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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. çɺʆʇʈʆʉʓ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʈɸɿɺʀʊʀʗ ɺ 

ʅɸʋʂɽ, ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè // ɾʫʨʥʘʣ ʧʦ ʤʘʪʝʨʠʘʣʘʤ XXX  ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʄʠʥʝʨʘʣʴʥʳʝ ɺʦʜʳ: ʉʂʌ ɹɻʊʋ ʠʤ. ɺ. ɻ. ʐʫʭʦʚʘ, - ˉ2(18) 

2024. ï300 ʩ. 

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

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɺʆʇʈʆʉʓ ʀʅʅʆɺɸʎʀʆʅʅʆɻʆ ʈɸɿɺʀʊʀʗ ɺ ʅɸʋʂɽ, 

ʆɹʈɸɿʆɺɸʅʀʀ ʀ ʇʈʆʀɿɺʆɼʉʊɺɽè ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʘʨʭʠʪʝʢʪʫʨʘ *ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ *ʪʨʘʥʩʧʦʨʪ *ʵʢʦʣʦʛʠʷ 

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

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

*ʧʨʘʚʦ* ʧʦʣʠʪʦʣʦʛʠʷ *ʶʨʠʩʧʨʫʜʝʥʮʠʷ 26 ʘʧʨʝʣʷ 2024 ʛ., ʧʦʩʚʷʱʝʥʥʘʷ ʶʙʠʣʝʶ ɹɻʊʋ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ. 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʋʅ ˉ2 (18) 2024 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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ʇʦʧʦʚʘ ʆʣʴʛʘ ʀʚʘʥʦʚʥʘ 

 

126-132 

26.  ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀɽ ʉʀʉʊɽʄʓ ʋʇʈɸɺʃɽʅʀʗ ʇʈɽɼʇʈʀʗʊʀɽʄ ʅɸ ʆʉʅʆɺɽ 
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ʀʅʅʆɺɸʎʀʀ ɺ ʉʆɺʈɽʄɽʅʅʆʁ ʄɸʊɽʄɸʊʀʂɽ, ʌʀɿʀʂʀ, ʍʀʄʀʀ, ɹʀʆʃʆɻʀʀ. 

 ʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʀ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 
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ʉʆɺʈɽʄɽʅʅʓɽ ʅɸʇʈɸɺʃɽʅʀʗ ɺ ʇɽɼɸɻʆɻʀʂɽ, ʀʉʊʆʈʀʀ, ʌʀʃʆʉʆʌʀʀ ʀ ʉʆʎʀʆʃʆɻʀʀ.  

ʃʀʅɻɺʀʉʊʀʂɸ. ʌʀʃʆʃʆɻʀʗ. 

ɺʆʇʈʆʉʓ ʉʆɺʈɽʄɽʅʅʆɻʆ ʇʈɸɺɸ ʀ ʖʈʀʉʇʈʋɼɽʅʎʀʀ 
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ɹʫʢʨʝʝʚ ɼʤʠʪʨʠʡ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 
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ʋɼʂ 628.1 

ʈɽʎɽʅɿʀʗ  

ʅɸ ʄʆʅʆɻʈɸʌʀʖ çʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʈɽʉʋʈʉʆʉɹɽʈɽɻɸʖʑʀʍ 

ʊɽʍʅʆʃʆɻʀʁ ɺ ʉʀʉʊɽʄɸʍ ʆɹʆʈʆʊʅʆɻʆ ɺʆɼʆʉʅɸɹɾɽʅʀʗ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ʇʈɽɼʇʈʀʗʊʀʁè 
ɸʚʪʦʨʳ: ʅʠʢʦʣʝʥʢʦ ʀ.ɺ., ʄʦʚʯʘʥ ʉ. ʀ. 

ʤʦʥʦʛʨʘʬʠʷ ʦʙʲʝʤʦʤ 196 ʩʪʨ. 

ʄʘʪʝʨʠʘʣʳ ʤʦʥʦʛʨʘʬʠʠ ʚʳʰʣʠ ʚ ʠʟʜʘʪʝʣʴʩʪʚʝ ʈʋʉɸʁʅʉ  

(ʛ. ʄʦʩʢʚʘ) 

ʄʦʥʦʛʨʘʬʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʢ ʦʧʫʙʣʠʢʦʚʘʥʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʩʦʚʝʪʦʤ 

ʌɻɸʆʋ ɺʆ çʂʨʳʤʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè 

 
ɼʝʬʠʮʠʪ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ 

ʛʣʦʙʘʣʴʥʦʡ ʤʠʨʦʚʦʡ 

ʧʨʦʙʣʝʤʦʡ.   ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʠʢʪʫʝʪʩʷ 

ʢʘʢ ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʪʘʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ. ʆʪ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʢʘʯʝʩʪʚʦ ʠ ʩʝʙʝʩʪʦʠʤʦʩʪʴ 

ʚʳʧʫʩʢʘʝʤʦʡ    ʧʨʦʜʫʢʮʠʠ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʧʦʪʨʝʙʣʝʥʠʝ 

ʚʦʜʳ ʥʘ   ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʘʢ ʧʦ ʝʝ ʢʦʣʠʯʝʩʪʚʫ ʠ ʢʘʯʝʩʪʚʫ, ʪʘʢ 

ʠ ʧʦ ʨʦʣʠ ʚʦʜʳ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʦʩʥʦʚʥʳʭ  

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʪʦʠʤʦʩʪʠ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʧʦʩʣʝʜʫʶʱʝʡ   ʫʪʠʣʠʟʘʮʠʝʡ ʪʚʸʨʜʳʭ ʠ 

ʞʠʜʢʠʭ ʦʙʝʟʚʦʞʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʵʢʦʥʦʤʠʠ ʚʦʜʳ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʩʥʠʞʝʥʠʝ  ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʳʧʫʩʢʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʠ ʩʫʱʝʩʪʚʝʥʥʦʛʦ   ʫʤʝʥʴʰʝʥʠʷ ʦʙʲʸʤʦʚ ʩʙʨʦʩʘ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʚ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ. 

ʄʦʥʦʛʨʘʬʠʷ ʧʦ ʦʙʲʝʤʫ ʠ ʩʦʜʝʨʞʘʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʟʘʚʝʨʰʸʥʥʦʤʫ ʥʘʫʯʥʦʤʫ 

ʪʨʫʜʫ ʩ ʫʛʣʫʙʣʝʥʠʝʤ ʠʟʫʯʝʥʠʷ ʦʜʥʦʡ ʪʝʤʳ ʩ 

ʦʙʦʙʱʝʥʠʝʤ ʠ ʘʥʘʣʠʟʦʤ ʚ ʥʘʫʯʥʳʭ ʠ ʪʝʤʘʪʠʯʝʩʢʠ   

ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʠʩʪʝʤʘʭ  

ʦʙʦʨʦʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʥʦʛʨʘʬʠʠ ʧʦʩʚʷʱʝʥʘ 

ʩʦʚʨʝʤʝʥʥʳʤ ʤʝʪʦʜʘʤ ʦʯʠʩʪʢʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʪʦʯʥʳʭ ʚʦʜ, ʢʦʥʩʪʨʫʢʮʠʷʤ ʜʣʷ ʠʭ ʨʝʘʣʠʟʘʮʠʠ,  ʘ ʪʘʢʞʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ    ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʯʘʩʪʠʮ ʧʨʠʤʝʩʝʡ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ, 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʸʤʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ 

ʦʩʘʜʢʦʚ ʠ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷʧʨʠ ʦʯʠʩʪʢʝ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʛʘʣʴʚʘʥʠʯʝʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ,   ʦʙʨʘʙʦʪʢʠ ʦʙʝʟʚʦʞʝʥʥʳʭ ʦʩʘʜʢʦʚ ʜʣʷ 

ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ  ʧʨʠʤʝʥʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ ʤʘʪʝʨʠʘʣʘʭ. 

ʄʘʪʝʨʠʘʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʤʦʥʦʛʨʘʬʠʠ, 

ʠʤʝʶʪ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ 

ʣʦʢʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʩʠʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʚ ʧʨʦʮʝʩʩʘʭ ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ, 

ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʪʦʢʦʚ ʠ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʝ ʦʙʝʟʚʦʞʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ 

ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʷ. 

 

 

 

ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʟʘʤʝʩʪʠʪʝʣʴ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʜʠʨʝʢʪʦʨʘ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʝ 

ʈʦʩʩʠʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʚʦʜʦʦʪʚʝʜʝʥʠʷ (ʈɸɺɺ), 

ʇʨʝʜʩʝʜʘʪʝʣʴʊʂ343"ʂʘʯʝʩʪʚʦ ʚʦʜʳ "ʈʦʩʩʪʘʥʜʘʨʪʘ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʈʍʊʋ ʠʤ. ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

 

 

 

 

 

ʉʘʤʙʫʨʩʢʠʡɻ.ɸ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʤ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʙʝʩʢʘʨʢʘʩʥʦʛʦ ʧʘʥʝʣʴʥʦʛʦ ʞʠʣʠʱʘ ʤʘʩʩʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʦʚ ʚ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ ɹʝʣʛʦʨʦʜʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ ʪʠʧʦʚʳʭ ʩʝʨʠʡ ʠ ʠʭ ʤʦʜʠʬʠʢʘʮʠʡ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʢʨʫʧʥʦʧʘʥʝʣʴʥʦʛʦ 

ʜʦʤʦʩʪʨʦʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ ʩ 1960-ʭ ʛʦʜʦʚ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʝʩʢʘʨʢʘʩʥʦʛʦ ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʫʣʫʯʰʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ ʞʠʣʠʱʘ ʚ ʧʨʝʜʣʦʞʝʥʠʷʭ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʧʘʥʝʣʴʥʳʭ 

ʜʦʤʦʚ ɹʝʣʛʦʨʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʧʘʥʝʣʴʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ,ʧʘʥʝʣʴʥʘʷ ʟʘʩʪʨʦʡʢʘ, 

ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʝ ʜʦʤʘ, ʤʘʩʩʦʚʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʬʫʥʢʮʠʦʥʘʣʠʟʤ, ʧʦʣʠʭʨʦʤʠʷ 

 

ABSTRACT 

 

The article is devoted to architectural and compositional, urban planning, constructive, functional and 

technological features of frameless panel housing of mass construction of various periods in the development of the city 

of Belgorod. Examples of standard series and their modifications used in urban development, individual projects of 

large-panel housing construction used in urban development from the 1960s to the present are considered. The features 

of regional frameless panel housing construction are revealed, options for improving the compositional and functional 

qualities of housing in proposals for the reconstruction and overhaul of panel houses in Belgorod are considered. 

Keywords:housing construction, panel housing, panel buildings, large-panel houses, mass construction, 

functionalism, polychromy 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʨʭʠʪʝʢʪʫʨʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʦʚ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʤʘʩʩʦʚʦʡ ʧʘʥʝʣʴʥʦʡ 

ʟʘʩʪʨʦʡʢʠ. ɺʳʩʦʢʦʤʫ ʩʦʮʠʘʣʴʥʦʤʫ ʟʘʧʨʦʩʫ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ 

ʞʠʣʴʷ, ʚ ʤʘʣʳʭ ʠ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʙʳʚʰʝʛʦ ʉʉʉʈ, 

ʥʘʯʠʥʘʷ ʩ 1960-ʭ ʛʦʜʦʚ, ʦʪʚʝʯʘʣʠ ʧʘʥʝʣʴʥʳʝ ʜʦʤʘ, 

ʦʪʣʠʯʘʚʰʠʝʩʷ ʩʢʦʨʦʩʪʴʶ ʚʦʟʚʝʜʝʥʠʷ.ʊʠʧʦʚʘʷ 

ʧʘʥʝʣʴʥʘʷ ʞʠʣʘʷ ʟʘʩʪʨʦʡʢʘ, ʦʩʦʙʝʥʥʦ ʨʘʥʥʠʭ 

ʩʝʨʠʡ, ʦʪʚʝʯʘʚʰʘʷ ʫʧʨʦʱʝʥʥʳʤ ʦʪʨʘʞʝʥʠʝʤ ʠʜʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʤʘ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʠʪʠʢʫʝʤʦʡ ʩ 

ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʪʦʨʦʥ [1ï

4].ʅʘʩʣʝʜʠʝ ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʩ ʦʪʢʨʳʪʦʡ 

ʩʠʩʪʝʤʦʡ ʨʘʟʨʝʟʢʠ ʬʘʩʘʜʦʚ ʩʝʪʢʦʡ ʤʝʞʧʘʥʝʣʴʥʳʭ 

ʰʚʦʚ, ʤʘʣʳʝ ʧʣʦʱʘʜʠ ʢʫʭʦʥʴ, ʧʨʦʭʦʜʥʳʝ ʢʦʤʥʘʪʳ, 

ʥʝʜʦʩʪʘʪʦʢ ʤʝʩʪ ʜʣʷ ʭʨʘʥʝʥʠʷ, ʫʟʢʠʝ ʜʣʠʥʥʳʝ 

ʢʦʨʠʜʦʨʳ,ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ 

ʢʚʘʨʪʠʨ, ʥʠʟʢʠʝ ʪʝʧʣʦ- ʠ ʰʫʤʦʠʟʦʣʷʮʠʦʥʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʢʦʥʩʪʨʫʢʮʠʡʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ 

ʚʦʧʨʦʩʘʤʠ ʚ ʫʩʣʦʚʠʷʭ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʝʥʦʚʘʮʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʘʥʝʣʴʥʦʛʦ ʞʠʣʦʛʦ ʬʦʥʜʘ ʠ ʥʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ[5ï8].  

ʆʙʲʝʢʪ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝʧʘʥʝʣʴʥʳʝ ʞʠʣʳʝ ʜʦʤʘ ʛʦʨʦʜʘ 

ɹʝʣʛʦʨʦʜʘ ʟʘʩʪʨʦʡʢʠ ʨʘʟʥʳʭ ʧʝʨʠʦʜʦʚ. ʇʨʝʜʤʝʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ, 

ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ, 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʙʝʩʢʘʨʢʘʩʥʦʛʦ ʢʨʫʧʥʦʧʘʥʝʣʴʥʦʛʦ ʞʠʣʠʱʘ 

ʤʘʩʩʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʚʳʷʚʣʝʥʠʝ 

ʦʩʦʙʝʥʥʦʩʪʝʡʨʝʛʠʦʥʘʣʴʥʦʛʦ ʙʝʩʢʘʨʢʘʩʥʦʛʦ 

ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʠ ʚʘʨʠʘʥʪʦʚ ʫʣʫʯʰʝʥʠʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʘʯʝʩʪʚ 

ʞʠʣʠʱʘ ʚ ʧʨʦʮʝʩʩʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ. 
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ʆʩʥʦʚʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ ʚ 

ʛʦʨʦʜʝ ɹʝʣʛʦʨʦʜʝ ʥʘʯʘʣʦʩʴ ʚ ʥʘʯʘʣʝ 1960-ʭ ʛʦʜʦʚ. ʉ 

ʥʘʯʘʣʘ 60-ʭ ʜʦ ʩʝʨʝʜʠʥʳ 70-ʭ ʛʦʜʦʚ ʝʞʝʛʦʜʥʳʡ 

ʚʚʦʜ ʞʠʣʴʷ ʩʦʩʪʘʚʣʷʣ ʧʦʨʷʜʢʘ 100 ʪʳʩ. ʢʚ. ʤ. ɿʘ 

ʵʪʦʪ ʧʝʨʠʦʜ 95 % ʚʚʝʜʝʥʥʦʛʦ ʞʠʣʴʷ ʩʦʩʪʘʚʣʷʣʘ 

ʟʘʩʪʨʦʡʢʘ ʩʨʝʜʥʝʡ ʵʪʘʞʥʦʩʪʠ [7, 8]. 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʨʝʜʠ 

ʧʘʥʝʣʴʥʦʡ 5-ʪʠ ʵʪʘʞʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ ʧʦʣʫʯʠʣʘ 

ʩʝʨʠʷ 1-464ɸ ï ʤʦʜʠʬʠʢʘʮʠʷ ʦʙʱʝʩʦʶʟʥʦʡ ʩʝʨʠʠ 

1-464, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʥʩʪʠʪʫʪʦʤ ʎʅʀʀʕʇ ʞʠʣʠʱʘ 

ʚ 1968 ʛʦʜʫ[7ï10]. ʉʝʨʠʷ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ 

ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚʦ II  ʠ III  

ʩʪʨʦʠʪʝʣʴʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ. ɼʦʤʘ ʜʘʥʥʦʡ 

ʩʝʨʠʠ ʙʝʩʯʝʨʜʘʯʥʳʝ; ʚ ʪʦʨʮʘʭ ʚ ʜʚʘ ʨʷʜʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʦʢʥʘ ʙʝʟ ʙʘʣʢʦʥʦʚ. ɹʝʟʣʠʬʪʦʚʘʷ 

ʚʝʨʩʠʷ ʜʦʤʘ ʩʝʨʠʠ 1-464ɸ ʠʤʝʝʪ ʜʚʫʭ-, ʪʨʝʭ- ʠ 

ʯʝʪʳʨʝʭʢʦʤʥʘʪʥʳʝ ʢʚʘʨʪʠʨʳ. ɺʩʝ ʢʚʘʨʪʠʨʳ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʫʛʣʦʚʳʭ, ʚʳʭʦʜʷʪ ʥʘ ʦʜʥʫ ʩʪʦʨʦʥʫ. 

ʂʨʫʧʥʦʧʘʥʝʣʴʥʳʡ ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʡ ʞʠʣʦʡ 

ʜʦʤ ʩʝʨʠʠ 1-464ɸ ʠʟ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʙʣʦʢ-

ʩʝʢʮʠʡʧʝʨʝʢʨʸʩʪʥʦ-ʩʪʝʥʦʚʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʦʡ. ʅʘʨʫʞʥʳʝ ʧʘʥʝʣʠ ï ʩ çʫʟʢʠʤ ʰʘʛʦʤè, 

ʰʠʨʠʥʦʡ 2,6 ʠ 3,2 ʤʝʪʨʘ. ʅʘʨʫʞʥʳʝ ʧʘʥʝʣʠ 

ʦʢʨʘʰʝʥʥʳʝ ʩ ʛʨʘʚʠʡʥʦʡ ʦʙʩʳʧʢʦʡ. ɹʘʣʢʦʥʳ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʘʥʝʣʷʭ ʰʠʨʠʥʦʡ 3,2 ʤ. 

ʇʝʨʝʢʨʳʪʠʷ ð ʩʧʣʦʰʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʣʠʪʳ 

ʪʦʣʱʠʥʦʡ 100 ʤʤ. ʇʝʨʝʛʦʨʦʜʢʠ ï ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ, 

ʩʧʣʦʰʥʦʛʦ ʩʝʯʝʥʠʷ, ʪʦʣʱʠʥʦʡ 120 ʤʤ. ɺʳʩʦʪʘ 

ʧʦʪʦʣʢʦʚ 2,5ʤ. 

ɼʦʩʪʦʠʥʩʪʚʘ ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ 

ʩʝʨʠʠ: ʨʘʟʜʝʣʴʥʳʝ ʩʘʥʫʟʣʳ, ʥʘʣʠʯʠʝ ʙʘʣʢʦʥʦʚ ʚʦ 

ʚʩʝʭ ʢʚʘʨʪʠʨʘʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʨʛʘʥʠʟʦʚʘʪʴ ʟʦʥʫ 

ʜʣʷ ʦʪʜʳʭʘ ʠ ʭʨʘʥʝʥʠʷ; ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʨʝʭʢʦʤʥʘʪʥʳʭ ʢʚʘʨʪʠʨ [8ï10]. 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʦʤʦʚ ʩʝʨʠʠ 1-464ɸ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ ʟʚʫʢʦ- ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʩʪʝʥ, 

ʥʘʣʠʯʠʝ ʧʨʦʭʦʜʥʳʭ ʢʦʤʥʘʪ, ʥʝʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ 

ʢʫʭʥʠ, ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ.  

ʅʘ ʨʠʩʫʥʢʘʭ 1ï7 ʧʨʠʚʝʜʝʥʳʬʦʪʦ ʞʠʣʳʭ 

ʜʦʤʦʚ ʩʝʨʠʠ 1-464ɸ, ʚʚʝʜʝʥʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʚ 

ʥʘʯʘʣʝ 1970-ʭ ʛʦʜʦʚ ʧʦ ʫʣ. ʂʦʩʪʶʢʦʚʘ, ʙʫʣʴʚʘʨʫ 1-

ʛʦ ʉʘʣʶʪʘ ʚ ʛʦʨʦʜʝ ɹʝʣʛʦʨʦʜʝ, ʠ ʩʭʝʤʘ ʧʣʘʥʘ 

ʪʠʧʦʚʦʛʦ ʵʪʘʞʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʩʪʦʷʥʠʝ 

ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ ʠʩʧʨʘʚʥʦʝ, ʠʟʥʦʩ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 28 

%.ʂʦʤʧʣʝʢʩʥʳʡ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʩ ʫʪʝʧʣʝʥʠʝʤ 

ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʠ ʚʚʝʜʝʥʠʝʤ ʚ ʦʪʜʝʣʢʝ ʬʘʩʘʜʦʚ 

ʧʦʣʠʭʨʦʤʠʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ 2015ï2017 ʛʦʜʘʭ. 

 

 
ʈʠʩʫʥʦʢ 1. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 1-464ɸ ʧʦ  

ʫʣ. ʂʦʩʪʶʢʦʚʘ, 2 

 

 
ʈʠʩʫʥʦʢ 2.ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 1-464ɸ ʧʦ  

ʫʣ. ʂʦʩʪʶʢʦʚʘ, 6 

 

 
ʈʠʩʫʥʦʢ 3. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 1-464ɸ  

ʧʦ ʫʣ. ʂʦʩʪʶʢʦʚʘ, 26 (ʚʠʜ ʩ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ) 

 

 
ʈʠʩʫʥʦʢ 4. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 1-464ɸ  

ʧʦ ʫʣ. ʂʦʩʪʶʢʦʚʘ, 26 (ʚʠʜ ʩ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʳ) 

 
ʈʠʩʫʥʦʢ 5. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 1-464  

ʧʦ ʫʣ. ʂʦʩʪʶʢʦʚʘ, 10 

 

https://ru.ruwiki.ru/wiki/1958_%D0%B3%D0%BE%D0%B4
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ʈʠʩʫʥʦʢ 6. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 1-464ɸ  

ʧʦ ʙʫʣʘʚʘʨʫ 1-ʛʦ ʉʘʣʶʪʘ, 2 

 
ʈʠʩʫʥʦʢ 7. ʇʣʘʥʠʨʦʚʢʘ ʪʠʧʦʚʦʛʦ ʵʪʘʞʘ ʜʦʤʘ ʩʝʨʠʠ 1-464ɸ 

 

ɺ ʢʦʥʮʝ 1960-ʭï1970-ʭ ʛʦʜʘʭ ʚ ʛʦʨʦʜʝ 

ɹʝʣʛʦʨʦʜʝ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʠ ʢʨʫʧʥʦʧʘʥʝʣʴʥʘʷ 

ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʪʠʧʦʚʘʷ ʩʝʨʠʷ II -32 (ʨʘʥʝʝ 

ʥʘʟʳʚʘʣʘʩʴ ɺʂ-32 (ʚʠʙʨʦʢʠʨʧʠʯʥʳʝ)). ʉʝʨʠʷ 

ʞʠʣʳʭ ʜʦʤʦʚ ʠʤʝʝʪ ʤʝʣʢʠʡ ʰʘʛ ʧʦʧʝʨʝʯʥʳʭ 

ʥʝʩʫʱʠʭ ʩʪʝʥ. ʅʘʨʫʞʥʳʝ ʩʪʝʥʳ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʜʦʤʦʚ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʚʠʙʨʦʢʠʨʧʠʯʥʳʭ ʧʘʥʝʣʝʡ 

ʪʦʣʱʠʥʦʡ 320 ʤʤ ʩ ʫʪʝʧʣʝʥʠʝʤ ʠʟ 

ʢʨʫʧʥʦʧʦʨʠʩʪʦʛʦ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʘ, ʪʦʨʮʝʚʳʝ 

ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ ï ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ. ɺʥʫʪʨʝʥʥʠʝ 

ʩʪʝʥʳ ï ʚʠʙʨʦʢʠʨʧʠʯʥʳʝ ʧʘʥʝʣʠ ʚ ʦʜʠʥ ʢʠʨʧʠʯ. 

ʇʝʨʝʢʨʳʪʠʷ ʠ ʥʘʨʫʞʥʳʝ ʪʦʨʮʝʚʳʝ ʩʪʝʥʳ ï 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʧʘʥʝʣʠ [9, 11].  

ʅʘ ʨʠʩʫʥʢʘʭ 8ï10 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦ ʜʦʤʦʚ 

ʩʝʨʠʠ II -32-130 ʚ ɹʝʣʛʦʨʦʜʝ ʜʦ ʠ ʧʦʩʣʝ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʘ ʨʠʩʫʥʢʝ 

3 ï ʩʭʝʤʘ ʧʣʘʥʠʨʦʚʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʪʠʧʦʚʦʡ ʩʝʨʠʠ 

II -32. 

ɺ ʟʘʩʪʨʦʡʢʝ ʧʘʥʝʣʴʥʳʤʠʤʥʦʛʦʢʚʘʨʪʠʨʥʳʤʠ 

ʞʠʣʳʤʠ ʜʦʤʘʤʠʢʨʦʤʝ ʩʝʨʠʡ II -32-130, 1-464ɸ ʚ 

ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ ɹʝʣʛʦʨʦʜʘ ʚ 1964ï1980-ʝ ʛʦʜʳ 

ʧʨʠʤʝʥʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʪʠʧʦʚʳʝ ʩʝʨʠʠ [7, 8]: 

- 111-88 (ʩʝʨʠʷ ʩ ʨʘʟʜʝʣʴʥʳʤʠ ʩʘʥʫʟʣʘʤʠ, 

ʧʨʦʩʪʦʨʥʳʤʠ ʢʦʤʥʘʪʘʤʠ ʩ ʣʦʜʞʠʷʤʠ, ʥʦ ʩ ʚʳʩʦʢʦʡ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʥʘʨʫʞʥʳʭ ʩʪʝʥ, ʥʝʜʦʩʪʘʪʦʯʥʦʡ 

ʰʫʤʦʠʟʦʣʷʮʠʝʡ, ʥʠʟʢʠʤʠ ʧʦʪʦʣʢʘʤʠ);  

- ʄ-335 (ʩʝʨʠʷ ʩ ʙʘʣʢʦʥʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ, ʥʦ ʩ ʩʦʚʤʝʱʝʥʥʳʤʠ ʩʘʥʫʟʣʘʤʠ ʠ 

ʥʝʙʦʣʴʰʠʤʠ ʧʣʦʱʘʜʷʤʠ ʢʫʭʦʥʴ ʠ ʢʦʤʥʘʪ); 

- ʂʧʜ 4570 (ʩʝʨʠʷ ʩ ʨʘʟʜʝʣʴʥʳʤʠ ʩʘʥʫʟʣʘʤʠ, 

ʥʦ ʥʝʙʦʣʴʰʠʤʠ ʢʫʭʥʷʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ 

ʧʦʪʦʣʢʘʤʠ ʠ ʙʘʣʢʦʥʘʤʠ ʥʝ ʚʦ ʚʩʝʭ ʢʚʘʨʪʠʨʘʭ); 

- ʂ-7 (ʩʝʨʠʷ ʩ ʨʘʟʜʝʣʴʥʳʤʠ ʩʘʥʫʟʣʘʤʠ, 

ʧʨʦʩʪʦʨʥʳʤʠ ʢʫʭʥʷʤʠ, ʥʦ ʩ ʚʳʩʪʫʧʘʶʱʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʘʥʝʣʝʡ, ï ʢʦʣʦʥʥʘʤʠ ʠ ʨʠʛʝʣʷʤʠ, ï ʧʦ 

ʫʛʣʘʤ ʢʦʤʥʘʪ; ʦʪʩʫʪʩʪʚʠʝʤ ʙʘʣʢʦʥʦʚ ʠ 

ʤʫʩʦʨʦʧʨʦʚʦʜʘ, ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʪʝʧʣʦ- ʠ 

ʟʚʫʢʦʠʟʦʣʷʮʠʠ); 

- II -35 (ʩʝʨʠʷ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ ʢʚʘʨʪʠʨ, ʥʦ ʩ ʥʝʚʳʩʦʢʠʤʢʘʯʝʩʪʚʦʤ 

ʤʝʞʧʘʥʝʣʴʥʳʭ ʰʚʦʚ, ʥʠʟʢʦʡ ʪʝʧʣʦ- ʠ 

ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ, ʥʝʚʳʩʦʢʠʤ ʩʘʥʠʪʘʨʥʳʤ ʢʘʯʝʩʪʚʦʤ 

ʫʪʝʧʣʠʪʝʣʝʡ, ʩʢʣʦʥʥʦʩʪʴʶ ʟʜʘʥʠʷ ʢ ʜʝʬʦʨʤʘʮʠʠ); 

- ʄɻ-300 (ʩʝʨʠʷ ʩ ʙʦʣʝʝ ʧʨʦʯʥʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʷʤʠ II -32 ʠ ʂ-

7; ʜʦʩʪʦʠʥʩʪʚʘ ʩʝʨʠʠ ï ʙʘʣʢʦʥʳ ʠ ʨʘʟʜʝʣʴʥʳʝ 

ʩʘʥʫʟʣʳ ʚ ʜʚʫʭ- ʠ ʪʨʝʭʢʦʤʥʘʪʥʳʭ ʢʚʘʨʪʠʨʘʭ; 

ʥʝʜʦʩʪʘʪʢʠ: ʥʝʚʳʩʦʢʘʷ ʧʨʦʯʥʦʩʪʴ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ 

ʧʦʤʝʱʝʥʠʡ). 

 

https://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE%D0%B1%D0%B5%D1%82%D0%BE%D0%BD
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ʈʠʩʫʥʦʢ 8. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ II -32-130 

ʧʦ ʫʣ. ʇʦʙʝʜʳ, 18 

 

 
ʈʠʩʫʥʦʢ 9. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ II -32-130 

ʧʦ ʫʣ. ʇʦʙʝʜʳ, 30 (ʧʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ) 

 

 
ʈʠʩʫʥʦʢ 10. ʉʭʝʤʘ ʪʠʧʦʚʦʡ ʧʣʘʥʠʨʦʚʢʠ ʩʝʨʠʠ II -32 

 

ɺ ʟʘʩʪʨʦʡʢʝ ɹʝʣʛʦʨʦʜʘ ʧʨʠʤʝʥʷʣʘʩʴ ʠ 

ʵʢʦʥʦʤʠʯʥʘʷ ʩʝʨʠʷ 111-83 ʩ ʧʨʦʩʪʦʨʥʦʡ 

ʧʣʘʥʠʨʦʚʢʦʡ ʦʜʥʦ-, ʜʚʫʭ-, ʪʨʝʭ- ʠ 

ʯʝʪʳʨʝʭʢʦʤʥʘʪʥʳʭ ʢʚʘʨʪʠʨ ʩ ʫʚʝʣʠʯʝʥʥʦʡ 

ʧʣʦʱʘʜʴʶ ʢʫʭʥʠ (8 ʢʚ. ʤ.). ʂʚʘʨʪʠʨʳ ʜʘʥʥʦʡ ʩʝʨʠʠ 

ʩ ʢʣʘʜʦʚʳʤʠ, ʣʦʜʞʠʷʤʠ, ʨʘʟʜʝʣʴʥʳʤʠ ʩʘʥʫʟʣʘʤʠ. 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʩʝʨʠʠ ʧʣʦʱʘʜʴ 

ʢʚʘʨʪʠʨ ʚ ʩʨʝʜʥʝʤ ʫʚʝʣʠʯʝʥʘ ʥʘ 10 ʢʚ. ʤ. [8]. 

ʀʟʤʝʥʷʷ ʥʘʢʣʘʜʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʦʛʨʘʞʜʝʥʠʷ ʣʦʜʞʠʡ, ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʝʨʠʠ ʧʦʣʫʯʠʣʠ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʬʘʩʘʜʦʚ ʞʠʣʳʭ ʜʦʤʦʚ. 

ɹʣʦʢʠʨʦʚʢʘ ʩʝʢʮʠʡ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ 

ʫʢʘʟʘʥʥʳʭ ʩʝʨʠʡ, ʦʪʩʫʪʩʪʚʠʝ ʛʣʫʙʦʢʦʡ ʧʣʘʩʪʠʢʠ 

ʬʘʩʘʜʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʷʚʣʷʣʠʩʴ ʬʘʢʪʦʨʦʤ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʞʠʣʠʱʘ [12]. 

5-ʪʠï16-ʪʠ ʵʪʘʞʥʳʝ ʜʦʤʘ ʠʟ ʧʘʥʝʣʝʡ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʚ 1970-ʝ ʛʦʜʳ, ʠʤʝʶʪ ʩʨʦʢ ʩʣʫʞʙʳ 

80ï100 ʣʝʪ [13, 14]. ɼʘʥʥʳʡ ʩʨʦʢ ʤʦʞʝʪ ʙʳʪʴ 

ʫʚʝʣʠʯʝʥ ʟʘ ʩʯʝʪ ʠʭ ʙʝʨʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʘʥʠʡ. 

ʅʘ ʧʨʠʤʝʨʝ ʞʠʣʦʛʦ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ 

ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʘ ʩʝʨʠʠ ʩʪʝʥ II -32-130, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʧʦ ʘʜʨʝʩʫ: ʛʦʨʦʜ ɹʝʣʛʦʨʦʜ, ʫʣʠʮʘ 

ʇʦʙʝʜʳ, ʜ. 18, ʘʚʪʦʨʦʤ ʧʫʙʣʠʢʘʮʠʠ [11] ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʦʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʩʪʦʠʤʦʩʪʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʥʘʜʩʪʨʦʡʢʦʡ ʜʚʫʭʫʨʦʚʥʝʚʦʡ 

ʤʘʥʩʘʨʜʳ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʥʳ ʧʦʢʘʟʘʪʝʣʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʝʢʪʘ. ɼʘʥʥʘʷ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ 

ʫʚʝʣʠʯʝʥʠʝ ʞʠʣʦʡ ʧʣʦʱʘʜʠ ʢʚʘʨʪʠʨ ʟʘ ʩʯʝʪ 

ʥʘʜʩʪʨʦʡʢʠ ʦʜʥʦ- ʠ ʜʚʫʭʵʪʘʞʥʳʭ ʤʘʥʩʘʨʜ, ʘ ʪʘʢʞʝ 

ʟʘ ʩʯʝʪ ʤʦʜʝʨʥʠʟʘʮʠʠ ʢʚʘʨʪʠʨ ʚʝʨʭʥʝʛʦ ʵʪʘʞʘ ʚ 

ʜʚʫʭʫʨʦʚʥʝʚʳʝ (ʙʝʟ ʦʪʩʝʣʝʥʠʷ ʞʠʣʴʮʦʚ ʥʘ ʚʨʝʤʷ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ). ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʞʠʣʦʛʦ ʜʦʤʘ ʧʫʪʝʤ ʧʨʠʚʣʝʯʝʥʠʷ 

ʠʥʚʝʩʪʠʮʠʡ ʠ ʩʨʝʜʩʪʚ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ çɾʠʣʠʱʝè, ʘ ʪʘʢʞʝ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʥʘ ʢʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʜʦʤʘ 

[11]. 

ʉ ʥʘʯʘʣʘ 1990-ʭ ʛʦʜʦʚ ʚ ʛʦʨʦʜʝ ɹʝʣʛʦʨʦʜʝ 

ʜʣʷ ʨʘʩʪʫʱʠʭ ʤʠʢʨʦʨʘʡʦʥʦʚ ʍʘʨʴʢʦʚʩʢʦʡ ʛʦʨʳ 

ʦʩʥʦʚʥʦʡ ʩʨʝʜʠ ʜʝʚʷʪʠʵʪʘʞʥʦʡ ʟʘʩʪʨʦʡʢʠ ʩʪʘʣʘ 91 

ʩʝʨʠʷ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ [7ï9, 15]. 

ʉʝʨʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʎʝʥʪʨʘʣʴʥʳʤ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʠ ʧʨʦʝʢʪʥʳʤ ʠʥʩʪʠʪʫʪʦʤ 

ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ (ʎʅʀʀʕʇ ʞʠʣʠʱʘ) ʚ 

1971 ʛ.ɺ 91 ʩʝʨʠʶʚʦʰʣʠ ʧʨʦʝʢʪʳ 5-ʪʠ, 9-ʪʠ ʠ 10-ʪʠ 

ʵʪʘʞʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚʠ ʙʣʦʢ-ʩʝʢʮʠʡ ʩ 

ʧʦʧʝʨʝʯʥʳʤʠʥʝʩʫʱʠʤʠ ʩʪʝʥʘʤʠ (ʰʘʛ ʩʪʝʥ 2,7 ʠ 3,3 

ʤ; ʧʨʦʣʝʪʳ 5,4 ʠ 6,0 ʤ). ʇʝʨʝʢʨʳʪʠʷ ʨʘʟʤʝʨʦʤ çʥʘ 

ʢʦʤʥʘʪʫè. 

ʉʝʨʠʷ 91 ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ 

ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʦʙʳʯʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ Iɺ, IIɺ, IIIɸ, IIIɹ, IIIɺ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʧʦʜʨʘʡʦʥʦʚ ʙʳʚʰʝʡ ʈʉʌʉʈ. ʉʝʨʠʷ ʨʝʢʦʤʝʥʜʦʚʘʥʘ 

ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʟʘʚʦʜʘʭ, 

ʚʳʧʫʩʢʘʶʱʠʭ ʜʝʪʘʣʠ ʜʦʤʦʚ ʩʝʨʠʠ 1-464ɸ (ʩ 

ʯʘʩʪʠʯʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʦʚʦʯʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʤʝʥʦʡ ʬʦʨʤ ʠ ʦʩʥʘʩʪʢʠ), ʘ ʪʘʢʞʝ 

ʥʘ ʩʪʨʦʷʱʠʭʩʷ ʟʘʚʦʜʘʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʚʳʧʫʩʢ 

ʜʝʪʘʣʝʡ ʜʦʤʦʚ ʩʝʨʠʠ 1-464ɸ.  
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ʈʠʩʫʥʦʢ 11. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91-014 ʧʦ ʧʨʦʩʧ. 

ɺʘʪʫʪʠʥʘ, 7 (ʧʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ) 

 

 
ʈʠʩʫʥʦʢ 12. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91-014 ʧʦ ʙʫʣʴʚʘʨʫ  

1-ʛʦ ʉʘʣʶʪʘ, 1 (ʧʦʩʣʝ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ) 

 

ɺ 1975 ʛʦʜʫ ʙʳʣ ʩʦʟʜʘʥ ɹʝʣʛʦʨʦʜʩʢʠʡ 

ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʳʡ ʢʦʤʙʠʥʘʪ (ʥʳʥʝ ɸʆ 

çɼʦʤʦʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷè), ʚʝʜʫʱʠʡ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ, 

ʜʝʪʩʢʠʭ ʩʘʜʦʚ, ʰʢʦʣ ʠ ʜʨʫʛʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ. ɺ 1986 ʛʦʜʫ ʢʦʤʙʠʥʘʪ ʧʨʝʦʙʨʘʟʦʚʘʥ ʚ 

ʧʨʦʝʢʪʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ 

çɹʝʣʛʦʨʦʜʧʨʦʝʢʪʩʪʨʦʡè.ʉ 1987 ʧʦ 1990 ʛʦʜʳ ʇʉʆ 

çɹʝʣʛʦʨʦʜʧʨʦʝʢʪʩʪʨʦʡè ʚʝʜʸʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʠʣʳʭ 

ʜʦʤʦʚ ʠ ʦʙʲʝʢʪʦʚ ʩʦʮʢʫʣʴʪʙʳʪʘ ʛʦʨʦʜʘ ʉʣʘʚʫʪʠʯʘ 

[16]. 

ʇʝʨʚʳʝ 9-ʪʠ ʵʪʘʞʥʳʝ ʜʦʤʘ 91 ʩʝʨʠʠ ʚ ʛʦʨʦʜʝ 

ɹʝʣʛʦʨʦʜʝ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʷʜʦʚʳʭ ʩʝʢʮʠʡ ʜʣʷ ʟʘʩʪʨʦʡʢʠ ʧʦ ʫʣʠʮʘʤ 

ʂʦʩʪʶʢʦʚʘ, ʂʦʨʦʣʝʚʘ, ʧʨʦʩʧ. ɺʘʪʫʪʠʥʘ, ʙʫʣʴʚʘʨʫ 1-

ʛʦ ʉʘʣʶʪʘʠ ʚʢʣʶʯʝʥʳ ʚ ʢʚʘʨʪʘʣʳ ʩ ʪʠʧʦʚʦʡ 

ʩʪʨʦʯʥʦʡ ʟʘʩʪʨʦʡʢʦʡ 5-ʪʠ ʵʪʘʞʥʳʤʠ ʜʦʤʘʤʠ 

ʧʘʥʝʣʴʥʦʡ ʩʝʨʠʠ 1-464ɸ ʠ ʙʣʦʯʥʦʡ ʩʝʨʠʠ 1-434.ʅʘ 

ʨʠʩʫʥʢʘʭ 11, 12 ʧʨʠʚʝʜʝʥʳ ʬʦʪʦ ʞʠʣʳʭ ʜʦʤʦʚ 

ʩʝʨʠʠ 91-014 ʟʘʩʪʨʦʡʢʠ ʥʘʯʘʣʘ 1970-ʭ ʛʦʜʦʚ ʧʦʩʣʝ 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ. ʅʘ ʨʠʩʫʥʢʘʭ13ï16 ï ʩʭʝʤʳ 

ʧʣʘʥʦʚ ʪʠʧʦʚʦʛʦ ʵʪʘʞʘ ʙʣʦʢ-ʩʝʢʮʠʡ ʜʦʤʦʚ 91 

ʩʝʨʠʠ. 

 

 

 

 

 
ʈʠʩʫʥʦʢ 13. ʇʣʘʥʠʨʦʚʢʘ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʘ ʙʣʦʢ-ʩʝʢʮʠʠ ʩʝʨʠʠ 91 
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ʈʠʩʫʥʦʢ 14. ʇʣʘʥʠʨʦʚʢʘ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʘ 91-039.85 ɼʝʚʷʪʠʵʪʘʞʥʘʷ ʙʣʦʢ-ʩʝʢʮʠʷ ʨʷʜʦʚʘʷ ʩ ʪʦʨʮʝʚʳʤʠ 

ʦʢʦʥʯʘʥʠʷʤʠ ʥʘ 36 ʢʚʘʨʪʠʨ (ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʫʨʩʢʦʡ ʠ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʷʭ) 

 

 
ʈʠʩʫʥʦʢ 15. ʇʣʘʥʠʨʦʚʢʘ ʞʠʣʦʛʦ ʜʦʤʘ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʘ 91-014 ɹʣʦʢ-ʩʝʢʮʠʷ ʨʷʜʦʚʦ-ʪʦʨʮʦʚʘʷ  

2ɹ-2ɹ-ɿɸ-3ɸ 

 

 
ʈʠʩʫʥʦʢ 16. ʇʣʘʥʠʨʦʚʢʘ ʞʠʣʦʛʦ ʜʦʤʘ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʘ 91-016 ɹʣʦʢ-ʩʝʢʮʠʷ ʪʦʨʮʦʚʘʷ  

2ɹ-3ɹ-4ɹ 

 

ʇʘʥʝʣʴʥʳʝ ʜʦʤʘ ʩʝʨʠʠ 91, ʧʦʩʪʨʦʝʥʥʳʝ ʧʦ 

ʧʨʦʩʧ. ɺʘʪʫʪʠʥʘ, ʫʣ. ʂʦʨʦʣʝʚʘ, ʫʣ. ʐʘʣʘʥʜʠʥʘ, ʫʣ. 

ɻʫʙʢʠʥʘ ʚ ʛʦʨʦʜʝ ɹʝʣʛʦʨʦʜʝ ʚ 1980ï1983 ʛʦʜʘʭ, 

ʠʩʧʨʘʚʥʳ, ʠʟʥʦʩ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 25 ʜʦ 49% (ʨʠʩʫʥʢʠ 

17ï21). ʉʧʦʩʦʙ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʦʥʜʘ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ ʜʦʤʦʚ ʩ ʚʳʩʦʢʠʤ ʠʟʥʦʩʦʤ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ 

ʩʯʝʪʝ ʫ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ. 

 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ ΤφɉυόɊ φτφψ ̄Ȣ 

 
16 

 
ʈʠʩʫʥʦʢ 17. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91 

ʧʦ ʧʨʦʩʧ. ɺʘʪʫʪʠʥʘ, 22 

 

 
ʈʠʩʫʥʦʢ 18. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91 ʧʦ ʧʨʦʩʧ. 

ɺʘʪʫʪʠʥʘ, 22ɸ 

 

ɺ 1980-ʝï1990-ʝ ʛʦʜʳ ʟʘʩʪʨʦʡʱʠʢʘʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʷʚʣʷʣʠʩʴ ʧʨʦʤʳʰʣʝʥʥʳʝ ʠ 

ʚʝʜʦʤʩʪʚʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ɹʝʣʛʦʨʦʜʘ, 

ʦʙʝʩʧʝʯʠʚʘʚʰʠʝ ʞʠʣʳʤ ʬʦʥʜʦʤ ʩʦʪʨʫʜʥʠʢʦʚ. ɺ 1985 

ʛʦʜʫ ʎʅʀʀʕʇ ʞʠʣʠʱʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʪʠʧʦʚʳʝ ʧʨʦʝʢʪʳ 91 ʩʝʨʠʠ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ʂʫʨʩʢʦʡ ʠ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʷʭ. 

91 ʩʝʨʠʷ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʧʦʣʫʯʘʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ɹʝʣʛʦʨʦʜʝ, ʂʫʨʩʢʝ, 

ɾʝʣʝʟʥʦʛʦʨʩʢʝ (ʂʫʨʩʢʘʷ ʦʙʣ.), ʃʠʧʝʮʢʝ, 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 

 
ʈʠʩʫʥʦʢ 19. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91 ʧʦ  

ʧʨʦʩʧ. ɺʘʪʫʪʠʥʘ, 23  

 

 
ʈʠʩʫʥʦʢ 20. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91-014 

ʧʦ ʫʣ. ʐʘʣʘʥʜʠʥʘ, 13 

 

 
ʈʠʩʫʥʦʢ 21. ɾʠʣʦʡ ʜʦʤ ʩʝʨʠʠ 91 ʩ ʨʷʜʦʚʦ-

ʪʦʨʮʦʚʳʤʠ ʙʣʦʢ-ʩʝʢʮʠʷʤʠ ʧʦ ʫʣ. ʂʦʨʦʣʝʚʘ, 10 
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ɺ 1986 ʛʦʜʫ ʧʨʦʝʢʪʥʳʤ ʠʥʩʪʠʪʫʪʦʤ 

çɹʝʣʛʦʨʦʜʛʨʘʞʜʘʥʧʨʦʝʢʪè ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ 

ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʭ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ 91 ʩʝʨʠʠ ʜʣʷ 

ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ (ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ):  

- ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 91-052.13.86 ɹʣʦʢ-ʩʝʢʮʠʷ 

ʫʛʣʦʚʘʷ ʧʨʘʚʘʷ 9-ʵʪʘʞʥʘʷ 45-ʢʚʘʨʪʠʨʥʘʷ 1ɹ-2ɹ-3ɹ-

3ɹ-3ɹ; 

- ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 91-051.13.86 ɹʣʦʢ-ʩʝʢʮʠʷ 

ʨʷʜʦʚʘʷ 9-ʵʪʘʞʥʘʷ 36-ʢʚʘʨʪʠʨʥʘʷ 2ɹ-2ɹ-3ɹ-3ɹ; 

- ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 91-049.13.86 ɹʣʦʢ-ʩʝʢʮʠʷ 

ʫʛʣʦʚʘʷ ʣʝʚʘʷ 9-ʵʪʘʞʥʘʷ 36-ʢʚʘʨʪʠʨʥʘʷ 2ɹ-3ɹ-3ɹ-

3ɹ; 

- ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 91-050.13.86 ɹʣʦʢ-ʩʝʢʮʠʷ 

ʨʷʜʦʚʘʷ 9-ʵʪʘʞʥʘʷ 36-ʢʚʘʨʪʠʨʥʘʷ 1ɹ-2ɹ-3ɹ-4ɹ; 

- ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 91-048.13.86 ɹʣʦʢ-ʩʝʢʮʠʷ 

ʨʷʜʦʚʘʷ 5-ʵʪʘʞʥʘʷ 20-ʢʚʘʨʪʠʨʥʘʷ 1ɹ-2ɹ-3ɹ-3ɹ; 

- ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ 91-047.13.86 ɹʣʦʢ-ʩʝʢʮʠʷ 

ʫʛʣʦʚʘʷ ʧʨʘʚʘʷ 5-ʵʪʘʞʥʘʷ 20-ʢʚʘʨʪʠʨʥʘʷ 2ɹ-3ɹ-3ɹ-

4ɹ. 

ʐʘʛ ʧʦʧʝʨʝʯʥʳʭ ʩʪʝʥ ʙʣʦʢ-ʩʝʢʮʠʡ ʜʘʥʥʳʭ 

ʩʝʨʠʡ ʩʦʩʪʘʚʣʷʝʪ 2,7 ʠ 3,3 ʤ. ʉʪʝʥʳ ʠʟ 

ʦʜʥʦʩʣʦʡʥʳʭ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ. 

ʇʘʥʝʣʴʥʦ-ʩʪʦʝʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʩʙʦʨʥʦ-

ʨʘʟʙʦʨʥʳʭ ʧʘʥʝʣʝʡ. ɺʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ ʠʟ ʩʣʦʠʩʪʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ. ʌʫʥʜʘʤʝʥʪ ʩʚʘʡʥʳʡ ʩ 

ʤʦʥʦʣʠʪʥʳʤ ʨʦʩʪʚʝʨʢʦʤ ʧʦʜ ʥʘʨʫʞʥʳʤʠ ʩʪʝʥʘʤʠ ʠ 

ʙʝʟʨʦʩʪʚʝʨʢʦʚʳʤ ʦʧʠʨʘʥʠʝʤ ʧʦʜ ʚʥʫʪʨʝʥʥʠʤʠ 

ʩʪʝʥʘʤʠ. ʅʘʨʫʞʥʳʝ ʧʘʥʝʣʠ ʩ ʟʘʚʦʜʩʢʦʡ ʦʪʜʝʣʢʦʡ. 

ʇʝʨʝʢʨʳʪʠʷ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ. 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʟʘʩʪʨʦʡʢʝ ʛʦʨʦʜʘ 

ɹʝʣʛʦʨʦʜʘʩ 1991 ʛʦʜʘ ʧʦ 2008 ʛʦʜ ʩʪʘʣʠ 9-ʪʠ, 10-ʪʠ 

ʠ 12-ʪʠ ʵʪʘʞʥʳʝ ʙʣʦʢ-ʩʝʢʮʠʠ 91 ɹʝʣʛʦʨʦʜʩʢʦʡ 

ʩʝʨʠʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝ ʫʟʥʘʚʘʝʤʳʡ ʦʙʣʠʢ ʥʦʚʳʭ 

ʤʠʢʨʦʨʘʡʦʥʦʚ ʧʦ ʫʣ. ɻʫʙʢʠʥʘ, ʙʫʣʴʚʘʨʫ ʖʥʦʩʪʠ, 

ʫʣ. ʂʦʥʝʚʘ, ʫʣ. ʑʦʨʩʘ, ʫʣ. ɽʩʝʥʠʥʘ, ʫʣ. ɹʫʜʝʥʥʦʛʦ 

(XI  ʖʞʥʳʡ ʤʠʢʨʦʨʘʡʦʥ, ʤʠʢʨʦʨʘʡʦʥ çʃʫʯè) , ʚ 

ʨʘʡʦʥʝ ʃʝʚʦʙʝʨʝʞʴʷ ʧʦ ʫʣ. ɻʦʩʪʝʥʩʢʦʡ (ʨʠʩʫʥʢʠ 

22ï24). ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚʝʣʦʩʴ ʜʦʤʦʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʧʨʝʜʧʨʠʷʪʠʷʤʠ: ɸʆ çɼʦʤʦʩʪʨʦʠʪʝʣʴʥʘʷ ʢʦʤʧʘʥʠʷè 

(ɼʉʂ, ʛ. ɹʝʣʛʦʨʦʜ) ʠʆʆʆ çʗʢʦʚʣʝʚʦʩʪʨʦʡʜʝʪʘʣʴè 

(ʛ. ʉʪʨʦʠʪʝʣʴ).ʇʦ ʜʘʥʥʳʤ ʩʝʨʠʷʤ ʚ 2009ï2010 

ʛʦʜʘʭ ʚʝʣʘʩʴ ʟʘʩʪʨʦʡʢʘ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʤʠ ʜʦʤʘʤʠ 

ʚ ʛʦʨʦʜʝ ʆʨʣʝ ʧʦ ʫʣ. ɹʫʨʦʚʘ. 

 

 
ʈʠʩʫʥʦʢ 22. ɾʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. ʑʦʨʩʘ, 47 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ) 

 

 
ʈʠʩʫʥʦʢ 23. ɾʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. ɹʫʜʝʥʥʦʛʦ, 12 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ) 

 

 
ʈʠʩʫʥʦʢ 24. ʉʭʝʤʘ ʧʣʘʥʠʨʦʚʢʠ ʩʝʨʠʠ 91 ʨʷʜʦʚʦʡʙʣʦʢ-ʩʝʢʮʠʠ 3-1-1-1-3 ʩ ʧʦʚʦʨʦʪʥʦʡ 

ʚʩʪʘʚʢʦʡ(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ) 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʝ ʜʦʤʘ 

91 ɹʝʣʛʦʨʦʜʩʢʦʡ ʩʝʨʠʠ ʠʩʧʨʘʚʥʳ, ʠʟʥʦʩ ʩʦʩʪʘʚʣʷʝʪ 
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15ï20 %. ʉʨʦʢ ʩʣʫʞʙʳ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʘʥʝʣʴʥʳʭ, ʚʚʝʜʝʥʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʧʦʟʞʝ 1980 ʛʦʜʘ, ʩʦʩʪʘʚʣʷʝʪ ʜʦ 150 ʣʝʪ [13]. 

ɸʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʦʠʩʢʠ ʧʦ 

ʩʦʟʜʘʥʠʶ ʢʦʤʬʦʨʪʥʦʛʦ ʧʘʥʝʣʴʥʦʛʦ 

ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʣʠʱʘ ʚʝʣʩʷ ʢʘʢ ʧʨʦʝʢʪʥʳʤ 

ʠʥʩʪʠʪʫʪʦʤ çɹʝʣʛʦʨʦʜʛʨʘʞʜʘʥʧʨʦʝʢʪè, ʪʘʢ ʠ ɸʆ 

çɿʘʚʦʜ ɾɹʂ-1è (ʛ. ɹʝʣʛʦʨʦʜ). ʈʝʟʫʣʴʪʘʪʦʤ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʥʘʯʘʣʝ 

2000-ʭ ʛʦʜʦʚ ʚ ɹʝʣʛʦʨʦʜʝʩʪʘʣʦ ʚʚʝʜʝʥʠʝ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ 5-ʪʠ ʵʪʘʞʥʳʭ ʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫ. 

ʊʘʢ, 5-ʪʠ ʵʪʘʞʥʳʡ 4-ʭ ʧʦʜʲʝʟʜʥʳʡ, 60-ʪʠ 

ʢʚʘʨʪʠʨʥʳʡ ʧʘʥʝʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. 

ʐʘʣʘʥʜʠʥʘ, ʜ. 10 ʚʢʣʶʯʘʝʪ 20 ʦʜʥʦʢʦʤʥʘʪʥʳʭ, 20 

ʜʚʫʭʢʦʤʥʘʪʥʳʭ, 20 ʪʨʝʭʢʦʤʥʘʪʥʳʭ ʢʚʘʨʪʠʨʠ ʪʨʠ 

ʚʩʪʨʦʝʥʥʳʭ ʥʝʞʠʣʳʭ ʧʦʤʝʱʝʥʠʷ (ʨʠʩʫʥʢʠ25ï26). 

ʌʫʥʜʘʤʝʥʪ ʜʦʤʘ ʩʚʘʡʥʳʡ ʩʦ ʩʙʦʨʥʳʤʠ ʦʛʦʣʦʚʢʘʤʠ. 

ʅʘʨʫʞʥʳʝ ʩʪʝʥʳ ʠʟ ʩʣʦʠʩʪʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʧʘʥʝʣʝʡ ʧʦʜ ʦʢʨʘʩʢʫ. ʇʝʨʝʢʨʳʪʠʷ ʠʟ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʘʥʝʣʝʡ. ʂʨʳʰʘ ʜʚʫʩʢʘʪʥʘʷ ʧʦ 

ʜʝʨʝʚʷʥʥʳʤ ʩʪʨʦʧʠʣʘʤ.  

ʈʝʰʝʥʠʝ ʛʣʫʙʦʢʦʡ ʧʣʘʩʪʠʢʠ ʬʘʩʘʜʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʬʘʢʪʫʨʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʠʩʫʥʦʢ 

ʠ ʧʨʠʤʝʥʝʥʠʝ ʮʚʝʪʘ ʥʘ ʧʘʥʝʣʷʭ ʩʦʟʜʘʶʪ ʥʦʚʳʡ 

ʦʙʨʘʟ ʧʘʥʝʣʴʥʦʛʦ ʟʜʘʥʠʷ, ʬʦʨʤʠʨʫʷ ʩʦʤʘʩʰʪʘʙʥʫʶ 

ʯʝʣʦʚʝʢʫ ʩʨʝʜʫ. ʇʦ ʜʘʥʥʦʤʫ ʧʨʦʝʢʪʫ ʧʦʚʪʦʨʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʟʘʩʪʨʦʡʢʘ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʤʠ 

ʧʘʥʝʣʴʥʳʤʠ ʜʦʤʘʤʠ ʚʝʣʘʩʴ ʚ ʛ. ʐʝʙʝʢʠʥʦ, ʚ ʧʛʪ. 

ʈʘʟʫʤʥʦʝ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʥʦʩ ʜʦʤʦʚ ʚ ɹʝʣʛʦʨʦʜʝ ʧʦ ʜʘʥʥʦʤʫ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ ʧʨʦʝʢʪʫ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10 %. 

 
ʈʠʩʫʥʦʢ 25. ɾʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. ʐʘʣʘʥʜʠʥʘ, 10 

(ʚʠʜ ʩ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ) 

 

 
ʈʠʩʫʥʦʢ 26. ɾʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. ʐʘʣʘʥʜʠʥʘ, 10  

(ʚʠʜ ʩ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʳ)  

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʩʪʨʦʡʢʘ ʠ 

ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʦ XI  ʖʞʥʦʛʦ ʤʠʢʨʦʨʘʡʦʥ ʛʦʨʦʜʘ 

ɹʝʣʛʦʨʦʜʘ ʚʝʜʝʪʩʷ ʦʜʥʠʤ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ 

ʟʘʩʪʨʦʡʱʠʢʦʤ ï ɸʆ çɼʉʂè [16], ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʭʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʦ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʦʙʣʠʢʘ 

ʞʠʣʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʨʠʩʫʥʢʘʭ 27ï33 ʧʨʠʚʝʜʝʥʳ 

ʬʦʪʦ ʥʝʢʦʪʦʨʳʭ ʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ XI 

ʖʞʥʦʛʦ ʤʠʢʨʦʨʘʡʦʥʘ ʠ ʩʭʝʤʘ ʧʣʘʥʘ ʪʦʨʮʦʚʦʡ 

ʙʣʦʢ-ʩʝʢʮʠʠ ɹʝʣʛʦʨʦʜʩʢʦʡ ʩʝʨʠʠ, ʧʦʩʪʨʦʝʥʥʳʭ ʚ 

2003ï2012 ʛʦʜʳ. 

 

 
ʈʠʩʫʥʦʢ 27. ɾʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. ɽʩʝʥʠʥʘ, 40 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ) 

 
ʈʠʩʫʥʦʢ 28. ɾʠʣʦʡ ʜʦʤ ʧʦ ʙʫʣʴʚʘʨʫ ʖʥʦʩʪʠ, 43 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ), ʚʠʜ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʩʪʦʨʦʥʳ 
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ʈʠʩʫʥʦʢ 29. ɾʠʣʦʡ ʜʦʤ ʧʦ ʙʫʣʴʚʘʨʫ ʖʥʦʩʪʠ, 43 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ), ʚʠʜ ʩ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʳ 

 

 
ʈʠʩʫʥʦʢ 30. ɾʠʣʦʡ ʜʦʤ ʧʦ ʫʣ. ɽʩʝʥʠʥʘ, 50 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ) 

 

 
ʈʠʩ. 31. ʉʭʝʤʘ ʧʣʘʥʠʨʦʚʢʠ 91 ʩʝʨʠʠ ʨʷʜʦʚʦʡ ʪʦʨʮʦʚʦʡʙʣʦʢ-ʩʝʢʮʠʠ 3-3-1-1-2 

(ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ) 

 

 
ʈʠʩʫʥʦʢ 32. ɾʠʣʦʡ ʜʦʤ ɽʩʝʥʠʥʘ, 58  

(ʚʠʜ ʩ ʚʦʩʪʦʯʥʦʡ ʩʪʦʨʦʥʳ), ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ çɿʘʚʦʜ ɾɹʂ-1è ʚ 

ʨʘʟʚʠʪʠʝ ɹʝʣʛʦʨʦʜʩʢʦʡ ʘʛʣʦʤʝʨʘʮʠʠ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʧʛʪ. ʈʘʟʫʤʥʦʝ) ʚʝʜʝʪ 

ʟʘʩʪʨʦʡʢʫ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ çʅʦʚʘʷ ɿʘʨʷè ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ 5-ʪʠ 

ʵʪʘʞʥʳʭ ʧʘʥʝʣʴʥʳʭ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʞʠʣʳʭ 

ʜʦʤʦʚ.  

 

 
ʈʠʩʫʥʦʢ 33. ɾʠʣʦʡ ʜʦʤ ɽʩʝʥʠʥʘ, 58 

(ʚʠʜ ʩ ʩʝʚʝʨʥʦʡ ʩʪʦʨʦʥʳ), ɹʝʣʛʦʨʦʜʩʢʘʷ ʩʝʨʠʷ 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʝʜʫʶʱʠʝ.  

1. ɸʨʭʠʪʝʢʪʫʨʘ ʞʠʣʳʭ ʟʜʘʥʠʡ ʨʘʟʣʠʯʥʳʭ 

ʧʝʨʠʦʜʦʚ ʟʘʩʪʨʦʡʢʠ ʚʳʷʚʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʙʣʝʤʳ ʚ ʨʘʟʚʠʪʠʠ 

ʛʦʨʦʜʘ. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʧʘʥʝʣʴʥʦʡ 

ʤʘʩʩʦʚʦʡ ʟʘʩʪʨʦʡʢʠ ʛʦʨʦʜʘ ɹʝʣʛʦʨʦʜʘ 

ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʩʦʮʠʘʣʴʥʳʡ ʟʘʧʨʦʩ ʥʘ 

ʙʶʜʞʝʪʥʦʝ ʞʠʣʴʝ ʧʨʠ ʢʦʨʦʪʢʠʭ ʩʨʦʢʘʭ ʚʦʟʚʝʜʝʥʠʷ 

ʠ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ.  

2. ʉʝʨʠʷ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ 1-464ɸ ʚ 1960-ʭï

1970-ʭ ʛʦʜʘʭ ʧʦʤʦʛʣʘ ʨʝʰʠʪʴ ʜʣʷ ʙʝʣʛʦʨʦʜʮʝʚ 

ʢʦʣʦʩʩʘʣʴʥʫʶ ʩʦʮʠʘʣʴʥʫʶ ʟʘʜʘʯʫ. ʆʧʳʪ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʘʥʝʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩʝʨʠʠ 1-

464ɸ ʚ ʛʦʨʦʜʝ ɹʝʣʛʦʨʦʜʝ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʠʶ ʥʘ ʝʝ ʙʘʟʝ ʫʣʫʯʰʝʥʥʦʡ 91 ʩʝʨʠʠ ʚʦ 

ʤʥʦʛʦʤ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʤʘʩʩʦʚʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʧʦʩʣʝʜʥʝʡ ʚ ɹʝʣʛʦʨʦʜʝ ʠ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ. 

3. ɺʳʩʦʢʠʡ ʩʦʮʠʘʣʴʥʳʡ ʟʘʧʨʦʩ ʥʘ 

ʫʚʝʣʠʯʝʥʠʝ ʞʠʣʠʱʥʦʛʦ ʬʦʥʜʘ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ ʠ ʵʩʪʝʪʠʯʝʩʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʚ 

ʨʘʩʪʫʱʠʭ ʤʠʢʨʦʨʘʡʦʥʘʭ ʛʦʨʦʜʘ ɹʝʣʛʦʨʦʜʘ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʨʦʝʢʪʥʦʡ ʠ 

ʠʥʞʝʥʝʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʡ ʙʘʟʳ ʧʘʥʝʣʴʥʦʛʦ 

ʜʦʤʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ. ʊʘʢ, 

ʧʦʷʚʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʝʨʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ 

ʧʨʦʝʢʪʥʳʤ ʠʥʩʪʠʪʫʪʦʤ çɹʝʣʛʦʨʦʜʛʨʘʞʜʘʥʧʨʦʝʢʪè, 

ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʆʆʆ 

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʟʘʩʪʨʦʡʱʠʢʘ çʋʧʨʘʚʣʷʶʱʝʡ 

ʢʦʤʧʘʥʠʠ ɾɹʂ-1è. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 

ʯʝʪʚʝʨʪʠ ʞʠʣʦʛʦ ʬʦʥʜʘ ʚ ʛʦʨʦʜʝ ɹʝʣʛʦʨʦʜʝ 

ʚʦʟʚʝʜʝʥʘ ɸʆ çɼʉʂè ʥʘ ʙʘʟʝ ɹʝʣʛʦʨʦʜʩʢʦʡ ʩʝʨʠʠ 

ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ. 

4. ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʨʠʠ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ 

ʟʘʩʪʨʦʡʢʠ ʥʘʯʘʣʘ 2000-ʭ ʛʦʜʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʠʭ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʣʫʯʰʠʤʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ 

ʨʝʰʝʥʠʷʤʠ ʬʘʩʘʜʦʚ, ʧʦʣʠʭʨʦʤʠʝʡ, ʫʣʫʯʰʝʥʥʳʤʠ 

ʧʣʘʥʠʨʦʚʦʯʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩ ʥʘʣʠʯʠʝʤ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʧʝʨʝʧʣʘʥʠʨʦʚʢʠ, ʥʦʚʳʤʠ 

ʨʘʟʨʘʙʦʪʢʘʤʠ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩ ʚʢʣʶʯʝʥʠʝʤ ʦʙʲʝʢʪʦʚ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʧʝʨʚʳʭ ʵʪʘʞʘʭ. 

5. ʉʨʦʢ ʩʣʫʞʙʳ ʧʘʥʝʣʴʥʳʭ ʜʦʤʦʚ, 

ʚʦʟʚʝʜʝʥʥʳʭ ʚ 1970-ʝï1990-ʝ ʛʦʜʳ, ʤʦʞʝʪ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥ ʟʘ ʩʯʝʪ ʠʭ ʙʝʨʝʞʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ (ʙʝʟ ʥʝʟʘʢʦʥʥʳʭ ʧʝʨʝʧʣʘʥʠʨʦʚʦʢ), 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʟʜʘʥʠʡ, 

ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ.ʈʝʢʦʥʩʪʨʫʢʮʠʷ 5-ʪʠ ʵʪʘʞʥʳʭ ʧʘʥʝʣʴʥʳʭ 

ʜʦʤʦʚ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʥʘʜʩʪʨʦʡʢʫ ʤʘʥʩʘʨʜʥʳʭ 

ʵʪʘʞʝʡ ʩ ʧʝʨʝʧʣʘʥʠʨʦʚʢʦʡ ʢʚʘʨʪʠʨ ʚʝʨʭʥʝʛʦ ʵʪʘʞʘ 

ʚ ʜʚʫʭʫʨʦʚʥʝʚʳʝ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ ʩʙʦʨʘ ʜʦʞʜʝʚʳʭ ʦʩʘʜʢʦʚ ʩ ʢʨʦʚʣʠ ʢʨʳʰʠ ʜʦʤʘ, ʩ ʥʘʤʝʨʝʥʠʝʤ 

ʧʨʠʤʝʥʠʪʴ ʠʭ ʜʣʷ ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʮʝʣʝʡ. ʈʝʰʝʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʫʤʝʥʴʰʝʥʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʵʢʦʣʦʛʠʶ ʠ ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʘʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʟʤ ʩʙʦʨʘ ʦʩʘʜʢʦʚ, ʥʘʢʦʧʠʪʝʣʴ, ʢʦʣʣʝʢʪʦʨ. 

 

ABSTRACT 

 

This article proposes a scheme for collecting rain from the roof of the roof of the house, with the intention of 

using them for household purposes. The solution is to reduce the negative impact on the environment and respect for 

natural resources. 

 Keywords: precipitation collection mechanism, accumulator, collector. 

 
ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʳʭ 

ʙʦʛʘʪʩʪʚ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʬʘʢʪʦʨʦʤ ʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ  ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʟʫʤʥʦʝ ʠ ʧʨʦʜʫʤʘʥʥʦʝ ʦʙʨʘʱʝʥʠʝ ʩ 

ʧʨʠʨʦʜʥʳʤʠ ʨʝʟʝʨʚʘʤʠ, ʯʪʦʙʳ ʩʦʭʨʘʥʠʪʴ ʠʭ ʜʣʷ 

ʧʦʪʦʤʢʦʚ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʩʠʩʪʝʤʫ, ʫʯʘʩʪʣʠʚʦʝ ʦʪʥʦʰʝʥʠʷ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʚʦʜʥʳʤ ʨʝʟʝʨʚʘʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʧʨʠ ʵʪʦʤ 

ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ. ʉʦʭʨʘʥʝʥʠʝ ʚʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ - ʵʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʩʫʨʩʦʚ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ ʈʦʩʩʠʠ ʜʦʩʪʘʪʦʯʥʦ, ʦʜʥʘʢʦ ʥʝ 

ʤʝʰʘʝʪ ʟʘʜʫʤʘʪʴʩʷ ʦ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ, ʯʪʦ ʧʨʠʚʝʜʝʪ 

ʢ ʵʢʦʥʦʤʠʠ ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ. ʇʨʘʚʠʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʦʩʘʜʢʦʚ ʝʩʪʴ ʧʨʠʝʤʣʝʤʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʙʝʨʝʞʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʧʨʠʨʦʜʝ, ʚʦʜʥʦʤʫ ʙʘʣʘʥʩʫ 

ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦʝ. ɺ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʳʪʦʚʳʭ ʥʫʞʜ: ʫʙʦʨʢʠ, ʧʦʣʠʚʘ, 

ʦʯʠʩʪʢʠ ʙʳʪʦʚʳʭ ʩʪʦʢʦʚ ʥʝʦʙʭʦʜʠʤ ʤʝʭʘʥʠʟʤ 

ʩʙʦʨʘ ʦʩʘʜʢʦʚ. ʅʫʞʥʦ ʚʥʝʜʨʷʪʴ ʠʥʥʦʚʘʮʠʠ, 

ʢʦʪʦʨʳʝ  ʤʠʥʠʤʠʟʠʨʫʶʪ ʦʪʭʦʜʳ, ʦʧʪʠʤʠʟʠʨʫʷ 

ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʟʘʥʠʤʘʝʪ 

ʧʝʨʚʦʩʪʝʧʝʥʥʦʝ ʤʝʩʪʦ ʚ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ 

ʧʦʪʨʝʙʣʝʥʠʷ ʟʘʧʘʩʦʚ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʨʦʮʝʩʩʘ ʥʘʢʦʧʣʝʥʠʷ 

ʦʩʘʜʢʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʴʰʝ ʦʩʘʜʢʦʚ ʠ ʧʝʨʝʥʘʧʨʘʚʠʪʴ 

ʠʭ ʚ ʝʤʢʦʩʪʴ. ʇʦʣʫʯʝʥʥʫʶ ʞʠʜʢʦʩʪʴ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʙʳʪʦʚʳʭ ʟʘʜʘʯ: ʩʪʠʨʢʠ, 

ʫʙʦʨʢʠ, ʤʳʪʴʷ ʠ ʧʦʣʠʚʘ. ʅʝʦʙʭʦʜʠʤʳʤ ʰʘʛʦʤ 

ʚʳʩʪʫʧʘʝʪ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʦʚʳʰʝʥʠʝ 

ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʞʠʪʝʣʝʡ ʦ ʥʝʠʟʙʝʞʥʦʩʪʠ 

ʜʝʣʠʢʘʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʠʩʪʦʯʥʠʢʘʤ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʩʪʨʦʠʪʴ ʢʫʣʴʪʫʨʫ 

ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, 

ʦʛʨʘʥʠʯʠʚ ʥʘʛʨʫʟʢʫ ʥʘ ʵʢʦʩʠʩʪʝʤʫ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ 

ʨʘʟʚʠʪʠʶ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʘʨʤʦʥʠʶ ʤʝʞʜʫ 

ʯʝʣʦʚʝʢʦʤ ʠ ʧʨʠʨʦʜʦʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ 

ʟʜʦʨʦʚʦʛʦ ʙʫʜʫʱʝʛʦ ʜʣʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. 

ʏʠʩʪʘʷ ʚʦʜʘ ʩʯʠʪʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʦʩʥʦʚʦʡ 

ʜʣʷ ʥʘʰʝʡ ʝʞʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ,  ʜʣʷ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʨʘʟʣʠʯʥʳʭ 

ʠʟʜʝʣʠʡ. ʇʦʵʪʦʤʫ ʟʘʛʨʷʟʥʝʥʠʝ ʛʠʜʨʦʨʝʩʫʨʩʦʚ ʠ 

ʤʘʣʦʵʬʬʝʢʪʠʚʥʦʝ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʩʪʘʥʦʚʠʪʩʷ 

ʟʥʘʯʠʤʳʤ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʤʝʭʘʥʠʟʤʘ ʥʘʢʦʧʣʝʥʠʷ 

ʦʩʘʜʢʦʚ - ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʩʦʙʨʘʪʴ 

ʜʦʞʜʝʚʫʶ ʚʣʘʛʫ ʠ ʥʘʧʨʘʚʠʪʴ ʝʝ ʚ ʥʘʢʦʧʠʪʝʣʴ. 

ɼʘʣʝʝ ʩʦʙʨʘʥʥʘʷ ʞʠʜʢʦʩʪʴ ʤʦʞʝʪ ʫʧʦʪʨʝʙʣʷʪʴʩʷ 

ʜʣʷ ʨʘʟʥʳʭ ʙʳʪʦʚʳʭ ʩʨʝʜʩʪʚ: ʤʳʪʴʝ, ʦʯʠʩʪʢʘ, ʩʤʳʚ 

ʙʘʯʢʦʚ ʠ ʦʨʦʰʝʥʠʝ ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ. ɺ 

ʞʘʨʢʠʝ ʤʝʩʷʮʳ ʟʘʪʨʘʪʳ ʥʘ ʚʦʜʫ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʘʩʪʘʶʪ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʥʘ 

ʜʘʯʘʭ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʚʦʩʪʨʝʙʦʚʘʥʦ ʜʣʷ 

ʜʦʤʦʚʣʘʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʮʝʥʪʨʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʟʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʚʥʦʡ ʚʦʜʳ ʥʫʞʥʦ 

ʨʘʩʧʣʘʯʠʚʘʪʴʩʷ ʩʦʛʣʘʩʥʦ ʧʦʢʘʟʘʥʠʷʤ ʩʯʝʪʯʠʢʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʦʪʣʠʯʘʶʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʤʷʛʢʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ 

ʩʪʝʨʠʣʴʥʦʩʪʠ, ʯʪʦ ʙʣʘʛʦʪʚʦʨʥʦ ʜʣʷ ʥʘʩʘʞʜʝʥʠʡ 

ʧʨʠʫʩʘʜʝʙʥʦʛʦ ʫʯʘʩʪʢʘ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ 
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ʛʨʘʬʠʢ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʚ ʶʞʥʳʭ ʨʝʛʠʦʥʘʭ ʈʦʩʩʠʠ. 

 

 
 

ʈʠʩʫʥʦʢ 1.ɻʨʘʬʠʢ ʧʦʪʨʝʙʣʝʥʠʷ ʚʦʜʳ ʚ ʩʫʪʢʠ, ʚ ʣʠʪʨʘʭ 

 

ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʧʦʣʠʚ ʦʛʦʨʦʜʘ ʠʣʠ 

ʧʨʠʫʩʘʜʝʙʥʳʭ ʫʯʘʩʪʢʦʚ. ʅʘ ʩʪʠʨʘʣʴʥʫʶ ʤʘʰʠʥʫ, 

ʧʦʣʴʟʦʚʘʥʠʝ ʜʫʰʝʤ, ʧʨʠʥʷʪʠʝ ʚʘʥʥʳ ʠ ʩʤʳʚʘ 

ʫʥʠʪʘʟʘ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʥʦʨʤʳ 

ʧʦʪʨʝʙʣʝʥʠʷ. ɹʝʩʧʣʘʪʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ 

ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʧʦʣʠʚʢʠ ʩʘʜʘ, 

ʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʟʘʜʝʡʩʪʚʦʚʘʪʴ ʜʣʷ ʦʙʦʛʨʝʚʘ ʜʦʤʘ, 

ʚ ʙʳʪʦʚʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʆʨʛʘʥʠʟʦʚʘʚ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ, ʠ 

ʫʩʪʘʥʦʚʠʚ ʨʝʟʝʨʚʫʘʨ ʩ ʥʘʩʦʩʦʤ, ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʦʡ ʚʦʜʦʡ. ʅʦʚʝʡʰʠʝ ʤʝʪʦʜʳ 

ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʧʦʟʚʦʣʷʶʪ 

ʦʯʠʩʪʠʪʴ ʜʦ ʙʝʟʦʧʘʩʥʦʛʦ ʢʘʯʝʩʪʚʘ ʜʣʷ ʧʠʪʴʷ. ʉ 

ʫʯʝʪʦʤ ʨʦʩʪʘ ʮʝʥ ʥʘ ʚʦʜʦʩʥʘʙʞʝʥʠʝ, ʵʪʦ ʥʘʠʣʫʯʰʝʝ 

ʨʝʰʝʥʠʝ. ʃʶʜʠ, ʧʨʦʚʦʜʷʱʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʥʘ ʩʚʦʠʭ ʟʘʛʦʨʦʜʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʟʘʥʠʤʘʶʱʠʝʩʷ 

ʚʳʨʘʱʠʚʘʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʚ ʠʥʪʝʨʝʩʘʭ ʣʠʯʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ, ʥʘʯʠʥʘʶʪ ʠʩʢʘʪʴ ʧʫʪʠ ʙʝʨʝʞʣʠʚʦʩʪʠ, 

ʛʜʝ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʦʞʜʝʚʦʡ ʚʣʘʛʠ 

ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʙʦʣʴʰʫʶ ʧʦʤʦʱʴ. ɼʣʷ ʟʘʩʫʰʣʠʚʳʭ 

ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ ʧʦʜʦʙʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʝʜʝʥʠʷ 

ʫʧʨʘʚʣʝʥʠʷ ʜʦʤʦʤ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʩʪʦʷʱʠʤ 

ʦʪʢʨʳʪʠʝʤ. ɺʣʘʛʘ, ʦʪʦʙʨʘʥʥʘʷ ʚ ʙʦʣʴʰʠʝ ʝʤʢʦʩʪʠ ʚ 

ʪʝʯʝʥʠʝ ʚʣʘʞʥʦʛʦ ʧʝʨʠʦʜʘ, ʦʙʣʝʛʯʠʪ ʚʳʞʠʚʘʥʠʝ ʚ 

ʟʥʦʡʥʳʝ ʤʝʩʷʮʳ ʣʝʪʦʤ. ʄʝʭʘʥʠʟʤ ʥʘʢʦʧʣʝʥʠʝ 

ʜʦʞʜʝʚʦʡ ʚʦʜʳ ʧʨʦʩʪ, ʫʜʦʙʝʥ ʠ ʝʛʦ ʣʝʛʢʦ ʤʦʞʥʦ 

ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʚʦʠʤʠ ʩʠʣʘʤʠ. 

ʉʫʪʴ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʜʦʞʜʝʚʘʷ ʚʦʜʘ, ʩʦʙʠʨʘʝʤʘʷ ʩ ʢʨʦʚʝʣʴʥʦʛʦ ʧʦʣʦʪʥʘ, 

ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʚʦʜʦʩʪʦʢʦʚ ʠ ʩʪʝʢʘʝʪ ʚ 

ʙʘʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ. ʆʪʪʫʜʘ ʚʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʣʠʯʥʳʭ ʙʳʪʦʚʳʭ ʥʫʞʜ - ʩʣʠʚʘ ʚ ʪʫʘʣʝʪʝ, ʫʙʦʨʢʠ 

ʧʦʤʝʱʝʥʠʷ ʠ ʧʦʣʠʚʘ ʦʛʦʨʦʜʘ. ɸ ʩ ʩʠʩʪʝʤʦʡ 

ʬʠʣʴʪʨʘʮʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʤʳʪʴʷ ʧʦʩʫʜʳ 

ʠ ʜʣʷ ʩʪʠʨʢʠ.  

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʜʣʷ ʚʦʜʳ 

ʤʦʞʝʪ ʩʪʘʪʴ ʦʪʣʠʯʥʦʡ ʟʘʤʝʥʦʡ ʧʨʠ ʘʚʘʨʠʷʭ, 

ʩʣʫʯʘʡʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ, ʦʪʢʣʶʯʝʥʠʠ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʙʳʪʴ ʥʘ ʚʨʝʤʷ 

ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʳʡ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʪ ʙʦʣʴʰʦʡ ʚʳʙʦʨ 

ʚʦʜʷʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʠʟ ʧʦʣʠʧʨʦʧʠʣʝʥʘ, 

ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʩʪʝʢʣʦʧʣʘʩʪʠʢʘ. ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʚʦʡʩʪʚʘʤ 

ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʝʚʟʦʰʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʙʘʢʠ, 

ʢʦʪʦʨʳʝ ʩʦ ʚʨʝʤʝʥʝʤ ʧʦʢʨʳʚʘʶʪʩʷ ʨʞʘʚʯʠʥʦʡ. ɸ 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʥʝʨʞʘʚʝʡʢʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʦʠʤʦʩʪʴʶ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʨʝʟʝʨʚʫʘʨʳ ʜʣʷ ʚʦʜʳ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ: ʚ ʙʳʪʫ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʨʠʩʫʥʦʢ 2. ɹʘʢʠ ʜʣʷ ʭʨʘʥʝʥʠʷ 

ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ "ʪʝʨʤʦʝʤʢʠʤʠ", 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʨʘʡʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ, 

ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ, ʦʙʲʝʤ ʠ ʨʘʟʤʝʨ.  

 
ʈʠʩʫʥʦʢ 2.ʈʝʟʝʨʚʫʘʨʳ ʜʣʷ ʚʦʜʳ 

 

ʈʝʟʝʨʚʫʘʨʳ ʜʣʷ ʚʦʜʳ  ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʥʝʧʨʠʤʝʪʥʳʤʠ: ʦʙʣʠʮʝʚʘʪʴ ʧʦʜ ʜʦʤ, ʦʪʜʝʣʘʪʴ 

ʜʝʢʦʨʘʪʠʚʥʦ, ʩʣʠʪʴ ʩ ʮʦʢʦʣʝʤ ʜʦʤʘ. ʀʣʠ ʥʘʦʙʦʨʦʪ 

ʧʨʠʜʘʪʴ ʫʥʠʢʘʣʴʥʫʶ ʚʥʝʰʥʦʩʪʴ, ʦʨʠʛʠʥʘʣʴʥʦ 

ʫʢʨʘʩʠʪʴ ʚ ʚʠʜʝ ʚʘʟʳ, ʢʦʣʦʥʥʳ. ʀʭ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʫʛʣʫʙʠʪʴ ʚ ʟʝʤʣʶ. 

ɼʣʷ ʥʘʜʟʝʤʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝ ʧʦʪʨʝʙʫʝʪʩʷ ʥʘʩʦʩ. 

ʊʘʢʘʷ ʧʨʦʩʪʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʜʦʙʥʘ ʧʨʠ ʦʯʠʩʪʢʝ ʜʥʘ 

ʦʪ ʦʩʘʜʢʘ, ʥʦ ʥʝ ʞʝʣʘʪʝʣʴʥʘ ʚ ʨʝʛʠʦʥʘʭ ʩ 

ʭʦʣʦʜʥʳʤʠ ʤʦʨʦʟʥʳʤʠ ʟʠʤʘʤʠ. ʇʦʜʟʝʤʥʳʡ 

ʚʘʨʠʘʥʪ ʩʠʩʪʝʤʳ ʜʦʨʦʞʝ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʨʳʪʴ ʢʦʪʣʦʚʘʥ ʠ ʫʩʪʘʥʦʚʠʪʴ ʥʘʩʦʩ. ʅʦ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʥʘʧʦʣʥʠʪʝʣʴ ʥʝ ʟʘʥʠʤʘʝʪ 

ʤʝʩʪʦ, ʤʦʞʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʫʛʣʳʡ ʛʦʜ ʠ 
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ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʪʦʧʠʪʝʣʴʥʳʭ ʮʝʣʷʭ ʟʠʤʦʡ. ʇʨʠ 

ʵʪʦʡ ʩʠʩʪʝʤʝ ʚʦʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʣʴʰʝ ʠʟ-ʟʘ ʥʠʟʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʠʥʩʪʚʦ ʯʘʩʪʥʳʭ 

ʜʦʤʦʚ ʚʦʟʚʦʜʠʪʩʷ ʩ ʢʨrʰʘʤʠ, ʠʤʝʶʱʠʤʠ ʥʘʢʣʦʥ, 

ʥʦ ʜʘʞʝ ʝʩʣʠ ʢʨʦʚʣʷ ʧʣʦʩʢʘʷ, ʪʦ ʚʦʟʤʦʞʥʦ 

ʧʨʦʠʟʚʝʩʪʠ ʩʙʦʨ ʚʣʘʛʠ ʠ ʩ ʥʝʝ. ɼʦʩʪʘʪʦʯʥʦ ʥʘ 

ʧʣʦʩʢʦʡ ʢʨʦʚʣʝ ʠʤʝʪʴ ʫʢʣʦʥ ʚ ʪʨʠ ʛʨʘʜʫʩʘ, ʯʪʦʙʳ 

ʚʦʜʘ ʩʪʝʢʘʣʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʜʜʦʥʘ. ʂ ʪʦʤʫ ʞʝ 

ʦʪʚʦʜ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʜʦʣʞʝʥ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴʩʷ ʥʘ ʚʩʝʭ ʩʪʨʦʝʥʠʷʭ. 

ʂʦʥʬʠʛʫʨʘʮʠʷ ʢʨʦʚʣʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʦʩʪʘʚ ʚʦʜʳ, 

ʪʦʣʴʢʦ ʥʝ ʧʦʜʭʦʜʠʪ ʘʩʙʝʩʪ, ʦʥ ʚʨʝʜʝʥ ʜʣʷ ʟʜʦʨʦʚʴʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʤʦʜʫʣʠ 

ʢʦʥʩʪʨʫʢʮʠʠ. 

 

 
ʈʠʩ.3.ʆʩʥʦʚʥʳʝ ʫʟʣʳ ʢʦʥʩʪʨʫʢʮʠʠ 

 

1- ɼʘʪʯʠʢ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʝʤʢʦʩʪʠ 
2- ʌʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʩ ʧʦʧʣʘʚʢʦʤ 

3- ʂʦʣʣʝʢʪʦʨ ʫʨʦʚʥʷ ʚʦʜʳ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʝʣʝ ʫʧʨʘʚʣʝʥʠʷ 

ʥʘʩʦʩʦʤ 
4- ʇʦʛʨʫʞʥʦʡ ʥʘʩʦʩ  

5- ʈʝʟʝʨʚʫʘʨ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʚʦʜʳ 

6- ʉʠʬʦʥ 
7-ʌʠʣʴʪʨ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʧʝʨʝʜ 

ʥʘʩʦʩʦʤ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʘ, ʩʪʝʢʘʶʱʘʷ ʩ ʢʨʳʰʠ, 

ʩʦʙʠʨʘʝʪʩʷ ʚ ʞʝʣʦʙ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʝʥ ʩʝʪʢʦʡ ʦʪ 

ʢʨʫʧʥʦʛʦ ʤʫʩʦʨʘ. ɿʘʪʝʤ ʦʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ 

ʚʦʜʦʩʪʦʯʥʫʶ ʪʨʫʙʫ ʩ ʬʠʣʴʪʨʦʤ. ʌʠʣʴʪʨ ʪʦʥʢʦʡ 

ʦʯʠʩʪʢʠ ʩ ʧʦʧʣʘʚʢʦʤ - ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʠʟ ʚʦʜʳ. 

ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʚʩʘʩʳʚʘʶʱʝʛʦ ʧʘʪʨʫʙʢʘ ʩ 

ʬʠʣʴʪʨʫʶʱʝʡ ʩʝʪʢʦʡ ʠ ʚʩʝʛʜʘ ʨʘʩʧʦʣʦʞʝʥ ʥʠʞʝ 

ʫʨʦʚʥʷ ʚʦʜʳ, ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʜʥʷʪʠʝ ʦʩʘʜʢʘ 

ʩʦ ʜʥʘ ʨʝʟʝʨʚʫʘʨʘ. ɺ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʬʠʣʴʪʨ 

ʫʩʪʘʥʦʚʣʝʥ ʧʝʨʝʜ ʥʘʩʦʩʦʤ. ʇʦʛʨʫʞʥʦʡ ʠʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʥʘʩʦʩ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʜʦʟʘʙʦʨ ʠ 

ʧʦʜʘʯʫ ʚʦʜʳ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʥʘʧʦʨʦʤ ʥʘ ʪʦʯʢʠ 

ʧʦʪʨʝʙʣʝʥʠʷ. ʇʦʣʠʵʪʠʣʝʥʦʚʳʡ ʙʘʢ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ 

ʚʦʜʳ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʟʝʤʣʝʡ ʠ ʠʤʝʝʪ ʜʘʪʯʠʢ, 

ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʚ ʝʤʢʦʩʪʠ. 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʡ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʠ ʟʘʧʦʣʥʝʥʠʠ ʠ 

ʩʣʠʚʝ ʚʦʜʳ ʫʩʪʘʥʦʚʣʝʥ ʩʠʬʦʥ.  

ɿʘʢʣʶʯʝʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ 

ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʧʦʣʠʚʘ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ, ʟʥʘʯʠʪ 

ʵʢʦʥʦʤʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʠʣʳ ʠ ʬʠʥʘʥʩʦʚʳʝ 

ʨʘʩʭʦʜʳ. ʅʝʦʙʭʦʜʠʤʦ ʪʦʣʴʢʦ ʧʨʠʦʙʨʝʩʪʠ ʪʨʫʙʳ, 

ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʜʝʪʘʣʠ, ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ, 

ʛʝʨʤʝʪʠʢ ʠ ʢʦʥʪʝʡʥʝʨ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʞʜʝʚʦʡ 

ʚʦʜʳ ʚ ʛʦʨʦʜʩʢʦʡ ʩʠʩʪʝʤʝ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʧʨʠʥʦʩʠʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʣʴʟʫ ʜʣʷ ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ 

ʜʣʷ ʩʪʦʯʥʳʭ ʚʦʜ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ  ʫʤʝʥʴʰʘʝʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʯʠʩʪʦʡ ʚʦʜʝ ʚ ʩʠʩʪʝʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠ ʩʦʢʨʘʱʘʝʪʩʷ ʦʙʲʝʤ ʣʠʚʥʝʚʳʭ ʩʪʦʢʦʚ ʚ 

ʢʘʥʘʣʠʟʘʮʠʦʥʥʫʶ ʩʝʪʴ. ʄʝʭʘʥʠʟʤ ʩʙʦʨʘ ʜʦʞʜʝʚʦʡ 

ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʫʯʨʝʞʜʝʥʠʡ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
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ʀʅʌʆʈʄɸʎʀʆʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ 

ʉʊʈʆʀʊɽʃʔʉʊɺɸ: ʊʈʋɼʅʆʉʊʀ ʀ 

ʇʈɽʀʄʋʑɽʉʊɺɸ ʇʈʀʄɽʅɽʅʀʗ ɺ 

ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 

 

ɼʘʡʨʦʥʘʩ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʐʫʤʠʣʦʚʘ ɽʚʛʝʥʠʷ ʖʨʴʝʚʥʘ 

ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ñɹʝʣʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘò  
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ɸʅʅʆʊɸʎʀʗ 

 

ʆʩʥʦʚʥʳʤʠ ʠʥʥʦʚʘʮʠʦʥʥʳʤʠ ʪʝʥʜʝʥʮʠʷʤʠ ʚ ʧʨʦʮʝʩʩʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʷʚʣʷʶʪʩʷ ʮʠʬʨʦʚʳʤʠ, ʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ɺʥʝʜʨʝʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʟʚʦʣʷʝʪ ʚʘʤ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʧʨʦʝʢʪʘ, ʫʤʝʥʴʰʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʥʝʥʠʡ ʚ ʨʘʙʦʯʠʭ ʜʦʢʫʤʝʥʪʘʭ ʚʦ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʫʩʪʘʥʦʚʢʠ, ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʜʨʫʛʠʝ 

ʟʘʜʘʯʠ ʧʦ ʧʨʦʝʢʪʫ, ʫʤʝʥʴʰʠʪʴ ʚʳʙʦʨ ʥʠʟʢʠʭ ʧʦʜʨʷʜʯʠʢʦʚ ʨʠʩʢʘ, ʫʣʫʯʰʠʪʴ ʨʘʩʯʝʪ ʪʦʯʥʦʩʪʠ ʨʘʙʦʪʳ ʚ 

ʨʝʘʣʠʟʘʮʠʠ, ʫʣʫʯʰʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʥʪʨʦʣʷ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʝʝ ʜʦʩʪʫʧʥʦʡ ʜʦʩʪʫʧʥʦʩʪʠ ʜʣʷ 

ʦʧʪʠʤʠʟʘʮʠʠ ʫʧʨʘʚʣʝʥʠʷ ʪʝʨʤʠʥʘʤʠ ʠ ʟʘʪʨʘʪʘʤʠ ʧʨʦʝʢʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ, BIM-ʪʝʭʥʦʣʦʛʠʠ, ʮʠʬʨʦʚʘʷ ʩʨʝʜʘ, ʞʠʟʥʝʥʥʳʡ 

ʮʠʢʣ ʧʨʦʝʢʪʘ. 

 

ABSTRACT 

 

The main innovative trend in the organization and management of the construction process at the moment is 

digitalization, focused on the implementation of integrated information technologies. The implementation of digital 

technologies allows to increase the accuracy of project calculations, reduce the number of changes in working 

documentation during construction and installation works, minimize additional work on the project, reduce the risk of 

choosing an unscrupulous contractor, increase the accuracy of calculations of the volumes of work performed, increase 

the reliability of the results of construction control and their availability for subsequent analysis, optimize control over 

the timing and cost of the project.  

Keywords: digital information model, BIM technologies, digital environment, project life cycle. 

 

ʉʪʨʦʠʪʝʣʴʥʘʷ ʦʪʨʘʩʣʴ ʚʥʦʩʠʪ ʦʛʨʦʤʥʳʡ 

ʚʢʣʘʜ ʚ ʚʘʣʦʚʦʡ ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʜʫʢʪ ʩʪʨʘʥʳ, ʦʢʦʣʦ 

5%. ʄʝʞʜʫ ʪʝʤ, 1,7% ɺɺʇ ʜʘʝʪ ʠʤʝʥʥʦ 

ʩʪʨʦʠʪʝʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʜʘʥʠʷ 

ʛʨʘʞʜʘʥʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʕʪʘ ʧʦʟʠʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ 

ʚʦʧʨʝʢʠ ʪʦʤʫ, ʯʪʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ, 

ʢʘʢ ʚʠʜ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʠʤʝʝʪ 

ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʨʝʛʨʝʩʩʠʦʥʥʳʤ ʤʦʤʝʥʪʘʤ ʦʙʱʝʡ ʵʢʦʥʦʤʠʢʠ 

ʛʦʩʫʜʘʨʩʪʚʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ ʜʘʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʫʩʪʘʥʦʚʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 3D-ʤʦʜʝʣʴ ʧʨʦʝʢʪʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ FinalPlanner ʠ 

ConstructionConveyor ʧʦʟʚʦʣʷʝʪ ʢʣʠʝʥʪʘʤ 

ʫʧʨʘʚʣʷʪʴ ʩʪʨʦʠʪʝʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ 

ʜʦʩʪʠʛʘʪʴ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʚ ʩʨʦʢ, ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʷ ʨʝʩʫʨʩ rʠ ʩ ʥʘʠʤʝʥʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ [2]. 

ɺ ʈʦʩʩʠʠ ʩʦʛʣʘʩʥʦ ʉʇ 333.1325800.2020 

çʀʥʬʦʨʤʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ. 

çʇʨʘʚʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʤʦʜʝʣʝʡ 

ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʦʙʲʝʢʪʘè ʚ 

ʯʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʊʀʄ ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʫʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʝʣʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʣʞʥʘ 

ʚʢʣʶʯʘʶʪ ʮʠʬʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʠ 

ʮʠʬʨʦʚʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʨʦʝʢʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʥʢʨʝʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ [3]. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ, ʪʝʤ ʙʦʣʝʝ, 

ʩʣʦʞʥʦʛʦ ʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ, ʩʭʦʞʝ ʩ ʞʠʚʳʤ 

ʦʨʛʘʥʠʟʤʦʤ, ʩ ʧʦʩʪʦʷʥʥʦ ʤʝʥʷʶʱʠʤʠʩʷ 

çʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠè. ʏʝʣʦʚʝʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʥʝ ʚʩʝʛʜʘ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʝ, ʯʪʦ 
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ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ 

ʥʝʦʙʭʦʜʠʤʦʡ ʩʢʦʨʦʩʪʴʶ [3, 5, 6]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʨʦʝʢʪʥʳʭ 

ʨʘʙʦʪ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʦʚʨʝʤʝʥʥʳʝ ʩʨʝʜʩʪʚʘ 

ʚʠʟʫʘʣʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʚʠʨʪʫʘʣʴʥʦʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚʩʝʤ 

ʫʯʘʩʪʥʠʢʘʤ ʧʨʦʝʢʪʘ ʣʫʯʰʝ ʧʦʥʷʪʴ ʝʛʦ [2]. 

ʆʩʥʦʚʥʳʝ ʮʝʣʠ, ʧʨʝʩʣʝʜʫʝʤʳʝ ʧʨʠ 

ʧʨʠʤʝʥʝʥʠʠ ʪʘʢʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʢʘʢ 

BIM, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʵʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʚʩʝʭ 

ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ: ʦʪ ʠʥʚʝʩʪʦʨʦʚ ʜʦ 

ʩʫʙʧʦʜʨʷʜʯʠʢʘ, ʚʢʣʶʯʘʷ ʚʩʝʭ ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ 

ʦʨʛʘʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, 

ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʷ ʠ ʙʦʣʴʰʘʷ 

ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʢʦʩʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʧʨʠʙʳʣʠ [3]. 

ʂ ʦʩʥʦʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʮʠʬʨʦʚʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʦʪʥʦʩʷʪʩʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʪʝʭʥʦʣʦʛʠʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʀʥʪʝʨʥʝʪ 

ʚʝʱʝʡ, ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʜʨ. [3]. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʤʧʠʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ  ʪʝʭʥʦʣʦʛʠʡ BIM ʚ ʢʘʯʝʩʪʚʝ 

ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʬʫʥʢʮʠʡ ʚ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ  

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʝ ʥʘʭʦʜʷʪ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʠ. 

ʏʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʧʨʦ ʨʘʙʦʪʳ ʥʘ ʩʪʘʜʠʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʝʱʝ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʩ ʬʠʥʘʥʩʦʚʳʤʠ ʠ 

ʚʨʝʤʝʥʥʳʤʠ ʧʝʨʝʨʘʩʭʦʜʘʤʠ ʚ ʭʦʜʝ ʧʨʦʝʢʪʘ [3]. 

ɺʳʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ  

ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ 

ʪʨʘʥʩʦʬʨʤʠʨʦʚʘʣʘʩʴ, ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʘʢʦʥʘʤ.  ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 

ʩʪʘʥʜʘʨʪʥʳʝ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʤʝʪʦʜʳ ʠ 

ʠʥʩʪʨʫʤʝʥʪʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ.  ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʠ ʚʥʝʜʨʝʥʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ 

ʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʚʳʡ 

ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʮʠʬʨʦʚʦʡ ʩʨʝʜʳ, ʧʦ ʩʫʪʠ, 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʦʷʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ, 

ʩʤʝʪʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʂ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʩʭʦʜʠʣʦ 

çʦʪʮʠʬʨʦʚʳʚʘʥʠʝè ʪʘʢʠʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʘʢ 

ʨʘʙʦʪʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʨʘʟʨʘʙʦʪʢʫ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʳ, ʢʘʣʝʥʜʘʨʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ ʠ ʪ.ʜ. 

ʎʠʬʨʦʚʠʟʘʮʠʷ ʙʦʣʝʝ ʜʦʩʢʦʥʘʣʴʥʳʭ   ʧʨʦʮʝʩʩʦʚ 

(ʦʬʦʨʤʣʝʥʠʝ ʯʝʨʪʝʞʝʡ, ʧʦʷʩʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʦʢ ʠ 

ʪ.ʜ.) ʙʳʣʘ ʩʛʝʥʝʨʠʨʦʚʘʥʘ ʚ ʚʠʜʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠʥʬʦʨʤʘʪʠʟʘʮʠʠ.  ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʤʘʥʠʧʫʣʷʮʠʠ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢ ʞʝ ʚ ʧʨʝʜʝʣʘʭ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ [4]. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʭʘʨʘʢʪʝʨʝʥ ʪʝʤ, ʯʪʦ ʦʢʦʥʯʘʪʝʣʴʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʰʘʛʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʙʫʤʘʛʝ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʛʠʛʘʥʪʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʚʘʣʠʬʠʢʘʮʠʝʡ ʚ ʦʙʣʘʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʤʦʛʫʪ ʠ ʜʦʣʞʥʳ ʙʳʪʴ 

ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʩʦʟʜʘʥʠʠ ʠ ʧʦʩʪʦʷʥʥʦʡ 

ʘʢʪʫʘʣʠʟʘʮʠʠ ʪʦʡ ʯʘʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʝʱʝ 

ʥʝ ʠʤʝʝʪ ʩʚʦʝʛʦ çʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘè. ʆʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʤʘʩʰʪʘʙʥʳʭ ʧʨʦʙʣʝʤ ʦʩʪʘʝʪʩʷ ʪʦ, ʯʪʦ 

ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʦʪʨʫʜʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʤʝʥʝʜʞʤʝʥʪʘ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚʳʥʫʞʜʝʥʳ 

ʦʧʠʨʘʪʴʩʷ ʚ ʩʚʦʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʥʘ ʥʦʨʤʘʪʠʚʥʦ-ʟʘʢʦʥʦʜʘʪʝʣʴʥʫʶ ʙʘʟʫ, 

ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʙʫʤʘʞʥʳʭ ʥʦʩʠʪʝʣʷʭ 

ʠʥʬʦʨʤʘʮʠʠ.   

ʇʦʜʦʙʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ 

ʣʶʙʳʤ ʧʨʦʮʝʩʩʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ 

ʩʦʟʜʘʥʠʠ ʩʣʦʞʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʳʨʘʙʦʪʘʣ ʩʚʦʡ ʨʝʩʫʨʩ. ʈʦʣʴ çʪʦʨʤʦʟʥʦʡ ʩʠʩʪʝʤʳè 

ʠʛʨʘʝʪ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʥʝʜʞʤʝʥʪ ʧʨʦʮʝʩʩʘ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ 

ʜʘʣʝʢʦ ʥʝ ʚ ʧʦʣʥʫʶ ʩʠʣʫ.ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ 

ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ, ʦʙʦʩʦʙʣʝʥʥʘʷ, ʪʝʭʥʠʯʝʩʢʘʷ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʣʦʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʵʪʘʧʦʚ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʝʧʷʪʩʪʚʫʝʪ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʦʧʝʨʘʪʠʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 

ʫʯʘʩʪʥʠʢʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʆʜʥʦʚʨʝʤʝʥʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ 

ʟʘʪʨʫʜʥʷʝʪʩʷ ʠʭ ʧʣʦʭʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʴʶ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʠ ʚʥʝʜʨʝʥʥʳʝ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʩ 

ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʴʶ ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʠ, ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʝ ʚʩʝʛʜʘ ʩʧʦʩʦʙʥʳ 

ʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʚ ʝʜʠʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 

ʩʨʝʜʫ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʨʝʤʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʦʜʥʦʛʦ ʫʯʘʩʪʥʠʢʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʜʨʫʛʠʤ. [4]. 

ʇʦʩʣʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ 

ʨʘʙʦʪ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʧʨʦʝʢʪʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ 

ʪʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ: 

- ʧʨʦʩʪʦʪʘ ʠ ʧʨʦʟʨʘʯʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ 

ʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʠ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ ʜʘʥʥʳʭ; 

- ʩʪʘʥʜʘʨʪʥʘʷ ʧʨʦʮʝʜʫʨʘ ʘʢʪʫʘʣʠʟʘʮʠʠ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʝʝ ʩʚʦʙʦʜʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʧʨʦʝʢʪʘ4 

- ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ 

ʧʨʦʝʢʪʘ ʩʧʦʩʦʙʥʘ ʜʫʙʣʠʨʦʚʘʪʴ ʠ ʩʦʭʨʘʥʷʪʴ ʚʩʝ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʠʟʥʘʯʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʦʝʢʪʘ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʭʦʜʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ [4]. 

ɽʩʪʝʩʪʚʝʥʥʦ ʠ ʪʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ 

ʜʝʪʘʣʠʟʘʮʠʠ 3D-ʤʦʜʝʣʠ ʚ ʨʘʟʳ ʫʚʝʣʠʯʠʚʘʝʪ 

ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʫʜʦʙʩʪʚʦ ʨʘʙʦʪʳ ʚ ʮʠʬʨʦʚʦʡ 

ʩʨʝʜʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʦʜʝʣʠ ʧʨʦʝʢʪʘ ʦʪʨʘʞʘʶʪ: 
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- ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ, 

ʚʢʣʶʯʘʷ ʝʝ ʧʦʣʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ; 

- ʢʦʦʨʜʠʥʘʪʳ ʧʦʜʲʝʤʥʦʛʦ ʢʨʘʥʘ ʚ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʙʦʯʠʭ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʣʦʱʘʜʢʝ ʚ ʪʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ 

ʚʨʝʤʝʥʠ ʠʣʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʪ.ʜ. 

ɼʨʫʛʠʤ çʜʠʚʠʜʝʥʜʦʤè ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ï ʵʪʦ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʦʚ ʬʫʥʜʘʤʝʥʪʦʤ, ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ 

ʦʙʦʙʱʝʥʥʘʷ, ʤʥʦʛʦʛʨʘʥʥʘʷ ʮʠʬʨʦʚʘʷ ʤʦʜʝʣʴ. ʕʪʦ 

ʢʦʩʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʚʳʙʦʨʘ ʧʨʘʚʠʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ [7]. 

ʅʘʣʠʯʠʝ ʪʘʢʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʘʷ 

ʨʘʙʦʪʘ ʥʝʩʢʦʣʴʢʠʭ ʫʯʘʩʪʥʠʢʦʚ ʚ ʨʘʤʢʘʭ ʦʜʥʦʡ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʧʪʠʤʠʟʠʨʫʝʪ ʫʨʦʚʝʥʴ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʚʟʘʠʤʦʧʦʥʠʤʘʥʠʷ ʤʝʞʜʫ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʪʘʢʠʭ ʮʝʣʷʭ, ʢʘʢ ʨʘʟʥʦʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʧʨʦʝʢʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʮʝʣʷʭ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ 

ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʠ ʧʨʦʩʯʝʪʦʚ [1]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʮʠʬʨʦʚʦʛʦ 

ʠʥʩʪʨʫʤʝʥʪʘ, ʢʘʢ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʙʝʟ 

ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʚʩʝʭ ʚʠʜʦʚ ʨʘʙʦʪ: ʦʪ ʧʨʦʝʢʪʥʳʭ ʜʦ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ çʧʨʦʤʘʭʘʤʠè ʥʘ ʧʨʦʝʢʪʥʦʡ 

ʩʪʘʜʠʠ ʚʳʩʪʫʧʘʶʪ ʧʨʦʩʯʝʪʳ ʦʙʲʝʤʦʚ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ [8]. ʕʪʠ 

ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ, ʝʩʣʠ 

ʚʥʝʜʨʠʪʴ ʢʦʤʧʣʝʢʩ ʧʨʦʛʨʘʤʤ BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʨʝʘʣʠʟʫʶʱʠʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʠʥʚʝʩʪʠʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

Revit, Navisworks, BIM 360 ʠ ʪ. ʜ. ʜʦʩʪʫʧʥʳ ʚ ʚʠʜʝ 

ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʘʢʝʪ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ BIM 360 ʧʦʟʚʦʣʷʝʪ 

ʤʛʥʦʚʝʥʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚ Revit, ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʩʝʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʝʢʪʘ, ʧʨʦʚʝʨʢʫ 

ʧʝʨʝʩʝʯʝʥʠʡ ʠ ʢʦʤʘʥʜʥʫʶ ʨʘʙʦʪʫ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ. 

ʇʨʠʚʦʟʠʪʝ ʝʛʦ ʥʘ ʩʪʨʦʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʢʫ ʠ 

ʦʩʫʱʝʩʪʚʣʷʡʪʝ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʚʳʧʦʣʥʝʥʠʷ 

ʩʪʨʦʠʪʝʣʴʥʦ-ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʘʚʪʦʨʩʢʠʡ 

ʥʘʜʟʦʨ [9]. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʚʥʝʜʨʠʪʴ 

ʪʝʭʥʦʣʦʛʠʶ IPD ʠ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʘʯʝʩʪʚʘ 

ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʧʨʦʝʢʪʘ ʙʝʟ 

ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʦʝʢʪ [1].  
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ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʝʣʠ ʨʘʩʪʚʦʨʦʤ 

ʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʧʣʘʟʤʦʡ ʚʦʜʳ (ʇɸɺ) ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʦʣʠʤʝʨʦʤ.  ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʷ ʚʦʜʥʦʛʦ 

ʢʦʣʣʦʠʜʘ ʧʦʣʠʚʠʥʠʣʧʠʨʨʘʣʠʜʦʥʘ (ʇɺʇ) ʫʚʝʣʠʯʠʪ ʚʨʝʤʷ ʞʠʟʥʠ ʧʣʘʟʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʴʶ ʇɸɺ + ʇɺʇ ʩʝʤʝʥʘ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʚʩʭʦʞʝʩʪʠ, ʨʘʩʪʝʥʠʷ ʙʳʩʪʨʝʝ 

ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʠ ʙʦʣʝʝ ʞʠʟʥʝʩʧʦʩʦʙʥʳ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʇɸɺ+ʇɺʇ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʠʝ ʩʢʦʨʦʩʪʠ ʦʪʪʦʢʘ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʩʝʤʷʥ.  ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʦʩʥʦʚʝ 

ʢʦʤʧʦʟʠʮʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʧʣʘʟʤʦʡ, ʠ ʧʦʣʠʤʝʨʘ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ (ʇɸɺ+ʇɺʇ) 

ʤʦʞʝʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʜʥʦʢʨʘʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʣʘʟʤʦʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; ʢʦʣʣʦʠʜ; ʧʦʩʝʚʥʘʷ ʧʦʜʛʦʪʦʚʢʘ; ʩʝʤʝʥʘ; ʝʣʴ. 

 

ABSTRACT 

 
The aim of the work was to study the effect of pre-sowing treatment of spruce seeds with a solution of plasma-

activated water (PAW) in combination with a polymer. It is assumed that the addition of an aqueous colloid of 

polyvinylpyrrolidone (PVP) will  increase the lifetime of plasma water. It is shown that after treatment with a mixture of  

PAW + PVP, seeds have a higher percentage of germination, plants develop faster in the early stages and are more 

viable. After treating seeds with surfactants + PVP, higher rates of metabolite outflow from seeds are observed. The use 

of a stimulating preparation based on a composition of an aqueous solution activated by plasma and a polymer of 

polyvinylpyrrolidone (PAW + PVP) can be an effective means of a single pre-sowing seed treatment to solve the 

problem of reforestation.  

Keywords: plasma-activated water; colloid; pre-sowing preparation; seeds; spruce. 

 

ʀʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ 

ʧʦʩʪʝʧʝʥʥʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ 

ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ, ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʚʳʤʠʨʘʥʠʶ 

ʚʠʜʦʚ. ʕʢʦʩʠʩʪʝʤʘ ʣʝʩʘ ʠʛʨʘʝʪ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʦʙʝʩʧʝʯʝʥʠʠ ʨʝʘʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʥʳʭ ʠ ʚʦʜʥʳʭ 

ʮʠʢʣʦʚ. ʅʘʠʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʩʝʷʥʮʝʚ ʧʨʦʠʩʭʦʜʷʪ ʥʘ 

ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [17, 22]. ɼʣʷ 

ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʦʩʥʦʚʘʥʥʳʝ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʢʘʪʦʚ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ 

ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʪ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ [18]. 

ʅʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʥʘʟʘʜ ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʠʤʫʣʷʪʦʨʘ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ 

ʧʣʘʟʤʦʡ [6].  

ʊʝʭʥʦʣʦʛʠʷ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ 

ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʢʦʨʦʪʢʠʤ ʩʨʦʢʦʤ 

ʭʨʘʥʝʥʠʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʚʢʣʶʯʘʶʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʤʦʣʝʢʫʣʘʤʠ 

ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥ (ʇɺʇ) ð 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʳʡ ʧʦʣʠʤʝʨ, 

ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ [10, 15]. ʇɺʇ ʩʧʦʩʦʙʝʥ ʩʚʷʟʳʚʘʪʴ 

ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ ʜʦ 50ï60% ʦʪ ʝʝ ʤʘʩʩʳ [19]. 

ʄʝʭʘʥʠʟʤ ʩʚʷʟʳʚʘʥʠʷ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʩ ʇɺʇ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ H2O2 ʦʙʨʘʟʫʶʪ 

ʮʝʧʥʳʝ ʘʩʩʦʮʠʘʪʳ, ʛʜʝ ʢʘʞʜʘʷ ʥʦʚʘʷ ʤʦʣʝʢʫʣʘ 

ʩʚʷʟʘʥʘ ʩ ʧʨʝʜʳʜʫʱʝʡ ʜʚʫʤʷ ʚʦʜʦʨʦʜʥʳʤʠ ʩʚʷʟʷʤʠ, 

ʧʨʠ ʵʪʦʤ ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʡ ʠ ʩʣʝʜʫʶʱʠʭ 

ʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʠʪ ʩ ʤʝʥʴʰʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ 

ʟʘʪʨʘʪʘʤʠ, ʯʝʤ ʧʝʨʚʦʡ. ʂʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ ʧʦʟʚʦʣʠʣʠ ʦʮʝʥʠʪʴ ʵʥʝʨʛʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʣʷ ʤʦʜʝʣʝʡ ʇɺʇ - H2O2 [14], ʯʪʦ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʜʪʚʝʨʜʠʪʴ ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ [8]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʦʣʠʤʝʨ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʢʦʤʧʣʝʢʩʳ 
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ʩ H2O2, ʯʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʝ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ, 

ʢʦʛʜʘ H2O2 ʦʙʨʘʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʢʪʠʚʥʦʡ 

ʩʨʝʜʝ [24]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʩʠʩʪʝʤʳ ʇɸɺ+ʇɺʇ ʚ ʘʛʨʦʥʦʤʠʠ. 

ʇʦʵʪʦʤʫ ʮʝʣʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʣʘ ʚ 

ʠʟʫʯʝʥʠʠ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʘ ʇɸɺ+ʇɺʇ ʥʘ 

ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʪʨʫʜʥʦʚʦʟʜʝʣʳʚʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, 

ʪʘʢʠʭ ʢʘʢ ʝʣʴ, ʩʢʦʨʦʩʪʴ ʠʭ ʨʘʥʥʝʛʦ ʨʘʟʚʠʪʠʷ ʠ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ 

ʇɸɺ+ʇɺʇ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʘʟʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʠʟʚʝʩʪʥʘʷ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

(ʛʝʦʤʝʪʨʠʷ ʨʝʘʢʪʦʨʘ, ʧʝʨʝʣʠʚʥʳʝ ʝʤʢʦʩʪʠ, 

ʛʘʟʦʦʪʚʦʜʳ, ʩʠʩʪʝʤʘ ʩʤʝʰʝʥʠʷ) [7, 21] ʧʨʝʪʝʨʧʝʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʛʘʙʘʨʠʪʦʚ, ʨʝʘʢʪʦʨʥʦʡ 

ʯʘʩʪʠ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʧʨʠʥʮʠʧʳ ʟʘʞʠʛʘʥʠʷ ʠ 

ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʟʤʳ ʠ ʢʦʥʪʨʦʣʴ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ɼʘʥʥʘʷ ʩʭʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʜʚʘ 

ʤʝʪʦʜʘ ʘʢʪʠʚʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ð ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ 

ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ. ɺ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʨʝʘʢʪʦʨʘ ʣʝʞʠʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʷʯʝʡʢʘ, 

ʚʢʣʶʯʘʶʱʘʷ ʩʦʩʫʜ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʚ ʢʦʪʦʨʳʡ 

ʧʦʛʨʫʞʝʥʳ ʜʚʘ ʵʣʝʢʪʨʦʜʘ ð ʘʢʪʠʚʥʳʡ ʠ ʧʘʩʩʠʚʥʳʡ. 

ɸʢʪʠʚʥʳʡ ʵʣʝʢʪʨʦʜ (ʢʘʪʦʜ) ʠʟʛʦʪʦʚʣʝʥ ʠʟ 

ʚʦʣʴʬʨʘʤʘ ʠ ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʣʠʥʜʨʘ ʜʠʘʤʝʪʨʦʤ 0,6 

ʤʤ ʠ ʜʣʠʥʦʡ ʜʦ 20 ʤʤ. ʅʝʡʪʨʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ (ʘʥʦʜ) 

ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʧʠʨʦʣʠʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʪʘ ʠ ʠʤʝʝʪ 

ʧʣʦʱʘʜʴ 12 ʩʤ 2. ʈʝʘʢʪʦʨ ʧʠʪʘʝʪʩʷ ʦʪ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ 

ʯʘʩʪʦʪʝ 0,44 ʄɻʮ. ʈʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʵʣʝʢʪʨʦʜʘʭ ʨʝʘʢʪʦʨʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

250ï350 ɺ. ʇʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ 

ʨʦʟʞʠʛʝ ð 1500 ɺʪ; ʧʦʪʨʝʙʣʷʝʤʘʷ ʤʦʱʥʦʩʪʴ ʧʨʠ 

ʨʘʙʦʪʝ ʦʢʦʣʦ 300 ɺʪ. ɼʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʫʩʪʨʦʡʩʪʚʘ ʩʠʣʘ ʪʦʢʘ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʧʦʣʫʧʝʨʠʦʜʝ 

(ʢʘʪʦʜʥʘʷ ʧʦʣʷʨʥʦʩʪʴ) ʜʦʣʞʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʧʨʝʚʳʰʘʪʴ ʩʠʣʫ ʪʦʢʘ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʧʦʣʫʧʝʨʠʦʜʝ 

(ʘʥʦʜʥʘʷ ʧʦʣʷʨʥʦʩʪʴ). ʌʦʨʤʘ ʠʟʤʝʥʝʥʠʷ ʩʠʣʳ ʪʦʢʘ 

ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʧʦʣʫʧʝʨʠʦʜʝ ʠ 

ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʧʦʣʫʧʝʨʠʦʜʝ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʝʪʩʷ. ʉʫʪʴ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʪʦʢ, 

ʧʨʦʪʝʢʘʶʱʠʡ ʯʝʨʝʟ ʨʝʘʢʪʦʨ, ʠʤʝʝʪ ʧʦʩʪʦʷʥʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʚ ʨʝʘʢʪʦʨʝ ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ 

ʦʙʣʘʩʪʠ. 

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ ʧʦʜʘʝʪʩʷ ʚ ʨʝʘʢʪʦʨ ʯʝʨʝʟ 

ʨʝʛʫʣʠʨʫʝʤʳʡ ʢʣʘʧʘʥ (ʛʝʨʤʝʪʠʢ), ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ 

ʨʘʩʭʦʜ 50 ʩʤ 3 /ʤʠʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʘʪʦʯʥʫʶ 

ʘʢʪʠʚʘʮʠʶ ʨʘʩʪʚʦʨʘ. ʆʙʨʘʟʫʶʱʠʡʩʷ ʚʦʜʦʨʦʜ 

ʫʜʘʣʷʝʪʩʷ ʠʟ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ ʩʧʝʮʠʘʣʴʥʳʡ ʢʘʥʘʣ. 

ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʨʝʘʢʪʦʨʥʦʡ ʩʙʦʨʢʠ ʠ ʚʥʝʰʥʠʡ 

ʚʠʜ ʨʝʘʢʪʦʨʥʦʡ ʩʙʦʨʢʠ ʚ ʨʘʟʦʙʨʘʥʥʦʤ ʚʠʜʝ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʅʘ ʵʪʘʧʝ ʧʦʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʜʦ ʧʦʨʦʛʘ 

ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʣʘʟʤʳ ʪʦʢ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ 

ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. ɺ ʩʝʢʮʠʠ ʧʣʘʟʤʝʥʥʦʛʦ ʛʦʨʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʝ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʠ ʨʘʟʨʷʜ ʩʪʘʥʦʚʠʪʩʷ 

ʙʣʠʟʢʠʤ ʢ ʦʙʳʯʥʦʤʫ ʪʣʝʶʱʝʤʫ ʨʘʟʨʷʜʫ. ʅʘ ʫʯʘʩʪʢʝ 

DF ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʟʘʢʘʣʢʠ 

ʧʦʜʯʠʥʷʝʪʩʷ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ [11]. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʚʠʜ ʨʝʘʢʪʦʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ 

 

ʀʟʤʝʨʝʥʠʝ pH ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʩʪʘʥʮʠʠ S470 SevenEx Cellence 

(Mettler Toledo, ʂʦʣʫʤʙʫʩ, ʆʛʘʡʦ, ʉʐɸ) ʩ 

ʩʝʥʩʦʨʥʳʤ ʵʣʝʢʪʨʦʜʦʤ InLab Expert Pro-ISM. 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʥʘ ʩʝʥʩʦʨʝ InLab Redox, ʘ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘ ʩʝʥʩʦʨʝ InLab731-ISM. 

ʀʟʤʝʨʷʝʤʳʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ 

ʣʘʤʠʥʘʨʥʦʤ ʨʝʞʠʤʝ ʩ ʯʘʩʪʦʪʦʡ ʦʢʦʣʦ 2ï3 ɻʮ [5]. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ, 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʇɸɺ, ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʦʣʷʨʦʛʨʘʬʘ ɸʂʇʄ-1-02 (ɹʉʉ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ). 

ʋʯʠʪʳʚʘʣʦʩʴ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʨʘʙʦʪʘʣʘ 

ʪʝʨʤʦʢʦʤʧʝʥʩʘʮʠʷ. ɼʝʪʘʣʠ ʠʟʤʝʨʝʥʠʡ ʦʧʠʩʘʥʳ 

ʨʘʥʝʝ [5]. ʂʦʥʮʝʥʪʨʘʮʠʶ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʥʠʪʨʘʪʤʝʪʨʝ Horiba LAQUAtwin B-

741. ʂʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʇɸɺ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʫʩʠʣʝʥʥʦʡ 

ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʩʠʩʪʝʤʝ çʣʶʤʠʥʦʣ-4-

ʡʦʜʬʝʥʦʣ-ʧʝʨʦʢʩʠʜʘʟʘè [16].  

ɺʦʜʥʳʡ ʢʦʣʣʦʠʜ ʧʦʣʠʚʠʥʠʣʧʠʨʣʠʜʦʥʘ 

(ɸʰʣʝʥʜ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ) 1% ʠʤʝʣ pH = 5,0 ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʥʝʝ 0,1 ʤʉʤ/ʩʤ, ʩʦʜʝʨʞʘʣ 

ʦʢʦʣʦ 270 ʤʢʄ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʢʠʩʣʦʨʦʜʘ ʠ ʩʦʜʝʨʞʘʣ ʤʝʥʝʝ 0,01 ʤʄ NO 3 
- ʠ H.2ʆ 2. 

ɺʦʜʥʳʡ ʢʦʣʣʦʠʜ ʧʦʣʠʚʠʥʠʣʧʠʨʣʠʜʦʥʘ ʩʤʝʰʠʚʘʣʠ ʩ 

ʇɸɺ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1/10. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʝʥʘ ʝʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ 

Picea abies. ʆʙʲʝʤ ʚʳʙʦʨʢʠ ʩʝʤʷʥ ʥʘ ʦʜʠʥ ʩʣʫʯʘʡ 

ʩʦʩʪʘʚʠʣ 100 ʰʪʫʢ. ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ 5 ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʨʝʜʧʦʩʝʚʥʫʶ ʦʙʨʘʙʦʪʢʫ 

ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʧʦʛʨʫʞʝʥʠʷ ʩʝʤʷʥ ʝʣʠ ʚ 

ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʪʚʦʨ ʥʘ 5 ʤʠʥ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʩʫʰʢʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʆʮʝʥʢʫ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ 

ʨʘʩʪʚʦʨʦʤ ʧʨʦʚʦʜʠʣʠ ʧʫʪʝʤ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ.  

ʄʝʪʦʜʠʢʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ 

ʜʚʘ ʵʪʘʧʘ:  ʇʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʠ 

ʚʳʩʫʰʠʚʘʥʠʷ ʜʦ ʩʳʧʫʯʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʝʤʝʥʘ 

ʨʘʩʢʣʘʜʳʚʘʣʠ ʜʣʷ ʧʨʦʨʘʱʠʚʘʥʠʷ ʚ ʯʘʰʢʠ ʇʝʪʨʠ ʧʦ 
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25 ʰʪʫʢ ʥʘ ʙʫʤʘʞʥʳʭ ʬʠʣʴʪʨʘʭ, ʩʤʦʯʝʥʥʳʭ ʚʦʜʦʡ, 

ʟʘʪʝʤ ʧʝʨʝʥʦʩʠʣʠ ʚ ʪʝʨʤʦʩʪʘʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ +20Áʉ 

ʠ ʥʘ 6-ʝ ʩʫʪʢʠ ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ 

ʧʨʦʨʦʩʰʠʭ ʩʝʤʷʥ. ɺʩʭʦʞʠʤʠ ʩʯʠʪʘʣʠ ʩʝʤʝʥʘ ʩ 

ʜʣʠʥʦʡ ʢʦʨʥʷ ʙʦʣʝʝ 5 ʤʤ.  

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʧʨʦʨʦʩʰʠʝ ʩʝʤʝʥʘ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʧʨʦʟʨʘʯʥʳʝ ʢʫʣʴʪʫʨʘʣʴʥʳʝ ʩʦʩʫʜʳ ʠʟ 

ʇʕʊ - ʧʣʘʩʪʠʢʘ ʥʘ ʦʙʝʜʥʝʥʥʫʶ ʧʦʯʚʫ-ʧʝʩʦʢ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʦʯʝʥʥʳʡ ʚʦʜʦʡ, ʛʝʨʤʝʪʠʯʥʦ 

ʟʘʢʨʳʚʘʣʠ ʠ ʧʦʤʝʱʘʣʠ ʚ ʢʣʠʤʘʪʠʯʝʩʢʫʶ ʢʘʤʝʨʫ. ʅʘ 

ʦʜʥʦ ʨʘʩʪʝʥʠʝ ʦʙʲʝʤ ʧʝʩʢʘ ʩʦʩʪʘʚʣʷʣ 5 ʤʣ, ʦʙʲʝʤ 

ʫʚʣʘʞʥʠʪʝʣʷ ï 2 ʤʣ, ʦʙʲʝʤ ʚʦʟʜʫʭʘ ï 10 ʤʣ.  

ʋʩʣʦʚʠʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʩʘʜʳ: 

ʦʩʚʝʱʝʥʥʦʩʪʴ 1500 ʣʶʢʩ, ʯʝʨʝʜʦʚʘʥʠʝ ʩʚʝʪʘ ʠ 

ʪʝʤʥʦʪʳ ð 12:12, ʪʝʤʧʝʨʘʪʫʨʘ +20 Áʉ.  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥ ʜʣʷ 4 ʚʘʨʠʘʥʪʦʚ 

ʦʙʨʘʙʦʪʢʠ: ʠʩʭʦʜʥʳʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʚʦʜʥʳʡ 

ʢʦʣʣʦʠʜ ʇɺʇ (1%), ʇɸɺ ʠ ʇɸɺ + ʇɺʇ (1%). 

ʉʦʩʪʦʷʥʠʝ ʧʨʦʨʘʩʪʘʶʱʠʭ ʩʝʤʷʥ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʥʘ 

6, 9 ʠ 15-ʝ ʩʫʪʢʠ. ʅʘ 6-ʝ ʩʫʪʢʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʦʩʰʠʭ ʩʝʤʷʥ ʚ ʯʘʰʢʘʭ ʇʝʪʨʠ. ʅʘ 9-

ʡ ʜʝʥʴ ʫʯʠʪʳʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ ʩʝʷʥʮʝʚ ʩʦ ʩʚʦʙʦʜʥʦʡ 

ʭʚʦʝʡ, ʘ ʥʘ 15-ʡ ʜʝʥʴ ʦʮʝʥʠʚʘʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʩʝʷʥʮʝʚ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʩʝʤʝʥʘ 

ʝʣʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʨʘʙʦʪʘʥʳ ʠ ʚʳʩʫʰʝʥʳ ʚ 

ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʆʧʳʪʥʳʝ ʦʙʨʘʟʮʳ (30 ʩʝʤʷʥ, 

ʦʙʨʘʙʦʪʘʥʥʳʭ ʇɸɺ + ʇɺʇ) ʪʱʘʪʝʣʴʥʦ ʧʨʦʤʳʚʘʣʠ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɸʥʘʣʦʛʠʯʥʫʶ ʧʨʦʮʝʜʫʨʫ ʧʦʚʪʦʨʷʣʠ 

ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ (ʥʝʦʙʨʘʙʦʪʘʥʥʳʤʠ ʇɸɺ+ʇɺʇ) 

ʩʝʤʝʥʘʤʠ, ʧʦʤʝʱʘʷ ʠʭ ʚ ʢʚʘʨʮʝʚʳʝ ʢʶʚʝʪʳ ʩ 

ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ ʚ ʦʙʲʝʤʝ 4,5 ʤʣ. ʉʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Cary 

300 (Varian, Belrose, ʅʦʚʳʡ ʖʞʥʳʡ ʋʵʣʴʩ, 

ɸʚʩʪʨʘʣʠʷ) (ʷʯʝʡʢʘ ʩʨʘʚʥʝʥʠʷ, ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʘʷ 

ʚʦʜʘ). ʉʧʝʢʪʨʳ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʟʘʧʠʩʳʚʘʣʠ ʥʘ 

ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʝ FP-8300 (Jasco, ʊʦʢʠʦ, ʗʧʦʥʠʷ) 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʰʝʜʰʠʝ ʚ ʨʘʩʪʚʦʨ 

ʤʝʪʘʙʦʣʠʪʳ ʠʤʝʣʠ ʭʘʨʘʢʪʝʨʥʳʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʋʌ-ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ 

ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 207 ʥʤ ʠ ʧʣʝʯʦʤ ʧʦʛʣʦʱʝʥʠʷ ʜʦ 

330 ʥʤ. ʏʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ 

ʧʝʨʝʜ ʩʣʝʜʫʶʱʠʤ ʠʟʤʝʨʝʥʠʝʤ ʞʠʜʢʦʩʪʴ ʚ ʢʶʚʝʪʝ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤ ʠ ʦʧʳʪʥʳʤ ʦʙʨʘʟʮʘʤʠ ʦʩʪʦʨʦʞʥʦ 

ʧʝʨʝʤʝʰʠʚʘʣʠ, ʘ ʟʘʪʝʤ ʠʟʤʝʨʷʣʠ ʦʧʪʠʯʝʩʢʫʶ 

ʧʣʦʪʥʦʩʪʴ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʛʣʦʱʝʥʠʷ ʠʣʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 330 

ʥʤ ʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 280 ʥʤ.  

ɼʘʥʥʳʝ ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʥʦʨʤʘʣʴʥʦʩʪʠ ʚʳʙʦʨʦʯʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʨʠʪʝʨʠʡ ʐʘʧʠʨʦï

ʋʠʣʢʘ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʚʳʙʦʨʦʢ ʩ 

ʥʦʨʤʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ t -

ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ [12]. 

ʇʣʘʟʤʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʙʨʘʟʮʳ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʜʣʠʪʝʣʴʥʳʭ ʚʨʝʤʝʥʘʭ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʨʝʘʢʪʦʨʝ (ʦʢʦʣʦ 45ï50 

ʤʠʥ) ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʷʜʘ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ. ʅʘʧʨʠʤʝʨ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 

ʧʝʨʝʩʪʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ, ʜʦ ʢʦʪʦʨʳʭ ʫʜʘʣʦʩʴ 

ʜʦʚʝʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, 

ʩʦʩʪʘʚʣʷʣʠ 7ï10 ʤʄ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʣʘʟʤʳ ʪʣʝʶʱʝʛʦ 

ʨʘʟʨʷʜʘ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 2,5 ʨʘʟʘ. ʇʦʩʣʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ 

ʚʦʜʳ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʣʘʟʤʦʡ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ 

(ʇɸɺ + ʇɺʇ), ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʥʠʟʠʣʘʩʴ 

ʧʨʠʤʝʨʥʦ ʥʘ 10% ʦʪʥʦʩʠʪʝʣʴʥʦ ʇɸɺ. ʇʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʣʘʟʤʳ ʧʨʦʠʩʭʦʜʠʣʦ 

ʧʦʜʱʝʣʘʯʠʚʘʥʠʝ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʣʘʟʤʦʡ ʨʅ ʇɸɺ 

ʫʚʝʣʠʯʠʣʩʷ ʙʦʣʝʝ ʯʝʤ ʥʘ 1 ʝʜʠʥʠʮʫ. ʇʨʠ ʵʪʦʤ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ (ʜʦʙʘʚʣʝʥʠʝ 

ʇɺʇ) ʟʥʘʯʝʥʠʷ ʨʅ ʥʝ ʚʦʟʚʨʘʱʘʣʠʩʴ ʚ ʥʝʡʪʨʘʣʴʥʫʶ 

ʦʙʣʘʩʪʴ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʚʦ 

ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʩʣʫʯʘʷʭ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʣʘʩʴ ʠ 

ʥʘʭʦʜʠʣʘʩʴ ʥʘ ʫʨʦʚʥʝ ʩʪʘʥʜʘʨʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʚʦʜʝ ʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʨʘʩʪʚʦʨʝʥʥʦʛʦ 

ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦʛʦ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ʇʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 75%. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʢʦʣʣʦʠʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦʣʠʤʝʨʘ 

ʥʝʩʢʦʣʴʢʦ ʩʥʠʟʠʣʦ ʟʥʘʯʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʇɸɺ. 

ɺ ʠʩʭʦʜʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ-

ʘʥʠʦʥʦʚ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 0,01 ʤʄ. ʇʦʩʣʝ 

ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʦʙʥʘʨʫʞʠʚʘʝʤʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ 

ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 15 ʤʄ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʇɸɺ 

ʧʦʣʠʤʝʨʘ (10% ʧʦ ʦʙʲʝʤʫ) ʥʘʙʣʶʜʘʣʦʩʴ 

ʨʘʟʙʘʚʣʝʥʠʝ, ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʠʪʨʘʪ-ʘʥʠʦʥʘ 

ʫʤʝʥʴʰʘʣʘʩʴ ʧʨʠʤʝʨʥʦ ʥʘ 10%, ʯʪʦ ʠ ʦʞʠʜʘʣʦʩʴ 

[20]. ɺ ʠʩʭʦʜʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʥʮʝʥʪʨʘʮʠ ̫

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 0,01 ʤʄ. ʕʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʚʦʜʳ (4ï

7 ʥʄ) [19] ʠ ʩʣʘʙʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ (2ï15 ʥʄ) [1]. 

ʇʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʥʝʤ ʦʙʥʘʨʫʞʝʥʦ ʦʢʦʣʦ 5 ʤʄ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʦʣʠʤʝʨʘ ʥʘʙʣʶʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʧʨʠʤʝʨʥʦ ʥʘ 10%. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʩʥʠʞʘʝʪʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ [23]. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʧʦʣʠʤʝʨ ʇɺʇ 

ʙʫʜʝʪ ʩʚʷʟʳʚʘʪʴ ʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʤʦʣʝʢʫʣʳ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʇɸɺ ʠ ʇɸɺ+ʇɺʇ ʭʨʘʥʠʣʠʩʴ ʚ 

ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʵʪʦʤ 

ʬʠʢʩʠʨʦʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ 10 ʩʫʪʦʢ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʥʝ 

ʩʦʜʝʨʞʘʱʝʤ ʧʦʣʠʤʝʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʩʥʠʟʠʣʘʩʴ ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʧʦʣʠʤʝʨʘ ʢ ʇɸɺ ʦʙʨʘʟʦʚʳʚʘʣʩʷ 

ʢʦʣʣʦʠʜ, ʚ ʢʦʪʦʨʦʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʝʨʝʢʠʩʠ 

ʚʦʜʦʨʦʜʘ ʩʥʠʞʘʣʘʩʴ ʥʘ 10ï15% ʟʘ 10 ʩʫʪʦʢ. 

ʊʘʢ, ʇɺʇ ʩʥʠʞʘʣ ʩʢʦʨʦʩʪʴ ʨʘʟʣʦʞʝʥʠʷ 

ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, 
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ʦʙʨʘʙʦʪʘʥʥʦʤ ʧʣʘʟʤʦʡ ʪʣʝʶʱʝʛʦ ʨʘʟʨʷʜʘ, ʚ 3ï5 ʨʘʟ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʠʟʫʯʝʥʦ 

ʚʣʠʷʥʠʝ ʧʣʘʟʤʦʘʢʪʠʚʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʠ ʢʦʣʣʦʠʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʇɸɺ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʦʡ ʩʝʤʷʥ 

ʨʘʩʪʝʥʠʡ ʝʣʠ ʦʙʳʢʥʦʚʝʥʥʦʡ (Picea abies). ʇʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʢʦʣʣʦʠʜʦʤ ʇɸɺ + ʇɺʇ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʨʦʩʰʠʭ ʩʝʤʷʥ ʙʳʣʦ ʜʦʩʪʦʚʝʨʥʦ 

ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ. ʈʘʩʪʝʥʠʷ, 

ʧʨʦʨʦʩʰʠʝ ʠʟ ʪʘʢʠʭ ʩʝʤʷʥ, ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʫʶ ʙʠʦʤʘʩʩʫ ʠ ʨʘʟʤʝʨʳ. 

 ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʢʦʥʪʨʦʣʝ ʢ 6-ʤʫ ʜʥ ʁ

ʦʧʳʪʘ ʧʨʦʨʦʩʣʦ ʧʨʠʤʝʨʥʦ ʦʜʥʦ ʩʝʤʷ ʠʟ ʧʷʪʠ.  

ʆʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʇɸɺ ʧʨʠʚʝʣʘ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʫʞʝ ʢ 6-ʤʫ ʜʥ ʁʦʧʳʪʘ, 

ʜʚʘ ʠʟ ʪʨʝʭ ʩʝʤʷʥ ʧʨʦʨʦʩʣʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʢʦʣʣʦʠʜʦʤ ʇɸɺ + ʇɺʇ ʧʨʠʚʝʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʥʘ 20% ʢ 6-ʤʫ ʜʥ ʁ

ʦʧʳʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʇɸɺ. 

ʂ 9-ʤʫ ʜʥ ʁ ʦʧʳʪʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ 

ʥʘʣʠʯʠʝ ʫ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʛʦ ʧʷʪʦʛʦ ʨʘʩʪʝʥʠʷ ʚ 

ʢʦʥʪʨʦʣʝ ʩʚʦʙʦʜʥʦʡ ʭʚʦʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʘ 

ʇɺʇ ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʣʫʯʰʝʥʠʶ ʩʠʪʫʘʮʠʠ. 

ʂʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ ʭʚʦʝʡ ʢ 9-ʤʫ 

ʜʥ ʁʫʚʝʣʠʯʠʣʦʩʴ ʥʘ 50% ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʨʦʣʷ. ʂ 

9-ʤʫ ʜʥ ʁʦʧʳʪʘ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʇɸɺ ʧʨʠʚʝʣʘ ʢ 

ʪʦʤʫ, ʯʪʦ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʨʘʩʪʝʥʠʡ ʠʤʝʣʠ 

ʩʚʦʙʦʜʥʫʶ ʭʚʦʶ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ 

ʢʦʣʣʦʠʜʦʤ ʇɸɺ + ʇɺʇ ʧʨʠʚʝʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʥʘ 

20% ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʝʥʠʡ ʩʦ ʩʚʦʙʦʜʥʦʡ ʭʚʦʝʡ ʢ 9-ʤʫ 

ʜʥ ʁʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʇɸɺ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢ 15-ʤʫ ʜʥ ʁʦʧʳʪʘ ʚ ʢʦʥʪʨʦʣʝ 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʳʭ ʨʘʩʪʝʥʠʡ ʩʦʩʪʘʚʣʷʣʦ ʦʢʦʣʦ 10%. 

ʃʝʯʝʥʠʝ ʢʦʣʣʦʠʜʦʤ ʇɺʇ ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʤʫ 

ʫʣʫʯʰʝʥʠʶ ʩʠʪʫʘʮʠʠ. ʂ 15-ʤʫ ʜʥ ʁʦʧʳʪʘ ʦʙʨʘʙʦʪʢʘ 

ʩʝʤʷʥ ʇɸɺ ʧʨʠʚʝʣʘ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʞʠʚʳʭ ʦʩʪʘʣʦʩʴ 

ʦʢʦʣʦ ʜʚʫʭ ʨʘʩʪʝʥʠʡ ʠʟ ʧʷʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʢʦʣʣʦʠʜʦʤ ʇɸɺ+ʇɺʇ ʧʨʠʚʝʣʘ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʞʠʚʳʭ ʨʘʩʪʝʥʠʡ ʥʘ 30% 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʨʫʧʧʳ ʇɸɺ ʠ ʥʘ 350% ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤ  r ʩʦʩʨʝʜʦʪʦʯʠʣʠʩʴ ʥʘ 

ʠʟʫʯʝʥʠʠ ʵʬʬʝʢʪʦʚ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʘ ʇɸɺ + ʇɺʇ.  

ʆʜʥʠʤ ʠʟ ʧʨʦʮʝʩʩʦʚ, ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʚʣʠʷʥʠʠ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ, ʷʚʣʷʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ 

ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʩʝʤʷʥ ʚ ʩʨʝʜʫ ʠʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʨʘʥʥʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʝʪʘʙʦʣʠʪʦʚ 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʠʟʫʯʘʣʠ ʤʝʪʦʜʘʤʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʠ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʠʠ. 

ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʪʚʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʟʘʤʘʯʠʚʘʶʪ ʩʝʤʝʥʘ, ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʧʦʢʘʟʘʪʝʣʝʤ ʘʢʪʠʚʘʮʠʠ ʩʝʤʷʥ ʚ ʚʦʜʥʦʡ 

ʩʨʝʜʝ ʚ ʧʝʨʚʳʝ ʯʘʩʳ ʦʧʳʪʘ. 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʤʦʣʝʢʫʣʳ ʯʘʩʪʦ ʠʥʪʝʥʩʠʚʥʦ 

ʧʦʛʣʦʱʘʶʪ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ [4]. ɺ 

ʩʧʝʢʪʨʝ ʥʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘʙʣʶʜʘʣʘʩʴ 

ʧʨʠ 207 ʥʤ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʝʪʘʙʦʣʠʪʦʚ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʠ ʦʧʳʪʥʦʛʦ 

ʦʙʨʘʟʮʦʚ.  

 
ʈʠʩʫʥʦʢ 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʝʤʷʥ ʝʣʠ ʩʨʘʟʫ 

ʧʦʩʣʝ ʟʘʤʘʯʠʚʘʥʠʷ ʧʨʠ 207 ʥʤ. ɺʳʭʦʜ ʤʝʪʘʙʦʣʠʪʦʚ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʦʙʨʘʟʮʦʚ (1) ʠ ʦʙʨʘʟʮʦʚ 

ʇɸɺ + ʇɺʇ (2). ɿʥʘʯʝʥʠʷ ʬʦʥʦʚʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 

ʚʳʯʠʪʘʶʪʩʷ (n = 5). 

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʮʝʩʩ 

ʫʚʝʣʠʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʝʤʝʥʘ ʞʠʜʢʦʩʪʠ ʧʦʩʣʝ ʢʦʥʪʘʢʪʘ ʩʝʤʷʥ ʩ ʚʦʜʦʡ 

ʧʨʦʠʩʭʦʜʠʣ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʜʦʩʪʘʪʦʯʥʦ 

ʙʳʩʪʨʦ, ʩ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ 4 Ŀ 10 -2 
ʤʠʥ

 -1. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʇɸɺ+ʇɺʇ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʙʳʣʘ 

ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, ʧʨʠʤʝʨʥʦ 8Ĭ10-2 ʤʠʥ - 1. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʝʪʘʙʦʣʠʪʦʚ 

ʩʥʠʟʠʣʘʩʴ ʜʦ 1Ĭ10ï2 ʤʠʥ ï 1 ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ ʜʦ 3Ĭ10ï2 
ʤʠʥ ï 1 ʜʣʷ ʛʨʫʧʧʳ ʇɸɺ+ʇɺʇ. 

ʄʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʪʨʝʭʤʝʨʥʦʡ ʢʘʨʪʳ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʨʘʩʪʚʦʨʘ ʩ ʚʳʜʝʣʠʚʰʠʤʠʩʷ 

ʤʝʪʘʙʦʣʠʪʘʤʠ ʯʝʨʝʟ 90 ʤʠʥ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʟʘʤʘʯʠʚʘʥʠʠ ʚʳʷʚʠʣʠ ʜʚʝ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʡ 

ʬʣʫʦʨʝʩʮʝʥʮʠʠ. ʆʙʳʯʥʦ ʦʙʣʘʩʪʴ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ 

ʢʘʨʪʳ ʩ ʮʝʥʪʨʦʤ ɚ ex = 280 ʥʤ, ɚ em = 330 ʥʤ ʩʚʷʟʘʥʘ ʩ 

ʙʝʣʢʘʤʠ ʠ ʧʝʧʪʠʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʩʪʘʪʢʠ 

ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʩ 

ʘʤʠʥʦʢʠʩʣʦʪʘʤʠ ʪʨʠʧʪʦʬʘʥʦʤ, ʬʝʥʠʣʘʣʘʥʠʥʦʤ ʠ 

ʪʠʨʦʟʠʥʦʤ [9]. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʙʝʣʢʠ ʠ ʠʭ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʦʣʝʝ 

ʦʜʥʦʨʦʜʥʫʶ ʛʨʫʧʧʫ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʯʝʤ 

ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʠʥʘʤʠʢʫ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʩʝʤʷʥ ʨʘʩʪʝʥʠʡ 

ʠʟʫʯʘʣʠ ʧʨʠ ʥʘʩʪʨʦʡʢʘʭ ʧʨʠʙʦʨʘ ɚ ex = 280 ʥʤ, ɚ em = 

330. ʆʮʝʥʝʥʥʘʷ ʤʝʪʦʜʦʤ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʠʥʘʤʠʢʘ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʤʝʪʘʙʦʣʠʪʦʚ ʢʦʥʪʨʦʣʷ ʠ ʦʙʨʘʟʮʦʚ, 

ʟʘʤʦʯʝʥʥʳʭ ʚ ʇɸɺ+ʇɺʇ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʢʦʨʦʩʪʴ 

ʚʳʭʦʜʘ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʩʨʝʜʫ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʇɸɺ+ʇɺʇ ʙʳʣʘ ʧʦʯʪʠ ʥʘ 50% ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʢʦʥʪʨʦʣʝʤ ʥʘ ʥʘʯʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʛʨʘʬʠʢʘ ʠ ʧʦʯʪʠ 

ʥʘ 25% ʚʳʰʝ ʚ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʩʨʦʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ, 

ʚʢʣʶʯʘʶʱʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʠʥʘʮʠʠ ʇɸɺ ʠ 

ʇɺʇ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ 

ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. ʆʙʨʘʙʦʪʘʥʥʳʝ 

ʩʝʤʝʥʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ 

ʚʩʭʦʞʝʩʪʠ, ʨʘʩʪʝʥʠʷ ʨʘʟʚʠʚʘʶʪʩʷ ʙʳʩʪʨʝʝ ʠ 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴʶ.  
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ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘ ʫʨʦʚʥʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʤʝʥʘʭ ʦʙʫʩʣʦʚʣʝʥʳ ʫʩʢʦʨʝʥʥʳʤ 

ʦʪʪʦʢʦʤ ʤʝʪʘʙʦʣʠʪʦʚ ʠʟ ʦʙʨʘʙʦʪʘʥʥʳʭ ʩʝʤʷʥ. ʇɸɺ, 

ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʨʦʥʠʢʘʶʪ ʚ ʦʙʦʣʦʯʢʫ ʩʝʤʝʥʠ, ʠʟʤʝʥʷʷ ʝʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʦʙʣʝʛʯʘʷ ʚʳʭʦʜ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʜʣʷ ʟʘʨʦʜʳʰʘ [3]. ʇɺʇ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ ʫʜʝʨʞʠʚʘʪʴ ʚʣʘʛʫ, ʯʪʦ ʩʦʟʜʘʝʪ 

ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʨʘʩʪʘʥʠʷ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʘ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʟʠʮʠʠ 

ʇɸɺ+ʇɺʇ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʬʬʝʢʪʠʚʥʳʡ ʩʧʦʩʦʙ 

ʧʨʦʚʝʜʝʥʠʷ ʦʜʥʦʢʨʘʪʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʝʤʷʥ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʪʝʥʠʡ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ 

ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ 

ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʤʷʥ ʝʣʠ. 

ʇʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʪʠʤʫʣʠʨʫʶʱʠʤ 

ʨʘʩʪʚʦʨʦʤ ʧʦʟʚʦʣʠʪ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʧʦʚʳʩʠʪʴ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʦʤʧʦʟʠʮʠʠ ʇɸɺ+ʇɺʇ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʨʝʰʝʥʠʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ ʚ 

ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʣʝʩʦʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ 

ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ, 

ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚʳʙʦʨ ʤʝʪʦʜʦʚ ʫʩʠʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʬʘʢʪʦʨʦʚ, 

ʟʘʚʠʩʷʱʠʭ ʦʪ ʧʨʦʝʢʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʜʘʥʠʷ ʠ ʝʛʦ ʬʫʥʢʮʠʡ. ʋʛʣʫʙʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʚʳʷʚʣʝʥʥʳʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʧʦʤʦʛʫʪ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʜʣʷ ʫʩʠʣʝʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʥʘ 

ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʘ, ʫʢʨʝʧʣʝʥʠʝ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʫʣʴʪʫʨʥʦʝ ʥʘʩʣʝʜʠʝ, 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʘʚʘʨʠʡʥʦʩʪʠ ʟʜʘʥʠʡ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ, ʪʝʭʥʦʣʦʛʠʷ ʤʘʥʞʝʪ. 

 

ABSTRACT 

 

Reconstruction of capital facilities is an urban development activity in which, according to the conducted 

research, the choice of methods for strengthening foundations is determined by a number of factors depending on the 

design characteristics of the building and its functions. In-depth analysis and identified relationships will  help to 

simplify the process of developing design solutions for strengthening the load-bearing structures of buildings at the 

early stages of design. 

Keywords: architecture, strengthening of load-bearing structures, cultural heritage, prevention of building 

accidents, state control, cuff technology 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʙʳʩʪʨʦʨʘʩʪʫʱʠʭ ʛʦʨʦʜʘʭ 

ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʚʣʠʷʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʳʭ 

ʬʘʢʪʦʨʦʚ ʥʘ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʦʩʥʦʚʘʥʠʡ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʠʟʥʦʩʘ ʬʫʥʜʘʤʝʥʪʦʚ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʟʜʘʥʠʡ. ʂ ʧʨʠʯʠʥʘʤ ʵʪʦʛʦ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʫʶ ʟʘʩʪʨʦʡʢʫ, 

ʥʘʨʘʱʠʚʘʥʠʝ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠʟʤʝʥʝʥʠʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʠʟʤʝʥʝʥʠʝ ʥʘʛʨʫʟʦʢ ʥʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʝ ʟʜʘʥʠʷ ʠ ʢʦʥʝʯʥʦ 

ʞʝ ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʤʝʩʪʦ ʜʦʧʫʱʝʥʥʳʝ ʦʰʠʙʢʠ, ʢʘʢ 

ʥʘ ʵʪʘʧʘʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʪʘʢ ʠ ʥʘ ʵʪʘʧʘʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʦʚ.  

ʀʟ ʠʤʝʶʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʝʪʦʜʦʚ ʧʦ 

ʫʢʨʝʧʣʝʥʠʶ ʬʫʥʜʘʤʝʥʪʦʚ ʚʘʞʥʦ ʚʳʙʨʘʪʴ ʠʤʝʥʥʦ 

ʪʦʪ ʤʝʪʦʜ ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʠ 

ʧʨʠʤʝʥʝʥʠʝ ʠʤʝʥʥʦʛʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʟʚʦʣʠʪ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʘʢ ʠ 

ʬʠʥʘʥʩʦʚʳʝ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʩʣʦʞʠʚʰʝʡʩʷ 

ʧʣʦʪʥʦʡ ʛʦʨʦʜʩʢʦʡ ʟʘʩʪʨʦʡʢʠ ʠ ʛʘʨʘʥʪʠʨʦʚʘʪʴ 

ʚʳʧʦʣʥʝʥʠʝ ʬʫʥʜʘʤʝʥʪʦʚ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʇʨʘʚʠʣʴʥʳʡ 

ʚʳʙʦʨ ʤʝʪʦʜʘ ʫʩʠʣʝʥʠʷ ʥʝʩʫʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʩʨʦʢʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, 

ʠʤʝʶʱʠʡʩʷ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʡ 

ʩʤʦʞʝʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. ɿʘʪʨʦʥʫʪʘʷ ʚ ʵʪʦʡ ʩʪʘʪʴʝ ʪʝʤʘ 

ʚʘʞʥʘ ʠ ʘʢʪʫʘʣʴʥʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʜʣʷ ʙʳʩʪʨʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʛʦʨʦʜʦʚ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʝʛʠʦʥʘʭ 

ʥʘʰʝʡ ʩʪʨʘʥʳ. 

ʊʝʨʨʠʪʦʨʠʘʣʴʥʦ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʦʚ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʟʜʘʥʠʷ ʧʨʝʞʥʝʡ ʟʘʩʪʨʦʡʢʠ ʯʘʩʪʦ 

ʥʫʞʜʘʶʪʩʷ ʚ ʨʝʜʝʚʝʣʦʧʤʝʥʪʝ, ʠ ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʛʦʨʦʜʘ ʘʢʪʠʚʥʦ 

ʚʦʟʚʦʜʷʪʩʷ ʢʘʢ ʥʘʟʝʤʥʳʝ, ʪʘʢ ʠ ʧʦʜʟʝʤʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʫʟʣʳ, ʠ ʪʦʥʥʝʣʠ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ. 

ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʩʘʜʢʘ ʛʨʫʥʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʙʣʠʟʣʝʞʘʱʠʭ ʟʜʘʥʠʡ, ʦʭʨʘʥʷʝʤʳʭ 
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ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʦ ʦʭʨʘʥʝ ʧʘʤʷʪʥʠʢʦʚ 

ʢʫʣʴʪʫʨʳ ʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʥʘʩʣʝʜʠʷ, ʠ ʪʨʝʙʫʶʱʠʭ 

ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪ. 

ʊʘʢʠʝ ʩʣʫʯʘʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʨʝʜʢʠ, ʥʘʰʝ 

ʠʩʪʦʨʠʯʝʩʢʦʝ ʥʘʩʣʝʜʠʝ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʦʛʨʦʤʥʦʝ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʠ ʚʳʙʦʨʝ 

ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʫʩʠʣʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʘʞʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʤʝʥʠʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʘʥʞʝʪʥʦʝ ʫʢʨʝʧʣʝʥʠʝ, ʯʘʩʪʠʯʥʫʶ ʨʘʟʛʨʫʟʢʫ 

ʬʫʥʜʘʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ 

ʠʤʝʶʱʠʭʩʷ ʬʫʥʜʘʤʝʥʪʦʚ. 

ɼʘʥʥʳʝ ʧʦʜʭʦʜʳ ʧʦʟʚʦʣʷʪ ʥʝ ʪʦʣʴʢʦ ʩʥʠʟʠʪʴ 

ʥʘʛʨʫʟʢʠ ʥʘ ʣʝʥʪʦʯʥʳʝ ʬʫʥʜʘʤʝʥʪʳ, ʥʦ ʠ ʧʦʟʚʦʣʷʪ 

ʧʦʚʳʩʠʪʴ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʛʨʫʥʪʘ ʚ 

ʧʨʠʤʝʥʷʝʤʦʡ ʟʦʥʝ. 

ʏʘʱʝ ʚʩʝʛʦ ʦʩʥʦʚʘʥʠʷ ʪʘʢʠʭ ʟʜʘʥʠʡ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʨʘʡʦʥʝ ʚʳʩʦʢʦʡ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ, ʠ 

ʧʦʵʪʦʤʫ ʚʩʝʛʦ ʣʠʰʴ ʧʨʦʩʪʦ ʫʩʠʣʠʪʴ ʥʝʩʫʱʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʛʦ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʠʥʪʝʛʨʠʨʦʚʘʥʦ ʧʨʠʤʝʥʷʪʴ, ʢʘʢ ʤʝʪʦʜ ʤʘʥʞʝʪʥʦʛʦ 

ʫʢʨʝʧʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʫʚʝʣʠʯʠʪʴ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʚʩʝʛʦ ʦʙʲʸʤʘ ʛʨʫʥʪʘ ʧʦʜ ʟʜʘʥʠʝʤ, ʘ ʥʝ 

ʪʦʣʴʢʦ ʧʦʜ ʝʛʦ ʥʝʩʫʱʠʤʠ ʩʪʝʥʘʤʠ. ʇʨʦʝʢʪʥʦʝ 

ʨʝʰʝʥʠʝ ʧʦ ʫʩʪʘʥʦʚʢʥ ʧʣʠʪ ʬʫʥʜʘʤʝʥʪʘ ʠ ʠʭ 

ʧʨʠʢʨʝʧʣʝʥʠʝ ʢ ʥʝʩʫʱʠʤ ʩʪʝʥʘʤ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ 

ʧʦʟʚʦʣʠʪ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴ ʥʘʛʨʫʟʢʠ, 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʦʯʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʘ. 

 

 

 
 

ʈʠʩʫʥʦʢ 1. ʄʘʥʞʝʪʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʫʩʠʣʝʥʠʷ 

 

ʘ ð ʠʥʲʝʮʠʨʦʚʘʥʠʝ ʤʘʥʞʝʪʥʦʡ ʪʨʫʙʦʡ ʛʠʜʨʦʨʘʟʨʳʚʦʤ; ʙ ðʛʨʫʥʪʦʚʦʝ ʟʘʢʨʝʧʣʝʥʠʝ ʦʩʥʦʚʘʥʠʷ(ʧʣʦʱʘʜʦʯʥʦʝ); 1 

ðʤʘʥʞʝʪʘ( ʨʝʟʠʥʦʚʘʷ); 2 ð ʧʣʘʩʪʠʯʥʘʷ ʦʙʦʡʤʘ; 3 ð ʜʚʦʡʥʦʡ ʪʘʤʧʦʥ; 4 ð ʟʘʠʥʲʝʢʪʠʨʦʚʘʥʥʘʷ ʟʦʥʘ; 5 ð

ʠʥʲʝʮʠʨʫʶʱʝʝ ʦʪʚʝʨʩʪʠʝ; 6 ðʪʨʫʙʘ ʠʥʲʝʮʠʨʫʶʱʘʷ. 

 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʟʜʘʥʠʡ ʚ ʮʝʥʪʨʝ ʛʦʨʦʜʘ 

ʠʤʝʶʪ ʙʦʣʝʝ ʯʝʤ ʩʪʦʣʝʪʥʶʶ ʠʩʪʦʨʠʶ, ʠ ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʚʝʣʠʢʦ. ʕʪʠ ʩʪʨʦʝʥʠʷ, ʪʘʢʞʝ ʢʘʢ 

ʪʨʝʭʵʪʘʞʥʳʝ ʠ ʦʜʥʦʵʪʘʞʥʳʝ ʟʜʘʥʠʷ, ʦʙʣʘʜʘʶʪ 

ʩʪʘʪʫʩʦʤ ʧʘʤʷʪʥʠʢʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʠ 

ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʟʘʱʠʪʦʡ ʅʄʎʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʟʘʩʪʨʦʡʢʘ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʧʨʦʜʦʣʞʘʝʪʩʷ ʚ 

ʫʩʣʦʚʠʷʭ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʠ ʵʪʠ ʟʜʘʥʠʷ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʟʦʥʝ ʚʦʟʤʦʞʥʦʡ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ, 

ʜʘʞʝ ʝʩʣʠ ʦʥʠ ʟʘʱʠʱʝʥʳ ʰʧʫʥʪʦʚʳʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ, ʧʨʝʜʣʦʞʝʥʳ 

ʦʧʪʠʤʘʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʫʩʠʣʝʥʠʷ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ 

ʪʘʢʠʭ ʨʝʰʝʥʠʡ ʥʝ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ ʧʨʦʮʝʩʩʦʤ: 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜ ʥʘʛʥʝʪʘʥʠʷ ʮʝʤʝʥʪʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʢʣʘʜʢʫ ʬʫʥʜʘʤʝʥʪʘ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʦʩʘʜʢʫ ʛʨʫʥʪʘ, 

ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ 

ʚʝʨʦʷʪʥʦʩʪʠʧʨʦʷʚʣʝʥʠʷ ʫʩʘʜʢʠ ʥʝʩʫʱʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʝʝ ʠʟʥʦʩʘ ʚ ʨʝʟʫʣʴʪʘʪʝʧʨʦʮʝʩʩʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʥʝʦʙʭʦʜʠʤʦʧʨʦʚʦʜʠʪʴʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʩʠʣʝʥʠʶ. 
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ʈʠʩʫʥʦʢ 2. ɿʘʢʨʝʧʣʝʥʠʝ ʬʫʥʜʘʤʝʥʪʘ ʩʪʘʨʦʛʦ ʟʜʘʥʠʷ ʤʝʪʦʜʦʤ jetgrouting 

 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʬʘʢʪʠʯʝʩʢʠʙʦʣʴʰʦʡ ʦʩʘʜʢʠ ʛʨʫʥʪʘ, ʢ ʢʦʪʦʨʦʡ ʝʱʝ ʜʦʙʘʚʣʷʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʩʘʤʦ ʟʜʘʥʠʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʤʝʪʦʜ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʡ ʠ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʝʦʙʭʦʜʠʤʫʶ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʘʢ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʢ 

ʛʨʫʥʪʦʚ ʧʦʜ ʟʜʘʥʠʝʤ. 

 

 
 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʫʢʨʝʧʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘ 

ʟʜʘʥʠʷ ʩʪʘʨʦʡ ʧʦʩʪʨʦʡʢʠ ʤʝʪʦʜʦʤjetgrouting: 

1 ð ʦʪʧʨʘʚʥʘʷ ʪʦʯʢʘ ʙʫʨʝʥʠʷ; 2 ð ʢʦʥʝʯʥʘʷ 

ʪʦʯʢʘ ʙʫʨʝʥʠʷ, ʧʫʩʢʠʥʲʝʮʠʨʦʚʘʥʠʷ; 3 ðʪʦʯʢʘ 

ʦʢʦʥʯʘʥʠʷ ʠʥʲʝʢʮʠʠ; 4 ðʦʩʴ ʩʢʚʘʞʠʥʳ 

(ʮʝʤʝʥʪʠʨʦʚʘʥʥʦʡ); 5 ð ʫʧʨʦʯʥʝʥʥʳʡ ʤʘʩʩʠʚ 

ʛʨʫʥʪʘ 

 

ʈʠʩʫʥʦʢ 4. ʇʨʠʥʮʠʧ ʨʘʩʰʠʨʝʥʠʷ  ʦʧʦʨʥʦʡ ʧʣʦʱʘʜʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʤʦʥʦʣʠʪʥʦʡ ʧʣʠʪʳ 

ʘ) ʩʦʧʨʝʩʩʦʚʢʦʡ ʛʨʫʥʪʘ, 

ʙ) ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʥʦʣʠʪʥʦʡ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʧʣʠʪʳ ʠ   

ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʭ ʩʚʘʡ ʚʜʘʚʣʠʚʘʥʠʷ 

 

 

 ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʥʘʛʨʫʟʢʠ ʥʘ ʟʜʘʥʠʷ ʤʝʥʴʰʝ 

ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʦʩʘʜʢʫ 

ʛʨʫʥʪʘ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʙʦʣʝʝ ʧʨʦʩʪʳʝ 
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ʋɼʂ 624 

 

ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɻʈɸɺʀʊɸʎʀʆʅʅʓʍ 

ʉʀʉʊɽʄ ʉɽʁʉʄʆʀɿʆʃʗʎʀʀ 

 

ʂʫʨʙʘʪʦʚ ɺʣʘʜʠʤʠʨ ʃʝʦʥʠʜʦʚʠʯ 

ʩʦʚʝʪʥʠʢ ʈɸɸʉʅ, ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

 

ɼʘʡʨʦʥʘʩ ʄʘʨʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 

ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʠʣʠʘʣ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ñɹʝʣʛʦʨʦʜʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʦʙʱʠʝ ʨʘʩʯʝʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʩʠʩʪʝʤʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʘ ʟʜʘʥʠʝ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʜʝʤʧʬʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ ʵʣʝʤʝʥʪʳ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩ ̫ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʚʦ ʚʨʝʤʷʜʣʠʥʥʦʧʝʨʠʦʜʥʦʛʦ 
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ABSTRACT 

 

This article presents general calculations for designing a gravity seismic isolation system for a building. A 

system is proposed for reducing seismic loads on a building caused by an earthquake. The advantages of using a seismic 

isolation system are presented. A damping system is considered, including dry friction elements, which is used in a 

gravity seismic isolation system to obtain the necessary damping of natural vibrations of structures and to prevent large 

vibration amplitudes at resonance during a long-period seismic impact. 
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ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʨʦʝʢʪʠʨʫʶʪʩʷ ʠ ʩʪʨʦʷʪʩʷ ʚ 

ʦʙʳʯʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠ ʥʝ ʘʢʪʠʚʥʳʭ ʨʘʡʦʥʘʭ, 

ʧʨʦʠʩʭʦʜʠʪ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠ ʧʦʵʪʦʤʫ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʟʜʘʥʠʷ ʚʦ ʤʥʦʛʦʤ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʘʨʳʭ. ɺ 

ʥʦʚʳʭ ʟʜʘʥʠʷʭ, ʦʩʦʙʝʥʥʦ ʚʳʩʦʪʥʳʭ, ʦʩʥʦʚʥʳʤʠ 

ʥʝʩʫʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʷʚʣʷʶʪʩ ̫

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʘʨʢʘʩʳ, ʢʘʨʢʘʩʳ   ʩ ʟʘʧʦʣʥʝʥʠʝʤ 

ʩʪʝʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʢʠʨʧʠʯʦʤ, ʢʝʨʘʤʠʯʝʩʢʠʤʠ 

ʙʣʦʢʘʤʠ, ʤʝʣʢʦʰʪʫʯʥʳʤ ʢʘʤʥʝʤ, ʙʣʦʢʘʤʠ ʠʟ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʘʤʥʷ, ʙʣʦʢʘʤʠ ʠʟ ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʘ ʠ 

ʜʨ.). ʇʨʠʤʝʥʷʶʪʩʷ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʢʨʫʧʥʳʭ 

ʧʘʥʝʣʝʡ ʠ ʦʙʲʝʤʥʳʭ ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ ʥʘ ʢʦʤʥʘʪʫ. 

ʀʟ ʵʪʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʦʨʫʞʘʶʪ ʚʳʩʦʪʥʳʝ ʟʜʘʥʠʷ. 

ɺ ʦʙʳʯʥʦʤ ʥʝʩʝʡʩʤʦʩʪʦʡʢʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʥʝʨʝʜʢʦ ʧʨʠʤʝʥʷʶʪ ʦʙʳʯʥʳʡ ʢʠʨʧʠʯ ð 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʩʪʝʥʦʚʦʡ ʤʘʪʝʨʠʘʣ. ʈʘʥʴʰʝ ʠʟ 

ʢʠʨʧʠʯʘ ʚʦʟʚʦʜʠʣʠ ʥʝ ʪʦʣʴʢʦ ʩʪʝʥʳ, ʥʦ ʠ ʩʚʦʜʯʘʪʳʝ 

ʧʝʨʝʢʨʳʪʠʷ. ʊʝʧʝʨʴ ʧʝʨʝʢʨʳʪʠʷ ʚʳʧʦʣʥʷʶʪ ʠʟ 

ʢʨʫʧʥʳʭ ʩʙʦʨʥʳʭ ʧʘʥʝʣʝʡ, ʨʘʟʤʝʨʦʤ ʥʘ ʢʦʤʥʘʪʫ. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʩʝʡʩʤʦʩʪʦʡʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʦʯʝʥʴ ʢʦʨʦʪʢʘ, ʭʦʪʷ ʝʱʝ ʚ ʘʥʪʠʯʥʳʡ 

ʧʝʨʠʦʜ ʠ ʚ ʵʧʦʭʫ ɺʦʟʨʦʞʜʝʥʠʷ ʧʳʪʘʣʠʩʴ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ɺ XVII  ʚ. 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʦʧʨʝʜʝʣʝʥʥʦʡ, 

ʥʘʫʢʘ ʞʝ çʩʝʡʩʤʦʩʪʦʡʢʦʩʪʴ ʩʦʦʨʫʞʝʥʠʡè ʧʦʷʚʠʣʘʩʴ 

ʚ 1900 ʛ. ʠ ʪʦʣʴʢʦ ʩ 1906 ʛ. ʚ ʨʘʩʯʝʪʝ ʟʜʘʥʠʡ ʥʘʯʘʣʠ 

ʫʯʠʪʳʚʘʪʴ ʩʝʡʩʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʚ ʚʠʜʝ 

ʫʚʝʣʠʯʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚʝʪʨʘ ʥʘ ʩʪʝʥʳ. 

ʂʠʨʧʠʯʥʫʶ ʢʣʘʜʢʫ ʩʪʝʥ ʩʪʘʣʠ ʫʩʠʣʠʚʘʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʘʨʤʘʪʫʨʥʳʤʠ ʩʝʪʢʘʤʠ, ʟʘʪʝʤ ʙʳʣʠ 

ʚʚʝʜʝʥʳ ʘʥʪʠʩʝʡʩʤʠʯʝʩʢʠʝ ʧʦʷʩʘ ʠ ʜʨʫʛʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʩʝʡʩʤʦʩʪʦʡʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ: ʢʠʨʧʠʯʥʳʝ ʩʪʝʥʳ ʩ 

ʧʦʚʳʰʝʥʥʳʤ ʩʮʝʧʣʝʥʠʝʤ ʨʘʩʪʚʦʨʘ ʩ ʢʘʤʥʝʤ; 

ʢʨʫʧʥʦʧʘʥʝʣʴʥʳʝ ʟʜʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʩʝʡʩʤʠʯʝʩʢʫʶ 

ʥʘʛʨʫʟʢʫ ʚʦʩʧʨʠʥʠʤʘʝʪ ʞʝʩʪʢʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 

ʢʦʨʦʙʢʘ, ʦʙʨʘʟʫʝʤʘʷ ʢʨʫʧʥʳʤʠ ʧʘʥʝʣʷʤʠ (ʨʘʟʤʝʨʦʤ 

ʥʘ ʢʦʤʥʘʪʫ) ʥʘʨʫʞʥʳʭ, ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʠ 

ʧʝʨʝʢʨʳʪʠʡ; ʢʘʨʢʘʩʥʳʝ ʟʜʘʥʠʷ ʩ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ 

ʠʣʠ ʩʪʘʣʴʥʳʤʠ ʢʘʨʢʘʩʘʤʠ, ʢʘʨʢʘʩʘʤʠ ʩ 

ʟʘʧʦʣʥʝʥʠʝʤ, ʢʘʨʢʘʩʘʤʠ ʩʦ ʩʚʷʟʷʤʠ, ʢʘʨʢʘʩʘʤʠ ʩ 

ʜʠʘʬʨʘʛʤʘʤʠ ʞʝʩʪʢʦʩʪʠ, ʢʘʨʢʘʩʘʤʠ ʩ ʷʜʨʦʤ 
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ʞʝʩʪʢʦʩʪʠ. ʕʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʭʦʨʦʰʦ ʚʦʩʧʨʠʥʠʤʘʶʪ 

ʩʝʡʩʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʠ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʩʝʡʩʤʦʩʪʦʡʢʠʤʠ. 

ʇʦʯʪʠ 20% ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʥʘʭʦʜʠʪʩʷ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʟʦʥʘʭ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʟʝʤʣʝʪʨʷʩʝʥʠʡ 6-9 ʙʘʣʣʦʚ. ʕʪʘ 

ʪʝʨʨʠʪʦʨʠʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʳ, 50% ʢʦʪʦʨʦʡ ʧʦʜʚʝʨʞʝʥʳ 7-9-ʙʘʣʣʴʥʳʤ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩʝʡʩʤʠʯʝʩʢʠ ʦʧʘʩʥʳʭ ʟʦʥʘʭ 

ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʫʚʝʣʠʯʝʥʥʦʡ 

ʧʨʦʯʥʦʩʪʠ, ʞʝʩʪʢʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ 

ʫʜʦʨʦʞʘʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 7-ʙʘʣʣʴʥʦʡ ʟʦʥʝ ʥʘ 5%, 

ʚ 8-ʙʘʣʣʴʥʦʡ ʥʘ 8% ʠ ʚ 9-ʙʘʣʣʴʥʦʡ ʥʘ 10%. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ 

ʫʪʦʯʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʥʘʯʠʥʘʷ ʩ 

1906 ʛ. ʠ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʝʡʩʤʠʯʝʩʢʦʡ ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʟʜʘʥʠʝ ʩʚʷʟʘʥʦ ʩ ʤʥʦʛʠʤʠ ʪʨʫʜʥʦʩʪʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ 

ʩʪʝʧʝʥʴ ʪʦʯʥʦʩʪʠ ʚʚʦʜʠʤʳʭ ʚ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ, 

ʥʘʧʨʠʤʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ ʟʜʘʥʠʡ ʧʦ ʚʩrʦʪʝ ʠʣʠ 

ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʤʘʩʩ (ʧʨʠ ʜʠʩʢʨʝʪʥʦʡ ʨʘʩʯʝʪʥʦʡ 

ʩʭʝʤʝ), ʥʠʞʝ ʩʪʝʧʝʥʠ ʪʦʯʥʦʩʪʠ ʩʘʤʦʛʦ ʨʘʩʯʝʪʘ, 

ʧʦʵʪʦʤʫ ʜʣʷ ʟʜʘʥʠʡ ʧʦʚʳhʝʥʥʦʡ ʵʪʘʞʥʦʩʪʠ, ʠ 

ʦʩʦʙʝʥʥʦ ʚʳʩʦʪʥʳʭ, ʨʘʩʯʝʪ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʳʤ ʠ 

ʪʨʫʜʦʝʤʢʠʤ, ʪʘʢ ʢʘʢ ʧʨʠʭʦʜʠʪʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʩʠʩʪʝʤʳ ʩʦ ʤʥʦʛʠʤʠ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʇʨʠʨʦʜʥʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʯʘʩʪʦʪʳ ʠ ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ, 

ʩʤʝʱʝʥʠʷ ʦʩʥʦʚʘʥʠʷ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ, ʘ ʪʘʢʞʝ 

ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʜʝʢʨʝʤʝʥʪʘ 

ʢʦʣʝʙʘʥʠʡ ʥʘʪʫʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʝʝ ʧʣʘʩʪʠʯʝʩʢʠʭ 

ʜʝʬʦʨʤʘʮʠʡ ʠ ʩʪʝʧʝʥʠ ʨʘʟʨʫʰʝʥʠʷ ʚ ʥʘʯʘʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʩʠʣ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʫʩʣʦʞʥʷʶʪ ʟʘʜʘʯʫ. ʂʘʢ ʧʨʘʚʠʣʦ, ʫʪʦʯʥʝʥʠʝ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ 

ʨʘʩʯʝʪʥʦʡ ʥʘʛʨʫʟʢʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʩʝʡʩʤʦʩʪʦʡʢʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʪʨʫʜʦʝʤʢʦʩʪʴ ʠʭ ʚʦʟʚʝʜʝʥʠʷ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ 

ʥʘ ʟʜʘʥʠʝ, ʚʦʟʥʠʢʘʶʱʠʭ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʦʨʤʘʤʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʟʜʘʥʠʡ ʚ ʩʝʡʩʤʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʜʠʥʘʤʠʯʝʩʢʘʷ 

ʥʘʛʨʫʟʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʝʡʩʤʠʯʥʦʩʪʠ ʂʩ, 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʥʘʤʠʯʥʦʩʪʠ ɓ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ ɖʚ ʚʳʨʘʞʝʥʠʠ, ʦʧʨʝʜʝʣʷʶʱʝʤ 

ʩʝʡʩʤʠʯʝʩʢʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʟʜʘʥʠʝ, Soik= 

QkKcɓiɖikKɣ(ʛʜʝ Qk- ʚʝʩ ʟʜʘʥʠʷ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʧʨʦʠʟʚʝʜʝʥʠʝ Kcɓiɖikʥʝ 

ʧʨʝʚʳʰʘʝʪ 0,04, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʶ 

ʩʝʡʩʤʠʢʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʥʘʤʠʯʥʦʩʪʠ ʫʤʝʥʴ-

ʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʝʨʠʦʜʘ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʬʦʨʤʳ 

ʢʦʣʝʙʘʥʠʡ ʤʠʥʠʤʘʣʝʥ, ʝʩʣʠ ʟʜʘʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʢʘʢ 

ʞʝʩʪʢʦʝ ʪʝʣʦ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʙʣʘʛʦʜʘʨʷ 

ʧʨʠʤʝʥʝʥʠʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦ-

ʣʷʮʠʠ. 

ɺʦ ʚʨʝʤʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʧʝʨʝʤʝʱʝʥʠʡ ʛʨʫʥʪʘ 

ʟʜʘʥʠʝ ʠʩʧʳʪʳʚʘʝʪ ʚʣʠʷʥʠʝ ʫʧʨʫʛʠʭ ʩʠʣ, 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʭ ʝʛʦ ʧʦʣʦʞʝʥʠʝ ʨʘʚʥʦʚʝʩʠʷ. 

ʅʝʦʙʭʦʜʠʤʳʡ ʧʝʨʠʦʜ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʢʦʥʩʪʨʫʢʮʠʠ (ʙʦʣʝʝ 3 ʩ) ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʬʝʨʦʠʜʦʚ. ɿʜʘʥʠʝ ʩ 

ʙʦʣʴʰʠʤ ʧʝʨʠʦʜʦʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ, 

ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʬʝʨʦʠʜʘʭ ʠʣʠ ʩʬʝʨʠʯʝʩʢʠʭ ʩʪʦʡʢʘʭ, 

ʧʦʤʝʱʝʥʥʳʭ ʤʝʞʜʫ ʬʫʥʜʘʤʝʥʪʦʤ ʠ 

ʥʘʜʬʫʥʜʘʤʝʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʢʦʣʝʙʣʝʪʩʷ ʢʘʢ 

ʞʝʩʪʢʦʝ ʪʝʣʦ. 

ʂʦʤʙʠʥʘʮʠʷ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʠ 

ʜʝʤʧʬʠʨʫʶʱʝʝ ʩʠʩʪʝʤʳ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʜʣʠʥʥʦʧʝʨʠʦʜʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ 

ʟʜʘʥʠʠ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ: 

- ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʝʦʙʭʦʜʠʤʦʝ ʩʥʠʞʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘ ʟʜʘʥʠʝ; 

- ʦʮʝʥʢʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 

ʥʝʦʙʭʦʜʠʤʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ; 

- ʦʧʨʝʜʝʣʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ ʥʘ ʚʝʨʭʥʠʭ ʵʪʘʞʘʭ ʦʪ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ; 

- ʧʦʜʩʯʝʪʘ (ʚʳʯʠʩʣʝʥʠʷ) ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ; 

- ʚʳʨʘʙʦʪʢʠ ʧʨʦʝʢʪʥʳʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʩʝʡʩʤʦʠʟʦʣʷʮʠʦʥʥʦʡ ʠ 

ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʠʩʪʝʤ. 

ʂʦʥʩʪʨʫʢʮʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚʳʰʝ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʩʝʡʩʤʦʩʪʦʡʢʦʡ ʠ ʥʝ 

ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʩ ʫʯʝʪʦʤ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʷʚʣʷʝʪʩʷ 

ʧʝʨʠʦʜ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ. ɺʝʣʠʯʠʥʘ ʧʝʨʠʦʜʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʫʝʤʳʡ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʠʥʘʤʠʯʥʦʩʪʠ; ʫʩʣʦʚʠʷ (ʬʦʨʤʳ) ʢʦʣʝʙʘʥʠʡ 

ʥʘʜʬʫʥʜʘʤʝʥʪʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ ʙʝʟ ʠʟʛʠʙʥʦ-

ʢʨʫʪʠʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ; ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʚʦʟʤʦʞʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʛʨʫʥʪʘ. ɼʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʧʝʨʠʦʜ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʜʦʣʞʝʥ 

ʙʳʪʴ ʙʦʣʴʰʝ ʧʝʨʠʦʜʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʥʘʜʬʫʥʜʘʤʝʥʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʤʝʥʝʝ ʯʝʤ ʥʘ 30 

%. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʝʨʠʦʜ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʙʳʣ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʦʤʠʥʠʨʫʶʱʠʡ 

ʧʝʨʠʦʜ ʚ ʩʧʝʢʪʨʝ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ ʚʦ ʚʨʝʤʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʊʨʝʙʫʝʤʳʡ ʧʝʨʠʦʜ ʩʦʙʩʪʚʝʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʦʧʦʨʥʳʭ ʵʣʣʠʧʩʦʠʜʦʚ. 

ʆʮʝʥʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʠ 

ʧʝʨʝʤʝʱʝʥʠʡ 

ʆʮʝʥʢʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʥʫʞʥʘ ʢʘʢ ʜʣʷ 

ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, ʪʘʢ ʠ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʦʢ ʥʘ ʩʠʩʪʝʤʫ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ, ʯʪʦ 
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ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʩʯʝʪʘ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʆʮʝʥʢʘ ʧʝʨʝʤʝʱʝʥʠʡ 

ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʙʦʯʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʇʨʠʥʮʠʧʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʝʤʧʬʠʨʫʶʱʝʡ 

ʩʠʩʪʝʤʳ 

ɼʝʤʧʬʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ, ʚʢʣʶʯʘʶʱʘʷ 

ʵʣʝʤʝʥʪʳ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʪʩ ̫ ʚ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʝ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʧʨʠ 

ʨʝʟʦʥʘʥʩʝ ʚʦ ʚʨʝʤʷʜʣʠʥʥʦʧʝʨʠʦʜʥʦʛʦ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɼʝʤʧʬʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʠʟ 

ʦʜʥʦ- ʠʣʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʭ ʜʝʤʧʬʝʨʦʚ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʠʤʝʶʱʝʡ ʟʘʟʦʨʳ ʨʘʟʣʠʯʥʦʡ 

ʚʝʣʠʯʠʥʳ. ʊʘʢʦʝ ʜʝʣʝʥʠʝ ʦʙʱʝʡ ʩʠʣʳ ʪʨʝʥʠʷ ʧʦ 

ʦʪʜʝʣʴʥʳʤ ʩʪʫʧʝʥʷʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʢʦʥʩʪʨʫʢʮʠʶ ʚʦ ʚʨʝʤʷ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ɺʝʩ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ 

ʵʥʝʨʛʠʷ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʠ ʩʝʡʩʤʠʢʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ" ʢʘʢ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʩʪʫʧʝʥʝʡ ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ. 

ʆʪʜʝʣʴʥʳʝ ʩʪʫʧʝʥʠ ʜʝʤʧʬʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʤʦʛʫʪ 

ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʥʳʭ ʩʚʷʟʝʡ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʦʪ 

ʚʝʪʨʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʠ ʜʝʤʧʬʠʨʦʚʘʥʠʷ 

  ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʚʠʞʝʥʠʷ ʟʜʘʥʠʡ ʩ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ: ʜʣʷ 

ʙʦʣʴʰʝʡ ʦʙʱʥʦʩʪʠ ʚʠʙʨʦʠʟʦʣʠʨʫʝʤʦʝ ʪʝʣʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʜʠʩʢʨʝʪʥʦʡ: 

ʫʧʨʫʛʦʡ ʩʠʩʪʝʤʳ. 

ʋʨʘʚʥʝʥʠʷ ʤʘʣʳʭ ʢʦʣʝʙʘʥʠʡ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʠʤʝʶʪ ʚʠʜ: 

‐ὼ+ ὑὝίὭὫὲὼ1 + 1 + ᾀ0 ὸ Ὣ‫1
2ὼ1 =  

= 2‐ὼ0 ὸ+ 2ὲὭὮὼὮ+ ‫ὭὮ
2ὼὮ

ὲ

Ὦ= 2

ὲ

Ὥ= 1
 

ὼὭ= 2ὲὭὮὼὮ+ ‫ὭὮ
2ὼὮ

ὲ

Ὦ= 2

=  ὼ0 ὸ ὼ1 

(1) 

ʛʜʝx1ð ʩʤʝʱʝʥʠʝ ʥʘ ʦʧʦʨʘʭ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʮʝʥʪʨʘ ʥʠʞʥʝʛʦ ʧʝʨʝʢʨʳʪʠʷ ʟʜʘʥʠʷ;xið ʩʤʝʱʝʥʠʝ 

ʤʘʩʩ (ʟʜʝʩʴ i=2, 3, ..., ʧ); KT=F/M(ʟʜʝʩʴ Fð ʩʠʣʘ ʪʨʝ-

ʥʠʷ ʢʘʯʝʥʠʷ ʚ ʦʧʦʨʘʭ; M=Ɇmi;ὑ=m1/(4M) (ʟʜʝʩʴ ʪi - 

ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʦʧʦʨ); 2nij=bij/mi (ʟʜʝʩʴbij- 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ =‫ὭὮ ὧὭὮάὭϳ (ʟʜʝʩʴ ʩij - 

ʢʦʵʬʬʠʮʠʝʥʪ ʞʝʩʪʢʦʩʪʠ). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʠʩʪʝʤʳ (1), ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʤʘʣʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʩʪʘʨʰʝʡ 

ʧʨʦʠʟʚʦʜʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʛʦ ʯʣʝʥʘ ʪʠʧʘ ʂTsignxiʚ 

ʦʜʥʦʤ ʠʟ ʫʨʘʚʥʝʥʠʡ. 

ɸʥʘʣʠʟ ʩʧʝʢʪʨʘ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʩʠʩʪʝʤʳ 

(1) ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʠʤ ʚʚrʦʜʘʤ: 

1.ɻʣʘʚʥʳʝ ʯʘʩʪʦʪʳ viʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʩʠʩʪʝʤʳ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʘ ʂʪ,. 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʝʡʩʪʚʠʝ ʩʠʣ ʩʫʭʦʛʦ 

ʪʨʝʥʠʷ. 

2.ʇʝʨʚʘʷ ʛʣʘʚʥʘʷ ʯʘʩʪʦʪʘ v1ʚʩʝʛʜʘ ʤʝʥʴʰʝ ɤ1. 

ʇʨʠ ʤʘʣʦʤ ὑ ʯʘʩʪʦʪʘ v1 å ɤ1 

3.ɺʪʦʨʘʷ ʛʣʘʚʥʘʷ ʯʘʩʪʦʪʘ v2 ʙʦʣʴʰʝ ʯʘʩʪʦʪʳ 

vi*  (ʛʜʝ vi*åɤ2) ʦʩʥʦʚʥʦʛʦ 

ʪʦʥʘ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʟʜʘʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʦʪʘ 

ɤ2 ʦʧʨʝʜʝʣʷʝʪʩʷ ʞʝʩʪʢʦʩʪʴʶ 

ʟʜʘʥʠʷ, ʘ ʯʘʩʪʦʪʘ a>i ð ʨʘʟʤʝʨʘʤʠ ʠ ʬʦʨʤʦʡ ʦʧʦʨ, 

ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʠʥʪʝʨʚʘʣ ʯʘʩʪʦʪ v1- v2ʤʦʞʝʪ 

ʙʳʪʴ ʩʜʝʣʘʥ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʤ, ʦʭʚʘʪʳʚʘʶʱʠʤ 

ʜʠʘʧʘʟʦʥ ʯʘʩʪʦʪ æɚ - ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʯʘʩʪʦʪ 

ʚʥʝʰʥʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ ʛʘʰʝʥʠʝ 

ʢʦʣʝʙʘʥʠʡ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʟʘ. ʩʯʝʪ ʚʚʝʜʝʥʠʷ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ɺ ʟʜʘʥʠʷʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʤʝʶʪʩʷ ʜʝʤʧʬʝʨʳ ʩ 

ʩʫʭʠʤ ʪʨʝʥʠʝʤ. 

ʉ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʟʜʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʛʣʘʚʥʳʭ ʨʝʟʦʥʘʥʩʦʚ ʠ ʚʳʷʩʥʝʥʠʷ 

ʚʦʟʤʦʞʥʳʭ ʨʝʞʠʤʦʚ ʜʚʠʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ (1) ʧʨʠ ʧ=2. ʇʦʩʢʦʣʴʢʫ ʨʦʣʴ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ 

ʠʟʚʝʩʪʥʘ, ʪʦ nijʧʦʣʘʛʘʣʠʩʴ ʨʘʚʥʳʤʠ ʥʫʣʶ.  

ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʠʟʫʯʝʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʩ ʧʦʤʦʱʴʶʕɺʄ, ʧʦʢʘʟʘʣʦ, 

ʯʪʦ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʝʨʚʳʡ ʛʣʘʚʥʳʡ ʨʝʟʦʥʘʥʩ. ɼʣʷ ʝʛʦ ʛʘʰʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʥʘʠʙʦʣʴʰʘʷ ʩʠʣʘ ʪʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ ʧʝʨʚʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʩʠʣʝ 

ʩʫʭʦʛʦ ʪʨʝʥʠʷ Ὂ1
̋̑
(ʧʨʠ F>Ὂ1

̋̑
ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ 

ʩʠʩʪʝʤʳ ʩʪʘʥʦʚʠʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʨʝʟʦʥʘʥʩʘ ʢʦʥʝʯʥʦʡ 

ʤʘʣʦʡ ʚʝʣʠʯʠʥʦʡ). ʇʨʠ ʤʘʣʦʤ ὑ 

 

Ὂ1
̋̑

“̇ ˍ̔ 4ϳ  (2) 

 

ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʫʩʢʦʨʝʥʠʷ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ɸ
ʫ
ʚʟʷʪʴ ʟʥʘʯʝʥʠʷ, ʨʝʢʦʤʝʥʜʫʝʤʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʥʦʨʤʘʤʠ, ʪʦ ʜʣʷ ʛʘʰʝʥʠʷ ʢʦʣʝʙʘʥʠʡ 

ʟʜʘʥʠʷ ʥʘ ʂʌ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʭ ʨʘʟʣʠʯʥʦʡ 

ʙʘʣʣʴʥʦʩʪʠ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʟʥʘʯʝʥʠʷ ʩʠʣ ʪʨʝ-

ʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʛʜʝ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥʳ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʩʠʣʳ ʪʨʝʥʠʷ 

F1
n
, ʧʨʠ ʢʦʪʦʨʦʡ ʤʝʞʜʫ ʟʜʘʥʠʝʤ ʠ ʬʫʥʜʘʤʝʥʪʦʤ 

ʚʦʟʥʠʢʘʝʪ ʞʝʩʪʢʘʷ ʩʚʷʟʴ. 

 

ʇʦʢʘʟʘʪʝʣʠ 
ɿʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʠ ʙʘʣʴʥʦʩʪʠ 

6 7 8 9 

A
y
/g 0,0125 0,025 0,05 0,1 

Ὂ1
̋̑

ὗ
=
“

4

ὃώ

Ὣ
 0,01 0,02 0,04 0,08 

Ὂ1
ὲ

ὗ
=
ὃώ

Ὣ
 0,0125 0,025 0,05 0,1 

ὨὭ
= ὃὭ

ώ
‫2ϳ  

12,25

‫2
 

24,5

‫2
 

49

‫2
 

98

‫2
 

ὊὭὗϳ

= 1,2ὃὭ
ώ
Ὣϳ  

0,015 0,03 0,06 0,12 

 

ʇʨʠʤʝʯʘʥʠʝ. Q=Mg. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʠʥʪʝʨʚʘʣʳ ʤʝʞʜʫ 

F1
kp
ʠ F1

n
 ʦʯʝʥʴ ʤʘʣʳ. ʇʦʵʪʦʤʫ, ʝʩʣʠ, ʥʘʧʨʠʤʝʨ, 
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ʨʘʩʩʯʠʪʘʪʴ ʜʝʤʧʬʝʨ ʥʘ 8-ʙʘʣʣʴʥʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ, 

ʪʦ ʧʨʠ 7-ʙʘʣʣʴʥʦʤ ʩʠʩʪʝʤʘ ʩʝʡʩʤʦʟʘʱʠʪʳ ʥʝ 

ʚʢʣʶʯʠʪʩʷ, ʘ ʧʨʠ 9-ʙʘʣʣʴʥʦʤ ð ʜʝʤʧʬʠʨʦʚʘʥʠʝ 

ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤ. 

ʇʦʠʩʢ ʧʫʪʝʡ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ 

ʧʨʠʚʝʣ ʢ ʩʦʟʜʘʥʠʶ ʤʥʦʛʦʢʘʩʢʘʜʥʳʭ ʜʝʤʧʬʠʨʫʶʱʠʭ 

ʫʩʪʨʦʡʩʪʚ ʩ ʚʢʣʶʯʘʶʱʠʤʩʷ ʩʫʭʠʤ ʪʨʝʥʠʝʤ [46], 

ɺʝʣʠʯʠʥʳ ʟʘʟʦʨʦʚ diʤʝʞʜʫ ʜʝʤʧʬʠʨʫʶʱʠʤʠ 

ʛʨʫʟʘʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ, ʧʨʠʚʦʜʷʱʠʤʠ ʛʨʫʟʳ ʚ 

ʜʚʠʞʝʥʠʝ, ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʳ ʩʠʣ ʪʨʝʥʠʷ Fi, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʛʘhʝʥʠʝ ʢʦʣʝʙʘʥʠʡ (ʩʤ. ʪʘʙʣʠʮʫ), 

ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ 

 

ὼ+ –ὼὑὝίὭὫὲὼ+ =‫2ὼ Ὢ(ὸ) (3) 

 

ʛʜʝ ɖ (ʭ) ð ʬʫʥʢʮʠʷ ʍʝʚʠʩʘʡʜʘ, 

ʦʧʠʩʳʚʘʶʱʘʷ ʜʚʠʞʝʥʠʝ ʟʜʘʥʠʷ ʧʨʠ ʥʘʣʠʯʠʠ 

ʦʜʥʦʢʘʩʢʘʜʥʦʛʦ ʜʝʤʧʬʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʚʢʣʶʯʘʶʱʠʤʩʷ ʩʫʭʠʤ ʪʨʝʥʠʝʤ. 

 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ 

ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ 

ʦʪʚʝʪʳ ʥʘ ʨʷʜ ʢʦʥʢʨʝʪʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞʥʳʭ 

ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭʩʠʩʪʝʤ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ. ʂ 

ʵʪʠʤ ʚʦʧʨʦʩʘʤ ʦʪʥʦʩʷʪʩʷ: ʚʳʙʦʨ ʜʠʥʘʤʠʯʝʩʢʦʡ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʟʜʘʥʠʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʤ 

ʬʫʥʜʘʤʝʥʪʝ, ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨ, 

ʟʥʘʯʝʥʠʝ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʦʧʦʨ. 

ɼʣʷ ʟʜʘʥʠʡ ʞʝʩʪʢʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ, 

ʦʙʣʘʜʘʶʱʠʭ ʤʘʣʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʣʘʥʘ ʠ 

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʦʧʦʨʳ ʩ ʥʠʟʢʦʡ 

ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ, ʜʦʩʪʘʪʦʯʥʦ ʦʛʨʘʥʠʯʠʪʴʩʷ 

ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʜʚʠʞʝʥʠʷ ʦʜʥʦʤʘʩʩʦʚʦʛʦ ʦʩʮʠʣ-

ʣʷʪʦʨʘ ʩ ʚʢʣʶʯʘʶʱʠʤʩʷ ʩʫʭʠʤ ʪʨʝʥʠʝʤ [ʩʤ. 

ʫʨʘʚʥʝʥʠʝ (3)]. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʟʜʘʥʠʝ ʠʣʠ 

ʥʘ ʩʦʦʨʫʞʝʥʠʝ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʵʪʘ ʟʘʜʘʯʘ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥʳ 

ʩʥʠʞʝʥʠʷ ʩʝʡʩʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ. ʇʨʠʯʝʤ ʮʝʣʴ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʩʦʩʪʦʠʪ ʚ ʩʥʠʞʝʥʠʠ ʥʘʛʨʫʟʢʠ ʥʘ 

ʟʜʘʥʠʝ ʜʦ ʚʝʣʠʯʠʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʪʨʝʙʫʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʨ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ, ʪ. ʝ. ʫʧʨʦʯʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʫʟʣʦʚ ʠʭ ʩʦʧʨʷʞʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ, 

ʩʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʦʨʤʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, 

ʨʘʩʯʝʪʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʟʜʘʥʠʝ ʠʣʠ ʩʦʦʨʫʞʝʥʠʝ 

ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʙʦʣʴʰʝ ʩʠʣʳ 6-ʙʘʣʣʴʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʫʩʣʦʚʠʝ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ 

ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ: 

 

‫ὴ
2 ὢὴ + ὑὴ ὃ6

ώ
 (4) 

 

ʛʜʝ ʂʈ ð ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʪʨʝʥʠʝ 

ʢʘʯʝʥʠʷ ʚ ʦʧʦʨʘʭ; ɸ6 ð ʫʩʢʦʨʝʥʠʝ 

6-ʙʘʣʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ɿʘʜʘʯʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʚʦʜʠʪʩʷ ʢ 

ʦʧʨʝʜʝʣʝʥʠʶ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ɤʨ, ʍʨ, ʂʨʠ ʢ 

ʥʘʟʥʘʯʝʥʠʶ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʧʦʨ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ (ʥʘʛʨʫʟʢʠ ʥʘ ʦʜʥʫ 

ʦʧʦʨʫ). 

ɺʳʙʦʨ ʯʘʩʪʦʪʳ ɤʨ ʢʦʣʝʙʘʥʠʡ ʟʜʘʥʠʷ ʥʘ 

ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʦʧʦʨʘʭ ʜʦʣʞʝʥ ʙʳʪʴ ʦʩʥʦʚʘʥ, 

ʦʯʝʚʠʜʥʦ, ʥʘ ʘʥʘʣʠʟʝ ʩʧʝʢʪʨʦʚ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ. ʕʪʦʪ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʪ ʚ ʢʘʞʜʦʤ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʩʜʝʣʘʪʴ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʦ 

ʥʘʟʥʘʯʝʥʠʠ ʩʦʨ. ʆʙʱʠʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʵʪʦʡ 

ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʧʨʠ 

ʥʘʣʠʯʠʠ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʯʘʩʪʦʪ ʚʥʝʰʥʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʜʣʷ ʞʝʩʪʢʠʭ 

ʦʙʲʝʢʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʦʧʦʨʳ 

ʩ ʥʠʟʢʦʡ ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʡ. ʇʦ ʜʘʥʥʳʤ ʠʥ-

ʞʝʥʝʨʥʦʡ ʩʝʡʩʤʦʣʦʛʠʠ [51], ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʝ 

ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʫʩʢʦʨʝʥʠʷ ʢʦʣʝʙʘʥʠʡ ʛʨʫʥʪʘ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ, 

ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 0,1-10 ɻʮ, ʠʣʠ 3-30 ʩ
-1
. ʆʪʩʶʜʘ 

ʚʳʪʝʢʘʶʪ ʪʨʝʙʦʚʘʥʠʷ: 

 

ɤʨ< 3 ʩ
-1
 (5);       ɤ2ʨ>5 ʩ

-1
, (5) 

 

ʛʜʝ ɤ2ʨ - ʯʘʩʪʦʪʘ ʫʧʨʫʛʠʭ ʢʦʣʝʙʘʥʠʡ ʟʜʘʥʠʷ 

ʢʘʢ ʦʜʥʦʤʘʩʩʦʚʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʍʨʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʧʝʢʪʨʳ 

ʩʤʝʱʝʥʠʡ ʨʝʘʢʮʠʠ ʩʠʩʪʝʤ (1) ʠ (3) ʧʨʠ ʧ=2ʥʘ 

ʚʦʟʜʝʡʩʪʚʠʝ, ʟʘʜʘʥʥʦʝ ʘʢʩʝʣʝʨʦʛʨʘʤʤʘʤʠ 

ʟʝʤʣʝʪʨʷʩʝʥʠʡ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʘʢʞʝ ʩʪʘʪʠʯʝʩʢʠʝ 

ʨʘʩʯʝʪʳ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʘ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ɿʝʤʣʠ ɸʅ ʈʦʩʩʠʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ 

ʦʩʥʦʚʘʥʠʡ, ʭʦʪʷ ʠ ʥʝ ʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʤʠ, ʪʘʢ ʢʘʢ ʟʘʚʠʩʷʪ ʦʪ ʨʝʛʠʦʥʘʣʴʥʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʥʦ ʜʣʷ ʧʝʨʚʳʭ ʧʨʠʢʠʜʦʢ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʟʥʘʯʠʪʴ 

ʟʥʘʯʝʥʠʷ ʘʤʧʣʠʪʫʜ ʜʣʷ ʟʜʘʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʫʩʣʦʚʠʷʭ 7-8-ʙʘʣʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. 

 

ʍʨå7 ʩʤ. (6) 

 

ɺ ʦʪʥʦʰʝʥʠʠ ʧʘʨʘʤʝʪʨʘ KT, ʦʧʨʝʜʝʣʷʶʱʝʛʦ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʩʠʩʪʝʤʳ ʩʝʡʩʤʦʟʘʱʠʪʳ ʢ 

ʚʥʝʰʥʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ, ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʩʦʦʙʨʘʞʝʥʠʷ. ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʟʜʘʥʠʷ ʥʘ ʦʧʦʨʘʭ ʧʦʜ ʜʝʡʩʪʚʠʝʤ, 

ʥʘʧʨʠʤʝʨ, ʚʝʪʨʦʚʦʡ ʥʘʛʨʫʟʢʠ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʩʠʣʘ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʚ ʦʧʦʨʘʭ ʙʳʣʘ ʥʝ ʤʝʥʝʝ ʩʠʣʳ 

ʚʦʟʜʝʡʩʪʚʠʷ 4-ʙʘʣʣʴʥʦʛʦ ʟʝʤʣʝʪʨʷʩʝʥʠʷ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʥʘʩ ʢ ʫʩʣʦʚʠʶ 

 

ὑὝ= ὃ4
ώ
 (7) 

 

ʇʨʠ ʥʘʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʧʦʨ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʝʱʝ ʠ ʩʣʝʜʫʶʱʠʝʧʦʣʦʞʝʥʠʷ. 

1. ɿʥʘʯʝʥʠʝ ʍʨ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʳ ʦʧʦʨ R, 

dʠhʦʧʨʝʜʝʣʷʶʪʜʦʧʫʩʪʠʤʳʡʫʛʦʣ ʥʘʢʣʦʥʘ ʦʧʦʨ 

 

Ŭʜʦʧ=x/(R-h), (8) 

 

ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʢʣʘʜʳʚʘʝʪ ʫʩʣʦʚʠʝ ʥʘ 

ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʦʧʦʨ - ʥʘ ʠʭ ʜʠʘʤʝʪʨ d: 
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sinŬ=d/[2(R-h)]. (9) 

 

2.ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ 

ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʝ ʦʧʦʨ, ʤʦʤʝʥʪ ʩʠʣʳ ʜʘʚʣʝʥʠʷ N ʥʘ 

ʦʧʦʨʫ ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʷ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʦʩʭʦʜʠʪʴ 

ʤʦʤʝʥʪ ʩʠʣʳ ʪʨʝʥʠʷ 

ʩʢʦʣʴʞʝʥʠʷ Fc. ʆʪʩʶʜʘ ʠʤʝʝʤ: 

 

Fc=hsinŬN/(R-hcosŬ)<fcN. (10) 

 

ʋʩʣʦʚʠʝ (11) ʧʦʟʚʦʣʷʝʪ ʥʘʟʥʘʯʠʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʚ ʦʧʦʨʘʭ. 

3.ʉʬʝʨʠʯʝʩʢʠʝ ʩʪʦʡʢʠ ʧʨʠ ʜʚʠʞʝʥʠʠ 

ʠʩʧʳʪʳʚʘʶʪ ʜʝʬʦʨʤʘʮʠʠ ʠʟʛʠʙʘ, ʧʦʵʪʦʤʫ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʝʪʦʥʘ ʩʪʦʝʢ 

ʥʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ 

ʦʪ ʠʟʛʠʙʘ ʥʝ ʜʦʣʞʥʳ ʧʨʝʚʦʩʭʦʜʠʪʴ ʥʘʧʨʷʞʝʥʠʷ 

ʦʩʝʚʦʛʦ ʩʞʘʪʠʷ: 

 
8Ὑ(Ὑ Ὤ) sin‌

Ὠ(Ὑcos‌ Ὤ)
1. 

(12) 

 

4. ʇʝʨʝʛʨʫʟʢʘ ʦʧʦʨ ʟʘ ʩʯʝʪ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʧʦʜʲʝʤʦʚ ʟʜʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʘʤ: 

 

æů=Eæz/[2(R-h)]; (12) 

 

„ὦ= ὓᾀ(“Ὠ3)ϳ  (13) 

 

 

5.ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʦʧʦʨ 

ʧʦ ʕʡʣʝʨʫ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ  (11)  ʧʨʦʠʩʭʦʜʠʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʪʥʦʰʝʥʠʷ R/2[(Rðh)]ʧʨʠ 

 

Pʢʨ=(3õ4)P ,ɻ (14) 

 

ʛʜʝ P -ɻ ʢʨʠʪʠʯʝʩʢʘʷ ʩʠʣʘ ʕʡʣʝʨʘ. 

ʋʨʘʚʥʝʥʠʡ (1) ï (14), ʢʦʪʦʨʳʝ ʥʘʟʦʚʝʤ 

ʫʨʘʚʥʝʥʠʷʤʠ ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ, ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ 

ʩʝʡʩʤʦʠʟʦʣʷʮʠʠ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʪʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʈʦʩʩʠʠ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʢʘʯʝʩʪʚʘ, ʥʘʜʝʞʥʦʩʪʠ, ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʨʳʥʦʢ ʢʦʪʦʨʳʭ ʧʦʩʪʝʧʝʥʥʦ ʦʪʭʦʜʠʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʠ ʧʦʧʦʣʥʷʝʪʩʷ ʙʦʣʝʝ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʠʜʘʤʠ. ʆʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʠ ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩ ʟʘʜʘʥʥʳʤʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʦʪʦʨʦʤ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʦʚ ʚʦʟʚʦʜʠʤʦʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʤʦʥʦʣʠʪʥʦ-ʢʘʨʢʘʩʥʦʛʦ ʚʳʩʦʪʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ, ʠʟʜʝʣʠʷ, 

ʩʪʨʦʠʪʝʣʴʥʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ  

 

ABSTRACT 

 

To date, the development of building materials science in Russia is aimed at improving the quality, reliability, 

environmental friendliness and reducing the cost of production of building materials, the market of which is gradually 

moving away from traditional materials and products and replenished with more modern types. One of the priority areas 

of development is the production of energy-efficient cellular concrete of non-autoclave hardening and products based 

on it with specified performance properties, the need for which is increasing due to the constant development of the 

construction industry, including an increase in the volume of individual housing construction and monolithic frame 

high-rise housing construction. 

Keywords: cellular concrete of non-autoclave hardening, cellular concrete blocks, products, building materials 

science, production, energy efficiency, energy saving 

 

ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʚ ʈʦʩʩʠʠ 

ʩʥʠʞʘʝʪʩʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʠʟʜʝʣʠʷʭ ʠ 

ʢʦʥʩʪʨʫʢʮʠʷʭ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʦʟʨʦʩʰʠʤʠ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʤʠ ʢ ʥʠʤ, ʚ ʩʣʝʜʩʪʚʠʝ ʨʝʘʣʠʟʘʮʠʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʫʨʩʘ ʥʘ ʩʥʠʞʝʥʠʝ 

ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ, ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʪʨʫʜʦʟʘʪʨʘʪ, ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʣʫʯʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʥʘ ʫʣʫʯʰʝʥʠʷ ʢʦʤʬʦʨʪʘ ʜʣʷ ʛʨʘʞʜʘʥ ʠ 

ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠʦʨʠʪʝʪʥʳʤʠ 

ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʩʪʘʣʠ ʥʝ ʪʦʣʴʢʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʚʚʦʜʠʤʦʛʦ ʞʠʣʴʷ ï ʵʪʦ ʠ 

ʢʘʨʢʘʩʥʦʝ ʚʳʩʦʪʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʠʣʳʭ ʜʦʤʦʚ ʠʟ 

ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ, ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʤʘʣʦʵʪʘʞʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ ʧʦ 

ʨʝʤʦʥʪʫ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ʈʝʘʣʠʟʘʮʠʷ ʩʦʮʠʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʨʘʟʚʠʪʠʝ ʣʴʛʦʪʥʦʛʦ 

ʠʧʦʪʝʯʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ ʜʣʷ ʤʦʣʦʜʳʭ ʩʝʤʝʡ ʠ ʜʣʷ 

ʞʠʪʝʣʝʡ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, 

ʧʦʚʳʰʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʣʦʜʳʭ ʩʝʤʝʡ ʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʧʨʠʦʙʨʝʪʝʥʠʠ ʞʠʣʴʷ. ʕʪʦʤʫ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʳʥʢʝ 

ʥʝʜʚʠʞʠʤʦʩʪʠ. ɺ 2023 ʛ., ʧʦ ʜʘʥʥʳʤ ʈʦʩʩʪʘʪʘ, ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʟʘ ʩʯʝʪ ʚʩʝʭ ʠʩʪʦʯʥʠʢʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʧʦʩʪʨʦʝʥʦ 1449,4 ʪʳʩ. ʥʦʚʳʭ 

ʢʚʘʨʪʠʨ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ 110,4 ʤʣʥ. ʤ
2
, ʯʪʦ 
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ʩʦʩʪʘʚʠʣʦ 107,5 % ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʧʝʨʠʦʜʫ 

2022 ʛ., ʠ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʳʤ ʨʝʢʦʨʜʦʤ ʜʣʷ 

ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ (ʨʠʩʫʥʦʢ 1). ʇʦʢʘʟʘʪʝʣʴ ʚʚʦʜʘ 

ʞʠʣʴʷ ʜʣʷ 2024 ʛʦʜʘ ʫʢʘʟʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʦʛʥʦʟʦʤ ʄʠʥʠʩʪʝʨʩʪʚʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʞʠʣʠʱʥʦ-ʢʦʤʤʫʥʘʣʴʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ [1]. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʪʝʤʧʦʚ 

ʚʚʝʜʝʥʥʦʛʦ ʞʠʣʴʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʨʦʚʥʝʤ 

ʧʨʝʜʳʜʫʱʝʛʦ ʛʦʜʘ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʴ ʣʝʪ 

ʥʘʙʣʶʜʘʣʩʷ ʚ 2014 ʛ. ï ʥʘ 18,2 %, ʚ 2019 ʛ. ʚʚʦʜ 

ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʞʠʣʴʷ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 6,2 %, ʚ 

ʧʘʥʜʝʡʤʠʡʥʦʤ 2020 ʛ. ï ʥʘ 0,2 %, ʚ 2021 ʛ. ï ʥʘ 12,7 

%, ʚ 2022 ʛ. ï ʥʘ 11,0 %, ʚ 2023 ʛ. ï ʥʘ 7,5 % [2, 3]. 

 

 
 

ʈʠʩʫʥʦʢ 1. ɺʚʦʜ ʞʠʣʴʷ ʚ ʈʦʩʩʠʠ ʟʘ ʧʝʨʠʦʜ 2010 ï 2023 ʛʛ. ʩ ʧʨʦʛʥʦʟʦʤ ʥʘ 2024 ʛ.  

 

ɿʘ ʩʯʝʪ ʨʝʘʣʠʟʘʮʠʠ ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ ʧʦ 

ʚʦʟʨʦʞʜʝʥʠʶ ʤʘʣʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʴʛʦʪʥʳʭ ʠʧʦʪʝʯʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʀɾʉ), ʦʩʦʙʝʥʥʦ ʚ 

ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʩ 

ʢʨʫʧʥʳʤʠ ʛʦʨʦʜʘʤʠ, ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʮʝʥʪʨʘʤʠ.  

ɿʥʘʯʠʤʳʤʠ ʤʝʨʘʤʠ ʛʦʩʫʜʘʨʩʪʚʘ ʧʦ ʨʘʟʚʠʪʠʶ 

ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʷʚʣʷʶʪʩʷ: 

ï ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʟʦʥ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʞʠʣʦʡ ʟʘʩʪʨʦʡʢʠ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʦʩʚʘʠʚʘʪʴ ʩʚʦʙʦʜʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʬʦʨʤʠʨʦʚʘʪʴ 

ʩʨʝʜʫ, ʦʪʚʝʯʘʶʱʫʶ ʪʨʝʙʫʝʤʳʤ ʩʦʮʠʘʣʴʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʝʩʘʤ 

ʞʠʪʝʣʝʡ; 

ï ʦʙʝʩʧʝʯʝʥʠʝ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʜʣʷ 

ʠʥʞʝʥʝʨʥʦʡ ʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘʤʠ; 

ï ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʠʧʦʪʝʯʥʦʛʦ 

ʢʨʝʜʠʪʦʚʘʥʠʷ ʥʘ ʦʙʲʝʢʪʳ ʀɾʉ, ʧʦʟʚʦʣʷʶʱʠʝ ʚ 

ʙʦʣʴʰʝʤ ʦʙʲʝʤʝ ʦʙʝʩʧʝʯʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʛʨʘʞʜʘʥ ʚ 

ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʤ ʞʠʣʴʝ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ; 

ï ʧʨʠʤʝʥʝʥʠʝ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʀɾʉ ʠ 

ʨʘʟʚʠʪʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʀɾʉ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ 

ʤʝʪʦʜʦʤ; 

ï ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʳʭ 

ʜʦʤʦʚ ʙʣʦʢʠʨʦʚʘʥʥʦʡ ʟʘʩʪʨʦʡʢʠ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʪʘʫʥʭʘʫʩʦʚ (ʜʫʧʣʝʢʩʦʚ) ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʩʝʤʝʡ; 

ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʘʚʦʚʦʛʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚ ʩʬʝʨʝ ʤʘʣʦʵʪʘʞʥʦʛʦ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʬʦʨʤʠʨʫʶʱʝʝ ʥʘʜʝʞʥʫʶ ʧʨʘʚʦʚʫʶ 

ʙʘʟʫ ʠ ʟʘʱʠʱʘʶʱʠʝ ʧʨʘʚʘ ʩʦʙʩʪʚʝʥʥʠʢʦʚ. 

ɺ 2023 ʛ. ʥʘʩʝʣʝʥʠʝʤ ʩʪʨʘʥʳ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 

431,5 ʪʳʩ. ʞʠʣʳʭ ʜʦʤʦʚ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʞʠʣʳʭ 

ʧʦʤʝʱʝʥʠʡ 58,7 ʤʣʥ. ʤ
2
, ʯʪʦ ʩʦʩʪʘʚʠʣʦ ʧʨʠʨʦʩʪ ʚ 

102,6 % ʢ 2022 ʛ. ɼʦʣʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʜʦʤʦʩʪʨʦʝʥʠʷ ʚ ʦʙʱʝʤ ʚʚʦʜʝ ʞʠʣʳʭ ʜʦʤʦʚ 

ʝʞʝʛʦʜʥʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ, ʠ ʚ 2023 ʛ. ʩʦʩʪʘʚʠʣʘ 53,2 

%, 53,0 % ï ʚ 2021 ʛ. ʠ 55,7 % ʚ 2022 ʛ. (ʨʠʩʫʥʦʢ 2). 

ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʜʦʢʘʟʳʚʘʶʪ ʝʞʝʛʦʜʥʦʝ 

ʨʘʟʚʠʪʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʚ 

ʤʘʣʦʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ ʩʪʨʘʥʳ.  
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ʈʠʩʫʥʦʢ 2. ɺʚʦʜ ʚ ʜʝʡʩʪʚʠʝ ʞʠʣʳʭ ʜʦʤʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘʩʝʣʝʥʠʝʤ,  

ʚ ʈʦʩʩʠʠ ʟʘ ʧʝʨʠʦʜ 2018 ï 2023 ʛʛ. 

 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʌʠʥʘʥʩʦʚʦʛʦ ʠʥʩʪʠʪʫʪʘ 

ʨʘʟʚʠʪʠʷ ʚ ʞʠʣʠʱʥʦʡ ʩʬʝʨʝ ɼʆʄ.ʈʌ, ʥʘ ʩʝʥʪʷʙʨʴ 

2024 ʛ. [4], ʧʨʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʞʠʣʠʱʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ, ʦʩʥʦʚʥʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʠʟʜʝʣʠʷʤʠ, ʧʨʠʤʝʥʷʝʤʳʤʠ ʜʣʷ 

ʚʦʟʚʝʜʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʩʪʝʥ, ʷʚʣʷʶʪʩʷ 

ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ (ʛʘʟʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ) ï 

35,4 %, ʜʝʨʝʚʷʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ï 21,2 %, 

ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ ï 8,9%. (ʨʠʩʫʥʦʢ 3). 

 

 

 
ʈʠʩʫʥʦʢ 3. ʄʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʝʥ ʧʨʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʮʝʣʦʤ ʧʦ ʈʦʩʩʠʠ (ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʩʝʥʪʷʙʨʴ 2024 ʛ.) 

 

ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

(ʠʟʜʝʣʠʷʤʠ) ʜʣ ̫ ʢʣʘʜʢʠ ʦʛʨʘʞʜʘʶʱʠʭ ʩʪʝʥ ʠ 

ʧʝʨʝʛʦʨʦʜʦʢ ʚ ʚʳʩʦʪʥʳʭ ʤʦʥʦʣʠʪʥʳʭ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʘʨʢʘʩʥʳʭ ʜʦʤʘʭ ʷʚʣʷʶʪʩʷ 

ʛʘʟʦʙʝʪʦʥʥʳʝ, ʛʘʟʦʩʠʣʠʢʘʪʥʳʝ ʠ ʩʠʣʠʢʘʪʥʳʝ ʙʣʦʢʠ, 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʪʦʯʥʦʡ ʛʝʦʤʝʪʨʠʝʡ, 

ʦʛʥʝʩʪʦʡʢʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʰʫʤʦ- ʠ ʟʚʫʢʦʠʟʦʣʷʮʠʝʡ, 

ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʙʣʘʛʦʜʘʨʷ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʝ ʤʘʪʝʨʠʘʣʘ ʙʣʦʢʦʚ ʠ 

ʪʦʥʢʦʤʫ (1-2 ʤʤ) ʢʣʘʜʦʯʥʦʤʫ ʰʚʫ (ʢʣʘʜʢʘ ʥʘ ʢʣʝʡ, 

ʘ ʥʝ ʥʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʡ ʨʘʩʪʚʦʨ). 

ɽʞʝʛʦʜʥʦʝ ʨʘʟʚʠʪʠʝ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʠ ʥʘʩʝʣʝʥʠʷ ʩʪʨʘʥʳ, ʚʦʟʨʦʩʰʠʝ 
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ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʚʳʰʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʝ ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʚʝʣʠ ʢ ʨʘʟʚʠʪʠʶ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʩʧʨʦʩʘ ʥʘ ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʝʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʠ 

ʠʟʜʝʣʠʷ. ʈʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʣʝʛʢʠʭ 

ʙʝʪʦʥʦʚ, ʦʩʦʙʝʥʥʦ ʷʯʝʠʩʪʳʭ, ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʨʦʚʥʷ ʪʝʧʣʦʟʘʱʠʪʳ ʚ ʚʠʜʝ ʙʣʦʢʦʚ 

(ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʭ ʢʘʤʥʝʡ), ʤʦʥʦʣʠʪʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʦʢʨʳʪʠʡ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ, 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʯʝʨʜʘʯʥʳʭ ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʦʣʦʚ 

ʧʝʨʚʳʭ ʵʪʘʞʝʡ, ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʧʝʨʝʢʨʳʪʠʡ, 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʠ ʧʝʨʝʛʦʨʦʜʦʢ ʠ ʤʦʥʦʣʠʪʥʦʛʦ 

ʙʝʪʦʥʠʨʦʚʘʥʠʷ [5, 6].  

ʗʯʝʠʩʪʳʡ ʙʝʪʦʥ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ 

ʧʦʨʠʩʪʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʷʚʣʷʶʱʠʡʩʷ 

ʦʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʣʝʛʢʦʛʦ ʙʝʪʦʥʘ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ [7], ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ 

ʢʣʘʩʩʠʬʠʮʠʨʫʝʪʩʷ ʧʦ ʨʘʟʣʠʯʥʳʤ ʧʨʠʟʥʘʢʘʤ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʦ ʫʩʣʦʚʠʷʤ ʪʚʝʨʜʝʥʠʷ ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ 

ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ: 

ï ʘʚʪʦʢʣʘʚʥʳʡ ï ʪʚʝʨʜʝʶʱʠʡ ʚ ʩʨʝʜʝ 

ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʨʠ ʜʘʚʣʝʥʠʠ ʚʳʰʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ (ʨʠʩʫʥʦʢ 4ʘ); 

ï ʥʝʘʚʪʦʢʣʘʚʥʳʡ ï ʪʚʝʨʜʝʶʱʠʡ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʨʠ 

ʵʣʝʢʪʨʦʧʨʦʛʨʝʚʝ ʠʣʠ ʚ ʩʨʝʜʝ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʧʨʠ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ (ʨʠʩʫʥʦʢ 4ʙ). 

 
ʈʠʩʫʥʦʢ 4. ʗʯʝʠʩʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ  

ʘʚʪʦʢʣʘʚʥʦʛʦ (ʘ) ʠ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ (ʙ) ʪʚʝʨʜʝʥʠʷ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʨʦʜʠʢʪʦʚʘʥʘ 

ʨʘʟʚʠʪʠʝʤ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ ʚ ʈʦʩʩʠʠ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʠ ʤʝʥʝʝ 

ʪʨʫʜʦʝʤʢʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʝ 

ʚʨʝʤʝʥʥʳʝ ʩʨʦʢʠ. ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʝʡ ʚʥʫʪʨʠ ʨʝʛʠʦʥʘ ʠʣʠ ʤʝʞʜʫ ʨʝʛʠʦʥʘʤʠ 

ʩʪʨʘʥʳ [8]. 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʪʦʢʣʘʚʥʳʤ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ, 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ, ʵʢʦʣʦʛʠʯʥʳʤ ʠ ʤʝʥʝʝ 

ʪʨʫʜʦʟʘʪʨʘʪʥʳʤ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʵʥʝʨʛʦʟʘʪʨʘʪʥʦʡ, ʪʘʢ ʢʘʢ ʪʚʝʨʜʝʥʠʝ ʤʘʩʩʠʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ï ʘʚʪʦʢʣʘʚʝ, ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ 

ʪʝʤʧʝʨʘʪʫʨ r(175-200 ęʉ) ʠ ʜʘʚʣʝʥʠ ̫(0,8-1,3 ʄʇʘ), 

ʟʘ ʩʯʝʪ ʯʝʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʦʚʳʰʘʝʪʩʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ 1 ʤ
3
 ʧʨʦʜʫʢʮʠʠ. 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ 

ʟʘʪʨʘʪʥʦʡ, ʪʘʢ ʢʘʢ ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʟʫʝʪʩʷ ʥʘ 

ʥʝʙʦʣʴʰʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʣʠʥʠʷʭ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʛʨʝʛʘʪʦʚ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʪʚʝʨʜʝʥʠʝ ʷʯʝʠʩʪʦʙʝʪʦʥʥʦʛʦ 

ʤʘʩʩʠʚʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚ ʢʦʨʦʪʢʠʝ 

ʩʨʦʢʠ ʠ ʜʘʞʝ ʥʘ ʩʪʘʥʜʘʨʪʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʤʦʱʥʦʩʪʷʭ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʠʟʜʝʣʠʡ. ʅʝʤʘʣʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʘʨʤʠʨʦʚʘʥʠʷ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʠ 

ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʬʠʙʨʦʚʦʣʦʢʥʘ [9, 10].  

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʰʣʠ ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦ-

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʠʟʜʝʣʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʯʪʦ 

ʦʙʝʩʧʝʯʝʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ 

ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʗʯʝʠʩʪʳʡ ʙʝʪʦʥ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʩʦʯʝʪʘʶʱʠʤ ʚ 

ʩʝʙʝ ʚʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʘʝʪ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, 

ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʝ ʢʘʯʝʩʪʚʘ ʠ ʢʦʤʬʦʨʪʘʙʝʣʴʥʦʩʪʴ 

ʧʦʤʝʱʝʥʠʡ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ 

ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ, ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ. ʇʨʠʤʝʥʷʶʪ ʥʝʘʚʪʦʢʣʘʚʥʳʡ 

ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ ʠ ʠʟʜʝʣʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʚ 

ʤʘʣʦʵʪʘʞʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ï 1, 2 ʠʣʠ 3-ʭ ʵʪʘʞʥʳʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʜʦʤʘ (ʨʠʩʫʥʦʢ 5ʘ), ʧʨʠ 

ʚʦʟʚʝʜʝʥʠʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʥʦʣʠʪʥʦ-

ʢʘʨʢʘʩʥʳʭ ʤʥʦʛʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ (ʨʠʩʫʥʦʢ 

5ʙ), ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ (ʨʠʩʫʥʦʢ 5ʚ).  

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʩʪʝʥ ʠ ʧʝʨʝʛʦʨʦʜʦʢ ʚ 

ʚʠʜʝ ʢʨʫʧʥʦʬʦʨʤʘʪʥʳʭ ʙʣʦʢʦʚ ʠ ʩʪʝʥʦʚʳʭ 

ʧʘʥʝʣʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʤʦʥʦʣʠʪʥʳʭ 

ʧʝʨʝʢʨʳʪʠʡ ʠ ʧʦʢʨʳʪʠʡ ï ʚ ʚʠʜʝ ʷʯʝʠʩʪʦʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ, ʢʦʪʦʨʘʷ ʪʚʝʨʜʝʝʪ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʇʨʠ ʤʦʥʦʣʠʪʥʳʭ ʨʘʙʦʪʘʭ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʥʝʩʲʝʤʥʘʷ ʦʧʘʣʫʙʢʘ ʚ ʚʠʜʝ ʩʧʝʮʠʘʣʴʥʳʭ 

ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʘʟʦʛʨʝʙʥʝʚʳʭ ʧʣʠʪ ʠ 

ʨʘʟʥʦʬʦʨʤʘʪʥʳʭ ʧʘʟʦʛʨʝʙʥʝʚʳʭ ʙʣʦʢʦʚ.  

ɺ ʜʨʫʛʦʤ ʩʣʫʯʘʝ, ʚ ʤʥʦʛʦʵʪʘʞʥʦʤ ʢʘʨʢʘʩʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʦʙʲʝʤʝ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ 

ʩʘʤʦʥʝʩʫʱʠʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʝʥ ʠ 

ʧʝʨʝʛʦʨʦʜʦʢ. ʀ ʥʘʨʘʚʥʝ ʩ ʤʦʥʦʣʠʪʥʳʤʠ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ, 
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ʢʨʫʧʥʦʬʦʨʤʘʪʥʳʝ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠ ʨʦʚʥʦʝ ʚʦʟʚʝʜʝʥʠʝ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʠ ʙʳʩʪʨʦʝ 

ʚʦʟʚʝʜʝʥʠʷ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ.  

 
ʘ 

 
ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 5. ʇʨʠʤʝʥʝʥʠʝ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ 

ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʘʣʦʵʪʘʞʥʳʭ ʜʦʤʦʚ (ʘ), 

ʤʥʦʛʦʵʪʘʞʥʳʭ ʢʘʨʢʘʩʥʳʭ ʜʦʤʦʚ (ʙ), ʥʘʜʩʪʨʦʡʢʠ 

ʤʘʥʩʘʨʜʥʳʭ ʵʪʘʞʝʡ (ʚ) 

 

ʉʝʛʦʜʥʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ 

ʘʢʪʫʘʣʠʟʠʨʫʝʪ ʠ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, 

ʫʩʪʨʘʥʝʥʠʷ ʤʦʨʘʣʴʥʦʛʦ ʠʟʥʦʩʘ ʠ ʧʨʦʜʣʝʥʠʷ ʩʨʦʢʘ 

ʩʣʫʞʙʳ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʛʨʘʞʜʘʥʩʢʠʭ ʟʜʘʥʠʡ. ɼʣʷ 

ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦ-

ʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ, ʠʣʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʠʣʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʟʜʘʥʠʡ. 

ʉʦʚʤʝʩʪʠʤʦʩʪʴ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ ʩ 

ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

ʥʘʤʥʦʛʦ ʚʘʞʥʝʝ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, ʯʝʤ ʧʨʠ ʥʦʚʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʗʯʝʠʩʪʳʡ ʙʝʪʦʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 

ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʧʦ ʩʣʝʜʫʶʱʠʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʢʘʯʝʩʪʚʘʤ: 

ï ʤʘʣʳʡ ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʠʟʜʝʣʠʡ, ʥʝ 

ʪʨʝʙʫʶʱʠʡ ʫʩʠʣʝʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

ï ʤʘʣʳʡ ʚʝʩ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʭ ʠʟʜʝʣʠʡ 

ʦʙʣʝʛʯʘʝʪ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʫʩʢʦʨʷʝʪ ʤʦʥʪʘʞʥʳʝ 

ʨʘʙʦʪʳ; 

ï ʣʝʛʢʘʷ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 

ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ ʧʨʠ ʩʣʦʞʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ʧʣʘʥʦʚ ʠ ʬʦʨʤʘʭ ʧʦʚʝʨʭʥʦʩʪʠ; 

ï ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ 

(ʧʨʦʨʝʟʘʥʠʝ ʧʨʦʝʤʦʚ, ʩʚʝʨʣʝʥʠʝ, ʦʙʣʠʮʦʚʢʘ 

ʧʣʠʪʢʦʡ ʠ ʪ.ʜ.); 

ï ʨʦʚʥʳʝ, ʛʣʘʜʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠʟʙʘʚʣʷʶʪ ʦʪ ʦʰʪʫʢʘʪʫʨʠʚʘʥʠʷ, 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʠʪʴ ʣʠʰʴ ʰʧʘʢʣʝʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ [11]. 

ʀʟʤʝʥʝʥʠʷ ʠʤʝʶʱʠʭʩʷ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʦʙʭʦʜʠʤʳ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʣʶʙʦʡ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʧʨʦʝʤʳ ʦʢʦʥ ʠ ʜʚʝʨʝʡ 

ʟʘʢʣʘʜʳʚʘʶʪ ʠʣʠ ʧʨʦʨʝʟʘʶʪ ʥʦʚʳʝ, ʥʝʩʫʱʠʝ ʠ 

ʦʛʨʘʞʜʘʶʱʠʝ ʩʪʝʥʳ ʫʜʘʣʷʶʪ ʠʣʠ ʚʩʪʨʘʠʚʘʶʪ, 

ʩʪʳʢʫʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. ɼʣʷ ʪʘʢʠʭ 

ʨʘʙʦʪ ʦʩʦʙʝʥʥʦ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʝ 

ʠʟʜʝʣʠʷ: 

ï ʙʣʦʢʠ ʠʤʝʶʪ ʥʦʨʤʠʨʦʚʘʥʥʳʡ ʢʣʘʩʩ ʧʦ 

ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʢʣʘʩʩ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʘʪʝʨʠʘʣ, ʦʙʣʘʜʘʶʱʠʡ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ; 

ï ʛʘʟʦʙʝʪʦʥ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʦʡ ʧʨʦʯʥʦʩʪʠ 

ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʡ ʚʝʩ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʤʝʥʴʰʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʯʝʤ ʧʨʠʤʳʢʘʶʱʘʷ 

ʢʠʨʧʠʯʥʘʷ ʢʣʘʜʢʘ, ʯʪʦ ʫʣʫʯʰʘʝʪ ʪʝʧʣʦʠʟʦʣʷʮʠʶ ʚ 

ʟʦʥʝ ʪʝʧʣʦʧʨʦʚʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ; 

ï ʠʟʜʝʣʠʷ ʠʟ ʛʘʟʦʙʝʪʦʥʘ ʣʝʛʢʦ ʦʙʨʘʙʘʪʳʚʘʶʪ 

ʧʠʣʦʡ, ʬʨʝʟʦʡ, ʨʫʙʘʥʢʦʤ ʠʣʠ ʜʨʝʣʴʶ, ʦʙʝʩʧʝʯʠʚʘʷ 

ʪʦʯʥʦʝ ʧʨʠʤʳʢʘʥʠʝ ʢ ʩʪʨʦʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʘʤ  

[11, 12]. 

ʅʘʜʩʪʨʦʡʢʘ ʟʜʘʥʠʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʤʝʨʦʧʨʠʷʪʠʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ ʥʦʚʦʤʫ 

ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʧʦ ʥʘʜʩʪʨʦʡʢʝ 

ʫʩʪʨʘʥʷʶʪ ʠʟʥʦʩʠʚʰʠʝʩʷ ʵʣʝʤʝʥʪʳ ʩʫʱʝʩʪʚʫʶʱʝʛʦ 

ʟʜʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʨʦʚʣʶ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚʦʟʚʦʜʷʪ ʥʦʚʳʝ ʧʦʤʝʱʝʥʠʷ ʠ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʩʫʱʝʩʪʚʦʚʘʚʰʝʝ ʟʜʘʥʠʝ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʫʯʝʪʘ ʥʦʨʤʘʪʠʚʥʳʭ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ, ʠʥʞʝʥʝʨʥʳʭ 

ʠ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʘʩʧʝʢʪʦʚ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ 

ʚʦʟʚʝʜʝʥʠʝ ʥʘʜʩʪʨʦʡʢʠ, ʷʚʣʷʝʪʩʷ ʥʝʩʫʱʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʢʘʢ ʥʝʩʫʱʠʭ 

ʩʪʝʥ, ʪʘʢ ʠ ʬʫʥʜʘʤʝʥʪʦʚ. ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʠ 

ʚʨʝʤʝʥʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʥʘʜʩʪʨʦʡʢʠ ʜʦʣʞʥʳ 

ʚʦʩʧʨʠʥʠʤʘʪʴʩʷ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʟʜʘʥʠʷ, ʝʩʣʠ ʞʝ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʥʝʩʫʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ 

ʫʩʠʣʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ 

ʬʫʥʜʘʤʝʥʪʦʚ. ɹʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʤʫ ʚʝʩʫ 

ʠʟʜʝʣʠʡ ʠʟ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ, ʚʦʧʨʦʩʦʚ ʫʩʠʣʝʥʠʷ 

ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʚʦʟʥʠʢʘʝʪ. 

ʈʘʩʯʝʪ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʝʢʪʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʚʝʜʝʥʠʷ 

ʥʘʜʩʪʨʦʡʢʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʠʚʘʶʪ ʚʳʩʦʪʫ 
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ʧʦʤʝʱʝʥʠʷ ʧʦʜ ʢʨʦʚʣʝʡ ʧʦʩʪʨʦʡʢʦʡ ʤʘʥʩʘʨʜʥʦʛʦ 

ʵʪʘʞʘ. ɼʣʷ ʵʪʦʛʦ ʫʙʠʨʘʶʪ ʠʟʥʦʰʝʥʥʫʶ ʢʨʦʚʣʶ ʠ 

ʟʘʤʝʥʷʶʪ ʝʝ ʥʘ ʥʦʚʫʶ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 

ʥʘʜʩʪʨʘʠʚʘʶʪ ʧʦʣʥʦʮʝʥʥʳʡ ʵʪʘʞ ʥʘʜ ʩʪʘʨʳʤ  

[11-14].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʦʩʩʠʡʩʢʦʛʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʨʳʥʢʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ ʠ 

ʠʟʜʝʣʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʷʚʣʷʶʪʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʩʘʤʳʤʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʩʪʨʦʠʪʝʣʴʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ.  

ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʷʯʝʠʩʪʦʛʦ ʙʝʪʦʥʘ 

ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʥʘʜʝʞʥʳʭ ʠ ʚʳʩʦʢʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ʇʨʠ ʵʪʦʤ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʝ 

ʠʟʜʝʣʠʷ ʥʝʘʚʪʦʢʣʘʚʥʦʛʦ ʪʚʝʨʜʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʟʘ ʩʯʝʪ ʩʚʦʠʭ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʘʚʪʦʢʣʘʚʥʳʤʠ ʷʯʝʠʩʪʦʙʝʪʦʥʥʳʤʠ ʠʟʜʝʣʠʷʤʠ. ɺ 

ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʘʧʨʦʩ ʥʘ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ, ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ, 

ʵʢʦʣʦʛʠʯʥʳʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʝ 

ʩʪʨʦʠʪʝʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢʠʤ ʠ ʷʚʣʷʝʪʩʷ 

ʷʯʝʠʩʪʳʡ ʙʝʪʦʥ, ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʝ 

ʛʦʜʳ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ 

ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʥʘ ʧʨʠʤʝʨʝ ʤʠʥʠ-ʧʝʢʘʨʥʠ. ʆʧʠʩʘʥʳ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʞʠʣʴʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʤʝʩʪʦʤ ʧʨʠʣʦʞʝʥʠʷ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʚʳʷʚʣʝʥʳ ʜʦʩʪʦʠʥʩʪʚʘ ʤʠʥʠ-ʧʝʢʘʨʥʠ ʢʘʢ ʦʙʲʝʢʪʘ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʦʜʜʝʨʞʢʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʠʥʠʮʠʘʪʠʚʳ ʚ ʈʦʩʩʠʠ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʰʝʩʪʚʫʶʪ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘʨʘʟʨʘʙʦʪʢʘ ʙʠʟʥʝʩ-ʧʣʘʥʘ ʠ ʧʨʝʜʧʨʦʝʢʪʥʳʡ ʘʥʘʣʠʟ ʨʝʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ, ʞʠʣʘʷ ʩʨʝʜʘ, ʦʙʲʝʢʪ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ 

ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʤʠʥʠ-ʧʝʢʘʨʥʷ. 

 

ABSTRACT 

 

The article is devoted to the relevance and prospects of building individual residential buildings with a small 

business facility using a mini-bakery as an example. The advantages of building individual housing, including with a 

small business facility, are described, and the advantages of a mini-bakery as a business facility are identified. The most 

important state programs to support individual housing construction in Russia, and in particular, in the Belgorod region, 

are considered. It is shown that the development of a business plan and a pre-project analysis of real architectural and 

urban conditions precede the construction of individual housing with a small business object. 

Keywords: individual residential building, living environment, small business facility, individual housing 

construction, mini-bakery. 

 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʨʘʩʪʫʪ ʦʙʲʝʤʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʚ 

ʦʙʱʝʤ ʦʙʲʝʤʝ ʚʚʝʜʝʥʥʦʛʦ ʞʠʣʴʷ ʚ ʈʦʩʩʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʷʚʣʷʶʪʩʷ: ʧʦʪʨʝʙʥʦʩʪʴ 

ʫʣʫʯʰʠʪʴ ʞʠʣʠʱʥʳʝ ʫʩʣʦʚʠʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ 

ʧʨʦʝʢʪʦʚ, ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʙʦʪ, ʵʢʦʥʦʤʠʯʥʦʩʪʴ (ʦʧʪʠʤʘʣʴʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ), 

ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʪ.ʜ. ɹʣʘʛʦʜʘʨʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤʫ 

ʞʠʣʴʶ ʚʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ ʥʘʠʙʦʣʝʝ ʛʣʘʚʥʳʭ 

ʧʦʪʨʝʙʥʦʩʪʝʡ ʯʝʣʦʚʝʢʘ ï ʢʦʤʬʦʨʪʥʦʝ ʠ 

ʢʘʯʝʩʪʚʝʥʥʦʝ ʞʠʣʴʝ.ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʧʨʠʛʦʨʦʜʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʧʦʟʚʦʣʷʝʪ ʦʪʜʘʣʠʪʴʩʷ ʦʪ ʛʦʨʦʜʩʢʦʛʦ 

ʰʫʤʘ, ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʚʩʝʛʜʘ ʠʤʝʪʴ 

ʧʘʨʢʦʚʦʯʥʦʝ ʤʝʩʪʦ ʫ ʜʦʤʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʨʦʡʩʪʚʘ ʨʝʢʨʝʘʮʠʦʥʥʦʡ ʟʦʥʳ ʥʘ ʫʯʘʩʪʢʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʥʦʛʦʦʙʨʘʟʥʳ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ 

ʞʠʣʦʡ ʜʦʤ (ʀɾɼ) ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʦʤʬʦʨʪʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʩʝʤʴʠ, ʦʪʚʝʯʘʶʱʠʝ 

ʧʦʪʨʝʙʥʦʩʪʷʤ, ʚʢʫʩʘʤ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʀɾɼ ʧʦʟʚʦʣʷʝʪ 

ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʟʥʠ, 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʞʠʣʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʥʘʩʝʣʝʥʠʷ ʩ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ, ʵʩʪʝʪʠʯʝʩʢʦʡ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ 

ʪʦʯʝʢ ʟʨʝʥʠʷ.  

ʈʦʩʪʫ ʩʝʛʤʝʥʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠʩʪʨʝʤʣʝʥʠʝ 

ʢʦʤʬʦʨʪʥʦʛʦ ʞʠʣʴʷ ʥʘ ʟʘʛʦʨʦʜʥʳʭ ʫʯʘʩʪʢʘʭ, 

ʫʧʨʦʱʝʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʢʘʜʘʩʪʨʦʚʦʛʦ ʫʯʝʪʘ, ʘ ʪʘʢʞʝ 

ʚʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤ ʣʴʛʦʪʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ. 

ʇʦ ʜʘʥʥʳʤ [1] ʟʘ ʧʝʨʠʦʜ ʷʥʚʘʨʴ-ʠʶʣʴ 2024 

ʛʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʜʘʥʦ 43,5 ʤʣʥ. ʤ
2
 ʀɾʉ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ 70: ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʚʦʜʘ.  ʕʪʦʪ 

ʧʦʢʘʟʘʪʝʣʴ ʚ 2024 ʛʦʜʫ ʥʘ 23% ʚʳʰʝ, ʯʝʤ ʚ 

ʧʨʝʜʳʜʫʱʝʤ.
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ʈʠʩʫʥʦʢ 1. ɼʠʘʛʨʘʤʤʘ ʦʙʲʝʤʦʚ ʚʚʦʜʘ ʀɾʉ ʚ ʈʦʩʩʠʠ ʧʦ ʜʘʥʥʳʤ 2023-2024 ʛ. 

 

ɺ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ ʤʘʣʦʵʪʘʞʥʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʦʪ 28 ʦʢʪʷʙʨʷ 

2013 ʛʦʜʘ  ̄ 441-ʧʧ çʆʙʝʩʧʝʯʝʥʠʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʢʦʤʬʦʨʪʥʳʤ ʞʠʣʴyʤ ʠ ʢʦʤʤʫʥʘʣʴʥʳʤʠ ʫʩʣʫʛʘʤʠ 

ʞʠʪʝʣʝʡ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠè, ʧʦʩʢʦʣʴʢʫ 

ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʙʦʠʤ ʢʨʠʪʝʨʠʷʤ: ʠ 

ʙʝʟʙʘʨʴʝʨʥʦʛʦ ʜʦʩʪʫʧʘ, ʠ ʢʦʤʬʦʨʪʥʦʩʪʠ [2].  

ʅʘʮʧʨʦʝʢʪ çɼʦʩʪʫʧʥʦʝ ʠ ʢʦʤʬʦʨʪʥʦʝ ʞʠʣʴʝ 

ï ʛʨʘʞʜʘʥʘʤ ʈʦʩʩʠʠè ʚʢʣʶʯʘʝʪ ʧʷʪʴ ʬʝʜʝʨʘʣʴʥʳʭ 

ʧʨʦʝʢʪʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʥʘʮʝʣʝʥ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʚʝʜʝʥʠʷ 

ʙʠʟʥʝʩʘ ʤʘʣʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ [3].  

ɺ ʟʘʜʘʯʠ ʥʘʮʧʨʦʝʢʪʘ ʚʭʦʜʠʪ ʠ ʧʦʚʳhʝʥʠʝ 

ʦʙʲʝʤʘ ʛʦʩʟʘʢʫʧʦʢ ʫ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷ (ʄʉʇ) ʜʦ 5 ʪʨʣʥ. ʨʫʙʣʝʡ, ʦʪʢʨʳʪʴ ʥʝ 

ʤʝʥʝʝ 100 ʮʝʥʪʨʦʚ ʧʦʜʜʝʨʞʢʠ çʄʦʡ ʦʬʠʩè, ʘ ʪʘʢʞʝ 

ʦʢʘʟʘʪʴ ʬʠʥʘʥʩʦʚʫʶ ʧʦʜʜʝʨʞʢʫ ʄʉʇ ʚ ʨʘʟʤʝʨʝ 10 

ʪʨʣʥ ʨʫʙʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʣʴʛʦʪʥʳʭ 

ʢʨʝʜʠʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʝʛʠʦʥʘʭ ʨʘʟʚʠʚʘʶʪʩʷ 

ʤʠʢʨʦʬʠʥʘʥʩʦʚʳʝ ʠ ʛʘʨʘʥʪʠʡʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. 

ʂʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʩʦʟʜʘʶʪʩʷ ʜʣ ̫

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ ʥʘ ʫʧʨʦʱʝʥʥʦʤ ʨʝʞʠʤʝ ʠ 

ʧʘʪʝʥʪʝ. 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʧʣʘʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʵʢʦʥʦʤʠʢʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʚʝʜʝʥʠʝ çʩʝʤʝʡʥʳʭ 

ʧʘʪʝʥʪʦʚè ï ʩʦʟʜʘʥʠʝ ʩʝʤʝʡʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʯʝʨʝʟ 

ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʬʦʨʤʣʷʪʴ ʪʨʫʜʦʚʳʝ ʜʦʛʦʚʦʨʳ, 

ʚʝʩʪʠ ʦʪʜʝʣʴʥʫʶ ʦʪʯʝʪʥʦʩʪʴ, ʧʣʘʪʠʪʴ ʥʘʣʦʛʠ ʠ 

ʩʪʨʘʭʦʚʳʝ ʚʟʥʦʩʳ ʧʦ ʢʘʞʜʦʤʫ ʯʣʝʥʫ ʩʝʤʴʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʜʝʰʸʚʦʡ ʘʣʴʪʝʨʥʘʪʠʚʳ ʵʢʚʘʡʨʠʥʛʫ 

ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʥʝʜʨʝʥʠʶ ʨʘʩʯʝʪʦʚ ʩ 

ʧʦʢʫʧʘʪʝʣʷʤʠ ʯʝʨʝʟ ʉʠʩʪʝʤʫ ʙʳʩʪʨʳʭ ʧʣʘʪʝʞʝʡ 

[4].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʝʪ ʨʷʜ ʤʝʨ 

ʧʦʜʜʝʨʞʢʠ ʜʣʷ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ. 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 [5]. ʆʥʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʤʘʣʳʝ 

ʠ ʩʨʝʜʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʝʡ (ʀʇ), ʘ ʪʘʢʞʝ ʩʘʤʦʟʘʥʷʪʳʭ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʞʠʣʴʷ 

ʦʯʝʚʠʜʥʳ ʠ ʚʣʠʷʶʪ ʥʘ ʦʨʛʘʥʠʟʘʮʠʶ ʦʪʜʳʭʘ ʩʝʤʴʠ ʠ 

ʚʦʩʧʠʪʘʥʠʝ ʜʝʪʝʡ, ʫʢʨʝʧʣʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ 

ʧʦʢʦʣʝʥʠʷʤʠ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʧʨʦʜʫʢʮʠʠ. ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ 

ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʢʦʤʬʦʨʪʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ 

ʧʨʦʞʠʚʘʥʠʷ ʩʝʤʴʠ, ʦʪʚʝʯʘʶʱʠʝ ʧʦʪʨʝʙʥʦʩʪʷʤ, 

ʚʢʫʩʘʤ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤ ʚʦʟʤʦʞʥʦʩʪʷʤ [6ï8].  

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ ʩ ʦʙʲʝʢʪʦʤ 

ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ (ʥʘʧʨʠʤʝʨ, ʤʠʥʠ-ʧʝʢʘʨʥʷ), 

ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʩ ʙʝʩʧʨʝʧʷʪʩʪʚʝʥʥʳʤ ʜʦʩʪʫʧʦʤ 

ʠʥʚʘʣʠʜʦʚ ʠ ʜʨʫʛʠʭ ʤʘʣʦʤʦʙʠʣʴʥʳʭ ʛʨʫʧʧ 

ʥʘʩʝʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʢʨʘʩʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ 

ʧʨʦʞʠʚʘʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʠʟʥʝʩʘ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʚʳʭʦʜʷ ʠʟ ʜʦʤʘ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʥʘ ʨʘʙʦʪʫ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʦʚʤʝʱʝʥʠʝ ʨʘʙʦʪʳ ʩ ʫʯʸʙʦʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʸʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʫʯʥʳʭ ʠʟʜʝʣʠʡ ʠ ʭʣʝʙʘ ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʢʨʫʧʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ 

ʩʚʦʶ ʧʨʦʜʫʢʮʠʶ ʧʦ ʜʘʚʥʦ ʦʩʚʦʝʥʥʳʤ ʨʝʮʝʧʪʘʤ ʠ 

ʥʘʣʘʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʠʟʳʩʢʘʥʥʫʶ 

ʚʳʧʝʯʢʫ ʦʥʠ ʧʨʝʜʣʦʞʠʪʴ ʥʝ ʤʦʛʫʪ. ʕʪʦ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ. ɼʘʥʥʘʷ ʥʠʰʘ ʷʚʣʷʝʪʩʷ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʟʘʥʷʪʦʡ, ʚ ʵʪʦʤ 

ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʠʥʠ-ʧʝʢʘʨʥʠ. ɺʩʷ 

ʨʘʙʦʪʘ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʤʠʥʠ-ʧʝʢʘʨʥʠ ʨʘʩʩʯʠʪʘʥʘ ʥʘ 

ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʳʭ ʠʟʜʝʣʠʡ ʠʟ ʤʫʢʠ, 

ʥʦ ʧʦ ʥʝʦʙʳʯʥʳʤ ʨʝʮʝʧʪʘʤ ï ʥʘʧʨʠʤʝʨ, 

ʜʠʝʪʠʯʝʩʢʘʷ ʚʳʧʝʯʢʘ, ʙʫʣʦʯʢʠ ʧʦ ʩʝʤʝʡʥʳʤ 

ʜʦʤʘʰʥʠʤ ʨʝʮʝʧʪʘʤ, ʧʠʨʦʞʢʠ ʧʦ ʩʪʘʨʠʥʥʳʤ 

ʙʘʙʫʰʢʠʥʳʤ ʨʝʮʝʧʪʘʤ ʠ ʪ. ʧ. ʇʨʦʜʫʢʮʠʷ ʤʠʥʠ-

ʧʝʢʘʨʝʥ ʧʨʠʚʣʝʢʘʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʩʚʦʠʤ 

çʜʦʤʘʰʥʠʤè ʚʢʫʩʦʤ, ʥʘʪʫʨʘʣʴʥʦʩʪʴʶ ʩʦʩʪʘʚʘ, 

ʯʘʩʪʳʤ ʦʙʥʦʚʣʝʥʠʝʤ ʘʩʩʦʨʪʠʤʝʥʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʩʨʝʜʠ ʧʨʠʯʠʥ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ: 

ï ʦʪʩʫʪʩʪʚʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʘʭ, ʪʘʢ ʢʘʢ 

ʦʙʫʯʠʪʴ ʧʝʨʩʦʥʘʣ ʚʦʟʤʦʞʥʦ ʟʘ ʢʦʨʦʪʢʠʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʧʨʦʙʣʝʤʘ ʩ ʧʦʠʩʢʦʤ 

ʠ ʥʘʡʤʦʤ ʩʦʪʨʫʜʥʠʢʦʚ ʥʝ ʩʪʦʠʪ; 
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ïʙʳʩʪʨʳʡ ʩʨʦʢ ʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʜʦ 1 

ʤʝʩʷʮʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʱʠʢʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ), ʢ ʪʦʤʫ ʞʝ ʩʘʤʠ ʧʦʩʪʘʚʱʠʢʠ ʯʘʩʪʦ 

ʚʳʧʦʣʥʷʶʪ ʤʦʥʪʘʞ, ʧʦʣʥʫʶ ʥʘʩʪʨʦʡʢʫ ʠ ʦʙʫʯʝʥʠʝ 

ʧʝʨʩʦʥʘʣʘ; 

ïʣʝʛʢʦʩʪʴ ʚ ʧʨʠʦʙʨʝʪʝʥʠʠ ʩʳʨʴʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʳʧʝʯʢʠ; 

ïʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʙʠʟʥʝʩʘ ʟʘ ʩʯʝʪ 

ʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ; 

ïʣʝʛʢʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʩʧʨʦʩʘ ʥʘ ʩʚʦʶ 

ʧʨʦʜʫʢʮʠʶ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘ ʚʝʜʝʪʩʷ ʥʘ ʧʨʷʤʫʶ ʩ 

ʧʦʪʨʝʙʠʪʝʣʝʤ.ʇʨʠ ʧʨʘʚʠʣʴʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʜʘʥʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ, ʤʠʥʠ-ʧʝʢʘʨʥʠ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʝʝ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʦʚʳʝ 

ʟʘʧʨʦʩʳ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʚʢʫʩʘʤ ʧʦʢʫʧʘʪʝʣʝʡ, 

ʧʨʝʜʣʘʛʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʫʥʠʢʘʣʴʥʦʡ ʨʝʮʝʧʪʫʨʦʡ ʠ 

ʧʦʚʳʰʘʪʴ ʪʦʚʘʨʦʦʙʦʨʦʪ. 

ʅʘʤʝʪʠʚʰʘʷʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦʣʴʟʫʝʪʩʷ ʩʘʤʦʡ ʙʦʣʴʰʦʡ 

ʧʦʜʜʝʨʞʢʦʡ ʨʘʟʣʠʯʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʠ 

ʘʜʤʠʥʠʩʪʨʘʮʠʡ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʠ 

ʵʬʬʝʢʪʠʚʥʘʷ. ʕʪʘ ʧʦʜʜʝʨʞʢʘ ʚʳʨʘʞʘʝʪʩʷ ʢʘʢ ʚ 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʢʫʨʠʨʦʚʘʥʠʠ ʯʘʩʪʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢ ʠ ʚ ʦʧʨʝʜʝʣʸʥʥʳʭ 

ʣʴʛʦʪʘʭ ʟʘʩʪʨʦʡʱʠʢʘʤ ï ʚʩʝ ʵʪʦ ʨʝhʘʝʪʩʷ ʥʘ 

ʨʝʛʠʦʥʘʣʴʥʦʤ ʫʨʦʚʥʝ [9, 10]. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʬʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ, ʪʘʢ ʠ 

ʧʨʦʛʨʘʤʤʳ ʣʴʛʦʪʥʦʛʦ ʢʨʝʜʠʪʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʝʜʠʥʦʚʨʝʤʝʥʥʦʡ ʩʫʙʩʠʜʠʠ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʞʠʣʠʱʥʳʭ ʫʩʣʦʚʠʡ ʦʪʜʝʣʴʥʳʤ 

ʢʘʪʝʛʦʨʠʷʤ ʩʝʤʝʡ, ʠʤʝʶʱʠʭ ʜʝʪʝʡ; ʥʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʞʠʣʠʱʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʜʦ 2 ʤʣʥ 

ʨʫʙʣʝʡ ʜʦ 15 ʣʝʪ; ʥʘ ʟʘʚʝʨʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʜʦʩʪʨʦʡʢʫ ʜʦʤʘ ʜʦ 1 ʤʣʥ ʨʫʙʣʝʡ ʩʨʦʢʦʤ ʜʦ 10 ʣʝʪ; 

ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʨʠʩʪʨʦʡʢʠ, ʥʘʜʩʪʨʦʡʢʠ ʢ 

ʞʠʣʦʤʫ ʜʦʤʫ (ʥʝ ʤʝʥʝʝ 25 ʤ
2
) ï ʜʦ 500 ʪʳʩ. ʨʫʙʣʝʡ 

ʜʦ 10 ʣʝʪ; ʟʘʩʪʨʦʡʱʠʢʘʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʩyʣʘʭ ʠ ʭʫʪʦʨʘʭ ʦʙʣʘʩʪʠ ʠ 

ʧʨʦʞʠʚʘʶʱʠʤ ʪʘʤ ʞʝ, ʟʘʡʤʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʧʦʜ 

5% ʛʦʜʦʚʳʭ ʠ ʪ.ʜ.) [11]. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʪʝʤʧʳ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘʨʘʩʪʘʶʪ, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʥʠʤʘʥʠʝ ʬʦʢʫʩʠʨʫʝʪʩʷ ʥʘ 

ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʧʨʦʝʢʪʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʦʚʳʭ 

ʪʝʭʥʦʣʦʛʠʷʭ, ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ ʠ ʤʘʪʝʨʠʘʣʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʪʝʪ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʞʝ, ʢʘʢ ʠ ʯʠʩʣʦ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʤʧʘʥʠʡ. ʅʘ ʬʦʥʝ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʨʘʙʦʯʠʭ ʤʝʩʪ 

ʠʜʝʪ ʨʘʟʚʠʪʠʝ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʦʪʨʘʩʣʝʡ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ, ʚ 

ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʚʝʜyʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʫʤʤʘʨʥʦʡ 

ʞʠʣʦʡ ʧʣʦʱʘʜʠ ʚ ʩʪʨʘʥʝ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʞʠʣʳʭ ʜʦʤʦʚ ʩ 

ʦʙʲʝʢʪʘʤʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ, ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ 

ʞʠʣʠʱʥʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ 

ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʥʘ ʨʘʙʦʪʫ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʦʚʤʝʱʝʥʠʝ ʨʘʙʦʪʳ ʩ ʫʯʸʙʦʡ, ʦʙʝʩʧʝʯʝʥʠʝ 

ʨʘʙʦʯʠʤʠ ʤʝʩʪʘʤʠ ʠ ʜʨ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʧʨʝʜʰʝʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦʞʠʣʦʛʦ ʜʦʤʘ ʩ ʦʙʲʝʢʪʦʤ ʤʘʣʦʛʦ 

ʙʠʟʥʝʩʘ ʨʘʟʨʘʙʦʪʢʘ ʙʠʟʥʝʩ-ʧʣʘʥʘ ʠ ʧʨʝʜʧʨʦʝʢʪʥʳʡ 

ʘʥʘʣʠʟ ʨʝʘʣʴʥʳʭ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʭ 

ʫʩʣʦʚʠʡ. 
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ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘʠʩʪʦʨʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘʚʝʩʥʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʥʘʚʝʩʥʳʭ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʦʩʥʦʚʥʳʝ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʦʥʠ 

ʟʘʚʦʝʚʘʣʠ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʆʧʠʩʘʥ ʧʝʨʚʳʡ ʘʥʘʣʦʛ ʠ ʧʝʨʚʦʝ ʙʦʣʴʰʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʩʦʦʨʫʞʝʥʠʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʥʘʚʝʩʥʦʛʦ ʬʘʩʘʜʘ. ɺʳʷʚʣʝʥ ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʵʬʬʝʢʪʦʚ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʩʪʝʥʳ ʩʦʭʨʘʥʷʶʪ ʪʝʧʣʦ ʟʠʤʦʡ ʠ ʥʝ 

ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʶʪʩʷ ʣʝʪʦʤ. ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʈʦʩʩʠʠ, ʠ ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʛ. ɹʝʣʛʦʨʦʜ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʚʝʩʥʳʝ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ, ʅɺʌ, ʚʝʥʪʠʣʠʨʫʝʤʳʡ ʬʘʩʘʜ, ʵʢʩʪʨʫʟʠʦʥʥʳʡ 

ʫʪʝʧʣʠʪʝʣʴ, ʥʘʚʝʩʥʦʡ ʬʘʩʘʜ, ʚʝʥʪʠʣʠʨʫʝʤʳʡ ʥʘʚʝʩʥʦʡ ʬʘʩʘʜ. 

 

ABSTRACT 

 

The article is devoted to the history of the emergence of curtain wall systems. The analysis of curtain wall 

ventilated facade systems is conducted, and their main advantages, due to which they have gained popularity, are 

considered. The first analogue and the first large architectural structure using a curtain wall are described. One of the 

main effects is revealed, due to which the walls retain heat in winter and do not heat up much in summer. The 

application in Russia, and in particular in Belgorod, is considered. 

Keywords:curtain wall systems, curtain wall systems, ventilated facade, extruded insulation, curtain wall, 

ventilated curtain wall. 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʞʠʣʳʭ ʠ 

ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʚʝʩʥʳʭ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ 

(ʅɺʌ). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʪʦ ʩʘʤʳʡ ʣʫʯʰʠʡ 

ʩʧʦʩʦʙ ʦʙʣʠʮʦʚʢʠ ʟʜʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʩ ʙʦʣʴʰʦʡ 

ʩʢʦʨʦʩʪʴʶ ʠ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʜʦʩʪʠʯʴ 

ʪʨʝʙʫʝʤʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʮʝʣʝʡ ʠ ʘʨʭʠʪʝʢʪʫʨʥʦʡ 

ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʠ ʦʙʲʝʢʪʘ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ. 

ʈʦʜʠʥʦʡ ʅɺʌ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʅʦʨʚʝʛʠʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʙ ʠ ʦʰʠʙʦʢ ʚ 

ʫʩʣʦʚʠʷʭ ʩʫʨʦʚʦʛʦ ʢʣʠʤʘʪʘ ʩʨʝʜʥʝʚʝʢʦʚʳʤ 

ʥʦʨʚʝʞʩʢʠʤ ʩʪʨʦʠʪʝʣʷʤ ʫʜʘʣʦʩʴ ʧʨʠʜʫʤʘʪʴ ʪʘʢʦʡ 

ʬʘʩʘʜ, ʚ ʢʦʪʦʨʦʤ ʙʳʣ ʚʦʟʜʫʰʥʳʡ ʧʨʦʤʝʞʫʪʦʢ, ʘ 

ʝʛʦ ʩʪʳʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʙʳʣʠ ʦʪʢʨʳʪʳʤʠ ʠ 

ʟʘʢʨʳʪʳʤʠ [1]. 

ʇʝʨʚʳʤʠ ʩʪʨʦʝʥʠʷʤʠ, ʥʘ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʅɺʌ, ʙʳʣʠ ʙʦʣʴʰʠʝ ʘʤʙʘʨʳ, 

ʩʘʨʘʠ ʠ ʢʦʥʶʰʥʠ, ʧʦʵʪʦʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʪʘʢʦʡ 

ʤʝʪʦʜ ʦʙʣʠʮʦʚʢʠ ʥʘʟʳʚʘʣʩʷ çʤʝʪʦʜ ʦʙʣʠʮʦʚʢʠ 

ʘʤʙʘʨʦʚ ʩ ʦʪʢʨʳʪʳʤʠ ʰʚʘʤʠè. ʇʨʠ ʵʪʦʤ ʤʝʪʦʜʝ 

ʜʝʨʝʚʷʥʥʘʷ ʦʙʣʠʮʦʚʢʘ ʩʪʝʥʳ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ ʠʟ 

ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʛʦʥʷʣʠʩʴ ʚʧʣʦʪʥʫʶ 

ʜʨʫʛ ʢ ʜʨʫʛʫ, ʩ ʟʘʢʨʳʪʳʤʠ ʰʚʘʤʠ, ʥʦ ʥʘʚʝʨʭʫ ʠ 

ʚʥʠʟʫ ʪʘʢʦʛʦ ʬʘʩʘʜʘ ʦʩʪʘʚʣʷʣʠʩʴ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʦʪʚʦʜʘ ʚʦʜʳ ʠ ʠʩʧʘʨʝʥʠʷ ʣʠʰʥʝʡ ʚʣʘʛʠ, ʝʩʣʠ ʚʜʨʫʛ 

ʜʦʞʜʴ ʠʣʠ ʜʨʫʛʠʝ ʘʪʤʦʩʬʝʨʥʳʝ ʦʩʘʜʢʠ ʧʨʦʥʠʢʥʫʪ 

ʚʥʫʪʨʴ ʵʪʦʡ ʦʙʣʠʮʦʚʢʠ. ʉʦ ʚʨʝʤʝʥʝʤ ʩʪʨʦʠʪʝʣʠ 

ʟʘʤʝʪʠʣʠ, ʯʪʦ ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʥʝ ʪʦʣʴʢʦ 

ʦʪʚʦʜʷʪ ʚʣʘʛʫ, ʥʦ ʠ ʧʨʦʚʝʪʨʠʚʘʶʪ ʟʜʘʥʠʝ, ʘ ʪʘʢʞʝ 

ʦʭʣʘʞʜʘʶʪ ʝʛʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣ ʦʪʢʨʳʪ ʦʜʠʥ ʠʟ 

ʧʦʣʝʟʥʳʭ ʵʬʬʝʢʪʦʚ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ ï 

ʪʝʧʣʦʚʦʡ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʘʤʙʘʨʥʳʝ ʩʪʝʥʳ ʥʝ 

ʪʘʢ ʩʠʣʴʥʦ ʧʨʦʛʨʝʚʘʣʠʩʴ ʣʝʪʦʤ ʠ ʩʦʭʨʘʥʷʣʠ ʪʝʧʣʦ ʚ 

ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʪʘʢʦʡ ʤʝʪʦʜ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʘʩʘʜʦʚ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʩʷ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʚʝʢʦʚ, 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʥʮʠʧʦʚ, ʟʘʣʦʞʝʥʥʳʭ ʚ 

ʝʛʦ ʦʩʥʦʚʫ, ʥʘʯʘʣʠʩʴ ʪʦʣʴʢʦ ʚ 1940-ʭ ʛʦʜʘʭ. ʆʯʝʥʴ 

ʩʢʦʨʦ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʦ ʵʪʦʡ ʩʨʝʜʥʝʚʝʢʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ, 

ʧʨʝʚʦʩʭʦʜʷʪ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʦʙʣʠʮʦʚʢʠ 

ʟʜʘʥʠʡ, ʠʟʚʝʩʪʥʳʝ ʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʦ ʚʨʝʤʷ. 

ʉʘʤʦʝ ʠʥʪʝʨʝʩʥʦʝ, ʯʪʦ ʠ ʩʝʛʦʜʥʷ, ʧʨʠ ʚʩʝʭ 
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ʜʦʩʪʠʞʝʥʠʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʣʠʮʦʚʢʠ ʟʜʘʥʠʡ ʅɺʌ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ 

ʩʦʚʝʨʰʝʥʥʦʡ ʠ ʥʝʧʨʝʚʟʦʡʜʝʥʥʦʡ ʧʦ ʚʩʝʤ 

ʧʘʨʘʤʝʪʨʘʤ. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʸʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 

ʥʝʟʘʱʠʱʸʥʥʳʝ ʩʪʝʥʳ ʟʜʘʥʠʡ, ʧʦʩʪʨʦʝʥʥʳʝ ʠʟ 

ʢʠʨʧʠʯʘ ʠʣʠ ʮʝʤʝʥʪʘ, ʥʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦʜʚʝʨʛʘʪʴ 

ʜʣʠʪʝʣʴʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ ʨʘʟʣʠʯʥʳʭ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ. ʇʦʨʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ 

ʢʦʪʦʨʳʭ ʚʦʟʚʝʜʝʥʳ ʩʪʝʥʳ, ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʡ 

ʟʘʱʠʪʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʧʠʪʳʚʘʶʪ ʚʣʘʛʫ, ʢʘʢ 

ʛʫʙʢʘ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦ 

ʨʘʟʨʫʰʘʶʪʩʷ, ʪʨʝʙʫʷ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʯʘʩʪʦʛʦ 

ʨʝʤʦʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʠʣʘʩʴ ʠʜʝʷ ʢʨʝʧʠʪʴ 

ʚʥʝʰʥʠʡ ʟʘʱʠʪʥʳʡ ʵʢʨʘʥ ʥʘ ʧʦʨʠʩʪʫʶ ʢʠʨʧʠʯʥʫʶ 

ʠʣʠ ʙʝʪʦʥʥʫʶ ʩʪʝʥʫ. ʇʨʠ ʵʪʦʤ ʧʦʜʫʤʘʣʠ ʥʝ ʪʦʣʴʢʦ 

ʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʥʦʩʪʠ ʵʢʨʘʥʘ, ʥʦ ʠ ʦ 

ʝʛʦ ʚʥʝʰʥʝʤ ʚʠʜʝ, ʯʪʦʙʳ ʟʜʘʥʠʝ ʚʳʛʣʷʜʝʣʦ 

ʘʨʭʠʪʝʢʪʫʨʥʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ. 

ʊʘʢ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʢʨʝʧʣʝʥʠʷ ʥʘ ʧʦʨʠʩʪʫʶ 

ʢʠʨʧʠʯʥʫʶ ʠʣʠ ʙʝʪʦʥʥʫʶ ʩʪʝʥʫ ʚʥʝʰʥʝʛʦ 

ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʘʣʦ ʷʩʥʦ, ʯʪʦ 

ʪʘʢʦʡ ʵʢʨʘʥ ʦʯʝʥʴ ʣʝʛʢʦ ʩʜʝʣʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʠ ʦʯʝʥʴ 

ʵʩʪʝʪʠʯʥʳʤ, ʫʢʨʘʰʘʶʱʠʤ ʟʜʘʥʠʝ.  

ʇʝʨʚʳʡ ʘʥʘʣʦʛ ʚʝʥʪʠʣʠʨʫʝʤʦʛʦ ʬʘʩʘʜʘ 

ʧʨʝʜʩʪʘʚʠʣ ʬʨʘʥʮʫʟʃʝ ʂʦʨʙʶʟʴʝ ʝʱʝ ʚ XIX  ʚʝʢʝ. 

ʆʥ ʠʩʧʦʣʴʟʦʚʘʣ ʵʪʫ ʠʜʝʶ ʚ ʧʨʦʝʢʪʝ ʚʠʣʣʳ ɸʥʘʪʦʣʷ 

ʐʚʦʙ (ʨʠʩʫʥʦʢ 1). ʉʪʝʥʳ ʟʜʘʥʠʷ ʙʳʣʠ ʦʩʥʘʱʝʥʳ 

ʜʚʦʡʥʳʤ ʢʘʨʢʘʩʦʤ ʠ ʜʘʞʝ ʩʝʪʴʶ 

ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʠʭ ʪʨʫʙʦʢ. ɼʣʷ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ 

ʵʪʦ ʙʳʣʘ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. ʉʝʪʴ ʪʨʫʙʦʢ 

ʥʘʛʨʝʚʘʣʘ ʬʘʩʘʜ ʟʜʘʥʠʷ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ʠ 

ʦʭʣʘʞʜʘʣʘ ʛʦʨʷʯʠʤ ʣʝʪʦʤ [2]. 

 

 
ʈʠʩʫʥʦʢ 1 ïʌʘʩʘʜ ʚʠʣʣʳ ʯʘʩʦʚʱʠʢʘ ɸʥʘʪʦʣʷ 

ʐʚʦʙʘ ʚ ʃʘ-ʐʦ-ʜʝ-ʌʦʥ, ʐʚʝʡʮʘʨʠʷ, 1916 ʛ. 

 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʜʦʣʞʘʣʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʠ ʚʤʝʩʪʝ ʩ ʥʠʤʠ ʠʜʝʷ ʬʘʩʘʜʘ 

ʢʘʢ ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘ ʜʣʷ ʥʝʩʫʱʠʭ ʩʪʝʥ ʟʜʘʥʠʷ 

ʪʦʞʝ ʧʨʦʜʦʣʞʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ. 

ʉʪʨʦʠʪʝʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʩʝʛʜʘ 

ʧʨʝʜʲʷʚʣʷʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢʦ ʚʩʝʤ 

ʥʦʚʦʚʚʝʜʝʥʠʷʤ, ʧʦʵʪʦʤʫ ʦʪ ʥʘʚʝʩʥʦʛʦ ʬʘʩʘʜʘ, 

ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʩʪʝʥʳ ʟʜʘʥʠʷ ʦʪ ʘʪʤʦʩʬʝʨʥʳʭ 

ʦʩʘʜʢʦʚ, ʧʦʤʠʤʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʱʠʪʥʳʭ 

ʬʫʥʢʮʠʡ ʪʘʢʞʝ ʪʨʝʙʦʚʘʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʢʘʯʝʩʪʚʘ. ʆʥ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʯʥʳʤ, ʥʦ ʠ 

ʥʝʜʦʨʦʛʠʤ. ʂʦʥʩʪʨʫʢʮʠʷ ʥʘʚʝʩʥʦʛʦ ʬʘʩʘʜʘ ʜʦʣʞʥʘ 

ʪʘʢʞʝ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʦʥʘ ʧʦʟʚʦʣʷʣʘ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʘʚʠʣʴʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʚʳʚʦʜʠʪʴ 

ʥʘʨʫʞʫ ʚʦʜʷʥʳʝ ʧʘʨʳ ʠ ʣʶʙʫʶ ʚʣʘʛʫ, ʢʦʪʦʨʘʷ 

ʧʦʧʘʜʝʪ ʚ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ ʟʘʱʠʪʥʳʤ ʵʢʨʘʥʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʅɺʌ 

ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʜʘʥʠʷʭ. ʆʩʪʘʣʦʩʴ ʪʦʣʴʢʦ 

ʚʦʧʣʦʪʠʪʴ ʝʝ ʚ ʞʠʟʥʴ. 

ɺʝʥʪʠʣʠʨʫʝʤʳʝ ʥʘʚʝʩʥʳʝʬʘʩʘʜʳ ʩʪʘʣʠ 

ʠʟʚʝʩʪʥʳ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʜʘʣʝʢʦ ʥʝ ʩʨʘʟʫ. ʇʨʠʥʷʪʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʚʦʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʧʨʦʠʟʦʰʣʦ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ ʚ 

ʉʐɸ ʚ ʥʘʯʘʣʝ XX ʚʝʢʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ 

ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʘʭ ɸʤʝʨʠʢʠ ʚ ʵʪʦ ʚʨʝʤʷ 

ʚʦʟʚʦʜʠʣʠʩʴ ʥʝʙʦʩʢʨʝʙʳ. ʅʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʩʦʟʜʘʪʴ ʧʨʦʯʥʳʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʣʘʛʝ ʟʘʱʠʪʥʳʡ 

çʵʢʨʘʥèʜʣʷ ʟʜʘʥʠʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ 

ʥʘ ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʤʝʥʥʦ ʪʦʛʜʘ ʙʳʣʦ 

ʟʘʤʝʯʝʥʦ, ʯʪʦ ʥʘʚʝʩʥʳʝ ʬʘʩʘʜʳ ʩ ʚʦʟʜʫʰʥʦʡ 

ʧʨʦʩʣʦʡʢʦʡ ʭʦʨʦʰʦ ʩʧʨʘʚʣʷʶʪʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. 

ɼʘʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʠʜʝʪ ʚ ɿʘʧʘʜʥʫʶ ɽʚʨʦʧʫ. ʀʤʝʥʥʦ ʚ ɻʝʨʤʘʥʠʠ ʩ 

ʥʘʯʘʣʘ 1950-ʭ ʛʦʜʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘʫʯʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʟʚʦʣʠʚʰʠʝ ʩʦʟʜʘʪʴ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ 

ʤʦʥʪʘʞʘ ʜʣʷ ʢʠʨʧʠʯʥʳʭ ʠ ʙʝʪʦʥʥʳʭ ʜʦʤʦʚ. ʀ ʩʘʤ 

ʪʝʨʤʠʥ ʧʦʷʚʠʣʩʷ ʦʪ ʥʝʤʝʮʢʦʛʦ 

çbelueftetenfassadenè, ʯʪʦ ʚ ʙʫʢʚʘʣʴʥʦʤ ʧʝʨʝʚʦʜʝ 

ʦʟʥʘʯʘʝʪ çʚʝʥʪʠʣʠʨʫʝʤʳʡ ʬʘʩʘʜè. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʚ ɻʝʨʤʘʥʠʠ ʚʝʜʸʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʨʪʘʣ ʧʦ ʅɺʌ (FVHF). 

ʍʦʨʦʰʘʷ ʥʘʫʯʥʘʷ ʙʘʟʘ ʠ ʙʦʣʴʰʦʡ ʦʧʳʪ ʥʝʤʝʮʢʠʭ 

ʩʪʨʦʠʪʝʣʝʡ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʤʦʥʪʘʞʘ ʥʘʚʝʩʥʳʭ ʬʘʩʘʜʦʚ. 

ʇʝʨʚʳʤ ʙʦʣʴʰʠʤ ʘʨʭʠʪʝʢʪʫʨʥʳʤ 

ʩʦʦʨʫʞʝʥʠʝʤ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ 

ʩʦʚʨʝʤʝʥʥʘʷ ʩʠʩʪʝʤʘ ʅɺʌ, ʩʪʘʣʦ ʟʜʘʥʠʝ Alcoa ʚ 

ʇʠʪʪʩʙʫʨʛʝ, ʚ ʉʐɸ, ʰʪʘʪ ʇʝʥʩʠʣʴʚʘʥʠʷ [3]. 

ɺʳʩʦʪʥʦʝ ʪʨʠʜʮʘʪʠʵʪʘʞʥʦʝ ʟʜʘʥʠʝ ʙʳʣʦ ʧʦʩʪʨʦʝʥʦ 

ʦʙʣʠʮʦʚʘʥʥʳʤ ʙʦʣʴʰʠʤ ʟʘʱʠʪʥʳʤ ʵʢʨʘʥʦʤ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʧʘʥʝʣʝʡ (ʨʠʩʫʥʦʢ 2). ʕʢʨʘʥ 

ʦʙʝʩʧʝʯʠʚʘʣ ʟʘʱʠʪʫ ʩʪʝʥ ʦʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ 

ʠʟ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʠ ʚʝʥʪʠʣʷʮʠʶ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʥʝʩʫʱʝʡ ʩʪʝʥʦʡ ʟʜʘʥʠʷ ʠ 

ʥʘʚʝʩʥʳʤ ʬʘʩʘʜʦʤ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʦʩʫʰʠʪʴ ʵʪʦʪ ʟʘʟʦʨ ʠ ʚʳʚʝʩʪʠ ʧʦʧʘʚʰʫʶ ʪʫʜʘ ʚʣʘʛʫ 

ʥʘʨʫʞʫ. 

ɺ ʅʴ-ʁʁʦʨʢʝ ʠ ʜʨʫʛʠʭ ʛʫʩʪʦʥʘʩʝʣʸʥʥʳʭ 

ʛʦʨʦʜʘʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʦʝʜʠʥʝʥʥʳʭ ʐʪʘʪʦʚ 

ɸʤʝʨʠʢʠ ʬʘʩʘʜʘʤʠ ʚʳʧʦʣʥʷʝʪʩʷ ʚʥʝʰʥʷʷ ʦʪʜʝʣʢʘ 

ʟʜʘʥʠʡ ʪʠʧʘ ç1 ʧʣʶʩ 5è. ɿʜʘʥʠʷ ʪʠʧʘ ç1 ʧʣʶʩ 5è ð 

ʵʪʦ ʪʠʧ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ, ʢʦʪʦʨʳʡ 

ʦʙʳʯʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʛʦʨʦʜʩʢʠʭ ʨʘʡʦʥʘʭ ʉʝʚʝʨʥʦʡ 

ɸʤʝʨʠʢʠ. ʊʘʢʠʝ ʟʜʘʥʠʷ ʦʙʳʯʥʦ ʩʪʨʦʷʪʩʷ ʠʟ 

ʯʝʪʳʨʸʭ ʠʣʠ ʧʷʪʠ ʜʝʨʝʚʷʥʥʳʭ ʢʘʨʢʘʩʥʳʭ ʵʪʘʞʝʡ 

ʥʘʜ ʙʝʪʦʥʥʳʤ ʧʦʜʠʫʤʦʤ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʦʪʚʝʜʸʥ 

ʜʣʷ ʨʦʟʥʠʯʥʦʡ ʪʦʨʛʦʚʣʠ ʠʣʠ ʙʳʪʦʚʳʭ ʧʦʤʝʱʝʥʠʡ. 

ʕʪʦʪ ʪʠʧ ʟʜʘʥʠʡ ʧʦʧʫʣʷʨʝʥ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ 

https://www.kiriss.ru/catalog/fasadnaya-plitka/
https://ru.wikipedia.org/wiki/%D0%9D%D1%8C%D1%8E-%D0%99%D0%BE%D1%80%D0%BA
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ʧʣʦʪʥʦʩʪʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʣʴʥʳʤʠ ʠ 

ʙʝʪʦʥʥʳʤʠ ʟʜʘʥʠʷʤʠ. ɿʜʘʥʠʷ ʪʠʧʘ ç1 ʧʣʶʩ 5è 

ʯʘʩʪʦ ʢʨʠʪʠʢʫʶʪ ʟʘ ʚʳʩʦʢʠʡ ʨʠʩʢ ʧʦʞʘʨʘ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʘ ʪʘʢʞʝ ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʫʶ 

ʘʨʭʠʪʝʢʪʫʨʥʫʶ ʚʳʨʘʟʠʪʝʣʴʥʦʩʪʴ. 

 

 
ʈʠʩʫʥʦʢ 2 ï ʌʘʩʘʜ ʟʜʘʥʠʷ Alcoa ʚ ʇʠʪʪʩʙʫʨʛʝ, ʰʪʘʪ 

ʇʝʥʩʠʣʴʚʘʥʠʷ, ʉʐɸ, 1953 ʛ. 

 

ɺ ʥʘʯʘʣʝ 1960-ʭ ʛʦʜʦʚ ʅʦʨʚʝʞʩʢʠʡ ʀʥʩʪʠʪʫʪ 

ʉʪʨʦʠʪʝʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʣ ʠʜʝʶ 

ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʚʦʟʜʫʭʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʥʘʨʫʞʥʳʤ ʟʘʱʠʪʥʳʤ ʵʢʨʘʥʦʤ ʠ ʥʝʩʫʱʝʡ ʩʪʝʥʦʡ 

ʟʜʘʥʠʷ ʠ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʩʥʘʨʫʞʠ, ʚ ʘʪʤʦʩʬʝʨʝ 

[3]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʞʥʦ ʙʳʣʦ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʧʦʧʘʜʘʥʠʷ ʚʦʜʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ ʵʢʨʘʥʦʤ, ʥʦ ʩʘʤ ʵʢʨʘʥ ʧʨʠ ʵʪʦʤ 

ʩʪʘʥʦʚʠʣʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʣʘʞʥʳʤ. 

ʊʝʨʤʠʥʳ çʧʨʠʥʮʠʧ ʧʨʦʪʠʚʦʜʦʞʜʝʚʦʛʦ 

ʟʘʱʠʪʥʦʛʦ ʵʢʨʘʥʘè ʠ çʦʪʢʨʳʪʳʡ ʧʨʦʪʠʚʦʜʦʞʜʝʚʦʡ 

ʵʢʨʘʥè (ʚ ʨʫʩʩʢʦʤ ʧʝʨʝʚʦʜʝ çʚʝʥʪʠʣʠʨʫʝʤʳʝ 

ʬʘʩʘʜʳè) ʚʧʝʨʚʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ 1963 ʛʦʜʫ 

ʩʦʚʝʪʦʤ ʥʘʮʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʂʘʥʘʜʳ [3]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʅɺʌ 

ʧʨʦʜʦʣʞʘʣʠʩʴ ʚ 1960-ʭ ʠ ʚ 1970-ʭ ʛʦʜʘʭ, ʠ 

ʫʪʦʯʥʝʥʠʷ ʢ ʥʠʤ ʚʤʝʩʪʝ ʩ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷʤʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ ʪʝ ʛʦʜʳ ʠ ʚ ʂʘʥʘʜʝ, ʠ 

ʚ ɽʚʨʦʧʝ. 

ʂ ʥʘʯʘʣʫ 1980-ʭ ʛʦʜʦʚ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ 

ʅɺʌ ʙʳʣ ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʫʯʝʥ ʠ ʩʪʘʣ ʧʦʣʥʦʩʪʴʶ 

ʧʦʥʷʪʝʥ. ʇʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ 

ʩʪʘʣʦ ʙʳʩʪʨʦ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ, ʦʩʦʙʝʥʥʦ ʚ ɽʚʨʦʧʝ, 

ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʭ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ 

ʧʨʦʜʦʣʞʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʬʘʩʘʜʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʷʚʠʣʩʷ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʤʘʪʝʨʠʘʣʦʚ, ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʅɺʌ, ʢʦʪʦʨʳʝ ʩʝʛʦʜʥʷ ʩ ʫʩʧʝʭʦʤ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ [4]. 

ʅʝʦʩʧʦʨʠʤʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʭʥʦʣʦʛʠʠ 

ʅɺʌ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʝʛʦʜʥʷ ʪʘʢʠʝ 

ʩʠʩʪʝʤʳ ï ʵʪʦ ʩʘʤʳʡ ʧʝʨʝʜʦʚʦʡ ʤʝʪʦʜ ʦʙʣʠʮʦʚʢʠ 

ʟʜʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʠʪʴ ʤʘʩʩʫ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤ ʩʧʦʩʦʙʦʤ[6]. 

ɿʘ ʙʦʣʝʝ ʯʝʤ 40 ʣʝʪ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʥʘʚʝʩʥʳʭ ʬʘʩʘʜʦʚ ʧʨʠ ʦʪʜʝʣʢʝ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ, ʦʥʠ ʩʪʘʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ɻʝʨʤʘʥʠʠ, ʅʦʨʚʝʛʠʠ, ʀʪʘʣʠʠ, ʐʚʝʮʠʠ, ʌʠʥʣʷʥʜʠʠ 

ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ. ɺʝʥʪʠʣʠʨʫʝʤʳʝ ʬʘʩʘʜʳ ʧʦʜʭʦʜʷʪ 

ʧʨʠ ʦʬʦʨʤʣʝʥʠʠ ʢʘʢ ʥʦʚʳʭ ʟʜʘʥʠʡ, ʪʘʢ ʠ ʧʨʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʨʳʭ. ʌʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ 

ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʠ ʫʣʫʯʰʘʣʠʩʴ ʧʦ 

ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʨʘʙʦʪʘʣʠ ʤʥʦʞʝʩʪʚʦ 

ʚʠʜʦʚ ʜʝʢʦʨʘʪʠʚʥʦʡ ʦʪʜʝʣʢʠ. ɺʩʝ ʦʥʠ ʨʘʟʣʠʯʥʳ ʧʦ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ, ʩʚʦʡʩʪʚʘʤ ʠ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ, 

ʧʦʵʪʦʤʫ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʤʘʪʝʨʠʘʣ 

ʥʝ ʩʦʩʪʘʚʣʷʝʪ ʪʨʫʜʘ. 

ʇʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʧʫʣʷʨʥʦʩʪʠ ʥʘʚʝʩʥʳʭ 

ʬʘʩʘʜʦʚ ʩ ʚʦʟʜʫʰʥʳʤ ʟʘʟʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʧʝʨʝʜʘʪʴ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʢʦʥʩʪʨʫʢʪʦʨʘʤ ʠ 

ʩʪʨʦʠʪʝʣʷʤ, ʯʪʦʙʳ ʦʥʠ ʤʦʛʣʠ ʛʨʘʤʦʪʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʚʳʧʦʣʥʠʪʴ ʤʦʥʪʘʞ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʌʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʧʨʝʜʣʘʛʘʶʪ ʚʩʝ ʙʦʣʝʝ ʥʦʚʳʝ ʠ 

ʩʦʚʨʝʤʝʥʥʳʝ ʚʠʜʳ ʦʙʣʠʮʦʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʢʘʨʢʘʩʦʚ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʥʘʚʝʩʥʳʭ ʬʘʩʘʜʦʚ ʠ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʩʠʩʪʝʤ [6]. 

ɺ ʣʶʙʦʤ ʛʦʨʦʜʝ ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʤʧʘʥʠʶ, 

ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦʤ ʚʝʥʪʠʣʠʨʫʝʤʳʭ 

ʬʘʩʘʜʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʛ. ɹʝʣʛʦʨʦʜ ʫʞʝ ʤʥʦʛʦ ʣʝʪ 

çʈʝʛʠʦʥʘʣʴʥʘʷ ʬʘʩʘʜʥʘʷ ʢʦʤʧʘʥʠʷè ʟʘʥʠʤʘʝʪʩʷ 

ʤʦʥʪʘʞʦʤ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʦʚ. ʆʧʳʪʥʳʝ 

ʤʘʩʪʝʨʘ ʢʦʤʧʘʥʠʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ 

ʚʨʝʤʝʥʠ ʩʦʙʠʨʘʶʪ ʥʘʚʝʩʥʦʡ ʬʘʩʘʜ, ʚʳʧʦʣʥʷʶʪ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʨʘʙʦʪʫ ʠ ʚ ʦʛʦʚʦʨʝʥʥʳʡ ʩʨʦʢ ʩʜʘʶʪ 

ʦʙʲʝʢʪʳ. ʋʟʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ, ʙʦʛʘʪʳʡ ʦʧʳʪ 

ʨʘʙʦʪʳ, ʩʦʙʩʪʚʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʟʘʣʦʛ ʢʘʯʝʩʪʚʘ 

ʚʳʧʦʣʥʝʥʥʳʭ ʠʤʠ ʨʘʙʦʪ. 

ɺ ʈʦʩʩʠʶ ʥʘʚʝʩʥʳʝ ʬʘʩʘʜʳ ʧʨʠʰʣʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ: ʚ ʢʦʥʮʝ 90-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ 

ʚʝʢʘ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʚʳʙʦʨʫ ʚʠʜʦʚ ʥʘʚʝʩʥʳʭ 

ʧʘʥʝʣʝʡ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʚʥʝʥhʠʭ ʩʪʝʥ ʟʜʘʥʠʡ, 

ʨʘʟʥʦʦʙʨʘʟʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʠʭ ʢʨʝʧʣʝʥʠʷ ʠ 

ʢʘʯʝʩʪʚʫ ʫʪʝʧʣʠʪʝʣʝʡ, ʚʩʝ ʯʘʱʝ ʩʪʨʦʠʪʝʣʠ ʠ 

ʚʣʘʜʝʣʴʮʳ ʯʘʩʪʥʳʭ ʜʦʤʦʚ ʜʝʣʘʶʪ ʚʳʙʦʨ ʚ ʧʦʣʴʟʫ 

ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʦʪʜʝʣʢʠ. ʆʪʯʘʩʪʠ ʵʪʦʤʫ 
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ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʫʚʝʣʠʯʠʚʘʶʱʘʷʩʷ ʩʪʦʠʤʦʩʪʴ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ ʠ ʠʟʤʝʥʝʥʥʳʝ ʥʦʨʤʳ ʧʦ ʪʝʧʣʦʚʦʡ 

ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. ʈʘʥʝʝ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ 

ʣʠʙʦ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʥʝʩʫʱʠʭ ʩʪʝʥ, ʣʠʙʦ ʚ 

ʩʝʨʝʜʠʥʝ. ʊʝʭʥʦʣʦʛʠʠ ʫʩʪʘʥʦʚʢʠ ʚʝʥʪʠʣʠʨʫʝʤʳʭ 

ʬʘʩʘʜʦʚ ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʦʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩʦ ʩʪʘʨʳʤʠ ʩʧʦʩʦʙʘʤʠ ʫʪʝʧʣʝʥʠʷ ʩʪʝʥ, 

ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʠʭ ʨʘʩʪʫʱʝʡ 

ʧʦʧʫʣʷʨʥʦʩʪʠ [6]. 

ʅɺʌ ï ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʦʙʣʠʮʦʚʦʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʢʨʝʧʷʪʩʷ ʥʘ 

ʩʪʘʣʴʥʦʡʦʮʠʥʢʦʚʘʥʥʳʡ, ʩʪʘʣʴʥʦʡ ʥʝʨʞʘʚʝʶʱʠʡ 

ʠʣʠ ʘʣʶʤʠʥʠʝʚʳʡ ʢʘʨʢʘʩ ʢ ʥʝʩʫʱʝʤʫ ʩʣʦʶ ʩʪʝʥʳ 

ʠʣʠ ʢ ʤʦʥʦʣʠʪʥʦʤʫ ʧʝʨʝʢʨʳʪʠʶ [5]. ʇʦ ʟʘʟʦʨʫ 

ʤʝʞʜʫ ʦʙʣʠʮʦʚʢʦʡ ʠ ʩʪʝʥʦʡ ʩʚʦʙʦʜʥʦ ʮʠʨʢʫʣʠʨʫʝʪ 

ʚʦʟʜʫʭ, ʢʦʪʦʨʳʡ ʫʙʠʨʘʝʪ ʢʦʥʜʝʥʩʘʪ ʠ ʚʣʘʛʫ ʩ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

ɺʩʝ ʵʣʝʤʝʥʪʳ ʢʨʝʧʣʝʥʠʷ ʚʝʥʪʠʣʠʨʫʝʤʦʡ 

ʬʘʩʘʜʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʩʣʦʞʥʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʠ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʟʘʜʘʯʠ ʦʪ ʢʣʘʩʩʠʯʝʩʢʠʭ ʜʦ 

ʫʣʴʪʨʘʩʦʚʨʝʤʝʥʥʳʭ. 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʪʝʧʣʝʥʠʷ ʩʪʝʥ ʟʜʘʥʠʷ 

ʢ ʩʪʝʥʝ ʢʨʝʧʠʪʩʷ ʤʠʥʝʨʘʣʦʚʘʪʥʳʡ 

ʫʪʝʧʣʠʪʝʣʴʧʦʩʨʝʜʩʪʚʦʤ ʪʘʨʝʣʴʯʘʪʳʭ ʜʶʙʝʣʝʡ ʠʣʠ 

ʛʠʙʢʠʭ ʩʚʷʟʝʡ.ɺ ʮʦʢʦʣʴʥʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʢʩʪʨʫʟʠʦʥʥʳʡ ʫʪʝʧʣʠʪʝʣʴ 

(ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʴʥʳʡ ʩʠʥʪʝʪʠʯʝʩʢʠʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ). ʆʥ ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʠ 

ʥʝ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʟʘʟʦʨʘ 

ʤʝʞʜʫ ʫʪʝʧʣʠʪʝʣʝʤ ʠ ʬʘʩʘʜʦʤ ʟʜʘʥʠʷ ʥʝ ʜʦʣʞʥʘ 

ʙʳʪʴ ʤʝʥʝʝ 40 ʤʤ. ʇʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ï ʦʪ 20 

ʜʦ 50 ʤʤ, ʧʨʠʯʝʤ ʚ ʈʦʩʩʠʠ ʧʨʠʥʷʪʳ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ ʟʘʟʦʨʘ ʯʝʤ ʚ ʉʐɸ ʠ ʚ ɽʚʨʦʧʝ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚʦʩʭʦʜʷʱʠʤ ʧʦʪʦʢʘʤ ʚʦʟʜʫʭʘ 

ʮʠʨʢʫʣʠʨʦʚʘʪʴ ʤʝʞʜʫ ʦʙʣʠʮʦʚʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ 

ʫʪʝʧʣʠʪʝʣʝʤ, ʚʳʩʫʰʠʚʘʷ ʩʣʦʡ ʫʪʝʧʣʠʪʝʣʷ ʚ ʩʣʫʯʘʝ 

ʧʦʧʘʜʘʥʠʷ ʥʘ ʥʝʛʦ ʚʣʘʛʠ. ʉ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʳʜʫʚʘʥʠʷ ʚʦʣʦʢʦʥ ʠʟ ʫʪʝʧʣʠʪʝʣʷ, ʚ ʩʣʫʯʘʝ 

ʧʨʠʤʝʥʝʥʠʷ ʫʪʝʧʣʠʪʝʣʷ ʩ "ʥʝʢʝʰʠʨʦʚʘʥʥʦʡ" 

ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʥ ʥʘʢʨʳʚʘʝʪʩʷ ʚʣʘʛʦ-

ʚʝʪʨʦʟʘʱʠʪʥʦʡ, ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʡ ʤʝʤʙʨʘʥʦʡ 

(ʧʣʸʥʢʦʡ), ʥʦ ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ 

ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʫʩʪʨʦʡʩʪʚʫ ʩʠʩʪʝʤ ʚʝʥʪʠʣʠʨʫʝʤʳʭ 

ʬʘʩʘʜʦʚ. 

ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ 

ʪʝʧʣʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʦʷʚʣʝʥʠʶ 

ʩʳʨʦʩʪʠ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʚʦʟʚʝʜʝʥʠʷ ʩʪʝʥ ʟʜʘʥʠʡ, ʯʪʦ ʚʝʜʸʪ ʢ ʵʢʦʥʦʤʠʠ 

ʩʨʝʜʩʪʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʦʙʣʝʛʯʝʥʠʶ ʚʩʝʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʵʪʘʞʥʦʩʪʠ 

ʟʜʘʥʠʷ.ɺʦʟʜʫʰʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ ʩʪʝʥʦʡ ʠ 

ʜʝʢʦʨʘʪʠʚʥʦʡ ʧʘʥʝʣʴʶ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ 

ʪʝʧʣʦʦʪʜʘʯʫ ʟʜʘʥʠʷ. 

ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʨʝʤʦʥʪʘ ʠʣʠ 

ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʟʜʘʥʠʷ, 

ʥʘʧʨʠʤʝʨ, ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʞʠʣʦʛʦ ʜʦʤʘ, ʩʠʩʪʝʤʘ 

ʅɺʌ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ ʥʝʩʫʱʠʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʷ ʠ ʝʛʦ ʬʫʥʜʘʤʝʥʪʳ. ʇʦʵʪʦʤʫ, 

ʧʝʨʝʜ ʧʨʠʥʷʪʠʝʤ ʨʝʰʝʥʠʷ ʦʙ ʫʩʪʘʥʦʚʢʝ ʥʘʚʝʩʥʦʛʦ 

ʬʘʩʘʜʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʦʙʩʣʝʜʦʚʘʥʠʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʷ ʠ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʚʳʧʦʣʥʠʪʴ ʠʭ 

ʫʩʠʣʝʥʠʝ. 

ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʘ 2024 ʛʦʜ ʚ 

ʈʦʩʩʠʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 32 ʤʣʥ ʤĮ 

ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ [5]. 

ʇʨʦʤʳʰʣʝʥʥʘʷ ʨʝʚʦʣʶʮʠʷ ʧʨʠʚʝʣʘ ʢ 

ʧʦʷʚʣʝʥʠʶ ʩʪʘʣʠ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʠʣʘ ʘʨʭʠʪʝʢʪʫʨʥʳʡ 

ʤʠʨ. ʅʘʰʘ ʵʧʦʭʘ ʙʳʩʪʨʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʩʪʠʤʫʣʠʨʫʝʪ ʤʘʩʩʦʚʳʝ ʠʥʥʦʚʘʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʩʠʩʪʝʤʘʭ. ʕʪʠ 

ʨʘʟʚʠʚʘʶʱʠʝʩʷ ʨʝʰʝʥʠʷ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʨʦʯʥʦʩʪʴ, 

ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ 

ʧʦʛʦʜʥʳʤ ʫʩʣʦʚʠʷʤ ʠ ʥʝʚʠʜʘʥʥʳʝ ʨʘʥʝʝ 

ʵʩʪʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ. 

ʌʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ ʩʳʛʨʘʣʠ ʥʝ ʧʦʩʣʝʜʥʶʶ 

ʨʦʣʴ ʚ ʵʨʛʦʥʦʤʠʯʥʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʟʜʘʥʠʡ. ʇʦʩʪʨʦʡʢʠ ʧʦʣʫʯʠʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ 

ʟʚʫʢʦ- ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʶ. ʅʘʚʝʩʥʳʝ ʬʘʩʘʜʳ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷ ʧʦʷʚʠʣʠʩʴ ʚ ʈʦʩʩʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʜʘʚʥʦ. ʅʦ ʩ ʥʘʯʘʣʘ 2000 ʛʦʜʘ ʬʘʩʘʜʥʳʝ ʩʠʩʪʝʤʳ 

ʚʦʚʩʶ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʬʠʩʥʳʭ, 

ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʠ ʪʦʨʛʦʚʳʭ ʟʜʘʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʠ ʚ ɹʝʣʛʦʨʦʜʝ ʚ 

ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʱʝʩʪʚʝʥʥʳʭ 

ʟʜʘʥʠʡ, ʩʠʩʪʝʤʳ ʅɺʌ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ 

ʧʦʧʫʣʷʨʥʳʭ ʬʘʩʘʜʥʳʭ ʩʠʩʪʝʤ. ɸʨʭʠʪʝʢʪʦʨʳ 

ʚʳʙʠʨʘʶʪ ʠʭ ʟʘ ʚʳʩʦʢʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ 

ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʜʠʟʘʡʥʘ. 
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ɺ ʩʪʘʪʴʝ ʥʘ ʧʨʠʤʝʨʝ ʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʝʡʩʪʚʫʶʱʝʡ 

ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ 

ʜʝʬʝʢʪʳ ʠ ʧʦʚʨʝʞʜʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʟʜʘʥʠʷ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʝʢʫʱʝʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ,ʚʳʧʦʣʥʝʥʳ ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʸʪʳ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʫʩʠʣʝʥʠʶ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ, ʧʦʚʝʨʦʯʥʳʝ ʨʘʩʯʸʪʳ, ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʤʝʪʦʜ, 

ʥʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ABSTRACT 

 

An industrial building example is used to assess the technical condition in this article. The authors present a 

methodology for conducting a comprehensive study based on current regulatory and technical documentation. Defects 

and damages to the building structures were revealed, indicating the building current technical condition based on visual 

and instrumental survey, verification calculations of the building's load-bearing structures were performed, determining 

the strength of building structure materials by non-destructive methods results and recommendations for restoring and 

strengthening building structures and foundation soils for its further operation were presented. 

Keywords: engineering survey, verification calculations, non-destructive method, supporting structures 

 

ɺʚʝʜʝʥʠʝ. ʎʝʣʴʶ ʦʙʩʣʝʜʦʚʘʥʠʷ, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ,  ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʩʫʱʠʭ ʠ 

ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʬʘʢʪʠʯʝʩʢʦʡ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʦʚ 

ʦʩʥʦʚʘʥʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ 
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ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʫʩʠʣʝʥʠʶ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʷ. ʀʩʭʦʜʷ ʠʟ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʚ ʟʘʜʘʯʠ ʚʭʦʜʠʣʠ ʘʥʘʣʠʟ 

ʠʥʚʝʥʪʘʨʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ, ʧʨʦʝʢʪʥʳʭ ʠ 

ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʙʲʝʢʪʫ, ʚʠʟʫʘʣʴʥʦʝ ʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ 

ʥʝʩʫʱʠʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ï 

ʬʫʥʜʘʤʝʥʪʳ, ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ, 

ʵʣʝʤʝʥʪʳ ʧʝʨʝʢʨʳʪʠʡ, ʧʦʢʨʳʪʠʷ ʠ ʢʨʦʚʣʠ, 

ʵʣʝʤʝʥʪʦʚ ʟʝʥʠʪʥʦʛʦ ʬʦʥʘʨʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʩʪ 

ʚʩʢʨʳʪʠʡ, ʦʧʠʨʘʥʠʡ ʠ ʩʦʧʨʷʞʝʥʠʷ, ʦʩʥʦʚʥʳʭ 

ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʚ ʭʦʜʝ 

ʦʙʩʣʝʜʦʚʘʥʠʷ, ʚʩʢʨʳʪʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʘʨʤʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʫʟʣʦʚ ʩʦʧʨʷʞʝʥʠʷ ʠ ʧʣʦʱʘʜʦʢ ʦʧʠʨʘʥʠʷ 

ʙʘʣʦʢ ʧʝʨʝʢʨʳʪʠʡ, ʧʦʢʨʳʪʠʷ ʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʬʝʨʤ ʥʘ ʩʪʝʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ 

(ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ ʠ ʤʝʪʦʜʦʤ ʦʪʨʳʚʘ ʩʦ 

ʩʢʘʣʳʚʘʥʠʝʤ), ʚʳʧʦʣʥʝʥʠʝ ʧʦʚʝʨʦʯʥʳʭ 

ʨʘʩʯʝʪʦʚ:ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʬʝʨʤ ʠ ʵʣʝʤʝʥʪʦʚ ʟʝʥʠʪʥʦʛʦ ʬʦʥʘʨʷ ʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʛʨʫʟʢʠ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʤʝʩʪʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʬʝʨʤ ʠ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʠ ʚ ʤʝʩʪʘʭ ʠʭ ʦʧʠʨʘʥʠʷ,ʧʨʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʝʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʢʨʳʪʠʷ ʚ ʤʝʩʪʘʭ 

ʜʝʤʦʥʪʘʞʘ ʵʣʝʤʝʥʪʦʚ ʧʝʨʝʢʨʳʪʠʡ, ʧʨʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʫʯʘʩʪʢʘ ʚʥʫʪʨʝʥʥʝʡ ʥʝʩʫʱʝʡ ʩʪʝʥʳ, ʚ 

ʢʦʪʦʨʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʧʨʦʝʤʘ ʜʣʷ 

ʧʨʦʭʦʜʘ ʣʶʜʝʡ ʠ ʫʩʪʨʦʡʩʪʚʦ ʣʠʬʪʦʚʦʛʦ 

ʧʦʜʲʝʤʥʠʢʘ, ʧʨʠʤʳʢʘʶʱʝʛʦ ʢ ʫʢʘʟʘʥʥʦʡ ʩʪʝʥʝ, 

ʦʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ  ʨʘʙʦʪ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʠ 

ʧʦʚʝʨʦʯʥʳʤʠ ʨʘʩʯʸʪʘʤʠ[1-4]. 

ʆʙʩʣʝʜʦʚʘʥʠʝ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ 

ʤʘʪʝʨʠʘʣʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʫʢʘʟʘʥʠʷʤʠ ʧʦ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʦʙʩʣʝʜʦʚʘʥʠʶ ʟʜʘʥʠʡ, ʉʅʠʇʘʤʠ, ɻʆʉʊʘʤʠ ʠ 

ʜʨʫʛʠʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʪʠʚʥʳʤʠ 

ʜʦʢʫʤʝʥʪʘʤʠ [5-8]. 

ʇʨʠ ʥʘʪʫʨʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʥʝʩʫʱʠʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚʠʟʫʘʣʴʥʳʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜʳ. 

ɺʠʟʫʘʣʴʥʦ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚʠʜʠʤʳʝ ʜʝʬʝʢʪʳ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ: ʪʨʝʱʠʥʳ, ʜʝʬʦʨʤʘʮʠʠ, 

ʩʤʝʱʝʥʠʷ ʥʝʩʫʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚ 

ʥʘʪʫʨʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʬʠʟʠʢʦïʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʘʪʝʨʠʘʣʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʠʥʞʝʥʝʨʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʨʝʜʩʪʚʘ ʠʟʤʝʨʝʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ [9-20]. 

ʕʪʘʧʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ. 

ʆʙʩʣʝʜʫʝʤʦʝ ʟʜʘʥʠʝ 1-ʦ ʜʚʫʩʚʝʪʥʦʝ (ʚ ʦʩʷʭ ç4-

10/ɹ-ɼè), 2 (ʚ ʦʩʷʭ ç1-3/ɸ-ɺè) ʠ 3 (ʚ ʦʩʷʭ ç3-4/ɸ-

ɼè) ʵʪʘʞʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 

ʏʝʨʜʘʯʥʦʝ ʧʦʤʝʱʝʥʠʝ ʠʤʝʝʪʩʷ ʚ ʦʩʷʭ ç3ï4/ɸïɼè. 

ɿʜʘʥʠʝ ʧʦʩʪʨʦʝʥʦ ʚ 1962 ʛʦʜʫ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʰʚʦʚ. ʆʙʩʣʝʜʫʝʤʦʝ 

ʟʜʘʥʠʝ ʙʝʩʢʘʨʢʘʩʥʦʝ (ʩʪʝʥʦʚʦʛʦ ʪʠʧʘ). ʅʝʩʫʱʠʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʢʠʨʧʠʯʥʳʝ ʩʪʝʥʳ, ʥʘ 

ʢʦʪʦʨʳʝ ʦʧʠʨʘʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʢʨʳʪʠʡ ʠ 

ʧʦʢʨʳʪʠʡ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʛʘʙʘʨʠʪʳ ʟʜʘʥʠʷ ʚ ʦʩʷʭ 

ʩʦʩʪʘʚʣʷʶʪ 55,56Ĭ12,52 ʤ.  

ʌʫʥʜʘʤʝʥʪʳ ʟʜʘʥʠʷ ʣʝʥʪʦʯʥʳʝ, ʚʳʧʦʣʥʝʥʳ 

ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ ʙʝʪʦʥʘ, ʞʝʣʝʟʦʙʝʪʦʥʘ, ʩʙʦʨʥʳʭ 

ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ ʌɹʉ, ʧʣʠʪ ʌʃ ʠ ʠʟ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʠ. ɻʣʫʙʠʥʘ ʟʘʣʦʞʝʥʠʷ ʣʝʥʪʦʯʥʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ ʟʜʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1,75 ʤ ʜʦ4,44 ʤ. 

ɿʘ ʦʪʤʝʪʢʫ 0.00 ʧʨʠʥʷʪ ʫʨʦʚʝʥʴ ʧʦʣʘ 1ïʛʦ ʵʪʘʞʘ ʚ 

ʦʩʷʭ ç3ï4/ɻïɼè. ɻʠʜʨʦʠʟʦʣʷʮʠʷ ʚ ʦʙʩʣʝʜʫʝʤʳʭ 

ʰʫʨʬʘʭ ʥʝ ʦʙʥʘʨʫʞʝʥʘ. ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ 

ʦʙʥʘʨʫʞʝʥʳ ʫʯʘʩʪʢʠ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʠ, ʩʢʚʦʟʥʳʝ ʪʨʝʱʠʥʳ ʥʘ ʚʩʶ ʚʳʩʦʪʫ ʟʜʘʥʠʷ, 

ʩʣʝʜʳ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʧʨʦʪʝʯʝʢ ʮʦʢʦʣʴʥʦʡ ʯʘʩʪʠ ʩ 

ʧʨʦʤʦʨʘʞʠʚʘʥʠʝʤ ʠ ʧʨʦʠʟʨʘʩʪʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ 

ʤʝʩʪʘʤʠ. ɺ ʦʩʷʭ 3ï9 ʬʫʥʜʘʤʝʥʪʳ ʦʪʢʦʧʘʥʳ ʠʟʥʫʪʨʠ 

ʟʜʘʥʠʷ ʚʜʦʣʴ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʥʝʩʫʱʠʭ 

ʩʪʝʥ ʙʝʟ ʦʙʨʘʪʥʦʡ ʟʘʜʝʣʢʠ. ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʬʫʥʜʘʤʝʥʪʦʚ ʟʜʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ.  

ʅʘʨʫʞʥʳʝ ʩʪʝʥʳ ʟʜʘʥʠʷ ʥʝʩʫʱʠʝ, 

ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʣʥʦʪʝʣʦʛʦ ʠ 

ʯʘʩʪʠʯʥʦ ʱʝʣʝʚʦʛʦ ʢʠʨʧʠʯʘ ʥʘ ʮʝʤʝʥʪʥʦïʧʝʩʯʘʥʦʤ 

ʨʘʩʪʚʦʨʝ. ʊʦʣʱʠʥʘ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 

290 ʜʦ 540 ʤʤ. ʅʘʨʫʞʥʳʡ ʨʷʜ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʚ 

ʦʩʷʭ ç2ï3/ɸè ʚʳʧʦʣʥʝʥ ʠʟ ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨʧʠʯʘ. 

ɺʜʦʣʴ ʧʨʦʜʦʣʴʥʳʭ ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʚ ʦʩʷʭ ç5ï9/ɸè ʠ 

ç5ï9/ɼè ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥʳ 

ʫʰʠʨʝʥʠʷ ʩʪʝʥ ʩʝʯʝʥʠʝʤ 650ʭ270 ʤʤ, ʧʦʚʝʨʭ 

ʢʦʪʦʨʳʭ ʧʨʦʣʦʞʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʢʨʘʥʦʚʳʝ 

ʙʘʣʢʠ (ʦʪʤʝʪʢʘ ʚʝʨʭʘ ʙʘʣʢʠ +8,000). ɺʥʫʪʨʝʥʥʠʝ 

ʩʪʝʥʳ ʚ ʟʜʘʥʠʠ ʥʝʩʫʱʠʝ, ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʣʥʦʪʝʣʦʛʦ ʠ ʯʘʩʪʠʯʥʦ ʱʝʣʝʚʦʛʦ 

ʢʠʨʧʠʯʘ ʥʘ ʮʝʤʝʥʪʥʦïʧʝʩʯʘʥʦʤ ʨʘʩʪʚʦʨʝ. ʊʦʣʱʠʥʘ 

ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 250 ʜʦ 510 ʤʤ. 

ʎʦʢʦʣʴ ʧʦ ʢʦʥʪʫʨʫ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥ ʠʟ 

ʢʝʨʘʤʠʯʝʩʢʦʛʦ ʧʦʣʥʦʪʝʣʦʛʦ ʢʠʨʧʠʯʘ ʥʘ ʮʝʤʝʥʪʥʦï

ʧʝʩʯʘʥʦʤ ʨʘʩʪʚʦʨʝ ʩ ʨʘʩʰʠʚʢʦʡ ʰʚʦʚ. ʇʨʠ 

ʦʙʩʣʝʜʦʚʘʥʠʠ ʩʪʝʥ ʟʜʘʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʤʝʩʪʘ 

ʫʚʣʘʞʥʝʥʠʡ ʩ ʚʳʚʝʪʨʠʚʘʥʠʝʤ ʢʣʘʜʢʠ ʛʣʫʙʠʥʦʡ ʜʦ 

80 ʤʤ ʠ ʨʘʟʨʫʰʝʥʠʝʤ ʢʣʘʜʢʠ ʛʣʫʙʠʥʦʡ ʜʦ 250 ʤʤ. 

ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠ ʥʘʨʫʞʥʳʭ ʩʪʝʥ 

ʦʙʥʘʨʫʞʝʥʳ ʫʯʘʩʪʢʠ ʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʦʪʜʝʣʴʥʳʝ ʩʢʚʦʟʥʳʝ ʩ ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʜʦ 15 

ʤʤ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʝ ʧʦ ʦʩʠ 4 ʦʙʥʘʨʫʞʝʥʳ 

ʪʨʝʱʠʥʳ ʩ ʰʠʨʠʥʦʡ ʨʘʩʢʨʳʪʠʷ ʜʦ 15 ʤʤ, ʧʨʠʯʠʥʦʡ 

ʢʦʪʦʨʳʭ ʧʦʩʣʫʞʠʣʠ ʦʩʘʜʢʠ ʬʫʥʜʘʤʝʥʪʦʚ. 

ʇʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʸʤʳ, ʚ ʩʪʝʥʝ ʧʦ ʦʩʠ 4, 

ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʙʝʟ ʫʩʠʣʝʥʠʷ ʢʣʘʜʢʠ ʥʘʜ 

ʧʨʦʸʤʘʤʠ ʦʙʱʝʡ ʧʣʦʱʘʜʴʶ ʜʦ 3 ʤ2, ʘ ʪʘʢʞʝ 

ʨʘʟʨʫʰʝʥʠʝ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʩʪʝʥʳ ʧʦ ʦʩʠ 4 ʚ 

ʦʧʦʨʥʦʡ ʟʦʥʝ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ 1ï

ʛʦ ʵʪʘʞʘ. ʊʘʢʞʝ ʦʙʥʘʨʫʞʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫʯʘʩʪʢʦʚ ʩʦ ʩʢʦʣʘʤʠ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʠ 

ʧʨʦʠʟʨʘʩʪʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ 

ʢʦʣʦʥʥ, ʩʪʝʥ ʠ ʧʝʨʝʛʦʨʦʜʦʢ ʟʜʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʦʛʨʘʥʠʯʝʥʥʦïʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʳ ʧʦ ʦʩʠ 4, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʢʦʪʦʨʦʡ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʘʚʘʨʠʡʥʦʝ.  
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ʇʝʨʝʢʨʳʪʠʷ ʟʜʘʥʠʷ ʚ ʥʘʜʟʝʤʥʦʡ ʯʘʩʪʠ 

ʚʳʧʦʣʥʝʥʳ ʠʟ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʫʩʪʦʪʥʳʭ 

ʧʣʠʪ ʪʦʣʱʠʥʦʡ 160 ʤʤ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʠ 

ʩʙʦʨʥʳʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤ ʙʘʣʢʘʤ ʩ ʦʧʠʨʘʥʠʝʤ ʥʘ 

ʢʠʨʧʠʯʥʳʝ ʥʘʨʫʞʥʳʝ ʠ ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʳ. ɺ 

ʩʦʩʪʘʚʝ ʧʝʨʝʢʨʳʪʠʷ ʠ ʧʦʢʨʳʪʠʷ ʚ ʦʩʷʭ ç2ï3/ɸïɺè 

ʚʳʧʦʣʥʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʙʘʣʢʠ ʠʟ ʜʚʫʪʘʚʨʦʚ ˉ45 

ʩ ʰʘʛʦʤ 3,1 ʠ 3,2 ʤ. ɺ ʦʩʷʭ ç3ï4/ɹïɻè ʯʘʩʪʴ 

ʯʝʨʜʘʯʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʙʦʨʥʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʙʘʣʢʠ ʩʝʯʝʥʠʝʤ 200ʭ400 ʤʤ 

ʚʳʧʦʣʥʝʥʳ ʚ ʦʩʷʭ ç3ï4/ɹïɻè ʥʘʜ 1, 2 ʠ 3 ʵʪʘʞʘʤʠ ʩ 

ʰʘʛʦʤ 2,8 ʠ 3,0 ʤ. ɺ ʧʦʜʚʘʣʴʥʦʤ ʵʪʘʞʝ ʚ ʦʩʷʭ ç2ï

3/ɹïɺè ʧʝʨʝʢʨʳʪʠʝ ʚʳʧʦʣʥʝʥʦ ʠʟ ʤʦʥʦʣʠʪʥʦʛʦ 

ʞʝʣʝʟʦʙʝʪʦʥʘ ʪʦʣʱʠʥʦʡ 200 ʤʤ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤ 

ʙʘʣʢʘʤ ʠʟ ʧʨʦʢʘʪʥʳʭ ʜʚʫʪʘʚʨʦʚ ˉ22. ʏʘʩʪʴ ʙʘʣʦʢ 

ʟʘʤʦʥʦʣʠʯʝʥʘ, ʘ ʯʘʩʪʴ ʫʩʠʣʝʥʘ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʩʪʦʡʢʘʤʠ ʠʟ ʧʨʦʢʘʪʥʳʭ ʜʚʫʪʘʚʨʦʚ ˉ22. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʦʚʣʠ ʚ ʦʩʷʭ ç5ï9/ɹïɻè ʚʳʧʦʣʥʝʥ 

ʬʦʥʘʨʴ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ 13,8ʭ6,4 ʤ ʠ ʚʳʩʦʪʦʡ 2,4 

ʤ ʜʣʷ ʙʦʣʴʰʝʡ ʩʚʝʪʦʧʨʦʧʫʩʢʘʝʤʦʩʪʠ ʚ ʟʜʘʥʠʠ. 

ʌʦʥʘʨʴ ʚʳʧʦʣʥʝʥ ʠʟ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʩʪʝʢʣʘ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʢʘʪʥʳʭ ʧʨʦʬʠʣʝʡ: ï ʩʪʦʡʢʠ 

ʢʘʨʢʘʩʘ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʚʷʟʠ ʬʦʥʘʨʷ ʚʳʧʦʣʥʝʥʳ 

ʠʟ ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʭ ʫʛʦʣʢʦʚ 100ʭ65ʭ8 ʤʤ. ʐʘʛ 

ʩʪʦʝʢ ï 3,35 ʤ; ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʩʚʷʟʠ ʬʦʥʘʨʷ ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʪʨʫʙ 

60ʭ35 ʤʤ; ʧʦʚʝʨʭ ʩʪʦʝʢ ʚʳʧʦʣʥʝʥʘ ʤʝʪʘʣʣʠʯʝʩʢʘʷ 

ʦʙʚʷʟʢʘ ʠʟ ʫʛʦʣʢʦʚ 90ʭ100 ʤʤ ʠ ʰʚʝʣʣʝʨʦʚ ˉ10. 

ʅʝʩʫʱʠʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʦʢʨʳʪʠʷ ʤ/ʦ ç4ï10/ɹï

ɼè ʩʣʫʞʘʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʬʝʨʤʳ ʌ1 ʚ ʩʦʩʪʘʚʝ 

ʬʦʥʘʨʷ ʟʜʘʥʠʷ ʩ ʦʧʠʨʘʥʠʝʤ ʥʘ ʢʠʨʧʠʯʥʳʝ ʩʪʝʥʳ. 

ʇʨʦʣʝʪ ʬʝʨʤʳ ʩʦʩʪʘʚʣʷʝʪ 12,0 ʤ. ʇʨʦʛʦʥʳ 

ʧʦʢʨʳʪʠʷ ʚʳʧʦʣʥʝʥʳ ʠʟ ʧʨʦʢʘʪʥʳʭ ʰʚʝʣʣʝʨʦʚ 

ˉ12 ʩ ʰʘʛʦʤ 0,7 ʤ. ɹʘʣʢʠ ʧʦʢʨʳʪʠʷ ʚʳʧʦʣʥʝʥʳ ʠʟ 

ʧʨʦʢʘʪʥʳʭ ʜʚʫʪʘʚʨʦʚ ˉ18 ʩ ʧʝʨʝʤʝʥʥʳʤ ʰʘʛʦʤ ʦʪ 

0,9 ʜʦ 1,9 ʤ. ʆʙʱʝʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʢʨʳʪʠʡ, 

ʧʦʢʨʳʪʠʷ, ʢʨʦʚʣʠ ʟʜʘʥʠʷ ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʦʛʨʘʥʠʯʝʥʥʦïʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ. ʋʯʠʪʳʚʘʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʧʘʩʘ 

ʧʨʦʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʚʝʨʦʯʥʳʤʠ 

ʨʘʩʯʝʪʘʤʠ, ʧʝʨʝʢʨʳʪʠʷ ʚ ʦʩʷʭ 3ï4 ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ 

ʘʚʘʨʠʡʥʦʝ.  

ɺʥʫʪʨʠ ʟʜʘʥʠʷ ʚ ʦʩʷʭ ç3ï4/ɻïɼè ʠʤʝʝʪʩʷ 

ʜʚʫʭʤʘʨʰʝʚʘʷ ʣʝʩʪʥʠʮʘ, ʚʝʜʫʱʘʷ ʩ 1ïʛʦ ʵʪʘʞʘ ʥʘ 

3ïʡ, ʚʳʧʦʣʥʝʥʘ ʠʟ ʩʙʦʨʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʦʩʦʫʨʘʤ. ʃʝʩʪʥʠʮʘ ʚ 

ʦʩʷʭ ç3ï4/ɻïɼè, ʚʝʜʫʱʘʷ ʩ ʫʨʦʚʥʷ 3ïʛʦ ʵʪʘʞʘ ʥʘ 

ʯʝʨʜʘʢ ʚʳʧʦʣʥʝʥʘ ʦʜʥʦʤʘʨʰʝʚʦʡ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʦʢʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʧʦʜʟʝʤʥʫʶ ʯʘʩʪʴ ʠʤʝʝʪʩʷ 

ʦʜʥʦʤʘʨʰʝʚʘʷ ʣʝʩʪʥʠʮʘ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʦʢʘʪʥʳʭ ʩʝʯʝʥʠʡ. ʉʦʩʪʦʷʥʠʝ ʣʝʩʪʥʠʮʳ ʠʟ 

ʩʙʦʨʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ. 

ɹʝʪʦʥʥʳʝ ʩʪʫʧʝʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʪʝʨʪʳ, ʦʙʥʘʨʫʞʝʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʦʣʦʚ. ʇʝʨʠʣʘ ʨʘʩʩʦʭʣʠʩʴ ʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʘʪʘʥʳ. ɺ ʮʝʣʦʤ ʩʦʩʪʦʷʥʠʝ 

ʣʝʩʪʥʠʯʥʳʭ ʧʣʦʱʘʜʦʢ ʠ ʤʘʨʰʝʡ ʟʜʘʥʠʷ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ.  

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ 

ʯʘʩʪʠ ʟʜʘʥʠʷ ʚ ʦʩʷʭ 1-4 ʦʙʝʩʧʝʯʝʥʘ ʩʦʚʤʝʩʪʥʦʡ 

ʨʘʙʦʪʦʡ ʥʝʩʫʱʠʭ ʩʪʝʥ, ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʨʝʢʨʳʪʠʡ ʠ 

ʧʦʢʨʳʪʠʡ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʞʝʩʪʢʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʡ ʯʘʩʪʠ ʟʜʘʥʠʷ ʚ ʦʩʷʭ 4-10 ʥʝ 

ʦʙʝʩʧʝʯʝʥʘ. ɺ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʛʠʙʢʦʩʪʴʶ 

ʥʘʨʫʞʥʳʭ ʥʝʩʫʱʠʭ ʢʠʨʧʠʯʥʳʭ ʩʪʝʥ ʠʭ 

ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʞʝʩʪʢʦʩʪʴ ʩʥʠʞʝʥʘ ʯʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʚʳʩʦʢʦʛʠʙʢʠʤʠ 

ʢʦʥʩʪʨʫʢʮʠʷʤʠ ʧʦʢʨʳʪʠʷ ʠ ʠʭ ʥʝ ʞʝʩʪʢʠʤ 

ʩʦʯʣʝʥʝʥʠʝʤ ʩʦ ʩʪʝʥʘʤʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʨʝʙʫʝʤʫʶ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʞʝʩʪʢʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʯʘʩʪʠ ʟʜʘʥʠʷ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʢʘʪʝʛʦʨʠʷ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʦʛʣʘʩʥʦ ɻʆʉʊ 31937ï2011 

ʦʛʨʘʥʠʯʝʥʥʦʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ 

(ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʛʣʘʩʥʦ ʉʇ 

22.13330.2011). 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʦʚ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ. ʇʨʦʯʥʦʩʪʴ 

ʙʝʪʦʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʧʨʝʜʝʣʝʥʘ 

ʩʦʛʣʘʩʥʦ ɻʆʉʊ 17624-2012 çɹʝʪʦʥʳ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠè. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ 

ʩʧʦʩʦʙʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʨʦʟʚʫʯʠʚʘʥʠʷ, ʧʨʠ 

ʧʦʤʦʱʠ ʧʨʠʙʦʨʘ çUK1401è ʩ ʫʪʦʯʥʝʥʠʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʛʨʘʜʫʠʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦ 

ɻʆʉʊ 17624-2012.ɿʘ ʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʪʦʯʢʫ 

ʧʨʠʥʠʤʘʝʪʩʷ ʯʘʩʪʴ ʩʙʦʨʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʜʥʫ ʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʩʙʦʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʜʥʦʡ ʧʘʨʪʠʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʷʪ ʦʧʨʝʜʝʣʝʥʠʝ ʝʜʠʥʠʯʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʠʣʠ ʜʚʫʭ ʟʥʘʯʝʥʠʡ (ʠʟ ʢʦʪʦʨʳʭ 

ʚʳʯʠʩʣʷʶʪ ʩʨʝʜʥʝʝ) ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ 

ʥʝʨʘʟʨʫʰʘʶʱʠʤʠ ʤʝʪʦʜʘʤʠ. ʇʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ 

ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ, ʚʳʯʠʩʣʝʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ 

ʢʘʞʜʦʤ ʫʯʘʩʪʢʝ (Vm), ʧʦ ʢʦʪʦʨʳʤ, ʠʩʧʦʣʴʟʫʷ 

ʫʥʠʚʝʨʩʘʣʴʥʫʶ ʛʨʘʜʫʠʨʦʚʦʯʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ (R = 

0,016 ĀVm ï 27,3), ʦʧʨʝʜʝʣʝʥʘ ʧʨʦʯʥʦʩʪʴ ʙʝʪʦʥʘ. 

ʋʨʘʚʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ï çʩʢʦʨʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ï 

ʧʨʦʯʥʦʩʪʴè ʦʧʠʩʳʚʘʝʪʩʷ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʚʠʜʘ 

R = aV +b,  ʛʜʝ V- ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʙʝʪʦʥʝ [21-36]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʪʫʨʥʳʭ 

ʥʝʨʘʟʨʫʰʘʶʱʠ ʠʩʧʳʪʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ: ʢʣʘʩʩ 

ʤʦʥʦʣʠʪʥʦʛʦ ʙʝʪʦʥʘ ʬʫʥʜʘʤʝʥʪʘ ï ɺ15-ɺ20, ʢʣʘʩʩ 

ʙʝʪʦʥʘ ʙʣʦʢʦʚ ʌɹʉ ï ɺ7,5, ʤʘʨʢʘ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʢʠʨʧʠʯʘ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥ ï ʄ100-

ʄ150,  ʤʘʨʢʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʦʛʦ ʨʘʩʪʚʦʨʘ ï ʄ25, 

ʢʣʘʩʩ ʙʝʪʦʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʧʣʠʪ ʧʝʨʝʢʨʳʪʠʷ ï 

ɺ20-ɺ25,  ʢʣʘʩʩ ʙʝʪʦʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʙʘʣʦʢ ï 

ɺ25. 

ʇʦʚʝʨʦʯʥʳʝ ʨʘʩʯʸʪʳ. ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʸʪʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʅʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ 

ʥʘʛʨʫʟʢʠ ʥʘ 1 ʤ ʧʦʛʦʥʥʳʡ ʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ ʚ ʦʩʷʭ 

2ï3 ʠ ʧʦʢʨʳʪʠʷ ʚ ʦʩʷʭ 4ï10 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 

2 ʠ 3. 
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ʊʘʙʣʠʮʘ 1 

ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ 

 

ʅʦʤʝʨ ʨʘʩʯʝʪʘ ʅʘʠʤʝʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 

1 ʇʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ 0,91 1,09 

2 ɾʝʣʝʟʦʙʝʪʦʥʥʘʷ ʙʘʣʢʘ 0,296 3,38 

3 ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʙʘʣʢʘ ʧʝʨʝʢʨʳʪʠʷ 0,805 1,24 

4 ʂʠʨʧʠʯʥʘʷ ʩʪʝʥʘ 0,398 2,51 

5 
ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʬʝʨʤʘ. ɻʠʙʢʦʩʪʴ 

ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ 
0,58 1,72 

6 ʇʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ 0,05 21,10 

 

 

ʊʘʙʣʠʮʘ 2 

ʅʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ 1 ʤ ʧʦʛʦʥʥʳʡʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ ʚ ʦʩʷʭ 2ï3 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʥʘʛʨʫʟʢʠ 

ʅʦʨʤʘʪʠʚʥʘʷ 

ʥʘʛʨʫʟʢʘ (ʢʅ/ʤ2) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʥʘʛʨʫʟʢʝ, gf 

ʈʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ 

(ʢʅ/ʤ2) 

 ɸ) ʇʦʩʪʦʷʥʥʘʷ:    

1 ʇʣʠʪʘ ʧʝʨʝʢʨʳʪʠʷ 2,71 1,2 3,25 

 ɺʩʝʛʦ: 2,71 ï 3,25 

 ɹ) ɺʨʝʤʝʥʥʘʷ:    

2 
ʅʦʨʤʘʪʠʚʥʦïʨʘʩʧʨʝʜʝʣʝʥʥʘʷ 

ʥʘʛʨʫʟʢʘ ʦʪ ʚʝʩʘ ʣʶʜʝʡ ʠ ʤʝʙʝʣʠ 
2,00 1,2 2,40 

ʀʪʦʛʦ: 4,71 ï 5,65 

 

ʊʘʙʣʠʮʘ 3 

ʅʦʨʤʘʪʠʚʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʥʘʛʨʫʟʢʠ ʥʘ 1ʤ ʧʦʛʦʥʥʳʡʧʦʢʨʳʪʠʷ ʚ ʦʩʷʭ 4ï10 

 

ˉ 

ʧ/ʧ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 

ʥʘʛʨʫʟʢʠ 

ʅʦʨʤʘʪʠʚʥʘʷ 

ʥʘʛʨʫʟʢʘ 

(ʢʅ/ʤ2) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

ʥʘʛʨʫʟʢʝ, gf 

ʈʘʩʯʝʪʥʘʷ 

ʥʘʛʨʫʟʢʘ 

(ʢʅ/ʤ2) 

 ɸ) ʇʦʩʪʦʷʥʥʘʷ:    

1 ʂʨʦʚʝʣʴʥʘʷ ʩʪʘʣʴ t=0,9 ʤʤ 0,067 1,05 0,07 

2 ʐʣʘʢʦʚʘʷ ʟʘʩʳʧʢʘ t=140 ʤʤ 0,68 1,1 0,75 

3 ʐʠʬʝʨ 0,13 1,2 0,15 

 ɺʩʝʛʦ: 0,877 ï 0,97 

 ɹ) ɺʨʝʤʝʥʥʘʷ:    

4 ʉʥʝʛʦʚʘʷ ʥʘʛʨʫʟʢʘ 1,8 1,4 2,52 

ʀʪʦʛʦ: 2,677 ï 3,49 

 

 

ʈʘʩʯʸʪ ʤʥʦʛʦʧʫʩʪʦʪʥʦʡ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ. 

ʈʘʩʯʸʪʥʘʷ ʩʭʝʤʘ ʤʥʦʛʦʧʫʩʪʦʪʥʦʡ ʧʣʠʪʳ 

ʧʝʨʝʢʨʳʪʠʷ ʧʨʠʚʝʜʸʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 
ʈʠʩʫʥʦʢ 1. ʈʘʩʯʝʪʥʘʷ ʩʭʝʤʘ 

 

 

h = 0,16 ʤ ï ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ; b'f = 1,16 ʤ ï 

ʰʠʨʠʥʘ ʧʦʣʢʠ ʚ ʩʞʘʪʦʡ ʟʦʥʝ. ʂʣʘʩʩ ʙʝʪʦʥʘ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ïB20. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ ï Rb= 11,5 ʄʇʘ = 

11500 ʢʅ/ʤ2. ʈʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ 

(ɸ300) ʥʘ ʨʘʩʪʷʞʝʥʠʝ Rs= 205 ʄʇʘ =205000 ʢʅ/ʤ2. 

ʌʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʣʠʪʳ ʧʝʨʝʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ 

ʧʣʦʱʘʜʦʢ ʦʧʠʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 3,20 ʤ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʷʚʣʝʥʥʦʡ ʢʘʨʙʦʥʠʟʘʮʠʝʡ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʙʝʪʦʥʘ ʠ ʚʝʨʦʷʪʥʦʡ ʢʦʨʨʦʟʠʠ 

ʨʘʙʦʯʝʡ ʘʨʤʘʪʫʨʳ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ 

ʧʨʠʥʠʤʘʣʠʩʴ:As =1,41 ʩʤĮ=0,000141 ʤ2ï ʧʣʦʱʘʜʴ 

ʥʠʞʥʝʡ ʘʨʤʘʪʫʨʳ 2Ï10ɸ300+2Ï8ɸ300 ï ʢʦʨʨʦʟʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʜʦ 45%; A's= 0ʤĮ ï ʧʣʦʱʘʜ ɹ ʚʝʨʭʥʝʡ 

ʘʨʤʘʪʫʨʳ. 

ʇʨʦʚʝʨʢʘ ʧʣʠʪʳ ʧʦ ʥʦʨʤʘʣʴʥʦʤʫ ʩʝʯʝʥʠʶ ʚ 

ʧʨʦʣʝʪʝ.b=1,16ï0,102Ͻ8=0,344 ʤ ï ʩʫʤʤʘʨʥʘʷ 

ʰʠʨʠʥʘ ʨʝʙʝʨ;h'f= 0,03 ʤ ï ʚʳʩʦʪʘ ʧʦʣʢʠ ʚ ʩʞʘʪʦʡ 

ʟʦʥʝ ʢ ʨʘʩʯʝʪʫ ʧʨʦʯʥʦʩʪʠ;h0= 0,13 ï ʤ ʨʘʙʦʯʘʷ 
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ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ. 

ɻʨʘʥʠʯʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʩʞʘʪʦʡ 

ʟʦʥʳ ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

0035.0
1

8.0

Ö
+

=

Es

Rs
Rx

(1) 

0035.0
5

102

205
1

8.0

ÖÖ
+

=Rx

 
ɺʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʙʝʪʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

b
b

R

sAscRsAsR
x

Ö

Ö-Ö
=

'

(2) 

ʤx 0022.0
16.111500

000141.0205000
=

Ö

Ö
=

 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʙʝʪʦʥʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

0h

x
=x

(3) 

016.0
13.0

0026.0
==x

 
‚=

ὼ

Ὤ0
< ‚Ὑ, ʪʦ ʝʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ 

ʩʞʘʪʦʡ ʟʦʥʳ ʥʝ ʧʨʝʚʳʰʘʝʪ ʛʨʘʥʠʯʥʫʶ 

ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʩʞʘʪʦʡ ʟʦʥʳ ʙʝʪʦʥʘ.  

 

ʤʢʅMult Ö=Ö-ÖÖ= 52.3)016.05.013.0(000141.0205000

ὓ=
2,4Ͻ1,16Ͻ3,042

8
= 3,22 ̋ Ͻ̊̍  

 

ὓόὰὸ> ὓ,ʪʦ ʝʩʪʴ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʯʝʥʠʷ 

ʩʦʩʪʘʚʠʣ ʂ=3,22õ3,52=0,91.ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 

ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣ ʂ=3,52õ3,22=1,09. 

ʈʘʩʯʝʪ ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ ʚ ʦʩʷʭ 3ï4. h = 

0,40 ʤ ï ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ; b= 0,20 ʤ ï ʰʠʨʠʥʘ 

ʩʝʯʝʥʠʷ. ʂʣʘʩʩ ʙʝʪʦʥʘ ʧʦ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ï 

B20. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ 

ʩʞʘʪʠʝ  Rb= 11,5 ʄʇʘ = 11500 ʢʅ/ʤ2. ʈʘʩʯʝʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ (ɸ400) ʥʘ ʨʘʩʪʷʞʝʥʠʝ Rs= 

355ʄʇʘ= 355000 ʢʅ/ʤ2; As=22,80 ʩʤĮ=0,00228 ʤ2 ï 

ʧʣʦʱʘʜʴ ʥʠʞʥʝʡ ʘʨʤʘʪʫʨʳ 6Ï22 ɸ400; A's= 

6,16ʤĮ=0,000616 ʤ2 ï ʧʣʦʱʘʜʴ ʚʝʨʭʥʝʡ ʘʨʤʘʪʫʨʳ 

4Ï14 ɸ400. ʌʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʙʘʣʢʠ ʧʝʨʝʢʨʳʪʠʷ ʩ 

ʫʯʝʪʦʤ ʧʣʦʱʘʜʦʢ ʦʧʠʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 5,80 ʤ. 

ʈʘʩʯʝʪ ʠʟʛʠʙʘʝʤʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʧʨʠʥʷʪʘ ʧʦ ʧ. 8.1.8ï

8.1.9 ʠ 8.1.12ï8.1.13 ʉʇ 63.13330.2012. ʌʦʨʤʘ 

ʩʝʯʝʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʤʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 

ʵʣʝʤʝʥʪʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ, ʘʨʤʠʨʦʚʘʥʠʝ  ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. M=61.78 ʢʅϽʤ ï 

ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ ʦʪ ʚʥʝʰʥʝʡ ʥʘʛʨʫʟʢʠ. ʈʘʙʦʯʝʝ 

ʘʨʤʠʨʦʚʘʥʠʝ ʥʝʩʠʤʤʝʪʨʠʯʥʦʝ. b=20.0 ʩʤ ï ʰʠʨʠʥʘ 

ʩʝʯʝʥʠʷ. h= 40.0 ʩʤ ï ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ. L=5.4 ʤ ï 

ʜʣʠʥʘ ʵʣʝʤʝʥʪʘ. B20ï ʢʣʘʩʩ ʙʝʪʦʥ. ʐʘʨʥʠʨʥʦʝ 

ʦʧʠʨʘʥʠʝ ʥʘ ʜʚʫʭ ʢʦʥʮʘʭ ï ʬʦʨʤʘ ʦʧʠʨʘʥʠʷ ʢʦʥʮʦʚ 

ʵʣʝʤʝʥʪʘ. as=3.0 ʩʤ ï ʚʝʣʠʯʠʥʘ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ 

ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨʳ. asc=3.0 ʩʤ ï ʚʝʣʠʯʠʥʘ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʩʞʘʪʦʡ ʘʨʤʘʪʫʨʳ. ɸ3ï ʢʣʘʩʩ 

ʨʘʩʪʷʥʫʪʦʡ ʘʨʤʘʪʫʨʳ. ɸ3ï ʢʣʘʩʩ ʩʞʘʪʦʡ ʘʨʤʘʪʫʨʳ. 

As=22.8 ʩʤ2 ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʨʘʩʪʷʥʫʪʦʡ 

ʘʨʤʘʪʫʨʳ. Asc=6.16 ʩʤ2 ï ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʩʞʘʪʦʡ 

ʘʨʤʘʪʫʨʳ. ɺʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ x=0.242 ʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ʊ = 

0.655>ʊR=0.541. 

ʇʨʝʜʝʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ (ʢʅϽʤ), 

ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʩʝʯʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

 

ὓόὰὸ= ὙὦϽὦϽὼϽὬ0 0,5Ͻὼ+ ὙίὧϽὃίὧϽ
Ὤ0 ὥίὧ                         (4) 

 

ὓόὰὸ= 208.86 ʢʅϽʤ 

ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ὓόὰὸ= 208.86 ̋ ˚ >̍ ὓ=
61.78 ̋ Ͻ̊̍ . 

ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʂɿὓόὰὸ / ὓ =  3,38. 

ʈʘʩʯʝʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʙʘʣʢʠ ʚ ʦʩʷʭ 2ï3. 

ʉʪʘʣʴ ʩ ʨʘʩʯʝʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦ ʧʨʝʜʝʣʫ 

ʪʝʢʫʯʝʩʪʠ Ry=205 ʄʇʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ gn = 1. ʂʦʵʬʬʠʮʠʝʥʪ ʫʩʣʦʚʠʡ 

ʨʘʙʦʪʳ 1. ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ 

ʫʯʝʪʦʤ ʧʣʦʱʘʜʦʢ ʦʧʠʨʘʥʠʷ ʧʦ 200 ʤʤ, ʨʘʩʯʝʪʥʘʷ 

ʜʣʠʥʘ ʙʘʣʢʠ ʩʦʩʪʘʚʣʷʝʪ 8,45 ʤ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ  ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ 

ʞʝʣʝʟʦʙʝʪʦʥʥʦʡ ʙʘʣʢʠ ʠ ʝ yʩʝʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩʫʥʢʘʭ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 

 

 
ʈʠʩʫʥʦʢ 2. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ 

8,45



 
ʈʠʩʫʥʦʢ 3. ʉʝʯʝʥʠʝ. ʇʨʦʬʠʣʴ: ɼʚʫʪʘʚp ʩ 

ʫʢʣʦʥʦʤ ʧʦʣʦʢ ˉ45 

 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʫʯʪʝʥʥʘʷ ʚ 

ʨʘʩʯʝʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʨʨʦʟʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 15ï25 % ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʙʘʣʢʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʙʘʣʢʠ ʚ ʦʩʷʭ 2ï

3 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.  

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,805. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 1,24. 

ʈʘʩʯʝʪ ʢʠʨʧʠʯʥʦʡ ʩʪʝʥʳ ʚ ʦʩʷʭ 4ï10/ɹ ʠ 4ï

10/ɼ. ʈʘʩʯʝʪ ʚʳʧʦʣʥʝʥ ʧʦ ʉʇ 15.13330.2012. 

ʅʘʨʫʞʥʳʝ ʩʪʝʥʳ ʠʟ ʧʦʣʥʦʪʝʣʦʡ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ. 

ʇʨʦʯʥʦʩʪʴ ʢʠʨʧʠʯʘ ʜʣʷ ʩʪʝʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʄ100, 

ʮʝʤʝʥʪʥʦïʧʝʩʯʘʥʦʛʦ ʨʘʩʪʚʦʨʘ ï ʄ25. ʇʨʠʥʠʤʘʝʤ 

ʧʦ ʪʘʙʣʠʮʝ 2 ʉʇ.15.13330.2012 ʨʘʩʯʝʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʣʘʜʢʠ R = 13,25 ʢʛʩ/ʩʤ2. 

ʈʘʩʯʝʪ ʩʪʝʥʳ ʥʘ 1 ʧʦʛʦʥʥʳʡ ʤ. ɺʳʩʦʪʘ ʩʪʝʥʳ 

H=7,2 ʤ. ʉʦʙʩʪʚʝʥʥʳʡ ʚʝʩ ʩʪʝʥʳ 

0,51Ͻ4,2Ͻ17,658Ͻ1,1=41,60 ʢʅ. ʅʘʛʨʫʟʢʘ ʦʪ ʧʦʢʨʳʪʠʡ 

6,62Ͻ4,2Ͻ1,1=30,58 ʢʅ. ɺʝʩ ʙʘʣʢʠ 2,78 ʢʅ. ʅʘʛʨʫʟʢʘ 

ʦʪ ʧʝʨʝʢʨʳʪʠʷ 5,65Ͻ4,2Ͻ1,1=26,10 ʢʅ. ɺʝʩ ʙʘʣʢʠ 

ʧʦʢʨʳʪʠʷ 2,78 ʢʅ.ʉʫʤʤʘʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʩʪʝʥʫ: 

G=41,60+30,58+2,78+26,10+2,78=103,84 ʢʅ; 

P=2,78+26,10=28,88 ʢʅ; 

N=G+P=103,84+28,88=132,72 ʢʅ. 

 

 
ʊʘʙʣʠʮʘ 4 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

ʇʨʦʚʝʨʝʥʦ ʧʦ 

ʉʅʠʇ 
ʇʨʦʚʝʨʢʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧ.8.2.1 ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ 0,262 

ʧ.8.2.1 ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ 0,805 

ʧ. 8.2.1 
ʇʨʦʯʥʦʩʪʴ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʜʝʡʩʪʚʠʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ 
0,601 

 

 

ʈʘʩʩʪʦʷʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʥʘʛʨʫʟʢʠ P ʦʪ 

ʮʝʥʪʨʘ ʩʝʯʝʥʠʷ ʩʪʝʥʳ: 

ʤʤe 171
3

250

2

510
=-=

 
ʄʦʤʝʥʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʥʘʛʨʫʟʢʦʡ P: 

ePM Ö=                               (5) 
171,088,28 Ö=M = 4,93 ̋ Ͻ̊̍  

ʄʦʤʝʥʪ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ N: 

Ὡ0 =
4,93

132,72
= 0,037 ̍ = 3,7 ̒  ̍

ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʤ ʧʦ ʬʦʨʤʫʣʝ: 

wj ÖÖÖÖ¢ cARgmN 1  (6) 

2
416.0)

51.0

047.02
1(51.0 ʤAc =

Ö
-Ö=

 

2

)(

1
ʩ
jj

j
+

=

                          (7) 

45.11
0
¢+=

h

e
w

 

h

e0
1+=w

                          (8) 

45.1<09.1
51.0

047.0
1 =+=w

 
132,72 ʢʅ<333,46 ʢʅ, ʪʦ ʝʩʪʴ ʫʩʣʦʚʠʝ 

ʧʨʦʯʥʦʩʪʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣ 

ʂ=132,72õ333,46=0,398. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ 

ʩʝʯʝʥʠʷ ʩʦʩʪʘʚʠʣ ʂ=333,46õ132,72=2,51. 

ʈʘʩʯʝʪ ʛʠʙʢʦʩʪʠ ʩʪʝʥ. ɻʠʙʢʦʩʪʴ ʩʪʝʥʳ ʚ ʦʩʷʭ 

ɹ/4ï9: 

5.30
38.0

59.11
==l

 
ɻʠʙʢʦʩʪʴ ʩʪʝʥʳ ʚ ʦʩʷʭ ɼ/4ï9: 

72.22
51.0

59.11
==l

 
ɻʠʙʢʦʩʪʴ ʩʪʝʥʳ 1ïʛʦ ʵʪʘʞʘ ʚ ʦʩʷʭ ɺ/2ï3, 

ɹ/2ï3: 

06.7
51.0

6.3
==l

 
ɻʠʙʢʦʩʪʴ ʩʪʝʥʳ 2ïʛʦ ʵʪʘʞʘ ʚ ʦʩʷʭ ɺ/2ï3, 

ɹ/2ï3: 

23.8
51.0

2.4
==l

 
ʈʘʩʯʝʪ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʝʨʤʳ. ʉʪʘʣʴ ʩ 

ʨʘʩʯʝʪʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦ ʧʨʝʜʝʣʫ ʪʝʢʫʯʝʩʪʠ 

Ry=205 ʄʇʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ ʧʦ 

4
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ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ  gn = 1. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʜʝʞʥʦʩʪʠ 

ʧʦ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ (2ïʝ ʧʨʝʜʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ)  = 

1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʙʩʣʝʜʦʚʘʥʠʷ, ʫʯʪʝʥʥʘʷ ʚ 

ʨʘʩʯʝʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʢʦʨʨʦʟʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 5% ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʬʝʨʤ. ʈʘʩʯʝʪ ʬʝʨʤʳ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩ ʫʯʝʪʦʤ 

ʥʘʛʨʫʟʦʢ ʦʪ ʬʦʥʘʨʷ. ʇʘʨʘʤʝʪʨʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʬʝʨʤʳ ʫʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ 5 ʠ ʥʘ ʨʠʩʫʥʢʝ 4.  ʋʩʠʣʠʷ 

ʚ  ʵʣʝʤʝʥʪʘʭ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʝʨʤʳ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 6 ʠ ʥʘ ʨʠʩʫʥʢʝ 10.ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʝʨʤʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 

ʉʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʝʨʤʳ 

ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 5ï9.  

 

 

 
ʈʠʩʫʥʦʢ 4. ʆʯʝʨʪʘʥʠʝ ʧʦʷʩʦʚ ʬʝʨʤʳ 

ʊʘʙʣʠʮʘ 5 

ʇʘʨʘʤʝʪʨʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʝʨʤʳ 

 

L H H1 
ʏʠʩʣʦ ʧʘʥʝʣʝʡ ʥʠʞʥʝʛʦ ʧʦʷʩʘ 

ʤ ʤ ʤ 

12 2,35 1,55 4 

 

ʊʘʙʣʠʮʘ 6 

ʋʩʠʣʠʷ ʚ ʵʣʝʤʝʥʪʘʭ 

 

 ̄ʵʣ. 
ʂʦʤʙʠʥʘʮʠʠ, ʢʅ ɿʘʛʨʫʞʝʥʠʷ, ʢʅ 

Nmin Nmax 1 2 

 ʕʣʝʤʝʥʪʳ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ 

1 0 0 0 0 

2 ï94,173 ï94,173 ï87,654 ï6,519 

3 ï94,173 ï94,173 ï87,654 ï6,519 

4 ï105,093 ï105,093 ï96,979 ï8,114 

5 ï105,093 ï105,093 ï96,979 ï8,114 

6 ï94,173 ï94,173 ï87,654 ï6,519 

7 ï94,173 ï94,173 ï87,654 ï6,519 

8 ï1,546eï014 ï1,546eï014 ï1,455eï014 0 

 ʕʣʝʤʝʥʪʳ ʥʠʞʥʝʛʦ ʧʦʷʩʘ 

9 60,075 60,075 56,475 3,6 

10 105,829 105,829 98,504 7,326 

11 105,829 105,829 98,504 7,326 

12 60,075 60,075 56,475 3,6 

 ʕʣʝʤʝʥʪʳ ʩʪʦʝʢ 

19 ï20,925 ï20,925 ï18,825 ï2,1 

20 4,754 4,754 6,809 ï2,055 

21 ï20,925 ï20,925 ï18,825 ï2,1 

 ʕʣʝʤʝʥʪʳ ʨʘʩʢʦʩʦʚ 

13 51,124 51,124 46,727 4,397 

14 ï21,815 ï21,815 ï20,305 ï1,51 

15 ï2,898 ï2,898 ï4,151 1,253 

16 ï2,898 ï2,898 ï4,151 1,253 

17 ï21,815 ï21,815 ï20,305 ï1,51 

18 51,124 51,124 46,727 4,397 

 ʕʣʝʤʝʥʪʳ ʦʧʦʨʥʳʭ ʨʘʩʢʦʩʦʚ 

24 ï92,311 ï92,311 ï86,78 ï5,532 

25 ï92,311 ï92,311 ï86,78 ï5,532 

 ʕʣʝʤʝʥʪʳ ʦʧʦʨʥʳʭ ʩʪʦʝʢ 

22 ï9,413 ï9,413 ï9,413 0 

23 ï9,413 ï9,413 ï9,413 0 

 

 

 

 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ ΤφɉυόɊ φτφψ ̄Ȣ 

 
61 

ʊʘʙʣʠʮʘ 7 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ 

 

ʇʨʦʚʝʨʝʥʦ ʧʦ ʉʅʠʇ ʇʨʦʚʝʨʢʘ 
ʂʦʵʬʬʠʮʠʝʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧ.7.1.1 ʇʨʦʯʥʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ 0,201 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʚ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,244 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ ʠʟ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,259 

ʧʧ. 10.1.1ï10.1.4, 10.4.1 ɻʠʙʢʦʩʪʴ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ 0,381 

ʧ.7.1.1 ʇʨʦʯʥʦʩʪʴ ʥʠʞʥʝʛʦ ʧʦʷʩʘ 0,203 

ʧʧ. 10.1.1ï10.1.4, 10.4.1 ɻʠʙʢʦʩʪʴ ʥʠʞʥʝʛʦ ʧʦʷʩʘ 0,236 

ʧ.7.1.1 ʇʨʦʯʥʦʩʪʴ ʩʪʦʝʢ 0,018 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʦʝʢ ʚ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,022 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʪʦʝʢ ʠʟ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,023 

ʧʧ. 10.1.1ï10.1.4, 10.4.1 ɻʠʙʢʦʩʪʴ ʩʪʦʝʢ 0,39 

ʧ.7.1.1 ʇʨʦʯʥʦʩʪʴ ʨʘʩʢʦʩʦʚ 0,098 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʢʦʩʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,072 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʨʘʩʢʦʩʦʚ ʠʟ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,097 

ʧʧ. 10.1.1ï10.1.4, 10.4.1 ɻʠʙʢʦʩʪʴ ʨʘʩʢʦʩʦʚ 0,549 

ʧ.7.1.1 ʇʨʦʯʥʦʩʪʴ ʦʧʦʨʥʳʭ ʨʘʩʢʦʩʦʚ 0,177 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʧʦʨʥʳʭ ʨʘʩʢʦʩʦʚ ʚ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,255 

ʧ.7.1.3 ʋʩʪʦʡʯʠʚʦʩʪʴ ʦʧʦʨʥʳʭ ʨʘʩʢʦʩʦʚ ʠʟ ʧʣʦʩʢʦʩʪʠ ʬʝʨʤʳ 0,29 

ʧʧ. 10.1.1ï10.1.4, 10.4.1 ɻʠʙʢʦʩʪʴ ʦʧʦʨʥʳʭ ʨʘʩʢʦʩʦʚ 0,58 

 ɾʝʩʪʢʦʩʪʴ ʬʝʨʤʳ 0,037 

 

 

 
ʈʠʩʫʥʦʢ 5. ʉʝʯʝʥʠʝ ʚʝʨʭʥʝʛʦ ʧʦʷʩʘ. ʇʨʦʬʠʣʴ: 

ʋʛʦʣʦʢ ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʡ ʧʦ ɻʆʉʊ 8510ï86* 

L100x65x8 

 
ʈʠʩʫʥʦʢ 6. ʉʝʯʝʥʠʝ ʥʠʞʥʝʛʦ ʧʦʷʩʘ. ʇʨʦʬʠʣʴ: 

ʋʛʦʣʦʢ ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʡ ʧʦ ɻʆʉʊ 8510ï86* 

L100x65x8 

 

ʈʠʩʫʥʦʢ 7. ʉʝʯʝʥʠʝ ʨʘʩʢʦʩʦʚ. ʇʨʦʬʠʣʴ: ʋʛʦʣʦʢ 

ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʡ ʧʦ ɻʆʉʊ 8510ï86* L100x65x8 

 
ʈʠʩʫʥʦʢ 8. ʉʝʯʝʥʠʝ ʩʪʦʝʢ. ʇʨʦʬʠʣʴ: ʋʛʦʣʦʢ 

ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʡ ʧʦ ɻʆʉʊ 8510ï86* L100x65x8 

 
ʈʠʩʫʥʦʢ 9. ʉʝʯʝʥʠʝ ʦʧʦʨʥʳʭ ʨʘʩʢʦʩʦʚ. ʇʨʦʬʠʣʴ: 

ʋʛʦʣʦʢ ʥʝʨʘʚʥʦʧʦʣʦʯʥʳʡ ʧʦ ɻʆʉʊ 8510ï86* 

L100x65x8 
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ʈʠʩʫʥʦʢ 10. ʋʩʠʣʠʷ ʚ ʵʣʝʤʝʥʪʘʭ 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 0,58. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ï1,72. ʄʘʢʩʠʤʘʣʴʥʳʡ ʧʨʦʛʠʙ 

ï 0,004 ʤ. 

ʈʘʩʯʝʪ ʤʦʥʦʣʠʪʥʦʛʦ ʞʝʣʝʟʦʙʝʪʦʥʥʦʛʦ 

ʧʝʨʝʢʨʳʪʠʷ ʧʦʜʚʘʣʘ.h = 0,20 ʤ ï ʚʳʩʦʪʘ ʩʝʯʝʥʠʷ; b= 

1,00 ʤ ï ʰʠʨʠʥʘ ʩʝʯʝʥʠʷ. ʂʣʘʩʩ ʙʝʪʦʥʘ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ B20. ʇʨʠ ʵʪʦʤ ʨʘʩʯʝʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʝʪʦʥʘ ʥʘ ʩʞʘʪʠʝ ï Rb= 11,5 ʄʇʘ = 

11500 ʢʅ/ʤ2. ʈʘʩʯʝʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʣʠ 

(ɸ400) ʥʘ ʨʘʩʪʷʞʝʥʠʝ Rs= 205 ʄʇʘ =205000 ʢʅ/ʤ2. 

As =3,93 ʩʤĮ=0,000393 ʤ2 ï ʧʣʦʱʘʜʴ ʥʠʞʥʝʡ 

ʘʨʤʘʪʫʨʳ 5Ï10 ɸ400 ʰʘʛ 200 ʤʤ. A's= 0 ï ʧʣʦʱʘʜʴ 

ʚʝʨʭʥʝʡ ʘʨʤʘʪʫʨʳ. ʌʘʢʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʧʝʨʝʢʨʳʪʠʷ 

ʩ ʫʯʝʪʦʤ ʧʣʦʱʘʜʦʢ ʦʧʠʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 1,8 ʤ. 

ɺʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ x=0.007 ʤ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʚʳʩʦʪʘ ʩʞʘʪʦʡ ʟʦʥʳ ‚ = 

0.042>‚Ὑ=0.615. 

ʇʨʝʜʝʣʴʥʳʡ ʠʟʛʠʙʘʶʱʠʡ ʤʦʤʝʥʪ (ʢʅϽʤ), 

ʚʦʩʧʨʠʥʠʤʘʝʤʳʡ ʩʝʯʝʥʠʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ 4, ʧʨʠʚʝʜʸʥʥʦʡ ʚʳʰʝ. ὓόὰὸ= 13,72 ʢʅϽʤ 

ʇʨʦʚʝʨʢʘ ʫʩʣʦʚʠʷ ὓόὰὸ= 13,72 ̋ Ͻ̊̍ >
ὓ= 0,65 ̋ Ͻ̊̍  

ʋʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʚʳʧʦʣʥʷʝʪʩʷ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʧʘʩʘ ʧʨʦʯʥʦʩʪʠ ʂɿὓόὰὸ / ὓ =  

21,10. 

 

ɺʳʚʦʜʳ. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʚʝʨʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʩ ʫʯʝʪʦʤ 

ʚʳʷʚʣʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʡ, 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʪʝʨʠʘʣʦʚ, 

ʬʘʢʪʠʯʝʩʢʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʨʝʘʣʴʥʦʡ 

ʨʘʩʯʝʪʥʦʡ ʩʭʝʤʳ ʠ ʬʘʢʪʠʯʝʩʢʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʥʘʛʨʫʟʦʢ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ 

ʥʝʩʫʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʦʙʱʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʟʜʘʥʠʷ ʚ ʮʝʣʦʤ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʝʥʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʢʘʟʘʪʝʣʷʤʠ ʚ ʧʝʨʠʦʜ ʥʘʯʘʣʘ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ. ʅʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ 

ʥʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʥʝʟʘʧʥʦʡ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʟʜʘʥʠʷ. ʅʦ ʪʝʢʫʱʝʝ ʪʝʭʥʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ ʟʜʘʥʠʷ ʚʦ ʚʨʝʤʷ ʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʧʝʨʝʫʩʪʨʦʡʩʪʚʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʤʝʰʘʪʝʣʴʩʪʚʦ ʚ ʨʘʙʦʪʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʠ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ, ʤʦʞʝʪ 

ʧʨʠʚʝʩʪʠ ʢ ʚʥʝʟʘʧʥʦʡ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʡ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʤʫ 

ʧʨʦʝʢʪʫ ʚʳʧʦʣʥʠʪʴ ʫʩʠʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʝʨʝʫʩʪʨʦʡʩʪʚʦ ʢʦʪʦʨʳʭ 

ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʣʘʥʠʨʫʝʤʦʡ ʨʝʢʦʥʩʪʨʫʢʮʠʝʡ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ɻʝʦʜʝʟʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ð ʵʪʦ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʘʥʘʣʠʟ ʠ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʥʪʨʦʣʷ ʟʘ ʜʝʬʦʨʤʘʮʠʷʤʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ ʘʙʩʦʣʶʪʥʳʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʡ, ʚʳʷʚʣʷʪʴ ʧʨʠʯʠʥʳ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʩʪʝʧʝʥʴ ʚʦʟʥʠʢʘʶʱʝʡ ʦʧʘʩʥʦʩʪʠ, ʜʘʚʘʪʴ ʟʘʢʣʶʯʝʥʠʝ ʦ ʩʪʝʧʝʥʠ ʥʘʜʝʞʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʦʚ, 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʝʥ ʩʦʦʨʫʞʝʥʠʡ, ʧʨʝʜʫʧʨʝʞʜʘʪʴ ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ, ʧʨʠʥʠʤʘʪʴ ʩʚʦʝʚʨʝʤʝʥʥʳʝ ʤʝʨʳ 

ʧʦ ʙʦʨʴʙʝ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ. ʈʝʟʫʣʴʪʘʪʦʤ ʛʝʦʜʝʟʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦʙ ʦʩʘʜʢʝ ʠʣʠ ʧʨʦʩʘʜʢʝ ʟʜʘʥʠʷ, ʦʪʢʣʦʥʝʥʠʷʭ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʪ ʚʝʨʪʠʢʘʣʠ, 

ʨʘʩʢʨʳʪʠʠ ʩʪʳʢʦʚ ʠ ʪʨʝʱʠʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʜʘʚʣʝʥʠʠ ʬʫʥʜʘʤʝʥʪʘ ʥʘ ʛʨʫʥʪ, ʧʨʦʜʦʣʴʥʳʭ 

ʠ ʧʦʧʝʨʝʯʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ ʚ ʩʪʘʣʴʥʳʭ, ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʠ ʤʦʥʦʣʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɻʝʦʪʝʭʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ, ʜʝʬʦʨʤʘʮʠʠ, ʥʠʚʝʣʠʨʦʚʘʥʠʝ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʨʢʠ. 

 

ABSTRACT 

Geodetic monitoring is a complex of research works aimed at analyzing and controlling deformations of 

buildings and structures. 

It allows tracking absolute and relative values of deformations, identifying causes and determining the degree of 

emerging danger, giving an opinion on the degree of reliability of foundations, stability of bases and walls of structures, 

preventing possible risks, taking timely measures to combat deformations, forecasting their development. The result of 

geodetic monitoring is the provision of data on building settlement or subsidence, deviations of bearing structures from 

the vertical, opening of joints and cracks on the surface of bearing structures, foundation pressure on the ground, 

longitudinal and transverse stresses in steel, reinforced concrete and monolithic structures.  

Keywords. Geotechnical monitoring, deformation, leveling, deformation marks. 
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ɺʚʝʜʝʥʠʝ. 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʳʧʦʣʥʝʥʠʝ ʨʘʙʦʪ ʧʦ ʛʝʦʪʝʭʥʠʯʝʩʢʦʤʫ 

ʤʦʥʠʪʦʨʠʥʛʫ ʩʪʨʦʷʱʝʛʦʩʷ ʞʠʣʦʛʦ 

ʢʦʤʧʣʝʢʩʘ,ʩʦʦʨʫʞʝʥʠʡ ʦʢʨʫʞʘʶʱʝʡ ʟʘʩʪʨʦʡʢʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʥʦʚʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ,ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ, ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʢʦʪʣʦʚʘʥʘ, ʠʥʞʝʥʝʨʥʳʭ 

ʢʦʤʤʫʥʠʢʘʮʠʡ, ʫʨʦʚʥʷʛʨʫʥʪʦʚʳʭ ʚʦʜ ʥʘ ʦʙʲʝʢʪʘʭ: 

çɾʠʣʦʡ ʜʦʤ ʩ ʧʦʜʟʝʤʥʳʤ ʧʘʨʢʠʥʛʦʤè.  

ɺʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ 

ʛʝʦʤʦʥʠʪʦʨʠʥʛʘ ʨʝʰʘʝʪʩʷ ʥʘ ʩʪʘʜʠʷʭ 

ʧʨʝʜʧʨʦʝʢʪʥʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʝʢʪʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʦʙʲʝʢʪʦʚ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʜʚʠʛʠ, ʦʩʘʜʢʠ, ʢʨʝʥʳ ʩʦʦʨʫʞʝʥʠʡ ʠ 

ʟʜʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʭ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ. 

ʀʥʞʝʥʝʨʳ-ʛʝʦʜʝʟʠʩʪʳ ʘʥʘʣʠʟʠʨʫʶʪ ʩʦʩʪʦʷʥʠʝ 

ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʦʙʲʝʢʪʦʚ ʦʢʨʫʞʘʶʱʝʡ 

ʟʘʩʪʨʦʡʢʠ, ʛʨʫʥʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʉ 

ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ 

ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʧʦʜʚʝʨʛʘʶʪʩʷ ʢʘʤʝʨʘʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʝ [1-3].  

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʙʦʪ 

(ʥʫʣʝʚʦʡ ʮʠʢʣ ʠʟʤʝʨʝʥʠʡ) 

ʧʨʦʚʦʜʠʪʩʷʥʠʚʝʣʠʨʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ, 

ʟʘʢʨʝʧʣʝʥʥʳʭ ʚ ʦʩʥʦʚʘʥʠʝ ʟʜʘʥʠʷ ʩ ʮʝʣʴʶ 

ʜʘʣʴʥʝʡʰʝʛʦʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ 

ʦʩʘʜʦʯʥʳʭʟʥʘʢʦʚ, ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʦʙʝʯʘʡʢʘʭ 

ʣʶʢʦʚ ʢʦʣʦʜʮʝʚ ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʘ 

ʪʘʢʞʝʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʷʢʠ ʥʘ 

ʪʨʝʱʠʥʳ ʟʜʘʥʠʡ ʠ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ. 

ʉ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʚʳʩʦʪʥʦʛʦ ʧʦʣʦʞʝʥʠʷ 

ʨʝʧʝʨʦʚ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ 

ʨʝʧʝʨʦʚʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʘ ʩʭʝʤʝ ʥʠʚʝʣʠʨʥʳʭ ʭʦʜʦʚ 

ʫʢʘʟʳʚʘʶʪʩʷ ʩʨʝʜʥʠʝʧʨʝʚʳʰʝʥʠʷ ʚ ʧʨʷʤʦʤ ʠ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʥʘʜʝʞʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡʜʦʧʫʩʪʠʤʘʷ ʥʝʚʷʟʢʘ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʦʜʥʦʤʰʪʘʪʠʚʝ [4-6]. 

ɼʘʥʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʘʭCredo_ʥʠʚʝʣʠʨ v1.1, Credo DAT v3.1 ʠ 

MS Excel 2017; ʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

AutoCAD. 

1.1 ʆʧʨʝʜʝʣʝʥʠʝ ʦʪʤʝʪʦʢ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʪʤʝʪʦʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʘʨʦʢ ʚʥʝ ʟʦʥʳ ʥʘʙʣʶʜʝʥʠʡ ʟʘʢʨʝʧʣʷʶʪʩʷ 6 ʥʦʚʳʭ 

ʦʧʦʨʥʳʭ ʩʪʝʥʥʳʭ ʨʝʧʝʨʘ. ɺ ʢʘʞʜʦʤ ʮʠʢʣʝ 

ʥʘʙʣʶʜʝʥʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʚʳʩʦʪʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʨʝʧʝʨʦʚ. ʉʠʩʪʝʤʘ ʚʳʩʦʪ ï ʛʦʨʦʜʩʢʘʷ. 

ʇʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ ʟʜʘʥʠʡ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, 

ʥʘ ʚʳʩʦʪʝ 0.3-1.0 ʤ ʟʘʢʨʝʧʣʷʶʪʩʷ 35 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʟ 

ʩʝʙʷ, ʟʘʙʫʨʝʥʥʳʝ ʚ ʦʩʥʦʚʘʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʟʜʘʥʠʡ 

ʩʪʘʣʴʥʳʝ ʙʦʣʪʳ, ʜʠʘʤʝʪʨʦʤ 10-12ʤʤ ʠ ʜʣʠʥʦʡ 15ʩʤ 

ʥʘ ʭʠʤʠʯʝʩʢʠʡ ʘʥʢʝʨ ʠ ʤʦʥʪʘʞʥʳʡ ʢʣʝʡ, ʘ ʪʘʢʞʝ, 

ʩʚʝʪʦʦʪʨʘʞʘʪʝʣʠ ʩʘʤʦʢʣʝʶʱʠʝʩʷ ʆʇ 25, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ ʟʜʘʥʠʠ ʮʝʨʢʚʠ ʠ ʧʨʠʩʪʨʦʡʢʠ ʢ 

ʮʝʨʢʚʠ ʚ ʢʦʣʠʯʝʩʪʚʝ 15 ʰʪ. ʉʭʝʤʘ ʢʨʝʧʣʝʥʠʷ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʆʪ ʠʩʭʦʜʥʳʭ ʨʝʧʝʨʦʚ ʧʦ ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ 

ʤʘʨʢʘʤ ʧʨʦʢʣʘʜʳʚʘʝʪʩʷ ʟʘʤʢʥʫʪʳʡ ʥʠʚʝʣʠʨʥʳʡ 

ʭʦʜ ʤʝʪʦʜʦʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʧʦ 

ʧʨʦʛʨʘʤʤʝ II  ʢʣʘʩʩʘ. ʇʦʩʣʝ ʫʨʘʚʥʠʚʘʥʠʷ ʵʪʦʛʦ ʭʦʜʘ 

ʚ ʧʨʦʛʨʘʤʤʝ Credo_ʥʠʚʝʣʠʨ v1.1 ʧʦʣʫʯʘʶʪʩʷ 

ʦʪʤʝʪʢʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ 

ʷʚʣʷʪʴʩʷ ʠʩʭʦʜʥʳʤʠ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʦʩʘʜʦʢ ʠ 

ʜʨʫʛʠʭ ʚʝʣʠʯʠʥ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʚʦʟʤʦʞʥʳʝ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʘʭ 

ʥʘʙʣʶʜʝʥʠʡ.  

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʠʚʝʣʠʨʦʚʘʥʠʷ ʜʣʠʥʘ 

ʚʠʟʠʨʥʦʛʦ ʣʫʯʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʪʠʤʦʛʦ 

ʟʥʘʯʝʥʠʷ ʚ 40ʤ. ʅʝʚʷʟʢʘ ʚ ʧʦʣʠʛʦʥʝ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʠʷ äh= 0,5ʤʤ* n ʤʤ, 

ʛʜʝ n ï ʯʠʩʣʦ ʰʪʘʪʠʚʦʚ ʚ ʭʦʜʝ [7-12]. 

 

 

 
ʈʠʩʫʥʦʢ 2. ʉʭʝʤʘ ʢʨʝʧʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ 
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1.2 ʆʧʨʝʜʝʣʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʟʥʘʢʦʚ 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ 

ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʠʥʞʝʥʝʨʥʦ-ʛʝʦʜʝʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʟʥʘʢʠ. ʅʘ ʦʙʝʯʘʡʢʘʭ ʣʶʢʦʚ 

ʢʦʣʦʜʮʝʚ ʟʘʢʨʝʧʣʷʝʪʩʷ 24 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʟʥʘʢʘ ʚ 

ʚʠʜʝ ʢʝʨʥʦʚ (ʧʨʦʩʚʝʨʣʠʚʘʶʪʩʷ ʦʪʚʝʨʩʪʠʷ ʚ 

ʦʙʝʯʘʡʢʘʭ ʣʶʢʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʛʝʦʜʝʟʠʯʝʩʢʦʡ 

ʤʠʥʠʧʨʠʟʤʳ). 

ɺʥʝ ʟʦʥʳ ʚʣʠʷʥʠʷ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʙʳʣʦ ʟʘʢʨʝʧʣʝʥʦ 7 ʦʧʦʨʥʳʭ ʟʥʘʢʦʚ. ɺ ʢʘʞʜʦʤ 

ʮʠʢʣʝ ʠʟʤʝʨʝʥʠʡ ʙʫʜʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʥʪʨʦʣʴ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʟʥʘʢʦʚ. 

ʉʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ- ʛʦʨʦʜʩʢʘʷ. 

ʀʟʤʝʨʝʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʤʝʪʦʜʦʤ ʣʠʥʝʡʥʦ-

ʫʛʣʦʚʳʭ ʧʦʩʪʨʦʝʥʠʡ 1-ʛʦ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ 

ʵʣʝʢʪʨʦʥʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ SET 1X, ʩ ʪʦʯʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ Ñ(2+2ppm*D)ʤʤ (ʦʜʥʠʤ 

ʧʨʠʝʤʦʤ); ʠ ʩʨʝʜʥʝʡ ʢʚʘʜʨʘʪʠʯʝʩʢʦʡ ʦʰʠʙʢʦʡ 

ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ 1'' (ʦʜʥʠʤ ʧʨʠʝʤʦʤ). ʀʟʤʝʨʝʥʠʷ ʥʘ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʪʦʯʢʠ ʚʳʧʦʣʥʷʶʪʩʷ ʧʦʣʷʨʥʳʤ 

ʤʝʪʦʜʦʤ ʦʪ ʪʦʯʝʢ ʧʦʣʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʭʦʜʘ. 

ʅʘʙʣʶʜʝʥʠʷ ʟʘ ʩʜʚʠʞʝʥʠʝʤ ʣʶʢʦʚ ʢʦʣʦʜʮʝʚ 

ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʟʦʥʫ 

ʚʣʠʷʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘ ʨʘʟʥʳʝ ʜʘʪʳ 

ʧʦʣʦʞʝʥʠʷ ʦʧʦʨʥʳʭ ʟʥʘʢʦʚ ʩ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ 

ʩʪʘʥʮʠʡ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʬʠʢʩʠʨʦʚʘʥʠʝʤ 

ʚʠʜʠʤʳʭ ʥʘʨʫʰʝʥʠʡ ʣʶʢʦʚ ʢʦʣʦʜʮʝʚ. 

ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʩʣʝʜʫʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʧʨʠʙʣʠʞʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʢ 

ʢʨʠʪʠʯʝʩʢʠʤ. 

ɻʝʦʜʝʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʧʨʠʙʦʨʘʤʠ ʧʦ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤ ʨʝʧʝʨʘʤ ʠʟʤʝʨʷʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ 

ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʟʥʘʢʦʚ ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʣʶʢʘʭ ʢʦʣʦʜʮʝʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʥʫʣʝʚʦʤ (ʚʳʧʦʣʥʝʥʥʦʤ ʜʦ 

ʥʘʯʘʣʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ) ʮʠʢʣʝ ʠʟʤʝʨʝʥʠʡ ʟʥʘʯʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ ʦʩʘʜʦʯʥʳʭ ʟʥʘʢʦʚ ʙʫʜʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ ʥʘʯʘʣʴʥʳʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ 

ʦʩʘʜʦʯʥʳʭ ʟʥʘʢʦʚ. 

ɺʝʣʠʯʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʩʤʝʱʝʥʠʡ ʦʩʘʜʦʯʥʳʭ ʟʥʘʢʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʮʠʢʣʘʭ 

ʠʟʤʝʨʝʥʠʡ [13-17]. 

 

 
ʈʠʩʫʥʦʢ 2. ɿʘʢʨʝʧʣʝʥʥʳʡ ʤʘʷʢ 

 

1. 3 ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʟʚʠʪʠʝʤ ʪʨʝʱʠʥ 

ʦʩʘʜʦʯʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

ɺ ʭʦʜʝ ʥʫʣʝʚʦʛʦ ʮʠʢʣʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʮʦʢʦʣʴʥʳʭ ʯʘʩʪʝʡ, 

ʩʚʦʜʦʚ ʠʣʠ ʩʪʝʥ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʆʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʪʨʝʱʠʥ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-

ʦʩʘʜʦʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʪʨʝʱʠʥʳ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʘʷʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʠʭ ʨʘʟʚʠʪʠʝʤ. ʌʠʢʩʠʨʫʝʪʩʷ ʜʘʪʘ ʠʭ 

ʫʩʪʘʥʦʚʢʠ. ʅʘ ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʝ ʠ ʧʨʠʩʪʨʦʡʢʝ ʢ 

ʟʜʘʥʠʶ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 9 ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʘʷʢʦʚ. 

ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʤʦʥʠʪʦʨʠʥʛʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚʠʟʫʘʣʴʥʳʡ ʦʩʤʦʪʨ ʜʣʷ ʚʳʷʚʣʝʥʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʠ ʨʘʟʚʠʪʠʷ ʨʘʥʝʝ 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʨʝʱʠʥ, ʘ ʪʘʢʞʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 

ʤʘʷʢʦʚ. ʉʦʩʪʦʷʥʠʝ ʤʘʷʢʦʚ ʠ ʪʨʝʱʠʥ ʬʠʢʩʠʨʫʝʪʩʷ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʨʘʙʦʪʘʚʰʠʝʩʷ ʠʣʠ 

ʫʥʠʯʪʦʞʝʥʥʳʝ ʤʘʷʢʠ ʟʘʤʝʥʷʶʪʩʷ ʥʦʚʳʤʠ. 

ʆʧʠʩʘʥʠʝ ʦʙʲʝʤʥʦ-ʧʣʘʥʠʨʦʚʦʯʥʳʭ ʠ 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʟʜʘʥʠʷ, ʧʦʧʘʜʘʶʱʝʛʦ ʚ 

ʟʦʥʫ ʚʣʠʷʥʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʞʠʣʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɿʜʘʥʠʝ ʯʝʪʳʨʝʭʵʪʘʞʥʦʝ, ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ. ʂʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʩʣʝʜʫʝʤʦʛʦ 
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ʟʜʘʥʠʷ ï ʙʝʩʢʘʨʢʘʩʥʦʝ, ʩ ʥʝʩʫʱʠʤʠ ʚʥʫʪʨʝʥʥʠʤʠ ʠ 

ʥʘʨʫʞʥʳʤʠ ʢʠʨʧʠʯʥʳʤʠ ʩʪʝʥʘʤʠ. 

ʌʫʥʜʘʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʠʟ ʢʠʨʧʠʯʥʦʡ 

ʢʣʘʜʢʠ (ʩʪʝʥʳ ʧʦʜʚʘʣʘ) ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠ ʙʝʪʦʥʘ ʥʘ 

ʢʠʨʧʠʯʥʦʤ ʱʝʙʥʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ. ɺʳʩʦʪʘ 

ʙʝʪʦʥʥʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 400 ʤʤ. ʐʠʨʠʥʘ 

ʧʦʜʦʰʚʳ ʬʫʥʜʘʤʝʥʪʘ 1190 ʤʤ. ʆʪʤʝʪʢʘ ʧʦʜʦʰʚʳ 

ʬʫʥʜʘʤʝʥʪʘ -5,030 ʤ. ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʨʭʘ ʮʦʢʦʣʷ 

ʟʜʘʥʠʷ. 

ʅʝʩʫʱʠʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ 

ʟʜʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʝʥʥʠʝ ʠ ʥʘʨʫʞʥʳʝ ʩʪʝʥʳ, 

ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʢʠʨʧʠʯʥʦʡ ʢʣʘʜʢʠ ʪʦʣʱʠʥʦʡ 730, 

510 ʤʤ. ɺ ʧʦʜʚʘʣʝ ʪʦʣʱʠʥʘ ʩʪʝʥ 960 ʤʤ. 

ʅʝʩʫʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʝʨʝʢʨʳʪʠʷ: 

ʇʦʜʚʘʣ: ʙʝʪʦʥʥʳʝ ʩʚʦʜʳ ʪʦʣʱʠʥʦʡ 120 ʤʤ 

ʧʦ ʩʪʘʣʴʥʳʤ ʜʚʫʪʘʚʨʘʤ ˉ18. ʄʝʞʜʫʵʪʘʞʥʳʝ: 

ʜʝʨʝʚʷʥʥʳʡ ʥʘʩʪʠʣ ʪʦʣʱʠʥʦʡ 80 ʤʤ ʧʦ ʩʪʘʣʴʥʳʤ 

ʜʚʫʪʘʚʨʘʤ ˉ18. ʏʝʨʜʘʯʥʦʝ: ʜʝʨʝʚʷʥʥʳʡ ʥʘʩʪʠʣ ʧʦ 

ʜʝʨʝʚʷʥʥʳʤ ʙʘʣʢʘʤ [18-23]. 

ʂʨʦʚʣʷ ʚʘʣʴʤʦʚʘʷ, ʚʳʧʦʣʥʝʥʘ ʠʟ ʣʠʩʪʦʚ 

ʦʮʠʥʢʦʚʘʥʥʦʡ ʩʪʘʣʠ. 

ʉʪʨʦʧʠʣʴʥʳʝ ʥʦʛʠ ʠʟ ʙʨʫʩʘ 200Ĭ240(h) ʤʤ, 

ʜʦʩʢʠ 50Ĭ140(h) ʤʤ. ʉʪʦʡʢʠ ʠʟ ʙʨʫʩʘ 200Ĭ200 ʤʤ. 

ʃʝʞʥʠ ʠʟ ʦʮʠʣʠʥʜʨʦʚʘʥʥʦʛʦ ʙʨʫʩʘ Ï200 ʤʤ. 

ʄʘʫʵʨʣʘʪ ʠʟ ʦʮʠʣʠʥʜʨʦʚʘʥʥʦʛʦ ʙʨʫʩʘ Ï200 ʤʤ. 

ʇʝʨʝʛʦʨʦʜʢʠ ʚ ʟʜʘʥʠʠ ʚʳʧʦʣʥʝʥʳ ʠʟ ʜʝʨʝʚʘ, 

ʢʠʨʧʠʯʘ ʠ ʛʠʧʩʦʢʘʨʪʦʥʘ ʪʦʣʱʠʥʦʡ 90õ330 ʤʤ. ʅʘ 

ʚʪʦʨʦʤ ʵʪʘʞʝ ʯʘʩʪʠʯʥʦ ʦʪʜʝʣʘʥʳ ʛʠʧʩʦʢʘʨʪʦʥʦʤ. 

ʉʪʝʥʳ ʦʰʪʫʢʘʪʫʨʝʥʳ ʠ ʦʢʨʘʰʝʥʳ. ʇʦʣʳ 

ʦʪʜʝʣʘʥʳ ʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʢʦʡ. 

ʇʣʘʩʪʠʢʦʚʳʝ ʦʢʥʘ ʩ ʦʜʠʥʘʨʥʳʤ 

ʦʩʪʝʢʣʝʥʠʝʤ. 

ɼʚʝʨʠ ʚʳʧʦʣʥʝʥʘ ʠʟ ʤʝʪʘʣʘ ʠ ʜʝʨʝʚʘ [24-27]. 

 

 

 
 

ʈʠʩʫʥʦʢ 3. ʌʘʩʘʜ ʟʜʘʥʠʷ 

 

2.1 ʆʙʨʘʙʦʪʢʘ ʥʠʚʝʣʠʨʦʚʘʥʠʷ 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʤʘʨʦʢ ʠʦʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʙʳʣʠ ʧʨʦʠʟʚʝʜʝʥʘ ʚ 

ʧʨʦʛʨʘʤʤʝ Credo_ʥʠʚʝʣʠʨ v1.1. ʇʨʠ ʦʙʨʘʙʦʪʢʝ, ʚ 

ʢʘʯʝʩʪʚʝʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʰʠʙʦʢ ʠ ʥʝʚʷʟʦʢ, 

ʧʨʠʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ II  ʢʣʘʩʩ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 

ʷʚʣʷʶʪʩʷ ʠʩʭʦʜʥʳʤ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʮʠʢʣʦʚ 

ʠʟʤʝʨʝʥʠʡ [28-29]. 

2.2 ʆʙʨʘʙʦʪʢʘ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ 

ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʛʦʥʦʤʝʪʨʠʠ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ 

ʧʨʦʛʨʘʤʤʝ Credo_DAT v3.1. ʇʨʠ ʦʙʨʘʙʦʪʢʝ, ʚ 

ʢʘʯʝʩʪʚʝ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʦʰʠʙʦʢ ʠ 

ʥʝʚʷʟʦʢ,ʧʨʠʥʠʤʘʣʠʩʴ ʟʥʘʯʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ 

ʪʝʦʜʦʣʠʪʥʫʶ ʩʲʝʤʢʫ 1-ʛʦ ʢʣʘʩʩʘ ʪʦʯʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷʢʦʦʨʜʠʥʘʪ ʠ ʚʳʩʦʪ 

ʦʩʘʜʦʯʥʳʭ ʟʥʘʢʦʚ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʘʢ 

ʥʘʯʘʣʴʥʳʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʤʝʱʝʥʠʡ ʦʩʘʜʦʯʥʳʭ ʟʥʘʢʦʚ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʬʘʩʘʜʦʚ ʟʜʘʥʠʷ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ ʥʦʚʳʭ 

ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʧʦ ʧʨʦʛʨʘʤʤʝ II  ʢʣʘʩʩʘ, 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ ʦʪʯʝʪʥʳʡ 

ʧʝʨʠʦʜ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʥʘʙʣʶʜʝʥʠʡ ʟʜʘʥʠʝ ʥʝ 

ʠʟʤʝʥʠʣʦ ʩʚʦʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ 

ʦʩʘʜʦʢ ʟʘ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 

ʟʥʘʯʝʥʠʝ 0,00003; ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ï 

0,00008, ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ 

0,0006. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʟʘ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ -0.5ʤʤ; ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ï 

+0.7ʤʤ, ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ 

10ʤʤ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʧʦʨʥʦʡ ʩʪʝʥʳ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ 

ʥʦʚʳʭ ʚʠʜʠʤʳʭ ʜʝʬʝʢʪʦʚ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʥʠʚʝʣʠʨʦʚʘʥʠʷ, ʧʦ ʧʨʦʛʨʘʤʤʝ II  

ʢʣʘʩʩʘ,ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʘ 

ʦʪʯʝʪʥʳʡ ʧʝʨʠʦʜ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʥʘʙʣʶʜʝʥʠʡ 



ˠ̠̎̉̃̆̑̒̉̓̆̓̒̋́ ˚́̔̋́Ȣ 5ÎÉÖÅÒÓÉÔÙ 3ÃÉÅÎÃÅȢ ΤφɉυόɊ φτφψ ̄Ȣ 

 
68 

ʟʜʘʥʠʝ ʥʝ ʠʟʤʝʥʠʣʦ ʩʚʦʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʧʦʣʦʞʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʨʘʟʥʦʩʪʴ 

ʦʩʘʜʦʢ ʟʘ ʦʪʯʸʪʥʳʡ ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪʟʥʘʯʝʥʠʝ 0,00035; ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ 

ʥʘʙʣʶʜʝʥʠʡ ï 0,00026, ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʜʦʧʫʩʪʠʤʦʡ ʚʝʣʠʯʠʥʳ 0,002. ʄʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʟʘʦʪʯʸʪʥʳʡ 

ʧʝʨʠʦʜ ʥʘʙʣʶʜʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ +2.0ʤʤ (ʉ2) ʠ 

+2.5ʤʤ (ʉ3); ʟʘ ʚʝʩʴ ʧʝʨʠʦʜʥʘʙʣʶʜʝʥʠʡ ï +5.8ʤʤ 

(ʉ1) ʠ +6.2ʤʤ (ʉ2), ʯʪʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʦʡ 

ʚʝʣʠʯʠʥʳ 30ʤʤ. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʦʩʘʜʦʢ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. 

ʇʦʣʝʚʳʝ ʨʘʙʦʪʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ 

ʵʣʝʢʪʨʦʥʥʳʤ ʪʘʭʝʦʤʝʪʨʦʤ SokkiaSET1X; 

ʮʠʬʨʦʚʳʤʥʠʚʝʣʠʨʦʤ Dini 0.3 ʠ ʰʪʨʠʭʢʦʜʦʚʳʤʠ 

ʠʥʚʘʨʥʳʤʠ ʨʝʡʢʘʤʠ; 

ʵʣʝʢʪʨʦʥʥʳʤʰʪʘʥʛʝʥʮʠʨʢʫʣʝʤ [30-31]. 

 

 
ʈʠʩʫʥʦʢ 4. ɻʨʘʬʠʢ ʠʟʝʤʥʝʥʠʷ ʦʩʘʜʦʢ 

 

ɺʳʚʦʜʳ.ʉʚʦʝʚʨʝʤʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʠ 

ʦʧʝʨʘʪʠʚʥʘʷ ʨʝʘʢʮʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʛʘʨʘʥʪʠʨʫʶʪ ʜʦʣʛʫʶ ʠ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʦʙʲʝʢʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʬʦʨʤʠʨʫʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʡ ʦʪʯʝʪ, 

ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ:  

-ʢʘʪʘʣʦʛ ʦʪʤʝʪʦʢ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʤʘʨʦʢ ʠ 

ʦʧʦʨʥʳʭ ʨʝʧʝʨʦʚ 

- ʩʚʦʜʥʘʷ ʚʝʜʦʤʦʩʪʴ ʦʩʘʜʦʢ; 

- ʢʘʪʘʣʦʛ ʢʦʦʨʜʠʥʘʪ ʠ ʦʪʤʝʪʦʢ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʟʥʘʢʦʚ; 

- ʚʝʜʦʤʦʩʪʴ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ 

ʧʝʨʝʤʝʱʝʥʠʡ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʟʥʘʢʦʚ ʥʘ ʢʦʣʦʜʮʘʭ 

ʧʦʜʟʝʤʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ; 

- ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʦʩʘʜʦʢ; 

-ʚʝʜʦʤʦʩʪʴ ʧʨʝʚʳʰʝʥʠʡ ʠ ʚʳʩʦʪ; 

-ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʚʝʣʠʨʥʳʭ ʣʠʥʠʡ; 

-ʚʝʜʦʤʦʩʪʴ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚʳʩʦʪ ʧʫʥʢʪʦʚ. 

ʇʨʦʚʝʜʝʥʠʝ ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤ ʠ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʩʣʝʜʫʶʱʠʤʠ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ: 

Å ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ384-ʌɿ ʦʪ 30.12.2009 

ʛ. "ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʛʣʘʤʝʥʪ ʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ"; 

Å ʉʇ (22.13330.2011) çʉʅʠʇ 2.02.01-83. 

ʆʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡè; 

Å ɻʆʉʊ (24846-2012) çɻʨʫʥʪʳ ʄʝʪʦʜʳ 

ʠʟʤʝʨʝʥʠʡ ʜʝʬʦʨʤʘʮʠʡ ʦʩʥʦʚʘʥʠʡ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡè; 

Å ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʄʦʩʢʚʳ ʟʘ 

 ̄857 (ʦʪ 7 ʜʝʢʘʙʨʷ 2004 ʛʦʜʘ) ʠ ʜʨʫʛʠʤʠ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʚʦʜʠʤʳʤ ʠʟʳʩʢʘʥʠʷʤ ʥʘ 

ʵʪʘʧʘʭ ʚʦʟʚʝʜʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ, 

ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ 

ʩʥʠʞʘʶʪʩʷ ʨʠʩʢʠ ʨʘʟʨʫʰʝʥʠʷ ʟʜʘʥʠʡ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʪʩʷ ʤʘʪʝʨʠʘʣʴʥʳʝ ʫʙʳʪʢʠ ʠʟ-ʟʘ 

ʙʳʩʪʨʦʡ ʜʝʬʦʨʤʘʮʠʠ ʵʣʝʤʝʥʪʦʚ; ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ 

ʙʝʟʦʧʘʩʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ 

ʚʦʟʚʝʜʝʥʠʠ ʠʣʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ; 

ʠʩʢʣʶʯʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʦʙʲʝʢʪʦʚ 

ʥʘʙʣʶʜʝʥʠʷ.ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʙʝʟʦʧʘʩʥʦʝ ʚʦʟʚʝʜʝʥʠʝ ʥʦʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʥʘʜʝʞʥʦʩʪʴ 

ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʟʜʘʥʠʡ ʠ ʥʦʚʦʩʪʨʦʝʢ.  

ɻʝʦʤʦʥʠʪʦʨʠʥʛ ʧʦʟʚʦʣʷʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʪʢʣʦʥʝʥʠʡ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʟʜʘʚʘʝʤʫʶ ʥʠʤʠ ʦʧʘʩʥʦʩʪʴ, 

ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʙʝʞʘʪʴ ʚʣʠʷʥʠʷ ʥʝʛʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʩʵʢʦʥʦʤʠʪʴ ʩʨʝʜʩʪʚʘ ʥʘ ʣʠʢʚʠʜʘʮʠʠ ʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ [32-35].  
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ɸʅʅʆʊɸʎʀʗ 

 

ʏʘʩʪʦ ʚ ʭʦʜʝ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʧʦʧʫʪʥʦ ʜʦʙʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʢʘʤʝʥʥʳʝ ʧʦʨʦʜʳ, ʦʙʲʝʤʳ ʪʘʢʠʭ ʚʩʢʨʳʰʥʳʭ ʧʦʨʦʜ ʯʘʩʪʦ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 90%, ʧʨʠ 10-15% ʧʦʣʝʟʥʦʛʦ 

ʠʩʢʦʧʘʝʤʦʛʦ, ʧʨʠʯʝʤ ʥʝʨʝʜʢʦ ʧʦʧʫʪʥʦ ʜʦʙʳʚʘʝʤʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʚ ʪʦʤ ʯʠʩʣʝ, ʷʚʣʷʶʪʩʷ ʧʦʣʝʟʥʳʤʠ 

ʠʩʢʦʧʘʝʤʳʤʠ, ʚʳʚʦʟʷʪ ʚ ʦʪʚʘʣ. ʊʘʢ ʚ ʤʠʨʝ ʩʢʦʧʠʣʦʩʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʣʝʞʝʡ ʦʪʭʦʜʦʚ ʧʦʧʫʪʥʦ-

ʜʦʙʳʚʘʝʤʳʭ ʧʦʨʦʜ. ʅʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʫʯʝʥʳʤʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʠʜʘ 

ʱʝʙʥʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʪʦʥʦʚ ʤʦʞʝʪ ʜʦʧʦʣʥʠʪʴ, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʠʪʫʘʮʠʷʭ ʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ 

ʪʨʘʜʠʮʠʦʥʥʦʝ ʩʳʨʴʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ ʜʣʷ ʙʝʪʦʥʦʚ ʦʪʭʦʜʳ ʧʦʧʫʪʥʦ-ʜʦʙʳʚʘʝʤʳʭ ʧʦʨʦʜ ï ʱʝʙʝʥʴ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʟʘʧʦʣʥʠʪʝʣʠ, ʪʷʞʝʣʳʡ ʙʝʪʦʥ, ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢ. 

 

ABSTRACT 

 

Often, during the development of mineral deposits, various rocks are mined along the way; the volumes of such 

overburden rocks often amount to up to 90%, with 10-15% of the minerals, and often the associated rocks, which are 

also minerals, are taken to a dump. Thus, a huge amount of waste deposits of associated rocks has accumulated in the 

world.But research conducted by scientists has shown that the use of some type of crushed stone for the production of 

concrete can complement, and in some situations, completely replace traditional raw materials.  In this regard, the 

purpose of the research is to consider the possibility of using waste from associated rocks - crushed quartzite sandstone 

- as a filler  for concrete.  

Key words: aggregates, heavy concrete, quartzite sandstone. 

 

ʆʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʡ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦ ʜʦʙʳʯʝ, 

ʦʙʦʛʘʱʝʥʠʶ ʞʝʣʝʟʥʦʡ ʨʫʜʳ, ʠ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʯʝʨʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʨʠʷʪʠʝ ʚ ɹʝʣʛʦʨʦʜʩʢʦʡ 

ʦʙʣʘʩʪʠ ï çʃʝʙʝʜʠʥʩʢʠʡ ʛʦʨʥʦ-ʦʙʦʛʘʪʠʪʝʣʴʥʳʡ 

ʢʦʤʙʠʥʘʪè (ʃʝʙʝʜʠʥʩʢʠʡ ɻʆʂ) ʂʫʨʩʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʘʥʦʤʘʣʠʠ. ʇʣʦʱʘʜʴ ʧʨʦʩʪʠʨʘʥʠʷ ʂʫʨʩʢʦʡ 

ʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʠ (ʂʄɸ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʟʘʥʠʤʘʝʪ ʙʦʣʝʝ 160 ʪʳʩ. ʢʤĮ, ʟʘʭʚʘʪʳʚʘʷ 

ʪʝʨʨʠʪʦʨʠʠ ʜʝʚʷʪʠ ʦʙʣʘʩʪʝʡ ʎʝʥʪʨʘ ʠ ʖʛʘ ʩʪʨʘʥʳ - 

ʵʪʦ ʩʘʤʳʡ ʤʦʱʥʳʡ ʚ ʤʠʨʝ ʞʝʣʝʟʦʨʫʜʥʳʡ ʙʘʩʩʝʡʥ.  

 ʉʳʨʴʝʚʘʷ ʙʘʟʘ ʢʦʤʙʠʥʘʪʘ ï ʫʥʠʢʘʣʴʥʳʝ ʧʦ 

ʤʘʩʰʪʘʙʘʤ ʠ ʢʘʯʝʩʪʚʫ ʟʘʧʘʩʳ ʞʝʣʝʟʠʩʪʳʭ 

ʢʚʘʨʮʠʪʦʚ. 

ɼʦʙʳʯʘ ʨʫʜʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʢʨʳʪʳʤ 

ʩʧʦʩʦʙʦʤ ʧʨʠ ʧʦʤʦʱʠ ʚʟʨʳʚʘʥʠʷ, ʵʢʩʢʘʚʘʮʠʠ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʦʨʥʦʡ ʤʘʩʩʳ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʠ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʉʦʚʤʝʩʪʥʦ ʩ 

ʜʦʙʳʯʝʡ ʨʫʜʳ ʧʦʧʫʪʥʦ ʜʦʙʳʚʘʝʪʩʷ ʥʝʨʫʜʥʦʝ 

ʤʠʥʝʨʘʣʴʥʦʝ ʩʳʨʴʝ, ʪʘʢʦʝ ʢʘʢ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, 

ʤʝʣ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʣʘʥʮʳ, ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢ ʠ 

ʜʨ.. 

ʈʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʱʝʙʝʥʴ ʠʟ ʧʦʧʫʪʥʦ-ʜʦʙʳʚʘʝʤʳʭ ʧʦʨʦʜ, ʤʦʞʝʪ 

ʥʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ ʟʘʤʝʥʠʪʴ ʛʨʘʥʠʪʥʳʡ ʱʝʙʝʥʴ, 

ʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʩʦʩʪʘʚʳ 

ʙʝʪʦʥʦʚ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʪʘʢʦʛʦ 

ʱʝʙʥʷ ʚ ʨʘʟʳ ʩʥʠʞʘʝʪ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʛʨʘʥʠʪʥʦʛʦ 

ʱʝʙʥʷ.  

ʉʚʦʡʩʪʚʘ ʟʘʧʦʣʥʠʪʝʣʝʡ ʜʘʞʝ ʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʘʟʣʠʯʥʘ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʵʢʦʥʦʤʠʠ 

ʚʷʞʫʱʝʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʧʨʦʯʥʦʩʪʴʟʘʧʦʣʥʠʪʝʣʷ ʚ 1,2-1,5 ʨʘʟʘ ʧʨʝʚʦʩʭʦʜʠʣʘ 

ʧʨʦʝʢʪʥʫʶ ʤʘʨʢʫ ʙʝʪʦʥʘ. ʕʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ 

ʟʘʧʦʣʥʠʪʝʣʷ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʟʘʧʦʣʥʠʪʝʣʝʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʦʡ 
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ʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʚʦʜʦ- ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʴʶ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ 

ʙʝʪʦʥʘ ʧʨʠʤʝʥʷʣʠ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢ ʂʄɸ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʥʘ 95% ʠʟ ʢʚʘʨʮʘ, ʠʤʝʶʱʝʛʦ 

ʚʝʩʴʤʘ ʥʝʩʦʚʝʨʰʝʥʥʫʶ ʩʧʘʡʥʦʩʪʴ ʠ ʚʳʩʦʢʫʶ 

ʩʪʝʧʝʥʴ ʘʜʛʝʟʠʠ ʢ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʥʶ. ɻʨʘʥʠʪ 

ʩʦʩʪʦʠʪ ʥʘ 30-35% ʠʟ ʢʚʘʨʮʘ, ʦʢʦʣʦ 60% ʧʦʣʝʚʳʭ 

ʰʧʘʪʦʚ ʠ ʦʩʪʘʣʴʥʦʝ ʠʟ ʩʣʶʜʳ. ʋ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ 

ʩʧʘʡʥʦʩʪʴ ʩʦʚʝʨʰʝʥʥʘʷ, ʘ ʫ ʩʣʶʜʳ ʚʝʩʴʤʘ 

ʩʦʚʝʨʰʝʥʥʘʷ. ɸʜʛʝʟʠʷ ʢ ʮʝʤʝʥʪʥʦʤʫ ʢʘʤʥʶ ʫ 

ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʩʣʶʜ ʦʯʝʥʴ ʥʠʟʢʘʷ, ʧʦʵʪʦʤʫ 

ʛʨʘʥʠʪʳ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʙʝʪʦʥʦʚ. 

ɼʘʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʣʦʞʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʤʠʧʦʣʫʯʝʥʠʷʪʷʞʝʣʳʭ 

ʙʝʪʦʥʦʚʥʘʟʘʧʦʣʥʠʪʝʣʝʠʟʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘʠ 

ʛʨʘʥʠʪʘ. ʊʘʢʞʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʦʣʥʠʪʝʣʷ 

ʧʦʣʫʯʝʥʘ ʰʠʨʦʢʘʷ ʥʦʤʝʥʢʣʘʪʫʨʘ ʙʝʪʦʥʦʚ ʜʦ ʢʣʘʩʩʘ 

ɺ 80[1-9]. 

ʈʘʟʨʘʙʦʪʢʘ ʩʦʩʪʘʚʦʚ ʙʝʪʦʥʦʚ ʥʘ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʝ ʠ ʛʨʘʥʠʪʥʦʤ ʟʘʧʦʣʥʠʪʝʣʝ 

ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʨʘʟʮʘʭ ʨʘʟʤʝʨʦʤ 150x150x150 ʤʤ 

ʥʘ ʩʤʝʩʠ ʩ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴʶ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʩʘʜʢʝ ʢʦʥʫʩʘ, ʨʘʚʥʦʡ 200 ʤʤ 

ʧʨʠ ɺ/ʎ=0,42-0,46. ʆʙʨʘʟʮʳ ʩʫʪʢʠ ʪʚʝʨʜʝʣʠ ʚ 

ʬʦʨʤʘʭ, ʧʦʣʝ ʯʝʛʦ ʧʦʜʚʝʨʛʘʣʠʩʴ ʊɺʆ ʧʦ ʨʝʞʠʤʫ: 2 

ʯ. ï ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 65 
ʦ
ʉ; 10 ʯ. ï 

ʠʟʦʪʝʨʤʠʯʝʩʢʘʷ ʚʳʜʝʨʞʢʘ; 2 ʯ. ï ʦʩʪʳʚʘʥʠʝ ʜʦ 20 
ʦ
ʉ. 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ ʦʧʨʝʜʝʣʷʣʠ ʧʦ 

ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ ï ɻʆʉʊ 10180-2012 

çɹʝʪʦʥʳ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʧʦ 

ʢʦʥʪʨʦʣʴʥʳʤ ʦʙʨʘʟʮʘʤè. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʨʘʟʮʦʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ  ʧʨʦʚʦʜʠʣʠ ʚ 

ʚʦʟʨʘʩʪʝ 7 ʠ 28 ʩʫʪʦʢ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʪʚʝʨʜʝʥʠʷ. 

ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʟʘʚʠʩʠʪ 

ʦʪ ʧʣʦʪʥʦʩʪʠ ʢʨʫʧʥʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ 

ʚ ʩʦʩʪʘʚʝ, ʠ ʠʜʝʪ ʦʪ ʛʨʘʥʠʪʥʦʛʦ ʱʝʙʥʷ, ʢ ʱʝʙʥʶ ʠʟ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ, ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʯʠʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʟʘʤʝʱʝʥʠʝ ʛʨʘʥʠʪʥʦʛʦ ʱʝʙʥʷ ʥʘ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢ 

ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ ʙʝʪʦʥʥʦʡ 

ʩʤʝʩʠ, ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʚʦʜʦʮʝʤʝʥʪʥʦʛʦ ʦʪʥʦʱʝʥʠʷ 

(ʪʘʙʣʠʮʘ 4). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʙʝʪʦʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʩʪʘʚʘ ʠ ʚʠʜʘ ʟʘʧʦʣʥʠʪʝʣʷ ʫʢʘʟʘʥʳ ʚ 

ʪʘʙʣʠʮʘʭ5-7. 

 

 

ʊʘʙʣʠʮʘ 4 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʪʦʥʥʳʭʩʤʝʩʝʡ 

 

ɺʠʜ ʱʝʙʥʷ ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ, ʢʛ/ʤ
3
 ɺ/ʎ ʇʣʦʪʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, 

ʢʛ/ʤ
3
 ʎʝʤʝʥʪ ʇʝʩʦʢ ʑʝʙʝʥʴ ɺʦʜʘ 

ɻʨʘʥʠʪ 350 745 1100 192 0,55 2340 

ʂɺʇ 350 750 1110 182 0,52 2350 

ɻʨʘʥʠʪ 350 720 1050 161 0,46 2340 

ʂɺʇ 350 725 1060 158 0,45 2345 

 

ʊʘʙʣʠʮʘ 5 

ɹʝʪʦʥ ʢʣʘʩʩʘ ɺ25 ʥʘ ʛʨʘʥʠʪʥʦʤ ʱʝʙʥʝ ʅʦʚʦʧʘʚʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ɺʠʜ ʟʘʧʦʣʥʠʪʝʣʷ ʈʘʩʭʦʜʤʘʪʝʨʠʘʣʦʚʥʘIʤ
3
,ʢʛ ʉʨʝʜ. 

ʧʣʦʪʥ., 

ʢʛ/ʤ
3
 

Rʩʞ, 

ʄʇʘ 

Rʠʟʛ, 

ʄʇʘ 
ʑʝʙʝʥʴ ʇʝʩʦʢ ʎʝʤʝʥʪ ɺʦʜʘ ʉʇ 

ɻʨʘʥʠʪʥʳʡ 1210 590 350 145 4,5 2370 31,0 3,2 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ 

ʥʝʠʟʤʝʥʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʟʘʪʚʦʨʝʥʠʷ, ʚ 

ʩʤʝʩʷʭ ʥʘ ʢʨʫʧʥʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʠʟ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʥʠʢʘ ʠʜʝʥʪʠʯʥʦ ʢʦʥʪʨʦʣʴʥʳʤ 

ʦʙʨʘʟʮʘʤ. 

ʊʘʙʣʠʮʘ 6 

ʉʦʩʪʘʚʠʩʚʦʡʩʪʚʘʙʝʪʦʥʘɺ25ʩʟʘʧʦʣʥʠʪʝʣʷʤʠʠʟ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘʃɻʆʂʘ 

 

ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 1ʤ
3
, ʢʛ ɺ/ʎ ʉʨʝʜʥ. ʧʣʦʪʥ., 

ʢʛ/ʤ
3
 

Rʩʞ, ʄʇʘ Rʠʟʛ, ʄʇʘ 

ʑʝʙʝʥʴ 

(ʬʨ.5-20) 

ʇʝʩʦʢ 

(ʄʢ=1,9) 

ʎʝʤʝʥʪ ɺʦʜʘ ʉʇ 

 

ʉ ʧʝʩʢʦʤ ɾɹʀ-1 

1200 620 350 147 4,5 0,42 2310 35,4 3,5 

ʉ ʦʪʩʝʚʦʤ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ 

1200 620 350 154 4,5 0,44 2350 34,1 3,8 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʪʦʥ ʥʘ ʱʝʙʥʝ ʥʘ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʝ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦ ʧʨʦʯʥʦʩʪʠ 

ʘʥʘʣʦʛʠʯʥʳʡ ʚʠʜ ʙʝʪʦʥʘ ʥʘ ʛʨʘʥʠʪʥʦʤ ʱʝʙʥʝ. 

ɺʝʣʠʯʠʥʘ ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʝʢʪʥʦʡ ʠ ʩʦʩʪʘʚʣʷʝʪ ʢʣʘʩʩʫ ɺ25 ʠ 

ɺ30.ʇʦʚʳʰʝʥʠʝʤʘʨʦʯʥʦʡʧʨʦʯʥʦʩʪʠ ʥʘ18 

%ʫʙʝʪʦʥʘʩʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ ʨʘʩʭʦʜʘ ʮʝʤʝʥʪʘ ʚ ʪʘʢʦʤ 

ʙʝʪʦʥʝ. ʑʝʙʝʥʴ ʠʟ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ 

ʃʝʙʝʜʠʥʩʢʦʛʦ ɻʆʂʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʪʦʥʦʚ ʢʣʘʩʩʘ ɺ25 ʠ ʚʳʰʝ (ʪ.ʝ. 

ʤʘʨʢʘ 300 ʠ ʚʳʰʝ). 

ʊʘʙʣʠʮʘ 7 

ʉʦʩʪʘʚʠʩʚʦʡʩʪʚʘʙʝʪʦʥʘɺ30ʩʟʘʧʦʣʥʠʪʝʣʷʤʠʠʟ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘʃɻʆʂʘ 

 

ʈʘʩʭʦʜ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 1 ʤ
3
, ʢʛ ɺ/ʎ ʉʨʝʜʥ. 

ʧʣʦʪʥ., 

ʢʛ/ʤ
3
 

Rʩʞ, 

ʄʇʘ 

Rʠʟʛ, 

ʄʇʘ ʑʝʙʝʥʴ 

(ʬʨ.5-20) 

ʇʝʩʦʢ 

(ʄʢ=1,9) 

ʎʝʤʝʥʪ 

 

ɺʦʜʘ ʉʇ 

ʉ ʧʝʩʢʦʤ 

1200 620 400 168 4,7 0,42 2380 40,2 3,7 

ʉ ʦʪʩʝʚʦʤ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ 

1200 620 400 172 4,7 0,43 2390 39,8 3,7 

 

ʇʨʠ ʟʘʤʝʥʝ ʛʨʘʥʠʪʥʦʛʦ ʱʝʙʥʷ ʥʘ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʦʚʳʡʃɻʆʂʘ ʙʝʪʦʥʥʘʷ 

ʬʦʨʤʦʚʦʯʥʘʷ ʩʤʝʩʴ ʦʙʣʘʜʘʝʪʪʨʝʙʫʝʤʦʡ 

ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʙʝʪʦʥʘ ʟʘʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʱʝʙʥʷ ʠʟ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘʃɻʆʂʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ 

ʙʝʪʦʥʘ ʧʨʦʯʥʦʩʪʴʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʢʣʘʩʩʘʤ ɺ 25 

ʠ ɺ 30. ʇʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʙʝʪʦʥʘ ʩʦ ʱʝʙʥʝʤ 

ʠʟ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ ʥʘ 18 % ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʙʝʪʦʥʦʤ ʥʘ ʛʨʘʥʠʪʥʦʤ ʱʝʙʥʝ. 
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʧʨʦʠʟʚʦʜʩʪʚʘʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʡʥʳʭ 

ʤʝʣʴʥʠʮ, ʢʨʘʪʢʦ ʨʘʩʩʢʘʟʳʚʘʝʪʩʷ ʦʙʠʭ ʫʩʪʨʦʡʩʪʚʝ ʠ ʧʨʠʥʮʠʧʝʨʘʙʦʪʳ.ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʛʦʪʦʚʢʘ ʢ ʩʦʟʜʘʥʠʶ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʡʥʦʡ ʤʝʣʴʥʠʮʳ ʝ y ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. ɺ ʪʝʢʩʪʝ ʧʦʜʘʸʪʩʷ ʦʙʱʘʷ 

ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʸʤ, ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʮʝʤʝʥʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʩʪʨʫʡʥʘʷ ʤʝʣʴʥʠʮʘ, ʢʦʥʩʪʨʫʢʮʠʷ ʩʪʨʫʡʥʦʡ ʤʝʣʴʥʠʮʳ, 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʪʨʫʡʥʦʡ ʤʝʣʴʥʠʮʳ, ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ, ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ. 

 

ABSTRACT 

 

The article discusses the issue of the production of fine materials using jet mills, briefly describes their device 

and the principle of work.The main purpose of this article is to prepare for the creation of its digital counterpart based 

on a jet mill.  The text provides general information about it, the principle of its operation, advantages and 

disadvantages. 

Keywords: cement industry, jet mill,  jet mill  design, jet mill  operating principle, digital twin, advantages and 

disadvantages of digital twin. 

 

ʎʝʤʝʥʪʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʦʜʥʘ ʠʟ ʩʘʤʳʭ 

ʩʪʘʨʝʡʰʠʭ ʚ ʈʦʩʩʠʠ, ʧʝʨʚʳʡ ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʮʝʤʝʥʪʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʚ 1839 ʛʦʜʫ.ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʮʝʤʝʥʪ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʯʘʱʝ 

ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʤʝʩʷʭ ʠ 

ʨʘʩʪʚʦʨʘʭ. ʀʟʛʦʪʦʚʣʷʝʤʘʷ ʠʟ ʥʝʛʦ ʧʨʦʜʫʢʮʠʷ ï ʵʪʦ 

ʙʝʪʦʥ ʠ ʞʝʣʝʟʦʙʝʪʦʥ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʎʝʤʝʥʪ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʚʷʞʫʱʠʤ ʠ 

ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘʙʠʨʘʪʴ ʧʨʦʯʥʦʩʪʴ ʚʦ 

ʚʣʘʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʯʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʚʷʞʫʱʠʭ ï 

(ʛʠʧʩʘ, ʚʦʟʜʫʰʥʦʡ ʠʟʚʝʩʪʠ), ʢʦʪʦʨʳʝ ʪʚʝʨʜʝʶʪ 

ʪʦʣʴʢʦ ʥʘ ʚʦʟʜʫʭʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʟʨʝʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʧʦʣʫʯʝʥʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʫʭʠʭ 

ʩʤʝʩʝʡ ʪʦʥʢʦʛʦ ʧʦʤʦʣʘ. ʕʪʦʪʜʝʬʠʮʠʪ ʚʦʟʥʠʢ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʬʝʨʳ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ 

ʢʣʠʥʢʝʨʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ 

ʤʘʨʢʫ ʮʝʤʝʥʪʘ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʵʪʦ ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ 

ʨʦʣʴ, ʪ.ʢ. ʩʝʡʯʘʩ ʩʪʨʦʷʪ ʦʛʨʦʤʥʳʝ ʛʨʘʞʜʘʥʩʢʠʝ, 

ʪʝʭʥʠʯʝʩʢʠʝ, ʚʦʝʥʥʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʢʦʪʦʨʳʝ 

ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʢʦʣʦʩʩʘʣʴʥʳʝ ʥʘʛʨʫʟʢʠ. 

ʅʘ ʮʝʤʝʥʪʥʳʭ ʟʘʚʦʜʘʭ ʪʦʥʢʠʡ ʠ 

ʩʚʝʨʭʪʦʥʢʠʡ ʧʦʤʦʣ ʢʣʠʥʢʝʨʘ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ 

ʩʪʨʫʡʥʳʭ ʤʝʣʴʥʠʮ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʨʫʡʥʳʝ ʤʝʣʴʥʠʮʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʨʘʟʤʝʨ ʠʟʤʝʣʴʯʸʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʦʪ 200 ʥʤ ʜʦ 50 ʤʢʤ, ʧʨʠ ʵʪʦʤ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 

ʢʠʣʦʛʨʘʤʤʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʪʦʥʥ ʚ ʯʘʩ. ʕʪʦ ʟʘʚʠʩʠʪ 
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ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʠ ʠʟʤʝʣʴʯʘʝʤʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ʆʩʥʦʚʥʳʤʠ ʧʣʶʩʘʤʠ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ 

ʧʦʣʫʯʝʥʠʝ ʧʨʦʜʫʢʪʘ ʧʦʚʳʰʝʥʥʦʡ ʯʠʩʪʦʪʳ ʙʝʟ 

ʧʨʠʤʝʩʝʡ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʩʪʘʣʘ ʧʦʷʚʣʷʪʴʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʪʘʨʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ. 

ʆʜʥʦʡ ʠʟ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʩʪʨʫʡʥʳʡ 

ʧʦʤʦʣʴʥʳʡ ʢʦʤʧʣʝʢʩ. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʜʥʘ ʠʟ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʨʫʡʥʦʛʦ ʧʦʤʦʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ (ʉʇʂ). 

ʉʇʂ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʥʫʰʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʜʦʧʦʣʥʷʝʪ ʜʨʫʛ ʜʨʫʛʘ ʠ ʨʘʙʦʪʘʝʪ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ, 

ʝʩʣʠ ʞʝ ʦʜʠʥ ʠʟ ʘʛʨʝʛʘʪʦʚ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ, ʪʦ 

ʢʦʤʧʣʝʢʩ ʣʠʙʦ ʥʘʯʠʥʘʝʪ ʭʫʞʝ ʨʘʙʦʪʘʪʴ, ʣʠʙʦ ʞʝ 

ʚʦʚʩʝ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ. ʇʦʵʪʦʤʫ ʯʪʦʙʳ ʩʥʠʟʠʪʴ 

ʨʠʩʢ ʧʦʣʦʤʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʳʭʦʜʘ ʝʛʦ ʠʟ ʩʪʨʦʷ, 

ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʫʣʫʯʰʝʥʠʝ, ʘ ʪʘʢʞʝ 

ʥʝʦʙʭʦʜʠʤʦ ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ (ʊʆ). ʉʝʨʜʮʝʤ ʜʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʩʪʨʫʡʥʘʷ ʤʝʣʴʥʠʮʘ.

 
ʈʠʩ. 1. ʉʪʨʫʡʥʳʡ ʧʦʤʦʣʴʥʳʡ ʢʦʤʧʣʝʢʩ.[1] 

1 ï ʚʦʟʜʫʰʥʳʡ ʢʦʤʧʨʝʩʩʦʨ; 2 ï ʙʘʢ ʨʝʩʠʚʝʨ; 3 ï ʤʘʰʠʥʘ ʜʣʷ ʩʫʙʣʠʤʘʮʠʦʥʥʦʡ ʩʫʰʢʠ; 4 ï ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ; 5 ï 

ʦʩʥʦʚʥʘʷ ʤʘʰʠʥʘ ʤʝʣʴʥʠʮʳ ʩʪʨʫʡʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ; 6 ï ʮʠʢʣʦʥʥʳʡ ʢʦʣʣʝʢʪʦʨ; 7 ï ʠʤʧʫʣʴʩʥʳʡ 

ʧʳʣʝʫʣʦʚʠʪʝʣʴ; 8 ï ʚʝʥʪʠʣʷʪʦʨ ʩ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʪʷʛʦʡ. 

 

ʉʪʨʫʡʥʘʷ ʤʝʣʴʥʠʮʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʤ 

ʘʧʧʘʨʘʪʦʤʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʥʳʡ 

ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʤʝʣʴʯʝʥʠʝ, 

ʨʘʟʜʝʣʝʥʠʝ ʠ ʦʩʘʞʜʝʥʠʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʚʠʜʝ 

ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʜʣʷ ʜʘʥʥʦʡ ʤʘʰʠʥʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚʦʟʜʫʭ ʠʣʠ ʧʘʨ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʚ ʜʘʥʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʥʦʩʪʠ ʮʝʥʪʨʦʚʢʠ ʨʘʟʛʦʥʥʳʭ ʪʨʫʙʦʢ. 

ɽʩʣʠ ʮʝʥʪʨʦʚʢʘ ʚʳʧʦʣʥʝʥʘ ʥʝ ʪʦʯʥʦ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ 

ʩʦʫʜʘʨʝʥʠʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʨʘʟʛʦʥʥʦʡ ʪʨʫʙʢʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʝ y ʨʘʟʨʫʰʝʥʠʝ ʚ 

ʪʝʯʝʥʠʠʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʨʘʙʦʪʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʊʘʢʞʝ ʩʥʠʞʘʝʪʩʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʦ ʟʘʜʘʥʥʦʡ 

ʢʨʫʧʥʦʩʪʠ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʩʥʠʞʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʪʨʫʡʥʳʭ 

ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʤʝʣʴʥʠʮ.  

 

 
ʈʠʩ. 2. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʪʨʫʡʥʳʭ ʧʨʦʪʠʚʦʪʦʯʥʳʭ ʤʝʣʴʥʠʮ. 
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ʊʝʧʝʨʴ ʧʝʨʝʡʜʸʤ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʫʡʥʦʡ 

ʤʝʣʴʥʠʮʳ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʦʚʨʝʤʝʥʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʡʥʦʡ ʤʝʣʴʥʠʮʳ. 

 
ʈʠʩ. 3. ʂʦʣʴʮʝʚʘʷ ʩʪʨʫʡʥʘʷ ʤʝʣʴʥʠʮʘ ʬʠʨʤʳ NETZSCH.[2] 

1 ï ʢʦʣʴʮʝʦʙʨʘʟʥʳʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ; 2 ï ʩʦʧʣʘ; 3 ï ʧʦʤʦʣʴʥʘʷ ʢʘʤʝʨʘ; 4 ï ʧʘʪʨʫʙʦʢ; 5 ï ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʠʡ 

ʨʦʪʦʨ 

 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʤʝʣʴʥʠʮʳ, 

ʩʣʝʜʫʶʱʠʡ: 

ʀʟʤʝʣʴʯʘʶʱʠʡ ʩʣʦʡ ʧʦʜʘʸʪʩʷ ʯʝʨʝʟ 

ʢʦʣʴʮʝʦʙʨʘʟʥʳʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ 1ʠ ʩʦʧʣʘ 2 ʚ 

ʧʦʤʦʣʴʥʫʶ ʢʘʤʝʨʫ 3, ʛʜʝ ʚ ʧʦʩʣʝʜʩʪʚʠʠ 

ʨʘʟʨʷʞʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʦʙʨʘʟʫʶʪʩʷ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʧʦʪʦʢʠ. ʀʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ 

ʧʦʜʘʸʪʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʦ ʚ ʧʦʤʦʣʴʥʫʶ ʢʘʤʝʨʫ 3 

ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʞʝʢʪʦʨʘ ʧʘʪʨʫʙʢʘ 4 ʠʣʠ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʯʝʨʝʟ ʰʣʶʟʦʚʦʡ 

ʟʘʪʚʦʨ. ʄʘʪʝʨʠʘʣ ʧʦʜʭʚʘʪʳʚʘʝʪʩʷ ʛʘʟʦʚʳʤʠ 

ʧʦʪʦʢʘʤʠ, ʫʩʢʦʨʷʝʪʩʷ ʠ ʠʟʤʝʣʴʯʘʝʪʩʷ ʟʘ ʩʯʸʪ 

ʩʦʫʜʘʨʝʥʠʷ ʯʘʩʪʠʮ. ɿʘʪʝʤ ʨʘʟʨʷʞʝʥʥʳʡ 

ʠʟʤʝʣʴʯʘʶʱʠʡ ʛʘʟ ʧʦʜʘʸʪ ʯʘʩʪʠʮʳ ʢ 

ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʝʤʫ ʨʦʪʦʨʫ 5, ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʤʦʪʦʨʦʤ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤ 

ʯʠʩʣʦʤ ʦʙʦʨʦʪʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʘʥʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʪʦʥʢʦʠʟʤʝʣʴʯʸʥʥʳʡ ʛʦʪʦʚʳʡ ʧʨʦʜʫʢʪ 

ʚʳʭʦʜʠʪ ʚʤʝʩʪʝ ʩ ʨʘʟʨʷʞʝʥʥʳʤ ʛʘʟʦʤ ʠʟ ʤʝʣʴʥʠʮʳ 

ʯʝʨʝʟ ʢʣʘʩʩʠʬʠʮʠʨʫʶʱʠʡ ʨʦʪʦʨ ʠ ʦʪʚʝʨʩʪʠʝ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʮʝʥʪʨʝ ʜʚʝʨʠ ʤʘʰʠʥʳ. ʉʣʠʰʢʦʤ 

ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʧʦʧʘʜʘʶʪ ʦʙʨʘʪʥʦ ʚ ʧʦʪʦʢ 

ʠʟʤʝʣʴʯʘʶʱʝʛʦ ʛʘʟʘ ʜʣʷ ʧʦʚʪʦʨʥʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ 

ʵʪʦʤ ʦʙʨʘʟʫʶʱʝʝʩʷ ʢʨʫʛʦʚʦʝ ʜʚʠʞʝʥʠʝ ʚ 

ʨʘʟʤʦʣʴʥʦʡ ʢʘʤʝʨʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʟʘʛʨʫʟʢʫ ʧʦʪʦʢʦʚ 

ʯʘʩʪʠʮʘʤʠ ʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʰʝʡ ʮʝʣʴʶ ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʷʚʣʷʝʪʩʷ 

ʧʦʜʛʦʪʦʚʢʘ ʢ ʩʦʟʜʘʥʠʶ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ 

ʦʙʲʝʢʪʘ ʥʘ ʙʘʟʝ ʵʣʝʤʝʥʪʦʚ ʩʪʨʫʡʥʦʡ ʤʝʣʴʥʠʮʳ 

(ʉʄ). ʀ ʪʝʧʝʨʴ ʧʦʩʣʝ ʨʘʟʙʦʨʘ ʤʘʰʠʥʳ, ʤʦʞʥʦ 

ʧʨʠʩʪʫʧʘʪʴ ʢ ʵʪʘʧʘʤ ʝʛʦ ʩʦʟʜʘʥʠʷ.ʏʪʦ ʪʘʢʦʝ 

ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ? ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ 

(DigitalTwin) ï ʵʪʦ ʧʨʦʛʨʘʤʤʥʳʡ ʘʥʘʣʦʛ 

ʬʠʟʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʤʦʜʝʣʠʨʫʶʱʠʡ 

ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʮʝʩʩʳ, ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʠ ʧʦʚʝʜʝʥʠʝ ʨʝʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʫʩʣʦʚʠʷʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʧʦʤʝʭ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʠʟʜʝʣʠʷʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʨʘʟʨʘʙʦʪʢʫ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʠʟʤʝʥʷʷʩʴ ʥʘ ʢʘʞʜʦʡ 

ʩʪʘʜʠʠ.[4] 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʟʘʜʘʥʠʷ ʥʘ ʥʝʛʦ 

ʚʭʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʩ 

ʜʘʪʯʠʢʦʚ (ʩʝʥʩʦʨʦʚ), ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʨʝʘʣʴʥʦʤ 

ʫʩʪʨʦʡʩʪʚʝ. 

ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʚ 

ʦʥʣʘʡʥ, ʪʘʢ ʠ ʚ ʦʬʣʘʡʥ ʨʝʞʠʤʘʭ. ʀʥʬʦʨʤʘʮʠʷ, 

ʧʦʩʪʫʧʘʶʱʘʷ ʩ ʨʝʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ, ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 

ʧʦʢʘʟʘʥʠʷʤʠ ʚʠʨʪʫʘʣʴʥʳʭ ʜʘʪʯʠʢʦʚ ʮʠʬʨʦʚʦʛʦ 

ʜʚʦʡʥʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ ʘʥʦʤʘʣʠʠ ʠ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʧʨʠʯʠʥʳ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ. 

ʅʘ ʵʪʘʧʝ ʵʩʢʠʟʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʆ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ / 

ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʚʘʨʠʘʮʠʡ ʩʠʩʪʝʤʥʦʡ ʤʦʜʝʣʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ 

ʠʟʜʝʣʠʷ ʜʣʷ ʦʮʝʥʢʠ ʠ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ɼʘʣʝʝ ʥʘ ʵʪʘʧʝ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ 

ʧʨʝʜʳʜʫʱʝʤ ʵʪʘʧʝ ʤʦʜʝʣʴ ʤʦʞʝʪ ʜʦʨʘʙʘʪʳʚʘʪʴʩʷ ʠ 

ʫʪʦʯʥʷʪʴʩʷ ʧʨʠ ʧʦʤʦʱʠ ʙʦʣʝʝ ʪʦʯʥʳʭ ʩʠʩʪʝʤʥʳʭ 

ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ 

ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʭ ʯʠʩʣʝʥʥʳʭ 

ʨʘʩʯʝʪʦʚ. 

ʅʘ ʵʪʘʧʝ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʩʠʩʪʝʤʥʘʷ ʤʦʜʝʣʴ (ʢʦʪʦʨʘʷ ʫʞʝ ʤʦʞʝʪ ʥʘʟʳʚʘʪʴʩʷ 

ʎʠʬʨʦʚʳʤ ʜʚʦʡʥʠʢʦʤ ʠʟʜʝʣʠʷ) ʧʦʤʦʞʝʪ ʚ 

ʦʧʨʝʜʝʣʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʜʦʧʫʩʢʦʚ, ʪʦʯʥʦʩʪʝʡ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʙʝʟʦʪʢʘʟʥʦʡ ʨʘʙʦʪʳ ʠʟʜʝʣʠʷ ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ 

ʩʣʫʞʙʳ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʦ ʚʳʷʚʠʪʴ ʧʨʠʯʠʥʳ 

ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʚ ʧʨʦʮʝʩʩʝ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
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ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʵʪʘʧʫ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʠʟʜʝʣʠʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʜʦʨʘʙʦʪʘʥʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʩ 

ʨʘʟʨʘʙʦʪʢʦʡ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʠʟʜʝʣʠʡ, 

ʜʠʘʛʥʦʩʪʠʢʦʡ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ, 

ʧʦʚʳʰʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ, 

ʧʝʨʝʢʘʣʠʙʨʦʚʢʠ, ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ 

ʧʦʪʨʝʙʠʪʝʣʷ.[5] 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʮʠʬʨʦʚʳʭ 

ʜʚʦʡʥʠʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ (ʨʠʩ. 4). 

 
ʈʠʩ. 4.ʇʨʝʠʤʫʱʝʩʪʚʘ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 

 

ʅʦ ʪʘʢʞʝ,  ʢʘʢ ʠ ʫ ʣʶʙʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʥʝʜʦʩʪʘʪʢʠ: 

¶ ʪʨʝʙʫʶʪʩʷ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʨʘʙʦʯʠʝ, 

ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʤʝʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʦʡ ʠ 

ʧʨʘʚʠʣʴʥʦ ʨʘʩʧʦʨʷʞʘʪʴʩʷ ʩʦʙʨʘʥʥʳʤʠ ʜʘʥʥʳʤʠ; 

¶ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʠʟ-ʟʘ 

ʪʦʛʦ, ʯʪʦ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʝʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ. 
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ʤʘʪʝʨʠʘʣʦʚ, ʚʝʜʴ ʩʝʡʯʘʩ ʧʝʨʝʜ ʟʘʩʪʨʦʡʱʠʢʘʤʠ ʚʦʟʥʠʢ ʦʛʨʦʤʥʳʡ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ 

ʥʝʩʫʱʠʤʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʚʨʝʤʝʥʥʦʤʫ 

ʜʦʤʦʩʪʨʦʝʥʠʶ. ʊʘʢʞʝ ʚʥʠʤʘʥʠʝ ʧʨʠʢʦʚʘʥʦ ʢ  ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʘʢ ʚ ʧʝʨʠʦʜ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʪʘʢ ʠ ʚ ʧʝʨʠʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:ʜʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ, ʜʨʝʚʝʩʠʥʘ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ. 

 

ABSTRACT 

 

The issue of the construction of multi-storey buildings made of wood today has been raised at the level of 

national importance. The question arises as to how competitive wood is in the market of building materials, because 

now developers have a huge selection of materials with high load-bearing and energy-efficient properties that meet the 

high requirements for modern housing construction. Attention is also focused on the environmental friendliness of 

building materials both during operation and during construction. 

Keywords: wooden house construction, wood, environmental friendliness. 

 

ɼʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ - ʵʪʦ ʦʜʠʥ ʠʟ 

ʤʥʦʛʠʭ ʚʠʜʦʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ 

ʣʝʞʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʜʝʨʝʚʘ. 

ɼʨʝʚʝʩʠʥʘ ʙʳʣʘ ʠ ʦʩʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ɺ ʜʨʝʚʥʦʩʪʠ ʜʝʨʝʚʦ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʣʷ 

ʚʦʟʚʝʜʝʥʠʷ ʢʘʨʢʘʩʦʚ ʜʦʤʦʚ, ʤʦʩʪʦʚ ʠ ʜʨʫʛʠʭ 

ʩʦʦʨʫʞʝʥʠʡ.  ʅʘ ʈʫʩʠ ʠʟ ʥʝʛʦ ʩʪʨʦʠʣʠ ʭʨʘʤʳ, 

ʢʨʝʧʦʩʪʠ, ʢʥʷʞʝʩʢʠʝ ʠ ʙʦʷʨʩʢʠʝ ʭʦʨʦʤʳ, ʜʦʤʘ 

ʛʦʨʦʞʘʥ, ʢʨʝʩʪʴʷʥʩʢʠʝ ʠʟʙʳ, ʭʦʟʷʡʩʪʚʝʥʥʳʝ 

ʧʦʩʪʨʦʡʢʠ. ʕʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʝʨʝʚʦ 

ʙʳʣʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ ʫʜʦʙʥʳʤ ʚ ʦʙʨʘʙʦʪʢʝ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʤʘʪʝʨʠʘʣʦʤ, ʯʝʤ ʢʘʤʝʥʴ.  

ʀʩʪʦʨʠʷ ʜʝʨʝʚʷʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʥʘʩʯʠʪʳʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯʝʣʝʪʠʡ. ʉʘʤʦʡ ʩʪʘʨʦʡ 

ʠʟ ʥʳʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʜʝʨʝʚʷʥʥʳʭ ʧʦʩʪʨʦʝʢ ð 

ʭʨʘʤʫ ʍʦʨʶ ɻʘʢʫʤʦʥʜʟʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʤʫ ʚʙʣʠʟʠ 

ʜʨʝʚʥʝʡ ʷʧʦʥʩʢʦʡ ʩʪʦʣʠʮʳ ʅʘʨʳ, ð ʦʢʦʣʦ 1400 

ʣʝʪ.  ʇʨʠʤʝʨʥʦ 1000 ʣʝʪ ʜʝʨʝʚʷʥʥʦʡ ʮʝʨʢʚʫʰʢʝ ʚ 

ʥʝʙʦʣʴʰʦʤ ʥʦʨʚʝʞʩʢʦʤ ʛʦʨʦʜʢʝ ʃʠʣʣʝʭʘʤʤʝʨʝ. ʅʘ 

ʈʫʩʠ ʠʟ ʜʨʝʚʝʩʠʥʳ ʩʪʨʦʠʣʠ ʚʩʸ: ʦʪ ʧʨʦʩʪʦʡ 

ʜʝʨʝʚʷʥʥʦʡ ʠʟʛʦʨʦʜʠ ʜʦ ʮʝʨʢʚʝʡ, ʮʘʨʩʢʠʭ ʭʦʨʦʤ ʠ 

ʢʨʝʧʦʩʪʝʡ, ʥʦ ʵʪʠʭ ʩʪʨʦʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʩʦʭʨʘʥʠʣʦʩʴ ʠʟ-ʟʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʦʡʥ ʠ 

ʧʦʞʘʨʦʚ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʚʝʣʠʯʝʩʪʚʝʥʥʳʭ 

ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʜʦ ʥʘʰʠʭ ʜʥʝʡ ʧʘʤʷʪʥʠʢʦʚ ʨʫʩʩʢʦʡ 

ʜʝʨʝʚʷʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʷʚʣʷʝʪʩʷ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʩʪʦʨʠʢʦ-ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʠ 

ʵʪʥʦʛʨʘʬʠʯʝʩʢʠʡ ʤʫʟʝʡ-ʟʘʧʦʚʝʜʥʠʢ ʂʠʞʠ. ɺ 

ʈʦʩʩʠʠ ʜʝʨʝʚʷʥʥʦʝ ʜʦʤʦʩʪʨʦʝʥʠʝ ʫʩʪʫʧʠʣʦ ʩʚʦʸ 

ʧʦʣʦʞʝʥʠʝ ʩʪʨʦʝʥʠʷʤ ʠʟ ʢʘʤʥʷ ʣʠʰʴ ʚ ʢʦʥʮʝ 19-ʛʦ 

ʚʝʢʘ. ʆʜʥʘʢʦ ʠ ʚ ʥʘʯʘʣʝ ʍʍ-ʛʦ ʚʝʢʘ ʚ ʈʦʩʩʠʠ 

ʧʦʷʚʣʷʣʠʩʴ ʚʳʜʘʶʱʠʝʩʷ ʧʦʩʪʨʦʡʢʠ, ʮʝʣʠʢʦʤ 

ʩʜʝʣʘʥʥʳʝ ʠʟ ʜʝʨʝʚʘ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʧʘʚʠʣʴʦʥ çʄʘʭʦʨʢʘè ʘʨʭʠʪʝʢʪʦʨʘ ʂ. ʉ. 

ʄʝʣʴʥʠʢʦʚʘð ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʝʨʚʳʭ 

ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʠʤʝʨʦʚ ʘʨʭʠʪʝʢʪʫʨʳ ʩʦʚʝʪʩʢʦʛʦ 

ʘʚʘʥʛʘʨʜʘ. 

ʉʘʤʳʤ ʚʳʩʦʢʠʤ ʜʝʨʝʚʷʥʥʳʤ ʜʦʤʦʤ ʚ ʤʠʨʝ 

ʷʚʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ "ʅʝʙʦʩʢʨʝʙ ʉʫʪʷʛʠʥʘ" 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʦʪʦʨʦʛʦ ʥʘʯʘʣʦʩʴ ʚ 1992 ʛʦʜʫ. ɼʦʤ 

ʉʫʪʷʛʠʥʘ ʙʳʣ ʧʨʠʟʥʘʥ ʩʝʥʩʘʮʠʝʡ ʛʦʜʘ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʠ çɼʝʨʝʚʷʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ 

ʩʝʚʝʨʥʳʭ ʛʦʨʦʜʘʭè, ʧʨʦʭʦʜʠʚʰʝʡ ʚ ʥʦʨʚʝʞʩʢʦʤ 

ʛʦʨʦʜʝ ʊʨʦʥʭʝʡʤʝ, ʝʛʦ ʧʣʘʥʠʨʦʚʘʣʠ ʟʘʥʝʩʪʠ ʚ 

ʂʥʠʛʫ ʨʝʢʦʨʜʦʚ ɻʠʥʥʝʩʩʘ ʢʘʢ ʩʘʤʦʝ ʚʳʩʦʢʦʝ 

ʜʝʨʝʚʷʥʥʦʝ ʟʜʘʥʠʝ ʚ ʤʠʨʝ.  ɺ ʠʶʣʝ 2008 ʛʦʜʘ ʩʫʜ 

ʧʦʩʪʘʥʦʚʠʣ, ʯʪʦ ʟʜʘʥʠʝ ʧʦʩʪʨʦʝʥʦ ʥʝʟʘʢʦʥʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʚ ɸʨʭʘʥʛʝʣʴʩʢʝ ʟʘʧʨʝʱʝʥʦ ʩʪʨʦʠʪʴ 
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ʯʘʩʪʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʟʜʘʥʠʷ ʚʳʰʝ ʜʚʫʭ ʵʪʘʞʝʡ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʦʛʣʘʩʦʚʘʥʠʷ ʩ ʚʣʘʩʪʷʤʠ, ʠ 

ʜʦʣʞʥʦ ʙʳʪʴ ʩʥʝʩʝʥʦ ʟʘ ʩʯʸʪ ʚʣʘʜʝʣʴʮʘ. ɼʦʤ 

ʪʨʝʙʦʚʘʣʦʩʴ ʩʥʝʩʪʠ ʥʝ ʧʦʟʜʥʝʝ 1 ʬʝʚʨʘʣʷ 2009 ʛʦʜʘ.  

14 ʥʦʷʙʨʷ 2008 ʛ. ʙʳʣ ʦʙʲʷʚʣʝʥ ʪʝʥʜʝʨ ʥʘ 

ʧʨʦʚʝʜʝʥʠʝ ʨʘʙʦʪ ʧʦ ʩʥʦʩʫ ʟʜʘʥʠʷ ʚ ʩʚʷʟʠ ʩ ʦʪʢʘʟʦʤ 

ʉʫʪʷʛʠʥʘ ʩʜʝʣʘʪʴ ʵʪʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ 

2,6 ʤʠʣʣʠʦʥʘ ʨʫʙʣʝʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʜʨʝʚʝʩʠʥʳ ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. ɽʛʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʦʙʣʠʮʦʚʢʝ 

ʬʘʩʘʜʦʚ, ʩʦʟʜʘʥʠʠ ʜʝʢʦʨʘʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ 

ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʬʦʨʤ. 

ʆʜʥʠʤ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʷʨʢʠʭ ʧʨʠʤʝʨʦʚ 

ʧʨʠʤʝʥʝʥʠʷ ʜʨʝʚʝʩʠʥʳ ʚ ʘʨʭʠʪʝʢʪʫʨʝ ʷʚʣʷʝʪʩʷ 

ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʩʦʦʨʫʞʝʥʠʝ ʚ ʤʠʨʝ "ʄʝʪʨʦʧʦʣʴ 

ʇʘʨʘʩʦʣʴ". 

ʄʝʪʨʦʧʦʣʴ ʇʘʨʘʩʦʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʙʝʪʦʥʘ ʠ ʜʝʨʝʚʘ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ 

ʀʩʧʘʥʩʢʦʤ ʛʦʨʦʜʝ ʉʝʚʠʣʴʷ. ʅʘʟʥʘʯʝʥʠʝ 

ʜʘʥʥʦʛʦʩʦʦʨʫʞʝʥʠʝ ʠʤʝʣʦ ʜʚʝ ʧʨʠʯʠʥʳ - 

ʧʨʘʢʪʠʯʝʩʢʫʶ ʠ ʵʩʪʝʪʠʯʝʩʢʫʶ. ʇʨʘʢʪʠʯʝʩʢʠʡ 

ʘʩʧʝʢʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʦʟʜʘʥʠʠ ʫʶʪʘ ʠ ʫʜʦʙʩʪʚʘ ʚʦ 

ʚʨʝʤʷ ʞʘʨʢʠʭ ʜʥʝʡ, ʪʘʢ ʢʘʢ ʧʦʜ ʛʠʛʘʥʪʩʢʠʤ ʟʦʥʪʦʤ 

ʛʦʨʦʞʘʥʝ ʠ ʛʦʩʪʠ ʫʢʨʳʚʘʣʠʩʴ ʚ ʧʨʦʭʣʘʜʝ ʦʪ 

ʧʘʣʷʱʝʛʦ ʩʦʣʥʮʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʵʩʪʝʪʠʢʠ, ʪʦ 

ʄʝʪʨʦʧʦʣʴ ʇʘʨʘʩʦʣʴ ʨʘʟʙʘʚʠʣ ʧʘʣʠʪʨʫ 

ʠʩʪʦʨʠʯʝʩʢʠʭ ʟʜʘʥʠʡ ʥʦʚʳʤ ʬʫʪʫʨʠʩʪʠʯʝʩʢʠʤ 

ʦʙʣʠʢʦʤ, ʪʝʤ ʩʘʤʳʤ ʧʦʢʘʟʘʚ, ʯʪʦ ʠ ʉʝʚʠʣʴʷ ʥʝ 

ʦʪʩʪʘʝʪ ʦʪ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ʄʝʪʨʦʧʦʣʴ ʇʘʨʘʩʦʣʴ ʙʳʣʦ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ 

ʥʝʤʝʮʢʠʤ ʘʨʭʠʪʝʢʪʦʨʦʤ, ʭʫʜʦʞʥʠʢʦʤ ʠ 

ʜʠʨʝʢʪʦʨʦʤ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʶʨʦ ʚ ɹʝʨʣʠʥʝ, 

ʖʨʛʝʥʦʤ ʄʘʡʝʨʦʤ. ʄʘʡʝʨ ʚʳʠʛʨʘʣ 

ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʢʫʨʩ ʚ 2004 ʛʦʜʫ, ʟʘʜʘʯʝʡ 

ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʥʘ ʤʝʩʪʝ ʩʪʘʨʦʛʦ 

ʨʳʥʢʘ. 

ʅʘʯʠʥʘʷ ʝʱʝ ʩ 1948 ʛʦʜʘ, ʙʳʣ ʟʘʧʣʘʥʠʨʦʚʘʥ 

ʧʣʘʥ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʦʨʦʜʘ, ʛʜʝ ʛʦʚʦʨʠʣʦʩʴ ʦ 

ʩʥʝʩʝʥʠʷ ʨʳʥʢʘ ʩ ʧʣʦʱʘʜʠ. ɺ 1990-ʭ ʧʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʫʠʥʳ ʨʠʤʩʢʦʛʦ 

ʧʝʨʠʦʜʘ, ʠ ʩʪʨʦʡʢʫ ʧʨʠʰʣʦʩʴ ʦʪʣʦʞʠʪʴ, ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ, ʥʝ 

ʟʘʪʨʘʛʠʚʘʶʱʠʡ ʮʝʣʦʩʪʥʦʩʪʴ ʨʫʠʥ. ʄʝʪʨʦʧʦʣʴ 

ʇʘʨʘʩʦʣʴ ʄʘʡʝʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʠʣ ʧʦʜ ʵʪʠ 

ʪʨʝʙʦʚʘʥʠʷ. 

ʆʜʥʘʢʦ ʚ ʭʦʜʝ ʚʦʟʚʝʜʝʥʠʷ ʠʥʞʝʥʝʨʳ 

ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʨʷʜʦʤ ʪʨʫʜʥʦʩʪʝʡ, ʠ ʚ 2007 ʛʦʜʫ 

ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʧʨʦʝʢʪ ʄʝʪʨʦʧʦʣʴ ʇʘʨʘʩʦʣʴ 

ʪʝʭʥʠʯʝʩʢʠ ʥʝʚʳʧʦʣʥʠʤ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ 

ʤʘʪʝʨʠʘʣʳ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʥʝ ʙʳʣʠ ʟʘʨʘʥʝʝ 

ʦʧʨʦʙʦʚʘʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʤʘʪʝʨʠʘʣ ʠʟ ʙʝʨʝʟʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʬʠʥʩʢʠʤ 

ʧʨʝʜʧʨʠʷʪʠʝʤ. ʆʜʥʘʢʦ ʧʨʠ ʫʢʨʝʧʣʝʥʠʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʩ ʦʙʲʝʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʚʘʣʩʷ, ʯʪʦ ʩʦʟʜʘʚʘʣʦ ʥʝʧʨʘʢʪʠʯʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʙʦʪ. 

ʃʠʰʴ ʚ 2009 ʛʦʜʫ ʙʳʣ ʥʘʡʜʝʥ ʚʳʭʦʜ - 

ʧʦʜʭʦʜʷʱʠʡ ʢʣʝʡ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ 

ʜʘʣʦ ʜʘʣʴʥʝʡʰʠʡ ʭʦʜ ʩʪʨʦʠʪʝʣʴʩʪʚʫ. ʀʟ-ʟʘ 

ʠʟʤʝʥʝʥʠʡ ʚ ʭʦʜʝ ʜʝʡʩʪʚʠʡ ʠ ʩʪʨʦʡʤʘʪʝʨʠʘʣʘʭ 

ʩʪʦʠʤʦʩʪʴ ʉʝʚʠʣʴʩʢʠʭ ɻʨʠʙʦʚ ʚʦʟʨʦʩʣʘ ʜʦ 100 ʤʣʥ. 

ʝʚʨʦ.  

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʯʠʪʘʝʪʩʷ ʩʘʤʳʤ 

ʙʦʣʴʰʠʤ ʜʝʨʝʚʷʥʥʳʤ ʩʦʦʨʫʞʝʥʠʝʤ ʚ ʤʠʨʝ. ɺʳʩʦʪʘ 

ʟʜʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 28 ʤʝʪʨʦʚ, ʘ ʜʣʠʥʥʘ ʠ ʰʠʨʠʥʘ 

150 ʠ 75 ʤʝʪʨʦʚ. ɿʦʥʪʳ ʩʦʩʪʦʷʪ ʠʟ ʬʠʛʫʨʥʳʭ 

ʧʘʥʝʣʝʡ ʩʣʦʝʥʥʦʛʦ ʰʧʦʥʘ. ɺʩʝʛʦ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʢʦʤʧʣʝʢʩʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 3,4 ʪʳʩ. ʪʘʢʠʭ ʧʘʥʝʣʝʡ ʠ 

3 ʪʳʩ. ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʫʟʣʦʚ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʜʣʠʥʘ 

ʢʘʞʜʦʡ ʧʘʥʝʣʠ ʜʦʩʪʠʛʘʝʪ 16,5 ʤʝʪʨʦʚ  

ɺʩʝ ʧʘʥʝʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʧʨʷʤʳʤ ʫʛʣʦʤ 

ʚ ʦʪʥʦʰʝʥʠʠ  ʜʨʫʛ ʢ ʜʨʫʛʫ, ʯʪʦʙʳ ʦʙʨʘʟʦʚʳʚʘʪʴ 

ʩʚʦʝʛʦ ʨʦʜʘ ʨʝʰʝʪʢʫ, ʩ ʢʚʘʜʨʘʪʥʳʤ ʦʪʚʝʨʩʪʠʝʤ 1,5 

ʥʘ 1,5 ʤʝʪʨʘ. ɺʩʷ ʜʝʨʝʚʷʥʥʘʷ ʯʘʩʪʴ ʚ ʢʦʤʧʣʝʢʩʝ 

ʄʝʪʨʦʧʦʣʴ ʇʘʨʘʩʦʣʴ ʦʙʨʘʙʦʪʘʥʘ ʚʦʜʦʩʪʦʡʢʠʤ 

ʣʘʢʦʤ ʠʟ ʧʦʣʠʫʨʝʪʘʥʘ, ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʝʨʝʧʘʜʘ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʚʣʘʞʥʦʩʪʠ. ʆʙʲʝʢʪ ʩʦʩʪʦʠʪ ʠʟ ʰʝʩʪʠ 

ʛʠʛʘʥʪʩʢʠʭ ʟʦʥʪʦʚ, ʥʘʧʦʤʠʥʘʶʱʠʭ ʛʨʠʙʳ. 

ɸʪʪʨʘʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʵʪʘʞʝʡ. ʇʦʜʟʝʤʥʳʡ 

ʫʨʦʚʝʥʴ ʚʤʝʱʘʝʪ ʚ ʩʝʙʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ 

ɸʥʪʠʢʚʘʨʠʫʤ, ʦʭʨʘʥʷʶʱʠʡ ʨʫʠʥʳ ʨʠʤʩʢʦʛʦ ʠ 

ʘʨʘʙʩʢʦʛʦ ʧʝʨʠʦʜʘ, ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʚ 1990-ʭ ʙʳʣʘ 

ʧʨʠʦʩʪʘʥʦʚʣʝʥʘ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʣʦʱʘʜʠ. ʅʘ 

ʧʝʨʚʦʤ ʵʪʘʞʝ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʣʦʞʠʣʩʷ 

ʮʝʥʪʨʘʣʴʥʳʡ ʨʳʥʦʢ, ʧʦʚʝʨʭ ʢʦʝʛʦ ʥʘʭʦʜʠʪʩʷ 

ʧʣʦʱʘʜʢʘ, ʟʘʪʝʥʝʥʥʘʷ ʟʦʥʪʘʤʠ, ʯʪʦʙʳ ʚ ʞʘʨʢʠʝ ʜʥʠ 

ʧʦʛʦʜʘ ʥʝ ʤʝʰʘʣʘ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ. 2 ʠ 3 

ʵʪʘʞʠ ʟʘʥʠʤʘʝʪ ʨʝʩʪʦʨʘʥ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʝʨʨʘʩ, 

ʦʪʢʫʜʘ ʦʪʢʨʳʚʘʝʪʩʷ ʧʘʥʦʨʘʤʥʳʡ ʚʠʜ ʥʘ ʮʝʥʪʨ 

ʛʦʨʦʜʘ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʜʝʨʝʚʷʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ 

ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʩʪʠʣʠ: 

ʩʢʘʥʜʠʥʘʚʩʢʠʡ, ʤʦʜʝʨʥ, ʢʣʘʩʩʠʮʠʟʤ, ʰʘʣʝ, 

ʙʘʨʥʭʘʫʩ ʠ ʜʘʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ð ʭʘʡ-

ʪʝʢ, ʤʠʥʠʤʘʣʠʟʤ, ʵʢʦ. 

ɺʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪ ʜʝʨʝʚʷʥʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʞʠʣʠʱʥʦʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʧʨʦʝʢʪʦʚ ʩʪʘʨʘʶʪʩʷ 

ʫʯʠʪʳʚʘʪʴ ʧʦʩʣʝʜʥʠʝ ʪʨʝʥʜʳ ʚ ʜʠʟʘʡʥʝ: 

- ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʦʩʪʝʢʣʝʥʠʷ. ɺ 

ʤʘʣʦʵʪʘʞʥʳʭ ʞʠʣʳʭ ʩʪʨʦʝʥʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 

ʧʘʥʦʨʘʤʥʳʝ ʦʢʥʘ ʥʘ ʢʫʭʥʝ, ʚ ʛʦʩʪʠʥʦʡ, ʩʧʘʣʴʥʷʭ ʠ 

ʜʨʫʛʠʭ ʧʦʤʝʱʝʥʠʷʭ. 

- ʦʙʫʩʪʨʦʡʩʪʚʦ ʧʨʦʩʪʦʨʥʳʭ ʪʝʨʨʘʩ ʠ ʚʝʨʘʥʜ ʩ 

ʦʩʪʝʢʣʝʥʠʝʤ ʠʣʠ ʙʝʟ. 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʣʦʩʢʦʡ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ 

ʢʨʦʚʣʠ. 

ɼʝʨʝʚʦ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʮʝʥʥʳʭ ʢʘʯʝʩʪʚ, 

ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʦʮʝʥʠʪʴ. ʂ ʥʠʤ ʤʦʞʥʦ 

ʦʪʥʝʩʪʠ: 

- ʵʢʦʣʦʛʠʯʥʦʩʪʴ; 

- ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ; 

- ʙʳʩʪʨʦʝ ʚʦʟʚʝʜʝʥʠʝ; 

- ʟʥʘʯʠʪʝʣʴʥʘʷ ʩʝʡʩʤʦʫʩʪʦʡʯʠʚʦʩʪʴ; 

- ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʪʝʧʣʦʠʟʦʣʷʮʠʠ; 

- ʣʝʛʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ; 

- ʵʢʦʥʦʤʠʷ ʩʨʝʜʩʪʚ ʥʘ ʦʪʦʧʣʝʥʠʝ ʠ 

ʦʭʣʘʞʜʝʥʠʝ ʜʦʤʘ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ, ʘ ʟʥʘʯʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ. 
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ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦ 2019 ʛʦʜʘ ʚ ʈʦʩʩʠʠ 

ʨʘʟʨʝʰʘʣʦʩʴ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʟʜʘʥʠʷ ʠʟ ʜʝʨʝʚʷʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʥʝ ʚʳʰʝ ʪʨʸʭ ʵʪʘʞʝʡ. 

ʉ 2020 ʛʦʜʘ ʄʠʥʩʪʨʦʝʤ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥ 

ʨʷʜ ʜʦʢʫʤʝʥʪʦʚ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʞʠʣʳʭ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ ʟʜʘʥʠʡ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʩʦʪʦʡ ʜʦ 

28 ʤʝʪʨʦʚ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʦʜʜʝʨʞʢʝ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʣʝʩʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʜʝʣʷʣʦʩʴ ʚ 

ʨʘʤʢʘʭ ʩʦʚʝʱʘʥʠʷ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ ɺ.ɺ. ʇʫʪʠʥʘ 22 ʤʘʨʪʘ 2023 ʛʦʜʘ ʧʦ 

ʚʦʧʨʦʩʘʤ ʨʘʟʚʠʪʠʷ ʣʝʩʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚʘʨʠʘʥʪ ʚʳʜʘʯʠ 

ʛʨʘʞʜʘʥʘʤ ʩʝʨʪʠʬʠʢʘʪʘ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʣʝʩʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʧʨʝʜʧʨʠʷʪʠʠ ʜʦʣʞʝʥ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʠʤʘʝʤʳʝ ʤʝʨʳ ʧʦʜʜʝʨʞʢʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʨʘʟʚʠʪʠʷ 

ʜʝʨʝʚʷʥʥʦʛʦ ʜʦʤʦʩʪʨʦʝʥʠʷ ʚ ʩʪʨʘʥʝ, ʫʯʘʩʪʥʠʢʘʤʠ 

çʢʨʫʛʣʦʛʦ ʩʪʦʣʘè ʦʪʤʝʯʘʝʪʩʷ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʧʨʦʙʣʝʤ, ʟʘʪʨʫʜʥʷʶʱʠʭ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ. 

ɺ ʯʘʩʪʥʦʩʪʠ: 

- ʦʪʩʫʪʩʪʚʠʝ ʧʦʣʥʦʮʝʥʥʦʡ ʥʦʨʤʘʪʠʚʥʦʡ ʙʘʟʳ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʠ 

ʩʝʡʩʤʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʙʲʝʢʪʦʚ ʠʟ 

ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʝʛʤʝʥʪʝ 

ʤʥʦʛʦʵʪʘʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ 

ʠʟʫʯʝʥʠʷ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ; 

- ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ 

ʜʝʨʝʚʷʥʥʳʭʜʦʤʦʢʦʤʧʣʝʢʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʦʤʘʤʠ, ʚʦʟʚʝʜʝʥʥʳʤʠ ʭʦʟʷʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ; 

 - ʚʳʩʦʢʠʝ ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʢʘʢ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʟʘʛʦʪʦʚʣʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʦʪ ʤʝʩʪ 

ʟʘʛʦʪʦʚʢʠ ʜʦ ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʪʘʢ ʠ ʥʘ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟ ʜʝʨʝʚʘ ʠ ʛʦʪʦʚʳʭ ʜʦʤʦʢʦʤʧʣʝʢʪʦʚ ʜʦ 

ʧʦʪʨʝʙʠʪʝʣʝʡ; 

 - ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʤʧʦʨʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ; 

 - ʦʪʩʫʪʩʪʚʠʝ ʝʜʠʥʳʭ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʚʩʝ 

ʚʠʜʳ ʟʜʘʥʠʡ ʧʦ ʠʭ ʥʘʟʥʘʯʝʥʠʶ; 

  - ʩʣʦʞʥʳʝ ʧʨʠʨʦʜʥʳʝ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʨʝʛʠʦʥʦʚ, ʦʩʣʦʞʥʷʶʱʠʝ 

ʧʨʠʤʝʥʝʥʠʝ ʜʝʨʝʚʷʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʦʙʲʝʢʪʦʚ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʥʝʜʦʩʪʘʪʢʠ ʜʨʝʚʝʩʠʥʳ, ʢʘʢ 

ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 

- ʘʥʠʟʦʪʨʦʧʠʷ ʩʪʨʦʝʥʠʷ ʜʨʝʚʝʩʠʥʳ; 

- ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ ʟʘʛʥʠʚʘʥʠʶ ʠ ʧʦʨʘʞʝʥʠʶ 

ʥʘʩʝʢʦʤʳʤʠ; 

- ʩʛʦʨʘʝʤʦʩʪʴ ʚ ʫʩʣʦʚʠʷʭ ʧʦʞʘʨʘ; 

- ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ (ʚʣʘʛʘ, ʪʝʤʧʝʨʘʪʫʨʘ); 

- ʫʩʫʰʢʘ, ʨʘʟʙʫʭʘʥʠʝ, ʢʦʨʦʙʣʝʥʠʝ ʠ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʪʤʦʩʬʝʨʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ 

- ʥʘʣʠʯʠʝ ʧʦʨʦʢʦʚ 

- ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʩʦʨʪʘʤʝʥʪʘ 

ʣʝʩʦʤʘʪʝʨʠʘʣʦʚ. 

ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʨʫʙʢʘ 

ʜʨʝʚʝʩʠʥʳ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʧʨʠʚʦʜʠʪ ʢ 

ʪʘʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʢʘʢ: 

1) ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʟʘʩʫʭ 

2) ʇʦʷʚʣʝʥʠʝ ʥʘʚʦʜʥʝʥʠʡ 

3) ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʝʩʯʘʥʳʭ ʙʫʨʴ  

4) ʉʤʳʚʘʥʠʝ ʧʣʦʜʦʨʦʜʥʦʛʦ ʩʣʦʷ ʧʦʯʚʳ  

5) ʇʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ 

6) ɻʠʙʝʣʴ ʞʠʚʦʪʥʳʭ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ ʨʘʟʥʳʭ 

ʠʭ ʚʠʜʦʚ 

7) ʉʥʠʞʝʥʠʝ ʦʙʲʝʤʘ ʬʦʪʦʩʠʥʪʝʟʘ  

8) ʅʘʨʫʰʘʝʪʩʷ ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʛʨʫʥʪʦʚʳʭ ʚʦʜ , ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʙʦʣʦʪ  

9) ʉʥʠʞʘʝʪʩʷ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ , ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʦʙʣʘʯʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʘ ʜʦʞʜʝʡ  

10) ɺʦʟʥʠʢʘʶʪ ʧʦʯʚʝʥʥʳʝ ʵʨʦʟʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʫʩʪʳʥʴ 

11) ɺʳʨʫʙʢʘ ʣʝʩʦʚ ʫʛʨʦʞʘʝʪ ʤʝʩʪʥʳʤ 

ʩʦʦʙʱʝʩʪʚʘʤ ʠ ʢʦʨʝʥʥʳʤ ʥʘʨʦʜʘʤ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ 

ʦʪ ʣʝʩʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʂʘʞʜʳʡ ʚʠʜ ʚʳʧʦʣʥʷʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʵʢʦʩʠʩʪʝʤʝ, ʠ ʧʦʪʝʨʷ ʭʦʪʷ ʙ  rʦʜʥʦʛʦ ʚʠʜʘ ʤʦʞʝʪ 

ʚʳʟʚʘʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʚʩʝʡ 

ʵʢʦʩʠʩʪʝʤʳ. ɼʦʢʣʘʜ çʉʦʩʪʦʷʥʠʝ ʣʝʩʦʚ ʤʠʨʘè, 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʌɸʆ ʠ ʖʅɽʇ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʵʪʠ 

ʚʳʚʦʜʳ. ɿʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ ʪʝʤʧʳ ʚʳʨʫʙʢʠ ʣʝʩʦʚ 

ʟʘʤʝʜʣʠʣʠʩʴ, ʥʦ ʚʩʝ ʞʝ ʩ 1990 ʛʦʜʘ ʤ  rʧʦʪʝʨʷʣʠ 

ʦʢʦʣʦ 420 ʤʣʥ ʛʝʢʪʘʨʦʚ ʣʝʩʘ. 

ɺ ʣʝʩʘʭ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʙʦʣʝʝ 60 ʪʳʩʷʯ ʚʠʜʦʚ 

ʨʘʩʪʝʥʠʡ ʠ ʜʝʨʝʚʴʝʚ, 80% ʚʩʝʭ ʟʝʤʥʦʚʦʜʥʳʭ, 75% 

ʚʠʜʦʚ ʧʪʠʮ ʠ 68% ʚʠʜʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ 

ʧʣʘʥʝʪʝ. ʇʦʪʝʨʷ ʣʝʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ 

ʤʥʦʞʝʩʪʚʘ ʜʠʢʠʭ ʚʠʜʦʚ ʬʣʦʨʳ ʠ ʬʘʫʥʳ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʫʛʨʦʟʦʡ ʜʣʷ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ. 

ʆʜʥʘʢʦ ʥʝʦʙʫʟʜʘʥʥʘʷ ʚʳʨʫʙʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʠʟʣʠʰʥʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʠ 

ʫʩʫʛʫʙʣʷʝʪ ʧʨʦʙʣʝʤʳ ʩ ʠʩʯʝʨʧʘʥʠʝʤ ʟʘʧʘʩʦʚ 

ʜʨʝʚʝʩʠʥʳ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ 

ʩʦʮʠʘʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʚʳʨʫʙʢʫ ʣʝʩʦʚ, ʷʚʣʷʝʪʩʷ 

ʢʦʤʤʝʨʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ, ʩʚʷʟʘʥʥʘʷ ʩ ʜʦʙʳʯʝʡ 

ʜʨʝʚʝʩʠʥʳ ʠ ʨʘʩʰʠʨʝʥʠʝʤ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʇʦ ʠʪʦʛʘʤ 2021 ʛʦʜʘ ʫʱʝʨʙ, ʧʨʠʯʠʥʝʥʥʳʡ 

ʥʝʟʘʢʦʥʥʳʤʠ ʚʳʨʫʙʢʘʤʠ ʣʝʩʘ ʚ ʈʦʩʩʠʠ, ʚʧʝʨʚʳʝ 

ʧʨʝʚʳʩʠʣ 11 ʤʣʨʜ ʨʫʙʣʝʡ. ɸ ʟʘ ʧʦʩʣʝʜʥʠʝ ʪʨʠ ʛʦʜʘ, 

ʧʦ ʜʘʥʥʳʤ ʄʇʈ, ʩʦʚʦʢʫʧʥʳʡ ʫʱʝʨʙ ʩʦʩʪʘʚʠʣ 30,8 

ʤʣʨʜ ʨʫʙʣʝʡ, ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʦʙʱʝʡ 

ʩʣʦʞʥʦʩʪʠ 52,4 ʪʳʩ. ʩʣʫʯʘʝʚ ʥʝʟʘʢʦʥʥʳʭ ʨʫʙʦʢ 

ʦʙʱʠʤ ʦʙʲʝʤʦʤ ʚ 4,1 ʤʣʥ ʢʫʙʦʤʝʪʨʦʚ ʜʨʝʚʝʩʠʥʳ. 

ɼʨʝʚʝʩʠʥʘ, ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ 

ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʧʨʝʠʤʫʱʝʩʪʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦ 

ʧʨʠʯʠʥʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ 

ʚʝʩʦʤʳʝ ʤʠʥʫʩʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʝʰʠʚʘʶʪ ʧʣʶʩʳ.  ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ ʚʳʨʫʙʢʘ ʣʝʩʦʚ ʚ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʘʭ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʫʩʫʛʫʙʣʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ʊʘʢ ʞʝ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ ʪʦʢʩʠʯʥʦʩʪʴ ʘʥʪʠʧʝʨʝʥʦʚ ʠ 

ʘʥʪʠʩʝʧʪʠʢʦʚ. ɸʥʪʠʧʠʨʝʥʳ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʦʷʥʠʝ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ, ʥʘʧʨʠʤʝʨ, ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ 
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ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʜʝʪʝʡ, ʥʝʛʘʪʠʚʥʦ 

ʚʣʠʷʪʴ ʥʘ ʨʝʧʨʦʜʫʢʪʠʚʥʫʶ ʩʠʩʪʝʤʫ ʠ ʚʳʟʳʚʘʪʴ 

ʜʨʫʛʠʝ ʦʧʘʩʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. ʏʝʨʝʟ ʧʳʣʴ 

ʘʥʪʠʧʠʨʝʥʳ ʧʦʧʘʜʘʶʪ ʚ ʧʠʱʝʚʘʨʠʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʠ ʣʸʛʢʠʝ ʯʝʣʦʚʝʢʘ ʠ ʘʢʢʫʤʫʣʠʨʫʶʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ. 

ɸʥʪʠʩʝʧʪʠʢʠ, ʚʚʦʜʠʤʳʝ ʚ ʩʦʩʪʘʚ ʦʛʥʝʟʘʱʠʪʥʳʭ 

ʩʤʝʩʝʡ, ʪʘʢʞʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʦʪʨʘʚʣʝʥʠʝ ʠʣʠ ʦʞʦʛ 

ʢʦʞʠ ʫ ʯʝʣʦʚʝʢʘ. ɼʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʜʨʝʚʝʩʠʥʳ 

ʟʘʱʠʱʘʝʪ ʦʪ ʛʨʠʙʢʦʚ ʠ ʧʘʨʘʟʠʪʦʚ, ʘ ʪʘʢ ʞʝ ʜʘʝʪ 

ʚʨʝʤʷ ʥʘ ʵʚʘʢʫʘʮʠʶ ʧʨʠ ʧʦʞʘʨʝ, ʦʜʥʘʢʦ ʥʝ 

ʠʩʢʣʶʯʘʝʪ ʧʦʣʥʦʩʪʴʶ ʩʧʦʩʦʙʥʦʩʪʠ ʜʨʝʚʝʩʠʥʳ 

ʛʦʨʝʪʴ, ʧʦʵʪʦʤʫ ʚʳʩʦʢʘʷ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʴ 

ʜʝʨʝʚʷʥʥʳʭ ʜʦʤʦʩʪʨʦʝʥʠʡ ʩʦʭʨʘʥʷʝʪʩʷ ʜʘʞʝ ʩ 

ʫʯʝʪʦʤ ʚʩʝʭ ʤʝʨ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ. 

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʨʝʚʝʩʠʥʳ ʢʘʢ ʦʪʜʝʣʦʯʥʦʛʦ ʠ 

ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚʦʟʤʦʞʥʦ, ʥʦ ʧʨʠʤʝʥʝʥʠʝ 

ʝʝ ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʩʪʨʦʠʪʝʣʴʩʚʘ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ, 

ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʶʪ ʤʘʪʝʨʠʘʣʳ ʩ ʥʘʠʙʦʣʝʝ 

ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ ʠ 

ʧʨʦʪʠʚʦʧʦʞʘʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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ɺ ʨʘʙʦʪʝ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʭʩʷ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ ʜʣʷ ʤʘʣʳʭ ʘʨʭʠʪʝʢʪʫʨʥʳʭ 

ʬʦʨʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʨʦʮʝʩʩʘʤʠ.ʂʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʷʚʣʷʣʦʩʴ ʦʙʝʩʧʝʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʩʘʤʦʫʧʣʦʪʥʝʥʠʷ ʜʣʷ 

ʧʨʠʜʘʥʠʷ ʩʣʦʞʥʳʭ ʬʦʨʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʚ ʨʘʤʢʘʭ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʘʣʦʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦʡ ʬʦʨʤʳ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʜʦʙʘʚʦʢ-ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʚʳʚʝʪʨʝʥʥʦʛʦ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ (ʂɺʇ) ʠ ʤʝʣʘ, ʩʪʝʢʣʷʥʥʦʡ ʬʠʙʨʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 3 % ʧʦ ʤʘʩʩʝ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʜʦ 23 % ʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʜʦ 34 %, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ ʙʝʪʦʥʘ, ʩ ʫʯʝʪʦʤ ʫʪʠʣʠʟʘʮʠʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʙʝʪʦʥʳ, ʚʳʚʝʪʨʝʥʥʳʡ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢ, ʪʝʭʥʦʛʝʥʥʦʝ ʩʳʨʴʝ, 

ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʙʝʪʦʥ, ʤʘʣʳʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʬʦʨʤʳ. 

 
ABSTRACT 

 

The work involved the development of self-sealing concrete mixtures for small architectural forms using mineral 

raw materials specially prepared by geological processes.The key direction in this case was to ensure the possibility of 

their self-sealing to give complex shapes, in particular for the small architectural form developed within the framework 

of these scientific studies. 

The effectiveness of the use of mineral additives modifiers based on weathered quartzite sandstone (KVP) and 

chalk, glass fiber in an amount of 3% by weight, consisting in increasing compressive strength to 23% and tensile 

strength during bending to 34%, as well as reducing porosity and increasing the density and frost resistance of concrete, 

taking into account the utilization of man-made raw materials. 

Keywords: fine-grained concrete, weathered quartzite sandstone, man-made raw materials, architectural 

concrete, small architectural forms. 

 

ʇʨʠʤʝʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʨʝʙʫʝʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚʩʝʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ.ʉʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʥʪʨʦʣʶ ʢʘʯʝʩʪʚʘ ʩʳʨʴʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʙʝʪʦʥʥʳʭ ʩʤʝʩʝʡ, ʦʙʝʩʧʝʯʝʥʠʶ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʡ ʪʚʝʨʜʝʥʠʷ ʙʝʪʦʥʘ, ʤʝʪʦʜʘʤ ʫʭʦʜʘ ʟʘ ʥʠʤ. 

ʊʘʢʞʝ ʦʯʝʥʴ ʚʘʞʥʳ ʦʜʠʥʘʢʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʫʢʣʘʜʢʠ ʠ ʫʧʣʦʪʥʝʥʠʷ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ, 

ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʧʘʣʫʙʢʠ; ʦʙʝʩʧʝʯʝʥʠʝ 

ʝʜʠʥʦʦʙʨʘʟʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ [1].  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʢʣʦʬʠʙʨʦʙʝʪʦʥʘ, 

ʪʝʭʥʦʣʦʛʠʠ ʧʥʝʚʤʦʥʘʙʨʳʟʛʘ ʣʠʙʦ ʣʠʪʴʝʚʦʡ, 

ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʭʩʷ ʩʤʝʩʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʠʟʜʝʣʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʜʝʢʦʨʘʪʠʚʥʳʤʠ 

ʢʘʯʝʩʪʚʘʤʠ ʠ ʚʠʟʫʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʜʘʶʱʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʨʝʘʣʠʩʪʠʯʥʦʡ ʠʤʠʪʘʮʠʠ 

ʪʝʢʩʪʫʨ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʦʟʤʦʞʥʘ ʦʢʨʘʩʢʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʪʦʩʪʦʡʢʠʤʠ ʢʨʘʩʢʘʤʠ ʠʣʠ, 

ʥʘʧʨʠʤʝʨ, ʣʘʢʦʤ ʧʦ ʙʝʪʦʥʫ, ʯʪʦ ʧʨʠʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʦʙʲʝʢʪʫ ʠ 

ʩʪʦʡʢʦʩʪʴ ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ.  

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ 

ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʤʩʷ ʙʝʪʦʥʝ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʚʠʙʨʦʫʧʣʦʪʥʝʥʥʦʤ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʫʧʘʢʦʚʢʠ ʟʝʨʝʥ ʚ ʙʝʪʦʥʥʦʡ ʤʘʪʨʠʮʝ, ʝʝ 

ʚʦʜʦʫʜʝʨʞʠʚʘʶʱʠʭ ʩʚʦʡʩʪʚ, ʩʧʦʩʦʙʥʦʩʪʠ ʢ 

ʩʘʤʦʫʧʣʦʪʥʝʥʠʶ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ 

ʩʥʠʞʝʥʠʠ ʚʦʜʦʩʦʜʝʨʞʘʥʠʷ ʩʤʝʩʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤʠ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝ-

ʚʦʜʦʨʝʜʫʮʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ. 

ʏʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʚʦʚʣʝʯʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʪʴ 

ʭʦʨʦʰʫʶ ʨʘʩʪʝʢʘʝʤʦʩʪʴ ʩʤʝʩʠ ʠ ʩʮʝʧʣʝʥʠʝ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʩʥʠʟʠʪʴ ʨʠʩʢ ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ, 

ʧʦʜʚʠʞʥʦʩʪʴ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ ʜʦʣʞʥʘ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ, ʥʦ ʧʨʠ ʵʪʦʤ ʚʷʟʢʦʩʪʴ ʩʤʝʩʠ 
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ʜʦʣʞʥʘ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʩʩʣʦʝʥʠʝ ʩʤʝʩʠ ʠ 

ʦʩʝʜʘʥʠʝ ʟʘʧʦʣʥʠʪʝʣʷ. ʇʨʘʚʠʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʩʦʩʪʘʚʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʡ ʬʨʘʢʮʠʠ 

ʧʨʠʚʦʜʠʪ ʢ ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʠʭ ʜʦʩʪʘʪʦʯʥʘʷ 

ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʮʝʧʣʝʥʠʶ. 

ʇʨʦʚʝʜʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʚʠʟʫʘʣʴʥʳʭ 

ʠ ʵʩʪʝʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʟʤʦʞʥʳʭ ʠʟʜʝʣʠʡ ʥʘ 

ʦʩʥʦʚʝ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʙʝʪʦʥʘ, ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ 

ʧʨʦʩʪʦʪʫ ʧʨʠʜʘʥʠʷ ʬʦʨʤʳ ʥʘ ʵʪʘʧʝ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɼʣʷ ʵʪʦʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 3ɼ ʤʦʜʝʣʴ ʫʣʠʯʥʦʛʦ 

ʩʚʝʪʠʣʴʥʠʢʘ ʠʟ ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʛʦʩʷ ʙʝʪʦʥʘ, 

ʩʦʯʝʪʘʶʱʝʛʦ ʚ ʩʝʙʝ ʠʟʷʱʥʦʩʪʴ ʠ ʤʠʥʠʤʘʣʠʟʤ, ʠ ʚ 

ʪʦ ʞʝ ʚʨʝʤʷ ʩʪʠʣʴ, ʢʦʪʦʨʳʡ ʧʨʠʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʫ 

ʩʦʚʨʝʤʝʥʥʳʡ ʚʠʜ (ʨʠʩʫʥʦʢ 1).  

 

 
 

 
ʈʠʩʫʥʦʢ 1. 3ɼ ʤʦʜʝʣʴ ʫʣʠʯʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ 

ʠʟ ʩʘʤʦʫʧʣʦʪʥʷʶʱʝʛʦʩʷ ʙʝʪʦʥʘ 

 

ɼʘʥʥʳʡ ʩʚʝʪʠʣʴʥʠʢ ʧʨʠʥʠʤʘʝʪʩʷ ʙʝʣʳʤ ʜʣʷ 

ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠʤʝʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʚ 

ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ, ʧʦʤʠʤʦ ʦʙʳʯʥʦʛʦ, ʙʝʣʳʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʇʎɹ 1-500-ɼ0 ɻʆʉʊ 965-89, ʘ 

ʪʘʢʞʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʤʝʣ ʄʊɼ-1 (99% ʤʝʥʝʝ 16 

ʤʢʤ) ʠ ʪʦʥʢʦʤʦʣʦʪʳʡ ʚʳʚʝʪʨʝʥʥʳʡ ʂɺʇ 

(Sʫʜ=1000 ʤ2/ʢʛ). 

 

ʇʨʝʜʣʦʞʝʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʘʷ 

ʩʭʝʤʘ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʩʚʦʡʩʪʚʘ 

ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ (ʨʠʩʫʥʦʢ 2). 

 

 

 
 

ʈʠʩʫʥʦʢ 2. ï ʉʭʝʤʘ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʮʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʩʚʦʡʩʪʚʘ ʙʝʪʦʥʥʦʡ ʩʤʝʩʠ 

ʉʥʠʞʝʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ 

ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ 

ʉʥʠʞʝʥʠʝ 

ʚʦʜʦʦʪʜʝʣʝʥʠʷ 

ʩʤʝʩʠ 

ʆʙʨʘʟʦʚʘʥʠʝ 

ʥʠʟʢʦʦʩʥʦʚʥʳʭ

ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ 

ʢʘʣʴʮʠʷ 

ʈʝʛʫʣʠʨʦ- 

ʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠ

ʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ 

ʉʥʠʞʝʥʠʝ 

ɺ\ʎ 

ʦʪʥʦʰʝʥʠʷ 

ʂʘʨʢʘʩʦ- 

ʦʙʨʘʟʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ 

 

ʎʝʥʪʨʳ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʂʦʥʪʘʢʪʥʳʝ 

ʩʣʦʠ ʩ 

ʥʦʚʳʤʠ 

ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ 

ʩʚʷʟʷʤʠ 

ɼʠʩʧʝʨʛʠʨʦʚʘ- 

ʥʠʝʬʣʦʢʫʣ 

ʮʝʤʝʥʪʘ ʟʘ ʩʯʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠ- 

ʯʝʩʢʦʛʦ ʠ 

ʩʪʝʨʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʦʚ 

ʋʧʣʦʪʥʝ- 

ʥʠʝ 

ʩʪʨʫʢʪʫʨʳ 

ʟʘ ʩʯʝʪ 

ʟʘʧʦʣʥʝʥʠʷ 

ʧʫʩʪʦʪ 

ʤʝʞʜʫ 

ʟʝʨʥʘʤʠ 

ʮʝʤʝʥʪʘ 

ʉʦʭʨʘʥʝʥʠʝ 

ʭʠʤʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʦʡ 

ʚʦʜʳ 

ɼʦʙʘʚʢʠ-

ʤʦʜʠʬʠʢʘʪʦʨʳ ʊʦʥʢʦʤʦʣʦʪʳʡ ʦʪʩʝʚ 

ʚʳʚʝʪʨʝʥʥʦʛʦ 

ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʘ 

ɻʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨ ʄʝʣ 
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ʄʝʣ, ʚʚʦʜʠʤʳʡ ʚ ʙʝʪʦʥʥʫʶ ʩʤʝʩʴ ʙʫʜʝʪ 

ʦʙʲʝʜʠʥʷʪʴ ʚ ʩʝʙʝ ʬʫʥʢʮʠʠ, ʘʢʪʠʚʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ 

ʜʦʙʘʚʢʠ ʠ ʪʦʥʢʦʜʠʩʧʝʩʥʦʛʦʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʷ, ʦʥ 

ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʫʯʰʫʶ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʴ 

ʠ ʥʝʨʘʩʩʣʘʠʚʘʝʤʦʩʪʴ ʩʤʝʩʠ.  

ɺʣʠʷʥʠʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʪʦʥʢʦʤʦʣʦʪʳʭ ʚʳʚʝʪʨʝʥʥʳʭ ʢʚʘʨʮʠʪʦʧʝʩʯʘʥʠʢʦʚ, 

ʢʨʝʤʥʝʟʝʤ ʚ ʢʦʪʦʨʳʭ ʧʦʜʚʝʨʛʘʣʩʷ ʧʝʨʝʦʪʣʦʞʝʥʠʶ 

ʚ ʚʠʜʝ ʘʤʦʨʬʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʟʠʩʘ, 

ʘ ʪʘʢʞʝ ʘʤʦʨʬʠʟʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʤʦʣʘ, ʙʫʜʝʪ 

ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʘʢʪʠʚʥʦʤ ʩʚʷʟʳʚʘʥʠʠ ʧʦʨʪʣʘʥʜʠʪʘ, 

ʫʧʣʦʪʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ, ʫʤʝʥʴʰʝʥʠʠ ʧʦʨʠʩʪʦʩʪʠ ʠ 

ʧʦʚʳʰʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ [4].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʢʘʯʝʩʪʚʝ 

ʚʦʜʦʨʝʜʫʮʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʈʝʦʧʣʘʩʪ ʇʂʕ-1230 ʥʘ ʦʩʥʦʚʝ 

ʵʬʠʨʦʚ ʧʦʣʠʢʘʨʙʦʢʩʠʣʘʪʦʚ. ʆʧʪʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ʜʣʷ ʙʝʣʦʛʦ ʠ ʩʝʨʦʛʦ ʮʝʤʝʥʪʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʣʳʚʘ 

ʤʠʥʠ-ʢʦʥʫʩʘ  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʦʙʘʚʢʠ ʜʣʷ ɹʇʎ ʩʦʩʪʘʚʠʣʦ 0,8 %, ʜʣʷ ʇʎ ï 0,9%. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ 

ʚʚʦʜʠʤʳʭ ʜʦʙʘʚʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʢʦʥʝʯʥʦʛʦ ʉʋɹ, 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʦʠʩʢʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʜʠʘʧʘʟʦʥʦʤ ʠʭ ʚʘʨʴʠʨʦʚʘʥʠʷ ʠ 

ʬʫʥʢʮʠʝʡ ʦʪʢʣʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʦʠʩʢʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ 

ʚʳʙʨʘʥʳ:ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʢʦʤʦʣʦʪʦʛʦ ɺʂɺʇ, % ï 

x1;ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʢʠ ʪʦʥʢʦʤʦʣʦʪʦʛʦ ʤʝʣʘ, ʊʄ, % 

ï x2;ʢʦʣʠʯʝʩʪʚʦ ʛʠʧʝʨʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ, 

ɻʇ ï ʭ3. ɺ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ ʦʪʢʣʠʢʘ ʙʳʣʠ 

ʚʳʙʨʘʥʳ:ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ 28 ʩʫʪ ï R28ʩʞ, 

ʄʧʘ,ʨʘʩʧʣʳʚ ʢʦʥʫʩʘ ï ʈʂ, ʩʤ. 

ɼʘʣʝʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʘʪʨʠʮʘ 

ʧʣʘʥʠʨʦʚʘʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʠʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʷʪʳʤ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʫʩʪʘʥʦʚʣʝʥʦ 3 ʫʨʦʚʥʷ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ:ï1-

ʤʠʥʠʤʘʣʴʥʳʡ;0-ʩʨʝʜʥʠʡ;+1 ï ʤʘʢʩʠʤʘʣʴʥʳʡ.ɹʳʣʠ 

ʟʘʬʦʨʤʦʚʘʥʳ ʦʙʨʘʟʮʳ-ʢʫʙʳ ʨʘʟʤʝʨʦʤ 7ʭ7ʭ7 ʩʤ 

ʩʦʩʪʘʚʘ ʎ:ʇ 1:1, ʎ/ɺ=0,3. ʈʘʩʪʝʢʘʝʤʦʩʪʴ ʦʮʝʥʠʚʘʣʠ 

ʧʦ ɻʆʉʊ 59715-2022 çʉʤʝʩʠ ʙʝʪʦʥʥʳʝ 

ʩʘʤʦʫʧʣʦʪʥʷʶʱʠʝʩʷ. ʄʝʪʦʜʳ ʠʩʧʳʪʘʥʠʡè, 

ʦʧʨʝʜʝʣʷʣʠ ʟʥʘʯʝʥʠʷ ʨʘʩʧʣʳʚʘ ʧʦ ʢʦʥʫʩʫ ɸʙʨʘʤʩʘ. 

ʋʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʧʨʠ 

ʩʞʘʪʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʳʭ 

ʜʦʙʘʚʦʢ ʠʤʝʝʪ ʚʠʜ: Rʩʞ=62,7-3,12X1-

6,58X2+3,29X3-10,2X12-1,8X22-

5,05X32+1,5X1X2+0,5X1X3-

+0,4X2X3+1,19X1X2X3 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʘʞʜʦʛʦ 

ʠʟ ʥʘʧʦʣʥʠʪʝʣʝʡ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʧʨʦʯʥʦʩʪʠ 

ʙʝʪʦʥʘ. ʅʘʠʙʦʣʝʝ ʥʝʛʘʪʠʚʥʳʤ ʙʫʜʝʪ ʬʘʢʪʦʨ 

ʧʝʨʝʨʘʩʭʦʜʘ ʤʝʣʘ ʚ ʩʤʝʩʠ, ʧʦʩʢʦʣʴʢʫ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ x2, ʠʤʝʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ x1 ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ 

ʚʦʟʨʘʩʪʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʊʄ ʧʨʦʯʥʦʩʪʴ ʙʫʜʝʪ 

ʩʠʣʴʥʝʝ ʩʥʠʞʘʪʴʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʳʚʝʪʨʝʥʥʦʛʦ ʂɺʇ[5]. ʊʘʢ, ʧʨʠ ʨʘʩʭʦʜʝ 

ʪʦʥʦʢʦʤʦʣʦʪʦʛʦ ʚʳʚʝʪʨʝʥʥʦʛʦ ʂɺʇ 5%, ʜʦʙʘʚʢʠ 

ʤʝʣʘ 15% ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ 

ʨʘʩʭʦʜʝ ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ 1,1% ʠ ʩʦʩʪʘʚʣʷʝʪ 42 

ʄʇʘ, ʤʠʥʠʤʘʣʴʥʘʷ ï ʧʨʠ ʨʘʩʭʦʜʝ ɻʇ 0,8% ʠ 

ʩʦʩʪʘʚʣʷʝʪ 36 ʄʇʘ. ʊʝ ʞʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʠ ʚʚʝʜʝʥʠʠ 

10% ɺʂɺʇ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʙʘʚʢʝ ʊʄ ʩʦʩʪʘʚʠʣʠ: 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʭʦʜʝ ɻʇ 1,3% 

(55ʄʇʘ), ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʠ ɻʇ 0,8 ʠ 1,6 % ï 47 ʠ 52 

ʄʇʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʨʘʩʭʦʜʝ ɺʂɺʇ 15 %: 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʨʘʩʭʦʜʝ ɻʇ 1,1%ï1,5 

% (45ʄʇʘ), ʤʠʥʠʤʘʣʴʥʘʷ ʧʨʠ ɻʇ 0,8 ʠ 1,6 % ï 38 ʠ 

43 ʄʧʘ. ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʨʘʩʭʦʜʝ ʚʩʝʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʯʥʦʩʪʴ ʪʘʢʞʝ ʥʘʯʠʥʘʝʪ ʥʝʤʥʦʛʦ 

ʩʥʠʞʘʪʴʩʷ. ʆʜʥʘʢʦ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠ ʬʘʢʪʦʨʳ 

ʧʨʠʚʦʜʷʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʙʝʪʦʥʘ. ʉʨʝʜʥʠʡ ʫʨʦʚʝʥʴ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 62,7 

ʄʇʘ. ʅʘʠʙʦʣʴʰʠʝ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚʳʚʝʪʨʝʥʥʦʛʦ ʂɺʇ 10%.  

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʛʣʘʞʠʚʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚʳʚʝʪʨʝʥʥʦʛʦ ʂɺʇ 5% 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʭʦʜʘ ʤʝʣʘ. ʇʨʦʯʥʦʩʪʠ ʧʘʜʘʶʪ 

ʥʝ ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʘʤʠ ʩ 

ʙʦʣʴʰʠʤ ʨʘʩʭʦʜʦʤ ʂɺʇ. ʄʘʢʩʠʤʘʣʴʥʦ ʨʝʟʢʦ 

ʧʨʦʯʥʦʩʪʠ ʩʥʠʞʘʶʪʩʷ ʫ ʩʠʩʪʝʤ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ 

ʨʘʩʭʦʜʝ ʚʳʚʝʪʨʝʥʥʦʛʦ ʂɺʇ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʨʘʟʙʘʚʣʝʥʠʝʤ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʤʠ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʮʝʤʝʥʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʠʚʝʣʠʨʦʚʘʥʠʶ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ 

ʦʪ ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ [3].  

ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʨʦʯʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪʩʷ ʧʨʠ ʨʘʩʭʦʜʝ 

ʜʦʙʘʚʢʠ ʊʄ 5ï7,5 %, ɺʂɺʇ 10 %, ɻʇ 1-1,1 %. ʇʨʠ 

ʵʪʦʤ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʡ 

ʠ ʧʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʣʳʚʘ ʢʦʥʫʩʘ ʦʪ ʚʘʨʴʠʨʫʝʤʳʭ 

ʬʘʢʪʦʨʦʚ, ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ 

ʨʝʛʨʝʩʩʠʠ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

ʈʂ=59,1-0,8X1-0,3X2+7X3+5,8X12-1,6X22-

3,11X32-0,25X1X2+X1X3--1,75X2X3-0,89X1X2X3 

ɸʥʘʣʠʟ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʥʘʧʦʣʥʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʩʝʭ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʩʠʩʪʝʤʳ ʨʘʩʧʣʳʚ ʢʦʥʫʩʘ ʙʫʜʝʪ ʩʥʠʞʘʪʴʩʷ (ʟʥʘʢ 

çʤʠʥʫʩè ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʘʭ), ʯʪʦ ʟʘʤʝʪʥʦ ʠ 

ʚʠʟʫʘʣʴʥʦ, ʧʨʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ɻʇ ʠ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʩʤʝʩʴ ʨʘʩʩʣʘʠʚʘʣʘʩʴ ʩʦ ʚʨʝʤʝʥʝʤ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜ 

ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠ x3 ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ),. 

ɿʥʘʢ ʧʣʶʩ ʧʨʠ ʧʨʦʠʟʚʝʜʝʥʠʠʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʭ1 ʠ 

x3 ʠ ʤʠʥʫʩ ʧʨʠ ʭ2 ʠ x3 ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 

ʨʘʩʪʝʢʘʝʤʦʩʪʴ ʩʤʝʩʠ ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ ɺʂɺʇ ʠ ɻʇ ʠ ʩʥʠʞʘʪʴʩʷ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʊʄ ʠ ɻʇ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ 

ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʝʤʢʦʩʪʴʶ ʢʨʝʤʥʝʟʝʤʠʩʪʳʭ ʯʘʩʪʠʮ 

ʪʦʥʢʦʤʦʣʦʪʦʛʦ ʚʳʚʝʪʨʝʣʦʛʦʂɺʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʦʙʘʚʢʦʡ ʤʝʣʘ. ʄʦʣʝʢʫʣʳ ʧʣʘʩʪʠʬʠʮʠʨʫʶʱʝʡ 

ʜʦʙʘʚʢʠ, ʦʩʘʞʜʘʷʩʴ ʥʘ ʯʘʩʪʠʮʘʭ ʚʳʚʝʪʨʝʥʥʦʛʦ 

ʂɺʇ, ʧʨʠʚʦʜʷʪ ʢ ʜʝʬʣʦʢʫʣʷʮʠʠ ʘʛʨʝʛʘʪʦʚ 

ʛʠʜʨʘʪʠʨʫʶʱʠʭʩʷ ʮʝʤʝʥʪʥʳʭ ʯʘʩʠʮ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʦʚʳʰʝʥʠʶ ʧʣʘʩʪʠʯʥʦʩʪʠ ʩʤʝʩʠ. ʈʘʟʚʠʪʘʷ 
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ʧʦʚʝʨʭʥʦʩʪʴ ʯʘʩʪʠʮ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʠ ʙʦʣʴʰʘʷ 

ʧʦʨʠʩʪʦʩʪʴ ʤʝʣʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ ʮʝʤʝʥʪʥʳʭ ʩʠʩʪʝʤ ʜʘʞʝ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ɻʇ. 

ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ, ʤʠʥʝʨʘʣʴʥʳʭ 

ʜʦʙʘʚʦʢ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʠ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʘ ʧʨʠ ʩʞʘʪʠʠ, ʠ 

ʨʘʩʪʝʢʘʝʤʦʩʪʠ. ʏʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʬʘʢʪʦʤ 

ʩʥʠʞʝʥʠʷ ʝʤʢʦʩʪʠ ʧʦ ʘʜʩʦʨʙʮʠʠ 

ʛʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʧʨʠ ʧʝʨʝʨʘʩʭʦʜʝ 

ʥʘʧʦʣʥʠʪʝʣʝʡ, ʧʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʧʨʦʮʝʥʪʘ ʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʩʠʩʪʝʤʫ, ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʚʦʟʨʘʩʪʘʥʠʝ ʜʦʣʠ ʤʝʣʴʯʘʡʰʠʭ ʯʘʩʪʠʮ ʚʩʝ ʨʘʚʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʚʦʜʦʧʦʪʨʝʙʥʦʩʪʠ, 

ʜʝʬʠʮʠʪʫ ʞʠʜʢʦʡ ʬʘʟʳ, ʨʘʩʩʣʦʝʥʠʶ ʩʤʝʩʠ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʬʦʨʤʠʨʦʚʘʥʠʶ ʜʝʬʝʢʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʙʝʪʦʥʘ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʩʥʠʞʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ 

ʨʘʩʭʦʜʝ ʜʦʙʘʚʦʢ ʊʄ 5ï7,5 %, ʚʳʚʝʪʨʝʥʥʳʡ ʂɺʇ 8ï

10 %, ɻʇ 1-1,1 %, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠ ʜʦʩʪʠʛʘʝʪʩʷ ʨʘʩʧʣʳʚ 

ʢʦʥʫʩʘ 61ï63 ʩʤ. ʇʨʠ ʵʪʦʤ ʩʦʟʜʘʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʡ ʠ ʧʨʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʙʝʪʦʥʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʢʘʧʠʣʣʷʨʥʦʡ 

ʧʦʨʠʩʪʦʩʪʠ, ʧʫʪʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʯʘʩʪʠʮʘʤʠ 

ʮʝʤʝʥʪʘ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʥʘʧʦʣʥʠʪʝʣʝʡ ʩ ʤʠʥʝʨʘʣʘʤʠ ʮʝʤʝʥʪʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʠʟʢʦʦʩʥʦʚʥʳʭ ɻʉʂ (ʧʫʮʮʦʣʘʥʦʚʘʷ 

ʨʝʘʢʮʠʷ ʢʨʝʤʥʝʟʝʤʘ ʩ ʧʦʨʪʣʘʥʜʠʪʦʤ) ʠ 

ʛʠʜʨʦʢʘʨʙʦʘʣʶʤʠʥʘʪʘ ʢʘʣʴʮʠʷ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʣʘ ʠ ʉ3ɸ) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʦʛʦ 

ʢʦʥʛʣʦʤʝʨʘʪʘ. ɺʦʟʨʘʩʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʚ ʠʭ ʩʦʩʪʘʚ ʤʠʢʨʦʥʘʧʦʣʥʠʪʝʣʝʡ, ʪʘʢʞʝ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʤʝʣʢʠʝ ʟʝʨʥʘ 

ʧʦʩʣʝʜʥʠʭ ʦʙʨʘʟʫʶʪ ʮʝʥʪʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ 

ʢʦʥʪʘʢʪʥʦʡ ʟʦʥʝ ʮʝʤʝʥʪʘ. 

ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ 

ʩʚʦʡʩʪʚʘ ʬʠʙʨʦʙʝʪʦʥʘ, ʷʚʣʷʶʪʩʷ: ʢʦʣʠʯʝʩʪʚʦ 

ʬʠʙʨʳ, ʚʦʜʦʮʝʤʝʥʪʥʦʝ ʦʪʥʦʰʝʥʠʝ, ʩʦʜʝʨʞʘʥʠʝ 

ʟʘʧʦʣʥʠʪʝʣʝʡ (ʧʝʩʢʘ), ʦʨʠʝʥʪʘʮʠʷ ʠ ʜʣʠʥʘ ʬʠʙʨʳ, 

ʫʩʣʦʚʠʷ ʪʚʝʨʜʝʥʠʷ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʚ ʨʘʙʦʪʝ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦʜʙʦʨ ʪʘʢʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʬʠʙʨʳ, 

ʯʪʦʙʳ ʦʥʘ ʥʘʠʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʣʘʩʴ ʧʦ 

ʚʩʝʤʫ ʦʙʲʝʤʫ ʠʟʜʝʣʠʷ, ʠʟʙʝʛʘʷ ʝʝ ʧʝʨʝʨʘʩʭʦʜʘ, 

ʯʪʦʙʳ ʥʝ ʦʢʘʟʘʪʴ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʝʦʣʦʛʠʶ 

ʧʦʣʫʯʘʝʤʳʭ ʩʤʝʩʝʡ. ʂʦʣʠʯʝʩʪʚʦ ʬʠʙʨʳ, ʝʝ ʜʣʠʥʘ ʠ 

ʦʨʠʝʥʪʘʮʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʚʣʠʷʶʪ ʥʘ ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ (Rp), ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 

ʧʨʠ ʠʟʛʠʙʝ (Rʠʟʛ) ʠ ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ. 

ʅʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ 

ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ 

ʩʪʝʢʣʦʬʠʙʨʦʙʝʪʦʥʘ, ʷʚʣʷʝʪʩʷ ɺʉʅ 56ï97 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʙʨʦʙʝʪʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡè  

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʣʠʥʘ ʬʠʙʨʳ ʜʣʷ ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʬʠʙʨʦʙʝʪʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ 1,5ï3 ʩʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʚʦʜʠʤʦʡ ʬʠʙʨʳ ʙʳʣʠ 

ʟʘʬʦʨʤʦʚʘʥʳ ʦʙʨʘʟʮʳ-ʙʘʣʦʯʢʠ 4Ĭ4Ĭ16 ʩʤ ʩ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚʷʞʫʱʝʝ:ʧʝʩʦʢ = 1:3, 

ɺ/ʎ 0,35 ʥʘ ʙʝʣʦʤ ʮʝʤʝʥʪʝ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʬʠʙʨʳ 

1,5;3;4,5 % ʧʦ ʤʘʩʩʝ [2].ʆʧʪʠʤʘʣʴʥʳʡ ʧʨʦʮʝʥʪ 

ʘʨʤʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ 3 % ʦʪ ʤʘʩʩʳ ʮʝʤʝʥʪʘ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʧʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʙʳʣ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠ 

ʩʦʩʪʘʚʠʣ 14,6 % ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ 26% ï 

ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ [5]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ 

ʨʘʩʩʯʠʪʘʥʳ ʩʦʩʪʘʚʳ ʩʪʝʢʣʦʬʠʙʨʦʙʝʪʦʥʘ ʩ ʟʘʤʝʥʦʡ 

ʯʘʩʪʠ ʟʘʧʦʣʥʠʪʝʣʷ (ʩʦʩʪʘʚ 2) ʠ ʯʘʩʪʠ 

ʧʦʨʪʣʘʥʮʝʤʝʥʪʘ (ʩʦʩʪʘʚ 3) ʥʘ ʪʦʥʢʦʤʦʣʦʪʳʝ 

ʜʦʙʘʚʢʠ (ʪʘʙʣʠʮʘ 1). 

ʊʘʙʣʠʮʘ 1 

ʉʦʩʪʘʚʳ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʭ ʩʤʝʩʝʡ 

 

ʂʦʤʧʦʥʝʥʪ 

ʉʦʩʪʘʚʳ 

ʂʦʥʪʨʦʣʴʥ

ʳʡ ʉʦʩʪʘʚ 1 

ʉʦʩʪʘ

ʚ 2 

ʉʦʩʪʘ

ʚ 3 

ʎʝʤʝʥʪ ʙʝʣʳʡ, 

ʢʛ/ʤ3 
540 540 443 

ɺʂɺʇ, ʢʛ/ʤ3 ï 59 59 

ʊʄ, ʢʛ/ʤ3 ï 38 38 

ɻʠʧʝʨʧʣʘʩʪʠʬʠʢʘʪ

ʦʨ, ʢʛ/ʤ3 
6,5 6,5 6,5 

ʇʝʩʦʢ, ʢʛ/ʤ3 1620 1523 1620 

ɺʦʜʘ, ʣ/ʤ3 189 189 189 

ʌʠʙʨʘ, ʢʛ/ʤ3 ï 16 16 

 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʩʦʩʪʘʚʦʚ 

(ʪʘʙʣʠʮʘ 2). 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʙʝʪʦʥʘ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʚʷʞʫʱʠʭ 

 

NN ʩʝʨʠʡ 

ʦʙʨʘʟʮʦʚ 

ʈʂ, 

ʩʤ 

ʇʣʦʪʥʦʩʪʴ, 

ʢʛ/ʤ3 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ , 28 ʩʫʪ ʄʇʘ 

ʄʦʨʦʟʦʩʪʦʡʢʦʩʪʴ 

ʧʨʠ ʩʞʘʪʠʠ 
ʥʘ ʨʘʩʪʷʞʝʥʠʝ 

ʧʨʠ ʠʟʛʠʙʝ 

ʉʦʩʪʘʚ 1 67 2210 36,1 5,8 F 150 

ʉʦʩʪʘʚ 2 62 2250 44,4 7,8 F200 

ʉʦʩʪʘʚ 3 60 2235 40,2 7,5 F150 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʙʝʪʦʥʦʚ 

ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʮʝʤʝʥʪʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʩʦʩʪʘʚʝ 3. ʇʨʠʨʦʩʪ ʧʨʦʯʥʦʩʪʠ 

ʙʝʪʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʪʦʥʦʤ ʙʝʟ ʬʠʙʨʳ ʩʦʩʪʘʚʠʣ 

11% ʠ 23 % ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ ʠ 29% ʠ 34 

% ʜʣʷ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʨʠ ʠʟʛʠʙʝ ʜʣʷ 

ʩʦʩʪʘʚʘ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ɸʈʄʀʈʆɺɸʅʀɽ ɺ ʇʈʆɻʈɸʄʄʅʆʄ 
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ʎʠʬʨʦʚʘʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ (ʎʀʄ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʢʦʪʦʨʳʡ 

ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʘʥʩʬʦʨʤʠʨʫʝʪ ʧʦʜʭʦʜʳ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ, ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ɺʘʞʥʝʡʰʠʤ ʘʩʧʝʢʪʦʤ, ʪʨʝʙʫʶʱʠʤ ʪʱʘʪʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʚ ʨʘʤʢʘʭ ʎʀʄ, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʘʨʤʠʨʦʚʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʕʪʦ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʘʷ ʧʨʦʮʝʜʫʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʨʦʝʥʠʡ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Renga, ʦʙʣʘʜʘʷ ʰʠʨʦʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʪʚʝʪʩʪʚʠʝ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʪʨʝʙʦʚʘʥʠʷʤ 

ʵʢʩʧʝʨʪʠʟʳ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ:Renga, ʘʨʤʠʨʦʚʘʥʠʝ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ, ʎʀʄ-ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ. 

 

ABSTRACT 

 

The Digital Information Model (CIM) is a powerful tool that significantly transforms approaches to the design, 

construction and operation of buildings and structures. The most important aspect that requires careful attention within 

the framework of the CIM is the process of reinforcing structures. This is a critically important procedure that ensures 

the strength and durability of buildings. Renga software, with its extensive functionality, contributes to the effective 

solution of reinforcement tasks and ensures compliance with all necessary expertise requirements. 

Key words: Renga, reinforcement of the digital model, CIM design. 

 

ɸʨʤʠʨʦʚʘʥʠʝ ð ʵʪʦ ʧʨʦʮʝʩʩ ʚʚʝʜʝʥʠʷ ʚ ʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʴʥʳʭ ʘʨʤʘʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʧʨʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʨʘʟʣʠʯʥʳʤ ʥʘʛʨʫʟʢʘʤ. ɺ ʎʀʄ ʘʨʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʠʧʘʭ ʘʨʤʘʪʫʨʳ, ʝʝ ʨʘʩʧʦʣʦʞʝʥʠʠ, ʢʦʣʠʯʝʩʪʚʝ ʠ 

ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ (ʨʠʩ. 1). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘʤ ʠ ʠʥʞʝʥʝʨʘʤ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ, 

ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʨʘʟʣʠʯʥʳʝ ʨʘʩʯʝʪʳ ʠ ʘʥʘʣʠʟʳ.  

ʂʦʤʘʥʜʘ ʠʟ ʪʨʝʭ ʯʝʣʦʚʝʢ ʧʦ ʟʘʢʘʟʫ ʦʪ ʢʦʤʧʘʥʠʠ RengaSoftware ʨʘʟʨʘʙʦʪʘʣʠ ʰʘʙʣʦʥ ʜʣʷ ʨʘʟʜʝʣʘ ʂɾ. ɺ 

ʛʦʪʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʤ  rʨʘʟʨʘʙʘʪʳʚʘʣʠ ʘʨʤʠʨʦʚʘʥʠʝ ʚʩʝʛʦ ʟʜʘʥʠʷ (ʨʠʩ. 2). ʄʝʞʜʫ ʩʦʙʦʡ ʢʦʤʘʥʜʘ 

ʧʦʜʝʣʠʣʘ ʟʘʜʘʥʠʷ: ʦʜʠʥ ʘʨʤʠʨʦʚʘʣ ʧʠʣʦʥʳ, ʚʪʦʨʦʡ ʬʫʥʜʘʤʝʥʪʥʫʶ ʠ ʤʝʞʜʫʵʪʘʞʥʳʝ ʧʣʠʪʳ, ʘ ʪʨʝʪʠʡ ʩʪʝʥʳ ʠ 

ʤʦʜʝʣʠʨʦʚʘʣ ʩʚʘʠ. ɸʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʢʘʢ ʚʨʫʯʥʫʶ, ʪʘʢ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 
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ʈʠʩʫʥʦʢ 1. ɸʨʤʠʨʦʚʘʥʠʝ ʚ ʎʀʄ 

 

 

 

 
ʈʠʩʫʥʦʢ 2. ʈʘʙʦʪʘ ʢʦʤʘʥʜʳ ʠʟ 3 ʯʝʣʦʚʝʢ ʚ Renga 

 

ɺ ʥʦʚʳʭ ʚʝʨʩʠʷʭ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʜʘʚʘʪʴ ʩʪʠʣʠ ʘʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘʤ ʚ ʩʙʦʨʢʘʭ 

(ʨʠʩ. 3), ʯʪʦ ʫʧʨʦʱʘʣʦ ʨʘʙʦʪʫ. ʉ ʧʦʤʦʱʴʶ ʵʪʦʡ 

ʬʫʥʢʮʠʠ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʘʨʤʠʨʦʚʘʥʠʝ ʥʘʢʣʦʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. 

 

 

 
ʈʠʩʫʥʦʢ 3. ɸʨʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʩʙʦʨʢʝ 

 

ʇʨʠ ʘʨʤʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʯʘʩʪʦ 

ʥʝʦʙʭʦʜʠʤʦ, ʧʦʤʠʤʦ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʘʟʤʝʱʝʥʠʷ 

ʦʩʥʦʚʥʦʡ ʘʨʤʘʪʫʨʳ, ʜʦʙʘʚʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʩʪʝʨʞʥʠ  ʟʦʥʳ ʫʩʠʣʝʥʠʷ (ʨʠʩ. 4). ʀ, ʢʦʥʝʯʥʦ, ʥʘ 

ʪʘʢʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʥʫʞʥʦ ʧʦʣʫʯʠʪʴ ʩʭʝʤʫ 

ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʩʧʝʮʠʬʠʢʘʮʠʶ ʘʨʤʘʪʫʨʥʳʭ 

ʠʟʜʝʣʠʡ. ʊʝʧʝʨʴ ʵʪʦ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʥʝʩʣʦʞʥʳʤ 

ʥʘʙʦʨʦʤ ʜʝʡʩʪʚʠʡ ʚ ʉʙʦʨʢʝ ʠ ʚʩʝ ʢʦʨʨʝʢʪʥʦ 

ʦʪʦʙʨʘʟʠʪʴ ʥʘ ʩʭʝʤʝ ʠ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ. 
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ʈʠʩʫʥʦʢ 4. ɸʨʤʠʨʦʚʘʥʠʝ ʟʦʥ ʫʩʠʣʝʥʠʷ 

 

ʊʘʢʞʝ ʦʯʝʥʴ ʧʦʣʝʟʥʳʡ ʥʦʚʳʡ ʠʥʩʪʨʫʤʝʥʪ 

çʉʦʟʜʘʪʴ ʘʨʤʘʪʫʨʥʳʡ ʩʪʝʨʞʝʥʴè, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʨʘʟʙʠʪʴ ʘʨʤʘʪʫʨʥʫʶ ʩʝʪʢʫ, ʩʦʟʜʘʥʥʫʶ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʝʨʞʥʠ ʠ ʚ ʩʣʫʯʘʝ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʘʨʤʘʪʫʨʥʳʡ 

ʩʪʝʨʞʝʥʴ, ʭʦʤʫʪ, ʩʢʦʙʫ, ʣʷʛʫʰʢʫ ʠ ʪ.ʜ. 

ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʜʫʤʢʦʡ ʘʚʪʦʨʘ. 

ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʙʳʣʠ ʘʨʤʠʨʦʚʘʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʩʪʝʥʳ ʠ ʠʭ ʫʩʠʣʝʥʠʷ ʚ ʧʣʠʪʘʭ. 

 

 

 

 
ʈʠʩʫʥʦʢ 5. ʈʘʟʙʠʚʢʘ ʘʨʤʘʪʫʨʥʦʡ ʩʝʪʢʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʩʪʝʨʞʥʠ 

 

ʈʘʥʝʝ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʠʭ ʟʘʜʘʯ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʢʩʧʦʨʪ ʚ IFC, ʥʦ ʵʪʦ 

ʪʨʝʙʦʚʘʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʝʡʩʪʚʠʡ. ʇʨʠ ʵʪʦʤ 

ʵʢʩʧʦʨʪ ʚ IFC ʥʝʜʦʩʪʫʧʝʥ ʚ RengaStandard. ʊʝʧʝʨʴ 

ʞʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʣʶʙʦʡ ʨʝʜʘʢʮʠʠ Renga ʦʜʥʦʡ 

ʢʥʦʧʢʦʡ ʤʦʛʫʪ ʧʦʣʫʯʠʪʴ ʥʘʙʦʨ ʦʪʜʝʣʴʥʳʭ 

ʘʨʤʘʪʫʨʥʳʭ ʜʝʪʘʣʝʡ ʥʘ ʦʩʥʦʚʝ ʉʪʠʣʷ ʘʨʤʠʨʦʚʘʥʠʷ 

ʠ ʨʝʜʘʢʪʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʩʪʝʨʞʝʥʴ ʥʘ ʩʚʦʸ 

ʫʩʤʦʪʨʝʥʠʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʎʀʄ ʜʣʷ 

ʘʨʤʠʨʦʚʘʥʠʷ: 

¶ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʎʠʬʨʦʚʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʦʰʠʙʢʠ ʥʘ ʵʪʘʧʝ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʜʦʯʸʪʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ; 

¶ ʵʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʝʢʪʦʤ. ɺʩʝ 

ʜʘʥʥʳʝ ʦ ʧʨʦʝʢʪʝ ʭʨʘʥʷʪʩʷ ʚ ʝʜʠʥʦʤ ʮʠʬʨʦʚʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʩʝʤ ʫʯʘʩʪʥʠʢʘʤ 
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ʠʤʝʪʴ ʜʦʩʪʫʧ ʢ ʘʢʪʫʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʦʧʝʨʘʪʠʚʥʦ ʧʨʠʥʠʤʘʪʴ ʨʝʰʝʥʠʷ; 

¶ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ. ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʦʰʠʙʦʢ ʠ ʧʝʨʝʜʝʣʦʢ ʧʨʠʚʦʜʷʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʚʳʛʦʜʘʤ; 

¶ ʫʧʨʦʱʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 

ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʷ. ʎʀʄ ʩʦʜʝʨʞʠʪ ʚʩʶ 

ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʥʩʪʨʫʢʮʠʷʭ, 

ʠʥʞʝʥʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʯʪʦ 

ʦʙʣʝʛʯʘʝʪ ʠʭ ʜʘʣʴʥʝʡʰʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ 

ʦʙʩʣʫʞʠʚʘʥʠʝ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʘʨʤʠʨʦʚʘʥʠʶ ʚ ʎʀʄ  

Å ʪʦʯʥʦʩʪʴ ʠ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ 

ʜʘʥʥʳʤ: ɺʩʝ ʤʦʜʝʣʠ ʘʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʳʤʠ ʠ ʜʝʪʘʣʠʟʠʨʦʚʘʥʥʳʤʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʛʘʪʴ ʦʰʠʙʦʢ ʠ ʥʝʜʦʨʘʟʫʤʝʥʠʡ ʥʘ 

ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʝ 

ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ; 

Å ʩʦʙʣʶʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʥʦʨʤ: ʕʣʝʤʝʥʪʳ 

ʘʨʤʠʨʦʚʘʥʠʷ ʜʦʣʞʥʳ ʩʪʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

ʜʝʡʩʪʚʫʶʱʠʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ ʠ ʧʨʘʚʠʣʘʤ, 

ʚʢʣʶʯʘʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʠʭ ʫʢʣʘʜʢʠ; 

Å ʚʠʟʫʘʣʠʟʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ: ʎʀʄ ʜʦʣʞʥʘ 

ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʩʝʭ 

ʵʣʝʤʝʥʪʦʚ ʘʨʤʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ 

ʠʭ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʚʳʷʚʣʷʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘ ʨʘʥʥʠʭ 

ʩʪʘʜʠʷʭ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 

Å ʜʦʢʫʤʝʥʪʘʮʠʷ ʠʟʤʝʥʝʥʠʡ: ɺʩʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʨʝʰʝʥʠʷ, ʧʨʠʥʷʪʳʝ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʘʨʤʠʨʦʚʘʥʠʷ, ʜʦʣʞʥʳ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ 

ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʳ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʟʨʘʯʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʝʨʪʠʟʳ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʷ 

ʢʘʯʝʩʪʚʘ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʵʢʩʧʝʨʪʠʟʳ. ʕʢʩʧʝʨʪʠʟʘ 

ʧʨʦʝʢʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎʀʄ, 

ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ:  

Å ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʦʨʤʘʪʠʚʘʤ: ʕʢʩʧʝʨʪʳ 

ʦʙʷʟʘʥʳ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʧʨʦʝʢʪ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʫʶʱʠʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʥʦʨʤʘʤ 

ʠ ʧʨʘʚʠʣʘʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ; 

Å ʘʥʘʣʠʟ ʧʨʦʯʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ: 

ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʯʝʪʦʤ 

ʚʩʝʭ ʜʘʥʥʳʭ ʦ ʘʨʤʠʨʦʚʘʥʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ 

ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʧʨʦʝʢʪ ʦʪʚʝʯʘʝʪ ʚʳʩʦʢʠʤ ʩʪʘʥʜʘʨʪʘʤ ʥʘʜʝʞʥʦʩʪʠ; 

Å ʦʮʝʥʢʘ ʨʠʩʢʦʚ: ʕʢʩʧʝʨʪʳ ʜʦʣʞʥʳ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʳʝ ʨʠʩʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʧʨʘʚʠʣʴʥʳʤ 

ʘʨʤʠʨʦʚʘʥʠʝʤ, ʠ ʧʨʝʜʣʦʞʠʪʴ ʤʝʨʳ ʧʦ ʠʭ 

ʤʠʥʠʤʠʟʘʮʠʠ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ; 

Å ʢʘʯʝʩʪʚʦ ʜʦʢʫʤʝʥʪʘʮʠʠ: ʆʙʷʟʘʪʝʣʴʥʦ 

ʧʨʦʚʝʨʷʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, 

ʚʢʣʶʯʘʷ ʥʘʣʠʯʠʝ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ, 

ʧʦʷʩʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʦʢ ʠ ʩʦʧʨʦʚʦʜʠʪʝʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ 

ʧʨʦʚʝʨʢʠ; 

Å ʧʨʦʚʝʨʢʘ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʦʝʢʪʥʳʤ 

ʨʝʰʝʥʠʷʤ: ʕʢʩʧʝʨʪʠʟʘ ʜʦʣʞʥʘ ʧʦʜʪʚʝʨʜʠʪʴ, ʯʪʦ ʚʩʝ 

ʨʝʰʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʘʨʤʠʨʦʚʘʥʠʷ, ʩʦʛʣʘʩʦʚʘʥʳ ʩ 

ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ ʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʨʫʛ 

ʜʨʫʛʫ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ɸʨʤʠʨʦʚʘʥʠʝ ʚ ʮʠʬʨʦʚʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʤʦʜʝʣʠ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʉʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ ʢ 

ʘʨʤʠʨʦʚʘʥʠʶ ʠ ʠʭ ʵʢʩʧʝʨʪʠʟʝ ʥʝ ʪʦʣʴʢʦ 

ʛʘʨʘʥʪʠʨʫʝʪ ʫʩʧʝʰʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʧʨʦʝʢʪʦʚ, ʥʦ ʠ 

ʤʠʥʠʤʠʟʠʨʫʝʪ ʨʠʩʢʠ, ʧʦʚʳʰʘʷ ʦʙʱʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
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ɸʅʅʆʊɸʎʀʗ 

 

ʉʦʚʨʝʤʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʘʢʪʠʚʥʦ ʧʨʦʛʨʝʩʩʠʨʫʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. ʂʘʞʜʳʡ ʛʦʜ ʬʘʥʪʘʟʠʷ ʘʨʭʠʪʝʢʪʦʨʦʚ 

ʟʘʩʪʘʚʣʷʝʪ ʫʜʠʚʣʷʪʴʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ. ʉʚʦʶ ʩʪʘʪʴʶ  ̫ʭʦʯʫ ʧʦʩʚʝʪʠʪʴ ʩʨʘʚʥʝʥʠʶ ʘʨʭʠʪʝʢʪʫʨʳ ʟʜʘʥʠʡ, 

ʢʘʢʠʝ ʟʜʘʥʠʷ ʩʪʨʦʠʣʠʩʴ ʨʘʥʴʰʝ ʠ ʢʘʢʠʝ ʩʝʡʯʘʩ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʙʫʜʝʪ ʫʚʠʜʝʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʘʟʥʠʮʫ 

ʘʨʭʠʪʝʢʪʫʨʥʳʭ ʟʥʘʥʠʡ ʠ ʬʘʥʪʘʟʠʠ ʣʶʜʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʨʭʠʪʝʢʪʫʨʘ, ʟʥʘʥʠʷ ʠ ʫʤʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ. 

 
ABSTRACT 

 

Modern construction is actively progressing every year. Every year the imagination of architects makes us 

wonder more and more. I want to devote my article to comparing the architecture of buildings, which buildings were 

built before and which are now. Thus, it will  be possible to see a significant difference in architectural knowledge and 

people's imagination. 

Keywords: architecture, knowledge and skills, construction  

 

ɼʣʷ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʦʙʨʘʪʴʩʷ, ʯʪʦ ʞʝ 

ʪʘʢʦʝ ʘʨʭʠʪʝʢʪʫʨʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ. ɸʨʭʠʪʝʢʪʫʨʘ ï 

ʵʪʦ ʜʨʝʚʥʝʝ ʠʩʢʫʩʩʪʚʦ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʨʘʟʣʠʯʥʳʭ ʟʜʘʥʠʡ. ɸʨʭʠʪʝʢʪʫʨʘ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʣʦʞʥʳʭ ʠ ʚʘʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʟʜʘʥʠʷ. ʕʪʦ ʨʝʰʘʝʪ 

ʟʘʜʘʯʠ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ ʣʶʜʝʡ. ʂʘʢ ʙʫʜʝʪ 

ʚʳʛʣʷʜʝʪʴ ʧʦʩʪʨʦʡʢʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʘʨʭʠʪʝʢʪʦʨʦʚ. ʅʦ ʪʘʢʞʝ ʥʝ ʥʫʞʥʦ ʟʘʙʳʚʘʪʴ ʦ ʪʦʤ, 

ʯʪʦ ʟʜʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʩʪʨʦʝʥʦ ʧʦ ʩʚʦʝʤʫ 

ʥʘʟʥʘʯʝʥʠʶ.  

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʵʪʦ ʩʬʝʨʘ, 

ʚ ʢʦʪʦʨʦʡ ʦʜʥʠ ʪʝʥʜʝʥʮʠʠ ʩʤʝʥʷʶʪʩʷ ʜʨʫʛʠʤʠ. 

ɸʨʭʠʪʝʢʪʫʨʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʟʚʝʪʚʣʝʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ: 

¶ ɸʨ-ʜʝʢʦ 

¶ ʉʪʝʢʣʷʥʥʘʷ 

¶ ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʡ ʩʪʠʣʴ (ʤʦʜʝʨʥʠʟʤ) 

¶ ɹʨʫʪʘʣʠʟʤ (ʤʦʜʝʨʥʠʟʤ) 

¶ ʍʘʡ-ʪʝʢ 

¶ ʄʠʥʠʤʘʣʠʟʤ 

¶ ʉʢʘʥʜʠʥʘʚʩʢʠʡ ʩʪʠʣʴ 

¶ ɹʣʦʙ-ʘʨʭʠʪʝʢʪʫʨʘ 

¶ ɿʝʣʸʥʘʷ/ʫʩʪʦʡʯʠʚʘʷ ʘʨʭʠʪʝʢʪʫʨʘ, ʠʣʠ 

ʵʢʦʘʨʭʠʪʝʢʪʫʨʘ 

¶ ʂʦʧʨʦʤ ʠʣʠ ʢʘʧʠʪʘʣʠʩʪʠʯʝʩʢʠʡ ʨʦʤʘʥʪʠʟʤ  

 

ʂʘʞʜʳʡ ʩʪʠʣʴ ʦʯʝʥʴ ʠʥʪʝʨʝʩʝʥ ʧʦ-ʩʚʦʝʤʫ. 

ɺ 2000-ʭ ʛʦʜʘʭ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʭʘʡ-ʪʝʢ, ʩʪʘʢʘʥʠʟʤ ʠ ʭʘʦʪʠʟʤ.  

ɺʦʟʴʤʝʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʛʦʨʦʜ ʄʦʩʢʚʘ 2000-ʭ 

ʛʦʜʦʚ  

 
ʈʠʩ. 1 çʄʦʩʢʚʘ 2000 ʛʦʜè 

 

ɺʠʜʠʤ ʦʙʳʯʥʳʡ ʩʝʨʳʡ ʛʦʨʦʜ, ʥʘʯʠʥʘʶʱʠʡ 

ʚʳʩʪʨʘʠʚʘʪʴ ʥʝ ʙʦʣʴʰʠʝ ʥʝʙʦʩʢʨʝʙʳ.  

ʋʞʝ ʚ ʪʝ ʛʦʜʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʝʨʝʭʦʜʠʣʦ ʥʘ 

ʥʦʚʳʡ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʠ ʚʳʛʦʜʥʳʡ ʩʧʦʩʦʙ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʇʦ ʩʣʦʚʘʤ ʘʛʝʥʪʩʪʚʘ çʄʠʵʣʴè 84% 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʥʦʚʦʩʪʨʦʝʢ, ʥʘʯʘʣʠ ʚʤʝʩʪʦ 

ʢʠʨʧʠʯʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʥʦʣʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʟʘʩʪʨʦʡʱʠʢʦʤ ʧʦ 

ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʮʝʥʳ ʥʘ ʢʠʨʧʠʯ ʠ ʜʦʣʛʠʡ ʩʨʦʢ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʢʘʟʘʣʦʩʴ 
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ʦʯʝʥʴ ʚʳʛʦʜʥʳʤ, ʪʘʢ ʢʘʢ ʥʘ ʚʦʟʚʝʜʝʥʠʝ ʢʠʨʧʠʯʥʦʛʦ 

ʟʜʘʥʠʷ ʫʭʦʜʠʣʦ ʚ ʩʨʝʜʥʝʤ ʧʦ 2.5 ʛʦʜʘ, ʘ ʧʦʩʣʝ ʪʦʛʦ, 

ʢʘʢ ʥʘʯʘʣʠ ʚʦʟʚʦʜʠʪʴ ʧʦ ʥʦʚʳʤ ʪʝʭʥʦʣʦʛʠʷʤ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʯʘʣʦ ʟʘʥʠʤʘʪʴ ʦʢʦʣʦ 1 ʛʦʜʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ ʧʦʣʫʯʘʝʪʩʷ ʚʳʛʦʜʘ ʩʦʩʪʘʚʣʷʝʪ 250% 

ʧʦʪʨʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʩʘʤʦʝ ʛʣʘʚʥʦʝ 

ʧʦʪʨʘʯʝʥʥʳʭ ʜʝʥʝʞʥʳʭ ʩʨʝʜʩʪʚ. 

ɺ ʘʨʭʠʪʝʢʪʫʨʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʜʝʨʞʘʥʥʳʝ ʠ 

ʢʨʝʘʪʠʚʥʦ-ʩʪʠʣʝʚʳʝ ʟʘʜʫʤʢʠ ʟʜʘʥʠʡ.  

 

 
ʈʠʩ. 2 çʄʦʩʢʚʘ 2024 ʛʦʜè 

 

ʉʨʘʟʫ ʚʠʜʥʘ ʨʘʟʥʠʮʘ ʚ ʩʨʘʚʥʝʥʠʠ. 

ʂʨʘʩʦʯʥʳʡ ʷʨʢʠʡ ʛʦʨʦʜ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʉʝʡʯʘʩ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʦʚʳʝ 

ʪʝʭʥʦʣʦʛʠʠ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ, ʚ ʯʝʤ ʩʦʩʪʦʠʪ ʥʦʚʠʟʥʘ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʪʦʤ, ʯʪʦ ʩʪʨʦʠʪʝʣʠ 

ʥʘʫʯʠʣʠʩʴ ʫʭʘʞʠʚʘʪʴ ʟʘ ʤʘʪʝʨʠʘʣʘʤʠ, ʢʦʪʦʨʳʝ ʦʥʠ 

ʠʩʧʦʣʴʟʫʶʪ. ʉʝʡʯʘʩ ʦʯʝʥʴ ʯʘʩʪʦ ʩʪʘʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʜʠʥʳʝ ʤʦʥʦʣʠʪʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪ ɹʩʢʦʨʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʪʝʭ ʠʣʠ 

ʠʥʳʭ ʟʜʘʥʠʡ. ʉʪʠʣʴ ʧʦʩʪʨʦʝʢ ʯʘʱʝ ʚʩʝʛʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʢʣʷʥʥʳʡ. ɺʳʛʣʷʜʠʪ ʵʬʬʝʢʪʥʦ, 

ʦʩʦʙʝʥʥʦ ʚ ʩʦʣʥʝʯʥʫʶ ʧʦʛʦʜʫ, ʥʦ ʟʘʯʘʩʪʫʶ ʧʨʠ 

ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ ʧʦʩʪʨʦʡʢʠ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʙʣʠʟ 

ʩʪʦʷʱʠʝ ʟʜʘʥʠʷ, ʪʝʤ ʩʘʤʳʤ ʥʝ ʧʦʣʫʯʘʝʪʩʷ ʝʜʠʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʪʝʭ ʚʨʝʤʝʥ ʠ 

ʥʘʰʠʭ ʧʦ-ʩʚʦʝʤʫ ʭʦʨʦʰʠ ʠ ʫʥʠʢʘʣʴʥʳ, ʥʦ ʟʘʤʝʪʥʘʷ 

ʨʘʟʥʠʮʘ ʘʨʭʠʪʝʢʪʫʨʳ ʟʜʘʥʠʷ ʥʝ ʤʦʞʝʪ ʥʝ ʟʘʩʪʘʚʠʪʴ 

ʨʘʜʦʚʘʪʴʩʷ ʛʣʘʟʫ. 

ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʘ ʥʘ ʤʦʡ ʚʟʛʣʷʜ 

ʵʢʦʘʨʭʠʪʝʨʢʫʨʘ, ʜʘ, ʥʦ ʜʘʞʝ ʫ ʵʪʦʛʦ ʩʪʠʣʷ ʝʩʪʴ 

ʤʥʦʞʝʩʪʚʦ ʤʠʥʫʩʦʚ. ʇʨʠ ʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʳ ʪʘʢʦʛʦ 

ʩʪʠʣʷ ʤʦʞʥʦ ʫʙʠʪʴ ʜʚʫʭ ʟʘʡʮʝʚ ʩʨʘʟʫ, ʪʦ ʝʩʪʴ 

ʪʝʨʨʠʪʦʨʠʷ ʛʜʝ ʤʦʞʥʦ ʧʦʩʘʜʠʪʴ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʩʪʨʦʠʪʩʷ ʟʜʘʥʠʝ, ʥʦ ʪʘʢ ʢʘʢ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ 

ʚʢʣʶʯʝʥʘ ʚ ʧʨʦʝʢʪ ʧʦʩʪʨʦʡʢʠ, ʚ ʮʝʣʦʤ ʵʪʦ ʠ ʙʫʜʝʪ 

ʯʘʩʪʴʶ ʟʜʘʥʠʷ ʤʠʥʫʩʦʚ ʥʝʜʦʣʞʥʦ ʙʳʪʴ. ʅʦ ʚʘʞʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ 

ʜʝʨʝʚʴʷ, ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ 

ʢʠʩʣʦʨʦʜ, ʘ ʚ ʦʩʥʦʚʥʦʤ ʚʳʙʠʨʘʶʪʩʷ ʟʝʣʝʥʳʝ 

ʥʘʩʘʞʜʝʥʠʷ ʤʘʣʦ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʫʛʣʝʢʠʩʣʳʡ 

ʛʘʟ.  

  ɺ 2000 ïʭ ʛʦʜʘʭ ʥʘʭʦʜʠʣʠʩʴ ʘʨʭʠʪʝʢʪʦʨʳ, 

ʢʦʪʦʨʳʝ ʧʨʠʜʫʤʳʚʘʣʠ ʥʝʦʙʳʯʥʳʝ ʠʜʝʠ ʜʣʷ 

ʧʦʩʪʨʦʝʢ.  

 
ʈʠʩ. 3 çʏʘʩʪʴ ʣʝʜʦʚʦʛʦ ʤʦʩʪʘè 

 

ʂʨʘʩʠʚʘʷ ʠ ʩʜʝʨʞʘʥʥʘʷ ʯʘʩʪʴ ʧʦʩʪʨʦʡʢʠ, 

ʢʨʘʩʠʚʦ ʩʦʧʨʦʚʦʞʜʘʝʪ ʣʝʜʦʚʳʡ ʤʦʩʪ. ɽʩʣʠ 

ʩʨʘʚʥʠʚʘʪʴ ʩ ʧʦʩʪʨʦʡʢʘʤʠ ʥʘʰʝʛʦ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ 

ʦʱʫʱʝʥʠʝ ʧʝʨʝʙʦʨʘ.  

 

 
ʈʠʩ. 4 çSelfridges Building ʚ ʘʥʛʣʠʡʩʢʦʤ 

ʛʦʨʦʜʝ ɹʠʨʤʠʥʛʝʤʝè 

 

 
ʈʠʩ. 5 çSageGateshead ʚ ʘʥʛʣʠʡʩʢʦʤ ʛʦʨʦʜʝ 

ɹʠʨʤʠʛʝʨʝè 

 

ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʦʙʲʝʢʪʠʚʥʦ, ʪʦ ʚʝʩʴ ʛʦʨʦʜ 

ʚʠʜʝʪʴ ʚ ʪʘʢʠʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤʘʭ ʠ ʩʪʠʣʷʭ 

ʦʯʝʥʴ ʥʝʩʜʝʨʞʘʥʥʦ. ɺʦʟʤʦʞʥʦ ʝʩʣʠ ʚʩʝ 

ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʥʝʦʙʳʯʥʳʝ ʟʘʜʫʤʢʠ ʩ 

ʧʨʘʢʪʠʯʥʳʤʠ, ʧʦʣʫʯʠʪʩʷ ʯʪʦ-ʪʦ ʢʨʘʩʠʚʦʝ ʠ 

ʫʥʠʢʘʣʴʥʦʝ. ʅʦ ʧʦʯʪʠ ʚ ʢʘʞʜʦʤ ʛʦʨʦʜʝ, ʝʩʪʴ ʟʜʘʥʠʷ 

ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʪʘʨʳʭ ʟʜʘʥʠʡ, ʪʦ ʝʩʪʴ 

ʢʦʪʦʨʳʤ ʤʥʦʛʦ ʣʝʪ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʠ ʚʝʢʦʚ. ʉʘʤʦʝ 

ʛʣʘʚʥʦʝ ʧʦʥʠʤʘʪʴ, ʛʜʝ ʠ ʯʪʦ ʪ r ʩʦʙʠʨʘʝʰʴʩʷ 

ʩʪʨʦʠʪʴ, ʪʘʢ ʢʘʢ ʣʶʜʠ ʩʥʘʯʘʣʘ ʚʦʩʧʨʠʥʠʤʘʶʪ 

ʢʦʤʧʦʟʠʮʠʶ ʚ ʮʝʣʦʤ, ʘ ʥʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʠ ʵʪʦ 

ʧʨʘʚʠʣʴʥʦ, ʪʝʤ ʙʦʣʝʝ ʤʦʟʛ ʯʝʣʦʚʝʢʘ ʥʝ ʤʦʞʝʪ ʩʨʘʟʫ 
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ʩ ʬʦʢʫʩʠʨʦʚʘʪʴʩʷ ʥʘ ʯʝʤ-ʪʦ ʦʜʥʦʤ, ʩʥʘʯʘʣʘ ʠʜʝʪ 

ʦʙʱʘʷ ʢʘʨʪʠʥʘ, ʜʘʣʝʝ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɹʝʟʫʩʣʦʚʥʦ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʘʢʪʫʘʣʴʥʳ, ʥʦ ʥʝ 

ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʩʪʠʣʝʡ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ. 

ʀʥʥʦʚʘʮʠʦʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ, 

ʧʨʠʤʝʥʝʥʠʷ ʙʝʪʦʥʦʚ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ 

ʟʘʱʠʪʥʳʭ ʩʦʩʪʘʚʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʚʦ ʤʥʦʛʦʤ ʤʦʞʝʪ ʟʘʚʝʩʠʪʴ ʦʪ ʫʯʝʪʘ ʪʨʝʙʦʚʘʥʠʡ 

ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚ ʩʬʝʨʝ 

ɾʂʍ. ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʘʢʪʫʘʣʴʥʦ 

ʙʳʩʪʨʦʚʦʟʚʦʜʠʤʦʝ ʞʠʣʴʝ, ʯʪʦ ʜʠʢʪʫʝʪʩʷ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʞʠʣʴʝ ʠ ʪʝʤʧʘʤʠ ʞʠʣʠʱʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʪʨʦʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʥʝ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʦʚʳʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ 

ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʨʝʥʦʚʘʮʠʠ ʩʪʘʨʦʛʦ 

ʞʠʣʦʛʦ ʬʦʥʜʘ. ɸʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʣʠʢ 

ʮʝʥʪʨʘʣʴʥʦʡʟʘʩʪʨʦʡʢʠ ʛʦʨʦʜʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʤʝʝʪ 

ʟʜʘʥʠʷ ʠ ʧʦʩʪʨʦʡʢʠ ʥʝ ʦʪʚʝʯʘʶʱʠʝ ʩʦʚʨʝʤʝʥʥʳʤ 

ʘʨʭʠʪʝʢʪʫʨʥʳʤ ʪʝʥʜʝʥʮʠʷʤ ʚ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʝʥʦʚʘʮʠʷ, ʪʘʢʦʡ ʟʘʩʪʨʦʡʢʠ ʥʝʩʝʪ 

ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʭʨʘʥʝʥʠʷ 

ʠʩʪʦʨʠʯʝʩʢʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʨʦʡ ʟʘʩʪʨʦʡʢʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʚʦʜʷ ʠʪʦʛ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʠʥʥʦʚʘʮʠʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʫʞʥʦ ʫʤʝʪʴ 

ʧʨʠʤʝʥʷʪʴ ʛʨʘʤʦʪʥʦ. ʅʝ ʧʨʦʩʪʦ ʚʟʷʪʴ ʠ ʧʦʩʪʨʦʠʪʴ 

ʢʘʢʦʝ-ʪʦ ʥʝʦʙʳʯʥʦʝ ʟʜʘʥʠʝ, ʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʤʝʩʪʥʦʩʪʴ, ʛʜʝ ʙʫʜʝʪ ʥʘʭʦʜʠʪʩʷ ʪʦ ʠʣʠ ʠʥʦʝ 

ʩʦʦʨʫʞʝʥʠʝ, ʢʘʢʠʝ ʟʜʘʥʠʷ ʨʷʜʦʤ, ʚʦʟʤʦʞʥʦ ʫʯʝʩʪʴ 

ʩʪʠʣʴ ʧʦʩʪʨʦʡʢʠ. ɼʘ ʚʳʜʝʣʠʪʴ ʩʚʦʸ ʟʜʘʥʠʝ, ʯʪʦʙʳ 

ʵʪʦ ʙʳʣʦ ʠʟʶʤʠʥʢʦʡ ʛʦʨʦʜʘ ʥʫʞʥʦ, ʠ ʜʘʞʝ ʦʯʝʥʴ 

ʚʘʞʥʦ, ʥʦ ʥʝ ʪʘʢ ʯʪʦʙʳ ʵʪʦ ʩʤʦʪʨʝʣʦʩʴ ʢʨʠʯʘʱʝ, 

ʚʳʟʳʚʘʶʱʝ, ʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʚʟʛʣʷʜʘʤ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ. 
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ʉʫʱʝʩʪʚʫʶʱʠʝ ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ  

ʇʨʠ ʣʝʯʝʥʠʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ ʧʨʠʤʝʥʷʶʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ, ʦʢʘʟʳʚʘʶʱʠʝ ʚ 

ʙʦʣʴʰʠʭ ʜʦʟʘʭ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ʏʪʦʙʳ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʠʭ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʠʩʧʦʣʴʟʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʟʠʥʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʚʝʱʝʩʪʚʘ, ʟʘʜʝʨʞʠʚʘʶʱʠʝ ʵʪʠ ʣʫʯʠ. 

ʊʘʢʞʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʟʘʱʠʪʳ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ  ʠ ʨʘʙʦʪʘʶʱʝʛʦ ʩ 

ʧʝʨʩʦʥʘʣʘ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ.ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʣʝʛʢʠʭ ʧʦʣʠʤʝʨʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ, ʦʧʪʠʯʝʩʢʠʤʠ ʠ 

ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ.ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʤʘʪʝʨʠʘʣʦʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʈʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ,ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʵʣʘʩʪʦʤʝʨʳ, ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ, ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ 

 

ABSTRACT 

 

The existing trends in the development of radiation-protective materials show that polymer composite materials 

are the most promising  

X-rays are used in the treatment and examination of the human body, which have a harmful effect in large doses. 

To reduce their negative impact on humans, special rubbers are used, which include substances that delay these rays. 

Composite materials are also used to protect space equipment and personnel working with it from ionizing 

radiation. The possibility of creating lightweight polymer nanocomposites with high strength and heat resistance, as 

well as the necessary electrical, optical and other characteristics, makes them suitable for use as structural and 

functional materials of spacecraft. One of the promising directions for obtaining aerospace materials is the synthesis of 

composite materials based on software 

Keywords:Heterogeneous (multilayer) protective devices are used for the comprehensive protection of the 

onboard equipment of spacecraft. 
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ɺʚʝʜʝʥʠʝ. 
ɺ ʩʪʘʪʴʝ ʜʘʝʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ 

ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʮʝʣʷʭ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʧʝʨʩʦʥʘʣʘ ʠ  ʦʙʦʨʫʜʦʚʘʥʠʷ,  ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʨʝʜʘʭ 

ʧʦʚʳʰʝʥʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, ʵʪʦ 

ʦʪʨʘʞʝʥʦ ʚ ʪʨʫʜʘʭ ʩʦʚʝʪʩʢʠʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ [1-37]. 

ʈʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ ʥʘ ʦʩʥʦʚʝ 

ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʝʟʠʥ ʠ ʨʝʟʠʥʦʧʦʜʦʙʥʳʭ 

ʧʦʣʠʤʝʨʘʭ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ɔ-ʠʟʣʫʯʝʥʠʷ. ʀʟ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚ ʦʩʥʦʚʥʦʤ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʨʝʜʩʪʚʘ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ 

ʠ ʧʘʩʪʦʦʙʨʘʟʥʳʝ ʟʘʱʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʟʘʱʠʪʫ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘʭ. 

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʛʝʪʝʨʦʛʝʥʥʳʝ (ʤʥʦʛʦʩʣʦʡʥʳʝ) ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ 

ʀʟ ʚʩʝʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʨʘʜʠʘʮʠʦʥʥʦ-

ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʛʨʫʧʧʳ 

ʤʘʪʝʨʠʘʣʦʚ: ʤʘʪʝʨʠʘʣʳ, ʤʘʪʨʠʮʳ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʨʝʟʠʥʘʤʠ, 

ʨʝʟʠʥʦʧʦʜʦʙʥʳʤʠ ʧʦʣʠʤʝʨʘʤʠ, ʤʘʪʝʨʠʘʣʳ, 

ʤʘʪʨʠʮʳ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʵʢʨʘʥʳ. 

 

ʈʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ  ʤʘʪʝʨʠʘʣʳ  ʥʘ 

ʦʩʥʦʚʝ ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʥʳʭ ʨʝʟʠʥ  

ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ 

ʣʝʯʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʙʦʣʝʟʥʝʡ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʚ ʙʦʣʴʰʠʭ ʜʦʟʘʭ 

ʦʢʘʟʳʚʘʶʪ ʥʘ ʥʝʛʦ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ. ɼʣʷ 

ʟʘʱʠʪʳ ʦʪ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠʩʧʦʣʴʟʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʨʝʟʠʥʳ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ 

ʚʝʱʝʩʪʚʘ, ʟʘʜʝʨʞʠʚʘʶʱʠʝ ʵʪʠ ʣʫʯʠ. .  

ɿʘʱʠʪʥʘʷ ʤʦʱʥʦʩʪ ɹʨʝʟʠʥʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʣʫʯʘʤ ʟʘʚʠʩʠʪ ʦʪ ʦʙʲʝʤʥʦʛʦ 

ʥʘʧʦʣʥʝʥʠʷ ʩʤʝʩʠ ʠʥʛʨʝʜʠʝʥʪʦʤ, ʪ.ʝ. ʦʪ ʪʦʣʱʠʥʳ ʠ 

ʩʦʩʪʘʚʘ ʩʣʦʷ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʙʫʜʫʪ ʧʨʦʭʦʜʠʪʴ ʣʫʯʠ, 

ʠ ʦʪ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʛʨʝʜʠʝʥʪʘ ʚ 

ʢʘʫʯʫʢʝ. ʀʟ ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʳʭ 

ʨʝʟʠʥʘʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʵʣʝʤʝʥʪʳ ʩ 

ʙʦʣʴʰʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ, ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʚʠʥʝʮ ʠ ʦʢʩʠʜ 

ʩʚʠʥʮʘ, ʢʦʪʦʨʳʡ ʣʝʛʯʝ, ʯʝʤ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʚʠʥʝʮ, 

ʜʠʩʧʝʨʛʠʨʫʝʪʩʷ ʚ ʢʘʫʯʫʢʝ.   

ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪ 

ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʡ ʩʫʣʴʬʘʪ ʙʘʨʠʷ. ʇʦʛʣʦʱʝʥʠʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʙʘʨʠʪʦʤ ʙʣʠʟʢʦ ʢ 

ʧʦʛʣʦʱʝʥʠʶ ʠʭ ʦʢʠʩʴʶ ʩʚʠʥʮʘ. ʈʝʥʪʛʝʥʦʟʘʱʠʪʥʳʝ 

ʨʝʟʠʥʳ ʧʦʛʣʦʱʘʶʪ ʪʘʢʞʝ ʛʘʤʤʘ-ʣʫʯʠ.   

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʘʩʪʦʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʠʣʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ 

(ʧʝʨʯʘʪʢʠ ʠ ʜʨ.). ɿʘʱʠʱʘʶʱʠʡ ʦʪ ʨʘʜʠʘʮʠʠ 

ʤʘʪʝʨʠʘʣ ʩʦʜʝʨʞʠʪ ʵʣʘʩʪʦʤʝʨ, ʚ ʢʦʪʦʨʦʤ 

ʜʠʩʧʝʨʛʠʨʦʚʘʥ ʧʦʨʦʰʦʢ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. 

ʕʣʘʩʪʦʤʝʨ ʚʳʙʨʘʥ ʠʟ ʯʠʩʣʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʢʘʫʯʫʢʘ, 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʦʣʠʠʟʦʧʨʝʥʦʚ, ʧʦʣʠʙʫʪʘʜʠʝʥʦʚ, 

ʧʦʣʠʭʣʦʨʦʧʨʝʥʦʚ, ʭʣʦʨʦʩʫʣʴʬʠʨʦʚʘʥʥʳʭ 

ʧʦʣʠʵʪʠʣʝʥʦʚ, ʧʦʣʠʫʨʝʪʘʥʦʚʳʭ ʵʣʘʩʪʦʤʝʨʦʚ, 

ʬʪʦʨʠʨʦʚʘʥʥʳʭ ʵʣʘʩʪʦʤʝʨʦʚ, ʩʦʧʦʣʠʤʝʨʦʚ 

ʠʟʦʧʨʝʥʘ ʠ ʠʟʦʙʫʪʠʣʝʥʘ, ʩʦʧʦʣʠʤʝʨʦʚ ʵʪʠʣʝʥʘ ʠ 

ʜʠʝʥʘ, ʩʪʠʨʦʣ- ʠʟʦʧʨʝʥ- ʩʪʠʨʦʣʴʥʳʭ ʙʣʦʢ-

ʧʦʣʠʤʝʨʦʚ. ʇʦʨʦʰʦʢ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʘ ʩʦʜʝʨʞʠʪ ʦʪ 

70 % ʜʦ 90 % ʪʨʠʦʢʩʠʜʘ ʚʠʩʤʫʪʘ, ʦʪ 5 ʜʦ 15 % 

ʪʨʠʦʢʩʠʜʘ ʚʦʣʴʬʨʘʤʘ, ʠ ʦʪ 5 ʜʦ 15 % ʪʨʠʦʢʩʠʜʘ 

ʣʘʥʪʘʥʘ. ʇʝʨʯʘʪʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʠʩʧʫʩʢʘʝʤʦʛʦ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ.   

ʀʟʚʝʩʪʥʦ ʧʨʠʤʝʥʝʥʠʝ ʢʘʫʯʫʢʦʚ ʜʣʷ 

ʫʩʪʨʦʡʩʪʚʘ ʵʢʨʘʥʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ . ʕʢʨʘʥ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʳ 

ʠʤʝʶʱʝʡ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʜʚʘ ʩʣʦʷ, ʩʦʝʜʠʥʝʥʥʳʭ 

ʤʝʞʜʫ ʩʦʙʦʡ. ʄʝʞʜʫ ʩʣʦʷʤʠ ʨʘʟʤʝʱʝʥʘ 

ʘʨʤʠʨʫʶʱʘʷ ʩʝʪʢʘ. ʉʣʦʠ ʧʣʘʩʪʠʥʳ ʠʟʛʦʪʦʚʣʝʥʳ ʚ 

ʚʠʜʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʩʣʦʝʚ ʠʟ ʧʦʣʠʤʝʨʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙ̫ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʝ 

ʧʦʣʠʤʝʨʥʦʝ ʩʚʷʟʫʶʱʝʝ, ʧʣʘʩʪʠʬʠʢʘʪʦʨ, 

ʵʢʨʘʥʠʨʫʶʱʠʡ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, 

ʘʜʛʝʟʠʦʥʥʫʶ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʜʦʙʘʚʢʠ, ʧʨʠʯʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʠʤʝʨʥʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʩʤʝʩʴ ʧʦʣʠʤʝʨʦʚ ʠʟ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʦʛʦ ʢʘʫʯʫʢʘ, 

ʠ/ʠʣʠ ʧʦʣʠʠʟʦʙʫʪʠʣʝʥʘ, ʠ/ʠʣʠ ʩʵʚʠʣʝʥʘ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʥʝʨʘʣʴʥʦʝ ʤʘʩʣʦ, ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʘʨʠʪ ʠʣʠ ʩʚʠʥʮʦʚʳʡ 

ʧʦʨʦʰʦʢ, ʚ ʢʘʯʝʩʪʚʝ ʪʠʢʩʦʪʨʦʧʥʦʡ ʜʦʙʘʚʢʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʜʚʫʦʢʠʩʠ 

ʢʨʝʤʥʠʷ, ʚ ʢʘʯʝʩʪʚʝ ʘʜʛʝʟʠʦʥʥʦʡ ʜʦʙʘʚʢʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʠʬʘʪʠʯʝʩʢʠʝ ʩʤʦʣʳ.   

ʄʘʪʝʨʠʘʣ, ʟʘʱʠʱʘʶʱʠʡ ʦʪ ʧʨʦʥʠʢʘʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʡ ʨʝʟʠʥʦʚʫʶ ʦʩʥʦʚʫ ʠ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʦʪʣʠʯʘʶʱʠʡʩʷ 

ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʩʦʜʝʨʞʠʪ 

ʥʘʧʦʣʥʠʪʝʣ ɹ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ ʠ 

ʪʘʢʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʫʧʘʢʦʚʢʫ ʯʘʩʪʠʮ 

ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʝʜʠʥʠʮʝ ʦʙʲʸʤʘ. 

ʈʝʥʪʛʝʥʦʟʘʱʠʪʥʘʷ ʨʝʟʠʥʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʩʨʝʜʩʪʚ ʟʘʱʠʪʳ ʧʝʨʩʦʥʘʣʘ ʠ ʧʘʮʠʝʥʪʦʚ 

ʤʝʜʠʮʠʥʩʢʠʭ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʘʙʠʥʝʪʦʚ, ʘ ʪʘʢʞʝ 

ʟʘʱʠʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʤʝʜʠʮʠʥʩʢʦʡ 

ʨʝʥʪʛʝʥʦʪʝʭʥʠʢʝ ʚʢʣʶʯʘʝʪ ʢʘʫʯʫʢʦʚʫʶ ʤʘʪʨʠʮʫ, 

ʥʘʧʦʣʥʝʥʥʫʶ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʝʛʨʝʛʠʨʦʚʘʥʥʦʡ 

ʧʫʪʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʤʝʩʴʶ 

ʩʣʦʞʥʦʛʦ ʦʢʠʩʣʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ 
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 ʤ, ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ 

ʦʙʲʸʤʫ ʤʘʪʨʠʮʳ , ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ 

ʢʘʣʘʥʜʨʦʚʘʥʥʳʭ ʣʠʩʪʦʚ ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʥʝʡ 

ʧʦʩʨʝʜʩʪʚʦʤ ʘʚʪʦʢʣʘʚʥʦʡ ʚʫʣʢʘʥʠʟʘʮʠʠ.  

ʈʝʥʪʛʝʥʦʟʘʱʠʪʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʚʢʣʶʯʘʝʪ 

ʢʨʝʤʥʠʡ ʦʨʛʘʥʠʯʝʩʢʠʡ ʢʘʫʯʫʢ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʷʟʫʶʱʝʛʦ, ʵʢʨʘʥʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ ʠʟ ʩʤʝʩʠ 

ʦʢʩʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʩʠʜʘ 

ʩʫʨʴʤʳ (III),  ʢʘʪʘʣʠʟʘʪʦʨ, ʧʦʣʠʘʤʠʥ, ʠ 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʡ ʘʛʝʥʪ.   

ʕʣʘʩʪʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʡ ʩʦʩʪʦʠʪ ʠʟ 

ʩʚʷʟʫʶʱʝʛʦ ʠ ʥʘʧʦʣʥʠʪʝʣʷ-ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ 

ʚʦʣʴʬʨʘʤʘ ʠ ʦʢʩʠʜʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. 

ʉʚʷʟʫʶʱʝʝ ʚʳʧʦʣʥʝʥʦ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ 

ʧʦʣʠʫʨʝʪʘʥʘ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʛʦ 10-80 ʤʘʩ. %, 

ʦʩʪʘʣʴʥʦʝ ʚʦʣʴʬʨʘʤ ʠʣʠ ʦʢʩʠʜʳ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ.  
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ʕʪʠʣʝʥ-ʧʨʦʧʠʣʝʥ-ʜʠʝʥʦʚʳʡ ʤʦʥʦʤʝʨ 

(EPDM) ʢʘʫʯʫʢ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʢʘʫʯʫʢʦʚ. ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʳʪʫ, ʚ 

ʷʜʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ 

ʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʙʝʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʛʝʨʤʝʪʠʢʘ. ʕʪʦʪ ʢʘʫʯʫʢ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʶ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘ 

ʦʩʥʦʚʝ ʵʪʦʛʦ ʢʘʫʯʫʢʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʩʠʜʘ ʙʦʨʘ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 20% ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʵʣʘʩʪʠʯʥʦʛʦ ʵʢʨʘʥʠʨʫʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʟʘʱʠʪʳ 

ʦʪ ʥʝʡʪʨʦʥʦʚ.  

ʀʟʚʝʩʪʥʘ ʩʤʝʩʴ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ  ʚʢʣʶʯʘʶʱʘʷ 

ʩʠʣʦʢʩʘʥʦʚʳʡ ʢʘʫʯʫʢ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 15Ĭ10
3 
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3
, ʢʘʪʘʣʠʟʘʪʦʨ-ʜʠʵʪʠʣʜʠʢʘʧʨʠʣʘʪ ʦʣʦʚʘ, 

ʥʘʧʦʣʥʠʪʝʣʴ ʚ ʪʦʤ ʯʠʩʣʝ ʩʤʝʩʴ ʦʢʩʠʜʦʚ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʨʴʤʳ (III),  ʠʪʪʨʠʷ.  

ʈʝʥʪʛʝʥʦʟʘʱʠʪʥʫʶ ʢʦʤʧʦʟʠʮʠʶ ʭʦʣʦʜʥʦʛʦ 

ʦʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʡ-

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʢʘʫʯʫʢʘ, ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʵʧʦʢʩʠʩʦʜʝʨʞʘʱʝʛʦ ʫʛʣʝʚʦʜʦʨʦʜʘ, 

ʵʬʠʨʘ ʦʨʪʦʬʪʘʣʝʚʦʡ ʢʠʩʣʦʪʳ ʠ ʦʜʥʦʘʪʦʤʥʳʭ 

ʩʧʠʨʪʦʚ, ʘ ʪʘʢʞʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʟ ʩʤʝʩʠ ʦʢʩʠʜʦʚ 

ʨʘʜʠʦʟʘʱʠʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʦʢʩʠʜʘ ʩʫʨʴʤʳ, 

ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ ʦʪʚʝʨʜʠʪʝʣʷ. ʈʝʥʪʛʝʥʦʟʘʱʠʪʥʫʶ 

ʢʦʤʧʦʟʠʮʠʶ ʛʦʪʦʚʷʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʩʤʝʰʝʥʠʝʤ 

ʩʥʘʯʘʣʘ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʚʷʟʫʶʱʝʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʟʘʪʝʤ ʥʘʧʦʣʥʠʪʝʣʷ ʩ 

ʧʦʣʫʯʝʥʠʝʤ ʚʷʟʢʦʡ ʧʘʩʪʳ, ʟʘʪʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ ʠ 

ʦʪʚʝʨʜʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʜʦʙʘʚʣʷʶʪ ʚ ʚʷʟʢʫʶ ʧʘʩʪʫ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʥʘʥʝʩʝʥʠʝʤ ʥʘ 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʪʢʘʥʳʡ ʤʘʪʝʨʠʘʣ.  

ɼʣ ̫ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʠʟʣʫʯʝʥʠʡ 

ʠʩʧʦʣʴʟʫʶʪ ʧʘʩʪʦʦʙʨʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʊʘʢʦʡ 

ʤʘʪʝʨʠʘʣ ʚʢʣʶʯʘʝʪ ʧʣʘʩʪʠʯʝʩʢʫʶ ʩʠʥʪʝʪʠʯʝʩʢʫʶ 

ʤʘʩʩʫ, ʥʘʧʦʣʥʠʪʝʣʴ, ʧʣʘʩʪʠʬʠʢʘʪʦʨ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʷʞʫʱʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʙʫʪʘʜʠʝʥʦʚʳʡ ʠʣʠ ʙʫʪʘʜʠʝʥ-

ʥʠʪʨʠʣʴʥʳʡ, ʠʣʠ ʙʫʪʠʣʥʠʪʨʠʣʴʥʳʡ ʢʘʫʯʫʢʠ, ʠʣʠ 

ʙʫʪʠʣʢʘʫʯʫʢ, ʠʣʠ ʜʠʚʠʥʠʣʩʪʠʨʦʣʴʥʳʡ ʢʘʫʯʫʢ. ɺ 

ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪ ʦʢʩʠʜ ʩʚʠʥʮʘ 

ʠʣʠ ʬʪʦʨʠʩʪʳʡ ʣʠʪʠʡ-6, ʠʣʠ ʙʦʨ, ʠʣʠ ʩʦʝʜʠʥʝʥʠʷ 

ʙʦʨʘ, ʠʣʠ ʛʠʜʨʠʜ ʪʠʪʘʥʘ, ʠʣʠ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ 

ʩʚʠʥʝʮ, ʠʣʠ ʦʢʠʩʴ ʚʠʩʤʫʪʘ, ʠʣʠ ʜʚʫʦʢʠʩʴ ʫʨʘʥʘ, 

ʠʣʠ ʜʚʫʦʢʠʩʴ ʪʦʨʠʷ, ʠʣʠ ʚʦʣʴʬʨʘʤ, ʠʣʠ ʪʨʸʭʦʢʠʩʴ 

ʚʦʣʴʬʨʘʤʘ, ʠʣʠ ʦʢʩʠʜʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʫʶʪ 

ʜʠʙʫʪʠʣʬʪʘʣʘʪ ʠʣʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʥʦʝ ʤʘʩʣʦ, ʠʣʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʦʝ ʤʘʩʣʦ, ʠʣʠ ʜʠʙʫʪʠʣʩʝʙʘʮʠʥʘʪ, ʠʣʠ 

ʜʠʦʢʪʠʣʩʝʙʘʮʠʥʘʪ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʩʧʦʣʴʟʫʶʪ 

ʢʘʪʠʦʥʘʪ-7 ʠʣʠ ʣʝʮʠʪʠʥ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʝ. ʇʘʩʪʦʦʙʨʘʟʥʳʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʧʦʟʚʦʣʷʝʪ ʟʘʧʦʣʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʟʜʝʣʠʷ ʣʶʙʦʡ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ.  

ɸʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ ʠ ʨʝʟʠʥ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʦʥʠ 

ʧʝʨʩʧʝʢʪʠʚʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʨʝʜʩʪʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ: ʥʘʢʣʘʜʦʢ, ʬʘʨʪʫʢʦʚ, 

ʤʘʥʞʝʪ ʠ ʜʨ. ʇʦʜʦʙʥʳʝ ʠʟʜʝʣʠʷ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʝʜʠʮʠʥʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʥʪʛʝʥʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʚ 

ʨʝʥʪʛʝʥʦʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʢʘʙʠʥʝʪʘʭ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʜʦʟʦʚʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʘʮʠʝʥʪʦʚ ʠ ʤʝʜʠʮʠʥʩʢʠʡ 

ʧʝʨʩʦʥʘʣ.  

ʊʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʳʭ 

ʧʦʣʠʤʝʨʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʚʝʜʝʥʠʠ ʚ 

ʧʦʣʠʤʝʨʥʫʶ ʤʘʪʨʠʮʫ ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʣʘʜʘʶʱʠʭ ʚʳʩʦʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ɼʣʷ ʦʩʣʘʙʣʝʥʠʷ ɔ-

ʣʫʯʝʡ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʟʘʢʦʥ, 

ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʠ ʘʪʦʤʥʦʛʦ ʥʦʤʝʨʘ ʚʝʱʝʩʪʚʘ ʯʘʩʪʠʮ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ .  

ɻʘʤʤʘ  ʣʫʯʠ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʯʝʣʦʚʝʢʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʙʝʟʦʧʘʩʥʳʝ ʤʘʪʝʨʠʘʣʳ  (ʙʝʟ 

ʩʚʠʥʮʘ).  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʥʘ ʦʩʥʦʚʝ 

ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʦʛʦ ʤʦʥʦʤʝʨʘ (EPDM) ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʨʠʘʣʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʦʨʦʰʢʦʚ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ (Fe3O4, Bi2O3, W2O3). 

EPDM ʙʳʣ ʚʳʙʨʘʥ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʘʪʤʦʩʬʝʨʦʩʪʦʡʢʠʡ, ʩʪʦʡʢʠʡ ʢ 

ʚʦʟʜʝʡʩʪʚʠʶ ʛʘʤʤʘ ʣʫʯʝʡ. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ EPDM c ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʜʦ 500 ʤʘʩ.ʯ. ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ 

ʵʢʨʘʥʠʨʦʚʘʪʴ ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩ 

ʯʠʩʪʳʤʠ ʩʚʠʥʮʦʚʳʤʠ ʣʠʩʪʘʤʠ. ʕʪʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ 

ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʠʝʤ.  

ɼʣʷ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ ʣʫʯʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʨʝʟʠʥʘ ʥʘʧʦʣʥʝʥʥʘʷ ʦʢʩʠʜʦʤ ʛʘʜʦʣʠʥʠʷ (Gd2O3) . 

ʇʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥ 

ʧʨʦʧʠʣʝʥʦʚʦʛʦ ʤʦʥʦʤʝʨʘ (EPDM) ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʪʨʠʦʢʩʠʜʘ ʚʠʩʤʫʪʘ (Bi2O3) ʜʦ 30% ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʛʘʤʤʘ ʠʟʣʫʯʝʥʠʷ . ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʘʱʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʷʚʣʷʶʪʩʷ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʪʨʠʦʢʩʠʜʘ ʚʠʩʤʫʪʘ 30%. ʄʘʪʝʨʠʘʣ 

ʧʦʣʫʯʘʝʪʩʷ ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʠʝʤ ʤʘʩʩʳ.   

ʅʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥ ʧʨʦʧʠʣʝʥʦʚʦʛʦ ʤʦʥʦʤʝʨʘ 

(EPDM) ʠ ʥʘʥʦ ʦʢʩʠʜʦʚ ʩʚʠʥʮʘ PbO ï 20% + 

ʪʨʠʦʢʩʠʜ ʚʠʩʤʫʪʘ Bi2O3 ï 40% ʩʦʟʜʘʥ ʤʘʪʝʨʠʘʣ ʜʣʷ 

ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ . ʃʠʩʪʳ ʪʦʣʱʠʥʦʡ 6 ʤʤ ʠʟ 

ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʵʢʚʠʚʘʣʝʥʪʥʳ ʩʚʠʥʮʦʚʳʤ ʣʠʩʪʘʤ 

ʪʦʣʱʠʥʦʡ 0,65 ʤʤ. ʄʘʪʝʨʠʘʣ ʧʦʣʫʯʝʥ 

ʚʫʣʢʘʥʠʟʠʨʦʚʘʥʠʝʤ.  

ʅʘ ʦʩʥʦʚʝ ʵʪʠʣʝʥ ʧʨʦʧʠʣʝʥʦʚʦʛʦ ʤʦʥʦʤʝʨʘ 

(EPDM) ʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʦ 20% 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ ʧʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʝʡʪʨʦʥʦʚ . ɺʚʝʜʝʥʠʝ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʩʣʘʙʣʝʥʠʷ ʠʟʣʫʯʝʥʠʷ (J/J0). ʇʨʠ ʢʦʣʠʯʝʩʪʚʝ 

ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ  

20% J/J0 ʩʥʠʞʘʝʪʩʷ ʩ 0,6 ʧʨʠ ʪʦʣʱʠʥʝ 2 ʤʤ 

ʜʦ 0,2 ʧʨʠ ʪʦʣʱʠʥʝ 20 ʤʤ.  

 

 ʈʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ  
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ʇʨʠ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʷʭ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠʮʳ: ʥʝʡʪʨʦʥʳ, ʘʣʴʬʘ-ʯʘʩʪʠʮʳ, 

ʵʣʝʢʪʨʦʥʳ, ʧʨʦʪʦʥʳ, ʦʩʢʦʣʢʠ ʜʝʣʝʥʠʷ, ʛʘʤʤʘ-

ʢʚʘʥʪʳ ʠ ʤʝʟʦʥʳ. ʆʩʥʦʚʥʫʶ ʦʧʘʩʥʦʩʪʴ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʡʪʨʘʣʴʥʳʝ ʯʘʩʪʠʮʳ-ʥʝʡʪʨʦʥʳ ʠ 

ʛʘʤʤʘ-ʢʚʘʥʪʳ.  

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʟʘʱʠʪʳ 

ʦʪ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʤʝʜʣʝʥʠʝ, ʪʘʢ 

ʢʘʢ ʯʝʤ ʤʝʥʴʰʝ ʵʥʝʨʛʠʷ ʥʝʡʪʨʦʥʦʚ, ʪʝʤ ʚʳʰʝ 

ʜʦʧʫʩʪʠʤʳʡ ʠʭ ʧʦʨʦʛ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʳ ʧʘʨʘʬʠʥ, ʚʦʜʘ, ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ 

ʚʝʱʝʩʪʚʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʦʨʦʜʘ. ʉ ʵʪʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʧʦʣʠʵʪʠʣʝʥ. ʆʥ ʦʙʣʘʜʘʝʪ ʥʝʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ 910-960 ʢʛ/ʤ
3
, ʩʦʜʝʨʞʠʪ ʚʦʜʦʨʦʜʘ ʥʘ 18 

% ʙʦʣʴʰʝ, ʯʝʤ ʚʦʜʘ. ʇʦʣʠʵʪʠʣʝʥ ʙʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʚ ʥʝʤ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʘʪʦʤʦʚ 

ʚʦʜʦʨʦʜʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʟʘʤʝʜʣʠʪʝʣʝʤ ʙʳʩʪʨʳʭ 

ʥʝʡʪʨʦʥʦʚ. ɺʚʦʜʷ ʚ ʧʦʣʠʵʪʠʣʝʥ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʪʝʧʣʦʚʳʭ 

ʥʝʡʪʨʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʵʬʬʝʢʪʠʚʥʳʡ 

ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʡ ʤʘʪʝʨʠʘʣ .  

ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʚʳʧʫʩʢʘʶʪʩʷ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʧʣʠʪʳ ʠ ʙʣʦʢʠ ʠʟ 

ʙʦʨʠʨʦʚʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ 

ʟʘʤʝʜʣʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ .   

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ ʟʘʱʠʪʳ ʦʪ 

ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ, 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʢʘʨʙʠʜʦʤ ʙʦʨʘ. ɼʦʙʘʚʢʘ ʚʩʝʛʦ 2% 

ʢʘʨʙʠʜʘ ʙʦʨʘ ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʝʪ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʪ ʤʝʜʣʝʥʥʳʭ ʥʝʡʪʨʦʥʦʚ.  

ʈʘʟʨʘʙʦʪʘʥ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʨʭʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, 

ʥʘʧʦʣʥʝʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʘʨʙʠʜʘ ʙʦʨʘ, 

ʧʦʢʨʳʪʳʭ ʦʙʦʣʦʯʢʦʡ ʠʟ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ .  

ʊʘʢʞʝ ʩʦʦʙʱʘʣʦʩʴ ʦ ʧʦʣʫʯʝʥʠʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘʧʦʣʥʝʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ 

B2O3 ʧʦʢʨʳʪʳʤʠ ʦʙʦʣʦʯʢʦʡ ʠʟ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ 

ʩʧʠʨʪʘ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ 

ʧʦʣʠʚʠʥʠʣʦʚʳʤ ʩʧʠʨʪʦʤ ʧʨʠʤʝʥʷʣʦʩʴ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʣʫʯʰʝʡ ʘʛʜʝʟʠʠ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʠʤʝʨʥʘʷ 

ʤʘʪʨʠʮʘ-ʥʘʧʦʣʥʠʪʝʣʴ.  

ʀʟʚʝʩʪʝʥ ʥʝʡʪʨʦʥʦʟʘʱʠʪʥʳʡ ʤʘʪʝʨʠʘʣ  ʥʘ 

ʦʩʥʦʚʝ ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠ 

ʦʢʠʩʠ ʩʫʨʴʤʳ Sm2O3. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ ʩʥʠʞʘʝʪ ʧʨʦʯʥʦʩʪʴ 

ʢʦʤʧʦʟʠʪʘ. ʆʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʥʘʧʦʣʥʠʪʝʣʷ 

ʧʦ ʤʘʩʩʝ ʩʦʩʪʘʚʣʷʝʪ 40 %.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʳ ʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʧʦʣʠʤʝʨʤʘʪʨʠʯʥʳʝ ʥʘʥʦʢʦʤʧʦʟʠʪʳ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʩʦ ʩʨʝʜʥʝʡ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ 4Ĭ10
6
 ʛ/ʤʦʣʴ ʠ ʨʘʟʤʝʨʦʤ 

ʛʨʘʥʫʣ 60 ʤʢʤ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʤʝʥʷʣʠ 

ʥʘʥʦʚʦʣʴʬʨʘʤ ʩ ʨʘʟʤʝʨʦʤ ʥʘʥʦʯʘʩʪʠʮ 60-80 ʤʤ, 

ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʘʨʙʠʜ ʙʦʨʘ B4C ʩʦ ʩʨʝʜʥʠʤ 

ʨʘʟʤʝʨʦʤ ʛʨʘʥʫʣ 100 ʤʢʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩʦʩʪʘʚʘ B4C + 

Wn + ʉɺʄʇʕ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʥʘʧʦʣʥʠʪʝʣʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʜʠʘʮʠʦʥʥʦʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʦʩʣʘʙʣʝʥʠʷ ɔ-ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʟʦʰʣʦ ʜʦ ʚʝʣʠʯʠʥʳ 

1,21 õ 1,43, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʪʦʢʦʚ 

ʥʝʡʪʨʦʥʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʙʦʨʩʦʜʝʨʞʘʱʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ ʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʢʦʨʦʩʪʠ ʧʝʨʝʤʝʱʝʥʠʷ ʥʝʡʪʨʦʥʦʚ. ʂʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ (V=1ʢʤ/ʩ) ʧʨʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ B4C 20 % ʤʘʩʩ. ʜʦʩʪʠʛʘʝʪ ʚʝʣʠʯʠʥʳ 

0,2-0,25, ʪ.ʝ. ʧʦʛʣʦʱʘʝʪʩʷ 75-80 %, ʘ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʫʩʢʘʥʠʷ ʙʳʩʪʨʳʭ ʥʝʡʪʨʦʥʦʚ (V=300 ʢʤ/ʩ) ʧʨʠ 

ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʠ B4C ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 0,6 ï 

0,7, ʪ.ʝ. ʧʦʛʣʦʱʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 30-40 %.  

ʀʟʚʝʩʪʝʥ ʤʘʪʝʨʠʘʣ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ 

ʚ ʢʦʩʤʦʩʝ . ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʠʤʝʨʥʳʡ 

ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʥʘʧʦʣʥʝʥʥʦʛʦ 

ʥʠʪʨʠʜʦʤ ʙʦʨʘ (BN). ɼʦʩʪʦʠʥʩʪʚʦʤ ʵʪʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʠʡ ʚʝʩ. ʅʠʪʨʠʜ ʙʦʨʘ 

ʫʚʝʣʠʯʠʣ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʘ 

(ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, ʧʨʦʯʥʦʩʪʴ), ʥʦ ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʘʣ ʥʘ ʟʘʱʠʪʫ ʦʪ ʥʝʡʪʨʦʥʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʦʣʠʵʪʠʣʝʥʦʤ.   

ʇʦʣʫʯʝʥ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ 

ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩ ʥʘʧʦʣʥʠʪʝʣʝʤ ʚ ʚʠʜʝ 

ʥʘʥʦʯʘʩʪʠʮ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʛʦ ʦʢʩʠʜʘ ʩʚʠʥʮʘ 

(PbONPS) ʠ ʦʙʲʸʤʥʳʡ ʦʢʩʠʜ ʩʚʠʥʮʘ (PbOBLK) ʚ 

ʢʦʣʠʯʝʩʪʚʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10% ʠ 50%. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʪʠ 

ʤʘʪʝʨʠʘʣʳ ʭʦʨʦʰʦ ʟʘɦʠʱʘʶʪ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ ʦʙʣʫʯʝʥʠʷ, ʠʤʝʶʪ 

ʣʝʛʢʠʡ ʚʝʩ, ʥʠʟʢʫʶ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʩʪʳ ʚ 

ʠʟʛʦʪʦʚʣʝʥʠʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ ʠ ʦʜʝʞʜʳ.  

ʀʟʚʝʩʪʝʥ  ʢʣʝʷʱʠʡʩʷ ʤʘʪʝʨʠʘʣ ʚ ʚʠʜʝ ʪʦʥʢʦʡ 

ʧʣʝʥʢʠ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʠʣʠ ʨʝʤʦʥʪʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʘʙʠʥʝʪʦʚ ʠ 

ʨʘʜʠʦʥʫʢʣʠʜʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ ʩ ʮʝʣʴʶ ʟʘʱʠʪʳ 

ʧʨʠʣʝʛʘʶʱʠʭ ʧʦʤʝʱʝʥʠʡ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʝʟʥʦʡ 

ʤʦʜʝʣʠ ʚʳʨʘʞʘʝʪʩʷ ʚ ʨʘʩʰʠʨʝʥʠʠ ʘʨʩʝʥʘʣʘ 

ʨʫʣʦʥʥʳʭ ʢʣʝʡʢʠʭ ʣʝʥʪ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʣʝʥʪʳ, 

ʵʢʨʘʥʠʨʫʶʱʝʡ ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ 

(ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠ ʛʘʤʤʘ). ʆʥ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ 

ʨʫʣʦʥʥʦʡ ʢʣʝʡʢʦʡ ʣʝʥʪʝ, ʩʦʜʝʨʞʘʱʝʡ ʧʣʝʥʢʫ ʠʟ 

ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʣʱʠʥʦʡ 40-50 ʤʢʤ ʩ 

ʢʣʝʷʱʝʡ ʧʦʜʣʦʞʢʦʡ, ʚʥʝʰʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʥʢʠ 

ʧʦʢʨʳʪʘ ʵʣʘʩʪʠʯʥʳʤ ʧʦʣʠʤʝʨʦʤ ʪʦʣʱʠʥʦʡ 1,5 ï 2,0 

ʤʤ, ʟʘʧʦʣʥʝʥʥʳʤ ʯʘʩʪʠʮʘʤʠ ʚʦʣʴʬʨʘʤʘ ʚʝʣʠʯʠʥʦʡ 

0,1 ï 0,2 ʤʤ.  

ʈʘʜʠʦ-, ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘ 

ʧʦʣʠʤʝʨʥʦʡ ʦʩʥʦʚʝ  ʩʦʜʝʨʞʠʪ 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ ʩ 

ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚʦʣʴʬʨʘʤʘ, ʢʘʨʙʠʜʘ ʙʦʨʘ ʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʠ ʩʣʝʜʫʶʱʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ (% ʤʘʩʩ.): 

ʩʚʝʨʭʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʡ ʧʦʣʠʵʪʠʣʝʥ - 40-60, 

ʚʦʣʴʬʨʘʤ - 18-20, ʢʘʨʙʠʜ ʙʦʨʘ - 15-20, ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʛʣʝʨʦʜ ʋʄ-76 - 5-20. ʊʘʢʦʝ ʥʘʧʦʣʥʝʥʠʝ ʤʘʪʝʨʠʘʣʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣ, ʧʦʛʣʦʱʘʶʱʠʡ 

ʥʝʡʪʨʦʥʥʦʝ, ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʠ ʉɺʏ-ʠʟʣʫʯʝʥʠʝ.  

ʄʘʪʝʨʠʘʣ ʜʣʷ ʟʘʱʠʪʥʳʭ ʵʢʨʘʥʦʚ  ʩʦʜʝʨʞʠʪ ʚ 

ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥ ʠ/ʠʣʠ 

ʧʦʣʠʵʪʠʣʝʥ, ʘ ʣʠʪʠʡ ʠ ʙʦʨ ʚ ʩʦʩʪʘʚʝ ʩʦʝʜʠʥʝʥʠʷ 
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ʪʝʪʨʘʛʠʜʨʠʜʦʙʦʨʘʪʘ ʣʠʪʠʷ ʧʨʠ ʩʣʝʜʫʶʱʝʤ 

ʩʦʦʪʥʦʰʝʥʠʠ (% ʤʘʩ): ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ 

ʵʢʨʘʥʠʨʫʶʱʠʡ ʥʘʧʦʣʥʠʪʝʣʴ-ʪʝʪʨʘʛʠʜʨʠʜʦʙʦʨʘʪ 

ʣʠʪʠʷ ʥʝ ʙʦʣʝʝ 5, ʧʦʣʠʵʪʠʣʝʥ ʠ/ʠʣʠ ʧʦʣʠʧʨʦʧʠʣʝʥ 

ʦʩʪʘʣʴʥʦʝ.   

 

ʄʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʦʩʝ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʵʢʨʘʥʦʚ, ʩʧʦʩʦʙʥʳʭ 

ʦʙʝʩʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʨʘʜʠʘʮʠʦʥʥʫʶ ʟʘʱʠʪʫ 

ʥʘʠʙʦʣʝʝ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ . ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʯʘʱʝ ʚʩʝʛʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʤʧʦʟʠʪʳ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʥʘʧʦʣʥʠʪʝʣʷʤʠ ʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʵʢʨʘʥʳ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʤʘʪʝʨʠʘʣʦʚ ʩ ʜʦʩʪʘʪʦʯʥʦ 

ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʂ ʯʠʩʣʫ ʥʘʠʙʦʣʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠʣʠ 

ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʦʟʠʮʠʡ ʧʦʣʠʤʝʨʥʳʭ ʩʠʩʪʝʤ 

ʦʪʥʦʩʷʪʩʷ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʧʦʣʠʠʤʠʜʳ, ʧʦʣʠʘʤʠʜʳ, 

ʧʦʣʠʢʘʨʙʦʥʘʪ, ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪ, 

ʧʦʣʠʩʠʣʦʢʩʘʥʳ, ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʢʘʫʯʫʢʠ, 

ʧʦʣʠʘʢʨʠʣʘʪʳ, ʧʦʣʠʵʪʠʣʝʥ, ʩʦʧʦʣʠʤʝʨʳ 

ʪʝʪʨʘʬʪʦʨʵʪʠʣʝʥʘ ʩ ʛʝʢʩʘʬʪʦʨʧʨʦʧʠʣʝʥʦʤ ʠ 

ʵʪʠʣʝʥʦʤ, ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ, ʵʧʦʢʩʠʜʥʳʝ ʠ 

ʬʝʥʦʣʬʦʨʤʘʣʴʜʝʛʠʜʥʳʝ ʩʤʦʣʳ .  

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ 

ʤʘʪʝʨʠʘʣ ʜʣʷ ʟʘʱʠʪʳ ʢʦʩʤʠʯʝʩʢʦʡ ʘʧʧʘʨʘʪʫʨʳ ʦʪ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʨʠʮʳ ʚ 

ʵʪʦʤ ʤʘʪʝʨʠʘʣʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʝʢʣʦ ʥʘ ʦʩʥʦʚʝ 

ʦʢʩʠʜʦʚ ʩʚʠʥʮʘ ʠ ʙʦʨʘ, ʘʨʤʠʨʦʚʘʥʥʦʛʦ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʥʘʥʦʪʨʫʙʯʘʪʳʤ ʭʨʠʟʦʪʠʣʦʤ ʠ 

ʥʘʧʦʣʥʝʥʥʦʡ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ PbWO4 ʠʣʠ 

ʜʨʦʙʴʶ TiH 1,8. ʄʘʪʝʨʠʘʣ ʠʤʝʝʪ ʥʠʟʢʫʶ 

ʩʪʦʠʤʦʩʪʴ, ʭʦʨʦʰʠʝ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʥʦʡ ʟʘʱʠʪʳ ʙʦʨʪʦʚʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪ 

ʛʝʪʝʨʦʛʝʥʥʳʝ (ʤʥʦʛʦʩʣʦʡʥʳʝ) ʟʘʱʠʪʥʳʝ ʵʢʨʘʥʳ. 

ɻʝʪʝʨʦʛʝʥʥʳʡ ʵʢʨʘʥ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʩʣʦʸʚ: 

ʩʪʝʢʣʦʪʢʘʥʴ, ʙʦʨʦʩʦʜʝʨʞʘʱʠʡ ʤʘʪʝʨʠʘʣ, ʥʠʢʝʣʴ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʟʘʱʠʪʥʦʤ ʵʢʨʘʥʝ ʪʷʞʝʣʦʛʦ 

ʤʝʪʘʣʣʘ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʤʝʥʴʰʝʥʠʷ 

ʪʦʨʤʦʟʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ. ʂʦʣʠʯʝʩʪʚʦ 

ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʪʘʢʦʡ ʵʢʨʘʥ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ 4 

ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʘʣʶʤʠʥʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ɺʝʩ ʪʘʢʦʛʦ ʵʢʨʘʥʘ ʥʘ 10% 

ʤʝʥʴʰʝ, ʯʝʤ ʘʣʶʤʠʥʠʝʚʦʛʦ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʦʩʣʘʙʣʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ.  

ɻʠʙʢʠʝ ʵʢʨʘʥʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ 

ʩʰʠʪʦʛʦ ʧʦʣʠʜʠʤʝʪʠʣʩʠʣʦʢʩʘʥʘ ʠ ʦʢʩʠʜʘ ʚʠʩʤʫʪʘ 

(Bi2O3), ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʜʦ 70% . ʊʘʢʠʝ ʵʢʨʘʥʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ.   

ʀʟʚʝʩʪʥʦ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʦʝ 

ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʝ ʧʦʢʨʳʪʠʝ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʘʧʧʘʨʘʪʦʚ  ʩʦʜʝʨʞʘʱʝʝ ʣʠʪʠʝʚʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʠ 

ʥʘʧʦʣʥʠʪʝʣʠ BaSO4, Ba(AlO2)2. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ʣʠʪʠʝʚʦʝ ʞʠʜʢʦʝ ʩʪʝʢʣʦ ʠ ʥʘʧʦʣʥʠʪʝʣʠ Bi2O3, 

BaWO4.  

ʊʘʢʞʝ ʠʩʩʣʝʜʦʚʘʣʩʷ ʪʨʸʭʩʣʦʡʥʳʡ ʵʢʨʘʥ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʥʝʰʥʝʛʦ ʩʣʦʷ-ʣʘʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ 

ʢʘʨʙʠʜʦʤ ʙʦʨʘ, ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʛʦ - ʠʟ 

ʘʣʶʤʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ ʚʦʣʦʢʥʘ, ʚʥʫʪʨʝʥʥʝʛʦ ʩʣʦʷ 

ʣʘʢʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʥʠʢʝʣʝʚʳʤ ʧʦʨʦʰʢʦʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʧʝʨʚʦʛʦ ʩʣʦʷ 0,3 ï 0,4 ʤʤ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʘʨʙʠʜʘ ʙʦʨʘ 50-60%, ʚʪʦʨʦʛʦ ʩʣʦʷ ï 

2 ʤʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʶʤʦʙʦʨʦʩʠʣʠʢʘʪʥʦʛʦ 

ʚʦʣʦʢʥʘ ï 75%, ʪʨʝʪʴʝʛʦ ʩʣʦʷ ï 0,15 ʤʤ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʥʠʢʝʣʷ ï 70%. ʊʘʢʠʝ ʵʢʨʘʥʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʚʩʝʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʘʣʶʤʠʥʠʝʚʳʡ ʘʥʘʣʦʛ.  

ɿʘʱʠʪʥʳʝ ʵʢʨʘʥʳ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ 

ʘʧʧʘʨʘʪʫʨʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʨʘʟʣʠʯʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʌʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚʳʙʦʨʘ 

ʤʘʪʝʨʠʘʣʦʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʵʢʨʘʥʦʚ ʘʥʘʣʦʛʠʯʥʳ 

ʧʨʠʥʮʠʧʘʤ, ʠʩʧʦʣʴʟʫʝʤʳʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠ 

ʦʩʣʘʙʣʝʥʠʠ ʚʦʟʜʝʡʩʪʚʫʶʱʝʛʦ ʧʦʪʦʢʘ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʛʨʘʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʪʦʣʱʠʥʘ ʩʣʦʝʚ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʕʬʬʝʢʪʠʚʥʳʤ ʤʥʦʛʦʩʣʦʡʥʳʤ 

ʵʢʨʘʥʦʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʧʨʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʣʦʡʥʳʡ ʵʢʨʘʥ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʳʡ 

ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ ʪʷʞʝʣʳʡ, ʘ ʚʪʦʨʦʡ ʙʦʣʝʝ ʣʝʛʢʠʡ (ʦʪ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʤʘʪʝʨʠʘʣʘ 

ʦʧʨʝʜʝʣʷʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʦʛʣʦʱʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʦ ʦʙʲʸʤʫ, ʦʜʥʘʢʦ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʵʢʨʘʥʘ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʫʩʨʝʜʥʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ 

ʠ ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (B, 

H) ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʝʛʦ ʨʘʜʠʘʮʠʦʥʥʦ-

ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʤʘʣʳʭ 

ʩʝʯʝʥʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʥʝʡʪʨʦʥʦʚ ʚ 

ʷʜʝʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʧʨʦʪʦʥʦʚ ʩ ʘʪʦʤʘʤʠ 

ʤʘʪʝʨʠʘʣʘ ʵʢʨʘʥʘ. ʉʪʝʧʝʥʴ ʦʩʣʘʙʣʝʥʠʷ ʧʦʪʦʢʘ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʩʣʦʠʩʪʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (Al, W).  

ɸʥʘʣʠʟ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʵʢʨʘʥʦʚ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʯʠʩʣʝ 

ʩʣʦʝʚ ʙʦʣʝʝ 4- 

6 ʩʪʝʧʝʥʴ ʦʩʣʘʙʣʝʥʠʷ ʧʦʪʦʢʘ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 

ʠʟʣʫʯʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʩʨʝʜʥʝʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʚʝʱʝʩʪʚʘ ʵʢʨʘʥʘ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦ 

ʧʦʣʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʦʚ ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟʠʨʦʚʘʥʠʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ ʥʘʧʦʣʥʠʪʝʣʷ ʚ ʚʠʜʝ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ. 

ʊʨʘʜʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʝʩʩʠʣʴʥʳ ʧʝʨʝʜ 

ʢʦʩʤʠʯʝʩʢʦʡ ʨʘʜʠʘʮʠʝʡ. ɺʦʟʤʦʞʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ ʚ 

ʵʪʦʤ ʧʣʘʥʝ ʜʘʣʝʢʦ ʥʝ ʠʩʯʝʨʧʘʥʳ.  

ʈʘʟʨʘʙʦʪʘʥ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ 

ʧʦʣʠʘʣʢʘʥʠʤʠʜʥʦʡ ʤʘʪʨʠʮʳ ʥʘʧʦʣʥʝʥʥʦʡ 

ʧʦʣʠʤʝʪʠʣʩʠʣʠʢʘʥʘʪʦʤ ʛʘʜʦʣʠʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʝʡʪʨʦʥʥʦʟʘʱʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ 
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ʫʧʘʢʦʚʦʯʥʳʭ ʢʦʤʧʣʝʢʪʦʚ ʦʪʨʘʙʦʪʘʥʥʦʛʦ ʷʜʝʨʥʦʛʦ 

ʪʦʧʣʠʚʘ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʠʩʪʠʨʦʣʘ ʠ ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ 

ʨʘʟʨʘʙʦʪʘʥ ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, 

ʦʙʣʘʜʘʶʱʠʡ ʥʝʡʪʨʦʥʥʦ-ʟʘʱʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʦʪ ʢʦʤʧʦʟʠʪ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ 43 ʤʘʩʩ. % ʛʠʜʨʠʜʘ ʪʠʪʘʥʘ ʠ 57 ʤʘʩʩ. % 

ʧʦʣʠʩʪʠʨʦʣʘ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʣʠʥʝʡʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʩʣʘʙʣʝʥʠʷ ʧʦʪʦʢʘ ʥʝʡʪʨʦʥʦʚ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʠ ʦʪ 0,1 ʜʦ 5 ʄʵɺ.  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ 

ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʇʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʘʤʠ 

ʦʙʣʘʜʘʶʪ ʤʘʣʦʡ ʤʘʩʩʦʡ ʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

ʜʦʩʪʫʧʥʳʤ ʩʳʨʴʝʚʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʩʪʨʫʢʮʠʠ, ʯʝʤ 

ʤʝʪʘʣʣʳ, ʥʦ ʤʝʪʘʣʣʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʩʦʟʜʘʶʪ ʚʪʦʨʠʯʥʦʝ ʛʘʤʤʘ-

ʠʟʣʫʯʝʥʠʝ, ʘ ʜʣʷ ʧʦʣʠʤʝʨʦʚ ʪʘʢʦʡ ʧʨʦʙʣʝʤʳ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʘʚʪʦʨʳ ʚʠʜʷʪ 

ʚ ʩʦʟʜʘʥʠʠ ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʤʝʨʥʦʡ 

ʤʘʪʨʠʮʳ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ. ʉʦʟʜʘʥ 

ʢʦʤʧʦʟʠʪ ʥʘ ʦʩʥʦʚʝ ʧʦʣʠʵʪʠʣʝʥʘ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʦʨʦʰʢʘ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʆʢʩʠʜ ʘʣʶʤʠʥʠʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʣʠ 

ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʴʶ ɻʂɾ-11. ʕʪʦ 

ʧʦʟʚʦʣʠʣʦ ʝʤʫ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʠʪʴʩʷ ʚ 

ʤʘʪʨʠʮʝ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʦʟʠʪ, ʩʦʜʝʨʞʘʱʠʡ 

ʚ ʩʝʙʝ 70% ʥʘʧʦʣʥʠʪʝʣʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʩʪʦʡʢʦʩʪʴʶ ʢ ʬʘʢʪʦʨʘʤ ʠʤʠʪʠʨʫʶʱʠʤ 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʇʦʪʝʨʷ ʤʘʩʩʳ 

ʢʦʤʧʦʟʠʪʘ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʚʘʢʫʫʤʥʦʛʦ 

ʫʣʴʪʨʘʬʠʦʣʝʪʘ ʥʝ ʧʨʝʚʳʩʠʣʘ 1%, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʥʦʨʤʘʪʠʚʥʳʤʠ ʜʦʢʫʤʝʥʪʘʤʠ ʧʦ ʠʟʜʝʣʠʷʤ 

ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʤ 

ʤʘʪʝʨʠʘʣʘʤ 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʤʘʪʝʨʠʘʣʘʤ ʙʠʦʣʦʛʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 

ʠʩʪʦʯʥʠʢʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʷʚʣʷʝʪʩʷ 

ʚʳʩʦʢʠʝ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʢ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡʪʨʦʥʥʦʤʫ ʦʙʣʫʯʝʥʠʶ, ʪʘʢ ʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ɔ-ʠʟʣʫʯʝʥʠʶ . ɼʣʷ ʟʘʱʠʪʳ ʦʪ 

ʥʝʡʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ï ʩʦʜʝʨʞʘʪʴ ʷʜʨʘ 

ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʩʦʜʝʨʞʘʪʴ 

ʙʦʨ. ʂʨʦʤʝ ʪʦʛʦ, ʢ ʤʘʪʝʨʠʘʣʘʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʥʘ 

ɸʕʉ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʳ, ʧʨʝʜʲʷʚʣʷʝʪʩʷ ʮʝʣʳʡ ʨʷʜ 

ʪʨʝʙʦʚʘʥʠʡ: ʚʳʩʦʢʘʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ 

ʤʘʪʝʨʠʘʣʘ, ʚʳʩʦʢʘʷ ʨʘʜʠʘʮʠʦʥʥʘʷ ʠ ʪʝʨʤʠʯʝʩʢʘʷ 

ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʦʩʦʙʝʥʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ 

ʨʝʘʢʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʚʠʙʨʦ- ʠ ʫʜʘʨʦʩʪʦʡʢʦʩʪʴ, 

ʚʦʜʦ- ʠ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʊʘʢʞʝ ʥʝ ʤʘʣʳʤ 

ʬʘʢʪʦʨʦʤ ʧʨʠ ʚʳʙʦʨʝ ʟʘʱʠʪʳ ʦʪ ʥʝʡʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʩʣʫʞʘʪ ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ ʠ ʜʝʤʦʥʪʘʞʘ 

ʟʘʱʠʪʳ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʦʙʱʝʜʦʩʪʫʧʥʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʨʘʜʠʘʮʠʦʥʥʦ-

ʟʘʱʠʪʥʳʡ ʤʘʪʝʨʠʘʣ. 

ɺʳʚʦʜʳ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʦʙʟʦʨ  

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʳʨʴʝʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʨʳ.  

ʂʦʤʙʠʥʠʨʫʷ ʩʦʩʪʘʚ ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʳ ʠ 

ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʚʥʝʜʨʝʥʥʳʭ ʯʘʩʪʠʮ ʤʦʞʥʦ 

ʩʦʟʜʘʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʘʪʝʨʠʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʢʨʠʪʝʨʠʷʤ ʟʘʱʠʪʳ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ï ʦʪ 

ʵʣʝʤʝʥʪʦʚ ʨʝʥʪʛʝʥʦʟʘʱʠʪʥʦʡ ʦʜʝʞʜʳ ʜʦ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʢʦʨʧʫʩʦʚ ʧʨʠʙʦʨʦʚ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʀʟ ʚʩʝʭ ʪʨʸʭ ʚʠʜʦʚ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘʠʙʦʣʝʝ ʪʝʭʥʦʣʦʛʠʯʥʳʤʠ, ʧʨʦʩʪʳʤʠ, 

ʜʝʰʝʚʳʤʠ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʜʦʩʪʫʧʥʦʩʪʠ ʩʳʨʴʷ 

ʷʚʣʷʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʘ. ʅʘ 

ʦʩʥʦʚʝʢʘʫʯʫʢʦʚ ʧʦʣʫʯʘʶʪ ʥʝʦʪʚʝʨʞʜʘʝʤʳʝ 

ʛʝʨʤʝʪʠʢʠ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ.  

ʉ ʫʯʝʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ 

ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʪʘʢʠʭ ʢʘʢ 

ʚʠʙʨʦ- ʠ ʫʜʘʨʦʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʩʪʦʡʢʦʩʪʴ, ʤʠʥʠʤʘʣʴʥʦʝ ʪʝʧʣʦʚʦʝ 

ʨʘʩʰʠʨʝʥʠʝ, ʤʘʣʘʷ ʫʩʘʜʢʘ, ʧʨʦʩʪʦʪʘ ʤʦʥʪʘʞʘ ʠ 

ʜʝʤʦʥʪʘʞʘ, ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʩʳʨʴʷ, 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-ʟʘʱʠʪʥʳʭ 

ʧʦʢʨʳʪʠʡ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʥʝʦʪʚʝʨʞʜʘʝʤʳʝ 

ʛʝʨʤʝʪʠʢʠ ʥʘ ʦʩʥʦʚʝ ʢʘʫʯʫʢʦʚ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʪ ʵʪʠʣʝʥʧʨʦʧʠʣʝʥʦʚʳʝ ʢʘʫʯʫʢʠ 

ʤʘʨʢʠ ʉʂʕʇ ʠ ʉʂʕʇʊ.  
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ɸʅʅʆʊɸʎʀʗ 

 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʩʪʥʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ. ʋʩʪʘʥʦʚʣʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʚ 

ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ, ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 10-20%, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʚʳʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʜʦ 62%, 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʥʦʨʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʝʪʦʥʦʚ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ, ʤʠʥʝʨʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʮʝʤʝʥʪʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ 

ʘʥʘʣʠʟ. 

 

ABSTRACT 

 

The article presents the results of experimental studies on obtaining cement compositions using local quartz sand 

obtained in a vibration mill  with different duration of mechanical activation.The expediency of using quartz sand in 

cement compositions in an amount of up to 10-20%, providing an increase in strength up to 62%, is established, at the 

same time, the setting time increases and the normal density increases slightly.The obtained results allow us to 

recommend it for obtaining concretes of increased strength. 

Key words: Portland cement, mineral additives, cement composition, microstructural analysis. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʠʥʝʨʘʣʴʥʳʝ ʥʘʧʦʣʥʠʪʝʣʠ 

ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʘʢ ʧʨʠʨʦʜʥʦʛʦ [1-

8], ʪʘʢ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ [9-19], ʩʪʘʣʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʘʢʪʠʢʝ. 

ʇʨʠʤʝʥʝʥʠʝʵʪʠʭ ʥʘʧʦʣʥʠʪʝʣʝʡ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ ʠʭ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʢʘʢ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢ ʠ ʚ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʜʘʯ [20-30].  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʮʝʤʝʥʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪ ʎɽʄ0 

42,5ʅ (ʧʦ ʩʪʘʥʜʘʨʪʘʤ ɻʆʉʊ 31108ï2020 ʠ ɻʆʉʊ 

30515-2013) ʧʨʦʠʟʚʦʜʩʪʚʘ ɿɸʆ çɹʝʣʛʦʨʦʜʩʢʠʡ 

ʮʝʤʝʥʪè ʠ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ ʧʨʠʨʦʜʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠʟ ɹʝʟʣʶʜʦʚʩʢʦʛʦ ʢʘʨʴʝʨʘ.  

ʉʦʩʪʘʚʳ ʩʤʝʩʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 

1, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʧʦʤʦʣʘ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʤʝʣʴʥʠʮʝ ʚ ʪʝʯʝʥʠʝ 10 ʠ 20 ʤʠʥʫʪ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʜʦʟʠʨʦʚʢʘʤʠ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ: 10, 20 ʠ 30%. ɼʣʷ 

ʩʨʘʚʥʝʥʠʷ ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʦʚʘʨʥʦʛʦ 

ʮʝʤʝʥʪʘ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʝʡ (ʩʤ. 

ʪʘʙʣʠʮʫ 1). 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʮʝʤʝʥʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʮʝʤʝʥʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʩ ʥʘʠʣʫʯʰʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʨʘʟʮʦʚ ˉ6 ʠ ˉ7 (ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ 10 ʠ 20% ʧʨʠ 20 

ʤʠʥʫʪʘʭ ʠʟʤʝʣʴʯʝʥʠʷ) ʙʳʣ ʠʟʫʯʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʙʦʨʘ Analyssette NanoTec plus 

(ʨʠʩʫʥʦʢ 1). ʋʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 16557 

ʩʤĮ/ʩʤį ʠ 15780 ʩʤĮ/ʩʤį ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦʩʪʘʚʦʚ: ʮʝʤʝʥʪ - ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʚ 

ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ 

 ̄

ʩʦʩʪʘʚʦʚ ʧ/ʧ 

ʐʠʬʨ ʉʦʩʪʘʚʳ ʅɻ,% ʉʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ, ʤʠʥ Rʩʞ, ʄʇʘ 

ʥʘʯʘʣʦ ʢʦʥʝʮ 2 ʩʫʪ 28 ʩʫʪ 

ɺʨʝʤʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ï 10 ʤʠʥʫʪ 

1 ɺʎ 1 ʎ=100 % 28,8 130 170 22,45 59,07 

2 ɺʎʂʇ 1.1 ʎ/ʂʇ=90/10 % 34,7 139 178 28,18 74,16 

3 ɺʎʂʇ 2.1 ʎ/ʂʇ=80/20 % 35,9 149 187 26,33 69,28 

4 ɺʎʂʇ 3.1 ʎ/ʂʇ=70/30 % 41,1 156 199 24,03 63,24 

ɺʨʝʤʷ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ï 20 ʤʠʥʫʪ 

5 ɺʎ 2 ʎ=100 % 31,7 165 203 25,42 66,90 

6 ɺʎʂʇ 1.2 ʎ/ʂʇ=90/10 % 35,3 168 211 30,84 81,15 

7 ɺʎʂʇ 2.2 ʎ/ʂʇ=80/20 % 36,9 177 219 29,74 78,28 

8 ɺʎɺʇ 3.2 ʎ/ʂʇ=70/30 % 41,8 185 227 26,85 70,65 

 

  
 

ɺʎʂʇ 1.2 

 

ɺʎʂʇ -2.2 

 

 

ʈʠʩʫʥʦʢ 1 ï ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ (ˉ6 ʠ ˉ7): 

ʮʝʤʝʥʪ/ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ=: 90/10 %; 80/20 %, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʭʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ ʚ 

ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ 

 

ʅʦʨʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ 

ʚʦʟʨʦʩʣʘ ʥʘ 42,71% ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʦ 30% 

ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʠ ʧʦʤʦʣʝ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʘ 

ʧʨʠ 20-ʤʠʥʫʪʥʦʤ ʧʦʤʦʣʝ ʦʥʘ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 

31,86%. ʕʪʦ ʧʦʚʳʰʝʥʠʝ ʥʦʨʤʘʣʴʥʦʡ ʛʫʩʪʦʪʳ 

ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ 

ʚʷʞʫʱʝʡ ʢʦʤʧʦʟʠʮʠʠ ( ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩʫʥʦʢ 2 ï ʅʦʨʤʘʣʴʥʘʷ ʛʫʩʪʦʪʘ ʮʝʤʝʥʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ (ʩʦʩʪʘʚʦʚ ˉ1-ˉ8) ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʚ 

ʪʝʯʝʥʠʝ 10 ʠ 20 ʤʠʥʫʪ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ 

 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʨʝʤʝʥʠ ʩʭʚʘʪʳʚʘʥʠʷ 

ʮʝʤʝʥʪʥʳʭ ʩʤʝʩʝʡ (ʪʘʙʣʠʮʘ 1), ʧʨʦʚʝʜʝʥʥʦʝ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʚ 

ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʦ, ʯʪʦ ʚʨʝʤʷ 

ʥʘʯʘʣʘ ʩʭʚʘʪʳʚʘʥʠʷ ʮʝʤʝʥʪʥʳʭ ʩʤʝʩʝʡ ʚʦʟʨʘʩʪʘʝʪ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ð ʦʪ 

6,92% ʜʦ 20,00%. ʇʨʠ ʤʝʭʘʥʦʘʢʪʠʚʘʮʠʠ ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥʫʪ ʚʨʝʤʷ ʥʘʯʘʣʘ ʩʭʚʘʪʳʚʘʥʠʷ ʮʝʤʝʥʪʥʳʭ 

ʢʦʤʧʦʟʠʮʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 1% ʜʦ 12% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʮʝʤʝʥʪʦʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʟʘ 20 

ʤʠʥʫʪ (ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,82% ʜʦ 12,12%), ʘ ʚʨʝʤʷ 

ʦʢʦʥʯʘʥʠʷ ʩʭʚʘʪʳʚʘʥʠʷ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 3% ʜʦ 12%. 

ʋʚʝʣʠʯʝʥʠʝ ʩʨʦʢʦʚ ʩʭʚʘʪʳʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ 

ʨʦʩʪʦʤ ʜʦʣʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʢʦʪʦʨʳʡ 

ʟʘʤʝʜʣʷʝʪ ʥʘʯʘʣʴʥʳʝ ʛʠʜʨʘʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʚʷʞʫʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʯʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 

81,15 ʄʇʘ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 10% ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʠ 

ʚʨʝʤʝʥʠ ʧʦʤʦʣʘ 20 ʤʠʥʫʪ. ʕʪʠ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʝʚʦʩʭʦʜʷʪ ʨʝʟʫʣʴʪʘʪʳ ʙʝʟʜʦʙʘʚʦʯʥʳʭ ʮʝʤʝʥʪʦʚ 

ʥʘ 21,30%. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 20% ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ ʠ 

ʪʦʡ ʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʤʦʣʘ ʧʨʦʯʥʦʩʪʴ 

ʮʝʤʝʥʪʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 78,28 ʄʇʘ, ʯʪʦ 

ʥʘ 17,01% ʚʳʰʝ, ʯʝʤ ʫ ʠʩʭʦʜʥʦʛʦ ʮʝʤʝʥʪʘ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʨʦʧʦʨʮʠʠ ʧʨʠ 10 ʤʠʥʫʪʘʭ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʠ, ʨʘʚʥʳʝ 74,16 ʠ 

69,28 ʄʇʘ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʦʢʘʟʘʪʝʣʠ 

ʙʝʟʜʦʙʘʚʦʯʥʦʛʦ ʮʝʤʝʥʪʘ ʥʘ 25,55% ʠ 16,87% 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 30% ʢʚʘʨʮʝʚʦʛʦ 

ʧʝʩʢʘ ʧʨʠ ʧʦʤʦʣʝ ʚ ʪʝʯʝʥʠʝ 10 ʠ 20 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʚʷʞʫʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ 

7,06% ʠ 5,61% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʨʠʩʫʥʦʢ 3.).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʤʠ 

ʩʦʩʪʘʚʘʤʠ ʷʚʣʷʶʪʩʷ ʮʝʤʝʥʪʥʳʝ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝ 

10 %, 20 % ʠ 30 % ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʧʨʠ ʚʨʝʤʝʥʠ 

ʧʦʤʦʣʘ 20 ʤʠʥʫʪ. ʇʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʪʠʭ ʩʤʝʩʝʡ ʩʦʩʪʘʚʣʷʶʪ 81,15 ʄʇʘ, 78,28 ʄʇʘ ʠ 

70,65 ʄʇʘ, ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʧʨʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʥʘ 21,30 %, 17,01 % ʠ 5,61 % 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʠʩʧʳʪʘʥʠʡ ʚʷʞʫʱʠʭ ʢʦʤʧʦʟʠʮʠʡ ʩ ʨʘʟʣʠʯʥʳʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʚ ʪʝʯʝʥʠʝ 10 ʠ 20 ʤʠʥʫʪ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ 

 

ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ 

ʮʝʤʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 

ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʦʪ ʢʦʤʧʦʟʠʮʠʠ ʩ 

10% ʢʚʘʨʮʝʚʳʤ ʧʝʩʢʦʤ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʤ ʚ ʪʝʯʝʥʠʝ 

20 ʤʠʥʫʪ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ, ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʦʜʫʢʪʳ ʛʠʜʨʘʪʘʮʠʠ ʚʢʣʶʯʘʶʪ ʛʠʜʨʦʩʠʣʠʢʘʪ 

ʢʘʣʴʮʠʷ CSH(II), ʛʠʜʨʦʘʣʶʤʠʥʘʪʳ ʢʘʣʴʮʠʷ C2AH8 

ʠ ʛʠʜʨʦʢʩʠʜ ʢʘʣʴʮʠʷ Ca(OH)2. ʊʘʢʞʝ ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʩʣʝʜʳ ʵʪʪʨʠʥʛʠʪʘ, ʘ 

ʪʘʢʞʝ ʘʥʦʨʪʠʪʘ (CaOĿAl2O3Ŀ2SiO2) ʠ ʢʨʝʤʥʝʟʸʤʘ 

(SiO2), ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʢʚʘʨʮʝʚʦʤ ʧʝʩʢʝ. 

 

 
 

ʈʠʩʫʥʦʢ 4 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʛʠʜʨʘʪʠʨʦʚʘʥʥʦʡ 

ʮʝʤʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ 

 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʯʝʪʢʦ ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʜʘʥʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʥʘʧʦʣʥʠʪʝʣʷ (ʩʤ. ʨʠʩʫʥʦʢ 5). ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, 

ʯʪʦ ʤʠʥʝʨʘʣʴʥʳʡ ʥʘʧʦʣʥʠʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 

ʤʝʥʝʝ 1 ʤʢʤ, ʘ ʪʘʢʞʝ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ, 

ʜʦʩʪʠʛʘʶʱʠʝ 20 ʤʢʤ. ʕʪʠ ʟʝʨʥʘ ʦʙʣʘʜʘʶʪ ʩʣʦʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʠ ʚʳʩʦʢʦʡ ʧʦʨʠʩʪʦʩʪʴʶ, ʠ ʭʘʦʪʠʯʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ. 

 

100 ʤʢʤ 10 ʤʢʤ 

 

  
 
ʈʠʩʫʥʦʢ 5 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ 

(ʠʟʤʝʣʴʯʝʥʥʦʡ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ) 

 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʮʝʤʝʥʪʥʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ 10% 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠ ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ, ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʘʢʪʥʘʷ ʠ 

ʩʨʦʩʰʘʷʩʷ ʩʪʨʫʢʪʫʨʘ ʢʦʤʧʦʟʠʪʘ (ʩʤ. ʨʠʩʫʥʦʢ 6). ʅʘ 

ʠʟʦʙʨʘʞʝʥʠʠ ʯʝʪʢʦ ʚʠʜʥʳ ʯʘʩʪʠʮʳ ʢʚʘʨʮʝʚʦʛʦ 

ʧʝʩʢʘ, ʧʦʢʨʳʪʳʝ ʛʠʜʨʦʩʠʣʠʢʘʪʘʤʠ ʢʘʣʴʮʠʷ ʠ 

ʘʣʶʤʠʥʠʷ; ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʦʥʠʢʘʶʪ ʚ ʤʝʞʩʣʦʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʝʩʢʘ, 

ʩʦʟʜʘʚʘʷ ʧʣʦʪʥʫʶ ʟʘʨʦʩʰʫʶ ʩʪʨʫʢʪʫʨʫ. ɺ ʩʢʦʣʘʭ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʠʤʳ ʟʝʨʥʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ, ʢʦʪʦʨʳʝ ʧʣʦʪʥʦ 

ʦʙʨʦʩʣʠ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘʤʠ ʢʘʣʴʮʠʷ ʠ ʘʣʶʤʠʥʠʷ. 

ʆʙʨʘʟʦʚʘʥʥʘʷ ʢʦʤʧʘʢʪʥʘʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ 

ʢʦʤʧʦʟʠʪʘ ʧʦʜʢʨʝʧʣʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʚʳʷʚʠʚʰʠʤʠ ʚʳʩʦʢʫʶ 

ʧʨʦʯʥʦʩʪʴ ʚ 81,15 ʄʇʘ ʩʧʫʩʪʷ 28 ʜʥʝʡ (ʪʘʙʣʠʮʘ 1, 

ʨʠʩʫʥʦʢ 4). 

 

  
 

ʈʠʩʫʥʦʢ 6 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʮʝʤʝʥʪʥʦʡ 

ʢʦʤʧʦʟʠʮʠʠ  ̄6: 

ʮʝʤʝʥʪ /ʢʚʘʨʮʝʚʳʡ ʧʝʩʦʢ=90/10 % ʧʨʠ 20 ʤʠʥʫʪʘʭ 

ʘʢʪʠʚʘʮʠʠ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ 

 

ʎʝʤʝʥʪʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠ 20 % ʢʚʘʨʮʝʚʦʛʦ ʧʝʩʢʘ, 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʚʧʝʯʘʪʣʷʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʧʨʦʯʥʦʩʪʠ ʚ 78,28 ʄʇʘ ʥʘ 28-ʡ ʜʝʥʴ. ʕʪʦʪ ʩʦʩʪʘʚ, 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʚ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ, 

ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 

(ʩʤ. ʨʠʩʫʥʦʢ 7). ʉʪʨʫʢʪʫʨʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʦʤʧʦʟʠʪʘ 

ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʚʩʝ ʟʝʨʥʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʧʦʣʥʠʪʝʣʷ ʧʦʢʨʳʪʳ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤʠ ʛʠʜʨʦʩʠʣʠʢʘʪʦʚ ʢʘʣʴʮʠʷ ʠ 

ʘʣʶʤʠʥʠʷ. ʌʦʪʦʛʨʘʬʠʷ ʯʝʪʢʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

100 ʤʢʤ 10 ʤʢʤ 


