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ʈɸɿɼɽʃ ɯɯɯ 

ʉʊʈʆʀʊɽʃʔʉʊɺʆ 
 

 

3.1 ʉʊʈʆʀʊɽʃʔʅʓɽ ʂʆʅʉʊʈʋʂʎʀʀ 

ʀ ʕʅɽʈɻʆʕʌʌɽʂʊʀɺʅʆʉʊʔ ʉʊʈʆʀʊɽʃʔʉʊɺɸ 
 

 

ʋɼʂ 577.4  

 

ɸʭʘʪʦʚʘ ɸ.ʂ., ʩʪʫʜʝʥʪ ʄʆʂ (ʂʘʟɻɸʉɸ) 

ɼʞʫʤʘʛʘʣʠʝʚ ʊ.ʂ., ʘʩʩʠʩʪʝʥʪ ʧʨʦʬʝʩʩʦʨʘ ʄʆʂ (ʂʘʟɻɸʉɸ) 

 

ɼʆʄɸ, ʂʆʊʆʈʓɽ ʋʄɽʖʊ ɼʓʐɸʊʔ, ʀ ʂɸʂ ʉʇɸʉʊʀ 

ʋʄʀʈɸʖʑʋʖ ɻʆʈʆɼʉʂʋʖ ʕʂʆʃʆɻʀʖ 

 
ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʦʤʘʭ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ 

ʵʢʦʣʦʛʠʠ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ, ʠ ʦʙ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʚ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ. 

 

ʄʘϨʘʣʘʜʘ Ϯʣʢʝʥ ϨʘʣʘʣʘʨʜʘϤʳ ʵʢʦʣʦʛʠʷʥʳ Ϩʘʣʧʳʥʘ ʢʝʣʪʽʨʫʛʝ ʢϺʤʝʢʪʝʩʝʪʽʥ Ϯʡʣʝʨ 

ʞϸʥʝ ϨϰʨʳʣʳʩʪʘϤʳ ʠʥʥʦʚʘʮʠʷʣʳϨ, ʵʢʦʣʦʛʠʷʣʳϨ ʤʘʪʝʨʠʘʣʜʘʨ ʪʫʨʘʣʳ ʘϨʧʘʨʘʪ ʙʝʨʽʣʛʝʥ. 

 

The article presents information about houses that help restore ecology in large cities and 

about innovative, ecological materials in construction. 

 

ʕʢʦʣʦʛʠʷ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ 

ʇʨʦʮʝʩʩ ʫʨʙʘʥʠʟʘʮʠʠ ʦʙʱʝʩʪʚʘ ʥʘʯʘʣʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʝʱʝ ʚ 

1800 ʛʦʜʫ ʣʠʰʴ 3% ʤʠʨʦʚʦʛʦ ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʣʦ ʚ ʛʦʨʦʜʘʭ, ʘ ʢ ʢʦʥʮʫ ʜʚʘ-

ʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ ʵʪʘ ʮʠʬʨʘ ʧʨʠʙʣʠʞʘʣʘʩʴ ʫʞʝ ʢ 50%. ʅʝʪ ʩʦʤʥʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ 

ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʙʫʜʝʪ ʨʘʩʪʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʠ ʵʪʦʤʫ ʝʩʪʴ ʩʚʦʝ ʦʙʲʷʩʥʝʥʠʝ.  

ɹʦʣʴʰʠʝ ʛʦʨʦʜʘ ʩ ʠʭ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʧʨʝʜʣʘ-

ʛʘʁʪ ʯʝʣʦʚʝʢʫ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʶʱʫʶ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʠ 

ʢʦʤʬʦʨʪʘ ʞʠʟʥʠ. ɺʩ yʥʝʦʙʭʦʜʠʤʦʝ ʥʘʭʦʜʠʪʩʷ ʚ ʰʘʛʦʚʦʡ ʜʦʩʪʫʧʥʦʩʪʠ: ʤʘʛʘʟʠʥʳ, 

ʫʯʝʙʥʳʝ ʟʘʚʝʜʝʥʠʷ, ʢʠʥʦʪʝʘʪʨʳ, ʤʫʟʝʠ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʇʦʞʠʚ ʚ ʛʦʨʦʜʝ ʥʝʢʦʪʦ-

ʨʦʝ ʚʨʝʤʷ, ʫʞʝ ʪʷʞʝʣʦ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʩʝʭ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʦ 

ʚʩʝʤ ʵʪʦʤ ʠʟʦʙʠʣʠʠ ʧʣʶʩʦʚ ʤʝʛʘʧʦʣʠʩʘ ʝʩʪʴ ʝʱʝ ʠ ʩʫʱʝʩʪʚʝʥʥʳʡ ʤʠʥʫʩ.  

ʇʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʨʘʟʚʠʪʠʝ ʛʦʨʦʜʦʚ ʧʨʦʭʦʜʠʪ ʧʦ ʫʧʣʦʪʥʠʪʝʣʴʥʦʤʫ ʧʨʠʥ-

ʮʠʧʫ, ʢʦʛʜʘ ʥʦʚʦʝ ʟʜʘʥʠʝ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʤʝʩʪʝ ʩʪʘʨʳʭ ʠ ʟʘʥʠʤʘʝʪ ʩʚʦʙʦʜʥʳʝ 

ʫʯʘʩʪʢʠ ʟʝʤʣʠ. ʆʜʥʘʢʦ ʪʘʢʦʡ ʧʨʠʥʮʠʧ ʨʘʟʚʠʪʠʷ ʦʢʘʟʳʚʘʝʪ ʢʨʘʡʥʝ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʥʘ ʵʢʦʣʦʛʠʶ ʛʦʨʦʜʘ. 

ʈʘʟʚʠʚʘʷʩʴ, ʛʦʨʦʜ ʚʳʪʝʩʥʷʝʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ ï ʧʨʠ-

ʨʦʜʫ. ɸʥʪʨʦʧʦʛʝʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʦ ʧʦ ʩʚʦʝʤʫ ʭʘʨʘʢ-

ʪʝʨʫ ʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʝʭ ʵʪʘʧʘʭ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʯʠʥʘʷ ʦʪ ʜʦʙʳʯʠ 
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ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʛʦʪʦʚʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʥʝʢʦʪʦʨʳʭ 

ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʩʠʪʫʘʮʠʷ ʩ ʦʟʝʣʝʥʝʥʠʝʤ ʜʦʰʣʘ ʜʦ ʪʦʛʦ, ʯʪʦ ʜʦ ʙʣʠʞʘʡʰʝʛʦ 

ʧʘʨʢʘ ʣʶʜʷʤ ʧʨʠʭʦʜʠʪʩʷ ʝʭʘʪʴ ʥʘ ʤʘʰʠʥʝ ʠʣʠ ʦʙʱʝʩʪʚʝʥʥʦʤ ʪʨʘʥʩʧʦʨʪʝ.  

ɸʨʭʠʪʝʢʪʦʨʳ ʚʩʝʛʦ ʤʠʨʘ ʚʳʜʝʣʷʶʪ ʵʪʦʪ ʬʘʢʪʦʨ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʥʦʚʳʭ ʞʠʣʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʆʥʠ ʩʪʘʨʘʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʥʝ-

ʛʦ ʟʝʣʝʥʳʡ ʢʣʘʩʪʝʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʦʤʫ ʧʨʦʞʠ-

ʚʘʥʠʶ ʣʶʜʝʡ. 

 

Bosco Verticale ʠʣʠ ɺʝʨʪʠʢʘʣʴʥʳʡ ʣʝʩ 

ʇʨʦʝʢʪ, ʦʪʢʨʳʚʰʠʡ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʵʢʦ ʘʨʭʠʪʝʢʪʫʨʝ. ʕʪʦ ʧʝʨʚʳʡ ʚ 

ʤʠʨʝ ʥʝʙʦʩʢʨʝʙ, ʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʞʠʣʠʱʥʦʛʦ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʦʤʫ ʧʨʠʟʚʘʥʦ ʟʘʧʫʩʪʠʪʴ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʵʢʦʣʦʛʠʠ ʚ 

ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ. ʂʦʤʧʣʝʢʩ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʙʝʟ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʛʦʨʦʜʘ. ʕʪʦ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʙʘʰʝʥ 

ʚʳʩʦʪʦʡ 110 ʠ 76 ʤʝʪʨʦʚ, ʥʝʩʝʪ ʥʘ ʩʝʙʝ ʙʦʣʝʝ 20 ʪʳʩʷʯ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʝʥʠʡ, 

ʚʢʣʶʯʘʷ 800 ʜʝʨʝʚʴʝʚ ʨʘʟʥʳʭ ʚʠʜʦʚ. ʉʨʝʜʠ ʥʠʭ ʚʠʰʥʷ, ʣʠʤʦʥ, ʦʣʠʚʳ, ʛʨʘʥʘʪ ʠ 

ʜʨʫʛʠʝ. ʆʙʲʝʤ ʦʟʝʣʝʥʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤ ʣʝʩʥʦʤʫ ʤʘʩʩʠʚʫ ʧʣʦʱʘʜʴʶ ʜʚʘ ʛʝʢʪʘʨʘ. 

ʇʨʝʞʜʝ ʯʝʤ ʩʪʘʪʴ ʯʘʩʪʴʶ ʧʨʦʝʢʪʘ, ʜʝʨʝʚʴʷ ʚʳʨʘʱʠʚʘʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʧʠʪʦʤʥʠʢʝ 2 ʛʦʜʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ: 

ɺʩʝ ʜʝʨʝʚʴʷ ʜʦʣʞʥʳ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʟʘʞʠʤʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ ʢʦʨ-

ʥʝʚʫʶ ʣʫʢʦʚʠʮʫ ʩʦ ʩʪʘʣʴʥʦʡ ʩʝʪʢʦʡ. ʉʨʝʜʥʠʝ ʠ ʙʦʣʴʰʠʝ ʜʝʨʝʚʴʷ ʦʩʥʘʱʝʥʳ 

ʩʪʨʘʭʦʚʦʯʥʳʤ ʪʨʦʩʦʤ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʩʪʘʭ ʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥʥʦʤʫ ʚʝʪʨʫ. 

ɺ ʨʘʩʯʝʪ ʪʘʢʞʝ ʧʨʠʥʠʤʘʣʠʩʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʨʘʟʤʝʨʳ ʩʪʚʦʣʘ, ʨʘʟʚʝʪʚʣʝ-

ʥʠʝ, ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʣʥʮʝ, ʦʙʲʝʤ ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʠʩʣʦʨʦʜʘ ʠ ʚʠʜ ʠʩʧʦʣʴʟʫ-

ʝʤʦʡ ʘʨʤʘʪʫʨʳ.  

 
 

ʈʝʛʫʣʷʨʥʦʝ ʦʨʦʰʝʥʠʝ ʨʘʩʪʝʥʠʡ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦ-

ʚʪʦʨʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʳ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʩʘʤʠʤ ʟʜʘʥʠʝʤ, ʢʦʪʦʨʘʷ ʬʠʣʴʪʨʫ-

ʝʪʩʷ, ʦʯʠʱʘʝʪʩʷ ʠ ʟʘʥʦʚʦ ʟʘʧʫʩʢʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ. ʅʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ ʠʛʨʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʠʟ ʧʦʜʟʝʤʥʳʭ ʠʩʪʦʯʥʠʢʦʚ.  
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ʇʦʤʠʤʦ ʨʘʩʪʝʥʠʡ ʜʦʤʘ ʦʪʣʠʯʘʶʪ ʛʝʦʪʝʨʤʘʣʴʥʳʝ ʦʪʦʧʠʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ, 

ʦʩʦʙʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʨʘʟʚʝʪʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʦʨʦʰʝ-

ʥʠʷ. ʇʦ ʩʣʦʚʘʤ ʘʨʭʠʪʝʢʪʦʨʘ, ʝʛʦ ʜʦʤʘ ʩʘʤʠ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʢʘʢ ʜʝʨʝʚʴʷ: ʦʪ 

ʢʦʨʥʝʡ ʜʦ ʣʠʩʪʚʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʤ ʧʦʣʫʯʠʣ ʟʝʣʝʥʳʡ ʱʠʪ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ ʩʨʘʟʫ ʥʝ-

ʩʢʦʣʴʢʦ ʬʫʥʢʮʠʡ: ʚʦ-ʧʝʨʚʳʭ, ʦʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʵʢʦʩʠʩʪʝʤʳ. ɺʦ-

ʚʪʦʨʳʭ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʣʝʩ ʧʦʤʦʛʘʝʪ ʩʦʟʜʘʪʴ ʤʠʢʨʦʢʣʠʤʘʪ ʠ ʩʦʟʜʘʚʘʪʴ ʯʘʩʪʠʮʳ 

ʧʳʣʠ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʝ. ʄʠʢʨʦʢʣʠʤʘʪ, ʩʦʟʜʘʚʘʝʤʳʡ ʨʘʟʥʦʦʙʨʘ-

ʟʠʝʤ ʨʘʩʪʝʥʠʡ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʣʘʞʥʷʝʪ ʚʦʟʜʫʭ, ʧʦʛʣʦʱʘʝʪ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, 

ʧʨʦʠʟʚʦʜʠʪ ʢʠʩʣʦʨʦʜ ʠ ʟʘʱʠʱʘʝʪ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʠ ʰʫʤʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

 

 
 

ʂʘʨʢʘʩ ʟʜʘʥʠʷ ʚʳʧʦʣʥʝʥ ʠʟ ʧʨʦʯʥʦʛʦ ʘʨʤʠʨʦʚʘʥʥʦʛʦ ʙʝʪʦʥʘ, ʩʪʝʥʳ ʚʳ-

ʣʦʞʝʥʳ ʠʟ ʢʠʨʧʠʯʘ ʠ ʫʪʝʧʣʝʥʳ ʧʦ ʧʨʠʥʮʠʧʫ ʚʝʥʪʠʣʠʨʫʝʤʦʛʦ ʬʘʩʘʜʘ, ʚ ʢʘʯʝ-

ʩʪʚʝ ʦʙʣʠʮʦʚʢʠ ʧʦʜʦʙʨʘʥ ʢʝʨʘʤʦʛʨʘʥʠʪ.  

ʅʘ ʢʨʳʰʝ ʦʙʦʠʭ ʟʜʘʥʠʡ ʨʘʟʤʝʱʝʥʳ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʵʥʝʨʛʠʠ ʢʦʪʦʨʳʭ 

ʭʚʘʪʘʝʪ ʥʘ ʦʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʥʦʤʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ. ʊʘʢʞʝ ʢʦʤʧʣʝʢʩ 

ʧʦʩʪʨʦʝʥ ʩ ʫʯʝʪʦʤ ʧʦʚʳʰʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʩʧʦ-

ʩʦʙʥʦʡ ʛʘʩʠʪʴ ʣʶʙʳʝ ʚʠʙʨʘʮʠʠ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚʠʙʨʘʮʠʠ, ʠʜʫʱʠʝ ʦʪ ʣʠʥʠʡ 

ʤʝʪʨʦ. ɺʳʙʨʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʦʪ ʚʠʙʨʘʮʠʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 

ʪʨʝʭ ʩ ʧʦʣʦʚʠʥʦʡ ʛʝʨʮ. 

 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ï ʙʫʜʫʱʝʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

 

ɹʠʦʜʠʥʘʤʠʯʝʩʢʠʡ ʙʝʪʦʥ 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʢʘʨʢʘʩ ʠʟ ʪʘʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʛʣʦʱʘʝʪ ʚʨʝʜʥʳʝ ʯʘʩʪʠʮʳ 

ʟʘʛʨʷʟʥʝʥʥʦʛʦ ʚʦʟʜʫʭʘ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʙʝʟʦʧʘʩʥʳʝ ʚʝʱʝʩʪʚʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʥʝ 

ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʫʣʫʯʰʝʥʠʶ ʵʢʦʣʦʛʠʠ, ʥʦ ʠ ʧʨʠʜʘʝʪ ʧʦʩʪʨʦʡʢʘʤ ʩʦʚʨʝʤʝʥʥʳʡ 

ʬʫʪʫʨʠʩʪʠʯʥʳʡ ʚʠʜ. 

ʏʪʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʧʘʥʝʣʝʡ ʠʟ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʝʪʦʥʘ? ʊʨʘʜʠʮʠʦʥ-

ʥʳʡ ʮʝʤʝʥʪ ʠ ʜʠʦʢʩʠʜ ʪʠʪʘʥʘ, ʢʦʪʦʨʳʝ ʟʘʜʝʨʞʠʚʘʶʪ ʯʘʩʪʠʮʳ ʦʢʩʠʜʘ ʘʟʦʪʘ ʠʟ 
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ʚʦʟʜʫʭʘ. ɼʚʫʦʢʠʩʴ ʪʠʪʘʥʘ ʚʳʩʪʫʧʘʝʪ ʦʩʥʦʚʥʳʤ ʢʘʪʘʣʠʟʘʪʦʨʦʤ ʭʠʤʠʯʝʩʢʦʡ ʨʝ-

ʘʢʮʠʠ. ʀ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʩʚʝʪʘ ʦʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ ʩʤʦ-

ʛʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʠʥʝʨʪʥʳʝ ʩʦʣʠ. 

 

 
 

ɿʜʘʥʠ ̫ʩ ʧʦʤʦʱʴʶ çʵʢʟʦʩʢʝʣʝʪʘè ʠʟ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʙʝʪʦʥʘ ʧʦʤʦʛʘʶʪ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʟʘʛʨʷʟʥʝʥʠʷʤʠ. 

 

ʉʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʮʝʤʝʥʪ 

ɽʱʝ ʦʜʥʠʤ ʜʦʩʪʠʞʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʘʣ 

ʩʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʮʝʤʝʥʪ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʪʦʨʦʛʦ ʙʳʣ ʜʦʙʘʚʣʝʥ 

ʩʧʝʮʠʘʣʴʥʳʡ ʚʠʜ ʙʘʢʪʝʨʠʡ. 

ʉʦʩʪʘʚ ʮʝʤʝʥʪʘ ʦʙʦʛʘʪʠʣʠ ʣʘʢʪʘʪʦʤ ʢʘʣʴʮʠʷ. ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʵʪʦʛʦ ʚʝ-

ʱʝʩʪʚʘ ʙʘʢʪʝʨʠʷ ʧʨʦʠʟʚʦʜʠʪ ʠʟʚʝʩʪʥʷʢ. ɿʘʧʦʣʥʷʷ ʪʨʝʱʠʥʳ ʧʨʦʜʫʢʪʘʤʠ ʩʚʦʝʡ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʥʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʮʝʣʦʩʪʥʦʩʪʴ ʙʝʪʦʥʘ. ʊʘʢʘʷ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʵʢʦʥʦʤʠʪ ɹʤʘʩʩʫ ʵʥʝʨʛʠʠ, 

ʢʦʪʦʨʫʶ ʧʨʠʰʣʦʩʴ ʙʳ ʪʨʘʪʠʪʴ ʜʣʷ ʝʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 
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ʉʇʆʉʆɹʓ ʋʄɽʅʔʐɽʅʀʗ ʉʊʆʀʄʆʉʊʀ ɺ ʇʈʆɽʂʊɸʍ 

ɺʃ ɾɽʃɽɿʆɹɽʊʆʅʅʓʍ ʆʇʆʈ ʉɽʂʎʀʆʅʀʈʆɺɸʅʅʆɻʆ ʊʀʇɸ 
 

ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʚʦʧʨʦʩʘʤ ʚʦʟʚʨʘʱʝʥʠʷ ʥʘ ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʚʘʨʠʘʥʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʩʦʧʦʩʪʘʚʠʤʘ ʩʦ ʩʨʦʢʘʤʠ ʩʣʫʞʙʳ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʩʪʦʠʤʦʩʪʴ ʚʜʚʦʝ ʥʠʞʝ. 

ʉʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʥʪʳ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ ʫʧʨʦʱʘʶʪ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʢʫ, ʘ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʧʦ ʫʩʪʘʥʦʚʢʝ ʦʧʦʨ ʥʘ ʬʫʥʜʘʤʝʥʪʳ ʧʦʜʥʠʤʘʶʪ ʚʳʩʦʪʫ ʧʦʜʚʝʩʢʠ 

ʧʨʦʚʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʦʚʳʤ ʦʧʦʨʘʤ ʵʬʬʝʢʪʠʚʥʦ ʟʘʤʝʥʷʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʙʦʣʝʝ ʯʝʤ ʚ 60% ʩʣʫʯʘʝʚ. 

 

ʄʘϨʘʣʘ ʙʝʨʽʢʪʽʛʽ ʤʝʪʘʣʣ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʳʥʳϬ Ϩʳʟʤʝʪ ʝʪʫ ʤʝʨʟʽʤʽʤʝʥ ʩʘʣʳʩʪʳʨʳ-

ʣʘʪʳʥ ʞϸʥʝ Ϩϰʥʳ ʝʢʽ ʝʩʝ ʪϺʤʝʥ ʪʝʤʽʨʙʝʪʦʥ ʪʽʨʝʢʪʝʨʽʥʽϬ ʟʘʤʘʥʘʫʠ ʥϰʩϨʘʣʘʨʳʥ ʵʣʝʢʪʨ 

ʞʝʪʢʽʟʫ ʞʝʣʽʩʽʥʜʝ Ϩʘʡʪʘʨʫ ʤϸʩʝʣʝʣʝʨʽʥʝ ʘʨʥʘʣϤʘʥ. 

ʎʝʥʪʨʠʬʫʛʘʣʘʥϤʘʥ ʪʽʨʝʢʪʝʨʜʽϬ ʩʝʢʮʠʷʣʘʥϤʘʥ ʥϰʩϨʘʣʘʨʳ ʪʘʩʳʤʘʣʜʘʫʜʳ ʞʝϬʽʣ-

ʜʝʪʝʜʽ, ʘʣ ʽʨʛʝʪʘʩʪʘʨϤʘ ʪʽʨʝʢʪʝʨʜʽ ʦʨʥʘʪʫʜʳϬ ʞʘϬʘ ʰʝʰʽʤʜʝʨʽ ʩʳʤʜʘʨʜʳ ʽʣʽʧ ϨʦʶʜʳϬ 

ʙʠʽʢʪʽʛʽʥ ʘʨʪʪʳʨʘʜʳ, ʙϰʣ ʞʘϬʘ ʪʽʨʝʢʪʝʨʛʝ ʤʝʪʘʣʣ ʢʦʥʩʪʨʫʢʮʠʷʣʘʨʜʳ 60%-ʜʘʥ ʘʩʪʘʤ 

ʞʘϤʜʘʡʜʘ ʪʠʽʤʜʽ ʘʫʳʩʪʳʨʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

 

The article is devoted to the issues of the return of modern versions of reinforced concrete 

supports to power lines, the durability of which is comparable to the service life of metal structures, 

and the cost is twice as low. 

Partitioned versions of centrifuged racks simplify transportation, and new solutions for in-

stalling supports on foundations raise the height of the suspension wires, which allows new sup-

ports to effectively replace metal structures in more than 60% of cases. 

 

ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ ʚʩʝʭ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ (ɺʃ) ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʠʟ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʭ ʩʪʦ-

ʝʢ. ʀʭ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʥʘ ɺʃ 35-750 ʢɺ ʥʘʯʘʣʦʩʴ ʩ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʠʠ ʪʠʧʦ-

ʚʳʭ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘ ʙʘʟʝ ʩʪʦʝʢ ʩ ʥʘʧʨʷʛʘʝʤʦʡ ʘʨʤʘʪʫʨʦʡ. ʇʘ-

ʨʘʤʝʪʨʳ ʩʪʦʝʢ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʩ ʫʯʝʪʦʤ ʦʧʳʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʟʘʢʨʝʧʣʝʥʳ ʚ 

ɻʆʉʊ 22687. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʙʳʣʘ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʩʦ-

ʢʨʘʱʝʥʠʷ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ, ʘ, ʟʥʘʯʠʪ, ʠ ʩʪʦʠʤʦʩʪʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ.  
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ʎʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʞʝʣʝʟʦʙʝʪʦʥʘ ʧʦʟʚʦʣʠʣʦ ʜʦʙʠʪʴʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʫʧʣʦʪʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʨʤʘʪʫʨʳ 

ʦʙʝʩʧʝʯʠʣʦ ʧʦʚʳʰʝʥʥʫʶ ʞʝʩʪʢʦʩʪʴ ʩʪʦʝʢ. ɼʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʪʦʢʘ ʦʪʢʘʟʦʚ 

ʦʧʦʨ ʙʦʣʝʝ ʯʝʤ ʟʘ 40-ʣʝʪʥʠʡ ʧʝʨʠʦʜ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʆɸʆ çʌʠʨʤʘ ʆʈɻʈʕʉè, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʚʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ.  

ʉʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʚ ʥʘʯʘʣʝ 2000-

ʭ ʛʦʜʦʚ ʩʚʷʟʘʥʦ ʢʘʢ ʩ ʨʝʘʣʴʥʳʤʠ ʩʣʦʞʥʦʩʪʷʤʠ ʧʦ ʜʦʩʪʘʚʢʝ ʥʘ ʪʨʘʩʩʫ ʜʣʠʥʥʦ-

ʤʝʨʥʳʭ ʩʪʦʝʢ (ʜʦ 26 ʤ), ʪʘʢ ʠ ʩ ʚʳʭʦʜʦʤ ʚ 2003 ʛ. ʩʝʜʴʤʦʡ ʨʝʜʘʢʮʠʠ ʇʨʘʚʠʣ 

ʫʩʪʨʦʡʩʪʚʘ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ, ʧʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʢʦʪʦʨʳʭ ʚʩʝ ʪʠʧʦʚʳʝ ʧʨʦʝʢʪʳ, 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʦʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʫʪʨʘʪʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ çʧʨʦʝʢʪʥʦʡ 

ʧʨʠʚʷʟʢʠè ʙʝʟ ʧʝʨʝʨʘʩʯʝʪʘ. ʆʪʩʫʪʩʪʚʠʝ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʟ-

ʢʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʜʣʠʥʳ ʧʨʦʣʝʪʦʚ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʧʨʠ ʧʝʨʝʨʘʩʯʝʪʘʭ ʜʣʷ 

ʪʨʝʙʫʝʤʦʛʦ ʥʦʨʤʘʤʠ ʧʦʚʳʰʝʥʥʦʛʦ ʫʨʦʚʥʷ ʥʘʜʝʞʥʦʩʪʠ ɺʃ, ʧʦʩʪʘʚʠʣʦ ʵʪʠ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʚ ʥʝʚʳʛʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʥʦʛʦʛʨʘʥʥʳʤʠ ʦʧʦʨʘʤʠ, 

ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʩ ʫʯʝʪʦʤ ʇʋʕ-7. 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʝʢʮʠʦʥʠʨʦʚʘʥʠʶ ʩʪʦʝʢ 

ʅʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦʟʚʦʣʠʣʠ ʨʝʰʠʪʴ ʦʙʝ ʟʘʜʘʯʠ (ʫʧʨʦʱʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠ-

ʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ). 

ɺ 2013 ʛ. ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʳʪʘʥʳ ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʩʪʦʝʢ, ʠʟʛʦʪʦʚ-

ʣʝʥʥʳʝ ʠʟ ʜʚʫʭ ʩʝʢʮʠʡ [1]. ɿʦʣʦʪʘʷ ʤʝʜʘʣʴ ʥʘ ʚʳʩʪʘʚʢʝ çʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʝʪʠ 

ʈʦʩʩʠʠè ʠ ʦʜʦʙʨʝʥʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʇɸʆ çʈʦʩʩʝʪʠè ʩʪʘʣʠ ʦʪʧʨʘʚʥʦʡ 

ʪʦʯʢʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʨʠʠ ʦʧʦʨ ʥʘ ʙʘʟʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʠʬʫʛʠʨʦ-

ʚʘʥʥʳʭ ʩʪʦʝʢ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʚʥʝʰʥʠʡ ʬʣʘʥʝʮ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʢʮʠʡ (ʨʠʩ. 1) 

ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ ʚʥʫʪʨʝʥʥʠʡ, ʢʦʪʦʨʳʡ ʧʦʤʝʱʘʣʩʷ ʚ ʦʧʘʣʫʙʢʫ ʧʝʨʝʜ ʮʝʥʪʨʠʬʫ-

ʛʠʨʦʚʘʥʠʝʤ (ʨʠʩ. 2).  

 

 
 

ʈʠʩ. 1 ï ɺʥʝʰʥʠʡ ʬʣʘʥʝʮ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʢʮʠʡ ʩʪʦʡʢʠ  

(ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʚʘʨʠʘʥʪ) 
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ʈʠʩ. 2 ï ɺʥʫʪʨʝʥʥʠʡ ʬʣʘʥʝʮ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʩʝʢʮʠʡ (ʪʠʧʦʚʦʝ ʨʝʰʝʥʠʝ) 

 

ʆʪʢʘʟ ʦʪ ʧʨʠʚʘʨʢʠ ʬʣʘʥʮʝʚ ʧʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʦʝʢ ʧʦʟʚʦʣʠʣ ʦʙʝʩʧʝ-

ʯʠʪʴ ʚʳʧʫʩʢ ʧʦʣʥʦʩʪʴʶ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ, ʘ ʪʘʢʞʝ ʩʦʦʩʥʦʩʪʴ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ 

ʩʝʢʮʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʪʦʡʢʠ ʧʦ-ʧʨʝʞʥʝʤʫ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʢʦʥʠʯʝʩʢʠʭ ʠʣʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʧʘʣʫʙʢʘʭ ʜʣʠʥʦʡ 26 ʠ 20 ʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʨʦʪʢʠʝ ʩʝʢʮʠʠ 

ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʞʝʩʪʢʦʩʪʴʶ, ʥʝ ʧʦʚʨʝʞʜʘʶʪʩʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʠ 

ʣʝʛʢʦ ʩʦʝʜʠʥʷʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʠ ʧʦʤʦʱʠ ʙʦʣʪʦʚ ʥʘ ʤʦʥʪʘʞʥʦʡ ʧʣʦʱʘʜʢʝ.  

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʨʦʚʝʨʝʥʦ ʠʩʧʳʪʘʥʠʷʤʠ ʠʟʚʝʩʪʥʳʭ ʢʦʥʠʯʝʩʢʠʭ ʩʪʦʝʢ 

ʜʣʠʥʦʡ 26 ʤ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ.  

ʇʦ ʜʘʥʥʳʤ ʟʘʚʦʜʦʚ-ʠʟʛʦʪʦʚʠʪʝʣʝʡ, ʩʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ 

ʩʪʘʨʦʡ ʢʦʥʠʯʝʩʢʦʡ ʩʪʦʡʢʠ ʜʣʠʥʦʡ 26 ʤ ʩʦʢʨʘʱʘʝʪʩʷ ʚ ʪʨʠ ʯʝʪʳʨʝ ʨʘʟʘ ʧʨʠ ʠʩ-

ʧʦʣʥʝʥʠʠ ʝʝ ʘʥʘʣʦʛʘ ʚ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ (ʜʚʝ ʩʝʢʮʠʠ ʧʦ 13 ʤ). ʇʨʠ 

ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʬʦʨʤʣʝʥʠʷ ʨʘʟʨʝʰʝʥʠʷ ʥʘ ʧʝʨʝʚʦʟʢʫ ʥʝʛʘʙʘ-

ʨʠʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʧʝʮʪʨʘʥʩʧʦʨʪʦʤ, ʩʨʦʢ ʧʦʣʫʯʝʥʠʷ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦ-

ʨʷʜʢʘ ʜʚʫʭ ʥʝʜʝʣʴ. ʉʪʦʠʤʦʩʪʴ ʜʦʩʪʘʚʢʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ ʟʘ ʩʯʝʪ ʦʪʢʘʟʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʫʨʥʠʢʝʪʦʚ ʠ ʩʮʝʧʦʚ ʠʟ ʜʚʫʭ 

ʧʣʘʪʬʦʨʤ.  

 

ʕʪʘʧʳ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʦʧʦʨ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʦ  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ɻʨʫʧʧʳ ʢʦʤʧʘʥʠʡ ʇɸʆ 

çʈʦʩʩʝʪʠè ʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ ʧʦ ʧʦʜʛʦ-

ʪʦʚʢʝ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ: 

ï ʚʚʝʜʝʥʳ ʚ ʜʝʡʩʪʚʠʝ çʅʦʨʤʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ɺʃ 

ʥʘʧʨʷʞʝʥʠʝʤ 35 ï 750 ʢɺè (ʉʊʆ 56947007-29.240.55.192ï2014), ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʧʠʩʳʚʘʶʪ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ɺʃ 35 ï 500 ʢɺ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʠʟ ʩʝʢʮʠʦʥʠʨʦ-

ʚʘʥʥʳʭ ʩʪʦʝʢ; 

ï ʚʥʝʩʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʠʟ ʩʝʢ-

ʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ ʜʣʷ ɺʃ 110 ï 750 ʢɺ ʚ ʇʦʣʦʞʝʥʠʝ ʇɸʆ çʈʦʩʩʝʪʠè çʆ 

ʝʜʠʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʝ ʚ ʵʣʝʢʪʨʦʩʝʪʝʚʦʤ ʢʦʤʧʣʝʢʩʝè; 
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ï ʚʚʝʜʝʥ ʚ ʜʝʡʩʪʚʠʝ ʉʊʆ 56947007-29.29.120.90.247ï2017 çɾʝʣʝʟʦʙʝʪʦʥ-

ʥʳʝ ʦʧʦʨʳ ɺʃ 35 ï 750 ʢɺ ʥʘ ʙʘʟʝ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ 

ʩʪʦʝʢ. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷè; 

ï ʥʘʢʦʧʣʝʥ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʘ ʙʘʟʝ ʪʠʧʦʚʳʭ ʩʪʦʝʢ ʚ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʤ ʚʘʨʠʘʥʪʝ, ʧʨʠ 

ʪʝʭʥʠʯʝʩʢʦʤ ʧʝʨʝʚʦʦʨʫʞʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ɺʃ ʥʘ ʦʙʲʝʢʪʘʭ ʇɸʆ çʌʉʂ 

ɽʕʉè [2]; 

ï ʨʘʟʨʘʙʦʪʘʥ ʧʝʨʚʳʡ ʩʦʚʨʝʤʝʥʥʳʡ ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ 

ʠʟ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ ʜʣʷ ɺʃ 110 ʢɺ. ɺ 2018 ʛ. ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ, ʚʳ-

ʧʦʣʥʝʥʥʦʡ ʧʦ ʟʘʢʘʟʫ ʇɸʆ çʃʝʥʵʥʝʨʛʦè, ʟʘʥʝʩʝʥʳ ʚ ʨʝʝʩʪʨ ʀʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝ-

ʰʝʥʠʡ ʇɸʆ çʈʦʩʩʝʪʠè (ˉ 18-027-0067/1), ʚ 2019 ʛ. ï ʫʜʦʩʪʦʝʥʳ ʜʠʧʣʦʤʦʚ ʣʘʫ-

ʨʝʘʪʦʚ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʵʪʘʧʘ ʢʦʥʢʫʨʩʘ çʉʜʝʣʘʥʦ ʚ ʈʦʩʩʠʠè ʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʢʦʥʢʫʨʩʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʄʠʥʵʥʝʨʛʦ ʊʕʂ-

2019 [3]; 

ï ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ 20 ʪʠʧʦʚ ʥʦʚʳʭ ʦʧʦʨ 

ʜʣʷ ɺʃ 220, 330, 500 ʢɺ. ɺ ʠʭ ʯʠʩʣʝ ʠ ʦʧʦʨʘ 2ʉʇɹ500-3ɺ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ 

ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʚʝʪʨʦʚʳʭ ʠ ʛʦʣʦʣʝʜʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʷʥʚʘʨʝ 2019 

ʛ. ʧʷʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʦʨʪʘʣʴʥʳʭ ʩʚʦʙʦʜʥʦʩʪʦʷʱʠʭ ʦʧʦʨ ʵʪʦʛʦ ʪʠʧʘ ʫʩʪʘʥʦʚ-

ʣʝʥʳ ʥʘ ɺʃ 500 ʢɺ çɼʦʥʩʢʘʷ ɸʕʉ ï ʉʪʘʨʳʡ ʆʩʢʦʣ 2è;  

ï ʨʝʰʝʥʠʝʤ ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ ʇɸʆ çʈʦʩʩʝʪʠè ʦʜʦʙʨʝʥʳ 

ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʆʆʆ çʇʆ "ʕʥʝʨʛʦʞʝʣʝʟʦʙʝʪʦʥʠʥʚʝʩʪòè ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ɺʃ ʠʟ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʦ-

ʥʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ ʠ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʧʦʜʛʦʪʦʚʢʘ ʟʘʷʚʢʠ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʅʀʆʂʈ 

ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ɺʃ 220 ï 500 ʢɺ 

ʠʟ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʭ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢè.  

ʉʝʨʠʷ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʜʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩ ̫ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʳʪʘ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ.  
 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʪʦʡʢʠ ʜʣʷ ʟʘʤʝʥʳ ʦʧʦʨ ɺʃ 

ɼʣʷ ʟʘʤʝʥʳ ʩʪʘʨʳʭ ʦʧʦʨ ʠ ʩʦʟʜʘʥʠʷ ʘʚʘʨʠʡʥʦʛʦ ʨʝʟʝʨʚʘ ʇɸʆ çʈʦʩʩʝʪʠè ʠ 

ʇɸʆ çʌʉʂ ɽʕʉè ʨʝʢʦʤʝʥʜʫʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʘʥʘʣʦʛʠ ʥʘʭʦ-

ʜʷʱʠʭʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʥʘ ʙʘʟʝ ʢʦʥʠʯʝʩʢʠʭ ʩʪʦʝʢ ʪʠʧʘ 

ʉʂ22 ʠ ʉʂ26. ʇʣʘʥʦʤʝʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʫʩʪʘʥʦʚʢʝ ʥʦʚʳʭ ʦʧʦʨ ʧʨʦʚʦʜʠʪʩʷ ʚ ʄʕʉ 

ʎʝʥʪʨʘ, ʄʕʉ ʉʝʚʝʨʦ-ɿʘʧʘʜʘ, ʄʕʉ ɺʦʣʛʠ, ʄʕʉ ʋʨʘʣʘ, ʄʕʉ ʖʛʘ ʩ 2015ʛ. ʉʝʢ-

ʮʠʦʥʠʨʦʚʘʥʥʳʝ ʩʪʦʡʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʥʘ ʟʘʚʦʜʘʭ ʆʆʆ çʇʆ ñʕʥʝʨʛʦʞʝʣʝʟʦʙʝ-

ʪʦʥʠʥʚʝʩʪòè ʚ ʛʦʨʦʜʘʭ ʈʳʙʠʥʩʢʝ, ɺʦʣʛʦʛʨʘʜʝ, ɻʫʣʴʢʝʚʠʯʘʭ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ 

ʢʨʘʷ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʘʪʪʝʩʪʦʚʘʥ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʇɸʆ çʈʦʩʩʝʪʠè.  

ʅʦʚʳʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʦʧʦʨʳ, ʚʳʙʦʨʦʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʝ ʚʟʘʤʝʥ 

ʚʳʰʝʜʰʠʭ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʬʦʨʤʘʣʴʥʦ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʚʦʩʧʨʠʷʪʠʝ ʪʝʭ ʞʝ 

ʥʘʛʨʫʟʦʢ. ʆʜʥʘʢʦ ʢʨʦʤʝ ʫʢʘʟʘʥʥʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʣʝʛʢʦ ʧʝʨʝʚʦʟʠʪʴ ʦʪʜʝʣʴʥʳʝ 

ʞʝʩʪʢʠʝ ʩʝʢʮʠʠ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ, ʦʥʠ ʦʙʣʘʜʘʶʪ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʝʠʤʫʱʝ-

ʩʪʚʦʤ: ʚʦ ʚʩʝʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʥʘʪʥʦʝ ʘʨʤʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ 

ʟʘ ʩʯʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʧʦʚʳʩʠʪʴ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʴ, ʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʙʝʪʦʥʘ ʧʦʚʳʰʝʥʥʦʛʦ ʢʣʘʩʩʘ ʧʨʦʯʥʦʩʪʠ (ɺ60 ʚʤʝʩʪʦ ɺ40 ʠʣʠ ɺ30), ʚʦʜʦ-
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ʥʝʧʨʦʥʠʮʘʝʤʦʩʪʠ (W14 ʚʤʝʩʪʦ W8) ʠ ʤʦʨʦʟʦʩʪʦʡʢʦʩʪʠ (F1400 ʠ ʚʳʰʝ ʚʤʝʩʪʦ 

F1200) ʧʦʚʳʰʘʝʪ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʩʪʦʝʢ ʜʦ 70 ʣʝʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʠʭ ʨʝʤʦʥʪʘʭ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʨʠʩ. 3). ɺ 2019 ʛ. ʇɸʆ çʌʉʂ 

ɽʕʉè ʟʘʤʝʥʠʣʦ ʰʝʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʦʨ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʣʠʥʠʷʭ ʵʣʝʢʪʨʦ-

ʧʝʨʝʜʘʯʠ 220 ʢɺ çʏʝʨʝʧʝʪʩʢʘʷ ɻʈʕʉ ï ʕʣʝʢʪʨʦʥè ʠ çɹʨʷʥʩʢʘʷ ï ʃʠʪʝʡʥʘʷ ʩ ʦʪ-

ʧʘʡʢʦʡ ʥʘ ʇʉ ɺʦʡʣʦʚʦè ʚ ʂʘʣʫʞʩʢʦʡ ʦʙʣʘʩʪʠ.  
 

 
 

ʈʠʩ. 3 ï ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʦʧʦʨʘ ʤʘʨʢʠ ʇɹ220-1(ʩ) ʥʘ ɺʃ 220 ʢʚ 

ʊʘʤʙʦʚʩʢʘʷ ï ʀʣʦʚʘʡʩʢʘʷ 

 

ʅʦʚʳʝ ʪʠʧʦʚʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨʳ ɺʃ 110 ʢɺ ʠʟ ʩʝʢʮʠʦʥʠʨʦ-

ʚʘʥʥʳʭ ʩʪʦʝʢ 

ɼʣʷ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʚ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ ʚ ʨʘʤʢʘʭ ʅʀʆʂʈ ʇɸʆ çʃʝʥʵʥʝʨʛʦè ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ɺʃ 110 ʢɺ. ʇʦʣʥʦʮʝʥʥʳʡ ʪʠʧʦʚʦʡ ʧʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʥʘ 23 ʪʠʧʘ ʦʧʦʨ, ʚ ʪʦʤ ʯʠʩʣʝ 8 ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʠ 15 ʘʥʢʝʨʥʳʭ ʚ ʦʜʥʦʮʝʧʥʦʤ ʠ ʜʚʫʭʮʝʧʥʦʤ ʠʩʧʦʣʥʝʥʠʠ. ʉ ʮʝʣɹʁ ʤʠʥʠʤʠ-

ʟʘʮʠʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʪʦʠʤʦʩʪʠ ʦʧʦʨ ʚʩʝ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚ ʜʚʫʭ ʚʘʨʠʘʥ-

ʪʘʭ ʜʣʷ ʛʨʫʧʧ ʧʨʦʚʦʜʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʦʯʥʦʩʪʠ (ʨʠʩ. 4). 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʦʧʦʨʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʙʘʟʝ ʢʦʥʠʯʝʩʢʠʭ ʩʪʦʝʢ ʪʠʧʘ ʉʂ26 

(ʠʟ ʜʚʫʭ ʩʝʢʮʠʡ ʜʣʠʥʦʡ ʧʦ 13 ʤ), ʥʠʞʥʠʡ ʜʠʘʤʝʪʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 650 ʤʤ, 

ʚʝʨʭʥʠʡ ï 410 ʤʤ. ɼʣʷ ʙʦʣʝʝ ʟʘʛʨʫʞʝʥʥʳʭ ʘʥʢʝʨʥʳʭ ʦʧʦʨ ʠʩʧʦʣʴʟʫʶʪʩʷ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʝ ʩʪʦʡʢʠ ʜʠʘʤʝʪʨʦʤ 800 ʤʤ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʝ ʚ ʦʧʘʣʫʙʢʘʭ ʜʣʠʥʦʡ 

20 ʤ (ʜʚʝ ʩʝʢʮʠʠ ʧʦ 10 ʤ).  
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʥʢʝʨʥʳʝ ʦʧʦʨʳ ʙʳ-

ʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ (ʦʙʳʯʥʦ 60Á) ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʪʨʘʩʩʳ ɺʃ, ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʥʦʚʦʛʦ ʧʨʦʝʢʪʘ ʫʢʘʟʘʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʦ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ ʫʛʣʳ ʧʦʚʦʨʦʪʘ ɺʃ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʯʝʪʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʧʨʦʚʦʜʦʚ ʠ ʪʨʦʩʘ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʠ ʨʘʩʩʪʘʥʦʚʢʝ ʦʧʦʨ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʪʷʞʝʣʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʪʘʤ, ʛʜʝ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʠʭ ʦʙʣʝʛʯʝʥʥʳʤ ʚʘʨʠʘʥʪʦʤ.  

 

 
 

ʈʠʩ. 4 ï ʆʙʟʦʨʥʳʡ ʣʠʩʪ ʦʜʥʦʮʝʧʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʧʦʨ 

 

ʌʫʥʜʘʤʝʥʪʳ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʜʦʩʪʠʞʝʥʠʝʤ ʷʚʠʣʦʩʴ ʨʝʰʝʥʠʝ ʦʙ ʫʩʪʘʥʦʚʢʝ ʩʪʦʝʢ ʥʘ 

ʬʫʥʜʘʤʝʥʪʥʳʝ ʩʝʢʮʠʠ ʠʟ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʚʘʡ-ʦʙʦʣʦʯʝʢ ʜʠʘ-

ʤʝʪʨʦʤ 800 ʤʤ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʬʣʘʥʮʝʚʦʛʦ ʫʟʣʘ ʩʦʝʜʠʥʝʥʠʷ ʦʧʦʨ ʩ 

ʬʫʥʜʘʤʝʥʪʘʤʠ (ʨʠʩ. 5) ʧʦʟʚʦʣʠʣʘ ʧʦʜʥʷʪʴ ʚʳʩʦʪʫ ʧʦʜʚʝʩʢʠ ʧʨʦʚʦʜʦʚ, ʫʚʝʣʠ-

ʯʠʪʴ ʧʨʦʣʸʪʳ ʠ ʩʦʢʨʘʪʠʪʴ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʦʧʦʨ ʥʘ ʢʠʣʦʤʝʪʨ ʪʨʘʩʩʳ ɺʃ. ʇʦ 

ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨʳ ʩʪʘʣʠ ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ. 

ɼʣʷ ʚʦʩʧʨʠʷʪʠʷ ʧʦʚʳʰʝʥʥʳʭ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʛʨʫʟʦʢ ʥʝʩʫʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʩʪʦʝʢ ʙʳʣʘ ʫʩʠʣʝʥʘ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʘʨʤʠʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʪʦʥʦʚ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚ ʟʘʜʝʣʢʝ ʥʦʚʳʭ ʢʦʥʠʯʝʩʢʠʭ 

ʩʪʦʝʢ ʜʦʩʪʠʛʘʝʪ 75 ʪʤ, ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ï 130 ʪʤ (ʚ ʦʪʣʠʯʠʝ ʦʪ 55 ʠ 100 ʜʣʷ ʩʪʦ-

ʝʢ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʦ ɻʆʉʊ 22687ï85 ʠ ʪʠʧʦʚʳʤ ʩʝʨʠʷʤ).  

ʅʘʛʨʫʟʢʠ ʥʘ ʬʫʥʜʘʤʝʥʪʳ ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʢʘʞʜʦʡ ʘʥʢʝʨʥʦʡ ʦʧʦʨʳ ʩ ʰʘʛʦʤ 

10Á, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʪʠʤʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʦʜʙʠʨʘʪʴ ʝʝ ʟʘʢʨʝʧʣʝʥʠʝ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʨʝʘʣʴʥʦʛʦ ʫʛʣʘ ʝʝ ʫʩʪʘʥʦʚʢʠ ʥʘ ʪʨʘʩʩʝ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʠʧʦʚʳʭ ʨʝʰʝʥʠʡ ʧʦ ʟʘʢʨʝʧʣʝʥʠʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ, 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʧʦʛʨʫʞʝʥʠʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʦʡʢʠ ʚ ʧʨʦʙʫʨʝʥʥʳʡ ʢʦʪʣʦ-

ʚʘʥ ʥʘ ʛʣʫʙʠʥʫ 3,3 ʤ, ʩʦʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʧʦʨʳ ʟʘʛʣʫʙʣʷʶʪʩʷ ʚ 

ʛʨʫʥʪ ʤʠʥʠʤʫʤ ʥʘ 4,0 ʤ, ʘ ʘʥʢʝʨʥʳʝ ï ʥʘ 4,5 ʤ. ʇʦʚʳʰʝʥʥʳʝ ʦʧʦʨʳ ʫʩʪʘʥʘʚʣʠ-
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ʚʘʶʪʩʷ ʥʘ ʬʫʥʜʘʤʝʥʪ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ (5 ʠʣʠ 6,7 ʤ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥʘ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʘ ʚ ʪʦʯʢʝ ʫʩʪʘʥʦʚʢʠ. ʋʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʟʘ-

ʜʝʣʢʠ ʦʧʦʨ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʭ ʚ ʧʨʦʙʫʨʝʥʥʳʡ ʢʦʪʣʦʚʘʥ, ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʬʫʥʜʘʤʝʥʪʥʳʭ ʩʝʢʮʠʡ ʜʠʘʤʝʪʨʦʤ 800 ʤʤ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʘʶʪ ʥʝʩʫʱʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʬʫʥʜʘʤʝʥʪʦʚ, ʧʦʟʚʦʣʷʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ (ʩʦʯʝʪʘʥʠʝ ʛʨʫʥʪʦʚ 

ʠ ʥʘʛʨʫʟʢʠ) ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʨʠʛʝʣʝʡ ʥʘ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʦʧʦʨʘʭ ʧʨʠ ʙʝʟʫʩʣʦʚʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʚʝʩʴ ʩʨʦʢ 

ʩʣʫʞʙʳ ʦʧʦʨ.  

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʦʜʙʦʨʘ ʬʫʥʜʘʤʝʥʪʦʚ ʜʣʷ ʚʩʝʡ ʪʨʘʩʩʳ ɺʃ ʨʘʟ-

ʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʛʨʘʬʠʢʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ ʚʳʙʦʨ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʪʠʧʘ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʨʫʥʪʦʚ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ 

ʢʦʥʢʨʝʪʥʦʡ ʦʧʦʨʳ ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʬʫʥʜʘʤʝʥʪʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ 56 ʛʨʫʥʪʦʚ, ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʉʇ 22.13330 çʆʩʥʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫ-

ʞʝʥʠʡè, ʨʘʟʨʘʙʦʪʘʥʳ ʧʦ ʯʝʪʳʨʝ ʛʨʘʬʠʢʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ: ʜʣʷ ʬʫʥʜʘʤʝʥʪ-

ʥʳʭ ʩʝʢʮʠʡ ʜʣʠʥʦʡ 5 ʠ 6,7 ʤ ʦʪʜʝʣʴʥʦ ʜʣʷ ʘʥʢʝʨʥʦ-ʫʛʣʦʚʳʭ ʠ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯ-

ʥʳʭ ʦʧʦʨ. ʈʘʩʯʸʪʳ ʚʳʧʦʣʥʝʥʳ ʧʦ ʘʣʛʦʨʠʪʤʫ, ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʦʩʦʙʠʠ ʢ ʉʅʠʇ 

çʆʩʥʦʚʘʥʠʷ ʠ ʬʫʥʜʘʤʝʥʪʳè, ʘ ʛʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʳ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʳʭ 

ʪʘʙʣʠʮ. ʇʨʠʤʝʨ ʛʨʘʬʠʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʛʨʫʥʪʫ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʥʦʡ ʩʝʢʮʠʠ ʧʦʜ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʦʧʦʨʫ ʜʣʠʥʦʡ 5 ʤ ʠ ʜʠʘʤʝʪʨʦʤ 800 

ʤʤ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 6. ʇʦ ʟʥʘʯʝʥʠʷʤ ʧʦʧʝʨʝʯʥʦʡ ʩʠʣʳ ʠ ʠʟʛʠʙʘʶʱʝʛʦ ʤʦ-

ʤʝʥʪʘ ʣʝʛʢʦ ʚʳʙʨʘʪʴ ʪʠʧ ʟʘʜʝʣʢʠ: ʙʝʟ ʨʠʛʝʣʷ, ʩ ʨʠʛʝʣʝʤ ɸʈ6 ʠʣʠ ɸʈ8. ʇʨʠʚʝʜʝ-

ʥʳ ʚʘʨʠʘʥʪʳ ʜʣʷ ʦʙʚʦʜʥʝʥʥʳʭ ʠ ʥʝʦʙʚʦʜʥʝʥʥʳʭ ʛʨʫʥʪʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ʩʭʝʤʳ ʬʫʥʜʘʤʝʥʪʘ ʧʦʜ ʢʘʞʜʫʶ ʩʪʦʡʢʫ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʩʪʳʤ, ʨʘʩʩʯʠʪʘʥʥʳʤ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʜʣʷ ʢʘʞʜʦʡ ʦʧʦʨʳ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚʳʙʨʘʪʴ ʜʣʷ ʦʧʦʨ ʚʩʝʭ ɺʃ ʦʧʪʠʤʘʣʴʥʳʝ, ʘ 

ʟʥʘʯʠʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʟʘʢʨʝʧʣʝʥʠʶ ʦʧʦʨ.  

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤʝʥʥʦ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ 

ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʩʝʢʮʠʡ, 

ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʥʦʛʦʣʝʪʥʝʡ ʧʨʘʢʪʠʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥ-

ʥʳʭ ʩʪʦʝʢ ʚ ʛʨʫʥʪʘʭ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʘʛʨʝʩʩʠʚʥʦʩʪʠ. ʇʦʚʳʰʝʥʥʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

(ʥʝ ʤʝʥʝʝ 70 ʣʝʪ) ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ 

ʧʦʜʙʦʨʫ ʩʦʩʪʘʚʘ ʙʝʪʦʥʘ, ʨʝʞʠʤʦʚ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ, ʪʝʧʣʦʚʣʘʞʥʦʩʪʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʫʟʣʦʚ ʩʦʝʜʠʥʝʥʠʷ ʩʝʢʮʠʡ ʤʝʞ-

ʜʫ ʩʦʙʦʡ ʠ ʩʪʦʝʢ ʩ ʬʫʥʜʘʤʝʥʪʘʤʠ.  

ʇʨʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʙʝʪʦʥʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ 

ʠ ʬʫʥʜʘʤʝʥʪʥʳʭ ʩʝʢʮʠʡ ʣʶʙʘʷ ʛʨʫʥʪʦʚʘʷ ʩʨʝʜʘ ʢ ʙʝʪʦʥʫ ʩʪʘʥʦʚʠʪʩʷ ʥʝʘʛʨʝʩ-

ʩʠʚʥʦʡ, ʠ ʬʫʥʜʘʤʝʥʪʳ ʥʝ ʪʨʝʙʫʶʪ ʦʨʛʘʥʠʟʘʮʠʠ ʚʪʦʨʠʯʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ 

(ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʙʝʪʦʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʦʡʢʠ).  

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʦʧʦʨʳ ʥʝ ʪʨʝʙʫʶʪ ʫʩʪʘʥʦʚʢʠ ʨʠ-

ʛʝʣʝʡ. ʅʘʣʠʯʠʝ ʟʘʢʣʘʜʥʦʡ ʜʝʪʘʣʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʦʡʢʠ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ 

ʪʘʢʫʶ ʦʧʦʨʫ ʥʘ ʣʶʙʦʡ ʩʚʘʡʥʳʡ ʬʫʥʜʘʤʝʥʪ, ʨʦʩʪʚʝʨʢ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʦʪʚʝʪʥʳʡ 

ʬʣʘʥʝʮ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʩʣʦʞ-

ʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʩʣʘʙʳʭ ʛʨʫʥʪʘʭ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʰʠ-

ʨʦʢʦʣʦʧʘʩʪʥʳʝ ʚʠʥʪʦʚʳʝ ʩʚʘʠ, ʚ ʩʢʘʣʴʥʳʭ ʛʨʫʥʪʘʭ ï ʙʫʨʦʠʥʲʝʢʮʠʦʥʥʳʝ.  
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ʈʠʩ. 5 ï ʋʟʣʳ ʩʦʝʜʠʥʝʥʠʷ ʬʫʥʜʘʤʝʥʪʥʳʭ ʩʝʢʮʠʡ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʠ 

ʘʥʢʝʨʥʦ-ʫʛʣʦʚʳʤʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʤʠ ʦʧʦʨʘʤʠ 

 

 
 

ʈʠʩ. 6 ï ɻʨʘʬʠʢ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʛʨʫʥʪʫ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘ  

ʧʦʜ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʦʧʦʨʫ ʜʣʠʥʦʡ 5 ʤ 

 

 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʜʣʷ ʤʥʦʛʦʛʨʘʥʥʳʭ ʦʧʦʨ  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʦʙʣʘʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʬʫʥʜʘʤʝʥʪʦʚ. ʆʥʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʟʘ-

ʢʨʝʧʣʝʥʠʷ ʦʧʦʨ ʠʟ ʤʥʦʛʦʛʨʘʥʥʦʛʦ ʧʨʦʬʠʣʷ ʧʨʠ ʧʦʤʦʱʠ ʧʝʨʝʭʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ 

(ʨʠʩ. 7). ʊʘʢʠʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʩʚʘʠ-ʦʙʦʣʦʯʢʠ ʙʫʜʫʪ ʚʜʚʦʝ ʜʝʰʝʚʣʝ ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʭ ʬʫʥʜʘʤʝʥʪʦʚ ʠʟ ʪʨʫʙ ʩʦʧʦʩʪʘʚʠʤʦʛʦ ʜʠʘʤʝʪʨʘ.  

ɼʣʷ ʨʝʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʠʧʦʚʦʛʦ ʧʨʦʝʢʪʘ ʧʨʠ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʥʦʨʤʘʪʠʚʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʚʢʣʶʯʘʶʱʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʢʘʨʪʳ ʥʘ ʤʦʥʪʘʞ ʠ ʠʥʩʪʨʫʢʮʠʶ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ.  
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ɺʩʝ ʪʠʧʳ ʦʧʦʨ ɺʃ 110 ʢɺ ʠʩʧʳʪʘʥʳ ʥʘ ʧʦʣʠʛʦʥʝ ʆɸʆ çʌʠʨʤʘ ʆʈɻʈʕʉè 

ʚ ʍʦʪʴʢʦʚʦ. ɺʩʝ ʟʘʚʦʜʳ-ʠʟʛʦʪʦʚʠʪʝʣʠ ʘʪʪʝʩʪʦʚʘʥʳ ʥʘ ʧʨʘʚʦ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚ 

ʇɸʆ çʈʦʩʩʝʪʠè.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪ ʥʘ ʚʳʩʦʪʝ ʚʩʝ ʦʧʦʨʳ ʦʩʥʘʱʝʥʳ 

ʣʝʩʪʥʠʮʘʤʠ ʥʘ ʚʩʶ ʚʳʩʦʪʫ ʩʪʦʡʢʠ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʳʭ ʩʥʘʙʞʝʥʘ ʘʥʢʝʨʥʳʤʠ 

ʧʝʪʣʷʤʠ ʦʪʢʨʳʪʦʛʦ ʪʠʧʘ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʛʠʙʢʠʭ ʘʥʢʝʨʥʳʭ ʣʠʥʠʡ ʠ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʞʝʩʪʢʠʭ ʘʥʢʝʨʥʳʭ ʣʠʥʠʡ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʩʣʫʯʘ-

ʷʭ (ʨʠʩ. 8). 
 

 
 

 

ʈʠʩ. 7 ï ʇʝʨʝʭʦʜʥʦʡ ʵʣʝʤʝʥʪ  

ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʤʥʦʛʨʘʥʥʳʭ ʦʧʦʨ 

ʥʘ ʞʝʣʝʟʦʙʝʪʦʥʥʦʤ ʬʫʥʜʘʤʝʥʪʝ 

 

ʈʠʩ. 8 ï ʃʝʩʪʥʠʮʘ ʦʧʦʨʳ  

ʩ ʘʥʢʝʨʥʳʤʠ ʧʝʪʣʷʤʠ 

 

 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ  

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʩʨʘʚʥʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʫʯʘʩʪʢʘ ɺʃ 110 ʢɺ ʚʳʧʦʣ-

ʥʝʥʦ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʦʧʦʨ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 1 ʢʤ 

ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ. ɺʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ 

(ʦʙʳʯʥʳʭ ʠ ʧʦʚʳʰʝʥʥʳʭ) ʩʦʧʦʩʪʘʚʣʝʥ ʩ ʚʘʨʠʘʥʪʘʤʠ ʫʩʪʘʥʦʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

(ʨʝʰʝʪʯʘʪʳʭ ʠ ʤʥʦʛʦʛʨʘʥʥʳʭ) ʦʧʦʨ (ʨʠʩ. 9, 10). ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʩʪʨʫʢʮʠʡ, ʥʝ-

ʦʙʭʦʜʠʤʦʝ ʥʘ ʢʘʞʜʳʡ ʢʠʣʦʤʝʪʨ ʪʨʘʩʩʳ ɺʃ, ʦʧʨʝʜʝʣʝʥʦ ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʳʭ 

ʧʨʦʣʝʪʦʚ ʜʣʷ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʦʧʦʨ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʷʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ (ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʛʦʣʦʣʝʜʘ), ʪʠʧʘ ʧʨʦʚʦʜʘ ʠ ʪʨʦʩʘ. 

ʇʨʠ ʵʪʦʤ ʧʨʦʣʝʪʳ ʨʝʰʝʪʯʘʪʳʭ ʦʧʦʨ ʫʪʦʯʥʝʥʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʇʋʕ-7. ʋʯʪʝʥʳ ʟʘʪʨʘʪʳ ʥʘ ʤʦʥʪʘʞ ʠ ʧʦʩʪʦʷʥʥʳʡ ʟʝʤʣʝʦʪʚʦʜ, ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʦʧʦʨʳ ʥʘ ʟʝʤʣʶ. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʦʚʳʝ 

ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʜʚʦʝ ʩʦʢʨʘʪʠʪʴ ʟʘ-
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ʪʨʘʪʳ ʥʘ ʦʧʦʨʳ ʠ ʬʫʥʜʘʤʝʥʪʳ, ʵʢʦʥʦʤʠʪʴ ʥʘ ʢʘʞʜʦʤ ʢʠʣʦʤʝʪʨʝ ʪʨʘʩʩʳ ʤʠʥʠ-

ʤʫʤ 9500 ʪʳʩ.$ ʜʣʷ ʦʜʥʦʮʝʧʥʳʭ (ʪʘʙʣ. 1) ʠ 13900 ʪʳʩ. $. ʜʣʷ ʜʚʫʭʮʝʧʥʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ (ʪʘʙʣ. 2).  

 

 
 

ʈʠʩ. 9 ï ʉʭʝʤʳ ʦʜʥʦʮʝʧʥʳʭ ʦʧʦʨ, ʧʨʠʥʷʪʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 

 

 
 

ʈʠʩ. 10 ï ʉʭʝʤʳ ʜʚʫʭʮʝʧʥʳʭ ʦʧʦʨ, ʧʨʠʥʷʪʳʭ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʮʝʧʥʦʛʦ ʫʯʘʩʪʢʘ ɺʃ 110 ʢɺ 

ʉʨʘʚʥʠʚʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨ r ʉʪʘʣʴʥʳʝ ʦʧʦʨʳ 

ʥʦʚʳʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʘʷ ʨʝʰʝʪʯʘʪʘʷ 

ʇʋʕ-7 ʇʋʕ-7 ʇʋʕ-6 

ʄʘʨʢʘ ʦʧʦʨʳ ʉʇɹ110-3 ʉʇɹ110-7ʌ ʇʄ110-1ʌ ʇ110-5ɺ 

ʂʣ ʦʧʦʨ ʥʘ 5ʢʤ 18,12 15,06 18,87 18,52 

ʉʪʦʠʤʦʩʪʴ, ʪʳʩ. 

usd $. 

1 

ʦʧʦʨʘ 
ʫʯʘʩʪʦʢ 

1 

ʦʧʦʨʘ 
ʫʯʘʩʪʦʢ 

1 

ʦʧʦʨʘ 
ʫʯʘʩʪʦʢ 

1 

ʦʧʦʨʘ 
ʫʯʘʩʪʦʢ 

ʄʘʪʝʨʠʘʣʳ 2,43 44,199 3,8202 57,57 4,8126 90,746 4,3004 79,648 

% ʢ ʉʇɹ110-3 
 

100 
 

130 
 

205 
 

180 

ʄʦʥʪʘʞ 0,2881 5,1648 0,3735 5,645 0,3201 5,9544 0,8217 15,26 

% ʢ ʉʇɹ110-3 
 

100 
 

109 
 

115 
 

295 

ɿʝʤʣʝʦʪʚʦʜ 0,1067 1,8781 0,1494 2,2302 0,1387 2,6571 0,2348 4,3965 

% ʢ ʉʇɹ110-3 
 

100 
 

119 
 

141 
 

234 

ɺʩʝʛʦ (ʥʘ 5 ʢʤ) 2,8278 51,242 4,3431 65,445 5,2608 99,358 5,3568 99,304 

ɺʩʝʛʦ (ʥʘ 1 ʢʤ) 
 

10,244 
 

13,093 
 

19,869 
 

19,859 

% ʢ ʉʇɹ110-3 
 

100 
 

128 
 

194 
 

194 

ʕʢʦʥʦʤʠʷ ʥʘ 1 ʢʤ, 

ʪʳʩ. usd $.  
- 

   
9,6039 

 
9,6039 

 

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʜʚʫʭʮʝʧʥʦʛʦ ʫʯʘʩʪʢʘ ɺʃ 110 ʢɺ 

ʉʨʘʚʥʠʚʘʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ 

ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨʳ ʉʪʘʣʴʥʳʝ ʦʧʦʨʳ 

ʥʦʚʳʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʛʨʘʥʥʘʷ ʨʝʰʝʪʯʘʪʘʷ 

ʇʋʕ-7 ʇʋʕ-7 ʇʋʕ-6 

ʄʘʨʢʘ ʦʧʦʨʳ ʉʇɹ110-4 ʉʇɹ110-8ʌ ʇʄ110-2ʌ ʇ110-6ɺ 

ʂʣ ʦʧʦʨ ʥʘ 5ʢʤ 24,51 23,58 25 19,61 

ʉʪʦʠʤʦʩʪʴ, ʪʳʩ. 

usd$. 

1 

ʦʧʦʨʘ 
ʫʯʘʩʪʦʢ 

1 

ʦʧʦʨʘ 
ʫʯʘʩʪʦʢ 

1 

ʦʧʦʨʘ 

ʫʯʘ-

ʩʪʦʢ 

1 ʦʧʦ-

ʨʘ 

ʫʯʘ-

ʩʪʦʢ 

ʄʘʪʝʨʠʘʣʳ 3,3187 81,217 4,5672 107,57 6,0184 150,51 8,0993 158,83 

% ʢ ʉʇɹ110-4 
 

100 
 

132 
 

205 
 

196 

ʄʦʥʪʘʞ 0,3095 7,5764 0,4055 9,5292 0,3201 7,8859 1,0031 19,624 

% ʢ ʉʇɹ110-4 
 

100 
 

109 
 

115 
 

259 

ɿʝʤʣʝʦʪʚʦʜ 0,1814 4,3644 0,2027 4,7273 0,1814 4,4498 0,2774 5,5276 

% ʢ ʉʇɹ110-4 
 

100 
 

119 
 

102 
 

127 

ɺʩʝʛʦ (ʥʘ 5 ʢʤ) 3,7989 93,158 5,1648 121,82 6,52 162,85 9,3798 183,98 

ɺʩʝʛʦ (ʥʘ 1 ʢʤ) 
 

18,632 
 

24,362 
 

32,568 
 

36,794 

% ʢ ʉʇɹ110-4 
 

100 
 

131 
 

175 
 

197 

ʕʢʦʥʦʤʠʷ ʥʘ 1 

ʢʤ, ʪʳʩ. usd $.  
- 

   
13,936 

 
18,162 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ ʦʧʦʨʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢʪʦʚ ɺʃ 

35 ï 500 ʢɺ 

ʂʨʦʤʝ ʪʠʧʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ɺʃ 110 ʢɺ, ʚ ʨʘʤʢʘʭ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʝʢ-

ʪʦʚ ɺʃ ʥʘʧʨʷʞʝʥʠʝʤ 35, 110, 220, 330, 500 ʢɺ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʝʝ 20 ʪʠʧʦʚ ʞʝʣʝ-

ʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ɺʃ ʥʘ ʙʘʟʝ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʪʦʝʢ. ɺ ʷʥʚʘʨʝ 2019 ʛ. ʦʜʠʥ ʠʟ 

ʘʥʢʝʨʥʳʭ ʧʨʦʣʝʪʦʚ ɺʃ 500 ʢɺ çɼʦʥʩʢʘʷ ɸʕʉ ï ʉʪʘʨʳʡ ʆʩʢʦʣ 2è ʙʳʣ ʧʦʩʪʨʦʝʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʪʘʣʴʥʳʭ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ 2ʉʇɹ500-3ɺ (ʨʠʩ. 11).  

ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʣʘ ʫʩʪʘʥʦʚʢʘ ʩʪʦʝʢ ʦʧʦʨ ʥʘ ʞʝʣʝʟʦʙʝʪʦʥ-

ʥʳʝ ʬʫʥʜʘʤʝʥʪʳ (ʨʠʩ. 12), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʜʥʷʪʴ ʦʪʤʝʪʢʫ ʧʦʜʚʝʩʢʠ ʧʨʦʚʦʜʘ ʠ 
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ʫʚʝʣʠʯʠʪʴ ʧʨʦʣʝʪʳ ʜʦ ʫʨʦʚʥʷ ʤʥʦʛʦʛʨʘʥʥʳʭ ʦʧʦʨ 2ʄʇ500-3ɺ, ʢʦʪʦʨʳʝ ʫʩʪʘ-

ʥʦʚʣʝʥʳ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ ʜʘʥʥʦʡ ʣʠʥʠʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʩʘʤʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʦʧʦʨ ʠ ʬʫʥʜʘʤʝʥʪʦʚ ʩʦʢʨʘʪʠʣʘʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 

ʘʥʘʣʦʛʘʤʠ ʚ 1,5 ʨʘʟʘ, ʦʙʝʩʧʝʯʠʚ ʵʢʦʥʦʤʠʶ ʚ 20 ʪʳʩ. $ ʥʘ 1 ʢʤ ʪʨʘʩʩʳ ɺʃ.  
 

  
 

ʈʠʩ. 11 ï ʇʦʨʪʘʣʴʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʦʧʦʨʘ 

2ʉʇɹ500-3ɺ ʥʘ ɺʃ 500 ʢɺ 

çɼʦʥʩʢʘʷ ɸʕʉ ï ʉʪʘʨʳʡ ʆʩʢʦʣ 2è 

ʈʠʩ. 12 ï ʌʫʥʜʘʤʝʥʪ ʦʧʦʨʳ 2ʉʇɹ500-3ɺ 

 

 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʠʧʦʚʳʭ ʧʨʦʝʢʪʦʚ ʞʝʣʝʟʦ-

ʙʝʪʦʥʥʳʭ ʦʧʦʨ ʜʣʷ ɺʃ 220 ï 500 ʢɺ  

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʨʦʝʢʪʳ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʙʝʩʧʝʯʠʚʘʷ ʦʧʪʠʤʘʣʴʥʳʝ 

ʨʝʰʝʥʠʷ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʜʲʷʚʣʷʶʪ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʚʘʣʠʬʠ-

ʢʘʮʠʠ ʨʘʟʨʘʙʦʪʯʠʢʦʚ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʧʳʪʘʥʠʡ ʠ ʚʳ-

ʧʫʩʢʝ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ, ʦʪʚʝʜʝʥ-

ʥʳʭ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ ɺʃ, ʯʘʩʪʦ ʥʝ ʭʚʘʪʘʝʪ.  

ʈʝʰʝʥʠʝ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʤʦʞʝʪ ʙʳʪʴ 

ʥʘʡʜʝʥʦ ʧʫʪʝʤ ʢʦʤʧʣʝʢʩʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʙʘʟʦʚʳʭ ʩʝʨʠʡ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʦʧʦʨ ʠ 

ʥʘ ʥʘʧʨʷʞʝʥʠʷ 220, 330 ʠ 500 ʢɺ, ʧʣʘʥʠʨʫʝʤʳʭ ʢ ʚʳʧʫʩʢʫ ʚ ʨʘʤʢʘʭ ʅʀʆʂʈ 

ʇɸʆ çʌʉʂ ɽʕʉè.  

ʈʝʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʘ ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʝʩʣʠ ʧʨʦʝʢʪʠʨʦʚʱʠʢʠ ɺʃ ʙʫʜʫʪ ʩʥʘʙʞʝʥʳ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʘʩʯʝʪʘ ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʦʧʦʨ ʠ ʬʫʥʜʘ-

ʤʝʥʪʦʚ ʜʣʷ ʫʩʣʦʚʠʡ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʪʨʘʩʩʝ ɺʃ. ɼʦʩʪʫʧʥʦʩʪʴ ʥʦʚʳʭ ʪʠʧʦʚʳʭ 

ʧʨʦʝʢʪʦʚ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʩʝ-

ʨʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʚ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʫʩʢʘ ʧʨʦʝʢʪʦʚ ɺʃ ʥʝʦʙʭʦʜʠʤʦʡ ʥʘʜʝʞʥʦʩʪʠ ʧʨʠ 

ʤʠʥʠʤʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ.  
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ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ ʧʨʦʚʝʨʝʥʥʦʛʦ ʙʘʟʦʚʦʛʦ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʨʝʰʝʥʠʡ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʦʧʦʨʳ ʜʣʷ ʫʩʣʦʚʠʡ, ʦʪʣʠʯʘʶ-

ʱʠʭʩʷ ʦʪ ʧʨʠʥʷʪʳʭ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʦʩʥʦʚʥʦʡ ʩʝʨʠʠ, ʧʦʣʫʯʘʷ ʦʧʪʠʤʘʣʴʥʳʝ 

(ʧʨʘʢʪʠʯʝʩʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ) ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ɺʃ. 

ʅʘʣʠʯʠʝ 3D-ʤʦʜʝʣʝʡ ʦʧʦʨ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ ʦʰʠʙʦʢ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʩʦʢʨʘʪʠʪʴ ʩʨʦʢʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʝʢʪʦʚ ɺʃ, ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʦʪʩʫʪ-

ʩʪʚʠʝ ʧʨʦʙʣʝʤ ʧʨʠ ʟʘʚʦʜʩʢʦʤ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʩʙʦʨʢʝ ʦʧʦʨ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʧʨʠʥʠʤʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʰʝʥʠʷ ʦʙ ʦʙʲʝʤʘʭ ʨʝʤʦʥʪʘ ʥʘ ʵʪʘʧʝ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ɼʣʷ ʛʘʨʘʥʪʠʠ ʧʦʩʪʘʚʢʠ ʥʘ ʪʨʘʩʩʫ ʢʘʯʝʩʪʚʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʩʪʦʡʢʠ ʦʧʦʨ 

ʙʫʜʫʪ ʩʥʘʙʞʝʥʳ ʵʣʝʢʪʨʦʥʥʳʤʠ ʤʘʨʢʝʨʘʤʠ, ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʪʝʭʥʦʣʦʛʠʶ ʨʘʜʠʦ-

ʯʘʩʪʦʪʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʄʝʪʢʘ ʩʦʜʝʨʞʠʪ ʠʩʭʦʜʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʦʡʢʝ, 

ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʰʠʨʠʪʴ ʝʝ ʜʘʥʥʳʤʠ, ʭʨʘʥʷʱʠʤʠʩʷ ʥʘ ʩʝʨ-

ʚʝʨʝ ʟʘʚʦʜʘ, ʩ ʮʝʣɹʁ ʫʪʦʯʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʝʝ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ 

ʧʦʩʪʘʚʣʷʝʤʳʭ ʥʘ ʦʙʲʝʢʪʳ ʇɸʆ çʈʦʩʩʝʪʠè ʠʟʜʝʣʠʷʭ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ɿʘʢʘʟʯʠʢʫ 

ʜʣʷ ʢʦʥʪʨʦʣʷ ʵʪʘʧʘ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ɺʃ ʠ ʚ ʧʨʦʮʝʩʩʝ ʚʩʝʛʦ ʩʨʦʢʘ ʩʣʫʞʙʳ ʢʦʥ-

ʩʪʨʫʢʮʠʡ, ʢʦʛʜʘ ʜʘʥʥʳʝ ʦ ʨʝʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʪʨʘʩʩʫ ʦʧʦʨʘʭ ʙʫʜʫʪ ʧʨʠʚʷ-

ʟʘʥʳ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤ ʤʝʩʪʥʦʩʪʠ (GIS-ʤʦʜʝʣʴ) ʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʳ ʚ ʦʙʱʝʡ ʉIM-ʤʦʜʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʝʪʠ (Common Information 

Model) ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
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ɺ ʥʘʰʠ ʚʨʝʤʝʥʘ ʩʦʚʨʝʤʝʥʥʳʝ ʤʫʟʝʠ ʩʪʨʝʤʷʪʩʷ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝ ʧʦʩʝʪʠʪʝʣʝʡ. ɺ ʩʚʷʟʠ 

ʩ ʵʪʠʤ ʩʪʘʨʘʶʪʩʷ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʘʨʢʝʪʠʥʛʦʚʳʝ ʩʪʨʘʪʝʛʠʠ ʠ 

ʩʤʘʨʪ-ʪʝʭʥʦʣʦʛʠʠ.  
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ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʩʤʘʨʪ-ʤʫʟʝʡ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʘʛʘʶʪ ʧʦʩʪʨʦʠʪʴ ʚ ʛʦʨʦʜʝ ʊʫʨʢʝ-

ʩʪʘʥ. ʉʤʘʨʪ-ʤʫʟʝʡ ï ʵʪʦ ʝʜʠʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʤʫʟʝʝʚ ʠ ʧʦʩʝʪʠʪʝʣʝʡ. ʕʪʘ ʩʠʩʪʝʤʘ ʦʩʥʦʚʘʥʘ 

ʥʘ ʤʦʙʠʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʣʶʙʦʤʫ ʧʦʩʝʪʠʪʝʣʶ, ʚʣʘʜʝʶʱʝʤʫ ʩʤʘʨʪʬʦ-

ʥʦʤ, ʧʦʣʫʯʠʪʴ ʘʫʜʠʦ-, ʚʠʜʝʦ-, ʬʦʪʦ- ʠ ʪʝʢʩʪʦʚʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʢʩʧʦʥʘʪʘʭ. ʄʦʙʠʣʴʥʦʝ 

ʧʨʠʣʦʞʝʥʠʝ ʦʙʣʘʜʘʝʪ ʧʨʦʩʪʳʤ ʠ ʧʦʥʷʪʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʨʘʩʩʯʠʪʘʥʦ ʥʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 

ʚʩʝʭ ʚʦʟʨʘʩʪʦʚ. 

 

ϧʘʟʽʨʛʽ ʫʘϨʳʪʪʘ ʟʘʤʘʥʘʫʠ ʤϰʨʘʞʘʡʣʘʨ ʢϺʙʽʨʝʢ ʢʝʣʫʰʽʣʝʨʜʽ ʪʘʨʪʫϤʘ ʪʳʨʳʩʘʜʳ. 

ʆʩʳϤʘʥ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨ Ϻʟ Ϩʳʟʤʝʪʽʥʜʝ ʤʘʨʢʝʪʠʥʛʪʽʢ ʩʪʨʘʪʝʛʠʷ ʤʝʥ ʘϨʳʣʜʳ ʪʝʭʥʦʣʦʛʠʷ-

ʣʘʨʜʳ ʙʝʣʩʝʥʜʽ ϨʦʣʜʘʥʫϤʘ ʪʳʨʳʩʘʜʳ. 

ʄʘϨʘʣʘʜʘ ʊϮʨʢʽʩʪʘʥ Ϩʘʣʘʩʳʥʜʘ ʩʘʣʳʥʘʪʳʥ ʩʤʘʨʪ-ʤϰʨʘʞʘʡ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. 

ʉʤʘʨʪ-ʤϰʨʘʞʘʡ ï ʙϰʣ ʤϰʨʘʞʘʡʣʘʨ ʤʝʥ ʢʝʣʫʰʽʣʝʨ Ϯʰʽʥ ʙʽʨʳϬϤʘʡ ʞϮʡʝ. ɹϰʣ ʞϮʡʝ ʩʤʘʨʪ-

ʬʦʥʳ ʙʘʨ ʢʝʟ ʢʝʣʛʝʥ ʢʝʣʫʰʽʛʝ ʵʢʩʧʦʥʘʪʪʘʨ ʪʫʨʘʣʳ ʘʫʜʠʦ-, ʚʠʜʝʦ-, ʬʦʪʦ- ʞϸʥʝ ʤϸʪʽʥʜʽʢ 

ʘϨʧʘʨʘʪ ʘʣʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʤʦʙʠʣʴʜʽ ϨʦʩʳʤʰʘϤʘ ʥʝʛʽʟʜʝʣʛʝʥ. ʄʦʙʠʣʴʜʽ Ϩʦʩʳʤʰʘ Ϩʘʨʘ-

ʧʘʡʳʤ ʞϸʥʝ ʪϮʩʽʥʽʢʪʽ ʠʥʪʝʨʬʝʡʩʢʝ ʠʝ ʞϸʥʝ ʙʘʨʣʳϨ ʞʘʩʪʘϤʳ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨϤʘ ʘʨʥʘʣϤʘʥ. 

 

Nowadays, modern museums tend to attract more visitors. In this regard, they are trying to 

actively apply marketing strategies and smart technologies in their activities. 

The article considers a smart museum proposed to be built in the city of Turkestan. A smart 

museum is a unified system for museums and visitors. 

This system is based on a mobile application that allows any visitor who owns a smartphone 

to receive audio, video, photo and text information about the exhibits. The mobile application has a 

simple and intuitive interface and is designed for users of all ages. 

 

ʊװʨʢʽ ᴅʣʝʤʽʥʽש ʘʩʪʘʥʘʩʳʥʜʘסʳ ʪװʨʢʽ ʭʘʣʳץʪʘʨʳʥʳש ʙʘʨʣʳײץ ץʥʜʳ ʞᴅʜʽ-

ʛʝʨʣʝʨ ʤײʨʘʞʘʡʳʥ ʪײʨסʳʟʫ ʙײʣ ʙʘʨʣʳץ ʪװʨʢʽ ʭʘʣץʳʥʳש ʪװʙʽ ʙʽʨ ʝʢʝʥʽʥ 

ʜᴅʨʽʧʪʝʫ. ᴄʣʝʤʜʝʛʽ ʪʫʨʠʩʪʪʝʨʜʽש ʢᴇʧʰʽʣʽʛʽ ʩʘʷʭʘʪʪʘʫ ʙʘʨʳʩʳʥʜʘ ʙʘʨʘʪʳʥ ʝʣʜʽש 

ʪʘʨʠʭʳʥ ʟʝʨʪʝʡʜʽ. ɽʨʪʝ ʢʝʟʜʝʛʽ ʤᴅʜʝʥʠʝʪʽ ʪײʨʤʳʩ ʪʽʨʰʽʣʽʛʽʥ ʙʽʣʫ ʩʦʣ ʝʣʜʽ ʞʘשʘ 

  .ʘ ᴅʢʝʣʝʜʽסʳʨʳʥʘʥ ʪʘʥʫץ

çʊʘʨʠʭʪʳ ʙʽʣʤʝʡ ᴇʪʢʝʥʜʽ, ץʘʟʽʨʛʽ ʞʘסʜʘʡʜʳ ʙʽʣʫ, ʙʦʣʘʰʘץʪʳ ʙʦʣʞʘʫ 

 .ʣʘʤʘʩʳ ᴄʣ-ʌʘʨʘʙʠײס ʳʩסʠʳʥè ʜʝʛʝʥ ʝʢʝʥ ʰʳץ

ʈʘʩʳʥʜʘ ʜʘ ʪװʨʢʽ ʭʘʣʳץʪʘʨʳʥʳש ʪʘʨʠʭʳʥ ʤᴅʜʝʥʠʝʪʪʽʥ ʢᴇʨʩʝʪʝʪʽʥ ʤײʨʘ-

ʞʘʡʣʘʨ ץʘʟʽʨʛʽ ʪʘשʜʘ ᴇʪʝ ʘʟ.  

ɹײʣ ʤʘץʘʣʘʜʘ ʊװʨʢʽʩʪʘʥ ץʘʣʘʩʳʥʜʘ ʊװʨʢʽ ʍʘʣʳץʪʘʨʳʥʳש ʟʘʤʘʥʘʫʠ ʤײʨʘ-

ʞʘʡʳʥ ʞʦʙʘʣʘʧ, ᴅʨʙʽʨ ʩʘʥʜʳ ʪװʨʢʽ ʪʘʨʠʭʳ ʤʝʥ ץʘʟʘץ ʭʘʣץʳʥʳש ʪʘʨʠʭʳ ʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʤʘץʰʳʤʳʟ. ɽʨʪʝ ʢʝʟʜʝʛʽ ʩᴅʫʣʝʪ ᴇʥʝʨʽʥ ʞʦסʘʣʪʧʘʡ ץʘʡʪʘ ʞʘʩʘץʪʘʧ 

ʟʘʤʘʥʘʫʠ ʪײʨסʳʜʘסʳ ʤײʨʘʞʘʡ ʪײʨסʳʟʫ ʢʝʟ ʢʝʣʛʝʥ ʩᴅʫʣʝʪʰʽʥʽש ʘʨʤʘʥʳ (1-ʩʫʨʝʪ). 

 

 
1-ʩʫʨʝʪ ï ɹʘʩ ץʘʩʙʝʪʽʥʽש ʢᴇʨʽʥʽʩʽ 
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-ʘʨʘ שʘ ʞᴅʥʝ ʘʜʘʤʥʳסʠʤʘʨʘʪʪʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ï ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫנ

ʣʘʩʫʳʥʩʳʟ ʙʝʣʛʽʣʽ ʙʽʨ ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʝ ʘʣʘʪʳʥ סʠʤʘʨʘʪ ײץʨʳʣסʳʣʘʨʳʥʳש 

ʞװʡʝʩʽ. ɸץʳʣʜʳ סʠʤʘʨʘʪʪʳ ʰʳʥʳʤʝʥ ʘץʳʣʜʳ ʝʪʝʪʽʥ ʥʝ? ʆʩr ʉʘʣʘʥʳש ʙʝʣʛʝʣʽ 

ʤʘʤʘʥʳ ʊʦʤʘʩ ʍʘʨʪʤʘʥ סʠʤʘʨʘʪʪʘʨʜʳש ʰʳʥ ʤᴅʥʽʥʜʝ ʘץʳʣʜʳ ʙʦʣʫʳ װʰʽʥ ץʘʞʝʪ 

ʟʘʪʪʘʨʜʳש ʪʽʟʽʤʽʥ ʞʘʩʘʜʳ [3]: 

- ʞʘʡʣʳʣʳץ ʧʝʥ ʘʫʘ ʩʘʧʘʩʳ; 

- ʘʜʘʤסʘ ʙʘסʳʪʪʘʣסʘʥ ʞʝʣʜʝʪʫ, ʞʳʣʳʪʫ ʞᴅʥʝ ʘʫʘʥʳ ʙʘʧʪʘʫ ʞװʡʝʩʽ;  

- ʞʝʢʝ ʤʠʢʨʦʢʣʠʤʘʪʪʳ ʙʘץʳʣʘʫ ʢʝʨʽ ʙʘʡʣʘʥʳʩ; 

- ʞװʡʝʥʽ ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʦשʪʘʡʣʘʥʜʳʨʫ ʞᴅʥʝ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʪʝʢʩʝʨʫ;  

 .ʨʳʣʳʤʳʤʝʥ ʙʘʡʣʘʥʳʩײץIT-ʠʥʬʨʘ שʠʤʘʨʘʪʪʳס -

ʄײʥʜʘʡ ᴅʨʝʢʝʪʪʝʨʜʽש ʢᴇʧ ʢʝʟʜʝʩʝʪʽʥ ʪװʨʣʝʨʽ: ʰʘʤʜʘʨʜʳש ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ 

ʞʘʥʳʧ ᴇʰʫʽ, ʘʚʪʦʤʘʪʪʳ ʪװʨʜʝ ʞʳʣʳʪʫ, ʘʫʘʥʳ ʪʘʟʘʨʪʫ.  

-ʘʡʣʳ ʞᴅʥʝ ʠʢʝʤʜʽ. ʇʘʡסשʠʤʘʨʘʪʪʘʨʜʳ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʳס ʜʘשʘʟʽʨʛʽ ʪʘפ

ʜʘʣʘʥʫʰʳ ᴇʟʽʥʽץ שʘʞʝʪʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʘʧʪʘʫʣʘʨʜʳ ᴇʟʽ ᴇʟʛʝʨʪʝ ʘʣʘʜʳ. ʂᴇʧ 

ʞʘסʜʘʡʣʘʨʜʘ ʘץʳʣʜʳ סʠʤʘʨʘʪ ײץʨʳʣסʳʣʘʨʳ ʙʽʨ ʙʽʨʽʤʝʥ ʨʘʜʠʦ ʞʝʣʽʩʽ ʘʨץʳʣʳ 

ʙʘʡʣʘʥʳʩʘʜʳ. ʆʣʘʨʜʳש ʢᴇʧ ʪʘʨʘʣסʘʥ ʪװʨʣʝʨʽ: Z-Wave, ZigBee Wi-Fi, ʩʦʥʜʘʡ-ʘץ 

ɸפʐ-ʪʘ ï Theread ʞװʡʝʩʽ.  

ʊʫʨʠʟʤ ʩʘʣʘʩʳʥ ʝʣʽʤʽʟʜʝ ʜʘʤʳʪʫʜʳש ʙʽʨʜʝʥ ʙʽʨ ʞʦʣʳ ʪʫʨʠʩʪʽʢ ʥʳʩʘʥ-

ʜʘʨʜʳש ʢᴇʧʪʝʧ ʩʘʣʳʥʫʳ. ʂᴇʧʪʝʛʝʥ ʪʘʥʳʤʘʣ ʪʝʭʥʦʣʦʛʠʷʣʳץ ʢʦʤʧʘʥʠʷʣʘʨ, ʩʦ-

ʥʳש ʽʰʽʥʜʝ Google ʞᴅʥʝ Samsung, װʡʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ᴇʥʽʤʜʝʨʽʥ ᴇʥʜʽʨʫʛʝ ʙʝʣ-

ʩʝʥʜʽ ץʘʪʳʩʘʜʳ. ʆʩʳ ʦʨʘʡʜʘ Google ʢʦʤʧʘʥʠʷʩʳʥʳש ʘץʳʣʜʳ װʡʽʥʝ ʢᴇʟ ʞװʛʽʨʪ-

ʩʝʢ. Google Smart Home ï Android ʞᴅʥʝ iOS ײץʨʳʣסʳʣʘʨʳʥʜʘ ʞײʤʳʩ ʽʩʪʝʡʪʽʥ 

çGoogle Homeè ʧʘʡʜʘʣʘʥʫʰʳ ʠʥʪʝʨʬʝʡʩʽʥʽש ʙʘסʜʘʨʣʘʤʘʣʳײץ ץʨʘʣʳ. Android 

 ʳʣʳץʨʘʣ ʢʽʨʽʩʪʽʨʽʣʛʝʥ Google Assistant ʘʨײץ ץʜʘʨʣʘʤʘʣʳסʳʣʘʨʳʥʜʘ ʙʘסʨʳʣײץ

ʜʘʫʳʩʧʝʥ ʙʘʩץʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. Google, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʢʽʨʽʢʪʽʨʽʣʛʝʥ 

Assistant ʜʘʫʳʩʪʳץ ʢᴇʤʝʢʰʽʩʽ ʙʘʨ ʜʠʥʘʤʠʢʪʝʨʜʽ ײʩʳʥʘʜʳ, ʦʣʘʨ ץײʩʘʩ ʘʪʘʣʘʜʳ: 

Google Home ʞᴅʥʝ Google Home mini. EasyHome Smart Home ʬʫʥʢʮʠʷʣʘʨʳ ʙʘʨ 

ʢᴇʧʽʨ Google Home ʞװʡʝʩʽʥʝ ץʦʩʫ װʰʽʥ ץʦʣʞʝʪʽʤʜʽ ʙʦʣʘʜʳ. 

ɸץʳʣʜʳ װʡ ᴇʤʽʨʜʽ ʞʝשʽʣʜʝʪʝʜʽ ʞᴅʥʝ ʳסשʘʡʣʳ ʝʪʝʜʽ. ɼʠʚʘʥʥʘʥ ʪײʨʤʘʡ, 

ʞʘʨʳץʪʘʥʜʳʨʫʜʳ, ʪʝʤʧʝʨʘʪʫʨʘʥʳ ʞᴅʥʝ ʙʽʨץʘʪʘʨ ʪײʨʤʳʩʪʳץ ʪʝʭʥʠʢʘʥʳ ʙʘʩ-

 ʡװ ʳʟ ʜʘ, ʩʤʘʨʪשʤʳʩʪʘ ʥʝʤʝʩʝ ʜʝʤʘʣʳʩʪʘ ʙʦʣʩʘײʘʡʣʳ. ɾסשʘ ʳסʘʨʫץʘ ʙʘʩסʘʨʫץ

ʩʽʟʜʽ ʥʝ ʙʦʣʳʧ ʞʘʪץʘʥʳ ʪʫʨʘʣʳ ʭʘʙʘʨʜʘʨ ʝʪʽʧ ʦʪʳʨʘʜʳ, ץʘʫʽʧʩʽʟʜʽʢ ʞװʡʝʣʝʨʽ ʪᴇ-

ʪʝʥʰʝ ʞʘסʜʘʡʜʘ װʣʢʝʥ ʢᴇʤʝʢ ʢᴇʨʩʝʪʝ ʘʣʘʜʳ. ʄʳʩʘʣʳ, ʦʣ װʡ ʠʝʩʽʥ ᴇʨʪ ʪʫʨʘʣʳ 

ʭʘʙʘʨʣʘʥʜʳʨʫ ʘʨץʳʣʳ ʦʷʪʳʧ ץʘʥʘ ץʦʡʤʘʡʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʝʩʽʢʪʝʨʜʽײץ שʣʧʳʥ 

ʘʰʘʜʳ, ᴇʨʪ ʩᴇʥʜʽʨʫʰʽʣʝʨ ʙᴇʣʽʤʽʥ ʰʘץʳʨʘʜʳ ʞᴅʥʝ ץʘʫʽʧʩʽʟʜʽʢ ʞʦʣʳʥ ʞʘʨʳץ-

ʪʘʥʜʳʨʘʜʳ. ɾʘʣʧʳ ʞᴅʡ סʘʥʘ ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʝʥ ʤʳʩʘʣ ץʘʨʘʩʪʳʨʘʪʳʥ ʙʦʣʩʘץ, 

 ʘ ʝʰʪʝʥʢʝץʽʟ ʙʝ? ʙʘʩשʽʟ ʙʝ? ʰᴅʡʥʝʢʪʽ ᴇʰʽʨʜʽשʪʽʢʪʽ ᴇʰʽʨʜʽװ ʨʳʥײʧʘʩ ʙץʡʜʝʥ ʰʳװ

 ʡװ ʳʣʜʳץʡʽʜʝ ʘװ ʪʘʨ ʤʘʟʘʣʘʡʜʳ. ɸʣ ʝʛʝʨץʨʘײʦʩʳʣʳʧ ʢʝʪʧʝʜʽ ʤʘ? ʜʝʛʝʥ ʩץ

ʬʫʥʢʮʠʷʩʳ ʙʦʣʩʘ, ʝʰ ʫʘʡʳʤ ץʘʧʝʨʩʽʟ ʦʣ ʞʘʡʳʥʜʘ ʫʘʡʳʤʜʘʤʘʡʩʳʟ. ɸץʳʣʜʳ װʡ-

ʣʝʨ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʡʙʽʨ װʥʝʤʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʦʣʘʨ ʨʝʩʫʨʩ-

ʪʘʨʜʳ ʪʠʽʤʜʽʨʝʢ ʧʘʡʜʘʣʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɸץʳʣʜʳ װʡ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʞʘʣסʳʟ ʪײʨʘʪʳʥ ץʘʨʪ ʘʜʘʤʜʘʨ װʰʽʥ ʞᴅʥʝ ʤװʛʝʜʝʢ ʘʜʘʤʜʘʨ ᴇʪʝ ʳסשʘʡʣʳ. תʡ ʩʽʟ-

ʛʝ ʜᴅʨʽ ץʘʙʳʣʜʘʫʜʳ, ײץʣʘסʘʥ ʞʘסʜʘʡʜʘ ʤʝʜʠʮʠʥʘʣʳץ ʢᴇʤʝʢʪʽ ʰʘץʳʨʫʜʳ ʞᴅʥʝ 

ʪײʪʳʥʳʣʘʪʳʥ ʪʘסʘʤ ʤᴇʣʰʝʨʽʥ ʙʘץʳʣʘʫʜʳ ʝʩʢʝ ʩʘʣʘ ʘʣʘʜʳ. ɽʛʝʨ ץʘʨʪ ʘʜʘʤ 
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 ʨʳʧ ʩʫʜʳ ᴇʰʽʨʝײʡ ʤʦʥʰʘ ʪʦʣʳʧ ʢʝʪʧʝʡ ʪװ ʳʣʜʳץʧʝʥ ʩʠʧʘʪʪʘʣʩʘ, ʘץʪʳץʤʳʪʰʘײ

ʘʣʘʜʳ ʥʝʤʝʩʝ ʘʩʧʘʟ ʞʦץ ʢʝʟʜʝ ʧʝʰʪʽ ᴇʰʽʨʝʜʽ. ʄײʥʜʘʡ ʞװʡʝ ʰʘʤʘʤʝʥ 20 000 

ʜʦʣʣʘʨ ʪײʨʘʜʳ, ʙײʣ ץʘʨʪʪʘʨ װʡʽʥʝʥ ʘʨʟʘʥʳʨʘ[3] ץ. 

ɸץʳʣʜʳ װʡ ʪʫʨʘʣʳ ʘץʧʘʨʘʪ ʢʦʤʧʴʶʪʝʨʛʝ ʳסשʘʡʣʳ ʝʤʝʩ ʞᴅʥʝ ʪʽʧʪʽ ץʘʰʳץʪʘ-

-ʩ ʙʦװʳʥʳʰʪʳ ʪץʦʨץ ʰʽʥװ ʘʪʳʥ ʘʜʘʤʜʘʨסʘ ʩʦסʠʳʥץ ʳʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫסʨʳʣײץr ס

ʣʫʳ ʤװʤʢʽʥ. ɸʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʥʽ ʧʘʡʜʘʣʘʥʫʜʘסʳ ʳץʪʠʤʘʣ ץʠʳʥʜʳץ ʩʤʘʨʪ 

-ʜʘʡʜʘ ʧʘʡסʣ ʞʘײʤʢʽʥ. ʐʳʥʳʥʜʘ ʜʘ, ʙװʡʜʽ ʦʨʥʘʪʫʜʘ ʰʝʰʫʰʽ ʬʘʢʪʦʨ ʙʦʣʫʳ ʤװ

ʜʘʣʘʥʫʰʳʥʳש ᴇʤʽʨʽ ʳסשʘʡʣʳ ʙʦʣʤʘʡʜʳ, ʙʽʨʘץ ʪʝʢ ʢװʨʜʝʣʽʨʝʢ ʙʦʣʘʜʳ (2-ʩʫʨʝʪ). 

 
2-ʩʫʨʝʪ ï נʠʤʘʨʘʪʪʳש ʞʦʩʧʘʨʳ 

 

ɹײʣ ʞʘסʜʘʡʜʘ ʘʚʪʦʤʘʪʪʘʥʜʳʨʳʣסʘʥ װʡ ʠʜʝʷʩʳʥ ʪʦʣʳסʳʤʝʥ ʞʦץץʘ ʰʳסʘʨ-

ʤʘʫ ײʩʳʥʳʣʘʜʳ, ʙʽʨʘץ ץʘʨʘʧʘʡʳʤ װʡ ʞʝʣʽʩʽʥʝʥ ʙʘʩʪʘʫ ʞᴅʥʝ ʦʥʳ ʞʝʢʝ ʳסשʘʡ-

ʣʳʣʳץץʘ ץʘʨʘʡ ʜʘʤʳʪʫ ײʩʳʥʳʣʘʜʳ. פʘʞʝʪʪʽ ײץʨʳʣסʳʣʘʨʜʳ ʩʘʪʳʧ ʘʣʤʘʩ ʙײʨʳʥ, 

ᴇʥʜʽʨʫʰʽ ʤᴅʣʽʤʜʝʛʝʥ ʩʠʧʘʪʪʘʤʘʣʘʨʜʳ, ʩʦʥʜʘʡ-ʘץ ʥʘץʪʳ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳש 

ʧʽʢʽʨʣʝʨʽʥ ʤץײʠʷʪ ʟʝʨʜʝʣʝʫ ʢʝʨʝʢ. ɹײʣ ʝש ʪʠʽʤʜʽ ʞᴅʥʝ ץʦʣʜʘʥʫסʘ ʦשʘʡ ײץʨʳʣ-

 .ʘ ʢᴇʤʝʢʪʝʩʝʜʽסʜʘʫשʳʣʘʨʜʳ ʪʘס

ʊײʨʤʳʩʪʳץ ʵʣʝʢʪʨʦʥʠʢʘ ᴇʥʜʽʨʫʰʽʣʝʨʽ װʡʜʽ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫ ʘץʳʨʳ ʥʝʛʽʟʛʽ 

ʘסʳʤסʘ ʞʝʪʝʜʽ ʜʝʛʝʥ װʤʽʪʧʝʥ ᴇʟ ᴇʥʽʤʜʝʨʽʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʞʝʪʽʣʜʽʨʝʜʽ. ʉʤʘʨʪ-

ʬʦʥʜʘʨ ʤʝʥ ʧʣʘʥʰʝʪʪʝʨʜʽש, ʩʦʥʜʘʡ-ʘץ ʩᴅʡʢʝʩ ʙʘסʜʘʨʣʘʤʘʣʳץ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש 

ʘʨץʘʩʳʥʜʘ ʙײʣ ʙʘסʳʪ ץʘʨץʳʥʜʳ ʜʘʤʳʧ ʢʝʣʝʜʽ. ɼʝʛʝʥʤʝʥ, ʘץʳʣʜʳ װʡʣʝʨ ɼʞʝʪ-

ʩʦʥ ᴅʣʝʤʽ ʩʠʷץʪʳ ʞʝʪʽʣʜʽʨʽʣʛʝʥʰʝ ʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʙʦʣʫʳ ʤװʤʢʽʥ. ɹײʣ ʙʘʨʣʳץ 

ʞʝʪʽʩʪʽʢʪʝʨʛʝ ץʘʨʘʤʘʩʪʘʥ, ʦʩʳ ײץʨʳʣסʳʣʘʨʜʳש ʙʘʨʣʳסʳʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש 

ʩʪʘʥʜʘʨʪʪʳ ʞװʡʝʩʽ ᴅʣʽ ʞʦץ ʝʢʝʥʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʄײʥʜʘʡ ʞװʡʝ ʙʦʣʤʘʩʘ, ʧʘʡʜʘ-

ʣʘʥʫʰʳʣʘʨסʘ ʪʝʟ ʝʩʢʽʨʝʪʽʥ ᴇʥʽʤʜʝʨ װʰʽʥ ʘʡʪʘʨʣʳץʪʘʡ ʩʦʤʘʥʳ ʪᴇʣʝʫ ʪʠʽʤʜʽ 

ʝʤʝʩ. ɹʽʟ ᴅʨʙʽʨ ʢʣʠʝʥʪʢʝ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳש ʵʢʩʢʣʶʟʠʚʪʽ ʞᴅʥʝ ʝש ʦשʪʘʡʣʳ 

ʰʝʰʽʤʜʝʨʽʥ ײʩʳʥʘʤʳʟ, ʤײʥʜʘ ᴅʨʙʽʨ ʜʝʪʘʣʴ ʤץײʠʷʪ ʦʡʣʘʩʪʳʨʳʣסʘʥ [2].  

 ʨʳʣʳʩʪʳײץ ʥʝʤʜʝʫ ʞᴅʥʝװ ʨʳʣʳʩʪʳ ʞʦʙʘʣʘʫ ʙʘʨʳʩʳʥʜʘײץ ʠʤʤʘʨʘʪ ʧʝʥנ

ʠʥʜʫʩʪʨʠʷʣʘʥʜʳʨʫ ʪʘʣʘʧʪʘʨʳʥʘ ʝש ʢᴇʧ ʜʝשʛʝʡʜʝ ʞʘʫʘʧ ʙʝʨʝʪʽʥʜʝʡ ʦʩʳʥʜʘʡ 

ʢʦʥʩʪʨʫʢʪʠʚʪʽʢ ʰʝʰʽʤʜʝʨʜʽ ץʦʣʜʘʥʫ ץʘʞʝʪ: 

 ;ʞʝʨʛʽʣʽʢʪʽ ʙʦʣʫʳ שʨʳʣʳʩʪʳײץ -
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- ʢʣʠʤʘʪʪʳץ; 

- ʠʥʞʝʥʝʨʣʽʢ; 

- ʛʝʦʣʦʛʠʷʣʳץ; 

- ʩʝʡʩʤʠʢʘʣʳץ, ʵʢʦʣʦʛʠʷʣʳץ ʰʘʨʪʪʘʨʳ. 

ɾʘʣʧʳ סʠʤʘʨʘʪʪʳ ʞʦʙʘʣʘʨ ʘʣʜʳʥʜʘ ײץʨʳʣʳʩ ʝʨʝʞʝʣʝʨʽ ʤʝʥ ײץʨʳʣʳʩ ʥʦʨ-

ʤʘʣʘʨʳʥʘ ʩװʡʝʥʝʤʽʟ. ɽʜʝʥʥʝʥ ʪᴇʙʝʛʝ ʜʝʡʽʥʛʽ ʙʠʽʢʪʽʢ 3 ʤʝʪʨʜʝʥ ʙʠʽʢ. נʠʤʘʨʘʪץʘ ʙʽʨ 

ʢʽʨʛʝʥʜʝ 557 ʘʜʘʤ ʝʤʽʥ ʝʨʢʽʥ ʢʽʨʽʧ ʤʫʟʝʡʜʽ ʘʨʘʣʘʧ סʠʤʘʨʘʪʧʝʥ ʪʘʥʳʩʘ ʘʣʘʜʳ. ʂʽʨʝ 

ʙʝʨʽʩ ʞᴅʥʝ ʰʳסʘ ʙʝʨʽʩ ʘʣʜʳʥʜʘסʳ ʘʣʘץשʘʡʣʘʨ ʥʦʨʤʘʪʠʚʪʝʨʛʝ ʩᴅʡʢʝʩ ʝʩʝʧʪʝʣʛʝʥ 

170 ʰʘʨʰʳ ʤʝʪʨʜʝʥ ʘʩʘ ʘʣʘש ʙʘʨ. נʠʤʘʨʘʪʪʳש ʞʝʢʝ ʢᴇʣʽʢ ʪײʨʘסʳʥʜʘ 5 ʤװʤʢʽʥʜʽʛʽ 

ʰʝʢʪʝʫʣʽ ʞʘʥʜʘʨסʘ ʘʨʥʘʣסʘʥ ʢᴇʣʽʢ ʪײʨʘסʳ ʞᴅʥʝ 50 ʢᴇʣʽʢ ʪײʨʘסʳ ʞʘʩʘʣʳʥʘʜʳ. 

 ʘ ʢʽʨʝ ʙʝʨʽʩʽʥʜʝ ʩʳʨʪ ʢʠʽʤ ʽʣʝʪʽʥ ʞʝʨ ʦʨʥʘʣʘʩʪʳʨʳʣʘʜʳ; ᴅʨץʠʤʘʨʘʪנ

ʘʜʘʤסʘ 0,15 ʰʘʨʰʳ ʤʝʪʨʜʝʥ ʝʩʝʧʪʝʣʛʝʥʜʝ ʞʘʣʧʳ ʢʠʽʤ ʽʣʫ ʘʣʘץ שʘʡʳ 55 ʰʘʨʰʳ 

ʤʝʪʨʜʽ ײץʨʘʡʜʳ. ʄײʨʘʞʘʡʜʳש ʢʽʪʘʧʭʘʥʘʩʳʥʜʘ ᴅʨʙʽʨ ʘʜʘʤסʘ 2,4 ʰʘʨʰʳ ʤʝʪʨʜʝʥ 

ʝʩʝʧʪʝʛʝʥʜʝ ʞʘʣʧʳ 30 ʦʨʳʥ ץʘʨʘʩʪʳʨʳʣʘʜʳ. נʠʤʘʨʘʪʪʘ ʵʢʩʢʘʣʘʪʦʨ ʦʨʥʘʣʳʩ-

ʪʳʨʳʣʘʜʳ. ʕʢʩʢʘʣʘʪʦʨʜʳש ʞʳʣʜʘʤʜʳסʳ 0,5 ʤ/c ʞʘץʳʥ ʘʣʳʥʘʜʳ. ʕʢʩʢʘʣʘʪʦʨʜʳ 

ʦʨʥʘʪʫʜʘ װʰ ʩʭʝʤʘʥʳʥ ʽʰʽʥʝʥ ʘʨʘʣʳץʪʘʨʳʥ ץʘʪʘʨ ʦʨʥʘʣʘʩʪʳʨʫ ʩʭʝʤʘʩr ץʦʣʜʘ-

ʥʳʣʘʜʳ. נʠʤʘʨʘʪʪʘ ʙʘʨʣʳסʳ 10 ʘʜʘʤסʘ ʘʨʥʘʣסʘʥ ʜᴅʨʝʪʭʘʥʘ ץʘʨʘʩʪʳʨʳʣʘʜʳ, ʝʨ-

ʣʝʨ ʞᴅʥʝ ᴅʡʝʣʜʝʨʛʝ ʘʨʥʘʣʳʧ ʝʢʽʛʝ ʙᴇʣʽʥʛʝʥ, ʜᴅʨʝʪʭʘʥʘʜʘ 6 ץʦʣʞʫסʳʰ ʦʨʳʥ 

-ʳ ʜʠʟʘʡʥʜʘʨʳ ʝʨʝʢʰʝ ʝʪʽʣʽʧ ʞʘʩʘץʽʰʢʽ ʞᴅʥʝ ʩʳʨʪ שʠʤʘʨʘʪʪʳנ .ʘʨʘʩʪʳʨʳʣʘʜʳץ

ʣʳʥʘʜʳ. ʊʫʨʠʩʪʪʝʨʜʽש ʢᴇʧʪʝʧ ʢʝʣʫʽʥʝ ʽʰʢʽ ʘʪʤʦʩʬʝʨʘʜʘʥ ʙᴇʣʝʢ סʠʤʘʨʘʪʪʳש 

ʩʳʨʪץʳ ץʘʩʙʝʪʽʥʽש ʢᴇʨʽʥʽʩʽ ʤʝʥ ʽʰʢʽ ʜʠʟʘʡʥʝʨʣʽʢ ʢᴇʨʽʥʽʩʽʥʽש ʙʘʩʪʳ ʦʨʳʥʜʘ 

ʝʢʝʥʽʥ ʘʡʪʘ ʢʝʪʢʝʥ ʞᴇʥ. נʠʤʘʨʘʪ ʞʘʣʧʳ 2 ץʘʙʘʪʪʘʥ ʪײʨʘʜʳ, ʩʳʨʪץʳ ʢᴇʨʽʥʽʩʽ ʢʠʽʟ 

װ ʣ ʢʦʨʧʫʩʪʘʨ ïײʨʘʜʳ, ʙײʩʘʩ. ʅʝʛʽʟʽʥʝʥ 3 ʢʦʨʧʫʩʪʘʥ ʪץײ ʡʛʝװ  hɾװʟʜʽ ʙʽʣʜʽʨʝʜʽ. 

 ʘʩʙʝʪʽʥʜʝʛʽץ ʳ ʙʘʩץʪʘʨʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʉʳʨʪץʨʢʽ ʭʘʣʳװʙʽ ʪװʪ שʟʜʽװʰ ɾת

ʢᴇʨʽʥʽʩʪʝʛʽ ʢʦʣʦʥʘʣʘʨ ʪʝʤʽʨ ʙʝʪʦʥʥʘʥ ײץʡʳʣסʘʥ ʩʳʨʪʪʳ ʝʨʪʝ ʢʝʟʜʝʛʽ ʩʪʠʣʴʜʝ 

 ,ʡʳʣʤʘʣʳײץ ʵʣʝʤʝʥʪʪʝʨʽ ʤʦʥʦʣʠʪʪʽ ץʘʥ. ʂʦʥʩʪʨʫʢʮʠʷʣʳסʘʧʪʘʣץ ʳʰ ʢʽʨʧʽʰʧʝʥץ

ʞᴅʥʝ ץʘʙʳʨסʘʣʘʨʳ ץʳʰ ʢʽʨʧʽʰʪʝʥ ʞʘʣʘʥ ʢʽʨʧʽʰʪʝʥ ץʘʣʘʥʘʜʳ. נʠʤʘʨʘʪ ʚʠʪʨʠ-

ʥʘʣʳ. ʐʘʪʳʨʳ ᴅʡʥʝʢʪʝʥ ʞʘʩʘʣʳʥʘʜʳ [1].  

ɸץʳʣʜʳ סʠʤʘʨʘʪʪʳ ʞʦʙʘʣʘסʘʥʜʳץʪʘʥ, ʦʥʜʘ ʪʝʭʥʠʢʘʣʳץ ץʘʪʝʣʽʢʪʝʨ ʙʦ-

ʣʘʪʳʥʳ ʩᴇʟʩʽʟ. נʠʤʘʨʘʪʪʘסʳ ᴇʨʪ ץʘʫʽʟʜʽʛʽʜʝ ʘʣʜʳסשʳ ץʘʪʘʨסʘ ץʦʡʳʣʫ ץʘʞʝʪ. 

ʆʪץʘ ʪᴇʟʽʤʜʽʣʽʢ ʜᴅʨʝʞʝʩʽ IIIʙ. נʠʤʘʨʘʪʪʳש ʽʰʽʥʜʝʛʽ ʘʫʘʥʳש ʝʩʝʧʪʽʢ ʪʝʤʧʝʨʘ-

ʪʫʨʘʩʳ ï 19Áʉ. ɸʫʘʥʳ ץʘʣʳʧʪʳ ʞʘסʜʘʡʜʘ ײʩʪʘʫ װʰʽʥ ʘץʳʣʜʳ סʠʤʘʨʘʪʪʳש 

 ,שʪʘʨʳʥʳץʦʥʘץ ʘʣʘץ ʥʝʤʝʩʝ שʳʣʘʨʳʥʘ ʙʘʧʪʘʫʣʘʨ ʝʥʛʽʟʽʣʝʜʽ. ʊʫʨʠʩʪʪʝʨʜʽסʨʳʣײץ

ʪײʨסʳʥʜʘʨʜʳש ʤײʨʘʞʘʡʜʳ ʘʨʘʣʘʫ ʢʝʟʽʥʜʝ ʽʰʢʽ ʘʫʘʥʳש ʢʣʠʤʘʪʪʳץ ʙʘץʳʣʘʫʜʘ 

ʙʦʣʫ, ץʦʥʘץʪʳ ʪʘʤʘʰʘ ᴅʩʝʨ ʘʣʫʳʥʘ ʩʝʙʪʽʛʽʥ ʪʠʛʽʟʝʜʽ. פʦסʘʤʜʳס ץʠʤʘʨʘʪʪʘʨʜʘסʳ 

ʞ ʣrʳʪʫʜʳ, ʞʝʣʜʝʪʫʜʽ ʞᴅʥʝ ʘʫʘ ʙʘʧʪʘʫʜʳ פʈ ɽɾ 4.02-101 ײץʞʘʪʘʤʘʩʳʥʘ ʩᴅʡʢʝ-

ʩʪʝʥʜʽʨʽʣʽʧ ʞʘʩʘʣʘʜʳ. 
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HOUSES OF THE FUTURE 

 
In this article, you can get acquainted with the main trends and houses of the future. The 

basic principles that form the concept of buildings of the future are given, some changes that affect 

the global housing market are considered. 

 

ɹϰʣ ʤʘϨʘʣʘʜʘ ʩʽʟ ʙʦʣʘʰʘϨʪʳϬ ʥʝʛʽʟʛʽ ʪʨʝʥʜʪʝʨʽ ʞϸʥʝ Ϯʡʣʝʨʽʤʝʥ ʪʘʥrʩʘ ʘʣʘʩʳʟ. ɹʦ-

ʣʘʰʘϨ ϤʠʤʘʨʘʪʪʘʨʳʥʳϬ ʪϰʞʳʨʳʤʜʘʤʘʩʳʥ Ϩϰʨʘʡʪʳʥ ʥʝʛʽʟʛʽ ϨʘϤʠʜʘʣʘʨ ʙʝʨʽʣʛʝʥ, ϸʣʝʤʜʽʢ 

ʪϰʨϤʳʥ Ϯʡ ʥʘʨʳϤʳʥʘ ϸʩʝʨ ʝʪʝʪʽʥ ʢʝʡʙʽʨ Ϻʟʛʝʨʽʩʪʝʨ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. 

 

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʦʞʝʪʝ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʪʨʝʥʜʘʤʠ ʠ ʜʦʤʘʤʠ ʙʫʜʫʱʝʛʦ. 

ɼʘʶʪʩʷ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ, ʬʦʨʤʠʨʫʶʱʠʝ ʢʦʥʮʝʧʮʠʶ ʟʜʘʥʠʡ ʙʫʜʫʱʝʛʦ, ʨʘʩʩʤʦʪʨʝʥʳ ʥʝ-

ʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʣʠʷʶʱʠʝ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʞʠʣʴʷ.  

 

What does the phrase çhouse of the futureè mean? Does this point to a house 

with a lot of technology? Very energy efficient? Or the one that screams çfuturisticè? 

It really depends on who you ask. And in the course of viewing many different futur-

istic houses, both those that are at the concept stage and those that have actually been 

built, it can be difficult to find something that meets all three requirements. But there 

are many that correspond to two out of three. It all boils down to this: would you real-

ly like to call this place your home?  

The COVID-19 pandemic accelerated some trends in construction and affected 

many factors of demand in the real estate sector. The crisis that has arisen has affect-

ed the spheres of public health, social, economic and environmental, and reinforced 

the need for change, as well as identified a number of clear guidelines for the future 

development of the construction industry. In 2022, the real estate community of the 

World Economic Forum proposed 4 basic principles that will shape the concept of 

buildings of the future [1]: 

1) Livability. During the pandemic people spent 87% of their time indoors. Im-

agine that by the age of 80 we will spend 70 years indoors!? A variety of factors con-

tribute to a high quality of life, including developed buildings and infrastructure, hu-

man-oriented and inclusive design, buildings created for people of all ages and disa-

bilities, social and recreational facilities that meet the needs of citizens. 

2) Environmental sustainability, nature conservation. We need to start with the 

energy modernization of old existing buildings, repurposing them into ecological 

houses of the future. 

3) Possibility of recovery. Construction facilities must adapt to any accidents, 

minimizing the consequences of unforeseen natural and man-made situations. The 

homes of the future must be adapted to changing work and life patterns. 



28 

4) Availability. Accessibility means financial access. It sounds, of course, like 

a utopia, especially now that many have lost their jobs due to the pandemic; many 

have broken mortgage contracts due to the inability to pay. 

These 4 principles will form the basis of new construction projects, and alt-

hough it is difficult to predict the future, we can still imagine what the houses of the 

future will look like in the coming decades. Below you can get acquainted with the 

main trends and houses of the future. 

1. Autonomous and self-managed architectural objects. Modern houses of the 

future will be autonomous. Buildings wi ll not only monitor and collect data on how 

their systems work, but also independently monitor and configure them for more effi-

cient use of resources. These çsmart creaturesè will be integrated into çsmart citiesè 

where buildings automatically distribute and optimize energy. Houses change their 

settings depending on the choice of residents. After analyzing all the threats, they will 

set themselves up to ensure proper safety, security and health conditions. 

A building with an eco-friendly design will provide comfort, entertainment, in-

crease productivity and minimize energy consumption by automatically turning on 

and off electricity as needed. 

2. Urban areas will turn into safe, eco-friendly smart cities. Our smart home of 

the future will become part of the smart environment of the city with more advanced 

options for connecting our home to both public and private services. Residential and 

commercial real estate will be connected to a digital system that will combine road 

infrastructure, public transport, housing, electricity, garbage collection and other ser-

vices. 

A smart city creates an atmosphere that provides the best of urban life, mini-

mizing the difficulties of urban life: from safe streets and green areas, to rational 

commuting and easy access to art and culture. 

After quarantine, people want their homes to be with all the amenities at a 

close distance, with infrastructure developed around them ð this will allow them to 

live a more fulfilling life, not waste time traveling by car to switch from one part of 

their life to another. 

3. Carbon-neutral buildings with low energy consumption. Cities and their 

buildings will adapt to climatic conditions and environmental requirements and use 

only renewable energy sources. The shells of the houses of the future will regulate 

heat transfer through their construction, thus reducing heat loss. 

4. Flexible design for in-house transformation. Interior design should be adapt-

able, because current trends may not be relevant in the future. The house of the future 

will be similar to Tesla in the sense that hardware is for software. This means that the 

walls and windows of the building will serve as hardware for flexible space (fig. 1) 

[2]. 

Modern technologies can make the homes of the future smarter and more effi-

cient. While reducing energy consumption is the main motive for finding new solu-

tions, the well-being of residents is the next priority. Despite the fact that many peo-

ple are returning to their office jobs, quarantine has greatly affected interior design. 
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Figure 1 ï Solar Roof. Produce clean energy from roof 

 

Assuming that lockdowns can happen again, flexible interiors will be included 

in the new model of the house, which will make çworking from homeè more conven-

ient. 

5. 3D-printed houses will continue to push the boundaries of construction. Ac-

cording to a report by Grand View Research, the global 3D construction industry is 

expected to grow by 91% between 2022 and 2028. 3D printed architecture can pro-

vide low-cost homes, temporary housing for disaster-affected areas and become the 

answer to sustainable construction (fig. 2) [3]. 

In addition to these advantages, one of the most significant is the reduction in 

construction costs. With 3D printing, it is much easier to calculate the actual amount 

of building materials needed, which leads to less waste. Printed buildings are also 

built faster than traditional structures, which saves time and money. 

Many 3D-printed designs available today are the perfect combination of inno-

vative design and environmentally friendly materials that can be created quickly and 

at a lower cost. 

NASA intends to transport 3D structures between planets. In fact, NASA is 

sponsoring a project competition for a Mars colony. The task is to deliver a 3D print-

er to Mars and use local resources to produce houses there [4]. 

 

 
 

Figure 2 ï Members of the Pennsylvania State University 3D-Printed Habitat Challenge team, 

with their completed 3D-printed dome structure at the Caterpillar Inc. Edwards Demonstration 

and Learning Center in Peoria, Illinois.  
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6. Houseboats. More than 200 million people worldwide live along the coast-

line at an altitude of less than five meters above sea level ï and rising ocean levels are 

a serious problem for many families living in these areas. Michael Saavedra, an archi-

tect of houses in Hollywood, has seen this firsthand. His solution was to create a 

budget houseboat called House boat. Houseboat floating house is able to provide pro-

tection from sea level fluctuations, heavy rains and even hurricanes, it is an ingenious 

innovation that can solve the housing problems of people living in coastal areas (fug. 

3) [5]. 

 

 
 

Figure 3 ï The Hauser boat shown in the picture is intended to be an economical houseboat 

that is resistant to hurricanes and rising sea levels. 
 

 

Earthquakes, tides, storms, hurricanes cause a lot of destruction, and every year 

thousands of people die, and millions of families are forced to leave their homes. 

Thus, houseboat technologies may prove to be an excellent solution to mitigate losses 

that occur due to tragedies caused by climate change. 

7. Vertical farms and gardens. The expansion of humanity causes great damage 

to the environment. Among the problems caused by our urbanization is deforestation. 

In many parts of the world, large-scale destruction of forests is taking place, which 

leads to a number of environmental problems, such as water scarcity, environmental 

pollution, the disappearance of biological species, global warming and much more. 

The Italian architect Paolo Soleri presented Arcology, a remarkable construc-

tion concept that combines elements of the city and the forest to form an ecologically 

balanced modern space [6]. 

Recently, the city of Milan in Italy launched Forestami, a tree planting project 

aiming to grow three million trees by 2030. As part of this initiative, trees will be plan-

ted not only on the streets, gardens and parks of the city, but also on skyscrapers [7]. 

8. The future of futuristic homes. 

In one of the latest reports, it was reported that NASA, together with engineers 

from the University of Louisiana, is working on a construction technology based on 

3D printing, which will be used to erect structures in space. NASA plans to use 3D 

printing as a fast, efficient and low-budget technology for infrastructure development 

on the Moon and Mars [8]. 
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Moreover, it is believed that the smart home market will surpass the $130 billion 
mark by 2026. In the future, our cities and houses should be designed taking into ac-
count all the requirements so that they can optimally use the technologies of a çsmartè 
and çgreenè house. Such an architectural approach is necessary to reduce carbon diox-
ide emissions, ensure environmental friendliness and a balanced lifestyle [9]. 

Conclusion. By 2050, we are likely to face huge changes, when everything 
from electric cars to a çgreenè vertical lifestyle will affect the appearance of our 
homes. In this article, I have reviewed just some of the changes that will affect the 
global housing market. Despite the difficulties in the years of the pandemic, the fu-
ture of buildings seems promising. Not only will there be more competition to drive 
innovation, the changes will also affect how we use and share space with others. 

Construction software is a guide to new methods and technologies, improves 
project results and reduces financial losses and delays. So it will continue to be ac-
tively used for designing houses of the future. 
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ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ çɿʝʣʝʥʦʛʦè ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʆʩʚʝʱʝʥ ʟʘʨʫʙʝʞʥʳʡ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ 

ʦʧʳʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʟʜʘʥʠʡ ʩ ʥʠʟʢʠʤ ʘʥʪʨʦʧʦʛʝʥʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

The paper considers the basic principles of çGreenè construction and operation of build-

ings and structures for various purposes. The foreign and domestic experience of construction of 

buildings with low anthropogenic impact on the environment is highlighted. 

 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʩʝ ʙʦʣʴʰʝ ʟʘʜʫʤʳʚʘʝʪʩʷ ʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʩʣʝʜʩʪʚʠʷʭ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɺʟʛʣʷʥʫʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʩʝʡʯʘʩ, 

ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ, ʯʪʦ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʥʠʢʘʢ ʥʝ ʧʦʚʣʠʷʣʘ ʥʘ ʝʝ ʩʦʩʪʦʷʥʠʝ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʥʦʛʠʝ ʜʝʡʩʪʚʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʩʚʦʠʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʦʥʠ ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʠ ʥʝʛʘʪʠʚʥʳʝ 

ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʧʨʠʨʦʜʳ ʠ ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ɽʩʣʠ ʚʯʝʨʘ ʣʶʜʠ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʫʤʘʣʠ ʦ ʩʦʙʩʪʚʝʥʥʦʤ ʢʦʤʬʦʨʪʝ, ʪʦ ʩʝʛʦʜʥʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠ 

ʪʘʢʦʡ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʘʢ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ʇʦʵʪʦʤʫ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʢʦʣʦʛʠʯʝ-

ʩʢʠʭ ʟʜʘʥʠʡ ʩʪʘʥʦʚʠʪʩʷ ʪʝʥʜʝʥʮʠʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ, 

ʚʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚ ʤʠʨʝ ʟʜʘʥʠʷ ʧʦʪʨʝʙʣʷʶʪ ʦʢʦʣʦ 40% ʤʠʨʦʚʦʡ ʧʝʨʚʠʯʥʦʡ 

ʵʥʝʨʛʠʠ, 67% ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 40% ʩʳʨʴʷ ʠ ʧʨʠʤʝʨʥʦ 14% ʩʦʚʦʢʫʧʥʳʭ ʟʘʧʘʩʦʚ 

ʧʠʪʴʝʚʦʡ ʚʦʜʳ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʧʨʦʠʟʚʦʜʷʪ ʧʦʨʷʜʢʘ 35% ʦʪ ʤʠʨʦʚʳʭ ʚʳʙʨʦʩʦʚ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʦʢʦʣʦ 50% ʪʚʝʨʜʳʭ ʛʦʨʦʜʩʢʠʭ ʦʪʭʦʜʦʚ. ʀʤʝʥʥʦ ʪʘʢʘʷ ʩʪʘʪʠ-

ʩʪʠʢʘ ʟʘʩʪʘʚʠʣʘ ʠʥʞʝʥʝʨʦʚ ʠ ʘʨʭʠʪʝʢʪʦʨʦʚ ʟʘʜʫʤʘʪʴʩʷ ʥʘʜ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʦʟʥʠʢʣʠ çʟʝʣʝʥʳʝ ʟʜʘʥʠʷè. 

ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ çʟʝʣʝʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘè ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ: 

Å ʩʥʠʞʝʥʠʝ ʩʦʚʦʢʫʧʥʦʛʦ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦ-

ʩʪʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ; 

Å ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʦʟʜʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʨʦʜʫʢʪʦʚ; 

Å ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʢ-

ʪʨʦʩʝʪʠ; 

Å ʢʦʤʧʣʝʢʩʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʩʦʜʝʨʞʘʥʠʝ ʟʜʘ-

ʥʠʡ. 

 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ 

ʆʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ çʟʝʣʝʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘè: 

Å ʕʢʦʥʦʤʠʷ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ï ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝ-

ʩʫʨʩʦʚ (ʟʝʤʣʠ, ʵʥʝʨʛʠʠ, ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ); 

Å ʂʦʤʬʦʨʪ ï ʦʙʝʩʧʝʯʝʥʠʝ ʜʦʣʞʥʦʛʦ ʫʨʦʚʥʷ ʫʜʦʙʩʪʚʘ ʜʣʷ ʣʶʜʝʡ, ʢʦʪʦ-

ʨʳʝ ʙʫʜʫʪ ʧʨʦʞʠʚʘʪʴ ʠʣʠ ʨʘʙʦʪʘʪʴ ʚ ʵʪʠʭ ʟʜʘʥʠʷʭ; 

Å ʕʢʦʣʦʛʠʯʥʦʩʪʴ ï ʦʙʝʩʧʝʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʚʨʝʜʥʦʛʦ ʚʣʠʷʥʠʷ 

ʟʜʘʥʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. 

ʂʘʞʜʦʝ çʟʝʣʝʥʦʝ ʟʜʘʥʠʝè ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʚʦʝʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʦʣʞʥʦ ʦʩʪʘʚʘʪʴʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʤ. ʕʪʦ ʢʘʩʘ-

ʝʪʩʷ ʚʩʝʭ ʵʪʘʧʦʚ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦ ʩʥʦʩʘ. 
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ʇʘʨʷʱʠʝ ʚ ʚʦʟʜʫʭʝ ʜʦʤʘ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ ï ʟʘʱʠʪʘ ʦʪ ʟʝʤʣʝ-

ʪʨʷʩʝʥʠʡ 

ɺ ʗʧʦʥʠʠ ʙʳʣʠ ʨʘʟʨʘʙʦ-

ʪʘʥʳ ʜʦʤʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʘ-

ʨʠʪɹ ʚ ʚʦʟʜʫʭʝ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ 

ʪʘʢʠʭ ʧʦʩʪʨʦʝʢ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʦʩʪʦʷʥʥʳʤʠ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤʠ. 

ɿʜʘʥʠʷ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʦʜʟʝʤ-

ʥʳʭ ʪʦʣʯʢʦʚ ʜʦʤ ʧʦʜʥʠʤʘʝʪʩʷ ʚ 

ʚʦʟʜʫʭ, ʪʝʤ ʩʘʤʳʤ ʥʝ ʧʦʧʘʜʘʝʪ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝ ʚʠʙʨʘʮʠʡ. 

ɺʳʛʣʷʜʷʪ ʪʘʢʠʝ ʧʦʩʪʨʦʡʢʠ ʢʘʢ ʦʙʳʯʥʳʡ ʜʦʤ. ʉ ʧʝʨʚʦʛʦ ʚʟʛʣʷʜʘ ʢʘʞʝʪʩʷ, 

ʯʪʦ ʵʪʘ ʩʪʘʥʜʘʨʪʥʘʷ ʧʦʩʪʨʦʡʢʘ. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʦʧʘʩʥʦʩʪʠ, ʧʦʣʴʟʘ ʪʘʢʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ ʩʢʘʞʝʪ ʩʘʤʘ ʟʘ ʩʝʙʷ. 

 

ʂʘʢ ʫʩʪʨʦʝʥʳ ʧʘʨʷʱʠʝ ʜʦʤʘ 

ʂʦʤʧʘʥʠʷ çAir Danshin Systems Incè ʨʘʟʨʘʙʦʪʘʣʘ ʩʧʝʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ 

ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʠ. ɹʣʘʛʦʜʘʨʷ ʝʡ, ʚʦ ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʷ, ʜʦʤ ʧʦʜʥʠʤʘʝʪʩʷ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʫʨʦʚʝʥʴ ʥʘʜ ʟʝʤʣʝʡ. ʉʪʨʦʝʥʠʝ ʟʘʚʠʩʘʝʪ ʥʘʜ ʬʫʥʜʘʤʝʥʪʦʤ ʜʦ 

ʤʦʤʝʥʪʘ ʦʢʦʥʯʘʥʠʷ ʪʦʣʯʢʦʚ.  

ʉʧʝʮʠʘʣʴʥʳʝ ʩʝʡʩʤʠʯʝʩʢʠʝ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʧʝʨʠʤʝʪʨʫ 

ʜʦʤʘ, ʘʥʘʣʠʟʠʨʫʶʪ ʢʦʣʝʙʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʘʢ ʪʦʣʴʢʦ ʦʥʠ ʬʠʢʩʠʨʫʶʪ 

ʘʢʪʠʚʥʦʩʪʴ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠʚʦʜʠʪʩʷ ʚ ʨʘʙʦʪʫ ʤʦʱʥʳʡ ʢʦʤʧʨʝʩʩʦʨ. ʆʥ ʥʘʯʠ-

ʥʘʝʪ ʥʘʧʦʣʥʷʪʴ ʚʦʟʜʫʭʦʤ ʩʧʝ-

ʮʠʘʣʴʥʫʶ ʧʦʜʫʰʢʫ, ʢʦʪʦʨʘʷ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʬʫʥʜʘ-

ʤʝʥʪʦʤ ʠ ʜʦʤʦʤ.  

ɿʘ ʥʝʩʢʦʣʴʢʦ ʩʝʢʫʥʜ 

ʢʦʤʧʨʝʩʩʦʨ ʥʘʢʘʯʠʚʘʝʪ ʚʦʟ-

ʜʫʰʥʫʶ ʧʦʜʫʰʢʫ. ʇʨʠ ʵʪʦʤ 

ʩʪʨʦʝʥʠʝ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘʜ ʟʝʤ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɼʦʤ ʚʠʪʘʝʪ 

ʚ ʚʦʟʜʫʭʝ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʝ ʥʝ ʟʘʢʦʥʯʠʪʩʷ. ʂʘʢ 

ʪʦʣʴʢʦ ʦʧʘʩʥʦʩʪʴ ʤʠʥʫʝʪ, ʚʦʟ-

ʜʫʰʥʘʷ ʧʦʜʫʰʢʘ ʧʣʘʚʥʦ ʩʧʫ-

ʩʪʠʪ ʩʪʨʦʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ 

ɺʦʟʜʫʰʥʘʷ ʧʦʜʫʰʢʘ ʧʣʘʚʥʦ, ʥʦ ʙʳʩʪʨʦ ʧʦʜʥʠʤʘʝʪ ʜʦʤ, ʩʧʘʩʘʷ ʦʪ ʨʘʟʨʫ-

ʰʝʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʝʡ ʪʦʣʯʢʠ ʥʝ ʚʣʠʷʶʪ ʥʘ ʩʦʦʨʫʞʝʥʠʝ. ɺʦʟʜʫʰʥʘʷ ʧʨʦʩʣʦʡʢʘ 

ʘʙʩʦʨʙʠʨʫʝʪ ʚʠʙʨʘʮʠʠ. ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʩʠʣʳ ʪʦʣʯʢʦʚ ʧʘʨʷʱʠʡ ʜʦʤ ʠ ʚʩʝ ʚʝʱʠ 

ʚʥʫʪʨʠ ʝʛʦ ʦʩʪʘʥʫʪʩʷ ʥʝʪʨʦʥʫʪʳʤʠ. 
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çAir Danshin Systems Incè ʚʦ ʚʨʝʤʷ ʧʨʝʟʝʥʪʘʮʠʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʜʦʤʘ 

ʧʨʦʚʝʣʠ ʥʘʛʣʷʜʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʉʧʝʮʠʘʣʠʩʪʳ ʩʦʟʜʘʣʠ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʪʦʣʯʢʠ, 

ʢʘʢ ʧʨʠ ʟʝʤʣʝʪʨʷʩʝʥʠʠ. ʅʝʪʨʦʥʫʪʳʤʠ ʦʩʪʘʣʠʩʴ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦ ʩʦʦʨʫʞʝʥʠʝ, ʥʦ 

ʠ ʚʩʝ ʧʨʝʜʤʝʪʳ ʠʥʪʝʨʴʝʨʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚʥʫʪʨʠ. 

ɺ ʗʧʦʥʠʠ ʫʞʝ ʧʦʩʪʨʦʝʥ rʪʳʩʷʯʠ ʧʘʨʷʱʠʭ ʚ ʚʦʟʜʫʭʝ ʜʦʤʦʚ. ʆʥʠ ʧʦʣʴʟʫ-

ʶʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʙʣʘʛʦʜʘʨʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʝ ʠ ʥʘʜʝʞʥʦ-

ʩʪʠ. ʎʝʥʘ ʪʘʢʦʛʦ ʟʜʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʧʨʦʯʠʝ ʩʠʩʪʝʤʳ ʟʘʱʠʪʳ ʦʪ ʩʝʡ-

ʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʣʠʪ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʪʝʭʥʦʣʦʛʠʷ ʜʦʢʘʟʘʣʘ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʆʥʘ ʦʪʣʠʯʥʦ ʟʘ-

ʱʠʱʘʝʪ ʞʠʣʠʱʝ ʦʪ ʧʨʠʭʦʪʝʡ ʧʨʠʨʦʜʳ. ʇʨʦʠʟʚʦʜʠʪʝʣʴ ʥʘʜʝʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡ-

ʰʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʚʳʡʜʝʪ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʨʳʥʦʢ. 

 

ʄʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʜʝʨʝʚʦʙʝʪʦʥʘ 

ʅʝʩʲʝʤʥʘʷ ʦʧʘʣʫʙʢʘ ɺʝʣʦʢʩ ʥʘ 

95% ʩʦʩʪʦʠʪ ʠʟ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʝʣʦ-

ʚʦʡ ʱʝʧʳ. ʆʩʪʘʣʴʥʳʝ 5% ð ʮʝʤʝʥʪ, 

ʞʠʜʢʦʝ ʩʪʝʢʣʦ, ʩʫʣʴʬʘʪ ʘʣʶʤʠʥʠʷ (ʧʠ-

ʱʝʚʘʷ ʜʦʙʘʚʢʘ) ʠ ʚʦʜʘ. ʕʪʦ ï ʵʢʦʣʦʛʠʯʝ-

ʩʢʠ ʯʠʩʪʳʡ ʤʘʪʝʨʠʘʣ. ʑʝʧʦʮʝʤʝʥʪʥʳʝ 

ʧʣʠʪʳ ʩʦʯʝʪʘʶʪ ʜʦʩʪʦʠʥʩʪʚʘ ʜʝʨʝʚʘ ʠ 

ʢʘʤʥʷ, ʥʝ ʚʳʜʝʣʷʶʪ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʠ 

ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʳ ʜʣʷ ʯʝʣʦʚʝʢʘ. 

ʅʝʩʲʝʤʥʘʷ ʦʧʘʣʫʙʢʘ ɺʝʣʦʢʩ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʦʜʝʚʝʣʦʧʤʝʥʪʘ ʧʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦ-

ʛʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ɽʣʦʚʘʷ ʱʝʧʘ ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʞʠʜʢʠʤ ʩʪʝʢ-

ʣʦʤ ʠ ʮʝʤʝʥʪʦʤ, ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʦʙʨʘʙʦʪʢʫ ʚ ʢʘʤʝʨʝ ʪʚʝʨʜʝʥʠʷ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʕʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʥʦʩʪʴʶ ʩʦʭʨʘ-

ʥʠʪʴ ʚʩʝ ʩʚʦʡʩʪʚʘ ʥʘʪʫʨʘʣʴʥʦʡ ʜʨʝʚʝʩʠʥʳ ʚ ʯʘʩʪʠ ʪʝʧʣʦ-, ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʠ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʚʦʟʜʫʭʦʦʙʤʝʥʘ. ɿʘ ʩʯʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʣʠʪʳ ɺʝʣʦʢʩ ʧʨʠʦʙʨʝ-

ʪʘʶʪ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ: ʥʝ ʛʦʨʷʪ, ʥʝ ʛʥʠʶʪ ʠ ʥʝʠʥʪʝʨʝʩʥʳ ʜʣʷ ʥʘʩʝʢʦʤʳʭ. 

 

ʕʢʦʣʦʛʠʷ ʜʦʤʘ ʚ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʝ ʠʟ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ 

ɽʱʝ ʦʜʠʥ ʪʠʧ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ʬʦʨʤʠʨʫʶʪ ʥʝ ʠʟ ʜʝʨʝʚʦʙʝʪʦʥʘ ʠ ʝʛʦ 

ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʠʟ ʫʪʝʧʣʠʪʝʣʷ. ʂʘʨʢʘʩ ʩʦʙʠʨʘʶʪ ʠʟ ʧʝʥʦʧʣʘʩʪʦʚʳʭ ʙʣʦʢʦʚ, ʩʦ-

ʝʜʠʥʝʥʥʳʭ ʧʣʘʩʪʠʢʦʚʳʤʠ ʧʝʨʝʤʳʯʢʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ. 

ʇʣʠʪʳ ʥʘʨʫʞʥʦʡ ʦʧʘʣʫʙʢʠ ɺʝʣʦʢʩ ʪʘʢʞʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʫʪʝʧʣʠ-

ʪʝʣʴ ï ʧʦʣʠʩʪʠʨʦʣ. ʋʪʝʧʣʠʪʝʣʴ ʩ ʧʦʤʦʱʴʶ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠʢʣʝʝʥ ʥʘ 

ʧʣʠʪʳ ɺʝʣʦʢʩ. ʉʥʘʨʫʞʠ ʩʪʝʥʘ ʦʙʣʠʮʦʚʘʥʘ ʝʱʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʩʣʦʝʤ ï ʱʝ-

ʧʦʮʝʤʝʥʪʥʳʤʠ ʧʣʠʪʘʤʠ. ʇʦʤʠʤʦ ʪʦʛʦ, ʯʪʦ ʧʦ ʥʠʤ ʧʨʦʱʝ ʚʝʩʪʠ ʦʪʜʝʣʦʯʥʳʝ ʨʘ-

ʙʦʪʳ, ʧʣʠʪʳ ʥʝʩʲʝʤʥʦʡ ʦʧʘʣʫʙʢʠ ɺʝʣʦʢʩ ʟʘʱʠʱʘʶʪ ʩʪʝʥʳ ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʜʝʨʞʠʚʘʶʪ ʪʝʧʣʦ. 



35 

 
 

ʕʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ 

ʀ ʭʦʪʷ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ʠʤʝʝʪ ʥʝʬʪʷʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (ʩʪʠʨʦʣ), ʦʥ ʥʘ 

98% ʩʦʩʪʦʠʪ ʠʟ ʚʦʟʜʫʭʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʪʦʥʢʦʩʪʝʥʥʳʭ 

ʢʣʝʪʦʢ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʛʦ ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʢʨʘʡʥʝ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʥʝʬʪʠ. 

ɹʣʘʛʦʜʘʨʷ ʦʪʩʫʪʩʪʚʠʶ ʚ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʜʨʫʛʦʛʦ ʛʘʟʘ, ʢʨʦ-

ʤʝ ʚʦʟʜʫʭʘ, ʦʥ ʛʘʨʘʥʪʠʨʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʩʢʨʳʪʳʭ ʙʦʣʝʟʥʝʡ ʠ ʘʣ-

ʣʝʨʛʠʠ. ʆʥ ʥʝ ʨʘʟʣʘʛʘʝʪʩʷ ʠ ʥʝ ʚʧʠʪʳʚʘʝʪ ʚʣʘʛʫ, ʘ ʪʘʢʞʝ ʥʝ ʚʳʜʝʣʷʝʪ ʚʦʜʦʨʘʩ-

ʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʩʪʦʝʢ ʢ ʛʥʠʝʥʠʶ ʠ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʥʝʤ ʥʝ ʩʦʜʝʨʞʘʪʩʷ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʠʪʘʶʪ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤ, ʧʦʵʪʦʤʫ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ʥʝ ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʛʨʠʙʢʦʚ, ʙʘʢʪʝʨʠʡ 

ʠ ʧʣʝʩʝʥʠ. ɹʣʘʛʦʜʘʨʷ ʙʝʪʦʥʥʦʤʫ ʩʣʦʶ ʩʪʝʥʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʟ ʥʝʩʲʝʤʥʦʡ ʦʧʘ-

ʣʫʙʢʠ, ʥʝ ʧʦʚʨʝʞʜʘʶʪʩʷ ʥʘʩʝʢʦʤʳʤʠ ʠ ʛʨʳʟʫʥʘʤʠ. 

ɺʩʧʝʥʝʥʥʳʡ ʧʦʣʠʩʪʠʨʦʣ ʦʙʣʘʜʘʝʪ ʠʥʝʨʪʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʵʪʦʤʫ ʦʥ ʙʠʦ-

ʣʦʛʠʯʝʩʢʠ ʥʝʡʪʨʘʣʝʥ ʠ ʧʨʦʩʣʫʞʠʪ ʚʘʤ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. EPS ʙʳʣ 

ʦʜʦʙʨʝʥ ʆʆʅ ʢʘʢ ʤʘʪʝʨʠʘʣ, ʚ ʢʦʪʦʨʦʤ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʥʦʩʷʱʠʝ ʫʱʝʨʙ ʦʟʦ-

ʥʦʚʦʤʫ ʩʣʦʶ ʚʝʱʝʩʪʚʘ. ʆʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ, ʢʘʢ ʠ ʚʩʝ 

ʧʣʘʩʪʤʘʩʩʳ. 
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ʋɼʂ 577.4  

 

  ʘʜʳʨʭʘʥ ʅ.ɾ., ʩʪ. ʛʨ. ʈʇɿʉ-19-6 ʄʆʂ (ʂʘʟɻɸʉɸ)פ

ʐʘʡʜʫʣʣʘ ʄ.ʈ., ʤ.ʪ.ʥ., ʘʩʩʠʩʪʝʥʪ ʧʨʦʬʝʩʩʦʨʘ ʄʆʂ (ʂʘʟɻɸʉɸ)  

 

ʇɽʅʆʀɿʆʃ ï ʉʆɺʈɽʄɽʅʅʓʁ ʄɸʊɽʈʀɸʃ 

ɼʃʗ ʋʊɽʇʃɽʅʀʗ ʂʈʓʐ ʀ ʉʊɽʅ ɻʈɸɾɼɸʅʉʂʀʍ ʀ 

ʇʈʆʄʓʐʃɽʅʅʓʍ ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ 

 
ʄʘϨʘʣʘʜʘ ʧʝʥʦʠʟʦʣ ʤʘʪʝʨʠʘʣʳʥʳϬ ʞʘʣʧʳ ʪʝʭʥʠʢʘʣʳϨ ʩʠʧʘʪʪʘʤʘʩʳ ʞϸʥʝ ʙʘʩϨʘ 

ʞʳʣʫ ʦϨʰʘʫʣʘϤʳʰ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʘʨʪʳϨʰʳʣʳϤʳ ʞʘʡʣʳ ʤʘϤʣϰʤʘʪʪʘʨ ϨʘʨʘʩʪʳʨʳʣϤʘʥ.  

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʙʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ 

ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʝʥʦʠʟʦʣʘ ʠ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʭ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʝʧʣʦʠʟʦʣʷ-

ʮʠʦʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 

 

This article provides information on the general technical characteristics of the thermal in-

sulation material penoizol and its advantages over other thermal insulation materials. 

 

ʇʝʥʦʠʟʦʣ ï ʵʪʦ ʦʨʛʘʥʠʯʝʩʢʠʡ ʷʯʝʠʩʪʳʡ ʢʘʨʙʘʤʠʜʥʳʡ ʧʝʥʦʧʣʘʩʪ, ʢʦʪʦ-

ʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʫʪʝʧʣʠʪʝʣʝʡ ʩ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (5-35 ʢʛ/ʤ3). ʀʩʧʦʣʴ-

ʟʫʝʪʩʷ ʢʘʢ ʩʪʨʦʠʪʝʣʴʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʤʘʣʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ (ʟʘʷʚʣʷʝʤʳʡ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ï 0.028-0.047 ɺʪ/ʤ*Áʂ), ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴʶ 

ʦʛʥʶ, ʙʠʦʩʪʦʡʢʦʩʪʴʶ ʠ ʯʨʝʟʚʳʯʘʡʥʦ ʵʢʦʥʦʤʠʯʥʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʤʘʪʝʨʠʘʣʘ ʷʚʣʷʝʪʩʷ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʢʝ ʩ ʧʦʩʣʝ-

ʜʫʶʱʝʡ ʟʘʣʠʚʢʦʡ ʚ ʧʫʩʪʦʪʳ ʠʣʠ ʞʝ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʦʥʪʠʨʦʚʘʥʥʫʶ ʦʧʘʣʫʙ-

ʢʫ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʢʨʘʡʥʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ʇʝʥʦʠʟʦʣ ʥʝ ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʚ ʦʙʲʝʤʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʫʶ ʩʫʬʣʝʦʙʨʘʟʥʫʶ ʤʘʩʩʫ, ʥʘʧʦʤʠ-

ʥʘʶʱʫʶ ʧʝʥʫ ʜʣʷ ʙʨʠʪʴʷ. 

ʉʬʝʨʳ ʧʨʠʤʝʥʝʥʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʧʝʥʦʠʟʦʣʘ ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʟʥʘʯʠʪʝʣʴ-

ʥʦʛʦ ʫʜʝʰʝʚʣʝʥʠʷ ʨʘʙʦʪ ʧʦ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʈʘʟʨʘʙʦʪʘʥ-

ʥʳʝ ʝʱʝ ʚ 40-ʝ ʛʦʜʳ ʚʝʜʫʱʠʤʠ ʠʥʩʪʠʪʫʪʘʤʠ ʨʦʩʩʠʠ ɺʅʀʀʉ ʠ ɺʅʀʀ ʇʄ, ʧʦ-

ʜʦʙʥʳʝ ʧʝʥʦʧʣʘʩʪʳ ʧʨʠʤʝʥʷʣʠʩʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ ʫʪʝʧʣʝʥʠʠ ʤʘʣʦʵʪʘʞʥʳʭ 

ʜʦʤʦʚ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʭʦʣʦʜʠʣʴʥʠʢʦʚ, ʚʘʛʦʥʦʚ, ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. 

ɿʘʤʝʪʥʳʝ ʫʩʧʝʭʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʩʪʨʦʠʪʝʣʴʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʢʘʨʙʘʤʠʜʦʬʦʨʤʘʣʴʜʝʛʠʜʥʳʭ ʧʝʥʦʧʣʘʩʪʦʚ (ʂʌʇ) ʜʦ-

ʩʪʠʛʥʫʪʳ ʤʦʩʢʦʚʩʢʠʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʚʥʝʜʨʠʚʰʠʤʠ ʚ ʧʨʘʢʪʠʢʫ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʵʪʦʪ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʢ ʚ ʥʦʚʦʤ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, 

ʪʘʢ ʠ ʧʨʠ ʨʝʤʦʥʪʝ ʞʠʣʳʭ ʠ ʦʙʱʝʩʪʚʝʥʥʳʭ (ʚ ʪ.ʯ. ʤʥʦʛʦʵʪʘʞʥʳʭ) ʟʜʘʥʠʡ. 

ʇʝʥʦʠʟʦʣ ï ʩʦʚʨʝʤʝʥʥʳʡ ʵʢʦʥʦʤʠʯʥʳʡ ʫʪʝʧʣʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ ʩʣʝʜʫʶʱʠʭ ʦʙʲʝʢʪʘʭ: 
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1. ʉʪʨʦʷʱʠʝʩʷ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʦʣʦ-
ʩʪʝʡ ʠʣʠ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʝʥʦʠʟʦʣʦʤ, ʘ ʪʘʢʞʝ ʫʢʣʘʜ-
ʢʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʣʠʪ): 

¶ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʢʨʳʰ ʠ ʤʘʥʩʘʨʜ; 

¶ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʧʦʪʦʣʢʦʚ ʠ ʯʝʨʜʘʯʥʳʭ ʧʦʤʝʱʝʥʠʡ; 

¶ ʚʥʫʪʨʝʥʥʷʷ ʠ ʥʘʨʫʞʥʘʷ ʪʝʧʣʦʠʟʦʣʷʮʠʷ ʩʪʝʥ; 

¶ ʫʪʝʧʣʝʥʠʝ ʧʦʣʦʚ. 
2. ɻʦʪʦʚʳʝ ʦʙʲʝʢʪʳ ʞʠʣʦʛʦ ʠ ʥʝʞʠʣʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʪʝʧ-

ʣʦʠʟʦʣʷʮʠʷ ʩʪʝʥ, ʧʦʪʦʣʦʯʥʳʭ ʧʝʨʝʢʨʳʪʠʡ, ʘ ʪʘʢʞʝ ʟʘʤʝʥʘ ʠʣʠ ʨʝʤʦʥʪ ʩʪʘʨʦʛʦ 
ʫʪʝʧʣʠʪʝʣʷ). 

3. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ (ʧʨʝʜʦʭʨʘʥʝʥʠʝ ʩʦʙʨʘʥʥʦʛʦ ʫʨʦʞʘʷ ʢʦʨʥʝʧʣʦʜʦʚ ʦʪ 
ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʧʦʨʯʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʨʘʥʝʥʠʷ).  

4. ʊʝʨʤʦʠʟʦʣʷʮʠʷ ʭʦʣʦʜʠʣʴʥʳʭ ʢʘʤʝʨ. 

 

ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʥʦʠʟʦʣʘ 
ʀʩʭʦʜʥʦʝ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʘʨʙʘʤʠʜʥʦʛʦ ʧʝʥʦʧʣʘʩʪʘ ʧʦʣʥʦʩʪʴʶ 

ʦʪʝʯʝʩʪʚʝʥʥʦʝ, ʘ ʪʝʭʥʦʣʦʛʠʷ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ï ʙʝʟʦʪʭʦʜʥʘʷ. ʉʪʦʠʤʦʩʪʴ ʟʘʣʠʚʢʠ 
ʧʝʥʦʠʟʦʣʘ ʚ 10 ʨʘʟ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ ʤʦʥʪʘʞʘ ʤʠʥʝʨʘʣʦʚʘʪʥʳʭ ʠ ʩʪʝʢʣʦʚʦʣʦʢʥʠ-
ʩʪʳʭ ʫʪʝʧʣʠʪʝʣʝʡ, ʠʤʝʶʱʠʭ ʩʭʦʜʥʳʝ ʩ ʧʝʥʦʠʟʦʣʦʤ ʧʦʢʘʟʘʪʝʣʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦ-
ʩʪʠ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʠʩʪʝʤ ʥʘʨʫʞʥʦʛʦ ʫʪʝʧʣʝʥʠʷ ʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ ʂʌʇ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ, ʧʨʠʯʝʤ, 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 
ʨʘʙʦʪʫ, ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʣʠʙʦ ʪʝʭʥʦʣʦʛʠʶ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʟʘʣʠʚʢʝ ʩʤʝʩʠ ʢʦʤʧʦ-
ʥʝʥʪʦʚ ʧʦʜ ʦʙʰʠʚʢʫ, ʣʠʙʦ ʪʝʭʥʦʣʦʛʠʶ ʫʢʣʘʜʢʠ ʟʘ ʦʙʰʠʚʢʫ ʛʦʪʦʚʳʭ ʙʣʦʢʦʚ. ɺ 
ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʦʙʰʠʚʢʘ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʟʘʱʠʪʥʦʛʦ ʧʦʢʨʳʪʠʷ 
ʫʪʝʧʣʷʶʱʝʛʦ ʩʣʦʷ. ʂʨʦʤʝ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʫʪʝʧʣʠʪʝʣʷ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝ-
ʞʜʝʥʠʡ ʠ ʘʪʤʦʩʬʝʨʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʟʘʱʠʪʥʦʝ ʧʦʢʨʳʪʠʝ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʝʩ-
ʧʝʯʝʥʠʷ ʧʦʞʘʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʟʜʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʥʦ-
ʠʟʦʣ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʛʦʨʶʯʝʩʪʠ ɻ-2, ʘ ʛʨʫʧʧʘ ʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʠ ï ɺ-2. ʕʪʦ 
ʟʥʘʯʠʪ, ʯʪʦ ʜʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʠʤʝʨʦʚ ï 
ʦʥ ʥʝ ʪʦʣʴʢʦ ʥʝ ʟʘʛʦʨʘʝʪʩʷ, ʥʦ ʜʘʞʝ ʥʝ ʧʣʘʚʠʪʩʷ ʦʪ ʦʛʥʷ. ʇʦ ʩʪʝʧʝʥʠ ʜʳʤʥʦʩʪʠ 
ʝʤʫ ʧʨʠʩʚʦʝʥʘ ʛʨʫʧʧʘ ɼ-1, ʘ ʧʦ ʪʦʢʩʠʯʥʦʩʪʠ ï ʛʨʫʧʧʘ ʊ-1. 

ʇʦʚʪʦʨʠʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʥʦʠʟʦʣʘ ï ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʪʥʦ-
ʩʪʠ ʚʝʱʝʩʪʚʘ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ 
ʚʦʟʚʝʜʝʥʠʠ ʥʝʙʦʣʴʰʠʭ ʧʦ ʚʳʩʦʪʝ ʩʪʨʦʝʥʠʡ ʚʨʦʜʝ ʙʦʢʩʦʚ, ʘʥʛʘʨʦʚ ʠʣʠ ʢʨʳʪʳʭ 
ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢʞʝ ʦʥ ʩʣʫʞʠʪ ʭʦʨʦʰʠʤ ʫʪʝʧʣʠʪʝʣʝʤ ʜʣʷ ʛʘʨʘʞʝʡ, ʜʘʯ ʠ ʩʢʣʘ-
ʜʦʚ. ʀ, ʢʨʦʤʝ ʪʦʛʦ, ʝʛʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ʨʘʟʥʳʭ 
ʪʠʧʦʚ ʜʦʤʦʚ.  

ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʟʘʣʠʚʢʘ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʪʁʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʦʙʦ-
ʨʫʜʦʚʘʥʠʠ ʇɽʅɸ-2000 ʠ ʇɽʅɸ-3000. 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʧʝʥʦʠʟʦʣ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

¶ ʧʘʨʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ï 0,23 ʤʛ/(ʤ/ʯ/ʇʘ); 

¶ ʩʧʦʩʦʙʝʥ ʧʨʦʩʣʫʞʠʪʴ ʜʦ 50 ʣʝʪ ʠ ʙʦʣʴʰʝ; 
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¶ ʧʦʛʣʦʱʝʥʠʝ ʚʦʜʳ ʟʘ ʩʫʪʢʠ ʩʦʩʪʘʚʣʷʝʪ 6-8%; 

¶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʫʩʘʜʢʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʧʣʦʪʥʦʩʪʠ ï ʜʦ 5%; 

¶ ʫʚʣʘʞʥʝʥʠʝ ʩʦʨʙʮʠʦʥʥʦʝ ʧʦ ʤʘʩʩʝ ï 6-8%. 

 

ʇʘʨʘʤʝʪʨʳ ʄʠʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, (ɺʪ/ʤ) * ʉ 0,028 ð 0,047 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 5 ð 35 

ʇʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʩʞʘʪʠʠ (ʧʨʠ 10-

ʧʨʦʮʝʥʪʥʦʡ ʣʠʥʝʡʥʦʡ ʜʝʬʦʨʤʘʮʠʠ), ʢʛ/ʩʤ2 
0,07 ð 0,5 

ʇʨʠ ʠʟʛʠʙʝ, ʢʛ/ʩʤ2 0,10 ð 0,25 

ʇʨʠ ʨʘʩʪʷʞʝʥʠʠ, ʢʛ/ʩʤ2 0,05 ð 0,08 

ɺʦʜʦʧʦʛʣʦʱʝʥʠʝ ʟʘ 24 ʯʘʩʘ (ʧʦ ʤʘʩʩʝ),% 10,5 ð 20,0 

ɺʣʘʞʥʦʩʪʴ (ʧʦ ʤʘʩʩʝ), % 5,0 ð 20,0 

ɼʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ ʪʝʤʧʝʨʘʪʫʨ, 0ʉ -50/+120 

ʉʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ 50 ʣʝʪ 

 

 
 

ʈʠʩ. 1 ï ʉʨʘʚʥʝʥʠʝ ʧʝʥʦʠʟʦʣʘ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ 

 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʧʝʥʦʠʟʦʣʘ 

ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʚ ʩʣʝʜʫʶʱʠʭ ʩʦʦʨʫʞʝʥʠʷʭ: 

¶ ʚʦ ʚʥʝʰʥʠʭ ʩʪʝʥʘʭ ʠ ʧʝʨʝʛʦʨʦʜʢʘʭ ʧʘʥʝʣʴʥʦʛʦ ʜʦʤʘ ʠʟ ʜʝʨʝʚʘ; 

¶ ʚ ʧʦʩʪʨʦʡʢʘʭ, ʧʦʜʣʝʞʘʱʠʭ ʤʥʦʛʦʢʨʘʪʥʦʡ ʫʩʪʘʥʦʚʢʝ ʠ ʜʝʤʦʥʪʘʞʫ; 

¶ ʚ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʭ ʧʝʨʝʢʨʳʪʠʷʭ; 

¶ ʚ ʩʪʝʥʦʚʳʭ ʠ ʢʨʦʚʝʣʴʥʳʭ ʧʘʥʝʣʷʭ, ʦʙʣʘʜʘʶʱʠʭ ʢʘʨʢʘʩʦʤ ʠʟ ʜʝʨʝʚʘ ʠʣʠ 
ʤʝʪʘʣʣʘ; 
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¶ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʰʚʦʚ ʧʝʨʝʛʦʨʦʜʦʢ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ; 

¶ ʚ ʧʝʨʝʛʦʨʦʜʢʘʭ ʠ ʩʪʝʥʘʭ ʠʟ ʞʝʣʝʟʦʙʝʪʦʥʘ; 

¶ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʪʝʧʣʘ ʚ ʭʦʣʦʜʠʣʴʥʳʭ ʧʦʤʝʱʝʥʠʡ; 

¶ ʚ ʨʝʬʨʠʞʝʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʚʘʛʦʥʘʭ. 

ʇʝʥʦʠʟʦʣ ʣʫʯʰʝ ʤʥʦʛʠʭ ʫʪʝʧʣʠʪʝʣʝʡ, ʧʦʪʦʤʫ ʯʪʦ: 

¶ ʥʝ ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʧʦʵʪʦʤʫ ʚʘʰʝʡ ʩʪʝʥʝ ʥʝ ʛʨʦʟʠʪ ʨʘʟ-
ʨʳʚ ʚʩʣʝʜʩʪʚʠʝ ʨʘʩʧʠʨʘʥʠʷ ʟʘʧʦʣʥʝʥʥʳʭ ʚʝʱʝʩʪʚʦʤ ʧʦʣʦʩʪʝʡ; 

¶ ʮʝʥʘ ʧʝʥʦʠʟʦʣʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ. 

 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʝʥʦʠʟʦʣʘ 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʝʜʚʘ ʣʠ ʥʝ ʩʘʤʦʝ ʚʘʞʥʦʝ ʝʛʦ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ. ʆʥ ʤʦʞʝʪ ʧʦʣʥʦʮʝʥʥʦ ʚʳʧʦʣʥʷʪʴ ʩʚʦʠ ʬʫʥʢʮʠʠ ʚ ʪʝʯʝʥʠʝ 50 

ʣʝʪ ʠ ʙʦʣʴʰʝ ʧʨʠ ʝʛʦ ʥʘʭʦʞʜʝʥʠʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʪʨʝʭʩʣʦʡʥʳʭ ʧʦʩʪʨʦʝʢ. ʇʝ-

ʥʦʠʟʦʣ ʚʳʜʝʨʞʠʪ ʩʤʝʥʫ ʭʘʨʘʢʪʝʨʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ, ʙʫʜʝʪ ʫʩʪʦʡʯʠʚ ʢ ʣʶ-

ʙʳʤ ʢʦʣʝʙʘʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨʳ, ʤʦʞʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʟʘʤʝʨʟʘʥʠʶ 

ʠ ʚʦʟʚʨʘʱʝʥʠʶ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ. 

ɽʛʦ ʜʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʧʝʨʝʩʪʘʣʠ ʧʦʜʚʝʨʛʘʪʴ ʩʦʤʥʝʥʠʶ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ 

ʦʙʥʘʨʫʞʠʣʠ ʩʪʦʧʨʦʮʝʥʪʥʫʶ ʩʦʭʨʘʥʥʦʩʪʴ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʧʝʥʦʠʟʦʣʴʥʦʛʦ 

ʩʣʦʷ ʫ ʢʨʳʰʠ ʟʜʘʥʠʷ, ʨʝʤʦʥʪ ʢʦʪʦʨʦʡ ʧʨʦʚʦʜʠʣʩʷ ʚʦ ʚʨʝʤʝʥʘ ɺʆɺ. ʇʦʜʪʚʝʨʞ-

ʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʝʜʝʣ ʩʪʘʨʝʥʠʷ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʝʪ 78 ʣʝʪ. 

ʂʨʦʤʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʝʩʪʴ ʝʱʝ ʥʝʤʘʣʦʚʘʞʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ: 

¶ ʜʦʤ, ʪʝʧʣʦʠʟʦʣʠʨʫʝʤʳʡ ʵʪʠʤ ʩʦʩʪʘʚʦʤ, ʤʦʞʥʦ ʥʝʜʦʣʛʦ ʦʪʘʧʣʠʚʘʪʴ ʜʘ-
ʞʝ ʚ ʣʶʪʳʡ ʤʦʨʦʟ, ʘ ʧʨʠ ʦʪʢʣʶʯʝʥʠʠ ʦʪʦʧʣʝʥʠʷ ʪʝʧʣʦ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ ʝʱʝ 

8-10 ʯ; 

¶ ʧʨʦʮʝʩʩ ʫʪʝʧʣʝʥʠʷ ʜʦʤʘ ʥʝʪʨʫʜʦʝʤʢʠʡ ʠ ʟʘʥʠʤʘʝʪ ʥʝʤʥʦʛʦ ʚʨʝʤʝʥʠ (ʥʝ 

ʙʦʣʴʰʝ 1-3 ʜʥʝʡ); 

¶ ʠʤʝʝʪ ʷʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʪʝʧʣʦʚʳʤ ʩʚʦʡʩʪʚʘʤ ʧʝʨʝʜ ʧʝʥʦʧʦʣʠ-
ʩʪʠʨʦʣʦʤ ʠ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʦʡ; 

¶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʥʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʛʦʨʝʥʠʝ; 

¶ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʩʠʥʦʚ, ʢʘʢ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ, ʧʦʵʪʦʤʫ ʧʦʜ-
ʭʦʜʠʪ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʫʪʨʠ ʟʜʘʥʠʷ; 

¶ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʚʣʠʷʥʠʶ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʩʨʝʜʳ, 
ʥʘ ʥʝʤ ʥʝ ʨʘʟʚʠʚʘʶʪʩʷ ʙʘʢʪʝʨʠʠ ʠ ʧʣʝʩʝʥʴ; 

¶ ʥʝ ʫʧʦʪʨʝʙʣʷʝʪʩʷ ʚ ʧʠʱʫ ʛʨʳʟʫʥʘʤʠ; 

¶ ʥʝ ʥʘʢʘʧʣʠʚʘʝʪ ʚ ʩʝʙʝ ʚʣʘʛʫ; 

¶ ʥʘ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʩʪʳʢʦʚʳʝ ʨʫʙʮʳ, ʢʘʢ ʥʘ ʤʠʥʝʨʘʣʴʥʦʡ ʚʘʪʝ ʠ ʧʝʥʦ-

ʧʦʣʠʩʪʠʨʦʣʝ. 
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KINETIC FACADE SYSTEM S FOR ADAPTATION  

TO CLIMATIC CONDICTIONS OF THE AREA  
 

To maintain a comfortable indoor environment, modern buildings must be able to quickly 

respond to changes in the outdoor climate and individual user requirements. This is facilitated by 

the use of kinetic systems. Consider some innovative systems that allow you to adapt to different 

conditions and improve the energy efficiency of the facility. 

 

ϭʡ-ʞʘʡʣʘʨʜʳϬ ʽʰʽʥʜʝʛʽ Ϩʦʣʘʡʣʳ ʞʘϤʜʘʡʣʘʨʜʳ ʩʘϨʪʘʫ Ϯʰʽʥ Ϩʘʟʽʨʛʽ ʟʘʤʘʥϤʳ Ϥʠʤʘ-

ʨʘʪʪʘʨ ʩʳʨʪϨʳ ʢʣʠʤʘʪʪʳϬ Ϻʟʛʝʨʫʽʥʝ ʞϸʥʝ ʧʘʡʜʘʣʘʥʫʰʳʣʘʨʜʳϬ ʞʝʢʝ ʪʘʣʘʧʪʘʨʳʥʘ ʪʝʟ 

ʞʘʫʘʧ ʙʝʨʝ ʘʣʫʳ ʢʝʨʝʢ. ɹϰϤʘʥ ʢʠʥʝʪʠʢʘʣʳϨ ʘʨʭʠʪʝʢʪʫʨʘʥʳ Ϩʦʣʜʘʥʫ ʳϨʧʘʣ ʝʪʝʜʽ. ϷʨʪϮʨʣʽ 

ʞʘϤʜʘʡʣʘʨϤʘ ʙʝʡʽʤʜʝʣʫʛʝ ʞϸʥʝ ʦʙʲʝʢʪʽʥʽϬ ʵʥʝʨʛʠʷ ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫϤʘ ʤϮʤʢʽʥʜʽʢ ʙʝ-

ʨʝʪʽʥ ʢʝʡʙʽʨ ʠʥʥʦʚʘʮʠʷʣʳϨ ʞϮʡʝʣʝʨʜʽ Ϩʘʨʘʩʪʳʨʘʤʟr. 

 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʡ ʩʦʚʨʝʤʝʥʥʳʝ ʟʜʘʥʠʷ 

ʜʦʣʞʥʳ ʫʤʝʪʴ ʙʳʩʪʨʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘʨʫʞʥʦʛʦ ʢʣʠʤʘʪʘ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʠʥʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʫʩʣʦʚʠʷʤ ʠ ʧʦʚʳʰʘʪʴ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʲʝʢʪʘ. 

 

On the static nature and the ability of buildings to adapt. 

Each building is essentially a fixed and static object. Structural solutions and 

location on a certain site are among the unchanged characteristics of buildings. How-

ever, if the behavior of a building were completely static, it would hardly be able to 

cope with the unforeseen circumstances that accompany daily life: changing weather 

conditions, behavior patterns of people, this requires a certain degree of flexibility 

and ability to adapt. Therefore, a building is a changeable body, whose permeability, 

appearance and activity are capable of rapidly responding to sudden and unpredicta-

ble changes in the environment and the needs of its inhabitants. Architecture carries 

static and permanent elements: a person's comfortable existence depends on main-

taining a constant body temperature, and our survival includes building shelters that 

maintain a stable internal environment. The architecture is static, but most buildings 

include equipment that allows them to be more adaptable to changing circumstances. 

In today's world, many forms of building automation are already commonplace. For 

example, network sensors have been widely used in recent years to monitor and con-

trol various environmental aspects of a building. Sensors are commonly used to track 

changes in indoor and outdoor climatic parameters such as humidity, temperature, 

and solar radiation intensity, as well as to detect patterns in human behavior. In addi-

tion to this application function, building automation elements sometimes play an 

important aesthetic and cultural role, attracting people to visit architectural spaces. Le 

Corbusier used the term ñhousehold equipmentò to refer to furniture and controllable 
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or movable building elements. In other words, it is any equipment that allows you to 

adapt the interior of the building and the environment to meet the needs of everyday 

life. This list also includes the mechanical parts of the building, which allow the inte-

rior to adapt to changing conditions associated with the environment and human be-

havior: windows, doors, movable partitions, active ventilation openings, blinds, 

screens, etc. Maintaining constant conditions of opening or closing windows, raising 

or lowering curtains or awnings while controlling fans, chillers and other air condi-

tioning machines is one of the most basic functions of so-called responsive building 

components. 

 

 
 

Figure 1 ï Fast-responsive building components 

 

 

Responsive building components 

Reactive components are defined as building elements that adapt to the needs 

of people and changes in the environment. These components can be high-tech sys-

tems that use network sensors and actuators to monitor environmental parameters and 

automate the control of functional elements of a building. In addition, responsive 

building components are movable, dynamic, often manually operated elements that 

allow the general state of the architectural environment to be adjusted in order to 

adapt to everyday needs. The automated membranes of the Institut du Monde Arabe 

(1987, France) are one example of dynamic building elements. Their installation was 

foreseen from the very beginning of the design and automated membranes became an 

integral and defining part of the architecture. A system of mechanical membranes that 

open and close in response to daylight was developed by Jean Nouvel. 

 

Adaptive kinetic facades 

The most revealing embodiment of responsive components in modern architec-

ture is the use of adaptive kinetic facades. An example is the building of the Al Bahr 

office center, built in the capital of the United Arab Emirates in 2012. The two round 

towers are wrapped in a weatherproof glass curtain. 
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Figure 2 ï Institut du Monde Arabe, France 

 

 

 
 

Figure 3 ï Al Bahr Towers in UAE 

 

 

The curtain wall consists of standardized panels with a storey height of 4,200 

mm and variable widths of 900ï120 mm. The curtain wall is separated from the ki-

netic shading system through the base by moving joints. Anchoring the base of the 

moving joints (cantilever struts) are located on the basement and ground floor, which 

allows them to react independently of the base of the structure. Detailed 3D model of 

a separate shade unit with actuators, sleeves, shoulders and fabric mesh. 
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Figure 4 ï Structural Part of Al Bahr Tower 

 

 
 

Figure 5 ï Facade element of Al Bahr Tower 

 

The dynamic shading system is a screen made up of triangulation blocks simi-

lar to origami umbrellas. The triangular units act as individual shading devices that 

rotate at different angles in response to the movement of the sun in order to prevent 

direct sunlight from entering (where?). The shading system consists of stainless steel 

elements, support frame, aluminum dynamic frames and fiberglass mesh infill. The 

fold system converts the continuous veil of the shading screen into a lattice pattern, 

allowing shadow and light to be provided. Each shade device contains a series of 

elongated polytetrafluoroethylene (PTFE) panels. It is worth noting that even when 

the screening device is closed, the inhabitants can still see through it everything that 

happens outside. 
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Figure 6 ï Dynamic shading system 
 

 

In total, each tower has 1,049 shading devices, each weighing about 1.5 tons. 

The shape of the building in plan and height has led to 22 different variations in the 

geometry of the adaptive fa­ade elements. 

 
Figure 7 ï Shading device 

 

 

 
 

Figure 8 ï Shading element 
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This diversity has created the problem of the need to control their production and 

assembly. The shading screen is controlled by a computer, which allows a quick re-

sponse to sunlight and light conditions to obtain an optimal result. Shading devices are 

grouped by sectors and controlled by software: the position of the sun is tracked and, de-

pending on the angle of inclination, the sequence and degree of opening and closing of 

the devices is automatically changed. Each shading element contains a row of panels and 

is driven by a linear actuator that is responsible for opening and closing once a day based 

on a preprogrammed sequence to prevent direct sunlight from entering. 

On a cloudy day or in strong winds, sensors integrated into the outer part of the 

fa­ade send registered signals to the control unit to reveal all elements. All shading 

devices are controlled through a central building management system (BMS). That 

can follow everyone device individually or in groups. The system works with Sie-

mens technology, using automatic control, following the trajectory of the sun 

throughout the year. The system updates data every 15 minutes, based on the readings 

of the light meter and anemometer installed on the roof. If the weather changes, the 

automated program is instantly redefined. Power supply and data transmission are 

carried out via spacer couplings. Note that Al Bahr towers were designed to reduce 

internal overheating by 50% compared to similar buildings. Central Asia. In addition, 

preliminary studies have shown the possibility of achieving cost savings and subse-

quent downsizing of refrigeration units. Based on the study of adaptive and respon-

sive architecture systems, we can say about the effectiveness of this approach while 

saving natural resources. The use of kinetic facades contributes to the instant adapta-

tion of the building to environmental conditions, which will certainly have a benefi-

cial effect on the organization of a comfortable environment inside the building and 

contribute to sustainable development. 
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ɺʃʀʗʅʀɽ ʍʀʄʀʏɽʉʂʀʍ ʀ ʌʀɿʀʂʆ-ʄɽʍɸʅʀʏɽʉʂʀʍ 

ʌɸʂʊʆʈʆɺ ʅɸ ʈɸɿʈʋʐɽʅʀɽ ʉʊʈʆʀʊɽʃʔʅʓʍ 

ʂʆʅʉʊʈʋʂʎʀʁ ʇʈʀ ʀʍ ʕʂʉʇʃʋɸʊɸʎʀʀ 
 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢ-

ʪʦʨʦʚ ʥʘ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʄʘϨʘʣʘʜʘ ʭʠʤʠʷʣʳϨ ʞϸʥʝ ʬʠʟʠʢʘ-ʤʝʭʘʥʠʢʘʣʳϨ ʬʘʢʪʦʨʣʘʨʜʳϬ ϧϰʨʳʣʳʩ ʢʦʥʩʪʨʫʢʮʠ-

ʷʣʘʨʳʥ ʧʘʡʜʘʣʘʥʫ ʢʝʟʽʥʜʝ ʦʣʘʨʜʳϬ ʙϰʟʳʣʫʳʥʘ ϸʩʝʨʽʥ ʟʝʨʪʪʝʫ ʢʝʣʪʽʨʽʣʛʝʥ. 

 

The article presents studies of the influence of chemical and physico-mechanical factors on 

the destruction of building structures during their operation.  

 

ʈʘʟʨʫʰʝʥʠʝ ʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʂ ʥʠʤ ʦʪ-

ʥʦʩʷʪʩʷ: ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʚʳʰʝʥʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ 

ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʠʢʨʦʨʘʟʨʳʚʘʤ ʚ ʤʘʪʝʨʠʘʣʝ, 

ʧʦʝʨʝʤʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʠ ʚʳʩʫʰʠʚʘʥʠʝ, ʝʨʠʦʜʠʯʝʩʢʠʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪ-

ʪʘʠʚʘʥʠʷ, ʨʝʟʢʠʝ ʝʨʝʧʘʜʳ ʪʝʤʝʨʘʪʫʨ, ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʝʡ ʠ ʢʠʩʣʦʪ, ʚʳʱʝʣʘʯʠ-

ʚʘʥʠʝ, ʥʘʨʫʰʝʥʠʝ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʮʝʤʝʥʪʥʳʤ ʢʘʤʥʝʤ ʠ ʟʘʧʦʣʥʠʪʝʣʷʤʠ, ʢʦʨ-

ʨʦʟʠʷ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ, ʨʘʟʨʫʰʝʥʠʝ ʟʘʧʦʣʥʠʪʝʣʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʝʡ 

ʮʝʤʝʥʪʘ. ʆʙʩʣʝʜʦʚʘʥʠʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʙʱʝʝ ʩʦ-

ʩʪʦʷʥʠʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ [1]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʨʝʜʳ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʷʚʣʷʝʪʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʩʪʨʦʠʪʝʣʴʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʭʚʘʪʳʚʘʶʱʠʤ ʢʦʤʧʣʝʢʩ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʩʦʟʜʘʥʠʝʤ ʚ 

ʟʜʘʥʠʷʭ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʠ ʦʙʝʩἒʯʝʥʠ-

ʝʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʥʘʜʝʞʥʦʩʪʠ ʟʜʘʥʠʡ, ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʤʦʥʪʥʦ-ʚʦʩʩʪʘ-

ʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʆʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʦʚʝʜʝʥʠʝ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʦ-

ʩʣʝ ʨʘʟʥʦʛʦ ʨʦʜʘ ʪʝʭʥʦʛʝʥʥʳʭ ʠ ʧʨʠʨʦʜʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʧʦʞʘʨʳ, ʟʝʤʣʝʪʨʷʩʝ-

ʥʠʷ ʠ ʪ.ʧ.), ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʨʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ.  

ʎʝʣʴʶ ʦʙʩʣʝʜʦʚʘʥʠʷ ʣʶʙʦʛʦ ʟʜʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʥʳʭ ʥʝʩʫʱʠʭ ʠ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʥʞʝʥʝʨʥʳʭ ʩʝ-

ʪʝʡ. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʘʙʦʪʳ ʧʦ ʦʙʩʣʝʜʦʚʘʥʠʶ ʟʜʘʥʠʡ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʜʚʘ ʵʪʘʧʘ, 

ʪ.ʝ. ʧʨʦʚʦʜʠʪʩʷ: 

1) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʣʠ ʦʙʱʝʝ ʦʙʩʣʝʜʦʚʘʥʠʝ; 

2) ʜʝʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʣʠ ʦʙʱʝʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʥʘʯʠʥʘʝʪʩʷ ʩ ʦʩʤʦʪʨʘ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ 

ʠ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʧʦʤʦʛʘʶʱʠʤʠ ʩʦʩʪʘʚʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʠʟʫʯʘʝʤʦʤ 

ʦʙʲʝʢʪʝ. ɼʝʪʘʣʴʥʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʨʘʟʨʫʰʝ-

ʥʠʡ ʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʨʠ ʚʠʟʫʘʣʴʥʦʤ ʦʙʩʣʝʜʦʚʘʥʠʠ ʬʠʢʩʠʨʫʶʪʩʷ ʤʝʩʪʘ 

ʠ ʭʘʨʘʢʪʝʨʥʳʝ ʚʠʜʳ ʨʘʟʨʫʰʝʥʠʡ (ʚʳʙʦʠʥʳ, ʪʨʝʱʠʥʳ, ʦʩʣʦʝʥʠʝ ʧʦʢʨʳʪʠʡ ʦʪ 

ʦʩʥʦʚʘʥʠʷ, ʫʯʘʩʪʢʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʠ ʪ.ʧ.) [2]. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʘʟʨʫʰʝʥʠʝ ʢʘʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠ-

ʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʤʘʪʝʨʠʘʣʦʚ; ʧʦʚʳʰʝʥʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝʨʠʘʣʝ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʤʠʢʨʦʨʘʟ-

ʨʳʚʘʤ ʚ ʤʘʪʝʨʠʘʣʝ; ʧʦʝʨʝʤʝʥʥʦʝ ʫʚʣʘʞʥʝʥʠʝ ʠ ʚʳʩʫʰʠʚʘʥʠʝ; ʝʨʠʦʜʠʯʝʩʢʠʝ 

ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʠ ʦʪʪʘʠʚʘʥʠʷ; ʨʝʟʢʠʝ ʝʨʝʧʘʜʳ ʪʝʤʝʨʘʪʫʨ; ʚʦʟʜʝʡʩʪʚʠʝ ʩʦʣʝʡ ʠ 

ʢʠʩʣʦʪ; ʚʳʱʝʣʘʯʠʚʘʥʠʝ; ʥʘʨʫʰʝʥʠʝ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʮʝʤʝʥʪʥʳʤ ʢʘʤʥʝʤ ʠ ʟʘ-



47 

ʧʦʣʥʠʪʝʣʷʤʠ; ʢʦʨʨʦʟʠʷ ʩʪʘʣʴʥʦʡ ʘʨʤʘʪʫʨʳ; ʨʘʟʨʫʰʝʥʠʝ ʟʘʧʦʣʥʠʪʝʣʝʡ ʧʦʜ ʚʦʟ-

ʜʝʡʩʪʚʠʝʤ ʱʝʣʦʯʝʡ ʮʝʤʝʥʪʘ [3]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʝʥʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʙʝʪʦʥʘ (ʩʪʝἒʥʠ 

ʢʘʨʙʦʥʠʟʘʮʠʠ, ʩʦʩʪʘʚʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʩʪʨʫʢʪʫʨʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʝʪʦʥʘ) ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʚʦʟʥʠʢʰʠʭ ʚ ʙʝʪʦʥʝ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ, ʚʳʧʦʣʥʷʝʤʳʭ ʚ ʣʘʙʦ-

ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʦʙʨʘʟʮʘʭ, ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʙʝʪʦʥʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʫʯ-

ʥʦʡ ʣʫʧʳ, ʜʘʶʱʝʡ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ. ʊʘʢʦʡ ʦʩʤʦʪʨ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʧʦ-

ʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ. 

ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʥʘʣʠʯʠʝ ʢʨʫʧʥʳʭ 

ʧʦʨ, ʪʨʝʱʠʥ ʠ ʜʨʫʛʠʭ ʜʝʬʝʢʪʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʩʮʝʧʣʝʥʠʷ ʮʝʤʝʥʪʥʦ-

ʛʦ ʢʘʤʥʷ ʠ ʟʝʨʝʥ ʟʘʧʦʣʥʠʪʝʣʷ; ʩʦʩʪʦʷʥʠʝ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʙʝʪʦʥʦʤ ʠ ʘʨʤʘʪʫʨʦʡ; 

ʬʦʨʤʫ, ʨʘʟʤʝʨ ʠ ʢʦʣʠʯʝʩʪʚʦ ʧʦʨ; ʨʘʟʤʝʨ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʪʨʝʱʠʥ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʣʫʙʠʥʳ ʢʘʨʙʦʥʠʟʘʮʠʠ ʙʝʪʦʥʘ ʧʨʦʠʟʚʦʜʷʪ ʧʦ ʠʟʤʝʥʝʥʠʶ 

ʚʝʣʠʯʠʥʳ ʚʦʜʦʨʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʨʅ.  

ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʬʘʢʪʦʨʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʩʨʝʜʳ ʥʘ 

ʢʦʨʨʦʟʠʶ ʠ ʜʝʬʝʢʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʷ ʥʦʚʦʦʙʨʘ-

ʟʦʚʘʥʠʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʚʨʝʞʜʝʥʠʷ ʙʝʪʦʥʦʚ, 

ʢʠʨʧʠʯʝʡ ʠ ʰʪʫʢʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
 

ʊʘʙʣʠʮʘ 1 ï ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʥʘ ʢʦʨʨʦʟʠʶ ʠ ʜʝʬʝʢʪʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ 

ʂʦʥʩʪʨʫʢʮʠʠ ɺʠʜʳ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʅʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʉʪʝʥʳ, ʩʪʦʣʙʳ, 

ʩʚʦʜʳ, ἒʨʝ-

ʢʨʳʪʠʷ, ʬʫʥʜʘ-

ʤʝʥʪʳ 

ʉʪʨʫʢʪʫʨʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝ-

ʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʡ (ʨʘʟʨʳʭʣʝʥʠʝ 

ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ, ʨʘʩʩʣʦʝ-

ʥʠʝ, ʥʘʨʫʰʝʥʠʝ ʩʧʣʦʰʥʦʩʪʠ) 

- ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʧʦʨʘʭ ʠ ʢʘʧʠʣʣʷʨʘʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ ʭʣʦʨʠʩʪʳʭ ʠ 

ʩʝʨʥʦʢʠʩʣʳʭ ʩʦʣʝʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʦʙʲʝ-

ʤʝ ʜʦ 2-2,5 ʨʘʟ (ʩʦʣʝʚʘʷ ʢʦʨʨʦʟʠʷ) 

 

ʍʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʣʘʜʢʠ 

ʠʟ ʛʣʠʥʷʥʦʛʦ ʠ ʩʠʣʠʢʘʪʥʦʛʦ ʢʠʨ-

ʧʠʯʘ ʠ ʢʘʤʥʝʡ 

ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʘ ʢʠʨʧʠʯ ʠ ʢʘʤʥʠ ʨʘʩ-

ʪʚʦʨʦʚ ʝʜʢʠʭ ʱʝʣʦʯʝʡ (NaOH, ʂʆʅ, ʄg 

(ʆʅ2) ʠ ʜʨ.) ʠ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ ʅ2F 

 

ʍʠʤʠʯʝʩʢʦʝ ʨʘʟʨʫʰʝʥʠʝ ʠ ʚʳ-

ʤʳʚʘʥʠʝ (ʚʳʱʝʣʘʯʠʚʘʥʠʝ) ʨʘʩ-

ʪʚʦʨʘ, ʙʝʪʦʥʘ ʠ ʧʨʠʨʦʜʥʳʭ ʢʘʤ-

ʥʝʡ (ʠʟʚʝʩʪʥʷʢ, ʝʩʯʘʥʠʢ) ʬʫʥ-

ʜʘʤʝʥʪʦʚ, ʩʪʝʥ ʧʦʜʚʘʣʦʚ ʠ ʪ.ʧ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝ-

ʥʠʡ ʧʨʠ ʜʝʡʩʪʚʠʠ ʨʘʩʪʚʦʨʦʚ ʢʠʩʣʦʪ, ʱʝ-

ʣʦʯʝʡ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʚʦʜ 

ʉʪʝʥʦʚʳʝ ʧʘ-

ʥʝʣʠ, ʙʣʦʢʠ, 

ἒʨʝʤʳʯʢʠ, 

ʙʘʣʢʠ, ʧʣʠʪʳ 

ἒʨʝʢʨʳʪʠʡ 

ʇʨʦʜʦʣʴʥʳʝ ʪʨʝʱʠʥʳ ʠ ʦʪʩʣʦʝ-

ʥʠʷ ʢʣʘʜʢʠ ʠ ʙʝʪʦʥʘ ʧʦ ʥʘʧʨʘʚ-

ʣʝʥʠʶ ʘʨʤʘʪʫʨʥʳʭ ʩʪʝʨʞʥʝʡ ʠʣʠ 

ʩʪʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ; 

ʄʝʩʪʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ ʪʨʝʱʠʥʘʤʠ ʢʣʘʜʢʠ 

(ʙʝʪʦʥʘ) ʚ ʤʝʩʪʘʭ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʪʘʣʴʥʳʭ 

ʚʢʣʶʯʝʥʠʡ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʚ 4-5 

ʨʘʟ ʦʙʲʝʤʘ ʧʨʦʜʫʢʪʦʚ ʢʦʨʨʦʟʠʠ (ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ) ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʠʣʠ 

ʭʠʤʠʯʝʩʢʦʡ ʘʛʨʝʩʩʠʚʥʦʩʪʠ ʩʨʝʜʳ 

 



48 

ɺʳʚʦʜʳ 

ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʟʜʘʥʠʷ ʠ ʠʭ ʜʝʪʘʣʝʡ ʷʚʣʷʪʁʩʷ:  

1) ʧʨʠʯʠʥʳ ʠ ʚʠʜʳ ʜʝʬʝʢʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʨʝʤʦʥʪʘ ʠʣʠ ʜʘʣʴʥʝʡʰʝʡ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

2) ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʢʦʨʨʦʟʠʶ ʠ ʨʘʟʨʫʰʝʥʠʝ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ; 

3) ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 
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ɺʆɼʓ ʀ ɽɽ ʇʆʊɽʅʎʀɸʃ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʷʧʦʥʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

 

ʄʘϨʘʣʘʜʘ ʞʘʧʦʥʜʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʩʫʜʳ ʪʘʟʘʨʪʫ ϸʜʽʩʪʝʨʽ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. 

 

The article discusses Japanese technologies and methods of water purification. 

 

ɿʝʤʣʶ ʥʘʟʳʚʘʶʪ ʚʦʜʥʦʡ ʧʣʘʥʝʪʦʡ: ʜʚʝ ʪʨʝʪʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʢʨʳʪʳ ʚʦ-

ʜʦʡ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘ ɿʝʤʣʝ ʠʤʝʝʪʩʷ ʦʢʦʣʦ 1,4 ʤʠʣʣʠʘʨʜʘ ʢʫʙʠʯʝʩʢʠʭ ʢʠʣʦ-

ʤʝʪʨʦʚ ʚʦʜʳ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʯʝʣʦʚʝʢʦʤ ʚ ʢʘʯʝʩʪʚʝ ʙʳʪʦʚʦʡ ʠʣʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʦʜʳ, ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʦʢʦ-

ʣʦ 0,8 ʧʨʦʮʝʥʪʘ ʚʩʝʡ ʚʦʜʳ; ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʝʩʥʦʡ ʚʦʜʳ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʨʝʢ, 

ʦʟʝʨ ʠʣʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 

ʗʧʦʥʠʷ ʩʯʠʪʘʝʪʩʷ ʩʪʨʘʥʦʡ ʦʙʠʣʴʥʳʭ ʦʩʘʜʢʦʚ, ʪʘʢ ʢʘʢ ʩʨʝʜʥʝʛʦʜʦʚʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ ʚ ʥʝʡ ʩʦʩʪʘʚʣʷʝʪ 1 718 ʤʠʣʣʠʤʝʪʨʦʚ, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʤʠʨʦʚʦʡ ʧʦʢʘʟʘʪʝʣʴ ʚ 807 ʤʠʣʣʠʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʚʳʩʦʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʥʘʩʝʣʝʥʠʷ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ (ʢʫʙʠʯʝʩʢʠʝ ʤʝʪʨʳ ʥʘ 

ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ ʚ ʛʦʜ) ʚ ʗʧʦʥʠʠ ʩʦʩʪʘʚʣʷʶʪ ʣʠʰʴ ʧʦʣʦʚʠʥʫ ʦʪ ʩʨʝʜʥʝʤʠʨʦʚʦʛʦ 
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ʫʨʦʚʥʷ; ʬʘʢʪʠʯʝʩʢʠ ʗʧʦʥʠʷ ʟʘʥʠʤʘʝʪ 91 ʤʝʩʪʦ ʠʟ 156 ʩʪʨʘʥ ʤʠʨʘ ʧʦ ʦʙʝʩʧʝʯʝʥ-

ʥʦʩʪʠ ʚʦʜʦʡ ʥʘ ʜʫʰʫ ʥʘʩʝʣʝʥʠʷ [1]. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʜʥʳʝ ʨʝʩʫʨʩʳ, ʗʧʦʥʠʷ ʧʦʜ-

ʜʝʨʞʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʨʦʩʪ, ʨʝʘʛʠʨʫʷ ʥʘ ʧʦʚʳʰʝʥʥʳʡ ʩʧʨʦʩ 

ʥʘ ʧʨʦʤʳʰʣʝʥʥʫʶ ʚʦʜʫ ʚ ʧʝʨʠʦʜʳ ʚʳʩʦʢʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʠ ʩʧʨʦʩ ʥʘ 

ʙʳʪʦʚʫʶ ʚʦʜʫ ʚ ʧʝʨʠʦʜ ʫʨʙʘʥʠʟʘʮʠʠ. ʉʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝ-

ʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʟʘ ʩʯʝʪ ʨʘʟʚʠʪʠʷ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʩʧʦʩʦʙ-

ʩʪʚʦʚʘʣʦ ʵʢʦʥʦʤʠʯʝʩʢʦʤʫ ʨʦʩʪʫ ʗʧʦʥʠʠ. 

ʗʧʦʥʠʷ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢʠʝ ʚʦʜʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʤʝʤʙʨʘʥʥʫ  ʁ

ʪʝʭʥʦʣʦʛʠ,ʁ ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʪʝʯʝʢ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʪʨʘʥʘ ʜʦʩʪʠʛʣʘ ʤʠʨʦʚʦʛʦ ʣʠʜʝʨʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʦ-

ʜʳ ʚʳʨʦʩ ʧʦʯʪʠ ʜʦ 80 ʧʨʦʮʝʥʪʦʚ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʫʪʝʯʢʠ ʚʦʜʳ ʠʟ ʚʦʜʦʧʨʦʚʦʜʦʚ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 10 ʧʨʦʮʝʥʪʦʚ. ʊʝʭʥʦʣʦʛʠʠ ʠ ʦʧʳʪ ʗʧʦʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦ-

ʙʦʡ ʟʘʤʝʯʘʪʝʣʴʥʫʶ ʩʠʣʫ, ʠ ʦʥʘ ʤʦʞʝʪ ʚʥʝʩʪʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʤʠʨʘ, ʨʘʩ-

ʰʠʨʷʷ ʩʚʦʡ ʙʠʟʥʝʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʚʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʤ 

ʫʨʦʚʥʝ. 

ʄʝʤʙʨʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʯʠʩʪʢʠ 
ʗʧʦʥʠʷ ʣʠʜʠʨʫʝʪ ʚ ʤʠʨʝ ʚ ʦʙʣʘʩʪʠ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʯʠʩʪʢʠ ʚʦ-

ʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʧʦʥʩʢʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 60 ʧʨʦʮʝʥʪʦʚ 

ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʤʝʤʙʨʘʥ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ. ɼʦʣʷ ʗʧʦʥʠʠ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ 

ʤʝʤʙʨʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨ-

ʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʦ ʦʩʦʙʝʥʥʦ ʩʣʦʞʥʳ ʪʝʭʥʠʯʝʩʢʠ, ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ 70%. 

ʈʠʩʢʫʷ ʧʦʢʘʟʘʪʴʩʷ ʩʣʠʰʢʦʤ ʪʝʭʥʠʯʥʳʤ, ʧʦʟʚʦʣʴʪʝ ʩʥʘʯʘʣʘ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʢʦʪʦ-

ʨʳʝ ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʘ ʟʘʪʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʠʤʝʨʳ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ 

ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ. 

¶ ʄʠʢʨʦʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ (MF-ʤʝʤʙʨʘʥʘ). ʈʘʟʜʝʣʠʪʝʣʴʥʘʷ 

ʤʝʤʙʨʘʥʘ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʪʘʢʠʭ, ʢʘʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʠ ʤʘʢʨʦʤʦʣʝʢʫ-

ʣʳ, ʨʘʟʤʝʨʦʤ ʦʪ 0,1 ʜʦ 1 ʤʠʢʨʦʤʝʪʨʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʚʝʨʭʯʠʩʪʦʡ 

ʚʦʜʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ, ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʝʨʠʣʴʥʦʡ ʚʦʜʳ, ʩʪʝ-

ʨʠʣʴʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʠʥʘ ʠ ʧʠʚʘ ʠ ʪ.ʜ. 

¶ ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ (UF-ʤʝʤʙʨʘʥʘ). ʈʘʟʜʝʣʠʪʝʣʴʥʘʷ 

ʤʝʤʙʨʘʥʘ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʨʘʟʤʝʨʦʤ ʦʪ 2 ʥʘʥʦʤʝʪʨʦʚ 

ʜʦ 0,1 ʤʠʢʨʦʤʝʪʨʘ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʦʣʣʦʠʜʥʳʭ ʤʘʢʨʦʤʦʣʝʢʫʣ, ʧʦ-

ʣʫʯʝʥʠʷ ʩʚʝʨʭʯʠʩʪʦʡ ʚʦʜʳ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʯʠʩʪʢʠ ʩʪʦʯ-

ʥʳʭ ʚʦʜ ʜʣʷ ʚʦʣʦʢʥʠʩʪʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪ.ʜ. 

¶ ʅʘʥʦʬʠʣʴʪʨʘʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ (NF-ʤʝʤʙʨʘʥʘ). ʄʝʤʙʨʘʥʘ ʜʣʷ ʨʘʟ-

ʜʝʣʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʯʘʩʪʠʮ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 2 

ʥʘʥʦʤʝʪʨʦʚ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʠ ʩʫʣʴ-

ʬʘʪ-ʠʦʥʦʚ, ʫʜʘʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʢʠʧʠ ʧʨʠ ʦʧʨʝʩʥʝʥʠʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʪ.ʜ. 

¶ ʄʝʤʙʨʘʥʘ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ (RO-ʤʝʤʙʨʘʥʘ). ʈʘʟʜʝʣʠʪʝʣʴʥʘʷ ʤʝʤ-

ʙʨʘʥʘ ʜʣʷ ʫʣʘʚʣʠʚʘʥʠʷ ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 2-ʭ ʥʘʥʦʤʝʪʨʦʚ. ʀʩ-

ʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʜʝʣʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ, ʩʘʭʘʨʘ, ʘʤʠʥʦʢʠʩʣʦʪ, ʦʧʨʝʩ-

ʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ ʪ.ʜ. 
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ʄʝʤʙʨʘʥʳ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʦʜʝ ʦʧʨʝʩʥʝʥʠʷ 

ʤʦʨʩʢʦʡ ʚʦʜʳ. ʄʝʤʙʨʘʥʘ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʥʠʮʘʝʤʦʡ, ʦʥʘ ʧʨʦ-

ʧʫʩʢʘʝʪ ʨʘʩʪʚʦʨʠʪʝʣʴ (ʚʦʜʫ), ʥʦ ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʝʱʝʩʪʚʦ (ʩʦʣʴ).  

ʆʧʨʝʩʥʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ ï ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ 

ʤʝʤʙʨʘʥʥʦʡ ʦʯʠʩʪʢʠ. ʈʝʢʫʣʴʪʠʚʘʮʠʷ ʚʦʜʳ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʧʦʧʫʣʷʨʥʦʡ ʚʦ 

ʚʩʝʤ ʤʠʨʝ ʢʘʢ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʝʤʙʨʘʥ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʤʝʤʙʨʘʥʘʤ MF ʠ UF ʢʘʯʝʩʪʚʦ ʚʪʦ-

ʨʠʯʥʦʡ ʩʪʦʯʥʦʡ ʚʦʜʳ ʧʨʝʚʦʩʭʦʜʠʪ ʜʘʞʝ ʢʘʯʝʩʪʚʦ ʦʙʳʯʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦ-

ʜʳ. ɺ ʦʜʥʦʤ ʠʟ ʧʨʠʤʝʨʦʚ ʵʪʘ ʬʠʣʴʪʨʦʚʘʥʥʘʷ ʚʦʜʘ ʧʦʩʪʘʚʣʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʥʥʫʶ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. 

ʊʘʢʞʝ ʚʝʜʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʘ ʤʝʤʙʨʘʥʥʦʛʦ ʙʠʦʨʝʘʢʪʦʨʘ 

(ʄɹʈ). ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʤʝʤʙʨʘʥʳ MF ʠ UF ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʤʘʯʠʚʘʶʪʩʷ ʚ ʨʝ-

ʟʝʨʚʫʘʨʘʭ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʘʢʪʠʚʥʦʛʦ ʠʣʘ ʛʦʨʦʜʩʢʠʭ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʫʩʠʣʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʙʦʣʝʝ ʤʘʩʰʪʘʙʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ. 

ʋʩʪʘʥʦʚʢʠ MBR ʜʣʷ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʉʠʥʛʘʧʫʨʝ ʠ ʂʫʚʝʡ-

ʪʝ, ʘ ʪʘʢʞʝ ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʚ ʂʠʪʘʝ. ʗʧʦʥʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʨʘʩʰʠʨʷʶʪ 

ʧʦʩʪʘʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʤʠʨʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʜʝʣʘʷ ʫʧʦʨ ʥʘ 

ʤʝʤʙʨʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. 

ʆʯʠʩʪʢʘ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ 
ɻʦʨʦʜ ʍʘʤʫʨʘ ʨʘʩʧʦʣʦʞʝʥ ʢ ʟʘʧʘʜʫ ʦʪ ʊʦʢʠʦ, ʧʨʠʤʝʨʥʦ ʚ 45 ʢʠʣʦʤʝʪʨʘʭ 

ʦʪ ʮʝʥʪʨʘ ʛʦʨʦʜʘ. ɿʜʝʩʴ ʥʘʭʦʜʠʪʩʷ ʚʦʜʦʟʘʙʦʨ çʂʘʥʘʣʘ ʊʘʤʘʛʘʚʘ ɼʟʸʩʫʡè, ʧʦ-

ʩʪʨʦʝʥʥʦʛʦ ʚ 1653 ʛʦʜʫ ʚ ʧʝʨʠʦʜ ʕʜʦ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʚ 

ʮʝʥʪʨ ʕʜʦ. ʀʩʪʦʯʥʠʢʦʤ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʷʚʣʷʶʪʩʷ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ʀʟ-ʟʘ ʧʨʝ-

ʚʦʩʭʦʜʥʦʛʦ ʢʘʯʝʩʪʚʘ ʵʪʦʡ ʚʦʜʳ ʛʦʨʦʜ ʨʘʥʴʰʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʦʣʴʢʦ ʭʣʦʨʠʨʦʚʘ-

ʥʠʝ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʳ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʣʠʟʣʝʞʘʱʘʷ ʚʦʜʦʦʯʠʩʪʥʘʷ 

ʩʪʘʥʮʠʷ ʙʳʣʘ ʟʘʨʘʞʝʥʘ ʢʨʠʧʪʦʩʧʦʨʠʜʠʷʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʙʠʪʳ ʭʣʦ-

ʨʦʤ, ʚ ʛʦʨʦʜʝ ʚʚʝʣʠ ʩʦʚʨʝʤʝʥʥʫʶ ʩʠʩʪʝʤʫ ʦʯʠʩʪʢʠ ʚʦʜʳ. 

ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʥʘʯʘʣʘ ʨʘʙʦʪʘʪʴ ʚ ʘʧʨʝʣʝ 2004 ʛʦʜʘ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʨʫʧʥʝʡʰʠʭ ʚ ʗʧʦʥʠʠ ʫʩʪʘʥʦʚʦʢ ʧʦ ʦʯʠʩʪʢʝ ʚʦʜʳ ʩ ʤʝʤʙʨʘʥʥʦʡ ʬʠʣʴʪʨʘʮʠʝʡ. 

ʆʥʘ ʦʙʨʘʙʘʪʳʚʘʝʪ ʜʦ 30 000 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚʦʜʳ ʚ ʜʝʥʴ ʠ ʧʦʩʪʘʚʣʷʝʪ ʜʦ 27 

500 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʚʦʜʳ 60 000 ʯʝʣʦʚʝʢ ʚ ʜʝʥʴ. ʇʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʠʪʴ ʢʨʠʧʪʦʩʧʦʨʠʜʠʠ, ʟʘʢʘʯʠʚʘʷ ʚʦʜʫ ʠʟ ʩʢʚʘʞʠʥʳ ʚ ʨʝʟʝʨ-

ʚʫʘʨʳ, ʦʪʢʫʜʘ ʦʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʫʶ ʫʩʪʘʥʦʚʢʫ MF ʩ ʙʦʣʴʰʠʤ ʜʠʘ-

ʤʝʪʨʦʤ ʧʦʨ, ʠʩʧʦʣʴʟʫʷ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ 10-ʤʝʪʨʦʚʦʛʦ ʚʦʜʷʥʦʛʦ ʩʪʦʣʙʘ 

ʫʩʪʘʥʦʚʢʠ (0,1 ʄʇʘ). 

ʄʝʤʙʨʘʥʥʳʡ ʙʣʦʢ MF ʩ ʙʦʣʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʧʦʨ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ 

ʫʥʠʯʪʦʞʝʥʠʷ ʢʨʠʧʪʦʩʧʦʨʠʜʠʡ ʜʠʘʤʝʪʨʦʤ 5 ʤʠʢʨʦʤʝʪʨʦʚ. ʅʦʤʠʥʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʧʦʨ ʩʦʩʪʘʚʣʷʝʪ 2,0 ʤʠʢʨʦʤʝʪʨʘ, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʦʙʳʯʥʳʭ ʤʝʤʙʨʘʥ MF, 

ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʶʱʠʭ 0,1-0,2 ʤʠʢʨʦʤʝʪʨʘ. ɹʦʣʝʝ ʢʨʫʧʥʳʝ ʧʦʨʳ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʧʫʩʢʘʪʴ ʚʦʜʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʚʦʜʳ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʩʦʩʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʝ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ. 

ʆʧʨʝʩʥʝʥʠʝ ʤʦʨʩʢʦʡ ʚʦʜʳ 
ɻʦʨʦʜ ʌʫʢʫʦʢʘ, ʛʦʨʦʜʩʢʦʡ ʨʘʡʦʥ ʥʘ ʦʩʪʨʦʚʝ ʂʶʩʶ ʥʘ ʶʛʝ ʗʧʦʥʠʠ, ʯʘʩʪʦ 

ʩʪʨʘʜʘʝʪ ʦʪ ʜʣʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʧʦʜʘʯʠ ʚʦʜʳ ʠʟ-ʟʘ ʝʝ ʥʝʭʚʘʪʢʠ. ʈʘʡʦʥ ʧʦ-
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ʪʨʝʙʣʷʝʪ 600 000 ʢʫʙʦʤʝʪʨʦʚ ʚʦʜʳ ʚ ʜʝʥʴ, ʥʦ ʤʦʱʥʦʩʪʴ ʤʝʩʪʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝ-

ʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʜʚʝ ʪʨʝʪʠ ʦʪ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ. ɺ ʩʚʷʟʠ ʩ ʦʩʪʨʦʡ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴʶ ʧʦʚʳʰʝʥʠʷ ʫʨʦʚʥʷ ʩʘʤʦʦʙʝʩʧʝʯʝʥʥʦʩʪʠ ʨʘʡʦʥʘ ʚʦʜʦʡ ʙʳʣʦ ʩʦʟʜʘʥʦ 

ʨʘʡʦʥʥʦʝ ʚʦʜʥʦʝ ʘʛʝʥʪʩʪʚʦ ʌʫʢʫʦʢʘ, ʢʦʪʦʨʦʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʝʪ 

ʰʝʩʪʴ ʛʦʨʦʜʦʚ, ʩʝʤʴ ʧʦʩʝʣʢʦʚ, ʦʜʥʦ ʘʛʝʥʪʩʪʚʦ ʚʦʜʥʳʭ ʩʝʪʝʡ ʠ ʦʜʠʥ ʦʬʠʩ ʤʝʩʪ-

ʥʳʭ ʦʨʛʘʥʦʚ ʚʣʘʩʪʠ ʚ ʨʘʡʦʥʝ ʌʫʢʫʦʢʘ. ʕʪʦ ʘʛʝʥʪʩʪʚʦ ʟʘʧʫʩʪʠʣʦ ʧʨʦʝʢʪ ʧʦ 

ʦʧʨʝʩʥʝʥʠʶ ʤʦʨʩʢʦʡ ʚʦʜʳ, ʢʦʪʦʨʳʡ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʚ ʠʶʥʝ 2005 ʛʦʜʘ. 

ʎʝʥʪʨ ʦʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ Uminonakamichi Nata, ʠʟʚʝʩʪʥʳʡ ʧʦʜ 

ʥʘʟʚʘʥʠʝʤ çʄʘʤʠʜʟʫ ʇʠʘè, ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʥʝʚʥʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

50 000 ʢʫʙʠʯʝʩʢʠʭ ʤʝʪʨʦʚ ʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʦʧʨʝʩʥʠʪʝʣʴʥʳʭ 

ʩʦʦʨʫʞʝʥʠʡ ʚ ʗʧʦʥʠʠ. ɺ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʧʠʩʘʥʥʳʝ 

ʥʠʞʝ, ʠ ʜʦʩʪʠʛʘʝʪʩʷ 60-ʧʨʦʮʝʥʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʩʥʦʡ ʚʦ-

ʜʳ (ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʝʩʥʦʡ ʚʦʜʳ, ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʠʟ ʤʦʨʩʢʦʡ) [2]. 

¶ ʉʠʩʪʝʤʘ ʟʘʙʦʨʘ ʦʩʤʦʩʘ: ɿʘʚʦʜ ʠʤʝʝʪ ʚʦʜʦʟʘʙʦʨʥʳʡ ʨʝʟʝʨʚʫʘʨ ʧʣʦʱʘ-

ʜʴʶ ʦʢʦʣʦ 20 000 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ, ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ ʦʢʦʣʦ 640 ʤʝʪʨʦʚ ʦʪ ʙʝʨʝʛʘ ʥʘ ʛʣʫʙʠʥʝ 11,5 ʤʝʪʨʦʚ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʧʦʟʚʦʣʷʝʪ ʬʠʣʴʪʨʦʚʘʪʴ ʤʦʨʩʢʫʶ ʚʦʜʫ ʯʝʨʝʟ ʩʣʦʠ ʧʝʩʢʘ, ʠʟʙʝʛʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʚʦʣʥ ʠ ʚʣʠʷʥʠʷ ʥʘ ʨʳʙʦʣʦʚʩʪʚʦ ʠ ʩʫʜʦʭʦʜʩʪʚʦ. ɺʦʜʘ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦ-

ʜʦʟʘʙʦʨʥʫʶ ʩʢʚʘʞʠʥʫ ʩʪʘʥʮʠʠ, ʧʠʪʘʷʩʴ ʦʪ ʨʘʟʥʠʮʳ ʚ ʫʨʦʚʥʝ ʚʦʜʳ ʤʝʞʜʫ ʧʦ-

ʚʝʨʭʥʦʩʪʴʶ ʤʦʨʷ ʠ ʩʢʚʘʞʠʥʦʡ, ʧʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʥʝ ʥʫʞʜʘʝʪʩʷ ʚ ʜʨʫʛʠʭ ʠʩʪʦʯ-

ʥʠʢʘʭ ʵʥʝʨʛʠʠ ʜʣʷ ʧʝʨʝʢʘʯʢʠ. 

¶ ʇʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ: ʄʦʨʩʢʘʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʧʠʨʘʣʴʥʫʶ 

ʤʝʤʙʨʘʥʫ UF ʜʣʷ ʫʜʘʣʝʥʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʤʝʣʢʠʭ ʯʘʩʪʠʮ. ʈʘʙʦʯʝʝ ʜʘʚʣʝ-

ʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 0,2 ʤʝʛʘʧʘʩʢʘʣʷ (ʄʇʘ). 

¶ ɼʚʫʭʬʘʟʥʳʡ ʤʝʪʦʜ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ: ʅʘ ʥʘʯʘʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʤʝʤʙʨʘʥʥʦʛʦ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʯʠʱʝʥʥʘʷ ʤʦʨʩʢʘʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʥʳʡ ʤʦʜʫʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

1,45 ʤʠʣʣʠʦʥʘ ʧʦʣʳʭ ʚʦʣʦʢʦʥ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 0,07 ʤʠʣʣʠʤʝʪʨʘ ʠ 

ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 0,14 ʤʠʣʣʠʤʝʪʨʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 8,24 ʤʝʛʘʧʘʩʢʘʣʷ (ʄʇʘ). 

ʇʨʝʩʥʘʷ ʚʦʜʘ, ʚʳʪʝʢʘʶʱʘʷ ʠʟ ʵʪʠʭ ʢʨʦʰʝʯʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʩʧʠ-

ʨʘʣʴʥʫʶ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 1,5 ʄʇʘ, ʯʪʦ ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʝ ʢʘʯʝʩʪʚʦ ʚʦʜʳ. 

¶ ʈʝʢʫʧʝʨʘʮʠʷ ʵʥʝʨʛʠʠ: ʕʥʝʨʛʠʷ ʦʪ ʜʘʚʣʝʥʠʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʤʦʨ-

ʩʢʦʡ ʚʦʜʳ, ʢʦʪʦʨʘʷ ʚʳʚʦʜʠʪʩʷ ʙʝʟ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ, ʨʝʢʫʧʝʨʠʨʫ-

ʝʪʩʷ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʠʪʘʥʠʷ ʥʘʩʦʩʘ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ 
ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʤʝʤʙʨʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ MF, ʟʘ ʢʦʪʦʨʦʡ ʩʣʝʜʫʝʪ ʤʝʤʙʨʘʥ-

ʥʘʷ ʦʙʨʘʙʦʪʢʘ RO, ʫʜʘʣʷʝʪ ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʠʦʥʳ ʠ ʚʠʨʫʩʳ, ʜʝʣʘʷ ʦʯʠʱʝʥʥʫʶ 

ʚʦʜʫ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʯʠʩʪʦʡ ʚʦʜʝ. ʅʘʢʦʥʝʮ, ʚʦʜʘ ʦʙʝʟʟʘʨʘʞʠʚʘʝʪʩʷ ʫʣʴʪʨʘʬʠʦ-

ʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ [3]. ʉ ʬʝʚʨʘʣʷ 2003 ʛʦʜʘ ʅʆɺɸʗ ʚʦʜʘ ʧʦʜʤʝʰʠʚʘʝʪʩʷ ʚ 

ʦʙʳʯʥʳʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1 ʧʨʦʮʝʥʪ); ʵʪʘ ʚʦʜʘ 

ʠʟ ʚʦʜʦʭʨʘʥʠʣʠʱ ʧʦʩʪʫʧʘʝʪ ʚ ʚʦʜʦʧʨʦʚʦʜ ʧʦʩʣʝ ʦʙʳʯʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ. 

NEWater ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʚʦʜʳ. 
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ɼʦ 2006 ʛʦʜʘ ʥʘ ʫʩʪʘʥʦʚʢʘʭ NEWater ʧʝʨʝʨʘʙʘʪʳʚʘʣʦʩʴ 278 000 ʢʫʙʦʤʝʪ-

ʨʦʚ ʚʦʜʳ ʚ ʜʝʥʴ. ɹʦʣʝʝ 90% ʤʝʤʙʨʘʥ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ ʵʪʠʭ 

ʦʙʲʝʢʪʘʭ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʷʧʦʥʩʢʠʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷʤʠ (Nitto Denko 

Corporation ʠ Toray Industries). ʂʦʤʧʘʥʠʷ Toray Industries ʪʘʢʞʝ ʧʣʘʥʠʨʫʝʪ ʧʦ-

ʩʪʘʚʠʪʴ ʤʝʤʙʨʘʥʳ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʜʣʷ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʴ 

228 000 ʢʫʙʦʤʝʪʨʦʚ ʚʦʜʳ ʚ ʜʝʥʴ, ʥʘʯʘʣʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʟʘʧʣʘʥʠʨʦʚʘʥʦ 

ʥʘ 2009 ʠ 2010 ʛʦʜʳ. 

ɺ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʞʠʜʘʝʪʩʷ ʛʣʦʙʘʣʴʥʳʡ 

ʨʦʩʪ ʙʠʟʥʝʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʚʦʜʦʡ. ʇʦ ʜʘʥʥʳʤ ʉʦʚʝʪʘ ʧʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦ-

ʩʪʠ ʅʠʧʧʦʥ (COCN), ʚ 2025 ʛʦʜʫ ʦʙʲʝʤ ʨʳʥʢʘ ʪʘʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩʦʩʪʘʚʠʪ 

ʦʢʦʣʦ 1 ʪʨʣʥ. ʠʝʥ (ʦʢʦʣʦ 10,75 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ) ʜʣʷ ʧʦʩʪʘʚʦʢ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʢʦʣʦ 10 ʪʨʣʥ ʠʝʥ (ʦʢʦʣʦ 107,52 ʤʣʨʜ ʜʦʣʣʘʨʦʚ ʉʐɸ) ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʟʘ-

ʢʫʧʦʢ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠ ʦʢʦʣʦ 100 ʪʨʣʥ ʠʝʥ (ʦʢʦʣʦ 1,07 ʪʨʣʥ ʜʦʣʣʘʨʦʚ ʉʐɸ) 

ʜʣʷ ʚʩʝʛʦ ʨʳʥʢʘ, ʚʢʣʶʯʘʷ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩʦʤ. 

ʗʧʦʥʩʢʠʝ ʚʦʜʥʳʝ ʧʨʦʝʢʪʳ ʜʦ ʩʠʭ ʧʦʨ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʢʘʢ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʳʝ ʨʘʙʦʪʳ. ʇʦʵʪʦʤʫ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʥʦʫ-ʭʘʫ ʧʦ ʚʝʜʝ-

ʥʠʶ ʙʠʟʥʝʩʘ ʠ ʫʧʨʘʚʣʝʥʠʶ ʠ ʦʪʩʪʘʶʪ ʦʪ ʝʚʨʦʧʝʡʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʚʢʣʶʯʘʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ çʚʦʜʥʳʭ ʙʘʨʦʥʦʚè [4]. ɹʳʣ ʩʦʟʜʘʥ ʩʦʚʝʪ, ʧʨʠʟʚʘʥʥʳʡ ʦʙʲʝʜʠʥʠʪʴ 

ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʦʙʲʝʢ-

ʪʦʚ ʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʝ ʩʠʣʴʥʳʝ ʩʪʦʨʦʥʳ ʷʧʦʥʩʢʦʛʦ ʙʠʟʥʝʩʘ ʩ ʫʧʨʘʚʣʝʥʯʝʩʢʠʤʠ 

ʥʦʫ-ʭʘʫ, ʨʘʟʨʘʙʦʪʘʥʥʳʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʝʢʪʦʨʦʤ ʗʧʦʥʠʠ. 
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ɸʡʜʳʥ ɽ., ʍɹʂ (פʘʟɹʉפɸ) ɺʂ 19-1 ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ 
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ʉʋ ʈɽʉʋʈʉʊɸʈʓ ʄᴄʉɽʃɽʃɽʈɯ 

 
ɹϰʣ ʤʘϨʘʣʘʜʘ ʩʫ ʨʝʩʫʨʩʪʘʨʳ ʤϸʩʝʣʝʣʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ʉʫʜʳϬ ʣʘʩʪʘʥʫ ʢϺʟʜʝʨʽ, ʩʫ 

ʣʘʩʪʘʥʫʳʥʳϬ ʩʝʙʝʧʪʝʨʽ ʘʡʪʳʣʘʜʳ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʠʩ-

ʪʦʯʥʠʢʠ ʠ ʧʨʠʯʠʥʳ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ. 
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The given article deals with the issues of water resources. Sources of water pollution, causes 
of water pollution. 

 
ʉʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʳ ʙװʢʽʣ ᴅʣʝʤʛʝ װʣʢʝʥ ץʘʫʽʧ 

ʪᴇʥʜʽʨʝʜʽ, ᴇʡʪʢʝʥʽ ʩʫ ʙʽʟʜʽש ʧʣʘʥʝʪʘʤʳʟʜʘסʳ ʙʘʨʣʳץ ʪʽʨʰʽʣʽʢ װʰʽʥ ץʘʞʝʪ. ʉʫ ʽʩ 
ʞװʟʽʥʜʝ çᴇʤʽʨè ʩᴇʟʽʥʽש ʩʠʥʦʥʠʤʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʫʜʳש ʣʘʩʪʘʥʫ ʧʨʦʙʣʝʤʘʩʳ 
 .ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ שʧʨʦʙʣʝʤʘʣʘʨʳʥʳ ץʳʟʜʳ ʵʢʦʣʦʛʠʷʣʳשʤʘ שʘʟʽʨʛʽ ʟʘʤʘʥʥʳץ
ʉʫʜʳש ʣʘʩʪʘʥʫʳ ʙײʨʳʥ-ʩʦשʜʳ ʙʦʣʤʘסʘʥ ʤᴇʣʰʝʨʛʝ ʞʝʪʪʽ ʞᴅʥʝ ץʘʟʽʨ ʧʣʘʥʝʪʘʤʳ-
ʟʜʘסʳ ʙʘʨʣʳץ ʪʽʨʰʽʣʽʢ װʰʽʥ ʞʘᴃʘʥʜʳץ ʵʢʦʣʦʛʠʷʣʳץ ץʘʪʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ʉʫʜʳש ʣʘʩʪʘʥʫ ʢᴇʟʜʝʨʽ 
ɸסʳʥʜʳ ʩʫʣʘʨ. ɸʜʘʤʜʘʨʜʳץ שʘʣʜʳץʪʘʨʳ ʤʝʥ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ ᴇʟʝʥʜʝʨ-

ʛʝ, ʪʝשʽʟʜʝʨʛʝ ʞᴅʥʝ ʤײʭʠʪʪʘʨסʘ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ײץʡʳʣʘʜʳ, ʙײʣ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʽש 
 .ʘʪʪʳ ʣʘʩʪʘʥʫʳʥ ʪʫʜʳʨʘʜʳץ

ᴆʥʝʨʢᴅʩʽʧ ʞᴅʥʝ ᴇʥʜʽʨʽʩ. ᴆʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץʪʘʨ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʝ ᴇʪʝ ʢװʰʪʽ 
ᴅʩʝʨ ʝʪʝʜʽ. ɹײʣ ʩʫʜʳש ʣʘʩʪʘʥʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥʽש ʙʽʨʽ. 

ʊײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨ (ץʦץʳʩ). ʂᴇʧʪʝʛʝʥ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽ ץʘʪʪʳ ץʘʣ-
ʜʳץʪʘʨʤʝʥ ʣʘʩʪʘʥסʘʥ, ʦʣʘʨ ʫʘץʳʪ ᴇʪʝ ʢʝʣʝ ʦʣʘʨʜʘסʳ ʩʫʜʳש ʩʘʧʘʩʳʥʘ ץʘʪʪʳ 
ʪʝʨʽʩ ᴅʩʝʨ ʝʪʝʜʽ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʳשʘʡʪ-
 שʩʽʧ, ʦʣʘʨʜʳװʟʘʪʪʘʨ ʩʫʤʝʥ ʰʘʡʳʣʳʧ, ʩʫ ʘʡʜʳʥʜʘʨʳʥʘ ʪ ץʳʰʪʘʨ ʤʝʥ ʭʠʤʠʷʣʳץ
ʣʘʩʪʘʥʫʳʥ ʪʫʜʳʨʘʜʳ. 

ʄʘʡ ʘסʳʧ ʞʘʪʳʨ. ɾʳʣ ʩʘʡʳʥ ʜװʥʠʝ ʞװʟʽʥʜʝ 10 000-ʥʘʥ ʘʩʪʘʤ ʤײʥʘʡ ʘסʫʳ 
ʦʨʳʥ ʘʣʘʜʳ. ʆʣʘʨʜʳש ᴅʨץʘʡʩʳʩʳ ʩʫ ʵʢʦʞװʡʝʩʽʥʝ ʝʣʝʫʣʽ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. 

ʊʘʙʠסʘʪ ײץʙʳʣʳʩʪʘʨʳ. ɾʘʥʘʨʪʘʫʣʘʨʜʳש ʘʪץʳʣʘʫʳ, ץʳʰץʳʣʜʳץ ʞʘʫʳʥ-
ʰʘʰʳʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʢᴇʧʪʝʛʝʥ ʪʘʙʠסʠ ײץʙʳʣʳʩʪʘʨ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʽש ʣʘʩʪʘʥʫʳʥ 
ʪʫʜʳʨʘʜʳ. 

 

ʉʫʜʳש ʣʘʩʪʘʥʫʳʥʳש ʥᴅʪʠʞʝʩʽ 
ʉʫʜʳש ʣʘʩʪʘʥʫʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʩʳ ᴇʟ ʘʫץʳʤʳ ʙʦʡʳʥʰʘ 

-ʡʝװʠ ʵʢʦʞסʣ ʪʘʙʠײʢʽʣ ᴅʣʝʤʜʝ ʢʝʟʜʝʩʝʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʙװʘʫʽʧʪʽ, ᴇʡʪʢʝʥʽ ʦʣ ʙץ
ʣʝʨʜʽש ʞײʤʳʩʳʥʜʘ ʙײʟʳʣʫʣʘʨ ʪʫסʳʟʘʜʳ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʪʽʨʽ ʘסʟʘʣʘʨʜʳש ʞʦʡʳ-
ʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 

ᴄʩʽʨʝʩʝ ʤײʭʠʪʪʘʨʜʳש ʣʘʩʪʘʥʫʳ ʤʝʥ ʪʝשʽʟʜʝʨʜʽש ʣʘʩʪʘʥʫʳ ʘʣʘשʜʘʪʘʜʳ. 
ʆʣʘʨʜʘסʳ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡ ʙʘʨסʘʥ ʩʘʡʳʥ ʥʘʰʘʨʣʘʧ ʙʘʨʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨ 
ʥʝʛʽʟʛʽ ʣʘʩʪʘʫʰʳ ʦʙʲʝʢʪʽʣʝʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ᴇʟʝʥʜʝʨ ʤʝʥ ʢᴇʣʜʝʨʜʽש 
ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʳ ʜʘ ץʘʫʽʧʪʽ, ʢʝʡʙʽʨ ʞʘסʜʘʡʣʘʨʜʘ ʪʽʧʪʽ ץʠʳʥ. 

ɹװʢʽʣ ᴅʣʝʤʜʝ ʩʫ ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫ װʨʜʽʩʽ ʙʘʡץʘʣʘʜʳ. ʆʥʳװ שʩʪʽʥʝ, ʞʳʣ 
ʩʘʡʳʥ ʪʘʟʘ ʘʫʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʘʟʘʡʳʧ ʙʘʨʘʜʳ (ʙʽʨʘץ ʦʣ ᴅʣʽ ʜʝ ʩʳʥʠ 
ʜʝשʛʝʡʜʝʥ ʘʣʳʩ). ɹʽʨʘץ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ʦʣ ץʦʨץʳʥʳʰʪʳ ʩʘʣʜʘʨסʘ ᴅʢʝʣʽʧ ʩʦסʫʜʘ. 
ɸʣ ʙʦʣʘʰʘץʪʘ ʙײʣ ʪʽʧʪʽ ʘʫʳʟ ʩʫ ʪʘʧʰʳʣʳסʳʥʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ɾװʨʛʽʟʽʣʽʧ ʞʘʪץʘʥ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩᴅʡʢʝʩ, ʩʫʜʳש ʣʘʩʪʘʥʫʳ ʘʜʘʤ ʜʝʥʩʘʫ-
ʣʳסʳʥʳש ʥʘʰʘʨʣʘʫʳʥʘ ʞᴅʥʝ ʢᴇʧʪʝʛʝʥ ʘʫʨʫʣʘʨʜʳש ʜʘʤʫʳʥʘ ʩʝʙʝʧʰʽ ʙʦʣʳʧ 
ʦʪʳʨ. ʆʩʳʥʳש ʩʘʣʜʘʨʳʥʘʥ ʢװʥ ʩʘʡʳʥ ʜװʥʠʝ ʞװʟʽʥʜʝ 10 000-סʘ ʞʫʳץ ʘʜʘʤ (ʞʳ-
ʣʳʥʘ ʰʘʤʘʤʝʥ 3,65 ʤʠʣʣʠʦʥ) ᴇʣʝʜʽ. ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʦʣʘʨʜʳש ʩʘʥʳ ʘʨʪʘʜʳ. 
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ɾʘᴃʘʥʜʳץ ʪʝʤʧʝʨʘʪʫʨʘʥʳש ʘʨʪʫʳ ʙװʢʽʣ ᴅʣʝʤʜʝʛʽ ʤײʟʜʳץʪʘʨʜʳש 

ʝʨʫʽʥʝ ᴅʢʝʣʜʽ. ɸʣסʘʰʳʥʜʘ ʙײʣ ʤᴅʩʝʣʝʛʝ ʘʟ ʢᴇשʽʣ ʙᴇʣʽʥʩʝ, ʝʥʜʽ ʦʥʳש ʩʘʣʜʘʨʳ 

ʦʜʘʥ ᴅʨʽ ʝʣʝʤʝʫʛʝ ʙʦʣʤʘʡʪʳʥʜʘʡ ʩʝʟʽʣʝʪʽʥ ʙʦʣʜʳ. ʈʘʩ, ʝʰʪʝשʝ ʽʩʪʝʫ ʤװʤʢʽʥ 

ʝʤʝʩ, ᴇʡʪʢʝʥʽ ʙײʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʪʠʽʤʜʽ ʞʦʣʜʘʨʳ ᴅʣʽ ʞʦץ.  

ʄײʟʜʳץʪʘʨʜʳש ʝʨʫ ʩʝʙʝʧʪʝʨʽ. ɹʽʟʜʽש ʧʣʘʥʝʪʘʤʳʟʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘʥʳש 

ʞʘᴃʘʥʜʳץ ᴇʩʫʽ ʘʪʤʦʩʬʝʨʘʥʳש ʣʘʩʪʘʥʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʧʘʨʥʠʢʪʽʢ 

ᴅʩʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ. ɸʪʤʦʩʬʝʨʘסʘ ʙᴇʣʽʥʝʪʽʥ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ ʦʥʜʘסʳ ʘʥʦʤʘʣʴʜʳ 

ʢװʤʙʝʟʜʽש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʽʧ ʩʦץʪʳ, ʰʘסʳʣסʘʥ ʢװʥ ʨʘʜʠʘʮʠʷʩʳ ʤʝʥ ʞʳʣʫ-

ʜʳש ʩʳʨʪץʘ ʢʝʪʫʽʥʝ ʞʦʣ ʙʝʨʤʝʡʜʽ. ʅᴅʪʠʞʝʩʽʥʜʝ ʙʽʟʜʽש ʧʣʘʥʝʪʘʤʳʟʜʘסʳ ʘʫʘ ʪʝʤ-

ʧʝʨʘʪʫʨʘʩʳ ʙʽʨʪʽʥʜʝʧ ʢᴇʪʝʨʽʣʝ ʙʘʩʪʘʜʳ, ʙײʣ ʙװʢʽʣ ᴅʣʝʤʜʝ ʤײʟʜʳש ʝʨʫʽʥʝ ʩʝʙʝʧ 

ʙʦʣʜʳ. 

ʄײʟʜʳץʪʘʨʜʳש ʝʨʫ ʩʘʣʜʘʨʳ. ʄײʟʜʳץʪʘʨ ʙʽʟʜʽש ᴅʣʝʤʜʝ װʣʢʝʥ ʘʫʤʘץʪʘʨ-

ʜʳ ʘʣʳʧ ʞʘʪʳʨ, ʦʣʘʨʜʳש ʘʫʜʘʥʳ ʦʥʜʘסʘʥ ʤʠʣʣʠʦʥ ʰʘʨʰʳ ʰʘץʳʨʳʤʜʳ ײץʨʘʡ-

ʜʳ. ʆʣʘʨʜʳש ʤʘשʳʟʜʳ ʝʢʝʥʽ ʘʥʳץ. ʆʣʘʨ ʢʣʠʤʘʪ ʧʝʥ ʤײʭʠʪʪʘʨסʘ ץʘʪʪʳ ᴅʩʝʨ 

ʝʪʝʜʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʪʘʟʘ ʪײʱʳ ʩʫʜʳש ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʊʠʽʩʽʥʰʝ, ʤײʟʜʳץʪʘʨʜʳש ʝʨʫʽ ʘʫʳʨ ʟʘʨʜʘʧʪʘʨסʘ ᴅʢʝʣʝʜʽ, ʦʥʳ ʝʣʝʤʝʫʛʝ 

ʙʦʣʤʘʡʜʳ. ʆʥʳװ שʩʪʽʥʝ ʙװʢʽʣ ᴅʣʝʤʜʝ ʤײʟ ʞʘʤʳʣסʳʩʳʥʳש ʞʘʧʧʘʡ ʝʨʫʽ ʵʢʦʣʦʛʠ-

ʷʣʳץ ʘʧʘʪץʘ ᴅʢʝʣʫʽ ʤװʤʢʽʥ. 

ʊʝשʽʟ ʜʝשʛʝʡʽʥʽש ʢᴇʪʝʨʽʣʫʽ. ʄײʟʜʳש ʝʨʫʽ ʜװʥʠʝʞװʟʽʣʽʢ ʤײʭʠʪץʘ ʩʫʜʳש 

 ʽʟשʪʝ ץʨ, ʙʽʨʘײᴇʟʽʥʜʝ ʢᴇʨʽʥʽʧ ʪ שʘʟʽʨʜʽץ ʘʨʘʜʳ. ʉʘʣʜʘʨʳסʣʢʝʥ ʤᴇʣʰʝʨʽʥ ʰʳװ

ʜʝשʛʝʡʽ ʪʘסʳ 60 ʤʝʪʨʛʝ ʢᴇʪʝʨʽʣʫʽ ʤװʤʢʽʥ, ʙײʣ װʣʢʝʥ ʞʘסʘʣʘʫʜʘסʳ ʘʫʤʘץʪʘʨʜʳ ʩʫ 

ʙʘʩʫסʘ ᴅʢʝʣʝʜʽ ʜʝʧ ʙʦʣʞʘʥʫʜʘ. 

ɾʘᴃʘʥʜʳץ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽ. ʉʫ ʙʘʣʘʥʩʳʥʳש ʙײʟʳʣʫʳ ʞᴅʥʝ ʤײʭʠʪ 

ʘסʳʥʜʘʨʳʥʳש ʳסʳʩʫʳ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʝ ᴅʢʝʣʝʪʽʥʽ ʩᴇʟʩʽʟ. ɹײʣ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ 

ʙʦʣʳʧ ʞʘʪץʘʥ ʰʳסʘʨ, ᴇʡʪʢʝʥʽ ʙʽʟ ʢʣʠʤʘʪʪʳש ʙʘʷʫ ᴇʟʛʝʨʽʧ ʞʘʪץʘʥʳʥ ʢᴇʨʽʧ 

ʦʪʳʨʤʳʟ, ʙʽʨʘץ ʦʥʳש ʩʘʣʜʘʨʳʥ ʙʦʣʞʘʫ ʙʳʣʘʡ ʪײʨʩʳʥ, ʥʘץʪʳ ʘʡʪʫ ᴇʪʝ ץʠʳʥ. 

ʊʘʙʠסʠ ʘʧʘʪʪʘʨ. ʊʘʙʠסʠ ʘʧʘʪʪʘʨʜʳש (ʮʫʥʘʤʠ, ʩʫ ʪʘʩץʳʥʳ, ʞʝʨ ʩʽʣʢʽʥʽʩʽ 

ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʪʘʙʠסʠ ץʘʫʽʧʪʝʨ) ʙʦʣʫʳ ʢʣʠʤʘʪʪʳש ᴇʟʛʝʨʫʽʥʽש ʩʘʣʜʘʨʳʥʳש ʙʽʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʜʘ ʤײʟʜʳץʪʘʨʜʳש ʝʨʫʽʥʝʥ ʪʫʳʥʜʘʡʜʳ. 

ʊײʱʳ ʩʫ ʪʘʧʰʳʣʳסʳ. ʄײʟʜʳץʪʘʨ ï ʪʘʟʘ ʪײʱʳ ʩʫʜʳװ שʣʢʝʥ ץʦʨʳ. ɸʣ 

ʤײʟʜʳש ʝʨʫʽ ʦʩʳʥʜʘʡ ײץʥʜʳ ʪײʱʳ ʩʫ ץʦʨʳʥʳש ʤײʭʠʪʪʘʨסʘ ʪװʩʫʽʥʝ ᴅʢʝʣʽʧ 

ʩʦץʪʳʨʘʜʳ, ʙײʣ ʦʥʳ ʽʰʫʛʝ ʞʘʨʘʤʩʳʟ ʝʪʝʜʽ. ɹʦʣʘʰʘץʪʘ ʪײʱʳ ʩʫʜʳש ʪʘʧʰʳʣʳסʳ 

ï ʙײʣ ײץʙʳʣʳʩʪʳש ʙʽʨ ʩʘʣʜʘʨʳ. 

ʊʝשʽʟ ʞʘʥʫʘʨʣʘʨʳʥʳש ᴇʣʽʤʽ. ʄײʭʠʪʪʘʨʜʳש ʪײʟʩʳʟʜʘʥʫʳ ʦʥʜʘסʳ ʢᴇʧ-

ʪʝʛʝʥ ʪʽʨʽ ʘסʟʘʣʘʨסʘ ʟʠʷʥʜʳ ᴅʩʝʨ ʝʪʝʜʽ. ʆʥʳש ʽʰʽʥʜʝ ʢᴇʧʪʝʛʝʥ ʘʜʘʤʜʘʨʜʳץ שʦʨʝʢ 

ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʪʝשʽʟ ʢᴅʩʽʧʪʽʢ ʙʘʣʳץʪʘʨʳ. ɹʘʣʳץ ʧʦʧʫʣʷʮʠʷʩʳʥʳש ʘʟʘʶʳ 

 ʘסʣʢʝʥ ʧʨʦʧʦʨʮʠʷʣʘʨװ ʪʘ ʦʣ ʦʜʘʥ ʜʘץʘʣʫʜʘ ʞᴅʥʝ ʙʦʣʘʰʘץᴇʟʽʥʜʝ ʙʘʡ שʘʟʽʨʜʽץ

ʞʝʪʫʽ ʤװʤʢʽʥ, ʦʩʳʣʘʡʰʘ ʧʘʡʜʘ ʙʦʣסʘʥ ʞʘᴃʘʥʜʳץ ʘʟʳץ-ʪװʣʽʢ ʧʨʦʙʣʝʤʘʩʳʥ 

ʫʰʳץʪʳʨʘʜʳ. 

ʄײʟʜʳץʪʘʨʜʳש ʝʨʫ ʤᴅʩʝʣʝʩʽ 

ʄײʟʜʳץʪʘʨʜʳש ʝʨʫ ʤᴅʩʝʣʝʩʽ ʙװʢʽʣ ᴅʣʝʤʛʝ ʙʝʣʛʽʣʽ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʦʥʳש 

ʳץʪʠʤʘʣ ʘʧʘʪʪʳ ʩʘʣʜʘʨʳ. ɸʣ ʦʣʘʨʜʳש ʘʣʜʳʥ ʘʣʫ ʙʦʡʳʥʰʘ ʝʣʝʫʣʽ ʰʘʨʘʣʘʨ ᴅʣʽ 

-ʥᴅʪʠʞʝʣʽ ʥᴅʪʠ ץʨʛʽʟʽʣʫʜʝ. ɹʽʨʘװʤʳʩʪʘʨ ʞײʳ ʞסʳʪʪʘסʣ ʙʘײʘ ʘʣʳʥʙʘʩʘ ʜʘ, ʙסʦʣץ

ʞʝʛʝ ץʦʣ ʞʝʪʢʽʟʫ װʰʽʥ ʙװʢʽʣ ᴅʣʝʤ ʙʦʡʳʥʰʘ ʞײʤʳʩ ʞװʨʛʽʟʽʣʫʽ ʢʝʨʝʢ, ʷסʥʠ ᴅʣʝʤ-
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ʥʽש ʪװʢʧʽʨ-ʪװʢʧʽʨʽʥʝʥ ʢᴇʧʪʝʛʝʥ ʘʜʘʤʜʘʨ ʙʽʨʛʝ ץʘʪʳʩʫʳ ʢʝʨʝʢ ʝʢʝʥʜʽʛʽ ʙᴅʨʽ ץʠʳʥ. 

ʊʝʢ ʙʽʨʛʝ סʘʥʘ ʙʽʟ ʤᴅʩʝʣʝʥʽ ʰʝʰʽʧ, ᴅʣʝʤʜʽ ʩʘץʪʘʡ ʘʣʘʤʳʟ. 

ɼװʥʠʝʞװʟʽʣʽʢ ʤײʭʠʪʪʳש ʣʘʩʪʘʥʫ ʧʨʦʙʣʝʤʘʩʳ ᴇʪʝ ʢװʨʜʝʣʽ ʙʦʣʳʧ ʩʘʥʘʣʘ-

ʜʳ, ʩʝʙʝʙʽ ɼװʥʠʝʞװʟʽʣʽʢ ʤײʭʠʪ ʧʣʘʥʝʪʘ ʙʝʪʽʥʽש ʢᴇʧ ʙᴇʣʽʛʽʥ ʘʣʳʧ ʞʘʪʳʨ. 

ʊʠʽʩʽʥʰʝ, ʦʨʘʩʘʥ ʟʦʨ ʪʘʙʠסʠ ʵʢʦʞװʡʝʛʝ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʪʽʨʽ ʘסʟʘ-

ʣʘʨʜʳש ʝʩʝʧʩʽʟ ʩʘʥʳʥʘ ʜʘ ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧ ʪᴇʥʽʧ ʪײʨ. ɹʽʨʘץ ʤᴅʩʝʣʝ ʪʝʢ ʩʫ ʪײʨ-

 .ʘʪʳʩʪʳץ ʢʽʣ ᴅʣʝʤʛʝװʘʥʘ ʝʤʝʩ, ʙס ʳʥʜʘʨʳʥʘס

 

ʄײʭʠʪʪʘʨʜʳש ʣʘʩʪʘʥʫ ʩʝʙʝʧʪʝʨʽ 

ʄײʥʘʡʜʳש ʪᴇʛʽʣʫʽ ï ʤײʭʠʪʪʘʨ װʰʽʥ ʥʘסʳʟ ʵʢʦʣʦʛʠʷʣʳץ ʘʧʘʪʪʳ ʙʽʣʜʽʨʝʪʽʥ 

ᴇʪʝ ʢʝש ʪʘʨʘʣסʘʥ ײץʙʳʣʳʩ. ʆʥʳװ שʩʪʽʥʝ ʤײʥʘʡ ʤײʭʠʪʪʘʨסʘ ʪʝʢ ʘʧʘʪʪʘʨ ʥᴅʪʠ-

ʞʝʩʽʥʜʝ סʘʥʘ ʝʤʝʩ, ʙײʨסʳʣʘʫ ʞᴅʥʝ ʤײʥʘʡ ᴇʥʜʽʨʫ ʢʝʟʽʥʜʝ ʜʝ ʪװʩʝʜʽ. ɸʣ ʪʘʥʢʝʨʣʝʨ 

ʪʨʶʤʜʝʨʽʥ ʪʘʟʘʣʘʫ ʢʝʟʽʥʜʝ 10 ʤʠʣʣʠʦʥ ʙʘʨʨʝʣʴʜʝʥ ʘʩʪʘʤ ʤײʥʘʡ ᴅʜʝʡʽ ʪᴇʛʽʣʝʜʽ. 

ᴆʥʝʨʢᴅʩʽʧ ʞᴅʥʝ ᴇʥʝʨʢᴅʩʽʧ ץʘʣʜʳץʪʘʨʳ ʤײʭʠʪʪʘʨʜʳ ʭʠʤʠʷʣʳץ ʣʘʩʪʘʫ 

ʢᴇʟʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʩʽʨʝʩʝ ʤײʭʠʪʪʘʨסʘ ʭʠʤʠʷʣʳץ ʟʘʫʳʪʪʘʨ ʤʝʥ ʢᴅʩʽʧ-

ʦʨʳʥʜʘʨ װʣʢʝʥ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. 

ʊײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʜʝ ʪײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨʜʳש 

ʞʠʥʘʣʫʳʥʘ ʘʣʳʧ ʢʝʣʝʜʽ, ʙײʣ ʩʫʜʳש ʭʠʤʠʷʣʳץ ʣʘʩʪʘʥʫʳʥʘ ᴅʢʝʣʝʜʽ. ᴄʩʽʨʝʩʝ, 

ʤײʭʠʪʪʘʨʜʘ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʞʠʥʘʣʘʪʳʥ ʧʣʘʩʪʠʢʘʣʳץ ʣʘʩʪʘʥʫ ץʘʫʽʧʪʽ. 

ɸסʳʥʜʳ ʩʫʣʘʨ ï ʪʝשʽʟʜʝʨ ʤʝʥ ʤײʭʠʪʪʘʨסʘ ʢᴅʨʽʟ ʞװʡʝʩʽ ʘʨץʳʣʳ ʪװʩʝʪʽʥ 

ʘסʳʥʜʳ ʩʫʣʘʨ. 

ʈʘʜʠʦʘʢʪʠʚʪʽ ץʘʣʜʳץʪʘʨ ï סʳʣʳʤʠ ʞᴅʥʝ ʤʝʜʠʮʠʥʘʣʳץ ץʳʟʤʝʪ ʥᴅʪʠ-

ʞʝʩʽʥʜʝ, ʩʦʥʜʘʡ-ʘץ ᴇʥʝʨʢᴅʩʽʧ ᴅʩʝʨʽʥʝʥ ʤײʭʠʪ ʩʫʣʘʨʳʥʘ ʪװʩʝʜʽ. ɼᴇʨʝʢʽ ʝʩʝʧʪʝ-

ʫʣʝʨ ʙʦʡʳʥʰʘ, ʤײʭʠʪʪʘס r ʨʘʜʠʦʘʢʪʠʚʪʽ ץʘʣʜʳץʪʘʨ ʙʽʨʥʝʰʝ ʦʥʜʘסʘʥ ʏʝʨʥʦ-

ʙʳʣʴסʘ ʞʝʪʝʜʽ. ɾʳʣʫʣʳץ ʣʘʩʪʘʥʫ ʩʫʜʳש ʢᴇʤʝʛʽʤʝʥ ʪʝʨʤʦʨʝʛʫʣʷʮʠʷʥʳ ʞװʟʝʛʝ 

ʘʩʳʨʘʪʳʥ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʥᴅʪʠʞʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʣ ʢʝʡʽʥʥʝʥ ᴇʟʝʥ-

ʜʝʨʛʝ, ʪʝשʽʟʜʝʨʛʝ ʞᴅʥʝ ʤײʭʠʪʪʘʨסʘ ʞʽʙʝʨʽʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʡʙʽʨ ʟʘʫʳʪʪʘʨ 

ʤʝʥ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʘסʳʥʜʳ ʩʫʣʘʨʜʳ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ʘסʳʟʘʜʳ. 

ʊʘʙʠסʘʪ ײץʙʳʣʳʩʪʘʨʳ: ʞʘʥʘʨʪʘʫ ʘʪץʳʣʘʫʳ, ץʳʰץʳʣʜʳץ ʞʘʫʳʥ-ʰʘʰʳʥ 

ʞᴅʥʝ ʙʘʩץʘ ײץʙʳʣʳʩʪʘʨ. 

 

ʄײʭʠʪʪʘʨʜʳש ʣʘʩʪʘʥʫʳʥʳש ᴅʩʝʨʽ 

ʊʝשʽʟʜʝʨ ʤʝʥ ʤײʭʠʪʪʘʨʜʳש ʣʘʩʪʘʥʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫʣʘʨʜʘ ʟʠʷʥʜʳ ʭʠʤʠ-

ʷʣʳץ ʟʘʪʪʘʨ ʙʽʨʪʝ-ʙʽʨʪʝ ʞʠʥʘʣʳʧ, ʩʫ ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳʥʘ ᴅʢʝʣʝʜʽ. ʋʘץʳʪ 

ᴇʪʝ ʢʝʣʝ ʞʘסʜʘʡ ʥʘʰʘʨʣʘʡʜʳ, ץʦʨʰʘסʘʥ ʦʨʪʘʥʳש ʣʘʩʪʘʥʫʳ ʙʘʨסʘʥ ʩʘʡʳʥ ץʘʫʽʧʪʽ 

ʙʦʣʘʜʳ. 

ʊʘʙʠסʠ ʵʢʦʞװʡʝʣʝʨʜʽש ʣʘʩʪʘʥʫʳ ʪʘʙʠסʠ ʪװʨʜʝ ᴇʩʽʤʜʽʢʪʝʨ ʤʝʥ ʞʘʥʫʘʨʣʘʨ-

ʜʳש ʞסײʫʳʥʘ, ʦʣʘʨʜʳש ʘסʟʘʣʘʨʳʥʜʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳש ʞʠʥʘʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ɸʣ 

ʤײʭʠʪʪʘʨʜʘʥ ʘʣʳʥʘʪʳʥ ʘʟʳץ-ʪװʣʽʢ ᴅʣʝʤʜʝʛʽ ʢᴇʧʪʝʛʝʥ ʘʜʘʤʜʘʨʜʳש ʜʠʝʪʘʩʳʥʘ 

ʢʽʨʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʵʢʦʞװʡʝʣʝʨʜʝʛʽ ʪʝשʛʝʨʽʤʩʽʟʜʽʢ ʞᴅʥʝ ʪʽʨʰʽʣʽʢ ʝʪʫ ʦʨʪʘʩʳ-

ʥʳש ᴇʟʛʝʨʫʽ ʪʽʨʽ ʘסʟʘʣʘʨʜʳש ʞʦʡʳʣʫʳʥʳש ʞᴅʥʝ ʙʠʦʣʦʛʠʷʣʳץ ᴅʨʪװʨʣʽʣʽʢʪʽש 

ʘʟʘʶʳʥʳש ʩʝʙʝʧʪʝʨʽʥʝ ʘʡʥʘʣʘʜʳ. 
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ʄײʭʠʪʪʘʨ ʤʝʥ ʪʝשʽʟʜʝʨʜʽש ʣʘʩʪʘʥʫʳ ʙװʢʽʣ ʧʣʘʥʝʪʘʥʳש ʢʣʠʤʘʪʳʥʘ ʜʘ ᴅʩʝʨ 

ʝʪʝʜʽ, ʜʝʛʝʥʤʝʥ, ʦʥʳץ שʘʥʰʘʣʳץʪʳ װʣʢʝʥ ᴅʩʝʨ ʝʪʝʪʽʥʽʥ ʙʘסʘʣʘʫ ץʠʳʥ. ɹײʣ ʵʢʦ-

ʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʥʽש ʩʘʣʜʘʨʳ ʤײʟ ʙʝʥ ʤײʟʜʳץʪʘʨʜʳש ʝʨʫʽ ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ɹײʣ ʮʠʢ-

ʣʦʥʜʘʨ ʤʝʥ ʘʥʪʠʮʠʢʣʦʥʜʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ, ʳʣסʘʣʜʳש ʙʫʣʘʥʫ ʢᴇʨʩʝʪ-

ʢʽʰʪʝʨʽʥʝ, ʜʝʤʝʢ, ʢʦʥʪʠʥʝʥʪʪʝʨʜʝʛʽ ʞʘʫʳʥ-ʰʘʰʳʥ ʤᴇʣʰʝʨʽʥʝ ʜʝ ᴅʩʝʨ ʝʪʫʽ 

ʤװʤʢʽʥ. ᴄʨʠʥʝ, ʤײʥʳש ʙᴅʨʽ ʙʘʩץʘ ʜʘ ʢʣʠʤʘʪʪʳץ ʢᴇʨʩʝʪʢʽʰʪʝʨ ʩʠʷץʪʳ ʞʘᴃʘʥʜʳץ 

ʪʝʤʧʝʨʘʪʫʨʘסʘ ᴅʩʝʨ ʝʪʝʜʽ. ɹʽʨʘץ ʤײʥʳ ʜᴅʣʝʣʜʝʫ ʤװʤʢʽʥ ʝʤʝʩ, ʩʦʥʜʳץʪʘʥ ʤᴅʩʝʣʝ 

ʞʦץ ʩʠʷץʪʳ. 

 

ʄײʭʠʪʪʘʨʜʳש ʣʘʩʪʘʥʫʳ ʪʫʨʘʣʳ 

ɹʽʨ ץʳʟʳסʳ, ʤײʭʠʪʪʘʨʜʳש ʘסʳʩʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʤײʭʠʪʪʘʨʜʳש ʙʝʣʛʽʣʽ 

ʙʽʨ ʘʡʤʘץʪʘʨʳʥʜʘ ץʘʣץʳʤʘʣʳ ץʘʣʜʳץʪʘʨ (ʥʝʛʽʟʽʥʝʥ ʧʣʘʩʪʠʢ) ʞʠʥʘʣʘʜʳ. ɽש ʪʘ-

ʥʳʤʘʣʳ ï ʊʳʥʳץ ʤײʭʠʪʳʥʜʘסʳ ʞװʟʜʝʛʝʥ ʤʳש ʰʘʨʰʳ ʰʘץʳʨʳʤ ʘʫʤʘץʪʳ ʘʣʳʧ 

ʞʘʪץʘʥ ץʦץʳʩ ʘʣʘשʳ. ɼᴇʨʝʢʽ ʙʘסʘʣʘʫʣʘʨ ʙʦʡʳʥʰʘ ʦʥʳ ɻʨʝʥʣʘʥʜʠʷʤʝʥ ʩʘʣʳ-

ʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʜʝʛʝʥʤʝʥ, ʦʥʳש ʥʘץʪʳ ʢᴇʣʝʤʽʥ ʙʘסʘʣʘʫ ץʠʳʥ. ʊʝשʽʟʜʝʨ ʤʝʥ 

ʤײʭʠʪʪʘʨʜʳש ʢʝʡʙʽʨ ʘʫʜʘʥʜʘʨʳʥʜʘ ʩʫʜʳש ʰʘʤʘʜʘʥ ʪʳʩ ʣʘʩʪʘʥʫʳʥʘʥ ʪʽʨʽ ʞʘʥ-

ʜʘʨʜʳש ʞʘʧʧʘʡ ץʳʨʳʣʫʜʘ. ʂʝʡʜʝ ʤʳשʜʘסʘʥ ᴇʣʽ ʞʘʥʫʘʨʣʘʨʜʳש ᴇʣʝʢʩʝʣʝʨʽ 

ʞʘסʘסʘ ʣʘץʪʳʨʳʣʳʧ, ʦʜʘʥ ʜʘ ʢᴇʧ ʙᴇʣʽʛʽ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ ʞʘʩʳʨʳʣʘʜʳ. 

ʊʝשʽʟʜʝʨ ʢᴇʧʪʝʛʝʥ ʘʜʘʤʜʘʨ װʰʽʥ ʤʘשʳʟʜʳ. ʉʦʥʜʳץʪʘʥ ʪʝשʽʟʜʝʨʜʽש ʵʢʦʣʦ-

ʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʳ ʪʝʢ ʵʢʦʞװʡʝʣʝʨ ʤʝʥ ʩʫʜʘסʳ ʪʽʨʽ ʘסʟʘʣʘʨסʘ סʘʥʘ ʝʤʝʩ, 

ʘʜʘʤʜʘʨסʘ ʜʘ ʟʠʷʥʳʥ ʪʠʛʽʟʝʜʽ. 

 

ʊʝשʽʟʜʽ ʣʘʩʪʘʫ ʢᴇʟʜʝʨʽ 

ᴆʨʢʝʥʠʝʪʪʽש ʜʘʤʫʳʤʝʥ ʞᴅʥʝ ʧʣʘʥʝʪʘ ʪײʨסʳʥʜʘʨʳʥʳש ʢᴇʙʝʶʽʤʝʥ ʙװʢʽʣ 

ᴅʣʝʤʜʝʛʽ ʪʘʙʠסʠ ʵʢʦʞװʡʝʣʝʨ ʙʘʨסʘʥ ʩʘʡʳʥ װʣʢʝʥ ץʳʩʳʤסʘ ײʰʳʨʘʡ ʦʪʳʨʳʧ, 

ʘʜʘʤ ᴅʨʝʢʝʪʽʥʝʥ ʘʡʪʘʨʣʳץʪʘʡ ᴇʩʝʪʽʥ ʟʠʷʥʳʥ ʘʣʘ ʙʘʩʪʘʜʳ. ʊʝשʽʟ ʵʢʦʞװʡʝʣʝʨʽ ʜʝ 

ʝʨʝʢʰʝʣʽʢ ʝʤʝʩ ʞᴅʥʝ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʘʜʘʤ ᴅʨʝʢʝʪʽʥʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʘʩʘʥ ʟʦʨ 

ʰʳסʳʥסʘ ײʰʳʨʘʫʜʘ. ʊʝשʽʟʜʽ ʣʘʩʪʘʫʜʳש ʥʝʛʽʟʛʽ ʢᴇʟʜʝʨʽ: 

ᴆʥʝʨʢᴅʩʽʧ ʞᴅʥʝ ᴇʥʜʽʨʽʩ. ᴄʩʽʨʝʩʝ, ᴇʥʜʽʨʽʩ ץʘʣʜʳץʪʘʨʳʥʳש ʩʫ ʦʙʲ-

ʝʢʪʽʣʝʨʽʥʝ (ʪʽʢʝʣʝʡ ʞᴅʥʝ ʢᴅʨʽʟ ʞװʡʝʩʽ ʘʨץʳʣʳ) ʪװʩʫʽ װʣʢʝʥ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. 

ʄײʥʘʡ. ʄײʥʘʡ ʨʝʩʫʨʩʪʘʨʳʥ ᴇʥʜʽʨʫ ʞᴅʥʝ ʪʘʩʳʤʘʣʜʘʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʤײʥʘʡ-

ʜʳש ʢᴇʧ ʤᴇʣʰʝʨʽ ʪʝשʽʟʜʝʨʛʝ ʪװʩʽʧ, ʪʘʙʠסʠ ʵʢʦʞװʡʝʛʝ ʦʨʘʩʘʥ ʟʦʨ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. 

ɸסʳʥʜʳ ʩʫʣʘʨ. ʆʣʘʨ ʪʘʙʠסʠ ʦʨʪʘסʘ ʞʦʡץʳʥ ᴅʩʝʨ ʝʪʝʪʽʥ ץʘʫʽʧʪʽ ʭʠʤʠʷʣʳץ 

ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʪʳ. 

ʊײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨʜʳ. פʘʪʪʳ ץʘʣʜʳץʪʘʨ ʪʝשʽʟʜʝʨ ʤʝʥ ʤײʭʠʪʪʘʨʜʘ 

ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʞʠʥʘʣʳʧ, ʙʽʨʪʝ-ʙʽʨʪʝ ʳʜʳʨʘʧ, ʩʫʜʳ ʫʣʘʥʜʳʨʘʜʳ (ʧʣʘʩʪʠʢ ᴅʩʽʨʝʩʝ 

 .(ʘʫʽʧʪʽץ

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ ʞᴅʥʝ ʘʛʨʦʭʠʤʠʷ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ץʦʣʜʘ-

ʥʳʣʘʪʳʥ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ ʢᴇʙʽʥʝʩʝ ʪʝשʽʟʜʝʨʛʝ ʪװʩʝʜʽ (ᴅʜʝʪʪʝ ᴇʟʝʥʜʝʨ ʤʝʥ ʢᴅʨʽʟ 

ʞװʡʝʣʝʨʽ ʘʨץʳʣʳ). 

-ʞʘʫʳʥ-ʰʘʰʳʥ ʥᴅʪʠ שʣʘʩʪʘʥʫʳ. ɸʪʤʦʩʬʝʨʘʥʳ שʘʥ ʦʨʪʘʥʳסʦʨʰʘפ

ʞʝʩʽʥʜʝ ʣʘʩʪʘʥʫʳ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʝ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳש ʪװʩʫʽʥʝ ᴅʢʝʣʝʜʽ. ʉʫ ʦʙʲ-

ʝʢʪʽʣʝʨʽʥʽש (ᴇʟʝʥʜʝʨ ʤʝʥ ʢᴇʣʜʝʨ) ʣʘʩʪʘʥʫʳ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳש ᴇʟʝʥ ʞװʡʝʣʝʨʽ 

ʘʨץʳʣʳ ʪʝשʽʟʜʝʨʛʝ ʪװʩʫʽʥʝ ᴅʢʝʣʝʜʽ. 
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ʊʝשʽʟʜʽש ʣʘʩʪʘʥʫʳʥʳש ᴅʩʝʨʽ 

 ʊʝשʽʟ ʵʢʦʞװʡʝʣʝʨʽʥʜʝ ʢᴇʧʪʝʛʝʥ ʪʽʨʽ ʘסʟʘʣʘʨ ʤʝʢʝʥʜʝʡʜʽ. ʊʠʽʩʽʥʰʝ, ʪʝשʽʟ 

ʵʢʦʞװʡʝʣʝʨʽʥʽש ʣʘʩʪʘʥʫʳ ʪʽʨʽ ʘסʟʘʣʘʨʜʳש ʫʣʘʥʫʳʥʘ ᴅʢʝʣʝʜʽ, ʙײʣ ʘʫʨʫʣʘʨʜʳש 

ʜʘʤʫʳʥʘ ʥʝʤʝʩʝ ʪʽʧʪʽ ᴇʣʽʤʛʝ ᴅʢʝʣʝʜʽ. ʄײʥʳש ʩʘʣʜʘʨʳ ʬʣʦʨʘ ʤʝʥ ʬʘʫʥʘ ᴇʢʽʣ-

ʜʝʨʽʥʽש ʘʟʘʶʳ. 

ɸʜʘʤʜʘʨסʘ ʪʝשʽʟʜʽש ʣʘʩʪʘʥʫʳ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ, ᴇʡʪʢʝʥʽ ʪʝשʽʟ ᴇʥʽʤʜʝʨʽ ʙװʢʽʣ 

ᴅʣʝʤʜʝʛʽ ʘʜʘʤʜʘʨʜʳש ʜʠʝʪʘʩʳʥʳש ʤʘשʳʟʜʳ ʙᴇʣʽʛʽʥ ײץʨʘʡʜʳ. ʊʠʽʩʽʥʰʝ, ʪʝשʽʟ 

ᴇʥʽʤʜʝʨʽʥʽש ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳ ʜʝʥʩʘʫʣʳץץʘ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ, ʘʣ ʦʣʘʨ-

ʜʳש ʩʘʥʳʥʳש ʘʟʘʶʳ ʘʟʳץ-ʪװʣʽʢ ʪʘʧʰʳʣʳסʳʥʘ ᴅʢʝʣʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʣʝʤʜʝʛʽ ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡʜʳש ʥʘʰʘʨʣʘʫʳʥʘʥ 

ʪʫʳʥʜʘסʘʥ ʪʝשʽʟʜʝʨʜʽש ʙʘʩץʘ ʜʘ ʧʨʦʙʣʝʤʘʣʘʨʳ ʙʘʨ. ʄʳʩʘʣʳ, ʤײʟʜʳץʪʘʨʜʳש 

ʝʨʫʽʥʝʥ ʪʝשʽʟ ʜʝשʛʝʡʽʥʽש ʢᴇʪʝʨʽʣʫʽʥʽש ʩʘʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʞʘסʘʣʘʫʜʘסʳ 

ʘʫʜʘʥʜʘʨʜʳ ʩʫ ʙʘʩʫʳ. ʅʝʤʝʩʝ ʪʘʙʠסʠ ʘʧʘʪʪʘʨ ʩʘʥʳʥʳש ʘʨʪʫʳ (ʘʪʘʧ ʘʡʪץʘʥʜʘ, 

ʪʝשʽʟʜʝʛʽ ʜʘʫʳʣ). ʄײʥʳש ʙᴅʨʽ ʘʜʘʤʟʘʪץʘ, ʘʜʘʤʜʘʨʜʳש ᴇʤʽʨʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ. 

ᴆʟʝʥʜʝʨʜʽש ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʳ װʣʢʝʥ ʤʘשʳʟסʘ ʠʝ, ᴇʡʪʢʝʥʽ ʦʣʘʨ 

ʦʨʘʩʘʥ ʟʦʨ ʘʫʤʘץʪʘʨʜʳ ʘʣʳʧ ʞʘʪʳʨ ʞᴅʥʝ ʩʘʥʩʳʟ ʢᴇʧ ʪʽʨʽ ʘסʟʘʣʘʨʜʳש ʪʽʨʰʽʣʽʢ 

ʝʪʫ ʦʨʪʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʝʞʝʣʜʝʥ ʘʜʘʤʜʘʨ װʣʢʝʥ ᴇʟʝʥ-

ʜʝʨʜʽש ʞʘסʘʩʳʥʘ ץʦʥʳʩʪʘʥʳʧ, ʦʣʘʨʜʳ ᴇʟ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʧʘʡʜʘʣʘʥסʘʥ. ʊʠʽʩʽʥ-

ʰʝ, ᴇʟʝʥʜʝʨʜʽש ʵʢʦʣʦʛʠʷʩʳʥʘ ץʘʫʽʧ ʪᴇʥʽʧ ʪײʨסʘʥ װʣʢʝʥ ʘʜʘʤʜʘʨ ʩʘʥʳʥʘ ץʘʫʽʧ 

ʪᴇʥʜʽʨʝʜʽ. 

 

ᴆʟʝʥʜʝʨʜʽש ʣʘʩʪʘʥʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽ: 

ᴆʥʜʽʨʽʩʪʽʢ ץʘʣʜʳץʪʘʨ. ɿʠʷʥʜʳ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳש ʢʦʥʮʝʥʪʨʘʪʳ ʙʦʣʘ 

ʦʪʳʨʳʧ, ʦʣʘʨ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʝ װʣʢʝʥ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. 

ɸסʳʥʜʳ ʩʫʣʘʨʜʳ ʘסʳʟʫ. ɼᴅʩʪװʨʣʽ ʪװʨʜʝ ץʘʣʜʳץʪʘʨʜʳ ᴇʟʝʥʜʝʨʛʝ ʪᴇʛʫ ʝʨ-

ʪʝ ʟʘʤʘʥʥʘʥ ʙʝʨʽ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ɹʽʨ סʘʥʘ ʝʨʝʢʰʝʣʽʢ, ץʘʟʽʨʛʝ ʜʝʡʽʥ ץʘʣ-

ʜʳץʪʘʨʜʳש ʩʘʥʳ ʝʩʝʣʝʧ ʘʨʪʳʧ, ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘסʳ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳש 

ʤᴇʣʰʝʨʽ ʜʝ ʢᴇʙʝʡʛʝʥ. 

ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳ. ɸʫʳʣ ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ᴅʨʪװʨʣʽ 

ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ ᴅʜʝʪʪʝ ᴇʟʝʥʜʝʨʛʝ (ʢʝʤ ʜʝʛʝʥʜʝ ʽʰʽʥʘʨʘ) ʪװʩʝʜʽ, ᴅʩʽʨʝʩʝ ʝʛʝʨ 

ᴇʟʝʥʜʝʨ ʤʝʥ ʦʣʘʨʜʳש ʩʘʣʘʣʘʨʳ ʝʛʽʩʪʽʢʪʝʨʜʽ ʩʫʘʨʫ װʰʽʥ ʧʘʡʜʘʣʘʥʳʣʩʘ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴇʟʝʥʜʝʨʜʽש ʣʘʩʪʘʥʫʳ ʩʫ ʵʣʝʢʪʨ ʩʪʘʥʩʘʣʘʨʳʥʳץ שʳʟʤʝʪʽ, 

ʢᴅʜʽʤʛʽ ץʦץʳʩ ץʘʣʜʳץʪʘʨʳ (ʧʣʘʩʪʠʢ ᴅʩʽʨʝʩʝ ʟʠʷʥʜʳ), ʪʘʟʘʨʪʫ ײץʨʘʣʜʘʨʳ (ʤʳʩʘ-

ʣʳ, ᴇʟʝʥʜʝʨʜʝ ʘʜʘʤʜʘʨʜʳ, ʢʠʽʤʜʝʨʜʽ ʥʝʤʝʩʝ ʢᴇʣʽʢʪʝʨʜʽ ʞʫʫ ʢʝʟʽʥʜʝ), ʢʝʡʙʽʨ ʪʘ-

ʙʠסʠ ײץʙʳʣʳʩʪʘʨʜʘʥ (ץʳʰץʳʣ ʞʘשʙʳʨ ʩʠʷץʪʳ)  

ᴆʟʝʥʜʝʨʜʝʛʽ ʩʫʜʳש ʩʘʧʘʩʳʟ ʙʦʣʫʳʥʳש ʪʘסʳ ʙʽʨ ʩʝʙʝʙʽ ï ʪʘʟʘʨʪʫ 

ʜʝשʛʝʡʽʥʽש ʞʝʪʢʽʣʽʢʩʽʟʜʽʛʽ. ᴆʟʝʥʜʝʨʜʝʛʽ ʩʫ ʪʘʟʘʨʪʫ ʞװʡʝʣʝʨʽ ʥʝ ʞʝʪʢʽʣʽʢʩʽʟ, ʥʝ 

ʝʩʢʽʨʛʝʥ. ɼʝʛʝʥʤʝʥ, ʪʘʟʘʨʪʫ ײץʨʳʣʳʩʪʘʨʳ ᴅʣʽ ʢװʥʛʝ ʜʝʡʽʥ ᴇʟʝʥʜʝʨʜʽש ʵʢʦʣʦʛʠ-

ʣ̫ʳץ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʝ ʘʣʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʽש ʣʘʩʪʘʥʫʳ ʥʝʛʽʟ ʙʦ-

ʣʳʧ ʪʘʙʳʣʘʜʳ. 

 

ᴆʟʝʥʜʝʨʜʽש ʣʘʩʪʘʥʫʳʥʳש ʟʘʨʜʘʧʪʘʨʳ 

ᴆʟʝʥʜʝʨʜʽש ʣʘʩʪʘʥʫʳ ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨʜʳש 

ʞʠʥʘʣʫʳ ʦʨʳʥ ʘʣʘʜʳ. ʆʣʘʨʜʳש ʢʝʡʙʽʨʝʫʣʝʨʽ ʩʫʜʘ ʝʨʠʜʽ, ʦʥʳײץ שʨʘʤʳʥ ʞʘץʩʳ 
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ʞʘץץʘ ᴇʟʛʝʨʪʧʝʡʜʽ, ʘʣ ʝʢʽʥʰʽ ʙᴇʣʽʛʽ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ʟʘץʳʤʜʘʥʫʳʥ ʞʘʣסʘʩʪʳʨʘ 

ʦʪʳʨʳʧ, ʪװʙʽʥʝ ʰᴇʛʝʜʽ. 

ʍʠʤʠʷʣʳץ ʟʘʪʪʘʨ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ ᴇʤʽʨ ʩװʨʝʪʽʥ ʪʽʨʽ ʘסʟʘʣʘʨסʘ ʜʘ ᴅʩʝʨ 

ʝʪʽʧ, ʦʣʘʨʜʳ ᴅʣʩʽʨʝʪʝʜʽ ʞᴅʥʝ ʘʫʨʫʣʘʨסʘ ʦʩʘʣ ʝʪʝʜʽ. ɹײʣ ʪʽʨʽ ʞʘʥʜʘʨʜʳש ʘסʟʘʣʘ-

ʨʳʥʜʘ ʟʠʷʥʜʳ ʟʘʪʪʘʨʜʳש ʞʠʥʘʣʫʳʤʝʥ ʪװʩʽʥʜʽʨʽʣʝʜʽ. ɸʡʪʧʘץʰʳ, ʘʜʘʤʜʘʨ ʦʣʘʨ-

ʜʳש ʢᴇʧʰʽʣʽʛʽʥ ʞʝʡʜʽ, ʙײʣ ʙʽʟʜʽש ʜʝʥʩʘʫʣʳסʳʤʳʟסʘ ʞʘץʩʳ ᴅʩʝʨ ʝʪʧʝʡʜʽ. 

ʃʘʩʪʘʥʫʜʳש ʪʘסʳ ʙʽʨ ʩʘʣʜʘʨʳ ï ʙʘʣʜʳʨʣʘʨʜʳש ʪʝʟ ᴇʩʫʽ ʤʝʥ ʬʠʪʦʧʣʘʥʢ-

ʪʦʥʜʘʨʜʳש ʜʘʤʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʪʳʥ ᴇʟʝʥʜʝʨʜʝ ʩʫʜʳש ʛװʣʜʝʥʫʽ. ɹײʣ ʩʫ ʘʡ-

ʜʳʥʜʘʨʳʥʜʘ ʦʪʪʝʛʽʥʽש ʞʝʪʽʩʧʝʫʽʥʝ ʞᴅʥʝ ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʪʽʨʽ ʞʘʥʜʘʨʜʳש 

(ʥʝʛʽʟʽʥʝʥ ʙʘʣʳץʪʘʨʜʳש) ʞʘʧʧʘʡ ץʳʨʳʣʫʳʥʘ ᴅʢʝʣʝʜʽ. 

ɸʜʘʤʜʘʨ װʰʽʥ ʝש ʤʘשʳʟʜʳʩʳ ï ʩʫ ץʦʡʤʘʣʘʨʳʥʘʥ (ʦʥʳש ʽʰʽʥʜʝ ᴇʟʝʥʜʝʨ) 

ʩʫ ײץʙʳʨʣʘʨʳʥʘ ʩʫʜʳש ʪװʩʫʽ, ʢᴇʧʪʝʛʝʥ ʘʜʘʤʜʘʨ ʢʨʘʥʥʘʥ ʽʰʝʜʽ. ᴄʨʠʥʝ, ʦʣ ʩʫ 

-ʦʡʤʘץ ʦʣ ᴅʣʽ ʜʝ ʩʫ ץʟʛʽʣʝʨʜʝʥ ᴇʪʝʜʽ, ʙʽʨʘװʨʣʽ ʩװʙʳʨʳʥʘ ʢʽʨʝʨ ʘʣʜʳʥʜʘ ᴅʨʪײץ

ʣʘʨʳʥʜʘ ʢʝʟʜʝʩʝʪʽʥ ʩʫ ʙʦʣʳʧ ץʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʩʫʜʳש ʣʘʩʪʘʥʫʳ ʘʜʘʤ ʜʝʥ-

ʩʘʫʣʳסʳʥʘ ʪʽʢʝʣʝʡ ᴅʩʝʨ ʝʪʝʜʽ. 

ʂᴇʣ ʵʢʦʣʦʛʠʷʩʳʥʳש ʧʨʦʙʣʝʤʘʣʘʨʳ ʪʝʢ ʢᴇʣ ʵʢʦʞװʡʝʣʝʨʽ ʤʝʥ ʩʫ ʪʽʨ-

ʰʽʣʽʛʽʥʝ סʘʥʘ ʝʤʝʩ, ʘʜʘʤʜʘʨסʘ ʜʘ ᴅʩʝʨ ʝʪʝʜʽ. ʂᴇʣʜʝʨ ʪʘʤʘץ ʧʝʥ ʪײʱʳ ʩʫ ʢᴇʟʽ ʙʦʣʘ 

ʦʪʳʨʳʧ, ʙʽʟʜʽש ᴇʤʽʨʽʤʽʟʜʝ ᴇʪʝ ʤʘשʳʟʜʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. 

 

ʂᴇʣʜʽש ʣʘʩʪʘʥʫ ʤᴅʩʝʣʝʩʽ 

ʂᴇʣʜʝʨʜʽש ʢᴇʧʪʝʛʝʥ ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʳʥʳש ʥʝʛʽʟʽʥʜʝ ʩʫ ʨʝʩʫʨʩ-

ʪʘʨʳʥʳש ʣʘʩʪʘʥʫʳ ʞʘʪʳʨ, ʙײʣ ץʘʟʽʨʛʽ ʟʘʤʘʥʥʳש ʝש ʤʘשʳʟʜʳ ʤᴅʩʝʣʝʩʽ. ʂᴇʣ-

ʜʝʨʜʽש ʵʢʦʣʦʛʠʷʩʳ ʪʘʙʠסʠ ʵʢʦʞװʡʝʛʝ ץʘʪʪʳ ᴅʩʝʨ ʝʪʝʪʽʥ ʞᴅʥʝ ʙʘʩץʘ ʜʘ ʧʨʦʙʣʝʤʘ-

ʣʘʨʜʳ ʪʫʜʳʨʘʪʳʥ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʽש ʣʘʩʪʘʥʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʘʫʽʧ ʪᴇʥʽʧ ʪײʨ. 

ʉʫʜʳײץ שʨʘʤʳʥʳש ᴇʟʛʝʨʫʽ ʞᴅʥʝ ʦʥʳש ʩʘʧʘʩʳʥʳש ʥʘʰʘʨʣʘʫʳ ץʘʟʽʨʛʽ 

ʞʘסʜʘʡʜʳש ʣʦʛʠʢʘʣʳץ ʩʘʣʜʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ ᴇʤʽʨ 

ʩװʨʝʪʽʥ ʥʝʤʝʩʝ ʣʘʩʪʘʥסʘʥ ʩʫʜʳ ʪײʪʳʥʘʪʳʥ ʙʘʨʣʳץ ʪʽʨʽ ʘסʟʘʣʘʨסʘ ᴅʩʝʨ ʝʪʝʜʽ. 

ʉʦסשʳʩʳʥʘ ʘʜʘʤʜʘʨ ʜʘ ʢʽʨʝʜʽ, ᴇʡʪʢʝʥʽ ʩʫ ʩʫ ץʦʡʤʘʣʘʨʳʥʘʥ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ 

ʞװʡʝʣʝʨʽʥʝ ʪװʩʝʜʽ (ʙʽʨʘץ ʦʣ ʙײʨʳʥ ʪʘʟʘʨʪʳʣסʘʥ, ʙʽʨʘץ ʙײʣ ᴅʨץʘʰʘʥ 

ʢᴇʤʝʢʪʝʩʧʝʡʜʽ). 

ʉʫ ץʦʡʤʘʩʳʥʳש ʣʘʩʪʘʥʫʳ ʢᴇʣʜʝʨʜʝ ʪײʨʘʪʳʥ ʪʽʨʽ ʘסʟʘʣʘʨסʘ ʘʡʪʘʨʣʳץʪʘʡ 

ᴅʩʝʨ ʝʪʝʜʽ. ʍʠʤʠʷʣʳץ ʫʣʘʥʫ ʩʫʜʘסʳ ʪʽʨʰʽʣʽʢʢʝ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ, ʘʫʨʫʣʘʨʜʳש ʜʘ-

ʤʫʳʥʘ ᴅʢʝʣʝʜʽ, ʪʽʧʪʽ ʪʽʨʽ ʘסʟʘʣʘʨʜʳש ʞʦʡʳʣʫʳʥʘ ᴅʢʝʣʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʣ-

ʜʳʨʣʘʨ ʤʝʥ ʬʠʪʦʧʣʘʥʢʪʦʥʜʘʨʜʳש ʛװʣʜʝʥʫʽ ʭʠʤʠʷʣʳץ ʣʘʩʪʘʥʫʜʳש ʞʠʽ ʩʘʣʜʘʨʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʩʫʜʘסʳ ʦʪʪʝʛʽʥʽש ʞʝʪʽʩʧʝʫʰʽʣʽʛʽʥʝ ᴅʢʝʣʝʜʽ, ʙײʣ ʪʽʨʽ ʞʘʥ-

ʜʘʨʜʳש ʽʥʜʝʪʽʥʝ ʩʝʙʝʧ ʙʦʣʘʜʳ. 

 ʬʣʦʨʘ ʤʝʥ שʣʘʩʪʘʥʫʳ ʩʫ ʦʙʲʝʢʪʽʣʝʨʽʥʽ שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʢᴇʣʜʝʨʜʽפ

ʬʘʫʥʘʩʳʥʳש ʘʟʘʶʳʥʘ ᴅʢʝʣʽʧ ʩʦסʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʣʘʩʪʘʥסʘʥ ʩʫʜʳ ʧʘʡʜʘ-

ʣʘʥʘʪʳʥ ʘʜʘʤʜʘʨʜʳש ʜʝʥʩʘʫʣʳסʳʥʘ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ ʜʝʧ ץʦʨʳʪʳʥʜʳ ʞʘʩʘʫסʘ 

ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʙײʣ ï ʤʘשʳʟʜʳ ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝ. 

 

ʊײʱʳ ʩʫʜʳש ʧʨʦʙʣʝʤʘʩʳ ʪײʱʳ ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʰʝʢʩʽʟ ʝʤʝʩʪʽʛʽʥʜʝ, 

ʪʘʫʩʳʣʳʧ, ʣʘʩʪʘʥʫʜʘ. 
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ʅᴅʪʠʞʝʩʽʥʜʝ ʙײʣ ʵʢʦʣʦʛʠʷʣʳץ ʤᴅʩʝʣʝʥʽש ʤʘשʳʟʜʳʣʳסʳ ʪʫʨʘʣʳ ץʦʨʳʪʳʥ-

ʜʳ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ.  

ɹʽʟʜʽש ʧʣʘʥʝʪʘʤʳʟʜʘ ʩʫʜʳװ שʣʢʝʥ ץʦʨʳ ʙʘʨ, ʙʽʨʘץ ʦʣʘʨʜʳש ʙʘʨʣʳסʳ 

ʜʝʨʣʽʢ ʪʝשʽʟʜʝʨ ʤʝʥ ʤײʭʠʪʪʘʨʜʘ ʰʦסʳʨʣʘʥסʘʥ, ʦʣʘʨʜʘ, ᴇʟʜʝʨʽשʽʟ ʙʽʣʝʪʽʥʜʝʡ, ʩʫ 

ʪײʟʜʳ. ʉʫ ץʦʨʳʥʳ96-97% ש-ʳ ʽhʫʛʝ ʞʘʨʘʤʩʳʟ, ᴇʡʪʢʝʥʽ ʦʣʘʨʜʳײץ שʨʘʤʳʥʜʘ 

ʪײʟʜʳש ʢᴇʧ ʤᴇʣʰʝʨʽ ʙʘʨ. ɸʣ ʙʽʟʜʽש ʧʣʘʥʝʪʘʤʳʟʜʳש ʩʫ ʨʝʩʫʨʩʪʘʨʳʥʳש ʰʘʤʘʤʝʥ 

3%-ʳ סʘʥʘ ʘʫʳʟ ʩʫסʘ ʞʘʨʘʤʜʳ ʪײʱʳ ʩʫ. ɹײʣ ʩʫ ץʦʨʳʥʳש ʢᴇʧ ʙᴇʣʽʛʽ ʤײʟʜʳץʪʘʨ 

ʤʝʥ ʞʝʨ ʘʩʪʳʥʜʘסʳ ʪʝʨʝשʜʽʢʪʝ ʞʘʪʳʨ. פʦʣʜʘʥʫסʘ ץʦʣʞʝʪʽʤʜʽ ʪײʱʳ ʩʫ ʜװʥʠʝ 

ʞװʟʽʥʜʝ ʞʘʣʧʳ ᴅʣʝʤʜʽʢ ץʦʨʜʳש ʰʘʤʘʤʝʥ 0,7%-ʳʥ סʘʥʘ ײץʨʘʡʜʳ, ʘʣ ʙײʣ 0,7%-

ʜʳש ʙʘʨʣʳסʳ ʜʘ ʽʰʫʛʝ ʞʘʨʘʤʘʡʜʳ. 

ʉʫʜʳש ʞᴅʥʝ ʩʫ ץʦʡʤʘʣʘʨʳʥʳש ʣʘʩʪʘʥʫʳ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʘʫʳʟ ʩʫ ץʦʨʳʥʳש 

ʩʘʨץʳʣʫʳʥʳש ʥʝʛʽʟʛʽ ʩʝʙʝʙʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴆʡʪʢʝʥʽ ʧʣʘʥʝʪʘʜʘסʳ ʩʫʜʳש ʤᴇʣ-

ʰʝʨʽ ᴇʟʛʝʨʤʝʡʜʽ, ʙʽʨʘץ ʦʥʳש ʩʘʧʘʩʳ ʞʳʣ ʩʘʡʳʥ ʥʘʰʘʨʣʘʧ ʙʘʨʘʜʳ. ʉʫʜʳ ʣʘʩʪʘʫ 

ʧʨʦʙʣʝʤʘʩʳ ץʘʟʽʨʜʽש ᴇʟʽʥʜʝ ʜʘʤʳסʘʥ ʝʣʜʝʨʜʽש ᴇʟʽʥʜʝ ʟʠʷʥʜʳ ʭʠʤʠʷʣʳץ ʟʘʪʪʘʨ-

ʤʝʥ ʣʘʩʪʘʥסʘʥ ʩʘʧʘʩʳʟ ʘʫʳʟ ʩʫʜʳ ʧʘʡʜʘʣʘʥʫסʘ ʤᴅʞʙװʨ ʙʦʣʘʪʳʥ ʢʝʟʝשʛʝ ʞʝʪʪʽ. 

ɸʣ ʞʘץʳʥ ʘʨʘʜʘ ʞʘסʜʘʡʜʳש ʞʘץʩʘʨʫʳ ʢװʪʽʣʤʝʡʜʽ, ʙʦʣʞʘʤʜʘʨ ʤװʣʜʝʤ ʪʝʨʽʩ. 

ɹʽʨʘץ ᴅʟʽʨʰʝ ʘʫʳʟ ʩʫ ʙʘʨ. 

ʉʫ ץʦʨʳʥʳש ʪʘסʳ ʙʽʨ ʧʨʦʙʣʝʤʘʩʳ ʦʣʘʨʜʳש ʙʽʨʢʝʣʢʽ ʙᴇʣʽʥʙʝʫʽ ʙʦʣʳʧ ʪʘ-

ʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʧʣʘʥʝʪʘʥʳש ʢᴇʧʪʝʛʝʥ ʘʡʤʘץʪʘʨʳʥʜʘ ʩʫ ᴇʪʝ ʪʘʧʰʳ ʥʝʤʝʩʝ 

ʤװʣʜʝ ʙʘʡץʘʣʤʘʡʜʳ. ʉʦʥʳש ʩʘʣʜʘʨʳ ï ʢᴇʧ ʘʜʘʤʥʳש ʰᴇʣʜʝʧ ᴇʣʫʽ, ʘץʠץʘʪ 

ʦʩrʥʜʘʡ. 

 

ɸʫʳʟ ʩʫ ʪʫʨʘʣʳ ʬʘʢʪʽʣʝʨ 

ɸʜʘʤ ʢװʥʽʥʝ ʰʘʤʘʤʝʥ 1,5-4 ʣʠʪʨ ʩʫʜʳ (ʩʘʣʤʘץץʘ ʙʘʡʣʘʥʳʩʪʳ) ʪײʪʳʥʫʳ 

ʢʝʨʝʢ ʞᴅʥʝ ʦʥʳ ʢװʥʥʽש ʙʝʣʩʝʥʜʽ ʙᴇʣʽʛʽʥʜʝ ʙʽʨʢʝʣʢʽ ʙᴇʣʫ ʢʝʨʝʢ. ʉʫʩʳʟ ʘʜʘʤ ʰʘ-

ʤʘʤʝʥ 5-7 ʢװʥ (ʦʨʪʘ ʝʩʝʧʧʝʥ) ᴇʤʽʨ ʩװʨʝ ʘʣʘʜʳ, ʙʽʨʘץ ʙײʣ ʜʝʥʝʛʝ ᴇʪʝ ʟʠʷʥʜʳ. 

ʐʠʢʽ ʩʫʜʳ ʽʰʫ ʧʘʡʜʘʣʳʨʘץ, ʙʽʨʘץ ʩʽʟ ץʘʡʥʘסʘʥ ʩʫʜʳ ʜʘ ʧʘʡʜʘʣʘʥʘ ʘʣʘʩʳʟ, 

ʙʽʨʘץ ʦʣʘʨʜʳ ʘʨʘʣʘʩʪʳʨʫ ץʘʪʘײ שʩʳʥʳʣʤʘʡʜʳ, ʙײʣ ʜʝʥʩʘʫʣʳץץʘ ʟʠʷʥ ʢʝʣʪʽʨʫʽ 

ʤװʤʢʽʥ ʝש ʥʘʰʘʨ ʥײʩץʘ (ʙʘʨʣʳץ ʞʘסʜʘʡʜʘ ʝʤʝʩ). 

ɼʠʩʪʠʣʜʝʥʛʝʥ ʩʫ ʤװʣʜʝʤ ʧʘʡʜʘʣʳ ʝʤʝʩ, ᴇʡʪʢʝʥʽ ʦʥʳײץ שʨʘʤʳʥʜʘ ʘסʟʘסʘ 

-ʨʘײץ ʘʥ ʩʫ ʜʘסʘʡʥʘפ .ץʟʘʪʪʘʨ ʞʦ ץʟʜʘʨ ʤʝʥ ʦʨʛʘʥʠʢʘʣʳײʘʞʝʪʪʽ ʤʠʥʝʨʘʣʜʳ ʪץ

ʤʳʥʜʘ ʤʘשʳʟʜʳ ʤʠʥʝʨʘʣʜʘʨʜʳש ʙʦʣʫʳʤʝʥ ʤʘץʪʘʥʘ ʘʣʤʘʡʜʳ. 

ʊʘʟʘ ʘʫʳʟ ʩʫ ʘסʟʘסʘ װʣʢʝʥ ᴅʩʝʨ ʝʪʝʜʽ, ʠʤʤʫʥʠʪʝʪʪʽ ʘʨʪʪʳʨʘʜʳ, ʽʰʢʽ ʘסʟʘʣʘʨ 

ʤʝʥ ʤʠʜʳש ʞײʤʳʩʳʥ ʳʥʪʘʣʘʥʜʳʨʘʜʳ, ʟʘʪ ʘʣʤʘʩʫ ʞᴅʥʝ ʘʩ ץʦʨʳʪʫ ʧʨʦʮʝʩʪʝʨʽʥ 

 .ʟʘʥʳ ʪʘʟʘʨʪʘʜʳ ʞᴅʥʝ ʦʨʘʩʘʥ ʟʦʨ ʧʘʡʜʘ ᴅʢʝʣʝʜʽסʘ ʢʝʣʪʽʨʝʜʽ, ʘץʘʣʳʧץ
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ɸץʙʠʩʝʥ ʈ.ɽ., ʍɹʂ (פʘʟɹʉפɸ) ɺʂ-20-1 ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ 

ʄʫʭʘʥʦʚʘ ʊ.ɹ., ʍɹʂ (פʘʟɹʉפɸ) ʧʨʦʬʝʩʩʦʨ ʘʩʩʠʩʪʝʥʪʽ 

 

ʊɸɹʀנɸʊʊɸנʓ ʉʋ ɸʁʅɸʃʓʄʓ 

 
ɹϰʣ ʤʘϨʘʣʘʜʘ ʪʘʙʠϤʘʪʪʘϤʳ ʩʫ ʘʡʥʘʣʳʤʳʥʳϬ ʞϮʡʝʣʝʨʽ ʤʝʥ ʪϮʨʣʝʨʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 

 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʠʩʪʝʤʳ ʠ ʚʠʜʳ ʢʨʫʛʦʚʦʨʦʪʘ ʚʦʜʳ ʚ ʧʨʠʨʦʜʝ. 

 

This article discusses the systems and types of water circulation in nature. 

 

ʊʘʙʠסʘʪʪʘסʳ ʩʫ ʘʡʥʘʣʳʤʳ ï ʞʝʨ ʰʘʨʳʥʜʘסʳ ʩʫʜʳש ʢװʥ ץʫʘʪʳ ʤʝʥ ʘʫʳʨ-

ʣʳץ ʢװʰʽʥʽש ᴅʩʝʨʽʥʝʥ װʟʜʽʢʩʽʟ ʪײʡʳץ ʘʡʥʘʣʫ ʧʨʦʮʝʩʽ. ʉʫ ʞʝʨ ʰʘʨʳʥʜʘסʳ ʤײʭʠʪ-

ʪʘʨ ʤʝʥ ײץʨʣʳץʪʘʨʜʳש ʙʝʪʽʥʝʥ ʙʫʣʘʥʘʜʳ. ʉʫ ʙʫʣʘʨʳ ʘʫʘ ʘסʳʥʜʘʨʳʤʝʥ ʞʦסʘʨʳ 

ʢᴇʪʝʨʽʣʝʜʽ ʜʝ, ץʦʶʣʘʥʳʧ ʪʘʤʰʳסʘ ʘʡʥʘʣʘʜʳ. ɸʪʤʦʩʬʝʨʘʣʳץ ʞʘʫʳʥ-ʰʘʰʳʥ 

ʪװʨʽʥʜʝ ʤײʭʠʪץʘ ץʘʡʪʘ ʦʨʘʣʩʘ, ʙײʣ ײץʙʳʣʳʩ ʢʽʰʽ ʥʝʤʝʩʝ ʤײʭʠʪʪʳץ ʘʡʥʘʣʳʤ ʙʦ-

ʣʘʜʳ. ʄײʭʠʪ ʧʝʥ ʘʪʤʦʩʬʝʨʘסʘ ץʦʩʘ ײץʨʣʳץʪʳ ץʘʤʪʠʪʳʥ ʩʫ ʘʡʥʘʣʳʤʳ װʣʢʝʥ 

ʥʝʤʝʩʝ ʜװʥʠʝʞװʟʽʣʽʢ ʩʫ ʘʡʥʘʣʳʤʳ ʜʝʧ ʘʪʘʣʘʜʳ. ɼװʥʠʝʞװʟʽʣʽʢ ʩʫ ʘʡʥʘʣʳʤʳʥʘ 

 (ʳʥסʞʝʨ ʙʝʪʽʥʛʽ ʘ) ʳʣʳץʙʽʨʘʟʳ ᴇʟʝʥʜʝʨ ʘʨ שʘʥ ʩʫʜʳסʘ ʞʘʫץץʨʣʳײץ ,ʘʪʳʩʳʧץ

ʤײʭʠʪʪʘʨסʘ ץʘʡʪʘʜʘʥ ʘסʳʧ ʙʘʨʘʜ .r פʘʣסʘʥ ʙᴇʣʽʛʽ ʪʦʧʳʨʘץץʘ ʩʽשʽʧ, ʥᴅʪʠʞʝʩʽʥʜʝ 

ʪʦʧʳʨʘץʪʘסʳ ʩʫʜʳ ᴇʩʽʤʜʽʢʪʝʨ ʩʽשʽʨʽʧ, ץʘʡʪʘ ʙʫʣʘʥʜʳʨʘʜʳ. ɸʣ ʦʜʘʥ ץʘʣסʘʥ ʩʫ 

ʙᴇʣʽʛʽ ʪʦʧʳʨʘץץʘ ʪʝʨʝשʽʨʝʢ ʩʽשʽʧ, ʩʫʣʳ ץʘʙʘʪʧʝʥ (ʞʝʨʘʩʪʳ ʘסʳʥ) ץʘʡʪʘ ʤײʭʠʪץʘ 

ʦʨʘʣʘʜʳ. ײפʨʣʳץʪʘʥ ʤײʭʠʪץʘ ץʦʩʳʣʘ ʘʣʤʘʡʪʳʥ ʩʫ ʢᴇʟʜʝʨʽ ʜʝ ʙʘʨ. ʆʣʘʨʜʳ ʽʰʢʽ 

çʘסʳʥʜʳè ʥʝʤʝʩʝ çʘסʳʥʩʳʟè ʩʫʣʘʨ ʜʝʧ ʘʪʘʡʜʳ. ɹײʣ ʘʫʤʘץץʘ ʪװʩʢʝʥ ʞʘʫʳʥ-

ʰʘʰʳʥ ʪʦʣʳץ ʙʫʣʘʥʳʧ ʢʝʪʝʜʽ. ɸʪʤʦʩʬʝʨʘʜʘסʳ ʩʫʜʳש (ʳʣסʘʣ) 87%-סʘ ʞʫʳסʳ 

ʜװʥʠʝʞװʟʽʣʽʢ ʤײʭʠʪ ʩʫʳʥʘʥ ʙʫʣʘʥʫסʘ ײʰʳʨʘʡʜʳ. ɾʝʨʛʽʣʽʢʪʽ ʥʝʤʝʩʝ ײץʨʣʳץ 

ʽʰʽʥʜʝʛʽ ʩʫ ʘʡʥʘʣʳʤʳ ʜʘ ʙʦʣʘʜʳ. ײפʨʣʳץʪʘʥ ʙʫʣʘʥסʘʥ ʩʫ (ʳʣסʘʣ, ʛʘʟʜʳ ʢװʡ) 

ʤײʭʠʪץʘ ʞʝʪʧʝʡ ʪײʨʳʧ, ʙʽʨʥʝʰʝ ʨʝʪ ʞʘʫʳʥ ʢװʡʽʥʜʝ ʞʘʫʳʧ, ʦʩʳʣʘʡ ײץʨʣʳץ 

ʽʰʽʥʜʝ ʜʝ ʢʽʰʽ ʩʫ (ʳʣסʘʣ) ʘʡʥʘʣʳʤʳ ʞװʨʝʜʽ. ʊʘʙʠסʘʪʪʘסʳ ʩʫ (ʳʣסʘʣ) ʘʡʥʘʣʳʤʳ 

ï ʢװʥ ʵʥʝʨʛʠʷʩʳ ʤʝʥ ʘʫʳʨʣʳץ ʢװʰʽ ᴅʩʝʨʽʥʝʥ ʪʫʳʥʜʘʡ ʦʪʳʨʳʧ, ʞʝʨ ʰʘʨʳʥʘ ʪᴅʥ 

ʳʣסʘʣʜʳש (ʩʫʜʳש) ʪʦʣʘʩʩʳʟ ץʦʟסʘʣʳʩʳʥ ʢʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪײʡʳץʪʘʣסʘʥ ʧʨʦ-

ʮʝʩʩ: ʘʫʘ ʘסʳʥʜʘʨʳʤʝʥ ʘʩʧʘʥסʘ ʢᴇʪʝʨʽʣʛʝʥ ᴄʣʝʤʜʽʢ ʤײʭʠʪ ʘʡʜʳʥʳ ʤʝʥ ײץʨʣʳץ 

ʙʝʪʽʥʝʥ ʙʫʣʘʥסʘʥ ʳʣסʘʣ (ʩʫ) ʪװʡʽʨʰʽʢʪʝʨʽ ʢʦʥʜʝʥʩʘʮʠʷסʘ ײʰʳʨʘʡʜʳ ʜʘ ʞʘʫʳʥ-

ʰʘʰʳʥʜʘʨ ʪװʨʽʥʜʝ ʞʝʨ ʙʝʪʽʥʝ (ᴄʣʝʤʜʽʢ ʤײʭʠʪ ʞᴅʥʝ ʢײʨʣʳץ ʙʝʪʽʥʝ) ץʘʡʪʘʜʘʥ 

ʦʨʘʣʳʧ (ʞʘʫʳʧ) ʦʪʳʨʘʜʳ. 

ʉʫʜʳש ʢᴇʧ ʙᴇʣʽʛʽ (97 %) ʪʝשʽʟʜʝʨ ʤʝʥ ʤײʭʠʪʪʘʨʜʳש ʪײʟʜʳ ʩʫʳ, ʘʣ ʘʟ ʙᴇʣʽʛʽ 

ʢᴇʣʜʝʨʜʽש, ᴇʟʝʥʜʝʨʜʽש, ʤײʟʜʳץʪʘʨʜʳש, ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʞᴅʥʝ ʩʫ ʙʫʳʥʳש 

ʪײʱʳ ʩʫʳ. ɹʘʨʣʳץ ʩʫʜʳ1% ש-ʜʘʥ ʘʟʳ ʮʠʢʣʛʝ ץʘʪʳʩʘʜʳ, ʘʣ ץʘʣסʘʥ ʙᴇʣʽʛʽ ʤײʟ 

ʞᴅʥʝ ץʘʨ ʪװʨʽʥʜʝ ʩʘץʪʘʣʘʜʳ. ɾʝʨ ʙʝʪʽʥʝ ʪװʩʝʪʽʥ ʞʘʫʳʥ-ʰʘʰʳʥʥʳש ʞʘʣʧʳ 

ʤᴇʣʰʝʨʽ ʰʘʤʘʤʝʥ ʙʫʣʘʥʫסʘ ʪʝש ï 519 ʤʳש ʢʤ3 ʩʫ.  

ɾʝʨ ʙʝʪʽʥʜʝ ʩʫ װ  hʘʛʨʝʛʘʪʪʳץ ʢװʡʜʝ ʙʦʣʘʜʳ: ʩײʡʳץ ,ץʘʪʪʳ ʞᴅʥʝ ʛʘʟ. ʉʫ-

ʩʳʟ ʘסʟʘʣʘʨʜʳש ʙʦʣʫʳ ʤװʤʢʽʥ ʝʤʝʩ. ʂʝʟ ʢʝʣʛʝʥ ʘסʟʘʜʘ ʩʫ ʭʠʤʠʷʣʳץ ʨʝʘʢʮʠʷʣʘʨ 



61 

ʞװʨʝʪʽʥ ʦʨʪʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʦʥʩʳʟ ʘסʟʘʣʘʨ ᴇʤʽʨ ʩװʨʝ ʘʣʤʘʡʜʳ. ʉʫ ï ʪʽʨʽ ʘסʟʘ-

ʣʘʨʜʳש ʪʽʨʰʽʣʽʢ ᴅʨʝʢʝʪʽ װʰʽʥ ʝײץ שʥʜʳ ʞᴅʥʝ ץʘʞʝʪʪʽ ʟʘʪ. 

ɹʫʣʘʥʫ ʧʨʦʮʝʩʪʝʨʽʥʝʥ, ʘʪʤʦʩʬʝʨʘʜʘסʳ ʩʫ ʙʫʳʥʳץ שʦʟסʘʣʫʳʥʘʥ, ʦʥʳש ʘʪ-

ʤʦʩʬʝʨʘʜʘסʳ ʢʦʥʜʝʥʩʘʮʠʷʩʳʥʘʥ, ʞʘʫʳʥ- ʘhʰʳʥʥʘʥ ʞᴅʥʝ ʘסʳʥʥʘʥ ʪײʨʘʪʳʥ 

ʛʠʜʨʦʩʬʝʨʘ, ʘʪʤʦʩʬʝʨʘ ʞᴅʥʝ ʞʝʨ ʙʝʪʽ ʘʨʘʩʳʥʜʘסʳ ʳʣסʘʣʜʳש ʪײʨʘץʪʳ ʘʣʤʘʩʫʳ 

ʪʘʙʠסʘʪʪʘסʳ ʩʫ ʘʡʥʘʣʳʤʳ ʜʝʧ ʘʪʘʣʘʜʳ. ɸʪʤʦʩʬʝʨʘʣʳץ ʞʘʫʳʥ-ʰʘʰʳʥ ʽʰʽʥʘʨʘ 

ʙʫʣʘʥʳʧ, ʽʰʽʥʘʨʘ ʫʘץʳʪʰʘ ʞᴅʥʝ ʪײʨʘץʪʳ ʩʫ ץʦʡʤʘʣʘʨʳʥ ײץʨʘʡʜʳ, ʽʰʽʥʘʨʘ ʞʝʨ-

ʛʝ ʪװʩʽʧ, ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥ ײץʨʘʡʜʳ. 

ʉʫ ʘʡʥʘʣʳʤʳʥʳש ʤʘשʳʟʳ ᴇʪʝ ʟʦʨ. ɸʡʥʘʣʳʤ ʞʝʨ ʙʝʪʽʥʝʥ ʰʝʢʩʽʟ ʢᴇʨʽʥʝʪʽʥ 

ʩʫ ץʦʨʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾʝʨʜʝʛʽ ʩʫʜʳש ʞʘשʘʨʳʧ ʦʪʳʨʫʳʥʘ ʩʝʧʪʽʛʽʥ 

ʪʠʛʽʟʝʜʽ. ɹʽʨʘץ ʩʫʜʳש ʞʘשʘʨʫʳʥʘ ʢʝʪʝʪʽʥ ʫʘץʳʪ ײʟʘץ ʤʝʨʟʽʤʜʽ ʪʘʣʘʧ ʝʪʝʜʽ. ʄʳ-

ʩʘʣʳ, ʞʝʨʘʩʪʳ ʩʫʣʘʨʳʥʳש ʞʘשʘʨʫʳʥʘ ʞװʟ ʤʳש, ʤʠʣʣʠʦʥʜʘסʘʥ ʞʳʣʜʘʨ ʢʝʪʝʜʽ. 

ᴆʟʝʥ ʩʫʣʘʨʳ 11-14 ʪᴅʫʣʽʢ, ʘʪʤʦʩʬʝʨʘʥʳײץ שʨʘʤʳʥʜʘסʳ ʩʫ 8-9 ʪᴅʫʣʽʢ ʩʘʡʳʥ 

ʞʘשʘʨʳʧ ʦʪʳʨʘʜʳ. 

 

 
 

1-ʩʫʨʝʪ ï ʊʘʙʠסʘʪʪʘסʳ ʩʫ ʘʡʥʘʣʫ rʧʨʦʮʝʩʽ 

 

ʉʫ ʘʡʥʘʣʳʤʳ ʢװʥ ʨʘʜʠʘʮʠʷʩʳ ʤʝʥ ʘʫʳʨʣʳץ ʢװʰʽʥʽש ᴅʩʝʨʽʥʝʥ ʞװʨʝʜʽ. ʂװʥ 

ʤײʭʠʪʪʘʨ ʤʝʥ ʪʝשʽʟʜʝʨʜʝʛʽ ʩʫʜʳ ץʳʟʜʳʨʘʜʳ ʞᴅʥʝ ʦʣ ʙʫʣʘʥʳʧ, ʩʫ ʙʫʳʥʘ ʘʡʥʘʣʘ-

ʜʳ. ʇʘʨʘʣʣʝʣʴ ʧʨʦʮʝʩʩ ײץʨʣʳץʪʘ ʜʘ ʞװʨʝʜʽ: ʩʫ ʢװʥ ץʳʟʜʳʨʳʣסʘʥ ʞʝʨ ʙʝʪʽʤʝʥ 

ʙʫʣʘʥʳʧ ʢʝʪʝʜʽ ʥʝʤʝʩʝ ʊʨʘʥʩʧʠʨʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʩʽʤʜʽʢʪʝʨ ʙʫʣʘʥʳʧ ʢʝʪʝʜʽ. 

ɸʜʚʝʢʮʠʷ ʧʨʦʮʝʩʽʥʜʝ ʩʫ ʙʫʳ ʘʫʘ ʤʘʩʩʘʣʘʨʳʤʝʥ ץʦʟסʘʣʘʜʳ, ʘץʳʨ ʩʦשʳʥʜʘ ʦʣ 

ʪᴇʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʤʘסʳʥʜʘ ʙʦʣʘʜʳ. ɹײʣ ʙײʣʪʪʘʨʜʘ ʳʣסʘʣʜʳש ʢʦʥʜʝʥʩʘʮʠ-

ʷʩʳʥ ʪʫʜʳʨʘʜʳ. ɹײʣʪʪʘʨ ʘʫʘʤʝʥ ʙʽʨʛʝ ץʦʟסʘʣʫʜʳ ʞʘʣסʘʩʪʳʨʘʜʳ, ʘʣ ʦʣʘʨʜʘסʳ 

ʢʦʥʜʝʥʩʘʮʠʷʣʘʥסʘʥ ʩʫ ʪʘʤʰʳʣʘʨʳ ʘʨʘʣʘʩʳʧ, ʙʽʨ-ʙʽʨʽʥʝ ʞʘʙʳʩʳʧ, ʢᴇʣʝʤʽ ᴇʩʝʜʽ, 

ʥᴅʪʠʞʝʩʽʥʜʝ ʩʫ ʞʝʨ ʥʝʤʝʩʝ ʤײʭʠʪ װʩʪʽʥʜʝ ʞʘʫʳʥ-ʰʘʰʳʥ ʪװʨʽʥʜʝ ʪװʩʝʜʽ; ʤײʭʠʪ 

ʞʘʫʳʥ-ʰʘʰʳʥʥʘʥ ʛᴇʨʽ ʘʪʤʦʩʬʝʨʘסʘ ʢᴇʙʽʨʝʢ ʳʣסʘʣʜʳ ʙʫʣʘʥʜʳʨʘʜʳ, ʘʣ, ʞʝʨ, 

ʢʝʨʽʩʽʥʰʝ, ʦʜʘʥ ʙʫʣʘʥסʘʥʥʘʥ ʛᴇʨʽ ʞʘʫʳʥ-ʰʘʰʳʥʤʝʥ ʢᴇʙʽʨʝʢ ʘʣʘʜʳ. 

ʂʝʡʙʽʨ ʞʘʫʳʥ-ʰʘʰʳʥ ץʘʨ ʥʝʤʝʩʝ ʙײʨʰʘץ ,ץʘʨ ʞʘʫסʘʥ ʞʘשʙʳʨ ʪװʨʽʥʜʝ 

ʙʦʣʘʜʳ ʞᴅʥʝ ʤײʟʜʘʪʳʣסʘʥ ʩʫʜʳ ʙʽʨʥʝʰʝ ʘʡʜʘʥ ʦʥʜʘסʘʥ ʤʳש ʞʳʣסʘ ʜʝʡʽʥ 



62 

ʩʘץʪʘʡʪʳʥ ʤײʟʜʳץʪʘʨʜʘ ʞʠʥʘʣʫʳ ʤװʤʢʽʥ. ɹʽʨʘץ ʙײʣ ʬʦʨʤʘʜʘ ʜʘ ʘʪʤʦʩʬʝʨʘʤʝʥ 

ʤײʟʜʳש ʰʘʤʘʣʳ ʘʣʤʘʩʫʳ ʩʘץʪʘʣʘʜʳ: ʩʫʙʣʠʤʘʮʠʷ ʞײʤʳʩ ʽʩʪʝʡʜʽ. ʐᴇʛʽʥʜʽʣʝʨ 

ʘʡʤʘסʳʥʜʘסʳ ʪʝʤʧʝʨʘʪʫʨʘ ʢᴇʪʝʨʽʣʛʝʥ ʢʝʟʜʝ ʝʨʫ ʙʘʩʪʘʣʘʜʳ ʞᴅʥʝ ʩʫ ʦʩʳ ʢᴇʟʜʝʨ-

ʜʝʥ ʙʝʣʩʝʥʜʽ ʪװʨʜʝ ʰʳסʘʜʳ. 

ʉʫʜʳש ʢᴇʧ ʙᴇʣʽʛʽ ʘʪʤʦʩʬʝʨʘʜʘʥ ʞʘשʙʳʨ ʪװʨʽʥʜʝ ʦʨʘʣʘʜʳ. ɾʘʫʳʥ-ʰʘhʳʥ-

ʥʳש ʙʽʨ ʙᴇʣʽʛʽ ʪʦʧʳʨʘץץʘ ʞʝʪʧʝʡ, ᴇʩʽʤʜʽʢʪʝʨʜʽש ʞʘʧʳʨʘץʪʘʨʳʤʝʥ ײʩʪʘʣʘʜʳ. ײפʨ-

ʣʳץʪʘ ʙʽʨ ʨʝʪ ʩʫ ʤײʭʠʪʪʘʨסʘ ץʘʨʘʡ ʞʳʣʞʳʧ, ᴇʟʝʥʜʝʨ ʪװʨʽʥʜʝ ʞʝʨʛʝ ʘסʳʧ ʢʝʪʝʜʽ. 

ɹײʣ ʩʫʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʠʥʬʠʣʴʪʨʘʮʠʷ ʥᴅʪʠʞʝʩʽʥʜʝ ʞʝʨʛʝ ʩʽשʽʧ, ʪʝʨʝש ʝʥʽʧ, 

ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥʳש ʩʫʣʳ ץʘʙʘʪʪʘʨʳʥ ʪʦʣʳץʪʳʨʘʜʳ, ʦʣʘʨ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ 

ʪײʱʳ ʩʫʜʳ ʞʠʥʘʡʜʳ. ɾʝʨ ʘʩʪʳʥʜʘ, ʦʥʳש ʙʝʪʽʥʜʝʛʽ ʩʠʷץʪʳ, ʩʫ ʤʘʩʩʘʣʘʨʳʥʳש 

-ʘʣʘʜʳ. ɾʝʨ ʘʩʪʳ ʩʫʣʘסʦʟץ ʳʣʳץʦʨʥʳʥ ᴇʟʛʝʨʪʫ ʘʨ שʘʣʳʩʳ ʜʘ ʙʘʨ, ʘʣ ʩʫ ʦʥʳסʦʟץ

ʨʳ ʙײʣʘץʪʘʨ ʤʝʥ ʘʨʪʝʟʠʘʥ סשײʳʤʘʣʘʨʳ (ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳʥ ʪװʩʽʨʫ) ʪװʨʽʥʜʝ ʞʝʨ 

ʙʝʪʽʤʝʥ ʩʫ ʘʣʤʘʩʘʜʳ.  

ʉʫʜʳװ שʣʝʩʽ ʪʦʧʳʨʘץʪʘʥ, ʪʘסʳ ʜʘ ᴇʩʽʤʜʽʢʪʝʨʜʝʥ ʘʣʳʥʘʜʳ. 

ʋʘץʳʪ ᴇʪʝ ʢʝʣʝ ʮʠʢʣʜʳ ʞʘʣסʘʩʪʳʨʫ װʰʽʥ ʩʫ ʤײʭʠʪץʘ ʦʨʘʣʘʜʳ. 

ʊʘʙʠסʘʪʪʘ ʩʫ ʘʡʥʘʣʳʤʳʥʳש ʝʢʽ ʪװʨʽ ʙʘʨ: 

 ʨʽʥʜʝ ʞʝʨʛʝװʣʢʝʥ ʮʠʢʣ ï ʩʫ ʙʫʳ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʜʳ, ʞʘʫʳʥ-ʰʘʰʳʥ ʪת

ʪװʩʝʜʽ ʞᴅʥʝ װʰ ʥʝʛʽʟʛʽ ʙʘסʳʪץʘ ʙᴇʣʽʥʝʜʽ: ʙʽʨ ʙᴇʣʽʛʽ ʞʝʨ װʩʪʽ ʘסʳʥʳʥʘ ᴇʪʝʜʽ; 

ʝʢʽʥʰʽ ʙᴇʣʽʛʽ ʞʝʨʛʝ ʪװʩʝʜʽ (ʞʝʨ ʘʩʪʳ ʘסʳʩʳ), ʘʣ װʰʽʥʰʽ ʙᴇʣʽʛʽ ץʘʡʪʘʜʘʥ ʘʪʤʦ-

ʩʬʝʨʘסʘ ʙʫʣʘʥʘʜʳ. 

ʂʽʰʽ (ʤײʭʠʪʪʳץ) ʮʠʢʣ ï ʞʝʨ ʥʝʤʝʩʝ ʤײʭʠʪ ʙʝʪʽʥʝʥ ʙʫʣʘʥסʘʥ ʩʫ ץʘʡʪʘʜʘʥ 

ʤײʭʠʪץʘ ʘʪʤʦʩʬʝʨʘʣʳץ ʞʘʫʳʥ-ʰʘʰʳʥ ʪװʨʽʥʜʝ ʪװʩʝʜʽ. 
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʝʤ-
ʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʚʦʜʦʩʥʘʙʞʝʥʠʠ.  

 

This article discusses new technologies based on membrane technologies for water treat-
ment in centralized water supply. 

 
ɯʨʽ ץʘʣʘʣʘʨʜʘסʳ ʭʘʣʳץʪʳ ʩʘʧʘʣʳ ʘʫʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ï ʢװʨʜʝʣʽ 

 ʡʝʣʝʨʽʥʝװʘʥ ʩʫ ʞסʪʘʥʜʳʨʳʣץʳʥʘʥ ʦʨʪʘʣʳסʳʣʳʤʠ-ʪᴅʞʽʨʠʙʝʣʽʢ ʤʽʥʜʝʪ. ɹʽʨ ʞʘס
ʙʝʨʽʣʝʪʽʥ ʘʫʳʟ ʩʫʜʳש ʩʘʧʘʩʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʢװʰʝʡʪʽʣʫʜʝ. ɽʢʽʥʰʽ 
ʞʘסʳʥʘʥ, ץʦʣʜʘʥʳʩʪʘסʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ᴅʨʪװʨʣʽ ʩʝʙʝʧʪʝʨʤʝʥ ᴅʨץʘʰʘʥ ʪʘʧʩʳʨ-
ʤʘʥʳ ʞʝשʝ ʘʣʤʘʡʜʳ. ɹסײʘʥ ʪʘʙʠסʠ (ʩʫ ʪʘʩץʳʥʳ), ʵʢʦʣʦʛʠʷʣʳץ ʥʝʤʝʩʝ ʪʝʭʥʦʣʦ-
ʛʠʷʣʳץ (ʘʚʘʨʠʷʣʘʨ) ʬʘʢʪʦʨʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʪʘʙʠסʠ ʞᴅʥʝ ʪʘʟʘʨʪʳʣסʘʥ ʩʫ ʩʘʧʘ-
ʩʳʥʳש ʘʫʳʪץʫʳ, ʩʦʥʜʘʡ-ʘץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʝʣʽʣʝʨʽʥʽש ʞʘʡ-ʢװʡʽ ʞʘʪʘʜʳ. 

-ʦʣץ ,ʘhʤ, ʘʨʟʘʥץʘ, ʳשʧʝʨʩʧʝʢʪʠʚʪʽ, ʞʘ שʳʪʪʘ ʩʫʜʳ ʪʘʟʘʨʪʫʜʳץʘʟʽʨʛʽ ʫʘפ
ʜʘʥʫסʘ ʦשʘʡ ᴅʜʽʩʪʝʨʽʥ ʽʟʜʝʫʛʝ ʢᴇʙʽʨʝʢ ʢᴇשʽʣ ʙᴇʣʽʥʫʜʝ. ɸʫʳʟ ʩʫʜʳ ʪʘʟʘʨʪʫʜʳש 
ʦʩʳʥʜʘʡ ᴅʜʽʩʪʝʨʽʥʽץ שʘʪʘʨʳʥʘ ʤʝʤʙʨʘʥʘʣʳץ ᴅʜʽʩʪʝʨ ʞʘʪʘʜʳ: ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ 
ʞᴅʥʝ ʥʘʥʦʬʠʣʴʪʨʘʮʠʷ. ᴄʜʽʩʪʝʨʜʽש ʘʡʳʨʤʘʰʳʣʳסʳ ï ʩʫʜʳ ʪʘʟʘʨʪʫ ʜʝשʛʝʡʽʥʜʝ.  

ᴄʣʝʤʜʽʢ ʪᴅʞʽʨʠʙʝʜʝ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʝʣʽʩʽʥʝ ʙʝʨʽʣʝʪʽʥ ʩʫʜʳש ʩʘʧʘʩʳʥ 
ʘʨʪʪʳʨʫʜʳש ᴅʨʪװʨʣʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ᴅʟʽʨʣʝʫ ʞᴅʥʝ ץʦʣʜʘʥʫ ʪᴅʞʽʨʠʙʝʩʽ ʞʠ-
ʥʘץʪʘʣסʘʥ. ɼʝʛʝʥʤʝʥ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʦʣʘʨʜʳש ʘʨʟʘʥʜʳסʳʥʘ, ʞʠʥʘץʳʣʳסʳʥʘ ʞᴅ-
ʥʝ ʪʝʭʥʠʢʘʣʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫʜʽץ שʘʨʘʧʘʡʳʤʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʰʘץץʘ 
 .ʙʝʨʽʣʫʜʝ ץʰʳʣʳץᴅʜʽʩʪʝʨʛʝ ʢᴇʙʽʨʝʢ ʘʨʪʳ ץʤʽʪ ʘʨʪʘʪʳʥ ʤʝʤʙʨʘʥʘʣʳװ ʣʢʝʥװ

ʇʘʨʠʞʜʝ, ɸפʐ-ʪʳש, ʐʚʝʮʠʷʥʳש, ɻʦʣʣʘʥʜʠʷʥʳש ʙʽʨץʘʪʘʨ ץʘʣʘʣʘʨʳʥʜʘ 
ʩʫʜʳש ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫסʘ ʘʨʥʘʣסʘʥ ץʫʘʪʪʳʣʳסʳ 2000-ʥʘʥ 10000 ʤ3/ʩʘס ʙʦ-
ʣʘʪʳʥ ʽʨʽ ʤʝʤʙʨʘʥʘʣʳץ ʟʘʫʳʪʪʘʨʜʳ ʩʘʣʫ ʪᴅʞʽʨʠʙʝʩ ̔ʙʘʨ. çʂʣʘʩʩʠʢʘʣʳץè ʪʘʟʘʨʪʫ 
-ʧʘʪʦ שʳʣʳ ᴇʪʝʜʽ, ʥᴅʪʠʞʝʩʽʥʜʝ ʦʥʳץʳʣʘʨʳʥʘʥ ʢʝʡʽʥ ʩʫ ʤʝʤʙʨʘʥʘʣʘʨ ʘʨסʦʥʜʳʨץ
ʛʝʥʜʽʢ ʙʘʢʪʝʨʠʷʣʘʨʜʘʥ, ʚʠʨʫʩʪʘʨʜʘʥ ʞᴅʥʝ ʙʽʨץʘʪʘʨ ʝʨʽʛʝʥ ʭʣʦʨʦʨʛʘʥʠʢʘʣʳץ 
  .ʳʥʘ ʢʝʧʽʣʜʽʢ ʙʝʨʽʣʝʜʽסʦʩʳʣʳʩʪʘʨʜʘʥ ʪʘʟʘʣʳץ

-ʦץ שʳʟʜʳ ʘʩʧʝʢʪʽʩʽ ʩʫʜʳשʤʘ שʪʘʫ ʧʨʦʙʣʝʤʘʩʳʥʳץʩʫʤʝʥ ʞʘʙʜʳ ץʘʣʘʣʳפ
ʩʳʤʰʘ ʣʘʩʪʘʥʫʳʥ ʪʫʜʳʨʘʪʳʥ ץʘʣʘʣʳץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʝʣʽʣʝʨʽʥʽש ʞʘסʜʘʡʳ 
ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɼװʥʠʝʞװʟʽʣʽʢ ʞᴅʥʝ ʝʫʨʦʧʘʣʳץ ʪᴅʞʽʨʠʙʝʜʝ ץʘʣʘ ʩʫ ײץʙʳʨʳʥʘʥ ʢʝʣʝʪʽʥ ʩʫ-
ʜ  rʢʝʡʽʥʛʽ ʪʘʟʘʨʪʫ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘ ʙʘʩʪʘʜʳ. ʄʝʤʙʨʘʥʘʣʳץ ʞװʡʝʣʝʨ װʡʜʝʛʽ 
çʩʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʘè ʜʘ ץʦʣʜʘʥʳʣʘʜʳ. ɹײʣ ʢᴇʧʪʝʛʝʥ çʢʨʘʥʜʘסʳè ʞװʡʝʣʝʨ, ʘʩ-
ʭʘʥʘʣʘʨʜʘסʳ, ʤʝʡʨʘʤʭʘʥʘʣʘʨʜʘסʳ, ʘʫʨʫʭʘʥʘʣʘʨʜʘסʳ ʞᴅʥʝ ʪ.ʙ. ʘʫʳʟ ʩʫʜʳ ʪʘʟʘʨ-
ʪʫ ʞװʡʝʣʝʨʽ (1-ʩʫʨʝʪ) [1]. 

 
 

1-ʩʫʨʝʪ ï ʇᴅʪʝʨʜʝ, ʢʝשʩʝʜʝ, ʩʘʷʞʘʡʜʘ ʩʘʧʘʣʳ ʘʫʳʟ ʩʫʜʳ ʜʘʡʳʥʜʘʫסʘ 
ʘʨʥʘʣסʘʥ ʰʘסʳʥ ʩʪʘʥʮʠʷʣʘʨ 
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ʂᴇʧʪʝʛʝʥ ʦʙʲʝʢʪʽʣʝʨʜʝ ץʘʪʪʳʣʳץ, ʪʝʤʽʨ, ʙʘʢʪʝʨʠʷʣʘʨ ʞᴅʥʝ ʩʫʩʧʝʥʟʠʷ ʙᴇʣ-

ʰʝʢʪʝʨʽ ʙʦʡʳʥʰʘ ʘסʳʥ ʩʫʳʥʳײץ שʨʘʤʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ ʞʦסʘʨʳʣʘʜʳ. 

ɹײʣ ʤʝʜʠʮʠʥʘʣʳץ ʩʘʫʳץʪʳʨʫ ʦʨʪʘʣʳץʪʘʨʳ, ʵʣʠʪʘʣʳץ ʩʘʫʳץʪʳʨʫ ʢʣʫʙʪʘʨʳ, 

ʵʣʠʪʘʣʳץ ʪײʨסʳʥ װʡʣʝʨ, ʢʝשʩʝ סʠʤʘʨʘʪʪʘʨʳ. ʄײʥʜʘʡ ʦʙʲʝʢʪʽʣʝʨ װʰʽʥ ʩʫ ʪʘʩץʳ-

ʥʳʥʘ ʞᴅʥʝ ץʘʣʘʣʳץ ʪʘʟʘʨʪʫ ײץʨʳʣʳʩʪʘʨʳʥʳש ʞײʤʳʩʳʥʜʘסʳ ʘץʘʫʜʳש ʙʘʩץʘ ʩʝ-

ʙʝʧʪʝʨʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʩʫʜʳװ שʥʝʤʽ ʞʦסʘʨʳ ʩʘʧʘʩʳʥʘ ʢʝʧʽʣʜʽʢ ʙʝʨʝʪʽʥ ʘʚʪʦ-

ʥʦʤʜʳ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽ ץʦʣʜʘʥʳʣʘʜʳ [1]. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʳʩʪʳץ ʩʫʜʳש ʩʘʧʘʩʳʟʜʳסʳ ʞᴅʥʝ 

ʦʥʳ ʙʝʨʫʜʝʛʽ װʟʽʣʽʩʪʝʨ װʡʣʝʨ ʤʝʥ ʧᴅʪʝʨʣʝʨʜʝ ʳʩʪʳץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʘʚʪʦ-

ʥʦʤʜʳ ʞװʡʝʣʝʨʽʥ ײץʨʫסʘ ʤᴅʞʙװʨ ʝʪʝʜʽ, ʦʣʘʨʜʳ ʪʘʟʘʨʪʳʣסʘʥ ʞᴅʥʝ ʞײʤʩʘʨʪʳʣסʘʥ 

ʩʫʤʝʥ çʪʘʤʘץʪʘʥʜʳʨʫè ʢʝʨʝʢ. ʄײʥʜʘʡ ʞװʡʝʣʝʨʜʝ ʤʝʤʙʨʘʥʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʜʳ 

 .ʦʣʜʘʥʫ ʜʘʫʩʳʟ ᴅʩʝʨ ʙʝʨʝʜʽץ

ʄʝʤʙʨʘʥʘʣʘʨ ʥʝʛʽʟʽʥʝʥ ʩʫ ʤʦʣʝʢʫʣʘʣʘʨʳʥʘʥ ᴇʪʝʜʽ, ʤʦʣʝʢʫʣʘʣʘʨʳ ʩʫ ʤʦ-

ʣʝʢʫʣʘʣʘʨʳʥʘʥ װʣʢʝʥ ʙʦʣʘʪʳʥ ʙʘʨʣʳץ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳ ʩʘץʪʘʡʜʳ. ʉʦʥʜʘʡ-ʘץ, 

ʤʝʤʙʨʘʥʘʣʘʨʜʳ ʙʘʩʪʘʧץʳ ʩʫʜʳש ʢʝʟ ʢʝʣʛʝʥ ײץʨʘʤʳʤʝʥ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

ʉʦʥʜʳץʪʘʥ ʤʝʤʙʨʘʥʘʣʘʨ ʩʫʜʳ ʪʘʟʘʨʪʫ ʤᴅʩʝʣʝʩʽʥʽש ʪʠʽʤʜʽ, ʞʘʥ-ʞʘץʪʳ ʰʝʰʽʤʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɼʝʛʝʥʤʝʥ, ʤʝʤʙʨʘʥʘʣʘʨ ʘʨʘʩʳʥʜʘ ʘʡʳʨʤʘʰʳʣʳץʪʘʨ ʙʘʨ ʞᴅʥʝ 

ᴅʨʪװʨʣʽ ʤʝʤʙʨʘʥʘʣʘʨ ʪʘʟʘʨʪʳʣסʘʥ ʩʫʜʳש ʩʘʧʘʩʳʥʳש ʦסʘʥ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨסʘ 

ʙʘʨʳʥʰʘ ʜᴅʣ ʩᴅʡʢʝʩʪʽʛʽʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʩʫʜʳש ᴅʨʪװʨʣʽ ʪװʨʣʝʨʽʥʝ ʘʨʥʘʣסʘʥ. 

ʅײʨ-ʉײʣʪʘʥ ʩʫ ײץʙʳʨʳʥʳש ʩʫʳ, ʩʦʥʜʘʡ-ʘץ ʙʘʩץʘ ʜʘ ʢᴇʧʪʝʛʝʥ ʩʫ ײץʙʳʨʣʘ-

ʨʳ: ʉʝʤʝʡ, ᴆʩʢʝʤʝʥ, ɸʷʛᴇʟ ʞᴅʥʝ ʪ.ʙ., ᴇʟʝʥ ʩʫʳʥ (ʞʝʨ ʙʝʪʽʥ) ʪʘʟʘʨʪʫ ʘʨץʳʣʳ ʘʣʳ-

ʥʘʜʳ. ʄײʥʜʘʡ ʩʫʣʘʨ ᴅʜʝʪʪʝ ʪײʟ ײץʨʘʤʳ ʙʦʡʳʥʰʘ ʄʝʤʉʊ ʧʝʥ ɼɼױ ʪʘʣʘʧʪʘʨʳʥʘ 

ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʙʽʨʘץ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳש ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ʦʣʘʨʜʘ çʩʝʨ-

ʧʽʣʽʩʪʝʨè ʧʨʦʙʣʝʤʘʣʘʨʳ ʙʘʨ. ʉʦʥʜʳץʪʘʥ ʩʫʜʳ ʪʘʟʘʨʪʫ װʰʽʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ-

ʜʳ ʢʝʪʽʨʝʪʽʥ ʞᴅʥʝ ʠʦʥʜʳײץ ץʨʘʤʳʥ ʘʟ ᴇʟʛʝʨʪʝʪʽʥ ʝʨʽʛʝʥ ʪײʟ ʠʦʥʜʘʨʳʥ ʽʰʽʥʘʨʘ 

 .ʩʳʥʳʣʘʜʳײ ʦʣʜʘʥʫץ ʤʝʤʙʨʘʥʘʣʘʨʜʳ ץʪʘʡʪʳʥ ʥʘʥʦʬʠʣʴʪʨʘʮʠʷʣʳץʘʥʘ ʩʘס

ʄʝʤʙʨʘʥʘ ʪװʨʽʥ ʪʘשʜʘʫ ʪʘʟʘʨʪʳʣסʘʥ ʩʫʜʳש ʩʘʧʘʩʳʥʘ ץʦʡʳʣʘʪʳʥ ʪʘʣʘʧ-

ʪʘʨסʘ ʞᴅʥʝ ʘסʳʥʜʳ ʩʫʜʘסʳ ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʪװʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ɼʝʛʝʥʤʝʥ, 

ʙʘʨʣʳץ ʞʘסʜʘʡʣʘʨʜʘ װʡʜʝʛʽ ʩʫʜʳ ʪʘʟʘʨʪʫ ʞװʡʝʩʽʥʝ ʘʨʥʘʣסʘʥ ʤʝʤʙʨʘʥʘʣʘʨʜʳ 

ʪʘשʜʘסʘʥʜʘ, ʩʘʨʘʧʰʳʣʘʨʜʳש ʢʝשʝʩʽ ץʘʞʝʪ.  

 ʡʝʣʝʨ ᴇʪʝ ʪʘʥʳʤʘʣ ʞᴅʥʝ ʦʣʘʨʜʳװʤʠʥʠ-ʞ ץʡ ʤʝʤʙʨʘʥʘʣʳװ ʳʪʪʘץʘʟʽʨʛʽ ʫʘפ

ʞʠʽ ʩʘʪʳʣʳʤʜʘ ʢᴇʨʫʛʝ ʙʦʣʘʜʳ. ɼᴅʩʪװʨʣʽ ʪװʨʜʝ ʦʣʘʨ ʤʝʤʙʨʘʥʘʣʳץ ʩװʟʛʽʜʝʥ, 5-8 

ʣʠʪʨ ʪײʱʳ ʩʫʜʳ ץʘʤʪʠʪʳʥ ʪʘʟʘ ʩʫ ץʳʩʳʤʜʳ ʩʘץʪʘʫ ʳʜʳʩʳʥʘʥ ʞᴅʥʝ ʪʘʟʘ ʩʫ 

ʰװʤʝʛʽʥʝʥ ʪײʨʘʜʳ. 

 ʳʥ ʩʪʘʥʮʠʷʩʳʥ ʦʨʥʘʪʫסʥʜʘʡ ʰʘײʤ שʩʝʜʝ ʪʘʟʘ ʩʫʜʳשʡʜʝ ʥʝʤʝʩʝ ʢʝת

ʙᴇʪʝʣʢʝʜʝʛʽ ʩʫʜʳ ʩʘʪʳʧ ʘʣʫʜʘʥ ʛᴇʨʽ ʩʘʧʘʩʳ ʞʘסʳʥʘʥ ʜʘ, ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʳʥʘʥ 

ʜʘ ʙʘʩʳʤʜʳʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄײʥʜʘʡ ʩʫʜʳײץ שʥʳ 1 ʤ3 װʰʽʥ ʰʘʤʘʤʝʥ 1 

ʜʦʣʣʘʨʜʳ ײץʨʘʡʜʳ, ʷסʥʠ ʙᴇʪʝʣʢʝʜʝʛʽ ʩʫʜʘʥ ʰʘʤʘʤʝʥ 300 ʝʩʝ ʘʨʟʘʥ! 

ʄʝʤʙʨʘʥʘʣʘʨʜʳש ʞʦסʘʨʳ ʪʠʽʤʜʽʣʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʙʘʨʣʳץ ʩʘʨʘʧʰʳʣʘʨ 

ʦʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʦש ʙʘסʘʩʳʤʝʥ ʢʝʣʽʩʧʝʡʜʽ. ʉʦʥʳʤʝʥ, ʛʠʛʠʝʥʠʩʪʝʨ ʤʝʤ-

ʙʨʘʥʘʣʘʨ, ʘʪʘʧ ʘʡʪץʘʥʜʘ ʢʝʨʽ ʦʩʤʦʩ ʩʫʜʳ çʪʳʤ ʞʘץʩʳ ʪʘʟʘʨʪʘʜʳè ʜʝʧ ʩʘʥʘʡʜʳ, 

ʦʜʘʥ ᴇʤʽʨʛʝ ץʘʞʝʪʪʽ ʙʘʨʣʳץ ʪײʟʜʘʨ ʤʝʥ ʢʦʤʧʦʥʝʥʪʪʝʨʜʽ: ʢʘʣʴʮʠʡʜʽ, ʥʘʪʨʠʡʜʽ, 

ʬʪʦʨʜʳ ʞᴅʥʝ ʪ.ʙ. ʘʣʳʧ ʪʘʩʪʘʡʜʳ. ʐʳʥʳʥʜʘ ʜʘ, ʩʫ ʪײʟʜʘʨʳʥʘʥ ʙᴅʨʽʥ ʢʝʪʽʨʝʪʽʥ 

ʤʝʤʙʨʘʥʘʣʘʨ ʙʘʨ. 99%-סʘ, ʙʽʨʘץ ʪײʟʜʘʨʜʳ 50%-סʘ (2 ʝʩʝ) ʞᴅʥʝ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪ-
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ʪʘʨʜʳ 90-100%-סʘ ʢʝʪʽʨʝʪʽʥ ʙʘʩץʘ ʤʝʤʙʨʘʥʘʣʘʨ ʙʘʨ. ɼᴅʣ ʩʦʣʘʨʜʳ ʘסʳʥ ʩʫʜʳ ʪʘ-

ʟʘʨʪʫ װʰʽʥ ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ.  

ɹʘʩʪʘʧץʳ ʩʫʜʳש ʩʘʧʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ץʘʪʪʳʣʳץʪʳ, ʪʝʤʽʨʜʽ, ʬʪʦʨʠʜʪʝʨʜʽ, 

ʩʪʨʦʥʮʠʡʜʽ ʞᴅʥʝ ʪ.ʙ. ײץʨʘʤʳʥ ʙʽʨ ʤʝʟʛʽʣʜʝ ʘʟʘʡʪʫ װʰʽʥ ʦʥʳ ʪʘʟʘʨʪʫ װʰʽʥ ʫʣʴ-

ʪʨʘʬʠʣʴʪʨʘʮʠʷ ᴅʜʽʩʽʥ (ʪʝʢ ʪʝʤʽʨʜʽ ʢʝʪʽʨʫ װʰʽʥ) ʥʝʤʝʩʝ ʢʝʨʽ ʦʩʤʦʩ ʥʘʥʦʬʠʣʴʪʨʘ-

ʮʠʷ ᴅʜʽʩʽʥ ʪʘשʜʘʫסʘ ʙʦʣʘʜʳ. ɹʘʩʪʘʧץʳ ʩʫ ʪʘʟʘʨʪʳʣסʘʥ ʩʫʜʳש ʝש ʦשʪʘʡʣʳ ʩʘʧʘʩʳ 

ʘʨʥʘʡʳ ʞʘʩʘʣסʘʥ ʢʦʤʧʴʶʪʝʨʣʽʢ ʙʘסʜʘʨʣʘʤʘʥʳ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʢʦʤʧʴʶʪʝʨʣʽʢ 

ʦשʪʘʡʣʘʥʜʳʨʫ ʝʩʝʙʽʥʽש ʥʝʛʽʟʽʥʜʝ ץʦʣ ʞʝʪʢʽʟʽʣʝʜʽ. 

ᴆʥʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ ʤʝʤʙʨʘʥʘʣʳץ ʥʘʥʦʬʠʣʴʪʨʘʮʠʷʣʳץ ʞװʡʝʣʝʨ (20-ʜʘʥ 1000 

ʣ/ʪᴅʫʣʽʛʽʥʝ ʜʝʡʽʥ), ᴅʩʽʨʝʩʝ, ʧᴅʪʝʨʣʝʨʜʝ, ʩʘʷʞʘʡʣʘʨʜʘ, ʢʝשʩʝʣʝʨʜʝ, ʢᴅʩʽʧʦʨʳʥʜʘʨ-

ʜʳש ʪʘʤʘץ ᴇשʜʝʫ ʙᴇʣʽʤʰʝʣʝʨʽʥʜʝ, ʘʫʨʫʭʘʥʘʣʘʨʜʘ, ʜʝʤʘʣʳʩ ʦʨʪʘʣʳץʪʘʨʳʥʜʘ 

ʞᴅʥʝ ʪ.ʙ. ץʦʣʜʘʥסʘʥʜʘ ʪʠʽʤʜʽ [2]. 

 ʨʽʰʪʝװʩʭʝʤʘʩʳ ʢ ץʞʘʣʧʳ ʢᴇʨʽʥʽʩʽ ʤʝʥ ʪʝʭʥʦʣʦʛʠʷʣʳ שʳʣʘʨʜʳסʦʥʜʳʨפ

ʢᴇʨʩʝʪʽʣʛʝʥ. ʐʘסʳʥ ʘʫʜʘʥʜʘʨ ʤʝʥ ʞʝʢʝ סʠʤʘʨʘʪʪʘʨסʘ ʘʨʥʘʣסʘʥ ʩʫʜʳ װʪʽʢʪʝʫ 

ʩʪʘʥʮʠʷʣʘʨʳ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ץʘʡʪʘ ײץʨʫʜʳ ץʘʞʝʪ ʝʪʝʪʽʥʜʽʢʪʝʥ, ᴅʨץʘʰʘʥ ץʘʥʘ-

 ʡʣʝʨʜʽ ʥʝʤʝʩʝװ ʪʘʥ ʢᴇʧ ʧᴅʪʝʨʣʽץʤʳʩ ʽʩʪʝʡ ʙʝʨʤʝʡʜʽ. ʉʦʥʜʳײʪʘʡ ʞץʘʪʪʘʥʘʨʣʳס

ʞʘשʘ ʰʘסʳʥ ʘʫʜʘʥʜʘʨʜʳ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʤʝʤʙʨʘʥʘʣʳץ ץʦʥʜʳʨסʳ-

ʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ᴇʪʝ ʪʠʽʤʜʽ ʞᴅʥʝ ʪײʪʳʥʫʰʳʣʘʨʜʳ ʩʘʧʘʩʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ ץʘʫʧʽʥ ʞʦʷʜʳ. 

 

 
 

2-ʩʫʨʝʪ ï ᴆʥʽʤʜʽʣʽʛʽ ʪᴇʤʝʥ ʘʫʳʟ ʩʫʜʳ ʜʘʡʳʥʜʘʡʪʳʥ 

ʰʘסʳʥ ʩʪʘʥʮʠʷʩʥrʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʩʳ 

 

 ,ʳʩʳ, ʤʳʩʘʣʳסʦʥʜʳʨץ ʡʜʝ ʩʫ ʪʘʟʘʨʪʫװ ʘʥסʩʪʘʣײ ʩʳץʳ ʞʘסʘʟʽʨʛʽ ʟʘʤʘʥפ

-ʩʘ שʡ ʠʝʣʝʨʽʥ, ʥʝʛʽʟʽʥʝʥ, ʩʫʜʳת .ʘ ʘʡʥʘʣʜʳץʘʞʝʪʪʽ ʘʪʨʠʙʫʪץ ʪʳץʩʠʷ ץʘʟʘʥʜʳץ

ʧʘʩʳ ʥʘʰʘʨ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʽʩʪʝʥ ʰʳסʫʳ ʤװʤʢʽʥ ץʳʤʙʘʪ ʩʘʥʪʝʭʥʠʢʘʣʳײץ ץ-

ʨʳʣסʳʣʘʨʜʳש (ʩʘʥʪʝʭʥʠʢʘ, ʳʜʳʩ ʞʫסʳʰʪʘʨ, ʢʽʨ ʞʫסʳʰ ʤʘʰʠʥʘʣʘʨ, ץʘʟʘʥ-

ʜʳץʪʘʨ) ʢװʡʽ ʘʣʘשʜʘʪʘʜʳ. 

ʃʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʳש ʝʢʽ ʥʝʛʽʟʛʽ ʪװʨʽ ʙʘʨ: ʩʫʜʳ ץʳʟʘʨʪʳʧ, ʩʘʥʪʝʭʥʠʢʘʣʳץ 

-ʳʣʘסʨʳʣײץ ʘʣʜʳʨʘʪʳʥ ʪʝʤʽʨ ʞᴅʥʝ ʞʳʣʳʪʫץ ʪʘʨʜʳץʳʟʳʣ ʜʘץ ʳʣʘʨʜʘסʨʳʣײץ

ʨʳʥʜʘ ץʘץ ץʘʣʜʳʨʘʪʳʥ ץʘʪʪʳʣʳץ (ʢʘʣʴʮʠʡ). ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ װʡʛʝ ʝץ שʦʣʘʡ-
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ʣʳ ʞװʡʝʥʽ ʪʘשʜʘʫ ᴇʪʝ ʤʘשʳʟʜʳ. ʂʝʟ ʢʝʣʛʝʥ ʞװʡʝʥʽ ʪʘשʜʘʫ ʢʨʠʪʝʨʠʡʽ ᴅʜʝʪʪʝ ʵʢʦ-

ʥʦʤʠʢʘʣʳץ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʫʜʳ ʪʘʟʘʨʪʫ ײץʨʳʣסʳʣʘʨʳ ʩʘʣʘʩʳʥʜʘסʳ ʽʣʛʝʨʽʣʝ-

ʫʰʽʣʽʢ ʪʘʟʘʣʘʫ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʫ ʙʘסʳʪʳʥʜʘ ʝʤʝʩ, ʪʘʟʘʨʪʫ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫ 

ʙʘסʳʪʳʥʜʘ ʜʝʧ ʩʝʥʽʤʤʝʥ ʘʡʪʫסʘ ʙʦʣʘʜʳ [2].  

 

 
 

3-ʩʫʨʝʪ ï ʐʳʥʳ ʪʘʣʰʳץʪʘʥ, ʧʦʣʠʵʪʠʣʝʥʥʝʥ ʞᴅʥʝ ʧʦʣʠʧʨʦʧʠʣʝʥʥʝʥ ʞʘʩʘʣסʘʥ 

ʤʝʤʙʨʘʥʘʣʳץ ʵʣʝʤʝʥʪʪʝʨ ʥʝʛʽʟʽʥʜʝʛʽ ʘʫʳʩʪʳʨʳʣʘʪʳʥ ʙʣʦʢʪʘʨ 

 

ʉʫʜʳ ʣʘʩʪʘʥʫʜʘʥ ʪʘʟʘʨʪʫסʘ ʘʨʥʘʣסʘʥ ʤʝʤʙʨʘʥʘʣʳץ ץʦʥʜʳʨסʳʣʘʨ ᴅʤʙʝʙʘʧ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ʞʝʢʝ װʡʣʝʨʜʝ ץʦʣʜʘʥסʘʥʜʘ ᴇʪʝ ʪʠʽʤʜʽ. ʄײʥʜʘʡ ץʦʥ-

ʜʳʨסʳʣʘʨʜʳש çʞװʨʝʛʽè ʘʫʳʩʪʳʨʳʣʘʪʳʥ ʤʝʤʙʨʘʥʘʣʳץ ʙʣʦʢʪʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

(3-ʩʫʨʝʪ), ʦʣʘʨ ʞʳʣʳʥʘ 1-3 ʨʝʪ ʘʫʳʩʪʳʨʳʣʘʜʳ. ʄʝʤʙʨʘʥʘ ʙʽʨ ʤʝʟʛʽʣʜʝ ʩʫʜʘסʳ 

ʪʝʤʽʨ ʤʝʥ ʢʝʨʤʝʢʪʽʢʪʽ ʘʟʘʡʪʘʜʳ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʩʫʜʳײץ שʨʘʤʳʥʘ ץʘʨʘʤʘʩʪʘʥ 

ʞʘʣʧʳסʘ ʙʽʨʜʝʡ. ʉʦʥʜʳץʪʘʥ ʄᴅʩʢʝʫ ʦʙʣʳʩʳʥʜʘסʳ ʙʘʨʣʳץ ʥʳʩʘʥʜʘʨʜʘ ʙʽʨʜʝʡ 

ʘʫʳʩʪʳʨʳʣʘʪʳʥ ʙʣʦʢʪʘʨ ץʦʣʜʘʥʳʣʘʜʳ. ʄײʥʜʘʡ ʙʣʦʢ-ʤʦʜʫʣʴʜʽʢ ʞװʡʝʣʝʨ ʞװʟ-

ʜʝʛʝʥ ʥʳʩʘʥʜʘʨʜʳ ʘʫʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ: ʧᴅʪʝʨʣʝʨʜʝʥ, ʢʝשʩʝʣʝʨ ʤʝʥ 

ʢʦʪʪʝʜʞʜʝʨʜʝʥ ʜʝʤʘʣʳʩ װʡʣʝʨʽʥʝ, ʪʘʫʥʭʘʫʩʪʘʨסʘ ʞᴅʥʝ ʪײʪʘʩ ʘʫʳʣʜʘʨסʘ ʜʝʡʽʥ. 

ʉʫ ʪײʪʳʥʫ ʰʘʤʘʤʝʥ 1 ʤ3 / ʪᴅʫʣʽʛʽʥʝ ʙʽʨ ʞʝʢʝ װʡ װʰʽʥ ʤײʥʜʘʡ ʞװʡʝʥʽײץ שʥʳ (4-

ʩʫʨʝʪ). 1600-1800 ɸפʐ ʜʦʣʣʘʨʳʥ ײץʨʘʡʜʳ, ʘʣ ʦʥʳש ʞʳʣʜʳץ ץʳʟʤʝʪ ʢᴇʨʩʝʪʫ 

 .ʨʘʡʜʳ [3]ײץ ʐ ʜʦʣʣʘʨʳʥפʥʳ 100-ʜʝʥ 200 ɸײץ

 

 
 

4-ʩʫʨʝʪ ï ʐʘסʳʥ ʦʙʲʝʢʪʽʣʝʨʜʽ ʘʫʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ  

ʙʣʦʢ-ʤʦʜʫʣʴʜʽʢ ʪʠʧʪʽ ʤʝʤʙʨʘʥʘʣʳץ ץʦʥʜʳʨסʳʥʳש ʪʝʭʥʦʣʦʛʠʷʣʳץ ʩʭʝʤʘʩʳ 

 

ɽʥʜʽ ʝʰץʘʥʜʘʡ ʨʝʘʛʝʥʪ ʩʘʪʳʧ ʘʣʫʜʳץ שʘʞʝʪʽ ʞʦץ ʝʢʝʥʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, 

ʦʩʳ ʪʝʭʥʦʣʦʛʠʷ ʥʝʛʽʟʽʥʜʝ ʩʫʜʳ ʪʘʟʘʨʪʫ ײץʥʳʥ ʝʩʝʧʪʝʡ ʘʣʘʩʳʟ. ʉʘʣʳʩʪʳʨʫ װʰʽʥ: 

4 ʘʡʣʳץ ʞײʤʳʩ ʢʝʟʝשʽʥʜʝ ʩʪʘʥʜʘʨʪʪʳ ʞײʤʩʘʨʪץʳʰ 80-120 ʢʛ ʪײʟʜʳ, ʘʣ ʩʪʘʥ-

ʜʘʨʪʪʳ ʪʝʤʽʨʜʽ ʢʝʪʽʨʛʽʰ 7-10 ʢʛ ʢʘʣʠʡ ʧʝʨʤʘʥʛʘʥʘʪʳʥ ʞײʤʩʘʡʜʳ. ʊʘʟʘ ʩʫʜʳ 
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ʪײʪʳʥʫʜʳש ʤʘץʩʘʪʳ ʤʝʥ ʢᴇʣʝʤʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫ װʰʽʥ ʤʝʤʙʨʘ-

ʥʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʜʳ ᴅʨʪװʨʣʽ ʢʦʥʬʠʛʫʨʘʮʠʷʜʘסʳ ʩʧʣʠʪ ʞװʡʝʣʝʨ ʪװʨʽʥʜʝ ץʦʣ-

ʜʘʥʫסʘ ʙʦʣʘʜʳ: ʙװʢʽʣ װʡ װʰʽʥ, ʪʝʢ ʘʫʳʟ ʩʫʜʳ ᴇʥʜʽʨʫ װʰʽʥ, ʘʫʳʟ ʩʫ ʞᴅʥʝ ʞʫʫ 

 .ʰʽʥ. ʤʘʰʠʥʘ ʞᴅʥʝ ʪ.ʙ. [3]װ

-ʘʥʜʘʡ ʪʝʭʥʦʣʦʛʠʷʩʳ ʙʘץ שʰʽʥ ʩʫʜʳ ʪʘʟʘʨʪʫʜʳװ ʙʳʨʣʘʨʳײץ ʩʫ ץʘʣʘʣʳפ

ʣʘʤʘʣʘʨʳʥʘʥ ʙᴇʣʝʢʪʝʣʝʪʽʥʽʥ ʙʦʣʞʘʫ ץʠʳʥ, ʙʽʨʘץ ʤʝʤʙʨʘʥʘʣʳץ ץʦʥʜʳʨסʳʣʘʨʜʳ 

ʧʘʡʜʘʣʘʥʫ ʞʦסʘʨʳ ʩʘʧʘʣʳ ʩʫ ʘʣʫʜʘ ʞʦסʘʨʳ ʵʢʦʥʦʤʠʢʘʣʳץ ʪʠʽʤʜʽʣʽʢ ʙʝʨʝʪʽʥʽ 

ʩᴇʟʩʽʟ. 
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ɸʙʜʫʢʘʣʠʢʦʚʘ ɻ.ʄ., ʃ.ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽױʋ ʘסʘ ʦץʳʪʫʰʳʩʳ  

 

ʉʋʄɽʅ ɾɸɹɼʓפʊɸʋ ɾתʁɽʃɽʈɯʅɯר 

ʕʂʆʃʆɻʀʗʃʓפ פɸʋɯʇʉɯɿɼɯɻɯʅ ɸʈʊʊʓʈʋ 

 
ʉʫʜʳϬ ʣʘʩʪʘʥʫʳ Ϯʣʢʝʥ ʵʢʦʣʦʛʠʷʣʳϨ ʧʨʦʙʣʝʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙʽʨʘϨ ʪʘʟʘʨʪʫʜʳϬ 

ʟʘʤʘʥʘʫʠ ϸʜʽʩʪʝʨʽ ʦʥʳ ʰʝʰʧʝʡʜʽ. ɹϰʣ ʘʫʳʨ ʵʢʦʣʦʛʠʷʣʳϨ ʟʘʨʜʘʧʪʘʨϤʘ ϸʢʝʣʫʽ ʤϮʤʢʽʥ, Ϻʡʪʢʝʥʽ 

ʝʰʙʽʨ ʪʽʨʰʽʣʽʢ ʠʝʩʽ ʩʫʩʳʟ Ϻʤʽʨ ʩϮʨʝ ʘʣʤʘʡʜʳ. ʄϸʩʝʣʝʥʽ ʰʝʰʫ Ϯʰʽʥ ʣʘʩʪʘʥʫ ʢϺʟʜʝʨʽʥ ʞϸʥʝ 

ʦʣʘʨʜʳ ʰʝʰʫʜʽϬ ϨʦʣʜʘʥʳʩʪʘϤʳ ʪϸʩʽʣʜʝʨʽʥ ʘʥʳϨʪʘʫ Ϩʘʞʝʪ. 

ʆʩʳϤʘʥ ʩϮʡʝʥʝ ʦʪʳʨʳʧ, ʙϰʣ ʤʘϨʘʣʘʥʳϬ ʤʘϨʩʘʪʳ ï Ϩʘʟʽʨʛʽ ʤϸʩʝʣʝʣʝʨʜʽ ʢϺʨʩʝʪʽʧ ʞϸʥʝ 

ʦʣʘʨʜʳϬ ʰʝʰʫ ʞʦʣʜʘʨʳʥ ϰʩʳʥʫ. 

 

ɿʘʛʨʷʟʥʝʥʠʝ ʚʦʜʳ ï ʙʦʣʴʰʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ, ʥʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʯʠʩʪ-

ʢʠ ʝʝ ʥʝ ʨʝʰʘʶʪ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʝʟʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪʘʢ ʢʘʢ 

ʥʠ ʦʜʥʦ ʞʠʚʦʝ ʩʫʱʝʩʪʚʦ ʥʝ ʤʦʞʝʪ ʞʠʪʴ ʙʝʟ ʚʦʜʳ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ 

ʦʧʨʝʜʝʣʠʪʴ ʠʩʪʦʯʥʠʢʠ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʮʝʣʴ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ï ʧʦʢʘʟʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʙʣʝʤʳ ʠ ʧʨʝʜ-

ʣʦʞʠʪʴ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ. 

 

Water pollution is a big environmental problem, but modern methods of purification do not 

solve it. This can lead to serious environmental consequences, since no living creature can live 

without water. To solve the problem, it is necessary to identify the sources of pollution and existing 

ways to solve them. 

Based on this, the purpose of this work is to show the existing problems and suggest ways to 

solve them. 
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ʉʫʜʳש ʣʘʩʪʘʥʫʳ װʣʢʝʥ ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʙʽʨʘץ ʪʘ-

ʟʘʨʪʫʜʳש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʪʝʨʽ ʦʥʳ ʰʝʰʧʝʡʜʽ. ɹײʣ ʘʫʳʨ ʵʢʦʣʦʛʠʷʣʳץ ʟʘʨʜʘʧʪʘʨסʘ 

ᴅʢʝʣʫʽ ʤװʤʢʽʥ, ᴇʡʪʢʝʥʽ ʝʰʙʽʨ ʪʽʨʰʽʣʽʢ ʠʝʩʽ ʩʫʩʳʟ ᴇʤʽʨ ʩװʨʝ ʘʣʤʘʡʜʳ. ʄᴅʩʝʣʝʥʽ 

ʰʝʰʫ װʰʽʥ ʣʘʩʪʘʥʫ ʢᴇʟʜʝʨʽʥ ʞᴅʥʝ ʦʣʘʨʜʳ ʰʝʰʫʜʽץ שʦʣʜʘʥʳʩʪʘסʳ ʪᴅʩʽʣʜʝʨʽʥ 

ʘʥʳץʪʘʫ ץʘʞʝʪ. 

ʃʘʩʪʘʥʫסʘ ᴅʩʝʨ ʝʪʝʪʽʥ ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʜʳ ʢʝʣʝʩʽ ʪʦʧʪʘʨסʘ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ: 

ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץʪʘʨ. ʌʘʙʨʠʢʘʣʘʨʜʳש, ʟʘʫʳʪʪʘʨʜʳש, ʢʦʤʙʠʥʘʪʪʘʨʜʳש ᴇʥʜʽ-

ʨʽʩʪʽʢ ץʳʟʤʝʪʽʥʝʥ ʩʫʜʳש ʣʘʩʪʘʥʫʳ ʦʨʳʥ ʘʣʘʜʳ. ʉװʟʛʽʣʝʨ ʤʝʥ ʪʘʟʘʨʪʫ ʞװʡʝʣʝʨʽ 

ʣʘʩʪʘʫʰʳ ʟʘʪʪʘʨʜʘʥ ʪʦʣʳץ ʪʘʟʘʨʪʳʣʘ ʘʣʤʘʡʜʳ. 

ʉʫ ʙʘʩʩʝʡʥʜʝʨʽʥʽש ʩʘʨץʳʥʜʳ ʩʫʣʘʨʤʝʥ ʣʘʩʪʘʥʫʳ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝ-

ʣʝʨʽʥʽש ʵʢʦʣʦʛʠʷʣʳץ ץʘʫʽʧ ʪʫסʳʟʘʨʳ ʩᴇʟʩʽʟ. ʉʘʨץʳʥʜʳ ʩʫ ײץʨʘʤʳʥʜʘסʳ ʟʠʷʥʜʳ 

ʟʘʪʪʘʨ ʳʜʳʨʘʫ ʧʨʦʮʝʩʽʥʜʝ ʢᴇʧʪʝʛʝʥ ʧʘʪʦʛʝʥʜʽ ʤʠʢʨʦʘסʟʘʣʘʨסʘ ʪʽʨʰʽʣʽʢ ʝʪʝʜʽ. 

ʊʘʙʠסʠ ʩʫʤʝʥ ʘʜʘʤ ʘסʟʘʩʳʥʘ ʢʝʣʝʪʽʥ ʟʠʷʥʜʳ ʟʘʪʪʘʨ ʘʡʪʘʨʣʳץʪʘʡ ץʘʫʽʧ 

ʪᴇʥʜʽʨʝʜʽ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʪʘʙʠסʠ ʩʫ ץʦʨʣʘʨʳ ʨʘʜʠʦʘʢʪʠʚʪʽ ʟʘʪʪʘʨʤʝʥʜʝ ʣʘʩʪʘʥʫʳ ʜʘ 

ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʽʛʽʟʝʨʽ ʘʥʳץ. 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʘʚʘʨʠʷʣʘʨ ʞᴅʥʝ ʪʝʭʥʦʛʝʥʜʽʢ ʘʧʘʪʪʘʨ ʩʫʜʳש ʣʘʩʪʘʥʫʳʥʘ ᴅʢʝ-

ʣʝʜʽ. ɹײʣ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ץʘʣʜʳץʪʘʨʜʳ ʥʝʤʝʩʝ ץʘʫʽʧʪʽ ʞװʢʪʝʨʜʽ ʩʫ ʢᴇʣʽʛʽʤʝʥ ʪʘʩʳ-

ʤʘʣʜʘʫ, ʘʪʦʤ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʜʘסʳ ʞʘʨʳʣʳʩʪʘʨ, ʷʜʨʦʣʳץ ʩʳʥʘץʪʘʨ ʞᴅʥʝ 

ʪ.ʙ. ʥᴅʪʠʞʝʩʽʥʜʝ ʦʨʳʥ ʘʣʘʜʳ.  

ɸʫʳʣʰʘʨʫʘʰʳʣʳץ ʩʘʣʘʩʳʥʜʘ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʳשʘʡʪץʳʰʪʘʨ ʪʦʧʳʨʘץ 

ʘʨץʳʣʳ ʞʘשʙʳʨ ʩʫʣʘʨʳʤʝʥ ʙʽʨʛʝ ʞʝʨ ʘʩʪʳ ʩʫץʦʨʣʘʨʳʥ ʣʘʩʪʘʡʜʳ. ɾʝʨ ʘʩʪʳ 

ʢᴇʟʜʝʨʽ ʣʘʩʪʘʥʫ ʘʡʤʘסʳʥ ʢʝשʝʡʪʝ ʦʪʳʨʳʧ, ʞʝʨ װʩʪʽ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ײץʷʜʳ. ʆʨ-

ʛʘʥʠʢʘʣʳץ ʪʳשʘʡʪץʳʰʪʘʨ, ʬʝʨʤʝʨʣʝʨ ץʦʣʜʘʥʘʪʳʥ ʤʠʥʝʨʘʣʜʳ ץʦʩʧʘʣʘʨʜʘʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ, ʜײʨʳʩ ʤᴇʣʰʝʨʣʝʥʛʝʥ ʢʝʟʜʝ ʪʦʧʳʨʘץץʘ ʟʠʷʥ ʢʝʣʪʽʨʤʝʡʜʽ ʞᴅʥʝ 

ʙʽʨʘʟ ʫʘץʳʪʪʘʥ ʢʝʡʽʥ ʪʦʣʳסʳʤʝʥ ʳʜʳʨʘʡʜʳ ʞᴅʥʝ ʘʜʘʤʜʘʨ װʰʽʥ ʜʝ, ץʦʨʰʘסʘʥ 

ʪʘʙʠסʘʪ װʰʽʥ ʜʝ ץʘʫʽʧʩʽʟ ʙʦʣʘʜʳ.  

ɾʘʣʧʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʘʫʳʟ ʩʫʜʳש ʩʘʧʘʩʳʟ ʞᴅʥʝ ʩʘʥʠʪʘʨʣʳץ ʛʠʛʝʥʘʣʳץ 

ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʙʦʣʤʘʫʳ ʥʝʰʝ ʪװʨʣʽ ʘʫʨʫʣʘʨʜʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ᴅʢʝʣʝʜʽ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʫʜʳש ʩʘʧʘʣʳײץ ץʨʘʤʳʥʳש ʥʘʰʘʨʣʘʫʳ ʬʣʦʨʘ ʤʝʥ ʬʘʫʥʘ 

ᴇʢʽʣʜʝʨʽʥʽץ שʘʣʳʧʪʳ ᴇʤʽʨ ʩװʨʫʽʥʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ ʞᴅʥʝ ʩʫ ץʦʡʤʘʣʘʨʳʥʜʘ 

  .ʤʢʽʥװʘ ʝʥʽʧ, ʤʫʪʘʮʠʷʥʳ ʪʫʜʳʨʫʳ ʤסʟʘסʘʫʽʧʪʽ ʟʘʪʪʘʨ ʞʠʥʘʣʳʧ, ʪʽʨʽ ʘץ

ɾʝʨ װʩʪʽ ʪʘʙʠסʠ ʩʫʣʘʨʳʥʳש ʣʘʩʪʘʥʫʳ ʤᴅʩʝʣʝʩʽ ʧʣʘʥʝʪʘʥʳש ʘʫץʳʤʳʥʘ 

ʜʝʡʽʥ ᴇʩʽʧ ʦʪʳʨסʘʥ ʤᴅʩʝʣʝ. ʃʘʩʪʘʫʰʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʢᴇʧ ʙᴇʣʽʛʽ ʽʨʽ ʢᴅʩʽʧʦʨʳʥ-

ʜʘʨʜʳש ʘסʳʥʜʳ ʩʫʣʘʨʳʤʝʥ ʙʽʨʛʝ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ʪװʩʝʪʽʥʽ ʙʝʣʛʽʣʽ. ʊʘʙʠסʠ ʩʫ-

ʣʘʨʜʳ ʪʘʟʘʨʪʫʜʳש ʪʠʽʤʜʽ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʪʘʙʫ ʤᴅʩʝʣʝʥʽ ʰʝʰʫʜʽש ʙʽʨ ʞʦʣʳ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʩʫʘʪʪʘʨסʘ ʪʘʩʪʘʣʳʥʘʪʳʥ ʩʘʨץʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ ʩʫ 

ʰʘʨʫʘʰʳʣʳסʳʥʜʘ ʵʢʦʣʦʛʠʷʣʳץ ʧʨʦʙʣʝʤʘʣʘʨʜʳש ʰʝʰʫʜʽש ʥʝʛʽʟʛʽ ʬʘʢʪʦʨʣʘʨʳ-

ʥʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

ɸʜʘʤʥʳש ʩʘʥʘʩʳ ʪײʱʳ ʩʫʜʳש ʪʘʟʘʣʳסʳʥʘ ʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʫ ץʘʞʝʪ, ʩʝʙʝʙʽ 

ʩʫ ץʦʨʣʘʨʳʥ ʪʠʽʤʜʽ ץʦʣʜʘʫʜʳש ʪʠʽʤʜʽ ʬʘʢʪʦʨʣʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜ.r ɹʽʨʥʝʰʝ 

-ʛʝʡʽʥ ʝʜᴅʫʽʨ ʪᴇʤʝʥʜʝʪʫʛʝ ʢᴇשʣʘʩʪʘʥʫ ʜʝ שʪʘʫ ʩʫʜʳץʘʨʘʧʘʡʳʤ ʝʨʝʞʝʣʝʨʜʽ ʩʘץ

ʤʝʢʪʝʩʝʜʽ: ʩʘʨץʳʥʜʳ ʩʫʣʘʨʜʳ ץʘʡʪʘ ʧʘʡʜʘʣʘʥʫ; ʪײʨʤʳʩʪʳץ ץʘʣʜʳץʪʘʨʜʳ ʢᴅʨʽʟ 

ʞװʡʝʩʽʥʝ ʞʽʙʝʨʤʝʫ; ʤװʤʢʽʥʜʽʛʽʥʰʝ ʞʘץʳʥ ʤʘשʜʘסʳ ʩʫ ץʦʡʤʘʣʘʨʳ ʤʝʥ ʞʘסʘʞʘʡ-
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ʣʘʨʜʳ ץʦץʳʩʪʘʥ ʪʘʟʘʨʪʫ; ʩʠʥʪʝʪʠʢʘʣʳץ ʪʳשʘʡʪץʳʰʪʘʨʜʳ ץʦʣʜʘʥʙʘʫ; ᴇʥʝʨʢᴅ-

ʩʽʧʪʽʢ ʞᴅʥʝ ʪײʨʤʳʩʪʳץ ʩʘʨץʳʥʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ. 

ᴆʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʣʘʩʪʘʥסʘʥ ʩʘʨץʳʥʜʳ ʩʫʣʘʨʳʥ ᴇʟʝʥʜʝʨʛʝ 

ʪʘʟʘʣʘʧ ʪʘʩʪʘʫ.  

ʉʫ ʩʘʧʘʩʳʥ ʞʘץʩʘʨʪʫʜʳש ʥʘץʪʳ ʧʝʨʩʧʝʢʪʠʚʘʩʳ, ʩʦʥʜʘʡ-ʘץ ʭʘʣʳץʪʳש, 

ᴅʣʝʫʤʝʪʪʽʢ ʩʘʣʘ ʦʙ̡ʝʢʪʽʣʝʨʽʥʽש ʞᴅʥʝ ʪʘʤʘץ ᴇʥʝʨʢᴅʩʽʙʽ ʢᴅʩʽʧʦʨʳʥʜʘʨʳʥʳש ʩʫ 

ʪײʪʳʥʫʳʥ ʨʘʮʠʦʥʘʣʠʟʘʮʠʷʣʘʫʜʳש ʘʨʥʘʡʳ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ץʘʣʳʧʪʘʩʪr ʨʫ, ʰʘסʳʥ 

-ץʘʥ ʰʘʨʫʘʰʳʣʳסʪʘʥʜʳʨʳʣץʪʘʨʳʥ ʜʘ ʦʨʪʘʣʳץʘʣʘʣʘʨʜʳ ʞᴅʥʝ ʘʫʜʘʥ ʦʨʪʘʣʳץ

ʘʫʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʪʠʽʤʜʽ ʽʩ-ʰʘʨʘʣʘʨʜʳש ʙʽʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɸʫʳʣ ʪײʨסʳʥʜʘʨʳʥ ʘʫʳʟ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʧʨʦʙʣʝʤʘʣʘʨʳ, ʤײʥʜʘ 

ʪʽʨʰʽʣʽʢʪʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʜʝשʛʝʡʽ ץʘʣʘʣʳץץʘ ץʘʨʘסʘʥʜʘ ʪᴇʤʝʥ, ʞʘʡ ʰʠʝʣʝʥʽʩʽʧ 

-ʘ ʘʡʥʘʣʫʜʘ. ʉʦʥʳסʬʘʢʪʦʨ ץʪʘʨʜʘ ʜʝʧʦʧʫʣʷʮʠʷʣʳץʘʪʘʨ ʘʡʤʘץʦʡʤʘʡ, ʙʽʨץ ʘʥʘץ

ʤʝʥ ץʘʪʘʨ, ʘʫʳʣʜʳץ ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʽ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʝʨʝʢʰʝʣʽʛʽ, ץʘʣʘʣʳץ 

ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʝʥ ʘʡʳʨʤʘʰʳʣʳסʳ, ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʞװʡʝʣʝʨʤʝʥ ץʘʪʘʨ, ʽʨʽ 

ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʝ ʞʝʨ װʩʪʽ ʞᴅʥʝ ʞʝʨ ʘʩʪʳ ʩʫ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʘʪʳʥ ʞʝʨʛʽʣʽʢʪʽ ʩʫ 

ʢᴇʟʜʝʨʽ ʜʝ ʙʘʨ, ʘʣ ʙʽʨץʘʪʘʨ ʞʝʨʣʝʨʜʝ ʩʘʥʠʪʘʨʣʳץ-ʵʧʠʜʝʤʠʦʣʦʛʠʷʣʳץ ʪʘʣʘʧʪʘʨסʘ 

ʩᴅʡʢʝʩ ʢʝʣʤʝʡʪʽʥ ʪʘʩʳʤʘʣʜʘʥʘʪʳʥ ʩʫ ʜʘ ץʦʣʜʘʥʳʣʘʜʳ. 

ɸʫʳʣʜʳץ ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʽ ʩʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ ʞʝʨʛʽʣʽʢʪʽ ʪʘʟʘʨʪʫ 

 ʰʽʥװ ʤʳʩʘʣʳ, ʩʫʘʨʫ, ᴇʨʪ ʩᴇʥʜʽʨʫ ,ץʳʣʘʨʳʥʜʘ ʘʫʳʟ ʩʫ ʞᴅʥʝ ʪʝʭʥʠʢʘʣʳסʦʥʜʳʨץ

ʩʫ ʰʳסʳʥʳʥ ʙʘץʳʣʘʫסʘ ʙʦʣʘʜʳ. ʉʫ ʧʘʡʜʘʣʘʥʫʜʳ ʦʩʳʥʜʘʡ ʨʝʪʪʝʫ ʭʘʣʳץʪʳ ʘʫʳʟ 

ʩʫʤʝʥ ײʪʳʤʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʘʫʳʟ ʩʫ ʧʨʦʙʣʝʤʘʩʳʥ ʰʝʰʫʜʝ ʙʽʨʜʝʥ ʙʽʨ ʥʝʛʽʟʛʽ 

ʬʘʢʪʦʨʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʘʟʘ ʘʫʳʟ ʩʫ ʞʝʪʢʽʟʝʪʽʥ ʪʘʨʤʘץʪʘʣסʘʥ ʩʫʤʝʥ ʞʘʙ-

ʜʳץʪʘʫ ʞװʡʝʩʽʤʝʥ ʙʽʨ ʫʘץʳʪʪʘ ʵʢʦʥʦʤʠʢʘʣʳץ ʪײʨסʳʜʘʥ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʭʥʠʢʘʣʳץ 

ʩʫ ײץʙʳʨʳʥ ײץʨʫ ץʘʞʝʪ. ʉʫ ʜʘʡʳʥʜʘʫ ʧʨʦʮʝʩʽ ʞʘʣʧʳ ʘʣסʘʥʜʘ ץʳʤʙʘʪ ʽʩ-ʰʘʨʘ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳץʪʘʥ, ʩʫʘʨʫסʘ ʘʫʳʟ ʩʫʜʳש ʪʠʽʤʩʽʟ ʞײʤʩʘʣʫʳʥ ʪʝʭʥʠʢʘʣʳץ 

ʩʫ ʰʳסʳʥʳʤʝʥ ʘʣʤʘʩʪʳʨʫ ץʘʞʝʪ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʙײʣ ʤʘʪʝʨʠʘʣʜʳץ ʞᴅʥʝ ʵʥʝʨ-

ʛʠʷ ʨʝʩʫʨʩʪʘʨʳʥ װʥʝʤʜʝʫ ʨʝʟʝʨʚʽʥ ʢᴇʨʩʝʪʝʜʽ. 

ʂᴇʧʪʝʛʝʥ ʨʝʩʤʠ ײץʞʘʪʪʘʨʜʘ ʭʘʣʳץʪʳש, ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ, ʘʫʳʣ ʪײʨסʳʥ-

ʜʘʨʳʥʳש ʩʘʧʘʩʳʟ ʩʫʜʳ ʪײʪʳʥʫʳʥʳש ʵʢʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ʩʘʥʠʪʘʨʣʳץ-ʛʠʛʠʝʥʘʣʳץ 

ʪײʨסʳʜʘʥ ʞʘסʳʤʩʳʟ ʩʘʣʜʘʨʳʥ ᴅʣʩʽʨʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ʰסײʳʣ ʤʽʥʜʝʪʪʝʨ ʪʽʟʽʤʽ 

 .ʘʥסʘʨʘʩʪʳʨʳʣץ

-ʘʨʘʩʪʳץ ʞʦʣʜʘʨʳʥ שʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʘʫʳʟ ʩʫʜʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥʫʜʳפ

ʨʳʧ, װʥʝʤʜʝʡ ʙʽʣʫʽʤʽʟ ʢʝʨʝʢ. ʂʝʣʝʰʝʢʪʝ ʘʫʳʟ ʩʫסʘ ʩײʨʘʥʳʩʪʳש ʞʦסʘʨʳ ʙʦʣʘʨʳ 

ʘʥʳץ, ʩʦʥʳש ᴅʩʝʨʽʥʝʥ ʩʫ ʪʘʧʰʳʣʳסʳ ʦʨʳʥ ʘʣʫʳ ʤװʤʢʽʥ. 

 ʛʝʡʛʝ ʞʝʪʝʪʽʥʽʥʝשʘʫʽʧʪʽ ʜʝץ ʣʘʩʪʘʥʫ ʧʨʦʙʣʝʤʘʩʳ שʳʪʪʘ ʩʫʜʳץʘʟʽʨʛʽ ʫʘפ

 ʰʽʥװ ʠʷʪ ʙʦʣʫץײʘ ʤץʘʪסʰʽʥ ᴅʨ ʘʜʘʤ ʪʘʙʠװ ʘʨʘʤʘʩʪʘʥ, ʦʥʳ ʰʝʰʫʛʝ ʙʦʣʘʜʳ. ʆʣץ

ʙʽʨʘʟ ʢװʰ ʩʘʣʫʳ ʢʝʨʝʢ. 
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʈɽʐɽʅʀʗ 

ɺ ʇʈʆʎɽʉʉɽ ʊɽʇʃʆʉʅɸɹɾɽʅʀʗ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʘʚʦʚʳʝ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʫʩʣʦ-

ʚʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʭ ʢʦʤʧʘʥʠʡ, ʚʢʣʶʯʘʷ ʘʩʧʝʢʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟ-

ʦʧʘʩʥʦʩʪʠ. ʆʧʠʩʘʥʳ ʦʪʜʝʣʴʥʳʝ ʠʥʥʦʚʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦ-

ʩʪʘʚʢʠ ʪʝʧʣʘ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ IT-ʠʥʩʪʨʫʤʝʥʪʳ, ʫʣʫʯʰʘʶʱʠʝ ʫʧʨʘʚʣʝ-

ʥʠʝ ʩʠʩʪʝʤʦʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 

 

ʄʘϨʘʣʘʜʘ ʵʥʝʨʛʝʪʠʢʘʣʳϨ Ϩʘʫʽʧʩʽʟʜʽʢ ʘʩʧʝʢʪʽʣʝʨʽʥ Ϩʦʩʘ ʘʣϤʘʥʜʘ, ʞʳʣʫ ʢʦʤʧʘʥʠʷʣʘʨʳ-

ʥʳϬ ʞϰʤʳʩ ʽʩʪʝʫʽʥʽϬ ϨϰϨʳϨʪʳϨ, ʩʦʥʜʘʡ-ʘϨ ʪʝʭʥʠʢʘʣʳϨ ʞϸʥʝ ʵʢʦʥʦʤʠʢʘʣʳϨ ʰʘʨʪʪʘʨʳ 

Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. ɾʳʣʫ Ϻʥʜʽʨʫ ʞϸʥʝ ʙʝʨʫ ʧʨʦʮʝʩʽʥʜʝ Ϩʦʣʜʘʥʳʣʘʪʳʥ ʞʝʢʝ ʠʥʥʦʚʘʮʠʷʣʘʨ, 

ʩʦʥʜʘʡ-ʘϨ ʞʳʣʫ ʞϮʡʝʩʽʥ ʙʘʩϨʘʨʫʜʳ ʞʘϨʩʘʨʪʘʪʳʥ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ IT-

Ϩϰʨʘʣʜʘʨʳ ʩʠʧʘʪʪʘʣϤʘʥ. 

 

The article discusses legal as well as technical and economic conditions for the operation of 

heating companies, including aspects of energy security. Selected innovations used in the process of 

heat production and supply have been described as well as modern technologies and IT tools that 

improve management of heating system. 

 

ʊʝʧʣʦʵʥʝʨʛʝʪʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʞʠʟʥʝʥʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʦʙʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʷʚʣʷʷʩʴ ʚʘʞʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦ-

ʥʦʤʠʢʠ. ɺʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ ʪʝʧʣʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʮʝʥʪʨʘʣʠʟʦʚʘʥ-

ʥʳʭ ʠʩʪʦʯʥʠʢʘʭ (ʪʝʧʣʦʚʘʷ ʩʠʩʪʝʤʘ). 

ʇʨʦʮʝʩʩ ʧʦʜʘʯʠ ʪʝʧʣʘ ʧʦʪʨʝʙʠʪʝʣʷʤ ʧʨʦʠʩʭʦʜʠʪ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʪʝʧʣʦ-

ʩʥʘʙʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʝʝ:  

¶ ʪʝʧʣʦʛʝʥʝʨʠʨʫʶʱʠʝ ʠʩʪʦʯʥʠʢʠ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʪʝʧʣʦ, ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʝʝ ʥʫʞʥʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ;  

¶ ʪʝʧʣʦʚʳʝ ʩʝʪʠ, ʧʦʩʪʘʚʣʷʶʱʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʧʦʣʫʯʘʪʝʣʷʤ; 

¶ ʪʝʧʣʦʚʳʝ ʫʟʣʳ, ʧʨʝʦʙʨʘʟʫʶʱʠʝ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ; 

¶ ʚʥʫʪʨʠʜʦʤʦʚʳʝ ʫʩʪʘʥʦʚʢʠ, ʩʥʘʙʞʘʶʱʠʝ ʦʪʜʝʣʴʥʳʭ ʧʦʣʫʯʘʪʝʣʝʡ ʪʝʧ-
ʣʦʤ. 

ʊʝʢʫʱʠʝ ʧʨʘʚʦʚʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ 

ʪʝʧʣʦʚʳʭ ʢʦʤʧʘʥʠʡ ʪʨʝʙʫʶʪ ʟʘʪʨʘʪ, ʠʥʚʝʩʪʠʮʠʡ ʚ ʤʦʜʝʨʥʠʟʘʮʠʶ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. ʕʪʠ ʜʝʡʩʪʚʠʷ ʢʘʩʘʶʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʘ, ʵʢʦʥʦʤʠʯʥʳʭ ʤʝʪʦʜʦʚ ʝʛʦ 

ʧʝʨʝʜʘʯʠ, ʘ ʪʘʢʞʝ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʚ 

ʢʦʤʧʘʥʠʷʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʢʘʩʘʶʪʩʷ ʜʚʫʭ ʦʙʣʘʩʪʝʡ: ʪʝʭʥʠ-

ʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ.  
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ɼʝʪʝʨʤʠʥʘʥʪʳ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʊʝʧʣʦʩʥʘʙʞʝʥʠʝ ï ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴ ʤʥʦʞʝ-

ʩʪʚʦ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʡ, ʵʢʦʣʦʛʠʠ ʠ ʵʢʦʥʦʤʠʢʠ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʨʷʜʘ ʫʛʨʦʟ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ɼʣʷ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʭʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʪʝʧʣʝ ʜʣʷ ʦʪʦʧʣʝʥʠʷ ʧʦʤʝ-

ʱʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʪʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ ʚ ʛʦʜʫ (ʦʪʦʧʠʪʝʣʴʥʳʡ 

ʩʝʟʦʥ). ʂʨʦʤʝ ʪʦʛʦ, ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʚ ʪʝʯʝʥʠʝ 

ʦʪʦʧʠʪʝʣʴʥʦʛʦ ʩʝʟʦʥʘ, ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʦʩʦʙʝʥʥʦ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʦʣʞ-

ʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʛʠʙʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʜʝʞʥʦʩʪʴ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʵʢʦ-

ʥʦʤʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʚ ʩʠʩʪʝʤʘʭ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʦʩʥʦʚʥʦʤ 

ʚʣʠʷʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ: ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʩʪʴ ʩʧʨʦʩʘ (ʪʝʢʫʱʝ-

ʛʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ), ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʝʝ ʥʘʜʝʞʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʝʧʣʦʩʥʘʙ-

ʞʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʦʣʠʪʠʢʠ ʩʪʨʘʥʳ, ʧʨʦʚʦʜʠʤʦʡ ʚ ʨʘʤʢʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʩʪʚʘ ɽʚʨʦ-

ʧʝʡʩʢʦʛʦ ʉʦʶʟʘ.  

 

ʆʪʜʝʣʴʥʳʝ ʠʥʥʦʚʘʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ 

ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʠ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʡ ʚ ʦʪʦʧʠʪʝʣʴʥʳʭ 

ʢʦʤʧʘʥʠʷʭ ʚʳʪʝʢʘʶʪ ʠʟ ʫʩʣʦʚʠʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʳʥʢʘ (ʩʥʠʞʝʥʠʝ ʟʘʢʘʟʘʥʥʦʡ 

ʤʦʱʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʪʝʧʣʘ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʟʚʠʪʠʝ ʚʦʟʦʙʥʦʚʣʷ-

ʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ) ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʜʦʩʪʘʚʢʠ ʪʝʧʣʘ. ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʩʠʩʪʝʤʳ ʮʝʥʪʨʘ-

ʣʠʟʦʚʘʥʥʦʡ ʪʝʧʣʦʚʦʡ ʩʝʪʠ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʟʘ ʩʯʝʪ: 

¶ ʩʥʠʞʝʥʠʷ ʧʦʪʝʨʴ ʧʨʠ ʧʝʨʝʜʘʯʝ ʪʝʧʣʘ ʠʟ ʪʝʧʣʦʧʨʦʚʦʜʦʚ; 

¶ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʪʨʫʙʦʧʨʦʚʦʜʥʳʭ ʩʠʩʪʝʤ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ); 

¶ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʩʢʦʣʴʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ ʜʣʷ ʦʙʲʝʜʠʥʝʥʥʦʡ ʩʝʪʠ ʚ 

ʩʠʩʪʝʤʝ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ; 

¶ ʚʥʝʜʨʝʥʠʝ IT-ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʧʨʦʩʘ ʥʘ ʪʝʧʣʦ ʚ ʢʨʘʪ-

ʢʦʩʨʦʯʥʦʡ (ʧʦ ʧʨʦʛʥʦʟʫ ʧʦʛʦʜʳ) ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ, ʩʦʟʜʘʥʠʝ ʩʠʩʪʝʤ 

ʢʦʛʝʥʝʨʘʮʠʠ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ (ʊʕʎ) ʥʘ ʦʩʥʦʚʝ ʩʧʨʦʩʘ ʥʘ ʧʨʠ-

ʛʦʜʥʫʶ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʷʯʫʶ ʚʦʜʫ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʨʝʟʝʨʚʫʘʨʦʚ (ʦʩʦʙʝʥʥʦ ʥʘ ʪʝʧʣʦʵʣʝʢʪʨʦʩʪʘʥ-
ʮʠʷʭ) ʜʣʷ ʙʘʣʘʥʩʠʨʦʚʘʥʠʷ ʢʦʣʝʙʘʥʠʡ ʩʧʨʦʩʘ ʥʘ ʪʝʧʣʦ. 

ʀʥʥʦʚʘʮʠʠ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʠ ʢʘʩʘʶʪʩʷ ʜʚʫʭ ʦʙʣʘʩʪʝʡ: 

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʜʘʯʠ 

ʪʝʧʣʘ. ʊʠʧʠʯʥʳʝ ʠʥʥʦʚʘʮʠʠ, ʚʥʝʜʨʝʥʥʳʝ ʚ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʭ ʢʦʤʧʘʥʠʷʭ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʊʘʙʣʠʮʘ 1 ï ʊʠʧʠʯʥʳʝ ʠʥʥʦʚʘʮʠʠ ʚ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʭ ʢʦʤʧʘʥʠʷʭ 

ʊʝʭʥʠʯʝʩʢʘʷ ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ 
ʋʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʪʝʧʣʘ ʠ 

ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 
ʚ ʚʠʜʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʨʫʙ 

ʩ ʩʠʩʪʝʤʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ; 

¶ ʤʦʜʠʬʠʢʘʮʠʷ ʪʝʧʣʦʚʦʡ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ; 

¶ ʤʝʪʦʜ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨ-
ʛʠʠ ʠ ʭʦʣʦʜʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ; 

¶ ʚʥʝʜʨʝʥʠʝ ʪʦʧʣʠʚʘ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʢʦʣʦ-
ʛʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ; 

¶ ʩʝʪʴ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ; 

¶ ʪʝʭʥʦʣʦʛʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ 

ʪʝʧʣʦ. 

¶ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʧʣʦʚʳʭ ʧʦʜʩʪʘʥʮʠʡ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ ʪʝʣʝʪʨʘʥʩʣʷʮʠʠ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʦʡ ʩʝ-

ʪʠ; 

¶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ IT-ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʦʧ-

ʪʠʤʠʟʘʮʠʠ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʙʦʪʳ ʩʝʪʠ, ʧʨʠ-

ʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʩ ʫʯʝʪʦʤ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ; 

¶ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ 

ʫʧʨʘʚʣʝʥʠʝ ʙʠʟʥʝʩʦʤ; 

¶ ʨʳʥʦʯʥʳʝ ʤʦʜʝʣʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ, ʩʥʘʙʞʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʦʪʦʧʣʝʥʠʷ. 

 

ʀʥʥʦʚʘʮʠʦʥʥʳʝ ʨʝʰʝʥʠʷ ʚ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʛʝʥʝʨʘʮʠʠ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝ-

ʥʠʷʤʠ ʚ ʩʧʦʩʦʙʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʧʣʘ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʦʭʣʘʞʜʝʥʠʷ, ʚʥʝʜʨʝʥʠ-

ʝʤ ʪʦʧʣʠʚʘ ʩ ʤʝʥʴʰʝʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʧ-

ʣʦʘʢʢʫʤʫʣʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ. ɺ ʧʝʨʝʜʘʶʱʝʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʪʨʫʙ ʩ ʫʩʪʘʥʦʚʢʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ ʚ ʦʙ-

ʱʝʡ ʠʟʦʣʷʮʠʦʥʥʦʡ ʦʙʦʣʦʯʢʝ. 

 
 

ʈʠʩ. ï ʉʦʚʨʝʤʝʥʥʘʷ IT-ʩʠʩʪʝʤʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ  

ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʦʪʦʧʣʝʥʠʷ 

 

ɺ ʦʙʣʘʩʪʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʝʨʝʜʘʯʠ ʪʝʧʣʘ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʝ ʠʥʥʦʚʘʮʠʠ ʦʧʠʨʘʶʪʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ IT-ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʩʠʩʪʝʤ ʪʝ-

ʣʝʪʨʘʥʩʣʷʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʘʢʝʪʦʚ 
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ʪʠʧʘ SCADA ʧʦʟʚʦʣʷʝʪ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʜʠʩʪʘʥ-

ʮʠʦʥʥʦ ʫʧʨʘʚʣʷʪʴ ʨʘʙʦʪʦʡ ʦʪʜʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʦʙʣʝʛ-

ʯʘʶʪ ʪʝʢʫʱʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʚʳʰʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʧ-

ʨʘʚʣʝʥʠʷ ʩʝʪʴʶ. ɺʥʝʜʨʝʥʠʝ ʧʨʦʛʨʘʤʤʥʳʭ ʧʘʢʝʪʦʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʪʝʧʣʦ-

ʵʥʝʨʛʝʪʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʦʪʦʧ-

ʣʝʥʠʷ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʦʩʪʦʷ-

ʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʉʪʨʫʢʪʫʨʘ ʩʦʚʨʝʤʝʥʥʦʡ IT-ʩʠʩʪʝʤʳ 

ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʦʡ ʦʪʦʧʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʮʝʩʩʫ ʫʧʨʘʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʩʬʝʨʝ ʦʪʦʧ-

ʣʝʥʠʷ ʜʦʣʞʝʥ ʚʢʣʶʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ, ʥʦ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʳʝ ʨʝʰʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʟʤʝʥʝʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ ʩʪʨʘʥʳ, ʪʨʝʙʦʚʘʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʦʡ ʧʦʣʠʪʠʢʠ, ʪʝʥʜʝʥʮʠʠ ʠʟʤʝʥʝʥʠʷ ʩʧʨʦʩʘ ʥʘ ʪʝʧʣʦ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʦ-

ʚʳʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʜʘʚʣʝʥʠʝ ʥʘ ʪʝʧʣʦʩʥʘʙʞʘʶʱʠʝ ʢʦʤʧʘ-

ʥʠʠ ʩ ʮʝʣʴʶ ʚʥʝʜʨʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʇʨʘʚʠʣʴʥʘʷ ʦʮʝʥʢʘ 

ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʡ ʚ ʩʧʨʦʩʝ ʥʘ ʪʝʧʣʦ (ʨʘʟʚʠʪʠʝ ʤʠʢʨʦʛʝʥʝʨʘ-

ʮʠʠ ʠ ʧʦʪʨʝʙʠʪʝʣʴʩʢʦʡ ʵʥʝʨʛʝʪʠʢʠ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʬʘʢʪʦʨʦʤ 

ʜʣʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʅʝ-

ʦʙʭʦʜʠʤʦʝ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʠ ʩʥʠʞʝʥʠʷ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ʛʝʥʝʨʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʷ 

ʨʝʘʣʠʩʪʠʯʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʩʧʨʦʩʘ ʥʘ ʪʝʧʣʦ, ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʫʩʣʫʛ (ʩʥʘʙʞʝʥʠʝ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʠ ʭʦ-

ʣʦʜʥʦʡ ï ʩʠʩʪʝʤʳ ʊʕʎ). ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʫʧʨʘʚʣʝʥʠʷ ʩʝʪʷʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʚʥʝʜʨʝʥʠʝʤ IT-ʠʥʩʪʨʫʤʝʥʪʦʚ, ʧʦʜʜʝʨ-

ʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʢʦʤʧʘʥʠʷʭ. 
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ɾʘʫʳʥʙʘʡ ᴄ.ɸ., ʃ.ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽױʋ ʀɾʞɾ-33 ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ  
ʋʪʝʧʙʝʨʛʝʥʦʚʘ ʃ.ʄ., ʃ.ʅ. ɻʫʤʠʣʝʚ ʘʪʳʥʜʘסʳ ɽױʋ ʜʦʮʝʥʪ ̔ʤ.ʘ.  

 

ʊɸɹʀנʀ ʉʋɼʓ ʆʈɻɸʅʀʂɸʃʓפ ʃɸʉʊɸʅʋɼɸʅ 

ᴆרɼɽʋɼɯר ʄɸרʓɿɼʓʃʓנʓ 
 
ɹϰʣ ʤʘϨʘʣʘʜʘ ʘʥʪʨʦʧʦʛʝʥʜʽʢ ʘʨʘʣʘʩʫʜʳϬ ϸʩʝʨʽʥʝʥ ʪʘʙʠϤʠ ʩʫʣʘʨʜʳϬ ʣʘʩʪʘʥʫ ʞʦʣʜʘ-

ʨʳ, ʥʝʛʽʟʛʽ ʧʨʦʙʣʝʤʘʣʘʨʳ ʞϸʥʝ ʣʘʩʪʘʥʫʜʳϬ ʘʣʜʳʥ-ʘʣʫ ʰʘʨʘʣʘʨʳ Ϩʘʨʘʩʪʳʨʳʣʜʳ. ʊʘʙʠϤʠ ʩʫ-
ʜʳ ʦʨʛʘʥʠʢʘʣʳϨ ʣʘʩʪʘʥʫʜʘʥ ϺϬʜʝʫʜʽϬ ʤʘϬʳʟʜʳʣʳϤʳ ʪʘʣϨʳʣʘʥʜʳ.  

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʫʪʠ ʟʘʛʨʷʟʥʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʧʦʜ ʚʦʟʜʝʡ-

ʩʪʚʠʝʤ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʚʤʝʰʘʪʝʣʴʩʪʚʘ, ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʠ ʤʝʨʳ ʠʭ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠ 
ʟʥʘʯʠʤʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. 

 
This article discusses the ways of pollution of natural waters under the influence of anthro-

pogenic interference, the main problems and measures to prevent them. And the importance of 
treating natural water from organic pollution. 

 
ɸʜʘʤ ᴇʤʽʨʽ װʰʽʥ ʩʫ ʘʫʘʤʝʥ ץʘʪʘʨ ʤʘשʳʟʜʳ ʵʣʝʤʝʥʪʪʝʨʜʽש ʙʽʨ ʙʦʣʳʧ ʪʘʙʳ-

ʣʘʜʳ. ᴆʡʪʢʝʥʽ, ʘʜʘʤ 70%-ʜʘʥ ʘʩʪʘʤ ʩʫʜʘʥ ʪײʨʘʜʳ, ʦʥʩʳʟ ᴇʪʝ ץʳʩץʘ ʫʘץʳʪ ᴇʤʽʨ 
ʩװʨʝʜʽ. ɹװʛ̔ʥʛʽ ʢװʥʽ ʩʫʜʳץ שʦʣʜʘʥʳʩʳ ᴇʪʝ ʘʫץʳʤʜʳ. ɹײʣ ʞʘʡ סʘʥʘ ʰᴇʣʜʽ ʙʘʩʫ 
-ʙʘʨ שʩʘʨʫʳ, ʜʝʥʝʥʽץʞʘ שʳʥʳסʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʞʘʣʧʳ ʘʜʘʤ ʜʝʥʩʘʫʣʳס
ʣʳץ ʞװʡʝʣʝʨʽʥʽש ʞײʤʳʩʳʥ ʽʩʢʝ ץʦʩʫʰʳʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʂװʥʜʝʣʽʢʪʽ ʪײʪʳ-
ʥʫʜʘʥ ʙᴇʣʝʢ, ʘʜʘʤ ʙʘʣʘʩʳ ʩʫʜʳ ʪײʨʤʳʩʪʘ ʜʘ, ᴇשʜʽʨʽʩʪʝ ʜʝ, ʪʘʩʳʤʘʣʜʘʫʰʳ 
ʬʫʥʢʮʠʷ ʨʝʪʽʥʜʝ ʜʝ ʢʝשʽʥʝʥ ץʦʣʜʘʥʘʜʳ. ʆʥʳש ʘʜʘʤ ᴇʤʽʨʽʥʝ ᴅʩʝʨʽʥ ʘʩʳʨʘ 
ʙʘסʘʣʘʫ ʤװʤʢʽʥ ʝʤʝʩ ʜʝʧ ʙʽʣʝʤʽʥ. 

ɸʣʘʡʜʘ, ʢװʥʜʝʣʽʢʪʽ ʪײʨʤʳʩʪʘ ʩʫʜʳ ץʦʣʜʘʥʫʜʳש ʩʘʫʘʪʩʳʟʜʳסʳʤʳʟʜʳש 
ᴅʩʝʨʽ ʩʫ ʪʘʧʰʳʣʳסʳʥʘ ᴅʢʝʣʫʜʝ. ɹסײʘʥ ʜᴅʣʝʣ ï ʩʫ ʙʘʩʩʝʡʜʝʨʽʥʽש ʜʝשʛʝʡʽʥʽש ʢװʨʪ 
ʪᴇʤʝʥʜʝʫʽ. ʉʪʘʪʠʩʪʠʢʘסʘ ʩװʡʝʥʩʝʢ, 2050 ʞʳʣסʘ ץʘʨʘʡ ʞʝʨ ʙʝʪʽʥʜʝʛʽ ʭʘʣʳץ ʩʘʥʳ 
10 ʤʠʣʣʠʘʨʜ ʘʜʘʤסʘ ʞʝʪʝʜʽ. ɸʣ ʙײʣ ʜʝʛʝʥʽʤʽʟ, ʩʫסʘ ʜʝʛʝʥ ʩײʨʘʥʳʩʳʤʳʟʜʳ50 ש 
ʧʘʡʳʟʜʘʥ ʘʩʫ ʤװʤʢʽʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ. ᴄʨʠʥʝ, ʦʩʳ ʜʝʨʝʢʪʝʨʛʝ ץʘʨʘʧ, ʘʜʘʤʟʘʪ ʙʘʣʘ-
ʩ rʩʫʜʳ ʪײʪʳʥʫ ʙʘʨʳʩʳʥʜʘ ʙʘʨʳʥʰʘ ץײʳʧʪʳʣʳץʪʳ ʝʩʢʝʨʫ ץʘʞʝʪ. ʊʘʙʠסʠ ʩʫ-
ʜʳש ʙʘʩʪʳ ʣʘʩʪʘʥʫʣʘʨʜʘʥ ʘʣʜʳʥ-ʘʣʫ ʰʘʨʘʣʘʨʳʥ ץʘʨʘʩʪʳʨʫ ʢʝʨʝʢ. ʗסʥʠ, ʦʨʛʘ-
ʥʠʢʘʣʳץ ʣʘʩʪʘʥʫʣʘʨʜʘʥ ץʦʨסʘʫʜʳ ʢᴇʟʜʝʫ ץʘʞʝʪ.  

ʉʫʜʳש ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʥʫʳ ʘʜʘʤ ץʳʟʤʝʪʽʥʽש ʥᴅʪʠʞʝʩʽʥʜʝ ʧʘʡʜʘ 
ʙʦʣʘʜʳ. ʆʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʪײʨʤʳʩʪʳץ, ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʥʝʤʝʩʝ ᴇʥʝʨ-
ʢᴅʩʽʧʪʽʢ ʘסʳʥʜʳ ʩʫʣʘʨʜʘʥ ʢʝʣʝʜʽ. ʗסʥʠ, ʪʳשʘʡʪץʳʰʪʘʨʜʳץ שʘʣʜʳץʪʘʨʳ, ʞʫסʳʰ 
ʟʘʪʪʘʨ ʞʝʨ ʙʝʪʽʥʝʥ ʪʘʙʠסʠ ʞʝʨ ʘʩʪʳ ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ʪװʩʝʜʽ. ɸʰʳץ ʩʫ ץʦʡʤʘ-
ʣʘʨʳ ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨʜʳש ʩʘʨץʳʥʜʳ ʩʫʣʘʨʳʤʝʥ ʣʘʩʪʘʥʘʜʳ. ʆʣʘʨʜʳש 
ʳʜʳʨʘʫʳ ʤʠʢʨʦʘסʟʘʣʘʨʜʳש ᴅʩʝʨʽʥʝʥ ʞᴅʥʝ ʩʫʜʘ ʝʨʽʪʽʣʛʝʥ ʦʪʪʝʛʽʥ ʪײʪʳʥʫʤʝʥ ʙʽʨ-
ʛʝ ʞװʨʝʜʽ. 

ʊʘʙʠסʠ ʩʫʣʘʨʜʳ ʪʝʟ ʣʘʩʪʘʡʪʳʥ ץʘʫʽʧʪʽ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ: ʤײʥʘʡ ᴇʥʜʽʨʫ 
ʞᴅʥʝ ʦʥʳ ʪʘʩʳʤʘʣʜʘʫ ʢʝʟʽʥʜʝ, ײץʙʳʨʣʘʨʜʘ ʢʝʟʜʝʩʝʪʽʥ ʘʚʘʨʠʷʣʘʨ ʥᴅʪʠʞʝʩʽʥʜʝ 
ʤײʭʠʪ ʙʝʪʽʥʜʝ ʤײʥʘʡ ץʦʩʧʘʣʘʨʳ, ʤʳʥʜʘסʘʥ ʢʠʣʦʤʝʪʨ ʞʝʨʜ ̔ʣʘʩʪʘʡʜʳ. ʉʫʜʳש 
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ʤײʥʘʡʤʝʥ ʣʘʩʪʘʥʫʳ ʪʽʨʰʽʣʽʢ ʝʪʫ ʦʨʪʘʥʳ ʢװʨʜʝʣʽ ᴇʟʛʝʨʽʩʪʝʨʛʝ ᴅʢʝʣʽʧ ʩʦץʪʳʨʘʜʳ. 
ʆסʘʥ ץʦʩʘ ʪʘʙʠסʠ ץʘʪʳʥʘʩʪʘʨ ʤʝʥ ʧʨʦʮʝʩʪʝʨʛʝ ʢʝʜʝʨʛʽ ʢʝʣʪʽʨʝʜʽ. ʉʝʙʝʙʽ, ʤײʥʘʡ-
ʜʳש ᴇʟʽ ײʟʘץ ʫʘץʳʪ ʙʦʡʳ ʳʜʳʨʘʡʜʳ, ʤײʥʘʡ ץʘʙʳסʳʤʝʥ ʩʫ ʙʝʪʽʥ ʪʝʟ ʞʘʙʘʜʳ. 
ʄײʥʜʘʡ ʞʘʙʳʥ ʘʫʘ ʤʝʥ ʞʘʨʳץʪʳש ʪװʩʫʽʥ ץʠʳʥʜʘʪʘʜʳ. ʃʘʩʪʘʥʫʜʳש ʥʝʛʽʟʛʽ 
ʢᴇʟʜʝʨʽ ʘʜʘʤ ץʳʟʤʝʪʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ: ʤײʥʘʡ ᴇʥʜʽʨʫ, ʪʘʩʳʤʘʣʜʘʫ, ᴇשʜʝʫ ʞᴅʥʝ 
ʤײʥʘʡʣʳ ʦʪʳʥ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʰʠʢʽʟʘʪ ʨʝʪʽʥʜʝ ʧʘʡʜʘʣʘʥʫ. 

ɽʢʽʥʰʽ ʘʩʘ ʪʝʟ ʣʘʩʪʘʡʪʳʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪ ï ץʘʪʪʳ ʣʘʩʪʘסʳʰʪʘʨ. ʂװʣ, 
ʢװʡʝ, ʰʘש ʞᴅʥʝ ʩײʡʳץʪʘʨ ï ᴇʥʝʨʢᴅʩʽʧ ʞᴅʥʝ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ᴇʥʽʤʜʝʨʽ. ʆʣʘʨ-
ʜʳש ʩʫ ץʦʡʤʘʣʘʨʳʥʘ ʝʥʫʽ ʥᴅʪʠʞʝʩʽʥʜʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ץʦץʳʩ ʧʘʡʜʘ ʙʦʣʘʜʳ. ʉʫ 
ʤᴇʣʜʽʨʣʽʛʽʥ ʞʦסʘʣʪʳʧ, ʦʜʘʥ ᴅʨʽ ʧʘʡʜʘʣʘʥʫסʘ ʞʘʨʘʤʩʳʟ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴇʥʝʨʢᴅʩʽʧ ʧʝʥ ʘʫʳʣʰʘʨʫʘʰʳʣʳץ ʛʘʟʜʘʨʳ ʜʘ ᴇʪʝ ץʘʫʽʧʪʽ 
ʙʦʣʳʧ ʢʝʣʝʜʽ. ɾʘשʙʳʨ ʪʘʤʰʳʣʘʨʳ ʤʝʥ ʛʘʟʜʘʨʜʳש ʙʽʨʽʛʫ ʢʝʟʽʥʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ-
ʣʘʥסʘʥ ץʳʰץʳʣʜʘʨ ʧʘʡʜʘ ʙʦʣʘʜʳ, ʦʣʘʨ ʪײʱʳ ʩʫסʘ ʘʪʤʦʩʬʝʨʘʣʳץ ʟʠʷʥ ʢʝʣʪʽʨʝʜʽ. 

 ʳʰʪʘʨ ʤʝʥ ʧʝʩʪʠʮʠʜʪʝʨʜʽץʘʡʪשʳʜʘ ʪʳסʘʨʘʧʘʡʳʤ ᴇʩʽʤʜʽʢ ʰʘʨʫʘʰʳʣʳפ
-ʳʰʪʘʨ ᴇʩʽʤץʘʡʪשʳʥ ʣʘʩʪʘʡʜʳ. ʄʠʥʝʨʘʣʜʳ ʪʳסʳʣʳ ʩʫ ʰʘʨʫʘʰʳʣʳץʦʣʜʘʥʫ ʘʨץ
ʜʽʢʪʝʨʜʽש ᴇʩʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. ɸʣʘʡʜʘ ʩʫ ʰʘʨʫʘʰʳʣrסʳʥʜʘ ץʦʩʳʤʰʘ ʪʳשʘʡʪ-
 ʣײʳʰʪʘʨ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʪʽʥʜʽʢʪʝʥ, ʥᴅʪʠʞʝʩʽʥʜʝ ᴇʩʽʤʜʽʢʪʝʨ ʳʜʳʨʘʡʜʳ. ɹץ
ʧʨʦʮʝʩʢʝ ʦʪʪʝʛʽ ʪʽʢʝʣʝʡ ץʘʪʳʩʘʜʳ, ʦʣ ʘʨʪʳץ ʬʣʦʨʘʤʝʥ ʩʽשʝʜʽ. ʄײʥʳש ʙᴅʨ ̔ʩʫʜʘ 
ᴅʨʪװʨʣʽ ʛʘʟʜʘʨʜʳש ʞʠʥʘʣʫʳʥʘ ᴅʢʝʣʝʜʽ, ʪʦסʘʥ ʢᴇʙʽʨʝʢ ʢᴇʛʘʣʜʘʥʜʳʨʳʣʳʧ, ʞʘʥʫ-
ʘʨʣʘʨ ʪʽʨʰʽʣʽʛʽʥʝ ʢʝʨʽ ᴅʩʝʨʽʥ ʪʠʛʽʟʝʜʽ.  

ɸʪʘʣסʘʥ ʞʘסʜʘʡʣʘʨ ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʝ ץʘʡʪʘʣʘʥʘ ʙʝʨʩʝ, ʣʘʩ ץʦʩʳʣʳʩ-
ʪʘʨʜʳש ʫʣʳʣʳסʳ ʘʨʪʘ ʪװʩʝʜʽ ʜʝ, ʙʠʦʣʦʛʠʷʣʳץ ʪʝʧʝ-ʪʝשʜʽʣʽʢ ʙײʟʳʣʘʜʳ. ɸʫʨʫ 
 ,ʟʘʣʘʨ ʤʝʥ ʚʠʨʫʩʪʘʨ ʞʳʣʜʘʤ ʢᴇʙʝʡʝ ʙʘʩʪʘʡʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝסʳʰ ʤʠʢʨʦʘסʦʟʜʳʨץ
ʽʰʢʝʥ ʩʫ ʘʨץʳʣʳ ʘסʟʘʥʳש ʽʰʽʥʝ ʪװʩʽʧ, ᴅʨʪװʨʣʽ ʘʫʨʫʣʘʨ ʪײʜʳʨʫʳ ʤװʤʢʽʥ.  

ʉʫʜʳ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨʜʘʥ ʪʠʽʤʜʽ ʪʘʟʘʨʪʫ ʢʘʣʠʡ ʧʝʨʤʘʥʛʘʥʘʪʳʥʳש 
ʩʫסʘ ʜʦʟʘʣʘʥʫʳ ʞᴅʥʝ ʢʘʪʘʣʠʪʠʢʘʣʳץ ʤʘʪʝʨʠʘʣʜʘʨ ʘʨץʳʣʳ ʩװʟʫ ʘʨץʳʣʳ ʞװʟʝʛʝ 
ʘʩʳʨʳʣʘʜʳ. ɹײʣ ʨʝʪʪʝ, ʢʘʣʠʡ ʧʝʨʤʘʥʛʘʥʘʪʳʥʳש ʜʦʟʘʣʘʨʳ ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳ-
ʩʪʘʨʜʳש ʪʦʪʳסʫʳ ʪʘʟʘʨʪʳʣסʘʥ ʩʫסʘ ʧʝʨʤʘʥʛʘʥʘʪʪʳש ʪװʩʫʽʥʩʽʟ ʞװʨʝʪʽʥʜʝʡ ʝʪʽʧ 
ʪʘשʜʘʣʘʜʳ. ɸʣʘʡʜʘ, ʽʰʢʽ ʥʘʨʳץʪʘ ʢʝש ʪʘʨʘʣסʘʥ ʨʝʘʛʝʥʪʪʽש ʩʘʧʘʩʳʥʘ, ʽʩʢʝ ץʦʩʫ 
ʞᴅʥʝ ʘʥʘʣʠʪʠʢʘʣʳץ ʙʘץʳʣʘʫ ʞװʡʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʢװʨʜʝʣʽʣʽʛʽʥʝ ʩװʡʝʥʝ 
ʦʪʳʨʳʧ, ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʤʘʤʘʥʜʘʥʜʳʨʳʣסʘʥ ײʡʳʤʜʘʨ ʙײʣ ᴅʜʽʩʪʽ ʘʟ ץʦʣʜʘʥʘʜʳ. 

ʆʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʪʘʙʠסʠ ʩʫʣʘʨʜʘʥ ʰʳסʘʨʫʜʳש ʝʢʽʥʰʽ ᴅʜʽʩʽ ï ʩʦʨʙ-
ʮʠʷ, ʢʦʘʛʫʣʷʮʠʷ ʞᴅʥʝ ʤʝʤʙʨʘʥʘʣʳץ ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʫ ʤװʤʢʽʥ-
ʜʽʛʽʥ ʝʩʪʝʥ ʰʳסʘʨʤʘʫ ץʘʞʝʪ. 

ʉʦʨʙʮʠʷʣʘʫ ʢʝʟʽʥʜʝ ʘʨʥʘʡʳ ʜʘʡʳʥʜʘʣסʘʥ ʩʦʨʙʝʥʪʪʽש ʙʝʪʽʥʜʝ ʦʨʛʘʥʠʢʘʣʳץ 
ʟʘʪʪʘʨʜʳש ʤʦʣʝʢʫʣʘʣʘʨʳʥ װʣʢʝʥ ʢᴇʣʝʤʤʝʥ ʩʽשʽʨʫ ʞװʨʝʜʽ. ɽש ʢᴇʧ ʪʘʨʘʣסʘʥ ʩʦʨ-
ʙʝʥʪ ï ᴅʨʪװʨʣʽ ʪʠʧʪʝʛʽ ʙʝʣʩʝʥʜʽ ʢᴇʤʽʨ. ʉʦʨʙʝʥʪ ʩʦʨסʳʰ ʨʝʪʽʥʜʝ ʘʢʨʠʣ ʤʘʪʨʠ-
ʮʘʩʳ ʙʘʨ ʥʝʤʝʩʝ ʢʝʫʝʢʪʽ ײץʨʳʣʳʤʳ ʙʘʨ ʛʝʣʴ ʪװʨʽʥʜʝʛʽ ʘʟ ʥʝʛʽʟʜʽ ʘʥʠʦʥʠʪʪʝʨ 
 .ʦʣʜʘʥʳʣʘʜʳץ

ɹʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʩװʟʛʽʩʽ ʪװʩʩʽʟʜʝʥʜʽʨʛʽʰ ʩװʟʛʽʜʝʥ ʢʝʡʽʥ ʦʨʥʘʪʳʣʫʳ 
ʤװʤʢʽʥ ʞᴅʥʝ ʘʣסʘʰץʳ ʢʝʟʝשʜʝʨʽʥʜʝ ʩʫʜʳ ʭʣʦʨʣʘʫ ʢʝʟʽʥʜʝ ʧʘʡʜʘ ʙʦʣסʘʥ ʦʨʛʘʥʦ-
ʭʣʦʨʣʳ ץʦʩʳʣʳʩʪʘʨʜ rʞʠʥʘʫ ʬʫʥʢʮʠʷʩʳʥ ʦʨʳʥʜʘʡ ʘʣʘʜʳ. 

ɸʪʘʣסʘʥ ᴅʜʽʩʢʝ ʢʦʘʛʫʣʷʮʠʷ ᴅʜʽʩʽ ʜʝ ʞʘʪʘʜʳ, ᴇʡʪʢʝʥʽ ʤײʥʜʘ ʦʨʛʘʥʠʢʘʣʳץ 
ʟʘʪʪʘʨʜʳ ʩʫʜʘʥ ʘʣʫ ʦʥʳש ʧʘʡʜʘ ʙʦʣסʘʥ ץʘʙʳʨʰʘץʪʘʨʜʘסʳ ʩʦʨʙʮʠʷʩʳ ʥᴅʪʠ-
ʞʝʩʽʥʜʝ ʧʘʡʜʘ ʙʦʣʘʜʳ. 
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ɹʽʨʘץ ʢʦʣʣʦʠʜʪʳ ʙᴇʣʰʝʢʪʝʨ ʢʦʘʛʫʣʷʮʠʷסʘ ʥʘʰʘʨ ʥᴅʪʠʞʝ ʙʝʨʝʜʽ, ʘʣ ʝʨʽʛʝʥ 
ʦʨʛʘʥʠʢʘʣʳץ ץʦʩʳʣʳʩʪʘʨ ʙʘʨ ʩʫ ʪʦʪʳץʪʳʨסʳʰʪʳש ʙʘʩʪʘʧץʳ ʝʥʛʽʟʽʣʫʽʥ ץʘʞʝʪ 
ʝʪʝʜʽ. ʉʦʥʜʳץʪʘʥ ʞʝʨ װʩʪʽ ʢᴇʟʜʝʨʽʥʽש ʩʫʣʘʨʳʥ ʪʘʟʘʨʪʫ ʢʝʟʽʥʜʝ ʪʦʪʳץʪʳʨסʳʰ 
ʘʣʜʳʤʝʥ ʩʫסʘ ʞʽʙʝʨʽʣʝʜʽ. 

ʉʫʜʳ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʘʥ ʤʝʤʙʨʘʥʘʣʳץ ᴅʜʽʩʧʝʥ ʪʘʟʘʨʪʫ ʢʝʟʽʥʜʝ ʩʫ 
ʞʘʨʪʳʣʘʡ ᴇʪʢʽʟʛʽʰ ʤʝʤʙʨʘʥʘ ʘʨץʳʣʳ ᴇʪʝʜʽ, ʦʥʜʘ ʤʦʣʝʢʫʣʘʣʳץ ʤʘʩʩʘʩʳ ʙʘʨ ʦʨ-
ʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨ ʩʘץʪʘʣʘʜʳ: ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ʢʝʟʽʥʜʝ 10000-ʥʘʥ ʘʩʪʘʤ; 200-
ʜʝʥ ʘʩʪʘʤ ï ʥʘʥʦʬʠʣʴʪʨʘʮʠʷ ʢʝʟʽʥʜʝ; ʢʝʟ ʢʝʣʛʝʥ ʜʝʨʣʽʢ ï ʢʝʨʽ ʦʩʤʦʩʧʝʥ. 

ʅʘʥʦʬʠʣʴʪʨʘʮʠʷ ץʦʥʜʳʨסʳʣʘʨʳ ʜʘ, ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʩʫʜʘʥ ʰ -r
-ʟʝʪʫ ʞʘʩʘʣʳʥװʨʘʤʳʥ ʪײץ ʟײʪ שʡʝʣʝʨʜʝ ʩʫʜʳװʞ ץʘʥ ʢʝʨʽ ʦʩʤʦʩʪʳסʘ ʘʨʥʘʣסʘʨʫס
ʙʘסʘʥʳʥ ʪװʩʽʥʫ ʢʝʨʝʢ. ɹײʣ ᴅʜʽʩ ʪʝʢ ʞʦסʘʨʳ ʝʤʝʩ ʢʦʥʮʝʥʪʨʘʮʠʷʣʘʨʜʘ ʞװʟʝʛʝ 
ʘʩʳʨʳʣʘʜʳ. 

ɸʣʘʡʜʘ, ʢᴇʤʽʨ ʞװʢʪʝʤʝʩʽʥʽש ʪᴇʤʝʥ ʨʝʩʫʨʩʳʥʘ ʞᴅʥʝ ʦʥʳ ץʘʣʧʳʥʘ ʢʝʣ-
ʪʽʨʫʜʽש ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽʥʝ, ʩʦʥʳש ʩʘʣʜʘʨʳʥʘʥ ʞʦסʘʨʳ ʧʘʡʜʘʣʘʥʫ ʰʳסʳʥ-
ʜʘʨʳʥʳש ʥᴅʪʠʞʝʩʽʥʜʝ ʪʘʙʠסʠ ʩʫʜʳ ʦʨʛʘʥʠʢʘʣʳץ ʣʘʩʪʘʥʫʜʘʥ ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ 
ʢᴇʤʽʨ ץʘʙʘʪʳ ʘʨץʳʣʳ ʩװʟʫ ᴅʜʽʩʽ ץʘʟʽʨʛʽ ʫʘץʳʪʪʘ ʽʩ ʞװʟʽʥʜʝ ץʦʣʜʘʥʳʣʤʘʡʜʳ. 
ɸʣʘʡʜʘ, ʙʝʣʩʝʥʜʽʨʽʣʛʝʥ ʢᴇʤʽʨ ʩװʟʛʽʣʝʨʽ ʩʫʜʳ ʭʣʦʨʣʘʫ ʞᴅʥʝ ʘʫʳʟ ʩʫʜʳ ʪʘʟʘʨʪʫ 
ʞװʡʝʣʝʨʽʥʜʝ ʦʨʛʘʥʦʭʣʦʨʣʳ ץʦʩʳʣʳʩʪʘʨʜʳ ʩʽשʽʨʫ װʰʽʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʳʣʘʜʳ. 

ɹװʛʽʥʛʽ ʢװʥʽ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪʪʘʨʜʳ ʩʫʜʘʥ ʰʳסʘʨʫʜʳש ʝש ʟʘʤʘʥʘʫʠ ᴅʜʽʩʽ-
ʫʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ. ʋʣʴʪʨʘʬʠʣʴʪʨʘʮʠʷ ᴅʜʽʩʽʥʽש ʩᴇʟʩʽʟ ʘʨʪʳץʰʳʣʳסʳ ï ʩʫʜʳ ʙʽʨ 
ʫʘץʳʪʪʘ ʜʝʟʠʥʬʝʢʮʠʷʣʘʫ, ʙʘʨʣʳץ ʩʫʩʧʝʥʟʠʷʣʘʨ ʤʝʥ ʢᴇʧʪʝʛʝʥ ʦʨʛʘʥʠʢʘʣʳץ ʟʘʪ-
ʪʘʨʜʳ ʘʣʳʧ ʪʘʩʪʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

-ʦʨ שʠ ʩʫʣʘʨʜʳ ʪʘʟʘʨʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʩʫ ʢᴇʟʽʥʽסʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʪʘʙʠפ
ʥʘʣʘʩʫʳʥʘ ʞᴅʥʝ ײץʨʘʤʳʥʘ, ʢᴇʨʩʝʪʢʽʰʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʪʘשʜʘʣʳʥʘʜʳ. ʉʫ ʨʝ-
ʩʫʨʩʪʘʨʳʥ ʩʘʨץʳʣʫʜʘʥ ʞᴅʥʝ ʣʘʩʪʘʥʫʜʘʥ ץʦʨסʘʫ ʞᴅʥʝ ʦʣʘʨʜ  r ʭʘʣʳץ ʰʘʨʫʘ-
ʰʳʣʳסʳʥʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽ װʰʽʥ ײʪʳʤʜʳ ʧʘʡʜʘʣʘʥʫ ï ʰסײʳʣ ʰʝʰʫʜʽ ץʘʞʝʪ 
ʝʪʝʪʽʥ ʤʘשʳʟʜʳ ʞᴅʥʝ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʜʽש ʙʽʨʽ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ.  

 
ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʪʘʨʳ: 

1. https://musorniy.ru/organicheskie-zagryazneniya/ 
2. https://studbooks.net/652161/ekologiya/zagryaznenie_vody_organicheskimi_veschestvami 
3. http://water2you.ru/articles/tekhnologii-ochistki-vody/udalenie-organicheskikh-zagryazneniy-

iz-vody/ 

 
 
ᴄʆɾ 652.7  
 
ɾʫʘʩʙʘʡ ʊ., ʀʉʉ-19-1 ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ 
ɸʙʠʝʚʘ ɻ.ʉ., ʪʝʭʥʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʳ, פʦʨץʳʪ ɸʪʘ ʘʪʳʥʜʘסʳ פʳʟʳ-
ʣʦʨʜʘ ʫʥʠʚʝʨʩʠʪʝʪʽ  

 

ɹɯʈ ױפɹʓʈʃʓ ɾʓʃʋ ɾתʁɽʉɯʅɯר  

ʈɸɼʀɸʊʆʈ ʊʆʈɸʇʊɸʈʓʅ ʕʂʉʇɽʈʀʄɽʅʊʊɯʂ ɿɽʈʊʊɽʋ 

 
ɿʝʨʪʪʝʫʣʝʨ ʞʳʣʳʪʫ ʘʩʧʘʙʳʥʘʥ, ʳϤʳʩʪʳʨʳʣϤʘʥ ʘʡʥʘʣʤʘ ʙϺʣʽʢʪʝʥ (ʙʘʡʧʘʩʪʘʥ) 

ʞϸʥʝ ʨʝʪʪʝʛʽʰ ϨʘʣʘϨʰʘʜʘʥ ʪϰʨʘʪʳʥ ʞʳʣʫ ʘʩʙʘʧ ʪϮʡʽʥʽʥʽϬ ʤʳʩʘʣʳʥʜʘ ʞϮʨʛʽʟʽʣʛʝʥ.  

https://musorniy.ru/organicheskie-zagryazneniya/
https://studbooks.net/652161/ekologiya/zagryaznenie_vody_organicheskimi_veschestvami
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʧʨʠʤʝʨʝ ʨʘʜʠʘʪʦʨʥʦʛʦ ʫʟʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʦʪʦʧʠʪʝʣʴ-

ʥʦʛʦ ʧʨʠʙʦʨʘ, ʩʤʝʱʝʥʥʦʛʦ ʟʘʤʳʢʘʶʱʝʛʦ ʫʯʘʩʪʢʘ (ʙʘʡʧʘʩʘ) ʠ ʨʝʛʫʣʠʨʫʶʱʝʡ ʘʨʤʘʪʫʨʳ. 

 

The research was carried out on the example of a radiator unit consisting of a heating de-

vice, an offset closing section (bypass) and control valves. 

 

ʊʽʢ ײץʙʳʨ ʘʨץʳʣʳ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ ץʦʟסʘʣʳʩʳʥʳש ʙʘסʳʪʳʥ, ʞʳʣʫ 

ʪʘʩʳʤʘʣʜʘשʳʰʪʳש ʪʽʢ ײץʙʳʨ ʘʨץʳʣʳ ᴇʪʝʪʽʥ ʰʳסʳʥʳʥ ʞᴅʥʝ ʦʥʳש ʪʝʤʧʝʨʘʪʫʨʘ 

ʘʨʳʥʳʥ, ʘʡʥʘʣʤʘ ʙᴇʣʽʢʪʽש (ʙʘʡʧʘʩ) ײץʨʳʣʳʤʳʥ, ʞʳʣʳʪʫ ʘʩʧʘʧʪʘʨ ʪװʡʽʥʽʥʽש 

ʞʳʣʫ ʙʝʨʫʜʝʛʽ ʨʝʪʪʝʛʽʰ ץʘʣʘץʰʘʥʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʞᴅʥʝ ʙʽʨ ײץʙʳʨʣʳ ʞʳʣʫ 

ʞװʡʝʩʽʥʜʝʛʽ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʘסʳʩ ʢʦʵʬʬʠʮʝʥʪʽʥ ʘʥʳץʪʘʫ ʤʘץʩʘʪʳʥʜʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʣʜʽ. 

ɿʝʨʪʪʝʫʣʝʨ ʞʳʣʳʪʫ ʘʩʧʘʙʳʥʘʥ, ʳסʳʩʪʳʨʳʣסʘʥ ʘʡʥʘʣʤʘ ʙᴇʣʽʢʪʝʥ (ʙʘʡʧʘʩ-

ʪʘʥ) ʞᴅʥʝ ʨʝʪʪʝʛʽʰ ץʘʣʘץʰʘʜʘʥ ʪײʨʘʪʳʥ ʞʳʣʫ ʘʩʙʘʧ ʪװʡʽʥʽʥʽש ʤʳʩʘʣʳʥʜʘ 

ʞװʨʛʽʟʽʣʛʝʥ.  

ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʙʝʨʫʜʽש ᴅʨʪװʨʣʽ ʥײʩץʘʣʘʨʳ ʙʘʨ ʨʘʜʠʘʪʦʨ ʪװʡʽ-

ʥʽʥʽש ʩʳʟʙʘʩʳ 1-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

1-ʩʫʨʝʪ ï ɾʳʣʳʪʫ ʘʩʧʘʙʳʥ ʞʘʣסʘʫ ʪװʡʽʥʽʥʽש ʩʳʟʙʘʩʳ 

 

 

2-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳץ שʦʟסʘʣʳʩʳʥ ײʡʳʤʜʘʩʪʳ-

ʨʫʜʳװ שʰ ʥײʩץʘʩʳ ץʘʨʘʩʪʳʨʳʣʜʳ (ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ᴅʨʪװʨʣʽ ץʦʟסʘʣʳʩ 

ʩʳʟʙʘʣʘʨʳ ʙʘʨ ʨʘʜʠʘʪʦʨʣʳץ ʪװʡʽʥʜʝʨ). ɸʡʥʘʣʤʘ ʙᴇʣʽʢʪʝʨʽ ɺɻʇ-ײץʙʳʨʣʘʨʳʥʘʥ 

ʜʘʡʳʥʜʘʣסʘʥ. ʂᴇʣʜʝʥʝש ʵʣʝʤʝʥʪʪʝʨ ï DN20, ʪʽʢ (ʙʘʡʧʘʩ) ï DN15. 

¶ 1-ʥײʩץʘ. ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʞʦסʘʨʳʜʘʥ ʙʝʨʫ; 

¶ 2-ʥײʩץʘ. ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʳʪʳ ʪᴇʤʝʥʥʝʥ ʙʝʨʫ; 

¶ 3-ʥײʩץʘ. ʊᴅʞʽʨʠʙʝʣʽʢ. ɸסʳʥʜʘʨʜʳ ʢᴇʣʜʝʥʝײץ שʙʳʨʣʘʨסʘ ʙᴇʣʫ װʰʽʥ ʪʽʢ 

ʵʣʝʤʝʥʪʪʽ ʜᴅʥʝʢʝʨʣʝʫ ʦʨʳʥʜʘʨʳʥʜʘ ʙᴇʣʽʤʜʝʨ ʜᴅʥʝʢʝʨʣʝʥʛʝʥ. ɾʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳ ʪᴇʤʝʥʥʝʥ ʙʝʨʫ. 
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2-ʩʫʨʝʪ ï ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʘʡʥʘʣʤʘ ʙᴇʣʽʛʽʥʜʝʛʽ (ʙʘʡʧʘʩ) 

 ʘʣʘʨʳץʩײʡʳʤʜʘʩʪʳʨʫ ʥײ ʘʣʳʩʳʥסʦʟץ

 

ʉʳʥʘץ ʩʪʝʥʜʽʩʽ 

ʉʳʥʘץ ʩʪʝʥʜʽʩʽ 3-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ ʫʯʘʩʢʝʣʝʨʜʽ ʞʘʙʘʪʳʥ ʝʢʽ ʰʳסʳʥ ᴇʣ-

ʰʝʛʽʰ ʞᴅʥʝ ʪʝשʜʝʩʪʽʨʫ ʢʣʘʧʘʥʳ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʘʥ ʪײʨʘʜʳ. ʊʝʨʤʦʨʝʪ-

ʪʝʛʽʰʪʽש ʦʨʥʳʥʘ ʪʝשʛʝʨʫ(ʙʘʣʘʥʩʠʨʦʚʦʯʥʳʡ) ʢʣʘʧʘʥʳ ʤʝʥ ʰʳסʳʥ ᴇʣʰʝʛʽʰʽʥʝʥ 

ʪײʨʘʪʳʥ, ʪʝשʛʝʨʫ ʢʣʘʧʘʥʳʥ ʙʘʧʪʘʫʜʳ ᴇʟʛʝʨʪʫ ʘʨץʳʣʳ ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʝ Kv = 

2,14 ʞᴅʥʝ 4,5 ʤ3/ʩʘס ʪʝשʰʝʫ ʤװʤʢʽʥʜʽʛʽ ʙʘʨ ײץʨʘʩʪʳʨʫ ʦʨʥʘʪʳʣʜʳ. ʆʩʳʣʘʡʰʘ, 

2K ʢʝʟʽʥʜʝ ʪʝʨʤʦʩʪʘʪʪʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʦʨʥʘʪʳʣʜʳ. ɾʳʣʳʪʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ 

ʦʩʴʪʽʢ ʘʨʘץʘʰʳץʪʳסʳ 500 ʤʤ ʙʦʣʘʪʳʥ ʞʝʪʽ ʩʝʢʮʠʷʣʳ ʙʠʤʝʪʘʣʜʳ ʨʘʜʠʘʪʦʨ 

 .ʘʨʘʩʪʳʨʳʣʜʳץ

 

 
 

3-ʩʫʨʝʪ ï ʉʳʥʘץ ʩʪʝʥʜ ʩʳʟʙʘʩʳ 

 

ʉʪʝʥʜ ʄʝʤʉʊ 53583 ʪʘʣʘʧʪʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʝʪʽʥ ʩʳʥʘץ ʢʘʤʝʨʘʩʳʥʘ ʦʨʥʘ-

ʣʘʩʪʳʨʳʣʜʳ, ʦʥʜʘ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ 20 ÁC. ʈʘʜʠʘʪʦʨ ץʦʥʜʳʨסʳʩʳʥʳש ʞʳʣʫ 

ʙʝʨʽʣʫʽ 1 (Gʩʪ) ᴇʣʰʝʛʽʰʽʥʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʪʳʥ ʩʪʝʥʜʪʝʥ ʢʽʨʫ 

(ʊʢ) ʞᴅʥʝ ʰʳסʫ (ʊʰ) ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪʝʤʧʝʨʘʪʫʨʘ ʘʡʳʨʤʘʰʳʣʳסʳʥʘ 

ʞᴅʥʝ ʰʳסʳʥʜʘʨסʘ ʙʘʡʣʘʥʳʩʪʳ ʘʥʳץʪʘʣʜʳ. ײפʨʘʣ ʘʨץʳʣʳ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳ-

ʰʪʳש ʰʳסʳʥʳ (Gץʰ) ʰʳסʳʥ ᴇʣʰʝʛʽʰʪʽש ʢᴇʨʩʝʪʢʽʰʪʝʨʽ ʙʦʡʳʥʰʘ ʘʥʳץʪʘʣʘʜʳ. 

ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ ï ʩʫ. ʉʳʥʘץ ʩʪʝʥʜʽʥʝ (ʊ1 ʞᴅʥʝ ʊ2) ʢʽʨʝʪʽʥ ʞᴅʥʝ ʰʳסʘʪʳʥ 

ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʙʘʪʳʨʳʣʘʪʳʥ ʪʝʨʤʦʤʝʪʨʣʝʨʜʽש ʢᴇʤʝʛʽ-

ʤʝʥ ʘʥʳץʪʘʣʘʜʳ, ʩʳʥʘץ ʢʘʤʝʨʘʩʳʥʜʘסʳ ʘʫʘ ʪʝʤʧʝʨʘʪʫʨʘʩʳ (ʊפɼ) ʝʜʝʥʥʝʥ 0,75 

ʤ ʙʠʽʢʪʽʢʪʝ ʢʘʤʝʨʘʥʳש ʦʨʪʘʣʳץ ʦʩʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʥװʢʪʝʜʝ ʘʥʳץʪʘʣʜʳ. 
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ʉʳʥʘץʪʘʨ ʩʪʝʥʜʢʝ (Gʩʪ) ʢʽʨʝ ʙʝʨʽʩʪʝʛʽ ʞʳʣʫ ʪʘʩʳסʳʰ ʰʳסʳʥʜʘʨʳʥʳש 

100-360 ʢʛ/ʩʘס ʞᴅʥʝ 30, 50 ʞᴅʥʝ < 70 0ʉ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʳʥʜʘʨʜʳש ʜʠʘʧʘʟʦ-

ʥʳʥʜʘ ʞװʨʛʽʟʽʣʜʽ. ʊʝʤʧʝʨʘʪʫʨʘ ץʳʩʳʤʳ ȹʊ =(T1 +T2)/2ïTʘʫʘ ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥ-

ʰʘ ʝʩʝʧʪʝʣʜʽ. 

 

ʉʳʥʘץ ʥᴅʪʠʞʝʩʽ 

ɾʳʣʫʜʳϬ ʙʝʨʽʣʫʽ 

ɹײʣ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʝ ʞʳʣʳʪץʳʰʪʘʥ ʙʘʩץʘ, ʦʥʳש ʙʘʡʣʘʫ ʵʣʝʤʝʥʪʪʝʨʽʥ 

 ʪʳʣʘʫץʘʥʳʥ ʥʘסʪʘʣץʳʥʳ ʘʥʳסʞʳʣʫ ʰʳ שʡʽʥʽʥʽװʢʽʣ ʨʘʜʠʘʪʦʨ ʪװʘʤʪʠʪʳʥ ʙץ

 .ʙʳʨʣʘʨײץ ,ʳʥ ᴇʣʰʝʛʽʰסʜʝʩʪʽʨʫ ʢʣʘʧʘʥʳ, ʰʳשʘʞʝʪ: ʞʘʙʫ ʙᴇʣʽʤʽ, ʪʝץ

ʊʝʨʤʦʨʝʪʪʝʛʽʰʪʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ 2,14 ʢʛ/ʩʘס ʙʦʣסʘʥʜʘ ʨʘʜʠʘʪʦʨ ʪʦʨʘ-

ʙʳʥʳש ʞʳʣʫ ʙʝʨʽʣʫʽʥ ʛʨʘʬʠʢʘʣʳץ ʪװʨʜʝ ʘʥʳץʪʘʫ ʞᴇʥʽʥʜʝʛʽ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש 

ʥᴅʪʠʞʝʣʝʨʽ 4-ʩʫʨʝʪʪʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

 

 
 

4-ʩʫʨʝʪ ï ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʰʳסʳʥʳ 360 ʞᴅʥʝ 100 ʢʛ/ʩʘס ʙʦʣסʘʥ ʢʝʟʜʝ 

ʞʳʣʫ ʙʝʨʫʜʽש ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ץʳʩʳʤסʘ ʪᴅʫʝʣʜʽʣʽʛʽ, ʪײʡʳץʪʘʣʘʪʳʥ ʫʯʘʩʢʝʣʝʨʜʽ ʦʨʳʥʜʘʫʜʳש 

ᴅʨʪװʨʣʽ ʥײʩץʘʣʘʨʳ ʞᴅʥʝ ʪʝʨʤʦʨʝʪʪʝʛʽʰʪʽש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʂ=2,14ʤ3/cʘס 

 

 

ɽש ʞʦסʘʨʳ ʞʳʣʫ ʙʝʨʫ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʞʦסʘʨסʳ ʙʝʨʫʽʥʝ ʩᴅʡʢʝʩ 

ʢʝʣʝʜʽ (1-ʥײʩץʘ), ʞʳʣʫ ʙʝʨʫʜʽש ʝש ʪᴇʤʝʥʛʽ ʤᴅʥʜʝʨʽ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש 

ʪᴇʤʝʥʛʽ ʙʝʨʫʽʥʜʝ ʦʨʳʥ ʘʣʘʜʳ (2-ʥײʩץʘ). ʊᴇʤʝʥʛʽ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʧʝʥ ʞᴅʥʝ 

ʙᴇʣʽʤʜʝʨʤʝʥ 3-ʥײʩץʘ ʦʨʪʘʰʘ ʧʦʟʠʮʠʷʥʳ ʘʣʘʜʳ. 

ʅʦʤʠʥʘʣʜʳ ʞʳʣʫ ʘסʳʥʳʥ ʘʥʳץʪʘʫ װʰʽʥ ʄʝʤʉʊ 53583-ʪʝ ץʘʙʳʣʜʘʥסʘʥ 

ʧʘʨʘʤʝʪʨʣʝʨʜʝ (ʰʳסʳʥ 360 ʢʛ/ʩʘס, ʪʝʤʧʝʨʘʪʫʨʘ ץʳʩʳʤʳ 70Áʉ) ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳש ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝ ʞʳʣʫ ʙʝʨʫ (2-ʥײʩץʘ), ʞʦסʘʨʳʜʘʥ ʞʳʣʫ ʪʘ-

ʩʳʤʘʣʜʘסʳʰʪʳש ʙʝʨʽʣʫ ʥײʩץʘʩʳʥʘ ץʘʨʘסʘʥʜʘ 26% ʪᴇʤʝʥ (1-ʥײʩץʘ). 
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3-ʥײʩץʘʜʘ (ʞʘʙʳʣʘʪʳʥ ʙᴇʣʽʤʜʝʨʜʽ ץʦʣʜʘʥʫ) ʞʳʣʫ ʙʝʨʫ ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳש ʞʦסʘʨסʳ ʙʝʨʽʣʽʩʽʥʝ ץʘʨʘסʘʥʜʘ 14%-סʘ ʪᴇʤʝʥ, ʙʽʨʘץ ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳש ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʙʘʨ ʥײʩץʘʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ 17%-סʘ ʞʦסʘʨʳ, ʙʽʨʘץ 

ʙᴇʣʽʤʜʝʨʩʽʟ (2-ʥײʩץʘ). 

 

ɸϤʳʩ ʢʦʵʬʬʠʮʝʥʪʽ 

ʈʘʜʠʘʪʦʨסʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʛʨʘʬʠʢʘʣʳץ 

ʪװʨʜʝ ʘʥʳץʪʘʫ ʙʦʡʳʥʰʘ ʵʢʩʧʝʨʠʤʝʥʪʪʝʨʜʽש ʥᴅʪʠʞʝʣʝʨʽ 5,6,7-ʩʫʨʝʪʪʝʨʜʝ ʢᴇʨ-

ʩʝʪʽʣʛʝʥ. 

 

 
 

5-ʩʫʨʝʪ ï ʊʝʨʤʦʨʝʪʪʝʛʽʰʪʽש ʂ=2,14 ʞᴅʥʝ 4,5 ʤ3/cʘס ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʢʝʟʽʥʜʝ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʞʦסʘʨסʳ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝʛʽ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʳʥ װʰʽʥ 

ʞʳʣʫʪʘʩʳʤʘʣʜʘסʳʰ ʰʳסʳʥʳʥʘ ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪᴅʫʝʣʜʽʣʽʛʽ (1-ʥײʩץʘ) 

 

 

ɸסʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʘסʳʥʥʳש ʞʳʣʜʘʤʜʳסʳʥʘ, ʪʝʤʧʝʨʘʪʫʨʘ ץʳʩʳʤʳʥʘ, ʞʳ-

ʣʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʞʘʙʳץ ʘʡʤʘץʪʘסʳ ץʦʟסʘʣʳʩ ʙʘסʳʪʳʥʘ ʞᴅʥʝ ʪʝʨʤʦʩʪʘʪʪʳש 

ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʝ ʙʦʣʘʜʳ [6, 7]. 

ʂᴇʪʝʨʛʽʰ ʘʨץʳʣʳ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʰʳסʳʥʳʥ ײʣסʘʡʪʘ ʦʪʳʨʳʧ, 

ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰץʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʞʦסʘʨסʳ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝ (1 

ʞᴅʥʝ 3 ʥײʩץʘʣʘʨ) ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʘʟʘʷʜʳ, ʘʣ ʪᴇʤʝʥʛʽ (2-ʥײʩץʘ) ï ʘʨʪʘʜʳ. ɾʳ-

ʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʰʳסʳʥʳ 200 ʢʛ/ʩʘס-ʪʘʥ ʘʩץʘʥ ʢʝʟʜʝ, ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳש ʞʦסʘʨסʳ ʞᴅʥʝ ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʙʘʨ 1 ʞᴅʥʝ 2 ʥײʩץʘʣʘʨʳ װʰʽʥ ʘסʳʧ ʢʝ-

ʪʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʰʘʤʘʤʝʥ ʪʝש ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘ ץʳʩʳʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʝʤʝʩ. 
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6-ʩʫʨʝʪ ï ʊʝʨʤʦʨʝʪʪʝʛʽʰʪʽש ʂ=2,14 ʞᴅʥʝ 4,5 ʤ3/cʘס ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʢʝʟʽʥʜʝ 

ʞ ʣrʫʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝʛʽ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʳʥʜʘʨ 

 (ʘץʩײ2-ʥ) ʪᴅʫʝʣʜʽʣʽʛʽ שʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽסʳʥʳʥʘ ʘסʳʰ ʰʳסʰʽʥ ʞʳʣʫʪʘʩʳʤʘʣʜʘװ

 

ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪᴇʤʝʥʛʽ ʞʝʪʢʽʟʽʣʽʤʽʥʜʝ, ʙʽʨʘץ ʞʘʙʳץ ʘʡʤʘץʪʘסʳ 

ʘסʳʥʜʘʨʜʳ ʙᴇʣʫ װʰʽʥ ʙᴇʣʽʤʜʝʨʜʽ ʦʨʥʘʪץʘʥ ʢʝʟʜʝ (3-ʥײʩץʘ), ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳש ʙʽʨʜʝʡ ʰʳסʳʥʜʘʨʳʥʜʘסʳ ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʽ ʰʘʤʘʤʝʥ ʝʢʽ ʝʩʝ ʪᴇʤʝʥ. 

ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʘʟ ʰʳסʳʥʳ (130 ʢʛ/ʩʘס-ʪʘʥ ʘʟ) ʞᴅʥʝ ʦʥʳ ʪᴇ-

ʤʝʥʥʝʥ ʙʝʨʫ ʢʝʟʽʥʜʝ (2-ʥײʩץʘ) ײץʨʳʣסʳ ʘʨץʳʣʳ ץʦʟסʘʣʳʩʳʥ ʪʦץʪʘʪʫ ʞᴅʥʝ ʦʥʳש 

ʢʝʨʽ ץʦʟסʘʣʳʩʳ (ʪʝʨʽʩ ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ) ʙʘʡץʘʣʘʜʳ. ʊʝʨʤʦʨʝʪʪʝʛʽʰʪʽש ᴇʪ-

ʢʽʟʫ ץʘʙʽʣʝʪʽ (ʂʤ) ʙʘʨʣʳץ ʟʝʨʪʪʝʣʛʝʥ ʥײʩץʘʣʘʨʜʘ ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʝ ᴅʩʝʨ ʝʪʝʜʽ 

[3]. ʉʦʥʳʤʝʥ, ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʰʳסʳʥʳ 250 ʢʛ/ʩʘס ï ʪʘʥ ʘʩʘʪʳʥ ʙʦʣʩʘ, 

KVïʥʽש ʰʘʤʘʤʝʥ ʝʢʽ ʝʩʝ ʘʨʪʫʳ 1 ʞᴅʥʝ 2 ʥײʩץʘʣʘʨʳ װʰʽʥ ʘסʳʧ ʢʝʪʫ ʢʦʵʬʬʠʮʠ-

ʝʥʪʽʥʽ1,5 ש ʝʩʝ, 3 ʥײʩץʘʩʳ װʰʽʥ-1,3-1,4 ʝʩʝ ʘʨʪʫʳʥʘ ᴅʢʝʣʝʜʽ. 

 

 
 

7-ʩʫʨʝʪ ï ʊʝʨʤʦʨʝʪʪʝʛʽʰʪʽש ʂ=2,14 ʞᴅʥʝ 4,5 ʤ3/cʘס ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽ ʢʝʟʽʥʜʝ ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰʪʳש ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝʛʽ ᴅʨʪװʨʣʽ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ʘʨʳʥʜʘʨ װʰʽʥ ʞʳʣʫ ʪʘʩʳʤʘʣ-

ʜʘסʳʰ ʰʳסʳʥʳʥʘ ʘסʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪᴅʫʝʣʜʽʣʽʛʽ (3-ʥײʩץʘ) 
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 :ʦʨʳʪʳʥʜʳʣʘʡ ʢʝʣʝ, ʤʳʥʘʣʘʨʜʳ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳפ

¶ ʂᴇʪʝʨʛʽʰʢʝ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʞʦסʘʨסʳ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝ ʨʘʜʠʘʪʦʨ 
 ʘʥʜʘ ʝʜᴅʫʽʨסʘʨʘץ ʘסʘʣʘʨץʩײʞʳʣʫ ʙʝʨʫʽ ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʙʘʨ ʥ שʳʩʳʥʳסʦʥʜʳʨץ

ʞʦסʘʨʳ. 

¶ ʂᴇʪʝʨʛʽʰʪʝʛʽ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʘʟ ʰʳסʳʥʳ ʢʝʟʽʥʜʝ çʞʳʣʳʪʫ 

 שʘʣʳʩʳʥʳסʦʟץ ץʳʩʳ ï ʘʡʥʘʣʤʘ ʙᴇʣʽʤè ʢʦʥʪʫʨʳ ʙʦʡʳʤʝʥ ʛʨʘʚʠʪʘʮʠʷʣʳסʨʳʣײץ

ᴅʩʝʨʽ ʙʘʡץʘʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳ-

ʥʳש ʞʦסʘʨסʳ ײץʙʳʨʳʥʘ ʙʝʨʫ ʢʝʟʽʥʜʝ ʙײʣ ץʦʟסʘʣʳʩʪʳש ʙʘסʳʪʳ ʥʝʛʽʟʛʽ ץʦʟסʘʣʳʩ 

ʙʘסʳʪʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ, ʘʣ ʪᴇʤʝʥʛʽ ʞʘסʳʥʘ ʙʝʨʫ ʢʝʟʽʥʜʝ ʦʣ ץʘʨʘʤʘ-ץʘʨʩʳ 

ʙʘסʳʪץʘ ʠʝ. ɹײʣ ᴅʩʽʨʝʩʝ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳ ʞʦסʘʨʳ ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʜʘ 

ʙʘʡץʘʣʘʜʳ. ɾʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ ʰʳסʳʥʜʘʨ ʤʝʥ ʪʝʤʧʝʨʘʪʫʨʘʣʳץ ץʳʩʳʤʥʳש 

ʙʝʣʛʽʣʽ ʙʽʨ װʡʣʝʩʽʤʽʥʜʝ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳש ʪᴇʤʝʥʛʽ ײץʙʳʨʳʥʘ ʞʝʪʢʽʟʽʣʛʝʥ 

ʞʘסʜʘʡʜʘ, ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰ ʦסʘʥ ʞʳʣʫʜʳש ʢʝʣʤʝʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙᴇʣʤʝʥʽ 

ʞʳʣʳʪʫסʘ ץʘʪʳʩʧʘʡʜʳ. 

¶ ʂᴇʪʝʨʛʽʰʢʝ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʪᴇʤʝʥʛʽ ʙʝʨʽʣʽʩʽ ʢʝʟʽʥʜʝ ʞʳʣʫ ʙʝ-
ʨʫʜʽ ʘʨʪʪʳʨʫ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʞʳʣʳʪʫ ײץʨʳʣסʳʩʳʥʳש ʞʦסʘʨסʳ ײץʙʳʨʳʥʘ ʙʝʨʫʜʽ 

 ʳʥʜʘ ʙᴇʣʽʤʜʝʨʜʽ ʦʨʥʘʪʫʜʳסʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʘʡʥʘʣʤʘ ʘʡʤʘװʘ ʤסʡʳʤʜʘʩʪʳʨʫײ

-ʢᴇʪʝʨʫ ʢʦʵʬ שʘ ʙʦʣʘʜʳ. ᴆʟʛʝʨʪʝ ʦʪʳʨʳʧ, ʛʝʦʤʝʪʨʠʷʩʳ ʘʥʘʣʤʘ ʙᴇʣʽʢʪʽסʩʳʥʫײ

ʬʠʮʠʝʥʪʽ ʪᴇʤʝʥʜʝʡʜʽ, ʙײʣ ײʣסʘʶʳʥʘ ʘʣʳʧ ʢʝʣʫʽ ʪʠʽʩ ʞʳʣʫ ʙʝʨʫ [4, 5]. 

¶ ɾʳʣʫ ײץʨʳʣסʳʩʳʥʘ ʞʳʣʫ ʪʘʩʳʤʘʣʜʘסʳʰʪʳש ʘסʳʧ ʢʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽ 

ʪʝʨʤʦʨʝʛʫʣʷʮʠʷʣʳץ ʘʨʤʘʪʫʨʘʥʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʆʥʳש ʝʢʽ ʝʩʝ 

ʘʨʪʫʳ ʘסʳʧ ʢʝʪʫ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽ1,5 ש ʝʩʝ ᴇʩʫʽʥʝ ᴅʢʝʣʝʜʽ. 
 

 

Ϸʜʝʙʠʝʪʪʝʨ: 

 

1. ʌʦʢʠʥ ʉ.ɺ. ʉʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚʦʟʜʫʭʘ: ʫʩʪʨʦʡʩʪʚʦ, 
ʤʦʥʪʘʞ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ [ʊʝʢʩʪ]: ʫʯʝʙ. ʧʦʩʦʙʠʝ ʜʣʷ ʩʪʫʜ. ʦʙʨʘʟ. ʫʯʨʝʞʜʝʥʠʡ ʧʨʦʬ. ʦʙ-

ʨʘʟ. / ʉ.ɺ. ʌʦʢʠʥ, ʆ.ʅ. ʐʧʦʨʪʴʢʦ. ï ʄ. çɸʣʴʬʘ-ʄè - çʀʅʌʈɸ-ʄ,è 2011. ï 368 ʩ. 

2. Olesen B.W. ʉʪʘʥʜʘʨʪʳ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʘʯʝʩʪʚʘ ʚʥʫʪʨʝʥʥʝʛʦ ʚʦʟʜʫʭʘ: ɽʚʨʦʧʘ ʠ ʉʐɸ // 

ɸɺʆʂ. ï 2011. ï ˉ 5. 

3. ʐʠʣʢɹʨʦʪ ɽ.ʆ., ɻʫʙʝʨʥʩʢʠʡ ʖ.ɼ. ʉʢʦʣʴʢʦ ʚʦʟʜʫʭʘ ʥʫʞʥʦ ʯʝʣʦʚʝʢʫ ʜʣʷ ʢʦʤʬʦʨʪʘ? // 

ɸɺʆʂ. ï 2008. ï ˉ 4.  

4. ɺʘʨʬʦʣʦʤʝʝʚ ʖ.ʄ., ʂʦʢʦʨʠʥ ʆ.ʗ. ʆʪʦʧʣʝʥʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʝʪʠ. ï ʄ.: çʀʥʬʨʘ-ʄè, 2000. 

ð 158 ʩ. 

5. ɺʘʨʬʦʣʦʤʝʝʚ ʖ.ʄ., ʆʨʣʦʚ ɺ.ɸ. ʉʘʥʠʪʘʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʟʜʘʥʠʡ. ï ʄ.: 

çʀʅʌʈɸ-ʄè, 2010. ð 162 ʩ. 

6. ʉʠʙʠʢʠʥ ʖ.ɼ. ʆʪʦʧʣʝʥʠʝ, ʚʝʥʪʠʣʷʮʠʷ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 
ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʩʨʝʜ.ʧʨʦʬ.ʦʙʨʘʟʦʚʘʥʠʷ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çɸʢʘʜʝʤʠʷè, 2008. ð 

148 ʩ. 

7. ʉʦʢʦʣʦʚ ɻ.ʂ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ï 6-ʝ ʠʟʜ. ï ʄ.: çɸʢʘʜʝʤʠʷè, 

2006. ï 528 ʩ. 

 

 

 

 



83 

ʋɼʂ 577.4 

 

ʂʘʨʠʙʘʝʚʘ ɸ.ɹ., ʩʪ. ʛʨ. ʊɻɺ 19-1 ʄʆʂ (ʂʘʟɻɸʉɸ)  

ɸʫʝʣʴʙʝʢʦʚ ʉ.ʐ., ʘʩʩʦʮ. ʧʨʦʬ. ʄʆʂ (ʂʘʟɻɸʉɸ)  

 

ʉʀʉʊɽʄɸ ʆʊʆʇʃɽʅʀʗ ʂʆʈɽʁʉʂʀʍ ɼʆʄʆɺ 

 
ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʢʦʨʝʡʩʢʠʭ ʜʦʤʦʚ ʢ ʟʠʤʝ. 

 

ʄʘϨʘʣʘʜʘ ʢʦʨʝʡ ϮʡʣʝʨʽʥʽϬ Ϩʳʩ ʤʝʟʛʽʣʽʥʝ ʜʘʡʳʥʜʘʫ ʪʫʨʘʣʳ ϨʘʨʘʩʪʳʨʳʣϤʘʥ. 

 

The article discusses the preparation of Korean houses for winter. 

 

ʂʣʠʤʘʪ ʂʦʨʝʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ, ʩ ʙʦʣʴʰʠʤ ʧʝʨʝʧʘʜʦʤ ʪʝʤʧʝʨʘʪʫʨ. ʃʝ-

ʪʦʤ ʧʦʛʦʜʘ ʧʦʭʦʞʘ ʥʘ ʪʨʦʧʠʯʝʩʢʫʶ, ʞʘʨʢʦ ʠ ʚʣʘʞʥʦ. ʅʘʦʙʦʨʦʪ, ʟʠʤʦʡ ʦʯʝʥʴ 

ʭʦʣʦʜʥʦ ʠ ʚʝʪʨʝʥʦ. ʂʦʨʝʡʩʢʠʝ ʜʦʤʘ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʛʦʪʦʚʣʝʥʳ ʦʪ -15 ↔ ʉ ʜʦ 

35 ↔ʉ. ʇʦʵʪʦʤʫ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʢʦʨʝʡʩʢʠʭ  

ʜʦʤʦʚ. 

ʇʦʣ ʩ ʧʨʦʛʨʝʚʦʤ 

ɺʦ ʚʩʝʭ ʜʦʤʘʭ ʚ ʢʦʨʝʝ ʫʩʪʘʥʦʚʣʝʥʳ ʪʝʧʣʳʝ ʧʦʣʳ. ɽʩʣʠ ʥʝʪ ʩʠʩʪʝʤʳ ʪʝʧ-

ʣʳʭ ʧʦʣʦʚ, ʢʦʨʝʡʮʳ ʥʘʟʳʚʘʶʪ ʵʪʦ çʩʢʣʘʜʦʤè, ʘ ʥʝ çʜʦʤʦʤè. ʂʦʨʝʡʮʳ ʧʨʝʜʧʦ-

ʯʠʪʘʶʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʚʦʠʭ ʜʦʤʘʭ ʥʘ ʫʨʦʚʥʝ 25 ↔ʉ ʩ ʧʦʤʦʱʴʶ 

ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. ʂʦʥʝʯʥʦ, ʝʩʪʴ ʤʥʦʛʦ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʧʦʜʜʝʨʞʠʚʘʶʪ ʙʦʣʝʝ 

ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʠʩʧʦʣʴʟʫʶʪ ʜʨʫʛʠʝ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʠʝ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʚʨʠʢ, ʯʪʦʙʳ ʩʦʢʨʘʪʠʪʴ ʨʘʩʭʦʜʳ. ʅʘʧʨʦ-

ʪʠʚ, ʚ ʜʦʤʘʭ ʚ ʗʧʦʥʠʠ ʦʙʳʯʥʦ ʥʝʪ ʩʠʩʪʝʤʳ ʧʦʜʦʛʨʝʚʘ ʧʦʣʘ, ʢʦʨʝʡʮʳ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʝʭʘʣʠ ʚ ʗʧʦʥʠʠ, ʚʩʝʛʜʘ ʩʢʫʯʘʶʪ ʧʦ ʥʝʡ, ʭʦʷ ʚ ʗʧʦʥʠʠ ʪʝʧʣʝʝ, ʯʝʤ ʚ ʂʦʨʝʝ ʚ 

ʮʝʣʦʤ. 

 
 

ʈʠʩ. 1 ï ʆʥʜʦʣʴ ï ʦʨʠʛʠʥʘʣʴʥʘʷ ʠ ʵʢʦʥʦʤʠʯʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ 

ʜʣʷ ʢʦʨʝʡʮʝʚ, ʧʨʠʟʥʘʥʥʘʷ ʚʦ ʚʩʝʤ ʤʠʨʝ 
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ʊʨʘʜʠʮʠʦʥʥʳʝ ʜʦʤʘ  

ʊʨʘʜʠʮʠʦʥʥʘʷ ʢʦʨʝʡʩʢʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ï ʦʥʜʦʣʴ. ʆʥʜʦʣʴ ï ʵʪʦ ʨʘʟ-

ʥʦʚʠʜʥʦʩʪʴ ʩʠʩʪʝʤʳ ʪʝʧʣʦʛʦ ʧʦʣʘ. ʆʥ ʧʦʞʦʞ ʥʘ ʨʦʩʩʠʡʩʢʫʶ ʇʝʯʢʫ, ʢʦʪʦʨʘʷ 

ʠʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʙʦʛʨʝʚʘ ʢʦʨʝʡʩʢʦʡ ʘʨʤʠʠ. ɺ ʢʫʭʥʝ ʪʦʧʷʪ ʜʨʦʚʘ, ʦʥʘ ʦʪʜʝʣʝ-

ʥʘ ʦʪ ʞʠʣʳʭ ʧʦʤʝʱʝʥʠʡ. ɾʘʨ ʠ ʜʳʤ ʧʨʦʭʦʜʷʪ ʧʦʜ ʧʦʣʦʤ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʣ ʩʪʘ-

ʥʦʚʠʪʩʷ ʛʦʨʷʯʠʤ. ʉʠʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʦʥʜʦʣʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʣ ʥʝʢʦʪʦʨʦʝ 

ʚʨʝʤʷ ʩʦʭʨʘʥʷʝʪ ʪʝʧʣʦ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʛʦʥʴ ʧʦʛʘʩʥʝʪ. ɺʦʪ ʧʦʯʝʤʫ ʢʦʨʝʡʮʳ ʣʶ-

ʙʷʪ, ʢʦʛʜʘ ʠʭ çʧʝʢʫʪè ʥʘ ʧʦʣʫ, ʢʘʢ ʭʣʝʙ. 

 

ʋʛʦʣʴʥʦʝ ʦʪʦʧʣʝʥʠʝ 

ʉʘʤʘʷ ʙʦʣʴʰʘʷ ʧʨʦʙʣʝʤʘ ʆʥʜʦʣʘ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʦʪʨʝʙʣʷʣ ʩʣʠʰʢʦʤ ʤʥʦʛʦ 

ʜʨʝʚʝʩʠʥʳ. ʃʝʩʘ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʝʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚ ʢʦʨʝʡʩʢʦʤ ʢʣʠ-

ʤʘʪʝ, ʥʦ ʢʦʨʝʡʮʳ ʚʳʨʘʱʠʚʘʶʪ ʙʦʣʴʰʝ ʜʨʝʚʝʩʠʥʳ, ʯʝʤ ʚʳʨʘʩʪʘʶʪ ʝʩʪʝʩʪʚʝʥ-

ʥʳʤ ʦʙʨʘʟʦʤ. ʄʥʦʛʠʝ ʛʦʨʳ ʩʪʘʣʠ ʛʦʣʳʤʠ ʛʦʨʘʤʠ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ. ʂʦʨʝʡʩʢʦʝ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦ ʧʨʠʟʚʘʣʦ ʠʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ ʫʛʦʣʴʥʦʛʦ ʦʪʦʧʣʝʥʠʷ ʧʦʩʣʝ ʦʢʦʥʯʘ-

ʥʠʷ ʂʦʨʝʡʩʢʦʡ ʚʦʡʥʳ. 

ɺʦ ʤʥʦʛʠʭ ʩʪʘʨʳʭ ʜʦʤʘʭ ʠ ʥʦʚʦʩʪʨʦʡʢʘʭ ʧʨʠʤʝʥʷʣʘʩʴ ʩʠʩʪʝʤʘ ʫʛʦʣʴʥʦʡ 

ʦʥʜʦʣʴ, ʥʦ ʚʦʟʥʠʢʣʘ ʜʨʫʛʘʷ ʧʨʦʙʣʝʤʘ ï ʦʪʨʘʚʣʝʥʠʝ ʫʛʘʨʥʳʤ ʛʘʟʦʤ. ʆʥʜʦʣʴ ʧʦ-

ʩʪʦʷʥʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʠ ʦʭʣʘʞʜʘʝʪʩʷ, ʩʦ ʚʨʝʤʝʥʝʤ ʥʘ ʥʝʤ ʙʫʜʫʪ ʧʦʷʚʣʷʪʴʩʷ ʥʝ-

ʙʦʣʴʰʠʝ ʪʨʝʱʠʥʳ. ʋʛʦʣʴ ʧʨʦʠʟʚʦʜʠʪ ʙʦʣʴʰʝ ʫʛʘʨʥʦʛʦ ʛʘʟʘ, ʯʝʤ ʜʨʝʚʝʩʠʥʘ, 

ʫʛʘʨʥʳʡ ʛʘʟ ʧʨʦʩʘʯʠʚʘʝʪʩʷ ʤʝʞʜʫ ʪʨʝʱʠʥʘʤʠ. ʉʦʪʥʠ ʣʶʜʝʡ ʫʤʠʨʘʣʠ ʢʘʞʜʳʡ 

ʛʦʜ ʠʟ-ʟʘ ʦʪʨʘʚʣʝʥʠʷ. 

 

 
 

ʈʠʩ. 2 ï ʈʘʟʨʝʟ ʧʦʣʘ ʩʠʩʪʝʤ ʚʦʜʷʥʦʛʦ ʦʪʦʧʣʝʥʠʷ  

 

ɺʦʜʷʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ (ʢʦʪʝʣ ɸʂɸ) 

ʇʦʩʣʝ ʩʚʦʝʛʦ ʧʦʷʚʣʝʥʠ̫ ʚʦʜʷʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʩʪʘʣʘ ʩʘʤʦʡ ʧʦʧʫ-

ʣʷʨʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʦʧʣʝʥʠʷ ʚ ʂʦʨʝʝ. ʂʦʨʝʡʮʳ ʚʦʦʙʱʝ ʥʘʟʳʚʘʶʪ ʝʛʦ çʢʦʪʣʦʤè. 

ʂʦʪʝʣ ʥʘʛʨʝʚʘʝʪ ʚʦʜʫ ʠ ʧʦʜʘʝʪ ʝʝ ʚ ʚʦʜʦʧʨʦʚʦʜ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʧʦ-

ʣʘ. ʊʦʧʣʠʚʦʤ ʜʣʷ ʢʦʪʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʩ,y ʥʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷ-
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ʝʪʩʷ ʢʦʪʝʣ LPG (ʩʞʠʞʝʥʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ) ʠʣʠ LNG (ʩʞʠʞʝʥʥʳʡ ʧʨʠʨʦʜʥʳʡ 

ʛʘʟ). ʂʦʪʝʣʴʥʘʷ ʩʪʘʥʦʚʠʪʩʷ ʩʘʤʦʡ ʠʟʚʝʩʪʥʦʡ ʩʠʩʪʝʤʦʡ ʦʪʦʧʣʝʥʠʷ ʩ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝʤ ʥʘ ʛʦʨʦʜʩʢʠʝ ʛʘʟʦʧʨʦʚʦʜʳ. ʊʘʢʞʝ ʚ ʟʘʛʦʨʦʜʥʳʭ ʜʦʤʘʭ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʢʦʪʝʣ ʩ ʛʘʟʦʚʳʤ ʙʘʣʣʦʥʦʤ ʦʪ ʩʣʫʞʙʳ ʜʦʩʪʘʚʢʠ ʛʘʟʘ. 

 

 
 

ʈʠʩ. 3 ï ɻʦʨʦʜʩʢʦʡ ʛʘʟʦʧʨʦʚʦʜ ʚ ʛʦʨʦʜʝ ʉʫʚʦʥ  

 

 

ɹʘʟʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʥʦʚʝʡʰʝʡ ʢʦʨʝʡʩʢʦʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʛʦ ʧʦʣʘ 

ʇʦʜ ʢʦʨʧʫʩʦʤ ʩʠʩʪʝʤʳ ʪʝʧʣʦʛʦ ʧʦʣʘ ʥʘʭʦʜʷʪʩʷ ʯʝʪʳʨʝ ʦʩʥʦʚʥʳʭ ʪʨʫʙʳ. 

ʉʣʝʚʘ ʜʚʝ ʪʨʫʙʳ ʠ ʚʝʥʪʠʣʠ ʩʣʫʞʘʪ ʜʣʷ ʦʙʦʛʨʝʚʘ ʧʦʣʘ ʚ ʜʦʤʝ. ʍʦʣʦʜʥʘʷ ʚʦʜʘ 

ʠʟʚʥʝ ʯʝʨʝʟ ʚʦʜʦʤʝʨ ʧʦʩʪʫʧʘʝʪ ʚ ʩʠʩʪʝʤʫ ʧʦ ʢʨʘʡʥʝʡ ʧʨʘʚʦʡ ʪʨʫʙʝ, ʘ ʛʦʨʷʯʘʷ 

ʚʦʜʘ ʜʣʷ ʚʘʥʥʦʡ ʠ ʢʫʭʥʠ ʚʳʭʦʜʠʪ ʯʝʨʝʟ ʚʪʦʨʫʶ ʪʨʫʙʫ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ. 

ʂʦʪʝʣ ʫʧʨʘʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ, ʧʦʵʪʦʤʫ ʝʛʦ ʤʦʞʥʦ ʣʝʛʢʦ ʚʢʣʶʯʘʪʴ ʠ 

ʚʳʢʣʶʯʘʪʴ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʡʣʝʨ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʚʘʥʥʫʶ ʢʦʤ-

ʥʘʪʫ, ʧʦʵʪʦʤʫ ʠʤ ʥʝ ʥʫʞʥʦ ʛʨʝʪʴ ʚʦʜʫ ʜʣʷ ʙʘʥʠ. ʀʟ-ʟʘ ʧʨʝʠʤʫʱʝʩʪʚ ʢʦʪʣʘ 

ʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʙʳʩʪʨʦ ʠʩʯʝʟʣʘ.  

ʂʦʨʝʡʮʳ, ʞʠʚʫʱʠʝ ʟʘ ʛʨʘʥʠʮʝʡ, ʩʢʫʯʘʶʪ ʧʦ ʛʦʨʷʯʝʤʫ ʧʦʣʫ. ɽʩʣʠ ʚʳ ʧʦ-

ʝʜʝʪʝ ʚ ʂʦʨʝʶ ʟʠʤʦʡ, ʠʩʧʳʪʘʪʴ ʛʦʨʷʯʠʡ ʧʦʣ ʙʫʜʝʪ ʭʦʨʦʰʠʤ ʦʧʳʪʦʤ. 
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ʕʂʆʅʆʄʀʏɽʉʂɸʗ ʕʌʌɽʂʊʀɺʅʆʉʊʔ  

ɸɺʊʆʄɸʊʀɿɸʎʀʀ ʉʀʉʊɽʄ ʆʊʆʇʃɽʅʀʗ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʦʧʨʝʜʝʣʝʥʠʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʩʠ-

ʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʝʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʢʠ. 
 
ɹϰʣ ʤʘϨʘʣʘʜʘ ʞʳʣʫ ʞϮʡʝʩʽʥ ʘʚʪʦʤʘʪʪʘʥʜʳʨʫʜʳ ʘʥʳϨʪʘʫ, ʦʥʳϬ ʤʘϨʩʘʪʳ ʤʝʥ ʘʚ-

ʪʦʤʘʪʪʘʥʜʳʨʫ ʞϮʡʝʩʽʥ ʧʘʡʜʘʣʘʥʫʜʳϬ ʘʨʪʳϨʰʳʣʳϨʪʘʨʳ ʩʠʷϨʪʳ ʤϸʩʝʣʝʣʝʨ Ϩʘʨʘʩʪʳʨʳ-
ʣʘʜʳ. 

 
This article discusses issues such as the definition of automation of the heating system, its 

purpose and the benefits of using an automation system. 

 
ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʤ ʜʦʤʝ ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʩʪʘʣʘ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ. ɸʚʪʦʤʘʪʠʢʘ, ʢʦʪʦʨʘʷ ʟʘʚʠʩʠʪ ʦʪ 
ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ, ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʦʥʦʤʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʠ ʧʦ-
ʵʪʦʤʫ ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʘ ʚ ʥʳʥʝʰʥʝʝ ʚʨʝʤʷ. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʤʥʦʛʦʢʚʘʨʪʠʨʥʦʛʦ ʜʦʤʘ ï ʵʪʦ ʩʧʦʩʦʙ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʚ ʧʦʤʝʱʝʥʠʷʭ ʧʨʠ ʠʟʤʝʥʝʥʠʷʭ ʪʝʤʧʝʨʘʪʫ-
ʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ɼʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʞʠʣʦʛʦ ʜʦʤʘ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠʥʦʩʷʪ ʧʦʣʴʟʫ ʚ ʨʝʛʠʦʥʘʭ, ʛʜʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʛʦʜʘ ʧʨʦʠʩʭʦ-
ʜʷʪ ʯʘʩʪʳʝ ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨ. ʆʥʠ ʦʙʦʨʫʜʦʚʘʥʳ ʧʨʦʛʨʘʤʤʘʤʠ, ʢʦʪʦʨʳʝ ʜʘ-
ʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʨʘʥʝʝ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ. ʂ ʧʨʠʤʝʨʫ, 
ʧʨʠ -15 ʥʘʛʨʝʚ ʨʘʜʠʘʪʦʨʦʚ ʜʦʭʦʜʠʪ ʜʦ ʦʜʥʦʛʦ ʫʨʦʚʥʷ, ʥʦ ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʧʦʥʠʞʘʝʪʩʷ ʜʦ -20 ʛʨʘʜʫʩʦʚ ï ʜʦ ʜʨʫʛʦʛʦ. 

ʊʘʤ, ʛʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ ʛʦʜʘ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʝʟ-
ʢʠʤ ʧʝʨʝʧʘʜʘʤ, ʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʧʦʛʦʜʦʟʘʚʠʩʠ-
ʤʘʷ ʘʚʪʦʤʘʪʠʢʘ ʥʝʘʢʪʫʘʣʴʥʘ. 

ʇʨʦʙʣʝʤʘ ʵʢʦʥʦʤʠʠ ʨʘʩʭʦʜʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʩʠʩʪʝʤʘʭ ʦʪʦʧʣʝʥʠʷ 
ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʦʚ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʮʝʥ ʥʘ ʵʥʝʨʛʦʥʦʩʠʪʝʣʠ ʠ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʦʧʣʘʪʳ ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʪʝʧʣʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚʩʝ ʙʦʣʝʝ ʚʘʞʥʦʝ ʟʥʘʯʝ-
ʥʠʝ. ɺ ʥʦʚʳʭ ʞʠʣʳʭ ʟʜʘʥʠʷʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ 
ʦʪʦʧʣʝʥʠʷ. ɺ ʩʪʘʨʳʭ ʜʦʤʘʭ ʧʨʦʙʣʝʤʘ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʦʩʦ-
ʙʦ ʥʝ ʨʝʰʘʝʪʩʷ, ʚʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʦʙʦʩʥʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʪ, ʚʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ 
ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ. 

ʇʦʵʪʦʤʫ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ, ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦ-
ʩʪʠ ʨʘʙʦʪʳ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʦʪʦʧʣʝʥʠʷ. ʆʜʥʦ ʠʟ ʫʩʧʝʰʥʳʭ ʨʝʰʝʥʠʡ ʜʘʥ-
ʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʧʨʠʙʦʨʦʚ ʫʯʝʪʘ ʠ ʚʥʝʩʝʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-
ʥʦʡ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʠʩʢʣʶʯʘʪʴ ʠʟʣʠʰʥʠʡ 
ʨʘʩʭʦʜ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. 
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ʎʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʧʣʘ ʩʦʛʣʘʩʥʦ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ. ʕʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ ʠʣʠ ʧʦʥʠʞʝʥʠʷ ʥʘʩʳ-

ʱʝʥʥʦʩʪʠ ʧʦʪʦʢʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʞʠʣʳʭ ʜʦʤʘʭ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʬʘʢ-

ʪʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʦʤʝʱʝʥʠʷ ʚ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʦʤʝʥʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ, ʯʪʦ ʧʝʨʝʭʦʜ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʫʶ ʩʠʩʪʝʤʫ ʦʪʦʧʣʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʝʥ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʠ. ʅʠʟ-

ʢʠʝ ʩʨʦʢʠ ʦʢʫʧʘʝʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʜʘʥʥʳʡ ʩʧʦʩʦʙ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʠʠ ʢ 

ʤʘʣʦʟʘʪʨʘʪʥʳʤ ʠ ʙʳʩʪʨʦʦʢʫʧʘʝʤʳʤ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʦʧʣʝʥʠʝʤ ʥʘ ʦʩʥʦʚʝ ʪʝʢʫʱʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

¶ ʫʧʨʘʚʣʷʶʱʠʡ ʢʦʥʪʨʦʣʣʝʨ; 

¶ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ; 

¶ ʵʣʝʚʘʪʦʨ, ʠʣʠ ʨʝʛʫʣʠʨʫʶʱʠʡ ʢʣʘʧʘʥ ʩ ʥʘʩʦʩʦʤ.  

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

 

ʉʭʝʤʘ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʩ ʯʝʪʳʨʝʭ ʪʝʤʧʝ-

ʨʘʪʫʨʥʳʭ ʜʘʪʯʠʢʦʚ: 

¶ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ; 

¶ ʩʥʘʨʫʞʠ ʧʦʤʝʱʝʥʠʷ; 

¶ ʥʘ ʧʨʷʤʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ; 

¶ ʥʘ ʦʙʨʘʪʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ. 
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ʇʨʠ ʩʥʠʞʝʥʠʠ ʠʣʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʢʦʥʪʨʦʣ-

ʣʝʨ ʜʘʝʪ ʢʦʤʘʥʜʫ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʘʤ ʥʘ ʟʘʢʨʳʪʠʝ ʠʣʠ ʦʪʢʨʳʪʠʝ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʧʦʩʪʫʧʣʝʥʠʷ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠʟ ʪʝʧ-

ʣʦʚʦʡ ʩʝʪʠ. ɸʚʪʦʤʘʪʠʢʘ ʘʥʘʣʠʟʠʨʫʝʪ ʚʩʝ ʜʘʥʥʳʝ ʠ ʧʦ ʩʧʝʮʠʘʣʴʥʳʤ ʩʭʝʤʘʤ ʨʘʩ-

ʩʯʠʪʳʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ. 

ɸʣʛʦʨʠʪʤ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʫʣʠʮʳ, ʚ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʭ ʜʦʤʘʭ ʫʞʝ ʚʩʪʨʦʝʥ ʚ ʘʚʪʦʤʘʪʠʢʫ ʢʦʥʪʨʦʣʣʝʨʘ. ɽʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʥʘʩʪʨʦʠʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʦʝ ʧʦʤʝʱʝʥʠʝ.  

ʇʨʝʜʧʦʣʦʞʠʤ, ʜʦʤ ʧʦʩʪʨʦʝʥ ʠʟ ʢʠʨʧʠʯʘ ʩ ʪʦʣʩʪʳʤʠ ʩʪʝʥʘʤʠ ʠʣʠ ʧʘʥʝʣʴ-

ʥʳʡ, ʫ ʢʦʪʦʨʦʛʦ ʩʪʝʥʳ ʭʦʣʦʜʥʳʝ. ɺ ʩʪʘʨʳʝ ʧʘʥʝʣʴʥʳʝ ʜʦʤʘ ʜʦʚʦʣʴʥʦ ʥʝ ʚʳʛʦʜ-

ʥʦ ʩʪʘʚʠʪʴ ʪʝʧʣʦʩʯʝʪʯʠʢʠ, ʫ ʥʠʭ ʦʯʝʥʴ ʭʦʣʦʜʥʳʝ ʩʪʝʥʳ ʠ ʚʤʝʩʪʦ ʦʞʠʜʘʝʤʦʡ 

ʵʢʦʥʦʤʠʠ, ʧʦʪʨʝʙʠʪʝʣʴ ʙʫʜʝʪ ʧʣʘʪʠʪʴ ʙʦʣʴʰʝ. ʇʦʵʪʦʤʫ ʝʩʣʠ ʚ ʧʘʥʝʣʴʥʦʤ ʜʦʤʝ 

ʫʩʪʘʥʦʚʣʝʥ ʪʝʧʣʦʩʯʝʪʯʠʢ, ʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʵʢʦʥʦʤʠʪʴ, ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʧʦ-

ʛʦʜʦʟʘʚʠʩʠʤʫʶ ʘʚʪʦʤʘʪʠʢʫ. ʇʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʦʤʝ 

ʤʦʞʥʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʢʦʡ-ʪʦ ʦʜʥʦʡ ʠʟ ʝʛʦ ʢʚʘʨʪʠʨ, ʘ ʚ ʢʚʘʨ-

ʪʠʨʝ ʚ ʦʜʥʦʡ ʠʟ ʢʦʤʥʘʪ. ʕʪʦ ʜʦʣʞʥʘ ʙʳʪʴ ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʠ ʧʝʨʝʧʘʜʳ ʝʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤʠ. ʃʫʯʰʝ ʚʩʝʛʦ ʧʦʜ ʵʪʠ ʫʩʣʦʚʠʷ ʧʦʜʭʦʜʠʪ ʩʧʘʣʴʥʷ 

ʠʣʠ ʜʝʪʩʢʘʷ ʢʦʤʥʘʪʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨ ʧʝʨʠʦʜʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʜʘʪʯʠʢʠ ʪʝʤ-

ʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ ʠʟʤʝʨʷʶʪ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, ʥʘʨʫʞʥʦʛʦ ʚʦʟʜʫʭʘ ʠ 

ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʪʦʧʣʝʥʠʷ ʛʘʨʘʥʪʠ-

ʨʦʚʘʥʥʦ ʦʢʫʧʘʝʪʩʷ ʚ ʤʥʦʛʦʵʪʘʞʥʳʭ ʜʦʤʘʭ ʠ ʙʦʣʴʰʠʭ ʢʦʪʪʝʜʞʘʭ.  
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 ʩʪʫʜʝʥʪʽ שɺʂ-18-3 ʪʦʙʳʥʳ (ɸפʘʟɹʉפ) ʳʜʳʨʙʘʡ ʊ.ʄ., ʍɹʂפ

ʂʘʩʘʙʝʢʦʚʘ ɻ.ʊ., ʍɹʂ (פʘʟɹʉפɸ) ʧʨʦʬʝʩʩʦʨ ʘʩʩʠʩʪʝʥʪʽ 

 

ʉʋ ױפɹʓʈʓʅɸʅ ʕʅɽʈɻʀʗ ɸʃʋ ï ɹʆʃɸʐɸפʊʓר 

ɹɸʉʊɸʄɸʉʓ 

 
ɹϰʣ ʤʘϨʘʣʘʜʘ ʙʽʟ ʩʫ Ϩϰʙʳʨʳ ʘʨϨʳʣʳ ʵʣʝʢʪʨ Ϩʫʘʪʳʥ ʘʣʜʳ ϨʘʨʘʩʪʳʨʜʳϨ. ɹϰʣ ʪʝʭʥʦʣʦ-

ʛʠʷ ʙʦʣʘʰʘϨʪʘ ʵʣʝʢʪʨ Ϩʫʘʪʳʥ Ϯʥʝʤʜʝʫʛʝ, ʩʦʥʳʤʝʥ Ϩʘʪʘʨ, ʩʫʜʳϬ ʞʳʣʜʘʤʜʳϤʳʥ ʪʠʽʤʜʽ 

ʧʘʡʜʘʣʘʥʫϤʘ ʢϺʤʝʢʪʝʩʝʜʽ. 
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ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʚʦʧʨʦʩ ʦ ʧʦʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʯʝʨʝʟ ʚʦʜʦʧʨʦ-

ʚʦʜ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʤʦʛʘʝʪ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʙʫʜʫʱʝʤ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʜʳ. 

 

In this article, we have considered the issue of obtaining electricity through the water sup-

ply. This technology helps to save electricity in the future, as well as effectively use the speed of wa-

ter supply. 

 

ʉʫʤʝʥ ʞʘʙʜʳϨʪʘʫ ʞϮʡʝʩʽ 

ʉʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽ ï ʙײʣ ʩʫ ץʘʙʳʣʜʘסʳʰʪʳ, ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ 

ʩʦʨסʳ ץʦʥʜʳʨסʳʣʘʨʳʥ, ʩʫʜʳ ʪʘʟʘʨʪʫ ʞᴅʥʝ ʪʘʟʘʨʪʫ ʞװʡʝʣʝʨʽʥ, ʪײʪʳʥʫʰʳʣʘʨסʘ 

ʙʝʣʛʽʣʝʥʛʝʥ ʩʘʧʘʜʘ ʩʫ ʙʝʨʫ װʰʽʥ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʝʣʽʩʽ ʤʝʥ ʢʦʥʪʝʡʥʝʨʣʝʨʜʽ 

(ʨʝʟʝʨʚʫʘʨʣʘʨʜʳ) ץʘʤʪʠʪʳʥ ײץʨʳʣʳʤʜʘʨʜʳש ʞʠʳʥʪʳסʳ. 

ɸʜʘʤʜʘʨ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽʥ ʝʞʝʣʜʝʥ ץʦʣʜʘʥʳʧ ʢʝʣʝʜʽ. ɽʞʝʣʛʽ 

ᴇʨʢʝʥʠʝʪʪʝʨʜʽש ʘʨʭʝʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʽ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʝʣʽʣʝʨʽ ʂʨʠʪʪʝ, 

ɽʛʠʧʝʪʪʝ, ɻʨʝʮʠʷʜʘ, ʈʠʤ ʠʤʧʝʨʠʷʩʳʥʜʘ ʞᴅʥʝ ʙʘʩץʘ ʝʣʜʝʨʜʝ ʙʦʣסʘʥʳʥ 

ʢᴇʨʩʝʪʝʜʽ. 

ʉʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ ʢᴇʟʽ ʞʝʨ װʩʪʽ (ᴇʟʝʥʜʝʨ, ʢᴇʣʜʝʨ) ʞᴅʥʝ ʞʝʨ ʘʩʪʳ ʩʫ-

ʣʘʨʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ɽש ʘʣʜʳʤʝʥ ʩʫʜʳ ʘʣʫ װʰʽʥ, ʩʫ ץʘʙʳʣʜʘʡʪʳʥ ײץʨʳʣʳʤʜʘʨ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʉʦʜʘʥ ʢʝʡʽʥ ʩʫ ʪʘʟʘʨʪʳʣʘʜʳ ʞᴅʥʝ ʩʳʨʪץʳ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞʝʣʽʣʝʨʽ ʘʨץʳʣʳ ᴅʨ 

ʪײʪʳʥʫʰʳסʘ ʢʝʣʝʜʽ. 

ʆʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʙʦʣʤʘסʘʥ ʢʝʟʜʝ (ʤʳʩʘʣʳ, ʞʝʢʝ 

 ʘʡʥʘʨ ʢᴇʟʽץ שʳ ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʝ) ʘʫʳʟ ʩʫʜʳסʘʡʜʘסʡʣʝʨʜʝ, ʩʘʷʞʘʡʣʘʨʜʘ, ʰʘʣװ

ʞʝʢʝ ײץʜʳץʪʘʨ, ʢᴇʰʝ ʩʦʨסʳʣʘʨʳ ʞᴅʥʝ ʘʚʪʦʤʦʙʠʣʴʜʝʨʤʝʥ ᴅʢʝʣʽʥʝʪʽʥ ʩʫ ʙʦʣʫʳ 

ʤװʤʢʽʥ. 

ʄʘץʩʘʪʳ ʙʦʡʳʥʰʘ ʽʰʢʽ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʙʽʨʥʝʰʝ ʩʘʥʘʪץʘ ʙᴇʣʽʥʝʜʽ: 

ʉʫʳϨ ʩʫʤʝʥ ʞʘʙʜʳϨʪʘʫ. 

 ;ʡװ ¶

¶ ᴇʨʪʢʝ ץʘʨʩʳ; 

¶ ʠʥʜʫʩʪʨʠʷʣʳץ; 

¶ ʩʫʘʨʫ. 

ʓʩʪʳϨ ʩʫʤʝʥ ʞʘʙʜʳϨʪʘʫ. 

¶ ʞʝʨʛʽʣʽʢʪʽ; 

¶ ʦʨʪʘʣʳץʪʘʥʜʳʨʳʣסʘʥ. 

 

ʉʫ Ϩϰʙʳʨʣʘʨʳʥʘʥ ʵʣʝʢʪʨϨʫʘʪʳʥ ʘʣʫ 

ʂʦʤʧʘʥʠʷ Lucid Energy ʵʣʝʢʪʨץʫʘʪʳʥ ᴇʥʜʽʨʫ ʞװʡʝʩʽʥ ʞʘʩʘʜʳ, ʦʣ ʵʣʝʢʪʨ 

ʵʥʝʨʛʠʷʩʳʥ ᴇʥʜʽʨʫʛʝ ʽʨʽ ץʘʣʘʣʘʨʜʘסʳ ʢʦʤʤʫʥʘʣʜʳײץ ץʙʳʨʣʘʨ ʘʨץʳʣʳ ʩʫ ʘסʳ-

ʥʳʥ ʧʘʡʜʘʣʘʥʘʜʳ. ײפʙʳʨʜʘסʳ ʩʫ ʞװʟʜʝʛʝʥ ʘʜʘʤʜʘʨʜʳץ שʘʞʝʪʪʽʣʽʢʪʝʨʽ װʰʽʥ 

ʧʘʡʜʘʣʘʥʳʣʘʜʳ, ʞᴅʥʝ ʦʥʳ ʵʣʝʢʪʨ ץʫʘʪʳʥ ᴇʥʜʽʨʫ װʰʽʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷסʘ 

 .ʘ ʙʦʣʘʜʳסʨʜʝ ʧʘʡʜʘʣʘʥʫװʩʘʩ ʪץײ
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ɾװʡʝʥʽש ʞײʤʳʩ ʩʭʝʤʘʩʳ ᴇʪʝ ץʘʨʘʧʘʡʳʤ: ײץʙʳʨʜʳש ʙʝʣʛʽʣʽ ʙʽʨ ʘʨʘʣʳץ-

ʪʘʨʳʥʜʘ ʪʫʨʙʠʥʘʣʘʨ ץʦʩʳʣʘʜʳ, ʘʣ ʩʫ ײץʙʳʨʜʘʥ ᴇʪʢʝʥʜʝ ʦʥʳש ʘסʳʤʳ ʪʫʨʙʠʥʘ-

ʣʘʨʜʳ ʘʡʥʘʣʜʳʨʘʜʳ, ʦʣʘʨ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʦʨʥʘʣʘʩץʘʥ ʛʝʥʝʨʘʪʦʨסʘ ץʦʩʳʣʘʜʳ ʜʘ 

ʵʣʝʢʪʨ ʢʫʘʪʳ ʘʣʳʥʘʜʳ. ɹײʣ ʩʫ ײץʙʳʨʣʘʨʳʥʘʥ ʵʣʝʢʪʨ ץʫʘʪʳʥ ʘʣʫ ʧʨʠʥʮʠʧʽ. 

ɻʠʜʨʘʚʣʠʢʘʣʳץ ʪʫʨʙʠʥʘ ʘסʳʤʜʘסʳ ʩʫʜʳש ʵʥʝʨʛʠʷʩʳʥ ʤʝʭʘʥʠʢʘʣʳץ ʵʥʝʨ-

ʛʠʷסʘ ʘʡʥʘʣʜʳʨʘʜʳ. ɻʝʥʝʨʘʪʦʨʣʘʨʜʳש ʞײʤʳʩʳ ʌʘʨʘʜʝʡ ʘʰץʘʥ ʧʨʠʥʮʠʧʪʝʨʛʝ 

ʥʝʛʽʟʜʝʣʛʝʥ. ʆʣ ʤʘʛʥʠʪ ᴇʪʢʽʟʛʽʰʪʝʥ ᴇʪʽʧ ʙʘʨʘ ʞʘʪץʘʥʜʘ, ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש 

ʘʣʳʥʫʳʥʘ ʩʝʙʝʧ ʙʦʣʘʪʳʥʜʳסʳʥ ʘʥʳץʪʘʜʳ. 
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 ʪʳ ʤʘʛʥʠʪʪʽʢ ʪʦʢʪʳ ʙʦʣʘʪʪʘʥץʨʘײʣʢʝʥ ʛʝʥʝʨʘʪʦʨʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʝʨ ʪת

ʞʘʩʘʣסʘʥ ʪʘץʪʘʣʘʨסʘ ʦʨʘʣסʘʥ ʩʳʤ ʽʣʤʝʢʪʝʨʽ ʘʨץʳʣʳ ʘʡʥʘʣʜʳʨʫ ʘʨץʳʣʳ ʞʘʩʘʣʘ-

ʜʳ. ʆʣʘʨ ᴇʨʽʩ ʧʦʣʶʩʪʝʨʽ ʜʝʧ ʘʪʘʣʘʜʳ ʞᴅʥʝ ʨʦʪʦʨʜʳש ʧʝʨʠʤʝʪʨʽ ʙʦʡʳʥʰʘ ʦʨʥʘ-

ʪʳʣʘʜʳ. ʈʦʪʦʨ ʪʫʨʙʠʥʘʣʳץ ʙʽʣʽʢʢʝ ʞᴅʥʝ ʙʝʣʛʽʣʝʥʛʝʥ ʞʳʣʜʘʤʜʳץʧʝʥ ʘʡʥʘʣʘʜʳ. 

ʈʦʪʦʨ ʘʡʥʘʣסʘʥ ʢʝʟʜʝ, ʦʣ ᴇʨʽʩ ʧʦʣʶʩʪʝʨʽʥ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʪʝʨ) ʩʪʘʪʦʨסʘ ʦʨʥʘ-

ʪʳʣסʘʥ ᴇʪʢʽʟʛʽʰʪʝʨʜʽש ᴇʪʫʽʥʝ ʳץʧʘʣ ʝʪʝʜʽ. ɹײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʵʣʝʢʪʨʵʥʝʨʛʠʷʩʳ ʛʝ-

ʥʝʨʘʪʦʨʣʘʨ ʘʨʢʳʣʳ ʘʣʳʥʫʳʥ ʢᴇʨʩʝʪʝʜʽ. 

ʊʝʭʥʦʣʦʛʠʷʥʳש ʙʘʩʪʳ ʘʨʪʳץʰʳʣʳסʳ ï ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʪʝʨʽʩ ᴅʩʝʨʜʽש ʪʦ-

ʣʳץ ʙʦʣʤʘʫʳ, ʩʦʥʜʘʡ-ʘץ ʘʣʳʥסʘʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥʳש ʪᴇʤʝʥ ײץʥʳ. ᴄʨʠʥʝ, 

 ʙʽʨʥʝʰʝ ץʫʘʪʳ ʘʟ, ʙʽʨʘץ שʳʥʳסʦʥʜʳʨץ ʜʠʘʤʝʪʨʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʽʨ שʙʳʨʜʳײץ

ʰʘסʳʥ ɻʕʉ ʰʘסʳʥ ʤʝʢʝʤʝʥʽ ʪʦʣʳסʳʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝ ʘʣʘʜʳ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, 

ʞʝʨʛʽʣʽʢʪʽ ʪײʨסʳʥʜʘʨʜʳש ʵʣʝʢʪʨ ץʫʘʪʳʥ ʘʟʘʡʪʘʜʳ. 

ɹײʜʘʥ ʙʘʩץʘ, ʩʫ ײץʙʳʨʳʥʜʘ ʰʘסʳʥ ʘʛʨʝʛʘʪʪʘʨ ʰʦסʳʨʳʥ ʦʨʥʘʣʘʩʪʳʨʫ ʘʫʳʟ 

ʩʫʜʳ ʪʘʟʘʨʪʫ ʞᴇʥʽʥʜʝʛʽ ײץʨʳʣסʳʣʘʨʜʳ ʵʣʝʢʪʨʤʝʥ ʞʘʙʜʳץʪʘʫסʘ ʞײʤʩʘʣʘʪʳʥ 

ʰʳסʳʥʜʘʨʜʳ ʘʟʘʡʪʫ ʝʩʝʙʽʥʝʥ ʦʥʳש ʪʘʨʠʬʪʽʢ ײץʥʳʥ ʪᴇʤʝʥʜʝʪʫʛʝ ʳץʧʘʣ ʝʪʝʜʽ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ᴅʟʽʨʣʝʤʝʣʝʨ ʙʝʣʛʽʣʝʥʛʝʥ ʫʯʘʩʢʝʜʝʛʽ ʩʫʜʳש ʥʝʛʽʟʛʽ ʧʘʨʘʤʝʪʨ-

ʣʝʨʽʥ ʘʥʳץʪʘʫ װʰʽʥ ʘʨʥʘʡʳ ʩʝʥʩʦʨʣʘʨʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʙײʣ ʢʦʤʤʫʥʘʣʜʳץ 

 ʘʪʘʨ, ʪʫʨʙʠʥʘʩʳ ʙʘʨץ ʽʣʜʝʪʫʽ ʢʝʨʝʢ. ʉʦʥʳʤʝʥשʤʳʩʳʥ ʞʝײʞ שʳʟʤʝʪʪʝʨʜʽץ

-ʞʳʣ שʳʩʳʥʳסʘʥ ʢʽʨʽʩʪʽʨʫʣʝʨ ʩʫ ʘסʘʨʥʘʡʳ ʙᴇʣʽʤʜʝʨʽʥʝʥ ʞʘʩʘʣ שʙʳʨʣʘʨʜʳײץ

ʜʘʤʜʳסʳʥʘ ʘʟ סʘʥʘ ᴅʩʝʨ ʝʪʝʜʽ ʞᴅʥʝ ץʘʣʘʣʳץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʙʘʨʣʳץ ʞװʡ-

ʝʩʽʥʽץ שʘʣʳʧʪʳ ʞײʤʳʩ ʨʝʞʠʤʽʥʝ ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʫʜʽ ץʘʞʝʪ ʝʪʧʝʡʜʽ. 

 

 
 

ʉʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥʝʥ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʘʣʫ ʠʜʝʷʩʳ ʪʝʢ ʢʦʤʤʫ-

ʥʘʣʜʳץ ץʳʟʤʝʪʪʝʨʛʝ ʞᴅʥʝ ץʘʨʘʧʘʡʳʤ ʘʟʘʤʘʪʪʘʨסʘ סʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʩʫ-

ʜʳ ᴅʩʽʨʝʩʝ ʢᴇʧ ʤᴇʣʰʝʨʜʝ ʧʘʡʜʘʣʘʥʘʪʳʥ ʽʨʽ ᴇʥʜʽʨʽʩʪʽʢ ʥʳʩʘʥʜʘʨסʘ ʜʘ ץʦʡʳʣסʘʥ. 

ʆʣʘʨʜʳץ שʘʪʘʨʳʥʘ ʬʘʨʤʘʮʝʚʪʠʢʘʣʳץ ʢʦʤʧʘʥʠʷʣʘʨ, ʪʘʤʘץ, ʢʠʽʤ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ᴇʥʜʽʨʽʩ ʪװʨʣʝʨʽʥ ʰʳסʘʨʘʪʳʥ ʬʘʙʨʠʢʘʣʘʨ ʞʘʪʘʜʳ. ʆʣʘʨʜʳש ʙʘʨʣʳסʳ Rentricity 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ʵʣʝʢʪʨ ʵʥʝʨʛʠʷʩʳʥ ʘʡʪʘʨʣʳץʪʘʡ װʥʝʤʜʝʡ 

ʘʣʘʜʳ. 
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ʐʘסʳʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨ ʢᴇʙʽʥʝʩʝ ʞײʤʳʩ ʧʨʠʥʮʠʧʽʤʝʥ ʝʨʝʢʰʝ-

ʣʝʥʝʪʽʥ ʢʝʣʝʩʽ ʪװʨʣʝʨʜʽש ʙʽʨʽʥʝ ʞʘʪʘʜʳ: ʩʫ ʜᴇשʛʝʣʝʛʽ (ʜᴅʩʪװʨʣʽ ʪװʨʽ, ʦʨʳʥʜʘʫ 

ʦשʘʡ), ʧʨʦʧʝʣʣʝʨ (ʝʥʽ ʦʥ ʤʝʪʨʜʝʥ ʘʩʘʪʳʥ ʘסʳʥ װʰʽʥ), ʛʠʨʣʷʥʜʘʣʘʨ (ʞײʤʩʘץ ʘסʳ-

ʥʳ ʙʘʨ ᴇʟʝʥʜʝʨ װʰʽʥ); ʩʫ ʘסʳʥʳʥʳש ʞʳʣʜʘʤʜʳסʳʥ ʘʨʪʪʳʨʫ ץʦʩʳʤʰʘ ײץʨʳ-

ʣʳʤʜʘʨ ʙʝʨʝʜʽ, ʈʦʪʦʨ ɼʘʨʴʝ (ʢᴇʙʽʥʝʩʝ ï ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨ װʰʽʥ). ɹײʣ 

ʦʧʮʠʷʣʘʨʜʳש ʘʨʪʳץʰʳʣʳסʳ ï ʦʣʘʨ ʙᴇʛʝʪ ʩʘʣʫʜʳ ץʘʞʝʪ ʝʪʧʝʡʜʽ. 

ʉʫ ʜᴇשʛʝʣʝʛʽ ï ʙײʣ ʞʝʢʝ ʩʝʢʪʦʨ װʰʽʥ ʝש ʪʘʥʳʤʘʣ ɻʕʉ-ʥ rש ʢʣʘʩʩʠʢʘʣʳץ 

ʪװʨʽ. ʆʩʳ ʪʠʧʪʝʛʽ ʰʘסʳʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʣʘʨ ʘʡʥʘʣʜʳʨʫסʘ ץʘʙʽʣʝʪʪʽ װʣʢʝʥ 

ʜʦסשʘʣʘץ ʪᴅʨʽʟʜʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʆʥʳש ʞװʟʜʝʨʽ ʩʫסʘ ʪװʩʝʜʽ, ʘʣ ײץʨʳʣʳʤʥʳש 

 .ʘʣʪʘʜʳסʦʟץ ʢʽʣ ʤʝʭʘʥʠʟʤʜʽװʣ ʙײʘʥ, ʙץʩʪʽʥʜʝ ʦʨʥʘʣʘʩװ שʘʥ ʙᴇʣʽʛʽ ʘʨʥʘʥʳסʘʣץ

 .ʳʣʳ ʙʝʨʽʣʝʜʽץʞʝʪʝʢ ʘʨ ץʘ ʛʠʜʨʘʚʣʠʢʘʣʳסʘʨʘʪʳʥ ʛʝʥʝʨʘʪʦʨסʰʳ ץʫʘʪ ʪʦפ

ʇʨʦʧʝʣʣʝʨ ʩʪʘʥʮʠʷʩʳʥʜʘ ץʦʨʘʧʰʘʜʘ ʪʽʢ ץʘʣʳʧʪʘ ʨʦʪʦʨ ʞᴅʥʝ ʩʫ ʘʩʪʳʥʘ 

ʪװʩʽʨʽʣʝʪʽʥ ʩʫ ʘʩʪʳ ʞʝʣ ʘʛʨʝʛʘʪʳ ʦʨʥʘʣʘʩʘʜʳ. ɾʝʣ ʜʠʽʨʤʝʥʽʥʜʝ ʩʫ ʘסʳʥʳʥʳש 

ᴅʩʝʨʽʥʝʥ ʘʡʥʘʣʘʪʳʥ ʞװʟʜʝʨ ʙʘʨ. ʇʳʰʘץʪʘʨʜʳץ שʦʟסʘʣʳʩ ʙʘסʳʪʳ ʘסʳʥʥʳש 

ʙʘסʳʪʳʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ. ɹײʣ ʧʨʦʮʝʩʩ ʞʝʣ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳʥʳש ʞײʤʳʩʳʥʘ 

 .ʤʳʩ ʽʩʪʝʡʜʽײʩʘʩ, ʪʝʢ ʩʫ ʘʩʪʳʥʜʘ ʞץײ

ɻʠʨʣʷʥʜʘʣʳץ ɻʕʉ ï ʙײʣ ʘʨʥʘʥʳװ שʩʪʽʥʝ ʩʦʟʳʣסʘʥ ʞᴅʥʝ ʪʽʨʝʢ ʤʦʡʳʥ-

ʪʽʨʝʛʽʥʝ ʙʝʢʽʪʽʣʛʝʥ ʢʘʙʝʣʴ. ʆסʘʥ ʛʠʨʣʷʥʜ ʪװʨʽʥʜʝ ʰʘסʳʥ ᴇʣʰʝʤʜʽ ʞᴅʥʝ ʩʘʣʤʘץʪʳ 

ʪʫʨʙʠʥʘʣʘʨ (ʛʠʜʨʦʚʠʥʛʨʦʪʦʨʣʘʨ) ʽʣʫʣʽ ʞᴅʥʝ ץʘʪʘש ʙʝʢʽʪʽʣʛʝʥ. ʆʣʘʨ ʝʢʽ ʞʘʨʪʳ 

ʮʠʣʠʥʜʨʜʝʥ ʪײʨʘʜʳ. ʉʫסʘ ʪװʩʫ ʢʝʟʽʥʜʝ ʦʩʴʪʝʨʜʽװ שʡʣʝʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦʣʘʨʜʘ 

ʤʦʤʝʥʪ ʧʘʡʜʘ ʙʦʣʘʜʳ. ɹײʣ ʢʘʙʝʣʴ ʙװʛʽʣʽʧ, ʩʦʟʳʣʳʧ, ʘʡʥʘʣʘ ʙʘʩʪʘʡʜʳ. ɹײʣ 

ʞʘסʜʘʡʜʘ ʢʘʙʝʣʴʜʽ ץʫʘʪ ʙʝʨʫ װʰʽʥ ץʳʟʤʝʪ ʝʪʝʪʽʥ ʙʽʣʽʢʧʝʥ ʩʘʣʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ. 

ʂʘʙʝʣʴʜʽײ שʰʪʘʨʳʥʳש ʙʽʨʽ ʨʝʜʫʢʪʦʨסʘ ץʦʩʳʣסʘʥ. פʫʘʪ ʦסʘʥ ʢʘʙʝʣʴ ʤʝʥ ʛʠʜʨʘʚ-

ʣʠʢʘʣʳץ ʨʦʪʦʨʣʘʨʜʳש ʘʡʥʘʣʫʳʥʘʥ ʙʝʨʽʣʝʜʽ. ɹײʣ ʪװʨʜʽש ʢʝʤʰʽʣʽʛʽ ï ʦʣ ʙʘʩץʘʣʘ-

ʨסʘ ץʘʫʽʧ ʪᴇʥʜʽʨʝʜʽ. ʄײʥʜʘʡ ʩʪʘʥʮʠʷʣʘʨʜʳ ʪʝʢ ץʘשʳʨʘʧ ʙʦʩ ץʘʣסʘʥ ʞʝʨʣʝʨʜʝ 

ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

ɼʘʨʴʝ ʨʦʪʦʨʳ ï ʦʥʳ ʞʘʩʘʫʰʳ ɼʞʦʨʜʞ ɼʘʨʴʝʨʜʽש ʝʩʽʤʽʤʝʥ ʘʪʘʣʘʪʳʥ 

ʰʘסʳʥ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ï ʞװʟʜʝʨʽ ʙʘʨ ʨʦʪʦʨ. ʇʳʰʘץʪʘʨʜʳש ᴅʨץʘʡʩʳʩʳ 

-ʩʝʜʽ. ʇʳװʜʘʣʘʜʳ. ʈʦʪʦʨ ʩʫ ʘʩʪʳʥʘ ʪʽʛʽʥʝʥ ʪשʘʞʝʪʪʽ ʧʘʨʘʤʝʪʨʣʝʨ ʞʝʢʝ ʪʘץ ʰʽʥװ

ʰʘץʪʘʨ ʩʫʜʳש ʙʝʪʽʥʜʝ ʘסʳʧ ʢʝʪʫ ᴅʩʝʨʽʥʝʥ ʧʘʡʜʘ ʙʦʣʘʪʳʥ ץʳʩʳʤʥʳש ʪᴇʤʝʥʜʝ-

ʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʘʡʥʘʣʘʜʳ. ɹײʣ ʧʨʦʮʝʩʩ ײʰʘץʪʘʨʜʳ ײʰʫסʘ ʤᴅʞʙװʨ ʝʪʝʪʽʥ ʣʠʬʪ 

ʩʠʷץʪʳ. ʄײʥʜʘ ʘסʳʥʥʳש ʙʘסʳʪʳ ʤʘשʳʟʜʳ ʝʤʝʩ, ʙʽʨʘץ ʦʨʥʘʪʫ װʰʽʥ ʢװʨʜʝʣʽʣʽʛʽ 

ʞʝʪʢʽʣʽʢʪʽ. ʉʽʟ ʵʣʝʢʪʨ ץʫʘʪʳʥ ʘʣʫ װʰʽʥ ʩʫ ʩʪʘʥʮʠʷʩʳʥ ᴇʟʽשʽʟ ʞʘʩʘʡ ʘʣʘʩʳʟ. ʉʦ-

ʥʳʤʝʥ ץʘʪʘʨ, ʞʝʢʝ װʡ װʰʽʥ ץʘʞʝʪʪʽ ʵʥʝʨʛʠʷ ʤᴇʣʰʝʨʽ ʘʟ. 
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ᴄʆɾ 696.1 

 

ʄᴅʞʽʪ ɼ.פ., ʍɹʂ (פʘʟɹʉפɸ) ɺʂ-19-1 ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ 

ʂʘʩʘʙʝʢʦʚʘ ɻ.ʊ., ʍɹʂ (פʘʟɹʉפɸ) ʧʨʦʬʝʩʩʦʨ ʘʩʩʠʩʪʝʥʪʽ 

 

ʊɽʃɽɼʀɸɻʅʆʉʊʀʂɸ ɾᴄʅɽ ʂᴄʈɯɿ ɾɽʃɯʃɽʈɯʅ 

ɾᴆʅɼɽʋɼɯר ɿɸʄɸʅɸʋʀ ᴄɼɯʉʊɽʈɯ 

 
ɹϰʣ ʤʘϨʘʣʘʜʘ ʢϸʨʽʟ ʞʝʣʽʣʝʨʽʥʽϬ ʤϸʩʝʣʝʣʝʨʽ ʞʘʡʣʳ ʩϺʟ ϨʦʟϤʘʣʘʜʳ. ʊϺʪʝʥʰʝ ʞʘϤʜʘʡ-

ʣʘʨʜʳ ʘʥʳϨʪʘʧ, ʘʣʜʳʥ ʘʣʫ ʞϸʥʝ ʞʦʶʜʳϬ ʟʘʤʘʥʘʫʠ ϸʜʽʩʪʝʨʽ ϨʘʨʘʩʪʳʨʳʣϤʘʥ.  

 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʩʝʪʝʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʨʘʟ-

ʨʫʰʝʥʠʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ, ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʫʩʪʨʘʥʝʥʠʷ 

ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ. 

 

The article discusses the problems of sewer networks associated with their destruction. 

Modern methods for detecting, preventing and eliminating emergency situations are prented. 

 

 ?ʢʘʥʘʣʠʟʘʮʠʷ ʜʝʛʝʥʽʤʽʟ ʥʝ ץʘʣʘʣʳפ

-ʳʥץʳʟʤʝʪʽ ʩʘʨץ שʡʝ. ʆʥʳװʨʜʝʣʽ ʠʥʞʝʥʝʨʣʽʢ ʞװʢʘʥʘʣʠʟʘʮʠʷ ï ʢ ץʘʣʘʣʳפ

ʜʳ ʩʫʣʘʨʜʳ ʪʘʟʘʣʘʫ ʞᴅʥʝ ʝʣʜʽ ʤʝʢʝʥʜʝʨʛʝ ʪʘʨʘʪʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 ,ʠʤʘʨʘʪʪʘʨʜʘʥ ʙʘʩʪʘʫ ʘʣʳʧס ʢʘʥʘʣʠʟʘʮʠʷ ʜʝʛʝʥʤ̔ʽʟ ï ᴅʢʽʤʰʽʣʽʢ ץʘʣʘʣʳפ

ʝʣʜʽ ʤʝʢʝʥ ʪײʨסʳʥʜʘʨʳʥʳש ʧᴅʪʝʨʣʝʨʽʥʝʥ ʞᴅʥʝ ʞʝʢʝ װʡʣʝʨʜʝʥ ʢᴅʨʽʟ ʞװʡʝʩʽʥ 

ʘʣʳʧ ʢʝʪʫ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ. פʘʣʘʣʳץ ʢʘʥʘʣʠʟʘʮʠʷʜʘ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʜʳש ʘʣʜʳʥ 

ʘʣʫ װʰʽʥ, ᴅʜʝʪʪʝ, סʠʤʘʨʘʪʪʪʘʨʜʘʥ ʰʳץץʘʥ ʢᴅʨʽʟ ʞװʡʝʩʽ ʙʽʨʽʥʰʽ ʢᴅʨʽʟ סשײʳʤʘʩʳ-

ʥʘ ʙʘʨʘʜʳ. 

ɼᴅʣ ʦʩʳ סשײʳʤʘסʘ ʝװ שʣʢʝʥ ʞװʢʪʝʤʝ ʪװʩʝʜʽ, ʩʝʙʝʙʽ ץʘʣʘ ʪײʨסʳʥʜʘʨʳ ʩʘʥ-

ʪʝʭʥʠʢʘʣʳײץ ץʨʳʣסʳʣʘʨ ʘʨץʳʣʳ ʢʘʥʘʣʠʟʘʮʠʷסʘ ץʦʣʜʘʥʫסʘ ʙʦʣʤʘʡʪʳʥ ʟʘʪʪʘʨʜʳ 

ʪʘʩʪʘʫ ʘʨץʳʣʳ סשײʳʤʘʥʳש ʞײʤʳʩʳʥ ץʠʳʥʜʘʪʘʜʳ. ʂᴅʨʽʟ סשײʳʤʘʣʘʨʳ ʦʩʳ ʤᴅʩʝ-

ʣʝʥʽ ʰʝʰʫʜʽש ʝש ʤʘשʳʟʜʳ ʪװʡʽʥʜʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʊʝʢ װʣʢʝʥ ץʘʣʘʥʳש 

ᴅʨʪװʨʣʽ ʙᴇʣʽʢʪʝʨʽʥ ʙʝʡʥʝʣʝʡʪʽʥ ײץʙʳʨʣʘʨ ʘʨץʳʣʳ ʢᴅʨʽʟʛʝ ʞװʡʥʝʩʽʥʝ ץʦʩʳʣʫ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʪʳʥ ʞװʡʝ ʢᴅʨʽʟ ʞװʡʝʩʽ ʜʝʧ ʘʪʘʣʘʜʳ. 

 ʘʨʳ ʪʘʣʘʧʪʘʨסʞʦ שʘ ʝסʦʣʜʘʥʳʣʘʪʳʥ ʤʘʪʝʨʠʘʣʜʘʨץ ʢʘʥʘʣʠʟʘʮʠʷʜʘ ץʘʣʘʣʳפ

 ʳʣʳ ᴇʪʝʪʽʥ ᴇʪʝ ʘʛʨʝʩʩʠʚʪʽ ʦʨʪʘʤʝʥץʥʝʤʽ ʜʨʝʥʘʞʜʘʨ ʘʨװ ʦʡʳʣʘʜʳ, ᴇʡʪʢʝʥʽ ʦʣʘʨץ

ʙʘʡʣʘʥʳʩʪʘ ʙʦʣʘʜʳ. 

ᴄʜʝʪʪʝ, ʢᴅʨʽʟ ײץʙʳʨʣʘʨʳ ʢʝʣʝʩʽ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣʘʜʳ: 

Å ʧʦʣʠʧʨʦʧʠʣʝʥ; 
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Å ʰʦʡʳʥ; 

Å ʧʦʣʠʵʪʠʣʝʥ; 

Å ʧʦʣʠʚʠʥʠʣʭʣʦʨʠʜ; 

Å ʪʝʤʽʨʙʝʪʦʥ (150 ʤʤ-ʜʝʥ ʘʩʪʘʤ ʜʠʘʤʝʪʨʽ ʞᴅʥʝ ʢᴇʣʜʝʥʝץ שʠʤʘʩʳ װʣʢʝʥ 

ʢʦʣʣʝʢʪʦʨʣʘʨʳ ʙʘʨ ʩʳʨʪץʳ ʞʝʣʽʣʝʨ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ). 

ʂʝʡʜʝ ʘʩʙʝʩʪ-ʮʝʤʝʥʪ, ʢʝʨʘʤʠʢʘʣʳץ, ʰʳʥʳ ײץʙʳʨʣʘʨʳ ץʦʣʜʘʥʳʣʘʜʳ. 

ᴄʨʪװʨʣʽ ʬʫʥʢʮʠʷʣʘʨʳ ʙʘʨ ʢᴅʨʽʟ ײץʜʳץʪʘʨʳ ʙʝʨʽʢ ʧʣʘʩʪʤʘʩʩʘʜʘʥ, ײץʨʘʩʪʳʨʤʘʣʳ 

ʥʝʤʝʩʝ ʤʦʥʦʣʠʪʪʽ ʪʝʤʽʨʙʝʪʦʥʥʘʥ ʞʘʩʘʣʘʜʳ. 

 

ʂʘʥʘʣʠʟʘʮʠʷ ʞʝʣʽʣʝʨʽʥʽϬ ʙϰʟʳʣʫʳʥʳϬ ʩʝʙʝʧʪʝʨʽ 

 ʂᴅʨʽʟ .ץʪʳ ʢʨʠʪʝʨʠʡʣʝʨ ʞʦץʰʽʥ ʥʘװ ʘʣʘʫסʡʝʩʽʥ ʙʘװʳʪʪʘ ʢᴅʨʽʟ ʞץʘʟʽʨʛʽ ʫʘפ

ʞװʡʝʩʽʥʽש ʙײʟʳʣʫ ʞʘסʜʘʡʳ ʙʦʣʘʰʘץʪʘ ʙʦʣʫʳ ʤװʤʢʽʥ ץʘʫʽʧ-ץʘʪʝʨʣʝʨʤʝʥ ʞᴅʥʝ 

ʟʘץʳʤʜʘʥʫ ʩʠʧʘʪʳ ʤʝʥ ʜᴅʨʝʞʝʩʽʥʝ ץʘʨʘʡ ʘʥʳץʪʘʣʘʜʳ. ʊʦʣʳץ ʩʫʨʝʪʢʝ ʠʝ ʙʦʣʫ 

-ʡʽ ʞᴅʥʝ ʦʥʳ ʧʘʡʜʘʣʘװʞʘʡ-ʢ שʰʽʥ ʰʘʨʘʣʘʨʜʳ ʞʦʩʧʘʨʣʘʫ ʢʝʟʽʥʜʝ ʢᴅʨʽʟ ʞʝʣʽʩʽʥʽװ

ʥʫ, ʪʝʢʩʝʨʫ ʞᴅʥʝ ʟʘץʳʤʜʘʥʫʜʳ ʞʦʶ װʰʽʥ ʢʦʤʤʫʥʘʣʜʳץ ʩʫ ʙײʨʫ ײץʨʳʣʳʩʪʘʨʳ-

ʥʳש ᴇʪʢʽʟʫ ץʘʙʽʣʝʪʽʥ ʙʘסʘʣʘʫ ץʘʞʝʪ. ʊʝʢ ʙʘסʘʣʘʧ ץʘʥʘ ץʦʡʤʘʡ, ʙʘסʘʣʘʫסʘ ʞᴅʥʝ 

ʙʦʣʞʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʢʘʥʘʣʜʘʨסʘ, ʢʦʣʣʝʢʪʦʨʣʘʨסʘ ʞᴅʥʝ סʠʤʘʨʘʪʪʘʨסʘ 

 .ʘʞʝʪץ ʞʘʪʪʘʤʘ ʘʣʫײץ

ɾʝʣʽʣʝʨʜʽ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʞϸʥʝ ʪʝʣʝʠʥʩʧʝʢʮʠʷʣʘʫ 

 ʪʘʫ ʞᴅʥʝץʟʫʜʳ ʘʥʳײʳʥ ʙסʛʝʨʤʝʪʠʢʘʣʳ שʳʪʪʘ ʢᴅʨʽʟ ʞʝʣʽʣʝʨʽʥʽץʘʟʽʨʛʽ ʫʘפ

ʘʣʜʳʥ ʘʣʫ װʰʽʥ ʪʝʣʝʚʠʟʠʷʣʳץ ʠʥʩʧʝʢʮʠʷ ץʦʣʜʘʥʳʣʘʜʳ. ʊʝʣʝʚʠʟʠʷʣʳץ ʪʝʢʩʝʨʫ ï 

ʦʣ ײץʙʳʨʜʳש ʜᴅʣ ʞʘʡ-ʢװʡʽʥ ʘʥʳץʪʘʫסʘ ʘʨʥʘʣסʘʥ ʜʠʘʛʥʦʩʪʠʢʘʣʳײץ ץʨʘʣ. ɹײʣ 

 (שʞᴇʥʜʝʫʜʽ) שʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽץ ʙʳʨʜʳײץ ʳ ʦʩʳ ʜʠʘʛʥʦʩʪʠʢʘ ʥʝʛʽʟʽʥʜʝסʨʳʣײץ

ʥʝʤʝʩʝ ʙʘʩץʘ ʪʠʽʤʜʽ ᴅʜʽʩʽʥ ײʩʳʥʫʜʳש, ʩʦʥʜʘʡ-ʘץ ʠʥʞʝʥʝʨʣʽʢ ʞʝʣʽʣʝʨʜʽ ץʘʣʧʳʥʘ 

ʢʝʣʪʽʨʫ ʞᴅʥʝ ʞᴇʥʜʝʫ ʙʦʡʳʥʰʘ ʞװʨʛʽʟʽʣʝʪʽʥ ʞײʤʳʩʪʘʨʜʳש ʩʘʧʘʩʳʥ ʜʠʘʛʥʦʩʪʠ-

ʢʘʣʳץ ʙʘץʳʣʘʫʜʘ ײʩʪʘʧ ʪײʨʘʜʳ. 

ɹʝʡʥʝʢʘʤʝʨʘ ʘʨץʳʣʳ ʢʘʥʘʣʠʟʘʮʠʷʥʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʞᴅʥʝ ʪʝʢʩʝʨʫ ᴅʨ-

ʪװʨʣʽ ʝʣʜʽ ʤʝʢʝʥʜʝʨʜʝ, ʢᴅʩʽʧʦʨʳʥʜʘʨʜʘ, ʩʫ ײץʙʳʨʣʘʨʳʥʜʘ, ᴇʥʜʽʨʽʩʪʽʢ ʥʳʩʘʥ-

ʜʘʨʜʘ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʂᴇʙʽʥʝʩʝ ʞʘשʘ ʞʝʣʽʣʝʨ ʤʝʥ ʢᴅʨʽʟ ײץʙʳʨʣʘʨʳ װʰʽʥ ᴅʨ-

ʪװʨʣʽ ʢʝʤʰʽʣʽʢʪʝʨʜʽ ʫʘץʪʳʣʳ ʘʥʳץʪʘʫ ʞᴅʥʝ ײץʨʳʣʳʩʳʥ ʤʦʥʪʘʞʜʘʫ ʞײʤʳʩ-

ʪʘʨʳʥʳש ʩʘʧʘʩʳʥ, ʧʨʦʙʣʝʤʘʣʳץ ʘʡʤʘץʪʘʨ ʤʝʥ ʘץʘʫʣʘʨʜʳ ʪʝʢʩʝʨʫ װʰʽʥ ײץʙʳʨ-

ʣʘʨʜʳ ʙʝʡʥʝ ʪʝʢʩʝʨʫʜʝʥ ᴇʪʢʽʟʽʧ ʪײʨʫ ץʘʞʝʪ. 

ʊʝʣʝʚʠʟʠʷʣʳץ ʠʥʩʧʝʢʮʠʷ (ʪʝʣʝʜʠʘʛʥʦʩʪʠʢʘ) ʞᴇʥʜʝʫ ʞײʤʳʩʪʘʨʳʥ ʞʦʩ-

ʧʘʨʣʘʫ ʞᴅʥʝ ʞʝʣʽʣʝʨʜʽ ʦʜʘʥ ᴅʨʽ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ץʘʞʝʪʪʽ ʰʘʨʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 
 

 
 

1-ʩʫʨʝʪ ï ɺʠʜʝʦʜʠʘʛʥʦʩʪʠʢʘ ʞʘʩʘʫסʘ ʘʨʥʘʣסʘʥ ײץʨʳʣסʳ 
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-ʤʢʽʥʜʽʢ ʙʝװʘ ʤסʪʘʫץʜʘʡʣʘʨʜʳ ʘʥʳסʙʳʨʣʘʨʜʳ ʙʝʡʥʝ ʪʝʢʩʝʨʫ ʤʳʥʘ ʞʘײפ

ʨʝʜʽ: 

Å ץʠʨʘʫ ʦʨʳʥʜʘʨʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʠʧʘʪʳʥ ʘʥʳץʪʘʫסʘ: ʰʘʪʳʨʜʳש ʟʘץʳʤ-

ʜʘʣʫʳ, ʩʳʥʳץʪʘʨ, ʙʫʳʥʜʘʨʜʳש ʞʳʣʞʫʳʥʘ; 

Å ʙʽʪʝʣʫ ʦʨʳʥʜʘʨʳʥ ʞᴅʥʝ ʦʣʘʨʜʳש ʩʝʙʝʧʪʝʨʽʥ ʘʥʳץʪʘʫסʘ; 

Å ʞʦסʘʣסʘʥ סשײʳʤʘʣʘʨʜʳ ʪʘʙʫסʘ; 

Å ʙᴇʛʜʝ ʟʘʪʪʘʨʜʳ ʞᴅʥʝ ʙʝʣʛʽʩʽʟ ʪʽʨʢʝʤʝʣʝʨʜʽ ʘʥʳץʪʘʫסʘ; 

Å ײץʙʳʨʣʘʨʜʳש ʥʘץʪʳ ʞʘסʜʘʡʳʥ, ʪʦʟʫ ʞᴅʥʝ ʢʦʨʨʦʟʠʷ ʜᴅʨʝʞʝʩʽʥ ʘʥʳץ-

ʪʘʫסʘ; 

Å ʦʜʘʥ ᴅʨʽ ʞײʤʳʩ ʽʩʪʝʫ װʰʽʥ ᴅʨʝʢʝʪ ʞʦʩʧʘʨʳʥ ᴅʟʽʨʣʝʫ ʥʝʤʝʩʝ ʪʘʟʘʣʘʫ ʞᴅʥʝ 

ʞᴇʥʜʝʫ ᴅʜʽʩʽʥ ʪʘשʜʘʫסʘ. 

ϧϰʙʳʨʣʘʨ ʤʝʥ ʢʘʥʘʣʠʟʘʮʠʷʥʳϬ ʙʝʡʥʝ ʜʠʘʛʥʦʩʪʠʢʘʩʳ 

-ʜʘʡʳʥ, ʢʘʥʘʣʠʟʘסʪʳ ʞʘץʥʘ שʙʳʨʜʳײץ ʙʳʨʣʘʨʜʳ ʙʝʡʥʝ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫײפ

ʮʠʷʥʳ, ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫʜʳ, ʛʘʟ ײץʙʳʨʣʘʨʳʥ, ʥᴇʩʝʨʜʽ, ʜʨʝʥʘʞʜʳ ʞᴅʥʝ ʞʳʣʫ 

ʞʝʣʽʣʝʨʽʥ, ʞʝʣʜʝʪʫ ʤʝʥ ʘʨʥʘʣʘʨʜʳ ʞʫʫ ʥʝʤʝʩʝ ʞᴇʥʜʝʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʘʥʳץʪʘʫ 

 ʽʰʽʥʜʝ ʞʝʨ ʘʩʪʳʥʜʘ שʡʝʩʽʥʽװʘʞʝʪ. ʂᴅʨʽʟʜʽ ʙʝʡʥʝ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ʢᴅʨʽʟ ʞץ ʰʽʥװ

ʞʦסʘʣסʘʥ סשײʳʤʘʣʘʨʜʳ (ʪʦʧʳʨʘץ, ʘʩʬʘʣʴʪ) ʽʟʜʝʫ ʢʝʟʽʥʜʝ ץʘʞʝʪ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

 :ʟʝʛʝ ʘʩʳʨʳʣʘʜʳװʨʘʣʜʘʨʤʝʥ ʞײץ ʘʥסʙʳʨʜʳ ʙʝʡʥʝ ʪʝʢʩʝʨʫ ʤʘʤʘʥʜʘʥʜʳʨʳʣײפ

Å ʨʦʙʦʪʪʳ ʢʝʰʝʥʜʝʨ; 

Å ץʘʣץʳʤʘʣʳ ʤʦʜʫʣʴʜʝʨ; 

Å ʠʪʝʨʫ ʞװʡʝʣʝʨʽ ʤʝʥ ʵʥʜʦʩʢʦʧʪʘʨ. 

ʂʘʥʘʣʠʟʘʮʠʷ ʞᴅʥʝ ʙʘʩץʘ ײץʙʳʨʣʘʨʜʳ ʙʝʡʥʝ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ װʰʽʥ ʙʽʨ 

ʥʝʤʝʩʝ ʙʘʩץʘ ײץʨʘʣʜʳ ʪʘשʜʘʫ ʥʘץʪʳ ʞʘסʜʘʡʣʘʨסʘ (ʤʳʩʘʣʳ ʜʠʘʤʝʪʨʽʥʝ, ʤʘʪʝʨʠʘ-

ʣʳʥʘ, ײץʙʳʨʜʳ ʪᴇʩʝʫ ʪʝʨʝשʜʽʛʽʥʝ, ʪʦʣʪʳʨʫ ʞᴅʥʝ ʙʽʪʝʣʫ ʜᴅʨʝʞʝʩʽʥʝ, ʩʝʢʮʠʷ 

 .ʳʥʘ) ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳסʞʳʣʜʘʤʜʳ שʳʥʥʳסʳʥʘ, ʘסʟʳʥʜʳײ

ʊʝʣʝʠʥʩʧʝʢʮʠʷ ï ʢᴅʨʽʟ ʞװʡʝʩʽ ʪʫʨʘʣʳ ʘץʧʘʨʘʪʪʳ ʞʳʣʜʘʤ ץʘʙʳʣʜʘʫ סʘʥʘ 

ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʟ ʢʝʣʛʝʥ ʙʘʩץʘ ʞװʡʝʣʝʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ײץʙʳʨʣʘʨʜʳ 

ʟʝʨʪʪʝʫʜʽש ʙʘʩץʘ ᴅʜʽʩʪʝʨʽ. ʊʝʣʝʚʠʟʠʷʣʳץ ʪʝʢʩʝʨʫ ʧʨʦʮʝʩʽ ʤʳʥʘʣʘʨסʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʝʜʽ: 

 ʪʦʣʪʳʨʳʣסʘʥ ʞᴅʥʝ ʘʩʬʘʣʴʪʪʘʣסʘʥ ʞʝʨʜʽ ʘʥʳץʪʘʫ סשײʳʤʘʣʘʨ; 

 ʪʽʧʪʽ ʢʽʰʢʝʥʪʘʡ ʞʘʨʳץʪʘʨ ʤʝʥ ʘסʳʧ ʢʝʪʫʣʝʨʜʽ ʘʥʳץʪʘʫ; 

 ʙᴇʛʝʪʪʝʨʜʽ ʞᴅʥʝ ʙᴇʛʜʝ ʟʘʪʪʘʨʜʳ ʘʥʳץʪʘʫ; 

-ʪʘʫ ʞᴅʥʝ ʙʫʳʥץʫʳʥ, ʜʠʚʝʨʛʝʥʮʠʷʩʳʥ ʘʥʳסʜʝʬʦʨʤʘʮʠʷʩʳʥ, ʘ שʙʨrʜʳײץ 

ʜʘʨʜʳש ʦʨʳʥ ʘʫʳʩʪʳʨʫʳ; 

ï ʢʘʥʘʣʜʘʨ ʤʝʥ ʢʦʣʣʝʢʪʦʨʣʘʨʜʳײץ שʨʳʣʳʤʜʘʨʳ ʤʝʥ ײץʨʳʣʳʤʜʘʨʳʥʘ ʛʘʟ 

ʢʦʨʨʦʟʠʷʩʳʥʳש ᴅʩʝʨ ʝʪʫ ʜᴅʨʝʞʝʩʽʥ ʘʥʳץʪʘʫ; 

 ʝשʽʩʪʝʨʜʽ, ʝשʽʩʪʝʨʜʽ, ץʘʨʩʳ ʙʝʪʢʝʡʣʝʨʜʽ ʘʥʳץʪʘʫ; 

 ʞʘשʘʜʘʥ ʩʘʣʳʥסʘʥ ʞᴅʥʝ ʞᴇʥʜʝʣʛʝʥ ʞʝʣʽʣʝʨʜʽש ʩʘʧʘʩʳʥ ʙʘץʳʣʘʫʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫ; 

ï ʞʝʣʽ ʧʨʦʬʠʣʽʥ ʩʘʣʫ, ʝשʽʩʪʝʨʜʽ ᴇʣʰʝʫ; 

 ʜʠʘʤʝʪʨʽ 50-ʛʝ ʜʝʡʽʥʛʽ ײץʙʳʨʣʘʨʜʳ ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ; 

 500 ʤ ʜʝʡʽʥʛʽ ʪʝʢʩʝʨʽʣʝʪʽʥ ʫʯʘʩʢʝʥʽײ שʟʳʥʜʳסʳʤʝʥ 3000 ʤʤ; 

 ʢʘʤʝʨʘ ʙʘʩʳʥ ʘʡʥʘʣʜʳʨʫ ʤװʤʢʽʥʜʽʛʽʤʝʥ ʙװʢʽʣ ʽʰʢʽ ʢʝשʽʩʪʽʢʪʽ ʟʝʨʪʪʝשʽʟ. 
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2-ʩʫʨʝʪ ï ʂᴅʨʽʟ ʞװʡʝʩʽʥʜʝʛʽ ײץʙʳʨʣʘʨʜʳש ʽʰʢʽ ʢᴇʨʽʥʽʩʽ 

 

ʂʘʥʘʣʠʟʘʮʠʷʥʳ Ϩʘʣʧʳʥʘ ʢʝʣʪʽʨʫʜʽϬ ʟʘʤʘʥʘʫʠ ϸʜʽʩʪʝʨʽ 

-ʘʣץ ʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʢᴅʨʽʟʜʽץ ʳʪʪʘ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳץʘʟʽʨʛʽ ʫʘפ

ʧʳʥʘ ʢʝʣʪʽʨʫʜʽש ʢᴇʧʪʝʛʝʥ ʞʦʣʜʘʨʳ ʙʘʨ. 

ʆʣʘʨʜʳש ʥʝʛʽʟʛʽʣʝʨʽʥʝ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

çʇʦʣʠʤʝʨʣʽʢ ʞʝשè ᴅʜʽʩʽ. ʆʣ ʜʠʘʤʝʪʨʽ 200 ʤʤ-ʜʝʥ 1200 ʤʤ-ʛʝ ʜʝʡʽʥʛʽ ʢʝʟ 

ʢʝʣʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʩʘʣʳʥסʘʥ ʛʨʘʚʠʪʘʮʠʷʣʳײץ ץʙʳʨʣʘʨʜʳ ץʘʣʧʳʥʘ ʢʝʣʪʽʨʫ 

 ʣײʙʳʨʣʘʨʜʳ ʞᴇʥʜʝʫ ʢʝʟʽʥʜʝ ʙײץ ʦʣʜʘʥʳʣʘʜʳ. ɼʠʘʤʝʪʨʽ 600 ʤʤ-ʛʝ ʜʝʡʽʥʛʽץ ʰʽʥװ

ʪʝʭʥʦʣʦʛʠʷ ץʘʞʝʪʩʽʟ ʽʩʢʝ ץʦʩʫ ʰץשײʳʨʣʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳ-

ʨʳʣʘʜʳ 

ʇʥʝʚʤʘʪʠʢʘʣʳץ ʩʦץץʳ ᴅʜʽʩʽ. פʘʣʧʳʥʘ ʢʝʣʪʽʨʫ װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ ʜʠʘ-

ʤʝʪʨʽ 150 ʤʤ-ʜʝʥ 400 ʤʤ-ʛʝ ʜʝʡʽʥʛʽ ʢʝʨʘʤʠʢʘʣʳץ, ʰʦʡʳʥ ʞᴅʥʝ ʘʩʙʝʩʪ-ʮʝʤʝʥʪ 

 ʦʩʫץ ʣ ʪʝʭʥʦʣʦʛʠʷ ʽʩʢʝײʙʳʨʣʘʨ. ɹײץ ץʘʥ ʛʨʘʚʠʪʘʮʠʷʣʳסʙʳʨʣʘʨʳʥʘʥ ʞʘʩʘʣײץ

ʰץשײʳʨʣʘʨʳʥ ץʘʞʝʪ ʝʪʧʝʡʜʽ, ʞײʤʳʩ ץʦʣʜʘʥʳʩʪʘסʳ ʢᴅʨʽʟ סשײʳʤʘʣʘʨʳʥ ʧʘʡʜʘ-

ʣʘʥʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. ʇʦʣʠʵʪʠʣʝʥʜʽ ʧʘʡʜʘʣʘʥʫ ʘʨץʳʣʳ ײץʙʳʨסʘ 

-ʦʣʜʘץ ʰʽʥװ ʘʣʧʳʥʘ ʢʝʣʪʽʨʫץ ʳʩʳʤʜʳץ ʙʳʨ ᴇʪʢʽʟʫ ᴅʜʽʩʽ. ʆʣ ʛʨʘʚʠʪʘʮʠʷ ʤʝʥײץ

ʥʳʣʘʜʳ. 80 ʪװʨʣʽ ײץʙʳʨʣʘʨʜʳ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞᴅʥʝ ʢʘʥʘʣʠʟʘʮʠʷ ʞװʡʝ-

ʣʝʨʽʥʜʝʛʽ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʩʦʥʜʘʡ-ʘץ ʜʠʘʤʝʪʨʽ 2000 ʤʤ-ʛʝ ʜʝʡʽʥʛʽ 

ʩʠʬʦʥʜʘʨ ʢʝʟ ʢʝʣʛʝʥ ʤʘʪʝʨʠʘʣʜʘʨʜʘʥ ʞʘʩʘʣסʘʥ. ʆʩʳ ᴅʜʽʩʧʝʥ ץʘʡʪʘ ײץʨʫ ʢʝʟʽʥʜʝ 

-ʢʝʜʽʨ (ʧʦʣʠʵʪʠʣʝʥ) שʤʘʪʝʨʠʘʣʜʳ ץʠʤʘʩʳ ʘʟʘʷʜʳ, ʙʽʨʘץ שʢᴇʣʜʝʥʝ שʙʳʨʜʳײץ

ʙײʜʳʨʣʳץ ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʪᴇʤʝʥ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʦʣ ײץʙʳʨ ᴇʪʢʽʟʫ 

 .ʘʙʽʣʝʪʽ ʥʘʰʘʨʣʘʡʜʳץ
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ʉʀʌʆʅʅʓʁ ɺʆɼʆʉɹʈʆʉ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʝʪʘʣʠ ʠ ʦʩʥʦʚʳ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ. 

 

ɹϰʣ ʤʘϨʘʣʘʜʘ ʩʠʬʦʥʜʳ ʩʫ ʪϺʛʝʪʽʥ ϨϰʙʳʨʜʳϬ ʥʝʛʽʟʽ ʞϸʥʝ ʤϸʣʽʤʤʝʪʪʝʨʽ ʞʘʡʣʳ ʘʡ-

ʪʳʣʘʜʳ. 

 

This article discusses the details and basics of a siphon spillway.  

 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦ-

ʦʨʫʞʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʉʠʬʦʥʥʳʡ ʚʦʜʦ-

ʩʙʨʦʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʭʦʜʥʦʛʦ ʦʛʦʣʦʚʢʘ, ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʡ ʪʨʫʙʳ, ʥʘʧʦʨʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʣʝʥʠ ʩʠʬʦʥʘ ʠ ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳ-

ʭʦʜʥʦʡ ʨʘʩʪʨʫʙ ʚʳʧʦʣʥʝʥ ʩʣʝʛʢʘ ʨʘʩʰʠʨʝʥʥʳʤ ʩ ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘ-

ʶʱʠʤ 12Á. ʈʘʩʰʠʨʝʥʠʝ ʚ ʧʣʘʥʝ ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʳʚʘʶʱʫʶ 

ʩʢʦʨʦʩʪʴ ʚʦʜʳ ʧʨʠ ʚʳʭʦʜʝ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚʦʨʦʥʦʢ ʠ ʪʝʤ ʩʘʤʠʤ ʩʧʦ-

ʩʦʙʩʪʚʫʝʪ ʧʨʦʜʣʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ. 

ɺ ʧʦʜʦʙʥʳʭ ʩʠʬʦʥʥʳʭ ʚʦʜʦʩʙʨʦʩʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʤʘ-

ʣʳʝ ʩʢʦʨʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʠ ʥʝ ʙʦʷʪʴʩʷ ʨʘʟʤʳʚʘ ʛʨʫʥʪʘ ʟʘ ʩʠʬʦʥʦʤ, ʨʘʩʪʨʫʙ ʜʝʣʘ-

ʣʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ 

ʫʩʪʨʘʥʷʝʪ ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʝʟʦʧʘʩʥʦʩʪʴ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʦʨʫʞʝʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʪʨʫʜʥʦʩʪʠ, ʫʥʠʢʘʣʥɹʦ, ʥʘʜʝʞʥʦ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʧʨʘʢʪʠʯʥʦʩʪʠ, ʧʨʦʩʪʦʪʝ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʥʘʡʜʝʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡ-

ʩʪʚʘ. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠʟʦʙʨʝʪʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʦʙʣʘʩʪʠ ʛʠʜʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʦ-

ʦʨʫʞʝʥʠʡ, ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʢʦʤʤʫʥʘʣʴʥʦ-ʙʳʪʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʀʟʚʝʩʪʥʘ ʩʠʬʦʥ-

ʥʘʷ ʪʨʫʙʘ (ʂʦʥʪʦʨʦʚʠʯ ɹ.ɺ., ʂʫʟʥʝʮʦʚ ʅ.ʂ. ɻʠʜʨʘʚʣʠʢʘ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʛʠʜ-

ʨʦʩʠʣʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. ï ʄ., ʠʟʜ-ʚʦ ʩ.-ʭ.ʣ-ʨʳ, 1961, ʩ.83), ʢʦʪʦʨʘʷ ʚ ʙʦʣʴʰʝʡ 

ʩʚʦʝʡ ʯʘʩʪʠ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʨʘʟʨʝʞʝʥʠʝʤ. 

ɼʦʩʪʦʠʥʩʪʚʦ ʩʠʬʦʥʥʦʡ ʪʨʫʙʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʢʣʘʜʢʘ ʝʝ ʚʝʜʝʪ-

ʩʷ ʦʪʢʨʳʪʦ ʠ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ. ɽʝ ʥʝʜʦʩʪʘʪʦʢ ï 

ʧʨʠ ʥʠʟʢʠʭ ʫʨʦʚʥʷʭ ʚʦʜʳ ʚ ʚʦʜʦʠʩʪʦʯʥʠʢʝ ʦʥʘ ʚʩʘʩʳʚʘʝʪ ʚʦʜʫ ʩ ʥʘʥʦʩʘʤʠ. ʀʟ-

ʚʝʩʪʝʥ ʩʠʬʦʥʥʳʡ ʚʦʜʦʩʙʨʦʩ (ʧʨʦʪʦʪʠʧ ʀ.ɸ. ɺʘʩʠʣʴʝʚʘ. ɺʦʜʦʭʨʘʥʠʣʠʱʘ ʥʘ 

ʤʝʩʪʥʦʤ ʩʪʦʢʝ. ï ʄ., ʠʟʜ-ʚʦ ʩʝʣʴʭʦʟʛʠʟ, 1959, ʩ.98), ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʩʢʦʣʴʢʠʭ 

ʥʠʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʘʩʙʝʩʪʦʮʝʤʝʥʪʥʳʭ ʠʣʠ ʞʝʣʝʟʦʙʝʪʦʥʥʳʭ ʪʨʫʙ. ʏʠʩʣʦ ʥʠ-

ʪʦʢ ʟʘʚʠʩʠʪ ʦʪ ʩʙʨʘʩʳʚʘʝʤʦʛʦ ʨʘʩʭʦʜʘ ʠ ʜʠʘʤʝʪʨʘ ʪʨʫʙ. ʅʘ ʦʪʤʝʪʢʝ ʅʇʋ ʫ ʩʠ-

ʬʦʥʘ ʫʩʪʨʘʠʚʘʝʪʩʷ ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʘʷ ʪʨʫʙʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʣʘʚʥʦʝ ʚʢʣʶʯʝ-

ʥʠʝ ʠ ʚʳʢʣʶʯʝʥʠʝ ʩʠʬʦʥʘ. ʂʘʢ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦʜʥʠ-

ʤʝʪʩʷ ʚʳʰʝ ʅʇʋ ʠ ʟʘʪʦʧʠʪ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʡ ʪʨʫʙʳ, ʩʠʬʦʥ 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ. ʅʝʜʦʩʪʘʪʢʦʤ ʪʘʢʠʭ ʩʠʬʦʥʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ 
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ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘ ʚʳʭʦʜʝ ʨʘʩʪʨʫʙʘ, ʨʘʟʤʳʚʘʝʪʩʷ ʛʨʫʥʪ ʟʘ ʩʠʬʦ-

ʥʦʤ, ʦʙʨʘʟʫʶʪ ʛʣʫʙʦʢʠʝ ʠ ʰʠʨʦʢʠʝ ʢʦʨʦʥʢʠ ʨʘʟʤʳʚʘ ʠ ʫʩʪʨʦʡʩʪʚʦ ʙʳʩʪʨʦ ʧʨʠ-

ʭʦʜʠʪ ʚ ʥʝʛʦʜʥʦʩʪʴ, ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʙʫʜʝʪ ʜʝʣʘʪʴ ʨʘʩʪʨʫʙ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʳ, ʘ 

ʵʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ. ʇʦ-

ʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ: ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ.  

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʨʘʩʰʠʨʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʨʘʩ-

ʪʨʫʙʘ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ ʚ ʧʣʘʥʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʦʨʦʥʢʠ ʚ ʚʠʜʝ 

ʨʘʩʪʨʫʙʘ ʩ ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 12Á. ʉʫʱʥʦʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʠʟʦʙʨʝʪʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʨʘʩʪʨʫʙ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʣʘʥʝ ʩʣʝʛʢʘ ʨʘʩʰʠʨʝʥʥʳʤ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʚʳʭʦ-

ʜʝ ʠ ʚʝʣʠʯʠʥʳ ʚʦʨʦʥʢʠ ʚ ʚʠʜʝ ʨʘʩʪʨʫʙʘ ʩ ʫʛʣʦʤ ʧʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 

12Á. ʈʘʩʰʠʨʝʥʠʝ ʚ ʧʣʘʥʝ ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʳʚʘʶʱʫʶ ʩʢʦ-

ʨʦʩʪʴ ʚʦʜʳ ʧʨʠ ʚʳʭʦʜʝ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʧʦʷʚʣʝʥʠʝ ʚʦʨʦʥʦʢ ʠ ʪʝʤ ʩʘʤʠʤ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʧʨʦʜʣʝʥʠʶ ʩʨʦʢʘ ʩʣʫʞʙʳ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ. ʉʠʬʦʥʥʳʡ ʚʦʜʦʩʙʨʦʩ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʭʦʜʥʦʛʦ ʦʛʦʣʦʚʢʘ, ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʡ ʪʨʫʙʳ, ʥʘʧʦʨʥʦʛʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ, ʢʦʣʝʥʠ ʩʠʬʦʥʘ ʠ ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʭʦʜʥʦʡ 

ʨʘʩʪʨʫʙ ʚʳʧʦʣʥʝʥ ʩʣʝʛʢʘ ʨʘʩʰʠʨʝʥʥʳʤ ʩ ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 

12Á. ɼʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʣʦʞʝʥʠʷ ʩʫʱʥʦʩʪʠ ʠʟʦʙʨʝʪʝʥʠʷ, ʥʠʞʝ ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ (ʬʠʛ.). ʇʨʝʜʣʘʛʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦ-

ʩʪʦʠʪ ʠʟ ʚʭʦʜʥʦʛʦ ʦʛʦʣʦʚʢʘ 1, ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʡ ʪʨʫʙʳ 2, ʥʘʧʦʨʥʦʛʦ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ 3, ʢʦʣʝʥʠ ʩʠʬʦʥʘ 4 ʠ ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ 5 ʚʳʧʦʣʥʝʥʥʦʛʦ ʩʣʝʛʢʘ ʨʘʩʰʠ-

ʨʝʥʥʳʤ ʩ ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 12Á. ʉʠʬʦʥʥʳʡ ʚʦʜʦʩʙʨʦʩ ʨʘʙʦʪʘ-

ʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʦʜʚʦʜʷʱʠʡ ʧʦʪʦʢ ʟʘʭʦʜʠʪ ʯʝʨʝʟ ʚʭʦʜʥʦʡ ʨʘʩʪʨʫʙ 1. 

ɺʭʦʜʥʦʡ ʨʘʩʪʨʫʙ 1 ʜʝʣʘʶʪ ʥʘʤʥʦʛʦ ʢʦʨʦʯʝ ʠ ʩ ʙʦʣʴʰʠʤ ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ ʜʣʷ 

ʙʳʩʪʨʦʛʦ ʚʭʦʜʘ ʚʦʜʳ ʚ ʥʘʧʦʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 3. ʅʘ ʦʪʤʝʪʢʝ ʅʇʋ ʫ ʩʠʬʦʥʘ 4 

ʫʩʪʨʘʠʚʘʝʪʩʷ ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʘʷ ʪʨʫʙʘ 2 ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʣʘʚʥʦʝ ʚʢʣʶʯʝʥʠʝ ʠ 

ʚʳʢʣʶʯʝʥʠʝ ʩʠʬʦʥʘ 4. ʂʘʢ ʪʦʣʴʢʦ ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʚʦʜʦʭʨʘʥʠʣʠʱʝ ʧʦʜʥʠʤʝʪʩʷ 

ʚʳʰʝ ʅʇʋ ʠ ʟʘʪʦʧʠʪ ʚʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʡ ʪʨʫʙʳ 2, ʩʠʬʦʥ 4 

ʚʢʣʶʯʘʝʪʩʷ ʚ ʨʘʙʦʪʫ. ɺʳʧʦʣʥʝʥʠʝ ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ ʩʣʝʛʢʘ ʨʘʩʰʠʨʝʥʥʳʤ ʩ 

ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 12Á, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ 

ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠ ʨʘʟʤʳʚ ʛʨʫʥʪʘ ʟʘ ʩʠʬʦʥʥʳʤ ʚʦʜʦʩʙʨʦʩʦʤ. ɹʣʘʛʦʜʘʨʷ ʤʘʣʳʤ 

ʩʢʦʨʦʩʪʷʤ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ, ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʚʦʨʦʥʦʢ ʠ ʧʨʦʜʣʠʪʩʷ 

ʩʨʦʢ ʩʣʫʞʙʳ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ. ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʝʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʪ.ʢ. ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʘ. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʠʟʦʙʨʝʪʝʥʠʠ ʫʚʝʣʠʯʠʪʩʷ ʩʨʦʢ 

ʩʣʫʞʙʳ ʩʠʬʦʥʥʦʛʦ ʚʦʜʦʩʙʨʦʩʘ. ʉʠʬʦʥʥʳʡ ʚʦʜʦʩʙʨʦʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʭʦʜʥʦʛʦ 

ʦʛʦʣʦʚʢʘ, ʚʦʟʜʫʭʦʧʨʦʚʦʜʥʦʡ ʪʨʫʙʳ, ʥʘʧʦʨʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʣʝʥʠ ʩʠʬʦʥʘ ʠ 

ʚʳʭʦʜʥʦʛʦ ʨʘʩʪʨʫʙʘ, ʦʪʣʠʯʘʶʱʠʡʩʷ ʪʝʤ, ʯʪʦ ʚʳʭʦʜʥʦʡ ʨʘʩʪʨʫʙ ʚʳʧʦʣʥʝʥ ʩʣʝʛ-

ʢʘ ʨʘʩʰʠʨʝʥʥʳʤ ʩ ʫʛʣʦʤ ʨʦʩʧʫʩʢʘ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʤ 12Á, ʜʘʶʱʠʡ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʤʝʥʴʰʠʪʴ ʩʢʦʨʦʩʪʴ ʚʦʜʳ ʥʘ ʚʳʭʦʜʝ ʠ ʨʘʟʤʳʚ ʛʨʫʥʪʘ ʟʘ ʩʠʬʦʥʥʳʤ ʚʦʜʦ-

ʩʙʨʦʩʦʤ [1].  



99 
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ᴄʆɾ 652.8 

 

ʉʘʧʘʨʙʝʢ ɾ., ʀʉʉ-18-1 ʪʦʙʳʥʳש ʩʪʫʜʝʥʪʽ 

ɸʙʠʝʚʘ ɻ.ʉ., ʪ.ס.ʢ., פʦʨץʳʪ ɸʪʘ ʘʪʳʥʜʘסʳ פʳʟʳʣʦʨʜʘ ʫʥʠʚʝʨʩʠʪʝʪʽ 

 

ɾʓʃʋʄɽʅ ɾɸɹɼʓפʊɸʋ ɾתʁɽʃɽʈɯʅ ɼɸʄʓʊʋɼʓר 

 ʅɽʄɼɽʁʊɯʅת ɻɽʁɯʅɼɽ ʕʅɽʈɻʀʗרɸɿɯʈɻɯ ɼɽפ

ʊɽʍʅʆʃʆɻʀʗʃɸʈɼʓ פʆʃɼɸʅʋ 
 

ʄʘϨʘʣʘʜʘ ʤʳʩʘʣ ʨʝʪʽʥʜʝ ϧʳʟʳʣʦʨʜʘ ʦʙʣʳʩʳʥʜʘϤʳ ʪϰʨϤʳʥ ϮʡʜʽϬ ʛʝʦʪʝʨʤʘʣʜʳϨ ʞʳ-

ʣʫ ʩʦʨϤʳʩʳʥ Ϩʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʘʚʪʦʥʦʤʜʳ ʞʳʣʫʤʝʥ ʞʘʙʜʳϨʪʘʫ ʞϮʡʝʩʽʥ Ϩʘʨʘʩʪʳʨʳʣʜʳ. 

 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʩʠʩʪʝʤʫ ʘʚʪʦʥʦʤʥʦʛʦ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ 

ʞʠʣʦʛʦ ʜʦʤʘ ʂʳʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʪʝʨʤʘʣʴʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʥʘʩʦʩʘ. 

 

As an example, in the article we will consider the system of autonomous heat supply of a 

residential building in the Kyzylorda region using a geothermal heat pump.  

 

ɾʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽʥ ʜʘʤʳʪʫʜʳץ שʘʟʽʨʛʽ ʜʝשʛʝʡʽʥʜʝ ʵʥʝʨʛʠʷ 

 ʘʨʪʳʣʘʪʳʥשʦʣʜʘʥʫ ᴇʟʝʢʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɾʘץ ʥʝʤʜʝʡʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳװ

ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʫ װʣʝʩʽʥʽש ʘʨʪʫʳʥʘ ץʘʨʘʤʘʩʪʘʥ, ʞʳʣʫ ʢᴇʟʜʝʨʽ װʰʽʥ 

ʦʪʳʥʥʳש ʥʝʛʽʟʛʽ ʪװʨʽ ץʘʟʙʘʣʳ ʢᴇʤʽʨʩʫʪʝʢʪʽ ʦʪʳʥ ʙʦʣʳʧ ץʘʣʘ ʙʝʨʝʜʽ. ʄײʥʜʘʡ 

ʞʘסʜʘʡʜʘ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʪײʪʳʥʫʜʳץ שʘʟʽʨʛʽ ʟʘʤʘʥסʳ ᴇʩʫʽ ʢʝʟʽʥʜʝ ᴅʣʝʤʜʝʛʽ 

ʵʢʦʣʦʛʠʷʣʳץ ʞʘסʜʘʡ ʝʜᴅʫʽʨ ʥʘʰʘʨʣʘʡʪʳʥ ʙʦʣʘʜʳ. 
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ɹʘʣʘʤʘʣʳ ʞʳʣʫ ʢᴇʟʜʝʨʽʥʽש ʙʽʨʽ ʞʳʣʫ ʩʦʨסʳʩʳ ץʦʥʜʳʨסʳʩʳ ʙʦʣʫʳ ʤװʤ-

ʢʽʥ. ɸʪʤʦʩʬʝʨʘʣʳץ ʘʫʘ, ʪʦʧʳʨʘץ, ʞʝʨ ʘʩʪʳ ʩʫʣʘʨʳ, ʪʘʙʠסʠ ʩʫ ץʦʡʤʘʣʘʨʳʥʳש 

ʩʫʳ, ᴇʥʝʨʢᴅʩʽʧʪʽʢ ʢᴅʩʽʧʦʨʳʥʜʘʨ ʤʝʥ ʢʦʤʤʫʥʘʣʜʳץ ץʳʟʤʝʪʪʝʨʜʽש ʰʳסʘʨʳʥʜʳ-

ʣʘʨʳ ʞʳʣʫ ʩʦʨסʳ ץʦʥʜʳʨסʳʩʳʥʜʘסʳ ʪᴇʤʝʥ ᴅʣʝʫʝʪʪʽ ʞʳʣʫ ʢᴇʟʽ ʙʦʣʘ ʘʣʘʜʳ. 

 ʞʳʣʫ ץʡ ʤʳʩʘʣʳʥʜʘ ʛʝʦʪʝʨʤʘʣʜʳװ ʳʥסʨײʳ ʪסʳʟʳʣʦʨʜʘ ʦʙʣʳʩʳʥʜʘפ

ʩʦʨסʳʩʳʥ ץʦʣʜʘʥʘ ʦʪʳʨʳʧ, ʘʚʪʦʥʦʤʜʳ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥ ץʘʨʘʩʪʳʨʫ. 

ʉʳʨʪץʳ ʘʫʘʥʳש ʝʩʝʧʪʽʢ ʪʝʤʧʝʨʘʪʫʨʘʩʳ - 310ʉ ʢʝʟʽʥʜʝ ʘʫʜʘʥʳ 250 ʤ2 (ʠʥʬʠʣʴ-

ʪʨʘʮʠʷʥʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʞʳʣʫ ʰʳסʳʥʜʘʨʳ ʝʩʝʙʽʥʝʥ) ʪײʨסʳʥ װʡʜʽש ʞʳʣʳʪʫ 

ʞװʡʝʩʽʥʝ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥʳש ʰʳסʳʥʳ 20 ʢɺʪ ײץʨʘʡʜʳ. ʓʩʪʳץ ʩʫʜʳ ʜʘʡʳʥʜʘʫ 

 .ʘʞʝʪץ ʰʽʥ 2 ʢɺʪ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳװ

 (ʐפɸ) ʰʽʥ çMammothèװ ʩʫ ʜʘʡʳʥʜʘʫ ץʠʤʘʨʘʪʪʳ ʞʳʣʳʪʫ ʞᴅʥʝ ʳʩʪʳנ

ʢʦʤʧʘʥʠʷʩʳʥʳש ʪʝʭʥʠʢʘʣʳץ ʞʘʙʜʳץʪʘʨʳʥʘʥ ץʫʘʪʳ 17 ʢɺʪ ʞʳʣʫ ʩʦʨסʳʩʳ 

ʪʘשʜʘʣʜʳ.  

ɼᴅʩʪװʨʣʽ ʞʳʣʫ ʢᴇʟʽʥʽץ שʫʘʪʳ (ʛʘʟ, ʜʠʟʝʣʴ ץʘʟʘʥʜʳסʳ ʞᴅʥʝ ʪ.ʙ.) ᴅʜʝʪʪʝ 

 .ʜʘʣʘʜʳשʳʥʜʘʨʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʝʪʽʧ ʪʘסʘʨʳ ʞʳʣʫ ʰʳסʥʝʤʝʩʝ ʦʜʘʥ ʞʦ שʡʜʽװ

ɹʽʨʘץ, ʞʦסʘʨʳ ץʫʘʪʪʳ ʞʳʣʫ ʩʦʨסʳʩʳʥʘ ʠʥʚʝʩʪʠʮʠʷʣʘʨ ʞʦסʘʨʳ ʙʦʣסʘʥʜʳץʪʘʥ, 

ʪᴇʤʝʥ ץʫʘʪʪʳ ץʦʥʜʳʨסʳ ץʦʥʜʳʨסʳסʘ ץʘʙʳʣʜʘʥʜʳ. ɹײʣ ʩʫʳץ ʤʝʟʛʽʣʜʝ ʘʫʘ ʪʝʤʧʝ-

ʨʘʪʫʨʘʩʳ ʩʠʨʝʢ ʝʩʝʧʪʝʣʛʝʥʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ, ʩʦʥʜʳץʪʘʥ װʡʜʝʛʽ ʙʘʨʣʳץ ʞʳʣʫ 

ʰʳסʳʥʜʘʨʳʥʳש ʰʘʤʘʤʝʥ 70% ʞʳʣʫ ʩʦʨסʳʩʳ ʞʳʣ ʙʦʡʳʥʘ ʞʳʣʫ ץʘʞʝʪʪʽʣʽʛʽʥʽש 

95%-ʳʥ ʞʘʙʫ װʰʽʥ ʞʝʪʢʽʣʽʢʪʽ. ɽש ʞʦסʘʨʳ ʞװʢʪʝʤʝʣʝʨʜʽ ᴇʪʝʫ װʰʽʥ ץʫʘʪʳ 9 ʢɺʪ 

ʵʣʝʢʪʨ ץʘʟʘʥʜʳסʳʥ ʦʨʥʘʪʫ ʞʦʩʧʘʨʣʘʥסʘʥ. 

ɾʳʣʫ ʩʦʨסʳʩʳ ʘʨץʳʣʳ ʞʳʣʫʜʳ ʘʣʫ װʡʜʝʥ ʞʘץʳʥ ʞʝʨʜʝ ʦʨʥʘʣʘʩץʘʥ ʪʽʢ 

ʞʘʙʳץ ʢʦʥʪʫʨʜʳש ʢᴇʤʝʛʽʤʝʥ ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ. 

ʉʳʨʪץʳ (ʙʘʩʪʘʧץʳ) ʢʦʥʪʫʨ ʙײʨסʳʣʘʥסʘʥ סשײʳʤʘʣʘʨʜʘ ʪʽʛʽʥʝʥ ʦʨʥʘʣʘʩץʘʥ 

U-ʪᴅʨʽʟʜʽ ʪװʪʽʢʪʝʨʜʝʥ ʪײʨʘʜʳ. ʊװʪʽʢʪʝʨ ʤײʟʜʘʪʳʣʤʘʡʪʳʥ ʩײʡʳץʪʳץʧʝʥ (çʘʥʪʠ-

ʬʨʠʟʙʝʥè) - 35% ɻ ʪʠʣʝʥʛʣʠʢʦʣʴ ʝʨʽʪʽʥʜʽʩʽʤʝʥ ʪʦʣʪʳʨʳʣʘʜʳ, ʤײʟʜʘʪʫ ʪʝʤʧʝʨʘ-

ʪʫʨʘʩʳ ï 200ʉ. סשױʳʤʘʣʘʨʜʳש ʪʝʨʝשʜʽʛʽ ʤʝʥ ʢʦʥʪʫʨʜʳײ שʟʳʥʜʳסʳ ʞʳʣʳʪʳʣʘ-

ʪʳʥ ʘʡʤʘץʪʳש ʢᴇʣʝʤʽʥʝ ʞᴅʥʝ ʪʦʧʳʨʘץʪʳײץ שʨʘʤʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ʂʦʥʪʫʨʜʳש 

ʥʘץʪʳ ʞʳʣʫ ʩʳʡʳʤʜʳʣʳסʳ 60 ɺʪ/ʤ ʞᴅʥʝ ץʘʞʝʪʪʽ ץʫʘʪʳ 17 ʢɺʪ ʙʦʣסʘʥ ʢʝʟʜʝ 

ʢʦʥʪʫʨʜʳײ שʟʳʥʜʳסʳ 285 ʤ ʙʦʣʫʳ ʢʝʨʝʢ. פʘʞʝʪʪʽ ʞʳʣʫ ʞװʢʪʝʤʝʩʽʥ ץʘʤʪʘʤʘʩʳʟ 

ʝʪʫ װʰʽʥ ʩʳʨʪץʳ ʪʽʟʙʝʢʪʝ ʪʝʨʝשʜʽʛʽ 30 ʤ ʙʦʣʘʪʳʥ 10 סשײʳʤʘ ʞʦʙʘʣʘʥסʘʥ. ᴄʨ 

 ,ï 5 ʤ ץʪʳץʘʰʳץ ʳסʳʤʘʣʘʨ ʘʨʘʩʳʥʜʘסשױ .ʘʥץʙʳʨ ʦʨʥʘʣʘʩײץ ʳʤʘʜʘ U-ʪᴅʨʽʟʜʽסשײ

ʩʦʥʜʳץʪʘʥ ʞʳʣʫ ʩʦʨסʳʩʳʥʳש ʙʘʩʪʘʧץʳ ʪʽʟʙʝʛʽ-ɼʫ32 ʧʦʣʠʵʪʠʣʝʥ ʩʫ ײץʙʳʨʳʥʘʥ 

ʞʘʩʘʣסʘʥ 10 ʪʦʧʳʨʘץ ʽʣʤʝʢʪʝʨʽ. ʆʣʘʨʜʳ װʡʜʽש ʩʳʨʪʳʥʜʘסʳ ʘʨʥʘʡʳ ʰץשײʳʨʜʘ 2 

ʤ ʪʝʨʝשʜʽʢʪʝ, ʪʦʧʳʨʘץʪʳץ שʘʪʫ ʪʝʨʝשʜʽʛʽʥʝʥ ʪᴇʤʝʥ ʦʨʥʘʣʘʩץʘʥ ʢʦʣʣʝʢʪʦʨ 

ʙʽʨʽʢʪʽʨʝʜʽ. ʎʠʢʣʛʝ ʢʽʨʝ ʙʝʨʽʩʪʝʛʽ ʙʘʩʪʘʧץʳ ʪʽʟʙʝʢʪʝʛʽ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʽש ʪʝʤʧʝ-

ʨʘʪʫʨʘʩʳ +10ʉ-ʪʘʥ +30ʉ-ץʘ ʜʝʡʽʥ ʞᴅʥʝ ʦʜʘʥ ʰʳסʫ ʢʝʟʽʥʜʝ +40ʉ-ʪʘʥ +60ʉ-ץʘ 

ʜʝʡʽʥ. 

ɾʳʣʫ ʩʦʨסʳʩʳʥʳש ʝʢʽ ʝʢʽʥʰʽ ʪʽʟʙʝʛʽ ʙʘʨ: ʞʳʣʫ ʞװʡʝʩʽʥʽש ʪʽʟʙʝʛʽ ʞᴅʥʝ 

ʳʩʪʳץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥʽש ʪʽʟʙʝʛʽ (1.1-ʩʫʨʝʪ). 
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1.1-ʩʫʨʝʪ ï ɾʳʣʫ ʩʦʨסʳ ץʦʥʜʳʨסʳʩʳ ʞײʤʳʩʳʥʳש ʧʨʠʥʮʠʧʪʽ ʩʭʝʤʘʩʳ 
 

ʓʩʪʳץ ʩʫ ʪʽʟʙʝʛʽ ʞʳʣʫ ʩʦʨסʳʩʳʥʘ 300 ʣʠʪʨ ʨʝʟʝʨʚʫʘʨ ʘʢʢʫʤʫʣʷʪʦʨʳ 

ʘʨץʳʣʳ ץʦʩʳʣסʘʥ. ɸʢʢʫʤʫʣʷʪʦʨʣʳץ ʙʘʢʪʳ ʦʨʥʘʪʫ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʞʠʥʘץʪʘʫסʘ 

ʞᴅʥʝ ʳʩʪʳץ ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʩʽʥʜʝ ʩʫʜʳ ʙʽʨʢʝʣʢʽ ʝʤʝʩ ʪײʪʳʥʫʜʳ ʪʝʛʽʩʪʝʫ-

ʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɾʳʣʳʪʫ ʞװʡʝʩʽʥʽש ʪʽʟʙʝʛʽ 300 ʣʠʪʨ ʙʫʬʝʨʣʽʢ ʢʦʥʪʝʡʥʝʨ 

ʘʨץʳʣʳ ץʦʩʳʣסʘʥ. ɽש ʞʦסʘʨʳ ʞװʢʪʝʤʝʣʝʨʜʽ ʞʘʙʫ װʰʽʥ ʳʩʪʳץ ʩʫ ʞװʡʝʩʽʥʽש ʨʝ-

ʟʝʨʚʫʘʨʳ ʵʣʝʢʪʨ ʞʳʣʳʪץʳʰʳʤʝʥ ʞʘʙʜʳץʪʘʣסʘʥ, ʘʣ ʵʣʝʢʪʨ ץʘʟʘʥʜʳסʳ ʞʳʣʫ 

ʞװʡʝʩʽʥʽש ʙʫʬʝʨʣʽʢ ʩʳʡʳʤʜʳʣʳסʳʥʘ ץʦʩʳʣסʘʥ. 

ɾʳʣʫ ʩʦʨסʳʩʳʥʳש ʥʝʛʽʟʛʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʙʫʣʘʥʜʳʨסʳʰ, ʢʦʤʧʨʝʩʩʦʨ, 

ʢʦʥʜʝʥʩʘʪʦʨ, ʜʨʦʩʩʝʣʴ ʞᴅʥʝ ʳʩʪʳץ ʩʫ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩʫ ʜʘʡʳʥʜʘʫסʘ ʘʨʥʘʣסʘʥ 

ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ײץʨʳʣסʳʣʘʨʜʳש ʙʘʨʣʳסʳ ʩʘʣץʳʥ-

ʜʘʪץʳʰ ʘʡʥʘʣʘʪʳʥ ʞʘʙʳץ ʙʦʣʘʪ ײץʙʳʨʤʝʥ ʙʘʡʣʘʥʳʩץʘʥ (ʬʨʝʦʥ R 410A). ɹʘ-

ʩʪʘʧץʳ ʢʦʥʪʫʨ ʙʦʡʳʤʝʥ ᴇʪʝʪʽʥ ʵʪʠʣʝʥʛʣʠʢʦʣʴ 3-40ʉ ץʳʟʘʜʳ ʞᴅʥʝ ʙʫʣʘʥ-

ʜʳʨסʳʰץʘ ʪװʩʝʜʽ. ɹʫʣʘʥʜʳʨסʳʰ-ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘ ʵʪʠʣʝʥʛʣʠʢʦʣʴʜʝʥ ʩʘʣ-

-ʘ ʢʽʨʝʪʽʥ ʵʪʠʣʝʥʛʣʠץʳʰסʨʝʜʽ. ɹʫʣʘʥʜʳʨװʘ ʞʳʣʫ ʙʝʨʫ ʧʨʦʮʝʩʽ ʞץʳʰץʳʥʜʘʪץ

ʢʦʣɹʜʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪʦʧʳʨʘץʪʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ʙʝʣ-

ʛʽʣʽ ʙʽʨ ʪʦʧʳʨʘץ ʧʝʥ ʙʝʣʛʽʣʽ ʙʽʨ ʢʣʠʤʘʪʪʳץ ʘʡʤʘװ ץʰʽʥ ʞʳʣʳʪʫ ʢʝʟʝשʽʥʜʝ ʦʨʪʘ 

ʝʩʝʧʧʝʥ +4 ... +500ʉ ײץʨʘʡʜʳ. ʊʝʤʧʝʨʘʪʫʨʘʩʳ - 40ʉ ʙʦʣʘʪʳʥ ʩʘʣץʳʥʜʘʪץʳʰ ʙʫ-

ʣʘʥʜʳʨסʳʰʪʘʥ ᴇʪʽʧ, ץʘʡʥʘʡʜʳ ʞᴅʥʝ ʩײʡʳץ ʢװʡʜʝʥ ʛʘʟ ʪᴅʨʽʟʜʽ ʢװʡʛʝ ᴇʪʝʜʽ. ɹײʣ 

ʧʨʦʮʝʩʩ 6 ʙʘʨ ץʳʩʳʤʤʝʥ ʞװʨʝʜʽ. ɹʫʣʘʥʜʳʨסʳʰʪʘʥ ʩʘʣץʳʥʜʘʪץʳʰ ʛʘʟ ʢʦʤʧʨʝʩ-

ʩʦʨסʘ ʪװʩʝʜʽ, ʦʥʜʘ ʦʣ 30 ʙʘʨ ʞʦסʘʨʳ ץʳʩʳʤסʘ ʜʝʡʽʥ ץʳʩʳʣʘʜʳ ʞᴅʥʝ ʦʥʳש ʪʝʤ-

ʧʝʨʘʪʫʨʘʩʳ ʢװʨʪ 600ʉ ʜʝʡʽʥ ʢᴇʪʝʨʽʣʝʜʽ. 
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ʉʦʜʘʥ ʢʝʡʽʥ ץʳʟʜʳʨʳʣסʘʥ ʩʘʣץʳʥʜʘʪץʳʰ ʛʘʟ ʪᴅʨʽʟʜʽ ʢװʡʜʝ ʳʩʪʳץ ʩʫ 

 ʘץʳʰסʰʽʥ ʙʽʨʽʥʰʽ ʞʳʣʫ ʘʣʤʘʩʪʳʨװ ʩʫ ʜʘʡʳʥʜʘʫ ץʰʽʥ ʳʩʪʳװ ʘʞʝʪʪʽʣʽʢʪʝʨʽץ

ʪװʩʝʜʽ. ʆʥʜʘ ʩʫʳץ ʩʫ ץʘʞʝʪʪʽ ʤᴅʥʜʝʨʛʝ ʜʝʡʽʥ ץʳʟʘʜʳ, ʘʣ ʬʨʝʦʥ ʩʘʣץʳʥ-

ʜʘʪʳʣʘʜʳ, ʽʰʽʥʘʨʘ ʢʦʥʜʝʥʩʘʮʠʷʣʘʥʘʜʳ ʞᴅʥʝ ʪʝʤʧʝʨʘʪʫʨʘʩʳ +550ʉ ʙʦʣʘʪʳʥ ʛʘʟ-

ʩײʡʳץ ץʦʩʧʘʩʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʉʦʜʘʥ ʢʝʡʽʥ ʬʨʝʦʥ ʝʢʽʥʰʽ ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰץʘ ʪװʩʝʜʽ, ʦʥʜʘ ʳʩʪʳץ 

ʩʘʣץʳʥʜʘʪץʳʰ ʧʝʥ ʞʳʣʫ ʞװʡʝʩʽʥʽש ʢʦʥʪʫʨʳʥʳש ʩʘʣץʳʥʜʘʪץʳʰʳ ʘʨʘʩʳʥʜʘ 

ʞ ʣrʫ ʘʣʤʘʩʫ ʞװʨʝʜʽ. ʉʘʣץʳʥʜʘʪץʳʰ ʞʳʣʫʜʳ ʙʝʨʝʜʽ, ʩʘʣץʳʥʜʘʪʳʣʘʜʳ ʞᴅʥʝ 

-ʳʥץʘʥ ʩʘʣסʳʟʜʳʨʳʣץ שʡʝʩʽʥʽװʡʛʝ ᴇʪʝʜʽ, ʘʣ ʞʳʣʳʪʫ ʞװʢ ץʡʳײʘʡʪʘʜʘʥ ʩץ

ʜʘʪץʳʰʳ ʙʫʬʝʨʣʽʢ ʢʦʥʪʝʡʥʝʨʛʝ ʪװʩʽʧ, סʠʤʘʨʘʪʪʳש ʞʳʣʫ ʞװʡʝʣʝʨʽʥʝ ʪʘʨʘʪʳʣʘ-

ʜʳ. ɽʢʽʥʰʽ ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʪʘʥ ʢʝʡʽʥ ʩʘʣץʳʥʜʘʪץʳʰ ץʳʩʳʤʜʳ ʪᴇʤʝʥʜʝʪʝʪʽʥ 

ʢʣʘʧʘʥ ʘʨץʳʣʳ ᴇʪʝʜʽ. ɼʝʤʝʢ, ʦʥʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ ʪᴇʤʝʥ ʧʦʪʝʥʮʠʘʣʜʳ ʢᴇʟʜʝʥ ï 

ʪʦʧʳʨʘץʪʘʥ ʞʳʣʫ ʘʣʫסʘ ʙʦʣʘʪʳʥ ʤᴅʥʜʝʨʛʝ ʜʝʡʽʥ ʪᴇʤʝʥʜʝʡʜʽ. ʉʘʣץʳʥʜʘʪץʳʰ 

ʙʫʣʘʥʜʳʨסʳʰץʘ ʦʨʘʣʳʧ, ץʳʟʘʜʳ ʞᴅʥʝ ʮʠʢʣ ץʘʡʪʘʜʘʥ ץʘʡʪʘʣʘʥʘʜʳ. 

ɹײʣ ʪײʨסʳʥ װʡʜʽש ʞʳʣʫ ʞװʡʝʩʽ ʘʨʘʣʘʩ ʨʘʜʠʘʪʦʨ ʞʳʣʳʪʫ ʞװʡʝʩʽ ʞᴅʥʝ 

çʞʳʣʳ ʝʜʝʥè ʞװʡʝʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ɹײʣ ʩʭʝʤʘʤʝʥ װʡ-ʞʘʡʣʘʨʜʳ ʞʳʣʳʪʫ ʪʝʢ 

ʨʘʜʠʘʪʦʨʣʳץ ʞʳʣʳʪʫʜʳ ץʦʣʜʘʥסʘʥʥʘʥ ʛᴇʨʽ ʪʠʽʤʜʽʨʝʢ ʙʦʣʘʜʳ, ᴇʡʪʢʝʥʽ ʞʳʣʫ 

ʞװʡʝʩʽʥʜʝʛʽ ʩʫʜʳש ʪʝʤʧʝʨʘʪʫʨʘʩʳ +500ʉ ײץʨʘʡʜʳ. 

ɾʦʙʘʣʘʥסʘʥ ʞʳʣʫ ʩʦʨסʳʩʳ ʪʝʢ סʠʤʘʨʘʪʪʳ ʞʳʣʫʤʝʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ װʰʽʥ 

 ʳʥʜʘʪʫץʽʰʢʽ ʘʫʘʩʳʥ ʩʘʣ שʠʤʘʨʘʪʪʳס ʘʪʘʨ, ʞʳʣʳ ʤʝʟʛʽʣʜʝץ ʘʥʘ ʝʤʝʩ, ʩʦʥʳʤʝʥס

 .ʦʣʜʘʥʳʣʘʜʳץ ʰʽʥ ʜʝװ

ɾʳʣʫ ʩʦʨסʳʩʳʥʳש ʞײʤʳʩʳʥ ʩʘʣץʳʥʜʘʪʫ ʨʝʞʠʤʽʥʝ ʘʫʳʩʪʳʨʫ װʰʽʥ ʢʦʤ-

ʧʨʝʩʩʦʨʜʳש ʪᴇʨʪ ʞʘץʪʳ ʢʣʘʧʘʥʳ ʙʽʨ ʪᴇʪʝʥʰʝ ʞʘסʜʘʡʜʘʥ ʝʢʽʥʰʽʩʽʥʝ ʘʫʳʩʘʜʳ 

(1.2-ʩʫʨʝʪ), ʥᴅʪʠʞʝʩʽʥʜʝ ʬʨʝʦʥ ʘסʳʥʳ ʙʘסʳʪʪʳ ᴇʟʛʝʨʪʝʜʽ. 

 

 
 

1.2-ʩʫʨʝʪ ï ɾʳʣʫ ʩʦʨסʳʩʳʥ ʩʫʳץʧʝʥ ʞʘʙʜʳץʪʘʫ ʨʝʞʠʤʽʥʝ ʘʫʳʩʪʳʨʫ: 

1 ï ʩʳʨʪץʳ ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰ; 2 ï װʡ-ʞʘʡʜʳ ʩʘʣץʳʥʜʘʪʫ ʢʝʟʽʥʜʝ ʭʣʘʜʘʛʝʥʪʪʽש 

 ;ʳʪʳסʘʣʳʩ ʙʘסʦʟץ שʡ-ʞʘʡʜʳ ʞʳʣʳʪʫ ʢʝʟʽʥʜʝ ʭʣʘʜʘʛʝʥʪʪʽװ ʳʪʳ; 3 ïסʘʣʳʩ ʙʘסʦʟץ

4 ï ʪᴇʨʪ ʞʘץʪʳ ʢʨʘʥ ï ʘʫʳʩʪʳʨʳʧ ץʦʩץʳʰ; 5 ï ʽʰʢʽ ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰ; 6 ï ʨʝʪʪʝʫʰʽ 
 

 

ɹײʣ ʨʝʪʪʝ ʢʦʤʧʨʝʩʩʦʨ ʤʝʥ ʜʨʦʩʩʝʣʴ סʠʤʘʨʘʪʪʳ ʞʳʣʳʪʫ ʢʝʟʽʥʜʝʛʽʜʝʡ ʨʝ-

ʞʠʤʜʝ ʞײʤʳʩ ʽʩʪʝʫʜʽ ʞʘʣסʘʩʪʳʨʘʜʳ. פʦʟסʘʣʳʩ ʙʘסʳʪʳʥ ᴇʟʛʝʨʪʢʝʥʥʝʥ ʢʝʡʽʥ ʙʫ-

ʣʘʥʜʳʨסʳʰʪʳש ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʳʥʜʘסʳ ʙʫʣʘʥʫ ʧʨʦʮʝʩʽ ʢʦʥʜʝʥʩʘʮʠʷסʘ ʘʫʳ-

ʩʘʜʳ, ʘʣ ʢʦʥʜʝʥʩʘʪʦʨʜʳש ʞʳʣʫ ʘʣʤʘʩʪʳʨסʳʰʳʥʜʘסʳ ʢʦʥʜʝʥʩʘʮʠʷ ʧʨʦʮʝʩʽ ʙʫ-
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ʣʘʥʫסʘ ʘʫʳʩʘʜʳ. ʆʩʳʣʘʡʰʘ, ʩʫʳץʧʝʥ ʞʘʙʜʳץʪʘʫ ʪʽʟʙʝʛʽʥʜʝ ʘʡʥʘʣʘʪʳʥ ʩʫ 

ʩʘʣץʳʥʜʘʪʳʣʳʧ, ʘʫʘʥʳ ʙʘʧʪʘʫסʘ ʪװʩʝʜʽ, ʘʣ ץʳʟʜʳʨʳʣסʘʥ ʬʨʝʦʥ ʙʘʩʪʘʧץʳ 

ʪʽʟʙʝʢʪʝ ʘʡʥʘʣʘʪʳʥ ʵʪʠʣʝʥʛʣʠʢʦʣʴʛʝ ʞʳʣʫ ʙʝʨʝʜʽ. ʕʪʠʣʝʥʛʣʠʢʦʣ ɹʞʳʣʫʜʳ ʞʝʨ-

ʛʝ çʪᴇʛʝʜʽè, ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʞʝʨʛʝ ʪʘʨʘʪʘʜʳ ʞᴅʥʝ ʦʥʳ ʞʳʣʳʪʫ ʤʘʫʩʳʤʳʥʘ 

ʜʘʡʳʥʜʘʡʜʳ. 

ɹײʣ סʠʤʘʨʘʪʪʘ ʞʳʣʫ ʩʦʨסʳʩʳ ʩʫʳץ ʤʝʟʛʽʣʜʝ סʠʤʘʨʘʪʪʳ ʞʳʣʳʪʫʜʳ, ʳʩʪʳץ 

ʩʫʤʝʥ ʞʘʙʜʳץʪʘʫ ץʘʞʝʪʪʽʣʽʢʪʝʨʽʥʝ ʩʫ ʜʘʡʳʥʜʘʫʜʳ ʞᴅʥʝ ʞʳʣʜʳש ʞʳʣʳ 

ʤʝʟʛʽʣʽʥʜʝ ʽʰʢʽ ʘʫʘʥʳ ʙʘʧʪʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɾʳʣʫ ʩʦʨסʳ ץʦʥʜʳʨסʳʩʳ 

ʞʘשʘʨʪʳʣʤʘʡʪʳʥ ʵʥʝʨʛʠʷ ʢᴇʟʜʝʨʽʥ ʧʘʡʜʘʣʘʥʙʘʡ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘסʘ ʟʠʷʥ 

ʢʝʣʪʽʨʤʝʩʪʝʥ ʞʳʣʫʤʝʥ ʞᴅʥʝ ʩʫʳץʧʝʥ ʞʘʙʜʳץʪʘʫʜʳש ʙʘʨʣʳץ ʬʫʥʢʮʠʷʣʘʨʳʥ 

ʦʨʳʥʜʘʡʜʳ. נʠʤʘʨʘʪʪʘʨ ʤʝʥ ײץʨʳʣʳʩʪʘʨʜʳ ʞʳʣʫʤʝʥ ʞʘʙʜʳץʪʘʫ ʞװʡʝʣʝʨʽ װʰʽʥ 

ʞʳʣʫ ʩʦʨסʳʣʘʨʳʥ ʢʝשʽʥʝʥ ץʦʣʜʘʥʫ ʵʥʝʨʛʠʷʥʳ װʥʝʤʜʝʫʛʝ ʙʘʡʣʘʥʳʩʪʳ ʙʽʨץʘʪʘʨ 

ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ: ץʘʣʧʳʥʘ ʢʝʣʪʽʨʽʣʤʝʡʪʽʥ ʢᴇʤʽʨʩʫʪʝʢ ʦʪʳʥʜʘ-

ʨʳʥ ʧʘʡʜʘʣʘʥʫʜʳ ʘʟʘʡʪʫ ʞᴅʥʝ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʞʘץʩʘʨʪʫ. 
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ɹϰʣ ʤʘϨʘʣʘʜʘ ϨʦʣʜʘʥʳʩʪʘϤʳ Ϩϰʙʳʨʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳϬ ʧʨʦʙʣʝʤʘʣʳϨ ʤϸʩʝʣʝʣʝʨʽ ʞϸ-

ʥʝ ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʦʣʘʨʜʳ ʞʦʶʜʳϬ ʳϨʪʠʤʘʣ ʞʦʣʜʘʨʳ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 

 

This article discusses the problematic issues of the operation of existing pipelines and possi-

ble ways to eliminate them based on modern technologies. 

 

ɺ ʢʦʥʮʝ 60-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʝ-

ʤʦʥʪʥʳʭ ʨʘʙʦʪʘʭ ʩʧʦʩʦʙ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʧʫʪʝʤ ʧʨʦʪʘʩʢʠʚʘʥʠʷ 

ʛʠʙʢʦʡ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʪʨʫʙʳ ʚʥʫʪʨʠ ʧʦʚʨʝʞʜʝʥʥʦʡ, ʯʪʦ ʩʪʘʣʦ ʧʦʙʫʜʠʪʝʣʴʥʳʤ 

ʩʪʠʤʫʣʦʤ ʜʣʷ ʩʧʦʣʴʟʦʚʘʥʠʷ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʧʨʠ ʫʩʪʨʘʥʝʥʠʠ ʧʦʚʨʝʞʜʝʥʠʡ 

ʧʫʪʝʤ ʧʨʦʢʣʘʜʢʠ ʥʦʚʦʡ ʪʨʫʙʳ ʚʥʫʪʨʠ ʩʫʱʝʩʪʚʫʶʱʝʡ, ʥʝ ʥʘʥʦʩʷ ʚʨʝʜ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʝ ʠ ʧʨʠʨʦʜʝ. ʉ ʪʦʛʦ ʚʨʝʤʝʥʠ ʧʦʷʚʠʣʠʩʴ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʨʝʢʦʥʩʪʨʫʢ-

ʮʠʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʠʪʩʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʡ ʦʩʤʦʪʨ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʣʶʙʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠ ʧʦʤʦʱʠ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ (ʩʘʥʘʮʠʠ), ʯʪʦ ʷʚʣʷ-

ʝʪʩʷ ʦʙʳʯʥʳʤ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ. ʇʨʦʙʣʝʤʥʳʝ ʚʦʧʨʦʩʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʧʦ-

ʩʣʝʜʩʪʚʠʷ ʚ ʜʝʡʩʪʚʫʶʱʠʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʤʦʞʥʦ ʩʚʝʩʪʠ ʚ ʦʜʥʦ ʮʝʣʦʝ. ɺ ʥʘʧʦʨ-

ʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ, ʧʦʜʘʶʱʠʭ ʚʦʜʫ ʧʠʪʴʝʚʦʛʦ ʢʘʯʝʩʪʚʘ, ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʪʝʨʠʘʣʦʤ ʪʨʫʙ, ʫʪʝʯʢʦʡ ʚʦʜʳ ʯʝʨʝʟ ʩʪʳʢʠ, ʪʨʝʱʠʥʘʤʠ, ʘ ʪʘʢʞʝ ʩ 

ʢʦʨʨʦʟʠʝʡ, ʦʪʣʦʞʝʥʠʝʤ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʦʚʨʝʞʜʝʥʠʷʤʠ. ɸ ʩʣʝʜʩʪʚʠʝʤ ʚʩʝʛʦ 

ʵʪʦʛʦ ï ʚʦʜʘ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ, ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ, ʠ ʜʘʞʝ ʧʨʝʢʨʘʱʝʥʠʝ ʧʦʜʘʯʠ 

ʚʦʜʳ ʧʦʪʨʝʙʠʪʝʣʷʤ (ʨʠʩ. 1). ɺ ʢʘʥʘʣʠʟʘʮʠʦʥʥʳʭ ʪʨʫʙʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʘʣʦʛʠʯ-

ʥʘʷ ʢʘʨʪʠʥʘ. ʂ ʧʝʨʝʯʠʩʣʝʥʥʳʤ ʧʨʦʙʣʝʤʘʤ ʜʦʙʘʚʣʷʝʪʩʷ ʧʦʚʨʝʞʜʝʥʠʝ ʪʨʫʙʦʧʨʦ-

ʚʦʜʦʚ ʢʦʨʥʷʤʠ ʜʝʨʝʚʴʝʚ ʠ ʭʠʤʠʯʝʩʢʘʷ ʢʦʨʨʦʟʠʷ. ʇʦʩʣʝʜʩʪʚʠʷ: ʧʨʝʢʨʘʱʝʥʠʝ 

ʜʚʠʞʝʥʠʷ ʩʪʦʯʥʦʡ ʚʦʜʳ, ʧʦʧʘʜʘʥʠʝ ʚʦʜʳ ʚ ʦʢʨʫʞʘʶʱʠʡ ʛʨʫʥʪ, ʟʘʛʨʷʟʥʝʥʠʝ 

ʧʦʜʟʝʤʥʦʛʦ ʩʣʦʷ, ʟʘʪʦʧʣʝʥʠʝ ʠ ʪ.ʧ. (ʨʠʩ. 2). 

 

                   
 

ʈʠʩ. 1 ï ʉʝʯʝʥʠʝ ʪʨʫʙʳ                      ʈʠʩ. 2 ï ʇʦʚʨʝʞʜʝʥʠʝ ʪʨʫʙʳ 

  

 

ʂʘʢ ʚʠʜʥʦ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʘ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʠʟʤʝʥʝʥʠʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʝʯʝʥʠʷ ʪʨʫʙ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʦʯʠʩʪʢʠ: ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ ʨʘʟʣʠʯʥʳʤʠ ʥʘʩʘʜʢʘ-

ʤʠ, ʱʝʪʦʯʥʳʝ ʩʢʨʝʙʢʠ; ʛʣʫʙʦʢʠʝ ʩʢʨʝʙʢʠ ʠ ʮʝʧʥʳʝ ʩʢʨʝʙʢʠ; ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʘʷ ʦʯʠʩʪʢʘ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ; ʨʦʙʦʪʳ ʜʣʷ ʨʝʟʢʠ (ʨʠʩ. 3, 4). 

 



105 

 
 

ʈʠʩ.3 ï ʎʝʧʥʦʡ ʩʢʨʝʙʦʢ                    ʈʠʩ. 4 ï ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʘʩʘʜʢʘ 

 

ʇʨʠ ʩʢʚʦʟʥʳʭ ʧʦʚʨʝʞʜʝʥʠʷʭ ʨʝʤʦʥʪ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʚʩʝʛʜʘ ʧʨʦ-

ʚʦʜʠʣʩʷ ʧʫʪʝʤ ʨʘʩʢʘʧʳʚʘʥʠʷ ʪʨʘʥʰʝʠ ʠ ʧʦʣʥʦʡ ʟʘʤʝʥʳ ʪʨʫʙʳ (ʨʠʩ. 5) [2].  

 

 
 

ʈʠʩ. 5 ï ʇʨʦʪʘʩʢʠʚʘʥʠʝ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʪʨʫʙʳ ʩ ʨʘʟʨʫʰʝʥʠʝʤ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ 

 

ʅʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʢʪʫʝʪ ʧʨʦʛʨʝʩʩʠʚʥʳʝ ʩʧʦʩʦʙʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦ-

ʙʣʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ɹʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʙʝʩʪʨʘʥ-

ʰʝʡʥʦʛʦ ʦʙʥʦʚʣʝʥʠʷ ʪʨʫʙ: ʙʝʩʪʨʘʥʰʝʡʥʘʷ ʧʨʦʪʷʞʢʘ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ ʠ ʙʝʩ-

ʪʨʘʥʰʝʡʥʘʷ ʟʘʤʝʥʘ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʨʫʙ ʧʣʘʩʪʠʢʦʚʳʤʠ ʪʨʫʙʘʤʠ. ʇʨʠʤʝʥʝʥʠʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʩʧʦʩʦʙʦʚ ʜʘʶʪ ʙʦʣʴʰʝ ʧʨʝʠʤʫʱʝʩʪʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʧʨʠʤʝʥʷʝ-

ʤʳʤʠ ʨʘʥʝʝ (ʨʘʩʢʘʧʳʚʘʥʠʝʤ ʛʨʫʥʪʘ): ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʣʘʥʜʰʘʬʪ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ; ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʨʝʞʜʝʥʠʝ ʠ ʜʨʫʛʠʭ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ; ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥʠʡ ʩ ʜʨʫʛʠʤʠ ʩʣʫʞʙʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʜʟʝʤʥʳʤʠ ʢʦʤ-

ʤʫʥʠʢʘʮʠʷʤʠ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʷ ʚʨʝʤʝʥʠ ʠ ʩʨʝʜʩʪʚ. ʅʦ ʠʥʦʛʜʘ ʚʦʟʥʠʢʘʶʪ ʠ ʪʘ-

ʢʠʝ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʠʜʝʪ ʩʠʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʦʙʚʘʣʦʤ ʟʝʤʣʠ, ʧʨʦ-

ʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʫʙʳ ʩʠʣʴʥʦ ʩʥʠʞʘʝʪʩʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʝʨʚʦʝ ʤʝʩʪʦ ʦʩʪʘ-

ʝʪʩʷ ʟʘ ʨʘʩʢʘʧʳʚʘʥʠʝʤ ʪʨʘʥʰʝʠ ʠ ʟʘʤʝʥʦʡ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʦ ʢʦʛʜʘ ʠʤʝʝʪʩʷ 

ʫʪʝʯʢʘ ʯʝʨʝʟ ʩʪʳʢʦʚʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʧʨʦʙʣʝʤʳ ʩ ʢʦʨʨʦʟʠʝʡ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʠ 

ʙʝʩʪʨʘʥʰʝʡʥʘʷ ʟʘʤʝʥʘ ʠʤʝʶʪ ʦʯʝʚʠʜʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʝ ʦʙʲ-

ʝʤr ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʠ ʚʨʝʤʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʩʥʠʞʘʝʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 

ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʫʤʝʥʴʰʘʝʪ ʥʝʫʜʦʙʩʪʚʘ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʦʜʟʝʤʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ (ʦʙʣʠʮʦʚʦʢ, ʦʙʦʣʦʯʝʢ, ʨʫ-

ʙʘʰʝʢ, ʤʝʤʙʨʘʥ ʠ ʪ.ʜ.) ʧʦ ʚʩʝʡ ʜʣʠʥʝ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠʣʠ ʚ ʦʪʜʝʣʴʥʳʭ ʜʝʬʝʢʪʥʳʭ 

ʤʝʩʪʘʭ [1]. ʊʘʢʠʤ ʩʧʦʩʦʙʦʤ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ, ʩʚʷʟʘʥʥʫʶ ʩ ʢʘʯʝʩʪʚʦʤ 

ʚʦʜʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʞʝʩʪʢʦʩʪʠ ʚʦʜʳ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʧʨʦʯʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʶʪ 

ʮʝʤʝʥʪʥʦʝ ʠʣʠ ʵʧʦʢʩʠʜʥʦʝ ʧʦʢʨʳʪʠʝ. ʎʝʤʝʥʪʥʦʝ ʧʦʢʨʳʪʠʝ ï ʥʝ ʩʦʚʩʝʤ ʥʦʚʘʷ 
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ʪʝʭʥʦʣʦʛʠʷ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʠ ʚ ʥʘʰʠ ʜʥʠ. ʅʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ ʥʝ ʫʩʪʨʘʥʷʝʪ ʠʤʝʶʱʠʭʩʷ ʧʨʦʪʝʯʝʢ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ.  

ʐʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʩʧʦʩʦʙʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʪʘʩʢʠʚʘʥʠʝ ʧʣʘʩʪʠʢʦʚʦʡ 

ʪʨʫʙʳ ʚʥʫʪʨʠ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ [1, 2, 3]. ʇʨʠ ʵʪʦʤ ʩʧʦʩʦʙʝ ʚʦʩʩʪʘ-

ʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ 

ʷʚʣʷʶʪʩʷ: ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʮʝʣʴʥʦʡ ʪʨʫʙʦʡ (ʧʨʦʪʘʩʢʠʚʘʥʠʝ ʛʠʙʢʦʡ ʧʣʘʩʪʠʢʦʚʦʡ 

ʪʨʫʙʳ); ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʪʨʫʙʦʡ, ʦʪʚʝʨʜʝʚʘʶʱʝʡ ʥʘ ʤʝʩʪʝ; ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʧʣʦʪ-

ʥʦʧʨʠʣʝʛʘʶʱʝʡ ʪʨʫʙʦʡ. 

ʇʨʦʪʘʩʢʠʚʘʥʠʝ ʛʠʙʢʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ. ɺ ʧʦʚʨʝʞʜʝʥʥʳʡ ʪʨʫʙʦʧʨʦ-

ʚʦʜ ʚʚʦʜʠʪʩʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʞʘʪʳʡ ʧʦ ʚʩʝʤʫ ʩʝʯʝʥʠʶ (ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʡ) 

ʥʦʚʳʡ ʧʦʣʠʤʝʨʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ, ʠʤʝʶʱʠʡ çʪʝʨʤʠʯʝʩʢʫʶ ʧʘʤʷʪʴè ʚʦʩʧʨʠʷʪʠʷ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʬʦʨʤʳ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ [1, 3]. ʇʨʦʪʘʩʢʠʚʘʝʪʩʷ ʧʣʘʩʪʠʢʦʚʘʷ 

ʪʨʫʙʘ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩʧʣʶʱʠʚʘʝʪʩʷ ʜʦ U-ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʥʘ 

ʚʩʶ ʜʣʠʥʫ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʫʯʘʩʪʢʘ ʤʝʞʜʫ ʜʚʫʤʷ ʢʦʣʦʜʮʘʤʠ ʩ ʧʨʠʞʘʪʠʝʤ ʝʝ ʢ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʉ ʧʦʜʘʯʝʡ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʪʝʧʣʦʥʦʩʠʪʝ-

ʣʷ (ʚʦʜʷʥʦʛʦ ʧʘʨʘ, ʛʦʨʷʯʝʡ ʚʦʜʳ) ʧʣʘʩʪʠʢʦʚʘʷ ʪʨʫʙʘ ʨʘʩʧʨʷʤʣʷʝʪʩʷ, ʧʨʠʥʠʤʘʷ 

ʬʦʨʤʫ ʩʝʯʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʘ. ɺʦʟʤʦʞʥʘ ʠ ʪʘʢʘʷ ʟʘʤʝʥʘ ʧʦʚʨʝʞʜʝʥʥʦʛʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ: ʧʨʦʪʘʩʢʠʚʘʥʠʝ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʯʠʱʝʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʥʦʚʦʡ ʧʣʘ-

ʩʪʠʢʦʚʦʡ ʪʨʫʙʳ ʩ ʧʦʤʦʱʴʶ ʣʝʙʝʜʢʠ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʪʨʫʙʦʡ, ʦʪʚʝʨʜʝʚʘʶʱʝʡ ʥʘ ʤʝʩʪʝ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʦʩʥʦ-

ʚʘʥ ʥʘ ʧʨʦʪʘʩʢʠʚʘʥʠʠ ʵʣʘʩʪʠʯʥʦʛʦ ʨʫʢʘʚʘ, ʧʨʦʧʠʪʘʥʥʦʛʦ ʪʝʨʤʦʪʚʝʨʜʝʚʘʝʤʦʡ 

ʩʤʦʣʦʡ [1, 2]. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʚʥʫʪʨʴ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘ ʯʝʨʝʟ ʩʤʦʪʨʦʚʳʝ ʢʦʣʦʜʮʳ ʧʨʦʧʫʩʢʘʶʪ ʵʣʘʩʪʠʯʥʳʡ ʨʫʢʘʚ, ʧʨʝʜʩʪʘʚ-

ʣʷʶʱʠʡ ʩʦʙʦʡ ʧʨʦʧʠʪʘʥʥʳʡ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʤ ʩʚʷʟʫʶʱʠʤ ʘʨʤʠʨʫʶʱʠʡ ʤʘʪʝ-

ʨʠʘʣ (ʩʪʝʢʣʦʪʢʘʥʴ, ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʚʦʡʣʦʢ) (ʨʠʩ. 2). ɿʘʪʝʤ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʛʝʨ-

ʤʝʪʠʯʥʫʶ ʦʙʦʣʦʯʢʫ ʨʫʢʘʚʘ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʧʦʜʘʝʪʩʷ ʪʝʧʣʦʥʦʩʠʪʝʣʴ (ʧʘʨ, ʛʦʨʷ-

ʯʘʷ ʚʦʜʘ), ʢʦʪʦʨʳʡ ʨʘʩʧʨʘʚʣʷʝʪ ʨʫʢʘʚ, ʧʨʠʞʠʤʘʝʪ ʝʛʦ ʢ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʇʦʩʣʝ ʦʪʚʝʨʜʝʥʠʷ ʩʤʦʣʳ ʦʙʨʘʟʫʝʪʩʷ ʞʝʩʪʢʘʷ ʦʙʦʣʦʯʢʘ (ʨʠʩ. 

6). ɼʘʥʥʳʡ ʤʝʪʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʢʘʢ ʟʘ ʨʫʙʝʞʦʤ, ʪʘʢ ʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. 

 

 
 

ʈʠʩ. 6 ï ʇʨʦʪʘʩʢʠʚʘʥʠʝ ʛʠʙʢʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ: 1 ï ʘʚʪʦʤʦʙʠʣʴ ʩ ʥʝʦʙʭʦʜʠʤʳʤ ʩʧʝʮʦʙʦ-

ʨʫʜʦʚʘʥʠʝʤ; 2 ï ʧʦʣʠʤʝʨʥʘʷ ʪʨʫʙʘ; 3 ï ʢʦʤʧʨʝʩʩʦʨ; 4 ï ʧʦʚʨʝʞʜʝʥʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 

 

ʇʣʘʩʪʠʢʦʚʳʝ ʪʨʫʙʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, 

ʧʦ ʩʪʨʫʢʪʫʨʝ ʤʦʛʫʪ ʙʳʪʴ çʥʝʟʘʚʠʩʠʤʳʝè ʠ çʠʥʪʝʨʘʢʪʠʚʥʳʝè. ʊʘʢʦʝ ʨʘʟʜʝʣʝʥʠʝ 

ʩʚʷʟʘʥʦ ʩ ʚʦʩʧʨʠʷʪʠʝʤ ʦʢʨʫʞʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʨʘʩʪʷʞʝʥʠʝ ʧʦʜ ʚʣʠʷʥʠʝʤ 
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ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʝ. ʅʝʟʘʚʠʩʠʤʘʷ ʪʨʫʙʘ ʩʧʦʩʦʙʥʘ ʚʳʜʝʨʞʠʚʘʪʴ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʜʘʚʣʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʥʘ ʤʦʞʝʪ ʧʨʦʠʟ-

ʚʦʜʠʪʴ ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʨʘʜʠʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʫʪʨʠ ʧʦʚʨʝʞʜʝʥ-

ʥʦʡ ʪʨʫʙʳ. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʪʨʫʙʘ ʧʝʨʝʜʘʝʪ ʯʘʩʪʴ ʠʣʠ ʚʩʝ ʚʥʫʪʨʝʥʥʝʝ ʥʘʧʨʷʞʝ-

ʥʠʝ ʦʪ ʜʘʚʣʝʥʠʷ ʯʝʨʝʟ ʨʘʜʠʘʣʴʥʳʡ ʢʦʥʪʘʢʪ ʩʪʝʥʢʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʫʙʳ, ʥʦ ʩʦ-

ʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʦʩʪʴ ʟʘʢʨʳʚʘʪʴ ʣʶʙʳʝ ʦʪʚʝʨʩʪʠʷ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʜʝʡ-

ʩʪʚʠʷ ʢʦʨʨʦʟʠʠ ʠʣʠ ʦʪʚʝʨʩʪʠʷ ʚ ʩʪʳʢʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ. 

ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʥʘʛʨʫʟʦʢ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʘʙʦʪ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʘʨʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ 

ʤʦʞʝʪ ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʩʪʨʫʢʪʫʨʳ ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʫʩʪʨʘʥʷʪʴ ʫʪʝʯʢʠ, ʦʙʥʦʚ-

ʣʝʥʥʳʝ ʪʨʫʙʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʩʯʝʪʥʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʫʙ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʷʪʴ ʥʦʚʫʶ ʧʨʦʧʫʩʢʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʢʦ-

ʪʦʨʦʡ ʦʙʣʘʜʘʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʪʨʫʙʳ. ʅʝʣʴʟʷ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦ-

ʩʦʙʥʦʩʪʴ ʦʩʪʘʣʘʩʴ ʥʝʠʟʤʝʥʥʦʡ. ʊʨʝʙʫʝʤʘʷ ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ-

ʩʷ ʥʘ ʦʩʥʦʚʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʳ, ʘ ʤʘʢʩʠ-

ʤʘʣʴʥʳʡ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʫʙʦʡ. ʇʨʠ ʘʥʘ-

ʣʠʟʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʫʯʠʪʳʚʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʥʘʠʤʝʥʴʰʝʛʦ ʛʠʜʨʘʚ-

ʣʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʥʦʚʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʪʨʫʙ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʥʘʠʤʝʥʴ-

ʰʝʡ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʠʭ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʚʝʨʭ-

ʥʦʩʪʥʦʛʦ ʩʣʦʷ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʦʚʦʡ ʧʣʘʩʪʠʢʦʚʦʡ ʪʨʫʙʦʡ. 

ʇʨʠʦʨʠʪʝʪʥʳʤ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʩʪʨʘʥʰʝʡʥʳʭ ʪʝʭʥʦ-

ʣʦʛʠʡ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʪʨʝʙʫʶʱʠʝ ʨʝʤʦʥʪʘ ʠʥʞʝʥʝʨʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʠʞʝ ʜʨʫʛʠʭ ʛʦʨʦʜʩʢʠʭ ʧʦʜʟʝʤʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʠ ʚʩʢʨʳʪʠʝ 

ʛʨʫʥʪʘ ʩʚʷʟʘʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ.  
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ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʧʫʪʠ ʬʠʣʴʪʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʭʦʟʷʡʩʪʚʝʥʥʦ-

ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ ʩ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʴ ʝʝ 

ʧʦʩʣʝʜʩʪʚʠʡ.  
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ɹϰʣ ʤʘϨʘʣʘʜʘ ʙʽʟ ʘʫʳʟ ʩʫʜʳ ʪʘʟʘʨʪʫ Ϯʰʽʥ ʩϮʟʛʽʣʝʫ ʞʦʣʜʘʨʳʥ ʞϸʥʝ ʦʣʘʨʜʳ 

Ϻʥʝʨʢϸʩʽʧʪʽʢ ʪϰʨϤʳʜʘʥ Ϩʘʣʘʡ ʰʝʰʫʛʝ ʙʦʣʘʪʳʥʳʥ, ʩʦʥʜʘʡ-ʘϨ ʦʥʳϬ ʩʘʣʜʘʨʳʥʳϬ ʢϮʨʜʝʣʽʣʽʛʽʥ 

Ϩʘʨʘʩʪʳʨʘʤʳʟ.  

 

In this article, we will consider the ways of filtration for the purification of drinking water 

and how to solve them from an industrial point of view, as well as the complexity of its consequenc-

es.  
 

ʐʫʥʛʠʪ ð ʫʥʠʢʘʣʴʥʳʡ ʜʘʨ ʧʨʠʨʦʜʳ 
 

ɼʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʫʯʝʥʳʝ ʟʘʥʠʤʘʶʪʩʷ ʠʟʫʯʝʥʠʝʤ ʪʘʢʦʡ ʢʘ-

ʤʝʥʥʦʡ ʧʦʨʦʜʳ, ʢʘʢ ʰʫʥʛʠʪ. ɺʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʝʪ ʝʛʦ ʥʝʦʙʳʯ-

ʥʘ̫ ʩʪʨʫʢʪʫʨʘ ʠ ʥʝʚʝʨʦʷʪʥʦ ʧʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʢʘʤ-

ʥʷ ʧʨʠʚʝʣʦ ʫʯʝʥʳʭ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʵʪʦʪ ʢʘʤʝʥʴ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʨʝʰʠʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʨʦ-

ʙʣʝʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʯʠʩʪʢʦʡ ʚʦʜʳ.  

ʐʫʥʛʠʪ ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʫʶ ʚ ʧʨʠʨʦʜʝ ʩʪʨʫʢʪʫʨʫ ʠ ʩʦʩʪʘʚ. ʋʩʣʦʚʠʷ ʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʪʘʢʞʝ ʦʩʦʙʝʥʥʳʝ. ɽʩʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʤʝʩʪʦ ʚ ʤʠʨʝ, ʛʜʝ ʤʦʞʥʦ ʜʦ-

ʙʳʚʘʪʴ ʵʪʫ ʧʦʨʦʜʫ ï ɿʘʞʦʛʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʦʜʥʦʤ ʠʟ 

ʨʘʡʦʥʦʚ ʂʘʨʝʣʠʠ ʚ ʈʦʩʩʠʠ. ɼʦ ʩʠʭ ʧʦʨ ʫʯʝʥʳʤ ʥʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʜʨʫʛʠʭ ʧʦʜʦʙ-

ʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʐʫʥʛʠʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʨʦʜʥʳʡ ʢʦʤʧʦʟʠʪ. ɽʛʦ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʝʪ 

ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʠʣʠʢʘʪʥʘʷ ʤʘʪʨʠʮʘ, ʢʦʪʦʨʘʷ ʟʘʧʦʣʥʝʥʘ ʢʨʠʩʪʘʣʣʘʤʠ ʤʠʥʝ-

ʨʘʣʦʚ. ʕʪʠ ʤʠʥʝʨʘʣʳ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʢ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʤʫ ʨʷʜʫ, ʥʘʧʦʣʥʷʶʪ 

ʘʤʦʨʬʥʫʶ ʤʘʪʨʠʮʫ ʜʘʥʥʦʡ ʢʘʤʝʥʥʦʡ ʧʦʨʦʜʳ ʨʘʚʥʦʤʝʨʥʦ. ʈʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ 

ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʤʢʤ. ɹʦʣʝʝ ʧʦʣʦʚʠʥʳ ʩʦʩʪʘʚʘ 

ʢʘʤʥʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʩʠʣʠʢʘʪʳ.  

 

ʍʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʰʫʥʛʠʪʘ  

ʐʫʥʛʠʪ ʦʙʣʘʜʘʝʪ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʚʩʝʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠ-

ʤʳ ʜʣʷ ʭʦʨʦʰʝʛʦ ʬʠʣʴʪʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɺʦ-ʧʝʨʚʳʭ, ʰʫʥʛʠʪ ð ʥʝʚʝʨʦʷʪʥʦ 

ʧʨʦʯʥʘʷ ʧʦʨʦʜʘ, ʠʤʝʶʱʘʷ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʣʦʪʥʦʩʪʠ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʪʦʡ-

ʢʦʩʪʠ. ɺʦ-ʚʪʦʨʳʭ, ʦʥ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʧʨʠ-

ʩʫʪʩʪʚʠʠ ʜʘʞʝ ʘʛʨʝʩʩʠʚʥʳʭ ʧʨʠʤʝʩʝʡ.  

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʢʘʤʝʥʴ ʭʦʨʦʰʦ ʙʦʨʝʪʩʷ ʩ ʫʥʠʯʪʦʞʝʥʠʝʤ ʙʘʢʪʝʨʠʡ ʚ ʚʦ-

ʜʝ. ɹʘʢʪʝʨʠʮʠʜʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʟʚʦʣʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʪʦʪ ʢʘʤʝʥʴ ʚ ʤʝʜʠʮʠʥʝ 

ʜʣʷ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʅʠ ʦʜʠʥ ʜʨʫʛʦʡ ʢʘʤʝʥʴ ʥʝ ʷʚʣʷʝʪʩʷ ʩʪʦʣʴ 

ʵʬʬʝʢʪʠʚʥʳʤ ʧʨʠ ʣʝʯʝʥʠʠ ʘʣʣʝʨʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʙʦʣʝʟʥʝʡ ʦʨʛʘʥʦʚ ʜʳ-

ʭʘʥʠʷ, ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. ʇʨʠ ʣʝʯʝʥʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʧʘʩʪʳ, ʘ ʪʘʢʞʝ 

ʩʧʝʮʠʘʣʴʥʳʝ ʰʫʥʛʠʪʦʚʳʝ ʥʘʩʪʦʠ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʛʘʝʪ ʠʟ-

ʙʘʚʠʪʴʩʷ ʦʪ ʙʦʣʝʟʥʝʡ, ʥʦ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʬʠʣʘʢʪʠʢʝ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ.  

ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʰʫʥʛʠʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʢʘʤʝʥʴ ʥʝ ʪʦʣʴʢʦ ʢʘ-

ʯʝʩʪʚʝʥʥʦ ʦʯʠʱʘʝʪ ʚʦʜʫ ʦʪ ʨʘʟʣʠʯʥʳʭ ʧʨʠʤʝʩʝʡ ʪʘʢʠʭ, ʢʘʢ ʩʧʠʨʪʳ, ʚʩʝʚʦʟʤʦʞ-

ʥʳʝ ʧʦʩʪʦʨʦʥʥʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʨʝʚʝʩʥʳʝ ʩʤʦʣʳ ʠ ʛʘʟʳ, ʥʦ ʠ ʤʦʞʝʪ 
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ʚʳʧʦʣʥʷʪʴ ʵʪʫ ʨʘʙʦʪʫ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʚ ʪʝʯʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦʛʦ ʚʨʝʤʝ-

ʥʠ. ʕʪʘ ʧʦʨʦʜʘ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʧʦʣʥʷʪʴ ʵʪʫ ʬʫʥʢʮʠʶ ʜʣʠʪʝʣʴʥʦʝ 

ʚʨʝʤʷ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʩʬʝʨʝ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ.  

ʐʫʥʛʠʪ ʦʯʠʱʘʝʪ ʚʦʜʫ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʢʘʤ-

ʥʷ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʨʘʟʨʫʰʘʶʪʩʷ ʠ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʨʦʩʪʳʝ ʦʢʩʠʜʳ. 

ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ ʪʘʢʠʝ, ʢʘʢ ʢʘʨʙʦʥʘʪʳ, ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʚ ʚʦʜʝ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʘ ʧʦʣʥʦʩʪʴʶ ʦʯʠʱʘʝʪʩʷ ʦʪ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ. ʐʫʥʛʠʪ ʦʪʣʠʯ-

ʥʦ ʩʧʨʘʚʣʷʝʪʩʷ ʩ ʦʯʠʩʪʢʦʡ ʚʦʜʳ ʦʪ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦʪ ʢʘʤʝʥʴ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʥʝ ʤʝʥʴʰʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʯʝʤ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ, ʥʝ 

ʠʤʝʚʰʠʡ ʘʥʘʣʦʛʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʦ ʦʪʢʨʳʪʠʷ ʰʫʥʛʠʪʘ. 
 

 

ʐʫʥʛʠʪ ʢʘʢ ʬʠʣʴʪʨʫʶʱʠʡ ʤʘʪʝʨʠʘʣ: ʯʪʦ ʵʪʦ ʪʘʢʦʝ, ʠ ʢʘʢ ʦʥ ʨʘʙʦʪʘ-

ʝʪ? ʐʫʥʛʠʪ ð ʧʦʨʦʜʘ, ʫʥʠʢʘʣʴʥʘʷ ʧʦ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘ-

ʥʠʷ, ʢʦʪʦʨʘʷ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʝʜʠʥʩʪʚʝʥʥʦʤ ʚ ʤʠʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘ ʪʝʨ-

ʨʠʪʦʨʠʠ ɿʘʦʥʝʞʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ ʄʝʜʚʝʞʴʝʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ ʂʘʨʝʣʠʠ ð ɿʘʞʦ-

ʛʠʥʩʢʦʤ.  

ʕʪʦ ʥʝʦʙʳʯʥʳʡ ʧʨʠʨʦʜʥʳʡ ʢʦʤʧʦʟʠʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʤʦʨʬʥʦʡ ʩʠʣʠʢʘʪ-

ʥʦʡ ʤʘʪʨʠʮʳ, ʨʘʚʥʦʤʝʨʥʦ ʟʘʧʦʣʥʝʥʥʦʡ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʤʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ 

ʯʘʩʪʠʮʘʤʠ ʤʠʥʝʨʘʣʦʚ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʨʷʜʘ. ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʵʪʠʭ ʯʘʩʪʠʮ 

ʦʢʦʣʦ 1 ʤʢʤ. ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ ð 30% ʫʛʣʝʨʦʜʘ ʠ 70% ʩʠʣʠʢʘʪʦʚ. ʐʫʥʛʠʪ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʧʣʦʪʥʦʩʪʴʶ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʠ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ.  

ʐʫʥʛʠʪʦʚʳʝ ʧʦʨʦʜʳ ʦʙʣʘʜʘʶʪ ʧʨʝʚʦʩʭʦʜʥʳʤʠ ʩʦʨʙʮʠʦʥʥʳʤʠ, ʢʘʪʘʣʠʪʠ-

ʯʝʩʢʠʤʠ ʠ ʙʘʢʪʝʨʠʮʠʜʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʚ ʬʠʣʴʪʨʘʭ ʧʦʜʛʦʪʦʚʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʚʦʜʳ ʚ ʧʣʘʚʘʪʝʣʴʥʳʭ ʙʘʩʩʝʡʥʘʭ, ʢʘʪʘʣʠ-

ʟʘʪʦʨʘʭ.  

ɹʣʘʛʦʜʘʨʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʰʫʥʛʠʪ ʩʧʦʩʦʙʝʥ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ 

ʦʯʠʱʘʪʴ ʚʦʜʫ ʦʪ ʨʘʟʥʦʛʦ ʪʠʧʘ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ: ʬʝʥʦʣʦʚ, ʞʠʨʥʳʭ ʚʳʩʦ-

ʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʠʩʣʦʪ, ʩʧʠʨʪʦʚ, ʚʝʱʝʩʪʚ ʣʠʥʛʦʫʛʣʝʚʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʜʨʝ-

ʚʝʩʥʳʭ ʠ ʪʦʨʬʷʥʳʭ ʛʠʜʨʦʣʠʟʘʪʦʚ, ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʤʦʣ ʛʠʜʨʦʣʠʟʘ, ʛʫʤʠʥʦ-

ʚʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʨʷʜʘ ʛʘʟʦʚ, ʨʘʟʨʫʰʘʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʜʦ ʵʣʝʤʝʥ-

ʪʘʨʥʳʭ ʦʢʩʠʜʦʚ (ʉʆ2, ʅ2ʆ) ʠ ʦʩʘʞʜʘʷ (ʥʘ 70-90%) ʠʟ ʚʦʜʳ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ 

(ʢʘʨʙʦʥʘʪʳ, ʦʢʩʠʣʘʪʳ ʠ ʜʨ.).  
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ʇʦ ʩʧʦʩʦʙʥʦʩʪʠ ʦʯʠʱʘʪʴ ʚʦʜʫ ʦʪ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʰʫʥʛʠʪʦʚʳʝ ʧʦʨʦʜʳ ʥʝ 

ʫʩʪʫʧʘʶʪ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤʫ ʫʛʣʶ.  

ʇʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʯʝʨʝʟ ʰʫʥʛʠʪʦʚʳʡ ʬʠʣʴʪʨ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 

ʮʚʝʪʥʦʩʪʴ ʚʦʜʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʫʙʠʨʘʝʪʩʷ ʤʠʢʨʦʬʣʦʨʘ. ɹʘʢʪʝʨʠʮʠʜ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʫʥʠʢʘʣʴʥʳ. ʅʘʩʪʦʠ ʚʦʜʳ ʥʘ ʰʫʥʛʠʪʝ ʠ ʰʫʥʛʠʪʦ-

ʚʳʝ ʧʘʩʪʳ ʦʙʣʘʜʘʶʪ ʮʝʣʝʙʥʳʤ ʵʬʬʝʢʪʦʤ ʧʨʠ ʧʨʦʬʠʣʘʢʪʠʢʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʯʠʩʣʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʥʘʰʝ ʚʨʝʤʷ ʟʘʙʦʣʝʚʘʥʠʡ: ʘʣʣʝʨʛʠʯʝʩʢʠʝ, ʨʝʩʧʠʨʘ-

ʪʦʨʥʳʝ, ʛʠʥʝʢʦʣʦʛʠʯʝʩʢʠʝ, ʤʳʰʝʯʥʳʝ ʠ ʩʫʩʪʘʚʥʳʝ, ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʳʝ ʠ ʜʨ.  

 

ʌʠʣʴʪʨ ʜʣʷ ʚʦʜʳ ð ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʥʝ-

ʨʘʩʪʚʦʨʠʤʳʭ ʯʘʩʪʠʮ, ʧʨʠʤʝʩʝʡ, ʭʣʦʨʘ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʘ ʪʘʢʞʝ ʦʪ ʚʠʨʫʩʦʚ, 

ʙʘʢʪʝʨʠʡ, ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ ʪ. ʜ.  

ʌʠʣʴʪʨ ʚʦʜʳ ʜʣʷ ʜʦʤʘʰʥʝʛʦ ʧʨʠʤʝʥʝʥʠʷ  

ɹʳʪʦʚʳʝ ʬʠʣʴʪʨʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ, ʫʩʣʦʚʥʦ 

ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʢʘʪʝʛʦʨʠʠ ð ʧʨʦʩʪʝʡʰʠʝ ʙʳʪʦʚʳʝ ʬʠʣʴʪʨʳ, ʩʨʝʜʥʝʡ 

ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʠ ʙʳʪʦʚʳʝ ʬʠʣʴʪʨʳ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ. ʂ ʣʫʯʰʝʡ ʚʳʩ-

ʰʝʡ) ʩʪʝʧʝʥʠ ʦʯʠʩʪʢʠ ʦʪʥʦʩʠʪʩʷ ʦʯʠʩʪʢʘ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʠʤʠ ʙʳʪʦʚʳʤʠ 

ʬʠʣʴʪʨʘʤʠ ð ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʘʷ ʠ ʧʝʨʝʜʦʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ. ʂ ʧʨʦʩʪʝʡʰʠʤ ʦʪʥʦʩʷʪʩʷ ʢʫʚʰʠʥʳ ʠ ʥʘʩʘʜʢʠ.  

 
ɻʣʠʥʷʥʳʡ ʩʦʩʫʜ ʩ çʬʠʣʴʪʨʦʤè. ɼʨʝʚʥʠʡ ɽʛʠʧʝʪ, I ʜʠʥʘʩʪʠʷ. ʄʫʟʝʡ ʇʠʪʨʠ, ʃʦʥʜʦʥ 
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https://ru.m.wikipedia.org/wiki/%D0%9C%D1%83%D0%B7%D0%B5%D0%B9_%D0%B5%D0%B3%D0%B8%D0%BF%D0%B5%D1%82%D1%81%D0%BA%D0%BE%D0%B9_%D0%B0%D1%80%D1%85%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8_%D0%9F%D0%B8%D1%82%D1%80%D0%B8
https://ru.m.wikipedia.org/wiki/%D0%9C%D1%83%D0%B7%D0%B5%D0%B9_%D0%B5%D0%B3%D0%B8%D0%BF%D0%B5%D1%82%D1%81%D0%BA%D0%BE%D0%B9_%D0%B0%D1%80%D1%85%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8_%D0%9F%D0%B8%D1%82%D1%80%D0%B8
https://ru.m.wikipedia.org/wiki/%D0%9C%D1%83%D0%B7%D0%B5%D0%B9_%D0%B5%D0%B3%D0%B8%D0%BF%D0%B5%D1%82%D1%81%D0%BA%D0%BE%D0%B9_%D0%B0%D1%80%D1%85%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8_%D0%9F%D0%B8%D1%82%D1%80%D0%B8
https://ru.m.wikipedia.org/wiki/%D0%9C%D1%83%D0%B7%D0%B5%D0%B9_%D0%B5%D0%B3%D0%B8%D0%BF%D0%B5%D1%82%D1%81%D0%BA%D0%BE%D0%B9_%D0%B0%D1%80%D1%85%D0%B5%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D0%B8_%D0%9F%D0%B8%D1%82%D1%80%D0%B8
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ʊʠʧʳ ʬʠʣʴʪʨʦʚ ʜʣʷ ʚʦʜʳ ʧʦ ʩʧʦʩʦʙʫ ʦʯʠʩʪʢʠ 
 

ʄʝʭʘʥʠʯʝʩʢʠʝ  

ʇʨʦʮʝʩʩ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ. ɺʦ-ʧʝʨʚʳʭ, ʫʜʘ-

ʣʷʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʪʦ ʝʩʪʴ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʡ, ʘ ʥʝ ʨʘʩʪʚʦ-

ʨʦʚ ʚ ʚʦʜʝ. ʂʨʫʧʥʦʷʯʝʠʩʪʳʝ ʠʣʠ ʜʠʩʢʦʚʳʝ ʬʠʣʴʪʨʳ ʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʬʠʣʴʪʨʳ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʚʦʜʦʧʨʦʚʦʜʫ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʳ 

ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ (ʙʦʣʝʝ 5-50 ʤʠʢʨʦʤʝʪʨʦʚ). ʈʦʣʠʢʦʚʳʝ ʢʘʨʪʨʠʜʞʠ ʠʟ ʧʦʣʠʧʨʦ-

ʧʠʣʝʥʘ ʠʣʠ ʚʩʧʝʥʝʥʥʦʛʦ ʧʦʣʠʤʝʨʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʤʥʦʛʦʩʪʫʧʝʥʯʘ-

ʪʳʭ ʬʠʣʴʪʨʦʚ ʦʪ ʢʨʫʧʥʳʭ ʧʨʠʤʝʩʝʡ. ʕʪʠ ʬʠʣʴʪʨʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʱʠʪʳ 

ʩʘʥʪʝʭʥʠʢʠ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ. 

 

ʀʦʥʦʦʙʤʝʥʥʳʝ  

ʀʦʥʥʳʡ ʦʙʤʝʥ ʢʘʢ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʠʟʚʝʩʪʝʥ ʜʦʚʦʣʴʥʦ ʜʘʚʥʦ ʠ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ ʫʤʷʛʯʝʥʠʷ ʚʦʜʳ. ʈʘʥʴʰʝ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʠʨʦʜʥʳʝ ʠʦʥʠʪʳ (ʩʫʣʴʬʦʫʛʣʠ, ʮʝʦʣʠʪʳ). 

ʆʜʥʘʢʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʠʦʥʦʦʙʤʝʥʥʳʭ ʩʤʦʣ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʳ ʞʝʣʝʟʘ ʚʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʘʪʠʦʥʠʪʳ 

ʩʧʦʩʦʙʥʳ ʫʜʘʣʷʪʴ ʠʟ ʚʦʜʳ ʥʝ ʪʦʣʴʢʦ ʠʦʥʳ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ, ʥʦ ʠ ʜʨʫʛʠʝ ʜʚʫʭ-

ʚʘʣʝʥʪʥʳʝ ʤʝʪʘʣʣʳ, ʘ, ʟʥʘʯʠʪ, ʠ ʨʘʩʪʚʦʨʝʥʥʦʝ ʜʚʫʭʚʘʣʝʥʪʥʦʝ ʞʝʣʝʟʦ. ʇʨʠʯʝʤ 

ʪʝʦʨʝʪʠʯʝʩʢʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʞʝʣʝʟʘ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ ʠʦʥʦʦʙʤʝʥ-

ʥʳʝ ʩʤʦʣʳ, ʦʯʝʥʴ ʚʝʣʠʢʠ. ɼʦʩʪʦʠʥʩʪʚʦʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʠ ʪʦ, 

ʯʪʦ ʦʥ çʥʝ ʙʦʠʪʩʷè ʚʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʞʝʣʝʟʘ ð ʤʘʨʛʘʥʮʘ, ʩʠʣʴʥʦ ʦʩʣʦʞʥʷʶʱʝ-

ʛʦ ʨʘʙʦʪʫ ʩʠʩʪʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʦʢʠʩʣʝʥʠʷ. ɻʣʘʚʥʦʝ 

ʞʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʪʦ, ʯʪʦ ʠʟ ʚʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʫʜʘʣʝʥʳ ʞʝʣʝʟʦ 

ʠ ʤʘʨʛʘʥʝʮ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʊʦ ʝʩʪʴ ʩʦʚʩʝʤ ʦʪʧʘʜʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʪʘʢʦʡ ʢʘʧʨʠʟʥʦʡ ʠ çʛʨʷʟʥʦʡè (ʠʟ-ʟʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʤʳʚʘʪʴ 

ʨʞʘʚʯʠʥʫ) ʩʪʘʜʠʠ, ʢʘʢ ʦʢʠʩʣʝʥʠʝ.  

 

ʆʙʨʘʪʥʳʡ ʦʩʤʦʩ  

ʄʝʪʦʜ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ ʤʝ-

ʪʦʜʦʤ ʦʯʠʩʪʢʠ ʚʦʜʳ.  

ʉʠʩʪʝʤʳ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʣʫʯʰʫʶ ʬʠʣʴʪʨʘʮʠʶ ʚʦʜʳ. 

ʋʜʘʣʷʶʪʩʷ ʙʘʢʪʝʨʠʠ ʠ ʚʠʨʫʩʳ, ʚʩʝ  ʚʨʝʜʥʳʝ ʚʝʱʝʩʪʚʘ (ʥʠʪʨʠʪʳ, ʤʳʰʴʷʢ, ʮʠʘ-

ʥʠʜʳ, ʘʩʙʝʩʪ, ʬʪʦʨ, ʩʚʠʥʝʮ, ʩʫʣʴʬʘʪʳ, ʞʝʣʝʟʦ, ʭʣʦʨ ʠ ʪ.ʧ.), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʚ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʝ. ʇʦʵʪʦʤʫ ʵʪʦ ï ʩʘʤʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʦʯʠʩʪʢʘ ʚʦʜʳ, ʢʦʪʦʨʘʷ 

ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ.  

ʇʦʪʦʢ ʚʦʜʳ ʧʨʦʜʘʚʣʠʚʘʝʪʩʷ ʯʝʨʝʟ ʦʙʨʘʪʥʦʦʩʤʦʪʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. ʇʨʦ-

ʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʩʦʣʝʡ ʠ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʞʠʜʢʦʩʪʠ. ʇʦʩʣʝ ʦʯʠʩʪʢʠ ʚʦ-

ʜʳ ʧʫʪʝʤ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʝʝ ʦʙʳʯʥʦ ʧʦʜʚʝʨʛʘʶʪ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʜʣʷ ʧʨʠʜʘ-

ʥʠʷ ʝʡ ʣʫʯʰʠʭ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ.  

ʉʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʛʦ ʦʩʤʦʩʘ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ ʦʯʠʩʪʢʠ (ʢ 

ʧʨʠʤʝʨʫ, ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʝ ʠʣʠ ʧʷʪʠʩʪʫʧʝʥʯʘʪʳʝ ʬʠʣʴʪʨʳ).  
 

https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BC%D0%BE%D0%BB%D1%8B
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BC%D0%BE%D0%BB%D1%8B
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BC%D0%BE%D0%BB%D1%8B
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BC%D0%BE%D0%BB%D1%8B
https://ru.m.wikipedia.org/wiki/%D0%98%D0%BE%D0%BD%D0%BE%D0%BE%D0%B1%D0%BC%D0%B5%D0%BD%D0%BD%D1%8B%D0%B5_%D1%81%D0%BC%D0%BE%D0%BB%D1%8B
https://ru.m.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.m.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.m.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.m.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
https://ru.m.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D1%86
https://ru.m.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D1%86
https://ru.m.wikipedia.org/wiki/%D0%9C%D0%B0%D1%80%D0%B3%D0%B0%D0%BD%D0%B5%D1%86
https://ru.m.wikipedia.org/wiki/%D0%92%D0%B8%D0%BA%D0%B8%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F:%D0%A1%D1%81%D1%8B%D0%BB%D0%BA%D0%B8_%D0%BD%D0%B0_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.m.wikipedia.org/wiki/%D0%92%D0%B8%D0%BA%D0%B8%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F:%D0%A1%D1%81%D1%8B%D0%BB%D0%BA%D0%B8_%D0%BD%D0%B0_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.m.wikipedia.org/wiki/%D0%92%D0%B8%D0%BA%D0%B8%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F:%D0%A1%D1%81%D1%8B%D0%BB%D0%BA%D0%B8_%D0%BD%D0%B0_%D0%B8%D1%81%D1%82%D0%BE%D1%87%D0%BD%D0%B8%D0%BA%D0%B8
https://ru.m.wikipedia.org/wiki/%D0%9E%D0%B1%D1%89%D0%B0%D1%8F_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%9E%D0%B1%D1%89%D0%B0%D1%8F_%D0%BC%D0%B8%D0%BD%D0%B5%D1%80%D0%B0%D0%BB%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F
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ɹʠʦʣʦʛʠʯʝʩʢʠʝ  

ʇʨʠ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʧʨʦʠʩʭʦʜʠʪ ʦʯʠʩʪʢʘ ʚʦʜʳ ʤʠʢʨʦʦʨ-

ʛʘʥʠʟʤʘʤʠ, ʧʨʠʥʠʤʘʶʱʠʤʠ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʦʙʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. ɽʩʣʠ ʤʝ-

ʭʘʥʠʯʝʩʢʘʷ ʬʠʣʴʪʨʘʮʠʷ ʩʧʨʘʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʦʨʛʘʥʠʢʦʡ (ʢʫʩʦʯ-

ʢʠ ʢʦʨʤʘ, ʦʩʪʘʪʢʠ ʨʘʩʪʝʥʠʡ ʠ ʪ.ʧ.), ʪʦ ʙʘʢʪʝʨʠʠ ʦʯʠʱʘʶʪ ʚʦʜʫ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʨʘʩʪʚʦʨʠʚʰʠʭʩʷ ʚ ʥʝʡ, ʧʫʪʝʤ ʨʘʟʣʦʞʝʥʠʷ ʠʭ ʥʘ ʥʠʪʨʘʪʳ. ɹʠʦʣʦʛʠʯʝ-

ʩʢʘʷ ʦʯʠʩʪʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʘʢʚʘʨʠʫʤʥʳʭ ʬʠʣʴʪʨʘʭ ʠ ʚ ʫʩʪʘʥʦʚʢʘʭ 

ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ  

ʀʟ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʤʝʪʦʜ ʩʦʨʙʮʠʠ ð ʧʨʦʮʝʩʩ 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʤʝʩʝʡ ʠʟ ʞʠʜʢʦʩʪʝʡ ʠʣʠ ʛʘʟʦʚ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʘʜʩʦʨʙʝʥʪʦʚ). ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʜʩʦʨʙʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ 

ʫʣʘʚʣʠʚʘʥʠʷ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ 

ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʤʝʩʝʡ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʩʭʦʜʘʭ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ 

ʧʦʪʦʢʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʜʩʦʨʙʝʥʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʤʘʪʝʨʠʘʣʳ: 

ʟʦʣʘ, ʪʦʨʬ, ʦʧʠʣʢʠ, ʰʣʘʢʠ ʠ ʛʣʠʥʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʦʨʙʝʥʪʦʤ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ.  

ʉʦʨʙʮʠʶ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʠʤʝʩʝʡ. ʇʨʦ-

ʮʝʩʩʳ ʩʦʨʙʮʠʠ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ:  

Å ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ (ʘʜʩʦʨʙʮʠʷ); 

Å ʚ ʦʙʝ̡ʤʝ (ʘʙʩʦʨʙʮʠʷ). 

ɼʨʫʛʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ ï ʘʵʨʘʮʠʷ. ʈʘʟʣʠʯʘʶʪ ʥʘʧʦʨʥʫʶ ʠ ʙʝʟ-

ʥʘʧʦʨʥʫʶ ʘʵʨʘʮʠʶ. ʇʨʠ ʙʝʟʥʘʧʦʨʥʦʡ ʘʵʨʘʮʠʠ, ʚʦʜʘ ʨʘʩʧʳʣʷʝʪʩʷ ʚ ʙʦʣʴʰʦʡ ʨʝ-

ʟʝʨʚʫʘʨ ʠʟ ʬʦʨʩʫʥʦʢ ʚ ʚʠʜʝ ʚʦʟʜʫʰʥʦ-ʚʦʜʷʥʦʡ ʩʤʝʩʠ. ʂʠʩʣʦʨʦʜ ʘʪʤʦʩʬʝʨʥʦʛʦ 

ʚʦʟʜʫʭʘ ʦʢʠʩʣʷʝʪ ʨʘʩʪʚʦʨʝʥʥʦʝ ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʧʦ-

ʩʣʝ ʯʝʛʦ ʦʢʠʩʣʝʥʥʳʝ ʥʝʨʘʩʪʚʦʨʝʥʥʳʝ ʧʨʠʤʝʩʠ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ. ʇʨʝʠʤʫʱʝ-

ʩʪʚʦʤ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʫʜʘʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʞʝ-

ʣʝʟʘ. ʅʘʧʦʨʥʘʷ ʘʵʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʘʵʨʘʮʠ-

ʦʥʥʳʭ ʢʦʣʦʥ, ʚ ʧʦʪʦʢ ʚʦʜʳ ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʩ ʧʦʤʦʱʴʶ ʥʘʩʦʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʟʘʢʘʯʠʚʘʝʪʩʷ ʘʪʤʦʩʬʝʨʥʳʡ ʚʦʟʜʫʭ, ʘ ʠʟʚʣʝʯʝʥʠʝ ʦʢʠʩʣʝʥʥʳʭ ʦʩʘʜʢʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʤʝʪʦʜʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ.  

https://ru.m.wikipedia.org/wiki/%D0%A1%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%A1%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%A1%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%90%D0%B4%D1%81%D0%BE%D1%80%D0%B1%D0%B5%D0%BD%D1%82
https://ru.m.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%97%D0%BE%D0%BB%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D1%84
https://ru.m.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D1%84
https://ru.m.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D1%84
https://ru.m.wikipedia.org/wiki/%D0%A8%D0%BB%D0%B0%D0%BA
https://ru.m.wikipedia.org/wiki/%D0%A8%D0%BB%D0%B0%D0%BA
https://ru.m.wikipedia.org/wiki/%D0%A8%D0%BB%D0%B0%D0%BA
https://ru.m.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%93%D0%BB%D0%B8%D0%BD%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C
https://ru.m.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C
https://ru.m.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C
https://ru.m.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C
https://ru.m.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C
https://ru.m.wikipedia.org/wiki/%D0%90%D0%BA%D1%82%D0%B8%D0%B2%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%B9_%D1%83%D0%B3%D0%BE%D0%BB%D1%8C
https://ru.m.wikipedia.org/wiki/%D0%90%D0%B4%D1%81%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%90%D0%B4%D1%81%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
https://ru.m.wikipedia.org/wiki/%D0%90%D0%B1%D1%81%D0%BE%D1%80%D0%B1%D1%86%D0%B8%D1%8F
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ʂʣʘʩʩʠʯʝʩʢʠʡ ʪʨʝʭʩʪʫʧʝʥʯʘʪʳʡ ʬʠʣʴʪʨ çɻʝʡʟʝʨè. 

ʂʘʨʪʨʠʞʜʠ: ʩʣʝʚʘ ð ʧʦʣʠʧʨʦʧʠʣʝʥ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʯʠʩʪʢʠ, ʚ ʮʝʥʪʨʝ ð ʠʦʥʦʦʙʤʝʥʥʠʢ, ʩʧʨʘʚʘ ð ʩ ʘʢʪʠʚʠ-

ʨʦʚʘʥʥʳʤ ʫʛʣʝʤ. ʅʘ ʬʦʪʦ ʬʠʣʴʪʨ ʧʦʩʣʝ ʛʦʜʘ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ: 1-ʡ ʢʘʨʪʨʠʜʞ ʧʦʢʨʳʣʩʷ ʨʞʘʚʯʠʥʦʡ, 2-ʡ ð ʧʦʯʝʨ-

ʥʝʣ. ʈʘʟʫʤʝʝʪʩʷ, ʨʘʟ ʚ ʛʦʜʫ ʢʘʨʪʨʠʜʞʠ ʧʦʜʣʝʞʘʪ ʟʘʤʝʥʝ. 
 

ʕʣʝʢʪʨʠʯʝʩʢʠʝ  

ʌʠʣʴʪʨ ʜʣʷ ʚʦʜʳ ʚ ʘʢʚʘʨʠʫʤʝ  

ʂ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʚʦʜʳ ʦʟʦʥʦʤ. ʉʠʩʪʝʤʳ 

ʦʟʦʥʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʦ ʦʯʠʱʘʪʴ ʚʦʜʫ ʦʪ ʚʩʝʭ ʚʦʟʤʦʞ-

ʥʳʭ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʥʝʡ ʦʢʠʩʣʷʶʱʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʩʝʨʦʚʦʜʦʨʦʜ, ʭʣʦʨ, ʭʣʦʨʦʨʛʘʥʠʯʝ-

ʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ, ʥʝʬʪʝʧʨʦʜʫʢʪʳ, ʩʦʣʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʜʨ. ʊʘʢʞʝ ʩʠʩʪʝʤʳ ʦʟʦʥʠʨʦʚʘʥʠʷ ʩʥʠʞʘʶʪ ʜʦ ʤʠʥʠʤʫʤʘ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ 

ʚʦʜʳ: ʤʫʪʥʦʩʪʴ, ʮʚʝʪ, ʚʢʫʩ, ʟʘʧʘʭ, ɹʇʂ, ʍʇʂ, ʧʝʨʤʘʥʛʘʥʘʪʥʦʝ ʦʢʠʩʣʝʥʠʝ.  

ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʚʦʜʳ, ʚʢʣʶʯʘʷ ʙʘʢ-

ʪʝʨʠʠ, ʤʠʢʨʦʙʳ, ʩʧʦʨʳ, ʚʠʨʫʩʳ ʠ ʪ. ʜ.  

ɼʦʩʪʦʠʥʩʪʚʘ ʩʠʩʪʝʤ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʟʦʥʦʤ: ʦʟʦʥ ʠʤʝʝʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʚʳ-

ʩʦʢʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʠ ʩʪʝʨʠʣʠʟʫʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʠ, ʯʝʤ ʣʘʤʧʘ ʋʌ, ʤʘʨʛʘʥ-

ʮʦʚʢʘ, ʭʣʦʨ, ʢʠʩʣʦʨʦʜ, ʛʠʧʦʭʣʦʨʠʪ, ʭʣʦʨʘʤʠʥ ʠ ʪ. ʧ.  

ʆʪʩʫʪʩʪʚʫʶʪ ʦʪʨʘʙʦʪʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʚ ʩʪʦʢʘʭ.  

ʅʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ð ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʢʦʣʦ 

ʦʜʥʦʛʦ ʢʠʣʦʛʨʘʤʤʘ ʦʟʦʥʘ ʨʘʩʭʦʜʫʝʪʩʷ 18 ʢɺʪĿʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
  

Á ɹʳʪʦʚʳʝ 

Á ɼʣʷ ʜʦʦʯʠʩʪʢʠ ʧʠʪʴʝʚʦʡ ʚʦʜʳ  

Á ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʜʣʷ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ ʚʦʜʳ  

¶ ɼʣʷ ʯʘʩʪʥʦʛʦ ʜʦʤʘ  

¶ ʇʨʦʤʳʰʣʝʥʥʳʝ  

¶ ʊʫʨʠʩʪʠʯʝʩʢʠʝ ð ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʦʪʚʘʨʠʚʘ-

ʥʠʶ ʚʦʜʳ, ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ 

ʦʯʠʩʪʢʫ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ  

¶ ɸʢʚʘʨʠʫʤʥʳ 
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ʋɼʂ 628.3 

 

ʊʦʣʝʛʝʥʦʚʘ ʂ.ɸ., ʩʪ. ʛʨ. ɺʂ 19-1 ʄʆʂ (ʂʘʟɻɸʉɸ) 

ɼʞʘʨʪʘʝʚʘ ɼ.ʂ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʦʯʝʪʥʳʡ ʧʨʦʬ. ʄʆʂ (ʂʘʟɻɸʉɸ) 

 

ɹʀʆʃʆɻʀʏɽʉʂɸʗ ʆʏʀʉʊʂɸ ʉʊʆʏʅʓʍ ɺʆɼ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ 

ʚʦʜ. ɼʘʥʳ ʧʦʷʩʥʝʥʠʷ, ʢʘʢ ʩ ʧʦʤʦʱʴʶ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʤʦʞ-

ʥʦ ʦʯʠʩʪʠʪʴ ʚʦʜʫ ʦʪ ʦʧʘʩʥʳʭ ʜʣʷ ʧʨʠʨʦʜʳ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʤʝ-

ʪʦʜʘ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ: ʘʵʨʦʙʥʘʷ ʠ ʘʥʘʵʨʦʙʥʘʷ. 

 

ɹϰʣ ʤʘϨʘʣʘʜʘ ʘϤʳʥʜʳ ʩʫʣʘʨʜʳ ʙʠʦʣʦʛʠʷʣʳϨ ʪʘʟʘʨʪʫ ʧʨʦʮʝʩʽʥʽϬ ʤʝʭʘʥʠʟʤʽ Ϩʘʨʘʩʪʳ-

ʨʳʣϤʘʥ. ϷʨʪϮʨʣʽ ʤʠʢʨʦʘϤʟʘʣʘʨʜʳϬ ʪʽʨʰʽʣʽʢ ϸʨʝʢʝʪʽʥʽϬ ʢϺʤʝʛʽʤʝʥ ʩʫʜʳ ʪʘʙʠϤʘʪϨʘ Ϩʘʫʽʧʪʽ 

ʦʨʛʘʥʠʢʘʣʳϨ ʟʘʪʪʘʨʜʘʥ Ϩʘʣʘʡ ʪʘʟʘʨʪʫϤʘ ʙʦʣʘʪʳʥʜʳϤʳ ʞϸʥʝ ʘϤʳʥʜʳ ʩʫʣʘʨʜʳ ʙʠʦʣʦʛʠʷʣʳϨ 

ʪʘʟʘʨʪʫʜʳϬ ʝʢʽ ϸʜʽʩʽ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ: ʘʵʨʦʙʪʳ ʞϸʥʝ ʘʥʘʵʨʦʙʪʳ. 

 

This article discusses the mechanism of the process of biological wastewater treatment. Ex-

planations are given of how, with the help of the vital activity of various microorganisms, it is pos-

sible to purify water from organic substances dangerous to nature and two methods of biological 

wastewater treatment are considered: aerobic and anaerobic. 

 

ɿaʚʦʜʳ, ʬaʙʨʠʢʠ ʠ ʤʥoʛʠʝ ʜʨʫʛʠʝ ʧʨoʤʳʰʣʝʥʥʳʝ ʧʨeʜʧʨʠʷʪʠʷ ʩʯʠʪʘʶʪ 

ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ. ɺʘʞʥʦ ʧʨʘʚʠʣʴʥʦ ʦʯʠʱʘʪʴ ʚʦʜʫ, 

ʧʨʝʞʜʝ ʯʝʤ ʩʙʨʘʩʳʚʘʪʴ ee ʚ ʧʨʠʨoʜʥʳʝ ʠʩʪʦʯʥʠʢʠ. ɹeʟ oʯʠʩʪʢʠ ʩʪʦʯʥʳʝ ʚʦʜʳ 

ʟʘʛʨʷʟʥʷʪ ʚʦʜʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ɿʝʤʣʝ ʜʦ ʪʘʢʦʡ ʩʪʝʧʝʥʠ, ʯʪʦ ʣʶʜʠ ʦʢʘʞʫʪʩʷ ʥʘ ʛʨʘ-

ʥʠ ʚʳʞʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʩoʙoʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʝ. 

ɹʠoʣoʛʠʯʝʩʢʘʷ oʯʠʩʪʢa ʩʪoʯʥʳʭ ʚoʜ ï ʵʪʦ ʙʠoʭʠʤʠʯeʩʢʠʡ ʧʨoʮeʩʩ, ʢʦʪʦ-

ʨʦʤʫ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʚʝʢʦʚ. ɹʠʦʣʦʛʠʯʝʩʢaʷ ʦʯʠʩʪʢa ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝ-

ʤʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʫʜaʣʝʥʠʷ ʦʨʛaʥʠʯʝʩʢʠʭ ʚeʱeʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʞʠʟʥeʜeʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨooʨʛʘʥʠʟʤʦʚ. ʕʪʦ ï ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ 

ʫʜʘʣʝʥʠʷ ʧʦʪeʥʮʠʘʣʴʥʦ ʦʧaʩʥʳʭ ʚeʱeʩʪʚ ʠ ʨeaʛʝʥʪʦʚ ʠʟ ʩʪoʯʥʳʭ ʚoʜ ʧʫʪʝʤ ʠʭ 

ʨʘʟʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʙaʢʪeʨʠʡ ʠ ʜʨʫʛʠʭ ʧʨoʩ-

ʪeʡʰʠʭ (ʦʜʥoʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʠʟʤʦʚ). 

ʄʝʪoʜʳ ʙʠooʯʠʩʪʢʠ aʢʪʠʚʥo ʧpʠʤeʥʷʶʪʩʷ ʚ ʧpoʤʳʰʣeʥʥʳʭ ʠ ʙʳʪoʚʳʭ 

ycʣoʚʠʷʭ. ʆʯʠʩʪʢʘ ʟʘ ʩʯʝʪ ʙʘʢʪʝʨʠʡ yʩʧeʰʥʦ ʩʦʯʝʪʘʝʪʩʷ c ʤeʭaʥʠʯʝʩʢʠʤʠ ʠ ʭʠ-

ʤʠʯeʩʢʠʤʠ ʚoʟʜeʡʩʪʚʠʷʤʠ, ʢoʪoʨʳʝ oʢaʟʳʚʘʶʪ ʙʦʣʴʰee ʚʣʠʷʥʠe ʥa ʥeopʛaʥʠ-

ʯʝʩʢʠʝ ʩoeʜʠʥeʥʠʷ. ɹʠoʣʦʛʠʯeʩʢʘʷ oʯʠcʪʢa ocʥʦʚʘʥʘ ʥa ecʪecʪʚʝʥʥʦʤ ʧpoʮeʩʩe, 

ʦʥʘ coʟʜʘʥʘ ʠcʢyʩʩʪʚʝʥʥʦ, ʯʪoʙʳ ʙeʟoʧʘʩʥʦ ʠʟʙaʚʠʪʴʩʷ oʪ ʧpʠʤeʩʝʡ. 

ʇpʠʥʮʠʧ ʙʠoʣoʛʠʯeʩʢʦʡ oʯʠʩʪʢʠ ocʥʦʚʘʥ ʥa ecʪeʩʪʚʝʥʥʦʤ ʧpoʮeccʝ, ʚ 

ʢoʪopoʤ ʤʠʢpoopʛaʥʠʟʤʳ ʧoʤoʛʘʶʪ ʚ oʯʠcʪʢe ʚoʜʳ ʯepʝʟ ʠʭ coʙʩʪʚʝʥʥʫʶ ʞʠʟ-

ʥʝʜeʷʪeʣʴʥʦʩʪʴ; oʥʠ paʩʱeʧʣʷʶʪ opʛaʥʠʯʝʩʢʠʝ coeʜʠʥʝʥʠʷ ʥa ʧpoʩʪʳʝ 

ʚeʱeʩʪʚa ï ʚoʜʫ, yʛʣeʢʠʩʣʳʡ ʛaʟ, ʤeʪʘʥ, cepoʚʦʜʦʨʦʜ. Opʛʘʥʠʯʝʩʢʠʝ ʚeʱʝʩʪʚa 

ʷʚʣʷʶʪcʷ ʠcʪoʯʥʠʢʦʤ ʵʥepʛʠʠ ʜʣʷ ʙaʢʪeʨʠʡ ʠ ʧpoʩʪeʡʰʠʭ. 

Coʚʨʝʤʝʥʥʳʝ ʜoʤʘ oʙʷʟʘʪeʣʴʥʦ ʜoʣʞʥʳ ʙʳʪʴ oʙoʨʫʜʦʚʘʥʳ ceʪʷʤʠ ʚoʜʦ-

ʩʥaʙʞʝʥʠʷ ʠ ʢaʥʘʣʠʟaʮʠʠ. ʇepʚʳʡ ʠcʧʦʣʴʟʫeʪʩʷ ʣʶʜʴʤʠ ʜʣʷ ʧʠʪʴʷ ʠ ʙʳʪoʚʳʭ 
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ʥyʞʜ, ʘ ʚʪopoʡ ʠcʧʦʣʴʟyeʪʩʷ ʜʣʷ yʜʘʣeʥʠʷ ʟaʛʨʷʟʥeʥʥʦʡ ʞʠʜʢocʪʠ. ɹʳʪoʚʳʝ 

cʪʦʯʥʳʝ ʚoʜʳ, cʙʨaʩʳʚʘʝʤʳʝ ʚ ʢaʥʘʣʠʟaʮʠʶ, ʢaʢ ʵʪo ʥʠ yʜʠʚʠʪeʣʴʥʦ, cocʪʦʷʪ ʚ 

ocʥʦʚʥʦʤ ʠʟ ʚoʜʳ (99%); ocʪʘʣʴʥʘʷ ʯacʪʴ (0,1%) cocʪʦʠʪ ʠʟ ʪʚepʜʳʭ ʯacʪʠʮ. ʀ 

ʭoʪʷ ypoʚʝʥʴ ʧpʠʤʝʩeʡ ʚ cʪoʯʥʳʭ ʚoʜʘʭ ʥʝ ʧpeʚʳʰʘʝʪ 1%, ʠʭ ʥeʣʴʟʷ ʠcʧʦʣʴ-

ʟoʚʘʪʴ ʧoʚʪopʥʦ, ʧoʢʘ ʦʥʠ ʥe ʧpoʡʜʫʪ oʯʠcʪʢʫ. 
 

 
 

ʈʠʩ. 1 ï ʉʪʘʥʮʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ 

 

ʉoʩʪʘʚ ʩʪoʯʥʳʭ ʚoʜ ʨaʟʣʠʯʘeʪʩʷ ʚ ʟaʚʠcʠʤʦʩʪʠ oʪ ʤecʪʘ ʠ ʚʨeʤeʥʠ oʪʙoʨʘ 

ʧʨʦʙ. ʆʙʳʯʥʦ ʞʠʜʢoʩʪʴ ʩʦʜʝʨʞʠʪ ʢaʢ ʪʚeʨʜʳʝ, ʪaʢ ʠ ʨacʪʚʦʨʠʤʳʝ ʵʣeʤeʥʪʳ. 

ʅeoʨʛʘʥʠʯʝʩʢʠʝ ʚeʱeʩʪʚʘ ʤʦʞʥʦ ʫʜʘʣʠʪʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ ʬʠʣʴʪʨʘ, ʥʦ ʦʨ-

ʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʪʨeʙyʶʪ ʙʦʣee ʩʣoʞʥʦʛʦ ʧʦʜʭoʜʘ. Ecʣʠ ʥʝ ʧʨʠʥʷʪʴ ʥʠʢʘ-

ʢʠʭ ʤʝʨ, ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʠʩʢ ʨaʟʣoʞʝʥʠʷ ʙʠoʣʦʛʠʯeʩʢʠʭ ʩoeʜʠʥʝʥʠʡ, ʯʪo ʧʨʠ-

ʚoʜʠʪ ʢ ʦʙʨaʟoʚʘʥʠʶ ʛʥʠʣoʩʪʥoʛʦ ʟʘʧaʭa ʠ ʧʦʨʯʝ ʚʦʜʳ. ʉʪʦʢʠ ʩʦʜʝʨʞʘʪ ʦʩʪʘʪʢʠ 

ʞʠʨʦʚ, ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ, ʬʦʩʬʘʪʥʳʭ ʠ ʭʣʦʨʠʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘʟʦʪʘ, ʩʫʣʴʬʘʪ-

ʥʳʝ ʠ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ. ʕʪʠ ʚʝʱʝʩʪʚʘ ʥʝ ʤʦʛʫʪ ʠʩʯʝʟʥʫʪʴ ʩʘʤʠ ʧʦ 

ʩʝʙʝ, ʧʦʵʪʦʤʫ ʜʣʷ ʠʭ ʫʜʘʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʦʯʠʩʪʢʫ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʠʪʴ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʚ ʟʘʛʦʨʦʜʥʳʭ ʜʦʤʘʭ, ʢʦ-

ʪʦʨʳʝ ʥʝ ʧʦʜʢʣʶʯʝʥʳ ʢ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʶ. ɺ ʵʪʠʭ ʤʝʩʪʘʭ 

ʦʙʳʯʥʦ ʝʩʪʴ ʢʦʣʦʜʝʮ ʠ ʚʳʛʨʝʙʥʘʷ ʷʤʘ. ʇʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʦʯʠ-

ʱʝʥʥʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʢʨʘʥ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʠʩʢʫ ʦʪʨʘʚʣʝʥʠʷ 

ʚʩʝʭ ʞʠʪʝʣʝʡ. 

ʕʢʩʧʝʨʪʳ ʚʳʜʝʣʷʶʪ ʜʚʝ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʙʠʦʦʯʠʩʪʢʠ. 

ɽʩʪʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ. ɼʣʷ yʣyʯʰʝʥʠʷ ʢaʯʝʩʪʚa ʩʪoʯʥʳx ʚoʜ ʠcʧoʣʴʟʫ-

ʶʪʩʷ ʧpʠpʦʜʥʳʝ ʧpoʮʝʩʩʳ, ʧpoʠʩʭʦʜʷʱʠʝ ʚ ʚoʜʥʳx, ʧoʯʚeʥʥʳʭ ʠ paʩʪʠʪʝʣʴʥʳʭ 

ʵʢocʠʩʪʝʤʘʭ. ʇpoʮʝʩʩʳ, ʧpoʠʩʭʦʜʷʱʠʝ ʚ ʚoʜʝ, ʧʦʯʚe ʠ paʩʪʝʥʠʷʭ, ʠcʧʦʣʴʟʫʶʪ-

ʩʷ ʜʣʷ oʯʠcʪʢʠ cʪoʯʥʳʭ ʚʦʜ eʩʪeʩʪʚʝʥʥʳʤ cʧʦʩoʙʦʤ. ɿaʛʨʷʟʥʷʶʱʠe ʚeʱʝʩʪʚʘ 

cʚʷʟʳʚʘʶʪcʷ ʠʤʠ, ʧpeʚʨʘʱʘʶʪʩʷ ʚ ʤʠʥepaʣʳ, ʘ ʟaʪeʤ ʚ ʜpyʛʠʝ, ʙoʣee ʙeʟʚpeʜ-
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ʥʳʝ ʘʥaʣʦʛʠ ʠʣʠ ʪʨaʥcʧʦʨʪʠpʫʶʪʩʷ. ʇpʠʨʦʜʥʳe ʵʢocʠʩʪʝʤʳ ʠcʧʦʣʴʟyʶʪʩʷ ʜʣʷ 

ʧocʣʝʜʫʶʱʝʡ oʯʠcʪʢʠ cʪʦʯʥʳʭ ʚoʜ ʧepʝʜ cʙpʦʩʦʤ ʚ ʚoʜʦʭpaʥʠʣʠʱʘ. 

ʀʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ. ʊʦ, ʩ ʯʝʤ ʥʝ ʩʤʦʛʣʘ ʙʳ ʩʧʨʘʚʠʪʴʩʷ ʧʨʠʨʦʜʘ, ʠʣʠ 

ʧʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʟʘʥʷʣ ʙʳ ʪʳʩʷʯʠ, ʤʠʣʣʠʦʥʳ ʣʝʪ, ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, ʩʦʟʜʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤ. ɺ ʵʪʠ ʩʪʦʯʥʳʝ ʚʦʜʳ ʚʚʦʜʷʪ-

ʩʷ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʞʠʜ-

ʢʠʝ ʦʪʭʦʜʳ ʩ ʜʦʩʪʫʧʦʤ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʙʝʟ ʥʝʛʦ. ʏʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʨʦʮʝʩʩ, 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʚʚʦʜʠʪʴ ʘʢʪʠʚʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. ɼʣʷ ʥʠʭ ʧʨʝʜʫ-

ʩʤʦʪʨʝʥʳ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ. 

ɹʠʦʣʦʛʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʤʦʛʘʝʪ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʪʘʢʠʝ ʟʘʛʨʷʟʥʷʶʱʠʝ ʚʝ-

ʱʝʩʪʚʘ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ: 

¶ ʘʤʤʦʥʠʡʥʳʡ ʘʟʦʪ; 

¶ ʣʝʛʢʦʦʢʠʩʣʷʶʱʠʝʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʙʝʥʟʦʣ, ʛʣʶʢʦʟʫ, ʘʮʝ-
ʪʦʥ, ʵʪʘʥʦʣ ʠ ʪ.ʜ.; 

¶ ʢʘʣʠʡ; 

¶ ʬʦʩʬʦʨ; 

¶ ʢʘʣʴʮʠʡ; 

¶ ʙʝʣʢʠ, ʞʠʨʳ, ʫʛʣʝʚʦʜʳ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʪʦʯʥʳʭ ʚʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʘ ʤʝʪʦʜʘ: ʘʵʨʦʙʥʘʷ 

ʠ ʘʥʘʵʨʦʙʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʦʯʠʩʪʢʘ. ʕʪʦ ï ʜʚʝ ʬʦʨʤʳ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ, 

ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʠ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝ-

ʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʩ ʧʦʤʦ-

ʱʴʶ ʢʠʩʣʦʨʦʜʘ, ʘ ʚʦ ʚʪʦʨʦʤ ï ʙʝʟ ʥʝʛʦ. 

ɸʵʨʦʙʥʘʷ ʦʯʠʩʪʢʘ ʩʪʦʯʥʳʭ ʚʦʜ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʚ ʢʦʪʦʨʦʤ ʙʘʢʪʝʨʠʠ ʠʩ-

ʧʦʣʴʟʫʶʪ ʢʠʩʣʦʨʦʜ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ (ʦʙʳʯʥʦ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʷʝʤʳʝ ʢʘʢ ʙʠʦʭʠʤʠʯʝʩʢʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʢʠʩʣʦʨʦʜʝ ʠʣʠ ɹʇʂ) ʠ 

ʜʨʫʛʠʭ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʂʠʩʣʦʨʦʜ ʥʝʧʨʝʨʳʚʥʦ ʩʤʝʰʠʚʘʝʪʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʩ ʧʦʤʦʱʴʶ ʪʘ-

ʢʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʘʵʨʘʮʠʦʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʚʦʟʜʫʭʦʜʫʚʢʘ ʠʣʠ ʢʦʤʧʨʝʩ-

ʩʦʨ. ɸʵʨʦʙʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʟʘʪʝʤ ʧʠʪʘʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʚʝʱʝʩʪʚʘʤʠ 

ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʵʪʠʭ ʩʪʦʢʘʭ, ʧʨʝʚʨʘʱʘʷ ʠʭ ʚ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʙʠʦʤʘʩʩʫ, ʢʦʪʦ-

ʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʜʘʣʷʶʪʩʷ. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʪʠʧʦʤ ʩʠʩʪʝʤ ʘʵʨʠʨʦʚʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʷʚ-

ʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʘʢʪʠʚʥʦʛʦ ʠʣʘ. ɸʢʪʠʚʥʳʡ ʠʣ ï ʵʪʦ ʦʩʦʙʘʷ ʩʤʝʩʪʴ ʤʠʢʨʦʦʨʛʘ-

ʥʠʟʤʦʚ ʠ ʟʘʛʨʷʟʥʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʘʵʨʦʪʝʥʢ ʚʤʝʩʪʝ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦ-

ʜʘʤʠ. 

ɸʵʨʦʪʝʥʢʠ ï ʪʘʢʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠ ʦʙʨʘʙʦʪʘʥʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʘʢʪʠʚ-

ʥʳʤ ʠʣʦʤ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʇʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʪʝʡʥʝʨʘʭ, ʩʦ-

ʩʪʦʷʱʠʭ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʪʩʝʢʦʚ ʠ ʦʩʥʘʱʝʥʥʳʭ ʩʠʩʪʝʤʘʤʠ ʚʝʥʪʠʣʷʮʠʠ. ɸʢʪʠʚ-

ʥʳʡ ʠʣ ʩʦʜʝʨʞʠʪ ʤʥʦʛʦ ʙʘʢʪʝʨʠʡ, ʢʦʪʦʨʳʝ ʧʠʪʘʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʪʭʦʜʘʤʠ. 

ɼʣʷ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʳ ʧʦʜʭʦʜʷʱʠʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʥʫʞʥʦ 

ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʨʝʟʝʨʚʫʘʨʝ.  
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ʇʨʝʞʜʝ ʚʩʝʛʦ, ʙʘʢʪʝʨʠʠ ʥʫʞʜʘʶʪʩʷ ʚ ʢʠʩʣʦʨʦʜʝ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʨʘʟʤʥʦʞʘʪʴʩʷ. ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʧʦʜʘʯʝ ʚʦʟʜʫʭʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʥʘʯʠʥʘ-
ʶʪ ʧʦʛʣʦʱʘʪʴ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ʠʟ ʚʦʜʳ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝ-
ʩʪʚʝʥʥʘʷ ʦʯʠʩʪʢʘ ʨʝʟʝʨʚʫʘʨʘ. 

ɸʥʘʵʨʦʙʥʘʷ ʦʯʠʩʪʢʘ ï ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʪʦʯʥʳʝ ʚʦʜʳ ʨʘʟʣʘʛʘ-
ʶʪʩʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʙʝʟ ʧʦʤʦʱʠ ʢʠʩʣʦʨʦʜʘ. ʆʜʥʘʢʦ ʘʥʘʵʨʦʙʥʳʝ ʙʘʢʪʝʨʠʠ 
ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʢʠʩʣʦʨʦʜ ʠʟ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 
ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ.  

ʂʣʶʯʝʚʳʤʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ ʚ ʘʥʘʵʨʦʙʥʦʤ ʤʝʪʦʜʝ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ ʷʚ-
ʣʷʶʪʩʷ ʤʝʪʘʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʠ ʢʠʩʣʦʪʦʦʙʨʘʟʦʚʘʪʝʣʠ. ʂʠʩʣʦʪʦʦʙʨʘʟʫʶʱʠʝ ʤʠʢ-
ʨʦʦʨʛʘʥʠʟʤʳ ï ʵʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʢʠʩʣʦʪʳ ʠʟ 
ʦʩʘʜʢʘ, ʘ ʤʝʪʘʥʦʦʙʨʘʟʦʚʘʪʝʣʠ ʧʨʝʚʨʘʱʘʶʪ ʢʠʩʣʦʪʳ ʚ ʤʝʪʘʥ.  

ɹʠʦʛʘʟ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʢʦʛʜʘ ʙʘʢʪʝʨʠʠ ʧʠʪʘʶʪʩʷ ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ ʤʘʪʝʨʠʘ-
ʣʦʤ ʚ ʘʥʘʵʨʙʥʦʤ ʧʨʦʮʝʩʩʝ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʙʠʦʛʘʟʘ ï ʵʪʦ ʤʝʪʘʥ ʠ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ. 
ɹʠʦʛʘʟ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʦʧʣʠʚʘ. 
ʕʪʦʤʫ ʫʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʠʟ-ʟʘ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʫʱʝʡ ʩʪʦʠʤʦʩʪʠ ʩʞʠʛʘ-
ʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɼʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚʘ ʙʠʦʛʘʟ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʨʘ-
ʙʦʪʘʥ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʣʠ ʫʩʪʨʘʥʝʥʠʷ ʩʝʨʦʚʦʜʦʨʦʜʘ. 

ʄʝʪʘʥʪʝʥʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʵʨʦʪʝʥʢʘ ʩʚʦʝʡ ʛʝʨʤʝʪʠʯʥʦʩʪʴʶ ï ʚ ʥʝʛʦ ʥʝ 
ʧʦʜʘʝʪʩʷ ʚʦʟʜʫʭ. ʈʝʟʫʣʴʪʘʪ ʦʩʥʦʚʘʥ ʥʘ ʪʦʤ ʬʘʢʪʝ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʟʜʝʩʴ ʦʜ-
ʥʦʢʣʝʪʦʯʥʳʝ ʦʨʛʘʥʠʟʤʳ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʚʦʟʜʫʭʝ ʠʣʠ ʜʦʩʪʫʧʝ ʢ ʢʠʩʣʦʨʦʜʫ ʜʣʷ 
ʨʘʟʤʥʦʞʝʥʠʷ ʠʣʠ ʨʘʟʚʠʪʠʷ. ʅʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ï 
ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʦʪʭʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʟʘ ʫʩʣʦʚʠ-
ʷʤʠ, ʪʘʢ ʢʘʢ ʵʥʝʨʛʠʷ (ʪʝʧʣʦ) ʥʝ ʚʳʜʝʣʷʝʪʩʷ. ʄʝʪʘʥʪʝʥʢ ʥʘʤʥʦʛʦ ʜʝʰʝʚʣʝ ʘʵʨʦ-
ʪʝʥʢʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʥʘ: ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 
ʵʪʦʪ ʛʘʟ ʣʝʛʯʝ ʚʦʟʜʫʭʘ, ʦʥ ʤʦʞʝʪ ʧʦʜʥʠʤʘʪʴʩʷ ʠ ʠʩʧʘʨʷʪʴʩʷ ʯʝʨʝʟ ʪʨʝʱʠʥʳ ʠ 
ʱʝʣʠ, ʚ ʟʜʘʥʠʷʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʩʠʩʪʝʤʘ ʧʦʞʘʨʥʦʡ ʩʠʛʥʘʣʠʟʘʮʠʠ. ʉʦʜʝʨʞʘ-
ʥʠʝ 10% ʤʝʪʘʥʘ ʚ ʚʦʟʜʫʭʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʟʨʳʚʫ ʦʪ ʤʘʣʝʡʰʝʡ ʠʩʢʨʳ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʵʨʦʙʥʦʡ ʦʯʠʩʪʢʠ: 

¶ ʉʪoʯʥʳʝ ʚoʜʳ ʧoʩʪʫʧʘʶʪ ʚ aʥʘʵʨʦʙʥʫʶ ʟoʥʫ ʘʵʨʦʪeʥʢʘ ï ʚʪoʨʠʯʥʦʛʦ 
oʪʩʪʦʡʥʠʢʘ. ʊʘʤ ʦʥʠ ʩʤeʰʠʚʘʶʪʩʷ ʩ ʘʢʪʠʚʥʳʤ ʠʣʦʤ. 

¶ ɺ ʫʩʪaʥʦʚʢʫ ʚʚʦʜʠʪʩʷ ʢʠʩʣʦʨoʜ, ʧʨʠ ʥeʦʙʭʦʜʠʤʦʩʪʠ ʚʚoʜʷʪʩʷ ʢʦʤ-
ʧʦʥeʥʪʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʠe ʨeʮʠʨʢʫʣʷʮʠʠ. 

¶ ʇʨoʠʩʭʦʜʠʪ ʜʚa ʙʠoʭʠʤʠʯeʩʢʠʭ ʧʨʦʮeʩʩʘ: ʚʦʜa ʩʥʦʚa ʧʝʨeʤʝʰʠʚʘʝʪʩʷ 
ʩ aʢʪʠʚʥʳʤ ʠʣoʤ ʠ ʦʙʦʛaʱʘʝʪʩʷ ʢʠʩʣʦʨoʜʦʤ. 

¶ ʇeʨʝʨʘʙʦʪʘʥʥʳʝ ʩʪoʯʥʳʝ ʚoʜʳ ʦʪʩʪaʠʚʘʶʪʩʷ ï ʧʨoʠʩʭʦʜʠʪ ʛʨaʚʠʪʘ-
ʮʠʦʥʥʦʝ ʨʘʟʜeʣʝʥʠʝ ʠʣoʚʦʡ ʩʤeʩʠ. 

¶ ʀʟʙʳʪoʯʥʳʡ aʢʪʠʚʥʳʡ ʠʣ ʧʝʨeʨʘʙʘʪʳʚʘʝʪʩʷ, ʘ ʯaʩʪʴ ʤaʩʩʳ ʚoʟʚʨʘʱʘ-
ʝʪʩʷ ʥʘ ʠʩʭoʜʥʫʶ ʧoʟʠʮʠʶ. 

¶ Oʯʠʱʝʥʥʘʷ ʚʦʜa ʜʣʷ ʧʦʩʣʝʜʫʶʱeʡ ʦʙʨʘʙʦʪʢʠ ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʦʜʦʝʤ. 
ʂʣʘʩʩʠʯʝʩʢʘʷ ʩʭʝʤʘ ʘʥaʵʨʦʙʥʦʡ ʦʯʠʩʪʢʠ: 

¶ ʉʪoʯʥʳʝ ʚoʜʳ ʧʦʧaʜʘʶʪ ʚ ʦʪʩeʢ, ʛʜʝ ʧʨoʠʩʭʦʜʠʪ ʤeʪʘʥʦʚʦʝ ʙʨʦʞeʥʠʝ. 
ʇʦʩʣe ʚʟʘʠʤʦʜeʡʩʪʚʠʷ ʘʥaʵʨʦʙʥʳʭ ʙʘʢʪeʨʠʡ ʩ ʟaʛʨʷʟʥʷʶʱʠʤʠ ʚeʱʝʩʪʚʘʤʠ ʦʙ-
ʨʘʟʫeʪʩʷ ʤeʪʘʥ, ʫʛʣeʢʠʩʣʳʡ ʛaʟ ʠ ʩeʨʦʚʦʜʦʨʦʜ. ʕʪʠ ʛaʟʳ ʫʪʠʣʠʟʠʨʫʶʪʩʷ. 
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¶ ʉʙʨoʞʝʥʥʳʡ ʦʩaʜʦʢ ʧoʩʪʫʧʘʝʪ ʚ ʩʣeʜʫʶʱʠʡ ʦʪʩeʢ, ʛʜe ʦʩaʜʦʢ ʦʙʝʟ-
ʚʦʞʠʚʘʝʪʩʷ ʚ ʮʝʥʪʨʠʬʫʛʝ. ɿʘʪeʤ ʦʯʠʱeʥʥʘʷ ʚʦʜa ʩʙʨʘʩʳʚʘʝʪʩʷ ʚ ʚʦʜʦʝʤ. 

¶ ʆʙeʟʚʦʞʝʥʥʳʡ ʠʣ ʧoʩʪʫʧʘʝʪ ʚ ʙaʨaʙaʥʥʫʶ ʩʫʰʠʣʢʫ. ɺʳʜeʣʠʚʰʘʷʩʷ 
ʚoʜʘ ʫʪʠʣʠʟʠʨʫeʪʩʷ. 

¶ ʉʫʭoʡ ʠʣ ʦʙeʟʟaʨaʞʠʚʘʝʪʩʷ ʠ ʧʨeʚʨaʱʘʝʪʩʷ ʚ ʢʦʤʧʦʩʪʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʭʝʤ ʦʯʠʩʪʢʠ ʠʤʝʝʪ ʩʚʦʝ ʤʝʩʪʦ ʚ ʩʦʚʨʝ-

ʤʝʥʥʦʤ ʤʠʨʝ. ʆʥʠ ʦʯʝʥʴ ʨʘʟʥʳʝ ʚ ʧʨʦʮʝʩʩʝ, ʥʦ ʦʙʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝ-

ʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʦʯʠʩʪʢʠ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʪʨʦʛʠʭ ʧʨʘʚʠʣ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤʠ ʦʨʛʘʥʘʤʠ, ʢʦʪʦʨʳʝ ʨʝʛʫʣʠʨʫʶʪ ʪʦ, ʯʪʦ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʚ 

ʚʦʟʜʫʭ, ʟʝʤʣʶ ʠʣʠ ʚʦʜʫ. 
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ɸʃʔʊɽʈʅɸʊʀɺʅʓɽ ʀʉʊʆʏʅʀʂʀ ʊɽʇʃɸ 

ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɺʀʕ 

 
ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʦʧʨʦʩ ʵʢʦʣʦʛʠʠ, c ʨʦʩʪoʤ ʛʦʨʦʜoʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ-

ʪʨʝʙʣʝʥʠʝ ʪʝʧʣʘ/ʭoʣoʜa, ʛopʷʯʝʡ ʚʦʜʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥa ʩʝʪʠ ʠ oʙoʨʫʜoʚaʥʠe, ʜʣʷ 

ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʱʥʦʩʪʠ, ʩʝʪʠ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥʠʝ ʩʞʠʛʘʥʠʷ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʫʩʫʛʫʙʣʷʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ. ʇʦʵʪʦʤʫ, ʥapʷʜʫ ʩ 

ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʪʝʧʣʦʚʳʤ ʩʝʪʷʤ (ʢʦʪʝʣʴʥʳʤ, ʊʕʎ ʪʝʧʣʦʪʨʘʩʩʘʤ, ʵʣʝʢʪʨʦ-

ʩʪʘʥʮʠʷʤ ʠ ʪ.ʜ.), ʥʝʦʙʭʦʜʠʤʳʤ ʩʪʘʥʦʚʠʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʪʝʧʣʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɺʀʕ. 

 

ɹϰʣ ʤʘϨʘʣʘʜʘ ʵʢʦʣʦʛʠʷ ʤϸʩʝʣʝʩʽ ʢϺʪʝʨʽʣʫʜʝ, ʷϤʥʠ, ϨʘʣʘʣʘʨʜʳϬ Ϻʩʫʽʤʝʥ ʙʽʨʛʝ ʞʳ-

ʣʫ/ʩʫʳϨ, ʳʩʪʳϨ ʩʫ ʪϰʪʳʥʫʳ ʘʨʪʘʜʳ, ʞʝʣʽʣʝʨ ʤʝʥ ʞʘʙʜʳϨʪʘʨϤʘ ʞϮʢʪʝʤʝ Ϯʣʢʝʝʜʽ, ʙϰʣ Ϩʦ-

ʩʳʤʰʘ Ϩʫʘʪʪʘʨʜʳ, ʞʝʣʽʣʝʨʜʽ ʞϸʥʝ ʩϸʡʢʝʩʽʥʰʝ ʢϺʤʽʨʩʫʪʝʢʪʝʨʜʽϬ ʞʘʥʫʳʥ ʘʨʪʪʳʨʫʜʳ ʪʘ-

ʣʘʧ ʝʪʝʜʽ. ɹϰʣ ʤϸʩʝʣʝ ʵʢʦʣʦʛʠʷʣʳϨ ʞʘϤʜʘʡʜʳϬ ʥʘʰʘʨ ʝʢʝʥʽʥ ʘʥʳϨ ʢϺʨʩʝʪʝʜʽ. ʉʦʥʜʳϨʪʘʥ 

ʞʳʣʫ ʞʝʣʽʣʝʨʽʥʝ ʜϸʩʪϮʨʣʽ Ϩʦʩʳʣʫʤʝʥ Ϩʘʪʘʨ (ϨʘʟʘʥʜʳϨʪʘʨ, ʞʳʣʫ ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ, 

ʞʳʣʫ ʤʘʛʠʩʪʨʘʣʴʜʘʨʳ, ʵʣʝʢʪʨ ʩʪʘʥʮʠʷʣʘʨʳ ʞϸʥʝ ʪ.ʙ.), ʞʘϬʘʨʪʳʣʘʪʳʥ ʵʥʝʨʛʠʷ ʢϺʟʜʝʨʽ 

ʤʝʥ ʘʣʴʪʝʨʥʘʪʠʚʪʽ ʞʳʣʫ ʵʥʝʨʛʠʷʩʳʥ ʧʘʡʜʘʣʘʥʫ Ϩʘʞʝʪ. 
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This article raises the issue of ecology, with the growth of cities, the consumption of 

heat/cold, hot water increases, the load on networks and equipment increases, this requires addi-

tional capacities, networks and, accordingly, an increase in the combustion of hydrocarbons. This 

situation aggravates the environmental situation. Therefore, along with the traditional connection 

to heating networks (boiler houses, CHP heating mains, power plants, etc.), it becomes necessary to 

use alternative heat sources using renewable energy sources. 

 

ɻʠʙʨʠʜʥʘʷ cʠcʪeʤʘ aʚʪoʥoʤʥoʛo ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ ʭoʣoʜoʩʥaʙʞeʥʠʷ, ʠ 

ʦʙeʩʧeʯeʥʠʝ ʛoʨʷʯʠʤ ʚoʜoʩʥaʙʞeʥʠeʤ ʣʶʙʳʭ oʙe̡ʢʪoʚ ʟa ʩʯeʪ ʠʩʧoʣʴʟoʚaʥʠʷ 

ʚoʟoʙʥoʚʣʷeʤʳʭ ʠʩʪoʯʥʠʢoʚ ʵʥepʛʠʠ ʠ ʚoʟʚʨʘʪʘ ʥʠʟʢʦ ʠ ʚʳʩʦʢʦʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʦʙʨʘʪʥʦ ʚ ʩʠʩʪʝʤʫ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʉʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪ ʟʘʧʘ-

ʪʝʥʪʦʚʘʥʥʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʚ ʨaʟʣʠʯʥʳʭ ʢoʤʧoʥʝʥʪaʭ ʩʠʩʪʝʤʳ ʠ yʥʠʢaʣʴʥʳʤ 

ʩʧoʩoʙoʤ ʩoʯʝʪʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʩ ʚʦʟʜʫʰʥʳʤ 

ʪʝʧʣʦʚʳʤ ʥʘʩʦʩʦʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʝʧʣʘ ʚʦʟʜʫʭʘ ʠʟ ʚʝʥʪʠʣʷʮʠʠ, ʢʘʥʘʣʠʟʘʮʠ-

ʦʥʥʳʭ ʩʪʦʢʦʚ ʠ ʜʣʠʪʝʣʴʥʫʶ ʪʝʧʣoaʢʢʫʤʫʣʷʮʠʶ. ʕʪʘ ʞʝ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ. 

ʊʝʧʣʦʧʦʪʝʨʠ ʜʦʤʦʚ: 

¶ ʜʦ 30% ʧʦʪʝʨʷ ʪʝʧʣʘ ʩ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʚʦʟʜʫʭʦʤ; 

¶ ʜʦ 30% ʪʝʧʣʘ ʩʦ ʩʪʦʯʥʳʤʠ ʚʦʜʘʤʠ; 

¶ ʜʦ 20% ʧʦʪʝʨʷ ʪʝʧʣʘ ʯʝʨʝʟ ʬʘʩʘʜ ʟʜʘʥʠʷ; 

¶ ʜʦ 20% ʧʦʪʝʨʷ ʪʝʧʣʘ ʯʝʨʝʟ ʦʢʥʘ. 

ʉʦʭʨʘʥʝʥʠʝ ʪʝʧʣʘ ʠ ʢʦʥʪʨʦʣʴ ʝʛʦ ʧʦʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʠ ʨʘʩʭʦʜʦʚ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʜʘʥʠʷ: 

¶ 28,2% ʚʩʝ ʧʨʦʯʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ; 

¶ 10,2% ʛʦʨʷʯʝʝ ʚʦʜʦʩʥʘʙʞʝʥʠʝ; 

¶ 61,6% ʦʪʦʧʣʝʥʠʝ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʚʦʟʜʫʭʘ. 

ʈʝʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʘʪʨʘʪ ʪʝʧʣʘ ï Smart ɽnergy, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʚʨʘ-

ʱʘʝʪʩ ̫ʜʦ 80% ʪʝʧʣʘ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʠʟ ʚʝʥʪʠʣʷʮʠʦʥʥʦʛʦ ʚʦʟʜʫʭʘ.  

Air tower ï ʦʙʦʨʫʜʦʚʘʥʠʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʪʝʧʣʦ-

ʦʙʤʝʥ ʤʝʞʜʫ ʚʦʟʜʫʭʦʤ ʠ ʞʠʜʢʦʩʪʴʶ.  

 

ʉʦʩʪʘʚʥʳʝ ʯʘʩʪʠ: 

1. ɺʝʨʭʥʠʡ ʩʙʦʨʥʳʡ ʢʦʣʣʝʢʪʦʨ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ 

ʢʦʥʪʫʨʘ. 

2. ʉʠʣʦʚʘʷ ʨʘʤʘ ʢʦʨʧʫʩʘ. 

3. ʂʘʩʩʝʪʘ ʧʣʦʩʢʠʭ ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. 

4. ʅʠʞʥʠʡ ʩʙʦʨʥʳʡ ʢʦʣʣʝʢʪʦʨ ʪʝʧʣʦʦʙʤʝʥʥʦʛʦ 

ʢʦʥʪʫʨʘ. 

5. ʅʘʛʥʝʪʘʶʱʠʡ ʚʝʥʪʠʣʷʪʦʨ. 

6. ʈʝʰʝʪʢʘ ʟʘʙʦʨʘ ʚʦʟʜʫʭʘ. 
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ʆʙʦʨʫʜʦʚʘʥʠʝ ʚʩʪʨʘʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʚʳʪʷʞ-

ʥʦʡ ʚʝʥʪʠʣʷʮʠʠ ʠ ʚʦʟʚʨʘʱʘʝʪ ʪʝʧʣʦ ʚ ʩʠʩʪʝʤʫ 

ʦʪʦʧʣʝʥʠʷ ʠ ɻɺʉ. 

ʄʦʜʝʨʥʠʟʘʮʠʠ ʠʤʝʶʱʝʡʩʷ ʚʝʥʪʠʣʷʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʥʝ ʪʨʝʙʫʝʪʩʷ. 

 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʠʩʪʝʤʝ ʪʝʧʣʦʭʣʘʜʦʩʥʘʙʞʝʥʠʷ: 

¶ ɼʠʩʩʠʧʘʮʠʷ ʪʝʧʣʘ ï ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ ʭʣʘʜʦʥʦʩʠʪʝʣʷ ʘʪʤʦʩʬʝʨʥʳʤ 

ʚʦʟʜʫʭʦʤ. 

¶ ʇʦʛʣʦʱʝʥʠʝ ʪʝʧʣʘ ʠʟ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ï ʨʝʞʠʤ ʥʘʛʨʝʚʘ ʪʝʧʣʦ-

ʥʦʩʠʪʝʣʷ ʦʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ. ɺ ʨʝʞʠʤʝ ʥʘʛʨʝʚʘ ʪʝʧʣʘ ʠʟ ʦʢʨʫʞʘʶʱʝʛʦ 

ʚʦʟʜʫʭʘ, ʦʪʩʫʪʩʪʚʫʝʪ ʨʠʩʢ ʦʙʤʝʨʟʘʥʠʷ. 

ʎʠʢʣ ʨʘʙʦʪʳ ʨʝʢʫʧʝʪʦʨʘ: 

¶ ʊʝʧʣʳʝ ʩʪʦʯʥʳʝ ʚʦʜʳ ʥʘʧʦʣʥʷʶʪ ʢʘʤʝʨʫ ʨʝʢʫʧʝʨʘʪʦʨʘ. ʐʣʶʟʦʚʦʡ 
ʩʝʧʘʨʘʪʦʨ ʟʘʜʝʨʞʠʚʘʝʪ ʢʨʫʧʥʳʡ ʤʫʩʦʨ ʚ ʰʣʶʟʦʚʦʡ ʢʘʤʝʨʝ. 

¶ ʇʨʦʠʩʭʦʜʠʪ ʦʪʙʦʨ ʪʝʧʣʘ ʠʟ ʩʪʦʯʥʳʭ ʚʦʜ. ʊʝʧʣʦ ʦʪ ʠʩʪʦʯʥʠʢʘ ʥʘʯʠʥʘʝʪ 

ʧʦʩʪʫʧʘʪʴ ʢ ʧʦʪʨʝʙʠʪʝʣʶ. 

¶ ʉʣʠʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜ. ʆʩʪʳʚʰʘʷ ʩʨʝʜʘ ʦʧʫʩʢʘʝʪʩʷ ʚ ʥʠʞ-
ʥʠʝ ʩʣʦʠ ʠ ʢʦʥʪʨʦʣʣʝʨ ʦʪʢʨʳʚʘʝʪ ʚʳʧʫʩʢʥʦʡ ʢʣʘʧʘʥ ʨʝʢʫʧʝʨʘʪʦʨʘ. 

¶ ʇʝʨʝʣʠʚ ʧʠʢʦʚʳʭ ʦʙʲʝʤʦʚ ʩʪʦʯʥʳʭ ʚʦʜ. ʀʟʣʠʰʥʠʡ ʦʙʝ̡ʤ ʩʚʦʙʦʜʥʦ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʧʝʨʝʣʠʚʥʦʡ ʧʘʪʨʫʙʦʢ ʚ ʢʘʥʘʣʠʟʘʮʠʶ ʠʣʠ ʚ ʩʣʝʜʫʶʱʠʡ ʚ 

ʢʘʩʢʘʜʝ ʨʝʢʫʧʝʨʘʪʦʨ. 

ʀʩʪʦʯʥʠʢʠ ʪʝʧʣʘ ʚ ʚʝʥʪʠʣʷʮʠʦʥʥʦʤ ʚʦʟʜʫʭʝ: 

¶ ʨʘʜʠʘʪʦʨʳ ʦʪʦʧʣʝʥʠʷ; 

¶ ʙr ʪʦʚʳʝ ʧʨʠʙʦʨʳ; 

¶ ʧʨʦʯʠʝ ʠʩʪʦʯʥʠʢʠ ʪʝʧʣʘ; 

¶ ʩʝʢʪʦʨʘ ʧʨʠʤʝʥʝʥʠʷ ʩʠʩʪʝʤʳ. 

ɺʩʝ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʧʦʟʚʦʣʷʶʪ ʦʯʝʥʴ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʘʚʪʦʥʦʤʥʦʝ ʪʝʧʣʦ/ʭʦʣʦʜ ʠ ʛʦʨʷʯʘʷ ʚʦʜʘ: 

1. ʊʫʨʠʟʤ. ʋʜʘʣʝʥʥʳʝ ʦʪ ʢʦʤʤʫʥʠʢʘʮʠʡ ʦʪʝʣʠ, ʩʘʥʘʪʦʨʠʠ ʠ ʪʫʨʠʩʪʠʯʝ-
ʩʢʠʝ ʙʘʟʳ. 

2. ɻʨʘʞʜʘʥʩʢʦʝ, ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʩʦʮʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ. 
ɾʠʣʳʝ ʢʦʤʧʣʝʢʩʳ, ʪʦʨʛʦʚʳʝ ʮʝʥʪʨʳ, ʧʦʨʪʠʚʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʜʝʪʩʢʠʝ ʩʘʜʳ, 

ʰʢʦʣʳ. 

3. ʄʆ, ʄɺɼ, ʏʉ, ʇʦʛʨʘʥʩʣʫʞʙʘ. ʋʜʘʣʝʥʥʳʝ ʟʘʩʪʘʚʳ, ʚʦʠʥʩʢʠʝ ʯʘʩʪʠ, 
ʦʙʲʝʢʪʳ ʏʉ. 

4. ʆʙʲʝʢʪʳ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ: ʙʦʣʴʥʠʮʳ, ʧʦʣʠʢʣʠʥʠʢʠ. 

5. ʆʩʪʘʥʦʚʢʠ, ʘʚʪʦʩʪʘʥʮʠʠ. 
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6. ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ. ʊʝʧʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʚʦʱʝʭʨʘʥʠʣʠʱʘ, ʟʘʢʨʳ-

ʪʳʝ ʚʦʜʦʝʤʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʨʳʙʳ ʠ ʘʢʚʘʢʫʣʴʪʫʨʳ, ʦʪʜʘʣʝʥʥʳʝ ʬʝʨʤʝʨʩʢʠʝ 

ʭʦʟʷʡʩʪʚʘ. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ:  

¶ ʛʦʩʪʠʥʠʮʳ, ʪʦʨʛʦʚʳʝ, ʬʠʪʥʝʩ ʠ ʙʠʟʥʝʩ ʮʝʥʪʨʳ; 

¶ ʧʨʦʤʳʰʣʝʥʥʳʝ ʦʙʲʝʢʪʳ, ʩʢʣʘʜʳ; 

¶ ʤʥʦʛʦʢʚʘʨʪʠʨʥʳʝ ʜʦʤʘ, ʦʙʱʝʩʪʚʝʥʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠ;̫ 

¶ ʙʘʩʩʝʡʥʳ, SPA-ʢʦʤʧʣʝʢʩʳ; 

¶ ʧʨʘʯʝʯʥʳʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʚ ʞʠʣʳʭ ʜʦʤʘʭ: 

1. ʅʝ ʪʨʝʙʫʝʪʩʷ ʧʦʜʢʣʶʯʝʥʠʝ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʧʣʦʚʳʤ ʩʝʪʷʤ, ʛʘʟʫ. ʉʦ-
ʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʤʝʥʴʰʝʥʠʝ ʥʘʛʨʫʟʢʠ ʥʘ ʪʝʧʣʦʚʳʝ ʩʝʪʠ, ʵʢʦʥʦʤʠʷ ʥʘ ʚʚʦʜʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ ʠ ʧʨʦʢʣʘʜʢʠ ʩʝʪʝʡ, ʘ ʪʘʢʞʝ ʥʝ ʚʦʟʥʠʢʘʶʪ ʨʘʩʭʦʜʳ ʚ 

ʙʫʜʫʱʝʤ ʥʘ ʨʝʤʦʥʪ ʩʝʪʝʡ, ʯʪʦ ʥʝ ʚʝʜʝʪ ʢ ʝʞʝʛʦʜʥʦʤʫ ʨʦʩʪʫ ʢʦʤʤʫʥʘʣʴʥʳʭ ʧʣʘ-

ʪʝʞʝʡ. ʉʨʦʢ ʩʣʫʞʙʳ ʩʠʩʪʝʤʳ ʙʦʣʝʝ 25 ʣʝʪ. ʉʠʩʪʝʤʘ ʧʨʘʢʪʠʯʝʩʢʠ ʘʚʪʦʥʦʤʥʘ. 

2. ɽʞʝʤʝʩʷʯʥʳʝ ʨʘʩʭʦʜʳ ʥʘ ʦʧʣʘʪʫ: ʪʝʧʣʘ/ʭʦʣʦʜʘ ʠ ʛʦʨʷʯʝʡ ʥʘ 40-60% 

ʥʠʞʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʧʦʜʢʣʶʯʝʥʠʝʤ ʢ ʪʝʧʣʦʚʳʤ ʩʝʪʷʤ. 

ɺʦʟʤʦʞʥʦʩʪʠ ʜʠʩʢʨʝʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʪʝʧʣʦʤ/ʭʦʣʦʜʦʤ, ʚ ʢʘʞʜʦʤ ʦʪ-

ʜʝʣʴʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʢʚʘʨʪʠʨʝ, ʢʦʤʥʘʪʝ. ʇʦʪʨʝʙʠʪʝʣʴ ʩʘʤ ʟʘʜʘʝʪ ʥʫʞʥʳʡ ʪʝʤ-

ʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ: ʟʜʘʥʠʝ, ʛʜʝ 50% ʧʣʦʱʘʜʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʚ ʦʪʦʧʠʪʝʣʴʥʦʤ ʧʝʨʠʦʜʝ, ʧʦʪʨʝʙʠʪʝʣʴ ʥʘ ʥʝʠʩʧʦʣʴʟʫʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʠʤʝʥʷʝʪ 

ʧʘʩʩʠʚʥʳʡ ʵʢʦʥʦʤʠʯʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ 

ʣʠʰʥʠʭ ʨʘʩʭʦʜʦʚ ʥʘ ʦʪʦʧʣʝʥʠʝ/ʭʦʣʦʜ. 

3. ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʩʠʩʪʝʤʳ, ʩʥʠʞʝʥʠʝ ʚʳʙʨʦʩʦʚ ʉʆ2. ɻʝʥʝʨʘʮʠʷ ʪʝʧʣʦ-

ʚʦʡ ʵʥʝʨʛʠʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʵʥʝʨʛʠʶ ʦʪ ʩʞʠʛʘʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

4. ɹʝʟʛʨʘʥʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ. 
 

ʀʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʠ: 

1. https://nikastroy.ru/kakoj-tolsiny-dolzno-byt-uteplenie-balkona-ctoby-na-nem-bylo-teplo-

scitaem-samostoatelno-na-onlajn-kalkulatore/ 

2. https://electrosam.ru/glavnaja/jelektroobustrojstvo/jelektroobogrev/sistemy-otopleniia/? 

3. https://alter220.ru/news/alternativnye-istochniki-energii.html 
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ʐʝʨʷʢ ɽ., ʩʪ. ʛʨ. ɺʂ-119-1* ʄʆʂ (ʂʘʟɻɸʉɸ) 

ʂʘʩʘʙʝʢʦʚʘ ɻ.ʊ., ʘʩʩʠʩʪʝʥʪ ʧʨʦʬʝʩʩʦʨʘ ʄʆʂ (ʂʘʟɻɸʉɸ) 
 

ʆʎɽʅʂɸ ʂɸʏɽʉʊɺɸ ʇʈʀʈʆɼʅʆʁ ɺʆɼʓ ʀ 

ʆʉʅʆɺʅʓɽ ɺʀɼʓ ɽɽ ʆɹʈɸɹʆʊʂʀ 
 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ ʠ ʝʝ ʚʠʜʳ. 
 

ɹϰʣ ʤʘϨʘʣʘʜʘ ʪʘʙʠϤʠ ʩʫʜʳϬ ʩʘʧʘʩʳʥ ʞϸʥʝ ʦʥʳϬ ʪϮʨʣʝʨʽʥ ʙʘϤʘʣʘʫ Ϩʘʨʘʩʪʳʨʳʣʘʜʳ. 
 

This article discusses the assessment of the quality of natural water and its types. 

https://nikastroy.ru/kakoj-tolsiny-dolzno-byt-uteplenie-balkona-ctoby-na-nem-bylo-teplo-scitaem-samostoatelno-na-onlajn-kalkulatore/
https://nikastroy.ru/kakoj-tolsiny-dolzno-byt-uteplenie-balkona-ctoby-na-nem-bylo-teplo-scitaem-samostoatelno-na-onlajn-kalkulatore/
https://electrosam.ru/glavnaja/jelektroobustrojstvo/jelektroobogrev/sistemy-otopleniia/
https://alter220.ru/news/alternativnye-istochniki-energii.html
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ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷ-
ʝʤʳʝ ʢ ʢʘʯʝʩʪʚʫ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʨʘʟʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʚʝʩʴʤʘ ʨʘʟʣʠʯ-
ʥʳ. ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʦʪʨʝʙʠ-
ʪʝʣʴʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʜʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʭʘʨʘʢʪʝʨ ʚʦʜʦʧʦʜ-
ʛʦʪʦʚʢʠ ʥʘ ʚʦʜʦʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʷʭ. 

ʄʝʪʦʜʦʤ ʘʥʘʣʠʟʘ ʚʦʜʳ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʷʩʥʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 
ʥʝʡ ʚʩʝʚʦʟʤʦʞʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʠʢʨʦʙʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʚʦʜʳ ʜʘʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʪʙʦʨ ʧʨʦʙ ʠ ʪʝʩʪʳ ʜʦʣʞʥʳ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʚ ʪʝ-
ʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʙʳʣʦ ʚʦʟʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʚʦ ʚʥʠ-
ʤʘʥʠʝ ʩʝʟʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʜʳ. 

ʍʘʨʘʢʪʝʨ ʠ ʦʙʲʝʤ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʦʯʠʩʪʢʝ ʚʦʜʳ, ʦʯʝʚʠʜʥʦ, ʜʦʣʞʝʥ ʙʳʪʴ 
ʚʳʙʨʘʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʳ ʜʘʥʥʦʛʦ 
ʠʩʪʦʯʥʠʢʘ ʩ ʪʝʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʪʨʝʙʠʪʝʣʠ ʢ ʢʘʯʝʩʪʚʫ 
ʚʦʜʳ.  

ʂʘʯʝʩʪʚʦ ʚʦʜʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʥʝʡ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ ʨʘʟʣʠʯ-
ʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʇʨʠʤʝʩʠ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ 
ʚʦʜʝ ʚ ʨʘʟʣʠʯʥʦʤ ʩʦʩʪʦʷʥʠʠ: 

1. ʚ ʢoʣʣoʠʜʥʦʤ;  
2. ʚo ʚʟʚʝʰʝʥʥoʤ; 
3. ʚ ʨʘʩʪʚʦʨʝʥʥoʤ. 
ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʫʢʘʟʳʚʘʷ 

ʧʦʧʫʪʥʦ ʠʭ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʪʜʝʣʴʥʳʤ 
ʢʘʯʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʜʳ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʄʫʪʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘ-
ʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʦʜʝ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʠʷ 
ʤʫʪʥʦʩʪʠ ʚʦʜʳ. 

ʄʫʪʥʦʩʪʴ ʚʦʜʳ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʥʝʡ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʨʠʤʝ-
ʩʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʦ ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ: ʛʣʠʥʳ, ʠʣʠʩʪʳʭ ʯʘʩʪʠʮ ʦʨʛʘʥʠʯʝ-
ʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʠ ʜʨ. ʄʫʪʥʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʘ ʚʦʜʝ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʆʪ ʭʘʨʘʢʪʝʨʘ ʛʨʫʥʪʘ ʜʥʘ ʠ ʙʝʨʝʛʦʚ ʨʝʢ ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʪʝʯʝ-
ʥʠʷ ʚʦʜʳ ʟʘʚʠʩʠʪ ʫʨʦʚʝʥʴ ʚʳʤʳʚʘʥʠʷ ʯʘʩʪʠʮ ʛʨʫʥʪʘ, ʫʚʣʝʢʘʝʤʳʭ ʚʦʜʦʡ. ʏʝʤ 
ʤʝʥʴʰʝ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʛʨʫʥʪʘ, ʪʝʤ ʠʭ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʩʝʪ ʨʝʢʘ. ʏʝʤ 
ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ, ʪʝʤ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮʳ ʤʦʛʫʪ ʫʚʣʝʢʘʪʴʩʷ ʚʦ-
ʜʦʡ. ʇʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʪʝʯʝʥʠʷ ʚʦʜʳ ʯʘʩʪʠʮʳ ʵʪʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʦ 
ʚʟʚʝʰʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠʜʘʶʪ ʚʦʜʝ ʤʫʪʥʦʩʪʴ. 

Mʫʪʥoʩʪʴ ʚʦʜʳ ʦʧʨʝʜʝʣʷʶʪ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ð ʤʫʪʥoʤʝʨʘʤʠ. 
ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ ʠʟʤʝʨʷʶʪ ʚ ʩʪʝʢʣʷʥʥʦʤ ʮʠʣʠʥʜʨʝ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ 

ʠʟʤʝʨʷʶʪ ʠ ʦʧʨʝʜʝʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʰʨʠʬʪʘ ʠ ʢʨʝʩʪʘ. 
ɼʣʷ ʧʝʨʚʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʩʪʝʢʣʷʥʥʳʡ ʮʠʣʠʥʜʨ ʚʳʩʦʪʦʡ 30 ʩʤ, ʧʨʦ-

ʛʨʘʜʫʠʨʦʚʘʥʥʳʡ ʚ ʩʘʥʪʠʤʝʪʨʘʭ, ʧʦʜ ʜʥʦ ʢʦʪʦʨʦʛʦ ʧʦʜʣʦʞʝʥ ʦʧʨʝʜʝʣʝʥʥʳʡ 
ʰʨʠʬʪ. ʊʦʣʱʠʥʘ ʚʦʜʳ ʚ ʩʘʥʪʠʤʝʪʨʘʭ, ʩʢʚʦʟʴ ʢʦʪʦʨʫʶ ʝʱʝ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ 
ʪʝʢʩʪ, ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʦʜʳ. ʇʦʧʝʨʝʯʥʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʦʧʨʝʜʝʣʷʶʪ ʪʝʤ 
ʞʝ ʤʝʪʦʜʦʤ, ʠʩʧʦʣʴʟʫʷ ʪʨʫʙʢʫ ʜʣʠʥʦʡ 350 ʩʤ ʠ ʜʠʘʤʝʪʨʦʤ 3,0 ʩʤ, ʥʘ ʜʥʦ ʢʦʪʦʨʦʡ 
ʧʦʤʝʱʘʶʪ ʙʫʤʘʞʥʳʡ ʢʨʫʞʦʢ ʩ ʢʨʝʩʪʦʤ, ʠʤʝʶʱʠʤ ʰʠʨʠʥʫ ʣʠʥʠʠ 1 ʤʤ. 
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ʄʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ 

ʂ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʘʤ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪʥʦʩʷʪʩʷ ʦʩʚʝʪʣʝ-

ʥʠʝ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʝ. 

 

ʆʩʚʝʪʣʝʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʩɹʷ ʦʪʩʪʘʠʚʘʥʠʝʤ ʚʦʜʳ ʚ ʦʪʩʪʦʡʥʠʢʘʭ, 

ʧʨʦʧʫʩʢʦʤ ʝʝ ʯʝʨʝʟ ʚʟʚʝʰʝʥʥʳʡ ʩʣʦʡ ʦʩʘʜʢʘ ʚ ʦʩʚʝʪʣʠʪʝʣʷʭ ʠ ʬʠʣʴʪʨʦʚʘʥʠʝʤ 

ʯʝʨʝʟ ʟʝʨʥʠʩʪʫʶ ʟʘʛʨʫʟʢʫ ʚ ʬʠʣʴʪʨʘʭ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʪʩʪʘʠʚʘʥʠʷ 

ʧʨʠʤʝʥʷʶʪ ʢʦʘʛʫʣʠʨʦʚʘʥʠʝ, ʪ.ʝ. ʚʚʦʜʷʪ ʚ ʚʦʜʫ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʛʝʥʪʳ (ʢʦʘʛʫʣʷʥ-

ʪʳ), ʢʦʪʦʨʳʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʤʝʣʴʯʘʡʰʠʤʠ ʢʦʣʣʦʠʜʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʥʘʭʦ-

ʜʷʱʠʤʠʩʷ ʚ ʚʦʜʝ, ʦʙʨʘʟʫʶʪ ʘʛʨʝʛʘʪʳ ʩʣʠʧʰʠʭʩʷ ʯʘʩʪʠʮ ʚ ʚʠʜʝ ʭʣʦʧʴʝʚ, ʙʳʩʪʨʦ 

ʚʳʧʘʜʘʶʱʠʭ ʚ ʦʩʘʜʦʢ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʠ ʜʦʟʠʨʦʚʘʥʠʝ ʨʝʘʛʝʥʪʘ ʦʩʫʱʝʩʪʚʣʷʶʪ 

ʥʘ ʫʩʪʘʥʦʚʢʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʨʝʘʛʝʥʪʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʈʘʩ-

ʪʚʦʨ ʢʦʘʛʫʣʷʥʪʘ ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʩ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʚʦʜʦʡ ʚ ʩʤʝʩʠ-

ʪʝʣʠ. ʀʟ ʩʤʝʩʠʪʝʣʷ ʚʦʜʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʢʘʤʝʨʫ ʭʣʦʧʴʝʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʟʘʪʝʤ ʧʦ-

ʩʪʫʧʘʝʪ ʚ ʦʪʩʪʦʡʥʠʢ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʦʩʚʝʪʣʝʥʠʝ, ʪ. ʝ. ʚʳʧʘʜʝʥʠʝ ʭʣʦʧʴʝʚ ʩ 

ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʤʠ ʥʘ ʥʠʭ ʚʟʚʝʰʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ɽʩʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʦʩʚʝʪ-

ʣʠʪʝʣʠ ʩ ʚʟʚʝʰʝʥʥʳʤ ʦʩʘʜʢʦʤ, ʪʦ ʢʘʤʝʨʘ ʭʣʦʧʴʝʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʫʩʪʨʘʠʚʘʝʪʩʷ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ ʨʝʯʥʦʡ ʚʦʜʝ, ʤʝʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ, 

ʚʦʟʨʘʩʪʘʷ ʚ ʧʝʨʠʦʜ ʜʦʞʜʝʡ ʠ ʜʦʭʦʜʷ ʜʦ ʤʘʢʩʠʤʫʤʘ ʚ ʧʝʨʠʦʜ ʧʘʚʦʜʢʦʚ. 

ʅʘʠʤʝʥʴʰʘʷ ʤʫʪʥʦʩʪʴ ʨʝʯʥʦʡ ʚʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʳʯʥʦ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʨʝʢʘ ʧʦʢʨʳʪʘ ʣʴʜʦʤ. ɺ ʦʟʝʨʘʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʚʦʜʦʭʨʘʥʠʣʠʱʘʭ ʤʫʪʥʦʩʪʴ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝʤ ʤʫʪʥʦʡ ʚʦʜʳ ʠʟ ʨʝʢ, 

ʧʠʪʘʶʱʠʭ ʜʘʥʥʳʝ ʚʦʜʦʝʤʳ.  

 

ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʚʦʜʳ 

ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʚʦʜʳ ʠʣʠ ʝʝ ʜʝʟʠʥʬʝʢʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʣʥʦʤ ʦʩʚʦ-

ʙʦʞʜʝʥʠʠ ʚʦʜʳ ʦʪ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʙʘʢʪʝʨʠʡ. ʊʘʢ ʢʘʢ ʧʦʣʥʦʛʦ ʦʩʚʦʙʦʞʜʝʥʠʷ ʥʠ 

ʦʪʩʪʘʠʚʘʥʠʝ, ʥʠ ʬʠʣʴʪʨʦʚʘʥʠʝ ʥʝ ʜʘʶʪ, ʜʝʟʠʥʬʝʢʮʠʷ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛ-

ʥʫʪʘ: ʚʚʝʜʝʥʠʝʤ ʚ ʚʦʜʫ ʩʠʣʴʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ, ʩʧʦʩʦʙʥʳʭ ʫʙʠʚʘʪʴ ʬʝʨʤʝʥʪʳ 

ʙʘʢʪʝʨʠʘʣʴʥʳʭ ʢʣʝʪʦʢ; ʥʘʛʨʝʚʘʥʠʝʤ ʚʦʜʳ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 80Áʉ (ʧʘʩʪʝʨʠʟʘʮʠʷ) 

- 100Áʉ (ʩʪʝʨʠʣʠʟʘʮʠʷ); ʦʙʣʫʯʝʥʠʝʤ ʚʦʜʳ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤʠ ʣʫʯʘʤʠ; ʦʟʦʥʠ-

ʨʦʚʘʥʠʝʤ (ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʚʦʜʳ, ʦʜʥʘʢʦ ʦʥ 

ʚʝʩʴʤʘ ʜʦʨʦʛ); ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʤ; ʚʚʝʜʝʥʠʝʤ ʚ ʚʦʜʫ ʩʝʨʝʙʨʘ ʠʣʠ ʜʨʫ-

ʛʠʭ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʦʣʠʛʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ. 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʜʝʟʦʜʦʨʘʮʠʠ ʚʦʜʳ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʧʝʨʝʜ ʬʠʣʴʪʨʘʤʠ. ʇʨʠ-

ʚʢʫʩʳ ʠ ʟʘʧʘʭʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʙʳʚʘʶʪ ʧʨʠʨʦʜʥʦʛʦ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʨʦʠʩ-

ʭʦʞʜʝʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʘʟʣʠʯʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ 

ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ ʚʦʜʳ ʜʣʷ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʳ ʚʝʱʝʩʪʚ, ʚʳʟʳʚʘʶʱʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʝ ʧʨʠʚʢʫʩʳ ʠ 

ʟʘʧʘʭʠ, ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʝʝ ʦʙʨʘʙʦʪʢʠ: ʘʵʨʘʮʠʶ, ʦʢʠʩʣʝʥʠʝ ʭʣʦ-

ʨʦʤ, ʦʟʦʥʦʤ, ʧʝʨʤʘʥʛʘʥʘʪʦʤ ʢʘʣʠʷ ʠ ʜʨʫʛʠʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ; ʩʦʨʙʮʠʶ ʘʢʪʠʚ-

ʥʳʤ ʫʛʣʝʤ. ɸʵʨʘʮʠʷ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʦʩʦʙʦʤ ʝʝ ʜʝʟʦʜʦʨʘ-

ʮʠʠ, ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʣʝʪʫʯʝʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʚʝʱʝʩʪʚ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʭ ʧʨʠ-

ʚʢʫʩʳ ʠ ʟʘʧʘʭʠ. 
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ɼʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʜʳ ʟʘʧʘʭʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴʶ ʤʠʢ-

ʨʦʦʨʛʘʥʠʟʤʦʚ ʠ ʚʦʜʦʨʦʩʣʝʡ, ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʶʪ ʭʣʦʨ ʠ ʦʟʦʥ. ʉ ʮʝʣɹʁ ʧʨʝʜʦʪ-

ʚʨʘʱʝʥʠʷ ʧʦʷʚʣʝʥʠʷ ʭʣʦʨʬʝʥʦʣʴʥʦʛʦ ʟʘʧʘʭʘ ʧʨʠ ʭʣʦʨʠʨʦʚʘʥʠʠ ʚʦʜʳ ʨʝʢʦʤʝʥ-

ʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ: ʧʝʨʭʣʦʨʠʨʦʚʘʥʠʝ ʚʦʜʳ (ʜʣʷ ʦʢʠʩʣʝʥʠʷ ʬʝʥʦʣʦʚ), ʧʨʝʘʤʤʦ-

ʥʠʟʘʮʠʶ (ʚʚʝʜʝʥʠʝ ʩʦʣʝʡ ʘʤʤʠʘʢʘ ʜʣʷ ʩʚʷʟʳʚʘʥʠʷ ʭʣʦʨʘ) ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ 

ʦʙʨʘʙʦʪʢʫ ʚʦʜʳ ʩʦʚʤʝʩʪʥʦ ʩ ʤʘʨʛʘʥʮʦʚʦʢʠʩʣʳʤ ʢʘʣʠʝʤ. 

ɸʢʪʠʚʥʳʡ ʫʛʦʣʴ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʜʝʟ-

ʦʜʦʨʘʮʠʠ ʚʦʜʳ. 

 

 
ʈʠʩ. 1 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʚʦʜʳ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʦʟʦʥʠʨʦʚʘʥʠʷ ʠ ʦʩʚʝʪʣʠʪʝʣʴʥʦ-ʩʦʨʙʮʠʦʥʥʳʭ ʬʠʣʴʪʨʦʚ: 

1 ï ʨʝʘʢʪʦʨ ʧʝʨʚʠʯʥʦʛʦ ʦʟʦʥʠʨʦʚʘʥʠʷ; 2 ï ʩʤʝʩʠʪʝʣʴ; 3 ï ʜʚʫʭʩʣʦʡʥʳʡ ʬʠʣʴʪʨ ʌʇɿ (ʆʉ); 

4 ï ʨʝʘʢʪʦʨ ʚʪʦʨʠʯʥʦʛʦ ʦʟʦʥʠʨʦʚʘʥʠʷ; 5 ï ʥʘʩʦʩ; 6 ï ʩʦʨʙʮʠʦʥʥʳʡ ʬʠʣʴʪʨ; 7 ï ʈʏɺ; 

8 ï ʨʝʘʛʝʥʪʥʦʝ ʭʦʟʷʡʩʪʚʦ; 9 ï ʦʟʦʥʘʪʦʨʥʘʷ; 10 ï ʜʝʩʪʨʫʢʪʦʨ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ 

ʦʩʪʘʪʦʯʥʦʛʦ ʦʟʦʥʘ; 11 ï ʭʣʦʨʘʪʦʨʥʘʷ 

 

 
 

ʈʠʩ. 2 ï ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʯʠʩʪʢʠ ʚʦʜʳ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʨʦʰʢʦʚʳʭ ʫʛʦʣʴʥʳʭ ʩʦʨʙʝʥʪʦʚ: 

1 ï ʚʦʜʦʟʘʙʦʨ; 2 ï ʥʘʩʦʩ; 3 ï ʩʤʝʩʠʪʝʣʴ; 4 ï ʦʪʩʪʦʡʥʠʢ ʩ ʢʘʤʝʨʦʡ ʭʣʦʧʴʝʦʙʨʘʟʦʚʘʥʠʷ; 

5 ï ʩʢʦʨʳʡ ʬʠʣʴʪʨ; 6 ï ʈʏɺ; 7 ï ʚʦʟʜʫʭʦʟʘʙʦʨʥʠʢ; 8 ï ʢʦʤʧʨʝʩʩʦʨ; 9 ï ʙʘʢ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʫʩʧʝʥʟʠʠ; 10 ï ʵʨʣʠʬʪ; 11 ï ʜʦʟʘʪʦʨ; 12 ï ʧʦʜʘʯʘ ʧʦʨʦʰʢʦʚʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. 
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ʀʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʧʨʠʨʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʭʘ-

ʨʘʢʪʝʨ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʡʩʪʚʠʡ ʧʦ ʝʝ ʦʙʨʘʙʦʪʢʝ. ʀʥʦʛʜʘ ʥʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝ-

ʥʠʷ ʚʦʟʣʘʛʘʝʪʩʷ ʟʘʜʘʯʘ ʫʩʪʨʘʥʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʧʨʠʨʦʜʥʦʡ ʚʦʜʳ 

ʠʣʠ ʮʝʣʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʅʘ ʦʯʠʩʪʥʳʝ ʩʦʦʨʫʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʚʦʟʣʦʞʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʟʘʜʘʯʠ ï 

ʫʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʚʦʜʝ ʛʘʟʦʚ, ʫʩʪʨʘʥʝʥʠʝ ʟʘʧʘʭʦʚ ʠ ʧʨʠʚʢʫʩʦʚ ʧʨʠʨʦʜ-

ʥʦʡ ʚʦʜʳ ʠ ʜʨ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʝʦʙʭʦʜʠʤʘ ʩʧʝʮʠʘʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦʜʳ 

ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʨʅ, ʧʨʠʜʘʥʠʷ ʚʦʜʝ ʩʚʦʡʩʪʚ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʠ ʪ.ʧ. 

ʏʘʩʪʴ ʦʧʝʨʘʮʠʡ ʧʦ ʦʙʨʘʙʦʪʢʝ ʚʦʜʳ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥʘ ʢ ʧʨʦʮʝʩʩʘʤ 

ʩʦʙʩʪʚʝʥʥʦ ʦʯʠʩʪʢʠ ʚʦʜʳ: ʫʩʪʨʘʥʝʥʠʝ ʤʫʪʥʦʩʪʠ, ʮʚʝʪʥʦʩʪʠ, ʫʜʘʣʝʥʠʝ ʧʣʘʥʢʪʦ-

ʥʘ, ʙʘʢʪʝʨʠʡ ʠ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʥʷʪʠʝ çʦʙʨʘʙʦʪʢʘè ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʙʱʠʤ, ʯʝʤ 

ʧʦʥʷʪʠʝ çʦʯʠʩʪʢʘè ʚʦʜʳ. ʆʯʠʩʪʢʘ ʚʦʜʳ ï ʵʪʦ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʝʝ ʦʙʨʘʙʦʪʢʠ. 
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3.3 ʊɽʍʅʆʃʆɻʀʗ ʀ ʄɽʍɸʅʀɿɸʎʀʗ 

ʉʊʈʆʀʊɽʃʔʅʆɻʆ ʇʈʆʀɿɺʆɼʉʊɺɸ 
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ʂʆʅʎɽʇʊʋɸʃʔʅʓʁ ʇʈʆɽʂʊ ɾʀʃʆɻʆ ɼʆʄɸ 

ʀɿ ʋʊʈɸʄɹʆɺɸʅʅʆʁ ɿɽʄʃʀ ɺ ʉʃʆɺɽʅʀʀ 
 

ʅʘʫʯʥʘʷ ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ 

ʝʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤ. ʇʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʥʦʛʦ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʡ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʦʥʣʘʡʥ ʬʦʨ-

ʤʘʪʝ ʚ ʉʣʦʚʝʥʠʠ, ʘʚʪʦʨʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ ʤʘʪʝʨʠʘʣʫ ʠ ʟʘʧʨʦʝʢ-

ʪʠʨʦʚʘʣʠ ʢʦʤʧʘʢʪʥʳʡ ʦʜʥʦʵʪʘʞʥʳʡ ʞʠʣʦʡ ʜʦʤ, ʦʪʚʝʯʘʶʱʠʡ ʚʩʝʤ ʩʪʘʥʜʘʨʪʘʤ ʠ ʧʨʘʚʠ-

ʣʘʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʢʫʨʩʘ. 
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ϣʳʣʳʤʠ ʤʘϨʘʣʘ ϨϰʨʳʣʳʩʪʘϤʳ ʪʳϤʳʟʜʘʣϤʘʥ ʞʝʨʜʽ ʞϸʥʝ ʦʥʳϬ ʘʨʪʳϨʰʳʣʳϨʪʘʨʳʥ 

ʟʝʨʪʪʝʫʛʝ ʘʨʥʘʣϤʘʥ. ʉʣʦʚʝʥʠʷʜʘ ʦʥʣʘʡʥ ʬʦʨʤʘʪʪʘ ʞϮʨʛʽʟʽʣʛʝʥ ʢʦʥʢʫʨʩʪʳϨ ʞʦʙʘʥʳϬ 

Ϩʦʨʳʪʳʥʜʳʩʳ ʙʦʡʳʥʰʘ ʘʚʪʦʨʣʘʨ ʞʦϤʘʨʳʜʘ ʘʪʘʣϤʘʥ ʤʘʪʝʨʠʘʣ ʙʦʡʳʥʰʘ ʟʝʨʪʪʝʫʣʝʨ 

ʞϮʨʛʽʟʽʧ, ʭʘʣʳϨʘʨʘʣʳϨ ʢʦʥʢʫʨʩʪʳϬ ʙʘʨʣʳϨ ʩʪʘʥʜʘʨʪʪʘʨʳ ʤʝʥ ϨʘϤʠʜʘʣʘʨʳʥʘ ʞʘʫʘʧ ʙʝ-

ʨʝʪʽʥ ʰʘϤʳʥ ʙʽʨ Ϩʘʙʘʪʪʳ ʪϰʨϤʳʥ Ϯʡʜʽ ʞʦʙʘʣʘϤʘʥ. 

 

The scientific article is devoted to the study of rammed earth in construction and its ad-

vantages. As a result of the competition project, which was held online in Slovenia, the authors 

conducted research on the above material and designed a compact one-story residential building 

that meets all the standards and rules of the international competition. 

 

ʋʪʨʘʤʙʦʚʘʥʥʘʷ ʟʝʤʣʷ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʫʩʪʦʡʯʠʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʠʨʝ, 

ʜʦʩʪʫʧʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ, ʠ ʝʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʜʦʨʦʚʫʶ ʠ 

ʢʦʤʬʦʨʪʥʫʶ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʘʨʭʠʪʝʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʚʦ-

ʧʨʦʩʦʤ ʚ ʤʠʨʝ, ʪʘʢ ʢʘʢ ʩʦʚʨʝʤʝʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʨʝʜʷʪ ʵʢʦʣʦʛʠʠ ʠ ʦʢʨʫʞʘʶʱʝʤʫ ʤʠʨʫ. 

ɺ ʷʥʚʘʨʝ 2021 ʛʦʜʘ ʩʣʦʚʝʥʩʢʠʤ ʞʫʨʥʘʣʦʤ çOutsiderè ʙʳʣ ʦʙʲʷʚʣʝʥ ʦʪ-

ʢʨʳʪʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʢʫʨʩ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʠʣʦʛʦ 

ʜʦʤʘ ʧʣʦʱʘʜʴʶ 30 ʤ2 ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʨʘʤʙʦʚʢʠ.  

ʂʦʥʢʫʨʩ ʥʘʧʨʘʚʣʝʥ ʥʘ ʧʦʠʩʢ ʢʦʥʮʝʧʮʠʡ ʞʠʣʦʛʦ ʧʦʤʝʱʝʥʠʷ ʜʣʷ ʜʚʫʭ 

ʚʟʨʦʩʣʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ ʩʪʝʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʧʣʦʪʥʝʥʥʘʷ ʟʝʤʣʷ, ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʦ ʢʦʪʦʨʦʛʦ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʥʘ ʣʝʪʦ 2021 ʛʦʜʘ. 

ʊʨʝʙʦʚʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʩʧʘʣʴʥʫʶ ʠ ʞʠʣʫʶ ʟʦʥʳ, ʘ ʪʘʢʞʝ ʢʫʭʥʶ ʠ 

ʚʘʥʥʫʶ ʢʦʤʥʘʪʫ ʩ ʥʘʜʣʝʞʘʱʝʡ ʩʘʥʪʝʭʥʠʢʦʡ ʠ ʦʪʦʧʣʝʥʠʝʤ.  

ʋʯʘʩʪʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʣʴʩʢʫʶ ʬʝʨʤʫ ʥʘʯʘʣʘ XX ʚʝʢʘ ʩ 10 ʩʫʱʝ-

ʩʪʚʫʶʱʠʤʠ ʟʜʘʥʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʝʜʘʣʝʢʦ ʦʪ ʐʢʦʮʷʥʘ ʚ ʜʝʨʝʚʥʝ ɼʦʙʨʘʚʘ 

ʥʘ ʨʝʢʝ ʂʨʢʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʉʣʦʚʝʥʠʠ. ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʫʯʘʩʪʢʘ ʟʘʩʘʞʝʥʘ ʟʨʝ-

ʣʳʤʠ ʜʫʙʘʤʠ, ʛʨʘʙʘʤʠ ʠ ʙʫʢʘʤʠ (ʨʠʩ. 1, 2).  

 

 
 

ʈʠʩ. 1 ï ɻʝʥʧʣʘʥ ʫʯʘʩʪʢʘ ʢʦʥʢʫʨʩʥʦʛʦ 

ʧʨʦʝʢʪʘ ʚ ʉʣʦʚʝʥʠʠ 

ʈʠʩ. 2 ï ʋʯʘʩʪʦʢ ʢʦʥʢʫʨʩʥʦʛʦ ʧʨʦʝʢʪʘ 

ʚ ʉʣʦʚʝʥʠʠ 

 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʟʫʯʝʥ ʤʠʨʦʚʦʡ ʦʧʳʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʦʟʚʝ-

ʜʝʥʠʷ ʞʠʣʳʭ ʜʦʤʦʚ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ.  
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ɺ 1950 ʛʦʜʫ ɸ.ʉ. ʌʝʜʦʪʦʚ ʧʦʩʪʨʦʠʣ ʜʦʤ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ, ʯʪʦ ʙʳ-
ʣʦ ʥʦʥʩʝʥʩʦʤ ʚ ʪʝ ʚʨʝʤʝʥʘ (ʨʠʩ. 3). ʇʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʌʝʜʦʪʦʚʘ, ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʤʘʣʦʵʪʘʞʥʳʭ ʟʜʘʥʠʡ ʧʨʠʛʦʜʝʥ ʣʶʙʦʡ ʛʨʫʥʪ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʠʪʩʷ ʦʪ 

50 ʜʦ 70% ʧʝʩʢʘ, ʛʨʘʚʠʷ ʠ ʱʝʙʥʷ. ɽʛʦ ʤʝʪʦʜʠʢʘ ʚʦʟʚʝʜʝʥʠʷ ʩʪʝʥ ʠʟ ʟʝʤʣʠ ʟʘ-

ʢʣʶʯʘʝʪʩʷ ʚʦ ʚʩʢʘʧʳʚʘʥʠʠ ʛʨʫʥʪʘ ʪʦʥʢʦʡ ʩʪʨʫʞʢʦʡ, ʘ ʟʘʪʝʤ ʜʦʙʘʚʣʝʥʠʠ ʚ ʥʝʛʦ 

ʜʦʨʦʞʥʦʡ ʧʳʣʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪ ʧʣʦʪʥʦʩʪʴ ʤʘʩʩʳ. ɺ ʧʨʦʮʝʩʩʝ ʚʩʷ 

ʩʤʝʩʴ ʠʟʤʝʣʴʯʘʝʪʩʷ, ʭʦʨʦʰʦ ʧʝʨʝʤʝʰʠʚʘʝʪʩʷ ʠ ʩʨʘʟʫ ʞʝ, ʜʦ ʚʳʩʳʭʘʥʠʷ, ʠʜʝʪ ʚ 

ʜʝʣʦ. ʊʦʣʱʠʥʫ ʩʪʝʥ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʛʦ ʛʨʫʥʪʘ ʘʨʭʠʪʝʢʪʦʨ ʙʨʘʣ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʘʢ ʠ ʢʠʨʧʠʯʥʦʛʦ ʜʦʤʘ, ʨʘʚʥʦʡ ʦʪ 

400 ʤʤ ʜʦ 800 ʤʤ. ʉʘʤʦʡ ʚʘʞʥʦʡ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʯʘʩʪʴʶ ʚʦʟʚʝʜʝʥʠʷ ʩʪʝʥ ʷʚ-

ʣʷʝʪʩʷ ʪʨʘʤʙʦʚʢʘ ʟʝʤʣʠ. ʊʨʘʤʙʦʚʘʪʴ ʛʨʫʥʪ ʥʫʞʥʦ ʨʘʚʥʦʤʝʨʥʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʪʨʘʤʙʦʚʢʘ ʥʝ ʦʪʩʢʘʯʝʪ ʦʪ ʛʨʫʥʪʘ, ʜʝʣʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʘʜʢʦʡ ʠ ʨʦʚʥʦʡ. ɺʘʞʥʦ 

ʥʝ ʜʘʪʴ ʛʨʫʥʪʫ ʚʳʩʦʭʥʫʪʴ. ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʪʨʝʙʫʝʪʩʷ ʝʛʦ ʫʚʣʘʞʥʠʪʴ [1, 2]. 
 

 

 

 

 

 
ʈʠʩ. 3 ï ɼʦʤ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ  

ɸ.ʉ. ʌʝʜʦʪʦʚʘ, 1950 ʛ. 
 

 

ɺ 2013 ʛʦʜʫ ʘʨʭʠʪʝʢʪʦʨ ʠʟ ʗʧʦʥʠʠ ʊʘʜʘʩʠ ʉʘʡʪʦ ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ ʩʦʙʦʡ 

ʟʘʜʘʯʫ ʧʦʩʪʨʦʝʥʠʷ ʚʨʝʤʝʥʥʦʛʦ ʞʠʣʴʷ ʥʘ ʤʘʣʝʥʴʢʦʤ ʦʩʪʨʦʚʝ ʍʦʥʜʟʠʤʘ, ʛʜʝ ʠʟ 

ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʥʘʡʪʠ ʪʦʣʴʢʦ ï ʟʝʤʣʶ, ʜʝʨʝʚʴʷ ʠ ʚʦʜʫ. ʆʥ ʨʝʰʠʣ ʚʟʷʪʴ ʟʘ 

ʦʩʥʦʚʫ ʟʝʤʣʶ ʠ ʫʪʨʘʤʙʦʚʘʪʴ ʝʝ ʤʝʪʦʜʦʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʭʘʥʪʠʢʫè. ʇʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʵʪʦʡ ʤʝʪʦʜʠʢʠ, ʩʪʝʥʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. ɺ ʦʪʣʠ-

ʯʠʝ ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʦʤʦʚ ʠʟ ʢʠʨʧʠʯʘ ʠ ʙʣʦʢʦʚ, ʤʝʪʦʜ ʪʨʘʤʙʦʚʢʠ ʟʝʤʣʠ ʷʚʣʷ-

ʝʪʩʷ ʯʠʩʪʳʤ ʩʪʨʦʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠ ʪʨʝʙʫʝʪ ʤʠʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ. ʊʝʭʥʠʢʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩ ʩʞʘʪʠʷ ʩʤʝʩʠ ʩʳʨʦʡ ʟʝʤʣʠ, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʧʦʜʭʦʜʷʱʠʝ ʧʨʦʧʦʨʮʠʠ ʧʝʩʢʘ, ʛʨʘʚʠʷ ʠ ʛʣʠʥʳ, ʟʝʤʣʷ ʫʪʨʘʤʙʦʚʳʚʘʝʪʩʷ ʚ 

ʦʧʘʣʫʙʢʝ, ʧʦʢʘ ʥʝ ʧʦʣʫʯʘʝʪʩʷ ʮʝʣʳʡ ʢʫʩʦʢ ʟʝʤʣʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʞʝʣʘʝʤʦʡ 

ʪʦʣʱʠʥʳ ʩʪʝʥ ʠ ʬʦʨʤʳ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʧʘʣʫʙʢʘ. ʇʦʩʣʝ ʟʝʤʣʷ ʫʪʨʘʤʙʦʚʳʚʘʝʪ-

ʩʷ ʠ ʟʘʩʳʭʘʝʪ ʪʨʠ ʜʥʷ (ʨʠʩ. 4). 

 

 

 

 

 

 
ʈʠʩ. 4 ï ɼʦʤ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ  

ʘʨʭʠʪʝʢʪʦʨʘ ʊʘʜʘʩʠ ʉʘʡʪʦ 
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ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ ʢʦʤʘʥʜʘ ʢʘʬʝʜʨʳ çɸʨʭʠʪʝʢʪʫʨʘè ɽʚ-

ʨʘʟʠʡʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʃ.ʅ. ɻʫʤʠʣʝʚʘ ʚ ʩʦʩʪʘʚʝ ʩʪʫʜʝʥ-
ʪʦʚ 3 ʢʫʨʩʘ ɸʤʘʥʙʘʡ ɸʣʫʘ ʠ ɸʢʠʰʝʚʘ ɼʠʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʠ.ʦ. ʜʦʮʝʥʪʘ PhD 

ʀʩʠʥʦʡ ɸʩʝʤ ɿʘʡʩʘʥʦʚʥʳ ʧʨʠʩʪʫʧʠʣʠ ʢ ʘʥʘʣʠʟʫ ʤʝʩʪʥʦʩʪʠ. ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʜʦʤ 

ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʫʯʘʩʪʢʘ. ɻʣʘʚʥʳʡ ʬʘʩʘʜ ʜʦʤʘ ʚʳʭʦʜʠʪ ʥʘ ʚʦ-

ʩʪʦʢ. ɹʣʘʛʦʫʩʪʨʦʡʩʪʚʦ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʚʢʣʶʯʘʝʪ ʧʘʨʢʦʚʢʫ ʧʝʨʝʜ ʜʦʤʦʤ, ʘ 

ʪʘʢʞʝ ʧʦʩʘʜʢʫ ʜʝʨʝʚʴʝʚ (ʜʫʙʳ, ʛʨʘʙʳ ʠ ʙʫʢʠ), ʢʫʩʪʘʨʥʠʢʦʚ ʠ ʛʘʟʦʥʦʚ (ʨʠʩ. 5). 

 

 

 
ʈʠʩ. 5 ï ʉʠʪʫʘʮʠʦʥʥʘʷ ʩʭʝʤʘ ʧʨʦʝʢʪʘ ʜʦʤʘ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ 

 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʡ ʞʠʣʦʡ ʜʦʤ ʨʘʩʩʯʠʪʘʥ ʥʘ ʢʦʤʬʦʨʪʥʦʝ ʧʨʦʞʠʚʘʥʠʝ ʜʚʫʭ 

ʯʝʣʦʚʝʢ. ɺ ʧʣʘʥ ʞʠʣʦʛʦ ʜʦʤʘ ʚʭʦʜʷʪ: 

- ʛʦʩʪʠʥʘʷ ʩ ʢʫʭʥʝʡ ʠ ʦʙʝʜʝʥʥʦʡ ʟʦʥʦʡ ï 14,93 ʤ2; 

- ʩʧʘʣʴʥʘʷ ʟʦʥʘ ʜʣʷ ʜʚʦʠʭ ï 7,05 ʤ2; 

- ʩ/ʫ (ʜʫʰ, ʨʘʢʦʚʠʥʘ, ʫʥʠʪʘʟ) ï 3,40 ʤ2. 

ɼʦʤ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʝʥ (ʜʨʦʚʷʥʘʷ ʧʝʯʴ, ʩʙʦʨ ʜʦʞʜʝʚʦʡ ʚʦʜʳ, ʩʦʣʥʝʯ-

ʥʳʝ ʙʘʪʘʨʝʠ) (ʨʠʩ. 6). 

 
ʈʠʩ. 6 ï ʇʣʘʥ ʢʦʥʢʫʨʩʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦʤʘ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ 

 ̄ ʕʢʩʧʣʠʢʘʮʠʷ 

1 ʇʨʦʝʢʪʠʨʫʝʤʦʝ ʟʜʘʥʠʝ 

2 ɻʣʘʚʥʘʷ ʜʦʨʦʛʘ 

3 ʆʟʝʣʝʥʝʥʠʝ 

4 ʉʪʘʨʳʡ ʩʘʨʘʡ 

5 ɾʠʣʦʡ ʜʦʤ 

6 ʅʝʙʦʣʴʰʦʡ ʩʘʨʘʡ 

7 ɿʝʨʥʦʩʫʰʠʣʢʘ 

8 ʅʦʚʳʡ ʛʘʨʘʞ 

9 ʅʦʚʳʡ ʩʘʨʘʡ 

10 ʉʝʥʦʚʘʣ 

11 ʄʘʣʳʡ ʩʝʥʦʚʘʣ 

12 ʉʚʠʥʘʨʥʠʢ 
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ʇʨʦʝʢʪ ʚʳʧʦʣʥʝʥ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʪʠʣʝ. ɽʛʦ ʛʣʘʚʥʘʷ ʦʩʦ-

ʙʝʥʥʦʩʪʴ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʝʩʪʝʩʪʚʝʥʥʦʩʪʴ, ʤʠʥʠʤʘʣʠʟʤ ʠ ʢʦʤʬʦʨʪ. ɺ ʧʦʤʝʱʝ-

ʥʠʷʭ ʟʜʘʥʠʷ ʤʠʥʠʤʫʤ ʥʝʦʙʭʦʜʠʤʦʡ ʤʝʙʝʣʠ ʠ ʧʨʝʜʤʝʪʦʚ, ʯʪʦʙʳ ʥʝ ʟʘʛʨʦʤʦʞ-

ʜʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʉʦʙʣʶʜʝʥʳ ʚʩʝ ʧʨʘʚʠʣʘ ʵʨʛʦʥʦʤʠʢʠ. ʄʷʛʢʠʝ ʥʝʡʪʨʘʣʴʥʳʝ 

ʮʚʝʪʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʧʦʜʜʝʨʞʢʘ ʦʩʥʦʚʥʦʛʦ ʮʚʝʪʘ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ. ʉʦ-

ʟʜʘʥʠʝ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʦʩʦʙʝʥʥʦʩʪʴ 

ʧʦʩʪʨʦʡʢʠ. 

ʅʘʣʠʯʠʝ ʙʦʣʴʰʠʭ ʰʠʨʦʢʠʭ ʦʢʦʥ ʧʨʦʩʪʦʡ ʬʦʨʤʳ ï ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ 

ʧʨʦʝʢʪʘ. ʆʢʥʘ ʥʘ ʟʘʧʘʜʥʦʡ ʩʪʦʨʦʥʝ ʜʦʤʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʩʦʣʷ-

ʮʠʶ ʠ ʧʨʠʜʘʶʪ ʝʤʫ ʦʱʫʱʝʥʠʝ ʧʨʦʩʪʦʨʘ (ʨʠʩ. 7). 
 

 
 

ʈʠʩ. 7 ï ʌʘʩʘʜʳ 1-2, ɺ-ɸ ʢʦʥʢʫʨʩʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦʤʘ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ 

 

ʂʦʥʢʫʨʩʥʳʡ ʧʨʦʝʢʪ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʥʘ ʦʩʥʦʚʝ ʩʪʝʥʦʚʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ. ɾʝʣʝʟʦʙʝʪʦʥʥʳʝ ʣʝʥʪʦʯʥʳʝ ʬʫʥʜʘʤʝʥʪʳ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʠʟ ʙʝʪʦʥʘ, 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʝʨʝʚʷʥʥʘʷ ʩʪʨʦʧʠʣʴʥʘʷ ʩʠʩʪʝʤʘ, ʘ ʜʣʷ ʦʪʜʝʣʢʠ ʚʦʩʪʦʯʥʦʛʦ ʠ 

ʟʘʧʘʜʥʦʛʦ ʬʘʩʘʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʜʝʨʝʚʦ. 

 

 
 

ʈʠʩ. 8 ï ɺʠʟʫʘʣʠʟʘʮʠʷ ʢʦʥʢʫʨʩʥʦʛʦ ʧʨʦʝʢʪʘ ʜʦʤʘ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ 
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ʇʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʨʠʝʤʳ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

1. ʉʪʝʥʳ ʪʦʣʱʠʥʦʡ 50 ʩʤ ʩʜʝʣʘʥʳ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ ʠ ʧʦʣʥʦʩʪʴʶ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʝ; 

2. ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʢʨʳʰʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʠʠ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʦʛʦ ʧʨʦʞʠʚʘʥʠʷ; 

3. ɼʦʞʜʝʚʘʷ ʚʦʜʘ ʩʦʙʠʨʘʝʪʩʷ ʚ ʨʝʟʝʨʚʫʘʨʳ ʠ ʬʠʣʴʪʨʫʝʪʩʷ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʯʠʩʪʦʡ ʚʦʜʦʡ (ʨʠʩ. 8). 

 

ɿʘʢʣʶʯʝʥʠʝ 

1. ɿʝʤʣʷ ï ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʧʨʦʩʪʳʭ ʠ ʜʝʰʝʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʠ ʭʠʤʠʯʝ-

ʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʦʥ ʩʦʟʜʘʝʪ ʧʨʦʯʥʳʡ ʠ ʫʩʪʦʡʯʠʚʳʡ ʥʝʩʫʱʠʡ ʦʩʪʦʚ ʟʜʘʥʠʷ. 

2. ʉʩʳʣʘʷʩʴ ʥʘ ʤʠʨʦʚʳʝ ʘʥʘʣʦʛʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʨʘʥʝʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦʟʚʝʜʝʥ-

ʥʳʭ ʧʨʦʝʢʪʦʚ, ʜʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʞʠʣʳʭ ʜʦʤʦʚ, ʢʘʢ ʜʦʤ ʠʟ 

ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ. 

3. ɾʠʣʦʡ ʜʦʤ ʠʟ ʫʪʨʘʤʙʦʚʘʥʥʦʡ ʟʝʤʣʠ ʧʦʣʦʥ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʩʧʝʢʪʦʚ 

ʪʘʢʠʭ, ʢʘʢ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʪʫʨʘʣʴʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʤʠʥʠʤʠʟʠʨʦ-

ʚʘʥʥʳʡ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʤʠʥʠʤʘʣʴʥʘʷ ʪʨʘʪʘ ʤʘʪʝʨʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʘ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʢʦʤʧʘʢʪʥʘʷ ʬʦʨʤʘ ʟʜʘʥʠʷ. 

4. ʇʨʦʝʢʪʠʨʫʝʤʳʡ ʞʠʣʦʡ ʜʦʤ ʧʦʣʥʦʩʪʴʶ ʫʩʪʦʡʯʠʚʳʡ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚ-

ʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʳʥʝʰʥʠʤ ʩʪʘʥʜʘʨʪʘʤ ʩʦʚʨʝ-

ʤʝʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 
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ʆʉʅʆɺʅʓɽ ʂʈʀʊɽʈʀʀ ʊɽʍʅʀʏɽʉʂʆɻʆ ʉʆʉʊʆʗʅʀʗ 

ɿɼɸʅʀʁ ʀ ʉʆʆʈʋɾɽʅʀʁ 

 
ʇʨʝʜʩʪʘʚʣʝʥ rʦʩʥʦʚʥʳʝ ʢʨʠʪʝʨʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

ʇʦʢʘʟʘʥʳ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ ʦʙʩʣʝʜʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

 

ϣʠʤʘʨʘʪʪʘʨ ʤʝʥ ϨϰʨʳʣʳʩʪʘʨʜʳϬ ʪʝʭʥʠʢʘʣʳϨ ʞʘϤʜʘʡʳʥʳϬ ʥʝʛʽʟʛʽ ʢʨʠʪʝʨʠʡʣʝʨʽ 

ʢʝʣʪʽʨʽʣʛʝʥ. ϣʠʤʘʨʘʪʪʘʨ ʤʝʥ Ϩϰʨrʣʳʩʪʘʨʜʳ ʪʝʢʩʝʨʫ ʤʝʥ ʙʘϨʳʣʘʫʜʳϬ ʥʝʛʽʟʛʽ ʢʝʟʝϬʜʝʨʽ 

ʢϺʨʩʝʪʽʣʛʝʥ. 
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The methodology of monitoring the technical condition of buildings and structures is pre-

sented. The main stages of inspection and monitoring of buildings and structures are shown 

 

ɼʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʟʜʘʥʠʡ ʭʘʨʘʢʪʝʨʥʳ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ, ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠ ʫʥʠʢʘʣʴʥʦʩʪʴ ʧʦ ʩʚʦʠʤ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. ʆʥʠ 

ʩʪʨʦʷʪʩʷ ʚ ʩʣʦʞʥʳʭ ʛʨʫʥʪʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʩʝʡʩʤʦʦʧʘʩʥʳʭ ʨʘʡʦʥʘʭ ʠ ʜʨʫʛʠʭ ʥʝ-

ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʘʭ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʥʘʧ-

ʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʇʦʥʷʪʠʝ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ 

ʚʚʝʜʝʥʦ ʚ ʩʠʩʪʝʤʫ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩ ʚʩʪʫʧʣʝʥʠʝʤ ʚ ʜʝʡʩʪʚʠʝ ɻʆʉʊ 

[1-5]. 

ʄʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʚʦʜʷʪ: 

- ʜʣʷ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠ ʩʚʦʝʚʨʝ-

ʤʝʥʥʦʛʦ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʚʦʟʥʠʢʘʶʱʠʭ ʥʝʛʘʪʠʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʝ-

ʜʫʱʠʭ ʢ ʫʭʫʜʰʝʥʠʶ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ;  

- ʚʳʷʚʣʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ 

ʦʙʩʣʝʜʦʚʘʥʠʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ;  

- ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʟʘ 

ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʦʚ ʦʩʥʦʚʘʥʠʡ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʝʯʴ ʧʝʨʝʭʦʜ ʦʙʲʝʢʪʦʚ ʚ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʠʣʠ ʚ 

ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ;  

- ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʪʝʧʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʲʝʢʪʘ ʠ ʧʨʠʥʷʪʠʷ ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʵʢʩʪʨʝʥʥʳʭ ʤʝʨ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝ-

ʥʠʶ ʝʛʦ ʦʙʨʫʰʝʥʠʷ. ʇʝʨʚʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦ-

ʦʨʫʞʝʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʧʦʟʜʥʝʝ ʯʝʤ ʯʝʨʝʟ ʜʚʘ ʛʦʜʘ ʧʦʩʣʝ ʠʭ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘ-

ʪʘʮʠʶ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝ-

ʥʠʡ ʧʨʦʚʦʜʠʪʩʷ ʥʝ ʨʝʞʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ 10 ʣʝʪ ʠ ʥʝ ʨʝʞʝ ʦʜʥʦʛʦ ʨʘʟʘ ʚ ʧʷʪʴ ʣʝʪ 

ʜʣʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʠʣʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ (ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ, ʚʠʙʨʘʮʠʠ, ʧʦʚʳʰʝʥʥʘʷ ʚʣʘʞʥʦʩʪʴ, 

ʩʝʡʩʤʠʯʥʦʩʪʴ ʨʘʡʦʥʘ 7 ʙʘʣʣʦʚ ʠ ʙʦʣʝʝ ʠ ʜʨ.).  

ɼʣʷ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʨʝ-

ʞʠʤ ʤʦʥʠʪʦʨʠʥʛʘ [5]. ʆʙʩʣʝʜʦʚʘʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʚʦʜʷʪ ʪʘʢʞʝ: ʧʦ ʠʩʪʝʯʝʥʠʠ ʥʦʨʤʘʪʠʚʥʳʭ ʩʨʦʢʦʚ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ, ʧʦ-

ʚʨʝʞʜʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʦʩʫʱʝʩʪʚʣʷ-

ʝʤʦʛʦ ʩʦʙʩʪʚʝʥʥʠʢʦʤ ʟʜʘʥʠʷ (ʩʦʦʨʫʞʝʥʠʷ); ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʞʘ-

ʨʦʚ, ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ, ʘʚʘʨʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʟʜʘʥʠʷ (ʩʦʦʨʫʞʝ-

ʥʠʷ); ʧʦ ʠʥʠʮʠʘʪʠʚʝ ʩʦʙʩʪʚʝʥʥʠʢʘ ʦʙʲʝʢʪʘ; ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʟʜʘʥʠʷ (ʩʦʦʨʫʞʝʥʠʷ). 

ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʚʦ-

ʜʷʪ: ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʬʫʥʜʘʤʝʥʪʦʚ, ʦʙʩʣʝʜʦ-

ʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʡ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ 
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ʩʦʩʪʦʷʥʠʷ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ ʠ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʟʚʫʢʦʠʟʦʣʷʮʠʠ ʦʛʨʘʞʜʘʶʱʠʭ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʰʫʤʘ ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʠʙʨʘʮʠʡ ʠ ʚʥʝʰʥʝʛʦ ʰʫʤʘ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʘʨʫʞʥʳʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʵʪʘʧʘ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʣʫʯʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ, ʜʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʟʘʢʣʶʯʝʥʠʷ ʦ ʪʝʢʫʱʝʤ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʚʳʜʘʯʠ ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʧʨʦ-

ʛʥʦʟʘ ʦ ʝʛʦ ʩʦʩʪʦʷʥʠʠ ʥʘ ʙʣʠʞʘʡʰʠʡ ʧʝʨʠʦʜ. ʇʝʨʚʦʥʘʯʘʣʴʥʳʤ ʵʪʘʧʦʤ ʤʦʥʠʪʦ-

ʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʱʝʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ) ʷʚʣʷʝʪʩʷ ʦʙʩʣʝʜʦʚʘ-

ʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʫʩʪʘʥʘʚ-

ʣʠʚʘʶʪ ʢʘʪʝʛʦʨʠʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʬʠʢʩʠʨʫʶʪ ʜʝ-

ʬʝʢʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ (ʘ ʪʘʢʞʝ ʟʘ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʝʤ ʥʦʚʳʭ ʜʝʬʝʢʪʦʚ) ʙʫʜʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʘʙʣʶʜʝʥʠʷ ʧʨʠ ʤʦʥʠʪʦʨʠʥʛʝ. ʇʨʠ 

ʚʳʙʦʨʝ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʮʝʣʴ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦ-

ʨʠʥʛʘ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʠʟʤʝʥʝʥʠʝ ʚʦ ʚʨʝʤʝʥʠ, ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʦʰʠʙʢʠ ʠʟʤʝʨʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʧʦʤʝʭ ʠ ʘʥʦʤʘʣʠʡ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ʇʨʦʛʨʘʤʤʫ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʛʣʘʩʦʚʳʚʘʶʪ ʩ 

ʟʘʢʘʟʯʠʢʦʤ. ɺ ʥʝʡ, ʥʘʨʷʜʫ ʩ ʧʝʨʝʯʠʩʣʝʥʠʝʤ ʚʠʜʦʚ ʨʘʙʦʪ, ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʧʝʨʠʦ-

ʜʠʯʥʦʩʪʴ ʥʘʙʣʶʜʝʥʠʡ ʩ ʫʯʝʪʦʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʘ ʠ ʦʙʱʫʶ ʧʨʦ-

ʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʤʦʥʠʪʦʨʠʥʛʘ. ʄʝʪʦʜʠʢʘ ʠ ʦʙʲʝʤ ʩʠʩʪʝʤʳ ʥʘʙʣʶʜʝʥʠʡ ʧʨʠ ʤʦ-

ʥʠʪʦʨʠʥʛʝ, ʚʢʣʶʯʘʷ ʠʟʤʝʨʝʥʠʷ, ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʧʦʣʥʦʪʫ 

ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠʩʧʦʣʥʠʪʝʣʝʤ ʦʙʦʩʥʦʚʘʥʥʦʛʦ ʟʘʢʣʶʯʝ-

ʥʠʷ ʦ ʪʝʢʫʱʝʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʦʙʲʝʢʪʘ (ʦʙʲʝʢʪʦʚ).  

ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʦʥʠʪʦʨʠʥʛʘ ʜʦʣʞʥʳ ʙʳʪʴ ʩʝʨʪʠʬʠʮʠʨʦʚʘ-

ʥʳ, ʧʨʦʚʝʨʝʥʳ (ʢʘʣʠʙʨʦʚʘʥʳ) ʠ ʘʪʪʝʩʪʦʚʘʥʳ ʫʧʦʣʥʦʤʦʯʝʥʥʳʤʠ ʦʨʛʘʥʘʤʠ. ɺ 

ʩʣʫʯʘʝ ʧʦʣʫʯʝʥʠʷ ʥʘ ʢʘʢʦʤ-ʣʠʙʦ ʵʪʘʧʝ ʤʦʥʠʪʦʨʠʥʛʘ ʜʘʥʥʳʭ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ 

ʫʭʫʜʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʝʝ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦ-

ʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʫʰʝʥʠʶ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʦʨʛʘʥʠʟʘʮʠʷ, ʧʨʦʚʦ-

ʜʷʱʘʷ ʤʦʥʠʪʦʨʠʥʛ, ʜʦʣʞʥʘ ʥʝʤʝʜʣʝʥʥʦ ʧʨʦʠʥʬʦʨʤʠʨʦʚʘʪʴ ʦʙ ʵʪʦʤ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ ʚ ʧʠʩʴʤʝʥʥʦʤ ʚʠʜʝ, ʩʦʙʩʪʚʝʥʥʠʢʘ ʦʙʲʝʢʪʘ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʫʶ ʦʨʛʘʥʠʟʘʮʠʶ, 

ʤʝʩʪʥʳʝ ʦʨʛʘʥʳ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ, ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʦʨʛʘʥʳ ʧʦ ʜʝʣʘʤ 

ʛʨʘʞʜʘʥʩʢʦʡ ʦʙʦʨʦʥʳ, ʯʨʝʟʚʳʯʘʡʥʳʤ ʩʠʪʫʘʮʠʷʤ ʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ 

ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ. 

ɺ ʤʦʥʠʪʦʨʠʥʛʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʘʶʪ: 

1 ï ʦʙʱʠʡ ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ; 

2 ï ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʥʘʭʦʜʷʱʠʭ-

ʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʤ ʠʣʠ ʘʚʘʨʠʡʥʦʤ ʩʦʩʪʦʷʥʠʠ; 

3 ï ʤʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ, ʧʦʧʘʜʘʶ-

ʱʠʭ ʚ ʟʦʥʫ ʚʣʠʷʥʠʷ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ ʧʨʠʨʦʜʥʦ-

ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʥʘʧʨʠʤʝʨ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʟʦʥʝ ʧʦʚʳʰʝʥʥʦʡ ʩʝʡʩʤʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ.  
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ʄʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ: 

ʋʥʠʢʘʣʴʥʳʝ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʥʘ ʢʦʪʦʨʳʝ ʚ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʭʦʪʷ ʙʳ ʦʜʥʘ ʠʟ ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʠʩʪʝʤ, ʪʨʝʙʫʶʱʠʭ ʧʨʠ-

ʤʝʥʝʥʠʷ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ, ʣʠʙʦ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦ-

ʜʦʚ ʨʘʩʯʝʪʘ, ʣʠʙʦ ʪʨʝʙʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʥʘ ʬʠʟʠʯʝʩʢʠʭ ʤʦ-

ʜʝʣʷʭ, ʘ ʪʘʢʞʝ ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ, ʩʝʡʩʤʠʯʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ 

9 ʙʘʣʣʦʚ; 

- ʚʳʩʦʪʘ ï ʙʦʣʝʝ 100 ʤ; 

- ʧʨʦʣʝʪ ï ʙʦʣʝʝ 100 ʤ; 

- ʚʳʣʝʪ ʢʦʥʩʦʣʝʡ ï ʙʦʣʝʝ 20 ʤ; 

- ʟʘʛʣʫʙʣʝʥʠʝ ʧʦʜʟʝʤʥʦʡ ʯʘʩʪʠ ʥʠʞʝ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʦʪʤʝʪʢʠ ʟʝʤʣʠ ï ʙʦ-

ʣʝʝ ʯʝʤ ʥʘ 10 ʤʝʪʨʦʚ.  

ʂ ʫʥʠʢʘʣʴʥʳʤ ʟʜʘʥʠʷʤ ʠ ʩʦʦʨʫʞʝʥʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʪʘʢʞʝ ʟʨʝʣʠʱ-

ʥʳʝ, ʩʧʦʨʪʠʚʥʳʝ, ʢʫʣʴʪʦʚʳʝ ʩʦʦʨʫʞʝʥʠʷ, ʚʳʩʪʘʚʦʯʥʳʝ ʧʘʚʠʣʴʦʥʳ, ʤʥʦʛʦʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʝ ʦʬʠʩʥʳʝ, ʪʦʨʛʦʚʦ-ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʪ.ʧ. ʩ ʤʘʢʩʠʤʘʣʴ-

ʥʳʤ ʨʘʩʯʝʪʥʳʤ ʧʨʝʙʳʚʘʥʠʝʤ ʙʦʣʝʝ 1000 ʯʝʣʦʚʝʢ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ ʠʣʠ ʙʦʣʝʝ ʯʝ-

ʣʦʚʝʢ ʚʙʣʠʟʠ ʦʙʲʝʢʪʘ. ʄʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ 

ʠ ʩʦʦʨʫʞʝʥʠʡ ï ʩʠʩʪʝʤʘ ʥʘʙʣʶʜʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ, ʧʨʦʚʦʜʠʤʘʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝ-

ʥʠʡ ʟʘ ʩʯʝʪ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʠʟʤʝ-

ʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʛʨʫʥʪʦʚ ʦʩʥʦ-

ʚʘʥʠʡ ʠʣʠ ʢʨʝʥʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʚʣʝʯʴ ʟʘ ʩʦʙʦʡ ʧʝʨʝʭʦʜ ʦʙʲʝʢʪʦʚ ʚ ʦʛʨʘʥʠ-

ʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʠʣʠ ʚ ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʄʦʥʠʪʦʨʠʥʛ ʫʥʠʢʘʣʴʥʳʭ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʥʦʩʠʪ ʦʙʷʟʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʠʩʪʝʤʳ ʜʣʷ ʪʘʢʦʛʦ ʤʦʥʠ-

ʪʦʨʠʥʛʘ ʜʦʣʞʥʳ ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ 

ʚʦ ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʢʦʥʩʪʨʫʢ-

ʮʠʡ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ. ɼʣʷ ʵʪʦʛʦ ʚʠʜʘ ʤʦʥʠʪʦʨʠʥʛʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤ-

ʧʣʝʢʩʥʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʩʠʩʪʝʤʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦ ʜʣʷ ʢʘʞʜʦʛʦ ʟʜʘʥʠʷ. ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʧʨʦʚʦʜʠʤʦʝ ʦʙʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠ ʟʜʘʥʠʡ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʜʝʡʩʪʚʫʶʱʠʤʠ ʚ ʦʙʣʘʩʪʠ 

ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʦʦʨʫʞʝʥʠʡ ʠ ʟʜʘʥʠʡ ʥʦʨʤʘʪʠʚʥʦ-

ʪʝʭʥʠʯʝʩʢʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ. ʄʦʥʠʪʦʨʠʥʛ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ, ʝʛʦ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʩ-

ʥʦʚʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʙʦʪ ʥʘ ʵʪʠʭ ʦʙʲʝʢʪʘʭ. ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ ʢʦʥʪʨʦʣʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʦʙʲʝʢʪʦʚ ʠ ʛʨʫʥ-

ʪʝ, ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʪʝʥʜʝʥʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʦʩʥʦʚʘ-

ʥʠʡ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʦʚʣʝʯʴ ʧʝʨʝʭʦʜ ʦʙʲʝʢʪʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ 

ʠʣʠ ʘʚʘʨʠʡʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʟʨʘ-

ʙʦʪʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʚʦʟʥʠʢʰʠʭ ʥʝʛʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʉʦʩʪʘʚ 

ʨʘʙʦʪ ʧʦ ʤʦʥʠʪʦʨʠʥʛʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳ-
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ʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʠ ʘʥʘʣʠʟʘ ʩʦʩʪʦʷʥʠʷ ʥʝʩʫʱʠʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ ʠ ʝʛʦ 

ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʤ ʫʥʠʢʘʣʴʥʦʤ ʟʜʘʥʠʠ ʠʣʠ ʩʦ-

ʦʨʫʞʝʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʫʧ ʢ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝʩʫʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʦʛʨʘʥʠʯʝʥ, ʘ ʨʘʙʦʪʳ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʤʫ ʦʙʩʣʝʜʦʚʘʥʠʶ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʪʨʫʜʦʝʤʢʠ ʠ ʜʦʨʦʛʠ. ɼʣʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠʤʝʥʷʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʨʘʥʥʝʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʤʝʩʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʧʦ-

ʩʣʝʜʫʶʱʠʤ ʦʙʩʣʝʜʦʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʦʧʘʩʥʳʭ 

ʫʯʘʩʪʢʦʚ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʥʠʢʘʣʴʥʦʛʦ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʩʪʘʮʠʦʥʘʨʥʫʶ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʦʝʢʪʦʤ), ʢʦʪʦ-

ʨʘʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʤ ʨʝʞʠʤʝ ʚʳʷʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʠʭ 

ʦʧʘʩʥʳʭ ʫʯʘʩʪʢʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʢʨʝʥʘ ʟʜʘʥʠʷ ʠʣʠ ʩʦʦʨʫʞʝʥʠʷ, ʘ ʚ ʩʣʫ-

ʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ï ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʜʝʬʦʨʤʘʮʠʠ, ʜʘʚʣʝʥʠʝ ʠ ʜʨ.). 

ʅʘʩʪʨʦʡʢʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʦʮʝʥʢʝ ʚʦʟʥʠʢ-

ʥʦʚʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʜʝʬʝʢʪʦʚ ʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʪʘʮʠʦʥʘʨʥʘʷ ʩʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʣʞʥʘ: 

- ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ; 

- ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʠʟ ʨʘʟʣʠʯʥʳʭ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ (ʜʠʥʘʤʠʯʝʩʢʠʭ, ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ, ʛʝʦʜʝʟʠʯʝʩʢʠʭ ʠ ʜʨ.) ʠ ʩʨʘʚʥʝ-

ʥʠʝ ʩ ʠʭ ʧʨʝʜʝʣʴʥʳʤʠ ʜʦʧʫʩʪʠʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ; 

- ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘ-

ʜʠʠ ʪʝʥʜʝʥʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʠ ʚʳʷʚʣʝʥʠʠ ʤʝʩʪ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷ-

ʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʚʦʜʷʪ ʦʙʩʣʝʜʦʚʘʥʠʝ ʵʪʠʭ ʯʘʩʪʝʡ, ʠ ʧʦ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʝ-

ʣʘʶʪ ʚʳʚʦʜʳ ʦ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʯʠʥʘʭ ʠʟʤʝʥʝʥʠʷ ʠʭ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠʣʠ ʫʩʠʣʝʥʠʶ ʢʦʥʩʪʨʫʢʮʠʡ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʚʳʜʘʶʪ ʟʘʢʣʶʯʝʥʠʝ, ʬʦʨʤʘ ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʟʨʘʙʦ-

ʪʘʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʠʩʪʝ-

ʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʩʥʦʚʘʥʠʡ ʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢ-

ʮʠʡ. ʄʦʥʠʪʦʨʠʥʛ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʧʨʦʚʦʜʷʪ ʩ ʮʝʣʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʝʝ ʙʝʟʦʧʘʩʥʦʛʦ ʬʫʥʢʮʠʦ-

ʥʠʨʦʚʘʥʠʷ. ɽʛʦ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʦʡ ʨʘʙʦʪ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʙʝʟʦʧʘʩ-
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ʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. ʇʨʠ ʤʦʥʠʪʦʨʠʥʛʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʥʝʛʘʪʠʚʥʳʭ 

ʬʘʢʪʦʨʦʚ, ʫʛʨʦʞʘʶʱʠʭ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʨʘʥʥʝʡ ʜʠʘʛʥʦʩʪʠʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ 

ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʟʜʘʥʠʷ (ʩʦ-

ʦʨʫʞʝʥʠʷ) ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩ-

ʧʝʯʝʥʠʷ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʨʘʥʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʦʝʢʪʦʤ) [4-5].  

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʟʜʘ-

ʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʛʦʨʦʜʘ ʠʤʝʝʪ ʘʧʧʘʨʘʪʫʨʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʞʝʣʘʪʝʣʴʥʦ ʫʞʝ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 

ʧʨʦʝʢʪʥʦ-ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʤʦʥʪʘʞ ʚ ʚʦʟʚʦʜʠʤʦʤ ʫʥʠ-

ʢʘʣʴʥʦʤ ʩʪʨʦʠʪʝʣʴʥʦʤ ʦʙʲʝʢʪʝ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʦʩʪʦʷ-

ʥʠʝ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʮʝʣʦʤ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʪʦʙʨʘʞʝ-

ʥʠʝ ʠ ʩʙʦʨ ʜʘʥʥʳʭ ʦ ʚʣʘʞʥʦʩʪʠ, ʜʝʬʦʨʤʘʮʠʷʭ, ʪʝʤʧʝʨʘʪʫʨʝ, ʥʘʧʨʷʞʝʥʠʷʭ ʠ ʪ.ʧ.  

ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʙʦʨ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʢʘʟʘʪʝʣʷʭ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʦʩʪʦʷʥʠʝ ʩʦʦʨʫʞʝʥʠʷ, ʥʘʧʨʠ-

ʤʝʨ, ʜʝʬʦʨʤʘʮʠʠ, ʥʘʧʨʷʞʝʥʠʷ, ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʪ.ʜ., ʧʝʨʝʜʘʯʫ ʝʝ ʚ 

ʮʝʥʪʨ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʦʪʦʙʨʘʞʝʥʠʝ ʚ ʚʠ-

ʜʝ ʧʨʠʝʤʣʝʤʦʤ ʜʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʧʝʨʩʦʥʘʣʦʤ, ʥʝʩʫʱʠʤ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ 

ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʘ.  
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ϧϰʨʳʣʳʩʪʘϤʳ ʮʠʬʨʣʳϨ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳϬ Ϩʘʟʽʨʛʽ ʞʘʡ-ʢϮʡʽ ʤʝʥ ʜʘʤʫ ʧʝʨʩʧʝʢʪʠʚʘʣʘ-

ʨʳʥʘ Ϩʦʡʳʣʘʪʳʥ ʪʘʣʘʧʪʘʨ, ʪʘʣʜʘʫʣʘʨ ʢʝʣʪʽʨʽʣʝʜʽ. 

 

The requirements for the analysis of the current state and prospects for the development of 

digital technologies in construction are given. 
 

ɺʥʝʜʨʝʥʠʝ BIM-ʪʝʭʥʦʣʦʛʠʡ ʚ ʂʘʟʘʭʩʪʘʥʝ. ʆʩʦʙʝʥʥʦʩʪʠ BIM-ʪʝʭʥʦ-

ʣʦʛʠʡ 

BIM ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ 

ʟʜʘʥʠʷ. ʕʪʦ ʮʠʬʨʦʚʦʡ ʜʠʟʘʡʥ ʤʦʜʝʣʝʡ ʟʜʘʥʠʡ. ɿʘʧʦʣʥʝʥʥʘʷ ʙʘʟʘ ʜʘʥʥʳʭ ʤʦʜʝ-

ʣʝʡ ʩʦʜʝʨʞʠʪ ʪʦʯʥʫʶ ʛʝʦʤʝʪʨʠʶ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʟʘʢʫʧʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ. ʆʩʥʦʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ BIM-

ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʙʲʝʢʪ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ ʠ 

ʚʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʚ ʣʶʙʦʡ ʧʘʨʘʤʝʪʨ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝ-

ʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ (ʯʝʨʪʝʞʘ, ʩʧʝʮʠʬʠʢʘʮʠʠ, ʢʘʣʝʥʜʘʨʥʦʛʦ ʛʨʘ-

ʬʠʢʘ ʠ ʪ.ʜ.). ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʥʘ 30-40%, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʱʫʱʘʝʪʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʣʝʜʫʶʱʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ï ʵʪʦ ʢʦʣʣʝʢʪʠʚʥʘʷ ʨʘʙʦʪʘ ʠʥʞʝʥʝʨʦʚ ʠ ʢʦʥʩʪʨʫʢʪʦʨʦʚ. ʈʘʙʦʪʘ ʚʝ-

ʜʝʪʩʷ ʯʝʨʝʟ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʡ ʩʝʨʚʝʨ. ɽʩʣʠ ʦʜʠʥ ʠʥʞʝʥʝʨ ʚʥʝʩʝʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʦʝʢʪ, ʜʨʫʛʠʝ ʪʦʞʝ ʫʚʠʜʷʪ ʵʪʦ. ʕʪʦ ʧʦʤʦʛʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʤʦʜʝʣʴ ʟʜʘʥʠʷ ʙʦ-

ʣʝʝ ʩʦʛʣʘʩʦʚʘʥʥʦ ʠ ʩʥʠʞʘʝʪ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʩʦʦʪʚʝʪʩʪʚʠʡ ʠ ʢʦʥʬʣʠʢʪʦʚ 

ʚ ʧʨʦʝʢʪʝ. BIM ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʦʰʠʙʢʠ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʩʥʠʟʠʪʴ 

ʨʠʩʢʠ ʠ ʨʘʩʩʯʠʪʘʪʴ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʪʨʦʡʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʦʙʲʝʢʪʘ (ʥʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ɺɺ ʢʘʙʝʣʷ ʥʘ ʢʚʘʨʪʠʨʫ). 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʣʷ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ BIM: ʥʘ 20% 

ʩʦʢʨʘʱʘʶʪʩʷ ʩʨʦʢʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʥʘ 30% ʩʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʦ ʠ ʥʘ 5-10% ʩʥʠʞʘʶʪʩʷ ʬʠʥʘʥʩʦʚʳʝ ʟʘʪʨʘʪʳ. ɺʘʞʥʦ, ʯʪʦʙʳ ʤʦʜʝʣʴ ʧʨʦʰʣʘ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʚʳʷʚʣʷʶʪʩʷ 

ʦʰʠʙʢʠ ʠ ʢʦʣʣʠʟʠʠ. 

 

ʋʨʦʚʝʥʴ ʢʚʘʣʠʬʠʢʘʮʠʠ ʠ ʨʘʟʚʠʪʠʷ BIM ʚ ʂʘʟʘʭʩʪʘʥʝ 

ʈʘʟʚʠʪʠʝ ʵʪʦʛʦ ʚʠʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʞʝ ʥʘʯʘʣʦʩʴ ʚ ʂʘʟʘʭʩʪʘʥʝ. ɺ 2016 

ʛʦʜʫ ʚ ɸʩʪʘʥʝ ʩʦʩʪʦʷʣʦʩʴ ʩʦʚʝʱʘʥʠʝ, ʧʦʩʚʷʱʝʥʥʦʝ ʨʘʟʚʠʪʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ 

BIM-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ʇʦ ʩʣʦʚʘʤ ʨʫʢʦʚʦʜʠʪʝʣʷ ʜʝʧʘʨʪʘʤʝʥʪʘ ʘʨ-

ʭʠʪʝʢʪʫʨʳ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ɸʩʪʘʥʳ ɺʠʪʘʣʠʷ ʉʠʣʝʮʢʦʛʦ, ʧʝʨʝʭʦʜ ʥʘ BIM 

ʥʝʠʟʙʝʞʝʥ, ʝʩʣʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʝʢʪʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ ʥʝ ʧʝʨʝʡʜʫʪ ʥʘ ʵʪʠ ʪʝʭ-

ʥʦʣʦʛʠʠ, ʠʭ ʟʘʤʝʥʷʪ ʟʘʨʫʙʝʞʥʳʝ ʦʨʛʘʥʠʟʘʮʠʠ. ʕʢʩʧʝʨʪʳ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʠ 

Autodesk Revit ʚ ʦʙʣʘʩʪʠ BIM-ʜʠʟʘʡʥʘ ʛʦʚʦʨʷʪ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʯʝʥʴ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʠʟʘʮʠʡ ʩʜʝʣʘʣʠ ʩʪʘʚʢʫ ʥʘ BIM, ʦʥʠ ʦʩʪʘʥʫʪʩʷ ʥʘ 

ʨʳʥʢʝ ʠ ʟʘʡʤʫʪ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ, ʦʩʪʘʣʴʥʳʝ ʧʨʦʩʪʦ ʙʫʜʫʪ ʫʩʪʨʘʥʝʥʳ ʝʩʪʝ-

ʩʪʚʝʥʥʳʤ ʦʪʙʦʨʦʤ. 

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʥʝʜʨʝʥʠʷ BIM ʷʚʣʷʝʪʩʷ ʥʝʭʚʘʪʢʘ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥ-

ʥʳʭ ʢʘʜʨʦʚ, ʦʙʫʯʝʥʠʝ ʥʝ ʦʯʝʥʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʪʦʜʠʢ 

ʠ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʦʙʫʯʝʥʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ 

ʘʚʪʦʨʠʟʦʚʘʥʥʳʭ ʮʝʥʪʨʘʭ Autodesk, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʅʫʨ-ʉʫʣʪʘʥʝ ʠ ɸʣʤʘʪʳ. 
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ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ BIM ʚ ʂʘʟʘʭʩʪʘʥʝ ʤʳ ʫʞʝ ʥʘʯʘʣʠ ʩʪʨʦʠʪʴ 

ʟʜʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ BIM. ʆʜʥʘʢʦ ʵʪʠ ʧʨʦʝʢʪʳ ʥʝ ʙʳʣʠ ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦ-

ʝʥʳ ʥʘ ʦʩʥʦʚʝ BIM-ʪʝʭʥʦʣʦʛʠʠ, ʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʥʘ ʥʝʢʦʪʦʨʳʭ ʵʪʘʧʘʭ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʪʝʭʥʦʣʦʛʠʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʚʦʟʤʦʞʥʦʩʪʠ BIM ʛʦʨʘʟʜʦ ʰʠʨʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʝʢʪʠ-

ʨʦʚʘʪʴ ʟʜʘʥʠʝ çʩ ʥʫʣʷè, ʠʩʧʦʣʴʟʫʷ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʂʘ-

ʟʘʭʩʪʘʥʝ ʪʘʢʦʡ ʧʨʦʝʢʪ ʧʦʢʘ ʥʝ ʨʝʘʣʠʟʦʚʘʥ. ʅʦ ʥʘʯʘʣʦ ʫʞʝ ʧʦʣʦʞʝʥʦ, ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʠʜʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʟʜʘʥʠʡ ʩ ʧʦʣʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ BIM-ʪʝʭʥʦʣʦʛʠʡ. 

ʇʦ ʩʣʦʚʘʤ ʨʦʩʩʠʡʩʢʦʛʦ ʵʢʩʧʝʨʪʘ ʚ ʦʙʣʘʩʪʠ BIM, ʈʦʩʩʠʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 5 ʣʝʪ, 

ʯʪʦʙʳ ʦʩʚʦʠʪʴ ʵʪʫ ʪʝʭʥʦʣʦʛʠʶ, ʠ ʦʥ ʪʘʢʞʝ ʦʪʤʝʪʠʣ, ʯʪʦ ʂʘʟʘʭʩʪʘʥʫ ʧʦʪʨʝʙʫʝʪ-

ʩʷ ʥʝ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʦʩʚʦʠʪʴ ʠ ʚʥʝʜʨʠʪʴ ʝʝ. ɺʝʜʴ ʵʪʦ ʥʦʚʳʡ ʰʘʛ ʚ ʦʙ-

ʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʙʳʩʪʨʦ ʠ ʧʨʘʚʠʣʴʥʦ ʫʩʚʦʝʥ. ʕʪʦ ʩʢʘʟʳ-

ʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʨʘʟʚʠʪʠʠ ʩʪʨʘʥʳ, ʥʦ ʠ ʥʘ ʠʤʠʜʞʝ ʩʪʨʦʠ-

ʪʝʣʴʥʳʭ ʠ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ.  

ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʩʪʘʪʴʠ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʦʤʝʥʪʳ: 

1. ʈʘʟʚʠʪʠʝ ʫʯʝʙʥʳʭ ʮʝʥʪʨʦʚ ʚ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 

2. ʂʚʘʣʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʥʘʯʠʥʘʶʱʠʭ BIM-ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʚ 

ʟʘʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʈʝʩʧʫʙʣʠʢʝ ʂʘʟʘʭʩʪʘʥ ʚ ʦʙʣʘʩʪʠ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʘ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʨʷʜʫʪ ʙʦʣʴʰʠʝ ʧʝʨʝʤʝʥʳ [1]. 

 

 
 

ʈʠʩ. 1 ï ʆʩʦʙʝʥʥʦʩʪʠ BIM-ʪʝʭʥʦʣʦʛʠʡ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʥʘʛʨʫʟʦʢ ʠ ʚʦʟʜʝʡʩʪʚʠʡ 

ʆʙʱʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʧʨʦʙʣʝʤʘ ʜʣʷ ʚʩʝʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ï 

ʥʘʛʨʫʟʢʠ ʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʘʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢ-

ʣʘ [1; 6; 7]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʛʨʫʟʢʠ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘ-

ʶʪʩʷ ʥʦʨʤʘʤʠ ʧʦ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʨʝʚʳʰʝʥʠʷ ʩʨʝʜʥʠʭ 
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ʟʥʘʯʝʥʠʡ ï ʧʦʩʪʦʷʥʥʳʝ ʥʘʛʨʫʟʢʠ ʧʨʠʥʠʤʘʶʪʩʷ ʧʦ ʧʨʦʝʢʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʤ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦ ʚʨʝʤʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ ʦʪ ʣʶʜʝʡ ï ʧʦ ʧʦʣʥʦʪʝ ʧʦ-

ʤʝʱʝʥʠʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʪ. ʜ. 

ɼʣʷ ʫʥʠʢʘʣʴʥʳʭ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʘʢʪʫʘʣʴʥʦʡ ʠ ʥʝ ʧʦʣʥʦʩʪʴʶ ʨʝ-

ʰʝʥʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʥʘʛʨʫʟʦʢ ʥʘ ʟʜʘ-

ʥʠʷ, ʩʪʨʦʝʥʠʷ ʠ ʢʦʤʧʣʝʢʩʳ. ɸʥʘʣʠʟ ʧʦʚʝʜʝʥʠʷ ʚʩʝʛʦ ʟʜʘʥʠʷ ʠ ʝʛʦ ʦʪʜʝʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʚʝʪʨʦʚʦʤ ʧʦʪʦʢʝ ʥʘʨʷʜʫ ʩʦ ʩʪʘʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠ-

ʷʤʠ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʥʦʦʙʨʘʟʠʝ ʷʚʣʝʥʠʡ ʘʵʨʦʛʠʜʨʦʫʧʨʫʯʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʟʜʘʥʠʷ ʠ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʝʛʦ ʧʦʪʦʢʘ, ʫʧʨʫʛʠʭ ʠ ʜʝʤʧʬʝʨʥʳʭ ʩʚʦʡʩʪʚ ʢʦʥʩʪʨʫʢʮʠʡ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝ-

ʣʴʝʬʘ ʠ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʚ ʧʣʦʪʥʳʭ ʠ ʠʟʤʝʥʷʶʱʠʭʩʷ ʫʩʣʦʚʠʷʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʕʪʠ ʷʚʣʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʜʝʞʥʦʩʪʴ ʠ ʧʨʦʯ-

ʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʪʘʢʞʝ ʥʘ ʢʦʤʬʦʨʪ ʣʶʜʝʡ. ʉʨʝʜʠ ʥʠʭ ʠʟʚʝʩʪʥʳ ʢʦʣʝʙʘʥʠʷ 

ʚʠʭʨʝʚʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚʝʪʨʦʚʦʡ ʨʝʟʦʥʘʥʩ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʥʝ-

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʜʠʚʝʨʛʝʥʮʠʷ, ʬʣʘʪʪʝʨ ʠ ʘʚʪʦʢʦʣʝʙʘʥʠʷ. ʉ ʫʯʝʪʦʤ ʠʭ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʝʪʨʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʛʨʘʞʜʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʚ ʨʘʩʯʝʪʘʭ ʚʝʪʝʨ 

ʠ ʩʝʡʩʤʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʫʶ ʠʩʪʦʨʠʶ ʢʦʥʪʨʦʣʷ 

(100-150 ʣʝʪ), ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʜʣʠʪʝʣʴʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ. 

 

 
 

 
 

ʈʠʩ. 2 ï ʄʘʢʝʪ ʢʦʤʧʣʝʢʩʘ ʕʂʉʇʆ-2017 ʛ. ɸʩʪʘʥʘ 
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ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʟʘʱʠʪ-

ʥʳʝ ʵʣʝʤʝʥʪʳ ʚʳʩʦʢʠʭ ʟʜʘʥʠʡ. ʉʦʢʨʘʱʝʥʠʝ ʩʚʦʙʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʚ ʂʠʝʚʝ ʠ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ ʛʦʨʦʜʘʭ ʧʨʠʚʝʣʦ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʟʜʘʥʠʡ. ɺ ʋʢʨʘʠʥʝ ʦʪʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʢʘ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʷ ʠ ʜʦʣʛʦʚʨʝʤʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʘʢʠʭ ʟʜʘʥʠʡ. ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʪʝʯʝʥʠʷ ʚʳʩʰʝʛʦ ʟʜʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʚʝʪʨʦʚʦʡ 

ʩʤʝʩʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʪʝʧʣʘ ʠ ʚʝʪʨʦʚʳʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʨʦʩʪ 

ʚʝʪʨʦʚʳʭ ʚʠʜʦʚ ʧʦ ʚʳʩʦʪʝ. ɺʳʩʦʪʘ ʟʜʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʮʝʩʩ ʝʝ ʚʝʪʨʦʚʦʛʦ ʪʝ-

ʯʝʥʠʷ. ɽʩʣʠ ʟʜʘʥʠʝ ʧʦʧʘʜʘʝʪ ʚ ʟʦʥʫ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʰʝ ʟʜʘʥʠʷ, ʪʦ ʫ ʢʨʦʚ-

ʣʠ ʤʦʞʝʪ ʧʦʷʚʠʪʴʩʷ ʈʝʛʠʩʪʨʘʮʠʷ, ʯʪʦ ʠʤʝʝʪ ʧʨʘʚʦ ʥʘ ʦʙʨʘʪʥʫʶ ʥʘʪʫʨʫ. ɺʦʟʜʫʭ 

ʧʝʨʝʢʣʶʯʘʝʪʩʷ ʚ ʚʝʪʨʦʚʫʶ ʟʦʥʫ ʥʘʜ ʢʨʳʰʝʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʟʜʘʥʠʷ, ʥʘ ʚʝʪʨʝ 

ʚʳʜʝʣʷʝʪʩʷ ʚʦʟʜʫʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʬʘʩʘʜʘ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʚʝʪʨʦʚʫʶ ʟʦʥʫ ʚʥʠʟ ʠ 

ʧʦ ʙʦʢʦʚʳʤ ʬʘʩʘʜʘʤ; ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɿʝʤʣʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʥʝʜʚʠʞʠʤʦʩʪʠ 

ʚ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʟʦʥʫ. ɺʣʠʷʥʠʝ ʜʘʚʣʝʥʠʷ ʚʝʨʭʥʠʭ ʚʦʟʜʫʰʥʳʭ ʩʣʦʝʚ ʚ ʩʫ-

ʜʦʚʳʭ ʵʪʘʞʘʭ ʧʨʠ ʚʝʪʨʦʚʦʡ ʩʪʨʫʝ ʟʜʘʥʠʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʭʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ.  

 

 
 

ʈʠʩ. 3 ï ɺʝʪʨʦʚʳʝ ʥʘʛʨʫʟʢʠ ʥʘ ʬʘʩʘʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʛ. ɸʣʤʘʪʳ 

 

ɸʵʨʦʜʠʥʘʤʠʢʘ ʚʳʩʦʪʥʦʛʦ ʟʜʘʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʫʶ ʧʨʦʯʥʦʩʪʴ, ʚʦ-ʚʪʦʨʳʭ, ʥʘ ʨʘʟʥʠʮʫ ʜʘʚʣʝʥʠʷ ʥʘ ʥʘʨʫʞʥʳʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʧʦ-

ʚʝʨʭʥʦʩʪʷʭ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʜʘʥʠʷ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʧʨʝʜʝʣʷʝʪ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʨʘʟʤʝʨʳ ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ʥʘʨʫʞʥʳʝ ʦʛʨʘʞʜʘʶʱʠʝ 


