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ʄʀʅʀʉʊɽʈʉʊɺʆ ʅɸʋʂʀ ʀ ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ ʈʆʉʉʀʁʉʂʆʁ 

ʌɽɼɽʈɸʎʀʀ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ    

ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

çɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘè 
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ʀʅʅʆɺɸʎʀʆʅʅʓʁ ʇʆɼʍʆɼ ɺ 

ʅɸʋʂɽ ʀ ʆɹʈɸɿʆɺɸʅʀʀ: ʊɽʆʈʀʗ 

ʀ ʇʈɸʂʊʀʂɸ 
 

 

ʧʦʩʚʷʱʝʥʥʦʡ ʶʙʠʣʝʶ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʠʣʠʘʣʘ çɹʝʣʛʦʨʦʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘè  
(ʛ. ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ) 

 

ˉ2(16) 2023 

 
 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ*ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ*ʪʨʘʥʩʧʦʨʪ*ʵʢʦʣʦʛʠʷ*ʪʝʭʥʦʣʦʛʠʠ ʠ 

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

ʫʯʝʪ*ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ*ʤʠʨʦʚʦʟʟʨʝʥʠʝ *ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ*ʧʨʘʚʦ*ʧʦʣʠʪʦʣʦʛʠʷ*ʶʨʠʩʧʨʫʜʝʥʮʠʷ 
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ʋɼʂ 378.1 

ɹɹʂ 74.58 

 
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; 

ʏʝʨʢʘʩʦʚʘ ʀ.ɺ. ï ʩʧʝʮʠʘʣʠʩʪ ʚ ʦʙʣʘʩʪʠ ʧʝʜʘʛʦʛʠʢʠ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ, ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ; 

ʐʝʚʮʦʚʘ ʆ.ʅ. ï ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉʂʌ ɹɻʊʋ ʠʤ. ɺ. ɻ. ʐʫʭʦʚʘ, 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 XXV III 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ: ʉʂʌ ɹɻʊʋ ʠʤ. 

ɺ. ɻ. ʐʫʭʦʚʘ, - ˉ2(16) 2023. ï286 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* ʪʨʘʥʩʧʦʨʪ* ʵʢʦʣʦʛʠʷ* 

ʧʝʜʘʛʦʛʠʢʘ ʠ ʧʩʠʭʦʣʦʛʠʷ ʫʧʨʘʚʣʝʥʠʝ* ʵʢʦʥʦʤʠʢʘ ʠ ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʫʯʝʪ* ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʠʨʦʚʦʟʟʨʝʥʠʝ* ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ* ʧʨʘʚʦ* ʧʦʣʠʪʦʣʦʛʠʷ*ʶʨʠʩʧʨʫʜʝʥʮʠʷ 02 ʥʦʷʙʨʷ 2023 ʛ., ʧʦʩʚʷʱʝʥʥʘʷ ʶʙʠʣʝʶ 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʠʣʠʘʣʘ ɹɻʊʋ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ (ʛ. ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ). 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʋʅ ˉ2 (16) 2023 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.  

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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É ɸʚʪʦʨʳ  
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ʈɸɿɼɽʃ I   

 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ɸʈʍʀʊɽʂʊʋʈʓ, ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ, ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ 

ʉʊʈʆʁʀʅɼʋʉʊʈʀʀ. ʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ.  

ʊɽʍʅʆʃʆɻʀʀ ʀ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ.  

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʄɸʐʀʅʓ ʀ ʆʈʋɼʀʗ. ʇʀʑɽɺɸʗ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ ʀ 

ʆɹʑɽʉʊɺɽʅʅʆɽ ʇʀʊɸʅʀɽ. 

 

 

1.  ʈɽʎɽʅɿʀʗ ʅɸ ʋʏɽɹʅʆɽ ʇʆʉʆɹʀɽ:  çʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʀ ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ɺ  ʉʆɺʈɽʄɽʅʅʆʄ ʉʊʈʆʀʊɽʃʔʉʊɺɽ ʀ 

ɾʀʃʀʑʅʆ-ʂʆʄʄʋʅɸʃʔʅʆʄ ʍʆɿʗʁʉʊɺɽè 

ʄʝʨʢʫʣʦʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ 

 

9 
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ʇʠʨʠʝʚʘ ʃʝʡʣʘ ʖʥʠʩʦʚʥʘ 

ʖʰʠʥ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅɼʀɺʀɼʋɸʃʔʅʆɻʆ ɾʀʃʆɻʆ ɼʆʄɸ ʉ ɻɸʈɸɾʆʄ: 

ɼʆʉʊʆʀʅʉʊɺɸ ʀ ʅɽɼʆʉʊɸʊʂʀ 

 

10-12 

3.  ɺʘʩʠʣʝʥʢʦ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 
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13-17 
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ʖʰʠʥ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ɸʈʍʀʊɽʂʊʋʈʅʆɻʆ ʉʊʀʃʗ ɹɸʈʅʍɸʋʉ ɺ 

ʆʊɽʏɽʉʊɺɽʅʅʆʄ ʀʅɼʀɺʀɼʋɸʃʔʅʆʄ ɼʆʄʆʉʊʈʆɽʅʀʀ 
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ɽʣʠʩʪʨʘʪʢʠʥ ʄʠʭʘʠʣ ʖʨʴʝʚʠʯ 

ɹʫʭʪʠʷʨʦʚ ʀʣʴʷ ʖʨʴʝʚʠʯ 

ʀʦʥʦʚ ɸʣʝʢʩʘʥʜʨ ʄʠʭʘʡʣʦʚʠʯ  

ɻʈʋʅʊʆɹɽʊʆʅʓ ɼʃʗ ʉʊʈʆʀʊɽʃʔʅʆʁ 3D ʇɽʏɸʊʀ 

 

27-31 

7.  ɻʫʪʠʝʚʘ ʅʘʪʘʣʠʷ ɸʥʜʨʝʝʚʥʘ 
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ɹʓʉʊʈʆɻʆ ʇʈʀɻʆʊʆɺʃɽʅʀʗ 

 

107-110 

 

 

 

  ʈɸɿɼɽʃ II   

ʀʅʅʆɺɸʎʀʀ ɺ ʉʌɽʈɽ ʋʇʈɸɺʃɽʅʀʗ, ʕʂʆʅʆʄʀʂʀ, ɸʅɸʃʀɿɸ ʀ ɹʋʍɻɸʃʊɽʈʉʂʆɻʆ ʋʏɽʊɸ 
 

 

27.  ɺʦʣʢʦʚʘ ʉʚʝʪʣʘʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʂʫʜʝʣʠʥʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʈʆʃʔ ʃʆɻʀʉʊʀʂʀ ɺ ʈɸɿɺʀʊʀʀ ɹʀɿʅɽʉɸ 

 

111-115 

28.  ɼʝʤʯʝʥʢʦ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʀʣʴʷʰʝʥʢʦ ɽʢʘʪʝʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʊʝʨʝʱʝʥʢʦ ʄʘʢʩʠʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ʎʀʌʈʆɺʀɿɸʎʀʗ ʉʆʎʀɸʃʔʅʆ-ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʂɸʂ 

ʇʈɽɼʇʆʉʓʃʂɸ ʈɸɿɺʀʊʀʗ ʌʀʅɸʅʉʆɺʆ-ʂʈɽɼʀʊʅʆɻʆ ʄɽʍɸʅʀɿʄɸ 

 

116-118 

29.  ɼʝʤʯʝʥʢʦ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʅʝʜʦʨʝʟʢʦʚ ɸʥʜʨʝʡ ʀʣʴʠʯ 

ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀʀʉʇʆʃʔɿʆɺɸʅʀʗʌʀʅɸʅʉʆɺʓʍ 

ʈɽʉʋʈʉʆɺʇʈɽɼʇʈʀʗʊʀʁ 

 

119-123 

30.  ʅʘʫʤʝʥʢʦ ʉʚʝʪʣʘʥʘ ʄʠʭʘʡʣʦʚʥʘ  

ʐʝʚʮʦʚʘ ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ 

ʉʊʈɸʊɽɻʀʗ  ʉʆʎʀɸʃʔʅʆɻʆ ʈɸɿɺʀʊʀʗ ʇʈɽɼʇʈʀʗʊʀʗ ʂɸʂ ʉʆʉʊɸɺʃʗʖʑɸʗ 

ʕʌʌɽʂʊʀɺʅʆɻʆ ʄɽʅɽɼɾʄɽʅʊɸ 

 

124-126 

31.  ʐʝʚʮʦʚʘ ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ 

ʐʫʤʠʣʦʚʘ ɽʚʛʝʥʠʷ ʖʨʴʝʚʥʘ 

ʆɹʆʉʅʆɺɸʅʀɽ ʇʆʅʗʊʀʁ ʀ ʆʇʈɽɼɽʃɽʅʀʁ ʄɽʍɸʅʀɿʄɸ ʋʇʈɸɺʃɽʅʀʗ 

ʕʂʆʅʆʄʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʔʖ 
 

127-129 

32.  ʐʠʭʘʣʠʝʚʘ ɼʞʘʥʥʝʪ ʉʝʨʛʦʝʚʥʘ 

ʄɸʃʓʁ ɹʀɿʅɽʉ ʂɸʂ ʀʉʊʆʏʅʀʂ ɺʆɿʈʆɾɼɽʅʀʗ ʈʆʉʉʀʁʉʂʆʁ ʕʂʆʅʆʄʀʂʀ 

 

 

130-134 
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ʈɸɿɼɽʃ III   

ɺʆʇʈʆʉʓ ʉʆɺʈɽʄɽʅʅʆʁ ʄɸʊɽʄɸʊʀʂʀ, ʌʀɿʀʂʀ, ʍʀʄʀʀ ʀ ʀʅʌʆʈʄɸʎʀʆʅʅʓʍ 

ʊɽʍʅʆʃʆɻʀʁ 

 

33.  ɸʩʪʘʬʴʝʚ ɺʣʘʜʠʤʠʨ ʖʨʴʝʚʠʯ 

ɽʨʝʤʝʝʚ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ 

ɺʓɹʆʈ ʂʈʀʊɽʈʀɽɺ ɼʃʗ ʆʎɽʅʂʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʇʊʀʎ ʉ ɺɽʊʈʆɺʓʄʀ 

ʕʃɽʂʊʈʆʉʊɸʅʎʀʗʄʀ 

 

135-137 

34.  ʏʝʧʫʨʥʦʡ ʄʘʢʩʠʤ 

ɽʨʝʤʝʝʚ ɺʣʘʜʠʤʠʨ ʉʝʨʛʝʝʚʠʯ 

ɸʅɸʃʀɿ ʄɽʊʆɼʆɺ ʄɸʊɽʄɸʊʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʅʆʈʄɸʃʔʅʆ 

ʈɸʉʇʈɽɼɽʃɪʅʅʓʍ ʉʃʋʏɸʁʅʓʍ ʏʀʉɽʃ 

 

138-143 

35.  ʇʰʠʮʫʢʦʚʘ ɼʞʫʣʴʝʪʪʘ ʍʘʩʘʥʦʚʥʘ 

ɼʦʥʝʚʘ ʆʣʴʛʘ ɺʠʢʪʦʨʦʚʥʘ 

ʊɽʆʈʀʗ ɺɽʈʆʗʊʅʆʉʊɽʁ ɺ ʆɹʃɸʉʊʀ ʕʂʆʅʆʄʀʂʀ 

 

144-146 

36.  ʉʪʨʦʢʘʥʴ ʆʢʩʘʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ɸʕʈʆʀʆʅʅʆɻʆ ʈɸʉʇʈɽɼɽʃɽʅʀʗ ɺ ʋʉʃʆɺʀʗʍ 

ʀʉʂʋʉʉʊɺɽʅʅʆʁ ʀʆʅʀɿɸʎʀʀ ɺʆɿɼʋʍɸ 

 

147-150 

37.  ʄʦʚʯʘʥ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ 

ʆʎɽʅʂɸ ʈɽɿʋʃʔʊɸʊʆɺ ʀʉʉʃɽɼʆɺɸʅʀʁ ʀ ʆʇʈɽɼɽʃɽʅʀʗ 

ɻʀɼʈʆʄɽʍɸʅʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʏɸʉʊʀʎ ʇʈʀʄɽʉɽʁ ɺʆɼʅʓʍ ʈɸʉʊɺʆʈʆɺ 

 

151-157 

38.  ɹʘʨʘʥʦʚ ʀʚʘʥ ʉʝʨʛʝʝʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʄɽʊʆɼʓ ʊɽʉʊʀʈʆɺɸʅʀʗ ʇʈʆɻʈɸʄʄʅʆɻʆ ʆɹɽʉʇɽʏɽʅʀʗ 

 

158-164 

39.  ʂʦʨʯʘʛʠʥ ʅʠʢʠʪʘ ʀʛʦʨʝʚʠʯ 

ʅʝʙʝʩʦʚ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʉʫʢʤʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʉʆɿɼɸʅʀɽ ʀ ʇʈʀʄɽʅɽʅʀɽ ʇʈʆʎɽɼʋʈʅʓʍ ʊɽʂʉʊʋʈ ɺ ʉʈɽɼɽ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

BLENDER 

 

165-170 

40.  ʃʶʙʠʤʦʚʘ ʊʘʪʴʷʥʘ ɺʘʣʝʨʴʝʚʥʘ 

ɼʝʨʢʫʥʩʢʠʡ ɻʣʝʙ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ɸʣʝʬʠʨʦʚ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ 

ʇʈʀɽʄʓ FUZZY ʊɽʉʊʀʈʆɺɸʅʀʗ 

 

171-173 

41.  ʃʶʙʠʤʦʚʘ ʊʘʪʴʷʥʘ ɺʘʣʝʨʴʝʚʥʘ 

ɽʚʩʝʝʥʢʦ ʀʣʴʷ ʅʠʢʦʣʘʝʚʠʯ 

ʈʳʤʘʨʴ ɸʣʝʢʩʘʥʜʨ ʅʠʢʦʣʘʝʚʠʯ 

ʊɽʍʅʆʃʆɻʀʗ CHATGPT 

 

174-177 

42.  ʈʷʙʠʢʠʥ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʄʠʱʝʥʢʦ ʖʣʠʷ ɺʘʩʠʣʴʝʚʥʘ 

ʊʫʨʯʘʥʠʥʦʚ ɻʝʥʥʘʜʠʡ ɽʚʛʝʥʴʝʚʠʯ 

ʆɹʋʏɽʅʀɽ ʅɽʁʈʆʉɽʊɽʁ ɼʃʗ ɸʅɸʃʀɿɸ ʀ ʆɹʈɸɹʆʊʂʀ ʄɽɼʀʎʀʅʉʂʀʍ ɼɸʅʅʓʍ 

ʀ ɼʀɸɻʅʆʉʊʀʂʀ ɿɸɹʆʃɽɺɸʅʀʁ 

 

178-183 

 

 

 

ʈɸɿɼɽʃ IV   

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ʇɽɼɸɻʆɻʀʂʀ, ʀʉʊʆʈʀʀ, ʌʀʃʆʉʆʌʀʀ ʀ ʉʆʎʀʆʃʆɻʀʀ 

 

 

43.  ɺʦʨʦʙʴʝʚʘ ʀʣʦʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʏʝʨʢʘʩʦʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʇʝʨʝʧʸʣʢʠʥʘ ʅʘʪʘʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʈɸɿɺʀʊʀɽ ʇɽɼɸɻʆɻʀʏɽʉʂʆʁ ʊʆʃɽʈɸʅʊʅʆʉʊʀ ʂɸʂ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆ 

ɺɸɾʅʆɻʆ ʂɸʏɽʉʊɺɸ ʇʈɽʇʆɼɸɺɸʊɽʃʗ 

 

184-186 
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44.  ɻʦʚʝʥʢʦ ʖʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ  

ʊʘʙʦʣʦʚʘ ʕʣʠʪʘ ʉʦʣʪʘʥʦʚʥʘ  

ɺɿɸʀʄʆʉɺʗɿʔ ʈʆɼʀʊɽʃʔʉʂʆʁ ʇʆɼɼɽʈɾʂʀ ɼʆʄɸʐʅʀʍ ɿɸɼɸʅʀʁ ʀ 

ɸʂɸɼɽʄʀʏɽʉʂʆʁ ɸʂʊʀɺʅʆʉʊʔʖ ʋʏɸʑʀʍʉʗ  

 

187-191 

45.  ɻʨʫʰʢʠʥʘ ʉʚʝʪʣʘʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʉʇɽʎʀʌʀʂɸ ɼɽʗʊɽʃʔʅʆʉʊʀ ɹʋɼʋʑʀʍ ʋʏʀʊɽʃɽʁ ʄʋɿʓʂʀ ɺ ʂʆʅʊɽʂʉʊɽ 

ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʇʆɼɻʆʊʆɺʂʀ 

 

192-194 

46.  ɽʨʸʤʠʥʘ ʃʠʣʠʷ ɽʚʛʝʥʴʝʚʥʘ  

ɻʆʊʆɺʅʆʉʊʔ ʉʊʋɼɽʅʊʆɺ ʂ ʉʆɿɼɸʅʀʖ ʉʆɹʉʊɺɽʅʅʆʁ ʉɽʄʔʀ ʂɸʂ ʆɼʅʆ ʀɿ 

ʉʊʈɸʊɽɻʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ. ɸʅɸʃʀɿ ʊɽʆʈʀʁ ɺʓɹʆʈɸ ʇɸʈʊʅɪʈɸ 

 

195-197 

47.  ɾʝʡʥʦʚʘ ʄʘʨʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʈʆʃʔ ʉɽʄʔʀ ɺ ʂʆʈʈɽʂʎʀʀ ɼɽɺʀɸʅʊʅʆɻʆ ʇʆɺɽɼɽʅʀʗ ʄʃɸɼʐʀʍ 

ʐʂʆʃʔʅʀʂʆɺ 

 

198-200 

48.  ʈʷʟʘʥʦʚʘ ɾʘʥʥʘ ɺʠʪʘʣʴʝʚʥʘ 

ɻʦʚʝʥʢʦ ʖʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʇʝʨʝʧʸʣʢʠʥʘ ʅʘʪʘʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʇʈʆɹʃɽʄɸ ʈɸɿɺʀʊʀʗ ʃʀɼɽʈʉʂʀʍ ʉʇʆʉʆɹʅʆʉʊɽʁ ɺ ʄʃɸɼʐɽʄ ʐʂʆʃʔʅʆʄ 

ɺʆɿʈɸʉʊɽ 

 

201-203 

49.  ʅʘʡʜʳʰ ɸʥʜʨʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʆʢʫʣʦʚʘ ɽʣʝʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆʁ ʇʆɼɻʆʊʆɺʂʀ ɹʋɼʋʑʀʍ 

ʉʇɽʎʀɸʃʀʉʊʆɺ ʇʈʆʌɽʉʉʀʆʅɸʃʔʅʆɻʆ ʆɹʋʏɽʅʀʗ (ʇʆ ʆʊʈɸʉʃʗʄ 

(ʀʅʌʆʈʄɸʊʀʂɸ ʀ ɺʓʏʀʉʃʀʊɽʃʔʅɸʗ ʊɽʍʅʀʂɸ)) ɺ ʋʏʈɽɾɼɽʅʀʗʍ ɺʓʉʐɽɻʆ 

ʆɹʈɸɿʆɺɸʅʀʗ 

 

204-208 

50.  ʌʸʜʦʨʦʚʘ ɽʣʝʥʘ ɺʘʩʠʣʴʝʚʥʘ  

ʌʆʈʄʀʈʆɺɸʅʀɽ ɾʀɿʅɽʅʅʓʍ ʉʊʈɸʊɽɻʀʁ ʉʆɺʈɽʄɽʅʅʓʍ ʉʊʋɼɽʅʊʆɺ ɺ 

ʀɿʄɽʅʗʖʑɽʄʉʗ ʂʋʃʔʊʋʈʅʆ-ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʄ ʇʈʆʉʊʈɸʅʉʊɺɽ 

 

209-211 

51.  ʂʦʢʘʨʝʚʘ ɺʠʢʪʦʨʠʷ ʄʠʭʘʡʣʦʚʥʘ 

ʅʘʛʘʝʚʘ ɸʣʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʇʝʨʝʧʸʣʢʠʥʘ ʅʘʪʘʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʏʝʨʢʘʩʦʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ  

ʇʉʀʍʆʃʆɻʆ-ʇɽɼɸɻʆɻʀʏɽʉʂʆɽ ʉʆʇʈʆɺʆɾɼɽʅʀɽ ʆʇʊʀʄʀɿɸʎʀʀ 

ʇʉʀʍʆʌʀɿʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ ɺʆʉʇʀʊɸʅʅʀʂʆɺ ʇʈʀ ʇʆʄʆʑʀ 

ɿɼʆʈʆɺʔɽʌʆʈʄʀʈʋʖʑʀʍ ʄɽʈʆʇʈʀʗʊʀʁ ɺ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʄ 

ʇʈʆʉʊʈɸʅʉʊɺɽ ɼʆʆ 

 

212-214 

52.  ʏʝʨʢʘʩʦʚʘ ʀʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʄʠʩʶʨʘ ɸʥʥʘ ɺʠʢʪʦʨʦʚʥʘ 

ʂʘʧʠʰʥʠʢʦʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ 

ʇʝʨʝʧʸʣʢʠʥʘ ʅʘʪʘʣʠʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ  

ʉɸʄʆʆʎɽʅʂɸ ʂɸʂ ʌɸʂʊʆʈ ʋʉʇɽʐʅʆʉʊʀ ʉʆʎʀɸʃʔʅʆʁ ɸɼɸʇʊɸʎʀʀ 

ʃʀʏʅʆʉʊʀ 

 

215-218 
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228-230 



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
8 

 

  

56.  ʇʝʰʝʚ ʆʣʝʛ ʆʣʝʛʦʚʠʯ 

ɸʣʝʢʩʘʥʜʨʦʚ ɼʝʥʠʩ ɺʘʣʝʥʪʠʥʦʚʠʯ  

ʊɽʃɽʆʃʆɻʀʏɽʉʂʀɽ ɸʉʇɽʂʊʓ ʆɹʈɸɿʆɺɸʅʀʗ ɺ ɸʅɸʃʀʊʀʏɽʉʂʆʁ ʌʀʃʆʉʆʌʀʀ 

 

231-234 

57.  ʈʳʪʠʢʦʚʘ ɸʥʥʘ ʆʣʝʛʦʚʥʘ 

ʂʦʟʣʦʚ ɸʣʝʢʩʝʡ ɺʠʢʪʦʨʦʚʠʯ 

ɼʘʣʘʢʷʥ ʊʠʛʨʘʥ ɸʨʪʫʨʦʚʠʯ 

ʇʈʆɹʃɽʄɸ ʂʆʅʂʋʈɽʅʊʅʆ-ʉʇʆʉʆɹʅʆʁ ʃʀʏʅʆʉʊʀ ɺ ʉʀʉʊɽʄɽ ʎɽʅʅʆʉʊɽʁ 

ʉʆɺʈɽʄɽʅʅʆɻʆ ʆɹʑɽʉʊɺɸ 

 

235-238 

58.  ʈʳʪʠʢʦʚʘ ɸʥʥʘ ʆʣʝʛʦʚʥʘ 

ɼʘʚʟʘʨʷʥ ɸʨʘʤ ʉʝʨʛʝʝʚʠʯ  

ɺʃʀʗʅʀɽ ʌʀʃʆʉʆʌʀʀ ʅɸ ɸʈʍʀʊɽʂʊʋʈʋ 

 

239-241 

59.  ɻʦʚʝʥʢʦ ʖʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ  

ɸʪʘʩʷʥ ʕʜʫʘʨʜ ɸʨʪʫʨʦʚʠʯ  

ʇɽʈɺɸʗ ʇʆʄʆʑʔ ʇʈʀ ʋɼɸʈɽ ʄʆʃʅʀʀ ʀ ʕʃɽʂʊʈʀʏɽʉʂʀʄ ʊʆʂʆʄ 

 

242-244 

60.  ɽʨʸʤʠʥʘ ʃʠʣʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ʇʆɿʀʊʀɺʅʆɽ ʉʆʎʀɸʃʔʅʆ-ʇʉʀʍʆʃʆɻʀʏɽʉʂʆɽ ʉʆʇʈʆɺʆɾɼɽʅʀɽ 

ɼɽʄʆɹʀʃʀɿʆɺɸʅʅʓʍ ɺʆɽʅʅʆʉʃʋɾɸʑʀʍ: ʀʅʊɽʈɽʉ, ʇʈʀʊʗɾɽʅʀɽ, ʈɸɿɺʀʊʀɽ 

 

245-251 

61.  ʉʘʤʘʨʠʥʘ ʆʣʴʛʘ ʀʚʘʥʦʚʥʘ  

ɺɽʃʀʂʆʂʅʗɾɽʉʂɸʗ ɺʃɸʉʊʔ ɺ ʇʈʆʀɿɺɽɼɽʅʀʗʍ XIV-XVI ɺɽʂʆɺ 

 

252-255 

62.  ʉʘʤʘʨʠʥʘ ʆʣʴʛʘ ʀʚʘʥʦʚʥʘ  

ʈɸɿɺʀʊʀɽ ʄɽɾɼʋʅɸʈʆɼʅʓʍ ʆʊʅʆʐɽʅʀʁ ʈʆʉʉʀʁʉʂʆɻʆ ɻʆʉʋɼɸʈʉʊɺɸ ɺ 

ʂʆʅʎɽ XV- ʅɸʏɸʃɽ XVI ɺɽʂʆɺ ʇʈʀ ɺɽʃʀʂʆʄ ʂʅʗɿɽ ʀɺɸʅɽ III 

 

256-260 

 

ʈɸɿɼɽʃ V  

ɸʉʇɽʂʊʓ ʉʆɺʈɽʄɽʅʅʆɻʆ ʇʈɸɺɸ, ʇʆʃʀʊʆʃʆɻʀʀ ʀ  

ʖʈʀʉʇʈʋɼɽʅʎʀʀ 

 

63.  ɿʠʥʦʚʴʝʚʘ ɼʘʨʴʷ ɼʝʥʠʩʦʚʥʘ 

ʐʠʤʦʚʦʥʷʥ ʂʘʨʠʥʵ ʊʦʤʠʢʦʚʥʘ  

ʇʈʆɹʃɽʄɸ ɺʈɽʄɽʅʅʓʍ ʇʉʀʍʀʏɽʉʂʀʍ ʈɸʉʉʊʈʆʁʉʊɺ ɺ ʖʈʀʉʇʈʋɼɽʅʎʀʀ 

 

261-265 

64.  ʂʘʣʠʥʠʯʝʚʘ ɽʣʝʥʘ ʇʝʪʨʦʚʥʘ  

ʇʈɽɼʄɽʊ ʀ ʇʈɽɼɽʃʓ ʈɸʉʉʄʆʊʈɽʅʀʗ ɼɽʃɸ ɺ ɸʇɽʃʃʗʎʀʆʅʅʆʁ ʀʅʉʊɸʅʎʀʀ 

 

266-269 

65.  ʅʘʟʘʨʦʚʘ ʄʘʨʠʥʘ ɻʝʥʥʘʜʴʝʚʥʘ 

ʀɼɽʆɻʈɸʄʄʓ ɺ ɻʈɸɾɼɸʅʉʂʆʄ ʆɹʆʈʆʊɽ ʀ ʀʍ ʖʈʀɼʀʏɽʉʂʆɽ ɿʅɸʏɽʅʀɽ 

 

270-272 

66.  ʅʘʟʘʨʦʚʘ ʄʘʨʠʥʘ ɻʝʥʥʘʜʴʝʚʥʘ 

ʂʈʀʊɽʈʀʀ ʆʎɽʅʂʀ ʖʈʀɼʀʏɽʉʂʀʍ ʋʉʃʋɻ:  ɸʅɸʃʀɿ ɼʆʂʊʈʀʅʓ ʀ ʉʋɼɽɹʅʆʁ 

ʇʈɸʂʊʀʂʀ 

 

273-275 

67.  ʐʘʭʥʘʟʘʨʷʥ ʊʘʪʴʷʥʘ ɻʨʠʛʦʨʴʝʚʥʘ  

ʆʉʆɹɽʅʅʆʉʊʀ ʆʈɻɸʅʀɿɸʎʀʀ ɼɽʗʊɽʃʔʅʆʉʊʀ ʊʈɽʊɽʁʉʂʀʍ ʉʋɼʆɺ  

 

276-277 

68.  ʐʠʤʦʚʦʥʷʥ ʂʘʨʠʥʵ ʊʦʤʠʢʦʚʥʘ  

ʖʈʀɼʀʏɽʉʂɸʗ ʇʈʀʈʆɼɸ ʄɽɼʀʎʀʅʉʂʆʁ ʆʐʀɹʂʀ 

 

278-283 

 

ʆʈɻɸʅʀɿɸʎʀʀ, ɺ ʂʆʊʆʈʓʍ ɺʓʇʆʃʅɽʅʓ ʀʉʉʃɽɼʆɺɸʅʀʗ, ʆʇʋɹʃʀʂʆɺɸʅʅʓɽ ɺ 

ʅɸʉʊʆʗʑɽʄ ɾʋʈʅɸʃɽ 

 

284 

  



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
9 

 

  

ʈɸɿɼɽʃ I  

 
ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʅɼɽʅʎʀʀ ʈɸɿɺʀʊʀʗ ɸʈʍʀʊɽʂʊʋʈʓ, ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ, ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʀ 

ʉʊʈʆʁʀʅɼʋʉʊʈʀʀ. ʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺ ʉʊʈʆʀʊɽʃʔʉʊɺɽ.  

ʊɽʍʅʆʃʆɻʀʀ ʀ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ.  

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓɽ ʄɸʐʀʅʓ ʀ ʆʈʋɼʀʗ. ʇʀʑɽɺɸʗ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ ʀ 

ʆɹʑɽʉʊɺɽʅʅʆɽ ʇʀʊɸʅʀɽ. 

 

 

 
 

ʋɼʂ 69:4.008:4.009 

ʈɽʎɽʅɿʀʗ 

ʅɸ ʋʏɽɹʅʆɽ ʇʆʉʆɹʀɽ çʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʀ 

ʀʉʂʋʉʉʊɺɽʅʅʓʁ ʀʅʊɽʃʃɽʂʊ ɺ  ʉʆɺʈɽʄɽʅʅʆʄ ʉʊʈʆʀʊɽʃʔʉʊɺɽ 

ʀ ɾʀʃʀʑʅʆ-ʂʆʄʄʋʅɸʃʔʅʆʄ ʍʆɿʗʁʉʊɺɽè 

 

ɸʚʪʦʨʳ: ʜ.ʵ.ʥ., ʧʨʦʬ. ɺ.ʃ. ʂʫʨʙʘʪʦʚ, ʜ.ʪ.ʥ, ʧʨʦʬ. ɺ.ʀ. ʈʠʤʰʠʥ,  ʜ.ʪ.ʥ., ʧʨʦʬ. 

ʐʫʙʠʥ ʀ.ʃ., ʢ.ʪ.ʥ., ʜʦʮ. ʉ.ɺ. ɺʦʣʢʦʚʘ. 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʥʘ ʨʝʮʝʥʟʠʶ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʦʙʲʝʤʦʤ 416 ʩʪʨ.  

 
ɺ ʫʯʝʙʥʦʤ 

ʧʦʩʦʙʠʠ ʠʟʣʦʞʝʥʳ ʧʨʠʥʮʠʧʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʫʢʦʚʦʜʩʪʚʦʤ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ 

ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦ ʚʥʝʜʨʝʥʠʶ ʚ ʧʨʘʢʪʠʢʫ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʢʦʪʦʨʦʝ 

ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʠʪʴ ʩʨʦʢʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʦʚʳʩʠʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ. 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ 

ʨʘʩʢʨʳʪʘ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʚʩʝʭ ʘʩʧʝʢʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʘʷ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʨʝʜʳ ʟʘ ʩʯʝʪ ʮʠʬʨʦʚʠʟʘʮʠʠ. ʉ ʵʪʠʭ ʧʦʟʠʮʠʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʠʪʴ ʢʨʫʧʥʳʝ 

ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʝʢʪʳ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʚʠʪʠʝ BIM-

ʪʝʭʥʦʣʦʛʠʡ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʎʠʬʨʦʚʠʟʘʮʠʷ). 

ʆʪʤʝʯʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʠʪʴ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʟʘ ʩʯʝʪ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  ʩ 

ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʦʙʣʘʩʪʠ BIMʠ ʊʀʄ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʉ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʟʠʮʠʡ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʠ ʩʦʩʪʘʚ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʢʦʥʪʨʦʣʶ ʟʘ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʨʘʙʦʪ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ BIM -ʪʝʭʥʦʣʦʛʠʡ.  

ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʷʜʦʢ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʦʜʜʝʨʞʘʥʠʝ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ.  

ʉ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʧʦʟʠʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʪʝʛʨʘʮʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʝʜʠʥʦʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ) ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ 

ʞʠʣʳʭ ʜʦʤʦʚ ʚ ʛʦʨʦʜʝ ʚ ʮʝʣʦʤ . 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʫʯʝʙʥʦʤ 

ʧʦʩʦʙʠʠ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʤʠ. 

ʄʝʪʦʜʠʯʝʩʢʠʡ ʫʯʝʙʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʛʨʘʤʦʪʥʦ, ʧʦʩʪʨʦʝʥ ʦʪ ʧʨʦʩʪʦʛʦ ʢ ʩʣʦʞʥʦʤʫ,  ʚ ʥʝʤ 

ʧʦʤʝʱʝʥʳ ʪʘʙʣʠʮʳ ʠ ʨʠʩʫʥʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʯʠʪʘʪʝʣʶ 

ʣʫʯʰʝ ʫʩʚʘʠʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʫʯʝʙʥʦʛʦ ʧʦʩʦʙʠʷ ʚʳʰʣʠ ʚ ʩʚʝʪ ʚ 

ʠʟʜʘʪʝʣʴʩʪʚʝ ɸʉɺ ʠ ʠʤʝʶʪ ʛʨʠʬ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʘʫʢ. 

 

 
 

ɿʘʚ. ʢʘʬʝʜʨʦʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠ ʛʨʘʞʜʘʥʩʢʦʛʦ                                                              ʉ.ʀ. ʄʝʨʢʫʣʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ  ʂʫʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ                                                       

ʯʣ.-ʢʦʨʨ. ʈɸɸʉʅ,  ʜ.ʪ.ʥ., ʧʨʦʬ.                                                          
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʀʅɼʀɺʀɼʋɸʃʔʅʆɻʆ 

ɾʀʃʆɻʆ ɼʆʄɸ ʉ ɻɸʈɸɾʆʄ: 

ɼʆʉʊʆʀʅʉʊɺɸ ʀ ʅɽɼʆʉʊɸʊʂʀ 

 

ɺʘʩʠʣʝʥʢʦ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʘʨʭʠʪʝʢʪʫʨʳ, ʜʦʮʝʥʪ 

 

ʇʠʨʠʝʚʘ ʃʝʡʣʘ ʖʥʠʩʦʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

 

ʖʰʠʥ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 
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ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ,  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʛʘʨʘʞʦʤ, ʘ ʪʘʢʞʝ 

ʪʨʝʙʦʚʘʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʢ ʚʳʙʦʨʫ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʠ ʠʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʇʨʦʚʝʜʝʥ 

ʦʙʟʦʨ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʞʠʣʠʱʘ ʩ ʛʘʨʘʞʦʤ ʚʩʪʨʦʝʥʥʳʤ, ʧʨʠʩʪʨʦʝʥʥʳʤ ʠ 

ʦʪʜʝʣʴʥʦʩʪʦʷʱʠʤ. ɺʳʷʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʪʘʢʠʭ ʨʝʰʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ, 

ʛʘʨʘʞ, ʞʠʣʠʱʝ ʢʦʤʬʦʨʪ-ʢʣʘʩʩʘ, ʮʦʢʦʣʴʥʳʡ ʵʪʘʞ, ʧʦʜʟʝʤʥʳʡ ʵʪʘʞ. 

 

ABSTRACT 

 

The article discusses the issues of constructing an individual residential building with a garage, as well as 

requirements and recommendations for choosing a space-planning solution when designing them. A review of 

architectural solutions for the construction of a dwelling with a built-in, attached and detached garage was carried out. 

The advantages and disadvantages of such solutions are revealed. 

Keywords:design, architectural and planning solution, individual residential building, garage, comfort-class 

housing, ground floor, underground floor. 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʫʪ ʦʙʲʝʤʳ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ. ɺʦ 

ʤʥʦʛʦʤ ʪʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʦʜʠʢʪʦʚʘʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʦ ʧʦʜʜʝʨʞʢʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʧʨʠʯʝʤ ʢʘʢ ʬʝʜʝʨʘʣʴʥʳʤʠ, ʪʘʢ ʠ ʨʝʛʠʦʥʘʣʴʥʳʤʠ[4ï

6]. 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʞʠʣʠʱʥʫʶ ʧʨʦʙʣʝʤʫ ʠ ʩʦʟʜʘʪʴ 

ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʙʳʪʘ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʢ ʧʨʠʨʦʜʝ ʚʜʘʣʠ ʦʪ ʦʩʪʘʥʦʚʦʢ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʠ 

ʜʦʨʦʞʥʳʭ ʧʨʦʙʦʢ, ʠ ʪʝʤ ʩʘʤʳʤ ʜʦʩʪʠʯʴ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ[12]. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ 

ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʣʠʯʘʝʪʩʷ ʩʚʦʝʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ [7, 11]. 

ʊʘʢʞʝ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʝʪ ʧʨʦʮʝʥʪ 

ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ ʥʘʩʝʣʝʥʠʷ ʈʦʩʩʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʦ ʜʦʙʠʨʘʪʴʩʷ ʜʦ ʤʝʩʪʘ ʧʨʠʣʦʞʝʥʠʷ 

ʪʨʫʜʘ.ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʴ ʩʪʘʣ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 

ʅʘʣʠʯʠʝ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦʨʦʞʜʘʝʪ ʠʥʪʝʨʝʩ ʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ ʞʠʣʳʤ ʜʦʤʘʤ ʩ ʛʘʨʘʞʦʤ. 

ɻʘʨʘʞ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʟʘʱʠʪʳ ʘʚʪʦʤʦʙʠʣʷ ʦʪ 

ʧʣʦʭʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 

[1].ɺ ʭʦʣʦʜʥʳʭ ʨʝʛʠʦʥʘʭ ʦʥ ʧʦʟʚʦʣʷʝʪ ʜʘʞʝ ʚ 

ʩʘʤʳʝ ʭʦʣʦʜʥʳʝ ʜʥʠ ʟʠʤʳ ʠʤʝʪʴ ʤʝʥʴʰʝ ʧʨʦʙʣʝʤ ʩ 

ʟʘʧʫʩʢʦʤ ʘʚʪʦʤʦʙʠʣʷ. ʕʪʦʪ ʬʘʢʪ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʝʥ, ʝʩʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ 

ʧʦʤʝʱʝʥʠʝ ʟʘʢʨʳʪʳʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʥʫʪʨʠ, ʥʝʞʝʣʠ ʩʥʘʨʫʞʠ 

ʧʦʤʝʱʝʥʠʷ.ɻʘʨʘʞ ʜʦʣʞʝʥ ʙʳʪʴ ʩʫʭʠʤ, 

ʦʧʪʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ +5
ʦ
ʉ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʚʣʘʞʥʦʩʪʴ 50ï70% [9]. 

ʆʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ ʛʘʨʘʞʦʤ ʤʦʞʝʪ 

ʙʳʪʴ: ʚʩʪʨʦʝʥʥʳʤ ʚ ʟʜʘʥʠʝ ʞʠʣʠʱʘ, ʧʨʠʩʪʨʦʝʥʥʳʤ 

ʢ ʟʜʘʥʠʶ ʠʣʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʤ. ʂʘʞʜʳʡ ʠʟ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ ʠʤʝʝʪ ʩʚʦʠ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʅʦʨʤʘʪʠʚʥʘʷ ʜʦʢʫʤʝʥʪʘʮʠʷ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪ 

ʛʘʙʘʨʠʪʳ ʛʘʨʘʞʘ, ʢʦʪʦʨʳʝ ʥʘ ʧʨʷʤʫʶ ʟʘʚʠʩʷʪ ʦʪ 

ʨʘʟʤʝʨʘ ʘʚʪʦʤʦʙʠʣʷ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʛʘʨʘʞʘ [9]. ʕʪʠ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣʠʮʝ 1.
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ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʘʙʘʨʠʪʦʚʤʘʰʠʥʦ-ʤʝʩʪʘ ʚ ʛʘʨʘʞʘʭ 

 

ʊʠʧ ʘʚʪʦʤʦʙʠʣʷ 
ɻʘʙʘʨʠʪʳ, ʤʤ (ʥʝ ʙʦʣʝʝ) ʄʠʥʠʤʘʣʴʥʳʡ 

ʨʘʜʠʫʩ, ʤʤ ɼʣʠʥʘ, ʤʤ ʐʠʨʠʥʘ, ʤʤ ɺʳʩʦʪʘ, ʤʤ 

ʄʘʣʳʡ 3700 1600 1700 5500 

ʉʨʝʜʥʠʡ 4300 1700 1800 6000 

ɹʦʣʴʰʦʡ 5160 1995 1970 6200 

ʄʠʢʨʦʘʚʪʦʙʫʩ 5500 2380 2300 6900 

ʄʦʪʦʪʨʘʥʩʧʦʨʪ  2700 1000 1500 2700 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʞʠʣʳʝ ʜʦʤʘ ʩ ʛʘʨʘʞʦʤ (ʚʩʪʨʦʝʥʥʳʤ ʠʣʠ 

ʧʨʠʩʪʨʦʝʥʥʳʤ)ʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ, ʯʝʤ ʙʝʟ ʥʝʛʦ. 

ʊʘʢʠʝ ʟʜʘʥʠʷ ʠʤʝʶʪ ʨʷʜ ʜʦʩʪʦʠʥʩʪʚ: ʙʦʣʴʰʘʷ 

ʵʢʦʥʦʤʠʷ ʧʣʦʱʘʜʠ, ʦʪʚʝʜʝʥʥʦʡ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ; 

ʩʧʣʘʥʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜ ʠʟ ʞʠʣʠʱʘ ʚ ʛʘʨʘʞ; ʪʘʢʠʝ 

ʧʨʦʝʢʪʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʫʯʘʩʪʢʦʚ ʧʦʜ ʟʘʩʪʨʦʡʢʫ. 

ʇʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠʩʪʨʦʝʥʥʦʛʦ ʠʣʠ 

ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʛʦ ʛʘʨʘʞʘ ʫʤʝʥʴʰʘʝʪʩʷ ʩʚʦʙʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʞʠʣʦʛʦ ʜʦʤʘ, ʘ ʟʘʩʪʨʦʝʥʥʘʷ 

ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʦʜʠʥ ʠʟ 

ʛʣʘʚʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʠʩʪʨʦʝʥʥʳʭ ʠ ʦʪʜʝʣʴʥʦ 

ʩʪʦʷʱʠʭ ʛʘʨʘʞʝʡ. ɻʘʨʘʞʠ, ʧʨʠʩʪʨʘʠʚʘʝʤʳʝ ʢ 

ʞʠʣʳʤ ʟʜʘʥʠʷʤ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʪʜʝʣʝʥʳ ʦʪ ʥʠʭ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ ʩʪʝʥʘʤʠ ʧʝʨʚʦʛʦ ʪʠʧʘ [9]. 

ʕʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʦʟʚʦʜʠʪʴ 

ʟʜʘʥʠʝ ʠ ʛʘʨʘʞ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩ ʦʙʱʠʤ 

ʬʫʥʜʘʤʝʥʪʦʤ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʱʝ 

ʧʨʦʚʝʩʪʠ ʦʪʦʧʣʝʥʠʝ ʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ 

ʢʦʤʤʫʥʠʢʘʮʠʠ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʛʘʨʘʞʦʤ ʢʦʤʬʦʨʪ-ʢʣʘʩʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʨʷʜ ʘʩʧʝʢʪʦʚ [9]. ʇʨʝʞʜʝ ʚʩʝʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʲʝʟʜʘ 

ʠ ʚʭʦʜʦʚ ʚ ʛʘʨʘʞ. ʅʝʦʙʭʦʜʠʤʦ ʩʨʘʟʫ 

ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʛʘʨʘʞ ʥʘ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʚʪʦʤʦʙʠʣʝʡ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʛʘʨʘʞʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʘʣʠʯʠʝ ʤʦʱʥʦʡ ʩʠʩʪʝʤʳ 

ʚʝʥʪʠʣʷʮʠʠ, ʧʦ ʟʘʜʘʥʠʶ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ï 

ʫʩʪʨʦʡʩʪʚʦ ʧʦʛʨʝʙʘ ʠ ʩʤʦʪʨʦʚʦʡ ʷʤʳ.  

ʋʩʪʨʦʡʩʪʚʦ ʩʤʦʪʨʦʚʦʡ ʷʤʳ ʦʧʨʘʚʜʘʥʦ ʚ 

ʤʝʩʪʥʦʩʪʷʭ ʩ ʫʨʦʚʥʝʤ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʠʞʝ 2,5ï3 

ʤʝʪʨʦʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʜ ʛʘʨʘʞʦʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʩʪʨʦʠʪʴ ʠ ʧʦʜʚʘʣ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ [8]. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʩʤʦʪʨʦʚʦʡ ʷʤʳ ʥʝ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʩʪʫʧʘʶʱʠʝ 

ʠʩʧʘʨʝʥʠʷ ʠ ʦʙʨʘʟʫʶʱʠʡʩʷ ʢʦʥʜʝʥʩʘʪ ʦʪ ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚʳʟʳʚʘʝʪ ʢʦʨʨʦʟʠʶ ʜʥʠʱʘ ʘʚʪʦʤʦʙʠʣʷ, 

ʩʪʦʷʱʝʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʜ ʷʤʦʡ.  

ʅʝʦʙʭʦʜʠʤʦ ʧʨʝʜʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʚʨʝʜʥʳʝ ʠʩʧʘʨʝʥʠʷ, ʚʳʜʝʣʝʥʠʷʙʝʥʟʠʥʘ, ʥʝ 

ʧʨʦʥʠʢʘʣʠ ʚ ʞʠʣʫʶ ʯʘʩʪʴ ʟʜʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʝ 

ʷʚʣʝʥʠʝ ʯʨʝʚʘʪʦ ʩʝʨʴʝʟʥʳʤ ʧʨʠʯʠʥʝʥʠʝʤ ʚʨʝʜʘ 

ʟʜʦʨʦʚʴʶ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ ʤʝʨ ʢʨʦʤʝ ʤʦʱʥʦʡ 

ʩʠʩʪʝʤʳ ʚʝʥʪʠʣʷʮʠʠ ʥʝʦʙʭʦʜʠʤʦʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ 

ʪʘʤʙʫʨ-ʰʣʶʟ, ʨʘʟʜʝʣʷʶʱʠʡʞʠʣʫʶ ʠ 

ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʯʘʩʪʠ ʟʜʘʥʠʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʮʝʥʥʦʩʪʝʡ, ʧʨʠʦʨʠʪʝʪʦʚ ʠ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʩʝʤʴʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ 

ʤʦʞʥʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩ ʮʦʢʦʣʴʥʳʤ ʵʪʘʞʦʤ [7ï

11]. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʟʜʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʦʜʥʦʵʪʘʞʥʳʤʠ, ʜʚʫʭʵʪʘʞʥʳʤʠ ʠ ʩ ʤʘʥʩʘʨʜʥʳʤ 

ʵʪʘʞʦʤ. ʇʨʦʝʢʪʳ ʪʘʢʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʥʘ 

ɹʝʣʛʦʨʦʜʯʠʥʝ. ɼʦʤʘ ʩ ʮʦʢʦʣʴʥʳʤ ʵʪʘʞʦʤ ʠʤʝʶʪ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʧʦʜʟʝʤʥʳʡ ʵʪʘʞ ï ʵʪʦ çʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʬʫʥʜʘʤʝʥʪè, ʢʦʪʦʨʳʡ ʧʨʠʜʘʝʪ ʟʜʘʥʠʶ ʙʦʣʴʰʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʅʘ ʥʝʤ ʤʦʞʥʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʩʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʩʢʣʘʜʩʢʠʝ ʧʦʤʝʱʝʥʠʷ 

ʠ ʜʘʞʝ ʩʧʦʨʪʟʘʣ ʠ ʪʝʤ ʩʘʤʳʤ ʩʵʢʦʥʦʤʠʪʴ ʤʝʩʪʦ ʥʘ 

ʫʯʘʩʪʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ [8]. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʧʘʜʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ ʛʘʨʘʞʘ, ʧʦʩʢʦʣʴʢʫ ʧʦʜ 

ʥʝʛʦ ʤʦʞʥʦ ʦʪʚʝʩʪʠ ʤʝʩʪʦ ʥʘ ʮʦʢʦʣʴʥʦʤ ʵʪʘʞʝ. 

ʇʦʜʟʝʤʥʳʡ ʵʪʘʞ ʫʜʦʙʝʥ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʥʘ ʥʝʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʙʦʡʣʝʨ, ʢʦʪʝʣ, 

ʚʦʜʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʡ ʫʟʝʣ). ʊʘʢʦʝ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʣʝʤ, ʥʘʧʨʠʤʝʨ, ʫʚʝʣʠʯʠʪʴ ʧʦʣʝʟʥʫʶ 

ʧʣʦʱʘʜʴ ʟʜʘʥʠʷ. 

ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʧʦʜʟʝʤʥʦʛʦ ʵʪʘʞʘ ʷʚʣʷʶʪʩʷ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʦʩʦʙʝʥʥʦʩʪʠ ʛʨʫʥʪʦʚ 

ʠ ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʇʨʠ ʠʭ ʙʣʠʟʢʦʤ 

ʨʘʩʧʦʣʦʞʝʥʠʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʪʘʢʦʛʦ ʵʪʘʞʘ ʦʙʦʡʜʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʨʦʞʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʦʨʦʛʦʚʠʟʥʫ ʧʨʦʝʢʪʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ ʮʦʢʦʣʴʥʳʤ 

ʵʪʘʞʦʤ ʠ ʛʘʨʘʞʦʤ, ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ 

ʪʝʤ, ʯʪʦ ʨʘʩʧʦʣʦʞʝʥʠʝ ʛʘʨʘʞʘ ʚ ʩʘʤʦʤ ʟʜʘʥʠʠ 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʢʦʤʬʦʨʪʘ. ʊʦ ʝʩʪʴ 

ʚ ʪʘʢʠʭ ʧʨʦʝʢʪʘʭ ʚʦʟʤʦʞʥʦ ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʳʭʦʜ 

ʠʟ ʛʘʨʘʞʘ ʚ ʧʨʠʭʦʞʫʶ ʞʠʣʠʱʘ, ʯʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ 

ʦʩʦʙʝʥʥʦ ʚ ʧʣʦʭʫʶ ʧʦʛʦʜʫ. ɺʩʪʨʦʝʥʥʳʡ ʛʘʨʘʞ 

ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʧʦʣʝʟʥʫʶ ʧʣʦʱʘʜʴ 

ʫʯʘʩʪʢʘ;ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʝʨʠ ʞʠʣʠʱʘ; ʩʦʢʨʘʪʠʪʴ 

ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʥʘʤʥʦʛʦ ʚʳʛʦʜʥʝʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʧʨʠʩʪʨʦʝʥʥʦʛʦ ʠʣʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʛʦ ʛʘʨʘʞʘ 

(ʯʨʝʚʘʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʤʤʫʥʠʢʘʮʠʠ). 

ɺʩʪʨʦʝʥʥʳʡ ʛʘʨʘʞ ʚ ʟʜʘʥʠʝ ʞʠʣʦʛʦ ʜʦʤʘ 

ʪʨʝʙʫʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʯʥʳʭ ʧʝʨʝʢʨʳʪʠʡ, 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʛʠʜʨʦʠʟʦʣʷʮʠʠ, ʤʦʱʥʦʡ 

ʚʝʥʪʠʣʷʮʠʠ. ɻʘʨʘʞ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʞʠʣʦʝ ʟʜʘʥʠʝ, 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʩʪʝʧʝʥʴ ʦʛʥʝʩʪʦʡʢʦʩʪʠ ʠ ʢʣʘʩʩ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʧʦʞʘʨʥʦʡ ʦʧʘʩʥʦʩʪʠ ʢʘʢ ʤʠʥʠʤʫʤ 

ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʫ ʩʘʤʦʛʦʞʠʣʦʛʦ ʟʜʘʥʠʷ [7, 8, 9]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʫ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ ʮʦʢʦʣʴʥʳʤ 

ʵʪʘʞʦʤ ʝʩʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʤʠʥʫʩ ï ʪʨʝʙʫʶʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʚʣʝʯʝʥʠʝ 
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ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʭʥʠʢʠ ʜʣʷ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ, 

ʫʩʪʨʦʡʩʪʚʦ ʚʝʥʪʠʣʷʮʠʠ, ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʠ ʜʨʝʥʘʞʘ. 

ɺʦʟʤʦʞʝʥ ʚʘʨʠʘʥʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʛʘʨʘʞʘ 

ʯʘʩʪʠʯʥʦ ʧʦʜ ʟʝʤʣʝʡ, ʯʪʦ ʧʦʪʨʝʙʫʝʪ ʥʝʙʦʣʴʰʦʛʦ 

ʟʘʛʣʫʙʣʝʥʠʷ ʧʨʠ ʚʝʜʝʥʠʠ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ.  

ɻʘʨʘʞ, ʫʜʘʯʥʦ ʩʦʚʤʝʱʝʥʥʳʡ ʩ ʜʦʤʦʤ ʠ 

ʠʤʝʶʱʠʡ ʩʭʦʞʝʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʠʣʠʩʪʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʬʘʩʘʜʘ, ʚʳʛʣʷʜʠʪ ʥʘ ʫʯʘʩʪʢʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʵʩʪʝʪʠʯʥʦ, ʧʦʟʚʦʣʷʝʪ ʢʦʤʧʘʢʪʥʦ 

ʨʘʟʤʝʩʪʠʪʴ ʧʦʩʪʨʦʡʢʠ ʥʘ ʫʯʘʩʪʢʝ, ʧʦʚʳʰʘʷ ʠʭ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ [2, 3, 14].  

ɺʘʨʠʘʥʪ ʧʨʠʩʪʨʦʝʥʥʦʛʦ ʛʘʨʘʞʘ ï ʵʪʦ 

ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʚʩʪʨʦʝʥʥʳʤ ʠ ʦʪʜʝʣʴʥʦ 

ʩʪʦʷʱʠʤ ʛʘʨʘʞʦʤ.ʇʨʠʩʪʨʦʝʥʥʳʡ ʛʘʨʘʞ ʢ ʦʜʥʦʡ ʠʟ 

ʩʪʝʥ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʧʦʟʚʦʣʷʝʪ 

ʟʘʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʭʦʜ ʚ ʛʘʨʘʞ ʥʝ ʪʦʣʴʢʦ ʩ ʫʣʠʮʳ, 

ʥʦ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʩʘʤʦʛʦ ʟʜʘʥʠʷ. ʊʘʢʦʝ 

ʨʝʰʝʥʠʝ ʩʦʟʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʭʦʜʘ ʥʘ ʢʨʳʰʫ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʜ ʛʘʨʘʞʦʤ ʪʝʨʨʘʩʳ ʩ ʟʦʥʦʡ 

ʦʪʜʳʭʘʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. 

ʊʘʢʞʝ ʧʦʧʫʣʷʨʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʦʝʢʪʘ 

ʞʠʣʠʱʘ ʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʞʠʣʳʝ ʜʦʤʘ ʩ 

ʤʘʥʩʘʨʜʦʡ ʠ ʛʘʨʘʞʦʤ. ʄʘʥʩʘʨʜʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʚʝʣʠʯʠʪʴ ʧʦʣʝʟʥʳʝ ʢʚʘʜʨʘʪʥʳʝ ʤʝʪʨʳ ʞʠʣʦʡ 

ʧʣʦʱʘʜʠ. ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠʠ 

ʩʦʙʣʶʜʝʥʠʠ ʪʝʭʥʠʢʠ ʫʪʝʧʣʝʥʠʷ ʠ ʚʝʥʪʠʣʷʮʠʠ 

ʚʦʟʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʢʨʦʚʝʣʴʥʳʭ ʨʘʙʦʪ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʞʠʣʳʝ ʜʦʤʘ ʩ 

ʤʘʥʩʘʨʜʦʡ ʠ ʛʘʨʘʞʦʤ ʠʤʝʶʪ ʙʦʣʝʝ 

ʘʢʢʫʨʘʪʥʳʡ,ʵʩʪʝʪʠʯʝʩʢʠʡ ʚʠʜ. ʇʦʟʚʦʣʷʝʪ 

ʩʵʢʦʥʦʤʠʪʴ ʤʘʢʩʠʤʫʤ ʤʝʩʪʘ ʥʘ ʫʯʘʩʪʢʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʘʨʘʞ ʥʘ ʧʨʠʜʦʤʦʚʦʤ 

ʫʯʘʩʪʢʝ ʥʝ ʪʦʣʴʢʦ ʟʘʱʠʱʘʝʪ ʣʠʯʥʳʡ ʪʨʘʥʩʧʦʨʪ ʦʪ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʠʟʥʦʩʘ, ʥʦ ʪʘʢʞʝʧʦʟʚʦʣʷʝʪ 

ʘʨʭʠʪʝʢʪʫʨʥʦ ʨʘʟʥʦʦʙʨʘʟʠʪʴ ʦʙʣʠʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʧʨʠʜʘʩʪ ʟʜʘʥʠʶ ʟʘʢʦʥʯʝʥʥʳʡ ʚʠʜ. 

ʂ ʨʷʜʫ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚʩʪʨʦʝʥʥʳʭ ʚ ʞʠʣʠʱʝ ʛʘʨʘʞʝʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: 

ï ʥʘʢʦʧʣʝʥʠʝ ʠʩʧʘʨʝʥʠʡ ʪʝʭʥʠʯʝʩʢʠʭ ʤʘʩʝʣ, 

ʙʝʥʟʠʥʘ, ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʜʣʷ 

ʭʨʘʥʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʪʝʯʝʥʠʝ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʩʨʦʢʘ ʥʝ ʜʘʩʪ ʛʘʨʘʥʪʠʠ ʦʪ ʠʭ 

ʧʦʣʥʦʡ ʠʟʦʣʷʮʠʠ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ; 

ï ʫʩʠʣʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʬʫʥʜʘʤʝʥʪʳ, 

ʦʩʥʦʚʘʥʠʷ ʚ ʤʝʩʪʝ ʭʨʘʥʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɺʳʚʦʜʳ. 

1. ʇʦʚʳʰʝʥʥʳʝ ʪʝʤʧʳ ʘʚʪʦʤʦʙʠʣʠʟʘʮʠʠ 

ʪʨʝʙʫʶʪ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʪʪʝʜʞʥʦʡ 

ʟʘʩʪʨʦʡʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʫʯʘʩʪʢʘʭ ʛʘʨʘʞʝʡ 

ʚʩʪʨʦʝʥʥʳʭ, ʧʨʠʩʪʨʦʝʥʥʳʭ, ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʭ. 

2. ɺ ʩʪʝʩʥʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʩʪʨʦʡʢʠ ʠ ʧʨʠ 
ʰʠʨʠʥʝ ʫʯʘʩʪʢʦʚ ʚʜʦʣʴ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʦʨʦʛ ʠ 

ʧʦʜʲʝʟʜʦʚ 12ï26 ʤʝʪʨʦʚ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ 

ʫʩʪʨʦʡʩʪʚʦ ʛʘʨʘʞʝʡ ʚʩʪʨʦʝʥʥʳʭ ʠ ʧʨʠʩʪʨʦʝʥʥʳʭ ʩ 

ʫʯʝʪʦʤ ʧʨʦʝʢʪʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʧʦʜʟʝʤʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ. 

3. ʋʩʪʨʦʡʩʪʚʦ ʚʩʪʨʦʝʥʥʳʭ ʚ ʞʠʣʠʱʝ 

ʛʘʨʘʞʝʡ ʠʤʝʝʪ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʪʘʢ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʩʧʝʢʪʳ, ʩ ʢʦʪʦʨʳʤʠ ʜʦʣʞʝʥ ʙʳʪʴ 

ʟʥʘʢʦʤ ʟʘʢʘʟʯʠʢ ʧʝʨʝʜ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʝʢʪʘ. 

4. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʷʚʣʷʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʛʦ ʛʘʨʘʞʘ 

(ʚʦʟʤʦʞʥʦ ʩʪʦʷʥʢʠ-ʥʘʚʝʩʘ), ʩʙʣʦʢʠʨʦʚʘʥʥʦʛʦ ʩ 

ʭʦʟʷʡʩʪʚʝʥʥʳʤʠ ʧʦʩʪʨʦʡʢʘʤʠ ʥʘ ʫʯʘʩʪʢʝ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

 

1. ɸʥʜʨʝʩʝʥ ɹ. ɻʘʨʘʞʠ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 
ʄʦʩʢʚʘ: ʀʟʜ. ʉʪʨʦʡʠʟʜʘʪ, 1986. 391 ʩ. 

2. ɺʘʩʠʣʝʥʢʦ ʅ.ɸ., ʏʝʨʥʳʰ ʅ.ɼ. ʆʧʨʝʜʝʣʝʥʠʝ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʦʩʥʦʚʝ 
ʩʠʩʪʝʤʥʦʛʦ ʧʦʜʭʦʜʘ // ɺʝʩʪʥʠʢ ɹɻʊʋ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ. 2023. 

ˉ1. ʉ. 74ï88. 

3. ɺʘʩʠʣʝʥʢʦ ʅ. ɸ., ʏʝʨʥʳʰ ʅ. ɼ. ʌʫʥʢʮʠʦʥʘʣʴʥʦ-
ʧʣʘʥʠʨʦʚʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʘ 

ʧʨʠʤʝʨʝ ʤʦʨʩʢʠʭ ʧʘʩʩʘʞʠʨʩʢʠʭ ʪʝʨʤʠʥʘʣʦʚ // Architecture and 
Modern Information Technologies. 2020. ˉ3(52). ʉ. 58ï83. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://marhi.ru/AMIT /2020/3kvart20/PDF/04_vasilenko.pdfDOI: 
10.24411/1998-4839-2020- 15204 

4. ɾʠʣʴʝ ʠ ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 

ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ: www.ʥʘʮʠʦʥʘʣʴʥʳʝʧʨʦʝʢʪʳ.ʨʬ ʈʝʞʠʤ 
ʜʦʩʪʫʧʘ: https://xn--80aapampemcchfmo7a3c9ehj.xn--

p1ai/projects/zhile-i-gorodskaya-sreda/zhile 

5. ʀʥʠʮʠʘʪʠʚʘ çʄʦʡ ʯʘʩʪʥʳʡ ʜʦʤè ʄʠʥʩʪʨʦʷ ʈʦʩʩʠʠ ð 
ʠʥʪʝʛʨʘʮʠʷ ʤʝʨ ʧʦʜʜʝʨʞʢʠ ʨʘʟʚʠʪʠʷ ʀɾʉ. [ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ]. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ: minstroyrf.gov.ru. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://minstroyrf.gov.ru/press/initsiativa-moy-chastnyy-dom-
minstroya-rossii-integratsiya-mer-podderzhki-razvitiya-izhs. 
6. ʂʨʝʜʠʪʥʘʷ ʧʦʜʜʝʨʞʢʘ ɻʋʇ çʌʦʥʜ ʧʦʜʜʝʨʞʢʠ ʀɾʉè 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.belgorodstroy.ru/uluchshenie-zhilishchnyh-

uslovij/12331.html. 

7. ʄʘʢʣʘʢʦʚʘ ʊ.ɻ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ 
ʟʜʘʥʠʡ. ʄ.: ʀʟʜ. ɺʳʩʰʘʷ ʰʢʦʣʘ. 1998. 400 ʩ. 

8. ʈʳʞʝʥʢʦ ɺ.ʀ. ɻʘʨʘʞ. ʇʦʛʨʝʙ. ʄʘʩʪʝʨʩʢʘʷ: ʉʧʨʘʚʦʯʥʠʢ / 

ɺ.ʀ. ʈʳʞʝʥʢʦ. ʄ.: ʀʟʜ. ʆʥʠʢʩ, 2007. 32 ʩ. 
9. ʉʇ 113.13330.2016 ʉʪʦʷʥʢʠ ʘʚʪʦʤʦʙʠʣʝʡ. 

ɸʢʪʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʨʝʜʘʢʮʠʷ ʉʅʠʇ 21-02-99*. ʄ.: ʀʟʜ. 

ʄʠʥʩʪʨʦʡ. 2016. 40 ʩ.  
10. ʏʝʨʥʳʰ ʅ.ɼ. ʆʩʥʦʚʳ ʘʨʭʠʪʝʢʪʫʨʳ ʟʜʘʥʠʡ:ʫʯʝʙ. ʧʦʩʦʙʠʝ / 
ʅ.ɼ. ʏʝʨʥʳʰ, ʅ.ɸ. ɺʘʩʠʣʝʥʢʦ, ɸ.ɸ. ɺʦʜʦʧʴʷʥʦʚʘ.ɹʝʣʛʦʨʦʜ: 

ʀʟʜ-ʚʦ ɹɻʊʋ, 2023. 240 ʩ. 
11. ʏʝʨʥʳʰ ʅ.ɼ. ʆʩʥʦʚʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 
: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɹɻʊʋ ʠʤ. ɺ.ɻ ʐʫʭʦʚʘ. ɹʝʣʛʦʨʦʜ, 2006. 216 ʩ. 

12. ʏʝʨʥʳʰ ʅ.ɼ., ʊʘʨʘʩʝʥʢʦ ɺ.ʅ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʣʦʚʠʷ 
ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʨʝʜʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

// ɺʝʩʪʥʠʢ ɹɻʊʋ ʠʤ ɺ.ɻ. ʐʫʭʦʚʘ. 2017 ˉ1. ʉ. 101ï104. 

13. ʂʫʨʙʘʪʦʚ, ɺ. ʃ. ʂʘʪʘʣʦʛ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʭ 
ʨʝʰʝʥʠʡ: ʚʠʜʳ, ʤʘʪʝʨʠʘʣʳ, ʢʦʥʩʪʨʫʢʮʠʠ / ɺ. ʃ. ʂʫʨʙʘʪʦʚ, ɺ. ʀ. 

ʈʠʤʰʠʥ. ï ʄʦʩʢʚʘ : ʀʟʜʘʪʝʣʴʩʪʚʦ ɸʉɺ, 2019. ï 174 ʩ. ï ISBN 

978-5-4323-0320-2. ï EDN FSEZTL. 
14. Vasilenko N. A. Parametric optimization of an architectural 

object's form as a method to improve its energy efficiency // IOP 

Conf. Ser.: Mater. Sci. Eng. 2018. Volume 463, Part 2. Article 
032086. DOI: 10.1088/1757-899X/552/1/012027. 

 

  

https://�������������������.��/projects/zhile-i-gorodskaya-sreda/zhile
https://�������������������.��/projects/zhile-i-gorodskaya-sreda/zhile
https://minstroyrf.gov.ru/press/initsiativa-moy-chastnyy-dom-minstroya-rossii-integratsiya-mer-podderzhki-razvitiya-izhs
https://minstroyrf.gov.ru/press/initsiativa-moy-chastnyy-dom-minstroya-rossii-integratsiya-mer-podderzhki-razvitiya-izhs
https://www.belgorod/
file:///G:\���������%20�.�\���������\Volume%20463
http://iopscience.iop.org/issue/1757-899X/463/3


ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
13 

 

  

ʋɼʂ 728.1.05 

 

ɸʈʍʀʊɽʂʊʋʈʅʆ-ʇʃɸʅʀʈʆɺʆʏʅʓɽ 

ɸʉʇɽʂʊʓ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ 

ʀʅɼʀɺʀɼʋɸʃʔʅʆɻʆ ɾʀʃʆɻʆ ɼʆʄɸ ʉ 

ʆɹʒɽʂʊʆʄ ʄɸʃʆɻʆ ɹʀɿʅɽʉɸ 

 

ɺʘʩʠʣʝʥʢʦ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʘʨʭʠʪʝʢʪʫʨʳ, ʜʦʮʝʥʪ 

 

ʇʠʨʠʝʚʘ ʃʝʡʣʘ ʖʥʠʩʦʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

 

ʖʰʠʥ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘ,  

 ɹʝʣʛʦʨʦʜ 

 

ARCHITECTURAL AND PLANNING ASPECTS 

OF DESIGNING AN INDIVIDUAL 

RESIDENTIAL HOUSE WITH A SMALL 

BUSINESS FACILITY  

 

Vasilenko Natalya Anatolevna 

Candidate of architecture, associate Professor 

 

Pirieva Leila Yunisovna 

graduate student 

 

Yushin Dmitry Nikolaevich 

graduate student 

 

Federal State Budgetary Educational Institution of 

Higher Education çBelgorod State Technological 

University named after V.G. Shukhovè, 

 Belgorod 

 

ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ 

ʪʨʫʜʘ (ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ). ʆʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ 

ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ ʠ ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʧʨʠʝʤʳ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ, ʦʙʲʝʢʪ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ, ʞʠʣʠʱʝ ʢʦʤʬʦʨʪ-ʢʣʘʩʩʘ. 

 

ABSTRACT 

 

The article considers architectural and planning patterns of the formation of design solutions for individual low-

rise housing with a small business object, as well as factors affecting the formation of architectural and planning 

solutions for individual residential buildings with a place of employment (small business object). The main 

characteristics of individual low-rise housing with a place of application of labor and planning methods of their 

formation are determined. 

Keywords: architectural and planning solution, individual residential building, small business facility, comfort-

class housing. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʦʝ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʧʨʘʚʣʝʥʠʡ ʚ 

ʨʝʰʝʥʠʠ ʞʠʣʠʱʥʦʡ ʧʨʦʙʣʝʤʳ. ʌʝʜʝʨʘʣʴʥʳʡ 

ʧʨʦʝʢʪ çɾʠʣʴʝè ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çɾʠʣʴʝ ʠ 

ʛʦʨʦʜʩʢʘʷ ʩʨʝʜʘè ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ 

ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʠ ï ʢ 2030 ʛʦʜʫ 

ʥʝ ʤʝʥʝʝ 120 ʤʣʥ ʢʚ. ʤ ʚ ʛʦʜ. ʂ 2030 ʛʦʜʫ ʢʘʞʜʳʡ 

5-ʡ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ ʚ ʈʦʩʩʠʠ ʜʦʣʞʝʥ ʩʪʘʪʴ ʥʦʚʳʤ 

[5]. 

ʅʘʣʠʯʠʝ ʞʠʣʦʛʦ ʜʦʤʘ ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʟʝʤʝʣʴʥʦʤ ʫʯʘʩʪʢʝ ʧʦʚʳʰʘʝʪ ʢʦʤʬʦʨʪ ʧʨʦʞʠʚʘʥʠʷ 

ʠ ʧʨʠʚʘʪʥʦʩʪʴ, ʚʣʠʷʝʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʦʪʜʳʭʘ 

ʩʝʤʴʠ ʠ ʚʦʩʧʠʪʘʥʠʝ ʜʝʪʝʡ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʢʨʝʧʣʝʥʠʶ ʩʚʷʟʝʡ ʤʝʞʜʫ ʧʦʢʦʣʝʥʠʷʤʠ. ʈʳʥʦʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʜʦʤʦʚʣʘʜʝʥʠʡ ʨʘʩʪʝʪ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʛʦʨʦʜʩʢʠʤ ʤʥʦʛʦʵʪʘʞʥʳʤ ʜʦʤʘʤʠ ʠ 

ʦʪʯʘʩʪʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʦʩʪʦʤ ʯʠʩʣʘ ʣʶʜʝʡ, 

ʨʘʙʦʪʘʶʱʠʭ ʫʜʘʣʝʥʥʦ, ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʝʞʝʜʥʝʚʥʦʛʦ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʦʬʠʩʝ. 

ɺ ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʤʝʨ 

ʧʦʜʜʝʨʞʢʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ [4]. ʄʥʦʛʠʤʠ ʠʟ ʥʠʭ 

ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʝʤʴʠ ʩ ʜʝʪʴʤʠ, ʝʩʣʠ ʦʜʠʥ 

ʠʣʠ ʦʙʘ ʨʦʜʠʪʝʣʷ ï ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʠ. ɹʦʣʴʰʠʥʩʪʚʦ 

ʤʝʨ ʧʦʜʜʝʨʞʢʠ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʨʘʤʢʘʭ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʄʘʣʦʝ ʠ ʩʨʝʜʥʝʝ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʠ ʧʦʜʜʝʨʞʢʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ 

ʠʥʠʮʠʘʪʠʚʳè. ʆʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʤʘʣʳʝ ʠ 

ʩʨʝʜʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ (ʀʇ), ʘ ʪʘʢʞʝ ʩʘʤʦʟʘʥʷʪʳʭ [9]. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʳʷʚʣʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ 

ʨʝʰʝʥʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ ʩ 

ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ 

ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʦʪʚʝʯʘʶʱʝʛʦ 

ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʜʘʯʝʡ. ʅʘʠʙʦʣʝʝ ʚʳʧʦʣʥʠʤʦʡ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʠ ʨʘʟʜʝʣʝʥʠʠ ʧʨʦʝʢʪʘ ʥʘ ʵʪʘʧʳ: ʧʦʠʩʢ ʫʯʘʩʪʢʘ 

ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ;ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʳʩʢʘʥʠʷ, ʫʪʦʯʥʝʥʠʝ ʨʝʣʴʝʬʘ ʤʝʩʪʥʦʩʪʠ; ʧʦʠʩʢ 
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ʧʨʦʪʦʪʠʧʦʚ;ʚʳʙʦʨ ʩʪʠʣʠʩʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʬʘʩʘʜʘ; ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʣʘʥʘ ʟʜʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʝʡ ʧʦʤʝʱʝʥʠʡ ʠ ʩʪʦʨʦʥ 

ʩʚʝʪʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʞʠʣʠʱʫ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʢʣʘʩʩʘ ʢʦʤʬʦʨʪʥʦʩʪʠ; ʧʦʜʙʦʨ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʦʪʜʝʣʦʯʥʳʭ ʚ ʪʦʤ ʯʠʩʣʝ) ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʧʣʘʥʝ 

ʦʙʲʝʢʪʘ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʞʠʣʦʤʫ ʜʦʤʫ;ʦʩʥʦʚʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ [6ï8, 16ï18]. 

ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʫʯʘʩʪʢʠ ʢʘʪʝʛʦʨʠʡ çɿʝʤʣʠ 

ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚè ʠ çɿʝʤʣʠ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷè, ʝʩʣʠ ʧʦʜʭʦʜʠʪ 

ʚʠʜ ʨʘʟʨʝʰʸʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʯʘʩʪʢʘ. ʅʘ 

ʟʝʤʣʷʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ ʜʦʤʘ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʥʘ 

ʫʯʘʩʪʢʘʭ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʚʠʜʘʤʠ ʨʘʟʨʝʰʸʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʜʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʜʣʷ ʚʝʜʝʥʠʷ ʣʠʯʥʦʛʦ ʧʦʜʩʦʙʥʦʛʦ 

ʭʦʟʷʡʩʪʚʘ. ʅʘ ʟʝʤʣʷʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʜʦʤʘ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʥʘ ʩʘʜʦʚʳʭ 

ʫʯʘʩʪʢʘʭ (ʚʠʜ ʨʘʟʨʝʰʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï 

ʚʝʜʝʥʠʝ ʩʘʜʦʚʦʜʩʪʚʘ) [10]. 

ʂʣʘʩʩ ʢʘʯʝʩʪʚʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ 

ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ 

ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʦʩʪʘʚ ʦʙʲʝʢʪʦʚ 

ʥʘ ʛʝʥʝʨʘʣʴʥʦʤ ʧʣʘʥʝ, ʭʘʨʘʢʪʝʨ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ 

ʪʝʨʨʠʪʦʨʠʠ. ʆʩʥʦʚʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʦʪʥʝʩʝʥʠʷ 

ʞʠʣʴʷ ʢ ʢʣʘʩʩʫ ʢʘʯʝʩʪʚʘ ʧʦ ʫʨʦʚʥʶ ʢʦʤʬʦʨʪʘ 

ʚʳʩʪʫʧʘʶʪ: ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ 

ʞʠʣʠʱʘ, ʦʙʱʘʷ ʧʣʦʱʘʜʴ, ʧʣʦʱʘʜʴ ʢʫʭʥʠ, ʚʳʩʦʪʘ 

ʧʦʪʦʣʢʦʚ ʦʪ ʫʨʦʚʥʷ ʯʠʩʪʦʛʦ ʧʦʣʘ, ʧʦʢʘʟʘʪʝʣʴ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʡ ʞʠʣʦʡ ʠ 

ʧʨʠʚʝʜʝʥʥʦʡ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʧʦ ʜʦʤʫ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʥʝʩʫʱʠʭ 

ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʭʘʨʘʢʪʝʨ ʥʘʨʫʞʥʦʡ 

ʦʪʜʝʣʢʠ ʟʜʘʥʠʷ ʠ ʚʥʫʪʨʝʥʥʝʡ ʦʪʜʝʣʢʠ ʧʦʤʝʱʝʥʠʡ, 

ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝ ʠ ʠʥʞʝʥʝʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 

ʭʘʨʘʢʪʝʨ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʧʨʠʜʦʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʚʥʝʰʥʝʝ ʦʢʨʫʞʝʥʠʝ ʠ ʥʘʣʠʯʠʝ ʦʙʲʝʢʪʦʚ 

ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʘʣʠʯʠʝ ʠ ʭʘʨʘʢʪʝʨ 

ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʨʘʟʤʝʱʝʥʠʶ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʥʘ ʥʠʞʥʠʭ ʵʪʘʞʘʭ ʜʦʤʘ. 

ɺ ʟʜʘʥʠʷʭ ʢʦʤʬʦʨʪ-ʢʣʘʩʩʘ, ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚʳʩʦʪʫ ʧʦʪʦʣʢʦʚ ʦʪ ʫʨʦʚʥʷ 

ʯʠʩʪʦʛʦ ʧʦʣʘ ʦʪ 2,7 ʤʝʪʨʦʚ, ʧʣʦʱʘʜʴ ʢʫʭʥʠ ï ʦʪ 8 ʤ. 

ʢʚ.; ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʩʝʨʠʡʥʳʡ 

ʧʨʦʝʢʪ, ʧʨʦʝʢʪ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʧʨʦʝʢʪ [6]. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʣʞʥʘ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʙʨʘʟʦʤ ʞʠʟʥʠ 

ʩʝʤʴʠ, ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʜʦʤʘʰʥʝʛʦ ʙʳʪʘ, ʦʪʜʳʭʘ ʢʘʢ 

ʦʪʜʝʣʴʥʦʛʦ ʯʣʝʥʘ ʩʝʤʴʠ, ʪʘʢ ʠ ʚʩʝʡ ʩʝʤʴʠ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ 

ʜʦʤ ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ. ɿʥʘʥʠʝ ʪʘʢʠʭ 

ʜʝʪʘʣʝʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʞʠʣʠʱʘ. ʉ ʧʦʤʦʱʴʶ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ 

ʪʝʭʥʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʚʦʟʤʦʞʥʦ 

ʩʛʨʫʧʧʠʨʦʚʘʪʴ ʧʦʤʝʱʝʥʠʷ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ 

ʨʘʮʠʦʥʘʣʴʥʦ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ [3, 6, 

19]. 

ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ ʷʚʣʷʝʪʩʷʮʝʣʝʩʦʦʙʨʘʟʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʯʘʩʪʢʘ ʧʦʜ ʟʘʩʪʨʦʡʢʫ, ʧʝʨʝʦʩʤʳʩʣʝʥʠʷ ʧʨʠʝʤʦʚ 

ʨʘʟʤʝʱʝʥʠʷ ʪʘʢʠʭ ʟʜʘʥʠʡ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʨʝʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ, ʘ ʪʘʢʞʝ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ [11, 15]. ɻʝʦʣʦʛʠʯʝʩʢʠʝ 

ʠʟʳʩʢʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʪʝʭʥʠʯʝʩʢʫʶ 

ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ, ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʠ 

ʮʝʣʝʩʦʦʙʨʘʟʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ 

ʚʳʙʨʘʥʥʦʤ ʫʯʘʩʪʢʝ ʝʱʝ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ.  

ʇʨʝʜʧʨʦʝʢʪʥʳʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ï ʵʪʦ 

ʦʩʥʦʚʘ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ï ʧʦʣʫʯʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʣʠʯʥʦʩʪʠ, ʦʙʨʘʟʝ ʞʠʟʥʠ, ʜʦʩʫʛʝ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠ 

ʧʣʦʱʘʜʠ ʧʦʤʝʱʝʥʠʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠ 

ʟʘʨʘʥʝʝ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʝʨʦʷʪʥʳʡ ʚ ʙʫʜʫʱʝʤ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʨʦʩʪ 

ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʠʪʴ ʮʝʥʥʦʩʪʠ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʩʝʤʴʠ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʚʝʜʝʪʩʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʜʠʟʘʡʥ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ ʠ ʦʪʨʘʞʘʶʱʠʡ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ.ɺ ʠʪʦʛʝ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʞʠʣʠʱʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʟʜʘʥʠʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʢʘʢ ʙʳʪʘ, ʪʘʢ ʠ ʪʨʫʜʘ. 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ 

ʪʨʫʜʘ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ ʠ ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ ʥʘ ʜʦʨʦʛʫ ʜʦ ʨʘʙʦʪʳ, ʥʝ ʧʣʘʪʠʪʴ ʘʨʝʥʜʥʫʶ 

ʧʣʘʪʫ ʟʘ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʚʝʜʝʥʠʷ ʩʚʦʝʛʦ 

ʙʠʟʥʝʩʘ.ɽʱʝ ʚ 90-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚʝʣʦʩʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʚ ʈʦʩʩʠʠ, ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʡ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʦ 

ʠʤʝʥʥʦ ʚ ʢʦʚʠʜʥʳʡ ʧʝʨʠʦʜ ʦʥʠ ʩʪʘʣʠ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 

ʇʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʦʥʳ: ʞʠʣʫʶ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ 

[6]. ɾʠʣʘʷ ʟʦʥʘ ʞʠʣʠʱʘ ʢʦʤʬʦʨʪ-ʢʣʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ 

ʞʠʣʳʭ, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʠ ʧʦʜʩʦʙʥʳʭ, ʘ ʪʘʢʞʝ 

ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ. ʇʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʜʚʫʭʵʪʘʞʥʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʞʠʣʦʛʦ ʜʦʤʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʨʘʩʧʦʣʘʛʘʶʪ: ʪʘʤʙʫʨ, ʧʨʠʭʦʞʫʶ, ʢʦʪʝʣʴʥʫʶ, 

ʛʦʩʪʠʥʫʶ, ʨʘʙʦʯʠʡ ʢʘʙʠʥʝʪ, ʢʫʭʥʶ (ʢʫʭʥʶ-

ʩʪʦʣʦʚʫʶ), ʢʣʘʜʦʚʫʶ, ʩʘʥʫʟʝʣ; ʥʘ ʚʪʦʨʦʤ ʵʪʘʞʝ: 

ʩʧʘʣʴʥʠ, ʛʘʨʜʝʨʦʙʥʳʝ, ʩʘʥʫʟʝʣ. ʅʘʣʠʯʠʝ 

ʮʦʢʦʣʴʥʦʛʦ ʵʪʘʞʘ ʷʚʣʷʝʪʩʷ ʥʝ ʦʙʷʟʘʪʝʣʴʥʳʤ, ʥʦ 

ʧʨʠ ʝʛʦ ʥʘʣʠʯʠʠ, ʥʘ ʥʝʤʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ 

ʢʦʪʝʣʴʥʫʶ, ʢʣʘʜʦʚʫʶ, ʛʘʨʘʞ [7, 8, 12]. ʇʦ 

ʩʪʘʪʠʩʪʠʢʝ ʟʘ 2022 ʛʦʜ ʠʟ ʚʩʝʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʞʠʣʳʭ ʜʦʤʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʙʝʣʛʦʨʦʜʮʘʤʠ, 65% 

ʦʢʘʟʘʣʠʩʴ ʦʜʥʦʵʪʘʞʥʳʤʠ [1]. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʦʥʳ 

ʦʙʲʝʢʪʘ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʙʦʨʘ ʨʦʜʘ 

ʪʨʫʜʦʚʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʝʩʪʘ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ, 

ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʙʳʪʴ, ʥʘʧʨʠʤʝʨ, ʩʣʝʜʫʶʱʠʝ 

ʦʙʲʝʢʪʳ: ʧʝʢʘʨʥʷ, ʙʫʣʦʯʥʘʷ-ʢʦʥʜʠʪʝʨʩʢʘʷ, ʢʘʬʝ, 
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ʤʘʛʘʟʠʥ, ʘʧʪʝʯʥʳʡ ʧʫʥʢʪ (ʘʧʪʝʢʘ), ʤʘʩʪʝʨʩʢʘʷ, 

ʘʪʝʣʴʝ, ʩʘʣʦʥ ʢʨʘʩʦʪʳ, ʜʝʪʩʢʠʡ ʩʘʜ ʠ ʜʨ.[11, 13]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ 

ʟʘʚʠʩʠʪʦʪ ʚʳʙʦʨʘ ʤʝʩʪʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚʙʣʠʟʠ 

ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɺ ʦʩʥʦʚʫ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʟʦʥʳ ʧʨʦʝʢʪʘ 

ʣʦʞʠʪʩʷ ʩʧʝʮʠʬʠʢʘ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʛʦ ʪʨʫʜʦʚʦʛʦ 

ʧʨʦʮʝʩʩʘ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʩʭʝʤʳ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʧʨʠʝʤʦʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ, ʥʘ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʥʳ ʚʘʨʠʘʥʪʳ 

ʨʘʟʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʞʠʣʦʤʫ [6]. ɺʳʜʝʣʷʶʪ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʧʨʠʝʤʦʚ:ʚʩʪʨʦʝʥʥʳʝ, ʚʩʪʨʦʝʥʥʦ-ʧʨʠʩʪʨʦʝʥʥʳʝ, 

ʧʨʠʩʪʨʦʝʥʥʳʝ ʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʠʝ. 

 

 
 

ʈʠʩʫʥʦʢ 1. ɸʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʧʨʠʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ 

ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ 

 

ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʨʠ ʚʳʙʦʨʝ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʧʨʠʝʤʘ ʷʚʣʷʶʪʩʷ 

ʨʘʟʤʝʨʳ ʚʳʙʨʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʧʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʦ; 

ʩʦʟʜʘʥʠʝ ʫʜʦʙʥʦʛʦ ʠ ʦʪʜʝʣʴʥʦʛʦ ʧʦʜʲʝʟʜʘ ʢ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʞʠʣʦʤʫ ʜʦʤʫ ʠ ʦʙʲʝʢʪʫ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ; ʛʨʘʤʦʪʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦ ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ ʩ 

ʫʯʝʪʦʤ ʠʥʩʦʣʷʮʠʠ, ʘʵʨʘʮʠʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ 

ʧʦʤʝʱʝʥʠʡ [2, 6, 14]. ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʬʠʛʫʨʘʮʠʠ 

ʫʯʘʩʪʢʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʦʙʲʝʢʪʘ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʝʪʴʶ, 

ʧʨʦʩʤʘʪʨʠʚʘʝʤʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʜʦʩʪʫʧʥʦʩʪʠ ʤʝʩʪʘ 
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ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ, ʨʝʣʴʝʬʘ 

ʤʝʩʪʥʦʩʪʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʥʝʦʙʭʦʜʠʤʳʭ ʛʨʫʧʧ 

ʧʦʤʝʱʝʥʠʡ ʩ ʚʥʝʰʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʳʤʠ ʠ 

ʠʥʞʝʥʝʨʥʳʤʠ ʢʦʤʤʫʥʠʢʘʮʠʷʤʠ ʠ ʜʨ.  

ʅʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʣʦʵʪʘʞʥʳʭ 

ʟʜʘʥʠʡ ʚʣʠʷʝʪ ʨʷʜ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [2, 19]:  

- ʬʦʨʤʘ ʟʜʘʥʠʷ, ʢʦʥʬʠʛʫʨʘʮʠʷ ʧʦʵʪʘʞʥʳʭ 

ʧʣʘʥʦʚ (ʜʦ 31,5 %);  

- ʚʳʩʦʪʘ ʵʪʘʞʘ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʩʘʥʠʪʘʨʥʦ-

ʛʠʛʠʝʥʠʯʝʩʢʠʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ 

(ʜʦ 19,24 % ʜʣʷ ʦʜʥʦʵʪʘʞʥʳʭ ʜʦʤʦʚ, ʨʘʟʥʠʮʝ ʚʳʩʦʪ 

ʵʪʘʞʝʡ 0,3 ʤ); 

- ʠʟʨʝʟʘʥʥʦʩʪʴ ʬʘʩʘʜʦʚ ʟʜʘʥʠʷ ʵʨʢʝʨʘʤʠ, 

ʣʦʜʞʠʷʤʠ, ʚʳʩʪʫʧʘʶʱʠʤʠ ʠ ʟʘʧʘʜʘʶʱʠʤʠ 

ʯʣʝʥʝʥʠʷʤʠ (12ï15 %); 

- ʧʣʦʱʘʜʴ ʦʩʪʝʢʣʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʬʘʩʘʜʦʚ (10ï12 %); 

- ʩʦʦʪʥʦʰʝʥʠʝ ʛʣʫʙʠʥʳ ʠ ʰʠʨʠʥʳ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʡ (ʚʣʠʷʝʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʥʘʪʳ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʘʨʫʞʥʳʤ ʪʝʧʣʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʠ 

ʩʦʭʨʘʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ). 

ʇʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʝʩʪʥʦʩʪʠ ʷʚʣʷʶʪʩʷ 

ʧʨʠʦʨʠʪʝʪʥʳʤʠ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ 

ʜʦʤʘ ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ. ɺ ʪʘʙʣʠʮʝ 1 

ʧʨʠʚʝʜʝʥʦ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʞʠʣʦʛʦ ʜʦʤʘ ʠ 

ʝʛʦ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ [6].  

 

ʊʘʙʣʠʮʘ 1 

ɺʣʠʷʥʠʝ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʞʠʣʠʱʘ 

 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʤʬʦʨʪʥʳʝ 

ʫʩʣʦʚʠʷ ʞʠʣʦʛʦ ʜʦʤʘ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ 

ʉʧʦʩʦʙʳ ʟʘʱʠʪʳ ʦʪ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʨʠʨʦʜʥʦ-

ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

ʇʣʘʥʠʨʦʚʦʯʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 

ʞʠʣʦʛʦ ʜʦʤʘ ʠ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʧʦʩʪʨʦʝʢ ʥʘ ʫʯʘʩʪʢʝ 

ʉʪʝʧʝʥʴ ʢʦʤʧʘʢʪʥʦʩʪʠ ʞʠʣʦʛʦ 

ʜʦʤʘ 

ʄʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʣʝʪʥʠʭ, 

ʧʦʜʩʦʙʥʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʧʦʤʝʱʝʥʠʡ 

ʤʝʩʪʘ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ  

ɹʣʦʢʠʨʦʚʢʘ ʦʙʲʸʤʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ 

ʠ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ  

ʊʠʧ ʢʨʳʰʠ  

ʇʣʘʥʠʨʦʚʦʯʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 

ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ  

ɻʣʫʙʠʥʘ ʠ ʚʳʩʦʪʘ ʧʦʤʝʱʝʥʠʡ  

ʈʘʩʧʦʣʦʞʝʥʠʝ ʪʝʧʣʦʚʦʛʦ ʮʝʥʪʨʘ ʚ 

ʜʦʤʝ ʠ ʚ ʧʦʤʝʱʝʥʠʠ  

ʊʠʧ ʠ ʭʘʨʘʢʪʝʨ ʟʘʧʦʣʥʝʥʠʷ 

ʥʘʨʫʞʥʳʭ ʩʪʝʥ   

ʍʘʨʘʢʪʝʨ ʟʘʧʦʣʥʝʥʠʷ ʦʢʦʥʥʳʭ ʠ 

ʜʚʝʨʥʳʭ ʧʨʦʸʤʦʚ  

ʂʦʣʠʯʝʩʪʚʦ ʚʭʦʜʦʚ ʠ ʠʭ ʟʘʱʠʪʘ ʦʪ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʋʩʪʨʦʡʩʪʚʦ ʩʢʚʦʟʥʦʛʦ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ  

ʋʩʪʨʦʡʩʪʚʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʯʝʨʝʟ ʰʘʭʪʳ)  

ʉʝʟʦʥʥʘʷ ʪʨʘʥʩʬʦʨʤʘʮʠʷ 

ʜʦʤʘ  

ʋʩʪʨʦʡʩʪʚʦ ʪʝʧʣʠʮ ʠ 

ʘʪʨʠʫʤʦʚ  

ɻʨʘʤʦʪʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦ 

ʩʪʦʨʦʥʘʤ ʩʚʝʪʘ ʩ ʫʯʸʪʦʤ 

ʠʥʩʦʣʷʮʠʠ, ʘʵʨʘʮʠʠ, 

ʦʩʚʝʱʸʥʥʦʩʪʠ ʧʦʤʝʱʝʥʠʡ  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ 

ʩʦʣʥʮʘ, ʚʝʪʨʘ, ʛʨʫʥʪʘ, ʧʦʟʝʤʥʳʭ 

ʚʦʜ  

ʕʬʬʝʢʪʠʚʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʥʘ 

ʛʝʥʝʨʘʣʴʥʦʤ ʧʣʘʥʝ ʠ ʦʙʲʸʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ ʜʦʤʘ, 

ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʩʪʨʦʝʥʠʡ ʠ 

ʦʙʲʝʢʪʘ ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ 

ʪʨʫʜʘ  

ʈʘʟʤʝʱʝʥʠʝ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʡ ʥʘ ʩʦʣʥʝʯʥʳʝ 

ʩʪʦʨʦʥʳ ʛʦʨʠʟʦʥʪʘ  

ʊʝʧʣʦʚʘʷ ʟʘʱʠʪʘ ʥʘʨʫʞʥʳʭ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ (ʩʪʝʥ, 

ʢʨʳʰʠ, ʦʢʦʥʥʳʭ ʠ ʜʚʝʨʥʳʭ 

ʧʨʦʸʤʦʚ)  

ɿʘʱʠʪʘ ʚʭʦʜʦʚ ʦʪ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ  

ʉʦʣʥʮʝʟʘʱʠʪʘ ʦʪʢʨʳʪʳʭ ʠ 

ʦʩʪʝʢʣʸʥʥʳʭ ʧʨʦʸʤʦʚ  

ɻʝʨʤʝʪʠʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ 

ʦʢʦʥʥʳʭ ʠ ʜʚʝʨʥʳʭ ʧʨʦʸʤʦʚ  

 

 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ 

ʥʘ ʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠ 

ʪʨʝʙʫʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ 

ʪʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʘʢ: ʚʟʘʠʤʦʩʚʷʟʴ ʧʨʠʨʦʜʥʦʡ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʘʥʪʨʦʧʦʛʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʯʝʣʦʚʝʢʘ [9]. ʋʯʝʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ 

ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʦʡ ʛʨʘʤʦʪʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ 

ʜʦʤʘ ʠ ʦʙʲʝʢʪʘ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʵʢʦʣʦʛʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ 

ʪʘʢʞʝ ʩʦʭʨʘʥʝʥʠʝʤ ʩʣʦʞʠʚʰʝʡʩʷ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ 

ʩ ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʧʨʦʞʠʚʘʥʠʷ ʠ ʨʘʙʦʪʳ [11, 18]. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

1. ɼʝʡʩʪʚʫʶʱʠʝ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 
ʧʨʦʛʨʘʤʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ 

ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʳ ʧʦ 

ʧʦʜʜʝʨʞʢʝ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʪʘʢʦʛʦ ʪʠʧʘ ʟʜʘʥʠʷ, ʢʘʢ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ 

ʜʦʤ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. 

2. ʆʙʲʝʢʪʳ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ (ʤʝʩʪʘ 

ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ) ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʪʪʝʜʞʥʦʡ 
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ʟʘʩʪʨʦʡʢʠ ʷʚʣʷʶʪʩʷ ʩʨʝʜʩʪʚʦʤ ʧʦʚʳʰʝʥʠʷ 

ʨʘʟʚʠʪʦʩʪʠ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, ʥʘʩʳʱʘʷ 

ʟʘʩʪʨʦʡʢʫ ʥʝʦʙʭʦʜʠʤʳʤʠ ʦʙʲʝʢʪʘʤʠ ʙʳʪʦʚʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ: ʤʘʛʘʟʠʥʘʤʠ ʪʦʚʘʨʦʚ ʧʦʚʩʝʜʥʝʚʥʦʛʦ 

ʩʧʨʦʩʘ, ʢʘʬʝ, ʧʝʢʘʨʥʷʤʠ, ʤʘʩʪʝʨʩʢʠʤʠ, ʤʘʛʘʟʠʥʘʤʠ, 

ʘʧʪʝʯʥʳʤʠ ʧʫʥʢʪʘʤʠ, ʘʪʝʣʴʝ, ʩʘʣʦʥʘʤʠ ʢʨʘʩʦʪʳ, 

ʤʘʣʤrʠ ʜʝʪʩʢʠʤʠ ʩʘʜʘʤʠ ʠ ʜʨ.  

3. ʅʘ ʚʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ 

ʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚʣʠʷʝʪ ʦʙʱʘʷ ʢʦʥʮʝʧʮʠʷ 

ʢʦʪʪʝʜʞʥʦʡ ʟʘʩʪʨʦʡʢʠ, ʢʣʘʩʩ ʢʦʤʬʦʨʪʥʦʩʪʠ 

ʞʠʣʠʱʘ ʠ ʧʦʩʝʣʢʘ ʚ ʮʝʣʦʤ. ɺ ʦʙʱʝʡ 

ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʞʠʣʴʷ ʧʦ ʢʣʘʩʩʘʤ ʢʘʯʝʩʪʚʘ 

ʨʘʟʤʝʱʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʦʤʝʱʝʥʠʡ ʦʙʲʝʢʪʦʚ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚʦʟʤʦʞʥʦ ʚ ʢʣʘʩʩʘʭ ʤʘʩʩʦʚʦʛʦ 

ʞʠʣʴʷ (ʵʢʦʥʦʤ ï ʠ ʢʦʤʬʦʨʪ-ʢʣʘʩʩ), ʜʦʧʫʩʢʘʝʪʩʷ ʚ 

ʢʣʘʩʩʝ ʞʠʣʴʷ ʧʦʚʳʰʝʥʥʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ (ʙʠʟʥʝʩ-

ʢʣʘʩʩ) ʠ ʥʝ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʞʠʣʠʱʝ ʵʣʠʪ-ʢʣʘʩʩʘ. 

4. ɺʳʙʦʨ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ 

ʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ (ʚʩʪʨʦʝʥʥʦʝ, ʚʩʪʨʦʝʥʥʦ-

ʧʨʠʩʪʨʦʝʥʥʦʝ, ʧʨʠʩʪʨʦʝʥʥʦʝ ʠ ʦʪʜʝʣʴʥʦ ʩʪʦʷʱʝʝ 

ʟʜʘʥʠʝ ʤʝʩʪʘ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʘʩʪʢʘ, 

ʢʦʥʮʝʧʮʠʠ ʠ ʢʣʘʩʩʘ ʢʦʤʬʦʨʪʥʦʩʪʠ ʞʠʣʦʛʦ ʜʦʤʘ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ, ʩʧʝʮʠʬʠʢʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʙʲʝʢʪʘ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ, 

ʪʦʧʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʫʯʘʩʪʢʘ, ʩʦʩʪʘʚʘ 

ʩʝʤʴʠ ʠ ʝʝ ʨʘʟʚʠʪʠʷ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ 

ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʩʨʝʜʦʚʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʠ ʧʨʠʥʷʪʠʷ ʛʨʘʤʦʪʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʦʜʭʦʜʳ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʦʧʪʠʤʠʟʘʮʠʷ, ʨʠʩʢ, ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʠʥʥʦʚʘʮʠʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ 

ʩʨʝʜʘ, ʩʨʦʢʠ, ʧʨʦʝʢʪʳ, ʤʦʜʝʨʥʠʟʘʮʠʷ. 

 

ABSTRACT 

 

The article discusses the main approaches to optimizing the process of designing buildings and structures. The 

use of modern technologies that allow designing using BIM modeling of buildings as the most promising approach to 

design. 

Keywords: optimization, risk, information modeling, innovation, information environment, timing, projects, 

modernization. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʩʢʦʣʴʢʦ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʧʨʘʚʠʣʴʥʳʤ 

ʚʳʙʦʨʦʤ ʦʨʛʘʥʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʚ ʩʚʦʡ 

ʩʦʩʪʘʚ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʕʪʦ 

ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʠʟʣʠʰʥʠʭ ʚʨʝʤʝʥʥʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, ʘ ʪʘʢʞʝ ʩʦʢʨʘʪʠʪ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʧʨʦʠʩʭʦʜʷʪ, 

ʢʦʛʜʘ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʢʦʤʧʘʥʠʠ 

ʥʝʧʨʘʚʠʣʴʥʦ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪ ʨʘʟʜʝʣʳ ʠʣʠ 

ʦʪʜʝʣʴʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʦʝʢʪʘ. 

ʇʨʠ ʚʳʙʦʨʝ ʢʦʤʧʘʥʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʝ 

ʩʪʦʠʪ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: 

¶ ʦʙʣʘʜʘʥʠʝ ʦʙʰʠʨʥʳʤ ʦʧʳʪʦʤ ʚ ʜʘʥʥʦʡ 
ʦʙʣʘʩʪʠ, ʫʩʧʝʰʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʦʝʢʪʦʚ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʦʪʟʳʚʘʤʠ ʦʪ ʢʣʠʝʥʪʦʚ. 

¶ ʥʘʣʠʯʠʝ ʚ ʰʪʘʪʝ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʘʨʭʠʪʝʢʪʦʨʦʚ, 

ʜʠʟʘʡʥʝʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʠ ʠʥʞʝʥʝʨʦʚ ʧʦ 

ʪʝʭʥʠʯʝʩʢʦʤʫ ʥʘʜʟʦʨʫ. 

¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 
ʧʦʜʨʦʙʥʳʭ ʦʪʯʝʪʦʚ ʦ ʭʦʜʝ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. 

¶ ʧʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʦʟʚʦʣʷʶʱʠʭ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʷ. 

ɼʘʚʘʡʪʝ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʠʤ 

ʧʦʩʣʝʜʥʠʡ ʧʫʥʢʪ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʩʦʟʜʘʥʠʝ BIM-ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ. ɺ 

ʩʫʱʥʦʩʪʠ, ʵʪʦʪ ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʙʦʨ ʠ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʙʨʘʙʦʪʢʫ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ 

ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʢʦʥʩʪʨʫʢʮʠʠ, 

ʪʝʭʥʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʝ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʨʫʛʠʭ 

ʘʩʧʝʢʪʘʭ ʟʜʘʥʠʷ ʚ ʝʜʠʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʨʝʜʝ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʟʘʢʘʟʯʠʢ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ 

ʫʥʠʢʘʣʴʥʫʶ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʚʩʝ ʵʣʝʤʝʥʪʳ 

ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʠ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ 

ʣʶʙʦʛʦ ʧʘʨʘʤʝʪʨʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʦʠʩʭʦʜʷʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. 

ʕʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʜʦʙʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʠ 

ʟʘʢʘʟʯʠʢʘ ʘʩʧʝʢʪʘʤʠ ʧʨʦʝʢʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦʟʜʘʥʠʝ 

BIM-ʤʦʜʝʣʠ ʟʜʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ 

ʧʦʩʣʝʜʫʶʱʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʛʦ ʟʜʘʥʠʷ, ʥʦ ʠ ʚʩʝʡ 

ʝʛʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ɺʣʘʜʝʣʝʮ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʠʩʪʘʥʮʠʦʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʭʦʜʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʚʦʜʳ, ʪʝʧʣʘ ʠ ʜʨʫʛʠʭ ʨʝʩʫʨʩʦʚ, 
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ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʇʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʪʱʘʪʝʣʴʥʫʶ 

ʦʮʝʥʢʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʕʪʦ ʫʧʨʦʱʘʝʪ ʩʦʩʪʘʚʣʝʥʠʝ ʛʦʜʦʚʦʛʦ ʙʶʜʞʝʪʘ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʠ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʫʩʧʝʰʥʦʡ ʠʥʪʝʛʨʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦʩʪʨʦʡʢʠ ʩ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ 

ʟʜʘʥʠʝʤ "ʫʤʥʳʡ ʜʦʤ". 

ʇʨʠʤʝʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ, 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ 

ʚ ʭʦʜʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ 

ʚʨʝʤʷ ʚʦʟʚʝʜʝʥʠʷ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

ʕʪʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʧʪʠʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʶʪ ʚʨʝʤʷ ʚʦʟʚʝʜʝʥʠʷ 

ʥʝʜʚʠʞʠʤʦʩʪʠ. ɸʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʧʝʨʝʜʦʚʳʭ 

ʤʝʪʦʜʦʚ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʯʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʩʦʢʨʘʱʝʥʠʶ 

ʩʨʦʢʦʚ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʦʚ ʠ ʚʦʟʚʝʜʝʥʠʷ ʢʘʢ ʞʠʣʳʭ, 

ʪʘʢ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʝʜʥʠʭ ʪʝʥʜʝʥʮʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʧʨʦʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ: 

ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ 

ʇʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʯʘʩʪʦ 

ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʨʘʙʦʪʦʡ ʦʙʳʯʥʦʛʦ ʨʘʜʘʨʘ. ɼʣʷ 

ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʣʘʟʝʨʥʳʭ ʣʫʯʝʡ. ʇʫʪʝʤ 

ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ, ʟʘʪʨʘʯʝʥʥʦʛʦ ʥʘ ʦʪʧʨʘʚʢʫ ʠ 

ʚʦʟʚʨʘʱʝʥʠʝ ʣʫʯʝʡ, ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʣʘʢʦ ʪʦʯʝʢ. ʕʪʠ 

ʜʘʥʥʳʝ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʦʙʲʝʢʪʘ, ʧʦʟʚʦʣʷʷ ʧʨʦʚʦʜʠʪʴ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʘʩʯʝʪʳ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʟʜʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʘʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʷʚʣʷʪʴ ʜʘʞʝ 

ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʧʨʦʝʢʪʘ, ʪʘʢʠʝ ʢʘʢ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʠ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʫʩʪʨʘʥʷʪʴ ʦʰʠʙʢʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʦʚ.ʃʘʟʝʨʥʦʝ ʩʢʘʥʠʨʦʚʘʥʠʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠʣʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ, ʢʦʛʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ. ʕʪʘ 

ʤʝʪʦʜʠʢʘ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʘ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʚʳʩʦʢʠʤʠ ʟʜʘʥʠʷʤʠ ʠʣʠ ʩʣʦʞʥʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ, ʛʜʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʠʥʩʪʨʫʤʝʥʪʳ ʟʘʤʝʨʦʚ ʩʪʘʥʦʚʷʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʠʤʝʥʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚʳʭʦʜʠʪ ʟʘ 

ʧʨʝʜʝʣʳ ʦʙʣʘʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʧʠʪʘʣʴʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʪʝʭʥʠʯʝʩʢʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʠʣʠ ʨʝʤʦʥʪʝ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʨʘʙʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʦʪʣʠʯʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʟʘʜʘʯʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʥʝʝ 

ʪʨʝʙʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ. 

ʊʝʭʥʦʣʦʛʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʤʦʥʦʣʠʪʥʳʭ ʨʘʙʦʪ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʙʣʘʛʦʜʘʨʷ ʢʦʤʧʣʝʢʩʫ ʠʥʥʦʚʘʮʠʡ. ʅʘʯʠʥʘʷ ʩ 

ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʥʘ 

ʩʪʨʦʡʧʣʦʱʘʜʢʫ ʙʝʪʦʥʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʭʦʜʥʦʛʦ 

ʢʦʥʪʨʦʣʷ. ɿʘʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʦʚ ʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʤʦʥʠʪʦʨʠʥʛ ʧʨʦʮʝʩʩʘ ʫʢʣʘʜʢʠ ʙʝʪʦʥʘ ʚ ʦʧʘʣʫʙʢʫ. 

ʆʧʝʨʘʪʦʨʳ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʥʘʧʦʣʥʝʥʠʷ, ʤʠʥʠʤʠʟʠʨʫʷ 

ʨʠʩʢʠ ʜʝʬʦʨʤʘʮʠʡ ʠʣʠ ʧʦʚʨʝʞʜʝʥʠʡ ʦʧʘʣʫʙʢʠ. 

ɿʘʚʝʨʰʘʷ ʧʨʦʮʝʩʩ, ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ. ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ 

ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʦʙʣʘʯʥʳʝ ʧʣʘʪʬʦʨʤʳ, 

ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʨʝʟʫʣʴʪʘʪʦʚ.ʆʙʲʝʢʪʠʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʧʨʠʤʝʥʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʵʬʬʝʢʪʠʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠʤʦʥʦʣʠʪʥʳʭ ʨʘʙʦʪ: 

Å ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ 

ʦʪʯʝʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ; 

 Å ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ; 

Å ʪʦʯʥʦʩʪʴ ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ ʜʝʤʦʥʪʘʞʘ 

ʦʧʘʣʫʙʢʠ ʩ ʫʯʝʪʦʤ ʩʦʩʪʦʷʥʠʷ ʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʥʦʣʠʪʥʳʭ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ 

ʚʥʠʤʘʥʠʝ ʥʘ ʪʝʭʥʦʣʦʛʠʶ 3D ʧʝʯʘʪʠ ʙʝʪʦʥʘ. ʆʥʘ 

ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʘ 

ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʪʘ ʠʥʥʦʚʘʮʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʝʢʪʘʭ, ʛʜʝ ʛʦʣʦʚʢʝ 

ʧʨʠʥʪʝʨʘ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʝʯʘʪʠ ʩʪʝʥ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʫʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʚʥʝʜʨʷʶʪ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢʪʦʚ ʩʨʝʜʥʝʛʦ 

ʨʘʟʤʝʨʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʵʢʦʥʦʤʠʪʴ ʚʨʝʤʷ, ʥʝ 

ʪʨʝʙʫʷ ʩʦʟʜʘʥʠʷ ʬʦʨʤ ʜʣʷ ʟʘʣʠʚʢʠ ʙʝʪʦʥʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʨʠʥʪʝʨ ʩʧʦʩʦʙʝʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʦʜʳ ʯʝʨʪʝʞʝʡ ʠ ʤʛʥʦʚʝʥʥʦ 

ʥʘʯʠʥʘʪʴ ʩʪʨʦʡʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʠ ʚʨʝʤʝʥʥʳʭ 

ʟʘʪʨʘʪ.ʉʪʨʦʠʪʝʣʴʥʳʝ ʵʪʘʧʳ, ʪʘʢʠʝ ʢʘʢ ʫʢʣʘʜʢʘ 

ʘʨʤʘʪʫʨʳ, ʧʦʩʪʨʦʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʠ 

ʧʝʨʝʛʦʨʦʜʦʢ, ʨʘʟʤʝʱʝʥʠʝ ʙʘʣʦʢ ʠ ʫʢʣʘʜʢʘ 

ʩʪʨʦʧʠʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʚʳʧʦʣʥʷʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʨʦʙʦʪʦʤ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʣʩʷ ʧʦ ʟʘʨʘʥʝʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʤ ʨʝʣʴʩʘʤ. ʉʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʵʪʦ ʦʪʢʨʳʚʘʝʪ ʧʫʪʴ 

ʚ ʙʫʜʫʱʝʝ. 

ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʧʨʠ ʧʦʤʦʱʠ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʌʦʪʦʛʨʘʤʤʝʪʨʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʷ 

ʙʦʣʝʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʟʝʤʝʣʴʥʦʡ ʩʲʝʤʢʠ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 
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ʦʧʨʝʜʝʣʷʪʴ ʬʦʨʤʫ, ʨʘʟʤʝʨʳ, ʧʦʣʦʞʝʥʠʝ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʥʘ 

ʦʩʥʦʚʝ ʬʦʪʦʛʨʘʬʠʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʝʥ ʵʪʦʪ ʤʝʪʦʜ 

ʧʨʠ ʨʘʙʦʪʝ ʩ ʟʜʘʥʠʷʤʠ, ʫ ʢʦʪʦʨʳʭ ʙʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ ʬʘʩʘʜʘ ʠʣʠ ʤʥʦʞʝʩʪʚʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʥʝʜʦʩʪʫʧʥʦʡ ʚʳʩʦʪʝ. 

ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʦʟʜʘʥʠʝ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʦʪʦʛʨʘʬʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʮʠʬʨʦʚʦʡ ʢʘʤʝʨʳ ʠʣʠ 

ʜʨʦʥʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʬʦʪʦʛʨʘʬʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʯʝʨʪʝʞʝʡ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʯʘʩʪʠʯʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ, 

ʢʦʩʤʝʪʠʯʝʩʢʦʛʦ ʠʣʠ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ.ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ 

ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʘʤʷʪʥʠʢʦʚ ʠ ʦʙʲʝʢʪʦʚ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ, ʥʦ ʪʘʢʞʝ ʜʣʷ ʧʦʜʨʦʙʥʦʛʦ 

ʘʥʘʣʠʟʘ ʨʝʣʴʝʬʥʳʭ ʫʯʘʩʪʢʦʚ ʬʘʩʘʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 

ʦʥʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʠʟʫʯʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʧʦʜʛʦʪʦʚʢʠ ʢ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʠʣʠ 

ʨʝʤʦʥʪʥʳʤ ʨʘʙʦʪʘʤ.ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʤʫ ʫʨʦʚʥʶ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʨʦʥʦʚ, ʢʦʪʦʨʳʝ 

ʦʙʣʘʜʘʶʪ ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʚʦʟʤʦʞʥʦ 

ʙʝʟʦʧʘʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʦʧʘʩʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʨʦʥʳ 

ʤʦʛʫʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʚʳʩʦʪʥʳʭ 

ʟʜʘʥʠʷʭ, ʚʙʣʠʟʠ ʜʦʨʦʞʥʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠʣʠ ʧʨʠ 

ʧʨʦʢʣʘʜʢʝ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩ ʢʨʫʪʳʤʠ 

ʩʢʣʦʥʘʤʠ ʠ ʥʝʩʪʘʙʠʣʴʥʳʤ ʛʨʫʥʪʦʤ. ʕʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʚʠʟʫʘʣʴʥʦʝ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ, 

ʨʝʩʪʘʚʨʘʮʠʠ ʧʘʤʷʪʥʠʢʦʚ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ.ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʳ, ʧʨʠʤʝʥʷʶʱʠʝ ʬʦʪʦʛʨʘʤʤʝʪʨʠʶ 

ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʞʠʣʦʛʦ ʠʣʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʪʨʘʪʷʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ 

ʚʨʝʤʝʥʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʠ, ʢʪʦ ʠʩʧʦʣʴʟʫʝʪ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʅʘʧʨʠʤʝʨ, ʦʧʳʪʥʘʷ 

ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʢʦʤʘʥʜʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʩʧʦʩʦʙʥʘ 

ʧʨʦʚʝʩʪʠ ʩʲʝʤʢʫ ʩʣʦʞʥʦʛʦ ʦʙʲʝʢʪʘ ʚʩʝʛʦ ʟʘ ʦʜʠʥ 

ʜʝʥʴ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʙʨʠʛʘʜʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʧʦʪʨʝʙʫʝʪʩʷ ʦʢʦʣʦ ʥʝʜʝʣʠ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʪʦʛʦ ʞʝ ʦʙʲʝʤʘ ʨʘʙʦʪ. 

ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʝʡʰʝʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ 

ʬʦʪʦʛʨʘʤʤʝʪʨʠʠ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ 

ʩʧʦʩʦʙʥʳ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʧʦʣʦʞʝʥʠʝ ʢʘʤʝʨ ʠ ʚʳʧʦʣʥʷʪʴ ʧʦʩʪʨʦʝʥʠʝ ʦʙʣʘʢʘ 

ʪʦʯʝʢ, ʩʦʟʜʘʚʘʷ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ. ʕʪʘ 

ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʮʝʥʢʠ 

ʪʝʢʫʱʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʰʘʛ ʚʧʝʨʝʜ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʡ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʩʦʚʤʝʱʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʘ ʤʝʪʦʜʠʢʘ ʫʞʝ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ, 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʛʦʨʦʜʩʢʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ.ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ:  

Å ʪʱʘʪʝʣʴʥʳʡ ʫʯʝʪ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ.  

Å ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʤʘʨʰʨʫʪʦʚ ʧʦʜʲʝʟʜʘ ʢ ʦʙʲʝʢʪʫ 

ʥʝʜʚʠʞʠʤʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʭʝʤʳ.  

Å ʦʙʲʝʜʠʥʝʥʠʝ ʚʩʝʭ ʛʨʫʧʧ ʦʧʳʪʥʳʭ ʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʘ 

ʥʝʜʚʠʞʠʤʦʩʪʠ.  

Å ʢʦʤʧʣʝʢʩʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʞʜʦʛʦ ʵʪʘʧʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʠ ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʩ ʩʦʩʪʘʚʣʝʥʠʝʤ 

ʧʦʜʨʦʙʥʳʭ ʦʪʯʝʪʦʚ ʦ ʩʨʦʢʘʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 

ʟʘʪʨʘʪʘʭ.  

Å ʙʳʩʪʨʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʩ 

ʫʯʝʪʦʤ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩʠʪʫʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

ʆʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʦʚ 

ʥʝʜʚʠʞʠʤʦʩʪʠ. ʊʘʢ, ʚʩʶ ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʨʦʝʢʪʘ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʠʟʥʝʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʨʝʥʜʦʡ 

ʥʝʜʚʠʞʠʤʦʩʪʠ, ʠʣʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʘʥʠʷ ʠ ʝʛʦ ʠʥʞʝʥʝʨʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʧʨʠʥʷʪ ʟʘʢʦʥ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʩʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʦʙʷʟʘʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʠʣʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ʕʪʦ ʨʝʰʝʥʠʝ ʧʨʠʥʷʪʦ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʨʘʩʭʦʜʦʚ ʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʥʘ ʩʦʟʜʘʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚʥʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʠ 

ɺ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʥʝʜʚʠʞʠʤʳʭ 

ʦʙʲʝʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʤʝʩʪʝ 

ʩʪʨʦʡʢʠ. ʆʜʥʘʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʧʝʨʝʜʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʚʦʜʘʭ. ɿʜʝʩʴ 

ʨʝʯʴ ʠʜʝʪ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʙʲʝʤʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ 

ʤʦʜʫʣʴʥʦʡ ʠ ʢʦʥʪʝʡʥʝʨʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʟʘʚʦʜʳ ʫʞʝ ʩʧʦʩʦʙʥʳ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʣʦʞʥʳʝ ʪʨʝʭʤʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʦʪʜʝʣʴʥʳʝ ʢʦʤʥʘʪʳ ʠʣʠ ʜʘʞʝ ʮʝʣʳʝ ʜʦʤʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʜʨʫʛʠʭ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠ 

ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ ʠʟʙʝʞʘʪʴ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʯʘʩʦʚ ʨʘʙʦʪʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʧʨʦʠʟʚʦʜʠʪʴ 

ʧʘʥʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʥʝ ʩʪʨʦʡʧʣʦʱʘʜʢʠ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʝʩʫʱʠʭ 

ʩʪʝʥ, ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʛʦʨʦʜʦʢ, ʧʦʣʦʚ ʠʣʠ ʢʨʳʰ 

ʥʝʜʚʠʞʠʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʦʡʧʣʦʱʘʜʢʠ: 

 Å ɿʥʘʯʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʥʪʘʞʘ. ʉʙʦʨʢʘ 

ʟʜʘʥʠʷ ʠʟ ʤʦʜʫʣʝʡ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʚʥʝ 

ʩʪʨʦʡʧʣʦʱʘʜʢʠ, ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʳʪʥʦʡ 

ʙʨʠʛʘʜʦʡ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʩʝʛʦ ʟʘ ʧʷʪʴ ʠʣʠ ʩʝʤʴ 

ʢʘʣʝʥʜʘʨʥʳʭ ʜʥʝʡ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʩʪʘʥʦʚʢʘ ʪʦʣʴʢʦ ʦʜʥʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ ʟʘʥʠʤʘʝʪ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ. 

Å ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ: ʅʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʦʝ ʟʜʘʥʠʝ, 

ʧʦʩʪʨʦʝʥʥʦʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʦʜʫʣʴʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʤʦʞʝʪ ʧʨʦʩʣʫʞʠʪʴ ʦʢʦʣʦ 

ʚʦʩʴʤʠʜʝʩʷʪʠ ʣʝʪ ʧʨʠ ʫʩʣʦʚʠʠ ʨʝʛʫʣʷʨʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʛʦ 

ʨʝʤʦʥʪʘ. ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʥʝʛʘʪʠʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʷ ʵʢʩʪʨʝʤʘʣʴʥʳʝ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ. Å ʇʝʨʝʥʦʩʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʪʦʨʠʯʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʇʦʯʪʠ ʣʶʙʦʝ ʟʜʘʥʠʝ, 

ʩʦʙʨʘʥʥʦʝ ʠʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʣʝʛʢʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ 

ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʦʙʣʝʤ. ɽʛʦ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʦʩʪʘ ʚ 

ʜʝʤʦʥʪʘʞʝ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʙʦʨʢʝ, ʧʨʠ ʵʪʦʤ ʚʩʝ 

ʤʦʜʫʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʩʪʘʶʪʩʷ ʚ ʦʪʣʠʯʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʤʦʥʪʘʞʘ.ʉʝʛʦʜʥʷ ʤʦʜʫʣʴʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚ 

ʩʬʝʨʝ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʆʥʠ ʧʨʝʜʣʘʛʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ - ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʚʦʨʷʪ, ʯʪʦ 

ʩʪʘʥʜʘʨʪʥʦʝ ʟʜʘʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʜʫʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʞʝʪ ʧʨʦʩʣʫʞʠʪʴ ʦʢʦʣʦ 

ʚʦʩʴʤʠʜʝʩʷʪʠ ʣʝʪ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ 

ʨʝʛʫʣʷʨʥʦʤ ʨʝʤʦʥʪʝ - ʥʦ ʠ ʧʝʨʝʥʦʩʠʤʦʩʪʴ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʝ ʪʘʢʦʝ ʟʜʘʥʠʝ ʣʝʛʢʦ 

ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʜʨʫʛʠʝ ʫʯʘʩʪʢʠ, ʙʣʘʛʦʜʘʨʷ 

ʧʨʦʩʪʦʡ ʜʝʤʦʥʪʘʞʥʦʡ ʠ ʩʙʦʨʦʯʥʦʡ ʨʘʙʦʪʝ. ʕʪʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʦʩʪʘʶʪʩʷ ʚ ʦʪʣʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʟʜʘʥʠʡ, ʙʫʜʴ ʪʦ ʤʥʦʛʦʩʝʤʝʡʥʳʝ ʜʦʤʘ, 

ʦʬʠʩʳ, ʰʢʦʣʳ ʠʣʠ ʢʘʟʘʨʤʳ ʜʣʷ ʚʦʝʥʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʡ. 

ɺʦʟʚʝʜʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ TwistBlockMoulds 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ 

ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɼʣʷ ʝʸ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʦʛʦ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʘ ʠʥʥʦʚʘʮʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʚʠʚʘʶʱʠʭʩʷ 

ʩʪʨʘʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʞʠʣʠʱʥʳʭ ʫʩʣʦʚʠʡ, ʥʦ 

ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʨʘʙʦʯʠʝ ʤʝʩʪʘ. 

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʪʘʢʠʝ ʢʘʢ ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ,ʫʤʝʥʴʰʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʚʦʟʚʝʜʝʥʠʝ 

ʠ ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʩʥʠʞʝʥʠʶ ʟʘʪʨʘʪ. ʆʙʲʝʢʪʳ, ʩʦʟʜʘʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʠʤʝʶʪ ʥʠʟʢʫʶ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʩʥʠʞʘʷ ʮʝʥʫ ʟʘ ʢʚʘʜʨʘʪʥʳʡ ʤʝʪʨ 

ʚʦʟʚʦʜʠʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 25% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʝʭʥʦʣʦʛʠʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʬʦʨʤʠʨʦʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʙʝʪʦʥʥʳʭ 

ʙʣʦʢʦʚ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ. ʕʪʦ 

ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʟʘʡʥʘ ʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʨʝʰʝʥʠʡ.ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʥʝ ʪʨʝʙʫʝʪʩʷ ʩʣʦʞʥʦʛʦ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʜʦʩʪʫʧʥʦʡ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʦʚ. ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ 

ʩʦʮʠʘʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ, ʪʦ ʵʪʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʜʦʣʞʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʫʣʫʯʰʝʥʠʶ ʞʠʣʠʱʥʳʭ ʫʩʣʦʚʠʡ ʠ ʩʦʟʜʘʥʠʶ 

ʨʘʙʦʯʠʭ ʤʝʩʪ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ.ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʠ TwistBlockMoulds ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʷ 

ʩʢʦʨʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʡ ʚ ʜʝʩʷʪʴ ʨʘʟ. ʇʦʩʣʝ 

ʫʢʣʘʜʢʠ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʦʩʣʝʜʫʶʱʘʷ 

ʦʪʜʝʣʢʘ ʩʪʝʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʵʢʦʥʦʤʠʠ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢ ʠ 

ʪʨʫʜʦʟʘʪʨʘʪ.ɹʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʩʦʟʜʘʥʥʳʝ ʩ ʝʝ 

ʧʦʤʦʱʴʶ, ʣʝʛʢʦ ʨʘʟʙʠʨʘʶʪʩʷ ʠʣʠ ʧʝʨʝʩʪʨʘʠʚʘʶʪʩʷ 

ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʦʩʦʙʝʥʥʦ 

ʫʜʦʙʥʘ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʚʨʝʤʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʞʠʣʳʭ ʟʜʘʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʤʬʦʨʪʥʦʡ ʞʠʟʥʝʥʥʦʡ ʩʨʝʜʳ. ʀʩʧʦʣʴʟʫʷ 

ʪʝʭʥʦʣʦʛʠʶ MeshMould ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʘʙʩʦʣʶʪʥʦ 

ʥʦʚʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʨʤʘʪʫʨʥʦʛʦ ʢʘʨʢʘʩʘ 

ʤʦʥʦʣʠʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʨʝʭʤʝʨʥʦʡ ʩʝʪʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʘʷ ʩʣʫʞʠʪ 

ʥʝʩʫʱʠʤ ʢʘʨʢʘʩʦʤ. ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʳ 

ʟʘʥʠʤʘʶʪʩʷ ʟʘʣʠʚʢʦʡ ʙʝʪʦʥʘ, ʠ ʦʧʘʣʫʙʢʘ ʫʞʝ ʥʝ 

ʪʨʝʙʫʝʪʩʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʩʫʱʝʩʪʚʝʥʥʦ ʵʢʦʥʦʤʠʪ 

ʚʨʝʤʷ, ʩʠʣʳ ʠ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ ʢʦʤʧʘʥʠʠ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ 

MeshMould ʜʣʷ ʩʦʟʜʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʠʚʥʳʤʠ:  

Å ʩʫʱʝʩʪʚʝʥʥʘʷ ʵʢʦʥʦʤʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʤʝʪʦʜ ʪʨʝʙʫʝʪ ʧʨʠʤʝʨʥʦ ʥʘ 60 % 

ʤʝʥʴʰʝ ʙʝʪʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʝʪʦʜʘʤʠ ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

Å ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ, ʪʘʢ ʢʘʢ 

ʤʥʦʛʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ ʚʩʝ ʝʱʝ 

ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʨʘʟʦʚʫʶ ʦʧʘʣʫʙʢʫ ʠ ʧʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʚʳʥʫʞʜʝʥʳ 

ʠʟʙʘʚʣʷʪʴʩʷ ʦʪ ʥʝʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʬʠʥʘʥʩʦʚʳʤ ʫʙʳʪʢʘʤ. 

Å ʪʝʭʥʦʣʦʛʠʷ MeshMould ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʤʦʥʦʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʝ 

ʙʝʨʷ ʚʦ ʚʥʠʤʘʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʩʪʘʥʜʘʨʪʥʦʡ 
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ʦʧʘʣʫʙʢʠ, ʢʦʪʦʨʘʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʪʦʣʱʠʥʫ ʩʪʝʥ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ MeshMould 

ʟʘʩʪʨʦʡʱʠʢ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʣʝʛʢʦ ʠʟʤʝʥʷʪʴ 

ʪʦʣʱʠʥʫ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʦʝʢʪʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 

1. ʂʦʤʘʨʦʚʘ ʅ.ɼ.  ɸʉʇɽʂʊʓ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ 
ʎɽʄɽʅʊʅʆ-ɹɽʊʆʅʅʓʍ ʉʀʉʊɽʄ. ʅɸʋʏʅʓɽ ʀʊʆɻʀ: 

ɼʆʉʊʀɾɽʅʀʗ, ʇʈʆɽʂʊʓ, ɻʀʇʆʊɽɿʓ ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 

ʜʦʢʣʘʜʦʚ ɺʀʄ. 2014. ˉ 19. ʉ. 20. 
2. ʂʫʨʙʘʪʦʚ ɺ.ʃ., ʂʦʤʘʨʦʚʘ ʅ.ɼ.  ɺʃʀʗʅʀɽ 

ʂʆʄʇʆʅɽʅʊʆɺ ʅɸ ʉɺʆʁʉʊɺɸ ʎɽʄɽʅʊʅʆɻʆ ʂɸʄʅʗ  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. 7-9 
3. ʂʦʤʘʨʦʚʘ ʅ.ɼ.  ɸʉʇɽʂʊʓ ʀʉʇʆʃʔɿʆɺɸʅʀʗ 

ʄɸʊɽʈʀɸʃʆɺ ʀɿ ʉʊɽʂʃʆʄɽɻʅɽɿʀʊɸ ɺ ʉʊʈʆʀʊɽʃʔʅʆʁ 

ʀʅɼʋʉʊʈʀʀ ɺ ʩʙʦʨʥʠʢʝ: ʅʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʠʥʥʦʚʘʮʠʠ. ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ. 2014. ʉ. 125-129. 
4. Kurbatov V.L., Komarova N.D. USE OF BUILDING 

MATERIALS, PRODUCTS AND TOOLS OF A NEW 

GENERATION IN HOME REPAIR 
ɸʢʪʫʘʣʴʥʳʝʧʨʦʙʣʝʤʳʩʦʚʨʝʤʝʥʥʦʡʥʘʫʢʠ. 2015. ʉ. 7. 

5. 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. 

6. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʂʦʤʘʨʦʚʘ ʂ.ʉ., ʄʘʨʢʦʚ ʉ.ɺ., ʃʫʢʴʷʥʦʚ 

ɸ.ʉ.  ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɹɽʊʆʅɸ ɼʃʗ 
ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ ʆʇʊʀʄʀɿɸʎʀɽʁ 

ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸɹʉʊ: ɹʶʣʣʝʪʝʥʴ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 2015.  ̄11 (975). ʉ. 52-55. 
7. Komarova N.D., Esipova A.A., Komarova K.S.  EFFECT OF 

PLASTICIZERS ON THE PROCESS OF CONCRETE 

STRUCTURE FORMATION ʄʀʈ (ʄʦʜʝʨʥʠʟʘʮʠʷ. ʀʥʥʦʚʘʮʠʠ. 
ʈʘʟʚʠʪʠʝ). 2015. ʊ. 4. ˉ 2. ʉ. 27. 

8. ʂʦʤʘʨʦʚʘ ʅ.ɼ. ɸʉʇɽʂʊʓ ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ 

ʎɽʄɽʅʊʅʆ-ɹɽʊʆʅʅʓʍ ʉʀʉʊɽʄ 
ɺ ʩʙʦʨʥʠʢʝ: ʅʘʫʯʥʳʝ ʠʪʦʛʠ: ʜʦʩʪʠʞʝʥʠʷ, ʧʨʦʝʢʪʳ, ʛʠʧʦʪʝʟʳ: 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ, ʧʝʜʘʛʦʛʠʢʘ ʠ ʧʩʠʭʦʣʦʛʠʷ, 

ʵʢʦʥʦʤʠʢʘ ʠ ʙʫʭʫʯʝʪ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʤʠʨʦʚʦʟʟʨʝʥʠʝ, ʝʩʪʝʩʪʚʦʟʥʘʥʠʝ, ʶʨʠʩʧʨʫʜʝʥʮʠʷ. ʉʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ ˉ 19 XIX-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʉʝʚʝʨʦ ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʆʋ 
ɺʇʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘ. 2014. ʉ. 20-25 

9. ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʆʇʊʀʄʀɿɸʎʀʗ 
ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ɿɸʇʆʃʅʀʊɽʃɽʁ - 

ʆɼʀʅ ʀɿ ʌɸʂʊʆʈʆɺ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ɹɽʊʆʅɸ ɺ ʩʙʦʨʥʠʢʝ: ʕʬʬʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 
ʢʦʤʧʦʟʠʪʳ. ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʢ 85-ʣʝʪʠʶ 

ʟʘʩʣʫʞʝʥʥʦʛʦ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʈʌ, ʘʢʘʜʝʤʠʢʘ ʈɸɸʉʅ, ʜʦʢʪʦʨʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ ɹʘʞʝʥʦʚʘ ʖʨʠʷ ʄʠʭʘʡʣʦʚʠʯʘ. ɹʝʣʛʦʨʦʜʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. 

ʐʫʭʦʚʘ. 2015. ʉ. 274-282. 

10. ɻʫʙʘʥʦʚ ɼ.ʆ., ʂʦʤʘʨʦʚʘ ʅ.ɼ.  ʂ ɺʆʇʈʆʉʋ 
ʄʆɼʀʌʀʎʀʈʆɺɸʅʀʗ ʎɽʄɽʅʊʆɺ ʀ ɹɽʊʆʅʆɺ 

ʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2016.  ̄2 (2). ʉ. 69-71. 

11. ʂʦʤʘʨʦʚʘ ʂ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ.  ʄʋʃʔʊʀʂʆʇʊɽʈʓ ɺ 
ʄʆʅʀʊʆʈʀʅɻɽ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʇʃʆʑɸɼʆʂʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2016.  ̄1 (1). ʉ. 70-73. 

12. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʃʝʥʠʰ ɸ.ʌ., ʐʘʨʘʧʦʚ ʆ.ʅ., ʂʦʤʘʨʦʚʘ 

ʂ.ʉ.  ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ɹɽʊʆʅʅʆʁ 

ʉʄɽʉʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɿɸʇʆʃʅʀʊɽʃɽʁ ʀɿ 

ɺʇɻʉʉʦʚʨʝʤʝʥʥʳʝ ʥʘʫʢʦʝʤʢʠʝ ʪʝʭʥʦʣʦʛʠʠ. 2016.  ̄3-1. ʉ. 38-

43. 

13. 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. 

14. ʂʦʤʘʨʦʚʘ ʂ.ʉ., ʐʫʤʠʣʦʚʘ ɺ.ʉ., ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʂ 

ʇɽʈʉʇɽʂʊʀɺɽ ʈɽʅʆɺɸʎʀʀ ʉʊɸʈʆɻʆ ɾʀʃʆɻʆ 
ʌʆʅɼɸʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2017.  ̄1 (3). ʉ. 65-67. 

15. ʂʦʩʫʭʠʥ ʄ.ʄ., ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʂʦʩʫʭʠʥ ɸ.ʄ., ʂʦʤʘʨʦʚʘ 

ʂ.ʉ. ʂ ɺʆʇʈʆʉʋ ʆ ʈɸɿʈɸɹʆʊʂɽ 
ʇʆʃʀʌʋʅʂʎʀʆʅɸʃʔʅʓʍ ʄʆɼʀʌʀʂɸʊʆʈʆɺ 

ʄʆʅʆʃʀʊʅʓʍ ɹɽʊʆʅʆɺ ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ 

ʈɽʂʆʅʉʊʈʋʂʎʀʆʅʅʓʍ ʈɸɹʆʊ ʆɹʒɽʂʊʆɺ ɾʀʃʀʑʅʆ-
ʂʆʄʄʋʅɸʃʔʅʆɻʆ ʂʆʄʇʃɽʂʉɸɹʉʊ:  ɹʶʣʣʝʪʝʥʴ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ. 2017. ˉ 5 (993). ʉ. 37-44. 

16. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɻʫʙʘʥʦʚ ɼ.ʆ., ɸʜʫʯʠʥ ɼ.ɸ., ʈʫʩʥʷʢ ɺ.ʀ.  

ʂʆʄʇʆɿʀʎʀʆʅʓɽ ʄɸʊɽʈʀɸʃʓ ɺ 

ʉʊʈʆʀʊɽʃʔʉʊɺɽʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2018.  ̄2 (6). ʉ. 13-

16. 
17. ʃʝʥʠʰ ɸ.ʌ., ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɻʣʫʱʝʥʢʦ ʂ.ʉ.  

ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʊɽʍʅʆʃʆɻʀʀ 

ʋʉʀʃɽʅʀʗ ʂʆʅʉʊʈʋʂʎʀʁʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 
2019.  ̄1 (7). ʉ. 36-40. 

18. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʃʝʥʠʰ ɸ.ʌ.  ɸʉʇɽʂʊʓ 

ʈɽʂʆʅʉʊʈʋʂʎʀʀ ɿɼɸʅʀʁ-ʋʉʀʃɽʅʀɽʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ 
ʥʘʫʢʘ. 2019.  ̄1 (7). ʉ. 13-16. 

19. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʂʦʟʠʥ ʄ. ʇɽʈʉʇɽʂʊʀɺʓ 

ɹʓʉʊʈʆɺʆɿɺʆɼʀʄʆɻʆ ɾʀʃʔʗʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 
2020.  ̄2 (10). ʉ. 85-88. 

20. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɼʦʣʙʠʥ ʅ.ʉ., ʄʠʰʫʨʠʥ ɺ.ɺ. ʈɽʄʆʅʊ 

ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʂʆʅʉʊʈʋʂʎʀʁʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 
2020.  ̄1 (9). ʉ. 36-40. 

21. ʄʘʛʦʤʘʜʦʚ ʉ.ɸ. ɺʀʈʊʋɸʃʔʅɸʗ ʀ ɼʆʇʆʃʅɽʅɸʗ 

ʈɽɸʃʔʅʆʉʊʔ ɺ ʉʆɺʈɽʄɽʅʅʆʄ 

ʉʊʈʆʀʊɽʃʔʉʊɺɽʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2021.  ̄2 (12). ʉ. 

46-48. 

22. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʅʠʛʦʨʦʞʠʥʘ ɽ.ʉ., ɼʦʣʙʠʥ ʅ.ʉ. 
ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀɽ, ɸ ʊɸʂɾɽ 

ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ɺ ʉʌɽʈɽ ɾʂʍʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ 

ʥʘʫʢʘ. 2021.  ̄2 (12). ʉ. 29-32. 
23. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɻʣʫʱʝʥʢʦ ʂ.ʉ.  ʉʆɺʈɽʄɽʅʅʓɽ 

ʊɽʍʅʆʃʆɻʀʀ ɺ ʉʌɽʈɽ ʉʊʈʆʀʊɽʃʔʉʊɺɸʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ 

ʥʘʫʢʘ. 2021.  ̄1 (11). ʉ. 55-58 
24. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ʊʠʪʦʚʘ ɼ.ʉ. ɸʈʍʀʊɽʂʊʋʈʅɸʗ 

ɹʀʆʅʀʂɸʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2022.  ̄2 (14). ʉ. 65-68. 

25. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɻʠʰʣʝʨʢʘʝʚ ɹ.ʍ., ɺʘʨʥʪʠʢʠʜʠʩ ʍ.ɺ.  
ʀʅʅʆɺɸʎʀʆʅʅʓɽ ɹɽʊʆʅʓʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 

2022.  ̄2 (14). ʉ. 60-64. 
26. ʄʘʛʦʤʘʜʦʚ ʉ.ɸ.  ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2022.  ̄1 (13). ʉ. 

73-76. 
27. ʂʦʤʘʨʦʚʘ ʅ.ɼ., ɼʦʣʙʠʥ ʅ.ʉ., ɻʣʫʱʝʥʢʦ ʂ.ʉ.  

ʈɽʉʋʈʉʆʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀɽ - ɿɸʃʆɻ 

ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʆʀɿɺʆɼʉʊɺɸʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 
2022.  ̄1 (13). ʉ. 59-60. 

28. ɼʘʚʟʘʨʷʥ ɻ.ʉ. ʋɻʃɽʈʆɼʅʓɽ ʅɸʅʆʊʈʋɹʂʀ ɺ 

ʄʆɼʀʌʀʂɸʎʀʀ ʎɽʄɽʅʊʅʓʍ 
ʂʆʄʇʆɿʀʊʆɺʋʥʠʚʝʨʩʠʪʝʪʩʢʘʷ ʥʘʫʢʘ. 2023.  ̄1 (15). ʉ. 32-34. 

29. ʂʦʤʘʨʦʚʘ ʅ.ɼ. ʉʊɽʅʆɺʓɽ ʂɸʄʅʀ ʎɽʄɽʅʊʅʓɽ ʅɸ 

ʆʉʅʆɺɽ ʊɽʍʅʆɻɽʅʅʓʍ ʇɽʉʂʆɺ ʉɽɺɽʈʅʆɻʆ ʂɸɺʂɸɿɸ 
ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ / ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ "ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ". ɹʝʣʛʦʨʦʜ, 2006 

 

 

 

  

https://elibrary.ru/contents.asp?titleid=32280
https://elibrary.ru/contents.asp?titleid=32280
https://elibrary.ru/contents.asp?titleid=32280
https://elibrary.ru/item.asp?id=22686055
https://elibrary.ru/item.asp?id=22686055
https://elibrary.ru/item.asp?id=22686055
https://elibrary.ru/item.asp?id=22686055
https://elibrary.ru/contents.asp?titleid=53356
https://elibrary.ru/item.asp?id=25263655
https://elibrary.ru/item.asp?id=25263655
https://elibrary.ru/item.asp?id=25263655
https://elibrary.ru/item.asp?id=25263655
https://elibrary.ru/item.asp?id=24355237
https://elibrary.ru/item.asp?id=24355237
https://elibrary.ru/item.asp?id=24355237
https://elibrary.ru/item.asp?id=24355237
https://elibrary.ru/item.asp?id=24355237
https://elibrary.ru/item.asp?id=24355237
https://elibrary.ru/contents.asp?id=34115944&selid=24355237
https://elibrary.ru/contents.asp?titleid=31839
https://elibrary.ru/contents.asp?titleid=31839
https://elibrary.ru/item.asp?id=25026234
https://elibrary.ru/item.asp?id=25026234
https://elibrary.ru/item.asp?id=25026234
https://elibrary.ru/item.asp?id=23900801
https://elibrary.ru/item.asp?id=23900801
https://elibrary.ru/item.asp?id=23900801
https://elibrary.ru/item.asp?id=23900801
https://elibrary.ru/item.asp?id=23900801
https://elibrary.ru/item.asp?id=27430278
https://elibrary.ru/item.asp?id=27430278
https://elibrary.ru/contents.asp?id=34336511
https://elibrary.ru/contents.asp?id=34336511&selid=27430278
https://elibrary.ru/item.asp?id=26179003
https://elibrary.ru/item.asp?id=26179003
https://elibrary.ru/item.asp?id=26179003
https://elibrary.ru/item.asp?id=26179003
https://elibrary.ru/item.asp?id=26179003
https://elibrary.ru/contents.asp?id=34243748&selid=26179003
https://elibrary.ru/item.asp?id=25815652
https://elibrary.ru/item.asp?id=25815652
https://elibrary.ru/item.asp?id=25815652
https://elibrary.ru/item.asp?id=25815652
https://elibrary.ru/item.asp?id=25815652
https://elibrary.ru/contents.asp?id=34230021&selid=25815652
https://elibrary.ru/item.asp?id=28886672
https://elibrary.ru/item.asp?id=28886672
https://elibrary.ru/item.asp?id=28886672
https://elibrary.ru/item.asp?id=29715243
https://elibrary.ru/item.asp?id=29715243
https://elibrary.ru/item.asp?id=29715243
https://elibrary.ru/item.asp?id=29715243
https://elibrary.ru/item.asp?id=29715243
https://elibrary.ru/contents.asp?id=34525272&selid=29715243
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/item.asp?id=29038990
https://elibrary.ru/contents.asp?id=34474096&selid=29038990
https://elibrary.ru/item.asp?id=36907391
https://elibrary.ru/item.asp?id=36907391
https://elibrary.ru/item.asp?id=36907391
https://elibrary.ru/contents.asp?id=36907389&selid=36907391
https://elibrary.ru/item.asp?id=38497988
https://elibrary.ru/item.asp?id=38497988
https://elibrary.ru/item.asp?id=38497988
https://elibrary.ru/contents.asp?id=38497979&selid=38497988
https://elibrary.ru/item.asp?id=38497983
https://elibrary.ru/item.asp?id=38497983
https://elibrary.ru/item.asp?id=38497983
https://elibrary.ru/item.asp?id=38497983
https://elibrary.ru/item.asp?id=38497983
https://elibrary.ru/contents.asp?id=38497979&selid=38497983
https://elibrary.ru/item.asp?id=44268023
https://elibrary.ru/item.asp?id=44268023
https://elibrary.ru/item.asp?id=44268023
https://elibrary.ru/item.asp?id=44268023
https://elibrary.ru/contents.asp?id=44268005&selid=44268023
https://elibrary.ru/item.asp?id=43420399
https://elibrary.ru/item.asp?id=43420399
https://elibrary.ru/item.asp?id=43420399
https://elibrary.ru/item.asp?id=43420399
https://elibrary.ru/contents.asp?id=43420384&selid=43420399
https://elibrary.ru/item.asp?id=47211504
https://elibrary.ru/item.asp?id=47211504
https://elibrary.ru/item.asp?id=47211504
https://elibrary.ru/item.asp?id=47211504
https://elibrary.ru/item.asp?id=47211504
https://elibrary.ru/contents.asp?id=47211492&selid=47211504
https://elibrary.ru/item.asp?id=47211498
https://elibrary.ru/item.asp?id=47211498
https://elibrary.ru/item.asp?id=47211498
https://elibrary.ru/item.asp?id=47211498
https://elibrary.ru/contents.asp?id=47211492&selid=47211498
https://elibrary.ru/item.asp?id=45797998
https://elibrary.ru/item.asp?id=45797998
https://elibrary.ru/item.asp?id=45797998
https://elibrary.ru/item.asp?id=45797998
https://elibrary.ru/item.asp?id=45797998
https://elibrary.ru/contents.asp?id=45797986&selid=45797998
https://elibrary.ru/item.asp?id=49811558
https://elibrary.ru/item.asp?id=49811558
https://elibrary.ru/item.asp?id=49811558
https://elibrary.ru/item.asp?id=49811558
https://elibrary.ru/contents.asp?id=49811545&selid=49811558
https://elibrary.ru/item.asp?id=49811557
https://elibrary.ru/item.asp?id=49811557
https://elibrary.ru/contents.asp?id=49811545&selid=49811557
https://elibrary.ru/item.asp?id=49066067
https://elibrary.ru/item.asp?id=49066067
https://elibrary.ru/item.asp?id=49066067
https://elibrary.ru/item.asp?id=49066067
https://elibrary.ru/contents.asp?id=49066047&selid=49066067
https://elibrary.ru/item.asp?id=49066061
https://elibrary.ru/item.asp?id=49066061
https://elibrary.ru/item.asp?id=49066061
https://elibrary.ru/contents.asp?id=49066047&selid=49066061
https://elibrary.ru/item.asp?id=54073838
https://elibrary.ru/item.asp?id=54073838
https://elibrary.ru/item.asp?id=54073838
https://elibrary.ru/item.asp?id=54073838
https://elibrary.ru/item.asp?id=54073838
https://elibrary.ru/contents.asp?id=54073832&selid=54073838
https://elibrary.ru/item.asp?id=16099643
https://elibrary.ru/item.asp?id=16099643
https://elibrary.ru/item.asp?id=16099643


ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
23 

 

  

ʋɼʂ 728.1 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 

ɸʈʍʀʊɽʂʊʋʈʅʆɻʆ ʉʊʀʃʗ ɹɸʈʅʍɸʋʉ ɺ 

ʆʊɽʏɽʉʊɺɽʅʅʆʄ ʀʅɼʀɺʀɼʋɸʃʔʅʆʄ 

ɼʆʄʆʉʊʈʆɽʅʀʀ 

 

ɺʘʩʠʣʝʥʢʦ ʅʘʪʘʣʴʷ ɸʥʘʪʦʣʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʘʨʭʠʪʝʢʪʫʨʳ, ʜʦʮʝʥʪ 

 

ʇʠʨʠʝʚʘ ʃʝʡʣʘ ʖʥʠʩʦʚʥʘ 

ʩʪʫʜʝʥʪʢʘ ʤʘʛʠʩʪʨʘʪʫʨʳ 

 

ʖʰʠʥ ɼʤʠʪʨʠʡ ʅʠʢʦʣʘʝʚʠʯ 

ʩʪʫʜʝʥʪ ʤʘʛʠʩʪʨʘʪʫʨʳ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ.ʐʫʭʦʚʘ,  

ɹʝʣʛʦʨʦʜ 

FEATURES OF THE APPLICATION OF THE 

BAUHAUS ARCHITECTURA L STYLE IN 

DOMESTIC INDIVIDUAL HOUSING 

CONSTRUCTION  

 

Vasilenko Natalya Anatolevna 

Candidate of architecture, associate Professor 

 

Pirieva Leila Yunisovna 

graduate student 

 

Yushin Dmitry Nikolaevich 

graduate student 

 

Federal State Budgetary Educational Institution of 

Higher Education "Belgorod State Technological 

University named after V.G.Shukhov",  

Belgorod 

 

ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʞʠʣʳʭ ʜʦʤʦʚ ʚ ʩʪʠʣʝ çʙʘʨʥʭʘʫʩè. ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʤʘʩʪʝʨʩʢʠʤʠ ʜʣʷ ʫʩʣʦʚʠʡ ʢʦʪʪʝʜʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ 

ʢʦʤʬʦʨʪʥʦʩʪʠ ʠ ʨʘʟʥʦʡ ʩʪʦʠʤʦʩʪʠ ʢʦʪʪʝʜʞʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʦʝ ʨʝʰʝʥʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ, 

ʙʘʨʥʭʘʫʩ, ʞʠʣʠʱʝ ʢʦʤʬʦʨʪ-ʢʣʘʩʩʘ, ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ, ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ. 

 

ABSTRACT 

 

The article discusses the main provisions on the attractiveness for the consumer of individual residential houses 

in the style of çbarnhouseè. The review of the implemented design solutions developed by domestic architectural 

workshops for cottage development of different levels of comfort and different cost of cottages is carried out. 

Keywords:design, architectural and planning solution, individual residential building, barnhouse, comfort-class 

dwelling, attractiveness, architectural style. 

 

ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ çé ʦʙʦʟʥʘʯʘʝʪ ʪʫ 

ʦʙʱʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ ʠ ʧʨʠʝʤʦʚ 

ʢʦʤʧʦʟʠʮʠʠ, ʢʦʪʦʨʘʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʦʪʨʘʞʘʝʪ ʭʘʨʘʢʪʝʨ 

ʩʦʮʠʘʣʴʥʳʭ ʟʘʜʘʯ, ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʠʜʝʘʣʦʚ ʦʙʱʝʩʪʚʘè 

[1, ʩ. 565]. ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ ʚʳʩʪʫʧʘʝʪ 

ʩʨʝʜʩʪʚʦʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʧʠʩʘʥʠʡ ʠ ʫʢʘʟʘʥʠʡ 

ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ[5]. 

çɹʘʨʥʭʘʫʩè ï ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ, 

ʧʦʣʫʯʠʚʰʠʡ ʩʚʦʸ ʨʘʟʚʠʪʠʝ ʠʟ ʩʪʠʣʷ çʣʦʬʪè ʚ 

ʥʘʯʘʣʝ 19 ʚʝʢʘ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʝʛʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʤ, ʯʪʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʘʤʙʘʨʳ 

ʧʝʨʝʦʙʦʨʫʜʦʚʘʣʠ ʧʦʜ ʞʠʣʳʝ ʧʦʤʝʱʝʥʠʷ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʙʳʣ ʧʦʣʫʯʝʥ ʫʟʥʘʚʘʝʤʳʡ ʣʘʢʦʥʠʯʥʳʡ 

ʦʙʨʘʟ ʟʜʘʥʠʷ ʠʟ ʧʨʠʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʘʱʝ ʚʩʝʛʦ 

ʠʟ ʜʝʨʝʚʘ, ʧʨʦʩʪʦʡ ʬʦʨʤʳ ʚ ʧʣʘʥʝ ʩ ʜʚʫʩʢʘʪʥʦʡ 

ʢʨʳʰʝʡ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʢ ʩʪʠʣʠʩʪʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʦʙʘʚʠʣʠʩʴ ʤʘʩʩʠʚʥʳʝ ʜʚʝʨʠ ʠ 

ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʦʩʪʝʢʣʝʥʠʷ, ʧʦʨʦʡ 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʮʝʣʳʝ ʩʝʛʤʝʥʪʳ ʩʪʝʥ, 

ʟʘʤʝʥʝʥʥʳʝ ʥʘ ʩʪʝʢʣʦ.  

ɺ ʈʦʩʩʠʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʪʠʣʴ 

çʙʘʨʥʭʘʫʩè ʧʦʩʪʝʧʝʥʥʦ ʟʘʥʠʤʘʝʪ ʤʝʩʪʦ ʚ 

ʟʘʛʦʨʦʜʥʦʡ ʟʘʩʪʨʦʡʢʝ ʠ ʚʩʸ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʥʘʭʦʜʠʪ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚ ʩʚʷʟʠ 

ʩ ʧʨʦʩʪʦʪʦʡ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʦʨʤ[2, 3, 6]. 

ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ 

ʧʨʠʩʫʱʠʝ ʩʪʠʣʶ ʧʨʠʟʥʘʢʠ. ʇʦʞʘʣʫʡ ʧʝʨʚʳʤ, ʯʪʦ 

ʦʪʤʝʯʘʝʪʩʷ ʚ ʟʜʘʥʠʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʪʠʣʝ 

çʙʘʨʥʭʘʫʩè, ʵʪʦ ʤʠʥʠʤʘʣʠʟʤ ʬʦʨʤ, ʣʘʢʦʥʠʯʥʦʩʪʴ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʘʩʘʜʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʧʨʦʪʠʚʦʚʝʩ 

ʢʣʘʩʩʠʯʝʩʢʠʤ ʜʦʤʘʤ ʩʦ ʩʢʘʪʥʳʤʠ ʢʨʦʚʣʷʤʠ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʩʚʝʩʳ ʢʨʦʚʣʠ, ʚ 

ʜʦʤʘʭ ʩʪʠʣʷ çʙʘʨʥʭʘʫʩè ʧʣʦʩʢʦʩʪʴ ʢʨʦʚʣʠ 

ʧʝʨʝʭʦʜʠʪ ʚ ʧʣʦʩʢʦʩʪʴ ʩʪʝʥ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʩʦʟʜʘʝʪʩʷ 

ʟʘʤʢʥʫʪʳʡ ʢʦʥʪʫʨ ʠ ʟʜʘʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʟʫʘʣʴʥʦ 

ʙʦʣʴʰʠʡ ʚʝʩ. ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʢʨʳʰʘ 

ʟʜʘʥʠʷ ʚ ʩʪʠʣʝ çʙʘʨʥʭʘʫʩè, ʜʚʫʩʢʘʪʥʘʷ, ʩ ʨʘʚʥʳʤʠ 

ʩʢʘʪʘʤʠ ʙʦʣʴʰʦʛʦ ʫʢʣʦʥʘ. ʅʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʧʨʦʯʪʝʥʠʷʭ ʵʪʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʩʪʠʣʷ 

ʜʦʧʫʩʢʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʜʥʦʩʢʘʪʥʳʭ ʢʨʳʰ ʠʣʠ 

ʢʨʳʰ ʩ ʨʘʟʥʳʤʠ ʧʦ ʜʣʠʥʝ ʩʢʘʪʘʤʠ. ɺ ʦʪʜʝʣʢʝ 

ʬʘʩʘʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʵʪʦ ʜʝʨʝʚʦ, ʤʝʪʘʣʣ ʠ ʩʪʝʢʣʦ. 

ʂʦʣʦʨʠʩʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʚʳʰʘʶʪ ʪʨʝʭ ʮʚʝʪʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 
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ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʠ 

ʵʢʦʣʦʛʠʯʥʳʡ ʬʘʩʘʜ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʙʘʨʥʭʘʫʩʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʦʩʪʝʢʣʝʥʠʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʝʩʪʝʩʪʚʝʥʥʦʛʦ 

ʩʚʝʪʘ ʚʥʫʪʨʝʥʥʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪ 

ʢʦʥʪʘʢʪ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʚʥʝʰʥʝʡ 

ʩʨʝʜʦʡ[2]. 

ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʝʢʪʳ, ʨʝʘʣʠʟʦʚʘʥʥʳʝ 

ʚ ʈʦʩʩʠʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʦʪʝʯʝʩʪʚʝʥʥʳʤʠ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʦʙʲʝʜʠʥʝʥʠʷʤʠ. ʅʘ ʨʠʩʫʥʢʘʭ 1-2 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʪʠʧʠʯʥʳʡ ʜʣʷ ʩʪʠʣʷ, ʥʦ ʚʩʸ ʝʱʸ 

ʚʦʧʣʦʱʘʶʱʠʡ ʚ ʩʝʙʝ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ïçKLIN HOUSEè, ʈʦʩʩʠʷ, ɺʚʝʜʝʥʩʢʦʝ. 

ɸʨʭ.: çWEARCHITECTSè, 2020 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 2ïçKLIN HOUSEè, ʩʭʝʤʘ ʧʣʘʥʘ ʧʝʨʚʦʛʦ 

ʵʪʘʞʘ 

 

ɺʵʪʦʤʧʨʦʝʢʪʝʚʳʧʦʣʥʝʥʦʟʜʘʥʠʝʚʚʠʜʝʜʚʫʭʦʙ

ʲʝʤʦʚ, 

ʩʘʤʦʛʦʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦʞʠʣʦʛʦʜʦʤʘʠʦʛʦʨʦʞʝʥʥʦʡʪ

ʝʨʨʘʩʳ, ʯʪʦʩʦʟʜʘʝʪʣʘʢʦʥʠʯʥʫʶ, 

ʥʦʧʨʠʵʪʦʤʠʥʪʝʨʝʩʥʫʶʬʦʨʤʫ. ɿʜʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʠʟ 

ʧʝʨʝʢʨʝʩʪʥʦ ʩʢʣʝʝʥʥʳʭ ʧʣʠʪ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʜʦʩʪʠʯʴ ʧʨʦʩʪʦʪʳ ʠ ʩʢʦʨʦʩʪʠ ʚʦʟʚʝʜʝʥʠʷ. ɺ 

ʥʘʨʫʞʥʦʡ ʦʪʜʝʣʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʝʨʥʳʡ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʬʘʣʴʮʝʚʳʡ ʣʠʩʪ ʠ ʦʙʨʝʟʥʘʷ ʜʦʩʢʘ, 

ʯʪʦ ʧʨʠʜʘʝʪ ʦʙʲʝʤʫ ʫʶʪʥʳʡ, ʵʢʦʣʦʛʠʯʥʳʡ ʚʥʝʰʥʠʡ 

ʚʠʜ. 

ʇʝʨʝʜ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ ʩʣʝʜʫʶʱʝʛʦ ʧʨʦʝʢʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʘʭ 3-4, ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ 

ʟʘʜʘʯʘ, ʩʜʝʣʘʪʴ ʜʦʤ ʢʦʤʬʦʨʪ ʢʣʘʩʩʘ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤ ʙʶʜʞʝʪʦʤ ʠ ʚʩʝʩʝʟʦʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʝʡ. ʉʪʠʣʴ çʙʘʨʥʭʘʫʩè ʦʪʣʠʯʥʦ ʧʦʜʦʰʸʣ 

ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ, ʪʘʢ ʢʘʢ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ 

ʥʝʛʦ ʣʝʛʢʘʷ ʢʘʨʢʘʩʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʪʨʝʙʫʝʪ 

ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʘʩʩʠʚʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ ʥʘ 

ʚʦʟʚʝʜʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʘʢʦʥʠʯʥʦʤ ʦʙʲʝʤʝ 

ʟʜʘʥʠʷ ʫʜʘʣʦʩʴ ʫʜʘʯʥʦ ʩʢʦʤʧʦʥʦʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʡ 

ʧʝʨʝʯʝʥʴ ʧʦʤʝʱʝʥʠʡ, ʘ ʦʜʥʦʩʢʘʪʥʘʷ ʢʨʦʚʣʷ ʩ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʛʣʦʤ ʧʨʝʧʷʪʩʪʚʫʝʪ ʟʘʜʝʨʞʘʥʠʶ ʩʥʝʛʘ 

ʥʘ ʢʨʦʚʣʝ ʠ ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 

ʦʩʥʦʚʘʥʠʝ. 

 

 
 

ʈʠʩʫʥʦʢ 3ïçɼʘʯʘHouseè, ʈʦʩʩʠʷ, ʂʘʙʘʨʠʭʘ, ɸʨʭ.: 

çDK architectsè, 2023 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ïçɼʘʯʘHouseè, ʩʭʝʤʘ ʧʣʘʥʘ ʧʝʨʚʦʛʦ 

ʵʪʘʞʘ 

 

ʉʣʝʜʫʶʱʠʝ ʜʚʘ ʦʙʲʝʢʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʘʭ 5ï8, ʦʙʲʝʜʠʥʷʝʪ ʦʙʱʘʷ ʠʜʝʷ ï 

ʦʙʝʩʧʝʯʝʥʠʝ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʚʠʜʦʤ ʥʘ 

ʧʨʠʨʦʜʥʳʝ ʦʙʲʝʢʪʳ, ʙʫʜʴ ʪʦ ʣʝʩ, ʨʝʢʘ, ʦʟʝʨʦ ʠʣʠ 

ʛʦʨʳ. ʕʪʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʦʪʣʠʯʥʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ 

ʧʨʠʥʮʠʧʘʤʠ ʩʪʠʣʷ çʙʘʨʥʭʘʫʩè. ʆʙʘ ʦʙʲʝʢʪʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ ʠ ʠʤʝʶʪ 

ʩʭʦʞʝʝ ʦʙʨʘʟʥʦʝ ʨʝʰʝʥʠʝ. ʕʪʠ ʦʙʲʝʢʪʳ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʷ ʙʠʟʥʝʩ-ʢʣʘʩʩʘ. 
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ʈʠʩʫʥʦʢ 5 ï çSWIDOM SW 3è, ʈʦʩʩʠʷ, ʜʝʨʝʚʥʷ 

ɹʠʪʷʛʦʚʦ, ɸʨʭ.: çMAParchitectsè, 2019 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 6 ï çSWIDOM SW 3è, ʩʭʝʤʘ ʧʣʘʥʘ ʧʝʨʚʦʛʦ 

ʵʪʘʞʘ 

 

 
 

ʈʠʩʫʥʦʢ 7 ï çSWIDOMè, ʤʦʜʝʣʴ SW4, ʈʦʩʩʠʷ,  

ʩ. ɹʠʪʷʛʦʚʦ, ɸʨʭ.: çMAParchitectsè, 2022 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 8 ï çSWIDOM ʤʦʜʝʣʴ SW4è, ʩʭʝʤʘ ʧʣʘʥʘ 

ʧʝʨʚʦʛʦ ʵʪʘʞʘ 

 

ʕʪʠ ʧʨʦʝʢʪʳ ʛʘʨʤʦʥʠʯʥʦ ʚʧʠʩʳʚʘʶʪʩʷ ʚ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʧʨʠʨʦʜʥʫʶ ʩʠʪʫʘʮʠʶ, ʥʝ 

ʧʨʠʚʣʝʢʘʷ ʢ ʩʝʙʝ ʠʟʣʠʰʥʝʛʦ ʚʥʠʤʘʥʠʷ ʟʘ ʩʯʝʪ 

ʧʨʦʩʪʳʭ ʬʦʨʤ ʠ ʦʪʩʫʪʩʪʚʠʷ ʷʨʢʠʭ ʘʢʮʝʥʪʦʚ ʥʘ 

ʬʘʩʘʜʘʭ ʠʟ ʦʙʨʘʙʦʪʘʥʥʦʡ ʦʙʨʝʟʥʦʡ ʜʦʩʢʠ ʠ 

ʬʘʣʴʮʝʚʦʛʦ ʣʠʩʪʘ, ʘ ʰʠʨʦʢʠʝ ʧʨʦʝʤʳ ʦʢʦʥ ʠ 

ʫʯʘʩʪʢʠ ʧʘʥʦʨʘʤʥʦʛʦ ʦʩʪʝʢʣʝʥʠʷ çʧʨʠʛʣʘʰʘʶʪè 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʦ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʘ 

ʚʥʫʪʨʝʥʥʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʚʷʟʳʚʘʶʪ ʩ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʦʡ ʩʦʟʜʘʚʘʷ ʩʠʤʙʠʦʟ ʫʶʪʥʦʛʦ ʞʠʣʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʠʨʦʜʳ, ʯʪʦ 

ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʝʪ ʥʘ ʧʩʠʭʦʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʞʠʣʴʮʦʚ. ʀʥʪʝʨʴʝʨ ʚ ʙʘʨʥʭʘʫʩʝ, ʪʘʢ ʞʝ ʣʘʢʦʥʠʯʝʥ ʠ 

ʧʨʦʩʪ, ʢʘʢ ʠ ʘʨʭʠʪʝʢʪʫʨʘ ʟʜʘʥʠʡ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ 

ʦʪʜʝʣʢʝ ʧʨʝʦʙʣʘʜʘʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʪʘʢʠʝ ʢʘʢ ʜʝʨʝʚʦ, ʩʪʝʢʣʦ ʠ ʤʝʪʘʣʣ, ʥʦ ʙʦʣʴʰʝ ʚʩʝʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʝʨʝʚʦ. ʀʥʪʝʨʴʝʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʷʤʳʤʠ ʣʠʥʠʷʤʠ, ʧʨʦʩʪʦʪʦʡ ʬʦʨʤ ʠ ʦʙʲʝʤʦʚ, ʪʘʢ 

ʞʝ ʜʣʷ ʩʪʠʣʷ çʙʘʨʥʭʘʫʩè ʭʘʨʘʢʪʝʨʥʳ ʚʳʩʦʢʠʝ 

ʩʚʝʪʣʳʝ ʧʦʤʝʱʝʥʠʷ. ʇʨʠʤʝʨʳ ʦʬʦʨʤʣʝʥʠʷ 

ʠʥʪʝʨʴʝʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 9-10. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ çʙʘʨʥʭʘʫʩè ʵʪʦ ʩʪʠʣʴ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʚ ʩʝʙʝ ʠʜʝʠ ʣʦʬʪʘ, ʤʠʥʠʤʘʣʠʟʤʘ ʠ 

ʩʪʠʣʷ çʙʠʦ-ʪʝʢè, ʠʟ ʥʠʭ ʦʥ ʧʦʯʝʨʧʥʫʣ ʙʦʣʴʰʠʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʝʨʝʛʦʨʦʜʦʢ ʠ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ, ʧʨʦʩʪʳʝ, ʙʝʟ ʩʣʦʞʥʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʬʘʩʘʜʳ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʦʪʜʝʣʢʝ ʵʢʦʣʦʛʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 

[3]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʦʤʘ ʚ 

ʩʪʠʣʝ çʙʘʨʥʭʘʫʩè ʥʘʭʦʜʷʪ ʩʚʦʝʛʦ ʧʦʪʨʝʙʠʪʝʣʷ ʚ 

ʥʘʰʝʡ ʩʪʨʘʥʝ, ʘ ʙʣʘʛʦʜʘʨʷ ʤʘʪʝʨʠʘʣʴʥʦʡ ʙʘʟʝ ʠʭ 

ʚʦʟʚʝʜʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ, ʯʪʦ ʚ ʢʫʧʝ ʩ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ, ʥʝʧʨʠʚʳʯʥʦʡ, ʥʦ ʣʘʢʦʥʠʯʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʩʦʟʜʘʝʪ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ 

ʦʙʨʘʟʥʦʛʦ ʨʝʰʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ 

ʜʣʷ ʟʘʛʦʨʦʜʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ [4, 

6-8].  
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ʈʠʩʫʥʦʢ9ïʀʥʪʝʨʴʝʨ, çSWIDOMSW 3è, ʈʦʩʩʠʷ, 

ʜʝʨʝʚʥʷ ɹʠʪʷʛʦʚʦ, ɸʨʭ.: çMAParchitectsè, 2019 ʛ. 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ʀʥʪʝʨʴʝʨ, çSWIDOM SW 3è, ʈʦʩʩʠʷ, 

ʜʝʨʝʚʥʷ ɹʠʪʷʛʦʚʦ, ɸʨʭ.: çMAParchitectsè, 2019 ʛ. 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ ʚ ʩʪʠʣʝ 

çʙʘʨʥʭʘʫʩè ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ ʜʣʷ ʞʠʟʥʠ 

ʟʜʘʥʠʝʤ, ʚʧʠʩʳʚʘʶʱʝʤʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʨʝʜʫ ʠ ʤʘʣʦʵʪʘʞʥʫʶ ʟʘʩʪʨʦʡʢʫ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʘʨʤʦʥʠʯʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʧʦʜʦʙʥʳʝ 

ʦʙʲʝʢʪʳ ʩʨʝʜʠ ʫʞʝ ʟʘʩʪʨʦʝʥʥʳʭ 

ʤʠʢʨʦʨʘʡʦʥʦʚʢʦʪʪʝʜʞʥʦʡ ʟʘʩʪʨʦʡʢʠ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ ʩʪʠʣʷ: 

- ʤʠʥʠʤʘʣʠʟʤ ʬʦʨʤ ʠ ʠʭ ʣʘʢʦʥʠʯʥʦʩʪʴ; 

- ʩʢʘʪʥʳʝ ʢʨʳʰʠ, ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʩʪʝʥʳ ʙʝʟ 

ʩʚʝʩʘ; 

- ʢʨʳʰʘ ʜʚʫʭʩʢʘʪʥʘʷ, ʜʦʧʫʩʢʘʝʪʩʷ 

ʦʜʥʦʩʢʘʪʥʘʷ ʠʣʠ ʩ ʨʘʟʥʦʚʝʣʠʢʠʤʠ ʩʢʘʪʘʤʠ; 

- ʚʳʧʦʣʥʝʥ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟ ʜʝʨʝʚʘ. 

ɸ ʪʘʢʞʝ ʚʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ 

ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ çʙʘʨʥʭʘʫʩè ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ ʤʘʩʩʦʚʦʤ ʞʠʣʠʱʝ ʢʦʪʪʝʜʞʥʦʡ 

ʟʘʩʪʨʦʡʢʠ, ʪʘʢ ʠ ʚ ʞʠʣʠʱʝ ʙʠʟʥʝʩ-ʢʣʘʩʩʘ. ɾʠʣʠʱʝ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʤʬʦʨʪʥʦʩʪʠ (ʙʠʟʥʝʩ-ʢʣʘʩʩ) 

ʦʪʣʠʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʤʝʱʝʥʠʡ, 

ʫʚʝʣʠʯʝʥʥʦʡ ʚʳʩʦʪʦʡ ʵʪʘʞʘ, ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ 

ʦʪʜʝʣʢʦʡ, ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʥʘʪʫʨʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʟ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʧʨʠ ʧʦʤʦʱʠ3D-ʧʨʠʥʪʝʨʦʚ ʩʯʠʪʘʶʪ ʥʘʠʙʦʣʝʝ 

ʤʥʦʛʦʦʙʝʱʘʶʱʠʭ ʩʧʦʩʦʙʦʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʅʦ ʩʦʩʪʘʚʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 

ʥʝʩʫʪ ʟʘ ʩʦʙʦʡ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ, ʧʣʦʭʘʷ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ ʠ ʪ.ʜ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʝʰʠʪʴ ʜʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʛʣʠʥʠʩʪʦʛʦ ʛʨʫʥʪʘ ʠ ʜʦʙʘʚʦʢ. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʦʚ ʛʨʫʥʪʦʙʝʪʦʥʘ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 3D-ʧʨʠʥʪʝʨʘʭ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʂʦʤʧʦʟʠʪ ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʥʪʘ (ʛʣʠʥʘ, ʩʫʛʣʠʥʦʢ, ʩʫʧʝʩʴ, ʧʝʩʦʢ) ʠ ʯʘʩʪʠ ʚʷʞʫʱʝʛʦ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʧʝʯʘʪʥʳʭ ʩʚʦʡʩʪʚ ʢʦʤʧʦʟʠʪʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʦʚ ʛʨʫʥʪʦʙʝʪʦʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 

ʮʝʤʝʥʪʥʦʛʦ ʠ ʛʠʧʩʦʚʦʛʦ ʚʷʞʫʱʝʛʦ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʥʪʦʙʝʪʦʥʳ, ʛʣʠʥʳ,3D ʧʝʯʘʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ.   

 

ABSTRACT 

 

In the modern world, the construction of concrete mix using 3D printers is considered the most promising ways 

to automate construction processes. But these compositions based on Portland cement carry a number of disadvantages, 

such as high cost, poor workability, etc. It is assumed that it is possible to solve these problems through the use of clay 

soil and additives. In this regard, the aim of the work is to develop compositions of ground concrete for use in 3D 

printers in construction. The composite consists of soil (clay, loam, sandy loam, sand) and part of the binder. To study 

the printing properties of the composite, various variations of the compositions of ground concrete with the addition of 

cement and gypsum binder were studied. 

Keywords: ground concrete, clay, 3D printing, construction. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʤʠʨʝ ʚʩʸ 

ʦʩʪʨʝʝ ʩʪʘʥʦʚʠʪʩʷ ʧʨʦʙʣʝʤʘ ʬʠʥʘʥʩʦʚʦʛʦ 

ʥʝʨʘʚʝʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʧʝʨʝʜʦʚʳʝ 

ʩʪʨʘʥʳè ʤʦʛʫʪ ʧʦʟʚʦʣʠʪʴ ʪʨʘʪʠʪʴ ʤʠʣʣʠʘʨʜʳ 

ʜʦʣʣʘʨʦʚ ʥʘ ʥʝ ʦʙʷʟʘʪʝʣʴʥʳʝ ʧʨʦʝʢʪʳ, ʘ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʪʨʘʥ ʫ ʣʶʜʝʡ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʩʪʫʧʥʦʛʦ ʞʠʣʴʷ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʥʦʛʠʝ, ʯʘʩʪʦ ʥʝ ʩʘʤʳʝ ʙʦʛʘʪʳʝ ʨʝʛʠʦʥʳ ʧʣʘʥʝʪʳ 

ʧʦʩʪʨʘʜʘʣʠ ʦʪ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʠ ʪʨʝʙʫʝʪʩʷ 

ʧʦʠʩʢ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʟʨʫʰʝʥʥʳʭ ʟʜʘʥʠʡ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʵʢʦʣʦʛʠʯʥʳʭ 

ʪʨʘʜʠʮʠʦʥʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʝʛʠʦʥʘʭ 

ʩ ʪʸʧʣʳʤ ʠ ʩʫʭʠʤ ʢʣʠʤʘʪʦʤ, ʷʚʣʷʝʪʩʷ ʛʨʫʥʪʦʙʝʪʦʥ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʧʣʦʪʥʸʥʥʳʡ ʛʨʫʥʪ 

ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠʟ ʢʦʪʦʨʦʛʦ ʚʦʟʚʦʜʷʪʩʷ 

ʩʪʝʥʳ ʟʜʘʥʠʡ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʚ ʛʨʫʥʪʦʙʝʪʦʥ ʤʦʛʫʪ ʚʚʦʜʠʪʴʩʷ ʚ 

ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʟʣʠʯʥʳʝ ʚʷʞʫʱʠʝ ʠ 

ʘʨʤʠʨʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. 

ɻʨʫʥʪʦʙʝʪʦʥ ʥʘ 70-95% ʩʦʩʪʦʠʪ ʠʟ ʛʨʫʥʪʘ. 

ʏʘʱʝ ʚʩʝʛʦ ʵʪʦ ʛʣʠʥʘ, ʩʫʛʣʠʥʦʢ, ʩʫʧʝʩʴ, ʧʝʩʦʢ, 

ʛʦʨʘʟʜʦ ʨʝʞʝ ʜʨʝʩʚʘ ʠʣʠ ʛʨʘʚʠʡ. ʃʫʯʰʝ ʚʩʝʛʦ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʧʦʜʭʦʜʷʪ ʩʣʘʙʦʱʝʣʦʯʥʳʝ 
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ʠʣʠ ʥʝʡʪʨʘʣʴʥʳʝ ʛʨʫʥʪʳ, ʙʦʛʘʪʳʝ ʢʘʣʴʮʠʝʤ. ɺ ʥʠʭ 

ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʨʠʤʝʩʝʡ ʛʫʤʫʩʘ ʠ ʜʨʫʛʦʡ 

ʨʘʟʣʦʞʠʚʰʝʡʩʷ ʦʨʛʘʥʠʢʠ. 

ʆʧʪʠʤʘʣʴʥʳʡ ʟʝʨʥʦʚʦʡ ʩʦʩʪʘʚ ʛʨʫʥʪʘ [1-2]: 

ï ʏʘʩʪʠʮʳ ʦʪ 0,25 ʤʤ ʜʦ 2 ʤʤ ï 25-35% 

ï ʏʘʩʪʠʮʳ ʦʪ 0,05 ʤʤ ʜʦ 0,25 ʤʤ ï 20-30% 

ï ʏʘʩʪʠʮʳ ʦʪ 0,05 ʤʤ ʜʦ 0,005 ʤʤ ï 20-40% 

ʆʩʪʘʣʴʥʫʶ ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ 

ʚʷʞʫʱʝʝ ʚʝʱʝʩʪʚʦ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʮʝʤʝʥʪ, ʠʟʚʝʩʪʴ, 

ʛʠʧʩ ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʅʝʨʝʜʢʦ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʛʨʫʥʪʦʙʝʪʦʥʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʚʷʞʫʱʠʭ ï 

ʠʟʚʝʩʪʥʷʢʘ ʠ ʮʝʤʝʥʪʘ, ʛʠʧʩʘ ʠ ʮʝʤʝʥʪʘ, ʠʟʚʝʩʪʥʷʢʘ 

ʠ ʛʠʧʩʘ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ ʩʥʠʞʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʩʤʝʩʠ ʚ ʥʝʝ ʜʦʙʘʚʣʷʶʪ ʰʣʘʢ, ʟʦʣʫ ʫʥʦʩʘ, 

ʥʝʬʪʷʥʦʡ ʰʣʘʤ, ʩʦʜʝʨʞʘʱʠʝ ʠʟʚʝʩʪʴ ʦʪʭʦʜʳ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʥʦʛʜʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ 

ʠʩʧʦʣʴʟʫʶʪ ʢʨʝʤʥʝʟʝʤ, ʣʠʛʥʦʩʫʣʴʬʘʪ. 

ɻʨʫʥʪʦʙʝʪʦʥ ʤʦʞʥʦ ʜʝʣʘʪʴ ʩ ʥʘʧʦʣʥʠʪʝʣʷʤʠ. 

ʏʘʱʝ ʚʩʝʛʦ ʟʘ ʦʩʥʦʚʫ ʙʝʨʫʪ ʛʣʠʥʫ ʩʨʝʜʥʝʡ 

ʞʠʨʥʦʩʪʠ ʠʣʠ ʩʫʛʣʠʥʦʢ, ʩʦʜʝʨʞʘʱʠʡ 70-75% ʧʝʩʢʘ 

ʠ 25-30% ʛʣʠʥʳ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʨʳʥʢʝ ʧʦʷʚʠʣʦʩʴ 

ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʚʠʜʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʥʦ ʛʨʫʥʪʦʙʝʪʦʥ ʥʝ ʪʝʨʷʝʪ ʥʘ ʠʭ ʬʦʥʝ ʩʚʦʝʡ 

ʘʢʪʫʘʣʴʥʦʩʪʠ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ. 

ʆʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʛʨʫʥʪʦʙʝʪʦʥʘ: 

ɀ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ; 

ɀ ʜʦʩʪʫʧʥʦʩʪʴ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ; 

ɀ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʫʥʪ, ʢʦʪʦʨʳʡ 
ʥʘʭʦʜʠʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʥʘ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ; 

ɀ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʠʪʴ ʩʤʝʩʴ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ; 

ɀ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʠʪʴ ʙʝʪʦʥ ʠʟ ʛʨʫʥʪʘ, 
ʥʝ ʩʥʠʤʘʷ ʝʛʦ ʩ ʤʝʩʪʘ ï ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʛʦʨʘʟʜʦ 

ʵʬʬʝʢʪʠʚʥʝʝ ʜʝʣʘʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʜ ʬʫʥʜʘʤʝʥʪʦʤ 

ʠʣʠ ʜʦʨʦʞʥʳʤ ʧʦʣʦʪʥʦʤ; 

ɀ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʟʘʛʨʷʟʥʝʥʥʳʝ 
ʪʝʭʥʦʛʝʥʥʳʝ ʛʨʫʥʪʳ (ʥʘʧʨʠʤʝʨ, ʥʝʬʪʴʶ) ʠ 

ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʪʭʦʜʳ. 

ʅʦ ʝʩʪʴ ʫ ʛʨʫʥʪʦʙʝʪʦʥʘ ʠ ʩʚʦʠ ʤʠʥʫʩʳ. 

ʀʤʝʥʥʦ ʠʟ-ʟʘ ʥʠʭ ʤʘʪʝʨʠʘʣ ʩʝʡʯʘʩ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ 

ʪʘʢ ʯʘʩʪʦ, ʢʘʢ ʧʘʨʫ ʩʪʦʣʝʪʠʡ ʥʘʟʘʜ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʵʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʪʦʥʘ 

ʦʪʥʦʩʷʪʩʷ: 

ɀ ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ 
ʟʜʘʥʠʡ ʩ ʚʳʩʦʪʦʡ ʙʦʣʝʝ ʜʚʫʭ ʵʪʘʞʝʡ; 

ɀ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʠ ʩʞʘʪʠʝ; 

ɀ ʩʢʣʦʥʥʦʩʪʴ ʢ ʫʩʘʜʢʝ ʠ ʜʝʬʦʨʤʘʮʠʷʤ; 

ɀ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʪʦʯʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʦʩʪʘʚ 
ʛʨʫʥʪʘ, ʘ ʟʥʘʯʠʪ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʘ; 

ɀ ʦʪʩʫʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʣʷ 
ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʛʨʫʥʪʦʙʝʪʦʥʘ. 

ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʛʨʫʥʪʦʙʝʪʦʥʘ ï 

ʥʠʟʢʘʷ ʮʝʥʘ. ɺʝʜʴ ʦʪ 70% ʜʦ 90% ʝʛʦ ʩʦʩʪʘʚʘ ï ʵʪʦ 

ʛʨʫʥʪ, ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʩʪʦʠʪ. 

ʇʦʵʪʦʤʫ ʤʘʪʝʨʠʘʣ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʩ ʮʝʣʴʶ 

ʵʢʦʥʦʤʠʠ ʩʨʝʜʩʪʚ [3-4]. 

ɼʦʩʪʘʪʦʯʥʦ ʥʠʟʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʠ 

ʨʘʩʪʷʞʝʥʠʝ, ʤʘʣʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʜʝ ʠ ʥʠʟʢʠʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ ʩʫʞʘʝʪ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ 

ʛʨʫʥʪʦʙʝʪʦʥʘ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʟ ʥʝʛʦ ʜʝʣʘʶʪ 

ʦʩʥʦʚʘʥʠʷ ʨʘʟʥʦʛʦ ʪʠʧʘ, ʩʤʝʰʠʚʘʷ ʤʝʩʪʥʳʡ ʛʨʫʥʪ ʩ 

ʚʷʞʫʱʠʤʠ ʚʝʱʝʩʪʚʘʤʠ. ʅʦ ʠ ʚ ʯʘʩʪʥʦʤ 

ʤʘʣʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʘʪʝʨʠʘʣ ʙʳʚʘʝʪ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ. 

ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʤʘʣʦʠʟʫʯʝʥʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʨʫʥʪʦʙʝʪʦʥʦʚ ʜʣʷ 3D-ʧʝʯʘʪʠ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʧʣʘʩʪʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ ʛʣʠʥ ʠ ʩʫʛʣʠʥʢʦʚ ʠʟ ʥʠʭ ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʜʝʪʘʣʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩʣʦʞʥʦʡ 

ʛʝʦʤʝʪʨʠʠ, ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʧʨʷʤʦʡ ʣʠʥʠʠ. ʇʦʢʘ ʪʘʢʠʝ ʪʝʭʥʠʢʠ ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʵʪʘʧʝ ʠʩʧʳʪʘʥʠʡ, ʥʦ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʛʫʪ ʧʨʦʯʥʦ 

ʚʦʡʪʠ ʚ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʨʘʢʪʠʢʫ. 

ɼʣʷ 3D-ʧʝʯʘʪʠ ʠʟ ʛʨʫʥʪʦʙʝʪʦʥʦʤ 

ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ DIW-ʪʝʭʥʦʣʦʛʠʶ [5], 

ʠʩʧʳʪʘʥʥʫʶ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ. ʎʝʤʝʥʪ ʩ ʛʨʫʥʪʦʤ ʧʝʨʝʤʝʰʠʚʘʶʪ ʤʘʣʳʤʠ 

ʧʦʨʮʠʷʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʵʢʩʪʨʫʟʠʝʡ 

(ʚʳʭʦʜʦʤ ʠʟ ʛʦʣʦʚʢʠ ʧʨʠʥʪʝʨʘ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʜʦʣʛʦ ʩʦʭʨʘʥʠʪʴ ʧʣʘʩʪʠʯʥʦʩʪʴ ʛʣʠʥʳ, ʢʦʪʦʨʘʷ 

ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʷʞʫʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. 

ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʩʦʩʪʘʚʘʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 3D-ʧʨʠʥʪʝʨʘʭ [6-7]. 

ʂ ʮʝʤʝʥʪʥʳʤ ʢʦʤʧʦʟʠʪʘʤ ʜʣʷ 3D-ʧʝʯʘʪʠ 

ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʨʷʜ ʪʨʝʙʦʚʘʥʠʡ ʪʨʝʙʦʚʘʥʠʡ.  

ʕʢʩʪʨʫʜʠʨʫʝʤʦʩʪʴ - ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʩʚʝʞʝʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʤʝʣʢʠʝ ʦʪʚʝʨʩʪʠʷ ʠ 

ʩʦʧʣʘ ʠ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʥʘʥʦʩʠʪʴʩʷ ʨʦʚʥʳʤ 

ʧʣʦʪʥʳʤ ʩʣʦʝʤ. 

ʋʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ - ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ ʩʧʦʩʦʙʥʦʩʪʴ ʩʣʦʷ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʦʭʨʘʥʷʪʴ ʟʘʜʘʥʥʫʶ ʬʦʨʤʫ ʧʦʜ 

ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ ʠ ʧʦʜ ʚʝʩʦʤ ʚʳʰʝʣʝʞʘʱʠʭ 

ʩʣʦʝʚ. 

ʄʝʞʩʣʦʡʥʘʷ ʩʚʷʟʥʦʩʪʴ - ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʤʝʞʥʳʭ ʩʣʦʝʚ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʫʶ 

ʢʦʛʝʟʠʦʥʥʫʶ ʩʚʷʟʴ, ʩʦʟʜʘʚʘʷ ʩʪʨʫʢʪʫʨʥʦ 

ʦʜʥʦʨʦʜʥʫʶ ʧʝʯʘʪʥʫʶ ʤʘʩʩʫ. 

ʕʢʩʪʨʫʜʠʨʫʝʤʦʩʪʴ ʠ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ 

ʷʚʣʷʶʪʩʷ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʪ.ʝ. 

ʚʳʩʦʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʢʩʪʨʫʜʠʨʫʝʤʦʩʪʠ, ʘ ʥʠʟʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʠ 

ʙʳʩʪʨʦʤʫ ʪʚʝʨʜʝʥʠʶ.  

ɻʨʫʥʪʦʙʝʪʦʥ ʩ ʭʦʨʦʰʝʡ 

ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴʶ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʫʩʘʜʢʫ ʠ 

ʥʠʟʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ. ɹʝʪʦʥ ʠʟ 

ʩʚʝʞʝʛʦ ʛʨʫʥʪʘ ʩ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ 

ʫʩʘʜʢʦʡ ʠʤʝʝʪ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʫʶ ʞʝʩʪʢʦʩʪʴ. 

ɺʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʫʩʪʨʘʥʠʪʴ, ʧʦʜʦʙʨʘʚ 

ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʦʜʳ, ʛʨʫʥʪʘ ʠ 

ʚʷʞʫʱʝʛʦ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʦʙʲʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 
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ɺ ʵʪʦʡ ʩʚʷʟʠ ʮʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʘ ʦʮʝʥʢʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʩʦʩʪʘʚʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʝʯʘʪʠ ʥʘ ʦʩʥʦʚʝ ʛʣʠʥʳ ʠ ʧʝʩʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʮʝʤʝʥʪʘ ʠ ʛʠʧʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ, 

ʫʩʘʜʢʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʩʦʩʪʘʚʳ ʛʨʫʥʪʦʙʝʪʦʥʦʚ. ʀʭ ʦʩʥʦʚʫ 

ʩʦʩʪʘʚʣʷʣʘ ʩʤʝʩʴ ʛʣʠʥʳ ʠ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1,4 ʠ 1:2,8 ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʸʛʢʠʤ 

ʠ ʪʷʞʸʣʳʤ ʩʫʛʣʠʥʢʘʤ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʦʯʥʷʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚʚʦʜʠʣʦʩʴ ʦʪ 2,7 ʜʦ 6,7% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʛʠʧʩʘ ʠʣʠ ʠʭ ʩʤʝʩʠ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʂʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʟʘʪʚʦʨʝʥʠʷ 

ʧʨʠʥʠʤʘʣʦʩʴ ʦʪ 8 ʜʦ 10% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʩʤʝʩʠ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚʳ ʦʙʨʘʟʮʦʚ ʛʨʫʥʪʦʙʝʪʦʥʘ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ˉ 

ʦʙʨʘʟʮʘ  

ʉʦʩʪʘʚ, %  ʇʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ
3 
 

ʇʨʦʯʥʦʩʪʴ, 

ʄʇʘ 

ʋʩʘʜʢʘ, 

ʤʤ/ʤ ɻʣʠʥʘ ʇʝʩʦʢ ɺʦʜʘ ʎʝʤʝʥʪ* ɻʠʧʩ* 

1 23 67 10 0 0 1519 0,7 1,44 

2 38 54 8 0 0 1926 1,3 2,55 

3 23 67 10 6,7 0 2074 1,7 0,27 

4 38 54 8 5,4 0 2120 3,4 0,92 

5 23 67 10 0 6,7 2110 2 0,49 

6 38 54 8 0 5,4 2153 3,9 0,57 

7 23 67 10 3,3 3,3 1614 0,8 1,05 

8 38 54 8 2,7 2,7 1883 1,7 0,27 

* ʢʦʤʧʦʥʝʥʪ ʚʚʦʜʠʣʩʷ ʩʚʝʨʭ 100% 

 
ʈʠʩʫʥʦʢ 1. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʷʞʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʦʙʝʪʦʥʘ 

ʇʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʠʭ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʂʘʢ 

ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʣʠʥʳ ʚ 

ʩʤʝʩʠ ʧʨʠʚʦʜʠʪ ʢ ʫʧʣʦʪʥʝʥʠʶ ʦʙʨʘʟʮʦʚ ʥʘ 20...25%. 

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʷʞʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʧʩʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 5...6% 

ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʘʪʴ ʩʘʤʳʡ ʧʣʦʪʥʳʡ ʙʝʪʦʥ. 

 
ʈʠʩʫʥʦʢ 2. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʷʞʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʦʙʝʪʦʥʘ 
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ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʳ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʦʙʝʪʦʥʦʚ ʧʦʯʪʠ ʚ 1,5 ʨʘʟʘ. ʇʨʠ 

ʵʪʦʤ ʚʚʝʜʝʥʠʝ ʚʷʞʫʱʝʛʦ ʚʝʱʝʩʪʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 

3% ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ 

ʩʦʩʪʘʚʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ 

ʚʷʞʫʱʝʛʦ ʧʨʦʯʥʦʩʪʴ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʜʦʩʪʠʛʘʷ 3,5 

ʄʇʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʮʝʤʝʥʪʘ ʠ 4 ʄʇʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʠʧʩʘ. 

 
ʈʠʩʫʥʦʢ 3. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʚʷʞʫʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʫʩʘʜʢʫ ʛʨʫʥʪʦʙʝʪʦʥʘ 

 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ʛʨʫʥʪʦʙʝʪʦʥʦʚ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʫʩʘʜʢʠ 

(ʫʤʝʥʴʰʝʥʠʷ ʚ ʨʘʟʤʝʨʘʭ ʧʨʠ ʪʚʝʨʜʝʥʠʠ ʠ 

ʚʳʩʳʭʘʥʠʠ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʪʨʝʱʠʥ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘʬʠʢʦʚ, ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʛʣʠʥʳ ʚ ʩʤʝʩʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʚʝʣʠʯʠʥʳ ʫʩʘʜʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. ɺʚʝʜʝʥʠʝ 

ʚʷʞʫʱʠʭ ʢʨʦʤʝ ʧʦʚʳʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪ ʫʩʘʜʦʯʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʃʫʯʰʠʝ 

ʩʦʩʪʘʚʳ ʠʤʝʶʪ ʫʩʘʜʢʫ, ʥʝ ʧʨʝʚʳʰʘʶʱʫʶ 0,5 ʤʤ/ʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʦʚʥʶ ʦʙʳʯʥʳʭ ʪʷʞʸʣʳʭ 

ʙʝʪʦʥʦʚ ʠ ʙʝʟʦʧʘʩʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʷʚʣʝʥʠʷ 

ʪʨʝʱʠʥ. 

 
ʈʠʩʫʥʦʢ 4. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʳ ʥʘ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʛʨʫʥʪʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ 

ʚʷʞʫʱʠʭ ʜʦʙʘʚʦʢ 

 
ʈʠʩʫʥʦʢ 5. ɺʣʠʷʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʛʣʠʥʳ ʥʘ ʧʨʦʯʥʦʩʪʴ ʛʨʫʥʪʦʙʝʪʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʚʷʞʫʱʠʭ 

ʜʦʙʘʚʦʢ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʣʫʯʰʠʤʠ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʧʦʢʘʟʘʪʝʣʝʡ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʳ ʩʦʜʝʨʞʘʱʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʷʞʫʱʝʛʦ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʛʣʠʥʳ ʵʪʠ ʩʦʩʪʘʚʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʛʨʫʥʪʦʙʝʪʦʥʳ ʩ ʧʨʦʯʥʦʩʪʴʶ ʦʪ 

1,7 ʄʇʘ ʜʦ 3,9 ʄʇʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʯʥʦʩʪʠ ʛʨʫʥʪʦʙʝʪʦʥʦʚ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʤʠ ʛʘʟʦ ʠ ʧʝʥʦʙʝʪʦʥʘʤʠ ʠ ʧʦʟʚʦʣʷʶʪ 

ʚʦʟʚʦʜʠʪʴ ʟʜʘʥʠʷ ʚʳʩʦʪʦʡ ʜʦ 3-ʭ ʵʪʘʞʝʡ 

ɻʣʘʚʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʛʨʫʥʪʦʙʝʪʦʥʦʚ 

ʷʚʣʷʝʪʩʷ ʠʭ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʳʨʴʸ ʚ ʙʫʢʚʘʣʴʥʦʤ ʩʤʳʩʣʝ ʣʝʞʘʱʝʝ 

ʧʦʜ ʥʦʛʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʣʳʭ ʢʦʣʠʯʝʩʪʚ ʛʠʧʩʘ 

ʠʣʠ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ (ʦʢʦʣʦ 5%), ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʦʢʘʟʘʪʝʣʠ ʤʘʪʝʨʠʘʣʘ, ʠ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʨʝʛʠʦʥʘʭ ʛʜʝ 

ʠʤʝʝʪʩʷ ʜʝʬʠʮʠʪ ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʤʘʪʝʨʠʘʣʘʭ ʠ ʫʩʪʘʥʦʚʢʘʭ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʥʝʧʦʚʪʦʨʠʤʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ ʫʩʪʨʦʡʩʪʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʫʟʦʟʘʭʚʘʪʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʦʩʳ, ʫʛʦʣ 

ʩʚʠʚʢʠ, ʩʪʨʦʧʳ. 

ABSTRACT 

 

This article discusses the basic properties of polymers and their use in construction. Polymer materials are 

widely used in materials and installations. Due to their unique properties and advantages, they are used in the designs of 

cargo handling devices. 

Keywords: lifting devices, polymer materials, metal cables, twist angle, slings. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ 

ʦʪʥʦʩʠʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʧʦʪʨʝʙʠʪʝʣʷʤ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʠʭ ʦʩʥʦʚʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ ʛʦʜʘ ʚ 

ʛʦʜ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷ ʠʭ ʥʦʤʝʥʢʣʘʪʫʨʘ ʠ 

ʘʩʩʦʨʪʠʤʝʥʪ. ʇʦʣʠʤʝʨʳ ʜʘʶʪ ʥʘʤ ʤʥʦʛʦ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʨʘʥʝʝ ʧʨʠʤʝʥʝʥʳ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʜʦʣʛʦʛʦ 

ʚʨʝʤʝʥʠ, ʫʩʪʘʨʝʚʰʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʝʨʝʩʪʘʣʠ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, 

ʩʪʦʷʱʠʤ ʧʝʨʝʜ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʝʡ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, 

ʠʤʝʥʥʦ ʜʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʦʜʥʠʤ ʠʭ ʛʣʘʚʥʳʭ ʥʦʚʘʪʦʨʩʢʠʭ 

ʧʝʨʩʧʝʢʪʠʚ. ʇʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʠ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʝʪʘʣʝʡ, ʠ 

ʟʘʤʝʱʝʥʠʝ ʠʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ, 

ʦʙʫʩʣʦʚʣʝʥʳ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. 

ɻʨʫʟʦʟʘʭʚʘʪʥʳʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʦʣʫʯʠʣʠ 

ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʧʦʜʲʝʤʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʚʠʜʝ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʚʘʢʫʫʤʥʳʭ ʟʘʭʚʘʪʦʚ, ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʪʨʘʚʝʨʩ. ɺʘʞʥʳʤ ʛʠʙʢʠʤ ʪʷʛʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʛʨʫʟʦʧʦʜʲʝʤʥʦʛʦ ʢʨʘʥʘ ʩʯʠʪʘʝʪʩʷ 

ʩʪʘʣʴʥʦʡ ʢʘʥʘʪ, ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʚʘʪʴ 

ʧʦʚʦʨʦʪʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʙʘʨʘʙʘʥʘ ʣʝʙʸʜʢʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʧʦʜʲʸʤʘ ʛʨʫʟʘ ʢʨʘʥʘ ʚ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʫʟʘ. ʏʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, ʛʠʙʢʠʝ ʩʪʨʦʧʳ 

ʧʨʦʠʟʚʦʜʷʪʩʷ ʠʟ ʩʪʘʣʴʥʳʭ ʢʘʥʘʪʦʚ. ʆʥʠ ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʢʨʝʧʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ, ʯʪʦ ʜʘʝʪ ʠʤ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʠʪʴ ʙʦʣʴʰʠʝ ʧʝʨʝʛʨʫʟʢʠ. 

ʉʪʘʣʴʥʳʝ ʢʘʥʘʪʳ ʠʣʠ ʪʨʦʩʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʧʦʜʥʷʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʙʣʦʯʥʦ-ʧʝʨʝʜʘʪʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʣʠ ʜʣʷ 

ʟʝʤʣʝʨʦʡʥʳʭ ʤʝʭʘʥʠʟʤʦʚ. ʊʨʦʩʳ ʨʝʛʫʣʷʨʥʦ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʩʪʷʛʠʚʘʶʱʠʤ ʥʘʛʨʫʟʢʘʤ. 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʢʘʥʘʪʳ ʩʠʩʪʝʤʘʪʠʟʠʨʫʶʪ ʩʦʛʣʘʩʥʦ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʚʠʜʫ ʩʚʠʚʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʤʫ 

ʤʘʪʝʨʠʘʣʫ ʩʝʨʜʝʯʥʠʢʘ, ʥʘʟʥʘʯʝʥʠʶ ʠ ʥʘʧʨʘʚʣʝʥʠʶ 

ʩʚʠʚʢʠ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʩʝʨʜʝʯʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʥʘʨʫʞʥʳʭ ʧʣʘʩʪʦʚ, ʩʧʣʝʪʝʥʥʳʭ ʠʟ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʚʦʣʦʯʝʢ ʠʣʠ ʮʝʣʳʭ ʧʨʷʜʝʡ. ʇʨʦʚʦʣʦʢʠ ʚ ʧʨʷʜʷʭ 

ʠ ʧʨʷʜʠ ʚ ʢʘʥʘʪʝ ʧʣʦʪʥʦ ʜʦʣʞʥʳ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʚ 

ʩʣʦʝ ʧʦʚʠʚʘ, ʠ ʧʦ ʧʦʧʝʨʝʯʥʦʤʫ ʩʝʯʝʥʠʶ ʢʘʥʘʪʘ ʚ 

ʥʘʠʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʘʟʦʨʦʤ 

ʥʝʦʙʭʦʜʠʤʳʤ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʠ ʥʝ ʤʦʛʣʠ ʚʳʡʪʠ 

ʠʟ ʵʪʦʛʦ ʩʣʦʷ, ʯʪʦʙʳ ʥʝ ʥʘʨʫʰʠʪʴ ʝʛʦ ʨʘʙʦʪʫ. 

ʉʝʨʜʝʯʥʠʢ ʩʣʫʞʠʪ ʘʤʦʨʪʠʟʘʪʦʨʦʤ ʠ ʦʧʦʨʦʡ ʜʣʷ 

ʥʘʨʫʞʥʳʭ ʧʣʘʩʪʦʚ ʢʘʥʘʪʘ. ʅʘʨʫʞʥʳʝ ʧʣʘʩʪʳ ʥʝʩʫʪ 

ʥʘ ʩʝʙʝ ʦʩʥʦʚʥʳʝ ʥʘʛʨʫʟʢʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʪʨʝʙʫʝʤʫʶ ʤʘʰʠʥʥʫʶ ʥʘʜʝʞʥʦʩʪʴ. ʇʨʠ ʠʟʣʦʤʝ 

ʪʨʦʩʘ ʩʝʨʜʮʝʚʠʥʘ ʚʳʥʫʞʜʘʝʪ ʝʛʦ ʫʜʝʨʞʠʚʘʪʴ 

ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ ʠ ʤʝʰʘʝʪ ʩʦʢʨʘʱʝʥʠʶ 

ʜʠʘʤʝʪʨʘ ʪʨʦʩʘ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʩʪʷʛʠʚʘʶʱʝʡ 

ʥʘʛʨʫʟʢʠ. ʇʨʠʤʝʥʷʝʤʳʡ ʤʘʪʝʨʠʘʣ ʠ ʨʘʟʨʝʟʳ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʝʨʜʝʯʥʠʢʘ ʦʙʷʟʘʥʳ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʤʝʞʜʫ 

ʚʠʪʢʘʤʠ ʧʨʠ ʩʚʠʚʢʝ ʢʘʥʘʪʘ ʠ ʧʨʠ ʝʛʦ ʨʘʙʦʪʝ. 

ʉʝʨʜʝʯʥʠʢ ʚ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪ ʨʦʣʴ ʘʢʢʫʤʫʣʷʪʦʨʘ ʩ ʮʝʣʴʶ ʩʤʘʟʢʠ. 

ʅʘ ʪʝʭʥʦʣʦʛʠʶ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʥʘʪʘ ʚʣʠʷʝʪ ʰʘʛ 

ʩʚʠʚʢʠ, ʢʘʩʘʥʠʝ ʧʨʦʚʦʣʦʢ ʚ ʧʨʷʜʷʭ ʠ ʠʭ ʯʠʩʣʦ, 
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ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʫʛʦʣ ʩʚʠʚʢʠ. ʉʝʨʜʝʯʥʠʢʠ ʪʨʦʩʦʚ 

ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʦʨʛʘʥʠʯʝʩʢʠʝ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ 

ʧʦʣʠʤʝʨʥʳʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʥʘʪʳ ʚ 

ʛʨʫʟʦʟʘʭʚʘʪʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʠʟ 

ʨʘʩʪʠʪʝʣʴʥʳʭ, ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠ ʩʪʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʂ ʨʘʩʪʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʦʪʥʦʩʷʪ 

ʜʞʫʪʦʚʳʝ, ʧʝʥʴʢʦʚʳʝ, ʭʣʦʧʢʦʚʳʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ ʠ ʧʦʜʚʝʨʞʝʥʳ ʛʥʠʝʥʠʶ ʠʟ-ʟʘ 

ʧʝʨʝʧʘʜʘ ʪʝʤʧʝʨʘʪʫʨ. ʉʠʥʪʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʯʥʝʝ ʠ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʜʘʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ ʧʦʣʠʘʤʠʜʥʳʝ, 

ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʠ ʧʦʣʠʵʩʪʝʨʦʚʳʝ ʪʨʦʩʳ. 

ʉʪʘʣʴʥʳʝ ʪʨʦʩʳ ʧʨʦʠʟʚʦʜʷʪ ʠʟ ʩʪʘʣʴʥʦʡ 

ʧʨʦʚʦʣʦʢʠ, ʢʨʫʯʝʥʥʦʡ ʧʦ ʩʧʠʨʘʣʠ ʠ ʠʟʛʦʪʦʚʣʝʥʥʦʡ 

ʠʟ ʫʛʣʝʨʦʜʠʩʪʦʡ ʩʪʘʣʠ. ɺ ʭʦʜʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʘʥʘʪʦʚ ʥʘ ʥʠʭ ʚʦʟʥʠʢʘʶʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʧʝʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʬʘʢʪʦʨʦʚ ʠʩʪʦʱʝʥʠʷ ʧʨʦʚʦʣʦʢʠ ʠ ʨʘʟʨʫʰʝʥʠʶ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʪʨʦʩʦʚ. ʕʬʬʝʢʪ ʫʩʪʘʣʦʩʪʠ 

ʫʩʠʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʟʥʘʯʠʪʝʣʴʥʳʭ ʫʩʠʣʠʡ ʤʝʞʜʫ 

ʧʨʦʚʦʣʦʢʘʤʠ ʧʨʷʜʝʡ ʠ ʩʪʘʣʴʥʳʤ ʩʝʨʜʝʯʥʠʢʦʤ, 

ʢʨʦʤʝ ʪʦʛʦ ʩʨʝʜʠ ʧʨʦʚʦʣʦʢ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʣʝʙʝʜʦʢ, ʙʣʦʢʦʚ ʠ ʰʢʠʚʦʚ. ʊʘʢʞʝ ʢʘʥʘʪ ʨʘʥʴʰʝ 

ʩʨʦʢʘ ʨʫʰʠʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʧʨʠʚʦʜʷʱʠʭ ʢ 

ʜʝʬʦʨʤʘʮʠʠ ʢʘʥʘʪʘ ʠ ʧʨʷʜʝʡ. ʇʨʠ ʥʝʧʨʝʨʳʚʥʦʡ 

ʨʘʙʦʪʝ ʢʘʥʘʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ 

ʢʦʨʨʦʟʠʷ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʙʳʩʪʨʦʤʫ ʚʳʭʦʜʫ ʪʨʦʩʘ 

ʠʟ ʩʪʨʦʷ. ɽʱʸ ʦʜʥʦʡ ʧʨʠʯʠʥʦʡ, ʧʨʠʚʦʜʷʱʝʡ ʢ 

ʨʘʥʥʝʤʫ ʚʳʭʦʜʫ ʪʨʦʩʘ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʷʚʣʷʝʪʩʷ ʩʜʘʚʣʠʚʘʥʠʝ ʚʝʨʭʥʠʤʠ ʩʣʦʷʤʠ ʥʘ 

ʙʘʨʘʙʘʥʝ ʣʝʙʝʜʢʠ ʥʠʞʥʠʭ ʚʠʪʢʦʚ ʢʘʥʘʪʘ, ʯʪʦ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʘʥʘʪʘ, ʢ ʦʙʨʳʚʫ 

ʧʨʦʚʦʣʦʢ ʠ ʝʛʦ ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʢʘʥʘʪʦʚ ʩ ʥʘʥʝʩʝʥʠʝʤ 

ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʩʪʘʣʦ ʦʜʥʦʡ ʠʟ ʧʦʩʣʝʜʥʠʭ 

ʪʝʥʜʝʥʮʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ 

ʢʘʥʘʪʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ 

ʚʦʟʤʦʞʥʦʩʪʴʶ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʦʜʥʦ ʠʟ ʩʘʤʳʭ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʥʝʧʦʚʪʦʨʠʤʳʤ 

ʩʚʦʡʩʪʚʘʤ, ʧʦʣʠʤʝʨʳ ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ ʟʘʤʝʥʠʪʴ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʜʥʷʪʴ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠʟ-ʟʘ ʩʚʦʠʭ 

ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʇʦʣʠʤʝʨʳ ʩʦʩʪʦʷʪ ʠʟ 

ʤʦʣʝʢʫʣ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʜʣʠʥʥʳʝ ʮʝʧʠ, 

ʠʤʝʶʱʠʝ ʵʣʘʩʪʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʦʣʠʤʝʨʳ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʭʦʜʝ ʭʠʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. 

ʆʥʠ ʦʙʣʘʜʘʶʪ ʧʨʦʯʥʦʩʪʴʶ, ʛʠʙʢʦʩʪʴʶ, ʘ ʩʘʤʦʝ 

ʛʣʘʚʥʦʝ ʠʭ ʤʦʞʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʠʙʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʜʦʙʘʚʦʢ, ʯʪʦʙʳ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʧʦʩʦʙʳ ʠʭ ʢʘʯʝʩʪʚʘ ʠ ʚʥʝʩʪʠ 

ʠʤ ʩʧʝʮʠʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʣʝʛʢʦ ʬʦʨʤʠʨʫʶʪʩʷ, ʠʤʝʶʪ ʚʩʝ ʰʘʥʩʳ 

ʙʳʪʴ ʠʟʦʛʥʫʪʳʤʠ, ʨʘʩʪʷʥʫʪʳʤʠ, ʩʞʘʪʳʤʠ, 

ʩʢʨʫʯʝʥʥʳʤʠ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʠʭ 

ʩʦʚʝʨʰʝʥʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ ʠʟʦʣʷʮʠʝʡ ʠ ʤʦʛʫʪ 

ʟʘʱʠʪʠʪʴ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʘ ʨʘʙʦʪ, 

ʧʦʣʠʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʥʘʥʝʩʝʥ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʩʝʨʜʝʯʥʠʢ ʢʘʥʘʪʘ ʠʣʠ ʧʦʢʨʳʪʴ ʚʝʩʴ ʢʘʥʘʪ ʚ ʮʝʣʦʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʠʩʢʣʶʯʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʪʨʝʥʠʷ ʧʨʦʚʦʣʦʢ ʚʥʫʪʨʠ ʢʘʥʘʪʘ, ʘ ʛʣʘʚʥʦʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʩʣʫʞʙʳ ʢʘʥʘʪʘ. ʊʘʢ ʢʘʢ ʢʘʥʘʪʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʣʠʯʥʳʭ ʨʘʙʦʪ, ʟʘʱʠʪʥʘʷ 

ʦʙʦʣʦʯʢʘ ʜʝʣʘʝʪ ʢʘʥʘʪ ʫʩʪʦʡʯʠʚʳʤ ʢ ʘʛʨʝʩʩʠʚʥʦʡ 

ʩʨʝʜʝ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʟʥʦʩʘ 

ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ ʩʪʘʣʴʥʳʝ ʪʨʦʩʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʠ ʨʝʞʠʤʘʭ 
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ɺ ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʣʦʷ ʜʣʷ ʧʦʢʨʳʪʠʷ 

ʪʨʦʩʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʫʩʠʣʝʥʥʳʤʠ ʢʦʥʪʘʢʪʥʳʤʠ 

ʥʘʛʨʫʟʢʘʤʠ ʠ ʞʸʩʪʢʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʠʩʧʦʣʴʟʫʶʪ ʘʨʘʤʠʜ, ʚʳʩʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʦʣʠʵʪʠʣʝʥ, ʧʦʣʠʵʪʠʣʝʥ, ʚʝʢʪʨʘʥ, ʥʘʡʣʦʥ, 

ʢʘʧʨʦʥ, ʪʝʨʠʣʝʥ, ʜʘʢʨʦʥ. ʀʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʥʘʪʦʚ ʥʘʠʙʦʣʝʝ 

ʤʦʨʦʟʦʫʩʪʦʡʯʠʚʳʡ ʘʨʘʤʠʜ, ʚʳʩʦʤʦʣʝʢʫʣʷʨʥʳʡ 

ʧʦʣʠʵʪʠʣʝʥ ʠ ʧʦʣʠʵʪʠʣʝʥ. ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʠʣ ʪʨʝʥʠʷ ʢʘʥʘʪ 

ʤʦʞʝʪ ʨʘʟʦʛʨʝʚʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʦ.  

ʀʥʪʝʥʩʠʚʥʘʷ ʨʘʙʦʪʘ ʧʦ ʥʘʡʣʦʥʦʚʦʤʫ ʢʘʥʘʪʫ 

ʧʨʠʚʝʜʝʪ ʢ ʦʧʣʘʚʣʝʥʠʶ ʝʝ ʦʧʣʝʪʢʠ, ʪʦʛʜʘ ʢʘʢ 

ʪʝʨʠʣʝʥʦʚʳʡ ʠʣʠ ʜʘʢʨʦʥʦʚʳʡ ʢʘʥʘʪ ʧʨʠ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʥʝ ʧʦʩʪʨʘʜʘʝʪ. ɸʨʘʤʠʜ ʞʝ ʩʤʦʞʝʪ 

ʚʳʜʝʨʞʘʪʴ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʦʛʨʝʚʘʥʠʝ ʙʝʟ 

ʧʦʚʨʝʞʜʝʥʠʡ.  ʇʨʦʯʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʨʦʩʦʚ. ʃʶʙʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʪʨʦʩ 

ʧʨʠʚʦʜʷʪ ʢ ʝʛʦ ʨʘʩʪʷʞʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʧʨʦʯʥʳʤ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ, ʘ ʫ 

ʧʦʣʠʧʨʦʧʠʣʝʥʘ ʠ ʧʦʣʠʵʩʪʝʨʘ ʧʨʦʯʥʦʩʪʴ ʚʦ ʚʣʘʞʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 15%. ʀʟ-ʟʘ "ʩʪʘʨʝʥʠʷ" 

ʤʘʪʝʨʠʘʣʘ ʩʦ ʚʨʝʤʝʥʝʤ ʪʨʦʩʳ ʪʝʨʷʶʪ ʩʚʦʶ 

ʧʨʦʯʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʦʢʠʩʣʝʥʠʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʭʘ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ 

ʧʨʦʮʝʩʩʳ ʨʘʟʨʫʰʝʥʠʷ ʢʘʥʘʪʦʚ, ʧʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʱʠʪʳ ʧʨʠʤʝʥʷʶʪ ʩʚʝʪʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ 

ʜʦʙʘʚʢʠ. ʀʭ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩʧʝʮʠʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ. 

ʅʘʠʙʦʣʝʝ ʩʪʦʡʢʠʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ 

- ʜʘʢʨʦʥ, ʘ ʚʦʜʦʦʪʪʘʣʢʠʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʙʣʘʜʘʝʪ ʧʦʣʠʵʪʠʣʝʥ. ʇʦʣʠʧʨʦʧʠʣʝʥʦʚʳʝ ʢʘʥʘʪʳ 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʩ ʥʝ ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʛʨʫʟʘʤʠ, ʦʙʣʘʜʘʶʪ ʩʨʝʜʥʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʠʩʪʠʨʘʥʠʶ ʠ ʠʤʝʶʪ ʩʨʝʜʥʠʡ ʩʨʦʢ ʩʣʫʞʙʳ. 

ʅʘʡʣʦʥʦʚʳʝ ʢʘʥʘʪʳ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʪʨʘʭʦʚʦʯʥʳʭ ʢʘʥʘʪʦʚ. 

ʊʝʨʠʣʝʥʦʚʳʝ ʠ ʜʘʢʨʦʥʦʚʳʝ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʦʣʠʵʬʠʨʥʳʤ ʧʦʣʠʤʝʨʘʤ, ʠʤʝʶʪ ʚʳʩʦʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʠʩʪʠʨʘʥʠʶ ʠ ʥʝ ʤʝʥʷʶʪ ʩʚʦʠʭ 

ʩʚʦʡʩʪʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ. ʆʙʣʘʜʘʶʪ 

ʙʦʣʴʰʠʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʧʦʜʲʝʤʘ ʛʨʫʟʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʘʥʘʪʦʚ ʩ 

ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ ʫʣʫʯʰʘʝʪ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʠʭ ʩʣʫʞʙʳ. ɼʣʷ ʪʦʛʦ 

ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʢʦʥʪʘʢʪʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ ʩ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʢʦʥʪʘʢʪʝ ʪʨʦʩ ʧʦʢʨʳʚʘʝʪʩʷ 

ʮʝʣʠʢʦʤ ʠʣʠ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʝʛʦ ʵʣʝʤʝʥʪ. 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ 
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ʧʦʢʨʳʪʠʷ ʪʨʦʩʦʚ, ʜʝʣʷʪ ʥʘ ʯʝʪʳʨʝ ʛʨʫʧʧʳ: 

ʧʦʢʨʳʪʠʝ ʧʨʷʜʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ, 

ʧʦʢʨʳʪʠʝ ʦʩʥʦʚʥʳʭ ʧʨʷʜʝʡ, ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʷʜʝʡ 

ʩʝʨʜʝʯʥʠʢʘ ʠ ʩ ʧʦʢʨʳʪʠʝʤ ʢʘʥʪʘ ʚ ʮʝʣʦʤ (ʨʠʩ.1). 

ʇʦʣʠʤʝʨʳ ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʨʘʙʦʪʦʧʨʠʛʦʜʥʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠ 

ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʝʡ. 

ʇʦʣʠʤʝʨʦʤ ʧʦʤʠʤʦ ʧʦʢʨʳʪʠʷ ʪʨʦʩʘ ʤʦʞʥʦ ʪʘʢʞʝ 

ʟʘʧʦʣʥʠʪʴ ʩʝʯʝʥʠʝ ʪʨʦʩʘ. ʇʨʠ ʟʘʧʦʣʥʝʥʠʠ ʢʘʥʘʪʘ 

ʧʦʣʠʤʝʨʥʳʤ ʩʦʩʪʘʚʦʤ ʠʩʢʣʶʯʘʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ 

ʩʚʷʟʴ ʧʨʦʚʦʣʦʢ ʧʨʷʜʝʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʯʪʦ 

ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʨʘʟʨʳʚ ʚʥʫʪʨʠ ʧʨʦʚʦʣʦʢʠ ʚ ʭʦʜʝ 

ʨʘʙʦʪʳ ʠ ʦʪʦʜʚʠʛʘʝʪ ʨʘʟʨʫʰʝʥʠʝ ʦʪ ʢʦʥʪʘʢʪʥʳʭ 

ʩʚʷʟʝʡ. ʂʘʥʘʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʤʝʥʷʝʪ ʩʚʦʶ 

ʪʝʢʩʪʫʨʫ ʧʨʠ ʤʦʥʪʘʞʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ 

ʜʦʧʫʩʢʘʝʪ ʩʤʝʱʝʥʠʝ ʩʚʠʚʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ. ʇʦʣʠʤʝʨʥʳʡ ʩʣʦʡ, ʧʦʢʨʳʚʘʶʱʠʡ ʪʨʦʩ 

ʠʩʢʣʶʯʘʝʪ ʩʦʝʜʠʥʝʥʠʝ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʯʘʩʪʷʤʠ 

ʪʘʣʠ, ʙʣʦʢʘ ʠʣʠ ʰʢʠʚʘ, ʥʝ ʠʟʥʘʰʠʚʘʷ ʠʭ, ʠ 

ʟʘʱʠʱʘʝʪ ʢʘʥʘʪ ʦʪ ʚʣʘʞʥʦʩʪʠ, ʚʦʟʜʝʡʩʪʚʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʢʦʨʨʦʟʠʠ. 

 

 

 
ʈʠʩ.1. ʂʘʥʘʪʳ ʩ ʧʦʣʠʤʝʨʥʳʤ ʩʦʩʪʘʚʦʤ: 
ʘ) ʩ ʧʦʢʨʳʪʠʝʤ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ; 

ʙ) ʩ ʧʦʢʨʳʪʠʝʤ ʧʨʷʜʝʡ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʝʨʜʝʯʥʠʢʘ; 

ʚ) ʩ ʧʦʢʨʳʪʠʝʤ ʧʦʚʠʚʘʶʱʠʭ ʧʨʷʜʝʡ; 

ʛ) ʩ ʧʦʢʨʳʪʠʝʤ ʢʘʥʪʘ ʚ ʮʝʣʦʤ. 

 

 

 ʇʦʣʠʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʪʘʢʞʝ ʫʩʪʦʡʯʠʚʦ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʦʣʠʤʝʨʥʳʝ ʢʘʥʘʪʳ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ 

ʘʜʛʝʟʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʩʦʭʨʘʥʷʶʪ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʶ, ʧʨʠʦʙʨʝʪʘʶʪ 

ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʯʝʤ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʳʩʦʢʫʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɿʘʧʦʣʥʝʥʠʝ ʫʯʘʩʪʢʘ 

ʪʨʦʩʘ ʧʦʣʠʤʝʨʥʳʤ ʧʦʢʨʳʪʠʝʤ (ʨʠʩ.2) ʧʦʚʳʰʘʝʪ 

ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʙʦʢʦʚʳʤ ʩʞʠʤʘʶʱʠʤ 

ʥʘʛʨʫʟʢʘʤ ʠ ʠʩʢʣʶʯʘʝʪ ʧʦʚʨʝʞʜʝʥʠʝ ʥʘʨʫʞʥʦʛʦ 

ʩʣʦʷ ʢʘʥʘʪʘ ʧʨʠ ʚʳʪʷʛʠʚʘʥʠʠ ʝʛʦ, ʠʩʢʣʶʯʘʷ 

ʩʪʦʧʦʨʝʥʠʝ ʤʝʞʜʫ ʚʠʪʢʘʤʠ ʛʨʫʟʦʟʘʭʚʘʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ʉʧʦʩʦʙʥʦʩʪʴ ʢʘʥʘʪʘ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ 

ʫʜʣʠʥʷʪʴʩʷ ʩʣʫʞʠʪ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʝʛʦ ʫʧʨʫʛʠʭ 

ʩʚʦʡʩʪʚ, ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.2.ɿʘʧʦʣʥʝʥʠʝ ʢʘʥʘʪʘ ʧʦʣʠʤʝʨʦʤ 

 

ɿʘʢʣʶʯʝʥʠʝ: ʇʦʣʠʤʝʨʳ ʦʙʣʘʜʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʥʠ ʧʨʦʩʪʳ ʚ 

ʦʙʨʘʙʦʪʢʝ, ʣʝʛʢʠ ʠ ʫʩʪʦʡʯʠʚʳ ʢ ʢʦʨʨʦʟʠʠ. ʆʥʠ 

ʩʣʘʚʷʪʩʷ ʦʪʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ 

ʨʝʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʇʨʠʤʝʥʝʥʠʝ 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʛʨʫʟʦʟʘʭʚʘʪʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ 

ʚʩʝ ʣʫʯʰʝ ʠ ʣʫʯʰʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʙʫʜʝʪ ʠʟ ʛʦʜʘ ʚ ʛʦʜ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  
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ɸʅʅʆʊɸʎʀʗ 

 

ɹʝʪʦʥ ʩʯʠʪʘʝʪʩʷ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʠ, ʢʘʟʘʣʦʩʴ ʙʳ, ʯʪʦ 

ʦ ʥʝʤ ʤʳ ʜʦʣʞʥʳ ʟʥʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ. ʅʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʠ ʨʘʟʚʠʪʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʠʥʜʫʩʪʨʠʠ ʚʦʟʥʠʢʘʝʪ ʥʦʚʳʝ ʧʦʪʨʝʙʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʟʚʘʥʳ ʦʙʝʩʧʝʯʠʪʴ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʠʜʳ ʙʝʪʦʥʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʙʝʪʦʥ, ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦʙʘʚʢʠ, ʦʪʜʝʣʢʘ ʧʦʚʝʨʭʥʦʩʪʝʡ,ʤʝʪʦʜʳ,ʨʘʙʦʪʘ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʘʣʫʙʢʘ 

ABSTRACT 

 

Concrete is considered a material that has been used in construction since ancient times and it would seem that 

we should know almost everything about it. But in the process of developing modern society and developing the 

modern construction industry, new needs arise that are designed to provide modern types of concrete. 

Keywords: architectural concrete, surfaces, additives, surface finishing, methods, structure operation, 

formwork. 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʥʦʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʙʝʪʦʥʘ, ʠ ʦʜʥʦʡ 

ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʙʝʪʦʥ. ʉʦʩʪʘʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʚʢʣʶʯʘʝʪ ʮʝʤʝʥʪ, ʛʠʧʩ ʠ 

ʨʘʟʣʠʯʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʫʣʫʯʰʘʶʪ ʝʛʦ ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʝʥ 

ʫʩʧʝʰʥʦ ʠʤʠʪʠʨʦʚʘʪʴ ʥʘʪʫʨʘʣʴʥʦʝ ʜʝʨʝʚʦ ʠʣʠ 

ʧʨʠʨʦʜʥʳʡ ʢʘʤʝʥʴ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʦʪʣʠʯʥʳʤ 

ʚʳʙʦʨʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦʤʝʱʝʥʠʡ 

ʠʣʠ ʧʨʠʜʦʤʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʷʪʴ ʨʘʟʣʠʯʥʳʭ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʙʝʪʦʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ʂʘʞʜʳʡ 

ʢʣʘʩʩ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʠʤ ʫʪʚʝʨʞʜʝʥʥʳʤ 

ʩʪʘʥʜʘʨʪʘʤ, ʚʢʣʶʯʘʷ ʣʠʥʝʡʥʳʝ ʦʪʢʣʦʥʝʥʠʷ, 

ʧʦʨʠʩʪʦʩʪʴ, ʠʟʛʠʙ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ ʥʘ ʧʦʛʦʥʥʳʡ 

ʤʝʪʨ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ 

ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʢʣʘʩʩʘ.  

ʇʨʠ ʨʘʙʦʪʝ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʙʝʪʦʥʦʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʢʘʯʝʩʪʚʘ ʝʛʦ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʙʫʜʫʱʝʛʦ ʦʙʲʝʢʪʘ. ʃʠʮʝʚʦʡ ʙʝʪʦʥ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʤʘʪʝʨʠʘʣ, ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʆʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ, 

ʩʦʙʩʪʚʝʥʥʳʤ ʮʚʝʪʦʤ, ʠ, ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʥʝ ʪʨʝʙʫʝʪ ʙʫʜʫʱʠʭ ʦʪʜʝʣʦʯʥʳʭ 

ʨʘʙʦʪ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʠʧʦʚ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. ʆʜʠʥ ʠʟ 

ʥʠʭ - ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʙʝʪʦʥ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʪʝʥ, ʬʫʥʜʘʤʝʥʪʦʚ, 

ʮʦʢʦʣʝʡ, ʢʦʣʦʥʥ, ʘʨʦʢ, ʤʦʩʪʦʚʳʭ ʦʧʦʨ ʠ ʜʨʫʛʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʧʦʩʦʙʥʳʭ ʥʘʜʝʞʥʦ ʚʳʜʝʨʞʠʚʘʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 

ʧʝʨʠʦʜʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʆʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ 

ʵʪʦʛʦ ʚʠʜʘ ʙʝʪʦʥʘ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʠ ʫʥʠʢʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʚʳʨʘʞʝʥʠʶ 

ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʢʦʥʮʝʧʮʠʠ ʘʨʭʠʪʝʢʪʦʨʘ 

ɼʝʢʦʨʘʪʠʚʥʳʡ ʙʝʪʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʪʜʝʣʢʠ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʦʙʳʯʥʦʛʦ ʙʝʪʦʥʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʙʣʦʢʦʚ ʠʣʠ ʢʠʨʧʠʯʘ. ɽʛʦ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ 

ʜʣʷ ʧʨʠʜʘʥʠʷ ʦʩʦʙʦʛʦ ʨʝʣʴʝʬʘ ʦʪʜʝʣʴʥʳʤ ʜʝʪʘʣʷʤ, 

ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʜʝʢʦʨʘʮʠʠ ʜʚʝʨʝʡ, ʦʢʦʥ ʠ ʜʨʫʛʠʭ 

ʵʣʝʤʝʥʪʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʚ ʝʛʦ ʥʝʙʦʣʴʰʦʤ ʚʝʩʝ ʠ ʩʧʦʩʦʙʥʦʩʪʠ 

ʠʤʠʪʠʨʦʚʘʪʴ ʪʝʢʩʪʫʨʫ ʧʨʠʨʦʜʥʦʛʦ ʢʘʤʥʷ. 

ʉʢʫʣʴʧʪʫʨʥʳʡ ʙʝʪʦʥ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʥʘʟʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʘʣʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʨʘʩʠʚʳʭ ʚʘʟʦʥʦʚ, ʧʴʝʜʝʩʪʘʣʦʚ, 

ʦʙʝʣʠʩʢʦʚ ʠ ʩʢʫʣʴʧʪʫʨ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʢʫʣʴʧʪʫʨʥʳʡ ʙʝʪʦʥ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʦʟʚʝʜʝʥʠʠ ʥʘʨʫʞʥʳʭ ʬʦʥʪʘʥʦʚ, 

ʧʘʚʠʣʴʦʥʦʚ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ 

ʜʝʢʦʨʘ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʘ ʜʘʯʥʳʭ 

ʫʯʘʩʪʢʘʭ ʠʣʠ ʚ ʧʘʨʢʘʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʨʪʙʝʪʦʥ 

ʤʦʞʝʪ ʠʤʝʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʦʪʪʝʥʦʢ, 

ʜʦʩʪʠʛʘʝʤʳʡ ʜʦʙʘʚʣʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʠʛʤʝʥʪʦʚ 
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ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʙʳʯʥʦ ʦʪ 2 ʜʦ 5% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ 

ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʙʝʪʦʥʫ 

ɺʩʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ 

ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ: 

¶ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʜʦʣʞʥʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʷʚʣʝʥʥʦʡ ʥʘʛʨʫʟʢʝ; 

¶ ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʜʦʣʞʥʘ ʫʩʧʝʰʥʦ 

ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʚʦʜʳ; 

¶ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ 
ʜʦʣʞʥʳ ʙʳʪʴ ʫʩʪʦʡʯʠʚʳ ʢ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 

ʪʝʤʧʝʨʘʪʫʨʘʤ; 

¶ ʩʤʝʩʴ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʧʨʠ ʟʘʣʠʚʢʝ ʦʧʘʣʫʙʢʠ. 

ʇʦʚʝʨʭʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʥʝ 

ʧʦʢʨʳʚʘʝʪʩʷ ʰʪʫʢʘʪʫʨʢʦʡ ʠʣʠ ʦʙʣʠʮʦʚʦʯʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ. ʇʦʵʪʦʤʫ ʚ ʩʦʩʪʘʚ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʙʘʚʣʷʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ 

ʫʚʝʣʠʯʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʨʝʟʢʠʤ 

ʧʝʨʝʧʘʜʘʤ ʪʝʤʧʝʨʘʪʫʨʳ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ 

ʙʝʪʦʥʦʤ 

ʊʝʭʥʦʣʦʛʠʷ ʫʢʣʘʜʢʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʢʦʥʩʪʨʫʢʮʠʠ ʦʙʲʝʢʪʘ. ɺ ʩʣʫʯʘʝ 

ʚʝʨʪʠʢʘʣʴʥʦʡ ʫʢʣʘʜʢʠ ʢʦʤʧʦʥʝʥʪʳ ʙʝʪʦʥʘ ʜʦʣʞʥʳ 

ʙʳʪʴ ʫʩʪʦʡʯʠʚʳ ʢ ʨʘʩʩʣʦʝʥʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʫʢʣʘʜʢʝ ʙʝʪʦʥʥʘʷ ʩʤʝʩʴ ʜʦʣʞʥʘ 

ʙʳʪʴ ʧʦʜʚʠʞʥʦʡ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ, ʥʝ ʟʘʤʝʜʣʷʷ 

ʝʛʦ ʭʦʜ. ʇʨʠ ʨʘʙʦʪʝ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʙʝʪʦʥʦʤ 

ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʪʦʥʘ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʵʪʘʧʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ, 

ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʩʪʝʥʳ ʥʝ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʦʪʜʝʣʢʝ ʧʦʩʣʝ 

ʙʝʪʦʥʠʨʦʚʘʥʠʷ, ʚʳʙʦʨ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʧʘʣʫʙʢʠ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʟʘʜʫʤʢʠ ʘʨʭʠʪʝʢʪʦʨʘ ʚ ʙʝʪʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʙʝʪʦʥʠʨʦʚʘʥʠʷ 

ʤʝʞʜʫ ʧʘʥʝʣʷʤʠ ʦʧʘʣʫʙʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʪʷʞʠ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʜʝʨʞʠʚʘʥʠʷ 

ʜʘʚʣʝʥʠʷ ʙʝʪʦʥʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʨʘʩʧʦʣʦʞʝʥʠʝ ʵʪʠʭ ʪʷʞʝʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʩʪʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʯʝʪʘ, ʥʦ ʠ ʩ ʫʯʝʪʦʤ ʭʫʜʦʞʝʩʪʚʝʥʥʦʛʦ ʚʠʜʝʥʠʷ 

ʘʨʭʠʪʝʢʪʦʨʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʵʪʠʭ ʦʪʚʝʨʩʪʠʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʙʫʜʫʪ 

ʚʠʟʫʘʣʴʥʦ ʩʦʯʝʪʘʪʴʩʷ ʥʘ ʟʘʚʝʨʰʝʥʥʦʡ ʙʝʪʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʕʪʠ ʵʣʝʤʝʥʪʳ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʦʨʛʘʥʠʯʥʦ ʚʧʠʩʘʥʳ ʚ ʬʘʢʪʫʨʫ ʬʘʥʝʨʳ ʥʘ ʙʝʪʦʥʝ. 

ɺ ʧʨʦʮʝʩʩʝ ʟʘʣʠʚʢʠ ʩʪʝʥʳ ʙʝʪʦʥʦʤ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚʳʧʦʣʥʷʪʴ ʵʪʦ ʦʜʥʠʤ ʟʘʣʠʚʦʤ, ʘ ʥʝ 

ʨʘʟʜʝʣʷʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʕʪʦ ʦʙʝʩʧʝʯʠʪ 

ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʘʢ ʧʦ ʪʝʢʩʪʫʨʝ, ʪʘʢ ʠ ʧʦ ʮʚʝʪʫ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʧʝʨʝʜ 

ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʟʘʣʠʚʢʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʦʙʨʘʟʳ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʕʪʦ ʜʝʣʘʝʪʩʷ ʩ ʮʝʣʴʶ ʧʨʦʚʝʨʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʩʨʝʜʩʪʚʦʤ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʤ ʧʨʠʣʠʧʘʥʠʝ 

ʙʝʪʦʥʘ ʢ ʬʦʨʤʝ, ʠ ʩʘʤʦʡ ʙʝʪʦʥʥʦʡ ʩʤʝʩʴʶ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʚʳʙʦʨʝ ʦʧʘʣʫʙʦʯʥʦʡ ʩʠʩʪʝʤʳ 

ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʩʣʝʜʫʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ: 

ʦʧʘʣʫʙʢʘ ʜʦʣʞʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʜʘʚʣʝʥʠʝ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ. ɺʘʞʥʦ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʥʝ ʚʩʝ ʦʧʘʣʫʙʦʯʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʜʭʦʜʷʪ ʜʣʷ ʨʘʙʦʪʳ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʙʝʪʦʥʦʤ. 

ʅʘʧʨʠʤʝʨ, ʨʘʤʥʦ-ʱʠʪʦʚʫʶ ʦʧʘʣʫʙʢʫ ʥʝʣʴʟʷ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʙʲʝʢʪʦʚ ʙʦʣʴʰʦʡ ʚʳʩʦʪʳ 

ʠ ʩʣʠʰʢʦʤ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʝʡ. 

ʕʪʘ ʦʧʘʣʫʙʢʘ ʠʤʝʝʪ ʩʪʘʥʜʘʨʪʥʳʝ ʨʘʟʤʝʨʳ 

ʱʠʪʦʚ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ 

ʩʦʟʜʘʪʴ ʦʙʲʝʢʪ ʩ ʘʙʩʦʣʶʪʥʦ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʙʝʟ ʩʪʳʢʦʚ ʠ ʰʚʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʟʘʣʠʚʢʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʙʦʣʝʝ ʧʦʜʭʦʜʠʪ ʙʘʣʦʯʥʦ-

ʨʠʛʝʣʴʥʘʷ ʦʧʘʣʫʙʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʦʙʲʝʢʪʳ ʩ ʟʘʜʘʥʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʚʳʩʦʪʦʡ ʠ ʛʝʦʤʝʪʨʠʝʡ. ʊʘʢʞʝ ʚʘʞʥʦ ʧʦʜʫʤʘʪʴ ʦ 

ʤʘʪʝʨʠʘʣʝ ʜʣʷ ʱʠʪʦʚ ʦʧʘʣʫʙʦʯʥʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʩʢʦʣʴʢʫ ʦʪ ʵʪʦʛʦ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʢʘʯʝʩʪʚʦ 

ʙʝʪʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ 

ʨʘʙʦʪʳ ʩ ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʙʝʪʦʥʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʘʷ ʬʘʥʝʨʘ, ʦʙʣʘʜʘʶʱʘʷ ʫʥʠʢʘʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ 

ʠ ʦʙʣʘʜʘʶʱʘʷ ʧʦʚʳʰʝʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʚʣʘʛʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʜʝʬʦʨʤʘʮʠʷʤ. 

ʆʙʳʯʥʦ ʪʘʢʫʶ ʬʘʥʝʨʫ ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʦʢʨʘʪʥʦ, 

ʧʦʩʣʝ ʯʝʛʦ ʝʝ ʘʢʢʫʨʘʪʥʦ ʨʘʩʧʠʣʠʚʘʶʪ, ʩʦʟʜʘʚʘʷ 

ʩʧʠʣʳ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ. 

ʕʪʦ ʦʯʝʥʴ ʫʜʦʙʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʵʣʝʤʝʥʪʦʚ ʠʟ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʯʘʩʪʦ 

ʪʨʝʙʫʶʪʩʷ ʦʧʘʣʫʙʦʯʥʳʝ ʱʠʪʳ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ 

ʨʘʟʤʝʨʘʤʠ. ʆʧʳʪʥʳʝ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ 

ʤʦʥʪʘʞʥʠʢʠ ʦʧʘʣʫʙʦʯʥʳʭ ʩʠʩʪʝʤ ʤʦʛʫʪ ʙʳʩʪʨʦ 

ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʠ ʩʦʙʠʨʘʪʴ ʪʘʢʠʝ ʱʠʪʳ ʧʨʷʤʦ ʥʘ 

ʩʪʨʦʡʧʣʦʱʘʜʢʝ. 

ʇʦʩʣʝ ʩʥʷʪʠʷ ʦʧʘʣʫʙʢʠ ʚʘʞʥʦ ʦʙʨʘʙʦʪʘʪʴ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʟʘʱʠʪʥʳʤʠ 

ʧʨʦʧʠʪʢʘʤʠ ʠ ʧʦʢʨʳʪʴ ʝʝ ʩʧʝʮʠʘʣʴʥʦʡ ʪʢʘʥʴʶ. ʕʪʠ 

ʤʝʨʳ ʧʦʤʦʛʫʪ ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʚʣʘʛʠ ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʦʩʪʳʚʘʥʠʶ 

ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ. ʇʨʠ ʦʙʩʫʞʜʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʣʴʟʷ ʥʝ ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʪʣʠʯʥʳʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʄʥʦʛʠʝ 

ʩʧʝʮʠʘʣʠʩʪʳ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʯʘʩʪʦ 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʟʜʘʥʠʷ ʩ 

ʢʠʨʧʠʯʥʳʤʠ ʠ ʙʝʪʦʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʤʦʛʫʪ 

ʫʩʪʫʧʠʪʴ ʤʝʩʪʦ ʩʦʚʨʝʤʝʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʙʦʣʝʝ 

ʧʨʦʯʥʳʤ, ʣʝʛʢʠʤ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʥʦʛʠʝ ʢʦʤʧʘʥʠʠ, 

ʨʘʙʦʪʘʶʱʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ, ʘʢʪʠʚʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪ ʠ ʚʥʝʜʨʷʶʪ ʥʘ ʨʳʥʦʢ ʤʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʢʘʢ ʚ ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʦʪʜʝʣʦʯʥʳʭ ʨʘʙʦʪʘʭ, ʪʘʢ ʠ ʚ ʩʦʟʜʘʥʠʠ ʧʦʣʥʦʮʝʥʥʳʭ 
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ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʠʤʝʨʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʜʪʚʝʨʜʠʚʰʠʭ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝʜʚʠʞʠʤʦʩʪʠ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ: 

Å ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʛʨʘʬʝʥʝ, ʧʨʦʷʚʣʷʶʪ ʦʛʥʝʩʪʦʡʢʦʩʪʴ, 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ, 

ʛʠʜʨʦʬʦʙʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʜʨʫʛʠʝ ʧʦʣʝʟʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦʪ ʤʘʪʝʨʠʘʣ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʚʦʧʣʦʱʝʥʠʠ ʥʦʚʳʭ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʢʦʥʮʝʧʮʠʡ. 

Å ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʜʨʝʚʝʩʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʫʣʴʥʳʝ 

ʨʝʰʝʥʠʷ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʥʘʪʫʨʘʣʴʥʦʡ ʜʨʝʚʝʩʠʥʳ 

ʠ ʩʧʝʮʠʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʦʪʨʘʩʣʠ. ʆʥʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʙʦʣʝʝ ʜʦʩʪʫʧʥʫʶ 

ʘʣʴʪʝʨʥʘʪʠʚʫ ʤʘʩʩʠʚʥʦʡ ʜʨʝʚʝʩʠʥʝ, ʦʙʣʘʜʘʷ ʧʨʠ 

ʵʪʦʤ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʠ 

ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ. 

Å ʊʦʢʦʧʨʦʚʦʜʷʱʠʡ ʙʝʪʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʚʠʜ ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʫʥʠʢʘʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʘʙʩʦʨʙʠʨʦʚʘʪʴ ʠ ʦʪʨʘʞʘʪʴ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʀʩʭʦʜʥʦ ʨʘʟʨʘʙʦʪʯʠʢʠ 

ʧʨʝʜʥʘʟʥʘʯʘʣʠ ʝʛʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʳʭ ʧʦʣʦʩʘʭ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʭʚʘʪʳʚʘʶʪ ʠ ʜʨʫʛʠʝ ʦʙʣʘʩʪʠ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚʢʣʶʯʘʷ ʚʦʟʚʝʜʝʥʠʝ 

ʞʠʣʳʭ ʟʜʘʥʠʡ. 

ʂʦʥʝʯʥʦ, ʩʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʚʥʝʜʨʝʥʠʷ 

ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʈʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʫʩʧʝʰʥʦ ʨʝʰʘʶʪ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʳʧʦʣʥʝʥʠʝʤ 

ʪʨʫʜʦʝʤʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʨʝʙʫʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʫʩʠʣʠʡ. ʇʨʠʤʝʥʝʥʠʝ ʨʦʙʦʪʦʚ ʥʝ ʪʦʣʴʢʦ 

ʫʧʨʦʱʘʝʪ ʪʨʫʜ ʩʪʨʦʠʪʝʣʝʡ ʚ ʦʩʥʦʚʥʳʭ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʥʦ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʱʘʝʪ ʩʨʦʢʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʤʝʥʴʰʘʝʪ 

ʟʘʪʨʘʪʳ ʥʘ ʚʦʟʚʝʜʝʥʠʝ ʥʝʜʚʠʞʠʤʦʩʪʠ. ʈʝʯʴ ʠʜʝʪ ʦ 

ʧʨʠʤʝʥʝʥʠʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ 

ʧʦʜʥʷʪʠʷ ʛʨʫʟʦʚ ʥʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚʳʩʦʪʫ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʙʝʪʦʥʥʳʭ ʨʘʙʦʪ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʥʦʣʠʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʨʠʤʝʨʳ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ: 

ʇʨʠʤʝʥʝʥʠʝ ʵʢʟʦʩʢʝʣʝʪʦʚ ʜʣʷ ʧʦʜʲʝʤʘ 

ʪʷʞʝʩʪʝʡ: ʕʢʟʦʩʢʝʣʝʪʳ ʩ ʦʧʦʨʦʡ ʥʘ ʩʧʠʥʫ 

ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʧʨʠ ʧʦʜʲʝʤʝ ʪʷʞʝʣʳʭ 

ʧʨʝʜʤʝʪʦʚ. ʕʢʟʦʩʢʝʣʝʪʳ ʜʣʷ ʧʣʝʯ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʩʪʨʦʠʪʝʣʷʤ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʜʘʯ ʥʘ ʫʨʦʚʥʝ ʛʨʫʜʠ 

ʠ ʜʦ ʧʦʪʦʣʢʘ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ. ʀʥʞʝʥʝʨʳ ʨʘʟʨʘʙʦʪʘʣʠ ʫʥʠʢʘʣʴʥʳʡ 

ʵʢʟʦʩʢʝʣʝʪ ʩ ʦʧʦʨʦʡ ʜʣʷ ʥʦʛ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʠʝ ʚ ʤʳʰʮʘʭ 

ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʚʦʢʨʫʛ ʢʦʣʝʥʥʦʛʦ ʩʫʩʪʘʚʘ 

ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʪʨʫʜʦʝʤʢʠʭ ʠ ʵʥʝʨʛʦʝʤʢʠʭ ʟʘʜʘʯ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʜʲʝʤʦʤ ʨʘʟʣʠʯʥʳʭ ʪʷʞʝʩʪʝʡ. 

Å ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʝʥ ʠʟ ʢʠʨʧʠʯʝʡ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʪʨʫʜʦʝʤʢʠʡ ʠ ʤʦʥʦʪʦʥʥʳʡ ʧʨʦʮʝʩʩ, 

ʪʨʝʙʫʶʱʠʡ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʪʴʶ ʠ ʚʝʨʪʠʢʘʣʴʥʦʩʪʴʶ ʢʣʘʜʢʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ, 

ʩʧʦʩʦʙʝ ʵʬʬʝʢʪʠʚʥʦ ʫʢʣʘʜʳʚʘʪʴ ʙʦʣʝʝ 3000 

ʢʠʨʧʠʯʝʡ ʟʘ ʩʤʝʥʫ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʳʪʥʦʛʦ ʩʪʨʦʠʪʝʣʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʙʳʣ ʩʦʟʜʘʥ ʨʦʙʦʪ, ʩʧʦʩʦʙʥʳʡ 

ʩʣʝʜʦʚʘʪʴ ʟʘʜʘʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʫʶ ʩʠʩʪʝʤʫ ʫʢʣʘʜʢʠ ʠ ʨʝʟʢʠ 

ʢʠʨʧʠʯʝʡ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. 

Å ʈʦʙʦʪʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʙʣʠʮʦʚʦʯʥʳʭ ʨʘʙʦʪ, ʩʧʦʩʦʙʥʳʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʫʢʣʘʜʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʪʘʢʠʝ ʢʘʢ ʩʪʝʢʣʦʚʦʣʦʢʥʦ ʠ ʧʝʥʦʧʣʘʩʪʦʚʳʝ ʧʣʠʪʳ. ɺ 

ʜʦʧʦʣʥʝʥʠʝ ʢ ʵʪʦʤʫ, ʦʥʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʧʦ ʧʦʛʨʫʟʢʝ ʠ ʨʘʟʛʨʫʟʢʝ. 

Å ʆʜʥʘ ʠʟ ʬʫʥʢʮʠʡ ʨʦʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʜʲʝʤʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʦʜʲʝʤʘ ʠ 
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ʩʘʤʦʭʦʜʥʳʡ ʨʦʙʦʪ ʦʙʦʨʫʜʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʤʠ 

ʚʘʢʫʫʤʥʳʤʠ ʟʘʭʚʘʪʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ, 

ʧʦʟʚʦʣʷʶʱʠʤʠ ʝʤʫ ʟʘʭʚʘʪʳʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚʝʩʦʤ ʜʦ 175 ʢʠʣʦʛʨʘʤʤʦʚ 

ʢʘʢ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʪʘʢ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ. 
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ʆʩʥʦʚʥʳʤ ʚʝʢʪʦʨʦʤ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʩʥʠʞʝʥʠʝ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; ʚʦʚʣʝʯʝʥʠʝ 

ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ; ʚʳʧʫʩʢ ʥʦʚʳʭ ʪʠʧʦʚ (ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʢʦʤʧʦʟʠʪʥʳʭ) 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʘʶʱʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʚʥʫʪʨʝʥʥʶʶ 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʠʞʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʠ ʧʦʚʳʰʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʪʠʣʠʟʘʮʠʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʦʚʪʦʨʥʦʤʫ 

ʚʦʚʣʝʯʝʥʠʶ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ, ʘ ʪʘʢʞʝ ʧʦʜʦʙʥʳʭ ʦʪʭʦʜʦʚ, ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʭʦʜʝ ʚʦʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʘʚʪʦʢʣʘʚʥʳʡ ʛʘʟʦʙʝʪʦʥ, ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ, ʧʦʜʨʝʟʥʦʡ 

ʩʣʦʡ. 

 

ABSTRACT 

 

The main vector of development of the building materials industry is to increase the energy efficiency of 

production; reduce the negative impact on the environment; the involvement of waste in the production of building 

materials; the production of new types (innovative and composite) building materials that increase the energy efficiency 

of buildings and structures and their internal environmental friendliness, at the same time reducing the material 

consumption and increasing the reliability and durability of buildings and structures. The article is devoted to the 

analysis of the possibilities of recycling, recycling and re-involvement in the production of building materials of waste 

generated during the manufacture of autoclaved aerated concrete, as well as similar waste resulting from damage to 

buildings and structures during military conflicts and man-made disasters. 

Keywords:autoclave aerated concrete, autoclave aerated concrete production waste, undercut layer.

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʛʣʘʩʥʦ ʩʪʨʘʪʝʛʠʠ 

ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʜʦ 2030 ʛʦʜʘ ʢ ʩʦʚʨʝʤʝʥʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. 

ʄʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʜʦʨʦʛʠʤʠ, 

ʙʝʟʦʧʘʩʥʳʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤʠ, 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ, ʠʤʝʪʴ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ 

ʵʢʩʧʣʫʘʪʘʮʠʠ,  ʦʙʣʘʜʘʪʴ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʟʛʦʨʘʥʠʶ, 

ʫʜʦʙʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʤʦʥʪʘʞʘ ʠʣʠ ʫʢʣʘʜʢʠ.  

ʆʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴʧʝʨʝʭʦʜʫ ʥʘ ʥʦʚʳʡ ʫʨʦʚʝʥʴ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʩʥʠʞʝʥʠʶ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 

ʚʦʚʣʝʯʝʥʠʶ ʦʪʭʦʜʦʚ ʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; ʚʳʧʫʩʢʫ ʥʦʚʳʭ ʪʠʧʦʚ (ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʠ ʢʦʤʧʦʟʠʪʥʳʭ) ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʚʳʰʘʶʱʠʭ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʠ ʠʭ ʚʥʫʪʨʝʥʥʶʶ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʚ ʪʦ 

ʞʝ ʚʨʝʤʷ ʩʥʠʞʘʶʱʠʭ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ ʠ 

ʧʦʚʳʰʘʶʱʠʭ ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ [1]. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ, ʘ 

ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ  ʠ 

ʚʦʚʣʝʯʝʥʠʷ ʜʘʥʥʳʭ ʦʪʭʦʜʦʚ ʦʙʨʘʪʥʦ ʚ ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʵʪʦʤ ʢʣʶʯʝ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʚʪʦʢʣʘʚʥʦʛʦ 

ʛʘʟʦʙʝʪʦʥʘ (ɸɻɹ).  

ʆʩʥʦʚʥʦʡ çʙʫʤè ʧʦ ʦʪʢʨʳʪʠʶ ʟʘʚʦʜʦʚ 

ʧʨʠʰʝʣʩʷ ʥʘ 2011-2014 ʛʦʜʳ. ʇʦ ʜʘʥʥʳʤ [2] 
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ʩʫʱʝʩʪʚʦʚʘʣ ʜʦʚʦʣʴʥʦ ʜʦʣʛʠʡ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʧʦʯʪʠ 

ʢʘʞʜʳʡ ʛʦʜ ʚ ʦʢʨʫʛʝ ʧʦʷʚʣʷʣʠʩʴ ʥʦʚʳʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ, ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ.  

ʇʦ ʜʘʥʥʳʤ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ɸɻɹ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʚ 

38 ʨʝʛʠʦʥʘʭ ʜʝʡʩʪʚʫʝʪ 75 ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʚʳʧʫʩʢʫ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ. 

ʉʫʤʤʘʨʥʘʷ ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʚʩʝʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 18 ʤʣʥ. ʤ
3
 ʚ ʛʦʜ. 

ʇʦ ʜʘʥʥʳʤ ʟʘ 2020 ʛʦʜ [3] ʥʘ ʨʳʥʢʝ ʎʌʆ 

ʢʨʫʧʥʝʡʰʠʤ ʠʛʨʦʢʦʤ ʚʳʩʪʫʧʘʝʪ ʭʦʣʜʠʥʛ 

BonolitGroup, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʷʪ 6 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ, ʧʦʩʪʨʦʝʥʥʳʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʣʠʙʦ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʠ ʦʙʲʝʜʠʥʝʥʥʳʭ ʧʦʜ ʟʦʥʪʠʯʥʳʤʠ ʙʨʝʥʜʘʤʠ:  

1) ɻʦʣʦʚʥʦʡ ʟʘʚʦʜ ʛʘʟʦʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ 

çɹʦʥʦʣʠʪè (ʉʪʘʨʘʷ ʂʫʧʘʚʥʘ), ʟʘʧʫʱʝʥʥʳʡ ʚ 2011 

ʛʦʜʫ ʥʘ ʙʘʟʝ ʆɸʆ çɾʝʣʝʟʦʙʝʪʦʥè; 

2) ʄʘʨʢʘ Poritep (ʆʆʆ çʕʂʆ-ɿʦʣʦʧʨʦʜʫʢʪè, 

ʅʦʚʦʤʠʯʫʨʠʥʩʢ ʈʷʟʘʥʩʢʦʡ ʦʙʣʘʩʪʠ), ʨʘʙʦʪʘʝʪ ʩ 

2013 ʛ.; 

3) ɹʳʚʰʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʄʇʈʂ ɻʈɸʉ (ʛ. 

ʄʘʣʦʷʨʦʩʣʘʚʝʮ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ), ʧʝʨʝʰʣʦ 

ʭʦʣʜʠʥʛʫ Bonolit ʚ 2016 ʛʦʜʫ; 

4) BonolitProject ï ʤʘʨʢʘ, ʚʳʧʫʩʢʘʝʤʘʷ ʥʘ 

ʧʣʦʱʘʜʢʝ ʚ ʕʣʝʢʪʨʦʩʪʘʣʠ (ʙʳʚʰʠʡ Drauber); 

5) ɿɸʆ çɸʵʨʦʙʝʣè (ʛ. ɹʝʣʛʦʨʦʜ), ʚ ʩʦʩʪʘʚʝ 

ʛʨʫʧʧʳ ʩ ʦʩʝʥʠ 2018 ʛʦʜʘ; 

6) çɼʤʠʪʨʦʚʩʢʠʡ ʟʘʚʦʜ ʛʘʟʦʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡè (Aerostone), ʚʦʰʝʣ ʚ ʩʦʩʪʘʚ ʛʨʫʧʧʳ ʚ 2019 

ʛʦʜʫ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʙʦʪʘʶʪ ʧʦ 

ʣʠʪʴʝʚʦʡ ʠ ʫʜʘʨʥʦʡ ʨʝʟʘʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʷʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʨʘʟʫʝʪʩʷ ʧʦʜʨʝʟʥʦʡ 

ʩʣʦʡ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,00014 ʤ
3
 ʥʘ 1 ʤ

3
 

ʧʨʦʠʟʚʝʜʝʥʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ, ʘ ʪʘʢʞʝ ʙʨʘʢ ʠ ʙʦʡ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʜʣʝʞʠʪ 

ʫʪʠʣʠʟʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʮʝʣʳʝ 

ʧʦʣʠʛʦʥʳ ʦʪʭʦʜʦʚ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʦʙʟʦʨʫ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʳ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʘʚʪʦʢʣʘʚʥʦʛʦ 

ʛʘʟʦʙʝʪʦʥʘ ʚʥʝʜʨʷʶʪ ʨʝʰʝʥʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʦʜʨʝʟʥʦʛʦ ʩʣʦʷ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʨʝʛʦʨʦʜʦʯʥʳʭ ʠ 

ʩʪʝʥʦʚʳʭ ʙʣʦʢʦʚ ʠʟ ɸɻɹ [4]. 

ɺ ʨʘʙʦʪʝ [5] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʡ 

ʚʘʨʠʘʥʪ, ʨʝʘʣʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʜʨʦʙʣʝʥʠʠ ʦʪʭʦʜʦʚ ʩ ʧʦʣʫʯʝʥʠʝʤ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ 

ʦʪ 0,1 ʜʦ 30 ʤʤ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʧʦʣʫʯʝʥʥʳʡ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʪʝʨʠʘʣ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ 

ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʙʨʦʧʨʝʩʩʦʚʘʥʥʳʭ 

ʙʣʦʢʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʩʳʨʴʷ. ɿʘ ʩʯʝʪ ʨʘʟʥʦʛʦ 

ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʨʦʙʣʝʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫʯʘʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʘʷ ʫʧʘʢʦʚʢʘ ʵʪʠʭ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

(ʚ ʤʘʩʩʝ ʙʣʦʢʘ). ɺ ʚʠʙʨʦʧʨʝʩʩʦʚʘʥʥʦʤ ʙʣʦʢʝ 

ʩʦʭʨʘʥʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʛʘʟʦʙʝʪʦʥʘ ï 

ʚʳʩʦʢʘʷ ʪʝʧʣʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ, 

ʧʨʠ ʵʪʦʤ, ʟʘ ʩʯʝʪ ʪʝʭʥʦʣʦʛʠʠ ʚʠʙʨʦʧʨʝʩʩʦʚʘʥʠʷ 

ʙʣʦʢ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʝʤ ʛʘʟʦʙʝʪʦʥ. ɺ ʠʪʦʛʝ, ʦʪʭʦʜʳ 

ʛʘʟʦʙʝʪʦʥʘ, ʧʦʣʫʯʘʷ ʚʪʦʨʫʶ ʞʠʟʥʴ ʚ ʚʠʜʝ 

ʚʠʙʨʦʧʨʝʩʩʦʚʘʥʥʳʭ ʙʣʦʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʣʘʜʝʣʴʮʫ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʙʳʣʴ. 

ʊʘʢ ʞʝ ʠʟʚʝʩʪʥʦʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʧʦʜʨʝʟʥʦʛʦ ʩʣʦʷ ʠ ʚ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ, ʥʦ ʪʘʢʦʝ 

ʨʝʰʝʥʠʝ ʪʨʝʙʫʝʪ ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʩʪʝʧʝʥʠ 

ʧʦʤʦʣʘ ʦʪʭʦʜʦʚ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʛʠʜʨʘʪʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʣʠʢʦʛʝʣʷ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʟʘʪʨʘʪʥʳʤ, ʚʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ 

ʥʝʦʙʭʦʜʠʤʫʶ ʩʪʝʧʝʥʴ ʧʦʤʦʣʘ [6]. 

ʅʘ ʧʨʝʜʧʨʠʷʪʠʠ ɿɸʆ çɸʵʨʦʙʝʣè (ʛ. 

ɹʝʣʛʦʨʦʜ) ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ ʧʦʜʨʝʟʥʦʛʦ ʩʣʦʷ 

ʧʨʝʜʣʘʛʘʶʪ ʨʝʰʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʠʪ 

ʧʦʜʨʝʟʥʦʛʦ ʩʣʦʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʣʷ ʫʪʝʧʣʝʥʠʷ 

ʧʦʣʦʚ ʠ ʧʝʨʝʢʨʳʪʠʡ [7]. 

ɸʚʪʦʨʦʤ [8] ʨʘʟʨʘʙʦʪʘʥʘ ʨʝʮʝʧʪʫʨʘ 

ʧʦʣʫʯʝʥʠʷ ʩʫʭʦʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʤʝʩʠ ʠʟ ʦʪʭʦʜʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʙʝʪʦʥʘ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʣʦʪʳʝ ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʘʟʦʙʝʪʦʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʩʫʭʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʝʡ (ʉʉʉ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʦʪʜʝʣʢʠ 

ʛʘʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʯʪʦ ʫʚʝʣʠʯʠʪ ʩʨʦʜʩʪʚʦ 

ʩʪʨʫʢʪʫʨ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʪʜʝʣʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʠ ʛʘʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʦʚ [9] ʨʘʩʩʤʦʪʨʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʛʘʟʦʙʝʪʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ ʚ 

ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʚ ʢʣʘʜʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʣʷ ʘʚʪʦʢʣʘʚʥʳʭ ʩʪʝʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʇʦ ʤʠʤʦ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʛʘʟʦʙʝʪʦʥʘ ʩʝʛʦʜʥʷ ʥʘʢʘʧʣʠʚʘʶʪʩʷ 

ʮʝʣʳʝ ʧʦʣʠʛʦʥʳ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʪʭʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʙʝʪʦʥʦʤ, 

ʞʝʣʝʟʦʙʝʪʦʥʦʤ, ʘ ʪʘʢʞʝ ʷʯʝʠʩʪʳʤ ʙʝʪʦʥʦʤ (ʛʘʟʦ- ʠ 

ʧʝʥʦʙʝʪʦʥʦʤ).ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤʪʦʛʦ, ʯʪʦ 

ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʟʥʦʩʫ ʠ 

ʩʪʘʨʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʩʣʝʜʩʪʚʠʝʤ ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ ʠ 

ʪʝʭʥʦʛʝʥʥʳʭ ʢʘʪʘʩʪʨʦʬ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʠʨʝ 

ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ [10-15], 

ʦʩʚʝʱʘʶʱʠʝ ʚʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʨʘʛʤʝʥʪʦʚ ʨʘʟʨʫʰʝʥʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚ 

ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ 

ʘʚʪʦʢʣʘʚʥʦʛʦ ʛʘʟʦʙʝʪʦʥʘ), ʘ ʪʘʢʞʝ ʦʪʭʦʜʦʚ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʨʘʟʨʫʰʝʥʠʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʠʭʠʡʥʳʭ  ʙʝʜʩʪʚʠʡ ʠ 

ʚʦʦʨʫʞʝʥʥʳʭ ʢʦʥʬʣʠʢʪʦʚ, ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.ʇʦʚʪʦʨʥʦʝ 

ʚʦʚʣʝʯʝʥʠʝ ʪʘʢʠʭ ʦʪʭʦʜʦʚ ʧʫʪʝʤ ʠʭ ʨʝʮʠʢʣʠʥʛʘ 

ʧʦʟʚʦʣʠʪ ʩʦʭʨʘʥʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʣʘʛʦʧʨʠʷʪʥʫʶ 

ʦʙʩʪʘʥʦʚʢʫ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʦʚ, ʩʦʯʝʪʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʜʫʢʮʠʠ ʩ ʨʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤ 

ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ. 
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ɸʅʅʆʊɸʎʀʗ 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ  ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ 

ʨʘʟʞʠʞʝʥʠʝ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʭ ʩʤʝʩʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʦʥʘʢʪʠʚʥʳʝ ʨʘʟʞʠʞʠʪʝʣʠ ʉʇ ʉ-3 ʠ ɻʇ Melflux 5561 

ʧʦʚʳʰʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷʚ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʭ ʩʤʝʩʷʭ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʟʥʘʢʘ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʯʘʩʪʠʮ ʟʘʧʦʣʥʠʪʝʣʝʡ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ. ʇʨʠ ʵʪʦʤ ʟʘʧʦʣʥʠʪʝʣʴ ʜʦʣʞʝʥ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ 

ʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʏʝʤ ʙʦʣʴʰʝ ʜʦʣʷ ʧʝʩʢʦʚ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʩʣʘʙʝʝ 

ʨʘʟʞʠʞʝʥʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʜʩʦʨʙʮʠʷ, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ, ʤʝʣʠʡ ʟʘʧʦʣʥʠʪʝʣʴ, 

ʵʣʝʢʪʨʦʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

 

ABSTRACT 

The article is devoted to the systematization of research results on the effect of fine aggregate on the liquefaction 

of cement-sand mixtures. It is shown that the anionactive diluents SP S-3 and GP Melflux 5561 increase the efficiency 

of action in cement-sand mixtures as the charge sign of the surface of the filler particles changes from negative to 

positive. In this case, the filler should be characterized by a dense structure. The greater the proportion of sands with a 

negative surface charge sign, the weaker the liquefaction. 

Keywords: adsorption, superplasticizer, hyperplasticizer, fine filler, electrosurface properties 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʜʦʨʝʜʫʮʠʨʫʶʱʝʛʦ ʠ 

ʧʣʘʩʪʠʬʠʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ (ʉʇ) ʚ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʜʝʨʞʘʥʠʝ ʠ ʩʦʩʪʘʚ ʮʝʤʝʥʪʘ, ʨʅ ʩʨʝʜʳ, 

ʚʦʜʦʮʝʤʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʠ ʜʨ. ʄʦʣʝʢʫʣʳ ʜʦʙʘʚʦʢ 

ʉʇ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʯʘʩʪʠʮʘʭ 

ʛʠʜʨʘʪʥʳʭ ʬʘʟ ʮʝʤʝʥʪʘ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ [1-3]. ʆʜʥʘʢʦ, ʤʝʣʢʠʡ 

ʟʘʧʦʣʥʠʪʝʣʴʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ 

ʨʘʟʞʠʞʝʥʠʠ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʚ ʩʚʷʟʠ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʘʢʪʠʚʥʳʭ 

ʮʝʥʪʨʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʝʛʦ ʯʘʩʪʠʮ [4].ʎʝʣʴʶ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭʘʚʪʦʨʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʚʣʠʷʥʠʶ ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʥʘ ʨʘʟʞʠʞʝʥʠʝ 

ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʭ ʩʤʝʩʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʝ 

ʩʤʝʩʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʙʲʝʢʪʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʪʝʢʫʯʝʩʪʴ ʩʤʝʩʝʡ ʩ ʫʯʝʪʦʤ 

ʩʦʩʪʘʚʘ ʤʝʣʢʠʭ ʟʘʧʦʣʥʠʪʝʣʝʡ ʠ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠʤʘʪʝʨʠʘʣʳ: 

ʎɽʄ I 42,5 ʅ (ɿɸʆ çɹʝʣʛʦʨʦʜʩʢʠʡ ʮʝʤʝʥʪè), 

ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-3, 

ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʄʝʣʴʬʣʶʢʩ 5561,  ʦʪʩʝʚ 

ʜʨʦʙʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʘ (ʂʦʣʦʤʝʥʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ), ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ 

(ʅʠʞʥʝʦʣʴʰʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ), ʤʨʘʤʦʨʥʳʡ 

ʧʝʩʦʢ (ɽʣʝʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ), ʧʝʨʣʠʪ 

(ʄʫʭʦʨ-ʪʘʣʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ), ʅʦʚʦʣʠʧʝʮʢʠʡ 

ʜʦʤʝʥʥʳʡ ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʡ ʰʣʘʢ. ʀʟʤʝʨʝʥʠʷ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

ʧʨʠʙʦʨʝ ZetasizerNano ZS ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ ʢʚʘʨʮʝʚʦʛʦ 

ʧʝʩʢʘ   -31,6 mV, ʠʟʚʝʩʪʥʷʢʘ +38,8 mV, ʤʨʘʤʦʨʘ 

+19,3 mV, ʧʝʨʣʠʪʘ +0,476 mV, ʰʣʘʢʘ +38,4 

mV.ʇʨʠʩʫʪʩʪʚʫʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 

ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ: ʢʚʘʨʮ 

ï +3,13 mV (7,9 %), ʠʟʚʝʩʪʥʷʢ ï -4,13 mV (11,0%), 

ʤʨʘʤʦʨ ï   -85,6 mV (5,1 %), ʧʝʨʣʠʪ ï -82,3 mV (3,1 

%), ʰʣʘʢ ï -55,1 mV (10,3 %). 

ɼʘʥʥʳʝ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʧʝʨ- ʠ ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʥʘ ʩʤʝʩʷʭ ʩʦʩʪʘʚʦʚ 

2:1, 3:1 ʠ 4:1 ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ1. 

ɼʦʟʠʨʦʚʢʫʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʦ ʤʝʨʝ ʨʘʟʙʘʚʣʝʥʠʷ 

ʩʤʝʩʠ ʧʝʩʢʦʤ ʥʝ ʩʥʠʞʘʣʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʭʦʜʦʤ ʮʝʤʝʥʪʘ, ʦʥʘ ʦʩʪʘʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʫ  ʉ-

3 ï 0,16 %, ʫMelflux 5561 ï 0,08 % ʦʪ ʤʘʩʩʳ ʚʩʝʡ 

ʩʤʝʩʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦʚʠʜ 

ʧʨʠʤʝʥʷʝʤʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʥʘʢ 

ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʨʠʩʪʦʩʪʴ, ʭʠʤʠʯʝʩʢʠʡ 
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ʩʦʩʪʘʚ ʦʢʘʟʳʚʘʶʪ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉ-3 ʠ Melflux. 

ɺ ʩʤʝʩʷʭ ʥʘ ʢʚʘʨʮʝʚʦʤ ʧʝʩʢʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʉ-3 ʙʳʣ ʥʠʞʝ, ʯʝʤ ʫ 

Melflux, ʧʨʠ ʵʪʦʤ ʤʝʥʴʰʝ ʟʘʚʠʩʝʣʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ 

ʮʝʤʝʥʪʘ ʚ ʩʤʝʩʠ.ʈʘʟʞʠʞʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

Melfluxʨʝʟʢʦ ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚ ʩʤʝʩʠ 

ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ 

ʧʦʚʳʰʝʥʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʩʦʩʪʘʚʫ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ. ʋʭʫʜʰʝʥʠʝ ʨʘʟʞʠʞʘʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʩʫʧʝʨ- ʠ ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʚʷʞʫʱʝʛʦ ʚ ʨʘʩʪʚʦʨʥʳʭ 

ʩʤʝʩʷʭ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʘʜʩʦʨʙʮʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʦ-ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ 

ʟʘʧʦʣʥʠʪʝʣʷ. ʇʦʵʪʦʤʫ ʜʦʙʘʚʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʚʣʠʷʶʪ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʟʘʧʦʣʥʠʪʝʣʷ, ʘ 

ʨʘʟʞʠʞʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʮʝʤʝʥʪʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʩʤʝʩʠ. 

 

 
 

 
 

 
 

- MF                                             - ʉ-3 

 

ʈʠʩʫʥʦʢ 1. ʈʘʟʞʠʞʘʶʱʠʡ ʵʬʬʝʢʪ ʩʫʧʝʨʧʣʘʩʪʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʷʝʤʦʛʦ 

ʤʝʣʢʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ. 
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ʅʘʠʣʫʯʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʡʩʪʚʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘʙʣʶʜʘʣʘʩʴ ʚ ʩʤʝʩʷʭ 

ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʠ 

(ʨʠʩʫʥʦʢ 1), ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʞʠʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʮʝʤʝʥʪʥʦʝ ʪʝʩʪʦ, ʥʦ ʠ ʟʘʧʦʣʥʠʪʝʣʴ. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʟʞʠʞʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʩ ɻʇ Melflux, ʈʂ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʩʷ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ 

ʟʘʧʦʣʥʠʪʝʣʷ ʦʪ 327 ʤʤ (2:1) ʜʦ 285 ʤʤ (4:1).  

ʉʤʝʩʠ ʩ ʤʝʣʢʠʤ ʟʘʧʦʣʥʠʪʝʣʝʤ ʠʟ ʠʟʚʝʩʪʥʷʢʘ 

ʠ ʰʣʘʢʘ ʨʘʟʞʠʞʘʣʠʩʴ ʩʣʘʙʦ,ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʧʝʨ- 

ʠ ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʤʘʣʦ ʟʘʚʠʩʝʣʘ ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʧʦʣʥʠʪʝʣʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʛʣʦʱʝʥʠʝʤ ʜʦʙʘʚʢʠ ʦʪʢʨʳʪʦʡ ʧʦʨʠʩʪʦʩʪʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʝʥ ʟʘʧʦʣʥʠʪʝʣʷ.ʈʘʟʞʠʞʝʥʠʝ ʩʤʝʩʝʡ 

ʥʘ ʠʟʚʝʩʪʥʷʢʦʚʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʟʘʧʦʣʥʠʪʝʣʝ ʠʟ ʰʣʘʢʘ, ʪʘʢ ʢʘʢ ʟʝʨʥʘ 

ʠʟʚʝʩʪʥʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʥʘʢʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʠ 

ʵʪʦʤ ʫ ʰʣʘʢʘ ï ʟʘʨʷʜ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʥʦʠʤʝʥʥʳʡ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʩʦʩʪʘʚʦʚ, 

ʫ ʩʤʝʩʝʡ ʥʘ ʧʝʨʣʠʪʦʚʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʨʘʟʞʠʞʘʶʱʠʡ 

ʵʬʬʝʢʪ ʙʳʣ ʚʳʰʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʇ ʉ-3, ʯʝʤ 

ɻʇ Melflux 5561 (ʨʠʩʫʥʦʢ 1), ʧʨʠʯʝʤ ʩ ʨʦʩʪʦʤ 

ʩʦʜʝʨʞʘʥʠʷ ʧʝʨʣʠʪʦʚʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʚ ʩʤʝʩʠ ʵʪʘ 

ʨʘʟʥʠʮʘʫʚʝʣʠʯʠʘʣʘʩʴ.ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʣʠʪʘ 

ʥʘʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʨʷʞʝʥʥʳʭ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʘʜʩʦʨʙʮʠʶ ʥʘ ʥʠʭ ʤʦʣʝʢʫʣ ʉʇ ʉ-3 ʘʥʠʦʥʥʦʛʦ ʪʠʧʘ, 

ʧʨʠ ʵʪʦʤ ʨʘʟʞʠʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʮʝʤʝʥʪʥʘʷ ʬʘʟʘ, 

ʥʦ ʠ ʟʘʧʦʣʥʠʪʝʣʴ. ʇʨʠ ʵʪʦʤ ʜʝʡʩʪʚʠʝ Melflux 5561 

ʚʳʟʳʚʘʣʦ ʩʣʘʙʦʝ ʨʘʟʞʠʞʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦʢʘʨʙʦʢʩʠʣʘʪʥʳʝ ʛʨʫʧʧʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʵʣʝʢʪʦʨʦʩʪʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ 

ʩʪʘʙʠʣʠʟʘʮʠʠ, ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ 

ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʧʝʨʣʠʪʘ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʠʦʥʳ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʢʦʘʛʫʣʷʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʵʪʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʛʨʫʧʧʝ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʬʠʨʥʳʝ 

ʤʘʣʦʛʠʜʨʦʬʠʣʴʥʳʝʛʨʫʧʧʳ Melflux, ʢʘʢ ʵʪʦ 

ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʝ [5], ʢʦʘʛʫʣʠʨʫʶʪ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʠʦʥʦʚ ʂ+, ʯʪʦ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʥʦʩʠʪʴ ʚʢʣʘʜ 

ʚ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ Melflux ʧʨʠ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʠ ʩ ʧʝʨʣʠʪʦʚʳʤ ʟʘʧʦʣʥʠʪʝʣʝʤ. 

ʈʝʟʶʤʠʨʫʷ ʠʟʣʦʞʝʥʥʦʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ɸʥʠʦʥʘʢʪʠʚʥʳʡʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʉ-3 

ʧʦʚʳʰʘʝʪ ʩʚʦʝ ʨʘʟʞʠʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʝʭʦʜʦʤ ʟʥʘʢʘ ʟʘʨʷʜʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʧʦʣʥʠʪʝʣʷ ʦʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ. ʇʨʠ ʵʪʦʤ ʟʘʧʦʣʥʠʪʝʣʴ ʜʦʣʞʝʥ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷʧʣʦʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ.ʏʝʤ ʙʦʣʴʰʝ 

ʩʦʜʝʨʞʘʥʠʝ ʟʘʧʦʣʥʠʪʝʣʝʡ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʟʥʘʢʦʤ 

ʟʘʨʷʜʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʥʠʞʝ ʨʘʟʞʠʞʘʶʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʘʥʠʦʥʘʢʪʠʚʥʳʭ ʩʫʧʝʨ- ʠ 

ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʨʘʟʞʠʞʝʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʪʦʣʴʢʦ ʮʝʤʝʥʪʥʘʷ ʩʫʩʧʝʥʟʠʷ   ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, 

ʩʦʜʝʨʞʘʱʘʷ ʯʘʩʪʠʮʳ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ. 

ʇʦʵʪʦʤʫ ʚ ʪʦʱʠʭ ʙʝʪʦʥʥʳʭ ʩʤʝʩʷʭ ʩ ʥʠʟʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩʦʚʨʝʤʝʥʥʳʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʫʧʝʨ- ʠ ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʳʧʣʦʭʦ 

ʨʘʙʦʪʘʶʪ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʨʦʙʣʝʤʘ ʨʘʟʞʠʞʝʥʠʷ 

ʪʦʱʠʭ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, 

ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʦʥʩʪʨʫʢʮʠʷ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʘʛʨʝʩʩʠʚʥʦʡ ʚʥʝʰʥʝʡ ʩʨʝʜʦʡ. 

- ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʤʝʣʢʠʡ 

ʟʘʧʦʣʥʠʪʝʣʴ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʪʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʚʝʜʝʥʥʦʡ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʡ 

ʜʦʙʘʚʢʠ ʠʤ ʘʜʩʦʨʙʠʨʫʝʪʩʷ.  ʇʨʠ ʵʪʦʤ 

ʵʣʝʢʪʨʦʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʟʘʧʦʣʥʠʪʝʣʝʡʠʛʨʘʶʪ ʚʪʦʨʦʩʪʝʧʝʥʥʫʶ ʨʦʣʴ.  

- ʇʨʠ ʥʝʚʳʩʦʢʠʭ ʜʦʟʠʨʦʚʢʘʭʭʠʤʠʯʝʩʢʠʭ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ (0,2-0,5 %) ʥʝ ʙʝʪʦʥʥʳʝ ʩʤʝʩʠ ʥʘ 

ʦʩʥʦʚʝ ʜʦʤʝʥʥʦʛʦ ʛʨʘʥʫʣʠʨʦʚʘʥʥʦʛʦ ʰʣʘʢʘ, ʘ 

ʪʘʢʞʝ ʢʝʨʘʤʟʠʪʘ, ʠʟʚʝʩʪʥʷʢʘ ʠ ʜʨʫʛʠʭ ʧʦʨʠʩʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʣʘʙʦ ʨʘʟʞʠʞʘʶʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʴʶ ʜʘʥʥʳʭ ʟʘʧʦʣʥʠʪʝʣʝʡ, ʚ 

ʨʝʟʫʣʴʪʘʪʝʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʚʝʜʝʥʥʦʛʦ ʇɸɺ 

ʩʦʨʙʠʨʫʝʪʩʷ ʧʦʨʘʤʠ ʯʘʩʪʠʮ. ʆʜʥʘʢʦ, ʧʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʜʦʟʠʨʦʚʢʠ ʩʫʧʝʨ- ʠ 

ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘʜʦ 2-3 % ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʨʘʟʞʠʞʝʥʠʝ ʩʤʝʩʝʡ ʩ ʜʘʥʥʳʤʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ. 
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ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʥʘʜʝʣʝʥʠʝ ʠʭ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤʠ, ʧʨʠʟʚʘʥʥʳʤʠ ʟʘʱʠʪʠʪʴ ʯʝʣʦʚʝʢʘ ʦʪ  

ʥʝʛʘʪʠʚʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʬʦʥʦʚʦʛʦ ʰʫʤʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʩʪʝʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠʟʜʝʣʠʡ ʥʘ ʦʩʥʦʚʝ 

ʚʩʧʫʯʝʥʥʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ ʠ ʦʮʝʥʢʘ ʠʭ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʧʦ 

ʦʙʦʩʥʦʚʘʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʠ ʚʝʣʠʯʠʥʳ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʦʪ 

ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʷʞʫʱʝʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʚʷʞʫʱʝʝ, ʚʩʧʫʯʝʥʥʳʡ ʚʝʨʤʠʢʫʣʠʪ, 

ʧʨʝʩʩʦʚʘʥʠʝ. 

 

ABSTRACT 

 

One of the important directions for improving building materials is to endow them with various protective 

properties, in particular soundproofing, designed to protect people from the negative effects of background noise 

pollution. This determines the relevance of the development of wall structural and thermal insulation materials with 

improved sound insulation properties. The purpose of the work was to develop a method for producing structural and 

thermal insulation products based on expanded vermiculite and assess their sound insulation potential. The article 

provides data on the substantiation of the technology for obtaining the material, the dependence of strength and sound 

absorption on the pressing pressure and the amount of binder used. 

Key words: soundproofing material, composite binder, expanded vermiculite, pressing. 

 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʜʝʣʝʥʠʝ ʠʭ ʨʘʟʣʠʯʥʳʤʠ ʟʘʱʠʪʥʳʤʠ 

ʢʘʯʝʩʪʚʘʤʠ, ʧʨʠʟʚʘʥʥʳʤʠ ʦʛʨʘʜʠʪʴ ʯʝʣʦʚʝʢʘ ʦʪ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʚʦʟʥʠʢʘʶʱʠʭ, 

ʚ ʩʣʝʜʩʪʚʠʠ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ, ʜʝʩʪʨʫʢʪʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʟʜʦʨʦʚʴʝ ʠ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ [1]. ʆʜʥʦʡ ʠʟ ʧʦʜʦʙʥʳʭ ʧʨʦʙʣʝʤ 

ʷʚʣʷʝʪʩʷ çʰʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝè ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʧʦʚʳʰʝʥʥʦʤ ʫʨʦʚʥʝ ʬʦʥʦʚʦʛʦ 

ʰʫʤʘ ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʂʦʚʘʨʩʪʚʦ ʧʦʜʦʙʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʦʩʪʦʠʪ ʚ ʦʪʩʫʪʩʪʚʠʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʭ 

ʩʠʤʧʪʦʤʦʚ, ʟʘʩʪʘʚʣʷʶʱʠʭ ʧʨʠʥʠʤʘʪʴ ʥʝʤʝʜʣʝʥʥʳʝ 

ʤʝʨʳ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ, ʘ ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʠʪʝʣʴʥʦʤʫ ʵʬʬʝʢʪʫ. 

ʂʣʘʩʩʠʯʝʩʢʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʦ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ 

ʧʨʦʥʠʢʘʶʱʝʛʦ ʰʫʤʘ [2, 3], ʦʜʥʘʢʦ ʷʚʣʷʶʪʩʷ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤʠ, ʪʨʝʙʫʶʪ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʦʛʨʘʞʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʫʤʝʥʴʰʘʶʪ ʦʙʲʸʤ ʧʦʤʝʱʝʥʠʷ ʠ, ʚ ʥʝʢʦʪʦʨʳʭ 

ʩʣʫʯʘʷʭ, ʠʟʤʝʥʷʶʪ ʝʛʦ ʦʙʣʠʢ. ɺʩʸ ʵʪʦ ʜʝʣʘʝʪ ʠʭ 

ʤʘʣʦʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʬʦʥʦʚʳʤʠ ʰʫʤʦʚʳʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷʤʠ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʟʘʜʘʯʘ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʚʦʟʣʘʛʘʝʪʩʷ ʥʘ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥʳ [4]. ʆʜʥʘʢʦ, ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʠʭ 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʝ ʬʦʨʤʠʨʫʶʪʩʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ, ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʧʨʠ ʧʦʜʦʙʥʦʤ ʧʦʜʭʦʜʝ ʥʝʨʝʰʝʥʥʳʤʠ ʦʩʪʘʶʪʩʷ 

ʚʦʧʨʦʩʳ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʚʥʫʪʨʝʥʥʠʭ (ʥʝ ʫʪʝʧʣʷʝʤʳʭ) 

ʩʪʝʥ ʠ ʧʝʨʝʛʦʨʦʜʦʢ. ʕʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʩʪʝʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʪʘʢ ʠ ʚ 

ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤʠ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʇʨʠ ʵʪʦʤ 

ʚʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʧʦʜʦʙʥʳʭ ʠʟʜʝʣʠʡ ʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʯʪʦ ʩʦʟʜʘʩʪ 

ʛʠʙʢʦʩʪʴ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʦʩʧʨʠʠʤʯʠʚʦʛʦ ʢ 

ʥʦʚʘʮʠʷʤ ʫʯʘʩʪʥʠʢʘ ʨʳʥʢʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʩʧʫʯʝʥʥʳʡ ʚʝʨʤʠʢʫʣʠʪ. ɺʝʨʤʠʢʫʣʠʪ - 

ʵʪʦ ʤʠʥʝʨʘʣ, ʘʣʶʤʦʩʠʣʠʢʘʪ ʤʘʛʥʠʷ ʠ ʞʝʣʝʟʘ ʠʟ 

ʛʨʫʧʧʳ ʛʠʜʨʦʩʣʶʜ ʧʦʜʢʣʘʩʩʘ ʩʣʦʠʩʪʳʭ ʩʠʣʠʢʘʪʦʚ, 

ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʠʟ ʙʠʦʪʠʪʘ (ʠʣʠ ʬʣʦʛʦʧʠʪʘ) ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ 

ʤʠʥʝʨʘʣʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʩʧʫʯʠʚʘʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʚʳʰʝ 300 Áʉ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʣʫʯʘʝʪʩʷ ʦʯʝʥʴ ʣʝʛʢʠʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʥʘʰʝʜʰʠʡ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ [5]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʩʧʫʯʝʥʥʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ ʢʘʢ 

ʟʘʧʦʣʥʠʪʝʣʷ ʷʚʣʷʶʪʩʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʣʦʠʩʪʳʤ 

ʩʪʨʦʝʥʠʝʤ ʯʘʩʪʠʮ, ʚʳʩʦʢʠʝ ʜʝʬʦʨʤʘʪʠʚʥʦʩʪʴ ʠ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʟʸʨʝʥ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʟʜʝʣʠʡ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʮʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʠʟʜʝʣʠʡ ʥʘ 

ʦʩʥʦʚʝ ʚʩʧʫʯʝʥʥʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ ʠ ʦʮʝʥʢʘ ʠʭ 

ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʡ ʦʩʥʦʚʳ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʚʷʞʫʱʝʝ ʂɺ67,5-ʂɺʇ25-ɺ5-

ʅɼʇ2,5 ʧʦʣʫʯʝʥʥʦʝ ʩʦʚʤʝʩʪʥʳʤ ʧʦʤʦʣʦʤ ʜʦ 

ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 500Ñ20 ʤ
2
/ʢʛ ʪʦʚʘʨʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʎɽʄ I 42,5 ʅ (67,5% ʤʘʩʩ; 

ʧʨʦʠʟʚʦʜʠʪʝʣʴ çʍʦʣʩʠʤè) ʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʤʠʥʝʨʘʣʴʥʦʡ ʜʦʙʘʚʢʠ, ʚʢʣʶʯʘʶʱʝʡ (%, ʦʪ ʤʘʩʩʳ 

ʚʷʞʫʱʝʛʦ): 

- ʦʪʩʝʚ ʜʨʦʙʣʝʥʠʷ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ (ʬʨ. 

0,315-1,25 ʤʤ)  - 25%; 

- ʚʩʧʫʯʝʥʥʳʡ ʚʝʨʤʠʢʫʣʠʪ - 5%; 

- ʧʦʨʦʰʦʢ ʤʠʢʨʦʢʨʝʤʥʝʟʸʤʘ - 2,5%. 

ʉʦʩʪʘʚ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʙʳʣ 

ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʢʣʘʩʩʘ ʧʦ 

ʧʨʦʯʥʦʩʪʠ 32,5, ʧʨʠ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʝ 30,5%. 

ʊʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʦʪʩʝʚʳ ʜʨʦʙʣʝʥʠʷ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʧʦʜʣʦʞʢʠ ʠ 

ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ ʫʧʣʦʪʥʷʶʱʝʛʦ ʩʠʩʪʝʤʫ ʠ 

ʩʥʠʞʘʶʱʝʛʦ ʝʸ ʫʩʘʜʢʫ. ɺʩʧʫʯʝʥʥʳʡ ʚʝʨʤʠʢʫʣʠʪ, 

ʯʘʩʪʠʯʥʦ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʤʦʣʘ 

ʚʷʞʫʱʝʛʦ, ʧʨʠʟʚʘʥ ʧʦʚʳʩʠʪʴ ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʷ, ʩʙʣʠʟʠʪʴ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʘ ʪʘʢ ʞʝ 

ʥʘʩʳʪʠʪʴ ʧʦʩʣʝʜʥʠʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʲʸʤʦʤ ʧʦʨ, 

ʯʪʦ ʧʨʠʟʚʘʥʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʪʝʧʣʦ- ʠ 

ʟʚʫʢʦʧʨʦʚʦʜʷʱʠʝ ʤʦʩʪʠʢʠ ʚ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ. 

ʈʦʣʴ ʧʦʨʦʰʢʘ ʤʠʢʨʦʢʨʝʤʥʝʟʸʤʘ ʩʦʩʪʦʠʪ ʚ 

ʩʚʷʟʳʚʘʥʠʠ ʩʚʦʙʦʜʥʦʡ ʠʟʚʝʩʪʠ ʚ ʢʘʤʥʝ ʠ ʧʦʚʳʰʝʥʠʷ 

ʝʛʦ ʧʨʦʯʥʦʩʪʠ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʚʳʩʦʣʦʦʙʨʘʟʦʚʘʥʠʷ ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴʶ ʩʠʩʪʝʤʳ. 

ɺʚʠʜʫ ʥʠʟʢʦʡ ʥʘʩʳʧʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʟʘʧʦʣʥʠʪʝʣʷ (180 ʢʛ/ʤ
3
 ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ 

ʨʘʙʦʪʝ), ʙʳʣʦ ʧʨʠʥʷʪʦ ʜʦʟʠʨʦʚʘʥʠʝ ʝʛʦ ʧʦ ʦʙʲʸʤʫ. 

ʇʨʠ ʵʪʦʤ ʨʘʩʭʦʜ ʚʷʞʫʱʝʛʦ ʥʘʟʥʘʯʘʣʩʷ ʚ 

ʢʠʣʦʛʨʘʤʤʘʭ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʸʤʘ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʚ 

ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʘʨʴʠʨʦʚʘʣʩʷ ʥʘ ʪʨʸʭ ʫʨʦʚʥʷʭ: 

410, 480, 550ʢʛ/ʤ
3
. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦʠʩʢʘ ʧʨʠʝʤʣʝʤʦʛʦ ʩʧʦʩʦʙʘ 

ʬʦʨʤʦʚʘʥʠʷ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣ ʦʧʨʦʙʦʚʘʥ 

ʧʣʘʩʪʠʯʝʩʢʠʡ ʩʧʦʩʦʙ. ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ 

ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʬʦʨʤʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ 

ʚʦʜʦʧʦʛʣʦʱʝʥʠʝ ʚʝʨʤʠʢʫʣʠʪʘ, ʢʦʪʦʨʦʝ ʟʘ 15-20 ʤʠʥ 

(ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠ ʚʳʨʘʙʦʪʢʠ 

ʩʤʝʩʠ) ʩʦʩʪʘʚʠʣʦ 250-300% ʧʦ ʤʘʩʩʝ. ʉ ʫʯʸʪʦʤ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʣʝʷ (30% ʦʪ ʂɺ), ʚʦʜʦʮʝʤʝʥʪʥʦʝ 

ʦʪʥʦʰʝʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʧʦʣʫʯʝʥʠʝ ʧʦʜʚʠʞʥʦʡ 

ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʩʪʘʚʣʷʣʦ 1,3-1,4. ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʜʳ ʥʘʭʦʜʠʣʘʩʴ ʚ ʟʘʧʦʣʥʠʪʝʣʝ, 

ʚʳʩʦʢʦʝ ʚʦʜʦʩʦʜʝʨʞʘʥʠʝ ʩʦʟʜʘʚʘʣʦ ʧʨʦʙʣʝʤʳ ʧʨʠ 

ʬʦʨʤʦʚʘʥʠʠ ʦʙʨʘʟʮʦʚ, ʩʚʷʟʘʥʥʳʝ ʢʘʢ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʚʦʜʳ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʠ ʚʳʜʝʨʞʠʚʘʥʠʠ ʜʦ 

ʩʭʚʘʪʳʚʘʥʠʷ, ʪʘʢ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʠʭ ʩʫʰʢʠ ʧʦʩʣʝ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ 

ʧʝʨʝʭʦʜʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʨʠ 

ʧʦʥʠʞʝʥʥʳʭ ʜʘʚʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʥʘ 

ʫʨʦʚʥʷʭ: 0,5; 1; 1,5 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʧʦʷʚʠʣʘʩʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʩʳʱʝʥʠʷ ʚʦʜʦʡ ʟʘʧʦʣʥʠʪʝʣʷ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ 

ʨʘʩʭʦʜ ʚʦʜʳ ʥʘ ʧʦʩʪʦʷʥʥʦʤ ʫʨʦʚʥʝ, ʩʥʠʟʠʚ ʪʝʤ 

ʩʘʤʳʤ ɺ/ʎ ʦʪʥʦʰʝʥʠʝ ʜʦ 0,65-0,87 ʜʣʷ ʩʦʩʪʘʚʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʷʞʫʱʝʛʦ. ʆʜʠʥʘʢʦʚʦʝ  

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʜʣʷ ʚʩʝʭ ʩʦʩʪʘʚʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, 

ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʸ ʨʘʚʥʦ ʧʦʛʣʦʱʘʝʪʩʷ 

ʟʘʧʦʣʥʠʪʝʣʝʤ, ʠ ʦʩʥʦʚʥʦʡ ʝʸ ʬʫʥʢʮʠʝʡ ʥʘ ʩʪʘʜʠʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʷʚʣʷʝʪʩʷ ʫʚʣʘʞʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʸʨʝʥ ʚʝʨʤʠʢʫʣʠʪʘ, ʜʣʷ ʚʨʝʤʝʥʥʦʡ 

ʬʠʢʩʘʮʠʠ ʥʘ ʥʠʭ ʯʘʩʪʠʮ ʚʷʞʫʱʝʛʦ. ʆʩʦʙʝʥʥʦʩʪʴʶ 

ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʳʩʪʨʦʛʦ ʚʚʝʜʝʥʠʷ 

ʚʦʜʳ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʟʘʧʦʣʥʠʪʝʣʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ (ʙʝʟ ʧʘʫʟʳ) ʚʚʝʜʝʥʠʷ ʚʷʞʫʱʝʛʦ.  

ɺʳʙʦʨ ʜʠʘʧʘʟʦʥʘ ʜʘʚʣʝʥʠʡ ʧʨʝʩʩʦʚʘʥʠʷ ʙʳʣ 

ʦʙʫʩʣʦʚʣʝʥ ʢʘʢ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʘʢ ʠ ʤʠʥʠʤʘʣʴʥʳʤ ʚʳʜʘʚʣʠʚʘʥʠʝʤ 

ʚʦʜʳ ʠʟ ʩʤʝʩʠ. ʇʨʠʯʸʤ ʩʘʤ ʬʘʢʪ ʚʨʝʤʝʥʥʦʛʦ ʦʪʞʘʪʠʷ 

ʞʠʜʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʳʨʮʘ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʵʪʦʛʦ ʤʠʥʠʤʘʣʴʥʦ 

ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʦʩʪʘʸʪʩʷ ʤʝʞʜʫ 

ʯʘʩʪʠʮʘʤʠ ʚʷʞʫʱʝʛʦ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʛʦ ʩʭʚʘʪʳʚʘʥʠʝ 

ʠ ʪʚʝʨʜʝʥʠʝ. 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʩʦʩʪʘʚʠʣʘ 1100-1300 ʢʛ/ʤ
3
. ʅʘ ʨʠʩʫʥʢʝ 1 ʘ ʧʦʢʘʟʘʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

͋ύ 
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ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʘʨʴʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ 

ʨʠʩʫʥʢʘ, ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʚʣʠʷʥʠʝ ʨʘʩʭʦʜʘ ʚʷʞʫʱʝʛʦ 

ʥʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʳʤ, ʠʤʝʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ 

ʤʠʥʠʤʫʤ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʘʥʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ.  

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʨʘʩʭʦʜʘ ʚʷʞʫʱʝʛʦ: ʘ) ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʚ 

ʚʦʟʨʘʩʪʝ 28 ʩʫʪ., ʄʇʘ; ʙ) ʦʩʣʘʙʣʝʥʠʷ ʟʚʫʢʘ ʥʘ ʯʘʩʪʦʪʝ 500 ɻʮ, ʜɹ; ʚ) ʦʩʣʘʙʣʝʥʠʷ ʟʚʫʢʘ ʥʘ ʯʘʩʪʦʪʝ 4000 ɻʮ, ʜɹ 

 

ɸʥʘʣʠʟ ʟʚʫʢʦʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ ʪʦʣʱʠʥʦʡ 

10 ʤʤ (ʨʠʩʫʥʦʢ 1 ʙ ʠ ʚ) ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ ʇʕ-ɺʐ (ʨʠʩʫʥʦʢ 2). ʅʘ 

ʚʝʣʠʯʠʥʫ ʦʩʣʘʙʣʝʥʠʷ ʟʚʫʢʘ ʩ ʯʘʩʪʦʪʘʤʠ 500 ʠ 4000 

ɻʮ, ʧʨʦʭʦʜʷʱʝʛʦ ʯʝʨʝʟ ʤʘʪʝʨʠʘʣ, ʜʘʚʣʝʥʠʝ 

ʧʨʝʩʩʦʚʘʥʠʷ ʦʢʘʟʳʚʘʝʪ ʩʣʘʙʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. 

ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʦʩʣʘʙʣʝʥʠʷ ʩʠʛʥʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʚʷʞʫʱʝʛʦ, ʜʦʩʪʠʛʘʷ 2-2,5 

ʠ 12-15 ʜɹ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʘʩʪʦʪʘʭ.  

 

 
 

ʈʠʩʫʥʦʢ 2. ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʦʩʣʘʙʣʝʥʠʷ 

ʫʨʦʚʥʷ ʟʚʫʢʘ ʇʕ-ɺʐ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʤʝʪʦʜʦʤ 

ʧʨʝʩʩʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʚʩʧʫʯʝʥʥʦʛʦ ʚʝʨʤʠʢʫʣʠʪʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʦ ʫʩʠʣʝʥʠʝ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʩʪ ʧʦʩʪʨʦʝʥ ʚ 1978 ʛʦʜʫ, ʦʪʚʝʨʩʪʠʝ ʤʦʩʪʘ ʨʘʟʙʠʪʦ ʥʘ ʪʨʠ ʧʨʦʣʝʪʘ 

ʠ ʧʝʨʝʢʨʳʪʦ ʨʘʟʨʝʟʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʧʨʦʣʝʪʥʳʤʠ ʩʪʨʦʝʥʠʷʤʠ,ʧʦʣʥʘʷ ʜʠʥʘ ʤʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 42,74 ʤ. 

ʇʨʦʣʝʪʥʳʝ ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʙʘʣʦʢ. ʇʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʫʩʠʣʝʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʩʪʘ ʠʟ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚFibARM 530/300 ʚ ʚʠʜʝ U-ʦʙʨʘʟʥʦʡ ʦʙʦʡʤʳ ʩ ʚʳʩʦʪʦʡ ʧʦʣʦʢ 60 ʤʤ ʧʦʚʝʨʭ ʣʘʤʝʣʠ 

FibARMLamel 14/100. ʊʘʢʞʝ ʚ ʭʦʜʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʝʥ ʥʦʚʳʡ ʢʣʘʩʩ ʙʘʣʦʢ, ʫʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʤʘʪʝʨʠʘʣʝ ʫʩʠʣʝʥʠʷ, ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ, ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʜʣʠʥʘ ʟʘʚʦʜʢʠ ʤʘʪʝʨʠʘʣʘ 

ʫʩʠʣʝʥʠʷ ʟʘ ʤʝʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʨʳʚʘ. ʉʜʝʣʘʥʳ ʦʙʦʙʱʘʶʱʠʝ ʚʳʚʦʜʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʠʥʞʝʥʝʨʥʳʝ ʨʘʩʯʝʪʳ, ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʫʩʠʣʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

 

ABSTRACT 

 

The article discusses the reinforcement of a bridge structure with the use of external reinforcement made of 

composite materials. The bridge in question was built in 1978, the opening of the bridge is divided into three spans and 

is blocked by split reinforced concrete spans, the total height of the bridge is 42.74 m. The bridge spans are made of 

beams. Calculations of the reinforcement of the bridge bearing structures made of FibARM 530/300 composite 

materials in the form of a U-shaped cage with a shelf height of 60 mm on top of the FibARMLamel 14/100 are 

presented. Also, in the course of the work done, a new class of beams, the stress level in the reinforcement material, the 

height of the compressed zone, the bearing capacity of the reinforced section and the length of the winding of the 

reinforcement material for the place of the theoretical breakage were determined. Generalizing conclusions are made. 

Keywords:engineering calculations, composite materials, reinforcement of building structures. 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʩʭʦʜʠʪ ʤʘʩʰʪʘʙʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʬʝʨʘʭ ʵʢʦʥʦʤʠʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʡ ʪʝʭʥʠʢʠ ʠ 

ʪʝʭʥʦʣʦʛʠʡ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʧʝʨʝʚʦʦʨʫʞʝʥʠʝ ʟʘʯʘʩʪʫʶ ʩʚʷʟʘʥʳ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʥʘʛʨʫʟʢʠ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ 

ʘʛʨʝʩʩʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʚʳʧʦʣʥʷʪʴ ʫʩʠʣʝʥʠʝ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʪʨʫʜʦʟʘʪʨʘʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʫʩʠʣʝʥʥʳʭ ʢʦʤʧʦʟʠʪʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʩʦʚʤʝʩʪʥʘʷ 

ʨʘʙʦʪʘ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʙʝʪʦʥʘ ʠ 

ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ ʫʩʠʣʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ 

ʚʥʝʰʥʝʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʘʨʤʠʨʦʚʘʥʠʷ[1-5]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʫʩʠʣʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʥʘ ʧʨʠʤʝʨʝ ʤʦʩʪʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ.ʆʩʥʦʚʥʳʤ 

ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʤʦʩʪʦʚ 

ʷʚʣʷʝʪʩʷ ʫʩʠʣʝʥʠʝ ʛʣʘʚʥʳʭ ʙʘʣʦʢ ʧʨʦʣʝʪʥʦʛʦ 

ʩʪʨʦʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʪʘʢʦʝ ʫʩʠʣʝʥʠʝ ʤʦʞʝʪ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʥʘʢʣʝʡʢʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩʠʩʪʝʤʳ ʚʥʝʰʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ. 

ɻʣʘʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʫʩʪʨʘʥʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ ʠ 

ʢʦʨʨʦʟʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
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ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʦʦʨʫʞʝʥʠʡ.ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʩʪ ʧʦʩʪʨʦʝʥ ʚ 

1978 ʛʦʜʫ. ʆʪʚʝʨʩʪʠʝ ʤʦʩʪʘ ʨʘʟʙʠʪʦ ʥʘ ʪʨʠ ʧʨʦʣʝʪʘ 

ʠ ʧʝʨʝʢʨʳʪʦ ʨʘʟʨʝʟʥʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʧʨʦʣʝʪʥʳʤʠ ʩʪʨʦʝʥʠʷʤʠ ʧʦ ʩʭʝʤʝ 3Ĭ14 ʤ ʠ 

ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʷʤʦʡ ʚ ʧʣʘʥʝ ʠ ʥʘ ʫʢʣʦʥʝ 4 ă. 

ʇʦʣʥʘʷ ʜʠʥʘ ʤʦʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 42,74 ʤ. ʇʨʦʣʝʪʥʳʝ 

ʩʪʨʦʝʥʠʷ ʤʦʩʪʘ ʚʳʧʦʣʥʝʥʳ ʠʟ ʙʘʣʦʢ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʦʧʦʨʳ ï ʤʘʩʩʠʚʥʳʝ, ʥʘ 

ʬʫʥʜʘʤʝʥʪʝ ʤʝʣʢʦʛʦ ʟʘʣʦʞʝʥʠʷ. ʋʩʪʦʠ ï ʩʪʦʝʯʥʳʝ 

ʦʜʥʦʨʷʜʥʳʝ ʥʘ ʩʚʘʡʥʦʤ ʦʩʥʦʚʘʥʠʠ (4 ʩʚʘʠ 

ʩʝʯʝʥʠʝʤ 0,4ʭ0,5 ʤ). ʉʭʝʤʘ ʤʦʩʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʫʩʠʣʝʥʠʷ 

ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʩʯʝʪʘ, ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴʶ ʛʣʘʚʥʳʭ ʙʘʣʦʢ 

ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ 

ʩʝʯʝʥʠʷ ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʣʝʪʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʠʣʝʥʠʷ ʨʝʰʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʠʩʪʝʤʫ ʚʥʝʰʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ FibARM ʥʘ ʦʩʥʦʚʝ 

ʫʛʣʝʨʦʜʥʳʭ ʚʦʣʦʢʦʥ [6-12]. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʤʦʩʪʘ

ʈʘʩʯʝʪ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʠʣʝʥʠʷ ʛʣʘʚʥʳʭ 

ʙʘʣʦʢ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʯʝʪʘ 

ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʧʨʦʣʝʪʥʳʭ ʩʪʨʦʝʥʠʡ ʤʦʩʪʘ 

ʪʨʝʙʫʝʪʩʷ ʧʦʚʳʩʠʪʴ ʢʣʘʩʩ ʛʣʘʚʥʳʭ ʙʘʣʦʢɹ2-

ɹ5ʧʨʦʣʝʪʥʦʛʦ ʩʪʨʦʝʥʠʷὑˎ2,ˎ 5 = 12,896 , ὑˎ3,ˎ 4 =
13,603  ʧʦ ʠʟʛʠʙʘʶʱʝʤʫ ʤʦʤʝʥʪʫ ʚ ʩʝʨʝʜʠʥʝ 

ʧʨʦʣʝʪʘ ʜʦ ʢʣʘʩʩʘ ʥʘʛʨʫʟʢʠ ὑ=14,0.ʋʩʠʣʝʥʠʝ ʥʘ 
ʚʦʩʧʨʠʷʪʠʝ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʚ ʩʝʨʝʜʠʥʝ 

ʧʨʦʣʝʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʫʪʝʤ ʥʘʢʣʝʡʢʠ ʥʘ ʥʠʞʥʠʡ 

ʧʦʷʩ ʠ ʙʦʢʦʚʳʝ ʛʨʘʥʠ ʛʣʘʚʥʦʡ ʙʘʣʢʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʘʨʢʠ FibARM 

530/300 ʚ ʚʠʜʝ U-ʦʙʨʘʟʥʦʡ ʦʙʦʡʤʳ ʩ ʚʳʩʦʪʦʡ ʧʦʣʦʢ 

60 ʤʤ ʧʦʚʝʨʭ ʣʘʤʝʣʠ FibARMLamel 14/100 

ʰʠʨʠʥʦʡ 100 ʤʤ. ɼʣʠʥʘ ʥʘʢʣʝʡʢʠ ʣʘʤʝʣʠ 

ʩʦʩʪʘʚʣʷʝʪ ï 3,30 ʤ. ʭʦʣʩʪʘ ï 3,80 ʤ ʚ ʩʝʨʝʜʠʥʝ 

ʙʘʣʢʠ. ʈʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ 

ʫʩʠʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉʭʝʤʘ ʫʩʠʣʝʥʠʷ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2 [14-20]. 

 

ʊʘʙʣʠʮʘ 1  

ʈʘʩʯʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

 

 

ʋʨʦʚʝʥʴ ʥʘʧʨʷʞʝʥʠʡ ʚ ʤʘʪʝʨʠʘʣʝ ʫʩʠʣʝʥʠʷ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠ ʙʘʣʦʢ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ: 

„Ὢό= ὙὪὸὯά,  

 

Ὧά =
1

60‐Ὢὸ
1
ὲὸὪὉὪὸ

360
0,9,  

ʛʜʝ ‐Ὢὸ= ὙὪὸὉὪὸϳ ï ʧʨʝʜʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ; ὲï 
ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ;ὸὪï ʪʦʣʱʠʥʘ 

ʩʣʦʷ ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ, ʤʤ;ὉὪὸïʨʘʩʯʝʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ, 

ʄʇʘ; ὙὪὸïʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʫʩʠʣʝʥʠʷ, ʄʧʘ [21-25].  

ɼʣʷ ʭʦʣʩʪʘ FibARMTape 530/300: 

‐Ὢὸ=
2580 ,0

218000 ,0
= 0,01183; 

Ὧά =
1

60Ͻ0,01183
1

1Ͻ0,294Ͻ218,0

360
= 0,9; 

„Ὢό1 = 2580,0Ͻ0,9 = 2322,0 ʄʇʘ. 

ɼʣʷ ʣʘʤʝʣʠ FibARMLamel 14/100: 

‐Ὢὸ=
1946,0

190000 ,0
= 0,01024; 

Ὧά =
1

60Ͻ0,01024
1

1Ͻ1,4Ͻ190,0

360
= 0,425; 

„Ὢό= 1946,0 Ͻ0,425 = 827,0 ʄʇʘ. 

ɺʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

ὼ=
Ὑίὃί+ „Ὢό1 ὃὪ1 + ὃὪ2 + 0,5 „Ὢό1 „Ὢό2 ὃὪ2 + „ὪόὃὪὰ Ὑίὧὃᴂί

ὙὦὦὪ
  

ʛʜʝ Ὑί ʠ Ὑί̒  ï ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʥʠʞʥʝʡ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ ʠ  ʥʘ ʩʞʘʪʠʝ ʚʝʨʭʥʝʡ, 

ʊʠʧ ʠ ʥʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʊʦʣʠɦʥʘ, ʤʤ ʇʨʦʯʥʦʩʪʴ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʄʇʘ 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ɻʇʘ 

ʍʦʣʩʪ FibARM Tape 530/300 0,294 2580 218 

ʃʘʤʝʣʴ FibARMLamel 14/100 1,400 1946 190 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʄʇʘ;  ὃί ʠ ὃᴂί ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ 
ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ
2
; „Ὢό1   ʠ „Ὢό2  ï ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʥʠʞʥʠʭ ʠ ʚʝʨʭʥʠʭ ʬʠʙʨʘʭ U-ʦʙʨʘʟʥʦʡ ʦʙʦʡʤʳ 

ʭʦʣʩʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʄʇʘ; „Ὢό ï ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʣʘʤʝʣʠ, ʄʇʘ; ὃὪ1 , ὃὪ2  ʠ ὃὪὰ ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ 

ʭʦʣʩʪʘ ʥʘ ʥʠʞʥʝʡ ʛʨʘʥʠ ʙʘʣʢʠ, ʥʘ ʙʦʢʦʚʦʡ ʛʨʘʥʠ 

ʙʘʣʢʠ ʠ ʧʣʦʱʘʜʴ ʣʘʤʝʣʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤ
2
; Ὑὦ ï 

ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ, ʄʇʘ; ὦὪ ï ʰʠʨʠʥʘ 

ʧʣʠʪʳ ʙʘʣʢʠ, ʤ. 

„Ὢό2 =
Ὤ Ὠ ὼ

Ὤ ὼ
, 

ʛʜʝ Ὤ ï ʚʳʩʦʪʘ ʙʘʣʢʠ, ʤ; Ὠ ï ʚʳʩʦʪʘ ʧʦʣʦʢ U-

ʦʙʨʘʟʥʦʡ ʦʙʦʡʤʳ, ʤ. 

 

ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ ʫʩʠʣʝʥʠʷ ʛʣʘʚʥʳʭ ʙʘʣʦʢ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʚʳʩʦʪʳ ʩʞʘʪʦʡ ʟʦʥʳ 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ ʧʫʪʝʤ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʷ ʚʳʩʦʪʳ ʩʞʘʪʦʡ ʟʦʥʳ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʚʝʨʭʥʠʭ ʬʠʙʨʘʭ U-ʦʙʨʘʟʥʦʡ ʦʙʦʡʤʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʙʣʠʞʝʥʠʡ [26-28]: 
„Ὢό2 = 2322,0

0,85 0,06 0,0967

0,85 0,0967
= 2137,1 ʄʇʘ; 

ὼ=
247,78Ͻ0,01 + 2322,0Ͻ0,000194Ͻ0,3 + 0,5 2322,0 2137,1 Ͻ0,06Ͻ0,000194

18,53Ͻ1,3
+  

+
0,0014Ͻ0,1Ͻ827 247,78Ͻ0,00161

18,53Ͻ1,3
= 0,0967 ʤ. 

ʅʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʫʩʠʣʝʥʥʦʛʦ ʩʝʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὓˠ= ὙίὃίὬ0 0,5ὙὦὦὪὼ
2 Ὑίὧὃ

ᴂ
ίὥ
ᴂ
ί

+ „Ὢό1ὃὪ1Ὤ+  

+„Ὢό2ὃὪ2 Ὤ
Ὠ

2
+ 0,5 „Ὢό1 „Ὢό2 Ὤ

Ὠ

3
ὃὪ2

+ „ὪόὃὪὰὬ, 

 

ʛʜʝ Ὤ0 = Ὤ ὥί ï ʨʘʙʦʯʘʷ ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ, ʤ; ὥᴂί ï 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʞʘʪʦʡ ʛʨʘʥʠ ʙʘʣʢʠ ʜʦ ʮʝʥʪʨʘ 

ʪʷʞʝʩʪʠ ʩʞʘʪʦʡ ʘʨʤʘʪʫʨʳ; ὥί ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʨʘʩʪʷʥʫʪʦʡ ʛʨʘʥʠ ʙʘʣʢʠ ʜʦ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ 

ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨʳ. 
ὼ= 247,78Ͻ0,01Ͻ0,703 0,5Ͻ18,53Ͻ1,3Ͻ0,09672 247,78Ͻ
0,00161Ͻ0,055 + + 2322,0Ͻ0,18Ͻ0,000194Ͻ0,85 +

0,5 2322,0 2137,1 0,85
0,06

3
0,012 + + 827Ͻ0,0014Ͻ0,1Ͻ

0,85 = 2695,46 ʢʅʤ. 

 ʄʦʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʦʩʧʨʠʥʷʪʴ ʙʘʣʢʘ 

ʧʦʩʣʝ ʫʩʠʣʝʥʠʷ ʙʝʟ ʨʘʟʛʨʫʟʢʠ ʦʪ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʝʩʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

ὓ̔̂= ὓ+ (ὓˠ ὓ)
(ὓ ὓὖ)

ὓ
,  

ʛʜʝ ὓ  ï ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʫʩʠʣʝʥʥʦʛʦ 

ʩʝʯʝʥʠʷ, ʢʅʤ; ὓὖ  ï ʤʦʤʝʥʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ 

ʩʝʯʝʥʠʠ ʦʪ ʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɼʣʷ 

ʙʘʣʦʢ ˉ 2 ʠ ˉ 5: 
ὓˎ 2,ˎ 5
̔̂

= 1609,61 + 2695,46 1609,61
1609,61 870,44

1609,61
= 2108,26 ʢʅʤ. 

 ɼʣʷ ʙʘʣʦʢ ˉ 3 ʠ ˉ 4: 

ὓˎ 3,ˎ 4
̔̂

= 1609,61 + 2695,46 1609,61
1609,61 863,38

1609,61
= 2113,02 ʢʅʤ. 

 ʂʣʘʩʩ ʙʘʣʦʢ ˉ2 ʠ ˉ 4 ʫʚʝʣʠʯʠʣʩʷ ʥʘ 37% 

ʠ ʩʦʩʪʘʚʠʣ ὑˎ2,ˎ 5 = 17,64; ˉ 3 ʠ ˉ 5 ï ʥʘ 33% ʠ 

ʩʦʩʪʘʚʠʣ ὑˎ3,ˎ 4 = 18,13. 

 ɼʣʠʥʘ ʟʘʚʦʜʢʠ ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ ʟʘ 

ʤʝʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʨʳʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

=‫
ὗ

2ήίύ
+ 5,64 ὦὪόὸὪ,  

ʛʜʝ ὗ ï ʧʦʧʝʨʝʯʥʘʷ ʩʠʣʘ ʚ ʥʦʨʤʘʣʴʥʦʤ ʩʝʯʝʥʠʠ, 

ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʪʦʯʢʫ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʨʳʚʘ, 

ʢʅ; ήίύ =
Ὑίύὃίύ

ίύ
 ï ʫʩʠʣʠʝ ʚ ʧʦʧʝʨʝʯʥʦʡ ʘʨʤʘʪʫʨʝ 

ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ, ʢʅ; ὦὪό  ï ʰʠʨʠʥʘ 

ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ, ʤ; ὸὪ ï ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ 
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ʫʩʠʣʝʥʠʷ, ʤ; Ὑίύ ï ʧʨʦʯʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʭʦʤʫʪʦʚ, 

ʄʇʘ; ί̱ύ ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʦʜʥʦʡ ʚʝʪʚʠ ʭʦʤʫʪʦʚ, 

ʤ
2
; ίύ ï ʰʘʛ ʭʦʤʫʪʦʚ, ʤ.  

 ɼʣʷ ʭʦʣʩʪʘ FibARMTape 530/300: 

=‫
145,54Ͻ0,2

2Ͻ1,9Ͻ105Ͻ0,0001
+ 5,64Ѝ0,3 Ͻ0,000294 = 0,82 ʤ; 

 ɼʣʷ ʣʘʤʝʣʠ FibARMLamel 14/100: 

=‫
135,68Ͻ0,2

2Ͻ1,9Ͻ105Ͻ0,0001
+ 5,64Ѝ0,1 Ͻ0,0014 = 0,78 ʤ; 

ɺʳʚʦʜʳ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʦʩʪʘ ʪʨʝʙʫʝʪʩʷ 0,82 ʤ ʟʘʚʦʜʢʠ 

ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ ʟʘ ʤʝʩʪʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ 

ʦʙʨʳʚʘ ʜʣʷ ʭʦʣʩʪʘ FibARMTape 530/300 ʠ 0,78 ʤ. 

ʟʘʚʦʜʢʠ ʤʘʪʝʨʠʘʣʘ ʫʩʠʣʝʥʠʷ ʟʘ ʤʝʩʪʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʨʳʚʘ ʜʣʷ ʣʘʤʝʣʠ FibARMLamel 

14/100. ʂʣʘʩʩ ʙʘʣʦʢ ˉ2 ʠ ˉ 4 ʫʚʝʣʠʯʠʣʩʷ ʥʘ 37% ʠ 

ʩʦʩʪʘʚʠʣ ὑˎ2,ˎ 5 = 17,64; ˉ 3 ʠ ˉ 5 ï ʥʘ 33% ʠ 

ʩʦʩʪʘʚʠʣ ὑˎ3,ˎ 4 = 18,13.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʞʠʣʦʛʦ ʟʜʘʥʠʷ ʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɸʚʪʦʨʳ ʧʨʠʚʦʜʷʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ, ʘ ʪʘʢʞʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦʢʘʟʘʪʝʣʠ ʦ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʝʨʝʜ ʘʚʪʦʨʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʠ ʠ 

ʮʝʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʠʟʫʘʣʴʥʦ-ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʘʪʝʛʦʨʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʜʘʥʠʡ, ʚʳʷʚʠʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʯʸʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ, ʘ ʪʘʢʞʝ 

ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ, ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʢʣʶʯʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʤʝʱʝʥʠʡ ʢʚʘʨʪʠʨ 

ʞʠʣʦʛʦ ʜʦʤʘ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 28.01.2006 ˉ 47 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʇʦʣʦʞʝʥʠʷ ʦ ʧʨʠʟʥʘʥʠʠ ʧʦʤʝʱʝʥʠʷ 

ʞʠʣʳʤ ʧʦʤʝʱʝʥʠʝʤ, ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʠ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ ʘʚʘʨʠʡʥʳʤ ʠ 

ʧʦʜʣʝʞʘʱʠʤ ʩʥʦʩʫ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠè. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʞʠʣʦʡ ʬʦʥʜ, ʘʚʘʨʠʡʥʘʷ ʢʘʪʝʛʦʨʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʢʘʪʝʛʦʨʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ. 

 

ABSTRACT 

 

The technical inspection results of the residential building structures in the Moscow region are presented in this 

article. The authors provide the object characteristics, as well as the means and methods by which the necessary 

indicators of its technical condition are obtained. The authors had tasks and goals to determine, using visual and 

instrumental methods, the category of technical buildings condition, to identify the technical materials characteristics, to 

detect defects and damage, to analyze their formation causes, to determine its physical wear and tear, as well as its 

residual resource, using calculation methods, to assess the possibility of its further use and draw up a technical report. 

The compliance analysis was carried out for residential premises with the requirements of the Russian Federation 

Government Decree (January 28, 2006 No. 47) çOn Regulations approval on recognizing premises as residential 

premises, residential premises unsuitable for habitation and an apartment building as unsafe and subject to demolition or 

reconstructionè. 

Keywords:technical survey, housing stock, ultimate limit state, pre-award survey, instrumental survey, 

technical condition categories. 



ɺʚʝʜʝʥʠʝ.ʇʝʨʝʜ ʘʚʪʦʨʘʤʠ ʩʪʦʷʣʘ ʟʘʜʘʯʠ ʠ 

ʮʝʣʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʠʟʫʘʣʴʥʦ-

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢʘʪʝʛʦʨʠʶ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ, ʚʳʷʚʠʪʴ 

ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʥʘʨʫʞʠʪʴ ʜʝʬʝʢʪʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, 

ʨʘʩʯʸʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʠʪʴ ʝʛʦ ʬʠʟʠʯʝʩʢʠʡ 

ʠʟʥʦʩ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ, ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ 

ʩʦʩʪʘʚʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʟʘʢʣʶʯʝʥʠʝ. 

ʄʝʪʦʜʠʢʘ ʦʙʩʣʝʜʦʚʘʥʠʷ.ʆʙʩʣʝʜʦʚʘʥʠʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʝʡ ʠ 

ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʝʡ ʪʨʝʙʦʚʘʥʠʷ ʢ ʟʜʘʥʠʷʤ ʠ 

ʩʦʦʨʫʞʝʥʠʷʤ ʚ ʨʘʤʢʘʭ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ, 

ʉʅʠʇʘʤʠ, ɻʆʉʊʘʤʠ ʠ ʜʨʫʛʠʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʘ ʪʘʢʞʝ ɺʉʅ 57ï88 

(ʨ) çʇʦʣʦʞʝʥʠʝ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ 

ʟʜʘʥʠʡè, ɻʆʉʊ 31937ï2011 çɿʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ. 

ʇʨʘʚʠʣʘ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷè ʠ ʉʇ 22.13330.2011 

çʆʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè. 

ʉʦʩʪʘʚ ʨʘʙʦʪ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʟʜʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʠ ʵʪʘʧʘ. ʅʘ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ 

ʨʘʙʦʪ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʝʜʦʚʘʥʠʷ.  ʅʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʦʙʲʝʢʪ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʦʡ, ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʤ ʨʝʰʝʥʠʝʤ, 

ʨʝʞʠʤʦʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺʦ ʚʨʝʤʷ 

ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʠ 

ʧʦʜʙʦʨ ʧʨʦʝʢʪʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʵʪʘʧʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʠʟʫʘʣʴʥʦʝ ʦʩʤʦʪʨ ʦʙʲʝʢʪʘ ʠ ʝʛʦ 

ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʦʚʦʜʠʪʩʷ 

ʦʙʤʝʨʳ ʚʥʫʪʨʝʥʥʠʭ ʛʘʙʘʨʠʪʦʚ ʧʦʤʝʱʝʥʠʡ ʟʜʘʥʠʷ. 

ɺʳʷʚʣʷʶʪʩʷ ʠ ʬʠʢʩʠʨʫʶʪʩʷ ʚʥʝʰʥʠʝ ʜʝʬʝʢʪʳ ʠ 

ʧʦʚʨʝʞʜʝʥʠʷ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʜʝʪʘʣʴʥʦʛʦ 

(ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ) ʦʙʩʣʝʜʦʚʘʥʠʷ: ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ 

ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʛʨʘʬʠʯʝʩʢʘʷ ʯʘʩʪʴ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʟʘʢʣʶʯʝʥʠʷ, ʧʨʦʚʦʜʠʪʩʷ ʩʙʦʨ ʥʘʛʨʫʟʦʢ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʩʦʩʪʘʚʣʷʶʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ 

ʧʦ ʫʩʠʣʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʩʪʨʘʥʝʥʠʶ 

ʦʙʥʘʨʫʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ 

ʄʝʪʦʜʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʉʦʩʪʦʷʥʠʝ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ 

ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ.  ʆʧʨʝʜʝʣʝʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ 

ʟʜʘʥʠʷ ʠ ʵʣʝʤʝʥʪʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʞʝʩʪʢʦʩʪʴ 

ʚʩʝʛʦ ʟʜʘʥʠʷ, ʧʨʦʚʝʜʝʥʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ 

ʠʩʧʳʪʘʥʠʝ ʚʩʝʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʮʝʣʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʘʪʝʨʠʘʣʦʚ, ʚʳʧʦʣʥʝʥʳ ʚʩʢʨʳʪʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ 

ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʦʢʨʳʪʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ, 

ʩʦʩʪʘʚʣʝʥ ʧʦʚʝʨʦʯʥʳʡ ʨʘʩʯʝʪ ʥʘ ʦʩʪʘʪʦʯʥʫʶ 

ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

[1-4]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʦʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʥʠʷ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʙʦʨʳ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʘʭ 

ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ: 

ʦʧʪʠʯʝʩʢʠʝ,ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ, ʠʟʤʝʨʠʪʝʣʴʥʳʝ 

[5-10].  

ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʦʙʲʝʤʥʦ-

ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ 

ʟʜʘʥʠʷ.ɿʜʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʡ ʧʷʪʠʵʪʘʞʥʳʡ ʞʠʣʦʡ ʜʦʤ, 

ʧʦʩʪʨʦʝʥʥʳʡ ʚ 1965 ʛʦʜʫ ʧʦ ʪʠʧʦʚʦʤʫ ʧʨʦʝʢʪʫ. 

ɿʜʘʥʠʝ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ ʚ ʧʣʘʥʝ. ʈʘʟʤʝʨʳ ʚ 

ʧʣʘʥʝ 30,2ʭ12,0 ʤ (ʧʦ ʦʩʷʤ 1-7/ɸ-ɺ). ʆʙʱʘʷ 

ʧʣʦʱʘʜʴ ʟʜʘʥʠʷ: å1087,0 ʤ
2
. ɺʦʜʦʩʪʦʢ ʥʘʨʫʞʥʳʡ 

ʥʝ ʦʨʛʘʥʠʟʦʚʘʥʥʳʡ. ɺʦʜʦʩʪʦʯʥʳʝ ʪʨʫʙʳ 

ʦʪʩʫʪʩʪʚʫʶʪ.ʇʣʦʱʘʜʢʘ ʩʧʣʘʥʠʨʦʚʘʥʘ ʠ 

ʙʣʘʛʦʫʩʪʨʦʝʥʘ.ʅʘʜ ʚʭʦʜʘʤʠ ʚ ʟʜʘʥʠʝ ʚʳʧʦʣʥʝʥʳ 

ʢʦʟʳʨʴʢʠ, ʠʟ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʩ 

ʢʨʦʚʝʣʴʥʳʤ ʧʦʢʨʳʪʠʝʤ ʠʟ ʨʫʙʝʨʦʠʜʘ.  ɺ ʪʦʨʮʝʚʳʭ 

ʬʘʩʘʜʘʭ ʟʜʘʥʠʷ, ʚ ʫʨʦʚʥʝ ʨʘʩʢʨʝʧʣʝʥʠʷ ʧʝʨʝʢʨʳʪʠʡ 

ʵʪʘʞʝʡ, ʚʳʧʦʣʥʝʥʳ ʣʦʜʞʠʠ ʟʘʛʣʫʙʣʝʥʥʦʛʦ 

ʪʠʧʘ.ʌʘʩʘʜʳ ʚʳʧʦʣʥʝʥʳ ʩ ʦʙʣʠʮʦʚʢʦʡ ʢʠʨʧʠʯʦʤ 

ʩʠʣʠʢʘʪʥʳʤ ʣʠʮʝʚʳʤ ʧʦʣʥʦʪʝʣʳʤ ʥʘ ʮʝʤʝʥʪʥʦ-

ʧʝʩʯʘʥʦʤ ʨʘʩʪʚʦʨʝ.  ʎʦʢʦʣʴ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥ ʠʟ 

ʢʣʘʜʢʠ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʩ 

ʨʘʩʰʠʚʢʦʡ ʰʚʦʚ. 

ʉʚʝʜʝʥʠʷ ʦ ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ, 

ʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ɺ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʫʯʘʩʪʦʢ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʤʦʨʝʥʥʦʡ ʨʘʚʥʠʥʳ. ʈʝʣʴʝʬ 

ʧʣʦʱʘʜʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʚʥʳʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ 

148,60ï 157,90 ʤ (ʧʦ ʫʩʪʴʷʤ ʩʢʚʘʞʠʥ). 

ʃʦʢʘʣʴʥʳʭ ʤʝʩʪ ʧʦʥʠʞʝʥʠʡ ʨʝʣʴʝʬʘ ʚ 

ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʢʠ ʥʝ ʦʪʤʝʯʝʥʦ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ 

ʫʩʣʦʚʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʪʦʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʘʢ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ.ɺ ʨʘʡʦʥʝ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʢʚʘʞʠʥ ʧʣʦʱʘʜʢʘ ʠʟʳʩʢʘʥʠʡ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʝʨʝʢʨʳʪʘ ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʳʤ ʧʦʢʨʳʪʠʝʤ (tIV), 

ʤʦʱʥʦʩʪʴʶ 0,1 ï 1,0 ʤ.ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

ʫʯʘʩʪʢʘ ʜʦ ʨʘʟʚʝʜʘʥʥʦʡ ʛʣʫʙʠʥʳ ʚ 50,0 ʤ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʛʝʥʝʟʠʩʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʌʫʥʜʘʤʝʥʪʳ.ɺʩʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʷ, ʧʨʠʥʷʪʳ ʦʙʩʣʝʜʦʚʘʥʠʝʤ, ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʦʪʢʦʧʢʠ ʰʫʨʬʘ. ʇʨʠ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʦʪʢʦʧʢʝ ʰʫʨʬʘ ʰʠʨʠʥʘ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʘ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩ ʫʩʣʦʚʠʝʤ ʩʠʤʤʝʪʨʠʯʥʦʩʪʠ ʝʛʦ 

ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. ʋʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ 

ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʰʝ ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʘ ʥʘ 0.5ʤ ʠ 

ʚ ʧʝʨʠʦʜ ʦʩʝʥʥʝ-ʚʝʩʝʥʥʠʭ ʧʘʚʦʜʢʦʚ ʤʦʞʝʪ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʂʦʥʩʪʨʫʢʮʠʠ ʬʫʥʜʘʤʝʥʪʦʚ 

ʧʦʜʚʝʨʞʝʥʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤʫ ʫʚʣʘʞʥʝʥʠʶ 

ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʧʨʠʚʦʜʠʪ ʢ ʚʳʤʳʚʘʥʠʶ ʨʘʩʪʚʦʨʘ ʠʟ ʰʚʦʚ 

ʢʠʨʧʠʯʥʦʡ ʠ ʙʣʦʯʥʦʡ ʢʣʘʜʢʠ ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ, ʘ 
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ʪʘʢʞʝ ʨʘʟʨʫʰʝʥʠʶ ʪʝʣʘ ʬʫʥʜʘʤʝʥʪʘ. 

ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ʟʜʘʥʠʷ ʚʩʣʝʜʩʪʚʠʝ 

ʚʳʤʳʚʘʥʠʷ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʥʘʢʣʦʥʥʦ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʝʩʷ 

ʪʨʝʱʠʥʳ ʚ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʝ ʥʘʨʫʞʥʳʭ ʩʪʝʥ. 

ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 3 ɺʉʅ 53-86 (ʨ), ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʬʫʥʜʘʤʝʥʪʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 67%. ʋʯʠʪʳʚʘʷ ʥʘʣʠʯʠʝ ʚʳʷʚʣʝʥʥʳʭ 

ʜʝʬʝʢʪʦʚ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ 

ʘʚʘʨʠʡʥʦʝ.ʆʪʤʦʩʪʢʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʟʜʘʥʠʷ 

ʘʩʬʘʣʴʪʦʙʝʪʦʥʥʘʷ. ʉʦʩʪʦʷʥʠʝ ʦʪʤʦʩʪʢʠ 

ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ (ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʨʦʩʣʴ, 

ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʣʦʢʘʣʴʥʳʡ ʫʯʘʩʪʢʘʭ, ʧʦʚʨʝʞʜʝʥʘ 

ʪʨʝʱʠʥʘʤʠ, ʠʤʝʝʪ ʱʝʣʠ ʠ ʟʘʟʦʨʳ ʚ ʤʝʩʪʘʭ 

ʧʨʠʤʳʢʘʥʠʷ ʢ ʥʘʨʫʞʥʳʤ ʩʪʝʥʘʤ ʜʦ 30 ʤʤ). 

ʉʪʝʥʳ.ʂʦʥʩʪʨʫʢʮʠʠ ʥʘʨʫʞʥʳʭ ʠ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʚ ʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʢ 

ʦʩʤʦʪʨʫ.ʉʪʝʥʳ ʚʳʧʦʣʥʝʥʳ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʡ 

ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʥʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʇʝʨʝʛʦʨʦʜʢʠ ï ʠʟ ʢʠʨʧʠʯʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʧʦʣʥʦʪʝʣʦʛʦ. ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʜʝʬʝʢʪʦʚ ʚ ʥʘʨʫʞʥʳʭ ʩʪʝʥʘʭ - ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ 

ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʚ 

ʯʘʩʪʥʦʩʪʠ ʥʘʨʫʰʝʥʠʝ ʧʨʘʚʠʣ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʣʘʜʦʯʥʳʭ ʨʘʙʦʪ.  ʉʣʝʜʳ ʧʨʦʪʝʯʝʢ ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʝʥʘʭ ʚʳʟʚʘʥʳ ʥʝʠʩʧʨʘʚʥʦʩʪʴʶ ʠʥʞʝʥʝʨʥʳʭ 

ʩʠʩʪʝʤ ʟʜʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʩʣʝʜʩʪʚʠʝ ʥʝʢʦʨʨʝʢʪʥʦ 

ʚʳʧʦʣʥʝʥʥʦʡ ʛʠʜʨʦʠʟʦʣʷʮʠʠ ʧʦʣʦʚ ʧʦʤʝʱʝʥʠʡ 

ʩʘʥʠʪʘʨʥʳʭ ʫʟʣʦʚ. ʉʣʝʜʳ ʧʨʦʪʝʯʝʢ ʥʘ ʚʥʫʪʨʝʥʥʠʭ 

ʩʪʝʥʘʭ ʧʦʜʚʘʣʘ ʚʳʟʚʘʥʳ ʥʝʠʩʧʨʘʚʥʦʩʪʴʶ ʦʪʤʦʩʪʢʠ 

ʟʜʘʥʠʷ. 

ɼʝʬʝʢʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʦʩʤʦʪʨʘ: ʥʘʨʫʞʥʘʷ ʚʝʨʩʪʘ ʢʣʘʜʢʠ ʠʤʝʝʪ ʫʯʘʩʪʢʠ 

ʥʘʤʦʢʘʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 35 ʤʤ. 

ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʦʩʘʜʢʘ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ ʚʳʟʚʘʣʘ 

ʧʦʷʚʣʝʥʠʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ 

ʥʘʢʣʦʥʥʳʭ ʪʨʝʱʠʥ ʚ ʥʘʨʫʞʥʳʭ ʩʪʝʥʘʭ ʟʜʘʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʳ 10 ɺʉʅ 53-86(ʨ) ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʢʠʨʧʠʯʥʳʭ ʩʪʝʥ 

ʩʦʩʪʘʚʣʷʝʪ 65%. ʉʪʝʥʳ ʠ ʧʝʨʝʛʦʨʦʜʢʠ ʟʜʘʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʝʨʝʢʨʳʪʠʷ.ʂʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʢʨʳʪʠʡ 

ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʚ 

ʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʢ ʦʩʤʦʪʨʫ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʨʫʰʝʥʠʷ. 

ʈʘʟʨʫʰʝʥʠʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʨʝʙʨʠʩʪʦʡ 

ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ, ʦʛʦʣʝʥʠʝ ʠ ʢʦʨʨʦʟʠʷ ʨʘʙʦʯʝʡ 

ʘʨʤʘʪʫʨʳ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 53-86 (ʨ) ʪʘʙʣʠʮʳ 30, 

ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʩʦʩʪʘʚʣʷʝʪ 63%. 

ʇʝʨʝʢʨʳʪʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʂʨʳʰʘ.ʂʦʥʩʪʨʫʢʮʠʠ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʝʥʳ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʚ ʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ ʢ ʦʩʤʦʪʨʫ. ɼʝʬʝʢʪʳ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʭʦʜʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʜʦʣʴʥʳʝ ʪʨʝʱʠʥʳ, ʨʘʟʨʫʰʝʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʧʦʢʨʳʪʠʷ, 

ʦʛʦʣʝʥʠʝ ʠ ʢʦʨʨʦʟʠʷ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ. ʅʘ 

ʥʠʞʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʠʪ ʧʦʢʨʳʪʠʷ ʦʪʤʝʯʘʝʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʝʜʳ ʧʨʦʪʝʯʝʢ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʩʪʨʦʧʠʣʴʥʦʡ ʩʠʩʪʝʤʳ 

ʩʦʩʪʘʚʣʷʝʪ 56% ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 53-86 (ʨ) 

ʪʘʙʣʠʮʳ 39.  

ʂʨʦʚʣʷ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ 

ʦʩʤʦʪʨʘ ʢʨʦʚʣʠ ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʚʟʜʫʪʠʷ, ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʪʨʝʱʠʥʳ 

ʛʠʜʨʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʢʦʚʨʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 

53-86 (ʨ) ʪʘʙʣʠʮʝʡ 41 ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʢʨʦʚʣʠ ʩʦʩʪʘʚʣʷʝʪ 62 %. 

ʂʨʦʚʣʷ ʟʜʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

ʃʝʩʪʥʠʯʥʳʝ ʤʘʨʰʠ ʠ ʧʣʦʱʘʜʢʠ.ɺ 

ʦʙʩʣʝʜʫʝʤʦʤ ʟʜʘʥʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ çʇ-ʦʙʨʘʟʥʳʝè 

ʩʙʦʨʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʜʚʫʭʤʘʨʰʝʚʳʝ ʣʝʩʪʥʠʮʳ 

ʠ ʧʣʦʱʘʜʢʠ, ʘ ʪʘʢʞʝ ʦʜʥʦʤʘʨʰʝʚʘʷ ʣʝʩʪʥʠʮʘ ʥʘ 

ʫʨʦʚʥʝ 1-ʛʦ ʵʪʘʞʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ ʙʝʪʦʥʥʳʭ 

ʩʪʫʧʝʥʝʡ, ʫʣʦʞʝʥʥʳʭ ʧʦ ʢʠʨʧʠʯʥʳʤ ʩʪʝʥʘʤ.  ʅʘ 

ʫʛʣʫ ʛʣʘʚʥʦʛʦ ʬʘʩʘʜʘ ˉ2 ʚʳʧʦʣʥʝʥʘ ʩʪʘʣʴʥʘʷ 

ʣʝʩʪʥʠʮʘ ʩ ʢʨʦʚʣʠ. 

ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʬʝʢʪʳ. ʃʝʩʪʥʠʯʥʳʝ 

ʧʣʦʱʘʜʢʠ ʠ ʤʘʨʰʠ ʠʤʝʶʪ ʩʪʝʨʪʦʩʪʠ ʠ ʩʢʦʣʳ ʥʘ 

ʚʩʝʭ ʯʝʪʳʨʝʭ ʣʝʩʪʥʠʯʥʳʭ ʢʣʝʪʢʘʭ. ʆʛʨʘʞʜʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʣʝʩʪʥʠʯʥʳʭ ʤʘʨʰʝʡ ʤʝʭʘʥʠʯʝʩʢʠ 

ʧʦʚʨʝʞʜʝʥʳ. ʂʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʙʘʣʦʢ ʤʘʨʰʝʡ ʚ ʫʨʦʚʥʝ ʧʦʜʚʘʣʘ. 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʣʝʩʪʥʠʯʥʳʭ ʤʘʨʰʝʡ ʠ ʧʣʦʱʘʜʦʢ 

ʩʦʩʪʘʚʣʷʝʪ 58% ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 53-86 (ʨ) 

ʪʘʙʣʠʮʘ 35. ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʣʝʩʪʥʠʯʥʳʝ ʤʘʨʰʠ ʠ 

ʧʣʦʱʘʜʢʠ ʥʘʭʦʜʷʪʩʷ ʚ  ʦʛʨʘʥʠʯʝʥʥʦ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʦʣʳ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʜʝʬʝʢʪʳ ʠ ʥʘʨʫʰʝʥʠʷ. 

ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʠ 

ʧʦʣʦʚ ʣʝʩʪʥʠʯʥʳʭ ʧʣʦʱʘʜʦʢ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʫʯʘʩʪʢʠ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʥʳʭ ʧʦʣʦʚ ʧʦʜʚʘʣʘ 

ʚʳʟʚʘʥʥʳʝ ʣʦʢʘʣʴʥʳʤʠ ʧʨʦʩʘʜʢʘʤʠ ʛʨʫʥʪʦʚʦʛʦ 

ʦʩʥʦʚʘʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 53-86 (ʨ) ʪʘʙʣʠʮʳ 

48, 49, 50, 53 ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ 

ʜʣʷ ʙʝʪʦʥʥʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ ʧʦʣʦʚ ʩʦʩʪʘʚʣʷʝʪ 

56%. ʂʦʥʩʪʨʫʢʮʠʠ ʧʦʣʘ ʟʜʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ [15-18]. 

ɼʚʝʨʥʳʝ ʠ ʦʢʦʥʥʳʝ ʙʣʦʢʠ.ʆʢʦʥʥʳʝ ʙʣʦʢʠ 

ï ʜʝʨʝʚʷʥʥʳʝ, ʜʚʫʭ ʠ ʪʨʝʭʩʪʚʦʨʯʘʪʳʝ, ʩ ʜʚʦʡʥʳʤ 

ʦʩʪʝʢʣʝʥʠʝʤ. ʊʘʢ ʞʝ ʠʤʝʶʪʩʷ ʪʨʝʭʩʪʚʦʨʯʘʪʳʝ ʦʢʥʘ 

ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʜʚʝʨʝʡ ʚʳʭʦʜʘ ʥʘ ʣʦʜʞʠʶ. ɼʚʝʨʠ 

ʚʳʧʦʣʥʝʥʳ ʜʝʨʝʚʷʥʥʳʤʠ, ʩʪʘʣʴʥʳʤʠ. ɼʚʝʨʠ 

ʚʭʦʜʦʚ ʚ ʟʜʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʜʝʬʦʨʤʠʨʦʚʘʥʳ, 

ʠʤʝʶʪ ʧʦʚʨʝʞʜʝʥʠʷ ʦʙʚʷʟʦʢ ʠ ʧʦʣʦʪʝʥ, ʥʝ 

ʧʣʦʪʥʦʩʪʠ ʚ ʧʨʠʪʚʦʨʘʭ.  

ɼʝʬʝʢʪʳ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ: ʜʝʨʝʚʷʥʥʳʝ ʜʚʝʨʥʳʝ ʠ 

ʦʢʦʥʥʳʝ ʙʣʦʢʠ ʧʦʜʚʝʨʞʝʥʳ ʢʦʨʦʙʣʝʥʠʶ, ʠʤʝʶʪ 

ʧʣʦʭʦʡ ʧʨʠʪʚʦʨ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʷ 

ʣʘʢʦʢʨʘʩʦʯʥʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʯʘʩʪʠʯʥʳʤ 

ʦʪʩʫʪʩʪʚʠʝʤ ʦʩʪʝʢʣʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 53-86 

(ʨ) ʪʘʙʣʠʮʘ 55 ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ 

ʠʟʥʦʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʨʝʚʷʥʥʳʭ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ 

ʩʦʩʪʘʚʣʷʝʪ 56%. ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 55 ɺʉʅ 53-86 

(ʨ) ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ 

ʜʝʨʝʚʷʥʥʳʭ ʜʚʝʨʝʡ ʩʦʩʪʘʚʣʷʝʪ 59%. ʆʢʦʥʥʳʝ ʠ 

ʜʚʝʨʥʳʝ ʙʣʦʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦ-

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʩʦʩʪʦʷʥʠʠ.  
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ɹʘʣʢʦʥʳ.ʍʘʨʘʢʪʝʨʥʳʝ ʜʝʬʝʢʪʳ, 

ʚʳʷʚʣʝʥʥʳʝ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʙʘʣʢʦʥʦʚ: 

ʥʘʤʦʢʘʥʠʷ, ʨʘʟʨʫʰʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ʢʦʨʨʦʟʠʷ ʠ 

ʦʛʦʣʝʥʠʝ ʥʠʞʥʝʛʦ ʘʨʤʠʨʦʚʘʥʠʷ ʙʘʣʢʦʥʥʳʭ ʧʣʠʪ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ɺʉʅ 53-86 (ʨ) ʪʘʙʣʠʮʘ 37 ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʙʘʣʢʦʥʦʚ ʩʦʩʪʘʚʣʷʝʪ 

73%. ʉʦʩʪʦʷʥʠʝ ʙʘʣʢʦʥʦʚ ʘʚʘʨʠʡʥʦʝ. 

ɼʝʬʝʢʪʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʞʠʣʦʛʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʟʜʘʥʠʷ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1-4. 
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ʈʠʩʫʥʦʢ 4. ʉʢʦʣʳ ʙʝʪʦʥʘ ʩʪʫʧʝʥʝʡ ʣʝʩʪʥʠʯʥʳʭ ʤʘʨʰʝʡ 
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ʆʙʦʩʥʦʚʘʥʠʝ ʢʘʪʝʛʦʨʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʞʠʣʦʛʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ III ʛʨʫʧʧʳ ʢʘʧʠʪʘʣʴʥʦʩʪʠ 

ʂʦʥʩʪʨʫʢʮʠʷ 

ʋʜʝʣʴʥʳʝ ʚʝʩʘ 

ʫʢʨʫʧʥʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ 

ʋʜʝʣʴʥʳʡ 

ʚʝʩʦʪʜʝʣʴʥʦʛʦ 

ʵʣʝʤʝʥʪʘ 

ʦʙʲʝʢʪʘʩʦʛʣʘʩʥʦ 

ʪʘʙʣʠʮʝ ʠʟ 

ʧʨʠʣʦʞʝʥʠʷ 2 

ɺʉʅ 53-86 çʨè 

ʈʘʩʯʝʪʥʳʡ 

ʫʜʝʣʴʥʳʡ 

ʚʝʩ 

ʢʦʥʩʪʨʫʢʮʠ

ʠ 

 

ʌʠʟʠʯʝʩʢʠʡ ʠʟʥʦʩ 

ʢʦʥʩʪʨʫʢʮʠʡ, % 

ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʮʝʥʢʠ ʌʟ 

ʉʨʝʜʥʝʚʟʚʝ 

ʰʝʥʥʳʡ 

ʬʠʟʠʯʝʩʢʠʡ 

ʠʟʥʦʩ 

ʢʦʥʩʪʨʫʢʮʠ

ʠ 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʬʫʥʜʘʤʝʥʪʳ 
7 100 7 67 3.9 

ʆʛʨʘʞʜʘʶʱʠʝ ʠ ʥʝʩʫʱʠʝ 

ʩʪʝʥʳ 
21 100 21 65 13.9 

ʇʝʨʝʛʦʨʦʜʢʠ 4 100 4 65 4.0 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʧʝʨʝʢʨʳʪʠʷ 
11 100 11 63 5.9 

ʂʨʦʚʣʷ ʤʷʛʢʘʷ 4 100 4 62 2.0 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ 

ʣʝʩʪʥʠʮʳ 
4 100 4 58 2.0 

ʉʪʨʦʧʠʣʴʥʘʷ ʩʠʩʪʝʤʘ 5 100 5 56 2.4 

ʇʦʣʳ 8 100 8 56 5.6 

ʂʦʥʩʪʨʫʢʮʠʠ ʦʢʦʥ ʠ 

ʜʚʝʨʝʡ 
10 100 10 59 5.9 

ʀʥʞʝʥʝʨʥʳʝ ʩʠʩʪʝʤʳ 10.1 100 10.1 71 6.9 

ʇʨʦʯʠʝ 8.9 100 8.9 71 6.3 

ʆʪʜʝʣʦʯʥʳʝ ʨʘʙʦʪʳ 7 100 7 58 4.0 

ʀʊʆɻʆ: 100 - 100 - ʌʟ= 62.8 

 

ɺʳʚʦʜʳ.ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʳʤʠ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠʤʝʪʦʜʘʤʠ, ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 31937-2011, 

ʦʧʨʝʜʝʣʝʥʘ ʢʘʪʝʛʦʨʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʙʲʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʞʝʥʝʨʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʦʛʦ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚ ʘʚʘʨʠʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʆʙʩʣʝʜʫʝʤʦʝ ʟʜʘʥʠʝ ʩʦʛʣʘʩʥʦ 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʜʣʝʞʠʪ ʩʥʦʩʫ ʠʣʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. [19-22]. 
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ʩʙʦʨʥʠʢʝ: ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʉʙʦʨʥʠʢ 
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ɸʅʅʆʊɸʎʀʗ 

 

ʉʪʘʪʴʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʘʢʪʫʘʣʴʥʫʶ ʪʝʤʫ ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʛʦʨʦʜʩʢʠʭ ʩʨʝʜʘʭ. 

ɸʚʪʦʨ ʧʦʜʨʦʙʥʦ ʘʥʘʣʠʟʠʨʫʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʘʢʦʛʦ ʪʠʧʘ ʟʘʩʪʨʦʡʢʠ, ʚʢʣʶʯʘʷ ʫʶʪʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ ʞʠʣʴʷ, 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʩʝʤʝʡ. ʆʜʥʘʢʦ ʩʪʘʪʴʷ ʪʘʢʞʝ ʚʳʜʝʣʷʝʪ ʥʝʜʦʩʪʘʪʢʠ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʣʠ, ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʢʦʤʤʝʨʯʝʩʢʠʤ ʠ ʦʙʱʝʩʪʚʝʥʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ. ɸʚʪʦʨ ʧʨʠʭʦʜʠʪ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʫʩʧʝʰʥʦʝ ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʨʝʙʫʝʪ ʚʥʠʤʘʪʝʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʯʝʪʘ ʢʦʥʢʨʝʪʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʝʛʠʦʥʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʫʶʪʥʦʩʪʴ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ, 

ʜʦʩʪʫʧʥʦʩʪʴ, ʛʦʨʦʜʩʢʦʝ ʨʘʟʚʠʪʠʝ. 

 

ABSTRACT 

 

The article examines the current topic of low-rise construction in modern urban environments. The author 

analyzes in detail the advantages of this type of development, including the coziness and comfort of housing, 

environmental sustainability and attractiveness for families. However, the article also highlights the disadvantages of 

low-rise development, such as limited land use, increased infrastructure costs and limited access to commercial and 

public facilities. The author concludes that successful low-rise construction requires careful planning and consideration 

of the specific needs and characteristics of the region. 

Key words: low-rise construction, coziness, environmental sustainability, infrastructure, accessibility, urban 

development. 

 

ʆʛʨʦʤʥʘʷ ʪʝʨʨʠʪʦʨʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʝʪ ʙʦʣʴʰʝʤʫ ʯʠʩʣʫ ʞʠʪʝʣʝʡ 

ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʜʦʤʘ ʠ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʯʝʤ 

ʞʠʣʳʝ ʧʣʦʱʘʜʠ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ ʚ 

ʢʨʫʧʥʳʭʛʦʨʦʜʘʭ. ʊʝʤʘ ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʣʘʩʪʷʤʠ. ʇʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʧʨʦʛʨʘʤʤʳ ʠ 

ʧʨʦʝʢʪʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʠʪʫʘʮʠʠ ʩʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʴʷ. 

ɺ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʭ ʨʝʰʝʥʠʷ. 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʚ ʤʠʨʝ, ʧʨʠʚʣʝʢʘʷ ʚʥʠʤʘʥʠʝ ʢʘʢ 

ʟʘʩʪʨʦʡʱʠʢʦʚ, ʪʘʢ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʢʫʧʘʪʝʣʝʡ. 

ʕʪʦʪ ʪʨʝʥʜ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʝʜʧʦʯʪʝʥʠʷʭ ʠ 

ʧʦʪʨʝʙʥʦʩʪʷʭ ʣʶʜʝʡ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ 

ʪʝʥʜʝʥʮʠʠ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʨʝʠʤʫʱʝʩʪʚʘ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ 

ʛʦʨʦʜʩʢʫʶ ʩʨʝʜʫ: 

1. ʀʥʪʠʤʥʦʩʪʴ ʠ ʢʦʤʬʦʨʪ 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʫʶʪʥʳʭ ʠ ʠʥʪʠʤʥʳʭ ʞʠʣʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʅʠʟʢʘʷ 

ʧʣʦʪʥʦʩʪʴ ʟʘʩʪʨʦʡʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʴʰʝ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʢʨʫʛ ʜʦʤʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʢʦʤʬʦʨʪʥʳʭ ʜʚʦʨʦʚ ʠ ʧʝʰʝʭʦʜʥʳʭ ʟʦʥ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʞʠʪʝʣʷʤ ʥʘʩʣʘʞʜʘʪʴʩʷ ʧʨʠʨʦʜʦʡ, 

ʠʤʝʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʫʯʘʩʪʢʠ ʟʝʤʣʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʯʫʚʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʩʚʦʙʦʜʳ. 

2. ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ 

ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ, ʯʝʤ ʚʳʩʦʪʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʠʪʴ 

ʧʨʠʨʦʜʥʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ, ʫʤʝʥʴʰʠʪʴ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʩʥʠʟʠʪʴ ʚʳʙʨʦʩʳ ʫʛʣʝʨʦʜʘ. 

ʄʥʦʛʠʝ ʥʦʚʳʝ ʤʘʣʦʵʪʘʞʥʳʝ ʧʨʦʝʢʪʳ ʚʢʣʶʯʘʶʪ ʚ 

ʩʝʙʷ ʵʣʝʤʝʥʪʳ ʫʩʪʦʡʯʠʚʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʪʘʢʠʝ ʢʘʢ 

ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʩʠʩʪʝʤʳ ʚʦʜʦʦʯʠʩʪʢʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

3. ʇʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʜʣʷ ʩʝʤʝʡ 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʯʘʩʪʦ 

ʧʨʠʚʣʝʢʘʝʪ ʩʝʤʴʠ ʩ ʜʝʪʴʤʠ, ʪʘʢ ʢʘʢ ʦʥʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʙʝʟʦʧʘʩʥʫʶ ʠ ʩʧʦʢʦʡʥʫʶ ʩʨʝʜʫ 

ʜʣʷ ʜʝʪʝʡ. ɼʝʪʩʢʠʝ ʧʣʦʱʘʜʢʠ, ʧʘʨʢʠ ʠ ʫʯʝʙʥʳʝ 

ʟʘʚʝʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳ ʚ 
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ʤʘʣʦʵʪʘʞʥʳʭ ʨʘʡʦʥʘʭ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʩʝʤʝʡ, ʢʦʪʦʨʳʝ ʠʱʫʪ 

ʭʦʨʦʰʝʝ ʤʝʩʪʦ ʜʣʷ ʚʦʩʧʠʪʘʥʠʷ ʜʝʪʝʡ. 

4. ʉʦʭʨʘʥʝʥʠʝ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʘʢʞʝ ʤʦʞʝʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʶ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ. 

ʄʥʦʛʠʝ ʩʪʘʨʳʝ ʛʦʨʦʜʘ ʠ ʨʘʡʦʥʳ, ʩʦʭʨʘʥʷʶʱʠʝ 

ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʩʪʠʣʴ, 

ʧʨʝʜʧʦʯʠʪʘʶʪ ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʚʳʩʦʪʥʦʤʫ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʩʚʦʡ ʠʩʪʦʨʠʯʝʩʢʠʡ 

ʦʙʣʠʢ. 

5. ʋʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʟʜʘʥʠʶ ʫʶʪʥʳʭ ʠ ʫʜʦʙʥʳʭ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʦʚ, 

ʛʜʝ ʞʠʪʝʣʠ ʤʦʛʫʪ ʥʘʩʣʘʞʜʘʪʴʩʷ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʞʠʟʥʠ. ʄʝʥʴʰʘʷ ʧʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʩʥʠʞʘʝʪ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʨʦʙʢʠ, ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʩʪʨʝʩʩ. ʕʪʦ 

ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʢʨʝʧʣʝʥʠʶ 

ʩʦʮʠʘʣʴʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʞʠʪʝʣʷʤʠ ʨʘʡʦʥʘ. 

6. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʯʘʩʪʦ ʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʟʘʩʪʨʦʡʱʠʢʦʚ. 

ʇʦʩʪʨʦʠʪʴ ʥʝʩʢʦʣʴʢʦ ʥʠʟʢʠʭ ʟʜʘʥʠʡ ʦʙʳʯʥʦ 

ʜʝʰʝʚʣʝ, ʯʝʤ ʩʪʨʦʠʪʴ ʚʳʩʦʢʦʝ ʟʜʘʥʠʝ, ʠ ʵʪʦ ʤʦʞʝʪ 

ʩʥʠʞʘʪʴ ʩʪʦʠʤʦʩʪʴ ʞʠʣʴʷ ʜʣʷ ʢʦʥʝʯʥʳʭ 

ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʥʦ ʪʘʢʞʝ ʠʤʝʝʪ ʩʚʦʠ 

ʥʝʜʦʩʪʘʪʢʠ ʠ ʦʛʨʘʥʠʯʝʥʠʷ.  

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʤʝʰʘʶʱʝʡ 

ʧʦʣʥʦʮʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʤʘʣʦʵʪʘʞʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʠ, ʩʯʠʪʘʶʪ ʦʪʩʫʪʩʪʚʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ: ʤʘʣʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ ʦʙʳʯʥʦ 

ʩʪʨʦʷʪʩʷ ʚ ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʜʦʩʪʫʧ ʢ 

ʦʩʥʦʚʥʳʤ ʫʩʣʫʛʘʤ, ʪʘʢʠʤ ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʚʦʜʘ, 

ʛʘʟ, ʢʘʥʘʣʠʟʘʮʠʷ ʠ ʠʥʪʝʨʥʝʪ, ʤʦʞʝʪ ʙʳʪʴ ʦʛʨʘʥʠʯʝʥ 

ʠʣʠ ʜʦʨʦʞʝ. ʕʪʦ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʣʦʞʝʥʠʡ 

ʠ ʫʩʠʣʠʡ ʩʦ ʩʪʦʨʦʥʳ ʟʘʩʪʨʦʡʱʠʢʘ ʠ ʞʠʪʝʣʝʡ. 

ʊʘʢʞʝ ʚʳʜʝʣʷʶʪ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʢʘʢ: 

1. ʉʣʦʞʥʦʩʪʠ ʩ ʪʨʘʥʩʧʦʨʪʦʤ: ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ, ʤʘʣʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ 

ʯʘʩʪʦ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʙʦʣʴʰʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʪʨʘʥʩʧʦʨʪʥʦʡ 

ʜʦʩʪʫʧʥʦʩʪʴʶ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ ʠ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʠ ʟʘʥʠʤʘʪʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ. 

2. ʇʨʦʙʣʝʤʳ ʩ ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʩʣʫʞʙʘʤʠ: ʚ 

ʤʘʣʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ 

ʪʨʫʜʥʦʩʪʠ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʢʦʤʤʫʥʘʣʴʥʳʭ ʫʩʣʫʛ, 

ʪʘʢʠʭ ʢʘʢ ʫʙʦʨʢʘ ʩʥʝʛʘ ʟʠʤʦʡ, ʚʳʚʦʟ ʤʫʩʦʨʘ, 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʜʦʨʦʛ. 

3. ʅʝʜʦʩʪʘʪʦʢ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʘʜʨʦʚ: 

ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʯʘʩʪʦ ʪʨʝʙʫʝʪ 

ʫʥʠʢʘʣʴʥʳʭ ʥʘʚʳʢʦʚ ʠ ʟʥʘʥʠʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʘʥʠʡ. ʅʘʡʪʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʛʦʪʦʚʳʭ 

ʨʘʙʦʪʘʪʴ ʚ ʵʪʦʤ ʩʝʢʪʦʨʝ, ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʦ. 

4. ʆʪʩʫʪʩʪʚʠʝ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ: ʤʘʣʦʵʪʘʞʥʳʝ 

ʜʦʤʘ ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʧʦ ʜʠʟʘʡʥʫ, ʢʘʯʝʩʪʚʫ 

ʠ ʩʪʦʠʤʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʪʨʫʜʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ 

ʩʪʘʥʜʘʨʪʳ ʠ ʥʦʨʤʳ ʜʦʣʞʥʳ ʧʨʠʤʝʥʷʪʴʩʷ ʢ ʥʠʤ. 

 

 
 

ʉʪʨʘʪʝʛʠʷ ʄʠʥʩʪʨʦʷ ʥʝ ʫʜʝʣʷʝʪ ʜʦʣʞʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʘʪʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʞʠʣʴʷ. ʆʥʘ ʧʨʦʜʦʣʞʘʝʪ ʦʪʜʘʚʘʪʴ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʤʥʦʛʦʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʯʝʨʢʠʚʘʣʦ 

ʚʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʘʣʦʵʪʘʞʥʳʭ 

ʞʠʣʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʨʠʝʥʪʠʨʦʚʘʣʦ ʩʪʨʦʠʪʝʣʝʡ ʥʘ 

ʨʝʘʣʠʟʘʮʠʶ 70% ʦʪ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɹʝʟ ʠʟʤʝʥʝʥʠʡ ʚ ʧʦʜʜʝʨʞʢʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

"ʤʘʣʦʵʪʘʞʢʠ", ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʤʘʩʩʦʚʦʡ ʩʪʘʥʜʘʨʪʥʦʡ 
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ʟʘʩʪʨʦʡʢʠ, ʵʪʘ ʟʘʜʘʯʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ. ɺʝʜʴ 

ʵʪʦ ʩʘʤʳʡ ʛʣʘʚʥʳʡ ʩʧʦʩʦʙ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 1 

ʤ
2
 ʞʠʣɹ̫  - ʩʘʤʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʥʝ ʪʨʝʙʫʶʱʠʡ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ! ɺʤʝʩʪʦ ʵʢʦʥʦʤʠʠ ʥʘ 

ʢʦʤʬʦʨʪʝ ʠ ʧʨʠʤʝʥʝʥʠʠ ʥʝʢʘʯʝʩʪʚʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʫʞʥʦ ʧʨʘʚʠʣʴʥʦ ʫʧʨʘʚʣʷʪʴ 

ʨʝʩʫʨʩʘʤʠ, ʩʦʟʜʘʚʘʪʴ ʧʦʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. 

ʕʪʦ ʵʣʝʤʝʥʪʘʨʥʳʝ ʚʝʱʠ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʨʝʜʢʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʨʝʛʠʦʥʘʭ ʫʩʪʘʨʝʣʠ, 

ʧʦʪʝʨʷʣʠ ʩʚʦʡ ʧʦʪʝʥʮʠʘʣ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʨʝʰʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ʚ ʜʦʩʪʠʞʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 

ʉʝʛʦʜʥʷ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʣʦʵʪʘʞʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ, ʨʝʢʣʘʤʥʳʝ ʢʘʤʧʘʥʠʠ ʧʦ ʵʪʠʤ 

ʧʨʦʜʫʢʪʘʤ ʦʙʝʱʘʶʪ ʦʙʣʘʜʘʥʠʝ ʧʘʥʘʮʝʝʡ, 

ʦʪʣʠʯʥʳʤʠ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 

ʥʠʟʢʠʤʠ ʮʝʥʘʤʠ ʥʘ ʛʦʪʦʚʳʝ ʜʦʤʘ. ʆʜʥʘʢʦ ʥʘ 

ʧʨʘʢʪʠʢʝ ʥʠʢʘʢʠʭ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʦʨʳʚʦʚ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ. ɺ ʧʨʝʩʩʝ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦ ʧʣʦʭʦʤ ʢʘʯʝʩʪʚʝ 

ʧʦʩʪʨʦʝʥʥʳʭ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ ʠ ʦ ʧʨʦʙʣʝʤʘʭ, ʩ 

ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʞʠʪʝʣʠ ʚ ʥʘʯʘʣʴʥʳʡ 

ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʜʦʤʦʚ. 

ʋʚʝʣʠʯʝʥʠʝ ʜʦʭʦʜʦʚ ʛʨʘʞʜʘʥ ʥʝ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʜʦʩʪʫʧʥʦʩʪʠ ʞʠʣʴʷ. ɼʣʷ 

ʤʥʦʛʠʭ ʣʶʜʝʡ ʧʨʠʦʙʨʝʪʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʞʠʣʴʷ 

ʦʩʪʘʸʪʩʷ ʥʝʧʦʩʠʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʘʜʦʣʞʝʥʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, 

ʩʥʠʞʝʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʦʭʦʜʦʚ ʛʨʘʞʜʘʥ ʠ 

ʟʘʚʳʰʝʥʥʳʤʠ ʠʧʦʪʝʯʥʳʤʠ ʧʨʦʮʝʥʪʥʳʤʠ ʩʪʘʚʢʘʤʠ. 

 

ɻʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʦʜʜʝʨʞʢʠ ʩʧʨʦʩʘ 

ʷʚʣʷʶʪʩʷ ʠʧʦʪʝʯʥʳʝ ʩʪʘʚʢʠ. ɺʣʘʩʪʠ ʩʪʨʝʤʷʪʩʷ 

ʩʜʝʣʘʪʴ ʠʧʦʪʝʢʫ ʜʦʩʪʫʧʥʝʝ ʛʨʘʞʜʘʥʘʤ, 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʧʦʤʦʱʴ ʚ ʧʦʣʫʯʝʥʠʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʚʟʥʦʩʘ ʠ ʜʝʡʩʪʚʫʶʪ ʧʨʦʛʨʘʤʤʳ 

ʩʫʙʩʠʜʠʨʦʚʘʥʠʷ ʠʧʦʪʝʯʥʳʭ ʧʨʦʮʝʥʪʥʳʭ ʩʪʘʚʦʢ. 

ʆʜʥʘʢʦ ʵʪʠ ʤʝʨʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ 

ʪʦʣʴʢʦ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʞʠʣʴʷ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ 

ʜʦʤʘʭ. 

ɺʣʠʷʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ ʥʘ 

ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʠ ʤʥʦʛʦʛʨʘʥʥʳʤ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ 

ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʵʪʦʛʦ ʚʣʠʷʥʠʷ: 

1. ʋʩʪʦʡʯʠʚʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ: 

ʄʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ 

ʞʠʣʳʝ ʨʘʡʦʥʳ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʧʦʪʨʝʙʣʷʶʪ ʤʝʥʴʰʝ 

ʨʝʩʫʨʩʦʚ. 

2. ʉʦʭʨʘʥʝʥʠʝ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ: 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʩʦʭʨʘʥʠʪʴ ʧʨʠʨʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʩʪʝʥʠʡ ʠ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʪʝʨʷʥʳ ʧʨʠ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

3. ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ: ʄʘʣʦʵʪʘʞʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʟʘʛʨʷʟʥʝʥʠʝ 

ʚʦʟʜʫʭʘ ʠ ʚʦʜʳ, ʪʘʢ ʢʘʢ ʦʥʦ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ 

ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʥʝ 

ʧʨʦʠʟʚʦʜʠʪ ʩʪʦʣʴʢʦ ʦʪʭʦʜʦʚ, ʢʘʢ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ. 

4. ɺʳʨʫʙʢʘ ʣʝʩʦʚ: ʄʘʣʦʵʪʘʞʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʣʝʩʥʳʭ ʨʘʡʦʥʘʭ ʤʦʞʝʪ ʧʦʤʦʯʴ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʚʳʨʫʙʢʫ ʣʝʩʦʚ ʠ ʩʦʭʨʘʥʠʪʴ ʠʭ ʜʣʷ 

ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

5. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ: ʄʘʣʦʵʪʘʞʥʦʝ 

ʞʠʣʴʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ, ʪʘʢ 

ʢʘʢ ʜʣʷ ʝʛʦ ʦʙʦʛʨʝʚʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʪʨʝʙʫʝʪʩʷ 

ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʜʣʷ ʙʦʣʴʰʠʭ ʟʜʘʥʠʡ. 

6. ʐʫʤʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ: ʄʘʣʦʵʪʘʞʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʘʢʞʝ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʰʫʤʦʚʦʝ 

ʟʘʛʨʷʟʥʝʥʠʝ, ʪʘʢ ʢʘʢ ʤʝʥʴʰʝ ʣʶʜʝʡ ʞʠʚʫʪ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʰʫʤʘ, 

ʪʘʢʠʭ ʢʘʢ ʜʦʨʦʛʠ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ. 

 

 
 

ɺʦʧʨʦʩʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʤʘʣʦʵʪʘʞʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ 

ʘʩʧʝʢʪʳ: 

ï ʋʩʪʦʡʯʠʚʦʩʪʴ ʢ ʩʪʠʭʠʡʥʳʤ ʙʝʜʩʪʚʠʷʤ: 

ʄʘʣʦʵʪʘʞʥʳʝ ʩʪʨʦʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 

ʚʳʜʝʨʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, 

ʪʘʢʠʝ ʢʘʢ ʫʨʘʛʘʥʳ, ʪʦʨʥʘʜʦ, ʟʝʤʣʝʪʨʷʩʝʥʠʷ ʠ 

ʥʘʚʦʜʥʝʥʠʷ. 

ï ʇʦʞʘʨʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ: ʄʘʣʦʵʪʘʞʥʳʝ 

ʟʜʘʥʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʪʨʦʛʠʤ 

ʩʪʘʥʜʘʨʪʘʤ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʢʣʶʯʘʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʛʥʝʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʫʩʪʘʥʦʚʢʫ 

ʩʠʩʪʝʤ ʧʦʞʘʨʦʪʫʰʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʭʦʜʦʚ. 

ï ɹʝʟʦʧʘʩʥʦʩʪʴ ʥʘ ʜʦʨʦʛʘʭ: ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦʨʦʛ ʠ ʫʣʠʮ ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʚʠʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʫʩʪʘʥʦʚʢʫ 

ʜʦʨʦʞʥʳʭ ʟʥʘʢʦʚ, ʩʚʝʪʦʬʦʨʦʚ ʠ ʧʝʰʝʭʦʜʥʳʭ 

ʧʝʨʝʭʦʜʦʚ. 

ï ɿʘʱʠʪʘ ʦʪ ʢʨʘʞ ʠ ʚʘʥʜʘʣʠʟʤʘ: 

ʄʘʣʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ 

ʨʠʩʢʫ ʢʨʘʞ ʠ ʚʘʥʜʘʣʠʟʤʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʤʝʨʳ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢʠʝ ʢʘʢ 

ʫʩʪʘʥʦʚʢʘ ʥʘʜʝʞʥʳʭ ʟʘʤʢʦʚ, ʦʭʨʘʥʥʳʭ ʩʠʩʪʝʤ ʠ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ. 

ï ʊʝʨʨʦʨʠʩʪʠʯʝʩʢʘʷ ʫʛʨʦʟʘ: ʄʘʣʦʵʪʘʞʥʳʝ 

ʟʜʘʥʠʷ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʱʠʱʝʥʳ ʦʪ 

ʪʝʨʨʦʨʠʩʪʠʯʝʩʢʦʡ ʫʛʨʦʟʳ, ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʢʫ 

ʧʣʘʥʦʚ ʵʚʘʢʫʘʮʠʠ, ʫʩʪʘʥʦʚʢʫ ʩʠʩʪʝʤ ʦʧʦʚʝʱʝʥʠʷ ʠ 

ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʠ ʞʠʪʝʣʝʡ ʤʝʨʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
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ʉʣʦʞʥʳʝ ʟʝʤʝʣʴʥʳʝ ʚʦʧʨʦʩʳ ʚ 

ʤʘʣʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ: 

1. ʇʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʨʝʰʝʥʠʡ: 

ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʟʨʝʰʝʥʠʡ ʜʣʷ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ 

ʜʣʠʪʝʣʴʥʳʤ ʠ ʩʣʦʞʥʳʤ. ʆʥ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʚ ʩʝʙʷ 

ʧʦʣʫʯʝʥʠʝ ʨʘʟʨʝʰʝʥʠʡ ʦʪ ʤʝʩʪʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ, 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʜʨʫʛʠʭ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ. 

2. ʉʦʛʣʘʩʦʚʘʥʠʝ ʧʣʘʥʦʚ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ: 

ʇʣʘʥʳ ʟʝʤʣʝʧʦʣʴʟʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʤʝʩʪʥʳʤʠ ʦʨʛʘʥʘʤʠ ʚʣʘʩʪʠ ʠ 

ʜʨʫʛʠʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʯʪʦʙʳ 

ʦʙʝʩʧʝʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ 

ʧʨʘʚʠʣʘʤ. 

3. ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʝʤʣʠ: 

ɿʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʪʘʢʠʝ ʢʘʢ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʩʦʪʫ 

ʟʜʘʥʠʡ, ʧʣʦʪʥʦʩʪʴ ʟʘʩʪʨʦʡʢʠ ʠʣʠ ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ. 

4. ʇʨʦʙʣʝʤʳ ʩ ʧʨʘʚʘʤʠ ʩʦʙʩʪʚʝʥʥʦʩʪʠ: 

ʇʨʦʙʣʝʤʳ ʩ ʧʨʘʚʘʤʠ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʥʘ ʟʝʤʣʶ 

ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ, ʝʩʣʠ ʟʝʤʝʣʴʥʳʝ ʫʯʘʩʪʢʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʘʨʝʥʜʝ ʠʣʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʩʫʜʝʙʥʳʭ ʩʧʦʨʦʚ. 

5. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ: 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʟʦʥʳ ʦʭʨʘʥʳ 

ʧʨʠʨʦʜʳ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʚʳʨʫʙʢʫ ʣʝʩʘ, ʤʦʛʫʪ 

ʪʘʢʞʝ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʀʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʤʥʦʛʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʤʘʣʦʵʪʘʞʥʳʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ.  

ɺʦ-ʧʝʨʚʳʭ, ʦʥʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʝʤʝʣʴʥʳʝ ʨʝʩʫʨʩʳ, ʪʘʢ ʢʘʢ ʥʘ ʪʦʤ ʞʝ 

ʫʯʘʩʪʢʝ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʙʦʣʴʰʝ ʟʜʘʥʠʡ.  

ɺʦ-ʚʪʦʨʳʭ, ʤʥʦʛʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ ʦʙʳʯʥʦ 

ʙʦʣʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳ, ʪʘʢ ʢʘʢ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝ 

ʵʥʝʨʛʠʠ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʠ ʦʭʣʘʞʜʝʥʠʷ. ɺ-ʪʨʝʪʴʠʭ, 

ʦʥʠ ʦʙʳʯʥʦ ʠʤʝʶʪ ʙʦʣʝʝ ʨʘʟʚʠʪʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ, 

ʪʘʢʫʶ ʢʘʢ ʤʘʛʘʟʠʥʳ, ʰʢʦʣʳ, ʙʦʣʴʥʠʮʳ ʠ ʪ.ʜ., ʯʪʦ 

ʜʝʣʘʝʪ ʞʠʟʥʴ ʚ ʥʠʭ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʡ. 

 ʅʘʢʦʥʝʮ, ʤʥʦʛʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ 

ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ ʚʠʜ ʠ ʙʳʪʴ ʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʤʠ ʩ ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʯʝʤ 

ʤʘʣʦʵʪʘʞʥʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʥʦʛʦʵʪʘʞʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ - ʵʪʦ ʵʢʦʥʦʤʠʷ ʥʘ ʟʝʤʝʣʴʥʳʭ 

ʨʝʩʫʨʩʘʭ. ɿʘʩʪʨʦʡʱʠʢʫ ʥʝ ʥʫʞʥʦ ʧʦʢʫʧʘʪʴ ʠʣʠ 

ʘʨʝʥʜʦʚʘʪʴ ʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ʟʝʤʣʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʜʥʦʛʦ ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʜʦʤʘ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʟʘʪʨʘʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ 

ʤʥʦʛʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʥʘʩʝʣʝʥʠʷ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʜʦʤʘʭ, ʢʦʤʤʫʥʘʣʴʥʳʝ 

ʫʩʣʫʛʠ ʠ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ʦʙʭʦʜʷʪʩʷ ʜʝʰʝʚʣʝ ʜʣʷ 

ʞʠʪʝʣʝʡ. 

ʂ ʤʠʥʫʩʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ, ʥʘʧʨʠʤʝʨ, ʪʦ, ʯʪʦ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʝʝ ʵʢʦʣʦʛʠʯʥʳʤʠ, ʪʘʢ ʢʘʢ 

ʠʩʧʦʣʴʟʫʶʪ ʙʦʣʴʰʝ ʨʝʩʫʨʩʦʚ ʜʣʷ ʩʚʦʝʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʤʝʥʝʝ ʫʜʦʙʥʳʤʠ ʜʣʷ ʞʠʟʥʠ, ʦʩʦʙʝʥʥʦ 

ʜʣʷ ʧʦʞʠʣʳʭ ʣʶʜʝʡ ʠ ʠʥʚʘʣʠʜʦʚ, ʪʘʢ ʢʘʢ ʚ ʥʠʭ 

ʩʣʦʞʥʝʝ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʠ ʧʦʣʫʯʘʪʴ ʜʦʩʪʫʧ ʢ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʫʛʘʤ. ʅʘʢʦʥʝʮ, ʦʥʠ ʤʦʛʫʪ 

ʩʦʟʜʘʚʘʪʴ ʧʨʦʙʣʝʤʳ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ, ʪʘʢ ʢʘʢ 

ʚʳʩʦʢʠʝ ʟʜʘʥʠʷ ʤʦʛʫʪ ʤʝʰʘʪʴ ʠʭ ʤʠʛʨʘʮʠʠ ʠ 

ʨʘʟʤʥʦʞʝʥʠʶ. 
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ɸʅʅʆʊɸʎʀʗ 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʤʧ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʨʘʩʰʠʨʝʥʠʷ 

ʛʦʨʦʜʦʚ. ɺʩʝ ʙʦʣʴʰʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.ɿʥʘʢʦʚʳʤ ʩʦʙʳʪʠʝʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ (ʌʃʇ). ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʠʛʤʝʥʪʘ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ ʠʟʜʝʣʠʡ ʠ ʧʦʚʳʩʠʪʴ ʠʭ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʄʘʪʝʨʠʘʣ ʩʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʠ ʧʝʰʝʭʦʜʥʳʭ ʧʦʪʦʢʦʚ ʟʘ ʩʯʝʪ ʦʩʚʝʱʝʥʠʷ ʦʧʘʩʥʳʭ ʪʝʤʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʣʦʭʦʡ ʚʠʜʠʤʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʙʝʪʦʥʦʚ ʩ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʈʦʩʩʠʠ, ɻʝʨʤʘʥʠʠ, ʌʨʘʥʮʠʠ, ʂʠʪʘʝ, ʀʥʜʠʠ, ʉʐɸ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʧʠʛʤʝʥʪ, ʩʚʝʪʷʱʠʡʩʷ ʙʝʪʦʥ, ʙʝʪʦʥ ʩ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. 

 

ABSTRACT 

Throughout the world, the pace of urban construction and expansion has been increasing over the past decades. 

New construction and landscaping technologies using modern building materials are increasingly in demand. A 

landmark event in construction was the development of photoluminescent pigment (PLP). The photoluminescent 

properties of the pigment make it possible to expand the possibilities of functional use of architectural and decorative 

products and increase their technical and economic efficiency by saving energy by eliminating additional lighting 

sources in certain areas. The material can improve road safety and pedestrian flows by illuminating dangerous dark 

areas in poor visibility conditions. 

The work examines research in the field of concrete with photoluminescent properties, which is carried out in 

Russia, Germany, France, China, India, and the USA. 

Keywords:photoluminescent pigment, luminous concrete, concrete with photoluminescent properties. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦ ʚʩʝʤ ʤʠʨʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʳʡ ʨʦʩʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʨʘʩʰʠʨʝʥʠʝ ʛʦʨʦʜʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʩʪʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʤʝʪʦʜʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʠʢ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʙʝʪʦʥʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʳʩʦʢʠʤ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ.  

ɿʥʘʯʠʤʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʩʪʘʣʘ ʨʘʟʨʘʙʦʪʢʘ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ [3,4,9]. ʕʪʦʪ 

ʧʠʛʤʝʥʪ ʦʙʣʘʜʘʝʪ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʰʠʨʠʪʴ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʜʝʢʦʨʘʪʠʚʥʳʭ 

ʠʟʜʝʣʠʡ ʠ ʵʣʝʤʝʥʪʦʚ ʤʦʱʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ ʠʭ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘ ʩʯʝʪ 

ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠʩʢʣʶʯʘʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʘʭ 

ʦʩʚʝʱʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʕʪʦʪ 

ʤʘʪʝʨʠʘʣ ʩʧʦʩʦʙʝʥ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʧʝʰʝʭʦʜʥʳʭ ʧʦʪʦʢʦʚ ʟʘ ʩʯʝʪ 

ʦʩʚʝʱʝʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ ʚʠʜʠʤʦʩʪʠ. 

ʈʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʙʝʪʦʥʦʚ ʩ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʚ ʈʦʩʩʠʠ, ɻʝʨʤʘʥʠʠ, ʌʨʘʥʮʠʠ, 

ʂʠʪʘʝ, ʀʥʜʠʠ, ʉʐɸ. 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʪʠʧʦʤ ʩʨʝʜʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʯʠʪʘʝʪʩʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʧʠʛʤʝʥʪ SrAl2O4: Eu
2+

, Dy
3+

, 

ʙʣʘʛʦʜʘʨʷ ʝʛʦ ʚʳʩʦʢʦʡ ʢʚʘʥʪʦʚʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʜʣʠʪʝʣʴʥʦʡ ʬʘʟʳ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʠ ʚʳʩʦʢʦʡ 

ʩʪʦʡʢʦʩʪʠ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠʟʣʫʯʝʥʠʶ [5]. ʌʃʇ 

ʜʣʠʪʝʣɹʥʦʛʦ ʧʦʩʣʝʩʚʝʯʝʥʠ̫  ╖ ʧʨʝʜʩʪʘʚʣ̫ʝʪ ʩʦʙʦʡ 

ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʧʠʛʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʣʶʤʠʥʘʪʘ 

ʩʪʨʦʥʮʠʷ. ʌʃʇ ʧʦʛʣʦʱʘʶʪ ʠ ʥʘʢʘʧʣʠʚʘʶʪ 

ʩʚʝʪʦʚʫʶ/ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʘ ʟʘʪʝʤ ʘʢʢʫʤʫʣʠʨʫʶʪ 

ʝʝ ʚ ʪʝʤʥʦʝ ʚʨʝʤʷ.  

ɺ ʨʘʙʦʪʝ [6] ʧʨʝʜʩʪʘʚʣʝʥ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʦʩʬʦʨʝʥʮʠʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʥʘʪʫʨʘʣʴʥʳʤ 

ʢʘʫʯʫʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʜʦʨʦʞʥʦʛʦ 

ʧʦʢʨʳʪʠʷ.  

ʄʘʪʝʨʠʘʣʳ, ʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʦʨ ʠ ʮʠʥʢ ʚ 

ʩʦʩʪʘʚʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʟʣʫʯʘʶʪ ʩʣʘʙʳʡ ʩʚʝʪ. ʅʝ 

ʩʦʭʨʘʥʷʶʪ ʩʚʦʶ ʬʦʩʬʦʨʝʩʮʝʥʮʠʶ ʙʦʣʝʝ ʥʝʩʢʦʣʴʢʠʭ 

ʯʘʩʦʚ ʠ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʷʨʢʦʩʪʴʶ 

ʧʦʩʣʝʩʚʝʯʝʥʠʷ, ʭʠʤʠʯʝʩʢʠ ʥʝ ʩʪʘʙʠʣʴʥʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ. ʗʨʢʦʩʪʴ 

ʘʣʶʤʠʥʘʪʦʚ ʩʪʨʦʥʮʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 

10 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ, ʠ ʦʥʠ 

ʦʙʣʘʜʘʶʪ ʚʥʫʪʨʝʥʥʝ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʚʣʘʛʦʩʪʦʡʢʦʩʪʴʶ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʌʃʇ ʥʘʢʘʧʣʠʚʘʪʴ ʵʥʝʨʛʠʶ ʜʣʷ 

ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩ ʬʦʪʦʢʘʪʘʣʠʪʠʯʝʩʢʠʤʠ 

ʧʦʨʦʰʢʘʤʠ ʠʣʠ ʩ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ 

(ʬʦʪʦʢʘʪʘʣʠʟ ʠ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ) 

ʨʘʩʰʠʨʷʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʢ 

ʧʨʦʠʟʚʦʜʩʪʚʫ ʌʃʇ ʜʣʷ ʥʘʨʫʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʀʟʫʯʝʥ ʵʬʬʝʢʪ ʩʘʤʦʦʩʚʝʱʝʥʠʷ ʜʦʨʦʞʥʦʛʦ ʧʦʢʨʳʪʠʷ 

ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʌʃʇ SrAl2O4:Eu2+ Dy3+ ʚ 

ʙʝʪʦʥʥʦʝ ʧʦʢʨʳʪʠʝ ʦʛʨʘʞʜʝʥʠʡ ʜʣʷ ʟʘʤʝʥʳ ʯʘʩʪʠ 

ʠʣʠ ʚʩʝʛʦ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ ʵʥʝʨʛʠʶ ʠ ʩʥʠʞʘʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʩʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ, ʫʩʪʨʘʥʷʪʴ 

ʧʨʦʙʣʝʤʳ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ ʙʣʠʢʦʚ, 

ʚʳʟʚʘʥʥʳʭ ʫʣʠʯʥʳʤʠ ʬʦʥʘʨʷʤʠ.  ɸʚʪʦʨʘʤʠ [7]ʙʳʣʦ 

ʨʘʟʨʘʙʦʪʘʥʦ ʧʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʩʦʝʚʦʛʦ ʤʝʪʠʣʦʚʦʛʦ 

ʵʬʠʨʘ, ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʧʦʨʦʰʢʘ ʘʣʶʤʠʥʘʪʘ ʩʪʨʦʥʮʠʷ. 

ʃʶʤʠʥʝʩʮʝʥʪʥʦʝ ʧʦʢʨʳʪʠʝ, ʥʘʥʦʩʠʤʦʝ ʥʘ ʙʝʪʦʥ, 

ʧʦʜʜʝʨʞʠʚʘʣʦ ʩʪʦʡʢʦʝ ʩʚʝʯʝʥʠʝ ʚ ʪʝʯʝʥʠʝ 24 ʯ 

ʧʦʩʣʝ ʟʘʨʷʜʘ.  

ɺ ʨʘʙʦʪʝ [1] ʨʘʟʨʘʙʦʪʘʥʦ ʩʚʝʪʷʱʝʝʩʷ 

ʧʨʦʢʨʳʪʠʝ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʘʪʘ ʩʪʨʦʥʮʠʷ, 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʳʠ ʧʦʨʦʰʢʘ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ 

ʩʪʝʢʣʘ. ɸʣʶʤʠʥʘʪ ʩʪʨʦʥʮʠʷ ʩʤʝʰʠʚʘʝʪʩʷ ʩ 

ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1 ʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʚʚʦʜʠʪʩʷ 

ʧʦʨʦʰʦʢ ʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. ʇʨʠʛʦʪʦʚʣʝʥʥʘʷ 

ʩʤʝʩʴ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʟʘʪʚʝʨʜʝʚʰʝʛʦ 

ʙʝʪʦʥʘ ʩʣʦʝʤ ʪʦʣʱʠʥʦʡ 5-15 ʤʤ. ʇʦʣʫʯʝʥʥʦʝ 

ʧʦʢʨʳʪʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʝ ʩʚʝʯʝʥʠʝ ʚ 

ʪʝʯʝʥʠʝ 12 ʯ ʙʝʟ ʩʥʠʞʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ. 

ʇʠʛʤʝʥʪ SrAl2O4: Eu
2+

, Dy
3+
ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʮʝʤʝʥʪʘ.  ɺ ʨʘʙʦʪʝ 

[2]ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʙʝʪʦʥ ʩ ʵʬʬʝʢʪʦʤ 

ʩʘʤʦʦʯʠʱʝʥʠʷʥʘ ʦʩʥʦʚʝ ʙʝʣʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʫʪʝʤ ʣʝʛʠʨʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʧʦʨʦʰʢʘ ʠ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʛʦ ʧʦʨʦʰʢʘ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʠ 

ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʡ ʧʠʛʤʝʥʪʳ ʥʝ ʪʦʣʴʢʦ ʚʩʪʫʧʘʣʠ ʚ 

ʨʝʘʢʮʠʶ ʩ ʧʨʦʜʫʢʪʘʤʠ ʛʠʜʨʘʪʘʮʠʠ ʮʝʤʝʥʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ 

ʧʣʘʩʪʠʥʦʢ ʠ ʢʣʘʩʪʝʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʥʦ ʠ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ 

ʥʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ ʮʝʤʝʥʪʘ.  

ɺ ʨʘʙʦʪʝ [8] ʨʘʟʨʘʙʦʪʘʥ ʩʦʩʪʘʚ ʩʚʝʪʷʱʝʛʦʩʷ 

ʙʝʪʦʥʘ ʥʘ ʦʩʥʦʚʝ ʙʝʣʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ ʠ 

ʩʚʝʪʦʦʪʨʘʞʘʶʱʝʛʦ ʧʦʨʦʰʢʘ. ɺ ʨʘʤʢʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʟʘʬʦʨʤʦʚʘʥʳʦʙʨʘʟʮʳ ʩ ʨʘʟʥʣʠʯʥʳʤʧʨʦʮʝʥʪʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ ʦʪ 15 

ʜʦ 45 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. ʉʦʜʝʨʞʠʤʦʝ 

ʩʚʝʪʦʦʪʨʘʞʘʶʰʝʛʦ ʧʦʨʦʰʢʘ ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ ï 

10% ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʨʝʟʤʝʨʥʦ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʘ ʚ ʦʙʨʘʟʮʘʭ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ, ʧʨʠ 

ʵʪʦʤʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʩʦʜʝʨʞʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 20é25 %.  

ʀʟʚʝʩʪʝʥ ʩʧʦʩʦʙ ʚʥʝʜʨʝʥʠʷ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʧʠʛʤʝʥʪʦʚ ʚ ʠʟʜʝʣʠʷ ʠʟ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʙʝʪʦʥʘ [10]. ʉʧʦʩʦʙ ʚʥʝʜʨʝʥʠʷ 

ʧʠʛʤʝʥʪʦʚ ʚ ʠʟʜʝʣʠʷ ʠʟ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʙʝʪʦʥʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʛʦʪʦʚʷʪ 

ʧʦʨʦʰʦʢ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ ʠ 

ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʚ ʦʙʲʝʤʝ ʠʟʜʝʣʠʷ. ʇʨʠ ʵʪʦʤ 

ʧʦʨʦʰʦʢ ʧʠʛʤʝʥʪʘ ʟʘʩʳʧʘʶʪ ʚ ʬʦʨʤʫ ʠʟ ʨʘʩʯʝʪʘ 30-

50 ʛ ʥʘ 1 ʢʚ. ʤ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʨʤʳ, ʚ ʢʦʪʦʨʫʶ ʟʘʪʝʤ 

ʚʳʢʣʘʜʳʚʘʶʪ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʠ ʧʨʦʠʟʚʦʜʷʪ 

ʚʠʙʨʘʮʠʶ ʬʦʨʤʳ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʫʧʘʢʦʚʢʦʡ 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʠʟʜʝʣʠʷ ʚ ʚʦʜʦʥʝʧʨʦʥʠʮʘʝʤʳʡ 
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ʤʘʪʝʨʠʘʣ ʩ ʚʳʜʝʨʞʢʦʡ ʥʝ ʤʝʥʝʝ 24 ʯʘʩʘ ʜʦ ʧʦʣʥʦʛʦ 

ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʠʟʜʝʣʠʷ. 

ɺ ʨʘʙʦʪʘʭ [11-14] ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʙʝʪʦʥʘ ʠ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ 

ʧʠʛʤʝʥʪʘ ʥʘ ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɹʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʮʝʤʝʥʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʙʝʪʦʥʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ, ʘ 

ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʜʝʢʦʨʘʪʠʚʥʦʩʪʠ ʠ 

ʩʚʝʪʷʱʝʛʦʩʷ ʵʬʬʝʢʪʘ ʠʟʜʝʣʠʡ ʩ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʧʠʛʤʝʥʪʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʘʚʪʦʨʩʢʠʭ ʤʝʪʦʜʠʢ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʨʝʢʦʤʝʥʜʫʝʤʳʡ ʩʦʩʪʘʚ 

ʩʚʝʪʷʱʝʛʦʩʷ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʙʝʪʦʥʘ, ʚʢʣʶʯʘʶʱʠʡ 

ʙʝʣʳʡ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ CEM I 52.5 N, ʜʨʦʙʣʝʥʳʝ 

ʦʪʭʦʜʳ ʤʨʘʤʦʨʘ, ʤʦʜʠʬʠʢʘʪʦʨ 

ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʥʦʛʦ ʪʠʧʘ, ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ 

ʧʠʛʤʝʥʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʠʟʜʝʣʠʷ ʩ ʷʨʢʠʤ 

ʩʚʝʪʷʱʠʤʩʷ ʵʬʬʝʢʪʦʤ ʠ ʚʳʩʦʢʠʤʠ ʜʝʢʦʨʘʪʠʚʥʳʤʠ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʧʠʛʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʜʦʣʛʦʚʝʯʥʳʭ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʙʝʪʦʥʦʚ. 

ʕʬʬʝʢʪ ʩʚʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʦʱʝʥʠʷ ʠ 

ʧʦʚʳʩʠʪʴ ʠʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʟʘ ʩʯʝʪ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ 

ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʦʨʦʞʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʠ ʧʝʰʝʭʦʜʥʳʭ ʧʦʪʦʢʦʚ. 
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ 

ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ɿɼɸʅʀʗ ʅɸ 

ʆʉʅʆɺɽ ʅɽʁʈʆʅʅʓʍ ʉɽʊɽʁ 

 

ʉʫʣʝʡʤʘʥʦʚʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 
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ɸʅʅʆʊɸʎʀʗ 
 

ʋʧʨʘʚʣʝʥʠʝ ʩʧʨʦʩʦʤ ʥʘ ʵʥʝʨʛʠʶ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ 

ʵʥʝʨʛʠʠ ʠ ʩʤʷʛʯʝʥʠʷ ʧʨʦʙʣʝʤ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ. ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʯʘʩʪʝʡ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʤʝʥʝʜʞʤʝʥʪʘ 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʝ ʠ ʥʘʜʝʞʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʪʦʯʥʘʷ ʠ ʥʘʜʝʞʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʚ ʟʜʘʥʠʷʭ ʤʦʞʝʪ ʧʚʳʩʠʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʩʪʦʡʯʠʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʇʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʚ ʟʜʘʥʠʠ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʚʣʠʷʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, 

ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʜʘʥʠʷ ʠ ʝʛʦ ʧʦʢʘʟʘʪʝʣʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ. ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ 

ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʛʠʙʨʠʜʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ ʜʣʷ ʪʦʯʥʦʛʦ ʠ 

ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʮʝʜʫʨʘ ʘʜʘʧʪʠʚʥʦʡ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʩ ʝʝ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʘʤʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ, ʛʝʥʝʪʠʯʝʩʢʠʡ ʘʣʛʦʨʠʪʤ, 

ɹʘʡʝʩʦʚʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ, ʧʦʛʦʜʥʳʝ ʬʘʢʪʦʨʳ, ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. 

 

ABSTRACT 
 

Energy demand management is critical to reducing primary energy consumption and mitigating climate change 

issues. One of the most important parts of an energy management system is accurate and reliable forecasting of energy 

consumption. Moreover, an accurate and reliable forecasting model for energy consumption in buildings can inspire 

energy efficiency policies to reduce energy consumption, reduce environmental pollution and sustainable economic 

development. Energy consumption in a building depends on various influential factors, including weather conditions, 

building properties, time and occupancy. The article discusses neural network models of a hybrid genetic algorithm and 

long-term memory for accurate and reliable energy forecasting, in particular, the procedure for an adaptive neural 

network model with its hyperparameters. 

Keywords:energy consumption forecasting, neural networks, genetic algorithm, Bayesian optimization, weather 

factors, time dependence. 

 

ʂʘʞʜʦʝ ʟʜʘʥʠʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʫʶ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ; ʝʛʦ 

ʬʘʢʪʠʯʝʩʢʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ 

ʢʦʤʧʣʝʢʩʘ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ 

ʨʘʟʣʠʯʥʳʝ ʜʘʥʥʳʝ ʦ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ[1-3]. ʊʦʯʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʦʚʳʰʝʥʠʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʜʘʥʠʡ. 

ʇʨʦʬʠʣʴ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʠ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʤʦʛʫʪ 

ʧʦʟʚʦʣʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʤʦʜʝʣʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʜʘʥʥʳʭ, ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ.  

ʉʠʩʪʝʤʘ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 

ʟʜʘʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʫʨʦʚʥʝʡ: ʫʨʦʚʥʷ ʩʙʦʨʘ ʠ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ, ʫʨʦʚʥʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʜʘʥʥʳʭ ʠ ʫʨʦʚʥʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ 

ʫʨʦʚʥʷ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ï ʵʪʦ ʤʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

ʛʠʙʨʠʜʥʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʘ (GA) ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʧʘʤʷʪʠ (LSTM) ʜʣʷ ʪʦʯʥʦʛʦ ʠ 

ʥʘʜʝʞʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ 

LSTM ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʝʤ. 

GA ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ LSTM ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɻʠʧʝʨʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʘʨʭʠʪʝʢʪʫʨʳ 

LSTM ʚʢʣʶʯʘʶʪ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ LSTM, 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʫʨʦʚʥʝ LSTM, 

ʩʢʦʨʦʩʪʴ ʦʪʙʨʘʩʳʚʘʥʠʷ ʢʘʞʜʦʛʦ ʫʨʦʚʥʷ LSTM ʠ 

ʩʢʦʨʦʩʪʴ ʦʙʫʯʝʥʠʷ ʩʝʪʠ. ʄʝʞʜʫ ʪʝʤ, ʪʘʢʞʝ 
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ʠʩʩʣʝʜʫʝʪʩʷ ʚʣʠʷʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʧʦʛʦʜʳ 

ʠ ʚʨʝʤʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʦʰʣʦʡ ʠʥʬʦʨʤʘʮʠʠ[4-7].  

ɸʜʘʧʪʠʚʥʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ LSTM ʨʘʙʦʪʘʝʪ 

ʣʫʯʰʝ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʘʷ ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʷʤʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ LSTM ʧʦ ʪʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ [8]. ʆʥ 

ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʠʪ ʪʝ ʩʝʪʠ LSTM, ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʦʠʩʢʘ ʧʦ ʩʝʪʢʝ ʠ 

ʙʘʡʝʩʦʚʩʢʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ʊʘʢʦʝ ʪʦʯʥʦʝ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʤʦʞʝʪ ʩʳʛʨʘʪʴ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʚʢʣʶʯʘʷ 

ʝʞʝʜʥʝʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ ʟʜʘʥʠʡ, 

ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʤʝʥʝʜʞʝʨʘʤʠ ʦʙʲʝʢʪʦʚ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ, 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʩ ʥʫʣʝʚʳʤ ʧʦʪʨʝʙʣʝʥʠʝʤ ʵʥʝʨʛʠʠ, 

ʩʤʷʛʯʝʥʠʝ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʟʜʘʥʠʡ ʥʘ ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ 

ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʦʢʘʟʘʣʠʩʴ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ ʪʦʯʥʳʤʠ. ʅʝʡʨʦʥʥʳʝ ʩʝʪʠ 

ʩʧʦʩʦʙʥʳ ʘʜʝʢʚʘʪʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʝ 

ʥʝʣʠʥʝʡʥʳʝ ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ 

ʚʳʭʦʜʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ ʩʣʦʞʥʦʡ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʦʡ ʠ 

ʪʦʯʥʦʩʪʴʶ. ʄʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʩ ʧʨʷʤʦʡ 

ʩʚʷʟʴʶ ʦʙʳʯʥʦ ʧʳʪʘʶʪʩʷ ʧʦʩʪʨʦʠʪʴ ʧʨʷʤʦʝ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʥʳʤʠ ʚʭʦʜʥʳʤʠ 

ʠʩʪʦʨʠʯʝʩʢʠʤʠ ʜʘʥʥʳʤʠ  

(ʪ. ʝ. ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʚʨʝʤʝʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʠʟʤʝʨʝʥʠʷʤʠ ʚʥʫʪʨʝʥʥʠʭ 

ʜʘʪʯʠʢʦʚ) ʠ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʧʦʪʨʝʙʣʝʥʠʠ 

ʵʥʝʨʛʠʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʘʥʥʳʭ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ 

ʧʨʷʤʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʝ ʤʦʛʫʪ ʫʣʦʚʠʪʴ 

ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʜʘʥʥʳʤʠ ʦʙ ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʝʤ. 

ʇʦʵʪʦʤʫ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʚʨʝʤʝʥʥʳʭ ʨʷʜʦʚ ʦʛʨʘʥʠʯʝʥʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʩ 

ʜʣʠʥʥʦʡ ʢʨʘʪʢʦʩʨʦʯʥʦʡ ʧʘʤʷʪʴʶ (LSTM) ʜʣʷ 

ʧʨʝʦʜʦʣʝʥʠʷ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɹʣʘʛʦʜʘʨʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʥʝʡʨʦʥʘʤʠ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ LSTM ʩʧʦʩʦʙʥʘ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʧʦʩʪʘʚʣʝʥʠʡ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ 

ʠ ʚʳʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʚʳʭʦʜ ʢʘʞʜʦʛʦ 

ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ ʚʣʠʷʶʪ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʧʨʝʜʳʜʫʱʝʛʦ ʚʨʝʤʝʥʥʦʛʦ ʰʘʛʘ, ʤʦʞʥʦ ʨʘʩʧʦʟʥʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ çʧʘʤʷʪʠè. 

ʉʝʪʴ LSTM ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʤʝʥʝʥʳ 

ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, ʪʘʢʠʭ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʩʣʦʝʚ, 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʨʦʥʦʚ ʚ ʢʘʞʜʦʤ ʩʣʦʝ, ʩʢʦʨʦʩʪʴ 

ʦʙʫʯʝʥʠʷ, ʩʢʦʨʦʩʪʴ ʦʪʙʨʘʩʳʚʘʥʠʷ ʠ ʬʫʥʢʮʠʷ 

ʘʢʪʠʚʘʮʠʠ. ʈʫʯʥʦʡ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʠʩʢ ï ʜʚʘ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʘ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ. ʈʫʯʥʦʡ ʧʦʠʩʢ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠʥʪʫʠʮʠʠ ʠ ʦʧʳʪʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʕʢʩʧʝʨʪʳ ʤʦʛʫʪ ʦʧʨʝʜʝʣʠʪʴ ʢʨʠʪʠʯʝʩʢʠʝ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʚʟʘʠʤʦʩʚʷʟʠ 

ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʠ ʚʳʭʦʜʥʳʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ. 

ʆʜʥʘʢʦ ʦʙʳʯʥʦ ʦʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʤʦʜʝʣʝʡ ʪʨʝʙʫʶʪʩʷ 

ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʝʛʦ ʩʣʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʥʝʦʧʳʪʥʳʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ. 

ɹʦʣʝʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʥʝ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠ ʜʠʘʧʘʟʦʥʘ ʟʥʘʯʝʥʠʡ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʨʫʯʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ . 

ɼʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʨʫʯʥʦʛʦ ʧʦʠʩʢʘ 

ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʘʣʛʦʨʠʪʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 

ʧʦʠʩʢʘ. ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʧʦʜʦʙʥʘ ʬʫʥʢʮʠʠ ʯʝʨʥʦʛʦ ʷʱʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ, 

ʪʘʢʠʝ ʢʘʢ ʤʝʪʦʜ ʅʴʶʪʦʥʘ ʠʣʠ ʛʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ, ʥʝ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ. ʉʫʱʝʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʠʩʢʘ ʚʢʣʶʯʘʶʪ ʧʦʠʩʢ ʧʦ ʩʝʪʢʝ, 

ʙʘʡʝʩʦʚʩʢʫʶ ʦʧʪʠʤʠʟʘʮʠʶ ʠ ʵʚʦʣʶʮʠʦʥʥʫʶ 

ʦʧʪʠʤʠʟʘʮʠʶ. ʇʦʠʩʢ ʧʦ ʩʝʪʢʝ ʪʝʩʪʠʨʫʝʪ ʤʦʜʝʣʴ 

ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʩʦ ʚʩʝʤʠ ʚʦʟʤʦʞʥʳʤʠ 

ʢʦʤʙʠʥʘʮʠʷʤʠ ʟʥʘʯʝʥʠʡ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ [9]. ʍʦʪʷ 

ʧʦʠʩʢ ʧʦ ʩʝʪʢʝ ʤʦʞʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ 

ʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʛʣʦʙʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ, ʦʥ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʧʨʠ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʟʥʘʯʝʥʠʡ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʧʨʠ ʧʦʠʩʢʝ ʧʦ ʩʝʪʢʝ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʘʡʝʩʦʚʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ. ʀʩʧʦʣʴʟʫʷ 

ʬʦʨʤʫʣʫ ɹʘʡʝʩʘ, ʙʘʡʝʩʦʚʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʦʣʫʯʘʝʪ 

ʘʧʦʩʪʝʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʬʫʥʢʮʠʠ ʧʫʪʝʤ ʠʥʪʝʛʨʘʮʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʩ ʚʳʙʦʨʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

[10]. ʆʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʘʧʦʩʪʝʨʠʦʨʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʘʢʦ ʙʘʡʝʩʦʚʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ 

ʦʙʳʯʥʦ ʦʩʥʦʚʘʥʘ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʝʝ ʬʫʥʢʮʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʦʜʯʠʥʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɻʘʫʩʩʘ.  

ɸʨʭʠʪʝʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LSTM ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʙʣʘʛʦʜʘʨʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʘʣʛʦʨʠʪʤʘ ʦʙʨʘʪʥʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʰʠʙʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʚʝʩʦʚʳʭ ʤʘʪʨʠʮ ʠ ʩʤʝʱʝʥʠʡ. ʏʪʦʙʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠ ʦʙʝʩʧʝʯʠʪʴ ʤʥʦʛʦʤʝʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʘʨʭʠʪʝʢʪʫʨ, ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʧʪʠʤʠʟʘʮʠʷ GA ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ LSTM 

ʇʨʦʮʝʜʫʨʘ ʘʜʘʧʪʠʚʥʦʡ ʤʦʜʝʣʠ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

LSTM ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʥʘ ʥʘ ʨʠʩ. 1. 

ʄʦʜʝʣʴ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LSTM ʩ ʝʝ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʭʨʦʤʦʩʦʤʘ 

ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ GA. ʈʘʟʤʝʨ ʧʦʧʫʣʷʮʠʠ 

ʦʧʪʠʤʠʟʘʮʠʠ GA ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʚʥʳʤ, ʥʘʧʨʠʤʝʨ, 20 

[7]. ɺʥʘʯʘʣʝ ʥʝʡʨʦʥʥʳʤ ʩʝʪʷʤ LSTM ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ ʥʘʟʥʘʯʘʶʪʩʷ ʨʘʟʥʳʝ ʛʠʧʝʨʧʘʨʘʤʝʪʨʳ. ʕʪʠ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ LSTM ʦʙʫʯʘʶʪʩʷ ʠ ʪʝʩʪʠʨʫʶʪʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʦʚ ʦʙʫʯʘʶʱʠʭ ʜʘʥʥʳʭ ʠʟ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʙʘʟʳ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʦʙʫʯʝʥʠʝ 

ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ, 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʙʦʣʴʰʘʷ ʨʘʟʥʠʮʘ ʚ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ 

ʩʨʝʜʥʝʡ ʘʙʩʦʣʶʪʥʦʡ ʦʰʠʙʢʝ (MAE) ʧʨʠ ʧʦʚʪʦʨʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ 

ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ LSTM ʦʙʫʯʘʝʪʩʷ ʠ ʪʝʩʪʠʨʫʝʪʩʷ 5 ʨʘʟ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʥʘʯʘʣʴʥʳʭ ʚʝʩʦʚʳʭ ʤʘʪʨʠʮ ʠ 
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ʩʤʝʱʝʥʠʡ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ MAE 

ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ GA. ʅʘ 

ʦʩʥʦʚʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ MAE ʧʨʦʚʦʜʷʪʩʷ ʧʨʦʮʝʩʩʳ 

ʦʪʙʦʨʘ, ʢʨʦʩʩʦʚʝʨʘ ʠ ʤʫʪʘʮʠʠ ʜʣʷ ʦʙʥʦʚʣʝʥʠʷ ʢʘʞʜʦʡ 

ʯʘʩʪʠʮʳ (ʪ.ʝ. ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

LSTM). ʀʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʤʝʞʜʫ GA ʠ 

ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ LSTM ʧʦʚʪʦʨʷʝʪʩʷ 50 ʨʘʟ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʢʦʥʚʝʨʛʝʥʪʥʦʡ ʦʧʪʠʤʘʣʴʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LSTM . 

 

 
ʈʠʩʫʥʦʢ 1. ɹʣʦʢ-ʩʭʝʤʘ ʘʜʘʧʪʠʚʥʦʡ LSTM- ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ, 

ʚʢʣʶʯʘʶʪ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, ʧʦʚʝʜʝʥʠʝ ʞʠʣʴʮʦʚ ʠ 

ʨʝʞʠʤ ʨʘʙʦʪʳ ʦʩʚʝʱʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʚʦʟʜʫʭʘ. ɺ ʦʙʳʯʥʦʤ ʟʜʘʥʠʠ ʜʘʥʥʳʝ ʦ ʟʘʥʷʪʦʩʪʠ ʠ 

ʨʘʙʦʯʠʝ ʧʨʦʛʨʘʤʤʳ ʦʙʳʯʥʦ ʥʝʜʦʩʪʫʧʥʳ. ʆʜʥʘʢʦ ʚ 

ʫʯʝʙʥʦʤ ʟʜʘʥʠʠ ʧʦʚʝʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʠ ʨʝʞʠʤʳ 

ʨʘʙʦʪʳ ʦʩʚʝʱʝʥʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳ ʚ ʨʘʙʦʯʠʝ ʜʥʠ ʠ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʯʘʩʦʤ ʜʥʷ. ʇʦʩʢʦʣʴʢʫ LSTM 

ʢʦʨʨʝʣʠʨʫʝʪ ʧʦ ʚʨʝʤʝʥʠ, ʚʨʝʤʝʥʥʳʝ ʨʘʟʤʝʨʳ ʤʦʛʫʪ 

ʙʳʪʴ ʚʩʪʨʦʝʥʳ ʚ ʩʘʤʫ ʩʝʪʴ LSTM. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʠʩʪʦʨʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ ʧʦʛʦʜʳ ʩ ʚʝʙ-ʩʘʡʪʦʚ ʩ 

ʧʨʦʛʥʦʟʘʤʠ ʧʦʛʦʜʳ ʠ ʜʘʥʥʳʝ ʦ ʧʦʪʨʝʙʣʝʥʠʠ ʵʥʝʨʛʠʠ 

ʠʟ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʭʦʜʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʜʣʷ 

ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʘʜʘʧʪʠʚʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ LSTM. ʄʝʞʜʫ 

ʪʝʤ, ʜʘʥʥʳʝ ʧʨʦʛʥʦʟʦʚ ʩ ʚʝʙ-ʩʘʡʪʦʚ ʩ ʧʨʦʛʥʦʟʘʤʠ 

ʧʦʛʦʜʳ ʙʫʜʫʪ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʳʭ 

ʩʝʪʝʡ LSTM ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʝʥʝʪʠʯʝʩʢʠʤ ʘʣʛʦʨʠʪʤʦʤ 

(GA) ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʛʥʦʟʦʚ ʩ ʫʯʝʪʦʤ ʧʦʛʦʜʥʳʭ 

ʬʘʢʪʦʨʦʚ ʠ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʙʦʣʝʝ ʪʦʯʥʳʭ ʧʨʦʛʥʦʟʦʚ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ. 

ɹʘʡʝʩʦʚʩʢʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʘʢ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ 

ʛʠʧʝʨʧʘʨʘʤʝʪʨʦʚ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ LSTM. 
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ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʝʪʦʜʦʚ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɸʥʘʣʠʟ ʬʦʨʤʳ ʧʦʨ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʨʦʚʦʜʠʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʧʦʜʩʯʝʪʘ ʷʯʝʝʢ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʨ ʚ ʷʯʝʠʩʪʦʤ ʙʝʪʦʥʝ ʦʙʣʘʜʘʶʪ ʙʣʠʟʢʠʤʠ ʢ 1 

ʟʥʘʯʝʥʠʷʤʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʫʢʘʟʳʚʘʷ ʥʘ ʠʭ ʩʪʝʧʝʥʴ ʩʘʤʦʧʦʜʦʙʠʷ ʠ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ. ʕʪʠ 

ʚʳʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʬʦʨʤʘ ʧʦʨ, ʧʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ, ʤʝʪʦʜ 

ʧʦʜʩʯʝʪʘ ʷʯʝʝʢ, ʵʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ. 

 

ABSTRACT 

 

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

Analysis of the pore shape of cellular concrete is carried out using the cell counting method. The results show that most 

pores in cellular concrete have fractal dimension values close to 1, indicating their degree of self-similarity and scale 

invariance. These findings may be useful in optimizing the production of cellular concrete and its application in 

construction projects. 

Keywords:fractal dimension, pore shape, porous structure, cellular concrete, cell counting method, ellipsoid of 

rotation. 

 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ 

ʫʥʠʢʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʪʘʢʠʤ ʢʘʢ ʥʠʟʢʘʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʷ ʠ 

ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ[1-4]. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʷʯʝʠʩʪʳʝ ʙʝʪʦʥʳ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ[5-7].  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ʆʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ ʩʣʦʞʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ ʠʟ-ʟʘ ʩʣʦʞʥʦʩʪʠ ʠ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʆʙʳʯʥʦ ʠʟʦʙʨʘʞʝʥʠʷ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ Image-ProPlus, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʯʝʤ ʨʪʫʪʥʘʷ ʠʥʪʨʫʟʠʚʥʘʷ ʧʦʨʦʟʠʤʝʪʨʠʷ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʨʠʩʪʳʭ 

ʩʪʨʫʢʪʫʨ ʚʩʝ ʙʦʣʴʰʝ ʪʝʦʨʠʡ ʠ ʤʝʪʦʜʦʚ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʌʨʘʥʮʫʟʩʢʠʡ 

ʤʘʪʝʤʘʪʠʢ ɹʝʥʫʘ ʄʘʥʜʝʣʴʙʨʦʪ ʚ 1960-ʝ ʛʛ. 

ʧʨʝʜʣʦʞʠʣ ʬʨʘʢʪʘʣʴʥʳʡ ʧʦʜʭʦʜ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʜʣʠʥʳ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ 

ʠ ʧʨʝʜʦʩʪʘʚʠʣ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʷʟʠ 

ʤʝʞʜʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʧʦʨʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɼʚʘ ʦʩʥʦʚʥʳʭ 

ʩʚʦʡʩʪʚʘ ʠʟʦʙʨʘʞʝʥʠʡ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ï ʵʪʦ 

ʩʘʤʦʧʦʜʦʙʠʝ (ʢʘʞʜʘʷ ʯʘʩʪʴ ʧʦʜʦʙʥʘ ʮʝʣʦʤʫ) ʠ 

ʤʘʩʰʪʘʙʥʘʷ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ (ʩʚʦʡʩʪʚʦ ʩʦʭʨʘʥʷʪʴ 

ʬʦʨʤʫ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʤʘʩʰʪʘʙʘ). ɺʘʞʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʘʤʦʧʦʜʦʙʠʝ. 

ʌʨʘʢʪʘʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʦʟʚʦʣʷʝʪ ʦʧʠʩʳʚʘʪʴ 

ʩʣʦʞʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ 

ʧʦʨʠʩʪʳʝ ʤʘʪʝʨʠʘʣʳ, ʩ ʧʦʤʦʱʴʶ ʬʨʘʢʪʘʣʴʥʳʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʴ 

ʥʝʨʝʛʫʣʷʨʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ [8, 9]. 

ʈʘʩʯʝʪ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʨʠʤʝʥʝʥʠʠ ʪʝʦʨʠʠ ʬʨʘʢʪʘʣʦʚ ʥʘ 

ʧʨʘʢʪʠʢʝ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ [10]. 

ʄʝʪʦʜ ʧʦʜʩʯʝʪʘ ʨʘʟʤʝʨʥʦʩʪʝʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʣʝʪʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. 

ʕʪʦʪ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʢʣʝʪʢʠ 



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
69 

 

  

ʷʚʣʷʶʪʩʷ ʦʜʥʦʨʦʜʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʠ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʫʶ ʷʨʢʦʩʪʴ ʠ ʮʚʝʪ. 

ʄʝʪʦʜ ʧʝʨʠʤʝʪʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʛʨʘʥʠʮ 

ʦʙʲʝʢʪʦʚ. ʇʝʨʠʤʝʪʨ ʦʙʲʝʢʪʘ ʠʟʤʝʨʷʝʪʩʷ ʥʘ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʘʭ, ʠ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʚʳʯʠʩʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʄʝʪʦʜ ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʩʠʛʥʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʟʚʫʢʦʚʳʝ ʩʠʛʥʘʣʳ 

ʠʣʠ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ. ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ 

ʩʠʛʥʘʣʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ʦʪ ʯʘʩʪʦʪʳ, ʠ ʬʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʘʢʣʦʥʫ 

ʛʨʘʬʠʢʘ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ. 

ʄʝʪʦʜ ʧʦʜʩʯʝʪʘ ʷʯʝʝʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʪʨʝʭʤʝʨʥʳʭ 

ʦʙʲʝʢʪʦʚ. ʗʯʝʡʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʙʲʝʢʪ, 

ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʠ 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʜʩʯʝʪʘ (ʨʠʩ. 1). 

 

 

 

Ÿ 

 

Ÿ é.. Ÿ 

 

Ÿ 

 
 

 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʤʝʨʘ ʢʣʝʪʢʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ  

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʤʝʪʦʜʦʤ ʧʦʜʩʯʝʪʘ ʷʯʝʝʢ 

 

 

ʄʝʪʦʜ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʫʣʴʪʠʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʲʝʢʪʦʚ, ʠʤʝʶʱʠʭ ʥʝʨʘʚʥʦʤʝʨʥʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʄʫʣʴʪʠʬʨʘʢʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʘʟʤʝʨʦʚ 

ʦʙʲʝʢʪʦʚ ʚʥʫʪʨʠ ʦʙʨʘʟʮʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʤʘʩʰʪʘʙʥʳʭ ʩʪʨʫʢʪʫʨ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D 

ʧʦʨʳ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʤʝʪʦʜʦʤ ʧʦʜʩʯʝʪʘ ʢʣʝʪʦʢ 

ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʫʶ ʧʣʦʱʘʜʴ ʧʦʨʘ 

ʟʘʥʠʤʘʝʪ ʥʘ ʧʣʦʩʢʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʯʝʨʯʠʚʘʝʪʩʷ 

ʧʣʦʩʢʦʩʪʴ ʥʘ ʷʯʝʡʢʠ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʦʙʦʟʥʘʯʠʤ ʢʘʢ 

a. ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʯʝʝʢ N 

ʧʝʨʝʩʝʢʘʝʪ ʨʠʩʫʥʦʢ ʚʥʫʪʨʝʥʥʝʡ ʛʨʘʥʠ ʧʦʨʳ. ʇʨʠʯʝʤ 

N ʠ a ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʦʡ ʄʘʥʜʝʣʴʙʨʦʪʘ-ʈʠʯʘʨʜʩʦʥʘ: 

 

N = CȚa
-D

 ,                          (1) 

 

ʛʜʝ D ï ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʧʦʨʳ, C ï ʪʠʧʦʚʦʡ ʚʦ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʤʥʦʞʠʪʝʣʴ.  

ʇʦʢʘʟʘʪʝʣʴ D, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ (1), ʫʜʦʙʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

D = ὰὭάὥO 0
ὰὲὔ(ὥ)

ὰὲ1/ὥ
.                         (2) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʠʩʣʦ ʤʘʩʰʪʘʙʦʚ ʩʪʝʧʝʥʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʤʘʩʰʪʘʙʘ ʠʟʤʝʨʝʥʠʷ, ʘ 

ʩʪʝʧʝʥʥʦʡ ʧʦʢʘʟʘʪʝʣʴ ʦʢʘʟʳʚʘʝʪʩʷ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʴʶ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ʇʨʠ ʵʪʦʤ, 

ʯʝʤ ʤʝʥʴʰʝ ʤʘʩʰʪʘʙ, ʪʝʤ ʙʦʣʴʰʝ ʪʨʝʙʫʝʪʩʷ ʯʠʩʣʦ 

ʤʘʩʰʪʘʙʦʚ (ʨʠʩ. 1).  

ʌʦʨʤʳ, ʩʦʭʨʘʥʷʶʱʠʝʩʷ ʧʨʠ ʨʘʟʥʦʤ ʠʟʤʝʥʝʥʠʠ 

ʤʘʩʰʪʘʙʘ ʧʦ ʨʘʟʥʳʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʦʩʷʤ, 

ʥʘʟʳʚʘʶʪʩʷ ʩʘʤʦʧʦʜʦʙʥʳʤʠ. ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ 

ʬʦʨʤʘ ʧʦʨʳ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʪʨʝʤʠʪʩʷ ʢ 

ʩʬʝʨʠʯʝʩʢʦʡ [11], ʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʬʦʨʤʳ ʧʦʨʳ 

ʥʘ ʧʣʦʩʢʦʩʪʠ ï ʬʦʨʤʝ ʢʨʫʛʘ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʠʝʨʘʨʭʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ, 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ 

ʩʘʤʦʧʦʜʦʙʠʷ ʢʘʢ ʦʪʜʝʣʴʥʦʡ ʬʠʛʫʨʳ, ʬʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʢʨʫʛʘ D = 1. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠʚʝʜʝʥʠʝ ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʨ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ ʢ  D = 1 ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʫʧʘʢʦʚʢʠ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʨ[12, 13]. 

ʇʨʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʠ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʝʥʠʝ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʬʦʨʤʳ ʧʦʨ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠ 

ʭʘʨʘʢʪʝʨ ʧʦʨ, ʠʤʝʶʱʠʭ ʰʘʨʦʚʦ-ʧʦʣʠʵʥʜʨʠʯʝʩʢʫʶ 

ʬʦʨʤʫ ʠʣʠ ʬʦʨʤʫ ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷ. 

ʌʨʘʢʪʘʣʴʥʫʶ ʨʘʟʤʝʨʥʦʩʪʴ ʪʘʢʠʭ ʧʦʨ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʬʦʨʤʫʣʝ: 

 

D = 
В ὰὲὔὲ
Ὥ= 1 ϽВ ὰὲὥὲ

Ὥ= 1 ὲВ ὰὲὥ Ͻὰὲὔὲ
Ὥ= 1

ὲВ ὰὲὥὲ
Ὥ= 1

2
(В ὰὲὥὲ
Ὥ= 1 )2

 ,   (3) 

 

ʛʜʝ n ï ʯʠʩʣʦ ʠʟʤʝʨʝʥʠʡ. 

 

ɼʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʬʦʨʤʳ ʧʦʨ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʧʦʨ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʡ ʷʯʝʡʢʠ ʠ 

ʵʣʣʠʧʩʦʠʜʘ ʚʨʘʱʝʥʠʷʤʝʪʦʜʦʤ ʧʦʜʩʯʝʪʘ ʢʣʝʪʦʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 1. 
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ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʦʨʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ 

ʈʘʟʤʝʨ 

ʷʯʝʡʢʠ ʘ, 

ʤʤ 

ʂʨʫʛ ʉʬʝʨʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʕʣʣʠʧʩʦʠʜ ʚʨʘʱʝʥʠʷ 

ʂʦʣʠʯʝʩʪʚʦ 

ʷʯʝʝʢ N 
lna lnN 

ʂʦʣʠʯʝʩʪʚʦ 

ʷʯʝʝʢ N 
lna lnN 

ʂʦʣʠʯʝʩʪʚʦ 

ʷʯʝʝʢ N 
lna lnN 

2,5 24 1,386294 3,178054 32 1,386294 3,465736 21 1,386294 3,044522 

2,0 28 1,609438 3,332205 42 1,609438 3,737670 29 1,609438 3,367296 

1,5 40 1,897120 3,688879 57 1,89712 4,043051 38 1,897120 3,637586 

1,0 58 2,302585 4,060443 80 2,302585 4,382027 50 2,302585 3,912023 

0,75 80 2,590267 4,382027 108 2,590267 4,682131 75 2,590267 4,317488 

0,5 120 2,995732 4,787492 164 2,995732 5,099866 100 2,995732 4,60517 

 

 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 1, 

ʚ ʬʦʨʤʫʣʫ (3) ʧʦʣʫʯʠʤ: 

 

Dʢʨʫʛ= 1,001; 

Dʩʬ.ʷʯ. = 0,9926; 

Dʵʣʣ.ʚʨ. = 0,9319. 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʨ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʨʳ, 

ʬʦʨʤʠʨʫʝʤʦʡ ʚ ʷʯʝʠʩʪʦʤ ʙʝʪʦʥʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʬʨʢʘʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʢʨʫʛʘ. ʇʦʨʳ ʬʦʨʤʳ ʵʣʣʠʧʩʦʠʜʘ 

ʚʨʘʱʝʥʠʷ ʠʤʝʶʪ ʤʝʥʴʰʫʶ ʬʨʘʢʪʘʣʴʥʫʶ 

ʨʘʟʤʝʨʥʦʩʪʴ. ʆʮʝʥʢʘ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʬʦʨʤʳ ʧʦʨ ʚ ʢʦʥʪʝʢʩʪʝ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʠʤʝʝʪ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʧʦʨ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ 

ʛʣʫʙʦʢʦ ʧʦʥʷʪʴ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʧʦʨʳ ʚ ʷʯʝʠʩʪʦʤ 

ʙʝʪʦʥʝ ʦʨʛʘʥʠʟʦʚʘʥʳ ʥʘ ʤʠʢʨʦʫʨʦʚʥʝ. ʌʨʘʢʪʘʣʴʥʘʷ 

ʨʘʟʤʝʨʥʦʩʪʴ ʛʦʚʦʨʠʪ ʦ ʩʪʝʧʝʥʠ ʩʘʤʦʧʦʜʦʙʠʷ ʠ 

ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʧʦʨ, ʪʦ ʝʩʪʴ ʦ ʪʦʤ, 

ʥʘʩʢʦʣʴʢʦ ʧʦʨʳ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʥʘ ʨʘʟʥʳʭ 

ʤʘʩʰʪʘʙʘʭ.  

ʇʨʠ ʧʦʤʦʱʠ ʦʮʝʥʢʠ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʚʦʟʤʦʞʥʦ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʪʴ 

ʢʘʯʝʩʪʚʦ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʪʦʜʳ ʠ ʩʪʨʘʪʝʛʠʠ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ, 

ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʯʝʠʩʪʦʛʦ 

ʙʝʪʦʥʘ, ʯʪʦʙʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ʬʦʨʤʫ ʠ ʨʘʟʤʝʨʳ ʧʦʨ.ɹʦʣʝʝ ʪʦʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ, ʜʦʩʪʠʛʘʝʤʦʝ 

ʙʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʫʣʫʯʰʝʥʠʶ ʝʛʦ ʪʝʭʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, 

ʫʣʫʯʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʤʘʪʝʨʠʘʣʘ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʚʳʭ ʩʝʪʝʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ. ʇʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʝʡ. ʕʬʬʝʢʪʠʥʦʚʩʪʴ ʚʥʝʜʨʝʥʠʷ ʥʝʡʨʦʩʝʪʝʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ.  

 

ABSTRACT 

 

The article discusses the advantages of using neural networks in the design and construction of buildings. 

Examples of how neural networks work are given. The effectiveness of introducing neural networks into construction. 

Keywords: neural network, construction, design 

 

 

ʅʝʡʨʦʥʥʘʷ ʩʝʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩ ʩʦʙʦʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʨʘʙʦʪʘʝʪ ʧʦ 

ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʥʝʡʨʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʩʝʪʠ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʠ ʥʘʮʝʣʝʥʳ ʥʘ 

ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʬʝʨʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ [1].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʝʡʨʦʩʝʪʠ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʨʦʮʝʩʩʘ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 

ʠʥʞʝʥʝʨʦʚ ʠ ʜʠʟʘʡʥʝʨʦʚ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʥʝʡʨʦʩʝʪʠ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʟʜʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. ʊʨʘʜʠʮʠʦʥʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʷ ʪʨʝʙʫʝʪ ʤʥʦʞʝʩʪʚʘ 

ʠʟʤʝʥʝʥʠʡ, ʧʨʦʙ ʠ ʦʰʠʙʦʢ, ʯʪʦʙʳ ʧʦʣʫʯʠʣʩʷ 

ʢʦʥʝʯʥʳʡ ʧʨʦʜʫʢʪ. ʆʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʪʘʢʠʤ 

ʪʝʭʥʦʣʦʛʠʷʤ, ʘʨʭʠʪʝʢʪʦʨʳ ʪʝʧʝʨʴ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ 

ʤʦʜʝʣʠ ʟʜʘʥʠʡ ʠ ʩʠʤʫʣʠʨʦʚʘʪʴ ʠʭ ʨʘʙʦʪʫ, ʯʪʦʙʳ 

ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ. 

ʕʪʦ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʥʝʡʨʦʩʝʪʠ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʧʦʤʦʱʴ ʚ ʩʬʝʨʝ ʩʦʟʜʘʥʠʷ ʜʠʟʘʡʥʦʚ ʟʜʘʥʠʡ. 

ɸʨʭʠʪʝʢʪʦʨʳ ʠ ʜʠʟʘʡʥʝʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʡʨʦʩʝʪʝʚʳʝ ʘʣʛʦʨʠʪʤʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʬʦʨʤ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʧʘʨʘʤʝʪʨʳ, ʪʘʢʠʝ ʢʘʢ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠ 

ʢʫʣʴʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʚʘʪʴ 

ʟʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤʠ 

ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʩʢʫʩʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʦ ʩʚʦʝʤʫ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ.  

ɽʱʝ ʥʝʡʨʦʩʝʪʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʬʝʨʝ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʧʣʦʱʘʜʢʘʭ. ʆʥʠ ʤʦʛʫʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʘʩʧʦʟʥʘʚʘʪʴ 

ʥʝʙʝʟʦʧʘʩʥʳʝ ʜʝʡʩʪʚʠʷ ʠ ʧʦʚʝʜʝʥʠʝ ʨʘʙʦʯʠʭ. ʊʘʢʘʷ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʘ ʚ ʚʠʜʝ ʢʘʤʝʨ 

ʚʠʜʝʦʥʘʙʣʶʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʤʛʥʦʚʝʥʥʦ 

ʦʧʨʝʜʝʣʷʪʴ ʥʘʨʫʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʥʦʰʝʥʠʝ 

ʥʝʧʦʜʭʦʜʷʱʝʡ ʟʘʱʠʪʥʦʡ ʵʢʠʧʠʨʦʚʢʠ, 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʳʡ ʜʦʩʪʫʧ ʥʘ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ 

ʠ ʜʨʫʛʠʝ ʥʘʨʫʰʝʥʠʷ. 

ʊʘʢ ʞʝ, ʥʝʡʨʦʩʝʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʣʷ ʧʨʝʜʚʠʜʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʥʘ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ. ɸʥʘʣʠʟʠʨʫʷ 

ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ, 

ʫʨʦʚʝʥʴ ʰʫʤʘ, ʩʦʩʪʦʷʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪ.ʜ., 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ ʩʧʦʩʦʙʥʳ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞʥʳʝ 

ʦʧʘʩʥʦʩʪʠ ʠ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʝʨʳ ʟʘʨʘʥʝʝ, ʧʦʚʳʰʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ.  
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ʈʠʩ.1 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʤʧʘʥʠʠ, ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʦʢʠ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ɿʘʜʝʨʞʢʠ ʚ ʨʘʩʧʠʩʘʥʠʠ ʠ ʧʨʝʚʳʰʝʥʠʝ ʙʶʜʞʝʪʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚʝʩʴʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʜʘʥʥʦʡ 

ʦʪʨʘʩʣʠ. 

ʅʝʡʨʦʩʝʪʠ ʧʦʟʚʦʣʷʶʪ ʩʪʨʦʠʪʝʣʴʥʳʤ 

ʢʦʤʧʘʥʠʷʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪ ʠ ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʜʝʨʞʢʘʤ ʚ ʙʫʜʫʱʝʤ. 

ʊʝʤ ʩʘʤʳʤ, ʚʥʝʜʨʝʥʠʝ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚ ʤʠʨʦʚʫʶ 

ʩʪʨʦʠʪʝʣʴʥʫʶ ʠʥʜʫʩʪʨʠʶ ʩʧʦʩʦʙʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʟʘʜʝʨʞʝʢ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ. 
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ʈʠʩ. 2 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʝʡʨʦʩʝʪʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ. ʆʥʠ 

ʘʥʘʣʠʟʠʨʫʶʪ ʠ ʧʨʦʛʥʦʟʠʨʫʶʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʦʙʦʨʫʜʦʚʘʥʠʠ ʠ ʨʘʙʦʯʝʡ 

ʩʠʣʝ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʩʦʢʨʘʪʠʪʴ ʠʟʜʝʨʞʢʠ ʠ 

ʦʧʪʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʦʠ ʨʝʩʫʨʩʳ. 

ʅʝʡʨʦʩʝʪʠ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 

ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʆʥʠ ʩʧʦʩʦʙʥʳ ʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ ʭʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ, 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 

ʦʙʥʘʨʫʞʝʥʠʷ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʦʡʤʘʪʝʨʠʘʣʘʭ, ʪʘʢʠʭ 

ʢʘʢ ʙʝʪʦʥ, ʩʪʘʣʴ ʠ ʜʝʨʝʚʦ. ɹʣʘʛʦʜʘʨʷ ʘʥʘʣʠʟʫ 

ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʜʘʥʥʳʭ, ʚʢʣʶʯʘʷ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʤʦʞʥʦ ʚʳʷʚʣʷʪʴ ʠʟʲʷʥʳ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ 

ʦʙʥʘʨʫʞʠʪʴ ʪʝʭʥʘʜʟʦʨʫ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʘʥʠʠ ʫʞʝ 

ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ ʜʣʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ 

ʙʝʪʦʥʘ ʠ ʚʳʷʚʣʝʥʠʷ ʪʘʢʠʭ ʜʝʬʝʢʪʦʚ, ʢʘʢ ʪʨʝʱʠʥʳ ʠ 

ʚʦʟʜʫʰʥʳʝ ʢʘʨʤʘʥʳ. ʉʠʩʪʝʤʘ ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ ʨʘʙʦʪʥʠʢʘʤ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʚʳʷʚʣʷʪʴ ʠ ʠʩʧʨʘʚʣʷʪʴ ʦʰʠʙʢʠ. 

ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ 

ʧʦʨʯʠ ʚ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪ ʠ ʫʩʢʦʨʠʪ 

ʨʘʙʦʪʫ ʯʝʣʦʚʝʢʘ [3], ʥʦ, ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʦʥʠ 

ʥʝ ʟʘʤʝʥʷʶʪ ʨʦʣʴ ʯʝʣʦʚʝʢʘ. ɸʨʭʠʪʝʢʪʦʨʳ ʠ 

ʠʥʞʝʥʝʨʳ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ.  

ʅʝʡʨʦʩʝʪʠ ʩʧʦʩʦʙʥʳ ʚʳʚʝʩʪʠ ʥʘ ʥʦʚʳʡ 

ʫʨʦʚʝʥʴ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʚ ʦʙʣʘʩʪʠ ʦʭʨʘʥʳ ʪʨʫʜʘ, 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢʞʝ ʤʦʛʫʪ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ ʠ ʧʝʨʝʨʘʩʭʦʜʳ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʦʪʢʨʳʚʘʝʪ ʦʛʨʦʤʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʥʥʦʚʘʮʠʡ, ʦʧʪʠʤʠʟʘʮʠʠ ʠ 

ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʩʪʨʦʡʢʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, 

ʫʩʪʦʡʯʠʚʳʝ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʝ ʟʜʘʥʠʷ. ɺʤʝʩʪʝ ʩ 

ʥʝʡʨʦʩʝʪʷʤʠ ʘʨʭʠʪʝʢʪʦʨʳ ʧʨʦʜʦʣʞʘʶʪ ʜʚʠʛʘʪʴʩʷ 

ʚʧʝʨʝʜ, ʧʨʝʚʨʘʱʘʷ ʩʚʦʠ ʠʜʝʠ ʚ ʨʝʘʣʴʥʦʩʪʴ ʠ 

ʦʩʪʘʚʣʷʷ ʩʣʝʜ ʚ ʠʩʪʦʨʠʠ ʘʨʭʠʪʝʢʪʫʨʳ  
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ʉʆɺʄɽʉʊʅɸʗ ʈɸɹʆʊɸ ɺ ʇʈʆɻʈɸʄʄʅʆʄ 

ʆɹɽʉʇɽʏɽʅʀʀ RENGA 

 

ʊʠʤʦʰʝʥʢʦ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʉʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 

ʂʫʨʙʘʪʦʚ ɺʣʘʜʠʤʠʨ ʃʝʦʥʠʜʦʚʠʯ 

ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ɼʘʚʟʘʨʷʥ ɻʝʦʨʛʠʡ ʉʝʨʛʝʝʚʠʯ 

ʉʪʫʜʝʥʪ 

 

ɺʦʨʦʥʠʥʘ ʄʘʨʠʥʘ ɽʚʛʝʥʴʝʚʥʘ 

ʉʪʫʜʝʥʪ 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 

ʄʠʥʝʨʘʣʴʥʳʝɺʦʜʳ 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʚ ʧʨʦʛʨʘʤʤʝ Renga - ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʫʣʫʯʰʠʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʢʦʣʣʝʢʪʠʚʝ. Renga ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʚʤʝʩʪʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʝʢʪʳ, ʜʝʣʠʪʴʩʷ ʠʜʝʷʤʠ ʠ ʦʙʤʝʥʠʚʘʪʴʩʷ ʤʥʝʥʠʷʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʈʘʩʩʤʦʪʨʝʥʳ 

ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ Renga, ʪʘʢʠʝ ʢʘʢ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ ʥʝʩʢʦʣʴʢʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʢʦʤʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʘʥʥʦʪʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʦʝʢʪʘ, ʘ ʪʘʢʞʝ ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʠ ʦʙʩʫʞʜʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʜʠʥʷʪʴ ʫʩʠʣʠʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʢʦʤʘʥʜʳ, ʯʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ, ʤʠʥʠʤʠʟʠʨʫʝʪ ʦʰʠʙʢʠ ʠ ʫʣʫʯʰʘʝʪ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:Renga, ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ, BIM-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 

ABSTRACT 

 

This article provides an overview of collaboration in the Renga program, a tool that allows you to improve 

communication and work efficiency in a team. Renga provides an opportunity to jointly develop projects, share ideas and 

exchange opinions in real time. Various Renga functionality is considered, such as editing a project by several participants 

at the same time, commenting and annotating project elements, as well as built-in tools for feedback and discussion. The 

program allows you to combine the efforts of each team member, which significantly increases the efficiency of work, 

minimizes errors and improves the quality of the final result. 

Key words:Renga, collaboration, BIM design. 

 

ɺ ʨʘʤʢʘʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʊʠʤʦʰʝʥʢʦ ʊ.ɸ. ʚ ʮʝʣʷʭ 

ʫʛʣʫʙʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʧʨʦʛʨʘʤʤʳ Renga ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʩʪʦʨʦʥ ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʙʝʟ 

ʦʛʨʘʥʠʯʝʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦ ʫʜʘʣʝʥʠʶ ʠ ʠʟʤʝʥʝʥʠʶ 

ʦʙʲʝʢʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʪʫʜʝʥʪʳ 3 ʠ 4 ʢʫʨʩʘ ʉʂʌ ɹɻʊʋ 

ʠʤ ɺ.ɻ.ʐʫʭʦʚʘ ʄ. ɺʦʨʦʥʠʥʘ  ʠ ɻ. ɼʘʚʟʘʨʷʥ, 

ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ 08.03.01 ʇʨʦʬʠʣʴ ʇʨʦʤʳʰʣʝʥʥʦʝ ʠ 

ʛʨʘʞʜʘʥʩʢʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʚʳʧʦʣʥʠʣʠ ʧʨʦʝʢʪ 

ʜʦʰʢʦʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʧʣʝʢʪ ʯʝʨʪʝʞʝʡ 

ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦʚʪʦʨʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʮʠʬʨʦʚʳʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʤʦʜʝʣʠ: 

½ ʘʨʭʠʪʝʢʪʫʨʥʘʷ ʤʦʜʝʣʴ (ʨʠʩʫʥʦʢ 1); 

½ ʤʦʜʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ 
ʚʦʜʦʩʥʘʙʞʝʥʠʷ; 

½ ʤʦʜʝʣʴ ʚʥʫʪʨʝʥʥʝʡ ʠʥʞʝʥʝʨʥʦʡ ʩʠʩʪʝʤʳ 
ʢʘʥʘʣʠʟʘʮʠʠ (ʨʠʩʫʥʦʢ 2). 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʩʪʫʜʝʥʪʘʤʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʦʜ ʥʘʩʪʘʚʥʠʯʝʩʪʚʦʤ 

ʧʨʝʧʦʜʘʚʘʪʝʣʷ. 

ʈʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʦʤ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Renga ʠ 

RengaCollaborationServer. 
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ʈʠʩʫʥʦʢ 1. ɸʨʭʠʪʝʢʪʫʨʥʘʷ ʤʦʜʝʣʴ. 

 

Renga - ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ ʘʨʭʠʪʝʢʪʫʨʥʦʡ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʯʘʩʪʝʡ ʠ ʚʥʫʪʨʝʥʥʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʟʜʘʥʠʡ. 

ʈʘʟʨʘʙʦʪʯʠʢ ʢʦʤʧʘʥʠʷ ʆʆʆ ʈʝʥʛʘʉʦʬʪʚʵʘ. 

 

 
ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʴ ʚʥʫʪʨʝʥʥʠʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ 

 

ʈʘʙʦʪʫ ʚ ʨʘʤʢʘʭ ʝʜʠʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ:ʩʦʟʜʘʥʠʝ ʠ 

ʜʦʨʘʙʦʪʢʘ ʤʦʜʝʣʠ, ʚʚʦʜ ʘʪʨʠʙʫʪʦʚ ʠ ʩʚʦʡʩʪʚ 

ʵʣʝʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʦʙʲʝʜʠʥʝʥʠʝ ʠʭ ʚ ʣʦʛʠʯʝʩʢʠʝ 

ʛʨʫʧʧʳ (ʝʩʣʠ ʨʝʯʴ ʠʜʝʪ ʦʙ ʠʥʞʝʥʝʨʥʳʭ ʩʝʪʷʭ, ʪʦ 

ʵʪʦ ʦʙʲʝʜʠʥʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʡ ʠʥʞʝʥʝʨʥʦʡ 

ʩʠʩʪʝʤʳ). ʀ ʚ ʢʘʞʜʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʈʝʰʝʥʠʷ ʦʜʥʦʛʦ ʵʢʩʧʝʨʪʘ 

ʤʦʛʫʪ ʙʳʪʴ ʙʳʩʪʨʦ ʜʦʧʦʣʥʝʥʳ, ʜʝʪʘʣʠʟʠʨʦʚʘʥʳ ʠ 

ʧʨʦʚʝʨʝʥʳ ʜʨʫʛʠʤ. 

ʆʯʝʥʴ ʚʘʞʝʥ ʧʨʦʮʝʩʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ, ʚʝʜʴ ʫ ʚʩʝʭ ʠʤʝʶʪʩʷ 

ʦʜʠʥʘʢʦʚʳʝ ʧʨʘʚʘ, ʪʦ ʝʩʪʴ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʦʟʜʘʚʘʪʴ, ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠ ʫʜʘʣʷʪʴ ʣʶʙʳʝ 

ʦʙʲʝʢʪʳ ʤʦʜʝʣʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ 

ʥʘʜ ʦʜʥʠʤ ʧʨʦʝʢʪʦʤ ʪʘʠʪ ʦʧʘʩʥʦʩʪʴ, ʯʪʦ ʜʨʫʛʠʝ 

ʫʯʘʩʪʥʠʢʠ ʤʦʛʫʪ ʫʜʘʣʠʪʴ ʨʘʙʦʪʫ ʜʨʫʛʦʛʦ. 
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ʈʠʩʫʥʦʢ 3. ʇʣʘʥ 1 ʵʪʘʞʘ ʤʦʜʝʣʠ 

 

Renga ʝʜʠʥʩʪʚʝʥʥʘʷ ʉɸʇʈ ʚ ʤʠʨʝ, ʩʧʦʩʦʙʥʘʷ 

ʦʙʲʝʜʠʥʷʪʴ ʢʦʤʘʥʜʫ ʘʨʭʠʪʝʢʪʦʨʦʚ, ʢʦʥʩʪʨʫʢʪʦʨʦʚ, 

ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʦʜʥʦʡ ʤʦʜʝʣʴʶ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʚʤʝʩʪʥʦ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʠʟʤʝʥʝʥʠʷ ʦʪ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʙʦʪʘʪʴ ʚʩʝʛʜʘ ʩ ʘʢʪʫʘʣʴʥʳʤʠ 

ʜʘʥʥʳʤʠ. 

ɼʝʡʩʪʚʠʷ ʢʘʞʜʦʛʦ ʫʯʘʩʪʥʠʢʘ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚ 

ʞʫʨʥʘʣʝ ʧʨʦʝʢʪʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ. 

Renga ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʫʯʘʩʪʥʠʢʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʙʦʪʳ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ ʧʦʨʷʜʦʯʥʦʩʪʴ ʠ 

ʦʩʪʦʨʦʞʥʦʩʪʴ ʩ ʦʙʲʝʢʪʘʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ 

ʜʨʫʛʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʥʦʡ ʛʨʫʧʧʳ. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʢʦʣʣʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʧʝʨʝʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʦʜʛʦʪʦʚʠʣʠ ʨʝʛʣʘʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ 

ʦʙʦʟʥʘʯʠʣʠ ʧʨʘʚʠʣʘ ʥʘʠʤʝʥʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, 

ʩʪʠʣʝʡ, ʬʠʣʴʪʨʦʚ, ʩʦʟʜʘʚʘʝʤʳʭ ʩʚʦʡʩʪʚ, ʯʝʨʪʝʞʝʡ, 

ʩʧʝʮʠʬʠʢʘʮʠʡ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4. ʈʝʜʘʢʪʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʩʚʦʡʩʪʚ 
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ʇʝʨʚʳʡ ʫʯʘʩʪʥʠʢ ʩʦʟʜʘʣ ʥʦʚʳʡ ʧʨʦʝʢʪ, 

ʨʘʟʤʝʩʪʠʣ ʥʘ ʨʘʙʦʯʝʡ ʧʣʦʩʢʦʩʪʠ ʦʩʠ ʠ ʦʧʫʙʣʠʢʦʚʘʣ 

ʧʨʦʝʢʪ ʥʘ ʩʝʨʚʝʨʝ. ɺ ʵʪʦʪ ʤʦʤʝʥʪ ʧʨʦʝʢʪʫ ʧʨʠʩʚʦʝʥ 

ʩʚʦʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʠʜʝʥʪʠʬʠʢʘʪʦʨ ʠ ʩʦʟʜʘʥ 

ʞʫʨʥʘʣ ʧʨʦʝʢʪʘ ʥʘ ʩʝʨʚʝʨʝ, ʚ ʢʦʪʦʨʳʡ ʟʘʧʠʩʳʚʘʝʪʩʷ 

ʢʘʞʜʦʝ ʜʝʡʩʪʚʠʝ ʫʯʘʩʪʥʠʢʦʚ. 

 

 

 
 

ʈʠʩʫʥʦʢ 5. ʈʘʟʨʝʟ ʤʦʜʝʣʠ 

 

ʉʦʭʨʘʥʠʚ ʥʘ ʩʚʦʸʤ ʢʦʤʧʴʶʪʝʨʝ ʢʦʧʠʶ 

ʧʨʦʝʢʪʘ, ʫʯʘʩʪʥʠʢ ʧʝʨʝʜʘʣ ʝʛʦ ʦʩʪʘʣʴʥʳʤ. 

ɺʚʝʜʷ ʚ ʥʘʩʪʨʦʡʢʘʭ ʜʘʥʥʳʝ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ 

ʢ ʩʝʨʚʝʨʫ ʠ ʩʦʭʨʘʥʠʚ ʢʦʧʠʶ ʥʘ ʩʚʦʸʤ ʢʦʤʧʴʶʪʝʨʝ, 

ʫʯʘʩʪʥʠʢʠ ʧʨʠʩʪʫʧʠʣʠ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ. 

ʏʸʪʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʠ ʨʘʟʜʝʣʝʥʠʝ ʧʨʦʝʢʪʘ ʧʦ 

ʨʘʟʜʝʣʘʤ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʦʟʚʦʣʠʣʠ ʚʳʧʦʣʥʠʪʴ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝ ʤʝʰʘʷ ʜʨʫʛ ʜʨʫʛʫ. 

ʇʨʦʝʢʪ ʙʳʣ ʩʦʟʜʘʥ ʚ ʪʝʯʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ 

ʥʝʜʝʣʴ ʚ ʩʚʦʙʦʜʥʦʝ ʦʪ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʨʝʤʷ. 

ʆʧʳʪ ʩʦʚʤʝʩʪʥʦʡ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʚ 

ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ 

ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ. 
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ʈʠʩʫʥʦʢ 6. ʌʘʩʘʜ ʤʦʜʝʣʠ 

 

ʇʣʶʩʳ 

1. ʈʘʙʦʪʘ ʩ ʘʢʪʫʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ ʚ ʣʶʙʦʡ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʠʩʢʣʶʯʘʪʴ ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ ʤʝʞʜʫ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʧʨʦʝʢʪ. 

2. ʂ ʧʨʦʝʢʪʫ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴʩʷ ʠʟ ʣʶʙʦʡ 

ʪʦʯʢʠ ʤʠʨʘ ʠ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʘʪʴ.  

3. ɹʳʩʪʨʦʝ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʧʨʦʝʢʪʘ.  

4. ɺʦʟʤʦʞʥʦʩʪʴ ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʢʦʣʣʝʛʘʤ.  

5. ʉʢʦʨʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʚ ʨʘʟʳ 

ʩʦʢʨʘʱʘʝʪʩʷ.  

6. ʊʨʸʭʤʝʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝʭ ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤ ʚ ʝʜʠʥʦʡ 

ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʜʠʪʴ ʧʦʣʦʞʝʥʠʝ ʩʠʩʪʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ, ʯʪʦ ʩʥʠʟʠʪʴ ʨʠʩʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ ʠ ʧʝʨʝʩʝʯʝʥʠʡ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ.  

7. ʂʘʞʜʳʡ ʫʯʘʩʪʥʠʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʦʣʝʝ 

ʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʜʭʦʜʠʪ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʚʦʝʡ ʯʘʩʪʠ 

ʧʨʦʝʢʪʘ.  

 

 
 

ʈʠʩʫʥʦʢ 7. ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʬʠʢʘʮʠʠ ʧʦʤʝʱʝʥʠʡ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ 
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ʄʠʥʫʩʳ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ.  

1. ʆʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʘ ʙʳʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ 

ʜʝʡʩʪʚʠʡ ʠ ʨʝʛʣʘʤʝʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ.  

2. ʀʟʤʝʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʠ ʧʨʠʤʝʥʸʥʥʳʭ ʚ ʤʦʜʝʣʠ ʩʪʠʣʝʡ 

ʜʚʝʨʝʡ, ʦʢʦʥ, ʢʦʣʦʥʥ ʠʣʠ ʜʨʫʛʠʭ ʩʪʠʣʝʡ, 

ʥʝʤʠʥʫʝʤʦ ʧʨʠʚʝʜʸʪ ʢ ʠʭ ʠʟʤʝʥʝʥʠʶ ʚ ʧʨʦʝʢʪʝ ʙʝʟ 

ʦʙʨʘʪʠʤʦʩʪʠ ʜʝʡʩʪʚʠʡ. ɺʝʜʴ ʢʦʤʘʥʜʘ ʚʝʨʥʫʪʴ ʥʝ 

ʨʘʙʦʪʘʝʪ ʚ ʜʠʘʣʦʛʦʚʳʭ ʦʢʥʘʭ.  

3. ɹʝʟʜʫʤʥʦʝ ʢʦʧʠʨʦʚʘʥʠʝ ʠʟ ʯʫʞʠʭ 

ʧʨʦʝʢʪʦʚ, ʠʟ ʧʨʦʝʢʪʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʳʭ ʚ ʬʦʨʤʘʪ IFC, ʙʝʟ ʯʠʩʪʢʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʚʦʡʩʪʚ ʧʨʠʚʝʜʸʪ ʢ ʟʘʜʚʦʝʥʠʶ, ʯʪʦ 

ʧʦʚʣʝʯʸʪ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ 

ʜʦʢʫʤʝʥʪʘʮʠʠ.  

4. ɺʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʝʥʠʷ ʜʨʫʛʠʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʥʫʞʥʳʭ ʦʙʲʝʢʪʦʚ.  

 

 
ʈʠʩʫʥʦʢ 7. ʇʨʦʩʤʦʪʨ ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ. ʇʣʶʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʨʘʙʦʪʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʦʯʝʚʠʜʥʳ. 

ʉʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʚ Renga ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʚ ʤʠʨʝ ʩ ʪʘʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ. 

 
ʈʠʩʫʥʦʢ 8. ɸʢʩʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʘʥʘʣʠʟʘʮʠʠ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ 

 

ʄʠʥʫʩʳ ʨʝʰʘʶʪʩʷ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʩʦʛʣʘʩʦʚʘʥʠʷ ʨʝʛʣʘʤʝʥʪʦʚ ʨʘʙʦʪʳ, ʘ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʚʝʨʩʠʡ 

ʤʦʜʝʣʠ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʨʠʩʢʘ ʧʦʪʝʨʠ ʜʘʥʥʳʭ, 
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ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʭʨʘʥʷʪʴ ʤʦʜʝʣʴ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʸʥʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩ ʩʦʭʨʘʥʝʥʠʝʤ 

ʨʘʟʥʳʭ ʜʘʥʥʳʭ.  

ʉʯʠʪʘʝʤ, ʯʪʦ ʩʦʚʤʝʩʪʥʘʷ ʨʘʙʦʪʘ ʚ ʨʝʞʠʤʝ 

ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʝʨʝʚʦʜʠʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʥʘ 

ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʡ ʫʨʦʚʝʥʴ. 
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ʊɽʍʅʆʃʆɻʀʗ 3D-ʇɽʏɸʊʀ ɿɼɸʅʀʁ 

 

ʊʠʤʦʰʝʥʢʦ ʊʘʪʴʷʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 

ʉʫʭʦʨʫʪʯʝʥʢʦ ɸʣʝʢʩʝʡ ʅʠʢʦʣʘʝʚʠʯ 

ʩʪʫʜʝʥʪ 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ 

ʄʠʥʝʨʘʣʴʥʳʝɺʦʜʳ 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʦʚʦʜʠʪʩʷ ʦʙʟʦʨ ʪʝʭʥʦʣʦʛʠʡ 3D ï ʧʝʯʘʪʠ ʟʜʘʥʠʡ (ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ). 

ɸʜʜʠʪʠʚʥʦʝʧʨʦʠʟʚʦʜʩʪʚʦ(3D-ʧʝʯʘʪʴ) ï ʵʪʦʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷʪʨʝʭʤʝʨʥʳʭʦʙʲʝʢʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʥʘ ʦʩʥʦʚʝʮʠʬʨʦʚʳʭʤʦʜʝʣʝʡ. ʂʦʥʮʝʧʮʠʷ 3D-ʧʝʯʘʪʠ ʦʩʥʦʚʘʥʘ ʥʘ 

ʧʦʩʪʨʦʝʥʠʠʦʙʲʝʢʪʦʚʧʫʪʝʤʥʘʥʝʩʝʥʠʷʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭʩʣʦʝʚ,ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʛʨʘʥʠ ʤʦʜʝʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:3D-ʧʝʯʘʪʴ, ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʟʜʘʥʠʷ, ʧʦʩʪʨʦʝʥʠʝ ʦʙʲʝʢʪʦʚ 

 

ABSTRACT 

 

This article provides an overview of 3D building printing technologies (additive manufacturing). Additive 

manufacturing (3D printing) is the process of creating three-dimensional objects of almost any geometric shape based 

on digital models. The concept of 3D printing is based on building objects by depositing successive layers that represent 

the faces of the model. 

Key words:3D printing, additive manufacturing, buildings, object construction 

 

ʆʙʱʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 3D-ʧʝʯʘʪʠ 

ɺ 1984 ʛʦʜʫ ʘʤʝʨʠʢʘʥʝʮ ʏʘʨʣʴʟ ʍʘʣʣ ʚʥʝʩ 

ʨʝʚʦʣʶʮʠʦʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʦʙʣʘʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʠ 

ʩʪʝʨʝʦʣʠʪʦʛʨʘʬʠʠ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʣʘ 

ʧʝʯʘʪʘʪʴ 3D-ʦʙʲʝʢʪʳ ʥʘ ʦʩʥʦʚʝ ʮʠʬʨʦʚʳʭ ʤʦʜʝʣʝʡ, 

ʩʦʟʜʘʥʥʳʭ ʠʟ ʬʦʪʦʧʦʣʠʤʝʨʠʟʫʶʱʠʭʩʷ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʩʢʦʨʝ ʧʦʩʣʝ ʵʪʦʛʦ ʍʘʣʣ 

ʦʩʥʦʚʘʣ ʢʦʤʧʘʥʠʶ 3D Systems ʠ ʚʳʧʫʩʪʠʣ ʧʝʨʚʦʝ 

ʢʦʤʤʝʨʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 3D-ʧʝʯʘʪʠ. ɺ 1988 

ʛʦʜʫ ʦʥ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʣ ʧʝʨʚʫʶ ʤʦʜʝʣʴ 3D-

ʧʨʠʥʪʝʨʘ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʜʦʩʪʫʧʥʘ ʰʠʨʦʢʦʡ 

ʘʫʜʠʪʦʨʠʠ. 

ɽʱʝ ʚ 1988 ʛʦʜʫ ʦʥ ʩʦʟʜʘʣ ʚ ʢʦʤʧʘʥʠʠ ç3D-

Systemsè ʧʝʨʚʫʶ ʤʦʜʝʣʴ 3D-ʧʨʠʥʪʝʨʘ, ʢʦʪʦʨʘʷ 

ʧʦʰʣʘ ʚ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʣʷ ʰʠʨʦʢʦʛʦ 

ʢʨʫʛʘ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ 1985 ʛʦʜʫ ʄ. ʌʝʡʛʝʥ 

ʧʨʝʜʣʦʞʠʣ ʥʦʚʳʡ ʤʝʪʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʨʫʧʥʳʭ 

ʤʦʜʝʣʝʡ ʩ ʧʦʤʦʱʴʶ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥ 

ʠʩʧʦʣʴʟʦʚʘʣ ʧʣʝʥʢʠ, ʧʦʣʠʵʬʠʨʳ, ʢʦʤʧʦʟʠʪʳ, 

ʧʣʘʩʪʤʘʩʩʫ, ʙʫʤʘʛʫ ʠ ʜʨʫʛʠʝ ʤʘʪʝʨʠʘʣʳ, ʩʢʨʝʧʣʷʷ 

ʠʭ ʩʣʦʷʤʠ ʧʨʠ ʧʦʤʦʱʠ ʥʘʛʨʝʪʦʛʦ ʚʘʣʠʢʘ 

ɺ 1986 ʛʦʜʫ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʂʘʨʣ ɼʝʢʘʨʪ ʠ 

ɼʞʦ ɹʠʤʘʥ ʠʟ ʊʝʭʘʩʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚ ʆʩʪʠʥʝ 

ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʦʮʝʩʩ ʩʝʣʝʢʪʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ 

ʩʧʝʢʘʥʠʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ ʦʙʲʝʜʠʥʷʪʴ ʩʣʦʠ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɸ ʚ 

1988 ʛʦʜʫ ʉʢʦʪʪ ʂʨʘʤʧ, ʦʩʥʦʚʘʪʝʣʴ ʢʦʤʧʘʥʠʠ 

Stratasys, ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʮʝʩʩ ʧʦʩʣʦʡʥʦʛʦ 

ʦʩʘʞʜʝʥʠʷ, ʢʦʪʦʨʳʡ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʤʝʪʦʜʦʚ 3D-ʧʝʯʘʪʠ. 

ɺ ʩʝʨʝʜʠʥʝ 1990-ʭ ʛʦʜʦʚ ʩʪʘʣʠ ʧʦʧʫʣʷʨʥʳ 

ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʳʩʪʨʦ ʠ ʵʢʦʥʦʤʠʯʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʤʦʜʝʣʠ ð ʩʪʘʥʢʠ ʩ ʏʇʋ 

(ComputerNumericalControl).  

ɺ 1995 ʛʦʜʫ ʧʦʷʚʠʣʦʩʴ ʧʦʥʷʪʠʝ 3D-ʧʝʯʘʪʠ ʠ 

ʪʝʨʤʠʥ 3D-ʧʨʠʥʪʝʨ. ʕʪʦʪ ʤʝʪʦʜ ʟʘʧʘʪʝʥʪʦʚʘʥ ʠ 

ʪʝʧʝʨʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʨʧʦʨʘʮʠʝʡ Z.  

ɺ ʥʘʯʘʣʝ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ 3D-ʧʨʠʥʪʝʨʳ 

ʙʳʣʠ ʜʦʨʦʛʠʤʠ ʠ ʜʦʩʪʫʧʥʳʤʠ ʪʦʣʴʢʦ ʜʣʷ ʢʨʫʧʥʳʭ 

ʢʦʤʧʘʥʠʡ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʢʘʞʜʳʡ ʤʦʞʝʪ 

ʧʨʠʦʙʨʝʩʪʠ 3D-ʧʨʠʥʪʝʨ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʤʘ. 

ʉʨʝʜʥʷʷ ʮʝʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 600 ʜʦ 1000 ʜʦʣʣʘʨʦʚ. 

ʕʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦ ʧʦʨʦʛ ʚʭʦʜʘ ʠ ʦʪʢʨʳʣʦ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʟʘʡʥʝʨʦʚ ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

ʆʙʱʠʝ ʧʨʠʥʮʠʧʳ 3D-ʧʝʯʘʪʠ 

3D-ʧʨʠʥʪʝʨ ð ʵʪʦ ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ 

ʩʦʟʜʘʚʘʪʴʬʠʟʠʯʝʩʢʠʝ  ʦʙʲʝʢʪʳ ʧʦʠʭ 3D-ʤʦʜʝʣʷʤ. 

ʇʨʦʜʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 3D-ʧʨʠʥʪʝʨʘ ʟʘʚʠʩʷʪ ʦʪ 

ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʡ 

ʦʥ ʩʦʟʜʘʥ. 

ʄʥʦʛʦʩʣʦʡʥʘʷ 3D ʤʦʜʝʣʴ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʩʪʨʦʝʥʘ ʙʝʟ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ 

ʥʘʟʳʚʘʝʪʩʷ "ʮʠʬʨʦʚʦʡ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʴʶ". ʆʥʘ 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ ʠʣʠ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ (ʨʠʩʫʥʢʘ). ʇʨʠ 

ʨʫʯʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠ ʧʦʜʛʦʪʦʚʢʝ ʜʘʥʥʳʭ ʜʣʷ 
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ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʛʨʘʬʠʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝ 

ʞʝ ʧʨʠʝʤʳ, ʯʪʦ ʠ ʧʨʠ ʩʦʟʜʘʥʠʠ 3D-ʛʨʘʬʠʢʠ.  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, 

ʥʦ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʫʩʪʘʥʦʚʢʠ, ʨʘʟʤʝʨʦʚ ʠ 

ʩʣʦʞʥʦʩʪʠ ʩʦʟʜʘʚʘʝʤʦʡ ʤʦʜʝʣʠ.  

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʝʪ ʟʘʥʷʪʴ ʥʝʩʢʦʣʴʢʦ 

ʯʘʩʦʚ, ʥʦ ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʫʩʪʘʥʦʚʢʠ ʠ ʨʘʟʤʝʨʘ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʬʠʛʫʨʳ. 

ʇʨʠ ʧʝʯʘʪʠ, ʧʨʠʥʪʝʨ ʩʯʠʪʳʚʘʝʪ ʬʘʡʣʦʚʫʶ 

3D-ʧʝʯʘʪʠ (ʦʙʳʯʥʦ ʚ ʬʦʨʤʘʪʝ STL), ʩʦʜʝʨʞʘʱʫʶ 

ʜʘʥʥʳʝ ʤʦʜʝʣʠ ʠ ʥʘʥʦʩʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʣʦʠ 

ʞʠʜʢʦʩʪʠ ʠʣʠ ʙʫʤʘʛʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʝʨʠʠ 

ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ.ʕʪʠ ʩʣʦʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʠʨʪʫʘʣʴʥʳʤ ʯʘʩʪʷʤCAD-ʤʦʜʝʣʠ, ʩʦʝʜʠʥʷʶʪʩʷ ʠʣʠ 

ʦʙʲʝʜʠʥʷʶʪʩʷʜʣʷʩʦʟʜʘʥʠʷʦʙʲʝʢʪʘ ʥʫʞʥʦʡ ʬʦʨʤʳ. 

ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʵʪʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ 

ʩʣʦʞʥʦʩʪʠ.ʈʘʟʨʝʰʝʥʠʝ ʧʨʠʥʪʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʱʠʥʦʡ ʥʘʥʦʩʠʤʳʭ ʩʣʦʝʚ (ʦʩʴ Z) ʠ ʪʦʯʥʦʩʪʴʶ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʠ ʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʧʦ ʦʩʷʤ X ʠ 

Y).ʈʘʟʨʝʰʝʥʠʝ ʠʟʤʝʨʷʝʪʩʷ ʚ dpi (ʪʦʯʝʢ ʥʘ ʜʶʡʤ) 

ʠʣʠ ʤʠʢʨʦʤʝʪʨʘʭ.ʊʠʧʠʯʥʘʷ ʪʦʣʱʠʥʘ ʩʣʦʷ 

ʩʦʩʪʘʚʣʷʝʪ 100 ʤʠʢʨʦʥ, ʭʦʪʷ ʥʝʢʦʪʦʨʳʝ ʤʘʰʠʥʳ, 

ʪʘʢʠʝ ʢʘʢ ObjetConnex ʠ 3D SystemsProJet, 

ʩʧʦʩʦʙʥʳ ʧʝʯʘʪʘʪʴ ʩʣʦʠ ʪʦʣʱʠʥʦʡ ʜʦ 16 

ʤʠʢʨʦʥ.ʈʘʟʨʝʰʝʥʠʝ ʦʩʝʡ X ʠ Y 

ʘʥʘʣʦʛʠʯʥʦʨʘʟʨʝʰʝʥʠʶʦʙʳʯʥʦʛʦ2D-

ʣʘʟʝʨʥʦʛʦʧʨʠʥʪʝʨʘ.ʊʠʧʠʯʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 

ʩʦʩʪʘʚʣʷʝʪ ʦʪ50ʜʦ100ʤʠʢʨʦʥ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢʠʝ 

ʢʘʢ ʣʠʪʴʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʠʣʠ ʢʦʤʧʨʝʩʩʠʦʥʥʦʝ 

ʬʦʨʤʦʚʘʥʠʝ, ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʚʳʛʦʜʥʳʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʠʟʜʝʣʠʡ 

ʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʘʭ, ʥʦ ʘʜʜʠʪʠʚʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʝʜʣʘʛʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʤʝʣʢʦʩʝʨʠʡʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʛʠʙʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʝʜʝʥʥʳʝ 

ʪʦʚʘʨʳ. 

ʅʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪ ʥʝʩʢʦʣʴʢʦ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʨʘʟʥʳʭ ʮʚʝʪʦʚ ʚ ʦʜʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʮʠʢʣʝ. 

ʄʥʦʛʠʝ 3D-ʧʨʠʥʪʝʨʳ ʧʨʠ ʧʝʯʘʪʠ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦʜʩʪʘʚʢʠ ʠʣʠ ʧʦʜʩʪʘʚʢʠ. ʆʧʦʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʬʨʘʛʤʝʥʪʦʚ ʤʦʜʝʣʠ, ʥʝ 

ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʩʣʦʷʤʠ ʠʣʠ 

ʨʘʙʦʯʝʡ ʧʣʘʪʬʦʨʤʦʡ. 

ʊʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʮʝʩʩʳ ʩʦʟʜʘʥʠʷ 3D-

ʧʨʠʥʪʝʨʦʚ3D-ʧʨʠʥʪʝʨʳ ʧʦʟʚʦʣʷʶʪ ʙʳʩʪʨʦ ʠ 

ʵʢʦʥʦʤʠʯʥʦ ʧʝʯʘʪʘʪʴ ʞʠʣʳʝ ʠ ʥʝʞʠʣʳʝ ʟʜʘʥʠʷ. ʕʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢʘʢ ʢ ʤʥʦʛʦʵʪʘʞʥʳʭ, ʪʘʢ ʠ ʢ  

ʤʘʣʦʵʪʘʞʥʳʤ ʟʜʘʥʠʷʤ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʠ 

ʧʣʘʥʠʨʦʚʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʩʝʟʦʥʥʦʛʦ ʠʣʠ 

ʢʨʫʛʣʦʛʦʜʠʯʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʙʝʪʦʥʘ, 

ʠʭ ʧʘʨʘʤʝʪʨʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʟʜʘʥʠʡ, ʚʦʟʚʝʜʝʥʥʳʭ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ. 

-ʉʦʟʜʘʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ, ʧʨʦʯʥʦʛʦ, 

ʢʦʤʬʦʨʪʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʥʦʛʦ ʞʠʣʴʷ ʜʣʷ 

ʤʘʣʦʦʙʝʩʧʝʯʝʥʥʳʭ ʩʣʦʝʚ ʥʘʩʝʣʝʥʠʷ; 

- ʵʢʦʥʦʤʠʯʥʳʡ ʜʠʟʘʡʥ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʫʥʠʢʘʣʴʥʳʭ 

ʦʨʠʛʠʥʘʣʴʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʪʩʦʚʤʝʱʸʥʥʳʭ  

ʦʪʨʘʩʣʝʚʳʭ ʩʪʘʥʜʘʨʪʦʚ ʩʝʨʠʡʥʦʛʦ 3D-

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ ʝʱʝ ʥʝ 

ʧʦʣʫʯʠʣʘ ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ 

ʧʦʧʫʣʷʨʥʦʩʪʠ;ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʘ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʦʪʜʝʣʴʥʳʭ ʧʨʦʝʢʪʘʭ ʠ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʦʛʦ 

ʚʥʠʤʘʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʝʘʣʠʟʘʮʠʠ. ʉ  ʧʦʤʦʱʴʶ 

3Dʧʝʯʘʪʠ  ʩʪʨʦʷʪʩʷ ʯʘʩʪʥʳʝ ʟʘʛʦʨʦʜʥʳʝ ʜʦʤʘ, 

ʛʘʨʘʞʠ, ʩʘʜʦʚʳʝ ʧʘʚʠʣʴʦʥʳ, ʟʘʙʦʨʳ, ʣʘʥʜʰʘʬʪʥʦ-

ʜʝʢʦʨʘʪʠʚʥʳʝ ʧʦʩʪʨʦʡʢʠ, ʭʦʟʷʡʩʪʚʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ 

ʠ ʜʨʫʛʠʝ ʥʝʙʦʣʴʰʠʝ ʧʦʩʪʨʦʡʢʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʦʜʝʣʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʜʣʷ 3D-ʧʝʯʘʪʠ ʦʩʥʘʱʝʥʳ ʧʝʯʘʪʘʶʱʝʡ ʛʦʣʦʚʢʦʡ 

(ʵʢʩʪʨʫʜʝʨʦʤ), ʠʟ ʢʦʪʦʨʦʡ ʚʳʜʘʚʣʠʚʘʝʪʩʷ ʙʝʪʦʥʥʘʷ 

ʩʤʝʩʴ. ʆʩʥʦʚʦʡ ʜʣʷ ʧʝʯʘʪʠ ʷʚʣʷʝʪʩʷ ʪʨʝʭʤʝʨʥʘʷ 

ʤʦʜʝʣʴ, ʩʦʟʜʘʥʥʘʷ ʚ ʩʧʝʮʠʘʣʴʥʦʡ CAD-ʧʨʦʛʨʘʤʤʝ. 

ɺʘʞʥʦ: ʇʦʚʝʨʭʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʨʦʚʥʦʡ, 

ʯʪʦʙʳ ʥʘ ʥʝʝ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʦʞʠʪʴ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʥʘʧʨʘʚʣʷʶʱʠʝ ʧʝʯʘʪʥʦʡ ʩʝʢʮʠʠ ʠ ʧʨʘʚʠʣʴʥʦ 

ʫʣʦʞʠʪʴ ʬʫʥʜʘʤʝʥʪ.ɽʩʪʴ 3 ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ 

ʦʙʲʝʤʥʳʭ ʧʨʠʥʪʝʨʦʚ: 

1. ʇʦʩʣʦʡʥʦʝ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ;  

2. ʉʝʣʝʢʪʠʚʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ; 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʜʘʯ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʘ ʪʠʧʘ 3D-ʧʨʠʥʪʝʨʦʚ: ʚ ʬʦʨʤʝ 

ʩʪʨʝʣʳ ʩ ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʠʣʠ ʚ ʚʠʜʝ ʤʦʩʪʦʚʦʛʦ 

ʢʨʘʥʘ. ʋʩʪʨʦʡʩʪʚʘ ʪʘʢʞʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʪʠʧʘʤ ʠ 

ʜʝʣʷʪʩʷ ʥʘ: 

1. ʇʦʨʪʘʣʴʥʳʝ (XYZ-ʧʨʠʥʪʝʨʳ)  

2. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ  

3. çɼʝʣʴʪʘè ʧʨʠʥʪʝʨʳ.  

ʇʦʜʙʦʨ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʥʞʝʥʝʨʦʤ ʩ ʫʯʝʪʦʤ ʩʣʦʞʥʦʩʪʠ ʚʳʧʦʣʥʷʝʤʳʭ 

ʨʘʙʦʪ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʙʲʝʢʪʘ ʠ ʨʝʟʫʣʴʪʘʪʘ. 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 3D ʧʝʯʘʪʠ ʟʜʘʥʠʡ 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʥʳʭ 3D-ʧʨʠʥʪʝʨʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʦʪʦʚʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʩʤʝʩʠ ʠʣʠ ʩʜʝʣʘʪʴ ʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʘ ʦʩʥʦʚʝ ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʣʠʙʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʩʪʥʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʧʝʩʦʢ ʠ ʧʦʨʠʩʪʘʷ 

ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʧʦʨʦʜʘ. 

ɹʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʦʙʘʚʦʢ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʥʝʜʦʨʦʛʠʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 

3D-ʧʝʯʘʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʝʛʠʦʥʘ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ 3D-ʧʨʠʥʪʝʨ. 

ʆʩʥʦʚʥʦʡ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ï 

ʞʝʣʝʟʦʙʝʪʦʥ. ʆʥ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʢʘʢ ʧʨʠ 

ʨʘʩʪʷʞʝʥʠʠ, ʪʘʢ ʠ ʧʨʠ ʩʞʘʪʠʠ, ʥʝʜʦʨʦʛ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʩʤʝʩʴ ʜʣʷ ʧʝʯʘʪʠ ʩʦʜʝʨʞʠʪ 

ʩʳʧʫʯʠʡ ʤʘʪʝʨʠʘʣ ʢʨʫʧʥʦʩʪʴʶ ʙʦʣʝʝ 0,5 ʤʤ ʦʪ 10 

ʜʦ 60% ʤʘʩʩʳ ʠ ʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ ʢʨʫʧʥʦʩʪʴʶ 

ʤʝʥʝʝ 0,1 ʤʤ ʦʪ 40 ʜʦ 90% ʤʘʩʩʳ. ʉʤʝʩʴ ʛʦʪʦʚʷʪ ʠʟ 

ʜʚʫʭ ʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʝʨʝʤʝʰʠʚʘʶʪ ʜʦ 

ʧʦʣʫʯʝʥʠʷ ʦʜʥʦʨʦʜʥʦʡ ʤʘʩʩʳ. ʅʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʧʦʜʛʦʪʦʚʢʫ ʚ ʧʝʯʘʪʘʶʱʝʡ 

ʛʦʣʦʚʢʝ. 

ɺʦʜʫ ʠʩʧʦʣʴʟʫʶʪ ʚ ʞʠʜʢʦʤ ʚʠʜʝ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʚʦʣʦʢʦʥ ʠ 

ʫʩʢʦʨʠʪʝʣʝʡ ʪʚʝʨʜʝʥʠʷ (ʟʘʤʝʜʣʠʪʝʣʝʡ ʪʚʝʨʜʝʥʠʷ) ʠ 

ʧʦʣʫʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʚʳʜʝʨʞʠʚʘʶʪ ʥʝ ʤʝʥʝʝ 2 

ʯʘʩʦʚ, ʘ ʟʘʪʝʤ ʩʫʰʘʪ ʝʩʪʝʩʪʚʝʥʥʳʤ ʠʣʠ 

ʚʳʥʫʞʜʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʩʤʝʩʴ 

ʤʦʛʫʪ ʜʦʙʘʚʣʷʪʴʩʷ ʥʘʧʦʣʥʠʪʝʣʠ, ʧʣʘʩʪʠʬʠʢʘʪʦʨʳ, 

ʘʥʪʠʬʨʠʟʳ ʠ ʩʚʷʟʫʶʱʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 3d ï ʧʝʯʘʪʠ 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D-

ʧʨʠʥʪʝʨʦʚ ʦʪʥʦʩʷʪʩʷ: 

- ʈʝʘʣʠʟʘʮʠʷ ʚʩʝʭ ʧʨʦʝʢʪʦʚ ʩ ʥʝʩʪʘʥʜʘʨʪʥʳʤ 

ʜʠʟʘʡʥʦʤ ʚ ʨʝʘʣʴʥʦʩʪʴ. 

- ʣʝʛʢʘʷ ʦʪʜʝʣʢʘ ʧʝʯʘʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʘʥʝʣʷʤʠ ʠ ʜʨʫʛʠʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

- ʧʦʥʷʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

- ɹʦʣʝʝ ʙʳʩʪʨʳʡ ʠ ʪʦʯʥʳʡ ʧʨʦʮʝʩʩ 3D-

ʧʝʯʘʪʠ. 

- ʉʦʢʨʘʱʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʨʫʜʘ. 

- ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʦʪʭʦʜʦʚ ʠ 

ʤʫʩʦʨʘ 

- ʤʠʥʠʤʘʣʴʥʳʝ ʨʠʩʢʠ ʜʣʷ ʣʶʜʝʡ ʠ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ 3D-ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: 

- ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʜʣʷ 
ʤʘʩʩʦʚʦʛʦ ʚʥʝʜʨʝʥʠʷ 3D-ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ; 

- ʦʛʨʘʥʠʯʝʥʥʳʡ ʚʳʙʦʨ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ; 

- ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- ʉʦʢʨʘʱʝʥʠʝ ʨʳʥʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

- ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʘʚʳʢʠ ʠ 
ʦʩʚʘʠʚʘʪʴ ʥʦʚʳʝ ʤʝʪʦʜʳ. 

- ʜʣʠʪʝʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ ʩʙʦʨʢʘ ʧʝʯʘʪʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ (ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ); 

- ʢʦʤʧʣʝʢʩʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ ʭʨʘʥʝʥʠʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ 3D ʧʝʯʘʪʠ. 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʯʪʦ 

ʪʝʭʥʦʣʦʛʠʷ 3d ï ʧʝʯʘʪʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠʤʝʝʪ 

ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʠ ʪʦʯʥʦ ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ 

ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ.  

ʄʘʩʩʦʚʦʝ ʚʚʝʜʝʥʠʝ ʧʝʯʘʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʝʩʸʪ ʟʘ ʩʦʙʦʡ ʦʛʨʦʤʥʫʶ ʢʦʤʤʝʨʯʝʩʢʫʶ ʚʳʛʦʜʫ, ʘ 

ʪʘʢ ʞʝ ʧʨʦʛʥʦʟʠʨʫʝʪ ʙʦʣʝʝ ʫʧʨʦʱʸʥʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʢʘʢ ʦʙʳʯʥʦʛʦ ʪʠʧʘ, ʪʘʢ ʠ 

ʟʜʘʥʠʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʨʝʰʝʥʠʷʤʠ 

ʨʘʟʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɽʜʠʥʩʪʚʝʥʥʳʤʠ ʠ ʩʘʤʳʤ 

ʟʥʘʯʠʤʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ 

ʥʦʨʤʘʪʠʚʥʘʷ ʙʘʟʘ, ʢʦʪʦʨʘʷ ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ.  

ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʡ ʚʟʛʣʷʜ 

ʥʘ ʩʬʝʨʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʝʸ 

ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʥʘ ʤʦʡ ʚʟʛʣʷʜ ʜʦʣʞʥʳ ʙʳʪʴ 

ʚʝʩʴʤʘ ʫʩʧʝʰʥʳʤʠ ʢʘʢ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ, 

ʪʘʢ ʠ ʜʣʷ ʟʜʘʥʠʡ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ.  

ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʷ ʥʘʜʝʶʩʴ ʯʪʦ ʙʣʘʛʦʜʘʨʷ 

ʪʝʭʥʦʣʦʛʠʠ 3d ï ʧʝʯʘʪʠ ʫʜʘʩʪʩʷ ʫʤʝʥʴʰʠʪʴ 

ʥʝʭʚʘʪʢʫ ʞʠʣʴʷ ʜʣʷ ʣʶʜʝʡ, ʘ ʪʘʢ ʞʝ ʫʣʫʯʰʠʪʴ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʤʠʨʝ. 
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ɸʅʅʆʊɸʎʀʗ 

ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʘ ʧʦʜʚʝʩʘ ʢ ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʠʥʝ ʤʦʣʦʪʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʷʚʣʝʥ ʨʷʜ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʤʥʝʥʠʡ ʧʦ ʧʦʚʦʜʫ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʘ ʧʦʜʚʝʩʘ ʢ ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʠʥʝ ʤʦʣʦʪʢʘ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʨʘʮʠʦʥʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʧʦʢʘʟʘʪʝʣʷ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 2,25 ʜʦ 

2,42, ʪʘʢ ʢʘʢ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ ʜʠʘʧʘʟʦʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʠ ʫʤʝʥʴʰʝʥʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʘ ʜʨʦʙʠʣʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʩʥʦʚʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʦʪʦʨʘ ʟʝʨʥʦʚʦʡ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʠ ʚ ʫʯʝʙʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʦʨʦʩʪʴ ʫʜʘʨʘ, ʤʦʣʦʪʦʢ, ʨʦʪʦʨ, ʟʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ, ʫʜʝʣʴʥʳʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, 

ʧʦʢʘʟʘʪʝʣʴ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʟʝʨʥʦʚʘʷ ʜʨʦʙʠʣʢʘ, ʧʨʠʚʝʜʝʥʥʘʷ ʜʣʠʥʘ, ʨʘʜʠʫʩ ʧʦʜʚʝʩʘ. 

 

ABSTRACT  
Based on the results of the experiment, a hypothesis was put forward that an increase in the efficiency of the 

hammer crusher can be achieved by establishing a rational value for the ratio of the suspension radius to the reduced 

length of the hammer, which will increase the efficiency of grinding grain materials. The results of previous studies 

have been analyzed, a number of conflicting opinions have been identified regarding the preferred values of the design 

ratio of the suspension radius to the given hammer length. Based on the results of studies, it can be concluded that the 

rational range of the linear ratio indicator is in the range from 2,25 to 2,42, since outside this range there is a change in 

the direction of the vector and a decrease in the relative speed of the crusher hammer. Thus, the expediency of using 

rational values of the indicator of linear ratios of the rotor of a grain hammer crusher in educational and production 

calculations is substantiated.  

Keywords: impact speed, hammer, rotor, grain material, specific energy consumption, linear ratio index, grain 

crusher, reduced length, suspension radius. 

 

ɺʚʝʜʝʥʠʝ.ɺ ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʠ 

ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʦʪʨʘʩʣʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʵʪʘʧʦʚ 

ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ. ʈʘʩʭʦʜ 

ʵʥʝʨʛʠʠ ʧʦ ʦʧʝʨʘʮʠʷʤ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ï 20 %, ʜʦʟʠʨʦʚʢʘ ï 15 %, ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 65% ʦʙʱʠʭ ʟʘʪʨʘʪ, 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 33 % ʩʝʙʝʩʪʦʠʤʦʩʪʠ 

ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ [1, 2]. 

ʉʨʝʜʠ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʜʨʦʙʠʣʢʠ ʫʜʘʨʥʦʛʦ ʪʠʧʘ ʩ ʰʘʨʥʠʨʥʦ 

ʧʦʜʚʝʰʝʥʥʳʤʠ ʤʦʣʦʪʢʘʤʠ. ʆʥʠ ʩʧʦʩʦʙʥʳ 

ʠʟʤʝʣʴʯʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʚʠʜʳ ʩʳʨʴʷ, 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʫʜʦʙʥʳ ʚ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʀʭ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʟʘʤʝʥʷʪʴ ʙʳʩʪʨʦʠʟʥʘʰʠʚʘʶʱʠʝʩʷ 

ʜʝʪʘʣʠ (ʤʦʣʦʪʢʠ, ʜʝʢʠ, ʨʝʰʝʪʘ). 

ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ 

ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʠ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʫʩʪʘʥʦʚʦʢ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ, 

ʠʥʪʝʥʩʠʚʥʳʡ ʠʟʥʦʩ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʩʚʷʟʘʥʥʦʝ ʩ 

ʵʪʠʤ ʩʥʠʞʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʜʨʦʙʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ [3]. 
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ʇʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠʢʦʚ, ʧʦʩʢʦʣʴʢʫ 

ʫʣʫʯʰʝʥʠʝ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʞʥʦ ʧʨʠʥʝʩʪʠ ʦʱʫʪʠʤʳʡ 

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ 

ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʦʪʨʘʩʣʠ [4, 5]. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʩʦʩʪʦʷʥʠʷ ʚʦʧʨʦʩʘ ʦ 

ʨʘʙʦʪʝ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʚʳʷʚʣʝʥ ʨʷʜ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʫʪʚʝʨʞʜʝʥʠʡ. ʉ.ɺ. ʄʝʣʴʥʠʢʦʚ [1, 

6] ʨʝʢʦʤʝʥʜʫʝʪ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ 

ʜʚʠʞʝʥʠʷ ʧʨʠʚʝʜʝʥʥʫʶ ʜʣʠʥʫ ʤʦʣʦʪʢʘ lk ʠ ʝʛʦ 

ʨʘʜʠʫʩ ʧʦʜʚʝʩʘ ʥʘ ʜʠʩʢʝ ʨʦʪʦʨʘ Rnʧʦʜʙʠʨʘʪʴ ʧʦ 

ʫʩʣʦʚʠʶ: 

Rn/lk=2,25ʠʣʠRn/lk=4. 

ʉ.ɺ. ʇʘʥʦʚʘ [1, 6], ʦʪʤʝʯʘʝʪ, ʯʪʦ ʩʘʤʦʝ 

ʚʳʛʦʜʥʦʝ ʠ ʧʨʠʝʤʣʝʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠ Rn/lk=4. 

ʄ.ʄ. ɻʝʨʥʝʪ [1, 6] ʩʯʠʪʘʝʪ, ʯʪʦ ʟʥʘʯʝʥʠʝ Rn/lk 

ʥʝ ʚʣʠʷʝʪ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʦʪʦʨʘ, ʣʠʰʴ 

ʙʳ ʦʥʦ ʥʝ ʨʘʚʥʷʣʦʩʴ 1. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ.ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʦʙʱʝʥʘʫʯʥʳʝ ʤʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʤʝʪʦʜʳ ʘʙʩʪʨʘʛʠʨʦʚʘʥʠʷ, 

ʠʜʝʘʣʠʟʘʮʠʠ ʦʙʲʝʢʪʘ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʠ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ, 

ʩʠʥʪʝʟʘ, ʥʘʫʯʥʳʭ ʦʙʦʙʱʝʥʠʡ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʠʥʪʝʨʧʦʣʷʮʠʠ, 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ 

ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʙʳʣʦ 

ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʤʦʣʦʪʢʘ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʨʘʜʠʫʩʘ ʧʦʜʚʝʩʘ ʤʦʣʦʪʢʘ ʠ ʝʛʦ 

ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʠʥʳ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʩʣʝʜʫʶʱʘʷ ʛʠʧʦʪʝʟʘ: 

ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʣʦʪʢʦʚʦʡ 

ʜʨʦʙʠʣʢʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʘ ʧʦʜʚʝʩʘ ʢ 

ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʠʥʝ ʤʦʣʦʪʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ. 

ɼʣʷ ʚʳʙʦʨʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 

ʜʨʦʙʠʣʦʢ ʩ ʰʘʨʥʠʨʥʦ ʧʦʜʚʝʰʝʥʥʳʤʠ ʤʦʣʦʪʢʘʤʠ 

ʙʳʣʦ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʧʦʢʘʟʘʪʝʣʷ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʚʝʣʠʯʠʥʫ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʦʣʦʪʢʦʚʦʛʦ 

ʨʦʪʦʨʘ ʜʨʦʙʠʣʢʠ ʠ ʧʦ ʟʥʘʯʝʥʠʶ ʨʘʚʥʦʤʫ 

ʦʪʥʦʰʝʥʠʶ ʨʘʜʠʫʩʘ ʧʦʜʚʝʩʘ ʢ ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʠʥʝ 

ʤʦʣʦʪʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, 

ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʤʦʣʦʪʢʘ ʦʪ 

ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʤʦʣʦʪʢʦʚʦʛʦ ʨʦʪʦʨʘ ʜʨʦʙʠʣʢʠ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʝ 

ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʩ ʮʝʣʴʶ ʩʦʭʨʘʥʝʥʠʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫʜʘʨʘ ʤʦʣʦʪʢʘ ʚ ʟʦʥʝ 

ʟʘʛʨʫʟʢʠ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʙʠʪʴʩʷ ʩʥʠʞʝʥʠʷ 

ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ. 

ʊʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʨʝʢʦʤʝʥʜʫʝʤʦʝ 

ʟʥʘʯʝʥʠʝ Rn/lk=2,25[1]. ʆʜʥʘʢʦ, ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ 

ʜʨʦʙʠʣʢʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʤʦʣʦʪʢʦʚ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʠʟʤʝʣʴʯʘʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʟʤʝʥʷʝʪʩʷ ʨʷʜ ʧʘʨʘʤʝʪʨʦʚ, ʠ ʩʨʝʜʠ 

ʥʠʭ ï ʧʨʠʚʝʜʝʥʘ ʜʣʠʥʘ ʤʦʣʦʪʢʘ [7]. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʧʝʨʝʜʘʯʠ ʫʜʘʨʥʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʦʩʴ ʚʨʘʱʝʥʠʷ 

ʨʦʪʦʨʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ 

ʧʦʜʰʠʧʥʠʢʦʚʳʭ ʫʟʣʦʚ ʠ ʜʨʦʙʠʣʢʠ ʚ ʮʝʣʦʤ [8, 9, 10]. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʝʥʷʝʪʩʷ ʠ ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ 

ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʠʟʤʝʥʷʶʱʝʝ ʧʝʨʠʦʜ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʦʣʦʪʢʘ (ʫʨʘʚʥʝʥʠʝ 1; 2). 

ʌʠʟʠʯʝʩʢʘʷ ʩʫʱʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʣʠʥʝʡʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦʪʘ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ (ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʣʦʪʢʘ ʜʨʦʙʠʣʢʠ) ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʘ ʧʦʜʚʝʩʘ ʢ ʧʨʠʚʝʜʝʥʥʦʡ ʜʣʠʥʝ 

ʤʦʣʦʪʢʘ. ʕʪʦ ʧʦʣʦʞʝʥʠʝ ʩʣʝʜʫʝʪ ʠʟ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʦʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ [1, 11]: 

ʢ

g

ʧʝʨ
L

R
ʢ Ö-=w

,   (1) 

ʛʜʝ 
.ʧʝʨw ï ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʦʩʠ ʧʦʜʚʝʩʘ, 

1
ʩ
- ; 

ʠʣʠ ʩ ʫʯʝʪʦʤ ʚʚʝʜʝʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʂL ʤʦʣʦʪʢʦʚʦʛʦ ʨʦʪʦʨʘ 

ʜʨʦʙʠʣʢʠ: 

Lʧʝʨ
ʂʢ Ö-= w ,  (2) 

ʛʜʝ ʂL ï ʧʦʢʘʟʘʪʝʣʴ ʣʠʥʝʡʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. 

ʢ

ʧ

L
L

R
ʂ = ,   (3) 

ʛʜʝ Rʧ ï ʨʘʜʠʫʩ ʧʦʜʚʝʩʘ ʤʦʣʦʪʢʘ, ʤ; 

Lʢ ï ʧʨʠʚʝʜʝʥʥʘʷ ʜʣʠʥʘ ʤʦʣʦʪʢʘ, ʤ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ [1] 

ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʘ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʫʜʘʨʦʤ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʢʘʟʘʪʝʣʷ ʜʦ ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ, ʘ 

ʟʘʪʝʤ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ ʜʦ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ. ʇʦ ʦʩʠ 

ʘʙʩʮʠʩʩ ʙʳʣʠ ʧʨʦʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʂL, 

ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ï ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʤʘʷʪʥʠʢʘ ʚ ʤʦʤʝʥʪ ʧʝʨʝʜ ʫʜʘʨʦʤ. ʇʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʪʦʯʝʢ ʢʨʠʚʦʡ ʙʳʣ ʧʦʣʫʯʝʥ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʤʘʷʪʥʠʢʘ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʫʜʘʨʦʤ) ʦʪ 

ʟʥʘʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ (ʨʠʩʫʥʦʢ 1). 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʦʭʦʜʷʱʝʡ 

ʯʝʨʝʟ ʚʩʝ ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʠʥʪʝʨʧʦʣʷʮʠʶ ʬʫʥʢʮʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ y 

ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ x, ʪʦ ʝʩʪʴ ʧʦʩʪʨʦʠʪʴ 

ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʡ ʧʦʣʠʥʦʤ. ʉʪʝʧʝʥʴ ʧʦʣʠʥʦʤʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʤʠʥʫʩ ʦʜʠʥ, ʪʦ 

ʝʩʪʴ: 4-1=3. ʊʘʢ ʯʪʦ ʠʤʝʝʤ ʧʦʣʠʥʦʤ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ. ʕʪʦ ʧʦʣʠʥʦʤ ʃʘʛʨʘʥʞʘ, ʢʦʪʦʨʳʡ 

ʚʳʯʠʩʣʷʝʪʩʷ ʯʝʨʝʟ ʟʘʚʠʩʠʤʦʩʪʴ: 
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ʈʠʩʫʥʦʢ 1. ɿʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʘ ʧʝʨʝʜ ʫʜʘʨʦʤ 

 

ʈʝʰʝʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ 

ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʢʨʠʚʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʚʩʝ 

ʪʦʯʢʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ: 

 

199,1x607,0x511,0x164,0)x(L
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ʇʦʛʨʝʰʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ: 
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ʉʨʝʜʥʷʷ ʧʦʛʨʝʰʥʦʩʪʴ ʙʫʜʝʪ: 

 

6
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʦʪʥʦʰʝʥʠʷ (ʧʨʠ ʢʦʪʦʨʦʤ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʙʫʜʝʪ ʥʘʠʙʦʣʴʰʘʷ) ʥʫʞʥʦ ʠʟʫʯʠʪʴ ʬʫʥʢʮʠʶ ʥʘ 

ʤʘʢʩʠʤʫʤ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʚʟʷʪʴ ʧʨʦʠʟʚʦʜʥʫʶ ʠ 

ʧʨʠʨʘʚʥʷʪʴ ʝʝ ʢ ʥʫʣʶ, ʯʪʦʙʳ ʥʘʡʪʠ ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʪʦʯʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɼʘʣʝʝ ʠʩʩʣʝʜʫʝʤ ʟʥʘʢ 

ʧʨʦʠʟʚʦʜʥʦʡ ʥʘ ʠʥʪʝʨʚʘʣʘʭ. ɽʩʣʠ ʬʫʥʢʮʠʷ ʤʝʥʷʝʪ 

ʟʥʘʢ ʩ çʧʣʶʩʘè ʥʘ çʤʠʥʫʩè, ʪʦ ʚ ʵʪʦʡ ʪʦʯʢʝ 

ʩʫʱʝʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤ. 
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ʂʘʢ ʚʠʜʠʤ, ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʟʥʘʯʝʥʠʶ ʧʦʢʘʟʘʪʝʣʷ ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ 2,604. 

ʆʜʥʘʢʦ ʧʦʣʠʥʦʤ ʃʘʛʨʘʥʞʘ ʜʘʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʪʦʯʥʦʩʪʴ ʧʦ ʢʨʘʷʤ ʢʨʠʚʦʡ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʪʦʯʥʝʥʠʷ 

ʝʩʪʴ ʩʤʳʩʣ ʩʜʝʣʘʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʬʫʥʢʮʠʠ, 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, 

ʢʦʛʜʘ ʢʨʠʚʳʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʦʭʦʜʷʪ ʯʝʨʝʟ ʚʩʝ 

ʦʧʳʪʥʳʝ ʜʘʥʥʳʝ. ʀʟ ʩʝʤʴʠ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ 

ʚʳʙʠʨʘʝʪʩʷ ʜʘʶʱʘʷ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ. 

ʈʝʰʝʥʠʝʤ ʙʫʜʝʪ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 
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ʋʨʘʚʥʝʥʠʝ ʢʨʠʚʦʡ: 
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ʈʠʩʫʥʦʢ 2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʢʮʠʡ ʥʘ ʤʘʢʩʠʤʫʤ: 

ʘ) ʧʦʣʠʥʦʤ ʃʘʛʨʘʥʞʘ; ʚ) ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. 

 

 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʘʢʩʠʤʫʤ (ʨʠʩʫʥʦʢ 2) 

ʚʦʟʴʤʝʤ ʧʨʦʠʟʚʦʜʥʫʶ ʦʪ ʧʦʣʫʯʝʥʥʦʡ ʬʫʥʢʮʠʠ: 

161397,0x355432,1x55005,0y
2 ++-=¡  

7105,1ɼ= , ʪʦʛʜʘ 42,2x
1
= , 04,0x

2
=  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʝʤ ʧʨʠ ʧʦʢʘʟʘʪʝʣʝ ʣʠʥʝʡʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ 2,42. 

ɺʳʚʦʜʳ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ, ʨʘʮʠʦʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʣʠʥʝʡʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʂL ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

2,25 ʜʦ 2,42, ʧʦʩʢʦʣʴʢʫ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʦʛʦ 

ʠʥʪʝʨʚʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʝʢʪʦʨʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʤʦʣʦʪʢʘ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ, ʚ ʫʯʝʙʥʦʤ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ. 

 
* ʇʫʙʣʠʢʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ FRRS-2023-

0019 ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɻɹʆʋ ɺʆ 

çʄʝʣʠʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  
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ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʦʯʠʩʪʢʘ ʟʝʨʥʘ ʦʪ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʚʩʝʭ 

ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʧʘʨʠʨʦʚʘʥʠʝ ʟʝʨʥʘ ʩʢʚʦʟʴ ʱʝʣʝʚʦʝ ʦʪʚʝʨʩʪʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʤʝʩʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ. ɸ 

ʩʦʟʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʷʤʳʤ ʫʜʘʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩ ʱʝʣʝʚʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʩʝʧʘʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʩʢʚʦʟʴ 

ʱʝʣʝʚʳʝ ʠ ʞʘʣʶʟʠʡʥʳʝ ʩʝʧʘʨʘʪʦʨʳ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʩʥʠʟʠʪʴ ʮʠʨʢʫʣʠʨʫʶʱʫʶ ʥʘʛʨʫʟʢʫ ʚ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ. ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ 

ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʘʨʠʘʮʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʠʥʛʨʝʜʠʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʥʘ 

ʢʘʞʜʳʭ 10% ʨʘʚʥʦʮʝʥʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʣʠ ʞʝ ʵʢʦʥʦʤʠʠ 

1 - 3% ʢʦʨʤʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʧʨʦʚʦʜʠʪʴ ʩʝʧʘʨʘʮʠʶ (ʢʣʘʩʩʠʬʠʢʘʮʠʶ) 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʬʨʘʢʮʠʠ. ʉʝʧʘʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ʠʥʛʨʝʜʠʝʥʪʦʚ 

ʧʝʨʝʜ ʠʭ ʩʤʝʰʠʚʘʥʠʝʤ ʧʦʟʚʦʣʠʪ ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʛʦ ʤʠʥʠʤʫʤʘ (5-10%) ʫʤʝʥʴʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʙʠʢʦʨʤʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʢʦʨʤʦʚʳʝ ʨʝʩʫʨʩʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʢʘʨʤʣʠʚʘʥʠʠ ʧʦʣʫʯʘʝʤʳʭ ʢʦʤʙʠʢʦʨʤʦʚ ʙʫʜʝʪ 

ʨʘʚʥʦʮʝʥʥʘ ʠʭ ʵʢʦʥʦʤʠʠ ʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚ ʨʘʟʤʝʨʝ ʥʝ ʤʝʥʝʝ 4-6% ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12-

15%.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʨʥʦ, ʩʝʧʘʨʘʮʠʷ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʩʝʧʘʨʠʨʦʚʘʥʠʝ, ʦʯʠʩʪʢʘ ʟʝʨʥʘ. 

 

ABSTRACT 

 

The article determines that cleaning grain from impurities is one of the most important operations at all grain 

processing enterprises. It has been established that it is necessary to create new grain cleaning machines that provide 

grain separation through a slot opening located perpendicular to the direction of movement of the mixture with minimal 

capital and energy costs. And the creation of directed flows of grains of uniform size for grinding by direct impact using 

brachistochronic surfaces with slotted holes and separation of grinding products through slotted and louvered separators 

makes it possible to rationally organize the grinding workflow, reduce the circulating load in the grinding chamber and 

the specific energy intensity. It is also known that every 10% reduction in the coefficient of variation of the fractional 

composition when grinding feed ingredients is equivalent in technological efficiency to additional production or saving 

1 - 3% of feed. 

In this regard, it is proposed to carry out separation (classification) of the crushed components into fractions 

after grinding the grain. Separation of grinding products according to the particle size of the ingredients before mixing 

them will allow to reduce the coefficient of variation of the fractional composition of mixed feed to the practically 

possible minimum (5-10%), which will allow for maximum efficiency in using feed resources. Technological efficiency 

when feeding the resulting mixed feed will be equivalent to their savings or additional production in the amount of at 

least 4-6% and can reach 12-15%. 

Keywords: grain, separation, gravitational separation, grain cleaning. 
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ɺʚʝʜʝʥʠʝ 

ʇʨʦʮʝʩʩ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʦʚʳʭ ʩʤʝʩʝʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʢʦʤʙʠʢʦʨʤʦʚ: ʦʪ ʧʦʜʛʦʪʦʚʢʠ ʩʳʨʴʷ ʜʦ ʬʠʥʠʰʥʳʭ 

ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ [1,2]. 

ʉʝʧʘʨʠʨʦʚʘʥʠʝ ʟʝʨʥʘ ð ʵʪʦ ʨʘʟʥʦʧʣʘʥʦʚʘʷ 

ʩʣʦʞʥʘʷ ʥʘʫʯʥʦ - ʪʝʭʥʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʠʤʝʝʪ 

ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʨʝʰʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʦʛʨʘʥʠʯʠʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʚʦʧʨʦʩʦʚ 

ʩʝʧʘʨʠʨʦʚʘʥʠʷ (ʧʦʜ ʪʝʨʤʠʥʦʤ ʩʝʧʘʨʠʨʦʚʘʥʠʷ 

ʦʙʲʝʜʠʥʠʤ ʪʘʢʠʝ ʦʧʝʨʘʮʠʠ ʢʘʢ ʦʯʠʩʪʢʘ, ʩʦʨʪʠʨʦʚʢʘ 

ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʟʝʨʥʘ) ʟʝʨʥʘ ʥʘ ʵʪʘʧʝ 

ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʧʦʜʛʦʪʦʚʢʠ ʧʘʨʪʠʡ 

ʟʝʨʥʘ ʜʦ ʪʨʝʙʫʝʤʳʭ ʢʦʥʜʠʮʠʡ ʜʣʷ ʢʦʤʙʠʢʦʨʤʦʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʝʧʘʨʘʮʠʝʡ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ) 

ʧʝʨʝʜ ʜʨʦʙʣʝʥʠʝʤ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʙʠʢʦʨʤʦʚ ʜʦ ʩʢʘʨʤʣʠʚʘʥʠʷ. ʕʪʦʪ ʚʳʙʦʨ ʩʜʝʣʘʥ 

ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ 

ʩʝʧʘʨʠʨʫʝʤʦʛʦ ʟʝʨʥʘ. ʄʦʞʥʦ ʩʤʝʣʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʩʝʧʘʨʠʨʦʚʘʥʠʶ ʥʘ ʜʘʥʥʳʭ ʵʪʘʧʘʭ ʧʦʜʚʝʨʛʘʝʪʩʷ 

100% ʟʝʨʥʦʚʦʛʦ ʫʨʦʞʘʷ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʨʝʟʝʨʚʦʚ ʫʤʝʥʴʰʝʥʠʷ 

ʩʪʦʠʤʦʩʪʠ ʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʠʭ 

ʧʨʦʠʟʚʦʜʩʪʚʦ, ʯʪʦ ʜʦʩʪʠʛʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, 

ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʤʘʰʠʥ ʠ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʠ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʝʛʦ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ - ʛʦʪʦʚʦʛʦ ʢʦʨʤʘ [3]. 

ʂʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘʚʠʩʠʪ ʦʪ 

ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ ï ʟʝʨʥʘ. ɿʝʨʥʦʚʦʡ ʤʘʪʝʨʠʘʣ, 

ʧʦʩʪʫʧʘʶʱʠʡ ʦʪ ʢʦʤʙʘʡʥʘ, ʩʦʜʝʨʞʠʪ ʩʝʤʷʥ 

ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ï 85é98 % ʧʨʠ ʵʪʦʤ ʚʣʘʞʥʦʩʪʴ 

ʟʝʨʥʘ ʦʟʠʤʳʭ ʢʫʣʴʪʫʨ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 25é30%, 

ʷʨʦʚʳʭ ʢʫʣʴʪʫʨ ï 30é40%, ʦʨʛʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ 

ï 40é70%, ʘ ʟʘʩʦʨʝʥʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ 

ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʦʯʠʩʪʢʝ ï ʫʭʫʜʰʘʝʪ 

ʧʨʦʮʝʩʩ ʩʝʧʘʨʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʥʘʤʠʢʘ 

ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʚʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ (ʪʘʢʠʝ ʢʘʢ ʟʘʩʦʨʝʥʥʦʩʪʴ ʠ 

ʚʣʘʞʥʦʩʪʴ) ʠʤʝʶʪ ʩʣʫʯʘʡʥʦ-ʚʝʨʦʷʪʥʦʩʪʥʫʶ 

ʧʨʠʨʦʜʫ, ʧʨʠʯʝʤ ʜʠʘʧʘʟʦʥ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢ [4]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʠʪʴ 

ʠʟ ʦʙʱʝʛʦ ʚʦʨʦʭʘ ʙʠʦʣʦʛʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʠ 

ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʬʨʘʢʮʠʠ ʩʝʤʷʥ, ʪ.ʝ. 

ʧʨʦʚʝʩʪʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʟʝʨʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʟʝʨʥʦʚʦʡ ʚʦʨʦʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʩ ʧʦʣʷ ʥʘ ʪʦʢ, 

ʥʝʦʙʭʦʜʠʤʦ ʫʞʝ ʥʘ ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʨʘʟʜʝʣʷʪʴ ʥʘ ʜʚʝ ʬʨʘʢʮʠʠ ï ʩʝʤʝʥʥʫʶ ʠ 

ʬʫʨʘʞʥʫʶ, ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʨʘʙʘʪʳʚʘʪʴ 

ʨʘʟʜʝʣʴʥʦ. 

ʍʨʘʥʝʥʠʝ ʩʫʭʦʛʦ ʟʝʨʥʘ (ʚʣʘʞʥʦʩʪʴ ʜʦ 15%), 

ʢʦʪʦʨʦʝ ʥʝ ʧʨʦʰʣʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʦʪ 

ʩʦʨʥʳʭ ʧʨʠʤʝʩʝʡ, ʦʧʨʝʜʝʣʝʥʥʦ ʩʥʠʞʘʝʪ ʝʛʦ 

ʢʘʯʝʩʪʚʦ [5].  

ɺ ʨʘʙʦʪʝ ʊʨʠʩʚʷʪʩʢʦʛʦ ʃ.ɸ. [6] ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʟʝʨʝʥ, ʧʦʨʘʞʝʥʥʳʭ ʧʣʝʩʝʥʴʶ, ʚ 

ʥʝʦʯʠʱʝʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʢ ʢʦʥʮʫ ʪʨʝʪʴʠʭ ʩʫʪʦʢ 

ʩʦʩʪʘʚʣʷʝʪ 25%, ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʦʩʪʘʝʪʩʷ 

ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʳʤ ï 3%. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʚʘʞʥʦʩʪʴ 

ʦʧʝʨʘʮʠʠ ʦʯʠʩʪʢʠ (ʩʝʧʘʨʘʮʠʠ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ) 

ʟʝʨʥʘ ʧʝʨʝʜ ʝʛʦ ʟʘʢʣʘʜʢʦʡ ʥʘ ʭʨʘʥʝʥʠʝ. 

ʆʯʠʩʪʢʘ ʟʝʨʥʘ ʦʪ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ ʥʘ ʚʩʝʭ 

ʟʝʨʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ʉʪʝʧʝʥʴ 

ʦʯʠʩʪʢʠ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʪʦʯʥʦʩʪʴ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ) ʚʦ ʤʥʦʛʦʤ 

ʚʣʠʷʶʪ ʥʘ ʩʪʘʙʠʣʴʥʦʩʪʴ ʟʝʨʥʘ ʧʨʠ ʭʨʘʥʝʥʠʠ, ʘ 

ʪʘʢʞʝ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ, ʧʦʣʫʯʘʝʤʦʡ 

ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʵʪʦʛʦ ʟʝʨʥʘ. 

ʍʨʘʥʝʥʠʝ ʥʝʦʙʨʘʙʦʪʘʥʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʩʝʤʷʥ 

ʥʝ ʪʦʣʴʢʦ ʤʝʣʢʦʡ, ʥʦ ʠ ʢʨʫʧʥʦʡ ʬʨʘʢʮʠʠ. ʊʘʢ, 

ʯʝʨʝʟ ʜʚʘ ʤʝʩʷʮʘ ʭʨʘʥʝʥʠʷ 40,3% ʟʝʨʥʦʚʦʢ ʬʨʘʢʮʠʠ 

3,2 ʤʤ ʙʳʣʠ ʧʦʨʘʞʝʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ, ʘ 1,6 ʤʤ 

- 73,9%. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ ʠ 

ʜʨʦʙʣʝʥʦʛʦ ʟʝʨʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʬʨʘʢʮʠʠ 1,6é1,8 ʤʤ 

- ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 89,7 ʠ 86,1%. 

 ʇʦʵʪʦʤʫ ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʟʝʨʥʘ ʢ 

ʧʝʨʝʨʘʙʦʪʢʝ ʚ ʢʦʤʙʠʢʦʨʤʘ ʧʦ ʫʩʣʦʚʠʷʤ ʨʳʥʢʘ 

ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʩʝʧʘʨʠʨʦʚʘʥʠʝ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ) ʠ 

ʧʝʨʝʜ ʩʝʧʘʨʘʪʦʨʘʤʠ ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʥʝ ʩʪʦʣʴʢʦ 

ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʩʢʦʣʴʢʦ ʩʦʨʪʠʨʦʚʢʘ ʧʦ 

ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʙʟʦʨʘ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʩʝʧʘʨʘʪʦʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʧʦʠʩʢʘ, ʘ 

ʠʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʦʩʤʦʪʨ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠ 

ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨ, ʧʨʦʩʤʦʪʨ ʠʥʪʝʨʥʝʪ-

ʠʩʪʦʯʥʠʢʦʚ, ʙʘʟʳ ʌʀʇʉ, ʜʠʩʩʝʨʪʘʮʠʡ ʠ 

ʘʚʪʦʨʝʬʝʨʘʪʦʚ. ʇʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, 

ʩʨʘʚʥʝʥʠʷ, ʦʙʦʙʱʝʥʠʷ ʠ ʢʦʥʢʨʝʪʠʟʘʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʦʙʟʦʨ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʠʤʝʥʷʝʤʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʠ ʨʘʩʩʤʦʪʨʝʪʴ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʭ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʝʨʘʮʠʷ ʩʝʧʘʨʘʮʠʠ 

ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʥʝʦʙʭʦʜʠʤʘ ʠ ʧʝʨʝʜ ʝʛʦ 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʚ ʢʦʤʙʠʢʦʨʤʘ. ʕʪʘ ʟʘʜʘʯʘ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʧʦʪʦʤʫ ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʜʦʩʪʠʛʘʪʴ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʟʝʨʥʘ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʙʠʢʦʨʤʦʚ, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʪʘʙʣʠʮʝ 1 [4]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʰʠʥ ʜʣʷ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʷʚʣʷʶʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʝʧʘʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʟʘ ʦʜʥʫ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʦʧʝʨʘʮʠʶ ʦʪʜʝʣʷʶʪ ʤʝʣʢʠʝ ʠ 

ʢʨʫʧʥʳʝ ʧʨʠʤʝʩʠ ʠʟ ʟʝʨʥʘ ʦʜʥʦʚʨʝʤʝʥʥʦ [7]. 

ʆʜʥʘʢʦ ʵʪʠ ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ 

ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʦʯʠʩʪʢʫ ʟʝʨʥʘ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ. 
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ʊʘʙʣʠʮʘ 1 

ʆʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʟʝʨʥʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ, % ʥʝ ʙʦʣʝʝ 

 

ʇʦʢʘʟʘʪʝʣʠ ʈʦʞʴ ʇʰʝʥʠʮʘ ʗʯʤʝʥʴ ʆʚʝʩ ɻʦʨʦʭ 

ɺʣʘʞʥʦʩʪʴ 16,0 16,0 15,5 16,0 16,0 

ʉʦʜʝʨʞʘʥʠʝ ʩʦʨʥʳʭ ʧʨʠʤʝʩʝʡ 5 5 8 5 5 

ɺ ʪʦʤ ʯʠʩʣʝ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ: 

ʛʦʨʯʘʢʘ ʠ ʚʷʟʝʣʷ;  

ʩʧʦʨʳʥʴʠ ʠ ʛʦʣʦʚʥʠ ʢʫʢʦʣʷ 

 

0,2 

0,1 

 

0,2 

0,1 

 

0,2 

0,1 

 

0,2 

0,1 

 

0,2 

- 

ʉʦʜʝʨʞʘʥʠʝ ʟʝʨʥʦʚʳʭ ʧʨʠʤʝʩʝʡ 15 15 15 15 15 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʩʧʦʩʦʙʥʳʭ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʯʠʩʪʢʫ ʚʩʝʭ ʚʠʜʦʚ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʟʘʜʘʯʘ ʦʯʠʩʪʢʠ ʟʝʨʥʘ ʧʝʨʝʜ 

ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʢʦʤʙʠʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ 

ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʛʦ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ 

ʧʨʠʤʝʩʝʡ ʣʶʙʳʭ ʚʠʜʦʚ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʝʧʘʨʘʪʦʨʘ ʠ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʘ, ʧʨʦʚʦʜʠʪʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʩʝʧʘʨʠʨʦʚʘʥʠʝ 

(ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ) ʩ ʧʦʤʦʱʴʶ ʱʝʣʝʚʦʛʦ 

ʦʪʚʝʨʩʪʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʤʝʩʠ ʩ ʰʠʨʠʥʦʡ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʝʡʩʷ ʪʦʣʴʢʦ ʛʘʙʘʨʠʪʘʤʠ 

ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʬʦʨʤʝ 

ʢʨʠʚʦʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ [8,9]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʧʨʠʭʦʜʠʤ 

ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ 

ʟʝʨʥʦʦʯʠʩʪʠʪʝʣʴʥʳʭ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʧʘʨʠʨʦʚʘʥʠʝ ʟʝʨʥʘ ʩʢʚʦʟʴ ʱʝʣʝʚʦʝ 

ʦʪʚʝʨʩʪʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʩʤʝʩʠ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʢʘʧʠʪʘʣʴʥʳʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʠ ʩʘʤʳʭ ʵʥʝʨʛʦʝʤʢʠʭ 

ʦʧʝʨʘʮʠʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʙʠʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʩʝʛʦʜʥʷ 

ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʟʘʪʨʘʪ, 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ, ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʣʴʯʝʥʠʷ, 

ʨʘʩʰʠʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ, 

ʧʦʣʥʦʡ ʤʝʭʘʥʠʟʘʮʠʠ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ. 

ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘ ʩʯʝʪ 

ʫʩʪʨʘʥʝʥʠʷ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʥʘ ʧʨʦʜʫʢʪ ʠʟʤʝʣʴʯʝʥʠʷ ʜʣʷ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ 

ʜʨʦʙʠʣʢʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʝʧʘʨʘʮʠʶ ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ ʧʦ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨʤʳ ʨʘʟʜʝʣʷʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʥʘʧʨʠʤʝʨ, ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

[9,10]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ 

ʧʨʷʤʳʤ ʫʜʘʨʦʤ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʝʛʦ ʩʝʧʘʨʘʮʠʝʡ 

ʨʝʘʣʠʟʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʯʠʱʝʥʥʦʝ ʦʪ ʧʨʠʤʝʩʝʡ ʟʝʨʥʦ ʧʦʜʘʝʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʝʧʘʨʘʮʠʶ 

ʟʝʨʥʘ ʥʘ ʬʨʘʢʮʠʠ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩ 

ʱʝʣʝʚʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ. ʉʝʧʘʨʘʮʠʷ ʟʝʨʥʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ ʩ ʱʝʣʝʚʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʳʜʝʣʝʥʠʝ ʩʥʘʯʘʣʘ ʬʨʘʢʮʠʡ ʟʝʨʥʘ ʢʨʫʧʥʳʭ 

ʨʘʟʤʝʨʦʚ, ʟʘʪʝʤ ʩʨʝʜʥʠʭ ʠ ʜʘʣʝʝ ʤʝʣʢʠʭ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʮʠʦʥʘʣʴʥʳʡ ʨʝʞʠʤ ʟʘʛʨʫʟʢʠ 

ʢʘʤʝʨʳ ʜʨʦʙʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʠʣʳ ʫʜʘʨʘ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʜʣʷ ʢʘʞʜʦʡ ʬʨʘʢʮʠʠ [9,11]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʟʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʥʘ 

ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʷʤʳʤ ʫʜʘʨʦʤ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʩ 

ʱʝʣʝʚʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʠ ʩʝʧʘʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ 

ʠʟʤʝʣʴʯʝʥʠʷ ʩʢʚʦʟʴ ʱʝʣʝʚʳʝ ʠ ʞʘʣʶʟʠʡʥʳʝ 

ʩʝʧʘʨʘʪʦʨʳ ʧʦʟʚʦʣʷʝʪ ʨʘʮʠʦʥʘʣʴʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ 

ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʩʥʠʟʠʪʴ 

ʮʠʨʢʫʣʠʨʫʶʱʫʶ ʥʘʛʨʫʟʢʫ ʚ ʢʘʤʝʨʝ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʫʜʝʣʴʥʫʶ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʜʫʣʷ 

ʧʦʤʦʣʘ ʄ = 1,4...2,0 ʤʤ ʙʦʣʝʝ ʯʝʤ ʚʜʚʦʝ ʩ 

6,62...8,35 ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ ʜʦ 2,78...3,55 ʢɺʪ 

ʯʘʩ/ʪ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʜʨʦʙʠʣʢʝ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ 

ʠʟʤʝʣʴʯʝʥʠʷ [9,10]. 

ɹʳʪʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ ʥʘ ʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʦʤʙʠʢʦʨʤʦʚʳʭ ʟʘʚʦʜʘʭ ʧʨʦʠʟʚʦʜʷʪ ʪʦʣʴʢʦ 

ʠʟʤʝʣʴʯʝʥʠʝ ʟʝʨʥʘ, ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʢʦʤʙʠʢʦʨʤʘ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ.  ʈʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ 

ʪʘʢʠʤ ʪʝʟʠʩʦʤ ʦʰʠʙʦʯʥʦ ʧʦ ʩʚʦʝʡ ʩʫʪʠ. ʅʘ ʣʶʙʦʤ 

ʭʦʟʷʡʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʥʘʜʦ, ʤʦʞʥʦ, ʘ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʘʞʝ ʧʨʦʱʝ ʧʨʦʠʟʚʦʜʠʪʴ 

ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʳʝ ʢʦʤʙʠʢʦʨʤʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ, ʘ ʜʘʞʝ ʜʣʷ ʦʪʜʝʣʴʥʳʭ 

ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʯʝʥʴ ʪʨʫʜʥʦ 

ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ ʢʨʫʧʥʳʭ ʟʘʚʦʜʘʭ [12]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʤʙʠʢʦʨʤʦʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʭʦʟʷʡʩʪʚʘʭ ʜʘʝʪ ʪʘʢ ʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʢʨʘʪʠʪʴ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, 

ʙʝʩʧʝʨʝʙʦʡʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʞʠʚʦʪʥʳʭ ʩʚʝʞʠʤʠ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʢʦʤʙʠʢʦʨʤʘʤʠ ʠ, ʛʣʘʚʥʦʝ, 

ʟʘʜʘʥʥʦʡ ʨʝʮʝʧʪʫʨʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʪʘʢʘʷ ʢʨʫʧʥʦʩʪʴ 

ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʘ: ʜʣʷ ʩʚʠʥʝʡ - ʚ ʧʨʝʜʝʣʘʭ ʤʝʣʢʦʛʦ 

ʧʦʤʦʣʘ (ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ 0,2é1,0 ʤʤ), ʘ ʜʣʷ 

ʧʪʠʮʳ ʠ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ - ʩʨʝʜʥʝʛʦ 

(1,0é1,8 ʤʤ) ʠ ʢʨʫʧʥʦʛʦ (1,8é2,6 ʤʤ). ʄʝʞʜʫ ʪʝʤ 

ʩʦʚʨʝʤʝʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʘ ʵʪʦ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ, 
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ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʥʝʨʘʚʥʦʤʝʨʥʳʡ 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʚʘʨʠʘʮʠʡ ʠʭ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʩʦʛʣʘʩʥʦ, ʜʝʡʩʪʚʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝ ʜʦʣʞʝʥ 

ʧʨʝʚʳʰʘʪʴ 45é65%. 

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʘʨʠʘʮʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʠʥʛʨʝʜʠʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʥʘ ʢʘʞʜʳʭ 10% 

ʨʘʚʥʦʮʝʥʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʣʠ ʞʝ ʵʢʦʥʦʤʠʠ 

1é3% ʢʦʨʤʦʚ [2,12]. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʘ ʧʨʦʚʦʜʠʪʴ ʩʝʧʘʨʘʮʠʶ (ʢʣʘʩʩʠʬʠʢʘʮʠʶ) 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʬʨʘʢʮʠʠ: ʜʦ 0,2 ʤʤ 

(ʧʳʣʝʚʠʜʥʫʶ), 0,2é1,0 ʤʤ (ʤʝʣʢʫʶ), 1,0é1,8 ʤʤ 

(ʩʨʝʜʥʶʶ), 1,8é2,6 ʤʤ (ʢʨʫʧʥʫʶ) ʠ ʙʦʣʝʝ 2,6 ʤʤ 

(ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʤʝʣʴʯʝʥʥʫʶ), ʢʦʪʦʨʫʶ 

ʥʘʧʨʘʚʣʷʶʪ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, ʘ ʧʦʩʣʝʜʥʠʝ 

ʩʤʝʰʠʚʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʨʘʟʤʝʨʥʳʤʠ 

ʬʨʘʢʮʠʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦʩʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʠʟʤʝʣʴʯʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [13]. 

ʂʘʞʜʫʶ ʠʟ ʨʘʟʤʝʨʥʳʭ ʬʨʘʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ 

ʧʦ ʩʧʝʮʠʘʣʴʥʦʤʫ ʥʘʟʥʘʯʝʥʠʶ: ʧʳʣʝʚʠʜʥʫʶ - ʚ 

ʩʤʝʩʷʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʪʘʪʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ; 

ʤʝʣʢʫʶ - ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʩʚʠʥʝʡ; 

ʩʨʝʜʥʶʶ - ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ 

ʤʦʣʦʜʥʷʢʘ ʧʪʠʮʳ ʠ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ; ʢʨʫʧʥʫʶ - ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʚʟʨʦʩʣʦʛʦ ʧʦʛʦʣʦʚʴʷ 

ʧʪʠʮʳ ʠ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ; ʙʦʣʝʝ 2,6 ʤʤ - ʚʦʟʚʨʘʱʘʶʪ 

ʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ. 

ʇʨʠ ʵʪʦʤ ʩʝʧʘʨʘʮʠʷ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ 

ʧʦ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ ʠʥʛʨʝʜʠʝʥʪʦʚ ʧʝʨʝʜ ʠʭ 

ʩʤʝʰʠʚʘʥʠʝʤ ʧʦʟʚʦʣʠʪ ʜʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʛʦ 

ʤʠʥʠʤʫʤʘ (5-10%) ʫʤʝʥʴʰʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʘʨʠʘʮʠʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʢʦʤʙʠʢʦʨʤʦʚ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʨʤʦʚʳʝ ʨʝʩʫʨʩʳ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʢʘʨʤʣʠʚʘʥʠʠ ʧʦʣʫʯʘʝʤʳʭ 

ʢʦʤʙʠʢʦʨʤʦʚ ʙʫʜʝʪ ʨʘʚʥʦʮʝʥʥʘ ʠʭ ʵʢʦʥʦʤʠʠ ʠʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚ ʨʘʟʤʝʨʝ ʥʝ 

ʤʝʥʝʝ 4-6% ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 12-15% [12,13]. 

ɺʳʚʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʩʝʧʘʨʘʮʠʠ 

(ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ) ʟʝʨʥʦʚʦʡ 

ʩʤʝʩʠ, ʟʝʨʥʘ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʙʠʢʦʨʤʦʚ ʚ 

ʢʦʤʙʠʢʦʨʤʦʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚ ʫʩʣʦʚʠʷʭ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦʟʚʦʣʠʪ 

ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʢʦʤʙʠʢʦʨʤʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ: 

- ʥʘ ʩʘʤʳʭ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʚʳʜʝʣʠʪʴ ʠʟ ʦʙʱʝʛʦ ʚʦʨʦʭʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ ʠ ʦʜʥʦʨʦʜʥʳʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʬʨʘʢʮʠʠ ʟʝʨʥʘ, ʪ.ʝ. ʧʨʦʚʝʩʪʠ 

ʩʝʧʘʨʠʨʦʚʘʥʠʝ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ) ʟʝʨʥʘ ʥʘ 

ʬʫʨʘʞʥʦʝ ʠ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʝ; 

- ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ ʟʝʨʥʘ ʜʦ ʧʝʨʝʨʘʙʦʪʢʠ ʚ 

ʢʦʤʙʠʢʦʨʤʘ ʧʦ ʫʩʣʦʚʠʷʤ ʨʳʥʢʘ ʪʨʝʙʫʝʪʩʷ ʝʛʦ 

ʩʝʧʘʨʠʨʦʚʘʥʠʝ (ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ) ʜʣʷ ʜʦʚʝʜʝʥʠʷ 

ʟʝʨʥʘ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʤʙʠʢʦʨʤʦʚ; 

- ʜʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʩʝʧʘʨʘʮʠʶ ʟʝʨʥʘ 

ʥʘ ʬʨʘʢʮʠʠ ʧʦ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ; 

- ʧʦʩʣʝ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʧʨʦʚʦʜʠʪʴ 

ʩʝʧʘʨʘʮʠʶ (ʢʣʘʩʩʠʬʠʢʘʮʠʶ) ʠʟʤʝʣʴʯʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʬʨʘʢʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʙʠʢʦʨʤʦʚ ʜʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʘʪʝʛʦʨʠʠ 

ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮ. 

 
* ʇʫʙʣʠʢʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ FRRS-2023-

0019 ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɻɹʆʋ ɺʆ 

çʄʝʣʠʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  
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ɺ ʩʪʘʪʴʝ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʥʠʞʝʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʚ ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʥʠʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʜʝʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ. ʕʪʦʛʦ 

ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʦʙʱʝʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʛʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʱʝʣʝʚʳʭ ʩʝʧʘʨʠʨʫʶʱʠʭ ʦʪʚʝʨʩʪʠʡ, ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ 

ʨʘʟʤʝʨʘʤ ʟʝʨʝʥ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʷʤʳʤ ʫʜʘʨʦʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʝʧʘʨʘʪʦʨʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʢʪʘ ʩ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʭʘʨʘʢʪʝʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʦʚʦʛʦ ʧʨʠʥʮʠʧʘ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤ ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʚʝʜʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤ 

ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ ʦʙʦʩʥʦʚʘʪʴ ʥʦʚʳʡ ʩʧʦʩʦʙ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʟʝʨʥʠʩʪʳʭ 

ʩʤʝʩʝʡ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʩʦʟʜʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʜʨʦʙʠʣʢʘ ʩ ʢʦʥʫʩʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ 

ʟʝʨʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʢʦʤʧʘʢʪʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʝʝ ʛʘʙʘʨʠʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʝʨʥʦ, ʩʝʧʘʨʘʮʠʷ, ʠʟʤʝʣʴʯʝʥʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʧʨʦʛʨʘʤʤʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. 

 

ABSTRACT 

 

The article determines that the issues of reducing the specific energy intensity of the grinding process and 

improving the quality of the finished product are very relevant. The need to design a unit that combines the functions of 

a separator and a grain grinder has been established. This unit should be characterized by low energy consumption of 

the grain processing process and high productivity and product quality. 

To reduce the circulating load in the crushing chamber, it is necessary to create directed flows of homogeneous 

grain sizes for grinding using special separating surfaces and rational organization of the grinding work process. This 

can be achieved due to the overall effect of the brachystochronous distribution cone accelerating surface, the slotted 

separation holes, and the directed flows of homogeneous grain sizes for grinding by direct impact, which will increase 

the capacity of the separator and match the product speed with the driving force of the process. Therefore, it is 

necessary to conduct special studies aimed at identifying the possibilities and characteristic features of the new principle 

of separation and modeling of the forms of the separating surface of the brachystochronous property. It was found that 

the mathematical modeling of the forms of the separating surface of the brachystochronous property and the 

development of a computer program for constructing the deployment of the surface of rotation of the brachystochronous 

property make it possible to obtain real technical solutions and justify a new method of gravitational preliminary 

separation of granular mixtures during grinding. This principle is that the product to be fission is passed in a 

gravitational force field above the slit, the width of which significantly exceeds the size of the largest particles. 

To carry out experimental studies of the developed method of grinding grain, an experimental crusher with a 

cone device for preliminary separation of grain with surfaces of brachystochronous property is created. Such a technical 

solution ensures compactness of the device for preliminary separation of grain in a crusher without expansion of its 

dimensions. 

Keywords: grain, preliminary separation, grinding, mathematical modeling, surface of brachystochronous 

property, cycloid. 
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ɺʚʝʜʝʥʠʝ 

ʀʟʤʝʣʴʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʵʥʝʨʛʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʥʘ ʢʦʨʤ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʠʩʧʦʣʥʝʥʠʶ 

ʤʦʣʦʪʢʦʚʳʝ ʜʨʦʙʠʣʢʠ. ʇʨʠ ʪʦʥʢʦʤ ʠʟʤʝʣʴʯʝʥʠʠ 

ʵʪʠ ʜʨʦʙʠʣʢʠ ʜʘʶʪ ʜʦ 30% ʧʳʣʝʚʠʜʥʦʡ ʬʨʘʢʮʠʠ, ʘ 

ʧʨʠ ʛʨʫʙʦʤ ï ʜʦ 20% ʥʝʜʦʠʟʤʝʣʴʯʝʥʥʦʡ ʬʨʘʢʮʠʠ. 

ɺʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʦʧʨʦʩʳ ʩʥʠʞʝʥʠʷ 

ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ [1,2,3]. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʢ ʜʨʦʙʠʣʢʘʤ 

ʢʦʨʤʦʚ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ: ʧʨʦʩʪʦʪʘ, ʥʘʜʝʞʥʦʩʪʴ ʠ 

ʢʦʤʧʘʢʪʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ; ʥʝʚʳʩʦʢʘʷ 

ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ; 

ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; ʦʪʩʫʪʩʪʚʠʝ ʠʣʠ ʩʚʝʜʝʥʠʝ 

ʢ ʤʠʥʠʤʫʤʫ ʧʝʨʝʠʟʤʝʣʴʯʝʥʥʦʡ ʠ ʧʳʣʝʚʠʜʥʦʡ 

ʬʨʘʢʮʠʡ; ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʟʦʦʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ; ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʝʛʫʣʠʨʦʚʢʠ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

[1,2,3]. 

ɸʥʘʣʠʟ ʥʘʫʯʥʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʩʦʟʜʘʥʠʶ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ ʥʘ ʙʘʟʝ 

ʤʥʦʛʦʦʧʝʨʘʮʠʦʥʥʳʭ ʘʛʨʝʛʘʪʦʚ ʧʦʟʚʦʣʠʣ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʛʨʝʛʘʪʘ, 

ʢʦʪʦʨʳʡ ʩʦʚʤʝʱʘʣ ʙʳ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ ʩʝʧʘʨʘʪʦʨʘ ʠ 

ʠʟʤʝʣʴʯʠʪʝʣʷ ʟʝʨʥʘ [1,4,5,6]. ɼʘʥʥʳʡ ʘʛʨʝʛʘʪ 

ʜʦʣʞʝʥ ʦʪʣʠʯʘʪʴʩʷ ʤʘʣʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʧʝʨʝʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 

ʠ ʢʘʯʝʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠ. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʥʘʛʨʫʟʢʠ ʚ 

ʢʘʤʝʨʝ ʜʨʦʙʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ 

ʟʝʨʝʥ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, ʩ ʧʦʤʦʱʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʟʜʝʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ. ʕʪʦʛʦ ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ 

ʦʙʱʝʛʦ ʜʝʡʩʪʚʠʷ ʨʘʟʛʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ, ʱʝʣʝʚʳʭ ʩʝʧʘʨʠʨʫʶʱʠʭ ʦʪʚʝʨʩʪʠʡ, ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ 

ʟʝʨʝʥ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʧʨʷʤʳʤ ʫʜʘʨʦʤ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʘʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʩʝʧʘʨʘʪʦʨʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʢʪʘ ʩ 

ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʨʦʮʝʩʩʘ [3,5]. 

ʆʙʦʩʥʦʚʘʥʥʳʝ ʥʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʧʨʦʩʝʠʚʘʶʱʠʭ ʠ ʥʘʧʨʘʚʣʷʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʝʧʘʨʘʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʙʘʟʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʫʶʱʠʝ ʧʨʠʥʮʠʧ 

ʩʦʝʜʠʥʝʥʠʷ ʦʧʝʨʘʮʠʡ ʩʝʧʘʨʠʨʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʠʟʤʝʣʴʯʝʥʠʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʮʠʦʥʘʣʴʥʫʶ ʟʘʪʨʘʪʫ ʧʦʜʚʝʜʝʥʥʦʡ ʢ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ ʵʥʝʨʛʠʠ ʠ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʫ ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ 

ʫʩʪʨʦʡʩʪʚ [4,5,6]. ʈʘʙʦʯʠʝ ʦʨʛʘʥʳ ʩ ʱʝʣʝʚʳʤʠ 

ʩʝʧʘʨʠʨʫʶʱʠʤʠ ʦʪʚʝʨʩʪʠʷʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʩʠʪʦʚʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʚʣʘʜʝʶʪ 

ʨʷʜʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʡ. ʕʪʠ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʠʢʪʫʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʭʘʨʘʢʪʝʨʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʦʚʦʛʦ ʧʨʠʥʮʠʧʘ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤ ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʝʪʦʜʳ 

ʪʨʠʘʥʛʫʣʷʮʠʠ, ʥʦʨʤʘʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʠ ʨʘʩʢʘʪʢʠ, 

ʤʝʪʦʜʳ ʛʨʫʧʧʠʨʦʚʘʥʠʷ, ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ AutoCAD.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʦʨʤ 

ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʡ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʠʜʘ. 

ʊʘʢʦʡ ʩʧʦʩʦʙ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ 

ʦʨʛʘʥʦʚ ʠ ʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ʠ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʥʠʞʘʝʪ 

ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ [7,8,9]. 

ʈʘʩʩʤʦʪʨʝʥʥʦʝ ʥʘʤʠ ʚ ʨʘʙʦʪʘʭ [3,9] ʨʝʰʝʥʠʝ 

ʟʘʜʘʯ ʦ ʢʨʠʚʳʭ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʬʦʨʤʫ ʨʘʟʜʝʣʷʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʱʝʣʝʚʦʛʦ ʩʝʧʘʨʠʨʫʶʱʝʛʦ ʦʪʚʝʨʩʪʠʷ. 

ʂʨʠʚʦʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʮʠʢʣʦʠʜʘ, ʢʦʪʦʨʘʷ ʚ ʥʘʯʘʣʝ ʜʦʣʞʥʘ ʠʤʝʪʴ ʙʦʣʴʰʠʡ 

ʫʢʣʦʥ, ʯʝʤ ʚ ʢʦʥʮʝ ʢaa >0 , ʧʨʠʯʝʤ ʫʛʦʣ ʫʢʣʦʥʘ 

ʢʨʠʚʦʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʚ ʢʦʥʮʝ 

ʜʚʠʞʝʥʠʷ ʧʦ ʥʝʡ ʯʘʩʪʠʮʳ ʥʝ ʜʦʣʞʝʥ ʙʳʪʴ ʤʝʥʴʰʝ 

30
0
. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʠʜʘ [3,9,10]. 

ʈʝʰʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ʧʦʩʪʨʦʝʥʠʝ 

ʦʙʨʘʟʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʩʪʨʦʝʥʠʝ ʨʘʟʚʝʨʪʢʠ.  

ʇʫʩʪʴ ʟʘʜʘʥʦ (ʨʠʩ.1) ʨʘʜʠʫʩʳ ʚʝʨʭʥʝʡ (ὶ1)  ʠ 
ʥʠʞʥʝʡ (ὶ2) ʦʩʥʦʚ, ʚʳʩʦʪʘ (h) ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʜʠʫʩ 

ʦʙʨʘʟʫʶʱʝʛʦ ʢʨʫʛʘ (ὶ). ʅʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʪʦʯʢʠ 
ɸi, ʢʦʪʦʨʳʝ ʙʳ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʠʜʘ. ʊʦʯʢʠ ɸ, ɺ, ʉ, D 

ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʦʨʜʠʥʘʪʳ: 

 

 
[ ][ ][ ] [ ]1221 ,,,,,0,0,0 rrhDrhCrɺɸ -  

ʋʨʘʚʥʝʥʠʝ ʮʠʢʣʦʠʜʳ ʠʤʝʝʪ ʚʠʜ: 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʢ ʧʦʩʪʨʦʝʥʠʶ ʦʙʨʘʟʫʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

 

ɹʫʜʝʤ ʥʘʨʘʱʠʚʘʪʴ ɸὭώ ʦʪ 0  ʢ  Ὀώ ʩ ʰʘʛʦʤ 

ɸ(Ὥ+ 1)ώ= ɸὭώὭ+ 0.1 ɸzὭώ. 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ɸὭώ ʚ (1), 

ʠʤʝʝʤ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ɸὭ. 

ʇʝʨʧʝʥʜʠʢʫʣʷʨ, ʢʦʪʦʨʳʡ ʦʧʫʱʝʥ ʠʟ ʪʦʯʢʠ ὃὭ 
ʥʘ ʦʪʨʝʟʦʢ ɺʉ ð ʵʪʦ ʨʘʜʠʫʩ ʢʨʫʛʘ, ʢʦʪʦʨʳʡ 

ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʪʝʢʫʱʝʡ ʪʦʯʢʝ. ɸ 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʝʛʦ 

ʚʝʣʠʯʠʥʘ ʨʘʚʥʷʝʪʩʷ: 

iyi Arr -=2 (2) 

ɼʘʣʴʰʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ 

ʢʨʠʚʦʡ AAi , AiAi +1 ʠ ʪ.ʜ. ɼʣʠʥʘ ʦʪʨʝʟʢʘ ʜʫʛʠ 

ʮʠʢʣʦʠʜʳ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (ʝʩʣʠ ʜʣʠʥʫ 

ʚʩʝʡ ʢʨʠʚʦʡ ʚʦʟʴʤʝʤ ʟʘ S). 

ä-=+ iii SxS p/41 (3) 

ʊʝʧʝʨʴ ʤʳ ʠʤʝʝʤ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʨʘʟʚʝʨʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʟʚʝʨʪʢʘ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 8 (ʵʪʘ 

ʚʝʣʠʯʠʥʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ) ʦʜʠʥʘʢʦʚʳʭ 

çʣʝʧʝʩʪʢʦʚè, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, 

ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 2. ʀʩʭʦʜʷ ʠʟ ʢʦʣʠʯʝʩʪʚʘ 

ʥʘʰʠʭ çʣʝʧʝʩʪʢʦʚè, ʤʳ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʨʘʩʯʝʪʳ ʜʣʷ 

ʚʩʝʭ ʪʦʯʝʢ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ.2. 

 
 

ʈʠʩʫʥʦʢ 2. ʈʘʟʚʝʨʪʢʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

çʣʝʧʝʩʪʢʦʚè 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʚʝʨʪʢʠ ʚʳʛʣʷʜʷʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

 
 

ʊʝʧʝʨʴ ʤʳ ʠʤʝʝʤ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʝʝ ʨʘʟʚʝʨʪʢʠ. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʠ 

ʝʝ ʵʢʩʧʦʨʪʘ ʚ AutoCAD ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 3.  

ʄʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʠ ʝʝ ʨʘʟʚʝʨʪʢʠ ʩʦʩʪʦʠʪ 

ʚ ʩʣʝʜʫʶʱʝʤ. ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʧʦʣʴʟʦʚʘʪʝʣʶ 

ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʧʨʦʛʨʘʤʤʳ (ʨʠʩ. 3): çʈʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠè, çɼʣʠʥʘ 

ʜʫʛʠ ʧʝʨʚʦʡ ʮʠʢʣʦʠʜʳè, çɼʣʠʥʘ ʜʫʛʠ ʚʪʦʨʦʡ 

ʮʠʢʣʦʠʜʳè, çʊʦʯʥʦʩʪʴè, çɺʳʩʦʪʘè, çɼʠʘʤʝʪʨ 

ʚʝʨʭʥʝʡ ʦʩʥʦʚʳ ʚʝʨʭʥʝʡ ʮʠʢʣʦʠʜʳè, çɼʠʘʤʝʪʨ 

ʥʠʞʥʝʡ ʦʩʥʦʚʳ ʥʠʞʥʝʡ ʮʠʢʣʦʠʜʳè. ʇʦʩʣʝ ʯʝʛʦ 

ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çCalculateè, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʨʦʛʨʘʤʤʘ ʩʜʝʣʘʝʪ ʨʘʩʯʝʪʳ ʠ ʩʬʦʨʤʠʨʫʝʪʜʘʥʥʳʝ 

ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʵʢʩʧʦʨʪʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤʫ AutoCAD. 

ʅʘ ʨʠʩ. 4 ʧʨʝʜʦʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʧʦʩʪʨʦʝʥʠʷ ʦʙʱʝʛʦ ʚʠʜʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ. ʅʘ ʨʠʩ.5 ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʝʨʪʢʘ ʩ ʨʘʟʤʝʨʘʤʠ 

ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ çʣʝʧʝʩʪʢʦʚè ʚʝʨʭʥʝʡ 

ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ. 

ɼʣʷ ʵʢʩʧʦʨʪʘ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʮʠʢʣʦʠʜʳ ʚ 

AutoCAD, ʧʦʣʴʟʦʚʘʪʝʣʶ ʥʝʦʙʭʦʜʠʤʦ ʥʘʞʘʪʴ ʥʘ 

ʢʥʦʧʢʫ çExportto AutoCADè (ʨʠʩ. 6), ʧʦʩʣʝ ʯʝʛʦ 

ʙʫʜʝʪ ʦʪʢʨʳʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Autodesk 

AutoCAD ʠ ʥʘ ʚʢʣʘʜʳʰ ʘʢʪʠʚʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʙʫʜʝʪ 

ʚʳʚʝʜʝʥʦ ʨʘʟʚʝʨʪʳʚʘʥʠʝ ʮʠʢʣʦʠʜʳ (ʨʠʩ.7). 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʡ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʠʜʘ, ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʢʦʥʫʩʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʩ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦ 

ʟʘʜʘʥʥʳʤ ʨʘʟʤʝʨʘʤ.  
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ʈʠʩʫʥʦʢ 3. ɹʣʦʢ-ʩʭʝʤʘ ʧʨʦʛʨʘʤʤʳ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʠ ʝʝ ʨʘʟʚʝʨʪʢʠ. 

 

 

 
ʈʠʩʫʥʦʢ 4. ʆʙʱʠʡ ʚʠʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

ʈʠʩʫʥʦʢ 5. ʈʘʟʚʝʨʪʢʘ ʩ ʨʘʟʤʝʨʘʤʠ ʙʦʢʦʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ "ʣʝʧʝʩʪʢʦʚ" ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 
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ʈʠʩʫʥʦʢ 6. ʆʢʥʦ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ 

 

 
 

ʈʠʩʫʥʦʢ 7. ʆʢʥʦ ʛʦʪʦʚʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ, ʦʙʨʘʟʫʶʱʝʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʠʜʘ 

 

ʅʘ ʜʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʠ ʤʝʪʦʜʠʢʫ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ 

ʩʚʦʡʩʪʚʘ ʠ ʝʝ ʨʘʟʚʝʨʪʢʠ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ ʋʢʨʘʠʥʳ 

ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ ˉ 62600. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʧʦʩʦʙʘ ʠʟʤʝʣʴʯʝʥʠʷ 

ʟʝʨʥʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʜʨʦʙʠʣʢʘ ʩ ʢʦʥʫʩʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ (ʨʠʩ. 8). 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʜʨʦʙʠʣʢʠ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ 

ʨʘʟʜʝʣʝʥʠʝʤ ʟʝʨʥʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʝʣʘʝʤ ʚʳʚʦʜ, ʯʪʦ 

ʧʦʣʫʯʝʥʠʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʟʘʜʘʥʥʦʛʦ 

ʛʨʘʥʫʣʝʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʳʙʨʘʥʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ 

ʫʜʘʨʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ 

ʚʦʟʤʦʞʥʦ. ʏʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʮʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʈʠʩʫʥʦʢ 8. ʘ ï ʬʦʪʦ ʦʙʱʝʛʦ ʚʠʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʨʦʙʠʣʢʠ: 1 - ʨʘʤʘ; 2 - ʢʘʤʝʨʘ ʜʨʦʙʣʝʥʠʷ; 3 - ʩʝʧʘʨʘʪʦʨ; 4 - 

ʙʫʥʢʝʨ; 5 - ʨʝʛʫʣʠʨʫʶʱʘʷ ʟʘʩʣʦʥʢʘ;  6 - ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ; 7 - ʨʝʤʝʥʥʘʷ ʧʝʨʝʜʘʯʘ; 8 - ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ; 9 - ʟʦʥʘ 

ʦʪʙʦʨʘ ʧʨʦʜʫʢʪʘ ʩ ʥʠʞʥʝʛʦ ʨʷʜʘ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ; 10 - ʟʦʥʘ ʚʳʭʦʜʘ ʧʨʦʜʫʢʪʘ ʠʟ ʥʠʞʥʝʛʦ ʞʘʣʶʟʠʡʥʦʛʦ ʨʝʰʝʪʘ;ʙ 

ï ʢʦʥʫʩʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʩ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ: 1 - 

ʢʦʥʫʩ; 2 - ʱʝʣʴ; 3 - ʧʦʚʝʨʭʥʦʩʪʴ ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ;ʚ ï ʦʙʱʠʡ ʚʠʜ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ: 1 - ʢʦʨʧʫʩ; 2 - 

ʚʘʣ; 3 ï ʧʘʣʴʮʳ (ʩʪʝʨʞʥʠ); 4 - ʜʝʢʘ; 5 - ʜʠʩʢ ʩʦ ʩʢʘʪʥʳʤʠ ʫʛʦʣʢʘʤʠ. 

 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʯʘʩʪʦʪʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʬʨʘʢʮʠʡ ʟʝʨʥʘ ʚ ʢʠʥʝʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ 

ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʨʦʙʠʣʢʠ ʧʨʷʤʦʛʦ 

ʫʜʘʨʘ ʟʝʨʥʘ ʧʨʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ Q = 800é 

1100 ʢʛ/ʯ. ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ n = 2000 ʦʙ / 

ʤʠʥ. ʩʦʜʝʨʞʘʥʠʝ ʬʨʘʢʮʠʠ ʧʳʣʠ (ʜʠʘʤʝʪʨ ʤʝʥʝʝ 

0,25 ʤʤ) ʚ ʛʦʪʦʚʦʤ ʧʨʦʜʫʢʪʝ ʧʨʠ ʚʣʘʞʥʦʩʪʠ ʟʝʨʥʘ 

14é 15 % ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʧʰʝʥʠʮʳ -  2,77 %; 

ʷʯʤʝʥʷ - 2,86 % ʠ ʠʭ ʩʤʝʩʠ ʥʝ ʙʦʣʝʝ 2,81 %. ʕʪʦ ʚ 3 

...5 ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʥʘ 

ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʢʘʭ. ʂʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʟʦʦʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ. ʋʜʝʣʴʥʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʚ 1,2 ... 1,5 ʨʘʟʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʫ ʤʦʣʦʪʢʦʚʦʡ ʠ ʜʨʫʛʠʭ ʜʨʦʙʠʣʦʢ (ʨʠʩ. 

9) [3]. 

 

 
 

ʈʠʩʫʥʦʢ 9. ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʜʨʦʙʠʣʦʢ ɸʫ ʦʪ ʤʦʜʫʣʷ ʧʦʤʦʣʘ ʄ:  

 - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʜʨʦʙʠʣʢʘ; 

- ʤʦʣʦʪʢʦʚʘʷ ʜʨʦʙʠʣʢʘ 
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ɺʳʚʦʜʳ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʬʦʨʤ ʩʝʧʘʨʠʨʫʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʙʨʘʭʠʩʪʦʭʨʦʥʥʦʛʦ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʠʣʠ ʥʘʤ 

ʧʦʣʫʯʠʪʴ ʨʝʘʣʴʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʠ 

ʦʙʦʩʥʦʚʘʪʴ ʥʦʚʳʡ ʩʧʦʩʦʙ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʝʧʘʨʠʨʦʚʘʥʠʷ ʟʝʨʥʠʩʪʳʭ ʩʤʝʩʝʡ 

ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ. ʕʪʦʪ ʧʨʠʥʮʠʧ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʧʦʜʣʝʞʘʱʠʡ ʜʝʣʝʥʠʶ ʧʨʦʜʫʢʪ ʧʨʦʧʫʩʢʘʝʪʩʷ ʚ ʧʦʣʝ 

ʩʠʣ ʪʷʛʦʪʝʥʠʷ ʥʘʜ ʱʝʣʴʶ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨ ʩʘʤʳʭ ʙʦʣʴʰʠʭ 

ʯʘʩʪʠʮ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ ʠ 

ʤʝʪʦʜʠʢ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʜʨʦʙʠʣʢʠ 

ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʝʡ ʟʝʨʥʘ ʯʝʨʝʟ ʱʝʣʝʚʳʝ ʦʪʚʝʨʩʪʠʷ 

ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʛʦ ʢʦʥʫʩʘ. ʊʘʢʦʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʢʦʤʧʘʢʪʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ 

ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʚ ʜʨʦʙʠʣʢʝ 

ʙʝʟ ʨʘʩʰʠʨʝʥʠʷ ʝʝ ʛʘʙʘʨʠʪʦʚ. 

ɸʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʜʨʦʙʠʣʢʠ 

ʧʨʷʤʦʛʦ ʫʜʘʨʘ ʦʪ ʧʦʜʘʯʠ ʟʝʨʥʘ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʟʝʨʥʘ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʫʜʝʣʴʥʦʡ 

ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʚ 1,2 ... 1,5 ʨʘʟʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʤʦʣʦʪʢʦʚʳʤʠ ʠ ʜʨʫʛʠʤʠ ʜʨʦʙʠʣʢʘʤʠ. 

 
* ʇʫʙʣʠʢʘʮʠʷ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʪʝʤʳ ʅʀʈ FRRS-2023-

0019 ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʌɻɹʆʋ ɺʆ 

çʄʝʣʠʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  
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ɸʅʅʆʊɸʎʀʗ  

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʳʩʢʘʥʠʝ ʩʧʦʩʦʙʦʚ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ, ʜʣʷ ʟʘʤʝʜʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʫʰʢʘ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʦʥʩʝʨʚʘʮʠʠ. ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʧʦʜʭʦʜʠʪ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʳʨʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ: ʦʚʦʱʠ, ʬʨʫʢʪʳ, ʟʝʣʝʥʴ, ʤʷʩʦ, ʨʳʙʘ. ʉʫʰʢʘ ʥʝ ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʩʣʦʞʥʦʡ 

ʨʝʮʝʧʪʫʨʳ ʠ ʠʥʚʝʥʪʘʨʷ. ʉʫʰʸʥʳʝ ʦʚʦʱʠ ʠ ʬʨʫʢʪʳ ʦʩʪʘʥʫʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʠʟʤʝʥʷʶʪ ʚʢʫʩ. 

ʇʨʠ ʚʘʨʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʜʫʢʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʠʪʘʤʠʥ ʉ, 

ʨʘʩʧʘʜʘʶʪʩʷ. ɺ ʩʫʭʠʭ ʧʨʦʜʫʢʪʘʭ ʦʩʪʘʸʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ 

ʦʪʩʫʪʩʪʚʠʷ ʚʦʜʳ. ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʨʦʜʫʢʪʳ ʧʦʩʣʝ ʩʫʰʢʠ ʦʯʝʥʴ ʙʳʩʪʨʦ ʚʧʠʪʳʚʘʶʪ ʚʦʜʫ ʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ 

ʧʦʣʝʟʥʳʝ ʢʘʯʝʩʪʚʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʫʰʢʘ, ʩʫʙʣʠʤʘʮʠʷ, ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ, ʟʘʧʘʨʠʚʘʥʠʝ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ.  

 

ABSTRACT 

 

In modern conditions of the development of science and technology, an urgent task is to find ways of 

dehydration to slow down the process of vital activity of microorganisms in them. Food drying is an alternative to 

traditional preservation. The drying process is suitable for most raw foods: vegetables, fruits, herbs, meat, fish. Drying 

does not require compliance with a complex recipe and inventory. Dried vegetables and fruits will remain in their 

original state and will not change the taste. When cooking under the influence of high temperature, the nutrients in the 

products, in particular vitamin C, disintegrate. Most of the nutrients remain in dry foods, and their concentration 

increases due to the lack of water. When restored, the products after drying absorb water very quickly and retain their 

useful qualities. 

Keywords:drying, sublimation, food products, steaming, recovery. 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʩʪʫʱʠʤ ʜʠʥʘʤʠʟʤʦʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʞʠʟʥʠ, ʝʜʘ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʪ.ʝ.ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʫʶ ʢʫʣʠʥʘʨʥʫʶ ʦʙʨʘʙʦʪʢʫʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʠʱʫ ʠ 

ʢʦʪʦʨʘʷʚʢʣʶʯʘʝʪ ʧʨʦʜʫʢʪʳ ʞʠʚʦʪʥʦʛʦ, 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʠ ʦʙʨʘʙʦʪʘʥʥʦʤ 

ʚʠʜʝ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʧʠʱʝʚʘʷ 

ʧʨʦʜʫʢʮʠʷʚʢʣʶʯʘʝʪ ʧʨʦʜʫʢʪʳ, ʛʦʪʦʚʳʝ ʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʠʱʫ ʠ 

ʧʨʦʜʫʢʪʳ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ [6; 7].  

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦ ʟʘʥʷʪʦʤʫ 

ʯʝʣʦʚʝʢʫ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʙʠʟʥʝʩʝ ʥʝ ʦʩʪʘʸʪʩʷ 

ʚʨʝʤʝʥʠ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʠʱʠ 3 ʨʘʟʘ ʚ ʜʝʥʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʚʦʟʥʠʢʘʝʪ ʩʝʨʴʸʟʥʘʷ ʟʘʜʘʯʘ ʦʙʝʩʧʝʯʝʥʠʷ ʨʳʥʢʘ 

ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʳʤʠ, 

ʟʜʦʨʦʚʳʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ, ʙʳʩʪʨʳʤʠ 

ʚ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʠʣʠ ʛʦʪʦʚʳʤʠ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ 

ʥʘʪʫʨʘʣʴʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʩ minimum ʩʦʜʝʨʞʘʥʠʝʤ 

ʧʠʱʝʚʢʫʩʦʚʳʭ ʜʦʙʘʚʦʢ ʠʣʠ ʠʭ ʘʙʩʦʣʶʪʥʳʤ 

ʦʪʩʫʪʩʪʚʠʝʤ, ʧʨʦʠʟʚʝʜʸʥʥʳʭ ʧʨʠ ʱʘʜʷʱʝʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ, ʠʣʠ ʫʞʝ ʠʟʥʘʯʘʣʴʥʦ 

ʛʦʪʦʚʳʤ ʢ ʫʧʦʪʨʝʙʣʝʥʠʶ, ʠʣʠ ʚ ʣʫʯʰʝʤ ʩʣʫʯʘʝ 

ʪʨʝʙʫʶʱʠʭ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʜʦ 10 ʤʠʥʫʪ. ɻʣʘʚʥʦʝ 

ʥʘʟʥʘʯʝʥʠʝ ʩʫʰʢʠ ʩʳʨʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʣʷ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ï ʫʜʘʣʝʥʠʝ ʚʣʘʛʠ ʩ ʮʝʣʴʶ ʣʠʰʝʥʠʷ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ[3; 4].  

ʆʛʨʘʥʠʯʝʥʥʦʝ ʚʨʝʤʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʪʘʢʦʛʦ ʚʠʜʘ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ 

ʚʠʜʘ ʪʝʭʥʦʣʦʛʠʡ: 

1. ʩʚʝʨʭʙʳʩʪʨʦʝʧʨʠʛʦʪʦʚʣʝʥʠʝ (ʪʦʣʴʢʦ 

ʧʨʦʮʝʩʩ ʨʘʟʦʛʨʝʚʘ); 

2. ʙʳʩʪʨʦʝ ʧʨʠʛʦʪʦʚʣʝʥʠʝ, ʢʦʛʜʘ 

ʧʝʨʠʦʜ ʜʦʚʝʜʝʥʠʷ ʜʦ ʛʦʪʦʚʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 

5ï10 ʤʠʥ. 

ʇʨʠʥʮʠʧʧʦʜʙʦʨʘ ʩʳʨʴʷ ʜʣʷ ʧʨʦʜʫʢʪʦʚ 

ʙʳʩʪʨʦʛʦ ʠ ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʙʣʶʜ: 

- ʥʘ ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʝ; 

- ʦʚʦʱʥʳʝ; 

- ʤʷʩʥʳʝ; 

- ʨʳʙʥʳʝ; 

- ʤʫʯʥʳʝ ʢʫʣʠʥʘʨʥʳʝ ʠʟʜʝʣʠʷ. 



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
100 

 

  

ʇʦʤʝʱʸʥʥʳʝ ʚ ʚʦʜʫ ʧʨʦʜʫʢʪʳ ʧʦʩʣʝ 

ʩʫʙʣʠʤʘʮʠʠ ʧʦʛʣʦʱʘʶʪ ʞʠʜʢʦʩʪʴ ʦʯʝʥʴ ʙʳʩʪʨʦ, ʠ 

ʝʩʣʠ ʚʦʜʘ ʥʘʛʨʝʪʘ, ʦʥʠ ʧʦʣʥʦʩʪʴʶ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 3ï5 ʤʠʥ. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʫʙʣʠʤʠʨʦʚʘʥʥʳʭ ʦʚʦʱʝʡ 

ʧʦʛʣʦʱʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, 

ʢʘʢ ʠ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʚʦʟʜʫʰʥʦʡ 

ʩʫʰʢʠ. ʇʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʚʦʱʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʧʨʠʩʫʱʫʶ ʷʨʢʫʶ ʦʢʨʘʩʢʫ. ɺ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʣʝʟʥʳʝ 

ʚʝʱʝʩʪʚʘ ʚ ʧʨʦʜʫʢʪʘʭ ʨʘʩʧʘʜʘʶʪʩʷ; ʙʝʣʢʠ 

ʩʚʸʨʪʳʚʘʶʪʩʷ ʧʨʠ T=70Ü ʉ, ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ 

ʫʜʝʨʞʠʚʘʪʴ ʚʦʜʫ, ʥʘʙʫʭʘʪʴ; ʞʠʨ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʚʳʪʘʧʣʠʚʘʝʪʩʷ, ʧʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʝʛʦ 

ʩʥʠʞʘʝʪʩʷ; ʚʠʪʘʤʠʥ ʉ ʨʘʟʨʫʰʘʝʪʩʷ; ʧʨʠ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʠʱʠ ʪʝʨʷʝʪʩʷ ʦʪ 25% ʜʦ 90-

100% ʚʠʪʘʤʠʥʦʚ. ɺ ʩʫʭʠʭ ʧʨʦʜʫʢʪʘʭ ʦʩʪʘʸʪʩʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʣʝʟʥʳʭ ʚʝʱʝʩʪʚ, ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚʦʜʳ.  

ʉʫʙʣʠʤʠʨʦʚʘʥʥʳʝ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ 

ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ, ʙʦʣʴʰʦʡ V (ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʠʩʭʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ), ʩʠʣʴʥʦ ʧʦʨʠʩʪʳʝ 

(ʧʦʨʠʩʪʦʩʪʴ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʙʣʝʢʣʫʶ ʦʢʨʘʩʢʫ ʠ 

ʙʳʩʪʨʫʶ ʨʝʛʠʜʨʘʪʘʮʠʶ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʙʳʩʪʨʦ 

ʧʦʜʛʦʪʦʚʣʝʥʳ ʜʣʷ ʫʧʦʪʨʝʙʣʝʥʠʷ ʚ ʧʠʱʫ. 

 ʂ ʢʘʪʝʛʦʨʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʝʨʝʢʫʩʘ ʠʣʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʟ ʥʠʭ ʧʨʦʩʪʳʭ ʙʣʶʜ ʦʪʥʦʩʷʪʩʷ 

ʪʘʢʞʝ ʩʥʵʢʠ ïʧʦʜʩʦʣʥʝʯʥʳʝ ʩʝʤʝʯʢʠ, ʦʨʝʰʢʠ, 

ʩʫʭʘʨʠʢʠ,ʭʨʫʩʪʷʱʠʝ ʭʣʦʧʴʷ, ʯʠʧʩʳ.  ʚʧʝʨʚʳʝ 

ʩʪʘʣʠ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ (ʉʐɸ, 

ʩʪʨʘʥʳ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ). ʉʥʵʢʠ ʤʦʛʫʪ 

ʚʢʣʶʯʘʪʴ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʘ 

(ʧʘʣʦʯʢʠ, ʤʶʩʣʠ) ʠ ʙʳʪʴ ʥʝʩʣʘʜʢʠʤʠ (ʯʠʧʩʳ, 

ʭʨʫʩʪʷʱʠʝ ʭʣʝʙʮʳ, ʩʫʰʸʥʘʷ ʨʳʙʘ, ʢʘʣʴʤʘʨʳ, 

ʩʳʨʥʳʝ ʠ ʤʷʩʥʳʝ ʧʨʦʜʫʢʪʳ). ʉʥʵʢʠʠʤʝʶʪ 

ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ H2O (8ï12 %) ʠ ʚʳʩʦʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʦʛʦ ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ H2O - 

ʙʝʣʢʠ, ʞʠʨʳ, ʫʛʣʝʚʦʜʳ ʠ ʦʩʪʘʣʴʥʳʝ ʧʠʪʘʪʝʣʴʥʳʝ 

ʚʝʱʝʩʪʚʘ(88ï92 %). ʇʠʱʝʚʘʷ ʮʝʥʥʦʩʪʴ ʩʥʵʢʦʚ 

ʦʙʫʩʣʦʚʣʝʥʘ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠʚʝʱʝʩʪʚʘʤʠ (ʞʠʨ,r ʧʠʱʝʚʘʷ 

ʩʦʣʴ, ʧʠʱʝʚʳʝ ʜʦʙʘʚʢʠ).  

ʇʨʠ ʧʦʢʫʧʢʝ ʩʫʙʣʠʤʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʯʸʪʘ ʠʭ 

ʭʨʘʥʝʥʠʷ ʠʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʩʣʝʜʫʝʪ 

ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʘʙʣʠʮʝʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʧʦʟʚʦʣʷʶʱʝʡ ʦʧʨʝʜʝʣʠʪʴ, ʩʢʦʣʴʢʦ, ʧʨʦʜʫʢʪʘ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ 100 ʛʨ ʩʫʙʣʠʤʘʪʘ (ʊʘʙʣʠʮʘ 1.). 

ʇʨʦʜʫʢʪʳ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʙʣʘʛʦʜʘʨʷ ʥʠʟʢʦʡ ʚʣʘʞʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʧʨʦʜʫʢʪʘʤ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʆʥʠ ʠʤʝʶʪ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʧʨʠʟʥʘʢʠ: ʤʝʥʴʰʠʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʳʨʴʸʤ ʨʘʟʤʝʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (M, V ʠ ʪ. ʜ.). ɼʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʠ ʚ 

ʵʢʩʧʝʜʠʮʠʷʭ, ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʦʭʦʜʘʭ ʠ ʪ. ʧ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ 

ʩʫʰʢʠ: 

- ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʜʫʢʪʝ 

ʤʠʥʠʤʘʣʴʥʳ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 

       - ʫʤʝʥʴʰʘʝʪʩʷM ʧʨʦʜʫʢʪʦʚ (ʚ 

ʩʨʝʜʥʝʤ 
l
UïVs ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ, ʜʦʩʪʠʛʘʝʤʘʷ 

ʢʦʥʝʯʥʘʷ ʚʣʘʞʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʠ 

ʜʨʫʛʠʭ ʤʝʪʦʜʘʭ ʩʫʰʢʠ; 

   -  ʧʨʦʜʫʢʪʳ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʭʨʘʥʷʪʩʷ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ; 

     - ʩʨʦʢʠ ʨʝʘʣʠʟʘʮʠʠ ʩʢʦʨʦʧʦʨʪʷʱʠʭʩʷ 

ʧʨʦʜʫʢʪʦʚ, ʚʳʩʫʰʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʫʙʣʠʤʘʮʠʠ, 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1. ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ      

ʩʫʙʣʠʤʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʧʨʦʜʫʢʪʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʄʦʣʦʯʥʳʝ ʧʨʦʜʫʢʪʳ 

ʊʚʦʨʦʛ 1:4 

ʄʘʩʣʦ 1:2,5 

ʉʤʝʪʘʥʘ 1:3,5 

ʉʳʨ 1:2,5 

ʄʷʩʥʳʝ ʧʨʦʜʫʢʪʳ 

ɻʦʚʷʜʠʥʘ ʚʘʨʸʥʘʷ 1:4 

ɻʦʚʷʜʠʥʘ ʢʦʧʯʸʥʘʷ 1:4 

ʇʝʯʝʥʴ ʛʦʚʷʞʴʷ 1:4 

ʉʚʠʥʠʥʘ ʚʘʨʸʥʘʷ 1:4 

ʌʠʣʝ ʢʫʨʠʥʦʝ 1:4 

ʈʳʙʘ ʠ ʤʦʨʝʧʨʦʜʫʢʪʳ 

ʉʫʜʘʢ 1:4 

ʂʨʝʚʝʪʢʠ 1:4 

ʌʨʫʢʪʳ ʠ ʷʛʦʜʳ 

ʗʙʣʦʢʠ 1:10 

ɹʨʫʩʥʠʢʘ 1:10 

ʂʣʶʢʚʘ 1:10 

ʏʝʨʥʠʢʘ 1:10 

ʂʣʫʙʥʠʢʘ 1:10 

ʆʚʦʱʠ 

ʂʘʧʫʩʪʘ 1:7 

ʊʦʤʘʪ-ʧʘʩʪʘ 1:7 

ʉʚʸʢʣʘ 1:7 

ʄʦʨʢʦʚʴ 1:7 

ʃʫʢ ʨʝʧʯʘʪʳʡ 1:8 

ʇʝʨʝʮ ʩʣʘʜʢʠʡ 1:8 

 

ɺʦʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʦʨʛʘʥʠʟʦʚʘʥ ʚʳʧʫʩʢ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ ʠ 

ʨʘʟʚʠʚʘʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʧʨʦʜʫʢʪʦʚ, ʚʳʩʫʰʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʫʙʣʠʤʘʮʠʠ: 

ʤʷʩʦ, ʨʳʙʘ, ʷʡʮʘ, ʢʘʨʪʦʬʝʣʴ, ʤʦʨʢʦʚʴ, ʛʦʨʦʭ, 

ʦʚʦʱʠ, ʬʨʫʢʪʳ, ʷʛʦʜʳ, ʬʨʫʢʪʦʚʦ-ʷʛʦʜʥʳʝ ʩʦʢʠ. 

ɺ ʘʩʩʦʨʪʠʤʝʥʪʝ  ʧʨʦʜʫʢʪʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʥʵʢʦʚ 

ʥʘʠʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʚʝʩ ʠʤʝʶʪ ʧʨʦʜʫʢʪʳ ʩ 

ʟʝʨʥʦʚʦʡ ʦʩʥʦʚʦʡ ʠ  ʟʘʢʫʩʢʠ, ʚ ʚʠʜʝ ʪʦʥʢʠʭ 

ʣʦʤʪʠʢʦʚ ʢʘʨʪʦʬʝʣʷ, ʢʦʨʥʝʧʣʦʜʦʚ, ʨʘʟʣʠʯʥʳʭ 

ʧʣʦʜʦʚ, ʦʙʞʘʨʝʥʥʳʭ ʚ ʤʘʩʣʝ (ʬʨʠʪʶʨʝ). ʊʘʢʠʝ 

ʧʨʦʜʫʢʪʦʚʠʤʝʶʪ ʭʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʚʦʜʦʚ (80ï90 %) ʠ 

ȹE=350ï400 ʢʢʘʣ ʥʘ 100 ʛ ʧʨʦʜʫʢʪʘ. ɼʘʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ: 

ʧʰʝʥʠʮʘ, ʢʫʢʫʨʫʟʘ, ʨʠʩ, ʛʨʝʯʠʭʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ 

ʜʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʸʤʪʝʨʤʦ-

https://ru.wikipedia.org/wiki/%D0%97%D0%B0%D0%BA%D1%83%D1%81%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D1%82%D0%BE%D1%84%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BD%D0%B5%D0%BF%D0%BB%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%BB%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%81%D0%BB%D0%BE
https://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B8%D1%82%D1%8E%D1%80
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ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʦʚʦʛʦ ʩʳʨʴʷ, ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʩʫʰʠʚʘʥʠʝʤ, ʜʦʙʘʚʣʝʥʠʝʤ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (ʧʘʣʴʤʦʚʦʝ, ʢʦʢʦʩʦʚʦʝ), 

ʤʘʨʛʘʨʠʥʘ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʤʚʢʫʩʦʚʳʤ 

ʩʳʨʴʸʤʷʚʣʷʶʪʩʷ: ʩʦʣʴ, ʩʘʭʘʨ, ʩʫʭʦʝ ʤʦʣʦʢʦ, 

ʘʨʦʤʘʪʠʟʘʪʦʨʳ, ʧʠʱʝʚʳʝ ʜʦʙʘʚʢʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʠʤʝʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʣʠʤʘʪʦʚ ʠ 

ʢʦʥʮʝʥʪʨʘʪʦʚʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʛʦʪʦʚʷʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʦʧʝʨʘʮʠʠʟʘʣʠʪʠʷH2Oʧʨʠ 

T=100Ü ʉʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʥʘʩʪʘʠʚʘʥʠʷ. Cʫʙʣʠʤʘʪʳ 

ʠ ʢʦʥʮʝʥʪʨʘʪʳʦʪʣʠʯʘʝʪ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʯʝʤ ʫ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʘʥʘʣʦʛʦʚ. ʆʥʠ ʩʙʘʣʘʥʩʠʨʦʚʘʥʳ 

ʧʦ ʧʠʱʝʚʦʡ ʮʝʥʥʦʩʪʠ ʠ E. ɺ ʥʠʭ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʫʩʠʣʠʪʝʣʠ ʚʢʫʩʘ ʠ ʢʦʥʩʝʨʚʘʥʪʳ.  

ʇʠʱʝʚʳʤʠ ʢʦʥʮʝʥʪʨʘʪʘʤ ʢʦʤʧʣʝʢʪʫʶʪʩʷ 

ʩʫʭʠʝ ʧʘʡʢʠ ʜʣʷ ʩʣʫʞʙ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ[5]. ʉʫʙʣʠʤʠʨʦʚʘʥʥʘʷ ʝʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʩʬʝʨʝ ʪʫʨʠʟʤʘ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʩʪʦʨʘʥʘʤʠ ʠ ʢʘʬʝ 

ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʣʶʜ ʠ ʜʝʩʝʨʪʦʚ. ɹʣʶʜʘ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʟ ʢʘʪʝʛʦʨʠʠ "ɿʜʦʨʦʚʘʷ 

ʝʜʘ" ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʟʘʚʘʨʠʚʘʥʠʝ ʚ ʦʨʠʛʠʥʘʣʴʥʦʤ 

ʧʘʢʝʪʝ. ʀʤʝʶʪʩʷ ʧʨʦʜʫʢʪʳ ʠʟ ʩʫʰʸʥʳʭ ʦʚʦʱʝʡ, 

ʨʘʟʥʦʦʙʨʘʟʷʱʠʝ ʧʠʪʘʥʠʝ ʧʨʠ ʩʦʚʝʨʰʝʥʠʠ 

ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. 

ʉʫʙʣʠʤʘʪʳ ʚʢʣʶʯʘʶʪ ʚ ʘʩʩʦʨʪʠʤʝʥʪ ʢʘʯʝʩʪʚʝʥʥʳʝ 

ʢʘʰʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʚʩʷʥʳʝ ʩ ʩʫʙʣʠʤʠʨʦʚʘʥʥʳʤʠ 

ʷʛʦʜʘʤʠ, ʠ ʢʦʪʦʨʳʝ ʦʙʦʛʘʱʝʥʳ ʙʝʣʢʦʤ, ʚʢʣʶʯʘʷ 

ʩʫʧʳ ʠ ʢʦʢʪʝʡʣʠ.ʉʫʰʢʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ 

ʧʣʦʜʦʦʚʦʱʥʦʡ ʧʨʦʜʫʢʮʠʠ, ʥʝ ʪʨʝʙʫʶʱʠʤ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʭʨʘʥʝʥʠʝ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʜʘʣʝʥʠʶ ʣʠʰʥʝʡ ʚʣʘʛʠ ʠʟ ʩʳʨʴʷ, 

ʦʩʪʘʥʦʚʢʝ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʧʨʝʢʨʘʱʝʥʠʶ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ʇʨʝʜʥʘʟʥʘʯʝʥʠʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʠ ʚ ʧʨʦʜʫʢʪʘʭ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ð ʧʦʚʳʩʠʪʴ ʫʩʚʦʷʝʤʦʩʪʴ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʧʠʱʝʚʘʨʝʥʠʠ: ʨʘʩʱʝʧʠʪʴ 

ʪʨʫʜʥʦʧʝʨʝʚʘʨʠʚʘʝʤʫʶ ʙʝʟ ʧʦʤʦʱʠ 

ʩʠʤʙʠʦʪʥʦʡʤʠʢʨʦʬʣʦʨʳ ʢʣʝʪʯʘʪʢʫ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʩʪʫʧ ʢ ʧʠʪʘʪʝʣʴʥʳʤ ʚʝʱʝʩʪʚʘʤ. ʕʣʝʤʝʥʪʳ 

ʪʝʭʥʦʣʦʛʠʠ ʟʘʧʘʨʠʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʩʣʝʜʫʶʱʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ: 

1. ʟʘʣʠʚʢʘ ʧʨʦʜʫʢʪʘminimum ʢʦʣʠʯʝʩʪʚʦʤ 

ʟʘʨʘʥʝʝ ʥʘʛʨʝʪʦʡ ʚʦʜʳ (ʜʣʷ ʦʚʦʱʝʡ ʧʨʠ ʪʫʰʝʥʠʠ, 

ʜʣʷ ʢʨʫʧ ʢʦʣʠʯʝʩʪʚʦ H2Oʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʨʘʩʯʸʪʦʤ 

ʧʦʣʥʦʛʦʚʧʠʪʳʚʘʥʠʷ); 

2. ʨʘʟʦʛʨʝʚ ʸʤʢʦʩʪʠ ʜʣʷ ʚʘʨʢʠ ʧʝʨʝʜ 

ʨʘʟʤʝʱʝʥʠʝʤ ʚ ʥʝʡ ʧʨʦʜʫʢʪʦʚ; 

3. ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʘ 

ʛʝʨʤʝʪʠʯʥʦʩʪʠʸʤʢʦʩʪʠ ʜʣʷ ʚʘʨʢʠ, ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʘʨʝʥʠʷ. 

4. ʸʤʢʦʩʪʴ (ʢʘʩʪʨʶʣʷ, ʧʘʢʝʪ, ʩʪʘʢʘʥ)ʥʝ 

ʦʪʢʨʳʚʘʝʪʩʷ; 

5. ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʙʦʨʥʳʭ ʦʚʦʱʥʳʭ 
ʙʣʶʜ ʟʘʢʣʘʜʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʦʡʥʦ ʩʥʠʟʫ 

ʚʚʝʨʭ: ʦʪ ʧʨʦʜʫʢʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʜʣʠʪʝʣʴʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʢ ʥʝʞʥʳʤ. 

6. ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʫʧʦʚ ʦʚʦʱʠ 

ʢʣʘʜʫʪʩʷ ʧʦʵʪʘʧʥʦ: ʩʥʘʯʘʣʘ ʪʝ, ʯʪʦ ʛʦʪʦʚʷʪʩʷ 

ʜʦʣʴʰʝ (ʩʚʸʢʣʘ, ʤʦʨʢʦʚʴ), ʟʘʪʝʤ ʥʝʞʥʳʝ (ʢʘʙʘʯʢʠ, 

ʢʘʧʫʩʪʘ). 

ʕʩʪʝʪʠʯʝʩʢʠ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ 

ʩʫʙʣʠʤʘʮʠʷ ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʢʘʢ ʧʨʦʮʝʩʩ ʦʙʳʯʥʦʡ 

ʩʫʰʢʠ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʝʪ ʠʭ ʚʥʝʰʥʠʡ ʚʠʜ 

(ʈʠʩʫʥʦʢ 1.).  

 

 
ɸ 

 
ɹ 

ʈʠʩʫʥʦʢ 1. ɻʨʠʙʳ ʩʫʰʸʥʳʝ (ɸ), ʛʨʠʙʳ 

ʧʦʩʣʝ ʩʫʙʣʠʤʘʮʠʠ (ɹ). 

 

ʇʨʠ ʜʦʤʘʰʥʝʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩ ʧʦʤʦʱʴʶ 

ʙʳʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʢʣʫʙʥʠʢʘ (ʥʘʨʝʟʢʘ ʩʣʘʡʩʘʤʠ) 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ 15-20 ʤʠʥʫʪ, ʚʠʰʥʷ - 3,5 ʯʘʩʘ, 

ʤʘʣʠʥʘ - 6 ʯʘʩʦʚ. ɺʠʰʥʷ ʠ ʤʘʣʠʥʘ ʥʝ ʩʯʠʪʘʶʪʩʷ ʚ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʫʢʨʘʰʝʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʪʦʨʪʦʚ. ʅʘ ʚʢʫʩ ʦʪ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʩʚʝʞʠʭ, ʥʦ, ʚʢʫʩʥʝʝ, ʯʝʤ ʤʦʨʦʞʝʥʥʳʝ ʷʛʦʜʳ.ɺʦʜʘ, 

ʥʝ ʚʧʠʪʘʥʥʘʷʩʫʰʸʥʳʤ ʧʨʦʜʫʢʪʦʤ (ʦʚʦʱʘʤʠ), 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʩʦʢ ʠʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʦʫʩʦʚ[8].  

ʉʫʧʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚʝʩʘ ʫʧʘʢʦʚʦʢ ʚ 30 

ʛʨʘʤʤʦʚ ʜʣʷ ʚʠʜʦʚ: ʩʳʨʥʳʡ, ʨʳʙʥʳʡ, ʙʦʨʱ, 

ʛʨʠʙʥʦʡ, ʩ ʢʘʣʴʤʘʨʦʤ. ʊʘʢʘʷʬʘʩʦʚʢʘ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʫʥʠʚʝʨʩʘʣʴʥʘ ʠ ʧʨʘʢʪʠʯʥʘ, ʧʦʜʭʦʜʠʪ ʜʣʷ ʪʫʨʠʟʤʘ 

ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ 

ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʝʜʠʮʠʠ. ʉʫʙʣʠʤʠʨʦʚʘʥʥʳʝ 

ʧʨʦʜʫʢʪʳ ʚ ʚʠʜʝ ʩʫʧʦʚ ʚʢʣʶʯʘʶʪ: ʦʚʦʱʠ, ʧʶʨʝ, 

ʦʩʥʦʚʫ, ʦʧʨʝʜʝʣʷʶʱʫʶ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʙʣʶʜʘ, 

ʟʣʘʢʠ, ʨʠʩ, ʛʨʝʯʢʘ, ʭʣʦʧʴʷ.ɺʩʝ ʧʨʦʜʫʢʪʳ ʧʦʣʥʦʩʪʴʶ 

ʚʳʩʫʰʠʚʘʶʪʩʷ ʠʣʠ ʩʫʙʣʠʤʠʨʫʶʪʩʷ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ 

ʪʨʝʙʫʝʪ ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʘʚʠʣ: 

- ʩʳʨʥʳʡ ʩʫʧ ʚʘʨʠʪʩʷ ʩ ʩʫʰʸʥʳʤ 

ʩʳʨʦʤ,  ʚʢʣʶʯʘʶʱʠʤʩʷ ʚ ʩʫʧʦʚʫʶ ʩʤʝʩʴ; 

- ʨʳʙʥʳʡ ʩʫʧ ʚʢʣʶʯʘʝʪʢʨʘʩʥʫʶʠʣʠ ʜʨʫʛʠʝ 

ʚʠʜʳ ʨʳʙ, ʨʘʟʨʝʟʘʥʥʳʝ ʥʘ ʤʝʣʢʠʝ ʢʫʩʦʯʢʠ ʠ 

ʜʦʙʘʚʣʝʥʥʳʝ ʚ ʩʤʝʩʴ; 

https://poiskputi.ru/articles/1517/kak_vysushit_syr_dlya_pohoda.html
https://poiskputi.ru/articles/1517/kak_vysushit_syr_dlya_pohoda.html
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- ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʦʨʱʘ ʦʚʦʱʠ 

ʩʫʰʘʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʜʦʙʘʚʣʷʶʪʩʷ ʩʫʙʣʠʤʘʪʳ, 

ʪʘʢʞʝ ʚ ʩʤʝʩʴ ʚʢʣʶʯʘʶʪʩʷ ʣʫʢ, ʤʦʨʢʦʚʴ, ʟʝʣʝʥʴ.  

ʉʫʙʣʠʤʠʨʦʚʘʥʠʝ ʠ ʩʫʰʢʘ ʧʨʦʜʫʢʪʦʚ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʧʦʩʣʝʜʫʶʱʝʝ ʟʘʧʘʨʠʚʘʥʠʝ, 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1.  ʚ ʧʨʦʮʝʩʩʝ ʟʘʚʘʨʠʚʘʥʠʷ ʚʳʩʫʰʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʣʫʯʰʝ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ 

(ʚʠʪʘʤʠʥʳ, ʤʠʢʨʦʵʣʝʤʝʥʪʳ, ʘʤʠʥʦʢʠʩʣʦʪʳ, 

ʢʣʝʪʯʘʪʢʘ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʨʫʰʘʪʴʩʷ ʧʨʠ 

ʥʝʩʦʙʣʶʜʝʥʠʠ ʧʨʦʮʝʩʩʘ ʚʘʨʢʠ; 

2.  ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʣʝʪʯʘʪʢʠ ʦʪʥʦʩʠʪ 

ʧʠʱʝʚʳʝ ʚʦʣʦʢʥʘ ʢ ʧʨʝʙʠʦʪʠʢʘʤ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʧʦʜʜʝʨʞʘʥʠʶ ʥʦʨʤʘʣʴʥʦʡ ʤʠʢʨʦʬʣʦʨʳ ʢʠʰʝʯʥʠʢʘ 

ʠ ʝʸ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ; 

3.  ʫʧʦʪʨʝʙʣʝʥʠʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʭʫʜʝʥʠʶ ʟʘ ʩʯʸʪ 

ʜʣʠʪʝʣʴʥʦʛʦ ʦʱʫʱʝʥʠʷ ʩʳʪʦʩʪʠ, ʟʘʪʨʘʪ E ʥʘ 

ʧʝʨʝʚʘʨʠʚʘʥʠʝ ʛʨʫʙʦʡ ʧʠʱʠ ʠ ʘʢʪʠʚʠʟʘʮʠʠ 

ʦʯʠʱʝʥʠʷ ʢʠʰʝʯʥʠʢʘ; 

4.  ʣʸʛʢʦʩʪʴ ʧʨʠʛʦʪʦʚʣʝʥʠʷ; 

5.  ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʧʨʠ ʟʘʧʘʨʠʚʘʥʠʠ 

ʩʳʨʴʷʠ ʨʘʟʦʛʨʝʚ ʛʦʪʦʚʦʛʦʙʣʶʜʘ, ʜʦʧʦʣʥʝʥʠʷ ʝʛʦ 

ʛʘʩʪʨʦʥʦʤʠʯʝʩʢʠ ʧʨʝʜʧʦʯʠʪʘʝʤʳʤʠ ʠ ʧʦʣʝʟʥʳʤʠ 

ʠʥʛʨʝʜʠʝʥʪʘʤʠ. 

6. ʂʨʫʧʳ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʘʢʞʝ 

ʧʦʜʚʝʨʞʝʥʳʧʦʨʯʝ,ʧʦʵʪʦʤʫ ʟʘʧʘʨʝʥʥʳʝ ʢʨʫʧʳ, 

ʧʰʝʥʦ, ʢʫʩʢʫʩ ʧʦʩʣʝ ʛʦʪʦʚʥʦʩʪʠ ʚ ʪʝʧʣʝ ʥʝ ʜʝʨʞʘʪ 

ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. 

ʂʨʫʧʳ ʚ ʚʠʜʝ ʭʣʦʧʴʝʚ ð ʨʠʩʦʚʳʝ, 

ʛʨʝʯʥʝʚʳʝ, ʢʫʢʫʨʫʟʥʳʝʟʘʣʠʚʘʶʪ ʢʠʧʷʪʢʦʤ ʠʣʠ 

ʤʦʣʦʢʦʤ ʠ ʜʦʙʘʚʣʷʶʪ ʚʢʫʩʥʳʝ ʠ ʧʦʣʝʟʥʳʝ ʜʦʙʘʚʢʠ 

ʩ ʫʯʸʪʦʤ ʢʘʣʦʨʠʡʥʦʩʪʠ ʠ ʛʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʦʯʪʝʥʠʡ. 

ɿʘʧʘʨʝʥʥʳʝ ʢʘʰʠ ʩʦʭʨʘʥʷʶʪ ʚ ʩʝʙʝ 

ʧʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʛʨʫʙʦʡ ʧʠʱʝʡ, ʯʝʤ ʚʘʨʥyʳʝ ʢʨʫʧʳ, ʦʥʠ 

ʪʨʫʜʥʝʝ ʧʝʨʝʚʘʨʠʚʘʶʪʩʷ. 

ʈʝʢʦʤʝʥʜʫʝʪʩʷ ʫʧʦʪʨʝʙʣʝʥʠʝ ʟʘʧʘʨʝʥʥʳʭ 

ʢʨʫʧ 2ï3 ʨʘʟʘ ʚ ʥʝʜʝʣʶ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʤ 

ʫʧʦʪʨʝʙʣʝʥʠʠ ʚ ʧʠʱʫ ʟʘʧʘʨʝʥʥʳʭ ʢʨʫʧ ʚʦʟʤʦʞʥʳ: 

ʚʟʜʫʪʠʝ, ʦʙʦʩʪʨʝʥʠʝ ʛʘʩʪʨʠʪʘ, ʨʘʩʩʪʨʦʡʩʪʚʦ 

ʧʠʱʝʚʘʨʝʥʠʷ. ɿʘʧʘʨʝʥʥʳʝ ʢʘʰʠ ʧʨʦʪʠʚʦʧʦʢʘʟʘʥʳ 

ʧʨʠ: 

- ʙʝʨʝʤʝʥʥʦʩʪʠ; 

- ʢʦʨʤʣʝʥʠʠ ʛʨʫʜʴʶ; 

- ʧʨʦʙʣʝʤʘʭ ʩ ʧʠʱʝʚʘʨʝʥʠʝʤ (ʛʘʩʪʨʠʪ, ʷʟʚʘ, 

ʢʦʣʠʪ) ʚ ʧʝʨʠʦʜ ʦʙʦʩʪʨʝʥʠʷ; 

- ʜʝʪʩʢʠʡ ʚʦʟʨʘʩʪ. 

ʉʧʦʩʦʙʳ ʩʫʰʢʠ ʧʨʦʜʫʢʪʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʧʨʦʜʫʢʪʘ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʧʝʮʠʬʠʢʫ ʩʫʰʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʩʫʰʢʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ: ʝʩʪʝʩʪʚʝʥʥʘʷ (ʩʫʰʢʘ ʧʨʦʜʫʢʪʦʚ ʥʘ ʱʠʪʘʭ 

ʠʣʠ ʩʝʪʢʘʭ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ), ʢʦʥʚʝʢʪʠʚʥʘʷ (ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 

ʧʦʜʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʦʷ 

ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʧʨʠ V=1 é5 ʤ/ʩ). 

ɺʘʢʫʫʤ-ʩʫʙʣʠʤʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʩʫʰʢʠ ʪʘʢʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, 

ʢʘʢ: ʪʚʦʨʦʛ ʩ ʬʨʫʢʪʦʚʳʤʠ ʜʦʙʘʚʢʘʤʠ, ʣʫʢ 

ʨʝʧʯʘʪʳʡ, ʰʘʤʧʠʥʴʦʥʳ, ʟʘʢʫʩʦʯʥʳʝ ʙʣʶʜʘ, ʧʝʨʚʳʝ 

ʠ ʚʪʦʨʳʝ ʢʫʣʠʥʘʨʥʳʝ ʙʣʶʜʘ ʧʫʪʸʤ ʟʘʤʦʨʘʞʠʚʘʥʠʷ 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʘʨ (ʤʠʥʫʷ ʞʠʜʢʫʶ 

ʬʘʟʫ) ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʦʜ ʚʘʢʫʫʤʦʤ[1; 2]. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʚʘʢʫʫʤ-ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʧʨʠʚʝʜʝʥʘ ʥʘ ʈʠʩʫʥʢʝ 2.  

 

 
 

ʈʠʩʫʥʦʢ 2. ɺʘʢʫʫʤ-ʩʫʙʣʠʤʘʮʠʦʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʩʫʰʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʰʠʨʦʢʦʛʦ 

ʘʩʩʦʨʪʠʤʝʥʪʘ.  

 

ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ ʩʫʰʢʘ ʦʚʦʱʝʡ ʚʢʣʶʯʘʝʪ 

ʪʘʢʠʝ ʵʪʘʧʳ, ʢʘʢ: 

1. ʆʯʠʩʪʢʘ, ʤʦʡʢʘ, ʥʘʨʝʟʢʘ ʣʦʤʪʠʢʘʤʠ 

ʩʚʝʞʠʭ ʦʚʦʱʝʡ ʠ ʬʨʫʢʪʦʚ. ʐʦʢʦʚʘʷ ʟʘʤʦʨʦʟʢʘ ʧʨʠ 

T= ï18Ü ʉ. ʙ  

2. ʋʜʘʣʝʥʠʝ 98% ʚʣʘʛʠ ʠʟ ʧʨʦʜʫʢʪʦʚ ʚ 
ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʝ ʧʨʠ T= ï50Ü ʉ. 

3. ʉʫʰʢʘ ʜʦ 20 ʯʘʩʦʚ. 

4. ʌʘʩʦʚʢʘ ʠ ʛʝʨʤʝʪʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ [9].  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ 

ʧʝʨʝʜ ʦʙʳʯʥʦʡ ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩʫʥʢʝ 3. 

 
ʈʠʩʫʥʦʢ 3. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʧʝʨʝʭʦʜʘ 

ʞʠʜʢʦʩʪʴ-ʛʘʟ 

 

ʅʘ ʪʠʧʠʯʥʦʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ ʛʘʟʦʤ ʠ ʞʠʜʢʦʩʪʴʶ ʧʨʦʭʦʜʠʪ ʦʪ ʪʨʦʡʥʦʡ 

ʪʦʯʢʠ ʜʦ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ. ʉʫʙʣʠʤʘʮʠʦʥʥʘʷ 

ʩʫʰʢʘ (ʩʠʥʷʷ ʩʪʨʝʣʢʘ) ʧʨʠʚʦʜʠʪ ʩʠʩʪʝʤʫ ʢ ʪʨʦʡʥʦʡ 

ʪʦʯʢʝ, ʠʟʙʝʛʘʷ ʧʨʷʤʦʛʦ ʧʝʨʝʭʦʜʘ ʞʠʜʢʦʩʪʴïʛʘʟ, 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʨʠ ʦʙʳʯʥʦʡ ʩʫʰʢʝ (ʟʝʣʥyʘʷ 

ʩʪʨʝʣʢʘ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʰʢʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʧʠʱʝʚʳʭ 

ʪʝʭʥʦʣʦʛʠʡʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ 

https://poiskputi.ru/articles/1324/sushenye_produkty_v_pohod.html
https://poiskputi.ru/articles/1324/sushenye_produkty_v_pohod.html
https://en.wikipedia.org/wiki/Phase_diagram
https://en.wikipedia.org/wiki/Critical_point_(thermodynamics)
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Triple_point
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ʢʦʥʩʝʨʚʠʨʦʚʘʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ʆʥʘ 

ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠʭ ʧʠʪʘʪʝʣʴʥʦʡ ʮʝʥʥʦʩʪʠ, ʚʢʫʩʦʚʳʭ 

ʢʘʯʝʩʪʚ ʠ ʵʩʪʝʪʠʯʝʩʢʦʛʦ ʚʠʜʘ. ʉʫʱʝʩʪʚʫʶʱʠʝ 

ʤʝʪʦʜʳ ʩʫʰʢʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠʤʝʶʪ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ 

ʤʝʪʦʜʦʚ ʩʫʰʢʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʜʫʢʪʦʚʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʤʠ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠʧʨʠʸʤʘ ʧʠʱʠ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʩʝʭ 

ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩʫʰʢʘ 

ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʚ ʦʙʣʘʩʪʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʠʱʠ ʠ ʭʨʘʥʝʥʠʷ ʧʨʦʜʫʢʪʦʚ. 
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ʋɼʂ 664.694 

 

ʈɽɸʂʎʀʗ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɺʆɼʆʁ 

ʇʈʆɼʋʂʊʆɺ ɹʓʉʊʈʆɻʆ ʇʈʀɻʆʊʆɺʃɽʅʀʗ 

 

ɻʨʠʙʦʚʘ ɼʠʘʥʘ ɺʠʢʪʦʨʦʚʥʘ 
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ABSTRACT 

 

Water reconstitution of instant foods is at the center of food quality research. Given the growing popularity of 

such products, emphasis is being placed on food safety management systems. The use of modern scientific methods and 

approaches allows us to ensure strict control and compliance with established standards, guaranteeing high quality of 

the final product for the consumer. 
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ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʝ ʦʙʱʝʩʪʚʦ 

ʚʳʜʚʠʛʘʝʪ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ 

ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʢ ʪʦʚʘʨʘʤ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ɺʥʝʜʨʝʥʠʝ 

ʩʠʩʪʝʤʳ ʤʝʥʝʜʞʤʝʥʪʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʘʢʪʫʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ[1]. ɹʝʣʦʚʘ ʠ ʩʦʘʚʪʦʨʳ 

ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʙʝʩʧʝʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʦʚʨʝʤʝʥʥʳʡ 

ʧʝʨʠʦʜ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʪʨʫʢʪʫʨ[2]. ʕʪʦ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ[3]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʧʦʜʭʦʜʦʚ 

ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʫʯʝʥʳʤʠ[4]. ʇʨʦʙʣʝʤʘ 

ʤʦʪʠʚʘʮʠʠ ʫʯʘʩʪʥʠʢʦʚ ʦʙʦʨʦʪʘ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ 

ʚ ʫʣʫʯʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ[5]. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʪʦʠʪ ʫʜʝʣʠʪʴ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʮʝʧʪʫʨ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʠʢ ʚ ʦʙʣʘʩʪʠ 

ʧʠʱʝʚʳʭ ʪʝʭʥʦʣʦʛʠʡ[6]. ʇʨʠ ʵʪʦʤ, ʧʦ ʜʘʥʥʳʤ 

ʈʘʩʧʦʨʷʞʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʩʪʨʘʪʝʛʠʷ 

ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦ 2030 

ʛʦʜʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʨʷʜ ʢʣʶʯʝʚʳʭ ʠʥʠʮʠʘʪʠʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʣʫʯʰʝʥʠʝ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ[7]. 

ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʡ 

ʧʨʦʜʫʢʪʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʚʘʞʥʳʤ ʩ ʥʘʫʯʥʦʡ, ʧʨʘʢʪʠʯʝʩʢʦʡ ʠ 

ʩʦʮʠʘʣʴʥʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʘʢʪʫʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠ:̫ ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʘʪʝʛʠʡ ʠ 

ʤʝʪʦʜʦʚ ʜʣʷ ʛʘʨʘʥʪʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ 

ʧʠʱʝʚʳʭ ʠʟʜʝʣʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʜʫʩʪʨʠʠ, ʩ 

ʘʢʮʝʥʪʦʤ ʥʘ ʧʦʜʭʦʜʳ ʢ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʘʚʘ 

ʧʦʣʠʠʥʛʨʝʜʠʝʥʪʥʳʭ ʧʨʦʜʫʢʪʦʚ. ɿʘʜʘʯʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʮʝʥʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʘʢʪʠʢ 
ʫʧʨʘʚʣʝʥʠʷ ʥʘʜʝʞʥʦʩʪʴʶ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʨʝʘʣʠʷʭ. 

2. ʀʟʫʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʚʳʟʦʚʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʪʘʥʜʘʨʪʦʚ ʢʘʯʝʩʪʚʘ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʧʠʱʝʚʳʭ ʠʟʜʝʣʠʡ ʚ ʥʘʰʝ 

ʚʨʝʤʷ. 

3. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʚ 
ʩʬʝʨʝ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʠʪʘʥʠʷ. 

4. ʈʘʩʩʤʦʪʨʝʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʤʝʪʦʜʠʢ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʩʠʣʝʥʠʝ ʢʨʠʪʝʨʠʝʚ 

ʢʘʯʝʩʪʚʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʠʱʝʚʳʭ ʠʟʜʝʣʠʡ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘʪʠʢʘ ʢʘʯʝʩʪʚʘ ʠ 

ʥʘʜʝʞʥʦʩʪʠ ʧʠʱʝʚʳʭ ʪʦʚʘʨʦʚ ʩʪʘʣʘ ʢʣʶʯʝʚʦʡ ʚ 

ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʷʭ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʩʠʣʠʚʘʶʱʠʤʠʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʦ ʩʪʦʨʦʥʳ 

ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʪʨʝʤʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʛʣʦʙʘʣʴʥʳʤ ʩʪʘʥʜʘʨʪʘʤ ʙʝʟʦʧʘʩʥʦʩʪʠ[1]. ɹʝʣʦʚʘ 
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ʃ.ɺ. ʚʤʝʩʪʝ ʩ ʢʦʤʘʥʜʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʚʘʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʠʱʝʚʳʭ ʪʦʚʘʨʦʚ ʚ ʥʘʰʠ ʜʥʠ[1]. ʉ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʯʝʥʳʭ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʚʝʜʝʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʤʝʪʦʜʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ[1]. 

ʂʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʤʝʪʦʤ ʥʘʫʯʥʳʭ 

ʜʠʩʢʫʩʩʠʡ[2]. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ɹʝʣʦʚʘ ʃ.ɺ., 

ʇʠʣʴʢʦʚʘ ʊ.ʖ. ʠ ʌʝʜʦʪʦʚʘ ʀ.ʄ. ʘʢʮʝʥʪʠʨʫʶʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʟʥʘʯʠʤʦʩʪʠ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ[3], ʨʘʟʨʘʙʘʪʳʚʘʷ 

ʩʪʨʘʪʝʛʠʠ ʝʛʦ ʦʧʪʠʤʠʟʘʮʠʠ. ʇʦʜʭʦʜʳ ɻʫʨʚʠʯʘ ɺ.ɹ. 

ʠ ʝʛʦ ʢʦʤʘʥʜʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʜʝʪʘʣʴʥʦʝ ʧʦʥʠʤʘʥʠʝ 

ʨʝʛʫʣʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʵʪʦʡ ʩʬʝʨʝ, ʠʱʫʪ 

ʛʘʨʤʦʥʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʩʪʘʥʜʘʨʪʦʚ[4]. 

ʆʥʠ ʪʘʢʞʝ ʠʟʫʯʘʶʪ ʠʥʪʝʨʝʩʳ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʢʘ, 

ʚʳʷʚʣʷʷ ʩʧʦʩʦʙʳ ʤʦʪʠʚʘʮʠʠ ʢ ʣʫʯʰʝʤʫ 

ʢʘʯʝʩʪʚʫ[5]. ʊʝʤ ʚʨʝʤʝʥʝʤ, ʅʫʛʤʘʥʦʚ ɸ.ʍ.-ʍ. ʠ ʝʛʦ 

ʢʦʤʘʥʜʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ 

ʜʝʣʝ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʦʧʠʨʘʷʩʴ ʥʘ 

ʧʨʠʥʮʠʧʳ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ[6]. 

ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ 

ʠʥʠʮʠʘʪʠʚʝ "ʉʪʨʘʪʝʛʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʜʦ 2030 ʛʦʜʘ"[7], 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ. ʕʪʦʪ ʧʣʘʥ 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʦʚʦʚʚʝʜʝʥʠʡ ʚ ʩʬʝʨʝ 

ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʜʠʩʢʫʩʩʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʚʥʦʩʠʪʴ ʟʥʘʯʠʤʳʡ ʚʢʣʘʜ ʚ ʫʢʨʝʧʣʝʥʠʝ 

ʟʜʦʨʦʚʴʷ ʛʨʘʞʜʘʥ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʛʣʦʙʘʣʴʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʠʱʝʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʘʢʮʝʥʪʠʨʫʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʠʣʴʥʦʡ ʢʦʥʢʫʨʝʥʪʥʦʡ 

ʙʦʨʴʙʝ ʠ ʥʝʠʟʤʝʥʥʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ ʧʨʦʜʫʢʪʦʚ. ɺ ʪʘʢʦʡ 

ʘʪʤʦʩʬʝʨʝ ʚʳʩʪʨʘʠʚʘʥʠʝ ʩʪʨʘʪʝʛʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʠʱʝʚʳʭ ʪʦʚʘʨʦʚ ʧʨʠʦʙʨʝʪʘʝʪ 

ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ. 

ʉʦʛʣʘʩʥʦ ʚʳʚʦʜʘʤ ɹʝʣʦʚʦʡ ʠ ɺʘʩʠʣʴʝʚʘ, ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʦʡ ʩʪʨʘʪʝʛʠʠ ʢʣʶʯʝʚʳʤ ʩʪʘʥʦʚʠʪʩʷ 

ʫʯʝʪ ʜʠʥʘʤʠʢʠ ʨʳʥʦʯʥʦʡ ʩʨʝʜʳ ʠ ʦʞʠʜʘʥʠʡ 

ʢʣʠʝʥʪʦʚ[1]. ɺ ʜʘʣʴʥʝʡʰʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʛʜʝ 

ɹʝʣʦʚʘ ʢʦʣʣʘʙʦʨʠʨʦʚʘʣʘ ʩ ʇʠʣʴʢʦʚʦʡ ʠ ʌʝʜʦʪʦʚʦʡ, 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʠʟʠʨʦʚʘʥʥʦʤʫ 

ʧʦʜʭʦʜʫ ʢ ʤʦʥʠʪʦʨʠʥʛʫ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʛʘʨʘʥʪʠʨʫʷ ʙʝʟʫʧʨʝʯʥʦʝ ʢʘʯʝʩʪʚʦ 

ʪʦʚʘʨʦʚ[2; 3]. 

ɻʫʨʚʠʯ ʠ ʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ 

ʧʦʜʯʝʨʢʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʛʦʣʠʩʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʠʢ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʤʧʣʝʢʩʥʦʝ ʫʯʝʪ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʮʝʧʦʯʢʠ ʠ 

ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʷ[4]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʂʦʟʫʙʩʢʘʷ ʠ ʝʝ ʢʦʣʣʝʛʠ ʚʠʜʷʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʤʦʪʠʚʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʜʣʷ ʫʯʘʩʪʥʠʢʦʚ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ. ʆʥʠ 

ʧʦʜʯʝʨʢʠʚʘʶʪ, ʯʪʦ ʥʘʣʠʯʠʝ ʩʪʠʤʫʣʦʚ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʩʬʝʨʝ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʝʰʘʶʱʠʤ ʵʣʝʤʝʥʪʦʤ ʚ 

ʫʩʠʣʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ[5]. 

ʇʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʪʝʦʨʠʠ ʧʦʜʦʙʠʷ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚ ʧʠʱʝʚʦʤ ʩʝʢʪʦʨʝ, ʤʳ 

ʦʙʥʘʨʫʞʠʚʘʝʤ ʝʛʦ ʧʦʪʝʥʮʠʘʣ ʚ ʩʦʟʜʘʥʠʠ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʮʝʧʪʫʨ ʩʣʦʞʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʢʘʢ 

ʟʘʤʝʯʝʥʦ ʅʫʛʤʘʥʦʚʳʤ ʠ ʝʛʦ ʪʨʫʜʘʤʠ[6]. ʇʨʠ ʵʪʦʤ, 

ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʘ ʠʤʝʥʥʦ 

"ʉʪʨʘʪʝʛʠʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʜʦ 2030 ʛʦʜʘ", ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʦʙʝʩʧʝʯʝʥʠʝ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʢʘʯʝʩʪʚʘ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʜʣʷ ʛʨʘʞʜʘʥ[7]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʚ ʩʬʝʨʝ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʚʩʝʦʙʲʝʤʣʶʱʠʡ ʧʦʜʭʦʜ, ʦʙʲʝʜʠʥʷʷ ʩʪʠʤʫʣʳ ʜʣʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʚʥʝʜʨʝʥʠʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʜʟʦʨʥʦʝ ʚʤʝʰʘʪʝʣʴʩʪʚʦ. 

ʇʨʦʮʝʩʩ ʨʝʘʢʮʠʠ ʛʠʜʨʘʪʘʮʠʠ ʜʣʷ ʛʦʪʦʚʳʭ ʢ 

ʫʧʦʪʨʝʙʣʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʚʥʠʤʘʥʠʷ 

ʚ ʧʠʱʝʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʢʦʥʪʝʢʩʪʝ ʪʝʢʫʱʠʭ 

ʩʪʘʥʜʘʨʪʦʚ ʙʝʟʦʧʘʩʥʦʩʪʠ[1]. ʇʦʜʯʝʨʢʠʚʘʷ ʚʘʞʥʦʩʪʴ 

ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ɹʝʣʦʚʘ ʠ ɺʘʩʠʣʴʝʚ ʘʢʮʝʥʪʠʨʫʶʪ ʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʞʝʩʪʢʦʛʦ ʥʘʜʟʦʨʘ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʚʢʣʶʯʘʷ ʵʪʘʧ ʛʠʜʨʘʪʘʮʠʠ 

ʧʨʦʜʫʢʪʦʚ[1]. 

ʉʝʛʦʜʥʷ ʘʢʮʝʥʪ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʩʪʦʠʪ ʦʩʦʙʦ ʦʩʪʨʦ[2]. ʀʩʭʦʜʷ 

ʠʟ ʚʳʚʦʜʦʚ ɹʝʣʦʚʦʡ, ʇʠʣʴʢʦʚʦʡ ʠ ʌʝʜʦʪʦʚʦʡ, 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʚʳʩʰʠʡ ʩʪʘʥʜʘʨʪ ʢʘʯʝʩʪʚʘ ʧʠʱʝʚʳʭ 

ʠʟʜʝʣʠʡ ʦʟʥʘʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʛʠʛʠʝʥʠʯʝʩʢʠʤ ʥʦʨʤʘʤ, ʥʦ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ 

ʥʦʚʝʡʰʠʝ ʥʘʫʯʥʳʝ ʧʨʦʨʳʚʳ ʚ ʦʙʣʘʩʪʠ ʧʠʱʝʚʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ[2]. ʕʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʧʨʦʜʫʢʮʠʠ, ʛʜʝ ʧʨʦʮʝʩʩ ʛʠʜʨʘʪʘʮʠʠ ʥʝʦʪʲʝʤʣʝʤʳʡ 

ʵʪʘʧ, ʪʨʝʙʫʶʱʠʡ ʩʪʨʦʛʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ʂʘʯʝʩʪʚʝʥʥʘʷ ʘʜʘʧʪʘʮʠʷ ʧʠʱʝʚʳʭ ʪʦʚʘʨʦʚ ʢ 

ʦʞʠʜʘʥʠʷʤ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʦʙʱʝʩʪʚʝʥʥʦʛʦ 

ʧʠʪʘʥʠʷ[3]. ʋʪʚʝʨʞʜʝʥʠʝ ɹʝʣʦʚʦʡ, ʌʝʜʦʪʦʚʦʡ ʠ 

ʇʠʣʴʢʦʚʦʡ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʛʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ 

ʩʪʘʥʜʘʨʪʦʚ ʜʣʷ ʧʨʦʜʫʢʮʠʠ, ʚʢʣʶʯʘʷ ʪʝ, ʯʪʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, 

ʧʦʜʯʝʨʢʠʚʘʝʪ ʵʪʦʪ ʧʦʩʪʫʣʘʪ[3]. ɻʫʨʚʠʯ ʠ ʝʛʦ 

ʢʦʤʘʥʜʘ ʦʙʨʘʱʘʶʪʩʷ ʢ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʫʯʥʳʤ 

ʤʝʪʦʜʠʢʘʤ, ʫʪʚʝʨʞʜʘʷ, ʯʪʦ ʥʘ ʧʝʨʝʜʦʚʦʤ ʢʨʘʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝʦʙʭʦʜʠʤ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʠʭ 

ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ[4]. ɺ ʵʪʦʡ ʧʝʨʩʧʝʢʪʠʚʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʜʝʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ 

ʚʦʜʦʡ, ʦʧʠʨʘʷʩʴ ʥʘ ʘʢʪʫʘʣʴʥʳʝ ʥʘʫʯʥʳʝ ʜʘʥʥʳʝ ʠ 

ʠʥʥʦʚʘʮʠʠ ʚ ʧʠʱʝʚʦʡ ʩʬʝʨʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʠʚʣʝʯʝʥʠʝ ʫʯʘʩʪʥʠʢʦʚ ʧʠʱʝʚʦʛʦ ʨʳʥʢʘ ʢ 

ʧʦʜʜʝʨʞʘʥʠʶ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʷʚʣʷʝʪʩʷ ʝʱʝ 

ʦʜʥʠʤ ʢʨʠʪʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ. ɺ ʩʚʦʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʂʦʟʫʙʩʢʘʷ, ʉʠʥʠʮʳʥʘ ʠ ʄʘʞʘʝʚʘ 

ʨʘʩʩʤʦʪʨʝʣʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, 

ʤʝʪʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ 

ʚʦʜʦʡ[5]. ʆʙʦʙʱʘʷ, ʥʘ ʦʩʥʦʚʝ ʧʨʠʚʝʜʝʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʦʜʦʡ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʘʩʧʝʢʪʦʚ, ʦʪ 

ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ 
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ʠʥʪʝʨʝʩʦʚ, ʧʦʜʯʝʨʢʠʚʘʷ ʚʘʞʥʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠ 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʥʘʫʢʝ ʧʦʜʭʦʜʘ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʧʠʱʝʚʳʭ ʪʦʚʘʨʦʚ ʜʣʷ 

ʤʛʥʦʚʝʥʥʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʯʝʨʝʟ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ 

ʧʦʜʥʠʤʘʝʪ ʚʦʧʨʦʩʳ ʢʘʯʝʩʪʚʘ ʚ ʩʬʝʨʝ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʧʠʱʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʦʞʥʦ 

ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ: ɺ ʪʝʢʫʱʝʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ, ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʩʦʢʦʛʦ 

ʩʪʘʥʜʘʨʪʘ ʠ ʥʘʜʝʞʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ʚ ʧʠʱʝʚʦʡ 

ʠʥʜʫʩʪʨʠʠ ʩʪʘʥʦʚʠʪʩʷ ʥʘʩʫʱʥʳʤ[1]. ʊʘʢʦʝ 

ʧʦʣʦʞʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʠʟʤʝʥʷʶʱʠʤʠʩʷ 

ʟʘʧʨʦʩʘʤʠ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʥʦ ʠ ʠʟʜʝʨʞʢʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ 

ʛʣʦʙʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʊʦʚʘʨʳ ʤʛʥʦʚʝʥʥʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʪʝ, ʜʣʷ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʣʠʰʴ ʜʦʙʘʚʣʝʥʠʝ ʚʦʜʳ, ʧʨʦʜʦʣʞʘʶʪ ʟʘʚʦʝʚʳʚʘʪʴ 

ʨʳʥʦʢ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ 

ʧʦʪʨʝʙʠʪʝʣʝʡ[2]. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʢʣʶʯʝʚʳʤ 

ʤʦʤʝʥʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʙʳʩʪʨʦʪʝ ʠ ʧʨʦʩʪʦʪʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʥʦ ʠ ʛʘʨʘʥʪʠʷ 

ʦʪʤʝʥʥʦʛʦ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʆʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ ʜʝʣʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʧʠʱʝʚʦʡ ʧʨʦʜʫʢʮʠʠ[1]. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʭʚʘʪʳʚʘʝʪ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ ʠ 

ʧʨʠʥʮʠʧʦʚ, ʮʝʣʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʠ 

ʤʠʥʠʤʠʟʘʮʠʷ ʨʠʩʢʦʚ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ. 

ɹʣʘʛʦʜʘʨʷ ʚʥʝʜʨʝʥʠʶ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ 

ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʦʪʦʚʳʭ ʢ 

ʫʧʦʪʨʝʙʣʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʢʦʥʝʯʥʦʛʦ 

ʧʦʣʴʟʦʚʘʪʝʣʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʥʜʫʩʪʨʠʷ ʦʙʱʝʧʠʪʘ 

ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ ʚ ʯʘʩʪʠ ʢʘʯʝʩʪʚʘ 

ʧʠʱʝʚʳʭ ʪʦʚʘʨʦʚ[3]. ʇʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʙʳʩʪʨʦ 

ʛʦʪʦʚʷʪʩʷ ʠ ʪʨʝʙʫʶʪ ʣʠʰʴ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ, 

ʟʘʥʠʤʘʶʪ ʚʘʞʥʦʝ ʤʝʩʪʦ ʚ ʤʝʥʶ ʤʥʦʛʠʭ ʟʘʚʝʜʝʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤ, ʯʪʦʙʳ 

ʠʭ ʧʦʜʛʦʪʦʚʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʪʦʯʥʦʤ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʚ 

ʦʙʣʘʩʪʠ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʠʱʝʚʦʡ 

ʧʨʦʜʫʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʠʢʣ ʚ ʝʛʦ ʢʦʤʧʣʝʢʩʥʦʩʪʠ, 

ʧʨʠʜʘʚʘʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢʨʠʪʠʯʝʩʢʠʤ 

ʤʦʤʝʥʪʘʤ[4]. ʆʪʜʝʣʴʥʦ ʩʪʦʠʪ ʫʜʝʣʠʪʴ ʚʥʠʤʘʥʠʝ 

ʤʦʪʠʚʘʮʠʦʥʥʦʤʫ ʘʩʧʝʢʪʫ ʫ ʘʢʪʦʨʦʚ ʨʳʥʢʘ ʧʠʱʝʚʳʭ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥ ʠʛʨʘʝʪ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʘʥʜʘʨʪʦʚ 

ʢʘʯʝʩʪʚʘ[5]. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ, ʪʨʝʙʫʶʱʠʭ ʪʦʣʴʢʦ 

ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʳ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʨʦʩʪʳʤ ʠ 

ʪʨʝʙʫʝʪ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʨʝʛʣʘʤʝʥʪʦʚ. ɺʘʞʥʳʤ 

ʘʩʧʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʥʦʚʝʡʰʠʭ ʥʘʫʯʥʳʭ 

ʤʝʪʦʜʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʜʦʩʪʠʛʘʝʪʩʷ ʙʘʣʘʥʩ 

ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʚʢʫʩʦʤ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴʶ ʜʣʷ ʢʦʥʩʴʶʤʝʨʘ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʇʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʶʪ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, 

ʥʝ ʪʨʝʙʫʶʪ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʭʨʘʥʝʥʠʷ ʠ ʠʭ ʥʝ ʥʫʞʥʦ ʚʘʨʠʪʴ. ʇʦʣʝʟʥʳʝ ʚʝʱʝʩʪʚʘ, ʬʝʨʤʝʥʪʳ ʠ ʚʠʪʘʤʠʥʳ, 

ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʨʫʰʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʘʨʢʠ, ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʧʨʦʜʫʢʪʘʭ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ.ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʠʥʘʤʠʢʘ ʨʳʥʢʘʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʇʨʦʚʝʜʝʥʦ 

ʤʘʨʢʝʪʠʥʛʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʠʦʨʠʪʝʪʦʚ ʧʨʠ ʚʳʙʦʨʝ ʩʫʭʠʭ ʧʘʡʢʦʚ 

ʙʳʩʪʨʦʛʦ ʧʠʪʘʥʠʷ. ʆʧʨʝʜʝʣʝʥʘ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʢʦʪʦʨʘʷ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʷʝʪʩʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʜʫʢʪʳ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʤʘʨʢʝʪʠʥʛʦʚʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʫʭʠʝ ʧʘʡʢʠ, 

ʘʩʩʦʨʪʠʤʝʥʪ, ʤʘʨʢʝʪʠʥʛ, ʨʳʥʦʢ ʩʙʳʪʘ. 

 

ABSTRACT  
 

 Instant food products fully retain the beneficial properties of the original raw materials, do not require special 

storage conditions and do not need to be cooked. Nutrients, enzymes and vitamins, which are significantly destroyed 

during the cooking process, are completely preserved in instant products. The article examines the dynamics of the 

market for instant dry rations. A marketing study was conducted to determine priorities when choosing dry fast food 

rations. The scope of application of instant dry rations has been determined, which is currently expanding significantly. 

Key words: instant food products, marketing research, dry rations, assortment, marketing, sales market. 

 

ʇʘʥʜʝʤʠʷ ʠ ʚʳʟʚʘʥʥʳʝ ʝʶ ʥʦʚʳʝ 

ʧʦʢʫʧʘʪʝʣʴʩʢʠʝ ʧʨʠʚʳʯʢʠ ʚʥʝʩʣʠ ʢʦʨʨʝʢʪʠʚʳ ʚ 

ʨʘʟʚʠʪʠʝ ʨʳʥʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ, ʦʙʫʩʣʦʚʠʚ ʦʧʝʨʝʞʘʶʱʠʡ 

ʨʦʩʪ ʪʝʭ ʢʘʪʝʛʦʨʠʡ, ʢʦʪʦʨʳʝ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʳ ʩ 

ʦʙʨʘʟʦʤ ʞʠʟʥʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʈʦʩʩʠʷ ʩʪʘʣʘ 

ʣʠʜʝʨʦʤ ʧʦ ʪʝʤʧʘʤ ʨʦʩʪʘ ʜʝʥʝʞʥʳʭ ʧʨʦʜʘʞ ʩʫʭʠʭ 

ʧʘʡʢʦʚ ʩʨʝʜʠ ʢʨʫʧʥʝʡʰʠʭ ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ. 

ʆʜʥʘʢʦ ʘʥʘʣʠʟ ʨʳʥʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʩʦʢʠʡ 

ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʦʩʪʘ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ 

ʚʦ ʤʥʦʛʠʭ ʢʘʪʝʛʦʨʠʷʭ. 

ʆʙʲʝʤ ʨʳʥʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ, ʪʘʢ ʚ 2020 

ʛʦʜʫ ʝʤʢʦʩʪʴ ʨʳʥʢʘ ʩʦʩʪʘʚʣʷʣʘ 183,295 ʪʳʩ. ʪ, ʘ ʚ 

2022 ʛʦʜʫ 178,091 ʪʳʩ. ʪ. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ʆʙʲʝʤ ʨʳʥʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ ʚ 2020-2023 ʛʛ., [ʪ][4]. 

 

ɺ 2022 ʛ. ʦʙʲʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʩʫʭʠʭ 

ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʮʝʥʠʚʘʣʩʷ ʚ 173,5 

ʪʳʩ. ʪ. ɺ 2022 ʛ. ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʳʨʦʩ, ʠ ʝʛʦ 

ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 178,1 ʪʳʩ. ʪ. ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʡ 

ʪʝʤʧ ʨʦʩʪʘ ʦʙʲʝʤʘ ʨʳʥʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷʚ ʈʌ ʟʘ ʛʦʜ ʦʢʘʟʘʣʩʷ ʨʘʚʥʳʤ 2,6%. 

ʊʝʤʧ ʨʦʩʪʘ ʦʙʲʝʤʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ 2021 ʛʦʜʫ 22ʩʦʩʪʘʚʣʷʝʪ ʤʠʥʫʩ 6%, 

ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʘʜʝʥʠʝ. ɿʘ ʧʝʨʠʦʜ 2022 ï 2023 

ʛʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʥʘ 4%. ʉʥʠʞʝʥʠʝ ʦʙʲʝʤʘ 
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ʧʨʦʜʘʞ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʠ ʩʝʟʦʥʥʦʩʪʴ ʨʳʥʢʘ. 

 

 
 

ʈʠʩʫʥʦʢ 2 - ɼʠʥʘʤʠʢʘ ʦʙʲʝʤʘ ʨʳʥʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ ʈʦʩʩʠʠ ʚ 2020-2023 ʛʛ., 

ʤʣʨʜ. ʨʫʙ.[4]. 

 

ɺ 2023 ʛ. ʦʙʲʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʩʫʭʘʨʝʡ ʚ 

ʦʧʪʦʚʳʭ ʮʝʥʘʭ ʦʮʝʥʠʚʘʣʩʷ ʚ 21,4 ʤʣʨʜ. ʨʫʙ., ʚ 

ʨʦʟʥʠʯʥʳʭ - ʚ 35,6 ʤʣʨʜ. ʨʫʙ. ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʤ 

ʨʳʥʢʘ ʩʫʭʘʨʝʡ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʘʜʘʝʪ, ʘ ʚ 

ʩʪʦʠʤʦʩʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʨʘʩʪʝʪ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʮʝʥ.  

ɺ 2023 ʛ. ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʩʨʝʜʠ 

ʢʣʶʯʝʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʳʥʢʘ ʥʘʙʣʶʜʘʣʩʷ ʚ 

ʵʢʩʧʦʨʪʥʳʭ ʧʦʩʪʘʚʢʘʭ (6,5%). 

 

 
 

ʈʠʩʫʥʦʢ 3 - ʊʝʤʧʳ ʨʦʩʪʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʳʥʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ 2020-

2022 ʛʛ., %[4]. 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʵʢʩʧʦʨʪ ʩʫʭʠʭ ʧʘʡʢʦʚ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʦʙʲʝʤʳ ʨʳʥʢʘ. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʲʝʤʫ ʨʳʥʢʘ. ʀʤʧʦʨʪ 

ʠ ʵʢʩʧʦʨʪ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʥʠʞʘʶʪʩʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ ʧʦʪʨʝʙʣʝʥʠʝ ʩʫʭʠʭ ʧʘʡʢʦʚ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʘʩʪʝʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʩʬʝʨʳ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ 2023 ʛ. ʦʙʲʝʤ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʝ ʠʤʧʦʨʪʥʳʭ ʧʦʩʪʘʚʦʢ ʚ 11,62 

ʨʘʟ.  

 
ʈʠʩʫʥʦʢ 4 - ʉʨʘʚʥʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʤʧʦʨʪʘ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ 2020-2023 ʛʛ., ʪ[4] 

 

ˤ ͍ͦͨͭͦ·ͻ ͼ͔ͤ͊ͻ

ˤ ͙ͪͦͤ͘;ͤ·ͻ ͼ͔ͤ͊ͻ0

20

40

нлнл ͎Φ
нлнм ͎Φ

нлнн ͎Φ
нлно ͎Φ

19,8
19,4

20,2
21,4

33,1 32,3 33,6 35,6

ˤ ͍ͦͨͭͦ·ͻ ͼ͔ͤ͊ͻˤ ͙ͪͦͤ͘;ͤ·ͻ ͼ͔ͤ͊ͻ

-6

1

0
3-3

13

-3-5

26

7

-20

0

20

40

нлнл ͎Φ нлнм ͎Φ нлнн ͎Φ

˻͋Ά͔ͣ ͪ·ͤ͊͟˽ͪ ͙͍͍ͦͦ͒ͫͭͦ͘ˮͣͨͦͪͭ ̏ͫͨͦͪͭ͟

0

50000

100000

150000

200000

нлнл ͎Φ нлнм ͎Φ нлнн ͎Φ нлно ͎Φ

13631 13154 14837 14448

172960 161842 162604 167838

ˮͣͨͦͪͭͤ͊Ύ ͨͪͦ͒ͯ͟ͼ͙Ύˤ͔͔͔ͤͯͭͪͤͤ ͙͍͍ͨͪͦͦ͒ͫͭͦ͘



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
109 

 

  

ʇʦ ʜʘʥʥʳʤ ʨʠʩʫʥʢʘ 4 ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʦʙʩʪʚʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʨʝʚʳʰʘʝʪ ʠʤʧʦʨʪ ʚ 2020 ï 2023 ʛʛ. 

ʚ 11,6 ʨʘʟ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦʩʪʠ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʇʦ ʜʘʥʥʳʤ 1 834 ʧʨʝʜʣʦʞʝʥʠʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʤʘʨʢʝʪ-ʧʣʝʡʩʝ WB, ʤʝʜʠʘʥʥʘʷ 

ʮʝʥʘ ʥʘ ʩʫʭʠʝ ʧʘʡʢʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ 728 ʨʫʙʣʷ. ʇʨʦʜʘʞʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ 14% 

ʪʦʚʘʨʦʚ. ʉʨʝʜʥʷʷ ʮʝʥʘ ʧʨʦʜʘʞʠ ʩʫʭʠʭ ʧʘʡʢʦʚ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 796 ʨʫʙʣʝʡ. 

ʅʘ ʤʘʨʢʝʪ-ʧʣʝʡʩʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 75 ʙʨʝʥʜʦʚ, 

ʧʦʩʪʘʚʣʷʶʱʠʭ ʩʫʭʠʝ ʧʘʡʢʠ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʧʨʦʜʘʞʠ ʧʨʠʭʦʜʷʪʩʷ ʥʘ 

28% ʙʨʝʥʜʦʚ. ʉʨʝʜʥʠʡ ʧʨʦʮʝʥʪ ʚʳʢʫʧʘ ʩʫʭʠʭ 

ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʥʘ WB 

ʩʦʩʪʘʚʣʷʝʪ 98%. ʉʨʝʜʥʠʡ ʧʨʦʮʝʥʪ ʚʳʢʫʧʘ ʩ ʫʯʝʪʦʤ 

ʚʦʟʚʨʘʪʦʚ ï ʘʥʘʣʦʛʠʯʥʦ 98%[5]. 

ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʫʭʠʭ ʧʘʡʢʦʚ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ. 

ɸʩʩʦʨʪʠʤʝʥʪ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʢʘʪʝʛʦʨʠʠ: ʩʦʣʜʘʪʩʢʠʝ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʠ 

ʛʨʘʞʜʘʥʩʢʠʝ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʩʘʤʳʤ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʫʭʧʘʝʢ ɸʨʤʝʡʩʢʠʝ 

ʙʫʜʥʠ ʈʘʟʚʝʜʯʠʢ ʀʈʇ-ʈʉ ˉ2 (37%). ɺ ʩʦʩʪʘʚ 

ʜʘʥʥʦʛʦ ʩʫʭʦʛʦ ʧʘʡʢʘ ʚʭʦʜʠʪ: ʛʨʝʯʢʘ ʩ ʛʦʚʷʜʠʥʦʡ, 

ʪʫʰʝʥʘʷ ʛʦʚʷʜʠʥʘ, ʨʠʩ ʩ ʛʦʚʷʜʠʥʦʡ, ʢʫʨʠʥʳʡ ʠ 

ʢʦʣʙʘʩʥʳʝ ʧʘʰʪʝʪʳ, ʧʣʘʚʣʝʥʳʡ ʩʳʨ, ʛʘʣʝʪʳ, 

ʷʙʣʦʯʥʦʝ ʧʦʚʠʜʣʦ, ʘʧʝʣʴʩʠʥʦʚʳʡ ʙʘʪʦʥʯʠʢ, ʩʦʣʴ, 

ʤʦʣʦʪʳʡ ʧʝʨʝʮ, ʩʘʭʘʨ, ʢʦʬʝ, ʯʘʡ. 

 

 
ʈʠʩʫʥʦʢ 5 ï ʈʝʡʪʠʥʛ ʘʩʩʦʨʪʠʤʝʥʪʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

 

ʇʨʠ ʚʳʙʦʨʝ ʤʘʨʢʠ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʨʝʩʧʦʥʜʝʥʪʳ ʦʪʜʘʶʪ ʧʨʠʦʨʠʪʝʪ 

ʩʣʝʜʫʶʱʠʤ ʢʨʠʪʝʨʠʷʤ: ʮʝʥʦʚʦʡ ʜʠʘʧʘʟʦʥ (32 

ʧʨʦʮʝʥʪʘ); ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʠ (30 

ʧʨʦʮʝʥʪʦʚ); ʚʢʫʩʦʚʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ (29 

ʧʨʦʮʝʥʪʦʚ); ʜʦʩʪʫʧʥʦʩʪʴ ʧʨʦʜʫʢʪʘ (27 ʧʨʦʮʝʥʪʦʚ); 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʘʩʩʦʨʪʠʤʝʥʪ ʣʠʥʝʡʢʠ 

ʧʨʦʜʫʢʪʦʚ (26 ʧʨʦʮʝʥʪʦʚ). 

ʅʝʩʢʦʣʴʢʦ ʙʨʝʥʜʦʚ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʃʝʦʚʠʪ ʠ ɹʫʜʴ ʛʦʪʦʚ, 

ʨʘʩʰʠʨʠʣʠ ʩʬʝʨʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʢʣʠʝʥʪʦʚ (47 ʧʨʦʮʝʥʪʦʚ) ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʦʣʴʟʦʚʘʣʠʩʴ ʫʩʣʫʛʘʤʠ ʪʦʣʴʢʦ 

ʦʜʥʦʛʦ ʧʦʩʪʘʚʱʠʢʘ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ. ʅʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʛʨʫʧʧʘ 

ʧʦʢʫʧʘʪʝʣʝʡ (42 ʧʨʦʮʝʥʪʘ) ʧʦʣʴʟʫʶʪʩʷ ʫʩʣʫʛʘʤʠ 

ʜʚʫʭ ʠʣʠ ʪʨʝʭ ʧʦʩʪʘʚʱʠʢʦʚ, ʧʝʨʝʢʣʶʯʘʷʩʴ ʤʝʞʜʫ 

ʧʦʩʪʘʚʱʠʢʘʤʠ ʧʦ ʨʘʮʠʦʥʘʣʴʥʳʤ ʠ 

ʦʧʧʦʨʪʫʥʠʩʪʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. 

ɹʠʟʥʝʩ-ʤʦʜʝʣʴ ʢʦʤʧʘʥʠʡ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʩʝ ʝʱʝ 

ʨʘʟʚʠʚʘʝʪʩʷ.ɹʦʣʴʰʠʥʩʪʚʦ ʠʛʨʦʢʦʚ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ 

ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʫʣʫʯʰʘʶʪ 

ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʩʚʦʝʡ ʧʨʦʜʫʢʪʦʚʦʡ ʣʠʥʝʡʢʠ ʟʘ ʩʯʝʪ 

ʫʚʝʣʠʯʝʥʠʷ ʩʨʝʜʥʝʡ ʩʪʦʠʤʦʩʪʠ ʟʘʢʘʟʘ ʟʘ ʩʯʝʪ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʦʧʦʣʥʝʥʠʡ ʘʩʩʦʨʪʠʤʝʥʪʘ 

(ʥʘʧʨʠʤʝʨ, ʚʢʣʶʯʘʶʱʠʭ ʙʝʟʨʝʮʝʧʪʫʨʥʳʝ ʪʦʚʘʨʳ 

ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ ʢʨʘʩʦʪʳ, ʬʠʨʤʝʥʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʠʪʘʥʠʷ, ʩʝʟʦʥʥʳʝ ʧʨʦʜʫʢʪʳ), ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩʙʦʨʦʚ, ʮʝʥ ʠ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ.ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʢʣʶʯʘʶʪ ʨʘʩʰʠʨʝʥʠʝ ʘʩʩʦʨʪʠʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʦʚʘʨʘʤʠ, ʚʥʝʜʨʝʥʠʝ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʨʘʟʚʠʪʠʝ ʙʠʟʥʝʩ-ʤʦʜʝʣʠ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʠʙʳʣʴʥʦʩʪʠ.ʅʘʧʨʠʤʝʨ, ʢʦʤʧʘʥʠʠ 

ʤʦʛʫʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʠʝ ʚ ʜʘʥʥʦʤ 

ʨʝʛʠʦʥʝ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʝʛʦ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʨʘʟʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʧʨʦʩʘ, ʧʝʨʝʡʪʠ ʢ ʧʣʘʪʬʦʨʤʝ ʠʣʠ ʤʦʜʝʣʠ 

ʤʘʨʢʝʪʧʣʝʡʩʘ ʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʣʘʪʬʦʨʤʫ ʜʣʷ 

ʨʝʢʣʘʤʳ ʠʣʠ ʤʦʥʝʪʠʟʘʮʠʠ ʜʘʥʥʳʭ. ʆʜʥʘʢʦ ʵʪʦ 

ʧʨʦʠʟʦʡʜʝʪ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʦʡ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

ʚ ʦʪʥʦʰʝʥʠʠ ʙʫʜʫʱʝʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ, ʢʦʛʜʘ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʪʨʝʙʫʶʪ ʦʪ ʠʛʨʦʢʦʚ 

ʧʨʝʜʚʠʜʝʪʴ ʠʟʤʝʥʝʥʠʷ ʠ ʦʩʪʘʚʘʪʴʩʷ ʛʠʙʢʠʤʠ. 

ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ, ʯʪʦ ʨʳʥʦʢ ʩʫʭʠʭ ʧʘʡʢʦʚ 

ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʙʫʜʝʪ ʨʘʩʪʠ ʚ ʩʨʝʜʥʝʤ ʥʘ 

5,03% ʚ ʪʝʯʝʥʠʝ ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ ʧʝʨʠʦʜʘ 2023ï

2025 ʛʦʜʦʚ. 

¶ ʉʫʭʠʝ ʧʘʡʢʠ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ 
ʦʩʥʦʚʥʦʤ ʥʨʘʚʷʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤ ʠʟ ʨʘʟʥʳʭ 

ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʦʩʦʙʝʥʥʦ 

ʤʠʣʣʝʥʠʘʣʘʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʥʘʮʠʦʥʘʣʴʥʳʝ ʘʨʦʤʘʪʳ, ʯʪʦʙʳ 

ʨʘʩʰʠʨʠʪʴ ʩʚʦʡ ʙʠʟʥʝʩ ʚ ʟʘʨʫʙʝʞʥʳʭ ʩʪʨʘʥʘʭ ʠ 
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ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʩʧʨʦʩ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩ ʨʘʟʥʳʤʠ 

ʚʢʫʩʦʚʳʤʠ ʧʘʣʠʪʨʘʤʠ. 

¶ ʅʝʢʦʪʦʨʳʝ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʨʳʥʢʦʚ ʩʫʭʠʭ 
ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚ ʤʠʨʝ ʚʢʣʶʯʘʶʪ 

ʉʐɸ, ʂʘʥʘʜʫ, ʄʝʢʩʠʢʫ, ʈʦʩʩʠʶ ʠ ʂʠʪʘʡ, ʧʨʠʯʝʤ 

ʉʐɸ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳʭ 

ʨʳʥʢʦʚ. 

ʈʳʥʦʢ ʩʫʭʠʭ ʧʘʡʢʦʚ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʝʛʤʝʥʪʠʨʦʚʘʥ ʧʦ ʚʢʫʩʫ, ʢʘʥʘʣʫ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʛʝʦʛʨʘʬʠʠ. ʇʦ ʢʘʥʘʣʘʤ ʩʙʳʪʘ 

ʠʩʩʣʝʜʫʝʤʳʡ ʨʳʥʦʢ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʛʠʧʝʨʤʘʨʢʝʪʳ/ʩʫʧʝʨʤʘʨʢʝʪʳ, ʤʘʛʘʟʠʥʳ ʰʘʛʦʚʦʡ 

ʜʦʩʪʫʧʥʦʩʪʠ, ʦʥʣʘʡʥ-ʢʘʥʘʣʳ ʠ ʜʨʫʛʠʝ ʢʘʥʘʣʳ 

ʩʙʳʪʘ.  

ʇʦʪʨʝʙʠʪʝʣʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʚ ʧʨʦʜʫʢʪʘʭ ʙʳʩʪʨʦʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʩʝ ʝʱʝ ʦʩʪʘʶʪʩʷ 

ʥʝʫʜʦʚʣʝʪʚʦʨʝʥʥʳʤʠ (ʥʘʧʨʠʤʝʨ, ʜʦʩʪʘʚʢʘ ʝʜʳ, 

ʚʳʙʦʨ ʧʨʦʜʫʢʪʦʚ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʘʛʘʟʠʥʘʭ, 

ʤʝʩʪʥʳʝ ʧʨʦʜʫʢʪʦʚʳʝ ʤʘʛʘʟʠʥʳ ʠ ʫʩʣʫʛʠ 

ʩʘʤʦʚʳʚʦʟʘ). ɽʩʣʠ ʧʦʩʪʘʚʱʠʢʘʤ ʫʩʣʫʛ ʫʜʘʩʪʩʷ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʵʪʠ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ 

ʫʜʦʙʩʪʚʝ, ʦʥʠ ʤʦʛʣʠ ʙʳ ʝʱʝ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʪʴ 

ʩʚʦʶ ʜʦʣʶ ʥʘ ʨʳʥʢʝ ʠ ʧʨʠʚʣʝʯʴ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʋʯʠʪʳʚʘʷ ʧʦʩʣʫʞʥʦʡ ʩʧʠʩʦʢ ʨʦʩʪʘ ʠ ʧʨʠʚʣʝʯʝʥʠʷ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʤʛʥʦʚʝʥʥʳʤʠ ʠʛʨʦʢʘʤʠ, ʩʢʦʨʝʝ 

ʚʩʝʛʦ, ʚ ʙʫʜʫʱʝʤ ʧʦʷʚʠʪʩʷ ʙʦʣʴʰʝ ʠʥʥʦʚʘʮʠʡ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɹʠʟʥʝʩ ʚ ʣʦʛʠʩʪʠʢʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʤʝʨʯʝʩʢʫʶ ʢʫʣʴʪʫʨʫ ʦʨʛʘʥʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʩʬʝʨʝ ʪʦʚʘʨʥʦʛʦ ʦʙʨʘʱʝʥʠʷ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʯʘʣʦ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ 1960ïʭ ʛʦʜʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʧʦʩʣʫʞʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʩʣʦʞʥʦʩʪʠ ʩʥʘʙʞʝʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʡ ʤʘʪʝʨʠʘʣʘʤʠ. ɹʠʟʥʝʩ ï ʣʦʛʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʤʦʡ ʠ ʢʦʤʧʣʝʢʩʥʦʡ ʩʬʝʨʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ ʩʫʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʣʦʛʠʩʪʠʢʘ, ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʙʠʟʥʝʩ, ʩʪʨʘʪʝʛʠʷ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, 

ʨʝʩʫʨʩʳ, ʨʘʙʦʪʘ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʦʨʛʦʚʣʷ, ʧʣʘʥʠʨʦʚʘʥʠʝ. 

 

ABSTRACT 

 

Business in logistics is a commercial culture of organizing the management of economic flows in the field of 

commodity circulation. This line of commercial activity began to take shape in the 1960s. The main reason for this was 

the increase in the complexity of supplying organizations with materials. Business logistics is a significant and complex 

sphere of activity of the enterprise and constitutes the essence of its functioning.  

Keywords: logistics, logistics processes, business, strategy, management decisions, resources, organization 

work, trade, planning. 

 

ʂʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʪʨʝʤʠʪʩʷ ʢ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʨʝʩʫʨʩʦʚ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʩʚʦʝʡ ʧʨʠʙʳʣʠ. ʏʪʦʙʳ 

ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 

ʢʦʪʦʨʳʝ ʚ ʙʫʜʫʱʝʤ ʧʦʚʳʩʷʪ ʨʘʟʚʠʪʠʝ ʦʨʛʘʥʠʟʘʮʠʠ 

ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴʩʷ ʢ 

ʦʙʣʘʩʪʠ ʥʘʫʯʥʳʭ ʟʥʘʥʠʡ ï ʣʦʛʠʩʪʠʢʠ.  

 ʃʦʛʠʩʪʠʢʘ ï ʵʪʦ ʦʩʥʦʚʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ, ʪ.ʝ. ʵʪʦ ʢʦʥʪʨʦʣʴ ʟʘ ʧʝʨʝʜʚʠʞʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ (ʤʘʪʝʨʠʘʣʴʥʳʭ, 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʣʶʜʩʢʠʭ ʠ ʪ.ʜ.). [1] ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʫʜʫʱʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʮʝʣʝʡ ʠ ʩʪʨʘʪʝʛʠʡ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʥʮʠʧʘʤʠ ʪʘʢʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʷʚʣʷʶʪʩʷ:  

¶ ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ; 

¶ ʆʧʪʠʤʠʟʘʮʠʷ ʨʝʩʫʨʩʥʳʭ ʧʦʪʦʢʦʚ; 

¶ ʀʥʪʝʛʨʘʮʠʷ ʧʦʪʦʢʦʚ; 

¶ ʋʩʪʨʘʥʝʥʠʝ ʢʦʥʬʣʠʢʪʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ, ʤʝʞʜʫ 
ʧʦʩʪʘʚʱʠʢʦʤ ʠ ʧʨʝʜʧʨʠʷʪʠʝʤ. 

ʅʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʩʫʱʝʩʪʚʫʶʪ 

ʧʣʘʥʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʜʝʣʳ, ʢʦʪʦʨʳʝ 

ʟʘʥʠʤʘʶʪʩʷ ʜʚʠʞʝʥʠʝʤ ʦʩʥʦʚʥʳʭ ʧʦʪʦʢʦʚ ʚ 

ʣʦʛʠʩʪʠʢʠ. 

ɺ ʨʘʤʢʘʭ ʪʦʛʦ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʣʦʛʠʩʪʠʢʠ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʫʢʦʚʦʜʠʪʝʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʥʦʚʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʪʜʝʣʦʚ ʩʦʟʜʘʶʪ ʧʦʪʦʢʠ 

ʨʝʩʫʨʩʦʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʩʨʝʜʝ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ ʜʦʣʞʝʥ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʣʠʷʥʠʷ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʊʘʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ  ʵʣʝʤʝʥʪʳ ʥʘ 

ʩʭʝʤʝ (ʨʠʩ.1). 
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ʈʠʩ.1. ʂʦʤʧʦʥʝʥʪ rʚʣʠʷʥʠʷ ʥʘ ʣʦʛʠʩʪʠʯʝʩʢʫʶ ʢʦʥʮʝʧʮʠʶ ʧʨʝʜʧʨʠʷʪʠʷ 

 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 

ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʷ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. [2] 

ʄʦʜʝʣʴ ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʩʦʩʪʦʠʪ ʠʟ 

ʨʷʜʘ ʬʘʢʪʦʨʦʚ ʠ ʬʫʥʢʮʠʡ, ʧʝʨʝʯʠʩʣʠʤ ʥʝʢʦʪʦʨʳʝ 

ʠʟ ʥʠʭ: 

1. ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ (ʧʨʦʮʝʩʩʠʦʥʥʘʷ, 

ʣʦʛʠʩʪʠʯʝʩʢʘʷ) ʬʫʥʢʮʠʷ (ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ). 

2. ʌʫʥʢʮʠʷ ʚʝʜʝʥʠʷ ʬʠʥʘʥʩʦʚʦʛʦ ʫʯʝʪʘ. 

3. ʌʫʥʢʮʠʷ ʫʧʨʘʚʣʝʥʠʷ ʢʘʜʨʘʤʠ. 

4. ʌʫʥʢʮʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. 

5. ʌʫʥʢʮʠʷ ʤʘʨʢʝʪʠʥʛʘ. 

ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʦʙʤʝʥʥʳʤ ʦʧʝʨʘʮʠʷʤ ʤʝʞʜʫ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʤ-ʣʦʛʠʩʪʦʤ ʠ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʩʨʝʜʳ, ʦʪʥʦʩʠʪʩʷ ʢ 

ʬʫʥʢʮʠʷʤ ʙʠʟʥʝʩʘ. ɺ ʨʘʤʢʘʭ ʙʠʟʥʝʩʘ ʢʘʞʜʘʷ ʠʟ 

ʬʫʥʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʣʶʙʦʡ ʜʨʫʛʦʡ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʣʦʛʠʩʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ, ʦʮʝʥʠʪʴ ʨʘʙʦʪʳ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩʘ ʧʦʤʦʛʘʶʪ ʧʨʠʚʝʜʝʥʥʳʝ ʚ 

ʨʘʟʣʠʯʥʳʭ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʙʠʟʥʝʩʘ: 

Á ʂʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʙʳʣʠ. 
ʈʘʩʰʠʨʝʥʠʝ ʦʙʲʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʣʠ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʪʝʨʠʘʣʦʧʦʪʦʢʘ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʧʨʝʜʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ 

ʧʨʦʜʫʢʮʠʠ ʦʩʪʘʶʪʩʷ ʨʘʚʥʳ ʧʨʝʜʝʣʴʥʳʤ ʜʦʭʦʜʘʤ, 

ʧʦʣʫʯʝʥʥʳʤ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ. 

Á ʋʧʨʘʚʣʝʥʯʝʩʢʘʷ ʪʝʦʨʠʷ.  

- ʤʘʢʩʠʤʠʟʘʮʠʷ ʜʦʭʦʜʦʚ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʜʫʢʮʠʠ; 

ï ʤʦʜʝʣʴ ɹʘʫʤʦʣʷ, ʢʦʪʦʨʘʷ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʩʢʦʨʝʝ 

ʥʘ ʜʦʭʦʜ ʨʝʘʣʠʟʘʮʠʠ, ʯʝʤ ʥʘ ʧʨʠʙʳʣʴ; 

- ʤʘʢʩʠʤʠʟʘʮʠʷ ʨʦʩʪʘ, ʤʦʜʝʣʴ ʄʵʨʨʠʩʘ. ʇʦ ʝʛʦ 

ʫʪʚʝʨʞʜʝʥʠʶ, ʤʝʥʝʜʞʝʨʳ ʧʦʣʫʯʘʶʪ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʨʦʩʪʘ 

ʢʦʤʧʘʥʠʠ, ʘ ʥʝ ʧʨʠʙʳʣʠ, ʠ ʧʦʪʦʤ ʠʱʫʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʘ ʢʦʤʧʘʥʠʠ; 

- ʤʘʢʩʠʤʠʟʘʮʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʧʦʣʝʟʥʦʩʪʠ 

ʋʠʣʴʷʤʩʘ. ʆʥ ʦʪʤʝʪʠʣ, ʯʪʦ ʫʜʦʚʣʝʪʚʦʨʝʥʥʦʩʪʴ 

ʤʝʥʝʜʞʝʨʘ ʤʦʞʝʪ ʚʳʨʘʞʘʪʴʩʷ ʝʛʦ ʧʦʣʥʦʤʦʯʠʷʤʠ, 

ʩʪʘʪʫʩʦʤ ʠ ʚʣʠʷʥʠʝʤ ʢʦʤʧʘʥʠʠ.  

Á ɹʠʭʝʚʠʦʨʠʟʪʩʢʘʷ ʪʝʦʨʠʷ. ʅʘʧʨʘʚʣʝʥʠʝ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʫʩʧʝʭʘ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʥʝ ʦʪ 

ʢʘʢʦʛʦ-ʪʦ ʧʦʢʘʟʘʪʝʣʷ, ʘ ʦʪ ʧʦʥʠʤʘʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʩʦʮʠʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

Á ʄʦʜʝʣʴ çʩʪʨʫʢʪʫʨʘ ʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʡ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝè. ʄʝʥʝʜʞʝʨ ʬʠʨʤʳ ʤʦʞʝʪ 

ʜʦʧʫʩʢʘʪʴ ʨʘʟʫʤʥʳʝ ʢʦʤʧʨʦʤʠʩʩʳ ʠ ʧʦʩʪʫʧʘʪʴʩʷ 

ʦʜʥʠʤʠ ʮʝʣʷʤʠ ʠ ʟʘʜʘʯʘʤʠ ʚ ʠʥʪʝʨʝʩʘʭ ʜʦʩʪʠʞʝʥʠʷ 

ʜʨʫʛʠʭ. 

ʀʟʥʘʯʘʣʴʥʦ ʩʣʝʜʫʷ ʵʪʠʤ ʪʝʦʨʠʷʤ, ʫʩʧʝʭ 

ʚʦʟʤʦʞʝʥ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʝ. 

ʅʝ ʤʘʣʦ ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ:  

- ʬʠʟʠʯʝʩʢʫ ʁ ʠʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʩʨʝʜʫ. ʕʪʦ 

ʫʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʙʠʟʥʝʩ: ʜʦʩʪʫʧʥʦʩʪʴ 

ʩʳʨʴʷ ʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʥʘʣʠʯʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ 

ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ, ʨʝʯʥʦʛʦ, 

ʤʦʨʩʢʦʛʦ ʠ ʚʦʟʜʫʰʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ;  

-ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʫ ʁʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʫ ʁ

ʩʨʝʜʫ. ʅʘʣʠʯʠʝ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ ʠʥʩʪʠʪʫʪʦʚ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʣʦʛʠʩʪʠʯʝʩʢʠʡ ʙʠʟʥʝʩ ʤʦʞʝʪ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʝʣʦʚʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʠ ʚʝʩʪʠ 

ʢʦʤʤʝʨʯʝʩʢʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ;  

- ʦʪʨʘʩʣʝʚʦʡ ʘʥʘʣʠʟ ʣʦʛʠʩʪʠʢʠ ʧʦ ʧʷʪʠ ʨʳʥʦʯʥʳʤ 

ʬʘʢʪʦʨʘʤ: ʚʣʠʷʥʠʝ ʧʦʩʪʘʚʱʠʢʦʚ, ʚʣʠʷʥʠʝ 

ʧʦʢʫʧʘʪʝʣʝʡ, ʩʦʧʝʨʥʠʯʝʩʪʚʦ ʢʦʥʢʫʨʝʥʪʦʚ, 

ʧʨʝʧʷʪʩʪʚʠʝ ʜʣʷ ʜʦʩʪʫʧʘ ʥʘ ʨʳʥʦʢ ʜʨʫʛʠʭ 

ʢʦʤʧʘʥʠʡ ʠ ʫʛʨʦʟʘ ʧʦʷʚʣʝʥʠʷ ʟʘʤʝʥʠʪʝʣʝʡ ʚʘʰʝʛʦ 

ʧʨʦʜʫʢʪʘ ʠʣʠ ʫʩʣʫʛʠ (ʄ. ʇʦʨʪʝʨ).  

ʃʦʛʠʩʪʠʢʘ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʢʘʪʝʛʦʨʠʠ 

ʟʘʪʨʘʪ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ 

ʧʦʤʦʛʘʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʬʠʨʤʳ. ʊʘʢʠʤʠ ʢʘʪʝʛʦʨʠʷʤʠ ʟʘʪʨʘʪ 

ʷʚʣʷʶʪʩʷ: 

¶ ʨʘʩʭʦʜʳ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʧʦʪʦʢʠ; 

¶ ʟʘʛʦʪʦʚʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ; 

¶ ʨʘʩʭʦʜʳ, ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ 
ʭʨʘʥʝʥʠʷ ʪʝʢʫʱʠʭ ʟʘʧʘʩʦʚ ʬʠʨʤʳ. 
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ɸʥʘʣʠʟʠʨʫʷ ʵʪʠ ʧʨʠʥʮʠʧʳ, ʢʦʤʧʦʥʝʥʪʳ ʠ 

ʢʘʪʝʛʦʨʠʠ ʟʘʪʨʘʪ ʣʦʛʠʩʪʠʢʠ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʫ 

ʩʪʨʘʪʝʛʠʠ ʦʨʛʘʥʠʟʘʮʠʠ [3] (ʨʠʩ.2). 

 
ʈʠʩ.2. ʂʦʤʧʦʥʝʥʪʳ ʠ ʢʘʪʝʛʦʨʠʠ ʟʘʪʨʘʪ ʣʦʛʠʩʪʠʢʠ 

 

ʆʩʥʦʚʥʘʷ ʢʦʥʮʝʧʮʠʷ ʩʪʨʘʪʝʛʠʠ ʣʦʛʠʩʪʠʢʠ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʥʠʤʘʝʪ, 

ʢʘʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ ʞʜʫʪ ʚ ʙʫʜʫʱʝʤ, ʢʦʛʜʘ 

ʚʩʪʫʧʘʝʪ ʚ ʥʦʚʫʶ ʩʬʝʨʫ ʚʣʠʷʥʠʷ ʥʘ ʨʳʥʢʠ ʠʣʠ ʢʘʢ 

ʨʝʦʨʛʘʥʠʟʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʫʞʝ ʥʘ ʠʟʚʝʩʪʥʳʝ 

ʨʳʥʢʠ ʩʙʳʪʘ ʠ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʝ 

ʧʦʪʨʝʙʠʪʝʣʷ. [4]  

ʂʘʞʜʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʩʦʟʜʘʚʘʷ ʩʪʨʘʪʝʛʠʶ 

ʩʪʨʝʤʠʪʴʩʷ ʫʩʠʣʠʪʴ: 

- ʈʦʣʴ ʤʘʨʢʝʪʠʥʛʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ; 

- ʂʦʥʢʫʨʝʥʪʥʫʶ ʦʩʥʦʚʫ ʪʦʚʘʨʘ; 

- ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʪʨʘʪʝʛʠʷ ʣʦʛʠʩʪʠʢʠ ʩʦʩʪʦʠʪ ʠʟ ʨʷʜʘ ʮʝʣʝʡ, 

ʩʠʩʪʝʤ, ʵʣʝʤʝʥʪʦʚ ʠ ʮʝʧʦʯʝʢ, ʢʦʪʦʨʳʝ ʠʩʭʦʜʷʪ ʠʟ 

ʣʦʛʠʩʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʧʦʜ ʥʝʢʦʪʦʨʳʝ ʨʘʟʜʝʣʳ:  

ü ʦʙʱʝʝ ʨʝʟʶʤʝ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʘ ʩʫʪʴ 

ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʩʪʨʘʪʝʛʠʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʝʝ 

ʩʚʷʟʴ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʷʤʠ ʦʨʛʘʥʠʟʘʮʠʠ; 

ü ʮʝʣʴ ʣʦʛʠʩʪʠʢʠ ʠ ʩʧʦʩʦʙʳ ʝʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʧʦʢʘʟʘʪʝʣʠ ʜʝʷʪʝʣʴʥʦʩʪʠ; 

ü ʦʧʠʩʘʥʠʝ ʩʧʦʩʦʙʘ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ 

ʣʦʛʠʩʪʠʢʘ ʚ ʮʝʣʦʤ ʤʦʞʝʪ ʜʦʙʠʪʴʩʷ ʧʦʩʪʘʚʣʝʥʥʳʭ 

ʮʝʣʝʡ ʠ ʠʟʤʝʥʝʥʠʡ; 

ü ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʦʪʜʝʣʴʥʳʝ ʬʫʥʢʮʠʠ 

ʣʦʛʠʩʪʠʢʠ ʙʫʜʫʪ ʚʥʦʩʠʪʴ ʩʚʦʡ ʚʢʣʘʜ ʚ ʚʳʧʦʣʥʝʥʠʝ 

ʧʣʘʥʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʪʠʤ ʠʟʤʝʥʝʥʠʷ; 

ü ʧʣʘʥʳ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʨʝʩʫʨʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ 
ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ; 

ü ʧʣʘʥʳ ʧʦ ʟʘʪʨʘʪʘʤ ʠ ʚʳʙʨʘʥʥʳʝ ʬʠʥʘʥʩʦʚʳʝ 
ʧʦʢʘʟʘʪʝʣʠ; 

ü ʦʧʠʩʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʩʪʨʘʪʝʛʠʷ ʧʦʚʣʠʷʝʪ ʥʘ ʙʠʟʥʝʩ 
ʚ ʮʝʣʦʤ. 

 

 
ʈʠʩ. 3. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʚʳʧʦʣʥʝʥʠʷ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʠ ʦʧʝʨʘʪʠʚʥʦʛʦ - ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʣʘʥʦʚè 
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ʃʶʙʳʝ ʩʪʨʘʪʝʛʠʠ ʩʪʘʥʦʚʷʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ ʨʝʘʣʠʟʦʚʘʥʳ. ʂʘʢ 

ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʪʦ ʝʜʠʥʦʛʦ, ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʝʛʠʠ ʣʦʛʠʩʪʠʢʠ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ.  ɼʣʷ ʫʩʧʝʰʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ 

ʨʝʰʝʥʠʷ. ɿʘʜʘʚʘʪʴ ʮʝʣʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʧʦʣʥʠʪʴ, ʧʦʢʘʟʘʪʴ, ʢʘʢ ʥʘʜʦ ʜʦʙʠʚʘʪʴʩʷ 

ʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʣʝʣʝʡ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʃʦʛʠʩʪʠʢʘ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ ʙʳʩʪʨʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʟʘʢʘʟʦʚ. ʅʦ 

ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʣʦʛʠʩʪʠʢʘ ʠʤʝʝʪ ʥʝʜʦʩʪʘʪʢʠ. 

ʆʩʥʦʚʥʳʤ ʤʠʥʫʩʦʤ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʵʪʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʪ. ʊʦ ʝʩʪʴ ʯʪʦʙʳ ʚ ʩʚʦʝʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʤʝʪʦʜʠʢʠ 

ʣʦʛʠʩʪʠʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ 

ʟʘʪʨʘʪ ʬʠʨʤʳ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʨʠʩʢ ʩʥʠʞʝʥʠʷ 

ʧʨʠʙʳʣʴʥʦʩʪʠ ʙʠʟʥʝʩʘ. ɼʨʫʛʠʤʠ ʤʠʥʫʩʘʤʠ 

ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʧʨʦʮʝʩʩ 

ʣʦʛʠʩʪʠʢʠ ʠ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʵʪʘʧʦʚ. ʂʘʞʜʳʡ ʵʪʘʧ 

ʠʣʠ ʧʨʦʮʝʩʩ ʣʦʛʠʩʪʠʢʠ ʪʨʝʙʫʝʪ ʜʦʣʞʥʦʛʦ 

ʚʥʠʤʘʥʠʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʦʙʜʫʤʳʚʘʪʴ ʢʘʞʜʦʝ 

ʜʝʡʩʪʚʠʝ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. ʆʰʠʙʢʘ 

ʩʦʚʝʨʰʸʥʥʘʷ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦ ʧʨʠʥʷʪʳʭ ʨʝʰʝʥʠʡ 

ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʜʠʩʙʘʣʘʥʩʫ ʨʘʙʦʪʳ ʚʩʝʡ 

ʦʨʛʘʥʠʟʘʮʠʠ.  

ɹʠʟʥʝʩ ʧʨʦʮʝʩʩʳ ʩʦʩʪʦʷʪ ʠʟ ʩʠʩʪʝʤʳ 

ʣʦʛʠʩʪʠʢʠ: 

V ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ ʪʦʚʘʨʦʚ; 

V ʇʨʦʜʫʢʮʠʷ, ʜʦʩʪʘʚʣʝʥʥʘʷ ʥʘ ʩʢʣʘʜ, 

ʧʦʣʫʯʝʥʥʘʷ ʦʪ ʧʦʩʪʘʚʱʠʢʘ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ; 

V ʉʢʣʘʜʩʢʦʡ ʫʯʝʪ. ʄʘʨʢʠʨʦʚʢʘ ʠ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʷ; 

V ʊʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʪʦʚʘʨʦʚ ʠ ʧʨʦʜʫʢʮʠʠ ʚ 
ʤʘʛʘʟʠʥʳ: 

V ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʪʦʚʘʨʥʳʭ 

ʧʦʪʦʢʦʚ. ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʠʭ ʜʚʠʞʝʥʠʝʤ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ 

ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʠ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʘʚʠʣʴʥʦʡ ʣʦʛʠʩʪʠʢʠ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ, ʪʦʨʛʦʚʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʩʠʩʪʝʤʳ ʨʘʙʦʪʘʶʪ ʵʬʬʝʢʪʠʚʥʦ. ʕʪʦ ʛʘʨʘʥʪʠʷ 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʧʦʜʚʦʟʘ ʩʳʨʴʷ ʥʘ ʟʘʚʦʜʳ ʠ 

ʬʘʙʨʠʢʠ, ʦʪʛʨʫʟʢʫ ʛʦʪʦʚʳʭ ʪʦʚʘʨʦʚ, ʠʭ 

ʩʢʣʘʜʠʨʦʚʘʥʠʝ, ʫʯʝʪ ʠ ʜʦʩʪʘʚʢʫ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʚʨʝʤʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʢʠ: 

 

 
 

ʂʘʞʜʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʯʝʣʦʚʝʢ ʫʯʠʪʳʚʘʝʪ ʪʦ 

ʬʘʢʪ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʛʨʘʤʦʪʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʪ ʧʨʝʦʜʦʣʝʪʴ ʢʨʠʟʠʩʥʳʝ ʩʠʪʫʘʮʠʠ ʚ 

ʙʠʟʥʝʩʝ. ʆʮʝʥʠʪʴ ʟʘʨʘʥʝʝ, ʵʪʦ ʥʝʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ 

ʩʣʝʜʫʝʪ ʚʥʠʢʘʪʴ ʜʦʩʢʦʥʘʣʴʥʦ ʚ ʪʦʥʢʦʩʪʠ ʚʦʧʨʦʩʘ ʠ 

ʦʪʥʝʩʪʠʩʴ ʤʘʢʩʠʤʫʤ ʩʝʨʴʝʟʥʦ.  

ʏʝʤ ʤʝʥʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʪʴ ʣʦʛʠʩʪʠʢʝ, 

ʪʝʤ ʙʦʣʝʝ ʧʨʠʜʝʪʩʷ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʧʦʪʝʨʷʤʠ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʚ ʧʝʨʠʦʜ ʢʨʠʟʠʩʘ. ʇʨʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʣʦʛʠʩʪʠʢʠ, ʥʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ 

ʙʦʨʴʙʘ ʟʘ ʢʘʞʜʦʛʦ ʢʣʠʝʥʪʘ.   

ʃʦʛʠʩʪʠʢʘ ï ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɿʜʝʩʴ 

ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦ ʜʠʥʘʤʠʯʥʦʤ ʨʘʟʚʠʪʠʠ ʚʧʝʨʝʜ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʦʜʥʦʟʥʘʯʥʦ ʩʪʘʥʝʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʟʘ ʯʪʦ ʝʡ ʥʫʞʥʦ ʙʫʜʝʪ ʧʣʘʪʠʪʴ, ʘ ʛʜʝ 

ʚ ʵʪʦʤ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʦʙʣʝʤʘ ʩ ʢʚʘʣʠʬʠʢʘʮʠʝʡ 

ʧʝʨʩʦʥʘʣʘ, ʪ.ʝ. ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʚʨʝʤʷ ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʥʘʡʪʠ ʛʨʘʤʦʪʥʦʛʦ ʩʧʝʮʠʘʣʠʩʪʘ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. 

ʇʦʵʪʦʤʫ ʵʪʦ ʤʦʞʝʪ ʩʪʘʪʴ ʝʱʝ ʦʜʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʣʷ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɺʝʜʴ ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ 

ʣʦʛʠʩʪʠʢʘ ï ʵʪʦ ʪʷʞʸʣʳʡ ʠ ʦʯʝʥʴ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ. 
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ʃʦʛʠʩʪʠʢʘ, ʥʝʦʙʭʦʜʠʤʘʷ ʯʘʩʪʴ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʝʤ. ʆʜʥʘʢʦ ʯʪʦʙʳ 

ʧʨʘʚʠʣʴʥʦ ʠ ʯʸʪʢʦ ʩʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʵʪʘʧʳ 

ʣʦʛʠʩʪʠʢʠ ʧʨʝʜʧʨʠʷʪʠʶ ʥʝʦʙʭʦʜʠʤʦ ʧʦʚʳʩʠʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʟʘʪʨʘʪʳ. ɸ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʤʥʦʛʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʥʝʰʥʝʡ ʩʨʝʜʳ 

ʬʠʨʤʳ. 
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ʋɼʂ: 336.6 

 

ʎʀʌʈʆɺʀɿɸʎʀʗ ʉʆʎʀɸʃʔʅʆ-

ʕʂʆʅʆʄʀʏɽʉʂʀʍ ʇʈʆʎɽʉʉʆɺ ʂɸʂ 

ʇʈɽɼʇʆʉʓʃʂɸ ʈɸɿɺʀʊʀʗ ʌʀʅɸʅʉʆɺʆ-

ʂʈɽɼʀʊʅʆɻʆ ʄɽʍɸʅʀɿʄɸ 

 

ɼʝʤʯʝʥʢʦ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʀʣʴʷʰʝʥʢʦ ɽʢʘʪʝʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʊʝʨʝʱʝʥʢʦ ʄʘʢʩʠʤ ɸʥʘʪʦʣʴʝʚʠʯ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
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ɸʅʅʆʊɸʎʀʗ  

 

ʊʝʥʜʝʥʮʠʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʠʟʙʝʞʥʦ ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʫʨʦʚʥʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʬʠʥʘʥʩʦʚ. ʅʝ ʦʩʪʘʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʳʡ ʤʝʭʘʥʠʟʤ. ʉʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʢʘʢ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ʚ ʦʪʜʝʣʴʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʚ 

ʵʢʦʥʦʤʠʢʝ ʚ ʮʝʣʦʤ. ʈʘʩʩʤʦʪʨʝʥʠʶ ʧʦʜʣʝʞʘʪ ʢʘʢ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʮʠʬʨʦʚʠʟʘʮʠʝʡ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʡ ʫʛʨʦʟʳ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʝ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝʩʣʦʚʘ: ʮʠʬʨʦʚʠʟʘʮʠʷ, ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʳʡ ʤʝʭʘʥʠʟʤ, ʨʝʛʠʦʥ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʩʫʙʲʝʢʪ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʫʛʨʦʟʳ. 

 

ABSTRACT  

 

Trends of digitalization of socio-economic processes inevitably cover all levels of financial organization. The 

financial and credit mechanism is no exception. The properties and features of digitalization as an object of 

management determine the features of its implementation in individual industries and in the economy as a whole. Both 

the opportunities associated with the digitalization of the financial and credit mechanism and the threats associated with 

it to the effective operation of business entities are subject to consideration. 

Keywords:digitalization, financial and credit mechanism, region, efficiency, business entity, advantages, threats. 

 

ɸʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝʨʘʟʚʠʪʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝ ʧʦʟʚʦʣʷʝʪ 

ʠʛʥʦʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʳʭ ʘʩʧʝʢʪʘʭ ʨʝʘʣʠʟʘʮʠʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʅʝ 

ʩʪʘʥʦʚʠʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ ʠ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʝ ʧʨʦʩʪʦ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʘ ʣʦʢʦʤʦʪʠʚʦʤ ʧʦʚʳʰʝʥʠʷ 

ʙʣʘʛʦʩʦʩʪʦʷʥʠʷ ʦʙʱʝʩʪʚʘ ʠ ʫʩʠʣʝʥʠʷ ʵʢʦʥʦʤʠʢʠ ʚ 

ʮʝʣʦʤ. ʋʩʠʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʚ 

ʬʠʥʘʥʩʦʚʦʡ ʩʨʝʜʝ ʩʪʘʥʦʚʠʪʩʷ ʨʝʘʢʮʠʝʡ ʥʘ ʦʙʱʠʝ 

ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʛʦʩʫʜʘʨʩʪʚʘ, ʩʦʭʨʘʥʝʥʠʝ ʠ 

ʨʝʘʣʠʟʘʮʠʷ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ 

ʵʢʦʥʦʤʠʢʠ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ 

ʧʨʝʠʤʫʱʝʩʪʚ, ʘʧʨʦʙʘʮʠʶ ʠ ʠʤʧʣʝʤʝʥʪʘʮʠʶ 

ʧʝʨʝʜʦʚʳʭ ʤʠʨʦʚʳʭ ʨʝʰʝʥʠʡ ʠ ʣʫʯʰʠʭ ʧʨʘʢʪʠʢ ʠʟ 

ʤʠʨʘ ʬʠʥʪʝʢ ʚ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʚʝʜʝʥʠʷ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʫʩʠʣʝʥʠʷ ʪʝʥʜʝʥʮʠʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʠ ʚ ʨʘʟʣʠʯʥʳʭ 

ʘʩʧʝʢʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʊ.ʉ. 

ʂʦʯʝʪʢʦʚʦʡ, ʅ.ɺ. ʂʫʟʥʝʮʦʚʘ, ʅ.ʃ. ʋʜʘʣʴʮʦʚʘ, ʃ.ʅ. 

ʋʩʪʠʥʦʚʦʡ ʠ ʜʨʫʛʠʭ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ 

ʨʠʩʢʦʚ ʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʧʨʘʢʪʠʢ ʬʠʥʪʝʭ ʚ 

ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

ʂʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʫʶ ʵʢʦʥʦʤʠʢʫ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʚʦʠʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʠʥʥʦʚʘʮʠʠ, ʜʦʢʘʟʘʚʰʠʝ ʩʚʦʶ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʘʤʦʜʦʩʪʘʪʦʯʥʫʶ ʩʠʩʪʝʤʫ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʨʠʨʦʚʘʪʴ ʠ 

ʚʥʝʜʨʷʪʴ ʧʦʜʦʙʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʤʦʜʝʣʠ ʠʣʠ 

ʨʝʰʝʥʠʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʨʠ ʫʩʠʣʝʥʠʠ ʪʝʥʜʝʥʮʠʡ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʥʝ ʦʩʪʘʝʪʩʷ ʚʥʝ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 

ʬʠʥʘʥʩʦʚʳʡ ʩʝʢʪʦʨ. ʕʬʬʝʢʪʠʚʥʳʝ ʧʨʘʢʪʠʢʠ 

ʬʠʥʪʝʢ ʚʦʰʣʠ ʚ ʬʦʢʫʩ ʚʥʠʤʘʥʠʷ ʮʝʥʪʨʘʣʴʥʳʭ 

ʦʨʛʘʥʦʚ ʚʨʘʩʪʠ. ʊʘʢ, ʨʝʛʫʣʷʪʦʨ ʬʠʥʘʥʩʦʚʦʛʦ 

ʩʝʢʪʦʨʘ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʦʙʦʟʥʘʯʠʣçʆʩʥʦʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡè, 

ʧʨʝʜʩʪʘʚʠʚ ʩʚʦʝ ʚʠʜʝʥʠʝ[1]. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
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ʫʩʠʣʝʥʠʝ ʨʦʣʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ 

ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʦʙʦʟʥʘʯʝʥʦ ʚ 

ʧʨʦʛʨʘʤʤʝ çʎʠʬʨʦʚʘʷ ʵʢʦʥʦʤʠʢʘ ʈʦʩʩʠʠè. 

ʌʠʥʘʥʩʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʬʘʢʪʠʯʝʩʢʠ ʩʪʘʥʦʚʷʪʩʷ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

ʧʨʦʜʫʢʪʦʤ, ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʶʪ ʠ ʧʨʝʜʣʘʛʘʶʪ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʇʨʠ ʵʪʦʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʝ ʠ 

ʚʦʰʝʜʰʠʝ ʚ ʤʘʩʩʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʜʫʢʪʳ 

ʬʠʥʪʝʭ ʩʪʘʣʠ ʧʨʠʚʳʯʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʢʦʪʦʨʘʷ 

ʦʣʠʮʝʪʚʦʨʷʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʜ ʚʝʱʝʡ. 

ʈʦʣʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʦʙʱʝʤ, ʠ ʚ ʨʘʟʚʠʪʠʠ 

ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʩʣʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ɹʣʘʛʦʜʘʨʷ ʨʝʰʝʥʠʷʤ ʬʠʥʪʝʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʦʩʪʠʛʘʝʪʩʷ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. 

1. ʆʧʝʨʘʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʬʦʨʤʘʪʦʚ ʮʠʬʨʦʚʠʟʘʮʠʷ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʩʪʫʧ ʢ ʬʠʥʘʥʩʦʚʳʤ ʧʨʦʜʫʢʪʘʤ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤ ʚ ʨʝʞʠʤʝ 24/7. ʉʬʦʨʤʠʨʦʚʘʪʴ 

ʥʘʣʦʛʦʚʫʶ ʜʝʢʣʘʨʘʮʠʶ, ʦʙʨʘʪʠʪʴʩʷ ʟʘ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʙʘʥʢʦʚʩʢʠʭ ʫʩʣʫʛ, 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʨʝʰʝʥʠʡ ʠʣʠ 

ʧʨʦʚʝʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʙʣʘʛʦʜʘʨʷ 

ʨʝʰʝʥʠʷʤ ʬʠʥʪʝʭ ʧʨʦʠʩʭʦʜʠʪ ʛʦʨʘʟʜʦ ʙʳʩʪʨʝʝ. 

2. ʋʜʦʙʩʪʚʦ ʠ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʩʭʦʜʫ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʪʝʥʮʠʘʣʴʥʳʤ 

ʢʣʠʝʥʪʘʤ ʤʘʢʩʠʤʫʤ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʨʠʥʷʪʠʷ 

ʨʝʰʝʥʠʡ. ʇʨʦʘʢʪʠʚʥʳʡ ʧʦʠʩʢ ʠ ʩʠʩʪʝʤʳ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʧʨʘʚʦʯʥʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʠ ʫʜʦʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʦʚ 

ʧʦʟʚʦʣʷʝʪ ʩ ʢʦʤʬʦʨʪʦʤ ʠʟʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ 

ʚʳʙʦʨ, ʧʦʣʫʯʠʪʴ ʩʧʨʘʚʦʯʥʳʝ ʩʚʝʜʝʥʠʷ, ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʧʦʧʨʦʙʦʚʘʪʴ ʨʷʜ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ: ʢʨʝʜʠʪʥʳʡ, 

ʩʪʨʘʭʦʚʦʡ ʢʘʣʴʢʫʣʷʪʦʨ, ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ, ʧʨʦʛʥʦʟʥʳʝ ʜʘʥʥʳʝ ʠ 

ʧʨʦʯʝʝ. 

3.  ɺʦʚʣʝʯʝʥʥʦʩʪʴ. ɼʘʥʥʦʝ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʮʠʬʨʦʚʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ çʜʣʷ ʢʦʛʦè ʨʝʘʣʠʟʫʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ 

ʬʦʨʤʘʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʝʩʣʝʜʫʷ ʟʘʜʘʯʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʞʠʜʘʥʠʷʤ, 

ʘʢʪʫʘʣʴʥʳʤ ʟʘʧʨʦʩʘʤ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤ ʦʙʱʝʩʪʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʪʝʩʥʘʷ ʠʥʪʝʛʨʘʮʠʷ 

ʧʨʦʜʫʢʪʦʚ ʨʳʥʢʘ ʬʠʥʘʥʩʦʚʳʭ ʫʩʣʫʛ ʠ ʧʨʦʯʠʭ 

ʵʣʝʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩʦ 

ʚʩʝʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ: ʛʦʩʫʜʘʨʩʪʚʘ, ʦʨʛʘʥʘʤʠ ʧʫʙʣʠʯʥʦʡ 

ʚʣʘʩʪʠ, ʶʨʠʜʠʯʝʩʢʠʤʠ ʣʠʮʘʤʠ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ, ʦʙʱʝʩʪʚʦʤ ʚ ʮʝʣʦʤ. 

4. ʕʢʦʥʦʤʠʯʥʦʩʪʴ. ʇʦʤʠʤʦ ʵʢʦʥʦʤʠʠ 

ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʝʥʠʝ ʮʠʬʨʦʚʳʭ ʨʝʰʝʥʠʡ 

ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʩʦʢʨʘʱʝʥʠʝ ʪʨʘʥʩʘʢʮʠʦʥʥʳʭ 

ʨʘʩʭʦʜʦʚ ʠ ʢʦʤʠʩʩʠʦʥʥʳʭ ʚʦʟʥʘʛʨʘʞʜʝʥʠʡ 

ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ. ʂ ʧʨʠʤʝʨʫ, ʮʠʬʨʦʚʳʝ ʧʝʨʝʚʦʜʳ 

ʧʨʝʜʧʦʣʘʛʘʶʪ ʵʢʦʥʦʤʠʶ ʫʯʘʩʪʥʠʢʦʚ ʙʘʥʢʦʚʩʢʦʡ 

ʩʠʩʪʝʤʳ ʥʘ ʘʨʝʥʜʥʦʡ ʧʣʘʪʝ, ʦʙʩʣʫʞʠʚʘʥʠʠ 

ʪʝʨʤʠʥʘʣʴʥʦʡ ʩʝʪʠ, ʦʙʝʩʧʝʯʝʥʠʠ ʨʘʙʦʪʳ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʪʜʝʣʝʥʠʡ.  

5. ɹʝʟʦʧʘʩʥʦʩʪʴ. ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʧʦʩʦʙʥʳ ʧʨʦʷʚʠʪʴʩʷ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʨʠ ʜʦʣʞʥʦʤ ʧʦʜʭʦʜʝ ʢ 

ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʦʚʝʨʰʝʥʠʷ ʦʧʝʨʘʮʠʡ ʚ 

ʮʠʬʨʦʚʦʡ ʩʨʝʜʝ. ʕʪʦ ʢʘʩʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʩʦʭʨʘʥʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ, ʥʦ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʢʦʨʧʦʨʘʪʠʚʥʳʭ ʠ 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʋʢʘʟʘʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦʟʚʦʣʷʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʚʥʝʜʨʠʪʴ ʮʠʬʨʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʙʦʪʫ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʙʝʩʧʝʯʠʪ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʵʢʦʥʦʤʠʢʠ ʠ ʧʦʩʣʝʜʫʶʱʝʝ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ. 

ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʦʧʳʪ ʂʠʪʘʷ[5], ʵʢʦʥʦʤʠʢʘ ʢʦʪʦʨʦʛʦ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʦʨʷʜʢʘ 22% 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʢ 2025 ʛʦʜʫ (ʪ.ʝ. ʙʦʣʝʝ 1/5) 

ʙʫʜʝʪ ʦʙʫʩʣʦʚʣʝʥʦ ʚʥʝʜʨʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʦʥʠʟʳʚʘʶʱʠʭ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ. ʋʞʝ ʩʝʡʯʘʩ ʤʦʞʥʦʛʦʚʦʨʠʪʴ ʦʙ 

ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʨʝʩʘ ʢʘʢ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʝʢʪʦʨʘ, 

ʪʘʢ ʠ ʯʘʩʪʥʳʭ ʠʥʚʝʩʪʦʨʦʚ ʢ ʚʥʫʪʨʝʥʥʝʤʫ 

ʬʦʥʜʦʚʦʤʫ ʨʳʥʢʫ ʙʣʘʛʦʜʘʨʷ ʧʦʷʚʣʝʥʠʶ ʫʜʦʙʥʳʭ ʠ 

ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ ʮʠʬʨʦʚʳʭ ʧʣʘʪʬʦʨʤ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʩʦʥʘʣʴʥʳʭ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʩʪʨʘʪʝʛʠʡ. ʂ ʧʨʠʤʝʨʫ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʣʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ɺɺʇ ʈʦʩʩʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝʤʥʦʛʠʤ ʙʦʣʝʝ 3-ʭ% 

[5].  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʦʩʦʟʥʘʥʘ ʦʨʛʘʥʘʤʠ 

ʮʝʥʪʨʘʣʴʥʦʡ ʚʣʘʩʪʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʝʘʣʠʟʘʮʠʷ 

ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠʤʧʣʝʤʝʥʪʘʮʠʠ 

ʨʝʰʝʥʠʡ ʬʠʥʪʝʭ ʚ ʢʦʥʪʝʢʩʪʝ ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝʚʦʟʤʦʞʥʳ ʙʝʟ ʨʝʰʝʥʠʷ 

ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʠ ʛʣʦʙʘʣʴʥʳʭ ʟʘʜʘʯ.  

ʊʘʢ, ʫʩʠʣʝʥʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʧʦʩʦʙʥʦ 

ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʥʢʨʝʪʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʦʜʥʠʭ ʩʦʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʠ ʫʯʘʩʪʥʠʢʦʚ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʛʨʘʞʜʘʷ ʜʦʩʪʫʧ ʠ ʜʘʞʝ ʦʪʪʘʣʢʠʚʘʷ 

ʦʪ ʧʨʠʚʳʯʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʩʝʨʚʠʩʦʚ ʜʨʫʛʠʝ 

ʛʨʫʧʧʳ. ʈʝʯʴ ʠʜʝʪ ʦ ʥʘʠʤʝʥʝʝ ʘʜʘʧʪʠʨʦʚʘʥʥʳʭ 

ʫʯʘʩʪʥʠʢʘʭ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ: 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʙʠʟʥʝʩ-ʩʪʨʫʢʪʫʨ ʩʝʣʴʩʢʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʣʠʮʘ ʧʨʝʢʣʦʥʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʦʮʠʘʣʴʥʦ-

ʥʝʟʘʱʠʱʝʥʥʳʝ ʩʣʦʠ ʥʘʩʝʣʝʥʠʷ.  

ɸʢʪʫʘʣʴʥʳʝ ʪʝʥʜʝʥʮʠʠ ʥʝ ʜʦʣʞʥʳ ʦʢʘʟʳʚʘʪʴ 

çʰʦʢʦʚʳʡè ʵʬʬʝʢʪ ʠ ʨʝʟʢʦ ʟʘʤʝʱʘʪʴ ʧʨʠʚʳʯʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʬʦʨʤʘʪʳ ʨʘʙʦʪʳ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʈʝʰʝʥʠʝʤ ʪʘʢʦʡ 

ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʬʠʥʘʥʩʦʚʘʷ ʠʥʢʣʶʟʠʷ ï

ʧʨʠʣʘʛʘʝʤʳʝ ʫʩʠʣʠʷ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʫʯʘʩʪʥʠʢʦʚ ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʙʦʪʫ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʢʘʩʘʪʝʣʴʥʦ ʩʨʝʜʩʪʚ 

ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʩʚʷʟʠ ʠ ʧʦʢʨʳʪʠʷ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ. ʅʝʤʘʣʦʚʘʞʥʳʡ ʤʦʤʝʥʪ ï ʧʨʦʚʝʜʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʢʘʤʧʘʥʠʠ 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʩʪʫʧʘ ʢ ʮʠʬʨʦʚʳʤ ʧʣʦʱʘʜʢʘʤ, 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʫʜʘʣʝʥʥʦʛʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʫʩʣʫʛ, ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʥʣʘʡʥ-

ʢʘʙʠʥʝʪʦʚ ʠ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʫʯʘʩʪʥʠʢʦʚ 

ʙʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʳ, ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʢʦʤʧʘʥʠʡ ʠ 

ʧʘʨʘʙʘʥʢʦʚʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʨʦʯʠʭ ʧʣʘʪʬʦʨʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʨʦʬʠʣʴʥʳʤʠ ʚʝʜʦʤʩʪʚʘʤʠ. 

ʉʜʝʨʞʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʮʠʬʨʦʚʠʟʘʮʠʠ 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʨʘʟʚʠʪʠʷ ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʦʩʪʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʝʩʪʠ ʚʳʩʦʢʠʝ 

ʧʨʝʚʝʥʪʠʚʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʜʝʡʩʪʚʠʷ 

ʨʝʰʝʥʠʡ ʬʠʥʪʝʢ. ʂ ʧʨʠʤʝʨʫ, ʟʘʪʨʘʪʳ ʥʘ ʨʘʟʚʠʪʠʝ 

ʮʠʬʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʚʳʨʦʩʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʧʦʣʪʦʨʘ ʨʘʟʘ ʩ 2017 ʛ. ʜʦ 4848 ʤʣʨʜ. ʨʫʙ. ʚ 2021 ʛ. 

ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʩʪʨʫʢʪʫʨʝ ʟʘʪʨʘʪ 

ʟʘʥʠʤʘʝʪ ʧʨʠʦʙʨʝʪʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʫʶ ʯʘʩʪʴ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʱʠʭ ʟʘʪʨʘʪ 

ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʦʧʣʘʪʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʩʨʝʜʩʪʚ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʠ ʩʦʭʨʘʥʝʥʠʝ 

ʢʘʜʨʦʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʟʘʢʫʧʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ [6]. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʝʛʦ ʧʨʝʜʠʢʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʝʨʤʘʥʝʥʪʥʳʭ ʟʘʜʘʯ ʠ ʮʝʣʝʡ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʩʠʩʪʝʤʥʦʤ ʧʦʜʭʦʜʝ ʚ ʩʚʷʟʢʝ çʵʢʦʥʦʤʠʯʝʩʢʠʡ ʙʘʟʠʩ 

ï ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ ï ʢʘʜʨʦʚʳʡ ʧʦʪʝʥʮʠʘʣ ï 

ʘʢʪʠʚʠʟʘʮʠʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ï 

ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪè ʟʘʢʣʘʜʳʚʘʶʪʩʷ 

ʧʨʝʜʧʦʩʳʣʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʣʠʟʘʮʠʠ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʝʡʩʪʚʫʶʱʝʛʦ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ.   

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ. ʎʠʬʨʦʚʠʟʘʮʠʷ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʳʰʝʥʠʠ ʜʦʩʪʫʧʥʦʩʪʠ, ʫʜʦʙʩʪʚʘ ʠ 

ʛʠʙʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʩʪʨʫʤʝʥʪʦʚ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɼʨʫʛʠʤ ʘʢʪʫʘʣʴʥʳʤ 

ʘʩʧʝʢʪʦʤ ʦʩʪʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʩʪʨʦʛʦʝ ʩʣʝʜʦʚʘʥʠʝ 

ʰʘʙʣʦʥʘʤ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ 

ʯʘʩʪʠ ʩʣʝʜʦʚʘʥʠʷ ʨʘʩʯʝʪʥʦ-ʧʣʘʪʝʞʥʦʡ ʜʠʩʮʠʧʣʠʥʝ, 

ʥʝʜʦʧʫʱʝʥʠʷ ʫʢʣʦʥʝʥʠʷ ʦʪ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ, ʘ 

ʪʘʢʞʝ ʟʘʱʠʪʘ ʬʦʥʜʦʚ ʬʠʥʘʥʩʦʚʳʭ ʩʨʝʜʩʪʚ ʠ 

ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ɸʢʪʠʚʠʟʘʮʠʶ ʚʥʝʜʨʝʥʠʷ ʨʝʰʝʥʠʡ ʬʠʥʪʝʢ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʵʚʦʣʶʮʠʦʥʥʳʤ 

ʩʧʦʩʦʙʦʤ: ʩ ʥʝʠʟʤʝʥʥʦʡ ʚʘʨʠʘʪʠʚʥʦʩʪʴʶ ʚ ʚʳʙʦʨʝ 

ʩʧʦʩʦʙʦʚ ʠ ʬʦʨʤʘʪʦʚ ʜʦʩʪʫʧʘ ʢ ʠʥʩʪʨʫʤʝʥʪʘʤ 

ʬʠʥʘʥʩʦʚʦ-ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. ɹʦʣʴʰʦʝ 

ʚʥʠʤʘʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʷʪʴ ʧʨʦʮʝʩʩʘʤ 

ʚʦʚʣʝʯʝʥʥʦʩʪʠ ʙʠʟʥʝʩ-ʩʪʨʫʢʪʫʨ ʠ ʥʘʩʝʣʝʥʠʷ ʚ 

ʧʦʨʷʜʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʢʘʤʧʘʥʠʷ ʠ ʨʘʟʚʠʪʠʝ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʦʙʝʩʧʝʯʘʪ 

ʧʨʠʝʤʣʝʤʳʡ ʫʨʦʚʝʥʴ ʬʠʥʘʥʩʦʚʦʡ ʠʥʢʣʶʟʠʠ.  

 

* ʉʪʘʪʴʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ 

ʥʘʫʯʥʦʡ ʪʝʤʳ çʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʠʥʘʥʩʦʚʦ-

ʢʨʝʜʠʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʘʟʚʠʪʠʷ ʩʫʙʲʝʢʪʦʚ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʨʝʛʠʦʥʘè (FRRS-2023-0006). 
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ʆʎɽʅʂɸ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 

ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʌʀʅɸʅʉʆɺʓʍ 

ʈɽʉʋʈʉʆɺ ʇʈɽɼʇʈʀʗʊʀʁ 

 

ɼʝʤʯʝʥʢʦ ʀʚʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʅʝʜʦʨʝʟʢʦʚ ɸʥʜʨʝʡ ʀʣʴʠʯ 

ʘʩʩʠʩʪʝʥʪ, ʘʩʧʠʨʘʥʪ 

 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 

ñʄʝʣʠʪʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪò  
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ  ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʦʮʝʥʢʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʠʤʝʨʝ ʢʨʝʩʪʴʷʥʩʢʦʛʦ 

(ʬʝʨʤʝʨʩʢʦʛʦ) ʭʦʟʷʡʩʪʚʘ çʉɺè. ʈʘʩʩʤʦʪʨʝʥ ʙʘʣʘʥʩ ʧʨʝʜʧʨʠʷʪʠʷ ʟʘ 2021-2022 ʛʛ. ʝʛʦ ʨʘʙʦʪʳ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʢʚʠʜʥʦʩʪʠ, ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ. ʇʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʠʥʘʥʩʳ, ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ, ʢʘʧʠʪʘʣ, ʩʦʙʩʪʚʝʥʥʳʝ ʠ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ, ʧʨʠʙʳʣʴ, 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, ʣʠʢʚʠʜʥʦʩʪʴ, ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʴ. 

 

ABSTRACT 

 

The article presents an algorithm of actions for assessing financial resources on the example of a peasant 

(farmer) farm "SV". The balance sheet of the enterprise for 2021-2022 years of its operation is considered. The 

assessment of liquidity ratios, business activity and profitability was carried out. Options for improving the efficiency of 

financial resources management at the enterprise are proposed. 

Keywords: finance, financial resources, capital, own and borrowed funds, profit, profitability, liquidity, 

solvency. 

 

ɺ ʭʦʜʝ ʢʦʤʤʝʨʯʝʩʢʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʙʲʝʢʪʦʚ ʵʢʦʥʦʤʠʢʠ 

ʠʩʧʦʣʴʟʫʶʪ ʤʥʦʞʝʩʪʚʦ ʨʝʩʫʨʩʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʧʨʠʙʳʣʠ. ʕʪʠ ʨʝʩʫʨʩʳ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ: ʚʭʦʜʷʱʠʝ ʠ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʛʨʫʧʧ ʩʧʦʩʦʙʥʘ 

ʬʠʥʘʥʩʠʨʦʚʘʪʴ ʪʘʢʠʝ ʚʠʜʳ ʘʢʪʠʚʦʚ ʢʘʢ 

ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ. 

ɺ ʥʳʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʧʨʝʜʧʨʠʷʪʠʷ ʚʩʝ ʙʦʣʴʰʝ 

ʧʳʪʘʶʪʩʷ ʧʦʚʳʰʘʪʴ ʩʚʦʶ ʬʠʥʘʥʩʦʚʫʶ 

ʥʝʟʘʚʠʩʠʤʦʩʪʴ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ  ʠʛʨʘʝʪ 

ʣʠʢʚʠʜʥʦʩʪʴ ʠ ʬʠʥʘʥʩʦʚʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʦʨʛʘʥʠʟʘʮʠʡ.  ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ 

ʬʠʥʘʥʩʦʚʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʢʘʧʠʪʘʣʘ, ʦʧʪʠʤʠʟʠʨʦʚʘʚ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ 

ʦʨʛʘʥʠʟʘʮʠʠ. 

ʇʨʦʙʣʝʤʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʦʨʷʜʢʘ 

ʧʨʠʤʝʥʝʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʥʦʞʝʩʪʚʦ 

ʟʘʨʫʙʝʞʥʳʭ ʠ ʨʫʩʩʢʠʭ ʫʯʸʥʳʭ[1-4]. ʅʦ ʜʘʞʝ ʦʥʠ ʥʝ 

ʩʤʦʛʣʠ ʧʨʠʡʪʠ ʢ ʝʜʠʥʦʤʫ ʧʦʜʭʦʜʫ ʚ ʤʝʪʦʜʦʣʦʛʠʠ ʠ 

ʯʝʪʢʦ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʫ ʬʠʥʘʥʩʦʚʳʝ 

ʨʝʩʫʨʩʳ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂ ʧʨʠʤʝʨʫ, ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳʟʘʯʘʩʪʫʶ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ[1] ʚ ʢʘʯʝʩʪʚʝ ʜʝʥʝʞʥʳʭ ʬʦʥʜʦʚ, 

ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ, ʨʘʟʥʦʛʦ ʨʦʜʘ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʠʣʠ 

ʦʙʲʝʜʠʥʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʛʦʩʫʜʘʨʩʪʚʦʤ. ʂʦʥʝʯʥʦ ʞʝ, 

ʢʘʞʜʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʣʶʙʦʛʦ ʘʚʪʦʨʘ ʢʨʠʪʠʢʦʚʘʣʦʩʴ, 

ʠ ʵʪʦ ʥʝ ʙʳʣʦ ʠʩʢʣʶʯʝʥʠʝʤ. ʄʥʦʛʠʝ ʥʘʫʯʥʳʝ 

ʜʝʷʪʝʣʠ ʩʯʠʪʘʣʠʜʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʥʝʧʦʣʥʳʤ, 

ʪʘʢʠʤ, ʢʦʪʦʨʦʝ ʧʨʠʫʤʝʥʴʰʘʝʪ ʟʥʘʯʠʤʦʩʪʴ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. ɹʦʣʝʝ ʰʠʨʦʢʘʷ ʪʨʘʢʪʦʚʢʘ 

ʪʝʨʤʠʥʘʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ ʪʘʢ ʞʝ ʚʢʣʶʯʘʝʪ ʠ 

ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʝ ʦʪʯʠʩʣʝʥʠʷ ʠ ʜʨʫʛʠʝ ʜʝʥʝʞʥʳʝ 

ʩʨʝʜʩʪʚʘ ʚ ʧʝʨʠʦʜ ʩʦʟʜʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʝʜʠʥʦʛʦ ʤʥʝʥʠʷ 

ʥʝʪ ʜʘʞʝ ʩʝʡʯʘʩ ʠ ʢʘʞʜʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʤʝʩʪʦ 

ʙʳʪʴ ʚ ʵʢʦʥʦʤʠʢʝ. ʄʳ ʩʢʣʦʥʥʳ ʩʦʛʣʘʩʠʪʴʩʷ ʩ 

ʧʦʜʭʦʜʦʤ ʐʘʡʭʫʪʜʠʥʦʚʘ ʅ. ɸ. ʠ ɹʝʣʦʫʩʦʚʘ ɽ. 

ʅ.,ʩʬʦʨʤʫʣʠʨʦʚʘʚʰʝʛʦ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦʝ ʠ 

ʧʦʥʷʪʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʠʥʘ: çʌʠʥʘʥʩʦʚʳʝ 

ʨʝʩʫʨʩʳ ð ʵʪʦ ʩʨʝʜʩʪʚʘ ʢʦʤʧʘʥʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʝʝ 

ʜʦʭʦʜʦʚ ʠ ʧʦʩʪʫʧʣʝʥʠʡ ʠʟʚʥʝ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚè [3].   

ɺʟʛʣʷʥʫʚ ʥʘ ʤʠʨ ʩʝʛʦʜʥʷ, ʤʦʞʥʦ ʩʤʝʣʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ, ʥʘʯʠʥʘʷ ʦʪ 

ʤʝʣʢʦʛʦ ʠ ʟʘʢʘʥʯʠʚʘʷ ʢʨʫʧʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ,ʝʞʝʜʥʝʚʥʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʩʫʨʩʘʤʠ ʚ 

ʦʨʛʘʥʠʟʘʮʠʠ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ  ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʘʢʪʫʘʣʴʥʳʤ ʠ ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʚʩʝʭ ʠ ʢʘʞʜʦʛʦ 

ʯʝʣʦʚʝʢʘ ʚ ʵʢʦʥʦʤʠʢʝ. ʆʜʥʘʢʦ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ 
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ʨʠʩʢʠ, ʥʝʭʚʘʪʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʥʘ ʨʳʥʢʝ ʪʨʫʜʘ, ʥʝʞʝʣʘʥʠʝ ʨʫʢʦʚʦʜʠʪʝʣʷ ʪʨʘʪʠʪʴ 

ʜʝʥʴʛʠ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʚʘʣʠʬʠʢʘʮʠʠ ʨʘʙʦʪʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ, ʦʪʢʘʟ ʦʪ ʠʥʚʝʩʪʠʮʠʡ ʚ ʮʠʬʨʦʚʠʟʘʮʠʶ 

ʷʚʣʷʶʪʩʷ ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʩʦʢʠʤ ʟʘʪʨʘʪʘʤ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʢʦʥʝʯʥʳʡ ʧʦʪʨʝʙʠʪʝʣʴ ʧʦʣʫʯʘʝʪ ʧʨʦʜʫʢʪ ʧʦ 

ʟʘʦʙʣʘʯʥʳʤ ʮʝʥʘʤ. ɺʩʝ ʵʪʦ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ.ʀʟ-ʟʘ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʣʠʢʚʠʜʥʦʩʪʠ ʠʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʬʠʨʤʳ ʥʘ ʨʳʥʢʝ, ʦʩʦʙʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʟʠʩʘ.  

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ 

ʦʮʝʥʢʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʨʷʜʘ ʧʦʢʘʟʘʪʝʣʝʡ. ʀʟʥʘʯʘʣʴʥʦ ʩʪʦʠʪ ʦʮʝʥʠʪʴ 

ʪʝʢʫʱʫʶ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ʚʳʷʚʠʪʴ ʩʣʘʙʳʝ 

ʩʪʦʨʦʥʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʤʝʨʳ ʜʣʷ ʠʭ 

ʫʩʪʨʘʥʝʥʠʷ. 

ʏʪʦ ʙʳ ʨʘʮʠʦʥʘʣʴʥʦ ʫʧʨʘʚʣʷʪʴ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʥʝʦʙʭʦʜʠʤʦʧʨʦʜʫʤʘʪʴ ʢʘʞʜʳʡ ʰʘʛ, ʦʮʝʥʠʚ 

ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʩʚʦʝʛʦ ʨʝʰʝʥʠʷ. ʉʘʤʳʤ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ 

ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʦʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ 

ʩʪʦʨʦʥʳ, ʘ ʪʘʢ ʞʝ ʧʨʦʙʣʝʤʳ ʠ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʠʭ 

ʨʝʰʝʥʠʷ [2].  

ʌʠʥʘʥʩʦʚʳʡ ʤʝʥʝʜʞʤʝʥʪ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʫʧʨʘʚʣʝʥʠʶ ʬʠʥʘʥʩʦʚʳʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʠ ʩʪʨʘʪʝʛʠʷʤʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʮʝʣʴʶ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ[1]. 

 ʇʨʦʚʦʜʷ ʘʥʘʣʠʟ ʨʘʟʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʤʳ 

ʥʘʪʢʥʫʣʠʩʴ ʥʘ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳʡ ʵʢʟʝʤʧʣʷʨ, 

ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ ʢʨʝʩʪʴʷʥʩʢʦʝ (ʬʝʨʤʝʨʩʢʦʝ) 

ʭʦʟʷʡʩʪʚʦ ñʉɺò (ʜʘʣʝʝ ʂʌʍ çʉɺè), ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʘʙʩʦʣʶʪʥʘʷ ʣʠʢʚʠʜʥʦʩʪʴ ʙʘʣʘʥʩʘ. 

ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʤʠ ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʨʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʝʛʦ ʬʠʥʘʥʩʦʚʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʠ ʥʘ ʜʘʥʥʦʤ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʪʴ 

ʤʝʪʦʜʠʢʫ ʦʮʝʥʢʠ,ʢʦʪʦʨʘʷ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʩʣʝʜʫʶʱʠʡ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ[4]. 

 

 

 
ʈʠʩ.1. ɸʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʂʌʍ çʉɺè 

 

1.ʉʥʘʯʘʣʘ ʧʨʦʘʥʘʣʠʟʠʨʫʝʤ ʙʫʭʛʘʣʪʝʨʩʢʠʡ 

ʙʘʣʘʥʩ ʠʟʫʯʘʝʤʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʠ ʚʝʨʪʠʢʘʣʴʥʳʡ ʤʝʪʦʜ 

ʘʥʘʣʠʟʘ ʠ ʩʦʩʪʘʚʠʤ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʙʘʣʘʥʩ 

ʠʩʩʣʝʜʫʝʤʦʡ ʦʨʛʘʥʠʟʘʮʠʠ. 

 

ʊʘʙʣʠʮʘ 1 

ɹʘʣʘʥʩ ʧʨʝʜʧʨʠʷʪʠʷ ʂʌʍ çʉɺè,ʪʳʩ. ʨʫʙ. 

 

ʇʦʢʘʟʘʪʝʣʴ ɿʘ 2021 ɿʘ 2022 ɼʠʥʘʤʠʢʘ 

2022 ʢ 2021 

ʪʝʤʧ ʨʦʩʪʘ % 2022 

ʢ 2021 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʚʥʝʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ
2
 2 843 4 929 2086,0 173 

ɿʘʧʘʩʳ 3 287 6 050 2763,0 184 

ɼʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʝʥʝʞʥʳʝ 

ʵʢʚʠʚʘʣʝʥʪʳ 

11 470 2 966 -8504,0 26 

ʌʠʥʘʥʩʦʚʳʝ ʠ ʜʨʫʛʠʝ ʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ
4
 8 8 0,0 100 

ɸʢʪʠʚ ʙʘʣʘʥʩʘ 17 608 13 953 -3655,0 79 

ʂʘʧʠʪʘʣ ʠ ʨʝʟʝʨʚʳ
5
 17 217 13 925 -3292,0 81 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ - 0     

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ - 0     

ʂʨʝʜʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ 391 28 -363,0 7 

ʇʘʩʩʠʚ ʙʘʣʘʥʩʘ 17 608 13 953 -3655,0 79 

 

˽͔͍ͪ·͚ Ήͭ͊ͨ

ω˻ ͼ͔ͤ͊͟ ͙͙͙͒ͤ͊ͣ͟Σ ͍ͫͦͫͭ͊͊ ͙ ͫͭͪͯͭͯͪ͟· ͺ͙͍ͤ͊ͤͫͦ·ͻ ͔͍ͪͫͯͪͫͦ ͔͙ͨͪ͒ͨͪΎ͙ͭΎ ͊͘ 
͔͙͔ͨͦͫ͒ͤ͡ ͔ͤͫͦ͟͡Έͦ͟ ͔ͭ͡Φ

ˤ͚ͭͦͪͦ Ήͭ͊ͨ
ωs ͙ͤ͊͘͡ ͙͍͙͙͒ͤͦͫͭ͟͡ ͙ ͔͔͙ͨ͊ͭ͗ͫͨͦͫͦ͋ͤͦͫͭ͡ ͻͦ͘Ύ͚͍ͫͭͯΌ΅͔͎ͦ ͫͯ͋Ά͔ͭ͊͟

͔͙͚́ͪͭ Ήͭ͊ͨ
ωs ͙ͤ͊͘͡ ͙ ͪ͊ͫ;͔ͭ ͺ͙͍͚ͤ͊ͤͫͦͦ ͚ͯͫͭͦ;͙͍͙ͦͫͭΦ 

͔͍͔̉ͭͪͭ·͚ 
Ήͭ͊ͨ

ωˮ ͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͔͍͚͒ͦͦ͡ ͙͍͙͊ͭͤͦͫͭ͟ 

˽Ύͭ·͚ Ήͭ͊ͨ
ω˾ ͊ͫ;͔ͭ ͦ͟Ήͺͺ͙ͼ͙͔͍ͤͭͦ ͔͔ͪͤͭ͊͋͡Έ͙ͤͦͫͭ
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 ʇʝʨʚʳʤ ʜʝʣʦʤ ʦʮʝʥʠʤ ʨʝʟʫʣʴʪʘʪ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʌʍ çʉɺè ʧʨʠ ʧʦʤʦʱʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʩʩʤʦʪʨʝʚ ʜʠʥʘʤʠʢʫ 

ʩʪʘʪʝʡ ʙʘʣʘʥʩʘ ʧʦ ʠʪʦʛʘʤ 2022 ʛ. ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʪʦʛʘʤʠ 2021 ʛ. 

ʇʦʩʤʦʪʨʝʚ ʥʘ ʪʘʙʣʠʮʫ 1 ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʚ 2022 ʛ. ʦʙʱʘʷ ʚʘʣʶʪʘ ʙʘʣʘʥʩʘ ʫʤʝʥʴʰʠʣʘʩʴ ʚ 

ʘʙʩʦʣʶʪʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘ 3655 ʪʳʩ. ʨʫʙ., ʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ð ʥʘ 21 %.. 

ɼʘʣʝʝ ʦʮʝʥʠʤ ʥʘʩʢʦʣʴʢʦ ʦʧʪʠʤʘʣʴʥʦʡ 

ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʙʘʣʘʥʩʘ  ʂʌʍ çʉɺè  ʧʨʠ 

ʧʦʤʦʱʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ʉʪʨʫʢʪʫʨʘ ʙʘʣʘʥʩʘ ʂʌʍ çʉɺè % 

 

ʇʦʢʘʟʘʪʝʣʴ ɿʘ 2021 ɿʘ 2022 ɼʠʥʘʤʠʢʘ % 

ʄʘʪʝʨʠʘʣʴʥʳʝ ʚʥʝʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ
2
 16,15 35,33 19,2 

ɿʘʧʘʩʳ 18,67 43,36 24,7 

ɼʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʝʥʝʞʥʳʝ ʵʢʚʠʚʘʣʝʥʪʳ 65,14 21,26 -43,9 

ʌʠʥʘʥʩʦʚʳʝ ʠ ʜʨʫʛʠʝ ʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ
4
 0,05 0,06 0,0 

ɸʢʪʠʚ ʙʘʣʘʥʩʘ 100 100 0,0 

ʂʘʧʠʪʘʣ ʠ ʨʝʟʝʨʚʳ
5
 97,78 99,8 2,0 

ɼʦʣʛʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ - 0   

ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ - 0   

ʂʨʝʜʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ 2,22 0,2 -2,0 

ʇʘʩʩʠʚ ʙʘʣʘʥʩʘ 100 100 0,0 

 

ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʦʩʥʦʚʥʳʭ ʛʨʫʧʧ ʘʢʪʠʚʦʚ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 19,2 %, 

ʟʘʧʘʩʳ ʫʚʝʣʠʯʠʣʠʩʴ ʥʘ 24,7%, ʘ ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ 43,9% 

2.ʉʪʦʠʪ ʦʮʝʥʠʪʴ ʬʠʥʘʥʩʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. ʆʧʨʝʜʝʣʠʤ ʥʘʩʢʦʣʴʢʦ ʧʨʝʜʧʨʠʷʪʠʝ 

ʩʤʦʞʝʪ ʧʦʛʘʩʠʪʴ ʚʩʝ ʜʦʣʛʠ ʧʨʦʜʘʚ ʚʩʝ ʩʚʦʠ ʘʢʪʠʚʳ. 

ɼʣʷ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʫʶʪ ʦʙʱʝʠʟʚʝʩʪʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ: 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʢʫʱʝʡ ʣʠʢʚʠʜʥʦʩʪʠ 

(ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʛʘʩʠʪʴ ʜʝʥʴʛʘʤʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʜʦ ʢʦʥʮʘ ʦʪʯʝʪʥʦʛʦ ʛʦʜʘ; 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʡ ʣʠʢʚʠʜʥʦʩʪʠ(ʢʘʢ 

ʙʳʩʪʨʦ ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʛʘʩʠʪ ʩʚʦʠ ʢʨʘʪʢʦʩʨʦʯʥʳʝ 

ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʨʦʜʘʚ ʚʳʩʦʢʦʣʠʢʚʠʜʥʦʝ 

ʠʤʫʱʝʩʪʚʦ); 

¶ ʂʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʣʶʪʥʦʡ ʣʠʢʚʠʜʥʦʩʪʠ (ʧʦ

ʢʘʟʳʚʘʝʪ, ʥʘʩʢʦʣʴʢʦ ʧʨʝʜʧʨʠʷʪʠʝ ʦʙʝʩʧʝʯʝʥʦ ʜʝʥʝʞ

-ʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ). 

ʆʮʝʥʠʤ ʩʪʨʫʢʪʫʨʫ ʣʠʢʚʠʜʥʦʩʪʠ ʂʌʍ çʉɺè. 

 

ɸ1 Ó ʇ1; ɸ2 Ó ʇ2; ɸ3 Ó ʇ3; ɸ4 Ò ʇ4 

 

ɻʜʝ, ɸ1 - ɼʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʜʝʥʝʞʥʳʝ 

ʵʢʚʠʚʘʣʝʥʪʳ; 

ɸ2 -ʌʠʥʘʥʩʦʚʳʝ ʠ ʜʨʫʛʠʝ ʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ; 

ɸ3 - ɿʘʧʘʩʳ; 

ɸ4 -ʄʘʪʝʨʠʘʣʴʥʳʝ ʚʥʝʦʙʦʨʦʪʥʳʝ ʘʢʪʠʚʳ; 

ʇ1 -  ʂʨʝʜʠʪʦʨʩʢʘʷ ʟʘʜʦʣʞʝʥʥʦʩʪʴ; 

ʇ2 -ʂʨʘʪʢʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ; 

ʇ3 - ɼʦʣʛʦʩʨʦʯʥʳʝ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ; 

ʇ4 - ʂʘʧʠʪʘʣ ʠ ʨʝʟʝʨʚʳ. 

ʇʨʦʚʝʜʷ ʨʘʩʯʝʪʳ ʧʦ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʤʳ 

ʫʚʠʜʠʤ ʢ ʩʣʝʜʫʶʱʠʤ ʨʝʟʫʣʴʪʘʪʘʤ (ʪʘʙʣ. 3). 

 

ʊʘʙʣʠʮʘ 3 

ɼʠʥʘʤʠʢʘ ʣʠʢʚʠʜʥʦʩʪʠ ʙʘʣʘʥʩʘ ʂʌʍ çʉɺè 

 

ɼʘʪʘ ɸ1 ʇ1 ɹʘʣʘʥʩ 

31.12.2021 11 470 391 11079 

31.12.2022 2 966 28 2938 

ɼʘʪʘ ɸ2 ʇ2 ɹʘʣʘʥʩ 

31.12.2021 8 0 8 

31.12.2022 8 0 8 

ɼʘʪʘ ɸ3 ʇ3 ɹʘʣʘʥʩ 

31.12.2021 3 287 0 3 287 

31.12.2022 6 050 0 6 050 

31.12.2021 2 843 17 217 14374 

31.12.2022 4 929 13 925 8996 

 

ɺ ʥʘʰʝʤ ʩʣʫʯʘʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ 

ʘʙʩʦʣʶʪʥʘʷ ʣʠʢʚʠʜʥʦʩʪʴ ʙʘʣʘʥʩʘ, ʯʪʦ ʩʣʫʯʘʝʪʩʷ 

ʢʨʘʡʥʝ ʨʝʜʢʦ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ɼʘʣʝʝ 

ʧʨʦʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʢʚʠʜʥʦʩʪʠ: 
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ʊʘʙʣʠʮʘ 4 

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʢʚʠʜʥʦʩʪʠ 

ʂʦʵʬʬʠʮʠʝʥʪ ɿʘ 2021 ɿʘ 2022 ʅʦʨʤʘʪʠʚ 

ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʢʫʱʝʡ 

ʣʠʢʚʠʜʥʦʩʪʠ 
37,76 322,29 ʆʪ 1 ʜʦ 2 

ʂʦʵʬʬʠʮʠʝʥʪ ʙʳʩʪʨʦʡ 

ʣʠʢʚʠʜʥʦʩʪʠ 
29,36 106,21 ʆʪ 0,7 ʜʦ 1,5 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʙʩʦʣʶʪʥʦʡ 

ʣʠʢʚʠʜʥʦʩʪʠ 
29,34 105,93 ɹʦʣʝʝ 0,2 

 

ɸʥʘʣʠʟʠʨʫʷ ʪʘʙʣʠʮʫ 4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʚʩʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘʤʥʦʛʦ ʚʳʰʝ ʥʦʨʤʘʪʠʚʦʚ. 

ʇʦʩʤʦʪʨʝʚ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʢʫʱʝʡ ʣʠʢʚʠʜʥʦʩʪʠ, 

ʤʳ ʚʠʜʠʤ ʚʳʩʦʢʠʡ ʝʸ ʫʨʦʚʝʥʴ, ʘ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, 

ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ʩʦʩʪʦʷʥʠʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʘʪʴʩʷ ʩʦ ʩʚʦʠʤʠ ʜʦʣʛʘʤʠ, ʦʜʥʘʢʦ ʩʪʦʠʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʵʪʦʛʦ ʧʨʝʜʧʨʠʷʪʠʝ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʡ ʜʝʥʝʞʥʳʡ 

ʧʦʪʝʥʮʠʘʣ. 

3. ʇʫʪʝʤ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʳ ʨʝʰʠʣʠ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʂʌʍ 

çʉɺèʟʘʚʠʩʠʤʦ ʠʣʠ ʥʝʪ ʦʪ ʟʘʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ɼʣʷ 

ʵʪʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʥʳʡ ʤʝʪʦʜ. ɺ 

ʪʘʙʣʠʮʝ 5 ʧʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʨʘʩʯʝʪʘ. 

 

ʊʘʙʣʠʮʘ 5 

ʇʦʢʘʟʘʪʝʣʠ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʂʌʍ çʉɺè 

 

ʇʦʢʘʟʘʪʝʣʴ ɿʘ 2021 ɿʘ 2022 ʅʦʨʤʘʪʠʚ 

ʂʦʵʬʬʠʮʠʝʥʪ ʘʚʪʦʥʦʤʠʠ 0,98 1,00 ʆʪ 0,5 ʜʦ 0,7 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʥʘʥʩʦʚʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 0,02 0 ʅʝ ʙʦʣʴʰʝ 0,8 

ʂʦʵʬʬʠʮʠʝʥʪ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 0,98 1 ʅʝ ʙʦʣʴʰʝ 0,7 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ 0,97 1,00 ɹʦʣʴʰʝ 0,1 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʦʪʥʦʰʝʥʠʷ ʟʘʝʤʥʳʭ ʠ ʩʦʙʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ 
0,02 0,002 - 

ʂʦʵʬʬʠʮʠʝʥʪ ʤʘʥʝʚʨʝʥʥʦʩʪʠ 0,83 0,65 ʆʪ 0,2 ʜʦ 0,5 

 

ʆʮʝʥʠʚ ʧʦʢʘʟʘʪʝʣʠ ʬʠʥʘʥʩʦʚʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʝʜʧʨʠʷʪʠʝ 

ʷʚʣʷʝʪʩʷ ʬʠʥʘʥʩʦʚʦ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʢʨʝʜʠʪʦʨʦʚ, 

ʤʦʞʝʪ ʧʦʛʘʩʠʪʴ ʚʩʝ ʩʚʦʠ ʜʦʣʛʦʚʳʝ ʦʙʷʟʘʪʝʣʴʩʪʚʘ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʦʙʦʨʦʪʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠ ʥʝ ʠʩʧʳʪʳʚʘʝʪ 

ʪʨʫʜʥʦʩʪʝʡ ʚ ʧʦʧʦʣʥʝʥʠʠ ʦʙʦʨʦʪʥʳʭ ʩʨʝʜʩʪʚ,ʚ 

ʩʣʫʯʘʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʟʘ ʩʯʝʪ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. 

4. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʵʪʘʧʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʘʥʘʣʠʟ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʘʥʠʠ. ɺ ʭʦʜʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʠʩʪʝʤʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʨʘʩʯʝʪ (ʪʘʙʣʠʮʘ 6). 

ʊʘʙʣʠʮʘ 6 

ʇʦʢʘʟʘʪʝʣʠ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʂʌʍ çʉɺè 

 

ʇʦʢʘʟʘʪʝʣʴ ʈʘʩʯʝʪ ɿʘ 2021 ɿʘ 2022 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʬʦʥʜʦʚ 
ɺ/ɿʩʨ 7,58 1,40 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʦʙʦʨʦʪʥʳʭ 

ʩʨʝʜʩʪʚ 
ɺ/ɸʩʨ 1,48 0,46 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʟʘʧʘʩʦʚ ɺ/ʉʂʩʨ (2,10) (0,80) 

ʂʦʵʬʬʠʮʠʝʥʪ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ 

ʢʨʝʜʠʪʦʨʩʢʦʡ ʟʘʜʦʣʞʝʥʥʦʩʪʠ 
ɺ/ʂɿʩʨ 94,30 26,02 

 

ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʂʌʍ çʉɺè ʩʪʘʣʦ ʭʫʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʚʦʠ ʆʉ (ʦʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ),ʪʘʢ ʞʝ ʤʦʞʝʤ 

ʥʘʙʣʶʜʘʪʴ ʩʥʠʞʝʥʠʝ ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʠ ʦʙʦʨʦʪʥʳʭ 

ʩʨʝʜʩʪʚ ʠ ʟʘʧʘʩʦʚ, ʘ ʵʪʦ ʦʟʥʘʯʘʝʪ ʥʘʢʦʧʣʝʥʠʝ 

ʟʘʧʘʩʦʚ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʦʪʥʳʭ 

ʩʨʝʜʩʪʚ.  

5. ʂʘʢ ʠ ʣʶʙʦʝ ʜʨʫʛʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʂʌʍ 

çʉɺè ʩʫʱʝʩʪʚʫʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦ ʙʳ ʧʨʠʥʦʩʠʪʴ 

ʧʨʠʙʳʣʴ ʩʚʦʝʤʫ ʨʫʢʦʚʦʜʠʪʝʣʶ ʠ ʧʣʘʪʠʪʴ ʥʘʣʦʛʠ 

ʛʦʩʫʜʘʨʩʪʚʫ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʫʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʦʩʥʦʚʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʯʪʦʙʳ ʧʦʥʷʪʴ ʵʬʬʝʢʪʠʚʥʦ ʣʠ 

ʢʦʤʧʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʩʚʦʠ ʩʨʝʜʩʪʚʘ ʠ ʢʘʢʠʝ 
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ʊʘʙʣʠʮʘ 7 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʂʌʍ çʉɺè 

 

ʂʦʵʬʬʠʮʠʝʥʪ ɿʘ 2021 ɿʘ 2022 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ  0,53 0,46 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʜʘʞ 0,35 0,31 

ɺʘʣʦʚʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 0,53 0,45 

ʏʠʩʪʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 0,37 0,12 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʢʘʧʠʪʘʣʘ 0,38 0,12 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʦʙʦʨʦʪʥʳʭ ʘʢʪʠʚʦʚ 0,44 0,189 

ʈʝʥʪʘʙʝʣʴʥʦʩʪʴ ʚʥʝʦʙʦʨʦʪʥʦʛʦ ʢʘʧʠʪʘʣʘ 2,64 0,44 

 

ʆʮʝʥʠʚ ʧʦʢʘʟʘʪʝʣʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ 

ʂʌʍçʉɺè, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʠ ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ 2022 ʛʦʜʫ 

ʩʥʠʟʠʣʠʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ 2021 ʛʦʜʦʤ, ʭʦʪʷ ʚʩʝ ʝʱʝ 

ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʤʠ ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʫʩʣʦʚʥʳʤʠ 

ʥʦʨʤʘʪʠʚʘʤʠ. ʇʫʪʷʤʠ ʧʦʚʳʰʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ 

ʤʦʛʫʪ ʙʳʪʴ: 

1. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʢʦʥʪʨʦʣʷ ʥʘʜ ʜʝʥʝʞʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ  ʭʦʨʦʰʦ 

ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʧʣʘʪʝʞʥʦʛʦ ʢʘʣʝʥʜʘʨʷ. 

2. ʇʨʝʜʧʨʠʷʪʠʶ ʩʪʦʠʪ ʥʝ ʙʦʷʪʴʩʷ 

ʩʦʪʨʫʜʥʠʯʘʪʴ ʩ ʙʘʥʢʘʤʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷ, ʠʤʝʷ ʚ ʩʚʦʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʟʘʝʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʠ ʫʤʝʶʱʘʷ ʧʨʘʚʠʣʴʥʦ ʠʤʠ ʨʘʩʧʦʨʷʜʠʪʴʩʷ, 

ʩʤʦʞʝʪ ʫʚʝʣʠʯʠʪʴ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ 

ʨʳʥʢʝ, ʘ ʪʘʢ ʞʝ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʭʥʠʢʫ. 

3. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʙʲʝʤʘ ʵʪʠʭ ʩʨʝʜʩʪʚ ʠ ʠʭ 

ʧʨʘʚʠʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. ʇʨʦʚʝʜʷ 

ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʂʌʍ çʉɺè ʤʳ ʫʚʠʜʝʣʠ, ʯʪʦ 

ʨʫʢʦʚʦʜʠʪʝʣʠ ʥʝʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʩʚʦʠ 

ʜʝʥʝʞʥʳʝ ʩʨʝʜʩʪʚʘ. ʄʳ ʙʳ ʨʝʢʦʤʝʥʜʦʚʘʣʠ 

ʫʤʝʥʴʰʠʪʴ ʜʦʣʶ ʟʘʧʘʩʦʚ ʠ ʧʦʧʳʪʘʪʴʩʷ ʨʘʟʚʠʚʘʪʴ 

ʙʠʟʥʝʩ, ʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʶ, 

ʮʠʬʨʦʚʠʟʘʮʠʶ, ʧʦʚʳʩʠʪʴ ʢʚʘʣʠʬʠʢʘʮʠʶ 

ʩʦʪʨʫʜʥʠʢʘʤ, ʚʳʨʘʱʠʚʘʪʴ ʛʠʙʨʠʜʥʳʝ ʩʦʨʪʘ ʠʣʠ ʞʝ 

ʠʥʚʝʩʪʠʨʦʚʘʪʴ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʳ. 

4. ʇʨʝʜʧʨʠʷʪʠʶ ʩʣʝʜʫʝʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʚʦʶ ʩʪʨʫʢʪʫʨʫ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. ʉʪʦʠʪ ʥʘʡʪʠ 

çʟʦʣʦʪʫʶ ʩʝʨʝʜʠʥʫè ʤʝʞʜʫ ʟʘʝʤʥʳʤʠ ʠ 

ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ 

ʧʨʠʚʝʜʝʪ ʪʦʣʴʢʦ ʢ ʫʣʫʯʰʝʥʠʷʤ ʠ ʫʩʪʦʡʯʠʚʦʤʫ 

ʨʘʟʚʠʪʠʶ. 

ʇʨʠʥʷʚ ʚʦ ʚʥʠʤʘʥʠʝ ʥʘʰʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ 

ʧʨʝʜʧʨʠʷʪʠʶ ʩʣʝʜʫʝʪ ʩʥʘʯʘʣʘ ʧʨʦʚʦʜʠʪʴ 

ʢʦʤʧʣʝʢʩʥʫʶ ʦʮʝʥʢʫ ʚʩʝʭ ʩʚʦʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʥʘʭʦʜʠʪʴ 

ʧʨʦʙʣʝʤʥʳʝ ʤʝʩʪʘ ʠ ʧʳʪʘʪʴʩʷ ʧʝʨʝʢʨʳʪʴ ʠʭ. 

ɺ ʠʪʦʛʝ ʬʠʥʘʥʩʦʚʳʝ ʨʝʩʫʨʩʳ ʠʛʨʘʶʪ ʦʜʥʫ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʨʦʣʝʡ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʦʤʧʘʥʠʠ ʠ 

ʧʦʚʳʰʝʥʠʠ ʬʠʥʘʥʩʦʚʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʷʚʣʷʷʩʴ ʝʝ 

ʬʫʥʜʘʤʝʥʪʦʤ. ɼʝʥʝʞʥʳʝ ʨʝʩʫʨʩʳ ʷʚʣʷʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʣʠʢʚʠʜʥʳʤʠ,ʟʘ ʩʯʝʪ ʯʝʛʦ ʦʥʠ ʤʦʛʫʪ 

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʣʶʙʳʝ ʜʨʫʛʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʠ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʚʩʝʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʪʦ 

ʦʙʝʩʧʝʯʠʪʜʘʣʴʥʝʡʰʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʝʛʦ 

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ. ɼʣʷ ʵʪʦʛʦ ʥʝ  ʩʪʦʠʪ  ʙʦʷʪʴʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʝʤʥʳʝ ʩʨʝʜʩʪʚʘ. ʇʨʘʚʠʣʴʥʦ ʦʮʝʥʠʚ 

ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʜʝʥʴʛʠ ʠ ʩʦʝʜʠʥʠʚ ʠʭ ʩ ʟʘʝʤʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ  ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʠ ʧʨʠʡʪʠ ʢ ʫʩʪʦʡʯʠʚʦʤʫ ʨʘʟʚʠʪʠʶ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʨʦʙʣʝʤʳ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘʶʱʠʡ 

ʯʝʣʦʚʝʢ ʚ ʫʩʣʦʚʠʷʭ ʩʦʮʠʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ 

ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ɸ ʩʚʷʟʴ ʤʦʪʠʚʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ ʦʯʝʚʠʜʥʘ. 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʘ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʠ, ʝʝ ʚʠʜʳ,  ʪʘʢ ʞʝ ʤʝʪʦʜʳ 

ʧʦʚʳʰʝʥʠʷ ʤʦʪʠʚʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʮʠʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ, ʩʦʮʠʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʤʦʪʠʚʘʮʠʷ 

 
ABSTRACT 

 

The article is devoted to the study of the problem of competitive advantages under the condition of the 

development of a socially oriented economy. This problem is extremely relevant at the present time, since a working 

person in a socially oriented economy is perceived as a strategic resource for the development of an enterprise. And the 

connection between motivation and labor productivity is obvious. 

The article discusses the company's social responsibility system, its types, as well as methods of increasing 

motivation used in practice. 

Keywords: social potential of the enterprise, competitive advantages, management process, social policy of the 

enterprise, motivation 

 

ʄʠʨʦʚʦʡ ʦʧʳʪ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, 

ʯʪʦ ʧʨʠʦʙʨʝʪʝʥʠʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ 

ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ ʨʘʟʚʠʪʠʷ ʩʦʮʠʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʧʨʘʚʦʤʝʨʥʦ 

ʪʨʘʢʪʫʝʤʦʡ ʢʘʢ ʵʢʦʥʦʤʠʢʘ ʨʘʟʚʠʪʠʷ, ʚ ʢʦʪʦʨʦʡ 

ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʫʩʧʝʭʘ ʩʪʘʥʦʚʠʪʩʷ ʩʦʮʠʘʣʴʥʦʝ 

ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʡ, ʠ ʚʥʠʤʘʥʠʝ ʘʢʮʝʥʪʠʨʫʝʪʩʷ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʫʜʦʚʣʝʪʚʦʨʝʥʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʝʨʩʦʥʘʣʘ ʚ ʘʜʝʢʚʘʪʥʦʡ ʩʦʮʠʘʣʴʥʦʡ ʢʦʤʧʝʥʩʘʮʠʠ, 

ʧʝʨʤʘʥʝʥʪʥʦʤ ʨʘʟʚʠʪʠʠ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʤ ʪʨʫʜʝ. 

ʈʘʙʦʪʘʶʱʠʡ ʯʝʣʦʚʝʢ ʚ ʫʩʣʦʚʠʷʭ ʩʦʮʠʘʣʴʥʦ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʢʘʢ 

ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʘʢʢʫʤʫʣʠʨʫʶʱʠʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʝ ʟʥʘʥʠʷ, 

ʫʤʝʥʠʷ, ʥʘʚʳʢʠ, ʪʚʦʨʯʝʩʢʠʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʦʧʳʪ, ʤʦʪʠʚʘʮʠʦʥʥʳʝ ʥʘʩʪʘʚʣʝʥʠʷ, 

ʵʤʦʮʠʦʥʘʣʴʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʧʦʪʝʥʮʠʘʣ 

ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ, ʠʥʥʦʚʘʮʠʦʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʪʨʫʜʘ 

ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ 

ʩʦʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ. ʂʨʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ ʪʦʯʝʢ ʟʨʝʥʠʷ ʫʯʝʥʳʭ 

ʧʦʟʚʦʣʠʣ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʧʨʠʨʦʜʳ 

ʧʨʦʮʝʩʩʦʚ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ 

ʠʤʝʝʪ ʦʜʥʦʟʥʘʯʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʩʦʮʠʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʝʜʧʨʠʷʪʠʷ - ʵʪʦ 

ʤʥʦʛʦʘʩʧʝʢʪʥʳʡ ʠ ʤʥʦʛʦʤʝʨʥʳʡ ʫʧʨʘʚʣʝʥʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʩʦʜʝʨʞʘʥʠʝ ʜʝʬʠʥʠʮʠʠ çʨʘʟʚʠʪʠʝè ʨʘʩʢʨʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʠʝ ʈ. ʃ. ɸʢʦʬʬʘ [1], ʚ ʢʦʪʦʨʦʤ 

ʦʪʤʝʯʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʙʨʝʪʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʫʨʦʚʥʷ ʞʠʟʥʠ ʧʝʨʩʦʥʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʇʦʥʷʪʥʦ, ʯʪʦ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʦ 

ʜʝʡʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʦ ʩʠʣʘʤ ʪʦʣʴʢʦ ʢʨʫʧʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʷʤ, ʦʙʣʘʜʘʶʱʠʤ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʵʪʦʛʦ ʬʠʥʘʥʩʦʚʳʤʠ, ʤʘʪʝʨʠʘʣʴʥʳʤʠ, 

ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. 

ʊʘʢʘʷ ʩʠʩʪʝʤʘ ʥʝʦʙʭʦʜʠʤʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢʨʫʧʥʳʤ 

ʧʨʝʜʧʨʠʷʪʠʷʤ ʯʘʩʪʥʦʡ ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, 
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ʜʝʷʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ 

ʪʝʤʧʘʤʠ ʨʦʩʪʘ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʠʩʪʝʤʘ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ 

ʧʦʜʩʠʩʪʝʤ: ʧʦʜʩʠʩʪʝʤʳ ʥʘʨʫʞʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʧʝʨʝʜ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʙʠʟʥʝʩ-

ʧʘʨʪʥʝʨʘʤʠ, ʦʙʱʝʩʪʚʝʥʥʦʩʪʴʶ ʠ ʜʨʫʛʠʤʠ 

ʚʥʝʰʥʠʤʠ ʛʨʫʧʧʘʤʠ ʜʝʡʩʪʚʠʷ) ʠ ʧʦʜʩʠʩʪʝʤʳ 

ʚʥʫʪʨʝʥʥʝʡ ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (ʧʝʨʝʜ 

ʩʚʦʠʤ ʧʝʨʩʦʥʘʣʦʤ). ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʥʫʪʨʝʥʥʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ, ʪʦ ʦʥʘ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʯʝʪʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʤʦʪʠʚʠʨʦʚʘʥʠʷ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʭ, 

ʪʘʢ ʠ ʥʝʤʘʪʝʨʠʘʣʴʥʳʭ ʩʪʠʤʫʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ 

ʨʘʟʚʠʪʠʶ ʧʝʨʩʦʥʘʣʘ ʢʘʢ ʚ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ ʚ ʣʠʯʥʦʩʪʥʦʡ. ʄʘʪʝʨʠʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʪʠʚʠʨʦʚʘʥʠʷ 

ʧʝʨʩʦʥʘʣʘ ʢʘʢ ʢʦʤʧʝʥʩʘʮʠʷ ʟʘ ʪʨʫʜʦʚʦʝ ʫʯʘʩʪʠʝ 

ʷʚʣʷʶʪʩʷ ʟʘʨʘʙʦʪʥʘʷ ʧʣʘʪʘ ʠ ʧʨʝʤʠʘʣʴʥʳʝ 

ʚʳʧʣʘʪʳ. ʅʝʤʘʪʝʨʠʘʣʴʥʘʷ ʯʘʩʪʴ ï ʩʦʮʠʘʣʴʥʳʡ 

ʧʘʢʝʪ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʝʨʩʦʥʘʣʫ 

ʧʨʝʜʧʨʠʷʪʠʷ, ʪʦ ʝʩʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ ʫʩʣʫʛ ʠ ʪʦʚʘʨʦʚ, 

ʢʦʪʦʨʫʶ ʧʨʝʜʧʨʠʷʪʠʝ ʧʨʝʜʣʘʛʘʝʪ ʧʝʨʩʦʥʘʣʫ ʢʘʢ 

ʜʦʣʶ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘ ʧʣʦʜʦʪʚʦʨʥʳʡ ʪʨʫʜ [2,4]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚʣʠʷʥʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʨʦʛʨʝʩʩʘ ʥʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦʣʷ ʩʣʦʞʥʦʛʦ, 

ʪʚʦʨʯʝʩʢʦʛʦ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʦʱʨʝʥʠʝ ʧʝʨʩʦʥʘʣʘ ʢ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʤʫ ʪʨʫʜʫ. ʂʘʢ ʜʦʢʘʟʳʚʘʝʪ ʦʧʳʪ 

ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʦʱʨʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʢ 

ʫʯʘʩʪʠʶ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ, ʢʦʪʦʨʦʝ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʦʮʠʘʣʴʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʫʯʘʩʪʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʫʧʨʘʚʣʝʥʠʠ ʧʨʝʜʧʨʠʷʪʠʝʤ ʠ 

ʘʪʤʦʩʬʝʨʘ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩʦʟʜʘʶʪ ʨʝʘʣʴʥʳʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʧʨʠʚʣʝʯʝʥʠʷ ʧʝʨʩʦʥʘʣʘ ʚ ʧʨʦʮʝʩʩ 

ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ [3,4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʢʦʥʮʝʧʮʠʠ çʠʥʪʝʨʘʢʪʠʚʥʦʛʦè 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʈ. 

ɸʢʦʬʬʦʤ [1], ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʢʦʪʦʨʦʡ 

ʧʨʦʚʦʟʛʣʘʰʘʝʪʩʷ ʘʢʪʠʚʥʘʷ ʧʦʤʦʱʴ ʧʝʨʩʦʥʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʛʝʥʝʨʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʠʭ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʙʫʜʫʱʝʛʦ ʠ ʥʘʭʦʞʜʝʥʠʠ ʧʫʪʝʡ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ. 

ʆʙʦʙʱʘʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ, ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʨʝʙʫʝʪ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʧʦʣʥʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʦʮʝʜʫʨ, ʘ ʧʨʦʮʝʩʩ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʚ 

ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ. ʀ ʝʩʣʠ ʦʩʥʦʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, 

ʦʪʨʘʞʘʶʱʠʤ ʩʦʩʪʦʷʥʠʝ ʩʦʮʠʘʣʴʥʦ-ʪʨʫʜʦʚʳʭ 

ʦʪʥʦʰʝʥʠʡ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ, 

ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʠʚʥʳʡ ʜʦʛʦʚʦʨ, ʪʦ ʥʘ  ʪʘʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, 

ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʢʦʣʣʝʢʪʠʚʥʳʤ ʜʦʛʦʚʦʨʦʤ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʢʦʤʧʣʝʢʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʪʨʘʢʪʦʚ ʩ ʩʦʮʠʘʣʴʥʳʤʠ ʧʘʢʝʪʘʤʠ ʜʣʷ ʨʘʟʥʳʭ 

ʢʘʪʝʛʦʨʠʡ ʧʝʨʩʦʥʘʣʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʤʘʩʰʪʘʙʦʚ, 

ʬʦʨʤʳ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʦʪʨʘʩʣʝʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ 

ʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʡ ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʝʪ ʬʦʨʤʠʨʦʚʘʪʴ 

ʩʦʙʩʪʚʝʥʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠʣʠ 

ʠʤʝʪʴ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʳʝ ʝʝ ʵʣʝʤʝʥʪʳ, ʨʘʩʩʯʠʪʳʚʘʷ 

ʥʘ ʢʦʦʧʝʨʘʮʠʶ ʩ ʜʨʫʛʠʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʠʣʠ ʥʘ 

ʛʦʨʦʜʩʢʫʶ ʙʘʟʫ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ [4]. 

ʎʝʣʠ ʠ ʮʝʣʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʜʦʣʞʥʳ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʟʘ ʩʯʝʪ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʳʤʠ 

ʧʨʦʮʝʩʩʘʤʠ ʢʘʢ ʚ ʧʨʝʜʝʣʘʭ ʚʥʫʪʨʝʥʥʝʡ ʩʦʮʠʘʣʴʥʦʡ 

ʩʨʝʜʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʠ ʚ ʝʛʦ ʚʥʝʰʥʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʝ. 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʦʮʠʘʣʴʥʦʝ 

ʫʧʨʘʚʣʝʥʠʝ (ʫʧʨʘʚʣʝʥʠʝ ʩʦʮʠʘʣʴʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ) 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʫʧʨʘʚʣʝʥʠʷ, 

ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʚʠʪʠʷ ʢʘʢ ʦʙʱʝʩʪʚʘ ʚ 

ʮʝʣʦʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʭ ʝʛʦ ʧʦʜʩʠʩʪʝʤ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʪʦʯʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʜʝʬʠʥʠʮʠʠ "ʩʦʮʠʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ" 

ʚʳʷʚʠʤ ʝʝ ʩʚʷʟʴ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʩʦ ʩʪʨʘʪʝʛʠʝʡ 

ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ. ʅʘʠʙʦʣʝʝ 

ʧʦʣʥʦ ʦʪʨʘʞʘʶʱʠʤ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʯʠʪʘʝʤ 

ʦʧʨʝʜʝʣʝʥʠʝ ʀ. ɸʥʩʦʬʬʘ [1], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 

ʧʦʣʠʪʠʢʘ ï ʵʪʦ ʚʦʟʤʦʞʥʦʝ ʫʧʨʘʚʣʝʥʯʝʩʢʦʝ 

ʨʝʰʝʥʠʝ, ʘ ʩʪʨʘʪʝʛʠʷ ï ʵʪʦ ʧʨʘʚʠʣʦ ʧʨʠʥʷʪʠʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ çʧʦʣʠʪʠʢʘ ʚ ʦʪʥʦʰʝʥʠʠ ʩʪʨʘʪʝʛʠʠ 

ʷʚʣʷʝʪʩʷ çʦʙʦʣʦʯʢʦʡè, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʤʝʨʦʧʨʠʷʪʠʷ ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʚʦʟʛʣʘʰʘʝʤʳʝ ʥʘʤʝʨʝʥʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʧʦ ʝʛʦ ʨʘʟʚʠʪʠʶè [1]. 

ʋʛʣʫʙʣʝʥʥʦʝ ʦʩʤʳʩʣʝʥʠʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʩʦʮʠʘʣʴʥʫʶ ʧʦʣʠʪʠʢʫ 

ʧʨʝʜʧʨʠʷʪʠʷ ʪʦʨʛʦʚʣʠ ʢʘʢ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʟʛʣʷʜʦʚ, 

ʠʜʝʡ, ʤʝʪʦʜʦʚ ʠ ʧʨʠʥʮʠʧʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʧʨʦʛʨʝʩʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ 

ʩʦʮʠʘʣʴʥʦʡ ʩʨʝʜʳ ʧʨʝʜʧʨʠʷʪʠʷ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʨʠʝʥʪʠʨʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ 

ʪʦʨʛʦʚʣʠ. 

ʇʦʵʪʦʤʫ, ʩʦʮʠʘʣʴʥʘʷ ʧʦʣʠʪʠʢʘ ʧʨʝʜʧʨʠʷʪʠʷ 

ʜʦʣʞʥʘ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʢʣʶʯʝʚʳʤ 

ʧʨʠʥʮʠʧʘʤ:  

ï ʦʧʨʝʜʝʣʷʪʴ ʠ ʫʯʠʪʳʚʘʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʠ 

ʥʝʤʘʪʝʨʠʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʠ ʠʥʪʝʨʝʩʳ ʧʝʨʩʦʥʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ;  

ï ʩʦʮʠʘʣʴʥʳʝ ʫʩʣʫʛʠ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʝ 

ʧʨʝʜʧʨʠʷʪʠʝʤ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ ʧʝʨʩʦʥʘʣʫ ʠ 

ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʢʘʢ ʜʦʙʨʦʚʦʣʴʥʳʝ ʨʘʩʭʦʜʳ 

ʧʨʝʜʧʨʠʷʪʠʷ ʥʘ ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ;  

ï ʙʳʪʴ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʦʡ 
ʠ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʚ ʩʠʩʪʝʤʝ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ 

ʥʘ ʟʘʪʨʘʪʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ;  

ï ʩʦʮʠʘʣʴʥʳʝ ʥʫʞʜʳ, ʢʦʪʦʨʳʝ ʫʞʝ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʩʪʝʧʝʥʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ ʛʦʩʫʜʘʨʩʪʚʦʤ ʠʣʠ 

ʜʨʫʛʠʤʠ ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʥʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʩʦʮʠʘʣʴʥʦʡ ʧʦʣʠʪʠʢʠ 

ʧʨʝʜʧʨʠʷʪʠʷ. 
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ʀʥʜʠʚʠʜʫʘʣʴʥʦ ʣʠʯʥʦʩʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʦʮʠʘʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 

ʵʣʝʤʝʥʪʳ: ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʥʘʣʠʯʠʝ ʫ 

ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ, 

ʫʤʝʥʠʝ ʠʭ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʩʚʦʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʧʝʨʤʘʥʝʥʪʥʦ 

ʦʙʥʦʚʣʷʪʴ); ʧʩʠʭʦʬʠʟʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ 

(ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʯʥʦʩʪʠ 

ʢʘʞʜʦʛʦ ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ); ʜʫʭʦʚʥʳʡ 

ʧʦʪʝʥʮʠʘʣ (ʣʠʯʥʦʩʪʥʳʝ ʮʝʥʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʨʘʙʦʪʘʶʱʝʛʦ ʯʝʣʦʚʝʢʘ ʠ ʢʦʣʣʝʢʪʠʚʘ ʚ 

ʮʝʣʦʤ); ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

(ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʙʦʪʘʶʱʝʛʦ ʯʝʣʦʚʝʢʘ ʢ 

ʢʘʯʝʩʪʚʝʥʥʦʤʫ, ʵʬʬʝʢʪʠʚʥʦʤʫ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʤʫ 

ʚʳʧʦʣʥʝʥʠʶ ʩʚʦʠʭ ʜʦʣʞʥʦʩʪʥʳʭ ʦʙʷʟʘʥʥʦʩʪʝʡ); 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ (ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʨʩʦʥʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ ʢ ʢʨʝʘʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʘʜʘʯ). 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʦʮʠʘʣʴʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

ï  ʨʘʟʚʠʪʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ ʩʦʮʠʘʣʴʥʦʡ 

ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ; 

ï  ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʜʦʣʞʥʦʡ 

ʦʭʨʘʥʳ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ;  

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʦʮʠʘʣʴʥʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ;  

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ ʠ 
ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʤʘʪʝʨʠʘʣʴʥʦʡ ʠ 

ʥʨʘʚʩʪʚʝʥʥʦʡ ʤʦʪʠʚʘʮʠʠ ʪʨʫʜʘ ʧʝʨʩʦʥʘʣʘ 

ʧʨʝʜʧʨʠʷʪʠʷ;  

ï ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʨʴʝʨʦʡ 

ʧʝʨʩʦʥʘʣʘ;  

ï ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ 
ʩʠʩʪʝʤʳ ʧʝʨʤʘʥʝʥʪʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 

ʧʝʨʩʦʥʘʣʘ; 

ï  ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ, ʦʪʜʳʭʘ ʠ ʞʠʟʥʠ 
ʧʝʨʩʦʥʘʣʘ; 

ï  ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʨʝʟʫʣʴʪʘʪʠʚʥʦʡ 
ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ 

ʧʝʨʩʦʥʘʣʘ ʠ ʯʣʝʥʦʚ ʠʭ ʩʝʤʝʡ; 

ï  ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʢʦʨʧʦʨʘʪʠʚʥʦʡ 
ʢʫʣʴʪʫʨʳ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʀʪʘʢ, ʧʦʣʠʪʠʢʘ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʢʘʢ ʩʦʩʪʘʚʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʤʝʥʝʜʞʤʝʥʪʘ ï ʮʝʣʠ ʠ ʤʝʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʴʛʦʪ, ʫʩʣʫʛ ʠ 

ʚʳʧʣʘʪ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʢʘʢ 

ʧʝʨʩʦʥʘʣʘ ʧʨʝʜʧʨʠʷʪʠʷ, ʪʘʢ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʜʨʫʛʠʤʠ ʢʣʶʯʝʚʳʤʠ 

ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ. ʏʝʤ ʙʦʣʴʰʝ ʪʘʢʠʭ ʣʴʛʦʪ ʠ ʫʩʣʫʛ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʝ, ʯʝʤ ʠʭ ʩʫʤʤʘ ʚʳʰʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʦʛʦ ʜʝʡʩʪʚʫʶʱʠʤ 

ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʦʤ ʨʘʟʤʝʨʘ, ʪʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʫʩʧʝʰʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʘʜʘʧʪʘʮʠʠ 

ʧʝʨʩʦʥʘʣʘ, ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʤʘʥʝʥʪʥʦʝ ʦʙʫʯʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʵʬʬʝʢʪʠʚʥʦ 

ʬʦʨʤʠʨʫʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʜʨʦʚʳʡ ʨʝʟʝʨʚ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʚʟʘʠʤʦʚʳʛʦʜʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʚʥʝʰʥʠʤ ʦʢʨʫʞʝʥʠʝʤ. 

ʈʝʟʫʣʴʪʘʪʠʚʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʧʨʦʮʝʩʩ 

ʫʧʨʘʚʣʝʥʠʷ ʩʦʮʠʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʨʝʜʧʨʠʷʪʠʷ 

ʪʨʝʙʫʝʪ, ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʨʠʤʝʥʝʥʠʷ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʪʦ ʝʩʪʴ ʥʘʣʠʯʠʷ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʨʝʜʧʨʠʷʪʠʷ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʠʭ ʨʝʘʣʠʟʘʮʠʠ. 

ʇʨʘʢʪʠʢʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʩʪʨʘʪʝʛʠʷ 

ʩʦʮʠʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʝʜʧʨʠʷʪʠʷ ʨʝʘʣʠʟʫʝʪʩʷ 

ʪʦʣʴʢʦ ʧʨʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʢʦʛʜʘ ʧʝʨʩʦʥʘʣ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʚʦʩʧʨʠʥʠʤʘʝʪ ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʤʦʪʠʚʠʨʦʚʘʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ, ʘ ʚʥʝʰʥʝʝ ʦʢʨʫʞʝʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, 

ʙʣʘʛʦʜʘʨʷ ʩʦʟʜʘʥʥʦʤʫ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʠʤʠʜʞʫ, ʥʝ 

ʪʦʣʴʢʦ ʥʝ ʧʨʝʧʷʪʩʪʚʫʝʪ, ʥʦ ʠ ʧʦʤʦʛʘʝʪ 

ʧʨʝʜʧʨʠʷʪʠʶ ʚ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʩʪʨʘʪʝʛʠʠ. 

ʇʦʵʪʦʤʫ ʠʟʤʝʥʝʥʠʝ ʨʦʣʠ ʠ ʤʝʩʪʘ ʩʦʮʠʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʩʪʨʘʪʝʛʠʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ. 
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ɸʅʅʆʊɸʎʀʗ  

 

ʉʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʡ ʢʦʤʧʣʝʢʩ ï ʚʘʞʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʢʘʯʝʩʪʚʦ ʞʠʟʥʠ ʥʘʩʝʣʝʥʠʷ, ʟʜʦʨʦʚʴʝ ʥʘʩʝʣʝʥʠʷ. ʋʩʧʝʰʥʦʝ ʨʘʟʚʠʪʠʝ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʥʝʩʝʪ ʟʥʘʯʠʤʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʜʣʷ  ʛʦʩʫʜʘʨʩʪʚʘ, ʙʠʟʥʝʩʘ ʠ ʛʨʘʞʜʘʥ ʈʦʩʩʠʠ. ʕʬʬʝʢʪʠʚʥʳʡ 

ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʪʨʝʙʫʝʪ ʧʦʠʩʢʘ ʠ  ʚʥʝʜʨʝʥʠʷ 

ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ ʧʦʩʪʨʦʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʦʡ ʤʦʜʝʣʠ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʫʧʨʘʚʣʝʥʠʝ, ʤʝʭʘʥʠʟʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʦʝ 

ʨʘʟʚʠʪʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

 

ABSTRACT 

 

The sanatorium and resort complex is an important component of the national economy of Russia, ensuring the 

quality of life of the population and the health of the population. The successful development of the sanatorium 

complex has significant positive effects for the state, business and citizens of Russia. An effective management 

mechanism and sustainable development of the industry currently requires the search and implementation of completely 

new approaches to the formation and construction of a qualitatively new model of the management mechanism, modern 

management technologies, and the organization of production and economic activities. 

Keywords: sanatorium and resort complex, management, management mechanisms, economic development, 

economic relations, economic efficiency. 

 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʡ ʦʪʨʘʩʣʠ ʚ 

ʢʦʥʮʝ 1990-ʭ. ʥʘʯʘʣʝ 2000-ʭ ʛʛ. ʧʦʚʣʠʷʣʦ ʥʘ ʪʦ, ʯʪʦ 

ʢʘʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʠʷ, ʘ ʪʘʢʞʝ 

ʜʦʩʪʫʧʥʦʩʪʴ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʭ ʫʩʣʫʛ ʩʪʘʣʠ 

ʟʘʚʠʩʝʪʴ ʦʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʩʫʙʲʝʢʪʦʚ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ. ʅʦʚʳʝ ʫʩʣʦʚʠʷ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʪʨʝʙʫʶʪ 

ʦʪ ʫʯʘʩʪʥʠʢʦʚ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ ʚʳʩʦʢʦʡ 

ʜʝʣʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʀʟ-ʟʘ ʚʥʝʰʥʝʧʦʣʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʡ ʠ ʚʳʟʚʘʥʥʦʡ 

ʵʪʠʤ ʧʝʨʝʦʨʠʝʥʪʘʮʠʝʡ ʨʦʩʩʠʷʥ ʥʘ ʦʪʜʳʭ ʚʥʫʪʨʠ 

ʩʪʨʘʥʳ ʟʘʛʨʫʟʢʘ ʩʘʥʘʪʦʨʠʝʚ ʩʪʘʥʦʚʠʪʩʷ ʚʳʰʝ, ʯʝʤ 

ʜʦ ʧʘʥʜʝʤʠʠ. ʈʳʥʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ, ʨʝʘʣʴʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʤ ʣʝʯʝʥʠʠ ʧʦʚʳʰʘʝʪʩʷ. 

ʆʤʦʣʘʞʠʚʘʝʪʩʷ ʮʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ, ʚʩʝ ʙʦʣʴʰʝ 

ʩʝʤʝʡ ʩ ʜʝʪʴʤʠ ʚʳʙʠʨʘʶʪ ʩʦʚʤʝʱʝʥʠʝ ʦʪʜʳʭʘ ʠ 

ʦʟʜʦʨʦʚʣʝʥʠʝ. ɺ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʨʦʩʪʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪʨʘʩʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʦʮʝʥʠʪʴ ʧʦʜʭʦʜ ʢ ʧʨʦʮʝʩʩʫ ʠ 

ʤʘʥʠʟʤʫ ʫʧʨʘʚʣʝʥʠʷ [1]. 

ʇʨʦʰʝʜʰʠʝ ʛʦʜʳ ʨʝʬʦʨʤ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʘʢʦʤ ʤʝʭʘʥʠʟʤʝ ʚʩʝ ʙʦʣʴʰʝ 

ʚʦʟʨʘʩʪʘʝʪ, ʪʘʢ ʢʘʢ ʫʩʪʨʘʥʝʥʠʝ ʨʝʛʫʣʠʨʫʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ ʫʩʠʣʠʣʦ 

ʜʠʩʧʘʨʠʪʝʪ ʦʪʥʦʰʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ, ʧʨʠʚʝʣʦ ʢ ʩʧʘʜʫ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʬʦʨʤʠʨʦʚʘʣʦ ʛʣʫʙʦʢʠʝ 

ʜʠʩʧʨʦʧʦʨʮʠʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ, ʨʝʟʢʦ ʩʥʠʟʠʣʦ 

ʦʙʲʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ. ɺ ʵʪʠʭ 

ʫʩʣʦʚʠʷʭ ʚʩʪʘʶʪ ʧʨʦʙʣʝʤʳ ʥʘʭʦʞʜʝʥʠʷ ʧʫʪʝʡ ʠ 

ʤʝʪʦʜʦʚ ʚʳʭʦʜʘ ʠʟ ʬʠʥʘʥʩʦʚʦʛʦ ʠ ʦʙʱʝʛʦ ʢʨʠʟʠʩʘ 

ʢʘʢ ʥʘ ʤʘʢʨʦ-, ʪʘʢ ʠ ʤʠʢʨʦʫʨʦʚʥʷʭ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ. ʉʨʝʜʠ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ 

ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʤʝʭʘʥʠʟʤʫ ʩ ʝʛʦ ʩʪʠʤʫʣʠʨʫʶʱʠʤʠ ʠ 

ʨʝʛʫʣʠʨʫʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ ʚ ʢʦʤʧʣʝʢʩʥʦʡ 

ʩʠʩʪʝʤʝ ʚʝʜʝʥʠʷ ʭʦʟʷʡʩʪʚʘ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ 
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ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʥʫʞʜʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ, 

ʚʳʷʚʣʝʥʠʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʚ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʝʛʦ 

ʚʣʠʷʥʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ʈʳʥʦʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʘʯʘʣʠ 

ʚʦʟʨʦʞʜʘʪʴʩʷ ʚ 50-ʝ ʛʦʜʳ ʠ ʧʨʦʜʦʣʞʘʣʠʩʴ ʚ 60-70-ʝ 

ʛʦʜʳ, ʥʦ ʧʦ ʩʫʪʠ ʥʝ ʧʨʠʚʝʣʠ ʢ ʨʘʜʠʢʘʣʴʥʳʤ 

ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦ-

ʢʦʤʘʥʜʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʝ 

ʧʦʷʚʣʝʥʠʝ ʧʦʥʷʪʠʷ çʭʦʟʷʡʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤè 

ʩʚʷʟʘʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʨʝʬʦʨʤʦʡ 

1965 ʛ. ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʝ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʝʛʦʨʠʠ 

ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʠʟʫʯʝʥʥʦʩʪʴ, ʜʠʩʢʫʩʩʠʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʧʫʙʣʠʢʘʮʠʡ, ʢʘʩʘʶʱʠʭʩʷ ʝʛʦ ʩʫʱʥʦʩʪʠ ʠ 

ʩʪʨʫʢʪʫʨʳ.  

ʇʨʝʞʜʝ ʯʝʤ ʦʧʨʝʜʝʣʠʪʴ ʩʪʨʫʢʪʫʨʫ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʪʨʘʢʪʦʚʢʫ ʜʘʥʥʦʡ 

ʢʘʪʝʛʦʨʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʘʫʢʝ. 

ʉʦʚʨʝʤʝʥʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʢʘʪʝʛʦʨʠʘʣʴʥʦʡ ʩʫʱʥʦʩʪʠ 

çʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷè ʚʝʩʴʤʘ ʰʠʨʦʢʦ ʠ 

ʤʥʦʛʦʛʨʘʥʥʦ, ʘ ʪʘʢʞʝ ʠʤʝʝʪ ʨʘʟʥʦʩʪʦʨʦʥʥʶʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ. ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʤʝʥʝʜʞʤʝʥʪʝ ʤʝʪʦʜʳ ʫʧʨʘʚʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠ 

ʨʘʟʚʠʪʠʝʤ ʩʫʙʲʝʢʪʦʚ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʙʘʟʠʨʫʶʪʩʷ 

ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʘʙʩʪʨʘʢʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʥʠʭ 

ʢʘʢ ʦ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʇʨʠ ʦʧʠʩʘʥʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ 

ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʥʷʪʠʷ 

çʭʦʟʷʡʩʪʚʝʥʥʳʡ ʤʝʭʘʥʠʟʤè, çʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤè çʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤè, çʬʠʥʘʥʩʦʚʳʡ ʤʝʭʘʥʠʟʤè, çʨʳʥʦʯʥʳʡ 

ʤʝʭʘʥʠʟʤè, çʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷè, çʤʝʭʘʥʠʟʤ 

ʚʳʭʦʜʘ ʠʟ ʢʨʠʟʠʩʘè, çʤʝʭʘʥʠʟʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠè ʠ ʜʨ. [3] 

ʉʣʦʚʦ çʤʝʭʘʥʠʟʤè ʚ ʧʨʷʤʦʤ ʩʤʳʩʣʝ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʪʝʭʥʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ, ʠ ʟʜʝʩʴ ʦʥ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʜʚʠʞʝʥʠʡ ʠʣʠ 

ʩʦʙʳʪʠʡ, ʘ ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ ʠʣʠ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, 

ʚ ʢʦʪʦʨʦʤ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʩʦʚʝʨʰʘʶʪʩʷ 

ʵʪʠ ʜʚʠʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʟʘʢʦʥʘʤʠ ʧʨʠʨʦʜʳ 

ʄʝʭʘʥʠʟʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʘʢʞʝ ʢʘʢ çʩʠʩʪʝʤʘ, 

ʫʩʪʨʦʡʩʪʚʦ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʦʨʷʜʦʢ ʢʘʢʦʛʦ-ʣʠʙʦ 

ʚʠʜʘ ʜʝʷʪʝʣʴʥʦʩʪʠè.  

ɺ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝ ʧʦʥʷʪʠʝ 

çʤʝʭʘʥʠʟʤè ʧʨʝʧʦʜʥʦʩʠʪʩʷ ʢʘʢ 

çʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩʦʩʪʦʷʥʠʡ, ʧʨʦʮʝʩʩʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʦʙʦʡ ʢʘʢʦʝ-ʥʠʙʫʜʴ ʜʝʡʩʪʚʠʝ, 

ʷʚʣʝʥʠʝè, ʠʣʠ ʞʝ çʩʠʩʪʝʤʘ, ʫʩʪʨʦʡʩʪʚʦ, 

ʦʧʨʝʜʝʣʷʶʱʝʝ ʧʦʨʷʜʦʢ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʚʠʜʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠè.  

ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʣʶʙʦʡ ʤʝʭʘʥʠʟʤ ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ 

(ʤʘʪʝʨʠʘʣʴʥʳʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ), 

ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʩʪʘʪʠʢʫ (ʩʦʩʪʘʚ), ʩʪʘʪʠʯʝʩʢʠʭ 

ʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ, ʯʪʦ 

ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʩʪʨʫʢʪʫʨʫ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ï 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʝʛʦ ʜʠʥʘʤʠʢʫ. 

ʇʨʦʮʝʩʩ ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʠʠ 

ʩʦʩʪʦʷʥʠʷ ʤʝʭʘʥʠʟʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ. ʊʘʢʦʡ ʚʨʝʤʝʥʥʦʡ 

ʨʷʜ ʧʦʟʚʦʣʠʪ ʦʪʨʘʟʠʪʴ ʜʠʥʘʤʠʢʫ ʨʘʙʦʪʳ 

ʤʝʭʘʥʠʟʤʘ.  

ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʤʝʭʘʥʠʟʤʳ, 

ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʦʩʥʦʚʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʠ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʠʭ ʚʨʝʤʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ, ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʜʨʘʟʜʝʣʷʶʪ 

ʥʘ ʦʪʢʨʳʪʳʝ ʠ ʟʘʢʨʳʪʳʝ. ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪ 

ʤʝʭʘʥʠʟʤʳ ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʠ (ʨʘʚʥʦʚʝʩʠʷ) 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢ, ʨʳʥʦʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʮʝʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʬʠʥʘʥʩʦʚʳʝ 

ʤʝʭʘʥʠʟʤʳ ʛʦʩʫʜʘʨʩʪʚ ʠ ʢʨʫʧʥʳʭ ʢʦʨʧʦʨʘʪʠʚʥʳʭ 

ʦʙʨʘʟʦʚʘʥʠʡ, ʢʦʨʧʦʨʘʮʠʡ ʠ ʦʨʛʘʥʠʟʘʮʠʡ. ʂʦʥʝʯʥʳʡ 

ʨʝʟʫʣʴʪʘʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ï 

ʵʪʦ ʥʦʚʦʝ (ʦʙʥʦʚʣʝʥʥʦʝ) ʩʦʩʪʦʷʥʠʝ ʙʘʟʦʚʦʛʦ 

(ʠʩʩʣʝʜʫʝʤʦʛʦ) ʷʚʣʝʥʠʷ. ɿʘʢʨʳʪʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ 

ʤʝʭʘʥʠʟʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʫʙʣʠʨʦʚʘʥʠʝʤ 

(ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝʤ) ʠʩʭʦʜʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʚ ʥʦʚʳʭ ʠʣʠ ʦʙʥʦʚʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ï ʵʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʫʣʴʪʠʧʣʠʢʘʪʠʚʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʪʦ ʝʩʪʴ ʤʝʭʘʥʠʟʤʳ 

ʯʝʨʝʜʦʚʘʥʠʷ ʮʠʢʣʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ, 

ʩʝʟʦʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʮʝʥʦʚʦʡ ʢʦʥʲʶʥʢʪʫʨʳ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʦʚʘʨʦʚ ʠ ʫʩʣʫʛ ʠ ʪ.ʧ. [2] 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʨʳʪʳʤ, ʪ.ʝ. ʥʝʠʟʤʝʥʥʳʤ ʧʦ ʩʦʩʪʘʚʫ 

ʠ ʩʪʨʫʢʪʫʨʝ ʚʦ ʚʨʝʤʝʥʠ, ʧʦʚʪʦʨʷʷ ʨʝʘʣʠʟʫʝʤʳʡ ʠʤ 

ʧʨʦʮʝʩʩ ʙʝʟ ʠʟʤʝʥʝʥʠʡ, ʠ ʦʪʢʨʳʪʳʤ, ʪ.ʝ. 

ʤʝʥʷʶʱʠʤ ʩʚʦʡ ʩʦʩʪʘʚ, ʩʪʨʫʢʪʫʨʫ ʠ ʧʨʦʮʝʩʩ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʆʪʣʠʯʠʪʝʣʴʥʳʡ ʧʨʠʟʥʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ ʣʶʙʦʛʦ ʫʨʦʚʥʷ ï ʥʘʣʠʯʠʝ ʨʝʘʣʴʥʳʭ (ʪ.ʝ. 

ʷʚʥʳʭ, ʠʟʤʝʨʷʝʤʳʭ) ʚʟʘʠʤʦʩʚʷʟʝʡ ʪʝʭ ʠʣʠ ʠʥʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʠ ʛʨʫʧʧʠʨʦʚʘʪʴ. ʕʢʦʥʦʤʠʯʝʩʢʠʡ 

ʤʝʭʘʥʠʟʤ ʠʤʝʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ, ʠ 

ʪʝʨʤʠʥ çʵʢʦʥʦʤʠʯʝʩʢʠʡè ʧʦʣʘʛʘʝʪ, ʯʪʦ ʜʘʥʥʳʡ 

ʤʝʭʘʥʠʟʤ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʩʪʝʤʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʧʨʠ ʝʛʦ ʧʦʩʪʨʦʝʥʠʠ, ʦʮʝʥʢʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʤʝʭʘʥʠʟʤʦʚ ʚʩʝʛʜʘ ʩʚʷʟʘʥʦ ʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʜ ʙʘʟʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

(ʤʝʭʘʥʠʟʤʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ) ʧʦʥʠʤʘʶʪ çʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʳʡ ʥʘʙʦʨ ʧʨʦʮʝʜʫʨ, ʧʨʘʚʠʣ, ʧʦʣʦʞʝʥʠʡ, 

ʠʥʩʪʨʫʢʮʠʡ, ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʧʦʚʝʜʝʥʠʝ ʣʠʮ, 

ʛʦʪʦʚʷʱʠʭ ʠ ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠè.  

ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ (ɺ.ʅ. ɹʫʨʢʦʚ, ɺ.ɸ. ʀʨʠʢʦʚ, ɺ.ɺ. 

ʂʦʥʜʨʘʪʴʝʚ, ɸ.ɼ. ʐʝʨʝʤʝʪ, ʈ.ʉ. ʉʘʡʬʫʣʠʥ, ʀ.ʊ. 

ɹʘʣʘʙʘʥʦʚ ʠ ʜʨ.) ʧʦʜʨʘʟʜʝʣʷʶʪ ʚʝʩʴ ʢʦʤʧʣʝʢʩ 

ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ 

ʫʧʨʘʚʣʝʥʠʠ ʨʘʟʚʠʪʠʝʤ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʘ ʟʘʜʘʯʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
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ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʫʯʝʥʠʝʤ ʜʠʥʘʤʠʢʠ ʩʚʦʡʩʪʚ ʩʘʤʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʨʘʟʚʠʪʠʷ ʠʣʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠʣʠ 

ʝʛʦ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʩ 

ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʘ ʪʦʣʴʢʦ ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʝʪ 

ʩʪʨʦʛʦ ʦʪʣʘʞʝʥʥʫʶ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ.  

ɿʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ 

ʫʧʨʘʚʣʝʥʠʷ ʠʤʝʶʪ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ. ɿʘʜʘʯʠ 

ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ 

ʨʷʜʘ ʪʨʘʥʩʧʘʨʝʥʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʦʙʲʝʢʪʠʚʥʦʩʪʴʶ ʦʪʨʘʞʘʶʱʠʭ ʧʨʦʮʝʩʩʳ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ (ʦʧʪʠʤʘʣʴʥʦʛʦ) ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʝʭʘʥʠʟʤʘ. ʂʦʥʢʨʝʪʥʳʡ ʥʘʙʦʨ ʧʦʢʘʟʘʪʝʣʝʡ 

ʦʙʫʩʣʦʚʣʝʥ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʚʦ 

ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʨʦʚʥʝʤ ʟʘʪʨʘʪ (ʚʨʝʤʝʥʥʳʭ ʠ 

ʬʠʥʘʥʩʦʚʳʭ) ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɼʨʫʛʠʝ ʟʘʜʘʯʠ ʩʚʷʟʘʥʳ ʩ ʧʦʩʪʨʦʝʥʠʝʤ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʪʨʝʙʫʶʪ ʠʟʫʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ-ʘʥʘʣʦʛʦʚ ʩ ʫʯʝʪʦʤ 

ʬʘʢʪʦʨʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴʶ 

ʵʣʝʤʝʥʪʦʚ ʚʥʫʪʨʠ ʩʠʩʪʝʤʳ ʠ ʩʘʤʦʡ ʵʪʦʡ ʩʠʩʪʝʤʳ ʩ 

ʚʥʝʰʥʝʡ ʠʥʩʪʠʪʫʮʠʦʥʘʣʴʥʦʡ ʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʩʨʝʜʦʡ.  

ʈʝʘʣʠʟʘʮʠʷ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʜʦʩʪʠʞʝʥʠʝʤ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʝʣʝʡ, ʧʦʵʪʦʤʫ ʧʦʜ ʧʨʦʮʝʩʩʦʤ 

ʫʧʨʘʚʣʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘʟʳʚʘʝʪʩʷ 

ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʫʙʲʝʢʪʘ 

ʫʧʨʘʚʣʝʥʠʷ ʥʘ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ ʚ ʮʝʣʷʭ 

ʨʝʘʣʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʘʥʠʝ ʢʘʞʜʦʡ ʠʟ ʥʠʭ 

ʦʪʨʘʞʝʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʮʝʣʝʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. ʊʘʢ, 

ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʠ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ʧʨʠʥʠʤʘʶʪʩʷ ʧʣʘʥʦʚʳʝ ʨʝʰʝʥʠʷ, ʧʨʠ ʤʦʪʠʚʘʮʠʠ ï 

ʩʪʠʤʫʣʠʨʫʶʱʠʝ ʠ ʪ.ʧ., ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʮʝʜʫʨ ʠ ʧʨʘʚʠʣ. ʇʦʵʪʦʤʫ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʢʘʯʝʩʪʚʝ ʮʠʢʣʠʯʝʩʢʠ 

ʧʦʚʪʦʨʷʶʱʝʡʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʥʦ ʠ ʢʘʢ ʧʨʦʮʝʩʩ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʜʦʩʪʠʞʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ.   

ʆʜʥʘ ʠʟ ʩʘʤʳʭ ʩʝʨʴʝʟʥʳʭ ʧʨʦʙʣʝʤ, 

ʩʜʝʨʞʠʚʘʶʱʠʭ ʧʨʠʥʷʪʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʛʨʘʤʦʪʥʳʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ 

ʢʦʤʘʥʜ ʠ ʢʦʤʧʝʪʝʥʪʥʳʭ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ, ʧʨʠʥʠʤʘʶʱʠʭ ʨʝʰʝʥʠʷ ʧʦ ʚʦʧʨʦʩʘʤ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʨʘʩʣʠ ʥʘ ʚʩʝʭ 

ʩʪʫʧʝʥʷʭ ʫʧʨʘʚʣʝʥʠʷ. ʄʝʭʘʥʠʟʤ ʨʝʘʣʠʟʘʮʠʠ 

ʩʪʨʘʪʝʛʠʠ ʨʘʟʚʠʪʠʷ ʩʘʥʘʪʦʨʥʦ-ʢʫʨʦʨʪʥʦʡ ʦʪʨʘʩʣʠ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʨʘʚʦʚʦʛʦ, 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ çʙʘʣʘʥʩ ʠʥʪʝʨʝʩʦʚè ʠ 

ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʫʯʘʩʪʥʠʢʦʚ 

ʨʝʘʣʠʟʘʮʠʠ ʩʪʨʘʪʝʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʨʘʟʥʦʫʨʦʚʥʝʚʫʶ ʠʝʨʘʨʭʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 

ʦʩʥʦʚʥʳʭ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʵʣʝʤʝʥʪʦʚ 

ʠ ʠʭ ʪʠʧʦʚʳʭ ʛʨʫʧʧ (ʩʫʙʲʝʢʪʦʚ, ʦʙʲʝʢʪʦʚ, 

ʧʨʠʥʮʠʧʦʚ, ʤʝʪʦʜʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʪ.ʧ.), ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʢʣʶʯʘʷ ʠʥʪʝʛʨʘʮʠʶ 

ʠ ʜʝʟʠʥʪʝʛʨʘʮʠʶ, ʚ ʭʦʜʝ ʠ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʦʪʦʨʳʭ 

ʛʘʨʤʦʥʠʟʠʨʫʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ 

(ʠʥʪʝʨʝʩʳ) ʛʦʩʫʜʘʨʩʪʚʘ, ʩʦʙʩʪʚʝʥʥʠʢʦʚ (ʫʯʘʩʪʥʠʢʦʚ 

ʠ ʘʢʮʠʦʥʝʨʦʚ), ʢʨʝʜʠʪʦʨʦʚ ʠ ʧʝʨʩʦʥʘʣʘ, ʚʢʣʶʯʘʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʳʩʰʝʛʦ ʤʝʥʝʜʞʤʝʥʪʘ 

ʦʨʛʘʥʠʟʘʮʠʠ, ʠ ʦʙʱʝʩʪʚʘ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʩʠʠ ʚ 

ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʩʘʥʢʮʠʦʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʜʝʨʞʘʚ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ. ʇʨʠʚʦʜʷʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʢʦʣʠʯʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʄʉʇ, 

ʧʦʜʯʝʨʢʠʚʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʜʣʷ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʳʡ ʙʠʟʥʝʩ, ʧʘʥʜʝʤʠʷ,ʩʘʥʢʮʠʠ, ʣʴʛʦʪʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ, ʢʦʥʢʫʨʝʥʮʠʷ. 

 

ABSTRACT 

 

The article deals with topical issues of the functioning and development of small businesses in Russia in the 

difficult conditions of sanctions pressure from the leading world powers and international organizations. Statistical data 

on the dynamics of the number of SMEs are presented and analyzed, and the advantages of small business development 

for the domestic economy are emphasized. 

Keywords: small business, pandemic, sanctions, concessional lending, competition. 

 

ʕʩʢʘʣʘʮʠʷ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ 

ʤʠʨʝ, ʚʝʜʫʱʘʷ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʦʙʦʩʪʨʝʥʠʶ 

ʤʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʤ 

ʧʦʪʨʷʩʝʥʠʷʤ, ʧʦʙʫʜʠʣʘ ʥʘʩ ʚʝʨʥʫʪʴʩʷ ʢ ʪʝʤʝ 

ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. ɺ ʙʦʨʴʙʝ ʢʨʫʧʥʳʭ 

ʪʨʘʥʩʥʘʮʠʦʥʘʣʴʥʳʭ ʢʦʨʧʦʨʘʮʠʡ ʠ ʧʨʦʪʝʞʠʨʫʝʤʳʭ 

ʠʤʠ ʧʦʣʠʪʠʢʦʚ ʟʘ ʧʝʨʝʜʝʣ ʤʠʨʘ, ʩʬʝʨ ʚʣʠʷʥʠʷ, 

ʨʝʩʫʨʩʳ (ʢʘʢ ʙʳ ʵʪʦ ʥʝ ʙʘʥʘʣʴʥʦ ʠ ʧʝʨʚʦʙʳʪʥʦ 

ʟʚʫʯʘʣʦ) ʧʨʦʠʛʨʳʚʘʶʪ ʚʩʝʛʜʘ ʵʢʦʥʦʤʠʢʘ ʠ 

ʦʙʱʝʩʪʚʦ. 

ɽʱʝ ʥʝ ʚʦʩʩʪʘʥʦʚʠʚʰʠʩʴ ʧʦʩʣʝ 

ʧʘʥʜʝʤʠʡʥʦʛʦ ʢʦʨʦʥʘʚʠʨʫʩʥʦʛʦ ʰʦʢʘ, ʤʠʨʦʚʘʷ 

ʵʢʦʥʦʤʠʢʘ ʦʢʫʥʫʣʘʩʴ ʚ ʤʦʱʥʦʝ ʧʨʦʪʠʚʦʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ çʩʪʘʨʳʤʠè ʛʦʩʫʜʘʨʩʪʚʘʤʠ-

ʣʠʜʝʨʘʤʠ, ʩʪʦʷʚʰʠʤʠ ʫ ʠʩʪʦʢʦʚ ʥʳʥʝʰʥʝʛʦ 

ʤʠʨʦʧʦʨʷʜʢʘ, ʠ ʟʘʢʦʥʦʤʝʨʥʦ çʚʳʨʦʩʰʠʤʠè ʥʦʚʳʤʠ 

ʛʦʩʫʜʘʨʩʪʚʘʤʠ-ʣʠʜʝʨʘʤʠ, ʫʚʝʨʝʥʥʦ ʟʘʷʚʣʷʶʱʠʤʠ ʦ 

ʩʚʦʝʤ ʥʝʩʦʛʣʘʩʠʠ ʩ ʜʝʡʩʪʚʫʶʱʠʤ ʤʠʨʦʫʩʪʨʦʡʩʪʚʦʤ 

ʤ ʝʛʦ ʢʫʨʘʪʦʨʘʤʠ. ɺʳʥʫʞʜʝʥʥʘʷ ʧʨʦʪʠʚʦʩʪʦʷʪʴ 

ʩʠʣʴʥʝʡʰʝʤʫ ʧʦ ʤʘʩʰʪʘʙʫ ʩʘʥʢʮʠʦʥʥʦʤʫ 

ʜʘʚʣʝʥʠʶ ʨʦʩʩʠʡʩʢʘʷ ʵʢʦʥʦʤʠʢʘ ʥʘʭʦʜʠʪʩʷ ʩʝʛʦʜʥʷ 

ʚ ʜʦʚʦʣʴʥʦ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʤ ʧʦʣʦʞʝʥʠʠ ʥʘ ʬʦʥʝ 

ʤʘʩʩʦʚʦʛʦ ʫʭʦʜʘ ʠʟ ʩʪʨʘʥʳ ʟʘʧʘʜʥʳʭ 

ʢʦʤʧʘʥʠʡ.ʆʧʨʘʚʠʚʰʠʩʴ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʰʦʢʘ, 

ʨʘʟʨʝʰʠʚ ʧʘʨʘʣʣʝʣʴʥʳʡ ʠʤʧʦʨʪ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʧʨʦʚʦʮʠʨʫʝʤʦʛʦ ʜʝʬʠʮʠʪʘ ʪʦʚʘʨʦʚ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʝʟʢʦʛʦ ʨʦʩʪʘ ʮʝʥ, ʚʩʝʛʜʘ 

ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʩʦʮʠʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ, ʚʣʘʩʪʠ 

ʫʚʝʨʝʥʥʦ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʴ ʧʦʣʠʪʠʢʫ 

ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ. ʅʝ ʙʫʜʝʤ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ 

ʨʦʣʠ ʢʨʫʧʥʦʛʦ ʙʠʟʥʝʩʘ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʝʥʥʦ-

ʧʨʦʤʳʰʣʝʥʥʦʛʦ) ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʪʝʤʘ 

ʦʪʜʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʝʛʦʜʥʷ, 

ʢʘʢ ʥʠʢʦʛʜʘ, ʦʩʦʙʫʶ ʨʦʣʴ ʚ ʚʦʟʨʦʞʜʝʥʠʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʵʢʦʥʦʤʠʢʠ ʜʦʣʞʝʥ ʠ ʤʦʞʝʪ ʩʳʛʨʘʪʴ 

ʠʤʝʥʥʦ ʤʘʣʳʡ ʠ ʩʨʝʜʥʠʡ ʙʠʟʥʝʩ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ, ʨʝʘʣʠʟʫʝʤʳʝ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʝ ʦʮʝʥʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ, ʚ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʫʯʠʪʳʚʘʶʪ 

ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ ʢ ʦʮʝʥʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʘʣʦʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ. ɸʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦ 

ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʟʘʨʫʙʝʞʥʦʛʦ ʦʧʳʪʘ ʚ 

ʫʧʨʘʚʣʝʥʠʠ ʟʘʯʘʩʪʫʶ ʠʛʥʦʨʠʨʦʚʘʣʦ ʨʦʩʩʠʡʩʢʫʶ 

ʩʧʝʮʠʬʠʢʫ, ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʥʪʘʣʠʪʝʪʘ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʝ 

ʘʩʧʝʢʪʳ. ʕʪʦ ʥʠʚʝʣʠʨʦʚʘʣʦ ʚʦʟʤʦʞʥʦʩʪʠ ʘʜʘʧʪʘʮʠʠ 

ʨʦʩʩʠʡʩʢʦʛʦ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʢ ʤʝʥʷʶʱʠʤʩʷ 

ʫʩʣʦʚʠʷʤ ʢʦʥʢʫʨʝʥʮʠʠ. 

ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʤ, ʤʝʪʦʜʠʯʝʩʢʦʤ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʤ ʢʦʥʪʝʢʩʪʘʭ ʚʦʧʨʦʩʳ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʠ 

ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʩʝʛʦʜʥʷ ʠʤʝʶʪ 

ʧʨʠʦʨʠʪʝʪʥʦʝ ʟʥʘʯʝʥʠʝ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʤʠʨʦʚʘʷ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ, ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ (ʦʨʛʘʥʠʟʘʮʠʠ) 

ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʧʨʘʚʦʚʳʭ ʬʦʨʤ 

ʦʪʥʦʩʷʪʩʷ ʢ ʩʫʙʲʝʢʪʘʤ ʤʘʣʦʛʦ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʷʷ 

ʯʠʩʣʝʥʥʦʩʪʴ ʨʘʙʦʪʥʠʢʦʚ, ʟʘʥʷʪʳʭ ʟʘ ʦʪʯʝʪʥʳʡ 

ʧʝʨʠʦʜ ʥʘ ʧʨʝʜʧʨʠʷʪʠʠ (ʚ ʦʨʛʘʥʠʟʘʮʠʠ). ʅʘʨʷʜʫ ʩʦ 



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
131 

 

  

ʩʨʝʜʥʝʡ ʯʠʩʣʝʥʥʦʩʪʴʶ ʧʝʨʩʦʥʘʣʘ ʢʨʠʪʝʨʠʷʤʠ 

ʦʪʥʝʩʝʥʠʷ ʢ ʤʘʣʦʤʫ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʫ 

ʚʳʩʪʫʧʘʶʪ ʦʙʲʝʤ ʦʙʦʨʦʪʘ (ʧʨʠʙʳʣʠ, ʜʦʭʦʜʘ), 

ʚʝʣʠʯʠʥʘ ʘʢʪʠʚʦʚ, ʨʘʟʤʝʨ ʫʩʪʘʚʥʦʛʦ ʢʘʧʠʪʘʣʘ ʠ 

ʜʨʫʛʠʝ[8,14].  

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 

ʪʨʘʥʩʧʦʨʪʘ, ʪʦʨʛʦʚʣʠ ʠ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. 

ʄʘʣʳʡ ʙʠʟʥʝʩ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪ 

ʠʤʝʶʱʠʝʩʷ ʫ ʥʝʛʦ ʬʘʢʪʦʨʳ ʧʨʦʠʟʚʦʜʩʪʚʘ 

(ʦʩʥʦʚʥʳʝ ʩʨʝʜʩʪʚʘ, ʩʳʨʴʝ, ʤʘʪʝʨʠʘʣʳ, ʪʦʧʣʠʚʦ, 

ʵʥʝʨʛʠʶ ʠ ʨʘʙʦʯʫʶ ʩʠʣʫ), ʧʨʦʷʚʣʷʝʪ ʚʳʩʦʢʫʶ 

ʤʦʙʠʣʴʥʦʩʪʴ ʠ ʜʠʥʘʤʠʯʥʦʩʪʴ[12,13]. 

ʌʝʜʝʨʘʣʴʥʳʤ ʟʘʢʦʥʦʤ "ʆ ʨʘʟʚʠʪʠʠ ʤʘʣʦʛʦ ʠ 

ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʚ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ" ʦʪ 24.07.2007 N 209-

ʌɿ[1]ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʢ 

ʩʫʙʲʝʢʪʘʤ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʨʝʜʥʝʡ ʯʠʩʣʝʥʥʦʩʪʠ ʨʘʙʦʪʥʠʢʦʚ 

ʟʘ ʢʘʣʝʥʜʘʨʥʳʡ ʛʦʜ ʧʨʝʜʧʨʠʷʪʠʷ ʜʝʣʷʪʩʷ ʥʘ: 

-ʤʠʢʨʦʧʨʝʜʧʨʠʷʪʠʷ -ʜʦ 15 ʯʝʣʦʚʝʢ; 

-ʤʘʣʳʝ ʧʨʝʜʧʨʠʷʪʠʷ -ʜʦ 100 ʯʝʣʦʚʝʢ 

ʚʢʣʶʯʠʪʝʣʴʥʦ; 

-ʩʨʝʜʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ-ʦʪ 101 ʜʦ 250 ʯʝʣʦʚʝʢ 

ʚʢʣʶʯʠʪʝʣʴʥʦ [1]. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 4 ʘʧʨʝʣʷ 2016 ʛ. N 265 çʆ 

ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʦʭʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʜʣʷ ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʩʫʙʲʝʢʪʦʚ 

ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘè[2] ʜʣʷ 

ʢʘʞʜʦʡ ʢʘʪʝʛʦʨʠʠ ʩʫʙʲʝʢʪʦʚ ʄʉʇ ʟʘʢʨʝʧʣʝʥʳ 

ʧʨʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʜʦʭʦʜʘ ʚ ʨʘʟʤʝʨʝ: 

-ʜʣʷ ʤʠʢʨʦʧʨʝʜʧʨʠʷʪʠʡ-120 ʤʣʥ. ʨʫʙʣʝʡ; 

-ʜʣʷ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ-800 ʤʣʥ. ʨʫʙʣʝʡ; 

-ʜʣʷ ʩʨʝʜʥʠʭ ʧʨʝʜʧʨʠʷʪʠʡ-2 ʤʣʨʜ. ʨʫʙʣʝʡ 

[2].    

ʄʘʣʦʝ ʠ ʩʨʝʜʥʝʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ 

ʜʦʣʞʥʦ ʠʛʨʘʪʴ ʧʨʠʦʨʠʪʝʪʥʫʶ ʨʦʣʴ ʚ ʵʢʦʥʦʤʠʢʝ, ʠʭ 

ʨʘʟʚʠʪʠʝ ʚʣʠʷʝʪ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ, 

ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʳʥʢʘ ʥʝʦʙʭʦʜʠʤʳʤʠ ʪʦʚʘʨʘʤʠ, 

ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ[6,9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟʠʨʫʷ ʟʘʨʫʙʝʞʥʳʡ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʦʧʳʪ ʨʘʟʚʠʪʠʷ ʤʘʣʦʛʦ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʝʛʦ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʙʦʣʝʝ ʙʳʩʪʨʘʷ 

ʘʜʘʧʪʘʮʠʷ ʢ ʤʝʩʪʥʳʤ ʫʩʣʦʚʠʷʤ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ; 

ʙʦʣʴʰʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʜʝʡʩʪʚʠʡ ʤʘʣʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʛʠʙʢʦʩʪʴ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʚ ʧʨʠʥʷʪʠʠ 

ʠ ʨʝʘʣʠʟʘʮʠʠ ʨʝʰʝʥʠʡ; ʥʠʟʢʠʝ ʨʘʩʭʦʜʳ ʧʨʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʜʝʷʪʝʣʴʥʦʩʪʠ; ʩʧʦʩʦʙʥʦʩʪʴ ʙʳʩʪʨʦ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ  ʧʨʦʜʫʢʮʠʶ ʠ  ʧʨʦʮʝʩʩ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʦʪʚʝʪ ʥʘ ʤʝʥʷʶʱʠʝʩʷ ʫʩʣʦʚʠʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ; ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ 

ʦʙʦʨʘʯʠʚʘʝʤʦʩʪʴ ʢʘʧʠʪʘʣʘ ʠ  ʜʨʫʛʠʝ[7,10]. 

ʇʨʦʙʣʝʤʳ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ 

ʯʘʩʪʦʪ ʫʧʠʨʘʶʪʩʷ ʚ ʥʠʟʢʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. ʇʨʝʜʧʨʠʥʠʤʘʪʝʣʠ, ʫʞʝ 

ʥʘʢʦʧʠʚʰʠʝ ʦʧʳʪ ʚʝʜʝʥʠʷ ʜʝʣ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ 

ʙʠʟʥʝʩʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʫʜʘʯʣʠʚʳ[16]. ɽʩʣʠ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʘʷ ʢʦʤʘʥʜʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʠ 

ʙʦʣʝʝ ʣʠʮ, ʰʘʥʩʳ ʥʘ ʚʳʞʠʚʘʥʠʝ ʚʳʰʝ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʥʮʠʧ ʢʦʣʣʝʛʠʘʣʴʥʦʩʪʠ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʠʟʤ[18,19]. 

ɼʠʥʘʤʠʢʘ ʩʫʙʲʝʢʪʦʚ ʄʉʇ ʟʘ 2017-2023 ʛʦʜʳ 

(ʜʘʥʥʳʝ ʥʘ ʠʶʣʴ) ʠʤʝʝʪ ʚ ʮʝʣʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ (ʨʠʩʫʥʦʢ 1). 

ɺ ʥʘʯʘʣʝ 2023 ʛʦʜʘ ʚ ʨʝʝʩʪʨ ʄʉʇ ʙʳʣʠ 

ʚʢʣʶʯʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʠʟ ʥʦʚʳʭ çʖʛʦ-ɿʘʧʘʜʥʳʭ ʩʫʙʲʝʢʪʦʚ 

ʈʌè, ʥʦ ʚ ʮʝʣʷʭ ʦʪʩʫʪʩʪʚʠʷ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 

ʩʦʧʦʩʪʘʚʠʤʦʩʪʠ ʜʘʥʥʳʭ, ʤʳ ʠʭ ʥʝ ʧʨʠʚʦʜʠʤ. 

 

 

 
 

ʈʠʩʫʥʦʢ 1. ɼʠʥʘʤʠʢʘ ʢʦʣʠʯʝʩʪʚʘ ʩʫʙʲʝʢʪʦʚ ʄʉʇ, 2017-2023ʛʛ., (ʜʘʥʥʳʝ ʥʘ ʠʶʣʴ), ʤʣʥ. ʝʜʠʥʠʮ 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥ ʘʚʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ [11] 
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ɺ 2021 ʛʦʜʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʘʥʜʝʤʠʡʥʦʤʫ 

2020 ʛʦʜʫ ʩʥʠʞʝʥʠʝ ʯʠʩʣʘ ʩʫʙʲʝʢʪʦʚ ʄʉʇ 

ʩʦʩʪʘʚʠʣʦ 6,67%, ʘ ʚ 2022 ʛʦʜʫ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʧʨʝʜʳʜʫʱʝʤʫ ʛʦʜʫ ʠʟʤʝʥʝʥʠʡ ʥʝ ʧʨʦʠʟʦʰʣʦ, ʯʪʦ 

ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʦʩʠʪ ʜʦʚʦʣʴʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ ʩʣʦʞʠʚʰʝʡʩʷ ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʘʥʢʮʠʦʥʥʫʶ ʧʦʣʠʪʠʢʫ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ 2023 ʛʦʜʫ 

ʯʠʩʣʦ ʩʫʙʲʝʢʪʦʚ ʄʉʇ ʧʦʯʪʠ ʜʦʩʪʠʛʣʦ ʟʥʘʯʝʥʠʡ 

ʜʦʢʦʨʦʥʘʚʠʨʫʩʥʦʛʦ ʧʝʨʠʦʜʘ (ʠʶʣʷ 2019 ʛʦʜʘ). 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʣʠʷʥʠʝ ʢʘʢ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʙʠʟʥʝʩʫ ʚ ʧʝʨʠʦʜ 

ʧʘʥʜʝʤʠʠ, ʪʘʢ ʠ ʧʨʝʜʧʨʠʥʠʤʘʝʤʳʝ ʛʦʩʫʜʘʨʩʪʚʦʤ 

ʤʝʨʳ ʚ ʩʚʷʟʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʙʣʦʢʘʜʦʡ ʈʦʩʩʠʠ 

ʩʪʨʘʥʘʤʠ ɿʘʧʘʜʘ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ. 

ɼʘʥʥʳʝ ʈʦʩʩʪʘʪʘ ʧʦ ʦʙʦʨʦʪʫ (ʚʳʨʫʯʢʘ ʦʪ 

ʨʝʘʣʠʟʘʮʠʠ ʪʦʚʘʨʦʚ, ʫʩʣʫʛ) ʚ ʩʫʙʲʝʢʪʘʭ ʈʌ, 

ʠʤʝʶʱʠʝʩʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʪʦʣʴʢʦ ʥʘ 2021 ʛʦʜ 

ʦʪʨʘʞʘʶʪ ʧʦʩʣʝʜʩʪʚʠʷ ʨʝʞʠʤʘ ʩʘʤʦʠʟʦʣʷʮʠʠ ʚ 

ʢʦʨʦʥʘʚʠʨʫʩʥʳʡ ʧʝʨʠʦʜ (ʨʠʩʫʥʦʢ 2). 

 

 
 

ʈʠʩʫʥʦʢ 2. ʆʙʦʨʦʪ ʤʘʣʳʭ ʧʨʝʜʧʨʠʷʪʠʡ (ʚʢʣʶʯʘʷ ʤʠʢʨʦʧʨʝʜʧʨʠʷʪʠʷ) ʧʦ ʩʫʙʲʝʢʪʘʤ ʈʌ ʟʘ 2019-2021 ʛʛ., 

ʤʣʨʜ. ʨʫʙʣʝʡ 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥ ʘʚʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ [15] 

 

ʏʠʩʣʦ ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ ʄʉʇ ʟʘ 

2017-2023 ʛʛ. (ʜʘʥʥʳʝ ʥʘ 30 ʠʶʥʷ) ʥʘʛʣʷʜʥʦ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʠʪʫʘʮʠʶ ʚ ʨʦʩʩʠʡʩʢʦʡ ʵʢʦʥʦʤʠʢʝ 

(ʨʠʩʫʥʦʢ 3) 

 

 
 

  ʈʠʩʫʥʦʢ 3. ʂʦʣʠʯʝʩʪʚʦ ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ ʄʉʇ, 2017-2023 ʛʛ. (ʥʘ 30 ʠʶʥʷ), ʪʳʩ. ʝʜʠʥʠʮ 

ʀʩʪʦʯʥʠʢ: ʩʦʩʪʘʚʣʝʥ ʘʚʪʦʨʦʤ ʧʦ ʜʘʥʥʳʤ [11] 
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ɺ 2023 ʛʦʜʫ (ʜʘʥʥʳʝ ʥʘ 30 ʠʶʥʷ) ʯʠʩʣʦ 

ʚʥʦʚʴ ʩʦʟʜʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ ʄʉʇ ʚ 2,3 ʨʘʟʘ ʥʠʞʝ, 

ʯʝʤ ʚ ʜʦʧʘʥʜʝʤʠʡʥʳʡ 2019 ʛʦʜ (ʜʘʥʥʳʝ ʥʘ 30 

ʠʶʥʷ). ʇʨʠʚʝʜʝʥʥʳʝ ʮʠʬʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʢʘʢ ʦ 

ʨʘʟʨʫʰʘʶʱʝʤ ʚʣʠʷʥʠʠ ʧʘʥʜʝʤʠʠ ʢʦʨʦʥʘʚʠʨʫʩʘ ʥʘ 

ʨʦʩʩʠʡʩʢʠʡ ʙʠʟʥʝʩ (ʚ 2021 ʛʦʜʫ ʯʠʩʣʦ ʚʥʦʚʴ 

ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʄʉʇʙʳʣʦ ʚ 2,7 ʨʘʟʘ 

ʤʝʥʴʰʝ, ʯʝʤ ʚ 2019), ʪʘʢ ʠ ʦ ʨʝʟʢʦʤ ʫʭʫʜʰʝʥʠʠ ʚ 

ʘʥʘʣʠʟʠʨʫʝʤʳʡ ʧʝʨʠʦʜ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʢʦʥʲʶʥʢʪʫʨʳ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʢʣʠʤʘʪʘ ʚ ʮʝʣʦʤ, 

ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ. ʆʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʘʩʧʝʢʪʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʨʦʩʪ 

ʯʠʩʣʘ ʧʨʝʜʧʨʠʷʪʠʡ ʄʉʇ ʥʘ 18,8% ʚ 2023 ʛʦʜʫ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 2022 ʛʦʜʦʤ (ʥʘ 30 ʠʶʥʷ). ʉ ʫʯʝʪʦʤ 

ʚʩʝʡ ʰʦʢʦʚʦʩʪʠ ʜʣʷ ʙʠʟʥʝʩʘ ʠʤʝʥʥʦ ʵʪʦʛʦ ʧʝʨʠʦʜʘ 

ʚʨʝʤʝʥʠ, ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʦʧʪʠʤʠʩʪʠʯʥʦʝ ʥʘʩʪʨʦʝʥʠʝ ʠ ʚʧʦʣʥʝ ʧʦʟʠʪʠʚʥʳʡ 

ʚʟʛʣʷʜ ʚ ʙʫʜʫʱʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʦʩʩʠʡʩʢʦʛʦ 

ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ.  

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʤʦʱʠ ʤʘʣʦʤʫ 

ʙʠʟʥʝʩʫ ʠʛʨʘʝʪ ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪ çʄʘʣʦʝ ʠ 

ʩʨʝʜʥʝʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ ʠ ʧʦʜʜʝʨʞʢʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ 

ʠʥʠʮʠʘʪʠʚʳè[3]., ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʝʘʣʠʟʘʮʠʶ 

ʩʣʝʜʫʶʱʠʭ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ: 

-ʣʴʛʦʪʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ; 

-ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʘ ʢ ʨʳʥʢʫ ʮʝʥʥʳʭ ʙʫʤʘʛ; 

-ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ; 

-ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʣʴʛʦʪʥʦʛʦ ʣʠʟʠʥʛʘ ʠ ʣʴʛʦʪ 

ʧʦ ʘʨʝʥʜʝ ʧʦʤʝʱʝʥʠʡ; 

-ʩʦʟʜʘʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʣʘʪʬʦʨʤʳ ʜʣʷ 

ʠʥʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ ʄʉʇ [3]. 

ɺ ʩʦʚʨʝʤʝʥʥʳʡ ʩʘʥʢʮʠʦʥʥʳʡ ʧʝʨʠʦʜ 

ʧʦʜʜʝʨʞʢʘ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʳʤ ʨʳʯʘʛʦʤ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ.ʇʦ ʜʘʥʥʳʤ 

ɹʘʥʢʘ ʈʦʩʩʠʠ [4].ʢ ʩʝʨʝʜʠʥʝ 2022 ʛʦʜʘ ʨʳʥʦʢ 

ʢʨʝʜʠʪʦʚʘʥʠʷ ʥʘʯʘʣ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʠ ʜʝʣʦʚʘʷ 

ʘʢʪʠʚʥʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʪʴ.  ʕʢʩʧʝʨʪʳ ʎɹ 

ʈʌ ʚ ʩʚʦʝʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʦʙʟʦʨʝ ʨʳʥʢʘ 

ʢʨʝʜʠʪʦʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ ʄʉʇ (ʟʘ 1 ʧʦʣʫʛʦʜʠʝ 2022 

ʛʦʜʘ) ʧʨʠʚʦʜʷʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʭʦʜʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʚ ʚʠʜʝ 

ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ, ʣʴʛʦʪʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ, 

ʫʤʝʥʴʰʝʥʠʷ ʙʶʨʦʢʨʘʪʠʯʝʩʢʠʭ ʙʘʨʴʝʨʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʤʷʛʯʝʥʠʝ ʩʘʥʢʮʠʦʥʥʳʭ 

ʧʦʩʣʝʜʩʪʚʠʡ: 

- ʦʪʩʫʪʩʪʚʫʝʪ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʩʫʙʲʝʢʪʦʚ ʄʉʇ; 

- ʚʚʝʜʝʥʳ ʚ ʜʝʡʩʪʚʠʝ ʧʨʦʛʨʘʤʤʳ ʣʴʛʦʪʥʦʛʦ 

ʢʨʝʜʠʪʦʚʘʥʠʷ; 

-ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʠʥʩʪʨʫʤʝʥʪʳ ʜʦʩʪʫʧʘ 

ʢ ʚʥʝʰʥʝʤʫ ʬʠʥʘʥʩʠʨʦʚʘʥʠʶ (çʟʦʥʪʠʯʥʳʝè 

ʧʦʨʫʯʠʪʝʣʴʩʪʚʘ, ʢʨʘʫʜʬʘʥʜʠʥʛ, ʬʘʢʪʦʨʠʥʛ; 

-ʩʤʷʛʯʝʥʠʝ ʚ ʠʶʥʝ 2022 ʛʦʜʘ ʜʝʥʝʞʥʦ-

ʢʨʝʜʠʪʥʦʡ ʧʦʣʠʪʠʢʠ ʧʨʠʚʝʣʦ ʢ ʨʦʩʪʫ ʦʙʲʝʤʦʚ 

ʢʨʝʜʠʪʦʚʘʥʠʷ[4]. 

ʄʘʣʳʡ ʙʠʟʥʝʩ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʠ 

ʪʨʠʛʛʝʨʦʤ ʚʦʟʨʦʞʜʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ 

ʵʢʦʥʦʤʠʢʠ ʚʚʠʜʫ ʩʣʝʜʫʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚ: 

-ʛʠʙʢʦʩʪʴ ʠ ʘʜʘʧʪʠʚʥʦʩʪʴ ʚ ʤʝʥʷʶʱʠʭʩʷ 

ʫʩʣʦʚʠʷʭ; 

-ʙʳʩʪʨʘʷ ʨʝʘʢʮʠʷ ʥʘ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʟʘʧʨʦʩʳ; 

-ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʠʭ ʤʝʩʪ; 

-ʨʘʟʚʠʪʠʝ ʢʦʥʢʫʨʝʥʮʠʠ; 

-ʫʯʘʩʪʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʙʶʜʞʝʪʦʚ ʨʘʟʥʳʭ 

ʫʨʦʚʥʝʡ; 

-ʨʝʘʣʠʟʘʮʠʷ ʩʦʮʠʘʣʴʥʦʡ ʤʠʩʩʠʠ; 

-ʦʧʝʨʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʚʦʣʘʪʠʣʴʥʦʩʪʴ 

ʢʦʥʲʶʥʢʪʫʨʳ ʨʳʥʢʘ ʠ ʤʝʥʷʶʱʠʝʩʷ ʧʦʪʨʝʙʥʦʩʪʠ 

ʧʦʪʨʝʙʠʪʝʣʝʡ; 

-ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʩʨʝʜʥʝʛʦ 

ʢʣʘʩʩʘ ʢʘʢ ʦʩʥʦʚʳ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʦʣʠʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. 

ʇʦʜʜʝʨʞʠʚʘʷ ʤʘʣʦʝ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʦ, 

ʛʦʩʫʜʘʨʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʩʦʟʜʘʝʪ ʧʨʦʯʥʳʡ ʬʫʥʜʘʤʝʥʪ 

ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ ʵʢʦʥʦʤʠʢʠ, ʥʦ 

ʠ ʨʝʰʘʝʪ ʚʘʞʥʳʝ ʩʦʮʠʘʣʴʥʳʝ ʟʘʜʘʯʠ[17]. 
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ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚʝʪʨʦʚʦʝ ʢʦʣʝʩʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʪʠʮʳ ʠʟʤʝʥʷʶʪ ʪʨʘʝʢʪʦʨʠʶ 

ʧʦʣʸʪʘ ʚʙʣʠʟʠ ʪʫʨʙʠʥʳ, ʧʦʵʪʦʤʫ ʚ ʩʪʘʪʴʝ ʚʚʝʜʝʥʦ ʧʦʥʷʪʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʢʣʦʥʝʥʠʷ ʧʪʠʮʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʚʝʪʨʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʤʠʛʨʘʮʠʷ ʧʪʠʮ, ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ. 

 

ABSTRACT 

 

The article analyzes the interaction of birds with wind power plants on the example of the Primorsk-1 wind 

power plant. The criteria for calculating the probability of a bird hitting the blades of a wind turbine are selected: the 

wingspan of a bird, the flight speed of a bird, etc. The probability formula is calculated for the most unfavorable case 

when the bird flies in a direction perpendicular to the plane in which the wind wheel is located. It is known that in many 

cases birds change the flight path near the turbine, so the concept of the bird's evasion coefficient is introduced in the 

article. 

Keywords: wind farm, bird migration, probability of collision. 
 

ɺʣʠʷʥʠʝ ʚʝʪʨʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ (ɺʕʉ) ʥʘ 

ʧʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʩʝʟʦʥʘ, ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, 

ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɺʕʉ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, 

ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʦʩʦʙʝʡ, ʧʨʦʣʝʪʘʶʱʠʭ ʯʝʨʝʟ 

ʪʝʨʨʠʪʦʨʠʶ ʚʝʪʨʦʚʦʛʦ ʧʘʨʢʘ. ʆʙʰʠʨʥʳʡ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʛʠʙʝʣʠ ʧʪʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʝʪʨʦʚʦʛʦ ʧʘʨʢʘ ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʪʠʮ ʩ ʣʦʧʘʩʪʷʤʠ ʪʫʨʙʠʥ  [1], [2], 

[3]. 

ʀʟʫʯʝʥʠʝ ʦʨʥʠʪʦʢʦʤʧʣʝʢʩʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʚʝʪʨʦʚʳʭ ʧʘʨʢʦʚ ʦʙʳʯʥʦ ʧʨʦʚʦʜʠʪʩʷ ʜʚʫʤʷ 

ʤʝʪʦʜʘʤʠ. ʆʜʠʥ ʠʟ ʥʠʭ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʐʦʪʣʘʥʜʩʢʠʤ ʌʦʥʜʦʤ ʧʨʠʨʦʜʥʦʛʦ ʥʘʩʣʝʜʠʷ(SNH) 

ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʝʪʨʦʚʦʛʦ ʧʘʨʢʘ  [4]. 

ʄʝʪʦʜ ʌʦʥʜʘ ʧʦʣʫʯʠʣ ʰʠʨʦʢʦʝ ʧʨʠʟʥʘʥʠʝ ʚ 

ʥʘʫʯʥʳʭ ʢʨʫʛʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʩʪʘʣ ʵʪʘʣʦʥʥʳʤ. 

ɼʨʫʛʦʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʤʘʨʰʨʫʪʥʦʤ ʫʯʸʪʝ (RAM), 

ʘʜʘʧʪʠʨʦʚʘʥʥʳʡ ʢ ʫʩʣʦʚʠʷʤ ʤʦʥʠʪʦʨʠʥʛʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʕʉ [5]. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʙʣʘʜʘʝʪ 

ʩʚʦʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ. 
ʄʝʪʦʜ SNH ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʝ ʘʢʪʠʚʥʦʩʪʠ ʧʪʠʮ k = nt ʚ 

ʟʦʥʝ ʨʠʩʢʘ (RZ) ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʭ ʩ ʨʦʪʦʨʘʤʠ, ʛʜʝ n 

ï ʯʠʩʣʦ ʧʪʠʮ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ RZ, tï ʚʨʝʤʷ ʠʭ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʵʪʦʡ ʟʦʥʝ. ɿʥʘʯʝʥʠʝ k= nt 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ ʧʨʠ ʦʮʝʥʢʝ 

ʢʦʣʠʯʝʩʪʚʘ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʪʠʮ ʩ ʪʫʨʙʠʥʘʤʠ [1], [3]. 
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ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʜʘʥʥʳʭ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʫʯʘʩʪʢʦʚ 

ʥʘʙʣʶʜʝʥʠʡ, ʧʣʦʱʘʜʴ ʢʦʪʦʨʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ 

ʧʨʝʚʳʰʘʝʪ 20% ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʚʝʪʨʦʚʦʛʦ ʧʘʨʢʘ, 

ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʚʩʝʛʦ ʧʘʨʢʘ. 
ʄʝʪʦʜ RAM ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 70-80% ʦʪ ʚʩʝʡ ʧʣʦʱʘʜʠ, 

ʟʘʥʠʤʘʝʤʦʡ ʚʝʪʨʦʚʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʝʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʨʝʘʣʠʟʘʮʠʷ ʤʘʨʰʨʫʪʥʦʛʦ ʫʯʸʪʘ ʙʦʣʝʝ ʫʜʦʙʥʘ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʙʦʣʝʝ ʚʳʛʦʜʥʘ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʠ ʚʨʝʤʝʥʥʦʤ ʧʣʘʥʝ. ʆʜʥʠʤ ʠʟ 

ʥʝʜʦʩʪʘʪʢʦʚ ʤʝʪʦʜʘ RAM ʷʚʣʷʝʪʩʷ ʥʝʪʦʯʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ k, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʦʮʝʥʢʠ ʧʦʚʝʜʝʥʠʷ ʧʪʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʝʪʨʦʚʦʛʦ 

ʧʘʨʢʘ [1]. ʉʦʚʨʝʤʝʥʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʛʨʦʤʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʩ 

ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʢʦʣʝʩʘ ʜʦ 10
4
 ʤ

2
 ʠ 

ʙʦʣʴʰʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʦʜʥʦʛʦ ʠʟ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʝʥʳ ʥʘ ʚʝʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʇʨʠʤʦʨʩʢ-1 [5]. 

 
ʈʠʩʫʥʦʢ 1. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɺʕʉ 

çʇʨʠʤʦʨʩʢ-1è 

 

ɺʝʪʨʦʚʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʥʘ ʙʝʨʝʛʫ 

ɸʟʦʚʩʢʦʛʦ ʤʦʨʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʦʜʥʦʤ ʠʟ ʩʘʤʳʭ 

ʤʦʱʥʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʫʪʝʡ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ï 

ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʤ, ʯʪʦ ʧʨʝʜʦʧʨʝʜʝʣʠʣʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ 

ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ɺʕʉ. 

ʂ ʦʩʥʦʚʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʪʠʮʳ ʩ 

ʥʠʤ, ʦʪʥʦʩʷʪʩʷ: 

n ï ʢʦʣʠʯʝʩʪʚʦ ʣʦʧʘʩʪʝʡ (ʫ ʙʦʣʴʰʠʥʩʪʚʘ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚn = 3), 

R0 ï ʨʘʜʠʫʩ ʚʪʫʣʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʢʨʝʧʷʪʩʷ 

ʣʦʧʘʩʪʠ, 

Rv ï ʜʣʠʥʘ ʣʦʧʘʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, 

d ï ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʣʦʧʘʩʪʠ, 

ɔ ï ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʠ (ʫʛʦʣ ʤʝʞʜʫ 

ʭʦʨʜʦʡ ʩʝʯʝʥʠʷ ʣʦʧʘʩʪʠ ʠ ʧʣʦʩʢʦʩʪʴʶ ʚʝʪʨʦʢʦʣʝʩʘ), 

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʧʪʠʮʳ ʩ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʤ ʚ ʩʣʫʯʘʝ ʧʨʦʣʸʪʘ ʯʝʨʝʟ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘʥʠʤʘʝʤʦʝ ʣʦʧʘʩʪʷʤʠ ʢʦʣʝʩʘ, ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʨʘʚʥʘ [1] 

 

Pǋ=(R0 / Rv)
2
 + n[2(Rv ï R0)L / ˊ + (Rv ï 

R0)dcos(ɔ) + (Rv ï R0)
2
ɤt / 2] / (ˊRv

2
), 

(1) 

 

ʛʜʝ L ï ʨʘʟʤʘʭ ʢʨʳʣʴʝʚ ʧʪʠʮʳ, 

t = (dsin(ɔ) + L) / v ï ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʣʸʪʘ 

ʧʪʠʮʳ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘʥʠʤʘʝʤʦʝ ʣʦʧʘʩʪʷʤʠ, 

v ï ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ ʧʪʠʮʳ. 

ʌʦʨʤʫʣʘ (1) ʧʦʣʫʯʝʥʘ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʪʠʮʘ ʣʝʪʠʪ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʢ ʧʣʦʩʢʦʩʪʠ, ʚ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʚʝʪʨʦʚʦʝ ʢʦʣʝʩʦ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʦ 

ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʧʪʠʮʳ ʠʟʤʝʥʷʶʪ ʪʨʘʝʢʪʦʨʠʶ ʧʦʣʸʪʘ 

ʚʙʣʠʟʠ ʪʫʨʙʠʥʳ. ʇʦʵʪʦʤʫ ʬʦʨʤʫʣʫ (1) ʩʣʝʜʫʝʪ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

P = fPǋ. (2) 

ʛʜʝ f ï ʢʦʬɻʬʠʮʠʝʥʪ ʫʢʣʦʥʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʧʦʩʦʙʥʦʩʪʴ ʧʪʠʮʳ ʠʟʤʝʥʷʪʴ 

ʪʨʘʝʢʪʦʨʠʶ ʧʦʣʸʪʘ ʚʙʣʠʟʠ ʚʝʪʨʦʚʦʛʦ ʢʦʣʝʩʘ ʠ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʟʙʝʞʘʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩ ʥʠʤ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ f 

ʥʘʭʦʜʠʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0,005-0,05 [6], [7]. 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʪʠʮ mʩʪ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʕʉ ʟʘ ʚʨʝʤʷ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠʊ ʨʘʚʥʦ 

mʩʪ = ʈmʧʨ, (3) 

ʛʜʝ ʈ ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʦʜʥʦʡ 

ʧʪʠʮʳ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʬʦʨʤʫʣʦʡ (2), 

mʧʨ ï ʯʠʩʣʦ ʧʪʠʮ, ʧʨʦʣʝʪʘʶʱʠʭ ʟʘ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʊɻ ʢʩʧʣ ʯʝʨʝʟ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʟʘʥʠʤʘʝʤʦʝ 

ʣʦʧʘʩʪʷʤʠ ʚʩʝʭ N ʪʫʨʙʠʥ ʚʝʪʨʦʚʦʛʦ ʧʘʨʢʘ, ʙʝʟ ʫʯʸʪʘ 

ʠʭ ʦʪʢʣʦʥʝʥʠʷ. 

ʉʣʝʜʫʷ ʨʘʙʦʪʘʤ [3], [4], ʚʚʝʜʸʤ ʧʦʥʷʪʠʝ ʟʦʥʳ 

ʨʠʩʢʘ ʚʦʟʤʦʞʥʦʡ ʚʩʪʨʝʯʠ ʧʪʠʮ ʩ ʪʫʨʙʠʥʘʤʠ (RZ). 

ʇʦʜ ʟʦʥʦʡ ʨʠʩʢʘ ʧʦʥʠʤʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʳʩʦʪʦʡ 

ŭʅ=ʅ2-ʅ1, ʥʘʭʦʜʷʱʝʝʩʷ ʥʘʜ ʫʯʘʩʪʢʦʤ ʥʘʙʣʶʜʝʥʠʷ 

ʥʘ ʚʳʩʦʪʘʭ ʤʝʞʜʫ ʥʠʞʥʝʡ ʅ1ʠ ʚʝʨʭʥʝʡ ʅ2  ʢʨʦʤʢʦʡ 

ʚʝʪʨʦʚʦʛʦ ʢʦʣʝʩʘ ʪʫʨʙʠʥʳ ʥʘʜ ʫʯʘʩʪʢʘʤʠ 

ʥʘʙʣʶʜʝʥʠʷ ʧʣʦʱʘʜʴʶ S. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʩʦʰʣʸʤʩʷ ʥʘ ʜʘʥʥʳʝ ʜʣʷ ʪʫʨʙʠʥʳ, ʠʟʦʙʨʘʞʸʥʥʦʡ ʥʘ 

ʨʠʩ. 1. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʟʝʤʣʠ ʜʦ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʦʪʦʨʘ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ ʅ1=48 ʤ, ʜʦ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʅ2 = 182 ʤ. ʆʙʲʸʤ RZ ʨʘʚʝʥ 

VDZ = ŭʅS (4) 

ɺʝʣʠʯʠʥʘ mʧʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʨʨʠʪʦʨʠʠ ɺʕʉ ʧʦ 

ʬʦʨʤʫʣʘʤ (3), (4) 

άʧʨ=
N Ŕὺ

2vTʵʢʩʧʣ

ὝʨʠʩʢSŭH
ὲὭὸὭ

Ὥ

, (5) 

ʛʜʝ N ð ʯʠʩʣʦ ʪʫʨʙʠʥ ʚʝʪʨʦʚʦʛʦ ʧʘʨʢʘ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʩʪʘʥʮʠʠ (ʜʣʷ ʩʪʘʥʮʠʠ çʇʨʠʤʦʨʩʢ-1è 

ʨʘʚʥʦ 26), 
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ʊʨʠʩʢ ï ʚʨʝʤʷ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʚʩʝ ʧʪʠʮʳ ʚ ʟʦʥʝ ʨʠʩʢʘ ʚʦʟʤʦʞʥʦʛʦ 

ʩʪʦʣʢʥʦʚʝʥʠʷ, 

v ð ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ ʧʪʠʮʳ, 

S ï ʧʣʦʱʘʜʴ ʚʩʝʭ ʫʯʘʩʪʢʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʕʉ, ʛʜʝ ʧʨʦʚʦʜʷʪʩʷ ʥʘʙʣʶʜʝʥʠʷ, 

ŭʅ ï ʨʘʟʥʦʩʪʴ ʚʳʩʦʪ ʤʝʞʜʫ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ 

ʢʨʦʤʦʢ ʚʝʪʨʦʚʦʛʦ ʢʦʣʝʩʘ, ʥʘ ʢʦʪʦʨʳʭ 

ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʪʠʮʳ,  

ni ï ʢʦʣʠʯʝʩʪʚʦ ʧʪʠʮ, ʥʘʙʣʶʜʘʝʤʳʭ ʚ ʟʦʥʝ 

ʨʠʩʢʘ, 

ti ï ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ iïʡ ʧʪʠʮʳ ʚ ʟʦʥʝ ʨʠʩʢʘ. 

ɺʝʣʠʯʠʥʫ Ɇniti ʤʳ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʘʢʪʠʚʥʦʩʪʠ ʧʪʠʮ ʦʧʨʝʜʝʣʸʥʥʦʛʦ 

ʚʠʜʘ. 

ʌʦʨʤʫʣʘ (5) ʚʳʚʝʜʝʥʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʪʠʮ ʩ ʪʫʨʙʠʥʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʫʯʘʩʪʢʦʚ ʥʘʙʣʶʜʝʥʠʷ 

ʤʝʪʦʜʦʤ SNH [1]. 
ʀʟ ʬʦʨʤʫʣ (1)-(5) ʚʠʜʥʦ, ʯʪʦ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʪʠʮ mʩʪ ʩ ʚʝʪʨʦʚʳʤʠ 

ʢʦʣʸʩʘʤʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʕʉ ʟʘ ʚʨʝʤʷ ʝʸ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʚʫʤʷ ʧʘʨʘʤʝʪʨʘʤʠ: 

ʯʠʩʣʦʤ ʦʩʦʙʝʡ mʧʨ, ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʸʪʦʚ ʢʦʪʦʨʳʭ 

ʧʝʨʝʩʝʢʘʶʪ ʟʦʥʫ ʨʠʩʢʘ, ʠ ʚʝʨʦʷʪʥʦʩʪʴʶ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʠʭ ʩ ʪʫʨʙʠʥʘʤʠ ʈ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʨʘʩʯʸʪʳ [1], [2] ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʛʠʙʝʣʠ 

ʧʪʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʕʉ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʈ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠʤʝʨʥʦ ʦʪ 10
-4
 ʜʦ 10

-1
, ʘ ʟʥʘʯʝʥʠʝ mʩʪ 

ï ʦʪ 0 ʜʦ 10
3
 ʠ ʙʦʣʴʰʝ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ɺʕʉ ʫʜʦʙʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʣʠʯʠʥʫ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ ʦʜʥʦʡ 

ʪʫʨʙʠʥʝ ʧʨʠ ʝʸ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʛʦʜʘ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʤʠʛʨʘʮʠʠ ʧʪʠʮ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɺʕʉ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʳ, ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʠ ʩʝʟʦʥʘ. 

ʇʦʵʪʦʤʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣʳ (5) ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʊɻ ʢʩʧʣ ʩʣʝʜʫʝʪ ʨʘʟʙʠʚʘʪʴ ʥʘ ʦʪʜʝʣʴʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ, ʩʦʛʣʘʩʦʚʘʥʥʳʝ ʩʦ ʚʨʝʤʝʥʝʤ 

ʥʘʙʣʶʜʝʥʠʷ ʠ ʩʝʟʦʥʦʤ.  

ʅʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʴʰʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʪʠʮ 

ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʧʝʨʝʣʸʪʦʚ ʢ 

ʤʝʩʪʘʤ ʢʦʨʤʣʝʥʠʷ ʠʣʠ ʥʦʯʸʚʢʠ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʧʝʨʝʣʸʪʥʳʭ ʧʪʠʮ ʧʘʜʘʝʪ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ ʚʝʩʥʦʡ ʠ ʦʩʝʥʴʶ ʠ ʪ. ʜ. [5]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʪʠʮʳ 

ʚ ʣʦʧʘʩʪʠ ʪʫʨʙʠʥʳ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘʧʨʷʤʫʶ 

ʟʘʚʠʩʠʪ ʦʪ ʝʸ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʠʤʝʥʥʦ 

ʦʪ ʝʸ ʨʘʟʤʘʭʘ ʢʨʳʣʴʝʚ L, ʩʢʦʨʦʩʪʠ ʧʦʣʸʪʘ v ʠ 

ʚʚʝʜʸʥʥʦʛʦ ʥʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʢʣʦʥʝʥʠʷ f.  

ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʫʥʠʢʘʣʴʥʳ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʪʜʝʣʴʥʦʛʦ ʚʠʜʘ, ʧʦʵʪʦʤʫ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʪʠʮ ʩ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘʤʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʩʣʝʜʫʝʪ ʫʢʘʟʳʚʘʪʴ ʚʠʜ ʧʪʠʮ. 

ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ɺʕʉ ʥʘ 

ʧʪʠʮ ʥʝ ʜʦʣʞʥʦ ʩʚʦʜʠʪʴʩʷ ʪʦʣʴʢʦ ʢ ʦʮʝʥʢʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʡ ʧʪʠʮ ʩ ʪʫʨʙʠʥʘʤʠ.  

ʈʘʟʚʠʪʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʮʠʚʠʣʠʟʘʮʠʠ ʥʦʚʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʚ ʮʝʣʦʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ɺʕʉ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ 

ʩʣʦʞʠʚʰʝʛʦʩʷ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʭʠʱʥʠʢʘʤʠ ʠ 

ʞʝʨʪʚʘʤʠ ʚ ʩʝʤʝʡʩʪʚʝ ʦʨʥʠʪʦʢʦʤʧʣʝʢʩʦʚ, 

ʠʟʤʝʥʝʥʠʶ ʤʝʩʪ ʧʦʩʪʦʷʥʥʦʛʦ ʦʙʠʪʘʥʠʷ ʠ ʢʦʨʤʸʞʢʠ 

ʧʪʠʮ, ʢ ʠʟʤʝʥʝʥʠʶ ʥʘʧʨʘʚʣʝʥʠʷ ʤʠʛʨʘʮʠʦʥʥʳʭ 

ʧʦʪʦʢʦʚ ʠ ʜʨʫʛʠʤ ʥʝʛʘʪʠʚʥʳʤ ʷʚʣʝʥʠʷʤ.  

ʅʘʢʦʧʣʝʥʥʳʡ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʡʪʠ ʢ 

ʦʩʤʳʩʣʝʥʠʶ ʚʣʠʷʥʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʥʘ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʘʩʧʝʢʪʝ.  

ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ 

ʠʥʪʝʨʝʩ. 
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ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʤʝʪʦʜ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ɹʦʢʩʘ-

ʄʶʣʣʝʨʘ-ʄʘʨʩʘʣʴʠ (ɹʄʄ), ʤʝʪʦʜ ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ (ɹʄ) ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ ʚ 

ʨʘʟʣʠʯʥʳʭ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʭ ʷʟʳʢʘʭ ʪʠʧʘ normal_distribution ʚ ʩʨʝʜʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual C++. 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ normal_distribution ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʣʫʯʘʡʥʳʭ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ ʠʟ ʦʪʨʝʟʢʘ [0, 4294967295] ʚ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ, ʧʦʜʯʠʥʷʶʱʠʝʩʷ ʟʘʢʦʥʫ ɻʘʫʩʩʘ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ ʚʳʙʦʨʢʘʭ ʠʟ 100 ʯʠʩʝʣ ʩ ʧʦʤʦʱʴʶ ɢ
2
-ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʥʘ 

ʦʪʨʝʟʢʝ [-4, +4]. ɺʩʝ ʩʣʫʯʘʡʥʳʝ   ʯʠʩʣʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʨʘʟʣʠʯʥʳʤ ʤʝʪʦʜʘʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ, ʦʢʘʟʘʣʠʩʴ ʥʘ ʦʪʨʝʟʢʝ 

[-3, +3]. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ɢ
2
-ʢʨʠʪʝʨʠʷ 9,6 (ʤʝʪʦʜ ɹʄʄ), 13.7 (ʤʝʪʦʜ ɹʄ) ʠ 11,2 (ʬʫʥʢʮʠʷ 

normal_distribution) ʙʳʣʠ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ 16,8 ʜʣʷ 5%-ʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 6 

ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʩʧʦʩʦʙʳ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʄʝʪʦʜ ʧʦʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ-ʄʘʨʩʘʣʴʠ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʠʤʝʥʴʰʠʤ ɢ
2
-ʢʨʠʪʝʨʠʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ, ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ. 

 

ABSTRACT 

 

The work is devoted to the analysis of methods of mathematical modeling of random numbers obeying a normal 

distribution. The most widespread are the Box-Muller-Marsaglia polar coordinate method (BMM), the Box-Muller polar 

coordinate method (BM) and standard functions in various algorithmic languages such as normal_distribution in the 

Visual C++ programming environment. Generating using the normal_distribution function provided the transformation of 

random uniformly distributed numbers from the segment [0, 4294967295] into random numbers obeying the Gauss law. 

The efficiency of the transformation was tested on samples of 100 numbers using Pearson's ɢ2-criterion on the segment [-

4, +4]. All random numbers related to various methods of generation turned out to be in the segment [-3, +3]. The 

calculated values of ɢ
2
-criteria 9.6 (BM method), 13.7 (BMM method) and 11.2 (normal_distribution function) were less 

than the critical value equal to 16.8 for the 5% significance level at 6 degrees of freedom. Based on the data obtained, it 

can be argued that the analyzed generation methods provide the production of normally distributed random numbers. The 

Box-Muller polar coordinate method was characterized by the smallest ɢ
2
-criterion. 

Key words: random number generator, random integer generator, normal distribution, Pearson criterion. 

 

ɺʚʝʜʝʥʠʝ. ʉʣʫʯʘʡʥʳʝ ʯʠʩʣʘ ʥʘʰʣʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʥʘʫʢʠ [1], ʪʝʭʥʠʢʠ [2], ʵʢʦʥʦʤʠʢʠ [3], ʩʦʮʠʦʣʦʛʠʠ, 

ʤʝʜʠʮʠʥʳ, ʧʝʜʘʛʦʛʠʢʠ [4]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʦʩʦʙʝʥʥʦ ʧʦʣʝʟʥʦ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ, ʩʦʮʠʘʣʴʥʳʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʘ ʪʘʢʞʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ 

ʠʣʠ ʜʘʞʝ ʥʝʚʦʟʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʦʰʣʸʤʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ ʵʥʝʨʛʠʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ, ʘʥʘʣʠʟ ʬʠʥʘʥʩʦʚʳʭ ʠ 

ʣʦʛʠʩʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʘʵʨʦʧʦʨʪʫ, ʛʜʝ ʣʶʜʠ 

ʧʨʠʙʳʚʘʶʪ ʠ ʫʙʳʚʘʶʪ ʭʘʦʪʠʯʥʦ, ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 

ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ, ʥʘ ʧʫʪʠ 

ʢʦʪʦʨʦʛʦ ʤʦʛʫʪ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʪʴ ʪʝ 

ʠʣʠ ʠʥʳʝ ʩʠʪʫʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʩʣʫʯʘʡʥʳʭ 

ʵʬʬʝʢʪʦʚ ʦʞʠʚʣʷʝʪ ʤʫʟʳʢʘʣʴʥʳʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ 

ʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʦ ʤʥʦʛʠʭ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴʩʷ ʢ 

ʪʘʙʣʠʮʘʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʇʦʵʪʦʤʫ ʘʥʘʣʠʟ 

ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʪʘʢʠʭ ʯʠʩʝʣ, ʦʪʥʦʩʠʪʩʷ ʢ 

ʘʢʪʫʘʣʴʥʳʤ ʟʘʜʘʯʘʤ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ 

ʚ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʝ ʷʚʣʷʝʪʩʷ 
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ʚʳʙʦʨʢʘ [5], [6]. ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʟʘʜʘʯ ʩʚʷʟʘʥʦ ʩ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ. ʉʣʫʯʘʡʥʳʝ 

ʯʠʩʣʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʪʝʤʘʪʠʢʝ (ʤʝʪʦʜ ʄʦʥʪʝ ʂʘʨʣʦ), ʚ ʠʤʠʪʘʮʠʦʥʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ [7], ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ [8] ʠ ʪ. ʜ.  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣ 

ʛʝʥʝʨʘʪʦʨ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ [1]. ʆʥ ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʙʘʟʠʩʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʩ ʣʶʙʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʥʘʧʨʠʤʝʨ, ʩ ʥʦʨʤʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ɻʘʫʩʩʘ. ʇʦʩʢʦʣʴʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ɻʘʫʩʩʘ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʥʦʛʠʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ [2], [4], [9], ʘʥʘʣʠʟ 

ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʚʳʙʦʨʦʢ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ 

ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʧʫʙʣʠʢʘʮʠʡ. ɺʦʧʨʦʩ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʥʦʞʝʩʪʚʘ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʧʦʜʥʠʤʘʣʩʷ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [1], [10], 

[11]. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʳ ɸ. ʄ. 

ʃʷʧʫʥʦʚʘ [9]. ʈʘʩʩʤʦʪʨʠʤ ʤʥʦʞʝʩʪʚʦ ʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʘ ʦʪʨʝʟʢʝ 

[0; 1]: u1, u2,..., un. ʉʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɸ. ʄ. 

ʃʷʧʫʥʦʚʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʩʣʫʯʘʡʥʘʷ 

ʚʝʣʠʯʠʥʘ ʍ=(u1 +u2+... +un)/ã(n/12) ʧʨʠ n, 

ʩʪʨʝʤʷʱʠʤʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʙʫʜʝʪ ʤʝʥʴʰʝ 

ʟʥʘʯʝʥʠʷ ʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʥʦʨʤʘʣʴʥʦʤʫ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʃʘʧʣʘʩʘ 
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(1) 

ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʙʨʘʪʴ ʟʥʘʯʝʥʠʝ n, ʨʘʚʥʳʤ 6 ʠʣʠ 12. ʅʝʜʦʩʪʘʪʢʦʤ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ 

ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʍ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ñʥʘ 

ʭʚʦʩʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷò [10].  ʅʘ ʧʨʘʢʪʠʢʝ ʯʘʱʝ 

ʦʙʨʘʱʘʶʪʩʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, 

ʧʨʝʜʣʦʞʝʥʥʦʡ ɼ. ɹʦʢʩʦʤ, ʄ. ʄʶʣʣʝʨʦʤ ʠ ɼ. 

ʄʘʨʩʘʣʴʝʡ, ʠ ʜʨʫʛʠʤ ʤʝʪʦʜʘʤ  [1], [10], [11].  

ʇʨʝʜʣʘʛʘʝʤʳʝ ʘʣʛʦʨʠʪʤʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʝʣ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʟʘʢʦʥʦʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʚʳʙʦʨʦʯʥʳʝ ʜʘʥʥʳʝ.  ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ (ʥʘʧʨʠʤʝʨ, Matcad, Visual C++  ʠ ʜʨʫʛʠʝ) 

ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ ʧʦʜʦʙʥʫʶ ʟʘʜʘʯʫ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʛʨʘʤʤ. ɺ ʩʚʷʟʠ ʩ 

ʨʘʥʥʝʝ ʫʢʘʟʘʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʧʨʝʜʝʣʴʥʦʡ ʪʝʦʨʝʤʳ ɸ. ʄ. ʃʷʧʫʥʦʚʘ [9] 

ʨʘʩʩʤʦʪʨʠʤ ʪʨʠ ʘʣʛʦʨʠʪʤʘ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ:   

- ʩʧʦʩʦʙ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ-ʄʘʨʩʘʣʴʠ [1], 

- ʩʧʦʩʦʙ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ  [11],  

- ʩʪʘʥʜʘʨʪʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟ 

ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual C++  [12]. 

ʇʝʨʚʳʝ ʜʚʘ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʘ 

ʠʩʧʦʣʴʟʫʶʪ ʦʜʠʥ ʠ ʪʫ ʞʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, 

ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʪ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʢʦʥʝʯʥʳʤʠ ʬʦʨʤʫʣʘʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʎʝʣʴ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʠ ʧʦʩʪʘʥʦʚʢʘ 

ʟʘʜʘʯʠ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʠʩʝʣ ʩ ʨʘʚʥʦʤʝʨʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ, 

ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʬʦʨʤʫʣʘ (1). 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʨʘʩʧʠʩʘʪʴ ʘʣʛʦʨʠʪʤ ʧʝʨʝʚʦʜʘ ʯʠʩʝʣ ʩ 

ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʩʣʫʯʘʡʥʳʝ ʯʠʩʣʘ, 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʚʳʙʦʨʢʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ 

(1); 

-   ʚʳʙʨʘʪʴ ʢʨʠʪʝʨʠʡ ʜʣʷ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ 

ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ; 

- ʨʘʟʨʘʙʦʪʘʪʴ ʨʘʩʯʸʪʥʫʶ ʧʨʦʛʨʘʤʤʫ ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual C++  ʜʣʷ ʦʮʝʥʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ; 

- ʧʨʦʚʝʩʪʠ ʪʝʩʪʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʧʨʝʜʤʝʪ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʚʳʙʦʨʢʠ ʠʟ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. ʆʧʠʩʘʥʠʝ ʘʣʛʦʨʠʪʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʧʦʣʷʨʥʳʭ ʢʦʦʨʜʠʥʘʪ ɼ. ɹʦʢʩʘ, ʄ. ʄʶʣʣʝʨʘ ʠ ɼ. 

ʄʘʨʩʘʣʴʠ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʦʜ ɹʄʄ) ʧʨʝʜʣʦʞʝʥʘ 

ʚ ʨʘʙʦʪʘʭ [1], [10]. ʆʥʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʰʘʛʦʚʦʝ 

ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʦʧʝʨʘʮʠʡ: 1. ʉ ʧʦʤʦʱʴʶ 

ʛʝʥʝʨʘʪʦʨʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ ʥʘ 

ʦʪʨʝʟʢʝ [0;1] ʧʦʣʫʯʘʶʪ ʜʚʘ ʩʣʫʯʘʡʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʯʠʩʣʘ r1 ʠ r2. 2. ɺʳʯʠʩʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 
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1 -+-= rrS 3. ɽʩʣʠ SÓ1, ʧʦʚʪʦʨʷʝʪʩʷ 

ʦʧʝʨʘʮʠʷ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʧʝʨʚʦʤ ʧʫʥʢʪʝ. 4. 

ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʚʘ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʯʠʩʣʘ z1 ʠ z2 ʩ ʜʠʩʧʝʨʩʠʝʡ, ʨʘʚʥʦʡ 1, ʠ ʥʫʣʝʚʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 
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ɺʠʜʦʠʟʤʝʥʸʥʥʳʡ ʘʣʛʦʨʠʪʤ ɼ. ɹʦʢʩʘ ʠ ʄ. 

ʄʶʣʣʝʨʘ (ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʝʪʦʜ ɹʄ) ʠʟʣʦʞʝʥ [11]. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦʣʫʯʘʶʪ ʜʚʘ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʣʘ r1 ʠ r2, ʢʦʪʦʨʳʝ   ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ 

ʦʪʨʝʟʢʝ [0;1]. ɼʘʣʝʝ ʦʥʠ ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʜʚʘ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷ z1 ʠ z2 ʧʦ 

ʬʦʨʤʫʣʘʤ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ: 
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ʌʦʨʤʫʣʳ (3), ʢʘʢ ʠ ʬʦʨʤʫʣʳ (2), 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʫʯʝʥʠʝ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʠ 

ʥʦʨʤʘʣʴʥʦ 
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ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ z1 ʠ z2 ʩ ʜʠʩʧʝʨʩʠʝʡ, 

ʨʘʚʥʦʡ 1, ʠ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ, 

ʪ.ʝ. ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ, ʦʧʨʝʜʝʣʷʝʤʫʶ 

ʬʫʥʢʮʠʝʡ ʃʘʧʣʘʩʘ (1). 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ 

ʜʨʫʛʠʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ů ʠ 

ʜʨʫʛʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʘ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʯʝʥʠʷ z1 ʠ z2 ʫʤʥʦʞʠʪʴ ʥʘ ů ʠ ʢ ʧʦʣʫʯʝʥʥʳʤ 

ʚʝʣʠʯʠʥʘʤ ʧʨʠʙʘʚʠʪʴ ʘ. 

ɻʝʥʝʨʠʨʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ 

ʯʠʩʝʣ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʥʜʘʨʪʥʦʡ ʬʫʥʢʮʠʠ normal_distribution ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual C++  [12], (ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʤʝʪʦʜ normal_distribution). ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ ʩ ʜʠʩʧʝʨʩʠʝʡ, 

ʨʘʚʥʦʡ 1, ʠ ʥʫʣʝʚʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʨʦʛʨʘʤʤʝ ʙʠʙʣʠʦʪʝʢʫ 

<random>. ʆʥʘ ʧʦʜʜʝʨʞʠʚʘʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʛʝʥʝʨʘʪʦʨʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʚʳʙʦʨʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʘʢʦʥʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʨʘʪʦʨ 

random_device, ʢʦʪʦʨʳʡ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʛʝʥʝʨʘʪʦʨʘ rand ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ. 

ʄʥʦʛʦʢʨʘʪʥʳʡ ʚʳʟʦʚ ʬʫʥʢʮʠʠ  

 

normal_distribution<double>norm(0,1) 
 

ʦʞʠʜʘʥʠʝʤ ʠ ʝʜʠʥʠʯʥʳʤ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ. 

ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʟʘʢʦʥʫ ʥʦʨʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʇʨʦʚʝʨʢʘ ʛʠʧʦʪʝʟʳ ʦ ʚʳʧʦʣʥʝʥʠʠ ʟʘʢʦʥʘ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɢ
2
-ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ. ɺʳʙʦʨʢʠ 

ʦʙʲʸʤʦʤ n=100 ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʸʭ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʤʝʪʦʜʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʢʦʥʦʤ ɻʘʫʩʩʘ (1) ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ (3õ6)ů. ʇʦʵʪʦʤʫ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ 

ʥʘ ʦʪʨʝʟʢʝ [0;1] ʚ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ 

ʚʝʣʠʯʠʥʳ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʪʨʝʟʢʝ [-4;+4], ʛʜʝ 

ʥʘʭʦʜʠʪʩʷ ʙʦʣʝʝ 99,99% ʦʪ ʦʙʱʝʛʦ ʠʭ ʢʦʣʠʯʝʩʪʚʘ 

[13].   

ɺʳʙʦʨʦʯʥʳʝ ʜʘʥʥʳʝ ʨʘʟʙʠʚʘʣʘʩʴ ʥʘ k 

ʠʥʪʝʨʚʘʣʦʚ. ɺʝʣʠʯʠʥʘ k ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ʉʪʝʨʞʝʩʩʘ k=1+3,322lʦg10(n) ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʦʢʨʫʛʣʝʥʠʝʤ ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʙʦʣʴʰʝʛʦ ʥʝʯʸʪʥʦʛʦ 

ʯʠʩʣʘ. ɺ ʩʣʫʯʘʝ n=100 ʟʥʘʯʝʥʠʝ k ʨʘʚʥʷʝʪʩʷ 9. 

ʂʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ ʦʧʨʝʜʝʣʷʣʩʷ ʧʦ ʬʦʨʤʫʣʝ [4] 

 

( )ä
=

-=
s

i

iii nnn
1

!2!2 /c  

 

(

(4) 

 

ʛʜʝ ni  - ʵʤʧʠʨʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ, ʧʦʣʫʯʝʥʥʳʝ 

ʧʨʠ ʛʝʥʝʨʠʨʦʚʘʥʠʠ, nôi - ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʨʤʘʣʴʥʦʛʦ 

ʟʘʢʦʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʬʦʨʤʫʣʝ ),( ii xnhfn =¡   

n=100 - ʦʙʲʸʤ ʚʳʙʦʨʢʠ,   h=0,8889 - ʨʘʟʤʝʨ 

ʠʥʪʝʨʚʘʣʘ, xi - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ i-ʛʦ ʠʥʪʝʨʚʘʣʘ, f(xi) 

- ʟʥʘʯʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ 

ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʪʦʯʢʝ xi.  

ɺ ʩʣʫʯʘʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʥʫʣʝʚʳʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ů=1 ʬʫʥʢʮʠʷ 

f(xi) ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɻʘʫʩʩʘ (1) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʬʦʨʤʫʣʦʡ 

 

.2/)( 2
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i eʭf
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(5) 

 

ʂʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ ʦʙʣʘʜʘʝʪ v=s-3 ʩʪʝʧʝʥʷʤʠ 

ʩʚʦʙʦʜʳ, ʛʜʝ s - ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ. ʂʨʠʪʠʯʝʩʢʘʷ 

ʦʙʣʘʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦʤ ɢ
2
>ɢ

2
ʢʨ(Ŭ,v), ʛʜʝ 

ɢ
2
ʢʨ- ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, Ŭ - ʫʨʦʚʝʥʴ ʟʥʘʯʠʤʦʩʪʠ. 

ɺʝʣʠʯʠʥʘ ɢ
2
ʢʨ ʜʣʷ Ŭ=5%, v=6 ʨʘʚʥʘ 16,8 [3]. ʇʨʠ 

ɢ
2
<16,8 ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʚʳʙʦʨʢʠ 

ʧʨʠʥʠʤʘʝʪʩʷ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʪʚʝʨʛʘʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 1 (ʤʝʪʦʜ ɹʄʄ), ʪʘʙʣ. 2 (ʤʝʪʦʜ ɹʄ) ʠ ʪʘʙʣ. 3 

(ʤʝʪʦʜ normal_distribution). 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ɹʄʄ. 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ɹʄʄ, ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʭi -ʩʝʨʝʜʠʥʘ i-ʛʦ ʠʥʪʝʨʚʘʣʘ, ni - ʢʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ ʚ i-ʤ ʠʥʪʝʨʚʘʣʝ, 
in¡ - 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚ i-ʤ ʠʥʪʝʨʚʘʣʝ. 

 

i 1 2 3 4 5 6 7 8 9 

ʭi -3.56 -2,67 -1,78 -0,89 -0,00 0,89 1,78 2,67 3,56 

ni 0 1 6 20 33 24 13 3 0 

in¡ 0.06 1 7.27 23.87 35.46 23.87 7.27 1 0.06 
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ʈʠʩʫʥʦʢ 1. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɹʄʄ 

 

ɺʠʜ ʛʠʩʪʦʛʨʘʤʤʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩ. 1, 

ʧʦʟʚʦʣʷʝʪ ʚʳʩʢʘʟʘʪʴ ʛʠʧʦʪʝʟʫ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɹʄʄ, 

ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (1). ʂʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ ɢ
2
, 

ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (4) ʜʣʷ ʜʘʥʥʳʭ ʪʘʙʣ.1, 

ʨʘʚʝʥ 9.6. ʇʦʩʢʦʣʴʢʫ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ 

ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ɢ
2
ʢʨ=16,8 ʜʣʷ 5%-ʛʦ ʫʨʦʚʥʷ 

ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 6 ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ [3], ʪʦ ʛʠʧʦʪʝʟʘ 

ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʚʳʙʦʨʢʠ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʝʪʦʜʘ ɹʄʄ ʧʨʠʥʠʤʘʝʪʩʷ. 

  

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʤ ɹʄ, ʥʦʨʤʘʣʴʥʦʤʫ 

ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʭi -ʩʝʨʝʜʠʥʘ i-ʛʦ ʠʥʪʝʨʚʘʣʘ, ni - ʢʦʣʠʯʝʩʪʚʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ ʚ i-ʤ ʠʥʪʝʨʚʘʣʝ, 
in¡ - 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚ i-ʤ ʠʥʪʝʨʚʘʣʝ. 

 

i 1 2 3 4 5 6 7 8 9 

ʭi -3.56 -2,67 -1,78 -0,89 -0,00 0,89 1,78 2,67 3,56 

ni 0 1 3 18 32 35 8 3 0 

in¡ 0.06 1.03 7.48 24.54 36.46  24.54 7.48 1.03 0.06 

 

ʅʘ ʨʠʩ. 2 ʠʟʦʙʨʘʞʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʪʘʙʣ. 2 ʜʣʷ ʤʝʪʦʜʘ ɹʄ. 

ɻʠʩʪʦʛʨʘʤʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 2, 

ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʩʠʤʤʝʪʨʠʯʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʠʩʪʦʛʨʘʤʤʦʡ ʥʘ ʨʠʩ. 1. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʶʪʩʷ 

ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʛʠʧʦʪʝʟʳ ʦ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʵʪʦʡ ʚʳʙʦʨʢʠ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

(1). ʈʘʩʩʯʠʪʘʥʥʳʡ ʧʦ ʬʦʨʤʫʣʝ (4) ʢʨʠʪʝʨʠʡ 

ʇʠʨʩʦʥʘ ʜʣʷ ʜʘʥʥʳʭ ʪʘʙʣ. 2 ʨʘʚʝʥ 13,7. 

ʇʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʳ ɢ
2
ʢʨ=16,8 ʚ ʩʣʫʯʘʝ 5%-ʛʦ ʫʨʦʚʥʷ 

ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 6 ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ [3]. ʇʦʵʪʦʤʫ 

ʛʠʧʦʪʝʟʘ ʦ ʥʦʨʤʘʣʴʥʦʩʪʠ ʚʳʙʦʨʢʠ, 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʦʤ ɹʄ, ʧʨʠʥʠʤʘʝʪʩʷ. 
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ʈʠʩʫʥʦʢ 2. ɻʠʩʪʦʛʨʘʤʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ɹʄ 

 

ʊʘʙʣʠʮʘ 3 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʛʠʧʦʪʝʟʳ ʦ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ 

normal_distribution, ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ: ʭi -ʩʝʨʝʜʠʥʘ i-ʛʦ ʠʥʪʝʨʚʘʣʘ, ni - ʢʦʣʠʯʝʩʪʚʦ 

ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ ʚ i-ʤ ʠʥʪʝʨʚʘʣʝ, f(xi) - ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʃʘʧʣʘʩʘ ʚ ʪʦʯʢʝ xi, in¡ - ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ ʚ i-ʤ ʠʥʪʝʨʚʘʣʝ. 

 

i 1 2 3 4 5 6 7 8 9 

ʭi -3.56 -2,67 -1,78 -0,89 -0,00 0,89 1,78 2,67 3,56 

ni 0 1 7 16 38 26 8 4 0 

f(ʭi) 0.0007 0.011 0.081 0.268 0.398 0.268 0.081 0.011 0.0007 

in¡ 0.06 1.03 7.48 24.54 36.46  24.54 7.48 1.03 0.06 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʘʙʣ. 3 ʧʦʩʪʨʦʝʥʘ 

ʛʠʩʪʦʛʨʘʤʤʘ. ɽʸ ʩʪʨʫʢʪʫʨʘ ʦʢʘʟʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʙʣʠʟʢʦʡ ʢ ʩʪʨʫʢʪʫʨʝ ʛʠʩʪʦʛʨʘʤʤʳ 

ʥʘ ʨʠʩ. 1 ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʩʜʚʠʛʫ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ 

ʚʣʝʚʦ ʚ ʩʪʦʨʦʥʫ ʠʭ ʫʤʝʥʴʰʝʥʠʷ. ʇʦʜʦʙʥʳʡ ʙʦʣʝʝ 

ʩʠʣʴʥʳʡ ʩʜʚʠʛ ʦʩʦʙʝʥʥʦ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʛʝʥʝʨʘʪʦʨʘ 

ʩ ʘʣʛʦʨʠʪʤʦʤ ɹʄ. ʉʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʦʡ 

ʛʠʩʪʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʚʳʩʢʘʟʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 

ʪʦʤ, ʯʪʦ ʚʳʙʦʨʦʯʥʳʝ ʜʘʥʥʳʝ, ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʝ 

ʤʝʪʦʜʦʤ ɹʄʄ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ 

(1). 

ʂʨʠʪʝʨʠʡ ʇʠʨʩʦʥʘ, ʚʳʯʠʩʣʝʥʥʳʡ ʧʦ 

ʬʦʨʤʫʣʝ (4) ʜʣʷ ʜʘʥʥʳʭ ʪʘʙʣ. 3, ʨʘʚʝʥ 11,2. ʆʥ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ ɢ
2
ʢʨ=16,8 ʚ 

ʩʣʫʯʘʝ 5%-ʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 6 ʩʪʝʧʝʥʷʭ 

ʩʚʦʙʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʷʪʴ ʛʠʧʦʪʝʟʫ ʦ 

ʥʦʨʤʘʣʴʥʦʩʪʠ ʚʳʙʦʨʢʠ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʩʨʝʜʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual C++  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʠ normal_distribution.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

ʧʦʣʫʯʝʥʠʷ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʶ ʥʦʨʤʘʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ 

ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʠʤʠʪʠʨʦʚʘʥʠʠ 

ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. 

ʅʘʠʤʝʥʴʰʠʡ ɢ
2
-ʢʨʠʪʝʨʠʡ, ʨʘʚʥʳʡ 9,6, ʧʦʢʘʟʘʣ 

ʤʝʪʦʜ ɹʄʄ. ɹʣʠʟʢʠʡ ʨʝʟʫʣʴʪʘʪ, ʨʘʚʥʳʡ 11,2, 

ʧʦʣʫʯʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ 

normal_distribution. ʄʝʪʦʜ ɹʄ ʦʢʘʟʘʣʩʷ ʥʘ ʪʨʝʪʴʝʤ 

ʤʝʩʪʝ. ʆʜʥʘʢʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʢʨʠʪʝʨʠʷ 

ɢ
2
= 13,7 ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ  16,8.  

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʤʝʪʦʜʳ ɹʄʄ ʠ 

normal_distribution, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʙʦʣʝʝ ʥʠʟʢʠʝ 

ʟʥʘʯʝʥʠʷ ɢ
2
-ʢʨʠʪʝʨʠʷ (ʦʢʦʣʦ 10õ11), ʷʚʣʷʶʪʩʷ 

ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ 

ɹʄ. ʆʜʥʘʢʦ ʜʝʣʘʪʴ ʧʦʜʦʙʥʳʡ ʚʳʚʦʜ ʙʳʣʦ ʙʳ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ. ʆʪʤʝʪʠʤ ʥʝʩʢʦʣʴʢʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʧʨʠ 

ʚʳʙʦʨʝ ʦʜʥʦʛʦ ʠʟ ʤʝʪʦʜʦʚ: 

1) ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʳʙʦʨʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʩʣʫʯʘʡʥʳʭ 

ʯʠʩʝʣ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʧʦʵʪʦʤʫ ʨʘʟʣʠʯʥʳʝ 
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ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʜʘʞʝ ʚ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʠ ʦʞʠʜʘʝʤʳʤ. ɸʜʝʢʚʘʪʥʦʩʪʴ 

ʚʳʙʨʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʦʢʘʟʳʚʘʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝʤ 

ʛʣʘʚʥʦʛʦ ʪʨʝʙʦʚʘʥʠʷ ï ʥʘʡʜʝʥʥʘʷ ʚʝʣʠʯʠʥʘ 

ʢʨʠʪʝʨʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ ʝʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʇʦʵʪʦʤʫ ʦʪʙʨʘʢʦʚʳʚʘʪʴ ʣʶʙʦʡ ʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ ʥʝʪ ʦʩʥʦʚʘʥʠʡ. 

2) ʇʨʠ ʥʝʦʜʥʦʢʨʘʪʥʦʤ ʟʘʧʫʩʢʝ ʬʫʥʢʮʠʠ 

normal_distribution ʦʪʤʝʯʘʣʦʩʴ ʧʦʷʚʣʝʥʠʝ ʯʠʩʝʣ, 

ʷʚʥʦ ʚʳʧʘʜʘʶʱʠʭ ʠʟ ʚʳʙʦʨʦʯʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʜʯʠʥʷʶʱʠʭʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ɻʘʫʩʩʘ. ʇʦʵʪʦʤʫ, 

ʚʦ ïʧʝʨʚʳʭ, ʞʝʣʘʪʝʣʴʥʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʘʥʘʣʠʟ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʚʳʙʦʨʦʢ, ʠ, ʚʦ-ʚʪʦʨʳʭ, ʧʦʜʢʣʶʯʠʪʴ ʢ ʘʥʘʣʠʟʫ 

ʜʨʫʛʠʝ ʢʨʠʪʝʨʠʠ. 

3) ʈʘʟʤʝʨ ʠʥʪʝʨʚʘʣʘ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʮʝʣʳʭ ʯʠʩʝʣ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ 

ʧʦʣʫʯʝʥʠʠ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʯʠʩʝʣ, 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʘʜʝʢʚʘʪʥʳʭ ʚʳʙʦʨʦʢ ʙʦʣʴʰʦʛʦ ʦʙʲʸʤʘ, ʯʪʦ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

4) ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʤʝʪʦʜʘʭ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ɹʄʄ ʠ ɹʄ ʩʦʜʝʨʞʠʪ, ʢʘʢ ʠ ʚʩʷʢʘʷ 

ʤʦʜʝʣʴ, ʦʧʨʝʜʝʣʸʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ 

ʩʣʫʞʘʪ ʠʩʪʦʯʥʠʢʦʤ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ. ʇʦʵʪʦʤʫ ʧʨʦʚʝʜʝʥʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʠʷ ʯʠʩʣʦʚʳʭ 

ʚʳʙʦʨʦʢ, ʧʦʣʫʯʘʝʤʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʩʫʞʜʘʝʤʳʭ ʤʝʪʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʠʥʪʝʨʝʩʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ. 

ɺʳʚʦʜʳ. ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʸʥ ʘʥʘʣʠʟ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʚʳʙʦʨʦʢ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ɹʦʢʩʘ-

ʄʶʣʣʝʨʘ-ʄʘʨʩʘʣʴʠ ʠ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ, ʘ ʪʘʢʞʝ ʩ 

ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʦʡ ʬʫʥʢʮʠʠ normal_distribution 

ʠʟ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Visual C++. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʝʡ ʧʨʦʚʝʨʷʣʘʩʴ ʥʘ ʚʳʙʦʨʢʘʭ 

ʠʟ 100 ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʯʠʩʝʣ ʩ ʧʦʤʦʱʴʶ ɢ-

ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʥʘ ʦʪʨʝʟʢʝ [-4,+4]. ʂʦʣʠʯʝʩʪʚʦ 

ʠʥʪʝʨʚʘʣʦʚ, ʨʘʚʥʦʝ 9, ʚʳʯʠʩʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ 

ʉʪʝʨʞʝʩʩʘ. ɺʩʝ ʩʣʫʯʘʡʥʳʝ   ʯʠʩʣʘ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʨʘʟʣʠʯʥʳʤ ʤʦʜʝʣʷʤ, ʦʢʘʟʘʣʠʩʴ ʥʘ ʦʪʨʝʟʢʝ [-3,+3]. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ɢ-ʢʨʠʪʝʨʠʷ 9,6 (ʤʝʪʦʜ 

ɹʄʄ),  13.7 (ʤʝʪʦʜ ɹʄ) ʠ 11,1  (ʤʝʪʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʫʥʢʮʠʠ normal_distribution) ʙʳʣʠ 

ʤʝʥʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʨʘʚʥʦʡ 16,8 ʜʣʷ 

5%-ʛʦ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ ʧʨʠ 6 ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ  

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʝʥʝʨʠʨʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦ 

ʨʘʩʧʨʝʜʝʣʸʥʥʳʭ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʄʝʪʦʜ ʧʦʣʷʨʥʳʭ 

ʢʦʦʨʜʠʥʘʪ ɹʦʢʩʘ-ʄʶʣʣʝʨʘ-ʄʘʨʩʘʣʴʠ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ  ɢ
2
-

ʢʨʠʪʝʨʠʷ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʛʦ 

ʚʳʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʚʳʙʦʨʢʘʭ ʩ ʙʦʣʴʰʠʤ ʦʙʲʸʤʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʝʝ ʦʩʥʦʚʥʳʝ ʢʦʥʮʝʧʮʠʠ.ʀʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʨʘʟʨʘʙʦʪʢʠ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ.ɺ ʬʠʥʘʥʩʦʚʦʡ ʠʥʜʫʩʪʨʠʠ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʦʥʜʦʚʦʛʦ ʨʳʥʢʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ 

ʙʫʜʫʱʠʭ ʪʝʥʜʝʥʮʠʡ.ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʠ ʝʝ ʨʦʣʴ ʚ 

ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʢʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʨʦʷʪʥʦʩʪʴ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʵʢʦʥʦʤʠʢʘ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʩʣʫʯʘʡʥʦʩʪʴ, 

ʩʦʙʳʪʠʷ.  

 

ABSTRACT 

 

The article deals with the concepts of probability theory, as well as its basic concepts. Research, planning and 

forecasting of economic processes are unthinkable without the development of economic and mathematical models 

based on probability theory. In the financial industry, probability theory finds application in the construction of 

mathematical models of the stock market to predict its future trends. The application of probability theory in economic 

problems and its role in the field of economics are analyzed. 

Keywords: probability, probability theory, economics, economic problems, randomness, events. 

 

ɺ XVII  ʚʝʢʝ ʚʦ ʌʨʘʥʮʠʠ ʦʜʠʥ ʜʚʦʨʷʥʠʥ ʧʦ 

ʠʤʝʥʠ ʜʝ ʄʦʨʝ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʘʟʘʨʪʥʳʤʠ ʠʛʨʘʤʠ, 

ʧʦʩʢʦʣʴʢʫ ʭʦʪʝʣ ʨʘʟʙʦʛʘʪʝʪʴ. ʆʥ ʥʘʯʠʥʘʝʪ ʠʩʢʘʪʴ 

ʧʫʪʠ, ʢʘʢʠʤ ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʦʥ ʩʤʦʞʝʪ 

ʧʨʠʦʙʨʝʩʪʠ ʢʨʫʧʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʨʦʜʫʤʳʚʘʝʪ 

ʧʣʘʥʳ. ɺ ʠʪʦʛʝ ʚʦʟʥʠʢʘʝʪ ʤʳʩʣʴ ʦ ʪʦʤ, ʯʪʦ ʩ 

ʧʦʤʦʱʴʶ ʠʛʨʘʣʴʥʳʭ ʢʦʩʪʝʡ ʦʥ ʩʤʦʞʝʪ ʫʟʥʘʪʴ, ʚ 

ʢʘʢʠʭ ʩʣʫʯʘʷʭ ʦʥ ʩʤʦʞʝʪ ʧʦʙʝʜʠʪʴ ʧʨʦʪʠʚʥʠʢʘ ʠ 

ʟʘʨʘʙʦʪʘʪʴ ʜʝʥʴʛʠ. ʆʥ ʩʯʠʪʘʣ, ʯʪʦ ʝʩʣʠ ʙʨʦʩʠʪʴ 

ʠʛʨʘʣʴʥʫʶ ʢʦʩʪʴ 4 ʨʘʟʘ ʠ ʧʨʠ ʵʪʦʤ ʥʝ ʚʳʧʘʜʝʪ 

ʰʝʩʪʝʨʢʘ, ʪʦ ʧʦʙʝʜʘ ʙʫʜʝʪ ʟʘ ʧʨʦʪʠʚʥʠʢʦʤ. ɺ 

ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʥʘʦʙʦʨʦʪ. ʆʥ ʥʝ ʙʳʣ ʫʚʝʨʝʥ ʚ ʩʚʦʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʠ ʦʙʨʘʪʠʣʩʷ ʟʘ ʧʦʤʦʱʴʶ ʢ ʩʚʦʝʤʫ 

ʜʨʫʛʫ ʇʘʩʢʘʣʶ, ʢʦʪʦʨʳʡ ʩʘʤ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʦʪʥʦʩʷʪ ʢ ʩʝʨʝʜʠʥʝ XVII  ʚʝʢʘ, ʘ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ ʩʯʠʪʘʶʪ ɹʣʝʟʘ ʇʘʩʢʘʣʷ, 

ʍʨʠʩʪʠʘʥʘ ɻʶʡʛʝʥʩʘ ʠ ʇʴʝʨ ʌʝʨʤʘ. 

ʊʘʢ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ - ʨʘʟʜʝʣ ʚ ʦʙʣʘʩʪʠ 

ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨʳʡ ʥʘʧʨʘʚʣʝʥ ʥʘ ʠʟʫʯʝʥʠʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩʣʫʯʘʡʥʳʭ ʩʦʙʳʪʠʡ. ʇʦʜ 

ʩʣʫʯʘʡʥʳʤʠ ʩʦʙʳʪʠʷʤʠ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʷʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʠʣʠ ʞʝ ʥʝ ʤʦʛʫʪ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʦʥʮʝʧʮʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʧʨʠʩʚʦʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʘʩʪʫʧʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʙʳʪʠʷ.  ɺʝʨʦʷʪʥʦʩʪʴ 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʠʩʭʦʜʦʚ, ʜʝʣʝʥʥʦʝ ʥʘ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʩʝʭ 

ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ ʩʦʙʳʪʠʷ. ʆʥʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ 

ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1.  
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ʋʩʣʦʚʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ - ʢʦʛʜʘ ʦʜʥʦ ʩʦʙʳʪʠʝ 

ɸ ʧʨʦʠʟʦʰʣʦ ʩ ʫʯʝʪʦʤ ʜʨʫʛʦʛʦ ʩʦʙʳʪʠʷ ɺ, ʠ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʘʢ: P(A/B) [5]. 

ʆʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʧʦʚʪʦʨʷʪʴʩʷ ʠ ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʨʘʟʣʠʯʥʳʭ ʠʩʭʦʜʘʤ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘʟʳʚʘʝʪʩʷ çʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʚʳʙʦʨʢʠè. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʤʳ ʧʦʜʙʨʘʩʳʚʘʝʤ 

ʤʦʥʝʪʳ ʦʜʠʥ ʨʘʟ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʙʦʨʢʝ ʩ ʜʚʫʤʷ 

ʚʦʟʤʦʞʥʳʤʠ ʠʩʭʦʜʘʤʠ çʦʨʝʣè ʠʣʠ çʨʝʰʢʘè. 

ʉʦʙʳʪʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʢʘʢ ʥʘʙʦʨ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʧʦʜʤʥʦʞʝʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚʳʙʦʨʢʠ. ɺʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʩʦʙʳʪʠʡ:  

-  ʈʘʚʥʦʚʝʨʦʷʪʥʳʝ ʩʦʙʳʪʠʷ - ʵʪʦ ʩʦʙʳʪʠʷ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʘʩʪʫʧʣʝʥʠʷ; 

-  ʀʩʯʝʨʧʳʚʘʶʱʠʝ ʩʦʙʳʪʠʷ - ʵʪʦ ʩʦʙʳʪʠʷ, 

ʨʘʚʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʫ ʚʳʙʦʨʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

- ɿʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ - ʵʪʦ ʪʝ ʩʦʙʳʪʠʷ, 

ʢʦʪʦʨʳʝ ʚʳʪʝʢʘʶʪ ʠʟ ʜʨʫʛʠʭ ʩʦʙʳʪʠʡ ʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ; 

- ʅʝʟʘʚʠʩʠʤʳʝ ʩʦʙʳʪʠʷ- ʵʪʦ ʪʝ, ʢʦʪʦʨʳʝ 

ʧʨʦʠʩʭʦʜʷʪ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʩʦʙʳʪʠʡ ʠ ʥʝ 

ʩʚʷʟʘʥʳ ʩ ʥʠʤʠ; 

- ɺʟʘʠʤʦʠʩʢʣʶʯʘʶʱʠʝ ʩʦʙʳʪʠʷ - ʵʪʦ 

ʩʦʙʳʪʠʷ, ʠʩʢʣʶʯʘʶʱʠʝ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʥʘʩʪʫʧʣʝʥʠʷ[2]. 

ɽʱʝ ʦʜʥʦʡ ʚʘʞʥʦʡ ʢʦʥʮʝʧʮʠʝʡ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ - 

ʵʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ, ʫʩʨʝʜʥʝʥʥʦʝ 

ʧʦ ʚʩʝʤ ʚʦʟʤʦʞʥʳʤ ʠʩʭʦʜʘʤ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʧʦʜʙʨʘʩʳʚʘʥʠʠ ʢʫʙʠʢʘ ʨʘʚʥʦ 

(1+2+3+4+5+6)/6=3,5. 

ʊʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʦ ʤʥʦʛʠʭ 

ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ, ʭʦʪʴ ʤʳ ʠ ʨʝʜʢʦ ʟʘʤʝʯʘʝʤ. 

ʄʳ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʤʝʪʦʜʳ ʪʝʦʨʠʡ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ 

ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʘʩʪʨʦʥʦʤʠʠ, ʵʢʦʥʦʤʠʢʠ ʠ ʚ 

ʜʨʫʛʠʭ ʥʘʫʢʘʭ. ʅʘʧʨʠʤʝʨ, ʚ ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʝ, ʦʥʘ 

ʩʳʛʨʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʩ 

ʧʦʤʦʱʴʶ ʧʦʜʙʦʨʘ ʚʦʟʤʦʞʥʳʭ ʧʦʚʝʜʝʥʠʡ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʙʳʣʦ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ. ɸ ʚ ʘʩʪʨʦʥʦʤʠʠ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ 

ʧʦʤʦʛʘʝʪ ʧʨʠ ʨʝʰʝʥʠʠ ʤʥʦʛʠʭ ʚʘʞʥʳʭ 

ʘʩʪʨʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʩʣʫʯʘʝʚ ʩʪʦʣʢʥʦʚʝʥʠʷ ɿʝʤʣʠ ʩ ʢʦʤʝʪʘʤʠ ʠʣʠ ʞʝ 

ʘʩʪʝʨʦʠʜʘʤʠ. ɺ ʵʢʦʥʦʤʠʢʝ  ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ 

ʘʫʢʮʠʦʥʳ, ʪʦʨʛʦʚʳʝ ʩʜʝʣʢʠ ʠʣʠ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ 

ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʆʥʠ ʧʦʤʦʛʘʶʪ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʚʳʠʛʨʳʰʘ ʠʣʠ ʧʦʪʝʨʠ ʠ 

ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʩʪʨʘʪʝʛʠʠ 

ʧʦʚʝʜʝʥʠʷ.ɼʠʩʢʨʝʪʥʳʝ ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʛʦʨʠʪʤʦʚ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʪʘʢʠʭ ʢʘʢ ʠʛʨʳ ʥʘ 

ʦʩʥʦʚʝ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ ʠʣʠ ʘʣʛʦʨʠʪʤʳ 

ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. ʆʥʠ ʧʦʤʦʛʘʶʪ ʦʙʫʯʘʪʴ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. 

ɺʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʝʦʨʠʷ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʨʠʩʢʘ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʨʘʟʥʳʤʠ ʨʝʰʝʥʠʷʤʠ. ɺ ʬʠʥʘʥʩʦʚʦʡ 

ʠʥʜʫʩʪʨʠʠ ʦʥʘ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʬʦʥʜʦʚʦʛʦ 

ʨʳʥʢʘ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʝʛʦ ʙʫʜʫʱʠʭ 

ʪʝʥʜʝʥʮʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʥʘʥʩʦʚʳʭ 

ʨʳʥʢʦʚ ʠ ʧʨʠʥʷʪʠʷ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʆʥʠ 

ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʬʠʥʘʥʩʦʚʳʭ ʠʩʭʦʜʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ 

ʧʦʨʪʬʝʣʠ ʠʥʚʝʩʪʠʮʠʡ.ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʣʶʜʠ ʤʦʛʫʪ 

ʠʟʙʝʞʘʪʴ ʠʥʚʝʩʪʠʨʦʚʘʥʠʷ ʚ ʚʳʩʦʢʦʨʠʩʢʦʚʳʝ 

ʘʢʪʠʚʳ.   

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʝʤʳʩʣʠʤʳ ʙʝʟ ʨʘʟʨʘʙʦʪʢʠ ʵʢʦʥʦʤʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʚ 

ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʩʝʢʪʦʨʝ ʧʦʟʚʦʣʷʝʪ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʢ 

ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ ʷʚʣʝʥʠʡ. ʄʝʪʦʜʳ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ ʥʝ ʤʦʛʫʪ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʠʩʭʦʜ 

ʩʣʫʯʘʡʥʦʛʦ ʩʦʙʳʪʠʷ, ʦʜʥʘʢʦ ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʚʝʨʦʷʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʭʦʜʝ 

ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʷʚʣʝʥʠʡ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ ʤʦʞʝʪ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ[1]. 

ʕʢʦʥʦʤʠʢʘ ʚʢʣʶʯʘʝʪ ʤʥʦʞʝʩʪʚʦ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʠʤʝʪʴ ʪʦʯʥʳʝ ʟʥʘʯʝʥʠʷ. ʊʘʢ, ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʪʝʦʨʠʠ 

ʚʝʨʦʷʪʥʦʩʪʝʡ, ʛʜʝ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ ʠ ʘʥʘʣʠʟ 

ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʜʝʡʩʪʚʠʡ ʠʣʠ ʷʚʣʝʥʠʡ. 

ʅʘʧʨʠʤʝʨ, ʵʪʦ ʢʘʩʘʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʩʬʝʨʘʭ 

ʢʨʝʜʠʪʦʚʘʥʠʷ ʠ ʩʪʨʘʭʦʚʘʥʠʷ.  

ʊʘʢ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ 

ʢʨʝʜʠʪʦʚʘʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦ ʢʦʤʤʝʨʯʝʩʢʠʭ ʙʘʥʢʦʚ 

ʘʢʪʠʚʥʦ ʟʘʥʠʤʘʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʜʝʥʝʞʥʦ-

ʢʨʝʜʠʪʥʳʭ ʦʧʝʨʘʮʠʡ, ʥʦ ʠʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʜʦʩʪʘʚʣʝʥʠʠ ʢʨʝʜʠʪʦʚ. 

ɺʩʣʝʜʩʪʚʠʝ ʥʝʩʪʘʙʠʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʙʘʥʢʘʤ ʧʨʠʭʦʜʠʪʩʷ ʨʝʰʘʪʴ ʛʣʘʚʥʫʶ 

ʧʨʦʙʣʝʤʫ - ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʢʨʝʜʠʪʥʳʤʠ ʨʠʩʢʘʤʠ. 

ʋʨʦʚʝʥʴ ʜʘʥʥʳʭ ʨʠʩʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʝʠʩʧʦʣʥʝʥʠʷ ʟʘʝʤʱʠʢʦʤ ʚʩʝ ʫʩʣʦʚʠʷ ʢʨʝʜʠʪʥʦʛʦ 

ʩʦʛʣʘʰʝʥʠʷ ʚ ʩʨʦʢ, ʘ ʪʘʢʞʝ ʝʛʦ 

ʧʣʘʪʝʞʝʩʧʦʩʦʙʥʦʩʪʠ. 

ɼʣʷ ʙʘʥʢʘ ʦʩʥʦʚʥʦʡ ʦʧʘʩʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ 

ʧʦʪʝʨʷ ʜʝʥʝʛ, ʢʦʛʜʘ ʢʨʝʜʠʪʦʨ ʥʝ ʚʳʧʣʘʯʠʚʘʝʪ 

ʢʨʝʜʠʪ. ʕʪʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʠʟ-ʟʘ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ 

ʬʠʥʘʥʩʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʟʘʝʤʱʠʢʘ, ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ 

ʝʛʦ ʜʦʭʦʜʦʚ ʠʣʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʤʝʰʘʶʪ ʝʤʫ ʚʦʟʚʨʘʪʠʪʴ 

ʢʨʝʜʠʪ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʙʘʥʢ ʤʦʞʝʪ ʧʦʥʝʩʪʠ 

ʫʙʳʪʢʠ ʠ ʧʦʪʝʨʷʪʴ ʩʚʦʠ ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ, ʘ 

ʪʘʢʞʝ ʨʝʧʫʪʘʮʠʶ. ɼʣʷ ʩʥʠʞʝʥʠʷ ʨʠʩʢʘ ʙʘʥʢ 

ʧʨʦʚʦʜʠʪ ʨʘʟʣʠʯʥʳʝ ʘʥʘʣʠʟʳ ʠ ʦʮʝʥʢʠ 

ʢʨʝʜʠʪʦʩʧʦʩʦʙʥʦʩʪʠ ʟʘʝʤʱʠʢʦʚ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʧʣʘʪʠʪʴ ʢʨʝʜʠʪ, ʥʘʧʨʠʤʝʨ 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʣʠʤʠʪʦʚ ʧʦ ʩʫʤʤʝ ʢʨʝʜʠʪʘ, 

ʪʨʝʙʦʚʘʥʠʝ ʟʘʣʦʛʘ ʠʣʠ ʧʦʨʫʯʠʪʝʣʷ[3].  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʘʩʩʤʦʪʨʠʤ 2 ʟʘʜʘʯʠ.  

ɿʘʜʘʯʘ 1. ɺ ʙʘʥʢ ʧʨʠʰʣʠ ʧʷʪʴ ʢʣʠʝʥʪʦʚ, ʠ 

ʢʘʞʜʳʡ ʧʷʪʳʡ ʠʟ ʥʠʭ ʭʦʯʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʦʧʝʨʘʮʠʶ 
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ʧʦ ʩʥʷʪʠʶ ʧʨʦʮʝʥʪʦʚ ʩ ʚʣʦʞʝʥʥʦʡ ʥʘ ʩʚʦʡ ʩʯʝʪ 

ʩʫʤʤʳ. ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʚ ʢʘʩʩʝ ʙʘʥʢʘ 

ʦʙʨʘʟʦʚʘʣʘʩʴ ʥʝʙʦʣʴʰʘʷ ʦʯʝʨʝʜʴ ʠʟ ʧʷʪʠ ʯʝʣʦʚʝʢ. 

ʅʘʩ ʠʥʪʝʨʝʩʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʪʦʣʴʢʦ ʜʚʦʝ 

ʠʟ ʥʠʭ ʙʫʜʫʪ ʦʙʨʘʱʘʪʴʩʷ ʢ ʥʘʰʠʤ ʫʩʣʫʛʘʤ ʧʦ 

ʩʥʷʪʠʶ ʧʨʦʮʝʥʪʦʚ ʩ ʚʢʣʘʜʘ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʩʦʯʝʪʘʥʠʷʤʠ. ɽʩʣʠ ʚ ʦʯʝʨʝʜʠ ʠʟ 5 ʯʝʣʦʚʝʢ ʤʳ 

ʭʦʪʠʤ ʚʳʙʨʘʪʴ 2, ʪʦ ʵʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʉ (5,2) = 10 

ʩʧʦʩʦʙʘʤʠ. ʆʩʪʘʚʰʠʝʩʷ 3 ʯʝʣʦʚʝʢʘ ʚ ʦʯʝʨʝʜʠ ʥʝ 

ʙʫʜʫʪ ʩʥʠʤʘʪʴ ʧʨʦʮʝʥʪʳ ʩ ʚʢʣʘʜʘ. ɺʝʨʦʷʪʥʦʩʪʴ 

ʪʦʛʦ, ʯʪʦ ʪʦʣʴʢʦ ʜʚʦʝ ʠʟ ʦʯʝʨʝʜʠ ʙʫʜʫʪ ʩʥʠʤʘʪʴ 

ʧʨʦʮʝʥʪʳ ʩ ʚʢʣʘʜʘ, ʨʘʚʥʘ ʦʪʥʦʰʝʥʠʶ ʯʠʩʣʘ 

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʠʩʭʦʜʦʚ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʠʩʭʦʜʦʚ.  

ʆʙʱʝʝ ʯʠʩʣʦ ʠʩʭʦʜʦʚ - ʵʪʦ ʚʩʝ ʚʦʟʤʦʞʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʚʳʙʦʨʘ 2 ʯʝʣʦʚʝʢ ʠʟ 5, ʪʦ ʝʩʪʴ 

ʉ (5,2) = 10. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʦʷʪʥʦʩʪʴʪʦʛʦ, ʯʪʦ ʪʦʣʴʢʦ 

ʜʚʦʝ ʠʟ ʦʯʝʨʝʜʠ ʙʫʜʫʪ ʩʥʠʤʘʪʴ ʧʨʦʮʝʥʪʳ ʩ ʚʢʣʘʜʘ, 

ʨʘʚʥʘ10/10=1. 

ʆʪʚʝʪ: 1 ʠʣʠ 100%. 

ɿʘʜʘʯʘ 2. ɹʘʥʢ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʨʝʜʠʪ ʚ 

ʨʘʟʤʝʨʝ 5 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʣʝʪ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʚʦʟʚʨʘʪʘ ʩʦʩʪʘʚʣʷʝʪ 

5%. ʅʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ, ʢʘʢʘʷ ʤʠʥʠʤʘʣʴʥʘʷ 

ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ ʧʦʟʚʦʣʠʪ ʙʘʥʢʫ ʩʧʨʘʚʠʪʴʩʷ ʩ 

ʢʨʝʜʠʪʦʚʘʥʠʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʫʙʳʪʢʦʚ ʚ ʩʨʝʜʥʝʤ. 

ʈʝʰʝʥʠʝ. ɼʣʷ ʦʮʝʥʢʠ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʧʨʦʮʝʥʪʥʦʡ ʩʪʘʚʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʙʘʥʢʫ ʚʳʧʦʣʥʷʪʴ ʙʝʟʫʙʳʪʦʯʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ ʚ 

ʩʨʝʜʥʝʤ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʚʦʟʚʨʘʪʘ ʢʨʝʜʠʪʘ. 

ʇʫʩʪʴ ʭ - ʧʨʦʮʝʥʪʥʘʷ ʩʪʘʚʢʘ. ʊʦʛʜʘ ʩʫʤʤʘ, 

ʢʦʪʦʨʫʶ ʙʘʥʢ ʧʦʣʫʯʠʪ ʦʪ ʟʘʝʤʱʠʢʘ ʟʘ ʧʷʪʴ ʣʝʪ, 

ʙʫʜʝʪ ʨʘʚʥʘ 5 ʤʣʥ + (5 ʤʣʥ * ʭ * 5) = 5 ʤʣʥ + 25 

ʤʣʥ * ʭ. 

ʉʨʝʜʥʷʷ ʩʫʤʤʘ, ʢʦʪʦʨʫʶ ʙʘʥʢ ʧʦʣʫʯʠʪ ʟʘ 

ʢʘʞʜʳʡ ʢʨʝʜʠʪ, ʙʫʜʝʪ ʨʘʚʥʘ (5 ʤʣʥ + 25 ʤʣʥ * ʭ) 

*(1 - 0,05) = (5 ʤʣʥ+ 25 ʤʣʥ * ʭ) * 0,95.  

ʏʪʦʙʳ ʙʘʥʢ ʚʳʧʦʣʥʷʣ ʙʝʟʫʙʳʪʦʯʥʦʝ 

ʢʨʝʜʠʪʦʚʘʥʠʝ ʚ ʩʨʝʜʥʝʤ, ʵʪʘ ʩʫʤʤʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʨʘʚʥʘ ʚʳʜʘʥʥʦʤʫ ʢʨʝʜʠʪʫ ʚ ʨʘʟʤʝʨʝ 5 ʤʣʥ ʨʫʙʣʝʡ: 

(5 ʤʣʥ + 25 ʤʣʥ * ʭ) * 0,95 = 5 ʤʣʥ. 

ʈʝʰʠʤ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭ: 

4,75 ʤʣʥ + 23, 75 ʤʣʥ * ʭ = 5 ʤʣʥ, 

23,75 ʤʣʥ * ʭ = 0,25 ʤʣʥ, 

ʍ= 0,25 ʤʣʥ / 23, 75 ʤʣʥ, 

ʍ å 0,0105. 

ʆʪʚʝʪ: ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʮʝʥʪʥʦʡ 

ʩʪʘʚʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʙʘʥʢʫ ʚʳʧʦʣʥʷʪʴ 

ʙʝʟʫʙʳʪʦʯʥʦʝ ʢʨʝʜʠʪʦʚʘʥʠʝ ʚ ʩʨʝʜʥʝʤ, ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 1,05[4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʩʣʫʞʠʪ 

ʤʝʭʘʥʠʟʤʦʤ, ʧʦʤʦʛʘʶʱʠʤ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ, 

ʧʨʦʚʝʨʢʠ ʥʘʜʝʞʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʦʮʝʥʢʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. ʆʥʘ 

ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ 

ʨʘʮʠʦʥʘʣʴʥʦʩʪʴ ʧʦʜʩʯʝʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʮʝʥʪʨ ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʅʀʋ) ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, 2017. ï 100 
ʩ. 
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ʆʙʝʩʧʝʯʝʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʥʘ ʨʘʙʦʯʠʭ ʤʝʩʪʘʭ ʩʪʘʥʦʚʠʪʴʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʠ 

ʥʝʦʙʭʦʜʠʤʳʤ. ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʤʠʢʨʦʢʣʠʤʘʪʘ ʨʘʙʦʯʝʛʦ ʧʦʤʝʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ ʦʯʠʱʘʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʟʜʫʭ ʠ ʣʝʯʝʙʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʷʚʣʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʘʵʨʦʠʦʥʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʠʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʵʨʦʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʵʨʦʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʘʵʨʦʠʦʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪ ʦʜʥʦʛʦ, ʜʚʫʭ ʠ ʙʦʣʝʝ ʠʩʪʦʯʥʠʢʦʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʠʦʥʦʚ ʚ ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʵʨʦʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʘʣʛʦʨʠʪʤ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʘʵʨʦʠʦʥʠʟʘʪʦʨ. 

 

ABSTRACT 

 

Providing comfortable working conditions in the workplace is becoming more and more relevant and necessary. 

One of the parameters of the microclimate of a working room, which has a purifying effect on the air and a healing effect 

on the human body, is the concentration of negative air ions. In this work, we study the air ion distribution under 

conditions of artificial air ionization using computer technology. An algorithm for modeling aeroion distribution from air 

ionizer s is proposed in this article. The developed algorithm makes it possible to determine the air ion distribution from 

one, two or more sources of negative air ions under conditions of artificial air ionization. 

Key words: air ion distribution, algorithm, modeling, air ionizer. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ. ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʝʡ 

ʞʠʟʥʠ ʞʠʪʝʣʠ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʧʨʦʚʦʜʷʪ ʚ ʟʘʢʨʳʪʳʭ 

ʧʦʤʝʱʝʥʠʷʭ ʩ ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʟʘʧʳʣʝʥʥʦʩʪʠ 

ʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʠʩʣʦʨʦʜʘ. ʇʳʣʴ 

ʩʧʦʩʦʙʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʪʴ ʥʘ ʚʥʫʪʨʝʥʥʠʝ 

ʦʨʛʘʥʳ ʠ ʮʝʥʪʨʘʣʴʥʫʶ ʥʝʨʚʥʫʶ ʩʠʩʪʝʤʫ. ʇʦʵʪʦʤʫ 

ʙʦʨʴʙʘ ʩ ʧʳʣʴʶ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ [7,9]. 

ʈʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʘʵʨʦʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ, ʛʣʘʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ   

ʘʵʨʦʠʦʥʠʟʘʪʦʨ [2,10]. ɸʵʨʦʠʦʥʠʟʘʪʦʨʳ ʷʚʣʷʶʪʩʷ 

ʠʩʪʦʯʥʠʢʦʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʠʦʥʦʚ ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ 

ʘʵʨʦʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʚ ʨʘʙʦʯʝʤ ʧʦʤʝʱʝʥʠʠ [3,6]. 

ʂʨʦʤʝ ʦʯʠʱʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 

ʘʵʨʦʠʦʥʳ ʚʣʘʜʝʶʪ ʣʝʯʝʙʥʳʤ ʠ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ - ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʘʢʪʠʚʠʟʘʮʠʠ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ, ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʦʙʤʝʥʘ ʠ ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʦʢʘʟʳʚʘʶʪ ʘʥʪʠʩʪʨʝʩʩʦʚʦʝ, ʘʥʪʠʤʠʢʨʦʙʥʦʝ ʠ 

ʘʥʪʠʚʠʨʫʩʥʦʝ ʜʝʡʩʪʚʠʝ [7].  

ɸʵʨʦʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪ 

ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ ʦʧʠʩʳʚʘʝʪʩʷ ʢʨʠʚʦʡ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʣʦʢʦʥ ɸʥʴʝʟʠ [8].  

ɺʩʣʝʜʩʪʚʠʝ ʩʣʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʘʵʨʦʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ, 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʫʶ 

ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʵʨʦʠʦʥʦʚ [4]. 

ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʠʟʦʣʠʥʠʡ ʠ ʠʟʦʧʦʚʝʨʭʥʦʩʪʝʡ, 

ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʨʤʘʪʠʚʥʳʤ ʵʢʚʠʚʘʣʝʥʪʘʤ 

ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ. 

ʀʟʚʝʩʪʥʳʝ ʥʘ ʩʝʛʦʜʥʷ ʤʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ 

ʧʨʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʘʵʨʦʠʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ [1,3,4], ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʠʟʦʣʠʥʠʶ  ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʵʨʦʠʦʥʦʚ ʧʫʪʝʤ ʥʘʥʝʩʝʥʠʷ ʥʘ ʧʣʘʥ ʧʦʤʝʱʝʥʠʷ ʠʣʠ 

ʨʘʙʦʯʝʡ ʟʦʥʳ ʨʷʜʘ  ʪʦʯʝʢ, ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ, ʘ ʧʦʪʦʤ ʚʳʜʝʣʝʥʠʷ 

ʟʦʥ ʢʦʤʬʦʨʪʘ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʫʜʦʝʤʢʠʡ 

ʧʨʦʮʝʩʩ. ʈʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʵʨʦʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʪ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʣʦ ʙ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʘʵʨʦʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪ 

ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ 

ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʠʦʥʥʳʡ ʩʦʩʪʘʚ ʚʦʟʜʫʭʘ ʚ 

ʧʦʤʝʱʝʥʠʠ, ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ, 

ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʦʣʫʯʝʥʠʝ ʛʨʘʬʠʯʝʩʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʘʢʞʝ 

ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʠʪ 

ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʘʵʨʦʠʦʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ 
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ʚʳʧʦʣʥʠʪʴ ʦʧʪʠʤʠʟʘʮʠʶ ʘʵʨʦʠʦʥʥʳʭ ʟʦʥ 

ʢʦʤʬʦʨʪʘ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʵʨʦʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʳʧʦʣʥʠʪʴ ʚ 

ʩʨʝʜʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʘʵʨʦʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʦʪ ʦʜʥʦʛʦ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ ʧʨʠʤʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ , ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʠʦʥʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ 

ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʧʨʦʝʢʮʠʠ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʜʦ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ɸ
ʽ
 [4].  

ɽʩʣʠ ʥʘ ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʚ 

ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʝ ɸ
ʽ
 ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʝʩʢʦʣʴʢʦ 

ʠʩʪʦʯʥʠʢʦʚ ʘʵʨʦʠʦʥʥʦʛʦ ʠʟʫʯʝʥʠʷ, ʪʦʛʜʘ 

ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʵʨʦʠʦʥʦʚ ʚ ʵʪʦʡ ʪʦʯʢʝ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʫʤʤʘ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʵʨʦʠʦʥʦʚ 

ʦʪ ʢʘʞʜʦʛʦ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ ʚ ʵʪʦʡ ʪʦʯʢʝ: 

 

 

ʛʜʝ - ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʚ 

ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʝ , ʠʦʥ/ʩʤ
3
; 

        - ʫʨʦʚʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʝ ʦʪ 

ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ -̔ʛʦ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ, ʠʦʥ/ʩʤ
3
; 

        - ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ ʠ -̔ʛʦ 

ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ ʜʦ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ, ʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʨʠʚʦʡ 

ʘʵʨʦʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʜʚʫʭ 

ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ ʠ (ʨʠʩʫʥʦʢ 1).  

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʜʚʫʭ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. 

 

ɼʣʷ ʪʦʯʢʠ , ʠʥʮʠʜʝʥʪʥʦʡ ʠʟʦʣʠʥʠʠ 

ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ, 

ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ [2]:  

 

 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʚʪʦʨʦʛʦ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ 

ʜʦ ʨʘʩʯʝʪʥʦʡ ʪʦʯʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 

 

ʛʜʝ - ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ , ʠʥʮʠʜʝʥʪʥʦʡ 

ʟʘʜʘʥʥʦʡ ʢʨʠʚʦʡ ʧʦ ʦʩʠ 0Y; 

       l ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘʤʠ, ʤ; 

  - ʢʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ ,  ʠʥʮʠʜʝʥʪʥʦʡ 

ʟʘʜʘʥʥʦʡ ʢʨʠʚʦʡ ʧʦ ʦʩʠ 0ʍ. 

ʂʦʦʨʜʠʥʘʪʘ ʪʦʯʢʠ , ʠʥʮʠʜʝʥʪʥʦʡ 

ʟʘʜʘʥʥʦʡ ʢʨʠʚʦʡ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

 

 

 

ʀʟʦʣʠʥʠʷ ʨʘʚʥʦʛʦ ʫʨʦʚʥʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʵʨʦʠʦʥʦʚ ʦʪ ʜʚʫʭ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʢʨʠʚʫʶ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ [3]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ 

ʚʳʨʘʞʝʥʠʡ, ʩʦʩʪʘʚʠʤ ʘʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʩʫʤʤʘʨʥʳʭ ʢʨʠʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʦʪ 

ʜʚʫʭ ʘʵʨʦʠʦʥʦʚ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ 

ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ (ʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ (ʙ) 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʥʘ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ 

ʮʝʥʪʨʳ ʵʪʠʭ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 2. ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʩʫʤʤʘʨʥʳʭ ʢʨʠʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʦʪ ʜʚʫʭ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. 

 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ (ʘ) ʠ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ (ʙ) 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʦʪ ʪʨʝʭ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ, 

ʮʝʥʪʨʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʠʨʦʚʘʥʠʷ ʩʫʤʤʘʨʥʳʭ ʢʨʠʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʦʪ ʪʨʝʭ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. 

 
ɺʝʨʰʠʥʳ ʥʘ ʨʠʩʫʥʢʘʭ ʧʦʢʘʟʳʚʘʶʪ ʫʨʦʚʝʥʴ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ 

ʮʝʥʪʨʦʤ ʘʵʨʦʠʦʥʠʟʘʪʦʨʘ. ɸʥʘʣʦʛʠʯʥʦ 

ʤʦʜʝʣʠʨʫʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʘʵʨʦʠʦʥʦʚ ʠ ʦʪ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. 

ʇʨʝʜʣʦʞʝʥʳʡ ʩʧʦʩʦʙ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

> a:=0.23e - 4;  

> b:=1e - 4;  

> f(x):=1/(a*x^2+b)+1/(a*(x - 9)^2+1)+b)+1/(a*(x - 18)^2+0+b);  

> plot({f(x)}= - 10..30);  

 

> a:=0.23e - 4;  
> b:=1e - 4;  
> l:=6;  
>f:=(1/(a*x^2+b)+1/(a*(x - l)^2+b));  
> plot(f,x= - 4..10);  

ʘ)  

ʘ) 

ʙ) 
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ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʨʘʙʦʯʝʡ ʟʦʥʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʩʫʤʤʘʨʥʳʝ ʢʨʠʚʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʦʪ 

ʦʜʥʦʛʦ, ʜʚʫʭ ʠ ʙʦʣʝʝ ʘʵʨʦʠʥʠʟʘʪʦʨʦʚ. ɺʠʟʫʘʣʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ 

ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʜʘʥʥʦʛʦ ʘʵʨʦʠʦʥʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

 
ɺʳʚʦʜʳ.ʇʨʝʜʣʦʞʝʥʥʳʡ ʚ ʩʪʘʪʴʝ ʘʣʛʦʨʠʪʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʘʵʨʦʠʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ 

ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʨʘʙʦʯʝʡ ʟʦʥʝ ʦʪ ʠʩʪʦʯʥʠʢʦʚ 

ʘʵʨʦʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʚ  ʩʨʝʜʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʘʣʛʝʙʨʳ. ɼʦʩʪʦʠʥʩʪʚʦʤ 

ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʚ ʩʪʘʪʴʝ ʘʣʛʦʨʠʪʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʵʨʦʠʦʥʥʦʛʦ ʨʘʩʧʨʝʜʝʦʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʠʦʥʠʟʘʮʠʠ ʚʦʟʜʫʭʘ ʟʘʢʨʳʪʳʭ 

ʧʦʤʝʱʝʥʠʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʤʤʘʨʥʳʭ 

ʢʨʠʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʵʨʦʠʦʥʦʚ ʦʪ ʦʜʥʦʛʦ, ʜʚʫʭ ʠ 

ʙʦʣʝʝ ʘʵʨʦʠʦʥʠʟʘʪʦʨʦʚ. ʊʘʢʞʝ ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʘʣʛʦʨʠʪʤ ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʵʨʦʠʦʥʦʚ ʚ 

ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʘʥʘʣʠʟʝ ʘʵʨʦʠʦʥʥʦʛʦ 

ʨʘʧʩʨʝʜʝʣʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʘʵʨʦʠʥʥʦʛʦ 

ʢʦʤʬʬʦʨʪʘ ʠ ʜʠʩʢʦʤʬʦʨʪʘ. 
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ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʟʘʜʘʯʠ ʦʙʝʩʧʝʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

ʠ ʬɻʬʝʢʪʠʚʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʧʨʠʤʝʩʝʡ.  

ʆʮʝʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʨʫʛʠʭ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʢʠ/ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ (ʠʟʤʝʨʝʥʠʷ) 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʦʙʨʘʙʦʪʘʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ, 

ʫʤʝʥʴʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʪ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʦʯʥʳʝ ʚʦʜʳ, ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ, ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ, 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ, ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ. 

 

ɸBSTRACT 
 

The problems of ensuring the accuracy of determining the quality of wastewater treatment processes and the 

efficiency of controlling the operation of optical-mechanical systems for determining the hydromechanical parameters 

of particles of aqueous impurities are considered. 

The influence of various hydrodynamic parameters and characteristics of water flow on the performance of 

wastewater treatment and others on the quality of wastewater treatment/purification, which determines the 

environmental safety of water bodies, is assessed. The results of determination (measurement) of studies of 

hydromechanical parameters of particles of aqueous impurities and their influence on the quality of treated wastewater 

are analyzed. The results obtained are the basis for the development of new optical methods and methods, reducing the 

use of water and water resources in industrial water supply systems and ensuring environmental safety. 

Keywords: wastewater, optical-mechanical systems, effective diameter, electrophoretic speed, electrokinetic 

zeta potential 

 

ɺʚʝʜʝʥʠʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʸʞʥʦʩʪʴ 

ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʩʠʩʪʝʤ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ ʟʘʚʠʩʠʪ ʦʪ ʚʳʙʦʨʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʦʩʦʙʦʚ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʟʜʘʶʱʠʭ ʫʩʣʦʚʠʷ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʪʳ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʦʪʜʝʣʴʥʳʭ ʟʚʝʥʴʝʚ ʩʠʩʪʝʤ ʦʙʦʨʦʪʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʉʨʝʜʩʪʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ 

ʩʦʩʪʘʚʣʷʶʪ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʫʶ 

ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ (ʩʦʦʨʫʞʝʥʠʡ) ʦʯʠʩʪʢʠ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʚʦʜʦʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʝʡ. ʅʦʤʝʥʢʣʘʪʫʨʘ ʠ ʦʙʲʸʤ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʩʨʝʜʩʪʚ 

ʦʧʨʝʜʝʣʷʶʪ ʫʨʦʚʝʥʴ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʥʘ 

ʚʦʜʦʦʯʠʩʪʥʳʭ ʩʪʘʥʮʠʷʭ. ɿʘʜʘʯʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘʠʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʜʥʘʢʦ 

ʠʤʝʶʱʘʷʩʷ ʘʧʧʘʨʘʪʫʨʘ ʚʤʝʩʪʝ ʩʦ ʩʨʝʜʩʪʚʘʤʠ 

ʦʙʱʝʧʨʦʤʳʰʣʝʥʥʦʡ ʘʚʪʦʤʘʪʠʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ 

ʦʯʠʩʪʢʠ ʚʦʜʳ [1]. 

ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʩʭʝʤʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʦʚ 

ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʝ 

ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ, ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʣʫ ʨʷʜʘ 

ʧʨʠʯʠʥ: 

- ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʟʥʳʭ 

ʚʦʜʥʳʭ ʩʨʝʜʘʭ; 

- ʢʦʤʧʘʢʪʥʦʩʪʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʠ; 

- ʰʠʨʦʢʦʤʫ ʜʠʘʧʘʟʦʥʫ ʦʧʨʝʜʝʣʷʝʤʳʭ 

ʚʝʣʠʯʠʥ ʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʜʨʫʛʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 

ʢʘʯʝʩʪʚʘʤʠ. 
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ɺ ʨʘʙʦʪʝ [1]ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʩʥʦʚʥʳʭ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʨʝʜʣʦʞʝʥʳ, ʦʙʦʩʥʦʚʘʥʳ ʠ ʩʦʟʜʘʥʳ ʜʝʡʩʪʚʫʶʱʠʝ 

ʦʙʨʘʟʮʳ ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ 

ʧʝʨʝʤʝʱʝʥʠʡ (0 ï 60 ʤ) ʩ ʪʦʯʥʦʩʪʴʶ 0,1 ʤʢʤ/ʤ; 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʷʤʦʣʠʥʝʡʥʦʩʪʠ, ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʠ ʫʛʣʦʚʳʭ 

ʧʦʚʦʨʦʪʦʚ ʩ ʧʨʝʜʝʣʘʤʠ ʠʟʤʝʨʝʥʠʡ (0 ï 50 ʤ) ʠ 

ʧʦʛʨʝʰʥʦʩʪʴʶ 0,5 ʤʢʤ/ʤ; ʜʦʧʣʝʨʦʚʩʢʠʭ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʩ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ 10
-4
-10

2
 ʤ/ʩ ʠ ʧʦʛʨʝʰʥʦʩʪʴʶ 0,15 %; 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʩ ʩʦʚʤʝʱʝʥʥʳʤʠ 

ʚʝʪʚʷʤʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʬʦʨʤʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʨʢʘʣ 

(ʘʧʝʨʪʫʨʘ ʜʦ 1:1) ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ɚ/20; 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ 

ʧʨʝʣʦʤʣʝʥʠʷ, ʜʠʩʧʝʨʩʠʠ ʠ ʧʣʦʪʥʦʩʪʠ ʧʨʦʟʨʘʯʥʳʭ 

ʩʨʝʜ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ ʚ 2ẗ10
-8
. 

ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʧʳʪʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʡ 

ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʠʭ 

ʤʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʚʦʩʭʦʜʷʪ ʠʣʠ 

ʥʝ ʫʩʪʫʧʘʶʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʣʫʯʰʠʭ ʤʠʨʦʚʳʭ 

ʘʥʘʣʦʛʦʚ [2]. 

ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʚ 

ʄʝʣʠʪʦʧʦʣʴʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

(ʨʘʥʝʝ ʄʝʣʠʪʦʧʦʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʝʭʘʥʠʟʘʮʠʠ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ) ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʷʜ 

ʩʧʦʩʦʙʦʚ ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʙʣʦʢïʩʭʝʤʘ 

(ʨʠʩ. 1) ʣʘʟʝʨʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ. 

 

 
 

ʈʠʩʫʥʦʢ 1 - ɹʣʦʢ-ʩʭʝʤʘ ʣʘʟʝʨʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʢʦʥʪʨʦʣʶ ʧʘʨʘʤʝʪʨʦʚ 

ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ: 1 ï ʛʝʣʠʡ- ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ ʃɻʅ - 215; 2 - ʣʘʟʝʨʥʳʡ ʜʦʧʧʣʝʨʦʚʩʢʠʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨ (ʃɼʀ) ʠʣʠ ʧʨʠʟʤʘ ɼʦʚʝ; 3 ï ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʷʯʝʡʢʘ) ʠʣʠ ʫʟʝʣ 

ʩʢʘʥʠʨʦʚʘʥʠʷ; 4 - ʧʝʨʩʦʥʘʣʴʥʘʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʤʘʰʠʥʘ (ʇʕɺʄ); 5 - ʮʠʬʨʦʚʦʡ ʟʘʧʦʤʠʥʘʶʱʠʡ 

ʦʩʮʠʣʣʦʛʨʘʬ (ʉ 9 ï 8); 6 - ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ 

 
ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʙʣʦʢ-ʩʭʝʤʳ ʣʘʟʝʨʥʦʛʦ 

ʜʦʧʧʣʝʨʦʚʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʜʣʷ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. 

ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʘʟʝʨʥʦʛʦ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ  

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʛʨʫʙʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ 

 
ˉ 

ʧ/ʧ 

ʅʘʟʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ɺʝʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ 

ʠʟʤʝʨʝʥʠʷ 

1. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʯʘʩʪʠʮ, ʤ/ʩ 10
-5
 é 10

2
 

2. ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʷʝʤʳʭ ʜʠʘʤʝʪʨʦʚ ʯʘʩʪʠʮ, ʤʢʩ 10 ... 500 

3. ʈʘʩʩʪʦʷʥʠʝ ʜʦ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʤ 10 é 1000 

4. ʈʘʟʤʝʨʳ ʟʦʥʜʠʨʫʝʤʦʡ ʟʦʥʳ, ʤʤ 0,01 ... 1,0 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʇʕɺʄ ʠ ʩʧʝʮʠʘʣʴʥʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ, ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ ʠ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 

ʅʝʤʘʣʦʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʦʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʞʠʜʢʠʭ ʚʦʜʥʳʭ ʩʨʝʜ ʠʤʝʝʪ ʤʝʩʪʦ ʚ 

ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʭʝʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʦʙʦʨʦʪʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʮʝʣʘʷ çʣʠʥʝʡʢʘè ʦʧʪʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʪʦʜʠʢ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʪʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ 

[3, ʩʪʨ. 102-140]. 

ɸʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʨʘʩʯʸʪʘ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʠ 

ʘʣʛʦʨʠʪʤʘ ʧʨʦʮʝʩʩʘ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʠ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 
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ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʟ 

ʬʦʪʦʧʨʠʝʤʥʠʢʘ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʦʪ ʚʨʝʤʝʥʠ. ʇʨʠ 

ʵʪʦʤ ʯʘʩʪʦʪʘ n ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. 

ɺʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ (ʩʠʣʘ ʬʦʪʦʪʦʢʘ 

ʠʣʠ ʥʘʧʨʷʞʝʥʠʝ) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʝʛʠʩʪʨʘʮʠʠ, 

ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʳʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʜʚʫʭ ʢʦʛʝʨʝʥʪʥʳʭ ʚʦʣʥ, ʨʘʩʩʝʷʥʥʳʭ ʯʘʩʪʠʮʝʡ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʯʘʩʪʠʮʳ ʚ ʟʦʥʝ ʧʝʨʝʩʝʯʝʥʠʷ ʜʚʫʭ 

ʛʘʫʩʩʦʚʳʭ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ 

ʠʟʤʝʥʷʝʪʩʷ ʥʝʩʫʱʝʩʪʚʝʥʥʦ. ʇʦʵʪʦʤʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʩʠ ʛʘʫʩʩʦʚʳʭ ʟʦʥʜʠʨʫʝʤʳʭ ʧʫʯʢʦʚ (ʨʠʩ. 2). 

 

 
ʈʠʩʫʥʦʢ 2 - ʇʦʣʫʯʝʥʠʝ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ()I I t= : 

2
a  - ʫʛʦʣ ʨʘʩʩʝʷʥʠʷ;  

D  - ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ; b  - ʜʠʘʤʝʪʨ ʣʘʟʝʨʥʳʭ ʧʫʯʢʦʚ. 

 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ:  

 

() ( )jnp +ÖÖÖÖ= ttUtI 2sin)( (1), 

 

ʛʜʝ 
2

sin
21 a
l

u
n Ö

ÖÖ
==

n

T
 - ʯʘʩʪʦʪʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʠʛʥʘʣʘ;  

l = 0,6328 ʤʢʤ ï ʜʣʠʥʘ ʚʦʣʥʳ ʢʦʛʝʨʝʥʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʛʝʣʠʡ ï ʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ; 

j - ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ; 

n ï ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ ʞʠʜʢʦʩʪʠ; 

ʊ ï ʧʝʨʠʦʜ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʆʧʨʝʜʝʣʠʚ ʛʨʘʥʠʮʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠ ʧʦʜʩʪʘʚʠʚ ʠʭ ʚ ʫʨʘʚʥʝʥʠʝ 

(1) ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ: 
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ʛʜʝ 

1

cos 12 ;
0,1

a
D b t

auÖ
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ʘʤʧʣʠʪʫʜʳ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ; 
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ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʆʍ; 
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ʧʦʩʪʦʷʥʥʦʡ ʘʤʧʣʠʪʫʜʳ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ; 

 

b ï ʜʠʘʤʝʪʨ ʛʘʫʩʩʦʚʦʛʦ ʧʫʯʢʘ. 

 

ʇʘʨʘʤʝʪʨ j = 0 ... 1 ʦʧʨʝʜʝʣʷʝʪ ʧʦʣʦʞʝʥʠʝ 

ʯʘʩʪʠʮʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʚʝʭʝ 

ʩʠʤʤʝʪʨʠʠ ʆʍ (ʨʠʩ. 2). 

ɺʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ ʘʤʧʣʠʪʫʜʳ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʠʛʥʘʣʘ t1 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʧʨʝʜʝʣʴʥʦʡ ʟʦʥʝ, ʢʦʛʜʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮʳ ʜʚʫʤʷ ʧʫʯʢʘʤʠ ʦʩʚʝʱʝʥʘ ʥʝ 

ʧʦʣʥʦʩʪʴʶ: 

  

1
1

0,1

cos / 2

x D b
t
u u a

+ Ö
= =

Ö
.             (3) 

 

ʆʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʠʭ ʩʨʝʜ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʣʘʙʦʨʘʪʦʨʥʦʤ ʘʥʘʣʠʟʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʟʝʨʢʘʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ, ʨʘʩʩʝʷʥʥʦʝ ʦʪʨʘʞʝʥʠʝ, 

ʧʨʦʧʫʩʢʘʥʠʝ ʨʘʩʩʝʷʥʥʦʝ ʠ ʧʨʦʧʫʩʢʘʥʠʝ 

ʧʨʝʣʦʤʣʝʥʠʝ, ʢʚʘʥʪʦʚʳʡ ʤʝʪʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, 

ʜʣʠʥʘ ʚʦʣʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʠʟʣʫʯʝʥʠʷ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ ʠʟʣʫʯʝʥʠʷ, ʚʨʘʱʝʥʠʝ ʧʣʦʩʢʦʩʪʠ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ, ʩʧʝʢʪʨʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʚʨʘʱʝʥʠʷ ʧʣʦʩʢʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʘ ʠ ʢʨʫʛʦʚʦʡ 

ʜʠʭʨʦʠʟʤ [4]. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ 

ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ, ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ, ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʠ 

ʪ.ʧ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ 

ʧʦʪʦʢʦʚ, ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʨ. ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. 

ɺ ʩʧʦʩʦʙʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣʘ ʠ ʨʘʟʤʝʨʦʚ [5] ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʧʫʪʸʤ ʠʟʤʝʥʝʥʠʷ 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʢʠ.  

ɺ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʝ [6] ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʦʜʫʣʷʪʦʨ ʥʘ ʯʝʪʳʨʝ ʚʭʦʜʘ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʦʩʚʝʱʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʥʸʤ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʜʚʫʭ ʩʪʦʨʦʥ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩʨʘʚʥʠʚʘʶʪ ʩ ʵʪʘʣʦʥʥʳʤ 

ʨʘʩʪʚʦʨʦʤ. 

ɺ ʫʩʪʨʦʡʩʪʚʦ ʠʟʤʝʨʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ 

ʵʣʝʢʪʨʦʬʦʨʝʟʝ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʪʨʫʙʦʧʨʦʚʦʜ, c ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʢʘʤʝʨʘ. ʀʟʤʝʨʷʶʪʩʷ ʧʝʨʠʦʜʳ ʜʦʧʣʝʨʦʚʩʢʠʭ 

ʩʠʛʥʘʣʦʚ ʠ ʠʤʧʫʣʴʩʦʚ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʜʣʷ ʜʚʫʭ ʨʘʩʪʚʦʨʦʚ ʜʦ ʠ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʣʛʦʨʠʪʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ [7]. 

ɺ ʦʧʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʘʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʆʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʧʪʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʅʘʚʝʜʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʦʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʩʧʦʩʦʙʳ ʠ ʫʩʪʨʦʡʩʪʚʘ [8]. 

ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʉʦʛʣʘʩʥʦ, ʥʘʚʝʜʝʥʥʦʡ ʩʭʝʤʳ ʥʘʧʨʘʚʣʝʥʠʡ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. 

ʇʨʠʙʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʩʧʦʣʴʟʫʝʪ ʧʨʦʩʪʳʝ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ 

ɼʦʧʣʝʨʘ ʠ ʧʨʠʟʤʳ ɼʦʚʝ. 

ʆʪʤʝʪʠʤ ʦʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʣʘʟʝʨʥʳʭ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʠʙʦʨʘʤʠ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ.  

ʄʘʣʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ ʰʠʨʠʥʘ ʠʟʣʫʯʝʥʠʷ ʣʘʟʝʨʘ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʜʣʠʥʫ ʢʦʛʝʨʝʥʪʥʦʩʪʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʷʚʣʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʨʠ 

ʨʘʟʥʦʩʪʷʭ ʭʦʜʘ, ʧʨʝʚʳʰʘʶʱʠʭ ʩʦʪʥʠ ʤʝʪʨʦʚ. 

ʃʫʯʰʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʣʘʤʧʳ ʦʛʨʘʥʠʯʠʚʘʣʠ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʠʙʦʨʦʚ ʨʘʩʩʪʦʷʥʠʷʤʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤʠ ʦʜʠʥ 

ʤʝʪʨ [2, ʩʪʨ. 5]. 

ʆʙʨʘʙʦʪʢʘ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʙʦʪʳ ʦʙʦʨʦʪʥʳʭ 

ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʦʨʤʳ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

(ʭʘʨʘʢʪʝʨʠʩʪʠʢ) ʣʘʟʝʨʥʦʡ ʦʧʪʠʯʝʩʢʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʜʠʘʤʝʪʨ ʩʚʝʪʦʚʦʛʦ 

ʧʫʯʢʘ, ʢʦʵʬʬʠʮʠʝʥʪ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʠʛʥʘʣʘ, ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ, ʥʘʧʨʷʞʸʥʥʦʩʪʴ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

(ʧʘʨʘʤʝʪʨʦʚ) ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ: ʵʬʬʝʢʪʠʚʥʳʡ 

ʜʠʘʤʝʪʨ, ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʠʡ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ 

ʧʨʠʤʝʩʝʡ ʚʦʜʥʦʛʦ ʧʦʪʦʢʘ [9]. 
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ʈʠʩʫʥʦʢ 3 - ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʎʝʣʴ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʝ 

ʟʘʜʘʯʠ: 

1. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʠ ʧʨʦʛʨʘʤʤʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

2. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʳ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʙʨʘʙʦʪʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʩʨʝʜʩʪʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ, ʦʯʠʩʪʢʠ, 

ʠʟʚʣʝʯʝʥʠʷ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʩ 

ʪʷʞʝʣʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʱʠʭʩʷ 

ʦʩʥʦʚʦʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʚ 

ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, 

ʫʤʝʥʴʰʝʥʠʷ ʩʙʨʦʩʘ ʥʝʦʯʠʱʝʥʥʳʭ ʠʣʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʯʠʱʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ, ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʷ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 

ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʚʝʣʠʯʠʥʳ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʟʝʪʘïʧʦʪʝʥʮʠʘʣʘ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʨʠʤʝʥʝʥʳ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʣʘʟʝʨʥʦʡ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠ ʧʨʠʟʤʳ ɼʦʚʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʨʘʟʤʝʨʳ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʘʨʘʤʝʪʨʳ ʠ 

ʚʠʜ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ (ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʷʤʦʡ 

ʟʘʜʘʯʠ). ʇʨʠ ʨʝʰʝʥʠʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

(ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʝʪ-ʧʦʪʝʥʮʠʘʣʘ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʬʦʨʝʟʘ). 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʠ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʜʦʦʯʠʩʪʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʇʨʦʚʝʨʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʩʭʝʤ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, ʤʦʞʝʪ 

ʧʨʦʚʦʜʠʪʴʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʘʟʝʨʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʪʠʮ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ. 

ʉʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʜʠʘʤʝʪʨʘ D  ʠ ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʟʝʪʘï

ʧʦʪʝʥʮʠʘʣʘ z  ʦʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʣʘʟʝʨʥʦʡ 

ʩʭʝʤʳ:  

- 60,6328 10l -= Ö  ʤ ï ʜʣʠʥʘ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʡ ʛʝʣʠʡïʥʝʦʥʦʚʦʛʦ ʣʘʟʝʨʘ; 

- 0,025ʅ=  ʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʣʘʟʝʨʥʳʤʠ ʧʫʯʢʘʤʠ; 
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a p= Ö =  ʛʨʘʜ. ï ʫʛʦʣ ʤʝʞʜʫ 

ʜʚʫʤʷ ʣʘʟʝʨʥʳʤʠ ʧʫʯʢʘʤʠ; 

- 0,25f =  ʤ ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʣʠʥʟʳ; 

- 
1 0,004d =  ʤ ï ʜʠʘʤʝʪʨ ʧʫʯʢʘ ʣʠʥʟʳ; 

- 
65 10b -= Ö  ʤ ï ʜʠʘʤʝʪʨ ɻʘʫʩʩʦʚʦʛʦ ʧʫʯʢʘ; 

- 5

1

1

1,22 4,825 10
f

b
d

l -= Ö Ö = Ö  ʤ ï 

ʫʪʦʯʥʸʥʥʳʡ (ʨʘʩʯʸʪʥʳʡ) ʜʠʘʤʝʪʨ ɻʘʫʩʩʦʚʦʛʦ 

ʧʫʯʢʘ; 

- 0,001h=  ʢʛ (ʤ ʩ), (ʇʘ ʩ) ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ; 

- 1,33n=  ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ 

ʞʠʜʢʦʩʪʠ; 

- 2 0,1
2

H
arctg

f
a

å õ
= Ö Ö Öæ ö

Öç ÷

 ʢʛ (ʤ ʩ), (ʇʘ ʩ) ï ʫʛʦʣ 

ʤʝʞʜʫ ʜʚʫʤʷ ʟʦʥʜʠʨʫʝʤʳʤʠ ʣʫʯʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʦʨʤʳ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ,  

ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʩ ʧʦʤʦʱʴʶ ʇʂ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ) 

ʇʘʨʘʤʝʪʨʳ ʫʩʪʘʥʦʚʢʠ: ʇʘʨʘʤʝʪʨʳ ʯʘʩʪʠʮʳ: 

ɼʠʘʤʝʪʨ 

ʣʘʟʝʨʥʳʭ 

ʧʫʯʢʦʚ,  

ʤʢʤ 

ʋʛʦʣ ʤʝʞʜʫ ʜʚʫʤʷ 

ʟʦʥʜʠʨʫʶʱʠʤʠ  

ʧʫʯʢʘʤʠ ʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʟʦʥʝ, ʛʨʘʜ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ  

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ,  

ɺ/ʤ 

ɼʠʘʤʝʪʨ  

ʯʘʩʪʠʮʳ,  

ʤʢʤ 

ʕʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢ

ʠʡ  

ʜʟʝʪʘïʧʦʪʝʥʮʠʘʣ,  

ɺ 

b  ɽ D z 

b = 50 ʤʢʤ a = 50
 ï 15

0
 ɽ = 1000 ɺ/ʤ (5 ï 40) ʤʢʤ (0,2 ï 2) ɺ 

 
ʇʘʨʘʤʝʪʨʳ:  

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ: ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ: 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʘʷ 

ʩʢʦʨʦʩʪʴ, 

 ʤ/ʩ 

ʩʤʝʱʝʥʠʝ  

ʦʪ  

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʦʩʠ, ʤʤ 

ʯʘʩʪʦʪʘ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʠʛʥʘʣʘ,  

ʤʤ/ʩ 

ʧʝʨʠʦʜ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʠʛʥʘʣʘ,  

ʤʩ 

ʚʨʝʤʷ ʥʘʨʘʩʪʘʥʠʷ  

ʘʤʧʣʠʪʫʜʳ  

ʜʦʧʣʝʨʦʚʩʢʦʛʦ 

ʩʠʛʥʘʣʘ, ʤʩ 

ɡ ʋ n2 T t1 

ɡ = 0,38 ï 0,50 ʫ = 0 ï 0,1 ɡ = 0,38  ʊ= 12  t= 34  

 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʥʦʚʳʝ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʧʪʠʯʝʩʢʠʝ 

ʩʭʝʤʳ ʥʘ ʦʩʥʦʚʝ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʟʤʳ ɼʦʚʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ: 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣʘ, 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʧʨʦʮʝʩʩʝ 

ʵʣʝʢʪʨʦʬʦʨʝʟʘ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʦʣʠʯʝʩʪʚʦ 

ʯʘʩʪʠʮ; 

- ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʪʦʜʦʚ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ, 

ʘ ʪʘʢʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʝ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 

- ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʩ ʮʝʣʴʶ ʦʧʪʠʤʠʟʘʮʠʠ 

ʩʭʝʤʳ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ,   

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʢʦʥʪʨʦʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʦʧʝʨʘʮʠʡ, ʧʦʚʳʩʠʪʴ 

ʪʦʯʥʦʩʪʴ  ʠʟʤʝʨʝʥʠʷ ʠ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ ʥʘ 

ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ ʦʧʝʨʘʮʠʡ; 

- ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʰʠʨʦʢʦʤʫ 

ʩʧʝʢʪʨʫ ʦʧʨʝʜʝʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 
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ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʜʦʦʯʠʩʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚʦʜʥʳʭ 

ʦʙʲʝʢʪʦʚ. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʬʦʨʤʳ ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ 

ʧʨʦʚʦʜʠʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Mathʉad ʠ MatLab. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ 

ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʯʪʦ ʩʦʟʜʘʸʪ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʟʘʜʘʯʠ. 

ʈʝʰʝʥʠʝ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʛʨʝʰʥʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ, ʚʝʣʠʯʠʥʳ 

ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʟʥʘʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ. 

ɺʳʚʦʜʳ ʠ ʧʨʝʜʣʦʞʝʥʠʷ 

1. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ 

ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʨʘʟʤʝʨʘʤʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʦʧʨʝʜʝʣʷʪʴ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʯʘʩʪʠʮ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ (ʵʣʝʢʪʨʦʢʠʥʝʪʠʯʝʩʢʦʛʦ ʜʟʝʪʘ-

ʧʦʪʝʥʮʠʘʣʘ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʜʨ.) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠ ʧʨʠʟʤʳ ɼʦʚʝ. 

2. ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʣʘʟʝʨʥʦʡ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠ ʧʨʠʟʤʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʷʪʴ 

ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʚ ʜʠʘʧʘʟʦʥʝ 10
5
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ʤ/ʩ, ʜʠʘʤʝʪʨʳ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ - 

10...500 ʤʢʩ, ʨʘʟʤʝʨʳ ʟʦʥʳ ʩʝʜʠʤʝʥʪʘʮʠʠ - 0,01...1 

ʤʤ ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ 

ʥʘʭʦʜʠʪʩʷ ʧʨʝʜʝʣʘʭ 10...1000 ʤʤ. 

3. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʦʧʪʠʯʝʩʢʠʡ ʤʝʪʦʜ 

ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʯʘʩʪʠʮ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʜʠʘʧʘʟʦʥʳ ʠʟʤʝʨʝʥʠʷ: 

ʜʣʷ ʚʝʣʠʯʠʥʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ ( )4...40D=  

ʤʢʤ, ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ: 

( )64,5 10 ...0,46u -= Ö  ʤ/ʩ. 

4. ʋʩʪʘʥʦʚʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʦʧʪʠʯʝʩʢʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʣʘʟʝʨʥʦʡ 

ʜʦʧʣʝʨʦʚʩʢʦʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ 0,025H =  ʤ, 0,25F=  ʤ, 

06a= , 0,6328l=  ʤʢʤ ʠ 310E=  ɺ/ʩ. 

5. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʧʘʢʝʪʥʳʭ ʧʨʦʛʨʘʤʤ (MathCAD, MathLAɺ) 

ʚʳʧʦʣʥʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʠʜʘ ʠ ʬʦʨʤʳ 

ʜʦʧʣʝʨʦʚʩʢʦʛʦ ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʰʘʪʴ 

ʟʘʜʘʯʠ ʜʚʫʭ ʚʠʜʦʚ. 

ʇʨʷʤʘʷ ʟʘʜʘʯʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʠ ʟʘʜʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʘʩʪʠʮ 

ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʚʠʜʫ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʠʩʩʣʝʜʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ: ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʠʘʤʝʪʨʘ, 

ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʠ ʜʨʫʛʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

6. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ 

ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʚʦʜʥʳʭ ʧʨʠʤʝʩʝʡ ʦʧʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ 

ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘʤʠ ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʠʭ 

ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʦʩʣʝ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

(ʦʧʪʠʯʝʩʢʠʤʠ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ ʤʝʪʦʜʘʤʠ), 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʫʤʝʥʴʰʝʥʠʷ ʩʙʨʘʩʳʚʘʥʠʷ 

ʥʝʦʯʠʱʝʥʥʳʭ ʩʪʦʢʦʚ ʠ ʩʥʠʞʝʥʠʷ ʨʠʩʢʦʚ ʜʣʷ 

ʚʦʜʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʪʨʘʥʳ. 

7. ʆʧʪʠʯʝʩʢʠʝ ʩʭʝʤʳ ʣʘʟʝʨʥʦʡ ʜʦʧʣʝʨʦʚʩʢʦʡ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ, ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʠ ʚʦʜʳ ʚ 

ʩʠʩʪʝʤʘʭ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʤʦʜʫʣʴʥʦʝ, ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ, ʩʠʩʪʝʤʥʦʝ, ʧʨʠʝʤʦʯʥʦʝ 

ʠ ʨʝʛʨʝʩʩʠʦʥʥʦʝ, ʘ ʪʘʢʞʝ ʧʦʜʭʦʜʳ ʢ ʥʘʧʠʩʘʥʠʶ ʪʝʩʪʦʚ - ʨʫʯʥʦʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʯʝʨʥʦʛʦ ʠ ʙʝʣʦʛʦ ʷʱʠʢʘ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʂʘʣʴʢʫʣʷʪʦʨ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʩ 

ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʦʛʨʘʤʤʥʳʝ ʩʠʩʪʝʤʳ, ʤʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʠʥʪʝʛʨʘʮʠʦʥʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ, ʩʠʩʪʝʤʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʠʝʤʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʨʫʯʥʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ, ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʝʣʦʛʦ ʷʱʠʢʘ, 

ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʝʟ ʪʝʩʪʠʨʦʚʘʥʠʝ, Test-Driven Development, TDD, ʨʘʟʨʘʙʦʪʢʘ ʯʝʨʝʟ ʧʦʚʝʜʝʥʠʝ, Behavior-Driven 

Development, BDD, ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ, Data-Driven Testing, DDT, ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʢʣʶʯʝʚʳʤ 

ʩʣʦʚʘʤ, Keyword-Driven Testing, KDT, ʢʘʣʴʢʫʣʷʪʦʨ. 

 

ABSTRACT 

 

This scientific article is devoted to the study and analysis of various software testing methods. The article 

discusses the main types of testing, such as unit, integration, system, acceptance and regression testing, as well as 

approaches to writing tests - manual and automated testing, black and white box testing. The article discusses the 

advantages and disadvantages of each testing method, and also provides an example of testing the Calculator program. 

The research is carried out with the aim of improving the quality of software and improving the process of its 

development. 

Keywords: testing, software systems, unit testing, integration testing, system testing, acceptance testing, 

regression testing, manual testing, automated testing, black box testing, white box testing, Test-Driven Development, 

TDD, Behavior-Driven Development, BDD , Data-Driven Testing, DDT, Keyword-Driven Testing, KDT, calculator. 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ - ʵʪʦ 

ʧʨʦʮʝʩʩ ʧʨʦʚʝʨʢʠ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʰʠʙʦʢ, ʥʝʜʦʯʝʪʦʚ 

ʠ ʥʝʧʦʣʘʜʦʢ. ʆʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʮʝʣʴʶ 

ʫʜʦʩʪʦʚʝʨʠʪʴʩʷ, ʯʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʙʦʪʘʝʪ ʢʦʨʨʝʢʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʚʳʧʦʣʥʷʝʪ ʩʚʦʠ ʬʫʥʢʮʠʠ ʙʝʟ ʩʙʦʝʚ. 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ: 

1. ʄʦʜʫʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʨʢʘ 

ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ ʠʣʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʢʦʨʨʝʢʪʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ. ʊʝʩʪʳ ʧʠʰʫʪʩʷ ʜʣʷ 

ʢʘʞʜʦʛʦ ʤʦʜʫʣʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʜʨʫʛʠʭ ʯʘʩʪʝʡ 

ʧʨʦʛʨʘʤʤʳ. 

2. ʀʥʪʝʛʨʘʮʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʨʢʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʤʦʜʫʣʷʤʠ 

ʧʨʦʛʨʘʤʤʳ. ʊʝʩʪʳ ʧʦʟʚʦʣʷʶʪ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʤʦʜʫʣʠ 

ʧʨʘʚʠʣʴʥʦ ʦʙʤʝʥʠʚʘʶʪʩʷ ʜʘʥʥʳʤʠ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

3. ʉʠʩʪʝʤʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʨʢʘ ʚʩʝʡ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʊʝʩʪʳ ʚʳʧʦʣʥʷʶʪʩʷ 

ʥʘ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʠ ʧʨʦʚʝʨʷʶʪ ʝʝ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

4. ʇʨʠʝʤʦʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʨʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʦʞʠʜʘʥʠʷʤ ʟʘʢʘʟʯʠʢʘ. ʊʝʩʪʳ 

ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʫʯʘʩʪʠʝʤ ʟʘʢʘʟʯʠʢʘ ʠʣʠ ʝʛʦ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷ. 

5. ʈʝʛʨʝʩʩʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʧʨʦʚʝʨʢʘ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 

ʠʟʤʝʥʝʥʠʡ ʠʣʠ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ. ʎʝʣʴ - 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʥʝ ʧʦʚʣʠʷʣʠ ʥʘ ʨʘʙʦʪʫ 

ʜʨʫʛʠʭ ʯʘʩʪʝʡ ʧʨʦʛʨʘʤʤʳ. 
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ʇʨʠ ʥʘʧʠʩʘʥʠʠ ʪʝʩʪʦʚ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʧʦʜʭʦʜʳ: 

1. ʈʫʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʪʝʩʪʳ ʚʳʧʦʣʥʷʶʪʩʷ 

ʚʨʫʯʥʫʶ ʪʝʩʪʠʨʦʚʱʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʣʝʜʷʪ ʟʘ 

ʚʳʧʦʣʥʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʧʨʦʚʝʨʷʶʪ 

ʨʝʟʫʣʴʪʘʪʳ. 

2. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ: ʪʝʩʪʳ 

ʩʦʟʜʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʢʨʠʧʪʦʚ. ʆʥʠ ʚʳʧʦʣʥʷʶʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʝʩʪʳ ʜʣʷ ʙʳʩʪʨʦʡ ʧʨʦʚʝʨʢʠ ʧʨʦʛʨʘʤʤʳ. 

3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʯʝʨʥʦʛʦ ʷʱʠʢʘ: ʪʝʩʪʠʨʦʚʱʠʢ 

ʥʝ ʟʥʘʝʪ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʛʨʘʤʤʳ ʠ 

ʧʨʦʚʝʨʷʝʪ ʪʦʣʴʢʦ ʚʭʦʜʥʳʝ ʠ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʘ 

ʪʘʢʞʝ ʚʠʜʠʤʦʝ ʧʦʚʝʜʝʥʠʝ ʩʠʩʪʝʤʳ. 

4. ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʝʣʦʛʦ ʷʱʠʢʘ: ʪʝʩʪʠʨʦʚʱʠʢ 

ʠʤʝʝʪ ʜʦʩʪʫʧ ʢ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʛʨʘʤʤʳ ʠ 

ʤʦʞʝʪ ʧʨʦʚʝʨʷʪʴ ʝʝ ʩʦʩʪʦʷʥʠʝ, ʧʝʨʝʤʝʥʥʳʝ ʠ ʣʦʛʠʢʫ 

ʨʘʙʦʪʳ. 

5. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʫ çʯʝʨʥʦʛʦ ʷʱʠʢʘè ʠ 

çʙʝʣʦʛʦ ʷʱʠʢʘè ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ. 

ʊʘʢ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠʤʝʥʷʝʤʳʝ ʝʱʸ ʜʦ 

ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: TDD, BDD, DDT ʠ 

KDT. ʈʘʩʩʤʦʪʨʠʤ ʠʭ ʧʦʜʨʦʙʥʝʝ. 

ʈʘʟʨʘʙʦʪʢʘ ʯʝʨʝʟ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʯʝʨʝʟ ʪʝʩʪʠʨʦʚʘʥʠʝ (TDD, Test-

Driven Development) - ʵʪʦ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʩʦʟʜʘʥʠʠ ʪʝʩʪʦʚ ʧʝʨʝʜ ʥʘʧʠʩʘʥʠʝʤ ʢʦʜʘ.  

ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ TDD ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʰʘʛʦʚ:  

1. ʅʘʧʠʩʘʥʠʝ ʪʝʩʪʘ: ʨʘʟʨʘʙʦʪʯʠʢ ʧʠʰʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʪʝʩʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʪʨʝʙʫʝʤʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʘ ʠʣʠ ʧʦʚʝʜʝʥʠʷ ʧʨʦʛʨʘʤʤʳ. ʊʝʩʪ 

ʧʠʰʝʪʩʷ ʜʦ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʧʨʦʡʪʠ 

ʵʪʦʪ ʪʝʩʪ.  

2. ʅʘʧʠʩʘʥʠʝ ʢʦʜʘ: ʧʦʩʣʝ ʥʘʧʠʩʘʥʠʷ ʪʝʩʪʘ 

ʨʘʟʨʘʙʦʪʯʠʢ ʥʘʯʠʥʘʝʪ ʧʠʩʘʪʴ ʢʦʜ, ʢʦʪʦʨʳʡ 

ʨʝʘʣʠʟʫʝʪ ʪʨʝʙʫʝʤʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ʎʝʣʴ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʧʠʩʘʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʦʙʲʝʤ 

ʢʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʡʪʠ ʥʘʧʠʩʘʥʥʳʡ ʪʝʩʪ. 

3. ɿʘʧʫʩʢ ʪʝʩʪʦʚ: ʚʩʝ ʠʤʝʶʱʠʝʩʷ ʪʝʩʪʳ 

ʟʘʧʫʩʢʘʶʪʩʷ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʥʦʚʳʡ ʢʦʜ ʥʝ 

ʥʘʨʫʰʘʝʪ ʩʫʱʝʩʪʚʫʶʱʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʨʘʙʦʪʘʝʪ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ TDD: 

1. ʅʘʜʝʞʥʦʩʪʴ: ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʪʝʩʪʦʚ ʨʘʟʨʘʙʦʪʯʠʢ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʨʝʥ ʚ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʚʦʝʛʦ ʢʦʜʘ. ɽʩʣʠ ʪʝʩʪʳ 

ʧʨʦʭʦʜʷʪ ʫʩʧʝʰʥʦ, ʟʥʘʯʠʪ, ʢʦʜ ʨʘʙʦʪʘʝʪ ʜʦʣʞʥʳʤ 

ʦʙʨʘʟʦʤ. 

2. ʂʘʯʝʩʪʚʦ: TDD ʩʪʘʚʠʪ ʘʢʮʝʥʪ ʥʘ ʥʘʧʠʩʘʥʠʝ 

ʪʝʩʪʦʚ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚʳʷʚʠʪʴ ʠ ʠʩʧʨʘʚʠʪʴ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʦʰʠʙʢʠ ʠ ʜʝʬʝʢʪʳ ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ 

ʨʘʟʨʘʙʦʪʢʠ. 

3. ɻʠʙʢʦʩʪʴ: TDD ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʧʠʩʘʥʠʶ 

ʤʦʜʫʣʴʥʦʛʦ, ʦʪʜʝʣʴʥʦ ʨʘʙʦʪʘʶʱʝʛʦ ʢʦʜʘ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʚʥʦʩʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʦʛʨʘʤʤʫ. 

4. ɼʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝ: ʥʘʧʠʩʘʥʥʳʝ ʪʝʩʪʳ 

ʩʣʫʞʘʪ ʚ ʢʘʯʝʩʪʚʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʢ ʢʦʜʫ, ʧʦʩʢʦʣʴʢʫ 

ʦʥʠ ʷʩʥʦ ʠ ʧʦʥʷʪʥʦ ʦʧʠʩʳʚʘʶʪ, ʢʘʢ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ 

ʧʨʦʛʨʘʤʤʘ.  

TDD ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʦʜʭʦʜʦʚ ʢ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʝʞʥʦʩʪʴ 

ʢʦʜʘ, ʘ ʪʘʢʞʝ ʦʙʣʝʛʯʘʝʪ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʠ 

ʧʦʜʜʝʨʞʢʠ ʧʨʦʛʨʘʤʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ. 

ʈʘʟʨʘʙʦʪʢʘ ʯʝʨʝʟ ʧʦʚʝʜʝʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ ʯʝʨʝʟ ʧʦʚʝʜʝʥʠʝ (BDD, Behavior-

Driven Development) - ʵʪʦ ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʘʢʮʝʥʪʠʨʫʝʪ 

ʚʥʠʤʘʥʠʝ ʥʘ ʙʠʟʥʝʩ-ʟʥʘʯʠʤʦʤ ʧʦʚʝʜʝʥʠʠ ʩʠʩʪʝʤʳ. 

BDD ʫʜʝʣʷʝʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʦʙʱʝʥʠʶ ʠ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ ʤʝʞʜʫ ʨʘʟʨʘʙʦʪʯʠʢʘʤʠ, 

ʪʝʩʪʠʨʦʚʱʠʢʘʤʠ ʠ ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. 

ɺ BDD, ʧʨʦʜʫʢʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝ ʢʘʢ 

ʥʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʝʡ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ, ʘ ʢʘʢ ʥʘʙʦʨ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

(scenarios), ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʛʣʷʜʥʦʛʦ ʪʝʢʩʪʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʷʟʳʢʝ (ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʷʟʳʢ Gherkin, ʧʦʜʦʙʥʳʡ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʷʟʳʢʫ). ʕʪʠ ʩʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʦʧʠʩʳʚʘʶʪ, ʢʘʢ ʜʦʣʞʥʘ ʚʝʩʪʠ ʩʝʙʷ ʩʠʩʪʝʤʘ ʚ 

ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ʆʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʤʝʥʪʦʚ BDD ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ çʞʠʚʦʛʦè ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ (living 

documentation), ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʛʝʥʝʨʠʨʫʝʤʳʤ ʥʘʙʦʨʦʤ ʪʝʩʪʦʚʳʭ ʩʣʫʯʘʝʚ ʠ ʠʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʝʢʪʘ, 

ʚʢʣʶʯʘʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʪʝʩʪʠʨʦʚʱʠʢʦʚ ʠ ʙʠʟʥʝʩ-

ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʤʝʪʴ ʦʙʱʝʝ ʧʦʥʠʤʘʥʠʝ ʦ ʧʦʚʝʜʝʥʠʠ 

ʩʠʩʪʝʤʳ ʠ ʘʢʪʫʘʣʴʥʳʡ ʥʘʙʦʨ ʪʝʩʪʦʚʳʭ ʩʣʫʯʘʝʚ. 

BDD-ʧʦʜʭʦʜ ʪʘʢʞʝ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʚʝʨʢʫ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʧʠʩʘʥʥʳʤ ʩʮʝʥʘʨʠʷʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʦʙʥʘʨʫʞʠʚʘʪʴ ʦʰʠʙʢʠ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʝʛʨʝʩʩʠʦʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ BDD: 

1. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʠ ʧʨʠʦʨʠʪʠʟʘʮʠʷ ʙʠʟʥʝʩ-

ʮʝʥʥʦʩʪʠ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʚ ʚʠʜʝ 

ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

3. ʀʥʪʝʛʨʘʮʠʷ ʢʦʤʘʥʜʳ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, 

ʪʝʩʪʠʨʦʚʱʠʢʦʚ ʠ ʙʠʟʥʝʩ-ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

4. ʉʦʟʜʘʥʠʝ çʞʠʚʦʛʦè ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ 

ʪʝʩʪʘʭ. 

BDD ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʠʪʴ ʢʦʤʤʫʥʠʢʘʮʠʶ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ, ʘ 

ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʧʨʦʟʨʘʯʥʫʶ ʨʘʟʨʘʙʦʪʢʫ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʫʶ ʥʘ 

ʜʦʩʪʠʞʝʥʠʝ ʙʠʟʥʝʩ-ʮʝʣʝʡ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ (DDT, Data-

Driven Testing) - ʵʪʦ ʧʦʜʭʦʜ ʢ ʪʝʩʪʠʨʦʚʘʥʠʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʛʜʘ ʪʝʩʪʦʚʳʝ 

ʩʮʝʥʘʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ 

ʥʘʙʦʨʦʚ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ DDT ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ 

ʨʘʟʜʝʣʠʪʴ ʣʦʛʠʢʫ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 
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ʜʘʥʥʳʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʦʚʝʨʢʠ. ɺʤʝʩʪʦ ʪʦʛʦ, 

ʯʪʦʙʳ ʩʦʟʜʘʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʦʪʜʝʣʴʥʳʭ ʪʝʩʪʦʚʳʭ 

ʩʣʫʯʘʝʚ ʜʣʷ ʢʘʞʜʦʛʦ ʥʘʙʦʨʘ ʜʘʥʥʳʭ, ʚ DDT 

ʨʘʟʨʘʙʦʪʯʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʦʙʱʫʶ ʩʪʨʫʢʪʫʨʫ 

ʪʝʩʪʦʚʦʛʦ ʩʮʝʥʘʨʠʷ ʠ ʧʦʣʫʯʘʶʪ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʠʟ 

ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʥʘʧʨʠʤʝʨ, ʠʟ ʪʘʙʣʠʮʳ Excel, 

CSV-ʬʘʡʣʘ ʠʣʠ ɹɼ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ DDT: 

1. ʋʚʝʣʠʯʝʥʠʝ ʧʦʢʨʳʪʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ: ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʙʦʣʴʰʝ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʝʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

2. ʋʧʨʦʱʝʥʠʝ ʧʦʜʜʝʨʞʢʠ: ʚ ʩʣʫʯʘʝ ʠʟʤʝʥʝʥʠʷ 

ʪʝʩʪʦʚʦʛʦ ʩʮʝʥʘʨʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʙʫʜʝʪ ʠʟʤʝʥʠʪʴ 

ʪʦʣʴʢʦ ʩʪʨʫʢʪʫʨʫ, ʘ ʜʘʥʥʳʝ ʤʦʞʥʦ ʙʫʜʝʪ ʣʝʛʢʦ 

ʜʦʙʘʚʠʪʴ ʠʣʠ ʠʟʤʝʥʠʪʴ ʚʦ ʚʥʝʰʥʝʤ ʠʩʪʦʯʥʠʢʝ 

ʜʘʥʥʳʭ. 

3. ʋʣʫʯʰʝʥʠʝ ʯʠʪʘʙʝʣʴʥʦʩʪʠ: ʪʝʩʪʦʚʳʝ 

ʩʮʝʥʘʨʠʠ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ, ʦʙʳʯʥʦ ʣʝʛʢʦ 

ʯʠʪʘʶʪʩʷ ʠ ʧʦʥʠʤʘʶʪʩʷ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʧʠʩʳʚʘʶʪ 

ʢʦʥʢʨʝʪʥʳʝ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʇʨʠʤʝʨʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ DDT: 

1. JUnitParams - ʙʠʙʣʠʦʪʝʢʘ ʜʣʷ Java, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʝʨʝʜʘʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚ ʪʝʩʪʦʚʳʝ 

ʤʝʪʦʜʳ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʘʥʥʳʭ. 

2. pytest-datadriven - ʨʘʩʰʠʨʝʥʠʝ ʜʣʷ pytest ʚ 

Python, ʧʦʟʚʦʣʷʶʱʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʜʘʥʥʳʭ, ʪʘʢʠʝ ʢʘʢ CSV-ʬʘʡʣʳ ʠʣʠ Excel-

ʪʘʙʣʠʮʳ. 

ɺ ʮʝʣʦʤ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʝʝ 

ʧʦʣʥʦʝ ʧʦʢʨʳʪʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʧʨʠʣʦʞʝʥʠʷ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ (KDT, 

Keyword-Driven Testing) - ʵʪʦ ʤʝʪʦʜʠʢʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠʣʠ 

ʬʨʘʟ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʝʚ ʠ ʠʭ ʰʘʛʦʚ. 

ɺ KDT, ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 

ʚ ʬʦʨʤʝ ʪʘʙʣʠʮ ʠʣʠ ʰʘʙʣʦʥʦʚ, ʛʜʝ ʢʘʞʜʘʷ ʩʪʨʦʢʘ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʜʝʣʴʥʳʡ ʰʘʛ ʠʣʠ ʜʝʡʩʪʚʠʝ. 

ʂʘʞʜʦʤʫ ʰʘʛʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʷʟʘʥʥʦʝ ʢʣʶʯʝʚʦʝ 

ʩʣʦʚʦ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪ, ʯʪʦ ʜʦʣʞʥʦ ʙʳʪʴ 

ʩʜʝʣʘʥʦ ʠʣʠ ʧʨʦʚʝʨʝʥʦ ʥʘ ʜʘʥʥʦʤ ʰʘʛʝ. ʂʣʶʯʝʚʳʝ 

ʩʣʦʚʘ ʷʚʣʷʶʪʩʷ ʘʙʩʪʨʘʢʮʠʷʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʜʝʡʩʪʚʠʡ ʠ ʧʨʦʚʝʨʦʢ, ʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʝʨʝʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚʳʭ ʩʮʝʥʘʨʠʷʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ KDT: 

1. ɺʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʩ 

ʧʦʤʦʱʴʶ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ 

ʛʠʙʢʠʝ ʠ ʤʦʜʫʣʴʥʳʝ ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ, ʢʦʪʦʨʳʝ 

ʣʝʛʢʦ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

2. ʋʧʨʦʱʝʥʠʝ ʧʦʥʠʤʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʜʝʣʘʝʪ ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ ʙʦʣʝʝ 

ʯʠʪʘʝʤʳʤʠ ʠ ʧʦʥʷʪʥʳʤʠ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʧʠʩʳʚʘʶʪ 

ʰʘʛʠ ʥʘ ʝʩʪʝʩʪʚʝʥʥʦʤ ʷʟʳʢʝ, ʘ ʥʝ ʥʘ ʫʨʦʚʥʝ ʢʦʜʘ. 

3. ʃʝʛʢʠʡ ʧʦʜʭʦʜ ʢ ʦʙʩʣʫʞʠʚʘʥʠʶ: ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʨʝʙʦʚʘʥʠʡ ʠʣʠ ʣʦʛʠʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʥʠʪʴ ʪʦʣʴʢʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʢʣʶʯʝʚʳʝ ʩʣʦʚʘ, ʘ ʥʝ ʚʩʝ ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ. 

4. ʃʝʛʢʦʝ ʜʦʙʘʚʣʝʥʠʝ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ 

ʜʘʥʥʳʭ: ʩ ʧʦʤʦʱʴʶ KDT ʤʦʞʥʦ ʣʝʛʢʦ ʜʦʙʘʚʣʷʪʴ 

ʧʘʨʘʤʝʪʨʳ ʠ ʨʘʟʣʠʯʥʳʝ ʥʘʙʦʨʳ ʜʘʥʥʳʭ ʜʣʷ ʦʜʥʦʛʦ 

ʠ ʪʦʛʦ ʞʝ ʢʣʶʯʝʚʦʛʦ ʩʣʦʚʘ. 

ʇʨʠʤʝʨʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ KDT: 

1. Robot Framework - ʬʨʝʡʤʚʦʨʢ ʜʣʷ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʙʦʪʳ ʩ KDT ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʘʢʩʠʩʘ ʢʣʶʯʝʚʳʭ ʩʣʦʚ ʠ ʰʘʛʦʚ. 

2. FitNesse - ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʝʜʝʥʠʷ 

ʪʝʩʪʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʩʦʟʜʘʥʠʝ ʪʝʩʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʣʶʯʝʚʳʭ ʩʣʦʚ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʢʣʶʯʝʚʳʤ ʩʣʦʚʘʤ ʷʚʣʷʝʪʩʷ 

ʛʠʙʢʠʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʤʦʜʫʣʴʥʳʝ, ʧʦʥʷʪʥʳʝ ʠ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʤʥʦʞʝʩʪʚʦ ʨʘʟ ʪʝʩʪʦʚʳʝ ʩʮʝʥʘʨʠʠ, 

ʫʧʨʦʱʘʷ ʧʦʜʜʝʨʞʢʫ ʠ ʦʙʥʦʚʣʝʥʠʝ ʪʝʩʪʦʚ ʧʨʠ 

ʠʟʤʝʥʝʥʠʷʭ ʪʨʝʙʦʚʘʥʠʡ. 

ʇʨʠʤʝʨ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ 

ʇʨʠʤʝʥʠʤ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʧʨʘʢʪʠʢʝ, ʪʦ ʝʩʪʴ 

ʧʨʦʪʝʩʪʠʨʫʝʤ ʥʝʢʦʪʦʨʫʶ ʧʨʦʛʨʘʤʤʥʫʶ ʩʠʩʪʝʤʫ. 

ɼʣʷ ʥʘʯʘʣʘ ʩʦʟʜʘʜʠʤ ʪʘʢʫʶ ʧʨʦʛʨʘʤʤʫ, ʘ ʧʦʟʞʝ 

ʧʦʜʚʝʨʛʥʝʤ ʝʸ ʪʝʩʪʠʨʦʚʘʥʠʶ ʠ ʜʘʞʝ ʠʩʧʨʘʚʠʤ 

ʥʘʡʜʝʥʥʳʝ ʦʰʠʙʢʠ. 

ʕʪʦ ʂʘʣʴʢʫʣʷʪʦʨ Windows Forms, 

ʥʘʧʠʩʘʥʥʳʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#. 

ɻʣʘʚʥʘʷ ʬʦʨʤʘ ʧʨʠʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʠʜ ʧʨʠʣʦʞʝʥʠʷ ʂʘʣʴʢʫʣʷʪʦʨ 

ʂʘʣʴʢʫʣʷʪʦʨ ʚʢʣʶʯʘʝʪ 19 ʢʥʦʧʦʢ (Button), 1 

ʪʝʢʩʪʦʚʦʝ ʧʦʣʝ (Textbox) ʠ ʝʱʸ 1 ʧʫʩʪʦʡ ʷʨʣʳʢ 

(Label), ʚʳʜʝʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1 ʧʫʥʢʪʠʨʦʤ. 

 

ʉʦʟʜʘʸʤ ʧʦʜʦʙʥʫʶ ʬʦʨʤʫ ʠ ʜʚʦʡʥʳʤ 

ʥʘʞʘʪʠʝʤ ʥʘ ʢʥʦʧʢʫ ç0è ʧʝʨʝʭʦʜʠʤ ʚ ʨʝʞʠʤ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʬʘʡʣʘ Form1.cs, ʛʜʝ ʟʘʧʠʩʳʚʘʝʤ 

ʩʣʝʜʫʶʱʠʡ ʢʦʜ: 
private void button0_Click(object sender, EventArgs e) 

{ textBox1.Text += 0; } 
ʕʪʠʤ ʞʝ ʩʧʦʩʦʙʦʤ ʧʠʰʝʤ ʢʦʜ ʜʣʷ ʦʩʪʘʚʰʠʭʩʷ ʢʥʦʧʦʢ-ʮʠʬʨ: 

private void button1_Click(object sender, EventArgs e) 

{ textBox1.Text += 1; }  
private void button2_Click(object sender, EventArgs e) 

{ textBox1.Text += 2; } 

private void button3_Click(object sender, EventArgs e) 
{ textBox1.Text += 3; } 

private void button4_Click(object sender, EventArgs e) 

{ textBox1.Text += 4; } 
private void button5_Click(object sender, EventArgs e) 

{ textBox1.Text += 5; } 
private void button6_Click(object sender, EventArgs e) 

{ textBox1.Text += 6; } 

private void button7_Click(object sender, EventArgs e) 
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{ textBox1.Text += 7; } 

private void button8_Click(object sender, EventArgs e) 

{ textBox1.Text += 8; } 

private void button9_Click(object sender, EventArgs e) 

{ textBox1.Text += 9; } 

ɼʣʷ ʢʥʦʧʢʠ ç,è: 
private void buttonT_Click(object sender, EventArgs e) 
{ textBox1.Text += ç,è; } 

ɺʚʦʜʠʤ ʪʨʝʙʫʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ, ʜʣʷ ʵʪʦʛʦ ʚ 

ʥʘʯʘʣʝ ʢʦʜʘ, ʧʦʩʣʝ  
public partial class Calculator : Form 
{  

ʟʘʧʠʩʳʚʘʝʤ ʩʣʝʜʫʶʱʝʝ: 
float a, b; 
int count; 

bool znak = true; 

ʊʝʧʝʨʴ ʨʝʘʣʠʟʫʝʤ ʢʥʦʧʢʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʜʝʡʩʪʚʠʡ, ʜʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʠʡ ʢʦʜ: 
private void buttonP_Click(object sender, EventArgs e) 

{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 
count = 1; 

label1.Text = a.ToString() + ç + ç; 

znak = true; } 
private void buttonM_Click(object sender, EventArgs e) 

{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 
count = 2; 

label1.Text = a.ToString() + ç - ç; 

znak = true; } 
private void buttonX_Click(object sender, EventArgs e) 

{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 
count = 3; 

label1.Text = a.ToString() + ç x ç; 

znak = true; } 
private void buttonD_Click(object sender, EventArgs e) 

{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 
count = 4; 

label1.Text = a.ToString() + ç / ç; 

znak = true; } 

ʉʦʟʜʘʜʠʤ ʬʫʥʢʮʠʶ calculate: 
private void calculate() 

{ switch (count) 
{ case 1: 

b = a + float.Parse(textBox1.Text); 

textBox1.Text = b.ToString(); 
break; 

case 2: 

b = a - float.Parse(textBox1. Text); 
textBox1.Text = b.ToString(); 

break; 

case 3: 
b = a * float.Parse(textBox1. Text); 

textBox1.Text = b.ToString(); 

break; 
case 4: 

float divider; 

divider = float.Parse(textBox1.Text); 
b = a / divider; 

textBox1.Text = b.ToString(); 

break; 
default: 

break; } } 

ʈʝʘʣʠʟʫʝʤ ʢʥʦʧʢʠ ç=è, çCè, ç<--è, ç+/-è: 
private void buttonR_Click(object sender, EventArgs e) 

{ calculate(); 

label1.Text = çç; } 
private void buttonC_Click(object sender, EventArgs e) 

{ textBox1.Text = çç; 

label1.Text = çç; 
a = 0; 

b = 0; } 

private void buttonback_Click(object sender, EventArgs e) 
{ int lenght = textBox1.Text.Length - 1; 

string text = textBox1.Text; 

textBox1.Clear(); 

for (int i = 0; i < lenght; i++) 

{ textBox1.Text = textBox1.Text + text[i]; } } 

private void buttonZ_Click(object sender, EventArgs e) 

{ if (znak == true) 

{ textBox1.Text = ç-è + textBox1.Text; 
znak = false; } 

else if (znak == false) 

{ textBox1.Text = textBox1.Text.Replace(ç-è, çç); 
znak = true; } }  

ʂʘʣʴʢʫʣʷʪʦʨ ʛʦʪʦʚ, ʦʥ ʨʘʙʦʪʘʝʪ ʠ ʠʤ ʤʦʞʥʦ 

ʧʦʣʴʟʦʚʘʪʴʩʷ, ʥʦ ʤʳ ʝʛʦ ʝʱʸ ʥʝ ʪʝʩʪʠʨʦʚʘʣʠ, ʘ 

ʟʥʘʯʠʪ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʠʣʠ ʞʝ ʧʦʯʪʠ ʩʨʘʟʫ ʙʫʜʫʪ ʚʳʷʚʣʝʥʳ ʦʰʠʙʢʠ ʠʣʠ ʞʝ 

ʙʘʛʠ (bugs), ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʣʠʰʴ ʧʦʜʧʦʨʪʷʪ 

ʥʘʩʪʨʦʝʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʠʝ 

ʧʨʠʚʝʜʫʪ ʢ ʧʦʣʦʤʢʝ ʧʨʦʛʨʘʤʤʳ ʠ ʵʢʩʪʨʝʥʥʦʤʫ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥʠʶ ʝʸ ʨʘʙʦʪʳ. ʆʙʷʟʘʥʥʦʩʪʴ ʠ 

ʩʪʨʝʤʣʝʥʠʝ ʪʝʩʪʠʨʦʚʱʠʢʦʚ - ʥʘʭʦʜʠʪʴ ʚʩʝ ʦʰʠʙʢʠ ʠ 

ʧʝʨʝʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʠʭ ʧʨʦʛʨʘʤʤʠʩʪʘʤ. 

ɿʘʡʤʝʤʩʷ ʨʘʙʦʪʦʡ ʪʝʩʪʠʨʦʚʱʠʢʘ ʠ ʧʦʠʱʝʤ 

ʦʰʠʙʢʠ ʚ ʥʘʰʝʤ ʢʘʣʴʢʫʣʷʪʦʨʝ. ʇʨʠʤʝʥʷʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ (ʘ ʠʥʦʛʜʘ ʠ ʩʣʫʯʘʡʥʦ) ʤʳ 

ʥʘʡʜʸʤ ʩʣʝʜʫʶʱʠʝ ʦʰʠʙʢʠ: 

1. ʇʨʠ ʥʘʞʘʪʠʠ ʣʶʙʦʡ ʢʥʦʧʢʠ 

ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʠʣʠ ʧʦʩʪʘʥʦʚʢʠ 

ʜʝʩʷʪʠʯʥʦʡ ʟʘʧʷʪʦʡ ʜʦ ʪʦʛʦ, ʢʘʢ ʙʫʜʫʪ ʚʚʝʜʝʥʳ 

ʢʘʢʠʝ-ʣʠʙʦ ʮʠʬʨʳ, ʂʘʣʴʢʫʣʷʪʦʨ ʚʳʚʝʜʝʪ ʩʦʦʙʱʝʥʠʝ 

ʦʙ ʦʰʠʙʢʝ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʉʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧʨʠ ʧʫʩʪʦʤ ʧʦʣʝ 

ʚʚʦʜʘ 

 

2. ʂʥʦʧʢʘ ç,è, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʚʚʦʜʘ 

ʜʝʩʷʪʠʯʥʳʭ ʜʨʦʙʝʡ, ʤʦʞʝʪ ʟʘʧʠʩʳʚʘʪʴ ʚ ʧʦʣʝ ʚʚʦʜʘ 

ʟʥʘʢ ʟʘʧʷʪʦʡ ʧʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʚ ʦʜʥʦʤ ʯʠʩʣʝ, ʯʪʦ ʥʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʚʦʟʤʦʞʥʦ, ʘ ʧʦʧʳʪʢʘ ʧʨʦʚʝʜʝʥʠʷ 

ʦʧʝʨʘʮʠʠ ʩ ʪʘʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʝ 

(ʨʠʩʫʥʦʢ 3). 

 

 
ʈʠʩʫʥʦʢ 3 ï ʉʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧʨʠ ʚʚʦʜʝ 

ʥʝʩʢʦʣʴʢʠʭ ʟʘʧʷʪʳʭ 
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ʇʨʠ ʜʝʣʝʥʠʠ ʥʘ ʥʦʣʴ ʂʘʣʴʢʫʣʷʪʦʨ ʚʳʚʝʜʝʪ 

çinfinityè, çʙʝʩʢʦʥʝʯʥʦʩʪʴè ʠʣʠ ʞʝ ʟʥʘʢ 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ çÐè ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʨʩʠʠ ʠ 

ʥʘʩʪʨʦʝʢ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʩʯʠʪʘʝʪʩʷ 

ʥʝʚʝʨʥʳʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʘ ʟʥʘʯʠʪ ʵʪʦ 

ʦʰʠʙʢʘ (ʨʠʩʫʥʦʢ 4). 

 

 
ʈʠʩʫʥʦʢ 4 ï ɺʳʚʦʜ ʟʥʘʢʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʨʠ 

ʜʝʣʝʥʠʠ ʥʘ ʥʦʣʴ 

 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʚ ʭʦʜʝ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʧʦʧʳʪʢʝ ʧʦʩʣʝ ʵʪʦʛʦ ʠʟʤʝʥʠʪʴ ʝʛʦ 

ʟʥʘʢ ʧʦʣʫʯʘʝʤ ʧʝʨʝʜ ʯʠʩʣʦʤ ʜʚʘ ʤʠʥʫʩʘ, ʯʪʦ ʚ 

ʥʝʢʦʪʦʨʦʤ ʨʦʜʝ ʧʨʘʚʠʣʴʥʦ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ (ʜʚʦʡʥʦʝ ʦʪʨʠʮʘʥʠʝ), ʥʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ 

ʧʦʩʯʠʪʘʝʤ ʦʰʠʙʢʦʡ ʵʪʦʪ ʥʝʜʦʯʸʪ (ʨʠʩʫʥʦʢ 5). 

 

 
ʈʠʩʫʥʦʢ 5 ï ʅʝʧʨʘʚʠʣʴʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʜʚʦʡʥʦʛʦ 

ʦʪʨʠʮʘʥʠʷ 

 

ʀʪʦʛʦ ʤʳ ʥʘʰʣʠ 4 ʦʰʠʙʢʠ, ʘ ʪʝʧʝʨʴ 

ʧʝʨʝʜʘʜʠʤ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʧʨʦʛʨʘʤʤʠʩʪʫ ʠ 

ʧʦʧʳʪʘʝʤʩʷ ʠʩʧʨʘʚʠʪʴ ʵʪʠ ʦʰʠʙʢʠ. 

ʇʦʧʨʘʚʢʠ ʚ ʢʦʜʝ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ ʦʰʠʙʦʢ: 

ɼʦʙʘʚʠʤ ʧʨʦʚʝʨʢʫ ʥʘ ʪʦ, ʧʫʩʪʦʝ ʣʠ ʧʦʣʝ 

ʚʚʦʜʘ, ʚ ʢʦʜ ʢʘʞʜʦʡ ʢʥʦʧʢʠ, ʧʨʠʯʸʤ ʜʦ ʢʦʜʘ 

ʚʳʧʦʣʥʷʶʱʝʛʦ ʩʘʤʦ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʠʣʠ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʧʷʪʦʡ. ʕʪʦ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 
if  (textBox1.Text.IndexOf(',') == -1) 

{ é }  

ʛʜʝ ʚʤʝʩʪʦ çéè ʠʜʸʪ ʢʦʜ ʜʝʡʩʪʚʠʷ ʵʪʦʡ ʢʥʦʧʢʠ; 

ɼʦʙʘʚʠʤ ʦʙʨʘʙʦʪʢʫ ʠʩʢʣʶʯʝʥʠʷ ʚ ʢʦʜ ʢʥʦʧʢʠ 

ʧʦʩʪʘʥʦʚʢʠ ʜʝʩʷʪʠʯʥʦʡ ʟʘʧʷʪʦʡ, ʪʝʧʝʨʴ ʦʥ ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʪʘʢ: 
private void buttonT_Click(object sender, EventArgs e) 
{ if (textBox1.Text.IndexOf(',') == -1) 

{ textBox1.Text += ç,è; } } 

ʀʟʤʝʥʠʤ ʢʦʜ ʬʫʥʢʮʠʠ calculate, ʜʦʙʘʚʠʚ ʚ 

ʥʝʛʦ ʠʩʢʣʶʯʝʥʠʝ ʧʨʠ ʧʦʧʳʪʢʝ ʜʝʣʝʥʠʷ ʥʘ ʥʦʣʴ ï ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴʩʷ ʩʦʦʙʱʝʥʠʝ 

çɺʥʠʤʘʥʠʝ! ɼʝʣʝʥʠʝ ʥʘ ʥʦʣʴ!è. ʀʟʤʝʥʝʥʠʷ 

ʦʪʥʦʩʷʪʩʷ ʢ ʙʣʦʢʫ case 4 ʠ ʚʳʛʣʷʜʷʪ ʪʘʢ: 
case 4: 

float divider; 

divider = float.Parse(textBox1.Text); 
if (divider == 0.0) 

MessageBox.Show(çɺʥʠʤʘʥʠʝ! ɼʝʣʝʥʠʝ ʥʘ ʥʦʣʴ!è); 

else 
{ b = a / divider; 

textBox1.Text = b.ToString(); } 

break; 

ɽʩʪʴ ʜʚʘ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ - 

ʜʦʙʘʚʠʪʴ ʧʨʦʚʝʨʢʫ ʚ ʢʥʦʧʢʫ ʩʤʝʥʳ ʟʥʘʢʘ ç+/-è ʠʣʠ 

ʞʝ ʧʦʤʝʥʷʪʴ ʣʦʛʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʤʝʥʥʦʡ znak ʚ 

ʢʦʜʝ ʬʫʥʢʮʠʠ calculate ʚ ʝʸ ʯʘʩʪʠ, ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʟʘ 

ʚʳʯʠʪʘʥʠʝ. ɺʳʙʝʨʝʤ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʠ ʠʟʤʝʥʠʤ ʢʦʜ 

ʢʥʦʧʢʠ ç+/-è ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʝʨʴ ʦʥ 

ʚʳʛʣʷʜʠʪ ʪʘʢ: 
private void buttonZ_Click(object sender, EventArgs e) 

{ if (textBox1.Text != çç) 
{ if (znak == true) 

{ if (textBox1.Text.Contains('-')) 

{textBox1.Text = textBox1.Text.Replace(ç-è, çç); } 
else 

{ textBox1.Text = ç-è + textBox1.Text; 

znak = false; } } 
else if (znak == false) 

{textBox1.Text = textBox1.Text.Replace(ç-è, çç); 

znak = true; } } }  

ʊʝʧʝʨʴ ʟʘʧʫʩʪʠʤ ʂʘʣʴʢʫʣʷʪʦʨ ʩ ʥʦʚʳʤ ʢʦʜʦʤ 

ʠ ʫʙʝʜʠʤʩʷ, ʧʦʤʦʛʣʠ ʣʠ ʥʘʰʠ ʠʩʧʨʘʚʣʝʥʠʷ. ʀ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ: 

ʊʝʧʝʨʴ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʦʰʠʙʢʘ ʧʨʠ ʧʦʧʳʪʢʝ 

ʦʧʝʨʠʨʦʚʘʥʠʷ ʩ ʧʫʩʪʳʤ ʧʦʣʝʤ ʚʚʦʜʘ, ʘ ʧʨʦʩʪʦ 

ʥʠʯʝʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ (ʨʠʩʫʥʦʢ 6). 

 

 
ʈʠʩʫʥʦʢ 6 ï ʆʰʠʙʢʘ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʠʟ-ʟʘ ʧʫʩʪʦʛʦ 

ʧʦʣʷ ʚʚʦʜʘ 

 

ʊʝʧʝʨʴ ʧʨʠ ʥʘʞʘʪʠʠ ʢʥʦʧʢʠ ç,è, ʧʦʩʣʝ 

ʧʦʩʪʘʥʦʚʢʠ ʧʝʨʚʦʡ ʜʝʩʷʪʠʯʥʦʡ ʟʘʧʷʪʦʡ ʩʣʝʜʫʶʱʠʝ 

ʥʝ ʧʦʷʚʣʷʶʪʩʷ  ʠ ʥʠʯʝʛʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʰʠʙʢʝ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ (ʨʠʩʫʥʦʢ 7). 



ȿəɔɎɑɜɝɔɞɑɞɝɖɌɫ ȹɌɟɖɌ. University Science ʈ 2(16) 2023 ɏ. 

  
163 

 

  

 
ʈʠʩʫʥʦʢ 7 ï ɿʘʧʷʪʳʝ ʥʝ ʚʳʚʦʜʷʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 

ʙʦʣʴʰʝ ʯʝʤ ʦʜʥʘ 

 

ʇʨʠ ʜʝʣʝʥʠʷ ʥʘ ʥʦʣʴ ʚʳʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ 

çɺʥʠʤʘʥʠʝ! ɼʝʣʝʥʠʝ ʥʘ ʥʦʣʴ!è (ʨʠʩʫʥʦʢ 8). 

 

 
ʈʠʩʫʥʦʢ 8 ï ʉʦʦʙʱʝʥʠʝ çɺʥʠʤʘʥʠʝ! ɼʝʣʝʥʠʝ ʥʘ 

ʥʦʣʴ!è 

 

ʊʝʧʝʨʴ ʟʥʘʢ ʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ 

ʚʩʝʛʜʘ ʠ ʜʚʦʡʥʦʝ ʦʪʨʠʮʘʥʠʝ ʥʝ ʧʦʷʚʣʷʝʪʩʷ (ʨʠʩʫʥʦʢ 

9). 

 

 
ʈʠʩʫʥʦʢ 9 ï ʂʦʨʨʝʢʪʥʘʷ ʩʤʝʥʘ ʟʥʘʢʘ 

 

ʄʳ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʥʘʡʜʝʥʥʳʝ ʦʰʠʙʢʠ 

ʠʩʧʨʘʚʣʝʥʳ ʠ ʪʝʧʝʨʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʂʘʣʴʢʫʣʷʪʦʨʦʤ 

ʤʦʞʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʥʸʤ ʦʪʩʫʪʩʪʚʫʶʪ ʦʰʠʙʢʠ. 

ʂʦʜ ʠʪʦʛʦʚʦʡ ʧʨʦʛʨʘʤʤʳ 

ʇʨʝʜʩʪʘʚʠʤ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ, ʦʪʚʝʯʘʶʱʝʛʦ ʟʘ ʣʦʛʠʢʫ ʨʘʙʦʪʳ 

ʂʘʣʴʢʫʣʷʪʦʨʘ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʬʘʡʣʝ Form1.cs. 
using System; 
using System.Collections.Generic; 

using System.ComponentModel; 

using System.Data; 
using System.Drawing; 

using System.Linq; 

using System.Text; 
using System.Threading.Tasks; 

using System.Windows.Forms; 

namespace Calculator 
{ public partial class Calculator : Form 

{ float a, b; 

int count; 
bool znak = true; 

public Calculator() 

{ InitializeComponent(); } 

private void calculate() 

{ switch (count) 

{ case 1: 
b = a + float.Parse(textBox1.Text); 

textBox1.Text = b.ToString(); 

break; 
case 2: 

b = a - float.Parse(textBox1.Text); 

textBox1.Text = b.ToString(); 
break; 

case 3: 

b = a * float.Parse(textBox1.Text); 
textBox1.Text = b.ToString(); 

break; 

case 4: 
float divider; 

divider = float.Parse(textBox1.Text); 

if (divider == 0.0) 

MessageBox.Show(çɼʝʣʝʥʠʝ ʥʘ ʥʦʣʴ!è); 

else 

{ b = a / divider; textBox1.Text = b.ToString(); } 
break; 

default: 

break; } } 
private void button1_Click(object sender, EventArgs e) 

{ textBox1.Text += 1; } 

private void button0_Click(object sender, EventArgs e) 
{ textBox1.Text += 0; } 

private void button2_Click(object sender, EventArgs e) 

{ textBox1.Text += 2; } 
private void button3_Click(object sender, EventArgs e) 

{ textBox1.Text += 3; } 
private void button4_Click(object sender, EventArgs e) 

{ textBox1.Text += 4; } 

private void button5_Click(object sender, EventArgs e) 
{ textBox1.Text += 5; } 

private void button6_Click(object sender, EventArgs e) 

{ textBox1.Text += 6; } 
private void button7_Click(object sender, EventArgs e) 

{  textBox1.Text += 7; } 

private void button8_Click(object sender, EventArgs e) 
{ textBox1.Text += 8; } 

private void button9_Click(object sender, EventArgs e) 

{ textBox1.Text += 9; } 
private void buttonP_Click(object sender, EventArgs e) 

{ if (textBox1.Text != çç) 

{ a = float.Parse(textBox1.Text); 
textBox1.Clear(); 

count = 1; 

label1.Text = a.ToString() + ç + ç; 
znak = true; } } 

private void buttonM_Click(object sender, EventArgs e) 

{ if (textBox1.Text != çç) 
{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 

count = 2; 
label1.Text = a.ToString() + ç - ç; 

znak = true; } } 
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private void buttonX_Click(object sender, EventArgs e) 

{ if (textBox1.Text != çç) 

{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 

count = 3; 

label1.Text = a.ToString() + ç x ç; 
znak = true; } }  

private void buttonD_Click(object sender, EventArgs e) 

{ if (textBox1.Text != çç) 
{ a = float.Parse(textBox1.Text); 

textBox1.Clear(); 

count = 4; 
label1.Text = a.ToString() + ç / ç; 

znak = true; } } 

private void buttonR_Click(object sender, EventArgs e) 
{ calculate(); 

label1.Text = çç; } 

private void buttonC_Click(object sender, EventArgs e) 
{ textBox1.Text = çç; 

label1.Text = çç; 

a = 0; 

b = 0; } 

private void buttonback_Click(object sender, EventArgs e) 

{ int lenght = textBox1.Text.Length - 1; 
string text = textBox1.Text; 

textBox1.Clear(); 

for (int i = 0; i < lenght; i++) 
{ textBox1.Text = textBox1.Text + text[i]; } } 

private void buttonZ_Click(object sender, EventArgs e) 

{ if (textBox1.Text != çç) 
{ if (znak == true) 

{ if (textBox1.Text.Contains('-')) 

{ textBox1.Text = textBox1.Text.Replace(ç-è, çç); } 
else 

{ textBox1.Text = ç-è + textBox1.Text; 

znak = false; } } 
else if (znak == false) 

{ textBox1.Text = textBox1.Text.Replace(ç-è, çç); 

znak = true; } } } 

private void buttonT_Click(object sender, EventArgs e) 

{ if (textBox1.Text.IndexOf(',') == -1) 

{ textBox1.Text += ç,è; } } }} 

 

ɿʘʢʣʶʯʝʥʠʝ 

ɼʘʥʥʘʷ ʩʪʘʪʴʷ ʧʨʝʜʩʪʘʚʠʣʘ ʦʙʟʦʨ ʨʘʟʣʠʯʥʳʭ 

ʤʝʪʦʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʧʦʜʭʦʜʦʚ ʢ 

ʥʘʧʠʩʘʥʠʶ ʪʝʩʪʦʚ ʠ ʧʨʠʤʝʨ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʳ ʂʘʣʴʢʫʣʷʪʦʨ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʣʫʯʰʝ 

ʧʦʥʷʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʘʞʜʦʛʦ ʤʝʪʦʜʘ 

ʪʝʩʪʠʨʦʚʘʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʜʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʝʛʦ 

ʨʘʟʨʘʙʦʪʢʠ. ʕʪʘ ʩʪʘʪʴʷ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʘ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʧʨʘʢʪʠʢʦʚ ʠ ʩʪʫʜʝʥʪʦʚ, 

ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝʤ. ʆʥʘ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ 

ʦʙʣʘʩʪʴ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʙʦʣʝʝ ʥʘʜʝʞʥʳʭ ʩʠʩʪʝʤ ʠ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʨʘʟʨʘʙʦʪʢʠ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʊʨʸʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʧʣʦʩʢʦʩʪʠ ʵʢʨʘʥʘ, ʚ ʩʠʩʪʝʤʘʭ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ, ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ, ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʤʝʜʠʮʠʥʩʢʦʡ 
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ʆʢʦʣʦ 70% ʢʦʤʧʘʥʠʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʜʫʢʪʳ Autodesk ʜʣʷ ʩʦʟʜʘʥʠʷ ʯʝʨʪʝʞʝʡ ʠ 3D-ʧʨʦʝʢʪʦʚ. ʇʦʩʣʝ 

ʫʭʦʜʘ 3ds Max, Revit, AutoCAD ʩ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ʘʢʪʫʘʣʴʥʳʤ ʩʪʘʣ ʚʦʧʨʦʩ ʦ ʧʦʠʩʢʝ open-source ʘʥʘʣʦʛʦʚ. 

Blender - ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʩʚʦʙʦʜʥʦʝ ʠ ʦʪʢʨʳʪʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʸʭʤʝʨʥʦʡ 
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ʤʦʥʪʘʞʘ, ʢʦʤʧʦʥʦʚʢʠ ʩ ʧʦʤʦʱʴʶ ʥʦʜ. ʇʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʩʨʝʜʠ ʙʝʩʧʣʘʪʥʳʭ 3D-ʨʝʜʘʢʪʦʨʦʚ ʚ 

ʩʚʷʟʠ ʩ ʝʛʦ ʙʳʩʪʨʳʤ ʩʪʘʙʠʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʦʡ. 

ʇʨʦʮʝʜʫʨʥʳʝ ʰʝʡʜʝʨʳ ʚ Blender ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʝʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʬʦʪʦʛʨʘʬʠʡ ʠʣʠ ʪʝʢʩʪʫʨ. 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʦʚ ʩʨʝʜʳ Blender ʠ ʧʨʦʮʝʩʩ ʪʝʭʥʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʘ 

ʩ ʥʘʣʦʞʝʥʠʝʤ ʧʨʦʮʝʜʫʨʥʦʡ ʪʝʢʩʪʫʨʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʝʭʤʝʨʥʘʷ ʢʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, Blender, ʧʨʦʮʝʜʫʨʥʳʝ ʰʝʡʜʝʨʳ, 

ʥʦʜʳ, ʪʝʢʩʪʫʨʘ, ʨʝʥʜʝʨʠʥʛ. 

ABSTRACT 

 

Three-dimensional graphics are widely used to create images on the screen plane, in design automation systems, 

architectural visualization, in modern medical imaging systems, in many modern computer games and the film industry. 

Blender is a professional free and open source software for creating three-dimensional computer graphics, 

including modeling, animation, rendering, post-processing and editing, and layout using nodes. It is very popular among 

free 3D editors due to its rapid stable development and technical support. 

Procedural shaders in Blender are special materials that are generated based on algorithms. This allows you to 

create complex and realistic materials without the need to use real photos or textures. 

The article describes the tools of the Blender environment and the process of object modeling techniques with 

the imposition of procedural texture. 

Keywords: three-dimensional computer graphics, modeling, Blender, procedural shaders, nodes, texture, 

rendering. 

 

ʂ 2023 ʛʦʜʫ ʨʳʥʦʢ ʦʙʱʝʜʦʩʪʫʧʥʦʛʦ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʦʢʨʘʪʠʣʩʷ, ʦʪ ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʝʜʣʦʞʝʥʠʡ ʜʦ ʙʦʣʝʝ ʚʘʞʥʳʭ ʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ Adobe ʠʣʠ ʦʪʜʝʣʴʥʳʝ 

ʧʨʦʛʨʘʤʤʳ ʢʘʢ AutoCAD. 

ɼʣʷ ʨʘʙʦʪʳ ʩ ʘʨʭʠʪʝʢʪʫʨʦʡ, ʜʠʟʘʡʥʦʤ, 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʚ ʈʦʩʩʠʠ 

ʦʩʪʘʣʦʩʴ ʥʝ ʪʘʢ ʤʥʦʛʦ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ ʚ 

ʵʪʦʡ ʩʬʝʨʝ. ɼʣʷ ʥʘʯʠʥʘʶʱʠʭ ʨʘʙʦʪʥʠʢʦʚ ʩ 

ʚʠʟʫʘʣʠʟʘʮʠʝʡ ʚ ʜʘʥʥʦʤ ʩʝʛʤʝʥʪʝ ʧʨʝʜʩʪʘʥʝʪ 

ʚʳʙʦʨ ʠʟ ʪʨʸʭ ʛʠʛʘʥʪʦʚ - Blender, 3DsMax, Maya. 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʥʘʟʥʘʯʝʥʠʝ ʵʪʠʭ 

ʧʨʦʛʨʘʤʤ. ʆʥʠ ʠʤʝʶʪ ʨʷʜ ʦʪʣʠʯʠʡ:[1,2,3]. 

1) ʃʠʮʝʥʟʠʨʦʚʘʥʠʝ. ʇʝʨʚʳʡ ʠ ʩʘʤʳʡ 

ʚʘʞʥʳʡ ʧʫʥʢʪ. Blender ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʳʤ ʠ ʩ 
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ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 3DsMax 

ʠ Maya ʷʚʣʷʶʪʩʷ ʢʦʤʤʝʨʯʝʩʢʠʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, 

ʪʨʝʙʫʶʱʠʤʠ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ ʜʣʷ ʧʦʢʫʧʢʠ ʠʣʠ 

ʧʦʜʧʠʩʢʠ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

2) ʌʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ. ɺʩʝ ʪʨʠ 

ʧʨʦʛʨʘʤʤʳ ʦʙʣʘʜʘʶʪ ʤʦʱʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʠ ʘʥʠʤʘʮʠʠ, ʥʦ ʦʥʠ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʫʥʢʮʠʷʭ. ʅʘʧʨʠʤʝʨ, 

Blender ʠʤʝʝʪ ʚʩʪʨʦʝʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚʠʜʝʦʠʛʨ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʝʛʦ ʢʦʥʢʫʨʝʥʪʳ 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʠʥʦʠʥʜʫʩʪʨʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʵʬʬʝʢʪʦʚ. 

3) ʉʦʦʙʱʝʩʪʚʦ ʠ ʧʦʜʜʝʨʞʢʘ. Blender 

ʠʤʝʝʪ ʘʢʪʠʚʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʦʷʥʥʦ ʨʘʙʦʪʘʶʪ ʥʘʜ 

ʫʣʫʯʰʝʥʠʝʤ ʧʨʦʛʨʘʤʤʳ ʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ 

ʦʙʰʠʨʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʠ ʦʙʫʯʘʶʱʠʝ ʤʘʪʝʨʠʘʣʳ. 

3DsMax ʠ Maya ʪʘʢʞʝ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʦʦʙʱʝʩʪʚʦ, 

ʥʦ ʧʦʜʜʝʨʞʢʘ ʠ ʦʙʥʦʚʣʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ Blender. 

4) ʂʨʦʩʩ-ʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ. Blender 

ʜʦʩʪʫʧʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʚʢʣʶʯʘʷ Windows, macOS, 

ʠ Linux. 3DsMax ʠ Maya ʙʦʣʝʝ ʦʛʨʘʥʠʯʝʥʳ ʠ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ Windows. 

5) ʀʥʪʝʨʬʝʡʩ. ʂʘʞʜʘʷ ʧʨʦʛʨʘʤʤʘ 

ʠʤʝʝʪ ʩʚʦʡ ʫʥʠʢʘʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ. ɺ ʦʪʣʠʯʠʠ ʦʪ 

ʜʨʫʛʠʭ, Blender ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʣʝʛʢʠʤ 

ʠʥʪʝʨʬʝʡʩʦʤ, ʥʦ ʩ ʨʘʚʥʦʩʠʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʣʫʯʰʠʤ ʧʨʦʛʨʘʤʤʥʳʤ 

ʨʝʰʝʥʠʷʤ ʢʘʢ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʨʘʙʦʪʳ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʫʯʝʙʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ 

Blender. ʇʨʦʚʝʨʠʤ ʚʝʨʥʦʩʪʴ ʜʘʥʥʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʠ 

ʫʜʦʩʪʦʚʝʨʠʤʩʷ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʧʨʦʛʨʘʤʤʳ. 

ʈʘʩʩʤʦʪʨʠʤ Blender ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠ ʩʦʟʜʘʜʠʤ ʚ 

ʜʘʥʥʦʡ ʩʨʝʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪ. 

Blender - ʵʪʦ ʤʦʱʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ 

ʜʣʷ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘʥʠʤʘʮʠʠ, ʨʝʥʜʝʨʠʥʛʘ ʠ 

ʩʦʟʜʘʥʠʷ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ. ʆʥ ʧʨʝʜʣʘʛʘʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʦʚ, ʩʮʝʥ ʠ ʘʥʠʤʘʮʠʡ. 

Blender ʠʤʝʝʪ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʲʝʢʪʘʤʠ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʠʭ 

ʩʚʦʡʩʪʚʘ. ʆʥ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʢʨʠʧʪʠʥʛ ʥʘ 

Python, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʟʘʜʘʯʠ ʠ 

ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʩʮʝʥʳ ʠ ʘʥʠʤʘʮʠʠ. ʂʨʦʤʝ ʵʪʦʛʦ, 

Blender ʧʦʜʜʝʨʞʠʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʛʠʥʦʚ ʠ ʘʜʜʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ ʥʦʚʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ 

ʚʦʟʤʦʞʥʦʩʪʠ. [4,5]. 

ʇʨʦʛʨʘʤʤʘ Blender ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ 

ʬʫʥʢʮʠʡ, ʚʢʣʶʯʘʷ: 

- ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ: Blender 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʨʘʟʣʠʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʠ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ 3D-ʤʦʜʝʣʝʡ. ɺʳ ʤʦʞʝʪʝ 

ʩʦʟʜʘʚʘʪʴ ʧʨʠʤʠʪʠʚʥʳʝ ʬʦʨʤʳ, ʪʘʢʠʝ ʢʘʢ ʢʫʙʳ, 

ʩʬʝʨʳ ʠ ʮʠʣʠʥʜʨʳ, ʘ ʪʘʢʞʝ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʠʭ 

ʬʦʨʤʫ, ʜʦʙʘʚʣʷʪʴ ʜʝʪʘʣʠ ʠ ʪʝʢʩʪʫʨʳ. 

- ɸʥʠʤʘʮʠʷ: Blender ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʘʥʠʤʘʮʠʠ, ʧʝʨʝʤʝʱʘʷ ʠ ʚʨʘʱʘʷ ʦʙʲʝʢʪʳ, ʠʟʤʝʥʷʷ 

ʠʭ ʬʦʨʤʫ ʠ ʩʚʦʡʩʪʚʘ ʩʦ ʚʨʝʤʝʥʝʤ. ɺʳ ʤʦʞʝʪʝ 

ʟʘʜʘʚʘʪʴ ʢʣʶʯʝʚʳʝ ʢʘʜʨʳ ʠ ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ 

ʘʥʠʤʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʩʢʦʨʦʩʪʴ ʠ ʧʣʘʚʥʦʩʪʴ. 

- ʈʝʥʜʝʨʠʥʛ: Blender ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʨʝʥʜʝʨʠʥʛʘ, ʚʢʣʶʯʘʷ 

ʚʠʟʫʘʣʠʟʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʩʩʠʨʦʚʢʠ ʣʫʯʝʡ 

ʠ ʨʘʩʪʝʨʠʟʘʮʠʠ. ɺʳ ʤʦʞʝʪʝ ʥʘʩʪʨʘʠʚʘʪʴ ʦʩʚʝʱʝʥʠʝ, 

ʤʘʪʝʨʠʘʣʳ ʠ ʢʘʤʝʨʫ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. 

- ʉʦʟʜʘʥʠʝ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ: Blender 

ʠʤʝʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʠʤʫʣʷʮʠʷ 

ʞʠʜʢʦʩʪʠ, ʜʳʤʘ, ʦʛʥʷ ʠ ʯʘʩʪʠʮ. ɺʳ ʤʦʞʝʪʝ 

ʥʘʩʪʨʘʠʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʬʬʝʢʪʦʚ ʠ ʜʦʙʘʚʣʷʪʴ ʠʭ ʢ 

ʦʙʲʝʢʪʘʤ ʠ ʩʮʝʥʘʤ. 

- ʂʦʤʧʦʟʠʪʠʥʛ: Blender ʧʦʟʚʦʣʷʝʪ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʚʠʜʝʦ, 

ʜʦʙʘʚʣʷʪʴ ʵʬʬʝʢʪʳ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʮʚʝʪʘ ʠ 

ʪʦʥʘʣʴʥʦʩʪʴ. ɺʳ ʤʦʞʝʪʝ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ 

ʢʦʤʧʦʟʠʮʠʠ ʠ ʜʦʙʘʚʣʷʪʴ ʪʝʢʩʪ ʠ ʛʨʘʬʠʢʫ. 

ʇʨʦʛʨʘʤʤʘ Blender ʷʚʣʷʝʪʩʷ ʙʝʩʧʣʘʪʥʦʡ, ʩ 

ʦʪʢʨʳʪʳʤ ʠʩʭʦʜʥʳʤ ʢʦʜʦʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʩʦʦʙʱʝʩʪʚʘ 

ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʘʢʝʪʘ. ʇʨʦʛʨʘʤʤʘ 

ʤʫʣʴʪʠʧʣʘʪʬʦʨʤʝʥʥʘʷ, ʜʦʩʪʫʧʥʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, ʚʢʣʶʯʘʷ Windows, macOS ʠ 

Linux. ʉʢʘʯʘʪʴ ʧʨʦʛʨʘʤʤʫ ʤʦʞʥʦ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ 

ʩʘʡʪʘ blender.org ʠʣʠ ʠʟʚʝʩʪʥʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʦʥʣʘʡʥ-ʩʝʨʚʠʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʨʦʛʨʘʤʤ Steam. 

Blender ʨʘʙʦʪʘʝʪ ʥʘ ʜʚʫʭ ʨʝʥʜʝʨ-ʜʚʠʛʘʪʝʣʷʭ, 

ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ, - Eevee ʠ Cycles. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʠʟ ʥʠʭ: 

- Eevee (Extra Easy Virtual Environment 

Engine) - ʵʪʦ ʨʝʥʜʝʨ-ʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʠʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʧʨʦʩʤʦʪʨʘ ʠ ʨʝʥʜʝʨʠʥʛʘ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ʆʥ ʠʩʧʦʣʴʟʫʝʪ ʪʝʭʥʠʢʫ 

ʨʘʩʪʝʨʠʟʘʮʠʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʩʦʟʜʘʚʘʪʴ 

ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʘʥʠʤʘʮʠʠ. Eevee 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ, ʚʢʣʶʯʘʷ 

ʛʣʦʙʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ, 

ʦʙ̡ʝʤʥʳʝ ʵʬʬʝʢʪʳ ʠ ʪʝʥʠ. ʆʥ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ 

ʧʨʦʟʨʘʯʥʦʩʪʴ, ʦʪʨʘʞʝʥʠʝ ʠ ʩʫʙʧʦʚʝʨʭʥʦʩʪʠ 

ʨʘʩʩʝʷʥʠʝ. Eevee ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʙʳʩʪʨʳʭ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʧʨʦʩʤʦʪʨʦʚ ʠ ʘʥʠʤʘʮʠʡ, 

ʘ ʪʘʢʞʝ ʜʣʷ ʠʛʨʦʚʦʡ ʨʘʟʨʘʙʦʪʢʠ.[6] 

- Cycles - ʵʪʦ ʬʠʟʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʳʡ ʨʝʥʜʝʨ-

ʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʝʪʦʜ ʪʨʘʩʩʠʨʦʚʢʠ 

ʣʫʯʝʡ. ʆʥ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠ 

ʨʝʘʣʠʩʪʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ 

ʚʨʝʤʝʥʠ ʜʣʷ ʨʝʥʜʝʨʠʥʛʘ. Cycles ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʛʣʦʙʘʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ, 

ʦʙʲʝʤʥʳʝ ʵʬʬʝʢʪʳ ʠ ʪʝʥʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʥ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ GPU ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʨʝʥʜʝʨʠʥʛʘ. Cycles ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ 

ʘʥʠʤʘʮʠʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʝʪʘʣʠʟʘʮʠʠ ʠ ʨʝʘʣʠʟʤʘ.[7] 

ʆʙʘ ʨʝʥʜʝʨ-ʜʚʠʛʘʪʝʣʷ Eevee ʠ Cycles 

ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ Blender ʠ ʧʨʝʜʣʘʛʘʶʪ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʥʘʩʪʨʦʝʢ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠ ʘʥʠʤʘʮʠʡ. 

ʄʦʞʥʦ ʚʳʙʨʘʪʴ ʤʝʞʜʫ ʥʠʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʠ ʚʨʝʤʝʥʠ, ʜʦʩʪʫʧʥʦʛʦ ʜʣʷ 

ʨʝʥʜʝʨʠʥʛʘ. 

ɺ ʨʝʘʣʠʟʘʮʠʠ ʧʨʠʤʝʨʘ ʩʦʟʜʘʥʠʷ ʪʝʢʩʪʫʨʳ  

çɹʝʣʘʷ ʢʘʤʝʥʥʘʷ ʧʦʨʦʜʘè ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

Cycles ʜʚʠʛʘʪʝʣʴ ʠ ʧʨʦʮʝʜʫʨʥʳʝ ʰʝʡʜʝʨʳ. 

ɿʘʧʫʩʢʘʝʤ ʧʨʦʛʨʘʤʤʫ Blender. ɿʘʛʨʫʞʘʝʪʩʷ 

ʧʨʠʚʝʪʩʪʚʝʥʥʦʝ ʦʢʥʦ, ʟʘʢʨʳʚ ʢʦʪʦʨʦʝ, ʦʪʢʨʦʝʪʩʷ 

ʰʘʙʣʦʥʥʳʡ ʬʘʡʣ ʩʦ ʩʮʝʥʦʡ ʠʟ ʪʨʝʭ ʦʙʲʝʢʪʦʚ ï ʢʫʙ, 

ʦʩʚʝʱʝʥʠʝ ʠ ʢʘʤʝʨʘ. ʅʘʤ ʦʥʠ ʥʝ ʥʫʞʥʳ, ʚʳʜʝʣʷʝʤ 

ʚʩʝ ʦʙʲʝʢʪʳ ʟʘʞʘʚ ʇʂʄ ʠ ʫʜʘʣʷʝʤ ʥʘʞʘʪʠʝʤ ʥʘ 

ʢʣʘʚʠʰʫ delete. 

 

 
ʈʠʩʫʥʦʢ 10 ï ɻʣʘʚʥʦʝ ʦʢʥʦ ʧʨʦʛʨʘʤʤʳ 

 

ʉ ʧʦʤʦʱʴʶ ʩʦʯʝʪʘʥʠʷ ʢʣʘʚʠʰ shift + A 

ʜʦʙʘʚʣʷʝʤ UV-sphere, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʟʜʝʣʝ 

mesh. ʊʝʧʝʨʴ ʜʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʙʫʜʫʱʠʭ 

ʰʝʡʜʝʨʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʠʛʦʥʦʚ ʥʘ ʩʬʝʨʝ. ɼʣʷ ʵʪʦʛʦ ʧʝʨʝʭʦʜʠʤ ʥʘ 

ʚʢʣʘʜʢʫ modifiers (ʧʠʢʪʦʛʨʘʤʤʘ - ʛʘʝʯʥʳʡ ʢʣʶʯ) ʚ 

ʧʨʘʚʦʤ ʫʛʣʫ ʩ ʠʥʩʪʨʫʤʝʥʪʘʤʠ. ʂʣʠʢʘʝʤ ʥʘ 

ʜʦʙʘʚʣʝʥʠʝ ʤʦʜʠʬʠʢʘʪʦʨʘ ʠ ʧʦʜʢʣʶʯʘʝʤ ʢ ʦʙʲʝʢʪʫ 

ʤʦʜʠʬʠʢʘʪʦʨ multiresolution. 

 

 
ʈʠʩʫʥʦʢ 11 ï ʄʝʥʶ ʚʳʙʦʨʘ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 

 

ɺ ʦʪʢʨʳʚʰʠʤʩʷ ʦʢʥʝ ʚʳʧʦʣʥʷʝʤ ʢʦʤʘʥʜʫ 

subdivide ʪʨʠʞʜʳ. ʕʪʦ ʫʚʝʣʠʯʠʪ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʣʠʛʦʥʦʚ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ. ɼʘʣʝʝ 

ʫʚʝʣʠʯʠʚʘʝʤ ʦʢʥʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ʠ ʚʳʙʠʨʘʝʤ Shader 

editor. 

 
ʈʠʩʫʥʦʢ 12 ï ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʢʥʦ ʨʘʙʦʪʳ ʩ 

ʰʝʡʜʝʨʘʤʠ 

 

ʇʦ ʮʝʥʪʨʫ ʚʥʠʟ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʦʢʥʦ ʨʘʙʦʪʳ ʩ 

ʰʝʡʜʝʨʘʤʠ. ʅʘʞʘʪʠʝʤ New ʥʘʯʥʝʤ ʨʘʙʦʪʫ ʩ 

ʰʝʡʜʝʨʘʤʠ. ɺ ʦʢʥʝ ʧʦʷʚʷʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʰʝʡʜʝʨʘ 

ï principled BSDF ʠ Material output. ʇʨʝʞʜʝ ʯʝʤ 

ʨʘʙʦʪʘʪʴ ʩ ʰʝʡʜʝʨʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ, 

ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ ʩʝʙʷ ʧʨʦʮʝʜʫʨʥʳʝ ʰʝʡʜʝʨʳ ʠ 

ʢʘʢʦʝ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ. ɼʘʣʝʝ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʚʩʝ 

ʰʝʡʜʝʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʨʘʙʦʪʝ. 

ʇʨʦʮʝʜʫʨʥʳʝ ʰʝʡʜʝʨʳ ʚ Blender 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʘʣʛʦʨʠʪʤʦʚ, ʘ ʥʝ 

ʥʘ ʦʩʥʦʚʝ ʪʝʢʩʪʫʨʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʠ ʨʝʘʣʠʩʪʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ 

ʬʦʪʦʛʨʘʬʠʡ ʠʣʠ ʪʝʢʩʪʫʨ. ʇʨʦʮʝʜʫʨʥʳʝ ʰʝʡʜʝʨʳ ʚ 

Blender ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ 

ʵʬʬʝʢʪʦʚ, ʢʘʢ ʤʨʘʤʦʨ, ʰʝʨʦʭʦʚʘʪʦʩʪʴ, ʰʫʤʳ, 

ʧʦʚʨʝʞʜʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʆʥʠ 

ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʣʦʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪʩʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʦʩʚʝʱʝʥʠʝ ʠʣʠ ʨʘʩʩʪʦʷʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʦʮʝʜʫʨʥʳʭ ʰʝʡʜʝʨʦʚ ʚ Blender ʜʘʝʪ ʙʦʣʴʰʫʶ 

ʛʠʙʢʦʩʪʴ ʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʵʬʬʝʢʪʦʚ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʪʠʣʝʡ ʠ ʘʪʤʦʩʬʝʨ, ʦʪ 

ʨʝʘʣʠʩʪʠʯʥʳʭ ʜʦ ʘʙʩʪʨʘʢʪʥʳʭ. ʉ ʠʭ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʠ 

ʜʝʪʘʣʠʟʘʮʠʶ ʚ 3D-ʩʮʝʥʳ.[8] 

ʐʝʡʜʝʨ-ʥʦʜʘ Material Output ʚ Blender 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ ʤʘʪʝʨʠʘʣʘ ʠ ʝʛʦ ʚʳʚʦʜʘ ʥʘ ʵʢʨʘʥ. ʆʥʘ 

ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʥʦʜʦʡ ʚ ʛʨʘʬʝ ʤʘʪʝʨʠʘʣʘ ʠ 

ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʦʡ ʰʝʡʜʝʨ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ. ʅʘ ʰʝʡʜʝʨ-ʥʦʜʝ Material 

Output ʝʩʪʴ ʚʭʦʜʳ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʰʝʡʜʝʨʦʚ. ʊʘʢʞʝ Material Output ʠʤʝʝʪ ʚʳʭʦʜ, 

ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʫʟʣʫ Surface ʚ ʛʨʘʬʝ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʦʪ ʚʳʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʰʝʡʜʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ ʧʨʠ 

ʨʝʥʜʝʨʠʥʛʝ. Material Output ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʩʦʟʜʘʥʠʠ ʨʝʘʣʠʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʠʭ ʚʠʟʫʘʣʴʥʳʭ ʩʚʦʡʩʪʚ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʦʪʦʙʨʘʞʝʥʠʷ 

ʦʙʲʝʢʪʘ ʠ ʩʦʟʜʘʚʘʪʴ ʩʣʦʞʥʳʝ ʵʬʬʝʢʪʳ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʙʠʥʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʰʝʡʜʝʨʦʚ. 

ʐʝʡʜʝʨ principled BSDF ʚ Blender - ʵʪʦ 

ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʰʝʡʜʝʨ, ʢʦʪʦʨʳʡ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ 
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ʨʝʘʣʠʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʥ ʦʙʲʝʜʠʥʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʩʚʦʡʩʪʚ ʠ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʦʯʝʥʴ ʫʜʦʙʥʳʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ 

ʤʘʪʝʨʠʘʣʦʚ. ʆʅ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʥʘʩʪʨʦʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʆʜʠʥ 

ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ - ʵʪʦ ʙʘʟʦʚʳʡ ʮʚʝʪ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʦʩʥʦʚʥʦʡ 

ʦʪʪʝʥʦʢ. ʊʘʢʞʝ ʤʦʞʥʦ ʥʘʩʪʨʦʠʪʴ ʜʨʫʛʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʪʘʢʠʝ ʢʘʢ ʤʝʪʘʣʣʠʯʥʦʩʪʴ, ʛʨʫʙʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʨʦʟʨʘʯʥʦʩʪʴ, ʦʪʨʘʞʝʥʠʝ ʠ 

ʧʨʝʣʦʤʣʝʥʠʝ ʩʚʝʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʰʝʡʜʝʨʘ 

principled BSDF ʷʚʣʷʝʪʩʷ ʝʛʦ ʬʠʟʠʯʝʩʢʘʷ ʦʩʥʦʚʘ. 

ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʘʭ ʬʠʟʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ 

ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʧʘʨʘʤʝʪʨʳ ʤʝʪʘʣʣʠʯʥʦʩʪʠ ʠ ʛʨʫʙʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ ʨʘʟʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʤʝʪʘʣʣʳ, 

ʧʣʘʩʪʠʢ ʠʣʠ ʢʦʞʘ. ʐʝʡʜʝʨ principled BSDF ʪʘʢʞʝ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʪʝʢʩʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. 

ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʢʩʪʫʨʳ ʜʣʷ ʥʘʩʪʨʦʡʢʠ 

ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʠʭ ʢʘʢ 

ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʚʝʪʦʚʳʝ ʦʪʪʝʥʢʠ ʠʣʠ 

ʜʘʞʝ ʥʘʢʣʘʜʳʚʘʪʴ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʦʙʲʝʢʪʳ. 

ʐʝʡʜʝʨ principled BSDF ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ 

ʰʝʡʜʝʨʦʤ ʚ Blender ʠ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʢʘʢ ʚ 

ʨʝʥʜʝʨ-ʜʚʠʞʢʝ Eevee, ʪʘʢ ʠ ʚ Cycles. ʆʥ 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʨʝʘʣʠʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʠ ʨʘʙʦʪʝ ʩ 

ʤʘʪʝʨʠʘʣʘʤʠ ʚ Blender. 

ʐʝʡʜʝʨ-ʥʦʜʘ Displacement ʚ Blender 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʠʟʘʮʠʠ ʠ 

ʪʝʢʩʪʫʨʥʦʛʦ ʩʤʝʱʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ ʚʦ 

ʚʨʝʤʷ ʨʝʥʜʝʨʠʥʛʘ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʚʘʤ ʠʟʤʝʥʷʪʴ 

ʛʝʦʤʝʪʨʠʶ ʦʙʲʝʢʪʘ, ʜʦʙʘʚʣʷʪʴ ʚʳʩʦʪʥʳʝ ʜʝʪʘʣʠ ʠ 

ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʳ ʨʝʣʴʝʬʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ 

ʰʝʡʜʝʨ-ʥʦʜʳ Displacement ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʢʘʨʪʳ ʚʳʩʦʪ, ʪʘʢʠʝ ʢʘʢ ʪʝʢʩʪʫʨʳ, 

ʠʟʦʙʨʘʞʝʥʠʷ ʠʣʠ ʧʨʦʮʝʜʫʨʥʳʝ ʰʫʤʳ, ʯʪʦʙʳ ʟʘʜʘʪʴ 

ʬʦʨʤʫ ʠ ʨʝʣʴʝʬʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʝʢʪʘ. ɺʳ 

ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʤʝʱʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ 

ʤʘʩʰʪʘʙ, ʩʠʣʫ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʩʤʝʱʝʥʠʷ, ʯʪʦʙʳ 

ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ ʵʬʬʝʢʪʘ. Displacement-ʵʬʬʝʢʪ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʢʩʪʫʨʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʘʤʝʥʴ, ʛʨʫʙʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʪʨʝʱʠʥʳ ʠʣʠ ʜʘʞʝ ʨʝʘʣʠʩʪʠʯʥʳʝ 

ʜʝʪʘʣʠ ʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʦʞʘ ʠʣʠ 

ʪʢʘʥʴ. 

ʐʝʡʜʝʨ-ʥʦʜʘ Noise Texture ʚ Blender 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʮʝʜʫʨʥʦʛʦ ʰʫʤʘ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ, ʜʦʙʘʚʣʝʥʠʝ 

ʜʝʪʘʣʝʡ ʠ ʩʦʟʜʘʥʠʝ ʨʝʘʣʠʩʪʠʯʥʦʩʪʠ ʚ ʤʘʪʝʨʠʘʣʘʭ. 

Noise Texture ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʪʠʧʳ ʰʫʤʘ, ʪʘʢʠʝ ʢʘʢ ʧʝʨʣʠʥʦʚʳʡ ʰʫʤ, ʰʫʤ 

ɺʦʨʦʥʦʛʦ ʠ ʰʫʤ ʉʠʤʧʣʝʢʩʘ. ɺʳ ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ 

ʧʘʨʘʤʝʪʨʳ ʰʫʤʘ, ʪʘʢʠʝ ʢʘʢ ʤʘʩʰʪʘʙ, ʜʝʪʘʣʠʟʘʮʠʶ, 

ʦʢʪʘʚʳ ʠ ʪʠʧ ʰʫʤʘ, ʯʪʦʙʳ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ 

ʵʬʬʝʢʪʘ. ʊʘʢʞʝ ʰʝʡʜʝʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʢʩʪʫʨ, ʪʘʢʠʭ ʢʘʢ ʤʨʘʤʦʨ, 

ʜʝʨʝʚʦ, ʦʙʣʘʢʘ ʠʣʠ ʛʨʘʚʠʡ ʣʠʙʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʵʬʬʝʢʪʦʚ ʩʪʘʨʝʥʠʷ, ʢʦʨʨʦʟʠʠ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ. 

ʐʝʡʜʝʨ-ʥʦʜʘ Mix Shader ʚ Blender 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʤʝʰʠʚʘʥʠʷ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ 

ʰʝʡʜʝʨʦʚ ʚ ʤʘʪʝʨʠʘʣʝ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʨʦʧʦʨʮʠʠ ʩʤʝʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʰʝʡʜʝʨʦʚ ʠ ʩʦʟʜʘʚʘʪʴ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ. Mix 

Shader ʠʤʝʝʪ ʜʚʘ ʚʭʦʜʘ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʰʝʡʜʝʨʦʚ, 

ʢʦʪʦʨʳʝ ʥʫʞʥʦ ʩʤʝʰʘʪʴ. ʅʘ ʰʝʡʜʝʨʝ ʝʩʪʴ ʪʘʢʞʝ 

ʪʨʝʪʠʡ ʚʭʦʜ - ʬʘʢʪʦʨ. ʕʪʦʪ ʚʭʦʜ ʦʧʨʝʜʝʣʷʝʪ, ʢʘʢʘʷ 

ʯʘʩʪʴ ʧʝʨʚʦʛʦ ʰʝʡʜʝʨʘ ʠ ʢʘʢʘʷ ʯʘʩʪʴ ʚʪʦʨʦʛʦ 

ʰʝʡʜʝʨʘ ʙʫʜʝʪ ʚʠʜʥʘ ʚ ʠʪʦʛʦʚʦʤ ʤʘʪʝʨʠʘʣʝ. ʌʘʢʪʦʨ 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʫʨʳ ʠʣʠ 

ʜʨʫʛʠʭ ʰʝʡʜʝʨ-ʥʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʩʣʦʞʥʳʝ ʵʬʬʝʢʪʳ ʩʤʝʰʠʚʘʥʠʷ. Mix Shader ʪʘʢʞʝ 

ʠʤʝʝʪ ʚʳʭʦʜ, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʰʝʡʜʝʨ-

ʚʭʦʜʫ ʚ ʤʘʪʝʨʠʘʣʝ. ʕʪʦʪ ʚʳʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʠʪʦʛʦʚʳʡ ʩʤʝʰʘʥʥʳʡ ʰʝʡʜʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʪʦʙʨʘʞʝʥʠʷ ʦʙʲʝʢʪʘ. ʐʝʡʜʝʨ-

ʥʦʜʘ Mix Shader ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʟʨʘʯʥʦʩʪʴ, 

ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʝ ʠ ʪ. ʜ. ʆʥʘ ʪʘʢʞʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 

ʛʣʷʥʮʝʚʦʩʪʴ, ʤʘʪʦʚʦʩʪʴ ʠ ʪ. ʜ. 

ʐʝʡʜʝʨ emission ʚ Blender ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʪʠʧ ʰʝʡʜʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʫ 

ʠʟʣʫʯʘʪʴ ʩʚʝʪ. ʆʥ ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ ʩʚʝʯʝʥʠʷ ʠʣʠ 

ʩʘʤʦʟʘʞʠʛʘʥʠʷ ʦʙʲʝʢʪʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʚʠʜʠʤʳʤ 

ʜʘʞʝ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʦʩʚʝʱʝʥʠʷ. ʐʝʡʜʝʨ 

emission ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ ʧʘʨʘʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʥʘʩʪʨʦʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʆʜʠʥ ʠʟ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ - ʵʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʷʨʢʦʩʪʴ ʠ ʤʦʱʥʦʩʪʴ 

ʠʟʣʫʯʘʝʤʦʛʦ ʩʚʝʪʘ. ɺʳ ʪʘʢʞʝ ʤʦʞʝʪʝ ʥʘʩʪʨʦʠʪʴ 

ʮʚʝʪ ʩʚʝʯʝʥʠʷ, ʚʳʙʨʘʚ ʥʫʞʥʳʡ ʮʚʝʪ ʠʣʠ ʠʩʧʦʣʴʟʫʷ 

ʪʝʢʩʪʫʨʫ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʵʬʬʝʢʪʦʚ. 

ʐʝʡʜʝʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʄʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʦʩʚʝʱʝʥʠʷ ʚ ʩʮʝʥʝ ʠʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʘ 

ʛʦʨʷʱʝʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʘʢʦʛʦ ʢʘʢ ʩʚʝʪʷʱʘʷʩʷ ʣʘʚʘ 

ʠʣʠ ʛʦʨʷʱʠʡ ʫʛʦʣʴ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʰʝʡʜʝʨ 

emission ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʦʣʴʢʦ ʜʣʷ 

ʵʤʠʩʩʠʚʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʥʝ ʙʫʜʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ ʚ ʩʮʝʥʝ ʚ 

ʦʪʥʦʰʝʥʠʠ ʦʪʨʘʞʝʥʠʷ ʠʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ. ʆʥ 

ʩʦʟʜʘʝʪ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠ ʩʚʝʯʝʥʠʝ 

ʦʙʲʝʢʪʘ. 

ʐʝʡʜʝʨ blackbody ʚ Blender - ʵʪʦ 

ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ 

ʤʘʪʝʨʠʘʣʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʚʝʯʝʥʠʝ ʥʘʛʨʝʪʳʭ 

ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʘʛʨʝʪʳʝ ʤʝʪʘʣʣʳ ʠʣʠ ʦʛʦʥʴ. 

ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʟʘʢʦʥʝ ʠʟʣʫʯʝʥʠʷ ʘʙʩʦʣʶʪʥʦ 

ʯʝʨʥʦʛʦ ʪʝʣʘ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 

ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʙʲʝʢʪʘ ʠ ʝʛʦ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʟʣʫʯʝʥʠʷ. ʐʝʡʜʝʨ blackbody 

ʧʦʟʚʦʣʷʝʪ ʥʘʩʪʨʦʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʲʝʢʪʘ, ʯʪʦ 

ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʮʚʝʪ ʠ ʷʨʢʦʩʪʴ. ʄʦʞʥʦ ʚʳʙʨʘʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʂʝʣʴʚʠʥʘʭ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʝʜʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ, ʪʘʢʠʭ ʢʘʢ 

ʩʦʣʥʮʝ ʠʣʠ ʩʚʝʯʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʰʝʡʜʝʨʘ 
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blackbody ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʥʘʩʪʨʘʠʚʘʪʴ ʮʚʝʪʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʚʳʙʨʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ, ʝʛʦ ʮʚʝʪ ʙʫʜʝʪ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʠʟʠʯʝʩʢʠʤʠ ʟʘʢʦʥʘʤʠ ʠʟʣʫʯʝʥʠʷ. ʐʝʡʜʝʨ 

blackbody ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚʤʝʩʪʝ ʩ 

ʜʨʫʛʠʤʠ ʰʝʡʜʝʨʘʤʠ ʚ Blender ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ 

ʩʣʦʞʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʧʨʠʤʝʨ, ʝʛʦ 

ʤʦʞʥʦ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʩ ʰʝʡʜʝʨʦʤ principled BSDF 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʥʘʛʨʝʪʳʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʨʘʟʥʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ. 

ʐʝʡʜʝʨ math ʚ ʧʨʦʛʨʘʤʤʝ Blender - ʵʪʦ 

ʫʜʦʙʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʚʠʟʫʘʣʴʥʳʭ ʵʬʬʝʢʪʦʚ ʠ ʪʝʢʩʪʫʨ. ʆʥ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ, ʦʧʝʨʘʮʠʠ ʠ ʢʦʥʩʪʘʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʩʣʦʞʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʐʝʡʜʝʨ math 

ʧʨʝʜʣʘʛʘʝʪ ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʣʦʞʝʥʠʝ, ʚʳʯʠʪʘʥʠʝ, 

ʫʤʥʦʞʝʥʠʝ, ʜʝʣʝʥʠʝ, ʚʦʟʚʝʜʝʥʠʝ ʚ ʩʪʝʧʝʥʴ ʠ 

ʠʟʚʣʝʯʝʥʠʝ ʢʦʨʥʷ. ɽʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʚʢʣʶʯʘʝʪ 

ʪʘʢʞʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ, ʪʘʢʠʝ ʢʘʢ 

ʩʠʥʫʩ, ʢʦʩʠʥʫʩ, ʪʘʥʛʝʥʩ, ʘʨʢʩʠʥʫʩ, ʘʨʢʢʦʩʠʥʫʩ ʠ 

ʘʨʢʪʘʥʛʝʥʩ. ʕʪʠ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤʠ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʫʩʣʦʚʠʡ ʜʣʷ ʘʥʠʤʘʮʠʠ ʪʝʢʩʪʫʨ ʠʣʠ 

ʵʬʬʝʢʪʦʚ. ɺ ʰʝʡʜʝʨʝ math ʪʘʢʞʝ ʜʦʩʪʫʧʥʳ 

ʬʫʥʢʮʠʠ ʜʣʷ ʦʢʨʫʛʣʝʥʠʷ ʯʠʩʝʣ, ʛʝʥʝʨʘʮʠʠ 

ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ, ʨʘʙʦʪʳ ʩ ʚʝʢʪʦʨʘʤʠ ʠ ʤʘʪʨʠʮʘʤʠ, 

ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʮʚʝʪʘʤʠ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʠʥʪʝʨʝʩʥʳʝ 

ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ, ʪʘʢʠʝ ʢʘʢ ʛʨʘʜʠʝʥʪʳ, ʰʫʤʳ, 

ʨʝʘʣʠʩʪʠʯʥʦʝ ʦʩʚʝʱʝʥʠʝ ʠ ʪʝʢʩʪʫʨʠʨʦʚʘʥʠʝ. 

ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʝʡʜʝʨʘ math 

ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʰʫʤʘ ʇʝʨʣʠʥʘ ʠʣʠ ʰʝʡʜʝʨʘ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʝʘʣʠʩʪʠʯʥʦʡ ʪʝʢʩʪʫʨʳ ʤʝʪʘʣʣʘ ʠʣʠ 

ʜʝʨʝʚʘ. ʄʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ ʰʝʡʜʝʨʘ 

math ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʮʚʝʪʘ, ʦʪʨʘʞʝʥʠʷ, 

ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʦʙʲʝʢʪʘ. ʐʝʡʜʝʨ 

math ʚ Blender ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʠ 

ʵʬʬʝʢʪʦʚ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʆʥ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʴʟʦʚʘʪʝʣʶ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʘʣʛʦʨʠʪʤʳ ʠ ʣʦʛʠʢʫ 

ʩʦʟʜʘʥʠʷ ʪʝʢʩʪʫʨ ʠ ʵʬʬʝʢʪʦʚ, ʦʪʢʨʳʚʘʷ ʥʦʚʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʚʦʨʯʝʩʪʚʘ. 

ʐʝʡʜʝʨ Ambient occlusion ʚ Blender 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʝʮʠʘʣʴʥʫʶ ʥʘʩʪʨʦʡʢʫ 

ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʩʠʤʫʣʠʨʦʚʘʪʴ 

ʦʢʨʫʞʘʶʱʠʡ ʩʚʝʪ ʠ ʫʣʫʯʰʘʝʪ ʨʝʘʣʠʩʪʠʯʥʦʩʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷ. Ambient occlusion - ʵʪʦ ʵʬʬʝʢʪ, 

ʢʦʪʦʨʳʡ ʫʯʠʪʳʚʘʝʪ ʦʩʚʝʱʝʥʠʝ ʥʘʭʦʜʷʱʠʭʩʷ ʨʷʜʦʤ 

ʦʙʲʝʢʪʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʪʝʥʝʡ, 

ʢʦʪʦʨʳʝ ʵʪʠ ʦʙʲʝʢʪʳ ʩʦʟʜʘʶʪ ʜʨʫʛ ʥʘ ʜʨʫʛʝ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ, ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʚʳʛʣʷʜʝʪʴ ʙʦʣʝʝ 

ʦʙʲʝʤʥʳʤʠ ʠ ʨʝʘʣʠʩʪʠʯʥʳʤʠ. ɺ ʮʝʣʦʤ, ʰʝʡʜʝʨ 

Ambient occlusion ʚ Blender - ʵʪʦ ʤʦʱʥʳʡ 

ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʨʝʘʣʠʩʪʠʯʥʳʭ ʠ 

ʦʙʲʝʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ 

ʪʝʥʷʤʠ ʠ ʦʩʚʝʱʝʥʠʝʤ ʦʙʲʝʢʪʦʚ ʚ ʩʮʝʥʝ, ʯʪʦ ʜʝʣʘʝʪ 

ʠʭ ʙʦʣʝʝ ʛʣʫʙʦʢʠʤʠ ʠ ʚʳʨʘʟʠʪʝʣʴʥʳʤʠ. 

ʇʦʩʣʝ ʥʘʩʪʨʦʡʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʜʫʨʥʳʭ 

ʰʝʡʜʝʨʦʚ, ʤʦʞʥʦ ʟʘʚʝʨʰʘʪʴ ʨʘʙʦʪʫ. ɺ ʦʢʥʝ ʩ 

ʦʙʲʝʢʪʘʤʠ ʥʘʞʠʤʘʝʤ ʢʣʘʚʠʰʫ Z ʠ ʚʳʙʠʨʘʝʤ ʨʝʞʠʤ 

rendered. ɺ ʦʢʥʝ ʰʝʡʜʝʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʘʮʠʠ 

shift + A ʜʦʙʘʚʣʷʝʤ ʥʝʦʙʭʦʜʠʤʳʝ ʰʝʡʜʝʨʳ, 

ʩʦʝʜʠʥʷʝʤ ʠ ʚʳʩʪʘʚʣʷʝʤ ʠʭ ʟʥʘʯʝʥʠʷ ʢʘʢ ʥʘ 

ʨʠʩʫʥʢʝ 4. 

 

 
ʈʠʩʫʥʦʢ 13 ï ɻʦʪʦʚʳʝ ʰʝʡʜʝʨʳ 

 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ ʦʩʪʘʣʦʩʴ 

ʚʳʩʪʘʚʠʪʴ ʢʘʤʝʨʫ ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʩʪʨʦʡʢʠ ʨʝʥʜʝʨʘ. 

ɺ ʦʢʥʝ ʦʙʲʝʢʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʦʯʝʪʘʥʠʷ ʢʣʘʚʠʰ shift 

+ A ʜʦʙʘʚʣʷʝʤ ʢʘʤʝʨʫ, ʥʘʞʠʤʘʝʤ ʥʘ ʥʝʸ ʠ 

ʥʘʧʨʘʚʣʷʝʤ ʥʘ ʦʙʲʝʢʪ ʩ ʧʦʤʦʱʴʶ ʢʦʤʙʠʥʘʮʠʠ G + 

X, G + Y, G + Z. ʅʘʞʘʚ ʥʘ ʠʢʦʥʢʫ ʢʘʤʝʨʳ ʩʧʨʘʚʘ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʢʘʢ ʦʥʘ ʟʘʭʚʘʪʳʚʘʝʪ ʦʙʲʝʢʪ. 

ʇʝʨʝʢʣʶʯʝʥʠʝ ʚʠʜʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 5. 

 

 
ʈʠʩʫʥʦʢ 14 ï ʇʝʨʝʢʣʶʯʝʥʠʝ ʚʠʜʘ ʥʘ ʚʠʜ ʠʟ ʢʘʤʝʨʳ 

 

ɼʘʣʝʝ ʧʝʨʝʭʦʜʠʤ ʚ ʥʘʩʪʨʦʡʢʫ ʨʝʥʜʝʨʘ 

ʢʥʦʧʢʦʡ. ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʧʘʥʝʣʠ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʧʨʘʚʘ. ɺ ʧʝʨʚʳʭ ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ ʚʳʙʠʨʘʝʤ Cycles, 

experimental, CPU ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʠʞʝ ʥʘʭʦʜʠʤ 

ʚʢʣʘʜʢʫ Sampling ʠ ʚ ʧʦʜʢʣʘʜʢʝ render ʚʧʠʩʳʚʘʝʤ ʚ 

Max samples  ʟʥʘʯʝʥʠʝ 64. ɺ  ʩʧʠʩʢʝ ʥʘʩʪʨʦʝʢ 

ʥʘʭʦʜʠʤ performance, ʚ ʧʦʜʢʣʘʜʢʝ memory ʜʣʷ tile 

size ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʟʥʘʯʝʥʠʝ 64. 

ʇʝʨʝʭʦʜʠʤ ʚʦ ʚʢʣʘʜʢʫ output, ʚʦ ʚʢʣʘʜʢʝ 

format ʚʳʙʠʨʘʝʤ ʫʜʦʙʥʦʝ ʨʘʟʨʝʰʝʥʠʝ 

(ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ, 1000px ʥʘ 1000px). ɺʦ ʚʢʣʘʜʢʝ 

output ʚʳʙʠʨʘʝʤ ʧʦʜʭʦʜʷʱʠʡ ʬʦʨʤʘʪ (JPEG) ʠ 

ʚʳʩʪʘʚʣʷʝʤ ʥʘʩʪʨʦʡʢʫ quality ʥʘ 100%. 

ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ ʧʝʨʝʧʨʦʚʝʨʠʪʴ ʚʩʝ 

ʥʘʩʪʨʦʡʢʠ, ʠ ʝʩʣʠ ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʳʤ 

ʧʘʨʘʤʝʪʨʘʤ, ʥʘʞʠʤʘʝʤ render ï render image ʚ 

ʣʝʚʦʤ ʚʝʨʭʥʝʤ ʫʛʣʫ. 

ɺʘʞʥʦʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʦʝ 

ʠʪʦʛʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʝ ʩʦʭʨʘʥʠʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ɽʛʦ ʥʫʞʥʦ ʩʦʭʨʘʥʷʪʴ ʚʨʫʯʥʫʶ. 
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ʇʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʜʝʡʩʪʚʠʡ ʧʦʣʫʯʝʥ 

ʨʝʟʫʣʴʪʘʪ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 6. 

 

 
ʈʠʩʫʥʦʢ 15 ï ʈʝʟʫʣʴʪʘʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

 

ʄʦʞʥʦ ʚʳʥʝʩʪʠ ʚʳʚʦʜ, ʯʪʦ Blender ʷʚʣʷʝʪʩʷ 

ʣʫʯʰʝʡ ʩʨʝʜʦʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʚ ʵʪʦʡ ʩʬʝʨʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʣʶʩʦʚ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ 

ʜʦʩʪʫʧʥʳʡ ʠʥʪʝʨʬʝʡʩ; ʚ ʩʣʫʯʘʝ ʦʰʠʙʢʠ ʠʣʠ 

ʥʝʧʦʥʷʪʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʛʨʘʤʤʘ ʯʘʩʪʦ 

ʦʙʥʦʚʣʷʝʪʩʷ, ʘ ʚ ʩʦʦʙʱʝʩʪʚʘʭ ʦʪʚʝʪʷʪ ʥʘ ʣʶʙʦʡ 

ʥʝʧʦʥʷʪʥʳʡ ʜʣʷ ʚʘʩ ʚʦʧʨʦʩ; ʠ ʛʣʘʚʥʦʝ, ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ Blender ʥʝ ʥʫʞʥʦ ʧʣʘʪʠʪʴ, 

ʧʨʦʛʨʘʤʤʘ ʙʝʩʧʣʘʪʥʘ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. Maya ï URL:(https://www.autodesk.com.sg/products/maya. 
3. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ Blender ï URL:https://www.blender.org/ 

4. Blender ï URL: https://ru.wikipedia.org/wiki/Blender. 

5. Blender Guru ï URL: https://www.blenderguru.com. 
6. Blender Stack Exchange URL: https://blender.stackexchange.com. 

7. BlenderArtists ï URL: https://blenderartists.org. 
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ʇʈʀɽʄʓ FUZZY  ʊɽʉʊʀʈʆɺɸʅʀʗ 

 

ʃʶʙʠʤʦʚʘ ʊʘʪʴʷʥʘ ɺʘʣʝʨʴʝʚʥʘ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

 

ɼʝʨʢʫʥʩʢʠʡ ɻʣʝʙ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
ʩʪʫʜʝʥʪ 1 ʢʫʨʩʘ ʛʨʫʧʧʳ ɺʄ 

 

ɸʣʝʬʠʨʦʚ ɸʣʝʢʩʘʥʜʨ ʇʝʪʨʦʚʠʯ 
ʩʪʫʜʝʥʪ 1 ʢʫʨʩʘ ʛʨʫʧʧʳ ɺʄ 

  

ʉʝʚʝʨʦ - ʢʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ  

ñɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ɺ.ɻ. ʐʫʭʦʚʘò  
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʪʘʢʦʡ ʤʝʪʦʜ ʪʝʩʪʠʨʦʚʘʥʠʷ, ʢʘʢ fuzzy ʪʝʩʪʠʨʦʚʘʥʠʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʦʙʳʯʥʳʭ ʤʝʪʦʜʦʚ, fuzzy ʛʘʨʘʥʪʠʨʫʝʪ ʥʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʠʣʦʞʝʥʠʷ. ʇʨʦʩʪʝʡʰʝʡ ʬʦʨʤʦʡ ʤʝʪʦʜʘ 

ʬʘʟʟʠʥʛʘ ʷʚʣʷʝʪʩʷ ʦʪʧʨʘʚʢʘ ʩʣʫʯʘʡʥʦʛʦ ʚʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʣʠʙʦ ʚ ʚʠʜʝ ʧʘʢʝʪʦʚ ʧʨʦʪʦʢʦʣʘ, ʣʠʙʦ 

ʚ ʚʠʜʝ ʩʦʙʳʪʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʧʝʨʝʜʘʯʠ ʩʣʫʯʘʡʥʦʛʦ ʚʚʦʜʘ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʦʠʩʢʘ ʦʰʠʙʦʢ ʚʦ ʤʥʦʛʠʭ 

ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʩʝʨʚʠʩʘʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, fuzzy ʪʝʩʪʠʨʦʚʘʥʠʝ, ʦʰʠʙʢʘ. 

 

ABSTRACT 

 

This article discusses such a testing method as fuzzy testing. Unlike conventional methods, fuzzy guarantees the 

reliability and security of the application. The simplest form of fuzzing method is to send random input to the software 

either as protocol packets or as an event. This method of passing random input is very effective for finding errors in 

many applications and services. 

Keywords: software, fuzzy testing, bug. 
 

 ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʝʟʦʧʘʩʥʦʡ ʠ ʥʘʜʝʞʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ. 

ʅʝʚʦʟʤʦʞʥʦ ʥʘʧʠʩʘʪʴ ʠʜʝʘʣʴʥʳʡ ʢʦʜ, ʢʦʪʦʨʳʡ ʥʝ 

ʪʨʝʙʫʝʪ ʧʨʘʚʦʢ, ʧʦʵʪʦʤʫ ʚ ʣʶʙʦʤ ʥʘʧʠʩʘʥʥʦʤ ʢʦʜʝ 

ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʰʠʙʢʠ ʠ 

ʫʷʟʚʠʤʦʩʪʠ. ʂʘʢ ʠ ʚ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʠ, 

ʦʩʦʟʥʘʥʠʝ ʵʪʦʛʦ ʧʨʠʭʦʜʠʪ ʪʦʣʴʢʦ ʩ ʦʧʳʪʦʤ. ʊʦ ʞʝ 

ʩʘʤʦʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ IT ʚ ʮʝʣʦʤ, ʠ ʢ ʨʘʟʨʘʙʦʪʢʝ ʚ 

ʯʘʩʪʥʦʩʪʠ: ʢʘʞʜʘʷ ʢʦʤʧʘʥʠʷ ʠʣʠ ʢʦʤʘʥʜʘ 

ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʚʦʝʤ ʫʨʦʚʥʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ. ʅʝʢʦʪʦʨʳʝ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ 

ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʥʠʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ. 

ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʧʨʝʨʳʚʥʘʷ ʠʥʪʝʛʨʘʮʠʷ ʥʝ 

ʚʥʝʜʨʝʥʘ, ʪʦʛʜʘ ʨʝʯʴ ʦ ʥʦʨʤʘʣʴʥʦʤ ʪʝʩʪʠʨʦʚʘʥʠʠ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝ 

ʠʜʝʪ[1]. 

ʊʨʘʜʠʮʠʦʥʥʘʷ ʧʨʘʢʪʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʜʘʥʥʳʭ 

ʧʨʠ ʚʭʦʜʝ ʚ ʧʨʦʛʨʘʤʤʫ: ʧʨʘʚʠʣʴʥʳʭ, ʧʦʯʪʠ 

ʧʨʘʚʠʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʩʣʫʯʘʝʚ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, 

ʯʪʦ ʢʦʜ ʨʘʙʦʪʘʝʪ ʧʨʘʚʠʣʴʥʦ ʠ ʥʝ ʩʦʜʝʨʞʠʪ 

ʩʝʨʴʝʟʥʳʭ ʦʰʠʙʦʢ ʚ ʣʦʛʠʢʝ. ʆʜʥʘʢʦ, ʢʘʯʝʩʪʚʦ 

ʧʨʦʚʝʨʢʠ ʟʘʚʠʩʠʪ ʦʪ ʢʘʯʝʩʪʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʩʪʦʚ. 

ʌʠʢʩʠʨʦʚʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʩʪʦʚ ʥʝ ʤʦʞʝʪ 

ʦʭʚʘʪʠʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ ʚʭʦʜʥʳʭ 

ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ ʝʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ, ʯʪʦ 

ʚʘʞʥʳʡ ʩʣʫʯʘʡ ʙʳʣ ʧʨʦʧʫʱʝʥ ʠ ʥʝ ʙʳʣ ʚʢʣʶʯʝʥ ʚ 

ʥʘʙʦʨ ʪʝʩʪʦʚ, ʘ ʢʦʜ ʚʩʝ ʨʘʚʥʦ ʩʦʜʝʨʞʠʪ ʦʰʠʙʢʫ, 

ʢʦʪʦʨʫʶ ʦʧʳʪʥʳʡ ʭʘʢʝʨ ʩʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

ʇʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʠʝ ʩʙʦʝʚ ʠʣʠ ʥʝʥʦʨʤʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʦʞʥʦ 

ʧʨʝʢʨʘʪʠʪʴ. ʆʜʥʘʢʦ, ʧʨʦʩʪʦ ʧʝʨʝʙʠʨʘʪʴ ʚʩʝ 

ʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ ʪʘʢʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪʦʤ, 

ʪʘʢ ʢʘʢ ʥʘ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʩʣʠʰʢʦʤ ʤʥʦʛʦ 

ʨʝʩʫʨʩʦʚ[2]. 

 ʕʪʦ ʠʤʝʥʥʦ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʚʩʪʫʧʘʝʪ ʚ 

ʠʛʨʫ fuzzing. ʕʪʦʪ ʤʝʪʦʜ ʦʙʲʝʜʠʥʷʝʪ ʣʫʯʰʝʝ ʠʟ 

ʜʚʫʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ. ʄʳ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʤʩʷ ʧʨʝʜʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʪʝʩʪʦʚʳʭ ʩʣʫʯʘʝʚ, ʘ ʧʦʩʪʦʷʥʥʦ ʛʝʥʝʨʠʨʫʝʤ 

ʩʣʫʯʘʡʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʥʘʰʝʛʦ ʢʦʜʘ. ʇʨʠ 

ʵʪʦʤ ʢʘʞʜʘʷ ʥʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪ 

ʠʥʬʦʨʤʘʮʠʶ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʧʦʧʳʪʦʢ ʜʣʷ 

ʤʘʢʩʠʤʠʟʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ. 
 Fuzzing - ʵʪʦ ʪʝʭʥʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʯʘʩʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ 

ʠʣʠ ʧʦʣʫʘʚʪʦʤʘʪʠʯʝʩʢʘʷ, ʢʦʪʦʨʘʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʧʝʨʝʜʘʯʝ ʧʨʠʣʦʞʝʥʠʶ (ʢʦʜʫ, ʘʣʛʦʨʠʪʤʫ) ʥʝʚʝʨʥʳʭ, 

ʩʣʫʯʘʡʥʦ ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʠʣʠ ʥʝʢʦʨʨʝʢʪʥʳʭ 

ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʥʘʟʳʚʘʶʪʩʷ fuzz. 
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ɺ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʚʦʟʤʦʞʥʳʝ ʦʰʠʙʢʠ: ʚʳʙʨʦʩ ʠʩʢʣʶʯʝʥʠʡ, ʫʪʝʯʢʘ 

ʧʘʤʷʪʠ, ʟʘʢʦʣʴʮʦʚʘʥʥʦʩʪʴ ʬʫʥʢʮʠʠ, ʥʘʨʫʰʝʥʠʷ 

ʣʦʛʠʢʠ ʘʣʛʦʨʠʪʤʦʚ. Fuzzing ʷʚʣʷʝʪʩʷ ʚʠʜʦʤ 

ʪʝʩʪʠʨʦʚʘʥʠʷ - ʤʝʪʦʜʦʤ çʏʸʨʥʦʛʦ ʷʱʠʢʘè, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʧʨʦʜʫʢʪʝ ʠ ʵʣʝʤʝʥʪʘʭ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʠ ʘʧʧʘʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʩʠʩʪʝʤ).  

ʏʪʦʙʳ ʧʨʦʪʝʩʪʠʨʦʚʘʪʴ fuzzing, ʥʘʠʣʫʯʰʠʤ 

ʦʙʨʘʟʦʤ ʧʦʜʭʦʜʠʪ ʢʦʜ, ʢʦʪʦʨʳʡ ʧʨʠʥʠʤʘʝʪ ʩʣʦʞʥʦ 

ʫʩʪʨʦʝʥʥʳʝ ʜʘʥʥʳʝ: ʨʘʟʣʠʯʥʳʝ ʵʥʢʦʜʝʨʳ ʠ 

ʜʝʢʦʜʝʨʳ, ʢʨʠʧʪʦʛʨʘʬʠʶ, ʩʝʪʝʚʳʝ ʧʨʦʪʦʢʦʣʳ, 

ʢʦʜʝʢʠ ʠ ʪ. ʜ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʝʪʦʜʳ API ʯʘʩʪʦ 

"ʚʳʭʦʜʷʪ ʥʘʨʫʞʫ" ʠ ʦʙʨʘʙʘʪʳʚʘʶʪ ʥʝ ʜʦʚʝʨʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʯʪʦ ʜʝʣʘʝʪ fuzzing -ʪʝʩʪʠʨʦʚʘʥʠʝ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʳʤ[3]. 

ʉ ʧʦʤʦʱʴʶ fuzzing ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ 

ʣʶʙʳʝ ʦʰʠʙʢʠ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ 

ʪʝʩʪʠʨʦʚʘʥʠʷ, ʥʦ ʯʘʱʝ ʚʩʝʛʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ: ʜʝʣʝʥʠʝ ʥʘ 0, ʚʳʜʝʣʝʥʠʝ ʩʣʠʰʢʦʤ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʧʘʤʷʪʠ, ʚʳʭʦʜ ʟʘ ʛʨʘʥʠʮʳ 

ʤʘʩʩʠʚʘ, ʦʰʠʙʢʠ ʩʝʛʤʝʥʪʘʮʠʠ, ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ 

ʧʦʪʨʝʙʣʝʥʠʝ ʨʝʩʫʨʩʦʚ ʧʘʤʷʪʠ ʠ ʧʨʦʮʝʩʩʦʨʘ, 

ʩʣʠʰʢʦʤ ʦʙʲʝʤʥʳʝ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʧʦʧʘʜʘʥʠʝ 

ʧʨʦʛʨʘʤʤʳ ʚ ʙʝʩʢʦʥʝʯʥʳʡ ʮʠʢʣ ʠʣʠ ʨʝʢʫʨʩʠʶ, 

ʩʦʩʪʦʷʥʠʝ ʛʦʥʢʠ, ʟʘʧʠʩʴ ʚ ʟʘʢʨʳʪʳʡ ʢʘʥʘʣ. 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʦʰʠʙʦʢ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʢʪʦʨʦʚ ʜʣʷ DoS-ʘʪʘʢʠ 

ʥʘ ʩʝʨʚʝʨ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʟʚʝʨʥʫʪʦ ʧʨʠʣʦʞʝʥʠʝ. 

ʉ ʧʦʤʦʱʴʶ fuzzing ʚʦʟʤʦʞʥʦ ʩʨʘʚʥʠʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʨʝʘʣʠʟʘʮʠʡ 

ʘʣʛʦʨʠʪʤʘ - ʩʣʦʞʥʦʡ ʠ ʙʳʩʪʨʦʡ, ʥʦ, ʚʦʟʤʦʞʥʦ, 

ʤʝʥʝʝ ʥʘʜʝʞʥʦʡ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʤʝʜʣʝʥʥʦʡ ʠ 

ʥʘʜʝʞʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. Fuzzing ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʭ 

ʪʠʧʦʚ: 

¶ fuzzing ʥʘ ʦʩʥʦʚʝ ʤʫʪʘʮʠʡ: ʧʨʦʩʪʦʪʘ ʠʭ ʩʦʟʜʘʥʠʷ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʠʟʤʝʥʷʶʪ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʦʙʨʘʟʮʳ ʜʘʥʥʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ. ʍʦʪʷ ʵʪʦ ʤʦʞʝʪ 

ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʨʠʤʠʪʠʚʥʦʤʫ ʬʘʟʟʝʨʫ, ʝʛʦ ʚʩʝ ʞʝ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʤʠ 

ʬʘʟʟʝʨʘʤʠ ʧʫʪʝʤ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʦʚ ʠ ʠʟʤʝʥʝʥʠʷ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʯʘʩʪʝʡ ʠʣʠ ʩʦʭʨʘʥʝʥʠʷ ʦʙʱʝʡ 

ʩʪʨʫʢʪʫʨʳ ʚʚʦʜʘ. 

¶ fuzzing ʥʘ ʦʩʥʦʚʝ ʛʝʥʝʨʘʮʠʠ: ʵʪʦʪ ʪʠʧ ʬʘʟʟʝʨʘ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʠʥʪʝʣʣʝʢʪʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʪʝʩʪʦʚʳʭ ʜʘʥʥʳʭ ʩ ʥʫʣʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʭʦʜʥʦʡ 

ʤʦʜʝʣʠ. ʆʙʳʯʥʦ ʦʥ ʨʘʟʙʠʚʘʝʪ ʧʨʦʪʦʢʦʣ ʠʣʠ ʬʦʨʤʘʪ 

ʬʘʡʣʘ ʥʘ ʬʨʘʛʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ ʚ 

ʜʦʧʫʩʪʠʤʦʤ ʧʦʨʷʜʢʝ. 

¶ fuzzing ʥʘ ʦʩʥʦʚʝ ʧʨʦʪʦʢʦʣʘ: ʩʘʤʳʡ ʫʩʧʝʰʥʳʡ 

ʬʘʟʟʝʨ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʝʪʘʣʴʥʦʝ ʟʥʘʥʠʝ ʬʦʨʤʘʪʘ 

ʧʨʦʪʦʢʦʣʘ, ʚʢʣʶʯʘʷ ʝʛʦ ʩʧʝʮʠʬʠʢʘʮʠʶ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʦʚʘʪʴ ʪʝʩʪʦʚʳʝ ʜʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ 

ʤʦʜʝʣʠ ʠ ʜʦʙʘʚʣʷʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚ ʩʦʜʝʨʞʠʤʦʝ 

ʜʘʥʥʳʭ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠ ʪ.ʜ. ʊʘʢʦʡ ʬʘʟʟʝʨ 

ʪʘʢʞʝ ʠʟʚʝʩʪʝʥ ʢʘʢ ʩʠʥʪʘʢʩʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʛʨʘʤʤʘʪʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠʣʠ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʘʜʝʞʥʦʩʪʠ. ʆʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʜʘʥʥʳʝ ʠʣʠ ʩʦʟʜʘʚʘʪʴ ʜʦʧʫʩʪʠʤʳʝ, 

ʠʣʠ ʥʝʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʚʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʪʝʩʪʦʚʳʭ ʩʣʫʯʘʝʚ.[5]. 

ɺ ʩʦʦʙʱʝʩʪʚʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʯʝʪʢʠʭ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʦʧʨʝʜʝʣʝʥʠʡ ʠ 

ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʜʣʷ ʤʝʪʦʜʘ fuzzing. ʅʘ ʨʠʩʫʥʢʝ 1 

ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦʧʳʪʢʫ ʦʧʠʩʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʚʘʨʠʘʮʠʠ ʧʦʧʫʣʷʨʥʳʭ ʬʘʟʟʝʨʦʚ. 

 

 
ʈʠʩʫʥʦʢ 1 ï ɺʘʨʠʘʮʠʷ ʧʦʧʫʣʷʨʥʳʭ ʬʘʟʟʝʨʦʚ 

 

ʇʨʦʩʪʝʡʰʠʡ ʤʝʪʦʜ fuzzing ʩʦʩʪʦʠʪ ʚ 

ʦʪʧʨʘʚʢʝ ʩʣʫʯʘʡʥʦʛʦ ʚʚʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ, ʚ ʬʦʨʤʘʪʝ ʧʘʢʝʪʦʚ ʧʨʦʪʦʢʦʣʘ ʠʣʠ 

ʩʦʙʳʪʠʷ. ʕʪʦʪ ʤʝʪʦʜ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʧʦʠʩʢʘ 

ʦʰʠʙʦʢ ʚʦ ʤʥʦʛʠʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠ ʩʝʨʚʠʩʘʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ 


