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ʋɼʂ 001.891-057.874:373.5.046.16(063) 
ɹɹʂ 72-74.204ʷ431 
ʖ571 
ʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXV ɺʩʝʨʦʩʩʠʡ-
ʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ 
çʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè; ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠ-
ʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2024 
ɺ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪ ʰʢʦʣʴʥʠʢʦʚ. 
ʉʙʦʨʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʠʩʩʣʝʜʦ-
ʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 
ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʆʨʛʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ 
ʠ ʟʘʩʣʫʰʘʥʥʳʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʀɿʋʏɽʅʀɽ ʌʀɿʀʏɽʉʂʀʍ ɿɸʂʆʅʆɺ ʇʈʀ ʇʆʄʆʑʀ ɼɸʊʏʀʂʆɺ ʉʄɸʈʊʌʆʅɸ 

ɸʣʝʢʩʘʥʜʨʦʚ ʀʣʴʷ, ʉʘʚʠʥ ʀʣʴʷ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʣʠʮʝʡ ʧʨʠ ʊʇʋ, 

10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚʘ ʅʘʜʝʞʜʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʜʦʮʝʥʪ ʀʥʞʝʥʝʨʥʦʡ ʰʢʦʣʳ ʷʜʝʨ-
ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʊʇʋ 

 
ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʯʝʣʦʚʝʢʫ ʦʪʢʨʳʣʩʷ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʧʝʨʝʜʘʯʝ ʠʥʬʦʨʤʘʮʠʠ. ʉʤʘʨʪʬʦʥʳ ʩʪʘʣʠ 
ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʩʝʡʯʘʩ ʧʦʯʪʠ ʢʘʞʜʳʡ ʠʩʧʦʣʴʟʫʝʪ ʠʭ ʜʣʷ 
ʦʙʱʝʥʠʷ, ʟʚʦʥʢʦʚ, ʩʲʝʤʢʠ ʬʦʪʦ ʠ ʚʠʜʝʦ. ʅʦ ʠʭ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʤ ʥʝ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ, 
ʦʥʠ ʪʘʢʞʝ ʤʦʛʫʪ ʨʝʰʘʪʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʨʫʛʠʭ ʟʘʜʘʯ ʠ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ  rʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯ-
ʥʳʭ ʜʘʪʯʠʢʦʚ. ʉʦʚʨʝʤʝʥʥʳʡ ʩʤʘʨʪʬʦʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʦʜʝʣʠ ʤʦʞʝʪ ʛʠʨʦʩʢʦʧ, ʘʢ-
ʩʝʣʝʨʦʤʝʪʨ, ʤʘʛʥʠʪʦʤʝʪʨ, ʜʘʪʯʠʢ ʦʩʚʝʱʝʥʠʷ, ʜʘʪʯʠʢ ʧʨʠʙʣʠʞʝʥʠʷ [1, 2]. ɺ ʥʝʢʦʪʦʨʳʭ 
ʤʦʜʝʣʷʭ ʝʩʪʴ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʘʚʣʝʥʠʷ ʠ ʚʣʘʞʥʦʩʪʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʜʘʪʯʠʢʠ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʩʤʘʨʪʬʦʥʝ ʤʦʛʫʪ ʨʘʩʧʦʟʥʘʚʘʪʴ 
ʜʚʠʞʝʥʠʷ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʪʝʣʝʬʦʥʘ (2-10 ʩʤ). ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʪʘʢʠʭ 
ʜʘʪʯʠʢʦʚ - ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʘʷ - ʦʪʢʣʶʯʝʥʠʝ ʵʢʨʘʥʘ ʚʦ ʚʨʝʤʷ ʨʘʟʛʦʚʦʨʘ. ʊʘʢʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʩʫʪʠ - ʦʧʪʠʯʝʩʢʠʡ ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ. ʀʟʣʫʯʘʷ ʥʝʚʠʜʠʤʳʝ ʜʣʷ ʛʣʘʟʘ 
ʚʦʣʥʳ, ʦʥ ʩʧʦʩʦʙʝʥ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʧʦʣʦʞʝʥʠʝ ʪʝʣʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʊʘʢʠʝ ʟʘʤʝʨʳ ʤʦ-
ʛʫʪ ʧʦʥʘʜʦʙʠʪʩɹʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʘ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʠʣʠ ʫʩʢʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʣʷ 
ʦʙʥʘʨʫʞʝʥʠʷ ʦʙʲʝʢʪʘ (ʝʩʣʠ ʝʛʦ ʥʘʣʠʯʠʝ ʚ ʟʦʥʝ ʨʘʙʦʪʳ ʜʘʪʯʠʢʘ ʥʝʦʯʝʚʠʜʥʦ) [3]. 

ɺʩʝ ʵʪʠ ʜʘʪʯʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠ-
ʯʝʩʢʠʭ  
ʧʨʦʮʝʩʩʦʚ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. ʉʫʱʝʩʪʚʫʶʪ ʝʱʝ ʜʝʩʷʪʢʠ ʩʧʦʩʦʙʦʚ ʨʝʘʣʠʟʦʚʘʪʴ ʜʝʪʝʢ-
ʪʦʨʳ ʪʝʣʝʬʦʥʘ ʚ ʙʳʪʫ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʭ: ʩʦʟʜʘʥʠʝ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ 
ʣʠʬʪʘ, ʠʟʤʝʨʝʥʠʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ, ʚʣʠʷʥʠʝ ʤʘʛ-
ʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʜʨʫʛʠʭ [4]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʘʨʪʬʦʥʘ, ʩʫʱʝ-
ʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥ-
ʥʳʝ ʧʨʠʣʦʞʝʥʠʷ, ʩʧʝʮʠʘʣʴʥʦ ʘʜʘʧʪʠʨʦʚʘʥʥʳʝ ʧʦʜ ʢʦʥʢʨʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʟʘ-
ʜʘʯʠ. ʉʤʘʨʪʬʦʥ, ʢʘʢ ʥʘʫʯʥʘʷ ʣʘʙʦʨʘʪʦʨʠʷ, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʨʘʩʰʠʨʝ-
ʥʠʷ ʛʨʘʥʠʮ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʩʪʫʧ ʢ ʩʨʝʜʩʪʚʘʤ ʜʣʷ ʧʨʦʚʝʜʝ-
ʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʤ ʤʝʩʪʝ ʠ ʚ ʣʶʙʦʝ ʚʨʝʤʷ. ʉʤʘʨʪʬʦʥʘʤʠ ʩʝʡ-
ʯʘʩ ʧʦʣʴʟʫʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ʧʣʘʥʝʪʳ [5]. ʀʭ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʰʠʨʦʢʦʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʝ ʜʝʣʘʶʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʦʩʪʫʧ-
ʥʳʭ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ, ʧʦ-
ʵʪʦʤʫ ʪʝʣʝʬʦʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʠʟʤʝʨʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 
ʎʝʣɹ  ʁʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ 
ʜʘʪʯʠʢʦʚ ʪʝʣʝʬʦʥʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩ ʠʭ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ 
ɿʘʜʘʯʠ:  

1. ʆʧʨʝʜʝʣʠʪʴ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʩʤʘʨʪʬʦʥʘ 
2. ʇʨʦʚʝʩʪʠ ʦʧʳʪʳ ʥʘʜ ʜʘʪʯʠʢʘʤʠ ʩʤʘʨʪʬʦʥʘ, ʠʩʩʣʝʜʫʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝ-
ʩʢʠʝ ʟʘʢʦʥʳ 

3. ʆʮʝʥʠʪʴ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 
ɺ ʢʘʯʝʩʪʚʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩʦ ʩʤʘʨʪʬʦʥʘ ʚ ʦʧʳʪʘʭ ʙʳʣʦ 

ʚʳʙʨʘʥʦ ʧʨʠʣʦʞʝʥʠʝ phyphox, ʢʦʪʦʨʦʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʩʤʘʨʪʬʦʥʘ 
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ʚ ʥʘʠʙʦʣʝʝ ʥʘʛʣʷʜʥʦʤ ʬʦʨʤʘʪʝ (ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟʤʝʨʷʝʤʳʭ ʬʠʟʠ-
ʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʠʥʩʪʨʫʤʝʥʪʘʨʠʝʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ). 
 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪ:r 

ʆʧʳʪ 1. ʇʦʪʝʨʷ ʵʥʝʨʛʠʠ ʧʨʠ ʩʦʫʜʘʨʝʥʠʠ. ʉ ʥʝʢʦʪʦʨʦʡ ʚʳʩʦʪʳ ʙʳʣ ʩʙʨʦʰʝʥ ʤʷ-
ʯʠʢ, ʢʦʪʦʨʳʡ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʦʪʩʢʦʯʠʣ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʩʦʫʜʘʨʝʥʠʠ ʧʨʠʣʦʞʝʥʠʝ ʟʘ-
ʩʝʢʘʣʦ ʚʨʝʤʷ ʤʝʞʜʫ ʧʦʩʣʝʜʥʠʤ ʠ ʧʨʝʜʧʦʩʣʝʜʥʠʤ ʫʜʘʨʦʤ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʧʨʠ ʢʘʞ-
ʜʦʤ ʩʦʫʜʘʨʝʥʠʠ ʩ ʟʝʤʣʝʡ ʤʷʯʠʢ ʪʝʨʷʣ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. ʀʟ ʧʦʣʫʯʝʥʥʳʭ 
ʜʘʥʥʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʳʩʦʪʫ, ʩ ʢʦʪʦʨʦʡ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʩʙʨʦʰʝʥ ʤʷʯʠʢ. ʇʨʠʤʝʨ 
ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠʟ ʦʧʳʪʘ ʜʣʷ ʚʳʩʦʪʳ ʚ 1 ʤʝʪʨ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 1. 

 

ʈʠʩ. 1 ʤʷʯʠʢ ʩʙʨʦʰʝʥ ʩ ʚʳʩʦʪʳ 1 ʤʝʪʨ 

ʆʧʳʪ 2. ʉʚʦʙʦʜʥʦʝ ʧʘʜʝʥʠʝ. ʅʘ ʥʝʢʦʪʦʨʫʶ ʚʳʩʦʪʫ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʣʠʥʝʡʢʘ, 
ʥʘ ʥʝʡ ʣʝʞʘʣ ʤʘʣʝʥʴʢʠʡ ʧʨʝʜʤʝʪ (ʥʘʧʨʠʤʝʨ, ʜʨʘʞʝ). ʅʘ ʩʤʘʨʪʬʦʥʝ ʚ ʧʨʠʣʦʞʝʥʠʠ 
phyphox ʙʳʣ ʦʪʢʨʳʪ ʘʢʫʩʪʠʯʝʩʢʠʡ ʩʝʢʫʥʜʦʤʝʨ, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʣʩʷ ʧʨʠ ʛʦʨʠʟʦʥʪʘʣʴ-
ʥʦʤ ʫʜʘʨʝ ʧʦ ʜʨʘʞʝ, ʠ ʚʳʢʣʶʯʘʣʩʷ ʧʨʠ ʧʘʜʝʥʠʠ ʜʨʘʞʝ ʥʘ ʟʝʤʣʶ. ɿʥʘʷ ʚʨʝʤʷ ʧʘʜʝʥʠʷ 
ʠ ʚʳʩʦʪʫ, ʠʟʤʝʨʝʥʥʫʶ ʩ ʧʦʤʦʱʴʶ ʨʫʣʝʪʢʠ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘ-
ʜʝʥʠʷ g ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 10%.  

ʆʧʳʪ 3. ʎʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ. ʉʣʝʜʫʶʱʠʡ ʦʧʳʪ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʧʨʦʚʝʨʠʪʴ ʟʘʚʠʩʠʤʦʩʪ ɹʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʪʝʣʘ. ɺ 
ʮʝʥʪʨʠʬʫʛʫ ʜʣʷ ʩʫʰʢʠ ʟʝʣʝʥʠ ʙʳʣ ʧʦʣʦʞʝʥ ʩʤʘʨʪʬʦʥ ʩ ʟʘʧʫʱʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ. 
ʇʦʢʘ ʚ ʮʝʥʪʨʠʬʫʛʝ ʧʨʦʢʨʫʯʠʚʘʣʩʷ ʩʤʘʨʪʬʦʥ, ʝʛʦ ʘʢʩʝʣʝʨʦʤʝʪʨ ʟʘʤʝʨʷʣ ʦʜʥʦʚʨʝ-
ʤʝʥʥʦ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʠ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝ-
ʤʝʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʦʪ ʫʛʣʦʚʦʡ 
ʩʢʦʨʦʩʪʠ ʢʚʘʜʨʘʪʠʯʥʘʷ (ʨʠʩ. 2). 
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ʈʠʩ. 2 ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʦʪ ʫʛʣʦʚʦʡ ʩʢʦʨʦ-
ʩʪʠ  

ʆʧʳʪ 4. ʉʢʦʨʦʩʪʴ ʟʚʫʢʘ. ʅʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʙʳʣʠ ʚʳʩʪʘʚʣʝʥʳ ʜʚʘ 
ʩʤʘʨʪʬʦʥʘ ʩ ʚʢʣʶʯʝʥʥʳʤʠ ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʩʝʢʫʥʜʦʤʝʨʘʤʠ. ɺʦʟʣʝ ʢʘʞʜʦʛʦ ʩʤʘʨʪʬʦʥʘ 
ʩʪʦʷʣ ʯʝʣʦʚʝʢ. ʇʝʨʚʳʡ ʯʝʣʦʚʝʢ ʚʢʣʶʯʘʣ ʭʣʦʧʢʦʤ ʦʙʘ ʩʝʢʫʥʜʦʤʝʨʘ, ʥʦ ʦʜʠʥ ʠʟ ʥʠʭ 
ʚʢʣʶʯʘʣʩʷ ʧʦʟʞʝ, ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʦʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʯʝʣʦʚʝʢʦʤ ʠ 
ʩʤʘʨʪʬʦʥʦʤ. ɺʪʦʨʦʡ ʯʝʣʦʚʝʢ ʚʳʢʣʶʯʘʣ ʭʣʦʧʢʦʤ ʦʙʘ ʠʟʤʝʨʝʥʠʷ. ʈʘʟʥʠʮʘ ʚ ʧʦʣʫʯʝʥ-
ʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʚʨʝʤʝʥʠ ʝʩʪʴ ʚʨʝʤʷ, ʢʦʪʦʨʦʝ ʟʚʫʢ ʧʦʪʨʘʪʠʣ ʥʘ ʧʨʦʭʦʞʜʝʥʠʝ ʜʚʫʭ 
ʨʘʩʩʪʦʷʥʠʡ ʤʝʞʜʫ ʩʤʘʨʪʬʦʥʘʤʠ. ʆʪʩʶʜʘ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʩ ʧʦʛʨʝʰʥʦ-
ʩʪʴʶ ʥʝ ʙʦʣʝʝ 15%. 

ʆʧʳʪ 5. ʄʘʷʪʥʠʢ. ɺ ʜʘʥʥʦʤ ʦʧʳʪʝ ʩʤʘʨʪʬʦʥ ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʥʘ ʥʠʪʢʝ ʢ ʦʧʦʨʝ 
(ʥʘʧʨʠʤʝʨ, ʢ ʜʚʝʨʥʦʡ ʨʫʯʢʝ), ʧʦʩʣʝ ʯʝʛʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ. ʆʥ ʩʦʚʝʨʰʘʝʪ ʢʦʣʝ-
ʙʘʥʠʷ, ʧʝʨʠʦʜ ʢʦʪʦʨʳʭ ʟʘʩʝʢʘʝʪ ʘʢʩʝʣʝʨʦʤʝʪʨ ʩ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʠʷ phyphox. ʉ ʧʦ-
ʤʦʱʴʶ ʧʝʨʠʦʜʘ, ʠ ʠʟʤʝʨʝʥʥʦʡ ʨʫʣʝʪʢʦʡ ʜʣʠʥʳ ʤʘʷʪʥʠʢʘ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 
ʫʩʢʦʨʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ g ʩ ʪʦʯʥʦʩʪʴʶ ʙʦʣʴʰʝ 95%. ʉ ʠʟʚʝʩʪʥʳʤ g ʤʦʞʥʦ, 
ʥʘʦʙʦʨʦʪ ʚʳʯʠʩʣʠʪʴ ʜʣʠʥʫ ʤʘʷʪʥʠʢʘ ʧʦ ʬʦʨʤʫʣʝ: 

Ὕ ς“
ὰ

Ὣ
 

ɺʓɺʆɼʓ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʦʚ ʢʘʢ ʥʘʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʫʥʠʢʘʣʴ-
ʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʣʘʛʦʜʘʨʷ ʨʘʟʥʦ-
ʦʙʨʘʟʠʶ ʚʩʪʨʦʝʥʥʳʭ ʜʘʪʯʠʢʦʚ, ʩʤʘʨʪʬʦʥʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʫʩʢʦʨʝʥʠʝ, ʩʢʦʨʦʩʪʴ, ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʤʥʦʛʦʝ 
ʜʨʫʛʦʝ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʚʦʟʤʦʞʥʳʭ ʧʨʠʣʦ-
ʞʝʥʠʡ ʩʤʘʨʪʬʦʥʦʚ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʆʪ ʠʟʫʯʝʥʠʷ ʧʦʪʝʨʠ ʵʥʝʨʛʠʠ ʧʨʠ ʩʦʫʜʘ-
ʨʝʥʠʠ ʜʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʟʚʫʢʘ, ʩʤʘʨʪʬʦʥʳ ʦʢʘʟʳʚʘʶʪʩʷ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫʤʝʥ-
ʪʦʤ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
ʇʨʦʛʨʘʤʤʥʳʝ ʨʝʰʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʧʨʠʣʦʞʝʥʠʝ phyphox, ʫʧʨʦʱʘʶʪ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ 
ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ ʩʤʘʨʪʬʦʥʘ, ʜʝʣʘʷ ʝʛʦ ʜʦʩʪʫʧʥʳʤ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 
ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚʢʣʶʯʘʷ ʢʘʢ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʫʯʝʥʳʭ, ʪʘʢ ʠ ʣʶʙʠʪʝʣʝʡ ʥʘʫʢʠ. 
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ɺ ʮʝʣʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʤʘʨʪʬʦʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʥʘʫʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʪʴ 
ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʜʝʣʘʷ ʠʭ ʙʦʣʝʝ ʜʦʩʪʫʧ-
ʥʳʤʠ ʠ ʫʜʦʙʥʳʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʨʝʜʘʭ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɼʘʪʯʠʢʠ ʚ ʩʤʘʨʪʬʦʥʝ: ʟʘʯʝʤ ʦʥʠ ʥʫʞʥʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ:  

https://ichip.ru/tekhnologii/kakie-datchiki-mozhno-najti-v-smartfonah-dlya-chego-oni- 
nuzhny-i-kak-ustroeny-787382 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2023) 

2. ʂʘʢʠʝ ʜʘʪʯʠʢʠ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʤʘʨʪʬʦʥʘʭ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦ-
ʩʪʫʧʘ:  
https://4pda.to/2014/07/13/166751 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2023) 

3. ɼʘʪʯʠʢ ʧʨʠʙʣʠʞʝʥʠʷ ð ʜʣʷ ʯʝʛʦ ʥʫʞʝʥ ʚ ʪʝʣʝʬʦʥʝ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ, ʢʘʢ ʚʢʣʶ-
ʯʠʪʴ, ʥʘʩʪʨʦʠʪʴ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://ztegid.ru/blog/obschee/datchik-priblizheniya-dlya-chego-nuzhen-v-telefone-
gde-nahoditsya-kak-vklyuchit-nastroit.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2023) 

4. ɼʝʣʘʝʤ ʬʠʟʠʯʝʩʢʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʠʟ ʩʤʘʨʪʬʦʥʘ ʩʚʦʠʤʠ ʨʫʢʘʤʠ [ʕʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/companies/samsung/articles/702604/  
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2023) 

5. ɺ ʆʆʅ ʚʳʷʩʥʠʣʠ, ʢʘʢʘʷ ʯʘʩʪʴ ʥʘʩʝʣʝʥʠʷ ɿʝʤʣʠ ʧʦʣʴʟʫʝʪʩʷ ʤʦʙʠʣʴʥʳʤʠ  
ʪʝʣʝʬʦʥʘʤʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.mk.ru/social/2022/11/30/v-oon-vyyasnili-kakaya-chast-naseleniya-
zemli-polzuetsya-mobilnymi-telefonami.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 06.11.2023) 
 
 
 

 
ʂʆʅʎɽʅʊʈɸʊʆʈ ʉʆʃʅɽʏʅʓʍ ʃʋʏɽʁ 

ɸʨʭʠʧʢʠʥʘ ʄʘʨʛʘʨʠʪʘ ʠ ɺʦʨʦʙʴʝʚʘ ʉʥʝʞʘʥʘ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʊʝʛʫʣʴʜʝʪʩʢʘʷ 

ʉʆʐè 
10,9 ʢʣʘʩʩ. 
ʩ. ʊʝʛʫʣʴʜʝʪ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʦʙʢʦʚ ɽʚʛʝʥʠʡ ɻʝʥʥʘʜʴʝʚʠʯ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ         
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʢʘʟʝʥʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ   

ʫʯʨʝʞʜʝʥʠʝ çʊʝʛʫʣʴʜʝʪʩʢʘʷ ʉʆʐè 

 
ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʵʥʝʨʛʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʟʘʧʘʩʳ ʧʨʠʨʦʜʥʳʭ ʚʠ-

ʜʦʚ ʪʦʧʣʠʚʘ (ʥʝʬʪʠ, ʫʛʣʷ, ʛʘʟʘ ʠ ʪ.ʜ.) ʢʦʥʝʯʥʳ. ʂʦʥʝʯʥʳ ʠ ʟʘʧʘʩʳ ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ð 
ʫʨʘʥʘ ʠ ʪʦʨʠʷ. ɺ ʩʚʷʟʠ ʩ ʫʢʘʟʘʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʥʝʦʙʭʦʜʠʤʳʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʊʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʦʣʥʝʯʥʘʷ, ʚʝʪ-
ʨʷʥʘʷ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʠʠ. 
ʉʨʝʜʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ð ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ  ʩʘʤʘʷ ʧʝʨʩʧʝʢʪʠʚʥʘʷ. ʇʦ-
ʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪ ʉʦʣʥʮʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʷʤʳʤ ʠʣʠ ʢʦʩʚʝʥʥʳʤ. ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝ-
ʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ð ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘ-
ʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʧʨʠ-
ʙʝʛʘʪʴ ʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʢʘʢ ʢ ʘʣʴʪʝʨʥʘʪʠʚʝ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ 
ʇʦʣʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ, ʢʦʪʦʨʦʝ ʧʦʩʪʫʧʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ɿʝʤʣʠ 

ʚʩʝʛʦ ʣʠʰʴ ʟʘ ʥʝʜʝʣʶ, ʧʨʝʚʳʰʘʝʪ ʵʥʝʨʛʠʶ ʚʩʝʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʫʨʘʥʘ, ʫʛʣʷ ʠ ʛʘʟʘ ʥʘ 
ʥʘʰʝʡ ʧʣʘʥʝʪʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʚʳʨʘʙʘʪʳʚʘ-
ʶʱʠʭ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʥʦ ʠʭ ʂʇɼ ʦʯʝʥʴ ʥʠʟʦʢ 
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(5-30%). ʇʦʵʪʦʤʫ ʣʶʜʠ ʩʪʨʝʤʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʙʫʜʴ ʪʦ: ʫʚʝʣʠʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʘʧʘʟʦʥʘ; ʧʦ-
ʚʳʰʝʥʠʝ ʂʇɼ ʩʘʤʠʭ ʧʘʥʝʣʝʡ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤ, ʦʪʩʣʝʞʠʚʘʶʱʠʭ ʜʚʠʞʝʥʠʝ 
ʩʦʣʥʮʘ; ʧʨʠʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʉʦʟʜʘʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. 
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ:  

¶ ʋʟʥʘʪʴ, ʯʪʦ ʪʘʢʦʝ ʩʦʣʥʝʯʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ. 

¶ ʆʧʨʝʜʝʣʠʪʴ ʛʜʝ ʠ ʢʘʢ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

¶ ʆʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

¶ ʀʟʫʯʠʪʴ ʚʠʜʳ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

¶ ɺʳʷʩʥʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʧʘʨʘʙʦʣʦʠʜʦʤ ʠ ʛʠʧʝʨʙʦ-
ʣʦʠʜʦʤ. 

¶ ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

¶ ʆʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʴ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ ʠ ʚ ʨʘʟʥʫʶ ʧʦʛʦʜʫ. 

¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. 
ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ʇʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ 
ʬʦʨʤʳ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʩʦʙʠʨʘʪʴ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ . 
 2. ʇʘʨʘʙʦʣʠʯʝʩʢʘʷ ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʬʦʨʤʘ ʭʦʨʦʰʦ ʬʦʢʫʩʠʨʫʝʪ ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ʉʨʝʜʠ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ð ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ  ʩʘʤʘʷ ʧʝʨ-
ʩʧʝʢʪʠʚʥʘʷ. ʇʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʦʪ ʉʦʣʥʮʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʷʤʳʤ ʠʣʠ ʢʦʩʚʝʥʥʳʤ. ɻʣʘʚ-
ʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ð ʦʪʩʫʪʩʪʚʠʝ ʩʦʣʥʝʯʥʳʭ ʚʳʙʨʦʩʦʚ ʠ ʤʠʥʠ-
ʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʧʣʘʪʫ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʕʪʦ ʩʪʠʤʫʣʠʨʫʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʣʶʜʝʡ ʧʨʠʙʝʛʘʪʴ ʢ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʢʘʢ ʢ ʘʣʴʪʝʨʥʘʪʠʚʝ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʵʥʝʨʛʝʪʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʣʥʝʯʥʫʶ ʵʥʝʨ-
ʛʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʦʨʷʯʝʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʩʝʟʦʥ-
ʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʪʠʧʘ ʩʧʦʨʪʠʚʥʦ-ʦʟʜʦʨʦʚʠʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʙʘʟ ʦʪʜʳʭʘ, ʜʘʯʥʳʭ 
ʧʦʩʝʣʢʦʚ, ʠ ʪ.ʜ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ, ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ, ʤʝʪʦʜ ʦʙʨʘ-
ʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. 
ʕʪʘʧʳ ʨʘʙʦʪʳ:  

¶ ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

¶ ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʩʦʣʥʝʯʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʚ ʨʘʟʥʳʝ ʜʥʠ ʠ ʨʘʟʥʫʶ ʧʦʛʦʜʫ. 

¶ ʇʨʦʚʝʨʠʪʴ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ. 

¶ ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʥʝʨʛʠʠ 

ʕʥʝʨʛʠʷ ï ʦʙʱʘʷ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ ʜʚʠʞʝʥʠʷ ʠ ʤʝʨʘ ʧʝʨʝʭʦʜʘ ʜʚʠʞʝʥʠʷ 
ʤʘʪʝʨʠʠ ʠʟ ʦʜʥʠʭ ʬʦʨʤ ʚ ʜʨʫʛʠʝ (ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʝʭ ʚʠʜʦʚ ʤʘʪʝʨʠʠ). ʕʥʝʨʛʠʷ ʷʚ-
ʣʷʝʪʩʷ ʤʝʨʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʩʦʚʝʨʰʠʪʴ ʨʘʙʦʪʫ, ʧʦʵʪʦʤʫ ʢʦʣʠʯʝ-
ʩʪʚʝʥʥʦ ʵʥʝʨʛʠʷ ʠ ʨʘʙʦʪʘ ʚʳʨʘʞʘʶʪʩʷ ʚ ʦʜʥʠʭ ʝʜʠʥʠʮʘʭ. 

ʕʥʝʨʛʠʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʘ ʚ ʬʠʟʠʢʝ ʘʙʩʪʨʘʢʪʥʦʡ ʠʜʝʝʡ, ʠ ʩʪʘʣʘ ʧʦʧʫʣʷʨʥʦʡ 
ʙʣʘʛʦʜʘʨʷ ʟʘʢʦʥʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʦʥʘ ʥʝ ʚʦʟʥʠʢʘʝʪ ʠʟ ʥʠʯʝʛʦ 
ʠ ʥʝ ʠʩʯʝʟʘʝʪ. ʕʪʦ ʧʦʥʷʪʠʝ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ ʦʧʠʩʘʥʠʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʬʠʟʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʠ ʦʭʚʘʪʳʚʘʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʬʘʢʪʦʚ, ʠ ʥʝ ʙʫʜʴ 
ʧʦʥʷʪʠʷ ʵʥʝʨʛʠʠ, ʧʨʠʰʣʦʩʴ ʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʬʘʢʪʳ ʢʘʞʜʳʡ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. 
ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʦʪʨʝʙʣʷʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. 
ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ ʥʘʰʠʭ 
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ʞʠʣʠʱ, ʨʘʙʦʪʳ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʘʢʠʝ ʠʩʢʦʧʘ-
ʝʤʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʢʘʢ ʫʛʦʣʴ, ʥʝʬʪʴ ʠ ʛʘʟ. ʆʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʨʝ-
ʩʫʨʩʘʤ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʜʦʙʳʚʘʝʪʩʷ ʥʘ ʥʘʰʝʡ ʧʣʘ-
ʥʝʪʝ ʩ ʧʦʤʦʱʴʶ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʪʘʢʠʭ ʢʘʢ ʚʦʜʘ, ʚʝʪʝʨ ʠ ʉʦʣʥʮʝ. ʅʘ ʩʝʛʦ-
ʜʥʷʰʥʠʡ ʜʝʥʴ ʠʭ ʫʜʝʣʴʥʳʡ ʚʝʩ ʚ ʵʥʝʨʛʝʪʠʢʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 5 %. ɽʱʝ 3 % ʣʶʜʠ 
ʧʦʣʫʯʘʶʪ ʚ ʚʠʜʝ ʷʜʝʨʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʠʟʚʦʜʠʤʦʡ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʚʠʜʳ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ: 

¶ ʇʘʨʘʙʦʣʠʯʝʩʢʠʝ ʩʦʣʥʝʯʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ.  

¶ ʇʘʨʘʙʦʣʦʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ.  

¶ ʉʦʣʥʝʯʥʳʝ ʙʘʰʥʠ.  

¶ ʂʦʥʮʝʥʪʨʘʪʦʨʳ ʥʘ ʩʬʝʨʠʯʝʩʢʠʭ ʣʠʥʟʘʭ.  

¶ ʂʦʥʮʝʥʪʨʘʪʦʨʳ ʥʘ ʣʠʥʟʘʭ ʌʨʝʥʝʣʷ.  

¶ ʇʝʨʚʳʝ ʪʨʠ ʪʠʧʘ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʪʝʧʣʘ, ʢʦʪʦʨʘʷ 
ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʩʦʣ-
ʥʝʯʥʳʝ ʣʫʯʠ ʥʘ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʠ ʪʝʤ ʩʘʤʳʤ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚʳʨʘʙʘʪʳʚʘ-
ʝʪʩʷ ʩʨʘʟʫ.  

ʂʦʥʮʝʥʪʨʘʪʦʨ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ 

¶ ʇʦʚʳʩʠʪʴ ʧʣʦʪʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʦʞʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 
1. ʌʦʢʫʩʠʨʦʚʢʘ, ʠʣʠ ʧʨʝʣʦʤʣʝʥʠʝ. 
2. ʆʪʨʘʞʝʥʠʝ. 

¶ ʋ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʝʩʪʴ ʩʚʦʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ 
ʩʭʝʤʫ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʚ ʧʨʦʝʢʪʘʭ ʨʘʟʥʦʡ ʩʧʝʮʠʬʠʢʘʮʠʠ ʠ ʤʘʩ-
ʰʪʘʙʘ. 

¶ ʇʨʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʤ ʩʦʟʜʘʥʠʠ ʧʨʦʝʢʪʘ ʩʦʣʥʝʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʚ ʨʘʩʯʝʪ, 
ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʣʦʚʠʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ: 
1. ʈʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ; 
2. ʋʨʦʚʝʥʴ ʠʥʩʦʣʷʮʠʠ; 
3. ʄʘʩʰʪʘʙ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ; 
4. ʆʙʲʸʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʧʨ. 

ʌʦʢʫʩʠʨʫʶʱʠʝ ʛʝʣʠʦʢʦʥʮʝʥʪʨʘʪʦʨʳ 

¶ ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ ʜʣʷ ʪʘʢʠʭ ʩʦʣʥʝʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ: 

¶ ʇʘʨʘʙʦʣʠʯʝʩʢʦʝ ʟʝʨʢʘʣʦ; 

¶ ʇʘʨʘʙʦʣʦʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; 

¶ ʇʣʦʩʢʠʝ ʣʠʥʟʳ ʌʨʝʥʝʣʷ. 

¶ ʋ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʜʥʦ ʦʙʱʝʝ ʩʚʦʡʩʪʚʦ, ʦʥʠ ʩʦʙʠʨʘʶʪ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ 
ʚ ʪʦʯʢʫ/ʣʠʥʠʶ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʦʪʨʘʞʘʶʱʝʡ ʧʦʚʝʨʭʥʦ-
ʩʪʠ. ɺ ʪʦʯʢʝ ʩʭʦʞʜʝʥʠʷ ʣʫʯʝʡ (ʚ ʬʦʢʫʩʝ), ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʸʤʥʠʢ ʵʥʝʨʛʠʠ ʩ 
ʮʠʨʢʫʣʠʨʫʶʱʠʤ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. 

¶ ʊʘʢʠʝ ʛʝʣʠʦʢʦʥʮʝʥʪʨʘʪʦʨʳ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʝʢʪʘʭ ʤʘʣʦʛʦ ʤʘʩ-
ʰʪʘʙʘ, ʥʘʧʨʠʤʝʨ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ, ʚ ʢʦʪʪʝʜʞʝ, ʠʣʠ ʥʘ ʜʘʯʝ.  

¶ ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʧʘʨʘʙʦʣʦʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ. ɺ ʥʠʭ ʩʦʣ-
ʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʙʠʨʘʝʪʩʷ ʚ ʪʦʥʢʫʶ ʣʠʥʠʶ, ʚ ʬʦʢʫʩʝ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʘʝʪʩʷ 
ʪʨʫʙʢʘ ʩ ʪʝʧʣʦʥʦʩʠʪʝʣʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

¶ ʉʫʱʝʩʪʚʫʶʪ ʜʚʘ ʚʘʨʠʘʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʚ ʯʘʩʪʥʦʤ 
ʩʝʢʪʦʨʝ: 
1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ; 
2. ʆʙʦʛʨʝʚ. 

¶ ɽʩʣʠ ʪʝʧʣʦʥʦʩʠʪʝʣʴ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘʧʨʷʤʫʶ, ʙʝʟ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʠ, ʪʦ ʩʭʝʤʘ ʦʯʝʥʴ ʧʨʦʩʪʘ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʥʝ ʧʦʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 
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ʬʠʥʘʥʩʦʚʳʭ ʚʣʦʞʝʥʠʡ. ɺ ʨʘʩʯʸʪ ʧʨʠʥʠʤʘʝʪʩʷ ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʢʨʦʤʝ ʦʙʦʛʨʝʚʘ 
ʜʦʤʘ, ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʛʦʨʷʯʫʶ ʚʦʜʫ, ʘ ʩ ʥʝʙʦʣʴʰʦʡ ʤʦʜʝʨʥʠʟʘʮʠʝʡ, ʩʦʣʥʝʯ-
ʥʳʤ ʪʝʧʣʦʤ ʦʭʣʘʞʜʘʶʪ ʞʠʣʴʸ ʚ ʞʘʨʢʠʝ ʣʝʪʥʠʝ ʜʥʠ. ɼʣʷ ʵʪʦʛʦ ʚ ʩʠʩʪʝʤʫ ʚʩʪʨʘ-
ʠʚʘʶʪ ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʭʦʣʦʜʠʣʴʥʠʢ (ʯʠʣʣʝʨ). 

ʉʦʚʨʝʤʝʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʢʦʥʮʝʥʪʨʘʪʦʨʳ 
ʉʦʣʥʝʯʥʳʡ ʢʦʥʮʝʥʪʨʘʪʦʨ ð ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʙʦʨʘ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʉʦʣʥʮʘ, ʧʝʨʝ-
ʥʦʩʠʤʦʡ ʚʠʜʠʤʳʤ ʩʚʝʪʦʤ ʠ ʙʣʠʞʥʠʤ ʠʥʬʨʘʢʨʘʩʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʦʣ-
ʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʩʦʣʥʝʯʥʳʡ ʢʦʥʮʝʥ-
ʪʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʥʘʛʨʝʚ ʤʘʪʝʨʠʘʣʘ-ʪʝʧʣʦʥʦʩʠʪʝʣʷ . 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʣʠʦʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʦʪʣʠʯʘʶʱʝʡ ʠʭ ʦʪ ʪʝʧʣʦʛʝʥʝʨʘ-
ʪʦʨʦʚ ʜʨʫʛʠʭ ʪʠʧʦʚ, ʷʚʣʷʝʪʩʷ ʮʠʢʣʠʯʥʦʩʪʴ ʠʭ ʨʘʙʦʪʳ. ʅʝʪ ʩʦʣʥʮʘ ï ʥʝʪ ʠ ʪʝʧʣʦʚʦʡ 
ʵʥʝʨʛʠʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʧʦʜʦʙʥʳʝ ʫʩʪʘʥʦʚʢʠ ʧʘʩʩʠʚʥʳ. ʉʨʝʜʥʝʩʫʪʦʯ-
ʥʘʷ ʚʳʨʘʙʦʪʢʘ ʪʝʧʣʘ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. 
ɺ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʦʚ ʩʥʠʞʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʫʤʝʥʴ-
ʰʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʥʦ ʠ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʫʛʣʘ ʧʘʜʝʥʠʷ ʩʦʣʥʝʯ-
ʥʳʭ ʣʫʯʝʡ.  

ʂʦʣʝʙʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʚ ʪʝʯʝʥʠʝ ʛʦʜʘ ʩʣʝʜʫʝʪ 
ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʨʘʩʯʝʪʘʭ ʝʛʦ ʚʢʣʘʜʘ ʚ ʩʠʩʪʝʤʫ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. 
ɽʱʝ ʦʜʠʥ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʛʦ ʢʦʣʣʝʢ-
ʪʦʨʘ, ï ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʛʠʦʥʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʝʩʪʴ ʥʝ-
ʤʘʣʦ ʤʝʩʪ, ʛʜʝ 200 ʠ ʙʦʣʝʝ ʜʥʝʡ ʚ ʛʦʜʫ ʩʦʣʥʮʝ ʩʢʨʳʪʦ ʟʘ ʪʦʣʩʪʳʤ ʩʣʦʝʤ ʪʫʯ ʠʣʠ ʟʘ 
ʧʝʣʝʥʦʡ ʪʫʤʘʥʘ. ɺ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʛʝʣʠʦʢʦʣʣʝʢʪʦʨʘ ʥʝ ʧʘʜʘʝʪ 
ʜʦ ʥʫʣʷ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʧʦʩʦʙʝʥ ʫʣʘʚʣʠʚʘʪʴ ʨʘʩʩʝʷʥʥʳʝ ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ, ʥʦ ʩʫʱʝ-
ʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

ʄʳ ʚʳʙʨʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʜʚʫʭ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ: ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 
ʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ ʣʠʥʟ, ʤʦʡ ʢʦʥʮʝʥ-
ʪʨʘʪʦʨ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʜʝʰʝʚʣʝ ʠ ʩʧʦʩʦʙʝʥ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ ʚ ʙʦʣʴ-
ʰʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ - ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤ ʩʚʝʪʝ.  
ʆʩʦʙʝʥʥʦʩʪʠ ʦʪʨʘʞʝʥʠʷ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʧʘʨʘʙʦʣʦʠʜʦʤ ʠ ʩʬʝʨʦʡ. 1.ʆʩʦʙʝʥʥʦʩʪʴʶ 
ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʩʚʝʪ ʚ ʦʜʥʦʡ ʪʦʯʢʝ, 
ʚ ʩʚʦʝʤ ʬʦʢʫʩʝ. ʅʦ ʚ ʪʦʯʢʫ ʬʦʢʫʩʘ ʣʫʯʠ ʧʨʠʭʦʜʷʪ ʧʦʜ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʠ ʩ ʨʘʟʥʳʭ 
ʩʪʦʨʦʥ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ.  
2.ʆʩʦʙʝʥʥʦʩʪʴʶ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪ ʩʚʝʪ, 
ʚ ʢʦʪʦʨʫʶ  ʥʘʧʨʘʚʣʷʝʪ ʣʫʯʠ ʚ ʥʦʚʫʶ ʪʦʯʢʫ ʬʦʢʫʩʘ (ʮʝʥʪʨ ʦʢʨʫʞʥʦʩʪʠ) ʠ ʪʦʯʝʢ ʦʙʨʘʟʫ-
ʶʱʠʝʩʷ ʧʦ ʨʘʜʠʫʩʫ ʢ ʵʪʦʡ ʪʦʯʢʝ, ʯʪʦ ʧʦʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ. 
ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʢʦʥʮʝʥʪʨʘʪʦʨ, ʩʦʩʪʦ-
ʷʱʠʡ ʪʦʣʴʢʦ ʠʟ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʘʨʘʙʦʣʠʯʝ-
ʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ (ʚ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ), ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ 
ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʙʳʣʦ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 
ʨʝʬʣʝʢʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʣʥʮʫ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʙʨʘʥʘ 
ʘʣʶʤʠʥʠʝʚʘʷ ʬʦʣʴʛʘ. ʆʙʨʘʟʝʮ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣ ʩʚʝʪ ʣʠʥʠʝʡ ʥʘ ʩʦʣʥʝʯʥʫʶ ʧʘʥʝʣʴ, ʪʦ 
ʝʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʟʤʝʨʠʚ ʚʳʨʘʙʦʪʘʥʥʫʶ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʶ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʪʦʨ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯ-
ʥʦʡ ʧʘʥʝʣʠ ʚ 1.5-2.5 ʨʘʟʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ: ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ  
0,5 ɺ; ʨʘʙʦʯʘʷ ʤʦʱʥʦʩʪʴ 0,05 ɺʊ.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʦ - ʩʬʝʨʠʯʝʩʢʦʛʦ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. 
ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʘʨʘʙʦʣʠʯʝʩʢʘʷ - ʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʳʰʢʘ ʠʟ ʧʦʜ 
ʩʢʦʚʦʨʦʜʳ. ʏʪʦʙʳ ʧʦʚʝʨʭʥʦʩʪʴ ʙʳʣʘ ʦʪʨʘʞʘʶʱʝʡ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʉɼ-ʜʠʩʢʠ, ʢʦʪʦ-
ʨʳʝ ʨʘʟʨʝʟʘʣʠ ʥʘ ʦʪʜʝʣʴʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʧʨʠʢʣʝʠʚʘʣʠ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ 
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ʢʨʳʰʢʠ ʩ ʧʦʤʦʱʴʶ ʰʧʘʢʣʝʚʢʠ ʢʘʢ ʤʦʟʘʠʢʫ. ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʜʚʠʞʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ 
ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʦʞʥʦ ʙʳʣʦ ʧʦʜʙʠʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ 
ʨʝʬʣʝʢʪʦʨʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʦʣʥʮʫ. ʆʙʨʘʟʝʮ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣ ʩʚʝʪ ʣʠʥʠʝʡ ʥʘ ʩʦʣʥʝʯ-
ʥʫʶ ʧʘʥʝʣʴ, ʪʦ ʝʩʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦ-
ʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʟʤʝʨʠʚ ʚʳʨʘʙʦʪʘʥʥʫʶ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝ-
ʣʷʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʪʦʨ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʚ 1.1-1.7 ʨʘʟʘ.  
ʇʨʦʚʝʨʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

¶ ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʟʤʝʨʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥ-
ʮʝʥʪʨʘʪʦʨʘ. 

¶ ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʚʳʨʘ-
ʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʙʦʣʴʰʝ, ʯʝʤ ʙʝʟ ʥʝʛʦ. ʅʦ ʥʘ ʨʝ-
ʟʫʣʴʪʘʪ ʚʣʠʷʣʦ ʪʦ, ʯʪʦ ʟʘʤʝʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʩʝʷʥʥʦʤ ʠʣʠ ʧʨʷʤʦʤ ʩʚʝʪʝ. 

¶ ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʨʘʩʩʝʷʥʥʦʤ ʩʚʝʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥ-
ʩʪʨʫʢʮʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʪʦʣʴʢʦ ʠʟ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʠ ʜʦ 1,5 ʨʘʟ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʥʮʝʥ-
ʪʨʘʪʦʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʧʘʨʘʙʦʣʠʯʝʩʢʦ - ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʚʳʰʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, ʜʦ 1,1 ʨʘʟ. ʅʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʢʦʥ-
ʮʝʥʪʨʘʪʦʨʘ ʥʘ ʨʘʩʩʝʷʥʥʦʤ ʩʚʝʪʝ ʚʣʠʷʣʦ ʪʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʳʡ ʫʛʦʣ ʩʙʦʨʘ ʩʚʝʪʘ 
ʫ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 90 ʛʨʘʜʫʩʦʚ, ʘ ʫ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʧʨʠʤʝʨʥʦ 30 
ʛʨʘʜʫʩʦʚ. 

¶ ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʘʭ ʦʥ ʧʦʚʳʰʘʝʪ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʙʦʣʝʝ ʯʝʤ ʚ 1,2 ʨʘʟʘ, ʧʨʠʯʝʤ ʤʘʢʩʠʤʘʣʴ-
ʥʘʷ ʚʳʨʘʙʦʪʢʘ ʥʘ ʧʨʷʤʳʭ ʩʦʣʥʝʯʥʳʭ ʣʫʯʘʭ ʚʳʰʝ, ʯʝʤ ʥʘ ʨʘʩʩʝʷʥʥʦʤ ʩʚʝʪʝ ʚ 
20 ʨʘʟ. 

¶ ɿʘʤʝʯʘʥʠʝ: ʤʦʱʥʦʩʪʴ ʧʨʠ ʟʘʤʝʨʘʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʧʨʷʤʳʭ 
ʩʦʣʥʝʯʥʳʭ ʣʫʯʘʭ ʩʦʩʪʘʚʣʷʣʘ 0.22 ɺʪ, ʧʨʠ ʵʪʦʤ ʧʘʩʧʦʨʪʥʘʷ ʤʦʱʥʦʩʪʴ ʩʦʣʥʝʯ-
ʥr ʭ ʧʘʥʝʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 0.2 ɺʪ.  

¶ ɺ ʠʪʦʛʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʤʘʢʩʠʤʫʤ ʚ 1.8 ʨʘʟ) ʤʝʥʴʰʝ 
ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ (ʚ 5-8 ʨʘʟ), ʵʪʦ ʩʚʷʟʘʥʦ ʚʦ ʧʝʨʚʳʭ, ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʤ ʦʪʨʘʞʝʥʠʷ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ (80%), ʚʦ ʚʪʦʨʳʭ, ʠʟ-ʟʘ 
ʥʝʪʦʯʥʦʩʪʠ ʠʩʧʦʣʥʝʥʠʷ ʬʦʨʤ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʘʥʥʳʝ ʧʨʦʙʣʝʤʳ 
ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʨʘʞʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩ ʧʨʠ-
ʤʝʥʝʥʠʝʤ ʧʦʣʠʨʦʚʢʠ, ʩ ʜʦʚʝʜʝʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʦʪʨʘʞʝʥʠʷ ʜʦ 99%; ʠʟʛʦʪʦʚ-
ʣʝʥʠʝ ʜʝʪʘʣʝʡ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʣʘʟʝʨʥʦʡ ʨʝʟʢʠ ʠʣʠ ʥʘ 3D ʧʨʠʥ-
ʪʝʨʝ.  

ʉʇʀʉʆʂ ʀʉʊʆʏʅʀʂʆɺ ʀ ʃʀʊɽʈɸʊʋʈʓ 
1. ɺʳʛʦʜʩʢʠʡ ʄ. ʗ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʚʳʩʰʝʡ ʤʘʪʝʤʘʪʠʢʝ. ʉʝʜʴʤʦʝ ʠʟʜʘʥʠʝ. ï 
ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ñʅʘʫʢʘò ï 1964. 

2. http://mathprofi.ru/giperbola_i_parabola.html  
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ʕʃɽʂʊʈʆʅʅʓʁ ʌʈʀɿʃɸʁʊ 
ɹʘʭʘʨʝʚ ɺʣʘʜʠʤʠʨ ɸʥʜʨʝʝʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  
çɸʥʛʘʨʩʢʠʡ ʣʠʮʝʡ ˉ2 ʠʤ. ʄ.ʂ. ʗʥʛʝʣʷè, 10ʢʣʘʩʩ 

ʛ. ɸʥʛʘʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʦʥʯʘʨʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 

 
ɸʥʥʦʪʘʮʠʷ 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʨʠʥʮʠʧʘ ʧʦʣʫʯʝʥʠʷ ʬʦʪʦʛʨʘʬʠʡ ʚ ʪʝʭ-

ʥʠʢʝ ʬʨʠʟʣʘʡʪ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʟʜʘʚʘʪʴ 
ʟʨʝʣʠʱʥʳʝ ʬʦʪʦ ʧʨʠ ʧʦʤʦʱʠ RGB ʣʝʥʪʳ ʠ ʤʦʜʫʣʷ ʘʨʜʫʠʥʦ. 

ʎʝʣʴ:  
ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʠ ʧʦʤʦʱʠ ʩʚʝʪʘ ʩʦʟʜʘʚʘʪʴ ʠʟʦʙʨʘʞʝ-
ʥʠʷ ʥʘ ʬʦʪʦʛʨʘʬʠʠ. 

ɿʘʜʘʯʠ:  

¶ ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ. 

¶ ʀʟʫʯʠʪʴ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʝʪʘ. 

¶ ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʘʤʝʨʳ. 

¶ ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʨʠʟʣʘʡʪʘ. 

¶ ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ. 

¶ ʉʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ. 
ɻʠʧʦʪʝʟʘ:  

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʠʟ ʧʨʦʩʪʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʞʥʦ ʩʦʙʨʘʪʴ ʫʩʪʨʦʡʩʪʚʦ 
ʧʦʟʚʦʣʷʶʱʝʝ ʧʦʣʫʯʘʪʴ ʟʘʜʘʥʥʦʝ ʬʦʪʦ ʚ ʩʪʠʣʝ ʬʨʠʟʣʘʡʪ. 

ʉʚʝʪ ï ʵʪʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʚʦʩʧʨʠʥʠʤʘʝʤʦʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʛʣʘ-
ʟʦʤ, ʘ ʮʠʬʨʦʚʘʷ ʢʘʤʝʨʘ ï ʵʪʦ çʠʩʢʫʩʩʪʚʝʥʥʳʡ ʛʣʘʟè, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʥʦʛʦʯʠʩ-
ʣʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʫʥʠʢʘʣʴʥʳʝ ʜʣʷ ʮʠʬʨʦʚʦʡ ʬʦʪʦʛʨʘʬʠʠ: 
ɼʘʪʯʠʢ ʠʟʦʙʨʘʞʝʥʠʷ ð ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʯʠʧ ʩ ʤʠʣʣʠʦʥʘʤʠ 
ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʠʢʩʝʣʝʡ, ʪʘʢʞʝ ʥʘʟʳʚʘʝʤʳʭ ʤʘʩʩʠʚʘʤʠ, ʢʦʪʦʨʳʝ ʠʥʜʠʚʠʜʫ-
ʘʣʴʥʦ ʠʟʤʝʨʷʶʪ ʧʦʧʘʜʘʶʱʠʡ ʥʘ ʥʠʭ ʩʚʝʪ. 

ʎʚʝʪʦʚʦʡ ʬʠʣʴʪʨ ð ʥʘʭʦʜʠʪʩʷ ʧʦʚʝʨʭ ʜʘʪʯʠʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʠʢ-
ʩʝʣʷʤ ʠʟʤʝʨʷʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʚʝʪʘ ʩʚʝʪʦʚʳʭ ʚʦʣʥ. 

ʎʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ð ʜʘʥʥʳʝ, ʩʦʙʨʘʥʥʳʝ ʚ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ, ʧʨʝʦʙʨʘ-
ʟʦʚʳʚʘʶʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʩʠʛʥʘʣ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʵʪʦʪ ʯʠʧ. 
ʇʝʯʘʪʥʘʷ ʧʣʘʪʘ ð ʩʦʜʝʨʞʠʪ ʚʩʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʤʠʢʨʦʩʭʝʤʳ, ʢʦʪʦʨʳʝ ʢʘʤʝʨʘ ʠʩʧʦʣʴ-
ʟʫʝʪ ʜʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ. ʉʭʝʤʘ ʥʘ ʧʣʘʪʝ ʧʝʨʝʥʦʩʠʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʘ ʠʟʦʙʨʘʞʝʥʠʷ ʠ 
ʜʨʫʛʠʭ ʤʠʢʨʦʩʭʝʤ ʚ ʭʨʘʥʠʣʠʱʝ ʥʘ ʢʘʨʪʝ ʧʘʤʷʪʠ. 

ʕʢʨʘʥ ʜʠʩʧʣʝʷ ð ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʢʘʤʝʨʳ, ʘ ʪʘʢʞʝ ʜʣʷ ʢʦʤʧʦʥʦʚʢʠ 
ʬʦʪʦʛʨʘʬʠʠ ʠ ʧʨʦʩʤʦʪʨʘ ʬʦʪʦʛʨʘʬʠʡ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʦʥʠ ʩʥʷʪʳ. 
ʀʟʤʝʨʝʥʠʝ ʩʚʝʪʘ - ʦʪʢʨʳʚ ʟʘʪʚʦʨ ʠ ʜʘʚ ʩʚʝʪʫ ʧʨʦʡʪʠ ʯʝʨʝʟ ʦʙʲʝʢʪʠʚ ʠ ʧʦʧʘʩʪʴ ʥʘ ʜʘʪ-
ʯʠʢ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳ ʧʦʟʚʦʣʷʝʪʝ ʧʠʢʩʝʣʷʤ ʥʘ ʜʘʪʯʠʢʝ ʠʟʦʙʨʘʞʝʥʠʷ ʠʟʤʝʨʠʪʴ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʚ ʤʠʣʣʠʦʥʘʭ ʨʘʟʣʠʯʥʳʭ ʪʦʯʝʢ, ʩʦʟʜʘʚʘʷ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʬʦʪʦ; 

ʌʦʢʫʩʠʨʦʚʢʘ - ʣʠʥʟʳ ʦʙʲʝʢʪʠʚʘ ʧʨʠ ʚʨʘʱʝʥʠʠ ʦʙʨʘʟʫʶʪ ʯʝʪʢʫʶ ʬʦʢʫʩʠʨʦʚʢʫ ʥʘ 
ʦʧʨʝʜʝʣʝʥʥʦʤ ʦʙʲʝʢʪʝ; 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʚʝʪʘ - ʢʘʞʜʳʡ ʧʠʢʩʝʣʴ ʧʨʝʦʙʨʘʟʫʝʪ ʠʟʤʝʨʝʥʥʳʡ ʩʚʝʪ ʚ ʵʣʝʢ-
ʪʨʦʥʳ. ʇʠʢʩʝʣʴ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʙʦʣʝʝ ʷʨʢʠʡ ʩʚʝʪ, ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʙʦʣʴʰʝ ʵʣʝʢ-
ʪʨʦʥʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʴʰʝʤʫ ʟʘʨʷʜʫ. ɿʘʪʝʤ ʯʠʧ ɸʎʇ (ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝ-
ʦʙʨʘʟʦʚʘʪʝʣʴ) ʧʨʝʦʙʨʘʟʫʝʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʚ ʢʘʞʜʦʤ ʧʠʢʩʝʣʝ ʚ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ; 

ʍʨʘʥʝʥʠʝ - ʢʦʛʜʘ ʩʚʝʪ ʦʪ ʩʮʝʥʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ, ʢʘʤʝʨʘ 
ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴ ʜʘʥʥʳʝ ʪʘʢ ʞʝ, ʢʘʢ ʣʶʙʦʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʯʠʧ ʧʝʨʝʤʝʱʘʝʪ ʠʭ, 
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ʜʚʠʛʘʷ ʮʠʬʨʦʚʳʝ ʜʚʦʠʯʥʳʝ ʙʠʪʳ ʯʝʨʝʟ ʩʭʝʤʳ ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. ʂʦʛʜʘ ʙʠʪʳ ʜʦʩʪʠ-
ʛʘʶʪ ʢʘʨʪʳ ʧʘʤʷʪʠ, ʢʘʤʝʨʘ ʠʩʧʦʣʴʟʫʝʪ ʤʠʢʨʦʧʨʦʛʨʘʤʤʫ ʜʣʷ ʟʘʧʠʩʠ ʜʘʥʥʳʭ. 

ʌʨʠʟʣʘʡʪ 

 
ʌʨʠʟʣʘʡʪ ʚ ʬʦʪʦʛʨʘʬʠʠ ð ʵʪʦ ʪʝʭʥʠʢʘ ʨʠʩʦʚʘʥʠʷ ʩʚʝʪʦʤ ʚ ʪʝʤʥʦʪʝ. ɼʣʷ ʵʪʦʛʦ 

ʬʦʪʦʛʨʘʬ ʩʥʠʤʘʝʪ ʚ ʪʸʤʥʦʤ ʧʦʤʝʱʝʥʠʠ ʠʣʠ ʥʘ ʫʣʠʮʝ ʥʦʯʴʶ ʠ ʤʘʥʠʧʫʣʠʨʫʝʪ ʚʩʝʛʦ 
ʦʜʥʦʡ ʥʘʩʪʨʦʡʢʦʡ ð ʚʳʜʝʨʞʢʦʡ. ʏʝʤ ʜʣʠʥʥʝʝ ʚʳʜʝʨʞʢʘ, ʪʝʤ ʜʦʣʴʰʝ ʦʪʢʨʳʪ ʟʘʪʚʦʨ 
ʬʦʪʦʘʧʧʘʨʘʪʘ. ʕʪʦ ʥʫʞʥʦ, ʯʪʦʙʳ ʜʘʞʝ ʚ ʧʦʣʥʦʡ ʪʝʤʥʦʪʝ ʤʘʪʨʠʮʘ ʩʦʙʠʨʘʣʘ ʩʚʝʪ, ʘ 
ʘʚʪʦʨ ʫʩʧʝʣ ʥʘʨʠʩʦʚʘʪʴ ʫʟʦʨ ʣʶʙʳʤ ʚʢʣʶʯʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦ-
ʣʫʯʘʝʪʩʷ ʩʥʠʤʦʢ, ʛʜʝ ʚ ʢʘʜʨʝ ʠʟʦʙʨʘʞʝʥ ʫʟʦʨ ʠʟ ʩʚʝʪʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʥʘʜʧʠʩʴ, ʦʙ-
ʚʝʜʸʥʥʳʡ ʩʠʣʫʵʪ, ʘʙʩʪʨʘʢʪʥʳʝ ʫʟʦʨʳ.  

ʅʘʟʚʘʥʠʝ çʬʨʠʟʣʘʡʪè, ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ çfreeze lightè ð çʟʘʤʝʨʰʠʡ 
ʩʚʝʪè. ɽʛʦ ʧʨʠʜʫʤʘʣʠ ʨʫʩʩʢʠʝ ʬʦʪʦʛʨʘʬʳ ʠ ʭʫʜʦʞʥʠʢʠ ɸʨʪʝʤ ɼʦʣʛʦʧʦʣʦʚ ʠ ʈʦʤʘʥ 
ʇʘʣʴʯʝʥʢʦʚ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʝʭʥʠʢ ʨʠʩʦʚʘʥʠʷ ʩʚʝʪʦʤ.  

ʉʝʛʦʜʥʷ ʬʨʠʟʣʘʡʪ ʥʝʦʙʳʯʘʡʥʦ ʧʦʧʫʣʷʨʝʥ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʠ ʚ ʵʪʦʡ ʪʝʭ-
ʥʠʢʝ ʩʦʟʜʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʦʪʦ, ʥʦ ʠ ʚʠʜʝʦ (ʥʘʧʨʠʤʝʨ, ʤʫʣʴʪʬʠʣʴʤʳ). ʅʘʟʳʚʘʪʴ ʵʪʦ 
ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʥʦ ʧʦ-ʨʘʟʥʦʤʫ - ʩʚʝʪʦʛʨʘʬʠʢʘ, ʣʶʤʠʥʦʛʨʘʬʠʷ, ʩʚʝʪʦʧʠʩʴ, ʥʦ ʩʫʪʴ 
ʚʩʝʛʜʘ ʦʩʪʘʝʪʩʷ ʦʜʥʘ: ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʥʘ ʜʣʠʥʥʦʡ ʚʳʜʝʨʞʢʝ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ 
ʩʚʝʪʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʬʨʠʟʣʘʡʪ-ʬʦʪʦʛʨʘʬʠʠ: ʩʪʘʪʠʯʝʩʢʠʡ ʠ ʜʠʥʘʤʠ-
ʯʝʩʢʠʡ. ɽʩʣʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʬʦʪʦʛʨʘʬʠʨʫʶʪ ʥʝʧʦʜʚʠʞʥʳʝ ʧʦʜʩʚʝʯʝʥʥʳʝ ʦʙʲʝʢʪʳ, 
ʪʦ ʚʦ ʚʪʦʨʦʤ ʠʟʦʙʨʘʞʝʥʠʝ ʩʦʟʜʘʝʪʩʷ ʜʚʠʞʫʱʠʤʠʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʩʚʝʪʘ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ 
ʦʪ ʨʠʩʫʥʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʣʘʡʪ-ʛʨʘʬʬʠʪʠ (ʢʘʣʣʠʛʨʘʬʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ) ʠ ʣʘʡʪ-
ʜʨʦʫʠʥʛ (ʧʦʣʥʦʮʝʥʥʳʝ ʨʠʩʫʥʢʠ ʨʘʟʣʠʯʥʳʭ ʩʪʠʣʝʡ). 
Arduino 

Arduino ï ʘʧʧʘʨʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ 
ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʉ ʧʦʤʦʱʴʶ Arduino 
ʤʦʞʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʜʚʝʨʥʦʡ ʟʘʤʦʢ ʩ ʤʘʛʥʠʪʥʳʤ ʢʣʶʯʦʤ, ʧʦʩʪʨʦ-
ʠʪʴ ʨʦʙʦʪʘ ʩ ʨʘʩʧʦʟʥʘʚʘʥʠʝʤ ʛʦʣʦʩʦʚʳʭ ʢʦʤʘʥʜ ʠʣʠ ʩʦʙʨʘʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʢʦʨ-
ʤʫʰʢʫ ʜʣʷ ʧʠʪʦʤʮʘ. ʂ ʦʩʥʦʚʥʦʡ ʧʣʘʪʝ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʦʜʫʣʠ ʦ 
ʩʪʦʨʦʥʥʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ. ʊʘʢ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʦʩʥʘʩʪʠʪʴ ʜʠʩʧʣʝʝʤ, ʜʘʪʯʠʢʘʤʠ, ʘʢʢʫ-
ʤʫʣʷʪʦʨʘʤʠ ʠ ʙʝʩʧʨʦʚʦʜʥʦʡ ʩʚʷʟʴʶ. 

 Arduino ʧʨʠʜʫʤʘʣʠ ʚ ʀʪʘʣʠʠ ʚ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʣʠ ʩʠʩʪʝʤʫ 
ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ ʣʝʛʢʦʛʦ ʦʙʫʯʝʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʠ ʩʭʝʤʦʪʝʭʥʠʢʝ, ʧʦʵʪʦʤʫ ʧʣʘʪ-
ʬʦʨʤʫ ʠʟʥʘʯʘʣʴʥʦ ʜʝʣʘʣʠ ʛʠʙʢʦʡ, ʯʪʦʙʳ ʝʸ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʣʶʙʳʭ ʰʢʦ-
ʣʘʭ ʠ ʢʨʫʞʢʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʷ ʢʫʧʠʣ ʥʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʚ ʤʘʛʘʟʠʥʝ ʵʣʝʢ-

ʪʨʦʥʠʢʠ. ʀʩʧʦʣʴʟʫʷ ʧʘʷʣʴʥʠʢ, ʦʙʲʝʜʠʥʠʣ ʜʝʪʘʣʠ ʧʦ ʩʭʝʤʝ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʷ ʩʜʝʣʘʣ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʬʦʪʦʛʨʘʬʠʠ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʠʟʦʙʨʘʞʝʥʠʷ ʚʩʝʤ ʠʟʚʝʩʪʥʳʭ ʧʝʨʩʦ-
ʥʘʞʝʡ. 
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ɺʳʚʦʜ: 
  ʌʨʠʟʣʘʡʪ - ʵʪʦ ʫʜʠʚʠʪʝʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʟʜʘʚʘʪʴ ʣʶʙʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ. ʗ ʩʤʦʛ ʩʦʟʜʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʟʜʘʚʘʪʴ ʥʘ ʬʦʪʦ ʣʶʙʳʝ 
ʠʟʦʙʨʘʞʝʥʠʷ ʩʚʝʪʷʱʠʭʩʷ ʦʙʲʝʢʪʦʚ. 
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2. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://www.redbull.com/ru-ru/the-art-of-drawing-with-light 
3. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://www.techinsider.ru/science/news-1551227-kak-

rabotaet-cifrovaya-kamera-poshagovoe-obyasnenie/ 
4. [ʕʣʝʢʪʨʦʥʥʳʡʨʝʩʫʨʩ]: https://blog.skillfactory.ru/arduino-programmirovanie/ 
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ɸʅɽʄʆʄɽʊʈ ï ʇʈʀɹʆʈ ɼʃʗ ʀɿʄɽʈɽʅʀʗ ʉʂʆʈʆʉʊʀ ɺɽʊʈɸ 

ɹʝʣʠʥʠʥʘ ɺʘʨʚʘʨʘ ɸʣʝʢʩʝʝʚʥʘ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  

çɸʥʛʘʨʩʢʠʡ ʣʠʮʝʡ ˉ2 ʠʤ. ʄ.ʂ. ʗʥʛʝʣʷè, 10ʢʣʘʩʩ 
ʛ. ɸʥʛʘʨʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʦʥʯʘʨʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ 
 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ï 

ʘʥʝʤʦʤʝʪʨʘ. ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʟʜʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ 
ʧʨʠʙʦʨʘ. 

ʎʝʣʴ:  
ʉʦʟʜʘʪʴ ʨʘʙʦʪʘʶʱʫʶ ʤʦʜʝʣʴ ʘʥʝʤʦʤʝʪʨʘ 

ɿʘʜʘʯʠ:  
V ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ 
V  ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʘʥʝʤʦʤʝʪʨʘ 
V  ʉʨʘʚʥʠʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʘʤʦʜʝʣʴʥʦʛʦ ʘʥʝʤʦʤʝʪʨʘ ʩ ʘʥʝʤʦʤʝʪʨʦʤ Testo-

452 
V ʆʬʦʨʤʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ. 
V ʉʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ 

ɻʠʧʦʪʝʟʘ:  
ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʢʘʟʘʥʠʷ ʩʘʤʦʜʝʣʴʥʦʛʦ ʘʥʝʤʦʤʝʪʨʘ ʥʠʯʝʤ ʥʝ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ 
ʦʪ ʧʦʢʘʟʘʥʠʡ ʟʘʚʦʜʩʢʠʭ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: 

ʆʩʥʦʚʥʘʷ ʩʬʝʨʘ ʧʨʠʤʝʥʝʥʠʷ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ð ʤʝʪʝʦʨʦʣʦʛʠʷ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʩʠʣʳ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. ɽʛʦ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʚ ʘʵʨʦʧʦʨʪʘʭ ʠ ʘʵʨʦʜʨʦʤʘʭ, ʪʘʢʞʝ ʝʛʦ 
ʠʩʧʦʣʴʟʫʶʪ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʚ ʦʬʠʩʘʭ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʷʪʴ, ʥʦʨ-
ʤʘʣʴʥʦ ʣʠ ʨʘʙʦʪʘʶʪ ʚʳʪʷʞʢʘ, ʢʦʥʜʠʮʠʦʥʝʨ, ʚʝʥʪʠʣʷʮʠʷ.  

ʆʥʠ ʠʤʝʶʪʩʷ ʚ ʘʨʩʝʥʘʣʝ ʧʦʢʣʦʥʥʠʢʦʚ ʧʘʨʫʩʥʦʛʦ ʩʧʦʨʪʘ, ʧʦʣʸʪʦʚ ʥʘ ʜʝʣʴʪʘʧʣʘ-
ʥʘʭ, ʠʤʝʶʪʩʷ ʚ ʢʘʙʠʥʘʭ ʙʘʰʝʥʥʳʭ ʢʨʘʥʦʚ. ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʘʥʝʤʦʤʝʪʨʳ ʠʩʧʦʣʴ-
ʟʫʶʪ ʧʝʨʝʜ ʦʧʨʳʩʢʠʚʘʥʠʝʤ ʧʦʣʝʡ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʚʦʟʜʫʰʥʳʭ ʧʦʪʦʢʦʚ ʠ 
ʦʧʳʣʠʪʴ ʥʫʞʥʳʝ ʤʝʩʪʘ. 
ʏʪʦ ʪʘʢʦʝ ʚʝʪʝʨ? 

ɺʝʪʝʨ ï ʧʦʪʦʢ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 
ʠʟ ʟʦʥʳ ʚʳʩʦʢʦʛʦ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʟʦʥʫ ʥʠʟʢʦʛʦ.  

ʆʙʨʘʟʦʚʘʥʠʝ ʚʝʪʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʠʮʝʡ ʚ ʜʘʚʣʝʥʠʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʠʟ-ʟʘ ʥʝ-
ʦʜʥʦʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʣʥʝʯʥʳʤʠ ʣʫʯʘʤʠ. ʕʪʘ ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʡ 
ʧʨʠʚʦʜʠʪ ʢ ʜʚʠʞʝʥʠʶ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ ʠʟ ʦʙʣʘʩʪʝʡ ʩ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚ ʦʙ-
ʣʘʩʪʠ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤ. ʉʢʦʨʦʩʪʴ ʠ ʩʠʣʘ ʚʝʪʨʘ ʚʘʨʴʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʥʠʮʳ 
ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʟʦʥʘʤʠ. ʏʝʤ ʙʦʣʴʰʝ ʨʘʟʥʠʮʘ ʜʘʚʣʝʥʠʷ, ʪʝʤ 
ʩʠʣʴʥʝʝ ʚʝʪʝʨ. 
ʐʢʘʣʘ ɹʦʬʦʨʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʠʨʣʘʥʜʩʢʠʤ ʤʦʨʷʢʦʤ ʠ ʘʜʤʠʨʘʣʦʤ ʌʨʝʥʩʠʩʦʤ 
ɹʦʬʦʨʪʦʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʧʦ ʰʢʘʣʝ ʦʪ 0 ʜʦ 12 ʙʘʣʣʦʚ. 
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ʉ ʩʘʤʳʭ ʨʘʥʥʠʭ ʚʨʝʤʝʥ ʣʶʜʷʤ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʷʪʴ ʩʢʦʨʦʩʪʴ ʠ ʩʠʣʫ 
ʚʝʪʨʘ. ɺ ʜʨʝʚʥʠʭ ʪʝʢʩʪʘʭ, ʪʘʢʠʭ ʢʘʢ ʦʧʠʩʘʥʠʷ ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʭ ʠ ʨʠʤʩʢʠʭ ʦʧʪʠʯʝʩʢʠʭ 
ʠʥʩʪʨʫʤʝʥʪʦʚ, ʤʦʞʥʦ ʥʘʡʪʠ ʧʝʨʚʳʝ ʫʧʦʤʠʥʘʥʠʷ ʦ ʧʨʠʙʦʨʘʭ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 
ʚʝʪʨʘ. ʆʜʥʘʢʦ ʵʪʠ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣʠ ʥʝ ʦʯʝʥʴ ʧʨʘʢʪʠʯʥʳʤʠ ʠ ʥʝ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ.  

ɺ 1450 ʛʦʜʫ ʠʪʘʣʴʷʥʩʢʠʡ ʫʯʝʥʳʡ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ ʧʨʝʜʣʦʞʠʣ ʩʚʦʡ ʚʘʨʠʘʥʪ 
ʘʥʝʤʦʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʦʚʘʣ ʚʨʘʱʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʢʨʫʛʘ ʩ ʧʨʠʢʨʝʧʣʝʥ-
ʥʳʤʠ ʢ ʥʝʤʫ ʣʝʥʪʘʤʠ ʠʣʠ ʧʝʨʴʷʤʠ. ʕʪʦʪ ʜʠʟʘʡʥ ʧʦʩʣʫʞʠʣ ʦʩʥʦʚʦʡ ʜʣʷ ʤʥʦʛʠʭ ʧʦʩʣʝ-
ʜʫʶʱʠʭ ʠʟʦʙʨʝʪʝʥʠʡ. ʆʜʥʘʢʦ ʠ ʵʪʦʪ ʘʥʝʤʦʤʝʪʨ ʦʢʘʟʘʣʩʷ ʥʝ ʦʯʝʥʴ ʧʨʘʢʪʠʯʥʳʤ.  

ʉ ʨʘʟʚʠʪʠʝʤ ʥʘʫʯʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ XIX ʚʝʢʝ ʩʪʘʣʠ 
ʨʘʟʨʘʙʘʪʳʚʘʪʴʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʳʝ ʠ ʪʦʯʥʳʝ ʘʥʝʤʦʤʝʪʨʳ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʠʟʚʝʩʪʥʳʭ 
ʘʥʝʤʦʤʝʪʨʦʚ ʙʳʣ ʩʦʟʜʘʥ ʚ 1846 ʛʦʜʫ ʘʥʛʣʠʡʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ɼʞʦʥʦʤ ʊʦʤʘʩʦʤ ʈʦʙʠʥ-
ʩʦʥʦʤ. ʆʥ ʠʩʧʦʣʴʟʦʚʘʣ ʩʠʩʪʝʤʫ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʰʝʯʝʢ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ 
ʚʝʪʨʘ. ʀʤʝʥʥʦ ʵʪʦʪ ʪʠʧ ʘʥʝʤʦʤʝʪʨʘ ʩʪʘʣ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɸʥʝʤʦʤʝʪʨ ʈʦʙʠʥʩʦʥʘ ʩʪʘʣ ʥʝʟʘʤʝʥʠʤʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ 
ʤʝʪʝʦʨʦʣʦʛʦʚ, ʧʠʣʦʪʦʚ ʠ ʜʨʫʛʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʪʦʯʥʘʷ ʠʥʬʦʨ-
ʤʘʮʠʷ ʦ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ.  
 

ʇʨʠʤʝʥʝʥʠʝ ʘʥʝʤʦʤʝʪʨʘ: 

¶ ɺ ʤʝʪʝʦʨʦʣʦʛʠʠ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ, ʠʟʫʯʝʥʠʷ ʢʣʠʤʘʪʘ ʠ ʘʥʘʣʠʟʘ ʘʪ-
ʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʡ. 

¶ ɺ ʘʚʠʘʮʠʠ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʙʝʟʦʧʘʩʥʦʤ ʫʧʨʘʚʣʝʥʠʠ ʚʦʟʜʫʰʥʳʤʠ ʩʫʜʘʤʠ.  

¶ ɼʣʷ ʢʦʨʘʙʣʝʡ ʠ ʩʫʜʦʚ ʵʪʠ ʜʘʥʥʳʝ ʚʘʞʥʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʫʩʘʤʠ ʠ ʤʘʥʝʚʨʠ-
ʨʦʚʘʥʠʷ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʳʭ ʦʧʘʩʥʦʩʪʷʭ ʧʨʠ ʧʣʘ-
ʚʘʥʠʠ.  

¶ ɺ ʵʥʝʨʛʝʪʠʢʝ, ʥʘ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ ʦʥʠ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʧʨʝ-
ʜʝʣʝʥʠʷ ʪʦʛʦ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʪʝʨ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʵʣʝʢ-
ʪʨʦʵʥʝʨʛʠʠ. ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʨʘʙʦʪʫ 
ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. 
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¶ ɺ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʦʤʦʛʘʶʪ ʬʝʨʤʝʨʘʤ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʧʦʣʠʚʘ, 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʨʘʩʧʳʣʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʟʘʱʠʱʘʪʴ ʢʫʣʴʪʫʨʳ ʦʪ ʚʨʝʜʠʪʝʣʝʡ. 

¶ ɺ ʩʧʦʨʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ, ʪʘʢʠʭ ʢʘʢ ʧʘʨʫʩʥʳʝ ʠ ʚʝʪʨʦʭʦʜʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ, 
ʛʦʨʥʳʝ ʣʳʞʠ ʠ ʜʨ.  

¶ ʅʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ ʘʥʝʤʦʤʝʪʨʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞ-
ʥʳʭ ʚʦʟʜʝʡʩʪʚʠʡ ʚʝʪʨʘ ʥʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʤʦʛʘʝʪ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʩʪʨʦ-
ʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ. 

 

¶ ɺʠʜʳ ʘʥʝʤʦʤʝʪʨʦʚ: 

¶ ʄʝʭʘʥʠʯʝʩʢʠʝ 

¶ ʏʘʰʝʯʥʳʝ 

¶ ʂʨʳʣʴʯʘʪʳʝ 

¶ ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ 

¶ ʊʝʧʣʦʚʳʝ 
 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ. ʉʙʦʨʢʘ ʧʨʠʙʦʨʘ 

 

ʈʘʟʨʝʟʘʝʤ ʧʣʘʩʪʠʢʦʚʳʝ ʰʘʨʠʢʠ ʥʘ ʜʚʝ ʯʘʩʪʠ ï 
ʣʦʧʘʩʪʠ ʘʥʝʤʦʤʝʪʨʘ; ʧʨʠʢʨʝʧʣʷʝʤ ʠʭ ʥʘ ʨʘʚ-
ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʜʝʨʝʚʷʥʥʫʶ 
ʦʢʨʫʞʥʦʩʪʴ; ʚ ʦʪʚʝʨʩʪʠʝ ʚ ʩʝʨʝʜʠʥʝ ʧʦʤʝʱʘʝʤ 
ʧʦʜʰʠʧʥʠʢ.  
 

 

ʅʘ ʦʢʨʫʞʥʦʩʪʴ ʠʟ ʢʘʨʪʦʥʘ ʟʘʢʨʝʧʣʷʝʤ ʜʘʪʯʠʢ ʦʪ 
ʚʝʣʦʩʠʧʝʜʥʦʛʦ ʩʧʠʜʦʤʝʪʨʘ, ʠʩʧʦʣʴʟʫʷ ʩʪʷʞʢʠ;  
 

 

ʅʘ ʦʢʨʫʞʥʦʩʪʴ ʠʟ ɼʉʇ ʧʨʠʢʣʝʠʚʘʝʤ ʤʘʛʥʠʪ ʪʘʢ, 
ʯʪʦʙʳ ʜʘʪʯʠʢ ʥʘ ʢʘʨʪʦʥʥʦʡ ʦʢʨʫʞʥʦʩʪʠ ʥʘʭʦ-
ʜʠʣʩʷ ʨʦʚʥʦ ʧʦʜ ʤʘʛʥʠʪʦʤ ʥʘ ʜʝʨʝʚʷʥʥʦʡ. 
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ʉʦʙʠʨʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ: ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʢʘʨʪʦʥ-
ʥʫʶ ʯʘʩʪʴ ʥʘ ʰʪʘʪʠʚ ʩ ʧʦʤʦʱʴʶ ʠʟʦʣʝʥʪʳ ʠ ʤʝ-
ʪʘʣʣʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ; ʜʝʨʝʚʷʥʥʫʶ ʯʘʩʪʴ ʫʩʪʘ-
ʥʘʚʣʠʚʘʝʤ ʚʳʰʝ, ʟʘʢʨʝʧʣʷʝʤ ʩ ʧʦʤʦʱʴʶ ʢʨʝ-
ʧʝʞʘ.  
ɺʩʪʘʚʣʷʝʤ ʙʘʪʘʨʝʡʢʠ ʚ ʚʝʣʦʩʠʧʝʜʥʳʡ ʢʦʤʧʴʶ-
ʪʝʨ, ʩʦʝʜʠʥʷʝʤ ʝʛʦ ʩ ʧʨʦʚʦʜʦʤ ʦʪ ʜʘʪʯʠʢʘ.  
 

 
ɺʦ ʚʩʝʭ ʘʥʝʤʦʤʝʪʨʘʭ ʯʘʰʝʯʥʦʛʦ ʪʠʧʘ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʠʥʘ-

ʢʦʚʦ: ʧʦʜʩʯʠʪʳʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʟʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʠ ʚʳʚʦʜʠʪʩʷ ʩʢʦ-
ʨʦʩʪʴ.  

ɺ ʤʦʸʤ ʩʣʫʯʘʝ ʘʥʝʤʦʤʝʪʨ ʨʘʙʦʪʘʝʪ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ: ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʦʟʜʫʰ-
ʥʦʛʦ ʧʦʪʦʢʘ ʜʠʩʢ ʩ ʯʘʰʝʯʢʘʤʠ ʥʘʯʠʥʘʝʪ ʚʨʘʱʘʪʴʩʷ; ʜʘʪʯʠʢ, ʟʘʢʨʝʧʣʝʥʥʳʡ ʥʘ ʥʝʧʦ-
ʜʚʠʞʥʦʡ ʯʘʩʪʠ, ʨʝʘʛʠʨʫʝʪ ʥʘ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʪʦ ʝʩʪʴ ʥʘ ʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʟʘʢʨʝʧʣʝʥ 
ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ), ʧʦʵʪʦʤʫ ʤʘʛʥʠʪ ʢʘʞʜʳʡ ʨʘʟ çʜʦʢʣʘʜʳʚʘʝʪè ʜʘʪʯʠʢʫ ʦ ʪʦʤ, 
ʯʪʦ ʜʠʩʢ ʧʨʦʰʝʣ ʧʦʣʥʳʡ ʦʙʦʨʦʪ; ʵʪʦʪ ʜʘʪʯʠʢ ʬʠʢʩʠʨʫʝʪ ʩʠʛʥʘʣʳ ʠ ʚʨʝʤʝʥʥʳʝ ʧʨʦʤʝ-
ʞʫʪʢʠ ʤʝʞʜʫ ʥʠʤʠ.  

ɿʥʘʷ ʜʠʘʤʝʪʨ ʜʠʩʢʘ, ʤʦʞʥʦ ʥʘʡʪʠ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʦʥ ʧʨʦʭʦʜʠʪ ʟʘ ʦʜʠʥ 

ʧʦʣʥʳʡ ʦʙʦʨʦʪ: L=ˊD. ʀ ʟʘʪʝʤ ʧʦ ʬʦʨʤʫʣʝ v=, ʜʘʪʯʠʢ ʚʳʯʠʩʣʷʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʝ 

ʢʦʣʝʩʘ, ʦʥʘ ʞʝ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. 
ʍʦʜ ʨʘʙʦʪʳ:  

1. ɼʠʘʤʝʪʨ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ ʤʦʝʛʦ ʘʥʝʤʦʤʝʪʨʘ ʨʘʚʝʥ 15 ʩʤ, ʧʦʵʪʦʤʫ ʚ ʚʝʣʦ-
ʩʠʧʝʜʥʳʡ ʢʦʤʧʴʶʪʝʨ ʟʘʥʦʩʠʤ ʜʣʠʥʫ ʦʢʨʫʞʥʦʩʪʠ ʩ ʜʠʘʤʝʪʨʦʤ 150 ʤʤ: L= D́ => 
L=471 ʤʤ;  

2. ɿʘʚʦʜʩʢʦʡ ʘʥʝʤʦʤʝʪʨ Testo-452 ʥʝ ʪʨʝʙʫʝʪ ʥʠʢʘʢʦʡ ʧʦʜʛʦʪʦʚʢʠ, ʣʠʰʴ ʚʢʣʶʯʘ-
ʝʪʩʷ ʚ ʨʦʟʝʪʢʫ. 

3. ʈʘʟʤʝʱʘʝʤ ʚʝʥʪʠʣʷʪʦʨ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʦʪ ʩʦʙʨʘʥʥʦʛʦ ʤʥʦʡ ʘʥʝʤʦʤʝʪʨʘ ʠ 
ʚʢʣʶʯʘʝʤ ʚʝʥʪʠʣʷʪʦʨ; ʞʜʸʤ 60 ʩʝʢʫʥʜ, ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʵʢʨʘʥʝ ʩʪʘ-
ʥʝʪ ʧʦʩʪʦʷʥʥʳʤ; ʟʘʧʠʩʳʚʘʝʤ ʟʥʘʯʝʥʠʝ ʚ ʢʤ/ʯ, ʧʝʨʝʚʦʜʠʤ ʚ ʤ/ʩ 

4. ʈʘʟʤʝʱʘʝʤ ʚʝʥʪʠʣʷʪʦʨ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 20 ʩʤ ʦʪ ʘʥʝʤʦʤʝʪʨʘ Testo-452 ʠ ʚʢʣʶ-
ʯʘʝʤ ʚʝʥʪʠʣʷʪʦʨ; ʞʜʸʤ 60 ʩʝʢʫʥʜ, ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘ ʵʢʨʘʥʝ ʩʪʘʥʝʪ ʧʦ-
ʩʪʦʷʥʥʳʤ; ʟʘʧʠʩʳʚʘʝʤ ʟʥʘʯʝʥʠʝ ʚ ʤ/ʩ 

5. ʉʘʤʦʜʝʣʴʥʳʡ ʘʥʝʤʦʤʝʪʨ ʧʦʢʘʟʘʣ ʩʢʦʨʦʩʪʴ ʚ 9,5 ʢʤ/ʯ, ʯʪʦ ʨʘʚʥʦ ʧʨʠʤʝʨʥʦ 2,6 
ʤ/ʩ  ɸ ʘʥʝʤʦʤʝʪʨ Testo-452 ʧʦʢʘʟʘʣ ʟʥʘʯʝʥʠʝ 1, 6 ʤ/ʩ 
 
ʇʦʩʢʦʣʴʢʫ ʠʟʤʝʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʦ ʜʦʩʪʦʚʝʨʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʚʝʥʪʠʣʷʪʦʨʘ ʩʯʠʪʘʝʤ 1,6 ʤ/ʩ, ʪʦ ʝʩʪʴ ʧʦʢʘʟʘ-
ʥʠʷ ʟʘʚʦʜʩʢʦʛʦ ʘʥʝʤʦʤʝʪʨʘ. ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʡ ʧʨʠʙʦʨ ʠʩʧʦʣʴʟʫ-
ʝʪʩʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʘ ʟʥʘʯʠʪ, ʯʪʦ ʩʜʝʣʘʥʥʳʝ ʠʤ ʠʟʤʝʨʝʥʠʷ ʤʳ ʚ ʧʨʘʚʝ ʩʯʠʪʘʪʴ ʪʦʯ-
ʥʳʤʠ ʠ ʚʝʨʥʳʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʠʟʤʝʨʝʥʠʷʭ ʩʦʩʪʘʚʠʣʠ ʚ 1 ʤ/ʩ. ʅʘ ʜʘʥʥʦʤ ʤʦ-
ʤʝʥʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʪʘʚʣʝʥʥʘʷ ʤʥʦʶ ʛʠʧʦʪʝʟʘ ʥʝ ʧʦʜʪʚʝʨʜʠʣʘʩʴ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟ-
ʤʝʨʝʥʠʡ ʝʩʪʴ, ʠ ʦʥʘ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʤʘʷ. ʇʦʵʪʦʤʫ ʥʫʞʥʦ ʧʨʦʚʝʩʪʠ ʢʘʣʠʙʨʦʚʢʫ ʤʦʝʛʦ 
ʧʨʠʙʦʨʘ.   
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ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʩʘʤʦʜʝʣʴʥʦʛʦ 
ʘʥʝʤʦʤʝʪʨʘ (10 ʢʤ/ʯ = 2,5 ʤ/ʩ) 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʘʥʝʤʦʤʝʪʨʘ 
Testo-452 (1,6 ʤ/ʩ) 

 
ʂʘʣʠʙʨʦʚʢʘ - ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʦʢʘʟʘʥʠʷʤʠ ʩʨʝʜʩʪʚʘ ʠʟʤʝ-

ʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ (ʧʨʠʙʦʨʘ) ʠ ʨʘʟʤʝʨʦʤ ʠʟʤʝʨʷʝʤʦʡ (ʚʭʦʜʥʦʡ) ʚʝʣʠʯʠʥʳ. 
ʇʦʜ ʢʘʣʠʙʨʦʚʢʦʡ ʯʘʩʪʦ ʧʦʥʠʤʘʶʪ ʧʨʦʮʝʩʩ ʧʦʜʩʪʨʦʡʢʠ ʧʦʢʘʟʘʥʠʡ ʚʳʭʦʜʥʦʡ ʚʝ-

ʣʠʯʠʥʳ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʠʷ ʤʝʞʜʫ ʵʪʘʣʦʥʥʦʡ ʚʝʣʠʯʠʥʦʡ ʥʘ ʚʭʦʜʝ ʠ ʨʝʟʫʣʴ-
ʪʘʪʦʤ ʥʘ ʚʳʭʦʜʝ. 

ʅʘ ʧʨʦʩʪʦʨʘʭ ʠʥʪʝʨʥʝʪʘ ʷ ʫʟʥʘʣʘ, ʯʪʦ ʢʘʣʠʙʨʦʚʢʫ ʘʥʝʤʦʤʝʪʨʘ ʧʨʦʚʦʜʷʪ ʨʘʟ-
ʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʶʪ ʩʧʝʮʠʘʣʴʥʫʶ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʫʩʪʘ-
ʥʦʚʢʫ; ʠʥʦʛʜʘ ʩ ʧʦʤʦʱʴʶ ʧʦʜʩʯʸʪʘ ʦʙʦʨʦʪʦʚ ʚ ʨʫʯʥʫʶ, ʘ ʚ ʩʘʤʦʜʝʣʴʥʳʭ ʘʥʝʤʦʤʝʪʨʘʭ 
ʩ ʚʝʣʦʩʠʧʝʜʥʳʤ ʩʧʠʜʦʤʝʪʨʦʤ, ʢʘʢ ʫ ʥʘʩ, ʧʨʠ ʝʟʜʝ ʥʘ ʘʚʪʦʤʦʙʠʣʝ ʚ ʙʝʟʚʝʪʨʝʥʥʫʶ ʧʦ-
ʛʦʜʫ ʥʘʩʪʨʘʠʚʘʶʪ ʚʝʣʦʢʦʤʧʴʶʪʝʨ ʧʦ ʩʦʚʧʘʜʝʥʠʶ ʧʦʢʘʟʘʥʠʡ ʩʦ ʩʧʠʜʦʤʝʪʨʦʤ. ʊʨʝʪʠʡ 
ʩʧʦʩʦʙ ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ, ʥʦ ʚʤʝʩʪʦ ʩʧʠʜʦʤʝʪʨʘ ʤʘʰʠʥʳ ʠʩʧʦʣʴʟʫʝʤ ʨʘʥʝʝ ʠʟʤʝ-
ʨʝʥʥʳʝ ʧʦʢʘʟʘʥʠʷ ʟʘʚʦʜʩʢʦʛʦ ʘʥʝʤʦʤʝʪʨʘ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʫʞʥʦ ʣʠʰʴ ʧʦʜʦʙʨʘʪʴ 
ʥʫʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ ʚʨʘʱʘʶʱʝʡʩʷ ʯʘʩʪʠ, ʢʦʪʦʨʦʝ ʚʚʦʜʠʪʩʷ ʚ ʚʝʣʦʢʦʤʧʴʶʪʝʨ, 
ʯʪʦʙʳ ʦʪʢʘʣʠʙʨʦʚʘʪʴ ʧʨʠʙʦʨ, ʠ ʦʥ ʟʘʨʘʙʦʪʘʣ ʧʨʘʚʠʣʴʥʦ.  

ʄʝʪʦʜʦʤ ʧʦʜʙʦʨʘ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʥʫʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ - 8,5 ʩʤ, ʜʣʠʥʘ 
ʦʢʨʫʞʥʦʩʪʠ ʩʦʩʪʘʚʠʣʘ L=268 ʤʤ. ʂʘʣʠʙʨʦʚʢʘ ʧʨʦʰʣʘ ʫʩʧʝʰʥʦ: ʘʥʝʤʦʤʝʪʨ ʧʦʢʘʟʘʣ 
ʩʢʦʨʦʩʪʴ 1,67 ʤ/ʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʙʣʠʟʢʠʤ ʟʥʘʯʝʥʠʝʤ ʢ ʚʝʨʥʦʡ ʩʢʦʨʦʩʪʠ 
ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ï 1,6 ʤ/ʩ.  

ʈʝʟʫʣʴʪʘʪ ʢʘʣʠʙʨʦʚʢʠ ʩʘʤʦʜʝʣʴʥʦʛʦ 
ʘʥʝʤʦʤʝʪʨʘ (6 ʢʤ/ʯ = 1,67 ʤ/ʩ) 

ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʡ ʘʥʝʤʦʤʝʪʨʘ 
Testo-452(1,6 ʤ/ʩ) 

ʉʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʫʝʤʳʭ ʘʥʝʤʦʤʝʪʨʦʚ 

ʉʘʤʦʜʝʣʴʥʳʡ 
º500 ʨʫʙʣʝʡ (ʩʪʦʠʤʦʩʪʴ ʚʝʣʦʢʦʤʧʴʶʪʝʨʘ, ʦʩʪʘʣʴ-

ʥʦʝ ï ʧʦʜʨʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ) 

Testo-452 
º75000 ʨʫʙʣʝʡ (ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʪʝʧʣʦʚʦʡ ʘʥʝ-

ʤʦʤʝʪʨ, ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʩʥʠʟʠʣʘʩʴ ʜʦ ʜʦʧʫʩʪʠʤʦʛʦ 
ʤʠʥʠʤʫʤʘ. ʇʦʩʪʘʚʣʝʥʥʘʷ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʥʝ ʧʦʣʥʦʩʪʴʶ: ʩʘʤʦʜʝʣʴʥʳʡ ʧʨʠ-
ʙʦʨ ʨʘʙʦʪʘʝʪ ʭʦʨʦʰʦ, ʩʪʦʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʝʰʝʚʣʝ, ʥʦ ʪʦʯʥʦʩʪʴ ʧʦʢʘʟʘʥʠʡ ʥʝ ʠʜʝ-
ʘʣʴʥʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʘʚʠʣʴʥʦʡ ʢʘʣʠʙʨʦʚʢʠ. 

ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷ ʫʟʥʘʣʘ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 4 ʦʩʥʦʚʥʳʭ ʚʠʜʘ ʘʥʝʤʦʤʝʪʨʦʚ: 

ʯʘʰʝʯʥʳʝ, ʢʨʳʣʴʯʘʪʳʝ, ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠ ʪʝʧʣʦʚʳʝ. ɸʥʝʤʦʤʝʪʨ ʚʳʧʦʣʥʷʝʪ ʤʥʦʞʝ-
ʩʪʚʦ ʬʫʥʢʮʠʡ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʥʘʫʢʠ.  

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʤʥʦʶ ʙʳʣ ʩʦʟʜʘʥ ʯʘʰʝʯʥʳʡ ʘʥʝʤʦʤʝʪʨ, ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 
ʩʢʦʨʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ ʩʘʤʦʜʝʣʴʥʳʤ ʘʥʝʤʦʤʝʪʨʦʤ ʠ ʟʘʚʦʜʩʢʠʤ ʘʥʝʤʦʤʝʪʨʦʤ 
Testo-452. ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʘʣʠʙʨʦʚʢʘ ʧʨʠʙʦʨʘ ï 
ʦʙʷʟʘʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʧʦʛʨʝʰʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʙʫʜʝʪ ʟʥʘʯʠʪʝʣʴʥʘ. ʆʬʦʨ-
ʤʠʚ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ, ʷ ʚʳʷʩʥʠʣʘ, ʯʪʦ ʩʜʝʣʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ 
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ʧʨʠʙʦʨ ʛʦʨʘʟʜʦ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʧʦʢʫʧʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʘʥʝʤʦʤʝʪʨ. ɸ 
ʪʘʢʞʝ, ʯʪʦ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʯʥʳʝ ʠʟʤʝʨʝʥʠʷ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ. 
 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://kipmu.ru/veter/?ysclid=lqxfjuk2oi838637597 

2. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://supereyes.ru/articles/anemometer/ustrojstvo-
primenenie-vidy-anemometra/?ysclid=lqmf9ktf26559819536 

3.  [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: https://dzen.ru/a/ZGIgL8OB01wUNS8l 
 

 
 
 

ʇʈʆʊʆʊʀʇ ɺɽʊʈʆɻɽʅɽʈɸʊʆʈɸ 
ɹʫʣʳʯʸʚʘ ʇʦʣʠʥʘ ɽʚʛʝʥʴʝʚʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ  
ʩʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 6, 

10 ʢʣʘʩʩ 
ʛ. ɹʦʨ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʫʭʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʥʘʩʪʘʚʥʠʢ ʕʥʝʨʜʞʠʢʚʘʥʪʫʤʘ ɸʅʆ 
ɼʇʆ çʎʝʥʪʨ ʥʦʚʳʭ ʬʦʨʤ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷè ʩʪʨʫʢʪʫʨʥʦʝ ʧʦʜʨʘʟʜʝʣʝʥʠʝ  

ʂʚʘʥʪʦʨʠʫʤ ɹʦʨ 
 

ɾʠʟʥʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ ʧʨʦʩʪʦ ʥʝʤʳʩʣʠʤʘ ʙʝʟ ʵʥʝʨʛʠʠ. ʈʘʩʪʫʱʝʝ 
ʥʘʩʝʣʝʥʠʝ ɿʝʤʣʠ ʠ ʨʘʩʪʫʱʝʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, çʦʮʠʬʨʦʚʳʚʘʥʠʝè ʯʝʣʦʚʝʯʝʩʪʚʘ ʪʨʝ-
ʙʫʶʪ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠ-
ʯʝʩʢʦʝ ʪʦʧʣʠʚʦ (ʥʝʬʪʴ, ʛʘʟ, ʫʛʦʣʴ), ʥʦ ʠʭ ʟʘʧʘʩʳ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʦʛʨʘʥʠʯʝʥʳ.  

ɻʦʚʦʨʷ ʦʙ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ ʤʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʜʨʘʟʫʤʝ-
ʚʘʝʤ ʠʭ ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ ʠ ʩʚʝʜʝʥʥʦʝ ʢ ʤʠʥʠʤʫʤʫ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 
ʉʘʤʦʡ ʧʦʧʫʣʷʨʥʦʡ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʦʪ ʚʝʪʨʘ, ʩʦʣʥʮʘ ʠ 
ʛʝʦʪʝʨʤʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ɺʝʪʝʨ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʥʝʨʛʠʠ ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ. 
ʆʩʦʙʝʥʥʦ ʧʝʨʩʧʝʢʪʠʚʝʥ ʪʘʢʦʡ ʚʠʜ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʘʤ, ʛʜʝ ʚʝʪʝʨ ʧʨʠʩʫʪ-
ʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʩʪʦʷʥʥʦ. 

ɸʢʪʫʘʣʴʥʳʤ ʩʪʘʥʦʚʠʪʩʷ ʟʥʘʢʦʤʩʪʚʦ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ ʩ ʘʣʴʪʝʨʥʘʪʠʚ-
ʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ. ʆʜʥʘʢʦ, ʚ ɹʦʨʩʢʦʤ ʨʘʡʦʥʝ ʜʝʡʩʪʚʫʶʱʠʭ ʚʝʪʨʦʛʝʥʝʨʘʪʦ-
ʨʦʚ ʚ ʜʦʩʪʫʧʥʦʩʪʠ ʦʪ ʰʢʦʣ ʛʦʨʦʜʘ ʥʝʪ. ʇʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦ-
ʪʠʧʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʚ 
ʩʨʝʜʥʝʡ ʰʢʦʣʝ ʠ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʣʘʜʰʠʭ ʢʣʘʩʩʦʚ. 

ʎʝʣʴ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 
ɿʘʜʘʯʠ: 
1. ʈʘʩʩʤʦʪʨʝʪʴ ʷʚʣʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ; 
2. ʉʨʘʚʥʠʪʴ ʥʝʦʜʠʤʦʚʳʝ ʠ ʬʝʨʨʠʪʦʚʳʝ ʤʘʛʥʠʪʳ, ʥʘʡʪʠ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ; 
3. ʈʘʩʩʤʦʪʨʝʪʴ ʘʥʘʣʦʛʠ. 
4. ʈʘʟʨʘʙʦʪʘʪʴ 3D-ʤʦʜʝʣʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ. 
5. ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʥʘ ʥʝʦʜʠʤʦʚʳʭ 
ʤʘʛʥʠʪʘʭ. 

ʄʘʪʝʨʠʘʣʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʜʝʣʠ:  
1) ʅʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ 
2) ʇʦʜʰʠʧʥʠʢʠ 
3) ɺʠʥʪʳ ʠ ʛʘʡʢʠ 

https://kipmu.ru/veter/?ysclid=lqxfjuk2oi838637597
https://supereyes.ru/articles/anemometer/ustrojstvo-primenenie-vidy-anemometra/?ysclid=lqmf9ktf26559819536
https://supereyes.ru/articles/anemometer/ustrojstvo-primenenie-vidy-anemometra/?ysclid=lqmf9ktf26559819536
https://dzen.ru/a/ZGIgL8OB01wUNS8l
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4) ʇʣʘʩʪʤʘʩʩʦʚʳʝ ʣʦʧʘʩʪʠ 
5) ʄʝʜʥʳʡ ʵʤʘʣʠʨʦʚʘʥʥʳʡ ʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ 0,15 ʤʤ  
6) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
7) ʌʘʥʝʨʘ 
8) ʂʦʜʝʥʩʘʪʦʨ 
9) ɼʠʦʜʳ 
 
ɼʣʷ ʥʘʰʝʛʦ ʧʨʦʪʦʪʠʧʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ 

ʙʦʣʴʰʠʡ ʤʘʛʥʠʪʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘ ʟʥʘʯʠʪ ʦʥʠ ʙʫʜʫʪ ʙʦʣʴʰʝ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦ-
ʵʥʝʨʛʠʶ. ɼʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʘʡʪ Tinkercad. ɺʩʝ ʩʤʦʜʝʣʠʨʦ-
ʚʘʥʥʳʝ ʜʝʪʘʣʠ ʙʳʣʠ ʨʘʩʧʝʯʘʪʘʥʳ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 
ʉʝʙʝʩʪʦʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʶʪ:  

¶ ʅʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ(8 ʰʪ.) ʩʪʦʷʪ 50 ʨʫʙʣʝʡ. 

¶ ʇʣʘʩʪʠʢ ʜʣʷ 3d-ʧʨʠʥʪʝʨʘ ʩʪʦʠʪ 166 ʨʫʙʣʝʡ. 

¶ ʃʠʩʪ ʬʘʥʝʨʳ ʨʘʟʤʝʨʦʤ 23 ʥʘ 3 ʩʤ ʩʪʦʠʪ 20 ʨʫʙʣʝʡ. 

¶ ʄʝʜʥʳʡ ʵʤʘʣʠʨʦʚʘʥʥʳʡ ʧʨʦʚʦʜ ʜʠʘʤʝʪʨʦʤ 0,15 ʤʤ 70 ʛʨʘʤʤ ʩʪʦʠʪ 73 ʨʫʙʣʷ 
ʀʪʦʛʦ 309 ʨʫʙʣʝʡ. 

 
 
ʉʦʟʜʘʥʥʳʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʤʦʙʠʣʴʥʦʩʪʴʶ, ʩʦʭʨʘʥʷʷ 

ʩʚʦʡʩʪʚʦ ʥʘʛʣʷʜʥʦʩʪʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɺʩʝ ʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘʭ // ʉʪʨʦʡʧʦʜʩʢʘʟʢʘ URL: https://stroy-

podskazka.ru/generatory/vetrogenerator/#h2_755455 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

13.03.2024).  

2. ʀʩʪʦʨʠʷ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ https://ekoproekt-

energo.ru/news/2018/10/03/%D0%B8%D1%81%D1%82%D0%BE%D1%80%

D0%B8%D1%8F-

%D0%B2%D0%B5%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5

%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B8/ (ʜʘʪʘ ʦʙ-

ʨʘʱʝʥʠʷ: 13.03.2024). 

3. ʂʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʧʦʤʦʛʘʶʪ ʧʦʣʫʯʘʪʴ ʪʝʧʣʦ ʠ ʵʣʝʢ-

ʪʨʠʯʝʩʪʚʦ // invlab.ru URL: https://invlab.ru/texnologii/alternativnaya-energiya/ 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 13.03.2024). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɻɸɿʆɺʓʍ ɿɸʂʆʅʆɺ ʀ ʀʍ ʇʈʀʄɽʅɽʅʀɽ ɼʃʗ ʈɽʐɽʅʀʗ ʇʈʆ-

ɹʃɽʄ ɻɸɿʆʅɽʌʊɽɺʆɼʆʇʈʆʗɺʃɽʅʀʁ ʇʈʀ ɼʆɹʓʏɽ ʅɽʌʊʀ ʀ ɻɸɿɸ 
ɺʘʣʶʭ ʉʦʬʴʷ ɸʣʝʢʩʘʥʜʨʦʚʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʌʦʛʝʣʴ ʆʣʴʛʘ ʅʠʢʦʣʘʝʚʥʘ 
ʛ.ɻʫʙʢʠʥʩʢʠʡ, ʗʅɸʆ 

 
ʇʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʦʩʣʦʞʥʝʥʠʷ ʚ ʚʠʜʝ ʛʘʟʦʥʝʬʪʝʚʦʜʦ-

ʧʨʦʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʥʝ ʪʦʣʴʢʦ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʦʙʥʘʨʫʞʝʥʠʷ, ʥʦ ʠ ʧʨʘʚʠʣʴ-
ʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ. ɺ ʨʘʟʨʘʙʦʪʢʝ ʪʘ-
ʢʠʭ ʤʝʪʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʧʨʠʨʦʜʫ ʛʘʟʘ 
ʠ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʛʘʟʦʚʳʝ ʟʘʢʦʥʳ 
ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʧʨʦʚʝʨʠʪʴ ʠʭ ʚʳʧʦʣʥʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʳ; ʠʩ-
ʩʣʝʜʦʚʘʪʴ ʩʣʫʯʘʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ  ʛʘʟʦʥʝʬʪʝ-
ʚʦʜʦʧʨʦʷʚʣʝʥʠʡ. ɿʘʜʘʯʠ: ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦʨʠʝʡ ʦʪʢʨʳʪʠʷ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ; ʚʳʚʝ-
ʩʪʠ ʛʘʟʦʚʳʝ ʟʘʢʦʥʳ; ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ; ʠʟʫ-
ʯʠʪʴ ʧʨʠʤʝʥʝʥʠʷ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ.  

ɹʳʣʘ ʚʳʜʚʠʥʫʪʘ ʛʠʧʦʪʝʟʘ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ, ʦʧʠʩʳʚʘʶʱʠʭ 
ʧʦʚʝʜʝʥʠʝ ʛʘʟʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʧʦʤʦʛʘʝʪ ʚ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ ʛʘ-
ʟʦʧʨʦʷʚʣʝʥʠʡ ʠ ʚʳʙʨʦʩʦʚ. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʛʘʟʦ-
ʚʳʭ ʟʘʢʦʥʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤʳ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ. 

ʄʝʪʦʜʳ: ʠʟʫʯʝʥʠʝ ʠʩʪʦʯʥʠʢʦʚ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ, ʧʨʦ-
ʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ  ʨʘʙʦʪʳ. 

ʆʙʟʦʨ ʠʩʪʦʯʥʠʢʦʚ: ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʫʯʝʙ-
ʥʠʢ ʬʠʟʠʢʠ ʜʣʷ 10 ʢʣʘʩʩʘ, ɹʦʣʴʰʘʷ ʈʦʩʩʠʡʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʠ ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦ-
ʙʠʝ ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʯʠʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʙʫʨʝʥʠʶ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ 
ʧʦ ʢʫʨʩʫ çʂʦʥʪʨʦʣʴ ʩʢʚʘʞʠʥʳ. ʋʧʨʘʚʣʝʥʠʝ ʩʢʚʘʞʠʥʦʡ ʧʨʠ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝ-
ʥʠʷʭè. 

ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʛʘʟʦʚʳʝ ʟʘʢʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʠʜʝʘʣʴʥʦʤ ʛʘʟʝ, ʛʜʝ 
ʧʨʝʥʝʙʨʝʛʘʶʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ ʤʦʣʝʢʫʣ. ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʦʩʪʦʷʥʠʷ 
ʛʘʟʘ ʷʚʣʷʶʪʩʷ ʜʘʚʣʝʥʠʝ, ʦʙʲʝʤ ʠ ʪʝʤʧʝʨʘʪʫʨʘ. ʆʥʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʨʘʚʥʝ-
ʥʠʝʤ ʄʝʥʜʝʣʝʝʚʘ - ʂʣʘʧʝʡʨʦʥʘ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʶʪ ʠʟʦʧʨʦʮʝʩʩʘʤ, ʧʨʠ ʢʦʪʦ-
ʨʳʭ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʇʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʥʝ ʤʝ-
ʥʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʠʟʦʙʘʨʥʦʤ - ʜʘʚʣʝʥʠʝ, ʧʨʠ ʠʟʦʭʦʨʥʦʤ - ʦʙʲʝʤ.  

ʇʝʨʚʳʡ ʟʘʢʦʥ - ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ - ʦʪʥʦʩʠʪʩʷ ʢ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. ʆʥ ʙʳʣ 
ʦʪʢʨʳʪ ʚ 1662 ʛʦʜʫ ʈʦʙʝʨʪʦʤ ɹʦʡʣʝʤ ʠ ʧʝʨʝʦʪʢʨʳʪ ʕʜʤʦʤ ʄʘʨʠʦʪʪʦʤ ʚ 1676 ʛʦʜʫ. ʊʘʢ 
ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʚʦʟʴʤʝʤ ʜʚʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ - p1 
V1 ʠ p2 V2.  ʉʜʝʣʘʝʤ ʧʨʦʚʝʨʢʫ: ʠʟʥʘʯʘʣʴʥʦ ʚ ʰʧʨʠʮ ʥʘʙʠʨʘʝʪʩʷ 20ʤʣ ʚʦʟʜʫʭʘ. ʇʝʨʝ-
ʢʨʦʝʤ ʢʨʘʥ ʥʘ ʟʘʞʠʤʝ ʠ ʠʟʤʝʨʠʤ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʩʦʩʫʜʘ. ʇʝʨʚʦʝ ʩʦʩʪʦʷʥʠʝ 
ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚʥʫʪʨʠ ʰʧʨʠʮʘ ʬʠʢʩʠʨʫʝʪʩʷ ʧʨʠ ʦʙʲʝʤʝ 16 ʤʣ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦ-
ʨʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʭʘ ʫʤʝʥʴʰʘʝʤ ʦʙʲʝʤ ʚʦʟʜʫʭʘ ʚ ʰʧʨʠʮʝ, ʚʜʚʠʛʘʷ ʧʦʨʰʝʥʴ ʜʦ ʦʪ-
ʤʝʪʢʠ 14 ʤʣ. ɿʘʪʝʤ ʧʨʦʚʦʜʠʤ ʚʳʯʠʩʣʝʥʠʷ. P1 =120 ʤʤ.ʨʪ.ʩʪ. = 15996 ʇʘ, (1ʤʤ.ʨʪ.ʩʪ å 
133,3 ʇʘ, 1 ʤʣ =10-6 ʤį). V1 =16 ʤʣ. = 16*10-6 ʤį. V2 =14 ʤʣ. = 14*10-6 ʤį . P2 =137 ʤʤ.ʨʪ.ʩʪ. 
= 18262,1 ʇʘ. P1 V1 =15996*16*10-6=255 936*10-6 = 0,256 ʇʘ*ʤį. P2V2 =18262,1*14*10-6 = 
255 669,4*10-6 = 0,255 ʇʘ*ʤį. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, P1 V1 = P2 V2, ʧʨʠ T =const. ʇʦ ʨʝʟʫʣʴʪʘ-
ʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ ʥʝʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ, ʤʳ ʜʦʢʘʟʘʣʠ ʟʘʢʦʥ ɹʦʡʣʷ-ʄʘʨʠʦʪʪʘ. 

ɺʪʦʨʦʡ ʟʘʢʦʥ - ɻʝʡ-ʃʶʩʩʘʢʘ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʠʟʦʙʘʨʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʧʦʩʪʦ-
ʷʥʥʦʤ ʜʘʚʣʝʥʠʠ p. ʉʥʦʚʘ ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ; ʥʘ ʵʪʦʪ ʨʘʟ 
ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʙʫʜʫʪ ʨʘʚʥʳ p, V1, T1 ʠ p, V2, T2.  ʉʜʝʣʘʝʤ ʧʨʦʚʝʨʢʫ: ʜʣʷ ʧʦʣʫ-
ʯʝʥʠʷ ʧʝʨʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʰʧʨʠʮʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʧʦʨ-
ʰʝʥʴ ʥʘ ʦʪʤʝʪʢʫ 8 ʤʣ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʦʛʦ ʩʦʩʪʦʷʥʠʷ ʦʧʫʩʢʘʝʤ ʰʧʨʠʮ ʚ ʩʪʘʢʘʥ ʩ 
ʛʦʨʷʯʝʡ ʚʦʜʦʡ. ʊʝʤʧʝʨʘʪʫʨʫ ʛʦʨʷʯʝʡ ʚʦʜʳ ʠʟʤʝʨʷʝʤ ʪʝʨʤʦʤʝʪʨʦʤ. V1 = 8 ʤʣ = 8*10-6 
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ʤį. T1 = 25Üʉ = 298 K. V2 = 10 ʤʣ = 10*10-6 ʤį. T2 = 60ÜC = 333 K.   
ᶻ

πȟπςχz

ρπ ʤį/ʂ.  
ᶻ

πȟπσzρπ ʤį/ʂ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʨʘʚʥʳʭ ʦʪʥʦʰʝʥʠʷ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʢʦʥ ɻʝʡ-ʃʶʩʩʘʢʘ ʥʘʤ ʪʘʢ ʞʝ ʫʜʘʣʦʩʴ ʜʦʢʘʟʘʪʴ. 
ʊʨʝʪʠʡ ʟʘʢʦʥ - ʟʘʢʦʥ ʐʘʨʣʷ. ɺ ʝʛʦ ʦʩʥʦʚʝ ʣʝʞʠʪ ʠʟʦʭʦʨʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʦʩʫʜʝ ʩ 

ʧʦʩʪʦʷʥʥʳʤ ʦʙʲʸʤʦʤ V. ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʩ ʧʘʨʘʤʝʪ-
ʨʘʤʠ p1, V, T1 ʠ p2, V, T2. ʉʜʝʣʘʝʤ ʧʨʦʚʝʨʢʫ: ʦʙʲʝʤ ʩʦʩʫʜʘ ʧʦʩʪʦʷʥʥʳʡ - 60ʤʣ, ʢʨʘʥ 
ʥʘ ʟʘʞʠʤʝ ʟʘʢʨʳʪ. ɺ ʧʝʨʚʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʩʫʜ ʦʧʫʩʢʘʝʪʩʷ ʚ ʛʦʨʷʯʫʶ ʚʦʜʫ. ɼʣʷ ʧʦʣʫʯʝ-
ʥʠʷ ʚʪʦʨʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ ʦʧʫʩʢʘʝʤ ʚ ʩʪʘʢʘʥ ʩ ʧʦʜʪʘʷʚʰʠʤ ʩʥʝʛʦʤ. 

ɺʳʯʠʩʣʷʝʤ ʦʪʥʦʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ. ʈ1 =48 
ʤʤ.ʨʪ.ʩʪ. =6398,4 ʇʘ. T 1 = 49Üʉ = 322K. ʈ2 = 1 ʤʤ. ʨʪ. ʩʪ.=133,3 ʇʘ. T 2 = 1ÜC = 274 K. 

 πȟωψ ̍ Ȣ̍̑ Ȣ̓̒ Ȣ̓ȾΞ˞  19,87ʇʘ/ʂ. =1 ̍ Ȣ̍̑ Ȣ̓̒ Ȣ̓ȾΞ˞  = 0,486 ʇʘ/ʂ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, 

  , ʧʨʠ V = const. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʥʘʩ ʧʦʣʫʯʠʣʦʩʴ ʜʦʢʘʟʘʪʴ ʚʩʝ ʪʨʠ ʟʘʢʦʥʘ ʥʘ ʧʨʘʢʪʠʢʝ. ʉʪʦʠʪ ʦʪ-
ʤʝʪʠʪʴ, ʯʪʦ ʧʦʛʨʝʰʥʦʩʪʴ ʚ ʠʟʤʝʨʝʥʠʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ, 
ʩʚʷʟʘʥʘ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʝʨʤʝʪʠʯʥʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʆʜʥʘʢʦ, ʜʘʞʝ ʧʨʠ ʪʘʢʦʤ ʫʩʣʦʚʠʠ, 
ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʢʦʥʘʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʚ ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ 
ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ ʪʘʢʦʝ ʦʧʘʩʥʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚ-
ʣʝʥʠʝ. ɽʩʣʠ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʚʳʰʝ ʜʘʚʣʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʟʘʧʦʣʥʷʶʱʝʛʦ 
ʩʢʚʘʞʠʥʫ, ʛʘʟ ʩ ʦʛʨʦʤʥʦʡ ʩʠʣʦʡ ʚʳʙʨʘʩʳʚʘʝʪ ʞʠʜʢʦʩʪʴ ʠʟ ʩʢʚʘʞʠʥʳ ï ʚʦʟʥʠʢʘʝʪ ʛʘʟʦ-
ʚʳʡ, ʘ ʠʥʦʛʜʘ ʠ ʥʝʬʪʷʥʦʡ ʬʦʥʪʘʥ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʨʫʰʘʝʪ ʧʨʦʮʝʩʩʳ ʙʫʨʝʥʠʷ ʠ ʨʝ-
ʤʦʥʪʘ ʩʢʚʘʞʠʥ, ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʨʯʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʠʥʦʛʜʘ ʠ ʧʦʞʘʨ. ɺʦ ʠʟʙʝʞʘʥʠʝ 
ʵʪʠʭ ʩʠʪʫʘʮʠʡ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʘʟʦʚʳʝ ʟʘʢʦʥʳ. ɿʘʜʘʯʠ ʤʝʭʘʥʠʢʠ ʛʘʟʦʧʨʦʷʚʣʝʥʠʡ ʠ 
ʚʳʙʨʦʩʦʚ ʯʘʱʝ ʚʩʝʛʦ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩ ʜʦʧʫʱʝʥʠʝʤ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 
ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʛʘʟʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʧʦ ʩʪʚʦʣʫ ʩʢʚʘʞʠʥʳ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 
ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʪʘʢʞʝ ʠ 
ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ ʠ 
ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʂ ʜʣʷ ʫʩʣʦʚʠʡ ʭʘʨʘʢʪʝʨʥʳʭ ʩʢʚʘʞʠʥ 
ʨʘʟʨʘʙʦʪʘʥʘ ʥʦʤʦʛʨʘʤʤʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ. ɿʘʜʘʯʘ ʟʚʫʯʠʪ ʪʘʢ: çɺ 
ʩʢʚʘʞʠʥʫ ʥʘ ʛʣʫʙʠʥʝ 4000 ʤ, ʟʘʧʦʣʥʝʥʥʫʶ ʙʫʨʦʚʳʤ ʨʘʩʪʚʦʨʦʤ ʧʣʦʪʥʦʩʪʴʶ 1680 ʢʛ/ʤ3, 
ʧʦʩʪʫʧʠʣʦ 0,5 ʤ3 ʛʘʟʘ (ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʛʘʟʘ 14 ʤ). ʆʧʨʝʜʝʣʠʪʝ ʦʙʲʝʤ ʛʘʟʘ ʧʨʠ ʚʩʧʣʳʪʠʠ 
ʛʦʣʦʚʳ ʢ ʦʪʤʝʪʢʝ 2000 ʤ ʠ 250 ʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʥʘ ʟʘʙʦʝ, ʛʣʫʙʠʥʘʭ 2000 ʤ ʠ 500 ʤ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 393, 333 ʠ 321 ʂ.è ʈʘʩʩʯʠʪʘʝʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʩʪʦʣʙʘ ʙʫ-
ʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʅʘ ʛʣʫʙʠʥʝ 4000 ʤ: ʈʛ = ɟgH = (4000 - 14) *9,8*1680 = 65,7 ʄʇʘ. ʅʘ 
ʛʣʫʙʠʥʝ 2000 ʤ: ʈʛ = ɟgH = (2000-14) *9,8*1680 = 32,7 ʄʇʘ. ʅʘ ʛʣʫʙʠʥʝ 500 ʤ: ʈʛ = ɟgH 
= (500 ï 14) *9,81*1680 = 8,01 ʄʇʘ. ʂʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ ʜʣʷ ʛʣʫʙʠʥʳ 4000 ʤ: z 
= 1,25; ʜʣʷ ʛʣʫʙʠʥʳ 2000 ʤ: z = 0,9 ʠ ʜʣʷ ʛʣʫʙʠʥʳ 250 ʤ: z =0,87. ʈʘʩʩʯʠʪʘʝʤ ʦʙʲʝʤ 
ʛʘʟʦʚʦʡ ʧʘʯʢʠ ʥʘ ʛʣʫʙʠʥʝ 2000 ʤ: 

ὠ  
ὖ̄ ὠὤὝ

ὖ̄ ὤὝ
 
φυȢχz πȢυz πȢωz σσσ

ρȢςυzσωσzσςȢχ
πȢφρ ̍  

ʈʘʩʩʯʠʪʘʝʤ ʦʙʲʝʤ ʛʘʟʦʚʦʡ ʧʘʯʢʠ ʥʘ ʛʣʫʙʠʥʝ 500 ʤ: 

ὠ  
ὖ̄ ὠὤὝ

ὖ̄ ὤὝ
 
σςȟχz πȟφρzπȟψχzσςρ

πȟωυzσσσzψȟπρ
ςȟς ̍  

ɺʳʩʦʪʘ ʩʪʦʣʙʘ ʛʘʟʦʚʦʡ ʧʘʯʢʠ ʧʨʠ ʧʦʜʭʦʜʝ ʝʝ ʢ ʛʣʫʙʠʥʝ 500 ʤ ʚ ʢʦʣʴʮʝʚʦʤ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ ʩ ʧʣʦʱʘʜʴʶ ʩʝʯʝʥʠʷ 0,024 ʤ2: 

Ὤ  
ὠ

Ὓ
 
ςȢς

πȢπςτ
ως ̍ 
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ʂʨʠʪʠʯʝʩʢʘʷ ʚʳʩʦʪʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʳʪʝʩʥʝʥʘ 
ʛʘʟʦʚʳʤ ʧʫʟʳʨʝʤ ʠʟ ʩʢʚʘʞʠʥʳ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ ʧʦ ɺ.ɼ. ʄʘʣʝʚʘʥʩʢʦʤʫ ʧʦ ʬʦʨ-
ʤʫʣʝ: 

Ὤ̋ ̑  ςὼὌ ὼ  ςz ρττπππρτ σστ ̍ 

ʛʜʝ ʭ - ʚʳʩʦʪʘ ʩʪʦʣʙʘ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʷ ʥʘ ʟʘʙʦʝ, ʤ. 
ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʪʘʢ ʢʘʢ hʢʨ> h, ʝʩʣʠ ʥʝ ʧʨʠʥʷʪʴ ʤʝʨʳ ʧʦ ʛʝʨʤʝʪʠʟʘʮʠʠ ʩʢʚʘʞʠʥʳ, 

ʧʨʦʠʟʦʡʜʝʪ ʚʳʙʨʦʩ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʬʦʥʪʘʥʠʨʦʚʘʥʠʝ ʛʘʟʦʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʙʦʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʛʘʟʦʚʳʭ ʟʘʢʦʥʦʚ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʚ ʨʝʰʝʥʠʠ 

ʧʨʦʙʣʝʤ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʦʣʝʟʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡ-
ʰʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʦʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 
ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʮʝʣʴ ʨʘʙʦʪʳ ʜʦʩʪʠʛʥʫʪʘ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥʳ, ʚʳʜʚʠʥʫ-
ʪʘʷ ʛʠʧʦʪʝʟʘ ʦʢʘʟʘʣʘʩʴ ʚʝʨʥʦʡ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. ʂʦʥʪʨʦʣʴ ʩʢʚʘʞʠʥʳ. ʋʧʨʘʚʣʝʥʠʝ ʩʢʚʘʞʠʥʦʡ ʧʨʠ ʛʘʟʦʥʝʬʪʝʚʦʜʦʧʨʦʷʚʣʝʥʠʷʭ// 
ʌʘʡʣʦʚʳʡ ʘʨʭʠʚ ʩʪʫʜʝʥʪʦʚ: [ʩʘʡʪ]. ï 2019. ï URL: 
https://studfile.net/preview/10103429/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 29.01.2024).  

 
 
 

 

ʂʆʅʉʊʈʋʀʈʆɺɸʅʀɽ ʊɽʅʉɽɻʈʀʊʀ ʂʆʅʉʊʈʋʂʎʀʁ 
ɺʰʠʚʢʦʚ ɸʥʜʨʝʡ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʩʨʝʜʥʷʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ 
ʰʢʦʣʘ ˉ10, 11 ʢʣʘʩʩ 

ʛ. ʖʨʛʘ, ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʊʝʩʣʝʚʘ ɽʣʝʥʘ ʇʘʚʣʦʚʥʘ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɺ ʠʥʪʝʨʥʝʪʝ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʨʝʜʤʝʪʳ ʠʥʪʝʨʴʝʨʘ ʢʘʢ ʙʳ çʧʘʨʷʱʠʝ ʚ ʚʦʟʜʫʭʝè. 
ʉʥʘʯʘʣʘ ʚʦʟʥʠʢʘʝʪ ʫʜʠʚʣʝʥʠʝ, ʥʦ ʝʩʣʠ ʭʦʨʦʰʝʥʴʢʦ ʧʨʠʩʤʦʪʨʝʪʴʩʷ, ʪʦ ʧʨʠʥʮʠʧ, ʧʦ ʢʦ-
ʪʦʨʦʤʫ ʢʦʥʩʪʨʫʢʮʠʷ ʜʝʨʞʠʪʩʷ, ʚʧʦʣʥʝ ʧʦʥʷʪʝʥ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʪʝʨʞʥʝʡ ʠ 
ʪʨʦʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʪʝʨʞʥʠ ʨʘʙʦʪʘʶʪ ʥʘ ʩʞʘʪʠʝ, ʘ ʪʨʦʩʳ ï ʥʘ ʨʘʩʪʷʞʝʥʠʝ (ʨʠʩ. 1, ʘ). 
ʊʘʢʠʤ ʢʦʥʩʪʨʫʢʮʠʷʤ ʘʤʝʨʠʢʘʥʩʢʠʡ ʫʯʸʥʳʡ ʠ ʘʨʭʠʪʝʢʪʦʨ ʈʠʯʘʨʜ ʌʫʣʣʝʨ ʚ 1962 ʛʦʜʫ 
ʜʘʣ ʥʘʟʚʘʥʠʝ ʪʝʥʩʝʛʨʠʪʠ. ʇʦ-ʨʫʩʩʢʠ ʪʘʢʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʟʳʚʘʶʪʩʷ ʥʘʧʨʷʞʸʥʥʦ-ʩʚʷ-

ʟʘʥʥʳʤʠ [1]. 

 

                  ʘ)                                   ʙ)                                    ʚ) 
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ʈʠʩ. 1. ʅʘʧʨʷʞʝʥʥʦ-ʩʚʷʟʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘ) ʩʪʦʣʠʢ ʙ) ʠʛʦʣʴʯʘʪʘʷ ʙʘʰʥʷ ʚ) ʤʦʩʪ 

ʇʝʨʚʳʤ ʠʜʝʠ ʥʘʧʨʷʞʝʥʥʦ-ʩʚʷʟʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʟʜʘʣ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 
ʝʱʝ ʚ 1921 ʛ ʩʦʚʝʪʩʢʠʡ ʭʫʜʦʞʥʠʢ ʂʘʨʣ ʀʦʛʘʥʩʦʥ. ɽʛʦ çʩʘʤʦʥʘʧʨʷʞʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠè 

ʙʳʣʠ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʪʝʥʩʝʛʨʠʪʠ [2]. 
ʅʘʧʨʷʞʝʥʥʦ-ʩʚʷʟʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʨʭʠʪʝʢʪʫʨʥʦʤ ʩʪʨʦʠʪʝʣʴ-

ʩʪʚʝ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʠʡ ʩʢʫʣʴʧʪʦʨ ʂʝʥʥʝʪ ʉʥʝʣʩʦʥ ʩʧʨʦʝʢʪʠʨʦʚʘʣ ʙʘʰʥʶ-
ʠʛʣʫ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʚ ʉʐɸ (ʨʠʩ. 1,ʙ). ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʜʚʦʡʥʳʭ ʨʝʰʝʪʯʘʪʳʭ ʩʠʩʪʝʤ 
ʥʘ ʦʩʥʦʚʝ ʪʝʥʩʝʛʨʠʪʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʦʩʪʦʚ. ʉʘʤʳʡ ʙʦʣʴʰʦʡ ʚ ʤʠʨʝ 

ʪʝʥʩʝʛʨʠʪʠ ʤʦʩʪ ʂʫʨʠʣʧʘ ʚ ɹʨʠʩʙʝʥʝ, ɸʚʩʪʨʘʣʠʷ (ʨʠʩ. 1,ʚ) [3]. ʊʝʥʩʝʛʨʠʪʠ ʪʝʭʥʦʣʦʛʠʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʢʨʳʰ ʠ ʢʫʧʦʣʦʚ ʩʪʘʜʠʦʥʦʚ, ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ. ʆʜʠʥ 
ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʢʫʧʦʣʦʚ ʩʪʘʜʠʦʥʘ ʨʘʩʧʦʣʦʞʝʥ ʚ ʄʶʥʭʝʥʝ, ɻʝʨʤʘʥʠʷ. ɼʘʥʥʳʡ 
ʧʨʠʥʮʠʧ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʠʩʢʫʩʩʪʚʝ ʜʣʷ ʚʦʟʚʝʜʝʥʠʷ ʩʢʫʣʴʧʪʫʨ ʠ ʨʘʟʣʠʯʥʳʭ 
ʢʦʤʧʦʟʠʮʠʡ. ʇʨʠʥʮʠʧ ʪʝʥʩʝʛʨʠʪʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝ-
ʙʝʣʠ ʠ ʧʨʝʜʤʝʪʦʚ ʠʥʪʝʨʴʝʨʘ ʩ ʪʨʦʩʘʤʠ, ʮʝʧʦʯʢʘʤʠ ʠ ʩʪʝʨʞʥʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠ-
ʚʘʶʪ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʧʨʦʯʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʅʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ: 
ʩʪʦʣʳ, ʩʪʦʣʠʢʠ, ʩʪʫʣʴʷ, ʪʘʙʫʨʝʪʳ, ʧʦʜʩʪʘʚʢʠ, ʘ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʜʝʢʦʨʘ ʢʚʘʨʪʠʨʳ: ʢʘʨ-
ʪʠʥʳ, ʩʚʝʪʠʣʴʥʠʢʠ, ʣʶʩʪʨʳ ʠ ʧʨ.  

ʌʫʣʣʝʨ ʩʯʠʪʘʣ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʚʩʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʧʨʠʥʮʠʧʝ ʪʝʥʩʝʛʨʠʪʠ, ʩ ʩʦʙʣʶ-
ʜʝʥʠʝʤ ʙʘʣʘʥʩʘ ʥʘʪʷʥʫʪʳʭ ʩʚʷʟʝʡ. ɼʘʞʝ ʯʝʣʦʚʝʢ, ʦʧʣʝʪʝʥʥʳʡ ʛʠʙʢʠʤʠ ʠ ʩʦʢʨʘʱʘʶ-
ʱʠʤʠʩʷ ʤʳʰʮʘʤʠ, ʩʫʭʦʞʠʣʠʷʤʠ ʠ ʩʚʷʟʢʘʤʠ, ʦʙʲʝʜʠʥʷʶʱʠʤʠ ʩʢʝʣʝʪ ʩ ʰʘʨʥʠʨʘʤʠ ï 
ʩʫʩʪʘʚʘʤʠ, ʚʧʠʩʳʚʘʣʩʷ ʚ ʝʛʦ ʪʝʦʨʠʶ. ʇʦʟʜʥʝʝ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʥʮʠʧ ʪʝʥʩʝʛʨʠʪʠ 
ï ʵʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʳ, ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʫʨʦʚʥʝ 

ʦʨʛʘʥʦʚ, ʪʢʘʥʝʡ, ʢʣʝʪʦʢ ʠ ʜʘʞʝ ʤʦʣʝʢʫʣ (ʨʠʩ. 2) [4]. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʪʝʥʩʝʛʨʠʪʠ-ʨʦʙʦʪʦʚ, ʢʦʪʦ-

ʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʦʚʳʡ ʜʠʥʘʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʢʣʘʩʩ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʶʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʠʟʫʯʝʥʥʳʤʠ (ʨʠʩ. 3) [5]. 
 

  

                     ʘ)                      ʙ)                                ʚ) 

ʈʠʩ. 2. ʊʝʥʩʝʛʨʠʪʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʘ) ʚ ʧʦʟʚʦʥʦʯʥʠʢʝ ʙ) ʚ ʪʝʣʝ ʯʝʣʦʚʝʢʘ ʚ) ʚ ʩʪʨʫʢʪʫʨʝ ɼʅʂ 
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ʈʠʩ. 3. ʊʝʥʩʝʛʨʠʪʠ-ʨʦʙʦʪʳ [5] 

ʘ) ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙ) ʨʦʙʦʪ-ʩʬʝʨʘ ʚ) ʰʘʛʘʶʱʠʡ ʨʦʙʦʪ 

ʅʘʧʨʷʞʝʥʥʦ-ʩʚʷʟʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʢʘʢ ʩʪʨʫʢʪʫʨʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝ-
ʩʪʚʦʤ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: ʣʝʛʢʘʷ 
ʥʘʩʪʨʘʠʚʘʝʤʦʩʪʴ, ʨʘʟʚʝʨʪʳʚʘʝʤʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʥʘʜʝʞʥʦʝ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ, ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ [6]. ʆʥʘ ʤʦʞʝʪ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʠʟʤʝʥʝ-
ʥʠʷʤ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʧʦʵʪʦʤʫ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʘʱʝʥʳ ʘʢʪʠʚʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 
ʫʧʨʘʚʣʝʥʠʷ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦ-ʩʚʷʟʘʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʮʝʣʦʩʪʥʫʶ ʩʠʩʪʝʤʫ, ʦʙʣʘʜʘʶʱʫʶ ʠʝʨʘʨʭʠʯʥʦʩʪʴʶ, ʤʦʜʫʣʴʥʦʩʪʴʶ, ʧʦʜʜʝʨʞʠ-
ʚʘʶʱʠʝ ʩʚʦʶ ʩʪʘʙʠʣʴʥʦʩʪʴ.  

ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʪʝʦʨʠʠ ʷ ʧʨʠʩʪʫʧʠʣ ʢ ʚʳʙʦʨʫ ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʦʨʤʳ ʢʦʥʩʪʨʫʢʮʠʡ 
ʜʣʷ ʙʫʜʫʱʠʭ ʤʦʜʝʣʝʡ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʧʨʦʚʝʨʝʥ ʪʝʥʩʝʛʨʠʪʠ ʧʨʠʥʮʠʧ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʪʘʣʝʡ 
ʣʝʛʦ ʠ ʥʠʪʦʢ. ʇʦʪʦʤ ʙʳʣʘ ʩʜʝʣʘʥʘ ʥʝʙʦʣʴʰʘʷ ʥʝʨʘʟʴʝʤʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʧʘʣʦʯʝʢ ʦʪ 
ʤʦʨʦʞʝʥʦʛʦ, ʟʘʪʝʤ ï  ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʢʘʨʪʦʥʘ. 

ʇʦʣʫʯʠʚ ʜʦʩʪʘʪʦʯʥʦ ʦʧʳʪʘ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʣʝʛʢʠʭ ʢʦʥʩʪʨʫʢʮʠʷ ʷ ʧʨʠʩʪʫʧʠʣ ʢ ʩʦ-
ʟʜʘʥʠʶ ʞʫʨʥʘʣʴʥʦʛʦ ʩʪʦʣʠʢʘ. ɼʣʷ ʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʳʣʠ  ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʘʥʝʨʘ ʦʪ 
ʩʪʘʨʦʡ ʤʝʙʝʣʠ, ʘ ʪʘʢʞʝ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ: ʪʨʦʩ, ʫʛʦʣʢʠ 
ʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʰʫʨʫʧ-ʢʦʣʴʮʦ, ʢʨʝʧʝʞʥʳʝ ʚʠʥʪʳ, ʢʨʘʩʢʘ. 

 

 

ʈʠʩ. 12. ʊʝʥʩʝʛʨʠʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʣʝʛʦ, ʢʘʨʪʦʥʘ ʠ ʬʘʥʝʨʳ 
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ɹʳʣ ʠʟʛʦʪʦʚʣʝʥ ʙʫʤʘʞʥʳʡ ʰʘʙʣʦʥ, ʧʦ ʢʦʪʦʨʦʤʫ ʵʣʝʢʪʨʦʣʦʙʟʠʢʦʤ ʚʳʨʝʟʘʥʳ ʜʝ-
ʪʘʣʠ. ɼʝʪʘʣʠ ʩʢʨʝʧʣʷʣʠʩʴ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʫʛʦʣʢʘʤʠ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦʚ. ʐʫʨʫʧ-
ʢʦʣʴʮʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʨʦʩʘ, ʢʦʥʮʳ ʢʦʪʦʨʦʛʦ ʟʘʢʨʝʧ-
ʣʷʣʠʩʴ ʢʨʝʧʝʞʥʳʤʠ ʚʠʥʪʘʤʠ. ʇʦʩʣʝ ʰʣʠʬʦʚʢʠ ʩʪʦʣʠʢ ʙʳʣ ʧʦʢʨʳʪ ʤʘʪʦʚʦʡ ʩʝʨʦʡ 
ʢʨʘʩʢʦʡ. ʉʪʦʣʠʢ ʫʩʪʦʡʯʠʚʳʡ, ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʥʘʛʨʫʟʢʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʢʠʣʦʛʨʘʤʤ 
ʠ ʭʦʨʦʰʦ ʩʤʦʪʨʠʪʩʷ ʚ ʠʥʪʝʨʴʝʨʝ. 

ɺʓɺʆɼ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʷ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ ʠʥʪʝʨʝʩʥʳʤ ʧʨʠʥʮʠʧʦʤ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ï ʪʝʥʩʝʛʨʠʪʠ, ʷʚʣʷʶʱʠʤʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʥʮʠʧʦʚ ʚ ʧʨʠʨʦʜʝ. 
ɹʳʣʘ ʚʳʧʦʣʥʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʩʚʷʟʘʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʠʟʛʦʪʦʚ-

ʣʝʥ ʞʫʨʥʘʣʴʥʳʡ ʩʪʦʣʠʢ ʠʟ ʬʘʥʝʨʳ. 
ʀʟʫʯʝʥʠʝ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ ʥʝʦʙʭʦʜʠʤʦ, ʪ.ʢ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʧʦʟ-

ʚʦʣʠʪ ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʜʠʥʘʤʠʯʝʩʢʠʝ ʨʝʞʠʤʳ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥ-
ʥʳʤʠ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʯʝʣʦʚʝʢʘ. 
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ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ʈɽɸʂʊʆʈʅʆʁ ʋʉʊɸʅʆɺʂʀ ʊʀʇɸ ɺɺʕʈ-

1000 ʉ ʂɸʈɹʀɼʅʆ-ʂʆʄʇʆɿʀʊʅʓʄ ʊʆʇʃʀɺʆʄ 
ɺʷʣʦʚʘ ɺʠʢʪʦʨʠʷ 

ɿʘʦʟʝʨʥʘʷ ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʦʪ-
ʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ˉ 16, 11 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣ:ɹ ʂʥʳʰʝʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʆʗʊʎ ʀʗʊʐ 

ʊʇʋ 
 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʗʈ ʪʠʧʘ ɺɺʕʈ-1000, ʠʤʝʶʱʠʭ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ, ʦʩʥʦʚʘʥ ʥʘ ʩʞʠʛʘʥʠʠ ʫʨʘʥʘ-235. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʳʡ ʠʟʦʪʦʧ, ʢʦ-
ʪʦʨʳʡ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ ʠ ʜʝʣʠʪʩʷ. ɽʛʦ ʧʨʠʤʝʨʥʦ 0,7% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʚʩʝʛʦ 
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ʜʦʙʳʚʘʝʤʦʛʦ ʫʨʘʥʘ. ʕʪʦ ʦʯʝʥʴ ʤʘʣʦ. ʇʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʝʛʦ ʩʪʦʣʴʢʦ 
ʞʝ, ʩʢʦʣʴʢʦ ʠ ʥʝʬʪʠ. ʊʦ ʝʩʪʴ, ʝʩʣʠ ʩʝʡʯʘʩ ʥʘʯʘʪʴ ʧʨʦʛʨʘʤʤʫ ʰʠʨʦʢʦʛʦ ʨʘʟʚʝʨʪʳʚʘʥʠʷ 
ɸʕʉ ʥʘ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʘʭ, ʪʦ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʫʨʘʥʘ-235 ʥʝ ʦʩʪʘʥʝʪʩʷ. ʅʦ ʚʝʜʴ ʫ 
ʥʘʩ ʝʩʪʴ ʫʨʘʥ-238, ʥʦ ʚʦʪ ʚ ʯʸʤ ʧʨʦʙʣʝʤʘ ï ʚ ʦʪʣʠʯʠʠ ʦʪ ʫʨʘʥʘ-235 ʫʨʘʥ-238 ʥʝ "ʛʦ-
ʨʠʪ". ʅʦ ʝʛʦ ʤʥʦʛʦ. ʇʦʵʪʦʤʫ ʝʱʝ ʚ ʥʘʯʘʣʝ ʨʘʟʚʠʪʠʷ ʘʪʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʙʳʣʘ ʧʨʝʜʣʦ-
ʞʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ "ʙʨʠʜʝʨʥʘʷ" ʧʨʦʛʨʘʤʤʘ (ʫʨʘʥ, ʦʙʦʛʘʱʝʥʥʳʡ ʧʣʫʪʦʥʠʝʤ. ɼʦʣʷ 
ʧʦʩʣʝʜʥʝʛʦ ï ʦʪ 18 ʜʦ 25%. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʵʪʦʛʦ ʨʝʘʢʪʦʨʘ ʧʣʫʪʦʥʠʷ ʧʦʣʫʯʘʝʪʩʷ 
ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʙʳʣʦ ʟʘʛʨʫʞʝʥʦ). ʊʦʛʜʘ ʧʨʠʜʝʪʩʷ ʦʢʦʣʦ ʢʘʞʜʦʡ ʪʘʢʦʡ ʩʪʘʥʮʠʠ 
ʨʷʜʦʤ ʩʪʨʦʠʪʴ ʨʘʜʠʦʭʠʤʠʯʝʩʢʠʡ ʟʘʚʦʜ ʧʦ ʚʳʜʝʣʝʥʠʶ ʧʣʫʪʦʥʠʷ, ʬʘʙʨʠʢʘʮʠʠ ʥʦʚʳʭ 
ʪʚʝʣʦʚ.  
 ɸʪʦʤʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 
ʥʘʧʨʘʚʣʝʥʠʡ, ʦʩʚʘʠʚʘʝʪ ʧʝʨʝʜʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ, ʯʪʦʙʳ ʚʳʭʦʜʠʪʴ ʩ ʥʠʤʠ 
ʥʘ ʥʦʚʳʝ ʨʳʥʢʠ, ʥʝ ʜʘʚʘʷ ʧʦʣʫʯʠʪʴ ʢʦʥʢʫʨʝʥʪʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʪʝʤ, ʢʪʦ ʨʘʜʠ ʵʪʦʛʦ 
ʧʳʪʘʝʪʩʷ ʧʦʣʠʪʠʟʠʨʦʚʘʪʴ ʤʠʨʦʚʫʶ ʠʥʜʫʩʪʨʠʶ ʘʪʦʤʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʡ ʨʘ-
ʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 
 ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʨʝʘʢ-
ʪʦʨʘ ɺɺʕʈ-1000 ʥʘ ʢʘʨʙʠʜʥʦ-ʢʦʤʧʦʟʠʪʥʦʤ ʪʦʧʣʠʚʝ.  

ʄʦʥʦʢʘʨʙʠʜ ʫʨʘʥʘ ʠ ʩʤʝʰʘʥʥʳʝ ʤʦʥʦʢʘʨʙʠʜʳ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ, ʦʙʣʘʜʘʶʱʠʝ 
ʨʷʜʦʤ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʘʞʥʳʤʠ ʚʠʜʘʤʠ 
ʷʜʝʨʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʚʦʩʧʨʦʠʟʚʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʆʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ʨʘʟʤʝʨʥʫʶ 
ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʦʜ ʦʙʣʫʯʝʥʠʝʤ, ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʘʭ ʧʦʟʚʦʣʷʝʪ 
ʜʦʩʪʠʛʥʫʪʴ ʛʣʫʙʦʢʦʛʦ ʚʳʛʦʨʘʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ ʷʜʝʨʥʦʛʦ ʪʦʧ-
ʣʠʚʥʦʛʦ ʮʠʢʣʘ. ʍʘʨʘʢʪʝʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʩʪʳʭ ʠ ʩʤʝʰʘʥʥʳʭ ʢʘʨʙʠʜʦʚ ʫʨʘʥʘ 
ʠ ʧʣʫʪʦʥʠʷ ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʢʩʠʜʘʤʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ, ʧʦʚʳ-
ʰʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʣʫʯʰʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʫʜʝʨʞʘʥʠʶ ɻʇɼ (ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ 
ʜʝʣʝʥʠʷ). 

ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ ʠʟʫʯʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 
ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ɺɺʕʈ-1000. ɼʘʣʝʝ ʙʳʣʘ ʩʦʟʜʘʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ, ʠʩʧʦʣʴ-
ʟʫʝʤʘʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʡʪʨʦʥʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʥʫʢʣʠʜʥʦʡ ʢʠʥʝʪʠʢʠ. 

ʀʩʧʦʣʴʟʦʚʘʚ ʧʨʦʛʨʘʤʤʳ MCU ʠ WIMS, ʦʧʨʝʜʝʣʠʣʠ ʢʘʢʦʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦ-
ʰʝʥʠʝ ʫʨʘʥʘ ʠ ʧʣʫʪʦʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ 
ʧʦʣʫʯʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʜʝʣʝʥʠʷ ʷʜʝʨʥʦʛʦ ʪʦʧ-
ʣʠʚʘ ʥʘ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʦʮʝʥʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ, 
ʘ ʪʘʢʞʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʡʦʜʦʤ ʠ ʫʛʣʝʨʦʜʦʤ. 

ʅʘ ʦʩʥʦʚʝ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʩ ʡʦʜʦʤ ʠ ʫʛʣʝʨʦ-
ʜʦʤ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ ʪʦʧʣʠʚʘ. ʇʦʣʫ-
ʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʥʘʯʘʣʦ ʠ ʢʦʥʝʮ ʢʘʤʧʘʥʠʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʧʣʦʚʦʜʥʦʩʪʴ ʷʜʝʨʥʦʛʦ 
ʢʦʤʧʦʟʠʪʥʦʛʦ ʪʦʧʣʠʚʘ ʠʟʤʝʥʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ.  ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʝʧʣʦʬʠʟʠʯʝ-
ʩʢʠʝ ʩʚʦʡʩʪʚʘ ʪʦʧʣʠʚʘ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʤʝʥʷʶʪʩʷ ʥʝ ʢʨʠʪʠʯʝʩʢʠ ʜʣʷ ʨʘʙʦʪʳ ʨʝʘʢ-
ʪʦʨʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʩʚʦʡ ʦʙʱʠʡ ʚʳʚʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʦʚʝʜʝʥ-
ʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʯʪʦ ʜʘʥʥʦʝ ʪʦʧʣʠʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʝʘʢʪʦʨʝ ɺɺʕʈ-1000 ʩ 
ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
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ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʦʜʦʨʦʜʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ 

ʀʗʊʐ ʊʇʋ 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʤʥʦʛʠʭ ʩʪʨʘʥ ʘʢʪʠʚʥʦ ʚʝʜʫʪʩʷ ʨʘʟʨʘ-
ʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʠʩʢʦ-
ʧʘʝʤʳʭ ʪʦʧʣʠʚ ʩʦʢʨʘʪʠʪ ʦʩʪʘʚʣʷʝʤʳʡ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʫʛʣʝʨʦʜʥʳʡ ʩʣʝʜ, ʯʪʦ ʧʦʤʦʞʝʪ 
ʟʘʤʝʜʣʠʪʴ ʛʣʦʙʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʠ ʩʥʠʟʠʪ ʫʨʦʚʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʯʪʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʟʜʦʨʦʚʴʷ ʣʶʜʝʡ, ʫʤʝʥʴʰʝʥʠʶ ʥʘʛʨʫʟʢʠ ʥʘ ʵʢʦʩʠʩʪʝʤʳ ʠ 
ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ [1]. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜ. ʆʥ ʠʤʝʝʪ ʨʷʜ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʠʤʫ-
ʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʪʨʘʥʩʧʦʨʪʘʙʝʣʴʥʦʩʪʴ, ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʨʘʟʥʦ-
ʦʙʨʘʟʠʝ ʚʘʨʠʘʥʪʦʚ ʭʨʘʥʝʥʠʷ ʠ ʩʧʦʩʦʙʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʥʬʨʘ-
ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʟʚʠʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ. ɺ 
ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʧʦʩʦʙʳ ʭʨʘʥʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦʜʦʨʦʜʘ ʠ ʝʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ʕʥʝʨʛʠʷ ʥʝʦʙʭʦʜʠʤʘ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʟʝʤʥʦʛʦ ʰʘʨʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 
ʨʝʛʠʦʥʘʭ ʩ ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ʇʦʵʪʦʤʫ ʪʨʝʙʫʶʪʩʷ ʩʧʦʩʦʙʳ 
ʥʘʢʦʧʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʩʧʦʩʦʙʥʳʝ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝ-
ʨʘʪʫʨ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʠʜʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠ-
ʥʝʥʠʡ (ʀʄʉ) ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʚʦʜʦʨʦʜʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʤʘ-
ʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʙʝʟʦʧʘʩʥʳʤ ʤʝʪʦʜʦʤ, ʧʨʝʚʦʩʭʦʜʷ ʭʨʘʥʝʥʠʝ ʚʦʜʦ-
ʨʦʜʘ ʚ ʞʠʜʢʦʤ ʠʣʠ ʛʘʟʦʦʙʨʘʟʥʦʤ ʚʠʜʝ ʧʦ ʨʷʜʫ ʚʘʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 
ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ [3]. ɹʦʣʝʝ ʪʦʛʦ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʠ 
ʭʨʘʥʝʥʠʝ ʛʠʜʨʠʜʦʚ ʀʄʉ ʪʨʝʙʫʶʪ ʤʝʥʝʝ ʩʪʨʦʛʠʭ ʫʩʣʦʚʠʡ. 

ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʜʣʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʷʚʣʷʶʪʩʷ 
ʀʄʉ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ. ʆʥʠ ʠʤʝʶʪ ʭʦʨʦʰʠʝ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 
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ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʨʙʮʠʠ (ʧʦʛʣʦʱʝʥʠʷ) /ʜʝʩʦʨʙʮʠʠ (ʦʙʨʘʪʥʳʡ 
ʧʦʛʣʦʱʝʥʠʶ ʧʨʦʮʝʩʩ) ʚʦʜʦʨʦʜʘ, ʧʨʠ ʵʪʦʤ ʩʧʦʩʦʙʥʳ ʚʳʜʝʨʞʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʪʘʢʠʭ ʮʠʢʣʦʚ [4,5]. ɹʦʣʝʝ ʪʦʛʦ, ʈʦʩʩʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʩʪʨʘʥ ʧʦ ʜʦ-
ʙʳʯʝ ʪʠʪʘʥʘ, ʘ ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠʟʜʝʣʠʡ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. 

ʄʘʪʝʨʠʘʣʳ-ʥʘʢʦʧʠʪʝʣʠ ʚʦʜʦʨʦʜʘ (ʄʅɺ) ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ 
ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʧʦʛʣʦʱʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ 
ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʝʬʝʢʪʦʚ ʚ ʩʧʣʘʚʝ, ʚʳʩʪʫʧʘʶʱʠʝ ʚ ʢʘʯʝʩʪʚʝ ʧʫʪʝʡ ʜʠʬʬʫʟʠʠ ʚʦʜʦ-
ʨʦʜʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʛʣʫʙʴ ʤʘʪʝʨʠʘʣʘ. ʊʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʷʚʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʛʠʜ-
ʨʠʨʦʚʘʥʠʷ ʀʄʉ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʠ ʝʝ ʩʥʠʞʝ-
ʥʠʝ ʚ ʮʠʢʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʩʦʨʙʮʠʠ/ʜʝʩʦʨʙʮʠʠ. ʂʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʚ ʧʦʥʠʤʘʥʠʠ 
ʧʨʦʮʝʩʩʦʚ ʘʢʪʠʚʘʮʠʠ, ʛʠʜʨʠʨʦʚʘʥʠʠ/ʜʝʛʠʜʨʠʨʦʚʘʥʠʠ, ʘ ʪʘʢʞʝ ʮʠʢʣʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴ-
ʥʦʩʪʠ ʀʄʉ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦ-
ʷʥʠʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʢʘʟʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʩʷʪ ʬʨʘʛʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ 
ʠ ʪʨʝʙʫʶʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʦʮʝʥʢʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʀʄʉ ʥʘ ʦʩʥʦʚʝ 
ʪʠʪʘʥʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʦʜʦʨʦʜʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ-
ʥʘʢʦʧʠʪʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʠʥʪʝ-
ʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʘʢʪʠʚʘʮʠʠ, ʛʠʜʨʠʨʦʚʘʥʠʷ/ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ, ʤʥʦ-
ʛʦʢʨʘʪʥʦʡ ʩʦʨʙʮʠʠ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʉʠʥʪʝʟʠʨʦʚʘʪʴ ʀʄʉ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ Ni, Co ʤʝʪʦʜʦʤ ʵʣʝʢ-
ʪʨʦʜʫʛʦʚʦʛʦ ʧʣʘʚʣʝʥʠʷ. 

2. ʇʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʢʪʠʚʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ. 

3. ʇʨʦʚʝʩʪʠ ʩʦʨʙʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʀʄʉ ʩ ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ. 
4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʀʄʉ ʥʘ ʦʩ-
ʥʦʚʝ ʪʠʪʘʥʘ ʩ ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʚ ʧʨʦʮʝʩʩʘʭ ʘʢʪʠʚʘʮʠʠ, ʛʠʜʨʠʨʦʚʘ-
ʥʠʷ/ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ, ʤʥʦʛʦʢʨʘʪʥʦʡ ʩʦʨʙʮʠʠ ʜʝʩʦʨʙʮʠʠ ʚʦʜʦʨʦʜʘ. 

5. ɺʳʷʚʠʪʴ ʚʣʠʷʥʠʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʥʘ ʩʦʨʙʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʀʄʉ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ. 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʝʨʚʘʷ ʟʘʜʘʯʘ. 
ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ c ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʨʦʰʢʠ Ti, V, Cr, Co, Ni ʩ ʯʠʩʪʦʪʦʡ 99,5%. ʈʝʟʫʣʴʪʘʪ ʨʘʩʯʝʪʘ ʥʝʦʙʭʦ-
ʜʠʤʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʘʩʩ ʧʦʨʦʰʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ 
ʧʦʜʛʦʪʦʚʢʠ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʧʦʤʝʱʘʣʠʩʴ ʚ ʧʣʘʥʝʪʘʨʥʫʶ ʰʘʨʦʚʫʶ ʤʝʣʴʥʠʮʫ ʥʘ 1 ʯʘʩ. 
ɼʘʥʥʘʷ ʧʨʦʮʝʜʫʨʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ-
ʨʦʰʢʦʚ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʩʧʨʝʩʩʦʚʘʥʳ ʨʫʯʥʳʤ ʧʨʝʩʩʦʤ ʚ ʮʠʣʠʥʜʨʳ ʩ ʜʠʘʤʝʪʨʦʤ 
20 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 10 ʤʤ. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʳʣʦ ʩʧʣʘʚʣʝʥʠʝ ʩʬʦʨʤʠʨʦ-
ʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ. ʌʠʥʘʣʴʥʳʤ ʵʪʘʧʦʤ ʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ 
ʷʚʣʷʣʦʩʴ ʤʝʭʘʥʠʯʝʩʢʦʝ ʰʣʠʬʦʚʘʥʠʝ ʠ ʧʦʣʠʨʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʦʚʝʨʭ-
ʥʦʩʪʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ. 

ɸʥʘʣʠʟ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦ-
ʜʠʣʩʷ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʜʠ-
ʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD 7000S ʚ ʛʝʦʤʝʪʨʠʠ ɹʨʵʛʛʘ-ɹʨʝʥʪʘʥʦ ʧʨʠ ʘʥʦʜʥʦʤ ʥʘʧʨʷ-
ʞʝʥʠʠ 40 ʢɺ ʠ ʪʦʢʝ 30 ʤɸ. ʈʝʛʠʩʪʨʘʮʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʰʠʨʦʢʦʫʛʦʣʴ-
ʥʳʤ ʤʘʪʨʠʯʥʳʤ ʜʝʪʝʢʪʦʨʦʤ Dectris Mythen 1K. ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠ-
ʣʠʩʴ ʧʨʠ ʩʣʝʜʫʶʱʠʭ ʧʘʨʘʤʝʪʨʘʭ: ʜʠʘʧʘʟʦʥ ʫʛʣʦʚ ʧʦ 2ɗ ï 10-90Á; ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ ï 
21 ʩʝʢ; ʠʟʣʫʯʝʥʠʝ ï CuKŬ1. 
ʊʘʙʣʠʮʘ 1. ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʩʩ ʧʦʨʦʰʢʦʚ ʚ ʦʙʨʘʟʮʘʭ. 
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ʕʣʝ-
ʤʝʥʪ 

ʂʦʣʠʯʝʩʪʚʦ ʚʝ-
ʱʝʩʪʚʘ ʚ 1 ʤʦʣʝ 
ʩʧʣʘʚʘ (ʤʦʣʴ) 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 
ʚʝʱʝʩʪʚʘ    

(ʛ/ʤʦʣʴ) 

ʄʘʩʩʘ ʚʝʱʝʩʪʚʘ 
ʚ 1 ʤʦʣʝ ʩʧʣʘʚʘ 
(ʛ) 

ʄʘʩʩʘ ʚʝʱʝʩʪʚʘ 
ʚ 100ʛ ʩʧʣʘʚʘ (ʛ) 

TiCrV(
Ni) 

TiCrV(C
o) 

TiCrV(
Ni) 

TiCrV(C
o) 

TiCrV(
Ni) 

TiCrV(C
o) 

TiCrV(
Ni) 

TiCrV(C
o) 

Ti 0,315 0,315 47,9 47,9 15,08 15,08 29,77 29,76 

V 0,315 0,315 50,94 50,94 16,04 16,04 31,66 31,65 

Cr 0,315 0,315 51,99 51,99 16,38 16,38 32,32 32,31 

Ni 0,054  58,71  3,170  6,26  

Co  0,054  58,93  3,182  6,28 

 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ 

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʠʥʪʝʟʠʨʦʚʘʥ-
ʥʳʭ ʦʙʨʘʟʮʦʚ ʜʣʷ ʦʮʝʥʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʬʘʟ. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ 
ʧʦʩʣʝ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

ʈʠʩʫʥʦʢ 1. ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʚʦʜʦʨʦʜʘ. 

ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ 
ʦʙʨʘʟʮʘʭ ʦʩʥʦʚʥʦʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ TiCrV ʩ ʦʙʲʝʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ 
(ʆʎʂ) ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ. ʊʘʢʞʝ ʈʌɸ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟ-
ʮʘʭ ʩʦʜʝʨʞʘʪʩʷ ʚʪʦʨʠʯʥʳʝ ʬʘʟʳ. ɺ ʦʙʨʘʟʮʝ TiCrV ʩ ʜʦʙʘʚʣʝʥʠʝʤ Co ʧʦʤʠʤʦ 
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ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʨʠʤʝʩʥʳʝ ʬʘʟʳ Ti3O ʠ TiO ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʣʦʪ-
ʥʦʫʧʘʢʦʚʘʥʥʦʡ ʨʝʰʝʪʢʦʡ (ɻʇʋ) ʠ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʤʦʜʠʬʠʢʘʮʠʝʡ (ɻʎʂ) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʩʧʣʘʚʘ TiCrV, ʣʝʛʠʨʦʚʘʥʥʳʡ Ni, 
ʧʨʝʜʩʪʘʚʣʝʥ ʬʘʟʦʡ TiCrV, TiO ʠ Ni2Ti4O ʩ ʆʎʂ ʩʪʨʫʢʪʫʨʦʡ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʪʦʨʠʯʥʳʭ 
ʬʘʟ ʩʚʷʟʘʥʦ ʩ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ ʪʠʪʘʥʘ ʩ ʣʝʛʠʨʫʶʱʠʤʠ ʜʦʙʘʚ-
ʢʘʤʠ ʠ/ʠʣʠ ʢʠʩʣʦʨʦʜʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʝ ʧʣʘʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ 
ʩʨʝʜʝ ʘʨʛʦʥʘ, ʧʨʠ ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠʟʙʳʪʦʯʥʳʡ ʢʠʩʣʦʨʦʜ ʤʦʞʝʪ ʧʦʷʚʣʷʪʴʩʷ ʠʟ 
ʘʪʤʦʩʬʝʨʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘ-
ʣʦʚ-ʥʘʢʦʧʠʪʝʣʝʡ ʚʦʜʦʨʦʜʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ ʚ 
ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 85 ʤʘʩʩ. %. ʅʘʣʠʯʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ 
ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʦʨʙʮʠʦʥʥʫʶ ʝʤʢʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ-ʥʘʢʦ-
ʧʠʪʝʣʝʡ ʚʦʜʦʨʦʜʘ. 

ɿʘʢʣʶʯʝʥʠʝ 
ʈʝʟʫʣʴʪʘʪ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  
1. ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘ, ʚʘʥʘʜʠʷ ʠ ʭʨʦʤʘ ʩ ʜʦʙʘʚʣʝ-

ʥʠʝʤ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ. 
2. ʋʩʪʘʥʦʚʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚ-

ʥʦʡ ʬʘʟʦʡ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʷʚʣʷʝʪʩʷ TiCrV ʩ ʆʎʂ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʩ ʜʦ-
ʙʘʚʣʝʥʠʝʤ ʥʠʢʝʣʷ ʪʘʢʞʝ ʚʭʦʜʷʪ ʬʘʟʳ TiO ʠ Ni2Ti4O. ɺ ʩʦʩʪʘʚ ʩʧʣʘʚʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
ʢʦʙʘʣʴʪʘ ʚʭʦʜʷʪ ʬʘʟʳ Ti3O ʠ TiO. 

3. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʦʡ ʬʘʟʳ (TiCrv) ʚ ʦʙʨʘʟʮʘʭ ʩʦʩʪʘʚʣʷʝʪ 
ʙʦʣʝʝ 85 ʤʘʩʩ. %, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ-ʥʘʢʦʧʠ-
ʪʝʣʝʡ ʚʦʜʦʨʦʜʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʝʜʚʝʜʝʚ ʉ. ʆ., ɺʜʦʚʠʥʘ ɺ. ʉ., ʇʦʥʦʤʘʨʝʚ ɼ. ɸ. ʊʝʥʜʝʥʮʠʠ ʧʦ ʩʥʠʞʝʥʠʶ ʫʛʣʝ-
ʨʦʜʥʦʛʦ ʩʣʝʜʘ ʠ ʧʨʦʤʳʰʣʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʘ // Russian Journal of 
Management. ï 2022. ï ʊ. 10. ï ˉ. 4. ï ʉ. 240-253.  

2. ʐʘʪʤʘʥʦʚ ʆ.ʊ., ʀʩʤʘʥʦʚ ʖ.ʍ., ʄʘʤʘʪʢʘʩʳʤʦʚʘ ɸ.ʊ., ɹʝʢʙʦʣʦʪ ʂ.ɹ. ʇʝʨʩʧʝʢ-
ʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʥʦʩʠʪʝʣʷ // ʄʝʞʜʫʥʘʨʦʜʥʳʡ 
ʞʫʨʥʘʣ ʧʨʠʢʣʘʜʥʳʭ ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ï 2022. ï ˉ 8. ï ʉ. 63-
71. 

3. ɺʝʨʙʝʮʢʠʡ ɺ.ʅ., ʄʠʪʨʦʭʠʥ ʉ.ɺ. ɻʠʜʨʠʜʳ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ - ʩʠʥ-
ʪʝʟ, ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʚʦʜʦʨʦʜʘ // ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 
ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʢʦʣʦʛʠʷ. ï 2005. ï ˉ. 10. ï ʉ. 41-61. 

4. ʊʘʨʘʩʦʚ ɹ.ʇ., ɹʫʨʥʘʰʝʚʘ ɺ.ɺ., ʃʦʪʦʮʢʠʡ ʄ.ɺ., ʗʨʪʳʩʲ ɺ.ɸ. ʄʝʪʦʜʳ ʭʨʘʥʝʥʠʷ 
ʚʦʜʦʨʦʜʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʘʣʣʦʛʠʜʨʠʜʦʚ // ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 
ʵʥʝʨʛʝʪʠʢʘ ʠ ʵʢʦʣʦʛʠʷ. ï 2005. ï ˉ. 12. ï ʉ. 14-37. 

5. ʍʦʭʦʥʦʚ ɸ.ɸ., ʐʘʡʭʘʪʜʠʥʦʚ ʌ.ɸ., ɹʦʙʨʦʚʩʢʠʡ ɺ.ɸ., ɸʛʘʨʢʦʚ ɼ.ɸ., ɹʨʝʜʠʭʠʥ ʉ.ʀ., 
ʏʠʯʠʨʦʚ ɸ.ɸ., ʈʳʙʠʥʘ ɽ.ʆ. ʊʝʭʥʦʣʦʛʠʠ ʭʨʘʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. ɺʦʜʦʨʦʜʥʳʝ ʥʘʢʦ-
ʧʠʪʝʣʠ ʵʥʝʨʛʠʠ // ʋʩʧʝʭʠ ʚ ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ï 2020. ï ʊ. 34. ï ˉ. 
12 (235). ï ʉ. 47-52. 

 
 
 
 

ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʆʉʊʔ ʍʆʃʆɼʅʆʁ ʇʃɸɿʄʓ 
ɽʬʠʤʦʚ ɼʝʥʠʩ ʇʘʚʣʦʚʠʯ 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʚʳʩʰʝʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ "ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʜʚʘʞʜʳ ɻʝʨʦʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, 

ʣʝʪʯʠʢʘ-ʢʦʩʤʦʥʘʚʪʘ ɸ.ɸ. ʃʝʦʥʦʚʘ",  
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ʂʦʣʣʝʜʞ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ 
2 ʢʫʨʩ, 

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

ʅʠʢʠʰʢʠʥʘ ʆʣʴʛʘ ɺʝʥʠʘʤʠʥʦʚʥʘ 
ɺ ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʚʝʜʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʠʟʫʯʝʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʠ ʧʣʘʤʝʥʠ ʢʘʢ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʧʣʘʟʤʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [3, 5].  

ʎʝʣʴ: 
ɼʦʢʘʟʘʪʴ, ʯʪʦ ʧʣʘʤʷ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʷ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʘʤʝʥʠ ʩʚʝʯʠ ʢʘʢ 
ʧʦʣʫʧʨʦʚʦʜʥʠʢʘ.  
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 

ɼʣ ̫ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʥʷʪʴ, ʯʪʦ ʪʘʢʦʝ ʧʣʘʤʷ ʩ ʬʠʟʠʯʝ-
ʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

2. ʉʦʙʨʘʪʴ ʠ ʠʩʧʳʪʘʪʴ ʫʩʪʘʥʦʚʢʫ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʘʤʝʥʠ 
ʩʚʝʯʠ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʸʤ ʦʧʨʝʜʝʣʠʪʴ, ʧʨʦʚʦʜʠʪ ʣʠ ʧʣʘʤʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 
4. ʇʦʥʷʪʴ, ʤʦʞʥʦ ʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʤʷ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢ.  
5. ʉʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʰʢʦʣʴʥʠʢʠ ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ʠ ʩʪʫʜʝʥʪʳ 
ʉʇʆ, ʠʟʫʯʘʶʱʠʝ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʪʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʚ ʛʘʟʘʭ. 

ɻʘʟʳ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʩʪʦʷʪ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, 
ʧʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʜʠʵʣʝʢʪʨʠʢʘʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʥʝ ʧʨʦʚʦʜʷʪ. ɻʘʟ 
ʥʘʯʠʥʘʝʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʢʦʛʜʘ ʚ ʥʝʤ ʧʦʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʠ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʠʦʥʠʟʠʨʦʚʘʥʥʳʤ. 

ʇʣʘʟʤʦʡ ʚ ʬʠʟʠʢʝ ʠ ʭʠʤʠʠ ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ ʠʦʥʠʟʠʨʦʚʘʥ-
ʥʳʡ ʛʘʟ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʯʝʪʚʸʨʪʳʤ ʘʛʨʝʛʘʪʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʚʝʱʝʩʪʚʘ. 

ɼʣ ̫ʪʦʛʦ ʯʪʦʙʳ ʛʘʟ ʧʝʨʝʰʝʣ ʚ ʩʦʩʪʦʷʥʠʝ ʧʣʘʟʤʳ, ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʦʥʠʟʠʨʦʚʘʪʴ. 
ʉʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʘʪʦʤʦʚ, ʦʪʜʘʚʰʠʭ ʠʣʠ ʧʦʛʣʦʪʠʚʰʠʭ ʵʣʝʢ-
ʪʨʦʥʳ, ʠ ʙʦʣʴʰʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʘʞʝ ʩʣʘʙʦ ʠʦʥʠʟʠʨʦʚʘʥʥʳʡ ʛʘʟ, ʚ 
ʢʦʪʦʨʦʤ ʤʝʥʝʝ 1 % ʯʘʩʪʠʮ ʥʘʭʦʜʷʪʩʷ ʚ ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʤʦʞʝʪ ʧʨʦʷʚʣʷʪʴ 
ʥʝʢʦʪʦʨʳʝ ʪʠʧʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʧʣʘʟʤʳ. ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʟʘʨʷʞʝʥ-
ʥʳʝ ʯʘʩʪʠʮʳ ʚ ʛʘʟʝ ʦʙʣʘʜʘʶʪ ʧʦʜʚʠʞʥʦʩʪʴʶ, ʧʣʘʟʤʘ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 
ʪʦʢ [1]. 

ɻʦʨʝʥʠʝ 
ɻʦʨʝʥʠʝ ð ʩʣʦʞʥʦʝ, ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʶʱʝʝ ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʠʩʭʦʜʥʳʭ 

ʚʝʱʝʩʪʚ ʚ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʚʳʜʝʣʝʥʠʝʤ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠ-
ʯʝʩʪʚʘ ʪʝʧʣʘ ʠ ʦʙʳʯʥʦ ʷʨʢʠʤ ʩʚʝʯʝʥʠʝʤ, ʪʦ ʝʩʪʴ ʧʣʘʤʝʥʝʤ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 
ʦʩʥʦʚʫ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʚʝʱʝʩʪʚʘ, ʩʧʦ-
ʩʦʙʥʦʛʦ ʢ ʛʦʨʝʥʠʶ, ʩ ʦʢʠʩʣʝʥʠʝʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ɻ ʪʦʡ ʪʝʤʳ ʝʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʙʦʪʝ 
[2]. 

ʆʙʳʯʥʦʝ ʧʣʘʤʷ, ʢʦʪʦʨʦʝ ʤ  rʥʘʙʣʶʜʘʝʤ ʧʨʠ ʛʦʨʝʥʠʠ ʩʚʝʯʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦ-
ʙʦʡ ʧʦʪʦʢ ʨʘʩʢʘʣʸʥʥʳʭ ʛʘʟʦʚ, ʚʳʪʷʥʫʪʳʡ ʚʝʨʪʠʢʘʣʴʥʦ ʟʘ ʩʯʝʪ ʩʠʣʳ ɸʨʭʠʤʝʜʘ (ʛʦʨʷʯʠʝ 
ʛʘʟʳ ʩʪʨʝʤʷʪʩʷ ʧʦʜʥʠʤʘʪʴʩʷ ʚʚʝʨʭ). 

ɿʥʘʷ ʦʩʦʙʝʥʥʦʩʪʠ ʧʣʘʟʤʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʛʦʥʴ ð ʵʪʦ ʥʠʟʢʦʪʝʤʧʝ-
ʨʘʪʫʨʥʘʷ ʧʣʘʟʤʘ, ʦʙʣʘʜʘʶʱʘʷ ʚʩʝʤʠ ʝ yʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ. 

ʕʢʩʧʝʨʠʤʝʥʪ 
ʉʙʦʨʢʘ ʫʩʪʨʦʡʩʪʚʘ 
ʗ ʩʦʙʨʘʣ ʫʩʪʨʦʡʩʪʚʦ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

ɹʶʜʞʝʪ ʧʨʦʝʢʪʘ 
ʈʘʩʭʦʜʳ ʥʘ ʛʘʟ ʜʣʷ ʦʪʣʠʚʢʠ ʩʚʝʯʝʡ ð 16 ʨʫʙ. 
ʈʘʩʭʦʜʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ ð 21 ʨʫʙ. 
ɹʣʦʢ ʧʠʪʘʥʠʷ ʩʦʙʨʘʥ ʠʟ ʙʝʩʧʣʘʪʥʳʭ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʵʣʝʢʪʨʦʧʨʠʙʦʨʦʚ. 
ʉʚʝʯʠ ð ʦʪʣʠʪʳ ʠʟ ʩʛʦʨʝʚʰʠʭ ʩʚʝʯʝʡ. 
ɼʝʨʝʚʷʥʥʘʷ ʜʦʩʢʘ ʜʣʷ ʦʩʥʦʚʳ ʤʘʢʝʪʘ ʧʦʣʫʯʝʥʘ ʙʝʩʧʣʘʪʥʦ. 
ʀʪʦʛʦ: ʟʘʪʨʘʪʳ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʩʦʩʪʘʚʠʣʠ 37 ʨʫʙ. 
ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ 

1. ʉʥʘʯʘʣʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 4 ʩʚʝʯʠ, ʪʘʢ ʢʘʢ ʩʚʝʯʠ, ʧʨʦʜʘʶʱʠʝʩʷ ʚ ʤʘʛʘʟʠʥʝ, ʥʝ ʧʦʜ-
ʭʦʜʷʪ ʧʦ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ð ʦʥʠ ʥʝ ʩʧʦʩʦʙʥʳ ʢʦʧʪʠʪʴ. ʂʦʧʦʪʴ ʧʨʦʚʦʜʠʪ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠ ʫʣʫʯʰʘʝʪ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʣʘʤʝʥʠ. ʅʦʚʳʝ ʩʚʝʯʠ ʙʳʣʠ 
ʩʜʝʣʘʥʳ ʠʟ ʦʩʪʘʪʢʦʚ ʩʛʦʨʝʚʰʠʭ ʤʘʛʘʟʠʥʥʳʭ ʩʚʝʯʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʬʠʪʠʣʷ ʠʩʧʦʣʴʟʦ-
ʚʘʣʘʩʴ ʪʦʣʩʪʘʷ ʚʝʨʝʚʢʘ, ʨʘʩʧʣʘʚʣʝʥʥʳʡ ʚʦʩʢ ʙʳʣ ʟʘʣʠʪ ʚ ʢʘʨʪʦʥʥʫʶ ʬʦʨʤʫ.  

2. ʉʦʙʠʨʘʝʪʩʷ ʙʣʦʢ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʠʟ ʩʝʪʠ 220 ʚʦʣʴʪ. ʆʥ ʜʦʣʞʝʥ ʠʤʝʪʴ 
ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʘʚʘʪʴ ʢʘʢ ʧʝʨʝʤʝʥʥʦʝ, ʪʘʢ ʠ ʚʳʧʨʷʤʣʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. 

3. ʂ ʩʚʝʯʘʤ ʧʦʜʚʦʜʠʪʩʷ ʧʦ ʜʚʘ ʵʣʝʢʪʨʦʜʘ, ʦʜʠʥ ð ʩʚʝʨʭʫ, ʜʨʫʛʦʡ ð ʩʥʠʟʫ. ʊʘʢʘʷ ʢʦʥ-
ʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʠʪʴ ʪʝʦʨʠʶ ʦʙ ʦʜʥʦʩʪʦʨʦʥʥʝʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʘʤʝʥʠ. 

4. ʇʦʜʢʣʶʯʘʷ ʯʝʪʳʨʝ ʩʚʝʯʠ ʩ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʤʦʞʥʦ ʠʟʤʝ-
ʨʷʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠʟ ʨʘʟʥʳʭ ʪʦʯʝʢ. 
ʉ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ ð ʮʠʬʨʦʚʦʛʦ ʤʫʣʴʪʠʤʝʪʨʘ ð  ̫ʦʧʨʝʜʝ-

ʣʷʣ ʥʘʧʨʷʞʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ, ʢʦʛʜʘ ʦʙʘ ʵʣʝʢʪʨʦʜʘ ʥʘʭʦʜʠʣʠʩʴ ʚ ʧʣʘʤʝʥʠ 
ʩʚʝʯʠ. ʆʢʘʟʘʣʦʩʴ, ʯʝʤ ʙʣʠʞʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦ-
ʭʦʜʠʪ ʯʝʨʝʟ ʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʄʠʥʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʤʥʝ ʫʜʘʣʦʩʴ 
ʫʩʪʘʥʦʚʠʪʴ, ʨʘʚʥʦ 2 ʤʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 2-8.  
ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʇʦʣʦʞʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʩʥʘʯʘʣʘ ʨʘʩʧʦʣʘʛʘʣʩʷ ʩʚʝʨʭʫ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ð 
ʩʥʠʟʫ, ʧʦʪʦʤ  ̫ʤʝʥʷʣ ʠʭ ʤʝʩʪʘʤʠ. ʉʨʘʚʥʠʚʘʣ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʠʟʤʝʥʝ-
ʥʠʠ ʧʦʣʷʨʥʦʩʪʠ. 
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ʈʠʩ. 2, 3. ʀʟʤʝʨʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʛʥʷ 

ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ ʩʥʠʟʫ    ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ ʩʚʝʨʭʫ 
ʊʘʙʣʠʮʘ 1. ɿʥʘʯʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʦʞʝʥʠʝʷʭ ʵʣʝʢʪʨʦʜʦʚ 

ʇʦʜʢʣʶʯʝʥʠʝ ɿʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ ʩʥʠʟʫ, ʨʠʩ. 2 7,07 ʄʆʤ 

ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʵʣʝʢʪʨʦʜʝ ʩʚʝʨʭʫ, ʨʠʩ. 3 12,57 ʄʆʤ 

 
ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʚʳʧʨʷʤʣʷʶʱʠʡ ʤʦʩʪ ʠʟ ʩʚʝʯʝʡ 

     
ʈʠʩ. 4. ʀʟʤʝʨʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ  

ʩ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʤʦʩʪʘ ʠʟ ʩʚʝʯʝʡ 

ʈʠʩ. 5. ʀʟʤʝʨʝʥʠʝ ʧʝʨʝʤʝʥʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʠʷ  

ʩ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʤʦʩʪʘ ʠʟ ʩʚʝʯʝʡ 
 

ʊʘʙʣʠʮʘ 2. ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʇʦʜʢʣʶʯʝʥʠʝ ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʨʠʩ. 4 7,08 ɺ 

ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʨʠʩ. 5 42,5 ɺ 

 
ʇʦʜʘʯʘ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ ʩʚʝʯʠ 

     
ʈʠʩ. 6, 7. ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʩ ʜʠʦʜʥʦʛʦ ʤʦʩʪʘ  

        ʯʝʨʝʟ ʩʚʝʯʠ ʚ ʧʨʷʤʦʤ ʚʢʣʶʯʝʥʠʠ             ʯʝʨʝʟ ʩʚʝʯʠ ʚ ʦʙʨʘʪʥʦʤ ʚʢʣʶʯʝʥʠʠ 
ʊʘʙʣʠʮʘ 3. ɿʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʷʤʦʤ ʠ ʦʙʨʘʪʥʦʤ ʚʢʣʶʯʝʥʠʠ 

ʇʦʜʢʣʶʯʝʥʠʝ ɿʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʧʨʷʤʦʤ ʚʢʣʶʯʝʥʠʠ, ʨʠʩ. 6 19,32 ɺ 
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ʚ ʦʙʨʘʪʥʦʤ ʚʢʣʶʯʝʥʠʠ, ʨʠʩ. 7 228 ɺ 

 

 
ʈʠʩ. 8. ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʩ ʜʠʦʜʥʦʛʦ ʤʦʩʪʘ  

ʯʝʨʝʟ ʚʳʧʨʷʤʠʪʝʣʴʥʳʡ ʤʦʩʪ ʠʟ ʩʚʝʯʝʡ 
ɿʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʚʦʜʘʭ ʤʦʩʪʘ ð 87 ɺ. 

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
1. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ ʚʣʠʷʝʪ ʥʘ 
ʧʨʦʭʦʞʜʝʥʠʝ ʪʦʢʘ ʯʝʨʝʟ ʧʣʘʟʤʫ. ʂʦʛʜʘ çʧʣʶʩè ʥʠʞʝ çʤʠʥʫʩʘè, ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ 
ʧʨʦʭʦʜʠʪ ʣʫʯʰʝ. 

2. ʏʝʤ ʤʝʥʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʪʝʤ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʝ. 
3. ʇʣʘʤʷ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢ. 
4. ʇʦʩʪʦʷʥʥʳʡ ʪʦʢ ʣʫʯʰʝ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʛʦʥʴ, ʯʝʤ ʧʝʨʝʤʝʥʥʳʡ. 
5. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʧʣʘʤʝʥʠ ʫʣʫʯʰʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʩʨʝʜʳ. 
6. ʇʣʘʤʷ ʠʤʝʝʪ ʩʚʦʸ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ɺ ʢʘʞʜʦʤ ʜʚʠʛʘʪʝʣʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʥʘʭʦʜʷʪʩʷ ʛʦʨʶʯʝʝ ʚʝʱʝʩʪʚʦ, ʚ ʪʦʤ 

ʯʠʩʣʝ ï ʠ ʚ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʷʭ. ɺʦ ʚʨʝʤʷ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣ ̫ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʚʠʛʘʪʝʣʷ 
ʢʣʘʩʩʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʢʨʝʧʠʪʴ ʩʥʘʨʫʞʠ ʜʘʪʯʠʢ ʠ ʩʥʠʤʘʪʴ ʝʛʦ ʧʦʢʘ-
ʟʘʥʠʷ. ʅʦ ʜʚʠʛʘʪʝʣʴ ʤʝʜʣʝʥʥʦ ʧʨʦʚʦʜʠʪ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʠʟ-ʟʘ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ ʩʪʘʥʦ-
ʚʷʪʩʷ ʥʝ ʩʦʚʩʝʤ ʘʢʪʫʘʣʴʥʳʤʠ, ʭʦʪʝʣʦʩʴ ʙ  rʧʦʣʫʯʘʪʴ ʜʘʥʥʳʝ ʙʳʩʪʨʝʝ. ʗ ʧʨʝʜʣʘʛʘʶ 
ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʣʘʤʝʥʠ ʧʨʦʚʦʜʠʪʴ ʪʦʢ ʠ ʩʥʠʤʘʪʴ ʜʘʥʥʳʝ ʯʝʨʝʟ ʜʘʪ-
ʯʠʢ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘʧʨʷʤʫʶ ʚ ʛʦʨʶʯʝʡ ʩʤʝʩʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʪ ʙʳʩʪʨʝʝ ʦʮʝ-
ʥʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʦʚʨʝʤʷ ʧʨʠʥʠʤʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʨʝʰʝʥʠʷ. 

 
ʈʠʩ. 9. ʉʪʨʫʢʪʫʨʘ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

 
ʊʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʘʤʝʥʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʜʦ-

ʚʦʜʢʝ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ ʥʝ ʥʦʚʘ, ʧʦ ʥʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 
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ʉʘʤʘʨʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʉ.ʇ. 
ʂʦʨʦʣʸʚʘ [3, 4, 5]. ʇʦʥʷʪʥʦ, ʯʪʦ ʤʦʡ ʫʨʦʚʝʥʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʦʧʦʩʪʘʚʠʤ ʩ ʫʨʦʚʥʝʤ 
ʫʯʸʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʦ ʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʧʣʘʤʝʥʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʯʘʩʪʥʦʩʪʠ ï ʢʦʩʤʠʯʝʩʢʦʡ.  

ɺʳʚʦʜ 
ʂʘʢ ʧʦʢʘʟʘʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʧʣʘʤʷ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚ-

ʣʝʥʠʷʭ ʠʟ-ʟʘ ʠʦʥʠʟʘʮʠʠ ʛʘʟʘ; ʧʨʦʚʦʜʠʤʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʤʝʥʠ. ɹʣʘʛʦ-
ʜʘʨʷ ʵʪʦʤʫ ʩʚʦʡʩʪʚʫ ʠ ʰʠʨʦʢʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʛʥʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʢ ʤʥʝ ʢʘ-
ʞʝʪʩʷ, ʚʦʟʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʠʙʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʦʩʥʦʚʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʛʥʷ. 

ʅʘʧʨʠʤʝʨ, ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʫʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʣʝʢʪʨʦʜ ʢʦʥʪʨʦʣʷ ʧʣʘʤʝʥʠ  ð 
ʚʘʞʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ, ʩʚʷʟʘʥʥʳʭ 
ʩ ʛʦʨʝʥʠʝʤ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʘ ʢʦʥʪʨʦʣʷ ʧʣʘʤʝʥʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʦ-
ʛʜʘ ʧʣʘʤʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʣʝʢʪʨʦʜʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦ-
ʚʦʜʠʤʦʩʪʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʤʦʞʥʦ ʠʟʤʝʨʠʪʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʪʨʦʣʣʝʨʘ 
ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʨʦ-
ʮʝʩʩʘ ʛʦʨʝʥʠʷ.  

ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʥʘʣʠʯʠʝ ʧʣʘʤʝʥʠ ʚ ʩʠʩʪʝʤʝ ʛʦʨʝʥʠʷ ʠ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʵʪʫ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠʣʠ ʨʝʛʫʣʠʨʦ-
ʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ, ʵʣʝʢʪʨʦʜ ʢʦʥʪʨʦʣʷ ʧʣʘʤʝʥʠ ʠʛ-
ʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʘʱʠʪʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 
ʧʝʨʩʦʥʘʣʘ. 
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ʆʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. 

ʀʥʪʝʨʝʩ ʢ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʠʥʬʦʨ-

ʤʘʮʠʠ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯʘʭ ʩʫʱʝʩʪʚʫʝʪ ʜʘʚʥʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʩ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ 

ʛʦʣʦʛʨʘʬʠʠ, ʦʜʥʘʢʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʟʘʜʘ-

ʯʘʤʠ ʫʜʘʣʸʥʥʦʛʦ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʲʸʤʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ɺ ʩʦ-

ʚʨʝʤʝʥʥʦʤ, ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʤʩʷ ʤʠʨʝ ʚʩʝ ʯʘʱʝ ʯʝʣʦʚʝʢʫ ʥʫʞʥʦ ʦʪʦʙʨʘʟʠʪʴ 

ʦʙʲʝʢʪ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ ʜʣʷ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʦʙʲʝʤ ʢʦ-

ʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ. ɹʫʜʴ ʪʦ ʘʚʠʘʜʠʩʧʝʪʯʝʨ, ʚʨʘʯ ʠʣʠ ʘʥʪʨʦʧʦʣʦʛ - ʚʩʝʤ ʧʦ-

ʤʦʞʝʪ ʛʦʣʦʛʨʘʬʠʷ. ʊʨʝʭʤʝʨʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʨʝʘʣʴ-

ʥʦʤ ʚʨʝʤʝʥʠ ʫʧʨʦʩʪʠʪ ʟʘʜʘʯʫ ʘʚʠʘʜʠʩʧʝʪʯʝʨʫ, ʧʦʤʦʞʝʪ ʚʨʘʯʫ ʙʝʟ ʦʧʝʨʘʮʠʡ ʠ ʦʙ-

ʣʫʯʝʥʠʷ ʧʘʮʠʝʥʪʘ ʦʩʤʦʪʨʝʪʴ ʚʥʫʪʨʝʥʥʦʩʪʠ ʠ ʧʦʩʪʘʚʠʪʴ ʜʠʘʛʥʦʟ, ʫʧʨʦʩʪʠʪ ʘʥʪʨʦ-

ʧʦʣʦʛʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚʥʝʰʥʦʩʪʠ ʧʦ ʯʝʨʝʧʫ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚ ʥʘʰʠ ʜʥʠ ʤʘʣʦ ʢʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ, ʯʪʦ ʪʘʢʦʝ ʛʦʣʦʛʨʘʬʠʷ ʠ ʛʜʝ ʦʥʘ ʤʦʞʝʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ. ʄʝʥʷ 

ʟʘʠʥʪʝʨʝʩʦʚʘʣ ʜʘʥʥʳʡ ʚʦʧʨʦʩ, ʠ ʷ ʨʝʰʠʣʘ ʩʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʦ ʛʦʣʦʛʨʘʬʠʠ ʠ ʠʟ-

ʛʦʪʦʚʠʪʴ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʟʜʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʤʦʜʝʣʴ ʛʦʣʦʛʨʘʤʤʳ ʚ ʜʦ-

ʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ɿʘʜʘʯʠ: 

1. ʉʦʙʨʘʪʴ ʤʘʪʝʨʠʘʣ ʦ ʛʦʣʦʛʨʘʤʤʝ 

2. ʀʟʫʯʠʪʴ ʫʩʣʦʚʠʷ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʤʤʳ 

3. ʉʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʛʦʣʦʛʨʘʤʤʫ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ɸʥʘʣʠʟ 

2. ʉʠʥʪʝʟ 

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 

4. ʕʢʩʧʝʨʠʤʝʥʪ 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʛʦʣʦʛʨʘʤʤʘ. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʠʟʦʙʨʘʞʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʬʦʪʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʟʘʧʠʩʠ. 

ʇʨʦʙʣʝʤʘ: ʤʦʞʥʦ ʣʠ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʩʦʟʜʘʪʴ ʦʙʲʝʤʥʦʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʝ 

ʠʟʦʙʨʘʞʝʥʠʝ. 

ɻʠʧʦʪʝʟʘ: ʠʟʫʯʠʚ ʤʘʪʝʨʠʘʣʘ ʦ ʛʦʣʦʛʨʘʬʠʠ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʦʙʲʸʤʥʦʝ ʛʦʣʦʛʨʘʬʠ-

ʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʣʶʜʷʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʠʤʘʪʴ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʙʦʣʴ-

ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʯʝʤ ʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʛʦʣʦʛʨʘʤʤʳ.  

ʏʪʦ ʪʘʢʦʝ ʛʦʣʦʛʨʘʤʤʘ 

ɻʦʣʦʛʨʘʤʤʘ ð ʵʪʦ ʦʧʪʠʯʝʩʢʠʡ ʢʣʦʥ ʦʙʲʝʢʪʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʬʦʪʦʛʨʘʬʠʠ, 

ʛʦʣʦʛʨʘʤʤʘ ʪʨʝʭʤʝʨʥʘ, ʪʘʢ ʢʘʢ ʬʠʢʩʠʨʫʝʪ ʦʙʲʝʤ ʦʙʲʝʢʪʘ ʠ ʠʟʤʝʥʝʥʠʝ ʧʝʨʩʧʝʢ-

ʪʠʚʳ ʧʨʠ ʚʟʛʣʷʜʝ ʩ ʨʘʟʥʳʭ ʫʛʣʦʚ. 

ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʳʯʥʦʝ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʬʠʢʩʠʨʫʝʪ ʠʟʤʝʥʝ-

ʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʪʘ, ʛʦʣʦʛʨʘʬʠʷ ʬʠʢʩʠʨʫʝʪ ʢʘʢ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʪʘʢ ʠ ʬʘʟʫ 

ʩʚʝʪʘ. ɺʦʪ ʧʦʯʝʤʫ ʛʦʣʦʛʨʘʤʤʳ ʩʦʟʜʘʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʪʨʝʭʤʝʨʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, 

ʘ ʥʝ ʧʨʦʩʪʦ ʩʦʟʜʘʶʪ ʠʣʣʶʟʠʶ ʛʣʫʙʠʥʳ. 
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ɻʦʣʦʛʨʘʤʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʬʦʪʦʛʨʘʬʠʯʝʩʢʫʶ ʟʘʧʠʩʴ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ, 

ʘ ʥʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʦʙʲʝʢʪʠʚʦʤ. ʆʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʦʜʩʢʘʟʢʠ 

ʚʠʟʫʘʣʴʥʦʡ ʛʣʫʙʠʥʳ, ʢʦʪʦʨʳʝ ʨʝʘʣʠʩʪʠʯʥʦ ʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʙʣʶʜʘʪʝʣʷ (ʧʨʠʣʦʞʝʥʠʝ 1 ʨʠʩ.1). 

ɻʦʣʦʛʨʘʤʤʫ ʯʘʩʪʦ ʧʫʪʘʶʪ ʩ 3Dïʠʟʦʙʨʘʞʝʥʠʝʤ. ʅʦ 3D-ʠʟʦʙʨʘʞʝʥʠʝ ʚʳʛʣʷ-

ʜʠʪ ʦʙʲʝʤʥʦ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʪʦʯʢʠ ʦʙʟʦʨʘ, ʘ ʛʦʣʦʛʨʘʤʤʘ ð ʩ ʣʶʙʦʡ. ɻʦʣʦʛʨʘʤʤʳ 

ʠ 3D-ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʟʜʘʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʧʦ-ʨʘʟʥʦʤʫ: ʜʣʷ ʧʦʣʫʯʝʥʠʷ 3D-

ʢʘʨʪʠʥʢʠ ʛʦʪʦʚʷʪ ʜʚʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʜʣʷ ʧʨʘʚʦʛʦ ʠ ʣʝʚʦʛʦ ʛʣʘʟʘ) ʠ ʩʦʝʜʠʥʷʶʪ ʠʭ. 

ɹʣʘʛʦʜʘʨʷ ʩʪʝʨʝʦʵʬʬʝʢʪʫ ʤʦʟʛ ʚʦʩʧʨʠʥʠʤʘʝʪ ʪʘʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʢ ʦʙʲʝʤʥʦʝ. 

ɸ ʛʦʣʦʛʨʘʤʤʳ ʩʦʟʜʘʶʪ, ʟʘʧʠʩʳʚʘʷ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʘ ʩʪʨʫʢʪʫʨʫ ʦʪʨʘʞʝʥʥʦʡ ʦʪ 

ʦʙʲʝʢʪʘ ʚʦʣʥʳ (ʝʝ ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ). ʕʪʦʪ ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ çʛʦʣʦʛʨʘʬʠʷè (ʧʝ-

ʨʝʚʦʜʠʪʩʷ ʩ ʜʨʝʚʥʝʛʨʝʯʝʩʢʦʛʦ ʢʘʢ çʧʠʰʫ ʚʩʸè). 

ʂʘʢ ʩʦʟʜʘʶʪʩʷ ʛʦʣʦʛʨʘʤʤʳ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʤʤ ð ʬʠʟʠʯʝʩʢʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʳʡ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʛʦʣʦʛʨʘʤʤʳ ʠʩʧʦʣʴʟʫʶʪ ʣʘʟʝʨʥʳʡ ʣʫʯ. ɽʛʦ ʜʝʣʷʪ ʥʘ 

ʜʚʝ ʚʦʣʥʳ: 

¶ ʦʧʦʨʥʫʶ ð ʦʥʘ ʠʜʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ; 

¶ ʦʙʲʝʢʪʥʫʶ ð ʦʥʘ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʧʨʝʜʤʝʪʘ ʟʘʧʠʩʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʚʠʟʫʘʣʠʟʘʮʠʠ ʛʦʣʦʛʨʘʤʤʳ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʩʣʦʞʝʥʠʝ ʜʚʫʭ ʚʦʣʥ ï ʦʧʦʨʥʦʡ ʠ ʦʙʲʝʢʪʥʦʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ. ʆʧʦʨʥʫʶ ʚʦʣʥʫ ʬʦʨʤʠʨʫʝʪ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʘ ʦʙʲʝʢʪʥʘʷ ʦʪʨʘʞʘʝʪʩʷ ʦʪ ʟʘʧʠʩʳʚʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. ɿʜʝʩʴ 

ʞʝ ʨʘʟʤʝʱʘʝʪʩʷ ʬʦʪʦʧʣʘʩʪʠʥʘ, ʥʘ ʢʦʪʦʨʦʡ çʦʪʧʝʯʘʪʳʚʘʶʪʩʷè ʪʝʤʥʳʝ ʧʦʣʦʩʳ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ (ʠʥʪʝʨʬʝʨʝʥʮʠʠ) ʚ 

ʜʘʥʥʦʤ ʤʝʩʪʝ. ʆʧʪʠʯʝʩʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʦʙʲʝʢʪ ʠ ʥʦʩʠʪʝʣʴ ʟʘʧʠʩʠ ʜʦʣʞʥʳ ʦʩʪʘ-

ʚʘʪʴʩʷ ʥʝʧʦʜʚʠʞʥʳʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʘ. ɺ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ ʠ ʛʦʣʦʛʨʘʤʤʘ ʙʫʜʫʪ ʨʘʟʤʳʪʳ ʠ ʠʩʧʦʨʯʝʥʳ. 

ɸʥʘʣʦʛʠʯʥʳʡ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʠ ʥʘ ʦʙʳʯʥʦʡ ʬʦʪʦʧʣʝʥʢʝ. ʆʜʥʘʢʦ ʜʣʷ 

ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩ ʥʝʝ ʪʨʝʙʫʝʪʩʷ ʨʘʩʧʝʯʘʪʢʘ ʥʘ ʬʦʪʦʙʫʤʘʛʝ, ʪʦʛʜʘ 

ʢʘʢ ʩ ʛʦʣʦʛʨʘʤʤʦʡ ʚʩʝ ʧʨʦʠʩʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʦʩ-

ʧʨʦʠʟʚʝʜʝʥʠʷ çʧʦʨʪʨʝʪʘè ʦʙʲʝʢʪʘ ʜʦʩʪʘʪʦʯʥʦ çʦʩʚʝʪʠʪʴè ʬʦʪʦʧʣʘʩʪʠʥʫ ʚʦʣʥʦʡ, 

ʙʣʠʟʢʦʡ ʢ ʦʧʦʨʥʦʡ, ʢʦʪʦʨʘʷ ʧʨʝʦʙʨʘʟʫʝʪ ʝʝ ʚ ʙʣʠʟʢʫʶ ʢ ʦʙʲʝʢʪʥʦʡ ʚʦʣʥʫ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʤʳ ʫʚʠʜʠʤ ʧʦʯʪʠ ʯʪʦ ʪʦʯʥʦʝ ʦʪʨʘʞʝʥʠʝ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʝʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʧʨʠʣʦʞʝʥʠʝ 4). 

ʂʦʤʧʴʶʪʝʨʥʳʡ ʚʠʜ ʛʦʣʦʛʨʘʤʤʳ: 

 ɼʣʷ ʮʠʬʨʦʚʦʡ ʛʦʣʦʛʨʘʤʤʳ ʥʝ ʥʫʞʝʥ ʨʝʘʣʴʥʳʡ ʦʙʲʝʢʪ. ɼʦʩʪʘʪʦʯʥʦ ʚʚʝʩʪʠ 

ʚ ʧʨʦʛʨʘʤʤʫ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʤʝʪʘ, ʠ ʦʥʘ ʩʘʤʘ ʨʘʩʩʯʠʪʘʝʪ, ʢʘʢ ʚʦʣʥʳ ʙʫʜʫʪ ʦʪʨʘ-

ʞʘʪʴʩʷ ʦʪ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɻʦʣʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʣʠ ʬʠʟʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, 

ʥʦ ʦʙʨʘʙʦʪʘʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʪʘʢʞʝ ʩʯʠʪʘʶʪʩʷ ʮʠʬʨʦʚʳʤʠ. 

ɻʦʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʞʥʦ ʨʘʩʧʝʯʘʪʘʪʴ ʥʘ ʬʦʪʦʧʣʘʩʪʠʥʢʝ ʠʣʠ ʚʳʚʝʩʪʠ 

ʥʘ 3D-ʜʠʩʧʣʝʡ. ʊʘʢʠʝ ʜʠʩʧʣʝʠ ʠʩʧʦʣʴʟʫʶʪ ʚ ʰʣʝʤʘʭ ʠ ʦʯʢʘʭ ʩʤʝʰʘʥʥʦʡ ʨʝʘʣʴ-

ʥʦʩʪʠ 

ɼʨʫʛʠʝ ʚʠʜʳ ʛʦʣʦʛʨʘʤʤ: 
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¶ ɼʝʢʦʨʘʪʠʚʥʳʝ ð ʧʦʢʘʟʳʚʘʶʪ ʩʪʘʪʫʩ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʜʦʙʘʚʣʷʶʪ ʚʝʩ ʚ 

ʠʤʠʜʞ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʪʦʚʘʨʘ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʣʦʷʣʴ-

ʥʦʩʪʴ, ʜʦʚʝʨʠʝ ʢ ʧʨʦʠʟʚʦʜʠʪʝʣʶ ʫ ʧʦʪʨʝʙʠʪʝʣʷ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ð ʨʦʩʪ 

ʧʨʦʜʘʞ. 

¶ ɿʘʱʠʪʥʳʝ ð ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʟʘʱʠʪʳ ʚʘʰʝʛʦ ʪʦʚʘʨʘ, ʠʟʜʝʣʠʡ, 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 

¶ ɻʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʢʠ ʠʣʠ ʛʦʣʦʛʨʘʤʤʳ ʙʳʚʘʶʪ ʘʥʘʣʦʛʦʚʳʝ, ʵʣʝʢʪʨʦʥʥʳʝ 

ʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ. 

¶ ʀʟʦʙʨʘʞʝʥʠʷ ʥʘ ʪʘʢʠʭ ʛʦʣʦʛʨʘʤʤʘʭ ʙʳʚʘʶʪ ʦʙʲʝʤʥʳʝ 3D, ʧʣʦʩʢʠʝ 2D, 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 2D-3D. 

¶ ʉʫʱʝʩʪʚʫʶʪ ʨʘʜʫʞʥʳʝ ʛʦʣʦʛʨʘʤʤʳ ʠ ʤʝʪʢʠ ð ʦʥʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ 

ʧʘʩʧʦʨʪʘʭ, ʚʠʟʘʭ, ʜʝʥʝʞʥʳʭ ʢʫʧʶʨʘʭ, ʙʠʣʝʪʘʭ ʥʘ ʢʦʥʮʝʨʪʳ, ʰʦʫ ʠ ʪ.ʜ. 

 ʇʨʠʤʝʥʝʥʠʝ ʛʦʣʦʛʨʘʤʤ 

ɺ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʛʦʣʦʛʨʘʤʤʳ ð ʧʝʨʝʣʠʚʘʶʱʠʝʩʷ ʦʙʲʝʤʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ 

ð ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʥʝʢʦʪʦʨʳʭ ʢʫʧʶʨʘʭ, ʢʨʝʜʠʪʥʳʭ ʢʘʨʪʘʭ ʠ ʜʦʢʫʤʝʥʪʘʭ 

(ʥʘʧʨʠʤʝʨ, ʥʘ ʟʘʛʨʘʥʠʯʥʦʤ ʧʘʩʧʦʨʪʝ ʥʦʚʦʛʦ ʦʙʨʘʟʮʘ ʠ ʪʨʫʜʦʚʦʡ ʢʥʠʞʢʝ), ʘ ʪʘʢʞʝ 

ʥʘ ʤʥʦʛʠʭ ʪʦʚʘʨʘʭ ʠ ʘʢʮʠʟʥʳʭ ʤʘʨʢʘʭ. 

3D ʛʦʣʦʛʨʘʤʤʳ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ: 

 ʍʨʘʥʝʥʠʝ ʜʘʥʥʳʭ: ɻʦʣʦʛʨʘʬʠʯʝʩʢʦʝ ʭʨʘʥʝʥʠʝ ʜʘʥʥʳʭ - ɻ ʪʦ ʧʦʪʝʥʮʠʘʣʴʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʭʨʘʥʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʥʫʪʨʠ 

ʬʦʪʦʧʦʣʠʤʝʨʦʚ ʠʣʠ ʢʨʠʩʪʘʣʣʦʚ. ʇʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʭʨʘʥʝʥʠʷ, ʪʘ-

ʢʠʝ ʢʘʢ Blu-ray Disc, ʜʦʩʪʠʛʘʶʪ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʧʣʦʪʥʦʩʪʠ ʜʘʥʥʳʭ, ʛʦʣʦʛʨʘʬʠ-

ʯʝʩʢʦʝ ʭʨʘʥʠʣʠʱʝ ʤʦʞʝʪ ʩʪʘʪʴ ʧʦʧʫʣʷʨʥʳʤ ʥʦʩʠʪʝʣʝʤ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

  ɹʝʟʦʧʘʩʥʦʩʪʴ: ʟʘʱʠʪʥʳʝ ʛʦʣʦʛʨʘʤʤʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤ ʪʠʧʦʤ ʛʦʣʦʛʨʘʤʤ. ʆʥʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʘʩʧʦʨʪʘʭ, ʙʘʥʢʦʚʩʢʠʭ ʠ 

ʢʨʝʜʠʪʥʳʭ ʢʘʨʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʥʝʩʢʦʣʴʢʠʭ ʙʘʥʢʥʦʪʘʭ ʧʦ ʚʩʝʤʫ ʤʠʨʫ. ʍʦʪʷ ʵʪʦ ʠ ʥʝ 

ʛʦʣʦʛʨʘʤʤʘ ʚ ʠʩʪʠʥʥʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ, ʪʝʨʤʠʥ çʛʦʣʦʛʨʘʤʤʘè ʧʨʠʦʙʨʝʣ ʚʪʦʨʠʯʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟ-ʟʘ ʰʠʨʦʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʚʦʜʠ-

ʪʝʣʴʩʢʠʭ ʫʜʦʩʪʦʚʝʨʝʥʠʷʭ ʠ ʢʨʝʜʠʪʥʳʭ ʢʘʨʪʘʭ. ʅʝʢʦʪʦʨʳʝ ʥʦʤʝʨʥʳʝ ʟʥʘʢʠ ʥʘ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ ʩʦʜʝʨʞʘʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʛʦʣʦʛʨʘʤʤʥʳʝ ʥʘʢʣʝʡʢʠ, 

ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʦʜʣʠʥʥʦʩʪʴ.  

ɼʘʪʯʠʢ: ʛʦʣʦʛʨʘʤʤʘ, ʚʩʪʨʦʝʥʥʘʷ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʟʜʘʝʪ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʡ ʜʘʪʯʠʢ. ɽʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʭ ʤʦʣʝʢʫʣ ʠʣʠ ʤʝʪʘʙʦʣʠʪʦʚ. 

  ʉʢʘʥʝʨʳ: ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʝ ʩʢʘʥʝʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ 

ʢʦʥʚʝʡʝʨʥʳʭ ʩʠʩʪʝʤʘʭ ʠ ʢʨʫʧʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʘʥʠʷʭ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʨʘʟʤʝʨʦʚ ʫʧʘʢʦʚʢʠ. 

ɺ ʙʫʜʫʱʝʤ ʛʦʣʦʛʨʘʬʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʭʨʘʥʝʥʠʷ ʜʘʥʥʳʭ ʚʳʩʦ-

ʢʦʡ ʧʣʦʪʥʦʩʪʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʧʪʠʯʝʩʢʠʭ ʥʦʩʠ-

ʪʝʣʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʛʜʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʪʦʥʢʠʡ ʜʚʫʤʝʨʥʳʡ ʩʣʦʡ, ʛʦʣʦʛʨʘʬʠ-

ʯʝʩʢʠʝ ʟʘʧʦʤʠʥʘʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʭʨʘʥʠʪʴ ʜʘʥʥʳʝ ʚ 3D-ʬʦʨʤʘʪʝ, ʧʦʪʝʥ-

ʮʠʘʣʴʥʦ ʜʦʩʪʠʛʘʷ ʦʛʨʦʤʥʳʭ ʦʙʲʝʤʦʚ ʧʨʠ ʜʦʚʦʣʴʥʦ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʲʝʤʘʭ. ʆʜ-

ʥʘʢʦ ʨʘʟʨʘʙʦʪʢʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʝʘʣʠʟʘʮʠʡ ʦʩʪʘʝʪʩʷ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ. 
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ʄʝʜʠʮʠʥʘ: ʥʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʚ ʤʝʜʠʮʠʥʝ ʜʘʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʧ-

ʧʘʨʘʪʳ ʋɿʀ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʠ ʧʦʤʦʱʠ ʟʚʫʢʘ ʫʚʠʜʝʪʴ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ ʯʝʣʦ-

ʚʝʢʘ. ʆʜʥʘʢʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʜʚʫʤʝʨʥʳʤ. ɸ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʛʦʣʦʛʨʘʤʤʳ ï ʪʨʸʭʤʝʨʥʳʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʝʘʣʴʥʳʭ ʠ ʧʝʨ-

ʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʛʦʣʦʛʨʘʬʠʠ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʪʝʣʝʤʝʜʠʮʠʥʘ. 

ʍʠʨʫʨʛʠ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʶ ʜʣʷ 

ʪʨʝʭʤʝʨʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʦʚʝʜʝʥʠʝʤ ʦʧʝʨʘʮʠʡ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʠ ʧʨʠ-

ʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʦʧʝʨʘʮʠʠ. ɺʩʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʘ ʠ 

ʙʫʜʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʦʤ. 

ʀʩʢʫʩʩʪʚʦ: ʂʣʘʩʩʠʯʝʩʢʘʷ ʛʦʣʦʛʨʘʬʠʷ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʧʠʩʳʚʘʪʴ ʠʟʦʙʨʘʞʝ-

ʥʠʝ ʣʘʥʜʰʘʬʪʦʚ ʠ ʧʨʦʪʷʞʸʥʥʳʭ ʩʮʝʥ ʠʟ-ʟʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʢʦ-

ʛʝʨʝʥʪʥʦʩʪʠ. ʉʲʸʤʢʘ ʚʥʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʣʘʟʝʨʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʪʘʢʞʝ 

ʥʝʚʦʟʤʦʞʥʘ. ʆʜʥʘʢʦ, ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʫʧʥʦ ʩʦʟʜʘʥʠʝ ʛʦʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʨʪʨʝʪʦʚ 

ʠ ʧʨʝʜʤʝʪʥʘʷ ʩʲʸʤʢʘ, ʥʘʧʨʠʤʝʨ ʚ ʞʘʥʨʝ ʥʘʪʶʨʤʦʨʪʘ. ɹʦʣʝʝ ʰʠʨʦʢʠʤʠ ʚʦʟʤʦʞ-

ʥʦʩʪʷʤʠ ʦʙʣʘʜʘʝʪ ʤʫʣʴʪʠʧʣʝʢʩʥʘʷ ʛʦʣʦʛʨʘʤʤʘ, ʧʨʠʛʦʜʥʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʚʪʦ-

ʩʪʝʨʝʦʛʨʘʤʤ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ. 

ʉʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʛʦʣʦʛʨʘʤʤʳ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ 

ʊʝʧʝʨʴ, ʢʦʛʜʘ ʤʳ ʫʟʥʘʣʠ, ʯʪʦ ʪʘʢʦʝ ʛʦʣʦʛʨʘʤʤʘ ʠ ʢʘʢ ʦʥʘ ʨʘʙʦʪʘʝʪ, ʥʘʤ 

ʩʪʘʣʦ ʠʥʪʝʨʝʩʥʦ, ʚʦʟʤʦʞʥʦ ʣʠ ʩʜʝʣʘʪʴ ʧʨʦʩʪʝʡʰʫʶ ʛʦʣʦʛʨʘʤʤʫ ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʩʤʘʨʪʬʦʥʘ ʠ ʥʝʭʠʪʨʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʤʳ 

ʩʤʦʞʝʤ ʧʦʩʤʦʪʨʝʪʴ ʚʠʜʝʦ ʩ ʛʦʣʦʛʨʘʤʤʦʡ! ɺ ʠʥʪʝʨʥʝʪʝ ʤʳ ʥʘʰʣʠ ʠʥʩʪʨʫʢʮʠʶ, 

ʢʘʢ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʩʜʝʣʘʪʴ ʫʩʝʯʝʥʥʫʶ ʧʨʠʟʤʫ. ʅʫʞʥʦ ʟʘʧʫʩʪʠʪʴ ʚʠʜʝʦ, 

ʧʦʩʪʘʚʠʪʴ ʥʘ ʥʝʛʦ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦʜʦʙʠʝ 3D ʛʦʣʦʛʨʘʤʤʳ. 

ɺʦʪ, ʯʪʦ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʦʣʦʛʨʘʤʤʳ: 

1. ʂʦʨʦʙʢʘ ʠʟ-ʧʦʜ CD-ʜʠʩʢʘ; 

2. ʆʩʪʨʳʡ ʥʦʞ; 

3. ʅʦʞʥʠʮʳ; 

4. ʉʢʦʪʯ ʠʣʠ ʛʦʨʷʯʠʡ ʢʣʝʡ; 

5. ʂʘʨʘʥʜʘʰ; 

6. ʃʠʥʝʡʢʘ; 

7. ʆʙʳʯʥʘʷ ʙʫʤʘʛʘ ʚ ʢʣʝʪʢʫ. 

ʍʦʜ ʨʘʙʦʪʳ: 

1. ɼʣʷ ʥʘʯʘʣʘ ʙʝʨʝʤ ʙʫʤʘʛʫ ʠ ʯʝʨʪʠʤ ʥʘ ʥʝʡ ʪʨʘʧʝʮʠʶ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʧʨʦ-

ʧʦʨʮʠʷʤʠ: ʥʠʞʥʝʝ ʦʩʥʦʚʘʥʠʝ - 6 ʩʤ, ʚʝʨʭʥʝʝ ʦʩʥʦʚʘʥʠʝ - 1 ʩʤ, ʚʳʩʦʪʘ - 3,5 

ʩʤ 

2. ʅʘ ʧʣʘʩʪʠʢʝ ʦʙʚʝʩʪʠ ʤʘʨʢʝʨʦʤ 4 ʪʨʘʧʝʮʠʠ ʠ ʚʳʨʝʟʘʪʴ ʠʭ. 

3. ʂʦʛʜʘ ʦʥʠ ʙʫʜʫʪ ʛʦʪʦʚʳ, ʧʦʣʦʩʢʘʤʠ ʩʢʦʪʯʘ (ʠʣʠ ʞʝ ʛʦʨʷʯʠʤ ʢʣʝʝʤ) ʩʢʨʝ-
ʧʠʪʴ 4 ʜʝʪʘʣʠ ʧʦ ʙʦʢʦʚʳʤ ʩʪʦʨʦʥʘʤ. 

4. ʊʝʧʝʨʴ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʟʘʛʨʫʟʠʪʴ ʚ ʪʝʣʝʬʦʥ ʩʧʝʮʠʘʣʴʥʦʝ ʚʠʜʝʦ, ʧʦʩʪʘʚʠʪʴ 
ʥʘʰʫ ʬʠʛʫʨʫ ʥʘ ʩʤʘʨʪʬʦʥ, ʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʛʦʣʦʛʨʘʤʤʫ. 

ɿɸʂʃʖʏɽʅʀɽ 

ɻʦʣʦʛʨʘʤʤʘ ï ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʧʨʝʜʤʝʪ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʚ ʥʘʫʢʝ, ʪʘʢ 

ʠ ʚ ʪʝʭʥʠʢʝ, ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ, ʪ.ʢ. 

ʥʘʩʪʦʷʱʫʶ ʛʦʣʦʛʨʘʤʤʫ ʩʜʝʣʘʪʴ ʥʝ ʪʘʢ-ʪʦ ʧʨʦʩʪʦ, ʢʘʢ ʤʠʥʠʤʫʤ, 
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ʧʦʪʨʝʙʫʶʪʩʷ ʣʘʟʝʨʥʳʝ ʣʫʯʠ. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʇʦʜʨʦʙʥʝʝ ʥʘ ʈɹʂ: 

https://trends.rbc.ru/trends/industry/620f4a579a79475f52f7dd39 

2. ʀʩʪʦʯʥʠʢ: New-Science.ru https://new-science.ru/chto-takoe-gologramma-

opredelenie-i-princip-raboty/ 

3. https://ru.wikipedia.org/wiki/ 

4. https://ctm-company.ru/articles/3084 

5. https://2dip.su/% 

 

ʇʨʠʣʦʞʝʥʠʝ 1 

 
ʈʠʩʫʥʦʢ 1 ɻʦʣʦʛʨʘʤʤʘ ʤʦʜʝʣʠ ʩʣʦʥʘ 

 

 

 

 
ʋʉʊʈʆʁʉʊɺʆ ɼʃʗ ʆʏʀʉʊʂʀ ɺʆɿɼʋʍɸ ɺ ʇʆʄɽʑɽʅʀʀ 

ʀʚʘʥʦʚʘ ɽ.ɼ. ʢʣ.9 ɽʅ, ʄʦʩʢʘʣʸʚʘ ɸ.ɺ. ʢʣ. 9 ɽʅ, 

ʛ. ɸʯʠʥʩʢ, ʄʆʋ çʃʠʮʝʡ ˉ1è 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʨʦʪʘʩʦʚ ʊ.ʅ., ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

ʄʆʋ çʃʠʮʝʡ ˉ1è. 
ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʤʝʥʴʰʝ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʥʝʨ-
ʛʝʪʠʢʫ.  

ɺ 1867 ʛʦʜʫ ʋʠʣʴʷʤ ʊʦʤʩʦʥ, ʣʦʨʜ ʂʝʣʴʚʠʥ ʠʟʦʙʨʝʣ ʚʦʜʷʥʦʡ ʢʘʧʝʣʴʥʳʡ ʛʝʥʝʨʘ-
ʪʦʨ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʙʣʶʜʘʪʴ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ 
ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʙʘʥʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ-
ʨʷʜʢʘ 10 ʢɺ. ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘʟʳʚʘʶʪ ʪʝʧʝʨʴ ʥʝ ʠʥʘʯʝ 
ʢʘʢ çʢʘʧʝʣʴʥʠʮʘ ʂʝʣʴʚʠʥʘè. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʘʤʝʥʳ 
ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʜʚʠʞʫʱʠʝʩʷ ʠ ʪʨʫʱʠʝʩʷ ʯʘʩʪʠ, ʦʩʥʦʚʥʦʡ ʥʝʜʦ-
ʩʪʘʪʦʢ ʢʦʪʦʨʳʭ ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠʟʥʦʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʦ ʩʦʚʩʝʤ ʥʝ ʥʫʞʜʘʝʪʩʷ 
ʚ ʢʘʢʦʤ-ʣʠʙʦ ʚʥʝʰʥʝʤ ʠʩʪʦʯʥʠʢʝ ʵʥʝʨʛʠʠ. 
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ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʢʘʩʘʶʱʫʶʩʷ ʩʪʨʦʝʥʠʷ ʠ ʧʨʠʥ-
ʮʠʧʘ ʨʘʙʦʪʳ ʢʘʧʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʤʳ ʨʝʰʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 
ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʠʟʛʦʪʦʚʠʪʴ ʢʘʧʝʣʴʥʠʮʫ ʂʘʣʴʚʠʥʘ. 

ʀʟ ʞʝʩʪʷʥʳʭ ʙʘʥʦʢ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤ ʠʥʜʫʢʪʦʨʳ.  ɼʘʣʝʝ, ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʪʘʣʴʥʳʭ ʰʪʘʥʛ (ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʦʙʨʘʙʦʪʘʥʳ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ) ʢʨʝʧʠʤ ʠʭ 
ʢ 2-ʤ ʥʠʞʥʠʤ ʙʘʥʢʘʤ ʧʦ ʩʭʝʤʝ ʢʨʝʩʪ-ʥʘʢʨʝʩʪ. ɺʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʥʦʢ ʦʙʨʘʙʘ-
ʪʳʚʘʝʤ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ. 

ʇʨʠ ʧʦʤʦʱʠ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ ʫʤʝʥʴʰʘʝʤ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʫ ʩʪʝʢʣʷʥʥʳʭ ʧʠ-
ʧʝʪʦʢ. ɼʘʣʝʝ ʚ ʜʥʝ 2-ʭ ʚʝʨʭʥʠʭ ʙʘʥʦʢ ʚʳʩʚʝʨʣʠʚʘʝʤ ʦʪʚʝʨʩʪʠʷ ʠ ʚʩʪʘʚʣʷʝʤ ʚ ʥʠʭ ʧʨʠ-
ʛʦʪʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʩʪʝʢʣʷʥʥʳʝ ʧʠʧʝʪʢʠ. ʄʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ ʧʠʧʝʪʦʢ ʩ ʙʘʥʢʘʤʠ ʛʝʨʤʝ-
ʪʠʟʠʨʫʝʤ ʢʣʝʝʚʳʤ ʧʠʩʪʦʣʝʪʦʤ.  

ʇʦʩʣʝ ʵʪʦʛʦ, ʚʝʨʭʥʠʝ ʙʘʥʢʠ ʩʦʝʜʠʥʷʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʪʘʢ, 
ʯʪʦʙʳ ʧʨʦʚʦʜ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʠʤʝʣ ʢʦʥʪʘʢʪ ʩ ʚʦʜʦʡ.  

ʅʘ ʣʘʟʝʨʥʦʤ ʩʪʘʥʢʝ ʚʳʨʝʟʘʝʤ ʧʨʦʩʪʘʚʢʠ ʜʣʷ ʙʘʥʦʢ ʠʟ ʘʢʨʠʣʘ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʀʟ ʜʚʫʭ ʣʠʩʪʦʚ ɼʉʇ ʩʦʙʠʨʘʝʤ ʧʦʜʩʪʘʚʢʫ ʜʣʷ ʙʫʜʫʱʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʩʚʝʨʣʠʚʘʝʤ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʚ ɼʉʇ. ʇʨʦʩʪʘʚʢʠ ʧʨʠʢʣʝʠʚʘʝʤ 
ʢʣʝʝʤ çʄʦʤʝʥʪè ʢ ʧʦʜʩʪʘʚʢʝ. 

ʉʥʘʯʘʣʘ ʧʨʠʢʨʝʧʣʷʝʤ ʚʝʨʭʥʠʝ ʙʘʥʢʠ, ʜʣʷ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʦʢʣʝʠʚʘʷ ʢʣʝʝʤ ʧʠ-
ʩʪʦʣʝʪʦʤ ʠ ʟʘʪʷʛʠʚʘʷ ʩʪʷʞʢʘʤʠ. ʉ ʥʠʞʥʠʤʠ ʙʘʥʢʘʤʠ ʧʨʦʜʝʣʳʚʘʝʤ ʪʦʞʝ ʩʘʤʦʝ. ɺʝʨʭ-
ʥʠʝ ʙʘʥʢʠ ʨʘʩʧʦʣʘʛʘʝʤ ʥʘʜ ʠʥʜʫʢʪʦʨʘʤʠ ʠ ʥʠʞʥʠʤʠ ʙʘʥʢʘʤʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 
ʚʦʜʘ ʠʟ ʧʠʧʝʪʦʢ ʣʠʣʘʩʴ ʨʦʚʥʦ ʧʦ ʮʝʥʪʨʫ (ʨʠʩʫʥʦʢ 1, ʨʠʩʫʥʦʢ 2).  

 

                     
                  ʈʠʩʫʥʦʢ 1.                                                   ʈʠʩʫʥʦʢ 2. 
ʊʝʧʝʨʴ ʧʨʦʚʝʨʷʝʤ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʚ ʚʝʨʭʥʠʝ ʙʘʥʢʠ ʤʳ ʥʘʣʠ-

ʚʘʝʤ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʘ ʦʜʥʫ ʠʟ ʥʠʞʥʠʭ ʙʘʥʦʢ ʩʦʝʜʠʥʷʝʤ ʩ ʵʣʝʢʪʨʦʤʝʪ-
ʨʦʤ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʤʳ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ ʩʪʨʝʣʢʘ ʵʣʝʢʪʨʦʤʝʪʨʘ ʥʘʯʠʥʘʝʪ ʦʪ-
ʢʣʦʥʷʪʴʩʷ (ʨʠʩʫʥʦʢ 3), ʘ ʢʘʧʣʠ ʚʦʜʳ ʥʘʯʠʥʘʶʪ ʨʘʟʣʝʪʘʪʴʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ɽʩʣʠ 
ʧʦʜʥʝʩʪʠ ʧʘʣʝʮ ʨʫʢʠ ʢ ʥʠʞʥʝʡ ʙʘʥʢʝ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʢʘʢ ʧʨʦʩʢʘʢʠʚʘʝʪ ʥʝʙʦʣʴʰʘʷ 
ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʩʢʨʘ. ʂʦʛʜʘ ʥʠʞʥʠʝ ʙʘʥʢʠ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʳ, ʟʘʨʷʜʳ ʧʝʨʝʩʪʘʶʪ 
ʥʘʢʘʧʣʠʚʘʪʴʩʷ. ʊʦʯʥʦ ʪʘʢʦʡ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪ, ʤʳ ʧʨʦʚʝʣʠ ʩ ʵʣʝʢʪʨʦʩʢʦʧʦʤ. ʇʨʠ ʨʘʙʦʪʝ 
ʢʘʧʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʣʝʧʝʩʪʢʠ ʵʣʝʢʪʨʦʩʢʦʧʘ ʥʘʯʠʥʘʶʪ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 
(ʨʠʩʫʥʦʢ 4). 
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                     ʈʠʩʫʥʦʢ 3.                                                             ʈʠʩʫʥʦʢ 4. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚ-
ʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʦʢʦʣʦ 865 ʨʫʙʣʝʡ), ʧʨʦʩʪʦʪʫ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʠʟʢʠʡ ʂʇɼ, ʩʣʠʰʢʦʤ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ ʥʘʢʘʧʣʠ-
ʚʘʝʤʳʭ ʟʘʨʷʜʦʚ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʥʘʛʨʫʟʢʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʠʨʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʦʢʦʣʦ 5 ʢɺ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦ-
ʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 
ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʢʘʧʝʣʴʥʠʮʝʡ ʚ ʧʝʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʧʝʣʴʥʠʮʫ ʂʝʣʴʚʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
ʵʥʝʨʛʠʠ.  
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ʌʀɿʀʏɽʉʂʀʁ ʄɸʗʊʅʀʂ 
ʀʛʥʘʪʯʝʥʢʦ ɸʣʸʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʃʠʮʝʡ ˉ1 
9 ʢʣʘʩʩ 
ʛ. ɸʯʠʥʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʝʨʦʜʘ ʀʨʠʥʘ ʇʘʚʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄʆʋ ʃʠʮʝʡˉ1 ʛ. ɸʯʠʥʩʢʘ 
 

 ʌʠʟʠʯʝʩʢʠʝ ʤʘʷʪʥʠʢʠ ʷʚʣʷʶʪʩʷ ʧʨʦʩʪʝʡʰʠʤʠ,  ʠ ʚ ʪʦʞʝ ʚʨʝʤʷ ʚʘʞʥʳʤʠ ʵʣʝ-
ʤʝʥʪʘʤʠ ʚ ʤʠʨʝ ʪʝʭʥʠʢʠ: ʤʘʷʪʥʠʢʠ ʚ ʯʘʩʘʭ, ʤʘʷʪʥʠʢʠ ʌʫʢʦ, ʢʘʯʝʣʠ, ʜʘʪʯʠʢʠ ʠ ʜʨ. [1]. 
ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʥʘʫʯʥʳʭ ʠ 
ʠʥʞʝʥʝʨʥʳʭ ʢʨʫʛʘʭ, ʪʘʢ ʢʘʢ ʤʦʜʝʣʴ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʦʩʥʦʚ-
ʥʳʝ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ, ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ, ʨʝʟʦʥʘʥʩ.  
 ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠ ʧʨʫʞʠʥʥʳʡ ʤʘʷʪʥʠʢʠ ʠʤʝʶʪ ʰʠʨʦʢʫʶ ʧʦ-
ʧʫʣʷʨʥʦʩʪʴ ʚ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʪʝʤʝ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʥʝ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʷ 
ʚ ʰʢʦʣʝ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʠʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʜʘʥʥʦʛʦ ʤʘʷʪʥʠʢʘ ʥʝ ʚʭʦ-
ʜʠʪ ʚ ʰʢʦʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ. ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʧʦʜʨʦʙʥʝʝ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʠʟʫʯʠʪʴ 
ʩʚʦʡʩʪʚʘ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʠʪʴ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʧʝʨʠʦʜ 
ʝʛʦ ʢʦʣʝʙʘʥʠʷ. 
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ʇʨʠʩʪʫʧʘʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ, ʚʳʜʚʠʥʫʣʠ ʛʠʧʦʪʝʟʫ:  ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʯʝ-
ʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ, ʤʘʩʩʳ ʛʨʫʟʘ, ʜʣʠʥʳ ʤʘʷʪʥʠʢʘ, ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 
ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʠ  ʮʝʥʪʨʘ ʤʘʩʩ. ɼʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʳ ʦʧʨʝʜʝʣʠʣʠ ʩʣʝʜʫʶʱʫʶ 
ʮʝʣʴ ï  ʚʳʷʩʥʠʪʴ, ʦʪ  ʯʝʛʦ ʟʘʚʠʩʠʪ  ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. ɼʣʷ ʜʦ-
ʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʧʨʦʘʥʘʣʠ-
ʟʠʨʦʚʘʪʴ ʣʠʪʝʨʘʪʫʨʫ ʦ ʬʠʟʠʯʝʩʢʦʤ ʤʘʷʪʥʠʢʝ; ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʬʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʠ 
ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ; ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʧʳ-
ʪʘʭ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 

ɺ ʨʘʤʢʘʭ ʥʘʰʝʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʣʝʜʫ-
ʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʷ; ʥʘʙʣʶʜʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʠʤʝʶʱʝʛʦʩʷ  ʦʧʳʪʘ ʨʘʙʦʪʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ; 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. 

ʀʟʫʯʠʚ ʣʠʪʝʨʘʪʫʨʫ [2, 3] ʤʳ ʚʳʷʩʥʠʣʠ, ʛʜʝ ʧʨʠʤʝʥʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʤʘʷʪʥʠʢʠ 
ʠ ʩʦʩʪʘʚʠʣʠ ʦʙʦʙʱʘʶʱʫʶ ʪʘʙʣʠʮʫ,  ʩʦʧʨʦʚʦʜʠʚ  ʠʣʣʶʩʪʨʘʮʠʷʤʠ (ʧʨʠʣʦʞʝʥʠʝ 1).  ɺʠ-
ʜʠʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʝ ʤʘʷʪʥʠʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ, ʠʩʩʣʝʜʦʚʘʥʠʝ 
ʩʚʦʡʩʪʚ ʤʘʷʪʥʠʢʦʚ ʠʤʝʶʪ ʚʘʞʥʫʶ ʨʦʣʴ, ʧʦʵʪʦʤʫ ʥʘʰʘ ʨʘʙʦʪʘ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘ-
ʯʝʥʠʝ. 

ʀʟʫʯʠʚ ʣʠʪʝʨʘʪʫʨʫ [4] ʚʳʷʩʥʠʣʠ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝ-
ʩʢʠʤ ʤʘʷʪʥʠʢʦʤ, ʩʦʩʪʘʚʠʣʠ ʪʘʙʣʠʮʫ 1. 
ʊʘʙʣʠʮʘ 1- ʉʨʘʚʥʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʦʚ 

ɺʠʜ ʤʘʷʪʥʠʢʘ ʌʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ 

ɺʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʩʠʣ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʪʨʝʥʠʷ ʚʥʝʰʥʠʝ ʩʠʣʳ ʥʝ ʜʝʡ-
ʩʪʚʫʶʪ 

ɼʚʠʞʝʥʠʷ ʩʦʚʝʨʰʘʝʪ ʙʦʣʝʝ ʩʣʦʞʥʦʝ 
ʜʚʠʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ 
ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʦʤʙʠ-
ʥʘʮʠʶ ʧʨʦʩʪʦʛʦ ʛʘʨʤʦʥʠʯʝ-
ʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʠ ʚʨʘʱʘ-
ʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ.  

ʩʦʚʝʨʰʘʝʪ ʧʨʦʩʪʦʝ ʛʘʨʤʦ-
ʥʠʯʝʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʧʨʠ ʢʦ-
ʪʦʨʦʤ ʩʤʝʱʝʥʠʝ ʧʨʷʤʦ 
ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʝʡʩʪʚʫ-
ʶʱʝʡ ʥʘ ʥʝʛʦ ʚʦʩʩʪʘʥʘʚʣʠ-
ʚʘʶʱʝʡ ʩʠʣʝ. 

ɺʠʜʠʤ, ʯʪʦ ʬʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ-ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʤʦʜʝʣʴ, ʯʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 
ʤʘʷʪʥʠʢ. 
ʄʳ ʧʨʦʚʝʣʠ ʥʝʩʢʦʣʴʢʦ ʦʧʳʪʦʚ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʦʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʧʝʨʠʦʜ ʢʦʣʝ-
ʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ. ʄʳ ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʬʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ˉ1 ʠʟ ʰʪʘ-
ʪʠʚʘ, ʰʧʠʣʴʢʠ ʩ ʨʝʟʴʙʦʡ ʠ ʛʨʫʟʦʚ  ʠ  ʬʠʟʠʯʝʩʢʠʡ ʤʘʷʪʥʠʢ ˉ2   ʠʟ ʜʚʫʭ ʩʢʨʝʧʣʷʶʱʠʭʩʷ 
ʤʝʞʜʫ ʩʦʙʦʡ ʨʘʟʙʦʨʥʳʭ ʤʘʨʢʝʨʦʚ, CD-ʜʠʩʢʘ (ʨʠʩ.1). ɺ ʢʘʯʝʩʪʚʝ ʛʨʫʟʘ ʜʣʷ  ʩʦʟʜʘʥʠʷ 
ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ  ʫ ʤʘʷʪʥʠʢʘ ˉ2 ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ, ʢʦʪʦ-
ʨʳʝ ʧʨʠʢʨʝʧʣʷʣʠ ʜʨʫʛ ʢ ʜʨʫʛʫ ʯʝʨʝʟ ʩʪʝʥʢʫ ʜʠʩʢʘ. 

  
ʈʠʩʫʥʦʢ 1- ʌʦʪʦʛʨʘʬʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʘʷʪʥʠʢʦʚ ˉ 1 ʠ ˉ 2 
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ɺ ʩʚʦʠʭ ʦʧʳʪʘʭ ʤʳ ʠʟʤʝʥʷʣʠ ʤʘʩʩʫ ʛʨʫʟʘ, ʜʣʠʥʫ ʤʘʷʪʥʠʢʘ, ʘʤʧʣʠʪʫʜʫ ʠ ʠʟʤʝ-
ʥʷʣʠ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʦ ʮʝʥʪʨʘ ʤʘʩʩ ʤʘʷʪʥʠʢʦʚ. ʄʳ ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʝ-
ʨʠʦʜ ʧʦ ʬʦʨʤʫʣʝ: T=tʩʨ./N    (1),  ʛʜʝ tʩʨ.-ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ  ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ 
ʧʨʦʠʩʭʦʜʠʣʠ ʢʦʣʝʙʘʥʠʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʨʝʭ ʦʧʳʪʦʚ,  N-ʯʠʩʣʦ ʢʦʣʝʙʘʥʠʡ. 

ʆʧʳʪ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʦʪ  ʘʤʧʣʠʪʫʜʳ 
ʈʘʩʩʯʠʪʘʣʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʦʚ ʧʦ ʬʦʨʤʫʣʝ (1) ʧʨʠ ʨʘʟʥʳʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦ-
ʣʝʙʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2,3. 
 ʊʘʙʣʠʮʘ 2 -ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ1 ʧʨʠ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ 

 ʄʘʷʪʥʠʢ ˉ1 ʄʘʷʪʥʠʢ ˉ2 

ʅʦʤʝʨ ʦʧʳʪʘ ˉ1 ˉ2 ˉ3 ˉ1 ˉ2 ˉ3 

ɼʣʠʥʘ ʤʘʷʪʥʠʢʘ, ʩʤ 38  38  38  19 19 19 

ʄʘʩʩʘ ʛʨʫʟʘ, ʛ 4.5  4.5  4.5  3.6  3.6 3.6 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘ-
ʥʠʡ 

20 20 20 10 10 10 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘ-
ʥʠʡ, ʩʤ, ʛʨʘʜʫʩʳ 

2  4  6  10 20 30 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 0.9  0.9  0.9  1.4 1.4 1.4 

ʀʟ ʦʧʳʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʬʠ-
ʟʠʯʝʩʢʠʭ ʤʘʷʪʥʠʢʦʚ ˉ1 ʠ ˉ2  ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. 
ʊʘʙʣʠʮʘ 3- ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ1 ʧʨʠ  ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ ʢʦʣʝʙʘʥʠʡ 

ʄʘʷʪʥʠʢ ˉ2 

ʅʦʤʝʨ ʦʧʳʪʘ ˉ1 ˉ2 ˉ3 

ɼʣʠʥʘ ʤʘʷʪʥʠʢʘ, ʩʤ 19 19 19 

ʄʘʩʩʘ ʛʨʫʟʘ, ʛ 3.6  3.6 3.6 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ 20 20 20 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʩʤ, ʛʨʘʜʫʩʳ 50 90 180 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 1.9 2 2.4 

ʇʨʦʚʝʩʪʠ ʦʧʳʪʳ ʜʣʷ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʢʦʥʩʪʨʫʢʮʠʷ ʤʘʷʪʥʠʢʘ ˉ1 
ʥʝ ʧʦʟʚʦʣʷʝʪ; ʩ ʧʦʤʦʱʴʶ ʤʘʷʪʥʠʢʘ ˉ2 ʤʦʞʥʦ  ʫʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʠʭ ʘʤʧʣʠʪʫʜʘʭ 
ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ˉ2 ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʆʧʳʪ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʦʪ ʤʘʩʩʳ ʛʨʫʟʘ 
  ʈʘʩʩʯʠʪʘʣʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʦʚ ʧʨʠ ʨʘʟʥʳʭ ʤʘʩʩʘʭ ʧʦ ʬʦʨʤʫʣʝ (1).  ʂ 
ʤʘʷʪʥʠʢʫ ˉ1 ʤʳ ʧʨʠʙʘʚʣʷʣʠ ʛʨʫʟʳ, ʘ ʢ ʤʘʷʪʥʠʢʫ ˉ2 ʜʦʙʘʚʣʷʣʠ CD-ʜʠʩʢʠ, ʦʩʪʘʚʣʷʷ 
ʥʝʠʟʤʝʥʥʦʡ ʤʘʩʩʫ ʪʦʯʢʠ ʨʘʚʥʦʚʝʩʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 
ʊʘʙʣʠʮʘ 4- ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ2 

 ʄʘʷʪʥʠʢ ˉ1 ʄʘʷʪʥʠʢ ˉ2 

ʅʦʤʝʨ ʦʧʳʪʘ ˉ1 ˉ2 ˉ3 ˉ1 ˉ2 ˉ3 

ɼʣʠʥʘ ʤʘʷʪʥʠʢʘ, ʩʤ 34  34  34  19 19 19 

ʄʘʩʩʘ ʛʨʫʟʘ, ʛ 4.5  30 67 3.6 (1 
ʜʠʩʢ) 

18.6 (2 
ʜʠʩʢʘ) 

33.6 (3 
ʜʠʩʢʘ) 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘ-
ʥʠʡ 

20 20 20 20 20 20 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘ-
ʥʠʡ, ʩʤ/ ʛʨʘʜʫʩʳ 

4  4  4 90 90 90 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 0.8  0.9 1.0  1.9 2.1 2.45 
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ʀʟ ʦʧʳʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ˉ1 ʠ ˉ2 ʟʘʚʠ-
ʩʠʪ ʦʪ ʤʘʩʩʳ ʛʨʫʟʘ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʩʳ ʛʨʫʟʘ ʤʘʷʪʥʠʢʦʚ ˉ1 ʠ ˉ2  ʧʝʨʠʦʜ ʢʦʣʝʙʘ-
ʥʠʡ ʤʘʷʪʥʠʢʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  

ʈʝʰʠʣʠ ʧʦʩʤʦʪʨʝʪʴ, ʯʪʦ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʧʝʨʠʦʜʦʤ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ 
ˉ2, ʝʩʣʠ ʠʟʤʝʥʷʪʴ ʤʘʩʩʫ ʛʨʫʟʘ ʚ ʪʦʯʢʝ ʨʘʚʥʦʚʝʩʠʷ ʤʘʷʪʥʠʢʘ ˉ2  ʛʨʫʟ. ʈʝʟʫʣʴʪʘʪʳ 
ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 
ʊʘʙʣʠʮʘ 5 - ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ2 (ʠʟʤʝʥʷʣʠ ʤʘʩʩʫ ʛʨʫʟʘ ʚ ʪʦʯʢʝ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦ-
ʚʝʩʠʷ) 

 ʄʘʷʪʥʠʢ ˉ2 

ʅʦʤʝʨ ʦʧʳʪʘ ˉ1 ˉ2 ˉ3 

ɼʣʠʥʘ ʤʘʷʪʥʠʢʘ, ʩʤ 19 19 19 

ʄʘʩʩʘ ʛʨʫʟʘ, ʛ 3.6  6.4 13.5 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ 20 20 20 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ, ʛʨʘʜʫʩʳ 90 90 90 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 1.9 1.4 0.9 

ɺʠʜʥʦ, ʯʪʦ ʧʨʠ  ʠʟʤʝʥʝʥʠʠ ʤʘʩʩʳ ʛʨʫʟʘ ʚ ʧʦʣʦʞʝʥʠʠ ʨʘʚʥʦʚʝʩʠʷ ʤʘʷʪʥʠʢʘ ˉ2 
ʧʝʨʠʦʜ ʫʤʝʥʴʰʘʣʩʷ. 

ʆʧʳʪ 3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʦʪ ʜʣʠʥʳ ʤʘʷʪ-
ʥʠʢʘ 

ʈʘʩʩʯʠʪʘʣʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʦʚ ʧʨʠ ʨʘʟʥʳʭ ʜʣʠʥʘʭ ʤʘʷʪʥʠʢʦʚ ʧʦ ʬʦʨ-
ʤʫʣʝ (4).  ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6. 
ʊʘʙʣʠʮʘ 6- ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ3 

 ʄʘʷʪʥʠʢ ˉ1 ʄʘʷʪʥʠʢ ˉ2 

ʅʦʤʝʨ ʦʧʳʪʘ ˉ1 ˉ2 ˉ3 ˉ1 ˉ2 ˉ3 

ɼʣʠʥʘ ʤʘʷʪʥʠʢʘ, ʩʤ 38 28 18 19 10 6 

ʄʘʩʩʘ ʛʨʫʟʘ, ʛ 4.5  4.5  4.5 6.4  6.4 6.4 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘ-
ʥʠʡ 

20 20 20 20 20 20 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘ-
ʥʠʡ, ʩʤ, ʛʨʘʜʫʩʳ 

4  4  4 90 90 90 

ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 0.9  0.7 0.6 1.4 1.25 1 

ʀʟ ʦʧʳʪʦʚ ʚʠʜʥʦ, ʯʪʦ  ʯʝʤ ʙʦʣʴʰʝ ʜʣʠʥʘ ʤʘʷʪʥʠʢʦʚ, ʪʝʤ ʙʦʣʴʰʝ ʧʝʨʠʦʜ ʢʦʣʝ-
ʙʘʥʠʡ.  

ʆʧʳʪ 4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʦʪ  ʩʤʝʱʝʥʠʷ 
ʤʘʩʩʳ ʛʨʫʟʘ ʦʪ ʮʝʥʪʨʘ CD-ʜʠʩʢʘ 

ʈʘʩʩʯʠʪʘʣʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʦʚ ʧʦ ʬʦʨʤʫʣʝ (4) ʧʝʨʝʤʝʱʘʷ ʛʨʫʟ ʥʘ 
ʨʘʟʣʠʯʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʤʘʷʪʥʠʢʘ ˉ1 ʠ  ʦʪ ʮʝʥʪʨʘ CD-ʜʠʩʢʘ ʤʘʷʪʥʠʢʘ 
ˉ2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 7. 
ʊʘʙʣʠʮʘ 7- ʈʝʟʫʣʴʪʘʪʳ ʦʧʳʪʘ ˉ4 

 ʄʘʷʪʥʠʢ ˉ1 ʄʘʷʪʥʠʢ ˉ2 

ʅʦʤʝʨ ʦʧʳʪʘ ˉ1 ˉ2 ˉ3 ˉ1 ˉ2 ˉ3 

ɼʣʠʥʘ ʤʘʷʪʥʠʢʘ, ʩʤ 34 34 34 19 19 19 

ʄʘʩʩʘ ʛʨʫʟʘ, ʛ 67  67  67 6.4  6.4 6.4 

ʂʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘ-
ʥʠʡ 

20 20 20 20 20 20 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘ-
ʥʠʡ, ʩʤ/ ʛʨʘʜʫʩʳ 

4  4  4 90 90 90 
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ʇʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ, ʩ 1  0.9 0.8 1.3 1.9 2.5 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ  ʪʦʯʢʠ 
ʧʦʜʚʝʩʘ/ʮʝʥʪʨʘ 
ʜʠʩʢʘ ʤʘʷʪʥʠʢʘ ʜʦ 
ʛʨʫʟʘ, ʩʤ  

34 20 17 5 2.5 1 

ʀʟ ʦʧʳʪʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʘ ˉ1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ  ʨʘʩʩʪʦ-
ʷʥʠʷ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʫʚʝʣʠʯʠʣʩʷ; ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ  ʦʪ ʮʝʥʪʨʘ CD-ʜʠʩʢʘ 
ʜʦ ʛʨʫʟʘ ʧʝʨʠʦʜ ʤʘʷʪʥʠʢʘ ˉ 2- ʫʤʝʥʴʰʠʣʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ: ʧʝʨʠʦʜ ʢʦʣʝʙʘ-
ʥʠʡ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʟʘʚʠʩʠʪ ʦʪ ʘʤʧʣʠʪʫʜʳ, ʤʘʩʩʳ ʛʨʫʟʘ, ʜʣʠʥʳ ʤʘʷʪʥʠʢʘ, ʦʪ 
ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʧʦʜʚʝʩʘ ʜʦ  ʮʝʥʪʨʘ ʤʘʩʩ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʣʠʪʝʨʘʪʫʨʫ ʦ ʬʠʟʠʯʝʩʢʦʤ 
ʤʘʷʪʥʠʢʝ; ʩʢʦʥʩʪʨʫʠʨʦʚʘʣʠ ʜʚʘ ʬʠʟʠʯʝʩʢʠʭ ʤʘʷʪʥʠʢʘ, ʧʨʦʚʝʣʠ ʦʧʳʪʳ ʧʦ ʨʘʩʯʝʪʫ ʧʝ-
ʨʠʦʜʘ ʢʦʣʝʙʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  

ʈʝʟʫʣʴʪʘʪʘʤʠ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʯʠʪʝʣʷ ʬʠʟʠʢʠ, 
ʰʢʦʣʴʥʠʢʠ ʥʘ ʫʨʦʢʘʭ ʠ ʚʦ ʚʥʝʫʨʦʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ.  ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʙʫ-
ʜʝʪ ʧʦʣʝʟʝʥ ʫʯʝʥʠʢʘʤ, ʧʣʘʥʠʨʫʶʱʠʤ ʧʦʩʪʫʧʠʪʴ ʚ ʪʝʭʥʠʯʝʩʢʠʝ ɺʋɿʳ.  
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ʇʨʠʣʦʞʝʥʠʝ 1 ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ 

ʆʙʣʘʩʪʴ 
ʧʨʠʤʝʥʝ-
ʥʠʷ 

ɼʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʈʠʩʫʥʦʢ 

ʌʠʟʠʯʝʩʢʠʝ 
ʵʢʩʧʝʨʠ-
ʤʝʥʪʳ 

ɼʝʤʦʥʩʪʨʘʮʠʷ  ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ, 
ʪʘʢʠʭ ʢʘʢ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨ-
ʛʠʠ ʠ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʠʤ-
ʧʫʣʴʩʘ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦ-
ʣʷʶʪ  ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ, ʢʘʢ ʠʟ-
ʤʝʥʝʥʠʷ ʚ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 
ʚʣʠʷʶʪ ʥʘ ʜʚʠʞʝʥʠʝ ʤʘʷʪʥʠʢʦʚ ʠ 
ʢʘʢ ʵʪʠ ʟʘʢʦʥʳ ʨʘʙʦʪʘʶʪ ʥʘ ʧʨʘʢ-
ʪʠʢʝ. 

 

https://studfile.net/preview/2209984/page:14/
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ʀʟʤʝʨʝʥʠʝ 
ʚʨʝʤʝʥʠ 

ɺ ʤʘʷʪʥʠʢʦʚʳʭ ʯʘʩʘʭ,  ʠʟʚʝʩʪʥʳʭ  
ʩʚʦʝʡ ʪʦʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʷʪʥʠʢ ʢʘʢ ʦʩʥʦʚ-
ʥʦʡ ʵʣʝʤʝʥʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝ-
ʤʝʥʠ. ʄʘʷʪʥʠʢ ʠʟʤʝʥʷʝʪ ʩʚʦʡ ʧʝ-
ʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʜʣʠʥʳ ʥʠʪʠ ʠʣʠ ʨʘʩʩʪʦʷʥʠʷ 
ʤʝʞʜʫ ʪʦʯʢʦʡ ʧʦʜʚʝʩʘ ʠ ʮʝʥʪʨʦʤ 
ʪʷʞʝʩʪʠ.  
ʄʝʪʨʦʥʦʤ-ʧʨʠʙʦʨ ʜʣʷ ʦʪʩʯʝʪʘ 
ʚʨʝʤʝʥʠ. 

 

 ʀʟʤʝʨʝʥʠʝ 
ʚʝʣʠʯʠʥ  

ʀʟʤʝʨʝʥʠʝ  ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝ-
ʩʢʠʭ ʚʝʣʠʯʠʥ, ʪʘʢʠʭ ʢʘʢ ʫʩʢʦʨʝ-
ʥʠʝ, ʚʠʙʨʘʮʠʠ ʠ ʩʠʣʳ. ɼʘʪʯʠʢʠ 
ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʥʘʫʢʝ ʠ 
ʠʥʞʝʥʝʨʠʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠ-
ʨʫʶʪ ʠ ʘʥʘʣʠʟʠʨʫʶʪ ʜʘʥʥʳʝ ʦʙ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 

 

ʀʩʩʣʝʜʦʚʘ-
ʥʠʷ 

ʄʘʷʪʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦ-
ʚʘʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʚʠʞʝʥʠʷ 
ʧʣʘʥʝʪ, ʠʟʤʝʨʝʥʠʷ ʩʠʣ ʪʷʞʝʩʪʠ, 
ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, 
ʘʥʘʣʠʟʘ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ 
ʤʥʦʛʦʛʦ ʜʨʫʛʦʛʦ. ʄʘʷʪʥʠʢ ʌʫʢʦ-
ʫʩʪʨʦʡʩʪʚʦ,  ʧʦʟʚʦʣʷʶʱʝʝ 
ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʦʚʘʪʴ ʚʨʘʱʝ-
ʥʠʷ ɿʝʤʣʠ. ɻʘʨʤʦʥʦʛʨʘʬ -ʤʝʭʘ-
ʥʠʯʝʩʢʠʡ ʧʨʠʙʦʨ, ʠʩʧʦʣʴʟʫʶʱʠʡ 
ʤʘʷʪʥʠʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʝʦʤʝʪ-
ʨʠʯʝʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ (ʢʨʠʚʳʝ 
ʃʠʩʩʘʞʫ). 

 

ʀʩʢʫʩʩʪʚʦ ʠ 
ʜʠʟʘʡʥ 

ɼʚʠʞʝʥʠʝ ʤʘʷʪʥʠʢʦʚ ʤʦʛʫʪ ʩʦ-
ʟʜʘʚʘʪʴ ʫʥʠʢʘʣʴʥʳʝ ʠ ʢʨʘʩʠʚʳʝ 
ʧʘʪʪʝʨʥʳ ʠ ʨʠʩʫʥʢʠ. ʄʘʷʪʥʠʢʠ 
ʤʦʛʫʪ ʙʳʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʳ ʚ 
ʩʢʫʣʴʧʪʫʨʳ, ʚʠʜʝʦʠʥʩʪʘʣʣʷʮʠʠ ʠ 
ʜʨʫʛʠʝ ʭʫʜʦʞʝʩʪʚʝʥʥʳʝ ʧʨʦʝʢʪʳ. 

 

ʈʘʟʚʣʝʯʝ-
ʥʠ ̫

ʂʘʯʝʣʠ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ 
ʧʨʠʥʮʠʧʘ ʬʠʟʠʯʝʩʢʦʛʦ ʤʘʷʪʥʠʢʘ, 
ʛʜʝ ʢʘʯʘʶʱʝʝʩʷ ʜʚʠʞʝʥʠʝ ʦʙʝʩ-
ʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʮʝʥʪʨʦʙʝʞ-
ʥʦʡ ʩʠʣʳ. 
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ʋʅʀʇʆʃʗʈʅʓʁ ɼɺʀɻɸʊɽʃʔ 
ʂʦʟʦʨʦʛ ʗʥʘ ɼʤʠʪʨʠʝʚʥʘ 

ɹʆʋ ʛ.ʆʤʩʢʘ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 24, 10 ʢʣʘʩʩ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 
ʆʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. 

ɼʚʠʛʘʪʝʣʴ ð ʵʪʦ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʣʶʙʫʶ ʵʥʝʨʛʠʶ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ. ʉʘ-
ʤʳʤ ʣʶʙʦʧʳʪʥʳʤ ʜʣʷ ʤʝʥʷ ʩʪʘʣ ʜʚʠʛʘʪʝʣʴ, ʧʨʝʦʙʨʘʟʫʶʱʠʡ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 
ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ. ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ï ʅʠʢʦʣʳ ʊʝʩʣʘ 
ʠ ʄʘʡʢʣʘ ʌʘʨʘʜʝʷ. ʀʟʫʯʠʚ ʣʠʪʝʨʘʪʫʨʫ ʠ ʤʘʪʝʨʠʘʣʳ ʚ ʠʥʪʝʨʥʝʪʝ ʧʨʦ ʫʥʠʧʦʣʷʨʥʳʝ ʛʝ-
ʥʝʨʘʪʦʨʳ, ʷ ʨʘʩʢʨʳʣ ʜʣʷ ʩʝʙʷ ʩʝʢʨʝʪʳ ʫʥʠʧʦʣʷʨʥʦʡ ʠʥʜʫʢʮʠʠ. ɺ ɹʦʣʴʰʦʤ ʵʥʮʠʢʣʦʧʝ-
ʜʠʯʝʩʢʦʤ ʩʣʦʚʘʨʝ ʥʘʧʠʩʘʥʦ: çɺ ʪʝʭʥʠʢʝ ʫʥʠʧʦʣʷʨʥʳʝ ʤʘʰʠʥʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʜʢʦ, 
ʪ.ʢ. ʦʥʠ ʷʚʣʷʶʪʩʷ ʪʦʢʦʚʳʤʠ ʤʘʰʠʥʘʤʠ, ʪ.ʝ. ʜʘʶʪ ʙʦʣʴʰʦʡ ʪʦʢ (ʜʦ 100ʢɸ), ʥʦ ʤʘʣʝʥʴ-
ʢʦʝ ʥʘʧʨʷʞʝʥʠʝ (1 ï 10ɺ). ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʵʣʝʢʪʨʦʭʠʤʠʠ, ʧʨʠ ʵʣʝʢʪʨʦʩʚʘʨʢʝ, ʚ 
ʫʩʢʦʨʠʪʝʣʷʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʜʣʷ ʧʠʪʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʚ, ʚ ʫʩʪʘʥʦʚʢʘʭ ʵʣʝʢʪʨʦ-
ʠʩʢʨʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʤʝʪʘʣʣʦʚ, ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʩʦʩʦʚ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʠ ʜʨ.è  

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʥʠʧʦʣʷʨʥʳʭ ʛʝʥʝʨʘʪʦʨʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛ-
ʥʠʪʳ, ʘ ʪʦʨʦʠʜʘʣʴʥʳʝ ʢʘʪʫʰʢʠ ʚʦʟʙʫʞʜʝʥʠʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʣʫ-
ʯʘʶʪ ʪʦʢ ʜʦ ʤʠʣʣʠʦʥʘ ʘʤʧʝʨ. ʆʩʦʙʳʡ ʢʣʘʩʩ ʫʥʠʧʦʣʷʨʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʩʦʩʪʘʚʣʷʶʪ 
ʫʜʘʨʥʳʝ ʫʥʠʧʦʣʷʨʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʜʘʶʪ ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʠ 
ʢʦʨʦʪʢʠʝ ʠʤʧʫʣʴʩʳ ʪʦʢʘ. ʅʘʧʨʠʤʝʨ, ʦʪ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʠʪʘʝʪʩʷ ʊʆʂɸʄɸʂ ʚ ʂʘʥ-
ʙʝʨʨʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʚ ɸʚʩʪʨʘʣʠʠ. ʊʘʢʠʝ ʤʦʱʥʳʝ ʠʤʧʫʣʴʩʳ ʪʦʢʘ ʭʦʨʦʰʠ ʜʣʷ ʧʠʪʘ-
ʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʦʨʫʜʠʡ ʩʚʝʨʭʚʳʩʦʢʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  
ʄʥʝ ʧʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʫʥʠʧʦʣʷʨʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʨʘʟʚʠʪʠʷ, ʧʦʵʪʦʤʫ 
ʤʥʦʶ ʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʜʘʥʥʘʷ ʪʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ.  ʇʨʝʞʜʝ ʚʩʝʛʦ ʷ ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ 
ʩʦʙʦʡ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ ʥʘʜʝʶʩʴ ʨʝʰʠʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ.                        

ʎʝʣʴ: ʠʟʛʦʪʦʚʠʪʴ ʪʨʠ ʜʝʡʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ.   
ɿʘʜʘʯʠ:  

1.ʋʟʥʘʪʴ ʧʦʜʨʦʙʥʝʝ ʦʙ ʠʟʦʙʨʝʪʘʪʝʣʷʭ ʄʘʡʢʣʝ ʌʘʨʘʜʝʝ ʠ ʅʠʢʦʣʝ ʊʝʩʣʝ ʚ ʦʙʣʘʩʪʠ 
ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ.   

2. ʅʘ ʧʨʦʩʪʝʡʰʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʧʦʥʷʪʴ, ʢʘʢ ʨʘʙʦʪʘʝʪ ʫʥʠʧʦʣʷʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʠʟʫ-
ʯʠʪʴ ʪʝʦʨʠʶ ʫʥʠʧʦʣʷʨʥʦʡ ʠʥʜʫʢʮʠʠ.  

3. ʀʟʛʦʪʦʚʠʪʴ ʪʨʠ ʜʝʡʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ.  
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʧʦʢʘʟʳ-
ʚʘʪʴ ʫʯʘʱʠʤʩʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ.  

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ:   

1. ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ  

2. ɸʥʘʣʠʟ ʠ ʩʠʥʪʝʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ  

3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ  

4. ʕʢʩʧʝʨʠʤʝʥʪ  

5. ʆʧʠʩʘʥʠʝ  
ʀʟʛʦʪʦʚʣʝʥʠʝ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ  

ʀʟʚʝʩʪʥʦ ʥʝʤʘʣʦ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʫʥʠʧʦʣʷʨʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. 
ʆʜʠʥ ʠʟ ʧʨʠʙʦʨʦʚ, ʧʨʠʤʝʥʷʚʰʠʭʩʷ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʫʥʠʧʦʣʷʨ-
ʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʠʟʦʙʨʘʞʝʥ (ʇʨʠʣʦʞʝʥʠʝ 1 ʨʠʩ 1)  ɺ ʥʝʤ ʚʦʢʨʫʛ ʩʝʚʝʨʥʦʛʦ ʧʦ-
ʣʶʩʘ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʘ 1 ʚʨʘʱʘʝʪʩʷ ʧʨʦʚʦʣʦʯʥʘʷ ʨʘʤʢʘ 2. ʉʝʨʝʜʠʥʘ ʨʘʤʢʠ ʩʦʝʜʠ-
ʥʝʥʘ ʩ ʦʩʪʨʠʝʤ, ʢʦʪʦʨʦʝ ʧʦʛʨʫʞʝʥʦ ʚ ʯʘʰʝʯʢʫ ʩ ʨʪʫʪʴʶ 3, ʢʦʥʮʳ ʨʘʤʢʠ ʦʧʫʱʝʥʳ ʚ 
ʢʦʣʴʮʝʚʦʡ ʩʦʩʫʜ ʩ ʨʪʫʪʴʶ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʦʪ ʧʨʘʚʦʡ ʢʣʝʤʤʳ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʮʝʥ-
ʪʨʘʣʴʥʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʦʡʢʫ, ʨʪʫʪʥʳʡ ʢʦʥʪʘʢʪ 3, ʚʝʪʚʠ ʨʘʤʢʠ 2, ʢʦʣʴʮʝʚʦʡ ʩʦʩʫʜ ʩ 
ʨʪʫʪʴʶ 4 ʠ ʙʦʢʦʚʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʦʡʢʫ ʢ ʣʝʚʦʡ ʢʣʝʤʤʝ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʥʘ ʨʠʩʫʥʢʝ 
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ʧʦʣʦʞʝʥʠʡ ʩʝʚʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʶʩʘ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʪʦʢʘ ʥʘ ʨʘʤʢʫ ʜʝʡʩʪʚʫʶʪ 
ʩʠʣʳ, ʟʘʩʪʘʚʣʷʶʱʠʝ ʝʸ ʚʨʘʱʘʪʴʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʦʢʘʟʘʥʥʦʤ ʩʪʨʝʣʢʘʤʠ. ʆʧʠʩʘʥʥʫʶ 
ʚʳʰʝ ʤʦʜʝʣʴ ʫʥʠʧʦʣʷʨʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴ ʜʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʚ ʰʢʦʣʝ ʠʣʠ ʜʦʤʘ. ɼʝʣʦ ʥʝ ʪʦʣʴʢʦ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʢʦʥʩʪʨʫʢ-
ʪʠʚʥʦ ʩʣʦʞʥʘ. ɻʣʘʚʥʘʷ ʧʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʧʘʨʳ ʨʪʫʪʠ ʷʜʦʚʠʪʳ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ 
ʨʪʫʪʠ ʚ ʫʯʝʙʥʳʭ ʦʧʳʪʘʭ ʥʝʧʨʠʝʤʣʝʤʦ. ʈʪʫʪʴ ʚ ʦʧʠʩʘʥʥʳʭ ʧʨʠʙʦʨʘʭ ʚʳʧʦʣʥʷʝʪ ʜʚʝ 
ʬʫʥʢʮʠʠ. ɺʦ-ʧʝʨʚʳʭ, ʦʙʣʘʜʘʷ ʭʦʨʦʰʝʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʨʪʫʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞ-
ʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʩ ʥʝʙʦʣʴʰʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʤʝʞʜʫ ʧʦ-
ʜʚʠʞʥʳʤʠ ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʷʚʣʷʷʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʝ ʞʠʜʢʦʩʪʴʶ, ʩʦʟʜʘʝʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʝ ʤʝʭʘʥʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 
ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʚ ʥʝʡ ʧʨʦʚʦʜʥʠʢʘʤʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʛʦʜ-
ʥʦʛʦ ʜʣʷ ʫʯʝʙʥʳʭ ʦʧʳʪʦʚ ʧʨʠʙʦʨʘ ʥʫʞʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʭʦʨʦʰʝʛʦ ʢʦʥʪʘʢʪʘ ʠ ʤʘ-
ʣʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʠʩʷ ʧʨʦʚʦʜʥʠʢʘʤʠ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʣʫʯʰʝ 
ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ. ʕʪʠ ʤʘʛʥʠʪʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʩʧʣʘʚʘ 
ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʥʝʦʜʠʤʘ, ʞʝʣʝʟʘ ʠ ʙʦʨʘ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʦʡ ʦʩʪʘʪʦʯ-
ʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʝʡ ʠ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʵʪʠʭ ʤʘʛʥʠʪʦʚ ʧʦʢʨʳʪʳ ʟʘʱʠʪʥʳʤ ʧʨʦʚʦʜʷʱʠʤ ʩʣʦʝʤ. ʀʟʛʦʪʘʚʣʠʚʘʶʪʩʷ 
ʥʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ ʩʘʤʦʡ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʚʠʜʝ ʜʠʩʢʦʚ. ʇʨʠʤʝ-
ʥʷʶʪʩʷ ʦʥʠ, ʥʘʧʨʠʤʝʨ, ʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʚ ʤʘʣʦʤʦʱʥʳʭ ʜʠʥʘʤʠʢʘʭ 
ʠ ʪ.ʜ. ʅʝʦʜʠʤʦʚʳʝ ʤʘʛʥʠʪʳ ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʤʦʞʥʦ ʧʨʠʦʙʨʝʩʪʠ ʚ ʠʥʪʝʨʥʝʪ-ʤʘʛʘ-
ʟʠʥʝ, ʯʪʦ ʤʳ ʠ ʩʜʝʣʘʣʠ.  

ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʠ 1 
ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ:  

ʧʘʣʴʯʠʢʦʚʳʝ ʙʘʪʘʨʝʡʢʠ (ʪʠʧʘ AA) , ʥʝʩʢʦʣʴʢʦ ʥʝʦʜʠʤʳʭ ʤʘʛʥʠʪʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, 
ʤʝʜʥʘʷ ʧʨʦʚʦʣʦʢʘ , ʧʣʦʩʢʦʛʫʙʮʳ, ʤʘʣʝʥʴʢʠʡ ʤʦʣʦʪʦʢ, ʢʘʥʮʝʣʷʨʩʢʠʡ ʥʦʞ, ʤʘʨʢʝʨ.  

ʍʦʜ ʨʘʙʦʪʳ:  
1. ʆʪʨʝʟʘʝʤ ʜʣʠʥʥʳʡ ʢʫʩʦʢ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʠ ʟʘʯʠʱʘʝʤ ʝʝ ʦʪ ʠʟʦʣʷʮʠʠ ʩ ʧʦʤʦ-
ʱʴʶ ʢʘʥʮʝʣʷʨʩʢʦʛʦ ʥʦʞʘ ( ʦʙʤʦʪʢʫ ʨʘʟʨʝʟʘʝʤ ʚʜʦʣʴ ʧʨʦʚʦʜʥʠʢʘ, ʦʪʚʦʜʠʤ ʚ ʩʪʦ-
ʨʦʥʫ ʠ ʩʨʝʟʘʝʤ).  

2. ʅʘʤʘʪʳʚʘʝʤ ʦʯʠʱʝʥʥʫʶ ʦʪ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʣʦʢʫ ʥʘ ʣʶʙʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʧʨʝʜ-
ʤʝʪ ʧʦʜʭʦʜʷʱʝʛʦ ʜʠʘʤʝʪʨʘ ʢʘʢ ʫ ʙʘʪʘʨʝʡʢʠ ( ʜʠʘʤʝʪʨ ʧʨʝʜʤʝʪʘ ʜʦʣʞʝʥ ʙʳʪʴ 
ʥʝʤʥʦʛʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʙʘʪʘʨʝʡʢʠ, ʯʪʦʙʳ ʧʨʦʚʦʣʦʢʘ  ʤʦʛʣʘ ʩʚʦʙʦʜʥʦ ʚʨʘ-
ʱʘʪʴʩʷ ʚʦʢʨʫʛ ʥʝʝ, ʠʥʘʯʝ ʧʨʠ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʠ ʢʦʥʪʫʨʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʙʘʪʘ-
ʨʝʡʢʠ ʜʚʠʞʝʥʠʝ ʤʝʜʥʦʛʦ ʢʦʥʪʫʨʘ ʙʫʜʝʪ ʟʘʤʝʜʣʷʪʴʩʷ).  

3. ʇʨʠʢʨʝʧʣʷʝʤ ʤʘʛʥʠʪ ʢ ʤʠʥʫʩʦʚʦʤʫ ʢʦʥʪʘʢʪʫ ʙʘʪʘʨʝʡʢʠ ʠ ʧʦʤʝʱʘʝʤ ʧʦʣʫʯʠʚʰʫ-
ʶʩʷ ʢʦʥʩʪʨʫʢʮʠʶ ʚ ʮʝʥʪʨ ʙʘʪʘʨʝʡʢʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʠʞʥʠʡ ʢʦʥʝʮ ʧʨʦ-
ʚʦʣʦʢʠ ʢʘʩʘʣʩʷ ʤʘʛʥʠʪʘ.  

4. ʅʘ ʧʣʶʩʦʚʦʤ ʢʦʥʪʘʢʪʝ ʙʘʪʘʨʝʡʢʠ , ʧʨʠʤʝʨʥʦ ʧʦ ʩʝʨʝʜʠʥʝ ,ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ 
ʥʝʙʦʣʴʰʦʝ ʫʛʣʫʙʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʰʫʨʫʧʘ ʠ ʤʦʣʦʪʢʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʣʫʯ-
ʰʝʛʦ ʢʦʥʜʘʢʘ ʚʝʨʭʥʝʛʦ ʢʦʥʮʘ ʧʨʦʚʦʣʦʢʠ ʩ ʧʦʣʶʩʦʤ ʙʘʪʘʨʝʡʢʠ ʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʵʪʦ ʢʦʥʝʮ ʧʨʦʚʦʣʦʢʠ ʥʝ ʩʣʝʪʘʣ ʩ ʙʘʪʘʨʝʡʢʠ. ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʧʫʩʪʠʪʴ ʚʝʨʭʥʠʡ 
ʢʦʥʝʮ ʧʨʦʚʦʣʦʢʠ ʚ ʩʜʝʣʘʥʥʦʝ ʜʣʷ ʥʝʝ ʫʛʣʫʙʣʝʥʠʝ.  

5. ʆʪʙʘʣʘʥʩʠʨʦʚʘʪʴ ʢʦʥʪʫʨ ʥʘ ʙʘʪʘʨʝʡʢʝ ʠ, ʚʥʦʩʷ ʚ ʥʝʛʦ ʠʟʤʝʥʝʥʠʷ,  ʩ ʧʦʤʦʱʴʶ 
ʧʣʦʩʢʦʛʫʙʮʝʚ, ʜʦʙʠʪʴʩʷ ʯʪʦʙʳ ʦʥ ʚʨʘʱʘʣʩʷ ʣʝʛʢʦ ʠ ʙʳʩʪʨʦ. ɿʘʨʷʜʘ ʙʘʪʘʨʝʡʢʠ 
ʭʚʘʪʠʣʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ ʨʘʙʦʪʳ.  

6. ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʳ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ.  
ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʨʤʳ ʨʘʤʢʠ ʥʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘ-
ʪʝʣʷ  

ʎʝʣʴ: ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʬʦʨʤʳ ʨʘʤʢʠ ʥʘ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʫʥʠʧʦʣʷʨ-
ʥʦʛʦ ʜʚʠʛʘʪʝʣʷ.  
ʍʦʜ ʨʘʙʦʪʳ:  

1. ʀʟʛʦʪʦʚʠʪʴ ʨʘʤʢʠ ʜʚʫʭ ʨʘʟʥʳʭ ʬʦʨʤ ʚ ʚʠʜʝ ʩʧʠʨʘʣʠ ʠ ʚ ʚʠʜʝ ʩʝʨʜʮʘ.  
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2. ʀʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ ʨʘʤʢʠ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʙʦʪʫ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ   
ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʦʜʝʣʠ 2 
ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʘʣʳ: ʧʘʣʴʯʠʢʦʚʳʝ ʙʘʪʘʨʝʡʢʠ (ʪʠʧʘ AA) , ʥʝʩʢʦʣʴʢʦ ʥʝʦʜʠʤʳʭ ʤʘʛ-
ʥʠʪʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, ʤʝʜʥʘʷ ʧʨʦʚʦʣʦʢʘ , ʰʫʨʫʧ, ʧʣʦʩʢʦʛʫʙʮʳ.  
ʍʦʜ ʨʘʙʦʪʳ:  

1. ʄʘʛʥʠʪ ʧʨʠʩʦʝʜʠʥʠʣʠ ʢ ʰʣʷʧʢʝ ʰʫʨʫʧʘ, ʦʩʪʨʠʝ ʢʦʪʦʨʦʛʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʣʦ 
ʧʨʠʤʘʛʥʠʯʝʥʦ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʧʦʣʶʩʫ ʙʘʪʘʨʝʡʢʠ.  

2. ʉ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦʣʶʩʦʤ ʩʦʝʜʠʥʠʣʠ ʦʜʠʥ ʢʦʥʝʮ ʧʨʦʚʦʜʥʠʢʘ, ʘ ʜʨʫʛʦʡ ʝʛʦ 
ʢʦʥʝʮ ʧʨʠʩʦʝʜʠʥʠʣʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʠʪʘ.  

3. ʂʘʢ ʪʦʣʴʢʦ ʢʦʥʪʘʢʪ ʢʘʩʘʝʪʩʷ ʤʘʛʥʠʪʘ, ʯʝʨʝʟ ʧʨʦʚʦʣʦʢʫ ʥʘʯʠʥʘʣ ʧʨʦʭʦʜʠʪʴ 
ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʠ ʰʫʨʫʧ ʩ ʤʘʛʥʠʪʦʤ ʧʨʠʭʦʜʠʣ ʚ ʙʳʩʪʨʦʝ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ 
ʩʚʦʝʡ ʦʩʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʦʪ ʤʦʱʥʦʩʪʠ 
ʙʘʪʘʨʝʡʢʠ  
ʇʨʠʙʦʨʳ ʠ ʤʘʪʝʨʠʣʳ: ʤʦʜʝʣʴ ʥʦʤʝʨ 1 ʠ ʥʦʤʝʨ 2, ʥʝʦʜʠʤʳʝ ʤʘʛʥʠʪʳ, ʙʘʪʘʨʝʡʢʠ ʘʣ-
ʢʘʣʠʥʦʚʳʝ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ.  
ʍʦʜ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʠʩʧʦʣʴʟʫʝʤ ʤʦʜʝʣʠ 1 ʠ 2 ʤʝʥʷʝʤ ʙʘʪʘʨʝʡʢʠ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘ-
ʪʝʣʷ.  
ɺʳʚʦʜ: ʯʝʤ ʤʦʱʥʝʝ ʤʘʛʥʠʪ ʠ ʙʘʪʘʨʝʡʢʘ ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʫʥʠʧʦʣʷʨʥʦʛʦ 
ʜʚʠʛʘʪʝʣʷ.  
ʆʙʲʷʩʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ  
ʅʘ ʩʚʦʙʦʜʥʳʝ ʟʘʨʷʜʳ, ʜʚʠʞʫʱʠʝʩʷ ʨʘʜʠʘʣʴʥʦ ʦʪ ʦʩʠ ʤʘʛʥʠʪʘ ʢ ʝʛʦ ʦʙʦʜʫ ʠʣʠ ʥʘʦʙʦ-
ʨʦʪ, ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʜʝʡʩʪʚʫʝʪ ʩʠʣʘ ʃʦʨʝʥʮʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʨʘʚʠʣʦʤ ʣʝʚʦʡ ʨʫʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ ʧʘʨʘ ʩʠʣ, ʚʨʘʱʘʶʱʠʭ ʧʨʦʚʦʜʥʠʢ. ʇʨʠ 
ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ ʠ ʩʣʘʙʦʡ ʙʘʪʘʨʝʡʢʝ  ʠʣʠ ʤʘʛʥʠʪʝ ʚʨʘ-
ʱʝʥʠʝ ʥʝ ʦʯʝʥʴ ʙʳʩʪʨʦʝ.  

ɿɸʂʃʖʏɽʅʀɽ  
ʀʟ ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʥʝ ʫʜʘʣʦʩʴ ʩʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 2 ʤʦʜʝʣʠ ʫʥʠʧʦʣʷʨʥʳʭ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʝʡ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʷ ʫʟʥʘʣʘ, ʯʪʦ:  

1. ʇʨʠ ʧʦʚʦʨʦʪʝ ʤʘʛʥʠʪʘ ʥʘ 180  ↔ ʚʨʘʱʝʥʠʝ ʨʘʤʢʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ 
ʩʪʨʝʣʢʠ.  

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʣʴʯʠʢʦʚʦʡ ʙʘʪʘʨʝʡʢʠ ʪʠʧʘ ɸɸɸ, ʦʧʳʪ ʥʝ ʫʜʘʝʪʩʷ, ʥʝʦʙʭʦ-
ʜʠʤʘ ʙʦʣʝʝ ʤʦʱʥʘʷ ʙʘʪʘʨʝʡʢʘ ʪʠʧʘ ɸɸ.  

3. ɺ ʭʦʜʝ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʠʟʛʦʪʦʚʠʣʘ ʨʘʤʢʠ ʜʚʫʭ ʨʘʟʥʳʭ ʬʦʨʤ ( ʚ ʚʠʜʝ ʩʧʠ-
ʨʘʣʠ ʠ ʚ ʚʠʜʝ ʩʝʨʜʮʘ), ʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʨʘʱʝʥʠʷ ʨʘʤʦʢ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʣʦʩʴ, ʠʟ 
ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʘ ʨʘʤʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʝʝ ʚʨʘʱʝʥʠʷ.  

4. ʆʙʝ ʤʦʜʝʣʠ ʥʦʤʝʨ 1 ʠ ʥʦʤʝʨ 2 ʨʘʙʦʪʘʶʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʨʘʟʨʷʜʠʪʩʷ ʙʘʪʘ-
ʨʝʡʢʘ. ʏʝʤ ʤʦʱʥʝʝ ʤʘʛʥʠʪʳ ʠ ʙʘʪʘʨʝʡʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʦʚʦʣʦʢʠ. 
ʉʧʫʩʪʷ ʤʠʥʫʪʫ ʙʘʪʘʨʝʡʢʘ ʥʘʯʥʝʪ ʥʘʛʨʝʚʘʪʴʩʷ   

5. ɽʩʣʠ ʧʦʤʝʥʷʪʴ ʧʦʣʶʩʘ ʙʘʪʘʨʝʡʢʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʘʤʢʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, 
ʪʦ ʤʝʥʷʝʪʩʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʚʨʘʱʝʥʠʷ.  

6. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʘʣʴʯʠʢʦʚʦʡ ʙʘʪʘʨʝʡʢʠ ʪʠʧʘ ɸɸɸ, ʦʧʳʪ ʥʝ ʫʜʘʝʪʩʷ, ʥʝʦʙʭʦ-
ʜʠʤʘ ʙʦʣʝʝ ʤʦʱʥʘʷ ʙʘʪʘʨʝʡʢʘ ʪʠʧʘ ɸɸ.  

7. ɺ ʭʦʜʝ ʵʪʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʠʟʛʦʪʦʚʠʣʘ ʨʘʤʢʠ ʜʚʫʭ ʨʘʟʥʳʭ ʬʦʨʤ ( ʚ ʚʠʜʝ ʩʧʠ-
ʨʘʣʠ ʠ ʚ ʚʠʜʝ ʩʝʨʜʮʘ), ʠ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʚʨʘʱʝʥʠʷ ʨʘʤʦʢ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʣʦʩʴ, ʠʟ 
ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʘ ʨʘʤʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʝʝ ʚʨʘʱʝʥʠʷ.  

8. ʆʙʝ ʤʦʜʝʣʠ ʥʦʤʝʨ 1 ʠ ʥʦʤʝʨ 2 ʨʘʙʦʪʘʶʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʨʘʟʨʷʜʠʪʩʷ ʙʘʪʘ-
ʨʝʡʢʘ. ʏʝʤ ʤʦʱʥʝʝ ʤʘʛʥʠʪʳ ʠ ʙʘʪʘʨʝʡʢʘ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʧʨʦʚʦʣʦʢʠ. 
ʉʧʫʩʪʷ ʤʠʥʫʪʫ ʙʘʪʘʨʝʡʢʘ ʥʘʯʥʝʪ ʥʘʛʨʝʚʘʪʴʩʷ   

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷ ʪʘʢʞʝ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʪʨʫʜʥʦʩʪʷʤʠ:   
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1. ʙʘʪʘʨʝʡʢʠ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʣʠʩʴ ʠʣʠ ʨʘʟʨʷʞʘʣʠʩʴ, ʠʭ ʧʨʠʭʦʜʠʣʦʩʴ ʧʦʩʪʦʷʥʥʦ ʤʝ-
ʥʷʪʴ ʠʣʠ ʟʘʨʷʞʘʪʴ, ʠʟ-ʟʘ ʯʝʛʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʫʚʝʣʠʯʠʚʘ-
ʣʦʩʴ.   

2. ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʦʜʝʣʠ ʥʦʤʝʨ 1 ʬʦʨʤʫ ʢʦʥʪʫʨʘ ʧʨʠʰʣʦʩʴ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨ-
ʰʝʥʩʪʚʦʚʘʪʴ, ʯʪʦ ʥʝ ʩʦʚʩʝʤ ʫʜʦʙʥʦ ʙʳʣʦ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʪʘʢ ʢʘʢ ʤʝʜʥʳʡ ʧʨʦʚʦʜ 
ʜʦʩʪʘʪʦʯʥʦ ʪʷʞʝʣʦ ʛʥʝʪʩʷ.   

3. ʚʝʨʭʥʠʡ ʢʦʥʝʮ ʧʨʦʚʦʜʘ ʤʦʜʝʣʠ ʥʦʤʝʨ 1 ʧʦʩʪʦʷʥʥʦ ʩʤʝʱʘʣʩʷ ʩ ʧʦʣʶʩʘ ʙʘʪʘ-
ʨʝʡʢʠ, ʜʣʷ ʵʪʦʛʦ ʤʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ ʩʜʝʣʘʪʴ ʫʛʣʫʙʣʝʥʠʝ ʚ ʤʝʩʪʝ ʠʭ ʩʦʧʨʠʢʦʩʥʦ-
ʚʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʪʦʨʘʷ ʤʦʜʝʣʴ ʥʘʤʥʦʛʦ ʣʝʛʯʝ ʚ ʠʟʛʦʪʦʚ-
ʣʝʥʠʠ   

ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʜʝʪʘʣʴʥʦ ʠʟʫʯʘʪʴ ʦʩʥʦʚʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦ-
ʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʠ ʠʭ ʧʨʠʥʮʠʧʳ ʜʝʡʩʪʚʠʷ. ʍʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝ-
ʩʤʦʪʨʷ ʥʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʤʦʜʝʣʝʡ, ʨʘʙʦʪʘʶʪ ʦʥʠ ʚʩʝ ʧʦ ʦʜʥʦʤʫ 
ʧʨʠʥʮʠʧʫ.  

ʊʘʢ ʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʟʜʘʥʥʳʝ ʥʘʤʠ ʤʦʜʝʣʠ ʧʨʝʢʨʘʩʥʦ ʧʦʜʭʦʜʷʪ ʜʣʷ ʜʝ-
ʤʦʥʩʪʨʘʮʠʠ ʦʧʳʪʦʚ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʚʥʝʢʣʘʩʩʥʳʭ ʟʘʥʷʪʠʡ ʧʦ ʬʠʟʠʢʝ ʜʣʷ ʠʟʫʯʝʥʠʠ 
ʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʧʦʤʦʞʝʪ ʧʨʠʚʠʪʴ ʠʥʪʝʨʝʩ ʢ 
ʥʘʫʢʝ ʠ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʫʩʚʦʠʪʴ ʤʘʪʝʨʠʘʣ. 
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ʈʠʩʫʥʦʢ 1 ʄʦʜʝʣʴ ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʪʫʪʠ  
 

 
 
 
 
 
 
 
 
 
ʈʠʩʫʥʦʢ 2 ʄʦʜʝʣʴ ʥʦʤʝʨ 1 ʫʥʠʧʦʣʷʨʥʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ʩʦ ʩʧʠʨʘʣʴʥʦʡ ʬʦʨʤʦʡ ʢʦʥʪʫʨʘ  

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
ʈʠʩʫʥʦʢ 3 
ʄʦʜʝʣʴ ʥʦʤʝʨ 1 ʫʥʠʧʦʣʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʬʦʨʤʦʡ 
ʢʦʥʪʫʨʘ ʩʝʨʜʮʘ ʠ ʤʦʜʝʣʴ  
ʫʥʠʧʦʣʷʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʫʨʫʧʘ  

 
ʊʘʙʣʠʮʘ 1. 

ʄʘʛʥʠʪ ɼʠʩʢ ɺʥʝʰʥʷʷ ʮʝʧʴ ʅʘʧʨʷʞʝʥʠʝ 

ʅʝʧʦʜʚʠʞʝʥ ʅʝʧʦʜʚʠʞʝʥ ʅʝʧʦʜʚʠʞʝʥ ʆʪʩʫʪʩʪʚʫʝʪ 

ʅʝʧʦʜʚʠʞʝʥ ɺʨʘʱʘʝʪʩʷ ʅʝʧʦʜʚʠʞʝʥ ɽʩʪʴ 

ʅʝʧʦʜʚʠʞʝʥ ʅʝʧʦʜʚʠʞʝʥ ɺʨʘʱʘʝʪʩʷ ɽʩʪʴ 

ʅʝʧʦʜʚʠʞʝʥ ɺʨʘʱʘʝʪʩʷ ɺʨʘʱʘʝʪʩʷ ʅʝ ʦʧʨʝʜʝʣʝʥʦ 

ɺʨʘʱʘʝʪʩʷ ʅʝʧʦʜʚʠʞʝʥ ʅʝʧʦʜʚʠʞʝʥ ʆʪʩʫʪʩʪʚʫʝʪ 

ɺʨʘʱʘʝʪʩʷ ɺʨʘʱʘʝʪʩʷ ʅʝʧʦʜʚʠʞʝʥ !ɽʩʪʴ 
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ɺʨʘʱʘʝʪʩʷ ʅʝʧʦʜʚʠʞʝʥ ɺʨʘʱʘʝʪʩʷ ɽʩʪʴ 

ɺʨʘʱʘʝʪʩʷ ɺʨʘʱʘʝʪʩʷ ɺʨʘʱʘʝʪʩʷ ʅʝ ʦʧʨʝʜʝʣʝʥʦ 

 
 
 

ʊɽʈʄʆʕʃɽʂʊʈʆɻɽʅɽɸʈʊʆʈ 
ʂʦʨʣʷʢʦʚ ʅʠʢʦʣʘʡ  

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 4 ʛʦʨʦʜʩʢʦʛʦ 
ʦʢʨʫʛʘ ʉʪʨʝʞʝʚʦʡ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚè,  

10ɸ ʢʣʘʩʩ, 
ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʉʪʨʝʞʝʚʦʡ. 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʍʦʤʷʢʦʚʘ ɻʘʣʠʥʘ ʉʝʨʛʝʝʚʥʘ ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ 
ʫʯʨʝʞʜʝʥʠʝ çʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 4 ʛʦʨʦʜʩʢʦʛʦ ʦʢʨʫʛʘ ʉʪʨʝʞʝʚʦʡ ʩ ʫʛʣʫʙʣʝʥʥʳʤ ʠʟʫ-

ʯʝʥʠʝʤ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚè, ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʛ. ʉʪʨʝʞʝʚʦʡ. 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʚʥʝ ʜʦʤʘ ʧʦʨʪʘʪʠʚʥʫʶ 
ʵʣʝʢʪʨʦʥʠʢʫ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʮʠʬʨʦʚʳʝ ʚʠʜʝʦʢʘʤʝʨʳ, ʤʫʟʳʢʘʣʴʥʳʝ ʧʣʝʝʨʳ, ʤʦ-
ʙʠʣʴʥʳʝ 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 
ʧʘʨʪʠʪʠʚʥʦʛʦ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

ʎʝʣʴ: ʩʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʨʘʟʤʝʨʦʤ 
20Ĭ20Ĭ40 ʩʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚʦʩʢʦʚʦʡ ʩʚʝʯʠ ʜʦ 1 ʤʘʨʪʘ 2024 ʛ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1. ʀʟʫʯʠʣ ʤʘʪʝʨʠʘʣ ʧʦ ʪʝʤʝ çʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ. ʕʣʝʤʝʥʪʳ 
ʧʝʣʴʪʴʝè. 

 
ʈʠʩ. 1. ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ. 

 
2. ʉʦʩʪʘʚʠʣ ʩʭʝʤʫ ʧʨʠʙʦʨʘ. 
ʊʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʚʳʨʘʙʘʪʳ-
ʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʠʟ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʦʩʪʦʡ ʩʚʝʯʠ. ʈʘʟʤʝʨ 
ʫʩʪʨʦʡʩʪʚʘ - 20x20x40 ʩʤ. ʄʘʩʩʘ ʫʩʪʨʦʡʩʪʚʘ - ʦʢʦʣʦ 3 ʢʛ. 
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ʈʠʩ. 2. ʉʭʝʤʘ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

  
3. ʇʦʜʛʦʪʦʚʠʣ ʩʤʝʪʫ ʧʨʦʝʢʪʘ. 
ʆʙʱʘʷ ʩʫʤʤʘ ʟʘʪʨʘʪ ʩ ʫʯʝʪʦʤ ʵʢʦʥʦʤʠʠ ʥʘ ʠʥʩʪʨʫʤʝʥʪʳ ʩʦʩʪʘʚʠʣʘ 7314,72 ʨ.   

4. ɿʘʢʫʧʠʣ ʤʘʪʝʨʠʘʣʳ. 
5. ʉʦʙʨʘʣ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʧʦ ʩʭʝʤʝ. 

 
ʈʠʩ. 3. ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ. 

 
ʆʩʥʦʚʥʳʤ ʵʣʝʤʝʥʪʦʤ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ. ʆʥ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ çʪʝʧʣʦʚʫʶ ʤʘʰʠʥʫè, ʧʨʝʦʙʨʘʟʫʶʱʫʶ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ ʚ ʵʥʝʨ-
ʛʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ. ɼʣʷ ʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʇʝʣʴʪʴʝ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦ-
ʣʫʶ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʪʨʫʙʫ. ɺʥʠʟʫ ʪʨʫʙʳ ʩʜʝʣʘʥʦ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʩʚʝʯʠ. ʊʨʫʙʘ ʢʨʝ-
ʧʠʪʴʩʷ ʚʝʨʪʠʢʘʣʴʥʦ, ʯʪʦʙʳ ʪʝʧʣʦ ʦʪ ʩʚʝʯʠ ʧʦʜʥʠʤʘʣʦʩʴ ʚʚʝʨʭ. ʇʨʠ ʵʪʦʤ ʟʘʢʨʝʧʣʝʥ-
ʥʳʝ ʵʣʝʤʝʥʪʳ ʇʝʣʴʪʴʝ ʙʫʜʫʪ ʥʘʛʨʝʚʘʪʴʩʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʦʭʣʘʞʜʘʪʴʩʷ ʩ ʜʨʫʛʦʡ. 
ɹʣʘʛʦʜʘʨʷ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚ ʮʝʧʠ ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ʏʪʦʙʳ ʢʦʥʩʪʨʫʢ-
ʮʠʷ ʙʳʣʘ ʫʩʪʦʡʯʠʚʘ, ʩʜʝʣʘʥ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʘʨʢʘʩ. 
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ʈʠʩ. 4. ʉʙʦʨʢʘ ʢʘʨʢʘʩʘ ʢʦʥʩʪʨʫʢʮʠʠ. 

 
ɼʣʷ ʩʙʦʨʢʠ 2-ʭ ʙʣʦʢʦʚ ʠʟ ʘʣʶʤʠʥʠʝʚʳʭ ʨʘʜʠʘʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤ ʪʝʨʤʦʧʘʩʪʫ ʜʣʷ 

ʣʫʯʰʝʛʦ ʂʇɼ. ɹʣʦʢʠ ʩʦʩʪʦʷʪ ʧʦ 8 ʤʦʜʫʣʝʡ ʇʝʣʴʪʴʝ ʚ ʢʘʞʜʦʤ. ʂʨʝʧʠʤ ʙʣʦʢʠ ʢ ʪʨʫʙʝ. 
ɼʘʣʝʝ ʦʙʲʝʜʠʥʷʝʤ ʤʦʜʫʣʠ ʇʝʣʴʪʴʝ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʧʘʠʚʘʝʤ ʧʨʦ-
ʚʦʜʘ. 

  
ʈʠʩ. 5. ʉʙʦʨʢʘ ʜʝʪʘʣʝʡ. 

 
ʂ ʩʦʙʨʘʥʥʦʡ ʮʝʧʠ ʧʨʠʩʦʝʜʠʥʷʝʤ ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʠ 2 USB ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʝʨ-

ʚʳʡ USB ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʚʳʰʘʶʱʠʡ, 0,6ɺ ʧʦʜʥʠʤʘʝʪ ʜʦ 5ɺ ʠ 0,6ɸ. ʕʪʦ ʟʥʘʯʝʥʠʝ 
ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʪʝʧʣʳʭ (ʙʦʣʝʝ 10 ʛʨʘʜʫʩʦʚ ʎʝʣʴʩʠʷ) ʫʩʣʦʚʠʷʭ. 

ɺʪʦʨʦʡ USB ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʥʠʞʘʶʱʠʡ, ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʙʦʣʝʝ ʩʝ-
ʨʴʸʟʥʳʭ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, ʟʘʨʷʜʢʠ ʤʦʙʠʣʴʥʳʭ ʪʝʣʝʬʦʥʦʚ. ʆʥ ʩʧʦʩʦʙʝʥ ʠʟ 7ɺ ʚʳʜʘʪʴ 
5ɺ ʠ 3ɸ. ʕʪʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʥʠʞʝ 0 0ʉ). 
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ʈʠʩ. 6. ɻʦʪʦʚʘʷ ʤʦʜʝʣʴ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 

 
6. ʇʨʦʚʝʣ ʧʨʦʙʥʳʡ ʟʘʧʫʩʢ ʤʦʜʝʣʠ. 

 
ʈʠʩ. 7. ʉʩʳʣʢʘ ʥʘ ʚʠʜʝʦ ʨʘʙʦʪʳ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 

7. ɺʥʝʩ ʠʟʤʝʥʝʥʠʷ ï ʠʩʧʨʘʚʠʣ ʚʳʷʚʣʝʥʥʳʝ ʥʝʜʦʯʝʪʳ. 
8. ʇʨʦʚʝʣ ʧʦʚʪʦʨʥʦʝ ʠʩʧʳʪʘʥʠʝ ʤʦʜʝʣʠ ʠ ʩʜʝʣʘʣ ʟʘʤʝʨʳ ʩʠʣʳ ʪʦʢʘ ʠ 

ʥʘʧʨʷʞʝʥʠʷ (ʪʘʙʣʠʮʘ ˉ1,2, ʨʠʩʫʥʦʢ ˉ 8,9). 
 
ʊʘʙʣʠʮʘ ˉ1. ɺʳʜʘʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27ÁC. 

  

ʈʠʩʫʥʦʢ ˉ 8. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
27ÁC. 

ʊʘʙʣʠʮʘ ˉ2. ɺʳʜʘʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0ÁC. 
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ʈʠʩʫʥʦʢ ˉ 9. ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
0ÁC. 

ʈʝʟʫʣʴʪʘʪ ʘʧʨʦʙʘʮʠʠ ʧʨʠʙʦʨʘ. ʊʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʥʘ ʵʥʝʨʛʠʠ ʧʨʦ-
ʩʪʦʡ ʩʚʝʯʠ, ʢʦʪʦʨʦʡ ʭʚʘʪʘʝʪ ʥʘ 2,5-3 ʯʘʩʘ ʨʘʙʦʪʳ. 

ɺ ʧʦʤʝʱʝʥʠʠ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 270ʉ) ʪʨʫʙʘ ʥʘʛʨʝʚʘʝʪʩʷ ʙʳʩʪʨʦ - ʟʘ 5 ʤʠʥʫʪ ʜʦ 
50 0ʉ. ʅʘʧʨʷʞʝʥʠʝ ʧʨʠ ʵʪʦʤ ʨʘʚʥʦ 1.41ɺ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ 
25 ʤʠʥʫʪ ʨʘʙʦʪʳ - 1,7ɺ. ʇʨʠ ʦʩʪʳʚʘʥʠʠ ʧʨʠʙʦʨʘ ʥʘʧʨʷʞʝʥʠʝ ʟʘ 35 ʤʠʥʫʪ ʧʘʜʘʝʪ ʩ 1,7ɺ 
ʜʦ 1,31ɺ. 

ʅʘ ʫʣʠʮʝ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 00ʉ) ʪʨʫʙʘ ʥʘʛʨʝʚʘʝʪʩʷ ʟʘ 5 ʤʠʥʫʪ ʜʦ 490ʉ. ʎʝʣʴʩʠʷ. 
ʅʘʧʨʷʞʝʥʠʝ ʨʘʚʥʦ 2,32ɺ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʨʘʙʦʪʳ 
- 2,82ɺ. ʇʨʠ ʦʩʪʳʚʘʥʠʠ ʧʨʠʙʦʨʘ ʥʘʧʨʷʞʝʥʠʝ ʟʘ 45 ʤʠʥʫʪ ʧʘʜʘʝʪ ʩ 2,82ɺ ʜʦ 2,11ɺ. 

ɹʳʣ ʘʧʨʦʙʠʨʦʚʘʥ: ʜʣʷ ʟʘʨʷʜʢʠ ʩʤʘʨʪʬʦʥʘ, ʧʦʚʝʨʙʘʥʢʘ, ʧʣʘʥʰʝʪʘ, ʜʣʷ ʦʩʚʝʱʝ-
ʥʠʷ ʧʦʤʝʱʝʥʠʷ ʩ ʧʦʤʦʱʴ ʢʦʣʴʮʝʚʦʡ ʣʘʤʧʳ. 

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, ʢʚʘʜʨʦʢʦ-
ʧʪʝʨʘ, ʘʢʢʫʤʫʣʷʪʦʨʘ, ʨʘʮʠʠ, ʬʦʥʘʨʠʢʘ, ʧʠʪʘʥʠʷ ʨʘʜʠʦʧʨʠʸʤʥʠʢʘ ʠ ʪ.ʜ.). 
 

2. ʈʘʟʚʠʪʠʝ ʧʨʦʝʢʪʘ: 
Å ʧʨʠʚʣʝʯʴ ʠʥʚʝʩʪʦʨʦʚ ʠ ʟʘʧʫʩʪʠʪʴ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘʥʥʦʛʦ ʪʝʨʤʦʵʣʝʢ-
ʪʨʦʛʝʥʝʨʘʪʦʨʘ; 

Å ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ. 
ɺ ʭʦʜʝ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʥʠʷ ʦ ʨʘʙʦʪʝ ʤʦʜʫʣʷ ʇʝʣʴʪʴʝ 

ʠ ʟʘʢʦʥʘʭ ʬʠʟʠʢʠ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʣʴ ʤʦʝʛʦ ʧʨʦʝʢʪʘ ʜʦʩʪʠʛʥʫʪʘ ï ʷ ʩʦʟʜʘʣ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ 

ʨʘʟʤʝʨʦʚ 20Ĭ20Ĭ40 ʩʤ., ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʦʪ ʪʝʧʣʘ ʚʦʩʢʦʚʦʡ ʩʚʝʯʠ. ʇʦʣʫʯʝʥʥʦʡ ʵʥʝʨ-
ʛʠʠ ʭʚʘʪʘʝʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʟʘʨʷʜʠʪʴ ʪʝʣʝʬʦʥ ʠʣʠ ʦʩʚʝʪʠʪʴ ʥʝʙʦʣʴʰʦʝ ʧʦʤʝʱʝʥʠʝ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʙʳʣʠ ʨʝʰʝʥʳ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɻʘʣʠʣʝʦ. ʕʢʩʧʝʨʠʤʝʥʪ ʕʣʝʤʝʥʪ ʇʝʣʴʪʴʝ ⱡ  Peltier Element // 

https://youtu.be/Ot6YbQ5cw74?si=benGFibOVbahjCmq (23.09.23) 
2. ʂʘʢ ʧʦʣʫʯʠʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠʟ ʪʝʧʣʘ ð ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ ʜʣʷ 
ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ, ʩʙʦʨʢʘ ʪʝʨʤʦʛʝʥʝʨʘʪʦʨʘ // 
https://masterclub.online/topic/16048-termoelektricheskii-generator (18.09.23) 

https://youtu.be/Ot6YbQ5cw74?si=benGFibOVbahjCmq
https://masterclub.online/topic/16048-termoelektricheskii-generator
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3. ʂɸʂ ʉɼɽʃɸʊʔ ʊɽʈʄʆɻɽʅɽʈɸʊʆʈ ʉɺʆʀʄʀ ʈʋʂɸʄʀ // 
https://youtu.be/7smnYYZu9MU?si=ZeFn1xNB0z-ZE92V (13.10.23) 

4. ʂʦʤʧʘʢʪʥʳʡ ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ // 
https://youtu.be/bt2StYH6tEY?si=RRjWvS0Cs7GtrXYK (10.10.23) 

5. ʄʦʜʫʣʴ ʜʣʷ ʟʘʨʷʜʢʠ MH KC24 (ʧʦʥʠʞʘʶʱʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ Quick Charge)  // 
https://youtu.be/VTaqU2CR3Vs?si=_B72hqiDkFlm7US9 (20.09.23) 

6. ʇʨʦʚʝʨʢʘ ʠʩʧʨʘʚʥʦʩʪʠ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ // 
https://youtu.be/RCbJXyfxyHs?si=BVxAVUe3G6WrbKUt (20.09.23) 

7. ʈʝʚʦʣʶʮʠʦʥʥʳʡ ʧʨʦʨʳʚ ʚ ʵʥʝʨʛʝʪʠʢʝ ʦʪ ɸʣʝʢʩʝʷ ʀʚʘʥʯʝʥʢʦ! ʅʦʚʳʡ ʪʠʧ ʕʣʝ-
ʤʝʥʪʘ ʇʝʣʴʪʴʝ! ʀʛʦʨʴ ɹʝʣʝʮʢʠʡ // 
https://youtu.be/NMNdXEH3Lxg?si=3D0gRgsHdSds7o9v (17.09.23) 

8. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʤʝʥʪʘ ʧʝʣʴʪʴʝ. ʄʦʜʫʣʴ ʇʝʣʴʪʴʝ: ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ // https://sosedi-fp.ru/types-of-wireless-networks/soprotivlenie-elementa-pelte-
modul-pelte-tehnicheskie-harakteristiki-element-pelte-chto-eto.html (19.09.23) 

9. ʊʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʜʦʨ ï ɺʠʢʠʧʝʜʠʷ // https://ru.wikipedia.org/wiki/ʊʝʨʤʦʵʣʝʢ-
ʪʨʦʛʝʥʝʨʘʪʦʨ (17.09.2023) 

10. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ (ʊʕɻ) ʥʘ ʤʦʜʫʣʷʭ ʇʝʣʴʪʴʝ // 
https://pikabu.ru/story/termoyelektricheskiy_generatortyeg_na_modulyakh_pelte_71
79187 (22.09.23) 

11. ʊʝʨʤʦʛʝʥʝʨʘʪʦʨ ʇʝʣʴʪʴʝ ʩʚʦʠʤʠ ʨʫʢʘʤʠ // 
https://tutankanara.livejournal.com/420783.html (14.10.23) 

12. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʊʕɻ 1 ʉʚʝʯʘ. ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʕʣʝʤʝʥʪ 
ʇʝʣʴʪʴʝ // https://youtu.be/zs_zRaEqsoA?si=zFCumRzzgDzUbggS  (14.10.23) 

 
 

 
 
 

ʊɽʈʄʆɸʂʋʉʊʀʏɽʉʂʀʁ ɼɺʀɻɸʊɽʃʔ 
ʂʦʪʦʚʘ ʂʩʝʥʠʷ  

ɹʆʋ ʛ.ʆʤʩʢʘ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 24, 10 ʢʣʘʩʩ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʘʢ ɽʣʝʥʘ ʅʠʢʦʣʘʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 
ʆʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʦʜʥʦ ʠʟ ʩʘʤʳʭ 
ʠʟʚʝʩʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʥʘʫʢʝ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʯʝʣʦʚʝʯʝʩʪʚʦ ʨʘʟʚʠʚʘʣʦʩʴ, ʥʝʦʙ-
ʭʦʜʠʤʦ ʧʦʩʪʦʷʥʥʦ ʫʣʫʯʰʘʪʴ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ð ʵʪʦ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ 
ʟʘʜʘʯ, ʫʯʝʥʳʭ ʚ ʥʘʰʝ ʚʨʝʤʷ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʵʥʝʨʛʝʪʠʢʘ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ 
ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʤʠʨʦʚʦʛʦ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʠ ʦʪ ʝʸ ʩʦʩʪʦʷʥʠʷ ʥʘʧʨʷʤʫʶ 
ʟʘʚʠʩʠʪ ʙʣʘʛʦʧʦʣʫʯʠʝ ʞʠʪʝʣʝʡ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʅʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʥʘʤ ʨʘʩʩʢʘʟʳ-
ʚʘʣʠ, ʢʘʢ ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʦʢʨʫʞʘʶʱʫʶ ʥʘʩ ʵʥʝʨʛʠʶ: ʩʦʣʥʮʘ, ʚʦʜʳ ʠʣʠ ʚʝʪʨʘ 
ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʀ ʤʥʝ ʩʪʘʣʦ ʠʥʪʝʨʝʩʥʦ, ʚʦʟʤʦʞʥʦ ʣʠ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʟʚʫʢ ʚ ʵʣʝʢ-
ʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʊʝʨʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ð ʵʪʦ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʝ 
ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʚʳʩʦʢʦʡ ʘʤʧʣʠʪʫʜʳ ʜʣʷ ʧʝʨʝʢʘʯʢʠ 
ʪʝʧʣʘ ʠʟ ʦʜʥʦʛʦ ʤʝʩʪʘ ʚ ʜʨʫʛʦʝ ʠʣʠ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʨʘʙʦʪʳ ʚ ʬʦʨʤʝ ʟʚʫʢʦʚʳʭ ʚʦʣʥ. ʊʘʢʠʝ ʚʦʣʥʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ ʵʣʝʢʪʨʠ-
ʯʝʩʢʠʡ ʪʦʢ ʪʘʢ ʞʝ, ʢʘʢ ʜʝʣʘʝʪ ʵʪʦ ʤʠʢʨʦʬʦʥ. ʀʤʝʥʥʦ ʪʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ 
ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʉʦʟʜʘʪʴ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʚʠʛʘ-
ʪʝʣʷ. 
ɿʘʜʘʯʠ:  
1. ʈʘʩʩʤʦʪʨʝʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ  

https://youtu.be/7smnYYZu9MU?si=ZeFn1xNB0z-ZE92V
https://youtu.be/bt2StYH6tEY?si=RRjWvS0Cs7GtrXYK
https://youtu.be/VTaqU2CR3Vs?si=_B72hqiDkFlm7US9
https://youtu.be/RCbJXyfxyHs?si=BVxAVUe3G6WrbKUt
https://youtu.be/NMNdXEH3Lxg?si=3D0gRgsHdSds7o9v
https://sosedi-fp.ru/types-of-wireless-networks/soprotivlenie-elementa-pelte-modul-pelte-tehnicheskie-harakteristiki-element-pelte-chto-eto.html
https://sosedi-fp.ru/types-of-wireless-networks/soprotivlenie-elementa-pelte-modul-pelte-tehnicheskie-harakteristiki-element-pelte-chto-eto.html
https://ru.wikipedia.org/wiki/Термоэлектрогенератор
https://ru.wikipedia.org/wiki/Термоэлектрогенератор
https://pikabu.ru/story/termoyelektricheskiy_generatortyeg_na_modulyakh_pelte_7179187
https://pikabu.ru/story/termoyelektricheskiy_generatortyeg_na_modulyakh_pelte_7179187
https://tutankanara.livejournal.com/420783.html
https://youtu.be/zs_zRaEqsoA?si=zFCumRzzgDzUbggS
http://ou24.omsk.obr55.ru/
http://ou24.omsk.obr55.ru/
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2. ɺʳʷʩʥʠʪʴ ʚ ʢʘʢʦʡ ʦʙʣʘʩʪʠ ʤʦʞʥʦ ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʚʠʛʘʪʝʣʠ 
3. ʅʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʩʦʟʜʘʥʥʦʡ ʤʥʦʡ ʤʦʜʝʣʠ 
4. ʉʜʝʣʘʪʴ ʚʳʚʦʜ. 

ʄʝʪʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʧʨʦʝʢʪʝ: 

1. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ 
2. ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ  

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʪʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʥʝʙʦʣʴʰʦʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ. ʀʟʛʦʪʦʚʣʝʥʥʘʷ ʤʥʦʶ ʤʦʜʝʣʴ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʨʤʦʘʢʫʩʪʠʢʠ. 

 ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʝʨʤʦʘʢʫʩʪʠ-
ʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘʤ ʧʦʥʘʜʦʙʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ: 
ʉʪʝʢʣʷʥʥʘʷ ʪʝʨʤʦʩʪʦʡʢʘʷ ʪʨʫʙʢʘ (20 ʩʤ);  
2 ʦʪʨʝʟʢʘ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʪʨʫʙʳ (5 ʠ 20 ʩʤ); 
2 ʩʘʥʪʝʭʥʠʯʝʩʢʠʭ ʇɺʍ ʫʛʦʣʢʦʚ;  
ʂʫʩʦʢ ʢʘʨʪʦʥʥʦʡ ʪʨʫʙʢʠ;  
ʈʝʟʠʥʦʚʳʡ ʰʘʨʠʢ ʠʣʠ ʧʝʨʯʘʪʢʘ ʜʣʷ ʤʝʤʙʨʘʥʳ;  
ʄʦʪʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʪʳ ʠʣʠ ʤʦʯʘʣʢʠ ʜʣʷ ʤʳʪʴʷ ʧʦʩʫʜʳ;  
ʅʝʦʜʠʤʦʚʳʡ ʤʘʛʥʠʪ;  
ʀʟʦʣʝʥʪʘ;  
ʂʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ;  
ʅʝʙʦʣʴʰʦʡ ʦʪʨʝʟ ʩʘʣʬʝʪʢʠ ʜʣʷ ʤʳʪʴʷ ʧʦʩʫʜʳ;  
ɼʝʨʝʚʷʥʥʘʷ ʧʦʜʢʣʘʜʢʘ;  
ɻʝʨʤʝʪʠʢ. 

ʄʦʷ ʢʦʥʩʪʨʫʢʮʠʷ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩʦʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʡ ʩʪʝʢ-
ʣʷʥʥʦʡ ʪʨʫʙʢʠ ʠ ʜʚʫʭ ʢʘʨʢʘʩʥʳʭ (ʧʨʠʣʦʞʝʥʠʝ 2 ʨʠʩʫʥʦʢ 4). ɺʘʞʥʦʡ ʜʝʪʘʣʴʶ ʵʪʦʛʦ ʜʚʠ-
ʛʘʪʝʣʷ ð ʨʝʟʠʩʪʦʨ. ɺ ʥʝʡ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʟʚʫʢʦʚʳʭ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʩʦʟʜʘ-
ʶʪʩʷ ʨʝʛʝʥʝʨʘʪʦʨʦʤ. ʈʝʟʦʥʘʪʦʨʘ ʚ ʤʦʝʤ ʜʚʠʛʘʪʝʣʝ ʷʚʣʷʝʪʩʷ ʢʘʨʪʦʥʥʘʷ ʪʨʫʙʢʘ, ʧʦ-
ʤʠʤʦ ʚʝʨʭʥʝʡ ʤʝʤʙʨʘʥʳ, ʚʥʫʪʨʠ ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʦʜʥʘ ʤʝʤʙʨʘʥʘ, ʥʝ ʜʘʶʱʘʷ ʚʦʟʜʫʭʫ 
ʩʦʚʝʨʰʠʪʴ ʢʨʫʛʦʦʙʦʨʦʪ. ɽʩʣʠ ʠʩʢʣʶʯʠʪʴ ʥʠʞʥʶʶ ʤʝʤʙʨʘʥʫ, ʪʦ ʢʦʣʝʙʘʥʠʡ ʚ ʚʝʨʭʥʝʡ 
ʤʝʤʙʨʘʥʝ ʥʝ ʙʫʜʝʪ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʥʠʞʥʶʶ ʤʝʤʙʨʘʥʫ, ʷ ʨʘʟʨʝʟʘʣʘ ʢʘʨʪʦʥʥʫʶ ʪʨʫʙʫ ʥʘʧʦ-
ʣʦʚʠʥʫ, ʠ ʥʘʪʷʥʫʣʘ ʥʘ ʦʜʥʫ ʠʟ ʯʘʩʪʝʡ ʦʪʨʝʟʦʢ ʨʝʟʠʥʦʚʦʛʦ ʰʘʨʠʢʘ ʚ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʡ 
ʤʝʤʙʨʘʥʳ (ʧʨʠʣʦʞʝʥʠʝ 2 ʨʠʩʫʥʦʢ 5).  

ʐʦʚ ʩʦʝʜʠʥʝʥʥʳʭ ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ ʨʝʟʦʥʘʪʦʨʘ ʦʙʤʦʪʘʣʘ ʠʟʦʣʝʥʪʦʡ. ɻʦʨʣʦ-
ʚʠʥʫ ʨʝʟʦʥʘʪʦʨʘ ʷ ʨʘʩʰʠʨʠʣʘ, ʯʪʦʙʳ ʫʩʠʣʠʪʴ ʜʝʡʩʪʚʠʝ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʦʪ ʨʝ-
ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʚʝʨʭʥʶʶ ʤʝʤʙʨʘʥʫ.  

ɺʝʨʭʥʶʶ ʯʘʩʪʴ ʤʝʤʙʨʘʥʳ ʷ ʩʜʝʣʘʣʘ ʠʟ ʙʦʣʝʝ ʧʣʦʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʦ ʜʥʫ 
ʪʨʫʙʢʠ ʷ ʫʩʪʘʥʦʚʠʣʘ ʧʦʜʩʪʘʚʢʫ ʠʟ ʧʨʦʙʢʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʜ ʥʘʨʫʞʥʳʡ ʚʳʢʣʶʯʘʪʝʣʴ 
ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ (ʧʨʠʣʦʞʝʥʠʝ 2 ʨʠʩʫʥʦʢ 6).  

ʉʪʝʢʣʷʥʥʘʷ ʪʨʫʙʢʘ ʚ ʵʪʦʤ ʜʚʠʛʘʪʝʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʙʠʨʢʫ, ʚ ʩʝʨʝʜʠʥʫ 
ʢʦʪʦʨʳʡ ʧʦʤʝʱʝʥ ʢʫʩʦʢ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʪʳ (ʧʨʠʣʦʞʝʥʠʝ 3 ʨʠʩʫʥʦʢ 7). ʇʦʩʣʝ ʟʦʥʳ 
ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʭʣʘʞʜʝʥʠʝ ʚʦʟʜʫʭʘ, ʜʣʷ ʵʪʦʛʦ ʤʳ ʦʙʤʘʪʳʚʘʝʤ ʚʦʢʨʫʛ ʦʩʥʦ-
ʚʘʥʠʷ ʧʨʦʙʠʨʢʠ ʦʪʨʝʟʦʢ ʪʨʷʧʦʯʢʠ ʩʤʦʯʝʥʥʳʡ ʚʦʜʦʡ.  

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʦʟʜʫʭ ʧʝʨʝʤʝʱʘʝʪʩʷ ʯʝʨʝʟ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʨʝʜʳ ʧʨʦʠʩʭʦ-
ʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʛʝʥʝʨʘʮʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ. ɿʘʚʝʨʰʘʶʱʝʡ ʯʘʩʪʴʶ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ʷʚʣʷʝʪʩʷ ʥʝʙʦʣʴʰʦʡ, ʥʦ ʤʦʱʥʳʡ ʥʝʦʜʠʤʦʚʳʡ ʤʘʛʥʠʪ. ʆʥ ʠ ʩʦʟʜʘʝʪ ʥʝʙʦʣʴ-
ʰʠʝ, ʥʦ ʯʘʩʪʳʝ ʢʦʣʝʙʘʥʠʷ, ʧʝʨʝʜʘʶʱʠʝʩʷ ʦʪ ʤʝʤʙʨʘʥʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʚʫʢʘ. 
ʏʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ ʚ ʛʝʥʝʨʘʪʦʨ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʢʘ-
ʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ (ʠʣʠ ʧʨʦʩʪʝʡʰʠʡ ʩʦʣʝʥʦʠʜ). ɽʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʚʦʠʤʠ ʨʫʢʘʤʠ, 
ʥʘʤʦʪʘʚ ʤʝʜʥʫʶ ʧʨʦʚʦʣʦʢʫ ʥʘ ʢʘʪʫʰʢʫ (ʧʨʠʣʦʞʝʥʠʝ 3 ʨʠʩʫʥʦʢ 8).  

ɼʣʷ ʧʝʨʝʜʘʯʠ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʳʢʥʦʚʝʥʥʫʶ ʩʚʝʯʫ. 
ɽʩʣʠ ʟʘʢʨʝʧʠʪʴ ʢʘʪʫʰʢʫ ʚ ʟʦʥʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʤʦʞʥʦ ʧʦʣʫʯʠʪ ʦʪ ʪʘʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 
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ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʜʣʷ ʧʠʪʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʘʥʝʣʠ. ʊʝʨʤʦʘʢʫʩʪʠʯʝʩʢʠʡ 
ʜʚʠʛʘʪʝʣʴ ʛʦʪʦʚ (ʧʨʠʣʦʞʝʥʠʝ 3 ʨʠʩʫʥʦʢ 9). 
ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʪʳ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ 
 ʊʝʨʤʦʘʢʫʩʪʠʯʝʩʢʠʝ ʜʚʠʛʘʪʝʣʠ ʨʘʙʦʪʘʶʪ ʥʘ ʦʩʥʦʚʝ ʧʨʷʤʦʛʦ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʦʛʦ ʵʬ-
ʬʝʢʪʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʷʤʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ 
ʵʥʝʨʛʠʶ ʢʦʣʝʙʘʥʠʡ. 
 ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʝʨʤʦʘʢʫʩʪʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʢʘʢ ʪʝʧʣʦʚʳʭ ʤʘʰʠʥ ʷʚʣʷ-
ʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʚʠʞʫʱʠʭʩʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʳʡ ʂʇɼ. 
 ɻʝʥʝʨʘʪʦʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʦʪ ʤʘʣʝʥʴʢʦʡ ʩʚʝʯʢʠ, ʥʦ ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʭʦʝ ʛʦʨʶ-
ʯʝʝ, ʪʦ ʝʛʦ ʤʦʞʝʪ ʭʚʘʪʠʪʴ ʜʣʷ ʧʠʪʘʥʠʷ ʜʝʩʷʪʢʘ ʷʨʢʠʭ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʦʙʝʩʧʝʯʠʪʴ ʦʩʚʝ-
ʱʝʥʠʝ ʚ ʢʦʤʥʘʪʝ. 
ɿɸʂʃʖʏɽʅʀɽ. 
 ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʩʚʦʠʤ ʧʨʦʝʢʪʦʤ, ʤʥʝ ʫʜʘʣʦʩʴ ʠʟʛʦʪʦʚʠʪʴ ʪʝʨʤʦʘʢʫʩʪʠ-
ʯʝʩʢʠʡ ʜʚʠʛʘʪʝʣʴ. ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʜʚʠʛʘʪʝʣʷ ʫ ʤʝʥʷ ʚʦʟʥʠʢʣʠ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʷ 
ʨʘʟʨʝʰʠʣʘ ʧʨʠ ʝʛʦ ʩʙʦʨʢʝ. ʂʦʥʩʪʨʫʢʮʠʷ ʜʚʠʛʘʪʝʣʷ ʩʦʙʨʘʥʘ ʥʘ ʦʩʥʦʚʝ ʢʘʨʢʘʩʥʳʭ ʤʝʜ-
ʥʳʭ ʪʨʫʙʦʢ ʠ ʦʜʥʦʡ ʩʪʝʢʣʷʥʥʦʡ. ʆʙʲʝʜʠʥʷʝʪ ʠʭ ʨʝʟʦʥʘʪʦʨ, ʝʩʣʠ ʥʘʨʫʰʠʪʴ ʛʝʨʤʝʪʠʯ-
ʥʦʩʪʴ, ʪʦ ʜʚʠʛʘʪʝʣʴ ʥʝ ʙʫʜʝʪ ʜʝʡʩʪʚʦʚʘʪʴ, ʧʦʵʪʦʤʫ ʤʥʝ ʧʨʠʰʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦ-
ʜʝʣʘʪʴ ʵʪʫ ʨʘʙʦʪʫ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʭʦʨʦʰʝʡ ʠʟʦʣʷʮʠʠ.   ɼʣʷ ʫʩʠʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʟʚʫ-
ʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʤʥʝ ʧʨʠʰʣʦʩʴ ʨʘʩʰʠʨʠʪʴ ʛʦʨʣʦʚʠʥʫ ʨʝʟʦʥʘʪʦʨʘ. ʆʙʳʯʥʳʡ ʤʘʛʥʠʪ 
ʥʝ ʩʤʦʛ ʧʨʠʚʝʩʪʠ ʚ ʜʝʡʩʪʚʠʝ ʜʚʠʛʘʪʝʣʴ, ʥʫʞʝʥ ʥʝʙʦʣʴʰʦʡ ʠ ʤʦʱʥʳʡ ʥʝʦʜʠʤʦʚʳʡ ʤʘʛ-
ʥʠʪ. ʊʘʢʞʝ ʤʥʝ ʧʨʠʰʣʦʩʴ ʠʟʤʝʥʠʪʴ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʢʘʪʫʰʢʠ, ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ 
ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʤʘʛʥʠʪʘ. 
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ʆɹʅɸʈʋɾɽʅʀɽ ʊʈɽʂʆɺ ɿɸʈʗɾɽʅʅʓʍ ʏɸʉʊʀʎ. ʊʈɽʂʆɺɸʗ ʂɸʄɽʈɸ ɺʀʃʔ-
ʉʆʅɸ 

ʂʨʘʚʯʝʥʢʦ ɼʤʠʪʨʠʡ 
ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çʉʨʝʜʥʷʷ  
ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 7 ʠʤʝʥʠ ɻʝʨʦʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʅʠʢʦʣʘʷ  

ɻʝʨʘʩʠʤʦʚʠʯʘ ɹʘʨʳʰʝʚʘè ʛ. ʂʦʣʧʘʰʝʚʦ 
10 ʢʣʘʩʩ 
ʂʦʣʧʘʰʝʚʦ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʧʠʟʫʙʦʚʘ ʃʶʙʦʚʴ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ  
ʦʙʨʘʟʦʚʘʥʠʷ 

 
ʀʟʫʯʝʥʠʝ ʬʠʟʠʢʠ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʥʝʧʨʦʩʪʳʤ ʧʨʦʮʝʩʩʦʤ. ʍʦʪʴ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʯʘʩʪʴ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʶʪ ʚ ʰʢʦʣʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʞʠʟʥʠ ʢʘʞʜʦʛʦ, 
ʝʩʪʴ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʫʚʠʜʝʪʴ ʠ ʦʯʝʥʴ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ. ʕʪʦ ʩʦʟʜʘʝʪ ʧʨʦ-
ʙʣʝʤʫ: ʙʝʩʩʧʦʨʥʦ, ʤʦʞʥʦ ʠʟʫʯʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʯʘʩʪʴ ʷʚʣʝʥʠʷ, ʥʦ ʚʠʟʫʘʣʴʥʦʝ 
ʥʘʙʣʶʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʫʜʘ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ, ʯʪʦ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ ʥʝʢʦʪʦʨʳʝ 
ʧʘʨʘʤʝʪʨʳ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ [1].  

ʋʯʝʥʳʤʠ ʧʦʩʪʦʷʥʥʦ ʩʦʟʜʘʚʘʣʠʩʴ ʠ ʩʦʟʜʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷ-
ʶʱʠʝ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʫʚʠʜʝʪʴ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ. ʅʘʧʨʠʤʝʨ, ʪʨʝʢʦʚʳʝ ʢʘʤʝʨʳ. ʆʥʠ 
ʩʫʱʝʩʪʚʫʶʪ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ.  
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ɼʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʪʷʞʝʣʦ ʧʨʝʜʫʛʘʜʘʪʴ, ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʦʪʣʠʯʘʪʴ ʜʨʫʛ ʦʪ 
ʜʨʫʛʘ, ʯʪʦ ʩʦʟʜʘʝʪ ʝʱʝ ʙʦʣʴʰʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʭ ʫʚʠʜʝʪʴ.  

ʉʦʟʜʘʥʠʝ ʪʨʝʢʦʚʳʭ ʢʘʤʝʨ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, 
ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ ʠʭ ʨʘʟʤʝʨʳ, ʜʝʣʘʝʪ ʠʭ ʠʟʫʯʝʥʠʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ. ɺʝʜʴ ʨʘʜʠʦʘʢ-
ʪʠʚʥʦʩʪʴ ï ʵʪʦ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʠʥʪʝʨʝʩʥʳʭ ʷʚʣʝʥʠʡ ʚ ʬʠʟʠʢʝ, ʚʝʜʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʪʦʤʘ 
ʪʝʨʷʪʴ ʩʚʦʶ ʯʘʩʪʴ ʩ ʚʳʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ ï ɻ ʪʦ ʦʯʝʥʴ ʥʝʦʙʳʯʥʦ. ʅʘ ʵʪʦʤ ʥʝʦʯʝʚʠʜʥʦʤ 
ʷʚʣʝʥʠʠ ʟʘʚʷʟʘʥ ʩʘʤʳʡ ʵʬʬʝʢʪʠʚʥʳʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨ-
ʛʠʠ ï ʧʫʪʝʤ ʫʧʨʘʚʣʷʝʤʦʡ, ʩʘʤʦʧʦʜʜʝʨʞʠʚʘʶʱʝʡʩʷ ʨʝʘʢʮʠʠ ʜʝʣʝʥʠʷ. ʆʜʥʘʢʦ ʩʦʟʜʘ-
ʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ï ʵʪʦ ʥʝʧʨʦʩʪʘʷ ʟʘʜʘʯʘ, ʪʨʝʙʫʶ-
ʱʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʘʚʳʢʦʚ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʤʳ ʟʘʨʷʞʝʥʥʳʭ 
ʯʘʩʪʠʮ ʯʘʩʪʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʧʦʥʠʤʘʥʠʝ ʧʨʝʜʤʝʪʘ, ʚʝʜʴ ʪʷʞʝʣʦ ʧʨʝʜʩʪʘʚʠʪʴ ʥʝʚʠʜʠ-
ʤʦʝ ʥʝʚʦʦʨʫʞʝʥʥʦʤʫ ʛʣʘʟʫ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ ʟʘʨʷʞʝʥ-
ʥʫʶ ʯʘʩʪʠʮʫ, ʫʟʥʘʪʴ, ʢʘʢ ʦʥʘ ʧʝʨʝʤʝʱʘʝʪʩʷ, ʫʚʠʜʝʪʴ ʪʨʘʝʢʪʦʨʠʶ, ʫʟʥʘʪʴ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʤʝʪʘʣʣʘ. ʊʘʢʞʝ ʝʩʪʴ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʪʣʠʯʘʪʴ ʟʘ-
ʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʫʟʥʘʪʴ ʠʭ ʧʨʦʥʠʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ. ʀʤʝʥʥʦ ʧʦ 
ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʠ ʧʦʥʘʜʦʙʠʣʦʩʴ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʠʟʫʯʘʪʴ ʟʘʨʷʞʝʥʥʳʝ ʯʘ-
ʩʪʠʮʳ 

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʨʘʙʦʯʝʡ ʪʨʝʢʦʚʦʡ ʢʘʤʝʨʳ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʪʨʝʢʦʚʳʝ ʢʘʤʝʨʳ. 
2. ʉʨʘʚʥʠʪʴ ʠʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʚʳʜʝʣʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ 
3. ɺʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ ʚʘʨʠʘʥʪ. 
4. ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʦʟʜʘʥʠʷ ʚʳʙʨʘʥʥʦʡ ʪʨʝʢʦʚʦʡ ʢʘʤʝʨʳ 
5. ʉʨʘʚʥʠʪʴ ʠʭ ʧʦ ʢʨʠʪʝʨʠʶ ʧʨʦʩʪʦʪʳ ʠʟʛʦʪʦʚʣʝʥʠʷ 
6. ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʪʨʝʢʦʚʫʶ ʢʘʤʝʨʫ. 
7. ʇʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʝ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʢʘʤʝʨʳ. 
8. ʀʟʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʢʘʤʝʨ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʥʘ ʠʭ ʦʩʥʦʚʝ 
ɻʠʧʦʪʝʟʘ ʥʘʰʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: ʤʳ ʩʫʤʝʝʤ ʩʦʙʨʘʪʴ ʧʦʣ-

ʥʦʩʪʴʶ ʨʘʙʦʯʫʶ ʪʨʝʢʦʚʫʶ ʢʘʤʝʨʫ ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 
ʅʦʚʠʟʥʦʡ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʦʙʳʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʘʢʦʡ ʨʘ-

ʙʦʪʳ. ʄʳ ʙʫʜʝʤ ʦʙʦʙʱʘʪʴ ʠʤʝʶʱʠʝʩʷ ʟʥʘʥʠʷ, ʚʳʙʠʨʘʪʴ ʠʟ ʥʠʭ ʥʘʠʙʦʣʝʝ ʥʘʤ ʥʝʦʙ-
ʭʦʜʠʤʳʝ ʠ ʧʨʠʤʝʥʷʪʴ ʠʭ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʊʨʝʢʦʚʘʷ ʢʘʤʝʨʘ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʪʨʘʝʢʪʦʨʠʠ ʟʘʨʷʞʝʥʥʦʡ 
ʯʘʩʪʠʮʳ ʩʦ ʚʩʝʤʠ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ɿʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ï ʵʪʦ ʯʘʩʪʠʮʘ, ʦʙʣʘ-
ʜʘʶʱʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ. ɿʘʨʷʞʝʥʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘ-
ʩʪʠʮʳ (ʧʨʦʪʦʥ, ʵʣʝʢʪʨʦʥ), ʪʘʢ ʠ ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ (ʥʘʧʨʠʤʝʨ ʘʣʴʬʘ-ʯʘʩʪʠʮʘ ð ʷʜʨʦ 

ʘʪʦʤʘ ʛʝʣʠʷ ( ὌὩ2+).  
ʇʝʨʚʦʡ ʪʨʝʢʦʚʦʡ ʢʘʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʢʘʤʝʨʘ ɺʠʣʴʩʦʥʘ ï ʪʨʝʢʦʚʳʡ ʜʝʪʝʢʪʦʨ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʢ (ʩʣʝʜ) ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʝʪ ʮʝʧʦʯʢʘ 
ʤʝʣʢʠʭ ʢʘʧʝʣʝʢ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʝʸ ʜʚʠʞʝʥʠʷ. ʀʟʦʙʨʝʪʝʥʘ ʏʘʨʣʴʟʦʤ ɺʠʣʴ-
ʩʦʥʦʤ ʚ 1912 ʛ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʥʜʝʥʩʘʮʠʠ ʧʝʨʝʥʘʩʳʱʝʥ-
ʥʦʛʦ ʧʘʨʘ ʥʘ ʠʦʥʘʭ ʛʘʟʘ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʝʡ [2]. ʅʘ ʠʦʥʘʭ ʦʙʨʘʟʫʶʪʩʷ 
ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʳʝ ʚʳʨʘʩʪʘʶʪ ʜʦ ʨʘʟʤʝʨʦʚ ʜʦʩʪʘʪʦʯ-
ʥʳʭ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʨʠ ʭʦʨʦʰʝʤ 
ʦʩʚʝʱʝʥʠʠ. ʇʝʨʝʥʘʩʳʱʝʥʠʝ ʛʘʟʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʸʤ ʙʳʩʪ-
ʨʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʜʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʚʜʦʣʴ ʪʨʘʝʢʪʦ-
ʨʠʠ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʧʦʷʚʣʷʝʪʩʷ ʩʣʝʜ ʠʟ ʢʘ-
ʧʝʣʴ (ʨʠʩ. 1). ɺʦʟʤʦʞʥʦʩʪʠ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 
ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʧʦʤʝʱʝʥʠʠ ʝʸ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ʇʦ ʠʩ-
ʢʨʠʚʣʸʥʥʦʡ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʪʨʘʝʢʪʦʨʠʠ ʟʘʨʷʞʝʥʥʦʡ 

ʈʠʩ. 1. ʅʘʙʣʶʜʝʥʠʝ ʧʦ-

ʟʠʪʨʦʥʘ ʚ ʢʘʤʝʨʝ ɺʠʣʴ-

ʩʦʥʘ. 
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ʯʘʩʪʠʮʳ ʦʧʨʝʜʝʣʷʶʪ ʟʥʘʢ ʝʸ ʟʘʨʷʜʘ ʠ ʠʤʧʫʣʴʩ. ʆʙʳʯʥʦ ʪʨʝʢʦʚʳʝ ʢʘʤʝʨʳ ʠʩʧʦʣʴʟʫ-
ʶʪʩʷ ʚʤʝʩʪʝ ʩ ʫʩʢʦʨʠʪʝʣʷʤʠ ʯʘʩʪʠʮ ð ʢʦʣʣʘʡʜʝʨʘʤʠ. ɼʚʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ 
ʩʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʦʩʣʝ ʧʦʧʘʜʘʶʪ ʚ ʪʨʝʢʦʚʫʶ ʢʘʤʝʨʫ, ʢʦʪʦʨʘʷ ʩʯʠʪʳʚʘʝʪ 
ʧʦʩʣʝʜʩʪʚʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ: ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ, ʧʦʷʚʣʝʥʠʝ ʚʪʦʨʠʯʥʳʭ ʯʘʩʪʠʮ, ʩʢʦ-
ʨʦʩʪʴ, ʜʘʣʴʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʯʘʩʪʠʮ [3]. ʆʜʥʘʢʦ ʫʩʢʦʨʠʪʝʣʠ ʯʘ-
ʩʪʠʮ ð ʵʪʦ ʫʜʝʣ ʙʦʣʴʰʠʭ ʣʘʙʦʨʘʪʦʨʠʡ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ, ʠ ʩʦʟʜʘʪʴ ʠʭ 
ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʥʝʚʦʟʤʦʞʥʦ. 

ɸʣʴʪʝʨʥʘʪʠʚʦʡ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʷʚʣʷʝʪʩʷ ʧʫʟʳʨʴʢʦʚʘʷ 
ʢʘʤʝʨʘ ï ʪʨʝʢʦʚʳʡ ʜʝʪʝʢʪʦʨ ʵʣʝʤʝʥʪʘʨʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 
ʚ ʢʦʪʦʨʦʤ ʪʨʝʢ (ʩʣʝʜ) ʯʘʩʪʠʮʳ ʦʙʨʘʟʫʝʪ ʮʝʧʦʯʢʘ ʧʫʟʳʨʴʢʦʚ 
ʧʘʨʘ ʚʜʦʣʴ ʪʨʘʝʢʪʦʨʠʠ ʝʸ ʜʚʠʞʝʥʠʷ (ʨʠʩ. 2). ʀʟʦʙʨʝʪʝʥʘ ɼʦ-
ʥʘʣʴʜʦʤ ɻʣʝʡʟʝʨʦʤ ʚ 1954 ʛʦʜʫ.  

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
ʢʦʥʜʝʥʩʘʮʠʠ ʧʝʨʝʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʚ ʢʘʧʣʠ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ 
ʪʨʘʝʢʪʦʨʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ [4]. ɺ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʝ ʠʩ-
ʧʦʣʴʟʫʝʪʩʷ ʩʚʦʡʩʪʚʦ ʯʠʩʪʦʡ ʧʝʨʝʛʨʝʪʦʡ ʞʠʜʢʦʩʪʠ ʚʩʢʠʧʘʪʴ (ʦʙ-
ʨʘʟʦʚʳʚʘʪʴ ʧʫʟʳʨʴʢʠ ʧʘʨʘ) ʚʜʦʣʴ ʧʫʪʠ ʧʨʦʣʸʪʘ ʟʘʨʷʞʝʥʥʦʡ ʯʘ-
ʩʪʠʮʳ. ʇʝʨʝʛʨʝʪʘʷ ʞʠʜʢʦʩʪʴ ï ʵʪʦ ʞʠʜʢʦʩʪʴ, ʥʘʛʨʝʪʘʷ ʜʦ ʪʝʤʧʝ-
ʨʘʪʫʨʳ, ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ. 
ɺʩʢʠʧʘʥʠʝ ʪʘʢʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʮʝʥʪʨʦʚ 
ʧʘʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʠʦʥʦʚ [5]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʝʩʣʠ ʚ ʢʘ-
ʤʝʨʝ ɺʠʣʴʩʦʥʘ ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʠʥʠʮʠʠʨʫʝʪ ʥʘ ʩʚʦʸʤ ʧʫʪʠ 
ʧʨʝʚʨʘʱʝʥʠʝ ʧʘʨʘ ʚ ʞʠʜʢʦʩʪʴ, ʪʦ ʚ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʝ, ʥʘʦʙʦ-
ʨʦʪ, ʟʘʨʷʞʝʥʥʘʷ ʯʘʩʪʠʮʘ ʚʳʟʳʚʘʝʪ ʧʨʝʚʨʘʱʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚ ʧʘʨ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʤʳ ʠʟʫʯʠʣʠ 
ʩʪʨʦʝʥʠʝ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʨʝʢʦʚʳʭ ʢʘʤʝʨ, ʩʨʘʚʥʠʣʠ ʠʭ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ, ʨʫ-
ʢʦʚʦʜʩʪʚʫʷʩʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʠ ʜʦʩʪʫʧʥʦʩʪʴʶ ʤʘʪʝʨʠʘʣʦʚ, ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʪʦʤ, 
ʯʪʦʙʳ ʩʦʙʨʘʪʴ ʠʤʝʥʥʦ ʢʘʤʝʨʫ ɺʠʣʴʩʦʥʘ, ʪ.ʢ. ʦʥʘ ʛʦʨʘʟʜʦ ʧʨʦʱʝ ʚ ʩʙʦʨʢʝ ʠ ʧʨʠʥʮʠʧʠ-
ʘʣʴʥʦ ʥʝ ʫʩʪʫʧʘʝʪ ʧʫʟʳʨʴʢʦʚʦʡ ʢʘʤʝʨʝ. 

ʄʳ ʧʨʦʝʢʪʠʨʦʚʘʣʠ ʠ ʧʨʦʜʫʤʳʚʘʣʠ ʩʦʙʩʪʚʝʥʥʫʶ ʢʘʤʝʨʫ ɺʠʣʴʩʦʥʘ, ʠ ʨʝʰʠʣʠ 
ʦʩʪʘʥʦʚʠʪʴʩʷ ʥʘ ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʘʭ ʝʸ ʩʦʟʜʘʥʠʷ. ɹʳʣʦ ʨʝʰʝʥʦ ʩʜʝʣʘʪʴ ʦʙʘ 
ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʨʘʚʥʠʪʴ ʩʘʤʠ ʢʘʤʝʨʳ ʠ ʠʭ ʨʝʟʫʣʴʪʘʪʳ. ɹʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʩʦ-
ʙʨʘʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʯʘʣʩʷ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʤʳ ʧʦʣʫʯʠʣʠ ʜʚʝ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʨʘʟʥʳʭ ʚʘʨʠʘʥʪʦʚ.  

1. ʂʘʤʝʨʘ ɺʠʣʴʩʦʥʘ ʠʟ ʙʘʥʢʠ ʙʝʟ ʩʫʭʦʛʦ ʣʴʜʘ 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʨʠʥʮʦʚʢʠ ï çʤʝʜʠʮʠʥʩʢʦʡ 

ʛʨʫʰʠè: ʜʣʷ ʧʝʨʝʥʘʩʳʱʝʥʠʷ ʧʘʨʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʯʪʦ 
ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʤʝʜʠʮʠʥʩʢʦʡ ʛʨʫʰʝ [6].  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʙʘʥʢʘ, ʢʨʳʰʢʘ, ʰʪʫʮʝʨ, ʩʧʨʠʥʮʦʚʢʘ, ʚʘʪʘ, ʵʪʠ-
ʣʦʚʳʡ ʩʧʠʨʪ 93%, ʰʣʘʥʛ, ʬʦʥʘʨʴ, ʪʦʨʠʝʚʳʡ ʧʨʫʪʦʢ ʜʣʷ ʩʚʘʨʢʠ (ʨʠʩ. 3).  

ʉʥʘʯʘʣʘ ʙʳʣʦ ʩʜʝʣʘʥʦ ʦʪʚʝʨʩʪʠʝ ʚ ʢʨʳʰʢʝ, ʚʩʪʘʚʣʝʥ ʠ ʟʘʢʨʝʧʣʝʥ ʰʪʫʮʝʨ. ʂ 
ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʨʳʰʢʠ ʙʳʣʘ ʧʨʠʢʣʝʝʥʘ ʚʘʪʘ, ʮʝʥʪʨ ʢʦʪʦʨʦʡ ʙʳʣ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳ-
ʨʝʟʘʥ. ʂʦʛʜʘ ʚʘʪʘ ʧʨʠʢʣʝʠʣʘʩʴ, ʝʸ ʧʨʦʧʠʪʘʣʠ ʩʧʠʨʪʦʤ. ʂʦʥʝʮ ʩʧʨʠʥʮʦʚʢʠ ʚʩʪʘʚʠʣʠ ʚ 
ʰʣʘʥʛ ʠ ʟʘʢʨʝʧʠʣʠ ʭʦʤʫʪʦʤ ʜʣʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. ɼʨʫʛʫʶ ʩʪʦʨʦʥʫ ʰʣʘʥʛʘ ʚʩʪʘʚʠʣʠ ʚ 
ʰʪʫʮʝʨ ʢʨʳʰʢʠ. ɺ ʙʘʥʢʫ ʧʦʣʦʞʠʣʠ ʪʦʨʠʝʚʳʡ ʧʨʫʪʦʢ. ʂʨʳʰʢʫ ʧʣʦʪʥʦ ʟʘʢʨʫʪʠʣʠ ʥʘ 
ʙʘʥʢʫ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʡ ʢʘʤʝʨʳ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʭʦʡ ʣʸʜ. ʅʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʛʨʫʰʫ ʧʳʣʠ, 
ʧʘʨʦʚ ʞʠʜʢʦʩʪʠ ʠ ʧʨʦʯʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʝʜ-
ʤʝʪʳ ʤʦʛʫʪ ʧʦʤʝʰʘʪʴ ʧʨʦʪʝʢʘʥʠʶ ʧʨʦʮʝʩʩʘ. 

2. ʐʢʦʣʴʥʘʷ ʢʘʤʝʨʘ ɺʠʣʴʩʦʥʘ  

ʈʠʩ. 2. ʇʝʨʚʘʷ ʧʫ-

ʟʳʨʴʢʦʚʘʷ ʢʘʤʝʨʘ 

ɻʣʝʡʟʝʨʘ. ʊʦʥʢʘʷ 

ʣʠʥʠʷ ʥʘ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʢʘʤʝʨʳ ï 

ʪʨʝʢ ʟʘʨʷʞʝʥʥʦʡ 

ʯʘʩʪʠʮʳ. 
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ɼʣʷ ʩʦʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: ʯʝʨʪʝʞʥʘʷ ʙʫʤʘʛʘ, ʧʘʧʴʝ-ʤʘʰʝ, ʩʪʝʢʣʦ, ʜʚʫ-
ʩʪʦʨʦʥʥʠʡ ʩʢʦʪʯ, ʩʪʝʢʣʦ, ʩʪʨʫʙʮʠʥʳ, ʰʣʘʥʛ, ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ 93%, ʩʧʨʠʥʮʦʚʢʘ, ʬʦʥʘʨʴ, 
ʪʦʨʠʝʚʳʡ ʧʨʫʪʦʢ ʜʣʷ ʩʚʘʨʢʠ (ʨʠʩ. 4). 

ʉʥʘʯʘʣʘ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D-ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʢʘʤʝʨʳ, ʧʦʩʣʝ ʯʝʛʦ ʤʦʜʝʣʴ ʙʳʣʘ 
ʟʘʛʨʫʞʝʥʘ ʚ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʧʝʯʘʪʠ ʜʝʪʘʣʝʡ ʥʘ ʙʫʤʘʛʝ. ʇʦʩʣʝ ʵʪʦʛʦ ʜʝʪʘʣʠ ʙʳʣʠ ʨʘʩ-
ʧʝʯʘʪʘʥʳ, ʚʳʨʝʟʘʥʳ ʠ ʩʢʣʝʝʥʳ. ʇʦʣʫʯʠʚʰʘʷʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʳʣʘ ʫʢʨʝʧʣʝʥʘ ʵʧʦʢʩʠʜ-
ʥʦʡ ʩʤʦʣʦʡ ʠ ʧʘʧʴʝ-ʤʘʰʝ. ʇʦ ʙʦʢʘʤ ʙʳʣʘ ʧʨʠʢʣʝʝʥʘ ʚʘʪʘ, ʧʨʦʧʠʪʘʥʥʘʷ ʩʧʠʨʪʦʤ. ɼʘ-
ʣʝʝ ʜʚʝ ʯʘʩʪʠ ʙʳʣʠ ʩʢʣʝʝʥʳ ʜʚʫʩʪʦʨʦʥʥʠʤ ʩʢʦʪʯʝʤ ʠ ʟʘʢʨʝʧʣʝʥʳ ʩʪʨʫʙʮʠʥʘʤʠ. ʊʘʢʞʝ 
ʙʳʣʦ ʚʳʨʝʟʘʥʦ ʩʪʝʢʣʦ ʠ ʧʨʠʢʨʝʧʣʝʥʦ ʢ ʦʪʚʝʨʩʪʠʷʤ ʩʚʝʨʭʫ ʠ ʩʥʠʟʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʩʧʨʠʥ-
ʮʦʚʢʘ ʙʳʣʘ ʩʦʝʜʠʥʝʥʘ ʩʦ ʰʣʘʥʛʦʤ ʠ ʟʘʢʨʝʧʣʝʥʘ ʭʦʤʫʪʦʤ. ɼʨʫʛʦʡ ʢʦʥʝʮ ʰʣʘʥʛʘ ʙʳʣ 
ʧʦʜʢʣʶʯʝʥ ʢ ʩʧʝʮʠʘʣʴʥʦʤʫ ʦʪʚʝʨʩʪʠʶ ʚ ʢʦʨʧʫʩʝ ʢʘʤʝʨʳ. ʏʝʨʝʟ ʜʨʫʛʦʝ ʦʪʚʝʨʩʪʠʝ ʙʳʣ 
ʚʩʪʘʚʣʝʥ ʪʦʨʠʝʚʳʡ ʧʨʫʪʦʢ, ʠ ʢʨʳʰʢʘ ʦʪʚʝʨʩʪʠʷ ʙʳʣʘ ʟʘʢʨʳʪʘ. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ h ʢʦʣʴʥʦʡ ʢʘʤʝʨʳ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʢʘʤʝʨʦʡ ʠʟ ʙʘʥʢʠ, 
ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʭʦʡ ʣʝʜ. ɻʣʘʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ï 
ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʚʝ-
ʱʝʩʪʚ ʚ ʩʧʨʠʥʮʦʚʢʫ [7]. 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 

ʆʙʝ ʢʘʤʝʨʳ ʙʳʣʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥʳ, ʠ ʤʳ ʧʦʣʫʯʠʣʠ ʩʪʦʷʱʠʝ ʠʟʫʯʝʥʠʷ 
ʨʝʟʫʣʴʪʘʪʳ.  

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʢʘʤʝʨʘʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʤʥʦʡ ʢʦʤʥʘʪʝ ʩ ʧʦʜʩʚʝʪʢʦʡ ʦʪ ʬʦ-
ʥʘʨʠʢʘ. ɺʦ ʚʨʝʤʷ ʩʞʘʪʠʷ ʛʨʫʰʠ ʚʥʫʪʨʠ ʢʘʤʝʨ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʪʫʤʘʥʘ, ʢʦ-
ʪʦʨʳʡ ʙʳʩʪʨʦ ʠʩʯʝʟʘʣ (ʨʠʩ. 5 ʠ ʨʠʩ. 7). ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʠʩʧʳʪʘʥʠʡ ʢʘʤʝʨ,  
ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʧʨʦʙʣʝʤʘʤʠ: 

ʚ ʰʢʦʣʴʥʦʡ ʢʘʤʝʨʝ ʥʘʨʫʰʠʣʘʩʴ ʛʝʨʤʝʪʠʯʥʦʩʪʴ ʚ ʤʝʩʪʘʭ ʩʢʣʝʡʢʠ ʩʢʦʪʯʝʤ ʧʦʜ 
ʜʘʚʣʝʥʠʝʤ. ʄʳ ʫʩʪʨʘʥʠʣʠ ʵʪʦ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʪʨʫʙʮʠʥ; 

ʚ ʰʢʦʣʴʥʦʡ ʢʘʤʝʨʝ ʦʙʨʘʟʦʚʘʣʩʷ ʩʧʣʦʰʥʦʡ ʪʫʤʘʥ, ʚ ʢʦʪʦʨʦʤ ʩʪʘʥʦʚʷʪʩʷ ʥʝ-
ʨʘʟʣʠʯʠʤʳʤʠ ʪʨʝʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʇʨʠʰʣʦʩʴ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʠʟʙʳʪʦʢ ʠʦʥʦʚ ʟʘ-
ʨʷʜʦʤ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ. ɼʣʷ ʵʪʦʛʦ 
ʤʳ ʥʘʪʝʨʣʠ ʦʢʥʘ ʢʘʤʝʨʳ ʩʫʭʦʡ ʙʫʤʘʛʦʡ; 

ʩʥʘʯʘʣʘ ʚ ʢʘʤʝʨʘʭ ʧʦʣʫʯʘʣʩʷ ʪʨʫʜʥʦʨʘʟʣʠʯʠʤʳʡ ʪʫʤʘʥ, ʧʦʵʪʦʤʫ ʢʘʤʝʨʳ ʙʳʣʠ 
ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʭʣʘʞʜʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ (ʧʘʢʝʪʳ ʩ ʦʙʳʯʥʳʤ ʣʴʜʦʤ); 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʭʦʨʦʰʠʭ ʬʦʪʦʛʨʘʬʠʡ ʤʳ ʦʧʳʪʥʳʤ ʧʫʪʝʤ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʥʝʦʙ-
ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʪʦʢʘʤʝʨʫ ʚ ʨʝʞʠʤʝ ʜʦʣʛʦʡ ʚʳʜʝʨʞʢʠ ï 30 ʩʝʢʫʥʜ. 

ɺ ʠʪʦʛʝ ʤʳ ʦʪʦʙʨʘʣʠ ʜʚʘ ʣʫʯʰʠʭ ʨʝʟʫʣʴʪʘʪʘ ʩ ʢʘʞʜʦʡ ʢʘʤʝʨʳ.  
ʅʘ ʬʦʪʦ ʤʳ ʫʚʠʜʝʣʠ ʥʝʩʢʦʣʴʢʦ ʪʨʝʢʦʚ, ʠʩʭʦʜʷʱʠʭ ʦʪ ʪʦʨʠʝʚʦʛʦ ʧʨʫʪʢʘ (ʨʠʩ. 6 

ʠ ʨʠʩ. 8). ʆʥʠ ʚʝʩʴʤʘ ʢʨʫʧʥʳʝ, ʘ ʟʥʘʯʠʪ, ʯʪʦ ʵʪʦ Ŭ-ʯʘʩʪʠʮʳ ï ʷʜʨʘ ʠʟʦʪʦʧʘ ʛʝʣʠʷ-4.  
 

ʈʠʩ. 3. ʂʘʤʝʨʘ ɺʠʣʴʩʦʥʘ ʠʟ ʙʘʥʢʠ. ʈʠʩ. 4. ʐʢʦʣʴʥʘʷ ʢʘʤʝʨʘ ɺʠʣʴʩʦʥʘ. 



69 
 

 

 
 
 
 
 

 

 
 
 
 
ʄʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ ʩʜʝʣʘʣʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʚʳʚʦʜ, ʧʦʜʪʚʝʨʞʜʘ-

ʶʱʠʡ ʦʞʠʜʘʥʠʷ. ʅʘʤ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʜʚʝ ʨʘʙʦʪʘʶʱʠʝ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʩʚʦʠʤʠ ʨʫ-
ʢʘʤʠ, ʥʝ ʦʙʣʘʜʘʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʥʘʥʠʷʤʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʛʠʧʦ-
ʪʝʟʫ ʧʨʦʝʢʪʘ.  

ɺ ʢʦʥʮʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʜʚʫʭ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʚʘʨʠʘʥʪʦʚ ʪʨʝʢʦ-
ʚʦʡ ʢʘʤʝʨʳ ɺʠʣʴʩʦʥʘ ʤʳ ʦʪʜʘʣʠ ʧʨʝʜʧʦʯʪʝʥʠʝ ʢʘʤʝʨʝ ʠʟ ʙʘʥʢʠ, ʠ ʥʘ ʵʪʦ ʝʩʪʴ ʥʝ-
ʩʢʦʣʴʢʦ ʧʨʠʯʠʥ. ɺʦ-ʧʝʨʚʳʭ, ʦʥʘ ʙʦʣʝʝ ʧʨʦʩʪʘʷ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʪʨʝʙʫʝʪ ʤʝʥʴʰʝ ʚʨʝ-
ʤʝʥʠ ʠ ʤʘʪʝʨʠʘʣʘ. ɺʦ-ʚʪʦʨʳʭ, ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʣʫʯʰʝ ʚʳʧʦʣʥʷʣʘ 
ʩʚʦʶ ʬʫʥʢʮʠʶ: ʚ ʢʘʤʝʨʫ ʠʟ ʙʘʥʢʠ ʧʦʧʘʜʘʝʪ ʤʝʥʴʰʝ ʚʦʟʜʫʭʘ ʠ ʧʳʣʠ ʠʟʚʥʝ, ʪʨʫʙʢʘ 
ʠʤʝʝʪ ʣʫʯʰʝʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʢʘʤʝʨʦʡ, ʠ ʪʝʤ ʣʫʯʰʝ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ. ɺ-
ʪʨʝʪʴʠʭ, ʢʘʤʝʨʘ ʠʟ ʙʘʥʢʠ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʩʪʴʶ ʩʘʤʦ-
ʩʪʦʷʪʝʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ, ʚʝʜʴ ʫ ʚʪʦʨʦʡ ʙʳʣʠ ʧʨʦʙʣʝʤʳ ʩ ʧʦʧʘʜʘʥʠʝʤ ʚʥʫʪʨʴ 
ʚʦʟʜʫʭʘ ʠ ʧʳʣʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʐɽʉʊɽʈɪʅʅʆɻʆ ʅɸʉʆʉɸ 
ʃʝʱʸʚ ʇʸʪʨ ʗʢʦʚʣʝʚʠʯ 

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

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɿʠʷʢʘʝʚ ɻʨʠʛʦʨʠʡ ʈʘʢʠʪʦʚʠʯ, ʢ.ʪ.ʥ, ʜʦʮʝʥʪ ʦʪʜʝʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʚʦʛʦ 
ʜʝʣʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʛʠʜʨʦʤʘʰʠʥʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ ʟʘʥʠʤʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɻʠʜʨʦʤʘʰʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʫʩʪʨʦʡʩʪʚʘ, 
ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʚ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʠ ʦʙʨʘʪʥʦ, ʪʦʛʜʘ 
ʢʘʢ ʢʦʤʧʨʝʩʩʦʨʳ ʥʫʞʥʳ ʜʣʷ ʩʞʘʪʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ [1]. ɺ ʜʘʥʥʦʤ 
ʦʙʟʦʨʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠ ʬʫʥʢʮʠʠ ʛʠʜʨʦʤʘʰʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʘ 
ʪʘʢʞʝ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ. ʆʜʥʘʢʦ ʤʥʦʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʦʩʪʘʪʦʯʥʦ 
ʜʦʨʦʛʦ ʠ ʠʤʝʝʪ ʪʷʞʸʣʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʣʴ-
ʟʦʚʘʪʝʣʝʡ [1]. ʀʤʝʥʥʦ ʵʪʠ ʜʚʝ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʷʚʣʷʶʪʩʷ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 
 ʇʨʠʤʝʥʝʥʠʝ ʛʠʜʨʦʤʘʰʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ 
ɻʠʜʨʦʤʘʰʠʥʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ, ʚʢʣʶ-
ʯʘʷ ʘʚʪʦʤʦʙʠʣʴʥʫʶ, ʘʚʠʘʮʠʦʥʥʫʶ, ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ, ʩʪʨʦʠʪʝʣʴʥʫʶ, ʩʝʣʴʩʢʦʭʦʟʷʡ-
ʩʪʚʝʥʥʫʶ, ʧʨʦʤʳʰʣʝʥʥʫʶ ʠ ʜʨʫʛʠʝ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʘʙʦʪʫ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ, 
ʧʦʜʲʝʤʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʩʠʩʪʝʤ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʭ ʜʨʫʛʠʭ 
ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤ [1]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʠʜʨʦʤʘʰʠʥʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ 
ʫʩʪʨʦʡʩʪʚʘʤʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ, ʘ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ[1]. ʀʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʧʨʠʥʮʠʧʦʚ ʨʘʙʦʪʳ ʛʠʜʨʦʤʘʰʠʥ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ ʷʚ-
ʣʷʝʪʩʷ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʠ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩ-
ʧʝʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʙʝʟʦʧʘʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʫʩʪʨʦʡʩʪʚ.  
ɼʘʥʥʘʷ ʩʬʝʨʘ ʦʯʝʥʴ ʦʙʲʸʤʥʘ, ʧʦʵʪʦʤʫ ʜʣʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʛʦ ʠʟʫʯʝʥʠʷ ʙʳʣʦ ʨʝʰʝʥʦ 
ʚ ʙrʨʘʪʴ ʢʘʢʫʶ-ʥʠʙʫʜʴ ʦʜʥʫ ʦʙʣʘʩʪʴ. ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʙʦʣʝʝ ʛʣʫʙʦʢʦ 

http://nuclphys.sinp.msu.ru/experiment/detectors/wchamber.htm
http://physiclib.ru/books/item/f00/s00/z0000058/st036.shtml
http://nuclphys.sinp.msu.ru/experiment/detectors/bubble.htm
http://nuclphys.sinp.msu.ru/experiment/detectors/bubble.htm
http://profbeckman.narod.ru/radiometr.files/L10_6.pdf
http://profbeckman.narod.ru/radiometr.files/L10_4.pdf
http://phys.vspu.ac.ru/for%20students/TSOR/Kutseva/registratsya-%D0%BF%D1%83%D0%B7%D1%8B%D1%80%D1%8C%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F%20%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0.html
http://phys.vspu.ac.ru/for%20students/TSOR/Kutseva/registratsya-%D0%BF%D1%83%D0%B7%D1%8B%D1%80%D1%8C%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F%20%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0.html
http://phys.vspu.ac.ru/for%20students/TSOR/Kutseva/registratsya-%D0%BF%D1%83%D0%B7%D1%8B%D1%80%D1%8C%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F%20%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0.html
http://phys.vspu.ac.ru/for%20students/TSOR/Kutseva/registratsya-%D0%BF%D1%83%D0%B7%D1%8B%D1%80%D1%8C%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F%20%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0.html
http://phys.vspu.ac.ru/for%20students/TSOR/Kutseva/registratsya-%D0%BF%D1%83%D0%B7%D1%8B%D1%80%D1%8C%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F%20%D0%BA%D0%B0%D0%BC%D0%B5%D1%80%D0%B0.html
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ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʪʝʤʫ ʥʘʩʦʩʦʚ ʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʳʙʨʘʣ ʰʝʩʪʝʨʸʥʥʳʡ ʥʘʩʦʩ. ʅʝ-
ʩʤʦʪʨʷ ʥʘ ʜʦʣʛʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʵʪʦʛʦ ʥʘʩʦʩʘ ʥʘ ʨʳʥʢʝ, ʜʘʥʥʫʶ ʤʘʰʠʥʫ ʤʦʞʥʦ ʦʧʪʠ-
ʤʠʟʠʨʦʚʘʪʴ, ʘ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʜʘʥʥʘʷ ʪʝʤʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʘʞʥʦʝ 
ʟʥʘʯʝʥʠʝ. 
 ʐʝʩʪʝʨʸʥʥʳʡ ʥʘʩʦʩ 
ʐʝʩʪʝʨʸʥʥʳʡ ʥʘʩʦʩ ð ʵʪʦ ʦʙʲʸʤʥʳʡ ʨʦʪʦʨʥʳʡ ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝ-
ʨʝʢʘʯʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʚʢʣʶʯʘʷ ʯʠʩʪʫʶ ʚʦʜʫ, ʧʘʩʪʳ ʠ ʞʠʜʢʦʩʪʠ ʩ ʘʙʨʘ-
ʟʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ[1]. ʕʪʦʪ ʥʘʩʦʩ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʴʶ, ʫʥʠʚʝʨʩʘʣʴʥʦ-
ʩʪʴʶ ʠ ʢʘʯʝʩʪʚʦʤ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʠʜʝʘʣʴʥʳʤ ʚʳʙʦʨʦʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦ-
ʤʳʰʣʝʥʥʦʩʪʠ[1]. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʰʝʩʪʝʨʸʥʥʦʛʦ ʥʘʩʦʩʘ ʦʩʥʦʚʘʥ ʥʘ ʧʝʨʝʥʦʩʝ ʞʠʜʢʦʩʪʠ ʜʚʫʤʷ 
ʰʝʩʪʝʨʸʥʢʘʤʠ ð ʚʝʜʫʱʝʡ ʠ ʚʝʜʦʤʦʡ[1]. ɾʠʜʢʦʩʪʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠʟ ʧʦʣʦʩʪʠ ʚʩʘʩʳ-
ʚʘʥʠʷ ʚ ʧʦʣʦʩʪʴ ʥʘʛʥʝʪʘʥʠʷ[1]. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ ʙʣʘʛʦʜʘʨʷ ʟʘʮʝʧʣʝʥʠʶ 
ʟʫʙʴʝʚ ʰʝʩʪʝʨʸʥʦʢ[1] 

ʐʝʩʪʝʨʸʥʥʳʝ ʥʘʩʦʩʳ ʤʦʛʫʪ ʙʳʪʴ ʩ ʚʥʝʰʥʠʤ ʠʣʠ ʚʥʫʪʨʝʥʥʠʤ ʟʘʮʝʧʣʝʥʠʝʤ[1]. 
ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʩʦʩʘ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ: ʨʦ-
ʪʦʨ, ʚʝʜʦʤʦʝ ʢʦʣʝʩʦ, ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ, ʚʩʘʩʳʚʘʶʱʘʷ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ 
ʟʦʥʳ, ʘ ʪʘʢʞʝ ʩʠʩʪʝʤʘ ʚʘʣʴʥʦʛʦ ʫʪʝʧʣʝʥʠʷ[1]. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʰʝʩʪʝʨʸʥʥʳʭ ʥʘʩʦʩʦʚ: 
¶ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʜʚʫʭ ʧʦʜʚʠʞʥʳʭ ʯʘʩʪʝʡ; 
¶ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ ʨʘʟʣʠʯʥʦʡ ʚʷʟʢʦʩʪʠ; 
¶ ʨʘʙʦʪʘ ʙʝʟ ʧʫʣʴʩʘʮʠʠ; 
¶ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ ʟʘʟʦʨʘ ʤʝʞʜʫ ʟʫʙʴʷʤʠ ʠ ʢʦʨʧʫʩʦʤ; 
¶ ʥʝʙʦʣʴʰʦʡ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ; 
¶ ʧʨʦʩʪʦʝ ʠ ʙʳʩʪʨʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 
ʆʜʥʘʢʦ ʫ ʰʝʩʪʝʨʸʥʥʳʭ ʥʘʩʦʩʦʚ ʝʩʪʴ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʪʘʢʠʝ ʢʘʢ ʥʘʣʠʯʠʝ ʧʦʜʰʠʧ-

ʥʠʢʦʚ ʫʧʦʨʘ ʚ ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʩʨʝʜʝ ʠ ʨʘʜʠʘʣʴʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʚʘʣ ʥʘʩʦʩʘ. 
ɺ ʮʝʣʦʤ, ʰʝʩʪʝʨʸʥʥʳʝ ʥʘʩʦʩʳ ʷʚʣʷʶʪʩʷ ʥʘʜʸʞʥʳʤ ʠ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘ-
ʥʠʝʤ, ʢʦʪʦʨʦʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɹʣʘʛʦ-
ʜʘʨʷ ʩʚʦʠʤ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢ-
ʪʠʚʥʫʶ ʨʘʙʦʪʫ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥʠʝ 3D ʤʦʜʝʣʠ ʰʝʩʪʝʨʸʥʥʦʛʦ ʥʘʩʦʩʘ ʠ ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʘ ʝʛʦ 
ʨʘʙʦʪʳ 

1. ʀʟʫʯʠʪʴ ʪʝʦʨʠʶ (ʚʠʜʳ ʥʘʩʦʩʦʚ, ʠʭ ʫʩʪʨʦʡʩʪʚʦ) 
2. ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ 3D 
3. ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 3D ʤʦʜʝʣʠ ʰʝʩʪʝʨʸʥʥʦʛʦ ʥʘʩʦʩʘ. 
4. ʩʦʙʨʘʪʴ 3D ʤʦʜʝʣʠ ʜʝʪʘʣʝʡ ʰʝʩʪʝʨʸʥʥʦʛʦ ʥʘʩʦʩʘ ʚ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ 3D. 
5. ʈʘʩʧʝʯʘʪʘʪʴ ʧʦʩʪʨʦʝʥʥʳʝ ʜʝʪʘʣʠ ʜʝʪʘʣʠ ʥʘ 3D ʧʨʠʥʪʝʨʝ. 
6. ʉʦʙʨʘʪʴ ʤʦʜʝʣʴ ʥʘʩʦʩʘ ʠʟ ʨʘʩʧʝʯʘʪʘʥʥʳʭ ʜʝʪʘʣʝʡ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ʇʝʨʚʳʤ ʜʝʣʦʤ ʙʳʣʘ ʧʨʦʯʠʪʘʣ ʠ ʠʟʫʯʝʥʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʤʥʝ ʣʠʪʝʨʘʪʫʨʫ, ʘ 

ʪʘʢʞʝ ʠʟʫʯʝʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʩ ʧʦʤʦʱʴʶ ʫʞʝ ʩʦʙʨʘʥʥʳʡ ʠ ʧʦʣʥʦʩʪʴʶ ʠʩʧʨʘʚ-
ʥʳʡ ʦʙʨʘʟʝʮ. 

ʇʦʩʣʝ ʥʫʞʥʦ ʙʳʣʦ ʟʘʥʠʤʘʪʴʩʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ ʠ ʨʘʩʯʸʪʘʤʠ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʘʩʦʩʘ (ʨʠʩ. 1), ʤʦʜʝʣʴ ʢʦʪʦʨʦʛʦʷ ʧʣʘʥʠʨʦʚʘʣʦʩʴ ʧʦʩʪʨʦʠʪʴ. 

ʅʘʭʦʞʜʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʧʦʜʘʯʠ ʥʘʩʦʩʘ:  
 

Qt = V0 * n = 75 ʣ/ʤʠʥ 
Qd = Qt * Ὥ ob = 60 ʣ/ʤʠʥ 
n = 1500 
 
V0 = Qt / n = 50 * 10-3 ʣ 
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Ὥ ob = Qd / Qt = 0.8 
 
ɺʳʙʦʨ ʤʦʜʫʣʷ ʟʘʮʝʧʣʝʥʠʷ: 
M1 = 0.2 * (Qd)1/2 ʤʤ (min) 
M2 = 0.5 * (Qd)1/2 ʤʤ (max) 
 
ɻʆʉʊ 9563-60 ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ ʨʷʜʘ ʤʦʜʫʣʝʡ m = 0.05 é 100 ʤʤ. 
ʈʷʜ 1: é 0,5; 0,6; 0,8; 1; 1,25; 1,5; 2; 2,5; 3; 4; 5; 6; 8; 10; 12; 16 
ʈʷʜ 2: é 0,55; 0,7; 0,9; 1,125; 1,375; 1,75; 2,25; 2,75; 3,5; 4,5; 5,5; 7; 9; 11; 14 
 
ʇʦ ɻʆʉʊ 9563-60 ʧʨʠʥʠʤʘʶ ʤʦʜʫʣʴ M = 4 ʤʤ 
ʐʠʨʠʥʘ ʰʝʩʪʝʨʥʠ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʚʷʪʠ ʤʦʜʫʣʝʡ. 
bmin = 6 * M = 24 ʤʤ 
bmax = 9 * ʄ = 36 ʤʤ 
ʇʨʠʥʠʤʘʶ b = 35 ʤʤ 
 
ʆʧʨʝʜʝʣʷʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʟʘ 1 ʦʙʦʨʦʪ ʥʘ 1 ʤʤ ʰʠʨʠʥʳ ʟʫʙʘ ʰʝʩʪʝʨʥʠ: 

q = 
ᶻ

 = 1.429 * 10-3  ʩʤ3 

 
ʇʦ ʥʦʤʝʨʦʛʨʘʤʤʝ 1 ʥʘʭʦʜʠʤ, ʯʪʦ ʯʠʩʣʦ ʟʫʙʴʝʚ z = 13, ʪʘʢ ʢʘʢ ʛʦʨʠʟʦʥʪʘʣʴ q 

ʧʝʨʝʩʝʢʘʝʪ ʧʨʷʤʫʶ ʤʦʜʫʣʷ ʨʘʚʥʦʛʦ 4 ʥʘ ʚʝʨʪʠʢʘʣʠ 13. ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʥʫʞʥʘʷ ʧʨʦʠʟ-
ʚʦʜʠʪʝʣʴʥʦʩʪʴ ʥʘʩʦʩʘ ʧʨʠ ʟʘʜʘʥʥʳʭ ʦʙʦʨʦʪʘʭ ʠ ʧʨʠʥʷʪʦʡ ʰʠʨʠʥʝ ʟʫʙʘ ʤʦʞʝʪ ʧʦʣʫ-
ʯʠʪʴʩʷ ʧʨʠ ʥʝʢʦʨʨʠʛʠʨʦʚʘʥʥʦʤ ʟʫʙʝ ʧʨʠ ʤʦʜʫʣʝ ʨʘʚʥʦʤ 4 ʠ ʯʠʩʣʝ ʟʫʙʴʝʚ ʨʘʚʥʦʤ 13. 

z = 13 
 
ʧʦ ʪʘʙʣʠʮʝ 1 ʦʧʨʝʜʝʣʷʝʤ: 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʮʝʥʪʨʘʤʠ Ad = 14*4 = 56 ʤʤ  
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ʈʠʩ. 1 ʥʦʤʝʨʦʛʨʘʤʤʘ 1                        ʈʠʩ. 7 ʊʘʙʣʠʮʘ 1 
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ʇʦ ʧʨʦʠʟʚʝʜʸʥʥʳʤ ʨʘʩʯʸʪʘʤ ʷ ʩʜʝʣʘʣ 3D ʤʦʜʝʣʠ ʜʝʪʘʣʠʡ ʚ ʧʨʦʛʨʘʤʤʝ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 2 ɼʝʪʘʣʴ1                                                                     ʈʠʩ. 3 ɼʝʪʘʣʴ2 
 

 
 

ʈʠʩ. 3 ɼʝʪʘʣʴ3 

 
ʈʠʩ. 4 ɼʝʪʘʣʴ4 

ʇʦʩʣʝ ʧʦʩʪʨʦʝʥʠʷ ʜʝʪʘʣʠ ʙʳʣʠ ʨʘʩʧʝʯʘʪʘʥʳ ʠ ʥʘʩʦʩ ʙʳʣ ʩʦʙʨʘʥ. 
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ʈʠʩ. 5 ʅʘʩʦʩ                                             ʈʠʩ. 6 ʅʘʩʦʩ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ 

 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɻʠʜʨʦʤʘʰʠʥʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʩʦʩʪ. ɻ.ʈ. ɿʠʷʢʘʝʚ; ʊʦʤʩʢʠʡ ʧʦʣʠ-
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠ-
ʪʝʪʘ, 2016. ï 142 ʩ. 

 
 
 
 

ɺʓʉʆʂʆʉʂʆʈʆʉʊʅʆɽ ʆʉɸɾɼɽʅʀɽ ʇʃɪʅʆʂ ʆʂʉʀɼɸ ʀʊʊʈʀʗ ɼʃʗ  
ʇʆʃʋʏɽʅʀʗ ʊʆʅʂʆʇʃɽʅʆʏʅʓʍ ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ  

ʉɺɽʈʍʇʈʆɺʆɼʅʀʂʆɺ 
ʄʝʣʴʥʠʢʦʚʘ ɽʣʠʟʘʚʝʪʘ ʇʝʪʨʦʚʥʘ 

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

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʜʝʣʸʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 
ʅʆʎ ɹ.ʇ. ɺʝʡʥʙʝʨʛʘ, ʀʗʊʐ 

 
ʎʝʣʴ: ʫʩʪʘʥʦʚʠʪʴ ʫʩʣʦʚʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʩ ʧʦʤʦʱʴʶ 
ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. 
ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʪʠʧʳ, ʩʪʨʫʢʪʫʨʫ, ʩʚʦʡʩʪʚʘ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʠ ʤʝʪʦʜʳ ʠʭ ʧʦʣʫ-
ʯʝʥʠʷ; 

2. ʇʦʣʫʯʠʪʴ ʦʙʨʘʟʮʳ ʧʣʸʥʦʢ, ʚʘʨʴʠʨʫʷ ʧʦʪʦʢ ʢʠʩʣʦʨʦʜʘ ʚ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ; 
3. ɺʳʧʦʣʥʠʪʴ ʩʲʸʤʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ 
ʩʪʨʫʢʪʫʨʫ. 

4. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
ɺʚʝʜʝʥʠʝ. 

ʉʚʝʨʭʧʨʦʚʦʜʥʠʢ ï ʵʪʦ ʧʨʦʚʦʜʥʠʢ, ʫ ʢʦʪʦʨʦʛʦ ʥʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪ.ʝ., ʦʥ ʠʜʝ-
ʘʣʴʥʦ ʧʨʦʚʦʜʠʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɻʣʘʚʥʦʡ ʟʘʜʘʯʝʡ ʜʣʷ ʩʦʟʜʘʪʝʣʝʡ ʩʚʝʨʭʧʨʦʚʦʜʥʠ-
ʢʦʚ ʷʚʣʷʝʪʩʷ ʧʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʧʣʝʥʢʘ, ʧʦ-
ʢʨʳʚʘʶʱʘʷ ʫʩʪʨʦʡʩʪʚʦ. ʇʦʢʨʳʪʠʝ ʜʝʣʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʛʥʝʪʨʦʥʘ (ʦ ʝʛʦ ʨʘʙʦʪʝ 
ʩʤ. ʧʫʥʢʪ 3). 

ʉʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʪʠʧʘ: LaϜ-xMxCuϚϞ (LMCO), 
YBaϜCuϝOϠ+x (YBCO) ʠ ʪʠʧ Bi, Tl, Hg. ʇʝʨʚʳʝ ʜʚʘ ʠʩʧʦʣʴʟʫʶʪ ʯʘʱʝ ʚʩʝʛʦ, ʧʦʪʦʤʫ ʯʪʦ 
ʧʦ ʩʚʦʡʩʪʚʘʤ ʦʥʠ ʧʨʝʚʦʩʭʦʜʷʪ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ ʪʨʝʪʴʝʛʦ ʪʠʧʘ. ɻʣʘʚʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 
ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʘ ʠʟ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 
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ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʝ. ʋ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 23 
ʜʦ 45 ʂ, ʫ ʚʪʦʨʦʛʦ ï ʦʪ 46 ʜʦ 93 ʂ, ʫ ʪʨʝʪʴʝʛʦ ï ʦʪ 93 ʜʦ 164 ʂ. 
ʇʨʦʙʣʝʤʘʪʠʢʘ ʨʘʙʦʪʳ.  

ɺ ʦʙʣʘʩʪʠ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʜʙʦʨ ʤʘʪʝʨʠʘʣʘ, ʠʟ ʢʦ-
ʪʦʨʦʛʦ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʧʦʢʨʳʪʠʝ. ɺ ʤʦʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʦʢʩʠʜ ʠʪʪʨʠʷ, ʯʪʦʙʳ 
ʚʳʷʩʥʠʪʴ, ʷʚʣʷʝʪʩʷ ʣʠ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʩʘʤʳʤ ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʧʦʢʨʳʪʠʷ. 
ʄʘʛʥʝʪʨʦʥ. 
ʄʘʛʥʝʪʨʦʥ ï ʫʩʪʨʦʡʩʪʚʦ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʭʦʜʠʪ ʨʘʩʧʳʣʝʥʠʝ ʤʘʪʝʨʠʘʣʘ, ʠʟ 
ʢʦʪʦʨʦʛʦ ʩʦʩʪʦʠʪ ʧʣʝʥʢʘ. ɺ ʥʝʤ ʝʩʪʴ ʢʘʪʦʜ ʠ ʘʥʦʜ. ʅʘ ʢʘʪʦʜ ʣʝʪʷʪ ʠʦʥʳ ʘʨʛʦʥʘ ʠ ʙʦʤ-
ʙʘʨʜʠʨʫʶʪ ʤʠʰʝʥʴ, ʧʨʠ ʪʘʢʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʘʪʦʤʳ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ ʨʘʩʧʳʣʷ-
ʶʪʩʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚ ʥʸʤ ʝʩʪʴ ʩʠʩʪʝʤʘ ʤʘʛʥʠʪʦʚ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪ ʘʨʦʯʥʦʝ ʤʘʛʥʠʪ-
ʥʦʝ ʧʦʣʝ ʠ ʵʣʝʢʪʨʦʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʣʷ ʥʘʯʠʥʘʶʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʟʘʤʢʥʫʪʳʤ ʣʠʥʠʷʤ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʮʠʢʣʦʠʜʘʣʴʥʦ, ʧʦʵʪʦʤʫ ʠʦʥʠʟʫʝʪʩʷ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʘʨ-
ʛʦʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʂʇɼ ʤʘʛʥʝʪʨʦʥʘ ʠ ʨʘʩʧʳʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪ-
ʨʝʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʠʩʣʦʨʦʜ, ʢʘʢ ʨʝʘʢʪʠʚʥʳʡ ʛʘʟ, 
ʯʪʦʙʳ ʦʥ ʤʦʛ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʪʦʢʦʤ ʘʪʦʤʦʚ ʠʪʪʨʠʷ ʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʦʢʩʠʜ ʠʪ-
ʪʨʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʨʘʙʦʪʘ. 

¶ ʆʙʨʘʙʦʪʢʘ ʤʘʪʝʨʠʘʣʦʚ.  
ɼʣʷ ʥʘʯʘʣʘ ʥʫʞʥʦ ʦʙʨʘʙʦʪʘʪʴ ʧʦʜʣʦʞʢʫ ʩ ʮʝʣʴʶ ʫʜʘʣʝʥʠʷ ʩʣʝʜʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ ʥʝ-
ʦʨʛʘʥʠʯʝʩʢʦʡ ʟʘʛʨʷʟʥʝʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʢʠʧʷʱʠʡ ʤʳʣʴʥʳʡ ʨʘʩʪʚʦʨ. ʇʦ-
ʩʣʝ ʵʪʦʛʦ, ʦʙʨʘʟʮʳ (ʢʨʝʤʥʠʡ ʠ ʩʘʧʬʠʨ) ʧʨʦʤʳʚʘʣʠʩʴ ʚʦʜʦʡ, ʦʩʪʘʪʢʠ ʚʦʜʳ ʫʙʠʨʘʣʠ ʩ 
ʧʦʤʦʱʴʶ ʢʠʧʷʯʝʥʠʷ ʚ ʩʧʠʨʪʝ. 
  

 
 

ʈʠʩ 1. ʆʯʠʱʝʥʥʳʝ ʧʦʜʣʦʞʢʠ ʠʟ ʩʘʧʬʠʨʘ ʠ ʢʨʝʤʥʠʷ 
 

ʉʥʘʯʘʣʘ, ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ, ʠʭ ʧʦʤʝʩʪʠʣʠ ʚ ʢʘʤʝʨʫ, ʛʜʝ ʦʙʨʘʟʦʚʘʣʩʷ ʚʳ-
ʩʦʢʠʡ ʚʘʢʫʫʤ. ʉʨʘʟʫ ʧʦʩʣʝ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʘʢʫʫʤʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘʧʳʣʝʥʠʝ ʧʦʢʨʳ-
ʪʠʡ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʨʘʩʧʳʣʝʥʠʝ ʠʪʪʨʠʷ ʧʨʦʚʦʜʠʣʦʩʴ 
ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʠʰʝʥʠ (ʩ ʝʸ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʳʣʷʣʩʷ ʠʪʪʨʠʡ), ʘ ʜʣʷ ʬʦʨʤʠʨʦ-
ʚʘʥʠʷ ʦʢʩʠʜʘ ʠʪʪʨʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚ ʢʘʤʝʨʫ ʥʘʧʫʩʢʘʣʠ ʢʠʩʣʦʨʦʜ. ʆʜʥʘʢʦ ʢʠʩʣʦ-
ʨʦʜ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ï ʤʦʣʝʢʫʣʷʨʥʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʣʘʟʤʝʥʥʦʛʦ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʠ ʧʦʢʨʳʪʠʷ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʢʘʢ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʠʪʪʨʠʡ, ʪʘʢ ʠ ʝʛʦ ʦʢʩʠʜʳ.  
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ʈʠʩ. 2. ʆʙʨʘʟʮʳ ʩ ʧʦʢʨʳʪʠʷʤʠ 

 

ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 
ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ñSearch-machò. ʇʨʝʞʜʝ, ʯʝʤ ʥʘʡʪʠ 
ʧʠʢʠ, ʥʫʞʥʦ ʚʳʨʝʟʘʪʴ ʬʦʥ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥ ʛʨʘʬʠʢ. ʋ ʜʘʥʥʳʭ ʧʦʜʣʦʞʝʢ ʨʦʤ-
ʙʦʚʠʜʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ. 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
ʈʠʩ. 3. ʇʠʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʥʘ ʛʨʘʬʠʢʝ. ʉʠʥʠʝ ʧʠʢʠ: AL2O3, ʦʨʘʥʞʝʚʳʝ 

ʧʠʢʠ: Y2O3ʄ 
ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʣʴʢʦ ʩʠʥʠʝ ʠ ʦʨʘʥʞʝʚʳʝ ʧʠʢʠ, ʥʝʩʢʦʣʴʢʦ ʧʠʢʦʚ ʥʝ ʧʦʜʭʦʜʠʪ 

(ʵʪʦ ʧʠʢʠ ʩʚʦʙʦʜʥʦʛʦ ʠʪʪʨʠʷ; ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʦʰʣʦ 
ʧʦʣʥʦʝ ʦʢʠʩʣʝʥʠʝ). 

ɻʨʘʬʠʢ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ, ʪʘʢ ʢʘʢ ʧʠʢʦʚ ʤʥʦʛʦ ʠ ʦʥʠ ʨʘʟʥʳʡ ʜʣʠʥʳ. ʕʪʦ ʛʦʚʦ-
ʨʠʪ ʦ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (ʪ.ʝ., ʥʘ ʜʘʪʯʠʢ ʧʦʧʘʜʘʣʦ ʤʥʦʛʦ ʩʦʙʳʪʠʡ). 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʦʧʨʝʜʝʣʠʣʠ, ʯʪʦ ʦʢʩʠʜ ʠʪʪʨʠʷ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʤʘ-
ʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʢʨʳʪʠʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʧʦʪʦʤʫ ʯʪʦ ʠʩʭʦʜʷ ʠʟ ʨʠʩʫʥʢʘ 3, ʢʨʠʩʪʘʣ-
ʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʫʩʪʦʡʯʠʚʘ ʠ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ ʪʝʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʤʠ ʧʨʦʠʩʭʦ-
ʜʠʣʦ ʦʧʳʣʝʥʠʝ.  
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ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. High-Temperature Cuprate Superconductors. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦ-
ʩʪʫʧʘ: https://link.springer.com/content/pdf/10.1007/978-3-642-12633-8.pdf (ʜʘʪʘ ʦʙʨʘ-
ʱʝʥʠʷ: 02.03.24) 

2. ɼʠʬʨʘʢʮʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʣʫʯʝʡ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ:  
http://fn.bmstu.ru/data-physics/library/physbook/tom4/ch5/texthtml/ch5_6.htm (ʜʘʪʘ ʦʙʨʘ-
ʱʝʥʠʷ: 14.03.24) 

 
 
 
 

ʕʃɽʂʊʈʆɼɺʀɻɸʊɽʃʔ. ʊɸʍʆʄɽʊʈ 
ʄʝʣʴʥʠʢʦʚ ʀʚʘʥ 

ʄɸʆʋ ɻʠʤʥʘʟʠʷ ˉ3 ʚ ɸʢʘʜʝʤʛʦʨʦʜʢʝ 
10 ʢʣʘʩʩ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ʉʦʩʝʜʢʠʥʘ ʅʘʪʘʣʴʷ ɺʘʣʝʨʴʝʚʥʘ, ʫʯʠʪʝʣʴ ʠʥʬʦʨʤʘʪʠʢʠ 

ɹʦʨʦʜʫʣʠʥʘ ɸʣʝʢʩʘʥʜʨʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 
ʄʝʣʴʥʠʢʦʚ ɸʣʝʢʩʝʡ ɺʣʘʜʠʩʣʘʚʦʚʠʯ 

 
ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ. 
ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʚʩʶʜʫ. ɼʘʞʝ ʜʦʤʘ ʚʳ ʤʦʞʝʪʝ ʦʙʥʘʨʫʞʠʪʴ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ. ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʯʘʩʘʭ, ʚ 
ʚʝʥʪʠʣʷʪʦʨʝ ʤʠʢʨʦʚʦʣʥʦʚʦʡ ʧʝʯʠ, ʚ ʩʪʠʨʘʣʴʥʦʡ ʤʘʰʠʥʝ, ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʚʝʥʪʠʣʷʪʦ-
ʨʘʭ, ʚ ʢʦʥʜʠʮʠʦʥʝʨʝ, ʚ ʩʦʢʦʚʳʞʠʤʘʣʢʝ ʠ ʪ. ʜ. ʠ ʪ. ʧ. ʅʫ ʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ, ʧʨʠʤʝʥʷ-
ʝʤʳʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʦʞʥʦ ʧʝʨʝʯʠʩʣʷʪʴ ʙʝʩʢʦʥʝʯʥʦ. ɼʠʘʧʘʟʦʥ ʬʠʟʠʯʝʩʢʠʭ ʨʘʟ-
ʤʝʨʦʚ ï ʦʪ ʨʘʟʤʝʨʘ ʩʦ ʩʧʠʯʝʯʥʫʶ ʛʦʣʦʚʢʫ ʜʦ ʨʘʟʤʝʨʘ ʣʦʢʦʤʦʪʠʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. 
ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʨʦʩʩʠʡʩʢʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʨʘʟʥʳʭ 
ʪʠʧʦʚ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ: 

ɸʨʤʘʚʠʨʩʢʠʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʟʘʚʦʜ ð ʦʜʥʦ ʠʟ ʩʪʘʨʝʡʰʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʢʦ-
ʪʦʨʦʝ ʟʘʥʠʤʘʝʪʩʷ ʚʳʧʫʩʢʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ ʩ ʩʝʨʝʜʠʥʳ 20 ʚʝʢʘ, ʧʦʩʪʦʷʥʥʦ ʫʩʦ-
ʚʝʨʰʝʥʩʪʚʫʷ ʢʦʥʩʪʨʫʢʮʠʠ. 

ɺʣʘʜʠʤʠʨʩʢʠʡ ʵʣʝʢʪʨʦʤʦʪʦʨʥʳʡ ʟʘʚʦʜ, ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʴʶ ʢʨʫʧʥʦʛʦ ʭʦʣʜʠʥʛʘ 
çʈʫʩʵʣʧʨʦʤè, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʨʘʙʦ-
ʪʘʶʱʠʭ ʥʘʜ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ. 
ʉʨʝʜʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ General Electric ʠ Emerson 
Electric. 

ɺ ʦʩʥʦʚʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʤʝʭʘʥʠʯʝʩʢʫʶ ʣʝʞʠʪ ʤʘʛʥʝ-
ʪʠʟʤ. ɺ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʳ, 
ʢʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ï ʬʝʨʨʦʤʘʛʥʝ-
ʪʠʢʦʚ. 

ɺ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʣʝʞʠʪ ʵʬʬʝʢʪ, ʦʙʥʘʨʫʞʝʥʥʳʡ 
ʄʘʡʢʣʦʤ ʌʘʨʘʜʝʝʤ ʚ 1821 ʛʦʜʫ: ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʠ ʤʘʛʥʠʪʘ 
ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʚʨʘʱʝʥʠʝ. ʆʜʠʥ ʠʟ ʧʝʨʚʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʥʘʰʝʜʰʠʭ 
ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʙʳʣ ʜʚʠʛʘʪʝʣʴ ɹʦʨʠʩʘ ʉʝʤʝʥʦʚʠʯʘ ʗʢʦʙʠ (1801 ï1874), 
ʧʨʠʚʦʜʠʚʰʠʡ ʚ ʜʚʠʞʝʥʠʝ ʢʘʪʝʨ ʩ 12 ʧʘʩʩʘʞʠʨʘʤʠ ʥʘ ʙʦʨʪʫ. ʆʜʥʘʢʦ ʜʣʷ ʰʠʨʦʢʦʛʦ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʝʦʙʭʦʜʠʤ ʙʳʣ ʠʩʪʦʯʥʠʢ ʜʝʰʝʚʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ð 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʛʝʥʝʨʘʪʦʨ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʦʯʝʥʴ ʧʨʦʩʪ: ʚʨʘʱʝʥʠʝ ʚʳʟʳʚʘʝʪʩʷ ʩʠʣʘʤʠ 
ʤʘʛʥʠʪʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʜʝʡʩʪʚʫʶʱʠʤʠ ʤʝʞʜʫ ʧʦʣʶʩʘʤʠ ʧʦʜʚʠʞʥʦʛʦ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ (ʨʦʪʦʨʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʣʶʩʘʤʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

https://link.springer.com/content/pdf/10.1007/978-3-642-12633-8.pdf
http://fn.bmstu.ru/data-physics/library/physbook/tom4/ch5/texthtml/ch5_6.htm
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ʩʦʟʜʘʚʘʝʤʦʛʦ ʥʝʧʦʜʚʠʞʥʳʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʦʤ (ʠʣʠ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ) ð ʩʪʘʪʦ-
ʨʦʤ. 

ɺʨʘʱʘʶʱʘʷʩʷ ʯʘʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʘʰʠʥʳ ʥʘʟʳʚʘʝʪʩʷ ʨʦʪʦʨʦʤ (ʠʣʠ ʷʢʦʨʝʤ), 
ʘ ʥʝʧʦʜʚʠʞʥʘʷ - ʩʪʘʪʦʨʦʤ. ɺ ʧʨʦʩʪʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʙʣʦʢ ʢʘ-
ʪʫʰʢʠ ʩʣʫʞʠʪ ʨʦʪʦʨʦʤ, ʘ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ - ʩʪʘʪʦʨʦʤ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʩʦʟʜʘʝʪʩʷ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ 
ʦʪ ʦʙʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʫʩʪʨʦʡʩʪʚʘ, ʚʝʣʠʯʠʥʳ ʧʨʠʣʦʞʝʥʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʝʝ 
ʧʦʪʝʨʴ ʧʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʤʦʱʥʦʩʪʠ ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʜʚʠʛʘʪʝʣʷ 
ʚʩʝʛʜʘ ʤʝʥʴʰʝ ʧʨʠʣʦʞʝʥʥʦʡ ʢ ʥʝʤʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝ-
ʣʠʯʠʥʦʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ.  

ʉʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʜʦʙʠʪʴʩʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘ-
ʪʝʣʷ. ɸ ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʩʜʝʣʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʧʦʣʶʩ ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʧʨʠʪʷ-
ʥʫʚʰʠʩʴ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʧʦʣʶʩʫ ʩʪʘʪʦʨʘ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʝʥʷʣʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦ-
ʣʦʞʥʳʡ ð ʪʦʛʜʘ ʨʦʪʦʨ ʥʝ ʟʘʤʨʝʪ ʥʘ ʤʝʩʪʝ, ʘ ʧʦʚʝʨʥʝʪʩʷ ʜʘʣʴʰʝ ð ʧʦ ʠʥʝʨʮʠʠ ʠ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʚʦʟʥʠʢʰʝʛʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʦʪʪʘʣʢʠʚʘʥʠʷ. 

ɼʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʦʣʶʩʦʚ ʨʦʪʦʨʘ ʩʣʫʞʠʪ ʢʦʣʣʝʢʪʦʨ. ʆʥ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʫ ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʚʘʣʫ ʨʦʪʦʨʘ ʧʣʘʩʪʠʥ (ʣʘʤʝʣʝʡ), ʢ ʢʦʪʦʨʳʤ 
ʧʦʜʢʣʶʯʝʥʳ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ. ʊʦʢ ʥʘ ʵʪʠ ʧʣʘʩʪʠʥʳ ʧʦʜʘʝʪʩʷ ʯʝʨʝʟ ʪʦʢʦʩʥʠʤʘʶʱʠʝ 
ʢʦʥʪʘʢʪʳ (ʱʝʪʢʠ). ʇʨʠ ʧʦʚʦʨʦʪʝ ʨʦʪʦʨʘ ʥʘ 180Á ʧʣʘʩʪʠʥʳ ʤʝʥʷʶʪʩʷ ʤʝʩʪʘʤʠ ð ʵʪʦ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ ʪʦʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʶʩʳ ʧʦʜʚʠʞʥʦʛʦ ʵʣʝʢ-
ʪʨʦʤʘʛʥʠʪʘ. ʊʘʢ ʢʘʢ ʦʜʥʦʠʤʝʥʥʳʝ ʧʦʣʶʩʳ ʚʟʘʠʤʥʦ ʦʪʪʘʣʢʠʚʘʶʪʩʷ, ʢʘʪʫʰʢʘ ʧʨʦʜʦʣ-
ʞʘʝʪ ʚʨʘʱʘʪʴʩʷ, ʘ ʝʝ ʧʦʣʶʩʳ ʧʨʠʪʷʛʠʚʘʶʪʩʷ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʣʶʩʘʤ ʥʘ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʝ ʤʘʛʥʠʪʘ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʜʚʠʛʘʪʝʣʷʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚʤʝʩʪʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛ-
ʥʠʪʘ ʩʣʫʞʠʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪ. ɺʠʪʢʠ ʧʨʦʚʦʣʦʢʠ ʪʘʢʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʥʘʟʳʚʘʶʪʩʷ ʦʙ-
ʤʦʪʢʦʡ ʚʦʟʙʫʞʜʝʥʠʷ. 

ʇʦ ʚʠʜʫ ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʦʙʤʦʪʢʘʤ ʪʦʢʘ ʠʭ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦ-
ʷʥʥʦʛʦ ʠʣʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʜʚʫʭ ʛʨʫʧʧ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʤʦʜʠʬʠʢʘʮʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ.  
ʊʝʧʝʨʴ ʥʝʤʥʦʛʦ ʧʨʦ ʪʘʭʦʤʝʪʨʳ: ʆʩʥʦʚʥʘʷ ʬʫʥʢʮʠʷ ʪʘʢʦʛʦ ʧʨʠʙʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟ-
ʤʝʨʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʠ ʥʝʦʙʭʦʜʠʤʘ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 
ʤʝʭʘʥʠʟʤʦʚ ʩ ʚʨʘʱʘʶʱʠʤʠʩʷ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʚʘʣʘʤʠ, ʨʦʣʠʢʘʤʠ, ʰʝʩʪʝʨ-
ʥʷʤʠ. ʊʘʭʦʤʝʪʨʳ ʨʘʟʤʝʱʘʶʪ ʚ ʘʚʪʦʤʦʙʠʣʷʭ, ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʝʨʝʢʣʶʯʝʥʠʷ ʧʝʨʝʜʘʯ ʠ 
ʩʥʠʞʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʜʚʠʛʘʪʝʣʴ. ɺ ʢʦʣʝʥʯʘʪʳʭ ʚʘʣʘʭ ɼɺʉ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚʦ ʚʩʝʭ 
ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚʘʭ. ʊʘʢʞʝ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 
ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʜʣʷ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʪʘʭʦʤʝʪʨʘ ʦʩʥʦʚʘʥ ʥʘ ʠʟʤʝʨʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʩ ʧʦʤʦʱʴ 
ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʢʦʥʪʨʘʩʪʥʦʡ ʤʘʨʢʝʨʥʦʡ ʣʝʥʪʳ, ʥʘʢʣʝʝʥʥʦʡ ʥʘ ʜʚʠʞʫ-
ʱʠʡʩʷ ʧʨʝʜʤʝʪ ʠʣʠ ʚʘʣ. ʉʪʦʠʤʦʩʪʴ ʧʦʜʦʙʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʠʙʦʨʦʚ ʜʦʩʪʘʪʦʯʥʦ 
ʚʳʩʦʢʘ ʜʘʞʝ ʜʣʷ ʙʶʜʞʝʪʥʳʭ ʚʘʨʠʘʥʪʦʚ. 

ʎʝʣʴʁ ʧʨʦʝʢʪʘ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʩʙʦʨʢʘ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦ-
ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʘ ʪʘʢʞʝ ʪʘʭʦʤʝʪʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʜʚʠʛʘʪʝʣʷ. 
ʇʨʠ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʢʦʣʣʝʢʪʦʨʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
2. ʇʦʜʛʦʪʦʚʠʪʴ ʤʘʪʝʨʠʘʣʳ 
3. ʉʦʙʨʘʪʴ ʤʦʜʝʣʴ 
4. ʉʦʙʨʘʪʴ ʫʩʪʘʥʦʚʢʫ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
5. ʀʟʤʝʨʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 

Å ʇʦʪʨʝʙʣʷʝʤʫʶ ʤʦʱʥʦʩʪʴ 
Å ʏʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ 
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ʀʟ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʫʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʠ ʢʦʤ-
ʧʴʶʪʝʨ Raspberry PI. 
ʉʙʦʨʢʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ: 

ɼʣʷ ʩʙʦʨʢʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʦʜʨʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʈʦʪʦʨ ʠʤʝʝʪ ʪʨʠ ʢʘʪʫʰʢʠ 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʨʘʱʝʥʠʷ. ʅʘ ʢʘʞʜʫʶ ʢʘʪʫʰʢʫ ʩʜʝʣʘʥʦ ʦʢʦʣʦ 30 ʤʦʪ-
ʢʦʚ ʤʝʜʥʦʡ ʧʨʦʚʦʣʦʢʠ ʜʠʘʤʝʪʨʦʤ 0.7 ʤʤ. ɺ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʩʪʦʷʥʥʳʝ 
ʤʘʛʥʠʪʳ. 

ʊʘʭʦʤʝʪʨ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ: 
ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʦʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʯʘʩʪʦʪʳ. ɹʳʣʘ ʩʦʙʨʘʥʘ 
ʩʭʝʤʘ ʛʝʥʝʨʘʪʦʨʘ ʠʤʧʫʣʴʩʦʚ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʩʭʝʤʳ NE555. ʏʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ, ʛʝʥʝ-
ʨʠʨʫʝʤʳʭ ʩʭʝʤʦʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʩʭʝʤʝ ʠ ʸʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʦʚ. 

 
ʉ ʧʦʤʦʱʴʶ ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʠʩʪʦʯʥʠʢʝ ʬʦʨʤʫʣʳ ʙʳʣʦ 
ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʚʳʯʠʩʣʝʥʠʡ ʯʘʩʪʦʪʳ ʠʤʧʫʣʴʩʦʚ. 
ʉ ʜʚʫʤʷ ʨʝʟʠʩʪʦʨʘʤʠ: 

’
ρ

πȢφωσzὙ ςὙ ὅz
 

ʉ ʦʜʥʠʤ ʨʝʟʠʩʪʦʨʦʤ: 

’
ρ

πȢφωσzὙ ὅz
 

 
’ ̘́̒̓̏̓́ 

 Ὑ ̒̏̐̑̏̓̉̃̌̆̎̉̆ ̐̆̑̃̏̄̏ ̑̆̈̉̒̓̏̑́ 

Ὑ ̒̏̐̑̏̓̉̃̌̆̎̉̆ ̃̓̏̑̏̄̏ ̑̆̈̉̒̓̏̑́ 

ὅ ̧̝̍̋̏̒̓ ̋̏̎̅̆̎̒́̓̏̑́ 
 
ʊʘʢ ʞʝ ʯʘʩʪʦʪʘ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʤʧʫʣʴʩʦʚ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʚ 
Raspberry PI. 
ɺʩʝ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʚʳʯʠʩʣʝʥʠʡ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʳ, 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ ʥʠʞʝ. 
 
 ʇʘʨʘʤʝʪʨʳ ʏʘʩʪʦʪʘ (ɻʮ) 

ˉ R1 (ʢʆʤ) R2 (ʢʆʤ) C (ʤʢʌ) ʌʦʨʤʫʣʘ ʏʘʩʪʦʪʦʤʝʨ 

1 10 100 10 687 714 

2 10 10 10 4810 4920 

3 100 10 10 1203 1233 

ˉ R (ʢʆʤ) C (ʤʢʌ) ʌʦʨʤʫʣʘ ʏʘʩʪʦʪʦʤʝʨ 

4 30 100 481 480 

5 300 100 48 48,2 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʣʠʩʴ ʙʣʠʟʢʠʝ ʟʥʘʯʝʥʠʷ, ʠʟ ʯʝʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʩʦʟʜʘʥʠʝ 
ʪʘʭʦʤʝʪʨʘ ʥʘ Raspberry PI ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʚʦʟʤʦʞʥʦ. 
ʊʘʭʦʤʝʪʨ. ʉʙʦʨʢʘ ʠ ʧʨʦʛʨʘʤʤʘ: 
ʊʘʭʦʤʝʪʨ ʙʳʣ ʩʦʙʨʘʥ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʠʞʝ ʩʭʝʤʝ 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʩʥʦʚʘʥ ʥʘ ʜʝʡʩʪʚʠʠ ʬʦʪʦʨʝʟʠ-
ʩʪʦʨʘ. Raspberry PI ʧʦʣʫʯʘʝʪ ʠʤʧʫʣʴʩʳ, ʧʦʜʦʙʥʳʝ 
ʪʝʤ, ʯʪʦ ʛʝʥʝʨʠʨʦʚʘʣʠʩʴ ʧʨʝʜʳʜʫʱʝʡ ʩʭʝʤʦʡ. 
ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʯʘʩʪʦʪʘ ʠʤʧʫʣʴʩʦʚ ʚʳʯʠʩʣʷʣʘʩʴ 
ʩʣʝʜʫʶʱʝʡ ʧʨʦʛʨʘʤʤʦʡ: 
 
 
 

ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ: 
ὔ̐ ̏̓̑ = IU = 2,8 ɸ * 12 ɺ = 33,6 ɺʪ 

ɜ1 = 7,8 ɻʮ (ʩ 1 ʤʘʛʥʠʪʦʤ) 
ɜ2 = 10 ɻʮ (ʩ 2 ʤʘʛʥʠʪʘʤʠ) 
ɜ3 = 13,6 ɻʮ (ʩ 6 ʤʘʛʥʠʪʘʤʠ) 
 
ʇʝʨʩʧʝʢʪʠʚʳ: 

¶ ʉʜʝʣʘʪʴ ʢʦʤʧʘʢʪʥʫʶ ʚʝʨʩʠʶ 
ʪʘʭʦʤʝʪʨʘ, ʫʜʦʙʥʫʶ ʜʣʷ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʧʦ ʥʘʟʥʘʯʝʥʠʶ 

¶ ɺʠʟʫʘʣʠʟʘʮʠʷ ʩʠʛʥʘʣʦʚ, ʧʦʣʫʯʘ-
ʝʤʳʭ Raspberry PI, ʚ ʚʠʜʝ ʦʩʮʠ-
ʣʦʛʨʘʤʤʳ 

¶ ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦ-
ʜʚʠʛʘʪʝʣʷ 

¶ ʀʟʤʝʨʝʥʠʝ ʂʇɼ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. http://infofiz.ru/index.php/mirfiziki/fizst/lkf/12-lk47t 
2. https://electricalschool.info/main/osnovy/1603-principy-dejjstvija-i-ustrojjstvo.html 
3. https://wiki.fenix.help/fizika/ferromagnetiki 
4. https://ru.wikipedia.org/wiki/NE555 
5. https://microkontroller.ru/raspberry-pi-projects/osczillograf-na-raspberry-pi-i-module-

aczp/?amp 
6. https://www.rlocman.ru/shem/schemat-
ics.html?di=617467#:~:text=ʃʘʟʝʨʥʳʡ%20ʪʘʭʦʤʝʪʨ%20ï
%20ʧʨʠʙʦʨ%20ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ,ʚʳʩʦʢʘ%20ʜʘʞʝ%20ʜʣʷ%20ʙʶʜʞʝʪʥʳʭ%20
ʚʘʨʠʘʥʪʦʚ 

7. https://dzen.ru/a/YhOebl6wnUT7-FYk 
 
 
 
 
ʅɽʁʊʈʆʅʅʆ-ʌʀɿʀʏɽʉʂʀʁ ʈɸʉʏɪʊ ʈɽɸʂʊʆʈʅʓʍ ʋʉʊɸʅʆɺʆʂ ʊʀʇɸ ʂʃʊ-40 ʉ 

ʊʆʈʀʁ-ʇʃʋʊʆʅʀɽɺʓʄ ʊʆʇʃʀɺʆʄ 
ʄʝʣʴʥʠʢ ʋʣʴʷʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʄɸʆʋ ʉʆʐ 34, 11 ʢʣʘʩʩ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʥʳʰʝʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʩʸ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʙʣʝʤʘ ʧʨʠ-

ʙʣʠʞʘʶʱʝʛʦʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʨʠʟʠʩʘ. ʅʝʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʪʦʧʣʠʚʘ 

http://infofiz.ru/index.php/mirfiziki/fizst/lkf/12-lk47t
http://infofiz.ru/index.php/mirfiziki/fizst/lkf/12-lk47t
https://electricalschool.info/main/osnovy/1603-principy-dejjstvija-i-ustrojjstvo.html
https://electricalschool.info/main/osnovy/1603-principy-dejjstvija-i-ustrojjstvo.html
https://wiki.fenix.help/fizika/ferromagnetiki
https://wiki.fenix.help/fizika/ferromagnetiki
https://ru.wikipedia.org/wiki/NE555
https://ru.wikipedia.org/wiki/NE555
https://microkontroller.ru/raspberry-pi-projects/osczillograf-na-raspberry-pi-i-module-aczp/?amp
https://microkontroller.ru/raspberry-pi-projects/osczillograf-na-raspberry-pi-i-module-aczp/?amp
https://www.rlocman.ru/shem/schematics.html?di=617467#:~:text=Лазерный%20тахометр%20–%20прибор%20предназначенный,высока%20даже%20для%20бюджетных%20вариантов
https://www.rlocman.ru/shem/schematics.html?di=617467#:~:text=Лазерный%20тахометр%20–%20прибор%20предназначенный,высока%20даже%20для%20бюджетных%20вариантов
https://www.rlocman.ru/shem/schematics.html?di=617467#:~:text=Лазерный%20тахометр%20–%20прибор%20предназначенный,высока%20даже%20для%20бюджетных%20вариантов
https://www.rlocman.ru/shem/schematics.html?di=617467#:~:text=Лазерный%20тахометр%20–%20прибор%20предназначенный,высока%20даже%20для%20бюджетных%20вариантов
https://dzen.ru/a/YhOebl6wnUT7-FYk
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ʟʘʢʘʥʯʠʚʘʶʪʩʷ, ʠ ʚ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚʩʸ ʙʦʣʴʰʫʶ ʚʘʞʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʥʜʫʩʪʨʠʷ 
ʷʜʝʨʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʗʜʝʨʥʘʷ ʵʥʝʨʛʠʷ, ʚʦʧʨʝʢʠ ʩʪʝʨʝʦʪʠʧʘʤ ʠ ʦʧʘʩʝʥʠʷʤ, ʦʜʥʘ ʠʟ ʩʘ-
ʤʳʭ ʙʝʟʦʧʘʩʥʳʭ ʠ ʵʢʦʣʦʛʠʯʥʳʭ, ʘ ʪʘʢʞʝ ʩʘʤʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫ-
ʘʪʘʮʠʠ. ʆʜʥʘʢʦ ʚ ʵʪʦʡ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʝʡʩʷ ʦʪʨʘʩʣʠ ʚʩʸ ʝʱʸ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʦʤ-
ʧʣʝʢʩʥʳʭ ʧʨʦʙʣʝʤ, ʪʨʝʙʫʶʱʠʭ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ 
ʦʙʝʩʧʝʯʝʥʠʝ ʪʦʧʣʠʚʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ ʟʘ ʩʯʝʪ ʪʝʧʣʦʚʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ 
ʨʝʘʢʪʦʨʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʦʧʣʠʚʘ ʠ ʝʛʦ 
ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʢʦʤʧʘʥʠʠ ʨʝʘʢʪʦʨʘ, ʥʘ ʨʘʩʯʝʪ ʢʦʪʦʨʦʡ ʠ 
ʥʘʧʨʘʚʣʝʥʘ ʵʪʘ ʨʘʙʦʪʘ.  

ɺ ʨʘʩʯʝʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʦʨʠʡ-ʧʣʫʪʦʥʠʝʚʦʝ ʪʦʧʣʠʚʦ, ʢʘʢ ʦʜʥʦ ʠʟ ʩʘ-
ʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʥʝʠʟʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʷ ʜʘʥʥʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʤʢʥʫʪʴ ʷʜʝʨʥʳʡ ʮʠʢʣ ʠ ʙʦʣʝʝ ʵʬʬʝʢ-
ʪʠʚʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʨʝʩʫʨʩʳ, ʙʦʣʴʰʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʪʦʨʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟ-
ʚʦʜʠʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʪʦʧʣʠʚʦ ʪʘʤ, ʛʜʝ ʜʨʫʛʠʝ ʜʝʣʷʱʠʝʩʷ ʤʝʪʘʣʣʳ ʥʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʳ ʠʣʠ ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʅʘ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʠʟʤʝʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 
ʚʘʞʥʦʡ, ʥʦ ʢʨʘʡʥʝ ʥʝʠʟʫʯʝʥʥʦʡ ʪʝʤʦʡ ʚ ʨʦʩʩʠʡʩʢʦʡ ʷʜʝʨʥʦʡ ʬʠʟʠʢʝ. ʆʜʥʘʢʦ ʧʦʪʝʥʮʠ-
ʘʣʴʥʦʝ ʟʥʘʥʠʝ ʦ ʪʦʤ, ʢʘʢ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʛʦʨʘʥʠʝ ʪʦʧʣʠʚʘ, ʤʦʞʝʪ ʚ ʨʘʟʳ ʧʦʚʳʩʠʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʩʝʛʦ ʷʜʝʨʥʦʛʦ ʮʠʢʣʘ ʠ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʦʨʠʡ-
ʧʣʫʪʦʥʠʝʚʦʛʦ ʪʦʧʣʠʚʘ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʢʘʤʧʘʥʠʠ. 

ɿʘʜʘʯʠ ʨʘʙʦʪʳ: 
1.ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʫʶ ʷʯʝʡʢʫ ʨʝʘʢʪʦʨʘ, ʦʧʨʝʜʝʣʠʪʴ ʜʣʠʥʫ ʮʠʢʣʘ ʠ ʤʦʱ-

ʥʦʩʪʴ ʨʝʘʢʪʦʨʘ 
2.ʅʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʪʦʨʠʷ ʠ ʧʣʫʪʦʥʠʷ ʜʣʷ ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʠʥʳ 

ʢʘʤʧʘʥʠʠ 
3.ʅʘʡʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʦʧʣʠʚʘ ʚ ʥʘʯʘʣʝ ʮʠʢʣʘ 
4.ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʢʘʤʧʘʥʠʶ ʠ ʥʘʡʪʠ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 
5.ʇʨʦʩʯʠʪʘʪʴ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʢʦʥʝʮ 

ʢʘʤʧʘʥʠʠ  
6.ʅʘʡʪʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʦʧʣʠʚʘ ʚ ʢʦʥʮʝ ʮʠʢʣʘ 
ʈʝʘʢʪʦʨʳ ʩʝʨʠʠ ʂʃʊ-40 ï ʥʝʙʦʣʴʰʠʝ ʚʦʜʦ-ʚʦʜʷʥʳʝ ʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʝʩʷ ʥʘ ʘʪʦʤʥʳʭ ʣʝʜʦʢʦʣʘʭ. ɼʘʥʥʳʝ ʨʝʘʢʪʦʨʳ ʫʜʦʙʥʳ ʪʝʤ, ʯʪʦ ʠʤʝʶʪ ʢʦʤ-
ʧʘʢʪʥʳʡ ʨʘʟʤʝʨ ʠ ʤʦʛʫʪ ʩʦʭʨʘʥʷʪʴ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ 
ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʧʦʣʝʟʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʨʠ ʨʘʙʦʪʝ ʚ ʩʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ. ʇʦʜʦʙʥʳʡ ʨʝ-
ʘʢʪʦʨ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʮʝʣʳʡ ʛʦʨʦʜ ʥʘʩʝʣʝʥʠʝʤ ʚ 100 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʵʣʝʢʪʨʦʵʥʝʨ-
ʛʠʝʡ, ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʦʢʦʣʦ 40 ʣʝʪ.  ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʤʝʥʥʦ ʪʘʢʦʡ ʨʝʘʢ-
ʪʦʨ ʤʦʜʝʣʠ ʂʃʊ-40ʉ.  

ɺ ʨʘʙʦʪʝ ʙʫʜʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʪʦʧʣʠʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʦʢʩʠʜʦʚ ʪʦʨʠʷ ʠ ʧʣʫ-
ʪʦʥʠʷ, ʚʩʪʨʦʝʥʥʦʝ ʚ ʩʠʣʫʤʠʥʦʚʫʶ (ʩʧʣʘʚ ʘʣʶʤʠʥʠʷ ʠ ʢʨʝʤʥʠʷ) ʤʘʪʨʠʮʫ, ʪʘʢ ʢʘʢ ʦʥʘ 
ʥʘʠʙʦʣʝʝ ʚʩʝʛʦ ʧʦʜʭʦʜʠʪ ʪʠʧʫ ʨʝʘʢʪʦʨʘ ʠ ʪʦʧʣʠʚʘ. 

ʏʪʦʙʳ ʥʘʡʪʠ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʦʢʩʠʜʦʚ ʪʦʨʠʷ ʠ ʧʣʫʪʦʥʠʷ ʚ ʢʘʤʧʘʥʠʠ 
ʥʝʦʙʭʦʜʠʤʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-
ʥʳʭ ʧʨʦʛʨʘʤʤ. ʇʝʨʚʳʤ ʰʘʛʦʤ ʨʘʙʦʪʳ ʩʪʘʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʠʣʠ ʟʘʜʘʪʴ 
ʧʣʦʪʥʦʩʪʴ ʪʦʧʣʠʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ.  

ʇʣʦʪʥʦʩʪʴ ʪʦʧʣʠʚʘ ʥʘʭʦʜʠʪʩʷ ʯʝʨʝʟ ʩʫʤʤʫ ʧʨʦʠʟʚʝʜʝʥʠʡ ʧʣʦʪʥʦʩʪʝʡ ʝʛʦ ʢʦʤ-
ʧʦʥʝʥʪʦʚ ʥʘ ʦʪʥʦʰʝʥʠʝ ʜʦʣʠ ʵʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢ ʦʙʱʝʤʫ ʦʙʲʝʤʫ ʪʦʧʣʠʚʘ. 

”̓ ̏̐̌̉̃”́  z
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                ʊʘʙʣʠʮʘ 1 ï ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʧʣʠʚʘ ʦʪ ʜʦʣʠ ʪʦʨʠʷ 
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ɼʦʣʷ 
ὝὬὕ 

ɼʦʣʷ ὝὬὕ 
(ʚ %) 

ɼʦʣʷ 
ὖόὕ 

ɼʦʣʷ ὖόὕ 
(ʚ %) 

ɼʦʣʷ 
AlSi 

ʇʣʦʪʥʦʩʪʴ ʪʦʧ-
ʣʠʚʘ (ʛ/ʩʤ^3) 

0,528 0,66*80% 0,132 0,66*20% 0,34 7,7228 

0,5412 0,66*82% 0,1188 0,66*18% 0,34 7,703 

0,5544 0,66*84% 0,1056 0,66*16% 0,34 7,6832 

0,5676 0,66*86% 0,0924 0,66*14% 0,34 7,6634 

0,5808 0,66*88% 0,0792 0,66*12% 0,34 7,6436 

0,594 0,66*90% 0,066 0,66*20% 0,34 7,6238 

 
ɼʘʣʝʝ ʟʘʜʘʝʤ ʷʯʝʡʢʫ ʨʝʘʢʪʦʨʘ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʧʘʨʘʤʝʪʨʘʤ (ʨʠʩ.1): 

 
ʈʠʩʫʥʦʢ 1 - ʄʦʜʝʣʴ ʪʦʧʣʠʚʥʦʡ ʷʯʝʡʢʠ 
ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʛʨʘʤʤʘ WIMS. ʈʘʩʩʯʠʪʘʚ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʠ ʧʨʦʚʝʜʷ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ ʧʦʣʫʯʘʝʤ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝ-
ʤʝʥʠ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ ʦʪ ʩʦʜʝʨʞʘʥʠʷ  

ʊʘʙʣʠʮʘ 2 ï ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʠʥʳ ʢʘʤʧʘʥʠʠ ʦʪ ʦʙʦʛʘʱʝʥʠʷ ʪʦʨʠʷ 

ʉʦʜʝʨʞʘʥʠʝ  
ὝὬὕ 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʟʤʥʦʞʝʥʠʷ 
ʥʝʡʪʨʦʥʦʚ ʚ ʥʘʯʘʣʝ ʢʘʤʧʘ-
ʥʠʠ 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʘʤʧʘʥʠʠ (ʚ 
ʜʥʷʭ) 

20% 1,342934 10000 

18% 1,334479 9300 

16% 1,32592 9000 

14% 1,317553 8400 

12% 1,308839 7500 

10% 1,29886 6500 

 
 

ʂʘʢ ʥʘʛʣʷʜʥʦ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʪʦʨʠʷ ʥʘʠʙʦʣʝʝ ʦʧ-
ʪʠʤʘʣʴʥʦ ʜʣʷ ʜʣʠʥʳ ʢʘʤʧʘʥʠʠ, ʪʘʢ ʯʪʦ ʚ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʷʭ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʠʤʝʥʥʦ ʵʪʦ ʦʙʦʛʘʱʝʥʠʝ.  
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ɼʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʵʪʘʧʘ ʨʘʙʦʪʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʥʘʯʘʣʴʥʫʶ ʪʝʧʣʦ-
ʧʨʦʚʦʜʥʦʩʪʴ. ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʤʝʩʴ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʠʣʠ ʙʦʣʝʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʯʪʦ ʧʦʜ-
ʧʘʜʘʝʪ ʧʦʜ ʠʩʢʦʤʳʡ ʩʣʫʯʘʡ, ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ, 
ʚʳʨʘʞʘʶʱʘʷʩʷ ʬʦʨʤʫʣʦʡ: 
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ɻʜʝ ὺ -ʦʪʥʦʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ‗ ̋ ‗ 
I ï ʥʘʯʘʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
Ὅ ï ʢʦʥʝʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 
ʅʘʯʘʣʴʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʦʧʣʠʚʘ ʙʫʜʝʪ ʨʘʚʥʘ ‗̎  74.84 ɺʪ/ʩʤĿʂ 

ʏʪʦʙʳ ʚʳʯʠʩʣʠʪʴ ʢʦʥʝʯʥʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʚʩʝ ʭʠʤʠʯʝ-
ʩʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʢʘʤʧʘʥʠʠ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ 
ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʘ MSU, ʧʦʟʚʦʣʷʶʱʘʷ ʥʘʡʪʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʦʧ-
ʣʠʚʘ ʚ ʢʦʥʮʝ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. ɸʥʘʣʠʟ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʳ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ 
ʦʢʦʣʦ 130 ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʦʚ. ɼʘʣʝʝ ʥʝʦʙʭʦ-
ʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʣ-ʚʦ ʠ ʩʦʩʪʘʚ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʚ ʦʩʥʦʚʥʦʤ ʦʢʩʠʜʦʚ), ʧʦ-
ʩʢʦʣʴʢʫ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʯʠʩʪʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʝ ʦʩʪʘʥʝʪʩʷ ʚ ʢʦʥʮʝ ʢʦʤʧʘʥʠʠ, 
ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ. ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʙʘʟʘ ʜʘʥʥʳʭ ʊʂɺ. 

ʀʟ ʨʘʩʯʝʪʘ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʩʘ-
ʤʳʝ ʚʝʨʦʷʪʥʳʝ ʩʦʝʜʠʥʝʥʠʷ: ὝὬὕȟὖόὕȟὟὕȟὙόὕȟὒὥὕȟὅὩὕȟὤὶὕ 

ʆʩʪʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ: Ag, AlSi, Am, Ba, Br, Cd, Ce, Cm, Cs, Eu, Gd, He, Kr, La, 
Mo, Nb, Nd, Pa, Pd, Pm, Pr, Rb, Rh, Ru, Sb, Se, Sm, Sn, Te, Sr, Xe, Y, Zr 

ʂʦʥʝʯʥʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʦʧʣʠʚʘ ʧʦʩʣʝ ʚʩʝʭ ʨʘʩʯʝʪʦʚ ʙʫʜʝʪ ʨʘʚʥʘ 
‗̋ 100.11 ɺʪ/ʩʤĿʂ 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʪʦʧ-
ʣʠʚʘ ʟʘ ʧʝʨʠʦʜ ʢʘʤʧʘʥʠʠ, ʨʘʚʥʳʡ 10000 ʩʫʪʢʘʤ, ʚʦʟʨʦʩʣʘ ʥʘ 33% 

ɼʘʣʴʥʝʡʰʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʷ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʪʦʧʣʠʚʘ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʢʦʤʧʘʥʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʝ-
ʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ, ʪʘʢʠʭ ʢʘʢ ʢʘʨʙʠʜʥʦʝ ʠʣʠ ʫʨʘ-
ʥʦʚʦʝ. 
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ʄʋɿʓʂɸʃʔʅʓʁ ʀʅʉʊʈʋʄɽʅʊ ʀɿ ɹʋʊʓʃʂʀ 

ʄʠʭʘʡʣʦʚ ɸʥʜʨʝʡ ɼʤʠʪʨʠʝʚʠʯ 
ʄɸʆʋ ñɻʠʤʥʘʟʠʷ ˉ3 ʚ ɸʢʘʜʝʤʛʦʨʦʜʢʝò, 10 ʢʣʘʩʩ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʝʨʘʩʠʤʦʚ ʌʸʜʦʨ ʇʘʚʣʦʚʠʯ 

 
ʊʝʤʘ ʘʢʪʫʘʣʴʥʘ ʚ ʩʬʝʨʝ ʤʫʟʳʢʠ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʦʡʩʪʚ 

ʟʚʫʢʘ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ.  
ɸʥʘʣʦʛʠ: 

ʌʣʝʡʪʘ ð ʣʘʙʠʘʣʴʥʳʡ ʜʫʭʦʚʦʡ ʤʫʟʳʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʝʨʚʠʯʥʳʤ ʠʩ-
ʪʦʯʥʠʢʦʤ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʜʫʰʥʘʷ ʩʪʨʫʷ, ʨʘʩʩʝʢʘʶʱʘʷʩʷ ʦ ʢʨʘʡ ʩʪʝʥʢʠ ʠʥʩʪʨʫ-
ʤʝʥʪʘ. 
ʉʚʠʨʝʣʴ ð ʨʫʩʩʢʠʡ ʥʘʨʦʜʥʳʡ ʜʫʭʦʚʦʡ ʤʫʟʳʢʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ, ʨʦʜ ʧʨʦʜʦʣʴʥʦʡ 
ʬʣʝʡʪʳ. 

ʎɽʃʔ 
ʉʦʟʜʘʪʴ ʜʫʭʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪ ʠʟ ʙʫʪʳʣʢʠ ʠ ʠʟʫʯʠʪʴ ʩʚʦʡʩʪʚʘ ʠʟʜʘʚʘʝʤʦʛʦ ʠʤ ʟʚʫʢʘ. 

ɿɸɼɸʏʀ 
1. ʉʦʟʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪ. 
2. ɺʳʷʩʥʠʪʴ, ʢʘʢ ʠʟʜʘʝʪʩʷ ʟʚʫʢ. 
3. ʀʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʟʚʫʢʘ ʦʪ ʚʳʩʦʪʳ ʚʦʟʜʫʰʥʦʛʦ ʩʪʦʣʙʘ ʚʥʫʪʨʠ ʙʫʪʳʣʢʠ. 
4. ʀʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʟʚʫʢʘ ʦʪ ʨʘʜʠʫʩʘ ʙʫʪʳʣʢʠ. 
5. ʀʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʟʚʫʢʘ ʦʪ ʞʠʜʢʦʩʪʠ ʚʥʫʪʨʠ ʙʫʪʳʣʢʠ. 
6. ʀʟʫʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʟʚʫʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ. 
7. ɺʟʷʪʴ ʚʤʝʩʪʦ ʞʠʜʢʦʩʪʠ ʪʚʝʨʜʦʝ ʪʝʣʦ. 
8. ʀʟʤʝʨʠʪʴ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʥʝʩʢʦʣʴʢʠʭ ʥʦʪ. 

ʆɹʆʈʋɼʆɺɸʅʀɽ 
1. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ ʤʝʥʴʰʝʛʦ ʩʝʯʝʥʠʷ. 
2. ʅʠʞʥʷʷ ʯʘʩʪʴ ʧʣʘʩʪʠʢʦʚʦʡ ʙʫʪʳʣʢʠ ʙʦʣʴʰʝʛʦ ʩʝʯʝʥʠʷ.  
3. ɾʠʜʢʦʩʪʴ.  
4. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʘʩʪʦʪʳ ʟʚʫʢʘ (Detect Pitch).  
 

ʊɽʆʈʀʗ 
ɿʚʫʢ ð ʫʧʨʫʛʠʝ ʚʦʣʥʳ, ʧʨʦʜʦʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʫʧʨʫʛʦʡ 

ʩʨʝʜʝ ʠ ʩʦʟʜʘʶʱʠʝ ʚ ʥʝʡ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʇʨʠʯʠʥʘ ʟʚʫʢʘ - ʚʠʙʨʘʮʠʷ (ʢʦʣʝ-
ʙʘʥʠʷ) ʪʝʣ, ʭʦʪʷ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʟʘʯʘʩʪʫʶ ʥʝʟʘʤʝʪʥʳ ʜʣʷ ʥʘʰʝʛʦ ʛʣʘʟʘ. ʀʩʪʦʯʥʠʢʠ 
ʟʚʫʢʘ ð ʬʠʟʠʯʝʩʢʠʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ ʢʦʣʝʙʣʶʪʩʷ, ʪ. ʝ. ʜʨʦʞʘʪ ʠʣʠ ʚʠʙʨʠʨʫʶʪ. ɺʠʙʨʠʨʫ-
ʶʱʝʝ ʪʝʣʦ ʤʦʞʝʪ ʙʳʪʴ ʪʚʝʨʜʳʤ, ʥʘʧʨʠʤʝʨ, ʩʪʨʫʥʘ ʠʣʠ ʟʝʤʥʘʷ ʢʦʨʘ, ʛʘʟʦʦʙʨʘʟʥʳʤ, 
ʥʘʧʨʠʤʝʨ, ʩʪʨʫʷ ʚʦʟʜʫʭʘ ʚ ʜʫʭʦʚʳʭ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʘʭ. 
ɺ ʠʥʩʪʨʫʤʝʥʪʝ ʟʚʫʢ ʚʦʟʥʠʢʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʝʙʘʥʠʡ ʩʪʦʣʙʘ ʚʦʟʜʫʭʘ, ʟʘʢʣʶʯʝʥʥʦʛʦ 
ʚʥʫʪʨʠ ʢʦʨʧʫʩʘ. 
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ʏʪʦʙʳ ʧʦʣʫʯʠʣʩʷ ʩʚʠʩʪ, ʥʝʦʙʭʦʜʠʤʦ ʜʫʪʴ ʚ ʙʫʪʳʣʢʫ ʧʦʜ ʦʧʨʝʜʝʣʸʥʥʳʤ ʫʛʣʦʤ. 
ɿʜʝʩʴ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʶ ʩ ʬʣʝʡʪʦʡ: ʩʪʨʫʷ ʚʦʟʜʫʭʘ ʨʘʟʜʝʣʷʝʪʩʷ ʧʦʧʦʣʘʤ: 
ʚʥʫʪʨʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʥʘʨʫʞʫ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʦʜʥʦʡ ʩʪʦʨʦʥʝ ʦʙʨʘʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ 
ʢʦʣʠʯʝʩʪʚʦ ʚʠʭʨʝʡ, ʪ.ʝ. ʟʦʥ ʩ ʠʟʙʳʪʦʯʥʳʤ ʜʘʚʣʝʥʠʝʤ, ʘ ʥʘ ʜʨʫʛʦʡ ʩʪʦʨʦʥʝ ʢʨʦʤʢʠ ʜʘʚ-
ʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʠʤ, ʪʦ ʚʠʭʨʠ ʥʘʯʠʥʘʶʪ ʧʝʨʝʪʝʢʘʪʴ ʥʘ ʜʨʫʛʫʶ ʩʪʦʨʦʥʫ ʠ "ʚʳ-
ʪʘʣʢʠʚʘʶʪ" ʧʨʠ ʵʪʦʤ ʩʪʨʫʶ, ʤʝʥʷʷ ʥʘʧʨʘʚʣʝʥʠʝ ʝʝ ʜʚʠʞʝʥʠʷ, ʟʘʪʝʤ ʧʨʦʮʝʩʩ ʧʦʚʪʦʨʷ-
ʝʪʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʷʪ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. 
 

ʈɽɿʋʃʔʊɸʊʓ 

 
 
ɺʳʚʦʜ: ʏʝʤ ʢʦʨʦʯʝ ʚʦʟʜʫʰʥʳʡ ʩʪʦʣʙ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʟʚʫʢʘ. 

ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤʠ, ʘ ʠʤʝʥʥʦ ʩ ʬʦʨʤʫʣʦʡ ɚ =  (ɚ ï ʜʣʠʥʘ 

ʚʦʣʥʳ; ὺ ï ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ; ’ ï ʯʘʩʪʦʪʘ). 
 

ɿɸɺʀʉʀʄʆʉʊʔ ʏɸʉʊʆʊʓ ʆʊ ʈɸɼʀʋʉɸ ɹʋʊʓʃʂʀ 
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ɺʳʚʦʜ: ʏʝʤ ʤʝʥʴʰʝ ʨʘʜʠʫʩ ʙʫʪʳʣʢʠ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ ʟʚʫʢʘ. 
 
ʇʨʦʚʝʜʝʥʘ ʘʥʘʣʦʛʠʷ ʩ ʨʝʟʦʥʘʪʦʨʦʤ ɻʝʣʴʤʛʦʣʴʮʘ, ʪʘʢ ʢʘʢ ʨʘʙʦʪʘʝʪ ʦʥ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥ-
ʮʠʧʫ. ʇʦ ʬʦʨʤʫʣʝ ʚʠʜʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʲʝʤʫ. ʏʝʤ ʙʦʣʴʰʝ 
ʦʙʲʝʤ, ʪʝʤ ʙʦʣʴʰʝ ʤʘʩʩʘ ʚʦʟʜʫʭʘ, ʠ ʪʝʤ ʤʝʥʴʰʝ ʩʢʦʨʦʩʪʴ, ʩ ʢʦʪʦʨʦʡ ʦʥ ʫʩʪʨʝʤʣʷʝʪʩʷ 
ʚʥʫʪʨʴ ʠ ʚʦʚʥʝ. 

 
ɿɸɺʀʉʀʄʆʉʊʔ ʏɸʉʊʆʊʓ ʆʊ ʊɽʄʇɽʈɸʊʋʈʓ ɾʀɼʂʆʉʊʀ ɺ ɹʋʊʓʃʂɽ  

 
 
ɺʳʚʦʜ: ʏʝʤ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ʚ ʙʫʪʳʣʢʝ, ʪʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ ʟʚʫʢʘ. 
ʆʪ ʛʦʨʷʯʝʡ ʚʦʜʳ ʥʘʛʨʝʚʘʣʩʷ ʚʦʟʜʫʭ, ʠʟ-ʟʘ ʯʝʛʦ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʩʠ-

ʩʪʝʤʝ. ʀʤʝʥʥʦ ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʠ ʧʦʚʣʠʷʣʘ ʥʘ ʯʘʩʪʦʪʫ (ʧʦ ʬʦʨʤʫʣʝ ɚ = ), ʭʦʪʴ ʠ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ. 
ɿɸɺʀʉʀʄʆʉʊʔ ʏɸʉʊʆʊʓ ʆʊ ɾʀɼʂʆʉʊʀ ɺ ɹʋʊʓʃʂɽ 

ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʦʜʦʡ, ʤʘʩʣʦʤ ʠ ʞʠʜʢʠʤ ʤʳʣʦʤ. ʏʘʩʪʦʪʘ ʥʠʢʘʢ ʥʝ 
ʤʝʥʣ̫ʘʩʴ. 
ɺʳʚʦʜ: ʏʘʩʪʦʪʘ ʟʚʫʢʘ ʥʠʢʘʢ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʞʠʜʢʦʩʪʠ ʚ ʙʫʪʳʣʢʝ. 

 
ʉʇɽʂʊʈʆɻʈɸʄʄʓ 

G4 (392 ɻʮ). ɺʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ ï ʯʘʩʪʦʪʘ, ʮʚʝʪ ï ʛʨʦʤʢʦʩʪʴ. 
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ʄʦʞʥʦ ʫʚʠʜʝʪʴ ʦʩʥʦʚʥʦʡ ʪʦʥ (ʩʘʤʘʷ ʷʨʢʘʷ ʧʦʣʦʩʢʘ) ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʛʘʨʤʦʥʠʢʠ, 
ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚ ʜʣʠʥʫ ʫʢʣʘʜʳʚʘʝʪʩʷ ʢʨʘʪʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʚʦʣʥ 
(ʢʨʘʩʥʳʝ ʧʦʣʦʩʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ). 
ʌʦʨʤʘ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʪʘʢ ʢʘʢ ʢʦʣʝʙʣʶʱʝʝʩʷ 
(ʟʚʫʯʘʱʝʝ) ʪʝʣʦ ʚʠʙʨʠʨʫʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦ ʚʩʝʡ ʜʣʠʥʝ, ʥʦ ʠ ʚʩʝʤʠ ʯʘʩʪʷʤʠ, ʯʪʦ ʠ ʛʝʥʝ-
ʨʠʨʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʘʨʤʦʥʠʢʠ, ʩʫʤʤʠʨʫʶʱʠʝʩʷ ʩ ʦʩʥʦʚʥʦʡ ʚʦʣʥʦʡ. 

ɽʉʃʀ ɺɿʗʊʔ ʅɽ ɾʀɼʂʆʉʊʔ 
ɽʩʣʠ ʚʤʝʩʪʦ ʚʦʜʳ ʚʟʷʪʴ ʷʯʥʝʚʫʶ ʢʨʫʧʫ, ʩʚʠʩʪʘ ʥʝ ʙʫʜʝʪ, ʙʫʜʝʪ ʩʣʳʰʝʥ ʧʨʦʩʪʦ ʰʫʤ. 
ɽʩʣʠ ʟʘʢʨʳʪʴ ʜʥʦ ʚʝʨʭʥʝʡ ʙʫʪʳʣʢʠ ʧʣʘʩʪʠʣʠʥʦʤ, ʦʩʥʦʚʥʫʶ ʯʘʩʪʦʪʫ ʙʫʜʝʪ ʩʣʳʰʥʦ 
ʣʫʯʰʝ, ʥʦ ʚʩʝ ʨʘʚʥʦ ʟʚʫʢ ʙʫʜʝʪ ʥʘʧʦʤʠʥʘʪʴ ʧʨʦʩʪʦ ʰʫʤ. 
ɽʩʪʴ ʥʘʙʣʶʜʝʥʠʝ, ʯʪʦ ʚʦʣʥʳ ʦʪʨʘʞʘʶʪʩʷ, ʢʦʛʜʘ ʜʥʦ ʚʝʨʭʥʝʡ ʙʫʪʳʣʢʠ ʟʘʢʨʳʚʘʶʪ ʙʦ-
ʣʝʝ ʛʣʘʜʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʛʜʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʚʩʝʤ ʥʝ ʨʦʚʥʘʷ (ʢʘʢ ʢʨʫʧʘ), ʪʦ ʚʦʣʥʳ 
ʥʝ ʦʪʨʘʞʘʶʪʩʷ. 

ɺʓɺʆɼʓ 
ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʯʘʩʪʦʪʳ ʟʚʫʢʘ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: ʚʳʩʦʪʘ ʚʦʟʜʫʰʥʦʛʦ 
ʩʪʦʣʙʘ (ʯʝʤ ʙʦʣʴʰʝ ʚʳʩʦʪʘ, ʪʝʤ ʤʝʥʴʰʝ ʯʘʩʪʦʪʘ), ʨʘʜʠʫʩ ʚʝʨʭʥʝʡ ʙʫʪʳʣʢʠ (ʯʝʤ 
ʙʦʣʴʰʝ ʨʘʜʠʫʩ, ʪʝʤ ʥʠʞʝ ʯʘʩʪʦʪʘ), ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ (ʯʝʤ ʙʦʣʴʰʝ ʪʝʤʧʝʨʘʪʫʨʘ 
ʚ ʩʠʩʪʝʤʝ, ʪʝʤ ʙʦʣʴʰʝ ʯʘʩʪʦʪʘ). ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʨʘʟʥʳʤʠ ʞʠʜʢʦʩʪʷʤʠ ʠ ʤʘ-
ʪʝʨʠʘʣʘʤʠ ʚʥʫʪʨʠ ʙʫʪʳʣʢʠ, ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʦʛʨʘʤʤʳ ʩʦ ʟʚʫʢʦʤ, ʠʟʜʘʚʘʝʤʳʤ ʙʫ-
ʪʳʣʢʘʤʠ. 
ʆʙʦʟʥʘʯʝʥʳ ʪʦʯʢʠ ʨʦʩʪʘ ʧʦ ʨʘʟʚʠʪʠʶ ʧʨʦʝʢʪʘ, ʥʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʧʦʧʨʦʙʦʚʘʪʴ ʧʦʤʝ-
ʥʷʪʴ ʤʘʪʝʨʠʘʣ ʙʫʪʳʣʦʢ, ʜʦʨʘʙʦʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʚʠʜʝʪʴ, ʢʘʢʠʝ 
ʥʦʪʳ ʪʳ ʥʘ ʥʝʤ ʠʛʨʘʝʰʴ. 
ɿʥʘʥʠʷ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʦʧʳʪʦʚ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʥ-
ʩʪʨʫʤʝʥʪʘ ʠʟ ʙʫʪʳʣʦʢ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʣʠ ʠʟʦʙʨʝʪʝʥʠʷ ʥʦʚʳʭ 
ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʘ ʙʘʟʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʙʫʪʳʣʦʢ. 
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ʄʆʋ çʃʠʮʝʡ ˉ1è 
 

ʉ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 
ʤʝʥʴʰʝ ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʵʥʝʨ-
ʛʝʪʠʢʫ.  

ɺ 1867 ʛʦʜʫ ʋʠʣʴʷʤ ʊʦʤʩʦʥ, ʣʦʨʜ ʂʝʣʴʚʠʥ ʠʟʦʙʨʝʣ ʚʦʜʷʥʦʡ ʢʘʧʝʣʴʥʳʡ ʛʝʥʝʨʘ-
ʪʦʨ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʥʘʙʣʶʜʘʪʴ ʚ ʚʦʟʜʫʰʥʦʤ ʧʨʦʤʝʞʫʪʢʝ ʤʝʞʜʫ 
ʜʚʫʤʷ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʙʘʥʢʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʨʘʟʨʷʜʳ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ ʧʦ-
ʨʷʜʢʘ 10 ʢɺ. ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘʟʳʚʘʶʪ ʪʝʧʝʨʴ ʥʝ ʠʥʘʯʝ 
ʢʘʢ çʢʘʧʝʣʴʥʠʮʘ ʂʝʣʴʚʠʥʘè. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ  ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʟʘʤʝʥʳ 
ʪʦʧʣʠʚʥʦʡ ʵʥʝʨʛʠʠ. ɺ ʥʝʤ ʦʪʩʫʪʩʪʚʫʶʪ ʜʚʠʞʫʱʠʝʩʷ ʠ ʪʨʫʱʠʝʩʷ ʯʘʩʪʠ, ʦʩʥʦʚʥʦʡ ʥʝʜʦ-
ʩʪʘʪʦʢ ʢʦʪʦʨʳʭ ï ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠʟʥʦʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʦ ʩʦʚʩʝʤ ʥʝ ʥʫʞʜʘʝʪʩʷ 
ʚ ʢʘʢʦʤ-ʣʠʙʦ ʚʥʝʰʥʝʤ ʠʩʪʦʯʥʠʢʝ ʵʥʝʨʛʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʥʬʦʨʤʘʮʠʶ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʢʘʩʘʶʱʫʶʩʷ ʩʪʨʦʝʥʠʷ ʠ ʧʨʠʥ-
ʮʠʧʘ ʨʘʙʦʪʳ ʢʘʧʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʤʳ ʨʝʰʠʣʠ ʚ ʫʩʣʦʚʠʷʭ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 
ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ ʠʟʛʦʪʦʚʠʪʴ ʢʘʧʝʣʴʥʠʮʫ ʂʘʣʴʚʠʥʘ.   
          ʀʟ ʞʝʩʪʷʥʳʭ ʙʘʥʦʢ ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʠʟʛʦʪʘʚʣʠʚʘʝʤ ʠʥʜʫʢʪʦʨʳ.  ɼʘʣʝʝ, ʩ ʠʩʧʦʣʴ-
ʟʦʚʘʥʠʝʤ ʩʪʘʣʴʥʳʭ ʰʪʘʥʛ (ʢʦʥʮʳ ʢʦʪʦʨʳʭ ʦʙʨʘʙʦʪʘʥʳ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ) ʢʨʝʧʠʤ ʠʭ 
ʢ 2-ʤ ʥʠʞʥʠʤ ʙʘʥʢʘʤ ʧʦ ʩʭʝʤʝ ʢʨʝʩʪ-ʥʘʢʨʝʩʪ. ɺʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʘʥʦʢ ʦʙʨʘʙʘ-
ʪʳʚʘʝʤ ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ. 

ʇʨʠ ʧʦʤʦʱʠ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ ʫʤʝʥʴʰʘʝʤ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʫ ʩʪʝʢʣʷʥʥʳʭ ʧʠ-
ʧʝʪʦʢ. ɼʘʣʝʝ ʚ ʜʥʝ 2-ʭ ʚʝʨʭʥʠʭ ʙʘʥʦʢ ʚʳʩʚʝʨʣʠʚʘʝʤ ʦʪʚʝʨʩʪʠʷ ʠ ʚʩʪʘʚʣʷʝʤ ʚ ʥʠʭ ʧʨʠ-
ʛʦʪʦʚʣʝʥʥʳʝ ʨʘʥʝʝ ʩʪʝʢʣʷʥʥʳʝ ʧʠʧʝʪʢʠ. ʄʝʩʪʘ ʩʦʝʜʠʥʝʥʠʷ ʧʠʧʝʪʦʢ ʩ ʙʘʥʢʘʤʠ ʛʝʨʤʝ-
ʪʠʟʠʨʫʝʤ ʢʣʝʝʚʳʤ ʧʠʩʪʦʣʝʪʦʤ.  

  ʇʦʩʣʝ ʵʪʦʛʦ, ʚʝʨʭʥʠʝ ʙʘʥʢʠ ʩʦʝʜʠʥʷʝʤ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʜʥʳʤ ʧʨʦʚʦʜʦʤ ʪʘʢ, 
ʯʪʦʙʳ ʧʨʦʚʦʜ ʚʧʦʩʣʝʜʩʪʚʠʠ, ʠʤʝʣ ʢʦʥʪʘʢʪ ʩ ʚʦʜʦʡ.  

ʅʘ ʣʘʟʝʨʥʦʤ ʩʪʘʥʢʝ ʚʳʨʝʟʘʝʤ ʧʨʦʩʪʘʚʢʠ ʜʣʷ ʙʘʥʦʢ ʠʟ ʘʢʨʠʣʘ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ 
ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʀʟ ʜʚʫʭ ʣʠʩʪʦʚ ɼʉʇ ʩʦʙʠʨʘʝʤ ʧʦʜʩʪʘʚʢʫ ʜʣʷ ʙʫʜʫʱʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʩʚʝʨʣʠʚʘʝʤ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʚ ɼʉʇ. ʇʨʦʩʪʘʚʢʠ ʧʨʠʢʣʝʠʚʘʝʤ 
ʢʣʝʝʤ çʄʦʤʝʥʪè ʢ ʧʦʜʩʪʘʚʢʝ. 

ʉʥʘʯʘʣʘ ʧʨʠʢʨʝʧʣʷʝʤ ʚʝʨʭʥʠʝ ʙʘʥʢʠ, ʜʣʷ ʥʘʜʝʞʥʦʩʪʠ, ʧʨʦʢʣʝʠʚʘʷ ʢʣʝʝʤ ʧʠ-
ʩʪʦʣʝʪʦʤ ʠ ʟʘʪʷʛʠʚʘʷ ʩʪʷʞʢʘʤʠ. ʉ ʥʠʞʥʠʤʠ ʙʘʥʢʘʤʠ ʧʨʦʜʝʣʳʚʘʝʤ ʪʦʞʝ ʩʘʤʦʝ. ɺʝʨʭ-
ʥʠʝ ʙʘʥʢʠ ʨʘʩʧʦʣʘʛʘʝʤ ʥʘʜ ʠʥʜʫʢʪʦʨʘʤʠ ʠ ʥʠʞʥʠʤʠ ʙʘʥʢʘʤʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ 
ʚʦʜʘ ʠʟ ʧʠʧʝʪʦʢ ʣʠʣʘʩʴ ʨʦʚʥʦ ʧʦ ʮʝʥʪʨʫ ( ʨʠʩʫʥʦʢ 1, ʨʠʩʫʥʦʢ 2).                 

https://ru.wikipedia.org/wiki/%D0%A4%D0%BB%D0%B5%D0%B9%D1%82%D0%B0#CITEREF%D0%9C%D1%83%D0%B7%D1%8B%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B8%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BC%D0%B5%D0%BD%D1%82%D1%8B._%D0%AD%D0%BD%D1%86%D0%B8%D0%BA%D0%BB%D0%BE%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F2008
https://ru.wikipedia.org/wiki/%D0%A4%D0%BB%D0%B5%D0%B9%D1%82%D0%B0#CITEREF%D0%9C%D1%83%D0%B7%D1%8B%D0%BA%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%B8%D0%BD%D1%81%D1%82%D1%80%D1%83%D0%BC%D0%B5%D0%BD%D1%82%D1%8B._%D0%AD%D0%BD%D1%86%D0%B8%D0%BA%D0%BB%D0%BE%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F2008
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                  ʈʠʩʫʥʦʢ 1.                                                   ʈʠʩʫʥʦʢ2. 
 
ʊʝʧʝʨʴ ʧʨʦʚʝʨʷʝʤ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʚ ʚʝʨʭʥʠʝ ʙʘʥʢʠ ʤʳ ʥʘʣʠ-

ʚʘʝʤ ʦʜʠʥʘʢʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʘ ʦʜʥʫ ʠʟ ʥʠʞʥʠʭ ʙʘʥʦʢ ʩʦʝʜʠʥʷʝʤ ʩ ʵʣʝʢʪʨʦʤʝʪ-
ʨʦʤ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ, ʤʳ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ ʩʪʨʝʣʢʘ ʵʣʝʢʪʨʦʤʝʪʨʘ ʥʘʯʠʥʘʝʪ ʦʪ-
ʢʣʦʥʷʪʴʩʷ (ʨʠʩʫʥʦʢ 3), ʘ ʢʘʧʣʠ ʚʦʜʳ ʥʘʯʠʥʘʶʪ ʨʘʟʣʝʪʘʪʴʩʷ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ɽʩʣʠ 
ʧʦʜʥʝʩʪʠ ʧʘʣʝʮ ʨʫʢʠ ʢ ʥʠʞʥʝʡ ʙʘʥʢʝ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʢʘʢ ʧʨʦʩʢʘʢʠʚʘʝʪ ʥʝʙʦʣʴʰʘʷ 
ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʩʢʨʘ. ʂʦʛʜʘ ʥʠʞʥʠʝ ʙʘʥʢʠ ʥʘʧʦʣʦʚʠʥʫ ʟʘʧʦʣʥʝʥʳ, ʟʘʨʷʜʳ ʧʝʨʝʩʪʘʶʪ 
ʥʘʢʘʧʣʠʚʘʪʴʩʷ. ʊʦʯʥʦ ʪʘʢʦʡ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪ, ʤʳ ʧʨʦʚʝʣʠ ʩ ʵʣʝʢʪʨʦʩʢʦʧʦʤ. ʇʨʠ ʨʘʙʦʪʝ 
ʢʘʧʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, ʣʝʧʝʩʪʢʠ ʵʣʝʢʪʨʦʩʢʦʧʘ ʥʘʯʠʥʘʶʪ ʦʪʪʘʣʢʠʚʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 
(ʨʠʩʫʥʦʢ 4). 

                       
                     ʈʠʩʫʥʦʢ 3.                                                             ʈʠʩʫʥʦʢ 4. 

ʂ ʧʨʝʠʤʫʱʝʩʪʚʘʤ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʠʟʛʦʪʦʚ-
ʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ (ʦʢʦʣʦ 865 ʨʫʙʣʝʡ), ʧʨʦʩʪʦʪʫ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʠʟʢʠʡ ʂʇɼ, ʩʣʠʰʢʦʤ ʤʘʣʘʷ ʚʝʣʠʯʠʥʘ ʥʘʢʘʧʣʠ-
ʚʘʝʤʳʭ ʟʘʨʷʜʦʚ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʪʦʢʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʥʘʛʨʫʟʢʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʛʝʥʝʨʠʨʫʝʪ ʥʘʧʨʷʞʝʥʠʝ ʦʢʦʣʦ 5 ʢɺ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦ-
ʨʘʙʦʪʘʪʴ ʤʦʜʝʣʴ ʠ ʦʩʫʱʝʩʪʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ 
ʥʘʢʘʧʣʠʚʘʝʤʦʛʦ ʢʘʧʝʣʴʥʠʮʝʡ ʚ ʧʝʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʧʝʣʴʥʠʮʫ ʂʝʣʴʚʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
ʵʥʝʨʛʠʠ.  

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɺʣʘʜʠʤʠʨ ʈʦʜʠʦʥʦʚ: ʕʥʝʨʛʝʪʠʢʘ. ʇʨʦʙʣʝʤʳ ʥʘʩʪʦʷʱʝʛʦ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʙʫʜʫ-
ʱʝʛʦ. ʀʟʜʘʪʝʣʴʩʪʚʦ: ʅʎ ʕʅɸʉ, 2010 ʛ 

2. ʅʦʚʦʞʠʣʦʚ ʖ.ʅ: ʂʘʧʝʣʴʥʠʮʘ ʂʝʣʴʚʠʥʘ: ʅʦʚʘʷ ʕʥʝʨʛʝʪʠʢʘ, 2004 
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3. ʉ. ʆ. ʍʦʤʫʪʦʚ, ɺ. ʗ. ʌʝʜʷʥʠʥ, ʀ. ɸ. ɻʫʪʦʚ, ɺ. ʀ. ʉʪʘʰʢʦ: ʕʥʝʨʛʝʪʠʢʘ ʛʣʘʟʘʤʠ ʫʯʘ-
ʱʠʭʩʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ: çʄʎ ʕʆʈè, 2017  

ɾʀɺɸʗ ʀ ʄɪʈʊɺɸʗ ɺʆɼɸ: ʄʀʌʓ ʀ ʈɽɸʃʔʅʆʉʊʔ 
ʅʠʢʫʣʠʥʘ ɺʘʣʝʨʠʷ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ çɻʠʤʥʘʟʠʷ ˉ12è, 
9 ʢʣʘʩʩ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʣʷʝʚʘ ʅʘʜʝʞʜʘ ʄʠʭʘʡʣʦʚʥʘ 

 
ɺʦʜʘ ï ʩʘʤʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʝ ʚʝʱʝʩʪʚʦ ʥʘ ɿʝʤʣʝ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʦʥʘ ʥʝ 

ʠʤʝʝʪ ʥʠ ʟʘʧʘʭʘ, ʥʠ ʚʢʫʩʘ, ʥʠ ʮʚʝʪʘ. ɾʠʟʥʴ ʙʝʟ ʚʦʜʳ ʥʝʚʦʟʤʦʞʥʘ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦ-
ʜʠʤʦ ʠʟʫʯʝʥʠʝ ʝʸ ʩʚʦʡʩʪʚ. ʆʧʳʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʘ ʠʤʝʝʪ ʧʘʤʷʪʴ ʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʚʫʢʘ ʤʝʥʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ ʚʦʜʳ. ɺʦʧʨʦʩʦʤ ʚʣʠʷʥʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʥʘ 
ʚʦʜʫ ʠʥʪʝʨʝʩʦʚʘʣʠʩʴ ʤʥʦʛʠʝ ʫʯʸʥʳʝ, ʥʦ ʚʩʸ ʞʝ ʙʦʣʴʰʠʥʩʪʚʦ ï ʧʨʦʪʠʚʥʠʢʠ ʵʪʦʡ ʪʝʦ-
ʨʠʠ. ʉʘʤʳʝ ʠʟʚʝʩʪʥʳʝ ʩʪʦʨʦʥʥʠʢʠ ï ʷʧʦʥʩʢʠʡ ʜʦʢʪʦʨ ʕʤʦʪʦ ʄʘʩʘʨʫ, ʢʦʪʦʨʳʡ ʧʨʦʚʸʣ 
ʤʥʦʞʝʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʜʦʢʘʟʳʚʘʶʱʠʭ ʝʸ, ʠ ʥʘʰ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢ ʉ. ɺ. ɿʝʥʠʥ, ʟʘ-
ʱʠʪʠʚʰʠʡ ʜʠʩʩʝʨʪʘʮʠʶ ʧʦ ʵʪʦʡ ʪʝʦʨʠʠ. ʋʯʸʥʳʝ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 
ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʜʝʣʘʝʪ ʚʦʜʫ ʞʠʚʦʡ, ʣʠʙʦ ʤʸʨʪʚʦʡ, ʠ ʷ ʨʝʰʠʣʘ ʵʪʦ ʧʨʦʚʝʨʠʪʴ. ʎʝʣʴ 
ʤʦʝʛʦ ʧʨʦʝʢʪʘ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʟʚʫʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʝʸ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ. 
ɾʠʚʘʷ ʚʦʜʘ ï ɻ ʪʦ ʚʦʜʘ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʝʸ ʦʙʲʸʤʝ ʩʚʦʙʦʜʥʦ, ʥʝʟʘ-
ʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʄʸʨʪʚʘʷ ʚʦʜʘ ï ʵʪʦ ʚʦʜʘ, ʤʦʣʝʢʫʣʳ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 
ʚʥʫʪʨʠ ʤʦʣʝʢʫʣ ʧʘʨʘ ʠ ʦʙʨʘʟʫʶʪ ʚʤʝʩʪʝ ʩ ʧʘʨʦʤ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʩʪʚʦʨ ʧʘʨʘ ʠ 
ʚʦʜʳ.  

ʗʧʦʥʩʢʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʄʘʩʘʨʫ ʕʤʦʪʦ ʧʨʦʚʝʣ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 
ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ. ʆʥ ʧʦʛʨʫʞʘʣ ʝʤʢʦʩʪʴ ʩ ʚʦʜʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʫʶ ʩʨʝʜʫ, ʛʜʝ ʥʘ ʥʝʝ ʚʦʟ-
ʜʝʡʩʪʚʦʚʘʣʠ ʨʘʟʣʠʯʥʳʤʠ ʤʫʟʳʢʘʣʴʥʳʤʠ ʞʘʥʨʘʤʠ, ʩʣʦʚʘʤʠ ʠʣʠ ʤʦʣʠʪʚʘʤʠ. ɿʘʤʦʨʘ-
ʞʠʚʘʣ ʝʸ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ: ʚʦʜʘ ʠʟ 
ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʩʨʝʜʳ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʚʠʜʝ ʠʤʝʝʪ ʢʨʘʩʠʚʳʝ ʬʦʨʤʳ. ʉ ʜʨʫʛʦʡ ʩʪʦ-
ʨʦʥʳ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʤʦʣʝʢʫʣʳ ʦʙʣʘʜʘʶʪ ʘʥʦʤʘʣʴʥʳʤʠ ʦʯʝʨʪʘʥʠʷʤʠ.  
ʈʦʩʩʠʡʩʢʠʡ ʫʯʸʥʳʡ ʉʪʘʥʠʩʣʘʚ ɿʝʥʠʥ ʨʘʩʩʢʘʟʳʚʘʣ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʢʦʛʜʘ ʵʢʩʪʨʘ-
ʩʝʥʩʘ ʧʨʦʩʠʣʠ ʤʳʩʣʝʥʥʦ ʟʘʨʷʜʠʪʴ ʚʦʜʫ ʥʝʛʘʪʠʚʥʦʡ ʵʥʝʨʛʠʝʡ.  ɺ ʟʘʨʷʞʝʥʥʫʶ ʚ ʣʘʙʦ-
ʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʜʫ ʉʪʘʥʠʩʣʘʚ ɿʝʥʠʥ ʧʦʤʝʩʪʠʣ ʠʥʬʫʟʦʨʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʦʚʳʭ 
ʫʩʣʦʚʠʷʭ ʥʝ ʚʳʞʠʣʠ, ʘ ʚ ʢʦʥʪʨʦʣʴʥʦʤ ʦʙʨʘʟʮʝ ʚʦʜʳ ʩ ʥʠʤʠ ʥʠʯʝʛʦ ʥʝ ʧʨʦʠʟʦʰʣʦ. 
ʇʨʦʚʝʜʷ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʷ ʚʳʷʩʥʠʣʘ ʠʥʪʝʨʝʩʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʚʦʜʳ, ʘ ʪʘʢʞʝ ʨʘʟʨʫʰʠʣʘ ʤʠʬʳ ʧʨʦ ʞʠʚʫʶ ʠ ʤʸʨʪʚʫʶ ʚʦʜʫ. ɼʦʩʪʠʛʥʫʚ ʮʝʣʠ ʠʩʩʣʝʜʦ-
ʚʘʥʠʷ, ʧʝʨʝʜʦ ʤʥʦʡ ʦʪʢʨʳʣʘʩʴ ʧʝʨʩʧʝʢʪʠʚʘ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʫʥʠʢʘʣʴʥʳʭ 
ʩʚʦʡʩʪʚ ʚʦʜʳ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. http://ria.ru/info/20100322/215773125.html 
2. ɹʦʣʴʰʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʟʥʘʥʠʡ / ʇʝʨ. ʩ ʥʝʤʝʮʢʦʛʦ ʃ.ʉ.ɹʝʣʦʚʦʡ, ɽ.ɺ. ʏʝʨʥʳʰ.-
ʄ.:ʵʢʩʤʦ, 2015. 
 
 
 

ʉʊɸʎʀʆʅɸʈʅʓʁ ʄɸɻʅʀʊʅʓʁ ɻɽʅɽʈɸʊʆʈ 
ʆʙʠʜʠʥ ɸʣʝʢʩʘʥʜʨ 

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

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʘʣʘʭʦʥʦʚ ʅʠʢʦʣʘʡ ʄʘʨʪʠʥʴʷʥʦʚʠʯ, ʠʥʞʝʥʝʨ ʦʨʛ. ʦʪʜʝʣʘ ʀʐʕ ʊʇʋ 
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ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʥʘ ʬʦʥʝ ʫʭʫʜʰʘʶʱʝʡʩʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠ ʠʩ-

ʪʦʱʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʣʶʜʠ ʥʘʯʠʥʘʶʪ ʚʩʸ ʯʘʱʝ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦʙ ʘʣʴʪʝʨʥʘ-
ʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʥʝʨʛʠʠ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʷʚʣʷʶʪʩʷ ʵʣʝʢʪʨʦʥ-
ʥʳʝ ʛʝʥʝʨʘʪʦʨʳ, ʨʘʙʦʪʘʶʱʠʝ ʧʦ ʨʝʟʦʥʘʥʩʥʦʤʫ ʧʨʠʮʝʧʫ. ʂ ʪʠʧʫ ʜʘʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʪ-
ʥʦʩʠʪʩʷ ʩʠʥʭʨʦʥʥʳʡ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (ʄʕɻ). ɺʳʨʘ-
ʙʦʪʢʘ ʤʦʱʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʄʕɻ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʤʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚ-
ʣʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟ ʤʘʛʥʠʪʘ [1]. 

ʆʩʥʦʚʥʦʡ ʨʘʙʦʪʳ ʄʕɻ ʷʚʣʷʝʪʩʷ ʨʝʟʦʥʘʥʩ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ ʟʘ ʩʯʸʪ ʩʚʷʟʠ ʧʨʠ-
ʨʦʜʳ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʝʡ: ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʥʦʚ, ʦʙʣʘʜʘʶ-
ʱʠʭ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʚʦʣʥʦʚʦʡ ʧʨʠʨʦʜʦʡ, ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʩʦʙʩʪʚʝʥʥʳʤ ʚʨʘʱʝʥʠʝʤ. 
ʉʧʠʥʦʤ. ɽʩʣʠ ʵʣʝʢʪʨʦʥʳ ʚʨʘʱʘʶʪʩʷ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠʭ 
ʤʘʛʥʠʪʥʳʝ ʤʦʤʝʥʪʳ ʩʫʤʤʠʨʫʶʪʩʷ, ʚʝʱʝʩʪʚʘ ʞʝ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʩʝʨʜʝʯ-
ʥʠʢʠ ʜʣʷ ʄʕɻ, ʦʙʣʘʜʘʶʪ ʩʚʦʙʦʜʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʩʪʨʦʠʚ ʩʠʩʪʝʤʫ 
ʚ ʨʝʟʦʥʘʥʩ ʠ ʨʘʩʢʘʯʠʚʘʷ ʝʸ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʪʦʢʘ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳ-
ʭʦʜʥʫʶ ʤʦʱʥʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ ʚʭʦʜʥʫʶ. ʌʘʢʪʠʯʝʩʢʠ, ʪʘʢ, ʄʕɻ ʯʝʨʧʘʶʪ ʵʥʝʨʛʠʶ ʠʟ 
ʤʘʛʥʠʪʦʚ [1-3]. 

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʥʘ ʬʝʨʨʦ-

ʤʘʛʥʠʪʥʦʤ ʩʝʨʜʝʯʥʠʢʝ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 12ɺ ʚ ʙʦ-
ʣʝʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 

 
ɿʘʜʘʯʠ: 
1. ʉʦʩʪʘʚʠʪʴ ʩʭʝʤʫ ʫʩʪʘʥʦʚʢʠ 
2. ʈʘʩʩʯʠʪʘʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʟʥʘʯʝʥʠʷ ʯʘʩʪʦʪ ʠ ʵʣʝʢʪʨʦʝʤʢʦʩʪʝʡ 
3. ʅʘ ʦʩʥʦʚʝ ʚʳʯʠʩʣʝʥʠʡ ʠ ʩʭʝʤʳ ʠʟʛʦʪʦʚʠʪʴ ʄʕɻ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
 

ɿʘ ʦʩʥʦʚʫ ʫʩʪʘʥʦʚʢʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʠ ʜʦʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʘʪʝʥʪʘ US 6362718 
ɹʝʨʜʝʥʘ (ʈʠʩ.2.). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʟʦʥʘʥʩʘ ʙʳʣʘ ʩʜʝʣʘʥʘ ʩʠʤʤʝʪʨʠʯʥʘʷ ʩʭʝʤʘ. ɼʣʷ 
ʦʜʠʥʘʢʦʚʦʡ ʨʘʙʦʪʳ ʢʘʪʫʰʢʠ L1 ʠ L2 ʙʳʣʠ ʥʘʩʪʨʦʝʥʳ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʠʥʜʫʢʪʠʚʥʦʩʪʴ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʦ ʥʦʤʦʛʨʘʤʤʝ (ʈʠʩ.3.) ʙʳʣʠ ʧʦʜʦʙʨʘʥʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʟʥʘʯʝʥʠʷ 
ʝʤʢʦʩʪʝʡ ʢʦʥʜʝʥʩʘʪʦʨʦʚ C3 ʠ C4, ʧʦʜʪʚʝʨʞʜʸʥʥʳʝ ʨʘʩʯʝʪʘʤʠ. ɺ ʦʙʱʝʤ ʠʪʦʛʝ, ʢʘʢ ʧʦ-
ʢʘʟʘʥʦ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬʝ (ʈʠʩ.4.) ʯʘʩʪʦʪʳ ʪʦʢʘ ʚ ʢʘʪʫʰʢʘʭ L1 ʠ L2 ʧʨʠʤʝʨʥʦ ʦʜʠʥʘ-
ʢʦʚʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʨʝʟʦʥʘʥʩʘ. ʉʘʤ ʤʘʛʥʠʪʥʳʡ ʛʝʥʝʨʘʪʦʨ ʨʘʙʦʪʘʝʪ ʩʣʝ-
ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚ ʥʘʯʘʣʝ ʪʦʢ ʠʜʸʪ ʥʘ ʢʘʪʫʰʢʫ L1, ʧʦʩʣʝ ʯʝʛʦ ʦʥ ʠʜʸʪ ʥʘ ʙʘʟʫ ʪʨʘʥ-
ʟʠʩʪʦʨʘ VT2, ʦʪʢʨʳʚʘʷ ʝʛʦ, ʟʘʪʝʤ ʧʦʜʦʙʥʳʡ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʩ ʜʨʫʛʠʤʠ ʢʘʪʫʰʢʦʡ ʠ 
ʪʨʘʥʟʠʩʪʦʨʦʤ. ɺ ʬʝʨʨʦʤʘʛʥʠʪʥʦʤ ʩʝʨʜʝʯʥʠʢʝ ʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ, 
ʦʙʨʘʟʫʶʱʠʝ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʟʘ ʩʯʸʪ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʮʠʢʣʘ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʬʦʪʦʛʨʘʬʠʠ ʟʘʧʫʱʝʥʥʦʡ ʫʩʪʘʥʦʚʢʠ (ʈʠʩ.5.), ʚ ʭʦʜʝ ʝʸ ʨʘʙʦʪʳ ʫʜʘ-
ʣʦʩʴ ʟʘʞʝʯʴ ʣʘʤʧʦʯʢʫ 12ɺ, ʯʪʦ ʛʦʚʦʨʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʚʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʘʢ ʤʠʥʠ-
ʤʫʤ, ʥʝ ʧʨʠʥʠʞʘʝʪ ʚʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʘʢʢʫʤʫʣʷʪʦʨʘ 12ɺ 
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ʈʠʩ.2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ     ʈʠʩ.3. ʅʦʤʦʛʨʘʤʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʘ 

 
ʋʩʣʦʚʠʝ ʨʝʟʦʥʘʥʩʘ ʚ ʮʝʧʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫ-

ʣʦʡ: ὢ ὢ 

XC ï ʵʪʦ ʸʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ ὢ

 , ʛʜʝ ’ ï ʯʘʩʪʦʪʘ ʪʦʢʘ, C ïʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

XL ï ɻ ʪʦ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʘʪʫʰʢʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʦʝ ʧʦ ʬʦʨʤʫʣʝ ὢ
ς“’ὒ, ʛʜʝ ’ ï ʯʘʩʪʦʪʘ ʪʦʢʘ, L ï ʠʥʜʫʢʪʠʚʥʦʩʪʴ ʢʘʪʫʰʢʠ. 

ʈʠʩ.4. ʇʦʢʘʟʘʥʠʷ ʯʘʩʪʦʪ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬʝ   ʈʠʩ.5. ʋʩʪʘʥʦʚʢʘ 
 

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʸʪ ʝʤʢʦʩʪʥʦʛʦ ʠ ʠʥʜʫʢʪʠʚʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 

ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʟʥʘʯʝʥʠʝ 

ʏʘʩʪʦʪʘ ʥʘ L1 ʠ L2, ʢɻʮ 2,4 

ʀʥʜʫʢʪʠʚʥʦʩʪʴ ʥʘ L1 ʠ L2, ʤɻʥ 95 

ɽʤʢʦʩʪʴ ʥʘ C3 ʠ C4, ʥʌ 50 

ɺʭʦʜʥʦʝ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ 12 

ɺʳʭʦʜʥʦʝ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ɺ 15 

XC, ʆʤ 1441 

XL, ʆʤ 1432 

 
ɸʥʘʣʦʛʦʤ ʄʕɻ ɹʝʨʜʝʥʘ (ʥʘ ʦʩʥʦʚʝ ʯʴʝʡ ʩʭʝʤʳ ʜʝʣʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ) ʷʚʣʷʝʪʩʷ 

ʄʕɻ ɻʨʦʤʦʚʘ (ʙʣʦʢʠʥʛ-ʛʝʥʝʨʘʪʦʨ). ʂʘʢ ʠ ʄʕɻ ɹʝʨʜʝʥʘ, ʄʕɻ ɻʨʦʤʦʚʘ ʷʚʣʷʝʪʩʷ ʩʪʘʪʠ-
ʯʝʩʢʠʤ ʧʨʠʙʦʨʦʤ, ʥʦ ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʤʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʚ ʧʦʩʪʦʷʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ. ɺ 
ʦʩʥʦʚʫ ʨʘʙʦʪʳ ʵʪʦʛʦ ʧʨʠʙʦʨʘ ʧʦʣʦʞʝʥ ʧʨʦʮʝʩʩ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 
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ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʩʝʨʜʝʯʥʠʢʦʚ ʤʘʛʥʠʪʥʦʛʦ ʫʩʠʣʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ ʨʘ-
ʙʦʯʠʝ ʤʘʛʥʠʪʥʳʝ ʧʦʪʦʢʠ ʬʦʨʤʠʨʫʶʪ ʧʦʩʪʦʷʥʥʳʝ ʤʘʛʥʠʪʳ [4]. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʄʕɻ ɻʨʦʤʦʚʘ 

 
ɺʳʚʦʜʳ 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʩʪʘʮʠʦʥʘʨʥʳʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʛʝʥʝʨʘʪʦʨ, ʥʘ 

ʦʩʥʦʚʝ ʜʦʨʘʙʦʪʘʥʥʦʛʦ ʄʕɻ ʊʦʤʘ ɹʝʨʜʝʥʘ, ʘ ʪʘʢʞʝ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙ-
ʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʈʘʩʭʦʜ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ:  
ʇʨʠʙʣʠʟʠʪʝʣʴʥʘʷ ʩʪʦʠʤʦʩʪʴ: 

1. ʂʦʥʜʝʥʩʘʪʦʨ 4700ʤʢʌ, 200ɺ ï 1200ʨ. 
2. ʊʨʘʥʟʠʩʪʦʨ ʂʊ838ɸ ï 260ʨ. 
3. ʈʝʟʠʩʪʦʨ 300ʆʤ ï 8ʨ. 
4. ʇʨʝʜʦʭʨʘʥʠʪʝʣʴ 2ɸ ï 3ʨ. 
5. ʇʝʨʝʢʣʶʯʘʪʝʣʴ - 40ʨ. 
6. ʈʝʟʠʩʪʦʨ ʧʝʨʝʤʝʥʥʳʡ 150ʆʤ ï 50ʨ. 
7. ɺʳʩʦʢʦʚʦʣʴʪʥʳʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊɼʂʉ-9-1 2 ʰʪ. ï 2*300=600ʨ. 
8. ʂʦʥʜʝʥʩʘʪʦʨ 0.1 ʤʢʌ 5ɺ - 6ʨ. 
9. ɼʠʦʜ ï 6ʨ.  
10. ʇʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 12ɺ ʚ 220ɺ 50ɻʮ. ï 700ʨ. 
11. ʃʘʤʧʘ ʩʚʝʪʦʜʠʦʜʥʘʷ 3ɺʪ - 30ʨ. 
ʀʪʦʛʦ: 2947ʨ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. ɺ ʧʦʠʩʢʘʭ ʥʝʧʦʟʥʘʥʥʦʛʦ ï matri-x.ru. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦ-
ʩʪʫʧʘ: http://matri-x.ru/energy/pat_6362718.shtml 

2. ʀʥʪʝʨʥʝʪ-ʵʥʮʠʢʣʦʧʝʜʠʷ ʧʦ ʵʣʝʢʪʨʦʥʠʢʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦ-
ʩʪʫʧʘ: https://wiringexpert.ru/tool/determine-the-maximum-torque-on-the-shaft-of-the-
induction-motor-maximum-rotating-magnetic-moment/ 

3. ʄʘʛʥʠʪʥʳʡ ʧʦʪʦʢ ʕʜʚʘʨʜʘ ʃʠʜʩʢʘʣʥʠʥʰʘ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ: http://mirgorodsky.ru/magnitnyy-potok-edvard-lidskalninsh/ 

4. ɹʣʦʢʠʥʛ-ʛʝʥʝʨʘʪʦʨ ʩ ʧʠʪʘʥʠʝʤ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝ-
ʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://ua-
hho.do.am/publ/idei_po_ehnergii/bloking_generator_s_pitaniem_ot_postojannykh_ma
gnitov/2-1-0-168 
 
 
 
 
 
 
 

http://matri-x.ru/energy/pat_6362718.shtml
https://wiringexpert.ru/tool/determine-the-maximum-torque-on-the-shaft-of-the-induction-motor-maximum-rotating-magnetic-moment/
https://wiringexpert.ru/tool/determine-the-maximum-torque-on-the-shaft-of-the-induction-motor-maximum-rotating-magnetic-moment/
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ʕʌʌɽʂʊ ʃɽʁɼɽʅʌʈʆʉʊɸ ʀʃʀ ʂɸʇʃʗ ʅɸ ɺʆɿɼʋʐʅʆʁ ʇʆɼʋʐʂɽ 
ʇʦʪʘʧʦʚ ɸʥʜʨʝʡ ʉʝʨʛʝʝʚʠʯ, ɸʢʠʤʦʚ ʄʠʭʘʠʣ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ɻʠʤʥʘʟʠʷ ˉ12, 
9 ʢʣʘʩʩ 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʣʷʝʚʘ ʅʘʜʝʞʜʘ ʄʠʭʘʡʣʦʚʥʘ, 

 ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 
 

ʂʘʧʣʷ ʞʠʜʢʦʩʪʠ, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʛʦʨʷʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʙʣʘʛʦʜʘʨʷ ʪʦʥʢʦʡ ʪʝʧ-
ʣʦʠʟʦʣʠʨʫʶʱʝʡ ʧʘʨʦʚʦʡ ʧʨʦʩʣʦʡʢʝ ʥʝ ʠʩʧʘʨʷʝʪʩʷ ʤʦʤʝʥʪʘʣʴʥʦ, ʘ ʧʨʦʜʦʣʞʘʝʪ ʩʫ-
ʱʝʩʪʚʦʚʘʪʴ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʣʝʚʠʪʠʨʫʷ ʥʘʜ ʧʦʜʣʦʞʢʦʡ (ʚʦʟʜʫʰʥʘʷ ʧʦ-
ʜʫʰʢʘ).  

ʕʪʦ ʚʦʟʤʦʞʥʦ ʧʨʠ ʫʩʣʦʚʠʝ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʞʠʜʢʦʩʪʠ, ʠʥʘʯʝ ʤʳ ʥʝ ʙʫʜʝʤ ʥʘʙʣʶʜʘʪʴ ʘʢʪʠʚʥʦʛʦ ʠʩʧʘʨʝʥʠʝ ʠ ʢʘʧʣʷ 
ʥʝ ʙʫʜʝʪ ʩʢʦʣʴʟʠʪʴ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʀʟʫʯʠʪʴ ʵʬʬʝʢʪ ʃʝʡʜʝʥʬʨʦʩʪʘ ʥʘ ʧʨʠʤʝʨʝ ʢʘʧʣʠ, ʞʠʜʢʦʩʪʠ, ʧʦʤʝʱʝʥʥʦʡ ʥʘ 

ʨʘʩʢʘʣʝʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. ʈʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʩʝʙʷ ʙʫʜʝʪ ʚʝʩʪʠ ʢʘʧʣʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 
ʫʩʣʦʚʠʷʭ (ʤʘʪʝʨʠʘʣ ʥʘʛʨʝʚʘʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ, ʤʦʣʝʢʫʣʷʨʥʳʡ ʩʦʩʪʘʚ ʞʠʜʢʦʩʪʠ, 
ʦʙʲʝʤ ʢʘʧʣʠ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ) 

 
ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʡ: ɼʚʠʞʝʥʠʷ  ʃʝʡʜʝʥʬʨʦʩʪʘ ʠ ʪʝʯʝʥʠʷ ʄʘʨʘʥʛʦʥʠ. 
 ʗʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʞʠʜʢʦʩʪʴ ʚ ʢʦʥʪʘʢʪʝ ʩ ʪʚʝʨʜʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʛʦʨʷ-
ʯʝʡ, ʯʝʤ ʪʦʯʢʘ ʢʠʧʝʥʠʷ ʞʠʜʢʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʦʙʨʘʟʫʝʪ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʫʶ ʧʨʦ-
ʩʣʦʡʢʫ ʧʘʨʘ, ʪʝʤ ʩʘʤʳʤ ʟʘʤʝʜʣʷʷ ʙʳʩʪʨʦʝ ʚʳʢʠʧʘʥʠʝ ʢʘʧʣʠ ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪ ʃʝʡ-
ʜʝʥʬʨʦʩʪʘ. 
 ʕʬʬʝʢʪ ʄʘʨʘʥʛʦʥʠ- ʪʝʯʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʝʨʝ-
ʧʘʜʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. 
 ʀʩʧʘʨʝʥʠʝ ï ʵʪʦ ʧʝʨʝʭʦʜ ʚʝʱʝʩʪʚʘ ʠʟ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʡ (ʞʠʜʢʦʡ ʠʣʠ ʪʚʝʨʜʦʡ) 
ʬʘʟʳ ʚ ʛʘʟʦʦʙʨʘʟʥʫʶ (ʧʘʨ). 
 ɺʘʞʥʦ - ʧʦʜ ʠʩʧʘʨʝʥʠʝʤ ʙʫʜʝʪ ʧʦʥʠʤʘʪʴʩʷ ʧʝʨʝʭʦʜ ʞʠʜʢʦʩʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧ-
ʣʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʝʸ ʤʦʣʝʢʫʣ, ʧʨʦʠʩʭʦʜʷʱʠʡ ʥʘ ʩʚʦʙʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ (ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦ-
ʨʦʚ). 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʢʦʨʦʩʪʴ ʚʳʢʠʧʘʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘʭʦʜʷ-
ʱʝʡʩʷ ʥʘ ʛʦʨʷʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥ-
ʥʦʛʦ ʷʚʣʝʥʠʷ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
1. ʀʩʧʘʨʝʥʠʝ ʢʘʧʣʠ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ, ʠ 
ʯʝʤ ʦʥʘ ʚʳʰʝ, ʪʝʤ ʙʦʣʴʰʝ ʚʨʝʤʷ ʠʩʧʘʨʝʥʠʷ ʢʘʧʣʠ 

2. ʀʩʧʘʨʝʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ ʞʠʜʢʦʩʪʠ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ  
ʥʘʛʨʝʚʘʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ. 
 

ʀʟʫʯʝʥʠʝ ʷʚʣʝʥʠʷ ʘʢʪʫʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʦʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠ ʚ ʙʳʪʫ ʜʣʷ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʢʦʚʦʨʦʜʳ ʧʨʠ ʛʦʪʦʚʢʝ, ʪʘʢ ʠ ʚ ʪʝʭʥʦʣʦʛʠʷʭ lab-on-a-chip, ʩʪʨʫʡʥʦʡ 
ʧʝʯʘʪʠ, ʦʭʣʘʞʜʝʥʠʠ ʨʘʟʙʨʳʟʛʠʚʘʥʠʝʤ ʠ ʜʘʞʝ ʚ ʪʘʢʦʤ ʧʨʠʟʝʤʣʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʢʘʢ 
ʧʦʢʨʘʩʢʘ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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1. https://new-science.ru/pochemu-kapli-vody-skolzyat-i-paryat-na-goryachih-
poverhnostyah/ 

2. https://festivalnauki.ru/media/articles/interesno-o-nauke/vyzhit-v-rasplavlennom-
svintse/ 

3. https://old.bigenc.ru/chemistry/text/2184772 
4. ñʌʠʟʠʯʝʩʢʠʝ ʧʘʨʘʜʦʢʩʳ ʠ ʩʦʬʠʟʤʳò- ɺ.ʅ ʃʘʥʛʝ 
5. ñʃʝʪʘʶʱʠʡ ʮʠʨʢ ʬʠʟʠʢʠò- ɼʞʝʨʣ ɼʘʣʪʦʥ ʋʦʢʝʨ 

 

 

 

 
ɺʃʀʗʅʀɽ ɿɺʋʂʆɺ ʀ ʄʋɿʓʂʀ ʅɸ ʆʈɻɸʅʀɿʄ ʏɽʃʆɺɽʂɸ  

ʈʘʭʠʤʦʚʘ ɸʥʘʩʪʘʩʠʷ 
ʏʘʩʪʥʦʝ ʆʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʋʯʨʝʞʜʝʥʠʝ 

çʃʠʮʝʡ ʊɻʋè, 10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʩʪʥʠʢʦʚʘ ɽʢʘʪʝʨʠʥʘ ʀʚʘʥʦʚʥʘ, ʢ.ʧ.ʥ, ʜʦʮʝʥʪ ʦʪʜʝʣʝʥʠʷ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ʀʗʊʐ ʊʇʋ 

 
ɿʚʫʢʠ ʠ ʤʫʟʳʢʘ ʩʦʧʨʦʚʦʞʜʘʶʪ ʥʘʩ ʧʦʚʩʶʜʫ, ʚʣʠʷʶʪ ʥʘ ʥʘʰʠ ʥʘʩʪʨʦʝʥʠʷ ʠ ʵʤʦ-

ʮʠʦʥʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʭ ʚʣʠʷʥʠʶ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ ʯʝʣʦʚʝʢʘ. ʆʪ-
ʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʟʚʫʢʦʚʦʡ ʩʨʝʜʦʡ ʠ ʥʘʰʠʤ ʟʜʦʨʦʚʴʝʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʙʣʘ-
ʛʦʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʥʘʰʝʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʙʣʘʛʦʧʦʣʫʯʠʷ, ʧʦ-
ʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʦ ʚʣʠʷʥʠʠ ʟʚʫʢʦʚ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ ʷʚʣʷ-
ʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʪʘʧʦʤ ʚ ʨʘʟʚʠʪʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ 
ʚʳʷʚʠʪʴ ʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʟʚʫʢʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʚʫʢʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʫʩʧʦʢʘ-
ʠʚʘʪʴ, ʧʦʚʳʰʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʪʴ ʫʨʦʚʝʥʴ ʩʪʨʝʩʩʘ, ʟʥʘʯʠʪ 
ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ ʟʚʫʢʦʚʦʡ ʬʦʥ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʧʦʟʠʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʩʠʭʠ-
ʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʠ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʦʡ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝ-
ʜʫʶʱʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʩʦʙʨʘʪʴ ʠ ʠʟʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʟʚʫʢʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʭ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʚʦʩʧʨʠʷʪʠʝ ʟʚʫʢʦʚ ʯʝʣʦʚʝʢʦʤ; 

2. ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʠ ʫʯʘʱʠʭʩʷ ʣʠʮʝʷ ʊɻʋ ʧʦ ʚʳʷʚʣʝʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ 
ʚʣʠʷʥʠʷ ʤʫʟʳʢʠ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ; 

3. ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʝ-

ʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
ɿʚʫʢ ð ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʧʨʫʛʠʭ 

ʚʦʣʥ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ, ʞʠʜʢʦʡ ʠʣʠ ʪʚʸʨʜʦʡ ʩʨʝʜʝ. ɺ ʫʟʢʦʤ ʩʤʳʩʣʝ ʟʚʫʢ ð ʵʪʦ ʙʳʩʪʨʦ 
ʤʝʥʷʶʱʝʝʩʷ ʜʘʚʣʝʥʠʝ ʚʦʟʜʫʭʘ, ʢʦʪʦʨʦʝ ʚʳʟʳʚʘʝʪ ʚʠʙʨʘʮʠʶ ʚ ʫʰʥʦʡ ʧʝʨʝʧʦʥʢʝ ʠ 
ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʩʣʫʭʦʚʦʤʫ ʘʧʧʘʨʘʪʫ ʯʝʣʦʚʝʢʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʩʠʣʴʥʝʝ ʧʝ-
ʨʝʧʘʜʳ ʜʘʚʣʝʥʠʷ, ʪʝʤ ʟʚʫʢ ʛʨʦʤʯʝ. ʂʘʟʘʣʦʩʴ ʙʳ, ʚʩʝ ʧʨʦʩʪʦ. ʅʦ ʟʜʝʩʴ ʬʠʟʠʢʘ ʥʘʯʠ-
ʥʘʝʪ ʩʤʝʰʠʚʘʪʴʩʷ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʦʱʫʱʝʥʠʷʤʠ ʠ ʚʩʝ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ. 

ʃʶʙʦʡ ʟʚʫʢ ʢʘʢ ʚʦʣʥʘ ʠʤʝʝʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʢʘʢ ʯʘʩʪʦʪʘ, ʘʤʧʣʠʪʫʜʘ ʠ ʬʘʟʘ.  
ʏʘʩʪʦʪʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʝʙʘʥʠʡ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ɻʝʨ-
ʮʘʭ, ʘʤʧʣʠʪʫʜʘ ʠʣʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ð ʵʪʦ ʩʠʣʘ ʟʚʫʢʘ, ʢʦʪʦʨʫʶ ʦʨʛʘʥʳ 
ʩʣʫʭʘ ʚʦʩʧʨʠʥʠʤʘʶʪ ʢʘʢ ʛʨʦʤʢʦʩʪʴ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʛʨʦʤʢʦʩʪʠ ʟʚʫʢʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʥʦʤʝʪʨʳ, ʝʜʠʥʠʮʘʤʠ ʝʝ ʠʟʤʝʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʜʝʮʠʙʝʣʳ. ʌʘʟʘ, ʥʫʞʥʘ 
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ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʧʠʩʘʪʴ ʩʚʦʡʩʪʚʘ 2-ʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ. ɽʩʣʠ ʜʚʘ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʘ ʦʙ-
ʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʦʡ ʘʤʧʣʠʪʫʜʦʡ ʠ ʯʘʩʪʦʪʥʦʩʪʴʶ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʚ 
ʬʘʟʝ. ʇʨʠ ʥʘʭʦʞʜʝʥʠʠ ʜʚʫʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʚ ʬʘʟʝ, ʧʨʦʠʩʭʦʜʠʪ ʥʘʣʦʞʝʥʠʝ ʟʚʫʢʦʚ ʜʨʫʛ 
ʥʘ ʜʨʫʛʘ ʠ ʫʩʠʣʝʥʠʝ ʩʠʛʥʘʣʘ. ɽʩʣʠ ʩʦʚʤʝʩʪʠʪʴ ʜʚʘ ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʧʦ ʘʤʧʣʠʪʫʜʝ, 
ʩʠʛʥʘʣʘ, ʧʨʦʠʟʦʡʜʝʪ ʠʭ ʧʦʜʘʚʣʝʥʠʝ ʠʟ-ʟʘ ʨʘʟʥʠʮʳ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʠʩʯʝʟʥʦ-
ʚʝʥʠʶ ʟʚʫʢʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʠʟʚʝʩʪʝʥ ʚ ʬʠʟʠʢʝ ʢʘʢ çʧʦʜʘʚʣʝʥʠʝ ʬʘʟʳè. 

ʏʝʣʦʚʝʢ ʚʦʩʧʨʠʥʠʤʘʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʦ ʥʝ ʚʩʝ 
ʟʚʫʢʠ ʩʧʦʩʦʙʝʥ ʫʩʣʳʰʘʪʴ. ɺʦʩʧʨʠʷʪʠʝ ʟʚʫʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʟʚʫ-
ʢʦʚʳʭ ʚʦʣʥ.  

ɺʦʪ ʦʩʥʦʚʥʳʝ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ ʟʚʫʢʦʚ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʦʩʧʨʠʥʠ-
ʤʘʪʴ: 

ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ (20-200 ɻʮ): ʵʪʦ ʥʠʟʢʠʝ ʨʦʢʦʪʥʳʝ ʟʚʫʢʠ, ʪʘʢʠʝ ʢʘʢ ʛʨʦʤʢʠʡ ʨʝʚ 
ʤʦʪʦʨʘ ʠʣʠ ʛʫʣ ʪʷʞʝʣʳʭ ʤʘʰʠʥ; 

ʩʨʝʜʥʠʝ ʯʘʩʪʦʪʳ (200-2000 ɻʮ): ʵʪʦ ʜʠʘʧʘʟʦʥ ʨʝʯʠ, ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʦʢʨʫʞʘʶʱʠʭ ʟʚʫʢʦʚ; 

ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ (2000-20000 ɻʮ): ʵʪʦ ʚʳʩʦʢʠʝ ʟʚʫʢʠ, ʪʘʢʠʝ ʢʘʢ ʩʚʠʩʪ, ʧʝʥʠʝ 
ʧʪʠʮ, ʟʚʦʥ ʢʦʣʦʢʦʣʦʚ ʠ ʥʝʢʦʪʦʨʳʝ ʟʚʫʢʠ ʤʫʟʳʢʘʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʢʨʠʧʢʘ 
ʠʣʠ ʬʣʝʡʪʘ. 

ʆʜʥʘʢʦ, ʝʩʪʴ ʨʷʜ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʝ ʯʝʣʦʚʝʯʝʩʢʦʝ ʫʭʦ ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʪ, 
ʥʘʧʨʠʤʝʨ: 

ʠʥʬʨʘʟʚʫʢʠ (ʥʠʞʝ 20 ɻʮ): ʵʪʦ ʦʯʝʥʴ ʥʠʟʢʠʝ ʟʚʫʢʠ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʥʝ ʩʣʳʰʥʳ, 
ʥʦ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʯʝʣʦʚʝʢʘ ʬʠʟʠʯʝʩʢʠ, ʚʳʟʳʚʘʷ ʜʨʦʞʴ ʠʣʠ ʜʠʩʢʦʤʬʦʨʪ; 

ʫʣʴʪʨʘʟʚʫʢ (ʚʳʰʝ 20000 ɻʮ): ʵʪʦ ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ, ʢʦʪʦʨʳʝ ʚʳʭʦʜʷʪ ʟʘ 
ʧʨʝʜʝʣʳ ʩʣʫʭʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʯʝʣʦʚʝʢʘ. ʅʝʢʦʪʦʨʳʝ ʞʠʚʦʪʥʳʝ, ʪʘʢʠʝ ʢʘʢ ʩʦʙʘʢʠ ʠʣʠ 
ʜʝʣʴʬʠʥʳ, ʤʦʛʫʪ ʚʦʩʧʨʠʥʠʤʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʟʚʫʢʠ. 

ʊʘʢʞʝ ʚʦʩʧʨʠʷʪʠʝ ʟʚʫʢʦʚ ʤʦʞʝʪ ʨʘʟʣʠʯʘʪʴʩʷ ʫ ʨʘʟʥʳʭ ʣʶʜʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʚʦʟʨʘʩʪʘ, ʩʦʩʪʦʷʥʠʷ ʩʣʫʭʘ ʠ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ[2]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʟʚʫʢʠ ʤʦʛʫʪ ʦʢʘʟʳʚʘʪʴ ʨʘʟʣʠʯʥʦʝ 
ʚʣʠʷʥʠʝ ʥʘ ʥʘʰ ʦʨʛʘʥʠʟʤ. ʅʝʢʦʪʦʨʳʝ ʟʚʫʢʠ, ʪʘʢʠʝ ʢʘʢ ʟʚʦʥ ʙʫʜʠʣʴʥʠʢʘ ʠʣʠ ʧʝʥʠʝ 
ʧʪʠʮ, ʤʦʛʫʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʥʘʰʫ ʘʢʪʠʚʥʦʩʪʴ ʠ ʧʦʚʳʰʘʪʴ ʥʘʰʝ ʥʘʩʪʨʦʝʥʠʝ. ʆʥʠ ʩʧʦ-
ʩʦʙʥʳ ʨʘʟʙʫʜʠʪʴ ʥʘʩ, ʜʘʪʴ ʥʘʤ ʙʦʜʨʦʩʪʴ ʠ ʵʥʝʨʛʠʶ ʜʣʷ ʥʘʯʘʣʘ ʥʦʚʦʛʦ ʜʥʷ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ, ʟʚʫʢʠ ʧʨʠʨʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʰʫʤ ʜʦʞʜʷ ʠʣʠ ʧʝʥʠʝ ʣʝʩʥʳʭ ʩʦʟʜʘʥʠʡ, ʤʦʛʫʪ ʠʤʝʪʴ 
ʫʩʧʦʢʘʠʚʘʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʥʘʰʫ ʧʩʠʭʠʢʫ ʠ ʧʦʤʦʯʴ ʥʘʤ ʨʘʩʩʣʘʙʠʪʴʩʷ. 

ʆʜʥʘʢʦ, ʥʝ ʚʩʝ ʟʚʫʢʠ ʧʨʠʥʦʩʷʪ ʥʘʤ ʧʦʣʴʟʫ. ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 
ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʳʩʦʢʦʡ ʛʨʦʤʢʦʩʪʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʭʫʜʰʝʥʠʶ 
ʩʣʫʭʘ ʠ ʚʳʟʚʘʪʴ ʩʪʨʝʩʩʦʚʫʶ ʨʝʘʢʮʠʶ ʚ ʦʨʛʘʥʠʟʤʝ. ɺ ʰʫʤʥʳʭ ʨʘʙʦʯʠʭ ʩʨʝʜʘʭ ʠʣʠ ʥʘ 
ʫʣʠʮʘʭ ʛʦʨʦʜʦʚ ʤʳ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʝʤʩʷ ʰʫʤʫ ʦʪ ʪʨʘʥʩʧʦʨʪʘ, ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 
ʠ ʜʨʫʛʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʩʪʨʝʩʩʘ, ʫʭʫʜʰʝʥʠʶ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʩʥʘ. 

ʆʯʝʥʴ ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʜʝʡʩʪʚʠʝ ʟʚʫʢʦʚ ʥʘ ʥʘʰʝ ʟʜʦʨʦʚʴʝ ʠ 
ʧʨʠʥʷʪʴ ʤʝʨʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʭ ʚʣʠʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘʫʰʥʠʢʦʚ ʩ 
ʘʢʪʠʚʥʳʤ ʰʫʤʦʧʦʜʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʧʦʤʦʯʴ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʰʫʤʘ ʠ ʟʘʱʠʪʠʪʴ ʩʣʫʭ. 
ʊʘʢʞʝ ʩʪʦʠʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʦʟʜʘʥʠʶ ʩʧʦʢʦʡʥʦʡ ʠ ʪʠʭʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ ʥʘʰʝʤ ʜʦʤʝ ʠʣʠ 
ʨʘʙʦʯʝʤ ʤʝʩʪʝ, ʛʜʝ ʤʳ ʤʦʞʝʤ ʦʪʜʦʭʥʫʪʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴʩʷ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʟʚʫʢʠ ʠʤʝʶʪ ʦʛʨʦʤʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʥʘʰʝʡ ʞʠʟʥʠ. ʆʥʠ ʤʦʛʫʪ ʦʢʘ-
ʟʳʚʘʪʴ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʪʘʢ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʘʰ ʦʨʛʘʥʠʟʤ. ʇʦ-
ʵʪʦʤʫ ʚʘʞʥʦ ʦʩʦʟʥʘʥʥʦ ʚʳʙʠʨʘʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʚʫʢʦʚʫʶ ʩʨʝʜʫ, ʚ ʢʦʪʦʨʦʡ ʤʳ 
ʥʘʭʦʜʠʤʩʷ, ʯʪʦʙʳ ʥʘʩʣʘʞʜʘʪʴʩʷ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʥʝʛʘʪʠʚ-
ʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʰʝ ʟʜʦʨʦʚʴʝ ʠ ʙʣʘʛʦʧʦʣʫʯʠʝ[1]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʟʚʫʯʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʫʟʳʢʠ ʠ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʥʘʩ ʫʞʝ ʧʦʨʦʡ 
ʧʝʨʝʢʨʳʚʘʝʪ ʩʘʤʦ ʧʦʥʷʪʠʝ ʤʫʟʳʢʠ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʦʙʳʯʥʳʡ ʰʫʤ. ʄʥʦʛʠʝ çʤʝʣʦ-
ʤʘʥʳè ʩʯʠʪʘʶʪ ʛʨʦʤʢʦʩʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʫʟʳʢʠ, ʥʝ ʟʘʜʫʤʳʚʘʷʩʴ ʦ ʪʦʤ, 
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ʯʪʦ ʪʘʢʦʝ ʧʦʚʝʜʝʥʠʝ ʤʦʞʝʪ ʧʨʠʯʠʥʷʪʴ ʜʠʩʢʦʤʬʦʨʪ ʠ ʠʩʢʘʞʘʪʴ ʟʚʫʯʘʥʠʝ ʜʣʷ ʩʚʦʠʭ ʩʦ-
ʩʝʜʝʡ ʠ ʜʦʤʘʰʥʠʭ. ɺ ʥʘʰʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʵʢʦʣʦʛʠʠ ʜʘʞʝ ʩʫʱʝʩʪʚʫʝʪ ʧʦʥʷʪʠʝ çʰʫʤʦ-
ʚʦʛʦ ʦʧʴʷʥʝʥʠʷè, ʢʦʪʦʨʦʝ ʦʧʠʩʳʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʥʘʰʝʤ ʦʨʛʘʥʠʟʤʝ 
ʚ ʦʪʚʝʪ ʥʘ ʛʨʦʤʢʠʝ ʨʠʪʤʠʯʝʩʢʠʝ ʟʚʫʢʠ. ʇʦʜʦʙʥʳʝ ʦʱʫʱʝʥʠʷ ʩʫʙʲʝʢʪʠʚʥʦ ʩʭʦʞʠ ʩ ʦʧʴ-
ʷʥʝʥʠʝʤ ʦʪ ʘʣʢʦʛʦʣʷ ʠʣʠ ʥʘʨʢʦʪʠʢʦʚ. çʐʫʤʦʚʦʝ ʦʧʴʷʥʝʥʠʝè ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠ-
ʯʠʥ ʧʦʧʫʣʷʨʥʦʩʪʠ ʰʫʤʥʦʡ ʤʫʟʳʢʠ ʩʝʛʦʜʥʷ. ʋʨʦʚʝʥʴ ʰʫʤʘ, ʩʦʟʜʘʚʘʝʤʳʡ ʩʦʚʨʝʤʝʥʥʦʡ 
ʵʣʝʢʪʨʦʥʥʦʡ ʤʫʟʳʢʦʡ, ʠʥʦʛʜʘ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ ʙʦʣʝʚʦʡ ʧʦʨʦʛ ʚ 130 ʜʝʮʠʙʝʣ. 

ɿʣʦʫʧʦʪʨʝʙʣʝʥʠʝ ʧʦʚʳʰʝʥʥʳʤ ʰʫʤʦʚʳʤ ʬʦʥʦʤ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʷʜʫ ʥʝʛʘ-
ʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ. ʉʨʝʜʠ ʥʠʭ ʟʚʦʥ ʚ ʫʰʘʭ, ʛʦʣʦʚʦʢʨʫʞʝʥʠʝ, ʛʦʣʦʚʥʘʷ ʙʦʣʴ, ʯʨʝʟ-
ʤʝʨʥʘʷ ʫʩʪʘʣʦʩʪʴ, ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʧʩʠ-
ʭʠʯʝʩʢʠʝ ʨʘʩʩʪʨʦʡʩʪʚʘ[5]. 

        ʈʦʢ - ʪʠʧ ʩʦʚʨʝʤʝʥʥʦʡ ʤʫʟʳʢʠ, ʚʝʜʫʱʠʡ ʩʚʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʦʪ ʧʝʩʝʥʥʦ-
ʪʘʥʮʝʚʘʣʴʥʳʭ ʞʘʥʨʦʚ ʥʝʛʨʠʪʷʥʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʬʦʣʴʢʣʦʨʘ 1920-30-ʭ ʛʛ. ɺʘʞʥʘʷ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʢ-ʤʫʟʳʢʠ - ʝʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʨʠʪʤʠʢʘ. ʈʝ-
ʟʫʣʴʪʘʪʳ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ ʚʣʠʷʥʠʠ ʨʦʢ-ʤʫʟʳʢʠ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ 
ʧʦʜʨʦʙʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʝʝ ʚʦʟʤʦʞʥʳʝ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ 
ʟʨʝʥʠʷ, ʩʣʫʭʘ, ʧʦʟʚʦʥʦʯʥʠʢʘ, ʵʥʜʦʢʨʠʥʥʦʡ ʠ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤ. ʄʫʟʳʢʘʣʴʥʳʡ ʪʝʨʘʧʝʚʪ 
ɸʜʘʤ ʂʥʠʩʪ, ʧʨʦʚʦʜʠʚʰʠʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʫʪʚʝʨʞʜʘʝʪ: çɻʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ, 
ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʘʝʪ ʠʟ-ʟʘ ʨʦʢ-ʤʫʟʳʢʠ, ʷʚʣʷʝʪʩʷ ʫʨʦʚʝʥʴ ʟʚʫʢʘ, ʚʳʟʳʚʘʶʱʠʡ ʥʝʧʨʠʷʟʥʴ, 
ʫʪʦʤʣʝʥʠʝ, ʥʘʨʮʠʩʩʠʟʤ, 

ɺʦʟʜʝʡʩʪʚʠʝ ʨʦʢ-ʤʫʟʳʢʠ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʥʝʨʚʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʟʳ-
ʚʘʝʪ ʵʡʬʦʨʠʶ, ʧʦʜʚʝʨʞʝʥʥʦʩʪʴ, ʠʩʪʝʨʠʶ ʠ ʜʘʞʝ ʛʘʣʣʶʮʠʥʘʮʠʠ, ʘ ʪʘʢʞʝ ʜʝʧʨʝʩʩʠʶ, 
ʧʨʝʚʨʘʱʘʶʱʫʶʩʷ ʚ ʥʝʚʨʦʟ ʠ ʧʩʠʭʦʟ, ʨʘʟʣʠʯʥʳʝ ʬʦʨʤʳ ʩʘʤʦʢʘʣʝʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ ʥʘ 
ʤʘʩʩʦʚʳʭ ʩʦʙʳʪʠʷʭ, ʥʝʦʙʫʟʜʘʥʥʳʝ ʧʦʨʳʚʳ ʢ ʨʘʟʨʫʰʝʥʠʶ, ʚʘʥʜʘʣʠʟʤʫ ʠ ʤʷʪʝʞʫ ʧʦ-
ʩʣʝ ʨʦʢ-ʢʦʥʮʝʨʪʦʚ ʠ ʬʝʩʪʠʚʘʣʝʡ. 

ʋʯʝʥʳʝ ʚʳʷʚʠʣʠ ʩʣʝʜʫʶʱʝʝ: ʧʦʩʣʝ 10-ʤʠʥʫʪʥʦʛʦ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʨʦʢʘ ʫʯʝʥʠʢʠ 
ʩʪʘʨʰʠʭ ʢʣʘʩʩʦʚ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʟʘʙʳʚʘʣʠ ʪʘʙʣʠʮʫ ʫʤʥʦʞʝʥʠʷ. ʗʧʦʥʩʢʠʝ ʞʫʨʥʘ-
ʣʠʩʪʳ ʚ ʢʨʫʧʥʳʭ ʨʦʢ-ʟʘʣʘʭ ʊʦʢʠʦ ʩʣʫʯʘʡʥʦ ʟʘʜʘʚʘʣʠ ʟʨʠʪʝʣʷʤ ʦʜʠʥ ʧʨʦʩʪʦʡ ʚʦʧʨʦʩ: 
çʂʘʢ ʚʘʩ ʟʦʚʫʪ?è. ʅʠ ʦʜʠʥ ʠʟ ʦʧʨʦʰʝʥʥʳʭ ʥʝ ʤʦʛ ʜʘʪʴ ʦʪʚʝʪʘ. ʕʪʦ ʚʨʝʤʝʥʥʘʷ ʧʦʪʝʨʷ 
ʧʘʤʷʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʳʜʝʣʝʥʠʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʪʨʝʩʩ-ʛʦʨʤʦʥʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʠ-
ʨʘʶʪ ʯʘʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʟʘʢʨʝʧʣʝʥʥʦʡ ʚ ʤʦʟʛʝ[3]. 

ʊʝʭʥʠʢʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʨʛʘʥʠʟʤ (ʙʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʯʝʪʳʨʝʭ ʪʝʭʥʠ-
ʯʝʩʢʠʭ ʧʨʠʝʤʦʚ). 

ʄʦʜʫʣʷʮʠʷ ʯʘʩʪʦʪʳ - ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʯʝʥʴ ʥʠʟʢʠʭ (14-20 ɻʮ) ʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ 
ʯʘʩʪʦʪ (17000-20000 ɻʮ), ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʯʝʥʦ 
ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʈʠʪʤ ʠʣʠ ʙʠʪ - ʚʣʠʷʝʪ ʥʘ ʧʦʜʩʦʟʥʘʥʠʝ ʠ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʫʩʢʦʨʝʥʠʝ ʩʝʨʜʝʯʥʦʛʦ 
ʨʠʪʤʘ ʠ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʘʜʨʝʥʘʣʠʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʙʫʞʜʝʥʠʶ ʚʩʝʛʦ ʦʨʛʘ-
ʥʠʟʤʘ. 

ʇʦʜʩʦʟʥʘʪʝʣʴʥʳʝ ʩʠʛʥʘʣʳ - ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʪʘʢʦʛʦ ʟʚʫʢʦʚʦʛʦ 
ʩʠʛʥʘʣʘ ʥʘ ʤʦʟʛ ʚʳʟʳʚʘʝʪ ʙʠʦʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ, ʘʥʘʣʦʛʠʯʥʫʶ ʨʝʘʢʮʠʠ ʥʘ ʫʢʦʣ ʤʦʨ-
ʬʠʥʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʠʪ ʢ ʦʱʫʱʝʥʠʶ ʯʝʛʦ-ʪʦ ʧʨʠʷʪʥʦʛʦ ʠ ʘʢʪʠʚʠʟʘʮʠʠ ʤʦʟʛʦʚʳʭ 
ʧʨʦʮʝʩʩʦʚ. 

ʀʟ-ʟʘ ʵʪʦʛʦ ʣʠʯʥʦʩʪʴ ʪʝʨʷʝʪ ʩʚʦʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʨʝʬʣʝʢʩʳ ʠ ʟʘʱʠʪʥʳʝ ʤʝʭʘ-
ʥʠʟʤʳ. ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ çʠʟʥʘʩʠʣʦʚʘʥʠʝ ʩʦʟʥʘʥʠʷè ʦʧʠʩʳʚʘʝʪ ʫʱʝʨʙ ʜʣʷ ʨʘʟʫʤʘ, 
ʥʨʘʚʩʪʚʝʥʥʦʩʪʠ ʠ ʜʫʭʦʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʠʩʧʳʪʳʚʘʝʪ ʘʫʜʠʪʦʨʠʷ ʨʦʢ-ʤʫʟʳʢʠ. 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʜʦ 20-ʛʦ ʚʝʢʘ ʙʳʣʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʙʨʘʟʦʚʘʥʥʳʝ ʠ ʩʦ-
ʩʪʦʷʪʝʣʴʥʳʝ ʩʣʦʠ ʦʙʱʝʩʪʚʘ. ʉʠʪʫʘʮʠʷ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʠʣʘʩʴ ʚ 20-ʤ ʚʝʢʝ, ʢʦʛʜʘ 
ʙʦʣʴʰʝ ʣʶʜʝʡ ʧʦʣʫʯʠʣʦ ʜʦʩʪʫʧ ʢ ʦʙʨʘʟʦʚʘʥʠʶ. ʀʟʚʝʩʪʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴ ɼʦʥ ʂʵʤ-
ʙʝʣʣ ʩʯʠʪʘʝʪ, ʯʪʦ ʩʧʦʢʦʡʥʘʷ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʫʶ ʨʘ-
ʙʦʪʫ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ, ʧʦʥʠʞʘʝʪ ʜʘʚʣʝʥʠʝ ʠ ʘʢʪʠʚʠʟʠʨʫʝʪ ʠʤʤʫʥʥʫʶ ʩʠʩʪʝʤʫ ʦʨʛʘ-
ʥʠʟʤʘ.  ɺ ʭʦʜʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʧʳʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʧʦʢʦʡʥʘʷ ʤʫʟʳʢʘ ʚʝʜʝʪ ʢ 



99 
 

ʫʤʝʥʴʰʝʥʠʶ ʘʤʧʣʠʪʫʜʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. ʕʪʦ ʜʝʡʩʪʚʫʝʪ ʫʩʧʦ-
ʢʘʠʚʘʶʱʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʩʠʥʭʨʦʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʣʝʚʦʛʦ ʠ ʧʨʘʚʦʛʦ ʧʦʣʫ-
ʰʘʨʠʡ, ʯʪʦ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʅʦʚʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʪʘʢʞʝ, ʯʪʦ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 
ʤʫʟʳʢʠ ʧʨʦʠʩʭʦʜʷʪ ʚʘʞʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʢʨʦʚʠ, ʢʦʛʜʘ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ ʢʦ-
ʣʠʯʝʩʪʚʦ ʛʦʨʤʦʥʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʧʝʨʝʥʘʧʨʷʞʝʥʠʝ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʠ ʫʩʠʣʠʚʘʝʪʩʷ 
ʠʤʤʫʥʥʘʷ ʟʘʱʠʪʘ ʦʨʛʘʥʠʟʤʘ ʦʪ ʚʠʨʫʩʦʚ. 

ɼʦʣʛʦʝ ʚʨʝʤʷ ʤʳ ʜʫʤʘʣʠ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʭʦʨʦʰʦ ʚʣʠʷʝʪ ʥʘ ʥʘʰʝ ʟʜʦ-
ʨʦʚʴʝ. ʆʜʥʘʢʦ ʤʥʦʛʦʣʝʪʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʠʭ ʠ ʬʨʘʥʮʫʟʩʢʠʭ ʫʯʝʥʳʭ ʧʦʢʘ-
ʟʘʣʠ, ʯʪʦ ʚʩʝ ʥʝ ʪʘʢ ʧʨʦʩʪʦ. ʅʝʢʦʪʦʨʳʝ ʩʠʤʬʦʥʠʠ ʤʦʛʫʪ ʩʥʠʞʘʪʴ ʦʩʪʨʦʪʫ ʩʣʫʭʘ ʠ ʚʳ-
ʟʳʚʘʪʴ ʧʦʚʳʰʝʥʥʦʝ ʯʫʚʩʪʚʦ ʜʝʧʨʝʩʩʠʠ[4]. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʧʫʣʷʨʥʘʷ ʤʫʟʳʢʘ ʦʢʘʟʳʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ 
ʥʘ ʦʨʛʘʥʠʟʤ. ʆʥʘ ʦʪʨʘʞʘʝʪ ʜʫʭ ʚʨʝʤʝʥʠ ʠ ʩʧʦʩʦʙʥʘ ʫʣʫʯʰʠʪʴ ʥʘʰʝ ʩʘʤʦʯʫʚʩʪʚʠʝ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʨʫʩʩʢʠʡ ʠ ʬʨʘʥʮʫʟʩʢʠʡ ʰʘʥʩʦʥ ʥʝ ʪʦʣʴʢʦ ʧʦʜʥʠ-
ʤʘʝʪ ʥʘʩʪʨʦʝʥʠʝ, ʥʦ ʠ ʩʥʠʞʘʝʪ ʘʨʪʝʨʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʫʣʫʯʰʘʝʪ ʘʧʧʝʪʠʪ ʠ ʩʦʥ, ʘ 
ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʫʝʪ ʫʨʦʚʝʥʴ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ. ʄʝʣʦʜʠʠ ʩ ʨʠʪʤʦʤ ʚ 130 ʫʜʘʨʦʚ ʚ ʤʠʥʫʪʫ 
ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʧʦʚʳʰʘʷ ʞʠʟʥʝʥʥʳʡ ʪʦʥʫʩ, 
ʩʥʠʤʘʷ ʥʝʨʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʫʟʳʢʘ ʩʧʦʩʦʙʥʘ ʩʜʝʣʘʪʴ ʤʥʦʛʦʝ: ʩʧʦʢʦʡʥʘʷ ʠ ʤʝʣʦʜʠʯʥʘʷ ʧʦ-
ʤʦʛʘʝʪ ʨʘʩʩʣʘʙʠʪʴʩʷ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʩʠʣʳ, ʘ ʙʦʜʨʘʷ ʠ ʨʠʪʤʠʯʥʘʷ ʫʣʫʯʰʘʝʪ ʥʘʰʝ 
ʥʘʩʪʨʦʝʥʠʝ. ʆʥʘ ʩʥʠʤʘʝʪ ʨʘʟʜʨʘʞʝʥʠʝ, ʥʝʨʚʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʘʢʪʠʚʠʟʠʨʫʝʪ ʥʘʰʠ 
ʤʳʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʧʦʤʦʛʘʝʪ ʥʝ ʫʩʪʘʚʘʪʴ. ʋʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨ-
ʛʘʥʠʟʤ ʚʦʩʧʨʠʥʠʤʘʝʪ ʟʚʫʢʠ ʝʱʝ ʚ ʵʤʙʨʠʦʥʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ! 

ʍʦʪʷ ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʤʫʟʳʢʝ ʚʩʝ ʝʱʝ ʦʛʨʘʥʠʯʝʥʳ, ʤʳ ʧʨʦʜʦʣʞʘʝʤ ʠʩʩʣʝʜʦʚʘʪʴ 
ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʫʟʳʢʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʨʛʘʥʠʟʤ, ʠʩʧʦʣʴʟʫʷ ʜʦʩʪʫʧʥʳʝ ʥʘʤ ʪʝʭʥʠʯʝ-
ʩʢʠʝ ʩʨʝʜʩʪʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʫʯʝʥʳʤʠ ʎʝʥʪʨʘ ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʂʘʣʠʬʦʨʥʠʡʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ, ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʚʳʷʩʥʝʥʠʝ ʚʣʠʷʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʫʟʳʢʠ ʥʘ ʠʥ-
ʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ. ɼʣʷ ʵʪʦʛʦ ʩʪʫʜʝʥʪʳ ʠʟ 36 ʢʦʣʣʝʜʞʝʡ ʧʨʦʰʣʠ ʪʝʩʪ, ʧʦ-
ʩʣʝ ʯʝʛʦ ʠʤ ʧʨʝʜʣʦʞʠʣʠ ʧʦʩʣʫʰʘʪʴ ʩʦʥʘʪʫ ʄʦʮʘʨʪʘ ʜʣʷ ʜʚʫʭ ʬʦʨʪʝʧʴʷʥʦ ʚ ʪʝʯʝʥʠʝ 
ʜʝʩʷʪʠ ʤʠʥʫʪ. ɹr ʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʦʚʪʦʨʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ, ʧʨʦʚʝʜʝʥʥʦʝ ʩʨʘʟʫ ʞʝ 
ʧʦʩʣʝ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʤʫʟʳʢʠ, ʧʦʢʘʟʘʣʦ ʫʚʝʣʠʯʝʥʠʝ IQ ʥʘ 8-9 ʙʘʣʣʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ 
ʪʦ, ʯʪʦ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʧʦʢʘʟʘʪʝʣʠ ʚʝʨʥʫʣʠʩʴ ʥʘ ʧʨʝʞʥʠʡ ʫʨʦʚʝʥʴ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠ-
ʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʤʦʞʝʪ ʚʨʝʤʝʥʥʦ ʧʦʚʳʩʠʪʴ ʠʥʪʝʣʣʝʢʪʫ-
ʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʅʝʦʙʭʦʜʠʤʦ ʚʨʝʤʷ ʦʪ ʚʨʝʤʝʥʠ ʧʦʧʦʣʥʷʪʴ ʵʥʝʨʛʠʶ ʫʩʪʘʣʳʭ ʢʣʝʪʦʢ ʤʦʟʛʘ. ʆʜʠʥ 
ʠʟ ʩʧʦʩʦʙʦʚ ʩʜʝʣʘʪʴ ʵʪʦ - ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʟʚʫʢʦʚ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ, ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
5000 ʜʦ 8000 ɻʮ. ʄʫʟʳʢʘ ʄʦʮʘʨʪʘ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʟʚʫʢʦʚ ʚ ʵʪʦʤ 
ʧʦʣʝʟʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʷʞʝʣʳʡ ʨʦʢ ʩʦʜʝʨʞʠʪ ʥʘʠʤʝʥʴʰʝʝ ʠʭ ʢʦʣʠʯʝ-
ʩʪʚʦ. 

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʤʫʟʳʢʠ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ 
ʥʘ ʬʠʟʠʯʝʩʢʦʝ, ʧʩʠʭʠʯʝʩʢʦʝ ʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʰʢʦʣʴʥʠʢʦʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʫ ʫʯʘʩʪʥʠʢʦʚ ʙʳʣʦ ʩʣʝʜʫʶ-
ʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: ʪʦʥʦʤʝʪʨ, ʘʫʜʠʦʟʘʧʠʩʠ ʢʣʘʩʩʠʯʝʩʢʦʡ, ʨʦʢ- ʠ ʧʦʧ-ʤʫʟʳʢʠ, ʧʣʝʝʨ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʨʠʥʷʣʠ ʫʯʘʩʪʠʝ ʫʯʘʱʠʝʩʷ ʣʠʮʝʷ. ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʨʦʢ-ʤʫʟʳʢʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠʚʦʜʠʪ 
ʢ ʧʦʚʳʰʝʥʠʶ ʧʫʣʴʩʘ ʫʯʘʩʪʥʠʢʦʚ, ʘ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʟʘ ʤʠ-
ʥʫʪʫ ʫʧʘʜʘʝʪ ʩ 89 ʜʦ 76 ʧʨʦʮʝʥʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʦʩʣʫʰʠʚʘʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʫ-
ʟʳʢʠ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʫʣʴʩʘ, ʘ ʪʦʯʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮʳ ʫʤʥʦʞʝʥʠʷ ʫʚʝʣʠ-
ʯʠʚʘʝʪʩʷ ʩ 86 ʜʦ 89 ʧʨʦʮʝʥʪʦʚ ʟʘ ʤʠʥʫʪʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʢ-ʤʫʟʳʢʘ ʠ ʢʣʘʩʩʠʯʝʩʢʘʷ 
ʤʫʟʳʢʘ ʦʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ. ɺʳʙʦʨ ʤʫʟʳʢʠ ʟʘʚʠ-
ʩʠʪ ʦʪ ʮʝʣʝʡ ʠ ʩʠʪʫʘʮʠʠ. ɽʩʣʠ ʥʫʞʥʦ ʧʦʚʳʩʠʪʴ ʘʢʪʠʚʥʦʩʪʴ, ʥʘʩʪʨʦʝʥʠʝ ʠʣʠ ʩʥʷʪʴ 
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ʩʪʨʝʩʩ, ʪʦ ʨʦʢ-ʤʫʟʳʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦʡ, ʘ ʝʩʣʠ ʥʫʞʥʦ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ, ʫʣʫʯʰʠʪʴ 
ʧʘʤʷʪʴ ʠʣʠ ʩʦʟʜʘʪʴ ʩʧʦʢʦʡʥʫʶ ʦʙʩʪʘʥʦʚʢʫ, ʪʦ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦ-
ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʳʙʦʨʦʤ. ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʫʟʳʢʘ ð ʵʪʦ ʫʜʠʚʠʪʝʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ, 
ʦʢʘʟʳʚʘʶʱʝʝ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʥʘʰ ʦʨʛʘʥʠʟʤ. ʈʦʢ-ʤʫʟʳʢʘ ʩʪʠʤʫʣʠʨʫʝʪ ʘʢʪʠʚ-
ʥʦʩʪʴ ʠ ʵʤʦʮʠʠ, ʪʦʛʜʘ ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʫʟʳʢʘ ʩʧʦʩʦʙʥʘ ʩʥʠʞʘʪʴ ʧʫʣʴʩ ʠ ʫʣʫʯʰʘʪʴ 
ʢʦʛʥʠʪʠʚʥʳʝ ʬʫʥʢʮʠʠ. ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʞʘʥʨʦʚ ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ, 
ʠ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʤʫʟʳʢʠ ʜʣʷ ʢʦʥʢʨʝʪʥʦʡ ʩʠʪʫʘʮʠʠ ʧʦʤʦʞʝʪ ʥʘʤ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠ-
ʤʘʣʴʥʫʶ ʧʦʣʴʟʫ ʜʣʷ ʥʘʰʝʛʦ ʦʨʛʘʥʠʟʤʘ. 
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ʇʈʆʉʊʓɽ ʋʉʊʈʆʁʉʊɺɸ ʅɸ ʊʈɸʅɿʀʉʊʆʈɽ 
ʉʘʚʠʥʦʚ ʄʠʭʘʠʣ 

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

 ʈʫʢʦʚʦʜʠʪʝʣʴ: ʏʠʩʪʷʢʦʚʘ ʅʘʜʝʞʜʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʜʦʮʝʥʪ ʆʕʌ, ʊʇʋ 
 

ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʪʘʢ ʢʘʢ ʦʥʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ɺʦʪ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ, ʛʜʝ 
ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ: 

1. ʉʚʷʟʴ. ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʥʦʚʫ ʜʣʷ ʤʦʙʠʣʴʥʦʡ ʩʚʷʟʠ, 
ʠʥʪʝʨʥʝʪʘ, ʨʘʜʠʦʚʝʱʘʥʠʷ, ʪʝʣʝʚʠʜʝʥʠʷ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʢʦʤʤʫʥʠʢʘʮʠʠ. 
ɹʝʟ ʥʝʝ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʩʦʚʨʝʤʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ 
ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ. 

2. ʄʝʜʠʮʠʥʘ. ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, 
ʪʘʢʦʤ ʢʘʢ ʋɿʀ, ʄʈʊ, ʕʂɻ ʠ ʜʨʫʛʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ 
ʣʝʯʝʥʠʷ ʧʘʮʠʝʥʪʦʚ. 

3. ʊʨʘʥʩʧʦʨʪ. ɺ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʘʚʠʘʮʠʠ, ʤʦʨʝʧʣʘʚʘʥʠʠ,  
ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʠ ʩʠʩʪʝʤʳ ʨʘʜʠʦʥʘʚʠʛʘʮʠʠ, 
ʦʧʨʝʜʝʣʷʶʱʠʝ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʦʙʲʝʢʪʘ (ʪʘʢʠʝ ʢʘʢ GPS). 
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4. ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ. ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʥʪʨʦʣʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ, 
ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʭ ʩʠʩʪʝʤʘʭ ʠ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ 
ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ, ʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʫʜʝʪ ʪʦʣʴʢʦ ʨʘʩʪʠ ʚ ʙʫʜʫʱʝʤ, ʚʤʝʩʪʝ ʩ 
ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ ʦʙʱʝʩʪʚʘ [1]. 

ʏʪʦʙʳ ʥʘʫʯʠʪʴʩʷ ʨʘʟʙʠʨʘʪʴʩʷ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʥʫʞʥʦ ʥʘʫʯʠʪʴʩʷ ʨʘʟʙʠʨʘʪʴʩʷ ʚ 
ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤʘʭ, ʟʥʘʪʴ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʫʤʝʪʴ 
ʩʧʘʠʚʘʪʴ ʠʭ ʠ ʫʤʝʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʜʦ ʠʭ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. 
ʄʦʷ ʨʘʙʦʪʘ ʧʦʟʚʦʣʷʝʪ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʨʘʙʦʪʝ ʪʨʘʥʟʠʩʪʦʨʘ ʥʘʯʠʥʘʶʱʠʤ 
ʨʘʜʠʦʪʝʭʥʠʢʘʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ: 
ʉʦʙʨʘʪʴ ʧʨʦʩʪʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʦʥʷʪʥʦ ʠ 
ʵʬʬʝʢʪʥʦ ʨʘʩʩʢʘʟʘʪʴ ʦ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʘ. 
ɿʘʜʘʯʠ: 

1) ʈʘʟʦʙʨʘʪʴʩʷ ʚ ʨʘʙʦʪʝ ʪʨʘʥʟʠʩʪʦʨʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 
ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. 

2) ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʝ ʩ ʧʘʷʣʴʥʠʢʦʤ ʧʨʠ ʩʙʦʨʢʝ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ. 
3) ʉʧʘʷʪʴ ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʪʨʘʥʟʠʩʪʦʨʘ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʘʙʦʪʳ ʪʨʘʥʟʠʩʪʦʨʘ, ʩʦʙʠʨʘʝʤ ʥʘ ʙʘʟʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʚʘ 
ʫʩʪʨʦʡʩʪʚʘ: ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ ʠ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʢʦʪʦʨʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 
ʨʘʙʦʪʫ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ ʢʣʶʯʘ ʠ ʚ ʨʝʞʠʤʝ ʫʩʠʣʝʥʠʷ. 
I ʊʈɸʅɿʀʉʊʆʈʅʓʁ ʂʃʖʏ 

1. ʏʪʦ ʪʘʢʦʝ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ? ʊʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ - ɻ ʪʦ ʵʣʝʢʪʨʦʥʥʳʡ 
ʢʣʶʯ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʤʫʪʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʨʘʥʟʠʩʪʦʨ. ɺ 
ʢʣʶʯʝʚʦʤ ʨʝʞʠʤʝ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʫʭ ʭʘʨʘʢʪʝʨʥʳʭ ʩʦʩʪʦʷʥʠʷʭ: çʚʢʣʶʯʝʥʦè (ʧʨʦʚʦʜʠʪ 
ʪʦʢ, ʮʝʧʴ ʟʘʤʢʥʫʪʘ) ʠʣʠ çʚʳʢʣʶʯʝʥʦè (ʥʝ ʧʨʦʚʦʜʠʪ ʪʦʢ, ʮʝʧʴ ʨʘʟʦʤʢʥʫʪʘ). 
ʊʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʦʤʤʫʪʘʮʠʠ ʤʦʱʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʢʦʤʘʥʜʝ 
ʤʘʣʦʤʦʱʥʦʛʦ ʩʠʛʥʘʣʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʨʝʣʝ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ 
ʣʠʰʸʥ ʧʦʜʚʠʞʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʨʝʩʫʨʩ, 
ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ ʠ ʥʘʜʸʞʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ. 

2. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ. 

ʉʭʝʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʘʚʪʦʨʦʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ[2] ʪʘʢʦʚʘ: 
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ʈʠʩ.1 ð ʉʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ 
 ʇʦʢʘʟʘʥʥʦʝ ʪʦʥʢʦʡ ʣʠʥʠʝʡ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚ ʮʝʧʠ ʙʘʟʳ 
ʪʨʘʥʟʠʩʪʦʨʘ ʟʘʤʝʥʷʝʪ ʠʩʪʦʯʥʠʢ ʩʠʛʥʘʣʘ 1,5ɺ ʠ Rʙ. 
 ʉʦʛʣʘʩʥʦ ʩʭʝʤʝ ʚʟʷʣʠ ʚʝʥʪʠʣʷʪʦʨ ʦʪ ʢʦʤʧʴʶʪʝʨʘ ʥʘ 12ɺ ʠ ʩ ʨʘʙʦʯʠʤ ʪʦʢʦʤ 
0,13ɸ. ɼʘʣʝʝ ʩʦʛʣʘʩʥʦ ʩʭʝʤʝ ʚʟʷʣʠ ʜʠʦʜ ɼ226ɹ ʩ ʨʘʙʦʯʠʤ ʪʦʢʦʤ 0,3ɸ ʠ ʦʙʨʘʪʥʳʤ 
ʥʘʧʨʷʞʝʥʠʝʤ ʤʘʢʩʠʤʘʣʴʥʳʤ 400ɺ (ʏʪʦ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ ʥʘʰʝʛʦ ʪʦʢʘ 0,13ɸ ʠ 
ʥʘʧʨʷʞʝʥʠʷ 12ɺ). ɺʳʙʨʘʣʠ ʪʨʘʥʟʠʩʪʦʨ ʂʊ814ɹ ʩ ʧʘʨʘʤʝʪʨʘʤʠ: ʦʙʨʘʪʥʦʝ 
ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʦʣʣʝʢʪʦʨ-ɻ ʤʠʪʪʝʨ 50ɺ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ 
1,5ɸ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʪʨʘʥʟʠʩʪʦʨʘ ʙʦʣʴʰʝ 40, ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ 
ʪʨʘʥʟʠʩʪʦʨʘ 10ɺʪ (ʏʪʦ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ ʥʘʰʝʛʦ ʪʦʢʘ 0,13ɸ ʠ ʥʘʧʨʷʞʝʥʠʷ 12ɺ, ʠ 
ʤʦʱʥʦʩʪʠ, ʚʳʜʝʣʷʝʤʦʡ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ = 0,13ɸ * 12ɺ = 1,56ɺʪ). ɼʘʥʥʳʡ ʪʨʘʥʟʠʩʪʦʨ 
ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʨʝʙʦʚʘʥʠʷʤ, ʚʳʙʨʘʥ ʧʨʘʚʠʣʴʥʦ. ʀʩʧʦʣʴʟʫʷ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 
ʪʨʘʥʟʠʩʪʦʨʘ ʨʘʩʩʯʠʪʳʚʘʝʤ ʪʦʢ ʙʘʟʳ. ʆʥ ʨʘʚʥʷʝʪʩʷ ʦʪʥʦʰʝʥʠʶ ʪʦʢʘ ʢʦʣʣʝʢʪʦʨʘ ʢ 
ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʝʨʝʜʘʯʠ ʪʨʘʥʟʠʩʪʦʨʘ(0,13ɸ / 40 = 0,00325ɸ). ɼʘʣʝʝ ʚʳʙʠʨʘʝʤ 
ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʘʟʳ, ʨʘʚʥʷʶʱʝʝʩʷ ʦʪʥʦʰʝʥʠʶ ʧʨʠʣʦʞʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʪʦʢʫ ʙʘʟʳ. 
ʆʥʦ ʨʘʚʥʦ (12ɺ-0,6ɺ) / 0,00325 ɸ = 3500 ʆʤ. ɺʳʙʠʨʘʝʤ ʙʣʠʟʣʝʞʘʱʠʡ ʢ ʵʪʦʤʫ 
ʟʥʘʯʝʥʠʶ ʨʝʟʠʩʪʦʨ 3,6 ʢʆʤ. ʉʦʙʠʨʘʝʤ ʠ ʧʘʷʝʤ ʫʩʪʨʦʡʩʪʚʦ ʧʦ ʩʭʝʤʝ: 

ʈʠʩ.2 ð ʀʩʧʦʣʴʟʫʝʤʘʷ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʢʣʶʯʘ 
ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʤʝʥʷʝʤ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ð ʙʘʪʘʨʝʡʢʘ çʂʨʦʥʘè ʥʘʧʨʷʞʝʥʠʝʤ 9ɺ. 
ʈʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʭʝʤʳ ʩʦʭʨʘʥʷʝʪʩʷ. 
 

ʈʠʩ.3 ð ʊʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ 
 
II ʊʈɸʅɿʀʉʊʆʈʅʓʁ ʋʉʀʃʀʊɽʃʔ 
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1. ʏʪʦ ʪʘʢʦʝ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʫʩʠʣʠʪʝʣʴ? ʊʨʘʥʟʠʩʪʦʨʥʳʡ ʫʩʠʣʠʪʝʣʴï ʵʪʦ 
ʫʩʪʨʦʡʩʪʚʦ, ʠʩʧʦʣʴʟʫʶʱʝʝ ʪʨʘʥʟʠʩʪʦʨʳ ʜʣʷ ʫʩʠʣʝʥʠʷ ʩʠʛʥʘʣʘ. ʊʨʘʥʟʠʩʪʦʨ ʚ ʪʘʢʦʤ 
ʩʣʫʯʘʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʚ ʧʦʣʫʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ (ʧʦʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʩʦʩʪʦʷʥʠʝʤ 
ʥʘʩʳʱʝʥʠʷ ʠ ʩʦʩʪʦʷʥʠʝʤ ʦʪʩʝʯʢʠ) [4]. 

ɼʣʷ ʫʷʩʥʝʥʠʷ ʨʘʙʦʪʳ ʫʩʠʣʠʪʝʣʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʦʙʨʘʪʴ ʜʚʝ 
ʩʭʝʤʳ. 

ʈʠʩ.4 ð ʇʝʨʚʘʷ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʫʩʠʣʠʪʝʣʷ 
2. ʇʝʨʚʘʷ ʧʦʧʳʪʢʘ ʩʦʟʜʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʘ - ʫʩʠʣʠʪʝʣʷ. 

ɺʦ ʧʝʨʚʦʡ ʩʭʝʤʝ ʫʩʠʣʠʪʝʣʷ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʩʦ ʟʚʫʢʦʚʦʡ ʢʘʨʪʳ 
ʢʦʤʧʴʶʪʝʨʘ, ʚʳʭʦʜʥʦʡ ʩʠʛʥʘʣ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʜʠʥʘʤʠʢʝ (ʩ ʧʘʨʘʤʝʪʨʘʤʠ 50 ʆʤ, 1,5 ɺʪ). 
ɼʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʪʦʢʘ ʙʘʟʳ ʚ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10 ʢʆʤ ʠ 
ʧʝʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10ʢʆʤ. ɺʳʙʠʨʘʝʤ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 9ɺ ʦʪ ʙʘʪʘʨʝʡʢʠ 
çʂʨʦʥʘè. ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʪʨʘʥʟʠʩʪʦʨʘ PN2222 ʪʘʢʦʚʳ: ʦʙʨʘʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 
ʢʦʣʣʝʢʪʦʨ-ɻ ʤʠʪʪʝʨ 30ɺ, ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʳʡ 0,6ɸ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ 
ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ 100 ʜʦ 300 (120), ʤʦʱʥʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ 0,63ɺʪ. 
ɺʤʝʩʪʦ ʜʠʥʘʤʠʢʘ 50ʆʤ, 1,5ɺʪ ʩʪʘʚʠʤ ʨʝʟʠʩʪʦʨ 50ʆʤ. 

ʉʦʙʠʨʘʝʤ, ʧʘʷʝʤ ʧʝʨʚʫʶ ʩʭʝʤʫ. ʇʦʜʘʝʤ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ ʥʘ ʚʭʦʜ ʩʭʝʤʳ, 
ʨʝʛʫʣʠʨʫʝʤ ʪʦʢ ʙʘʟʳ ʧʝʨʝʤʝʥʥʳʤ ʨʝʟʠʩʪʦʨʦʤ 10ʢʆʤ, ʧʳʪʘʝʤʩʷ ʜʦʙʠʪʴʩʷ ʥʘʧʨʷʞʝʥʠʷ 
ʢʦʣʣʝʢʪʦʨ-ɻ ʤʠʪʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ 4,5ɺ (ʕʪʦ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʜʣʷ ʨʘʙʦʪʳ 
ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʨʝʞʠʤʝ ʫʩʠʣʝʥʠʷ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʛʦʨʘʝʪ ʪʨʘʥʟʠʩʪʦʨ. ʇʨʠ ʧʦʣʥʦʩʪʴʶ 
ʦʪʢʨʳʪʦʤ ʪʨʘʥʟʠʩʪʦʨʝ ʯʝʨʝʟ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʘ ʪʝʯʝʪ ʪʦʢ ʨʘʚʥʳʡ 9ɺ / 50ʆʤ = 
0,18ɸ. ʇʨʠ ʵʪʦʤ ʪʦʢʝ ʤʦʱʥʦʩʪʴ, ʨʘʩʩʝʠʚʘʝʤʘʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ ʙʫʜʝʪ ʨʘʚʥʘ 4,5ɺ * 
0,18ɸ = 0,81ɺʪ, ʯʪʦ ʙʦʣʴʰʝ ʜʦʧʫʩʪʠʤʦʡ ʩʧʨʘʚʦʯʥʦʡ ʤʦʱʥʦʩʪʠ 0,63ɺʪ. 

3. ɺʪʦʨʘʷ ʧʦʧʳʪʢʘ ʩʦʟʜʘʥʠʷ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. 
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ʉʦʙʠʨʘʝʤ ʚʪʦʨʫʶ ʩʭʝʤʫ [5]. 

ʈʠʩ.5 ð ɺʪʦʨʘʷ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. 
ɺʦ ʚʪʦʨʦʡ ʩʭʝʤʝ ʫʩʠʣʠʪʝʣʷ ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʧʦʜʘʝʪʩʷ ʩ ʛʝʥʝʨʘʪʦʨʘ, ʚʳʭʦʜʥʦʡ 

ʩʠʛʥʘʣ ʩʤʦʪʨʠʪʩʷ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬʝ. ɼʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʪʦʢʘ ʙʘʟʳ ʚ ʩʭʝʤʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʧʦʩʪʦʷʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10 ʢʆʤ ʠ ʧʝʨʝʤʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 1ʄʆʤ. ɺʳʙʠʨʘʝʤ 
ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 9ɺ ʦʪ ʙʘʪʘʨʝʡʢʠ çʂʨʦʥʘè. ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʪʨʘʥʟʠʩʪʦʨʘ PN2222 
ʪʘʢʦʚʳ: ʦʙʨʘʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʢʦʣʣʝʢʪʦʨ-ɻ ʤʠʪʪʝʨ 30ɺ, ʪʦʢ ʢʦʣʣʝʢʪʦʨʘ ʤʘʢʩʠʤʘʣʴʥʳʡ 
0,6ɸ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʪʨʘʥʟʠʩʪʦʨʘ ʦʪ 100 ʜʦ 300 (120), ʤʦʱʥʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ 
ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ 0,63ɺʪ. ʉʦʙʠʨʘʝʤ, ʧʘʷʝʤ ʚʪʦʨʫʶ ʩʭʝʤʫ. 

ʇʨʠ ʧʦʜʘʯʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʧʦʣʫʯʘʝʤ ʦʙʨʝʟʘʥʥʫʶ ʯʘʩʪʴ ʫʩʠʣʝʥʥʦʛʦ 
ʩʠʛʥʘʣʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʪʨʘʥʟʠʩʪʦʨ ʨʘʙʦʪʘʝʪ ʥʝ ʚ ʨʘʙʦʯʝʤ ʨʝʞʠʤʝ (ʙʣʠʞʝ ʢ 
ʩʦʩʪʦʷʥʠʶ ʥʘʩʳʱʝʥʠʷ). 

4. ʉʦʟʜʘʥʠʝ ʪʨʘʥʟʠʩʪʦʨʥʦʛʦ ʫʩʠʣʠʪʝʣʷ. 
ʄʦʜʝʨʥʠʟʠʨʫʝʤ ʩʭʝʤʫ. ɺʤʝʩʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘʛʨʫʟʢʠ 3ʢʆʤ ʩʪʘʚʠʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 560ʆʤ. ɺʤʝʩʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʘʟʳ 1ʄʆʤ ʩʪʘʚʠʤ 220ʢʆʤ, ʪʘʢ ʢʘʢ 
ʟʘʤʝʨʝʥʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʭʝʤʳ ʩʦʩʪʘʚʣʷʝʪ 117ʢʆʤ(ʇʦʣʫʯʝʥʦ 
ʦʧʳʪʥʳʤ ʧʫʪʝʤ, ʜʦʙʠʚʘʷʩʴ ʥʘʧʨʷʞʝʥʠʷ ʢʦʣʣʝʢʪʦʨ-ɻ ʤʠʪʪʝʨ ʪʨʘʥʟʠʩʪʦʨʘ 4,5ɺ). ɼʣʷ 
ʧʨʦʚʝʨʢʠ ʩʭʝʤʳ ʥʘ ʚʭʦʜ ʧʦʜʢʣʶʯʘʝʤ ʵʣʝʢʪʨʝʪʥʳʡ ʤʠʢʨʦʬʦʥ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ 

ʧʦʜʢʣʶʯʝʥʠʷ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 10 ʢʆʤ. ʇʦʣʫʯʝʥʥʘʷ ʩʭʝʤʘ ʪʘʢʦʚʘ: 
ʈʠʩ.6 ð ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʩʭʝʤʘ ʪʨʘʥʟʠʩʪʦʨʘ ð ʫʩʠʣʠʪʝʣʷ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʤ: 
-ʊʦʢ ʢʦʣʣʝʢʪʦʨʘ ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʨʘʟʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ 

ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ ʢʦʣʣʝʢʪʦʨ-ɻ ʤʠʪʪʝʨ ʢ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʥʘʛʨʫʟʢʠ 
((9ɺ ð 4,5ɺ) / 560ʆʤ = 8,036ʤɸ). 

-ɿʥʘʯʝʥʠʝ ʪʦʢʘ ʙʘʟʳ ʨʘʚʥʦʝ ʦʪʥʦʰʝʥʠʶ ʨʘʟʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ 
ʠ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʨʘʥʟʠʩʪʦʨʝ ʵʤʠʪʪʝʨ-ʙʘʟʘ ʢ ʩʫʤʤʝ ʩʦʧʨʦʪʠʚʣʝʥʠʡ 
ʨʝʟʠʩʪʦʨʦʚ, ʩʪʦʷʱʠʭ ʚ ʮʝʧʠ ʙʘʟʳ((9ɺ ð 0,65ɺ) / (117ʢʆʤ + 10ʢʆʤ) = 65,7ʤʢɸ). 

-ʈʝʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʪʨʘʥʟʠʩʪʦʨʘ ʙʫʜʝʪ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʪʦʢʘ 
ʢʦʣʣʝʢʪʦʨʘ ʢ ʪʦʢʫ ʙʘʟʳ (8,036ʤɸ / 65,7ʤʢɸ = 122,3). 

ʆʪʣʘʞʝʥʥʘʷ ʩʭʝʤʘ ʨʘʙʦʪʘʝʪ ʠʩʧʨʘʚʥʦ, ʯʪʦ ʤʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʥʘ ʵʢʨʘʥʝ 
ʦʩʮʠʣʣʦʛʨʘʬʘ, ʧʦʜʘʚʘʷ ʟʚʫʢʠ ʥʘ ʤʠʢʨʦʬʦʥ. 

 
ɺʳʚʦʜ: 
ʋ ʥʘʩ ʧʦʣʫʯʠʣʦʩʴ ʩʦʟʜʘʪʴ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʢʣʶʯ ʠ ʪʨʘʥʟʠʩʪʦʨʥʳʡ ʫʩʠʣʠʪʝʣʴ. ʕʪʠ 
ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʧʦʢʘʟʳʚʘʶʪ ʨʘʙʦʪʫ ʪʨʘʥʟʠʩʪʦʨʘ ʚ ʨʝʞʠʤʝ ʵʣʝʢʪʨʦʥʥʦʛʦ 
ʢʣʶʯʘ ʠ ʚ ʨʝʞʠʤʝ ʫʩʠʣʝʥʠʷ. ʅʘʯʠʥʘʶʱʠʝ ʨʘʜʠʦʪʝʭʥʠʢʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʶ 
ʨʘʙʦʪʫ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʨʘʙʦʪʝ ʪʨʘʥʟʠʩʪʦʨʘ. 
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ʈʫʢʦʚʦʜʠʪʝʣʴ: ɻʚʦʟʜʷʢʦʚ ɼʤʠʪʨʠʡ ɺʘʩʠʣʴʝʚʠʯ, ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ 
 

ʈʦʩʪ ʮʝʥ ʥʘ ʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ï ʛʘʟ, ʥʝʬʪʴ, ʫʛʦʣʴ ï ʠ ʩʦʚʨʝʤʝʥ-

ʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩʦʟʜʘʶʪ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚ 

ʵʥʝʨʛʝʪʠʢʫ ʥʦʚʳʭ ʚʠʜʦʚ ʢʦʪʝʣʴʥʳʭ ʪʦʧʣʠʚ. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʷʚʣʷʶʪʩʷ ʚʦʜʦʫʛʦʣʴʥʳʝ 

ʩʫʩʧʝʥʟʠʠ ï ɺʋʉ. ɺʦʜʦʫʛʦʣʴʥʳʝ ʩʫʩʧʝʥʟʠʠ (ɺʋʉ) - ʚʠʜ ʪʦʧʣʠʚ, ʧʦʣʫʯʘʝʤʳʭ ʧʫʪʝʤ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʛʦ ʦʙʚʦʜʥʝʥʠʷ ʤʝʣʢʦʨʘʟʤʦʣʦʪʦʛʦ ʫʛʣʷ (ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ 200 ʤʢʤ) ʨʘʟ-

ʣʠʯʥʳʭ ʤʘʨʦʢ [1]. ʐʠʨʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʪʘʢʦʝ ʪʦʧʣʠʚʦ ʧʦʣʫʯʠʣʦ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 

20 ʚʝʢʘ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʢʦʪʝʣʴʥʳʤ ʪʦʧʣʠʚʘʤ ï ʥʝʬʪʴ, ʤʘʟʫʪ [2]. ɺʋʉ 

ʤʦʞʥʦ ʩʞʠʛʘʪʴ ʚ ʢʦʪʣʘʭ ʩʦʚʤʝʩʪʥʦ ʩ ʚʳʰʝʫʢʘʟʘʥʥʳʤʠ ʪʦʧʣʠʚʘ. ʊʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ 

ʦʙʲʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʜʦʨʦʛʦʛʦ ʤʘʟʫʪʘ ʠʣʠ ʥʝʬʪʠ. ʀʭ ʩʞʠʛʘʥʠʝ ʚ ʢʦʪʣʘʭ ʩʦʧʨʦʚʦʞʜʘ-

ʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʦʙʲʝʤʦʚ ʵʤʠʩʩʠʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʘʢʠʭ 

ʢʘʢ ʦʢʩʠʜʳ ʩʝʨʳ ʠ ʘʟʦʪʘ [3]. ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʟʘ ʩʯʝʪ ʥʠʟʢʦʡ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʫʛʣʝʤ, ʪʝʤ-

ʧʝʨʘʪʫʨʳ ʛʦʨʝʥʠʷ ɺʋʉ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʘʨʝʥʠʷ ʚʣʘʛʠ [4]. 

ʗʚʣʷʷʩʴ ʩʣʦʞʥʳʤʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʤʠ ʪʦʧʣʠʚʘʤʠ, ʩʚʦʡʩʪʚʘ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ ʦʪ ʪʠʧʘ ʢʦʤʧʦʥʝʥʪ, ʠʭ ʢʦʣʠʯʝʩʪʚʘ, ʩʧʦʩʦʙʘ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʷ, ɺʋʉ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʧʨʠʝʤʣʝʤʦʡ ʚʷʟʢʦʩʪʴʶ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʨʝʞʠʤʘʤʠ ʨʘʙʦʪʳ ʛʦʨʝʣʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ, 

ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʠ ʭʨʘʥʝʥʠʠ [4]. 

ʀʟʚʝʩʪʥʳ ʥʝʩʢʦʣʴʢʦ ʩʧʦʩʦʙʦʚ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ, ʥʘʧʨʠ-

ʤʝʨ [5-6]. ʅʦ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɺʋʉ ʩ ʵʬʬʝʢ-

ʪʦʤ ʢʘʚʠʪʘʮʠʠ (ʬʠʟʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʨʳʚʦʚ ʩʧʣʦʰʥʦʩʪʠ ʩʨʝʜʳ, ʪʦ 

ʝʩʪʴ ʧʫʟʳʨʴʢʦʚ (ʧʫʩʪʦʪ) ʚ ʞʠʜʢʦʩʪʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʩʪʥʦʛʦ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ) [7]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʩʭʦʜʠʪ ʢʘʚʠʪʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʦʜʦ-

ʫʛʦʣʴʥʦʝ ʪʦʧʣʠʚʦ. ʏʘʩʪʠʮʳ ʫʛʣʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ. ɺʦʟʥʠ-

ʢʘʝʪ ʵʪʦ ʷʚʣʝʥʠʝ ʧʦʩʣʝ ʩʭʣʦʧʳʚʘʥʠʷ ʧʘʨʦʚʳʭ ʤʠʢʨʦʧʫʟʳʨʴʢʦʚ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʦʟʣʝ 

ʯʘʩʪʠʮʳ ʫʛʣʷ. ʂʘʚʠʪʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ɺʋʉ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ 

ʯʘʩʪʠʮ ʫʛʣʷ, ʯʪʦ ʚʥʦʩʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʩʞʠʛʘʥʠʠ ʚʦʜʦ-

ʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ. ʇʨʠ ʵʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɺʋʉ ʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʫʩʧʝʥʟʠʠ (ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ, ʩʪʘʙʠʣʴʥʦʩʪʴ) ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʷʪ 

ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʋʯʠʪʳʚʘʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʥʝʨʛʝʪʠʢʠ, ʵʢʦʣʦʛʠʠ 
ʠ ʵʢʦʥʦʤʠʢʠ ʢʘʯʝʩʪʚʘ ɺʋʉ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʩʚʦʡʩʪʚ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʠ ʩʦʦʪʚʝʪʩʪʚʠʠ ʥʘʧʨʘʚʣʝʥʠʶ çʇʝ-
ʨʝʭʦʜ ʢ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʡ ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʝʡ ʵʥʝʨʛʝʪʠʢʝ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢ-
ʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʠ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʦ-
ʚʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʧʦʩʦʙʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠè ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʪʚʝʨʞʜʝʥʥʦʡ ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ 
ʈʌ ˉ642 ʦʪ 1 ʜʝʢʘʙʨʷ 2016 ʛ. ʇʦʵʪʦʤʫ ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʘ-
ʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʩʫʩʧʝʥʟʠʡ ï ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1) ʨʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ/ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ; 
2) ʨʘʟʨʘʙʦʪʢʘ ʧʣʘʥ-ʛʨʘʬʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ; 
3) ʚʳʙʦʨ ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ; 



107 
 

4) ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ɺʋʉ - ʚʷʟʢʦʩʪʴ, ʧʣʦʪʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ; 

5) ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 
6) ʦʮʝʥʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ; 
7) ʧʦʜʛʦʪʦʚʢʘ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʘ ʠ ʧʨʝʟʝʥʪʘʮʠʠ. 
ɼʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɺʋʉ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʟʤʝʣʴʯʝʥʥʳʡ ʜʣʠʥʥʦʧʣʘʤʝʥʥʳʡ ʫʛʦʣʴ 

(ʤʘʨʢʘ ɼ), ʠʩʧʦʣʴʟʫʝʤʳʡ ʥʘ ʊʦʤʩʢʦʡ ɻʈʕʉ-2 ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʪʦʧʣʠʚʘ, ʠ ʦʙʳʯʥʘʷ 
ʚʦʜʘ. ʇʝʨʝʜ ʧʨʠʛʦʪʦʚʣʝʥʠʝʤ ɺʋʉ ʫʛʦʣʴ ʧʨʦʩʝʠʚʘʣʩʷ ʯʝʨʝʟ ʚʠʙʨʘʮʠʦʥʥʳʝ ʩʠʪʘ ʜʦ 
ʨʘʟʤʝʨʘ ʬʨʘʢʮʠʠ (ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʫʛʣʷ) ʥʝ ʙʦʣʝʝ 200 ʤʢʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʛʦʪʦʚʠʣʠʩʴ ʢʦʤ-
ʧʦʥʝʥʪʳ ɺʋʉ (ʫʛʦʣʴ ʠ ʚʦʜʘ) ʚ ʥʝʦʙʭʦʜʠʤʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ɺʋʉ ʦʩʫ-
ʱʝʩʪʚʣʷʣʦʩʴ ʚ ʨʦʪʦʨʥʦʤ ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʵʬʬʝʢʪʦʤ ʢʘʚʠʪʘʮʠʠ (ʈʇʂ). ʉʦ-
ʩʪʘʚʳ ɺʋʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʠʭ ʦʙʨʘʙʦʪʢʠ ʚ ʈʇʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. ʉʣʝ-
ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʙʨʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʧʨʠ 
ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ [4]. 

ʊʘʙʣʠʮʘ 1. ɺʦʜʦʫʛʦʣʴʥʳʝ ʩʫʩʧʝʥʟʠʠ 

ɺʋʉ ʄʘʩʩʘ ʫʛʣʷ, ʢʛ, 

(%) 

ʄʘʩʩʘ ʚʦʜʳ, ʢʛ, 

(%) 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙ-

ʨʘʙʦʪʢʠ ʚ ʈʇʂ - Ű, ʩ 

ʉʦʩʪʘʚ 1 (ɺʋʉ_1) 

0,8 (50) 0,8 (50) 

180 

ʉʦʩʪʘʚ 2 (ɺʋʉ_2) 240 

ʉʦʩʪʘʚ 3 (ɺʋʉ_3) 300 

ʉʦʩʪʘʚ 4 (ɺʋʉ_4) 

0,88 (55) 0,72 (45) 

180 

ʉʦʩʪʘʚ 5 (ɺʋʉ_5) 240 

ʉʦʩʪʘʚ 6 (ɺʋʉ_6) 300 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ (ʨʘʩʩʣʦʝʥʠʝ/ʦʩʝʜʘʥʠʝ ʯʘʩʪʠʮ ʫʛʣʷ 

(ŭ, ʤʤ) ʩʫʩʧʝʥʟʠʡ ʟʘ ʩʯʝʪ ʩʠʣʳ ʪʷʞʝʩʪʠ) ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʤʝʨʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʮʠʣʠʥ-

ʜʨʘʭ. ʋʩʣʦʚʥʘʷ ʚʷʟʢʦʩʪʴ (ʚʥʝʩʠʩʪʝʤʥʘʷ ʝʜʠʥʠʮʘ ʫʩʣʦʚʥʦʡ ʚʷʟʢʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ-

ʥʦʰʝʥʠʝʤ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ (ʚ ʩʝʢʫʥʜʘʭ) 200 ʩʤį ʠʩʧʳʪʫʝʤʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʜʘʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ ʚʠʩʢʦʟʠʤʝʪʨʘ ʢʦ ʚʨʝʤʝʥʠ ʠʩʪʝʯʝʥʠʷ 200 ʩʤį ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 

ʠʟ ʪʦʛʦ ʞʝ ʧʨʠʙʦʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ÁC) ɺʋʉ ʠʟʤʝʨʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʚʦʨʦʥʢʠ 

ʄʘʨʰʘ ʩ ʧʝʨʝʩʯʝʪʦʤ ʥʘ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ (ɖ, ʩʉʪ - ʩʘʥʪʠʩʪʦʢʩ) (ʚʝʣʠʯʠʥʘ, ʧʦ-

ʢʘʟʳʚʘʶʱʘʷ ʚʨʝʤʷ, ʟʘ ʢʦʪʦʨʦʝ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʞʠʜʢʦʩʪʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʦʪʚʝʨ-

ʩʪʠʝ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʜʠʘʤʝʪʨʘ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʠʙʦʨʝ ï ʢʘʧʠʣʣʷʨʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ). 

ʇʣʦʪʥʦʩʪʴ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ (ɟ, ʢʛ/ʤ3) ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ 

ʤʘʩʩʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʦʙʲʝʤʘ. ʆʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ ɺʋʉ ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʩʧʝʥʟʠʠ 20 ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʩʫʩʧʝʥʟʠʡ ʠʟʤʝʨʷʣʘʩʴ 

ʧʨʠ ʧʦʤʦʱʠ ʧʠʨʦʤʝʪʨʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘ-

ʙʦʪʢʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʥʘ ʠʭ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʢʘʟʘʣʠ ʨʦʩʪ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʩʫʩʧʝʥʟʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɺʋʉ. ʀʟʤʝʥʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ɺʋʉ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 
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ʈʠʩ. 1. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ɺʋʉ 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ 180 ʩ ʦʙʨʘʙʦʪʢʠ ɺʋʉ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫʩʧʝʥʟʠʠ ʚ ʩʨʝʜʥʝʤ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 48% (18 ÁC). ʇʦʩʣʝ 240 ʠ 300 ʩ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘ-

ʚʠʣ 63% (35 ÁC) ʠ 71% (49 ÁC), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʘʨʘʢ-

ʪʝʨʥʳ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ʩʦʩʪʘʚʦʚ (ʪʘʙʣʠʮʘ 1). ʋʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ɺʋʉ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʵʬʬʝʢʪʘ ʢʘʚʠʪʘʮʠʠ ʚ 

ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ ʨʦʪʦʨʥʦʛʦ ʧʫʣʴʩʘʮʠʦʥʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʇʦʩʣʝ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ɺʋʉ ʚ 

ʈʇʂ ʢʘʞʜʳʡ ʩʦʩʪʘʚ ʧʝʨʝʣʠʚʘʣʩʷ ʚ ʝʤʢʦʩʪʴ ʠ ʦʩʪʳʚʘʣ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ (20 ÁC). ɽʤʢʦʩʪʴ ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʣʘʩʴ ʢʨʳʰʢʦʡ ʩ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ 

ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ. 

ʈʘʩʩʣʦʝʥʠʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʩʦʩʪʘʚʦʚ ɺʋʉ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʜʝʩʷʪʠ ʩʫ-

ʪʦʢ (240 ʯ). ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʦʩʪʘʚʢʠ ʪʦʧʣʠʚʘ ʦʪ ʤʝʩʪʘ ʝʛʦ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʜʦ ʧʦʪʨʝʙʠʪʝʣʷ (ʊʕʉ, ɻʈʕʉ, ʢʦʪʝʣʴʥʘʷ). ʆʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʦʧʨʝ-

ʜʝʣʷʶʱʠʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʷʚʣʷʣʘʩʴ ʦʩʪʘʥʦʚʢʘ ʚʳʜʝʣʝʥʠʷ ʚʦʜʳ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2 ʠ ʚ ʪʘʙʣʠʮʝ 2. 

  

ʈʠʩ. 2. ʈʘʩʩʣʦʝʥʠʝ ɺʋʉ 

ʊʘʙʣʠʮʘ 2. ʈʘʩʩʣʦʝʥʠʝ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ 

ʉʦʩʪʘʚ 
ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ɺʋʉ, ʯ 

24 48 72 120 240 

ɺʋʉ_1 5 6 6 7 7 
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ɺʋʉ_2 3 5 5 5 5 

ɺʋʉ_3 0 5 6 6 6 

ɺʋʉ_4 5 7 7 8 8 

ɺʋʉ_5 4 7 6 6 6 

ɺʋʉ_6 0 0 4 4 4 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʩʩʣʦʝʥʠʷ ɺʋʉ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʩʪʘ-

ʙʠʣʴʥʳʤʠ ʠ ʦʜʥʦʨʦʜʥʳʤʠ ʩʫʩʧʝʥʟʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʳ ɺʋʉ_2 ï ʥʘ 5 ʤʤ, ɺʋʉ_3 ï 

ʥʘ 6 ʤʤ ʠ ɺʋʉ_5 ï ʥʘ 6 ʤʤ, ɺʋʉ_6 ï ʥʘ 4 ʤʤ. ɼʣʷ ʵʪʠʭ ʩʫʩʧʝʥʟʠʡ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʢʨʘ-

ʱʝʥʠʝ ʨʘʩʩʣʦʝʥʠʷ ʯʝʨʝʟ 72 ʯ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʩʫʩʧʝʥʟʠʠ ʜʦʣʴʰʝ 

ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ ʈʇʂ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʩʪʨʫʢʪʫʨʘ ɺʋʉ ʩʪʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦ ʦʜʥʦ-

ʨʦʜʥʦʡ. ʊʘʢʞʝ, ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʚ ʈʇʂ ʧʨʦʠʩʭʦʜʠʪ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʯʘʩʪʠʮ ʫʛʣʷ ʠ ʫʚʝʣʠʯʝʥʠʝ ʤʝʞʬʘʟʥʦʡ (ʚʦʜʘ ʠ ʯʘʩʪʠʮʳ 

ʫʛʣʷ) ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʦʩʝʜʘʥʠʷ ʪʘʢʠʭ ʯʘʩʪʠʮ ʫʛʣʷ ʩʥʠʞʘʝʪʩʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʮʝʩʩ ʨʘʩʩʣʦʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʤʝʜʣʝʥʥʝʝ. ʈʘʩʩʣʦʝʥʠʝ ʩʫʩʧʝʥʟʠʡ 

ɺʋʉ_1 ʠ ɺʋʉ_4 ʦʢʘʟʘʣʦʩʴ ʥʘʠʙʦʣʴʰʠʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʨʘʩʩʣʦʝʥʠʷ ɺʋʉ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʚʦ-

ʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʤʝʥʝʝ 180 ʩ ʥʝʜʦʩʪʘʪʦʯʥʘ. ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ɺʋʉ 240 ʩ ʠ ʙʦʣʝʝ. 

ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩʫʩ-

ʧʝʥʟʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚ ʈʇʂ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʩʫʩ-

ʧʝʥʟʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ɺʋʉ ʚ ʈʇʂ. ʇʨʠ ʵʪʦʤ ʠʟʤʝ-

ʥʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʤʝʥʝʝ 2%). ʈʦʩʪ ʧʣʦʪʥʦʩʪʠ ɺʋʉ ʦʙʲʷʩʥʷʝʪʩʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʝʤ ʯʠʩʣʘ ʯʘʩʪʠʮ ʫʛʣʷ ʟʘ ʩʯʝʪ ʠʭ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ɺʋʉ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʥʘ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʫʶ ʚʷʟʢʦʩʪʴ ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ɺʋʉ (ʪʘʙʣʠʮʘ 1) ʧʦʢʘʟʘʣʠ ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4. 

  

ʈʠʩ. 3. ʇʣʦʪʥʦʩʪʴ ʩʫʩʧʝʥʟʠʡ ʈʠʩ. 4. ʀʟʤʝʥʝʥʠʝ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʦʡ ʚʷʟʢʦʩʪʠ ɺʋʉ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ ʩʫʩʧʝʥʟʠʡ ɺʋʉ_1 ʠ 

ɺʋʉ_4 ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʪʝʤ, ʯʪʦ ʵʪʠ 

ʩʫʩʧʝʥʟʠʠ ʥʝʦʜʥʦʨʦʜʥʳ, ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ (180 ʩ) ʚ ʈʇʂ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʷ ʩʪʘʙʠʣʴʥʳʭ ʦʜʥʦʨʦʜʥʳʭ ʩʫʩʧʝʥʟʠʡ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʚʷʟʢʦʩʪʠ 
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ʩʫʩʧʝʥʟʠʡ ɺʋʉ_2, ɺʋʉ_3 ʠ ɺʋʉ_5, ɺʋʉ_6 ʭʦʨʦʰʦ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʣʠʷʥʠʝ ʢʘʚʠʪʘʮʠ-

ʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʥʘ ʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ. ʉ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ ʚʷʟʢʦʩʪʴ ɺʋʉ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝ-

ʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʩʩʣʦʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʠ ʵʪʠʭ ʩʫʩʧʝʥʟʠʡ. ʊʘʢʠʝ ʩʫʩʧʝʥʟʠʠ 

ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳ ʠ ʩʪʘʙʠʣʴʥʳ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʠʥʝʤʘʪʠʯʝ-

ʩʢʦʡ ʚʷʟʢʦʩʪʠ (ʜʣʷ ʩʫʩʧʝʥʟʠʡ ɺʋʉ_2, ɺʋʉ_3 ʠ ɺʋʉ_5, ɺʋʉ_6) ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʢʘ-

ʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʥʘ ʠʟʤʝʥʝʥʠʝ ʠʭ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ 

ʚʷʟʢʦʩʪʠ (ʪʝʢʫʯʝʩʪʠ). 

ɼʣʷ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪ (50% ʧʦ ʤʘʩʩʝ ʫʛʦʣʴ 

ʠ 50% ʧʦ ʤʘʩʩʝ ʚʦʜʘ) ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

ɖ(Ű)=19,6Āʝ0,15Ā Ű. 

ɼʣʷ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʢʦʤʧʦʥʝʥʪ (55% ʧʦ ʤʘʩʩʝ ʫʛʦʣʴ 

ʠ 45% ʧʦ ʤʘʩʩʝ ʚʦʜʘ) ʚʳʨʘʞʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ: 

ɖ(Ű)=27,3Āʝ022Ā Ű. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʥʘʩʪʦʷʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʢʫʯʝʩʪʴ ʚʦʜʦ-
ʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʦʩʪʘʝʪʩʷ ʭʦʨʦʰʝʡ. ʇʦʩʣʝʜʥʝʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʩʫʩʧʝʥʟʠʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠ-
ʤʝʨ, ʧʨʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʪʦʧʣʠʚʦʧʨʦʚʦʜʘʤ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ 
ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ ʥʘ ʠʭ ʧʝʨʝʢʘʯʠʚʘʥʠʝ. ʊʘʢʞʝ, ʚʦʜʦʫʛʦʣʴʥʳʝ ʩʫʩʧʝʥʟʠʠ, ʦʙʣʘʜʘʶ-
ʱʠʝ ʪʘʢʠʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʭʦʨʦʰʦ ʨʘʩʧʳʣʷʶʪʩʷ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʢʦʪʣʦʚ ʦʙʨʘʟʫʷ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʛʘʟʦʢʘʧʝʣʴʥʳʡ ʬʘʢʝʣ [8]. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʘʯʝʩʪʚʝʥʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 
ʘʥʘʣʦʛʠʯʥʳʤʠ, ʥʘʧʨʠʤʝʨ [9], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥ-
ʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳ-
ʚʦʜʳ. ʂʘʚʠʪʘʮʠʦʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʚʦʜʦʫʛʦʣʴʥʳʭ ʩʫʩʧʝʥʟʠʡ ʵʬʬʝʢʪʠʚʥʘ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʫʣʫʯʰʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ɺʋʉ. ʅʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʦʜʥʦʨʦʜʥʳʤʠ ʩʫʩ-
ʧʝʥʟʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʳ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ 
ʩʦʩʪʘʚʣʷʣʘ ʙʦʣʝʝ 240 ʩ. ʈʘʩʩʣʦʝʥʠʝ ʪʘʢʠʭ ɺʋʉ ʩʦʩʪʘʚʠʣʦ ʤʝʥʝʝ 6 ʤʤ ʟʘ 10 ʩʫʪʦʢ. 
ʀʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʚʰʠʭʩʷ ʩʫʩʧʝʥʟʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (ʤʝʥʝʝ 2%). ʇʨʦ-
ʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ɺʋʉ ʚ ʨʦʪʦʨʥʦʤ ʧʫʣʴʩʘʮʠʦʥʥʦʤ ʘʧʧʘʨʘʪʝ ʩ ʵʬʬʝʢʪʦʤ ʢʘ-
ʚʠʪʘʮʠʠ ʤʝʥʝʝ 240 ʩ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ʠ ʩʫʩʧʝʥʟʠʠ ʩ ʭʦʨʦʰʝʡ 
ʪʝʢʫʯʝʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʩʫʩʧʝʥʟʠʡ ʩʦʩʪʘʚ-
ʣʷʶʪ ʦʪ 240 ʜʦ 300 ʩ. ʊʘʢʠʝ ʩʫʩʧʝʥʟʠʠ ʦʜʥʦʨʦʜʥʳ ʠ ʩʪʘʙʠʣʴʥʳ. ʇʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ 
ʩʫʩʧʝʥʟʠʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʭ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ 
ʠ ʪʦʧʣʠʚʦʧʨʦʚʦʜʘʤ ʦʙʝʩʧʝʯʠʪ ʤʠʥʠʤʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʠʭ ʧʝʨʝʢʘʯʠʚʘʥʠʝ. 
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ʀʉʊʆʏʅʀʂ ʉɺʆɹʆɼʅʆʁ ʕʅɽʈɻʀʀ 
ʉʝʨʛʝʝʚʘ ʉʦʬʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʝʥʠʮʘ 10 çɸè 

ʄɹ ʅʆʋ çʃʠʮʝʡ ˉ111è 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʘʩʠʣʴʝʚ ɸʣʝʢʩʝʡ ɸʣʝʢʩʝʝʚʠʯ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʄɹ ʅʆʋ çʃʠʮʝʡ 

ˉ111è 
 

ʄʳ ʞʠʚʝʤ ʚ ʚʝʢ ʧʝʨʝʜʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʙʦʣʴʰʦʛʦ ʧʨʦʛʨʝʩʩʘ.  ʆʩʪʨʦ ʚʩʪʘʝʪ ʚʦ-
ʧʨʦʩ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ (ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ) ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨ-
ʛʠʠ.   

ʊʘʢʠʤ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʦʜ-
ʥʦʛʦ ʚʠʜʘ ʵʥʝʨʛʠʠ ʚ ʜʨʫʛʦʡ.  

ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʛʝʥʝʨʠʨʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ 
ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩʦʟʜʘʥʠʝ ʧʨʠʙʦʨʘ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ 
ʵʥʝʨʛʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ (ʪʦʢ). 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʘʢʪʠʯʝʩʢʠ ʜʦʢʘʟʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥ-
ʥʦʛʦ ʪʦʢʘ, ʧʦʣʫʯʘʶʱʝʛʦ ʵʥʝʨʛʠʶ ʠʟ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ʂʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʙʝʟ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢʠʭ-ʣʠʙʦ ʨʝʩʫʨʩʦʚ ʠ ʧʨʠʣʦʞʝʥʠʷ ʫʩʠʣʠʡ, ʘ ʪʘʢʞʝ ʘʚʪʦʥʦʤʥʦʩʪʴ, ʤʦ-
ʙʠʣʴʥʦʩʪʴ 
ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ  ʧʨʠʥʮʠʧ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʵʥʝʨʛʠʷ ʥʝ ʤʦʞʝʪ 
ʙʳʪʴ ʩʦʟʜʘʥʘ ʠʣʠ ʫʥʠʯʪʦʞʝʥʘ, ʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʠʟ ʦʜʥʦʡ ʬʦʨʤʳ ʚ ʜʨʫʛʫʶ.   
ʊʝʨʤʠʥ çʩʚʦʙʦʜʥʘʷè ʵʥʝʨʛʠʷ ïɻ ʥʝʨʛʠʷ ʠʟ ʥʝʢʦʝʛʦ ʙʝʩʧʣʘʪʥʦʛʦ, ʥʝʦʛʨʘʥʠʯʝʥʥʦʛʦ ʠ ʜʦ-
ʩʪʫʧʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʜʣʷ ʝʝ ʧʦʣʫʯʝʥʠʷ ʥʝ ʥʫʞʥʦ ʨʘʩʭʦʜʦʚʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʨʝʩʫʨʩʳ. 
ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʵʥʝʨʛʠʠ: ʧʦʪʝʨʷ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟ-ʟʘ 

ʥʘʣʠʯʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. 
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ɻʝʥʝʨʘʪʦʨ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʂʇɼ ʙʦʣʝʝ 1, ʯʪʦ ʥʝ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ 
ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʩʪʘʪʴʠ ʥʘ ɺʠʢʠʧʝʜʠʠ ʦ ʜʘʥʥʳʭ ʧʨʠʝʤʥʠʢʘʭ ʠ ʧʦ ʦʜʥʦʡ ʩʭʝʤʝ ʩʦ-
ʙʨʘʥʦ ʜʚʘ ʫʩʪʨʦʡʩʪʚʘ. ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ ʪʦʣʴʢʦ ʚ ʨʘʟʥʳʭ ʨʘʙʦʯʠʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢʘʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʜʠʦʢʦʤʧʦʥʝʥʪʦʚ  ʁ

ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʦʩʥʦʚʘʥ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʦʟʜʘʚʘʝʤʦʛʦ 
ʚ ʘʥʪʝʥʥʝ ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʥʘ ʥʝʸ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ ʙʳʣʦ ʚʳʷʩʥʝʥʦ: 
ü ɺʳʭʦʜʥʦʝ ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʙʦʨʘ 1 ʙʝʟ ʘʥʪʝʥʥʳ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 
ʦʢʦʣʦ ʥʦʫʪʙʫʢʘ ʨʘʚʥʦ 0,004 ɺ. ʉ ʘʥʪʝʥʥʦʡ ï 0,020ɺ 
ü ɺʳʭʦʜʥʦʝ ʩʪʘʙʠʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʙʦʨʘ 2 ʙʝʟ ʘʥʪʝʥʥʳ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 
ʦʢʦʣʦ ʥʦʫʪʙʫʢʘ ʨʘʚʥʦ 0,028 ɺ. ʉ ʘʥʪʝʥʥʦʡ ï 0,039ɺ 
ü ɹʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʠʯʝʩʢʠʭ ʢʦʥʜʝʥʩʘʪʦʨʦʚ ʥʘʢʘʧʣʠʚʘʪʴ ʵʣʝʢ-
ʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʠʙʦʨ 1 ʧʦʢʘʟʘʣ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 0,118 ɺ, ʘ ʧʨʠʙʦʨ 2 ï 
0,200 ɺ.  
ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʙʳʣʦ ʚʳʷʩʥʝʥʦ: 

ü ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ ʘʥʪʝʥʥʳ (ʨʘʟʤʝʨʦʚ, ʢʦʥʩʪʨʫʢʮʠʠ) 
ü ʋʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʧʦʯʪʠ ʙʝʩʢʦʥʝʯʥʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʢʦʥ-
ʩʪʨʫʢʮʠʠ, ʪʘʢ-ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʚʘʨʠʘʥʪʦʚ ʢʘʢ ʚʳʧʨʷʤʠʪʝʣʝʡ, ʫʤʥʦʞʠʪʝʣʝʡ ʥʘʧʨʷ-
ʞʝʥʠʷ, ʪʘʢ ʠ ʢʦʥʬʠʛʫʨʘʮʠʡ ʘʥʪʝʥʥʳ. 

ü ɺʳʭʦʜʥʦʝ ʩʪʘʙʠʣʴʥʦʝ  ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʙʦʨʘ ʩʦʙʨʘʥʥʦʛʦ ʧʦ ʵʪʦʡ ʩʭʝʤʝ ʦʯʝʥʴ ʥʠʟʢʦʝ. 
ʅʘʡʪʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʤʫ ʥʘʧʨʷʞʝʥʠʶ ʩʣʦʞʥʦ. ɺʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ  
ʚ ʢʘʢʦʡ-ʣʠʙʦ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ.  
ʅʘʢʦʧʣʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ï ʙʦʣʴʰʝ. ʅʦ ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʪʦʞʝ ʩʣʦʞʥʦ, ʪ.ʢ. ʦʥʦ ʙʳʩʪʨʦ 
ʧʘʜʘʝʪ ʧʨʠ ʧʦʜʢʣʶʯʝʥʠʠ ʥʘʛʨʫʟʢʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ  ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʧʨʠʙʦʨ ʨʘʙʦʪʘʝʪ, ʥʦ ʜʘʥʥʦʝ 
ʫʩʪʨʦʡʩʪʚʦ ʥʝ ʠʜʝʘʣʴʥʦ.  ʊʨʝʙʫʝʪʩʷ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ  ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩ ʮʝʣʴʶ 
ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʨʘʙʦʪʳ, ʥʘʧʨʘʚʣʝʥʥʦʝ  ʥʘ ʤʠʥʠʤʠʟʘʮʠʶ ʧʦʪʝʨʴ.  
 
 
 
 
ʇʈʀʄɽʅɽʅʀɽ ʂɸʈɹʀɼɸ ʊʀʊɸʅɸ, ʇʆʃʋʏɽʅʅʆɻʆ ɹɽɿɺɸʂʋʋʄʅʓʄ ʕʃɽʂ-

ʊʈʆɼʋɻʆɺʓʄ ʄɽʊʆɼʆʄ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɹʀʆʋɻʃʗ ɺ ʂɸʏɽʉʊɺɽ ʀʉʊʆʏ-
ʅʀʂɸ ʋɻʃɽʈʆɼɸ, ɺ ʆʉɺʆɽʅʀʀ ɸʈʂʊʀʂʀ 

ʉʧʦʜʠʥʘ ɸʥʘʩʪʘʩʠʷ ɺʷʯʝʩʣʘʚʦʚʥʘ 
ʄɸʆʋ ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʣʠʮʝʡ ʠʤ. ɻ.ɸ.ʇʩʘʭʴʝ, 

11 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸ.ɸ.ʉʚʠʥʫʭʦʚʘ, ʠʥʞʝʥʝʨ ʃʘʙʦʨʘʪʦʨʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʅʀ ʊʇʋ 

 
ʆʩʚʦʝʥʠʝ ɸʨʢʪʠʢʠ ʧʦʩʪʝʧʝʥʥʦ ʥʘʙʠʨʘʝʪ ʩʠʣʫ. ʈʘʩʪʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʥʦʚʳʭ ʚʠʜʘʭ 

ʩʣʦʞʥʦʡ ʤʦʨʩʢʦʡ ʪʝʭʥʠʢʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʵʬʬʝʢʪʠʚʥʦʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʝ 
ʦʩʚʦʝʥʠʝ ʤʦʨʩʢʠʭ ʘʨʢʪʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʠʤʝʶʱʠʭʩʷ ʣʝʜʦʢʦʣʦʚ 
ʧʦʢʘʟʘʣʘ, ʯʪʦ ʩʦʚʤʝʩʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʣʴʜʘ ʠ ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʠʚʦʜʠʪ ʢ ʢʦʨʨʦʟʠʦʥʥʦ-
ʵʨʦʟʠʦʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʥʘʨʫʞʥʦʛʦ ʩʣʦʷ ʦʙʰʠʚʢʠ. ʕʪʦ ʠ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʚʳʩʦ-
ʢʦʥʘʜʝʞʥʳʭ ʭʣʘʜʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʝʰʝʥʠʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʪʫʛʦʧʣʘʚ-
ʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʰʠʚʦʢ ʤʦʨʩʢʠʭ ʩʫʜʦʚ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʣʘʟʤʝʥʥʦʤʫ ʧʦʣʫʯʝʥʠʶ ʧʦʨʦʰ-
ʢʦʚʦʛʦ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ ʚ ʚʦʟʜʫʰʥʦʡ ʘʪʤʦʩʬʝʨʝ ʩ ʧʦʩʣʝʜʫ-
ʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʦʙʲʝʤʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʉʠʥʪʝʟ 
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ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʧʦʜʚʝʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʢ ʛʨʘʬʠʪʦʚʳʤ ʵʣʝʢʪʨʦʜʘʤ. ʂʘʪʦʜ 
ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ ʪʠʛʣʷ, ʚ ʢʦʪʦʨʳʡ ʙʳʣʘ ʟʘʩʳʧʘʥʘ ʩʤʝʩʴ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. 
ɸʥʦʜ ʚ ʬʦʨʤʝ ʩʪʝʨʞʥʷ. ʇʦʜʚʝʜʝʥʠʝʤ ʘʥʦʜʘ ʢ ʢʘʪʦʜʫ ʚʦʟʥʠʢʘʣʘ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 
ʠ ʚʦʟʥʠʢʘʣ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʙʳʣ ʨʝʘʣʠʟʦʚʘʥ ʩʠʥ-
ʪʝʟ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʯʪʦ ʧʦʜʪʚʝʨʜʠʣ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ.  
ʇʨʠʤʝʥʝʥʠʝ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʙʝʟʚʘʢʫʫʤʥʳʤ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʤʝʪʦ-

ʜʦʤ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʥʳʤ, ʪʘʢ ʢʘʢ ʦʙʳʯʥʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʠʢʠ, ʢʦʪʦʨʳʤ ʥʝʦʙʭʦʜʠʤʳ ʚʘʢʫʫʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʠʥʝʨʪʥʳʝ 
ʛʘʟʳ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʢʠʩʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʘ ʚ ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʝʪʦʜʠʢʝ ʦʥʦ ʥʝ ʪʨʝʙʫ-
ʝʪʩʷ. ʂʦʥʩʪʨʫʢʮʠʷ ʨʝʘʢʪʦʨʘ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʘʢʫʫʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ 
ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʘʷ ʛʝʥʝʨʘʮʠʷ ʛʘʟʦʚ CO ʠ CO2, ʦʙʣʘʢʦ ʠʟ ʢʦʪʦʨʳʭ 
ʟʘʧʠʨʘʝʪ ʛʦʨʣʦʚʠʥʫ ʪʠʛʣʷ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʧʦʧʘʜʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʚ ʨʝʘʢʮʠʦʥ-
ʥʫʶ ʟʦʥʫ. 
ɺ ʭʦʜʝ ʧʝʨʚʠʯʥʦʡ ʘʧʨʦʙʘʮʠʠ ʧʦʨʦʰʢʘ ʢʘʨʙʠʜʘ ʚ ʩʧʝʢʘʥʠʠ ʢʝʨʘʤʠʢʠ ʙʳʣʠ ʧʦʣʫ-

ʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ:  
1. ʂʝʨʘʤʠʢʘ ʠʟ ʢʘʨʙʠʜʘ ʪʠʪʘʥʘ ʧʨʝʚʦʩʭʦʜʠʪ ʩʚʦʠ ʘʥʘʣʦʛʠ ʧʦ ʪʚʝʨʜʦʩʪʠ. ʕʪʦʪ ʧʘ-

ʨʘʤʝʪʨ ʚʣʠʷʝʪ ʥʘ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʠʟ-ʟʘ ʯʝʛʦ ʜʝʪʘʣʠ ʠʟ ʜʘʥʥʦʡ ʢʝʨʘʤʠʢʠ 
ʙʫʜʫʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳ ʢ ʢʦʨʨʦʟʠʠ.   
2.  ʂʝʨʘʤʠʢʘ T5K10 ʪʘʢʞʝ ʧʨʝʚʦʩʭʦʜʠʪ ʩʚʦʡ ʘʥʘʣʦʛ, ʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʳʡ 

ʩʧʣʘʚ, ʧʦ ʨʷʜʫ ʩʚʦʡʩʪʚ. ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʜʘʥʥʳʤ ʚʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢʘʨʙʠʜʘ 
ʪʠʪʘʥʘ ʚ ʚʦʣʴʬʨʘʤʦʢʦʙʘʣʴʪʦʚʳʡ ʩʧʣʘʚ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʢʘʭ ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ʉʚʦʡʩʪʚʘ ʧʦʣʫʯʝʥʥʦʡ ʢʝʨʘʤʠʢʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʘʚʥʠʤʳ ʩʦ ʩʚʦʡ-

ʩʪʚʘʤʠ ʢʝʨʘʤʠʢʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 
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ʊʆʈʅɸɼʆ 
ʊʘʛʘʝʚʘ ʄʘʜʠʥʘ 

ʄʫʥʠʮʠʧʘʣʴʥʦʝ ʙʶʜʞʝʪʥʦʝ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʎʝʥʪʨ ʆʙʨʘʟʦʚʘʥʠʷ 
çʈʘʟʚʠʪʠʝè,  
10 ʢʣʘʩʩ 

 ʛ. ʅʦʚʦʩʠʙʠʨʩʢ  
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ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʝʣʴʤʝʨ ɽʣʝʥʘ ʂʘʨʣʦʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ ʚʳʩʰʝʡ ʢʘʪʝʛʦʨʠʠ  
 

ɽʞʝʛʦʜʥʦ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ʩʣʫʯʘʶʪʩʷ ʩʦʪʥʠ ʧʨʠʨʦʜʥʳʭ ʢʘʪʘʢʣʠʟʤʦʚ ʨʘʟʣʠʯ-
ʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʪ ʣʦʢʘʣʴʥʳʭ ʠ ʧʦʯʪʠ ʥʝʟʘʤʝʪʥʳʭ ʜʦ ʛʨʘʥʜʠʦʟʥʳʭ, ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʦ-
ʩʣʝʜʩʪʚʠʷʤʠ, ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩʦʚʤʝʩʪʥʳʤʠ ʫʩʠʣʠʷʤʠ ʜʝʩʷʪʢʦʚ ʩʪʨʘʥ ʠ ʤʠʣʣʠ-
ʦʥʦʚ ʣʶʜʝʡ.  

ʉʝʡʯʘʩ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʨʦʜʥʳʭ ʘʥʦʤʘʣʠʡ, 
ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʚ ʘʪʤʦʩʬʝʨʝ.  

ʉʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ ʚʩʝ ʙʦʣʴʰʝ ʜʝʩʪʘʙʠʣʠʟʠʨʫʶʪ ʩʠʪʫʘʮʠʶ ʠ ʚʥʦʩʷʪ ʢʦʨʨʝʢ-
ʪʠʚʳ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ ʞʠʟʥʴ.  

ʆʜʥʦ ʠʟ ʪʘʢʠʭ ʷʚʣʝʥʠʡ- ʪʦʨʥʘʜʦ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʷ ʩʯʠʪʘʶ, ʯʪʦ ʘʢʪʫʘʣʴʥʦ ʠʩ-
ʩʣʝʜʦʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʪʦʨʥʘʜʦ, ʧʨʠʯʠʥʘʭ ʝʛʦ 
ʨʘʟʨʫʰʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʦʟʤʦʞʥʦʤ ʚʘʨʠʘʥʪʝ ʟʘʱʠʪʳ. 
ʎʝʣʴ ʤʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ- ʠʟʫʯʠʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ ʧʨʠʯʠʥʫ ʧʦʷʚʣʝʥʠʷ ʪʦʨ-
ʥʘʜʦ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠ ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʡ ʩʧʦʩʦʙ ʟʘ-
ʱʠʪʳ ʜʣʷ ʣʶʜʝʡ, ʧʦʧʘʚʰʠʭ ʚ ʟʦʥʫ ʚʦʟʜʝʡʩʪʚʠʷ ʪʦʨʥʘʜʦ. 
ɿʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʥʘʫʯʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʥʘ ʪʦʤʫ ʧʨʦʝʢʪʘ; 
2. ʆʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʨʥʘʜʦ, ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʨʝʜʝ ʚ 
ʩʘʤʦʤ ʪʦʨʥʘʜʦ ʠ ʚ ʩʨʝʜʝ ʚʦʢʨʫʛ ʥʝʛʦ; 
3. ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚ ʞʠʜʢʦʩʪʠ; 
4. ʆʙʦʙʱʠʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ; 
5. ʇʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʡ ʚʘʨʠʘʥʪ ʟʘʱʠʪʳ ʦʪ ʧʦʩʣʝʜʩʪʚʠʡ ʪʦʨʥʘʜʦ. 

ʀʪʘʢ, ʯʪʦ ʞʝ ʪʘʢʦʝ ʪʦʨʥʘʜʦ (ʠʣʠ ʢʘʢ ʝʛʦ ʥʘʟʳʚʘʶʪ ʧʦ-ʜʨʫʛʦʤʫ ʩʤʝʨʯ)?  
ʆʙʳʯʥʦ ʪʦʨʥʘʜʦ ʚʦʟʥʠʢʘʝʪ ʚ ʛʨʦʟʦʚʦʤ ʦʙʣʘʢʝ ʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʜʚʠʞʝʪʩʷ ʚʥʠʟ, 

ʢ ʟʝʤʣʝ. ʇʨʠ ʵʪʦʤ ʯʝʨʥʳʝ ʦʙʣʘʢʘ ʥʘʭʦʜʷʪʩʷ ʪʘʢ ʥʠʟʢʦ, ʯʪʦ, ʢʘʞʝʪʩʷ, ʫʞʝ ʢʘʩʘʶʪʩʷ ʥʘʩ, 
ʘ ʠʭ ʚʠʜʠʤʦʝ ʜʚʠʞʝʥʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʠʣʴʥʳʤ ʚʝʪʨʦʤ ʫ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʜʦ-
ʞʜʝʤ, ʛʨʘʜʦʤ ʠ ʭʦʣʦʜʦʤ. ʕʪʦʪ ʘʪʤʦʩʬʝʨʥʳʡ ʚʠʭʨʴ ʩʫʱʝʩʪʚʫʝʪ ʥʝʜʦʣʛʦ, ʥʦ ʧʦʨʦʡ ʚʳ-
ʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʦʢʝʘʥʝ ʪʦʨʥʘʜʦ ʥʘʙʠʨʘʝʪ ʩʠʣʳ ʠ ʚʳʭʦʜʠʪ, ʢʘʢ 
ʨʘʟʙʦʡʥʠʢ, ʥʘ ʙʦʣʴʰʫʶ ʜʦʨʦʛʫ. ʀ ʥʘʜʦ ʞʝ, ʜʦʰʣʦ ʜʘʞʝ ʜʦ ʪʦʛʦ, ʯʪʦ ʫ ʥʝʛʦ ʝʩʪʴ ʩʦʙ-
ʩʪʚʝʥʥʘʷ ʜʦʨʦʛʘ ð ʠʟʚʝʩʪʥʘʷ ʚ ʉʐɸ ʢʘʢ çʜʦʨʦʛʘ ʪʦʨʥʘʜʦè. 

ɻʣʦʙʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ, ʝʛʦ ʧʦʪʝʧʣʝʥʠʝ ʠʟ-ʟʘ ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, 
ʚʳʟʚʘʥʥʦʛʦ ʥʘʨʘʩʪʘʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ, ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝ-
ʥʠʝ ʯʠʩʣʘ ʩʣʫʯʘʝʚ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʪʦʨʥʘʜʦ, ʘ ʪʘʢʞʝ ʝʛʦ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦ-
ʩʪʠ, ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʝʡʯʘʩ ʪʦʨʥʘʜʦ ʚʦʟʥʠʢʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʯʘʩʪʦ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʈʦʩʩʠʠ, ʪ.ʝ. ʪʘʤ, ʛʜʝ ʠʭ ʥʠʢʦʛʜʘ ʥʝ ʙʳʣʦ ʨʘʥʴʰʝ. 

ɺ ʘʪʤʦʩʬʝʨʝ, ʟʘʧʦʣʥʝʥʥʦʡ ʦʙʣʘʯʥʦʡ ʤʘʩʩʦʡ, ʚʦʟʥʠʢʘʝʪ ʥʝʢʠʡ ʧʨʦʮʝʩʩ, ʧʦʨʦʞ-
ʜʘʶʱʠʡ ʝʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʅʘʟʦʚʝʤ ʝʛʦ çʘʢʪʠʚʘʪʦʨ-ʧʨʦʮʝʩʩè. ɺ ʵʪʦʤ ʧʦʥʷ-
ʪʠʠ ʦʙʲʝʜʠʥʝʥʦ ʚʩʝ, ʯʪʦ ʦʙʲʝʢʪʠʚʥʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʨʥʘʜʦ, 
ʧʨʝʜʰʝʩʪʚʫʝʪ ʝʛʦ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪ ʝʛʦ.  

ʕʪʦ ð ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʠʷ, ʚʦʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʝʘʥʘ, ʩʫʪʦʯʥʘʷ ʧʝʨʠʦʜʠʯʝ-
ʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʩ ʦʢʝʘʥʦʤ ʠ ʘʪʤʦʩʬʝʨʦʡ, ʚʨʘʱʝ-
ʥʠʝ ɿʝʤʣʠ, ʧʦʨʦʞʜʝʥʥʦʝ ʵʪʠʤ ʚʨʘʱʝʥʠʝʤ ʜʝʡʩʪʚʠʝ ʢʦʨʠʦʣʠʩʦʚʳʭ ʩʠʣ ʥʘ ʧʦʪʦʢʠ 
ʚʣʘʞʥʦʡ ʠ ʩʫʭʦʡ ʘʪʤʦʩʬʝʨʳ, ʩʦʭʨʘʥʝʥʠʝ ʤʦʤʝʥʪʘ ʠʤʧʫʣʴʩʘ, ʧʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʠ 
ʢʦʥʜʝʥʩʘʮʠʠ ʚʣʘʛʠ ʜʦ ʩʦʩʪʦʷʥʠʷ ʦʙʣʘʢʦʚ, ʚʳʧʘʜʝʥʠʝ ʦʩʘʜʢʦʚ ʠ ʪ.ʜ. 

ʈʝʟʫʣʴʪʘʪ ʚʩʝʛʦ ʵʪʦʛʦ ð ʥʝʧʨʝʨʳʚʥʳʝ ʧʦʪʦʢʠ ʚʠʭʨʝʡ ʚ ʘʪʤʦʩʬʝʨʝ. ʂʘʞʜʳʡ ʠʟ 
ʚʠʭʨʝʡ ʜʦʣʛʦ ʩʦʭʨʘʥʷʝʪ ʩʚʦʶ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ, ʩʦʚʝʨʰʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘ ʟʥʘʯʠ-
ʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʥʘʜ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʤʝʩʪʝ ʩ ʚʝʨʭʥʠʤʠ ʩʣʦʷʤʠ ʘʪʤʦ-
ʩʬʝʨʳ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʝ ʘʪʤʦʩʬʝʨʥʳʝ ʚʠʭʨʠ ʧʦʨʦʞʜʘʶʪ ʙʦʣʝʝ ʤʝʣ-
ʢʠʝ ʚʠʭʨʠ ð ʪʦʨʥʘʜʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʚʳʩʦʯʘʡʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 
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ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʘʪʤʦʩʬʝʨʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʨʘʟʨʫʰʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 
ʩʪʨʦʝʥʠʷ ʠ ʩʦʦʨʫʞʝʥʠʷ, ʚʦʟʚʝʜʝʥʥʳʝ ʣʶʜʴʤʠ. 

ʇʨʦʠʩʭʦʜʠʪ ʚʩʝ ʪʘʢ, ʩʣʦʚʥʦ ʥʝʢʠʡ ʘʢʪʠʚʘʪʦʨ ʩʚʦʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʨʠʚʦʜʠʪ ʭʘ-
ʦʪʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʚ ʦʨʛʘʥʠʟʦʚʘʥʥʦʝ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʇʨʠʯʝʤ 
ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʯʝʤ ʜʦʣʴʰʝ ʜʝʡʩʪʚʫʝʪ ʘʢʪʠʚʘʪʦʨ, ʪʝʤ ʙʦʣʴʰʠʝ ʤʘʩʩʳ ʚʦʟʜʫʭʘ ʥʘʯʠ-
ʥʘʶʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʪʘʢʦʤ ʜʚʠʞʝʥʠʠ.  

ʕʪʦ ð ʧʨʦʮʝʩʩ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʚʨʘʱʝʥʠʷ ʙʦʣʴʰʠʭ ʤʘʩʩ ʚʦʟ-
ʜʫʭʘ. 

ʇʦ ʤʝʨʝ ʧʨʦʪʝʢʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚʩʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʩʣʦʠ ʘʪʤʦʩʬʝʨʳ ʥʘʯʠ-
ʥʘʶʪ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʜʚʠʞʝʥʠʠ, ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʝʤʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʠ. ʊʝʤ ʚʨʝʤʝʥʝʤ, ʠʟ ʦʙʣʘʢʘ, ʪʦʯʥʝʝ ʠʟ ʝʛʦ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʚʠʜʠʤʦʡ ʥʘʟʝʤ-
ʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʬʦʨʤʠʨʫʝʪʩʷ ʚʦʨʦʥʢʘ ʚ ʩʪʦʨʦʥʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ ʠʣʠ ʚʦʜʳ. ʀ, 
ʥʘʢʦʥʝʮ, ʚʳʜʝʣʷʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʭʦʙʦʪ ð ʪʦʪ ʩʘʤʳʡ ʪʦʨʥʘʜʦ, ʙʳʩʪʨʦ ʩʦʝʜʠʥʷʶ-
ʱʠʡ ʥʠʞʥʶʶ ʯʘʩʪʴ ʚʦʨʦʥʢʠ ʩ ʟʝʤʣʝʡ ʠʣʠ ʚʦʜʦʡ. ʆʥ ʩʪʘʥʦʚʠʪʩʷ ʚʠʜʠʤʳʤ ʠʟ-ʟʘ ʦʢʨʘ-
ʰʠʚʘʥʠʷ (ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʚʳʝ ʤʛʥʦʚʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ) ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʥʝʛʦ ʯʘʩʪʴʶ 
ʧʘʨʦʦʙʨʘʟʥʦʡ ʚʣʘʛʠ ʦʙʣʘʢʦʚ, ʘ ʟʘʪʝʤ ʧʳʣʴʶ ʠʣʠ ʧʨʝʜʤʝʪʘʤʠ, ʩʧʠʨʘʣʴʥʦ ʚʦʟʥʦʩʠ-
ʤʳʤʠ ʚʚʝʨʭ ʢ ʦʙʣʘʢʫ. 

ɼʘʣʴʥʝʡʰʝʝ ʘʢʢʫʤʫʣʠʨʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʘʩʪʘʥʠʶ ʛʣʫ-
ʙʠʥʳ ʠ ʨʘʟʤʝʨʦʚ ʚʦʨʦʥʢʠ. 

ʀʟ ʥʘʙʣʶʜʝʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʝʜʤʝʪʳ, ʧʦʧʘʚʰʠʝ ʚ ʦʙʣʘʩʪʴ ʜʝʡʩʪʚʠʷ ʪʦʨ-
ʥʘʜʦ, ʣʝʛʢʦ ʧʦʜʥʠʤʘʶʪʩʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ, ʚʨʘʱʘʷʩʴ ʧʨʠ ʵʪʦʤ. ʄʦʞʥʦ ʩʜʝ-
ʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʝʥʠʷ çʭʦʙʦʪʘè ʪʦʨʥʘʜʦ, ʚʥʫʪʨʠ ʥʝʛʦ ʩʦʟʜʘʝʪʩʷ ʦʙ-
ʣʘʩʪʴ ʧʦʥʠʞʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʠʟ-ʟʘ ʢʦʪʦʨʦʡ ʪʦʨʥʘʜʦ ʩʚʦʝʡ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʙʫʢʚʘʣʴʥʦ 
çʧʨʠʣʠʧʘʝʪè ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ. 

ɺʩʝ ʦʙʲʝʢʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ çʭʦʙʦʪʘè, ʦʙʷʟʘʪʝʣʴʥʦ ʚʦʚʣʝʢʘ-
ʶʪʩʷ ʚʦ ʚʨʘʱʘʪʝʣʴʥʦʡ ʜʚʠʞʝʥʠʝ ʠ ʧʦʜʥʠʤʘʶʪʩʷ ʚʚʝʨʭ, ʟʘʪʝʤ ʠʩʧʳʪʳʚʘʶʪ ʞʝʩʪʢʦʝ 
ʩʦʫʜʘʨʝʥʠʝ ʩ ʟʝʤʣʝʡ. ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʘʢʦʛʦ ʛʫʙʠʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʞʥʦ 
ʣʫʯʰʝ ʚʩʝʛʦ ʧʦʩʪʘʨʘʪʴʩʷ ʵʥʝʨʛʠʝʡ ʩʘʤʦʛʦ ʪʦʨʥʘʜʦ, ʧʨʠʜʫʤʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʝʛʦ ʩʘʤʦ-
ʨʘʟʨʫʰʝʥʠʷ, ʟʘʩʪʘʚʠʪʴ ʝʛʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʩʘʤʦʤʫ ʩʝʙʝ. 
ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʥʘʟʳʚʘʪʴʩʷ ʩʘʤʦʧʦʜʘʚʣʝʥʠʝʤ ʪʦʨʥʘʜʦ. ʏʝʤ ʙʦʣʴʰʫʶ ʵʥʝʨʛʠʶ 
ʪʦʨʥʘʜʦ ʧʳʪʘʝʪʩʷ ʧʝʨʝʜʘʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʪʝʤ ʙʦʣʴʰʝ ʵʪʘ ʩʨʝʜʘ ʙʫʜʝʪ ʝʤʫ ʧʨʦ-
ʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ, ʧʨʝʚʨʘʱʘʷ ʩʦʙʩʪʚʝʥʥʫʶ ʵʥʝʨʛʠʶ ʪʦʨʥʘʜʦ ʚ ʵʥʝʨʛʠʶ ʙʦʨʴʙʳ ʩ ʥʠʤ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʩʣʠ ʧʦʧʨʦʙʦʚʘʪʴ ʨʘʟʜʝʣʠʪʴ ʚʦʨʦʥʢʫ ʪʦʨʥʘʜʦ ʥʘ ʙʦ-
ʣʝʝ ʤʝʣʢʠʝ ʯʘʩʪʠ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʣʠ, ʪʦ ʩʠʣʘ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʦʩʣʘʙʥʝʪ ʠ ʥʝ ʙʫʜʝʪ 
ʩʪʦʣʴ ʨʘʟʨʫʰʠʪʝʣʴʥʦʡ ʠ ʥʝʩʪʠ ʛʫʙʠʪʝʣʴʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʣʶʜʝʡ ʠ ʧʦʩʪʨʦʝʥʥʳʭ 
ʦʙʲʝʢʪʦʚ. 
ɻʠʧʦʪʝʟʘ: ʜʣʷ ʦʩʣʘʙʣʝʥʠʷ ʜʝʡʩʪʚʠʷ ʪʦʨʥʘʜʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʷ ʝʛʦ ʩ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʚʠʭʨʷʤʠ. 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʷ ʨʝʰʠʣʘ ʩʜʝʣʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʬʠʟʠʯʝʩʢʫʶ ʤʦʜʝʣʴ 
ʪʦʨʥʘʜʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʪʦʨʥʘʜʦ ʷ ʠʩʧʦʣʴʟʦʚʘʣʘ: 
ʚʦʜʫ, ʤʝʥʟʫʨʢʫ ʣʘʙʦʨʘʪʦʨʥʫʶ ʦʙʲʝʤʦʤ 250ʤʣ, ʩʪʝʢʣʷʥʥʫʶ ʙʘʥʢʫ ʦʙʲʝʤʦʤ 1 ʣ ʠ ʩʪʝʢ-
ʣʷʥʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʩʦʩʫʜ ʦʙʲʝʤʦʤ 15,5 ʣ, ʚʨʘʱʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʜʣʷ ʰʣʠ-
ʬʦʚʢʠ ʩ ʥʘʩʘʜʢʦʡ, ʤʠʢʩʝʨ ʙʳʪʦʚʦʡ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʝʞʠʤʘʤʠ ʚʨʘʱʝʥʠʷ, ʟʝʨʥʘ ʤʘʢʘ, 
ʚʠʜʝʦʢʘʤʝʨʫ ʜʣʷ ʩʲʝʤʢʠ ʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ. 
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ʆʧʳʪ  ˉ1. ɺʥʘʯʘʣʝ ʷ ʠʩʧʦʣʴʟʦʚʘʣʘ ʰʣʠ-
ʬʦʚʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʠ ʤʝʥʟʫʨʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
ʤʦʜʝʣʠ ʪʦʨʥʘʜʦ ʚ ʤʝʥʟʫʨʢʝ. ʀʟʤʝʥʷʷ ʩʢʦʨʦʩʪʴ 
ʚʨʘʱʝʥʠʷ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʷ ʧʦʣʫ-
ʯʠʣʘ ʚ ʤʝʥʟʫʨʢʝ ʥʝʙʦʣʴʰʦʡ ʩʪʦʣʙ ʚʦʟʜʫʰʥʳʭ ʧʫ-
ʟʳʨʴʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʦ ʠ ʟʘʢʘʥʯʠ-
ʚʘʶʱʠʭʩʷ ʚʚʝʨʭʫ ʥʝʙʦʣʴʰʦʡ ʚʦʨʦʥʢʦʡ. 

ʆʧʳʪ ˉ2. ɿʘʪʝʤ ʷ ʚʟʷʣʘ ʚʨʘʱʘʪʝʣʴʥʳʡ 
ʵʣʝʤʝʥʪ ʤʠʢʩʝʨʘ ʩ ʥʝʙʦʣʴʰʦʡ ʣʦʧʘʩʪʴʶ ʥʘ ʢʦʥʮʝ 
ʠ ʧʦʤʝʩʪʠʣʘ ʝʛʦ ʚ ʩʪʝʢʣʷʥʥʫʶ ʙʘʥʢʫ, ʟʘʧʦʣʥʝʥʥʫʶ 
ʚʦʜʦʡ ʥʘ ʪʨʠ ʯʝʪʚʝʨʪʠ.  
ɺ ʙʘʥʢʝ ʚʦʟʥʠʢʣʘ  ʚ ʥʘʯʘʣʝ ʚʦʨʦʥʢʘ, ʟʘʪʝʤ ʦʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʠ ʧʦʷʚʠʣʩʷ ʭʦʙʦʪ, ʫʚʝ-
ʣʠʯʠʚʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʤʠʢʩʝʨʘ, ʷ ʜʦʙʠʣʘʩʴ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ çʭʦʙʦʪè ʪʦʨʥʘʜʦ ʜʦ-
ʰʝʣ ʜʦ ʜʥʘ ʙʘʥʢʠ. 

ʆʧʳʪ ˉ3. ɿʘʪʝʤ ʥʘ ʜʥʦ ʙʘʥʢʠ ʷ ʧʦʤʝʩʪʠʣʘ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʢ ʜʠʘʤʝʪʨʦʤ 5 
ʩʤ ʠ ʪʦʣʱʠʥʦʡ 0,5 ʩʤ, ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ çʭʦʙʦʪè ʪʦʨʥʘʜʦ ʜʦʰʝʣ ʜʦ ʜʥʘ- ʜʠʩʢ ʙʳʩʪʨʦ 
ʫʚʣʝʢʩʷ ʧʦʪʦʢʦʤ ʞʠʜʢʦʩʪʠ ʠ ʧʨʠʧʦʜʥʷʣʩʷ ʥʘ 3-4 ʩʤ ʚʚʝʨʭ, ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʚʨʘʱʝʥʠʷ- 
ʚʥʦʚʴ ʚʝʨʥʫʣʩʷ ʥʘ ʜʥʦ. 

ʆʧʳʪ ˉ4. ʉʣʝʜʫʶʱʠʡ  ʰʘʛ- ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ 
ʪʦʨʥʘʜʦ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʩ ʧʦʤʦʱʴʶ ʤʘʢʦʚʳʭ ʟʝʨʝʥ. ʗ 
ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʚʨʘʱʝʥʠʷ ʧʦʤʝʩʪʠʣʘ ʥʘ ʜʥʦ ʙʘʥʢʠ ʥʝ-
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʢʘ ʠ ʪʦʣʴʢʦ ʧʦʪʦʤ ʧʨʠʚʝʣʘ ʚʦʜʫ 
ʚʦ ʚʨʘʱʝʥʠʝ.  

ɼʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʢʘʢ ʟʝʨʥʘ 
ʤʘʢʘ ʚʤʝʩʪʝ ʩ ʧʦʪʦʢʘʤʠ ʚʦʜʳ ʠʟ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʪʦʣʙʘ 
ʦʪʙʨʘʩʳʚʘʶʪʩʷ ʢ ʩʪʝʥʢʘʤ ʩʦʩʫʜʘ, ʠ ʪʘʤ ʦʥʠ ʧʨʦʜʦʣ-
ʞʘʶʪ ʩʚʦʝ ʫʞʝ ʥʠʩʧʘʜʘʶʱʝʝ ʩʧʠʨʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʢʦ 
ʜʥʫ ʩʦʩʫʜʘ, ʯʪʦʙʳ ʩʥʦʚʘ ʚʝʨʥʫʪʴʩʷ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ 
ʞʠʜʢʦʩʪʠ. ʅʘʯʠʥʘʝʪʩʷ ʮʠʢʣʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ 
ʞʠʜʢʦʩʪʠ. ʇʨʦʜʦʣʞʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘ-
ʥʠʶ ʠ ʨʘʟʚʠʪʠʶ ʚʦʨʦʥʢʠ. ɺʦʨʦʥʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 
ʛʣʫʙʦʢʦʡ, ʠ ʚ ʢʘʢʦʡ-ʪʦ ʤʦʤʝʥʪ ʝʝ ʨʘʟʚʠʪʠʷ ʧʦʷʚʣʷʝʪʩʷ 
ʭʦʙʦʪ.  

ʆʧʳʪ ˉ5. ʗ ʠʩʩʣʝʜʦʚʘʣʘ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʚ ʩʪʦʢʝ 
ʨʘʢʦʚʠʥʳ, ʧʦʤʝʩʪʠʚ ʥʘ ʜʥʝ ʨʘʢʦʚʠʥʳ ʨʝʰʝʪʢʫ ʩ ʦʪʚʝʨ-
ʩʪʠʷʤʠ. ʗ ʧʦʣʫʯʠʣʘ ʨʝʟʫʣʴʪʘʪ- ʚʦʨʦʥʢʘ ʚʦʜʥʘʷ ʧʨʝʦʙ-
ʨʘʟʦʚʘʣʘʩʴ ʚ ʮʝʣʫʶ ʩʝʨʠʶ ʩʪʦʢʦʚ ʚʦʜʳ, ʧʨʠʯʝʤ ʚʥʘʯʘʣʝ ʚʦʜʘ ʧʦʜʥʠʤʘʣʘʩʴ ʚʚʝʨʭ, ʘ 
ʥʝ ʩʣʠʚʘʣʘʩʴ ʚʥʠʟ ʠ ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚʠʭʨʠ.  
ʇʦʣʫʯʠʣʦʩʴ ʪʘʢ, ʯʪʦ ʦʜʠʥ ʦʩʥʦʚʥʦʡ ʚʠʭʨʴ ʚʦʜʳ ʨʘʟʜʝʣʠʣʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʚʟʘʠʤʦʜʝʡ-
ʩʪʚʫʶʱʠʭ ʤʝʞʜʫ ʩʦʙʦʡ ʚʠʭʨʝʡ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʘʚʣʷʣʠ ʜʨʫʛ ʜʨʫʛʘ. 

ʆʧʳʪ ˉ6 . ɿʘʪʝʤ ʚʦʩʩʦʟʜʘʣʘ ʪʦʨʥʘʜʦ ʚ ʙʦʣʴʰʦʡ ʙʘʥʢʝ, ʧʦʤʝʩʪʠʚ ʥʘ ʜʥʦ ʙʘʥʢʠ 
ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʦʜʩʪʘʚʢʝ ʢʨʫʛʣʳʝ ʜʠʩʢʠ ʩ ʧʨʦʜʝʣʘʥʥʳʤʠ ʚ ʥʠʭ ʥʝʙʦʣʴʰʠʤʠ ʢʨʫʛʣʳʤʠ 
ʦʪʚʝʨʩʪʠʷʤʠ, ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʤʘʢʦʚʳʭ ʟʝʨʝʥ ʩʪʘʣʦ ʙʦʣʝʝ ʟʘʤʝʜʣʝʥʥʳʤ 
ʠ çʭʦʙʦʪè ʥʝ ʧʦʣʫʯʘʝʪʩʷ ʪʘʢʠʤ ʟʥʘʯʠʪʝʣʴʥʳʤ, ʢʘʢ ʙʳʣʦ ʨʘʥʝʝ. 
ɺʳʚʦʜ: ʤʥʝ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʬʠʟʠʯʝʩʢʫʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʤʦʜʝʣʴ ʪʦʨʥʘʜʦ, ʠʩ-
ʧʦʣʴʟʫʷ ʚʦʜʫ, ʚʨʘʱʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ ʠ ʩʪʝʢʣʷʥʥʳʡ ʩʦʩʫʜ. ʂʨʠʪʝʨʠʡ- ʧʦʣʫʯʝʥʠʝ ʚʦ-
ʨʦʥʢʠ ʠ çʍʦʙʦʪʘè ʚʳʧʦʣʥʝʥ, ʩʪʝʢʣʷʥʥʳʝ ʩʪʝʥʳ  ʙʘʥʢʠ ʠʛʨʘʶʪ ʨʦʣʴ ʦʛʨʘʥʠʯʠʪʝʣʷ, ʧʦ-
ʜʦʙʥʦ ʪʦʤʫ ʢʘʢ ʚ ʘʪʤʦʩʬʝʨʝ ʚʠʭʨʴ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʤʠ ʣʠʥʠʷʤʠ ʪʦʢʘ. 

ʄʥʝ ʫʜʘʣʦʩʴ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʧʦʪʦʢʠ ʪʦʨʥʘʜʦ ʩ ʧʦʤʦʱʴʶ ʤʘʢʦʚʳʭ ʟʝʨʝʥ, ʜʚʠ-
ʞʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʢʘʟʘʣʦ ʬʦʨʤ ʫ ʪʦʨʥʘʜʦ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʠʥʠʡ ʩʣʦʝʚ ʘʪʤʦ-
ʩʬʝʨʳ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʤʥʝ ʫʜʘʣʦʩʴ ʥʘʤʝʪʠʪʴ ʧʫʪʴ ʧʦ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʠʜʪʠ ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʫʩʪʘ-
ʥʦʚʢʫ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʪʦʨʥʘʜʦ. 

ʗ ʥʝ ʩʯʠʪʘʶ ʩʚʦʶ ʨʘʙʦʪʫ ʟʘʚʝʨʰʝʥʥʦʡ, ʩʢʦʨʦʝ ʚʩʝʛʦ, ʵʪʦ ʣʠʰʴ ʧʝʨʚʘʷ ʯʘʩʪʴ 
ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷ ʧʣʘʥʠʨʫʶ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʧʨʦʚʝʩʪʠ ʨʷʜ ʦʧʳʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 
ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʜʠʩʢʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʦʨ-
ʥʘʜʦ çʧʦʛʘʩʠʣ ʩʝʙʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦè.  
ʗ ʩʯʠʪʘʶ ʩʚʦʶ ʨʘʙʦʪʫ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʪ.ʢ. ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʦʙʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 
ʢʣʠʤʘʪʘ ʤʳ ʧʦʩʪʦʷʥʥʦ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʚʠʭʨʷʤʠ, ʙʫʨʷʤʠ ʠ ʩʤʝʨʯʘʤʠ ʚ ʨʘʡʦʥʘʭ ʥʘʰʝʡ 
ʩʪʨʘʥʳ, ʪʘʤ ʛʜʝ ʨʘʥʴʰʝ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʣʦ. 
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ʩʧʘʩʪʠʩʴ, ʬʦʪʦ ʠ ʚʠʜʝʦò, ˢ͙͍ͤͣ͊ͦ͡ ʕ . .˿, ʅʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʳʡ ʞʫʨʥʘʣ ñʂʘʢ ʠ ʇʦ-

ʯʝʤʫò - https://kipmu.ru/tornado-i-smerch/  
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ʕ110 
ʊʦʣʢʘʯʝʚ ɸʨʩʝʥʠʡ  

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

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʠʜʝʣʸʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʅʆʎ ɹ.ʇ. ɺʝʡʥʙʝʨʛʘ 
 
ʎʠʨʢʦʥʠʝʚʳʝ ʩʧʣʘʚʳ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʘʢʪʠʚʥʦʡ 

ʟʦʥʳ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ. ʉʝʨʴʸʟʥʘʷ ʧʨʦʙʣʝʤʘ ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ ï ʦʢʠʩʣʝʥʠʝ ʚ ʚʦʜʷ-
ʥʦʤ ʧʘʨʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ʧʨʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫ-
ʘʮʠʷʭ. ɹʳʩʪʨʦʝ ʦʢʠʩʣʝʥʠʝ ʮʠʨʢʦʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 600 
ÁC ʠ ʚʳʰʝ [7]. ʆʢʠʩʣʝʥʠʝ ʦʙʦʣʦʯʝʢ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ (ʪʚʵʣ) ʤʦʞʝʪ ʧʨʠʚʝ-
ʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ ʠ ʚʳʭʦʜʫ ʜʝʣʷʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ 
ʨʝʘʢʪʦʨʘ [1]. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ/ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʦʙʦʣʦʯʢʠ, ʥʘ ʝʸ 
ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʞʥʦ ʥʘʥʝʩʪʠ ʧʦʢʨʳʪʠʝ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʦʢʠʩʣʝʥʠʝ. ɺ ʥʘʩʪʦʷ-
ʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʦʙʦʣʦʯʝʢ ʪʝʧʣʦʚʳʜʝʣʷʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 
ʪʚʵʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʢʨʳʪʠʷ. ʇʝʨʩʧʝʢʪʠʚʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʢʨʳʪʠʷ 
ʷʚʣʷʝʪʩʷ ʭʨʦʤ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʤʝʪʘʣʣ ʷʚʣʷʝʪʩʷ ʘʤʬʦʪʝʨʥʳʤ (ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʦʙʨʘʟʫ-
ʝʪʩʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ, ʢʦʪʦʨʘʷ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ ʪʚʝʣʘ), ʧʦʤʠʤʦ ʵʪʦʛʦ 
ʭʨʦʤ ʤʝʥʴʰʝ ʦʢʠʩʣʷʝʪʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʝʤ ʜʨʫʛʠʝ ʤʝʪʘʣʣʳ. ɼʣʷ ʧʦʣʫ-
ʯʝʥʠʷ ʧʦʢʨʳʪʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʦʩʘʞʜʝʥʠʷ. ʊʨʝʙʫʝʪʩʷ 
ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʟʘ-
ʱʠʪʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʡ ʦʙʦʣʦʯʢʠ ʪʚʝʣʘ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 
ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʟʘʱʠʪʥʦʛʦ ʭʨʦʤʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦʥʠʝʚʦʡ ʦʙʦʣʦʯʢʠ 
ʪʚʝʣʘ. 
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ɿʘʜʘʯʠ ʩʣʝʜʫʶʱʠʝ. 
1. ʀʟʫʯʠʪʴ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʭʨʦʤʘ ʠ ʤʝʪʦʜʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. 
2. ɺʳʧʦʣʥʠʪʴ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʫ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ. 
3. ɺʳʧʦʣʥʠʪʴ ʦʩʘʞʜʝʥʠʝ ʧʦʢʨʳʪʠʡ ʥʘ ʮʠʨʢʦʥʠʝʚʳʡ ʩʧʣʘʚ ʕ110, ʧʦʣʫʯʠʪʴ ʥʘʚʳʢʠ 

ʨʘʙʦʪʳ ʥʘ ʚʘʢʫʫʤʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. 
4. ɺʳʧʦʣʥʠʪʴ ʠʩʧʳʪʘʥʠʷ ʮʠʨʢʦʥʠʝʚʦʛʦ ʩʧʣʘʚʘ ʙʝʟ ʠ ʩ ʧʦʢʨʳʪʠʝʤ ʚ ʫʩʣʦʚʠʷʭ, 

ʠʤʠʪʠʨʫʶʱʠʭ ʧʦʪʝʨʶ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʚ ʘʢʪʠʚʥʦʡ ʟʦʥʝ ʨʝʘʢʪʦʨʘ ʪʠʧʘ ɺɺʕʈ (ʚʦʜʦ-ʚʦ-
ʜʷʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʝʘʢʪʦʨ). 

ʉʧʣʘʚ ʕ110 ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʚ ʨʝʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʝ ʈʦʩʩʠʠ.  
ʉʧʣʘʚ ʕ110 ʩʦʜʝʨʞʠʪ ʣʝʛʠʨʫʶʱʫʶ ʜʦʙʘʚʢʫ Nb (ʩ ʧʨʦʮʝʥʪʥʳʤ ʩʦʜʝʨʞʘʥʠʝ ʚ ʤʘʩʩʝ 
0,95-1,05%), ʧʦʵʪʦʤʫ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʦʡ ʚʦʜʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ, ʥʦ ʠʥʪʝʥʩʠʚʥʦ ʢʦʨʨʦʟʠʨʫʝʪ ʚ ʩʨʝʜʝ ʢʠʧʷʱʝʡ ʚʦʜʳ [1,7,8].   

ɿʘʱʠʪʥʳʝ ʧʦʢʨʳʪʠʷ ʜʣʷ ʩʧʣʘʚʘ ʕ110: ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʩʧʣʘʚʘ ʥʘ ʥʝʛʦ ʦʩʘʞʜʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʢʨʳʪʠʷ ʠʟ ʤʝʪʘʣʣʦʚ (ʪʦ ʝʩʪʴ ʤʝʪʘʣʣʳ ʠ ʩʧʣʘʚʳ 
ʥʘ ʦʩʥʦʚʝ ʘʤʬʦʪʝʨʥʳʭ ʤʝʪʘʣʣʦʚ Fe, Cr ʠ Al, Ni ʠ Cr) [7,8]. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 
ʤʘʪʝʨʠʘʣʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʦʢʨʳʪʠʡ ʜʣʷ ʦʙʦʣʦʯʝʢ ʊɺʕʃʦʚ ʷʚʣʷʝʪʩʷ ʭʨʦʤ, ʪʘʢ ʢʘʢ ʭʨʦʤ 
ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʠʩʣʷʝʪʩʷ ʤʝʥʴʰʝ, ʯʝʤ ʜʨʫʛʠʝ ʧʦʢʨʳʪʠʷ. 

 ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ [2,3]. 
1. ʄʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ (ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʪʩʷ ʧʫʪʝʤ ʨʘʩʧʳʣʝʥʠʷ ʤʠʰʝʥʠ (ʠʟ 

ʢʦʥʢʨʝʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ) ʠʦʥʥʳʤ ʧʦʪʦʢʦʚ ʚ ʘʪʤʦʩʬʝʨʝ ʨʘʟʨʷʞʝʥʥʦʛʦ ʛʘʟʘ). 
2. ʃʘʟʝʨʥʦʝ ʦʩʘʞʜʝʥʠʝ (ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʪʩʷ ʧʫʪʝʤ ʧʣʘʚʣʝʥʠʷ ʠ ʠʩʧʘʨʝʥʠʷ ʤʘ-

ʪʝʨʠʘʣʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʩʘʞʜʝʥʠʝʤ ʥʘ ʮʠʨ-
ʢʦʥʠʡ). 

3. ʊʝʨʤʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ ʠʟ ʧʘʨʦʚʦʡ ʬʘʟʳ (ʧʦʢʨʳʪʠʝ ʥʘʥʦʩʠʪʩʷ ʧʫʪʝʤ ʪʝʨʤʠ-
ʯʝʩʢʦʛʦ ʠʩʧʘʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʥʜʝʥʩʘʮʠʝʡ ʧʦʪʦʢʘ ʘʪʦʤʦʚ 
ʥʘ ʮʠʨʢʦʥʠʠ). 

4. ʕʣʝʢʪʨʦʣʠʪʠʯʝʩʢʦʝ ʦʩʘʞʜʝʥʠʝ (ʧʦʢʨʳʪʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʨʢʦ-
ʥʠʷ ʧʫʪʝʤ ʵʣʝʢʪʨʦʣʠʟʘ ʨʘʩʪʚʦʨʘ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʠʦʥʳ ʤʘʪʝʨʠʘʣʘ ʧʦʢʨʳʪʠʷ).  

ʇʦ ʜʘʥʥʳʤ ʣʠʪʝʨʘʪʫʨʳ [2] ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʷ 
ʷʚʣʷʝʪʩʷ ʤʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ, ʧʦʪʦʤʫ ʯʪʦ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʚ-
ʥʦʤʝʨʥʦ. ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ, ʥʘʥʝʩʸʥʥʦʝ ʧʦʢʨʳʪʠʝ ʙʫ-
ʜʝʪ ʦʜʥʦʨʦʜʥʳʤ ʠ ʢʘʯʝʩʪʚʝʥʥʳʤ. 

ɼʣʷ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʤʳ ʚʳʙʨʘʣʠ ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʝʥʥʫʶ ʫʩʪʘʥʦʚʢʫ. 
ʀʟ ʯʝʛʦ ʩʦʩʪʦʠʪ ʤʘʛʥʝʪʨʦʥʥʘʷ ʨʘʩʧʳʣʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠ ʧʨʠʥʮʠʧ ʝʸ ʨʘʙʦʪʳ.  
ʄʘʛʥʝʪʨʦʥʥʳʤ ʥʘʧʳʣʝʥʠʝʤ ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʥʘ ʥʫʞ-

ʥ ʝr ʯʝʣʦʚʝʢʫ ʤʘʪʝʨʠʘʣʳ ʩ ʮʝʣʴʶ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʩʥʦʚʥʳʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʷʚʣʷʶʪʩʷ: ʢʘʤʝʨʘ ʨʘʩʧʳʣʝʥʠʷ; 
ʩʠʩʪʝʤʘ ʧʦʜʘʯʠ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʚ ʢʘʤʝʨʫ ʨʘʩʧʳʣʝʥʠʷʤ (O2, N2, Ar); ʤʘʛʥʝʪʨʦʥ; ʧʦʜʣʦʞʢʘ, 
ʥʘ ʢʦʪʦʨʫʶ ʙʫʜʫʪ ʥʘʥʦʩʠʪʴ ʧʦʢʨʳʪʠʝ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʘʛʥʝʪʨʦʥ ʩʦʩʪʦʠʪ ʠʟ ʤʘʛʥʠʪʦʚ 
ʨʘʟʥʳʭ ʧʦʣʶʩʦʚ, ʧʦʜ ʤʘʛʥʠʪʘʤʠ ʥʘʭʦʜʠʪʩʷ ʤʘʛʥʠʪʦʧʨʦʚʦʜ, ʨʝʛʫʣʠʨʫʶʱʠʡ ʨʘʙʦʪʫ ʤʘʛ-
ʥʠʪʥʦʛʦ ʧʦʣʷ. [2] ʄʘʛʥʝʪʨʦʥ ʠʤʝʝʪ ʩʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ, ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʩʠʩʪʝʤʳ 
ʦʭʣʘʞʜʝʥʠʷ ʢʦʩʚʝʥʥʫʶ, ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ (ɼʘʥʥʳʡ ʚʠʜ ʦʭʣʘʞʜʝʥʠʷ ʣʫʯʰʝ ʧʨʷʤʦʛʦ, ʧʦ-
ʪʦʤʫ ʯʪʦ ʠʩʢʣʶʯʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚʦʜʳ ʚ ʢʘʤʝʨʫ ʨʘʩʧʳʣʝʥʠʷ). 

ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʤʘʛʥʝʪʨʦʥʥʦʡ ʨʘʩʧʳʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩʦʟʜʘʝʪʩʷ ʚʳʩʦʢʠʡ ʚʘ-
ʢʫʫʤ [4], ʜʘʣʝʝ ʚ ʢʘʤʝʨʫ ʧʦʜʘʸʪʩʷ ʠʥʝʨʪʥʳʡ ʛʘʟ (ʘʨʛʦʥ), ʚ ʢʦʪʦʨʦʤ ʩʦʙʩʪʚʝʥʥʦ ʠ ʧʨʦ-
ʠʩʭʦʜʠʪ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʠʡ. ʉʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʝʩʪʴ ʚ ʨʘʟʨʷʞʝʥʥʳʭ ʛʘʟʘʭ, ʦʥʠ 
ʫʩʢʦʨʷʶʪʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʘʪʦʤʘʤʠ ʘʨʛʦʥʘ, 
ʧʨʠʚʦʜʷ ʢ ʠʭ ʠʦʥʠʟʘʮʠʠ. ʕʣʝʢʪʨʦʥʳ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʜ ʤʘʛʥʝʪʨʦʥʦʤ ʜʚʠʞʫʪʩʷ ʧʦ ʩʧʠ-
ʨʘʣʴʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʤʘʛ-
ʥʠʪʳ ʚ ʤʘʛʥʝʪʨʦʥʝ [2]. ʀʦʥʳ ʫʩʢʦʨʷʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʤʠʰʝʥʠ, ʦʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʤ-
ʙʘʨʜʠʨʦʚʢʠ ʠʦʥʘʤʠ ʨʘʩʧʳʣʷʝʪʩʷ ʥʘ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ, ʢʦʪʦʨʳʝ ʣʝʪʷʪ ʚ ʦʙʨʘʪʥʫʶ ʩʪʦ-
ʨʦʥʫ, ʛʜʝ ʨʘʟʤʝʱʝʥʘ ʧʦʜʣʦʞʢʘ. ʄʠʰʝʥʴ ʤʘʛʥʝʪʨʦʥʘ - ʦʩʥʦʚʘ ʤʘʪʝʨʠʘʣʘ ʙʫʜʫʱʝʛʦ 
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ʧʦʢʨʳʪʠʷ. ɺ ʢʘʤʝʨʫ ʪʘʢʞʝ ʤʦʞʥʦ ʥʘʧʫʩʪʠʪʴ ʨʝʘʢʪʠʚʥʳʝ ʛʘʟʳ (O2, N2, Ar), ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ 
ʵʣʝʢʪʨʦʥ ʩʪʦʣʢʥʫʣʩʷ ʩ ʤʦʣʝʢʫʣʦʡ ʛʘʟʘ ʠ ʧʨʝʚʨʘʪʠʣ ʝʸ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʠʦʥ. ɺ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʨʦʜʘ ʧʦʢʨʳʪʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʥʳʡ ʛʘʟ [2,3]. ʉ ʧʦʤʦʱʴʶ ʢʠʩʣʦʨʦʜʘ ʥʘʥʦ-
ʩʷʪʩʷ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ, ʩ ʧʦʤʦʱʴʶ ʘʟʦʪʘ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʥʠʪʨʠʜʦʚ, ʘ 
ʘʨʛʦʥ ʧʦʣʥʦʩʪʴʶ ʠʥʝʨʪʥʳʡ ʛʘʟ, ʢʦʪʦʨʳʡ ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʘʪʝʨʠʘʣ ʧʦʢʨʳʪʠʷ ʧʨʠ ʨʘʩʧʳ-
ʣʝʥʠʠ, ʧʦʢʨʳʪʠʷ ʚ ʩʨʝʜʝ ʘʨʛʦʥʘ ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ. 

  ʄʘʛʥʝʪʨʦʥʥʦʝ ʨʘʩʧʳʣʝʥʠʝ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ 
ʘʪʦʤʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʤʝʪʦʜ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘʯʠʥʘʝʪ ʧʨʠʤʝʥʷʪʴʩʷ 
ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʪʦʥʢʦʩʣʦʡʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʮʠʨʢʦʥʠʝʚʳʝ ʵʣʝʤʝʥʪʳ ʪʚʵʣʘ. ʇʦʢʨʳʚʘʷ 
ʪʚʝʣ ʪʦʥʢʦʩʣʦʡʥʳʤ ʧʦʢʨʳʪʠʝʤ, ʤʳ ʧʨʝʜʦʪʚʨʘʱʘʝʤ ʦʢʠʩʣʝʥʠʝ ʪʚʵʣʘ [2,8,9]. ʆʩʥʦʚ-
ʥʳʤ ʢʘʥʜʠʜʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʷʚʣʷʝʪʩʷ ʭʨʦʤ, ʪʘʢ ʢʘʢ ʦʥ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʪʠʚʦʜʝʡ-
ʩʪʚʫʝʪ ʦʢʠʩʣʝʥʠʶ ʮʠʨʢʦʥʠʝʚʳʭ ʦʙʦʣʦʯʝʢ ʪʚʵʣʦʚ [7]. 

ʇʦʩʣʝ ʥʘʧʳʣʝʥʠʷ ʧʦʢʨʳʪʠʷ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʢʠʩʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʩ ʧʦʢʨʳʪʠʝʤ ʠ 
ʙʝʟ ʥʝʛʦ. ʆʢʠʩʣʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʘʪʤʦʩʬʝʨʥʦʡ ʧʝʯʠ ATSM 3210. ɺʝʩʴ ʧʨʦʮʝʩʩ 
ʦʢʠʩʣʝʥʠʷ ʟʘʥʷʣ 1 ʯʘʩ 13 ʤʠʥ.  
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ʥʦʡ ʧʝʯʴʶ 

 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪʳ ʦʢʠʩʣʝʥʠʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ 

 
ʆʙʨʘʟʝʮ 1 ʧʦʢʨʳʪ ʧʦʢʨʳʪʠʝʤ ʥʘ ʦʩʥʦʚʝ ʭʨʦʤʘ, ʘ ʦʙʨʘʟʝʮ 2 ʧʨʦʩʪʦʡ ʮʠʨʢʦʥʠʡ 

ʙʝʟ ʧʦʢʨʳʪʠʷ. ɺʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʩ ʧʦʢʨʳʪʠʝʤ ʤʝʥʴʰʝ ʧʦʩʪʨʘʜʘʣ ʦʪ ʦʢʠʩʣʝʥʠʷ. ʆʢʠʩ-
ʣʠʚʰʠʡʩʷ ʮʠʨʢʦʥʠʡ (ʙʝʟ ʧʦʢʨʳʪʠʷ) ʩʪʘʣ ʭʨʫʧʢʠʤ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʮʠʨʢʦʥʠʷ 
ʫʪʝʨʷʥʳ, ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʮʠʨʢʦʥʠʡ ʧʝʨʝʰʸʣ ʚ ʩʦʩʪʦʷʥʠʝ ʦʢʩʠʜʘ. ʕʪʦ 
ʧʦʢʘʟʳʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʦʙʨʘʟʮʳ ʜʣʷ ʟʘʱʠʪʳ ʤʝʪʘʣʣʘ. 


