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ʋɼʂ 001.891-057.874:373.5.046.16 
ɹɹʂ 74.202.78ʷ431 
C232 
ʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXVI 
ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 
ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ çʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè; ʊʦʤʩʢʠʡ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2025 
ɺ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪ ʰʢʦʣʴʥʠʢʦʚ. 
ʉʙʦʨʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 
ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʆʨʛʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ 
ʠ ʟʘʩʣʫʰʘʥʥʳʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʀɿʋʏɽʅʀɽ ʆɹʈɸɿʆɺɸʅʀʗ ɺʀʍʈɽʁ ɺ ɾʀɼʂʆʉʊʀ  

ɹʦʣʙʘʩ ʉʪʝʧʘʥ ɺʣʘʜʠʤʠʨʦʚʠʯ 
ɻɹʆʋ ʅʉʆ çʆʙʣʘʩʪʥʦʡ ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷè, 8 ʢʣʘʩʩ, 

ʧ.ʊʫʣʠʥʩʢʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʣʷʝʚʘ ʅʘʜʝʞʜʘ ʄʠʭʘʡʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ  

 
ʏʪʦ ʦʙʱʝʛʦ ʤʦʞʝʪ ʙʳʪʴ ʫ ʫʨʘʛʘʥʘ ʠ, ʥʘʧʨʠʤʝʨ, ʜʳʤʘ ʦʪ ʩʚʝʯʠ? ʋʨʘʛʘʥʳ ʠ 

ʮʠʢʣʦʥʳ, ʢʨʫʞʘʱʠʝʩʷ ʢʣʫʙʳ ʩʥʝʛʘ ʣʠʙʦ ʧʝʩʢʘ, ʚʦʜʷʥʦʡ ʩʤʝʨʯ ʚ ʚʘʥʥʦʡ, ʢʦʛʜʘ 
ʩʧʫʩʢʘʝʤ ʚʦʜʫ ð ʚʩʝ ʵʪʦ ʛʠʛʘʥʪʩʢʠʝ ʚʠʭʨʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʦʦʙʱʝ, ʚʠʭʨʝʚʳʝ 
ʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʦʚʩʶʜʫ. ɸ ʥʘʫʯʠʚʰʠʩʴ ʠʤʠ ʫʧʨʘʚʣʷʪʴ, ʤʦʞʥʦ 
çʟʘʙʠʨʘʪʴè ʵʥʝʨʛʠʶ ʫʨʘʛʘʥʦʚ, ʪʦʨʥʘʜʦ, ʤʦʞʥʦ ʣʝʪʘʪʴ ʩ ʠʭ ʧʦʤʦʱʴʶ, ʢʘʢ ʵʪʦ ʜʝʣʘʶʪ 
ʥʝʢʦʪʦʨʳʝ ʞʫʢʠ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʚʟʷʣʠ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʚʠʭʨʝʚʳʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ð ʚʠʭʨʝʚʳʝ ʢʦʣʴʮʘ ʚ ʞʠʜʢʦʩʪʠ. 

ʉʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ, ʵʪʦ ʚʦʜʘ. ɹʝʟ ʥʝʝ 
ʥʝʚʦʟʤʦʞʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʠ ʦʜʥʦʛʦ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʟʥʘʪʴ ʢʘʢʠʝ 
ʧʨʦʮʝʩʩʳ ʚ ʥʝʡ ʚ ʥʝʡ ʧʨʦʠʩʭʦʜʷʪ.  

ʆʜʥʦ ʠʟ ʩʘʤʳʭ ʫʚʣʝʢʘʪʝʣʴʥʳʭ ʠ ʢʨʘʩʠʚʳʭ ʷʚʣʝʥʠʡ - ʦʙʨʘʟʦʚʘʥʠʝ ʚʠʭʨʝʡ. ʂʦʛʜʘ 
ʩʪʘʣʢʠʚʘʝʰʴʩʷ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ, ʦʥʦ ʢʘʞʝʪʩʷ ʢʨʘʩʠʚʳʤ, ʟʘʚʦʨʘʞʠʚʘʶʱʠʤ. 
ʀʥʪʝʨʝʩʥʦ ʫʟʥʘʪʴ, ʢʘʢ ʦʙʨʘʟʫʶʪʩʷ ʚʠʭʨʠ ʚ ʞʠʜʢʦʡ ʠ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ. ɺʠʭʨʝʚʳʝ 
ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʥʘʯʘʣʴʥʦ ʩʣʦʞʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʩʦʙʝʥʥʦ ʪʘʢʠʝ, ʢʘʢ ʩʤʝʨʯ ʠʣʠ ʪʦʨʥʘʜʦ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʟʜʘʥʠʷʭ ʧʦʷʚʠʣʠʩʴ 
ʩʪʘʪʴʠ ʦ ʚʠʭʨʝʚʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʢʘʯʝʩʪʚʝ ʦʧʦʨʳ ʜʣʷ 
ʧʦʣʝʪʘ. ʄʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʦʧʠʩʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʦʧʦʨʦʡ ʥʘ ʚʠʭʨʷʭ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ: ʠʟʫʯʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚʠʭʨʝʚʳʭ ʢʦʣʝʮ ʚ 
ʞʠʜʢʦʩʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 
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ʉʆɿɼɸʅʀɽ ʂʆʅʎɽʇʊɸ ʂɸʇʖʐʆʅɸ ʉ ʇʆɼʆɻʈɽɺʆʄ 
ɻʫʩʘʨʦʚ ɸʨʪʝʤʠʡ 

ɹʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʭʘʥʪʳ-ʤʘʥʩʠʡʩʢʦʛʦ  
ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘ - ʖʛʨʳ "ʃʠʮʝʡ ʀʤ. ɻ.ʌ. ɸʪʷʢʰʝʚʘ", 9 ʢʣʘʩʩ 

ʛ. ʖʛʦʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʥʮʦʚʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ɹʆʋ "ʃʠʮʝʡ ʠʤ. ɻ.ʌ. ɸʪʷʢʰʝʚʘ" 
 
ɸʨʢʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʥʠʢʘʣʴʥʦʝ ʭʨʘʥʠʣʠʱʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ.  ʕʪʠʭ ʨʝʩʫʨʩʦʚ ʥʘʩʪʦʣʴʢʦ ʤʥʦʛʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʩʚʘʠʚʘʪʴ 
ɸʨʢʪʠʢʫ. 
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ʂʣʠʤʘʪ ʚ ɸʨʢʪʠʢʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʩʠʣʴʥʳʤʠ 
ʚʝʪʨʘʤʠ. ɿʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ ʦʧʫʩʢʘʪʴʩʷ ʥʠʞʝ -30ÁC, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʣʝʪʦʤ 
ʨʝʜʢʦ ʧʨʝʚʳʰʘʶʪ 10ÁC.  

ɼʣʷ ʨʘʙʦʪʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʦ ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʠʭ ʢʘʢ ɸʨʢʪʠʢʘ, ʚʳʙʦʨ 
ʦʜʝʞʜʳ ʠʤʝʝʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ.  ʆʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʙʝʟʦʧʘʩʥʦʡ ʠ ʢʦʤʬʦʨʪʥʦʡ 
ʜʣʷ ʧʦʣʷʨʥʠʢʦʚ. ʇʦ ʧʨʘʚʠʣʫ 80-80 ʧʦʣʷʨʥʠʢʠ ʛʦʚʦʨʷʪ, ʯʪʦ 80% ʪʝʧʣʘ ʫʭʦʜʠʪ ʯʝʨʝʟ 
ʛʦʣʦʚʫ. 

ɻʦʣʦʚʫ ʤʦʞʥʦ ʟʘʢʨʳʪʴ ʰʘʨʬʦʤ ʰʘʧʢʦʡ ʠ ʢʘʧʶʰʦʥʦʤ, ʥʦ ʛʣʘʟʘʤ ʠ ʵʪʦʡ ʯʘʩʪʠ 
ʣʙʘ ʭʦʣʦʜʥʦ, ʘ ʪʘʢ ʯʘʩʪʴ ʭʦʣʦʜʘ ʤʦʞʝʪ ʧʨʦʥʠʢʥʫʪʴ ʢ ʪʝʣʫ. 

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ: ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʘʨʢʪʠʯʝʩʢʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʣʠʮʦ 
ʯʝʣʦʚʝʢʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʧʝʨʝʦʭʣʘʞʜʝʥʠʶ,  ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 
ʯʘʩʪʝʡ ʪʝʣʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʯʘʱʝ ʚʩʝʛʦ ʦʩʪʘʸʪʩʷ ʦʪʢʨʳʪʳʤ ʠ ʙʝʟ ʟʘʱʠʪʳ ʦʪ ʥʠʟʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʠʣʴʥʦʛʦ ʚʝʪʨʘ. 

ʕʪʫ ʧʨʦʙʣʝʤʫ ʷ ʧʦʧʨʦʙʫʶ ʨʝʰʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʟʜʘʥʠʷ ʢʘʧʶʰʦʥʘ ʩ 
ʧʦʜʦʛʨʝʚʦʤ. ʄʝʭʘʥʠʟʤ ʨʘʙʦʪʳ ʷ ʧʨʝʜʩʪʘʚʣʷʶ ʧʦ ʧʨʠʥʮʠʧʫ ʦʙʦʛʨʝʚʘʪʝʣʴʥʳʭ 
ʙʘʪʘʨʝʡ. ʊʸʧʣʳʡ ʚʦʟʜʫʭ ʩʦʟʜʘʸʪ ʥʝʢʦʝ ʧʦʜʦʙʠʝ ʙʘʨʴʝʨʘ ʦʪ ʩʢʚʦʟʥʷʢʘ ʦʢʥʘ. ɺ ʜʘʥʥʦʤ 
ʞʝ ʩʣʫʯʘʝ ʵʪʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʛʦʣʦʚʳ. 

ʎʝʣʴ: ʩʦʟʜʘʪʴ ʩʭʝʤʫ, ʚʳʯʠʩʣʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣʳ 
ʢʘʧʶʰʦʥʘ ʩ ʧʦʜʦʛʨʝʚʦʤ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 1. ʀʟʫʯʠʪʴ ʢʣʠʤʘʪ ɸʨʢʪʠʢʠ ʠ ʜʨʫʛʠʭ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ; 2. 
ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ; 3. ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʘʪʝʨʠʘʣʘʭ ʜʣʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʘʧʶʰʦʥʘ; 4. ʉʦʟʜʘʥʠʝ ʢʦʥʮʝʧʪ ʘʨʪʘ ʩʲʸʤʥʦʛʦ ʢʘʧʶʰʦʥʘ ʩ ʧʦʜʦʛʨʝʚʦʤ 
ʣʠʮʘ. 

  ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʜʫʢʪʘ: ʫʯʸʥʳʝ ʠʟʫʯʘʶʱʠʝ ɸʨʢʪʠʢʫ, ʣʶʜʝʡ, 
ʟʘʥʠʤʘʶʱʠʭʩʷ ʜʦʙʳʯʝʡ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʜʨʦʩʪʢʠ, ʚʟʨʦʩʣʳʝ, ʣʶʜʠ, ʞʠʚʫʱʠʝ 
ʚ ʭʦʣʦʜʥʳʭ ʧʨʠʨʦʜʥʳʭ ʟʦʥʘʭ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠ, ʷ ʧʦʥʷʣ, ʯʪʦ ʫʞʝ ʩʫʱʝʩʪʚʫʝʪ 
ʦʜʝʞʜʘ ʩ ʧʦʜʦʛʨʝʚʦʤ. ʆʜʥʠʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʰʘʨʬ ʠ ʰʘʧʢʘ ʩ ʦʙʦʛʨʝʚʦʤ, ʤʠʥʫʩʦʤ 
ʵʪʠʭ ʚʝʱʝʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʯʘʩʪʴ ʣʠʮʘ ʦʩʪʘʝʪʩʷ ʧʦʜʚʝʨʞʝʥʘ ʤʦʨʦʟʫ. ʀʟʫʯʠʚ 
ʘʥʘʣʦʛʠ, ʷ ʧʨʠʰʸʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʭʦʞʠʭ ʥʘ 
ʢʘʧʶʰʦʥ ʘʥʘʣʦʛʦʚ. ɼʘʣʝʝ ʷ ʧʨʠʩʪʫʧʠʣ ʢ ʩʦʟʜʘʥʠʶ ʘʨʪ ʢʦʥʮʝʧʪʘ ʩʲʝʤʥʦʛʦ ʢʘʧʶʰʦʥʘ 
ʩ ʧʦʜʦʛʨʝʚʦʤ. 

ɺ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʦʚ ʷ ʘʥʘʣʠʟʠʨʦʚʘʣ ʤʘʪʝʨʠʘʣʳ ʧʦʜʭʦʜʷʱʝ ʜʣʷ ʚʥʝʰʥʝʛʦ 
ʩʣʦʷ ʢʘʧʶʰʦʥʘ, ʘ ʠʤʝʥʥʦ: ʬʣʠʩ, ʰʢʫʨʘ ʦʣʝʥʷ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʥʳʝ ʪʢʘʥʠ 

ɼʝʣʘʷ ʚʳʚʦʜ ʠʟ ʚʩʝʭ ʧʨʠʚʝʜʸʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʷ ʚʳʙʨʘʣ ʪʢʘʥʴ ʬʣʠʩ, ʧʦʪʦʤʫ ʯʪʦ 
ʦʥ ʥʝʜʦʨʦʛʦʡ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʝʨʤʦʨʝʛʫʣʷʮʠʷ, ʵʣʘʩʪʠʯʥʦʩʪʴ, ʤʘʣʝʥʴʢʠʡ ʚʝʩ, ʦʪʚʦʜʠʪ 
ʚʣʘʛʫ. 

ɺʳʙʠʨʘʷ ʥʘʧʦʣʥʠʪʝʣʴ ʜʣʷ ʢʘʧʶʰʦʥʘ, ʷ ʚʳʙʠʨʘʣ ʤʝʞʜʫ ʰʝʨʩʪʴʶ, 
ʪʠʥʩʫʣʝʡʪʦʤ, ʭʦʣʣʦʬʘʡʙʝʨʦʤ. 

ʇʦʜʚʦʜʷ ʚʳʚʦʜʳ ʧʦ ʥʘʧʦʣʥʠʪʝʣʷʤ, ʷ ʚʳʙʨʘʣ ʊʠʥʩʫʣʝʡʪ ʠʟ-ʟʘ ʝʛʦ ʮʝʥʳ, 
ʢʦʤʧʘʢʪʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʟʥʦʩʫ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʦʱʫʪʠʤʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʜʨʫʛʠʭ 
ʥʘʧʦʣʥʠʪʝʣʝʡ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʢʦʥʮʝʧʪʘ ʩʲʝʤʥʦʛʦ ʢʘʧʶʰʦʥʘ ʤʥʝ ʥʝʦʙʭʦʜʠʤʳ ʩʣʝʜʫʶʱʠʝ 
ʢʦʤʧʣʝʢʪʫʶʱʠʝ: ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ, ʢʣʝʧʢʠ, ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʢʥʦʧʢʘ, 
ʧʦʚʝʨʙʘʥʢ, ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ. 

ɺʳʙʠʨʘʷ ʚʠʜ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ, ʷ ʚʳʙʨʘʣ ʤʝʭʘʥʠʯʝʩʢʠʡ. ʉ ʧʦʤʦʱʴʶ 
ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ ʤʦʞʥʦ ʙʫʜʝʪ ʥʘʩʪʨʘʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʧʦʜʘʚʘʝʤʫʶ ʦʪ ʛʨʝʣʦʢ. 

ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʷ ʚʳʙʨʘʣ ʦʪ ʰʘʨʬʘ ʩ ʧʦʜʦʛʨʝʚʦʤ, ʘ ʠʤʝʥʥʦ 
ʫʛʣʝʨʦʜʥʘʷ ʥʘʛʨʝʚʘʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ. 

ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʧʨʠʤʝʨʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʧʶʰʦʥʘ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ 
ʟʘʜʘʯʫ ʩ ʪʘʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʦʡ: çʋ ʥʘʩ ʝʩʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʩʥʘʨʫʞʠ ʠ ʚʥʫʪʨʠ 
ʢʘʧʶʰʦʥʘ(ʫʩʣʦʚʠʷ ɸʨʢʪʠʢʠ). ʅʘʜʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʥʘʛʨʝʚʘʪʝʣʝʡ ʠ ʩʢʦʣʴʢʦ 
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ʚʨʝʤʝʥʠ ʥʫʞʥʦ ʜʣʷ ʨʘʟʛʦʥʘ ʜʦ 32.5ʉè. ɼʘʥʥʘʷ ʟʘʜʘʯʘ ʥʝʦʙʳʯʥʘ ʪʝʤ, ʯʪʦ ʥʘʤ 
ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʪʝʧʣʦ ʧʦʪʝʨʠ ʠ ʥʘʛʨʝʚʘʥʠʝ ʠʟ ʚʥʝ.  

ʈʝʰʝʥʠʝ: ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʰ ʢʘʧʶʰʦʥ ʠʜʝʘʣʴʥʳʡ ʰʘʨ ʩ R = 11 (ɼʘʣʝʝ: k) 
ʦʙʦʛʥʫʪʳʡ ʚʦʢʨʫʛ ʵʣʣʠʧʩʘ (ʛʦʣʦʚʳ)(ɼʘʣʝʝ: h) ʚ ʚʠʜʝ ʩʬʝʨʳ ʙʦʣʴʰʘʷ ʧʦʣʫʦʩʴ, 
ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ Rʛʦʣ.ʙʦʣ= 10, ʘ ʤʘʣʳʝ ʧʦʣʫʦʩʠ ʨʘʚʥʳ Rʛʦʣ.ʤʘʣ ï 8.5 ʩʤ(V = 0.102ʣ). 
ʉʯʠʪʘʝʤ, ʯʪʦ ʰʘʨʬ ʧʦʢʨʳʚʘʝʪ ʦʙʣʘʩʪʴ ʛʦʣʦʚʳ ʜʦ ʨʪʘ, ʘ ʰʘʧʢʘ ʜʦ ʛʣʘʟ. ʊʘʢ ʞʝ 
ʩʯʠʪʘʝʤ, ʯʪʦ ʪʝʧʣʦ ʚ k ʟʘʧʦʣʥʷʝʪʩʷ ʨʘʚʥʦʤʝʨʥʦ.  

ɼʣʷ ʥʘʯʘʣʘ ʧʦʩʯʠʪʘʝʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝ k. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʨʘʩʩʯʠʪʘʪʴ ʪʦʣʱʠʥʫ 
ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʧʣʦʱʘʜʴ ʛʦʣʦʚʳ. ʊʘʢ ʢʘʢ ʤʳ ʫʯʠʪʳʚʘʝʤ ʚʩʝ ʪʝʧʣʦʧʦʪʝʨʠ, 
ʫʯʠʪʳʚʘʝʤ ʧʦʪʝʨʠ ʧʨʠ ʜʳʭʘʥʠʠ, ʠʩʧʘʨʝʥʠʠ, ʠ ʠʟʣʫʯʝʥʠʠ ʩʦʣʥʮʘ.  
ʆʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ Qɼʓʍ, ʨʘʩʭʦʜʫʝʤʦʛʦ ʥʘ ʥʘʛʨʝʚ ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ: 
- ʜʣʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ Qɼʓʍ = 0,30 Ŀ 10-3 Ŀ V(30 ï tɺ),=0.26 
ʛʜʝ 0,30 Ŀ 10-3 ïʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʦʙʲʝʤʥʫʶ ʤʘʩʩʫ ʚʦʟʜʫʭʘ ʧʨʠ 
ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ; 
V ïʦʙʲʝʤ ʚʦʟʜʫʭʘ, ʚʜʳʭʘʝʤʦʛʦ ʚ 1 ʩʝʢ, ʧʨʠʚʝʜʝʥʥʳʡ ʢ ʥʦʨʤʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʤ3: V = 
ʄ / ʂ, 
ʄ ï ʪʝʧʣʦʧʨʦʜʫʢʮʠʷ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʘʷ ʪʝʧʣʦʦʙʨʘʟʦʚʘʥʠʶ ʯʝʣʦʚʝʢʘ ʚ ʧʦʢʦʝ, ʚ 
ʢʦʤʬʦʨʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 58,15 ɺʪ; 
ʂ ï ʢʘʣʦʨʠʯʝʩʢʠʡ ʵʢʚʠʚʘʣʝʥʪ 1ʤ3 ʚʜʳʭʘʝʤʦʛʦ ʚʦʟʜʫʭʘ.(4,69 ʢʢʘʣ/ʣ)  [3] 
ʈʘʩʭʦʜ ʪʝʧʣʘ ʥʘ ʠʩʧʘʨʝʥʠʝ ʚʣʘʛʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ Qʀʉʇ ʠ ʠʟ ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ 
Qɼʓʍ.ʅ  ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʨʘʚʥʳʤ ʜʣʷ ʩʦʩʪʦʷʥʠʷ çʭʦʣʦʜʥʦè - (0,1-0,16)ʄ. = 5.815 
ʈʘʜʠʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ QËʈ.ʂ ʩ ʦʙʥʘʞʝʥʥʳʭ ʯʘʩʪʝʡ ʪʝʣʘ (ʚ ʥʘʰʝʤ 
ʩʣʫʯʘʝ ʪʦʣʴʢʦ ʛʦʣʦʚʘ) ʨʘʩʩʯʠʪʳʚʘʶʪ ʧʦ ʬʦʨʤʫʣʝ 
QËʈ.ʂ = Sʆɹʅ Ŀ Ŭʆɹʅ (tʂ ï tʉʈ), = 0.2465 
ʛʜʝ Sʆɹʅ ï ʚʝʣʠʯʠʥʘ ʦʙʥʘʞʝʥʥʦʡ ʧʣʦʱʘʜʠ ʪʝʣʘ, (0.102- 2/3*0.102=0.034)ʤ2; [4] 
Ŭʆɹʅ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩ ʦʙʥʘʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ,ɺʪ/ʤ2Ŀʦʉ;(0.1) 
tʂ ï ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʞʠ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʦʚ ʪʝʣʘ, ʦʉ;(32.5) 
tʉʈ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ (ʚʦʟʜʫʭʘ ʠ ʧʨʝʜʤʝʪʦʚ),ʦʉ.(-40) 
ʈʘʜʠʘʮʠʦʥʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʧʣʦʧʦʪʝʨʠ Q.ǌʈ.ʂ.ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ, ʟʘʱʠʱʝʥʥʦʡ 
ʦʜʝʞʜʦʡ, ʦʧʨʝʜʝʣʷʶʪ ʚʳʯʠʪʘʥʠʝʤ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʪʝʧʣʦʧʦʪʝʨʴ ʠʟ ʦʙʱʝʡ 
ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ, ɺʪ: 
Qǌʈ.ʂ = (ʄ ï Qʈ + ɼ) ï (QËʈ.ʂ + Qɼʓʍ + Qʀʉʇ), = 18.1995(205.5085) 
ʛʜʝ Qʈ ï ʪʝʧʣʦ, ʧʦʣʫʯʘʝʤʦʝ ʚʩʣʝʜʩʪʚʠʝ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ;(1370*0.034) 
ɼ ï ʜʝʬʠʮʠʪ ʪʝʧʣʘ, ɺʪ.(200ɺʪ) 
Qʦʜ=Qǌʈ.ʂ/Sʦʜ = 1741.597 
ʇʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʯʝʣʦʚʝʢʘ, ʟʘʱʠʱʝʥʥʦʡ ʦʜʝʞʜʦʡ: 
Qʩʨ.ʚʟʚ=(Qǌʈ.ʂ+QËʈ.ʂ)/Sʦʜ  = 1018.6 
ɻʜʝ Sʦʜ ï ʧʣʦʱʘʜʴ ʛʦʣʦʚʳ, ʢʦʪʦʨʫʶ ʟʘʱʠʱʘʝʪ k.(0.152-0.034) 
ʆʧʨʝʜʝʣʷʝʤ ʩʫʤʤʘʨʥʦʝ ʪʝʧʣʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʜʝʞʜʳ: 
Rʩʫʤʤ=(tʢ-tʩʨ)/Qʦʜ =0.041628 
ʛʜʝ tʂ ïʩʨʝʜʥʝʚʟʚʝʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʞʠ, ʦʉ; 
tʉʈ ï ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ, ʦʉ, 
Qʆɼ ï ʧʣʦʪʥʦʩʪʴ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʩ ʫʯʘʩʪʢʦʚ ʪʝʣʘ, ʟʘʢʨʳʪʳʭ ʦʜʝʞʜʦʡ, ɺʪ/ʤ2. [5] [6] 
ʉʣʝʜʷʱʘʷ ʯʘʩʪʴ ʨʝʰʝʥʠʷ ʵʪʦ ʟʘʧʦʣʥʝʥʠʝ ʪʝʧʣʦʤ ʧʦʚʝʨʭʥʦʩʪʴ k. ɼʣʷ ʵʪʦʛʦ ʨʘʩʯʸʪʘ 
ʥʘʤ ʥʫʞʥʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʚʳʰʝ ʧʦʣʥʦʩʪʴʶ ʨʘʩʩʯʠʪʘʣʠ) ʠ ʩʢʦʨʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ 
ʪʝʧʣʦʤ (ʵʪʘ ʯʘʩʪʴ ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʧʦʩʚʷʱʝʥʘ ʵʪʦʤʫ). 
ʅʘʡʜʸʤ ʢʦʵʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ: K=1/Rʦʜ = 24.022 [7] 
ɼʘʣʝʝ ʥʘʡʜʸʤ ʥʫʞʥʫʶ ʤʦʱʥʦʩʪʴ 
VȹTK = ʂʂɸʃ/ʏ = 8.3 = 9.6 ɺʊ 
ɻʜʝ V ð ʦʙʲʝʤ 0.005575 k,  ȹT ð ʵʪʦ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ɸʨʢʪʠʢʝ (-40) ʠ 
ʞʝʣʘʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʢʦʤʥʘʪʝ(tʥʫʞʥ) 
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ʅʘʡʜʸʤ V:  V=(4/3)₣piRʢʘʧʶʰʦʥʘ₤^3-(4/3)₣piRʛʦʣ.ʤʘʣ₤^2*Rʛʦʣ.ʙʦʣ =0.00119 

m^2ɻʜʝ pi ï ʯʠʩʣʦ ʧʠ(0.001767 
ʄʳ ʥʘʰʣʠ ʤʦʱʥʦʩʪʴ ʦʙʦʛʨʝʚʘʪʝʣʷ 
ʊʝʧʝʨʴ ʥʘʡʜʸʤ ʚʨʝʤʷ ʦʙʦʛʨʝʚʘ ʩ ʢʦʤʥʘʪʥʦʡ(20ʉ(t0)) ʜʦ 32.5ʉ(t2) 
ʅʘʡʜʸʤ ʵʥʝʨʛʠʶ ʜʣʷ ʥʘʛʨʝʚʘ ʚʩʝʛʦ ʢʘʧʶʰʦʥʘ: 
Q = Vpc(t2-t0)=84.04ɼʞ 
ɻʜʝ p ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ(1.2ʢʛ/ʤ3) 
V- ʦʙʲʸʤ ʢʘʧʶʰʦʥʘ (ʧʨʝʜʩʪʘʚʠʤ ʯʪʦ ʛʦʣʦʚʳ ʧʦʢʘ ʯʪʦ ʥʝʪ) 
ʩ ï ʊʝʧʣʦʸʤʢʦʩʪʴ(1005) 
ʊʝʧʝʨʴ ʜʝʣʠʤ ɼʞʦʫʣʠ ʥʘ ʚʘʪʪʳ ʠ ʧʦʣʫʯʘʝʤ ʩʝʢʫʥʜʳ: 
t = Q/P= 8.75c 

ʍʦʯʫ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʩʝ ʨʘʩʯʸʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʯʪʠ ʚ ʠʜʝʘʣʴʥʳʭ 
ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ, ʪʦ ʝʩʪʴ ʙʝʟ ʚʝʪʨʘ, ʪʘʢ ʯʪʦ ʜʘʥʥʳʝ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʧʦʛʨʝʰʥʦʩʪʠ, 
ʢʦʪʦʨʳʝ ʷ ʥʝ ʩʯʠʪʘʣ. 

ʊʝʧʝʨʴ ʧʨʠʚʝʜʸʤ ʠʥʞʝʥʝʨʥʦʝ ʨʝʰʝʥʠʝ: 
ɼʣ ̫ʵʪʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʥʘʤ ʥʘʜʦ ʪʦʣʴʢʦ ʩʭʝʤʫ ʚʩʝʭ ʯʘʩʪʝʡ ʠ ʢʦʥʮʝʧʪ 

ʘʨʪ ʢʘʧʶʰʦʥʘ. 
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʤ ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʥʝʣʴʟʷ ʜʝʣʘʪʴ ʦʜʠʥ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ 

ʵʣʝʤʝʥʪ ʧʦ ʧʨʠʯʠʥʝ ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʨʘʟʦʛʨʝʚ ʢʘʧʶʰʦʥʘ ʩ ʛʦʣʦʚʦʡ. 
ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ ʫʚʠʜʝʪʴ ʢʘʧʶʰʦʥ ʩʭʝʤʘʪʠʯʝʩʢʠ. 
 

 
 

ʈʠʩ.1 ʂʘʧʶʰʦʥ 
 
ɼʘʣʝʝ ʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʣ ʧʨʠʤʝʨʥʫʶ ʤʦʜʝʣʴ ʢʘʧʶʰʦʥʘ. ɿʜʝʩʴ ʚʳ ʤʦʞʝʪʝ 

ʟʘʤʝʪʠʪʴ ʩʭʝʤʫ ʢʘʧʶʰʦʥʘ ʠ ʢʦʜ ʢ ʵʪʦʡ ʩʭʝʤʝ. ɼʘʥʥʳʡ ʢʦʥʮʝʧʪ ʨʘʙʦʪʘʝʪ ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ. ʆʥ ʩʤʦʪʨʠʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʠ ʝʩʣʠ ʦʥʘ ʚʳʰʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦʨʦʛʘ, ʪʦ ʛʨʝʣʢʠ 
ʧʝʨʝʩʪʘʶʪ ʨʘʙʦʪʘʪʴ (ʉʚʝʪʦʜʠʦʜʳ ʵʪʦ ʛʨʝʣʢʠ) 

 

 
 

ʈʠʩ.2 ʉʭʝʤʘ 
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ʈʠʩ.3 ʇʨʦʛʨʘʤʤʘ 

 
ʂʘʧʶʰʦʥ ʩ ʧʦʜʦʛʨʝʚʦʤ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʘ  PowerBank (ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʚʦʡ), ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʚʣʦʞʠʪʴ ʚ ʩʘʤ ʢʘʧʶʰʦʥ, ʨʘʙʦʪʘʝʪ ʜʦ 5 ʯʘʩʦʚ. ʂʘʧʶʰʦʥ 
ʷʚʣʷʝʪʩʷ ʩʲʝʤʥʳʤ ʠ ʢʨʝʧʠʪʩʷ ʥʘ ʜʚʫʭ ʟʘʢʣʝʧʢʘʭ. 
ʉʪʦʠʤʦʩʪʴ ʩʲʝʤʥʦʛʦ ʢʘʧʶʰʦʥʘ  

ʊʢʘʥʴ: ʧʨʠʤʝʨʥʦ 1300 ʨʫʙʣʝʡ  
ʅʘʧʦʣʥʠʪʝʣʴ: ʧʨʠʤʝʨʥʦ 3000 ʨʫʙʣʝʡ ʅʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ:2*1700 ʨʫʙʣʝʡ 

ʇʉʅ 24/5 340ʭ30 ʤʤ - Penagrev  
ʊʝʨʤʦʨʝʛʫʣʷʪʦʨ: 300 ʨʫʙʣʝʡ  
ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ: 150 ʨʫʙʣʝʡ  
ʇʦʪʝʥʮʠʦʤʝʪʨ: 200 ʨʫʙʣʝʡ  
ɿʘʢʣʝʧʢʠ: 11 ʨʫʙʣʝʡ  
ʂʥʦʧʢʘ: 20 ʨʫʙʣʝʡ 
 ʇʨʦʚʦʜʘ: 150 ʨʫʙʣʝʡ  
ʆʯʢʠ ʜʣʷ ʢʘʧʶʰʦʥʘ (2 ʚʘʨʠʘʥʪ): ʧʨʠʤʝʨʥʦ 2000 ʨʫʙʣʝʡ  
ʀʪʦʛ: ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʢʘʧʶʰʦʥʘ ʙʝʟ PowerBank, ʙʝʟ ʦʯʢʦʚ: ʧʨʠʤʝʨʥʦ 8531 

ʨʫʙʣʝʡ ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʢʘʧʶʰʦʥʘ ʙʝʟ PowerBank, ʩ ʦʯʢʘʤʠ: ʧʨʠʤʝʨʥʦ 10531 ʨʫʙʣʝʡ  
ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʢʘʧʶʰʦʥʘ ʩ PowerBank, ʙʝʟ ʦʯʢʦʚ: ʧʨʠʤʝʨʥʦ 9531 ʨʫʙʣʝʡ  
ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʢʘʧʶʰʦʥʘ ʩ PowerBank, ʩ ʦʯʢʘʤʠ: ʧʨʠʤʝʨʥʦ 11531 ʨʫʙʣʝʡ 
ʀʪʦʛʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʨʦʝʢʪʘ ʤ  rʠʤʝʝʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʢʘʧʶʰʦʥʘ, 

ʨʘʙʦʯʫʶ ʧʨʦʛʨʘʤʤʫ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʢʘʧʶʰʦʥʘ, ʠ ʧʨʠʤʝʨʥʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
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ʇʨʦʜʫʢʪ ʧʦʣʫʯʠʣʩʷ ʥʝ ʠʟ ʜʝʰʸʚʳʭ, ʥʦ ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ 
ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʝʛʦ ʮʝʥʳ. 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʆɺɽɼɽʅʀʗ ʇɸʅʀʂʋʖʑɽʁ ʊʆʃʇʓ ʉ ʊʆʏʂʀ  
ɿʈɽʅʀʗ ɿɸʂʆʅʆɺ ʅʔʖʊʆʅɸ 

ɼʨʘʧ ʇʘʚʝʣ 
ɻɹʆʋ ʅʉʆ çʆʙʣʘʩʪʥʦʡ ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷè, 8 ʢʣʘʩʩ, 

ʧ.ʊʫʣʠʥʩʢʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʣʷʝʚʘ ʅʘʜʝʞʜʘ ʄʠʭʘʡʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 
ʇʘʥʠʢʘ ð ʵʪʦ ʯʫʚʩʪʚʦ ʩʪʨʘʭʘ, ʢʦʪʦʨʦʝ, ʦʭʚʘʪʳʚʘʷ ʩʥʘʯʘʣʘ ʥʝʙʦʣʴʰʫʶ ʛʨʫʧʧʫ 

ʣʶʜʝʡ, ʧʝʨʝʜʘʝʪʩʷ ʜʨʫʛʠʤ, ʧʝʨʝʨʘʩʪʘʷ ʚ ʥʝʫʧʨʘʚʣʷʝʤʳʡ ʧʨʦʮʝʩʩ. ʇʨʠʨʦʜʘ ʯʝʣʦʚʝʢʘ 
ʪʘʢʦʚʘ, ʯʪʦ ʯʘʩʪʦ ʚ ʵʢʩʪʨʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʦʪʜʝʣʴʥʳʡ ʯʝʣʦʚʝʢ ʚʝʜʝʪ ʩʝʙʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ 
ʚʩʝ ʚʦʢʨʫʛ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʢʦʣʣʝʢʪʠʚ ʣʶʜʝʡ, ʦʙʲʷʪʳʡ ʧʘʥʠʢʦʡ, ʩʪʘʥʦʚʠʪʩʷ 
ʥʝʫʧʨʘʚʣʷʝʤʦʡ ʪʦʣʧʦʡ. 

ʀʩʪʦʨʠʷ ʟʥʘʝʪ ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʚ, ʢʦʛʜʘ ʧʘʥʠʢʘ ʚ ʪʦʣʧʝ ʧʨʠʚʦʜʠʪ ʢ 
ʯʝʣʦʚʝʯʝʩʢʠʤ ʪʨʘʛʝʜʠʷʤ. ʆʜʠʥ ʠʟ ʧʨʠʤʝʨʦʚ, ʍʦʜʳʥʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ 18 ʤʘʷ 1896 ʛʦʜʘ, 
ʚ ʢʦʪʦʨʦʡ ʪʦʣʴʢʦ ʧʦ ʦʬʠʮʠʘʣʴʥʳʤ ʜʘʥʥʳʤ ʧʦʛʠʙʣʠ 1389 ʯʝʣʦʚʝʢ ʠ ʦʢʦʣʦ 1300 
ʧʦʣʫʯʠʣʠ ʫʚʝʯʴʷ. 

ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʦʩʣʝʜʩʪʚʠʷ ʧʦʚʝʜʝʥʠʷ ʧʘʥʠʢʫʶʱʝʡ ʪʦʣʧʳ, 
ʷʚʣʷʝʪʩʷ ʜʘʚʢʘ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʤʝʭʘʥʠʟʤʘ ʝʝ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʧʨʠʤʝʥʠʪʴ 
ʤʝʪʦʜʳ ʬʠʟʠʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ, ʪ.ʝ. ʩʠʩʪʝʤ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʲʝʢʪʦʚ. 
ʅʘʧʨʠʤʝʨ, ʜʚʠʞʝʥʠʝ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ, ʦʙʨʘʟʦʚʘʥʠʝ ʜʶʥ ʠʟ ʧʝʩʯʠʥʦʢ.  

ɻʠʧʦʪʝʟʘ: ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʚʠʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʣʶʜʝʡ ʚ ʩʦʩʪʘʚʝ 
ʧʘʥʠʨʫʶʱʝʡ ʪʦʣʧʳ ʢʘʢ ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʦʯʢʠ, ʤʝʭʘʥʠʯʝʩʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʜʨʫʛ ʩ 
ʜʨʫʛʦʤ, ʪʦ ʠʭ ʧʦʚʝʜʝʥʠʝ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʦʩʥʦʚʥʳʤʠ ʟʘʢʦʥʘʤʠ ʜʠʥʘʤʠʢʠ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʣʠʯʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʯʨʝʟʚʳʯʘʡʥʦʡ ʩʠʪʫʘʮʠʠ ʚ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʷʭ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʷʪʩʷ ʫʯʝʙʥʳʝ ʵʚʘʢʫʘʮʠʠ, ʦʜʥʦʡ ʠʟ 
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ʮʝʣʝʡ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʚʳʢʘ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʝʙʝʥʢʘ ʚ ʫʩʣʦʚʠʷʭ 
ʜʚʠʞʝʥʠʷ ʙʦʣʴʰʦʡ ʤʘʩʩʳ ʣʶʜʝʡ. ʆʜʥʘʢʦ, ʯʘʩʪʴ ʰʢʦʣʴʥʠʢʦʚ ʩʨʝʜʥʠʭ ʠ ʩʪʘʨʰʠʭ 
ʢʣʘʩʩʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʦʙʥʳʤ ʪʨʝʥʠʨʦʚʢʘʤ ʬʦʨʤʘʣʴʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠʥʠʞʘʷ ʠʭ 
ʚʘʞʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʝʥʠʝ ʨʠʩʢʦʚ ʪʘʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ 
ʟʘʢʦʥʦʚ ʧʦʟʚʦʣʠʪ ʧʦ-ʥʦʚʦʤʫ, ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʧʨʦʮʝʩʩʳ 
ʧʦʜʦʙʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʦʵʪʦʤʫ ʪʝʤʘ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 
ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 
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ʋʣʴʪʨʘʟʚʫʢ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩ ʯʘʩʪʦʪʦʡ ʚʳʰʝ 
20 ʢɻʮ, ʥʘʰʝʣ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 
ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʣʘʩʪʴ 
ʫʣʴʪʨʘʟʚʫʢʘ ʧʨʦʜʦʣʞʘʝʪ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ, ʧʦʨʦʞʜʘʷ ʥʦʚʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʦʪʢʨʳʚʘʷ ʟʘʭʚʘʪʳʚʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ.  
ʎʝʣʴ ʨʘʙʦʪʳ: ʀʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʜʣʷ ʩʠʥʪʝʟʘ, 
ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 
ɿʘʜʘʯʠ: 
 1. ʈʘʩʩʤʦʪʨʝʪʴ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʩ 
ʚʝʱʝʩʪʚʦʤ ʥʘ ʥʘʥʦʫʨʦʚʥʝ: ʆʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʘʚʠʪʘʮʠʠ, 
ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʩʠʥʪʝʟ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 
2. ʆʧʠʩʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʥʪʝʟʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ: 
ʈʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ, ʚʢʣʶʯʘʷ ʩʦʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ, ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ 
ʜʠʩʧʝʨʩʠʶ ʠ ʦʙʨʘʙʦʪʢʫ, ʩ ʧʨʠʤʝʨʘʤʠ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ 
(ʥʘʥʦʯʘʩʪʠʮʳ ʤʝʪʘʣʣʦʚ, ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠ ʪ.ʜ.). 
3. ʆʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʙʫʜʫʱʝʤ ʜʣʷ 
ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  
ɼʘʚʘʡʪʝ ʧʦʜʨʦʙʥʝʝ ʨʘʟʙʝʨʸʤʩʷ ʯʪʦ ʪʘʢʦʝ ʥʘʥʦʯʘʩʪʠʮʳ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʳ: 

ʅʘʥʦʯʘʩʪʠʮʳ ð ʵʪʦ ʢʨʦʰʝʯʥʳʝ ʯʘʩʪʠʮʳ ʚʝʱʝʩʪʚʘ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ 
ʚ ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ, ʪʦ ʝʩʪʴ ʦʪ 1 ʜʦ 100 ʥʘʥʦʤʝʪʨʦʚ (ʥʤ). ʆʜʠʥ ʥʘʥʦʤʝʪʨ ð 
ʵʪʦ ʦʜʥʘ ʤʠʣʣʠʘʨʜʥʘʷ ʯʘʩʪʴ ʤʝʪʨʘ (10ϖ ʤ), ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 50 000 ʨʘʟ ʤʝʥʴʰʝ 
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ʪʦʣʱʠʥʳ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʣʦʩʘ. ʀʟ-ʟʘ ʩʚʦʠʭ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʣʘʜʘʶʪ 
ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʚʦʡʩʪʚ ʪʝʭ ʞʝ ʚʝʱʝʩʪʚ ʚ 
ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. 

ʅʘʥʦʤʘʪʝʨʠʘʣʳ ð ʵʪʦ ʤʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ, ʩʦʩʪʘʚ ʠʣʠ 
ʩʚʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʨʘʟʤʝʨʦʚ ʥʘ ʥʘʥʦʫʨʦʚʥʝ (1-100 ʥʘʥʦʤʝʪʨʦʚ). ʕʪʦ 
ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʭ ʞʝ 
ʤʘʪʝʨʠʘʣʦʚ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ʀʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʷʪ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 
ʦʪʥʦʰʝʥʠʷ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʦʙʲʝʤʫ ʠ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ 
ʧʨʦʷʚʣʷʪʴʩʷ ʥʘ ʪʘʢʠʭ ʤʘʩʰʪʘʙʘʭ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʜʣʷ ʤʘʥʠʧʫʣʷʮʠʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 
ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʘʚʠʪʘʮʠʷ ï 
ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʩʭʣʦʧʳʚʘʥʠʝ ʧʫʟʳʨʴʢʦʚ ʚ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ï 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ, ʠʭ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ 
ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʵʪʦʛʦ ʤʝʪʦʜʘ ʚʢʣʶʯʘʶʪ ʚʳʩʦʢʫʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʩʠʥʪʝʟʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 
ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʦʥʪʨʦʣʷ ʥʘʜ 
ʧʨʦʮʝʩʩʦʤ ʢʘʚʠʪʘʮʠʠ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 
ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ. ʀʭ ʫʥʠʢʘʣʴʥʳʝ 
ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, ʜʝʣʘʶʪ ʫʣʴʪʨʘʟʚʫʢ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ, 
ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʦʮʝʥʠʤ 
ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 
ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 
ʉʠʥʪʝʟ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ: 

ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʢʘʚʠʪʘʮʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʩʭʣʦʧʳʚʘʥʠʠ 
ʧʫʟʳʨʴʢʦʚ ʚ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ, ʩʦʟʜʘʸʪ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 
(ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ) ʣʦʢʘʣʴʥʦ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʥʩʠʚʥʦʤʫ 
ʩʤʝʰʝʥʠʶ ʨʝʘʛʝʥʪʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 
ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʅʘʧʨʠʤʝʨ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʠʥʪʝʟ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 
ʥʘʥʦʯʘʩʪʠʮ, ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ, ʫʛʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʦʢ ʠ ʜʨʫʛʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʟʜʝʩʴ ʩʚʷʟʘʥʳ ʩ ʫʣʫʯʰʝʥʠʝʤ ʢʦʥʪʨʦʣʷ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʢʘʚʠʪʘʮʠʠ, ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʥʘʥʦʤʘʪʝʨʠʘʣʳ ʩ ʝʱʸ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ 
ʨʘʩʰʠʨʠʪʴ ʩʧʝʢʪʨ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʥʘʥʦʪʝʭʥʦʣʦʛʠʷʭ. ʀʭ ʫʥʠʢʘʣʴʥʳʝ 
ʩʚʦʡʩʪʚʘ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʥʝʠʥʚʘʟʠʚʥʦʩʪʴ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 
ʧʨʦʩʪʦʪʘ ʨʝʘʣʠʟʘʮʠʠ, ʜʝʣʘʶʪ ʫʣʴʪʨʘʟʚʫʢ ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʩʠʥʪʝʟʘ, 
ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʤʳ ʦʮʝʥʠʤ 
ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 
ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 
ʆʛʨʘʥʠʯʝʥʠʷ ʠ ʚʳʟʦʚʳ: 

ʅʝʩʤʦʪʨʷ ʥʘ ʚʩʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ 
ʦʛʨʘʥʠʯʝʥʠʷ. ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʜʝʛʨʘʜʘʮʠʶ 
ʥʝʢʦʪʦʨʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ 
ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. 
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʵʪʠʭ 
ʦʛʨʘʥʠʯʝʥʠʡ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʥʪʝʟʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʦʩʥʦʚʘʥʳ ʥʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʣʦʚʠʡ, 
ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ. ʂʣʶʯʝʚʦʡ ʤʝʭʘʥʠʟʤ ï ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 
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ʢʘʚʠʪʘʮʠʷ, ʬʦʨʤʠʨʫʶʱʘʷ ʣʦʢʘʣʴʥʳʝ ʟʦʥʳ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʚʳʩʦʢʦʝ 
ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʘ, ʤʦʱʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ ʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʜʠʢʘʣʳ). 
ʕʪʠ ʫʩʣʦʚʠʷ ʩʧʦʩʦʙʩʪʚʫʶʪ ʠʥʪʝʥʩʠʚʥʦʤʫ ʩʤʝʰʝʥʠʶ ʨʝʘʛʝʥʪʦʚ, ʨʘʟʨʫʰʝʥʠʶ 
ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʵʪʦʤ ʧʨʠʥʮʠʧʝ: 
1. ʉʦʥʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ: 
ʕʪʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʤʝʪʦʜ, ʚ ʢʦʪʦʨʦʤ ʫʣʴʪʨʘʟʚʫʢ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʠʥʠʮʠʠʨʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʨʘʩʪʚʦʨʝ. ʇʨʦʮʝʩʩ 
ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʚʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʦʤ ʥʘ ʨʘʩʪʚʦʨ, ʩʦʜʝʨʞʘʱʠʡ ʥʝʦʙʭʦʜʠʤʳʝ 
ʧʨʝʢʫʨʩʦʨʳ. ʂʘʚʠʪʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʯʘʩʪʠʮ. 
ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ (ʯʘʩʪʦʪʘ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʚʨʝʤʷ ʦʙʣʫʯʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ, 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʨʝʘʛʝʥʪʦʚ) ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʩ 
ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
2. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʟʦʣʴ-ʛʝʣʴ ʩʠʩʪʝʤ: 
ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʥʦ 
ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʣʫʯʰʠʪʴ ʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 
ʋʣʴʪʨʘʟʚʫʢ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʩʦʟʨʝʚʘʥʠʷ ʟʦʣʷ, ʢʦʥʪʨʦʣʠʨʫʝʪ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ 
ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʛʨʝʛʘʮʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʫʣʴʪʨʘʟʚʫʢ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ 
ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʝʢʫʨʩʦʨʦʚ ʠ ʫʣʫʯʰʝʥʠʶ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. 
3. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʜʠʩʧʝʨʩʠʷ: 
ʕʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʢʦʣʣʦʠʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 
ʥʘʥʦʯʘʩʪʠʮ. ʋʣʴʪʨʘʟʚʫʢ ʧʦʤʦʛʘʝʪ ʨʘʟʨʫʰʘʪʴ ʘʛʨʝʛʘʪʳ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʠʭ 
ʩʣʠʧʘʥʠʝ ʠ ʦʙʝʩʧʝʯʠʚʘʷ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ. ʕʪʦ ʦʩʦʙʝʥʥʦ 
ʚʘʞʥʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʩʪʘʙʠʣʴʥʘʷ 
ʜʠʩʧʝʨʩʠʷ. ʏʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ. 
4. ʋʣʴʪʨʘʟʚʫʢʦʚʘʷ ʵʨʦʟʠʷ: 
ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʫʣʴʪʨʘʟʚʫʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘʩʪʠʮ. ʂʘʚʠʪʘʮʠʷ ʩʦʟʜʘʝʪ ʤʦʱʥʳʝ ʫʜʘʨʥʳʝ ʚʦʣʥʳ, ʩʧʦʩʦʙʥʳʝ 
ʨʘʟʨʫʰʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ ʜʦ ʥʘʥʦʨʘʟʤʝʨʥʳʭ. ʕʪʦʪ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʢʣʶʯʘʷ ʤʝʪʘʣʣʳ ʠ ʢʝʨʘʤʠʢʫ. 
5. ʋʣʴʪʨʘʟʚʫʢʦʚʦʝ ʘʩʩʠʩʪʠʨʦʚʘʥʥʦʝ ʭʠʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ: 
ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʫʣʴʪʨʘʟʚʫʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʭʠʤʠʯʝʩʢʦʛʦ 
ʦʩʘʞʜʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ. ʆʥ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʩʤʝʰʠʚʘʥʠʶ ʨʝʘʛʝʥʪʦʚ, ʫʩʢʦʨʷʝʪ 
ʧʨʦʮʝʩʩ ʥʫʢʣʝʘʮʠʠ ʠ ʨʦʩʪʘ ʥʘʥʦʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʠʭ ʘʛʨʝʛʘʮʠʶ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʤʝʪʦʜʦʚ: 
* ʇʨʦʩʪʦʪʘ: ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘʷ ʘʧʧʘʨʘʪʫʨʘ. 
* ʕʬʬʝʢʪʠʚʥʦʩʪʴ: ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ. 
* ʄʷʛʢʠʝ ʫʩʣʦʚʠʷ: ɺʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
* ʄʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴ: ɺʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. 
* ʂʦʥʪʨʦʣʴ ʥʘʜ ʩʚʦʡʩʪʚʘʤʠ: ɺʦʟʤʦʞʥʦʩʪʴ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʟʤʝʨ, ʬʦʨʤʫ ʠ ʩʚʦʡʩʪʚʘ 
ʥʘʥʦʯʘʩʪʠʮ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 
ʅʝʜʦʩʪʘʪʢʠ: 
* ɺʦʟʤʦʞʥʘʷ ʜʝʛʨʘʜʘʮʠʷ: ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 
ʜʝʛʨʘʜʘʮʠʶ ʥʝʢʦʪʦʨʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 
* ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ: ɺʦʟʤʦʞʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ 
ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʨʝʘʢʪʦʨʝ. 
* ʆʛʨʘʥʠʯʝʥʠʷ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ: ʄʘʩʰʪʘʙʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʦʞʥʳʤ 
ʜʣʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʜʦʩʪʘʪʢʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʩʠʥʪʝʟʘ 
ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ, ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦ 
ʨʘʩʰʠʨʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʩʪʠ ʧʨʦʮʝʩʩʘ. 
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, 
ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʪʠʧʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʨʝʘʢʪʦʨʦʚ ʠ ʨʘʩʰʠʨʝʥʠʝ ʩʧʝʢʪʨʘ 
ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʧʦʨʦʛʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʠ ʩʣʝʜʫʶʱʠʝ 
ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʙʫʜʫʱʝʤ: 

1. ʅʘʥʦʤʝʜʠʮʠʥʘ: 
ʊʦʣʴʢʦ ʧʨʝʜʩʪʘʚʴʪʝ, ʢʘʢ ʙʳ ʣʶʜʠ ʩʤʦʛʣʠ ʧʦʟʥʘʪʴ ʧʨʠʨʦʜʫ ʨʘʟʣʠʯʥʳʭ ʙʦʣʝʟʥʝʡ, 
ʘ ʪʘʢʞʝ ʤʝʪʦʜʳ ʠʭ ʧʨʦʬʠʣʘʢʪʠʢʠ ʧʨʠ ʧʦʤʦʱʠ ʫʣʴʪʨʘʟʚʫʢʘ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ. 

 ʎʝʣʝʥʘʧʨʘʚʣʝʥʥʘʷ ʜʦʩʪʘʚʢʘ ʣʝʢʘʨʩʪʚ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʯʘʩʪʠʮ, ʩʧʦʩʦʙʥʳʭ 
ʜʦʩʪʘʚʣʷʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʨʘʞʝʥʥʳʤ ʢʣʝʪʢʘʤ, 
ʤʠʥʠʤʠʟʠʨʫʷ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʨʦʙʦʪʦʚ ʜʣʷ 
ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʥʘ ʢʣʝʪʦʯʥʦʤ ʫʨʦʚʥʝ. 
 ʈʝʛʝʥʝʨʘʪʠʚʥʘʷ ʤʝʜʠʮʠʥʘ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ "in vitro" ʥʘ 
ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʦʙʝʱʘʶʪ ʧʨʦʨʳʚ ʚ ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʠʠ. 
 ʅʘʥʦʜʠʘʛʥʦʩʪʠʢʘ: ʈʘʟʨʘʙʦʪʢʘ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʥʘʥʦʩʝʥʩʦʨʦʚ ʜʣʷ ʨʘʥʥʝʡ 
ʜʠʘʛʥʦʩʪʠʢʠ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ. 
 ʅʘʥʦʪʝʨʘʥʦʩʪʠʢʘ: ʉʦʯʝʪʘʥʠʝ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ ʚ ʦʜʥʦʤ ʥʘʥʦʨʘʟʤʝʨʥʦʤ 
ʫʩʪʨʦʡʩʪʚʝ. 

2. ʕʥʝʨʛʝʪʠʢʘ: 
ʅʘʥʦʪʝʭʥʦʣʦʛʠʠ- ʵʪʦ ʵʥʝʨʛʝʪʠʢʘ ʙʫʜʫʱʝʛʦ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʜʘʥʥʦʝ 
ʥʘʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʚʩʢʦʨʝ ʩʪʘʥʝʪ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ 
ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʜʣʷ ʠʥʚʝʩʪʠʮʠʡ. 

 ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 
ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ 
ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʠ ʜʨʫʛʠʭ 
ʥʘʥʦʩʪʨʫʢʪʫʨ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ. 
 ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʝ ʙʘʪʘʨʝʠ: ʉʦʟʜʘʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʠ ʙʝʟʦʧʘʩʥʳʭ 
ʙʘʪʘʨʝʡ ʩ ʙʦʣʴʰʝʡ ʝʤʢʦʩʪʴʶ ʠ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʩʨʦʢʦʤ ʩʣʫʞʙʳ ʥʘ ʦʩʥʦʚʝ 
ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 
 ɺʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. 
 ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 
3. ʀʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ: 
 ʂʚʘʥʪʦʚʳʝ ʢʦʤʧʴʶʪʝʨʳ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʚʘʥʪʦʚʳʭ 
ʙʠʪʦʚ (ʢʫʙʠʪʦʚ) ʠ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʤʦʱʥʳʭ ʢʚʘʥʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 
 ʉʚʝʨʭʙʳʩʪʨʳʝ ʧʨʦʮʝʩʩʦʨʳ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʙʳʩʪʨʳʭ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʨʦʚ. 
 ʅʦʚʳʝ ʪʠʧʳ ʧʘʤʷʪʠ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ ʧʘʤʷʪʠ ʩ ʚʳʩʦʢʦʡ 
ʧʣʦʪʥʦʩʪʴʶ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 
 ɻʠʙʢʘʷ ʵʣʝʢʪʨʦʥʠʢʘ: ʉʦʟʜʘʥʠʝ ʛʠʙʢʠʭ ʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭʩʷ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ 
ʦʩʥʦʚʝ ʛʨʘʬʝʥʘ ʠ ʜʨʫʛʠʭ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

4. ʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ: 
ʇʨʠ ʧʦʤʦʱʠ ʩʠʥʪʝʟʘ ʥʘʥʦʯʘʩʪʠʮ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʤʦʞʝʪ ʦʪʢʨʳʪʴ ʥʦʚʳʝ 
ʛʦʨʠʟʦʥʪʳ ʚ ʦʩʚʦʝʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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 ʋʣʴʪʨʘʧʨʦʯʥʳʝ ʠ ʣʝʛʢʠʝ ʤʘʪʝʨʠʘʣʳ: ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʤʘʣʳʤ ʚʝʩʦʤ ʥʘ ʦʩʥʦʚʝ ʥʘʥʦʯʘʩʪʠʮ ʠ ʥʘʥʦʪʨʫʙʦʢ. ʇʨʠʤʝʥʝʥʠʝ 
ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ. 
 ʉʘʤʦʚʦʩʩʪʘʥʘʚʣʠʚʘʶʱʠʝʩʷ ʤʘʪʝʨʠʘʣʳ: ʈʘʟʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ. 
 ʉʚʝʨʭʛʠʜʨʦʬʦʙʥʳʝ ʠ ʩʚʝʨʭʛʠʜʨʦʬʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʉʦʟʜʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʫʥʠʢʘʣʴʥʳʤʠ ʩʤʘʯʠʚʘʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
 ʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʦʢʨʳʪʠʷ: ʉʦʟʜʘʥʠʝ ʧʦʢʨʳʪʠʡ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, 
ʘʥʪʠʢʦʨʨʦʟʠʦʥʥʳʤʠ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʠʣʠ ʩʘʤʦʦʯʠʱʘʶʱʠʤʠʩʷ. 

5. ʆʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ: 
ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʯʝʣʦʚʝʯʝʩʪʚʦ ʜʦʙʴʸʪʩʷ ʨʝʰʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ 
ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

 ʆʯʠʩʪʢʘ ʚʦʜʳ: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʬʠʣʴʪʨʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʦʯʠʩʪʢʠ ʚʦʜʳ ʦʪ 

ʟʘʛʨʷʟʥʝʥʠʡ. 
 ʋʣʘʚʣʠʚʘʥʠʝ CO2: ʈʘʟʨʘʙʦʪʢʘ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʫʣʘʚʣʠʚʘʥʠʷ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʟ ʘʪʤʦʩʬʝʨʳ. 
 ɹʠʦʩʝʥʩʦʨʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ: ʈʘʟʨʘʙʦʪʢʘ 
ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʝʥʩʦʨʦʚ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʕʪʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʘʥʳ, ʠ ʧʨʦʛʨʝʩʩ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʙʫʜʝʪ 
ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʜʨʫʛʠʭ. ʆʜʥʘʢʦ, ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʦʛʨʦʤʥʳʤ 
ʧʦʪʝʥʮʠʘʣʦʤ, ʨʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʪʨʝʙʫʝʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 
ʵʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 
ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʆʙʷʟʘʪʝʣʴʥʳ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʦʙʣʘʩʪʠ ʪʦʢʩʠʢʦʣʦʛʠʠ ʠ ʵʢʦʪʦʢʩʠʢʦʣʦʛʠʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ. 

 
 
 

ʉʆʃʅɽʏʅʓɽ ɹɸʊɸʈɽʀ 
ʂʘʨʣʠʥʘ ɺʝʨʦʥʠʢʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʃʠʮʝʡ ˉ1, 
9 ʢʣʘʩʩ 

ʛ. ɹʘʣʘʢʦʚʦ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʘʥʜʨʦʚʘ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʃʠʮʝʡ ˉ1 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʦʞʠʚʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʠʣʣʠʦʥʦʚ ʯʝʣʦʚʝʢ, ʠ 
ʝʜʚʘ ʣʠ ʥʘʡʜʝʪʩʷ ʩʨʝʜʠ ʥʠʭ ʪʦʪ, ʢʪʦ ʥʝ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ʇʦ ʠʥʬʦʨʤʘʮʠʠ 
ʥʘ ʷʥʚʘʨʴ 2025 ʛʦʜʘ, ʚ 2024 ʛʦʜʫ ʦʙʱʠʡ ʦʙʲʸʤ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʩʪʨʘʥʝ 
ʩʦʩʪʘʚʠʣ 1,192 ʪʨʣʥ ʢɺʪÅʯ, ʯʪʦ ʥʘ 3,1% ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʛʦʜʫ.   

ʇʦʪʨʝʙʥʦʩʪʴ ʣʶʜʝʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʧʦʩʪʦʷʥʥʦ 
ʚʦʟʨʘʩʪʘʝʪ. ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, 
ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʚʦʜʘ ʠ ʘʪʦʤʥʦʝ ʷʜʨʦ. ɺʩʝ ʵʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ 
ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 
ʤʝʩʪʥʦʩʪʠ. ʊʘʢʞʝ ʤʥʦʛʠʝ ʨʝʩʫʨʩʳ ʠʩʯʝʨʧʘʝʤʳ. 

ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʟʘʩʪʘʚʣʷʶʪ ʟʘʜʫʤʘʪʴʩʷ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʯʠʩʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. 
ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ð ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʚ ʠ ʤʠʥʠʤʘʣʴʥʳʝ 
ʟʘʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ.  ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʘʞʥʳʡ 
ʰʘʛ ʢ ʫʩʪʦʡʯʠʚʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʤʦʛʫʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. 
ʎɽʃʔ ʇʈʆɽʂʊɸ: 
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ʀʩʩʣʝʜʦʚʘʪʴ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ, ʩʦʟʜʘʪʴ ʜʝʡʩʪʚʫʶʱʠʡ ʤʘʢʝʪ , ʜʣʷ  ʧʨʦʚʝʜʝʥʠʷ 
ʫʨʦʢʦʚ ʧʦ ʪʝʤʝ çʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠè. 
ɿɸɼɸʏʀ : 

1. ʀʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 
2. ɺʳʷʩʥʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. 
3. ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ ʞʠʣʦʛʦ ʜʦʤʘ, ʦʩʥʘʱʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ               

ʵʥʝʨʛʠʠ. 
4. ʇʦʩʪʨʦʠʪʴ ʩʭʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ɻʠʧʦʪʝʟʘ: ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʦʩʚʝʱʝʥʠʝ ʞʠʣʦʛʦ ʜʦʤʘ. 
ʏʘʨʣʴʟ ʌʨʠʪʪʩ ʚ 1883 ʛʦʜʫ  ʠʟʛʦʪʦʚʠʣ ʧʣʘʩʪʠʥʳ ʠʟ ʩʝʣʝʥʘ, ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ 

ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʩʦ ʩʚʝʪʦʤ. ʀ ʧʦʢʨʳʣ ʠʭ ʪʦʥʢʠʤ ʩʣʦʝʤ ʧʨʦʚʦʜʷʱʝʛʦ ʤʝʪʘʣʣʘ, 
ʢʦʪʦʨʳʡ ʙʳ ʥʝ ʦʢʠʩʣʷʣʩʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ð ʟʦʣʦʪʦʤ. ʇʦʣʫʯʠʣʘʩʴ 
ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʉʦʝʜʠʥʠʚ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʩʧʦʣʦʞʠʚ ʠʭ ʥʘ ʢʨʳʰʝ, ʌʨʠʪʪʩ 
ʫʙʝʜʠʣʩʷ, ʯʪʦ ʪʦʢ ʧʦʷʚʣʷʝʪʩʷ. ʍʦʪʷ ʩʠʩʪʝʤʘ ʠ ʦʙʣʘʜʘʣʘ ʂʇɼ ʚʩʝʛʦ 1% ʠʣʠ ʤʝʥʴʰʝ, 
ʠʟʦʙʨʝʪʝʥʠʝ ʢʘʟʘʣʦʩʴ ʯʝʤ-ʪʦ ʥʝʚʝʨʦʷʪʥʳʤ.  

ʇʦʩʪʝʧʝʥʥʦ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʜʝʰʝʚʣʝ ʠ ʵʬʬʝʢʪʠʚʥʝʡ. ʉʝʡʯʘʩ 
ʦʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʧʦʜʟʘʨʷʜʢʠ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʫʣʠʯʥʳʭ ʬʦʥʘʨʷʭ, ʩʤʘʨʪʬʦʥʘʭ, 
ʵʣʝʢʪʨʦʘʚʪʦʤʦʙʠʣʷʭ, ʯʘʩʪʥʳʭ ʜʦʤʘʭ ʠ ʥʘ ʩʧʫʪʥʠʢʘʭ ʚ ʢʦʩʤʦʩʝ. ʀʟ ʥʠʭ ʩʪʘʣʠ ʜʘʞʝ 
ʩʪʨʦʠʪʴ ʧʦʣʥʦʮʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ (ʉʕʉ) ʩ ʙʦʣʴʰʠʤʠ ʦʙʲʝʤʘʤʠ 
ʛʝʥʝʨʘʮʠʠ. 

ʂʘʞʜʘʷ ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʫʩʪʨʦʝʥʘ ʢʘʢ ʙʣʦʢ ʠʟ ʵʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʤʦʜʫʣʝʡ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʷʶʪ ʚ ʩʝʙʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʝ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʬʦʪʦʵʣʝʤʝʥʪʳ. 

ʉʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ, ʠʣʠ ʩʦʣʥʝʯʥʳʡ ʤʦʜʫʣʴ, ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ 
ʵʣʝʤʝʥʪʦʚ: 

1. ʉʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ (ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ): ʵʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ 
ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

2. ʉʪʝʢʣʦ: ʚʝʨʭʥʠʡ ʩʣʦʡ ʩʦʣʥʝʯʥʦʛʦ ʤʦʜʫʣʷ ʦʙʳʯʥʦ ʧʦʢʨʳʪ ʟʘʢʘʣʸʥʥʳʤ ʩʪʝʢʣʦʤ, 
ʢʦʪʦʨʦʝ ʟʘʱʠʱʘʝʪ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʦʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ 
ʘʪʤʦʩʬʝʨʥʳʭ 
ʚʦʟʜʝʡʩʪʚʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʧʫʩʢʘʝʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ. 

3. ʇʦʜʣʦʞʢʘ: ʵʪʦ ʤʘʪʝʨʠʘʣ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ. 
ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʩʪʠʢ ʠʣʠ ʜʨʫʛʦʡ ʫʩʪʦʡʯʠʚʳʡ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʤʘʪʝʨʠʘʣ. 

4. ʈʘʤʢʘ: ʘʣʶʤʠʥʠʝʚʘʷ ʠʣʠ ʧʣʘʩʪʠʢʦʚʘʷ ʨʘʤʢʘ ʦʙʨʘʤʣʷʝʪ ʩʦʣʥʝʯʥʳʡ ʤʦʜʫʣʴ, 
ʦʙʝʩʧʝʯʠʚʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ ʠ ʦʙʣʝʛʯʘʷ ʤʦʥʪʘʞ. 

5. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ: ʢʦʥʪʘʢʪʳ ʠ ʧʨʦʚʦʜʘ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪ 
ʩʦʣʥʝʯʥʳʝ 

ʵʣʝʤʝʥʪʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʩ ʚʥʝʰʥʝʡ 
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

6. ɿʘʜʥʷʷ ʧʘʥʝʣʴ: ʵʣʝʤʝʥʪ 
ʟʘʱʠʱʘʝʪ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʩ 
ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʤʦʜʫʣʷ. 

ʕʪʠ ʵʣʝʤʝʥʪʳ ʨʘʙʦʪʘʶʪ ʚʤʝʩʪʝ ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. 

ɺʘʨʠʘʥʪʦʚ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ 
ʧʘʥʝʣʝʡ ʠʟ ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ. ʆʜʥʘʢʦ ʙʦʣʴʰʘʷ ʠʭ ʈʠʩ. 1. ʋʩʪʨʦʡʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ 
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ʯʘʩʪʴ ï ʵʪʦ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ. 
ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʩʝʡʯʘʩ ʚʳʧʫʩʢʘʶʪʩʷ ʧʦʢʘ ʯʪʦ ʪʦʣʴʢʦ ʧʘʥʝʣʠ ʠʟ 

ʬʦʪʦʵʣʝʤʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ. ɺʠʜʳ ʢʨʝʤʥʠʝʚʳʭ ʧʘʥʝʣʝʡ: 
ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʘʤʦʨʬʥʳʝ. 

ʇʨʠ ʧʘʜʝʥʠʠ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ 
ʬʦʪʦʵʣʝʤʝʥʪ ʚ ʥʝʤ ʛʝʥʝʨʠʨʫʶʪʩʷ 
ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʝ 
ʧʘʨʳ. ʇʨʠ ʨʘʟʨʳʚʝ ʩʚʷʟʠ ʦʙʨʘʟʫʝʪʩʷ 
ʚʘʢʘʥʪʥʦʝ ʤʝʩʪʦ ʩ ʥʝʜʦʩʪʘʶʱʠʤ 
ʵʣʝʢʪʨʦʥʦʤ. ɽʛʦ ʥʘʟʳʚʘʶʪ ʜʳʨʢʦʡ. ɺ 
ʜʳʨʢʝ ʠʤʝʝʪʩʷ ʠʟʙʳʪʦʯʥʳʡ 
ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʦʩʪʘʣʴʥʳʤʠ, ʥʦʨʤʘʣʴʥʳʤʠ ʩʚʷʟʷʤʠ. 
ʅʝʧʨʝʨʳʚʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʡ 
ʧʨʦʮʝʩʩ. ʆʜʠʥ ʠʟ ʵʣʝʢʪʨʦʥʦʚ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʚʷʟʴ ʘʪʦʤʦʚ, 
ʧʝʨʝʩʢʘʢʠʚʘʝʪ ʥʘ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ 
ʜʳʨʢʠ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʟʜʝʩʴ 
ʧʘʨʥʦʵʣʝʢʪʨʦʥʥʫʶ ʩʚʷʟʴ, ʘ ʪʘʤ, ʦʪʢʫʜʘ 
ʧʝʨʝʩʢʦʯʠʣ ʵʪʦʪ ʵʣʝʢʪʨʦʥ, ʦʙʨʘʟʫʝʪʩʷ 
ʥʦʚʘʷ ʜʳʨʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʳʨʢʘ 

ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʚʩʝʤʫ 
ʢʨʠʩʪʘʣʣʫ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʟʥʠʢʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʜʳʨʦʢ, ʠ, ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʜʦʙʘʚʣʷʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʨʝʤʝʱʝʥʠʝʤ ʜʳʨʦʢ. ʅʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʜʳʨʦʢ 
ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʦʚ.  

ɺ ʠʪʦʛʝ ʚʦ ʚʥʝʰʥʝʡ ʮʝʧʠ ʧʦʷʚʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʥʘ ʢʦʥʪʘʢʪʝ 
p-ʩʣʦʷ ʬʦʨʤʠʨʫʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʦʣʶʩ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ, ʘ ʥʘ n-ʩʣʦʷ 
ïʦʪʨʠʮʘʪʝʣʴʥʳʡ. 

ʀɿɻʆʊʆɺʃɽʅʀɽ ʄɸʂɽʊɸ 
ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʘ ʷ ʠʩʧʦʣʴʟʦʚʘʣʘ: ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʘʥʝʣʠ, 

ʩʚʝʪʦʜʠʦʜʳ, ʧʨʦʚʦʜʘ, ʘʢʢʫʤʫʣʷʪʦʨ, ʵʣʝʤʝʥʪʳ ʜʝʢʦʨʘ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 
ʉʭʝʤʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ: 

ʕʪʘʧʳ ʩʙʦʨʢʠ ʤʘʢʝʪʘ: 

ʈʠʩ. 2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ 
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1. ɺ ʥʘʯʘʣʝ ʩʦʙʠʨʘʝʤ ʢʦʨʧʫʩ ʤʘʢʝʪʘ ʠʟ ʧʦʪʦʣʦʯʥʳʭ ʧʣʠʪ. ɼʣʷ ʵʪʦʛʦ ʚʳʨʝʟʘʝʤ 
ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʪʘʣʠ ʠ ʩʢʨʝʧʣʷʝʤ ʠʭ ʩ ʧʦʤʦʱʴʶ ʢʣʝʷ ʊʠʪʘʥ. 

2. ɼʘʣʝʝ, ʢ ʢʦʥʪʘʢʪʘʤ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ 
ʧʨʠʧʘʠʚʘʝʤ ʧʨʦʚʦʜʘ ʧʨʠ ʧʦʤʦʱʠ ʧʘʷʣʴʥʠʢʘ ʠ 
ʦʣʦʚʷʥʥʦʛʦ ʧʨʠʧʦʷ. ʉ ʧʦʤʦʱʴʶ ʢʣʝʝʚʦʛʦ 
ʧʠʩʪʦʣʝʪʘ ʧʨʠʢʣʝʠʚʘʝʤ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʢ 
ʢʨʳʰʝ ʜʦʤʘ.  

3. ʂ ʩʦʣʥʝʯʥʳʤ ʧʘʥʝʣʷʤ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʘʝʤ 
ʘʢʢʫʤʫʣʷʪʦʨ. ɺʢʣʶʯʘʝʤ ʢʥʦʧʢʫ ʚ ʮʝʧʴ. 

4. ʂ ʩʚʝʪʦʜʠʦʜʥʳʤ ʤʘʪʨʠʮʘʤ ʧʨʠʧʘʠʚʘʝʤ ʧʨʦʚʦʜʘ. ʂ 
ʢʨʳʰʝ ʠ ʦʩʥʦʚʘʥʠʶ ʜʦʤʘ ʧʨʠʢʨʝʧʣʷʝʤ ʩʦʣʥʝʯʥʳʝ 
ʤʘʪʨʠʮʘ ʠ ʜʠʦʜʳ. ʇʦʜʢʣʶʯʘʝʤ ʠʭ ʧʘʨʘʣʣʝʣʴʥʦ ʢ 
ʘʢʢʫʤʫʣʷʪʦʨʫ. 

5. ʇʨʦʚʝʨʷʝʤ ʥʘʧʨʷʞʝʥʠʝ ʚ ʮʝʧʠ ʠ ʝʸ 
ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʢ ʢʘʞʜʦʡ ʩʦʣʥʝʯʥʦʡ 
ʧʘʥʝʣʠ ʧʦʜʢʣʶʯʘʝʤ ʤʫʣʴʪʠʤʝʪʨ ʠ ʠʟʤʝʨʷʝʤ  
ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʥʝʡ. ɺ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʥʘ ʦʙʝʠʭ                            
ʧʘʥʝʣʷʭ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʤʝʨʥʦ 5ɺ. 

6. ʉʦʙʠʨʘʝʤ ʤʘʢʝʪ ʠ ʧʨʦʚʝʨʷʝʤ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
 

ɿɸʂʃʖʏɽʅʀɽ 
ɺ ʥʘʰʝ ʚʨʝʤʷ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ. 

ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʞʥʦ ʯʘʩʪʦ ʫʚʠʜʝʪʴ ʚ ʛʦʨʦʜʘʭ: ʥʘ ʢʨʳʰʘʭ ʜʦʤʦʚ, ʤʘʰʠʥʘʭ, 
ʬʦʥʘʨʥʳʭ ʩʪʦʣʙʘʭ ʠ ʪ.ʜ. ɺ ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʪʘʢʞʝ ʨʘʟʚʠʪʘ ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 
ʉʝʡʯʘʩ ʚ ʨʝʛʠʦʥʝ ʨʘʙʦʪʘʶʪ ʯʝʪʳʨʝ ʩʦʣʥʝʯʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʚ ʅʦʚʦʫʟʝʥʩʢʦʤ, 
ɽʨʰʦʚʩʢʦʤ, ʇʫʛʘʯʝʚʩʢʦʤ ʠ ɼʝʨʛʘʯʝʚʩʢʦʤ ʨʘʡʦʥʘʭ ʦʙʱʝʡ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʴʶ 
ʩʚʳʰʝ 100 ʄɺʪ. ɺ ʉʘʨʘʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʣʘʥʠʨʫʝʪʩʷ ʚʦʟʚʝʜʝʥʠʝ ʧʷʪʦʡ ʧʦ ʩʯʝʪʫ 
ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʆʥʘ ʧʦʷʚʠʪʩʷ ʚ ɸʣʝʢʩʘʥʜʨʦʚʦ-ɻʘʡʩʢʦʤ ʨʘʡʦʥʝ ʢ ʢʦʥʮʫ 
2025 ʛʦʜʘ ʠ ʩʪʘʥʝʪ ʩʘʤʦʡ ʢʨʫʧʥʦʡ ʚ ʨʝʛʠʦʥʝ. ʩʦʪʨʫʜʥʠʢʠ ʌʦʩɸʛʨʦ ʫʩʪʘʥʦʚʠʣʠ ʥʘ 
ʢʨʳʰʝ ʣʝʯʝʙʥʦʛʦ ʢʦʨʧʫʩʘ ʢʦʨʧʦʨʘʪʠʚʥʦʛʦ ʩʘʥʘʪʦʨʥʦ-ʛʦʩʪʠʥʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
çʀʟʫʤʨʫʜè ʚ ʛ. ɹʘʣʘʢʦʚʝ (ʉʘʨʘʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ, ʩʧʦʩʦʙʥʳʝ 
ʛʝʥʝʨʠʨʦʚʘʪʴ ʜʦ 25 ʢɺʪ/ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʕʪʦ ð ʧʝʨʚʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ ʧʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʠ 
ʩʦʮʠʘʣʴʥʳʭ ʦʙʲʝʢʪʘʭ. ʊʘʢʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʧʨʦʝʢʪ ʦʙʝʩʧʝʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ 
ʜʝʚʷʪʠʵʪʘʞʢʠ ʚ ʕʥʛʝʣʴʩʝ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 

ʈʠʩ. 3. ʇʫʥʢʪ 4 

ʈʠʩ. 4. ʄʘʢʝʪ ʞʠʣʦʛʦ ʜʦʤʘ ʈʠʩ. 5. ʅʦʯʥʦʡ ʤʘʢʝʪ ʞʠʣʦʛʦ ʜʦʤʘ 



17 
 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʷ ʩʦʟʜʘʣʘ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʞʠʣʦʛʦ ʜʦʤʘ, 
ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʟʘ ʩʯʝʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 
ʩʦʟʜʘʪʴ ʩʭʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠ ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣʳ ʤʥʝ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ 
ʠʟʫʯʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʠʭ ʪʠʧʳ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ.  ɼʘʥʥʫʶ ʤʦʜʝʣʴ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʦ ʪʝʤʝ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 

ɺ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʜʦʨʘʙʦʪʘʪʴ ʤʘʢʝʪ, ʧʦʧʨʦʙʦʚʘʪʴ ʨʘʟʥʳʝ ʪʠʧʳ ʩʦʣʥʝʯʥʳʭ 
ʙʘʪʘʨʝʡ ʠ ʩʨʘʚʥʠʪʴ ʧʦʢʘʟʘʪʝʣʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ  

1. ʋʯʝʙʥʠʢ ʜʣʷ 10 ʢʣʘʩʩʘ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ɻ.ʗ. ʄʷʢʠʰʝʚ ɹ.ɹ. 
ɹʫʭʦʚʮʝʚ ʅ.ʅ. ʉʦʪʩʢʠʡ 

2. ʇʠʥʩʢʠʡ ɸ.ɸ. çʌʠʟʠʢʘ ʜʣʷ 11 ʢʣʘʩʩʘ ʰʢʦʣ ʠ ʢʣʘʩʩʦʚ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ 
ʬʠʟʠʢʠè, ʄʦʩʢʚʘ, "ʇʨʦʩʚʝʱʝʥʠʝ", 2014. 
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4. https://ru.wikipedia.org/wiki/ʉʦʣʥʝʯʥʘʷ_ʙʘʪʘʨʝʷ  
5. https://scilead.ru/article/390-istoriya-sozdaniya-solnechnikh-batarej  
6. https://m-strana.ru/articles/printsip-raboty-solnechnoy-batarei/  

 
 
 

ʊɽʈʄʆʉ ɺ ɼʆʄɸʐʅʀʍ ʋʉʃʆɺʀʗʍ 
ʂʦʩʝʥʢʦ ʂʨʠʩʪʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʊʝʛʫʣʴʜʝʪʩʢʘʷ ʉʆʐè 

8 ʢʣʘʩʩ 
ʉ. ʊʝʛʫʣʴʜʝʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʙʢʦʚ ɽʚʛʝʥʠʡ ɻʝʥʥʘʜʴʝʚʠʯ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ. 
 

ʃʶʜʠ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʪʝʨʤʦʩʦʤ, ʥʝ ʟʘʜʫʤʳʚʘʷʩʴ ʦ ʪʦʤ, ʢʘʢ ʦʥ ʨʘʙʦʪʘʝʪ. ɺʝʜʴ 
ʜʘʞʝ ʯʝʨʝʟ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ ʦʙʳʯʥʳʡ ʯʘʡ ʚ ʪʝʨʤʦʩʝ ʦʩʪʘʸʪʩʷ ʪʘʢʦʡ ʞʝ ʛʦʨʷʯʠʡ. ʅʘ 
ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ ʥʝ ʚʣʠʷʝʪ ʜʘʞʝ ʧʦʛʦʜʘ ʥʘ ʫʣʠʮʝ. ʏʪʦ ʞʝ ʧʦʤʦʛʘʝʪ ʩʦʭʨʘʥʠʪʴ ʯʘʡ 
ʛʦʨʷʯʠʤ? ʀʟ ʯʝʛʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʝʨʤʦʩ? ʇʦʷʚʠʣʦʩʴ ʙʦʣʴʰʦʝ ʞʝʣʘʥʠʝ, ʧʦʥʷʪʴ 
ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʝʨʤʦʩʘ, ʫʟʥʘʪʴ ʦʙ ʵʪʦʤ ʠʟʦʙʨʝʪʝʥʠʠ, ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ. ɼʘʥʥʘʷ 
ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʚʦʧʨʦʩʘ ʦ ʪʝʨʤʦʩʝ ʠ ʝʛʦ ʫʩʪʨʦʡʩʪʚʝ, ʘ ʪʘʢʞʝ 
ʩʧʦʩʦʙʫ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʩʘ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʪʝʨʤʦʩ.  
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʝʨʤʦʩʘ. ɻʠʧʦʪʝʟʘ: ʠʟʫʯʠʚ ʩʪʨʦʝʥʠʝ 
ʪʝʨʤʦʩʘ ʠ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʚ ʥʸʤ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʝʨʤʦʩ 
ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʩʘ ʚ 
ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ.  
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

Å ʠʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʧʨʦʝʢʪʥʦʡ ʪʝʤʝ;  
Å ʦʪʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ;  
Å ʠʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʨʘʩʢʨʳʚʘʶʱʠʡ ʧʦʥʷʪʠʝ ʪʝʨʤʦʩ, ʚʠʜʳ 
ʪʝʧʣʦʧʝʨʝʜʘʯ, ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʪʝʨʤʦʩʘ, ʝʛʦ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ;  

Å ʠʟʛʦʪʦʚʠʪʴ ʪʝʨʤʦʩ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ;  
Å ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʥʘʯʝʥʠʡ ʞʠʜʢʦʩʪʠ 
ʟʘʚʦʜʩʢʦʛʦ ʪʝʨʤʦʩʘ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ;  

Å ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ.  
Å ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
Å ʊʝʦʨʝʪʠʯʝʩʢʠʝ: ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʟʘʷʚʣʝʥʥʦʡ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʦʙʱʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ. 

https://www.kommersant.ru/doc/5953069
https://ru.wikipedia.org/wiki/Солнечная_батарея
https://scilead.ru/article/390-istoriya-sozdaniya-solnechnikh-batarej
https://m-strana.ru/articles/printsip-raboty-solnechnoy-batarei/


18 
 

Å ʕʤʧʠʨʠʯʝʩʢʠʝ: ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʪʝʢʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʧʨʠ 
ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʝʨʤʦʩʘ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ.  

Å  ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ: ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʥʘʯʝʥʠʡ ʞʠʜʢʦʩʪʠ ʚ 
ʠʩʧʳʪʫʝʤʳʭ ʤʦʜʝʣʷʭ ʪʝʨʤʦʩʦʚ, ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 

ʀʉʊʆʈʀʗ ʉʆɿɼɸʅʀʗ ʊɽʈʄʆʉɸ 
ɺ 1892 ʛʦʜʫ ɼʞʝʡʤʩ ɼʴʶʘʨ ʨʘʟʨʘʙʦʪʘʣ ʠʟʦʣʠʨʫʶʱʫʶ ʢʦʣʙʫ, ʢʦʪʦʨʘʷ ʠʟʚʝʩʪʥʘ 

ʚ ʥʘʫʢʝ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʩʦʩʫʜ ɼʴʶʘʨʘ. ʂʦʣʙʘ ʙʳʣʘ ʠʟʦʙʨʝʪʝʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ 
ʭʠʤʠʢʘʪʦʚ, ʥʦ ʠʤʝʥʥʦ ʦʥʘ ʩʪʘʣʘ ʤʦʜʝʣʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʨʤʦʩʘ. ɺ 1903 ʛʦʜʫ 
ʙʝʨʣʠʥʩʢʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʩʪʝʢʣʷʥʥʳʭ ʠʟʜʝʣʠʡ ʈʝʡʥʛʦʣʴʜ ɹʫʨʛʝʨ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣ 
ʩʦʩʫʜ ɼʴʶʘʨʘ. ɼʣʷ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʦʩʫʜʘ ʚ ʙʳʪʫ (ʭʨʘʥʝʥʠʷ ʥʘʧʠʪʢʦʚ), 
ʦʥ ʜʦʙʘʚʠʣ ʢ ʥʝʤʫ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʨʧʫʩ, ʧʨʦʙʢʫ ʠ ʢʨʳʰʢʫ-ʩʪʘʢʘʥʯʠʢ. ʊʘʢʞʝ, ʠʤ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʧʦʜʜʝʨʞʢʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʢʦʣʙʳ, ʪʘʢ ʢʘʢ ʦʥʘ ʜʝʨʞʘʣʘʩʴ 
ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʫ ʛʦʨʣʦʚʠʥʳ ʩʦʩʫʜʘ ʠ ʠʟ-ʟʘ ʵʪʦʛʦ ʣʝʛʢʦ ʚ ʘʢʪʠʚʥʦʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ. ɺ 1904 ʛʦʜʫ ʚʧʝʨʚʳʝ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʷʭ ʙʳʣʘ ʚʳʧʫʱʝʥʘ ʧʝʨʚʘʷ 
ʧʘʨʪʠʷ ʪʝʨʤʦʩʦʚ. ʋʩʪʨʦʡʩʪʚʦ ʥʘʩʪʦʣʴʢʦ ʙʳʣʦ ʩʦʚʝʨʰʝʥʥʦ ʠ ʧʨʦʩʪʦ ʚ ʧʨʠʤʝʥʝʥʠʠ, ʯʪʦ 
ʥʝ ʠʟʤʝʥʠʣʦʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. ɹʳʣ ʦʙʲʷʚʣʝʥ ʢʦʥʢʫʨʩ ʥʘ ʣʫʯʰʝʝ ʥʘʟʚʘʥʠʝ 
ʠʟʜʝʣʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʙʝʜʠʪʝʣʷ ʚʳʙʨʘʣʠ Thermos (ʦʪ ʛʨʝʯʝʩʢʦʛʦ therme ð ʛʦʨʷʯʠʡ). 

ʊɽʆʈɽʊʀʏɽʉʂɸʗ ʏɸʉʊʔ. ʊɽʈʄʆʉ, ɽɻʆ ʂʆʅʉʊʈʋʂʎʀʗ ʀ ʌʀɿʀʏɽʉʂʀɽ ʗɺʃɽʅʀʗ. 
ʊʝʨʤʦʩ ï ʵʪʦ ʚʠʜ ʢʫʭʦʥʥʦʡ ʧʦʩʫʜʳ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʭʨʘʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ 
ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. ʆʥ 
ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʦʪʦʚʳʭ ʥʘʧʠʪʢʦʚ ʠ ʝʜʳ, ʥʦ ʠ ʜʣʷ ʠʭ 
ʧʨʠʛʦʪʦʚʣʝʥʠʷ, ʥʘʧʨʠʤʝʨ ï ʨʘʟʣʠʯʥʳʭ ʥʘʩʪʦʝʚ ʠ ʢʘʰ.  
ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʠʩʧʦʣʴʟʫʝʤʦʡ ʧʠʱʠ, ʩʦʚʨʝʤʝʥʥʳʝ ʙʳʪʦʚʳʝ ʪʝʨʤʦʩʳ ʤʦʞʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ:  
Å ʪʝʨʤʦʩʳ ʜʣʷ ʥʘʧʠʪʢʦʚ (ʠʤʝʶʪ ʫʟʢʫʶ ʛʦʨʣʦʚʠʥʫ ʜʠʘʤʝʪʨʦʤ 25ð 55 ʤʤ);  
Å ʪʝʨʤʦʩʳ ʩ ʧʥʝʚʤʦʥʘʩʦʩʦʤ (ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʨʳʰʢʠ ʪʘʢʦʛʦ ʪʝʨʤʦʩʘ ʝʩʪʴ ʧʥʝʚʤʦʥʘʩʦʩ 
ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʞʠʜʢʦʩʪʝʡ ʧʫʪʸʤ ʥʘʞʘʪʠʷ ʥʘ ʢʥʦʧʢʫ, ʠ ʚʳʚʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ ʩʙʦʢʫ ʜʣʷ 
ʥʘʣʠʚʘʥʠʷ; ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʥʘʩʪʦʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ);  

Å ʧʠʱʝʚʳʝ ʪʝʨʤʦʩʳ (ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʛʦʨʣʦʚʠʥʫ, ʜʠʘʤʝʪʨ ʢʦʪʦʨʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ 
ʜʠʘʤʝʪʨʫ ʢʦʨʧʫʩʘ (ʦʪ 65ð80 ʤʤ); ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʧʝʨʚʳʭ ʠ ʚʪʦʨʳʭ ʙʣʶʜ, 
ʤʦʨʦʞʝʥʦʛʦ ʠ ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ);  

Å ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʪʝʨʤʦʩʳ (ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʠʱʝʚʳʭ ʪʝʨʤʦʩʦʚ ʪʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʝʡ 
ʧʨʦʙʢʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ, ʙʦʣʝʝ ʫʟʢʦʝ, ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʥʘʣʠʚʘʥʠʷ 
ʥʘʧʠʪʢʦʚ).  

Å ʧʠʱʝʚʳʝ ʪʝʨʤʦʩʳ ʩ ʩʫʜʢʘʤʠ (ʪʝʨʤʦʩʳ, ʚ ʢʦʪʦʨʳʝ ʩʪʦʧʢʦʡ, ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʚʢʣʘʜʳʚʘʝʪʩʷ 
2ð3 ʧʣʘʩʪʠʢʦʚʳʝ ʠʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʸʤʢʦʩʪʠ (ʢʦʥʪʝʡʥʝʨʳ), ʧʦʟʚʦʣʷʶʱʠʝ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʜʝʣʴʥʦ ʭʨʘʥʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʣʶʜ ð ʥʘʧʨʠʤʝʨ ʜʣʷ ʦʙʝʜʘ;  

Å ʪʝʨʤʦʯʘʰʢʘ ʠʣʠ ʪʝʨʤʦʢʨʫʞʢʘ. 
Å ɿʘʜʘʯʘ ʪʝʨʤʦʩʘ - ʩʦʭʨʘʥʷʪʴ ʞʠʜʢʦʩʪʴ ʢʘʢ ʤʦʞʥʦ ʜʦʣʴʰʝ ʛʦʨʷʯʝʡ, ʪʦ ʝʩʪʴ ʩʦʭʨʘʥʷʪʴ 
ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʞʠʜʢʦʩʪʠ, ʥʝ ʜʘʪʴ ʝʡ ʦʩʪʳʚʘʪʴ. ɺ ʬʠʟʠʢʝ ʧʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ 
ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʙʦʣʝʝ ʛʦʨʷʯʝʛʦ ʪʝʣʘ ʢ ʙʦʣʝʝ ʭʦʣʦʜʥʦʤʫ ʥʘʟʳʚʘʝʪʩʷ 
ʪʝʧʣʦʧʝʨʝʜʘʯʝʡ. ʂʦʛʜʘ ʬʠʟʠʯʝʩʢʠʝ ʪʝʣʘ ʦʜʥʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʧʨʠ ʨʘʟʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʜʘʯʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʦʪ ʦʜʥʦʛʦ ʪʝʣʘ ʢ ʜʨʫʛʦʤʫ ʜʦ 
ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ʊʝʧʣʦ ʚʩʝʛʜʘ ʧʝʨʝʜʘʸʪʩʷ ʦʪ ʙʦʣʝʝ ʛʦʨʷʯʠʭ ʪʝʣ ʙʦʣʝʝ 
ʭʦʣʦʜʥʳʤ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʝʩʣʠ ʥʝ ʟʘʱʠʱʘʪʴ ʛʦʨʷʯʠʡ ʯʘʡ ʚ ʪʝʨʤʦʩʝ, ʪʦ ʦʥ ʦʯʝʥʴ ʩʢʦʨʦ 
ʩʪʘʥʝʪ ʭʦʣʦʜʥʳʤ, ʪʘʢ ʢʘʢ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ ʯʘʷ ʙʫʜʝʪ ʧʝʨʝʜʘʚʘʪʴʩʷ ʚʦʟʜʫʭʫ. ʏʘʡ 
ʧʦʩʪʝʧʝʥʥʦ ʦʩʪʳʥʝʪ. 

Å ɺʳʚʦʜ: ʜʘʥʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʤʦʛʣʦ ʨʘʩʢʨʳʪʴ ʩʝʢʨʝʪʳ ʫʩʪʨʦʡʩʪʚʘ 
ʪʝʨʤʦʩʘ. ʆʙʦʙʱʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʛʣʘʚʥʘʷ ʟʘʜʘʯʘ ʪʝʨʤʦʩʘ ï 
ʭʨʘʥʠʪʴ ʪʝʧʣʦ ʢʘʢ ʤʦʞʥʦ ʜʦʣʴʰʝ. ʕʪʦʛʦ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʝʩʣʠ ʫʯʠʪʳʚʘʪʴ ʬʠʟʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚʥʫʪʨʠ ʪʝʨʤʦʩʘ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʪʝʧʣʦʧʝʨʝʜʘʯʘ 
ʤʝʞʜʫ ʛʦʨʷʯʝʡ ʞʠʜʢʦʩʪʴʶ ʠ ʭʦʣʦʜʥʳʤ ʚʦʟʜʫʭʦʤ ʙʳʣʘ ʢʘʢ ʤʦʞʥʦ ʤʝʥʴʰʝ. ʕʪʦʛʦ 
ʜʦʙʠʚʘʶʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʝʨʤʦʩʦʚ. ɺʦʟʤʦʞʥʦ ʣʠ ʜʦʩʪʠʞʝʥʠʝ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ ʚ 
ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʇʈɸʂʊʀʏɽʉʂɸʗ ʏɸʉʊʔ. ʀɿɻʆʊʆɺʃɽʅʀɽ ʊɽʈʄʆʉɸ ɺ ɼʆʄɸʐʅʀʍ ʋʉʃʆɺʀʗʍ. 
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ʊʝʨʤʦʩ - ʚʠʜ ʙʳʪʦʚʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʡ ʧʦʩʫʜʳ ʜʣʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ 
ʩʦʭʨʘʥʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʣʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʀʟʫʯʠʚ ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ, ʤʳ ʧʨʠʰʣʠ ʢ 
ʚʳʚʦʜʫ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʦʩʥʦʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʪʝʢʣʷʥʥʘʷ ʙʫʪʳʣʢʘ. 
ʉʪʝʢʣʦ ʭʦʨʦʰʦ ʧʨʦʚʦʜʠʪ ʪʝʧʣʦ ʠ ʥʝ ʚʩʪʫʧʘʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʜʨʫʛʠʤʠ 
ʚʝʱʝʩʪʚʘʤʠ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʩ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʙʦʡ ʥʝ 
ʧʝʨʝʥʠʤʘʝʪ ʥʠ ʦʪ ʯʝʛʦ ʟʘʧʘʭʠ. ʅʦ ʠ ʪʝʨʤʦʩ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʙʦʡ ʠʤʝʝʪ ʩʚʦʠ 
ʥʝʜʦʩʪʘʪʢʠ. ʉʪʝʢʣʦ ï ʭʨʫʧʢʠʡ ʤʘʪʝʨʠʘʣ, ʧʦʵʪʦʤʫ ʥʝ ʩʪʦʠʪ ʟʘʙʳʚʘʪʴ ʦ ʩʚʦʡʩʪʚʘʭ 
ʩʪʝʢʣʘ: ʚ ʪʝʨʤʦʩ ʩʦ ʩʪʝʢʣʷʥʥʦʡ ʢʦʣʙʦʡ ʥʝʣʴʟʷ ʟʘʣʠʚʘʪʴ ʢʠʧʷʪʦʢ, ʝʩʣʠ ʝʛʦ ʧʨʠʥʝʩʣʠ ʩ 
ʭʦʣʦʜʘ, ʠʥʘʯʝ ʩʪʝʢʣʦ ʤʦʞʝʪ ʣʦʧʥʫʪʴ. ʊʘʢʞʝ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʩʘ ʚ ʜʦʤʘʰʥʠʭ 
ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʳ: ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ï ʫʪʝʧʣʠʪʝʣʴ; 
ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʡ ʤʘʪʝʨʠʘʣ ï ʬʦʣʴʛʘ. 
ʊɸʂʀʄ ʆɹʈɸɿʆʄ, ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ ʊɽʈʄʆʉɸ ɺ ɼʆʄɸʐʅʀʍ ʋʉʃʆɺʀʗʍ ʇʆʊʈɽɹʋʖʊʉʗ 
ʉʃɽɼʋʖʑʀɽ ʄɸʊɽʈʀɸʃʓ ʀ ʀʅʉʊʈʋʄɽʅʊʓ:  
1. ʉʊɽʂʃʗʅʅɸʗ ɹʋʊʓʃʂɸ ï 0,5; 1ʃʀʊʈʆɺ;  2. ʇʃɸʉʊʀʂʆɺɸʗ ɹʋʊʓʃʂɸ - 1,5; 5 ʃʀʊʈʆɺ;  
3. ʋʊɽʇʃʀʊɽʃʔ; 4. ʌʆʃʔɻɸ; 5. ʉʂʆʊʏ; 6. ʀɿʆʃɽʅʊɸ; 7. ʅʆɾʅʀʎʓ; 8. ʄʆʅʊɸɾʅɸʗ ʇɽʅɸ; 
9. ʂɸʅʎɽʃʗʈʉʂʀʁ ʅʆɾ; 10. ʇʈʆɺʆʃʆʂɸ; 11. ʇʃɸʉʊʀʂʆɺʓʁ ʉʊɸʂɸʅ. 
ʊʝʭʥʦʣʦʛʠʷ ʚʳʧʦʣʥʝʥʠʷ: 
ʊɽʈʄʆʉ ˉ1. 
1 ʵʪʘʧ ʉʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ 0,5 ʣʠʪʨʦʚ ʩ ʚʠʥʪʦʚʦʡ ʧʨʦʙʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʨʥʫʪʴ 
ʬʦʣʴʛʦʡ, ʤʘʪʦʚʦʡ ʩʪʦʨʦʥʦʡ ʥʘʚʝʨʭ. ʌʦʣʴʛʘ ʦʙʨʘʟʫʝʪ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ 
ʤʝʥʴʰʝʛʦ ʥʘʛʨʝʚʘʥʠʷ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ. 
2 ʵʪʘʧ ʟʘʢʨʝʧʣʷʝʤ ʩʣʦʡ ʬʦʣʴʛʠ ʫʪʝʧʣʠʪʝʣʝʤ ʟʝʨʢʘʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʢ ʙʫʪʳʣʢʝ. 
ʆʙʤʦʪʘʪʴ ʫʪʝʧʣʠʪʝʣʴ ʧʨʦʚʦʣʦʢʦʡ. 
3 ʵʪʘʧ ʇʣʘʩʪʠʢʦʚʫʶ ʙʫʪʳʣʢʫ 1,5 ʣʠʪʨʦʚ ʨʘʟʨʝʟʘʝʤ ʧʦʧʦʣʘʤ. ɺ ʥʠʞʥʶʶ ʯʘʩʪʴ ʙʫʪʳʣʢʠ 
ʫʢʣʘʜʳʚʘʝʤ ʫʪʝʧʣʠʪʝʣʴ ʟʘʨʘʥʝʝ ʥʘʨʝʟʘʥʥʳʝ ʜʠʩʢʠ ʨʘʟʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʫʪʝʧʣʠʚ ʜʥʦ. 
4 ʵʪʘʧ ɻʦʪʦʚʫʶ ʩʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ ʧʦʤʝʱʘʝʤ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ, 
ʩʚʝʨʭʫ ʦʜʝʚʘʝʤ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ. ʆʙʤʘʪʳʚʘʝʤ ʚʥʝʰʥʶʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʪʯʝʤ. 
5 ʵʪʘʧ ʠʟ ʧʝʥʦʧʣʘʩʪʘ ʚʳʨʝʟʘʝʤ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʨʦʙʢʠ, ʚ ʢʦʪʦʨʦʤ ʚʳʨʝʟʘʝʤ ʜʠʩʢ ʩ 
ʨʘʟʤʝʨʦʤ ʚʠʥʪʦʚʦʡ ʧʨʦʙʢʠ. 
6 ʵʪʘʧ ʊʝʨʤʦʩ ʛʦʪʦʚ ʢ ʠʩʧʳʪʘʥʠʷʤ. 
ʊɽʈʄʆʉ ˉ2. 
1 ʵʪʘʧ ʉʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ 0,5 ʣʠʪʨʦʚ ʩ ʚʠʥʪʦʚʦʡ ʧʨʦʙʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʨʥʫʪʴ 
ʬʦʣʴʛʦʡ, ʤʘʪʦʚʦʡ ʩʪʦʨʦʥʦʡ ʥʘʚʝʨʭ. ʌʦʣʴʛʘ ʦʙʨʘʟʫʝʪ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ 
ʤʝʥʴʰʝʛʦ ʥʘʛʨʝʚʘʥʠʷ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ. 
2 ʵʪʘʧ ʇʣʘʩʪʠʢʦʚʫʶ ʙʫʪʳʣʢʫ 1,5 ʣʠʪʨʦʚ ʨʘʟʨʝʟʘʝʤ ʥʘ ʜʚʝ ʯʘʩʪʠ ʚʝʨʭʥʷʷ ʤʝʥʴʰʝ. ɺ 
ʥʠʞʥʶʶ ʯʘʩʪʴ ʙʫʪʳʣʢʠ ʫʢʣʘʜʳʚʘʝʤ ʫʪʝʧʣʠʪʝʣʴ ʟʘʨʘʥʝʝ ʥʘʨʝʟʘʥʥʳʝ ʜʠʩʢʠ ʨʘʟʥʳʤʠ 
ʩʪʦʨʦʥʘʤʠ, ʫʪʝʧʣʠʚ ʜʥʦ. 
3 ʵʪʘʧ ɻʦʪʦʚʫʶ ʩʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ ʧʦʤʝʱʘʝʤ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ, 
ʩʚʝʨʭʫ ʦʜʝʚʘʝʤ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ. ʆʙʤʘʪʳʚʘʝʤ ʚʥʝʰʥʶʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʪʯʝʤ. 
4 ʵʪʘʧ ʟʘʣʠʚʘʝʤ ʤʦʥʪʘʞʥʫʶ ʧʝʥʫ ʤʝʞʜʫ ʩʪʝʢʣʷʥʥʦ ʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʦʡ, ʜʘʝʤ 
ʧʨʦʩʦʭʥʫʪʴ 8 ʯʘʩʦʚ. 
5 ʵʪʘʧ ʠʟ ʧʣʘʩʪʦʚʦʛʦ ʩʪʘʢʘʥʘ ʚʳʨʝʟʘʝʤ ʧʦʣʦʚʠʥʘ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʟʘʣʠʚʘʝʤ ʤʦʥʪʘʞʥʦʡ 
ʧʝʥʦʡ ʠʚ ʥʝʝ ʦʧʫʩʢʘʝʤ ʚʠʥʪʦʚʫʶ ʧʨʦʙʢʫ ʜʦ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ 8 ʯʘʩʦʚ.  
6 ʵʪʘʧ ʊʝʨʤʦʩ ʛʦʪʦʚ ʢ ʠʩʧʳʪʘʥʠʷʤ. 
ʊɽʈʄʆʉ ˉ3. 
1 ʵʪʘʧ ʉʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ 1 ʣʠʪʨ ʩ ʚʠʥʪʦʚʦʡ ʧʨʦʙʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʨʥʫʪʴ ʬʦʣʴʛʦʡ, 
ʤʘʪʦʚʦʡ ʩʪʦʨʦʥʦʡ ʥʘʚʝʨʭ. ʌʦʣʴʛʘ ʦʙʨʘʟʫʝʪ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʜʣʷ ʤʝʥʴʰʝʛʦ 
ʥʘʛʨʝʚʘʥʠʷ ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ. 
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2 ʵʪʘʧ ʟʘʢʨʝʧʣʷʝʤ ʩʣʦʡ ʬʦʣʴʛʠ ʫʪʝʧʣʠʪʝʣʝʤ ʟʝʨʢʘʣʴʥʦʡ ʩʪʦʨʦʥʦʡ ʢ ʙʫʪʳʣʢʝ. 
ʆʙʤʦʪʘʪʴ ʫʪʝʧʣʠʪʝʣʴ ʧʨʦʚʦʣʦʢʦʡ. 
3 ʵʪʘʧ ʇʣʘʩʪʠʢʦʚʫʶ ʙʫʪʳʣʢʫ 5 ʣʠʪʨʦʚ ʨʘʟʨʝʟʘʝʤ ʧʦʧʦʣʘʤ. ɺ ʥʠʞʥʶʶ ʯʘʩʪʴ ʙʫʪʳʣʢʠ 
ʫʢʣʘʜʳʚʘʝʤ ʫʪʝʧʣʠʪʝʣʴ ʟʘʨʘʥʝʝ ʥʘʨʝʟʘʥʥʳʝ ʜʠʩʢʠ ʨʘʟʥʳʤʠ ʩʪʦʨʦʥʘʤʠ, ʫʪʝʧʣʠʚ ʜʥʦ. 
4 ʵʪʘʧ ɻʦʪʦʚʫʶ ʩʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ ʧʦʤʝʱʘʝʤ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ, 
ʩʚʝʨʭʫ ʦʜʝʚʘʝʤ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ. ʆʙʤʘʪʳʚʘʝʤ ʚʥʝʰʥʶʶ 
ʧʦʚʝʨʭʥʦʩʪʴ ʩʢʦʪʯʝʤ. 
5 ʵʪʘʧ ʟʘʣʠʚʘʝʤ ʤʦʥʪʘʞʥʫʶ ʧʝʥʫ ʤʝʞʜʫ ʩʪʝʢʣʷʥʥʦ ʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʦʡ, ʜʘʝʤ 
ʧʨʦʩʦʭʥʫʪʴ 8 ʯʘʩʦʚ. 
6 ʵʪʘʧ ʠʟ ʧʝʥʦʧʣʘʩʪʘ ʚʳʨʝʟʘʝʤ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʨʦʙʢʠ, ʚ ʢʦʪʦʨʦʤ ʚʳʨʝʟʘʝʤ ʜʠʩʢ ʩ 
ʨʘʟʤʝʨʦʤ ʚʠʥʪʦʚʦʡ ʧʨʦʙʢʠ. 
7 ʵʪʘʧ ʊʝʨʤʦʩ ʛʦʪʦʚ ʢ ʠʩʧʳʪʘʥʠʷʤ. 

 
ʕʂʉʇɽʈʀʄɽʅʊ 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʪʝʨʤʦʩʳ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
ʠʩʩʣʝʜʦʚʘʪʴ, ʩʨʘʚʥʠʚ ʨʝʟʫʣʴʪʘʪʳ ʩ ʟʘʚʦʜʩʢʠʤ ʪʝʨʤʦʩʦʤ.  
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʤ ʧʦʥʘʜʦʙʷʪʩʷ:  

5. ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʪʝʨʤʦʩʳ; 2. ʟʘʚʦʜʩʢʦʡ ʪʝʨʤʦʩ; 3. ʚʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 100Áʉ;  

4.ʪʝʨʤʦʤʝʪʨ; 5. ʯʘʩʳ; 6. ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʜʳ 

ʚ ʪʝʨʤʦʩʘʭ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ 0,5 ʯʘʩ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 3 ʯʘʩʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ 22Áʉ (ʧʦʜʦʛʨʝʣʠ ʚʦʜʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 100Áʉ ʠ ʟʘʣʠʣʠ ʚ ʪʝʨʤʦʩʳ). 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ. 
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ɺʓɺʆɼʓ ʇʆ ʕʂʉʇɽʈʀʄɽʅʊɸʄ. 
1. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʩ ˉ2 ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʪʝʢʣʷʥʥʦʡ 
ʙʫʪʳʣʢʠ 0,5 ʣʠʪʨʦʚ, ʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ 1,5 ʣʠʪʨʦʚ, ʘ ʪʘʢʞʝ ʩ ʬʦʣʴʛʦʡ, ʫʪʝʧʣʠʪʝʣʝʤ 
ʥʘ ʜʥʝ, ʤʦʥʪʘʞʥʦʡ ʧʝʥʦʡ ʤʝʞʜʫ ʙʫʪʳʣʢʘʤʠ ʠ ʢʨʳʰʢʦʡ ʠʟ ʧʝʥʦʧʣʘʩʪʘ, ʜʘʝʪ ʨʝʟʫʣʴʪʘʪ, 
ʥʦ ʥʝ ʙʦʣʝʝ 3 ʯʘʩʦʚ. 

2. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʩ ˉ1 ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʪʝʢʣʷʥʥʦʡ 
ʙʫʪʳʣʢʠ 0,5 ʣʠʪʨʦʚ, ʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ 1,5 ʣʠʪʨʦʚ, ʘ ʪʘʢʞʝ ʩ ʬʦʣʴʛʦʡ, ʫʪʝʧʣʠʪʝʣʝʤ 
ʥʘ ʜʥʝ, ʫʪʝʧʣʠʪʝʣʝʤ ʩ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʤʝʞʜʫ ʙʫʪʳʣʢʘʤʠ ʠ ʢʨʳʰʢʦʡ, ʜʘʝʪ 
ʨʝʟʫʣʴʪʘʪ ʣʫʯʰʝ, ʯʝʤ ʪʝʨʤʦʩ ˉ2, ʥʦ ʥʝ ʙʦʣʝʝ 4 ʯʘʩʦʚ. 

3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʤʦʩ ˉ3 ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʪʝʢʣʷʥʥʦʡ 
ʙʫʪʳʣʢʠ 1 ʣʠʪʨ, ʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ 5 ʣʠʪʨʦʚ, ʘ ʪʘʢʞʝ ʩ ʬʦʣʴʛʦʡ, ʫʪʝʧʣʠʪʝʣʝʤ ʥʘ 
ʜʥʝ, ʫʪʝʧʣʠʪʝʣʝʤ ʩ ʟʝʨʢʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʤʦʥʪʘʞʥʦʡ ʧʝʥʦʡ ʤʝʞʜʫ ʙʫʪʳʣʢʘʤʠ 
ʤʝʞʜʫ ʙʫʪʳʣʢʘʤʠ ʠ ʢʨʳʰʢʦʡ ʠʟ ʧʝʥʦʧʣʘʩʪʘ, ʜʘʝʪ ʩʘʤʳʡ ʣʫʯʰʠʡ ʨʝʟʫʣʴʪʘʪ ʠʟ ʚʩʝʭ 
ʵʢʟʝʤʧʣʷʨʦʚ, ʙʦʣʝʝ 6 ʯʘʩʦʚ. 

ɿʘʢʣʶʯʝʥʠʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ: 

ʪʝʦʨʝʪʠʯʝʩʢʘʷ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʝʨʤʦʩʘ, ʝʛʦ 

ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʠ ʢʦʥʩʪʨʫʢʮʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʩʘ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ. ɺʳʜʚʠʥʫʪʘʷ ʛʠʧʦʪʝʟʘ: ʠʟʫʯʠʚ ʩʪʨʦʝʥʠʝ ʪʝʨʤʦʩʘ ʠ ʤʝʭʘʥʠʟʤʳ ʧʨʦʪʝʢʘʥʠʷ ʚ ʥʸʤ 

ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʪʝʨʤʦʩ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʧʦʜʪʚʝʨʜʠʣʘʩʴ. ʇʦʵʪʦʤʫ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʝʢʪʘ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʘʤʦʜʝʣʴʥʦʛʦ ʪʝʨʤʦʩʘ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʨʝʘʣʴʥʦ ʠ ʚʳʧʦʣʥʠʤʦ. ɿʥʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʥʘʛʣʷʜʥʦʩʪʴ, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ 

ʧʨʦʝʢʪʦʤ, ʧʦʤʦʛʘʶʪ ʟʘʧʦʤʥʠʪʴ ʩʣʦʞʥʳʝ ʪʝʨʤʠʥʳ ʠ ʧʦʥʷʪʠʷ ʪʘʢʦʡ ʥʘʫʢʠ, ʢʘʢ ʬʠʟʠʢʘ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʂ. ɸ. ɿʘʨʝʯʠʥʘ. ʉʝʢʨʝʪ ʪʝʨʤʦʩʘ // ʖʥʳʡ ʫʯʝʥʳʡ, ˉ3 (6), 2016. ï 136ʩ.  
2. ɹ. ɹ. ʅʘʜʝʞʜʠʥ. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʪʝʨʤʦʩʘ// ʖʥʳʡ ʫʯʝʥʳʡ, ˉ5 (25), 2019. ï 45-
48ʩ.  

3. ɺ. ɸ. ʇʝʨʳʰʢʠʥ. ʌʠʟʠʢʘ. 8 ʢʣʘʩʩ: ʋʯʝʙʥʠʢ ʜʣʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 
ʫʯʨʝʞʜʝʥʠʡ. ʄʦʩʢʚʘ: ɼʨʦʬʘ, 2011. ï 11ʩ.  

4. ʉʚʦʙʦʜʥʘʷ ʠʥʪʝʨʥʝʪ-ʵʥʮʠʢʣʦʧʝʜʠʷ çɺʠʢʠʧʝʜʠʷè 
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ʌʀɿʀʂɸ ɹʈɸʊʔɽɺ-ɹʃʀɿʅɽʎʆɺ 
ʂʨʠʚʦʥʦʩ ʂʠʨʠʣʣ ʉʝʨʛʝʝʚʠʯ, ʂʨʠʚʦʥʦʩ ʄʠʭʘʠʣ ʉʝʨʛʝʝʚʠʯ  
ɻɹʆʋ çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʰʢʦʣʘ ˉ35 ʛ.ʦ. ɼʦʥʝʮʢè  

8 ʢʣʘʩʩ 
ʛ. ɼʦʥʝʮʢ, ɼʦʥʝʮʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʯʝʨʝʥʢʦ ʄʘʨʛʘʨʠʪʘ ɺʘʩʠʣʴʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ɻɹʆʋ 
çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʰʢʦʣʘ ˉ35 ʛ.ʦ. ɼʦʥʝʮʢè 

 
ʀʟʫʯʝʥʠʝ ʩʚʦʝʛʦ ʪʝʣʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʦʯʝʥʴ ʚʘʞʥʦ ʜʣʷ ʯʝʣʦʚʝʢʘ: 

ʤʝʭʘʥʠʢʘ ʪʝʣʘ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʤʘ (ʧʦʚʳʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʪʨʘʚʤ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʦʧʦʨʥʦ-
ʜʚʠʛʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʫʣʫʯʰʝʥʠʝ ʩʧʦʨʪʠʚʥʳʭ ʜʦʩʪʠʞʝʥʠʡ); ʟʥʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 
ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʝ ʪʝʣʦʤ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 
ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʣʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʤʝʨʳ ʜʣʷ 
ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʠʢʨʦʢʣʠʤʘʪʘ (ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʪʝʧʣʦʚʦʛʦ ʙʘʣʘʥʩʘ ʠ 
ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ); ʠʟʫʯʘʷ ʜʘʚʣʝʥʠʝ, 
ʦʢʘʟʳʚʘʝʤʦʝ ʪʝʣʦʤ ʯʝʣʦʚʝʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚ 
ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ (ʚ ʙʳʪʫ, ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ). ɺ ʵʪʦʤ ʠ 
ʩʦʩʪʦʠʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʠʪʴ ʦʨʛʘʥʠʟʤʳ 
ʙʨʘʪʴʝʚ-ʙʣʠʟʥʝʮʦʚ ʢʘʢ ʬʠʟʠʯʝʩʢʠʝ ʪʝʣʘ, ʫʩʪʘʥʦʚʠʪʴ ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʦʨʛʘʥʠʟʤʦʚ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʠʟʫʯʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 
ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ; ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʙʨʘʪʴʝʚ-
ʙʣʠʟʥʝʮʦʚ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʪʝʣʘ 
ʙʨʘʪʴʝʚ-ʙʣʠʟʥʝʮʦʚ. ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʦʮʝʩʩ ʪʝʧʣʦʧʝʨʝʜʘʯʠ, ʧʣʦʪʥʦʩʪʴ, 
ʦʙʲʝʤ, ʨʦʩʪ ʙʨʘʪʴʝʚ. ɻʠʧʦʪʝʟʘ: ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʯʝʣʦʚʝʯʝʩʢʦʤ ʦʨʛʘʥʠʟʤʝ, 
ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ; ʙʣʠʟʥʝʮʳ ʠʤʝʶʪ ʨʘʟʣʠʯʠʷ ʚ 
ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʨʛʘʥʠʟʤʘ.  ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʦʚʝʜʝʥʠʝ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʭ ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ. 

ʅʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʨʦʞʜʝʥʠʝ ʙʣʠʟʥʝʮʦʚ ʩʣʫʞʠʣʦ 
ʠʩʪʦʯʥʠʢʦʤ ʤʥʦʞʝʩʪʚʘ ʤʠʬʦʚ ʠ ʣʝʛʝʥʜ. ʉʘʤʳʤʠ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʈʦʤʫʣ 
ʠ ʈʝʤ, ʩʳʥʦʚʴʷ ʙʦʛʘ ʚʦʡʥʳ ʄʘʨʩʘ. ɺʝʪʭʠʡ ʟʘʚʝʪ ʪʘʢʞʝ ʩʦʜʝʨʞʠʪ ʩʚʝʜʝʥʠʷ ʦ 
ʙʣʠʟʥʝʮʘʭ. ʀʩʘʚ ʠ ʀʘʢʦʚ, ʩʳʥʦʚʴʷ ʀʩʘʘʢʘ ʠ ʈʝʚʝʢʢʠ, ʠʟʦʙʨʘʞʝʥʳ ʢʘʢ ʩʠʤʚʦʣʠʯʝʩʢʠʝ 
ʦʙʨʘʟʳ ʦʭʦʪʥʠʢʘ ʠ ʦʩʝʜʣʦʛʦ ʩʢʦʪʦʚʦʜʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʭʘʨʘʢʪʝʨʘʤʠ. ʀʟ ʩʧʝʮʠʘʣʴʥʦʡ 
ʣʠʪʝʨʘʪʫʨʳ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʙʣʠʟʥʝʮʳ ʚ ʞʠʟʥʠ ʠ ʚ ʦʙʳʯʘʷʭ ʧʝʨʚʦʙʳʪʥʳʭ ʧʣʝʤʝʥ ʥʘ ʚʩʝʭ 
ʢʦʥʪʠʥʝʥʪʘʭ ʠʛʨʘʣʠ ʠʣʠ ʧʨʦʜʦʣʞʘʶʪ ʝʱʝ ʠ ʩʝʛʦʜʥʷ ʠʛʨʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʘʛʠʯʝʩʢʫʶ 
ʨʦʣʴ. [1] ʀʟʫʯʘʪʴ ʙʣʠʟʥʝʮʦʚ ʤʝʪʦʜʦʤ ʩʨʘʚʥʝʥʠʷ ʧʦʧʳʪʘʣʩʷ ʘʥʛʣʠʡʩʢʠʡ ʫʯʝʥʳʡ 
ʌʨʵʥʩʠʩ ɻʘʣʴʪʦʥ ʝʱʝ ʚ 1876 ʛʦʜʫ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳʤʠ ʙʣʠʟʥʝʮʘʤʠ-
ʙʨʘʪʴʷʤʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʩʪʘʣʠ ɸʣʝʢʩʘʥʜʨ ʠ ɼʤʠʪʨʠʡ ʂʚʘʰʥʠʥʳ ï ʫʯʝʥʳʝ-ʬʠʟʠʢʠ, 
ʨʘʟʨʘʙʦʪʯʠʢʠ ʪʫʛʦʧʣʘʚʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʦʢʨʳʪʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. [2] 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʥʝʪʠʢʠ ʠ ʧʩʠʭʦʣʦʛʠʠ. ɺ ʈʦʩʩʠʠ ʚ 1920-
ʭ ʛ.ʛ. ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʥʘʫʢʘ ʙʠʦʬʠʟʠʢʘ. ʉʦʚʝʪʩʢʠʡ ʙʠʦʬʠʟʠʢ ʄʠʭʘʠʣ 
ɺʦʣʴʢʝʥʰʪʝʡʥ ʪʘʢ ʦʧʨʝʜʝʣʠʣ ʟʘʜʘʯʠ ʙʠʦʬʠʟʠʢʠ, ʢʘʢ ʥʘʫʢʠ - ʧʦʟʥʘʥʠʝ çʷʚʣʝʥʠʡ 
ʞʠʟʥʠ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʦʙʱʠʭ ʧʨʠʥʮʠʧʘʭ ʬʠʟʠʢʠ, ʠ ʠʟʫʯʝʥʠʠ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚʘè. [3] ʇʦʵʪʦʤʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʨʛʘʥʠʟʤʘ ʙʨʘʪʴʝʚ-ʙʣʠʟʥʝʮʦʚ 
ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʝʤʳ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʧʨʝʜʤʝʪʘ çʌʠʟʠʢʘè 7 ʢʣ. (çʇʣʦʪʥʦʩʪʴè, 
çɼʘʚʣʝʥʠʝ ʪʝʣʘè, çʈʳʯʘʛè), 8 ʢʣ. (çʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳè), 9 ʢʣ. (çʄʘʪʝʤʘʪʠʯʝʩʢʠʡ 
ʤʘʷʪʥʠʢè), 10 ʢʣ. (çʆʩʥʦʚʳ ʄʂʊè). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʙʨʘʪʴʝʚ-ʙʣʠʟʥʝʮʦʚ 
ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʦʧʨʝʜʝʣʝʥʠʝ ʨʦʩʪʘ, ʦʙʲʝʤʘ ʠ 
ʧʣʦʪʥʦʩʪʠ ʪʝʣʘ ʤʘʣʴʯʠʢʦʚ; ʩʨʘʚʥʝʥʠʝ ʜʘʚʣʝʥʠʷ. ʂʦʪʦʨʦʝ ʦʢʘʟʳʚʘʝʪ ʢʘʞʜʳʡ ʥʘ ʧʦʣ; 
ʚʳʯʠʩʣʝʥʠʝ ʯʠʩʣʘ ʤʦʣʝʢʫʣ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʪʝʣʝ ʙʨʘʪʴʝʚ; ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 
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ʪʝʧʣʦʪʳ, ʢʦʪʦʨʳʝ ʚʳʜʝʣʷʶʪ ʦʨʛʘʥʠʟʤʳ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; ʠʟʫʯʝʥʠʝ ʨʫʢʠ 
ʤʘʣʴʯʠʢʦʚ, ʢʘʢ ʧʨʦʩʪʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʨʳʯʘʛʘ); ʠʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ ʣʝʛʢʠʭ ʙʨʘʪʴʝʚ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʦʩʪʘ ʢʘʞʜʦʛʦ ʤʘʣʴʯʠʢʘ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 
ʤʘʪʝʨʠʘʣʦʤ ʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʘʷʪʥʠʢʝ. ɼʣʠʥʘ ʥʠʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʢʦʣʝʙʘʪʴʩʷ 
ʛʨʫʟ, ʦʪʤʝʨʷʥʘ ʧʦ ʨʦʩʪʫ ʢʘʞʜʦʛʦ ʤʘʣʴʯʠʢʘ. ʉ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʊ =  = 
̠̃̑̆̍ ̖̃̒̆ ̋̏̌̆̂́̎̉̊

̘̋̏̌̉̆̒̓̃̏ ̋̏̌̆̂́̎̉̊
, ʊ = 2, ʛʜʝ l ï ʜʣʠʥʘ 

ʥʠʪʠ, g = 9,8 ʤ/ʩ2.  
 

ʊʘʙʣʠʮʘ 1 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ  
ʂʠʨʠʣʣ ʇʝʨʠʦʜ 

ʢʦʣʝʙʘʥʠ
ʡ, ʩ 

ɼʣʠʥʘ 
ʥʠʪʠ 
(ʨʦʩʪ), 
ʤ 

ʄʠʭʘʠʣ ʇʝʨʠʦʜ 
ʢʦʣʝʙʘʥʠ
ʡ, ʩ 

ɼʣʠʥʘ 
ʥʠʪʠ 
(ʨʦʩʪ), 
ʤ 

ʅʦʤʝʨ 
ʦʧʳʪʘ 

ɺʨʝʤʷ  
20-ʪʠ 

ʢʦʣʝʙʘʥʠʡ 
(ʚ ʩʝʢʫʥʜʘʭ) 

ʅʦʤʝʨ 
ʦʧʳʪʘ 

ɺʨʝʤʷ 20-ʪʠ 
ʢʦʣʝʙʘʥʠʡ 
(ʚ ʩʝʢʫʥʜʘʭ) 

1 51 

2,67 1,77 

1 53 

2,66 1,76 

2 54 2 54 

3 55 3 52 

4 54 4 53 

5 53 5 54 

ʉʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ 

53,4 
ʉʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ 

53,2 

 
ɺʳʚʦʜ: ʇʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʦʩʪ ʙʨʘʪʴʝʚ ʦʪʣʠʯʘʝʪʩʷ ʥʘ 

1 ʩʤ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʘ ʢʘʞʜʦʛʦ ʙʨʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʟʥʘʥʠʷ ʧʦ ʚʳʯʠʩʣʝʥʠʶ 

ʦʙʲʝʤʘ ʪʝʣʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʴ: ʦʙʲʝʤ ʪʝʣʘ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʞʠʜʢʦʩʪʴ, 
ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʨʘʟʥʦʩʪʴ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʠ ʜʦ ʧʦʛʨʫʞʝʥʠʷ ʪʝʣʘ ʠ ʚʦ ʚʨʝʤʷ ʧʦʛʨʫʞʝʥʠʷ. 
ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʜʛʦʪʦʚʠʣʠ ʦʪʤʝʪʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʥʥʳ ʩ ʧʦʤʦʱʴʶ ʪʨʝʭʣʠʪʨʦʚʦʡ 
ʙʘʥʢʠ. ʅʘʯʘʪʴ ʦʪʤʝʪʢʠ ʩ 51ʣ, ʦʪʤʝʯʘʷ ʢʘʞʜʳʡ 12ʣ, 18ʣ. ʠ ʪ.ʜ. ʉ ʧʦʤʦʱʴʶ 
ʪʨʝʭʣʠʪʨʦʚʦʡ ʙʘʥʢʠ ʜʦʣʠʪʴ ʚʦʜʫ ʜʦ ʥʦʚʦʛʦ ʫʨʦʚʥʷ, ʩʯʠʪʘʷ ʦʙʲʝʤ ʜʦʙʘʚʣʝʥʥʦʡ ʚʦʜʳ. 
ʆʥ ʠ ʙʫʜʝʪ ʨʘʚʝʥ ʦʙʲʝʤʫ ʧʦʛʨʫʞʝʥʥʦʛʦ ʪʝʣʘ. 

ʇʣʦʪʥʦʩʪʴ ʢʘʞʜʦʛʦ ʙʨʘʪʘ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʦ ʬʦʨʤʫʣʝ ɟ = . ʄʘʩʩʘ ʤʘʣʴʯʠʢʦʚ 

ʥʘʡʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʥʘʧʦʣʴʥʳʭ ʜʦʤʘʰʥʠʭ ʚʝʩʦʚ. 
 

ʊʘʙʣʠʮʘ 2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ  
ʂʠʨʠʣʣ  ʄʠʭʘʠʣ  

ʄʘʩʩ
ʘ 
ʪʝʣʘ, 
ʢʛ 

ʆʙʲʝʤ 
ʥʘʣʠʪʦ
ʡ ʚʦʜʳ 
ʚ 

ʚʘʥʥʫ 
V0, ʤ3 

ʆʙʲʝʤ 
ʚʦʜʳ ʩ 
ʤʘʣʴʯʠʢʦ
ʤ 

V1, ʤ3 

ʆʙʲʝʤ 
ʪʝʣʘ 
ʤʘʣʴʯʠʢ
ʘ V, ʤ3 

ʇʣʦʪʥʦʩ
ʪʴ ʪʝʣʘ, 

 
̋̄

̍
 

ʄʘʩʩ
ʘ 
ʪʝʣʘ, 
ʢʛ 

ʆʙʲʝʤ 
ʥʘʣʠʪʦ
ʡ ʚʦʜʳ 
ʚ 

ʚʘʥʥʫ 
V0, ʤ3 

ʆʙʲʝʤ 
ʚʦʜʳ ʩ 
ʤʘʣʴʯʠʢʦ
ʤ 

V1, ʤ3 

ʆʙʲʝʤ 
ʪʝʣʘ 
ʤʘʣʴʯʠʢ
ʘ V, ʤ3 

ʇʣʦʪʥʦʩ
ʪʴ ʪʝʣʘ, 

 
̋̄

̍
 

55,0 0,060 0,105 0,045 1222,2   53,2 0,060 0,102 0,042 1266,6   

ɺʳʚʦʜ: ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʙʲʝʤ 
ʪʝʣʘ ʫ ʂʠʨʠʣʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʄʠʭʘʠʣʘ, ʘ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ, ʥʘʦʙʦʨʦʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ ʧʦʣ ʙʨʘʪʴʷʤʠ, ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʩ 

ʧʦʤʦʱʴʶ ʬʦʨʤʫʣʳ ʨ = =
Ͻ

. ʄʘʩʩʫ ʪʝʣʘ ʚʟʷʣʠ ʠʟ ʧʨʝʜʳʜʫʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ 

ʧʣʦʱʘʜʴ ʦʧʦʨʳ (ʧʦʜʦʰʚʳ ʥʦʛ) ʦʧʨʝʜʝʣʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʧʘʣʝʪʢʠ [6]. 
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ʊʘʙʣʠʮʘ 3 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ  
ʂʠʨʠʣʣ  ʄʠʭʘʠʣ  

ʄʘʩ
ʩʘ 
ʪʝʣ
ʘ, ʢʛ 

ʂʦʣʠʯʝ
ʩʪʚʦ 
ʮʝʣʳʭ 
ʢʚʘʜʨʘʪ
ʦʚ 
Nʮʝʣʳʭ 

ʂʦʣ-ʚʦ 
ʥʝʮʝʣ
ʳʭ 
ʢʚʘʜʨʘ
ʪʦʚ  

Nʥʝʮʝ
ʣʳʭ 

ʇʣʦʱʘʜʴ 
ʩʪʦʧʳ 

 

ɼʘʚʣʝ
ʥʠʝ  

ʨ, ʢʇʘ ʄʘʩ
ʩʘ 
ʪʝʣ
ʘ, ʢʛ 

ʂʦʣʠʯʝ
ʩʪʚʦ 
ʮʝʣʳʭ 
ʢʚʘʜʨʘʪ
ʦʚ 
Nʮʝʣʳʭ 

ʂʦʣ-ʚʦ 
ʥʝʮʝʣ
ʳʭ 
ʢʚʘʜʨʘ
ʪʦʚ  

Nʥʝʮʝ
ʣʳʭ 

 

ʇʣʦʱʘʜʴ 
ʩʪʦʧʳ 

 

ɼʘʚʣʝ
ʥʠʝ  

ʨ, ʢʇʘ 

S, 
ʩʤ2 

S, ʤ2 S, 
ʩʤ2 

S, ʤ2 

55,0 747 72 195,
75 

0,019
575 

27,5 53,2 747 72 195,
75 

0,019
575 

26,6 

ɺʳʚʦʜ: ʇʣʦʱʘʜʴ ʦʧʦʨʳ ʫ ʙʨʘʪʴʝʚ ʦʜʠʥʘʢʦʚʘʷ.  ɺʝʩ ʂʠʨʠʣʣʘ ʙʦʣʴʰʝ, ʜʘʚʣʝʥʠʝ, 
ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ ʧʦʣ ʵʪʠʤ ʙʨʘʪʦʤ, ʙʦʣʴʰʝ, ʯʝʤ ʜʘʚʣʝʥʠʝ ʄʠʭʘʠʣʘ ʥʘ ʧʦʣ. ʏʝʤ 
ʙʦʣʴʰʝ ʚʝʩ ʪʝʣʘ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʧʣʦʱʘʜʠ ʦʧʦʨʳ, ʪʝʤ ʙʦʣʴʰʝʝ ʜʘʚʣʝʥʠʝ ʦʥʦ 
ʦʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ.  

ɿʥʘʷ ʤʘʩʩʫ ʩʚʦʝʛʦ ʪʝʣʘ (ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ) ʠ ʟʥʘʷ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ 
ʚʝʱʝʩʪʚʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ, ʨʘʩʩʯʠʪʘʣʠ ʯʠʩʣʦ ʤʦʣʝʢʫʣ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʪʝʣʝ. 
ʄʦʣʷʨʥʫʶ ʤʘʩʩʫ ʚʝʱʝʩʪʚʘ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ ʧʨʠʥʷʣʠ ʄ = 20 ʛ/ʤʦʣʴ, ʨʘʩʩʯʠʪʘʣʠ 

ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʧʦ ʬʦʨʤʫʣʝ: v = 
̒̑

˙
. ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚ ʪʝʣʝ ʙʨʘʪʘ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʬʦʨʤʫʣʝ N = vĿ NA, ʛʜʝ NA = 6,02Ŀ1023 
̝̍̏̌

. [4] 

 
ʊʘʙʣʠʮʘ 3 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʦʤʝʨ 
ʦʧʳʪʘ 

ʂʠʨʠʣʣ ʄʠʭʘʠʣ 

ʄʘʩʩʘ ʪʝʣʘ, ʢʛ  ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ 
ʚ ʪʝʣʝ, ʰʪ. 

ʄʘʩʩʘ ʪʝʣʘ, ʢʛ  ʂʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ ʚ 
ʪʝʣʝ, ʰʪ. 

ʉʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠʝ 

55,1 16,6Ŀ1026 53,1 16,0Ŀ1026 

ɺʳʚʦʜ: ʚ ʪʝʣʝ ʂʠʨʠʣʣʘ ʩʦʜʝʨʞʠʪʩʷ ʥʝʤʥʦʛʦ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʤʦʣʝʢʫʣ, ʯʝʤ 
ʫ ʄʠʭʘʠʣʘ. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʦʪʜʘʚʘʝʤʦʛʦ ʦʨʛʘʥʠʟʤʦʤ ʯʝʣʦʚʝʢʘ ʚ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ. 
1. ʅʘʡʪʠ ʤʘʩʩʫ m ʩʦʙʩʪʚʝʥʥʦʛʦ ʪʝʣʘ, ʠʩʧʦʣʴʟʫʷ ʥʘʧʦʣʴʥʳʝ ʚʝʩʳ. 
2. ʇʦʚʪʦʨʠʪʴ ʠʟʤʝʨʝʥʠʷ ʤʘʩʩʳ m ʥʝ ʤʝʥʝʝ 3 ʨʘʟ, ʥʝ ʤʝʥʷʷ ʫʩʣʦʚʠʡ ʦʧʳʪʘ, ʠ ʥʘʡʪʠ 
ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ mʩʨ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ. 
3. ʀʟʤʝʨʠʪʴ tʚ ï ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʠ t ʪʝʣʘ - ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʣʘ ʤʘʣʴʯʠʢʘ 
(ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʢʦʤʥʘʪʝ ʜʣʷ ʦʙʦʠʭ ʤʘʣʴʯʠʢʦʚ ʦʜʠʥʘʢʦʚʘʷ) 
4. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʠ ʚʳʯʠʩʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʝ ʦʨʛʘʥʠʟʤʦʤ ʢʘʞʜʦʛʦ 
ʤʘʣʴʯʠʢʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ: Q = cĿmĿ(tʪʝʣʘ ï tʚʦʟʜʫʭʘ) [3] 

 
ʊʘʙʣʠʮʘ 2 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ  

ʅʦʤʝʨ 
ʦʧʳʪʘ 

ʊʝʤʧʝʨʘʪʫʨ
ʘ ʚʦʟʜʫʭʘ ʚ 
ʢʦʤʥʘʪʝ tʚ 

ʂʠʨʠʣʣ ʂʦʣʠʯʝʩʪʚʦ 
ʪʝʧʣʦʪʳ, 
ʦʪʜʘʥʥʦʝ 
ʪʝʣʦʤ 

ʦʢʨʫʞʘʶʱʝ
ʡ ʩʨʝʜʝ, Q 
ʢɼʞ 

ʄʠʭʘʠʣ ʂʦʣʠʯʝʩʪʚʦ 
ʪʝʧʣʦʪʳ, 
ʦʪʜʘʥʥʦʝ 
ʪʝʣʦʤ 

ʦʢʨʫʞʘʶʱʝ
ʡ ʩʨʝʜʝ, Q 
ʢɼʞ 

ʄʘʩʩ
ʘ 
ʪʝʣʘ, 
ʢʛ  

ʊʝʤʧʝʨʘʪʫʨ
ʘ ʪʝʣʘ, t ʪʝʣʘ 

ʄʘʩʩ
ʘ 
ʪʝʣʘ, 
ʢʛ  

ʊʝʤʧʝʨʘʪʫʨ
ʘ ʪʝʣʘ, t ʪʝʣʘ 

ʉʨʝʜʥʝʝ 
ʟʥʘʯʝʥʠ
ʝ 

22 55,1 36,4 275,3 53,1 36,5 267,2 
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ɺʳʚʦʜ: ʂʠʨʠʣʣ ʚʳʜʝʣʷʝʪ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʥʘ 8,1 ʢɼʞ ʪʝʧʣʘ ʙʦʣʴʰʝ ʩʚʦʝʛʦ 
ʙʨʘʪʘ-ʙʣʠʟʥʝʮʘ, ʪ.ʢ. ʤʘʩʩʘ ʪʝʣʘ ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʄʠʭʘʠʣʘ. 
 ʆʧʨʝʜʝʣʝʥʠʝ ʜʳʭʘʪʝʣʴʥʦʛʦ ʦʙʲʸʤʘ ʣʸʛʢʠʭ ʙʨʘʪʴʝʚ-ʙʣʠʟʥʝʮʦʚ ʧʨʦʚʝʜʝʥʦ 
ʩ ʧʦʤʦʱʴʶ ʜʝʪʩʢʦʛʦ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʠʢʘ. ʅʘʜʫʣʠ ʚʦʟʜʫʰʥʳʡ ʰʘʨʠʢ ʟʘ 5 ʩʧʦʢʦʡʥʳʭ 
ʚʳʜʦʭʦʚ. ʉ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʣʝʥʪʳ ʠʣʠ ʥʠʪʠ ʠ ʣʠʥʝʡʢʠ ʠʟʤʝʨʠʪʴ ʜʣʠʥʫ 

ʙʦʣʴʰʦʡ ʦʢʨʫʞʥʦʩʪʠ ʰʘʨʠʢʘ. ʆʧʳʪ ʧʦʚʪʦʨʠʪʴ ʪʨʠ ʨʘʟʘ ʠ ʨʘʩʩʯʠʪʘʡʪʝ ὰ̒̑
    .  

ʆʙʲʸʤ ʰʘʨʘ  ὠ “Ὑ
Ͻ

  (1). ɼʣʠʥʘ ʙʦʣʴʰʦʡ ʦʢʨʫʞʥʦʩʪʠ ʰʘʨʠʢʘ ὰ̒=̑ 2ĀĀ́R = Ā́D 

, ʦʪʢʫʜʘ Ὀ
̒̑
(2), ʧʦʜʩʪʘʚʠʪʴ ʬʦʨʤʫʣʫ (2) ʚ (1), ʧʦʣʫʯʠʤ 6

̒̑

Ͻ
 (ʩʤ3) (3). ʈʘʩʩʯʠʪʘʣʠ 

ʦʙʲʸʤ ʰʘʨʠʢʘ ʧʦ ʬʦʨʤʫʣʝ (3).  

ɼʳʭʘʪʝʣʴʥʳʡ ʦʙʲʸʤ ʩʚʦʠʭ ʣʸʛʢʠʭ ʥʘʡʜʝʥ ʧʦ ʬʦʨʤʫʣʝ ὠ̌   (ʩʤ3).  

ʊʘʙʣʠʮʘ 6/ʂ ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʂʠʨʠʣʣʘ 
ˉ 
ʦʧʳʪʘ 

ʂʦʣʠʯʝʩʪʚʦ 
ʚʳʜʦʭʦʚ, 

n 

ɼʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ 
ʰʘʨʠʢʘ l, ʩʤ 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ 
ʰʘʨʠʢʘ ὰ̒,̑ ʩʤ 

ʆʙʲʝʤ 
ʰʘʨʠʢʘ, 
V, ʩʤ3 

ɼʳʭʘʪʝʣʴʥʳʡ ʦʙʲʸʤ 

ʣʸʛʢʠʭ ὠ̌   , ʩʤ3  

ʩʤ3 ʣ 

1 5 68 

68 5310  1770 1,77 2 5 69 

3 5 68 

 
ʊʘʙʣʠʮʘ 6/ʄ ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʄʠʭʘʠʣʘ 

ˉ 
ʦʧʳʪʘ 

ʂʦʣʠʯʝʩʪʚʦ 
ʚʳʜʦʭʦʚ, 

n 

ɼʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ 
ʰʘʨʠʢʘ l, ʩʤ 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ 
ʰʘʨʠʢʘ ὰ̒,̑ ʩʤ 

ʆʙʲʝʤ 
ʰʘʨʠʢʘ, 
V, ʩʤ3 

ɼʳʭʘʪʝʣʴʥʳʡ ʦʙʲʸʤ 

ʣʸʛʢʠʭ ὠ̌   , ʩʤ3  

ʩʤ3 ʣ 

1 5 67 

69 5547 1849 1,849 2 5 70 

3 5 71 

 
ɺʳʚʦʜ: ʦʙʲʝʤ ʣʝʛʢʠʭ ʫ ʄʠʭʘʠʣʘ ʙʦʣʴʰʝ ʥʘ 0,079 ʣ (79 ʩʤ3), ʯʝʤ ʫ ʙʨʘʪʘ. 
ɾʠʟʥʝʥʥʘʷ ʸʤʢʦʩʪʴ ʣʸʛʢʠʭ (ɾɽʃ) ï ʥʘʠʙʦʣʴʰʠʡ ʦʙʲʸʤ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ 

ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʳʜʦʭʥʫʪʴ ʧʦʩʣʝ ʩʘʤʦʛʦ ʛʣʫʙʦʢʦʛʦ ʚʜʦʭʘ. ɾɽʃ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʘ (ʫ 
ʤʫʞʯʠʥ ʙʦʣʴʰʝ), ʨʦʩʪʘ, ʚʦʟʨʘʩʪʘ, ʚʝʩʘ, ʩʪʝʧʝʥʠ ʪʨʝʥʠʨʦʚʘʥʥʦʩʪʠ (ʫ ʩʧʦʨʪʩʤʝʥʦʚ 
ʙʦʣʴʰʝ). ɼʣʷ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʣʦʞʠʣʠ ʦʧʳʪ ʩ ʰʘʨʠʢʦʤ. ʅʝ ʦʪʥʠʤʘʷ ʚʦʟʜʫʰʥʳʡ 
ʰʘʨʠʢ ʦʪʦ ʨʪʘ, ʩʜʝʣʘʣʠ ʛʣʫʙʦʢʠʡ ʚʜʦʭ ʯʝʨʝʟ ʥʦʩ ʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʚʳʜʦʭ ʯʝʨʝʟ ʨʦʪ ʚ 
ʰʘʨʠʢ. ʇʦʚʪʦʨʠʣʠ ʦʧʳʪ ʪʨʠ ʨʘʟʘ, ʦʧʨʝʜʝʣʠʚ ʩʨʝʜʥʶʶ ʜʣʠʥʫ ʙʦʣʴʰʦʡ ʦʢʨʫʞʥʦʩʪʠ 

ʰʘʨʠʢʘ ὰ̒̑
    Ȣ ʈʘʩʩʯʠʪʘʣʠ ʞʠʟʥʝʥʥʫʶ ʸʤʢʦʩʪʴ ʣʸʛʢʠʭ ʩ ʧʦʤʦʱʴʶ ʤʝʜʠʮʠʥʩʢʠʭ 

ʬʦʨʤʫʣ  ˓˒˘
̒̑

Ͻ
 (ʩʤ3).  

 
ʊʘʙʣʠʮʘ 7 ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ  

ˉ 
ʦʧʳʪʘ 

ʂʦʣʠʯʝʩʪʚʦ 
ʚʳʜʦʭʦʚ, 

n 

ɼʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ 
ʰʘʨʠʢʘ l, ʩʤ 

ʉʨʝʜʥʷʷ ʜʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ 
ʰʘʨʠʢʘ ὰ̒,̑ ʩʤ 

ɾʠʟʥʝʥʥʘʷ ʸʤʢʦʩʪʴ ʣʸʛʢʠʭ ɾɽʃ, 

ʩʤ3 ʣ 

ʂʠʨʠʣʣ ʄʠʭʘʠʣ ʂʠʨʠʣʣ ʄʠʭʘʠʣ ʂʠʨʠʣʣ ʄʠʭʘʠʣ ʂʠʨʠʣʣ ʄʠʭʘʠʣ 

1 1 54 56 

54 

 
56 2659 2966 2,659 

2,966 

2 1 53 57 

3 1 54 55 

 
ɺʳʚʦʜ: ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ 7, ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʞʠʟʥʝʥʥʳʡ ʦʙʲʝʤ ʣʝʛʢʠʭ ʫ ʄʠʭʘʠʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʙʨʘʪʘ ʥʘ 0,307ʣ (307ʩʤ3).  
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ʇʨʦʚʝʨʢʫ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʳʯʘʛʘ ʠ çʟʦʣʦʪʦʛʦè ʧʨʘʚʠʣʘ ʤʝʭʘʥʠʢʠ ʧʨʦʚʝʣʠ 
ʩ ʧʦʤʦʱʴʶ ʨʫʢʠ ʙʨʘʪʴʝʚ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʝʣʠ ʩʦʙʩʪʚʝʥʥʫʶ ʨʫʢʫ.  ʃʦʢʦʪʴ ï ʪʦʯʢʘ 
ʦʧʦʨʳ ʵʪʦʛʦ ʨʳʯʘʛʘ. ʆʜʥʘ ʠʟ ʩʠʣ F2 ʧʨʠʣʦʞʝʥʘ ʢ ʣʘʜʦʥʠ. ʇʣʝʯʦ ʵʪʦʡ ʩʠʣʳ r2 ï 
ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʦʢʪʷ ʧʨʠʤʝʨʥʦ ʜʦ ʩʝʨʝʜʠʥʳ ʣʘʜʦʥʠ. ɺʪʦʨʘʷ ʩʠʣʘ F1 ï ʵʪʦ ʩʠʣʘ 
ʥʘʧʨʷʞʝʥʠʷ ʙʠʮʝʧʩʘ, ʢʦʪʦʨʳʡ ʧʨʠʢʨʝʧʣʝʥ ʢ ʨʳʯʘʛʫ ʩʦʚʩʝʤ ʥʝʜʘʣʝʢʦ ʦʪ ʣʦʢʪʷ. ʇʣʝʯʦ 
ʚʪʦʨʦʡ ʩʠʣʳ r1 ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʧʣʝʯʘ ʧʝʨʚʦʡ. ʀʟʤʝʨʠʪʴ ʧʣʝʯʠ ʩʠʣ ʥʘ ʩʦʙʩʪʚʝʥʥʦʡ 
ʢʦʥʝʯʥʦʩʪʠ. ʄʝʩʪʦ ʩʦʝʜʠʥʝʥʠʷ ʙʠʮʝʧʩʘ ʠ ʢʦʩʪʠ-ʨʳʯʘʛʘ ʭʦʨʦʰʦ ʧʨʦʱʫʧʳʚʘʝʪʩʷ, ʠ 
ʦʮʝʥʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʣʦʢʪʷ ʜʦ ʵʪʦʛʦ ʤʝʩʪʘ. ʉʠʣʘ ʤʳʰʮ ʨʫʢʠ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʚ 
ʨʘʚʥʦʚʝʩʠʠ ʛʘʥʪʝʣʠ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʳʯʘʛʘ ʧʦʢʘʟʘʥʘ ʥʘ ʩʭʝʤʝ. ʅʘʨʠʩʦʚʘʪʴ ʥʘ 
ʨʫʢʝ ʪʦʯʢʫ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ F1  

ʇʦʜʥʷʣʠ ʛʘʥʪʝʣʠ, ʥʝ ʦʪʨʳʚʘʷ ʣʦʢʦʪʴ ʦʪ ʩʪʦʣʘ, ʠʟʤʝʨʠʣʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʪʦʣʘ 
ʜʦ ʦʪʤʝʯʝʥʥʦʡ ʥʘ ʨʫʢʝ ʪʦʯʢʝ S1 (ʵʪʦ ʧʫʪʴ ʧʨʦʡʜʝʥʥʳʡ ʤʳʰʮʝʡ), ʦʪ ʩʪʦʣʘ ʜʦ ʧʦʜʥʷʪʦʡ 

ʛʘʥʪʝʣʠ S2. ʇʨʠ ʧʨʦʚʝʨʢʝ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʳʯʘʛʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʫ  = ȟ ʘ 

ʠʩʩʣʝʜʫʷ çʟʦʣʦʪʦʝè ʧʨʘʚʠʣʦ ʤʝʭʘʥʠʢʠ -  =  

 
ʊʘʙʣʠʮʘ 8. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʂʠʨʠʣʣ ʄʠʭʘʠʣ 

ʉʠʣ
ʘ 
ʙʠʮ
ʝʧʩʘ 
F1 ʅ 

ʇʣʝʯ
ʦ 

r1     ʤ 

ʉʠʣ
ʘ 
ʪʷʞ
ʝʩʪ
ʠ 
ʛʘʥʪ
ʝʣʠ 
F2 ʅ 

ʇʣʝʯ
ʦ 

r2     ʤ 

S1 

ʤ 
S2 

ʤ 

&

&
 
3

3
 

ʉʠʣ
ʘ 
ʙʠʮ
ʝʧʩʘ 
F1 ʅ 

ʇʣʝʯ
ʦ 

r1     ʤ 

ʉʠʣ
ʘ 
ʪʷʞ
ʝʩʪ
ʠ 
ʛʘʥʪ
ʝʣʠ 
F2 ʅ 

ʇʣʝʯ
ʦ 

r2     ʤ 

S1 

ʤ 
S2 

ʤ 

&

&
 
3

3
 

45,3
3 

0,04 4,9 0,37 
0,0
3 

0,2
6 

0,1
1 

0,1
2 

37,2
4 

0,05 4,9 0,38 
0,0
4 

0,2
7 

0,1
3 

0,1
5 

 
ɺʳʚʦʜ: ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʚʳʯʠʩʣʝʥʠʡ ʪʘʙʣʠʮʳ 8 ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʚʳʧʦʣʥʠʤʦʩʪʴ ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʨʳʯʘʛʘ. ʈʫʢʫ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʨʳʯʘʛ: 
ʧʦʜʥʠʤʘʷ ʛʠʨʶ ʚʝʩʦʤ 4,9 ʅ, ʫ ʂʠʨʠʣʣʘ ʩʠʣʘ ʙʠʮʝʧʩʘ 45,3 ʅ (ʧʨʠʤʝʨʥʦ ʚ 9 ʨʘʟ 
ʩʧʦʩʦʙʥʦʩʪʴ ʙʠʮʝʧʩʘ ʩʦʚʝʨʰʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʩʠʣʦʚʳʝ ʜʝʡʩʪʚʠʷ). ʋ ʄʠʭʘʠʣʘ ï 37,2 ʅ, 
ʯʪʦ ʚ 7,6 ʨʘʟʘ ʙʦʣʴʰʝ ʧʦʜʥʷʪʦʛʦ ʛʨʫʟʘ). ʇʦʣʫʯʘʷ ʚʳʠʛʨʳʰ ʚ ʩʠʣʝ, ʧʨʦʠʛʨʳʚʘʝʤ ʚ 
ʨʘʩʩʪʦʷʥʠʠ. ʊʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʙʠʮʝʧʩʘ ʧʦʥʠʤʘʝʪʩʷ ʥʘ ʤʝʥʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ, 
ʯʝʤ ʪʦʯʢʘ ʧʨʠʣʦʞʝʥʠʷ ʚʝʩʘ ʛʘʥʪʝʣʠ. ʆʪʢʣʦʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʩʨʘʚʥʝʥʠʷ ʦʪʥʦʰʝʥʠʡ 
ʧʨʠʣʦʞʝʥʥʳʭ ʩʠʣ ʠ ʨʘʩʩʪʦʷʥʠʡ ʩʚʷʟʘʥʦ ʩ ʟʘʪʨʫʜʥʝʥʠʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʯʢʠ 
ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ ʙʠʮʝʧʩʘ.  
3ʘʢʣʶʯʝʥʠʝ.  

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ 
ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ 
ʦʨʛʘʥʠʟʤʘ, ʢʘʢ ʬʠʟʠʯʝʩʢʦʛʦ ʪʝʣʘ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʡ ʥʘʤʠ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʆɹɾ. 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʧʨʦʜʦʣʞʝʥʠʝ ï ʥʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʨʠʙʦʨʘ ʥʘ 
Arduino ï ʧʠʢʬʣʦʫʤʝʪʨʘ - ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʦʙʲʝʤʘ ʣʝʛʢʠʭ. 
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ʇʆʃʋʏɽʅʀɽ ʂʈʀʉʊɸʃʃʆɺ ɺ ʋʉʃʆɺʀʀ ʐʂʆʃʔʅʆʁ ʃɸɹʆʈɸʊʆʈʀʀ 
ʂʫʨʣʦʚʘ ɽʢʘʪʝʨʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʃʠʮʝʡ ˉ1, 
9 ʢʣʘʩʩ 
ʛ.ɹʘʣʘʢʦʚʦ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʘʥʜʨʦʚʘ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄɸʆʋ 

ʃʠʮʝʡˉ1 
 

ʂʨʠʩʪʘʣʣʳ ð ʵʪʦ ʫʜʠʚʠʪʝʣʴʥʳʝ ʧʨʠʨʦʜʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪ 
ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ, ʭʫʜʦʞʥʠʢʦʚ ʠ ʣʶʙʠʪʝʣʝʡ ʧʨʠʨʦʜʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʝʢʦʚ. ʆʥʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʝ ʚʝʱʝʩʪʚʘ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤʳ, ʠʦʥʳ ʠʣʠ ʤʦʣʝʢʫʣʳ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʩʪʨʦʛʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʂʨʠʩʪʘʣʣʳ ʠʛʨʘʶʪ 
ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʦʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ ʜʦ ʩʦʟʜʘʥʠʷ 
ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʥʘʥʦ ʪʝʭʥʦʣʦʛʠʷʭ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ð ʵʪʦ ʢʨʠʩʪʘʣʣʳ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʝʜʠʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʨʝʰʸʪʢʠ, ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠʣʠ ʜʝʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 
ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʘʪʦʤʳ ʠʣʠ ʤʦʣʝʢʫʣʳ 
ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʪʨʦʛʦ ʫʧʦʨʷʜʦʯʝʥʥʦʤ ʠ ʨʝʛʫʣʷʨʥʦʤ ʧʦʨʷʜʢʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
ʦʙʲʝʤʘ ʢʨʠʩʪʘʣʣʘ. 

ʇʦʣʠʢʨʠʩʪʘʣʣʳ ð ʵʪʦ ʢʨʠʩʪʘʣʣʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʤʥʦʞʝʩʪʚʘ ʤʝʣʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, 
ʥʘʟʳʚʘʝʤʳʭ ʟʝʨʥʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, 
ʧʦʣʠʢʨʠʩʪʘʣʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʛʨʘʥʠʮ ʟʝʨʝʥ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʨʠʝʥʪʘʮʠʡ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʸʪʢʘ - ʧʨʘʚʠʣʴʥʘʷ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʫʶ 
ʦʙʨʘʟʫʶʪ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʩʪʨʦʛʦʤ ʧʦʨʷʜʢʝ ʯʘʩʪʠʮʳ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʋʟʣʳ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ - ʪʦʯʢʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʝʥʳ ʯʘʩʪʠʮʳ ʢʨʠʩʪʘʣʣʘ (ʘʪʦʤʳ, 
ʤʦʣʝʢʫʣʳ, ʠʦʥʳ). 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ð ʵʪʦ ʩʪʨʫʢʪʫʨʘ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʦʡ 
ʥʘʭʦʜʷʪʩʷ ʥʝ ʘʪʦʤʳ, ʘ ʤʦʣʝʢʫʣʳ. ɺʥʫʪʨʠ ʤʦʣʝʢʫʣ ʘʪʦʤʳ ʠʤʝʶʪ ʧʨʦʯʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ 

https://resh.edu.ru/subject/lesson/4577/conspect/214364/
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ʩʚʷʟʠ, ʥʦ ʩʘʤʠ ʤʦʣʝʢʫʣʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʘʙʦ. ʇʦʵʪʦʤʫ ʢʨʠʩʪʘʣʣʳ ʪʘʢʠʭ 
ʚʝʱʝʩʪʚ ʥʝʧʨʦʯʥʳʝ ʠ ʣʝʛʢʦ ʨʘʩʧʘʜʘʶʪʩʷ. 

ɸʪʦʤʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ð ʵʪʦ ʩʪʨʫʢʪʫʨʘ, ʚ ʫʟʣʘʭ ʢʦʪʦʨʦʡ 
ʨʘʩʧʦʣʦʞʝʥʳ ʘʪʦʤʳ. ʆʜʠʥ ʘʪʦʤ ʦʪʜʘʝʪ ʜʨʫʛʦʤʫ ʩʚʦʙʦʜʥʳʡ ʵʣʝʢʪʨʦʥ ʠʣʠ ʞʝ 
ʵʣʝʢʪʨʦʥʳ ʠʟ ʨʘʟʥʳʭ ʘʪʦʤʦʚ ʦʙʨʘʟʫʶʪ ʦʙʱʫʶ ʧʘʨʫ.   

ʀʦʥʥʘʷ ʨʝʰʝʪʢʘ ð ʵʪʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʫʟʣʦʚʳʭ ʪʦʯʢʘʭ ʢʦʪʦʨʦʡ 
ʥʘʭʦʜʷʪʩʷ ʠʦʥʳ, ʩʚʷʟʘʥʥʳʝ ʚʟʘʠʤʥʳʤ ʧʨʠʪʷʞʝʥʠʝʤ. 
ʄʝʪʘʣʣʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ð ʵʪʦ ʩʪʨʫʢʪʫʨʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʠʦʥʦʚ 
ʠ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʘ ʤʝʞʜʫ ʥʠʤʠ ʩʚʦʙʦʜʥʦ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʵʣʝʢʪʨʦʥʳ.  

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʦʩʚʦʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʨʘʱʠʚʘʥʠʷ 
ʢʨʠʩʪʘʣʣʦʚ, ʠ ʦʥʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʤʝʜʥʦʛʦ ʢʫʧʦʨʦʩʘ ʠ ʨʘʩʪʚʦʨʘ 
ʢʘʨʙʘʤʠʜʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʦʜʪʚʝʨʜʠʣʠ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʛʠʧʦʪʝʟʳ 
ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʞʝ ʚ ʭʦʜʝ ʧʨʦʝʢʪʘ 
ʤʥʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʨʝʰʠʪʴ ʩʦʙʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ. 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʫʩʣʦʚʠʷʭ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʤʥʝ 
ʧʦʥʘʜʦʙʠʣʠʩʴ ʪʘʢʠʝ ʧʨʝʜʤʝʪʳ: ʨʘʩʪʚʦʨ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ (NaCl), ʨʘʩʪʚʦʨ ʤʝʜʥʦʛʦ 
ʢʫʧʦʨʦʩʘ (CuSO4), ʨʘʩʪʚʦʨ ʢʘʨʙʘʤʠʜʘ, ʩʪʝʢʣʷʥʥʳʝ ʧʘʥʝʣʠ, ʤʠʢʨʦʩʢʦʧ, ʮʠʬʨʦʚʘʷ 
ʦʢʫʣʷʨʥʘʷ USB ʢʘʤʝʨʘ (ɸʣʴʪʘʤʠ SCMOS01300KPA), ʢʦʤʧʴʶʪʝʨ. 

ʉʥʘʯʘʣʘ ʤʥʝ ʥʫʞʥʦ ʙʳʣʦ ʢʘʧʥʫʪʴ ʥʘ ʩʪʝʢʣʦ ʥʝʩʢʦʣʴʢʦ ʢʘʧʝʣʴ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ. 
ʇʦʩʣʝ ʯʝʛʦ ʧʦʜʦʛʨʝʪʴ ʧʨʠ ʧʦʤʦʱʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘʪʝʣʷ ʢʘʧʣʶ ʨʘʩʪʚʦʨʘ, 
ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʮʝʩʩ ʧʦʰʸʣ ʙʳʩʪʨʝʝ. ʇʦʩʣʝ 
ʪʦʛʦ ʢʘʢ ʩʪʝʢʣʦ ʥʝʤʥʦʛʦ ʥʘʛʨʝʣʦʩʴ, ʷ ʧʦʤʝʩʪʠʣʘ 
ʝʛʦ ʚ ʤʠʢʨʦʩʢʦʧ. ɿʘʪʝʤ  ʩʣʝʜʠʣʘ ʟʘ ʠʟʤʝʥʝʥʠʝʤ 
ʢʨʠʩʪʘʣʣʦʚ ʠ ʟʘʧʝʯʘʪʣʷʣʘ ʢʘʜʨʳ, ʢʦʪʦʨʳʝ 
ʩʯʠʪʘʣʘ ʫʜʘʯʥʳʤʠ.  

ʊʦ ʞʝ ʩʘʤʦʝ ʷ ʧʨʦʜʝʣʘʣʘ ʩ ʤʝʜʥʳʤ ʢʫʧʦʨʦʩʦʤ (CuSO4) ʠ ʨʘʩʪʚʦʨʦʤ 
ʢʘʨʙʘʤʠʜʘ.ʊʘʢ ʞʝ ʧʦʣʫʯʠʣʘ ʢʨʠʩʪʘʣʣʳ, ʥʦ ʫʞʝ ʜʨʫʛʦʡ ʬʦʨʤʳ. ʕʪʦ ʚʩʸ ʩʚʷʟʘʥʥʦ ʩ 
ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʩʪʦʨʝʥʠʝʤ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʠ ʚʳʙʦʨʝ ʪʝʤʳ ʧʨʦʝʢʪʘ ʷ ʠʩʢʘʣʘ ʪʫ ʪʝʤʫ, ʚ ʢʦʪʦʨʦʡ ʤʥʝ 
ʙʫʜʝʪ ʠʥʪʝʨʝʩʥʘ ʧʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. ɹʣʘʛʦʜʘʨʷ ʰʢʦʣʴʥʦʤʫ 
ʦʙʦʨʫʜʦʚʘʥʠʶ ʷ ʧʦʣʫʯʠʣʘ ʤʘʩʩʫ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʤʦʮʠʡ ʧʨʠ 
ʚʳʧʦʣʥʝʥʠʠ ʩʚʦʝʡ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ. 

ʄʥʝ ʦʯʝʥʴ ʧʦʥʨʘʚʠʣʩʷ ʚʝʩʴ ʧʨʦʮʝʩʩ: ʦʪ ʟʘʜʫʤʢʠ, ʠʟʫʯʝʥʠʷ 
ʪʝʦʨʠʠ ʜʦ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ. 
 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ʂʘʙʘʨʜʠʥ ʆ.ʌ. / ʇʠʥʩʢʠʡ ɸ.ɸ, ʌʠʟʠʢʘ 10 ʢʣʘʩʩ. ʋʛʣʫʙʣʝʥʥʳʡ 
ʫʨʦʚʝʥʴ. ʋʯʝʙʥʠʢ. 

2. ʂʘʩʴʷʥʦʚ ɺ. ɸ. ʌʠʟʠʢʘ 11 ʢʣʘʩʩ (ʫʛʣʫʙʣʝʥʥʳʡ ʫʨʦʚʝʥʴ) (11-ʝ 
ʠʟʜ) ʇʨʦʩʚʝʱʝʥʠʝ 2023 

3. ɻ. ʗ. ʄʷʢʠʰʝʚ, ʌʠʟʠʢʘ. 10 ʢʣʘʩʩ. ʄʦʣʝʢʫʣʷʨʥʘʷ ʬʠʟʠʢʘ. 
ʊʝʨʤʦʜʠʥʘʤʠʢʘ. ʋʛʣʫʙʣʸʥʥʳʡ ʫʨʦʚʝʥʴ 
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ɸɺʊʆʄʆɹʀʃʔʅʓʁ ʍʆʃʆɼʀʃʔʅʀʂ 
ʅɸ ʆʉʅʆɺɽ ʕʃɽʄɽʅʊʆɺ ʇɽʃʔʊʔɽ 

ʃʘʪʢʦʚʘ ɸʥʥʘ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ˉ1è 

8 ʢʣʘʩʩ 
ʛ. ɸʯʠʥʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ, ʇʨʦʪʘʩʦʚ ʊʠʤʦʬʝʡ ʅʠʢʦʣʘʝʚʠʯ 
 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʘʚʪʦʭʦʣʦʜʠʣʴʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʩʦʭʨʘʥʷʪʴ 

ʧʨʦʜʫʢʪʳ ʩʚʝʞʠʤʠ ʠ ʦʭʣʘʞʜʘʪʴ ʥʘʧʠʪʢʠ ʚ ʫʩʣʦʚʠʷʭ ʦʪʩʫʪʩʪʚʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 
ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʨʘʙʦʪʳ ʘʚʪʦʭʦʣʦʜʠʣʴʥʠʢʘ ʘʢʢʫʤʫʣʷʪʦʨ ʘʚʪʦʤʦʙʠʣʷ ʠʣʠ ʙʦʨʪʦʚʫʶ ʩʝʪʴ 
ʘʚʪʦʤʦʙʠʣʷ (ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ). 

ʎʝʣʴ: ʩʦʟʜʘʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ʜʣʷ 
ʦʭʣʘʞʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʥʘʧʠʪʢʦʚ ʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʚ ʧʫʪʠ. 

ɿʘʜʘʯʠ:  
- ʠʟʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʭʦʣʦʜʠʣʴʥʠʢʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ;  
- ʠʟ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʠ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʠʟʛʦʪʦʚʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ 
ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʠ ʥʘʧʠʪʢʦʚ; 
- ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʙʨʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ:  

ʥʘʟʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴ ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʮʝʥʘ ʬʦʪʦʛʨʘʬʠʷ 
ʍʦʣʦʜʠʣʴʥʠʢ 
ʘʚʪʦʤʦʙʠʣʴʥʳʡ AVS 
CC-27WBC 
 
 

ʈʦʩʩʠʷ  ʆʙʴʝʤ 27 ʣʠʪʨʦʚ, 
ʤʦʱʥʦʩʪʴ 78 ʚʘʪʪ, ʮʝʥʘ 
19 875ʨʫʙ 

 
ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʭʦʣʦʜʠʣʴʥʠʢ 
AUTOPROFI 
 
 

ʂʠʪʘʡ, ʨʦʜʠʥʘ 
ʙʨʝʥʜʘ ʈʦʩʩʠʷ 

ʦʙʲʸʤ 20 ʣʠʪʨʦʚ, ʩ 
ʤʦʱʥʦʩʪʴ 48 ɺʘʪʪ. ʎʝʥʘ 
9100ʨʫʙ 

 
ɸʚʪʦʤʦʙʠʣʴʥʳʡ 
ʭʦʣʦʜʠʣʴʥʠʢ Ezetil E 
26 
 

ɻʝʨʤʘʥʠʷ ʆʙʲʸʤ 26 ʣʠʪʨʦʚ, ʩ 
ʤʦʱʥʦʩʪʴ 48 ɺʘʪʪ. ʎʝʥʘ 
9000ʨʫʙ 

 
 
ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ: ʘʚʪʦʤʦʙʠʣʠʩʪʳ, ʜʘʣʴʥʦʙʦʡʱʠʢʠ  
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ: ʘʣʶʤʠʥʠʝʚʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʣʠʩʪ, ʵʣʝʤʝʥʪʳ 

ʇʝʣʴʪʴʝ, ʞʠʜʢʠʝ ʛʚʦʟʜʠ, ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ çʇɽʅʆʌʃɽʂʉè, ʧʨʦʬʠʣʴʥʳʡ 
ʘʣʶʤʠʥʠʝʚʳʡ ʫʛʦʣ, ʟʘʢʣʝʧʢʠ, ʤʝʪʘʣʣʠʟʠʨʦʚʘʥʥʳʡ ʧʦʣʠʫʨʝʪʘʥ, ʚʝʥʪʠʣʷʪʦʨʳ, 
ʨʘʜʠʘʪʦʨʳ, ʩʚʝʪʦʜʠʦʜ, ʨʝʟʠʩʪʦʨ 560 ʆʤ, ʪʫʤʙʣʝʨ, ʧʨʦʚʦʜʘ, ʪʝʨʤʦʧʘʩʪʘ, ʢʨʘʩʥʘʷ 
ʢʨʘʩʢʘ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʠ ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ; 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ; ʵʢʩʧʝʨʠʤʝʥʪ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʧʘʷʣʴʥʠʢ, ʥʦʞʦʚʢʘ ʧʦ ʤʝʪʘʣʣʫ, ʰʫʨʫʧʦʚʝʨʪ, ʣʘʙʦʨʘʪʦʨʥʳʡ ʙʣʦʢ 
ʧʠʪʘʥʠʷ, ʟʘʢʣʝʧʦʯʥʠʢ, ʨʝʦʩʪʘʪ, ʥʘʧʠʣʴʥʠʢ, ʩʚʝʨʣʘ, ʵʣʝʢʪʨʦʣʦʙʟʠʢ ʠ ʪ.ʜ. 
ʕʪʘʧʳ ʨʘʙʦʪʳ 

ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ ð ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ 
ʧʦʟʚʦʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʧʨʦʜʫʢʪʳ ʩʚʝʞʠʤʠ ʠ ʦʭʣʘʞʜʘʪʴ ʥʘʧʠʪʢʠ ʚʦ ʚʨʝʤʷ ʧʦʝʟʜʦʢ ʥʘ 
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ʘʚʪʦʤʦʙʠʣʝ. ɺ ʢʘʯʝʩʪʚʝ ʦʭʣʘʞʜʘʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʥʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʣʝʤʝʥʪʳ 
ʇʝʣʴʪʴʝ.  
ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʣʦʜʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʩʦʝʜʠʥʠʪʴ 4 
ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ ʩ ʜʚʫʤʷ ʦʭʣʘʞʜʘʶʱʠʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ ʨʘʜʠʘʪʦʨʘʤʠ, ʜʣʷ ʪʦʛʦ 
ʯʪʦʙʳ ʦʪ çʛʦʨʷʯʝʡè ʩʪʦʨʦʥʳ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ ʦʪʚʦʜʠʪʴ ʪʝʧʣʦ, ʘ ʜʣʷ ʦʭʣʘʞʜʘʶʱʝʡ 
ʩʪʦʨʦʥʳ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʪʴ ʭʦʣʦʜ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ.  

 
ʅʘ ʘʣʶʤʠʥʠʝʚʳʝ ʨʘʜʠʘʪʦʨʳ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʵʣʝʤʝʥʪʳ 

ʇʝʣʴʪʴʝ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚʝʥʪʠʣʷʪʦʨʳ ʜʠʘʤʝʪʨʦʤ 80 ʤʤ (ʤʦʱʥʦʩʪʴ 3,5 ɺʪ), ʩ 
ʢʘʞʜʦʡ ʩʪʦʨʦʥʳ ʧʦ 2 ʰʪʫʢʠ. 

 
 ɿʘʪʝʤ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʢʦʤʧʦʟʠʪʥʦʛʦ ʣʠʩʪʘ (ʦʥ ʙʳʣ ʚʳʙʨʘʥ ʪʘʢ ʢʘʢ ʫ ʥʝʛʦ 
ʦʧʪʠʤʘʣʴʥʦ ʙʦʣʴʰʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠ ʤʘʣʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ) ʙʳʣʠ ʚʳʨʝʟʘʥʳ 
ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʘʩʪʠʥʳ, ʩ ʨʘʟʤʝʨʘʤʠ: 400*380 ʤʤ (2 ʰʪ), 250*380 ʤʤ (2 ʰʪ), 400*250 
ʤʤ (1 ʰʪ), 415*260 ʤʤ (1 ʰʪ), 415*50 ʤʤ (2 ʰʪ), 255*50 ʤʤ (2 ʰʪ). 

ʀʟʫʯʠʚ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
ʧʦʜʭʦʜʷʱʠʤ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʭʦʣʦʜʠʣʴʥʠʢʘ ʙʫʜʝʪ 
ʫʪʝʧʣʠʪʝʣʴ çʇɽʅʆʌʃɽʂʉè, ʪʘʢ ʢʘʢ ʦʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʜʦʨʦʛʦʡ ʠ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ 
ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʟ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʠ ʚʳʨʝʟʘʥʳ 
ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʣʘʩʪʠʥʳ, ʩ ʨʘʟʤʝʨʘʤʠ: 400*300 ʤʤ (2 ʰʪ), 250*350 ʤʤ (2 ʰʪ), 400*350 
ʤʤ (2 ʰʪ). 

ʉʣʝʜʦʤ ʠʟ ʚʳʨʝʟʘʥʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ ʩʦʙʨʘʣʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ 
ʢʦʥʩʪʨʫʢʮʠʶ, ʨʘʟʤʝʨʦʤ 400*250*380 ʤʤ. ɿʘʢʨʝʧʠʣʠ ʧʨʦʬʠʣʴʥʳʤʠ ʘʣʶʤʠʥʠʝʚʳʤʠ 
ʫʛʦʣʢʘʤʠ ʥʘ ʟʘʢʣʝʧʢʠ. ɺ ʵʪʫ ʢʦʥʩʪʨʫʢʮʠʶ ʥʘ ʞʠʜʢʠʝ ʛʚʦʟʜʠ ʩʪʘʣʠ ʢʣʝʠʪʴ ʨʘʥʝʝ 
ʚʳʨʝʟʘʥʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʣʠʩʪʳ ʠʟ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
çʇɽʅʆʌʃɽʂʉè.  
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ɼʘʣʝʝ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ ʩʦʙʨʘʣʠ ʢʨʳʰʢʫ. 
ɺ ʦʜʥʦʡ ʠʟ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ, ʨʘʟʤʝʨʦʤ 400*380 ʤʤ ʩʜʝʣʘʣʠ ʚʳʨʝʟ 

ʨʘʟʤʝʨʦʤ 170*100 ʤʤ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚ ʥʝʛʦ ʚʩʪʘʚʠʪʴ ʟʘʨʘʥʝʝ ʠʟʛʦʪʦʚʣʝʥʥʳʡ 
ʦʭʣʘʜʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. ɿʘʪʝʤ ʟʘʢʨʝʧʠʣʠ ʚʩʝ ʥʘ ʞʠʜʢʠʝ ʛʚʦʟʜʠ. 

ʉʣʝʜʦʤ ʚʩʝ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʜʢʣʶʯʠʣʠ ʠ ʚʳʚʝʣʠ ʜʣʷ ʫʜʦʙʥʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ 
ʇʦʩʣʝ ʩʙʦʨʢʠ, ʫʩʪʨʦʡʩʪʚʦ ʙʳʣʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʦ ʚ ʫʩʣʦʚʠʷʭ ʰʢʦʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ.  
 

ɺʨʝʤʷ, ʯʘʩ: 
ʤʠʥʫʪʘ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ÁC  

14:00 22 

14:15 15,9 

14:30 15,7 

15:00 12,6 
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ˉ ʥʘʟʚʘʥʠʝ ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ: ʂʦʣ-ʚʦ, ʰʪ ʉʪʦʠʤʦʩʪʴ, ʨʫʙ 

1 ʘʣʶʤʠʥʠʝʚʳʡ ʢʦʤʧʦʟʠʪʥʳʡ ʣʠʩʪ 1220*4000 
ʤʤ 
 

5000 

2 ʵʣʝʤʝʥʪʳ ʇʝʣʴʪʝ 4 1600 

3 ʞʠʜʢʠʝ ʛʚʦʟʜʠ 800 ʛ 770 

4 ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ çʇɽʅʆʌʃɽʂʉè 1 ʤ2 392 

5 ʧʨʦʬʠʣʴʥʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʫʛʦʣ 3,5 ʤʝʪʨʘ 400 

6 ʟʘʢʣʝʧʢʠ 94 282 

7 ʬʦʣʴʛʠʨʦʚʘʥʥʳʡ ʧʦʣʠʫʨʝʪʘʥ 0,25 ʤ^2 13,75 

8 ʚʝʥʪʠʣʷʪʦʨʳ 4 936 

9 ʨʘʜʠʘʪʦʨʳ 2 1000 

10 ʩʚʝʪʦʜʠʦʜ 1 5 

11 ʨʝʟʠʩʪʦʨ 560 ʆʄ 1 1 

12 ʪʫʤʙʣʝʨ 1 100 

13 ʧʨʦʚʦʜʘ 1 ʤ 50 

14 ʪʝʨʤʦʧʘʩʪʘ 1 ʪʶʙʠʢ 150 

15 ʢʨʘʩʥʘʷ ʢʨʘʩʢʘ 1 ʙʘʣʦʥ 200 

 ʠʪʦʛ  10899,75 

 
ʇʝʨʩʧʝʢʪʠʚʘ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚ ʧʫʪʠ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʟʘʢʘʟʯʠʢʠ 

ʠ ʧʦʪʨʝʙʠʪʝʣʠ: ʘʚʪʦʤʦʙʠʣʠʩʪʳ. 
   

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D1%85

%D0%BE%D0%BB%D0%BE%D0%B4%D0%B8%D0%BB%D1%8C%D0%
BD%D0%B8%D0%BA 

2. https://www.ixbt.com/live/car/termoelektricheskie-avtoholodilniki-
naznachenie-princip-raboty-preimuschestva-i-nedostatki.html 

3. https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA
%D1%82_%D0%9F%D0%B5%D0%BB%D1%8C%D1%82%D1%8C%D0%
B5 

 
 
 

ʀɿʋʏɽʅʀɽ ʄɽʍɸʅʀɿʄɸ ɼɽʁʉʊɺʀʗ ɸʂʊʀɺʀʈʆɺɸʅʅʆɻʆ ʋɻʃʗ ɺ  
ʃɸɹʆʈɸʊʆʈʅʓʍ ʋʉʃʆɺʀʗʍ 

ʃʝʙʝʜʝʚ ʆʣʝʛ 
ɻɹʆʋ ʅʉʆ çʆʙʣʘʩʪʥʦʡ ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷè, 8 ʢʣʘʩʩ 

 ʧ.ʊʫʣʠʥʩʢʠʡ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʣʷʝʚʘ ʅʘʜʝʞʜʘ ʄʠʭʘʡʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ  

 
ʅʘʚʝʨʥʷʢʘ, ʤʥʦʛʠʤ ʟʥʘʢʦʤʳ ʯʝʨʥʳʝ ʪʘʙʣʝʪʢʠ ʚ ʙʫʤʘʞʥʦʡ ʫʧʘʢʦʚʢʝ ʩ ʥʘʜʧʠʩʴʶ 

çʋʛʦʣʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʡè. ʇʨʘʢʪʠʯʝʩʢʠ ʫ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʷʚʣʷʝʪʩʷ 
ʦʙʷʟʘʪʝʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʧʪʝʯʢʠ. ɺʝʜʴ ʦʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʥʠʤ, ʧʨʠ ʦʢʘʟʘʥʠʠ 
ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʚ ʩʣʫʯʘʝ ʦʪʨʘʚʣʝʥʠʷ ʠ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʙʦʣʝʟʥʷʭ.  

ʇʦʣʝʟʥʳʝ ʩʚʦʡʩʪʚʘ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʠʟʚʝʩʪʥʳ ʫʞʝ ʜʘʚʥʦ. ʕʪʦʪ ʧʨʝʧʘʨʘʪ 
ʜʦʩʪʫʧʝʥ ʠ ʥʝʜʦʨʦʛ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʣʠʷʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ 
ʫʛʣʷ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ, ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʩʪʴʶ ʠʟʫʯʝʥʦ. 

https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B8%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B8%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D1%85%D0%BE%D0%BB%D0%BE%D0%B4%D0%B8%D0%BB%D1%8C%D0%BD%D0%B8%D0%BA
https://www.ixbt.com/live/car/termoelektricheskie-avtoholodilniki-naznachenie-princip-raboty-preimuschestva-i-nedostatki.html
https://www.ixbt.com/live/car/termoelektricheskie-avtoholodilniki-naznachenie-princip-raboty-preimuschestva-i-nedostatki.html
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%9F%D0%B5%D0%BB%D1%8C%D1%82%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%9F%D0%B5%D0%BB%D1%8C%D1%82%D1%8C%D0%B5
https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%82_%D0%9F%D0%B5%D0%BB%D1%8C%D1%82%D1%8C%D0%B5
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ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʫʚʝʨʝʥʘ ʚ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ 
ʙʝʟʚʨʝʜʝʥ ʠ ʥʝ ʠʤʝʝʪ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ, ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦ ʙʝʟ 
ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʢʦʥʩʫʣʴʪʘʮʠʠ ʚʨʘʯʘ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʝʛʦ ʦʯʝʥʴ ʰʠʨʦʢ ʠ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ 
ʤʝʜʠʮʠʥʦʡ. ʉʝʛʦʜʥʷ ʨʷʜ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʢʦʥʮʝʨʥʦʚ ʚʳʧʫʩʢʘʶʪ ʩʝʨʠʠ ʢʨʝʤʦʚ ʠ ʩʢʨʘʙʦʚ 
ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. 

ɸʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʜʩʦʨʙʝʥʪʦʚ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟ ʚʦʟʜʫʰʥʳʭ ʚʳʙʨʦʩʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 
ʇʨʠʤʝʥʝʥʠʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʨʘʥʝʥʠʷ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʟʘʧʘʭʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 
ʚʦʟʜʫʰʥʳʭ ʚʳʙʨʦʩʦʚ.  

ʂʘʞʜʳʡ ʜʝʥʴ ʤʝʜʠʮʠʥʘ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʧʨʠʤʝʥʝʥʠʷ ʘʜʩʦʨʙʝʥʪʦʚ, ʚ 
ʯʘʩʪʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʢʪʠʚʠʨʦʚʘʥʥʦʛʦ ʫʛʣʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 
ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʫʛʦʣʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʘʜʩʦʨʙʮʠʠ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʭʘʥʠʟʤ ʝʛʦ 
ʨʘʙʦʪʳ. 
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ɼʀʌʈɸʂʎʀʆʅʅʓʉʇɽʂʊʈʆʄɽʊʈ 
ʈʦʞʥʝʚ ʉʝʤʝʥ, ʃʳʩʢʦʚ ɸʥʜʨʝʡ. 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʊʝʛʫʣʴʜʝʪʩʢʘʷ ʉʆʐè 

8 ʢʣʘʩʩ 
ʉ. ʊʝʛʫʣʴʜʝʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʙʢʦʚ ɽʚʛʝʥʠʡ ɻʝʥʥʘʜʴʝʚʠʯ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ. 
 

ʉʧʝʢʪʨʦʩʢʦʧ (ʩʧʝʢʪʨʦʤʝʪʨ, ʩʧʝʢʪʨʦʛʨʘʬ) ð ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ 
ʥʘʙʣʶʜʝʥʠʷ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʙʳʩʪʨʦʛʦ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚ ʚ ʭʠʤʠʠ, ʤʝʪʘʣʣʫʨʛʠʠ (ʥʘʧʨʠʤʝʨ, ʩʪʠʣʦʩʢʦʧ) ʠ ʪ. ʜ. 
ʈʘʟʣʦʞʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚ ʩʧʝʢʪʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʦʡ ʧʨʠʟʤʦʡ. ʇʦʜ 
ʪʝʨʤʠʥʦʤ ʩʧʝʢʪʨʦʩʢʦʧ ð ʥʘʩʪʦʣʴʥʳʡ ʧʨʠʙʦʨ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʨʫʯʥʫʶ ʧʨʦʩʤʘʪʨʠʚʘʪʴ 
ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʩʧʝʢʪʨʘ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʧʝʢʪʨʦʤʝʪʨʦʚ, 
ʪʘʢʠʝ ʢʘʢ ʧʦʨʪʘʪʠʚʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, ʨʝʥʪʛʝʥʘ - ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ, 
ʦʧʪʠʯʝʩʢʠʡ. 

ʉʧʝʢʪʨʦʩʢʦʧ ð ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʨʘʟʜʝʣʷʝʪ ʢʦʤʧʦʥʝʥʪʳ ʩʚʝʪʘ, ʯʪʦʙʳ 
ʠʟʤʝʨʠʪʴ ʪʦʣʴʢʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʥʘ ʠʥʪʝʨʝʩʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟ ʢʦʤʧʦʟʠʪʘ 
ʩʚʝʪʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʣʠʥʘʤʠ ʚʦʣʥ.  

ɸʥʥʦʪʘʮʠʷ 

http://www.xumuk.ru/encyklopedia/649.html
http://www.xumuk.ru/encyklopedia/43.html
http://www.xumuk.ru/encyklopedia/43.html
http://www.xumuk.ru/encyklopedia/2/3640.html
http://www.chemsystem.ru/aktivirovannyy_ugol/
http://www.fortisgroup.ru/oblasti_primeneniya_aktivirovannogo_uglya
http://fortisgroup.ru/stati/stati/otkrytie_aktivirovannogo_uglya
http://www.vedu.ru/
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ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʩʘʤʦʜʝʣʴʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʰʝʪʦʢ ʥʘ ʦʩʥʦʚʝ DVD. ʊʘʢʠʝ ʩʧʝʢʪʨʦʩʢʦʧʳ 
ʧʦʣʝʟʥʳ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʚ ʤʘʛʘʟʠʥʝ 
ʵʣʝʢʪʨʦʪʦʚʘʨʦʚ ʚʳʙʨʘʪʴ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʢʚʘʨʪʠʨʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʣʘʤʧʳ ʩ 
ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʛʣʘʟ ʩʧʝʢʪʨʦʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ 
ʉʦʟʜʘʪʴ ʧʨʦʩʪʦʡ, ʜʝʰʝʚʳʡ, ʢʦʤʧʘʢʪʥʳʡ ʠ ʫʜʦʙʥʳʡ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʧʝʢʪʨʦʩʢʦʧ ʜʣʷ 
ʫʯʝʙʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʣʝʡ, ʘ ʪʘʢʞʝ ʙʳʪʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 
ʧʨʠʦʙʨʝʪʝʥʠʷ ʵʣʝʢʪʨʦʣʘʤʧ ʩ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʛʣʘʟ ʩʧʝʢʪʨʦʤ. 

ʉʧʦʩʦʙʳ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ 
ʇʨʦʚʝʜʝʥʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ʈʘʩʩʤʦʪʨʝʥʠʝ ʠʟʚʝʩʪʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʘʤʦʜʝʣʴʥʦʛʦ ʩʧʝʢʪʨʦʩʢʦʧʘ ʠ ʝʛʦ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʧʝʢʪʨʦʩʢʦʧʘ. 
ɺ ʦʩʥʦʚʝ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ ʣʝʞʘʪ ʥʘʙʣʶʜʝʥʠʷ. ʋʯʝʥʳʝ ʠʱʫʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ 
ʚʠʜʷʪ, ʩʣʳʰʘʪ, ʯʫʚʩʪʚʫʶʪ, ʦʙʦʥʷʶʪ ʠ ʦʩʷʟʘʶʪ, ʯʪʦʙʳ ʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʝʦʨʠʠ ʠ ʜʝʣʘʪʴ 
ʧʨʝʜʩʢʘʟʘʥʠʷ. 
ʉʚʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʬʦʪʦʥʦʚ, ʤʘʣʝʥʴʢʠʭ 
ʩʛʫʩʪʢʦʚ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʯʘʩʪʠʮ, ʪʘʢ ʠ ʚʦʣʥ. ɺʩʝ ʚʦʣʥʳ ʠʤʝʶʪ 
ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ð ʜʣʠʥʫ ʦʜʥʦʛʦ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʢʦʣʝʙʘʥʠʡ. ɼʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʳʭ 
ʜʣʠʥ ʚʦʣʥ ʩʚʝʪʘ ʦʛʨʦʤʝʥ.  
ʀʤʝʥʥʦ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʩʚʝʪʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʥʘʰʫ ʩʧʦʩʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ. ɼʣʷ ʣʶʙʦʡ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʚʦʣʥʳ ʤʦʞʥʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, 
ʠʤʝʶʱʠʡʩʷ ʫ ʫʯʝʥʳʭ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ. ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ 
ʚ ʥʘʫʢʝ, ʪʘʢ ʠ ʚ ʪʝʭʥʠʢʝ. 

ɿʘʜʘʯʠ: 
1.ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʩʧʝʢʪʨʘʤ ʠ ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ. 
2.ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠ ʚʳʷʩʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʚʝʪʘ ʦʪ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩ 
ʨʘʟʥʳʤʠ ʩʘʤʦʜʝʣʴʥʳʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ.  

ʆɹʒɽʂʊ ʀʉʉʃɽɼʆɺɸʅʀʗ: ʀʉʊʆʏʅʀʂʀ ʉɺɽʊɸ, ʃɸʄʇʓ. 
ʇʈɽɼʄɽʊ ʀʉʉʃɽɼʆɺɸʅʀʗ: ʉɸʄʆɼɽʃʔʅʓɽ ʉʇɽʂʊʈɸʃʔʅʓɽ ɸʇʇɸʈɸʊʓ. 
ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ: ʅɸɹʃʖɼɽʅʀʗ, ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ 
ʀʉʉʃɽɼʆɺɸʅʀʗ. 

ʆʉʅʆɺʅʓɽ ʎɽʃʀ ʈɸɹʆʊʓ: 
1. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʩʧʝʢʪʨʦʚ. 
2. ʉʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ.  
3. ʀ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
4. ɺʳʷʩʥʠʪʴ: 
1) ʂʘʢʠʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʜʘʶʪ ʣʫʯʰʠʡ ʩʧʝʢʪʨ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ ʠ 
ʧʨʦʮʝʩʩʦʚ ʠʩʪʦʯʥʠʢʦʚ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ.  
2) ʂʘʢ ʨʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʜʘʶʪ ʨʘʟʥʳʝ ʮʚʝʪʦʚʳʝ ʩʧʝʢʪʨʳ ʪʦ ʝʩʪʴ ʢʘʢ  
ʚʦʩʧʨʠʥʠʤʘʝʪ ʥʘʰ ʛʣʘʟ ʦʙʣʘʩʪʴ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ:  
ɹʦʣʴʰʠʥʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʯʝʣʦʚʝʢ ʧʦʣʫʯʘʝʪ ʧʦ ʟʨʠʪʝʣʴʥʦʤʫ 
ʢʘʥʘʣʫ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʨʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʨʛʘʥʦʚ ʯʫʚʩʪʚ ʯʝʣʦʚʝʢʘ. ʆʧʪʠʯʝʩʢʠʝ 
ʧʨʠʙʦʨʳ ʧʦʟʚʦʣʷʶʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʠʨ çʚʦʦʨʫʞʝʥʥʳʤ ʚʟʛʣʷʜʦʤè. ʆʜʥʠʤ ʠʟ ʧʨʠʙʦʨʦʚ 
ʪʘʢʦʛʦ çʚʦʦʨʫʞʝʥʠʷè ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʦʩʢʦʧ ï ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʙʦʨ ʜʣʷ ʚʠʟʫʘʣʴʥʦʛʦ 
ʥʘʙʣʶʜʝʥʠʷ ʩʧʝʢʪʨʘ ʠʟʣʫʯʝʥʠʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʧʝʢʪʨʘ ʚ ʩʧʝʢʪʨʦʩʢʦʧʘʭ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠʟʤʳ ʠʣʠ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ.  

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ ʠ ʩʧʝʢʪʨʦʩʢʦʧʳ ʤʦʞʥʦ ʢʫʧʠʪʴ ʚ ʀʥʪʝʨʥʝʪʝ. ʏʪʦʙʳ ʥʝ 
ʪʨʘʪʠʪʴ ʜʝʥʴʛʠ, ʥʘʨʦʜʥʳʝ ʫʤʝʣʴʮʳ ʠʟʛʦʪʦʚʣʷʶʪ ʧʨʦʩʪʳʝ ʩʘʤʦʜʝʣʴʥʳʝ ʩʧʝʢʪʨʦʩʢʦʧʳ, 
ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʩ ʧʦʷʚʣʝʥʠʷ ʢʦʤʧʘʢʪ-ʜʠʩʢʦʚ (CD) ʠ ʮʠʬʨʦʚʳʭ 
ʚʠʜʝʦʜʠʩʢʦʚ (DVD). 
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ɺʓɺʆɼʓ ʇʆ ʕʂʉʇɽʈʀʄɽʅʊɸʄ. 
Å ɼʣʷ ʩʧʝʢʪʨʦʩʢʦʧʦʚ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ ʠʟ DVD, 
ʜʘʶʱʠʝ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʠ ʷʨʢʠʡ ʩʧʝʢʪʨ 1-ʛʦ ʧʦʨʷʜʢʘ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʰʝʪʢʠ ʠʟ DVD, ʘ 
ʨʝʰʝʪʢʠ ʠʟ CD ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʣʠʰʴ ʜʣʷ ʩʨʘʚʥʝʥʠʷ. 

Å ʍʦʨʦʰʝʝ ʦʩʚʝʱʝʥʠʝ ï ʯʘʩʪʴ ʛʠʛʠʝʥʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʜʦʤʘ. ʇʦʵʪʦʤʫ ʦʯʝʥʴ ʚʘʞʥʦ 
ʧʦʜʙʠʨʘʪʴ ʭʦʨʦʰʠʝ ʣʘʤʧʦʯʢʠ.  

Å ʇʝʨʚʳʤ ʥʘʰʠʤ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʙʳʣʘ ʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ. ɺ ʣʘʤʧʝ ʝʩʪʴ 
ʥʠʪʴ, ʩʜʝʣʘʥʥʘʷ ʠʟ ʚʦʣʴʬʨʘʤʘ, ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʦʯʝʥʴ 
ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʄr  ʥʘʙʣʶʜʘʣʠ ʩʧʝʢʪʨ, ʢʦʪʦʨʳʡ ʚʳʛʣʷʜʠʪ ʥʝʧʨʝʨʳʚʥʦʡ 
ʨʘʜʫʞʥʦʡ ʧʦʣʦʩʢʦʡ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʮʚʝʪʦʚ ʦʪ ʢʨʘʩʥʦʛʦ ʢ 
ʬʠʦʣʝʪʦʚʦʤʫ. ʏʪʦ ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʛʣʘʟʘ, ʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʪʨʝʙʫʝʪ 
ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʚ ʙʦʣʴʰʝʡ ʮʝʥʝ. 

ɺʪʦʨʳʤ ʥʘʰʠʤ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʙʳʣʘ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʘ ʜʘʝʪ ʥʘʤ 
ʩʦʯʝʪʘʥʠʝ ʪʨʝʭ ʷʨʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʝʢʪʨʘ ï ʢʨʘʩʥʦʛʦ, ʟʝʣʝʥʦʛʦ, ʩʠʥʝʛʦ. ʏʪʦ 
ʙʣʘʛʦʧʨʠʷʪʥʦ ʜʣʷ ʛʣʘʟʘ ʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʝʰʝʚʣʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʘʤʧ ʥʘʢʘʣʠʚʘʥʠʷ. 
Å ʀ ʥʘʢʦʥʝʮ ʪʨʝʪʴʠʤ ʥʘʰʠʤ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʦʤ ʙʳʣʘ ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 
ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʣʘʤʧʘ ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʷʪʩʷ    ʧʘʨʳ ʨʪʫʪʠ, ʠ ʦʥʘ ʜʘʝʪ 
ʧʦʣʦʩʘʪʳʡ ʩʧʝʢʪʨ, ʯʪʦ ʤʝʥʝ ʙʣʘʛʦʧʨʠʷʪʥʦ ʛʣʘʟʫ.  

Å ɿʥʘʯʠʪ ʜʣʷ ʦʩʚʝʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʜʦʤʘ ʣʫʯʰʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʝʪʦʜʠʦʜʥʳʝ 
ʣʘʤʧʳ, ʠʭ ʩʧʝʢʪʨ ʙʦʣʝʝ ʤʷʛʢʠʡ, ʯʪʦ ʣʫʯʰʝ ʜʣʷ ʥʘʰʝʛʦ ʟʨʝʥʠʷ, ʠ ʦʥʠ ʙʫʜʫʪ 
ʜʝʰʝʚʣʝ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

Å  ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʣʘʤʧʳ ʜʝʰʝʚʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠʤʝʶʪ ʙʦʣʝʝ 
ʚʦʟʙʫʞʜʝʥʥʳʡ ʩʧʝʢʪʨ, ʠ ʚ ʩʣʫʯʘʝ ʨʘʩʢʦʣʘ ʚʳʭʦʜʷʪ ʧʘʨʳ ʨʪʫʪʠ, ʯʪʦ ʧʣʦʭʦ ʚʣʠʷʝʪ 
ʥʘ ʟʜʦʨʦʚʴʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʯʝʣʦʚʝʢʘ. 

Å ʃʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʠʤʝʶʪ ʤʷʛʢʠʡ ʩʧʝʢʪʨ, ʥʦ ʦʥʠ ʜʦʨʦʞʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ʉʚʝʰʥʠʢʦʚ ʄ.ʇ. çʊʘʡʥʳ ʩʪʝʢʣʘè. ʄ.: ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ɼʝʪʩʢʦʡ 
ʣʠʪʝʨʘʪʫʨʳ ʄʠʥʠʩʪʝʨʩʪʚʘ ʇʨʦʩʚʝʱʝʥʠʷ ʈʉʌʉʈ. - 1946. ï ʩ.119-124. 

2. çʆʧʪʠʢʘ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. ʅʝʢʦʪʦʨʳʝ ʪʝʨʤʠʥʳ ʠ ʧʦʥʷʪʠʷè ʅʘʫʢʘ ʠ ʞʠʟʥʴ, 
2014, ˉ10, ʩʪʨ.15-16. 

3. ʕʥʮʠʢʣʦʧʝʜʠʷ ʜʣʷ ʜʝʪʝʡ. ʌʠʟʠʢʘ. ɻʣ. ʨʝʜ.ʄ.ɼ. ɸʢʩʸʥʦʚʘ. - ʄ.: ɸʚʘʥʪʘ+, 2002. - 
ʊ.16, ʏ.1., ʩʪʨ. 246. 

 
 
 

ʀɿɻʆʊʆɺʃɽʅʀɽ ʇʈʀɹʆʈɸ, 
ʆʇʈɽɼɽʃʗʖʑɽɻʆ ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʆʉʊʔ ʇʆʏɺʓ 

ʄʘʩʣʦʚʘ ʄʘʨʛʘʨʠʪʘ ʇʘʚʣʦʚʥʘ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ 

ʣʠʮʝʡ ʠʤ.  ʂʦʥʜʨʘʪʶʢʘ 
9 ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʝʣʴʤʝʨ ɽʣʝʥʘ ʂʘʨʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄɹʆʋ ɸʂʃ ʠʤ ʂʦʥʜʨʘʪʶʢʘ 
 

ʕʪʠʤ ʣʝʪʦʤ ʤʳ ʩ ʨʦʜʠʪʝʣʷʤʠ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʜʘʯʝ, ʟʘʥʠʤʘʣʠʩʴ 
ʚʳʨʘʱʠʚʘʥʠʝʤ ʦʚʦʱʝʡ ʠ ʷʛʦʜ, ʧʦʵʪʦʤʫ ʷ ʨʝʘʣʴʥʦ ʫʙʝʜʠʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʦʪ ʩʦʩʪʦʷʥʠʷ 
ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʰʝʛʦ ʪʨʫʜʘ ʥʘ ʫʯʘʩʪʢʝ. 

ʇʦʩʢʦʣʴʢʫ ʥʝ ʚʩʝʛʜʘ ʥʘ ʛʣʘʟ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʘʞʥʦʩʪʴ ʧʦʯʚʳ ʠ ʩʪʝʧʝʥʴ 
ʥʘʢʦʧʣʝʥʠʷ ʩʦʣʝʡ, ʤʥʝ ʟʘʭʦʪʝʣʦʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʠʟʛʦʪʦʚʠʪʴ ʧʨʦʩʪʝʡʰʝʝ 
ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʯʚʳ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷ ʚʳʜʚʠʥʫʣʘ ʛʠʧʦʪʝʟʫ, ʯʪʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʯʚʳ ʙʫʜʝʪ 
ʟʘʚʠʩʝʪʴ ʦʪ ʚʣʘʞʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʯʚʳ ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʫʩʪʨʦʡʩʪʚʦ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 
ʫʜʘʝʪʩʷ ʪʦʯʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʨʠʪʴ ʫʨʦʚʝʥʴ ʠ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʝʡ ʚ 
ʛʨʫʥʪʝ. ɺ ʥʘʰʝʤ ʨʝʛʠʦʥʝ ʵʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ, ʪ.ʢ. ʤʳ ʥʘʭʦʜʠʤʩʷ ʚ ʟʦʥʝ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ. 

ʄʥʝ ʟʘʭʦʪʝʣʦʩʴ ʧʦʧʨʦʙʦʚʘʪʴ ʩʜʝʣʘʪʴ ʜʘʥʥʳʡ ʧʨʠʙʦʨ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ 
ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʠʩʧʦʣʴʟʫʷ ʧʦʜʨʫʯʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ 
ʵʢʦʥʦʤʠʯʥʳʤ ʧʦʣʫʯʠʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ. 

ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʠ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ 
ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʧʨʠʫʩʘʜʝʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʨʘʥʞʝʨʝʷʭ ʠ 
ʪʝʧʣʠʮʘʭ, ʜʘ ʠ ʜʣʷ ʨʘʟʚʝʜʝʥʠʷ ʠ ʫʭʦʜʘ ʟʘ ʜʦʤʘʰʥʠʤʠ ʮʚʝʪʘʤʠ ʦʥ ʪʦʞʝ ʧʨʠʛʦʜʠʪʩʷ!  

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʩʦʟʜʘʥʠʝ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʯʚʳ ʠ 
ʧʨʦʚʝʨʢʘ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʧʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʫʥʪʘ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 
ɿʘʜʘʯʠ: 

¶ ʀʟʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʝʪʦʜʘʭ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ 
ʧʦʯʚʳ; 

¶ ʈʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʧʨʠʙʦʨʘ; 

¶ ʇʦʜʦʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʝʪʘʣʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ; 

¶ ʉʤʦʥʪʠʨʦʚʘʪʴ ʧʨʠʙʦʨ; 

¶ ʇʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʙʨʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʩʠʥʪʝʟ, ʦʙʦʙʱʝʥʠʝ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ); 
ʕʤʧʠʨʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʥʘʙʣʶʜʝʥʠʝ, ʵʢʩʧʝʨʠʤʝʥʪ, ʪʝʩʪʠʨʦʚʘʥʠʝ). 
ʅʘʢʦʧʣʝʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʩʦʣʝʡ ʚ ʦʨʦʰʘʝʤʳʭ ʧʦʯʚʘʭ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʨʦʰʝʥʠʷ, 
ʨʘʟʨʫʰʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ ʠ ʚʣʠʷʝʪ ʥʘ ʜʨʫʛʠʝ ʚʘʞʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ.  

ɸʥʘʣʠʟ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʦʣʝʥʦʡ ʧʦʯʚʦʡ. 
ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ 
ʕʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʛʨʫʥʪʘ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʦʙʦʟʥʘʯʘʝʪʩʷ ʘʙʙʨʝʚʠʘʪʫʨʦʡ 
ɽʉ, ʦʪ ʘʥʛʣ. Electrical Conductivity. 

ʀʟʙʳʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ EC ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʨʥʝʚʦʡ ʛʥʠʣʠ, 
ʚʳʟʚʘʥʥʦʡ ʛʨʠʙʢʦʤ ʭʣʦʧʢʦʚʦʡ ʛʥʠʣʠ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ EC ʩʣʠʰʢʦʤ ʥʠʟʢʦʝ, ʵʪʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʳʭ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ.  

ɺʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʚ ʧʦʯʚʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʷʜʘʥʠʶ ʨʘʩʪʝʥʠʡ ʜʘʞʝ 
ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʯʚʳ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ, 
ʪʘʢʠʝ ʢʘʢ: ʨʫʯʥʦʡ ʠʟʤʝʨʠʪʝʣʴ EC, ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʪʝʩʪʦʚʳʝ ʧʦʣʦʩʢʠ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʠʟʫʘʣʠʟʘʮʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
(ERI), ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ. 

 ɼʘʪʯʠʢʠ ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʤ ʩʝʣʴʩʢʦʤ 
ʭʦʟʷʡʩʪʚʝ, ʯʪʦʙʳ ʧʦʤʦʯʴ ʬʝʨʤʝʨʘʤ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʫʜʘʣʝʥʥʦ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʯʚʳ ʠ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʨʦʩʪ 
ʨʘʩʪʝʥʠʡ. 
ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʧʦʩʦʙʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʯʝʣʦʚʝʢ ʠ ʥʘʫʢʘ ʚʩʝʛʜʘ ʩʪʨʝʤʠʣʠʩʴ 
ʥʘʡʪʠ ʙʦʣʝʝ ʪʦʯʥʳʡ, ʙʳʩʪʨʳʡ ʠ ʧʨʦʩʪʦʡ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ. 
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ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʨʠʤʝʥʷʶʪ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʝʪʩʷ 
ʂʦʥʜʫʢʪʦʤʝʪʨ. ʕʪʦ ʧʨʠʙʦʨ ʜʣʷ ʦʮʝʥʢʠ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚ ʧʦ ʫʜʝʣʴʥʦʡ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʚʦʜʥʳʭ ʚʳʪʷʞʝʢ. 
ʂʦʥʜʫʢʪʦʤʝʪʨ ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʠʙʦʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʜʘʸʪʩʷ 
ʤʘʢʩʠʤʘʣʴʥʦ ʪʦʯʥʦ ʠ ʦʧʝʨʘʪʠʚʥʦ ʠʟʤʝʨʠʪʴ ʫʨʦʚʝʥʴ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʝʡ ʚ ʛʨʫʥʪʝ. 
ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ï ʦʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ 
(ɽʉ) ʧʦʯʚʳ, ʪ.ʝ. ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʏʝʤ 
ʚʳʰʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ ʚ ʧʦʯʚʝ ʨʘʩʪʚʦʨʝʥʦ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʡ.  
ʉʝʛʦʜʥʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʴʰʦʡ 
ʘʩʩʦʨʪʠʤʝʥʪ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʡ ʯʘʩʪʦ 
ʫʩʣʦʞʥʷʝʪ ʚʳʙʦʨ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʪʨʝʙʠʪʝʣʝʡ.  
ʇʨʦʩʪʘʷ ʤʦʜʝʣʴ ʂʦʥʜʫʢʪʦʤʝʪʨʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦ 
ʩʦʩʪʦʠʪ ʠʟ ʩʘʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 
ʜʘʪʯʠʢʘ (ʵʣʝʢʪʨʦʜʘ).  
ʕʣʝʢʪʨʦʜ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʱʫʧʘ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ 
ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20 ʩʘʥʪʠʤʝʪʨʦʚ. ɸʥʘʣʠʟ 
ʫʨʦʚʥʷ ʩʦʣʝʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʪʦʡ ʪʦʯʢʝ, 
ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʩʘʤ ʜʘʪʯʠʢ ʫʩʪʨʦʡʩʪʚʘ.  

ʀʟʫʯʠʚ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʧʨʠʙʦʨʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ, ʷ 
ʟʘʜʘʣʘʩʴ ʚʦʧʨʦʩʦʤ, ʤʦʞʥʦ ʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʚ 
ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʩʦʟʜʘʪʴ 
ʧʨʠʤʠʪʠʚʥʫʶ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ, ʠʟʤʝʨʷʶʱʝʛʦ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʯʚʳ? 
  ʇʨʠʙʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʥʘʜʝʞʥʳʤ, ʧʨʦʩʪʳʤ ʚ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ, ʘ ʪʘʢʞʝ ʩ 
ʤʠʥʠʤʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʥʝ 
ʧʦʥʘʜʦʙʷʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʌʦʪʦ 
1 
ɹʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʫ ʤʝʥʷ ʙʳʣʠ ʜʦʤʘ. ʇʦ ʪʝʤ 
ʤʘʪʝʨʠʘʣʘʤ, ʢʦʪʦʨʳʝ ʧʨʠʰʣʦʩʴ ʜʦʢʫʧʠʪʴ, ʫʢʘʟʘʥʘ ʮʝʥʘ ʚ  

ʀʪʦʛʦ, ʩʪʦʠʤʦʩʪʴ ʤʦʝʛʦ ʧʨʠʙʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 304,10 ʨʫʙʣʝʡ. 
ʉʭʝʤʘ ʧʨʠʙʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʠʙʦʨʘ ʙʳʣʠ ʟʘʯʠʱʝʥʳ ʦʪ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʘ, ʩʦʙʨʘʥʘ 
ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ. ɺʩʝ ʧʨʦʚʦʜʘ ʙʳʣʠ ʩʧʘʷʥʳ. ɺ ʢʦʥʪʝʡʥʝʨʝ ʙʳʣʠ ʩʜʝʣʘʥʳ 
ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʣʘʤʧʦʯʢʠ ʠ ʨʫʯʢʫ. ɺʩʷ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʚ ʢʦʥʪʝʡʥʝʨ, 
ʧʨʦʚʦʜʘ ʟʘʢʨʝʧʣʝʥʳ ʥʘ ʢʦʥʮʝ ʢʦʨʧʫʩʘ ʨʫʯʢʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʧʨʠʙʦʨʘ ʫ ʤʝʥʷ ʤʦʛʣʠ ʚʦʟʥʠʢʥʫʪʴ ʪʨʫʜʥʦʩʪʠ ʚ 
ʨʘʙʦʪʝ ʩ ʧʘʷʣʴʥʠʢʦʤ, ʥʦ ʧʦʜ ʯʫʪʢʠʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʟʨʦʩʣʳʭ, ʷ ʩʧʨʘʚʠʣʘʩʴ. 
ɽʩʣʠ ʫ ɸʤʧʝʨʤʝʪʨʘ ʠʤʝʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʵʪʦ ʙʫʜʝʪ ʚʠʜʥʦ ʧʦ ʩʘʤʦʤʫ ʧʨʠʙʦʨʫ: ʚ 
ʥʝʨʘʙʦʪʘʶʱʝʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʝʣʢʘ ʙʫʜʝʪ ʩʜʚʠʥʫʪʘ ʥʘ ʥʝʢʦʪʦʨʦʝ ʜʝʣʝʥʠʝ. 
ʀʥʬʦʨʤʘʮʠʶ ʦ ʧʦʛʨʝʰʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʫʯʝʩʪʴ ʨʘʩʯʝʪʘʭ ɽʉ. 
ʎʝʥʘ ʜʝʣʝʥʠʷ ʘʤʧʝʨʤʝʪʨʘ ʨʘʚʥʦ 0,2 ɸ.  
ʅʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʝ, ʩʦʩʪʘʚʣʷʝʪ 9 ɺʦʣʴʪ.  
ʀʩʭʦʜʷ ʠʟ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʨʘʩʩʯʠʪʘʝʤ ʧʦ ʟʘʢʦʥʫ ʆʤʘ, ʯʪʦ ʦʜʥʦʤʫ ʜʝʣʝʥʠʶ 
ʘʤʧʝʨʤʝʪʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 0,0222 ʉʤ/ʤ ʠʣʠ 22,2 ʤʉʤ/ʩʤ.  
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ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʧʨʠʙʦʨ ʧʦʢʘʟʘʥ ʥʘ ʌʦʪʦ 2. 
ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʨʠʙʦʨʘ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 
ʧʨʦʚʝʨʠʪʴ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ.  
ɼʣʷ ʧʨʦʚʝʨʢʠ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʧʦʯʚʳ:  
1) ʦʙʨʘʟʝʮ ʩʫʭʦʡ ʧʦʯʚʳ;  
2) ʦʙʨʘʟʝʮ ʧʦʯʚʳ, ʧʦʣʠʪʦʡ 
ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ;  
3) ʦʙʨʘʟʝʮ ʧʦʯʚʳ, ʧʦʣʠʪʳʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ 
ʚʦʜʦʡ;  
4) ʦʙʨʘʟʝʮ ʧʦʯʚʳ, ʧʦʣʠʪʳʡ ʩʦʣʝʥʳʤ ʨʘʩʪʚʦʨʦʤ. 
ʅʘ ʬʦʪʦ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʪʠ ʦʙʨʘʟʮʳ  
ʌʦʪʦ 3: ʆʙʨʘʟʮʳ ʧʦʯʚʳ 
ɺ ʦʜʠʥ ʩʪʘʢʘʥ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʧʦʯʚʘ, 
ʚʳʩʫʰʝʥʥʘʷ ʚ ʜʫʭʦʚʦʤ ʰʢʘʬʫ.  

ʆʧʳʪ 1.ʇʦʤʝʱʘʷ ʧʨʠʙʦʨ ʚ ʜʘʥʥʳʡ 
ʦʙʨʘʟʝʮ ʛʨʫʥʪʘ, ʧʨʠʙʦʨ ʥʝ ʨʝʘʛʠʨʫʝʪ, 
ʣʘʤʧʦʯʢʠ ʥʝ ʟʘʛʦʨʘʶʪʩʷ. ʃʠʙʦ, ʝʩʣʠ ʧʨʠʙʦʨ 
ʠʤʝʝʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʣʘʤʧʦʯʢʠ ʙʫʜʫʪ ʛʦʨʝʪʴ 
ʦʯʝʥʴ ʪʫʩʢʣʦ ʠ ʥʘ ʘʤʧʝʨʤʝʪʨʝ ʩʪʨʝʣʢʘ ʙʫʜʝʪ 
ʦʪʢʣʦʥʝʥʘ ʥʘ 1 ʜʝʣʝʥʠʝ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʫʭʦʤ ʛʨʫʥʪʝ ʥʝʪ ʚʣʘʛʠ, ʢʦʪʦʨʘʷ 
ʧʨʦʚʦʜʠʣʘ ʙʳ ʪʦʢ. ɺ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʛʨʫʥʪʘ ʨʘʚʥʘ ç0è (0ɸ/9ɺ). 
ʇʦʵʪʦʤʫ ʘʤʧʝʨʤʝʪʨ ʥʝ ʨʝʘʛʠʨʫʝʪ. 

ʆʧʳʪ 2. ɺʦ ʚʪʦʨʦʤ ʩʪʘʢʘʥʝ ʛʨʫʥʪ ʙʳʣ ʩʤʦʯʝʥ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ. ɼʘʥʥʘʷ 
ʚʦʜʘ ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʝʡ, ʧʦʵʪʦʤʫ ʝʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʤʠʥʠʤʘʣʴʥʘʷ. 
ʇʦʛʨʫʟʠʚ ʧʨʠʙʦʨ ʚ ʜʘʥʥʳʡ ʩʪʘʢʘʥ, ʚʠʜʥʦ, ʯʪʦ ʣʘʧʦʯʢʠ ʩʚʝʪʷʪʩʷ ʪʫʩʢʣʦ, ʩʪʨʝʣʢʘ 
ʘʤʧʝʨʤʝʪʨʘ ʦʪʢʣʦʥʠʣʘʩʴ ʥʘ 1-1,5 ʜʝʣʝʥʠʷ. ʊ.ʝ. ʧʦʯʚʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʦʛʘʱʝʥʘ 
ʥʠʢʘʢʠʤʠ ʩʦʣʷʤʠ ʠ ʤʠʥʝʨʘʣʘʤʠ. ɽʩʣʠ ʧʦʣʠʚʘʪʴ ʧʦʯʚʫ ʪʘʢʦʡ ʚʦʜʦʡ, ʪʦ ʨʘʩʪʝʥʠʷʤ ʥʝ 
ʦʪʢʫʜʘ ʙʫʜʝʪ ʙʨʘʪʴ ʧʠʪʘʪʝʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʜʣʷ ʨʦʩʪʘ. ɺ ʜʘʥʥʦʤ ʦʙʨʘʟʮʝ ɽʉ ʧʦʯʚʳ 
ʨʘʚʝʥ 1,5 * 0,2/9 = 0,0333 ʉʤ/ʤ ʠʣʠ 33,3333 ʤʉʤ/ʩʤ. 

ʆʧʳʪ 3. ɺ ʪʨʝʪʠʡ ʩʪʘʢʘʥ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʧʦʯʚʘ, ʧʦʣʠʪʘʷ ʦʙʳʯʥʦʡ 
ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ. ʇʦʤʝʩʪʠʚ ʚ ʧʨʠʙʦʨ ʚ ʧʦʯʚʫ, ʣʘʤʧʦʯʢʠ ʟʘʩʚʝʪʠʣʠʩʴ ʷʨʯʝ, 
ʩʪʨʝʣʢʘ ʘʤʧʝʨʤʝʪʨʘ ʧʦʢʘʟʘʣʘ 4 ʜʝʣʝʥʠʷ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 
ʩʦʩʪʘʚʠʣʘ 4*0,2/9 = 0,0889 ʉʤ/ʤ ʠʣʠ 88,8889 ʉʤ/ʩʤ. 

ʆʧʳʪ4. ɺ ʯʝʪʚʝʨʪʳʡ ʩʪʘʢʘʥ ʙʳʣʘ ʧʦʤʝʱʝʥʘ ʧʦʯʚʘ, ʧʦʣʠʪʘʷ ʩʦʣʷʥʳʤ 
ʨʘʩʪʚʦʨʦʤ. ʇʦʤʝʩʪʠʚ ʚ ʜʘʥʥʫʶ ʧʦʯʚʫ ʧʨʠʙʦʨ, ʣʘʤʧʦʯʢʘ ʟʘʛʦʨʝʣʘʩʴ ʦʯʝʥʴ ʷʨʢʦ, 
ʦʪʢʣʦʥʝʥʠʝ ʩʪʨʝʣʢʠ ʙʳʣʦ ʙʦʣʴʰʝ, ʯʝʤ 21 ʝʜʠʥʠʮʳ. ʕʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 
ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 21*0,2/9 = 0,4667 ʉʤ/ʤ ʠʣʠ 466,6667 ʤʉʤ/ʩʤ. ɺʳʩʦʢʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʧʨʦʨʘʩʪʘʥʠʝ ʩʝʤʷʥ ʠ ʟʘʤʝʜʣʷʪʴ ʨʦʩʪ ʨʘʩʪʝʥʠʡ. 
ɺʳʚʦʜ: ʧʨʦʚʝʜʷ ʵʢʩʧʝʨʠʤʝʥʪ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʝʤ ʙʦʣʴʰʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʦʜʝ, ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ 
ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʦʯʚʳ ʠ ʣʘʤʧʦʯʢʘ ʧʨʠʙʦʨʘ 
ʙʫʜʝʪ ʛʦʨʝʪʴ ʷʨʯʝ.  

ʏʝʤ ʩʢʫʜʥʝʝ ʧʦʯʚʘ ʥʘ ʤʠʥʝʨʘʣʴʥʳʝ 
ʚʝʱʝʩʪʚʘ ʠ ʚʣʘʛʫ, ʪʝʤ ʤʝʥʴʰʝ ʫʨʦʚʝʥʴ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʣʘʤʧʦʯʢʘ ʧʨʠʙʦʨʘ 
ʛʦʨʠʪ ʩʣʘʙʦ ʣʠʙʦ ʩʚʝʯʝʥʠʝ ʩʦʚʩʝʤ 
ʦʪʩʫʪʩʪʚʫʝʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʷ ʛʠʧʦʪʝʟʘ 
ʧʦʜʪʚʝʨʜʠʣʘʩʴ - ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʴ 
ʧʦʯʚʳ ʟʘʚʠʩʠʪ ʦʪ ʚʣʘʞʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʦʯʚʳ. 
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ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʘʩʪʝʥʠʡ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ 
ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,075 ʜʦ 0,4 ʉʤ/ʤ. ɹʦʣʝʝ ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʛʦʚʦʨʠʪ ʦ ʩʢʫʜʥʦʩʪʠ ʧʦʯʚʳ, 
ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ (ʩʚʳʰʝ 0,4 ʝʜʠʥʠʮ) ï ʛʦʚʦʨʠʪ ʦ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʦʯʚʳ.  
ʉʦʟʜʘʥʥʳʡ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠʙʦʨ ʨʘʙʦʪʘʝʪ. ɽʩʣʠ ʩʦʟʜʘʚʘʪʴ ʪʘʢʦʡ ʧʨʠʙʦʨ ʠʟ 
ʧʦʣʥʦʩʪʴʶ ʢʫʧʣʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʦ ʝʛʦ ʮʝʥʘ ʥʝ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ 500,00 ʨʫʙ. ɽʩʣʠ 
ʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʝʩʪʴ ʜʦʤʘ, ʪʦ ʮʝʥʘ ʙʫʜʝʪ ʝʱʝ ʟʥʘʯʠʪʝʣʴʥʦ 
ʥʠʞʝ. 

ʗ ʨʘʟʨʘʙʦʪʘʣʘ ʧʨʦʩʪʝʡʰʫʶ ʩʭʝʤʫ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʯʚʳ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʳ ʧʨʦʚʦʜʠʪʴ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʧʨʠ ʧʦʜʚʝʜʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʢ ʝʸ ʛʨʘʥʠʮʘʤ. 
ʇʦʜʦʙʨʘʣʘ ʧʦʜʭʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʝʛʦ ʧʨʠʙʦʨʘ, ʩʤʦʥʪʠʨʦʚʘʣʘ 
ʝʛʦ. 

ɿʘʪʝʤ ʷ ʫʙʝʜʠʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʙʦʪʘʝʪ ʠ ʧʨʦʚʝʣʘ ʦʧʳʪʳ ʧʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʕʉ ʧʦʯʚʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʙʨʘʟʮʘʤʠ. 

ʄʦʡ ʧʨʠʙʦʨ ʧʨʦʩʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʩʪʦʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʦ. ʆʥ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʯʚʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʷ 
ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʧʦʯʚʝ, ʧʦʤʦʛʘʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ 
ʫʣʫʯʰʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ. 

ʎʝʣʴ ʤʦʝʛʦ ʧʨʦʝʢʪʘ ʜʦʩʪʠʛʥʫʪʘ, ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ.  
ʅʦ ʷ ʥʘʤʝʨʝʥʘ ʧʨʦʚʦʜʠʪʴ ʨʘʙʦʪʫ ʜʘʣʴʰʝ. ʇʣʘʥʠʨʫʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʟʜʘʥʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʥʘ ʜʘʯʝ, ʦʧʨʝʜʝʣʠʪʴ ʩ ʝʛʦ ʧʦʤʦʱʴʶ ɽʉ ʛʨʫʥʪʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʦʟʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʦʩʪʘ ʦʚʦʱʝʡ, ʬʨʫʢʪʦʚ ʠ 
ʮʚʝʪʦʚ. ʊʘʢʞʝ ʧʣʘʥʠʨʫʶ ʠʩʩʣʝʜʦʚʘʪʴ, ʧʨʠ ʢʘʢʠʭ ʧʦʢʘʟʘʥʠʷʭ ʩʦʟʜʘʥʥʦʛʦ ʧʨʠʙʦʨʘ 
ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʞʘʡ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ʌʠʟʠʢʘ. 8 ʢʣ.: ʫʯʝʙ. ɼʣʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪ.ʫʯʨʝʞʜʝʥʠʡ / ʅ.ʉ.ʇʫʨʳʰʝʚʘ, 
ʅ.ɽ. ɺʘʞʝʝʚʩʢʘʷ. ï ʄ. : ɼʨʦʬʘ, 2013. ï 287, [1]ʩ. : ʠʣ. 

2. ʌʠʟʠʢʘ. 10 ʢʣʘʩʩ: ʫʯʝʙ. ɼʣʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪ. ʦʨʛʘʥʠʟʘʮʠʡ ʩ ʧʨʠʣ. ʥʘ 
ʵʣʝʢʪʨʦʥ. ʥʦʩʠʪʝʣʝ : ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ / ɻ.ʗ. ʄʷʢʠʰʝʚ, ɹ.ɹ. ɹʫʭʦʚʮʝʚ, 
ʅ.ʅ. ʉʦʪʩʢʠʡ; ʧʦʜ ʨʝʜ. ʅ.ɸ. ʇʘʨʬʝʥʪʴʝʚʦʡ. ï ʄ. : ʇʨʦʩʚʝʱʝʥʠʝ, 2014. ï 
46 ʩ. : ʠʣ. ï (ʂʣʘʩʩʠʯʝʩʢʠʡ ʢʫʨʩ). 

3. https://sev-go.msk.ru/uslugi/ispytaniya-gruntov/opredelenie-stepeni-
vlazhnosti-grunta/ 

4. https://pt.2035.university/project/ot-idei-k-praktike 
5. https://www.ixbt.com/live/chome/zigbee-datchik-vlazhnosti-pochvy-dlya-

rasteniy-proekt-modkamru.html 
6. https://www.ecounit.ru/sect 

 
 

 

 

ʂɸʈʊʆʌɽʃʔ ʂɸʂ ʀʉʊʆʏʅʀʂ ʕʃɽʂʊʈʀʏɽʉʂʆʁ ʕʅɽʈɻʀʀ  

ʄʠʨʦʰʥʠʯʝʥʢʦ ɼʘʨʠʥʘ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ç ʃʠʮʝʡ ˉ 15è, 

9 ʢʣʘʩʩ 
ʛ.ɹʝʨʝʟʦʚʩʢʠʡ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʝʚʠʮʢʘʷ ɽʣʝʥʘ ɺʠʢʪʦʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ  
 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʫʩʪʘʥʦʚʣʝʥʠʶ ʨʦʣʠ ʠ ʩʚʦʡʩʪʚ   
ʢʘʨʪʦʬʝʣʷ, ʢʘʢ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʧʦʣʥʦʮʝʥʥʦʛʦ 

https://sev-go.msk.ru/uslugi/ispytaniya-gruntov/opredelenie-stepeni-vlazhnosti-grunta/
https://sev-go.msk.ru/uslugi/ispytaniya-gruntov/opredelenie-stepeni-vlazhnosti-grunta/
https://pt.2035.university/project/ot-idei-k-praktike
https://www.ixbt.com/live/chome/zigbee-datchik-vlazhnosti-pochvy-dlya-rasteniy-proekt-modkamru.html
https://www.ixbt.com/live/chome/zigbee-datchik-vlazhnosti-pochvy-dlya-rasteniy-proekt-modkamru.html
https://www.ecounit.ru/sect
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ʨʘʟʚʠʪʠʷ ʢʣʝʪʦʢ ʦʨʛʘʥʠʟʤʘ,   ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʯʝʣʦʚʝʢʘ ʠ   ʢʘʢ ʠʩʪʦʯʥʠʢʘ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʙʠʦʪʦʧʣʠʚʘ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  
ʆʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ ʜʣʷ ʤʥʦʛʠʭ ʠʟ ʥʘʩ - ʢʘʨʪʦʬʝʣʴ. ʄʳ  ʨʝʰʠʣʠ ʫʟʥʘʪʴ,   

ʢʘʢʫʶ ʧʦʣʴʟʫ ʧʨʠʥʦʩʠʪ ʦʥ ʥʘʰʝʤʫ ʦʨʛʘʥʠʟʤʫ, ʘ ʪʘʢʞʝ ʧʫʪʝʤ ʥʘʫʯʥʦʛʦ ʤʝʪʦʜʘ 
ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʢʘʨʪʦʬʝʣʴʥʳʡ ʩʦʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʢʪʨʦʣʠʪ,  ʩ ʧʦʤʦʱʴʶ 
ʦʧʳʪʦʚ ʦʙʥʘʨʫʞʠʪʴ ʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʢʘʨʪʦʬʝʣʷ ʢʘʢ ʠʩʪʦʯʥʠʢʘ  ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʆʙʥʘʨʫʞʝʥʠʝ   ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ. 
ɻʠʧʦʪʝʟʘ: ʄʦʞʝʪ ʣʠ ʢʘʨʪʦʬʝʣʴ ʩʪʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʯʝʣʦʚʝʢʦʤ . 

ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʛʠʧʦʪʝʟʳ ʙʳʣʠ   ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 
ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  
ü ʇʦʜʪʚʝʨʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ   ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʢʘʨʪʦʬʝʣʴ  ʤʦʞʝʪ ʩʪʘʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ .  

ü ʇʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠʟ ʢʘʨʪʦʬʝʣʷ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʠ ʧʦʢʘʟʘʪʴ, ʯʪʦ 
ʢʘʨʪʦʬʝʣʴ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ..  

ü ʀʟʤʝʨʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʢʘ. 
ü ʀʟʛʦʪʦʚʠʪʴ ʢʘʨʪʦʬʝʣʴʥʫʶ ʙʘʪʘʨʝʡʢʫ  

 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ   ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  
ü ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ; 
ü ɻ ʢʩʧʝʨʠʤʝʥʪ; 
ü ʥʘʙʣʶʜʝʥʠʝ; 
ü ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʘʨʪʦʬʝʣʷ 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʪʦʬʝʣʴ ʜʚʫʭ ʩʦʨʪʦʚ ç 

ʉʢʘʨʣʝʪè ʠ ç ʊʫʣʝʝʚʩʢʠʡè. ʂʘʨʪʦʬʝʣʴ ʙʳʣ ʚʳʨʘʱʝʥ ʥʘʤʠ ʥʘ ʧʨʠʫʩʘʜʝʙʥʦʤ ʫʯʘʩʪʢʝ. 
ʄʳ    ʥʘʙʣʶʜʘʣʠ ʟʘ ʥʠʤ ʦʪ ʧʦʩʘʜʢʠ ʜʦ ʫʙʦʨʢʠ. ɼʝʣʘʣʠ ʬʦʪʦʛʨʘʬʠʠ, ʧʦʤʦʛʘʣʠ 
ʨʦʜʠʪʝʣʷʤ ʚ ʫʙʦʨʢʝ ʫʨʦʞʘʷ ʢʘʨʪʦʬʝʣʷ. ʇʨʦʚʝʣʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʩ ʨʘʟʣʠʯʥʳʤ 
ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ç Rʝleonè  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ˉ 1 ç ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʢʘ ʢʘʨʪʦʬʝʣʷ  ʜʘʪʯʠʢʦʤ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʮʠʬʨʦʚʦʡ ʣʘʙʦʨʘʪʦʨʠʠ Releonè  

ʎʝʣʴ: ʜʦʢʘʟʘʪʴ, ʯʪʦ ʩʦʢ  ʧʦʣʫʯʝʥʥʳʡ ʠʟ ʢʘʨʪʦʬʝʣʷ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ  
ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ:  ʮʠʬʨʦʚʘʷ ʣʘʙʦʨʘʪʦʨʠʷ Releon, ʜʘʪʯʠʢ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʩʦʢ ʢʘʨʪʦʬʝʣʷ , ʩʪʘʢʘʥʳ ʥʘ 50 ʤʣ, ʩʪʝʢʣʷʥʥʘʷ ʧʘʣʦʯʢʘ, 
ʧʨʦʤʳʚʘʣʢʘ,  ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ 

ʍʦʜ ʨʘʙʦʪʳ: 
1. ɿʘʧʫʩʪʠʪʝ ʥʘ ʨʝʛʠʩʪʨʘʪʦʨʝ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

Releon 
2. ʇʦʜʢʣʶʯʠʪʝ ʜʘʪʯʠʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠʟ ʢʦʤʧʣʝʢʪʘ ʮʠʬʨʦʚʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ Releon 
3. ɺ ʩʪʘʢʘʥ ʩ ʨʘʩʪʚʦʨʦʤ ʢʘʨʪʦʬʝʣʷ ʧʦʤʝʩʪʠʪʴ ʜʘʪʯʠʢ 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʚʦʜʠʪ ʣʠ ʦʥ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 
4. ʇʨʦʚʝʩʪʠ ʩʥʷʪʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʜʘʪʯʠʢʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩ 

ʨʘʩʪʚʦʨʘʤʠ ʢʘʨʪʦʬʝʣʷ .(ʨʠʩ.1,2) 
5. ʇʨʦʤʳʪʴ ʜʘʪʯʠʢ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ  ʚʦʜʦʡ ʠ ʩʥʦʚʘ ʦʧʫʩʪʠʪʴ ʚ 

ʩʣʝʜʫʶʱʠʡ ʨʘʩʪʚʦʨ.  
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ʈʠʩ.1 ,2  ʀʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ  ʢʘʨʪʦʬʝʣʷ  
 

ʊʘʙʣʠʮʘ ˉ 1 ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ  ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 

ˉ ʦʧʳʪʘ  ʅʘʟʚʘʥʠʝ 
ʚʝʱʝʩʪʚʘ 

ɿʥʘʯʝʥʠʝ 
ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, 
ʤʢʉʤ 

ʕʣʝʢʪʨʦʣʠʪ  

ʉʦʨʪ  ç 
ʊʫʣʝʝʚʩʢʠʡè 

ʂʘʨʪʦʬʝʣʴ  ( 1 ʉ) 188,1 ʜʘ 

ʉʦʨʪ çʉʢʘʨʣʝʪè ʂʘʨʪʦʬʝʣʴ  ( 1 ɸ) 176,4  ʜʘ 

 
 ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ˉ2  "ʂʘʨʪʦʬʝʣʴ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ" 
ʎʝʣʴ: ʧʨʦʚʝʨʠʪʴ ʧʨʠ ʧʦʤʦʱʠ ʬʠʟʠʯʝʩʢʠʭ ʦʧʳʪʦʚ  ʥʘʣʠʯʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ 

ʚ ʢʣʫʙʥʷʭ ʢʘʨʪʦʬʝʣʷ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʘʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ:  ʤʫʣʴʪʠʤʝʪʨ ( ʘʤʧʝʨʤʝʪʨ+ ʘʤʧʝʨʤʝʪʨ),  

ʢʣʫʙʥʠ ʢʘʨʪʦʬʝʣʷ (ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʪʝʨʠʘʣ), ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ ʩ 
"ʢʨʦʢʦʜʠʣʘʤʠ",  ʵʣʝʢʪʨʦʜʳ: ʤʝʜʥʘʷ ʤʦʥʝʪʘ ʠ ʦʮʠʥʢʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ. 

ʍʦʜ ʨʘʙʦʪʳ 
1 ʉʦʙʨʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʧʦ ʩʭʝʤʝ 
2 ɿʘʧʠʩʘʪʴ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʦʚ. 
3 ɿʘʧʦʣʥʠʪʴ ʪʘʙʣʠʮʫ. 
4 ʉʜʝʣʘʪʴ ʚʳʚʦʜ.  

ʊʘʙʣʠʮʘ ˉ 2  ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ  ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ  

ˉ ʦʧʳʪʘ  ʅʘʟʚʘʥʠʝ 
ʚʝʱʝʩʪʚʘ  

ʉʠʣʘ ʪʦʢʘ, ɸ  ʅʘʧʨʷʞʝʥʠʝ, ɺ  

ʉʦʨʪ 
çʊʫʣʝʝʚʩʢʠʡè 

ʂʘʨʪʦʬʝʣʴ  ( 1 ʉ) 0,15 0,8 

ʉʦʨʪ ç ʉʢʘʨʣʝʪè ʂʘʨʪʦʬʝʣʴ  ( 1 ɸ) 0,12 0,8 
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ʈʠʩ.3 ʀʟʤʝʨʝʥʠʝ ʩʠʣʳ ʪʦʢʘ                                   ʈʠʩ.4 ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ˉ 3 çʇʦʣʫʯʝʥʠʝ ʢʘʨʪʦʬʝʣʴʥʦʡ ʙʘʪʘʨʝʡʢʠè 
ʎʝʣʴ : ʧʦʣʫʯʠʪʴ ʢʘʨʪʦʬʝʣʴʥʫʶ ʙʘʪʘʨʝʡʢʫ , ʩʠʣʳ ʪʦʢʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ, 

ʯʪʦʙʳ ʟʘʛʦʨʝʣʘʩʴ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʘʤʧʦʯʢʘ.   
 

                    
 
ʈʠʩ.5 ʉʙʦʨʢʘ ʮʝʧʠ ʢʘʨʪʦʬʝʣʴʥʦʡ ʙʘʪʘʨʝʡʢʠ              ʈʠʩ.6 ɻʦʨʝʥʠʝ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʘʤʧʦʯʢʠ 

  
ʀʟ ʢʫʨʩʘ ʬʠʟʠʢʠ 8 ʢʣʘʩʩʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʳ ʩʦʣʝʡ, ʢʠʩʣʦʪ ʠ ʱʝʣʦʯʝʡ 

ʷʚʣʷʶʪʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ, ʯʪʦ ʢʣʫʙʝʥʴ 
ʜʦʣʞʝʥ ʙʳʪʴ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ, ʪʘʢ ʢʘʢ ʢʘʨʪʦʬʝʣʴʥʳʡ ʩʦʢ ʷʚʣʷʝʪʩʷ 
ʵʣʝʢʪʨʦʣʠʪʦʤ ʩʦ ʱʝʣʦʯʥʦʡ ʩʨʝʜʦʡ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʢʣʫʙʝʥʴ ʩʪʘʣ ʠʩʪʦʯʥʠʢʦʤ ʪʦʢʘ ʥʝʦʙʭʦʜʠʤʦ ʜʚʘ ʵʣʝʢʪʨʦʜʘ, 
ʧʦʤʝʱʝʥʥʳʭ ʚ ʨʘʩʪʚʦʨ ʵʣʝʢʪʨʦʣʠʪʘ. ʂʘʪʦʜʦʤ ʠ ʘʥʦʜʦʤ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʳ, ʝʩʣʠ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʝʜʠʥʠʪʴ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ , ʪʦ ʧʦʣʫʯʠʪʴʩʷ 
ʛʘʣʴʚʘʥʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ. ʅʘʧʨʷʞʝʥʠʝ ʵʣʝʤʝʥʪʘ ʨʘʚʥʦ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʜʥʳʭ 
ʧʦʪʝʥʮʠʘʣʦʚ ʜʚʫʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ ʵʣʝʢʪʨʦʜʦʚ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢʝ ʩ 
ʵʣʝʢʪʨʦʜʘʤʠ ʤʝʜʴ-ʮʠʥʢ ʩʦʩʪʘʚʣʷʝʪ 1,1 ɺ. ʄʝʜʴ +0,338 ɺ (ʘʥʦʜ)- ʧʦʣʦʞʠʪʝʣʴʥʳʡ 
ʵʣʝʢʪʨʦʜ    ,  ʮʠʥʢ -0,763ɺ (ʢʘʪʦʜ)- ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ. ɼʘʥʥʦʡ ʨʘʟʥʦʩʪʠ 
ʧʦʪʝʥʮʠʘʣʦʚ ʭʚʘʪʘʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʥʫʪʨʠ ʵʣʝʢʪʨʦʣʠʪʘ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʧʨʘʚʣʝʥʥʦʝ 
ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ: ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠʦʥʦʚ 
ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.   

ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ:  
1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʢʘ ʢʘʨʪʦʬʝʣʷ  ʜʘʪʯʠʢʦʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʮʠʬʨʦʚʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ Releonè ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʨʪʦʬʝʣʴ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ. ʇʦʢʘʟʘʥʠʷ 
ʜʘʪʯʠʢʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʨʘʩʪʚʦʨ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ, 
ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɽʩʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʝʣʠʢʘ, ʪʦ 
ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ð ʵʣʝʢʪʨʦʣʠʪ. ɽʩʣʠ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʤʝʥʴʰʝ 20 
ʤʢCʤ/ʩʤ, ʪʦ ʵʪʦ ʥʝʵʣʝʢʪʨʦʣʠʪ. ʇʦʢʘʟʘʥʠʷ ʚ ʪʘʙʣʠʮʝ ˉ 1  ʜʦʢʘʟʳʚʘʶʪ , ʯʪʦ ʢʘʨʪʦʬʝʣʴ 
ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ. ʉʘʤ ʵʣʝʢʪʨʦʣʠʪ ʩʦʩʪʦʠʪ ʠʟ ʩʣʘʙʦʛʦ ʢʠʩʣʦʪʥʦ-ʩʦʣʝʚʦʛʦ 
ʨʘʩʪʚʦʨʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʢʘʨʪʦʬʝʣʴʥʦʤ ʩʦʢʝ ʚʥʫʪʨʠ ʢʣʫʙʥʷ. ʂʘʨʪʦʬʝʣʴʥʳʝ ʢʣʫʙʥʠ 
ʩʘʤʠ ʧʦ ʩʝʙʝ ʩʣʫʞʘʪ ʣʠʰʴ ʩʚʦʝʦʙʨʘʟʥʳʤ ʭʨʘʥʠʣʠʱʝʤ ʜʣʷ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʛʦ ʩʦʢʘ.  

2. çʂʘʨʪʦʬʝʣʴ  - ʵʪʦ ʙʠʦʙʘʪʘʨʝʡʢʘè ʚ ʜʝʡʩʪʚʠʠ - ʩʚʝʪʦʜʠʦʜ ʩʚʝʪʠʪ! ʈʝʟʫʣʴʪʘʪʳ 
ʵʢʩʧʝʨʠʤʝʥʪʘ: ɹʘʪʘʨʝʡʢʘ ʜʘʣʘ ʪʦʢ! ʂʘʨʪʦʬʝʣʴ ï ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ʅʘʧʨʷʞʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʯʠʩʣʘ ʢʣʫʙʥʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ. ʏʝʤ ʙʦʣʴʰʝ ʢʣʫʙʥʝʡ ʚ 
ʮʝʧʠ, ʪʝʤ ʙʦʣʴʰʝ ʥʘʧʨʷʞʝʥʠʝ ʚ ʵʪʦʡ ʮʝʧʠ.   

3. ɺʝʣʠʯʠʥʘ ʩʠʣʳ ʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʦ ʝʩʪʴ 
ʬʘʢʪʠʯʝʩʢʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʠʦʥʦʚ ʢʘʣʠʷ, ʥʘʪʨʠʷ, ʢʘʣʴʮʠʷ, ʤʘʛʥʠʷ ʠ ʠʦʥʦʚ ʢʠʩʣʦʪʥʳʭ 
ʦʩʪʘʪʢʦʚ ʚ ʨʘʩʪʚʦʨʝ ʵʣʝʢʪʨʦʣʠʪʘ. ɽʩʣʠ ʢʣʫʙʝʥʴ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
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ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʪʦ ʩʦʜʝʨʞʘʥʠʝ ʠʦʥʦʚ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʘ ʟʥʘʯʠʪ ʠ ʩʠʣʘ 
ʪʦʢʘ  ʧʦ ʚʝʣʠʯʠʥʝ ʙʫʜʝʪ ʙʦʣʴʰʝ. 

4. ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʨʪʦʬʝʣʴ ʜʚʫʭ ʨʘʟʥʳʭ ʩʦʨʪʦʚ . ʂʘʢ 
ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʠʣʘ ʪʦʢʘ ʢʘʨʪʦʬʝʣʷ ʩʦʨʪʘ çʊʫʣʝʝʚʩʢʠʡè ʚʳʰʝ, 
ʯʝʤ ʩʦʨʪʘ çʉʢʘʨʣʝʪè.  
ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʨʪʦʬʝʣʷ :  
ü ɺʥʝʩʪʠ ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ ʥʘ ʫʯʘʩʪʦʢ ,ʛʜʝ ʚʳʨʘʱʠʚʘʣʠʩʴ ʩʦʨʪʘ 
ʢʘʨʪʦʬʝʣʷ ʠ ʧʨʦʚʝʨʠʪʴ ʛʠʧʦʪʝʟʫ , ʯʪʦ  ʢʣʫʙʝʥʴ ʢʘʨʪʦʬʝʣʷ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ 
ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ ʩʪʘʥʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʙʘʪʘʨʝʡʢʦʡ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. ʇʨʦʚʝʩʪʠ ʧʦʚʪʦʨʥʳʝ ʦʧʳʪʳ ʩ ʵʪʠʤʠ ʞʝ ʩʦʨʪʘʤʠ 
ʢʘʨʪʦʬʝʣʷ ʧʦ  ʦʧʨʝʜʝʣʝʥʠʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

ü ʇʨʦʚʝʩʪʠ ʦʧʳʪʳ ʩ ʚʘʨʝʥʳʤ ʢʘʨʪʦʬʝʣʝʤ ʠ ʜʦʢʘʟʘʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʯʝʥʳʭ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ , ʢʦʪʦʨʳʝ ʫʪʚʝʨʞʜʘʶʪ, 
ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʨʝʥʳʭ  ʢʣʫʙʥʝʡ ʢʘʨʪʦʬʝʣʷ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ,  
ʤʦʱʥʦʩʪʴ ʧʦʣʫʯʘʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚʦʟʨʦʩʣʘ ʚ 10 ʨʘʟ! ʊʘʢʠʝ 
ʙʘʪʘʨʝʡʢʠ ʩʧʦʩʦʙʥʳ ʨʘʙʦʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɸ ʩʣʝʜʦʚʘʪʝʣʴʥʦ,  ʩʤʦʛʫʪ ʩʪʘʪʴ 
ʜʦʩʪʫʧʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʜʘʞʝ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ , ʢʦʛʜʘ ʙʫʜʝʪ 
ʥʝʦʙʭʦʜʠʤ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ.  
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1. ɻʘʣʴʧʝʨʰʪʝʡʥ ʃ.ʗ. ɿʜʨʘʚʩʪʚʫʡ ʬʠʟʠʢʘ!/ʃ.ʗ. ɻʘʣʴʧʝʨʰʪʝʡʥ ï ʄʦʩʢʚʘ: 
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8 ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼʘʥʯʝʥʢʦʚʘ ʊʘʪʴʷʥʘ ʄʠʭʘʡʣʦʚʥʘ 
 

ʄʳ ʞʠʚʝʤ ʚ ʤʠʨʝ, ʚ ʢʦʪʦʨʦʤ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ 
ʠʩʢʫʩʩʪʚʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʬʦʥʪʘʥʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʟʜʝ. 
ʌʦʥʪʘʥ ʷʚʣʷʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤ ʩʠʤʚʦʣʦʤ ʵʩʪʝʪʠʢʠ. ʂʨʘʩʦʪʘ, ʥʝʦʙʳʯʥʦʩʪʴ ʠ ʧʦʣʴʟʘ 
ʜʣʷ ʟʜʦʨʦʚʴʷ ï ʚʦʪ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ, ʧʦʯʝʤʫ ʬʦʥʪʘʥʳ ʚʦ ʚʩʝ ʚʨʝʤʝʥʘ ʷʚʣʷʣʠʩʴ 
ʧʨʠʟʥʘʢʦʤ ʭʦʨʦʰʝʛʦ ʚʢʫʩʘ. ʆʯʝʥʴ ʧʨʠʷʪʥʦ ʚ ʞʘʨʢʠʡ ʣʝʪʥʠʡ ʜʝʥʴ ʦʪʜʦʭʥʫʪʴ ʥʘ ʣʘʚʦʯʢʝ 
ʫ ʬʦʥʪʘʥʘ. ɺʦʜʘ ʚʝʩʸʣʳʤʠ ʩʪʨʫʡʢʘʤʠ ʧʦʜʧʨʳʛʠʚʘʝʪ ʚʚʝʨʭ, ʙʨʳʟʛʠ ʨʘʟʣʝʪʘʶʪʩʷ ʚʦ 
ʚʩʝ ʩʪʦʨʦʥʳ ʠ ʩ ʛʨʦʤʢʠʤ ʧʣʝʩʢʦʤ ʚʦʟʚʨʘʱʘʶʪʩʷ ʦʙʨʘʪʥʦ. ɺʦʟʜʫʭ ʚʦʢʨʫʛ ʥʘʧʦʣʥʝʥ 
ʙʣʝʩʪʷʱʠʤʠ ʢʘʧʣʷʤʠ ʞʠʚʠʪʝʣʴʥʦʡ ʚʣʘʛʠ. ʊʳ ʩʣʦʚʥʦ ʦʢʫʥʫʣʩʷ ʚ ʤʠʨ ʛʘʨʤʦʥʠʠ, 
ʵʩʪʝʪʠʢʠ ʠ ʢʨʘʩʦʪʳ, ʥʝ ʭʦʪʷ ʠʟ ʥʝʛʦ ʚʳʭʦʜʠʪʴ. 

ʇʨʦʩʪʝʡʰʠʤ ʬʦʥʪʘʥʦʤ, ʟʥʘʢʦʤʳʡ ʣʶʜʷʤ ʝʱʝ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ, ʩʣʫʞʠʪ 
ʬʦʥʪʘʥ ɻʝʨʦʥʘ. 

ɻʝʨʦʥ ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʡ, ʛʨʝʯʝʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʠ ʤʝʭʘʥʠʢ, ʞʠʚʰʠʡ ʚ 1 ʚʝʢʝ 
ʥʘʰʝʡ ʵʨʳ, ʩʯʠʪʘʝʪʩʷ ʚʝʣʠʯʘʡʰʠʤ ʠʥʞʝʥʝʨʦʤ ʟʘ ʚʩʶ ʠʩʪʦʨʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

http://inauka.ru/news/
https://ru.ruwiki.ru/wiki/Картофель
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ɻʝʨʦʥ ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʡ ʙʳʣ ʦʜʝʨʞʠʤ ʩʪʨʘʩʪʴʶ ʢ ʨʘʟʣʠʯʥʳʤ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤ 
ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʘʤ. ʂʨʦʤʝ ʧʝʨʚʦʛʦ ʧʘʨʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ɻʝʨʦʥ 
ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʫʢʦʣʴʥʳʝ ʪʝʘʪʨʳ, ʧʦʞʘʨʥʫʶ ʤʘʰʠʥʫ, ʦʜʦʤʝʪʨ, 
ʩʘʤʦʥʘʧʦʣʥʷʚʰʫʶʩʷ ʤʘʩʣʷʥʫʶ ʣʘʤʧʫ, ʥʦʚʳʡ ʚʠʜ ʰʧʨʠʮʘ, ʪʦʧʦʛʨʘʬʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, 
ʧʦʭʦʞʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʪʝʦʜʦʣʠʪ, ʚʦʜʷʥʦʡ ʦʨʛʘʥ, ʦʨʛʘʥ, ʟʚʫʯʘʚʰʠʡ ʧʨʠ ʨʘʙʦʪʝ 
ʚʝʪʨʷʥʦʡ ʤʝʣʴʥʠʮʳ, ʠ ʜʨ. 

ʆʜʥʠʤ ʠʟ ʫʩʪʨʦʡʩʪʚ, ʦʧʠʩʘʥʥʳʤ ʫʯʝʥʳʤ ʜʨʝʚʥʝʡ ɻʨʝʮʠʠ ɻʝʨʦʥʦʤ 
ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʤ, ʙʳʣ ʚʦʣʰʝʙʥʳʡ ʬʦʥʪʘʥ. ɻʣʘʚʥʦʝ ʯʫʜʦ ʵʪʦʛʦ ʬʦʥʪʘʥʘ ʟʘʢʣʶʯʘʣʦʩʴ 
ʚ ʪʦʤ, ʯʪʦ ʚʦʜʘ ʠʟ ʬʦʥʪʘʥʘ ʙʠʣʘ ʩʘʤʘ, ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʢʘʢʦʛʦ ʣʠʙʦ ʚʥʝʰʥʝʛʦ 
ʠʩʪʦʯʥʠʢʘ ʚʦʜʳ 

ɸʢʪʫʘʣʴʥʦʩʪʴ    ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ 
ʪʦʤ, ʯʪʦ ʧʦʩʣʝ ʥʝʢʦʪʦʨʳʭ ʧʝʨʝʥʝʩʝʥʥʳʭ ʠʥʬʝʢʮʠʡ ʠ ʟʘʙʦʣʝʚʘʥʠʡ ʚʨʘʯʠ ʥʘʩʪʦʷʪʝʣʴʥʦ 
ʨʝʢʦʤʝʥʜʫʶʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʜʦʤʘʭ ʫʚʣʘʞʥʠʪʝʣʠ ʚʦʟʜʫʭʘ ʜʣʷ ʙʳʩʪʨʦʛʦ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʙʦʣʝʟʥʠ. ʇʦʵʪʦʤʫ, ʢʦʛʜʘ ʤʳ ʠʟʫʯʘʣʠ ʧʦ ʬʠʟʠʢʝ ʪʝʤʫ 
çʉʦʦʙʱʘʶʱʠʝʩʷ ʩʦʩʫʜʳè, ʫ ʤʝʥʷ ʩʨʘʟʫ ʚʦʟʥʠʢʣʘ ʤʳʩʣʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʦʨʫʜʠʪʴ 
ʬʦʥʪʘʥ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʢʘʢ ʫʚʣʘʞʥʠʪʝʣʴ ʚʦʟʜʫʭʘ  

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʠʪʴ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʬʦʥʪʘʥʦʚ, 
ʩʦʟʜʘʪʴ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʬʦʥʪʘʥʘ ʠ ʚʳʷʩʥʠʪʴ, ʦʪ ʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʟʘʚʠʩʠʪ ʚʳʩʦʪʘ ʩʪʨʫʠ ʚ ʥʝʤ. 

ɿʘʜʘʯʠ: 
1.ʇʦʜʦʙʨʘʪʴ, ʠʟʫʯʠʪʴ ʠ ʦʙʨʘʙʦʪʘʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʘʥʥʦʤʫ 
ʚʦʧʨʦʩʫ. 
2.ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʬʦʥʪʘʥʘ ɻʝʨʦʥʘ. 
3.ʋʟʥʘʪʴ ʢʘʢ ʫʩʪʨʦʝʥ ʬʦʥʪʘʥ ɻʝʨʦʥʘ, ʥʘʡʪʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. 
4.ʉʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʚʳʚʦʜʳ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ çʌʦʥʪʘʥ ɻʝʨʦʥʘè, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʦʙʦʙʱʝʥʠʝ 
ʩʦʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʧʨʦʪʝʢʘʥʠʝʤ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʦʥʪʘʥʘ ʚ 
ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ɻʠʧʦʪʝʟʘ: ʗ ʧʨʝʜʧʦʣʘʛʘʶ, ʯʪʦ, ʠʟʫʯʠʚ ʫʩʪʨʦʡʩʪʚʦ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʦʥʪʘʥʘ 
ɻʝʨʦʥʘ, ʷ ʩʤʦʛʫ ʩʦʙʨʘʪʴ ʤʦʜʝʣʴ ʬʦʥʪʘʥʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʪʨʠ ʧʣʘʩʪʠʢʦʚʳʝ ʙʫʪʳʣʢʠ, ʪʨʠ ʪʨʫʙʦʯʢʠ 
ʨʘʟʥʦʡ ʜʣʠʥʳ, ʛʝʨʤʝʪʠʢ, ʪʝʨʤʦʧʠʩʪʦʣʝʪ ,ʥʦʞʥʠʮʳ, ʧʘʷʣʴʥʠʢ. 
ɻʠʜʨʦʩʪʘʪʠʢʘ 

ɻʠʜʨʦʩʪʘʪʠʢʘ ï ʵʪʦ ʨʘʟʜʝʣ ʤʝʭʘʥʠʢʠ, ʠʟʫʯʘʶʱʠʡ ʨʘʚʥʦʚʝʩʠʝ 
ʞʠʜʢʦʩʪʝʡ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʛʠʜʨʦʩʪʘʪʠʢʠ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʠʟʫʯʝʥʠʷ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ. ɿʥʘʷ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʦʥʦʚ 
ʛʠʜʨʦʩʪʘʪʠʢʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʠʣʳ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʩʦ ʩʪʦʨʦʥʳ ʵʪʦʡ ʞʠʜʢʦʩʪʠ 
ʥʘ ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʥʝʝ ʪʝʣʘ, ʢ ʧʨʠʤʝʨʫ, ʥʘ ʦʧʦʨʳ ʤʦʩʪʘ, ʥʘ ʩʪʝʥʢʠ ʠ ʜʥʦ ʩʦʩʫʜʘ, ʥʘ 
ʧʦʜʚʦʜʥʫʶ ʣʦʜʢʫ. ʊʘʢʞʝ ʥʘ ʟʘʢʦʥʘʭ ʛʠʜʨʦʩʪʘʪʠʢʠ ʦʩʥʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʩʠʬʦʥʦʚ ʠ 
ʬʦʥʪʘʥʦʚ. 

ʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʛʠʜʨʦʩʪʘʪʠʢʠ ï ʟʘʚʠʩʠʤʦʩʪʴ ʜʘʚʣʝʥʠʷ ʞʠʜʢʦʩʪʠ ʦʪ ʛʣʫʙʠʥʳ ï 
ʜʣʷ ʥʝʩʞʠʤʘʝʤʦʡ ʞʠʜʢʦʩʪʠ ʚ ʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʠʤʝʝʪ ʚʠʜ ʨ = ɟgh. ʀʟ 
ʵʪʦʛʦ ʟʘʢʦʥʘ ʩʣʝʜʫʝʪ ʨʘʚʝʥʩʪʚʦ ʫʨʦʚʥʝʡ ʚ ʩʦʦʙʱʘʶʱʠʭʩʷ ʩʦʩʫʜʘʭ. 

ʉʦʦʙʱʘʶʱʠʝʩʷ ʩʦʩʫʜʳ ï ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩʦʩʫʜʳ, 
ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʦʙʱʝʝ ʜʥʦ. ɿʘʢʦʥ ʩʦʦʙʱʘʶʱʠʭʩʷ ʩʦʩʫʜʦʚ ʛʣʘʩʠʪ, ʯʪʦ ʚ ʪʘʢʠʭ ʩʦʩʫʜʘʭ, 
ʢʘʢʫʶ ʙʳ ʬʦʨʤʫ ʦʥʠ ʥʝ ʠʤʝʣʠ, ʧʦʚʝʨʭʥʦʩʪʠ ʦʜʥʦʨʦʜʥʳʭ ʞʠʜʢʦʩʪʝʡ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ 
ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ, ʪʦ ʝʩʪʴ ʜʘʚʣʝʥʠʝ, ʦʢʘʟʳʚʘʝʤʦʝ ʥʘ ʩʪʝʥʢʠ ʥʘ ʣʶʙʦʤ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ, ʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ. ɼʦʩʪʠʯʴ ʨʘʟʥʦʛʦ ʫʨʦʚʥʷ ʦʜʥʦʨʦʜʥʦʡ 
ʞʠʜʢʦʩʪʠ ʚ ʩʦʦʙʱʘʶʱʠʭʩʷ ʩʦʩʫʜʘʭ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʛʦʨʦʜʢʠ ʤʝʞʜʫ ʥʠʤʠ. 
ʇʝʨʝʛʦʨʦʜʢʘ ʧʝʨʝʢʨʦʝʪ ʩʦʦʙʱʝʥʠʝ ʤʝʞʜʫ ʩʦʩʫʜʘʤʠ, ʠ ʪʦʛʜʘ ʤʦʞʥʦ ʚ ʦʜʠʥ ʠʟ ʥʠʭ 
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ʜʦʣʠʪʴ ʞʠʜʢʦʩʪʴ, ʯʪʦʙʳ ʫʨʦʚʝʥʴ ʠʟʤʝʥʠʣʩʷ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʚʦʟʥʠʢʘʝʪ ʥʘʧʦʨ ï 
ʜʘʚʣʝʥʠʝ, ʧʨʦʠʟʚʦʜʠʤʦʝ ʚʝʩʦʤ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʚʳʩʦʪʦʡ, ʨʘʚʥʦʡ ʨʘʟʥʦʩʪʠ ʫʨʦʚʥʝʡ. 
ʀ ʝʩʣʠ ʫʙʨʘʪʴ ʧʝʨʝʛʦʨʦʜʢʫ, ʪʦ ʠʤʝʥʥʦ ʵʪʦ ʜʘʚʣʝʥʠʝ ʩʪʘʥʝʪ ʧʨʠʯʠʥʦʡ ʪʦʤʫ, ʯʪʦ 
ʞʠʜʢʦʩʪʴ ʙʫʜʝʪ ʧʝʨʝʪʝʢʘʪʴ ʚ ʪʦʪ ʩʦʩʫʜ, ʛʜʝ ʝʝ ʫʨʦʚʝʥʴ ʥʠʞʝ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʫʨʦʚʥʠ 
ʥʝ ʩʪʘʥʫʪ ʦʜʠʥʘʢʦʚʳʤʠ. 

ɺ ʞʠʟʥʠ ʦʯʝʥʴ ʯʘʩʪʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʝʩʪʝʩʪʚʝʥʥʳʡ ʥʘʧʦʨ. ʀ ʪʘʢʠʭ ʧʨʠʤʝʨʦʚ 
ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ. ʅʘʧʨʠʤʝʨ, ʠʤ ʦʙʣʘʜʘʝʪ ʚʦʜʘ ʚ ʛʦʨʥʳʭ ʨʝʢʘʭ, ʢʦʛʜʘ ʧʘʜʘʝʪ ʩ ʚʳʩʦʪʳ. 
ʇʣʦʪʠʥʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʨʦʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʘʧʦʨʘ. ʏʝʤ ʦʥʘ ʚʳʰʝ, ʪʝʤ ʙʦʣʴʰʝ 
ʙʫʜʝʪ ʥʘʧʦʨ ʚʦʜʳ, ʧʦʜʥʷʪʦʡ ʧʣʦʪʠʥʦʡ. 
ʕʪʘʧʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʆʧʳʪ 1:  ʧʦʜʛʦʪʦʚʠʪʴ ʨʘʙʦʯʝʝ ʤʝʩʪʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʨʘʩʧʠʩʘʪʴ 
ʧʣʘʥ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 
ʆʧʳʪ 2: ʧʦʜʛʦʪʦʚʠʪʴ ʯʘʰʫ, ʨʘʟʨʝʟʘʚ ʦʜʥʫ ʠʟ ʙʫʪʳʣʦʢ  ʠ ʦʩʪʘʚʠʚ ʯʘʩʪʴ ʩ ʛʦʨʣʳʰʢʦʤ ʠ 
ʢʨʳʰʢʦʡ. 
ʆʧʳʪ 3: ʧʨʦʜʝʣʘʪʴ ʦʪʚʝʨʩʪʠʷ ʚ ʢʨʳʰʢʘʭ ʧʘʷʣʴʥʠʢʦʤ  ʧʦʜ ʜʠʘʤʝʪʨ ʪʨʫʙʦʯʝʢ. 
ʆʧʳʪ4: ʚʩʪʘʚʠʪʴ ʚ ʦʪʚʝʨʩʪʠʷ ʚ ʢʨʳʰʢʘʭ ʪʨʫʙʦʯʢʠ, ʧʣʦʪʥʦ ʧʨʦʤʘʟʘʪʴ ʤʝʩʪʘ 
ʩʦʝʜʠʥʝʥʠʷ ʛʝʨʤʝʪʠʢʦʤ ʠʣʠ 
ʪʝʨʤʦʧʠʩʪʦʣʝʪʦʤ. 
ʆʧʳʪ 5: ʩʦʝʜʠʥʠʪʴ ʙʫʪʳʣʢʠ ʟʘʢʨʫʪʠʚ 
ʢʨʳʰʢʠ, ʘ ʤʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢ ʞʝ 
ʧʨʦʤʘʟʘʪʴ ʛʝʨʤʝʪʠʢʦʤ ʠʣʠ 
ʪʝʨʤʦʧʠʩʪʦʣʝʪʦʤ  ʪʘʢ, ʯʪʦʙʳ ʚ ʤʝʩʪʘʭ 
ʩʦʝʜʠʥʝʥʠʷ ʚʦʜʘ ʥʝ ʧʨʦʩʘʯʠʚʘʣʘʩʴ ʠ 
ʚʦʟʜʫʭ ʥʝ ʧʨʦʭʦʜʠʣ.  
ʆʧʳʪ 6: ʩʦʙʨʘʚ ʢʦʥʩʪʨʫʢʮʠʶ, 
ʧʨʦʚʝʨʠʪʴ ʝʸ ʛʝʨʤʝʪʠʯʥʦʩʪʴ  ʠ 
ʧʨʦʩʤʦʪʨʝʪʴ ʧʦʰʘʛʦʚʫʶ ʠʥʩʪʨʫʢʮʠʶ, 
ʥʘʧʠʩʘʥʥʫʶ ʚʘʤʠ ʨʘʥʝʝ. 
ʊʝʧʝʨʴ ʥʘʩʣʘʞʜʘʝʤʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʰʝʡ ʨʘʙʦʪʳ. 
                                                        
 
 
 
 
 
 
 
 
                                                             

  
 
 
 
 
 
 
 
 
 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʦʥʪʘʥʘ ɻʝʨʦʥʘ: 
ʌʦʥʪʘʥ ï ʵʪʦ ʧʨʠʨʦʜʥʦʝ (ʛʝʡʟʝʨ, ʨʦʜʥʠʢ, ʘʨʪʝʟʠʘʥʩʢʘʷ ʚʦʜʘ) ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦ 

(ʧʨʦʪʦʯʥʳʡ, ʮʠʨʢʫʣʷʮʠʦʥʥʳʡ) ʚʳʟʚʘʥʥʦʝ ʷʚʣʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʠʩʪʝʯʝʥʠʠ 
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ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʢʘʟʳʚʘʝʤʦʛʦ ʥʘ ʥʝʝ ʜʘʚʣʝʥʠʷ, ʚʚʝʨʭ ʠʣʠ ʚ ʩʪʦʨʦʥʫ. ʋʞʝ ʚ 
ʜʨʝʚʥʦʩʪʠ ʣʶʜʠ ʟʘʜʫʤʳʚʘʣʠʩʴ ʦ ʪʦʤ, ʢʘʢ ʩʦʟʜʘʪʴ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʬʦʥʪʘʥʳ. ʉ 
ʘʥʪʠʯʥʳʭ ʚʨʝʤʝʥ ʩʦʭʨʘʥʠʣʠʩʴ ʨʘʙʦʪʳ ʛʨʝʯʝʩʢʦʛʦ ʤʝʭʘʥʠʢʘ ɻʝʨʦʥʘ 
ɸʣʝʢʩʘʥʜʨʠʡʩʢʦʛʦ, ʞʠʚʰʝʛʦ ʚ I ï II ʚ.ʚ. ʥ. ʵ. 

ʌʦʥʪʘʥ ɻʝʨʦʥʘ ï ʵʪʦ ʧʨʠʜʫʤʘʥʥʳʡ ɻʝʨʦʥʦʤ ɸʣʝʢʩʘʥʜʨʠʡʩʢʠʤ ʧʨʠʙʦʨ, 
ʩʣʫʞʘʱʠʡ ʦʜʥʠʤ ʠʟ ʦʙʨʘʟʮʦʚ ʟʥʘʥʠʡ ʜʨʝʚʥʠʭ (ʟʘ 200 ʣʝʪ ʜʦ ʥ. ʵ.) ʚ ʦʙʣʘʩʪʠ 
ʛʠʜʨʦʩʪʘʪʠʢʠ ʠ ʘʵʨʦʩʪʘʪʠʢʠ. ʇʨʠʙʦʨ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʩʦʩʫʜʦʚ, ʧʦʤʝʱʸʥʥʳʭ ʧʨʷʤʦ ʦʜʠʥ 
ʥʘʜ ʜʨʫʛʠʤ ʠ ʩʦʦʙʱʘʶʱʠʭʩʷ ʤʝʞʜʫ ʩʦʙʦʡ: ʜʚʘ ʥʠʞʥʠʭ ʟʘʢʨʳʪʳʝ, ʘ ʚʝʨʭʥʠʡ ʠʤʝʝʪ 
ʬʦʨʤʫ ʦʪʢʨʳʪʦʡ ʯʘʰʠ. ʉʨʝʜʥʠʡ ʩʦʩʫʜ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥ ʚʦʜʦʡ, ʪʘʢʞʝ 
ʚʦʜʘ ʥʘʣʠʚʘʝʪʩʷ ʚ ʚʝʨʭʥʶʶ ʯʘʰʫ. ɺʦʜʘ, ʧʦ ʦʪʢʨʳʪʦʡ ʪʨʫʙʢʝ, ʜʦʭʦʜʷʱʝʡ ʬʘʢʪʠʯʝʩʢʠ 
ʜʦ ʜʥʘ, ʪʝʯʝʪ ʚ ʥʠʞʥʠʡ ʩʦʩʫʜ. ɺʦʟʜʫʭ ʚ ʥʠʞʥʝʤ ʩʦʩʫʜʝ ʩʞʠʤʘʝʪʩʷ, ʧʦʚʳʰʘʷ ʪʘʤ 
ʜʘʚʣʝʥʠʝ. ʇʦ ʪʨʫʙʢʝ, ʠʜʫʱʝʡ ʦʪ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʠʞʥʝʛʦ ʩʦʩʫʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ ʩʦʩʫʜʘ, ʜʘʚʣʝʥʠʝ ʯʝʨʝʟ ʚʦʟʜʫʭ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʨʝʜʥʠʡ ʩʦʩʫʜ. 
ʇʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʩʦʩʫʜʝ ʟʘʩʪʘʚʣʷʝʪ ʚʦʜʫ ʧʦʜʥʠʤʘʪʴʩʷ ʧʦ ʪʨʫʙʢʝ, 
ʧʨʦʚʝʜʸʥʥʦʡ ʧʦʯʪʠ ʦʪ ʜʥʘ ʩʨʝʜʥʝʛʦ ʩʦʩʫʜʘ ʚ ʚʝʨʭʥʶʶ ʯʘʰʫ, ʛʜʝ ʠʟ ʢʦʥʮʘ ʵʪʦʡ ʪʨʫʙʢʠ, 
ʚʦʟʚʳʰʘʶʱʝʡʩʷ ʥʘʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʦʜʳ, ʠ ʙʴʸʪ ʬʦʥʪʘʥ. 

ɺʳʩʦʪʘ ʬʦʥʪʘʥʘ, ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʨʘʚʥʘ ʨʘʟʥʠʮʝ ʫʨʦʚʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʚʦʜʳ ʚ ʩʨʝʜʥʝʤ ʠ ʥʠʞʥʝʤ ʩʦʩʫʜʘʭ. ʅʦ ʪʨʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʜʚʠʞʫʱʝʡʩʷ ʚ ʪʨʫʙʢʘʭ, ʠ 
ʜʨʫʛʠʝ ʧʨʠʯʠʥʳ ʫʤʝʥʴʰʘʶʪ ʚʳʩʦʪʫ ʬʦʥʪʘʥʘ. ɺʦʜʘ ʠʟ ʚʝʨʭʥʝʡ ʯʘʰʠ ʧʦʩʪʫʧʘʝʪ ʚ 
ʥʠʞʥʠʡ ʩʦʩʫʜ, ʛʜʝ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʦʩʪʝʧʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ, ʠ ʧʦʪʦʤʫ ʚʳʩʦʪʘ ʜʘʚʷʱʝʛʦ 
ʩʪʦʣʙʘ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ; ʫʨʦʚʝʥʴ ʚʦʜʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʫʜʝ ʪʘʢʞʝ ʧʦʥʠʞʘʝʪʩʷ. 
ʇʦ ʵʪʠʤ ʜʚʫʤ ʧʨʠʯʠʥʘʤ ʚʳʩʦʪʘ ʬʦʥʪʘʥʘ ʧʦʩʪʝʧʝʥʥʦ ʫʙʳʚʘʝʪ ʠ, ʥʘʢʦʥʝʮ, ʜʚʠʞʝʥʠʝ 
ʚʦʜʳ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʏʪʦʙʳ ʬʦʥʪʘʥ ʧʨʦʜʦʣʞʠʣ ʨʘʙʦʪʫ, ʥʫʞʥʦ ʩʨʝʜʥʠʡ ʠ ʥʠʞʥʠʡ 
ʩʦʩʫʜʳ ʧʦʤʝʥʷʪʴ ʤʝʩʪʘʤʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʬʦʥʪʘʥʘ ɻʝʨʦʥʘ ʚ ʞʠʟʥʠ 
ʌʦʥʪʘʥ ɻʝʨʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʘʢʪʫʘʣʝʥ ʠ ʚ ʥʘʰʠ ʜʥʠ, ʭʦʪʷ ʠ ʙʳʣ ʧʨʠʜʫʤʘʥ ʜʚʝ 

ʪʳʩʷʯʠ ʣʝʪ ʥʘʟʘʜ.  ʆʥ ʭʦʨʦʰ ʢʘʢ ʚ ʜʦʤʝ, ʪʘʢ ʠ ʥʘ ʫʣʠʮʝ. ɺʝʜʴ ʦʥ ʨʘʙʦʪʘʝʪ ʙʝʟ 
ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʕʪʦ, ʧʨʠ ʞʝʣʘʥʠʠ, ʜʝʢʦʨʘʪʠʚʥʦʝ ʠ ʧʦʣʝʟʥʦʝ ʫʢʨʘʰʝʥʠʝ ʠʥʪʝʨʴʝʨʘ, 
çʠʟʶʤʠʥʢʘè ʚʘʰʝʛʦ ʜʦʤʘ ʠʣʠ ʫʯʘʩʪʢʘ. 
ɼʘʥʥʳʡ ʬʦʥʪʘʥ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʤʘ ʚ ʢʘʯʝʩʪʚʝ ʫʚʣʘʞʥʠʪʝʣʷ ʚʦʟʜʫʭʘ, ʯʪʦ 
ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʜʦʨʦʚʴʝ. ʌʦʥʪʘʥ ʦʯʠʱʘʝʪ ʚʦʟʜʫʭ ʦʪ ʧʳʣʠ, ʨʷʜʦʤ ʩ ʥʠʤ 
ʜʘʞʝ ʜʳʰʠʪʩʷ ʣʝʛʯʝ. 
ʀʤʝʷ ʥʝʟʘʫʨʷʜʥʳʝ ʧʦʜʨʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʦʞʥʦ ʙʝʟ ʪʨʫʜʘ ʩʦʟʜʘʪʴ ʵʪʦʪ ʤʘʣʝʥʴʢʠʡ 
çʰʝʜʝʚʨè ʠ ʧʨʝʚʨʘʪʠʪʴ ʝʛʦ ʚ ʥʘʩʪʦʷʱʝʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʘ. 

ɿɸʂʃʖʏɽʅʀɽ: 
ʌʦʥʪʘʥ ɻʝʨʦʥʘ ï ʚʝʣʠʢʦʝ ʦʪʢʨʳʪʠʝ. ɽʛʦ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʙʳʪʫ ʠ 

ʚ ʥʘʫʯʥʳʭ ʧʨʝʟʝʥʪʘʮʠʷʭ. ʕʪʦ ʦʪʢʨʳʪʠʝ ʧʦʤʦʛʣʦ ʫʣʫʯʰʠʪʴ ʞʠʟʥʴ ʥʝʢʦʪʦʨʳʭ ʣʶʜʝʡ. 
ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤʠ ʧʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʣʷ ʨʘʩʧʦʣʦʞʝʥʠʷ ʚ ʢʚʘʨʪʠʨʝ ʷʚʣʷʶʪʩʷ ʬʦʥʪʘʥʳ ɻʝʨʦʥʘ. ʉʦʟʜʘʥʳ 
ʤʦʜʝʣʠ ʬʦʥʪʘʥʦʚ. ɺ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʠ 
ʠʥʩʪʨʫʢʮʠʠ ʜʣʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʛʦ ʩʦʟʜʘʥʠʷ ʬʦʥʪʘʥʘ ʫ ʩʝʙʷ ʜʦʤʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 
ʢʣʠʤʘʪʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʩʦʩʪʦʷʥʠʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʚ ʮʝʣʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʤʥʦʶ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʀʟʫʯʝʥʘ ʣʠʪʝʨʘʪʫʨʘ ʧʨʦ ʬʦʥʪʘʥ ɻʝʨʦʥʘ; 

¶ ʀʟʫʯʝʥ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ; 

¶ ʀʟʛʦʪʦʚʣʝʥ ʬʦʥʪʘʥ ɻʝʨʦʥʘ; 

¶ ʅʘʡʜʝʥʦ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 
ʌʦʥʪʘʥ ɻʝʨʦʥʘ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʩʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʚʣʘʞʥʦʩʪʠ 

ʚʦʟʜʫʭʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʷ ʫʟʥʘʣ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʬʦʥʪʘʥ ɻʝʨʦʥʘ. 
ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ï ʜʝʡʩʪʚʠʝ ʩʦʦʙʱʘʶʱʠʭʩʷ ʩʦʩʫʜʦʚ. ʄʥʦʶ ʙʳʣʘ 
ʠʟʛʦʪʦʚʣʝʥʘ ʜʝʡʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʬʦʥʪʘʥʘ ɻʝʨʦʥʘ. ʌʦʥʪʘʥ ʧʨʦʩʪ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ 
ʜʦʩʪʫʧʝʥ, ʭʦʪʷ ʧʨʠʰʣʦʩʴ ʧʦʙʦʨʦʪʴʩʷ ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʧʨʠ ʛʝʨʤʝʪʠʟʘʮʠʠ ʩʦʩʫʜʦʚ. ʊʘʢʞʝ 
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ʜʘʥʥʳʡ ʧʨʠʙʦʨ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʛʠʜʨʦʩʪʘʪʠʢʠ. 
ɽʱʝ ʬʦʥʪʘʥʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʤʝʨ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʬʦʨʪʥʦʡ, ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʙʝʟʦʧʘʩʥʦʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ ʯʝʣʦʚʝʢʘ, ʧʦʵʪʦʤʫ ʪʘʢ ʟʘʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʛʦʨʦʜʝ 
ɼʝʩʥʦʛʦʨʩʢʝ ʚʥʦʚʴ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʬʦʥʪʘʥ, ʨʘʜʫʷ ʝʛʦ ʞʠʪʝʣʝʡ ʩʚʦʝʡ 
ʢʨʘʩʦʪʦʡ. ɸ ʟʥʘʯʠʪ ʧʨʦʝʢʪ ʬʦʥʪʘʥʘ ɻʝʨʦʥʘ ʩʣʝʜʫʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠ ʠʩʩʣʝʜʦʚʘʪʴ, 
ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʧʨʠʥʦʩʠʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʫʜʦʙʩʪʚʘ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʫʣʫʯʰʘʷ ʝʛʦ ʟʜʦʨʦʚʴʝ, 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʜʦʧʦʣʥʷʷ ʠʥʪʝʨʴʝʨ ʩʚʦʝʡ ʜʠʢʦʚʠʥʥʦʡ  ʢʨʘʩʦʪʦʡ. 

 
 
 

ʏɽʍʆʃ ʉ ʇʆɼʆɻʈɽɺʆʄ çWARM COVERè 
ʉʘʧʘʨʦʚ ɸʨʪʸʤ 

ɹʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʭʘʥʪʳ-ʤʘʥʩʠʡʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ 
ʦʢʨʫʛʘ - ʶʛʨʳ "ʃʠʮʝʡ ʀʤ. ɻ.ʌ. ɸʪʷʢʰʝʚʘ", 

8 ʢʣʘʩʩ 
ʛ. ʖʛʦʨʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʦʨʦʥʮʦʚʘ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ɹʆʋ "ʃʠʮʝʡ ʠʤ. ɻ.ʌ. ɸʪʷʢʰʝʚʘ" 

 
ʉʦʚʨʝʤʝʥʥʳʝ ʩʤʘʨʪʬʦʥʳ ʩʪʘʣʠ, ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, 

ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʤ ʩʚʷʟʴ, ʜʦʩʪʫʧ ʢ ʠʥʬʦʨʤʘʮʠʠ ʠ ʤʥʦʞʝʩʪʚʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ 
ʦʙʱʝʥʠʷ ʠ ʨʘʟʚʣʝʯʝʥʠʡ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʦʚ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ 
ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʥʝʫʜʦʙʥʳʤ, ʥʦ ʠ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ.  

ʄʦʨʦʟ - ʛʣʘʚʥʳʡ ʚʨʘʛ ʩʦʚʨʝʤʝʥʥʳʭ ʩʤʘʨʪʬʦʥʦʚ. ʆʥ ʥʝ ʪʦʣʴʢʦ ʙʳʩʪʨʦ 
ʨʘʟʨʝʞʘʝʪ ɸʂɹ, ʥʦ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʝʛʦ ʢ ʧʦʣʦʤʢʝ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʳʨʘʞʝʥʥʦ ʚ 
ʨʘʡʦʥʘʭ ʩ ʥʠʟʢʠʤʠ ʟʠʤʥʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ. ʅʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʦʩʦʙʥʳ ʥʝʛʘʪʠʚʥʦ 
ʚʣʠʷʪʴ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ, ʜʝʣʘʷ ʠʭ ʨʘʙʦʪʫ ʥʝʩʪʘʙʠʣʴʥʦʡ, ʘ ʚ 
ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʘʞʝ ʧʨʠʚʦʜʷ ʢ ʠʭ ʦʪʢʣʶʯʝʥʠʶ.  

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʘʢʢʫʤʫʣʷʪʦʨʳ ʩʤʘʨʪʬʦʥʦʚ ʪʝʨʷʶʪ ʩʚʦʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. ʅʘʧʨʠʤʝʨ, 
ʝʩʣʠ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʩʤʘʨʪʬʦʥ ʤʦʞʝʪ ʧʨʦʨʘʙʦʪʘʪʴ ʮʝʣʳʡ ʜʝʥʴ, ʪʦ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʥʫʣʷ ʵʪʦʪ ʩʨʦʢ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴʩʷ ʥʘ 30-50%. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʘʭ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʡ ʫʩʪʨʦʡʩʪʚ. ɺ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʭʦʣʦʜʥʳʭ 
ʫʩʣʦʚʠʷʭ ʥʝʢʦʪʦʨʳʝ ʩʤʘʨʪʬʦʥʳ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʦʪʢʣʶʯʘʪʴʩʷ ʠʣʠ ʧʝʨʝʟʘʛʨʫʞʘʪʴʩʷ, 
ʯʪʦ ʢʨʘʡʥʝ ʥʝʫʜʦʙʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚʥʝ ʜʦʤʘ. ʕʪʦ ʤʦʞʝʪ 
ʧʨʦʠʟʦʡʪʠ ʜʘʞʝ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʟʘʨʷʜʝ ʙʘʪʘʨʝʠ. [5]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ, 
ʪʘʢʠʭ ʢʘʢ ʯʝʭʣʳ, ʩ ʧʦʜʦʛʨʝʚʦʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʘʪ ʢʦʤʬʦʨʪʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʘ ʚ ʭʦʣʦʜʥʳʭ ʫʩʣʦʚʠʷʭ.  

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʪʘ ʯʝʭʣʘ ʩ ʧʦʜʦʛʨʝʚʦʤ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ, 
ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʪ ʢʦʤʬʦʨʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʭʦʣʦʜʥʫʶ ʧʦʛʦʜʫ.  

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʇʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʠ ʘʥʘʣʠʟ ʧʦʪʨʝʙʥʦʩʪʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. 
2. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʠ ʜʠʟʘʡʥ ʯʝʭʣʘ. 
3. ʆʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
4. ʇʦʜʛʦʪʦʚʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʠ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ. 
ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʦʚ, ʨʳʥʦʢ 

ʤʦʙʠʣʴʥʳʭ ʘʢʩʝʩʩʫʘʨʦʚ ʧʨʦʜʦʣʞʘʝʪ ʨʘʩʪʠ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʝʭʣʳ ʜʣʷ ʪʝʣʝʬʦʥʦʚ 
ʩʪʘʣʠ ʚʘʞʥʳʤ ʩʝʛʤʝʥʪʦʤ ʵʪʦʛʦ ʨʳʥʢʘ, ʧʨʝʜʦʩʪʘʚʣʷʷ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʟʘʱʠʪʫ ʠ 
ʫʥʠʢʘʣʴʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʝʜʘʚʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 
ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʶʪʩʷ ʯʝʭʣʳ ʩ ʧʦʜʦʛʨʝʚʦʤ, 
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ʢʦʪʦʨʳʝ ʨʝʰʘʶʪ ʧʨʦʙʣʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʤʘʨʪʬʦʥʦʚ ʚ ʭʦʣʦʜʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ.  

ʉʦʛʣʘʩʥʦ ʦʧʨʦʩʘʤ, ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʘʨʪʬʦʥʦʚ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 
ʪʨʝʙʦʚʘʪʝʣʴʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʠ ʫʜʦʙʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʘʢʩʝʩʩʫʘʨʦʚ. ʏʝʭʣʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʜʝʞʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ ʦʪ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ. ɺ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
ʧʦʣʴʟʦʚʘʪʝʣʠ ʭʦʪʷʪ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʣʝʬʦʥʘʤʠ ʥʝ ʚ ʫʱʝʨʙ ʩʚʦʝʤʫ 
ʢʦʤʬʦʨʪʫ. ɼʦʣʛʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʯʝʭʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʚʳʜʝʨʞʠʚʘʪʴ ʧʝʨʝʧʘʜʳ 
ʪʝʤʧʝʨʘʪʫʨ ʠ ʘʪʤʦʩʬʝʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʩʪʘʥʦʚʠʪʩʷ ʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ. ʏʝʭʣʳ ʩ 
ʧʦʜʦʛʨʝʚʦʤ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʣʝʛʢʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʝ ʧʨʝʧʷʪʩʪʚʫʷ ʜʦʩʪʫʧʫ 
ʢ ʢʥʦʧʢʘʤ ʠ ʨʘʟʲʝʤʘʤ [3]. 

ʅʘ ʨʳʥʢʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ ʘʥʘʣʦʛʠ ʯʝʭʣʦʚ ʩ ʧʦʜʦʛʨʝʚʦʤ, ʪʘʢʠʝ ʢʘʢ: 
- ThermoCase (ʉʐɸ): ʏʝʭʦʣ ʩ ʚʩʪʨʦʝʥʥʳʤ ʧʦʜʦʛʨʝʚʦʤ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʦʪ 
ʙʘʪʘʨʝʠ [2]. 

- HeatWave (ʂʘʥʘʜʘ): ʏʝʭʦʣ ʩ ʪʝʨʤʦʩʪʘʪʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʪʝʤʧʝʨʘʪʫʨʫ [1] 
- ʇʨʘʢʪʠʢ (ʈʦʩʩʠʷ): ʏʝʭʦʣ ʩ ʧʦʜʦʛʨʝʚʦʤ, ʨʘʙʦʪʘʶʱʠʡ ʦʪ USB. ɿʠʤʥʠʡ 

ʯʝʭʦʣ ʜʣʷ ʩʤʘʨʪʬʦʥʘ (ʩ ʧʦʜʦʛʨʝʚʦʤ). ʆʥ ʚʳʧʦʣʥʝʥ ʠʟ ʤʷʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʪʘʢʠʭ ʢʘʢ 
ʪʢʘʥʴ, ʧʦʨʦʣʦʥ, ʤʷʛʢʦʝ ʧʣʘʩʪʠʢʦʚʦʝ ʩʪʝʢʣʦ ʥʘʧʦʤʠʥʘʶʱʠʡ ʩʫʤʢʫ. ɺ ʢʦʤʧʣʝʢʪʝ ʝʩʪʴ 
ɸʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ ʥʘ 5000 ʤɸʯ. ʉʜʝʣʘʥ ʚ ʈʦʩʩʠʠ [4]. 

ʆʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 
ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠʣʠ ʩʣʦʞʥʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʅʘʰʝ ʨʝʰʝʥʠʝ ʧʦʤʦʞʝʪ ʣʶʜʷʤ ʚ ʫʩʣʦʚʠʷʭ ʭʦʣʦʜʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʘ, 
ʪʝʤ ʩʘʤʳʤ ʚ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ ʧʦʧʘʜʘʶʪ: ʞʠʪʝʣʠ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʦʚ, ʩʧʦʨʪʩʤʝʥʳ 
ʟʘʥʠʤʘʶʱʠʭʩʷ ʥʘ ʫʣʠʮʝ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ, ʣʶʙʠʪʝʣʠ ʟʠʤʥʝʡ ʨʳʙʘʣʢʠ ʠ ʦʭʦʪʳ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʤʘʪʝʨʠʘʣʳ: ʧʣʘʩʪʠʢ, ʦʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ 
(ʢʦʞʘ, ʪʢʘʥʴ), ʤʝʜʥʳʝ ʧʣʘʩʪʠʥʳ, ʵʣʝʤʝʥʪʳ ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʮʝʧʠ (ʨʝʟʠʩʪʦʨʳ, ɸʂɹ, 
ʪʝʨʤʦʩʪʘʪ, ʢʥʦʧʢʘ ʚʢʣʶʯʝʥʠʷ, ʠʥʜʠʢʘʪʦʨʳ ʟʘʨʷʜʘ). 

ʄʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʨʘʙʦʪʝ: CAD-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʜʠʟʘʡʥʘ ʠ 
ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ. 

ʆʙʦʨʫʜʦʚʘʥʠʝ: 3D-ʧʨʠʥʪʝʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʦʚ. ʉ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 
Tinkercad ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʮʝʧʠ.  

ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ: 
- ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ. 
- ʈʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʠ ʜʠʟʘʡʥʘ ʚ ʧʨʦʛʨʘʤʤʝ Blender. 
- ʇʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ. 
- ʉʙʦʨʢʘ ʮʝʧʠ. 
- ʇʝʯʘʪʴ ʧʨʦʪʦʪʠʧʘ ʥʘ 3ʜ ʧʨʠʥʪʝʨʝ.  
ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʥʮʝʧʪ ʧʨʦʪʦʪʠʧʘ ʯʝʭʣʘ ʩ ʧʦʜʦʛʨʝʚʦʤ, 

ʚʳʧʦʣʥʝʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3D-ʧʝʯʘʪʠ ʠ ʪʝʨʤʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʇʨʦʪʦʪʠʧ ʙʫʜʝʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʥʘ ʬʦʪʦ. 

ʄʘʢʝʪ: 
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ʇʨʦʪʦʪʠʧ: 

   
  
ʏʝʭʦʣ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʢʦʣʦʛʠʯʥʦʡ ʠ ʛʠʙʢʦʡ ʧʣʘʩʪʤʘʩʩʳ, 

ʪʘʢʦʡ ʢʘʢ PLA (ʧʦʣʠʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ), ʢʦʪʦʨʳʝ ʭʦʨʦʰʦ ʧʦʜʭʦʜʷʪ ʜʣʷ 3D-ʧʝʯʘʪʠ. ʕʪʠ 
ʤʘʪʝʨʠʘʣʳ ʦʙʝʩʧʝʯʠʚʘʶʪ ʟʘʱʠʪʫ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʫʜʘʨʦʚ ʠ ʮʘʨʘʧʠʥ. ʏʝʭʦʣ ʙʫʜʝʪ 
ʤʦʜʝʣʠʨʦʚʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʵʨʛʦʥʦʤʠʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʤʘʨʪʬʦʥʘ, ʦʙʝʩʧʝʯʠʚʘʷ 
ʥʘʜʝʞʥʫʶ ʬʠʢʩʘʮʠʶ ʠ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʢʥʦʧʢʘʤ ʠ ʧʦʨʪʘʤ. ɼʠʟʘʡʥ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 
ʚʝʥʪʠʣʷʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 
ʧʝʨʝʛʨʝʚʘ. ʅʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʙʫʜʫʪ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʝʢʮʠʠ 
ʯʝʭʣʘ (ʟʘʜʥʷʷ ʧʘʥʝʣʴ), ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʷ ʪʝʧʣʦ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ.  

ɼʣʷ ʧʠʪʘʥʠʷ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʯʝʭʦʣ ʙʫʜʝʪ 
ʦʩʥʘʱʝʥ ʚʩʪʨʦʝʥʥʦʡ ʣʠʪʠʡ-ʠʦʥʥʦʡ ʙʘʪʘʨʝʝʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʟʘʨʷʞʘʝʤʦʡ. ɺ 
ʥʠʞʥʝʡ ʯʘʩʪʠ ʯʝʭʣʘ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ ʢʥʦʧʢʘ ʚʢʣʶʯʝʥʠʷ/ʚʳʢʣʶʯʝʥʠʷ ʧʦʜʦʛʨʝʚʘ, ʘ 
ʪʘʢʞʝ ʠʥʜʠʢʘʪʦʨʳ LED, ʢʦʪʦʨʳʝ ʠʥʬʦʨʤʠʨʫʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʦ ʪʝʢʫʱʝʤ ʩʦʩʪʦʷʥʠʠ ʠ 
ʫʨʦʚʥʝ ʟʘʨʷʜʘ. 

ɹʶʜʞʝʪ ʧʨʦʝʢʪʘ: 
ʆʪʜʝʣʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʢʦʞʘ 18,5 ʨʫʙ. ʟʘ 20*20 ʩʤ, ʪʢʘʥʴ 11,75 ʨʫʙ. 
ʅʘʛʨʝʚʘʪʝʣʴʥʘʷ ʮʝʧʴ: ʨʝʟʠʩʪʦʨʳ 200 ʨʫʙ. (ʧʨʠʤ.), ɸʂɹ: 418 ʨʫʙ. 
ʆʩʥʦʚʘ (3ʜ ʧʣʘʩʪʠʢ): 200 ʨʫʙ. 
ɺʩʝʛʦ: 910 ʨʫʙ. 
ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ: ʆʞʠʜʘʝʤʘʷ ʩʪʦʠʤʦʩʪʴ ʯʝʭʣʘ ʥʘ ʨʳʥʢʝ ð 1700 

ʨʫʙ., ʫʯʠʪʳʚʘʷ ʚʩʝ ʟʘʪʨʘʪʳ (ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʪʦʪʠʧʘ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʪʨʘʪʳ, 
ʤʘʨʢʝʪʠʥʛ, ʧʨʠʙʳʣʴ). ʇʨʠ ʧʨʦʜʘʞʝ 1000 ʝʜʠʥʠʮ ʚ ʧʝʨʚʳʡ ʛʦʜ, ʧʣʘʥʠʨʫʝʪʩʷ ʚʳʨʫʯʢʘ ʚ 
1,700,000 ʨʫʙ. ʇʨʠʙʳʣʴ ʧʦʩʣʝ ʚʳʯʝʪʘ ʟʘʪʨʘʪ ʩʦʩʪʘʚʠʪ 600,000 ʨʫʙ. 
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ʇʨʝʜʣʦʞʝʥʠʷ ʧʦ ʚʥʝʜʨʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʏʝʭʦʣ ʩ ʧʦʜʦʛʨʝʚʦʤ ʤʦʞʝʪ ʙʳʪʴ 
ʚʥʝʜʨʝʥ ʚ ʧʨʦʜʘʞʫ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ-ʤʘʛʘʟʠʥʳ ʠ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʨʠʪʝʡʣʝʨʳ. 
ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʟʘʢʘʟʯʠʢʠ ð ʢʦʤʧʘʥʠʠ, ʧʨʦʠʟʚʦʜʷʱʠʝ ʤʦʙʠʣʴʥʳʝ ʘʢʩʝʩʩʫʘʨʳ, ʘ 
ʪʘʢʞʝ ʩʧʦʨʪʠʚʥʳʝ ʠ ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʙʨʝʥʜʳ. ʇʦʪʨʝʙʠʪʝʣʷʤʠ ʤʦʛʫʪ ʠ ʦʙʳʯʥʳʝ ʣʶʜʠ, 
ʧʨʦʞʠʚʘʶʱʠʝ ʚ ʨʝʛʠʦʥʘʭ ʩ ʭʦʣʦʜʥʦʡ ʟʠʤʦʡ.   ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ 
ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʦʛʨʝʚʘ ʜʣʷ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʢʩʝʩʩʫʘʨʦʚ. 

ʇʨʦʝʢʪ ç ʏʝʭʦʣ ʩ ʧʦʜʦʛʨʝʚʦʤ ʜʣʷ ʪʝʣʝʬʦʥʘ çWARM COVERè è ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʘʢʪʫʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʩʤʘʨʪʬʦʥʦʚ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. 
ʆʥ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʥʘ ʨʳʥʢʝ ʠ ʤʦʞʝʪ ʩʪʘʪʴ ʫʩʧʝʰʥʳʤ ʧʨʦʜʫʢʪʦʤ 
ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʫʥʠʢʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ. ʀʥʥʦʚʘʮʠʦʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ 3D-ʧʝʯʘʪʴ ʠ ʪʝʨʤʦʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʦʟʚʦʣʷʶʪ 
ʩʦʟʜʘʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʝ, ʙʝʟʦʧʘʩʥʦʝ ʠ ʫʜʦʙʥʦʝ ʨʝʰʝʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʫʜʦʚʣʝʪʚʦʨʠʪʴ 
ʧʦʪʨʝʙʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʫʩʧʝʰʥʦʛʦ 
ʧʨʦʜʫʢʪʘ ʥʘ ʨʘʩʪʫʱʝʤ ʨʳʥʢʝ ʤʦʙʠʣʴʥʳʭ ʘʢʩʝʩʩʫʘʨʦʚ. 
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ʕʅɽʈɻʆʉɹɽʈɽɾɽʅʀɽ-ʕʊʆ ʇʈʆʉʊʆ! 
ʊʦʛʫʰʘʢʦʚʘ ɼʘʨʴʷ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʩʨʝʜʥʷʷ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ40 ʛ. ʊʦʤʩʢʘ 

9 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʝʪʨʦʚʘ ɸʥʥʘ ʉʝʨʛʝʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 
 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʫʜʝʣʷʝʪʩʷ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ, ʪʘʢ ʢʘʢ 
ʧʦʪʨʝʙʣʝʥʠʝ ʵʥʝʨʛʠʠ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ʕʣʝʢʪʨʠʯʝʩʪʚʦ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 
ʥʘʰʝʡ ʞʠʟʥʠ: ʦʥʦ ʦʩʚʝʱʘʝʪ ʥʘʰʠ ʜʦʤʘ, ʧʠʪʘʝʪ ʙʳʪʦʚʳʝ ʧʨʠʙʦʨʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʢʦʤʬʦʨʪ. ʆʜʥʘʢʦ ʨʦʩʪ ʯʠʩʣʘ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʥʦʚʳʭ ʟʜʘʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪ ʥʘʛʨʫʟʢʫ ʥʘ 
ʧʨʠʨʦʜʫ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ "ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʛʦʣʦʜʫ". 

ʉ ʵʢʨʘʥʦʚ ʪʝʣʝʚʠʟʦʨʦʚ, ʧʦ ʨʘʜʠʦ, ʠʟ ʥʦʚʦʩʪʝʡ ʚ ʀʥʪʝʨʥʝʪʝ ʚʩʸ ʯʘʱʝ ʤʳ 
ʩʣʳʰʠʤ ʦ ʚʣʠʷʥʠʠ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʏʪʦ 
ʵʪʦ? ʂʘʢ ʢʘʞʜʳʡ ʠʟ ʥʘʩ ʤʦʞʝʪ ʧʦʤʦʯʴ ʥʘʰʝʡ ʇʣʘʥʝʪʝ? ʂʘʢ ʠ ʟʘʯʝʤ ʵʢʦʥʦʤʠʪʴ 
ʵʥʝʨʛʠʶ? ɸ ʩʤʦʞʝʪ ʣʠ ʤʦʷ ʩʝʤʴʷ ʚʥʝʩʪʠ ʚʢʣʘʜ ʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʩʪʨʘʥʳ ʠ ʤʦʛʫ ʣʠ 
ʷ ʧʨʠʥʷʪʴ ʚ ʵʪʦʤ ʫʯʘʩʪʠʝ? 

ɻʠʧʦʪʝʟʘ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʤʦʞʥʦ 
ʵʢʦʥʦʤʠʪʴ, ʥʝ ʧʨʠʣʘʛʘʷ ʦʩʦʙʳʭ ʫʩʠʣʠʡ.  

https://burga.com/products/heatwave-iphone-x-xs-case?case-type=Snap&variant=46802428330320
https://burga.com/products/heatwave-iphone-x-xs-case?case-type=Snap&variant=46802428330320
https://www.skatepro.ru/510-51300.htm
https://www.skatepro.ru/510-51300.htm
https://praktik-nc.ru/catalog/aksessuary/zimniy_chekhol_praktik_s_podogrevom.htm
https://praktik-nc.ru/catalog/aksessuary/zimniy_chekhol_praktik_s_podogrevom.htm
https://media.kpfu.ru/news/fiziki-kfu-obyasnili-pochemu-na-moroze-razryazhayutsya-smartfony-i-avtomobili
https://media.kpfu.ru/news/fiziki-kfu-obyasnili-pochemu-na-moroze-razryazhayutsya-smartfony-i-avtomobili
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ʎʝʣʴ: ʦʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ 
ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ʀʟʫʯʠʪʴ ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʙʳʪʫ ʥʘ ʧʨʠʤʝʨʝ ʢʚʘʨʪʠʨʳ. 
2. ʈʘʩʩʤʦʪʨʝʪʴ ʩʧʦʩʦʙʳ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
3. ʇʨʦʚʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
4. ʈʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪ. 
ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ð ʨʝʘʣʠʟʘʮʠʷ ʧʨʘʚʦʚʳʭ, ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʥʘʫʯʥʳʭ, 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʤʝʨ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 
ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠ ʨʘʩʭʦʜʦʚʘʥʠʝ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʥʘ 
ʚʦʚʣʝʯʝʥʠʝ ʚ ʭʦʟʷʡʩʪʚʝʥʥʳʡ ʦʙʦʨʦʪ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ; 
ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʤʝʥʴʰʝʥʠʶ ʟʘʛʨʷʟʥʝʥʠʷ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʧʦ ʩʥʠʞʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʪʦʚʘʨʦʚ ʠ 
ʫʩʣʫʛ.  

ʎʝʣʴʶ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 
ʨʝʩʫʨʩʦʚ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʠʭ ʧʦʪʨʝʙʣʝʥʠʷ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʨʘʩʪʝʪ ʚʦ ʚʩʝʭ ʩʪʨʘʥʘʭ ʚ ʩʚʷʟʠ ʩ 
ʦʧʝʨʝʞʘʶʱʠʤ ʨʦʩʪʦʤ ʮʝʥ ʥʘ ʦʩʥʦʚʥʳʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ 
ʧʦʩʪʝʧʝʥʥʳʤ ʠʩʪʦʱʝʥʠʝʤ ʠʭ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ ʥʘʨʷʜʫ ʩ 
ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʡ ʩʪʠʤʫʣ ʜʣʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. 

ʈʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ð ʵʪʦ ʩʦʟʥʘʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 
ʩʦʭʨʘʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʝ ʪʨʝʙʫʶʱʠʡ ʦʪʢʘʟʘ ʦʪ ʧʨʠʚʳʯʥʦʛʦ ʫʨʦʚʥʷ 
ʢʦʤʬʦʨʪʘ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʚʝʩʪʥʘ ʚʩʝʤ: ʙʦʣʴʰʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʥʝʨʛʠʠ ð ʙʦʣʴʰʝ 
ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʧʦʧʘʜʘʝʪ ʚ ʘʪʤʦʩʬʝʨʫ. ʈʝʟʫʣʴʪʘʪ ð ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ 
ʢʣʠʤʘʪʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʠʙʦʨʳ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ ʧʦʟʚʦʣʷʶʪ ʩʧʘʩʘʪʴ ʧʣʘʥʝʪʫ, 
ʥʝ ʧʨʝʥʝʙʨʝʛʘʷ ʩʦʙʩʪʚʝʥʥʳʤ ʢʦʤʬʦʨʪʦʤ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. 

ʅʘʢʦʥʝʮ, ʨʘʮʠʦʥʘʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʧʦʤʠʤʦ ʤʦʨʘʣʴʥʦʛʦ 
ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʜʘʝʪ ʥʘʤ ʙʦʥʫʩʳ ʚʧʦʣʥʝ ʤʘʪʝʨʠʘʣʴʥʳʝ. ɺʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʫʧʨʘʚʣʝʥʠʷ ʦʩʚʝʱʝʥʠʝʤ ʩʦʢʨʘʱʘʝʪ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. ɹʦʣʝʝ 
ʪʦʛʦ: ʱʘʜʷʱʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʜʣʝʚʘʝʪ ʩʨʦʢ ʝʛʦ ʨʘʙʦʪʳ. ʊʘʢ ʯʪʦ ʚʳ 
ʠʟʙʝʞʠʪʝ ʪʨʘʪ ʥʘ ʨʝʤʦʥʪ ʠʣʠ ʟʘʤʝʥʫ ʧʨʠʙʦʨʦʚ, ʚʳʰʝʜʰʠʭ ʠʟ ʩʪʨʦʷ. 

ʂʘʢ ʷ ʫʞʝ ʛʦʚʦʨʠʣʘ, ʩʦʚʨʝʤʝʥʥʳʡ ʯʝʣʦʚʝʢ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ 
ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʤʬʦʨʪ ʚ ʜʦʤʝ: ʦʩʚʝʱʝʥʠʝ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ 
ʧʠʱʠ, ʭʨʘʥʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠ ʜʦʩʫʛ. ʆʜʥʘʢʦ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʨʝʙʫʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʣʷ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʥʦ ʦʥʠ ʪʨʝʙʫʶʪ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʚʦʝʡ ʩʝʤʴʠ ʠ ʩʝʤʝʡ ʩʚʦʠʭ ʜʨʫʟʝʡ ʷ ʨʝʰʠʣʘ ʧʨʦʚʝʩʪʠ 
ʠʩʩʣʝʜʦʚʘʥʠʝ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʷ ʧʨʦʩʪʳʭ ʰʘʛʦʚ ʜʣʷ ʵʢʦʥʦʤʠʠ 
ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʙʳʪʫ, ʧʨʠʚʠʪʴ ʧʨʠʚʳʯʢʫ ʵʢʦʥʦʤʠʪʴ ʨʝʩʫʨʩʳ ʩʘʤʳʤʠ 
ʧʨʦʩʪʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʪʝʤ ʩʘʤʳʤ ʚʥʝʩʪʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʩʧʘʩʝʥʠʠ ʇʣʘʥʝʪʳ. 

ʉʫʱʝʩʪʚʫʶʪ ʩʘʤʳʝ ʧʨʦʩʪʳʝ ʩʧʦʩʦʙʳ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: 

¶ ʀʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ ʪʦʣʴʢʦ ʧʦ ʤʝʨʝ ʥʘʜʦʙʥʦʩʪʠ; 

¶ ɺʢʣʶʯʘʪʴ ʩʚʝʪ ʪʦʣʴʢʦ ʪʘʤ, ʛʜʝ ʵʪʦ ʪʨʝʙʫʝʪʩʷ; 

¶ ɺ ʯʘʡʥʠʢ ʥʘʣʠʚʘʪʴ ʪʦʣʴʢʦ ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ; 

¶ ʍʦʣʦʜʠʣʴʥʠʢ ʦʪʢʨʳʚʘʪʴ ʢʘʢ ʤʦʞʥʦ ʨʝʞʝ ʠ ʟʘʢʨʳʚʘʪʴ ʝʛʦ ʙʳʩʪʨʦ. 
ʄʥʦʶ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ, ʯʪʦʙʳ ʫʟʥʘʪʴ ʦ ʪʦʤ, ʢʘʢ ʣʶʜʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ. ʉʨʝʜʠ ʦʜʥʦʢʣʘʩʩʥʠʢʦʚ ʠ ʜʨʫʟʝʡ ʥʘ ʤʦʠ ʚʦʧʨʦʩʳ 
ʦʪʚʝʪʠʣʦ 45 ʯʝʣʦʚʝʢ. ɿʘʜʘʥʳ ʙʳʣʠ ʪʘʢʠʝ ʚʦʧʨʦʩʳ: 

1) ʉʯʠʪʘʝʪʝ ʣʠ ɺʳ, ʯʪʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʡ ʚ ʞʠʟʥʠ 
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ʯʝʣʦʚʝʢʘ? 
2) ɹʝʨʝʞʥʦ ʣʠ ɺʳ ʨʘʩʭʦʜʫʝʪʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʫ ʩʝʙʷ ʜʦʤʘ? 
3) ʉʪʘʣʠ ʙʳ ɺʳ ʙʦʣʴʰʝ ʵʢʦʥʦʤʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʦʤʘ, ʝʩʣʠ ʙʳ ʦʧʣʘʪʘ ʟʘ 

ʩʚʝʪ ʙʳʣʘ ʙʳ ʚʳʰʝ ʚ ʧʷʪʴ ʨʘʟ?  
4) ɺʳʢʣʶʯʘʝʪʝ ʣʠ ʠʟ ʨʦʟʝʪʢʠ ʪʝʣʝʚʠʟʦʨʳ, ʯʘʡʥʠʢʠ, ʟʘʨʷʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʝʩʣʠ 

ʠʭ ʥʝ ʠʩʧʦʣʴʟʫʝʪʝ? 
ɸʥʘʣʠʟ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʩʘ 

 

 
 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʦʧʨʦʩʘ, ʣʶʜʠ ʙʝʨʝʞʥʦ ʨʘʩʭʦʜʫʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʥʦ ʧʨʠ ʵʪʦʤ 

ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʦʧʨʦʰʝʥʥʳʭ ʥʝ ʦʪʢʣʶʯʘʶʪ ʠʟ ʨʦʟʝʪʦʢ ʥʝʨʘʙʦʪʘʶʱʠʝ 
ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ. ʇʦʵʪʦʤʫ ʷ ʨʝʰʠʣʘ ʧʨʦʚʝʨʠʪʴ ʥʘ ʜʝʣʝ, ʢʘʢ ʚʣʠʷʶʪ ʥʘ ʨʘʩʭʦʜ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠʙʦʨʳ ʚ çʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷè. 

ʀʟ ʧʦʚʩʝʜʥʝʚʥʦʛʦ ʦʧʳʪʘ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʠʙʦʨʳ (ʪʝʣʝʚʠʟʦʨ, 
ʤʠʢʨʦʚʦʣʥʦʚʘʷ ʧʝʯʴ, ʢʦʤʧʴʶʪʝʨ, ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʝʣʝʬʦʥʘ) ʯʘʩʪʦ 
ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ (stand-by). 

ʃʫʯʰʝ ʚʩʝʛʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʙʝʩʩʤʳʩʣʝʥʥʦʩʪʴ ʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
çʚʳʢʣʶʯʝʥʥʳʡè ʪʝʣʝʚʠʟʦʨ. ʄʦʞʥʦ ʧʦʜʫʤʘʪʴ, ʯʪʦ ʝʩʣʠ ʵʢʨʘʥ ʥʠʯʝʛʦ ʥʝ ʧʦʢʘʟʳʚʘʝʪ, ʪʦ 
ʠ ʵʥʝʨʛʠʷ ʥʝ ʪʨʘʪʠʪʩʷ. ʆʜʥʘʢʦ ʵʪʦ ʜʘʣʝʢʦ ʥʝ ʪʘʢ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʭʝʤʳ 
ʠ ʙʣʦʢ ʧʠʪʘʥʠʷ ʪʝʣʝʚʠʟʦʨʘ ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʧʦʩʪʦʷʥʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ. 

ʇʦʪʨʝʙʣʷʶʪ ʣʠ ʦʥʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʚ ʢʘʢʦʤ ʦʙʲʝʤʝ? ɺʳʷʩʥʠʪʴ ʵʪʦ ʧʦʤʦʛ 
ʵʢʩʧʝʨʠʤʝʥʪ. 

ʉʥʘʯʘʣʘ ʷ ʚʥʠʤʘʪʝʣʴʥʦ ʠʟʫʯʠʣʘ ʪʦ, ʢʘʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʫ ʥʘʩ ʜʦʤʘ ʚʢʣʶʯʝʥʳ ʚ 
ʨʦʟʝʪʢʫ ʠ ʧʦʩʪʦʷʥʥʦ ʣʠ ʦʥʠ ʨʘʙʦʪʘʶʪ: 

ʊʘʙʣʠʮʘ 1. ɸʥʘʣʠʟ ʨʘʙʦʪʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ 

 ʈʘʙʦʪʘʝʪ ʧʦʩʪʦʷʥʥʦ? 

ʊʝʣʝʚʠʟʦʨ ʥʝʪ 

ʍʦʣʦʜʠʣʴʥʠʢ ʜʘ 

ʄʠʢʨʦʚʦʣʥʦʚʢʘ ʥʝʪ 

ɿʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʪʝʣʝʬʦʥʘ ʥʝʪ 

ʅʘʩʪʦʣʴʥʘʷ ʣʘʤʧʘ ʥʝʪ 

ʉʪʠʨʘʣʴʥʘʷ ʤʘʰʠʥʘ ʥʝʪ 
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ʕʣʝʢʪʨʦʧʣʠʪʘ ʥʝʪ 

ʀʛʨʦʚʘʷ ʧʨʠʩʪʘʚʢʘ ʥʝʪ 

ʂʦʤʧʴʶʪʝʨ ʥʝʪ 

ʂʦʣʦʥʢʘ çɸʣʠʩʘè ʥʝʪ 

 
ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1, ʪʦʣʴʢʦ ʭʦʣʦʜʠʣʴʥʠʢ ʨʘʙʦʪʘʝʪ ʧʦʩʪʦʷʥʥʦ, ʦʩʪʘʣʴʥʘʷ 

ʪʝʭʥʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ çʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷè. 
ɿʘʪʝʤ ʤʦʝ ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: 
1. ʇʨʦʚʝʨʢʘ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʚʢʣʶʯʝʥʥʳʭ ʚ ʨʦʟʝʪʢʫ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ çʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷè, ʢʘʢ ʵʪʦ ʫ ʥʘʩ ʦʙʳʯʥʦ ʙʳʚʘʝʪ. 
 
 
 
 

ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

29 ʷʥʚʘʨʷ 2025ʛ. ʚ 22:00 ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ 
ʙʳʣʠ: 9850,6 ʢɺʪ. 

 
30 ʷʥʚʘʨʷ 2025ʛ. ʚ 08:00, ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ 
ʩʪʘʣʠ: 9852,2 ʢɺʪ. 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 10 ʯʘʩʦʚ ʩʦʩʪʘʚʠʣ 1,5 ʢɺʪ.ʯ. 
 
2. ʇʨʦʚʝʨʢʘ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʨʠ ʚʳʢʣʶʯʝʥʥʳʭ ʠʟ ʨʦʟʝʪʢʠ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʭ. ɺʢʣʶʯʝʥʥʳʤ ʦʩʪʘʣʩʷ ʪʦʣʴʢʦ ʭʦʣʦʜʠʣʴʥʠʢ.  
 

ʊʘʙʣʠʮʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʵʢʩʧʝʨʠʤʝʥʪʘ 

01 ʬʝʚʨʘʣʷ 2025ʛ. ʚ 22:00 ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ 
ʙʳʣʠ: 9917, 6 ʢɺʪ. 

 
02 ʬʝʚʨʘʣʷ 2025ʛ. ʚ 08:00, ʧʦʢʘʟʘʥʠʷ ʩʯʝʪʯʠʢʘ 
ʩʪʘʣʠ: 9918,5 ʢɺʪ. 

 
 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘ 10 ʯʘʩʦʚ, ʧʨʠ ʚʳʢʣʶʯʝʥʥʳʭ ʠʟ ʨʦʟʝʪʢʠ ʥʝʨʘʙʦʪʘʶʱʠʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʠʙʦʨʘʭ, ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʩʪʘʚʠʣʦ 0,9 ʢɺʪ.ʯ. 
ʀʟ ʥʘʙʣʶʜʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʢʣʶʯʝʥʥʦʡ ʘʧʧʘʨʘʪʫʨʝ ʪʦʣʴʢʦ ʟʘ 10 ʯʘʩʦʚ ʚ 

ʜʝʥʴ ʤʳ ʤʦʞʝʤ ʩʵʢʦʥʦʤʠʪʴ 0,6 ʢɺʪ.ʯ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɿʘ ʛʦʜ ʵʪʦ ʦʢʦʣʦ 220 ʢɺʪ.ʯ. ɽʩʣʠ 
ʧʝʨʝʩʯʠʪʘʪʴ ʵʪʦ ʩ ʫʯʝʪʦʤ ʪʘʨʠʬʘ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ (4,78 ʨʫʙ./ʢɺʪ*ʯ), ʪʦ ʟʘ ʛʦʜ 
ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ ʧʦʯʪʠ 1052 ʨʫʙ.  

ɺ ʜʦʤʝ, ʛʜʝ ʷ ʞʠʚʫ, 240 ʢʚʘʨʪʠʨ. ʀ ʝʩʣʠ ʚʩʝ ʞʠʪʝʣʠ ʥʘʰʝʛʦ ʜʦʤʘ ʙʫʜʫʪ 
ʚʳʧʦʣʥʷʪʴ ʵʪʦ ʧʨʦʩʪʦʝ ʧʨʘʚʠʣʦ, ʪʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʟʘ ʛʦʜ ʩʦʢʨʘʪʠʪʩʷ ʥʘ 52 800 
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ʢɺʪ.ʯ, ʯʪʦ ʧʦʤʦʞʝʪ ʩʙʝʨʝʯʴ ʧʦʯʪʠ 9 ʢʛ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʠʣʠ 13 ʢʛ ʩʫʭʠʭ ʜʨʦʚ.  
ɽʩʣʠ ʞʝ ʦʪʢʣʶʯʘʪʴ ʧʨʠʙʦʨʳ ʠʟ ʨʦʟʝʪʦʢ ʥʝ ʪʦʣʴʢʦ ʥʘ ʥʦʯʴ, ʥʦ ʠ ʥʘ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʤʳ ʫʭʦʜʠʤ ʠʟ ʜʦʤʘ: ʚ ʰʢʦʣʫ, ʥʘ ʨʘʙʦʪʫ, ʫʝʟʞʘʝʤ ʚ ʦʪʧʫʩʢ, ʪʦ ʵʢʦʥʦʤʠʷ ʤʦʞʝʪ ʙʳʪʴ 
ʝʱʝ ʚʳʰʝ.  

ʊʘʢ ʤʳ ʩʤʦʞʝʤ ʩʵʢʦʥʦʤʠʪʴ ʥʝ ʪʦʣʴʢʦ ʩʚʦʠ ʜʝʥʴʛʠ, ʥʦ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ï 
ʫʛʦʣʴ ʠ ʧʨʠʨʦʜʥʳʡ ʛʘʟ, ʠʟ ʢʦʪʦʨʳʭ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ. 

ʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ ð ʵʪʦ ʤʝʪʦʜ ʩʥʠʞʝʥʠʷ ʧʦʪʨʝʙʣʝʥʠʷ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʛʜʘ ʦʥʠ ʥʝ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ. ʎʝʣʴ ʵʪʦʛʦ ʤʝʪʦʜʘ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʫʩʪʨʦʡʩʪʚʦ ʧʦʪʨʝʙʣʷʣʦ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 
ʚʳʢʣʶʯʘʣʦʩʴ, ʢʦʛʜʘ ʝʛʦ ʥʝ ʠʩʧʦʣʴʟʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʚ ʨʝʞʠʤʝ 
ʦʞʠʜʘʥʠʷ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʨʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ɺʦʪ ʥʝʙʦʣʴʰʦʡ ʩʧʠʩʦʢ ʧʨʠʙʦʨʦʚ, ʦʩʪʘʚʠʚ ʚʢʣʶʯʝʥʥʳʤʠ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠ ʥʝ 
ʥʘʜʝʷʪʴʩʷ ʦ ʢʘʢʦʡ-ʣʠʙʦ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʊʝʭʥʠʢʘ, ʢʦʪʦʨʘʷ çʩʢʨʳʪʥʦè 
ʧʦʪʨʝʙʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʠʤʝʝʪʩʷ ʚ ʚʠʜʫ ʢʦʣʠʯʝʩʪʚʦ ʟʘ 1 ʯʘʩ): 

¶ ʵʣʝʢʪʨʦʧʣʠʪʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ - 3 ʚʘʪʪ; 

¶ ʩʪʨʫʡʥʳʝ ʠ ʣʘʟʝʨʥʳʝ ʧʨʠʥʪʝʨʳ - ʦʪ 2 ʜʦ 4 ʚʘʪʪ; 

¶ ʟʘʨʷʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʤʦʙʠʣʴʥʳʭ 
ʪʝʣʝʬʦʥʦʚ - 1 ʚʘʪʪ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʷ ʧʨʠʰʣʘ ʢ ʚʳʚʦʜʫ, 

ʯʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʙʝʨʝʛʘʪʴ ʵʥʝʨʛʦʨʝʩʫʨʩʳ ʥʘʰʝʡ ʇʣʘʥʝʪʳ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʫʤʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʤʘʰʥʠʝ ʧʨʠʙʦʨʳ. ʄʦʷ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷ ʩʦʩʪʘʚʠʣʘ ʨʝʢʦʤʝʥʜʘʮʠʠ (ʙʫʢʣʝʪ) ʦ ʪʦʤ, 
ʢʘʢ ʵʢʦʥʦʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ:  

¶ ʇʝʨʝʢʨʳʚʘʡʪʝ ʢʨʘʥ ʚʦ ʚʨʝʤʷ ʯʠʩʪʢʠ ʟʫʙʦʚ;  

¶ ɺʳʢʣʶʯʘʡʪʝ ʩʚʝʪ, ʢʦʛʜʘ ʚʳʭʦʜʠʪʝ ʠʟ ʜʦʤʘ ʠʣʠ ʠʟ ʢʦʤʥʘʪʳ; 

¶ ɿʘʤʝʥʠʪʝ ʦʙʳʯʥʳʝ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʥʘ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʝ ï ʦʥʠ ʥʝ 
ʪʦʣʴʢʦ ʩʥʠʟʷʪ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ, ʥʦ ʠ ʙʫʜʫʪ ʩʚʝʪʠʪʴ ʷʨʯʝ; 

¶ ʅʝ ʧʨʝʥʝʙʨʝʛʘʡʪʝ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ï ʩʚʝʪʣʳʝ ʰʪʦʨʳ, ʩʚʝʪʣʳʝ 
ʦʙʦʠ ʠ ʯʠʩʪʳʝ ʦʢʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʘʪ ʦʩʚʝʱʝʥʥʦʩʪʴ ʚʘʰʝʡ ʢʚʘʨʪʠʨʳ; 

¶ ɿʘʢʨʳʚʘʡʪʝ ʢʘʩʪʨʶʣʶ ʢʨʳʰʢʦʡ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʧʠʱʠ ï ʠʩʧʘʨʝʥʠʝ 
ʫʜʣʠʥʷʝʪ ʚʨʝʤʷ ʛʦʪʦʚʢʠ ʥʘ 20-30%. ɸ ʧʦʩʣʝ ʟʘʢʠʧʘʥʠʷ ʩʪʦʠʪ ʧʝʨʝʚʝʩʪʠ ʧʣʠʪʫ ʥʘ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ; 

¶ ɿʘʣʠʚʘʡʪʝ ʚ ʯʘʡʥʠʢ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ï ʯʝʤ ʙʦʣʴʰʝ 
ʚʦʜʳ, ʪʝʤ ʙʦʣʴʰʝ ʠ ʚʨʝʤʷ ʟʘʢʠʧʘʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 
ʚʦʟʨʘʩʪʘʝʪ; 

¶ ʍʦʣʦʜʠʣʴʥʠʢ ʩʪʘʚʴʪʝ ʚ ʩʘʤʦʝ ʧʨʦʭʣʘʜʥʦʝ ʤʝʩʪʦ ʚ ʢʚʘʨʪʠʨʝ. ʅʠ ʚ ʢʦʝʤ ʩʣʫʯʘʝ 
ʥʝ ʨʷʜʦʤ ʩ ʙʘʪʘʨʝʷʤʠ ʠ ʜʨʫʛʠʤʠ ʥʘʛʨʝʚʘʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ (ʪʘʢ ʙʫʜʝʪ 
ʨʘʩʭʦʜʦʚʘʪʴʩʷ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ ʥʘ ʪʦ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 
ʚʥʫʪʨʠ); 

¶ ɺʳʢʣʶʯʘʡʪʝ ʫʪʶʛ ʟʘ ʧʘʨʫ ʤʠʥʫʪ ʜʦ ʦʢʦʥʯʘʥʠʷ ʛʣʘʞʢʠ ï ʵʪʦʛʦ ʪʝʧʣʘ ʚʧʦʣʥʝ 
ʭʚʘʪʠʪ ʯʪʦʙʳ ʜʦʛʣʘʜʠʪʴ ʦʩʪʘʚʰʠʝʩʷ ʚʝʱʠ; 

¶ ɺʳʙʠʨʘʡʪʝ ʧʨʘʚʠʣʴʥʫʶ ʧʦʩʫʜʫ ʜʣʷ ʛʦʪʦʚʢʠ ï ʢʘʩʪʨʶʣʠ ʩ ʥʝʨʦʚʥʳʤ ʠ 
ʧʨʠʛʦʨʝʚʰʠʤ ʜʥʦʤ ʧʦʛʣʦʱʘʶʪ ʥʘ 50% ʙʦʣʴʰʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 

¶ ʋʜʘʣʷʡʪʝ ʥʘʢʠʧʴ ʠʟ ʯʘʡʥʠʢʘ ʩʚʦʝʚʨʝʤʝʥʥʦ ï ʥʘʢʠʧʴ ʦʙʣʘʜʘʝʪ ʤʘʣʦʡ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʚʦʜʘ ʚ ʧʦʩʫʜʝ ʩ ʥʘʢʠʧʴʶ ʥʘʛʨʝʚʘʝʪʩʷ ʤʝʜʣʝʥʥʦ, ʘ, 
ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ; 

¶ ɺʳʢʣʶʯʘʡʪʝ ʥʝʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ ʠʟ ʩʝʪʠ ï ʧʨʠʙʦʨʳ ʚ ʨʝʞʠʤʝ ʦʞʠʜʘʥʠʷ 
ʪʦʞʝ ʧʦʪʨʝʙʣʷʶʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ!  

ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ 
ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʥʦʚʳʝ ʥʘʙʣʶʜʝʥʠʷ, ʦʧʳʪʳ ʠ ʚʳʷʚʠʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʵʢʦʥʦʤʠʠ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  
ɹʝʨʝʛʠʪʝ ʧʨʠʨʦʜʫ, ʠ ʦʥʘ ʦʪʧʣʘʪʠʪ ʚʘʤ ʩʚʝʞʠʤ ʚʦʟʜʫʭʦʤ, ʢʨʘʩʠʚʳʤʠ ʧʝʡʟʘʞʘʤʠ 

ʠ ʯʠʩʪʦʡ ʚʦʜʦʡ! 
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ʀɿʋʏɽʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ʕʅɽʈɻʆʇʆʊʈɽɹʃɽʅʀʗ ɹʓʊʆɺʓʍ 

ʕʃɽʂʊʈʆʇʈʀɹʆʈʆɺ 
ʊʨʫʰʠʥ ɸʨʪʝʤ 

ʄɹʋɼʆ ɼʊɼʠʄ ʛʦʨʦʜʘ ɹʝʣʦʚʦ, ʛ. ɹʝʣʦʚʦ, ʈʦʩʩʠʷ 
ʈʫʢʦʚʦʜʠʪʝʣʠ:  ʈʘʚʢʦ ɺ.ʅ., ʈʘʚʢʦ ɺ.ʉ., ʧ.ʜ.ʦ. 

 
ʇʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʤʥʦʛʠʭ  ʟʘʩʪʘʚʣʷʝʪ 

ʟʘʜʫʤʘʪʴʩʷ ʥʘʜ ʩʧʦʩʦʙʘʤʠ ʢʦʥʪʨʦʣʷ ʝʝ ʨʘʩʭʦʜʘ ʠ ʤʝʪʦʜʘʤʠ ʵʢʦʥʦʤʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʘʢʪʫʘʣʴʥʦ ʪʝʤ, ʯʪʦ ʨʘʟʫʤʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ, ʥʝ ʪʦʣʴʢʦ ʵʢʦʥʦʤʠʪ ʣʠʯʥʳʝ 
ʩʨʝʜʩʪʚʘ, ʥʦ ʠ ʬʦʨʤʠʨʦʚʘʪʴ ʙʝʨʝʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʵʥʝʨʛʦʨʝʩʫʨʩʘʤ. ʎʝʣʴʶ ʥʘʰʝʡ 
ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʳʭ 
ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ɻʠʧʦʪʝʟʦʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, ʟʥʘʷ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʨʝʞʠʤʦʚ. 

ɿʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʭ ʣʠʥʝʡʥʦʛʦ ʘʢʪʠʚʥʦʛʦ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʟʘʨʷʜʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʪʝʣʝʚʠʟʦʨ, ʯʘʡʥʠʢ, ʬʝʥ. 
ʅʝʣʠʥʝʡʥʦʛʦ ʘʢʪʠʚʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. 
ʅʝʣʠʥʝʡʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʭʦʣʦʜʠʣʴʥʠʢ. 
ʂʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʘʢʪʠʚʥʦ/ʨʝʘʢʪʠʚʥʦʛʦ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ 
ʭʣʝʙʦʧʝʯʴ. ʀ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʥʝʣʠʥʝʡʥʦʛʦ ʘʢʪʠʚʥʦ/ʨʝʘʢʪʠʚʥʦʛʦ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʩʪʠʨʘʣʴʥʘʷ ʤʘʰʠʥʘ. ʇʝʨʝʜ ʪʝʤ ʢʘʢ ʧʨʠʩʪʫʧʘʪʴ ʢ ʨʘʙʦʪʝ, 
ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦ ʨʘʙʦʪʝ ʩ ʵʣʝʢʪʨʦʧʨʠʙʦʨʘʤʠ ʥʘ ʫʨʦʚʥʝ 
ʪʨʝʙʦʚʘʥʠʡ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ ʵʣʝʢʪʨʦʙʝʟʦʧʘʩʥʦʩʪʠ. ɿʘʪʝʤ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʧʦʩʦʙʳ 
ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ, ʤʳ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʙʣʠʯʥʳʝ ʜʘʥʥʳʝ, 
ʨʘʩʯʝʪʥʳʡ ʩʧʦʩʦʙ, ʟʘʤʝʨʳ ʩ ʧʦʤʦʱʴʶ ʪʦʢʦʚʳʭ ʢʣʝʱʝʡ ʠ ʧʨʠʙʦʨʘ ʬʠʢʩʠʨʦʚʘʥʠʷ 
ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʬʠʢʩʠʨʦʚʘʣʠ ʟʥʘʯʝʥʠʷ ʪʦʢʘ, 
ʢʦʪʦʨʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʨʘʩʯʝʪʦʚ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʧʨʦʚʝʜʝʥʥʳʝ 
ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʙʳʣʠ ʟʘʥʝʩʝʥʳ ʥʘʤʠ ʚ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʠʦʨʳ ʠʤʝʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 
ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ. ɸ ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 
ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʀʥʦʛʜʘ ʪʦʯʥʳʡ ʨʘʩʯʝʪ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ 
ʥʝʣʴʟʷ ʩʜʝʣʘʪʴ ʧʨʦʩʪʳʤʠ ʟʘʤʝʨʘʤʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʢʦʤʧʴʶʪʝʨʘ ʠ ʩʪʠʨʘʣʴʥʦʡ 
ʤʘʰʠʥʳ, ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 
ʦʪʣʠʯʘʪʴʩʷ. ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʷ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʧʨʠʤʝʨʥʦʝ ʚʨʝʤʷ ʨʘʙʦʪʳ 
ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʚ ʥʘʰʝʡ ʩʝʤʴʝ, ʨʘʩʩʯʠʪʘʝʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʚ ʩʫʪʢʠ ʠ ʤʝʩʷʮ. 
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ʄʘʢʩʠʤʘʣʴʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʫ ʭʦʣʦʜʠʣʴʥʠʢʘ ʠ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʳ. 
ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʜʘʥʥʳʭ ʧʨʠʙʦʨʦʚ ʩʣʦʞʥʦ, ʥʦ ʚʳʧʦʣʥʠʤʦ. ɿʘʪʝʤ 
ʠʜʝʪ ʨʷʜ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝʤ, ʢʦʪʦʨʦʝ, 
ʪʝʤ ʥʝ ʤʝʥʝʝ, ʚʧʦʣʥʝ ʧʦʜʜʘʝʪʩʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʣʷ ʵʢʦʥʦʤʠʠ. 

ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʢ ʨʷʜ ʦʙʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʪʘʢ ʠ ʨʷʜ 
ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʘʤʳʭ ʵʥʝʨʛʦʧʦʪʨʝʙʣʷʶʱʠʭ ʧʨʠʙʦʨʦʚ. 

ɺ ʥʘʰʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ. 
1. ʆʩʚʦʠʣʠ ʨʘʩʯʝʪʥʳʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʳʭ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. ʆʩʚʦʠʣʠ ʢʦʥʪʨʦʣʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʩ 
ʧʦʤʦʱʴʶ ʪʦʢʦʚʳʭ ʢʣʝʱʝʡ ʠ ʧʨʠʙʦʨʘ ʬʠʢʩʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

2. ʇʨʦʚʝʣʠ ʦʮʝʥʢʫ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʳʪʦʚʳʭ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʨʘʟʥʳʤʠ 
ʩʧʦʩʦʙʘʤʠ ʠ ʚ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ. 

3. ʇʦʜʛʦʪʦʚʠʣʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ.  
ʅʘʰʘ ʛʠʧʦʪʝʟʘ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʘʩʴ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʙʳʪʦʚʳʭ 

ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ ʤʦʞʥʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ, ʟʥʘʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ 
ʨʝʞʠʤʦʚ. 

 

 

 

ɸʅʆʄɸʃʔʅʓɽ ʉɺʆʁʉʊɺɸ ɺʆɼʓ 
ʋʩʤʘʥʦʚʘ ʉʦʬʠʷ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 
çʊʝʛʫʣʴʜʝʪʩʢʘʷ ʉʆʐè 

8 ʢʣʘʩʩ 
ʉ. ʊʝʛʫʣʴʜʝʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʙʢʦʚ ɽʚʛʝʥʠʡ ɻʝʥʥʘʜʴʝʚʠʯ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 
 

ɺʦʜʘé. ʂʘʞʝʪʩʷ, ʤʳ ʪʘʢ ʤʥʦʛʦ ʟʥʘʝʤ ʦ ʥʝʡ. ʄʳ ʫʟʥʘʸʤ ʝʸ ʚ ʚʠʜʝ ʞʠʜʢʦʩʪʠ ʠ 
ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʤʳ ʣʶʙʫʝʤʩʷ ʝʸ ʧʘʨʘʤʠ, ʧʨʦʧʣʳʚʘʶʱʠʤʠ ʥʘʜ ʥʘʤʠ ʚ ʚʠʜʝ ʙʝʣʳʭ 
ʦʙʣʘʢʦʚ.  ɺʦʜʘ ï ʩʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ, ʟʥʘʢʦʤʦʝ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʚʝʱʝʩʪʚʦ ʜʣʷ 
ʯʝʣʦʚʝʢʘ ʥʘ ɿʝʤʣʝ: ʩʘʤ ʯʝʣʦʚʝʢ ʥʘ 75 ï 90 % ʩʦʩʪʦʠʪ ʠʟ ʚʦʜʳ; ʚʦʜʫ ʤʳ ʧʴʸʤ (ʙʝʟ 
ʚʦʜʳ ʯʝʣʦʚʝʢ ʩʤʦʞʝʪ ʧʨʦʞʠʪʴ ʥʝ ʙʦʣʝʝ ʪʨʸʭ ʜʥʝʡ); ʚʦʜʦʡ ʤʳ ʤʦʝʤʩʷ; ʥʘ ʚʦʜʝ ʛʦʪʦʚʠʤ 
ʧʠʱʫ; ʠʩʧʦʣʴʟʫʝʤ ʝʸ ʚ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ; ʥʘ ʦʩʥʦʚʝ ʚʦʜʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 
ʤʥʦʞʝʩʪʚʦ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʚʝʱʝʩʪʚ (ʢʨʝʤʳ, ʰʘʤʧʫʥʠ). ʅʦ ʪʘʢ, ʣʠ ʫʞ ʤʥʦʛʦ 
ʤʳ ʟʥʘʝʤ ʦ ʥʝʡ? ʎʝʥʠʤ ʣʠ ʝʸ ʩʝʛʦʜʥʷ ʪʘʢ, ʢʘʢ ʦʥʘ ʪʦʛʦ ʟʘʩʣʫʞʠʚʘʝʪ? ɺʦʜʘ - ʦʜʥʦ ʠʟ 
ʩʘʤʳʭ ʫʥʠʢʘʣʴʥʳʭ ʠ ʟʘʛʘʜʦʯʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ɿʝʤʣʝ. ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʜʦ ʢʦʥʮʘ 
ʝʱʝ ʥʝ ʧʦʥʷʪʘ. 

ʀʩʩʣʝʜʫʷ ʚʦʜʫ ʠ, ʦʩʦʙʝʥʥʦ ʝʝ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʫʯʝʥʳʝ ʨʘʟ ʟʘ ʨʘʟʦʤ 
ʫʙʝʞʜʘʣʠʩʴ, ʯʪʦ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʥʝʥʦʨʤʘʣʴʥʳʤʠ ð ʘʥʦʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, 
ʧʨʠʩʫʱʠʤʠ ʪʦʣʴʢʦ ʝʡ, ʝʝ ɺʝʣʠʯʝʩʪʚʫ ð ɺʦʜʝ, ʧʦʜʘʨʠʚʰʝʡ ʥʘʤ ɾʠʟʥʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
ʤʳʩʣʠʪʴ. ʄʳ ʜʘʞʝ ʠ ʥʝ ʧʦʜʦʟʨʝʚʘʝʤ, ʯʪʦ ʩʪʦʣʴ ʧʨʠʚʳʯʥʳʝ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ 
ʚʦʜʳ ʚ ʧʨʠʨʦʜʝ, ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʢʦʥʝʮ, ʚ ʦʙʳʜʝʥʥʦʡ ʞʠʟʥʠ ʥʘʰʝʡ 
ʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʤʠ ʠ ʥʝʧʦʚʪʦʨʠʤʳʤʠ. 
ʎɽʃʀ ʈɸɹʆʊʓ: 
1. ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʚʦʜʳ. 
2. ʉʦʟʜʘʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʥʘʙʣʶʜʘʝʤʦʝ ʷʚʣʝʥʠʝ.  
3. ʀ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
4. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ï  ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ ʧʦʟʚʦʣʷʶʪ  
ʧʦʣʫʯʠʪʴ ʥʘ ʤʘʣʳʭ ʨʘʩʩʪʦʷʥʠʷʭ, ʧʦʨʷʜʢʘ 10ʩʤ., ʠ ʣʸʜ, ʠ ʢʠʧʷʱʫʶ ʚʦʜʫ. 
ɿʘʜʘʯʠ: 

ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʘʥʦʤʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚʦʜʳ. 
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ʇʦʚʪʦʨʠʪʴ ʦʧʠʩʳʚʘʝʤʳʡ ʚ çʂʥʠʛʝ ʜʣʷ ʯʪʝʥʠʷ ʧʦ ʬʠʟʠʢʝè ʵʢʩʧʝʨʠʤʝʥʪ ʠ ʚʳʷʩʥʠʪʴ 
ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʪʨʸʭ ʚʠʜʦʚ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʚ ʦʧʳʪʝ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʣʴʜʘ ʠ 
ʢʠʧʷʱʝʡ ʚʦʜʳ ʚ ʧʨʦʙʠʨʢʝ.   
ɼʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʘʥʦʤʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʚʦʜʳ. 
ʆɹʒɽʂʊ ʀʉʉʃɽɼʆɺɸʅʀʗ: ɺʆɼɸ. 
ʇʈɽɼʄɽʊ ʀʉʉʃɽɼʆɺɸʅʀʗ: ɸʅʆʄɸʃʔʅʓɽ ʊɽʇʃʆɺʓɽ ʉɺʆʁʉʊɺɸ ɺʆɼʓ. 
ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ: ʅɸɹʃʖɼɽʅʀʗ, ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʀ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ 
ʀʉʉʃɽɼʆɺɸʅʀʗ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ:  
ʀʥʪʝʨʝʩ ʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʝ ʠ ʤʝʯʪʘ ʚʳʙʨʘʪʴ ʧʨʦʬʝʩʩʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʦʡ. 

ɸʥʦʤʘʣʴʥʳʝ ʪʝʧʣʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʥʘʙʣʶʜʘʝʤʳʝ ʚ ʦʧʠʩʘʥʥʦʤ ʨʘʥʝʝ ʦʧʳʪʝ, 
ʨʘʙʦʪʘʶʪ ʚ ʧʨʠʨʦʜʝ ʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ ʥʘ ɿʝʤʣʝ. 
ʗʚʣʝʥʠʷ, ʦ ʢʦʪʦʨʳʭ ʠʜʸʪ ʨʝʯʴ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʠʟʫʯʘʶʪʩʷ ʚ ʰʢʦʣʝ. ʇʦʵʪʦʤʫ 
ʜʠʜʘʢʪʠʯʝʩʢʠʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʤʘʪʝʨʠʘʣ (ʚʠʜʝʦʬʨʘʛʤʝʥʪʳ, ʩʣʘʡʜʳ, ʪʘʙʣʠʮʳ ʠ ʜʨ.) 
ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʴ ʥʘʛʣʷʜʥʳʡ ʨʝʩʫʨʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʫʯʠʪʝʣʝʤ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, 
ʵʣʝʢʪʠʚʥʳʭ ʢʫʨʩʘʭ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʦʣʞʝʥʠʶ ʠʟʫʯʝʥʠʷ ʧʨʠʯʠʥ ʘʥʦʤʘʣʴʥʳʭ 
ʩʚʦʡʩʪʚ ʫʜʠʚʠʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ɿʝʤʣʝ ï ʚʦʜʳ. 

ɺʆɼɸ ï ɺɽʑɽʉʊɺʆ, ʆɹʃɸɼɸʖʑɽɽ ɸʅʆʄɸʃʔʅʓʄʀ ʌʀɿʀʏɽʉʂʀʄʀ ʉɺʆʁʉʊɺɸʄʀ. 
çʅʝʧʨʘʚʠʣʴʥʳʤʠè ʫ ʚʦʜʳ ʷʚʣʷʶʪʩʷ: 
 1. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʠ ʧʣʘʚʣʝʥʠʷ. 
 2. ɸʥʦʤʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
 3. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ. 
 4. ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ. 
 5. ʀ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ. 
ʊɽʆʈɽʊʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ. 
ʂʘʞʝʪʩʷ, ʤʳ ʪʘʢ ʤʥʦʛʦ ʟʥʘʝʤ ʦ ʚʦʜʝ. ʄʳ ʫʟʥʘʸʤ ʝʸ ʚ ʚʠʜʝ ʞʠʜʢʦʩʪʠ ʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 
ʤʳ ʣʶʙʫʝʤʩʷ ʝʸ ʧʘʨʘʤʠ, ʧʨʦʧʣʳʚʘʶʱʠʤʠ ʥʘʜ ʥʘʤʠ ʚ ʚʠʜʝ ʙʝʣʳʭ ʦʙʣʘʢʦʚ. 

ɺʦʜʘ ʦʙʣʘʜʘʝʪ ʤʥʦʛʠʤʠ ʫʜʠʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʤʠ ʝʸ ʦʪ 
ʚʩʝʭ ʜʨʫʛʠʭ ʞʠʜʢʦʩʪʝʡ. ʀ ʝʩʣʠ ʙʳ ʚʦʜʘ ʚʝʣʘ ʩʝʙʷ çʢʘʢ ʧʦʣʦʞʝʥʦè, ʪʦ ɿʝʤʣʷ ʩʪʘʣʘ ʙʳ 
ʧʨʦʩʪʦ ʥʝʫʟʥʘʚʘʝʤʦʡ. ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʜʦ ʢʦʥʮʘ ʝʱʝ ʥʝ ʧʦʥʷʪʘ.  
ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ ʅ

2
ʆ ʩʢʨʳʚʘʝʪʩʷ 

ʚʝʱʝʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʫʥʠʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʥʝ ʤʝʥʝʝ ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʀʩʩʣʝʜʦʚʘʪʝʣʠ, ʧʳʪʘʚʰʠʝʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʚʫʭ ʩ ʣʠʰʥʠʤ ʩʪʦʣʝʪʠʡ ʨʘʩʢʨʳʪʴ 
ʩʝʢʨʝʪʳ ʚʦʜʳ, ʯʘʩʪʦ ʟʘʭʦʜʠʣʠ ʚ ʪʫʧʠʢ. 

ʊʘʢ ʚ ʯʝʤ ʞʝ ʟʘʢʣʶʯʘʶʪʩʷ ʟʘʛʘʜʦʯʥʳʝ, ʥʝʦʙʳʯʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʠʚʳʯʥʦʡ ʚʩʝʤ 
ʞʠʜʢʦʡ ʚʦʜʳ? ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʪʦʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʘʥʦʤʘʣʴʥʳ, ʘ 
ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ ʣʦʛʠʢʝ ʪʝʭ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ.  

ʇʃʆʊʅʆʉʊʔ 
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ɼʣʷ ʚʩʝʡ ʙʠʦʩʬʝʨʳ ʠʩʢʣʶʯʠʪʝʣʴʥʘ ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʦʜʳ ʷʚʣʷʝʪʩʷ ʝʝ 
ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʫʚʝʣʠʯʠʚʘʪʴ, ʘ ʥʝ ʫʤʝʥʴʰʘʪʴ ʩʚʦʡ ʦʙʲʝʤ, ʪ.ʝ. 
ʫʤʝʥʴʰʘʪʴ ʧʣʦʪʥʦʩʪʴ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʣʶʙʦʡ ʞʠʜʢʦʩʪʠ ʚ ʪʚʝʨʜʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʣʝʢʫʣʳ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʝʩʥʝʝ, ʘ ʩʘʤʦ ʚʝʱʝʩʪʚʦ, ʫʤʝʥʴʰʘʷʩʴ ʚ ʦʙʲʝʤʝ, ʩʪʘʥʦʚʠʪʩʷ ʧʣʦʪʥʝʝ. 
ɼʘ, ʜʣʷ ʣʶʙʦʡ ʠʟ ʥʝʦʙʦʟʨʠʤʦ ʨʘʟʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʥʦ ʥʝ ʚʦʜʳ. ɺʦʜʘ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʠʩʢʣʶʯʝʥʠʝ. 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʦʜʘ ʩʥʘʯʘʣʘ ʚʝʜʝʪ ʩʝʙʷ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʞʠʜʢʦʩʪʠ: ʧʦʩʪʝʧʝʥʥʦ 
ʫʧʣʦʪʥʷʷʩʴ, ʫʤʝʥʴʰʘʝʪ ʩʚʦʡ ʦʙʲʝʤ. ʊʘʢʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʜʦ +3,98 Áʉ. 
ɿʘʪʝʤ, ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 0 Áʉ, ʚʩʷ ʚʦʜʘ ʟʘʤʝʨʟʘʝʪ ʠ 
ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʦʙʲʝʤʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʜʝʣʴʥʳʡ ʚʝʩ ʣʴʜʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʚʦʜʳ ʠ 
ʣʝʜ ʧʣʘʚʘʝʪ. ɽʩʣʠ ʙʳ ʣʝʜ ʥʝ ʚʩʧʣʳʚʘʣ, ʘ ʪʦʥʫʣ, ʪʦ ʚʩʝ ʚʦʜʦʝʤʳ (ʨʝʢʠ, ʦʟʝʨʘ, ʤʦʨʷ) 
ʧʨʦʤʝʨʟʣʠ ʙʳ ʜʦ ʜʥʘ, ʠʩʧʘʨʝʥʠʝ ʙʳ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦʩʴ, ʚʩʝ ʧʨʝʩʥʦʚʦʜʥʳʝ ʞʠʚʦʪʥʳʝ 
ʠ ʨʘʩʪʝʥʠʷ ʧʦʛʠʙʣʠ ʙʳ. ɾʠʟʥʴ ʥʘ ɿʝʤʣʝ ʩʪʘʣʘ ʙʳ ʥʝʚʦʟʤʦʞʥʦʡ. 
ɺʩʝ ʪʝʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʰʠʨʷʶʪʩʷ.  

ɺʦʜʘ ʨʘʩʰʠʨʷʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʅʘʠʙʦʣʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʦʥʘ ʠʤʝʝʪ ʧʨʠ +4
0

ʉ 
ï 1000 ʛ/ʣ. ʃʝʜ ʧʣʘʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢ ʢʘʢ ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ ʤʝʥʴʰʝ ï 900 ʛ/ʣ. 

ʅʠ ʦʜʥʦ ʚʝʱʝʩʪʚʦ ʚ ʤʠʨʝ ʥʝ ʧʦʛʣʦʱʘʝʪ ʠ ʥʝ ʦʪʜʘʝʪ ʩʨʝʜʝ ʩʪʦʣʴʢʦ ʪʝʧʣʘ, 
ʩʢʦʣʴʢʦ ʚʦʜʘ. ʊʝʧʣʦʝʤʢʦʩʪʴ ʚʦʜʳ ʚ 10 ʨʘʟ ʙʦʣʴʰʝ ʪʝʧʣʦʝʤʢʦʩʪʠ ʩʪʘʣʠ ʠ ʚ 30 ʨʘʟ 
ʙʦʣʴʰʝ ʨʪʫʪʠ. ɺʦʜʘ ʩʦʭʨʘʥʷʝʪ ʪʝʧʣʦ ʥʘ ɿʝʤʣʝ. 
ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʨʝʡ, ʦʢʝʘʥʦʚ, ʩʫʰʠ ʠʩʧʘʨʷʝʪʩʷ ʟʘ ʛʦʜ 520000 ʢʫʙʠʯʝʩʢʠʭ ʢʠʣʦʤʝʪʨʦʚ 
ʚʦʜʳ, ʢʦʪʦʨʳʝ, ʢʦʥʜʝʥʩʠʨʫʷʩʴ, ʦʪʜʘʶʪ ʤʥʦʛʦ ʪʝʧʣʘ ʭʦʣʦʜʥʳʤ ʠ ʧʦʣʷʨʥʳʤ ʨʝʛʠʦʥʘʤ. 

ɺʆɼɸ ʀʄɽɽʊ ʆʏɽʅʔ ɹʆʃʔʐʋʖ ʋɼɽʃʔʅʋʖ ʊɽʇʃʆɽʄʂʆʉʊʔ. ʏʊʆɹʓ ʅɸɻʈɽʊʔ ʅɸ 1 
0

 1 ɻ 

ɺʆɼʓ, ʅɸɼʆ ɿɸʊʈɸʊʀʊʔ ʊɽʇʃɸ ɺ 10-20 ʈɸɿ ɹʆʃʔʐɽ, ʏɽʄ ɼʃʗ ɼʈʋɻʀʍ ɺɽʑɽʉʊɺ. ʇʆɻʃʆʑɸʗ 
ʊɽʇʃʆʊʋ ʃɽʊʆʄ ʀ ʆʊɼɸɺɸʗ ɽɽ ɿʀʄʆʁ, ʆʂɽɸʅ ʉʄʗɻʏɸɽʊ ʂʃʀʄɸʊ ʅɸ ʇʃɸʅɽʊɽ. ʋɼɽʃʔʅɸʗ 
ʊɽʇʃʆɽʄʂʆʉʊʔ ɺʆɼʓ ʉ= 4200 ɼɾ/ ʂɻ Áʉ. 

ɽʩʣʠ ʙʳ ʥʝ ʙʳʣʦ ʩʪʦʣʴ ʚʳʩʦʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ Ĳ ʧʣʘʥʝʪʳ ʥʝ ʙʳʣʠ ʙʳ ʧʦʢʨʳʪʳ 
ʚʦʜʦʡ, ʟʠʤʦʡ ɿʝʤʣʷ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʣʝʜʷʥʫʶ ʧʫʩʪʳʥʶ, ʘ ʣʝʪʦʤ ï ʚʳʛʦʨʝʣʘ ʦʪ ʞʘʨʳ.  
ɺʦʜʘ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʩʦʩʪʘʚʣʷʝʪ 70-90%. ʦʪ ʚʝʩʘ ʪʝʣʘ. ʅʝ ʦʙʣʘʜʘʡ ʚʦʜʘ ʪʘʢʦʡ 
ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʢʘʢ ʩʝʡʯʘʩ, ʦʙʤʝʥ ʚʝʱʝʩʪʚ ʚ ʪʝʧʣʦʢʨʦʚʥʳʭ ʠ ʭʦʣʦʜʥʦʢʨʦʚʥʳʭ 
ʦʨʛʘʥʠʟʤʘʭ ʙʳʣ ʙʳ ʥʝʚʦʟʤʦʞʝʥ. 

ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʢʨʫʛʣʳʝ ʰʘʨʠʢʠ ʚʦʜʳ ʦʯʝʥʴ ʫʧʨʫʛʠ, ʠʜʝʪ ʜʦʞʜʴ, ʚʳʧʘʜʘʝʪ 
ʨʦʩʘ. 

ʏʪʦ ʞʝ ʵʪʦ ʟʘ ʫʜʠʚʠʪʝʣʴʥʘʷ ʩʠʣʘ, ʢʦʪʦʨʘʷ ʩʦʭʨʘʥʷʝʪ ʢʘʧʣʠ ʨʦʩʳ, ʘ 
ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʚʦʜʳ ʚ ʣʶʙʦʡ ʣʫʞʠʮʝ ʜʝʣʘʝʪ ʵʣʘʩʪʠʯʥʳʤ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʨʦʯʥʳʤ? 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʩʪʘʣʴʥʫʶ ʠʛʦʣʢʫ ʦʩʪʦʨʦʞʥʦ ʧʦʣʦʞʠʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʳ, 
ʥʘʣʠʪʦʡ ʚ ʙʣʶʜʮʝ, ʪʦ ʠʛʦʣʢʘ ʥʝ ʪʦʥʝʪ. ɸ ʚʝʜʴ ʫʜʝʣʴʥʘʷ ʤʘʩʩʘ ʤʝʪʘʣʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 
ʙʦʣʴʰʝ, ʯʝʤ ʫ ʚʦʜʳ. ʄʦʣʝʢʫʣʳ ʚʦʜʳ ʩʚʷʟʘʥʳ ʩʠʣʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, 
ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʠʤ ʧʦʜʥʠʤʘʪʴʩʷ ʚʚʝʨʭ ʧʦ ʢʘʧʠʣʣʷʨʘʤ, ʧʨʝʦʜʦʣʝʚʘʷ ʩʠʣʫ ʟʝʤʥʦʛʦ 
ʧʨʠʪʷʞʝʥʠʷ. ɹʝʟ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʚʦʜʳ ʞʠʟʥʴ ʥʘ ɿʝʤʣʝ ʙʳʣʘ ʙʳ ʥʝʚʦʟʤʦʞʥʘ. 
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ɸʥʦʤʘʣʴʥʦ ʚʳʩʦʢʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʦʟʚʦʣʷʝʪ ʚʦʜʦʤʝʨʢʘʤ 
ʙʝʛʘʪʴ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ, ʥʦ, ʛʣʘʚʥʦʝ, ʧʦʜʥʠʤʘʝʪ ʚʦʜʫ ʧʦ ʢʘʧʠʣʣʷʨʘʤ, ʧʠʪʘʷ 
ʨʘʩʪʝʥʠʷ ʠ ʜʝʨʝʚʴʝʚ. 

ʅʠ ʦʜʥʘ ʞʠʜʢʦʩʪʴ ʥʝ ʧʦʛʣʦʱʘʝʪ ʛʘʟʳ ʩ ʪʘʢʦʡ ʞʘʜʥʦʩʪʴʶ, ʢʘʢ ʚʦʜʘ. ʅʦ ʦʥʘ ʠʭ 
ʪʘʢʞʝ ʣʝʛʢʦ ʦʪʜʘʝʪ. 

ɼʦʞʜʴ ʨʘʩʪʚʦʨʷʝʪ ʚ ʩʝʙʝ ʚʩʝ ʷʜʦʚʠʪʳʝ ʛʘʟʳ ʘʪʤʦʩʬʝʨʳ. ɺʦʜʘ - ʝʝ ʤʦʱʥʳʡ 
ʧʨʠʨʦʜʥʳʡ ʬʠʣʴʪʨ, ʦʯʠʱʘʶʱʠʡ ʘʪʤʦʩʬʝʨʫ ʦʪ ʚʩʝʭ ʚʨʝʜʥʳʭ ʠ ʷʜʦʚʠʪʳʭ ʛʘʟʦʚ. 
ɽʱʝ ʦʜʥʦ ʫʜʠʚʠʪʝʣʴʥʦʝ ʩʚʦʡʩʪʚʦ ʚʦʜʳ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʝ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ɺʦʜʘ, ʧʦʜʚʝʨʛʥʫʪʘʷ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ, ʤʝʥʷʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 
ʩʦʣʝʡ ʠ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. 

ɸʥʦʤʘʣʴʥʦ ʙʦʣʴʰʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ. ʀʩʧʘʨʷʷ ʚʦʜʫ ʯʝʨʝʟ ʧʦʨʳ ʢʦʞʠ, 
ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʜʝʨʞʠʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ 
ʪʝʣʘ. ɽʩʣʠ ʙʳ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʳ ʙʳʣʘ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ (ʢʘʢ ʫ 
ʢʝʨʦʩʠʥʘ ʠʣʠ ʞʠʜʢʦʛʦ ʘʟʦʪʘ), ʤʝʣʢʠʝ ʚʦʜʦʝʤʳ ʧʝʨʝʩʦʭʣʠ ʙʳ, ʜʦʞʜʴ ʠʩʧʘʨʷʣʩʷ 
ʟʘʯʘʩʪʫʶ ʝʱʝ ʚ ʚʦʟʜʫʭʝ, ʘ ʣʝʩʘ ʠ ʣʫʛʘ ʚʩʢʦʨʝ ʙʳ ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʧʫʩʪʳʥʶ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʜʦʢʘʟʳʚʘʶʱʠʝ ʘʥʦʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. 
Å ʇʝʨʝʛʨʝʪʘʷ ʚʦʜʘ, ʚ ʥʝʡ ʢʦʥʬʝʪʳ. 
Å ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ: ʀʛʣʘ (ʩʢʨʝʧʢʘ) ʥʘ ʚʦʜʝ, ʙʫʤʘʛʘ. 
Å ɸʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ: ʇʝʨʝʚʝʨʥʫʪʳʡ ʩʪʘʢʘʥ (ʙʫʪʳʣʢʘ). 
Å ʂʠʧʝʥʠʝ: ʇʨʦʙʠʨʢʘ ʥʘ ʜʥʝ ʣʝʜ, ʚʚʝʨʭʫ ʚʦʜʘ ʥʘʛʨʝʚʘʝʤ ʚʝʨʭ ʢʠʧʝʥʠʝ ʚʦʜʳ, 
ʣʝʜ ʥʝ ʪʘʝʪ. 

Å ʂʦʥʚʝʢʮʠʷ ʚʦʜʳ: ʄʝʜʥʳʡ ʢʫʧʦʨʦʩ (ʠʣʠ ʜʨʫʛʦʡ ʢʨʘʩʠʪʝʣʴ ï ʯʘʡ) ʥʘ ʜʥʝ 
ʥʘʛʨʝʚʘʝʤ. 

Å ɺʦʜʘ ʩ ʫʢʩʫʩʦʤ ʩʦʜʘ ʚʩʢʠʧʷʪʠʪʴ ʦʧʫʩʪʠʪʴ ʧʨʝʜʤʝʪ ʢʨʠʩʪʘʣʣ. 
Å ʐʘʨʠʢ ʙʝʟ ʚʦʜʳ, ʠ ʩ ʚʦʜʦʡ ʥʘʜ ʦʛʥʝʤ. 
Å ʄʤʜʝʥʩ ʨʘʟʣʦʞʠʪʴ ʧʦ ʢʨʫʛʫ ʚʥʫʪʨʴ ʥʘʣʠʪʴ ʚʦʜʳ ï ʩʤʘʯʠʚʘʥʠʝ ʠ 
ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʝʣ. 

Å ɹʫʤʘʞʥʳʝ ʮʚʝʪʳ ʥʘ ʚʦʜʝ, ʨʘʩʢʨʳʚʘʶʪʩʷ. 
Å ʂʠʧʝʥʠʝ ʭʦʣʦʜʥʦʡ ʚʦʜʳ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʜʘʚʣʝʥʠʷ. 
Å ɺ ʪʦʣʴʢʦ ʯʪʦ ʚʩʢʠʧʷʯʸʥʥʫʶ ʚʦʜʫ ʦʧʫʩʪʠʪʴ ʢʦʥʬʝʪʫ (ʩʦʣʴ, ʩʘʭʘʨ é). 
Å ʀʟʦʭʦʨʥʳʡ ʧʨʦʮʝʩʩ ʢʠʧʷʪʦʢ ʥʘʣʠʪʴ ʚ ʩʪʝʢʣʷʥʥʫʶ ʙʫʪʳʣʢʫ ʜʘʪʴ ʧʨʦʛʨʝʪʴʩʷ ʠ 
ʦʧʫʩʪʠʪʴ ʚ ʭʦʣʦʜʥʫʶ ʚʦʜʫ. 

Å ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʚ ʧʦʣʥʳʡ ʩʪʘʢʘʥ ʩ ʚʦʜʦʡ ʘʢʢʫʨʘʪʥʦ ʢʘʧʘʝʤ ʢʘʧʣʠ 
ʚʦʜʳ. ʐʧʨʠʮʦʤ ʚʦʜʫ ʥʘ ʤʦʥʝʪʫ. 

Å ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʩʢʨʝʧʢʠ ʤʥʦʛʦ. 
Å ɹʫʪʳʣʢʘ ʩ ʚʦʜʦʡ 3 ʜʳʨʢʠ ʨʘʟʥʦʝ ʜʘʚʣʝʥʠʝ. 
Å ʆʧʳʪ ʩ ʷʡʮʦʤ ʚ ʩʦʣʝʥʦʡ ʠ ʧʨʝʩʥʦʡ ʚʦʜʝ. 
Å ʉʣʦʝʥʳʝ ʞʠʜʢʦʩʪʠ, ʚʦʜʘ ʩʦʣʝʥʘʷ, ʚʦʜʘ ʧʨʝʩʥʘʷ, ʤʘʩʣʦ. 
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ɺʦʜʘ ʦʙʣʘʜʘʝʪ ʘʥʦʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  ɸʥʘʣʦʛʠʯʥʳʝ ʤʝʭʘʥʠʟʤʳ ʨʘʙʦʪʘʶʪ 
ʠ ʚ ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ ʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʞʠʟʥʠ ʥʘ 
ɿʝʤʣʝ.  
ʄʦʞʥʦ ʚʦʦʙʨʘʟʠʪʴ, ʢʘʢ ʚʳʛʣʷʜʝʣ ʙʳ ʤʠʨ, ʝʩʣʠ ʙʳ ʚʦʜʘ ʦʙʣʘʜʘʣʘ ʥʦʨʤʘʣʴʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ, ʘ ʣʸʜ ʙʳʣ ʙʳ, ʢʘʢ ʠ ʧʦʣʘʛʘʝʪʩʷ ʣʶʙʦʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʚʝʱʝʩʪʚʫ, ʧʣʦʪʥʝʝ 
ʚʦʜʳ: ʟʠʤʦʡ ʥʘʤʝʨʟʘʶʱʠʡ ʩʚʝʨʭʫ ʙʦʣʝʝ ʧʣʦʪʥʳʡ ʣʸʜ ʪʦʥʫʣ ʙʳ ʚ ʚʦʜʝ, ʥʝʧʨʝʨʳʚʥʦ 
ʦʧʫʩʢʘʷʩʴ ʥʘ ʜʥʦ. ʃʝʪʦʤ ʣʸʜ, ʟʘʢʨʳʪʳʡ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʭʦʣʦʜʥʦʡ ʚʦʜʳ, ʥʝ ʩʤʦʛ ʙʳ ʟʘ 
ʣʝʪʦ ʨʘʩʪʘʷʪʴ. ʇʦʩʪʝʧʝʥʥʦ ʚʩʝ ʦʟʝʨʘ, ʧʨʫʜʳ, ʨʝʢʠ ʧʨʦʤʸʨʟʣʠ ʙʳ ʮʝʣʠʢʦʤ, 
ʧʨʝʚʨʘʪʠʚʰʠʩʴ ʚ ʛʠʛʘʥʪʩʢʠʝ ʣʝʜʷʥʳʝ ʟʘʪʦʨʳ. ʇʦʪʦʤ ʧʨʦʤʸʨʟʣʠ ʙʳ ʚʩʝ ʤʦʨʷ ʠ ʦʢʝʘʥʳ. 
ɺʝʩʴ ʤʠʨ ʧʨʝʚʨʘʪʠʣʩʷ ʙʳ ʚ ʣʝʜʷʥʫʶ ʧʫʩʪʳʥʶ, ʢʦʝ-ʛʜʝ ʧʦʢʨʳʪʫʶ ʪʘʣʦʡ ʚʦʜʦʡ. 

ʂʘʢ ʭʦʨʦʰʦ, ʯʪʦ ʚʦʜʘ ʦʙʣʘʜʘʝʪ ʘʥʦʤʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ! 
Å ɺʦʜʘ ï ʩʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʝ, ʟʥʘʢʦʤʦʝ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʚʝʱʝʩʪʚʦ ʜʣʷ 
ʯʝʣʦʚʝʢʘ ʥʘ ɿʝʤʣʝ. ʄʳ ʫʟʥʘʸʤ ʝʸ ʚ ʚʠʜʝ ʞʠʜʢʦʩʪʠ ʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, ʤʳ 
ʣʶʙʫʝʤʩʷ ʝʸ ʧʘʨʘʤʠ, ʧʨʦʧʣʳʚʘʶʱʠʤʠ ʥʘʜ ʥʘʤʠ ʚ ʚʠʜʝ ʙʝʣʳʭ ʦʙʣʘʢʦʚ. 

Å ɺʦʜʘ ï ʵʪʦ ʞʠʚʘʷ ʢʨʦʚʴ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʝʪ ʞʠʟʥʴ ʪʘʤ, ʛʜʝ ʝʝ ʥʝ ʙʳʣʦ. ɺʦʜʘ - ʦʜʥʦ 
ʠʟ ʩʘʤʳʭ ʫʥʠʢʘʣʴʥʳʭ ʠ ʟʘʛʘʜʦʯʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ɿʝʤʣʝ. ʇʨʠʨʦʜʘ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ 
ʜʦ ʢʦʥʮʘ ʝʱʝ ʥʝ ʧʦʥʷʪʘ.  

Å ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʤʘʪʝʨʠʘʣʳ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʥʦʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʦʜʳ, ʜʘʥʘ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ.  ʀʟ ʙʦʣʴʰʦʛʦ 
ʢʦʣʠʯʝʩʪʚʘ çʩʪʨʘʥʥʳʭè ʩʚʦʡʩʪʚ ʚʦʜʳ ʘʚʪʦʨ ʚʳʜʝʣʠʣ ʠ ʠʩʩʣʝʜʦʚʘʣ ʪʝʧʣʦʚʳʝ 
ʧʨʦʮʝʩʩʳ, ʢʠʧʝʥʠʷ, ʧʝʨʝʛʨʝʪʫʶ ʞʠʜʢʦʩʪʴ, ʘʥʦʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʣʴʜʘ ʠ ʚʦʜʳ, 
ʪʝʧʣʦʝʤʢʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʥʫ ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ 
ʠʩʩʣʝʜʦʚʘʪʴ ʜʨʫʛʠʝ ʘʥʦʤʘʣʠʷ ʚʦʜʳ.  

Å  
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ɸʣʝʢʩʝʝʚʘ ʄ.ʅ. ʌʠʟʠʢʘ - ʶʥʳʤ. ï ʄ.: ʇʨʦʩʚʝʱʝʥʠʝ,1980.  
2. ɽʥʦʭʦʚʠʯ ɸ.ʉ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʬʠʟʠʢʝ. ï ʄ.: ʇʨʦʩʚʝʱʝʥʠʝ, 1990. 
3. ʇʸʨʳʰʢʠʥ ɸ.ɺ., ʈʦʜʠʥʘ ʅ.ɸ. ʌʠʟʠʢʘ-8. ï ʄ.: ʇʨʦʩʚʝʱʝʥʠʝ, 2001. 
4. ʊʦʤʘʰʦʚ ɺ.ʅ. ɸʥʦʤʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʜʳ. ʌʠʟʠʢʘ, 2006. ˉ 4. 
5. ʌʠʜʘʨʦʚ ɸ. ʋʜʠʚʠʪʝʣʴʥʘʷ ʚʦʜʘ. ʌʠʟʠʢʘ, 2008. ˉ 4. 

 

 
 

ʇʆʈʊɸʊʀɺʅʓʁ ɸʕʈʆʉʊɸʊ 
ʋʩʪʝʥʢʦ ʀʣʴʷ ɺʣʘʜʠʩʣʘʚʦʚʠʯ 

ɻɹʆʋ çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʰʢʦʣʘ ˉ35 ʛ.ʦ. ɼʦʥʝʮʢè  
9 ʢʣʘʩʩ 

ʛ. ɼʦʥʝʮʢ, ɼʦʥʝʮʢʘʷ ʅʘʨʦʜʥʘʷ ʈʝʩʧʫʙʣʠʢʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʫʯʝʨʝʥʢʦ ʄʘʨʛʘʨʠʪʘ ɺʘʩʠʣʴʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ɻɹʆʋ 

çʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʰʢʦʣʘ ˉ35 ʛ.ʦ. ɼʦʥʝʮʢè 
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ɸʢʪʫʘʣʴʥʦʩʪʴ. ʊʝʨʨʠʪʦʨʠʷ ʥʘʰʝʡ ʙʦʣʴʰʦʡ ʈʦʜʠʥʳ ʥʘʜʝʞʥʦ ʟʘʱʠʱʝʥʘ ʭʦʨʦʰʦ 
ʨʘʟʚʠʪʦʡ ʩʠʩʪʝʤʦʡ ʇɺʆ. ʋʢʨʝʧʣʝʥʠʝ ʦʙʦʨʦʥʳ ʛʨʘʥʠʮ ʥʘʰʝʛʦ ʛʦʩʫʜʘʨʩʪʚʘ ʥʘʠʙʦʣʝʝ 
ʘʢʪʫʘʣʴʥʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  ɾʝʣʘʥʠʝ ʧʦʤʦʯʴ ʥʘʰʠʤ ʚʦʠʥʘʤ ʚ ʜʦʩʪʠʞʝʥʠʠ ʮʝʣʝʡ 
ʉɺʆ ʧʦʟʚʦʣʠʣʦ ʚʩʧʦʤʥʠʪʴ ʧʦʛʦʚʦʨʢʫ çʅʦʚʦʝ ï ʵʪʦ ʭʦʨʦʰʦ ʟʘʙʳʪʦʝ ʩʪʘʨʦʝè - 
ʧʨʠʤʝʥʝʥʠʝ ʘʵʨʦʩʪʘʪʦʚ ʚ ʚʦʝʥʥʦʝ ʚʨʝʤʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʚʦʟʜʫʰʥʳʤ ʠ ʥʘʟʝʤʥʳʤ 
ʧʨʦʩʪʨʘʥʩʪʚʦʤ, ʘ ʚ ʧʦʩʣʝʜʫʶʱʝʤ, ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ, ʚ ʥʘʨʦʜʥʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʮʝʣʷʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʪʴ ʧʦʨʪʘʪʠʚʥʫʶ ʤʦʜʝʣʴ ʘʵʨʦʩʪʘʪʘ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, 
ʠʩʧʳʪʘʪʴ ʝʛʦ ʚ ʜʝʡʩʪʚʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ʠʟʫʯʠʪʴ ʥʘʫʯʥʫʶ ʠ ʧʦʧʫʣʷʨʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ; ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʧʦʜʲʝʤʥʦʡ 
ʩʠʣʳ (ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ) ʤʦʜʝʣʠ; ʠʟʛʦʪʦʚʠʪʴ ʤʦʜʝʣʴ ʘʵʨʦʩʪʘʪʘ ʠʟ ʧʦʜʨʫʯʥʳʭ 
ʩʨʝʜʩʪʚ; ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʧʨʠ ʧʦʣʝʪʝ ʧʦʨʪʘʪʠʚʥʦʛʦ 
ʘʵʨʦʩʪʘʪʘ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʦʜʝʣʴ ʘʵʨʦʩʪʘʪʘ ʚ ʤʘʩʰʪʘʙʝ 1:3. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʝ 

ʤʦʜʝʣʠ ʘʵʨʦʩʪʘʪʘ. 
ɻʠʧʦʪʝʟʘ: ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʦʨʪʘʪʠʚʥʦʡ ʤʦʜʝʣʠ ʘʵʨʦʩʪʘʪʘ ʠ 

ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ. 
ʄʝʪʦʜʳ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʜʝʤʦʥʩʪʨʘʮʠʷ ʧʦʣʝʪʘ ʘʵʨʦʩʪʘʪʘ, ʵʢʩʧʝʨʠʤʝʥʪ, 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʤʝʩʪʥʦʩʪʴʶ ʢʘʢ ʚ ʚʦʝʥʥʳʭ, ʪʘʢ 
ʠ ʚ ʤʠʨʥʳʭ ʮʝʣʷʭ (ʩʝʣʴʩʢʦʝ, ʣʝʩʥʦʝ ʭʦʟʷʡʩʪʚʦ), ʘ ʪʘʢʞʝ ʢʘʢ ʰʢʦʣʴʥʦʝ 
ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʧʦʣʝʪʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʪʝʤʦʡ ʧʨʦʝʢʪʘ çʇʦʨʪʘʪʠʚʥʳʡ ʘʵʨʦʩʪʘʪè ʙʳʣ 
ʧʨʦʚʝʜʝʥ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʘʪʝʥʪʥʳʡ ʧʦʠʩʢ ʥʘ ʩʘʡʪʝ ʈʦʩʩʠʡʩʢʦʛʦ ʧʘʪʝʥʪʥʦʛʦ 
ʚʝʜʦʤʩʪʚʘ https://www.fips.ru/iiss/search_res.xhtml?faces-redirect=true . 

 ɺ ʭʦʜʝ ʧʘʪʝʥʪʥʦʛʦ ʧʦʠʩʢʘ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠ ʧʘʪʝʥʪʥʘʷ 
ʠʥʬʦʨʤʘʮʠʷ (21 ʜʦʢʫʤʝʥʪ). ɺ ʜʦʢʫʤʝʥʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʦʧʠʩʘʥʠʝ ʠʟʦʙʨʝʪʝʥʠʡ ʢ 
ʧʘʪʝʥʪʘʤ, ʯʝʨʪʝʞʠ. ʇʦʠʩʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʦʩʥʦʚʥʳʝ 
ʯʘʩʪʠ: ʦʙʦʣʦʯʢʘ, ʫʜʝʨʞʠʚʘʶʱʠʝ ʪʨʦʩʳ, ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʛʥʝʪʘʥʠʷ ʛʘʟʘ (ʣʝʛʯʝ 
ʚʦʟʜʫʭʘ) ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʜʲʝʤʘ ʘʵʨʦʩʪʘʪʘ, ʧʣʘʪʬʦʨʤʘ ʜʣʷ 
ʩʧʝʮʦʙʦʨʫʜʦʚʘʥʠʷ ʠʣʠ ʧʝʨʝʚʦʟʢʠ ʛʨʫʟʦʚ, ʰʣʘʥʛʠ ʜʣʷ ʧʦʜʘʯʠ ʛʘʟʘ ʚ ʦʙʦʣʦʯʢʫ ʠʣʠ 
ʛʦʨʝʣʢʠ. ɺʩʝ ʦʥʠ ʠʤʝʶʪ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 
ʤʘʪʝʨʠʘʣʦʚ.  

ʄʦʞʥʦ ʣʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʤʠʥʠ ʘʵʨʦʩʪʘʪ ʧʨʠ 
ʤʠʥʠʤʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪʘʭ? ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʘʙʦʯʝʡ ʛʠʧʦʪʝʟʳ ʙʳʣʠ 
ʠʟʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ ʧʦ ʪʝʤʘʤ çɿʘʢʦʥ ɸʨʭʠʤʝʜʘè, çʇʣʘʚʘʥʠʝ ʩʫʜʦʚ. 
ɺʦʟʜʫʭʦʧʣʘʚʘʥʠʝè. 

ɸʵʨʦʩʪʘӢʪ - ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʘʵʨʦʩʪʘʪʠʯʝʩʢʫʶ ʧʦʜʲʸʤʥʫʶ 
ʩʠʣʫ, ʢʦʪʦʨʘʷ ʩʦʟʜʘʸʪʩʷ ʟʘʢʣʶʯʸʥʥʳʤ ʚ ʛʘʟʦʥʝʧʨʦʥʠʮʘʝʤʫʶ ʦʙʦʣʦʯʢʫ ʛʘʟʦʤ 
(ʚʦʜʦʨʦʜ, ʛʝʣʠʡ, ʥʘʛʨʝʪʳʡ ʚʦʟʜʫʭ) ʩ ʤʝʥʴʰʝʡ, ʯʝʤ ʫ ʘʪʤʦʩʬʝʨʥʦʛʦ 
ʚʦʟʜʫʭʘ, ʧʣʦʪʥʦʩʪʴʶ. [1]  

ɸʵʨʦʩʪʘʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʩʚʦʙʦʜʥʳʝ, ʧʨʠʚʷʟʥʳʝ ʠ ʫʧʨʘʚʣʷʝʤʳʝ 
(ʜʠʨʠʞʘʙʣʠ). ɺ ʠʥʪʝʨʝʩʫʶʱʠʭ ʤʝʥʷ ʮʝʣʷʭ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʙʳʣʦ ʠʟʫʯʠʪʴ ʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʦ ʧʨʠʚʷʟʥʳʭ ʘʵʨʦʩʪʘʪʘʭ, ʢʦʪʦʨʳʝ ʫʜʝʨʞʠʚʘʶʪʩʷ 
ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʟʝʤʣʝ ʪʨʦʩʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʩʦʪʫ ʠʭ ʧʦʜʲʝʤʘ. 

ɺ ʛʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʧʨʠʚʷʟʥʳʝ ʘʵʨʦʩʪʘʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʟʘʛʨʘʞʜʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʘʥʠʷ ʦʛʥʷ ʘʨʪʠʣʣʝʨʠʠ. ʇʝʨʚʳʝ ʫʩʧʝʭʠ 
ʘʵʨʦʩʪʘʪʯʠʢʠ ʧʦʢʘʟʘʣʠ ʚ ʥʝʙʝ ʄʦʩʢʚʳ ʫʞʝ 23 ʠʶʣʷ 1941 ʛʦʜʘ. ʅʘʜ ʄʦʩʢʚʦʡ 
ʘʵʨʦʩʪʘʪʘʤʠ ʟʘʛʨʘʞʜʝʥʠʷ ʙʳʣʦ ʫʥʠʯʪʦʞʝʥʦ ʥʝ ʤʝʥʝʝ 150 ʩʘʤʦʣʸʪʦʚ ʚʨʘʛʘ. ɺ 1943 
ʛʦʜʫ ʄʦʩʢʚʫ ʟʘʱʠʱʘʣʠ 440 ʟʘʛʨʘʜʠʪʝʣʴʥʳʭ ʧʦʩʪʦʚ, ʘ ʚʩʝʛʦ ʥʘ ʬʨʦʥʪʘʭ ʚ ʚʦʟʜʫʭ 
ʧʦʜʥʠʤʘʣʦʩʴ ʦʢʦʣʦ ʪʨʸʭ ʪʳʩʷʯ ʘʵʨʦʩʪʘʪʦʚ. [2] 

https://www.fips.ru/iiss/search_res.xhtml?faces-redirect=true
https://bigenc.ru/c/letatel-nyi-apparat-ed614a
https://bigenc.ru/c/pod-iomnaia-sila-716525
https://bigenc.ru/c/vodorod-7c381b
https://bigenc.ru/c/gelii-9d40bf
https://bigenc.ru/c/plotnost-veshchestva-dacc8e
https://bigenc.ru/c/dirizhabl-86371d
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʚʷʟʥʳʝ ʘʵʨʦʩʪʘʪʳ, ʢʘʢ ʠ ʚ ʧʨʦʰʣʦʤ, ʩʦʩʪʦʷʪ ʠʟ 
ʢʘʧʣʝʚʠʜʥʦʛʦ ʙʘʣʣʦʥʘ-ʦʙʦʣʦʯʢʠ ʩ ʭʚʦʩʪʦʚʳʤʠ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ. ɹʘʣʣʦʥ 
ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʪʢʘʥʠ ʠʣʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʘʧʨʘʚʣʷʶʪ ʘʵʨʦʩʪʘʪ ʚʦʜʦʨʦʜʦʤ.  
 ɸʵʨʦʩʪʘʪ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʙʥʦʡ ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ ʨʘʟʚʝʜʢʠ.  
ɼʣʷ ʦʭʨʘʥʳ ʨʦʩʩʠʡʩʢʠʭ ʦʙʲʝʢʪʦʚ ʚ ʉʠʨʠʠ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠʚʷʟʥʳʝ ʘʵʨʦʩʪʘʪʳ ʩ 
ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʪʘʥʮʠʷʤʠ, ʩʧʦʩʦʙʥʳʝ ʥʝʩʪʠ ʜʝʞʫʨʩʪʚʦ ʩʫʪʢʘʤʠ, ʩʣʝʜʠʪʴ ʟʘ 
ʤʝʩʪʥʦʩʪʴʶ ʩ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʛʦ ʨʘʢʫʨʩʘ. ʇʫʥʢʪ ʥʘʙʣʶʜʝʥʠʷ ʥʘ ʙʘʟʝ ʧʨʠʚʷʟʥʦʛʦ 
ʘʵʨʦʩʪʘʪʘ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʩʨʝʜʩʪʚ ʈʕɹ. 

ɺ ʦʩʥʦʚʝ ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʷ ʣʝʞʠʪ ʚʩʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʟʘʢʦʥ ɸʨʭʠʤʝʜʘ: ʥʘ 
ʪʝʣʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʛʘʟʝ (ʚʦʟʜʫʭʝ), ʜʝʡʩʪʚʫʝʪ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ, ʨʘʚʥʘʷ ʚʝʩʫ ʛʘʟʘ 
ʚ ʦʙʲʝʤʝ ʪʝʣʘ. [3]  

ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ ʧʣʘʚʘʥʠʷ ʪʝʣ, ʜʣʷ ʧʣʘʚʘʥʠʷ ʤʦʝʛʦ ʘʵʨʦʩʪʘʪʘ ʚ ʚʦʟʜʫʭʝ, 
ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʦʜʲʸʤʥʘʷ ʩʠʣʘ (ʘʨʭʠʤʝʜʦʚʘ ʩʠʣʘ) ʢʦʤʧʝʥʩʠʨʦʚʘʣʘ ʩʠʣʫ 
ʘʵʨʦʩʪʘʪʘ: FA = Fʪ (1). ʅʦ ʯʪʦʙʳ ʘʵʨʦʩʪʘʪ ʧʦʜʥʠʤʘʣʩʷ ʚʚʝʨʭ ʚʳʪʘʣʢʠʚʘʶʱʘʷ ʩʠʣʘ 
ʙʳʣʘ ʙʦʣʴʰʝ ʩʠʣʳ ʪʷʞʝʩʪʠ FA  Fʪ. ʀʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʳ ʠʟ ʢʫʨʩʘ ʬʠʟʠʢʠ, ʨʘʩʧʠʰʝʤ 
ʢʘʞʜʫʶ ʩʠʣʫ ʠʟ ʫʢʘʟʘʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ. ʇʦʣʫʯʠʤ, ʯʪʦ Fʪ = MʘʵʨĿg (2), ʛʜʝ ʄ ï ʵʪʦ ʦʙʱʘʷ 
ʤʘʩʩʘ: ʦʙʦʣʦʯʢʠ ʘʵʨʦʩʪʘʪʘ (mʦʙ), ʤʘʩʩʘ ʛʝʣʠʷ (mʅʝ), ʦʙʨʫʯʘ (mʦ), ʚʝʨʝʚʦʯʢʠ (mʪʨʦʩ), 
ʢʘʙʝʣʷ ʜʣʷ ʢʘʤʝʨʳ (mʢ), ʧʣʦʱʘʜʢʠ ʜʣʷ ʛʨʫʟʘ (ʚʠʜʝʦ ʢʘʤʝʨʳ) (mʛʨʫʟ), g ï ʫʩʢʦʨʝʥʠʝ 
ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ï 9,82 ʅ/ʢʛ. ɺ ʢʘʯʝʩʪʚʝ ʛʘʟʘ, ʢʦʪʦʨʳʤ ʙʫʜʝʪ ʥʘʧʦʣʥʷʪʴʩʷ ʘʵʨʦʩʪʘʪ, 
ʚʳʙʨʘʥ ʛʝʣʠʡ - ʛʘʟ, ʢʦʪʦʨʳʡ ʣʝʛʯʝ ʚʦʟʜʫʭʘ ʠ ʙʝʟʦʧʘʩʥʝʝ ʚʦʜʦʨʦʜʘ.  ɺʳʪʘʣʢʠʚʘʶʱʘʷ 
ʩʠʣʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ FA = ɟʚĿgĿVʘʵʨ (3), ʛʜʝ ɟʚ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, Vʘʵʨ ï ʦʙʲʝʤ 
ʘʵʨʦʩʪʘʪʘ. ʇʦʜʩʪʘʚʠʤ ʚ ʨʘʚʝʥʩʪʚʦ (1) ʚʳʨʘʞʝʥʠʷ (2) ʠ (3):  

ɟHeĿVʘʵʨ + mʦʙ + mʧʣʘʪʬ + mʦ + mʢ + mʪʨʦʩ + mʛʨʫʟ = ɟʚĿVʘʵʨ  

ɺʳʨʘʟʠʤ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʤʘʩʩʫ ʛʨʫʟʘ, ʢʦʪʦʨʫʶ ʤʦʞʝʪ ʧʦʜʥʷʪʴ 
ʧʦʨʪʘʪʠʚʥʳʡ ʘʵʨʦʩʪʘʪ ʥʘ ʩʚʦʡ ʙʦʨʪ: mʛʨʫʟ = Vʘʵʨ Ŀ (ɟʚ - ɟHe) ï (mʦʙ + mʦ + mʧʣʘʪʬ + mʢ + 
mʪʨʦʩ). 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ:  

ʇʣʦʱʘʜʴ 
ʧʦʚʝʨʭʥʦʩʪʠ 
ʘʵʨʦʩʪʘʪʘ 

ʆʙʲʝʤ 
ʛʘʟʘ 

ʄʘʩʩʘ 
ʦʙʦʣʦʯʢʠ 

mʦʙ 

ʄʘʩʩʘ 
ʦʙʨʫʯʘ 

mʦ 
 

ʄʘʩʩʘ 
ʧʣʘʪʬʦʨʤʳ 

mʧʣʘʪʬ 

ʄʘʩʩʘ 
ʪʨʦʩʘ 
mʪʨʦʩ 

ʄʘʩʩʘ 
ʢʘʙʝʣʷ 

mʢ 

4,3 ʤĮ 0,42 ʤį 125 ʛ 155 ʛ 10 ʛ 2ʛ 50 ʛ 

 
ʇʦʜʩʪʘʚʣʷʷ ʚʳʯʠʩʣʝʥʥʳʡ ʨʘʥʝʝ ʦʙʲʸʤ ʰʘʨʘ ʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʛʝʣʠʷ, 

ʠʤʝʝʤ: mʛʨʫʟ = 0,42 ʤį Ŀ (1,29 
̋̄

̍
 ï 0,1784 

̋̄

̍
) ï (0,125 ʢʛ +0,155 ʢʛ + 0,01 ʢʛ +0,002 ʢʛ + 

0,05 ʢʛ) = 0,174872 ʢʛ  
ʄʦʡ ʧʦʨʪʘʪʠʚʥʳʡ ʘʵʨʦʩʪʘʪ ʤʦʞʝʪ ʧʦʜʥʷʪʴ ʛʨʫʟ, ʤʘʩʩʘ ʢʦʪʦʨʦʛʦ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 174 ʛ. ʕʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʧʣʘʪʬʦʨʤʝ ʚʠʜʝʦ 
ʢʘʤʝʨʫ ʜʣʷ ʢʦʧʪʝʨʦʚ, ʪ.ʢ. ʤʘʩʩʘ ʝʝ ʧʨʠʤʝʨʥʦ ʥʝ ʙʦʣʝʝ 30 ʛ. 

ʈʘʙʦʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘʯʘʪʘ ʩ ʩʦʟʜʘʥʠʷ ʩʭʝʤʳ (ʩʤ.ʈʠʩ.1 ʠ 
ʈʠʩ.2). 
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ʈʠʩ.1. ʉʭʝʤʘ ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʵʨʦʩʪʘʪʘ        ʈʠʩ. 2. ʉʭʝʤʘ ʧʨʠʚʷʟʥʦʛʦ ʘʵʨʦʩʪʘʪʘ 
ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʠ ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʵʨʦʩʪʘʪʘ ʚ ʤʘʩʰʪʘʙʝ 1:3 

ʧʦʥʘʜʦʙʠʣʦʩʴ: 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 
ɽʜʠʥʠʮʘ 
ʠʟʤʝʨʝʥʠʷ 

ʂʦʣ-ʚʦ 
ʎʝʥʘ ʟʘ 
ʝʜʠʥʠʮʫ 

ɿʘʪʨʘʯʝʥʥʘʷ 
ʩʫʤʤʘ, ʨʫʙ. 

ʇʣʝʥʢʘ ʪʦʣʱʠʥʦʡ 40 ʤʢʤ 
ʨʫʢʘʚ 1,5 ʤ 

ʤ 2 50 100 

ʕʣʝʢʪʨʦʢʘʙʝʣʴ-ʢʘʥʘʣ 
ʧʣʘʩʪʠʢʦʚʳʡ 2ʤ 

ʰʪ. 3 100 300 

ʅʠʪʢʘ ʪʝʭʥʠʯʝʩʢʘʷ ʢʘʪʫʰʢʘ 
100 ʤ 

ʰʪ. 1 80 80 

ɻʝʣʠʡ ʛʘʟ ʤį 0,42 3600 1512 

ɺʩʝʛʦ: 1992 ʨʫʙ. 

 
ʉʪʦʠʤʦʩʪʴ ʨʘʩʩʯʠʪʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʡʩ-ʣʠʩʪʦʤ ʊʎ çɻʘʣʘʢʪʠʢʘè ʛʦʨʦʜʘ 

ɼʦʥʝʮʢʘ ɼʅʈ. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʫʩʪʨʦʡʩʪʚʘ ʩʦʩʪʘʚʠʣʠ 1992 
ʨʫʙʣʷ ʧʨʠ ʧʦʢʫʧʢʝ ʚʩʝʭ ʤʘʪʝʨʠʘʣʦʚ (ʦʩʪʘʪʢʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠʛʦʜʷʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ), ʯʪʦ ʥʘ ʧʦʨʷʜʦʢ ʜʝʰʝʚʣʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʜʣʷ ʠʟʚʝʩʪʥʳʭ 
ʮʝʣʝʡ. 

ʇʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʦʜʝʣʠ ʘʵʨʦʩʪʘʪʘ:  
1. ʀʟ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʧʣʝʥʢʠ ʚʳʨʝʟʘʥʳ ʜʚʘ ʢʨʫʛʘ, ʜʠʘʤʝʪʨʦʤ 1,5 ʤ. 
2. ʂʨʘʷ ʜʚʫʭ ʢʨʫʛʦʚ ʩʧʘʷʥʳ ʩ ʧʦʤʦʱʴʶ ʫʪʶʛʘ. ʉʙʦʢʫ ʧʨʠʧʘʷʥʘ ʪʨʫʙʦʯʢʘ ʠʟ 

ʧʣʝʥʢʠ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʦʙʦʣʦʯʢʠ ʛʘʟʦʤ. 
3. ɺʟʷʪʳ 2 ʧʣʘʩʪʠʢʦʚʳʭ ʵʣʝʢʪʨʦʢʘʙʝʣʴ-ʢʘʥʘʣʘ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ 

ʧʨʦʢʣʘʜʢʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʩʥʷʪʴ ʩ ʥʠʭ ʢʨʳʰʢʠ ʠ ʠʟʛʦʪʦʚʠʪʴ ʢʨʫʛʣʳʡ 
ʦʙʨʫʯ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʩʣʫʞʠʪʴ ʢʘʨʢʘʩʦʤ ʜʣʷ ʘʵʨʦʩʪʘʪʘ. ɺ ʢʘʨʢʘʩʝ ʜʨʝʣʴʶ ʥʫʞʥʦ 
ʧʨʦʩʚʝʨʣʠʪʴ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʦʙʦʣʦʯʢʠ ʩ ʧʦʤʦʱʴʶ ʥʠʪʦʢ. ʂ ʵʪʠʤ ʞʝ 
ʦʪʚʝʨʩʪʠʷʤ ʢʨʝʧʠʪʩʷ ʛʨʫʟ (ʢʘʤʝʨʘ ʥʘ ʧʣʦʱʘʜʢʝ) ʠ ʫʜʝʨʞʠʚʘʶʱʠʡ ʪʨʦʩʠʢ. 

4. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʙʝʜʢʠ ʥʫʞʥʦ ʚʟʷʪʴ ʜʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʢʨʳʰʢʠ ʦʪ 
ʙʘʥʦʢ ʠ ʥʝʙʦʣʴʰʦʡ ʜʝʨʝʚʷʥʥʳʡ ʮʠʣʠʥʜʨ (ʢʫʩʦʯʝʢ ʨʫʯʢʠ ʦʪ ʣʦʧʘʪʳ). ɺ ʮʠʣʠʥʜʨʝ 
ʧʨʦʩʚʝʨʣʠʪʴ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʦʩʠ. ʆʩʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʰʧʠʣʴʢʠ ʩ 
ʨʝʟʴʙʦʡ ʄ8. ɺ ʮʠʣʠʥʜʨ ʚʩʪʘʚʣʷʝʪʩʷ ʦʩʴ, ʢ ʥʝʡ ʛʘʡʢʘʤʠ ʧʨʠʢʨʫʯʠʚʘʶʪʩʷ ʢʨʫʛʣʳʝ 
ʢʨʳʰʢʠ. ʀʟ ʜʦʩʢʠ ʥʫʞʥʦ ʚʳʧʠʣʠʪʴ ʦʧʦʨʳ ʜʣʷ ʢʘʪʫʰʢʠ ʣʝʙʝʜʢʠ, ʩʢʨʝʧʠʪʴ ʠʭ 
ʩʘʤʦʨʝʟʘʤʠ ʧʦ ʜʝʨʝʚʫ. ʆʩʴ ʩʦʛʥʫʪʴ ʚ ʚʠʜʝ ʨʫʯʢʠ ʜʣʷ ʚʨʘʱʝʥʠʷ. 

ʅʘ ʢʘʪʫʰʢʫ ʣʝʙʝʜʢʠ ʧʨʠʢʨʝʧʠʣ ʪʝʭʥʠʯʝʩʢʫʶ ʥʠʪʴ, ʢʦʪʦʨʘʷ ʚʳʧʦʣʥʷʝʪ ʨʦʣʴ 
ʪʨʦʩʠʢʘ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʘʵʨʦʩʪʘʪʘ ʧʨʠ ʧʦʜʲʝʤʝ. 

ʃʠʥʟʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ ʘʵʨʦʩʪʘʪʘ ʚʳʙʨʘʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɸ ʪʘʢʞʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 
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ʵʣʝʢʪʨʦʢʘʙʝʣʴ-ʢʘʥʘʪʘ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʩʦʟʜʘʝʪ ʧʨʦʩʪʦʡ ʢʘʨʢʘʩ 
ʘʵʨʦʩʪʘʪʘ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʝʣʠ ʘʵʨʦʩʪʘʪʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʟʨʘʯʥʘʷ ʧʣʸʥʢʘ.  
ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʵʨʦʩʪʘʪʘ ʚ ʚʦʝʥʥʳʭ ʮʝʣʷʭ ʮʚʝʪ ʧʣʝʥʢʠ ʙʫʜʝʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʤʘʩʢʠʨʦʚʢʝ ʥʘ ʬʦʥʝ ʥʝʙʘ. ɺ ʩʣʫʯʘʝ ʧʨʦʙʠʪʠʷ ʦʙʦʣʦʯʢʠ, ʧʨʦʠʟʦʡʜʝʪ 
ʩʧʫʩʢ ʚ ʨʝʞʠʤʝ ʧʘʨʘʰʶʪʘ. 

ʀʟ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ ʬʠʟʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʚʳʩʦʪʳ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠʟʤʝʥʷʝʪʩʷ.  

ʇʨʦʚʝʜʝʤ ʨʘʩʯʝʪʳ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʥʘ ʜʝʥʴ ʟʘʧʫʩʢʘ 
ʤʦʜʝʣʠ. 24 ʤʘʨʪʘ 2024ʛ. ï ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 10 0ʉ (10 + 273ʂ = 283ʂ), 
ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ 739 ʤʤ.ʨʪ.ʩʪ. (739 ʤʤ.ʨʪ.ʩ. Ŀ133,3 ʇʘ = 98508,7ʇʘ) 

ʈʘʩʩʯʠʪʘʝʤ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʧʝʡʨʦʥʘ: 

ɟʚ = 
̑́ ̓̍

 Ͻ˟
 = 

ȟ˜́

 ̠ ȟ  
ˑ̇

̋ ̄Ͻ̠

 = 1,2126 
̋̄

̍
  1,213

̋̄

̍
, ʛʜʝ R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ ʩʫʭʦʛʦ 

ʚʦʟʜʫʭʘ. 
 ʈʘʩʩʯʠʪʘʝʤ ʤʘʩʩʫ ʛʨʫʟʘ ʧʨʠ ʵʪʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ: 

 mʛʨʫʟ = 0,42 ʤį Ŀ (1,29 
̋̄

̍
 ï 0,213 

̋̄

̍
) ï (0,125 ʢʛ +0,155 ʢʛ + 0,01 ʢʛ +0,002 ʢʛ + 0,05 

ʢʛ) = 0,11234 ʢʛ. ʇʦʜʥʷʪʴ ʥʘ ʙʦʨʪ ʘʵʨʦʩʪʘʪʘ ʤʦʞʥʦ ʛʨʫʟ ʥʝ ʙʦʣʝʝ 112 ʛ, ʯʪʦʙʳ ʘʵʨʦʩʪʘʪ 
ʚʟʣʝʪʝʣ. 

ʇʦʚʪʦʨʥʳʡ ʟʘʧʫʩʢ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʧʦʤʝʱʝʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭʘ 18 0ʉ 
(291ʂ) ʧʨʠ ʪʦʤ ʞʝ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ.  

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʢʦʤʥʘʪʝ:     

 ɟʚ = 
̑́ ̓̍

 Ͻ˟
 = 

ȟ˜́

 ̠ ȟ  
ˑ̇

̋ ̄Ͻ̠

  1,1793 
̋̄

̍
  

ʄʘʩʩʘ ʛʨʫʟʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʜʥʷʪʴ ʤʦʜʝʣʴ: 

mʛʨʫʟ = 0,42 ʤį Ŀ (1,29 
̋̄

̍
 ï 0,1793 

̋̄

̍
) ï (0,125 ʢʛ +0,155 ʢʛ + 0,01 ʢʛ +0,002 ʢʛ + 0,05 

ʢʛ)  0,124  ʢʛ  
ʇʦʜʥʷʪʴ ʥʘ ʙʦʨʪ ʘʵʨʦʩʪʘʪʘ ʤʦʞʥʦ ʛʨʫʟ ʥʝ ʙʦʣʝʝ 124 ʛ.  ʄʘʩʩʘ ʚʠʜʝʦ ʢʘʤʝʨʳ 

28ʛ., ʟʘʧʘʩ ʝʱʝ ʝʩʪʴ.  
ʄʦʡ ʧʦʨʪʘʪʠʚʥʳʡ ʘʵʨʦʩʪʘʪ ʚʟʣʝʪʝʣ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ! ʄʦʠ ʨʘʩʯʝʪʳ ʚʝʨʥʳ! 

ʇʦʜʲʝʤ ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʵʨʦʩʪʘʪʘ ʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʧʦ ʩʩʳʣʢʝ 
https://disk.yandex.ru/i/K6Gye1lyQwpxSg 

ʋ ʤʝʥʷ ʧʦʣʫʯʠʣʦʩʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 
ʧʦʨʪʘʪʠʚʥʫʶ ʤʦʜʝʣʴ ʧʦʨʪʘʪʠʚʥʦʛʦ ʘʵʨʦʩʪʘʪʘ ʠ ʜʦʢʘʟʘʪʴ ʛʠʧʦʪʝʟʫ.  ɺ ʭʦʜʝ ʨʘʙʦʪʳ 
ʧʦʥʷʣ ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʧʦʣʝʪʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʪʠʧʘ 
ʧʨʠʚʷʟʥʦʡ ʘʵʨʦʩʪʘʪ.  

ʄʦʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ: ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʜʣʷ ʦʙʦʣʦʯʢʠ, 
ʢʦʪʦʨʳʡ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʫʜʝʪ ʥʝ ʧʨʦʧʫʩʢʘʪʴ ʛʘʟ ʠʟ ʘʵʨʦʩʪʘʪʘ; ʥʘ ʢʘʨʢʘʩ-ʦʙʨʫʯ ʤʦʞʥʦ 
ʫʢʨʝʧʠʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʤʦʜʝʣʴ ʩʪʘʥʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʤ ʣʝʪʥʳʤ ʘʧʧʘʨʘʪʦʤ). 
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https://histrf.ru/ - 2012. - URL:  https://histrf.ru/read/articles/kak-voievali-
dirizhabli-v-vielikuiu-otiechiestviennuiu (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.01.2024). 

3. ʇʝʨʳʰʢʠʥ ʀ.ʄ. ʌʠʟʠʢʘ 7 ʢʣʘʩʩ : ʫʯʝʙʥʠʢ/ ʀ.ʄ.ʇʝʨʳʰʢʠʥ, ɸ.ʀ.ʀʚʘʥʦʚ. ï 
2-ʝ ʠʟʜ. ʩʪʝʨʝʦʪʠʧʥʦʝ ï ʄʦʩʢʚʘ : ʇʨʦʩʚʝʱʝʥʠʝ, 2022. ï 240ʩ. - ʊʝʢʩʪ : 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ. 

 
 

https://disk.yandex.ru/i/K6Gye1lyQwpxSg
https://bigenc.ru/s?q=аэростат&p=1
https://histrf.ru/
https://histrf.ru/read/articles/kak-voievali-dirizhabli-v-vielikuiu-otiechiestviennuiu
https://histrf.ru/read/articles/kak-voievali-dirizhabli-v-vielikuiu-otiechiestviennuiu
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ʂɸʂ çʆɾʀɺʀʊʔè ʉʄɸʈʊʌʆʅ 

ʏʝʨʢʘʰʠʥ ɼʘʥʠʠʣ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ  ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

çʛʠʤʥʘʟʠʷ ˉ 7 ʠʤʝʥʠ ɹʘʰʠʣʦʚʘ ʠ.ʷ.è 
8 ʢʣʘʩʩ 

ɻ. ʂʨʘʩʥʦʷʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʫʜʴʠʥʘ ʊʘʪʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʤʘʪʝʤʘʪʠʢʠ 

 
ʄʳ ʧʦʣʴʟʫʝʤʩʷ ʤʦʙʠʣʴʥʳʤʠ ʪʝʣʝʬʦʥʘʤʠ ʢʘʞʜʳʡ ʜʝʥʴ. ʉʤʘʨʪʬʦʥ ʵʪʦ 

ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʞʠʟʥʠ ʣʶʜʝʡ, ʠ ʷʚʣʷʝʪʩʷ ʩʨʝʜʩʪʚʦʤ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ 
ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʗ ʥʘʯʘʣ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʣʶʜʠ ʥʝ ʟʘʙʦʪʷʪʩʷ ʦ 
ʟʘʱʠʪʝ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʚʩʝʛʦ ʩʤʘʨʪʬʦʥʘ ʚ ʮʝʣʦʤ. ʀ ʨʝʰʠʣ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʳʝ 
ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦ ʩʤʘʨʪʬʦʥʦʤ ʠ 
ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʦʯʪʠ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʠʤʝʝʪ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ. 
ʅʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʧʦʚʩʝʜʥʝʚʥʫʶ ʨʫʪʠʥʫ ʣʶʙʦʛʦ ʠʟ ʥʘʩ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʩʦʚʨʝʤʝʥʥʳʭ çʩʨʝʜʩʪʚ ʩʚʷʟʠè. ʅʘ ʦʩʥʦʚʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʢ ʢʦʥʮʫ 2016 ʛʦʜʘ ʧʦ 
ʚʩʝʤʫ ʤʠʨʫ ʚʣʘʜʝʣʴʮʘʤʠ ʩʤʘʨʪʬʦʥʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʜʚʫʭ ʤʠʣʣʠʘʨʜʦʚ ʯʝʣʦʚʝʢ, ʯʪʦ 
ʩʦʩʪʘʚʣʷʝʪ ʧʦʯʪʠ ʯʝʪʚʝʨʪʴ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ. ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʶʜʠ ʜʦʚʝʨʷʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʩʨʝʜʩʪʚʘʤ ʩʚʷʟʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʤʘʨʪʬʦʥʘʤ ʠ ʧʣʘʥʰʝʪʘʤ. ʇʦʪʦʤʫ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʦ 
ʟʘʱʠʪʝ ʣʠʯʥʳʭ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʠʭ ʩʦʭʨʘʥʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʘ: ʃʶʜʠ ʥʝ ʟʘʙʦʪʷʪʩʷ ʦ ʜʘʥʥʳʭ ʥʘ ʩʚʦʝʤ ʩʤʘʨʪʬʦʥʝ, ʯʪʦ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ ʫʪʝʨʝ ʠʣʠ ʭʠʱʝʥʠʶ ʣʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʀʟʫʯʠʪʴ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 
ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʩʪʫʧʘ ʢ ʩʤʘʨʪʬʦʥʫ. 

ɿʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʠʩʪʦʨʠʶ ʩʦʟʜʘʥʠʷ ʩʤʘʨʪʬʦʥʘ ʠ ʝʛʦ ʫʩʪʨʦʡʩʪʚʦ.  
2. ʈʘʩʩʤʦʪʨʝʪʴ ʚʩʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ. 
3. ʀʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʘʟʙʣʦʢʠʨʦʚʢʠ ʩʤʘʨʪʬʦʥʦʚ. 
4. ʉʨʘʚʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ. 
5. ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʥʝ ʚʢʣʶʯʝʥʠʷ ʩʤʘʨʪʬʦʥʦʚ 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʉʤʘʨʪʬʦʥʳ 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:   
ɸʥʘʣʠʟ ʠ ʩʠʥʪʝʟ 
ʉʨʘʚʥʝʥʠʝ 
ʆʙʦʙʱʝʥʠʝ 
ɸʢʪʫʘʣʴʥʦʩʪʴ.  ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʩʤʘʨʪʬʦʥʳ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 

ʞʠʟʥʠ ʣʶʜʝʡ. ʆʜʥʘʢʦ ʠʥʦʛʜʘ ʦʥʠ ʤʦʛʫʪ ʧʝʨʝʩʪʘʪʴ ʨʘʙʦʪʘʪʴ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ. ʄʦʸ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʞʝʪ ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʩʤʘʨʪʬʦʥʳ ʤʦʛʫʪ ʥʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʠ 
ʤʝʪʦʜʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ.  

ʏʪʦ ʪʘʢʦʝ ʩʤʘʨʪʬʦʥ? 
ʉʤʘʨʪʬʦʥ ð ʵʪʦ ʫʤʥʳʡ ʤʦʙʠʣʴʥʳʡ ʪʝʣʝʬʦʥ. ʋʩʪʨʦʡʩʪʚʦ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ 

ʤʦʞʥʦ ʟʚʦʥʠʪʴ, ʦʪʧʨʘʚʣʷʪʴ ʧʠʩʴʤʘ. ʊʘʢʞʝ ʥʘ ʥʝʛʦ ʤʦʞʥʦ ʩʢʘʯʠʚʘʪʴ ʧʨʦʛʨʘʤʤʳ, ʠʛʨʳ, 
ʩʥʠʤʘʪʴ ʬʦʪʦ ʠ ʚʠʜʝʦ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʧʦʧʘʩʪʴ ʚ ʠʥʪʝʨʥʝʪ, ʨʝʜʘʢʪʠʨʦʚʘʪʴ 
ʜʦʢʫʤʝʥʪʳ ʦʥʣʘʡʥ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʅʘʟʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘ 
smartphone (ʫʤʥʳʡ ʪʝʣʝʬʦʥ). ʉʦʚʨʝʤʝʥʥʳʡ ʛʘʜʞʝʪ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʩʝʥʩʦʨʥʳʡ ʵʢʨʘʥ, 
ʩʦʪʥʠ ʬʫʥʢʮʠʡ ʠ ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʥʦʡ ʚʝʨʩʠʝʡ ʢʘʨʤʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 
ʢʦʤʧʴʶʪʝʨʘ. 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ 
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9 ʷʥʚʘʨʷ 2007 ʛʦʜʘ ð ʜʝʥʴ, ʠʟʤʝʥʠʚʰʠʡ ʤʠʨ. ʆʩʥʦʚʘʪʝʣʴ ʢʦʨʧʦʨʘʮʠʠ Apple ʉʪʠʚ 
ɼʞʦʙʩ, ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ Macworld Expo ʧʨʝʟʝʥʪʦʚʘʣ ʤʠʨʫ iPhone ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 
ʈʘʟʨʘʙʦʪʢʘ ʛʘʜʞʝʪʘ ʟʘʥʷʣʘ 2,5 ʛʦʜʘ ʠ ʧʨʦʭʦʜʠʣʘ ʚ ʩʪʨʦʞʘʡʰʝʡ ʩʝʢʨʝʪʥʦʩʪʠ. ɺ ʧʨʦʜʘʞʫ 
iPhone ʧʦʩʪʫʧʠʣ 29 ʠʶʥʷ 2007 ʛʦʜʘ ʠ ʤʦʤʝʥʪʘʣʴʥʦ ʩʪʘʣ ʩʚʝʨʭʧʦʧʫʣʷʨʥʳʤ. ʊʦʛʜʘ ʞʝ 
ʉʪʠʚ ɼʞʦʙʩ ʚʧʝʨʚʳʝ ʧʨʝʜʩʪʘʚʠʣ ʬʠʨʤʝʥʥʫʶ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʜʣʷ ʪʝʣʝʬʦʥʦʚ 
Apple ð iPhone OS (iOS). ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘ ʤʦʤʝʥʪ ʚʳʭʦʜʘ ʚʧʝʯʘʪʣʷʣʠ.128 ʄʙ 
ʦʧʝʨʘʪʠʚʥʦʡ ʧʘʤʷʪʠ, ʦʪ 4 ʜʦ 8 ɻɹ ʧʦʩʪʦʷʥʥʦʡ, ʢʘʤʝʨʘ ʥʘ 2 ʄʧ ʠ ʧʨʦʮʝʩʩʦʨ Samsung, 
ʵʢʨʘʥ ʩ ʨʘʟʨʝʰʝʥʠʝʤ 320 ʭ 480. ʊʝʣʝʬʦʥ ʠʤʝʣ ʩʪʠʣʴʥʳʡ ʤʠʥʠʤʘʣʠʩʪʠʯʥʳʡ ʜʠʟʘʡʥ, 
ʙʦʣʴʰʦʡ ʵʢʨʘʥ ʠ ʧʦʣʥʦʮʝʥʥʳʡ ʩʝʥʩʦʨʥʳʡ ʜʠʩʧʣʝʡ.  

ʋʩʪʨʦʡʩʪʚʦ ʩʤʘʨʪʬʦʥʘ 

 
 

ɿʘ ʧʦʩʣʝʜʥʠʝ 5ï7 ʣʝʪ ʨʦʣʴ ʩʤʘʨʪʬʦʥʦʚ ʚ ʞʠʟʥʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ ʧʨʠʦʙʨʝʪʘʝʪ 
ʤʘʩʩʦʚʳʡ ʭʘʨʘʢʪʝʨ. ɺ ʩʤʘʨʪʬʦʥʘʭ ʭʨʘʥʠʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʡ 
ʠʥʬʦʨʤʘʮʠʠ. ɿʘʱʠʪʘ ʵʪʠʭ ʜʘʥʥʳʭ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ï ʢʨʠʪʠʯʝʩʢʠ 
ʚʘʞʥʘʷ ʟʘʜʘʯʘ, ʠ ʝʸ ʠʛʥʦʨʠʨʦʚʘʥʠʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʝʨʴʸʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, 
ʚʢʣʶʯʘʷ ʬʠʥʘʥʩʦʚʳʝ ʧʦʪʝʨʠ, ʢʨʘʞʫ ʣʠʯʥʳʭ ʜʘʥʥʳʭ ʠ ʫʱʝʨʙ ʨʝʧʫʪʘʮʠʠ. ʇʦʵʪʦʤʫ 
ʚʦʧʨʦʩ ʟʘʱʠʪʳ ʜʘʥʥʳʭ ʥʘ ʩʤʘʨʪʬʦʥʝ ʚʳʭʦʜʠʪ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ ʧʨʦʩʪʦʛʦ ʫʜʦʙʩʪʚʘ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʧʨʦʩʦʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʣʠʯʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ.  

ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʟʘʱʠʪʳ ʜʘʥʥʳʭ 
1) PIN-ʢʦʜ 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʝʜʝʥʠʠ ʟʘʜʘʥʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʠʩʝʣ. ɼʣʠʥʘ PIN-ʢʦʜʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 4 ʩʠʤʚʦʣʦʚ ʠ 
ʙʦʣʝʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʩʪʠ ʧʘʨʦʣʷ.  

2) ʛʨʘʬʠʯʝʩʢʠʡ ʢʣʶʯ 
ʵʪʦʪ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʯʘʱʝ ʚʩʝʛʦ ʚʣʘʜʝʣʴʮʘʤʠ Android-ʩʤʘʨʪʬʦʥʦʚ. ʉʘʤ 

ʛʨʘʬʠʯʝʩʢʠʡ ʢʣʶʯ ʧʦ ʩʚʦʝʤʫ ʧʨʠʥʮʠʧʫ ʩʭʦʞ ʩ PIN-ʢʦʜʦʤ ʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʙʦʣʝʝ ʙʳʩʪʨʳʤ 
ʘʥʘʣʦʛʦʤ, ʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʥʝʧʨʝʨʳʚʥʫʶ ʣʠʥʠʶ, ʬʦʨʤʘ ʢʦʪʦʨʦʡ 
ʦʛʨʘʥʠʯʝʥʘ ʬʘʥʪʘʟʠʝʡ ʚʣʘʜʝʣʴʮʘ ʘʧʧʘʨʘʪʘ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʨʰʠʥ, ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʭ 
ʜʣʷ ʚʚʦʜʘ ʢʣʶʯʘ. ʧʘʨʦʣʴ 

ʕʪʦ ʧʨʦʠʟʚʦʣʴʥʳʡ ʥʘʙʦʨ ʩʠʤʚʦʣʦʚ (ʣʘʪʠʥʩʢʠʭ ʙʫʢʚ ʠ ʮʠʬʨ), ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ, 
ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ 32 ʩʠʤʚʦʣʘʤʠ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʟʘʱʠʪʳ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ, ʪʘʢ ʢʘʢ 
ʧʦʜʦʙʨʘʪʴ ʪʘʢʦʡ ʧʘʨʦʣʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ.  

ʇʘʨʦʣʴ ʙʣʦʢʠʨʦʚʢʠ ʵʢʨʘʥʘ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʩʣʠʰʢʦʤ ʧʨʦʩʪʦʡ, ʥʦ ʠ ʥʝ ʩʣʠʰʢʦʤ 
ʩʣʦʞʥʳʡ, ʯʪʦʙʳ ʝʛʦ ʥʝ ʟʘʙʳʪʴ.  

3) ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ 
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ʆʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʩʧʦʩʦʙʦʚ ʙʣʦʢʠʨʦʚʢʠ ʵʢʨʘʥʘ ʷʚʣʷʶʪʩʷ 
ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʦʥʠ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮʘ 
ʠ ʦʪʧʝʯʘʪʢʘ ʧʘʣʴʮʘ, ʦʥʠ ʞʝ Face ID ʠ Touch ID. ʀʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʪʦʤ, ʯʪʦ ʵʪʦ ʩʘʤʳʡ 
ʙʳʩʪʨʳʡ ʠ ʫʜʦʙʥʳʡ ʩʧʦʩʦʙ ʚʭʦʜʘ ʥʘ ʨʘʙʦʯʠʡ ʵʢʨʘʥ, ʪʘʢ ʢʘʢ ʫʩʪʨʦʡʩʪʚʦ ʨʘʩʧʦʟʥʘʸʪ 
ʦʪʧʝʯʘʪʦʢ ʠʣʠ ʣʠʮʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʚʦʜ ʧʘʨʦʣʷ ʚʨʫʯʥʫʶ.  

ʉʦʚʝʪʳ ʜʣʷ ʩʦʭʨʘʥʥʦʩʪʠ ʚʘʰʠʭ ʜʘʥʥʳʭ 
1) ʈʝʛʫʣʷʨʥʦ ʜʝʣʘʪʴ ʨʝʟʝʨʚʥʳʝ ʢʦʧʠʠ.  
2) ʀʩʧʦʣʴʟʦʚʘʪʴ ʦʥʣʘʡʥ ʦʙʣʘʢʦ. ʅʘʧʨʠʤʝʨ Google Photos, mail.ru, iCloud ʠ 

ʧʨʦʯʠʝ.  
3) ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʧʠʨʦʚʘʪʴ ʚʘʞʥʳʝ ʬʘʡʣʳ ʥʘ ʢʦʤʧʴʶʪʝʨ ʠ ʥʘ ʬʣʝʰʢʫ ʠʣʠ 

ʚʥʝʰʥʠʡ ʞʝʩʪʢʠʡ ʜʠʩʢ ʚ ʥʝʩʢʦʣʴʢʠʭ ʵʢʟʝʤʧʣʷʨʘʭ. 
ʆʜʥʘʢʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʥʝ ʧʦʣʴʟʫʶʪʩʷ ʵʪʠʤʠ ʩʧʦʩʦʙʘʤʠ ʟʘʱʠʪʳ ʥʘ 

ʩʚʦʠʭ ʪʝʣʝʬʦʥʘʭ, ʪʘʢ ʢʘʢ ʙʦʷʪʩʷ, ʯʪʦ ʟʘʙʫʜʫʪ ʠʭ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʪʝʨʷʶʪ ʢ ʥʝʤʫ ʜʦʩʪʫʧ. 
ʅʦ ʙʦʷʪʴʩʷ ʵʪʦʛʦ ʥʝ ʩʪʦʠʪ, ʪʘʢ ʢʘʢ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʠʪʴ ʜʦʩʪʫʧ ʢ 
ʪʝʣʝʬʦʥʫ ʧʨʠ ʟʘʙʳʪʦʤ ʧʘʨʦʣʝ. 

ʉʧʦʩʦʙʳ ʨʘʟʙʣʦʢʠʨʦʚʢʠ 
ʈʘʟʙʣʦʢʠʨʦʚʢʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʩʙʨʦʩʘ ʪʝʣʝʬʦʥʘ ʜʦ ʟʘʚʦʜʩʢʠʭ 

ʥʘʩʪʨʦʝʢ, ʪʦ ʝʩʪʴ ʩʪʠʨʘʥʠʷ ʚʩʝʭ ʜʘʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʪʝʣʝʬʦʥ ʙʫʜʝʪ ʢʘʢ ʙʫʜʪʦ ʥʦʚʳʡ ʠʟ 
ʢʦʨʦʙʢʠ.  ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʩʙʨʦʩ ʥʘʩʪʨʦʝʢ, ʥʝ ʠʤʝʷ ʜʦʩʪʫʧʘ ʢ ʨʘʙʦʯʝʤʫ ʵʢʨʘʥʫ, 
ʥʫʞʥʦ ʧʝʨʚʳʤ ʜʝʣʦʤ ʚʚʝʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʝʞʠʤ recovery (ʨʝʞʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ). ɼʣʷ 
ʵʪʦʛʦ ʥʫʞʥʦ ʚʳʢʣʶʯʠʪʴ ʪʝʣʝʬʦʥ (ʥʝ ʚ ʩʧʷʱʠʡ ʨʝʞʠʤ, ʘ ʠʤʝʥʥʦ ʚʳʢʣʶʯʠʪʴ) ʜʘʣʝʝ ʫʞʝ 
ʚ ʚʳʢʣʶʯʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘʞʠʤʘʝʤ ʢʥʦʧʢʫ çpowerè ʠ ʢʥʦʧʢʫ 
çʛʨʦʤʢʦʩʪʴ +è ʧʦʩʣʝ ʵʪʦʛʦ ʦʞʠʜʘʝʤ 6-7 ʩʝʢʫʥʜ. ɼʘʣʝʝ, ʢʦʛʜʘ ʧʦʧʘʣʠ ʚ recovery ʠʱʝʤ 
ʢʥʦʧʢʫ vipe data/factory reset, ʧʦʜʪʚʝʨʞʜʘʝʤ ʦʧʝʨʘʮʠʶ ʩʙʨʦʩʘ. ʅʘʚʠʛʘʮʠʷ ʚ ʤʝʥʶ 
recovery ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʢʥʦʧʦʢ ç+è ʠ ç-è ɿʘʪʝʤ ʧʝʨʝʟʘʛʨʫʞʘʝʤ 
ʫʩʪʨʦʡʩʪʚʦ. ʇʦʩʣʝ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʦ ʩʙʨʦʩʠʪʩʷ ʧʦʣʥʦʩʪʴʶ ʢ ʟʘʚʦʜʩʢʠʤ ʥʘʩʪʨʦʡʢʘʤ ʠ ʠʤ 
ʤʦʞʥʦ ʙʫʜʝʪ ʧʦʣʥʦʮʝʥʥʦ ʧʦʣʴʟʦʚʘʪʴʩʷ. ɼʣʷ ʫʩʪʨʦʡʩʪʚ Apple ʧʨʠʥʮʠʧ ʨʘʟʙʣʦʢʠʨʦʚʢʠ 
ʚʳʛʣʷʜʠʪ ʠʥʘʯʝ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʝʥ ʢʦʤʧʴʶʪʝʨ. ʅʘ ʥʝʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʧʨʦʛʨʘʤʤʫ 
3uTools. ʅʘ ʪʝʣʝʬʦʥʝ ʥʫʞʥʦ ʚʦʡʪʠ ʚ DFU, ʦʥ ʞʝ ʨʝʞʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. ʇʨʦʛʨʘʤʤʘ 
ʩʨʘʟʫ ʦʧʨʝʜʝʣʠʪ ʚʘʰʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʢʘʞʝʪ ʝʛʦ ʤʦʜʝʣʴ, ʩʝʨʠʡʥʳʡ ʥʦʤʝʨ, ʚʝʨʩʠʶ 
ʧʨʦʰʠʚʢʠ, ʠ ʜʨʫʛʠʝ ʜʘʥʥʳʝ. ʅʫʞʥʦ ʥʘʞʘʪʴ ʥʘ ʢʥʦʧʢʫ çʧʨʦʰʠʚʢʘè. ʇʨʦʛʨʘʤʤʘ ʧʦʜʙʝʨʝʪ 
ʥʫʞʥʳʡ ʦʙʨʘʟ ʧʨʦʰʠʚʢʠ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʯʘʪʴ ʥʘ ʚʘʰ ʢʦʤʧʴʶʪʝʨ. ʇʦʩʣʝ 
ʟʘʚʝʨʰʝʥʠʷ ʟʘʛʨʫʟʢʠ ʧʨʦʰʠʚʢʘ ʥʘʯʥʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 

ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʩʦ ʩʤʘʨʪʬʦʥʘʤʠ ʠ ʠʭ ʨʝʰʝʥʠʝ 
ʅʘʠʙʦʣʝʝ ʯʘʩʪʦʝ ʦʙʨʘʱʝʥʠʝ ʚ ʩʝʨʚʠʩʥʳʡ ʮʝʥʪʨ ï ʵʪʦ ʤʝʭʘʥʠʯʝʩʢʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʪʝʣʝʬʦʥʘ. ʇʨʝʜʫʛʘʜʘʪʴ ʧʘʜʝʥʠʝ ʪʝʣʝʬʦʥʘ ʥʝʚʦʟʤʦʞʥʦ, ʘ ʚʦʪ ʩʥʠʟʠʪʴ 
ʫʨʦʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʘʜʝʥʠʷ ʚʦʟʤʦʞʥʦ. ʏʪʦʙʳ ʩʚʝʩʪʠ ʧʦʩʣʝʜʩʪʚʠʷ ʧʘʜʝʥʠʷ ʢ ʤʠʥʠʤʫʤʫ 
ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʥʳʝ ʯʝʭʣʳ ʠʣʠ ʟʘʱʠʪʥʦʝ ʩʪʝʢʣʦ. ɽʩʣʠ ʧʦʩʣʝ ʧʘʜʝʥʠʷ 
ʠʣʠ ʜʨʫʛʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʣʠʩʴ ʧʦʣʦʩʳ, ʙʠʪʳʝ ʧʠʢʩʝʣʠ 
ʠʣʠ ʪʨʝʱʠʥʳ, ʥʝʦʙʭʦʜʠʤʦ ʟʘʤʝʥʠʪʴ ʜʠʩʧʣʝʡʥʳʡ ʤʦʜʫʣʴ ʚ ʩʝʨʚʠʩʥʦʤ ʮʝʥʪʨʝ.  

çʋʪʦʧʣʝʥʥʳʝè ʩʤʘʨʪʬʦʥʘ ʚʪʦʨʘʷ ʧʦ ʧʦʧʫʣʷʨʥʦʩʪʠ ʥʝʠʩʧʨʘʚʥʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ 
ʦʙʨʘʱʘʶʪʩʷ ʚ ʩʝʨʚʠʩʥʳʡ ʮʝʥʪʨ. ʇʦʩʣʝ ʟʘʣʠʪʠʷ ʪʝʣʝʬʦʥ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʳʭʦʜʠʪ ʠʟ ʩʪʨʦʷ 
ʧʦʣʥʦʩʪʴʶ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʤʦʥʪ ʤʦʞʝʪ ʥʝ ʦʙʦʡʪʠʩʴ ʪʦʣʴʢʦ ʟʘʤʝʥʦʡ ʵʢʨʘʥʘ, ʝʩʪʴ 
ʧʝʨʩʧʝʢʪʠʚʘ, ʯʪʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʚʳʰʣʠ ʠʟ ʩʪʨʦʷ ʧʦʣʥʦʩʪʴʶ ʠʟ-ʟʘ ʚʣʘʛʠ.  

ɺʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʠʭ ʠʣʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʩʤʘʨʪʬʦʥ. ʄʦʨʦʟ ʠ ʞʘʨʘ 
ʦʜʠʥʘʢʦʚʦ ʦʧʘʩʥʳ ʜʣʷ ʩʤʘʨʪʬʦʥʦʚ. ʃʠʪʠʡ-ʠʦʥʥʳʝ ʙʘʪʘʨʝʠ ʙʦʷʪʩʷ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
ʠ ʪʝʨʷʶʪ ʩʚʦʶ ʝʤʢʦʩʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʨʠʪʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʝʨʝʛʨʝʚ 
ʩʤʘʨʪʬʦʥʘ, ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʪʦʞʝ ʧʨʠʚʦʜʠʪ ʢ 
ʥʝʧʨʠʷʪʥʦʩʪʷʤ, ʯʠʧʳ ʦʪʩʣʘʠʚʘʶʪʩʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʫʟʣʳ ʚʳʭʦʜʷʪ ʠʟ ʩʪʨʦʷ.  

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʫʣʴʪʠʤʝʪʨ ʠ ʧʨʦʛʨʘʤʤʘ ZXW. 
ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʩʭʝʤʳ ʧʣʘʪ ʩʤʘʨʪʬʦʥʦʚ. ʀ ʧʦʤʦʱʴʶ 
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ʤʫʣʴʪʠʤʝʪʨʘ ʟʘʤʝʨʷʝʪʩʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʥʫʞʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ 
ʥʦʨʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚ ʧʨʦʛʨʘʤʤʝ. 

 

 
 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʵʪʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʷ ʨʘʩʩʤʦʪʨʝʣ ʧʨʠʯʠʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʩʤʘʨʪʬʦʥʳ ʤʦʛʫʪ 

ʧʝʨʝʩʪʘʪʴ ʨʘʙʦʪʘʪʴ, ʠ ʧʨʝʜʣʦʞʠʣ ʤʝʪʦʜʳ ʠʭ ʫʩʪʨʘʥʝʥʠʷ. ʉʦʙʣʶʜʝʥʠʝ 
ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʠʭ ʤʝʨ ʠ ʨʝʛʫʣʷʨʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʤʘʨʪʬʦʥʘ ʧʦʤʦʛʫʪ ʧʨʦʜʣʠʪʴ ʝʛʦ 
ʞʠʟʥʴ ʠ ʠʟʙʝʞʘʪʴ ʥʝʧʨʠʷʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. https://rskrf.ru/tips/eksperty-obyasnyayut/kak-zashchitit-svoy-smartfon/ 
2. https://www.ptsecurity.com/ru-ru/research/knowledge-base/bezopasnost-mobilnyh-

ustrojstv-chto-proiskhodit-i-kak-zashchititsya/ 
3. https://dzen.ru/a/WtCMqgQitMeRpYoP 
4. https://androidinsider.ru/polezno-znat/kak-razblokirovat-telefon-esli-zabyl-parol-vsyo-

chto-nuzhno-znat.html 
5. https://www.mvideo.ru/blog/lifehacks/kak-razblokirovat-telefon-esli-vy-zabyli-parol 
6. https://news.mail.ru/society/63535061/ 
7. https://hs-store.ru/articles/interesnoe/ustroystvo-smartfona/ 

 
 
 
ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʀ ʄɸʂɽʊɸ ʉʀʉʊɽʄʓ ʈɸɿɺɽʈʊʓɺɸʅʀʗ 

ʉʇʋʊʅʀʂʆɺ çʂʆʉʄʀʏɽʉʂɸʗ ʂɸʊɸʇʋʃʔʊɸè  
ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ 1 

ɸʚʝʨʴʷʥʦʚ ʄʘʪʬʝʡ 2 

1 ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ 
ʊʇʋ, 10 ʢʣʘʩʩ 

2 ʄɸʆʋ ʉʌʄʃ, 9 ʢʣʘʩʩ 
ɸʅʆ ɼʆ ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢʘ 

ʛ. ʊʦʤʩʢ  
 

CubeSat ï ʩʘʤʳʡ ʜʦʩʪʫʧʥʳʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ ʩʧʫʪʥʠʢʦʚ ʜʣʷ ʥʘʫʯʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ-ʟʘ ʧʨʦʩʪʦʪʳ ʩʙʦʨʢʠ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʝʰʝʚʠʟʥʳ ʟʘʧʫʩʢʘ ʟʘʩʯʝʪ 
ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʮʠʦʥʘʣʠʟʘʮʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʥʫʪʨʠ. ʆʜʥʘʢʦ ʧʦʥʷʪʠʝ çʜʝʰʝʚʠʟʥʘè 
ʚʩʝ ʨʘʚʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ. ʆʙʳʯʥʦ ʩʧʫʪʥʠʢʠ ʟʘʧʫʩʢʘʶʪʩʷ ʩ ɿʝʤʣʠ ʩ ʧʦʤʦʱʴʶ 
ʦʜʥʦʨʘʟʦʚʳʭ ʧʫʩʢʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʥʘ ʨʘʢʝʪʘʭ ʥʦʩʠʪʝʣʷʭ, ʮʝʥʘ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʯʫʪʴ 
ʙʦʣʴʰʝ 3 ʤʣʥ. ʨʫʙʣʝʡ [1], ʦʜʥʘʢʦ ʟʘ 2022 ʛʦʜ ʩ ʄʂʉ ʙʳʣʦ ʟʘʧʫʱʝʥʦ 14 ʩʧʫʪʥʠʢʦʚ (1 
ʘʤʝʨʠʢʘʥʩʢʠʡ, 1 ʠʥʜʠʡʩʢʠʡ, 2 ʷʧʦʥʩʢʠʭ ʠ 10 ʨʦʩʩʠʡʩʢʠʭ). ɽʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʥʘ ʩʧʦʩʦʙ 
ʠʭ ʨʘʟʚʝʨʪʳʚʘʥʠʷ, ʪʦ ʠʥʦʩʪʨʘʥʥʳʝ ʩʧʫʪʥʠʢʠ ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʠʟ ʷʧʦʥʩʢʦʛʦ ʤʦʜʫʣʷ 
ʄʂʉ çʂʠʙʦè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ J-SSOD [2], ʧʦ ʦʬʠʮʠʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, 
ʩʫʤʤʘʨʥʘʷ ʮʝʥʘ ʟʘʧʫʩʢʘ ʩ ʝʝ ʧʦʤʦʱʴʶ ʩʦʩʪʘʚʣʷʝʪ 1 975 ʪʳʩʷʯ ʨʫʙʣʝʡ ʟʘ ʢʠʣʦʛʨʘʤʤ 
[3]. J-SSOD ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʧʫʩʪʠʣ ʚ ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩ ʫʞʝ 91 ʘʧʧʘʨʘʪ [2]. 
ʈʦʩʩʠʡʩʢʠʝ ʩʧʫʪʥʠʢʠ ʙʳʣʠ ʚʳʧʫʱʝʥʳ ʢʦʩʤʦʥʘʚʪʦʤ ʆʣʝʛʦʤ ɸʨʪʝʤʴʝʚʳʤ ʚʨʫʯʥʫʶ [4]. 
ɺ ʪʘʙʣʠʮʝ 1 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʚʳʚʦʜʘ ʩʧʫʪʥʠʢʦʚ ʚ ʢʦʩʤʦʩ. 

https://rskrf.ru/tips/eksperty-obyasnyayut/kak-zashchitit-svoy-smartfon/
https://www.ptsecurity.com/ru-ru/research/knowledge-base/bezopasnost-mobilnyh-ustrojstv-chto-proiskhodit-i-kak-zashchititsya/
https://www.ptsecurity.com/ru-ru/research/knowledge-base/bezopasnost-mobilnyh-ustrojstv-chto-proiskhodit-i-kak-zashchititsya/
https://dzen.ru/a/WtCMqgQitMeRpYoP
https://androidinsider.ru/polezno-znat/kak-razblokirovat-telefon-esli-zabyl-parol-vsyo-chto-nuzhno-znat.html
https://androidinsider.ru/polezno-znat/kak-razblokirovat-telefon-esli-zabyl-parol-vsyo-chto-nuzhno-znat.html
https://www.mvideo.ru/blog/lifehacks/kak-razblokirovat-telefon-esli-vy-zabyli-parol
https://news.mail.ru/society/63535061/
https://hs-store.ru/articles/interesnoe/ustroystvo-smartfona/
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ʊʘʙʣʠʮʘ 1 ï ʉʨʘʚʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʚʳʚʝʜʝʥʠʷ ʩʧʫʪʥʠʢʦʚ 

ʉʧʦʩʦʙ ʇʣʶʩʳ ʄʠʥʫʩʳ 

ɿʘʧʫʩʢ ʩ ɿʝʤʣʠ ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ. ɼʦʨʦʛʦ; 
ʇʨʠ ʚʟʣʝʪʝ ʩʦʟʜʘʶʪʩʷ 
ʚʠʙʨʘʮʠʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʧʦʚʨʝʜʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ.  

ɿʘʧʫʩʢ ʨʫʢʦʡ 
ʢʦʩʤʦʥʘʚʪʘ 

ɼʝʰʝʚʦ; 
ʅʝ ʥʫʞʥʦ ʥʠʢʘʢʠʭ 
ʪʝʭʥʦʣʦʛʠʡ 

ɿʘʢʨʫʯʠʚʘʥʠʝ ʪʨʘʝʢʪʦʨʠʠ 
ʩʧʫʪʥʠʢʘ; 
ʊʨʘʝʢʪʦʨʠʶ ʥʝʚʦʟʤʦʞʥʦ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ 

ɿʘʧʫʩʢ ʩ ʧʦʤʦʱʴʶ ʨʫʢʠ-
ʤʘʥʠʧʫʣʷʪʦʨʘ (J-SSOD, 
Nanoracks CubeSat 
Deployer) 

ɺʦʟʤʦʞʥʦ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ 
ʪʨʘʝʢʪʦʨʠʶ ʠ ʤʝʩʪʦ 
ʚʳʧʫʩʢʘ; 
ʉʝʡʩʤʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, 
ʩʤʷʛʯʝʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʟʘʧʫʩʢʦʤ ʩ ʧʦʤʦʱʴʶ 
ʨʘʢʝʪʳ. 

ɼʦʨʦʛʦ; 
ʅʫʞʥʳ ʪʝʭʥʦʣʦʛʠʠ 

 
ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʳʡ ʩʧʦʩʦʙ ʟʘʧʫʩʪʠʪʴ ʩʧʫʪʥʠʢ ʩ ʄʂʉ 

ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʚʳʚʝʜʝʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʥʠʧʫʣʷʪʦʨʦʚ. ʆʥ ʤʘʢʩʠʤʘʣʴʥʦ 
ʩʥʠʞʘʝʪ ʢʦʣʝʙʘʥʠʷ, ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʤʝʩʪʦ ʠ ʦʨʙʠʪʫ ʚʳʧʫʩʢʘ ʠ ʝʛʦ 
ʚʦʟʤʦʞʥʦ ʩʦʚʝʨʰʠʪʴ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʙʝʟ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʯʝʣʦʚʝʢʘ, ʘ ʩʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ 
ʩʧʫʪʥʠʢʘ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ ʥʠʞʝ ʜʨʫʛʠʭ ʧʨʠʚʝʜʝʥʥʳʭ ʩʧʦʩʦʙʦʚ. ʊʘʢʞʝ ʧʦʜʦʙʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʶ ʟʘʧʫʩʢʘ, ʥʦ ʠ ʠʥʳʝ ʬʫʥʢʮʠʠ ʟʘ ʩʯʝʪ 
ʩʤʝʥʥʳʭ ʥʘʩʘʜʦʢ. ʆʜʥʘʢʦ ʝʛʦ ʩʦʟʜʘʥʠʝ ï ʦʯʝʥʴ ʥʘʫʢʦʝʤʢʠʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ 
ʙʦʣʴʰʠʭ ʜʝʥʝʞʥʳʭ ʚʣʦʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʪʘʢʦʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʪʦʣʴʢʦ 
ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʢʨʫʧʥʦʛʦ ʙʠʟʥʝʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ, 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʘʢʪʫʘʣʴʥʳʤ ʚ ʥʘʰʝ ʚʨʝʤʷ, ʪʘʢ 
ʢʘʢ ʫʜʝʰʝʚʣʷʝʪ ʠ ʫʧʨʦʱʘʝʪ ʚʳʚʦʜ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʚ ʢʦʩʤʦʩ, ʘ ʟʥʘʯʠʪ 
ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʧʫʪʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʫʚʝʣʠʯʠʚʘʷ ʥʘʫʯʥʳʡ ʧʦʪʝʥʮʠʘʣ 
ʛʦʩʫʜʘʨʩʪʚʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʦʙʥʳʭ ʫʩʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚ 
ʥʘʰʝ ʚʨʝʤʷ, ʦʩʦʙʝʥʥʦ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʈʦʩʢʦʩʤʦʩ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʟʘʧʫʩʢʝ ʈʦʩʩʠʡʩʢʦʡ 
ʆʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʈʆʉ). ɽʝ ʨʘʟʨʘʙʦʪʢʦʡ ʟʘʥʠʤʘʝʪʩʷ ʈʂʂ çʕʥʝʨʛʠʷè. ɺʚʝʜʝʥʠʝ ʚ 
ʵʢʩʧʣʫʘʪʘʮʠʶ ʟʘʧʣʘʥʠʨʦʚʘʥʦ ʥʘ 2027-2033 ʛʦʜ [5]. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʢʝʪʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʫʧʨʘʚʣʷʝʤʦʡ 
ʩʠʩʪʝʤʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ ʢ ʤʘʶ 2025 ʛʦʜʘ.  

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ:  
Å ʇʨʝʜʦʩʪʘʚʠʪʴ ʤʦʜʝʣʴ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʆʪʚʝʪʩʪʚʝʥʥʳʝ: ɸʚʝʨʴʷʥʦʚ ʄʘʪʬʝʡ, ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ.  
Å ʈʘʟʨʘʙʦʪʘʪʴ ʤʝʭʘʥʠʟʤʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʳʧʦʣʥʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ʆʪʚʝʪʩʪʚʝʥʥʳʝ: ɸʚʝʨʴʷʥʦʚ ʄʘʪʬʝʡ, ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ. 
ɿʘʢʘʟʯʠʢʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʦʛʣʘ ʙʳ ʚʳʩʪʫʧʘʪʴ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ 

ʧʦ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ çʈʦʩʢʦʩʤʦʩè. ʇʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʦʪʨʝʙʠʪʝʣʠ-
ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʟʘʧʫʩʢʦʤ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 
ʥʘʧʨʠʤʝʨ: 

Å ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; 
Å ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 
Å ɸʅʆ ɼʆ ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè; 
Å ʐʢʦʣʳ ʈʦʩʩʠʠ. 

ʉʪʝʡʢʭʦʣʜʝʨʳ ʧʨʦʝʢʪʘ: 
Å ɸʆ çʈʝʰʝʪʥʝʚè; 
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Å ʈʂʂ çʕʥʝʨʛʠʷè; 
Å ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè; 
Å ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʢʦʨʧʦʨʘʮʠʷ ʧʦ ʢʦʩʤʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ çʈʦʩʢʦʩʤʦʩè; 
Å ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʠʤʝʥʠ ʉ. ɸ. ʃʘʚʦʯʢʠʥʘ. 

ʇʦʜʦʙʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʨʘʟʚʝʨʪʳʚʘʪʝʣʝʡ ʚ ʤʠʨʝ ʚʩʝʛʦ ʜʚʘ: J-SSOD (ʗʧʦʥʠʷ)[6] 
ʠ Nanoracks CubeSat Deployer (ʉʐɸ)[7]. ʇʨʠʯʝʤ ʦʙʘ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚʘ ʨʘʙʦʪʘʶʪ ʥʘ ʙʘʟʝ 
ʦʜʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʤʦʜʫʣʝ çʂʠʙʦè, ʚʳʧʦʣʥʷʶʱʝʛʦ ʧʦʤʠʤʦ 
ʟʘʧʫʩʢʘ ʩʧʫʪʥʠʢʦʚ ʝʱʝ ʠ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʢʘʢ ʨʝʤʦʥʪ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʘʥʮʠʠ ʠ 
ʨʘʟʤʝʱʝʥʠʝ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ.  

ʊʘʙʣʠʮʘ 2 ï ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʘʣʦʛʦʚ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʂʦʩʤʠʯʝʩʢʘʷ 
ʢʘʪʘʧʫʣʴʪʘ 
(ʤʘʢʝʪ) 

J-SSOD Nanoracks 

ʈʘʟʤʝʨ ʧʦʣʝʟʥʦʡ 
ʥʘʛʨʫʟʢʠ 

100ʭ100ʭ100 
ʤʤ 

442x442x500 ʤʤ 55Ĭ35Ĭ55 ʤʤ 

ʄʘʩʩʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 1 ʢʛ 50 ʢʛ 32 ʢʛ 

ʄʘʢʩʠʤʘʣʴʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ U ʢʦʪʦʨʦʝ 
ʩʧʦʩʦʙʝʥ ʚʳʚʝʩʪʠ ʟʘ ʨʘʟ 

1U 32U 144U 
(ʚʤʝʩʪʠʤʦʩʪʴ 
ʰʣʶʟʘ Bishop) 

 

ɼʣʠʥʘ ʤʘʥʠʧʫʣʷʪʦʨʘ 0.7 ʤ 12,2 ʤ 

ʂʦʣʠʯʝʩʪʚʦ ʩʪʝʧʝʥʝʡ 
ʩʚʦʙʦʜʳ ʤʘʥʠʧʫʣʷʪʦʨʘ  

3 6 
 

ɻʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ 
ʤʘʥʠʧʫʣʷʪʦʨʘ 

1 ʢʛ ɼʦ 7 ʪ 
 

ʌʫʥʢʮʠʠ ʫʩʪʘʥʦʚʢʠ ʊʦʣʴʢʦ ʚʳʧʫʩʢ 
ʧʫʪʥʠʢʦʚ 

ɺʳʧʫʩʢ ʩʧʫʪʥʠʢʦʚ 
ʋʩʪʘʥʦʚʢʘ 

ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʂʉ 
ʇʝʨʝʤʝʱʝʥʠʝ 
ʛʨʫʟʦʚ 

ʊʝʭʥʠʯʝʩʢʠ ʪʦʯʥʳʝ 
ʟʘʜʘʯʠ 

ɺʳʧʫʩʢ 
ʩʧʫʪʥʠʢʦʚ 

 

 
ʉʪʦʣʴ ʙʦʣʴʰʦʡ ʦʪʨʳʚ ʦʪ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 

ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʧʝʨʚʦʛʦ 
ʤʘʢʝʪʘ, ʠ ʩʨʘʚʥʠʚʘʪʴ ʝʛʦ ʩ ʨʝʘʣʴʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ ʥʝ ʩʦʚʩʝʤ ʢʦʨʨʝʢʪʥʦ, ʦʜʥʘʢʦ 
ʧʣʘʥʠʨʫʝʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ: ʨʝʘʣʠʟʘʮʠʷ ʫʧʨʘʚʣʷʶʱʝʛʦ ʇʆ, ʧʦʜʘʯʘ ʟʘʷʚʦʢ ʥʘ 
ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʪʳ, ʧʦʠʩʢ ʠʥʚʝʩʪʦʨʦʚ, ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʢʘʢ: 
ʩʪʳʢʦʚʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʢ ʩʪʘʥʮʠʠ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʧʨʦʝʢʪʘ ʥʘʯʘʣʘʩʴ ʚ ʷʥʚʘʨʝ 2024 ʛʦʜʘ. ʈʘʙʦʪʘ ʥʘʜ ʢʦʥʩʪʨʫʢʮʠʝʡ 
ʙʳʣʘ ʨʘʟʜʝʣʝʥʘ ʥʘ ʵʪʘʧʳ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3.  

 
ʊʘʙʣʠʮʘ 3 ï ʕʪʘʧʳ ʨʘʙʦʪʳ ʥʘʜ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʅʘʟʚʘʥʠʝ ʵʪʘʧʘ ɺʨʝʤʷ ʨʘʙʦʪʳ ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʄʝʪʦʜ ʨʘʙʦʪʳ 

ʆʙʟʦʨ 
ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʨʝʰʝʥʠʡ 

13.01.2024-
25.01.2024  

ɸʚʝʨʴʷʥʦʚ 
ʄʘʪʬʝʡ,  
ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ 

ʀʥʬʦʨʤʘʮʠʦʥʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʕʩʢʠʟʠʨʦʚʘʥʠʝ ʠ 
ʨʘʩʯʝʪʳ 

25.01.2024-
01.03.2024 

ɸʚʝʨʴʷʥʦʚ 
ʄʘʪʬʝʡ,  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ 
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ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ 

ʈʘʟʨʘʙʦʪʢʘ ʦʙʱʝʡ 
ʢʦʥʩʪʨʫʢʮʠʠ 

01.03.2024 ï 
20.05.2024 

ʉʦʯʣʝʥʝʥʠʷ: 
ɸʚʝʨʴʷʥʦʚ 
ʄʘʪʬʝʡ; ʦʩʥʦʚʘʥʠʝ 
ʠ ʚʝʨʭʥʷʷ ʯʘʩʪʴ: 
ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ 

ʂʦʤʧʴʶʪʝʨʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʈʘʟʨʘʙʦʪʢʘ 
ʦʪʜʝʣʴʥʳʭ ʩʠʩʪʝʤ 

01.09.2024 ï 
20.02.2025 

ɺʳʧʫʩʢʘʶʱʠʡ 
ʤʝʭʘʥʠʟʤ: 
ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ;  
ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ 
ʢʨʳʰʢʘ: ɸʚʝʨʴʷʥʦʚ 
ʄʘʪʬʝʡ. 

ʂʦʤʧʴʶʪʝʨʥʦʝ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʉʙʦʨʢʘ ʠ 
ʜʦʨʘʙʦʪʢʘ  

10.10.2024 -  ʥ. ʚ. ɸʚʝʨʴʷʥʦʚ 
ʄʘʪʬʝʡ,  
ɹʝʣʦʫʩʦʚʘ ɸʣʠʩʘ 

 

 
ʀʟ ʜʘʥʥʦʡ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠʤʝʣʘ ʤʝʩʪʦ ʙʳʪʴ ʢʘʢ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʧʘʨʝ, ʪʘʢ ʠ 
ʨʘʟʜʝʣʝʥʠʝ ʟʘʜʘʯ.  

ʄʘʢʝʪ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʙʨʘʥ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʵʪʘʧʝ ʜʦʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʤ 
ʤʘʪʝʨʠʘʣʦʤ ʚ ʥʝʤ ʷʚʣʷʝʪʩʷ ʬʘʥʝʨʘ, ʥʦ ʝʩʪʴ ʜʝʪʘʣʠ ʠʟ ʧʣʘʩʪʠʢʘ. ɺ ʪʘʙʣʠʮʝ 4 
ʧʨʠʚʝʜʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚ ʤʘʢʝʪʝ ʢʦʤʧʦʥʝʥʪʘʭ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ 
ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʠ ʩʪʦʠʤʦʩʪʴʶ. 

ʊʘʙʣʠʮʘ 4 ï ʆʙʦʩʥʦʚʘʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  ɻʜʝ ʧʨʠʤʝʥʷʝʪʩʷ  ʆʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ 

ʉʝʨʚʦʧʨʠʚʦʜ 
Dynamixel AX-
12A 

ʇʨʠʚʦʜʘ ʜʣʷ 
ʜʚʠʞʝʥʠʷ 
ʤʘʥʠʧʫʣʷʪʦʨʘ ʚ 
ʨʘʤʢʘʭ ʝʛʦ ʨʘʙʦʯʝʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʗʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 
ʩʝʨʚʦʧʨʠʚʦʜʦʚ ʥʘ ʨʳʥʢʝ, ʟʘ ʩʯʝʪ 
ʦʧʪʠʤʘʣʴʥʦʡ ʩʠʣʳ ʪʷʛʠ, ʧʣʘʚʥʦʩʪʠ, ʠ 
ʫʜʦʙʩʪʚʘ ʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 

ʌʘʥʝʨʘ 
ʣʠʩʪʦʚʘʷ ʂʨʫʧʥʳʝ ʧʣʦʩʢʠʝ 

ʜʝʪʘʣʠ 

ɹʦʣʝʝ ʙʳʩʪʨʦʝ ʠ ʜʝʰʝʚʦʝ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚ 
ʩʨʘʚʥʝʥʠʠ ʩ 3-ʜ ʧʝʯʘʪʴʶ, ʦʧʪʠʤʘʣʴʥʘʷ 
ʧʨʦʯʥʦʩʪʴ ʠ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ.  

ʃʘʟʝʨʥʘʷ 
ʨʝʟʢʘ 

3-ʜ ʧʝʯʘʪʴ ʄʘʣʝʥʴʢʠʝ ʜʝʪʘʣʠ 
ʩʣʦʞʥʦʡ ʬʦʨʤʳ (ʥʝ 
ʧʣʦʩʢʠʝ). 

ʉʚʦʙʦʜʘ ʚ ʚʳʙʦʨʝ ʬʦʨʤʳ.  

ʄʦʪʦʨ 
ʧʦʩʪʦʷʥʥʦʛʦ 
ʪʦʢʘ 

ʉʠʩʪʝʤʘ 
ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ 
ʦʪʢʨʳʚʘʥʠʷ 
ʧʫʩʢʦʚʦʛʦ ʦʪʩʝʢʘ, 
ʩʠʩʪʝʤʘ ʚʳʧʫʩʢʘ.  

ʅʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ, ʦʧʪʠʤʘʣʴʥʳʡ ʤʦʤʝʥʪ, 
ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʨʦʩʪʦʪʘ ʚ 
ʧʦʜʩʦʝʜʠʥʝʥʠʠ. 

 
ʊʘʙʣʠʮʘ 4 ʠʣʣʶʩʪʨʠʨʫʝʪ ʩʪʘʥʜʘʨʪʥʳʡ ʥʘʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʤʘʢʝʪʘ ʤʝʭʘʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʨʛʘʥʠʟʘʮʠʠ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʘʟʚʠʪʠʝ ʧʦʜʦʙʥʦʛʦ ʧʨʦʝʢʪʘ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʝʩʦʤʳʭ ʚʣʦʞʝʥʠʡ ʠʥʚʝʩʪʦʨʦʚ, ʠʟ-
ʟʘ ʫʥʠʢʘʣʴʥʦʩʪʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʝʛʦ ʤʘʩʰʪʘʙʥʦʩʪʠ. ʇʦʵʪʦʤʫ ʝʛʦ 
ʧʦʣʥʦʮʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʝʡ ʟʘʡʤʫʪʩʷ ʢʨʫʧʥʳʝ ʢʦʨʧʦʨʘʮʠʠ, ʘ ʥʘ ʜʘʥʥʦʤ ʟʘʜʘʯʘ ʩʦʩʪʦʠʪ 
ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ: 
ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʇʆ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʘʪʝʥʪʦʚʘʥʠʷ ʠ ʧʨʦʜʘʞʠ. ɺ ʪʘʙʣʠʮʝ 5 
ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʦʥʦʤʠʢʠ ʧʨʦʝʢʪʘ.  
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ʊʘʙʣʠʮʘ 5 ï ʕʢʦʥʦʤʠʢʘ ʧʨʦʝʢʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʨʘʩʭʦʜʘ ʂʦʣʠʯʝʩʪʚʦ ʉʪʦʠʤʦʩʪʴ 

ʉʝʨʚʦʧʨʠʚʦʜ Dynamixel 
AX-12A 

5 ʰʪ. 37 500 ʨʫʙ. 

ʌʘʥʝʨʘ ʣʠʩʪʦʚʘʷ 4 ʣʠʩʪʘ 800 ʨʫʙ. 

ʃʘʟʝʨʥʘʷ ʨʝʟʢʘ 1000 ʨʫʙ. 

3-ʜ ʧʝʯʘʪʴ 2000 ʨʫʙ. 

ʐʫʨʫʧʦʚʝʨʪ 1 ʰʪ.  3000 ʨʫʙ. 

ʄʦʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 2 ʰʪ. 946 ʨʫʙ. 

ʂʦʤʧʴʶʪʝʨʳ (ʫʩʪʨʦʡʩʪʚʘ) 3 ʰʪ. 60 000 ʨʫʙ. 

ʂʦʤʧʴʶʪʝʨʳ 
(ʵʣʝʢʪʨʠʯʝʩʪʚʦ) 

2 ʰʪ.  10 ʨʫʙ/ʯ.  288 ʯ. 5760 ʨʫʙ. 

ʊʨʫʜ ʠʥʞʝʥʝʨʦʚ 2 ʯʝʣ.  100 
ʨʫʙ./ʯ. 

288 ʯ. 57 600 ʨʫʙ. 

ɻʘʡʢʠ, ʙʦʣʪʳ, ʦʪʚʝʨʪʢʠ 3000 ʨʫʙ. 

ʀʪʦʛʦʚʘʷ ʩʪʦʠʤʦʩʪʴ 171 606 ʨʫʙ. 

 
ʀʩʭʦʜʷ ʠʟ ʪʘʙʣʠʮʳ 5, ʩʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʢʝʪʘ ʩʦʩʪʘʚʣʷʝʪ 

171606 ʨʫʙʣʝʡ, ʢ ʵʪʦʡ ʩʫʤʤʝ ʪʘʢʞʝ ʜʦʙʘʚʷʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʚʥʝʜʨʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʨʘʟʨʘʙʦʪʢʫ ʇʆ, ʧʦʵʪʦʤʫ ʚʩʝʛʦ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʤʘʢʝʪʘ ʦʨʙʠʪʘʣʴʥʦʛʦ 
ʨʘʟʚʝʨʪʳʚʘʪʝʣʷ ʙʫʜʝʪ ʟʘʪʨʘʯʝʥʦ ʧʦʨʷʜʢʘ 300000 ʨʫʙʣʝʡ.  

ʆʙʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʢʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ 
(4), ʜʚʫʭ ʩʦʯʣʝʥʝʥʠʡ (3), ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦ ʪʨʝʤ ʩʪʝʧʝʥʷʤ ʩʚʦʙʦʜʳ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʨʚʦʧʨʠʚʦʜʳ (5), ʚʥʫʪʨʠ ʚʳʧʫʩʢʘʶʱʝʛʦ ʢʝʡʩʘ (2) ʥʘʭʦʜʷʪʩʷ ʧʫʩʢʦʚʦʡ 
ʤʝʭʘʥʠʟʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʨʳʰʢʘ (1). 

 

 
ʈʠʩ. 1 ï ʆʙʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ:  

1 ï ʧʫʩʢʦʚʦʡ ʤʝʭʘʥʠʟʤ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʨʳʰʢʘ; 2 ï ʢʦʨʧʫʩ ʚʳʧʫʩʢʘʶʱʝʛʦ ʢʝʡʩʘ; 3 
ï ʩʦʯʣʝʥʝʥʠʷ; 4 ï ʦʩʥʦʚʘʥʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ; 5 ï ʩʝʨʚʦʧʨʠʚʦʜʳ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʚʳʧʫʩʢʘʶʱʝʛʦ ʢʝʡʩʘ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2, ʦʥʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʦʪʩʝʢʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʩʪʝʥʢʦʡ (1). ɺ ʦʪʩʝʢʝ 1 ʨʘʩʧʦʣʦʞʝʥ 
ʤʦʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚ ʦʪʩʝʢʝ 2 ï ʩʧʫʪʥʠʢ. ʏʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚ ʩʪʝʥʢʝ ʚʘʣ ʤʦʪʦʨʘ 
ʚʳʚʝʜʝʥ ʚ ʚʳʧʫʩʢʘʶʱʠʡ ʦʪʩʝʢ, ʥʘ ʥʝʛʦ ʥʘʜʝʪʦ ʙʦʣʴʰʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ (3). ʇʨʠ 
ʚʨʘʱʝʥʠʠ ʚʘʣʘ ʦʥʦ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʜʚʘ ʤʘʣʳʭ ʢʦʣʝʩʘ (4), ʢʨʶʯʢʠ, ʥʘ ʦʩʷʭ 
ʢʦʪʦʨʳʭ, (5) ʠʟ-ʟʘ ʚʨʘʱʝʥʠʷ ʦʪʧʫʩʢʘʶʪ ʢʣʘʧʘʥ (6), ʢʦʪʦʨʳʡ ʪʦʣʢʘʝʪ ʩʧʫʪʥʠʢ.  
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ʈʠʩ. 2 - ʂʦʥʩʪʨʫʢʮʠʷ ʚʳʧʫʩʢʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ: 

1 ï ʩʪʝʥʢʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʦʪʩʝʢʠ; 2 ï ʣʦʥʞʝʨʦʥʳ; 3 ï ʙʦʣʴʰʦʝ ʟʫʙʯʘʪʦʝ ʢʦʣʝʩʦ; 4 ï 
ʤʘʣʳʝ ʟʫʙʯʘʪʳʝ ʢʦʣʝʩʘ; 5 ï ʢʨʶʯʦʢ; 6 ï ʪʦʣʢʘʶʱʠʡ ʢʣʘʧʘʥ; 7 ï ʧʨʫʞʠʥʘ ʩʞʘʪʠʷ; 8 ï 

ʥʘʧʨʘʚʣʷʶʱʠʝ. 
 

ɺ ʫʩʣʦʚʠʷʭ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʫʩʪʨʦʡʩʪʚʘ 
ʫʜʝʨʞʘʥʠʷ ʩʧʫʪʥʠʢʘ ʚʥʫʪʨʠ ʢʝʡʩʘ ʜʦ ʤʦʤʝʥʪʘ ʚʳʧʫʩʢʘ, ʩ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʘ 
ʨʘʟʨʘʙʦʪʘʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʨʳʰʢʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 3, ʧʨʠʥʮʠʧ ʝʝ 
ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʯʝʨʚʷʯʥʦʡ ʧʝʨʝʜʘʯʝ(2,3), ʢʦʪʦʨʘʷ ʚʨʘʱʘʝʪ ʦʩʴ ʢʨʳʰʢʠ(5). 

 

 
ʈʠʩ.3 ï ʂʦʥʩʪʨʫʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʨʳʰʢʠ:  

1 ï ʜʝʨʞʘʪʝʣʴ ʤʦʪʦʨʯʠʢʘ; 2 ï ʰʝʩʪʝʨʥʷ; 3 ï ʯʝʨʚʷʯʥʳʡ ʚʘʣ; 4 ï ʢʨʳʰʢʘ;  
5 ï ʩʪʝʨʞʝʥʴ. 

ɼʘʣʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʚʩʝʭ ʜʝʪʘʣʝʡ ʠ ʩʙʦʨʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʤʘʢʝʪʘ, 
ʚ ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʣʠ ʠʜʝʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʘʥʦʚʢʠ: ʜʦʙʘʚʣʝʥʠʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʦʯʣʝʥʝʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʦʙʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 4(ʘ), ʧʝʨʝʨʘʙʦʪʢʘ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ ʚʳʧʫʩʢʘʶʱʝʛʦ 
ʤʝʭʘʥʠʟʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 4(ʙ). ʂʦʥʩʪʨʫʢʮʠʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʢʨʳʰʢʠ, 
ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 4(ʚ), ʪʨʝʙʫʝʪ ʧʝʨʝʨʘʙʦʪʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʘʩʪʠʯʥʦʛʦ 
ʨʘʩʧʣʘʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʪʝʨʤʦʢʣʝʝʤ. ʇʣʘʥʠʨʫʝʪʩʷ 
ʨʝʰʠʪʴ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʟʘʜʘʯʠ ʢ ʤʘʶ 2025 ʛʦʜʘ.  
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ʘ) ʙ) ʚ) 
ʈʠʩ. 4 ï ʉʙʦʨʢʠ ʢʦʥʩʪʨʫʢʮʠʡ: ʘ ï ʦʙʱʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; ʙ ï ʚʳʧʫʩʢʘʶʱʠʡ ʤʝʭʘʥʠʟʤ; ʚ ï 

ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʨʳʰʢʘ 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʫʩʪʘʥʦʚʢʠ ʟʘ ʩʯʝʪ ʩʤʝʥʥʳʭ 

ʥʘʩʘʜʦʢ, ʜʦʨʘʙʦʪʘʪʴ ʦʩʥʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʠʪʴ ʤʦʜʝʣʴ ʰʣʶʟʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʜʦʩʪʘʚʢʠ 
ʩʧʫʪʥʠʢʘ ʚ ʚʳʧʫʩʢʘʶʱʠʡ ʢʝʡʩ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʉʪʘʪʴʷ çWill SpaceX Spur Another Wave of Smallsat Inovation?è URL: 
https://aviationweek.com/space/commercial-space/opinion-will-spacex-spur-
another-wave-smallsat-innovation  (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 12.01.2024) 

2. ɺʩʝ ʩʧʫʪʥʠʢʠ, ʚʳʚʝʜʝʥʥʳʝ ʩʠʩʪʝʤʦʡ J-SSOD. URL: https://humans-in-
space.jaxa.jp/kibouser/provide/j-ssod/72631.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.01.2024) 

3. ʀʥʪʝʨʚʴʶ ʩ ʛʣʘʚʥʳʤ ʠʥʞʝʥʝʨʦʤ ʩʠʩʪʝʤʳ J-SSOD ʄʘʩʘʭʘʨʫ ʊʘʢʘʪʘ. URL: 
https://iss.jaxa.jp/en/kuoa/news/160527_kiboabc_jssod.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
09.01.2025) 

4. ʉʪʘʪʴʷ çʂʦʩʤʦʥʘʚʪʳ ʈʌ ʤʦʛʫʪ ʟʘʧʫʩʪʠʪʴ ʨʝʢʦʨʜʥʦʝ ʯʠʩʣʦ ʩʧʫʪʥʠʢʦʦʚ ʚʦ ʚʨʝʤʷ 
ʚʳʭʦʜʘ ʚ ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩè URL: https://tass.ru/kosmos/14862817 (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 13.03.2024) 

5. ʉʪʘʪʴʷ çʇɸʆ çʈʂʂ çʕʥʝʨʛʠʷè ʠʤʝʥʠ ʉ.ʇ. ʂʦʨʦʣʸʚʘè ʋʪʚʝʨʞʜʝʥ ʛʝʥʝʨʘʣʴʥʳʡ 
ʛʨʘʬʠʢ ʩʦʟʜʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠè URL: 
https://www.energia.ru/ru/news/utverzhden-generalnyy-grafik-sozdaniya-rossiyskoy-
orbitalnoy-stantsii.html?sphrase_id=9673 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 16.09.2024) 

6. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ J-SSOD. URL: https://humans-in-
space.jaxa.jp/biz-lab/experiment/ef/jssod/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 14.01.2024) 

7. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʠʩʪʝʤʳ ʨʘʟʚʝʨʪʳʚʘʥʠʷ Nanoracks CubeSat 
Deployer. URL:   https://nanoracks.com/wp-content/uploads/Nanoracks-CubeSat-
Deployer-NRCSD-IDD.pdf (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 22.01.2024) 

 
 
 

ɻʈɸɺʀʊɸʎʀʆʅʅʓʁ ʅɸʂʆʇʀʊɽʃʔ ʕʅɽʈɻʀʀ 
ɸʢʠʤʦʚ ɸʣʝʢʩʝʡ, ʀʣʴʯʫʢ ɺʠʢʪʦʨ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ,  
10 ʢʣʘʩʩ ʛ. ʊʦʤʩʢ  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʝʩʪʘʢʦʚʘ ɺʝʨʘ ɺʘʩʠʣʴʝʚʥʘ, ʜʦʮʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ 
 

https://aviationweek.com/space/commercial-space/opinion-will-spacex-spur-another-wave-smallsat-innovation
https://aviationweek.com/space/commercial-space/opinion-will-spacex-spur-another-wave-smallsat-innovation
https://humans-in-space.jaxa.jp/kibouser/provide/j-ssod/72631.html
https://humans-in-space.jaxa.jp/kibouser/provide/j-ssod/72631.html
https://iss.jaxa.jp/en/kuoa/news/160527_kiboabc_jssod.html
https://tass.ru/kosmos/14862817
https://www.energia.ru/ru/news/utverzhden-generalnyy-grafik-sozdaniya-rossiyskoy-orbitalnoy-stantsii.html?sphrase_id=9673
https://www.energia.ru/ru/news/utverzhden-generalnyy-grafik-sozdaniya-rossiyskoy-orbitalnoy-stantsii.html?sphrase_id=9673
https://humans-in-space.jaxa.jp/biz-lab/experiment/ef/jssod/
https://humans-in-space.jaxa.jp/biz-lab/experiment/ef/jssod/
https://nanoracks.com/wp-content/uploads/Nanoracks-CubeSat-Deployer-NRCSD-IDD.pdf
https://nanoracks.com/wp-content/uploads/Nanoracks-CubeSat-Deployer-NRCSD-IDD.pdf
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ʕʥʝʨʛʝʪʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʦʙʝʩʧʝʯʠʚʘʷ ʨʦʩʪ ʠ 
ʨʘʟʚʠʪʠʝ ʦʙʱʝʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʨʘʩʪʫʱʘʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʦʙʱʝʩʪʚʘ ʚ ʵʢʦʣʦʛʠʠ 
ʩʪʠʤʫʣʠʨʫʝʪ ʧʦʠʩʢ ʨʝʰʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 
ʩʨʝʜʫ. ʆʜʥʘʢʦ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʯʘʩʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʨʝʛʫʣʷʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʦʣʥʝʯʥʘʷ 
ʵʥʝʨʛʠʷ ʠʣʠ ʚʝʪʝʨ, ʘ ʪʘʢʞʝ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 
ʙʝʩʧʝʨʝʙʦʡʥʦʛʦ ʩʥʘʙʞʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɺ ʵʪʦʤ ʢʦʥʪʝʢʩʪʝ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ 
ʧʨʠʦʙʨʝʪʘʶʪ ʩʠʩʪʝʤʳ ʥʘʢʦʧʣʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ 
ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ (ɻʅʕ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ 
ʧʦʩʪʘʚʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʩʥʠʞʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʨʠʨʦʜʥʳʭ ʬʘʢʪʦʨʦʚ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ 
(ɻʅʕ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʟʘ ʩʯʝʪ 
ʜʝʡʩʪʚʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ɺ ʧʝʨʠʦʜ ʠʟʙʳʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʷʞʸʣʳʝ ʦʙʲʝʢʪʳ 
ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʫʶ ʚʳʩʦʪʫ, ʘ ʚ ʤʦʤʝʥʪ ʧʦʪʨʝʙʥʦʩʪʠ ʦʥʠ ʦʧʫʩʢʘʶʪʩʷ, 
ʚʳʨʘʙʘʪʳʚʘʷ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʯʝʨʝʟ ʛʝʥʝʨʘʪʦʨʳ [1], ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʳ ʚʠʜʠʤ ʥʘ ʨʠʩʫʥʢʝ 
ˉ 1 
ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 
1. ɹʳʩʪʨʦʝ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ. ʉ ʧʦʤʦʱʴʶ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ 
ʤʦʞʥʦ ʤʛʥʦʚʝʥʥʦ ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ. 

2. ɼʦʣʛʦʚʝʯʥʦʩʪʴ. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 
ʭʠʤʠʯʝʩʢʠʭ ʙʘʪʘʨʝʡ, ʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʝʩʷʪʠʣʝʪʠʷʤʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʦʪʝʨʴ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

3. ʕʥʝʨʛʦʥʝʟʘʚʠʩʠʤʦʩʪʴ. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʭʨʘʥʝʥʠʝ ʵʥʝʨʛʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 
ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʣʶʙʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥ. 

4. ʇʨʦʩʪʦʪʘ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʦʥʩʪʨʫʢʮʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʘ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʩʥʠʞʘʝʪ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʘʩʭʦʜʳ [2]. 

5.  ʕʢʦʣʦʛʠʯʥʦʩʪʴ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʪʘʢʠʭ 
ʢʘʢ ʭʠʤʠʯʝʩʢʠʝ ʙʘʪʘʨʝʠ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʪʦʢʩʠʯʥʳʝ ʚʝʱʝʩʪʚʘ ʠ ʪʨʝʙʫʶʪ 
ʩʣʦʞʥʦʡ ʫʪʠʣʠʟʘʮʠʠ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ ʪʦʣʴʢʦ 
ʬʠʟʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʠ ʙʝʟʦʧʘʩʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʕʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤ 
ʚʳʙʦʨʦʤ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʦʚ. 

6. ɺʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʩʠʩʪʝʤʳ 
ʤʦʛʫʪ ʙʳʪʴ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʦʚʘʥʳ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʛʨʫʟʦʚ ʠʣʠ 
ʚʳʩʦʪʳ ʠʭ ʧʦʜʲʝʤʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴ ʠʭ ʢ 
ʨʘʟʣʠʯʥʳʤ ʧʦʪʨʝʙʥʦʩʪʷʤ ʠ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʅʝʜʦʩʪʘʪʢʠ: 
1. ɿʘʥʠʤʘʶʪ ʤʥʦʛʦ ʤʝʩʪʘ: ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʛʨʫʟʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ. 

2. ʆʛʨʘʥʠʯʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ: ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʭʠʤʠʯʝʩʢʠʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʣʠʪʠʡ-ʠʦʥʥʳʝ 
ʙʘʪʘʨʝʠ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʠʤʝʶʪ ʤʝʥʴʰʫʶ 
ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ. 

3. ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ 
ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʦʣʴʰʠʝ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʥʘʢʦʧʠʪʝʣʠ ʵʥʝʨʛʠʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʪʝʭʥʦʣʦʛʠʶ, 
ʩʧʦʩʦʙʥʫʶ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʥʘʜʸʞʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʩʠʩʪʝʤ. ʀʭ ʚʥʝʜʨʝʥʠʝ ʧʦʤʦʞʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʪ ʩʪʘʙʠʣʴʥʦʝ 
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ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʠʥʠʤʠʟʠʨʫʷ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

ʎʝʣʴ: 
ʈʘʟʨʘʙʦʪʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 
ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʡ ʜʘʥʥʳʭ / ʈʘʟʨʘʙʦʪʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʠ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ 
ɿʘʜʘʯʠ: 

1. ʉʦʟʜʘʥʠʝ ʫʤʝʥʴʰʝʥʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ 
ʵʥʝʨʛʠʠ. 

2. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ. 
3. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʜʣʷ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ: 
ʈʘʙʦʯʠʭ ʘʥʘʣʦʛʦʚ ʥʝ ʥʘʡʜʝʥʦ ʧʨʠ ʧʦʠʩʢʝ. 
ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ: 
ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ ʩʧʦʩʦʙʝʥ ʤʛʥʦʚʝʥʥʦ ʧʦʜʘʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ 
ʩʝʪʴ, ʚ ʩʣʫʯʘʝ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ 
ʧʨʝʢʨʘʱʘʝʪʩʷ, ʠ ʨʦʪʦʨ ʛʘʟʦʪʫʨʙʠʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʘʜʘʝʪ, ʨʘʟʨʫʰʘʷ ʩʠʩʪʝʤʫ 
ʢʨʝʧʣʝʥʠʷ. 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ: 

1) ɼʚʘ ʤʫʣʴʪʠʤʝʪʨʘ 
2) ʉʝʢʫʥʜʦʤʝʨ 
3) ʅʘʙʦʨ ʛʨʫʟʦʚ ʧʦ 100 ʛʨʘʤʤ 
4) ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʩʪʨʫʢʪʦʨ 
5) ʊʨʝʭʚʦʣʴʪʥʘʷ ʛʠʨʣʷʥʜʘ 
6) ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʥʘ 12 ʚʦʣʴʪ 
7) ʇʣʘʩʪʠʢʦʚʳʝ ʦʧʦʨʳ 
8) ʌʘʥʝʨʥʘʷ ʜʦʩʢʘ 
9) ʃʝʩʢʘ 
10)  ʂʘʪʫʰʢʘ 
11)  ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʩʪʝʨʞʝʥʴ 
12)  ɼʚʝ ʧʣʘʩʪʠʢʦʚʳʝ ʚʪʫʣʢʠ 
ʇʣʘʥ ʧʨʦʝʢʪʥʳʭ ʜʝʡʩʪʚʠʡ: 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʦʰʣʠ ʥʝʩʢʦʣʴʢʦ ʢʣʶʯʝʚʳʭ ʵʪʘʧʦʚ. 
ʇʝʨʚʳʤ ʜʝʣʦʤ ʧʦʜʛʦʪʦʚʠʣʠ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʟʘʪʝʤ ʩʦʟʜʘʣʠ ʨʝʘʣʴʥʫʶ 
ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʧʨʦʚʝʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʪʝʩʪʳ ʠ ʫʙʝʜʠʣʠʩʴ, ʯʪʦ ʦʥʘ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʧʨʝʜʩʪʦʷʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʨʠʩʪʫʧʠʣʠ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʨʦʚʝʜʝʥʠʶ ʦʧʳʪʦʚ, ʛʜʝ ʬʠʢʩʠʨʦʚʘʣʠ ʠʟʤʝʨʝʥʠʷ ʠ ʥʘʙʣʶʜʝʥʠʷ, ʘ 
ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʣʶʙʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʞʠʜʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. ɿʘʪʝʤ ʤʳ 
ʟʘʥʷʣʠʩʴ ʦʙʨʘʙʦʪʢʦʡ ʠ ʘʥʘʣʠʟʦʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʄʳ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʣʠ ʚʩʶ 
ʩʦʙʨʘʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʦʚʝʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʯʪʦʙʳ ʚʳʷʚʠʪʴ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠ ʨʝʟʫʣʴʪʘʪʳ, ʦʮʝʥʠʚʘʷ ʠʭ ʜʦʩʪʦʚʝʨʥʦʩʪʴ. ʊʘʢʞʝ 
ʨʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʪʨʘʞʘʶʱʠʭ ʢʣʶʯʝʚʳʝ ʧʨʦʮʝʩʩʳ. ɺʩʝ ʵʪʦ ʙʳʣʦ 
ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 
 
ʇʨʦʝʢʪʥʳʡ ʧʨʦʜʫʢʪ: 
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ʈʠʩ. 2 
 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ: 

ɺʨʝʤʷ, ʩ ʉʠʣʘ ʪʦʢʘ, ʤɸ ʅʘʧʨʷʞʝʥʠʝ, ɺ 

0,4 13,7 0,04 

0,8 55,4 0,1 

1,2 99,9 0,17 

1,6 91,9 0,25 

2 117,5 0,49 

2,11 132,2 0,49 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʨʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʥʘʩʪʦʷʱʝʡ ʤʦʜʝʣʠ: 
Hs = 150 ʤ, ʚʳʩʦʪʘ ʰʘʭʪʳ 
Hs = 150 ʤ, ʚʳʩʦʪʘ ʰʘʭʪʳ 
Hb = 20 ʤ, ʚʳʩʦʪʘ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ 
Db = 30 ʤ, ʜʠʘʤʝʪʨ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ 
ɟb = 2500 ʢʛ/ʤ3, ʧʣʦʪʥʦʩʪʴ ʙʝʪʦʥʘ 
g = 9.807 ʤ/ʩ2 

Vb = 1.414Ā104 ʤ3, ʦʙʲʸʤ ʙʝʪʦʥʥʦʛʦ ʙʣʦʢʘ 
Mb = 3.534Ā107, ʤʘʩʩʘ ʙʣʦʢʘ 
ȹHb = Hs ï Hb =130 ʤ, ʧʝʨʝʧʘʜ ʚʳʩʦʪ 
E = MbĀgĀȹHb = 4.506Ā1010 ɼʞ, ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ 
Mg = 0.043 ʢʛ, ʤʘʩʩʘ ʛʨʫʟʘ 
h = 18 ʤ, ʚʳʩʦʪʘ ʧʘʜʝʥʠʷ 
Ep = MgĀgĀh = 7.591 ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʫʩʪʘʥʦʚʢʠ ʚ ɼʞ 
ʆʧʨʝʜʝʣʠʤ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʜʚʠʛʘʪʝʣʷ ʚ ʨʝʞʠʤʝ ʛʝʥʝʨʘʪʦʨʘ ʟʘ ʩʯʝʪ ʧʘʜʝʥʠʷ 
ʛʨʫʟʘ: 

ὖ 5ËϽ)ËϽɝÔË 

 
P = 0.0137Ā0.04Ā0.4 + 0.0554Ā0.1Ā0.4 + 0.0999Ā0.17Ā0.4 + 0.0919Ā0.25Ā0.4 +0.0118Ā0.49Ā0.4 
+ 0.0132Ā0.49Ā0.11 = 0.02 ɺʪĀʩ 
ȹtd = 2.11 ʩ, ʚʨʝʤʷ ʧʘʜʝʥʠʷ ʛʨʫʟʘ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʜʚʠʛʘʪʝʣʶ 
ʈʘʩʩʯʠʪʘʝʤ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʫʩʪʘʥʦʚʢʠ ʚ ɼʞ: 
 

%ËÄ
-ÇϽÈȾ ɝÔÄϽÈȾ ɝÔÄ

ς
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Ekd = 1.565 ɼʞ 
ʈʘʩʩʯʠʪʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʫʩʪʘʥʦʚʢʠ: 

ʂ
ὖ

%ËÄ
 

ɖ = 0.016 
 
ȹt = 1.76 ʩ, ʚʨʝʤʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʛʨʫʟʘ 

%Ë
-ÇϽÈȾ ɝÔϽÈȾ ɝÔ

ς
 

Ek = 2.249 ɼʞ, ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʶ ʩʚʦʙʦʜʥʦ ʧʘʜʘʶʱʝʛʦ ʛʨʫʟʘ 
 

ɺʳʚʦʜʳ:  
ʋʤʝʥʴʰʝʥʥʘʷ ʤʦʜʝʣʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʠ 

ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 
ʨʘʙʦʪʳ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʛʣʫʙʞʝ ʧʦʥʷʪʴ 
ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʘʩʯʝʪʳ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ 
ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʝʩʧʝʯʠʣʠ ʦʩʥʦʚʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʧʦʚʳʰʝʥʠʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʢʦʧʠʪʝʣʷ. ʈʘʙʦʪʳ ʦʪʢʨʳʚʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 
ʨʘʟʚʠʪʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʚ ʫʩʪʦʡʯʠʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʥʘʢʦʧʠʪʝʣʷʭ ʵʥʝʨʛʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 

2. https://www.huntkeyenergystorage.com/ru/gravity-energy-storage (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 10.11.2024). 

3. G-VAULTÊLong lasting, long duration technology [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï URL: 
https://www.energyvault.com/products/g-vault-gravity-energy-storage (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 10.11.2024). 

 
 
 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʆɻʆ ʀ ʆʇʊʀʏɽʉʂʆɻʆ ʉʄɽʐɽʅʀʗ ʎɺɽʊʆɺ 

ɸʩʴʷʥʦʚ ʉʝʨʛʝʡ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʝʩʪʘʢʦʚʘ ɺʝʨʘ ɺʘʩʠʣʴʝʚʥʘ, ʜʦʮʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ 
 

ʉʤʝʰʝʥʠʝ ʮʚʝʪʦʚ ð ʵʪʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʘʩʧʝʢʪ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 
ʠʩʢʫʩʩʪʚʦ, ʜʠʟʘʡʥ, ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʥʘʫʢʘ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 
ʧʦʜʭʦʜʘ ʢ ʩʤʝʰʝʥʠʶ: ʤʝʭʘʥʠʯʝʩʢʦʝ (ʘʜʜʠʪʠʚʥʦʝ) ʠ ʦʧʪʠʯʝʩʢʦʝ (ʩʫʙʪʨʘʢʪʠʚʥʦʝ). 
ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʩʧʦʩʦʙʦʚ ʠʤʝʝʪ ʩʚʦʠ ʧʨʠʥʮʠʧʳ, ʤʝʪʦʜʳ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 
ʇʨʦʙʣʝʤʘʪʠʢʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ʮʚʝʪʦʚ ʟʘʪʨʘʛʠʚʘʝʪ ʰʠʨʦʢʠʡ 
ʩʧʝʢʪʨ ʪʝʤ ʠ ʚʦʧʨʦʩʦʚ, ʦʪ ʥʘʫʯʥʳʭ ʜʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʧʨʦʙʣʝʤ 
ʪʨʝʙʫʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, ʦʙʲʝʜʠʥʷʶʱʝʛʦ ʟʥʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʦ 
ʮʚʝʪʝ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʪʝʭʥʦʣʦʛʠʡ. ɺ ʥʘʫʢʝ ʝʩʪʴ ʧʨʦʙʣʝʤʘ, ʜʣʷ 
ʚʳʷʩʥʝʥʠʷ ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʠʛʤʝʥʪʦʚ ʠ ʩʚʝʪʦʦʪʨʘʞʘʶʱʠʭ 
ʩʚʦʡʩʪʚ. ɺ ʩʣʫʯʘʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ʨʘʟʥʳʝ ʧʠʛʤʝʥʪʳ ʤʦʛʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ 
ʩʚʦʡʩʪʚʘ ʧʦ ʧʦʛʣʦʱʝʥʠʶ ʠ ʦʪʨʘʞʝʥʠʶ ʩʚʝʪʘ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʨʝʜʩʢʘʟʘʥʠʝ ʨʝʟʫʣʴʪʘʪʘ 
ʩʤʝʰʝʥʠʷ[1].ʉʤʝʰʝʥʠʝ ʮʚʝʪʦʚ ð ʵʪʦ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʡ ʘʩʧʝʢʪ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ 
ʠʩʢʫʩʩʪʚʦ, ʜʠʟʘʡʥ, ʚʠʟʫʘʣʴʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʥʘʫʢʘ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʩʤʝʰʝʥʠʝ, ʪʘʢʞʝ 
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ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʘʜʜʠʪʠʚʥʦʝ ʩʤʝʰʝʥʠʝ, ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 
ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ʇʨʠʥʮʠʧ ʘʜʜʠʪʠʚʥʦʛʦ ʩʤʝʰʝʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʣʦʞʝʥʠʠ ʩʚʝʪʦʚʳʭ 
ʚʦʣʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʮʚʝʪʦʚ. ʆʧʪʠʯʝʩʢʦʝ ʩʤʝʰʝʥʠʝ, ʪʘʢʞʝ 
ʠʟʚʝʩʪʥʦʝ ʢʘʢ ʩʫʙʪʨʘʢʪʠʚʥʦʝ ʩʤʝʰʝʥʠʝ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʮʝʩʩʫ ʥʘʣʦʞʝʥʠʷ ʢʨʘʩʦʢ ʠʣʠ 
ʧʠʛʤʝʥʪʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʢʦʪʦʨʳʝ ʜʣʠʥʳ ʚʦʣʥ ʩʚʝʪʘ ʧʦʛʣʦʱʘʶʪʩʷ, ʘ ʜʨʫʛʠʝ 
ʦʪʨʘʞʘʶʪʩʷ. ʉ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ʤʦʞʥʦ ʜʦʩʪʠʛʥʫʪʴ ʨʘʟʣʠʯʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʙʫʜʫʪ ʧʦʭʦʞʠ ʥʘ ʦʧʪʠʯʝʩʢʦʝ ʩʤʝʰʝʥʠʝ ʮʚʝʪʦʚ, ʥʦ ʵʪʦ 
ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʯʝʥʴ ʨʝʜʢʦ ʚʝʜʴ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʥʠ ʥʝ ʩʦʚʧʘʜʘʶʪ[2]. ʏʪʦʙʳ ʨʝʰʠʪʴ 
ʧʨʦʙʣʝʤʫ, ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʤʝʰʝʥʠʷ ʮʚʝʪʦʚ ʠ ʚʳʷʩʥʠʪʴ, ʢʘʢ 
ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ 
ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ʮʚʝʪʦʚ. 
ɿʘʜʘʯʠ: 
1. ʨʘʟʨʘʙʦʪʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ 
ʮʚʝʪʦʚ;  
2. ʩʜʝʣʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ 
ʮʚʝʪʦʚ;  
3. ʠʩʩʣʝʜʦʚʘʪʴ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʰʝʥʠʝ ʮʚʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ. 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʴʶ, ʧʦ 

ʢʦʪʦʨʦʡ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʪʦʢʠ ʚ ʩʭʝʤʝ. 
ɺʪʦʨʦʡ ʵʪʘʧ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʦʟʜʘʥʠʠ ʫʩʪʘʥʦʚʢʠ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʠ 
ʧʦʪʝʥʮʠʦʤʝʪʨ. ʅʘ ʜʚʠʛʘʪʝʣʴ ʤʦʛʫʪ ʧʨʠʢʨʝʧʣʷʪʴʩʷ ʜʠʩʢʠ, ʦʢʨʘʰʝʥʥʳʝ ʚ ʨʘʟʣʠʯʥʳʝ 
ʮʚʝʪʘ ʩʧʝʢʪʨʘ. ʇʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ, ʜʠʩʢ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ, ʠ ʤʳ 
ʩʤʦʞʝʤ ʥʘʙʣʶʜʘʪʴ ʨʝʟʫʣʴʪʘʪ ʩʤʝʰʝʥʠʷ ʮʚʝʪʦʚ. 

ʊʨʝʪʠʡ ʵʪʘʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʩʷ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ. ʉ ʧʦʤʦʱʴʶ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʠ ʥʝʩʢʦʣʴʢʠʭ ʢʨʫʛʦʚ ʅʴʶʪʦʥʘ. 
ɿʘʢʣʶʯʝʥʠʝ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʮʚʝʪʥʳʤʠ ʢʨʫʛʘʤʠ ʠʣʣʶʩʪʨʠʨʫʶʪ 
ʩʣʦʞʥʦʩʪʴ ʠ ʤʥʦʛʦʦʙʨʘʟʠʝ ʮʚʝʪʦʚʦʛʦ ʚʦʩʧʨʠʷʪʠʷ ʯʝʣʦʚʝʢʘ. ɺʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 
ʩʝʢʮʠʡ, ʠʭ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʥʘ ʩʤʝʰʝʥʠʝ ʮʚʝʪʦʚ 
ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʚʠʟʫʘʣʴʥʳʝ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʠʭ 
ʫʩʣʦʚʠʡ. ʈʘʟʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʮʚʝʪʦʚ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʥʝʦʞʠʜʘʥʥʳʝ ʦʧʪʠʯʝʩʢʠʝ 
ʠʣʣʶʟʠʠ ʠ ʠʟʤʝʥʝʥʠʷ ʚʦʩʧʨʠʷʪʠʷ, ʪʘʢʠʝ ʢʘʢ ʵʬʬʝʢʪ ʧʦʩʣʝʠʟʦʙʨʘʞʝʥʠʷ. ʕʪʠ 
ʥʘʙʣʶʜʝʥʠʷ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʢʦʥʪʨʘʩʪʘ, ʛʘʨʤʦʥʠʠ ʠ ʜʠʥʘʤʠʢʠ ʚ ʮʚʝʪʦʚʦʡ 
ʧʘʣʠʪʨʝ, ʘ ʪʘʢʞʝ ʩʣʫʞʘʪ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʥʮʠʧʦʚ ʮʚʝʪʦʚʦʡ 
ʪʝʦʨʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʠʩʢʫʩʩʪʚʝ ʠ ʥʘʫʢʝ. ʆʪʢʨʳʪʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʛʫʪ 
ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʢʘʢ ʤʳ ʚʦʩʧʨʠʥʠʤʘʝʤ ʮʚʝʪ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʠʤʝʥʠʤʦ ʚ ʨʘʟʣʠʯʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʬʝʨʘʭ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. tutorialspoint [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: Difference Between Additive 

Colors and Subtractive Colors 
2. StudFiles [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ: https://studfile.net/preview/4310116/page:7/ 
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ʃɸʄʀʅɸʈʅʆɽ ʊɽʏɽʅʀɽ ɾʀɼʂʆʉʊʀ  
ɹʝʰʢʝʝʚ ʊʠʤʫʨ, ɼʦʣʤʘʪʦʚ ʅʠʢʠʪʘ  

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ,  
10 ʢʣʘʩʩ  
ʛ. ʊʦʤʩʢ  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʨʭʠʧʦʚʘ ɽʣʝʥʘ ʃʝʦʥʠʜʦʚʥʘ, ʫʯʠʪʝʣʴ ʭʠʤʠʠ  
 

ʃʘʤʠʥʘʨʥʦʝ ʪʝʯʝʥʠʝ ʞʠʜʢʦʩʪʠ ð ʵʪʦ ʪʠʧ ʪʝʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʣʦʠ ʞʠʜʢʦʩʪʠ 
ʜʚʠʛʘʶʪʩʷ ʧʣʘʚʥʦ ʠ ʧʘʨʘʣʣʝʣʴʥʦ, ʥʝ ʥʘʨʫʰʘʷ ʜʨʫʛ ʜʨʫʛʘ . ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦʝ 
ʷʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʮʝʩʩʦʚ. ɺ ʛʠʜʨʦʜʠʥʘʤʠʢʝ 
ʠʟʚʝʩʪʥʦ ʪʘʢʦʝ ʧʦʥʷʪʠʝ ʢʘʢ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ï ʙʝʟʨʘʟʤʝʨʥʘʷ 
ʚʝʣʠʯʠʥʘ, ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʢʦʪʦʨʦʡ ʪʝʯʝʥʠʝ ʧʝʨʝʭʦʜʠʪ ʠʟ ʩʦʩʪʦʷʥʠʝ ʣʘʤʠʥʘʨʥʦʩʪʠ ʚ 
ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ [1]. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʠʤʝʝʪ 
ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʯʠʩʣʦ ʦʧʨʝʜʝʣʷʝʪ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ 
ʪʫʨʙʫʣʝʥʪʥʦʤʫ, ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʤʥʦʞʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚ.  
ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʫʯʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ 
ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʦʪ ʣʘʧʠʜʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ 
ʪʫʨʙʫʣʝʥʪʥʦʤʫ. ʄʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʬʦʨʤʘ ʚʳʭʦʜʥʦʛʦ 
ʦʪʚʝʨʩʪʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ.  

ɻʠʧʦʪʝʟʘ: ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ 
ʟʘʚʠʩʠʪ ʦʪ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ. ɹʦʣʝʝ 
ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʙʫʜʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 
ʟʥʘʯʝʥʠʶ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ.  

ʎʝʣʴ: ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʞʠʜʢʦʩʪʝʡ ʩ 
ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʦʡ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʚʷʟʢʦʩʪʴʶ.  

ɿʘʜʘʯʠ:  
1.ʆʧʨʝʜʝʣʠʪʴ ʚʷʟʢʦʩʪʴ ʚʦʜʳ ʩ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʩʘʭʘʨʘ.  
2.ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʦʛʦ 
ʟʥʘʯʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʜʣʷ ʜʚʫʭ ʬʦʨʤ ʚʳʟʦʜʥʦʛʦ ʦʪʚʨʝʩʪʠʷ: ʢʨʫʛʣʦʛʦ (ʚ ʢʨʘʥʝ) ʠ 
ʩʬʝʨʠʯʝʩʢʦʛʦ (ʚ ʰʘʨʠʢʝ).  
3.ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ (20ÁC, 30ÁC, 40ÁC) ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 
ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ.  
4.ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ 
ʈʝʡʥʦʣʴʜʩʘ.  
5.ʆʮʝʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʚʳʷʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ 
ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ.  

ʍʦʜ ʨʘʙʦʪʳ:  
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʬʦʨʤʳ 
ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʳʯʥʳʡ ʢʨʘʥ ʩ 
ʨʝʛʫʣʠʨʫʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʨʝʟʠʥʦʚʳʝ ʰʘʨʠʢʠ, ʚ ʢʦʪʦʨʳʝ 
ʥʘʣʠʚʘʣʘʩʴ ʚʦʜʘ. ʊʦʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʦʜʥʘʢʦ ʧʦ ʧʦʣʫʯʝʥʥʳʤ 
ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʞʥʦ ʙʳʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ 
ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ.  

ɺʷʟʢʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʩʘʭʘʨʘ  
ʚ ʚʦʜʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʚʦʜʳ ʩ ʩʘʭʘʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ  
ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ(ʨʠʩ.1).   
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʚʷʟʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʨʝʟʠʥʦʚʳʝ ʰʘʨʠʢʠ, ʚ ʢʦʪʦʨʳʝ ʥʘʣʠʚʘʣʘʩʴ ʚʦʜʘ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʥʝʡ ʩʘʭʘʨʦʤ. ʀʟ-ʟʘ 
ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʘ ʤʝʥʷʣʘʩʴ ʚʷʟʢʦʩʪʴ, ʩʦʦʪʚʝʩʪʚʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʚʷʟʢʦʩʪʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʉʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ ʚ 

ʈʠʩ.1 ʋʩʪʘʥʦʚʢʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʞʠʜʢʦʩʪʠ 
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ʫʩʪʘʥʦʚʢʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʘʜʝʥʠʷ ʰʘʨʠʢʘ ʚ ʞʠʜʢʦʩʪʠ 
ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʷʟʢʦʩʪʠ[2]. ɼʣʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʩʷ ʘʣʣʶʤʠʥʠʝʚʳʡ 
ʰʘʨʠʢ ʨʘʜʠʫʩʦʤ (0,3 Ñ 0,02) ʤʤ ʠ ʧʣʦʪʥʦʩʪʴʶ (2,69 Ñ 0,05) ʛʨʘʤʤ/ ʩʤ3 ʠ ʞʠʜʢʦʩʪʠ ʩ 
ʠʟʤʝʨʷʝʤʦʡ ʚʷʟʢʦʩʪʴʶ. ʉʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʰʘʨʠʢʘ ʠ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʩʚʷʟʳʚʘʝʪ 

ʬʦʨʤʫʣʘ  ɖ=̙ ̇  [2]. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ ʥʘʤ ʝʱʝ ʪʨʝʙʦʚʘʣʦʩʴ ʠʟʤʝʨʠʪʴ 

ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦʛʦ ʰʘʨʠʢʘ ʠ ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
ʚʥʝʩʣʠ ʚ ʪʘʙʣʠʮʫ (ʊʘʙʣ. 1).  
 

ʊʘʙʣʠʮʘ 1. ʊʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚʷʟʢʦʩʪʠ 

k, % ɟʞ, ʢʛ/ʜʤ3 V, 10-2 ʤ/ʩ ɖ, 10-3ʇʘ*ʉ ɜ, 10-6 ʤ2/ʩ 

0 1 33,2Ñ0,4 1,003Ñ0,175 1,003Ñ0,175 

20,00Ñ0,02 1,25Ñ0,07 14,0Ñ0,2 1,95Ñ0,45 1,57Ñ0,45 

40,00Ñ0,02 1,660Ñ0,073 3,30Ñ0,03 6,2Ñ1,6 3,73Ñ1,13 

60,00Ñ0,02 2,50Ñ0,09 0,069Ñ0,001 56Ñ49 22,6Ñ20,6 

 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʤʳ ʙʨʘʣʠ ʨʝʟʠʥʦʚʳʝ ʰʘʨʠʢʠ ʦʙʢʣʝʠʚʘʣʠ 

ʠʭ ʩʢʦʪʯʝʤ ʠ ʩ ʧʦʤʦʱʴʶ ʠʛʦʣʢʠ ʧʨʦʜʝʣʳʚʘʣʠ ʦʪʚʝʨʩʪʠʝ (ʨʠʩ. 
2). ʉ ʧʦʤʦʱʴʶ ʟʘʤʝʜʣʝʥʥʦʡ ʩʲʝʤʢʠ ʦʧʨʝʜʝʣʷʣʠ ʤʝʩʪʦ 
ʧʝʨʝʭʦʜʘ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʝ, ʧʦʜʩʪʘʚʣʷʣʠ 
ʚ ʜʘʥʥʦʝ ʤʝʩʪʦ ʩʪʘʢʘʥ ʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʤʘ ʠ ʚʳʩʯʠʪʳʚʘʣʠ 
ʚʨʝʤʷ ʟʘʧʦʣʥʝʥʠʷ, ʯʪʦʙʳ ʥʘʡʪʠ ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ. ʏʪʦʙʳ 
ʥʘʡʪʠ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ, ʤʳ ʠʟʥʘʯʘʣʴʥʦ ʥʘʢʣʝʠʚʘʣʠ 
ʩʢʦʪʯ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʧʣʦʱʘʜʠ ʢʦʪʦʨʦʛʦ ʤʳ ʤʦʛʣʠ 

ʥʘʡʪʠ. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʜʠʘʤʝʪʨ ʩʯʠʪʘʣʠ ʧʦ ʬʦʨʤʫʣʝ D= , 

ʛʜʝ P - ʧʝʨʠʤʝʪʨ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 

ʜʣʷ ʨʘʩʯʝʪʘ, ʧʦʩʯʠʪʘʣʠ ʯʠʩʣʦ  ʈʝʡʥʦʣʴʜʩʘ Re=  [1]. ɺ 

ʬoʨʤʫʣʝ: Q-ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ, D-ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ 
ʜʠʘʤʝʪʨ,   
A-ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʢʘʥʘʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤ ʫʜʘʣʦʩʴ 
ʧʦʩʯʠʪʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʚʷʟʢʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʣʠ ʚ ʪʘʙʣʠʮʫ (ʊʘʙʣ.2) 
 

ʊʘʙʣʠʮʘ. 2 ʊʘʙʣʠʮʘ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʚʷʟʢʦʩʪʠ 

k, % ɜ, 10-6 ʤ2/ʩ Q,10-6 ʤ3/ʩ Re 

0 1,003Ñ0,175 4.95Ñ0,01 1048Ñ243 

20,00Ñ0,02 1,57Ñ0,45 7.50Ñ0,03 1015Ñ390 

40,00Ñ0,02 3,73Ñ1,13 19,0Ñ0,2 1075Ñ443 

60,00Ñ0,02 22,6Ñ20,6 116,0Ñ5,4 1090Ñ1147 

 

ʈʠʩ.2 ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʫʩʪʘʥʦʚʢʘ ʩ ʰʘʨʠʢʦʤ  



82 
 

ɼʘʣʝʝ ʥʘʤ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʯʠʪʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʘʥ ʩ ʚʦʜʦʡ, ʥʘ ʥʝʤ ʠʟʤʝʥʷʣʠ ʚʳʭʦʜʥʫʶ 
ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ, ʢʦʪʦʨʫʶ ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʤʝʪʨʘ. ʈʘʩʯʝʪʳ 
ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ, ʢʦʪʦʨʫʶ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʚʠʩʠʤʦʩʪʠ 
ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʚʷʟʢʦʩʪʠ. ʄʝʪʦʜ ʙʳʣ ʧʦʭʦʞ, ʤʳ ʪʘʢʞʝ ʧʦʤʝʱʘʣʠ ʩʪʘʢʘʥ 
ʠʟʚʝʩʪʥʦʛʦ ʦʙʲʝʤʘ ʧʦʜ ʢʨʘʥ ʠ ʚʳʩʯʠʪʳʚʘʣʠ ʚʨʝʤʷ ʟʘʧʦʣʥʝʥʠʷ, ʪʘʢ ʥʘʭʦʜʠʣʠ 
ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ. ʀʟʤʝʨʠʪʴ ʟʥʘʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʜʣʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ 
ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚʦʟʤʦʞʥʳʤ, ʧʦʵʪʦʤʫ ʙʳʣʠ ʚʟʷʪʳ ʪʘʙʣʠʯʥʳʝ ʚʝʣʠʯʠʥʳ. ʇʦʣʫʯʝʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʟʘʥʝʩʣʠ ʚ ʪʘʙʣʠʮʫ (ʪʘʙʣ. 3). 

 
 ʊʘʙʣʠʮʘ. 3 ʊʘʙʣʠʮʘ ʟʘʚʠʩʠʤʦʩʪʠ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ  

t, ÁC v, 10-6 ʤ2/ʩ Q,10-6 ʤ3/ʩ Re 

20Ñ1 1,003Ñ0,175 6.40Ñ0,02 406Ñ125 

30Ñ1 0,8 3.900Ñ0,007 415Ñ54 

40Ñ1 0,65 3.300Ñ0,004 398Ñ57 

50Ñ1 0,55 2.600Ñ0,003 425Ñ49 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

 
1. ʂʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʟʘʚʠʩʝʣʦ ʦʪ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ɼʣʷ 
ʢʨʫʛʣʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚ ʢʨʘʥʝ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʙʳʣʦ ʥʠʞʝ, ʯʝʤ ʜʣʷ 
ʦʪʚʝʨʩʪʠʷ ʚ ʰʘʨʠʢʝ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʬʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʠʛʨʘʝʪ 
ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ.  

2. ʅʝʩʤʦʪʨʷ ʥʘ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ (20ÁC, 30ÁC, 40ÁC ʠ 50ÁC), ʤʳ 
ʥʝ ʥʘʙʣʶʜʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ 
ʈʝʡʥʦʣʴʜʩʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʜʠʘʧʘʟʦʥʘ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ ʥʝ ʠʟʤʝʥʷʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ, ʯʪʦʙʳ ʦʢʘʟʘʪʴ 
ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʭʦʜ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ ʪʝʯʝʥʠʶ.  

3. ʇʦʜʦʙʥʦ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ ʥʝ ʦʢʘʟʘʣʠ ʟʘʤʝʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ. ʕʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʣʷ ʜʘʥʥʳʭ 
ʫʩʣʦʚʠʡ ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ, 
ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ, ʘ ʥʝ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ.  
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ: ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʯʠʩʣʘ ʈʝʡʥʦʣʴʜʩʘ ʟʘʚʠʩʝʣʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʪ ʬʦʨʤʳ 
ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʄʳ ʥʝ ʦʙʥʘʨʫʞʠʣʠ ʟʥʘʯʠʤʦʛʦ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʘʭʘʨʘ ʥʘ ʢʨʠʪʠʯʝʩʢʦʝ ʯʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʚʝʜʸʥʥʦʛʦ 
ʵʢʩʧʝʨʠʤʝʥʪʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʜʣʷ ʜʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʚʘʞʥʝʡʰʠʤ 
ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʝʨʝʭʦʜ ʦʪ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ ʢ ʪʫʨʙʫʣʝʥʪʥʦʤʫ, 
ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʠ ʨʘʟʤʝʨ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ʏʠʩʣʦ ʈʝʡʥʦʣʴʜʩʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.m.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE_%D
0%A0%D0%B5%D0%B9%D0%BD%D0%BE%D0%BB%D1%8C%D0%B4%D1%8
1%D0%B0 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:15.03.2025) 

2. ʄʝʪʦʜ ʉʪʦʢʩʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] Ȥ ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ:  https://studfile.net/preview/1868249/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:15.03.2025) 

https://ru.m.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE_%D0%A0%D0%B5%D0%B9%D0%BD%D0%BE%D0%BB%D1%8C%D0%B4%D1%81%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE_%D0%A0%D0%B5%D0%B9%D0%BD%D0%BE%D0%BB%D1%8C%D0%B4%D1%81%D0%B0
https://ru.m.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE_%D0%A0%D0%B5%D0%B9%D0%BD%D0%BE%D0%BB%D1%8C%D0%B4%D1%81%D0%B0
https://studfile.net/preview/1868249/
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ʉɺɽʊʆɺʆɽ ɿɸɻʈʗɿʅɽʅʀɽ ʀ ɽɻʆ ɺʃʀʗʅʀɽ 
ɹʠʨʶʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ʠ ʑʝʛʣʦʚʘ ʄʘʨʠʷ ʖʨʴʝʚʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ˉ3è 
10 ʢʣʘʩʩ 
ʛ. ʂʫʨʯʘʪʦʚ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʀʣʴʠʥʘ ɽʣʝʥʘ ɸʥʘʪʦʣʴʝʚʥʘ 
 

ɸʥʥʦʪʘʮʠʷ:  
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʚʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʠ ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ 
ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʫʣʠʯʥʦʛʦ ʬʦʥʘʨʷ, 
ʩʦʢʨʘʱʘʶʱʝʛʦ ʩʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ.  

ʎʝʣʴ:  
ʋʟʥʘʪʴ ʧʦʜʨʦʙʥʝʝ ʦ ʩʚʝʪʦʚʦʤ ʟʘʛʨʷʟʥʝʥʠʠ ʠ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʠ. ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʤʘʢʝʪ 
ʫʣʠʯʥʦʛʦ ʬʦʥʘʨʷ.  

ɿʘʜʘʯʠ:  
Å ʀʟʫʯʠʪʴ ʧʦʥʷʪʠʝ çʉʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝè  
Å ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ.  
Å ʆʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʠ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  
Å ʇʨʦʨʘʙʦʪʘʪʴ ʫʩʧʝʰʥʫʶ ʤʦʜʝʣʴ ʩʚʝʪʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ.  
Å ʉʦʟʜʘʪʴ ʤʘʢʝʪ ʫʣʠʯʥʦʛʦ ʬʦʥʘʨʷ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ:  
ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʩʚʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ 
ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ, ʵʢʦʩʠʩʪʝʤʳ ʠ ʙʠʦʨʠʪʤʳ. ɺ ʫʩʣʦʚʠʷʭ ʨʦʩʪʘ 
ʫʨʙʘʥʠʟʘʮʠʠ ʚʘʞʥʦ ʦʩʚʝʪʠʪʴ ʧʨʦʙʣʝʤʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 
ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ: ʉʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ï ʵʪʦ ʠʟʙʳʪʦʯʥʦʝ, 
ʥʝʫʧʨʘʚʣʷʝʤʦʝ ʠʣʠ ʥʝʮʝʣʝʚʦʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ, ʢʦʪʦʨʦʝ ʥʘʨʫʰʘʝʪ 
ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

2. ʀʩʪʦʯʥʠʢʠ ʩʚʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ: ʀʩʪʦʯʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʢʨʫʧʥʳʝ ʛʦʨʦʜʘ ʠ 
ʧʨʦʤʳʰʣʝʥʥʳʝ. ʆʥʦ ʩʦʟʜʘʝʪʩʷ ʫʣʠʯʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʘʨʭʠʪʝʢʪʫʨʥʳʤ 
ʦʩʚʝʱʝʥʠʝʤ, ʩʚʝʪʷʱʠʤʠʩʷ ʨʝʢʣʘʤʥʳʤʠ ʱʠʪʘʤʠ ʠʣʠ ʧʨʦʞʝʢʪʦʨʘʤʠ. 

3. ʆʮʝʥʢʘ ʩʚʝʪʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʝʪʘ: 
ʷʨʢʦʩʪʴ, ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ, ʚʨʝʤʷ ʦʩʚʝʱʝʥʠʷ.  

4. ɺʣʠʷʥʠʝ ʥʘ ʵʢʦʩʠʩʪʝʤʳ: ʉʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 
ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʷʭ, ʥʘʨʫʰʘʷ ʠʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʮʠʢʣʳ ʞʠʟʥʠ, ʚʢʣʶʯʘʷ 
ʬʦʪʦʩʠʥʪʝʟ, ʨʘʟʤʥʦʞʝʥʠʝ ʠ ʤʠʛʨʘʮʠʶ. 

5. ɺʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ: ʀʟʙʳʪʦʯʥʦʝ ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʦʩʚʝʱʝʥʠʝ ʤʦʞʝʪ 
ʚʳʟʚʘʪʴ ʥʘʨʫʰʝʥʠʷ ʩʥʘ, ʩʪʨʝʩʩ ʠ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ ʩʦ ʟʜʦʨʦʚʴʝʤ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʥʘʨʫʰʝʥʠʝʤ ʙʠʦʨʠʪʤʦʚ. 

6. ʕʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ: ʅʝʵʬʬʝʢʪʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʭʦʜʳ 
ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴ ʛʦʨʦʜʩʢʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

7. ʈʝʰʝʥʠʷ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ: ɺʥʝʜʨʝʥʠʝ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʜʚʠʞʝʥʠʷ ʠ ʩʥʠʞʝʥʠʝ ʷʨʢʦʩʪʠ ʦʩʚʝʱʝʥʠʷ ʚ ʥʦʯʥʦʝ 
ʚʨʝʤʷ ʤʦʛʫʪ ʧʦʤʦʯʴ ʫʤʝʥʴʰʠʪʴ ʩʚʝʪʦʚʦʝ ʟʘʛʨʷʟʥʝʥʠʝ. 
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ʉʀʅʊɽɿ ʇʆʈʆʐʂʆɺʓʍ ʄɸʊɽʈʀɸʃʆɺ ʅɸ ʆʉʅʆɺɽ ʂɸʈɹʀɼɸ ɻɸʌʅʀʗ ʉ 
ʇʈʀʄɽʅɽʅʀɽʄ ʋɻʃɽʈʆɼɸ, ʇʆʃʋʏɽʅʅʆɻʆ ʀɿ ʈɸʉʊʀʊɽʃʔʅʆɻʆ ʉʓʈʔʗ 

ɹʫʪʠʢʦʚʘ ɼʘʨʴʷ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 10 

ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʚʠʥʫʭʦʚʘ ɸʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʘʩʩʠʩʪʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʢʘʨʙʠʜ ʛʘʬʥʠʷ (HfC) ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʪʫʛʦʧʣʘʚʢʠʡ ʤʘʪʝʨʠʘʣ, 
ʚʦʩʪʨʝʙʦʚʘʥʥʳʡ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʷʭ. ɽʛʦ ʧʦʣʫʯʝʥʠʝ 
ʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʯʠʩʪʳʭ ʫʛʣʝʨʦʜʥʳʭ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʫʛʣʝʨʦʜʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï ɻ ʢʦʣʦʛʠʯʥʘʷ ʠ ʵʢʦʥʦʤʠʯʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ, ʢʦʪʦʨʘʷ 
ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ 
ʪʝʭʥʦʣʦʛʠʡ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ 
HfC. 

ʎʝʣʴ: ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʧʦʨʦʰʢʦʚʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ 
ʙʝʟʚʘʢʫʫʤʥʳʤ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʛʣʝʨʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ʇʨʦʚʝʩʪʠ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ; 
2. ʀʟʫʯʠʪʴ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʝʨʦʜʘ ʠʟ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ; 
3. ɸʧʨʦʙʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʘ ʧʦʨʦʰʢʦʚʦʛʦ HfC ʙʝʟʚʘʢʫʫʤʥʳʤ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ 
ʤʝʪʦʜʦʤ ʠ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ; 

4. ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ 
ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʂʘʨʙʠʜ ʛʘʬʥʠʷ ð ʵʪʦ ʙʠʥʘʨʥʦʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʝʪʘʣʣʘ ʛʘʬʥʠʷ ʠ 

ʫʛʣʝʨʦʜʘ ʩ ʭʠʤʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ HfC. ʇʦʨʦʰʦʢ ʩʦʩʪʦʠʪ ʠʟ ʙʝʩʮʚʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 
ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ. ʆʜʠʥ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʬʘʢʪʦʚ ʦ ʢʘʨʙʠʜʝ ʛʘʬʥʠʷ ð ʵʪʦ ʪʦ, ʯʪʦ 
ʵʪʦ ʩʘʤʦʝ ʪʫʛʦʧʣʘʚʢʦʝ ʚʝʱʝʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ 3959 Ñ 84 ÁC 
[1]. ʕʪʦ ʩʚʦʡʩʪʚʦ ʜʝʣʘʝʪ ʢʘʨʙʠʜ ʛʘʬʥʠʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 
ʧʨʠʤʝʥʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʘʥʝʩʝʥʠʝ ʪʨʫʜʥʦ ʩʙʠʚʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʠʥʩʪʨʫʤʝʥʪʳ, ʢʦʚʢʠ 
ʠ ʜʨʫʛʠʝ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʠʟʥʦʩʫ ʠ ʚʳʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʤ. ɺʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʚʳʨʘʞʝʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʪʜʘʯʝ 
ʵʣʝʢʪʨʦʥʦʚ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 
ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʢʘʪʦʜʦʚ ʫʩʢʦʨʠʪʝʣʝʡ. ʋʩʢʦʨʠʪʝʣʠʩ ʢʘʪʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ 
ʛʘʬʥʠʷʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʢʘʢ ʦʯʠʩʪʢʘ ʚʳʙʨʦʩʦʚ ʠ ʩʪʦʯʥʳʭ 
ʚʦʜ, ʘ ʪʘʢʞʝ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʩʪʝʨʠʣʠʟʘʮʠʠ, ʧʨʠʤʝʥʷʝʤʦʡ ʚ ʤʝʜʠʮʠʥʝ, 
ʬʘʨʤʘʮʝʚʪʠʢʝ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [1]. ʂʘʨʙʠʜ ʛʘʬʥʠʷ ʷʚʣʷʝʪʩʷ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʝ.  ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ 
ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʘʨʫʞʥʦʛʦ ʧʦʢʨʳʪʠʷ ʪʝʧʣʦʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ 
ʚʦʟʚʨʘʱʘʝʤʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʧʦʜʦʙʥʳʭ ʩʦʚʝʪʩʢʦʤʫ ʤʥʦʛʦʨʘʟʦʚʦʤʫ 
ʪʨʘʥʩʧʦʨʪʥʦʤʫ ʢʦʨʘʙʣʶ "ɹʫʨʘʥ". ʋʯʝʥʳʝ ʦʩʫʱʝʩʪʚʠʣʠ ʨʘʟʨʘʙʦʪʢʫ ʠʥʥʦʚʘʮʠʦʥʥʦʡ 
ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠʟʜʝʣʠʡ ʠʟ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ 
ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʩʚʘʨʢʠ ʩʦʢʨʘʱʘʝʪ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ ʜʦ 
ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʶʪ ʜʝʩʷʪʢʦʚ ʯʘʩʦʚ ʠ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʦʝʤʢʦʩʪʴʶ [1]. ɻʣʘʚʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ ʛʘʬʥʠʷ 
ʷʚʣʷʝʪʩʷ 4-. ʆʜʥʘʢʦ ʚ ʨʷʜʝ ʩʦʝʜʠʥʝʥʠʡ ʦʥ ʤʦʞʝʪ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʘʣʝʥʪʥʦʩʪʠ 3-, 2- 
ʠ 1- [2]. 

ɺʳʩʦʢʠʝ ʪʝʨʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ, ʚʢʣʶʯʘʷ ʪʝʤʧʝʨʘʪʫʨʫ 
ʧʣʘʚʣʝʥʠʷ (3965 Ñ 50) ÁC, ʪʚʸʨʜʦʩʪʴ, ʭʠʤʠʯʝʩʢʫʶ ʩʪʦʡʢʦʩʪʴ, ʥʠʟʢʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʘ ʠ 
ʭʦʨʦʰʘʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʪʝʧʣʦʚʦʤʫ ʫʜʘʨʫ ʜʝʣʘʶʪ ʝʛʦ ʥʝʟʘʤʝʥʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ 
ʩʦʚʨʝʤʝʥʥʦʡ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʘʨʙʠʜ ʛʘʬʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
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ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ (ɻʎʂ) ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ 
ʭʣʦʨʠʜʘʥʘʪʨʠʷ.ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ 
ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ. 

 ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ [3]: 
- ʆʛʨʘʥʠʯʝʥʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ; 
- ʄʥʦʛʦʩʪʘʜʠʡʥʦʩʪʴ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ; 
- ʈʠʩʢ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ʂ ʯʠʩʣʫ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʦʪʥʦʩʷʪʩʷ [4]: 
- ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʩʠʜʘ ʛʘʬʥʠʷ ʫʛʣʝʨʦʜʦʤ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 1200ÁC ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ 
ʚʦʜʦʨʦʜʘ ʧʨʠ 2000 ÁC; 
- ʆʩʘʞʜʝʥʠʝ ʭʣʦʨʠʜʘ ʛʘʬʥʠʷ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 
ʫʛʣʝʨʦʜʦʤ; 
- ʉʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ. 

ʊʨʘʜʠʮʠʦʥʥʦ ʠʟʜʝʣʠʷ ʠʟ ʢʘʨʙʠʜʘʛʘʬʥʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ 
ʤʝʪʘʣʣʫʨʛʠʠ. ɺʳʩʦʢʘʷ ʪʚʝʨʜʦʩʪʴ ʢʘʨʙʠʜʘ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʧʨʝʩʩʦʚʘʥʠʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ 
ʢ ʧʦʚʳʰʝʥʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʩʧʝʯʝʥʥʳʭ ʠʟʜʝʣʠʡ. ɼʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʧʦʨʠʩʪʦʩʪʠ 
ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʪʦʜʳ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʠ ʦʙʨʘʙʦʪʢʠ ʠʩʢʨʦʚʦʡ ʧʣʘʟʤʦʡ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʛʨʫʧʧʘ ʵʣʝʢʪʨʦʜʫʛʦʚʳʭ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʘʷ 
ʙʝʟʚʘʢʫʫʤʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʨʝʘʢʪʦʨ. ʉ ʧʦʤʦʱʴʶ ʙʝʟʚʘʢʫʫʤʥʦʛʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 
ʨʝʘʢʪʦʨʘ ʧʦʣʫʯʘʶʪ ʨʷʜ ʫʣʴʪʨʘʪʫʛʦʧʣʘʚʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʧʝʨʝʭʦʜʥʳʭ 
ʤʝʪʘʣʣʦʚ IVʠ Vʛʨʫʧʧʳ ʪʘʙʣʠʮʳ ʄʝʥʜʝʣʝʝʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʨʙʠʜ ʛʘʬʥʠʷ. ɼʘʥʥʳʡ 
ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ, ʪʘʢ ʦʥ ʥʝ ʪʨʝʙʫʝʪ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʚʘʢʫʫʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ ʩʪʝʥʜʝ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʉʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʙʝʟʚʘʢʫʫʤʥʳʡ 
ʧʣʘʟʤʝʥʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʨʝʘʢʪʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʦʚ, 
ʙʦʨʠʜʦʚ ʤʝʪʘʣʣʦʚ ʠ ʥʝʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʩʣʦʞʥʦ ʫʪʠʣʠʟʠʨʫʝʤʳʭ 
ʦʪʭʦʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʝʘʢʪʦʨ ʧʨʠʤʝʥʷʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ. ɺ 
ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʙʳʣʠ ʚʟʷʪʳ ʧʦʨʦʰʦʢ ʛʘʬʥʠʷ ʠ ʨʘʩʪʠʪʝʣʴʥʳʡ ʫʛʣʝʨʦʜ, 
ʧʦʣʫʯʝʥʥʳʡ ʧʠʨʦʣʠʟʦʤ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʫʛʣʝʨʦʜ ʦʙʣʘʜʘʝʪ 
ʫʥʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, 
ʥʘʧʨʠʤʝʨ ʜʣʷ ʬʠʣʴʪʨʘʮʠʠ ʚʦʟʜʫʭʘ. ʇʠʨʦʣʠʟ ï ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ 
ʠ ʤʥʦʛʠʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʝʨʪʥʦʡ 
ʩʨʝʜʝ (ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ). ʆʙʨʘʟʝʮ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ VIBRA HT-
224RCE ʠ ʧʦʤʝʱʘʣʠ ʚ ʪʝʨʤʦʩʪʦʡʢʠʡ ʩʪʘʣʴʥʦʡ ʢʦʥʪʝʡʥʝʨ (ʤʘʩʩʘ ʢʘʞʜʦʡ ʥʘʚʝʩʢʠ 
ʩʦʩʪʘʚʣʷʣʘ 300 ʛʨ. Ñ 2ʛʨ.). ʊʝʨʤʦʩʪʦʡʢʠʡ ʩʪʘʣʴʥʦʡ ʢʦʥʪʝʡʥʝʨ ʩ ʛʦʪʦʚʦʡ ʩʤʝʩʴʶ 
ʧʦʤʝʱʘʣʩʷ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʤʘʨʢʠ ʇʄ-1400. ʂ ʪʝʨʤʦʩʪʦʡʢʦʤʫ ʩʪʘʣʴʥʦʤʫ 
ʢʦʥʪʝʡʥʝʨʫ ʧʦʜʚʦʜʠʣʩʷ ʧʘʪʨʫʙʦʢ ʜʣʷ ʦʪʚʦʜʘ ʛʘʟʦʚ, ʦʪʚʦʜ ʛʘʟʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʯʝʨʝʟ 
ʚʝʥʪʠʣʷʮʠʦʥʥʫʶ ʰʘʭʪʫ. ʅʘʛʨʝʚ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 20 
ęʉ/ʤʠʥ Ñ1 ęʉ/ʤʠʥ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ (600 Áʉ) ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 
ʩʦʩʪʘʚʣʷʣʦ ʦʜʠʥ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʡ ʯʘʩ, ʜʘʣʝʝ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʦʩʪʘʥʘʚʣʠʚʘʣʦʩʴ, ʠ ʪʝʨʤʦʨʝʛʫʣʠʨʫʝʤʘʷ ʧʝʯʴ ʦʭʣʘʞʜʘʣʘʩʴ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʜʦ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʫʛʣʝʨʦʜ ʠʟʚʣʝʢʘʣʩʷ, ʚʳʧʦʣʥʷʣʦʩʴ ʝʛʦ 
ʚʟʚʝʰʠʚʘʥʠʝ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʫʛʣʝʨʦʜʘ ʨʘʩʬʘʩʦʚʳʚʘʣʩʷ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ. ɼʘʣʝʝ ʧʦʨʦʰʢʠ ʩʤʝʰʠʚʘʣʠʩʴ ʚ ʰʘʨʦʚʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ ʚ 
ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ ʧʨʠ ʯʘʩʪʦʪʝ 20 ɻʮ. ʇʦʩʣʝ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʘʷ ʩʤʝʩʴ ʙʳʣʘ 
ʧʦʜʚʝʨʞʝʥʘ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ. ʇʨʦʜʫʢʪʳ ʩʠʥʪʝʟʘ ʙʳʣʠ 
ʠʩʩʣʝʜʦʚʘʥʳ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ (Shimadzu XRD 7000s, 
ɚ=1.54060¡, ʩʪʘʥʜʘʨʪʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Shimadzu). 
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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʤ 
ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ ʩʪʝʥʜʝ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʕʣʝʢʪʨʦʜʫʛʦʚʦʡ 
ʩʪʝʥʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʜʫʛʦʚʦʡ ʨʝʘʢʪʦʨ, ʦʩʥʦʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʦʪʦʨʦʛʦ 
ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʪʦʚʳʝ ʵʣʝʢʪʨʦʜʳ ʠ ʠʩʪʦʯʥʠʢ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɸʥʦʜʦʤ ʷʚʣʷʝʪʩʷ 
ʛʨʘʬʠʪʦʚʳʡ ʩʪʝʨʞʝʥʴ, ʘ ʢʘʪʦʜʦʤ ï ʩʦʩʪʘʚʥʦʡ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ 
ʤʘʣʦʛʦ ʠ ʙʦʣʴʰʦʛʦ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ. ɺ ʤʘʣʳʡ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ ʟʘʩʳʧʘʝʪʩʷ ʩʤʝʩʴ 
ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʇʦʩʣʝ ʯʝʛʦ ʤʘʣʳʡ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ ʥʘʢʨʳʚʘʝʪʩʷ ʛʨʘʬʠʪʦʚʦʡ 
ʢʨʳʰʢʦʡ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʙʦʣʴʰʦʡ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ. ʅʘ ʠʩʪʦʯʥʠʢʝ ʧʦʩʪʦʷʥʥʦʛʦ 
ʪʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ï 200 ɸ. ɼʘʣʝʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ 
ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝʤ ʘʥʦʜʘ ʦ ʢʨʳʰʢʫ ʢʘʪʦʜʘ ʧʦʜʞʠʛʘʣʩʷ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ 
ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʠʩʭʦʜʠʣ ʩʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ. ʉʧʫʩʪʷ 30 ʩ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 
ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ, ʘʥʦʜ ʦʪʚʦʜʠʣʩʷ ʚʚʝʨʭ, ʠ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ 
ʛʘʩʣʘ. ʇʦʩʣʝ ʦʩʪʳʚʘʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʜʦ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʣʫʯʝʥʥʳʡ 
ʧʦʨʦʰʢʦʚʳʡ ʧʨʦʜʫʢʪ ʩʠʥʪʝʟʘ ʠʟʚʣʝʢʘʣʩʷ ʠʟ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ, ʚʟʚʝʰʠʚʘʣʩʷ ʥʘ 
ʚʝʩʘʭ, ʧʝʨʝʩʳʧʘʣʩʷ ʚ ʧʨʦʙʠʨʢʫ ʠ ʧʝʨʝʜʘʚʘʣʩʷ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʘʥʘʣʠʟʳ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 
 

 
ʈʠʩ. 1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

ʅʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʦʜʥʘ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʤʫ 
ʘʥʘʣʠʟʫ, ʢʦʣʠʯʝʩʪʚʦ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʚ ʧʦʣʫʯʝʥʥʦʤʫ ʧʦʨʦʰʢʦʚʦʤ ʧʨʦʜʫʢʪʝ ʩʠʥʪʝʟʘ 
ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 99%. 1% ʧʨʠʤʝʩʝʡ ʩʦʩʪʘʚʣʷʶʪ ʦʢʩʠʜʳ, ʫʛʣʝʨʦʜ, ʥʦ ʪʦʣʴʢʦ ʥʘ 
ʫʨʦʚʥʝ ʩʣʝʜʦʚ. ʇʦʣʫʯʝʥʥʳʡ ʢʘʨʙʠʜ ʛʘʬʥʠʷ ʠʤʝʝʪ ʢʫʙʠʯʝʩʢʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 
ʨʝʰʝʪʢʫ ʪʠʧʘ NaCl. 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʢʘʟʘʥʘ 
ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ.  

ʉʠʥʪʝʟ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ (HfC) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï ʟʘʜʘʯʘ 
ʩʣʦʞʥʘʷ ʠ, ʥʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ, ʥʝ ʠʤʝʶʱʘʷ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
ʊʨʫʜʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʛʘʬʥʠʷ, 
ʩʚʦʙʦʜʥʦʛʦ ʦʪ ʧʨʠʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʚ ʢʦʥʪʨʦʣʝ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʘʪʤʦʩʬʝʨʦʡ 
ʧʨʦʮʝʩʩʘ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ HfC. 

ʉʠʥʪʝʟ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʪʨʝʙʫʝʪ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʦʙʳʯʥʦ ʚʳʰʝ 2000 
ÁC), ʯʪʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ. 

ʇʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʜʦʣʞʝʥ ʧʨʦʚʦʜʠʪʴʩʷ ʚ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʘʪʤʦʩʬʝʨʝ, 
ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʦʢʠʩʣʝʥʠʝ ʛʘʬʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 
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ʆʜʥʘʢʦ ʙʝʟʚʘʢʫʫʤʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʤʝʪʦʜ ʨʝʰʘʝʪ ʚʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ 
ʩʠʥʪʝʟʦʤ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ. ɺ ʙʫʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʣʘʥʠʨʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ 
ʦʙʲʝʤʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʢʘʨʙʠʜʘ ʛʘʬʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʠʭ 
ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 
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ɼɽʄʆʅʉʊʈɸʎʀʗ ʌʀɿʀʏɽʉʂʀʍ ɿɸʂʆʅʆɺ ɺ ʆʉʅʆɺʅʆʁ ʐʂʆʃɽ ʉ 
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ɹʫʭʘʨʦʚʘ ɸʥʘʩʪʘʩʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʊʝʨʥʦʚʩʢʠʡ ɸʨʪʸʤ ɺʣʘʜʠʤʠʨʦʚʠʯ, 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʉʐ ˉ3è, 

10 ʢʣʘʩʩ 
ʛ. ɼʝʩʥʦʛʦʨʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʫʙʢʦ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄɹʆʋ çʉʐ ˉ3è. 
 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ɿʥʘʢʦʤʩʪʚʦ ʩ ʦʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʰʢʦʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ 

çʌʠʟʠʢʘè ʥʘʯʘʣʦʩʴ ʚ 7 ʢʣʘʩʩʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʤʘʣʳʡ ʧʨʦʮʝʥʪ ʜʝʪʝʡ 
ʧʦʥʠʤʘʝʪ ʧʨʠʥʮʠʧ ʫʩʪʨʦʡʩʪʚʘ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʠʭ ʦʧʘʩʥʦʩʪʴ ʜʣʷ ʞʠʟʥʠ, 
ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʣʘ ʠʜʝʷ ʩʦʟʜʘʪʴ ʤʘʢʝʪ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʠ ʧʦʢʘʟʘʪʴ 
ʝʛʦ ʨʘʙʦʪʫ ʩʚʦʠʤ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʚ ʜʦʤʘʰʥʠʭ 
ʫʩʣʦʚʠʷʭ ʠ ʩ ʝʸ ʧʦʤʦʱʴʶ ʧʦʜʪʚʝʨʜʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ 

ʨʘʟʜʝʣʘ çʕʣʝʢʪʨʦʜʠʥʘʤʠʢʘè. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

1) ʠʟʫʯʠʪʴ ʥʘʫʯʥʫʶ ʠ ʧʦʧʫʣʷʨʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ; 
2) ʨʘʟʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ ʤʘʢʝʪʘ; 
3) ʧʦʜʦʙʨʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ; 
4)  ʠʟʛʦʪʦʚʠʪʴ ʤʘʢʝʪ ʃʕʇ ʠʟ ʨʝʩʫʨʩʦʚ ʰʢʦʣʳ ʠ ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʟʘ ʣʠʯʥʳʝ 
ʩʨʝʜʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ; 

5) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʠʪʴ  ʷʚʣʝʥʠʝ ʧʦʚʳʰʝʥʠʷ ʠ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ 
ʧʨʠ ʧʦʤʦʱʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʥʘ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʤʦʜʝʣʠ. 

6)  ʧʨʦʚʝʩʪʠ ʦʙʫʯʘʶʱʠʝ ʫʨʦʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʢʝʪʘ; 
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ʂʘʢ ʛʣʘʩʠʪ ʥʘʨʦʜʥʘʷ ʧʦʛʦʚʦʨʢʘ çʃʫʯʰʝ ʦʜʠʥ ʨʘʟ ʫʚʠʜʝʪʴ, ʯʝʤ ʩʪʦ ʨʘʟ 
ʫʩʣʳʰʘʪʴè, ʵʪʦ ʠ ʝʩʪʴ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ: ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠ ʃʕʇ ʥʘ 
ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʪʝʤʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʧʦʠʩʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʷ ʩʦʙʠʨʘʣʘʩʴ 
ʥʘ ʠʥʪʝʨʥʝʪ ʨʝʩʫʨʩʘʭ, ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ.   

ɺ ʜʦʢʫʤʝʥʪʘʭ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʦʧʠʩʘʥʠʝ ʠʟʦʙʨʝʪʝʥʠʡ, ʯʝʨʪʝʞʠ. ʇʦʠʩʢ ʧʦʢʘʟʘʣ, 
ʯʪʦ ʚ ʩʪʨʘʥʝ ʜʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʛʣʷʜʥʳʝ ʥʘʪʫʨʥʳʝ ʤʘʢʝʪʳ ʃʕʇ ʜʣʷ 
ʫʣʫʯʰʝʥʠʷ ʧʦʥʠʤʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʫʯʘʱʠʤʠʩʷ. ɿʥʘʯʠʪ, ʚʳʙʨʘʥʥʘʷ ʪʝʤʘ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʰʢʦʣʴʥʦʡ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ. 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʟʜʝʣʘ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʪʝʤʳ: çɿʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʮʝʧʠè, çʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʉʠʣʘ ʪʦʢʘè, 
çʉʦʧʨʦʪʠʚʣʝʥʠʝè, çʕʣʝʢʪʨʦʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳè. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʢʨʫʧʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʀʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ 
ʩʪʘʥʮʠʷʭ ʷʚʣʷʶʪʩʷ ʤʘʰʠʥʥʳʝ ʛʝʥʝʨʘʪʦʨʳ. ʆʥʠ ʧʨʝʦʙʨʘʟʫʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 
ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʇʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ: ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʣʝʢʪʨʠʬʠʮʠʨʦʚʘʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʩʬʝʨʘ ʙʳʪʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ 
ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʛʦʨʦʜʘʭ ʠ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʎʝʥʪʨʳ ʧʦʪʨʝʙʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʫʜʘʣʝʥʳ ʦʪ ʝʝ ʠʩʪʦʯʥʠʢʦʚ ʟʘʯʘʩʪʫʶ ʥʘ ʨʘʩʩʪʦʷʥʠʷ ʚ ʩʦʪʥʠ ʠ ʜʘʞʝ ʪʳʩʷʯʠ 
ʢʠʣʦʤʝʪʨʦʚ ʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʝʨʝʜʘʯʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʪʦʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ. 

ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʝʪʴʶ ʥʘʟʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʢ ʜʣʷ 
ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʧʦʜʩʪʘʥʮʠʡ, 
ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʪʦʢʦʧʨʦʚʦʜʦʚ, ʚʦʟʜʫʰʥʳʭ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ 
ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

   ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʧʦʪʝʨʴ ʥʘ ʥʘʛʨʝʚʘʥʠʷ ʧʨʦʚʦʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʩʠʣʫ 
ʪʦʢʘ ʚ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ (ʃʕʇ), ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʚʝʣʠʯʠʪʴ ʥʘʧʨʷʞʝʥʠʝ. ʆʙʳʯʥʦ 
ʣʠʥʠʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯʠ ʩʪʨʦʷʪʩʷ ʚ ʨʘʩʯʝʪʝ ʥʘ ʥʘʧʨʷʞʝʥʠʝ 400ï500 ʢɺ. 
ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʦʢʘ ʚ ʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠ ʥʠʟʢʦʚʦʣʴʪʥʳʡ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ 
ʚʩʪʨʦʝʥʥʳʤ ʧʦʚʳʰʘʶʱʝʤʫ ʠ ʧʦʥʠʞʘʶʱʝʤʫ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤ. ʊʨʘʥʩʬʦʨʤʘʪʦʨ ʙʳʣ 
ʠʟʦʙʨʝʪʝʥ ʇ. ʅ. ʗʙʣʦʯʢʦʚʳʤ ʚ 1876 ʛʦʜ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ, 
ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʣʠ ʧʦʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ, ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. ʅʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʭ ʪʦʢ ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʜʣʷ 
ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʦʥʠʞʘʝʪʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʶʜʴʤʠ ʚ 
ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʛʦʨʦʜʘʭ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

 

ʕʊɸʇʓ ʄɸʊɽʈʀɸʃʓ ʆɹʑɸʗ ʉʊʆʀʄʆʉʊʔ 

ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʮʝʧʠ ʤʘʢʝʪʘ 

ɼʚʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ 
(ʧʦʚʳʰʘʶʱʠʡ ʠ 

ʧʦʥʠʞʘʶʱʠʡ), ʣʘʤʧʦʯʢʠ, 
ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ, 

ʠʩʪʦʯʥʠʢ ʪʦʢʘ. 

 
 

1138 ʨ 

ʈʘʟʨʘʙʦʪʘʪʴ ʚʥʝʰʥʠʡ ʚʠʜ 
ʤʘʢʝʪʘ 

ʆʩʥʦʚʘ ʤʘʢʝʪʘ, ʜʝʢʦʨ, 
ʵʣʝʤʝʥʪʳ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʮʝʧʠ, ʧʘʣʦʯʢʠ 
ʜʝʨʝʚʷʥʥʳʝ. 

 
1894 ʨ 

ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 
ʥʘʪʫʨʥʳʡ ʤʘʢʝʪ 

ɾʠʜʢʠʝ ʛʚʦʟʜʠ, 3D ʨʫʯʢʘ, 
ʩʪʝʨʞʥʠ ʜʣʷ ʥʝʸ, ʙʣʦʢ 
ʧʠʪʘʥʠʷ, ʢʘʙʝʣʴ Type-C 
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ʆʬʦʨʤʠʪʴ ʠ ʧʨʝʜʩʪʘʚʠʪʴ 
ʦʙʫʯʘʶʱʠʤʩʷ 

ʉʚʝʜʝʥʠʷ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ___ 

 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʣʝʤʝʥʪʳ ʃʕʇ https://linijaopory.ru/ 
2. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʃʕʇ 

https://metenergo.com/news/tpost/jfag91kru1-linii-elektroperedach-printsip-raboti-i  
3. ɻʣʘʟʫʥʦʚ ɸ.ɸ. ʆʩʥʦʚʳ ʤʝʭʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʚʦʟʜʫʰʥʳʭ ʣʠʥʠʡ 
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ɺɽʊʈʆɻɽʅɽʈɸʊʆʈ 
ɺʦʨʦʙʴʝʚʘ ʉʥʝʞʘʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  
çʊʝʛʫʣʴʜʝʪʩʢʘʷ ʉʆʐè 

10 ʢʣʘʩʩ 
ʉ. ʊʝʛʫʣʴʜʝʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʙʢʦʚ ɽʚʛʝʥʠʡ ɻʝʥʥʘʜʴʝʚʠʯ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ. 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʦʩʪʦʷʥʥʦ ʥʫʞʜʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ. ʅʘ ʝʝ ʚʳʨʘʙʦʪʢʫ ʪʨʘʪʠʪʩʷ ʤʥʦʛʦ ʩʨʝʜʩʪʚ ʠ ʨʝʩʫʨʩʦʚ, ʥʘʥʦʩʠʪʩʷ ʙʦʣʴʰʦʡ 
ʚʨʝʜ ʵʢʦʣʦʛʠʠ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʥʘʰʝʤ ʟʜʦʨʦʚʴʝ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʥʦʩʷʪ ʚʨʝʜ 
ʵʢʦʣʦʛʠʠ ʠ ʷʚʣʷʶʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤʠ ʨʝʩʫʨʩʘʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ, ʪʘʢʠʭ ʢʘʢ ʛʘʟ, ʫʛʦʣʴ, ʥʝʬʪʴ ʠ ʜʨ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʩʝʛʦʜʥʷ ʚ ʤʠʨʦʚʦʤ ʩʦʦʙʱʝʩʪʚʝ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ 
ʠʩʯʝʨʧʘʝʤʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʫʭʫʜʰʝʥʠʠ ʵʢʦʣʦʛʠʠ ɿʝʤʣʠ. ʋʯʝʥʳʝ ʠ ʤʥʦʛʠʝ 
ʩʪʨʘʥʳ ʚʩʝ ʙʦʣʴʰʝ ʦʙʨʘʱʘʶʪʩʷ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʘʣʦ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ 
ʵʥʝʨʛʠʶ. ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʫʣʠʮʝ, ʠ ʚ ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʘʭ. ʄʦʞʝʪ 
ʣʠ ʵʥʝʨʛʠʷ ʚʝʪʨʘ ʩʪʘʪʴ ʥʘʩʪʦʣʴʢʦ ʞʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʠ ʧʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɻʠʧʦʪʝʟʘ: ʝʩʣʠ ʧʦʣʫʯʠʪʩʷ ʩʦʟʜʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʤʘʢʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʤʠʥʠ-ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʪʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʤʦʞʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʟʘʛʦʨʦʜʥʦʤ ʜʦʤʝ. 

ʎʝʣʴ: ʩʜʝʣʘʪʴ ʤʘʢʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʠ 
ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚ ʟʘʛʦʨʦʜʥʦʤ ʜʦʤʝ. 
1. ʉʦʙʨʘʪʴ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʘʭ ʵʥʝʨʛʠʠ. 
2. ʀʟʫʯʠʪʴ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʫ. 
3.ʉʜʝʣʘʪʴ ʤʘʢʝʪ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. ʈʘʩʩʤʦʪʨʝʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʚ ʟʘʛʦʨʦʜʥʦʤ ʜʦʤʝ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ. 

https://linijaopory.ru/
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ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. 
ʄʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʦʥʩʪʨʫʢʪʦʨ, ʚʝʪʨʷʥʘʷ ʪʫʨʙʠʥʘ, 
ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʵʪʘʧ ï ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʧʦʠʩʢ 

ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʣʦʙʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ, ʦʙʦʙʱʝʥʠʝ. ʂʘʞʜʦʤʫ ʯʝʣʦʚʝʢʫ ʜʣʷ 
ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ ʥʫʞʥʘ ʵʥʝʨʛʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʝʚʦʟʤʦʞʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʞʠʟʥʴ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʜʦʤʝ, ʰʢʦʣʝ ʠʣʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. ʀ 
ʧʦʪʨʝʙʥʦʩʪʴ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʵʥʝʨʛʠʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ 
ʫʤʝʥʴʰʘʶʪʩʷ ʟʘʧʘʩʳ ʧʨʠʨʦʜʥʳʭ ʪʦʧʣʠʚ ï ʥʝʬʪʠ, ʫʛʣʷ ʠ ʛʘʟʘ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʳʭ ʤʳ 
ʧʦʣʫʯʘʝʤ ʥʝʦʙʭʦʜʠʤʫʶ ʥʘʤ ʵʥʝʨʛʠʶ. ʇʨʠʨʦʜʝ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʵʪʠ ʟʘʧʘʩʳ, 
ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʤʠʣʣʠʦʥʳ ʣʝʪ, ʠʟʨʘʩʭʦʜʦʚʘʥʳ ʦʥʠ ʙʫʜʫʪ ʟʘ ʩʦʪʥʠ ʣʝʪ. ʂ ʪʦʤʫ ʞʝ ʠʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʜʝʪ ʢ ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʫʭʫʜʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʚʩʝʛʦ 
ʯʝʣʦʚʝʯʝʩʪʚʘ. ʏʝʣʦʚʝʯʝʩʪʚʫ ʥʝ ʩʪʦʠʪ ʠʟʦʙʨʝʪʘʪʴ ʯʪʦ-ʪʦ ʥʦʚʦʝ. ɺʝʜʴ ʧʨʠʨʦʜʘ ʫʞʝ 
ʦʜʘʨʠʣʘ ʥʘʩ ʙʦʛʘʪʝʡʰʠʤʠ ʠ ʥʝʠʩʯʝʨʧʘʝʤʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʩʢʨʳʪʳ 
ʚ ʝʸ ʩʪʠʭʠʷʭ ï ʚʝʪʨʘ, ʩʦʣʥʮʘ, ʚʦʜʳ.  

ʇʨʘʢʪʠʯʝʩʢʠʡ ʕʪʘʧ - ɼʝʡʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʢʘʢ 
ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. 

ɼʝʡʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ: ʘ). ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ; ʙ). 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʙʝʩʧʣʘʪʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ; ʚ). ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʯʠʩʪʦʪʘ; ʛ). 
ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʝʩʪʴ ʤʦʱʥʳʝ ʧʦʪʦʢʠ ʚʝʪʨʘ ʠ ʢʫʜʘ ʥʝʚʦʟʤʦʞʥʦ 
ʜʦʩʪʘʚʠʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 

ʗ ʩʯʠʪʘʶ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ ʠ 
ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɺ ʤʘʛʘʟʠʥʝ ʪʘʢʫʶ ʪʦʯʥʦ ʥʝ ʢʫʧʠʪʴ.  

ʄʠʥʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʩʚʦʠʤʠ ʨʫʢʘʤʠ 
ɻʜʝ ʥʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩ ʧʦʜʟʘʨʷʜʢʦʡ ʩʤʘʨʪʬʦʥʦʚ ʠ 

ʧʨʦʯʝʡ ʪʝʭʥʠʢʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʚʝʨʙʘʥʢʘ ʪʦʣʴʢʦ ʚʨʝʤʝʥʥʘʷ ʤʝʨʘ. ɻʦʨʘʟʜʦ 
ʥʘʜʝʞʥʝʡ ʦʙʟʘʚʝʩʪʠʩʴ ʙʝʩʧʣʘʪʥʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ. ɺ ʝʛʦ 
ʢʘʯʝʩʪʚʝ ʧʦʜʦʡʜʝʪ ʩʘʤʦʜʝʣʴʥʳʡ ʤʠʥʠʘʪʶʨʥʳʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. ɽʛʦ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʧʦʜʟʘʨʷʞʘʪʴ ʩʤʘʨʪʬʦʥ. 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʄʘʪʝʨʠʘʣʳ: 
¶ ɹʝʩʱʝʪʦʯʥʳʡ ʛʝʥʝʨʘʪʦʨ ʥʘ 220 ɺʦʣʴʪ;  
¶ ɺʳʧʨʷʤʠʪʝʣʴʥʳʡ ʜʠʦʜʥʳʡ ʤʦʩʪ ʪʨʝʭʬʘʟʥʳʡ; 
¶ ʇʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ ʩ USB ʚʳʭʦʜʦʤ. 
¶ ʇɺʍ ʪʨʫʙʘ 32 ʤʤ; ʇɺʍ ʪʨʫʙʘ 50 ʤʤ; ʧʝʨʝʭʦʜʥʠʢ ʩ 32 ʥʘ 50 ʤʤ; 
¶ 2 ʯʝʨʚʷʯʥʳʭ ʭʦʤʫʪʘ; ʦʪʨʝʟʦʢ ʣʠʩʪʘ ʇɺʍ ʠʣʠ ʦʨʛʩʪʝʢʣʘ; 2 ʛʘʡʢʠ ʄ10; 
¶ ʙʦʣʪ ʄ10 80 ʤʤ; ʧʦʜʰʠʧʥʠʢ ʩ ʚʥʝʰʥʠʤ ʜʠʘʤʝʪʨʦʤ 32 ʤʤ; ʚʝʥʪʠʣʷʪʦʨ; 
ʀʟʛʦʪʦʚʣʝʥʠʝ ʚʝʪʨʷʢʘ: ʇʝʨʚʳʤ ʜʝʣʦʤ ʵʪʦ ʪʨʝʭʬʘʟʥʳʡ ʙʝʩʱʸʪʦʯʥʳʡ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ (ʤʦʱʥʦʩʪʴʶ 50 ɺʪ), ʢʦʪʦʨʳʡ ʧʨʠ ʥʦʤʠʥʘʣʴʥʳʭ ʦʙʦʨʦʪʘʭ (10000 ʦʙ. 
/ʤʠʥ.) ʩʧʦʩʦʙʝʥ ʚʳʨʘʙʘʪʳʚʘʪʴ ʧʦʨʷʜʢʘ 220 ɺʦʣʴʪ ʪʨʝʭʬʘʟʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʅʦ ʪʘʢ ʢʘʢ 
ʧʨʠ ʧʦʤʦʱʠ ʚʝʪʨʘ ʪʘʢʠʝ ʦʙʦʨʦʪʳ ʩʦʟʜʘʪʴ ʥʝʚʦʟʤʦʞʥʦ, ʥʘʤ ʜʦʩʪʫʧʥʦ ʣʠʰʴ ʩʣʘʙʦʝ 
ʚʨʘʱʝʥʠʝ, ʪʦ ʪʘʢʘʷ ʪʫʨʙʠʥʘ ʙʫʜʝʪ ʥʘʤ ʚʳʜʘʚʘʪʴ ʧʦʨʷʜʢʘ 12-20 ɺ. ʕʪʦʛʦ ʙʫʜʝʪ 
ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʰʠʭ ʮʝʣʝʡ. ɹʝʨʝʤ ʇɺʍ ʪʨʫʙʫ. ʅʘ ʢʨʘʡ ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʇɺʍ ʪʨʫʙʢʠ 
32 ʤʤ ʪʝʨʤʦʢʣʝʝʤ ʧʨʠʢʣʝʠʚʘʝʪʩʷ ʤʦʪʦʨʯʠʢ. ɼʣʷ ʥʘʜʝʞʥʦʩʪʠ ʝʛʦ ʥʫʞʥʦ ʟʘʢʨʝʧʠʪʴ 
ʧʘʨʦʡ ʯʝʨʚʷʯʥʳʭ ʭʦʤʫʪʦʚ. ʆʪʩʪʫʧʠʚ 50 ʤʤ ʦʪ ʜʚʠʛʘʪʝʣʷ, ʪʨʫʙʢʫ ʥʫʞʥʦ ʦʙʨʝʟʘʪʴ 
ʦʩʪʘʚʠʪʴ 35-40 ʩʤ. ʅʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʦʪ ʤʦʪʦʨʯʠʢʘ ʢʨʘʶ ʪʨʫʙʳ ʜʝʣʘʝʪʩʷ 
ʧʨʦʜʦʣʴʥʳʡ ʨʝʟ ʜʣʠʥʦʡ 25-30 ʤʤ. ʅʫʞʥʦ, ʯʪʦʙʳ ʦʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʥʘʧʨʘʚʣʝʥʠʶ 
ʨʘʥʝʝ ʧʨʦʜʝʣʘʥʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ʀʟ ʢʫʩʢʘ ʧʣʘʩʪʠʢʘ ʠʣʠ ʦʨʛʩʪʝʢʣʘ ʚʳʨʝʟʘʝʤ ʭʚʦʩʪ 
ʚʝʪʨʷʢʘ. ʉ ʧʦʤʦʱʴʶ ʪʝʨʤʦʧʠʩʪʘʣʝʪʘ ʦʥ ʚʢʣʝʠʚʘʝʪʩʷ ʚ ʧʨʦʨʝʟʴ ʥʘ ʪʨʫʙʢʝ. ɺ ʦʪʚʝʨʩʪʠʝ 
ʪʨʫʙʢʠ ʩ ʤʦʪʦʨʯʠʢʦʤ ʠ ʭʚʦʩʪʦʤ ʚʩʪʘʚʣʷʝʪʩʷ ʙʦʣʪ ʄ10. ʅʘ ʥʝʛʦ ʥʘʚʠʥʯʠʚʘʝʪʩʷ ʛʘʡʢʘ. 
ɼʘʣʝʝ ʥʘʩʘʞʠʚʘʝʪʩʷ ʧʦʜʰʠʧʥʠʢ, ʢʦʪʦʨʳʡ ʧʦʜʞʠʤʘʝʪʩʷ ʚʪʦʨʦʡ ʛʘʡʢʦʡ. ʇɺʍ 
ʧʝʨʝʭʦʜʥʠʢ ʠʟ 32 ʤʤ ʥʘ 50ʤʤ ʥʘʩʘʞʠʚʘʝʪʩʷ ʥʘ ʧʦʜʰʠʧʥʠʢ. ʂ ʧʝʨʝʭʦʜʥʠʢʫ 
ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʇɺʍ ʪʨʫʙʘ 50 ʤʤ. ʅʘ ʚʘʣ ʤʦʪʦʨʯʠʢʘ ʥʫʞʥʦ ʥʘʜʝʪʴ ʣʦʧʘʩʪʠ. ʀʭ ʤʦʞʥʦ 

https://sdelaysam-svoimirukami.ru/index.php?do=go&url=aHR0cDovL2J1eWVhc3kuYnkvcmVkaXJlY3QvY3BhL28vcHFjb2xxZjE0ejk5dGprZHc5OWF4N3AzOXVrbWFldnov
https://sdelaysam-svoimirukami.ru/index.php?do=go&url=aHR0cDovL2J1eWVhc3kuYnkvcmVkaXJlY3QvY3BhL28vcHFjb251dzJtdWRieW4zOHFhZ2MxOWhvMjBta2JqbzMv
https://sdelaysam-svoimirukami.ru/index.php?do=go&url=aHR0cDovL2J1eWVhc3kuYnkvcmVkaXJlY3QvY3BhL28vcHFjb3pmeG54MGJ4Znh1NGcwczhpYnB4eHdnbjk1ZDQv
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ʩʥʷʪʴ ʠʟ ʧʝʨʝʛʦʨʝʚʰʝʛʦ ʚʝʥʪʠʣʷʪʦʨʘ. ʏʪʦʙʳ ʟʘʱʠʪʠʪʴ ʤʦʪʦʨʯʠʢ ʦʪ ʦʩʘʜʢʦʚ, ʥʘ ʥʝʛʦ 
ʥʘʢʣʝʠʚʘʝʪʩʷ ʢʨʳʰʢʘ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢʫʩʦʯʝʢ ʨʘʟʨʝʟʘʥʥʦʡ ʚʜʦʣʴ 
ʢʘʥʘʣʠʟʘʮʠʦʥʥʦʡ ʪʨʫʙʢʠ 50 ʤʤ. 

ɼʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʫʞʥʦ ʚʟʷʪʴ ʪʷʞʝʣʫʶ ʩʪʦʡʢʫ. ʇʨʠ 
ʚʦʟʜʝʡʩʪʚʠʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʚʳʜʘʝʪ ʵʥʝʨʛʠʶ ʩʦ ʩʢʘʯʫʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ, ʵʪʦ 
ʥʦʨʤʘʣʴʥʦ. ʇʨʠʧʘʠʚʘʝʤ ʧʨʦʚʦʜʘ ʦʪ ʤʦʪʦʨʯʠʢʘ ʩʥʘʯʘʣʘ ʢ ʪʨʝʭʬʘʟʥʦʤʫ ʚʳʧʨʷʤʠʪʝʣʶ. 
ɸ ʟʘʪʝʤ ʢ ʧʦʥʠʞʘʶʱʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʶ ʥʘʧʨʷʞʝʥʠʷ. ʇʦʩʣʝ ʥʝʛʦ ʧʦʜʘʝʪʩʷ 
ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʙʝʟ ʢʨʠʪʠʯʝʩʢʠʭ ʩʢʘʯʢʦʚ, ʧʨʠʛʦʜʥʦʝ ʜʣʷ ʟʘʨʷʜʢʠ ʩʤʘʨʪʬʦʥʘ 
ʥʘʧʨʷʞʝʥʠʝʤ 5ɺ. ʕʪʦ ʥʝʜʦʨʦʛʦʡ ʚʧʦʣʥʝ ʧʨʦʩʪʦʡ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. ʀ 
ʚʝʪʨʘ ʚʧʦʣʥʝ ʜʦʣʞʥʦ ʭʚʘʪʠʪʴ ʜʣʷ ʟʘʨʷʜʢʠ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ. 
ʕʢʩʧʝʨʠʤʝʥʪʳ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ: ʌʝʥ, ʣʘʤʧʘ (3ɺ), ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. 

1. ʈʘʩʯʸʪ ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
ʉ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ, ʤʦʱʥʦʩʪʴ ʚʝʪʨʷʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʩʯʠʪʘʶʪ 

ʧʦ ʬʦʨʤʫʣʝ: N=ɟ ẗ ί ẗ 

¶ ɟ ï ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ; 
¶ S ï ʦʙʱʘʷ ʦʙʜʫʚʘʝʤʘʷ ʧʣʦʱʘʜʴ ʣʦʧʘʩʪʝʡ ʚʠʥʪʘ; 
¶ ὺ ð ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ; 
¶ N ï ʤʦʱʥʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ. 

S=ẗ́rĮ= 314ʩʤĮ = 0.0314ʤĮ 
ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 

V, ʤ/c 1 2 3 4 

N, ɺʪ 0,02 0,038 0,52 1,23 

N= 1,2250ẗ0.0314ẗ0.05=0.02ɺʪ 
 

 
ɻʨʘʬʠʢ. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 
2. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʠʣʳ ʚʝʪʨʘ 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʄʦʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ, ʘʥʝʤʦʤʝʪʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, 
ʄʫʣʴʪʠʤʝʪʨ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

  ɺ ʚʝʪʨʝʥʫʶ ʧʦʛʦʜʫ ʷ ʨʘʟʤʝʩʪʠʣʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʚʦ ʜʚʦʨʝ ʰʢʦʣʳ. ʅʘʧʨʘʚʠʚ    
  ʘʥʝʤʦʤʝʪʨ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʝʪʨʘ, ʠʟʤʝʨʷʶ ʧʦʢʘʟʘʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ  
ʤʫʣʴʪʠʤʝʪʨʦʤ. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʠʣʳ ʚʝʪʨʘ. 
 

ʊʘʙʣʠʮʘ ˉ3 ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ 

ʉʢʦʨʦʩʪʴ ʚʝʪʨʘ (ʤ/ʩ) ʅʘʧʨʷʞʝʥʠʝ, ɺ 

1.5 0.9 

2 1.5 

2.5 2 

3 3 

1 2 3 4 
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4 3.8 

. 
            U, ɺ 
 

                                0,5           1           1,5           2           2,5             3         3,5 
 
 
 

ɻʨʘʬʠʢ. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ. 
 

3. ʇʨʝʚʨʘʱʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 
ʵʥʝʨʛʠʶ ʣʘʤʧʳ. 

 ʄʳ ʙʝʨʝʤ ʬʝʥ ʠ ʥʘʧʨʘʚʣʷʝʤ ʥʘ ʥʘʰ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. ɺʝʪʨʦʚʦʡ ʧʦʪʦʢ ʦʪ ʬʝʥʘ 
ʧʨʠʚʦʜʠʪ ʚ ʜʝʡʩʪʚʠʝ ʣʦʧʘʩʪʠ, ʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ 
ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʠʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 
ʵʥʝʨʛʠʶ ʣʘʤʧʳ. 

4. ʇʨʝʚʨʘʱʝʥʠʝ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʠʯʝʩʢʫʶ 
ʜʣʷ ʟʘʨʷʜʢʠ ʤʦʙʠʣʴʥʦʛʦ ʪʝʣʝʬʦʥʘ. 

 
 
 
 
 
 
 
 
 

 
ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʝʪʨʦʵʥʝʨʛʠʠ: 
ɺʝʪʨʦʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʪʨʘʩʣʝʡ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, 
ʚʢʣʶʯʘʷ ʵʢʦʣʦʛʠʯʝʩʢʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ. ɺʝʪʨʷʥʳʝ ʪʫʨʙʠʥʳ ʧʨʦʠʟʚʦʜʷʪ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʙʝʟ ʚʳʙʨʦʩʦʚ ʫʛʣʝʨʦʜʘ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʙʦʨʦʪʴʩʷ ʩ ʠʟʤʝʥʝʥʠʝʤ 
ʢʣʠʤʘʪʘ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʚʦʟʜʫʭʘ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʪʨʦʵʥʝʨʛʠʠ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʠʩʢʦʧʘʝʤʦʛʦ 
ʪʦʧʣʠʚʘ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚʝʪʨʦʵʥʝʨʛʠʠ 
ʤʦʞʝʪ ʩʦʟʜʘʪʴ ʥʦʚʳʝ ʨʘʙʦʯʠʝ ʤʝʩʪʘ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʨʘʟʚʠʪʠʝ ʤʝʩʪʥʳʭ ʩʦʦʙʱʝʩʪʚ. 
ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʜʝʣʘʶʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʫ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ 
ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʮʝʣʦʤ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʚ ʤʠʨʝ ʪʘʢʦʚʘ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ 

ʧʦʩʪʝʧʝʥʥʦ ʠʩʪʦʱʘʶʪʩʷ, ʠ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʪʘʢʦʝ ʨʝʰʝʥʠʝ, ʢʘʢ ʚʝʪʨʷʥʳʝ ʤʝʣʴʥʠʮʳ, 
ʩʪʘʥʫʪ ʩʘʤʦʡ ʥʘʩʪʦʷʱʝʡ ʨʝʘʣʴʥʦʩʪʴʶ ʚʦ ʚʩʝʤ ʤʠʨʝ. 

ɺʝʪʨʷʥʘʷ ʤʝʣʴʥʠʮʘ ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ 
ʤʝʭʘʥʠʯʝʩʢʫʶ ʨʘʙʦʪʫ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʚʝʪʨʘ. 
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ɼʦʩʪʦʠʥʩʪʚʦ ʚʝʪʨʷʥʳʭ ʤʝʣʴʥʠʮ - ʛʝʥʝʨʘʪʦʨʦʚ ʵʪʦ, ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, 
ʥʘʜʝʞʥʳʡ, ʙʝʟʦʧʘʩʥʳʡ ʠ ʘʚʪʦʥʦʤʥʳʡ ʠʩʪʦʯʥʠʢ, ʵʥʝʨʛʠʠ, ʜʣʷ ʩʪʘʨʪʘ ʠ ʜʘʣʴʥʝʡʰʝʡ 
ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ, ʚʝʪʝʨ ʩʦ ʩʢʦʨʦʩʪʴʶ 1 ʤ/ʩʝʢ. ɺʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʧʦ ʚʝʪʨʫ, ʯʪʦ ʥʝ 
ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʠ ʩʤʝʥʝ ʚʝʪʨʷʥʦʛʦ ʧʦʪʦʢʘ. 
70% ʦʪ ʚʩʝʡ ʵʥʝʨʛʠʠ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʆʥʠ 
ʨʘʙʦʪʘʶʪ ʥʘ ʫʛʣʝ ʠ ʛʘʟʝ, ʢ ʩʦʞʘʣʝʥʠʶ, ʫʯʝʥʥʳʝ ʧʨʦʛʥʦʟʠʨʫʶʪ, ʯʪʦ ʟʘʧʘʩʦʚ ʜʘʥʥʳʭ 
ʨʝʩʫʨʩʦʚ ʭʚʘʪʠʪ ʝʱʝ ʪʦʣʴʢʦ ʥʘ 700 ʣʝʪ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ 
ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʟʘʢʦʥʯʠʪʴʩʷ ʚʳʨʘʙʘʪʳʚʘʶʪ ʪʦʣʴʢʦ 0,1% 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʃʶʜʠ ʢʘʢ ʧʦʪʨʝʙʣʷʶʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʪʘʢ ʠ ʙʫʜʫʪ ʝʛʦ ʧʦʪʨʝʙʣʷʪʴ 
(ʜʘʞʝ ʯʝʨʝʟ 700 ʣʝʪ). ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ, 
ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʠʟ ʧʨʠʨʦʜʳ. 

ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʷ ʨʘʩʩʢʘʟʘʣʘ ʦ ʩʦʟʜʘʥʠʠ ʩʚʦʝʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ 
ʷ ʦʟʥʘʢʦʤʠʣʩʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʠʭ ʚʠʜʘʤʠ. ʉʦʟʜʘʣʘ 
ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. ʈʘʟʨʘʙʦʪʘʣʘ ʠ ʧʨʦʚʝʣʘ ʩ ʥʠʤ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʋʩʪʘʥʦʚʠʣʘ 
ʟʘʚʠʩʠʤʦʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʢʘ ʦʪ ʩʠʣʳ ʚʝʪʨʘ. ʋʩʪʘʥʦʚʠʣʘ ʟʘʚʠʩʠʤʦʩʪʴ 
ʤʦʱʥʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚʦʛʦ ʧʦʪʦʢʘ. 
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ɻʀɼʈɸɺʃʀʏɽʉʂʀʁ ʄɸʅʀʇʋʃʗʊʆʈ. 
ɻʘʣʠʮʢʘʷ ɼʘʥʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

 ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʃʠʮʝʡ ˉ1 
10 ʢʣʘʩʩ 
ʛ. ɹʘʣʘʢʦʚʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʘʥʜʨʦʚʘ ʅʘʪʘʣʴʷ ɺʠʢʪʦʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʃʠʮʝʷ ˉ1 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʤ ʤʠʨʝ ʯʝʣʦʚʝʢ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ 
ʧʨʦʙʣʝʤʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʝʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʫʚʝʣʠʯʠʪʴ ʩʚʦʠ ʚʦʟʤʦʞʥʦʩʪʠ. ʆʯʝʥʴ 
ʯʘʩʪʦ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʝʛʦ-ʣʠʙʦ ʥʫʞʥʦ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʦʧʝʨʘʮʠʠ, 
ʦʧʘʩʥʳʝ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʵʪʠ ʦʧʝʨʘʮʠʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ 
ʤʘʥʠʧʫʣʷʪʦʨʳ, ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ.  ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʯʪʠ ʚʦ ʚʩʝʭ 
ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʥʠʧʫʣʷʪʦʨʳ. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 
ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʥʘʫʢʝ. ʅʘ ʧʨʠʤʝʨ ʨʘʟʚʠʪʠʝ, ʚ 
ʜʘʣʴʥʝʡʰʝʤ, ʢʦʣʣʘʙʦʨʘʪʠʚʥʳʭ ʨʦʙʦʪʦʚ, ʨʘʟʚʠʪʠʝ ʥʝʡʪʨʦʥʥʳʭ ʠʥʪʝʨʬʝʡʩʦʚ ʠ 
ʚʚʝʜʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ - ʠʟʛʦʪʦʚʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ. 
ɿʘʜʘʯʘʤʠ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, 

http://www.ectusow.ru/main/6715-al-ternativnye-istochniki-ehlektroehnergii-11-ectusow.html
http://www.ectusow.ru/main/6715-al-ternativnye-istochniki-ehlektroehnergii-11-ectusow.html
https://www.google.com/url?q=https://www.kakprosto.ru/kak-857081-princip-deystviya-generatora-peremennogo-toka&sa=D&source=editors&ust=1630856088019000&usg=AOvVaw2ufiV4OLJt-_N_xXBh3S50
https://www.google.com/url?q=https://www.kakprosto.ru/kak-857081-princip-deystviya-generatora-peremennogo-toka&sa=D&source=editors&ust=1630856088019000&usg=AOvVaw2ufiV4OLJt-_N_xXBh3S50
https://electric220.ru/news/generator_peremennogo_toka_princip_dejstvija/2013-05-01-378
https://electric220.ru/news/generator_peremennogo_toka_princip_dejstvija/2013-05-01-378
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ʚʳʷʚʣʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʚʠʜʦʚ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʧʦʥʷʪʠʝ ʧʨʠʥʮʠʧʘ 
ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 
ʩʦʙʨʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʄʘʥʠʧʫʣʷʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ʩʚʘʨʢʫ ʠʣʠ ʨʝʟʢʫ ʤʝʪʘʣʣʘ, ʧʝʨʝʚʦʟʠʪʴ 
ʪʷʞʝʣʳʝ ʛʨʫʟʳ, ʯʪʦ ʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʯʝʣʦʚʝʢ. ɸ ʝʱʝ ʤʦʛʫʪ ʦʩʥʘʱʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤ 
ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ. 

ʏʪʦ ʪʘʢʦʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ? ɻʠʜʨʘʚʣʠʯʝʩʢʠʤ ʤʘʥʠʧʫʣʷʪʦʨʦʤ 
ʥʘʟʳʚʘʶʪ ʤʝʭʘʥʠʟʤ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʩʠʣʫ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʠʞʝʥʠʷ ʠ 
ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʷ ʛʨʫʟʘʤʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, 
ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ ʩʪʨʝʣʳ ʠ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ.  
ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʠʜʨʦʤʘʥʠʧʫʣʷʪʦʨʘ:  
1. ʈʫʢʦʷʪʴ. ʉʣʫʞʠʪ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʚ ʨʘʙʦʯʝʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
2. ɻʠʜʨʦʮʠʣʠʥʜʨ ʚʳʜʚʠʞʝʥʠʷ ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʫʜʣʠʥʠʪʝʣʷ ʨʫʢʦʷʪʠ. 
3. ʐʘʪʫʥ. ʉʣʫʞʠʪ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʰʘʨʥʠʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʨʫʢʦʷʪʠ (1) ʢ ʩʪʨʝʣʝ (6). 
4. ʂʦʨʦʤʳʩʣʦ. ʊʘʢʞʝ ʩʣʫʞʠʪ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʰʘʨʥʠʨʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʨʫʢʦʷʪʠ (1) ʢ 
ʩʪʨʝʣʝ (6). 

5. ɻʠʜʨʦʮʠʣʠʥʜʨ ʧʦʜʲʝʤʘ ʨʫʢʦʷʪʠ. 
6. ʉʪʨʝʣʘ. ʆʩʫʱʝʩʪʚʣʷʝʪ ʧʦʜʲʝʤ, ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʧʦʛʨʫʟʢʫ ʛʨʫʟʦʚ. 
7. ʇʦʩʪ ʫʧʨʘʚʣʝʥʠʷ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʳ ʦʧʝʨʘʪʦʨʘ ʠ ʨʘʟʤʝʱʝʥʠʷ 
ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʟʚʝʥʴʷʤʠ ʩʪʨʝʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

8. ɻʠʜʨʦʮʠʣʠʥʜʨ ʧʦʜʲʝʤʘ ʩʪʨʝʣʳ. 
9. ʋʩʪʨʦʡʩʪʚʦ ʦʧʦʨʥʦ-ʧʦʚʦʨʦʪʥʦʝ. ʗʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʤʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʚʦʨʦʪ ʢʨʘʥʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʚʦʢʨʫʛ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ. 

10. ʊʨʫʙʦʧʨʦʚʦʜ. ʉʣʫʞʠʪ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ (14), ʛʠʜʨʦʙʘʢʘ 
(13).ʋʜʣʠʥʠʪʝʣʴ. ʉʣʫʞʠʪ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʚʳʣʝʪʘ ʩʪʨʝʣʳ 
ʤʘʥʠʧʫʣʷʪʦʨʘ.  

11. ʉʝʨʴʛʘ. ʉʣʫʞʠʪ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʢ ʫʜʣʠʥʠʪʝʣʶ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʛʨʝʡʬʝʨʥʳʡ ʠʣʠ 
ʯʝʣʶʩʪʥʦʡ ʟʘʭʚʘʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʬʠʢʩʘʮʠʠ ʠ ʫʜʝʨʞʘʥʠʷ ʛʨʫʟʘ). 

12. ɻʠʜʨʦʙʘʢ. ʆʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʝʤʢʦʩʪʴ ʜʣʷ ʭʨʘʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ. ɽʛʦ 
ʦʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʧʦʩʪʦʷʥʥʳʡ ʫʨʦʚʝʥʴ 
ʞʠʜʢʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠ ʨʘʙʦʪʝ 
ʦʙʦʨʫʜʦʚʘʥʠʷ.ʅʘʩʦʩʥʳʡ ʘʛʨʝʛʘʪ. ʉʣʫʞʠʪ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 
ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʚ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ. ʆʥ ʩʦʟʜʘʝʪ ʜʘʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ 
ʜʣʷ ʨʘʙʦʪʳ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʤʦʚ.ʈʦʪʘʪʦʨ. ʇʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʚʦʨʦʪʘ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʨʘʥʘ ʠ ʪ.ʜ.ʂʣʝʱʝʚʦʡ ʟʘʭʚʘʪ. ʉʣʫʞʠʪ 
ʜʣʷ ʟʘʭʚʘʪʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ. 
ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʩ ʢʨʘʥ-ʤʘʥʠʧʫʣʷʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʦʡ ʨʘʟʣʠʯʘʶʪʩʷ ʥʘ 
ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ: 
ʇʦ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ: ʤʘʣʦʪʦʥʥʘʞʥʳʝ, ʩʨʝʜʥʝʪʦʥʥʘʞʥʳʝ, ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʝ.  
ʇʦ ʪʠʧʫ ʩʪʨʝʣʳ: 
L-ʦʙʨʘʟʥʳʝ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ L-ʂʄʋ ʩʟʘʜʠ ʢʘʙʠʥʳ, ʘ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʛʨʫʟʦʚʠʢʘ ʩʪʨʝʣʘ ʟʘʢʨʝʧʣʝʥʘ ʚʜʦʣʴ ʦʩʠ ʘʚʪʦ. ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ L-ʂʄʋ ʦʪʥʦʩʠʪʩʷ ʪʦ, 
ʯʪʦ ʝʝ ʤʘʩʩʘ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʦʩʷʤʠ ʘʚʪʦ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ L-ʂʄʋ 
ʦʪʥʦʩʷʪ ʦʛʨʘʥʠʯʝʥʠʝ ʝʶ ʧʦʣʝʟʥʦʛʦ ʦʙʲʝʤʘ ʢʫʟʦʚʘ. 

Z-ʦʙʨʘʟʥʳʝ. ʆʩʥʘʱʘʶʪʩʷ ʰʘʨʥʠʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʛʠʙʢʦʩʪʴ. ʅʝʩʦʤʥʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ Z-ʢʦʥʩʪʨʫʢʮʠʠ ï ʵʪʦ ʝʝ ʢʦʤʧʘʢʪʥʦʩʪʴ. ʂʨʘʥʳ-
ʤʘʥʠʧʫʣʷʪʦʨʳ ʩ ʪʘʢʦʡ ʩʪʨʝʣʦʡ ʤʘʥʸʚʨʝʥʥʳʝ, ʥʦ ʙʦʣʝʝ ʜʦʨʦʛʠʝ ʚ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʯʝʤ 
ʤʦʜʝʣʠ ʩ L-ʦʙʨʘʟʥʦʡ ʩʪʨʝʣʦʡ.  
ʇʦ ʪʠʧʫ ʢʦʥʩʪʨʫʢʮʠʠ: 
Å ʊʨʦʩʩʦʚʳʝ ʤʘʥʠʧʫʣʷʪʦʨʳ. ʇʦʟʚʦʣʷʶʪ ʧʝʨʝʤʝʱʘʪʴ ʛʨʫʟʳ ʥʘ ʨʘʟʥʳʝ ʫʨʦʚʥʠ ʚ 
ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʫ ʥʠʭ ʙʦʣʴʰʦʡ ʚʳʣʝʪ ʩʪʨʝʣʳ.  
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Å ʉʢʣʘʜʥʳʝ ʢʨʘʥʳ. ɹʦʣʝʝ ʢʦʤʧʘʢʪʥʳʝ ʠ ʛʠʙʢʠʝ. ʇʦʜʭʦʜʷʪ ʜʣʷ ʨʘʙʦʪ, ʛʜʝ ʚ 
ʧʨʠʦʨʠʪʝʪʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʥʦʩʪʴ.  

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ.  
ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʜʲʝʤʘ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʷʞʝʣʳʭ ʛʨʫʟʦʚ ʘʨʭʝʦʣʦʛʠ ʦʙʥʘʨʫʞʠʣʠ ʧʨʠ 
ʨʘʩʢʦʧʢʘʭ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʭ ʧʦʩʝʣʝʥʠʡ VI ʚ. ʜʦ ʥʘʰʝʡ ʵʨʳ. ʇʨʠʤʠʪʠʚʥʦʝ ʩʦʦʨʫʞʝʥʠʝ 
ʥʘʧʦʤʠʥʘʣʦ ʱʠʧʮʳ, ʫʢʨʝʧʣʝʥʥʳʝ ʥʘ ʢʘʤʝʥʥʦʤ ʙʣʦʢʝ. ʀʟʦʙʨʝʪʘʪʝʣʝʤ ʢʨʘʥʘ-
ʤʘʥʠʧʫʣʷʪʦʨʘ ʩʯʠʪʘʝʪʩʷ ʜʘʪʯʘʥʠʥ ɸʨʥʝ ʁʝʥʩʝʥ, ʢʦʪʦʨʳʡ ʧʝʨʝʙʨʘʣʩʷ ʚ ʉʐɸ ʠ 
ʦʪʢʨʳʣ ʘʚʪʦʤʘʩʪʝʨʩʢʫʶ. ɺ ʥʘʯʘʣʝ 40-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʦʥ ʚʧʝʨʚʳʝ 
ʩʢʦʥʩʪʨʫʠʨʦʚʘʣ ʧʨʠʤʠʪʠʚʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨ ʠ ʫʩʪʘʥʦʚʠʣ ʝʛʦ ʥʘ ʛʨʫʟʦʚʦʝ ʰʘʩʩʠ. 
ʅʦʚʘʷ ʤʦʜʝʣʴ ʙʳʩʪʨʦ ʥʘʰʣʘ ʧʨʠʤʝʥʝʥʠʝ ʠ ʩʪʘʣʘ ʚʦʩʪʨʝʙʦʚʘʥʥʦʡ ʩʧʝʮʪʝʭʥʠʢʦʡ, ʚ 
ʪʝ ʚʨʝʤʝʥʘ ʫʩʪʨʦʡʩʪʚʦ ʥʘʟʳʚʘʣʠ ʛʨʫʟʦʚʠʢʦʤ ʩ ʢʨʘʥʦʤ. 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ. 

1. ɻʠʜʨʦʤʦʪʦʨ ʥʘ ʧʦʚʦʨʦʪ ʩʪʨʝʣʳ ʩʦʟʜʘʸʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ɺʘʣ ʥʘʩʦʩʘ 
ʚʨʘʱʘʝʪ ɿʘʧʫʩʢ ʜʚʠʛʘʪʝʣʷ ʘʚʪʦʤʦʙʠʣʷ, ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥ 
ʢʨʘʥ-ʤʘʥʠʧʫʣʷʪʦʨ. ʏʝʨʝʟ ʂʇʇ ʘʚʪʦ ʚʨʘʱʝʥʠʝ ʧʝʨʝʜʘʸʪʩʷ ʥʘ ʢʦʨʦʙʢʫ ʦʪʙʦʨʘ 
ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʥʘʩʦʩ, ʧʝʨʝʤʝʱʘʶʱʠʡ 
ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʞʠʜʢʦʩʪʴ.  

2. ɻʠʜʨʘʚʣʠʯʝʩʢʠʡ ʥʘʩʦʩ ʧʨʦʠʟʚʦʜʠʪ ʟʘʙʦʨ ʤʘʩʣʘ ʠʟ ʤʘʩʣʷʥʦʛʦ ʙʘʢʘ, ʩʦʟʜʘʸʪ 
ʜʘʚʣʝʥʠʝ ʠ ʧʝʨʝʜʘʸʪ ʝʛʦ ʥʘ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ, ʟʘʪʝʤ ʯʝʨʝʟ ʦʙʨʘʪʢʫ ʠ ʬʠʣʴʪʨ 
ʩʣʠʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʚ ʙʘʢ.   

3. ɻʠʜʨʦʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʨʘʩʧʨʝʜʝʣʷʝʪ ʧʦʪʦʢ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʞʠʜʢʦʩʪʠ ʜʘʣʴʰʝ 
ʧʦ ʩʠʩʪʝʤʝ, ʚ ʛʠʜʨʦʮʠʣʠʥʜʨʳ ʣʠʙʦ ʚ ʛʠʜʨʦʤʦʪʦʨʳ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ 
ʤʘʥʠʧʫʣʷʪʦʨʘ).  

4. ɾʠʜʢʦʩʪʴ ʧʦʩʪʫʧʘʝʪ ʚ ʛʠʜʨʦʤʦʪʦʨʳ, ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʘ ʥʘ 
ʘʚʪʦʤʦʙʠʣʝ ð ʧʝʨʚʳʡ ʥʘ ʧʦʚʦʨʦʪ ʩʪʨʝʣʳ, ʚʪʦʨʦʡ ʥʘ ʣʝʙʸʜʢʫ.  

5. ʧʦʚʦʨʦʪʥʳʡ ʨʝʜʫʢʪʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʭʦʜʠʪ ʚʘʣ-ʰʝʩʪʝʨʥʷ, ʠ ʜʘʣʝʝ ʢ ʚʝʥʮʫ 
ʧʨʠʢʨʝʧʣʝʥʘ ʫʩʪʘʥʦʚʢʘ. ɺʪʦʨʦʡ ʛʠʜʨʦʤʦʪʦʨ ʩʪʦʠʪ ʚ ʩʘʤʦʡ ʩʪʘʥʠʥʝ, ʧʝʨʝʜʘʸʪ 
ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʥʘ ʣʝʙʸʜʢʫ, ʛʜʝ ʪʨʦʩ ʣʠʙʦ ʧʦʜʥʠʤʘʝʪ, ʣʠʙʦ ʦʧʫʩʢʘʝʪ ʛʨʫʟ 

6. ɻʠʜʨʦʮʠʣʠʥʜʨʳ ð ʥʘ ʤʘʥʠʧʫʣʷʪʦʨʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʪʘʥʦʚʣʝʥʦ 4 ʰʪʫʢʠ: 2 
ʩʪʘʚʷʪ ʥʘ ʘʫʪʨʠʛʝʨ, 2 ʥʘ ʧʦʜʲʸʤ ʩʪʨʝʣʳ ʠ 1 ʥʘ ʚʳʜʚʠʞʝʥʠʝ ʩʪʨʝʣʳ (ʩʧʨʷʪʘʥ 
ʚʥʫʪʨʠ ʩʘʤʦʡ ʩʪʨʝʣʳ). ɺ ʥʠʭ ʧʦʜ ʜʘʚʣʝʥʠʝʤ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ (ʦʙʳʯʥʦ ʤʘʩʣʘ) 
ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʨʰʥʝʡ, ʢʦʪʦʨʦʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʤʝʭʘʥʠʯʝʩʢʦʝ ʠ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʜʲʸʤʘ, ʦʧʫʩʢʘʥʠʷ ʠ ʧʦʚʦʨʦʪʘ ʩʪʨʝʣʳ.  

7. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʢʣʘʧʘʥʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʫʧʨʘʚʣʷʪʴ ʜʚʠʞʝʥʠʷʤʠ 
ʤʘʥʠʧʫʣʷʪʦʨʘ.   
ʉʙʦʨʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ 
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʢʨʘʥʦ-ʤʘʥʠʧʫʣʷʪʦʨʥʫʶ ʫʩʪʘʥʦʚʢʫ ʤʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ: ʚʳʨʝʟʢʠ 
ʬʘʥʝʨʳ, ʰʧʨʠʮʳ, ʢʘʧʝʣʴʥʳʝ ʪʨʫʙʢʠ, ʩʢʨʝʧʢʠ, ʢʘʨʪʦʥ, ʜʝʨʝʚʷʥʥʳʝ ʰʧʘʞʢʠ, ʧʘʣʦʯʢʠ ʦʪ 
ʤʦʨʦʞʝʥʥʦʛʦ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʙʦʨʢʠ. 
ʉʥʘʯʘʣʘ ʷ ʩʦʙʨʘʣʘ ʢʘʨʢʘʩ ʠʟ ʧʨʝʞʜʝ ʚʳʨʝʟʘʥʥʳʭ ʥʘ ʩʪʘʥʢʝ ʜʝʨʝʚʷʥʥʳʭ ʜʝʪʘʣʝʡ, 

ʜʘʣʝʝ ʷ ʟʘʢʨʝʧʠʣʘ ʰʧʨʠʮʳ ʩ ʟʘʜʘʥʥʳʭ ʤʝʩʪʘʭ ʩ ʧʦʤʦʱʴʶ ʩʪʷʞʝʢ, ʰʧʘʞʝʢ ʠ ʢʣʝʷ. 
ʇʦʩʣʝ ʷ ʩʦʙʨʘʣʘ ʨʫʢʫ, ʪʘʢʞʝ ʠʟ ʚʳʨʝʟʘʥʥʳʭ ʜʝʪʘʣʝʡ ʬʘʥʝʨʳ ʠ ʟʘʢʨʝʧʠʣʘ ʝʝ ʥʘ 
ʩʙʦʨʢʝ, ʩʦʝʜʠʥʠʚ ʝʝ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʦʡ ʩ ʨʘʥʝʝ ʧʨʦʜʝʣʘʥʥʳʤʠ ʦʪʚʝʨʩʪʠʷʤʠ ʚ 
ʰʧʨʠʮʝ. ʉʦʙʨʘʚ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ, ̫  ʩʦʝʜʠʥʠʣʘ ʝʛʦ ʩʦ ʩʙʦʨʢʦʡ ʢʘʧʝʣʴʥʳʤʠ ʪʨʫʙʢʘʤʠ. 

 

  
 

 
ɺʳʚʦʜ 

ʈʠʩ.8. ʄʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ 

ʈʠʩ.9.ʉʦʙʨʘʥʥʳʡ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ,  
ʜʝʤʦʥʩʪʨʘʮʠʷ ʨʘʙʦʪʳ 
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ʉʦʙʨʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟ ʬʘʥʝʨʳ, ʰʧʨʠʮʦʚ, ʢʘʧʝʣʴʥʳʭ ʪʨʫʙʦʢ, ʤʝʜʥʦʡ 
ʧʨʦʚʦʣʦʢʠ, ʢʘʨʪʦʥʘ, ʜʝʨʝʚʷʥʥʳʭ ʰʧʘʞʝʢ ʠ ʧʘʣʦʯʝʢ ʦʪ ʤʦʨʦʞʝʥʥʦʛʦ ʨʘʙʦʪʘʝʪ. ɽʛʦ 
ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʣʷ ʧʝʨʝʥʦʩʘ ʥʘ ʥʝʢʦʪʦʨʳʝ ʨʘʩʩʪʦʷʥʠʷ ʣʝʛʢʠʭ ʧʨʝʜʤʝʪʦʚ. 
ʄʘʥʠʧʫʣʷʪʦʨ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ, ʠʟʤʝʥʷʪʴ ʟʘʭʚʘʪ. ɺ ʩʜʝʣʘʥʥʦʤ 
ʤʘʩʰʪʘʙʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʥʘʫʢʝ ʠ ʚ ʦʧʘʩʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʪʦ, ʯʪʦ ʦʥʦ ʘʚʪʦʥʦʤʥʦ ʠ ʵʢʦʣʦʛʠʯʥʦ. ʋʩʪʨʦʡʩʪʚʦ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳʡ ʨʘʟʤʝʨ 
ʠ ʘʥʪʠʚʘʥʜʘʣʴʥʳʡ ʢʦʨʧʫʩ. ʂ ʥʝʜʦʩʪʘʪʢʫ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʫʶ 
ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ ʠ ʢʨʦʧʦʪʣʠʚʦʩʪʴ ʩʙʦʨʢʠ. ʆʙʱʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʦʝʡ ʩʙʦʨʢʠ, ʙʝʟ 
ʫʯʝʪʘ ʠʤʝʶʱʝʛʦʩʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʩʪʘʚʠʣʘ ~700 ʨʫʙʣʝʡ.  
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ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 10 

ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʫʨʘʥʦʚ ʉʝʨʛʝʡ ɹʦʨʠʩʦʚʠʯ, ʜʦʮʝʥʪ ʆʄ ʀʐʅʇʊ ʊʇʋ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʜʠ ʧʨʦʚʦʜʷʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʧʦʜ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʦʩʦʙʝʥʥʦ ʚ ʨʝʛʠʦʥʘʭ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʦʣʥʝʯʥʳʭ 
ʜʥʝʡ ʚ ʛʦʜʫ. ʀʟʚʝʩʪʥʦ [1-4], ʯʪʦ ʩʚʝʪ ʦʢʘʟʳʚʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ. 
ʅʝʜʦʩʪʘʪʦʢ ʩʚʝʪʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʳʰʝʥʥʦʡ ʫʪʦʤʣʷʝʤʦʩʪʠ, ʨʘʟʜʨʘʞʠʪʝʣʴʥʦʩʪʠ 
ʠ ʜʘʞʝ ʢ ʜʝʧʨʝʩʩʠʚʥʳʤ ʩʦʩʪʦʷʥʠʷʤ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ, ʚʦʧʨʦʩʳ ʩʦʟʜʘʥʠʷ 
ʵʬʬʝʢʪʠʚʥʳʭ ʩʚʝʪʦʚʳʭ ʧʨʠʙʦʨʦʚ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ 
ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʨʝʰʝʥʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 
ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʩʚʝʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ 
ʦʩʚʝʱʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ (ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʚʨʝʤʷ ʩʫʪʦʢ, 
ʥʘʣʠʯʠʝ ʠ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʪ.ʜ.). ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 
ʦʩʚʝʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʩʚʝʪʘ ʥʘ 
ʯʝʣʦʚʝʢʘ.  

ʆʩʦʙʝʥʥʦ ʦʩʪʨʦ ʵʪʦʪ ʚʦʧʨʦʩ ʚʩʪʘʝʪ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʦʩʚʝʱʝʥʠʷ ʜʣʷ 
ʰʢʦʣ. ʐʢʦʣʴʥʦʝ ʦʩʚʝʱʝʥʠʝ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʦʤ ʦʙʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ 
ʜʝʪʝʡ, ʘ ʪʘʢʞʝ ʩ ʠʭ ʟʜʦʨʦʚʴʝʤ. ʅʝʢʘʯʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʤʦʞʝʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ 
ʠʭ ʚʥʠʤʘʥʠʠ, ʧʘʤʷʪʠ ʠ ʦʙʱʝʡ ʫʩʧʝʚʘʝʤʦʩʪʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʛʘʟʦʨʘʟʨʷʜʥʳʝ ʩʚʝʪʦʚʳʝ 
ʧʨʠʙʦʨʳ ʥʝ ʩʧʦʩʦʙʥʳ ʤʝʥʷʪʴ ʩʚʦʶ ʮʚʝʪʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʠʤʝʶʪ ʣʠʥʝʡʯʘʪʳʝ 
ʤʘʢʩʠʤʫʤʳ ʚ ʩʚʦʝʤ ʩʧʝʢʪʨʝ, ʘ ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʫʣʴʩʘʮʠʡ. 

https://staver.tech/articles/gidravlicheskij-manipulyator-stroenie-naznachenie-i-primenenie/
https://staver.tech/articles/gidravlicheskij-manipulyator-stroenie-naznachenie-i-primenenie/
https://r-hod.ru/
https://dzen.ru/video/watch/6577f95f9e5faa6d07ea122b


98 
 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʩʚʝʪʠʣʴʥʠʢʠ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʩʧʝʢʪʨʦʤ, ʥʦ ʚʦʧʨʦʩʳ 
ʚʳʙʦʨʘ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ ʩʣʘʙʦ 
ʧʨʦʨʘʙʦʪʘʥʳ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʦʩʚʝʱʝʥʠʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ 
ʨʘʟʥʳʝ ʧʩʠʭʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʫ ʜʝʪʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ [3], ʯʪʦ 
ʪʝʧʣʳʡ ʩʚʝʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʩʩʣʘʙʣʝʥʠʶ ʠ ʫʣʫʯʰʝʥʠʶ ʥʘʩʪʨʦʝʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 
ʭʦʣʦʜʥʳʡ ʩʚʝʪ ʤʦʞʝʪ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʧʦʜʦʙʥʳʭ ʜʘʥʥʳʭ ʥʘ ʧʨʘʢʪʠʢʝ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʚʘʪʴ ʘʜʘʧʪʠʚʥʳʝ ʩʚʝʪʦʚʳʝ ʨʝʰʝʥʠʷ, 
ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʪʨʝʙʥʦʩʪʠ ʫʯʘʱʠʭʩʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ 
ʦʩʚʝʱʝʥʠʶ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʚʘʝʤʦʩʪʠ, 
ʥʦ ʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʜʦʨʦʚʦʡ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʰʢʦʣʴʥʠʢʦʚ 
ʧʨʠ ʨʘʟʥʦʤ ʦʩʚʝʱʝʥʠʠ ʚʘʞʥʦ ʥʘ ʬʦʥʝ ʨʘʩʪʫʱʝʡ ʦʟʘʙʦʯʝʥʥʦʩʪʠ ʦ ʧʩʠʭʠʯʝʩʢʦʤ 
ʟʜʦʨʦʚʴʝ ʤʦʣʦʜʝʞʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʥʦʚʳʤʠ 
ʚʳʟʦʚʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʧʦʚʳʰʝʥʥʦʡ ʥʘʛʨʫʟʢʦʡ ʥʘ ʫʯʝʥʠʢʦʚ ʠ ʩʪʨʝʩʩʦʤ. ʕʪʦ ʜʝʣʘʝʪ 
ʥʝʦʙʭʦʜʠʤʳʤ ʠʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʤʝʥʪʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ ʦʙʫʯʝʥʠʷ, ʚʢʣʶʯʘʷ ʦʩʚʝʱʝʥʠʝ, ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ 
ʢʘʯʝʩʪʚʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʛʘʨʤʦʥʠʯʥʦʤʫ 
ʨʘʟʚʠʪʠʶ ʜʝʪʝʡ.  
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʦʩʚʝʱʝʥʠʷ ʨʘʟʥʦʡ 
ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʛʥʠʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʰʢʦʣʴʥʠʢʦʚ. ɼʘʥʥʦʝ 
ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʫʯʥʫʶ, ʥʦ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ, 
ʥʘʧʨʘʚʣʝʥʥʫʶ ʥʘ ʫʣʫʯʰʝʥʠʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʜʣʷ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʦʩʚʝʱʝʥʠʷ ʥʘ 
ʯʝʣʦʚʝʢʘ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʩʚʝʪʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʨʠʩʫʥʦʢ 
1), ʧʦʟʚʦʣʷʶʱʝʝ ʠʟʤʝʥʷʪʴ ʮʚʝʪʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʚʝʱʝʥʠʷ (2700-6500 ʂ) ʠ 
ʦʩʚʝʱʝʥʥʦʩʪʴ (0-550 ʃʢ). ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ RT-A120-8mm 12V White-MIX, ʚ ʢʦʪʦʨʦʡ ʩʦʯʝʪʘʶʪʩʷ ʩʚʝʪʦʜʠʦʜʳ 
ʪʝʧʣʦʛʦ (2700 ʂ) ʠ ʭʦʣʦʜʥʦʛʦ (6000 ʂ) ʩʚʝʯʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʩʚʝʪʦʤ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʩ 
ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʘ SMART-K22-MIX. ɺʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 
ʩʚʝʪʦʚʦʡ ʧʨʠʙʦʨ ʫʩʪʘʥʘʚʣʠʚʘʣʩʷ ʥʘ ʚʳʩʦʪʝ 1,5 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʦʣʘ. ʄʘʢʩʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʘʷ ʦʩʚʝʱʝʥʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 550 ʣʢ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʫʝʤʦʡ 
ʦʩʚʝʱʝʥʥʦʩʪʠ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ ʚ ʦʬʠʩʝ ʧʦ ʉʇ 52.13300.2016. ʀʟʤʝʨʝʥʠʷ 
ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʣʶʢʩʤʝʪʨʦʤ ʊʂɸ-ʃʖʂʉ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 
ʚʳʙʨʘʥʳ ʜʚʘ ʨʝʞʠʤʘ: 2700 ʠ 6000 ʂ (ʨʠʩʫʥʦʢ 2). 

 

 
ʈʠʩ.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ 
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ʈʠʩ.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʞʠʤʳ ʦʩʚʝʱʝʥʠʷ 

 
ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʫʯʘʩʪʥʠʢʠ 

ʧʨʦʭʦʜʠʣʠ ʪʝʩʪʳ ʥʘ ʦʮʝʥʢʫ ʢʦʛʥʠʪʠʚʥʳʭ ʬʫʥʢʮʠʡ ʩʥʘʯʘʣʘ ʧʦʜ ʭʦʣʦʜʥʳʤ (6000ʂ) 
ʦʩʚʝʱʝʥʠʝʤ, ʘ ʟʘʪʝʤ ʧʦʜ ʪʸʧʣʳʤ (2700ʂ). ɿʘʜʘʥʠʷ ʧʨʠ ʢʘʞʜʦʤ ʠʟ ʪʝʩʪʦʚ ʜʘʚʘʣʠʩʴ ʚ 
ʩʣʫʯʘʡʥʦʤ ʧʦʨʷʜʢʝ. ʇʝʨʝʜ ʧʨʦʭʦʞʜʝʥʠʝʤ ʢʘʞʜʦʡ ʩʝʨʠʠ ʪʝʩʪʦʚ ʫʯʘʩʪʥʠʢʠ ʧʨʦʚʦʜʠʣʠ 
ʧʦ ʧʦʣʪʦʨʳ ʤʠʥʫʪʳ ʚ ʪʝʤʥʦʪʝ ʩ ʟʘʢʨʳʪʳʤʠ ʛʣʘʟʘʤʠ, ʯʪʦʙʳ ʨʘʩʩʣʘʙʠʪʴ ʨʝʮʝʧʪʦʨʳ 
ʛʣʘʟʘ. ʊʘʢʞʝ, ʧʝʨʝʜ ʢʘʞʜʦʡ ʩʝʨʠʝʡ ʪʝʩʪʦʚ ʫʯʘʩʪʥʠʢʠ ʟʘʧʦʣʥʷʣʠ ʘʥʢʝʪʫ ʦʙ ʠʭ 
ʩʘʤʦʯʫʚʩʪʚʠʠ ʠ ʵʤʦʮʠʦʥʘʣʴʥʦʡ ʫʩʪʘʣʦʩʪʠ. ʇʦʩʣʝ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʦʚ ʫʯʘʩʪʥʠʢʠ 
ʤʦʛʣʠ ʦʩʪʘʚʠʪʴ ʢʦʤʤʝʥʪʘʨʠʡ ʦ ʩʚʦʠʭ ʦʱʫʱʝʥʠʷʭ ʚʦ ʚʨʝʤʷ ʪʝʩʪʘ. ʌʠʟʠʦʣʦʛʠʯʝʩʢʘʷ 
ʨʝʘʢʮʠʷ ʦʮʝʥʠʚʘʣʘʩʴ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ ʧʫʣʴʩʘ ʩ ʧʦʤʦʱʴʶ ʥʘʛʨʫʜʥʦʛʦ 
ʧʫʣʴʩʦʤʝʪʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3 ï 4. ʅʝʢʦʪʦʨʳʝ ʫʯʘʩʪʥʠʢʠ 
ʦʩʪʘʚʣʷʣʠ ʢʦʤʤʝʥʪʘʨʠʠ, ʯʪʦ ʭʦʣʦʜʥʦʝ ʦʩʚʝʱʝʥʠʝ ʟʘʩʪʘʚʣʷʝʪ ʠʭ ʣʫʯʰʝ 
ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʥʘ ʨʘʙʦʪʝ ʠ ʜʘʸʪ ʟʘʨʷʜ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ, ʥʝʢʦʪʦʨʳʝ ʫʯʘʩʪʥʠʢʠ ʧʠʩʘʣʠ, 
ʯʪʦ ʠʤ ʙʳʣʦ ʥʝʢʦʤʬʦʨʪʥʦ ʧʦʜ ʪʸʧʣʳʤ ʦʩʚʝʱʝʥʠʝʤ, ʘ ʥʝʢʦʪʦʨʳʝ ʛʦʚʦʨʠʣʠ, ʯʪʦ ʦʥʦ 
ʨʘʩʩʣʘʙʣʷʝʪ ʠʭ. 

 
ʈʠʩ.3. ɺʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʫʯʘʩʪʥʠʢʘʤʠ ʪʝʩʪʦʚ ʚ ʢʘʞʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 
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ʈʠʩ.4. ʉʘʤʦʯʫʚʩʪʚʠʝ ʫʯʘʩʪʥʠʢʦʚ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 

 
ʊʝʢʫʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʩʚʝʱʝʥʠʷ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʚʥʠʤʘʪʝʣʴʥʦʩʪʴ, ʟʨʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ 
ʠ ʘʥʘʣʠʟ, ʪ.ʝ. ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʰʢʦʣʴʥʠʢʦʚ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ 
ʧʨʠ ʪʝʧʣʦʤ ʦʩʚʝʱʝʥʠʠ 2700 ʂ ʠʩʧʳʪʫʝʤʳʝ ʧʨʦʭʦʜʠʣʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ 
ʧʨʠ 6000 ʂ. ʆʜʥʘʢʦ, ʧʨʠ 6000 ʂ, ʪ.ʝ. ʭʦʣʦʜʥʦʤ ʩʚʝʪʝ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʦʚʝʨʰʘʣʠ 
ʦʰʠʙʢʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʤʠʤʦ ʦʙʱʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ 
ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʦʚ, ʦʮʝʥʠʚʘʣʠʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʫʯʘʩʪʥʠʢʦʚ ʧʦ 
ʢʘʞʜʦʤʫ ʪʝʩʪʫ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʩʝʨʠʠ ʪʝʩʪʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʮʝʥʢʫ ʩʭʦʞʠʭ 
ʬʫʥʢʮʠʡ, ʠʤʝʣʠ ʩʭʦʞʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʭʦʞʜʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʦʙʱʝʡ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʧʦʜ ʪʝʧʣʳʤ ʩʚʝʪʦʤ ʠʩʧʳʪʫʝʤʳʝ ʣʫʯʰʝ ʧʨʦʭʦʜʠʣʠ ʪʝʩʪʳ ʥʘ 
ʦʮʝʥʢʫ ʚʥʠʤʘʪʝʣʴʥʦʩʪʠ, ʘ ʧʨʠ ʭʦʣʦʜʥʦʤ ʥʘ ʦʮʝʥʢʫ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ. ɼʘʥʥʳʡ 
ʨʝʟʫʣʴʪʘʪ ʛʦʚʦʨʠʪ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʘʜʘʧʪʠʚʥʳʭ ʨʝʞʠʤʦʚ ʦʩʚʝʱʝʥʠʷ, 
ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʣʠʩʴ ʙʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʧʦʣʥʷʝʤʦʡ ʨʘʙʦʪʳ.  

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʘʙʦʨʘ ʩʪʘʪʠʩʪʠʢʠ ʧʦ ʨʘʟʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 
ʧʣʘʥʠʨʫʝʪʩʷ ʙʦʣʴʰʘʷ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʘʷ ʩʝʡʯʘʩ ʣʠʰʴ ʥʘ ʥʘʯʘʣʴʥʳʭ 
ʵʪʘʧʘʭ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 25-28-20162, 
https://rscf.ru/project/25-28-20162/ 
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4. ʄʦʨʛʫʥʦʚ ɼ.ʅ., ɺʘʩʠʣʴʝʚ ʉ.ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. ʊʝʭʥʦʣʦʛʠʠ, ʩʨʝʜʩʪʚʘ ʤʝʭʘʥʠʟʘʮʠʠ ʠ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ï 2017. ï ˉ2(38). ï pp. 1-9 

 
 
 
ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ʈɽɸʂʊʆʈʅʓʍ ʋʉʊɸʅʆɺʆʂ ʊʀʇɸ ɺɺʕʈ ʉ 

ʆʂʉʀɼʅʓʄ ʊʆʇʃʀɺʆʄ 
ɼʝʥʠʩʝʥʢʦ ʀʚʘʥ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 10 
ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʥʳʰʝʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʆʗʊʎ ʀʗʊʐ ʊʇʋ 
  

ʈʘʟʚʠʪʠʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʚʠʜʦʚ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ɺɺʕʈ (ʚʦʜʦ-ʚʦʜʷʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ 
ʨʝʘʢʪʦʨ), ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʢʦʥʚʝʨʩʠʝʡ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ 
ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʫ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʦʪʭʦʜʦʚ. ɼʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ 
ʨʝʘʢʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʪʠʧʘ ɺɺʕʈ ʥʝʦʙʭʦʜʠʤʳ ʪʦʯʥʳʝ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʝ 
ʨʘʩʯʝʪʳ. 

ʀʟʚʝʩʪʥʳʝ ʥʘ ʩʝʛʦʜʥʷ ʟʘʢʦʥʳ ʚ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ 
ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʧʘʚʰʠʭʩʷ ʷʜʝʨ, ʷʜʝʨʥʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ, ʵʥʝʨʛʠʷ, 
ʚʳʩʚʦʙʦʞʜʘʶʱʘʷʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʚʝʱʝʩʪʚʘ: 

1. ʂʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʯʝʨʝʟ ʚʨʝʤʷ t. . . Å . ς  , ʛʜʝ N ï 

ʢʦʣʠʯʝʩʪʚʦ ʥʝʨʘʩʧʘʚʰʠʭʩʷ ʷʜʝʨ, .  ï ʠʟʥʘʯʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ, ɚ ï 
ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩʧʘʜʘ ʷʜʨʘ, T ï ʧʝʨʠʦʜ ʧʦʣʫʨʘʩʧʘʜʘ[1]. 

2. ʗʜʝʨʥʦʝ ʵʬʬʝʢʪʠʚʥʦʝ ʩʝʯʝʥʠʝ. ʎ , ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʷʜʝʨ, dN ï 

ʯʠʩʣʦ ʯʘʩʪʠʮ, ʚʩʪʫʧʘʶʱʠʭ ʚ ʨʝʘʢʮʠʶ ʚ ʩʣʦʝ ʪʦʣʱʠʥʦʡ dx, N ï ʢʦʣ-ʚʦ 
ʷʜʝʨ, ʧʘʜʘʶʱʠʭ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 
ʩʝʯʝʥʠʷ[4]. 

3. ʕʢʚʠʚʘʣʝʥʮʠʷ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ. % ÍÃ[2]. 
ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʤʝʥʝʥʠʷ 

ʨʝʘʢʪʦʨʘ ɺɺʕʈ ʥʘ ʜʠʦʢʩʠʜʥʦʤ ʪʦʧʣʠʚʝ. 
ʉʚʦʡʩʪʚʘ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʢʘʢ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ɺɺʕʈ: 

1. ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ: ɼʠʦʢʩʠʜ ʫʨʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʘʙʣʝʪʦʢ ʠʣʠ 
ʛʨʘʥʫʣ, ʢʦʪʦʨʳʝ ʫʧʘʢʦʚʳʚʘʶʪʩʷ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʪʨʫʙʢʠ (ʪʦʧʣʠʚʥʳʝ 
ʵʣʝʤʝʥʪʳ). ʕʪʠ ʵʣʝʤʝʥʪʳ ʟʘʪʝʤ ʩʦʙʠʨʘʶʪʩʷ ʚ ʪʦʧʣʠʚʥʳʝ ʩʙʦʨʢʠ, 
ʢʦʪʦʨʳʝ ʨʘʟʤʝʱʘʶʪʩʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ[4].  

2. ʇʨʦʮʝʩʩ ʜʝʣʝʥʠʷ: ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʧʨʦʠʩʭʦʜʠʪ ʜʝʣʝʥʠʝ 
ʫʨʘʥʦʚʳʭ ʷʜʝʨ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʘ. 
ʕʪʦ ʪʝʧʣʦ ʟʘʪʝʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʥʘʛʨʝʚʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ (ʚʦʜʳ), 
ʢʦʪʦʨʳʡ ʛʝʥʝʨʠʨʫʝʪ ʧʘʨ ʠ ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʪʫʨʙʠʥʫ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʠʯʝʩʪʚʘ.  

3. ʉʪʘʙʠʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ: ɼʠʦʢʩʠʜ ʫʨʘʥʘ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ 
ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʳʩʦʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 
ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 
ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʦʚ[4]. 

ʊʘʢ ʢʘʢ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ, ʠ ʦʯʝʥʴ ʩʠʣʴʥʦ 
ʩʚʷʟʘʥʥʘ ʩ ʪʝʦʨʠʝʡ ʚʝʨʦʷʪʥʦʩʪʠ (ʩʤ. ʊʘʙʣʠʮʘ 1.), ʪʦ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ 
ʙʫʜʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʳʭʦʜʥʳʝ ʜʘʥʥʳʝ. 
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ʊʘʙʣʠʮʘ 1. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʡʪʨʦʥʘ ʩʦ ʩʨʝʜʦʡ[1] 

ɺʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʦʛʣʦʱʝʥʠʷ ʈʘʩʩʝʠʚʘʥʠʝ 

Ŭ ɓ ɔ ʋʧʨʫʛʦʝ ʅʝʫʧʨʫʛʦʝ 

(A,Z) + n = (A-
1,Z-2) + He. 

(A,Z) + n = 
(A,Z-1) + e. 

(A,Z) + n = 
(A+1,Z) + ɔ. 

ʅʝʡʪʨʦʥ ʥʝ 
ʧʦʧʘʜʘʝʪ ʚ 
ʷʜʨʦ. 

ʅʝʡʪʨʦʥ 
ʧʦʧʘʜʘʝʪ ʚ 
ʷʜʨʦ ʠ 

ʧʨʠʚʦʜʠʪ ʝʛʦ ʚ 
ʚʦʟʙʫʞʜʝʥʥʦʝ 
ʩʦʩʪʦʷʥʠʝ. 

 
ʎʝʣ:ɹ ʀʟʫʯʝʥʠʝ ʦʙʦʛʘʱʸʥʥʦʩʪʠ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʫʨʘʥʦʤ 235, ʧʨʠ ʢʦʪʦʨʦʡ 

ʨʘʙʦʪʘ ʨʝʘʢʪʦʨʘ ʙʫʜʝʪ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʙʝʟʦʧʘʩʥʦʡ. 
ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʷʜʝʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʨʝʘʢʪʦʨʘʭ 
2. ʀʟʫʯʠʪʴ ʨʝʘʢʪʦʨʳ ʪʠʧʘ ɺɺʕʈ 
3. ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʩ ʧʨʦʛʨʘʤʤʦʡ WIMS 
4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʧʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ  

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɺɺʕʈ. ɼʘʣʝʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 
ʨʘʩʯʝʪʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʀʩʧʦʣʴʟʦʚʘʚ ʧʨʦʛʨʘʤʤʫ WIMS ʥʘ ʙʘʟʝ Windows 10 ʠ Raspberry Pi OS, 
ʦʧʨʝʜʝʣʠʣʠ ʢʘʢʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʨʘʥʘ 238 ʠ 235 ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 
ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʦʪʦʧʥʦʛʦ 
ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʢʦʥʝʮ ʨʘʙʦʪʳ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʮʝʥʠʣʠ 
ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. 

ʇʦʤʠʤʦ ʚʩʝʛʦ, ʫʨʘʥ 238 ʤʦʞʝʪ ʚ ʭʦʜʝ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 
ʧʣʫʪʦʥʠʡ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʠ ʚʦʦʨʫʞʝʥʠʠ. 

Ὗ ὲᴼ Ὗᴼ ὔὴ ὩO ὖό Ὡσ 
 
ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʜʠʦʢʩʠʜʥʦʝ ʪʦʧʣʠʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʘʢʪʦʨʝ ɺɺʕʈ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʂ. ʅ. ʄʫʭʠʥ, ɿʘʥʠʤʘʪʝʣʴʥʘʷ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ. ð 1969: ɸʊʆʄʀɿɼɸʊ, 1969. ð ʉ. 
21-24, 26-30.  

2. ɸ. ʕʡʥʰʪʝʡʥ, ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʀ.ɽ. ʊʘʤʤʘ. ɿʘʚʠʩʠʪ ʣʠ ʠʥʝʨʮʠʷ ʪʝʣʘ ʦʪ 
ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʤ ʵʥʝʨʛʠʠ?// ʉʦʙʨʘʥʠʝ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ʄ.: ʅʘʫʢʘ ð 1966 ð 
ʉ. 36. 

3. ʉʫʥʠʣ ʉ. ʏʠʨʘʡʘʪ, ɼʞʝʨʝʤʠ ʄ. ʆʩʙʦʨʥ ʠ ʊʵʡʣʦʨ ʄ. ʂʦʫʣʩ. ʆʪʥʦʰʝʥʠʷ 
ʩʣʝʜʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʜʣʷ ʷʜʝʨʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʠʧʠʩʳʚʘʥʠʶ 
ʧʣʫʪʦʥʠʷ ʦʨʫʞʝʡʥʦʛʦ ʢʘʯʝʩʪʚʘ ʨʝʘʢʪʦʨʘʤ ʥʘ ʙʳʩʪʨʳʭ ʠʣʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ. 
ï 2015. ï ʪ. 23 ð ˉ1 ð  ʉ. 48-67.  

4. ʌʠʟʠʢʘ ʘʪʦʤʥʦʛʦ ʷʜʨʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://portal.tpu.ru/SHARED/u/ULENIKOV/academic/Tab3/Lecture_14.pdf (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 14.11.2024) 

5. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʜʠʦʢʩʠʜʘ ʫʨʘʥʘ ʚ  ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ð ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.mathnet.ru/links/71bcdf409532ce699779e979a95d063c/tvt10880.pdf 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.03.2025) 

 

https://portal.tpu.ru/SHARED/u/ULENIKOV/academic/Tab3/Lecture_14.pdf
https://www.mathnet.ru/links/71bcdf409532ce699779e979a95d063c/tvt10880.pdf
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ɺʃʀʗʅʀɽ ʇʆʊɽʅʎʀɸʃɸ ʉʄɽʑɽʅʀʗ ʅɸ ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ CrAlN 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ 

ɼʦʥʩʢʦʚʘ ʆʣʴʛʘ 
10 ʢʣʘʩʩ  
ʛ.ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʜʝʣʸʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ,  
ʜʦʮʝʥʪ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ɹ.ʇ. ɺʝʡʥʙʝʨʛʘ ʀʗʊʐ ʊʇʋ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʧʦʪʨʝʙʥʦʩʪʠ ʚ 

ʤʘʪʝʨʠʘʣʘʭ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʪʦʥʢʠʤ ʧʣʸʥʢʘʤ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʫʥʠʢʘʣʴʥʳʤʠ 
ʟʘʱʠʪʥʳʤʠ, ʠʟʥʦʩʦʩʪʦʡʢʠʤʠ ʠ ʦʧʪʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢʠʝ ʧʣʸʥʢʠ 
ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶʯʘʷ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʫ, 
ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʘʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʫʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠ ʤʝʜʠʮʠʥʫ. ʆʜʥʠʤʠ 
ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʘʢʠʭ ʧʣʸʥʦʢ ʷʚʣʷʶʪʩʷ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʠʜʘ ʭʨʦʤʘ ʠ ʘʣʶʤʠʥʠʷ (CrAlN). ʕʪʠ 
ʤʘʪʝʨʠʘʣʳ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʚʸʨʜʦʩʪʠ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ 
ʪʝʨʤʦʩʪʦʡʢʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʨʝʞʫʱʝʛʦ 
ʠʥʩʪʨʫʤʝʥʪʘ, ʪʘʢʦʛʦ ʢʘʢ ʬʨʝʟʳ, ʩʚʸʨʣʘ ʠ ʤʝʪʯʠʢʠ.   

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʤʝʪʦʜʦʚ ʩʦʟʜʘʥʠʷ ʪʦʥʢʠʭ ʧʣʸʥʦʢ 
CrAlN ʷʚʣʷʝʪʩʷ ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ. ʕʪʦʪ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʧʣʸʥʢʠ 
ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʢʦʥʪʨʦʣʷ ʥʘʜ ʠʭ ʩʦʩʪʘʚʦʤ ʠ ʩʪʨʫʢʪʫʨʦʡ. ʆʜʥʘʢʦ ʦʥ ʠʤʝʝʪ ʨʷʜ 
ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʥʠʟʢʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʠ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 
ʧʨʦʮʝʩʩʘ, ʚʳʟʚʘʥʥʘʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʨʝʘʢʪʠʚʥʦʛʦ ʛʘʟʘ ʩ ʤʠʰʝʥʴʶ. ʕʪʦ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʦʡ ʧʣʸʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʤʠʰʝʥʠ ʠ ʚʥʫʪʨʝʥʥʠʭ ʩʪʝʥʢʘʭ ʢʘʤʝʨʳ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ 
ʣɻʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʠ ʫʭʫʜʰʘʪʴ ʢʘʯʝʩʪʚʦ ʦʩʘʞʜʘʝʤʳʭ ʧʣʸʥʦʢ.   

ʎʝʣʴ ʨʘʙʦʪʳ ð ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ 
ʧʣʸʥʦʢ CrAlN ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ 
ʧʨʝʦʜʦʣʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʨʫʜʥʦʩʪʠ.  [1] 

ɿʘʜʘʯʠ: 
1.ʀʟʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʩ ʨʘʟʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʤʝʱʝʥʠʷ. 
2.ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ. 
ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʦʡ 

ʫʩʪʘʥʦʚʢʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ 
ʦʩʘʞʜʝʥʠʷ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʧʦʜʣʦʞʢʠ ʠʟ ʢʨʝʤʥʠʷ ʠ ʩʪʘʣʠ, ʪʘʢ ʢʘʢ 
ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʳʤʠ 
ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʦʜʣʦʞʢʠ ʥʘ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʸʥʦʢ.   

ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʦʜʣʦʞʢʠ ʙʳʣʠ ʦʯʠʱʝʥʳ ʦʪ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 
ʦʙʨʘʙʦʪʢʠ ʠ ʭʠʤʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɿʘʪʝʤ ʧʦʜʣʦʞʢʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʚʘʢʫʫʤʥʫʶ 
ʢʘʤʝʨʫ ʫʩʪʘʥʦʚʢʠ, ʛʜʝ ʧʨʦʚʦʜʠʣʘʩʴ ʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦʡ 
ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʘʨʛʦʥʦʤ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʜʣʦʞʝʢ ʠ ʫʣʫʯʰʝʥʠʷ ʘʜʛʝʟʠʠ ʥʘʥʦʩʠʤʦʡ ʧʣʸʥʢʠ.  [2] 

ʇʦʩʣʝ ʧʦʜʛʦʪʦʚʢʠ ʧʦʜʣʦʞʝʢ ʚ ʢʘʤʝʨʫ ʚʚʦʜʠʣʩʷ ʘʨʛʦʥ, ʠ ʧʦʜʘʚʘʣʦʩʴ ʚʳʩʦʢʦʝ 
ʥʘʧʨʷʞʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʣʘʟʤʳ. ʀʦʥʳ ʘʨʛʦʥʘ (Arϕ) ʙʦʤʙʘʨʜʠʨʦʚʘʣʠ ʤʠʰʝʥʴ, 
ʩʦʩʪʦʷʱʫʶ ʠʟ ʭʨʦʤʘ ʠ ʘʣʶʤʠʥʠʷ, ʚʳʙʠʚʘʷ ʘʪʦʤʳ ʵʪʠʭ ʤʝʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ 
ʦʩʘʞʜʘʣʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʠʪʨʠʜʥʳʭ ʧʣʸʥʦʢ (CrAlN) ʚ 
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ʢʘʤʝʨʫ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʠʣʩʷ ʘʟʦʪ (NϜ), ʢʦʪʦʨʳʡ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʘʪʦʤʘʤʠ 
ʭʨʦʤʘ ʠ ʘʣʶʤʠʥʠʷ, ʦʙʨʘʟʫʷ ʥʠʪʨʠʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ.   

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʛʫʣʠʨʦʚʘʣʠʩʴ ʜʚʘ ʧʘʨʘʤʝʪʨʘ: ʧʦʪʝʥʮʠʘʣ ʩʤʝʱʝʥʠʷ ʠ 
ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʢʘʤʝʨʝ. ʇʦʪʝʥʮʠʘʣ ʩʤʝʱʝʥʠʷ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ 
ʦʩʘʞʜʝʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʠʶ ʠʦʥʦʚ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʜʣʦʞʢʠ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʬʦʨʤʠʨʫʝʤʦʡ ʧʣʸʥʢʠ.  ʇʦʩʣʝ 
ʥʘʥʝʩʝʥʠʷ ʧʣʸʥʦʢ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʠʭ ʩʚʦʡʩʪʚ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ 

ɺʳʚʦʜʳ: 
1. ʇʨʠ ʥʠʟʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʩʤʝʱʝʥʠʷ ʧʣʸʥʢʠ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʟʸʨʥʘ ʠ ʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʩʥʠʞʘʝʪ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 
ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʵʥʝʨʛʠʝʡ ʠʦʥʦʚ, ʜʦʩʪʠʛʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ 
ʢ ʩʣʘʙʦʡ ʫʧʘʢʦʚʢʝ ʘʪʦʤʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ.  

2. ʇʨʠ ʚʳʩʦʢʠʭ ʧʦʪʝʥʮʠʘʣʘʭ ʩʤʝʱʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʵʥʝʨʛʠʷ ʠʦʥʦʚ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʦʪʥʳʭ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʣʸʥʦʢ ʩ ʫʣʫʯʰʝʥʥʳʤʠ 
ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

3. ʆʜʥʘʢʦ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʩʤʝʱʝʥʠʷ ʤʦʞʝʪ ʚʳʟʚʘʪʴ 
ʯʨʝʟʤʝʨʥʳʝ ʦʩʪʘʪʦʯʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʜʸʪ ʢ ʫʭʫʜʰʝʥʠʶ ʘʜʛʝʟʠʠ ʠʣʠ 
ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʧʣʸʥʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ 
ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʩʤʝʱʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘʠʣʫʯʰʠʝ ʩʚʦʡʩʪʚʘ 
ʧʣʸʥʦʢ.   

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
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ʧʦʢʨʳʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʝʪʨʦʥʥʳʭ ʨʘʩʧʳʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤè - ʊʦʤʩʢ, 2023 
- ʉ. 14-15. 

2. ɹʘʢʘʣʘʚʨʩʢʘʷ ʨʘʙʦʪʘ ʆʩʠʧʦʚʘ ɽ.ʉ. çɺʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʦʩʘʞʜʝʥʠʝ ʉrAlN 
ʧʦʢʨʳʪʠʡ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷè - ʊʦʤʩʢ, 2023 ï ʉ. 43-44. 

 
 
 

 
ʀɿɻʆʊʆɺʃɽʅʀɽ ʃɽɺʀʊʈʆʅɸ. ɺʆɿʄʆɾʅʆʉʊʀ ɽɻʆ ʇʈʀʄɽʅɽʅʀʗ 

ɿʦʩʠʥ ʄʘʢʩʠʤ ʉʝʨʛʝʝʚʠʯ, 
ɸʨʣʘʰʠʥ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʝʝʚʠʯ  

ʌɻɹʆʋ ɺʆ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʜʚʘʞʜʳ ɻʝʨʦʷ ʉʦʚʝʪʩʢʦʛʦ 
ʉʦʶʟʘ, ʣʝʪʯʠʢʘ-ʢʦʩʤʦʥʘʚʪʘ ɸ.ɸ. ʃʝʦʥʦʚʘè 

ʂʦʣʣʝʜʞ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ 
1 ʢʫʨʩ 

ʛ. ʂʦʨʦʣʸʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʧʨʝʧʦʜʘʚʘʪʝʣʠ ʅʝʯʘʝʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ,  

ʅʠʢʠʰʢʠʥʘ ʆʣʴʛʘ ɺʝʥʠʘʤʠʥʦʚʥʘ 
 

ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʚʠʪʨʦʥʘ ð ʫʩʪʨʦʡʩʪʚʘ, 
ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʥʮʠʧʝ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ. ʆʧʠʩʳʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ 
ʢʦʤʧʦʥʝʥʪʳ, ʘ ʪʘʢʞʝ ʧʦʰʘʛʦʚʘʷ ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʩʙʦʨʢʝ. ʆʪʜʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 
ʪʝʢʫʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ 
ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʂʦʛʜʘ ʦʜʠʥ ʠʟ ʘʚʪʦʨʦʚ ʧʨʦʝʢʪʘ ʙʳʣ ʚ ɻʝʨʤʘʥʠʠ, ʦʥ ʫʚʠʜʝʣ ʪʘʤ ʠʥʪʝʨʝʩʥʳʡ 
ʧʦʝʟʜ, ʚʠʩʷʱʠʡ ʚ ʚʦʟʜʫʭʝ ʥʘʜ ʜʦʨʦʛʦʡ. ʉʪʘʣʦ ʠʥʪʝʨʝʩʥʦ, ʢʘʢ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʠ ʦʥ 
ʧʦʠʥʪʝʨʝʩʦʚʘʣʩʷ ʦʙ ʵʪʦʤ ʫ ʨʘʙʦʪʥʠʢʘ. ʊʦʪ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʷʩʥʠʪʴ ʥʝ ʩʤʦʛ, ʥʦ ʩʢʘʟʘʣ, 
ʯʪʦ ʵʪʦ ʣʝʚʠʪʨʦʥ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʘ. ʄʳʩʣʴ ʦ ʜʝʡʩʪʚʠʠ 
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ʣʝʚʠʪʨʦʥʘ ʥʝ ʜʘʚʘʣʘ ʧʦʢʦʷ, ʠ ʘʚʪʦʨʳ ʨʝʰʠʣʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʵʪʦʤ ʚʦʧʨʦʩʝ. ʎʝʣʴʶ 
ʥʘʰʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʛʥʠʪʘ, ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʣʝʚʠʪʨʦʥʘ ʠ ʝʛʦ 
ʠʟʛʦʪʦʚʣʝʥʠʝ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʚʳʙʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʵʣʝʤʝʥʪʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʚʠʪʨʦʥʘ; 

- ʧʨʦʚʝʩʪʠ ʩʙʦʨʢʫ ʫʩʪʨʦʡʩʪʚʘ ð ʤʦʥʪʘʞ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʢʦʨʧʫʩ; 

- ʧʨʦʚʝʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʦʪʣʘʜʢʫ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʠʣʠ ʥʝʧʦʣʘʜʦʢ; 

- ʚʳʷʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠ ʚʥʝʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʶ. 
ʉʦʟʜʘʥʠʝ ʣʝʚʠʪʨʦʥʘ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʧʨʦʝʢʪʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ ʠ ʥʘʚʳʢʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. ʃʝʚʠʪʨʦʥ ð ʫʜʠʚʠʪʝʣʴʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʩʦʭʨʘʥʷʪʴ ʩʪʘʙʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʙʝʟ ʢʘʢʦʡ-
ʣʠʙʦ ʦʧʦʨʳ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʣʝʚʠʪʨʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ: 

- ʧʦʤʦʯʴ ʫʯʸʥʳʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʛʨʘʚʠʪʘʮʠʠ ʠ ʜʨʫʛʠʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 
ʟʘʢʦʥʦʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʧʦʩʦʙʥʳ ʩʦʭʨʘʥʷʪʴ ʩʪʘʙʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʙʝʟ ʦʧʦʨʳ; 

- ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ 
ʘʧʧʘʨʘʪʦʚ ʠ ʩʧʫʪʥʠʢʦʚ; 

- ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ:  
V ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʪʠʧʦʚ ʛʠʨʦʩʢʦʧʦʚ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʙʦʣʝʝ ʪʦʯʥʳʤʠ ʠ ʥʘʜʸʞʥʳʤʠ, 
ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ; 

V ʚ ʤʝʜʠʮʠʥʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʧʨʦʮʝʜʫʨʘʭ ð ʜʣʷ  ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤ, 
ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʩʪʘʙʠʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʜʠʮʠʥʩʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠʣʠ 
ʦʙʦʨʫʜʦʚʘʥʠʷ; 

V ʚ ʨʘʟʚʣʝʢʘʪʝʣʴʥʳʭ ʮʝʣʷʭ ð ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʚʳʩʪʘʚʦʢ ʠʣʠ 
ʘʪʪʨʘʢʮʠʦʥʦʚ; 

V ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʣʷʭ ð ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʥʮʠʧʦʚ ʛʠʨʦʩʢʦʧʠʠ ʠ 
ʣʝʚʠʪʘʮʠʠ. 

V ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ð ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ, ʪʨʝʙʫʶʱʠʭ ʩʪʘʙʠʣʴʥʦʛʦ 
ʧʦʣʦʞʝʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʃʝʚʠʪʨʦʥ ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʠʥʮʠʧʫ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ 

ʙʘʟʦʚʦʝ ʩʚʦʡʩʪʚʦ ʤʘʛʥʠʪʦʚ: ʦʜʠʥʘʢʦʚʳʝ ʧʦʣʶʩʘ ʦʪʪʘʣʢʠʚʘʶʪʩʷ, ʘ ʨʘʟʥʳʝ ð 
ʧʨʠʪʷʛʠʚʘʶʪʩʷ. ʊʝʤ ʩʘʤʳʤ ʩʦʟʜʘʸʪʩʷ ʵʬʬʝʢʪ ʣʝʚʠʪʘʮʠʠ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. ɺʳʙʦʨ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʵʣʝʤʝʥʪʦʚ ʜʣʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʚʠʪʨʦʥʘ 
ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʚʳʙʨʘʪʴ ʤʘʛʥʠʪ, ʥʘʜʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʜʣʷ ʢʘʢʠʭ ʥʫʞʜ ʦʥ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ. ɼʣʷ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʥʘʤ ʧʦʥʘʜʦʙʠʣʦʩʴ ʥʝʜʦʨʦʛʠʝ 4 ʤʘʛʥʠʪʘ 
ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʠ 1 ʤʘʣʝʥʴʢʠʡ ʤʘʛʥʠʪ, ʚʩʪʨʦʝʥʥʳʡ ʚ ʚʦʣʯʦʢ. 

ɼʣʷ ʤʥʦʛʠʭ ʫʩʪʨʦʡʩʪʚ ʚʘʞʝʥ ʤʘʪʝʨʠʘʣ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʥʠ ʩʜʝʣʘʥʳ, ʠ ʤʘʛʥʠʪʳ ʥʝ 
ʷʚʣʷʶʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ɼʣʷ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʞʝʣʝʟʦ, ʥʠʢʝʣʴ, 
ʢʦʙʘʣʴʪ, ʥʝʢʦʪʦʨʳʝ ʩʧʣʘʚʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʥʝʦʜʠʤʦʚʳʭ 
ʤʘʛʥʠʪʘʭ), ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʤʠʥʝʨʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʤʘʛʥʝʪʠʪʳ [2]. 
ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 
I. ʅʝʦʜʠʤʳ. ʆʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʩʪʦʷʪ ʠʟ ʘʪʦʤʦʚ 
ʥʝʦʜʠʤʘ, ʙʦʨʘ ʠ ʞʝʣʝʟʘ (NdFeB). ɻʦʪʦʚʳʡ ʧʨʦʜʫʢʪ ʥʘʜʝʞʝʥ, ʩʨʦʢ ʝʛʦ ʩʣʫʞʙʳ 
ʥʝʦʛʨʘʥʠʯʝʥ, ʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ ï ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʨʝʜ 
ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʘʛʥʠʪʳ ʠʟ ʥʝʦʜʠʤʦʚʦʛʦ 
ʩʧʣʘʚʘ ʫʪʨʘʯʠʚʘʶʪ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʦʙʳʯʥʳʡ ʢʫʩʦʢ ʤʝʪʘʣʣʘ. 
ʊʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʟʜʝʣʠʝ ʪʝʨʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʫʜʝʨʞʠʚʘʪʴ ʧʨʝʜʤʝʪʳ, 
ʥʘʟʳʚʘʝʪʩʷ ʪʦʯʢʦʡ ʂʶʨʠ. ʆʥʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ 
ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʩʦʩʪʘʚʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʜʦʙʘʚʦʢ, ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 80Áʉ 
ʜʦ 200Áʉ. 
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II. ʌʝʨʨʠʪʳ. ɻʣʘʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʩʦʩʪʘʚʘ ʩʧʣʘʚʘ ʤʘʛʥʠʪʘ ʷʚʣʷʝʪʩʷ ʞʝʣʝʟʦ ʠ 
ʧʨʦʯʠʝ ʤʝʪʘʣʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʊʘʢʠʝ 
ʤʦʜʝʣʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʨʘʜʠʦʪʝʭʥʠʢʝ ð ʪʘʤ, ʛʜʝ ʚʳʩʦʢʘʷ 
ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝ ʠʤʝʝʪ ʦʩʦʙʦʛʦ ʟʥʘʯʝʥʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʦ 
ʬʝʨʨʠʪʦʚʳʭ ʤʘʛʥʠʪʦʚ ʧʝʨʝʜ ʥʝʦʜʠʤʦʚʳʤʠ ʩʦʩʪʦʠʪ ʚ ʜʦʩʪʫʧʥʦʡ ʮʝʥʝ ï ʦʥʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ ʤʦʱʥʳʭ ʩʫʧʝʨʤʘʛʥʠʪʦʚ. ʆʜʥʘʢʦ ʩʦ ʩʚʦʠʤʠ ʬʫʥʢʮʠʷʤʠ 
ʠʟʜʝʣʠʷ ʩʧʨʘʚʣʷʶʪʩʷ ʭʦʨʦʰʦ, ʧʨʠʤʝʥʷʷʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʠ. ʇʨʝʠʤʫʱʝʩʪʚʦ 
ʬʝʨʨʠʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʝʱʝ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʝʨʝʜ ʢʦʨʨʦʟʠʝʡ ʠ ʩʪʦʡʢʦʩʪʠ ʢ 
ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʪʘʢʞʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ. 

III. ʉʧʣʘʚʳ ɸʣʴʥʠʢʦ. ʕʪʘ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʘʛʥʠʪʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʦʣʫʯʠʣʘ ʥʝ ʩʪʦʣʴ 
ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʢʘʢ ʥʝʦʜʠʤʦʚʳʝ ʠʣʠ ʬʝʨʨʠʪʦʚʳʝ, ʦʜʥʘʢʦ ʙʝʟ ʥʝʸ 
ʥʝʚʦʟʤʦʞʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʦʙʲʝʢʪʦʚ ʪʷʞʸʣʦʡ ʠ ʧʨʦʯʝʡ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺ ʩʦʩʪʘʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʞʝʣʝʟʦ, ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʥʠʢʝʣʴ ʠ 
ʢʦʙʘʣʴʪ, ʦʥʠ ʜʠʢʪʫʶʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʘ ʠʤʝʥʥʦ ʝʛʦ 
ʤʦʱʥʦʩʪʴ ʠ ʩʪʦʡʢʦʩʪʴ ʧʝʨʝʜ ʥʘʛʨʝʚʘʥʠʝʤ. ʄʦʜʝʣʠ ʩʦʭʨʘʥʷʶʪ ʩʚʦʠ ʩʚʦʡʩʪʚʘ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 550Áʉ, ʥʦ ʠʭ ʥʝʜʦʩʪʘʪʦʢ ï ʫʟʢʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʠ ʜʦʨʦʛʦʚʠʟʥʘ. 

IV. ʉʧʣʘʚ ʩʘʤʘʨʠʷ ʠ ʢʦʙʘʣʴʪʘ. ʆʙʘ ʤʘʪʝʨʠʘʣʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ, ʦʥʠ ʣʝʛʢʦ ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʧʨʦʯʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ 
ʮʠʨʢʦʥʠʡ, ʤʝʜʴ, ʛʘʜʦʣʠʥʠʡ ʠ ʧʨ. ʄʦʱʥʦʩʪʴ ʩʘʤʘʨʠʡ-ʢʦʙʘʣʴʪʦʚʳʭ ʤʘʛʥʠʪʦʚ ʥʝ 
ʩʪʦʣʴ ʚʳʩʦʢʘ, ʢʘʢ ʫ ʥʝʦʜʠʤʦʚʳʭ, ʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʬʝʨʨʠʪʦʚʳʭ ʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 
ʩʧʣʘʚʘ ɸʣʴʥʠʢʦ. ʇʨʦʜʫʢʮʠʶ ʜʘʥʥʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʠʚʣʝʢʘʶʪ ʚ ʩʣʫʯʘʷʭ, ʝʩʣʠ 
ʢʣʶʯʝʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʥʘʜʝʞʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʭʨʘʥʷʪʴ 
ʟʘʷʚʣʝʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. ʆʪʥʦʩʷʪʩʷ ʢ 
ʪʦʡ ʞʝ ʮʝʥʦʚʦʡ ʢʘʪʝʛʦʨʠʠ, ʯʪʦ ʠ ʥʝʦʜʠʤʦʚʳʝ, ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʳʩʦʢʫʶ 
ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʝʨʝʜ ʥʘʛʨʝʚʘʥʠʝʤ ʠ ʥʝ ʧʦʜʚʝʨʞʝʥʳ ʚʦʟʜʝʡʩʪʚʠʶ ʨʞʘʚʯʠʥʳ.  

V. ʇʦʣʠʤʝʨʥʳʝ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʟʠʪ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʨʦʰʢʘ. ɼʘʥʥʫʶ ʛʨʫʧʧʫ ʪʦʚʘʨʘ ʥʘʟʳʚʘʶʪ ʤʘʛʥʠʪʦʧʣʘʩʪʘʤʠ, ʠʭ 
ʤʘʛʥʠʪʥʘʷ ʩʠʣʘ ʩʣʘʙʝʝ, ʯʝʤ ʫ ʧʨʠʚʝʜʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʦʜʥʘʢʦ ʢʦʨʨʦʟʠʡʥʘʷ 
ʩʪʦʡʢʦʩʪʴ ʟʘʩʣʫʞʠʚʘʝʪ ʥʘʠʚʳʩʰʠʭ ʧʦʭʚʘʣ. ɺʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦʣʠʤʝʨʥʳʭ 
ʤʘʛʥʠʪʦʚ ʩʦʩʪʦʠʪ ʚ ʧʣʘʩʪʠʯʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚʳʧʫʩʢʘʪʴ ʠʟʜʝʣʠʷ ʣʶʙʦʡ 
ʬʦʨʤʳ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 

VI. ʄʘʛʥʠʪʥʳʡ ʚʠʥʠʣ. ɺ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʮʠʠ ʵʪʦʡ ʢʘʪʝʛʦʨʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʛʥʠʪʥʳʡ 
(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʝʨʨʠʪʦʚʳʡ ð ʥʝ ʤʝʥʝʝ 70 ʧʨʦʮʝʥʪʦʚ) ʧʦʨʦʰʦʢ ʠ ʨʝʟʠʥʘ. ʂ 
ʧʣʶʩʘʤ ʤʘʛʥʠʪʥʦʛʦ ʚʠʥʠʣʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʘʙʦʯʠʭ 
ʪʝʤʧʝʨʘʪʫʨ, ʩʪʦʡʢʦʩʪʴ ʧʝʨʝʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʣʘʛʠ, ʚʳʩʦʢʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ. 
ʈʘʟʤʝʨ ʤʘʛʥʠʪʘ ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ, ʪʘʢ ʢʘʢ ʯʝʤ ʙʦʣʴʰʝ ʩʘʤ ʤʘʛʥʠʪ, ʪʝʤ 

ʙʦʣʴʰʝ ʝʛʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʪʝʤ ʩʘʤʳʤ ʦʥ ʤʦʱʥʝʡ [1]. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. ʀʟʛʦʪʦʚʣʝʥʠʝ ʣʝʚʠʪʨʦʥʘ 

1. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʝʚʠʪʨʦʥʘ 
ʃʝʚʠʪʨʦʥ ð ʵʪʦ ʚʦʣʯʦʢ, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʚʨʘʱʘʝʪʩʷ ʚ ʚʦʟʜʫʭʝ. 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʩʪ ð ʚ ʧʦʜʩʪʘʚʢʫ ʠ ʚʦʣʯʦʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ 

ʚʩʪʨʦʝʥʳ ʤʘʛʥʠʪʳ, ʩʦʟʜʘʶʱʠʝ ʤʘʛʥʠʪʥʫʶ ʧʦʜʫʰʢʫ, ʢʦʪʦʨʘʷ ʠ ʧʦʟʚʦʣʷʝʪ ʚʦʣʯʢʫ 
ʣʝʚʠʪʠʨʦʚʘʪʴ.  

2. ʂʦʤʧʦʥʝʥʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʣʝʚʠʪʨʦʥʘ 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʣʝʚʠʪʨʦʥʘ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʚʦʣʯʦʢ ʩ ʛʨʫʟʠʢʘʤʠ, 

4 ʤʦʱʥʳʭ ʤʘʛʥʠʪʘ, ʢʘʨʪʦʥ, ʢʣʝʡ, ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʧʣʘʩʪʠʥʘ. 
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ʌʦʪʦ 1. ɺʦʣʯʦʢ 

 
3. ʇʨʦʮʝʩʩ ʩʙʦʨʢʠ ʣʝʚʠʪʨʦʥʘ 
ɺ ʧʨʦʮʝʩʩʝ ʩʙʦʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʜʩʪʘʚʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʠ ʧʨʠʢʣʝʝʥʳ 

ʨʘʚʥʦʫʜʘʣʝʥʥʦ 4 ʤʦʱʥʳʭ ʤʘʛʥʠʪʘ. ɺʩʶ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʢʨʳʣʠ ʢʘʨʪʦʥʦʤ ʜʣʷ ʧʨʦʯʥʦʩʪʠ 
ʠ ʣʫʯʰʝʛʦ ʚʠʜʘ, ʯʪʦʙʳ ʩʢʨʳʪʴ ʚʩʝ ʚʥʫʪʨʝʥʥʦʩʪʠ. ʅʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ 
ʧʨʠʣʦʞʠʣʠ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʢʦʚʫʶ ʧʣʘʩʪʠʥʫ. ʋʩʪʘʥʦʚʠʣʠ ʥʘ ʚʦʣʯʦʢ ʛʨʫʟʠʢʠ, 
ʯʪʦʙʳ ʚʦʣʯʦʢ ʫʜʝʨʞʠʚʘʣʩʷ ʚ ʚʦʟʜʫʭʝ. 

 

 
 

ʌʦʪʦ 2. ʇʦʜʩʪʘʚʢʘ, ʟʘʢʨʳʪʘʷ ʢʘʨʪʦʥʦʤ, ʠ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʣʘʩʪʠʢʦʚʘʷ ʧʣʘʩʪʠʥʘ 
 

4. ɿʘʧʫʩʢ ʣʝʚʠʪʨʦʥʘ 
1. ʇʦʩʪʘʚʠʣʠ ʥʘ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʩʪʘʚʢʫ. 
2. ɼʣʷ ʟʘʧʫʩʢʘ ʚʦʣʯʢʘ ʫʩʪʘʥʦʚʠʣʠ ʧʨʦʟʨʘʯʥʫʶ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʧʣʘʩʪʠʢʦʚʫʶ 
ʧʦʜʩʪʘʚʢʫ ʨʦʚʥʦ ʧʦ ʮʝʥʪʨʫ. 

3. ɿʘʧʫʩʪʠʣʠ ʚʦʣʯʦʢ ʥʘ ʧʨʦʟʨʘʯʥʦʡ ʧʣʘʩʪʠʥʝ (ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ). ɺʦʣʯʦʢ ʜʦʣʞʝʥ 
ʨʘʚʥʦʤʝʨʥʦ ʚʨʘʱʘʪʴʩʷ ʥʘ ʥʝʡ. ɽʩʣʠ ʚʦʣʯʦʢ ʫʣʝʪʘʝʪ, ʪʦ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʫʪʷʞʝʣʠʪʴ 
ʛʨʫʟʠʢʘʤʠ. 

4. ʇʦʪʠʭʦʥʴʢʫ ʧʦʜʥʷʣʠ ʧʣʘʩʪʠʥʫ ʚʤʝʩʪʝ ʩ ʚʦʣʯʢʦʤ, ʧʦʪʦʤ ʫʙʨʘʣʠ ʝʝ. ʇʦʩʣʝ ʯʝʛʦ 
ʣʝʚʠʪʨʦʥ ʥʘʯʘʣ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚ ʚʦʟʜʫʭʝ. 

 
ʌʦʪʦ 3. ʃʝʚʠʪʨʦʥ ʚ ʜʝʡʩʪʚʠʠ 

 
ɺʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʣʝʚʠʪʨʦʥʘ 

ʇʦʝʟʜ çʤʘʛʣʝʚè 
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ʌʦʪʦ 4. ʇʦʝʟʜ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ 

 
ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ, ʧʦʝʟʜ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ ʝʟʜʠʪ ʚ ɻʝʨʤʘʥʠʠ, ʥʦ ʥʝ 

ʪʦʣʴʢʦ. ʊʝʭʥʦʣʦʛʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʂʠʪʘʝ, ʗʧʦʥʠʠ ʠ ʂʦʨʝʝ [3, 4]. ʊʘʢʠʝ ʧʦʝʟʜʘ 
ʥʘʟʳʚʘʶʪʩʷ çʤʘʛʥʠʪʦʧʣʘʥè ʠʣʠ çʤʘʛʣʝʚè (ʥʘʟʚʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ 
ʪʝʨʤʠʥʘ çmagnetic levitationè ð çʤʘʛʥʠʪʥʘʷ ʣʝʚʠʪʘʮʠʷè). ʊʘʢʦʡ ʩʦʩʪʘʚ, ʜʚʠʛʘʷʩʴ, ʥʝ 
ʢʘʩʘʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʣʴʩʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʨʝʥʠʝ ʤʝʞʜʫ ʧʦʝʟʜʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 
ʧʦʣʦʪʥʘ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʨʤʦʟʷʱʝʡ ʩʠʣʦʡ ʷʚʣʷʝʪʩʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ, ʙʝʩʰʫʤʥʳʡ ʠ ʙʳʩʪʨʳʡ ʪʨʘʥʩʧʦʨʪ. ʅʦ ʫ 
ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʝʩʪʴ ʩʚʦʠ ʧʨʦʙʣʝʤʳ: 
1. ɺʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʄʘʛʣʝʚ ð ʩʘʤʳʡ ʜʦʨʦʛʦʡ ʪʨʘʥʩʧʦʨʪ ʚ ʤʠʨʝ, 
ʪʘʢ ʢʘʢ ʜʣʷ ʥʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʪʷʞʸʣʳʝ ʤʘʛʥʠʪʳ ʠ ʤʝʜʥʳʝ ʢʘʪʫʰʢʠ. ʅʘʧʨʠʤʝʨ, ʥʘ 
ʧʦʩʪʨʦʡʢʫ ʥʝʙʦʣʴʰʦʛʦ ʤʘʛʣʝʚʘ ʚ ʐʘʥʭʘʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʦʣʝʝ 1 ʤʠʣʣʠʘʨʜʘ 
ʜʦʣʣʘʨʦʚ. ʅʘ ʩʝʛʦʜʥʷ ʵʪʦ ʛʣʘʚʥʘʷ ʧʨʦʙʣʝʤʘ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

2. ʅʝʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʋ ʤʘʛʥʠʪʦʚ ʝʩʪʴ ʩʨʦʢ ʛʦʜʥʦʩʪʠ: ʯʝʨʝʟ 5ï7 ʣʝʪ, ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 
ʫʩʣʦʚʠʷʭ ʯʝʨʝʟ 7-10 ʣʝʪ, ʤʘʛʥʠʪʥʘʷ ʧʦʜʫʰʢʘ ʧʨʠʭʦʜʠʪ ʚ ʥʝʛʦʜʥʦʩʪʴ. 

3. ʅʝʧʨʠʛʦʜʥʦʩʪʴ ʨʝʣʴʩʦʚ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ. ʇʨʦʣʦʞʝʥʥʳʝ ʜʣʷ ʤʘʛʣʝʚʦʚ 
ʨʝʣʴʩʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʫʞʥʦ ʜʝʤʦʥʪʠʨʦʚʘʪʴ, ʝʩʣʠ ʤʘʛʣʝʚ ʧʝʨʝʩʪʘʸʪ ʧʦ ʥʠʤ 
ʢʫʨʩʠʨʦʚʘʪʴ. 
ʂʦʩʤʠʯʝʩʢʠʝ ʟʘʧʫʩʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ 
ɺ ʠʥʪʝʨʥʝʪʝ ʤʦʞʥʦ ʥʘʡʪʠ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʥʘ ʵʪʫ ʪʝʤʫ [5]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʪʘʥʜʘʨʪʥʘʷ ʩʪʦʠʤʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʘʧʫʩʢʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 20 ʤʣʥ. ʜʦʣʣʘʨʦʚ. ʅʦ 
ʙʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ ʧʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʩʪʦʠʤʦʩʪʴ ʚʳʚʦʜʘ 
ʦʜʥʦʛʦ ʬʫʥʪʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʥʠʟʢʫʶ ʦʨʙʠʪʫ ʧʦʩʨʝʜʩʪʚʦʤ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ 
ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʣʠʰʴ ʥʝʩʢʦʣʴʢʦ ʩʦʪʝʥ ʜʦʣʣʘʨʦʚ. 

ɺ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ ʙʣʘʛʦʜʘʨʷ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ 
çʧʦʜʚʝʰʠʚʘʝʪʩʷè ʥʘʜ ʧʦʜʥʠʤʘʶʱʠʤʩʷ ʪʨʝʢʦʤ, ʘ ʟʘʪʝʤ ʨʘʟʛʦʥʷʝʪʩʷ ʚʜʦʣʴ ʥʝʛʦ ʠ 
ʦʪʨʳʚʘʝʪʩʷ ʧʨʠ ʩʢʦʨʦʩʪʠ 1000 ʢʤ/ʯʘʩ. ʆʩʥʦʚʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʟʘʪʨʘʪ ʩʚʷʟʘʥʦ ʩ 
ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʘʩʩʳ ʢʦʨʘʙʣʷ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʗʧʦʥʠʠ ʠ ɻʝʨʤʘʥʠʠ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʧʦʝʟʜʘ ʤʘʛʣʝʚ, 
ʨʘʟʚʠʚʘʶʱʠʝ ʩʢʦʨʦʩʪʴ 550 ʢʤ/ʯʘʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʦʚʠʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʝʦʙʭʦʜʠʤʦʡ 
ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʨʪʦʚ, ʪʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʦʛʨʝʩʩʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʝʨʚʳʭ 
ʟʘʧʫʩʢʦʚ ʚ ʢʦʩʤʦʩ ʧʦ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʙʣʠʞʘʡʰʠʝ 20-30 ʣʝʪ. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʣʝʚʠʪʨʦʥʘ, ʠʟʛʦʪʦʚʠʣʠ ʝʛʦ ʠ 

ʠʟʫʯʠʣʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʊʝʭʥʦʣʦʛʠʷ ʤʘʛʥʠʪʥʦʡ ʣʝʚʠʪʘʮʠʠ 
ʦʪʢʨʳʚʘʝʪ ʰʠʨʦʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʅʦ 
ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʪʝʥʮʠʘʣ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ, 
ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ. ʆʜʥʠʤ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʚʠʪʨʦʥʦʚ. ʊʨʝʙʫʝʪʩʷ ʪʱʘʪʝʣʴʥʳʡ ʧʦʜʙʦʨ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʭ ʩʙʦʨʢʘ, 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʪʨʘʪʥʳʤ ʠ ʪʨʫʜʦʸʤʢʠʤ 
ʧʨʦʮʝʩʩʦʤ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʘʢʦʧʣʝʥʠʝʤ ʦʧʳʪʘ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, 
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ʯʪʦ ʤʘʛʥʠʪʥʘʷ ʣʝʚʠʪʘʮʠʷ ʩʪʘʥʝʪ ʙʦʣʝʝ ʜʦʩʪʫʧʥʦʡ ʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʦʡ. ʂʨʦʤʝ ʪʦʛʦ, 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʧʨʦʜʦʣʞʘʶʪʩʷ, ʠ ʚʦʟʤʦʞʥʦ, ʚ ʙʫʜʫʱʝʤ ʧʦʷʚʷʪʩʷ ʥʦʚʳʝ 
ʤʘʪʝʨʠʘʣʳ ʠ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʩʜʝʣʘʶʪ ʣʝʚʠʪʨʦʥʳ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʠ 
ʜʦʩʪʫʧʥʳʤʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
ʨʝʚʦʣʶʮʠʦʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
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ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʀʐʌɺʇ ʊʇʋ  

 
ʇʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʟʜʝʣʠʡ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ, 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 

ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ. ʉʨʝʜʠ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʠʦʥʥʘʷ ʭʠʤʠʢʦʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠʦʥʘʤʠ ʘʟʦʪʘ [1], ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʝ ʣʝʛʠʨʦʚʘʥʠʝ 

[2] ʪʘʢ ʞʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʠʦʥʥʦ-ʧʣʘʟʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʠʬʠʢʘʮʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʨʠʜʘʥʠʝ ʧʦʚʳʰʝʥʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʪʦʥʢʦʤʫ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʩʣʦʶ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʸʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ. ʀʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ 

ð ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʘʪʦʤʦʚ ʧʨʠʤʝʩʝʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʘʪʝʨʠʘʣʘ. ʀʦʥʳ ʩ 

ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ ʠ ʟʘʜʝʨʞʠʚʘʶʪʩʷ ʚ 

ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ [3]. ʆʩʥʦʚʥʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ, ʪʦʯʥʳʡ 

ʢʦʥʪʨʦʣʴ ʚʥʝʜʨʝʥʠʷ ʠ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʠʤʧʣʘʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʫ ʵʪʦʛʦ ʤʝʪʦʜʘ ʝʩʪʴ 

ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ, ʥʘʧʨʠʤʝʨ ʩʣʦʞʥʦʩʪʴ ʚ ʦʙʨʘʙʦʪʢʝ ʠʟʜʝʣʠʷ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʠ 

ʦʛʨʘʥʠʯʝʥʠʝ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ ʚʛʣʫʙʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ. ɺ ʨʘʙʦʪʝ [4] ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠʦʥʦʚ ʚ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʩʠʣʝʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʜʠʬʬʫʟʠʠ ʧʫʯʢʘʤʠ ʠʦʥʦʚ 

ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʥʘ ʜʚʘ-ʪʨʠ ʧʦʨʷʜʢʘ ʧʨʝʚʦʩʭʦʜʷʱʠʤʠ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

https://magnets-shop.com/iz-chego-sostoyat-magnity
https://magnets-shop.com/iz-chego-sostoyat-magnity
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BB%D0%B5%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BB%D0%B5%D0%B2
https://livescience.ru/content/view/519/145/
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ʪʨʘʜʠʮʠʦʥʥʦʡ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʙʳʣ ʥʘʟʚʘʥ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ 

ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʝʡ.   

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ, ʥʘ ʧʨʠʤʝʨʝ 12ʍ18ʅ10ʊ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1.ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ. 

2.ʀʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʭʦʜʥʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ. 

3. ʉʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʟ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʨʘʟʤʝʨʘʤʠ 

20ʭ20ʭ3 ʤʤ. ɼʘʥʥʘʷ ʩʪʘʣʴ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [5]. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ: Cr -17 - 19%, Ni -9 - 11%, Fe-68-72%(C, Si, Mn, Ni, S, P, Cr, Cu) - ʤʝʥʝʝ 2%. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ: 14000C. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʧʘʨ ʪʝʣ 12ʍ18ʅ10ʊ - 

12ʍ18ʅ10ʊ: 0.849 [3]. 

ʀʤʧʣʘʥʪʘʮʠʷ ʠʦʥʦʚ ʘʟʦʪʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʈʘʜʫʛʘ-5ʄ, ʧʦʜʨʦʙʥʦ 

ʦʧʠʩʘʥʥʘʷ ʚ ʨʘʙʦʪʝ [4]. ʀʤʧʣʘʥʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 5000ʉ ʚ ʪʝʯʝʥʠʝ 

ʯʘʩʘ. ʌʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʧʨʠ ʧʦʤʦʱʠ 

ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ɸʣʴʪʘʤʠ ʄɽʊ 3ʉ. ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʠ ʧʦ ʛʣʫʙʠʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Hitachi S-3400N. ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʚʝʨʜʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ CSM Instruments NHT2 ʩ ʥʘʛʨʫʟʢʦʡ 

50ʤʅ. ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʞʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʪʨʠʙʦʤʝʪʨʝ PC-Operated 

High Temperature Tribometer ʊʅʊ-S-ɸʍ0000 ʚ ʨʝʞʠʤʝ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ 

çʰʘʨʠʢ-ʠʥʜʝʥʪʦʨ ï ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢè. ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʟʥʦʩ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ 1.5 ʩʤ/ʩ ʩ ʥʘʛʨʫʟʢʦʡ ʥʘ ʠʥʜʝʥʪʦʨ 2ʅ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʨʠʢ Al2O3 ʜʠʘʤʝʪʨʦʤ 6 ʤʤ. 

ʇʨʦʮʝʩʩ ʠʦʥʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ, ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʩʭʦʜʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ. ʆʯʝʚʠʜʥʦ ʠʟʤʝʥʝʥʠʝ ʤʦʨʬʦʣʦʛʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʣʝ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʨʘʟʮʦʚ ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʠʣʘʩʴ 

ʩ 0.0164 Õʤ ʜʦ 0.0631 Õʤ 

  

ʘ ʙ 
ʈʠʩʫʥʦʢ 1. ʌʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ (ʘ) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ (ʙ) 

ʦʙʨʘʟʮʦʚ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʦ ʛʣʫʙʠʥʝ (ʨʠʩ.2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ 

ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʘʟʦʪʘ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʦʩʪʘʚʣʷʝʪ 25 ʘʪ.%. ɿʘʪʝʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʠ ʧʘʜʘʝʪ 

ʠ ʥʘ ʫʨʦʚʥʝ  ʦʢʦʣʦ 15 ʘʪ.% ʜʝʨʞʠʪʩʷ ʜʦ 8 ʤʢʤ. ɼʘʣʝʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ 

ʢʨʠʚʦʡ ʛʨʘʬʠʢʘ ʠ ʥʘ ʛʣʫʙʠʥʝ 14 ʤʢʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʧʨʠʭʦʜʠʪ ʢ 0. 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʘʟʦʪʘ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ ʩʪʘʣʠ 

12ʍ18ʅ10ʊ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʚ 

ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ.  

  
ʘ ʙ 

ʈʠʩʫʥʦʢ 3. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠʩʭʦʜʥʦʛʦ 

(ʘ) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ (ʙ) ʦʙʨʘʟʮʦʚ. 

 

ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʠ ʢʦʥʪʨ-ʪʝʣʘ ʩʦʩʪʘʚʣʷʝʪ 

0,84. ʍʘʨʘʢʪʝʨ ʛʨʘʬʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʛʦ.  ʆʥ ʜʝʣʠʪʩʷ ʥʘ 3 ʯʘʩʪʠ: ʧʝʨʚʘʷ ʯʘʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʘʷ -  

ʦʙʣʘʩʪʴ ʧʨʠʪʠʨʢʠ ʰʘʨʠʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ. ɺʪʦʨʘʷ ʯʘʩʪʴ ʚʳʭʦʜʘ ʥʘ ʧʣʘʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ Õ=0.53. ʊʨʝʪʴʷ ʯʘʩʪʴ ï ʨʦʩʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠ ʧʝʨʝʭʦʜ ʢ ʯʝʪʚʝʨʪʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ ï ʚʳʭʦʜ ʥʘ ʩʪʘʙʠʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ Õ=0.74. ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʨʠʩʫʥʢʦʚ 2 ʠ 3, ʚʦ-ʧʝʨʚʳʭ ʤʳ ʚʠʜʠʤ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʥʝ ʜʦʩʪʠʛ ʟʥʘʯʝʥʠʷ Õ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚʪʦʨʘʷ ʯʘʩʪʴ ʵʪʦ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ, ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʨʘʞʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʦʙʣʘʩʪʴ 3), ʘ 4 ʦʙʣʘʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʩʣʦʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 15 ʘʪ.%. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʪʨʝʢʦʚ ʠʟʥʦʩʘ ʠʩʭʦʜʥʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ. 
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ʈʠʩ. 4. ʌʦʪʦʛʨʘʬʠʠ ʪʨʝʢʦʚ ʠʟʥʦʩʘ  ʠʩʭʦʜʥʦʛʦ (ʘ) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ (ʙ) 

ʦʙʨʘʟʮʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʦʚʘʥʠʷ ʪʨʝʢʦʚ ʠʟʥʦʩʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʣʫʙʠʥʘ ʪʨʝʢʘ 

ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʝʪ 40 ʤʢʤ, ʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 2 ʤʢʤ. ɸʥʘʣʠʟʠʨʫʷ 

ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʠʟʤʝʨʝʥʠʷ ʰʠʨʠʥʳ ʪʨʝʢʦʚ ʠʟʥʦʩʘ (ʨʠʩ.4), ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʫʚʝʣʠʯʠʣʘʩʴ ʢʘʢ ʤʠʥʠʤʫʤ ʚ 

100 ʨʘʟ.  

ʉʦʧʦʩʪʘʚʣʷʷ ʛʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʠʤʝʩʠ ʧʦ ʛʣʫʙʠʥʝ ʦʙʨʘʟʮʘ, ʛʣʫʙʠʥʳ 

ʪʨʝʢʘ ʠʟʥʦʩʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʛʨʘʬʠʢʝ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 

(ʨʠʩ.3 ʙ) ʚʪʦʨʘʷ ʯʘʩʪʴ ï ʵʪʦ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʟʦʪʘ, ʩʥʠʞʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʨʘʞʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ (ʦʙʣʘʩʪʴ 3), ʘ 4 ʦʙʣʘʩʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʤʫ ʩʣʦʶ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʦʢʦʣʦ 15 ʘʪ.%. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʚʝʨʜʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ 

ʩʦʩʪʘʚʣʷʝʪ 2.4 ɻʇʘ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ  ʟʥʘʯʝʥʠʝ ʜʦʩʪʠʛʘʝʪ 14.7 ɻʇʘ. 

ɺʳʚʦʜ 

ʄʝʪʦʜʦʤ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʘʟʦʪʘ ʚ ʩʪʘʣʴ 12ʍ18ʅ10ʊ ʙʳʣ 

ʩʬʦʨʤʠʨʦʚʘʥ ʠʦʥʥʦ-ʣʝʛʠʨʦʚʘʥʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ 14 ʤʢʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʟʦʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠ ʩʦʩʪʘʚʣʷʝʪ 25 ʘʪ.%.  ɼʦ 

ʛʣʫʙʠʥʳ 8 ʤʢʤ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʨʦʜʥʘ ~15 ʘʪ.%. ʀʩʩʣʝʜʦʚʘʥʠ ̫

ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʭʦʜʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣʠ 

ʫʣʫʯʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʙʦʣʝʝ ʯʝʤ ʚ 100 ʨʘʟ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʫʩʪʘʥʦʚʣʝʥʦ ʝʝ ʧʦʚʳʰʝʥʠʝ ʚ 6 ʨʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʅʘ ʧʨʠʤʝʨʝ ʩʪʘʣʠ 12ʍ18ʅ10ʊ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʦʥʥʦʡ 

ʠʤʧʣʘʥʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʩʪʘʣʝʡ. 
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ʏɽʈʅʓɽ ɼʓʈʓ ð ʆɼʅʀ ʀɿ ʉɸʄʓʍ ɿɸɻɸɼʆʏʅʓʍ ʆɹʒɽʂʊʆɺ ɺʉɽʃɽʅʅʆʁ, 
ʂɸʂ ʀʍ ʅɸʍʆɼʗʊ ʀ ʇʈʀ ʏɽʄ ɿɼɽʉʔ ʂɺɸɿɸʈʓ 

ʂʘʰʪʳʢʠʥʘ ʄʠʣʘʥʘ ʀʣʴʠʥʠʯʥʘ 
ʄɸʆʋ ɻʠʤʥʘʟʠʷ ˉ29, 10 ʢʣʘʩʩ 

 ʛ.ʊʦʤʩʢʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ʉ.ʄ. ʆʩʪʘʧʝʥʢʦ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ, ʄɸʆʋ ɻʠʤʥʘʟʠʷ 

ˉ29 ʛ.ʊʦʤʩʢʘ 
 

ɸʥʥʦʪʘʮʠʷ: ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʟʘʛʘʜʦʯʥʳʝ ʦʙʲʝʢʪʳ 
ɺʩʝʣʝʥʥʦʡ, ʢʘʢ ʯʝʨʥʳʝ ʜʳʨʳ ʠ ʩʚʝʨʭʷʨʢʠʝ ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ ʚ ʢʦʩʤʦʩʝ ï ʢʚʘʟʘʨʳ, 
ʯʪʦʙʳ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʥʠʷʭ ʥʘʧʠʩʘʪʴ ʢʘʨʪʠʥʫ çʏʝʨʥʘʷ ʜʳʨʘè ʠ ʩʦʟʜʘʪʴ ʤʘʢʝʪ 
çʂʚʘʟʘʨè. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʛʠʧʦʪʝʟʳ: ʩʤʦʛʫʪ ʣʠ ʢʦʛʜʘ-ʥʠʙʫʜʴ 
ʫʯʝʥʥʳʝ ʩʦʟʜʘʪʴ ʯʝʨʥʫʶ ʜʳʨʫ ʥʝʚʝʨʦʷʪʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ 
ʧʦʛʣʦʪʠʪʴ ʥʘʰʫ ʧʣʘʥʝʪʫ, ʠ ʯʪʦ ʢʚʘʟʘʨʳ ʥʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʦʧʘʩʥʦʩʪʴ ʥʘʰʝʡ 
ɻʘʣʘʢʪʠʢʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʯʝʨʥʘʷ ʜʳʨʘ, ʢʚʘʟʘʨ, ʦʙʲʝʢʪʳ ɺʩʝʣʝʥʥʦʡ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʯʝʨʥʳʭ ʜʳʨ ʠ ʢʚʘʟʘʨʦʚ, ʤʘʢʝʪ ʢʚʘʟʘʨʘ, ʢʘʨʪʠʥʘ ʯʝʨʥʦʡ ʜʳʨʳ. 

ʏʝʨʥʳʝ ʜʳʨʳ ʠ ʢʚʘʟʘʨʳ ï ʵʪʦ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʘʷ ʪʝʤʘ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʦʥʠ 
ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ ʛʘʣʘʢʪʠʢ, ʠ ʩʝʛʦʜʥʷ ʫʯʝʥʥʳʝ, ʘʩʪʨʦʬʠʟʠʢʠ 
ʚʩʝʛʦ ʤʠʨʘ ʩʪʨʝʤʷʪʩʷ ʣʫʯʰʝ ʧʦʥʷʪʴ ʧʨʠʨʦʜʫ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʚʨʝʤʝʥʠ ʚ ʯʝʨʥʳʭ ʜʳʨʘʭ, 
ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʯʝʨʥʳʭ ʜʳʨ, ʟʘʛʣʷʥʫʪʴ ʚ ʜʘʣʝʢʠʝ ʵʧʦʭʠ 
ɺʩʝʣʝʥʥʦʡ ʠ ʙʦʣʴʰʝ ʫʟʥʘʪʴ ʦ ʪʦʤ, ʢʘʢ ʦʥʘ ʨʘʟʚʠʚʘʣʘʩʴ ʠ ʤʝʥʷʣʘʩʴ ʩ ʪʝʯʝʥʠʝʤ 
ʚʨʝʤʝʥʠ. 
  ʄʥʦʛʠʭ ʚʦʣʥʫʶʪ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ ʩʤʦʛʫʪ ʣʠ ʫʯʝʥʥʳʝ ʩʦʟʜʘʪʴ ʯʝʨʥʫʶ ʜʳʨʫ 
ʥʝʚʝʨʦʷʪʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʧʦʛʣʦʪʠʪʴ ʥʘʰʫ ʧʣʘʥʝʪʫ, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʣʠ ʦʧʘʩʥʦʩʪʴ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʝ ʢʚʘʟʘʨʳ. ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʵʪʠ 
ʚʦʧʨʦʩʳ, ʚ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʥʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʧʦʣʥʠʪʴ 
ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʩʩʤʦʪʨʝʪʴ ʧʦʥʷʪʠʝ çʯʝʨʥʦʡ ʜʳʨʳè, ʠʩʪʦʨʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ; 
ʠʟʫʯʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʚʠʜʳ, ʩʚʦʡʩʪʚʘ ʯʝʨʥʳʭ ʜʳʨ; ʤʝʪʦʜʳ ʦʙʥʘʨʫʞʝʥʠʷ ʯʝʨʥʳʭ 
ʜʳʨ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʦʙʲʝʢʪʳ ɺʩʝʣʝʥʥʦʡ; 

¶ ʠʟʫʯʠʪʴ ʩʪʨʦʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʢʚʘʟʘʨʦʚ, ʢʘʢ ʦʥʠ ʦʙʨʘʟʫʶʪʩʷ; ʧʦʥʷʪʴ, ʚ ʯʝʤ ʩʫʪʴ ʠʭ 
ʩʝʨʴʝʟʥʦʛʦ ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʣʘʢʪʠʢʠ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʩʦʟʜʘʥʠʶ ʯʝʨʥʳʭ ʜʳʨ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʯʪʦ ʤʦʞʝʪ ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʜʣʷ ʥʘʫʢʠ. ʅʝʢʦʪʦʨʳʝ ʛʠʧʦʪʝʟʳ, 
ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʠʢʨʦʯʝʨʥʳʝ ʜʳʨʳ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʠʭ 
ʵʥʝʨʛʠʷʭ ʚ ʚʘʢʫʫʤʝ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʚ ʫʩʢʦʨʠʪʝʣʷʭ ʯʘʩʪʠʮ, ʪʘʢʠʭ ʢʘʢ ɹʦʣʴʰʦʡ 
ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ, ʥʦ ʪʘʢʠʝ ʢʚʘʥʪʦʚʳʝ ʯʝʨʥʳʝ ʜʳʨʳ ʩ ʤʠʢʨʦʤʘʩʩʘʤʠ ʤʛʥʦʚʝʥʥʦ 
ʠʩʧʘʨʷʣʠʩʴ ʙʳ ʧʦʣʥʦʩʪʴʶ.  ʋʯʝʥʳʝ ʥʝ ʩʤʦʛʫʪ ʩʦʟʜʘʪʴ ʯʝʨʥʫʶ ʜʳʨʫ ʩ ʥʘʠʤʝʥʴʰʝʡ 
ʤʘʩʩʦʡ, ʨʘʚʥʦʡ ʚ 3 ʤʘʩʩʳ ʉʦʣʥʮʘ, ʧʦʪʦʤʫ ʯʪʦ ʥʝʪ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ. ɸ ʵʪʦ 
ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʦʶ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʫʯʝʥʥʳʝ ʥʠʢʦʛʜʘ ʥʝ ʩʤʦʛʫʪ ʩʦʟʜʘʪʴ ʯʝʨʥʫʶ 
ʜʳʨʫ ʥʝʚʝʨʦʷʪʥʦ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʧʦʛʣʦʪʠʪʴ ʥʘʰʫ ʧʣʘʥʝʪʫ. 

ʂʚʘʟʘʨʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʭʚʘʪʳʚʘʶʱʠʡ ʠ ʟʘʛʘʜʦʯʥʳʡ 
ʘʩʧʝʢʪ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʚʘʟʘʨʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ 
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ʦʢʨʫʞʘʶʱʠʝ ʟʚʸʟʜʳ ʠ ʛʘʟ, ʚʳʟʳʚʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦʚʳʭ ʟʚʸʟʜ. ʆʜʥʘʢʦ, ʢʚʘʟʘʨʦʚ 
ʙʦʣʴʰʝ ʥʝʪ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʩʝʡʯʘʩ ʤʳ ʚʠʜʠʤ ʠʭ ʪʘʢʠʤʠ, ʢʘʢʠʤʠ ʦʥʠ ʙʳʣʠ ʤʠʣʣʠʘʨʜʳ 
ʣʝʪ ʥʘʟʘʜ. ʀ ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʦʷ ʚʪʦʨʘʷ ʛʠʧʦʪʝʟʘ 
ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ ʢʚʘʟʘʨʳ 
ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʧʘʩʥʦʩʪʠ ʜʣʷ ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ. ʅʦ, 
ʚʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʯʝʨʝʟ 4-5 ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ 
ʧʦʷʚʠʪʩʷ ʥʦʚʳʡ ʢʚʘʟʘʨ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʪʦʣʢʥʦʚʝʥʠʷ 
ʛʘʣʘʢʪʠʢʠ ɸʥʜʨʦʤʝʜʳ ʩ ʄʣʝʯʥʳʤ ʇʫʪʝʤ. 

ʅʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 
ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʚʦʝʡ ʨʘʙʦʪʳ ʤʥʝ ʥʝʦʙʭʦʜʠʤʦ 
ʙʳʣʦ ʥʘʧʠʩʘʪʴ ʢʘʨʪʠʥʫ çʏʝʨʥʘʷ ʜʳʨʘè ʥʘ ʭʦʣʩʪʝ 
ʤʘʩʣʷʥʳʤʠ ʢʨʘʩʢʘʤʠ; ʘ ʪʘʢʞʝ ʩʜʝʣʘʪʴ ʥʘʛʣʷʜʥʳʡ 
ʤʘʢʝʪ çʂʚʘʟʘʨʘè. ʇʨʦʩʤʦʪʨʝʚ ʤʘʩʪʝʨ-ʢʣʘʩʩ ʧʦ ʞʠʚʦʧʠʩʠ ʤʘʩʣʦʤ ʭʫʜʦʞʥʠʢʘ ɼ. 
ʈʝʚʷʢʠʥʘ, ʷ ʥʘʧʠʩʘʣʘ ʢʘʨʪʠʥʫ çʏʝʨʥʘʷ ʜʳʨʘ ʉʪʨʝʣʝʮ ɸ*è (ʈʠʩ.1).   

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʤʥʝ ʧʦʪʨʝʙʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: ʤʘʩʣʷʥʳʝ ʢʨʘʩʢʠ, 
ʭʦʣʩʪ, ʤʘʩʣʦ ʜʣʷ ʨʠʩʦʚʘʥʠʷ, ʢʠʩʪʠ ʠ ʰʧʘʪʝʣʠ. ɼʣʷ 
ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ çʂʚʘʟʘʨè (ʈʠʩ.2) ʤʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ: 
ʢʘʨʪʦʥʥʘʷ ʢʦʨʦʙʢʘ, ʪʢʘʥʴ ʯʝʨʥʘʷ, ʢʨʘʩʢʘ ʚ ʙʘʣʣʦʥʯʠʢʝ 
ʠ ʢʨʘʩʢʘ ʧʦ ʪʢʘʥʠ, ʛʠʨʣʷʥʜʘ ʪʝʧʣʦʛʦ ʠ ʭʦʣʦʜʥʦʛʦ 
ʩʚʝʯʝʥʠʷ, ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʨʦʚʦʣʦʢʘ, ʢʣʝʡ, ʥʦʞʥʠʮʳ, 
ʥʠʪʢʠ ʠ ʢʠʩʪʠ.  

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʙʫʜʫʱʝʤ 
ʨʘʟʚʠʪʠʠ ʬʠʟʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʯʝʨʥʳʤ ʜʳʨʘʤ ʝʱʝ 
ʧʨʝʜʩʪʦʠʪ ʩʳʛʨʘʪʴ ʚʳʜʘʶʱʫʶʩʷ ʨʦʣʴ. ɸ ʠʭ ʠʟʫʯʝʥʠʝ ʤʦʞʝʪ 
ʧʨʠʚʝʩʪʠ ʢ ʥʦʚʳʤ ʦʪʢʨʳʪʠʷʤ ʠ ʧʦʥʠʤʘʥʠʶ ʟʘʢʦʥʦʚ ʧʨʠʨʦʜʳ, 
ʨʘʩʰʠʨʠʪʴ ʥʘʰʠ ʧʦʟʥʘʥʠʷ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʚʨʝʤʝʥʠ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈɸ: 

1. ʍʦʢʠʥʛ ʉ. ʊʝʦʨʠʷ ʚʩʝʛʦ. ï ʄʦʩʢʚʘ: ɸʉʊ, 2023ʛ. ï 256 ʩ. 
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5. ʏʝʨʥʳʝ ʜʳʨʳ, ʚʠʜʳ, ʩʚʦʡʩʪʚʘ https://m-focus.ru/chernye-dyry-vidy-svoystva/  
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʉʀʄʋʃʗʊʆʈɸ WOLFRAM DEMONSTRATIONS ɺ 
ʆɹʈɸɿʆɺɸʊɽʃʔʅʆʁ ʇʈʆɻʈɸʄʄɽ 
ʂʣʠʤʢʠʥ ɼʤʠʪʨʠʡ ɸʥʪʦʥʦʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʝʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 
10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚʘ ʅʘʜʝʞʜʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ ʦʪʜʝʣʝʥʠʷ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʀʗʊʐ ʊʇʋ 

 
Wolfram Demonstrations Project ð ʧʨʦʝʢʪ ʢʦʤʧʘʥʠʠ Wolfram Research, ʧʝʨʝʜ 

ʢʦʪʦʨʳʤ ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ʜʦʥʝʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦ ʢʘʢ ʤʦʞʥʦ ʙʦʣʝʝ 

ʈʠʩ.1. ʂʘʨʪʠʥʘ çʏʝʨʥʘʷ ʜʳʨʘ ʉʪʨʝʣʝʮ ɸ*è 

ʈʠʩ.2 ʄʘʢʝʪ çʂʚʘʟʘʨè 
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ʰʠʨʦʢʦʡ ʧʫʙʣʠʢʠ. ʇʨʦʝʢʪ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʣʝʢʮʠʠ ʠʥʪʝʨʘʢʪʠʚʥʳʭ ʧʨʦʛʨʘʤʤ, ʥʘʟʳʚʘʝʤʳʭ 
ʜʝʤʦʥʩʪʨʘʮʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʤʠʪʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ [1]. ɸʢʪʫʘʣʴʥʦʩʪʴ 
ʨʘʙʦʪʳ ʧʦ ʚʥʝʜʨʝʥʠʶ ʧʦʜʦʙʥʳʭ ʩʨʝʜʩʪʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ ʩʦʩʪʦʠʪ ʚ 
ʫʤʝʥʴʰʝʥʠʠ ʟʘʪʨʘʪ ʥʘ ʥʝʢʦʪʦʨʦʝ ʨʝʘʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʫʪʝʤ ʟʘʤʝʥʳ ʝʛʦ ʥʘ 
ʮʫʬʨʦʚʫʶ ʵʤʫʣʷʮʠʶ. 

ʎʝʣʠ ʨʘʙʦʪʳ: ʆʮʝʥʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʤʫʣʷʪʦʨʦʚ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ 
ʧʨʦʮʝʩʩʝ. 

ɿʘʜʘʯʠ: 
1) ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʛʨʘʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Wolfram Demonstrations 
2) ʆʧʨʝʜʝʣʠʪʴ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ Wolfram Demonstrations ʚ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʩʪʫʜʝʥʪʳ, ʫʯʝʥʠʢʠ, ʧʝʜʘʛʦʛʠ, 
ʧʨʦʬʝʩʩʦʨʘ, ʫʧʨʘʚʣʝʥʮʳ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʧʨʦʛʨʘʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Wolfram Demonstrations ʤʦʞʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʟʘʥʷʪʠʷ ʧʦ 
ʪʝʤʝ ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʣʦʞʝʥʠʝ ʩʠʤʫʣʷʮʠʠ 
ʠʜʝʘʣʴʥʦʡ ʤʘʰʠʥʘ ɸʪʚʫʜʘ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʨʘʚʥʦʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ 
ʛʨʫʟʦʚ, ʩʚʷʟʘʥʥʳʭ ʥʠʪʴʶ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʨʘʩʯʝʪʳ 
ʫʩʢʦʨʝʥʠʷ, ʧʨʦʡʜʝʥʥʦʛʦ ʧʫʪʠ ʠ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 1 ʉʠʤʫʣʷʮʠʷ ʠʜʝʘʣʴʥʦʡ ʤʘʰʠʥʳ ɸʪʚʫʜʘ ʚ Wolfram Demonstrations [2] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 2 ʉʠʤʫʣʷʮʠʷ ʜʚʫʭ ʛʨʫʟʦʚ, ʩʦʝʜʠʥʝʥʥʳʭ ʥʠʪʴʶ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘ 
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ʥʘʢʣʦʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʟ ʫʯʝʪʘ ʩʠʣʳ ʪʨʝʥʠʷ [3] 
ʊʘʢʞʝ ʤʦʞʥʦ ʫʩʣʦʞʥʠʪʴ ʩʠʪʫʘʮʠʶ, ʨʘʩʧʦʣʦʞʠʚ ʦʜʠʥ ʠʟ ʛʨʫʟʦʚ ʥʘ ʥʘʢʣʦʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʜʘʥʥʦʛʦ ʛʨʫʟʳ ʦ ʧʦʚʝʨʭʥʦʩʪʴ, ʠ 
ʪʘʢʞʝ ʧʨʦʚʝʨʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʩʯʝʪʳ ʫʩʢʦʨʝʥʠʷ ʜʚʠʞʝʥʠʷ ʛʨʫʟʘ (ʚ ʩʣʫʯʘʝ 
ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ï ʚʪʦʨʦʛʦ ʛʨʫʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ). 

ɺ ʢʘʯʝʩʪʚʝ ʟʘʢʣʶʯʠʪʝʣʴʥʦʛʦ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʫ ʧʨʦʛʨʘʤʤʫ ʧʦʟʚʦʣʷʶʱʫʶ 
ʩʠʤʫʣʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʪʝʣʘ ʧʦ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʝʟ ʫʯʝʪʘ ʩʠʣʳ ʪʨʝʥʠʷ ʠ 
ʚʥʝʰʥʠʭ ʩʠʣ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ʈʠʩ. 3 ʉʠʤʫʣʷʮʠʷ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʥʘ ʥʘʢʣʦʥʥʦʡ ʧʣʦʩʢʦʩʪʠ ʙʝʟ ʫʯʝʪʘ ʩʠʣʳ ʪʨʝʥʠʷ [4] 

ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʘ ʪʘʢʞʝ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ 
ʨʘʙʦʪʫ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ, ʧʨʠʤʝʨʳ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʤʥʦʡ ʚʳʰʝ. ʇʦ ʤʦʝʤʫ 
ʤʥʝʥʠʶ ʜʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʛʦʜʥʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʳʤ 
ʦʪʩʫʪʩʪʚʠʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʤʫʣʷʮʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ɺʝʙ-ʩʩʣʳʢʘ:  https://demonstrations.wolfram.com (ɼʘʪʘ ʧʦʩʣʝʜʥʝʛʦ ʦʙʨʘʱʝʥʠʷ: 

17.03.2025) 
2. ɺʝʙ-ʩʩʳʣʢʘ: https://demonstrations.wolfram.com/AtwoodsMachine (ɼʘʪʘ 
ʧʦʩʣʝʜʥʝʛʦ ʦʙʨʘʱʝʥʠʷ: 17.03.2025) 

3. ɺʝʙ-ʩʩʣʳʣʢʘ: 
https://demonstrations.wolfram.com/TwoMassesOnInclinedPlaneWithPulley (ɼʘʪʘ 
ʧʦʩʣʝʜʥʝʛʦ ʦʙʨʘʱʝʥʠʷ: 17.03.2025) 

4. ɺʝʙ-ʩʩʳʣʢʘ: 
https://demonstrations.wolfram.com/BlockOnAFrictionlessInclinedPlane (ɼʘʪʘ 
ʧʦʩʣʝʜʥʝʛʦ ʦʙʨʘʱʝʥʠʷ: 17.03.2025) 

 
 
 

ʊɽʈʄʆʕʃɽʂʊʈʆɻɽʅɽɸʈʊʆʈ 

ʂʦʨʣʷʢʦʚ ʅʠʢʦʣʘʡ  
11 ɸ ʢʣʘʩʩ, ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 
4 ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʉʪʨʝʞʝʚʦʡ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚè,  

ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʉʪʨʝʞʝʚʦʡ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʫʪʨʠʭʠʥʘ ɻʘʣʠʥʘ ʉʝʨʛʝʝʚʥʘ 

 

https://demonstrations.wolfram.com/
https://demonstrations.wolfram.com/AtwoodsMachine
https://demonstrations.wolfram.com/TwoMassesOnInclinedPlaneWithPulley
https://demonstrations.wolfram.com/BlockOnAFrictionlessInclinedPlane
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ʎʝʣʴ: ʩʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ (ʩʚʝʯʠ, ʩʧʠʨʪʦʚʢʠ ʠ ʪ.ʜ). 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʥʝ ʜʦʤʘ ʧʦʨʪʘʪʠʚʥʫʶ 
ʵʣʝʢʪʨʦʥʠʢʫ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʮʠʬʨʦʚʳʝ ʚʠʜʝʦʢʘʤʝʨʳ, ʤʫʟʳʢʘʣʴʥʳʝ ʧʣʝʝʨʳ, 
ʤʦʙʠʣʴʥʳʝ ʪʝʣʝʬʦʥʳ, GPS-ʥʘʚʠʛʘʪʦʨʳ, ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ 
ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ ʧʠʪʘʶʪʩʷ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʧʝʨʝʟʘʨʷʞʘʝʤʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. ʅʦ, ʢ 
ʩʦʞʘʣʝʥʠʶ, ʨʦʟʝʪʢʘ ʥʝ ʚʩʝʛʜʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʚ ʧʨʷʤʦʤ ʜʦʩʪʫʧʝ. ʇʦʵʪʦʤʫ ʘʢʪʫʘʣʴʥʦ 
ʩʦʟʜʘʥʠʝ ʧʦʨʪʘʪʠʚʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʇʨʦʙʣʝʤʘ ʧʨʦʝʢʪʘ. ɺ 2024 ʛʦʜʫ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʨʦʙʥʘʷ ʤʦʜʝʣʴ 
ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʨʘʙʦʪʘʶʱʘʷ ʥʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʚʝʯʠ. ʅʦ ʧʦʩʣʝ 
ʧʨʦʚʝʜʝʥʠʷ ʟʘʤʝʨʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʠʣʳ ʪʦʢʘ ʠ ʨʘʩʯʝʪʘ ʤʦʱʥʦʩʪʠ ʪʦʢʘ ʚʳʷʩʥʠʣʦʩʴ, 
ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʥʠʟʢʘʷ. ɹʳʣʦ ʨʝʰʝʥʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ 
ʠ ʩʦʟʜʘʪʴ ʥʦʚʫʶ ʫʣʫʯʰʝʥʥʫʶ ʤʦʜʝʣʴ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩ ʫʯʝʪʦʤ ʚʩʝʭ 
ʬʘʢʪʦʨʦʚ. 

 ʇʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʦʜʝʣʠ ʙʳʣʦ ʨʝʰʝʥʦ ʟʘ ʩʯʝʪ ʜʦʙʘʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ 
ʇʝʣʴʪʴʝ, ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʢ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʤʦʜʫʣʶ, ʦʧʪʠʤʠʟʘʮʠʠ 
ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʤʝʞʜʫ ʛʦʨʷʯʝʡ ʠ ʭʦʣʦʜʥʦʡ ʩʪʦʨʦʥʘʤʠ ʊʕʄ. ʇʦʩʣʝ ʩʙʦʨʘ 
ʫʣʫʯʰʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʣ ʧʦʚʪʦʨʥʦʝ ʠʩʧʳʪʘʥʠʝ, ʩʜʝʣʘʣ ʟʘʤʝʨʳ ʩʠʣʳ ʪʦʢʘ ʠ 
ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʩʩʯʠʪʘʣ ʫʣʫʯʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʀʟʫʯʠʣ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʤʝ çʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʕʣʝʤʝʥʪʳ 
ʧʝʣʴʪʴʝè. ʉʦʩʪʘʚʠʣ ʩʭʝʤʫ ʧʨʠʙʦʨʘ. 
 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 
2. ʇʦʜʛʦʪʦʚʠʣ ʩʤʝʪʫ ʧʨʦʝʢʪʘ. ɿʘʢʫʧʠʣ ʤʘʪʝʨʠʘʣʳ. 

ʆʙʱʘʷ ʩʫʤʤʘ ʟʘʪʨʘʪ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʩʪʘʚʠʣʘ 20 119,29 ʨ.  
3. ʉʦʙʨʘʣ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʦ ʩʭʝʤʝ: 
ʉʦʙʨʘʣ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ; 
ʉʦʙʨʘʣ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʤʦʜʫʣʴ. 
ʊʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠʟ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʩʧʠʨʪʦʚʢʠ ʠʣʠ ʩʚʝʯʠ. 
ʈʘʟʤʝʨ ʫʩʪʨʦʡʩʪʚʘ - 20x20x40 ʩʤ. ʄʘʩʩʘ ʫʩʪʨʦʡʩʪʚʘ ï ʧʨʠʤʝʨʥʦ 10 ʢʛ. 

ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ. ʆʥ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʪʝʧʣʦʚʫʶ ʤʘʰʠʥʫè, ʧʨʝʦʙʨʘʟʫʶʱʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ 
ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ ʫʜʦʙʥʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʪʨʫʙʫ. ɺʥʠʟʫ ʪʨʫʙʳ ʩʜʝʣʘʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ 
ʩʧʠʨʪʦʚʢʠ ʠʣʠ ʩʚʝʯʠ. ʊʨʫʙʘ ʢʨʝʧʠʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʯʪʦʙʳ ʪʝʧʣʦ ʦʪ ʩʚʝʯʠ 
ʧʦʜʥʠʤʘʣʦʩʴ ʚʚʝʨʭ. ʇʨʠ ʵʪʦʤ ʟʘʢʨʝʧʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʇʝʣʴʪʴʝ ʙʫʜʫʪ ʥʘʛʨʝʚʘʪʴʩʷ ʩ 
ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʭʣʘʞʜʘʪʴʩʷ ʩ ʜʨʫʛʦʡ. ɹʣʘʛʦʜʘʨʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʮʝʧʠ 
ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʏʪʦʙʳ ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʫʩʪʦʡʯʠʚʘ, ʩʜʝʣʘʥ 
ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ. 
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ɼʣʷ ʩʙʦʨʢʠ 3-ʭ ʙʣʦʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʜʠʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤ ʪʝʨʤʦʧʘʩʪʫ ʜʣʷ 
ʣʫʯʰʝʛʦ ʂʇɼ. ɹʣʦʢʠ ʩʦʩʪʦʷʪ ʧʦ 12 ʤʦʜʫʣʝʡ ʇʝʣʴʪʴʝ ʚ ʢʘʞʜʦʤ. ʂʨʝʧʠʤ ʙʣʦʢʠ ʢ ʪʨʫʙʝ. 
ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ ʠʩʧʦʣʴʟʫʝʤ ʩʤʝʰʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. 

 

  
 

ʈʠʩ. 2. ʉʙʦʨʢʘ ʜʝʪʘʣʝʡ. ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. ʉʩʳʣʢʘ ʥʘ 
ʚʠʜʝʦ ʨʘʙʦʪʳ. 

ʊʝʩʪʳ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
ʏʪʦ ʙʳ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʦʜʝʣʠ 

ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʧʨʦʠʟʚʸʣ ʠʟʤʝʨʝʥʠʷ ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʨʘʟʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʩʩʯʠʪʘʣ ʤʦʱʥʦʩʪʴ, ʧʦʩʪʨʦʠʣ ʛʨʘʬʠʢʠ 

ʇʨʝʞʥʷʷ ʤʦʜʝʣʴ ʠʤʝʣʘ ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʠʟʤʝʨʝʥʠʷ:  
 

ʊʘʙʣʠʮʘ ˉ 7. ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʙʥʦʡ ʤʦʜʝʣʠ. 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ, 0ʉ 

ɺʨʝʤʷ 
ʥʘʛʨʝʚʘʥʠʷ, 
ʤʠʥ. 

ʅʘʧʨʷʞʝʥʠʝ, 
ɺ 

ʉʠʣʘ ʪʦʢʘ, 
ɺ 

ʄʦʱʥʦʩʪʴ, 
ɺʪ 

25 30 1,70 0,01 0,017 

0 30 1,85 0,02 0,037 

 
ʊʘʙʣʠʮʘ ˉ 8. ʇʦʢʘʟʘʪʝʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ (25ÁC). 

ɺʨʝʤʷ, ʤʠʥ ʊʝʤʧʝʨʘʪʫʨʘ 
ʪʨʫʙʳ, 0ʉ 

ʅʘʧʨʷʞʝʥʠʝ, 
ɺ 

ʉʠʣʘ ʪʦʢʘ, 
ɸ 

ʄʦʱʥʦʩʪʴ, 
ɺʪ 

1 27,3 0,38 0,01 0,0038 

3 33,8 0,74 0,02 0,0148 

5 36,5 1,08 0,03 0,0324 

7 41,8 1,52 0,04 0,0608 

10 47,9 1,67 0,04 0,0668 

15 54,4 1,81 0,04 0,0724 

20 59,8 1,96 0,05 0,0980 

25 64,2 2,12 0,05 0,1060 

30 67,8 2,24 0,05 0,1120 

35 68,5 2,17 0,05 0,1085 

40 70,2 2,08 0,05 0,1040 

45 71,7 1,93 0,05 0,0965 

50 71,9 1,87 0,04 0,0748 

55 71,2 1,83 0,04 0,0732 

60 68,9 1,79 0,04 0,0716 
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ʈʠʩ. 13. ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʳ ʢ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25ÁC. 

 
ʈʠʩ. 14. ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25ÁC. 

 
ʊʘʙʣʠʮʘ ˉ 9. ʇʦʢʘʟʘʪʝʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ (0ÁC). 

ɺʨʝʤʷ, ʤʠʥ ʊʝʤʧʝʨʘʪʫʨʘ 
ʪʨʫʙʳ, 0ʉ 

ʅʘʧʨʷʞʝʥʠʝ, 
ɺ 

ʉʠʣʘ ʪʦʢʘ, 
ɸ 

ʄʦʱʥʦʩʪʴ, 
ɺʪ 

1 2,1 0,32 001 0,0032 

3 9,3 0,87 0,03 0,0261 

5 14,2 1,19 0,04 0,0476 

7 17,8 1,48 0,05 0,074 

10 25,8 1,85 0,06 0,1110 

15 29,7 2,11 0,07 0,1477 

20 34,9 2,24 0,07 0,1568 

25 37,7 2,32 0,07 0,1624 

30 40,2 2,41 0,08 0,1928 

35 45,8 2,52 0,08 0,2016 

40 49,1 2,61 0,08 0,2088 

45 54,3 2,78 0,08 0,2224 

50 61,4 2,92 0,08 0,2336 

55 65,6 3,04 0,09 0,2136 

60 67,8 3,16 0,09 0,2844 
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ʈʠʩ. 15. ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʪʨʫʙʳ ʢ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0ÁC. 

 

 
ʈʠʩ. 16. ɻʨʘʬʠʢ ʦʪʥʦʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0ÁC. 

 
ʊʘʙʣʠʮʘ ˉ107. ʇʦʢʘʟʘʪʝʣʠ ʧʨʦʙʥʦʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʩʨʘʚʥʝʥʠʠ. 

ʄʦʜʝʣʴ  ʊʝʤʧʝʨʘʪʫ
ʨʘ 
ʦʢʨʫʞʘʶʱ
ʝʡ ʩʨʝʜʳ, 
0ʉ 

ɺʨʝʤʷ 
ʥʘʛʨʝʚʘʥʠ
ʷ, ʤʠʥ. 

ʅʘʧʨʷʞʝʥʠ
ʝ, ɺ 

ʉʠʣ
ʘ 
ʪʦʢʘ
, ɺ 

ʄʦʱʥʦʩʪ
ʴ, ɺʪ 

ʋʣʫʯʰʝʥʠʝ 
ʵʬʬʝʢʪʠʚʥʦʩ
ʪʠ, % 

ʇʨʦʙʥʘʷ  25 30 1,70 0,01 0,017  

0 30 1,85 0,02 0,037  

ʋʩʦʚʝʨʰʝ
ʥ- 
ʩʪʚʦʚʘʥʥʘ
ʷ  

25 30 2,24 0,05 0,1120 55,8 

0 30 2,41 0,08 0,1928 42,1 

*ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʚ % ʷ ʠʩʧʦʣʴʟʦʚʘʣ 
ʧʨʘʚʠʣʦ 
(ʅʦʚʦʝ ʟʥʘʯʝʥʠʝ ï ʩʪʘʨʦʝ ʟʥʘʯʝʥʠʝ / ʩʪʘʨʦʝ ʟʥʘʯʝʥʠʝ) *100%. 
 ɺ ʩʨʝʜʥʝʤ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʜʘʣʦʩʴ ʫʣʫʯʰʠʪʴ ʥʘ 48.95% 
ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ.  

1. ɼʦʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ:  
Å ʥʘʨʘʩʪʠʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʜʦʙʘʚʠʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʯʠʩʣʦ 
ʙʣʦʢʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʝʣʴʪʴʝ;  
Å ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʠʪʘʥʠʷ ʧʨʠʙʦʨʦʚ ʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʠ. ɺʩʝ ʧʨʠʙʦʨʳ, 
ʢʦʪʦʨʳʝ ʧʠʪʘʶʪʩʷ ʦʪ USB (5V,3A) (ʥʘʧʨʠʤʝʨ, ʟʘʨʷʜʢʘ ʪʝʣʝʬʦʥʘ, 
ʢʚʘʜʨʦʢʦʧʪʝʨʘ, ʘʢʢʫʤʫʣʷʪʦʨʘ, ʨʘʮʠʠ, ʬʦʥʘʨʠʢʘ, ʧʠʪʘʥʠʷ ʨʘʜʠʦʧʨʠʸʤʥʠʢʘ ʠ 
ʪ.ʜ.).  

2. ʈʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ:  
Å ʧʨʠʚʣʝʯʴ ʠʥʚʝʩʪʦʨʦʚ ʠ ʟʘʧʫʩʪʠʪʴ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘʥʥʦʛʦ 
ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ;  
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Å ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʴ ʤʦʝʛʦ ʧʨʦʝʢʪʘ ʜʦʩʪʠʛʥʫʪʘ ï ʷ ʩʦʟʜʘʣ 

ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʦʪ ʪʝʧʣʘ ʦʙʳʯʥʦʡ ʩʧʠʨʪʦʚʢʠ. ʇʦʣʫʯʝʥʥʦʡ 
ʵʥʝʨʛʠʠ ʭʚʘʪʘʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʨʷʜʠʪʴ ʪʝʣʝʬʦʥ ʠʣʠ ʦʩʚʝʪʠʪʴ ʥʝʙʦʣʴʰʦʝ 
ʧʦʤʝʱʝʥʠʝ.  

ʂʨʦʤʝ ʪʦʛʦ, ʟʘ ʚʨʝʤʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʷ ʫʛʣʫʙʠʣ ʩʚʦʠ ʟʥʘʥʠʷ ʦ ʧʨʠʥʮʠʧʝ ʝʛʦ 
ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʘʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ 
ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʥʘʫʯʠʣʩʷ: ʧʨʠʤʝʥʷʪʴ ʟʘʢʦʥʳ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 
ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʥʘ ʧʨʘʢʪʠʢʝ; ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 
ʫʩʪʨʦʡʩʪʚʘ; ʨʘʙʦʪʘʪʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 
ʨʝʰʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʠʩʢʘʪʴ ʨʝʰʝʥʠʷ. 
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19. ʇʨʦʚʝʨʢʘ ʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ // 
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ʀʉʇɸʈɽʅʀɽ ʂɸʇɽʃʔ ʅɸ ʇʆɺɽʈʍʅʆʉʊʗʍ  
ʉ ʕʂʉʊʈɽʄɸʃʔʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ ʉʄɸʏʀɺɸʅʀʗ 

ʂʫʟʥʝʮʦʚ ɽʛʦʨ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʦʢʪʠʩʪʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʮʝʥʪ ʀʐʌɺʇ 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ, 
ʤʘʩʩʠʚʦʚ ʜʠʦʜʥʳʭ ʣʘʟʝʨʦʚ, ʷʜʝʨʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʚ ʧʦʩʣʝʜʥʠʝ 
ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʦʪʚʦʜʘ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ 
ʦʪ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʠʩʪʝʤʳ 
ʦʭʣʘʞʜʝʥʠʷ ʤʦʛʫʪ ʙʘʟʠʨʦʚʘʪʴʩʷ ʥʘ ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʥʘʧʨʠʤʝʨ ʦʜʥʦʬʘʟʥʳʝ ʠʣʠ 
ʜʚʫʭʬʘʟʥʳʝ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʬʘʟʥʳʝ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʥʝʩʧʦʩʦʙʥʳ 
ʦʪʚʦʜʠʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ ʙʦʣʝʝ 100 ɺʪ/ʩʤ2 [1]. ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ 
ʚʘʨʠʘʥʪʳ ʜʚʫʭʬʘʟʥʳʭ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʜʚʫʭʬʘʟʥʳʝ ʪʝʨʤʦʩʠʬʦʥʳ, 
ʪʝʧʣʦʦʙʤʝʥ ʫʜʘʨʥʦʡ ʩʪʨʫʸʡ, ʢʠʧʝʥʠʝ ʜʚʫʭʬʘʟʥʳʭ ʧʦʪʦʢʦʚ ʠ ʢʘʧʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. 
ɺ ʩʠʩʪʝʤʘʭ ʩ ʧʦʩʣʝʜʥʠʤ ʩʧʦʩʦʙʦʤ ʪʝʧʣʦʦʙʤʝʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʝʞʠʤʘʭ ʢʠʧʝʥʠʷ 
ʠʣʠ ʠʩʧʘʨʝʥʠʷ (ʙʝʟ ʢʠʧʝʥʠʷ ʪʝʧʣʦʥʦʩʠʪʝʣʷ). ʄʝʪʦʜ ʢʘʧʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣ 
ʧʨʠʟʥʘʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʚʦʜʠʪʴ ʪʝʧʣʦʚʳʝ ʧʦʪʦʢʠ 
ʜʦ 1000 ɺʪ/ʩʤ2, ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ çʣʝʞʘʱʠʭè ʢʘʧʝʣʴ 
ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʠʧʝʥʠʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ, 
ʘʢʪʫʘʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʚʦʜʘ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ [2].  

ʇʨʦʙʣʝʤʘ: ʦʙʝʩʧʝʯʝʥʠʝ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ 
ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ 
ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʦʡ ʤʠʢʨʦʪʝʢʩʪʫʨʳ 
(ʰʝʨʦʭʦʚʘʪʦʩʪʠ) ʠ ʩʫʧʝʨʛʠʜʨʦʬʠʣʴʥʳʭ / ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʭ ʩʚʦʡʩʪʚ. 
  ʎʝʣʴ ʨʘʙʦʪʳ: ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʧʦʣʠʨʦʚʘʥʥʳʤʠ 
ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʩ ʨʘʟʚʠʪʦʡ ʤʠʢʨʦʪʝʢʩʪʫʨʦʡ ʠ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʩʤʘʯʠʚʘʥʠʷ. 
 ɿʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ 
ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʫʩʣʦʚʠʷʭ ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ 
ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ʆʮʝʥʢʘ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘ ʟʘʜʘʥʥʦʡ ʪʦʣʱʠʥʝ ʟʘ ʩʯʝʪ 
ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ 

ʀʥʩʪʨʫʤʝʥʪʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʙʨʘʟʮʘʭ ʚ ʬʦʨʤʝ ʧʣʘʩʪʠʥ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ 

ʩʧʣʘʚʘ ɸʄʛ2 (EN AW-5051A) ʨʘʟʤʝʨʘʤʠ 30.0Ĭ30.0Ĭ2.0 ʤʤ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʪʨʠ ʛʨʫʧʧʳ ʦʙʨʘʟʮʦʚ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʩʚʦʡʩʪʚʘʤʠ 
ʩʤʘʯʠʚʘʥʠʷ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ, 
ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. 

 
ʊʘʙʣʠʮʘ 1 ï ʉʚʦʡʩʪʚʘ ʩʤʘʯʠʚʘʥʠʷ ʠ ʫʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ. 

https://youtu.be/RCbJXyfxyHs?si=BVxAVUe3G6WrbKUt
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ɻʨʫʧʧʘ 
ʧʦʚʝʨʭʥʦʩʪʠ 

ʉʚʦʡʩʪʚʘ ʩʤʘʯʠʚʘʥʠʷ 
ʋʩʣʦʚʥʦʝ 
ʦʙʦʟʥʘʯʝʥʠʝ 

ɗ0, Á 

I ʛʠʜʨʦʬʠʣʴʥʳʝ Polished 87.8ÁÑ5.2Á 

II ʩʫʧʝʨʛʠʜʨʦʬʠʣʴʥʳʝ SHPhi å0  

III ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʝ SHPho 152.5ÁÑ6.2Á 

 
ʇʦʚʝʨʭʥʦʩʪʠ I ʛʨʫʧʧʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʩʧʣʘʚʘ 

ɸʄʛ2 (ʜʘʣʝʝ ï Polished). ʀʭ ʪʝʢʩʪʫʨʘ ʥʝ ʤʦʜʠʬʠʮʠʨʦʚʘʣʘʩʴ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ 
ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ɗ0 = 87.8Á) ʠ ʤʘʪʦʚʳʤ ʙʣʝʩʢʦʤ ʧʦʩʣʝ ʧʦʣʠʨʦʚʢʠ 
ʟʘʚʦʜʦʤ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ.  

ʇʦʚʝʨʭʥʦʩʪʠ II ʛʨʫʧʧʳ (ʜʘʣʝʝ ï SHPhi), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʧʝʨʛʠʜʨʦʬʠʣʴʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ (ɗ0 å0 ), ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ ʭʦʨʦʰʦ ʘʧʨʦʙʠʨʦʚʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [3] ʧʫʪʝʤ 
ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʇʦʚʝʨʭʥʦʩʪʠ III ʛʨʫʧʧʳ (ʜʘʣʝʝ ï SHPho), ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ (ɗ0 =152.5Á), ʠʟʛʦʪʦʚʣʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ ʦʙʨʘʟʮʫ, ʧʦʩʣʝ ʯʝʛʦ 
ʛʠʜʨʦʬʦʙʠʟʠʨʦʚʘʥʳ.  

 
ʈʠʩ. 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ: 1 ï ʢʘʧʣʷ; 2 ï ʜʦʟʘʪʦʨ; 3 ï ʦʙʨʘʟʝʮ; 
4 ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ, ʦʩʥʘʱʝʥʥʘʷ ʤʘʢʨʦʦʙʲʝʢʪʠʚʦʤ; 5 ï ʠʩʪʦʯʥʠʢ 
ʩʚʝʪʘ; 6 ï ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʨʫʙʘ; 7 ï ʬʦʪʦʘʧʧʘʨʘʪ; 8 ï 2x F-mount 
ʘʜʘʧʪʝʨ; 9 ï 6.5X UltraZoom; 10 ï ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʳʡ ʢʫʙ; 11 ï 4x ʦʙʲʝʢʪʠʚ; 
12 ï ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʘʷ ʧʣʠʪʘ; 13 ï ʤʝʜʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ; 14 ï ʙʦʢʩ. 
 
 ʅʘ ʨʠʩ. 1 ʠʟʦʙʨʘʞʝʥʘ ʫʩʪʘʥʦʚʢʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʦʡʩʪʚ ʩʤʘʯʠʚʘʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʄʛ2 ʠ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ ʢʘʧʝʣʴ ʚʦʜʳ. ʂʘʧʣʷ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 
ʜʝʘʵʨʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 1 ʧʦʤʝʱʘʣʘʩʴ ʦʜʥʦʢʘʥʘʣʴʥʳʤ ʚʳʩʦʢʦʪʦʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ 
ʜʦʟʘʪʦʨʦʤ 2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ 3. ʀʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ 
ʪʝʥʝʚʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ 
ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʦʩʪʘʚʝ ʚʠʜʝʦʢʘʤʝʨʳ Phantom Miro M310 4  ʩ ʤʘʢʨʦʦʙʲʝʢʪʠʚʦʤ Nikon 
AF micro Nikkor 200mm 1:4 D. ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ ʩʚʝʪ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ 
ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 5. ɺʝʨʭʥʷʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʨʝʛʠʩʪʨʘʮʠʠ 
ʧʨʦʮʝʩʩʘ ʟʘʨʦʞʜʝʥʠʷ, ʨʦʩʪʘ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʫʟʳʨʝʡ. ʅʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ɸʄʛ2 ʜʦ 
ʪʝʤʧʝʨʘʪʫʨʳ T = 100 Áʉ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʢʦʥʜʫʢʪʠʚʥʳʤ ʧʦʜʚʦʜʦʤ ʪʝʧʣʦʪʳ ʦʪ ʠʩʪʦʯʥʠʢʘ 
12 ʯʝʨʝʟ ʤʝʜʥʳʡ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜ 13. ʆʙʨʘʟʝʮ ʙʳʣ ʟʘʱʠʱʸʥ ʙʦʢʩʦʤ 14 ʜʣʷ 
ʠʩʢʣʶʯʝʥʠʷ ʚʣʠʷʥʠʷ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. ʉ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʢʦʥʪʘʢʪʘ 
ʤʝʞʜʫ ʦʙʨʘʟʮʦʤ ʠ ʤʝʜʥʳʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ ʠ ʤʝʞʜʫ ʤʝʜʥʳʤ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʦʤ ʠ 
ʠʩʪʦʯʥʠʢʦʤ ʥʘʥʦʩʠʣʘʩʴ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʪʝʨʤʦʧʘʩʪʘ GRIPCOTT (ʨʠʩ. 2). 
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ʈʠʩ. 4. çʕʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷè ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʠʩʧʘʨʷʶʱʝʡʩʷ ʢʘʧʣʝʡ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ: 
ʘ ï Polished ʠ SHPhi; ʙ ï SHPho. 
 

ʈʠʩ. 2. ʉʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ 
ʪʝʤʧʝʨʘʪʫʨ. ʂʦʥʪʨʦʣʴ 
ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʛʨʝʚʘ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚʳʩʦʢʦʪʦʯʥʦʡ 
ʤʘʣʦʠʥʝʨʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ, 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʪʝʨʤʦʧʘʨ (ʨʠʩ. 3) 
ʪʠʧʘ ʂ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ ʠ 
ʢʦʥʪʨʦʣʣʝʨʘ. ʇʦʛʨʝʰʥʦʩʪʴ 
ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ 
ʧʨʝʚʳʰʘʣʘ Ñ0,1 ÁC. 
çʕʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷè 

(ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ) ʟʘ ʩʯʝʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʧʣʠ ʚʦʜʳ 
ʨʝʛʠʩʪʨʠʨʦʚʘʣʩʷ ʧʦ ʧʦʢʘʟʘʥʠʷʤ ʪʝʨʤʦʧʘʨʳ 1 (ʨʠʩ. 2).  
 

ʈʠʩ. 3. ʕʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷ ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ 
ʢʘʧʣʠ. ʌʦʪʦʠʟʦʙʨʘʞʝʥʠʷ ʢʘʧʝʣʴ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʥʘʯʘʣʫ ʠ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ. æTʩʨ, 
æTʤʘʢʩ ï ʩʨʝʜʥʝʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʘʜʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ çʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷè 
ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʧʦʣʫʯʝʥʥʳʭ ʚʳʚʦʜʦʚ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʩʠʩʪʝʤ ʪʝʨʤʦʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘ ʙʘʟʝ 
ʢʘʧʝʣʴʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ [4]. çʕʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷè 
ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʜ ʠʩʧʘʨʷʶʱʝʡʩʷ ʢʘʧʣʝʡ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ʆʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʨʘʟʥʠʮʘ ʪʝʤʧʝʨʘʪʫʨ 
ʦʭʣʘʞʜʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʤʦʤʝʥʪʘ ʧʦʤʝʱʝʥʠʷ ʢʘʧʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠ ʚ ʧʨʦʮʝʩʩʝ 
ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ (æT). ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ (ʨʠʩ. 4), ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʭ ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ 
ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʢʘʧʣʠ ʚʦʜʳ ʦʙʲʝʤʦʤ 5 ʤʢʣ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʠʜ 
ʢʨʠʚʳʭ çʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷè, ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʬʘʟʦʚʦʛʦ 
ʧʝʨʝʭʦʜʘ ʢʘʧʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʩʤʘʯʠʚʘʥʠʷ ʠ ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ.  

ʋʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʚʦʜʳ ʥʘ ʩʫʧʝʨʛʠʜʨʦʬʠʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 5.5 ʨʘʟ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʙʦʣʴʰʦʛʦ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ æT = 5 ʉ (ʨʠʩ. 4ʘ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SHPhi. ʊʘʢʦʝ 
ʨʘʟʣʠʯʠʝ ʚ ʧʣʦʱʘʜʠ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʦʩʪʦʷʥʠʶ ɺʝʥʮʝʣʷ [5] ï ʚʦʜʘ ʟʘʧʦʣʥʷʝʪ 
ʧʦʣʦʩʪʠ ʥʘ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʦ ʚʨʝʤʝʥʝʤ ʚʦʜʘ ʠʩʧʘʨʷʝʪʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚʦʟʚʨʘʱʘʝʪʩʷ ʢ ʠʩʭʦʜʥʳʤ ʟʥʘʯʝʥʠʷʤ (å 100 ʉ). 

ʀʟ ʨʠʩ. 4ʙ ʚʠʜʥʦ, ʯʪʦ ʚʠʜ ʢʨʠʚʦʡ çʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷè ʥʘ SHPho ʦʪʣʠʯʘʝʪʩʷ 
ʦʪ SHPhi. ʅʘ SHPho ʚʠʜʥʦ ʥʝʙʦʣʴʰʦʝ ʧʘʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ æT = 0.5 ʉ, ʠ ʦʥʦ 

ʙ) 
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ʧʦʩʪʦʷʥʥʦ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ. ɹʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ 
ʨʘʟʣʠʯʠʝʤ ʧʣʦʱʘʜʠ ʢʦʥʪʘʢʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʞʠʜʢʦʩʪʠ ʠ ʩʦʩʪʦʷʥʠʝʤ ʞʠʜʢʦʩʪʠ. ʅʘ 
SHPho ʢʘʧʣʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʂʘʩʩʠ-ɹʘʢʩʪʝʨʘ [6]. ʇʦʣʦʩʪʠ ʪʝʢʩʪʫʨʳ SHPho ʧʦʜ 
ʢʘʧʣʝʡ ʟʘʧʦʣʥʝʥʳ ʚʦʟʜʫʭʦʤ, ʦʙʣʘʜʘʶʱʠʤ ʚʳʩʦʢʠʤ ʪʝʨʤʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 
ʀʟ-ʟʘ ʵʪʦʛʦ ʧʣʦʱʘʜʴ ʢʦʥʪʘʢʪʘ ʥʘʛʨʝʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʢʘʧʣʝʡ ʩʦʢʨʘʱʘʝʪʩʷ ʜʦ 
ʚʝʨʰʠʥ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟ-ʟʘ ʯʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʦʭʣʘʜʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʦʩʣʝʜʥʝʝ 
ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ (æT = 0.5 ʉ) ʦʭʣʘʞʜʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ SHPho. 

ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ Polished ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʟʥʘʯʝʥʠʷ ʫʤʝʥʴʰʝʥʠʷ 
ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘ ʩʯʝʪ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʧʣʠ: æTʩʨ ʠ æTʤʘʢʩ ï ʵʪʦ 
ʩʨʝʜʥʝʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ (ʨʠʩ. 3), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʀʟ ʨʠʩ. 3 ʚʠʜʥʦ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Polished ʧʨʠ ʜʦʟʠʨʦʚʘʥʠʠ ʢʘʧʣʠ ʚʦʜʳ 
ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜ ʢʘʧʣʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ æTʩʨ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʘʨʝʥʠʷ 
ʢʘʧʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʜʦ ʤʦʤʝʥʪʘ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ 
ʠʩʧʘʨʝʥʠʷ CCD ʥʘ ʩʤʝʰʝʥʥʳʡ ʨʝʞʠʤ. ɺ ʩʤʝʰʘʥʥʦʤ ʨʝʞʠʤʝ ʠʩʧʘʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʘ 
ʧʦʜ ʢʘʧʣʝʡ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ æTʤʘʢʩ. ʋʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 
ʩʤʝʰʘʥʥʦʤ ʨʝʞʠʤʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Polished ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʟʘ ʩʯʝʪ 
ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʜʚʠʞʝʥʠʷ ʣʠʥʠʠ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ ʨʘʟʨʫʰʘʝʪʩʷ ʬʦʨʤʘ ʢʘʧʣʠ ʚ 
ʚʠʜʝ ʰʘʨʦʚʦʛʦ ʩʝʛʤʝʥʪʘ, ʣʠʥʠʷ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ ʠʟ ʦʢʨʫʞʥʦʩʪʠ 
ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʢʨʠʚʫʶ ɹʝʟʴʝ. ʇʦʩʣʝʜʥʝʝ ʫʚʝʣʠʯʠʚʘʝʪ ʜʣʠʥʫ ʣʠʥʠʠ ʪʨʝʭʬʘʟʥʦʛʦ 
ʢʦʥʪʘʢʪʘ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʬʠʢʘʮʠʷ ʠʩʧʘʨʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 
ʨʦʩʪʦʤ ʫʜʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ. 
ɺʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ Polished 
ʧʦʜ ʢʘʧʣʝʡ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ æTʤʘʢʩ (ʨʠʩ. 3). ɺʠʜ ʢʨʠʚʦʡ T = f(Ű) ʙʫʜʝʪ ʦʜʥʦʪʠʧʝʥ ʢʨʠʚʦʡ 
ʥʘ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʠʩ. 4ʙ).  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ æT, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 2. ʇʦ ʟʥʘʯʝʥʠʶ ʜʦʩʪʠʛʥʫʪʦʛʦ çʵʬʬʝʢʪʘ ʦʭʣʘʞʜʝʥʠʷè ʧʦʚʝʨʭʥʦʩʪʠ 
ʨʘʩʧʦʣʦʞʝʥʳ (ʪʘʙʣ. 2) ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʦʪ ʥʘʠʙʦʣʴʰʝʛʦ (ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘ 
SHPhi) ʢ ʥʘʠʤʝʥʴʰʝʤʫ (SHPho).  
 
ʊʘʙʣʠʮʘ 2 ï ʕʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʢʘʧʣʠ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ 
ʨʘʟʣʠʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʤʘʯʠʚʘʥʠʷ 

ʕʬʬʝʢʪ 
ʦʭʣʘʞʜʝʥʠʷ 

ʇʦʚʝʨʭʥʦʩʪʴ æT, ÁC 

ʉʠʣʴʥʳʡ SHPhi (II ʛʨʫʧʧʘ) 5.0 Ñ 0.5 

ʋʤʝʨʝʥʥʳʡ Polished (I ʛʨʫʧʧʘ) 
ʩʨʝʜʥʷʷ: 1.2 Ñ 0.2 
ʤʘʢʩʠʤʘʣʴʥʘʷ: 1.6 Ñ 0.3 

ʉʣʘʙʳʡ SHPho (III ʛʨʫʧʧʘ) 0.5 Ñ 0.1 

 
ʋʤʝʨʝʥʥʳʡ ʵʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷ ʧʦʣʫʯʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ Polished (ʪʘʙʣ. 2). 

ʅʘʠʤʝʥʴʰʠʡ ʵʬʬʝʢʪ ʦʭʣʘʞʜʝʥʠʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʧʦʜ ʢʘʧʣʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ SHPho 
ʩ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʦʩʪʴʶ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʤʘʣʦʡ ʧʣʦʱʘʜʴʶ ʢʦʥʪʘʢʪʘ ʢʘʧʣʠ ʩ 
ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʝʧʣʦʦʙʤʝʥʘ. 

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩʫʧʝʨʛʠʜʨʦʬʠʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʥʘʠʙʦʣʴʰʝʝ ʦʭʣʘʞʜʝʥʠʝ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ 
ʧʨʘʢʪʠʢʝ ʩʦʧʨʷʞʝʥʦ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, 
ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʦʭʣʘʞʜʝʥʠʷ.  

ɺʳʚʦʜʳ 
1. ʉʫʧʝʨʛʠʜʨʦʬʠʣʴʥʳʝ (ɗ0 = 0Á) ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʘʶʪ ʥʘʠʙʦʣʴʰʠʡ ʵʬʬʝʢʪ 
ʦʭʣʘʞʜʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʠʜʨʦʬʠʣʴʥʳʤʠ (ɗ0 = 87.8Á) ʠ ʩʫʧʝʨʛʠʜʨʦʬʦʙʥʳʤʠ 
(ɗ0 = 152.5Á) ʩʚʦʡʩʪʚʘʤʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʘʠʙʦʣʝʝ 
ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠʩʧʘʨʝʥʠʷ ʤʘʣʳʭ 
ʦʙʲʸʤʦʚ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 
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2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʟʘʚʝʨʰʘʶʱʝʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʢʘʧʣʠ 
ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʠ 
ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʦʪʚʦʜʠʤʦʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ (ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
ʧʦʚʝʨʭʥʦʩʪʠ), ʚʣʠʷʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʥʳ ʣʠʥʠʠ ʪʨʝʭʬʘʟʥʦʛʦ ʢʦʥʪʘʢʪʘ.  
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ɺʆɼʆʈʆɼ ï ʊʆʇʃʀɺʆ ɹʋɼʋʑɽɻʆ 
ʃʘʚʨʠʥʝʥʢʦ ʊʘʠʩʠʷ ɽʚʛʝʥʴʝʚʥʘ 

ʏʘʩʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ʊɻʋè, 10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʨʦʪʯʝʥʢʦ ʅʘʪʘʣʴʷ ʄʠʭʘʡʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʭʠʤʠʠ 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ:  
ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʪʘʢʠʝ ʢʘʢ ʙʝʥʟʠʥ, ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʠ ʫʛʦʣʴ, 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʜʦʩʪʠʛ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ, ʯʪʦ ʦʢʘʟʳʚʘʝʪ ʥʝʛʘʪʠʚʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʣʶʜʝʡ ʠ ʵʢʦʩʠʩʪʝʤʳ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʚʳʙʨʦʩʦʚ 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʘʚʪʦʤʦʙʠʣʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʚʥʦʩʷʪ ʩʚʦʡ ʚʢʣʘʜ ʚ ʟʘʛʨʷʟʥʝʥʠʝ ʘʪʤʦʩʬʝʨʳ, ʚʳʟʳʚʘʷ 
ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ ʠ ʧʘʨʥʠʢʦʚʳʡ ʵʬʬʝʢʪ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʝʨʴʸʟʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ 
ʢʣʠʤʘʪʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʨʘʡʥʝ ʚʘʞʥʦ ʩʦʢʨʘʪʠʪʴ ʚʳʙʨʦʩʳ 
ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. ɺʦʜʦʨʦʜ ʦʙʣʘʜʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʩʪʘʪʴ ʪʦʧʣʠʚʦʤ ʙʫʜʫʱʝʛʦ, ʦʜʥʘʢʦ ʜʣʷ ʝʛʦ ʰʠʨʦʢʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʧʨʦʩʦʚ.  

ʇʨʦʙʣʝʤʘ: 
ʅʳʥʝʰʥʝʝ ʪʦʧʣʠʚʦ ʟʘʛʨʷʟʥʷʝʪ ʘʪʤʦʩʬʝʨʫ ʠ ʟʘʚʠʩʠʪ ʦʪ ʠʩʢʦʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ, 

ʧʦʵʪʦʤʫ ʥʫʞʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 
ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ. 

ɻʠʧʦʪʝʟʘ: 
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ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʦʜʦʨʦʜ ʩʪʘʥʝʪ ʥʦʚʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʚʠʜʦʤ 
ʪʦʧʣʠʚʘ?  

ʎʝʣʴʶ ʥʘʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʣʶʯʝʚʳʭ ʘʩʧʝʢʪʦʚ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ ʥʘ 
ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʦ ʝʛʦ ʩʚʦʡʩʪʚʘʭ. 

ɿʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʝʛʦ 
ʩʚʦʡʩʪʚʘ. 

2. ʈʘʩʩʤʦʪʨʝʪʴ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ ʚʦʧʨʦʩʘ ʦ ʧʨʠʤʝʥʝʥʠʠ ʚʦʜʦʨʦʜʘ ʚ 
ʚʦʟʜʫʭʦʧʣʘʚʘʥʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ, ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʈʦʩʩʠʠ 
ʠ ʜʨʫʛʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. 

3. ɼʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʚʦʜʦʨʦʜʘ. 
4. ɼʘʪʴ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʠʟʚʝʩʪʥʳʤ ʜʚʠʛʘʪʝʣʷʤ, ʨʘʙʦʪʘʶʱʠʤ ʥʘ 
ʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ.  

5. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʧʦʚʩʝʤʝʩʪʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. 
ʄʝʪʦʜʳ: ʠʟʫʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʦʚʝʜʝʥʠʝ ʨʘʩʯʝʪʦʚ, ʘʥʘʣʠʟ, 

ʩʨʘʚʥʝʥʠʝ, ʦʙʦʙʱʝʥʠʝ. 
ɺʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ ï ʵʪʦ  ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʵʥʝʨʛʦʥʦʩʠʪʝʣʴ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʚʘʝʪ 

ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɼʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦʜʦʨʦʜ (HϜ). ʕʪʦ ð ʩʘʤʦʝ ʣʝʛʢʦʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʚʦ 
ɺʩʝʣʝʥʥʦʡ. ɺʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ ʩʯʠʪʘʶʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʦ ʥʘʭʦʜʠʪ 
ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʦ ʠʟ ʤʥʦʞʝʩʪʚʘ 
ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʦʚ. ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʨʘʥʩʧʦʨʪʝ, ʵʥʝʨʛʝʪʠʢʝ, 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʘʞʝ ʚ ʙʳʪʫ.  

ʊʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʡ ʂʇɼ, 
ʙʝʩʰʫʤʥʘʷ ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ, ʙʳʩʪʨʘʷ ʟʘʧʨʘʚʢʘ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʣʝʢʪʨʦʢʘʨʘʤʠ). ʅʦ 
ʵʪʦʪ ʚʠʜ ʪʦʧʣʠʚʘ ʠʤʝʝʪ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, ʩʣʦʞʥʦʩʪʴ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ, ʚʟʨʳʚʦʦʧʘʩʥʦʩʪʴ. 

ɺʦʜʦʨʦʜ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʧʨʠʤʝʥʷʣʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʠ ʥʝʦʜʥʦʢʨʘʪʥʦ. 
ʏʘʱʝ ʚʩʝʛʦ ï ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ʆʙʳʯʥʦ 
ʵʪʦ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʜʝʬʠʮʠʪʦʤ, ʚʳʟʚʘʥʥʳʤ ʚʦʡʥʘʤʠ, ʢʨʠʟʠʩʘʤʠ ʠ ʪ.ʧ. 
ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 
ʧʦʢʘʟʳʚʘʶʪ: ʚʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ 
ʪʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʚʦʜʦʨʦʜʥʦʤ ʪʦʧʣʠʚʝ:  
1) ʜʚʠʛʘʪʝʣʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʤʦʜʠʬʠʢʘʮʠʝʡ ʙʝʥʟʠʥʦʚʦʛʦ 
ʜʚʠʛʘʪʝʣʷ; ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʦʥʠ ʠʩʧʦʣʴʟʫʶʪ ʨʝʘʢʮʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʛʦʨʘʥʠʷ 
ʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ; 
2) ʜʚʠʛʘʪʝʣʠ ʥʘ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ, ʧʨʠʥʮʠʧ  ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 
ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ) 
ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 
ʚʦʜʦʨʦʜʝ. ʉʦʟʜʘʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʘʤʦʣʸʪʦʚ, 
ʘʚʪʦʙʫʩʦʚ, ʪʨʘʤʚʘʝʚ. ʄʥʦʛʠʝ ʛʦʩʫʜʘʨʩʪʚʘ, ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʚʢʣʘʜʳʚʘʶʪ ʥʝʤʘʣʳʝ 
ʩʨʝʜʩʪʚʘ ʚ ʵʪʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʅʦ ʚʦʜʦʨʦʜʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʨʷʜʦʤ ʧʨʦʙʣʝʤ. ɺ ʦʩʥʦʚʥʦʤ ʦʥʠ 
ʩʚʷʟʘʥʳ ʩ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʜʦʨʦʜʘ (ʚ ʦʩʥʦʚʥʦʤ ʝʛʦ 
ʧʦʣʫʯʘʶʪ ʠʟ ʠʩʢʦʧʘʝʤʳʭ, ʥʝʵʢʦʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʘ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʵʣʝʢʪʨʦʣʠʟ ʠ 
ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʦʢʘ ʯʪʦ ʥʝʚʳʛʦʜʥʳ), ʝʛʦ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʮʝʥʦʡ, ʥʝʨʘʟʚʠʪʦʡ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʚʳʩʦʢʠʤ ʨʠʩʢʦʤ (ʫʪʝʯʢʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʚʟʨʳʚʫ ʦʛʨʦʤʥʦʡ ʩʠʣʳ). 
ʊʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜʩʪʚʘ ʥʘ ʵʪʦʤ ʪʦʧʣʠʚʝ ʧʦʢʘ ʯʪʦ ʥʘʤʥʦʛʦ ʜʦʨʦʞʝ ʪʨʘʜʠʮʠʦʥʥʳʭ (ʚ 
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ʪʦʤ ʯʠʩʣʝ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʪʦʧʣʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʣʘʪʠʥʘ). ʇʦʠʩʢ 
ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʙʣʝʤ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ, ʩʪʨʦʷʪʩʷ ʧʨʦʛʥʦʟʳ, ʠ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʫʜʘʩʪʩʷ 
ʣʠ ʨʘʟʨʝʰʠʪʴ ʠʭ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ, ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ.  

ɺʦʜʦʨʦʜ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʚʩʝʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʤ, ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʯʠʩʪʳʤ 
ʪʦʧʣʠʚʦʤ, ʝʩʣʠ ʥʘʡʜʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʡ ʠ ʧʨʠ ʵʪʦʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ 
ʩʧʦʩʦʙ ʝʛʦ ʧʦʣʫʯʝʥʠʷ, ʙʫʜʫʪ ʠʟʦʙʨʝʪʝʥʳ ʤʝʥʝʝ ʜʦʨʦʛʠʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʠʟ ʥʝʛʦ 
ʵʥʝʨʛʠʠ, ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʙʝʟʦʧʘʩʥʳʝ ʩʧʦʩʦʙʳ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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9. ɸʣʝʢʩʘʥʜʨ ɼʦʣʛʠʭ ʂʘʢʠʤ ʙʳʣ ʜʠʨʠʞʘʙʣʴ çɻʠʥʜʝʥʙʫʨʛè, ʠ ʪʨʘʛʝʜʠʷ, 
ʧʦʣʦʞʠʚʰʘʷ ʢʦʥʝʮ ʚʩʝʤʫ ʜʠʨʠʞʘʙʣʝʩʪʨʦʝʥʠʶ / ɸʣʝʢʩʘʥʜʨ ɼʦʣʛʠʭ 
[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // ɼʟʝʥ : [ʩʘʡʪ]. ð URL: 
https://dzen.ru/a/YzPkhMC_M3X2wVFQ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.01.2025). 

10. ʅ.ɺ. ʂʦʨʦʚʠʥ ʊʦʧʣʠʚʥʳʝ ʵʣʝʤʝʥʪʳ / ʅ.ɺ. ʂʦʨʦʚʠʥ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] // 
ɹʦʣʴʰʘʷ ʨʦʩʩʠʡʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ : [ʩʘʡʪ]. ð URL: https://bigenc.ru/c/toplivnyi-
element-86e68c (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2025). 

 
 
 
ʈɸɿʈɸɹʆʊʂɸ ʄɽʊʆɼʀʂʀ ʊɽʉʊʀʈʆɺɸʅʀʗ ɹʀʆʊʆʇʃʀɺ ɸɺʀɸʎʀʆʅʅʆɻʆ 

ʅɸɿʅɸʏɽʅʀʗ ʅɸ ɻɸɿʆʊʋʈɹʀʅʅʓʍ ʋʉʊɸʅʆɺʂɸʍ 
ʄʘʡʩʥʝʨ ɺʣʘʜʠʤʠʨ ɺʠʪʘʣʴʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ,  
10 ʢʣʘʩʩ ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʥʪʦʥʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʮʝʥʪ ʀʐʌɺʇ, ʢ.ʬ.-ʤ.ʥ. 
 
ʉʝʛʦʜʥʷ ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʷʚʣʷʶʪʩʷ ʩʘʤʦʣʝʪʳ, ʘ ʩʘʤʦʣʝʪ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ 
ʠʤʝʝʪ ʪʘʢʫʶ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʟʘ ʩʯʝʪ ʝʛʦ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ (ɻʊʋ). ɺ ʜʘʥʥʦʡ 
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ʩʪʘʪʴʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʛʘʟʦʪʫʨʙʠʥʥʫʶ ʫʩʪʘʥʦʚʢʫ [1-4]. ɻʘʟʦʪʫʨʙʠʥʥʳʝ ʫʩʪʘʥʦʚʢʠ 
ʩʘʤʦʣʝʪʦʚ ʫʩʪʨʦʝʥʳ ʦʯʝʥʴ ʩʣʦʞʥʦ, ʩʣʦʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʫʩʪʘʥʦʚʢʠ, ʘ 
ʛʣʘʚʥʦʝ ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʨʘʙʦʪʘʣʘ ʠʩʧʨʘʚʥʦ ʠ ʥʘʜʝʞʥʦ. ɻʊʋ ʜʣʷ ʩʚʦʝʡ ʨʘʙʦʪʳ 
ʠʩʧʦʣʴʟʫʶʪ ʞʠʜʢʠʝ ʪʦʧʣʠʚʘ, ʦʥʠ ʙʳʚʘʶʪ ʨʘʟʥʳʭ ʤʘʨʦʢ ʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ 
ʩʚʦʡʩʪʚʘʤ, ʝʝ ʨʘʙʦʪʘ ʪʦʞʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʦʧʣʠʚʘ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ɻʊʋ ʙʳʩʪʨʦ 
ʟʘʧʫʩʢʘʣʘʩʴ ʠ ʧʨʠʦʙʨʝʪʘʣʘ ʥʫʞʥʫʶ ʪʷʛʫ, ʪʦʧʣʠʚʦ ʜʦʣʞʥʦ ʠʤʝʪʴ ʵʪʘʣʦʥʥʳʝ ʢʘʯʝʩʪʚʘ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʪʦʧʣʠʚ ʜʣʷ ɻʊʋ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʨʘʙʦʪʳ ʚʳʜʝʣʷʶʪʩʷ ʪʘʢʠʝ ʚʝʱʝʩʪʚʘ: ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ (COϜ); ʚʦʜʷʥʦʡ 

ʧʘʨ (HϜO); ʦʢʩʠʜʳ ʘʟʦʪʘ (NOx) [5]; ʩʘʞʫ ʠ ʜʨʫʛʠʝ ʪʚʸʨʜʳʝ ʯʘʩʪʠʮʳ; ʩʝʨʥʠʩʪʳʝ 
ʩʦʝʜʠʥʝʥʠʷ (SOx) [6] ð ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʧʣʠʚʘ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʨʳ. ɺʩʝ 
ʵʪʠ ʚʝʱʝʩʪʚʘ ʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ ʚʣʠʷʥʠʝ: ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʟʘʛʨʷʟʥʝʥʠʝ 
ʚʦʟʜʫʭʘ, ʠʩʪʦʱʝʥʠʝ ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ, ʢʠʩʣʦʪʥʳʝ ʜʦʞʜʠ, ʧʘʛʫʙʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ 
ʯʝʣʦʚʝʢʘ.   

ɺʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ ʧʨʠʚʦʜʷʪ ʢ ʣʦʛʠʯʥʦʤʫ ʠʭ ʨʝʰʝʥʠʶ ï ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʚʠʜʦʚ 
ʪʦʧʣʠʚ ʜʣʷ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʦʢ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʫʞʝ ʩʫʱʝʩʪʚʫʶʪ 
ʘʣʴʪʝʨʘʥʪʠʚʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʦʨʦʜ [7][8][9], ʘʤʤʠʘʢ [10] [11], ʙʠʦʜʠʟʝʣʴ, 
ʥʦ ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʥʝʜʦʨʘʙʦʪʢʠ, ʜʝʣʘʷ ʠʭ ʥʝ ʧʨʘʢʪʠʯʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʘʚʠʘʮʠʠ. 

ʏʪʦʙʳ ʪʦʧʣʠʚʦ ʙʳʣʦ ʵʢʦʣʦʛʠʯʥʦ, ʘ ʛʣʘʚʥʦʝ ʧʨʘʢʪʠʯʥʦ ʠ ʫʩʧʝʰʥʦ ʤʦʛʣʦ 
ʟʘʤʝʥʷʪʴ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʦʧʣʠʚʘ ʢʘʢ ʢʝʨʦʩʠʥ, ʥʫʞʥʦ ʝʛʦ ʪʝʩʪʠʨʦʚʘʪʴ.  

ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʧʨʝʜʝʣʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʙʠʦʪʦʧʣʠʚ ʘʚʠʘʮʠʦʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʤʝʪʦʜʘʤ ʊʇʋ ʥʘ ɻʊʋ. 

ɿʘʜʘʯʠ: 

¶ ʀʟʫʯʠʪʴ ʧʨʦʙʣʝʤʳ ʩʦʚʨʝʤʝʥʥʳʭ ʪʦʧʣʠʚ. 

¶ ʀʟʫʯʠʪʴ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʦʧʣʠʚ. 

¶ ʇʦʜʛʦʪʦʚʠʪʴ ʤʘʪʝʨʠʘʣ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

¶ ʇʦʜʛʦʪʦʚʠʪʴ ʩʪʝʥʜ ɻʊʋ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

¶ ʇʨʘʢʪʠʯʝʩʢʠ ʠʟʫʯʝʥʠʝ ʨʘʙʦʪʳ ɻʊʋ ʥʘ ʙʠʦʢʝʨʦʩʠʥʝ. 

¶ ʉʦʙʨʘʪʴ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ɻʊʋ. 

¶ ɺʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʙʠʦʪʦʧʣʠʚʘ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ɻʊʋ. 
 
ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʦʚʳʡ 

ʪʠʧ ʙʠʦʢʝʨʦʩʠʥʘ.  
ʊʦʧʣʠʚʦ ʠʤʤʝʪ ʪʝʢʫʱʠʡ ʩʦʩʪʘʚ:  
1 - ʥ-ʘʣʢʘʥʳ ï 25.09 ʤʘʩʩ. % 
2 - ʠʟʦ-ʘʣʢʘʥʳ ï 28.30 ʤʘʩʩ. % 
3 - ʘʣʢʝʥʳ ʠ ʮʠʢʣʦʘʣʢʘʥʳ  ï 23.59 ʤʘʩʩ. % 
4 - ʤʦʥʦ-ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ï 20.55 ʤʘʩʩ. % 
5 - ʤʦʥʦ-ʘʨʦʤʘ-ʥʘʬʪʝʥʦʚʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ï 1.65 ʤʘʩʩ. 
% 
6 - ʙʠ-ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ï 0.82 ʤʘʩʩ. %  
ʊʘʢ ʞʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚ ʧʨʠ 300 K. 
 
 

ɼʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʤʇʘĿʩ 1.1 

ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʅ/ʤ 0.03 

ʇʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʢʛ/ʤ3 864 

ʇʣʦʪʥʦʩʪʴ ʧʘʨʘ, ʢʛ/ʤ3 2.87 

ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ɼʞ/(ʢʛĿʂ) 2580 

ʈʠʩ.1 (ʩʦʩʪʘʚ ʪʦʧʣʠʚʘ)  

 

ʊʘʙʣ.1 (ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʠʦʢʝʨʦʩʠʥʘ) 
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ʉ ʧʦʤʦʱʴʶ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ, ʢʘʤʝʨʳ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʚʳʷʩʥʠʣʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʦʚ ʧʨʦʛʨʝʚʘ, ʠʩʧʘʨʝʥʠʷ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʢʦʥʚʝʨʩʠʠ ʢʘʧʝʣʴ 
(ʦʙʲʝʤʦʤ 15 ʤʢʣ, ʜʠʘʤʝʪʨʦʤ 0.2 ʤʤ, ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 20Áʉ) ʪʦʧʣʠʚʘ ʚ 
ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʥʘʛʨʝʚʘ (ʜʠʘʧʘʟʦʥ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 20 ÁC ʜʦ 1200 ÁC.. 
ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʢʘʤʝʨʳ. ʇʦʣʫʯʝʥʥʳʝ ʚʠʜʝʦʢʘʜʨʳ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʘʚʪʦʨʩʢʦʛʦ ʢʦʜʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ MATLAB. 
 
 

 

 

 

 
 

 
 

ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʫʤʝʥʴʰʝʥʠʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʢʘʧʝʣʴ ʩ ʨʦʩʪʦʤ 
ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʘ. ʅʘ ʪʘʙʣ.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ 
(ʜʣʠʪʝʣʴʥʦʩʪʠ) ʚ ʨʝʞʠʤʘʭ ʠʩʧʘʨʝʥʠʷ ʜʦ Tg=500Ñ10 ÁC ʠ ʚʳʛʦʨʘʥʠʷ ʚʳʰʝ Tg=600Ñ10 
ÁC, ʘ ʪʘʢʞʝ ʧʝʨʝʭʦʜʥʦʤ ʨʝʞʠʤʝ ʤʝʞʜʫ ʠʩʧʘʨʝʥʠʝʤ ʠ ʚʳʛʦʨʘʥʠʝʤ ʦʪ Tg=500Ñ10 ÁC ʜʦ 
Tg=600Ñ10 ÁC ʢʘʧʝʣʴ ʪʦʧʣʠʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʪʦʧʣʠʚʘ ʥʘ ɻʊʋ (ʜʨʦʩʩʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʰʫʤ ʠ 
ʚʠʙʨʘʮʠʷ) ʠ ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʵʤʠʩʩʠʠ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩ ʤʘʣʳʤ 
ʛʘʟʦʪʫʨʙʠʥʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʦ ʦʙʨʘʟʫ ʘʚʠʘʮʠʦʥʥʦʛʦ ʛʘʟʦʪʫʨʙʠʥʥʦʛʦ 
ʜʚʠʛʘʪʝʣʷ. ʂʘʞʜʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʧʣʠʚʘ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ, 
ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ ɻʊʋ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʦʪʚʝʯʘʝʪ ʟʘ ʦʪʜʝʣʴʥʳʡ 
ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʵʤʠʩʩʠʠ ʩ ʧʦʤʦʱʴʶ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ [12]. 

 
 
 
 

ʅʘʠʤ. ɽʜ. ʠʟʤ. ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʦʩʪʠ, ɺʪ/(ʤĿʂ) 0.12 

ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʤʤ2/ʩ 0.054 

ʊʝʧʣʦʪʘ ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʄɼʞ/ʢʛ 0.403 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, ʂ 746.15 

ɼʘʚʣʝʥʠʝ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ, ʇʘ 57.4 

Tg, 
ÁC 

ɺʨʝʤʷ ʞʠʟʥʠ, ʩ 

 ʢʝʨʦʩʠʥ ʙʠʦʢʝʨʦʩʠʥ 

200 60Ñ15 70Ñ15 

400 25Ñ5 25Ñ5 

500 15Ñ2 17Ñ2 

600 12Ñ2 15Ñ2 

800 2Ñ1 3Ñ1 

ʊʘʙʣ.2 (ʚʨʝʤʷ ʞʠʟʥʠ ʢʘʧʝʣʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ) 

 

ʈʠʩ.2 (ʢʦʜ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ) 

 

ʊʘʙʣ.3 (ʛʘʟʦʚʳʡ ʩʦʩʪʘʚ ʵʤʠʩʩʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʦʨʦʪʦʚ ɻʊʋ) 

 

 

 

Tref

ɹʝʟʨʘʟʤʝʨʥʳʝ ʯʠʩʣʘ:

BM; Re; Sc; Pr; Sh0; Sh*; Nu0; Nu*;Nu 

Ȧȩ
ɿʘʢʦʥ ʈʘʫʣʷ:

pv,is=ɢl, isp
*
v,is

ɼʘʚʣʝʥʠʝ ʧʘʨʦʚ 

ʪʦʧʣʠʚʘ:

pvs=× ɢl,ispv,is

ʅʘʯʘʣʴʥʳʝ 

ʫʩʣʦʚʠʷ:

Ti; Yi; Rd

L=×( ŮiL)

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ 

ʞʠʜʢʦʩʪʠ:

 cl(Tav); ɟl(Tav); kl(Tav); Dl(T)

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʘʨʘ:

 Dv(Tref); ɛv(Tref); kv(Tref); cpv(Tref)

||ɡYn||
2

Ts

Tgas

Tcr, Tb, Mln

Li

Tav

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʜʣʷ ʚʦʟʜʫʭʘ:

 Da(Tg); ɛa(Tg); 

ka(Tg); cpa(Tg)

ʇʘʨʘʤʝʪʨʳ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ:

dmd; Ŭm; əY0

ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ 

ʠʩʧʘʨʝʥʠʷ:

dRd

ʄʘʩʩʦʚʳʡ 

ʩʦʩʪʘʚ:

Yi,n

QYn

ʋʩʨʝʜʥʝʥʥʳʡ ʤʘʩʩʦʚʳʡ 

ʩʦʩʪʘʚ:

Yavn

ʄʘʩʩʦʚʳʡ ʠ ʤʦʣʷʨʥʳʡ ʩʦʩʪʘʚ ʧʘʨʦʚ 

ʪʦʧʣʠʚʘ:

Yv; xv

ʄʘʩʩʦʚʳʡ ʠ ʤʦʣʷʨʥʳʡ ʩʦʩʪʘʚ 

ʚʦʟʜʫʭʘ:

Ya; xa

ʄʘʩʩʦʚʳʡ ʠ ʤʦʣʷʨʥʳʡ ʩʦʩʪʘʚ ʧʘʨʦʚ 

ʪʦʧʣʠʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʠ:

Yvref; xvref

ʄʘʩʩʦʚʳʡ ʠ ʤʦʣʷʨʥʳʡ ʩʦʩʪʘʚ 

ʚʦʟʜʫʭʘ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʠ:

Yaref; xaref

ə; ɕ; j; Teff

Rd

ɚn

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ:

Ti

ʉʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 

ʢʘʧʣʝ:

Rav

ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʧʣʠ:

Rs

Ȧȩ

Ȧȩ

cln(Tav); ɟln(Tav); 
kln(Tav)

Ȧȩ

qYn,i

ɚY0; ɚYn
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ʭʘʨʘʢ-
ʠ. 

ʢʝʨʦʩʠʥ ʙʠʦʢʝʨʦʩʠʥ 

1 ʨʝʞʠʤ 
(30000rpm) 

2 ʨʝʞʠʤ 
(76400rpm) 

3 ʨʝʞʠʤ 
(98300rpm) 

1 
ʨʝʞʠʤ 

2 
ʨʝʞʠʤ 

3 
ʨʝʞʠʤ 

CO2 % 0,76 0,48 0,51 0,8 0,51 0,62 

O2 % 19,86 20,44 20,40 19,80 20,40 20,21 

NOx ppm 3,2 1,6 3,3 3,3 1,5 3,3 

CO ppm 387,8 292,4 293,8 393,2 288,6 299,3 

C3H8 ppm 38,7 34,5 32,1 49,4 39,3 31,4 

SO2 ppm 0,2 0,3 0,3 0,2 0,4 0,4 

CH4 ppm 3,4 1,6 1,1 4,1 2,3 1,3 

 
ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʘʟʦʪʘ (NOx) ʠ ʦʢʩʠʜʦʚ ʩʝʨʳ (SO2) ʥʠʞʝ ʧʨʠ ʩʞʠʛʘʥʠʠ 

ʙʠʦʢʝʨʦʩʠʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʞʠʛʘʥʠʝʤ ʢʝʨʦʩʠʥʘ. ʉʦʜʝʨʞʘʥʠʝ CO2, CO, CxHy 
ʩʦʧʦʩʪʘʚʠʤʦ ʧʨʠ ʩʞʠʛʘʥʠʠ ʢʝʨʦʩʠʥʘ ʠ ʙʠʦʢʝʨʦʩʠʥʘ. ɼʦʣʷ ʤʝʪʘʥʘ (CH4) ʚ ʩʦʩʪʘʚʝ 
ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʚʳʰʝ ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʢʝʨʦʩʠʥʘ. ʊʘʢʞʝ, ʧʨʠ ʩʞʠʛʘʥʠʠ ʙʠʦʢʝʨʦʩʠʥʘ  
ʦʙʨʘʟʫʝʪʩʷ ʥʘ 26% ʤʝʥʴʰʝ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ(ï 1,1 ʤʛ (ï 26%)). ʂʦʥʮʝʥʪʨʘʮʠʠ ʫʛʘʨʥʦʛʦ 
ʛʘʟʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʛʦ ʮʠʢʣʘ  ʠʩʧʳʪʘʥʠʡ ʩʥʠʟʠʣʠʩʴ ʥʘ 16% ʧʨʠ 
ʩʞʠʛʘʥʠʠ ʙʠʦʢʝʨʦʩʠʥʘ. 
 
 

 
ʊʷʛʘ ɻʊʋ ʩʦʧʦʩʪʘʚʠʤʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ ʫ ʙʠʦʢʝʨʦʩʠʥʘ ʚʳʰʝ ʥʘ 1-

4%, ʜʘʚʣʝʥʠʝ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ ʩʦʧʦʩʪʘʚʠʤʳ. 
ʋʨʦʚʝʥʴ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ ʫ ʙʠʦʢʝʨʦʩʠʥʘ ʥʠʞʝ ʥʘ 3-5%. 
 
 

ʅʘʠʤ. 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɽʜ. 
ʀʟʤ. 

ʋʩʪʘʥʦʚʠʚʰʠʝʩʷ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʢʝʨʦʩʠʥ ʙʠʦʢʝʨʦʩʠʥ 

1 
 ʨʝʞʠʤ 

2 
 ʨʝʞʠʤ 

3 
 ʨʝʞʠʤ 

1 
ʨʝʞʠʤ 

2 
ʨʝʞʠʤ 

3 
ʨʝʞʠʤ 

ʊʷʛʘ ʅ 5,6 34,9 68,9 7,3 34,1 68,0 

ʉʢʦʨʦʩʪʴ 
ʚʨʘʱʝʥʠʷ 

ʆʙ/ʤʠʥ 33000 76400 98300 33000 76400 98300 

ʊʝʤʧʝʨʘʪʫʨʘ 
ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ 

ÁC 672 629 620 699 630 612 

ɼʘʚʣʝʥʠʝ ʚ 
ʢʘʤʝʨʝ 
ʩʛʦʨʘʥʠʷ 

ʢʇʘ 9,3 54,3 104,7 6,8 53,1 103,5 

ʂʦʵʬʬʠʮʠʝʥʪ 
ʠʟʙʳʪʢʘ 
ʚʦʟʜʫʭʘ 

- 
2,68 2,54 5,25 2,67 2,52 5,24 

ʅʘʠʤ. 
ʍʘʨʘʢ-ʠ 

ɽʜ. ʠʟʤ. 1 
ʨʝʞʠʤ 

2 
ʨʝʞʠʤ 

3 
ʨʝʞʠʤ 

4 ʨʝʞʠʤ 

ʕʬʬ. ʂʇɼ % 6,3 15,7 18,3 16,8 

ʕʬʬ. 
ʤʦʱʥʦʩʪʴ ɻʊʋ 

ɺʪ 9,013883 
 

43,61798 
 

67,90621 
 

71,98092 
 

ʊʝʧʣʦʝʤʢʦʩʪʴ 
ʧʨʦʜʫʢʪʦʚ 
ʩʛʦʨʘʥʠʷ 

ɼʞ/(ʢʛĿʂ) 1,1494 
 

1,13709 
 

1,139495 
 

1,155768 
 

ʊʘʙʣ.4 (ʟʘʚʠʩʠʤʦʩʪʴ ʜʨʦʩʩʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɻʊʋ ʦʪ ʦʙʦʨʦʪʦʚ) 

 

ʊʘʙʣ.5 (ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ɻʊʋ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʢʝʨʦʩʠʥʘ) 
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 ʕʬʬʝʢʪʠʚʥʳʡ ʂʇɼ ɻʊʋ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʦʨʦʪʦʚ, ʥʦ ʧʦʩʣʝ 
ʜʦʩʪʠʞʝʥʠʷ 98500 ʦʙʦʨʦʪʦʚ ʚ ʩʝʢʫʥʜʫ ʫʤʝʥʴʰʘʝʪʩʷ, ʠʟ-ʟʘ ʥʘʛʨʝʚʘ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. 

ɺʳʚʦʜʳ 
1. ʄʳ ʨʘʟʨʘʙʦʪʘʣʠ ʤʝʪʦʜʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʧʣʠʚ. 
2. ʀʩʩʣʝʜʦʚʘʣʠ ʥʦʚʳʡ ʪʠʧ ʙʠʦʢʝʨʦʩʠʥʘ ʠ ʚʳʚʝʣʠ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʣʠʷʥʠʝ ʥʘ 
ʛʘʟʦʪʫʨʙʠʥʥʫʶ ʫʩʪʘʥʦʚʢʫ. ɺ ʵʤʠʩʩʠʠ ʙʠʦʢʝʨʦʩʠʥʘ ʢʦʣʠʯʝʩʪʚʦ ʧʦʯʪʠ ʚʩʝʭ 
ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ (CO2, NOx, Sox, CxHy, CH4) ʫʚʝʣʠʯʠʚʘʝʪʴʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 
ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʉʆ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 
ʚʨʘʱʝʥʠʷ. 

3. ʊʷʛʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ 
ʚʨʘʱʝʥʠʷ. ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ. ɻʘʟʦʪʫʨʙʠʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 
ʨʘʙʦʪʘʝʪ ʰʪʘʪʥʦ ʠ ʨʘʟʚʠʚʘʝʪ ʥʫʞʥʫʶ ʪʷʛʫ, ʂʇɼ ɻʊʋ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ.  

4. ɹʠʦʢʝʨʦʩʠʥ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ ʪʦʧʣʠʚʦʤ, ʯʝʤ ʢʝʨʦʩʠʥ. 
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ɺʃʀʗʅʀɽ ʇʆʊʆʂɸ ɸɿʆʊɸ ʅɸ ʉɺʆʁʉʊɺɸ ʇʃɽʅʆʂ CrAlN 
ʄʝʣʴʥʠʢ ʂʘʧʠʪʦʣʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 
10 ʢʣʘʩʩ 
 ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʜʝʣʸʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʜʦʮʝʥʪ ʥʘʫʯʥʦ-
ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʮʝʥʪʨʘ ɹ.ʇ. ɺʝʡʥʙʝʨʛʘ ʀʗʊʐ ʊʇʋ 

ɺʚʝʜʝʥʠʝ: 
 ʇʦʢʨʳʪʠʷ ʠʟ ʥʠʪʨʠʜʦʚ, ʪʘʢʠʝ ʢʘʢ CrAlN, ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʙʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʘʚʠʘʩʪʨʦʝʥʠʠ, ʛʜʝ 
ʥʝʦʙʭʦʜʠʤʳ ʫʩʪʦʡʯʠʚʳʝ ʢ ʠʟʥʦʩʫ ʠ ʢʦʨʨʦʟʠʠ ʤʘʪʝʨʠʘʣʳ. CrAlN ʚʳʜʝʣʷʝʪʩʷ 
ʪʚʝʨʜʦʩʪʴʶ ʠ ʪʝʨʤʦʩʪʦʡʢʦʩʪʴʶ[1]. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʚʦʡʩʪʚʘ 
ʧʣʸʥʦʢ CrAlN, ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʠʭ ʦʩʘʞʜʝʥʠʷ ʠ ʧʦʪʦʢ ʘʟʦʪʘ, ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ ʥʘ 
ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʳ ʧʦʢʨʳʪʠʡ. ʅʝʜʦʩʪʘʪʦʢ ʠʣʠ ʠʟʙʳʪʦʢ ʘʟʦʪʘ ʤʦʞʝʪ 
ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʧʨʦʯʥʦʩʪʴ ʧʣʸʥʦʢ. ʆʧʪʠʤʠʟʘʮʠʷ ʫʩʣʦʚʠʡ 
ʦʩʘʞʜʝʥʠʷ, ʚʢʣʶʯʘʷ ʧʦʪʦʢ ʘʟʦʪʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʳʝ 
ʧʦʢʨʳʪʠʷ[2]. ɸʟʦʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʬʘʟ ʠ ʩʥʠʞʘʝʪ ʧʦʨʠʩʪʦʩʪʴ, 
ʫʣʫʯʰʘʷ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ, ʢʘʢ ʧʦʪʦʢʘ ʘʟʦʪʘ 
ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʠ ʧʣʸʥʦʢ CrAlN, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʠʦʥʥʦ-
ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʀʇʋ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʧʦʪʦʢʘ ʘʟʦʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ CrAlN. 
ɿʘʜʘʯʠ: 

1. ʀʟʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʟʦʪʘ. 
2. ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʧʦʪʦʢʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
3. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʧʦʢʨʳʪʠʡ.  
ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʧʦʢʨʳʪʠʡ Cr-Al-N ʤʝʪʦʜʦʤ 

ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ʄʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʤʝʪʦʜʦʤ ʬʠʟʠʯʝʩʢʦʛʦ ʦʩʘʞʜʝʥʠʷ. ɺ ʤʝʪʦʜʝ 
ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʤʠʰʝʥʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʠʦʥʘʤʠ, 
ʛʝʥʝʨʠʨʫʝʤʳʤʠ ʚ ʧʣʘʟʤʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ  ʦʙʨʘʟʦʚʘʥʠʠ ʧʣʦʪʥʦʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʧʣʝʥʢʫ 
[2]. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ (XRD) ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ð ʵʪʦ 
ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʷʚʣʝʥʠʠ ʜʠʬʨʘʢʮʠʠ 
ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʝ. ʕʪʦʪ ʤʝʪʦʜ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʪʦʤʥʦʡ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʱʝʩʪʚ. ʄʝʪʦʜ 
ʧʦʟʚʦʣʠʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʮʝʥʠʤ 
ʤʝʪʦʜʦʤ ʥʘʥʦʪʚʝʨʜʦʩʪʠ, ʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ð ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤʠ 
ʤʝʪʦʜʘʤʠ. 

ʆʞʠʜʘʝʤʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
ʋʚʝʣʠʯʝʥʠʝ ʧʦʪʦʢʘ ʘʟʦʪʘ ʜʦʣʞʥʦ ʧʦʚʣʠʷʪʴ ʥʘ ʤʦʨʬʦʣʦʛʠʶ ʠ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ, 

ʧʦʟʚʦʣʷʷ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
ɿʘʢʣʶʯʝʥʠʝ: 
ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʦʪʦʢʘ ʘʟʦʪʘ ʥʘ ʩʚʦʡʩʪʚʘ ʧʣʸʥʦʢ CrAlN ʘʢʪʫʘʣʴʥʦ ʜʣʷ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʤʘʪʝʨʠʘʣʘʤ ʠ, ʚʳʙʠʨʘʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ 

https://studfile.net/preview/6062313/page:44/
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ʢʦʤʙʠʥʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ ʥʘʥʝʩʝʥʠʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ Cr-Al-Nx ʧʦʢʨʳʪʠʷ ʚʳʩʦʢʦʛʦ 
ʢʘʯʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʦʨʝʞʫʱʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [2].  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʨʳʥʦʢ ʠʥʪʝʣʣʝʢʪè URL: 

https://www.marketresearchintellect.com/ru/product/chromium-aluminum-nitride-
coating-market/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 01.02.2025). 

2. ɹʣʝʡʭʝʨ ɻ.ɸ. ʠ ʜʨ.ɺʳʧʫʩʢʥʘʷ ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʤʘʛʠʩʪʨʘʥʪʘ ɸʛʘʪʘʥʦʚʘ 
ɸ.ɸ. çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʪʦʢʦʚ ʯʘʩʪʠʮ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 
CrAlNx ʧʦʢʨʳʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʛʥʝʪʨʦʥʥʳʭ ʨʘʩʧʳʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤè 

 

 

 

ʉʆʃʅʎɽ ɺ ɼʆʄɽ. ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʉʀʉʊɽʄ ɽʉʊɽʉʊɺɽʅʅʆɻʆ ʆʉɺɽʑɽʅʀʗ 
ʅɸ ɹɸɿɽ ʇʆʃʓʍ ʉɺɽʊʆɺʆɼʆɺ 

ʅʘʨʤʘʥʠʷ ʂʨʠʩʪʠʥʘ, ʂʦʣʝʩʥʠʢʦʚ ʀʣʴʷ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 

ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʝʩʪʘʢʦʚʘ ɺʝʨʘ ɺʘʩʠʣʴʝʚʥʘ, ʜʦʮʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ 
 

ʉʝʡʯʘʩ, ʚ ʚʝʢ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 
ʵʢʦʥʦʤʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʪʨʘʪʠʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʨʝʩʫʨʩʦʚ ʥʘ ʧʨʦʩʪʝʡʰʠʝ ʚʝʱʠ, ʪʘʢʠʝ ʢʘʢ ʦʩʚʝʱʝʥʠʝ ʧʦʤʝʱʝʥʠʡ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ 
ʢʨʫʧʥʳʭ ʪʨʘʪ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʷʪ ʧʦʣʳʝ ʩʚʝʪʦʚʦʜʳ ï ʣʠʥʝʡʥʳʝ 
ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪ ʚʥʫʪʨʴ ʟʜʘʥʠʷ [3]. 
 ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʜʝʣʠ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʩʠʩʪʝʤʳ 
ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʡ. 
 ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

- ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ. 
- ʩʦʙʨʘʪʴ ʤʘʢʝʪʳ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ. 
- ʠʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʥʳʭ ʩʚʝʪʦʚʦʜʦʚ. 
- ʚʳʷʚʠʪʴ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʡ ʧʦʣʳʤʠ ʩʚʝʪʦʚʦʜʘʤʠ. 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ.  
ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʦʩʢʦʚʳʧʫʢʣʳʝ ʣʠʥʟʳ ʙʦʣʴʰʦʡ 

ʚʳʩʦʪʳ. ʏʝʤ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʷʚʣʷʝʪʩʷ ʚʳʧʫʢʣʘʷ ʯʘʩʪʴ, ʪʝʤ ʤʝʥʴʰʝ ʫ ʵʪʦʡ ʣʠʥʟʳ 
ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʩʚʝʪʦʚʦʜ ʩ ʜʘʥʥʦʡ ʣʠʥʟʦʡ. ʂ 
ʩʦʞʘʣʝʥʠʶ, ʥʘʡʪʠ ʪʘʢʠʝ ʣʠʥʟʳ ʜʣʷ ʤʘʢʝʪʦʚ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ, ʧʦʵʪʦʤʫ ʤʳ ʠʩʧʦʣʴʟʫʝʤ 
ʧʣʦʩʢʦʚʳʧʫʢʣʳʝ ʣʠʥʟʳ ʩ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ, ʩʘʤʦʜʝʣʴʥʳʝ ʣʠʥʟʳ ʠʟ ʚʦʜʳ 
ʠ ʩʪʝʢʣʘ, ʩʚʝʪʦʚʦʜʳ ʠʟ ʚʦʜʳ ʠ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ.  

ɼʣʷ ʩʚʝʪʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʢʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʘʨʪʦʥ, ʧʣʘʩʪʤʘʩʩʘ ʠ 
ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ.  

ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʘʙʣʶʜʘʪʴ ʫʨʦʚʝʥʴ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚʥʫʪʨʠ ʩʦʙʨʘʥʥʦʛʦ 
ʤʘʢʝʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʣʶʢʩʤʝʪʨ, ʩʤʘʨʪʬʦʥ. 

ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʚʳʙʨʘʥʘ ʬʦʨʤʘ 
ʩʚʝʪʦʚʦʜʘ (ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ) ʠ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ ʚʦʟʤʦʞʥʳʭ ʧʦʪʝʨʴ ʩʚʝʪʘ. 
ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʘʩʧʝʢʪʦʚ ʚʳʙʨʘʥʳ ʤʝʪʦʜʳ ʧʦ ʫʩʪʨʘʥʝʥʠʶ ʧʦʪʝʨʴ ʵʥʝʨʛʠʠ 
ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ. ʊʘʢ ʞʝ ʧʦʣʫʯʝʥʳ 9 ʧʣʦʩʢʦ-ʚʳʧʫʢʣʳʭ ʣʠʥʟ ʠ ʚʳʙʨʘʥʳ ʦʩʥʦʚʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʚʦʜʘ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʟ ʧʣʦʩʢʦ-ʚʳʛʥʫʪʳʭ ʣʠʥʟ ʚʳʙʨʘʥʳ ʜʚʝ 
ʣʠʥʟʳ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʜʠʘʤʝʪʨʘʤʠ, ʧʨʠ ʧʦʤʦʱʠ ʥʠʭ, ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ ʠ ʢʘʨʪʦʥʘ, 
ʘ ʪʘʢʞʝ ʢʣʝʷʱʝʡ ʣʝʥʪʳ ʩʦʙʨʘʥ ʤʘʢʝʪ ʩʚʝʪʦʚʦʜʘ. ʄʘʢʝʪ ʩʦʩʪʦʠʪ ʠʟ ʦʙʟʦʨʥʦʛʦ 
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ʦʪʚʝʨʩʪʠʷ, ʩʚʝʪʦʚʦʜʘ ʥʘ ʦʩʥʦʚʝ ʣʠʥʟ, ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʜʚʫʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʘʢʝʪ 
ʩʦʙʨʘʥ ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʜʣʷ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʚʥʫʪʨʴ ʩʚʝʪʘ ʚ ʣʶʙʳʭ 
ʤʝʩʪʘʭ, ʢʨʦʤʝ ʩʚʝʪʦʚʦʜʘ ʠ ʦʙʟʦʨʥʦʛʦ ʦʪʚʝʨʩʪʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʘʢʞʝ ʠʤʝʝʪ ʟʘʱʠʪʫ ʦʪ ʩʚʝʪʘ. 

ʊʨʝʪʠʡ ʵʪʘʧ ʧʨʦʝʢʪʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʚʳʯʠʩʣʝʥʠʝʤ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʩʚʝʪʦʚʦʜʦʚ ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʘʜʝʥʠʷ 
ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ ʥʘ ʊʦʤʩʢʫʶ ʦʙʣʘʩʪʴ.  

ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʤʘʢʝʪ ʩʚʝʪʦʚʦʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʢʦʥʪʝʡʥʝʨ ʩ ʜʚʫʤʷ ʦʪʚʝʨʩʪʠʷʤʠ, ʚ ʦʜʥʦʤ ʠʟ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ 
ʩʚʝʪʦʚʦʜ ʠʟ ʧʣʦʩʢʦ-ʚʳʧʫʢʣʳʭ ʣʠʥʟ, ʘ ʚ ʜʨʫʛʦʤ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʠʣʠ ʪʨʫʙʢʘ, 
ʠʤʠʪʠʨʫʶʱʘʷ ʛʣʫʙʠʥʫ ʜʘʣʴʥʝʡ ʯʘʩʪʠ ʧʦʤʝʱʝʥʠʷ, ʠʣʠ ʩʚʝʪʦʚʦʜ, ʩʜʝʣʘʥʥʳʡ ʠʟ 
ʙʫʪʳʣʢʠ ʟʘʧʦʣʥʝʥʥʦʡ ʚʦʜʦʡ. ʊʘʢ ʞʝ ʚ ʢʦʨʦʙʢʝ ʥʘʭʦʜʠʪʩʷ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʦʙʟʦʨʘ 
ʧʦʩʪʫʧʘʶʱʝʛʦ ʚʥʫʪʨʴ ʩʚʝʪʘ. 

ɿʘʢʣʶʯʝʥʠʝ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʩʠʩʪʝʤ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ ʟʘʚʠʩʠʪ 
ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ. ɻʣʘʚʥʳʡ ʬʘʢʪʦʨ ï ʨʘʟʤʝʨ ʧʦʤʝʱʝʥʠʷ. ɽʩʣʠ ʝʩʪʝʩʪʚʝʥʥʦʝ 
ʦʩʚʝʱʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʝʪ ʧʦ ʧʣʦʱʘʜʠ ʚʩʝʡ ʢʦʤʥʘʪʳ, ʪʦ ʫʩʪʘʥʦʚʢʘ ʧʦʜʦʙʥʳʭ 
ʩʠʩʪʝʤ ʥʝ ʦʙʷʟʘʪʝʣʴʥʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʚʝʪʦʚʦʜʳ ʙʫʜʫʪ ʥʝ ʣʠʰʥʠʤʠ, ʧʨʠ ʵʪʦʤ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʝʪʦʚʦʜʦʚ ʧʨʠ ʧʘʩʤʫʨʥʦʡ ʧʦʛʦʜʝ ʩʥʠʞʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʠ ʵʪʦ 
ʷʚʣʷʝʪʩʷ ʠʭ ʥʝʦʩʧʦʨʠʤʳʤ ʧʣʶʩʦʤ ʧʝʨʝʜ, ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ [1]. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʧʠʨʫʝʪ, ʥʘ ʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ, 
ʨʝʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ [2]. ʄʘʢʝʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠ ʠʟʫʯʝʥʠʠ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʦʜʷʱʠʭ ʩʚʝʪ ʩʠʩʪʝʤ ʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʣʳʭ ʩʚʝʪʦʚʦʜʦʚ ʩ 
ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʧʨʦʚʝʜʝʥʠʷ ʩʚʝʪʘ ʚ ʧʦʤʝʱʝʥʠʷ. 
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ɼɸʊʏʀʂ ʋʈʆɺʅʗ ɺʆɼʓ ɺ ʉʀʉʊɽʄɽ ʆʊʆʇʃɽʅʀʗ ʏɸʉʊʅʆɻʆ ɼʆʄɸ 
ʅʦʩʘʨʝʚʘ ɸʣʝʢʩʘʥʜʨʘ_ʈʦʢʦʪʷʥʩʢʠʡ ɽʛʦʨ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʉʨʝʜʥʷʷ 
ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ʛʦʨʦʜʘ ɹʠʣʠʙʠʥʦ ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘè, 

10 ʢʣʘʩʩ 
ʛ. ɹʠʣʠʙʠʥʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʃʝʦʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄʫʥʠʮʠʧʘʣʴʥʦʛʦ 
ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ çʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 

ʰʢʦʣʘ ʛʦʨʦʜʘ ɹʠʣʠʙʠʥʦ ʏʫʢʦʪʩʢʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʢʨʫʛʘè 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʦʩʪʘʣʦʩʴ ʝʱʝ ʦʯʝʥʴ ʤʥʦʛʦ ʯʘʩʪʥʳʭ ʜʦʤʦʚ 
ʩʦ ʩʪʘʨʦʡ ʩʠʩʪʝʤʦʡ ʦʪʦʧʣʝʥʠʷ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʰʠʨʠʪʝʣʴʥʳʡ ʙʘʢ, ʚ ʢʦʪʦʨʦʤ 
ʥʝʦʙʭʦʜʠʤʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʚʦʜʳ. ʅʦʚʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ 

https://krovlirussia.ru/rubriki/materialy-i-texnologii/svetovody/klassifikaciya-polyx-svetovodov
https://krovlirussia.ru/rubriki/materialy-i-texnologii/svetovody/klassifikaciya-polyx-svetovodov
https://old.bigenc.ru/physics/text/3540669
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ʩʪʦʷʪ ʧʦʨʷʜʢʘ 500 ʪʳʩ. ʨʫʙ. ʠ ʥʝ ʢʘʞʜʳʡ ʤʦʞʝʪ ʩʝʙʝ ʧʦʟʚʦʣʠʪʴ ʧʝʨʝʡʪʠ ʥʘ ʵʪʫ ʩʠʩʪʝʤʫ 
[1].  

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʦʚʤʝʩʪʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʥʘʢʦʧʠʪʝʣʴʥʦʛʦ ʩʦʩʫʜʘ ʚ 
ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ, ʥʘʜʦ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ ʩʦʦʙʱʝʥʠʝ ʩ ʘʪʤʦʩʬʝʨʦʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʙʘʢʘ. ʉʪʘʚʠʪʴ ʝʛʦ ʥʘʜʦ ʚʳʰʝ ʫʨʦʚʥʷ ʨʘʜʠʘʪʦʨʦʚ. ʀ ʦʜʥʦʡ ʠʟ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ 
ʢʦʥʪʨʦʣʴ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʙʘʢʝ. ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 
ʩʠʩʪʝʤʘ ʜʘʪʯʠʢʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ 
ʨʘʩʰʠʨʠʪʝʣʴʥʦʤ ʙʘʢʝ, ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʦʙʲʝʤʘ ʙʘʢʘ ʠ ʪʠʧʘ 
ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ 
ʜʘʪʯʠʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʝʨʚʫʘʨʝ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʙʣʝʤʦʡ, ʦʙʲʝʢʪʦʤ, ʧʨʝʜʤʝʪʦʤ, ʮʝʣʴʶ ʠ ʛʠʧʦʪʝʟʦʡ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʢʦʥʪʨʦʣʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ: ʚʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʤʝʪʦʜ 
ʠ ʜʘʪʯʠʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ (ʥʘʧʨʠʤʝʨ, ʧʦʧʣʘʚʢʦʚʳʝ ʜʘʪʯʠʢʠ, 
ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ, ʜʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ). 

2. ʆʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ: ʫʩʪʘʥʦʚʠʪʴ ʤʠʥʠʤʘʣʴʥʳʡ ʠ 
ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʦʧʫʩʪʠʤʳʝ ʫʨʦʚʥʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʤ ʙʘʢʝ, ʠʩʭʦʜʷ ʠʟ 
ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ, ʦʙʲʝʤʘ ʙʘʢʘ ʠ ʪʠʧʘ ʪʝʧʣʦʥʦʩʠʪʝʣʷ. 

3. ʉʦʟʜʘʪʴ ʩʭʝʤʫ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʢ ʢʦʥʪʨʦʣʣʝʨʫ Arduino. 
4. ʅʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʯʠʪʳʚʘʪʴ ʧʦʢʘʟʘʥʠʷ 

ʜʘʪʯʠʢʦʚ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 
5. ʈʝʘʣʠʟʦʚʘʪʴ ʣʦʛʠʢʫ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʠ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ: ʦʪʧʨʘʚʢʘ ʜʘʥʥʳʭ 

ʥʘ ʛʘʜʞʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ. 
ʅʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʥʳʝ ʜʘʪʯʠʢʠ ʢʘʢ ʟʘʨʫʙʝʞʥʦʛʦ, ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: 
1. ʉʠʛʥʘʣʠʟʘʪʦʨʳ ʫʨʦʚʥʷ - ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʘʥʠʠ ʧʨʝʜʣʘʛʘʶʪ ʫʩʪʨʦʡʩʪʚʘ, 

ʢʦʪʦʨʳʝ ʩʠʛʥʘʣʠʟʠʨʫʶʪ ʦ ʥʠʟʢʦʤ ʠʣʠ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ ʞʠʜʢʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʝ 
ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʚʢʣʶʯʘʪʴ ʟʚʫʢʦʚʳʝ ʠʣʠ ʩʚʝʪʦʚʳʝ ʩʠʛʥʘʣʳ. 

2. ʋʨʦʚʥʝʤʝʨʳ - ʩʦʚʨʝʤʝʥʥʳʝ ʫʨʦʚʥʝʤʝʨʳ ʥʘ ʦʩʥʦʚʝ ʫʣʴʪʨʘʟʚʫʢʘ ʠʣʠ 
ʨʘʜʠʦʚʦʣʥ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʢʘʟʳʚʘʪʴ ʫʨʦʚʝʥʴ ʞʠʜʢʦʩʪʠ ʥʘ ʜʠʩʧʣʝʝ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ 
ʜʦʚʦʣʴʥʦ ʪʦʯʥʳʤʠ ʠ ʥʘʜʝʞʥʳʤʠ. 

3. ʂʦʥʪʨʦʣʣʝʨʳ - ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʤʦʛʫʪ ʠʤʝʪʴ ʚʩʪʨʦʝʥʥʳʝ 
ʢʦʥʪʨʦʣʣʝʨʳ, ʢʦʪʦʨʳʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʛʫʣʠʨʫʶʪ ʧʦʜʘʯʫ ʞʠʜʢʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʫʨʦʚʥʷ. 

ɿʘʨʫʙʝʞʥʳʝ ʘʥʘʣʦʛʠ: 
1. Atmi, Nivelco - ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʟʚʫʢ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. ʆʪʣʠʯʘʶʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 
2. Siemens, Autonics - ʚʤʝʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʯʘʩʪʝʡ ʠʩʧʦʣʴʟʫʶʪ ʸʤʢʦʩʪʥʳʝ 

ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʨʝʘʛʠʨʫʶʪ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ. 
3. IFM LW - ʨʘʜʘʨʥʳʝ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʦ ʧʨʠʥʮʠʧʫ ʦʪʨʘʞʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ. ʆʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ. 
ɺ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ, ʛʜʝ ʧʨʠʤʝʥʷʝʪʩʷ ʪʠʧ ʜʘʪʯʠʢʘ -

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ. 
ʉ ʧʦʤʦʱʴʶ ʢʦʥʩʪʨʫʢʪʦʨʘ ɿʅɸʊʆʂ ARDUINO BASIC, ʠʩʧʦʣʴʟʫʷ ʜʘʪʯʠʢ ʫʨʦʚʥʷ 

ʚʦʜʳ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʤ ʙʘʢʝ ʚ ʩʠʩʪʝʤʝ ʦʪʦʧʣʝʥʠʷ ʯʘʩʪʥʦʛʦ ʜʦʤʘ, ʤʦʞʥʦ ʩʦʙʨʘʪʴ 
ʩʭʝʤʫ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ 
ʪʝʧʣʦʥʦʩʠʪʝʣʷ. ɼʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʢʨʠʪʠʯʝʩʢʠʭ ʩʠʪʫʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʥʝʜʦʩʪʘʪʢʦʤ ʚʦʜʳ, ʪʘʢʠʭ ʢʘʢ ʧʝʨʝʛʨʝʚ ʢʦʪʣʘ ʠ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʙʦʨʫʜʦʚʘʥʠʷ. ARDINO 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ ʥʘʩʦʩʦʤ ʧʦʜʧʠʪʢʠ [2].  

ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʝʢʪʘ: 
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1. ɿʥʘʢʦʤʩʪʚʦ ʩ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. 
2. ʀʟʫʯʝʥʠʝ ʜʘʪʯʠʢʦʚ ʠʟʤʝʨʝʥʠʷ ʞʠʜʢʦʩʪʠ. 
3. ʉʦʩʪʘʚʣʝʥʠʝ ʠ ʩʙʦʨʢʘ ʩʭʝʤʳ ʩ ʧʦʤʦʱʴʶ ʢʦʥʩʪʨʫʢʪʦʨʘ Arduino 
ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʦʤ.  

4. ʅʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ 
ʧʨʠ ʧʦʤʦʱʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʩʪʘʥʦʚʠʪʴʩʷ ʚʦʟʤʦʞʥʳʤ 
ʨʘʩʩʯʠʪʘʪʴ ʧʨʠʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʘʥʪʠʤʝʪʨʘʭ ʦʪ ʜʘʪʯʠʢʘ ʜʦ ʚʦʜʳ. 

5. ʈʘʙʦʪʘ ʩ çʢʦʤʧʴʶʪʝʨʥʳʤ ʟʨʝʥʠʝʤè, ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʷʟʳʢʝ 
ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢ cv2 ʠ numpy.  

ʉʦʟʜʘʚʘʷ ʥʘʰ ʧʨʦʝʢʪ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʥʩʪʨʫʢʪʦʨ ɿʅɸʊʆʂ ARDUINO BASIC: 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ, ʪʨʠ ʩʚʝʪʦʜʠʦʜʘ (ʢʨʘʩʥʳʡ, ʞʸʣʪʳʡ, ʟʝʣʸʥʳʡ), ʜʠʥʘʤʠʢ, 
ʧʣʘʪʘ Arduino Nano, ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ, ʢʘʤʝʨʘ. 

ʇʝʨʚʘʷ ʯʘʩʪʴ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʪʳ Arduino Nano ʠ ʧʨʦʛʨʘʤʤʳ, 
ʥʘʧʠʩʘʥʥʦʡ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʜ ʫʨʦʚʥʝʤ ʚʦʜʳ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʤ 
ʙʘʢʝ ʠ ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʧʨʠʥʮʠʧʘʭ ʵʭʦʣʦʢʘʮʠʠ, ʦʪʧʨʘʚʣʷʝʪ ʩʠʛʥʘʣ, ʘ ʧʦʩʣʝ ʧʨʠʥʠʤʘʝʪ 
ʝʛʦ ʦʙʨʘʪʥʦ ʯʝʨʝʟ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ. ɼʘʣʴʰʝ ʚʩʪʫʧʘʝʪ ʚ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʘ, ʙʣʘʛʦʜʘʨʷ 
ʢʦʪʦʨʦʡ ʧʨʠ ʧʦʤʦʱʠ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ ʩʪʘʥʦʚʠʪʴʩʷ ʚʦʟʤʦʞʥʳʤ 
ʨʘʩʩʯʠʪʘʪʴ ʧʨʠʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚ ʩʘʥʪʠʤʝʪʨʘʭ ʦʪ ʜʘʪʯʠʢʘ ʜʦ ʚʦʜʳ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ 
ʩ ʵʪʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʠ ʧʦʤʦʱʠ ʮʠʢʣʦʚ ʩ ʫʩʣʦʚʠʝʤ çifè ʤʳ ʧʦʜʘʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 
ʥʘ ʫʯʘʩʪʦʢ (ʫʯʘʩʪʢʠ) ʮʝʧʠ, ʠʟ-ʟʘ ʯʝʛʦ ʣʠʙʦ ʟʘʛʦʨʘʶʪʩʷ ʩʚʝʪʦʜʠʦʜʳ, ʣʠʙʦ ʥʘʯʠʥʘʝʪ 
ʨʘʙʦʪʘʪʴ ʜʠʥʘʤʠʢ. ʂʦʛʜʘ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʨʠʝʤʣʝʤʳʡ, ʛʦʨʠʪ ʟʝʣʝʥʳʡ ʩʚʝʪʦʜʠʦʜ, ʝʩʣʠ 
ʫʨʦʚʝʥʴ ʚʦʜʳ ʥʝ ʩʣʠʰʢʦʤ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʨʠʪʠʯʝʩʢʦʛʦ, ʟʝʣʝʥʳʡ ʩʚʝʪʦʜʠʦʜ 
ʧʝʨʝʩʪʘʝʪ ʛʦʨʝʪʴ ʠ ʟʘʞʠʛʘʝʪʩʷ ʞʝʣʪʳʡ. ɽʩʣʠ ʞʝ ʫʨʦʚʝʥʴ ʚʦʜʳ ʙʣʠʟʦʢ ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ, 
ʞʝʣʪʳʡ ʮʚʝʪ ʛʘʩʥʝʪ ʠ ʥʘʯʠʥʘʝʪ ʟʘʛʦʨʘʪʴʩʷ ʢʨʘʩʥʳʡ ʩʚʝʪʦʜʠʦʜ ʠ ʨʘʙʦʪʘʪʴ ʜʠʥʘʤʠʢ. 
ʕʪʦ ʩʣʫʞʠʪ ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʳʤ ʩʠʛʥʘʣʦʤ. ʏʝʤ ʩʠʣʴʥʝʝ ʫʨʦʚʝʥʴ ʚʦʜʳ ʧʨʠʙʣʠʞʘʝʪʩʷ 
ʢ ʢʨʠʪʠʯʝʩʢʦʤʫ, ʪʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʨʘʙʦʪʘʝʪ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʠ ʩʚʝʪʦʜʠʦʜ [3].  

ɺʪʦʨʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʙʦʪʝ ʩ ʢʦʤʧʴʶʪʝʨʥʳʤ ʟʨʝʥʠʝʤ [4]. 
ʇʨʦʛʨʘʤʤʘ ʩʯʠʪʳʚʘʝʪ ʮʚʝʪʘ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤʠ ʚʳʚʦʜʠʪ ʪʝʢʩʪ ʥʘ 
ʤʦʥʠʪʦʨ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʙʠʙʣʠʦʪʝʢ cv2 ʠ numpy. ʂʘʤʝʨʘ, ʧʦʜʢʣʶʯʝʥʥʘʷ ʢ ʢʦʤʧʴʶʪʝʨʫ (ʪʝʣʝʬʦʥʫ) ʠ ʩʣʫʞʘʱʘʷ 
ʫʩʪʨʦʡʩʪʚʦʤ ʚʚʦʜʘ, ʨʘʩʧʦʣʦʞʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʩʯʠʪʳʚʘʪʴ ʮʚʝʪʘ ʩʚʝʪʦʜʠʦʜʦʚ 
ʙʝʟ ʧʦʩʪʦʨʦʥʥʠʭ ʮʚʝʪʦʚ. ʇʨʦʛʨʘʤʤʘ ʚʳʚʦʜʠʪ ʥʘ ʵʢʨʘʥ ʦʢʥʦ, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʦ 
ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʚʝʪʦʜʠʦʜʘ ʚʳʚʦʜʠʪ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʪʝʢʩʪ. ɼʣʷ ʟʝʣʝʥʦʛʦ ʵʪʦ: çʋʨʦʚʝʥʴ ʚ ʥʦʨʤʝè, ʜʣʷ ʞʝʣʪʦʛʦ: 
çʇʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴè, ʘ ʜʣʷ ʢʨʘʩʥʦʛʦ: çʂʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴè. ʉʦʙʨʘʥʥʘʷ 
ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʦʪʦʙʨʘʞʘʪʴʩʷ ʥʘ ʜʠʩʧʣʝʝ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʚʘʪʴʩʷ ʥʘ ʫʜʘʣʝʥʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ʇʨʦʝʢʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ  ʤʦʥʠʪʦʨʠʥʛʘ ʫʨʦʚʥʷ ʚʦʜʳ,  
ʤʠʥʠʤʠʟʠʨʫʷ ʯʝʣʦʚʝʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ 
ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ. ɹʣʘʛʦʜʘʨʷ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ ʥʝ ʧʨʠʜʝʪʩʷ çʚʨʫʯʥʫʶè 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʫʨʦʚʝʥʴ ʚʦʜʳ. ɼʦʩʪʘʪʦʯʥʦ ʥʘʙʣʶʜʘʪʴ ʟʘ ʵʢʨʘʥʦʤ ʤʦʥʠʪʦʨʘ ʠʣʠ 
ʛʘʜʞʝʪʘ.  

ʇʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ: 
ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʪʝʛʨʘʮʠʠ ʩ ʩʠʩʪʝʤʘʤʠ çʫʤʥʦʛʦ ʜʦʤʘè ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ 

ʠ ʫʧʨʘʚʣʝʥʠʷ. 
ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʪʨʝʙʠʪʝʣʠ: 
ʚʣʘʜʝʣʴʮʳ ʯʘʩʪʥʳʭ ʜʦʤʦʚ - ʣʶʜʠ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ ʥʘ 

ʙʘʟʝ ʚʦʜʳ. ɼʣʷ ʥʠʭ ʚʘʞʥʘ ʘʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʫʨʦʚʥʝ ʚʦʜʳ ʚ ʨʘʩʰʠʨʠʪʝʣʴʥʦʤ 
ʙʘʢʝ ʩʠʩʪʝʤʳ ʦʪʦʧʣʝʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʚ ʚʠʜʝ ʬʦʪʦ, ʤʘʢʝʪʘ, ʧʨʦʛʨʘʤʤʳ ʜʣʷ 
ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ, ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʮʚʝʪʦʚ. 
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ʈʠʩ.1 ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ ʢ ʢʦʥʪʨʦʣʣʝʨʫ Arduino 

 
ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ: 

 
int echoPin = 8; 
int trigPin= 7; 
int duration, cm; 
void setup() { 
  Serial.begin(9600); 
  pinMode(trigPin, OUTPUT); 
  pinMode(echoPin, INPUT); 
  pinMode(9, OUTPUT); 
  pinMode(6, OUTPUT); 
  pinMode(5, OUTPUT); 
} 
void loop() { 
  digitalWrite(trigPin, LOW); 
  delayMicroseconds(10); 
  digitalWrite(trigPin, HIGH); 
  delayMicroseconds(10); 
  digitalWrite(trigPin, LOW); 
  duration = pulseIn(echoPin, HIGH); 
  cm = duration / 58; 
  Serial.print(cm); 
  Serial.println(" cm"); 
   if (cm > 13) { 
    digitalWrite(9, HIGH); 
    digitalWrite(6, LOW); 
    digitalWrite(5, LOW); 
    tone(9, 750); 
    delay(100); 
    noTone(9); 
    delay(50); 
  }; 
  if (cm > 9 && cm <= 13) { 
    digitalWrite(9, HIGH); 
    digitalWrite(6, LOW); 
    digitalWrite(5, LOW); 
    tone(9, 500); 
    delay(155); 
    noTone(9); 
    delay(125); 



139 
 

     }; 
  if (cm > 5 && cm <= 9) { 
    digitalWrite(9, LOW); 
    digitalWrite(6, HIGH); 
    digitalWrite(5, LOW); 
    noTone(9); 
  }; 
  if (cm <= 5) { 
    digitalWrite(9, LOW); 
    digitalWrite(6, LOW); 
    digitalWrite(5, HIGH); 
    noTone(9); 
  }; 
  delay(250); 
} 

 
ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʩʯʠʪʳʚʘʥʠʷ ʮʚʝʪʦʚ ʩʚʝʪʦʜʠʦʜʦʚ: 

 
import numpy as np 
import cv2 
from PIL import Image, ImageDraw, ImageFont 
font_path = "C:/Windows/Fonts/arial.ttf"  
font = ImageFont.truetype(font_path, 32) 
def draw_text_with_pillow(image, text, position, color): 
    image_pil = Image.fromarray(cv2.cvtColor(image, cv2.COLOR_BGR2RGB)) 
    draw = ImageDraw.Draw(image_pil) 
        draw.text(position, text, font=font, fill=color) 
    return cv2.cvtColor(np.array(image_pil), cv2.COLOR_RGB2BGR) 
red_lower = np.array([136, 87, 111], np.uint8) 
red_upper = np.array([180,255, 255], np.uint8) 
green_lower = np.array( [40,100,106], np.uint8) 
green_upper = np.array([102, 255, 255], np.uint8) 
yellow_lower = np.array([80, 80, 2], np.uint8) 
yellow_upper = np.array([255, 255, 100], np.uint8) 
webcam = cv2.VideoCapture(0) 
while True: 
    _, imageFrame = webcam.read() 
    hsvFrame = cv2.cvtColor(imageFrame, cv2.COLOR_BGR2HSV) 
    red_mask = cv2.inRange(hsvFrame, red_lower, red_upper) 
    green_mask = cv2.inRange(hsvFrame, green_lower, green_upper) 
    yellow_mask = cv2.inRange(hsvFrame, yellow_lower, yellow_upper) 
    kernel = np.ones((5, 5), "uint8") 
    red_mask = cv2.dilate(red_mask, kernel) 
    green_mask = cv2.dilate(green_mask, kernel) 
    yellow_mask = cv2.dilate(yellow_mask, kernel) 
    contours, _ = cv2.findContours(red_mask, cv2.RETR_TREE, 
cv2.CHAIN_APPROX_SIMPLE) 
    for contour in contours: 
        area = cv2.contourArea(contour) 
        if area > 300: 
            x, y, w, h = cv2.boundingRect(contour) 
            imageFrame = cv2.rectangle(imageFrame, (x, y), (x + w, y + h), (0, 0, 255), 2) 
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            imageFrame = draw_text_with_pillow(imageFrame, "ʂʨʠʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ", (x, y), 
(255, 0, 0)) 
    contours, _ = cv2.findContours(green_mask, cv2.RETR_TREE, 
cv2.CHAIN_APPROX_SIMPLE) 
    for contour in contours: 
        area = cv2.contourArea(contour) 
        if area > 300: 
            x, y, w, h = cv2.boundingRect(contour) 
            imageFrame = cv2.rectangle(imageFrame, (x, y), (x + w, y + h), (0, 255, 0), 2) 
            imageFrame = draw_text_with_pillow(imageFrame, "ʋʨʦʚʝʥʴ ʚ ʥʦʨʤʝ", (x, y), (0, 
255, 0)) 
    contours, _ = cv2.findContours(yellow_mask, cv2.RETR_TREE, 
cv2.CHAIN_APPROX_SIMPLE) 
    for contour in contours: 
        area = cv2.contourArea(contour) 
        if area > 300: 
            x, y, w, h = cv2.boundingRect(contour) 
            imageFrame = cv2.rectangle(imageFrame, (x, y), (x + w, y + h), (0, 255, 255), 2) 
            imageFrame = draw_text_with_pillow(imageFrame, "ʇʦʥʠʞʝʥʥʳʡ ʫʨʦʚʝʥʴ", (x, y), 
(255, 255, 0)) 
    cv2.imshow("Multiple Color Detection", imageFrame) 
    if cv2.waitKey(10) & 0xFF == ord('q'): 
        webcam.release() 
        cv2.destroyAllWindows() 
        break 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʂʦʥʪʨʦʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ ʠ ʨʘʩʰʠʨʠʪʝʣʴʥʳʝ ʙʘʢʠ [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://nvsk.net/baza-znaniy/kontrolno-izmeritelnye-pribory-i-rasshiritelnye-baki/ 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 10.02.2025) 

2. ʀʥʜʠʢʘʪʦʨ ʫʨʦʚʥʷ ʚʦʜʳ ʥʘ Arduino Uno: ʩʭʝʤʘ ʠ ʧʨʦʛʨʘʤʤʘ [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://microkontroller.ru/arduino-projects/indikator-urovnya-vody-na-arduino-uno/ 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.02.2025) 

3. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ çɿʥʘʪʦʢ ʜʣʷ Arduino 
Basicè. (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.02.2025) 

4. ʂʦʤʧʴʶʪʝʨʥʦʝ ʟʨʝʥʠʝ ï ɺʠʢʠʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://ru.m.wikipedia.org/  
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.02.2025) 
 
 

 

ɺʆʈʆʅʂɸ ʀ ʐɸʈʀʂ. ʗɺʃɽʅʀɽ ɺɽʅʊʋʈʀ 
ʇʝʪʨʦʚ ɼʤʠʪʨʠʡ ʠ ʍʦʭʣʦʚ ɽʛʦʨ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʅʦʚʦʚʦʨʦʥʝʞʩʢʘʷ 
ʉʆʐ ˉ 4è 

10ʢʣʘʩʩ ʛ. ʅʦʚʦʚʦʨʦʥʝʞ. 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʳʨʠʥʘ ʃʶʜʤʠʣʘ ʆʣʝʛʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ. 

 

https://nvsk.net/baza-znaniy/kontrolno-izmeritelnye-pribory-i-rasshiritelnye-baki/
https://microkontroller.ru/arduino-projects/indikator-urovnya-vody-na-arduino-uno/
https://ru.m.wikipedia.org/
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ɺʝʥʪʫʨʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʢʘʢ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ, ʪʘʢ 
ʠ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ ʪʦʯʝʢ ʟʨʝʥʠʷ. ʋʩʪʨʘʥʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ, 
ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝʤ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʨʦʛʨʝʩʩʫ ʚ 
ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʕʪʦ ʪʨʝʙʫʝʪ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʧʦʜʭʦʜʘ, 
ʩʦʯʝʪʘʶʱʝʛʦ ʬʠʟʠʢʫ, ʤʘʪʝʤʘʪʠʢʫ, ʠʥʞʝʥʝʨʥʦʝ ʜʝʣʦ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʵʬʬʝʢʪʘ ɺʝʥʪʫʨʠ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʫʛʣʫʙʠʪʴ ʧʦʥʠʤʘʥʠʝ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʚ ʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʥʦ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, 
ʩʧʦʩʦʙʥʳʝ ʨʝʰʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʟʘʜʘʯʠ ʚ ʵʥʝʨʛʝʪʠʢʝ, ʵʢʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ.  
ʎʝʣʴ ʨʘʙʦʪʳ: 
 ʆʙʲʷʩʥʠʪʴ ʷʚʣʝʥʠʝ, ʫʜʝʨʞʘʥʠʷ ʰʘʨʠʢʘ ʚ ʚʦʨʦʥʢʝ. 
ɿʘʜʘʯʠ:  
1. ʀʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʦ ʜʘʥʥʦʡ ʟʘʜʘʯʝ 
2. ʀʩʩʣʝʜʦʚʘʪʴ ʢʣʶʯʝʚʳʝ ʧʘʨʘʤʝʪʨʳ ʚʣʠʷʶʱʠʝ ʥʘ ʜʚʠʞʝʥʠʝ ʰʘʨʠʢʘ ʚʥʫʪʨʠ ʚʘʨʦʥʢʠ 
ɻʠʧʦʪʝʟʘ:  
ɺʦʟʤʦʞʥʦ ʣʠ ʣʸʛʢʠʡ ʰʘʨʠʢ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʧʠʥʛ-ʧʦʥʛʘ), ʫʜʝʨʞʠʚʘʪʴ ʚ ʚʦʨʦʥʢʝ, 
ʧʨʦʜʫʚʘʷ ʯʝʨʝʟ ʥʝʸ ʚʦʟʜʫʭ.  

ʕʪʦ ʷʚʣʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ, ʩʦʟʜʘʥʠʷ 
ʚʘʢʫʫʤʘ, ʩʤʝʰʠʚʘʥʠʷ ʩʨʝʜ ʠ ʜʨʫʛʠʭ ʟʘʜʘʯ. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʙʟʦʨ ʘʥʘʣʦʛʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʷʚʣʝʥʠʷ ɺʝʥʪʫʨʠ. 

ʈʦʩʩʠʡʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 
ɺ ʈʦʩʩʠʠ ʷʚʣʝʥʠʝ ɺʝʥʪʫʨʠ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʂʦʤʧʘʥʠʠ, 
ʪʘʢʠʝ ʢʘʢ "ɻʘʟʧʨʦʤ" ʠ "ʈʦʩʥʝʬʪʴ", ʧʨʠʤʝʥʷʶʪ ʪʨʫʙʢʠ ɺʝʥʪʫʨʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʠ 
ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ɺ ʛʠʜʨʦʵʥʝʨʛʝʪʠʢʝ ʷʚʣʝʥʠʝ ɺʝʥʪʫʨʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʩʭʦʜʘ ʚʦʜʳ 
ʚ ʪʫʨʙʠʥʘʭ ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. 

ɺ ʭʠʤʠʯʝʩʢʦʡ ʠ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʝʥʠʝ ɺʝʥʪʫʨʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 
ʜʦʟʠʨʦʚʘʥʠʷ ʠ ʩʤʝʰʠʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʫʜʦʙʨʝʥʠʡ, 
ʣʝʢʘʨʩʪʚ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʩʠʩʪʝʤʘʭ ʚʝʥʪʠʣʷʮʠʠ ʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʝ ɺʝʥʪʫʨʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʜʣʷ ʩʦʟʜʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ. 
  ʆʙʦʨʫʜʦʚʘʥʠʝ:  

 
1. ɺʦʨʦʥʢʠ ʩ ʨʘʟʥʳʤ ʫʛʣʦʤ (ʠʟ ʚʘʪʤʘʥʘ) 
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2. ʐʘʨ 
3. ʐʣʘʥʛ 
4. ʈʝʚʝʨʩʠʚʥʳʡ ʧʳʣʝʩʦʩ 
5. ɸʥʝʤʦʤʝʪʨ   

ʃʝʛʢʠʡ ʰʘʨʠʢ ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴʩʷ ʚʥʫʪʨʠ ʚʦʨʦʥʢʠ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ 
ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʷʚʣʝʥʠʷ ɺʝʥʪʫʨʠ. ʆʙʲʷʩʥʠʣʠ ʤʳ ʵʪʦ ʪʝʤ ʯʪʦ ʄʝʞʜʫ 
ʰʘʨʠʢʦʤ ʠ ʚʦʨʦʥʢʦʡ ʚʦʟʥʠʢʘʝʪ ʩʪʨʫʷ ʚʦʟʜʫʭʘ ʫ ʢʦʪʦʨʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ. ʇʨʠ 
ʵʪʦʤ ʜʘʚʣʝʥʠʝ ʚ ʚʦʨʦʥʢʝ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʘ ʩʘʤ ʰʘʨʠʢ ʜʝʡʩʪʚʫʝʪ ʘʪʤʦʩʬʝʨʥʦʝ 
ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠʞʠʤʘʝʪ ʰʘʨʠʢ ʢ ʚʦʨʦʥʢʝ. 

ʕʬʬʝʢʪ ɺʝʥʪʫʨʠ 
ʕʬʬʝʢʪ ɺʝʥʪʫʨʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʘʜʝʥʠʠ ʜʘʚʣʝʥʠʷ, ʢʦʛʜʘ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʠʣʠ 

ʛʘʟʘ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʩʫʞʝʥʥʫʶ ʯʘʩʪʴ ʪʨʫʙʳ. 
ʕʬʬʝʢʪ ɺʝʥʪʫʨʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʝʡʩʪʚʠʷ ʟʘʢʦʥʘ ɹʝʨʥʫʣʣʠ, ʢʦʪʦʨʦʤʫ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʨʘʚʥʝʥʠʝ ɹʝʨʥʫʣʣʠ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʩʚʷʟʴ ʤʝʞʜʫ ʩʢʦʨʦʩʪʴʶ v ʛʘʟʘ, 
ʜʘʚʣʝʥʠʝʤ ʨ ʚ ʥʝʤ ʠ ʚʳʩʦʪʦʡ h. 

ɿʘʢʦʥ ɹʝʨʥʫʣʣʠ - ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʧʦʪʦʢʘ 
ʫʤʝʥʴʰʘʝʪʩʷ   

 
ʈʘʩʯʸʪ ʫʩʣʦʚʠʷ ʜʚʠʞʝʥʠʷ ʰʘʨʠʢʘ ʚʥʫʪʨʠ ʚʦʨʦʥʢʠ 

ʆʙʦʩʥʦʚʘʥʠʝ: ʰʘʨʠʢ ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴʩʷ, ʝʩʣʠ ʫʜʝʨʞʠʚʘʶʱʘʷ ʩʠʣʘ ʙʦʣʴʰʝ ʠʣʠ ʨʘʚʥ 
ʩʠʣʝ ʪʷʞʝʩʪʠ. ʋʜʝʨʞʠʚʘʶʱʘʷ ʩʠʣʘ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʝʡ ʜʘʚʣʝʥʠʡ. 
1. ʇʦʣʴʟʫʷʩʴ ʫʨʘʚʥʝʥʠʝʤ ɹʝʨʥʫʣʣʠ ʨʘʩʩʯʠʪʘʝʤ ʨʘʟʥʦʩʪʴ ʜʘʚʣʝʥʠʡ ʚʦʟʥʠʢʘʶʱʫʶ ʚ 
ʪʨʫʙʝ ʠ ʚʦʨʦʥʢʝ 
2. ʈʘʩʩʯʠʪʘʝʤ ʧʣʦʱʘʜʴ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʪʨʫʙʳ ʠʟʤʝʨʠʚ ʝʝ ʜʠʘʤʝʪʨ ʧʦ ʬʦʨʤʫʣʝ 
S= Ⱬd^2/ 4 
3. ɺʳʯʠʩʣʠ ʫʜʝʨʞʠʚʘʶʱʫʶ ʩʠʣʫ ʧʦ ʬʦʨʤʫʣʝ F= ȹp * S  
4. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʥʦʩʪʠ ʜʘʚʣʝʥʠʡ ʠʟʤʝʨʠʤ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʧʨʠ ʨʘʟʥʳʭ 
ʫʛʣʘʭ ʚʦʨʦʥʢʠ ʠ ʚʳʩʦʪʫ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʚʦʨʦʥʢʠ 
5. ʀʟʤʝʨʠʤ ʤʘʩʩʫ ʰʘʨʠʢʘ ʠ ʨʘʩʩʯʠʪʘʝʤ ʩʠʣʫ ʪʷʞʝʩʪʠ 
6.ʇʦʣʴʟʫʷʩʴ ʫʨʘʚʥʝʥʠʝʤ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʧʝʡʨʦʥʘ ʨʘʩʩʯʠʪʘʝʤ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ. 

ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚʩʝʭ ʚʳʯʠʩʣʝʥʠʡ ʤʳ ʚʳʷʚʠʣʠ ʨʷʜ ʟʘʚʠʩʠʤʦʩʪʝʡ: 
ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʭʘ 
ʏʝʤ ʙʳʩʪʨʝʝ ʤʠʤʦ ʤʷʯʘ ʧʨʦʭʦʜʠʪ ʚʦʟʜʫʭ, ʪʝʤ ʤʝʥʴʰʝ ʜʘʚʣʝʥʠʝ ʦʥ ʦʢʘʟʳʚʘʝʪ 

ʥʘ ʤʷʯ. ɼʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʥʘʜ ʤʷʯʦʤ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʜ ʥʠʤ, ʠʟ-ʟʘ ʯʝʛʦ ʤʷʯ 
ʜʝʨʞʠʪʩʷ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʝ ʧʦʜ ʥʠʤ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʦʨʦʥʢʠ 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʚʦʨʦʥʢʠ, ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʜʲʝʤʥʘʷ ʩʠʣʘ, ʠʟ-ʟʘ 

ʯʝʛʦ ʰʘʨʠʢʫ ʪʨʫʜʥʝʝ ʫʜʝʨʞʘʪʴʩʷ ʚ ʚʦʨʦʥʢʝ. ʅʦ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʚ ʚʦʨʦʥʢʝ ʥʝ ʤʝʥʷʝʪʩʷ 
ʠ ʦʩʪʘʸʪʩʷ 30.5 ʤ/ʩ 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʚʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʚʦʨʦʥʢʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʢʦʨʦʩʪʴ ʚʦʟʜʫʭʘ, 
ʧʨʦʭʦʜʷʱʘʷ ʯʝʨʝʟ ʥʝʸ. 

 
ʊʘʙʣʠʮʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ ʚʦʨʦʥʢʠ  

 
 
ɿʘʢʣʶʯʝʥʠʝ 
ʇʦʩʪʘʚʣʝʥʥʘʷ ʮʝʣʴ ʠ ʟʘʜʘʯʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ. 
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ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʰʘʨʠʢ ʚʥʫʪʨʠ ʚʦʨʦʥʢʠ ʫʜʝʨʞʠʚʘʝʪ 
ʙʣʘʛʦʜʘʨʷ ʵʬʬʝʢʪʫ ɹʝʨʥʫʣʣʠ. ʆʧʨʝʜʝʣʠʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʫʜʝʨʞʘʥʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʨʦʥʢʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. https://fis.wikireading.ru/hG3iIsu2jS  
2. https://ru.wikipedia.org/wiki/%D0%AD%D1%84%D1%84%D0%B5%D0%BA%D1%

82_%D0%92%D0%B5%D0%BD%D1%82%D1%83%D1%80%D0%B8  
 
 
 

Cʆʃʅɽʏʅʓɽ ʇɽʏʀ-ʂʆʅʎɽʅʊʈɸʊʆʈʓ 
ʇʨʦʩʢʫʨʠʥʘ ɸʣʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 
ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʝʩʪʘʢʦʚʘ ɺʝʨʘ ɺʘʩʠʣʴʝʚʥʘ, ʜʦʮʝʥʪ ʆʕʕ ʀʐʕ ʊʇʋ 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʢʘʢ ʢ 

ʩʧʦʩʦʙʫ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ ʠ ʥʝʜʦʩʪʘʪʢʦʤ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. ɹʫʜʫʯʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʤ ʠʩʪʦʯʥʠʢʦʤ, 
ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ ʧʨʠʚʣʝʢʘʝʪ ʚʥʠʤʘʥʠʝ ʫʯʝʥʳʭ, ʠʥʞʝʥʝʨʦʚ ʠ ʵʥʪʫʟʠʘʩʪʦʚ ʧʦ ʚʩʝʤʫ 
ʤʠʨʫ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ, ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ 
ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ ʠ ʫʤʝʥʴʰʠʪ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ 
ʚʠʜʦʚ ʪʦʧʣʠʚʘ.  
ʉʦʛʣʘʩʥʦ ʧʨʝʜʘʥʠʶ, ʚʦ ʚʨʝʤʷ ɺʪʦʨʦʡ ʇʫʥʠʯʝʩʢʦʡ ʚʦʡʥʳ ɸʨʭʠʤʝʜ ʠʩʧʦʣʴʟʦʚʘʣ 
"ʛʦʨʷʱʠʝ ʟʝʨʢʘʣʘ" ʜʣʷ ʧʦʜʞʦʛʘ ʨʠʤʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʦʩʘʞʜʘʚʰʠʭ ʝʛʦ ʛʦʨʦʜ. ʆʥ ʩʦʟʜʘʣ 
ʫʩʪʨʦʡʩʪʚʦ ʠʟ ʟʝʨʢʘʣ, ʢʦʥʮʝʥʪʨʠʨʫʶʱʠʭ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʜʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʜʨʝʚʝʩʠʥʳ 
ʢʦʨʘʙʣʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʧʦʨʥʦʩʪʴ ʣʝʛʝʥʜʳ, ʦʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʥʥʝʝ ʧʦʥʠʤʘʥʠʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʝʧʣʘ. ʕʪʦʪ ʨʘʩʩʢʘʟ ʪʘʢʞʝ ʚʜʦʭʥʦʚʠʣ 
ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʥʝʯʥʦʡ 
ʵʥʝʨʛʠʠ. 
ɺ ʩʝʨʝʜʠʥʝ 19 ʚʝʢʘ ʠʟʦʙʨʝʪʘʪʝʣʴ ɾ. ɹʶʬʬʦʥ ʩʦʟʜʘʣ ʙʦʣʴʰʦʝ ʚʦʛʥʫʪʦʝ ʟʝʨʢʘʣʦ, 
ʢʦʪʦʨʦʝ ʤʦʛʣʦ ʬʦʢʫʩʠʨʦʚʘʪʴ ʣʫʯʠ ʩʦʣʥʮʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ. ʇʨʠ ʧʦʤʦʱʠ ʵʪʦʛʦ ʟʝʨʢʘʣʘ 
ʤʦʞʥʦ ʙʳʣʦ ʚʦʩʧʣʘʤʝʥʠʪʴ ʩʫʭʦʝ ʜʝʨʝʚʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 68 ʤʝʪʨʦ. ɺ 
1774 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʡ ʫʯʸʥʳʡ ɸ. ʃʘʚʫʘʟʴʝ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʠʣ ʣʠʥʟʳ ʜʣʷ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʦ ʚʦʟʤʦʞʥʦʩʪʠ 
ʥʘʛʨʝʚʘʪʝʣʝʡ. ɺ ʝʛʦ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ ʪʝʤʧʝʨʘʪʫʨʘ ʨʘʟʦʛʨʝʚʘʣʘʩʴ ʜʦ 
1650 ʛʨʘʜʫʩʦʚ. ʇʝʨʚʘʷ ʩʦʚʨʝʤʝʥʥʘʷ ʩʦʣʥʝʯʥʘʷ ʧʝʯʴ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʚʦ ʌʨʘʥʮʠʠ ʚ 
1949 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨʦʤ ʌʝʣʠʢʩʦʤ ʊʨʦʤʙʦʤ (2). 
 ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩʦʣʥʝʯʥʳʭ ʧʝʯʝʡ, ʦʪ ʧʨʦʩʪʳʭ 
ʢʦʨʦʙʦʢ ʩ ʦʪʨʘʞʘʪʝʣʷʤʠ ʜʦ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ 
ʩʠʩʪʝʤʘʤʠ ʩʣʝʞʝʥʠʷ ʟʘ ʩʦʣʥʮʝʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʪʘʢ 
ʥʘʟʳʚʘʝʤʳʝ çʩʦʣʥʝʯʥʳʝ ʜʫʭʦʚʢʠè, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʛʦʪʦʚʠʪʴ ʧʠʱʫ ʧʨʠ 
ʪʝʤʧʝʨʘʪʫʨʘʭ, ʩʨʘʚʥʠʤʳʭ ʩ ʦʙʳʯʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʣʠ ʛʘʟʦʚʳʤʠ ʜʫʭʦʚʢʘʤʠ.  
 ʉʦʣʥʝʯʥʳʝ ʧʝʯʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʩʦʣʥʝʯʥʫʶ 
ʵʥʝʨʛʠʶ ʜʣʷ ʥʘʛʨʝʚʘ ʦʙʲʝʢʪʦʚ ʜʦ ʦʧʨʝʜʝʣʸʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʠʝ ʧʝʯʠ ʥʘʭʦʜʷʪ 
ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ: ʚ ʢʫʣʠʥʘʨʠʠ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʥʘʫʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, 
ʚ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʩʪʨʘʥʘʭ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʫʧʦʤ ʢ ʛʦʨʷʯʝʡ ʧʠʱʝ ʠ ʚʦʜʝ, ʚ ʜʦʤʘʭ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʦʣʥʝʯʥʳʭ ʨʝʛʠʦʥʘʭ, ʘ ʪʘʢʞʝ ʚ ʛʫʤʘʥʠʪʘʨʥʳʭ ʧʨʦʝʢʪʘʭ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʪʘʥʠʝʤ ʙʝʜʥʳʭ ʠ ʦʪʜʘʣʸʥʥʳʭ ʦʙʱʠʥ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʨʘʥʘʭ ʩʦʣʥʝʯʥʳʝ 
ʧʝʯʠ ʚʭʦʜʷʪ ʚ ʧʨʦʛʨʘʤʤʳ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʙʦʨʴʙʳ ʩ ʠʟʤʝʥʝʥʠʝʤ ʢʣʠʤʘʪʘ, 
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ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʥʦʞʝʩʪʚʦ ʧʨʦʝʢʪʦʚ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʩʦʣʥʝʯʥʳʭ ʧʝʯʝʡ ʚ 
ʩʪʨʘʥʘʭ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʩʦʣʥʝʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʦʯʠʱʝʥʠʝ ʚʦʜʳ (3). 
 ʉʦʣʥʝʯʥʳʝ ʧʝʯʠ ʠʤʝʶʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʦʪʩʫʪʩʪʚʠʝ 
ʨʘʩʭʦʜʦʚ ʥʘ ʪʦʧʣʠʚʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ, ʫʜʘʣʝʥʥʳʭ ʦʪ 
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʝʪʝʡ. 
-ʕʢʦʣʦʛʠʯʥʦʩʪʴ: ʆʪʩʫʪʩʪʚʠʝ ʚʳʙʨʦʩʦʚ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʘʪʤʦʩʬʝʨʫ. 
-ʕʢʦʥʦʤʠʯʥʦʩʪʴ: ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ. 
-ɸʚʪʦʥʦʤʥʦʩʪʴ: ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʫʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʥʝʪ ʜʦʩʪʫʧʘ ʢ 
ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 
 ʆʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʠ ʥʝʜʦʩʪʘʪʢʠ: 
- ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 
- ʆʛʨʘʥʠʯʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ. 
- ɺʳʩʦʢʘʷ ʥʘʯʘʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ. 
- ʇʦʪʨʝʙʥʦʩʪʴ ʨʝʛʫʣʷʨʥʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʯʠʩʪʢʠ ʟʝʨʢʘʣ. 
- ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʧʦʛʦʜʳ: ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʝʯʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʚ 
ʦʙʣʘʯʥʳʝ ʜʥʠ ʠʣʠ ʧʨʠ ʧʣʦʭʦʤ ʦʩʚʝʱʝʥʠʠ. 
- ɼʣʷ ʫʩʪʘʥʦʚʢʠ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ, ʯʪʦʙʳ ʨʘʟʤʝʩʪʠʪʴ ʟʝʨʢʘʣʘ 
ʠʣʠ ʦʪʨʘʞʘʶʱʠʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʫʩʣʦʚʠʷʭ ʛʣʦʙʘʣʴʥʦʛʦ ʵʥʝʨʛʦʜʝʬʠʮʠʪʘ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʥʠʞʝʥʠʷ 
ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ, ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 
ʧʨʠʦʙʨʝʪʘʶʪ ʢʨʠʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ. ʉʦʣʥʝʯʥʳʝ ʧʝʯʠ-ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ 
ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʦʪ ʙʳʪʦʚʳʭ ʥʫʞʜ ʜʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ɼʘʥʥʳʡ 
ʧʨʦʝʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʦʩʪʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʠʟ ʜʦʩʪʫʧʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤ 
ʜʦʩʪʫʧʦʤ ʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʅʘʛʨʝʚʘʥʠʝ ʚʦʜʳ ʜʦ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʠ ʧʦʤʦʱʠ ʩʦʣʥʝʯʥʦʡ 
ʧʝʯʠ   
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
-ʀʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 
-ʉʦʙʨʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʪʦʪʠʧ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ. 
-ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʯʢʫ ʬʦʢʫʩʘ ʠ ʟʦʥʫ ʵʬʬʝʢʪʠʚʥʦʛʦ ʥʘʛʨʝʚʘ. 
-ʇʨʦʚʝʩʪʠ ʩʝʨʠʶ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʥʘʛʨʝʚʫ ʚʦʜʳ ʠ ʠʟʤʝʨʠʪʴ ʜʦʩʪʠʛʥʫʪʫʶ 
ʪʝʤʧʝʨʘʪʫʨʫ. 
-ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʦʪʦʪʠʧʘ ʠ ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ 
ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ: 
ɺ ʤʠʨʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʦʜʝʣʠ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʪʘʢʠʝ ʢʘʢ 

ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʘʥʪʝʥʥʳ ʠ ʣʠʥʟʦʚʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ. ɺ ʈʦʩʩʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ 
ʧʨʦʝʢʪʳ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʩʦʣʥʝʯʥʦʡ 
ʵʥʝʨʛʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʧʨʠʤʝʨʳ ʚʢʣʶʯʘʶʪ ʨʘʟʨʘʙʦʪʢʠ ʚ ʂʠʪʘʝ, ʀʥʜʠʠ ʠ ʩʪʨʘʥʘʭ 
ɽʚʨʦʩʦʶʟʘ, ʘʢʪʠʚʥʦ ʠʥʚʝʩʪʠʨʫʶʱʠʭ ʚ ʩʦʣʥʝʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ:  
ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʚʢʣʶʯʘʝʪ ʵʥʪʫʟʠʘʩʪʦʚ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ, ʢʦʤʧʘʥʠʠ, 

ʟʘʥʠʤʘʶʱʠʝʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʦʡ, ʘ ʪʘʢʞʝ ʦʪʜʘʣʝʥʥʳʝ ʩʦʦʙʱʝʩʪʚʘ, 
ʥʫʞʜʘʶʱʠʝʩʷ ʚ ʵʢʦʥʦʤʠʯʥʳʭ ʩʧʦʩʦʙʘʭ ʥʘʛʨʝʚʘ ʚʦʜʳ. 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ, ʦʙʦʨʫʜʦʚʘʥʠʝ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʪʝʨʠʘʣʳ, ʪʘʢʠʝ ʢʘʢ ʬʦʣʴʛʘ, ʢʘʨʪʦʥ, ʩʢʦʪʯ, 
ʚʝʨʝʚʢʘ ʠ ʘʣʶʤʠʥʠʝʚʘʷ ʙʘʥʦʯʢʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʚʦʜʳ.  
ʄʝʪʦʜʦʣʦʛʠʷ ʬʦʢʫʩʠʨʦʚʘʣʘʩʴ ʥʘ ʥʘʭʦʞʜʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʠ ʬʦʢʫʩʘ ʜʣʷ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʥʘʛʨʝʚʘ. 
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ʆʧʠʩʘʥʠʝ ʵʪʘʧʦʚ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ. 

ʕʪʘʧ 1: ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 
ʕʪʘʧ 2: ʇʦʜʙʦʨ ʠ ʟʘʢʫʧʢʘ ʤʘʪʝʨʠʘʣʦʚ. 
ʕʪʘʧ 3: ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʦʜʛʦʪʦʚʢʘ ʯʝʨʪʝʞʝʡ. 
ʕʪʘʧ 4: ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʪʘʨʝʣʢʠ. 
ʕʪʘʧ 5: ʆʧʨʝʜʝʣʝʥʠʝ ʪʦʯʢʠ ʬʦʢʫʩʘ ʧʨʘʢʪʠʯʝʩʢʠʤ ʧʫʪʸʤ ʠ ʚʳʙʦʨ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ 
ʕʪʘʧ 6: ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʥʘʛʨʝʚʫ ʚʦʜʳ. 
ʕʪʘʧ 7: ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ. 
ʕʪʘʧ 8: ʅʘʧʠʩʘʥʠʝ ʦʪʯʝʪʘ ʠ ʧʨʝʟʝʥʪʘʮʠʷ ʧʨʦʝʢʪʘ. 

 
ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ   
 
 
 
 

 
 
 
 

ʈʠʩ. 1. ʃʦʧʘʩʪʴ ï 12 ʰʪ  
 

 
 

ʈʠʩ 2 ɻʦʪʦʚʳʡ ʤʘʢʝʪ 
 

ʈʝʟʫʣʴʪʘʪ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 
 
 
 
 
 
 
 

ʈʠʩ. 3. ʈʘʩʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʬʦʢʫʩʠʨʦʚʘʥʠʷ 
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ʇʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʟʘʤʝʨʘʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʛʨʝʚʘʥʠʷ 

ʚʦʜʳ ʚ ʥʘʯʘʣʝ-ʢʦʥʮʝ ʤʘʨʪʘ (ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʷʨʢʦʛʦ ʩʦʣʥʮʘ). ʈʝʟʫʣʴʪʘʪʳ ʥʘʛʨʝʚʘ 
ʙʫʜʫʪ ʧʨʠʣʦʞʝʥʳ ʧʦʟʜʥʝʝ 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʨʘʙʦʪʳ ʠ ʙʶʜʞʝʪ ʧʨʦʝʢʪʘ:  
 ʉʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ- 620 ʨʫʙʣʝʡ (ʩʢʦʪʯ - 50 ʨʫʙ, ʢʘʨʪʦʥ - 100 ʨʫʙʣʝʡ, 
ʬʦʣʴʛʘ - 280 ʨʫʙʣʝʡ, ʚʝʨʸʚʢʘ- 150 ʨʫʙʣʝʡ, ʘʣʶʤʠʥʠʝʚʘʷ ʙʘʥʢʘ - 40 ʨʫʙʣʝʡ, 
ɺ ʤʘʛʘʟʠʥʘʭ ʮʝʥʘ ʩʦʣʥʝʯʥʳʭ ʧʝʯʝʡ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 7-30 ʪʳʩ ʨʫʙʣʝʡ 

 ʇʨʦʝʢʪ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʠʟʢʦʟʘʪʨʘʪʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, 
ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ 
ʧʨʠʦʙʨʝʪʝʥʳ ʠʣʠ ʧʝʨʝʨʘʙʦʪʘʥʳ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʩʭʦʜʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʧʨʦʝʢʪ 
ʜʦʩʪʫʧʥʳʤ. 

ɺʳʚʦʜʳ: 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʘ ʫʩʧʝʰʥʦ ʩʦʙʨʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʩʦʣʥʝʯʥʦʡ 

ʧʝʯʠ-ʢʦʥʮʝʥʪʨʘʪʦʨʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʜʠʣ ʛʠʧʦʪʝʟʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʛʨʝʚʘ ʚʦʜʳ 
ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʡ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʪʘʨʝʣʢʦʡ. 
ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʙʳʪʫ ʠ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷʭ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. ʅʘʩʢʦʣʴʢʦ ʧʨʘʚʜʠʚʘ ʣʝʛʝʥʜʘ ʦ çʟʝʨʢʘʣʘʭ ɸʨʭʠʤʝʜʘè, ʢʦʪʦʨʳʝ ʩʦʞʛʣʠ ʨʠʤʩʢʠʡ 
ʬʣʦʪ?  -ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ https://www.yaplakal.com/forum2/topic1996765.html 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 15.11.24) 

2. ʉʦʣʥʝʯʥʘʷ ʧʝʯʴ ʄʦʥ-ʃʫʠ - ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ ʚ ʤʠʨʝ ʫʩʪʘʥʦʚʦʢ, ʠʩʧʦʣʴʟʫʶʱʠʭ 
ʵʥʝʨʛʠʶ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ - ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ 
https://www.ruscable.ru/news/2016/07/08/Solnechnaya_pechy_Mon-Lui_-
_odna_iz_pervyx_v_mire_/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 12.11.24) 

3. ɺʘʞʥʳʝ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʧʝʯʠ (ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ) - ʊʝʢʩʪ: 
ʵʣʝʢʪʨʦʥʥʳʡ http://digitrode.ru/articles/1389-vazhnye-oblasti-primeneniya-
solnechnoy-pechi.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 11.11.24) 

4. ʉʦʣʥʝʯʥʘʷ ʧʝʯʴ ʩʚʦʠʤʠ ʨʫʢʘʤʠ. - ʊʝʢʩʪ: ʵʣʝʢʪʨʦʥʥʳʡ 
http://virtuallab.by/publ/interesnye_stati/interesnye_stati/solnechnaja_pech_svoimi_
rukami/2-1-0-107 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ:30.10.2024). 

 
 
 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʆʉʆɹɽʅʅʆʉʊɽʁ ɸʉʊʈʆʌʆʊʆɻʈɸʌʀʀ ʉ  
ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʃɽʉʂʆʇɸ 
ʉʝʜʦʚʘ ɸʥʘʩʪʘʩʠʷ ɼʤʠʪʨʠʝʚʥʘ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʘʧʘʨʫʣʠʥ ɼʤʠʪʨʠʡ ʉʝʨʛʝʝʚʠʯ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ  

ʘʩʪʨʦʥʦʤʠʠ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʛʝʦʜʝʟʠʠ ʊɻʋ 
 
 ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʬʦʪʦʛʨʘʬʠʡ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ 
ʦʙʲʝʢʪʦʚ ʩʥʠʤʘʝʪʩʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʘʭ. ʀʤ ʥʝ ʤʝʰʘʝʪ ʘʪʤʦʩʬʝʨʘ ʠ 
ʛʦʨʦʜʩʢʘʷ ʟʘʩʚʝʪʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʬʦʪʦʛʨʘʬʠʠ ʦʙʲʝʢʪʦʚ 
ʛʣʫʙʦʢʦʛʦ ʢʦʩʤʦʩʘ, ʥʦ ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘʟʝʤʥʘʷ ʩʲʝʤʢʘ ʥʝʙʝʩʥʳʭ ʪʝʣ ʥʝ ʫʪʨʘʪʠʣʘ 
ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ: ʥʘ ɿʝʤʣʝ ʨʘʙʦʪʘʝʪ ʤʥʦʞʝʩʪʚʦ ʦʙʩʝʨʚʘʪʦʨʠʡ ʩʥʠʤʘʶʱʠʭ ʥʝʙʦ. 
ʊʘʢʞʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʘʷ ʬʦʪʦʛʨʘʬʠʷ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʩʨʝʜʠ ʣʶʙʠʪʝʣʝʡ 
ʘʩʪʨʦʥʦʤʠʠ, ʩʥʠʤʘʶʱʠʭ ʥʝʙʦ ʜʣʷ ʩʦʙʩʪʚʝʥʥʦʛʦ ʫʜʦʚʦʣʴʩʪʚʠʷ. ɺ ʜʘʥʥʦʤ 
ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʯʴ ʧʦʡʜʝʪ ʧʨʦ ʣʶʙʠʪʝʣʴʩʢʫʶ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʶ, ʩʧʦʩʦʙʥʫʶ 
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ʧʦʧʫʣʷʨʠʟʠʨʦʚʘʪʴ ʥʘʫʢʫ ʠ ʧʨʦʙʫʜʠʪʴ ʠʥʪʝʨʝʩ ʢ ʘʩʪʨʦʥʦʤʠʠ ʫ ʰʠʨʦʢʠʭ ʩʣʦʝʚ 
ʥʘʩʝʣʝʥʠʷ. 
 ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʲʝʤʢʠ ʥʦʯʥʦʛʦ ʥʝʙʘ 
ʥʘ ʪʝʣʝʩʢʦʧ ʚ ʩʨʝʜʥʠʭ ʰʠʨʦʪʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʰʠʨʦʪʝ ʊʦʤʩʢʘ (56Á29ǋ19ǌ). 
 ʀʩʭʦʜʷ ʠʟ ʮʝʣʠ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʉʲʝʤʢʘ ʨʘʟʣʠʯʥʳʭ ʥʝʙʝʩʥʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʨʘʟʥʳʝ ʬʦʪʦʘʧʧʘʨʘʪʳ ʧʨʠ ʧʦʤʦʱʠ 
ʪʝʣʝʩʢʦʧʘ. 

2. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʠʚʰʠʭʩʷ ʢʘʜʨʦʚ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʳ deepskystacker. 
3. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
4. ɺʳʷʚʣʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʠ ʥʘ ʪʝʣʝʩʢʦʧ ʠ ʦʙʦʙʱʝʥʠʝ ʤʝʪʦʜʦʚ 
ʩʲʝʤʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʢʘʜʨʦʚ. 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʲʝʤʢʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʥʘ ʮʠʬʨʦʚʳʝ ʟʝʨʢʘʣʴʥʳʝ ʢʘʤʝʨʳ 

Canon 5d ʠ Canon 550d ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʊɻʋ (ʢʦʜ ʦʙʩʝʨʚʘʪʦʨʠʠ - 236) ʥʘ ʪʝʣʝʩʢʦʧ-
ʨʝʬʨʘʢʪʦʨ ɸɺʈ-3. Canon 5d - ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʧʦʣʥʦʢʘʜʨʦʚʳʡ ʬʦʪʦʘʧʧʘʨʘʪ 2005 
ʛʦʜʘ ʚʳʧʫʩʢʘ ʩ  12,3 ʤʣʥ. ʵʬʬʝʢʪʠʚʥʳʭ ʧʠʢʩʝʣʦʚ, ʤʘʢʩʠʤʘʣʴʥʦʝ ISO 
(ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ) 3200. Canon 550d - ʢʣʘʩʩʠʯʝʩʢʘʷ ʣʶʙʠʪʝʣʴʩʢʘʷ ʢʘʤʝʨʘ 
ʠʤʝʝʪ 18 ʤʣʥ. ʵʬʬʝʢʪʠʚʥʳʭ ʧʠʢʩʝʣʦʚ, ʤʘʢʩʠʤʘʣʴʥʳʡ ISO -  6400. 

ʅʘ ʪʝʣʝʩʢʦʧʝ ʚ ʦʙʩʝʨʚʘʪʦʨʠʠ ʫʩʪʘʥʦʚʣʝʥ ʯʘʩʦʚʦʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ 
ʢʦʤʧʝʥʩʠʨʫʝʪ ʩʫʪʦʯʥʦʝ ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 
ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʤʘʪʴ ʦʙʲʝʢʪʳ ʛʣʫʙʦʢʦʛʦ ʢʦʩʤʦʩʘ, ʠʟʙʝʛʘʷ ʠʭ ʨʘʟʤʳʪʠʷ ʠʟ-ʟʘ 
ʩʤʝʱʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʅʘ ʧʦʣʥʦʢʘʜʨʦʚʳʡ ʬʦʪʦʘʧʧʘʨʘʪ Canon 5d 
ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʲʝʤʢʠ ʛʘʣʘʢʪʠʢʠ ʉʦʤʙʨʝʨʦ (8m), ʪʫʤʘʥʥʦʩʪʠ ʂʦʣʴʮʦ (8,75m), 
ʪʫʤʘʥʥʦʩʪʠ ɻʘʥʪʝʣʴ (7,38m), ʪʫʤʘʥʥʦʩʪʠ ɻʦʣʫʙʦʡ ʩʥʝʞʦʢ (8,25m) ʠ ʪʫʤʘʥʥʦʩʪʠ ʕʩʢʠʤʦʩ 
(9,36m)[1], ʘ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʟʚʝʟʜʥʳʝ ʩʢʦʧʣʝʥʠʷ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʢʘʢ 
ʨʘʩʩʝʷʥʥʳʝ (ʗʩʣʠ, M67), ʪʘʢ ʠ ʰʘʨʦʚʳʝ (M5), ʘ ʪʘʢʞʝ ʢʦʤʝʪʘ ʇʦʥʩʘ-ɹʨʫʢʩʘ. ɺ ʩʢʦʙʢʘʭ 
ʫʢʘʟʘʥʳ ʟʚʝʟʜʥʳʝ ʚʝʣʠʯʠʥʳ ʩʥʠʤʘʝʤʳʭ ʦʙʲʝʢʪʦʚ - ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʨʢʦʩʪʠ[2]. ʏʝʤ 
ʦʥʘ ʙʦʣʴʰʝ, ʪʝʤ ʙʦʣʝʝ ʪʫʩʢʣʳʡ ʩʥʠʤʘʝʤʳʡ ʦʙʲʝʢʪ. ʅʘʧʨʠʤʝʨ, ʫ ʧʦʣʥʦʡ ʃʫʥʳ 
ʟʚʝʟʜʥʘʷ ʚʝʣʠʯʠʥʘ -12,53m  . ʅʘ ʣʶʙʠʪʝʣʴʩʢʠʡ ʬʦʪʦʘʧʧʘʨʘʪ Canon 550d 
ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩʲʝʤʢʠ ʃʫʥʳ, ʧʣʘʥʝʪ (ʖʧʠʪʝʨ, ʉʘʪʫʨʥ) ʠ ʢʦʤʝʪʘ ʂʦʤʝʪʳ C/2023 A3 
(ʎʟʳʮʟʠʥʴʰʘʥʴ ð ATLAS). 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʪʫʩʢʣʦʩʪʴ ʩʥʠʤʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, 
ʧʦʵʪʦʤʫ ʚ ʧʨʦʮʝʩʩʝ ʩʲʝʤʢʠ ʥʝʦʙʭʦʜʠʤʦ ʫʚʝʣʠʯʠʪʴ ʷʨʢʦʩʪʴ ʬʦʪʦʛʨʘʬʠʠ[3]. ɼʣʷ ʵʪʦʛʦ 
ʥʘ ʬʦʪʦʘʧʧʘʨʘʪʝ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʟʥʘʯʝʥʠʷ ISO ʠ ʚʳʜʝʨʞʢʠ - ʜʣʠʪʝʣʴʥʦʩʪʠ 
ʦʪʢʨʳʚʘʥʠʷ ʟʘʪʚʦʨʘ ʬʦʪʦʘʧʧʘʨʘʪʘ.ʇʨʠ ʘʩʪʨʦʩʲʝʤʢʝ ʬʦʪʦʘʧʧʘʨʘʪ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʝʣʝʩʢʦʧʫ ʧʨʠ ʧʦʤʦʱʠ ʙʘʡʦʥʝʪʘ. ʕʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ 
ʤʘʥʠʧʫʣʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʝʤ ʜʠʘʬʨʘʛʤʳ. 

ʇʝʨʚʘʷ ʠʜʝʷ, ʧʨʠʭʦʜʷʱʘʷ ʚ ʛʦʣʦʚʫ ʧʨʠ ʩʲʝʤʢʝ ʪʫʩʢʣʦʛʦ ʦʙʲʝʢʪʘ - ʧʦʩʪʘʚʠʪʴ ʚʩʝ 
ʧʘʨʘʤʝʪʨʳ ʬʦʪʦʘʧʧʘʨʘʪʘ ʥʘ ʤʘʢʩʠʤʫʤ, ʯʪʦʙʳ ʢʘʜʨ ʧʦʣʫʯʠʣʩʷ ʥʘʠʙʦʣʝʝ ʷʨʢʠʤ. ʅʦ ʫ 
ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʩʲʝʤʢʠ ʝʩʪʴ ʨʷʜ ʧʨʦʙʣʝʤ: 

1. ʗʨʢʦʩʪʴ ʥʝʙʘ. ʇʦʩʢʦʣʴʢʫ ʦʙʩʝʨʚʘʪʦʨʠʷ ʥʘʭʦʜʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʮʝʥʪʨʝ ʊʦʤʩʢʘ 
ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ ʥʝ ʠʟʙʝʞʘʪʴ ʟʘʩʚʝʪʢʠ ʥʝʙʘ, ʩʦʟʜʘʚʘʝʤʦʡ ʛʦʨʦʜʩʢʠʤ 
ʦʩʚʝʱʝʥʠʝʤ. ʊʘʢʞʝ ʥʘ ʷʨʢʦʩʪʴ ʥʝʙʘ ʚʣʠʷʝʪ ʚʨʝʤʷ ʩʫʪʦʢ ʠ ʩʝʟʦʥ ʩʲʝʤʢʠ. 
ʅʘʧʨʠʤʝʨ, ʥʘ ʰʠʨʦʪʝ ʊʦʤʩʢʘ (56Á) ʘʩʪʨʦʥʦʤʠʯʝʩʢʦʡ ʥʦʯʠ (ʟʘʭʦʜ ʉʦʣʥʮʘ ʧʦʜ 
ʛʦʨʠʟʦʥʪ ʥʠʞʝ 18Á) ʥʝ ʥʘʩʪʫʧʘʝʪ ʩ ʢʦʥʮʘ ʠʶʥʷ ʧʦ ʥʘʯʘʣʦ ʘʚʛʫʩʪʘ. ʉʦʣʥʮʝ ʚʙʣʠʟʠ 
ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʜʘʞʝ ʥʦʯʴʶ ʧʨʦʜʦʣʞʘʝʪ ʥʝʤʥʦʛʦ ʦʩʚʝʱʘʪʴ ʥʝʙʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʝʩʣʠ ʚʳʩʪʘʚʠʪʴ ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʚʳʜʝʨʞʢʠ ʠ ISO ʪʫʩʢʣʳʡ ʦʙʲʝʢʪ ʥʝ 
ʙʫʜʝʪ ʚʠʜʝʥ ʥʘ ʬʦʥʝ ʷʨʢʦʛʦ ʥʝʙʘ. ʇʨʠʤʝʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1, ʛʜʝ ʥʝ ʫʜʘʣʦʩʴ 
ʟʘʩʥʷʪʴ ʪʫʤʘʥʥʦʩʪʴ ʠʟ-ʟʘ ʧʝʨʝʩʚʝʯʝʥʥʦʛʦ ʥʝʙʘ. 

2. ʋʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʩʥʠʤʢʘ. ʇʨʠ ʚʳʩʪʘʚʣʝʥʠʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʛʦ ISO ʥʘ 
ʬʦʪʦʛʨʘʬʠʠ ʧʦʷʚʣʷʶʪʩʷ ʰʫʤʳ. ʆʪ ʰʫʤʦʚ ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ, ʫʚʝʣʠʯʠʚ 
ʰʫʤʦʧʦʜʘʚʣʝʥʠʝ ʚ ʥʘʩʪʨʦʡʢʘʭ ʬʦʪʦʘʧʧʘʨʘʪʘ, ʯʪʦ ʜʦʧʫʩʪʠʤʦ ʧʨʠ ʩʲʝʤʢʝ 
ʧʣʘʥʝʪ, ʥʦ ʧʦʨʪʠʪ ʠʟʦʙʨʘʞʝʥʠʷ ʪʫʩʢʣʳʭ ʪʫʤʘʥʥʦʩʪʝʡ ʠ ʛʘʣʘʢʪʠʢ, ʪʘʢ ʢʘʢ 

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%B5%D1%82%D0%B0


148 
 

ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʨʘʟʣʠʯʠʤʳʤʠ ʠʭ ʜʝʪʘʣʠ. ɼʨʫʛʦʡ ʘʩʧʝʢʪ, ʯʪʦ ʧʨʠ ʩʲʝʤʢʝ ʧʣʘʥʝʪ 
ʥʝ ʥʫʞʥʳ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ISO ʠ ʚʳʜʝʨʞʢʠ, ʧʦʩʢʦʣʴʢʫ ʧʣʘʥʝʪʳ ʠ ʙʝʟ ʪʦʛʦ 
ʷʨʢʠʝ. ʅʘ ʨʠʩ. 2 ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʰʫʤʳ, ʧʦʷʚʣʷʶʱʠʝʩʷ ʧʨʠ ʩʲʝʤʢʠ ʩ ʙʦʣʴʰʠʤ 
ISO (3200) ʙʝʟ ʰʫʤʦʧʦʜʘʚʣʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʥʦʯʥʦʡ ʩʲʝʤʢʠ ʩʦ ʰʪʘʪʠʚʘ. 

 

  

ʈʠʩ. 1. ʇʦʧʳʪʢʘ ʩʲʝʤʢʠ ʪʫʤʘʥʥʦʩʪʠ ɻʘʥʪʝʣʴ ʈʠʩ. 2. ɼʝʤʦʥʩʪʨʘʮʠʷ ʰʫʤʦʚ ʥʘ  
ʬʦʪʦʛʨʘʬʠʠ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʛʘʣʘʢʪʠʢʠ ʠ ʪʫʤʘʥʥʦʩʪʠ ʣʫʯʰʝ ʩʥʠʤʘʪʴ 
ʥʘ ʜʣʠʪʝʣʴʥʳʭ ʚʳʜʝʨʞʢʘʭ (30ǌ) ʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ISO (1250 - 2000). ʇʨʠ ʥʘʣʠʯʠʠ 
ʧʫʣʴʪʘ, ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʚʳʜʝʨʞʢʫ, ʩʪʦʠʪ ʩʪʘʚʠʪʴ ʝʝ ʝʱʝ ʙʦʣʴʰʝ. ɼʠʘʬʨʘʛʤʘ canon 
5d ʙʳʣʘ ʚʩʝʛʜʘ ʙʳʣʘ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʪʘ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʠʤʝʣʦ ʩʤʳʩʣʘ ʫʤʝʥʴʰʘʪʴ 
ʩʚʝʪʦʚʦʡ ʧʦʪʦʢ. 

  

ʈʠʩ. 3. ʊʫʤʘʥʥʦʩʪʴ ʕʩʢʠʤʦʩ ʈʠʩ. 4. ʊʫʤʘʥʥʦʩʪʴ ʂʦʣʴʮʦ 

ʊʫʤʘʥʥʦʩʪʠ ʕʩʢʠʤʦʩ (ʨʠʩ. 3) ʠ  ʂʦʣʴʮʦ (ʨʠʩ. 4) ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ 
deepskystacker (ʜʘʣʝʝ dss). ɼʣʷ ʵʪʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʥʘʙʣʶʜʝʥʠʡ ʙʳʣʦ ʩʜʝʣʘʥʦ 
ʥʝʩʢʦʣʴʢʦ ʢʘʜʨʦʚ ʪʫʩʢʣʳʭ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ñʪʝʤʥʳʝ ʢʘʜʨʳò - ʬʦʪʦʛʨʘʬʠʠ ʩ ʟʘʢʨʳʪʦʡ 
ʢʨʳʰʢʦʡ ʬʦʪʦʘʧʧʘʨʘʪʘ ʠ ʪʝʤʠ ʞʝ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʠ ʩʥʠʤʢʠ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʙʠʪʳʭ ʧʠʢʩʝʣʝʡ ʥʘ ʢʘʜʨʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ. ɺ dss 
ʩʥʠʤʢʠ ʩʢʣʘʜʳʚʘʶʪʩʷ, ʫʣʫʯʰʘʷ ʯʝʪʢʦʩʪʴ ʦʙʲʝʢʪʘ ʠ ʫʚʝʣʠʯʠʚʘʷ ʝʛʦ ʷʨʢʦʩʪʴ. ɼʣʷ 
ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʨʠʩ. 5 ʠ ʨʠʩ. 6  - ʬʦʪʦʛʨʘʬʠʠ ʛʘʣʘʢʪʠʢʠ ʉʦʤʙʨʝʨʦ ʜʦ ʠ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ ʚ dss.  



149 
 

  

ʈʠʩ. 5. ɻʘʣʘʢʪʠʢʘ ʉʦʤʙʨʝʨʦ ʜʦ 
ʦʙʨʘʙʦʪʢʠ ʚ dss 

ʈʠʩ. 6. ɻʘʣʘʢʪʠʢʘ ʉʦʤʙʨʝʨʦ ʧʦʩʣʝ 
ʦʙʨʘʙʦʪʢʠ ʚ dss 

 
ʃʫʥʘ - ʩʘʤʳʡ ʷʨʢʠʡ ʦʙʲʝʢʪ ʥʦʯʥʦʛʦ ʥʝʙʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʝʝ ʬʦʪʦʛʨʘʬʠʠ ʥʘ ʨʠʩ. 3 

ʙʳʣʘ ʚʳʩʪʘʚʣʝʥʘ ʚʳʜʝʨʞʢʘ ӎ ǌ ʠ ISO = 100. ʅʘ ʩʥʠʤʢʝ ʨʘʩʪʫʱʝʡ ʃʫʥʳ ʩ ʭʦʨʦʰʦ 
ʨʘʟʣʠʯʠʤʳ ʢʨʘʪʝʨʳ, ʤʦʨʝ ʂʨʠʟʠʩʦʚ ʠ ʯʘʩʪʴʶ ʤʦʨʷ ʇʣʦʜʦʨʦʜʠʷ. ʅʘ ʨʠʩ. 4 ʬʦʪʦʛʨʘʬʠʷ 
ʃʫʥʳ ʚ ʪʦʪ ʞʝ ʜʝʥʴ, ʯʪʦ ʠ ʥʘ ʨʠʩ. 3 ʩ ʪʝʤ ʞʝ ISO, ʥʦ ʩ ʚʳʜʝʨʞʢʦʡ 30ǌ. ʅʘʙʣʶʜʘʝʪʩʷ 
ʧʝʧʝʣʴʥʳʡ ʩʚʝʪ ʃʫʥʳ - ʩʣʘʙʦʝ ʩʚʝʯʝʥʠʝ ʯʘʩʪʠ ʃʫʥʳ, ʥʝʦʩʚʝʱʝʥʥʦʡ ʧʨʷʤʳʤ 
ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ. ʉʚʝʪ, ʫʣʘʚʣʠʚʘʝʤʳʡ ʬʦʪʦʘʧʧʘʨʘʪʦʤ  ʩʥʘʯʘʣʦ ʦʪʨʘʞʘʝʪʩʷ ʦʪ 
ɿʝʤʣʠ, ʧʦʪʦʤ ʦʪ ʃʫʥʳ ʠ ʚʥʦʚʴ ʧʨʠʭʦʜʠʪ ʥʘ ɿʝʤʣʶ. ʆʩʚʝʱʝʥʥʘʷ ʯʘʩʪʴ ʃʫʥʳ ʥʘ ʩʥʠʤʢʝ 
ʧʝʨʝʩʚʝʯʝʥʘ.  

 

  

ʈʠʩ. 7. ʈʘʩʪʫʱʘʷ ʃʫʥʘ ʈʠʩ. 8. ʇʝʧʝʣʴʥʳʡ ʩʚʝʪ ʃʫʥʳ 

 ʂʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ,  ʧʣʘʥʝʪʳ ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʷʨʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. 
ʇʦʵʪʦʤʫ ʥʘ ʨʠʩ. 9 ʬʦʪʦʛʨʘʬʠʷ ʉʘʪʫʨʥʘ, ʩʥʷʪʘ ʧʨʠ ʚʳʜʝʨʞʢʝ 1/5 ǌ ʠ ISO 400. ʅʘ ʨʠʩ. 
10 ʖʧʠʪʝʨ ʧʝʨʝʜʝʨʞʘʥ, ʥʘ ʥʝʤ ʥʝ ʚʠʜʥʳ ʧʦʣʦʩʳ ʠ ʙʦʣʴʰʦʝ ʢʨʘʩʥʦʝ ʧʷʪʥʦ, ʟʘʪʦ 
ʨʷʜʦʤ ʩ ʥʠʤ ʚʠʜʥʦ 4 ʙʦʣʝʝ ʪʫʩʢʣʳʭ ɻʘʣʠʣʝʝʚʳʭ ʩʧʫʪʥʠʢʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʤʝʥʴʰʠʭ 
ʟʥʘʯʝʥʠʷ ʚʳʜʝʨʞʢʠ ʠ ISO ʥʝ ʚʠʜʥʳ. ʅʘ ʨʠʩ. 10 ISO = 400, ʚʳʜʝʨʞʢʘ 5ǌ. ʗʨʢʠʝ ʦʙʲʝʢʪʳ 
ʚʨʦʜʝ ʧʣʘʥʝʪ ʠ ʃʫʥʳ ʥʝ ʥʫʞʜʘʶʪʩʷ ʚ ʦʙʨʘʙʦʪʢʝ ʚ dss. 
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ʈʠʩ. 9. ʉʘʪʫʨʥ ʈʠʩ. 10. ʖʧʠʪʝʨ ʠ ʝʛʦ ɻʘʣʠʣʝʝʚʳ ʩʧʫʪʥʠʢʠ (ʀʆ, 
ɽʚʨʦʧʘ, ʂʘʣʣʠʩʪʦ, ɻʘʥʠʤʝʜ) 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

1. https://stellarium.org/ru/ 
2. ʂʦʥʦʥʦʚʠʯ ʕ. ɺ., ʄʦʨʦʟ ɺ. ʀ. ʆʙʱʠʡ ʢʫʨʩ ʘʩʪʨʦʥʦʤʠʠ. ʀʟʜ. 2-ʝ //ʄ. ʀʟʜ. 
ʋʈʉʉ. ï 2004. 

3. ʉʠʢʦʨʫʢ ʃ. ʃ., ʐʧʦʣʴʩʢʠʡ ʄ. ʈ. ʃʶʙʠʪʝʣʴʩʢʘʷ ʘʩʪʨʦʬʦʪʦʛʨʘʬʠʷ. ï ʈʠʧʦʣ 
ʂʣʘʩʩʠʢ, 1986. 

 
 
 

ʇʆʃʋʏɽʅʀɽ ʂʆʄʇʆɿʀʊɸ TI/TIB2 ʄɽʊʆɼʆʄ SPS 

ʉʤʠʨʥʦʚ ʅʠʢʠʪʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʘʢ ɸʣʝʢʩʘʥʜʨ ʗʢʦʚʣʝʚʠʯ, ʧʨʦʬʝʩʩʦʨ ʆʕʕ ʀʐʕ ʊʇʋ 

 

ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʢʣʘʩʩʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʫʞʝ ʥʝ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʦʤʘʪʨʠʯʥʳʝ ʢʦʤʧʦʟʠʪʳ (MMC). ʆʥʠ ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʝʚʦʩʭʦʜʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʧʦʚʳʰʝʥʥʘʷ ʫʜʝʣʴʥʘʷ 

ʧʨʦʯʥʦʩʪʴ ʠ ʪʚʝʨʜʦʩʪʴ [1]. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʠ 

ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [2, 3]. ʆʜʥʦʡ ʠʟ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ MMC ʷʚʣʷʶʪʩʷ 

ʢʦʤʧʦʟʠʪʳ ʩ ʪʠʪʘʥʦʚʦʡ ʤʘʪʨʠʮʝʡ (TMC), ʚ ʥʠʭ Ti ʫʩʠʣʝʥ TiB, SiC, TiC, SiO2 ʠʣʠ 

ʜʨʫʛʠʤʠ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʩʠʣʝʥʠʡ Ti ʷʚʣʷʝʪʩʷ TiB, ʦ ʜʘʥʥʦʤ 

ʢʦʤʧʦʟʠʪʝ ʜʘʣʴʰʝ ʠ ʧʦʡʜʸʪ ʨʝʯʴ. ɺ ʩʚʷʟʠ ʩʦ ʩʚʦʠʤʠ ʚʳʩʦʢʠʤʠ ʧʨʦʯʥʦʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʢʦʤʧʦʟʠʪʳ Ti/TiB ʧʝʨʩʧʝʢʪʠʚʥʳ ʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ, ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ, ʚ ʢʘʯʝʩʪʚʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʤʧʣʘʥʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʪʚʝʨʜʳʭ ʪʝʨʤʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʜʣʷ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʦʛʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ [4]. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʦʜʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʜʘʥʥʦʛʦ ʢʦʤʧʦʟʠʪʘ, ʥʘʧʨʠʤʝʨ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʩʠʥʪʝʟ (ʉɺʉ), ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ (SPS) ʠ 

ʜʨʫʛʠʝ [5]. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʤʝʪʦʜ SPS. ɺ ʥʸʤ 

ʥʝʦʙʨʘʙʦʪʘʥʥʳʝ ʧʦʨʦʰʢʠ ʢʦʥʩʦʣʠʜʠʨʫʶʪʩʷ ʟʘ ʩʯʸʪ ɼʞʦʫʣʝʚʘ ʪʝʧʣʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʘʟʨʷʜʘ. ɼʞʦʫʣʝʚʦ ʥʘʛʨʝʚʘʥʠʝ ð ʵʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

https://stellarium.org/ru/
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ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʯʝʨʝʟ ʧʨʦʚʦʜʥʠʢ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ 

ὗ ὍϽὙϽὸ  [6, 7].  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʦʚ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʤʧʦʟʠʪʘ 

Ti/TIB ʥʘ ʫʩʪʘʥʦʚʢʝ SPS 10-0.4 Advanced thermal technology, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʝʛʦ 

ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

 ɿʘʜʘʯʠ: 

¶ ʈʘʩʩʯʠʪʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʧʨʦʧʦʨʮʠʠ ʚʝʱʝʩʪʚ ʠ ʫʩʣʦʚʠʷ 
ʠʟʛʦʪʦʚʣʝʥʠʷ 

¶  ʀʟʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʠ ʦʪʧʨʘʚʠʪʴ ʠʭ ʥʘ ʘʥʘʣʠʟ  

¶ ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ  
 ʈʝʞʠʤʳ ʩʧʝʢʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [8-10]. ʇʦʨʦʰʦʢ ʪʠʪʘʥʘ 

ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ 25Ñ10 ʤʢʤ ʠ ʧʦʨʦʰʦʢ ʜʠʙʦʨʠʜʘ ʪʠʪʘʥʘ, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʯʘʩʪʠʮ ʢʦʪʦʨʦʛʦ ʨʘʚʝʥ 4Ñ1,5 ʤʢʤ, ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʜʠʩʢʦʚʦʡ ʚʠʙʨʘʮʠʦʥʥʦʡ 

ʤʝʣʴʥʠʮʝ ʧʨʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ 700 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ ʚ ʩʨʝʜʝ 

ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʞʠʜʢʠʤ ʘʟʦʪʦʤ. ʇʦʩʣʝʜʫʶʱʠʡ ʩʠʥʪʝʟ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ ʠʩʢʨʦʚʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1000ÁC, ʜʘʚʣʝʥʠʠ 40 ʄʇʘ, ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ. 

 ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ TiB2 

ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʧʣʘʟʤʝʥʥʳʤ ʤʝʪʦʜʦʤ, ʙʝʟ ʩʦʟʜʘʥʠʷ ʚʘʢʫʫʤʥʦʡ ʩʨʝʜʳ. ɼʣʷ ʝʛʦ 

ʩʦʟʜʘʥʠʷ ʩʤʝʩʴ ʩ 15% ʠʟʙʳʪʢʦʤ ʙʦʨʘ ʩʧʝʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1800 Áʉ, ʜʘʚʣʝʥʠʝʤ 

60 ʄʇʘ, ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 100 ʂ/ʤʠʥ, ʚʨʝʤʷ ʚʳʜʝʨʞʢʠ 10 ʤʠʥ [11]. ɼʣʷ ʩʠʥʪʝʟʘ 

ʢʦʤʧʦʟʠʪʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʡ TiB2 ʩ ʤʘʩʩʦʚʳʤʠ ʜʦʣʷʤʠ ʨʘʚʥʳʤʠ 

0%; 2,5%; 5%; 7,5%; 10%. ʏʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʙʳʣʦ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ 

ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʙʲʝʤʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ 

ʰʘʡʙ ʜʠʘʤʝʪʨʦʤ 12,7ʤʤ ʠ ʚʳʩʦʪʦʡ 3,5ʤʤ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʠʪʦʛʦʚʦʡ ʤʘʩʩʳ ʰʘʡʙ 

ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ: 

 

 
 

ʅʘʡʜʷ ʦʙʱʫʶ ʤʘʩʩʫ, ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʤʘʩʩʘ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ, ʫʤʥʦʞʠʚ ʦʙʱʫʶ 

ʤʘʩʩʫ ʥʘ ʚʝʩʦʚʫʶ ʜʦʣʶ ʠʩʢʦʤʳʭ ʨʝʘʛʝʥʪʦʚ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʳ 

ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

 

ʊʘʙʣʠʮʘ 1. ʄʘʩʩʳ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʜʣʷ ʨʘʟʥʳʭ ʚʝʩʦʚʳʭ ʜʦʣʝʡ TiB2 

 

ɼʘʣʝʝ ʥʘ ʚʝʩʘʭ (ViBRA HT-124CE) ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ 

ʨʠʩ.1. ɺʟʚʝʰʝʥʥʳʝ ʧʦʨʦʰʢʠ ʟʘʩʳʧʘʣʠʩʴ ʚ ʧʣʘʥʝʪʘʨʥʫʶ ʰʘʨʦʚʫʶ ʤʝʣʴʥʠʮʫ 

TiBϜ 0,00 0,025 0,05 0,075  0,1 

m TiBϜ, 
ʛʨ 0,00000 0,04994 0,09989 0,14984 0,19980 

m Ti, ʛʨ 1,99738 1,94760 1,89782 1,84803 1,79824 

m ʦʙʱ. 

,ʛʨ 1,99738 1,99754 1,99771 1,99787 1,99804 
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(Retschm100). ɺ ʥʝʡ ʦʥʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʩ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ 400 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʠ 

30 ʤʠʥʫʪ. ʇʦʣʫʯʠʚʰʫʶʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʩʴ ʨʠʩ.2 ʙʳʣʘ ʦʪʧʨʘʚʣʝʥʘ ʥʘ ʩʧʝʢʘʥʠʝ. 

 

     

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1 ɺʟʚʝʰʠʚʘʥʠʝ ʦʙʨʘʟʮʘ         ʈʠʩ.2 ʇʨʦʙʠʨʢʘ ʩ ʦʙʨʘʟʮʦʤ 

 ʉʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ (SPS 10-0.4 Advanced thermal technology), 
ʦʙʨʘʟʮʳ ʩʦʜʝʨʞʘʱʠʝ ʜʠʙʦʨʠʜ ʪʠʪʘʥʘ ʩʧʝʢʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʜʝʨʞʢʠ ʚ 1000ÁC 
ʩ ʜʘʚʣʝʥʠʝʤ 40 ʄʇʘ ʚ ʪʝʯʝʥʠʠ 15 ʤʠʥ. 

ɼʣʷ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʘ ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʜʠʙʦʨʠʜ ʪʠʪʘʥʘ ʠʥʬʦʨʤʘʮʠʷ ʙʨʘʣʘʩʴ 
ʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [12, 13]. ʇʦʨʦʰʦʢ ʪʠʪʘʥʘ ʩʧʝʢʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʜʝʨʞʢʠ 
900ÁC ʜʘʚʣʝʥʠʠ 60 ʄʇʘ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥʫʪ. ʕʪʦʪ ʦʙʨʘʟʝʮ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʩʨʘʚʥʝʥʠʷ 
ʩʚʦʡʩʪʚ ʦʙʲʝʤʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʦʟʠʪʘ ʠ ʪʠʪʘʥʘ. ʇʘʨʘʤʝʪʨʳ ʩʧʝʢʘʥʠʷ 
ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3. 
 

ʊʘʙʣʠʮʘ 2. ʋʩʣʦʚʠʷ ʩʧʝʢʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʩʦʜʝʨʞʘʱʠʭ TiB2 

T, 
ʩʧʝʢʘʥʠʷ, 

ʉ 

P, 
ʄʇʘ 

t, 
ʚʳʜʝʨʞʢʠ

, ʤʠʥ 

ʜʣʠʪʝʣʴʥʦʩʪʴ
ʶ ʠʤʧʫʣʴʩʘ, 

ʤʩ 

ʩʢʦʨʦʩʪʴ 
ʥʘʛʨʝʚʘ, 
ÁC/ʤʠʥ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪ
ʴ ʠʤʧʫʣʴʩʦʚ 

1000 40 15 3,3 150 12:2 

 
ʊʘʙʣʠʮʘ 3. ʋʩʣʦʚʠʷ ʩʧʝʢʘʥʠʷ ʧʦʨʦʰʢʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ TiB2 

T, ʩʧʝʢʘʥʠʷ, 
C 

ʀʟʦʪʝʨʤʠʯʝʩʢʘ
ʷ ʚʳʜʝʨʞʢʘ, 
ʤʠʥ 

P, ʄʇɸ 
ɼʣʠʪʝʣʴʥʦʩʪʴ 
ʠʤʧʫʣʴʩʦʚ, ʤʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʠʤʧʫʣʴʩʦʚ 

900  5  60 3,3  12:2 

  
ʇʦʩʣʝ ʩʧʝʢʘʥʠʷ ʦʙʲʝʤʥʳʝ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ ʥʘ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʉʣʝʜʫʶʱʠʤ 
ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʫʜʝʪ ʩʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ. 
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ʇʆɺʓʐɽʅʀɽ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʀ ʉʊɸʃʀ 40ʍ13 ʀʄʇʃɸʅʊɸʎʀɽʁ ʀʆʅʆɺ 
ʊʀʊɸʅɸ ʉ ʆɼʅʆɺʈɽʄɽʅʅʓʄ ʕʅɽʈɻɽʊʀʏɽʉʂʀʄ ɺʆɿɼɽʁʉʊɺʀɽʄ 

ʉʦʢʦʣʦʚ ʀʚʘʥ ʀʛʦʨʝʚʠʯ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʨʥʝʚʘ ʆʣʴʛʘ ʉʝʨʛʝʝʚʥʘ, ʤʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 
ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʀʐʌɺʇ ʊʇʋ 
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ʉʪʘʣʴ 40ʍ13, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʭʨʦʤʦʥʠʢʝʣʝʚʳʤ ʥʝʨʞʘʚʝʶʱʠʤ ʤʘʪʝʨʠʘʣʘʤ, 

ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʦʞʝʡ, ʣʝʟʚʠʡ, ʠʥʩʪʨʫʤʝʥʪʦʚ, 
ʧʦʜʰʠʧʥʠʢʦʚ ʠ ʜʨʫʛʠʭ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ, ʧʦʚʳʰʝʥʥʦʡ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʠ.  ʊʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʥʫʞʜʘʶʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩ ʮʝʣʴʶ 
ʫʣʫʯʰʝʥʠʷ ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʭʦʨʦʰʦ ʨʘʟʚʠʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʝʪʦʜʦʚ ʤʦʜʠʬʠʢʘʮʠʠ, 
ʧʨʠʤʝʥʷʝʤʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʘ ʵʪʘʧʝ 
ʬʦʨʤʦʦʙʨʘʟʫʶʱʠʭ ʦʧʝʨʘʮʠʡ ï ʵʪʦ ʣʠʪʴʝ ʠ ʦʙʨʘʙʦʪʢʘ ʤʝʪʘʣʘ ʜʘʚʣʝʥʠʝʤ [1]. 
ʄʦʜʠʬʠʢʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ï ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ 
(ʩʪʘʪʠʯʝʩʢʦʝ, ʫʜʘʨʥʦʝ, ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ), ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʠʣʠ ʭʠʤʠʢʦ-
ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʠ, ʠʦʥʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ [2] ʠʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 
ʤʦʜʠʬʠʢʘʮʠʠ.  

ʂʦʣʣʝʢʪʠʚʦʤ ʥʘʫʯʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ 
ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʩʠʥʝʨʛʠʠ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʦʥʥʦʡ 
ʠʤʧʣʘʥʪʘʮʠʠ ʠ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠʦʥʥʦʛʦ 
ʧʫʯʢʘ ʥʘ ʦʙʣʫʯʘʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ [3]. ʄʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 
ʧʨʦʮʝʩʩʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʘ. ʅʘʨʷʜʫ ʩ ʠʤʧʫʣʴʩʥʦ-
ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʝʡ ʠʦʥʦʚ, ʠʤʝʝʪ ʤʝʩʪʦ ʠʤʧʫʣʴʩʥʳʡ 
ʥʘʛʨʝʚ ʧʦʚʝʨʭʥʦʩʪʠ ʧʫʯʢʦʤ ʚʳʩʦʢʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, ʩʚʝʨʭʙʳʩʪʨʦʝ 
ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʟʘ ʩʯʸʪ ʦʪʚʦʜʘ ʪʝʧʣʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʛʣʫʙʴ 
ʤʘʪʝʨʠʘʣʘ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʦʙʨʘʟʮʘ ʠʟ ʩʪʘʣʠ 
40ʍ13 ʧʦʩʣʝ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʡ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʪʠʪʘʥʘ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʩʫʙʤʠʣʣʠʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʴ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
Å ʀʟʫʯʠʪʴ ʤʝʪʦʜ ʠʤʧʣʘʥʪʘʮʠʠ ʠʦʥʦʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʠʦʥʦʚ ʩʫʙʤʠʣʣʠʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. 
Å ʀʩʩʣʝʜʦʚʘʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ. 
Å ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʤʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ 

ʠʦʥʥʦ-ʣʫʯʝʚʦʡ ʠ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʦʚ [4], ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʥʘ ʨʠʩʫʥʢʝ 1.  

 
ʈʠʩ. 1 ï ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʠ 
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1 ï ʚʘʢʫʫʤʥʘʷ ʢʘʤʝʨʘ; 2 ï ʦʪʩʝʢʘʶʱʠʡ ʵʣʝʢʪʨʦʜ; 3 ï ʙʝʩʢʦʥʪʘʢʪʥʳʡ ʧʠʨʦʤʝʪʨ; 
4 ï ʩʝʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ; 5 ï ɻ ʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʦʙʨʘʟʝʮ; 6 ï ʜʫʛʦʚʦʡ ʠʩʪʦʯʥʠʢ ʧʣʘʟʤʳ; 
7 ïʚʳʩʦʢʦʚʦʣʴʪʥʳʡ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ 

  
ʀʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʧʫʯʦʢ ʠʦʥʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ, 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ 450 ʤʢʩ ʩ ʧʣʦʪʥʦʩʪʴʶ ʪʦʢʘ ʜʦ 1,5 ɸ/ʩʤ2, ʬʦʨʤʠʨʦʚʘʣʩʷ ʧʨʠ 
ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 35 ʢɺ ʠʟ ʧʣʘʟʤʳ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʘʢʫʫʤʥʦʛʦ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ 
ʩ ʪʦʢʦʤ 130 ɸ. ɺʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʜʦʩʪʠʛʘʣʘʩʴ ʟʘ ʩʯʸʪ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ 
ʬʦʢʫʩʠʨʦʚʢʠ ʠʦʥʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʝʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʨʘʜʠʫʩʦʤ 130 ʤʤ, ʚ 
ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʨʝʡʬʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʧʦʣʥʷʝʤʦʛʦ ʧʣʘʟʤʦʡ. ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʠʟ ʩʪʘʣʠ 40ʍ13 ʨʘʟʤʝʨʦʤ 20ʭ20 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 
3 ʤʤ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʝʞʠʤʝ ʠʤʧʫʣʴʩʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘ ʜʦ 900 ʦʉ, ʚ 
ʪʝʯʝʥʠʝ 20 ʤʠʥ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʚ ʧʫʯʢʝ ʜʦʩʪʠʛʘʶʱʝʡ 105 ʢɺʪ/ʩʤ2.  

ʌʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ 
ʮʠʬʨʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ɸʃʔʊɸʄʀ ʄɽʊ 3ʉ. ʊʨʠʙʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʪʨʠʙʦʤʝʪʨʝ PC-Operated High Temperature Tribometer ʊʅʊ-S-ɸʍ0000 
ʚ ʨʝʞʠʤʝ ʩʫʭʦʛʦ ʪʨʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ çʰʘʨʠʢ-ʠʥʜʝʥʪʦʨ ï ʚʨʘʱʘʶʱʠʡʩʷ ʜʠʩʢè. 
ʀʩʧʳʪʘʥʠʝ ʥʘ ʠʟʥʦʩ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʦʙʨʘʟʮʘ 1 
ʩʤ/ʩ ʩ ʥʘʛʨʫʟʢʦʡ ʥʘ ʠʥʜʝʥʪʦʨ 2 ʅ. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʰʘʨʠʢ Al2O3 
ʜʠʘʤʝʪʨʦʤ 6 ʤʤ.  

ʀʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ 
ʩʝʯʝʥʠʷ ʪʨʝʢʘ ʠʟʥʦʩʘ ʧʦʩʣʝ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʦʪʩʢʘʥʠʨʦʚʘʥʥʳʭ ʥʘ 
ʪʨʝʭʤʝʨʥʦʤ ʙʝʩʢʦʥʪʘʢʪʥʦʤ ʧʨʦʬʠʣʦʤʝʪʨʝ Micro Measure 3D Station. ʀʟʥʦʩ ʤʘʪʝʨʠʘʣʘ 
ʦʧʨʝʜʝʣʷʣʩʷ ʠʟʤʝʨʝʥʠʝʤ ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʪʨʝʢʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚʦ ʚʨʝʤʷ 
ʠʩʧʳʪʘʥʠʷ, ʜʠʩʪʘʥʮʠʝʡ ʧʨʦʡʜʝʥʥʦʛʦ ʰʘʨʠʢʦʤ ʧʫʪʠ ʠ ʚʝʣʠʯʠʥʦʡ ʧʨʠʣʦʞʝʥʥʦʡ 
ʥʘʛʨʫʟʢʠ [5].  

V=(2Ͻ́ϽRϽA)/(FϽL), 
ʛʜʝ R ï ʨʘʜʠʫʩ ʪʨʝʢʘ, ʤʢʤ; ɸ ï ʧʣʦʱʘʜʴ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʢʘʥʘʚʢʠ ʠʟʥʦʩʘ, ʤʢʤ; F 
ï ʚʝʣʠʯʠʥʘ ʧʨʠʣʦʞʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, ʅ; L ï ʧʨʦʡʜʝʥʥʘʷ ʰʘʨʠʢʦʤ ʜʠʩʪʘʥʮʠʷ, ʤ. 

ʊʚʝʨʜʦʩʪʴ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ 
ʥʘʥʦʪʚʝʨʜʦʤʝʨʘ CSM Instruments NHT2 ʩ ʥʘʛʨʫʟʢʦʡ 20ʤʅ. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʤʦʱʥʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʧʫʯʢʘ ʠʦʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʨʬʦʣʦʛʠʠ 
ʧʦʚʝʨʭʥʦʩʪʠ.  

 

  
ʈʠʩ. 2. ʌʦʪʦʛʨʘʬʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʭʦʜʥʦʛʦ (ʘ) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ (ʙ) 

ʦʙʨʘʟʮʦʚ. 
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ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʨʠʙʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʨʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠʩʧʳʪʘʥʠʷ (ʨʠʩ.3). ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ ʜʣʷ 
ʠʩʭʦʜʥʦʡ ʩʪʘʣʠ 40ʍ13 ʩʥʘʯʘʣʘ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪ.ʝ. ʧʨʦʭʦʜʠʪ ʧʫʪʴ ʧʨʠʨʘʙʦʪʢʠ 
ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʦʙʨʘʟʮʘ ʠ ʢʦʥʪʨ-ʪʝʣʘ, ʟʘʪʝʤ ʚʳʭʦʜʠʪ ʥʘ ʧʣʘʪʦ ʩʦ ʩʪʘʙʠʣʴʥʳʤ 
ʩʨʝʜʥʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʨʘʚʥʳʤ 0,85. ɻʨʘʬʠʢ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 3 ʦʙʣʘʩʪʠ. ʇʝʨʚʘʷ ʦʙʣʘʩʪʴ 
ʧʣʘʚʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦʪ 0.2 ʜʦ 0.4 ʟʘ ʜʠʩʪʘʥʮʠʶ 65 
ʤʝʪʨʦʚ. ɺʪʦʨʘʷ ʦʙʣʘʩʪʴ ï ʵʪʦ ʦʙʣʘʩʪʴ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʜʦ 
ʟʥʘʯʝʥʠʷ Õ = 0.85, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠʩʭʦʜʥʦʛʦ 
ʦʙʨʘʟʮʘ ʠ ʢʦʥʪʨ-ʪʝʣʘ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʚ ʪʨʝʪʴʝʡ ʦʙʣʘʩʪʠ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ ʦʙʨʘʟʮʫ. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʛʨʘʬʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʪʨʝʥʠʷ ʛʦʚʦʨʠʪ ʦʙ ʠʟʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ. 

 
ʈʠʩ. 3. ɻʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ (1) ʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ (2). 
 
ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ 3ɼ-ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʢʦʚ ʠʟʥʦʩʘ. ʇʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʬʠʣʦʤʝʪʨʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʧʣʦʱʘʜʴ ʧʨʦʬʠʣʷ ʪʨʝʢʘ ʠʟʥʦʩʘ.   

 
ʈʠʩ. 4. 3ɼ-ʠʟʦʙʨʘʞʝʥʠʷ ʪʨʝʢʦʚ ʠʟʥʦʩʘ ʠʩʭʦʜʥʦʛʦ (ʘ) ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ 

ʦʙʨʘʟʮʘ (ʙ). 
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ʇʣʦʱʘʜʴ ʪʨʝʢʘ ʠʟʥʦʩʘ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʠʣʘ 391 ʤʢʤ2, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ï 7,63 ʤʢʤ2. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ 
ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʘ ʠʟʥʦʩʘ ʠ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʚʦʟʤʦʞʥʦ ʦʮʝʥʠʪʴ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʦʚ. 

 
 

ʊʘʙʣʠʮʘ 1. ɼʘʥʥʳʝ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʘ ʠʟʥʦʩʘ. 

ʆʙʨʘʟʝʮ R, ʤʤ L, ʤ  F, ʅ A, ʤʢʤ2 V, ʤʤ3/ʅĿʤ 

ʀʩʭʦʜʥʳʡ  
3 90 2 

391 4.1 10-5 

ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 7,63 0.08 10-5 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʢʘʟʘʣʠ ʫʣʫʯʰʝʥʠʝ ʟʥʘʯʝʥʠʷ ʩ 2.5 ɻʇʘ ʜʦ 7.5 

ɻʇʘ. 
ɿʘʢʣʶʯʝʥʠʝ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʘʷ ʠʤʧʣʘʥʪʘʮʠʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʠʤʧʫʣʴʩʥʦ-
ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʫʯʢʦʤ ʪʠʪʘʥʘ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʤʦʱʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʣʠ 
ʤʘʨʢʠ 40ʍ13, ʧʨʠʚʦʜʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢ ʠʟʤʝʥʝʥʠʶ ʤʦʨʬʦʣʦʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʦʙʨʘʟʮʦʚ. ʉʨʘʚʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʠʩʭʦʜʥʳʤ ʦʙʨʘʟʮʦʤ, 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʨʝʞʠʤʝ ʤʦʜʠʬʠʢʘʮʠʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʙʳʣʘ 
ʫʣʫʯʰʝʥʘ ʚ 50 ʨʘʟ. 

ʊʘʢ ʞʝ ʫʜʘʣʦʩʴ ʜʦʩʪʠʯʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʪʚʸʨʜʦʩʪʠ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʩʣʦʷ, ʧʨʠ ʥʘʛʨʫʟʢʝ ʚ 20 ʤʅ, ʪʚʸʨʜʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 7,5 ɻʇʘ, ʯʪʦ ʚ 3 
ʨʘʟʘ ʧʨʝʚʳʰʘʝʪ ʧʘʨʘʤʝʪʨ ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ.  
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ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʊʈɸɽʂʊʆʈʀʀ ʇʆʃɽʊʆɺ ʅɸ ʄɸʈʉ 
ʊʶʥʠʥ ɼʘʥʠʣʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʉʨʝʜʥʷʷ 
ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ4 ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʛʦʨʦʜ ʅʦʚʦʚʦʨʦʥʝʞè 

10 ʢʣʘʩʩ 
ʛ. ʅʦʚʦʚʦʨʦʥʝʞ 
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1. ɺʚʝʜʝʥʠʝ 
   - ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ʥʘ ʄʘʨʩ ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 
ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 
   - ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ 
ʜʣʷ ʢʦʣʦʥʠʟʘʮʠʠ. 
2. ʆʙʟʦʨ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
   - ʀʩʪʦʨʠʷ ʠʟʫʯʝʥʠʷ ʄʘʨʩʘ ʥʘʩʯʠʪʳʚʘʝʪ 3,5 ʪʳʩʷʯʠ ʣʝʪ. 
   - ɼʨʝʚʥʠʝ ʥʘʨʦʜʳ (ʝʛʠʧʪʷʥʝ, ʚʘʚʠʣʦʥʷʥʝ, ʛʨʝʢʠ) ʚʥʝʩʣʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ 
ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ. 
   - ɸʚʪʦʤʘʪʠʯʝʩʢʠʝ ʤʝʞʧʣʘʥʝʪʥʳʝ ʩʪʘʥʮʠʠ ʥʘʯʘʣʠ ʟʘʧʫʩʢʘʪʴʩʷ ʩ 1960 ʛʦʜʘ 
(ʥʘʧʨʠʤʝʨ, ɺʠʢʠʥʛʠ, ʤʘʨʩʦʭʦʜʳ). 
3. ʄʠʩʩʠʠ ʥʘ ʄʘʨʩ 
   - ɹʦʣʝʝ 40 ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʙʳʣʠ ʦʪʧʨʘʚʣʝʥʳ ʢ ʄʘʨʩʫ, ʩ ʧʝʨʝʤʝʥʥʳʤ 
ʫʩʧʝʭʦʤ. 
   - ʇʝʨʚʳʝ ʫʩʧʝʰʥʳʝ ʤʠʩʩʠʠ (Mariner-4, Viking-1 ʠ Viking-2) ʧʨʝʜʦʩʪʘʚʠʣʠ ʚʘʞʥʳʝ 
ʜʘʥʥʳʝ ʦ ʧʣʘʥʝʪʝ. 
   - ʉʦʚʨʝʤʝʥʥʳʝ ʤʠʩʩʠʠ (Curiosity, Perseverance) ʧʨʦʜʦʣʞʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʘʪʤʦʩʬʝʨʳ ʠ ʧʦʚʝʨʭʥʦʩʪʠ. 
4. ʇʨʦʙʣʝʤʳ ʠ ʩʣʦʞʥʦʩʪʠ ʧʦʣʝʪʦʚ ʥʘ ʄʘʨʩ 
   - ɼʦʨʦʛʦʚʠʟʥʘ ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʧʦʣʝʪʘ, ʨʠʩʢʠ ʜʣʷ ʟʜʦʨʦʚʴʷ ʢʦʩʤʦʥʘʚʪʦʚ (ʚʣʠʷʥʠʝ 
ʨʘʜʠʘʮʠʠ, ʥʠʟʢʘʷ ʛʨʘʚʠʪʘʮʠʷ). 
   - ʄʝʪʦʜʳ ʧʝʨʝʜʚʠʞʝʥʠʷ ʦʛʨʘʥʠʯʝʥʳ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʦʡ, ʥʝʦʙʭʦʜʠʤʳ 
ʘʣʴʪʝʨʥʘʪʠʚʳ. 
   - ʂʣʘʫʩʪʨʦʬʦʙʠʷ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʚ ʜʣʠʪʝʣʴʥʳʭ ʧʫʪʝʰʝʩʪʚʠʷʭ. 
5. ʅʘʫʯʥʳʝ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʚʳʟʦʚʳ 
   - ʉʦʟʜʘʥʠʝ ʧʦʜʭʦʜʷʱʠʭ ʩʢʘʬʘʥʜʨʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ ʜʣʷ ʟʘʱʠʪʳ ʦʪ 
ʤʘʨʩʠʘʥʩʢʦʡ ʘʪʤʦʩʬʝʨʳ. 
   - ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʠ ʤʝʪʦʜʦʚ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʄʘʨʩʝ. 
   - ʇʨʦʙʣʝʤʳ ʩ ʚʦʜʦʩʥʘʙʞʝʥʠʝʤ ʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʞʠʟʥʠ ʥʘ ʧʣʘʥʝʪʝ. 
6. ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʘʩʩʠʩʪʝʥʮʠʷ 
   - ɻʨʘʚʠʪʘʮʠʷ ʄʘʨʩʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʟʝʤʥʦʡ, ʯʪʦ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ 
ʙʫʜʫʱʠʭ ʤʠʩʩʠʡ. 
   - ʀʟʫʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʧʦʜʛʦʪʦʚʢʝ ʢ ʙʫʜʫʱʠʤ ʚʳʩʘʜʢʘʤ. 
ʕʪʠ ʢʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ʧʦʜʯʝʨʢʠʚʘʶʪ ʚʘʞʥʦʩʪʴ ʠ ʤʥʦʛʦʘʩʧʝʢʪʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʄʘʨʩʘ, ʘ ʪʘʢʞʝ ʚʳʟʦʚʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʫʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ. 
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10. tenthttps://www.nkj.ru/open/39451/ 



159 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɿɸʑʀʊʅʓʍ ʉɺʆʁʉʊɺ ʇɽʈɽʈɸɹʆʊɸʅʅʆɻʆ ʇʆʃʀʕʊʀʃɽʅɸ 

ʆʊ ɻɸʄʄɸ-ʀɿʃʋʏɽʅʀʗ 
ʂʫʟʴʤʠʥʩʢʘʷ ɺʝʨʘ, ʌʫʨʩʦʚʘ ʉʦʬʠʷ, ɼʝʨʜʠʷʱʝʥʢʦ ʆʣʝʩʷ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ 
10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʣʘʯʢʦʚ ʄʘʢʩʠʤ ʄʠʭʘʡʣʦʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʆʗʊʎ ʀʗʊʐ ʅʀ ʊʇʋ 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʧʨʦʙʣʝʤʘ ʚʨʝʜʦʥʦʩʥʦʛʦ ʜʝʡʩʪʚʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 
ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ. ɻʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, 
ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʙʳʩʪʨʦ ʧʨʦʥʠʢʘʪʴ ʚ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ 
ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʝʣʘʝʪ ʝʛʦ 
ʛʫʙʠʪʝʣʴʥʳʤ ʜʣʷ ʚʩʝʛʦ ʞʠʚʦʛʦ. ɼʘʥʥʳʡ ʚʠʜ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʠʦʥʠʟʠʨʫʶʱʠʤ 
ʠʟʣʫʯʝʥʠʝʤ, ʘ ʟʥʘʯʠʪ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʝʚʨʘʱʝʥʠʶ ʩʪʘʙʠʣʴʥʳʭ ʘʪʦʤʦʚ ʚ ʢʘʪʠʦʥʳ ʠ 
ʘʥʠʦʥʳ. 

ɻʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 
ʦʪʨʘʩʣʷʭ. ɻʘʤʤʘ-ʣʫʯʠ ʩʧʦʩʦʙʥʳ ʨʘʟʨʫʰʠʪʴ ʘʥʦʤʘʣʴʥʳʝ ʨʘʢʦʚʳʝ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ ʠ 
ʧʨʝʢʨʘʪʠʪʴ ʠʭ ʜʝʣʝʥʠʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʚ ʣʝʯʝʥʠʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 
ʟʘʙʦʣʝʚʘʥʠʡ. ʊʘʢʞʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʧʨʦʚʝʨʷʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠʟʜʝʣʠʷ ʥʘ ʜʝʬʝʢʪʳ. 
ʃʫʯʠ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪ ʚ ʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʠ ʜʘʞʝ ʩʝʣʝʢʮʠʠ [1]. ʇʦʵʪʦʤʫ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ 
ʰʠʨʦʢʠʤ. ɺʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʟʘʱʠʪʳ ʦʪ ʥʝʛʦ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʯʘʩʪʦ ʟʘ ʦʩʥʦʚʫ ʟʘʱʠʪʥʳʭ ʠʟʜʝʣʠʡ ʙʝʨʫʪ ʧʦʣʠʤʝʨʳ ʠ 
ʫʜʝʣʷʶʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘʥʦʥʘʧʦʣʥʠʪʝʣʷʤ. ʇʦʣʠʤʝʨʳ ʷʚʣʷʶʪʩʷ 
ʤʥʦʛʦʦʙʝʱʘʶʱʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʟʘ ʩʯʝʪ ʩʚʦʠʭ 
ʪʝʨʤʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʵʬʬʝʢʪʠʚʥʘʷ 
ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʣʠʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʵʢʦʣʦʛʠʠ, ʚʝʜʴ 
ʧʣʘʩʪʠʢ ʨʘʟʣʘʛʘʝʪʩʷ ʙʦʣʴʰʝ ʩʪʘ ʣʝʪ ʠ, ʪʝʤ ʩʘʤʳʤ, ʟʘʛʨʷʟʥʷʝʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ 
ʢʘʯʝʩʪʚʝ ʥʘʧʦʣʥʠʪʝʣʷ ʣʫʯʰʝ ʚʳʙʨʘʪʴ ʢʦʤʧʦʟʠʪ ʩ ʚʳʩʦʢʠʤ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ, ʪʦʛʜʘ 
ʟʘʱʠʪʘ ʧʦʣʫʯʠʪʴʩʷ ʣʝʛʢʦʡ ʠ ʛʠʙʢʦʡ [2]. 

ɺʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʘʩʪʠʢʘ ʝʛʦ ʟʘʱʠʪʥʳʝ 
ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʪʘʢ ʢʘʢ ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʣʠʤʝʨʥʳʭ 
ʮʝʧʷʭ. ɸ ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʤʥʦʞʝʩʪʚʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ, ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʦʚ, ʯʪʦ ʜʦʧʦʣʥʷʝʪʩʷ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʠʥʠʣʦʚʳʭ ʠ ʚʠʣʠʜʝʥʦʚʳʭ ʛʨʫʧʧ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ ʢʠʩʣʦʨʦʜʘ. ɽʩʣʠ 
ʜʘʣʴʰʝ ʧʨʦʜʦʣʞʘʪʴ ʧʝʨʝʨʘʙʦʪʢʠ, ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 
ʧʦʣʠʵʪʠʣʝʥʘ, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 
ʧʣʘʩʪʠʢʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʢʘʞʝʪʩʷ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʟʘʱʠʪʳ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 
ʀʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ ʚʣʠʷʝʪ ʥʘ ʢʦʛʝʨʝʥʪʥʦʝ ʨʘʩʩʝʷʥʠʝ 
ʬʦʪʦʥʦʚ, ʪʦ ʝʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ ʨʘʩʩʝʷʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʩʥʠʞʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʪʦʣʱʠʥʫ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ, ʘ ʟʥʘʯʠʪ, ʫʤʝʥʴʰʘʷ ʩʚʦʡʩʪʚʘ 
ʤʘʪʝʨʠʘʣʘ ʟʘʱʠʱʘʪʴ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ 
ʧʦʣʠʵʪʠʣʝʥʘ ʦʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ï ʠʟʛʦʪʦʚʠʪʴ ʦʙʨʘʟʮʳ ʠʟ ʚʪʦʨʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ; 
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ï ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʩʣʘʙʣʝʥʠʶ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʩ ʫʚʝʣʠʯʝʥʠʝ 
ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʦʚ ʩ ʧʦʤʦʱʴʶ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ; 

ï ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ 
ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʘʙʣʠʯʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 

ʂ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʦ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʧʣʘʩʪʠʢʘ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʛʦ 
ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʱʘʣʠʩʴ ʫʞʝ ʤʥʦʛʠʝ ʫʯʝʥʳʝ. ʂ ʧʨʠʤʝʨʫ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ [3] ʩʦʩʪʘʚʣʝʥʘ 
ʪʘʙʣʠʮʘ ʩ ʤʘʩʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʦʩʣʘʙʣʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʵʥʝʨʛʠʠ ʜʣʷ 
ʩʤʝʩʠ ʧʣʘʩʪʠʢʘ ʩ ʤʝʜʴʶ. 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ [4] ʚʳʷʚʠʣʠ ʥʘʥʦʢʦʤʧʦʟʠʪ ʠʟ ʧʝʨʝʨʘʙʦʪʘʥʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ 
ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ (HDPE) ʬʦʩʬʦʨʥʦ-ʚʦʣʴʬʨʘʤʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʥʘʥʦʯʘʩʪʠʮ ʦʢʩʠʜʘ 
ʤʝʜʠ (CuO). ɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʦʧʨʝʜʝʣʠʣʠ ʤʘʩʩʦʚʳʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ, ʜʘʣʝʝ ʠʭ ʟʥʘʯʝʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ, 
ʫʯʠʪʳʚʘʷ ʧʦʛʨʝʰʥʦʩʪʠ. 

ɺ ʨʘʙʦʪʝ [5] ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʢʩʠʜʘ ʞʝʣʝʟʘ 
(Fe3O4) ʩ HDPE ʚ ʨʦʣʠ ʧʦʛʣʦʪʠʪʝʣʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʟʛʦʪʦʚʣʝʥʳ 
ʯʝʪʳʨʝ ʠʟʜʝʣʠʷ, ʩʦʜʝʨʞʘʱʠʝ ʨʘʟʣʠʯʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʣʘʩʪʠʢʘ ʠ ʥʘʥʦʯʘʩʪʠʮʳ 
Fe3O4. ɼʘʣʝʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʠʭ ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʩʣʘʙʣʝʥʠʷ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʦʚʝʜʝʥʥʳʝ ʦʧʳʪʳ, ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ 
Fe3O4, ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʟʨʘʩʪʘʝʪ. ʆʩʦʙʝʥʥʦ ʭʦʨʦʰʦ ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 
ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʠ ʵʥʝʨʛʠʷʭ ʤʝʥʴʰʝ 100 ʢʵɺ. 

ʇʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ: 
ï ʬʨʘʛʤʝʥʪʘʮʠʷ ʧʣʘʩʪʠʢʦʚʳʭ ʢʨʳʰʝʢ HDPE: ʵʪʦʪ ʵʪʘʧ ʚʘʞʝʥ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʨʘʚʥʦʤʝʨʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ. ʀʟʤʝʣʴʯʝʥʠʝ ʢʨʳʰʝʢ ʫʚʝʣʠʯʠʚʘʝʪ 
ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʧʣʦʧʝʨʝʜʘʯʝ. 

ï ʅʘʛʨʝʚ ʬʨʘʛʤʝʥʪʦʚ ʜʦ 200ÁC ʜʣʷ ʨʘʟʤʷʛʯʝʥʠʷ: ʪʝʤʧʝʨʘʪʫʨʘ 200ÁC ʙʳʣʘ 
ʚʳʙʨʘʥʘ ʢʘʢ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʷ ʧʣʘʚʣʝʥʠʷ HDPE ʙʝʟ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ. ɺʘʞʥʦ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʤʘʪʝʨʠʘʣʘ. 

ï ʇʨʝʩʩʦʚʘʥʠʝ ʨʘʟʤʷʛʯʝʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʪʘʙʣʝʪʢʠ: 
ʇʨʝʩʩʦʚʘʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʦʡ ʠ 
ʨʘʟʤʝʨʘʤʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʩʣʘʙʣʝʥʠʶ ʛʘʤʤʘ-
ʠʟʣʫʯʝʥʠʷ. ʎʠʣʠʥʜʨʠʯʝʩʢʘʷ ʬʦʨʤʘ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪʳ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʫʶ 
ʪʦʣʱʠʥʫ ʧʨʠ ʦʙʣʫʯʝʥʠʠ. 

ʀʟʤʝʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: 
ï ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ (ʜʠʘʤʝʪʨ, ʚʳʩʦʪʘ) ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ: 

ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʨʘʟʤʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʩʯʝʪʘ ʦʙʲʝʤʘ ʠ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 
ʠʟʤʝʨʝʥʠʡ. 

ï ʀʟʤʝʨʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʚʝʩʘʭ: ʪʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ 
ʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ 
ʚʝʩʦʚ Shimadzu BX 320H ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ï ʈʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʧʣʦʪʥʦʩʪʴ 
ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ 
ʦʩʣʘʙʣʷʪʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ. ʈʘʩʯʝʪ ʧʣʦʪʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ 
ʦʙʨʘʟʮʳ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʦʮʝʥʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʩʪʠʢʘ ʟʘʜʝʨʞʠʚʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʟʘʢʣʶʯʘʣʦʩʴ 
ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʘʩʪʠʢʘ ʟʘʜʝʨʞʠʚʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʙʳʣ 
ʠʩʧʦʣʴʟʦʚʘʥ ʠʩʪʦʯʥʠʢ Eu-152, ʠʟʣʫʯʘʶʱʠʡ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʚ ʰʠʨʦʢʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 
ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʦʩʣʘʙʣʝʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ 
ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʵʥʝʨʛʠʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʣʦ ʚʨʝʤʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʩʥʦʚʥʳʤ 
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ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʘʩʴ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʛʘʤʤʘ-
ʩʧʝʢʪʨʦʤʝʪʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʨʠʙʦʨ, ʩʧʦʩʦʙʥʳʡ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʵʥʝʨʛʠʶ ʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥʫʪ. ɺ 
ʧʨʦʮʝʩʩʝ ʠʟʤʝʨʝʥʠʡ ʜʝʪʝʢʪʦʨ ʩʧʝʢʪʨʦʤʝʪʨʘ ʬʠʢʩʠʨʦʚʘʣ ʢʦʣʠʯʝʩʪʚʦ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, 
ʧʨʠʭʦʜʷʱʠʭ ʦʪ ʠʩʪʦʯʥʠʢʘ Eu-152, ʠ ʠʭ ʵʥʝʨʛʠʶ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ 
ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʦ ʵʥʝʨʛʠʷʤ. ɸʥʘʣʠʟ ʵʪʦʛʦ ʩʧʝʢʪʨʘ ʧʦʟʚʦʣʷʣ 
ʦʮʝʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʧʣʘʩʪʠʢ ʦʩʣʘʙʣʷʝʪ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʵʥʝʨʛʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʩʪʦʯʥʠʢʘ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʵʥʝʨʛʠʡ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ 
ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʘʱʠʪʥʳʭ 
ʩʚʦʡʩʪʚʘʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ï ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ: ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ 
ʤʝʪʦʜʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʧʣʦʱʘʜʴ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʧʣʦʱʘʜʠ 
ʜʝʪʝʢʪʦʨʘ, ʧʨʠʤʝʥʷʣʩʷ ʩʚʠʥʮʦʚʳʡ ʢʦʣʣʠʤʘʪʦʨ ʩ ʦʪʚʝʨʩʪʠʝʤ. ʂʦʣʣʠʤʘʪʦʨ 
ʵʬʬʝʢʪʠʚʥʦ ʟʘʜʝʨʞʠʚʘʣ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʠʩʢʣʶʯʘʷ ʠʭ ʧʦʧʘʜʘʥʠʝ ʥʘ ʜʝʪʝʢʪʦʨ ʚʥʝ 
ʦʙʣʘʩʪʠ ʦʪʚʝʨʩʪʠʷ. ʇʝʨʝʢʨʳʚʘʷ ʦʪʚʝʨʩʪʠʝ ʧʣʘʩʪʠʢʦʤ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, 
ʠʟʤʝʨʷʣʦʩʴ ʯʠʩʣʦ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʯʝʨʝʟ ʧʣʘʩʪʠʢ. 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʚ Excel, ʛʜʝ ʩʪʨʦʠʣʠʩʴ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 
ʯʠʩʣʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʦʪ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʢʘ. ʂ ʵʪʠʤ ʛʨʘʬʠʢʘʤ ʧʨʦʚʦʜʠʣʘʩʴ 
ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ, ʠʟ ʢʦʪʦʨʦʡ ʠʟʚʣʝʢʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 
ʦʩʣʘʙʣʝʥʠʷ (ɛ). ɼʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ 
ʦʩʣʘʙʣʝʥʠʷ, ʧʨʦʚʦʜʠʣʩʷ ʧʝʨʝʩʯʝʪ ʚ ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-
ʢʚʘʥʪʦʚ (ɛm). ɼʣʷ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪ ɛ ʜʝʣʠʣʩʷ ʥʘ ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ. 
ʇʦʣʫʯʝʥʥʳʝ ʤʘʩʩʦʚʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ ʪʘʙʣʠʯʥʳʤʠ 
ʟʥʘʯʝʥʠʷʤʠ, ʠʟʤʝʨʝʥʥʳʤʠ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. 

ɻʨʘʬʠʢ ʦʩʣʘʙʣʝʥʠʷ ʬʦʪʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʠʢʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ 

ʧʣʘʩʪʠʢʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʚ ʢʵɺ 
 

ɼʘʥʥʳʡ ʛʨʘʬʠʢ (ʨʠʩ.1) ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʢʘʢ ʪʦʣʱʠʥʘ ʧʣʘʩʪʠʢʘ ʚʣʠʷʝʪ ʥʘ 
ʦʩʣʘʙʣʝʥʠʝ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ, ʠ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʣʘʩʪʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʧʦʛʣʦʱʘʶʱʝʛʦ ʤʘʪʝʨʠʘʣʘ. ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ 
ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʤʘʪʝʨʠʘʣʘ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʠʢʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ 
ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʢʘ ʜʣʷ ʚʩʝʭ ʵʥʝʨʛʠʡ. ʉʪʝʧʝʥʴ 
ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʱʘʜʠ ʧʠʢʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʛʘʤʤʘ-
ʢʚʘʥʪʦʚ. ɹʦʣʝʝ ʥʠʟʢʠʝ ʵʥʝʨʛʠʠ ʦʩʣʘʙʣʷʶʪʩʷ ʩʠʣʴʥʝʝ ʠ ʙʳʩʪʨʝʝ, ʯʝʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 
ʵʥʝʨʛʠʠ. ʅʝʢʦʪʦʨʳʝ ʠʟʤʝʨʝʥʠʷ ʠʤʝʶʪ ʙʦʣʴʰʠʝ ʧʦʛʨʝʰʥʦʩʪʠ, ʯʪʦ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ 
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ʧʨʠ ʘʥʘʣʠʟʝ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʵʥʝʨʛʠʠ ʨʘʚʥʦʡ 245 ʢʵɺ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ 
ʫʚʝʣʠʯʠʣʘʩʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʢʘ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 
ʙʦʣʴʰʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʳ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʠ ʠʭ ʫʨʘʚʥʝʥʠʷ. 
ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʩʪʘʥʜʘʨʪʥʦʡ ʬʦʨʤʫʣʦʡ ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ 
ʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʦʛʦ ʧʫʯʢʘ ʬʦʪʦʥʦʚ: 

I = I0Ŀe-ɛĿx, 
ʛʜʝ I ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʠʢʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʪʦʣʱʠʥʝ 

ʤʘʪʝʨʠʘʣʘ x; I0 ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʧʠʢʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʪʦʣʱʠʥʝ 
ʤʘʪʝʨʠʘʣʘ 0; ɛ ï ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ; x ï ʪʦʣʱʠʥʘ 
ʤʘʪʝʨʠʘʣʘ. 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʠʢʘ ʧʦʣʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ 
ʧʣʘʩʪʠʢʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ 
ʀʟ ʨʠʩʫʥʢʘ 2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʵʥʝʨʛʠʡ ʪʦʣʱʠʥʘ ʤʘʪʝʨʠʘʣʘ ʦʢʘʟʘʣʘʩʴ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʦʩʣʘʙʣʝʥʠʷ. ʃʠʥʝʡʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 
ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʝʨʝʥʝʩʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 
ʊʘʙʣʠʮʘ 1. ʉʦʦʪʚʝʪʩʪʚʠʝ ʵʥʝʨʛʠʡ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʩʣʘʙʣʝʥʠʷ 

ʕʥʝʨʛʠʷ, 
ʢʵɺ 

ʃʠʥʝʡʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʛʣʦʱʝʥʠʷ (ɛ), ʩʤ-1 

ʄʘʩʩʦʚʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʛʣʦʱʝʥʠʷ, ʩʤ2/ʛ 

ʊʘʙʣʠʯʥʳʡ ʤʘʩʩʦʚʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ 
ʧʦʛʣʦʱʝʥʠʷ, ʩʤ2/ʛ 
[6 c.648] 

121 0,41 0,519Ñ0,014 0,169 

334 0,18 0,228Ñ0,006 0,121 

778 0,18 0,228Ñ0,006 0,081 

964 0,38 0,48Ñ0,06 0,06 

1101 0,046 0,0582Ñ0,0016 0,0725 

1409 0,048 0,0608Ñ0,0017 0,0590 

 
ʇʦʣʫʯʝʥʥʳʡ ʣʠʥʝʡʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʝʨʝʚʦʜʠʣʩʷ 

ʚ ʤʘʩʩʦʚʳʡ ʧʦ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʝ: 
ɛm = ɛ/ɟ, 

ʛʜʝ ɛm ï ʤʘʩʩʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ; ɟ ï ʧʣʦʪʥʦʩʪʴ 
ʦʙʨʘʟʮʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʜʘʥʥʳʝ ʧʦʨʦʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʩʭʦʞʜʝʥʠʷ ʤʝʞʜʫ 
ʨʘʩʯʝʪʥʳʤʠ ʤʘʩʩʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʠʭ ʪʘʙʣʠʯʥʳʤʠ ʘʥʘʣʦʛʘʤʠ. ɺ 

y = 1,109e-0,041x

y = 1,0139e-0,0048x

y = 0,9784e-0,038x

y = 0,9952e-0,0046x

y = 1,0284e-0,018x

y = 1,0269e-0,018x
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ʦʙʣʘʩʪʠ (121, 778, 964 ʢʵɺ) ʵʥʝʨʛʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʦʪʢʣʦʥʝʥʠʝ. ʊʘʢʦʝ 
ʦʪʢʣʦʥʝʥʠʝ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʰʠʙʢʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ. ɸ ʤʘʩʩʦʚʳʝ 
ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʡ: 334ʢʵɺ, 1101ʢʵɺ, 1409ʢʵɺ ʧʨʠʙʣʠʞʝʥʳ ʢ 
ʪʘʙʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ɺʳʚʦʜ: 
ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʮʳ, ʩʜʝʣʘʥʥʳʝ ʠʟ ʚʪʦʨʠʯʥʦʛʦ 

ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʤʝʶʪ ʩʭʦʞʠʝ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʦʪ ʛʘʤʤʘ-
ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʠ ʦʙʳʯʥʳʡ ʧʦʣʠʵʪʠʣʝʥ. ʈʘʩʭʦʞʜʝʥʠʷ ʩ ʪʝʦʨʠʝʡ ʩʚʷʟʘʥʳ ʩ 
ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ð ʤʘʣʘʷ ʪʦʣʱʠʥʘ ʢʦʣʣʠʤʘʪʦʨʘ, ʤʘʣʦʝ ʚʨʝʤʷ 
ʵʢʩʧʦʟʠʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʤʦʥʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ɻʘʤʤʘ-ʠʟʣʫʯʝʥʠʝ ï ʆʧʘʩʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʠ ʤʝʪʦʜʳ ʟʘʱʠʪʳ , ʚʦʣʥʦʚʳʝ 
ʩʚʦʡʩʪʚʘ , ʩʦʚʝʪʳ ʩʧʝʮʠʘʣʠʩʪʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://mz67.ru/inf/gamma-izluchenie-ponyatie-istochniki-primenenie-i-
sposoby-zashhity (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 10.11.2024) 

2. More C.V. et al. Polymeric composite materials for radiation shielding: A 
review. // Environmental chemistry letters. ï 2021. ï V. 19. ï P. 2057 ï 2090. 
DOI: https://doi.org/10.1007/s10311-021-01189-9 

3. Hubbell J.H., Seltzer S.M. X-Ray mass attenuation coefficients: NIST standard 
reference database 126 // National Institute of Standards and Technology, 
Gaithersburg, Maryland, USA. ï 2004. DOI: https:// 
dx.doi.org/10.18434/T4D01F 

4. Mahmoud M. E. et al. Fabrication and characterization of phosphotungstic 
acid-Copper oxide nanoparticles-Plastic waste nanocomposites for 
enhanced radiation-shielding. // Journal of Alloys and Compounds. ï 2019. ï 
V. 803. ï P. 768 ï 777. DOI: https://doi.org/10.1016/j.jallcom.2019.06.290  

5. Keshavarzi M., Malekie S., Hosseini M.A. An overview of the radiation-
protective properties of nanocomposites containing Iron Oxide and High 
Density Polyethylene in the presence of X-and Gamma-rays. / 14th 
International Seminar on Polymer Science and Technology. ï Tarbiat 
Modares University Tehran, Iran, 2020. 

6. ɹʝʩʧʘʣʦʚ ɺ.ʀ. ʃʝʢʮʠʠ ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʝ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï 5-ʝ 
ʠʟʜ., ʨʘʩʰʠʨ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥ-ʪʘ, 2017. ï 
695 ʩ. ISBN 5-283-03804-2. 

 
 
 

ʂɸʄɽʈɸ ɺʀʃʔʉʆʅɸ 
ʍʤʝʣʴʢʦʚʘ ɸʨʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʃʠʮʝʡ ˉ1è, 
10 ʢʣʘʩʩ 
ʛ. ɸʯʠʥʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʨʦʪʘʩʦʚ ʊʠʤʦʬʝʡ ʅʠʢʦʣʘʝʚʠʯ,   
ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄʆʋ çʃʠʮʝʡ ˉ1è 

 
ɺ ʪʝʯʝʥʠʝ ʜʝʩʷʪʢʦʚ ʣʝʪ ʢʘʤʝʨʘ ɺʠʣʴʩʦʥʘ ʙʳʣʘ ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʙʣʶʜʘʪʴ ʪʨʝʢʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʉ ʝʸ ʧʦʤʦʱʴʶ 
ʙʳʣʠ ʦʪʢʨʳʪʳ ʵʣʝʢʪʨʦʥʳ, ʧʦʟʠʪʨʦʥʳ, ʤʶʦʥʳ, ʧʠʦʥʳ, ʛʣʶʦʥʳ ʠ ʪ. ʜ. ʊʘʢʞʝ 
ʠʩʩʣʝʜʦʚʘʥʳ ʤʥʦʛʠʝ ʷʜʝʨʥʳʝ ʨʝʘʢʮʠʠ [1].  

ʇʦʩʣʝ ʠʟʦʙʨʝʪʝʥʠʷ ʧʫʟʳʨʴʢʦʚʦʡ ʠ ʠʩʢʨʦʚʦʡ ʢʘʤʝʨʳ, ʟʥʘʯʝʥʠʝ ʢʘʤʝʨʳ 
ɺʠʣʴʩʦʥʘ ʥʘʯʘʣʦ ʫʤʝʥʴʰʘʪʴʩʷ, ʦʜʥʘʢʦ, ʠʟ-ʟʘ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ 
ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ, ʦʥʘ ʚʩʸ ʝʱʸ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʘʤʳʭ 

https://mz67.ru/inf/gamma-izluchenie-ponyatie-istochniki-primenenie-i-sposoby-zashhity%20(дата
https://mz67.ru/inf/gamma-izluchenie-ponyatie-istochniki-primenenie-i-sposoby-zashhity%20(дата
https://doi.org/10.1007/s10311-021-01189-9
https://doi.org/10.1016/j.jallcom.2019.06.290
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ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʜʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 
ʧʨʠʙʦʨʦʤ, ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʘʨʘ 
[2]. 

ʂʘʤʝʨʘ ɺʠʣʴʩʦʥʘ ï ʪʨʝʢʦʚʳʡ ʜʝʪʝʢʪʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ 
ʢʦʪʦʨʳʭ ʪʨʝʢ (ʩʣʝʜ) ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʝʪ ʮʝʧʦʯʢʘ ʤʝʣʢʠʭ ʢʘʧʝʣʝʢ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ 
ʪʨʘʝʢʪʦʨʠʠ ʝʸ ʜʚʠʞʝʥʠʷ. 

ʇʨʠʥʮʠʧ ʝʸ ʨʘʙʦʪʳ ʩʣʝʜʫʶʱʠʡ: ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ, ʚʣʝʪʝʚʰʘʷ ʚ ʢʘʤʝʨʫ, 
ʥʘʧʦʣʥʝʥʥʫʶ ʧʝʨʝʩʳʱʝʥʥʳʤ ʧʘʨʦʤ, ʧʨʠ ʩʪʦʣʢʥʦʚʝʥʠʷʭ ʩ ʤʦʣʝʢʫʣʘʤʠ ʛʘʟʘ ʚʳʟʳʚʘʝʪ 
ʠʭ ʠʦʥʠʟʘʮʠʶ. ʆʙʨʘʟʦʚʘʚʰʠʝʩʷ ʠʦʥʳ ʚʳʩʪʫʧʘʶʪ ʚ ʨʦʣʠ ʮʝʥʪʨʦʚ ʢʦʥʜʝʥʩʘʮʠʠ, ʠ 
ʧʝʨʝʩʳʱʝʥʥʳʡ ʧʘʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʘʤʝʨʝ, ʥʘʯʠʥʘʝʪ ʢʦʥʜʝʥʩʠʨʦʚʘʪʴʩʷ ʥʘ ʥʠʭ ʚ ʚʠʜʝ 
ʢʘʧʝʣʝʢ. ʕʪʠ ʢʘʧʝʣʴʢʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʮʝʧʦʯʢʦʡ (ʪʨʝʢʦʤ) ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʯʘʩʪʠʮʳ, 
ʜʝʣʘʶʪ ʝʸ ʭʦʨʦʰʦ ʚʠʜʠʤʦʡ ʠ ʜʦʩʪʫʧʥʦʡ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ [4]. 

ʂʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʠʦʥʠʟʠʨʫʶʱʠʭ ʯʘʩʪʠʮ, 
ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʚʠʜʠʤʳʝ ʪʨʝʢʠ ʚ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʘʭ [3]. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʢʘʩʘʶʱʫʶʩʷ ʪʫʤʘʥʥʦʡ ʢʘʤʝʨʳ 
ɺʠʣʴʩʦʥʘ ʠ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʬʠʟʠʢʠ, ʤʳ ʨʝʰʠʣʠ ʚ 
ʫʩʣʦʚʠʷʭ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʠʟ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠʟʛʦʪʦʚʠʪʴ ʜʝʡʩʪʚʫʶʱʫʶ 
ʤʦʜʝʣʴ, ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʫʩʪʫʧʘʶʱʫʶ ʢʦʤʤʝʨʯʝʩʢʠʤ ʦʙʨʘʟʮʘʤ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  
- ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʢʘʩʘʶʱʠʡʩʷ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʬʠʟʠʢʠ; 
- ʚ ʫʩʣʦʚʠʷʭ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʠ ʠʟ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʟʛʦʪʦʚʠʪʴ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʪʫʤʘʥʥʦʡ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ; 
- ʧʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʦʙʨʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʨʦʚʝʩʪʠ ʨʷʜ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʧʨʠʙʦʨʘ, ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʨʧʫʩ ʦʪ ʥʝʠʩʧʨʘʚʥʦʛʦ 

ʘʨʭʠʪʝʢʪʫʨʥʦʛʦ ʧʨʦʞʝʢʪʦʨʘ. ʅʘ ʪʦʢʘʨʥʦ-ʚʠʥʪʦʨʝʟʥʦʤ ʩʪʘʥʢʝ ʙʳʣʘ ʦʪʨʝʟʘʥʘ ʯʘʩʪʴ 
ʢʦʨʧʫʩʘ ʧʨʦʞʝʢʪʦʨʘ ʠ ʦʙʨʘʙʦʪʘʥʘ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʨʘʜʠʘʪʦʨʘ. ʇʦʩʣʝ ʦʙʨʘʙʦʪʢʠ, 
ʨʘʜʠʘʪʦʨ ʙʳʣ ʨʘʟʤʝʱʝʥ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ. ʄʝʩʪʦ ʩʪʳʢʘ ʨʘʜʠʘʪʦʨʘ ʠ ʢʦʨʧʫʩʘ 
ʙʳʣʦ ʟʘʣʠʪʦ ʧʦʣʠʵʬʠʨʥʦʡ ʩʤʦʣʦʡ. ʅʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʨʘʜʠʘʪʦʨʘ ʙʳʣʠ 
ʨʘʟʤʝʱʝʥʳ ʵʣʝʤʝʥʪʳ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ʊʨʫʙʢʠ ʵʣʝʤʝʥʪʦʚ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʠ 
ʩʦʝʜʠʥʝʥʳ ʩ ʤʝʜʥʳʤʠ ʪʨʫʙʢʘʤʠ ʠ ʚʳʚʝʜʝʥʳ ʟʘ ʧʨʝʜʝʣʳ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ. ɼʣʷ 
ʬʠʢʩʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʠ ʪʨʫʙʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 
ʪʝʧʣʦʧʦʪʝʨʴ, ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʨʘʜʠʘʪʦʨʘ ʙʳʣʘ ʟʘʣʠʪʘ ʩʤʦʣʦʡ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʚ ʢʘʤʝʨʝ ɺʠʣʴʩʦʥʘ, ʨʝʰʝʥʦ ʙʳʣʦ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʝʪʳʨʝ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ. ʉ ʠʭ ʧʦʤʦʱʴʶ ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 
ʦʭʣʘʞʜʘʣʘʩʴ ʜʦ ï 20 ÁC. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ, 
ʦʥʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʭʣʘʞʜʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʚʦʜʷʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɺ 
ʢʘʯʝʩʪʚʝ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚʦʜʘ, ʢʦʪʦʨʘʷ ʧʦʩʪʫʧʘʣʘ ʚ ʩʠʩʪʝʤʫ 
ʦʭʣʘʞʜʝʥʠʷ ʠʟ ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʝʤʢʦʩʪʠ ʩ ʚʦʜʦʡ ʠ ʙʨʠʢʝʪʘʤʠ ʣʴʜʘ. ʇʦʜʘʯʘ ʚʦʜʳ 
ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʞʠʜʢʦʩʪʥʦʛʦ ʥʘʩʦʩʘ. ʋʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ 
ʢʦʥʪʨʦʣʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʨʤʦʤʝʪʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʡ ʠʟʦʧʨʦʧʘʥʦʣ.  
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ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ, ʨʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʭʣʘʞʜʘʣʘʩʴ ʜʦ  

- 20 ÁC, ʯʝʛʦ ʙʳʣʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʪʨʝʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɹʳʣʦ 
ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ, ʩʞʠʞʝʥʥʳʡ ʜʠʦʢʩʠʜ 
ʫʛʣʝʨʦʜʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʢʘʤʝʨʝ ʥʠʞʝ - 60 ÁC.  

ʈʘʜʠʘʪʦʨ ʙʳʣʦ ʨʝʰʝʥʦ ʫʙʨʘʪʴ, ʯʪʦʙʳ ʝʱʝ ʩʥʠʟʠʪʴ ʪʝʧʣʦʧʦʪʝʨʠ. ʅʘ ʣʘʟʝʨʥʦʤ 
ʩʪʘʥʢʝ ʩ ʏʇʋ ʠʟ ʣʠʩʪʘ ʇʄʄɸ ʪʦʣʱʠʥʦʡ 5 ʤʤ ʚʳʨʝʟʘʣʠ ʥʠʞʥʶʶ ʢʨʳʰʢʫ. ɼʘʣʝʝ ʚ 
ʢʦʨʧʫʩʝ ʧʨʦʩʚʝʨʣʠʣʠ ʥʝʩʢʦʣʴʢʦ ʦʪʚʝʨʩʪʠʡ ʜʣʷ ʧʨʦʚʦʜʦʚ ʠ ʪʨʫʙʦʢ. ɺʳʚʝʣʠ ʧʨʦʚʦʜʘ 
ʜʣʷ ʧʠʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʥʦʡ ʣʝʥʪʳ. ʈʘʟʨʘʙʦʪʘʣʠ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʜʠʦʢʩʠʜʝ 
ʫʛʣʝʨʦʜʘ, ʜʣʷ ʵʪʦʛʦ ʚʳʚʝʣʠ ʤʝʜʥʳʝ ʪʨʫʙʢʠ. ʇʦʩʪʘʚʠʣʠ ʨʘʜʠʘʪʦʨ ʠ ʧʨʠʢʣʝʠʣʠ ʢ ʜʥʫ 
ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʫʙʢʠ ʜʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʫʙʣʠʤʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ. ʅʘ ʣʘʟʝʨʥʦʤ 
ʩʪʘʥʢʝ ʚʳʨʝʟʘʣʠ ʧʦʜʩʪʘʚʢʠ ʧʦʜ ʪʨʫʙʢʠ ʠ ʧʨʠʢʣʝʠʣʠ ʠʭ ʢʦ ʜʥʫ. ʇʦʩʣʝ, ʦʙʢʣʝʠʣʠ 
ʧʦʨʦʣʦʥʦʤ ʩʪʝʥʢʠ ʢʘʤʝʨʳ. ʇʦʜʩʪʘʚʢʫ ʩ ʨʘʜʠʘʪʦʨʦʤ ʙʳʣʘ ʧʨʦʢʣʝʝʥʘ ʛʝʨʤʝʪʠʢʦʤ, ʜʣʷ 
ʪʦʛʦ, ʯʪʦʙʳ ʧʘʨʳ ʠʟʦʧʨʦʧʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʥʝ ʧʨʦʭʦʜʠʣʠ ʚ ʥʠʞʥʶʶ ʯʘʩʪʴ ʢʘʤʝʨʳ. 
ʇʨʠʢʣʝʠʣʠ ʩʚʝʪʦʜʠʦʜʥʫʶ ʣʝʥʪʫ ʠ ʧʨʠʧʘʷʣʠ ʢ ʥʝʡ ʨʘʥʝʝ ʚʳʚʝʜʝʥʥʳʝ ʧʨʦʚʦʜʘ. 
ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʜʠʘʪʦʨʘ ʦʙʢʣʝʠʣʠ ʯʝʨʥʦʡ ʤʘʪʦʚʦʡ ʧʣʝʥʢʦʡ. ɺʩʝ ʜʝʪʘʣʠ, ʚʳʨʝʟʘʥʥʳʝ 
ʥʘ ʣʘʟʝʨʥʦʤ ʩʪʘʥʢʝ, ʧʦʢʨʘʩʠʣʠ ʯʝʨʥʦʡ ʤʘʪʦʚʦʡ ʢʨʘʩʢʦʡ. 

ʉʦʙʨʘʚ ʫʩʪʨʦʡʩʪʚʦ, ʤʳ ʧʨʦʪʝʩʪʠʨʦʚʘʣʠ ʝʛʦ ʚ ʦʜʥʦʤ ʠʟ ʢʘʙʠʥʝʪʦʚ ʥʘʰʝʛʦ 
ʃʠʮʝʷ. ʇʦʣʦʞʠʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʜʠʘʪʦʨʘ ʚʘʪʥʳʡ ʜʠʩʢ, ʧʨʦʧʠʪʘʥʥʳʡ 
ʠʟʦʧʨʦʧʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ʇʦʩʣʝ ʧʨʦʧʫʩʪʠʣʠ ʩʞʠʞʝʥʥʳʡ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 
ʦʭʣʘʞʜʝʥʠʷ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ ʩʪʘʣ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʫʭʦʡ ʣʝʜ. ʂʦʛʜʘ ʚʦʟʜʫʭ ʚ 
ʢʘʤʝʨʝ ʜʦʩʪʘʪʦʯʥʦ ʦʭʣʘʜʠʣʩʷ, ʤʳ ʟʘʤʝʪʠʣʠ ʢʦʨʦʪʢʠʝ ʪʨʝʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠʟ 
ʢʦʩʤʦʩʘ. ʇʦʩʣʝ ʨʝʰʠʣʠ ʧʦʣʦʞʠʪʴ ʚʥʫʪʨʴ ʢʘʤʝʨʳ ʙʠʩʝʨ ʠʟ ʫʨʘʥʦʚʦʛʦ ʩʪʝʢʣʘ, ʪʨʝʢʠ 
ʘʣʴʬʘ- ʠ ʙʝʪʘ-ʯʘʩʪʠʮ ʩʪʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʯʘʱʝ.  

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʪʫʤʘʥʥʦʡ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ, ʨʘʙʦʪʘ ʧʦ 
ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʇʣʘʥʠʨʫʝʤ ʟʘʤʝʥʠʪʴ ʜʝʪʘʣʠ, ʚʳʨʝʟʘʥʥʳʝ 
ʠʟ ʣʠʩʪʘ ʇʄʄɸ, ʥʘ ʜʝʪʘʣʠ ʠʟ ʜʝʨʝʚʘ. ʆʥʠ ʩʜʝʣʘʶʪ ʢʘʤʝʨʫ ʧʨʦʯʥʝʝ. ɸ ʫʩʪʨʦʡʩʪʚʦ 
ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʢʘʢ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʠʟʫʯʝʥʠʷ 
ʨʘʟʜʝʣʘ çʗʜʝʨʥʘʷ ʬʠʟʠʢʘè. 
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ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʢʘʤʝʨ ɺʠʣʴʩʦʥʘ ʚʢʣʶʯʘʝʪ: ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (ʬʠʟʠʢʠ 

ʠ ʜʨʫʛʠʝ ʫʯʝʥʳʝ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʦʙʣʘʩʪʠ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ), ʩʪʫʜʝʥʪʳ 
(ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ), ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ 
ʫʯʨʝʞʜʝʥʠʷ (ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʦʚ), ʥʝʬʪʷʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ 
(ʩʦʟʜʘʥʠʝ ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠʟ ʩʢʚʘʞʠʥ). 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʦʛʦʚ: 
1. ɼʠʬʬʫʟʠʦʥʥʘʷ ʂʘʤʝʨʘ ɺʠʣʴʩʦʥʘ (250 000 ʨʫʙ) 


