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ɻ12 ɻʘʛʘʨʠʥʩʢʠʝ ʯʪʝʥʠʷ ï 2022: XLV II I ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʸʞʥʘʷ 

ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ: ʉʙʦʨʥʠʢ ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ: ʄ.; ʄʦʩʢʦʚʩʢʠʡ 

ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ), 

2022. 

 

ʐʢʦʣʴʥʘʷ ʩʝʢʮʠʷ: ʄ.: ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ, 2022. 162ʩ. 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ  

ʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʡ ʢʦʤʠʪʝʪ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ 

ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʨʦʢʠ ʠ ʦʪʚʝʯʘʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷʤ. ɺʩʝ ʜʦʢʣʘʜʳ 

ʥʘʧʝʯʘʪʘʥʳ ʚ ʨʝʜʘʢʮʠʠ ʘʚʪʦʨʦʚ. 

The conference book includes asbstracts which were sent to organizing 

committee in electronic form.  

All absrtacts are printed in the authors' version. 
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ʋʯʘʩʪʥʠʢʘʤ ʠ ʛʦʩʪʷʤ XLVIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɻʘʛʘʨʠʥʩʢʠʝ ʯʪʝʥʠʷè  

 

ɼʦʨʦʛʠʝ ʜʨʫʟʴʷ! 

 

ʇʨʠʚʝʪʩʪʚʫʝʤ ʚʘʩ ʥʘ 48-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʤʦʣʦʜʸʞʥʦʡ ʥʘʫʯʥʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çɻʘʛʘʨʠʥʩʢʠʝ ʯʪʝʥʠʷè. ɺ ʵʪʦʤ ʛʦʜʫ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦʩʚʷʱʝʥʘ 

ʧʨʘʟʜʥʦʚʘʥʠʶ 100-ʣʝʪʠʷ ʦʩʥʦʚʘʥʠʷ ʨʦʩʩʠʡʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ 

ʙʶʨʦ çʊʫʧʦʣʝʚè, ʩʦʟʜʘʥʥʦʛʦ ʚʝʣʠʢʠʤ ʘʚʠʘʢʦʥʩʪʨʫʢʪʦʨʦʤ ɸʥʜʨʝʝʤ ʅʠʢʦʣʘʝʚʠʯʝʤ 

ʊʫʧʦʣʝʚʳʤ. 

ɸʥʜʨʝʡ ʅʠʢʦʣʘʝʚʠʯ ʙʳʣ ʟʘʚʝʜʫʶʱʠʤ ʢʘʬʝʜʨʦʡ ʛʠʜʨʦʘʚʠʘʮʠʠ ʄɸʀ, ʘ 

ʟʘʪʝʤ ʧʨʦʬʝʩʩʦʨʦʤ ʥʘ ʢʘʬʝʜʨʝ çʂʦʥʩʪʨʫʢʮʠʷ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʘʤʦʣʸʪʦʚè. ʇʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ɸ. ʅ. ʊʫʧʦʣʝʚʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʦ ʩʚʳʰʝ 100 ʪʠʧʦʚ ʩʘʤʦʣʸʪʦʚ, 70 ʠʟ 

ʢʦʪʦʨʳʭ ʩʪʨʦʠʣʠʩʴ ʩʝʨʠʡʥʦ. ʅʘ ʝʛʦ ʩʘʤʦʣʸʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ 78 ʤʠʨʦʚʳʭ ʨʝʢʦʨʜʦʚ, 

ʚʳʧʦʣʥʝʥʦ ʦʢʦʣʦ 30 ʚʳʜʘʶʱʠʭʩʷ ʧʝʨʝʣʸʪʦʚ. 

ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʝʪʩʷ ʚʝʜʫʱʠʤ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ ʮʝʥʪʨʦʤ ʚ ʦʙʣʘʩʪʠ ʘʚʠʘʮʠʦʥʥʳʭ, ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʠ 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʩʠʩʪʝʤ. ʀʟ ʩʪʝʥ ʫʥʠʚʝʨʩʠʪʝʪʘ ʝʞʝʛʦʜʥʦ ʚʳʧʫʩʢʘʶʪʩʷ 

ʪʳʩʷʯʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʩʝ ʦʥʠ ʥʘʯʠʥʘʣʠ ʩʚʦʡ ʧʫʪʴ ʠʥʞʝʥʝʨʦʚ ʠ ʫʯʸʥʳʭ ʩ ʤʘʣʝʥʴʢʠʭ 

ʰʘʛʦʚ. ʍʦʨʦʰʠʤ ʩʪʘʨʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʟʦʙʨʝʪʘʪʝʣʝʡ ʠ ʜʘʞʝ ʢʦʩʤʦʥʘʚʪʦʚ 

ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʠʝ ʚ ʢʦʥʬʝʨʝʥʮʠʠ çɻʘʛʘʨʠʥʩʢʠʝ ʯʪʝʥʠʷè. 

ɺʳ, ʚ ʢʘʯʝʩʪʚʝ ʫʯʘʩʪʥʠʢʦʚ ʵʪʦʡ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʤʦʣʦʜʸʞʥʳʭ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʫʞʝ ʩʦʚʝʨʰʠʣʠ ʧʝʨʚʳʡ ʰʘʛ ʢ ʫʩʧʝʰʥʦʡ ʢʘʨʴʝʨʝ ʠ 

ʥʘʫʯʥʳʤ ʦʪʢʨʳʪʠʷʤ. ʅʘʜʝʝʤʩʷ, ʯʪʦ ʄʦʩʢʦʚʩʢʠʡ ʘʚʠʘʮʠʦʥʥʳʡ ʠʥʩʪʠʪʫʪ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʩʪʘʥʝʪ ʧʣʦʱʘʜʢʦʡ ʜʣʷ ʨʘʟʚʠʪʠʷ ʚʘʰʠʭ ʪʚʦʨʯʝʩʢʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ, ʠ ʚʳ 

ʩ ʛʦʨʜʦʩʪʴʶ ʙʫʜʝʪʝ ʥʦʩʠʪʴ ʟʚʘʥʠʝ çʤʘʸʚʝʮè. 

ʇʨʦʷʚʣʷʡʪʝ ʩʝʙʷ ī ʚʳʩʪʫʧʘʡʪʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ, ʫʯʘʩʪʚʫʡʪʝ ʚ ʢʦʥʢʫʨʩʘʭ ʠ 

ʦʣʠʤʧʠʘʜʘʭ, ʜʝʣʠʪʝʩʴ ʠʜʝʷʤʠ ʠ ʨʝʘʣʠʟʦʚʳʚʘʡʪʝ ʢʨʫʧʥʳʝ ʧʨʦʝʢʪʳ, ʘ ʥʘʰ 

ʫʥʠʚʝʨʩʠʪʝʪ ʧʦʩʪʘʨʘʝʪʩʷ ʚʘʤ ʚ ʵʪʦʤ ʧʦʤʦʯʴ. ɾʝʣʘʝʤ ʚʘʤ ʚʜʦʭʥʦʚʝʥʠʷ, ʫʧʦʨʩʪʚʘ ʠ 

ʞʠʟʥʝʥʥʦʡ ʵʥʝʨʛʠʠ. ʇʫʩʪʴ ʚʧʝʨʝʜʠ ʚʘʩ ʞʜʫʪ ʥʦʚʳʝ ʩʚʝʨʰʝʥʠʷ ʠ ʦʪʢʨʳʪʠʷ! 

 

 

ʀ.ʦ. ʧʨʦʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ     ʖ.ɸ. ʈʘʚʠʢʦʚʠʯ 
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˚́̐̑́̃̌̆̎̉̆ Ορπ ˥̝̠̋̏̌̎́ ̠̒̆̒̒̉ 

˞̗̠̆̋̉ ΟρπȢρ ˝̖̏̂̏̓̏̓̆̎̉̋́Ȣ σD-̍̏̅̆̌̉̑̏̃́̎̉̆ ̉ 
̐̑̏̓̏̓̉̐̉̑̏̃́̎̉̆ 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʨʪʘʪʠʚʥʦʛʦ ʧʨʠʙʦʨʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʞʧʦʣʫʰʘʨʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʝʡ  

ʢ ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 
ɹʘʣʷʩʥʠʢʦʚ ɸ.ʂ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. ʌʨʦʣʦʚ ʄ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ɺʘʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʤʦʱʴ ʰʢʦʣʴʥʠʢʘʤ ʚ ʚʳʙʦʨʝ ʙʫʜʫʱʝʡ ʧʨʦʬʝʩʩʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʝʩʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʫ ʣʶʜʝʡ ʧʨʝʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʣʠʙʦ ʣʝʚʦʛʦ 

çʪʝʭʥʠʯʝʩʢʦʛʦè ʧʦʣʫʰʘʨʠʷ, ʣʠʙʦ ʧʨʘʚʦʛʦ çʛʫʤʘʥʠʪʘʨʥʦʛʦè, ʣʠʙʦ ʦʙʝʠʭ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ. 

ʇʨʠ ʵʪʦʤ ʥʠʢʘʢʠʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʦʮʝʥʦʢ ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ 

ʝʝ ʩʚʷʟʠ ʩʦ ʩʧʦʩʦʙʥʦʩʪʷʤʠ ʢ ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʚʠʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬʘ, ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʝʪʩʷ ʦʪ 130000 ʨʫʙ. ʠ ʪʨʝʙʫʝʪ ʚʳʩʦʢʦʡ 

ʢʚʘʣʠʬʠʢʘʮʠʠ. ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʨʪʘʪʠʚʥʳʡ ʧʨʠʙʦʨ ʩʪʦʠʪ 13000 ʨʫʙ. ʠ ʝʛʦ ʣʝʛʢʦ ʤʦʛʫʪ 

ʩʦʙʨʘʪʴ, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʠ ʧʨʦʚʝʩʪʠ ʩ ʥʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʫʯʘʶʱʠʝʩʷ ʥʘ ʫʨʦʢʘʭ 

ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʩʪʫʜʝʥʪʳ ʢʦʣʣʝʜʞʝʡ ʠ 

ʚʫʟʦʚ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʩʦʟʜʘʥʠʝ ʧʦʨʪʘʪʠʚʥʦʛʦ ʧʨʠʙʦʨʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘ ʧʨʠʤʝʨʝ ʦʙʫʯʘʶʱʠʭʩʷ ʰʢʦʣʳ ˉ1538  

ʛ. ʄʦʩʢʚʳ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʢ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʀʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʀʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʧʦ 

ʠʤʝʶʱʠʤʩʷ ʠʩʪʦʯʥʠʢʘʤ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ ʠ ʚʳʜʚʠʞʝʥʠʝ ʛʠʧʦʪʝʟʳ. 
2. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʠʙʦʨʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ. 
3. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʥʘ ʧʨʠʤʝʨʝ 

ʦʙʫʯʘʶʱʠʭʩʷ ʰʢʦʣʳ ˉ 1538 ʛ. ʄʦʩʢʚʳ. 
4. ʆʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʦʚʝʨʢʘ ʚʳʜʚʠʥʫʪʦʡ ʛʠʧʦʪʝʟʳ. 
ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʫ ʣʶʜʝʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʚʦʧʦʣʫʰʘʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʙʦʣʝʝ 

ʩʠʣʴʥʦʡ ʧʨʘʚʦʡ ʨʫʢʦʡ ʷʨʯʝ ʚʳʨʘʞʝʥʳ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʪʦʯʥʳʤ ʥʘʫʢʘʤ ʠ ʠʥʞʝʥʝʨʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ; ʫ ʣʶʜʝʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʘʚʦʧʦʣʫʰʘʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʙʦʣʝʝ ʩʠʣʴʥʦʡ ʣʝʚʦʡ 

ʨʫʢʦʡ ï ʢ ʛʫʤʘʥʠʪʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʋ ʣʶʜʝʡ ʩ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ ʨʘʟʚʠʪʠʷ ʧʨʘʚʦʡ ʠ 

ʣʝʚʦʡ ʨʫʢʠ ʦʜʠʥʘʢʦʚʦ ʚʳʨʘʞʝʥʘ ʪʷʛʘ, ʢʘʢ ʢ ʠʥʞʝʥʝʨʥʦʡ, ʪʘʢ ʠ ʛʫʤʘʥʠʪʘʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʪʴ ʧʦʨʪʘʪʠʚʥʳʡ ʧʨʠʙʦʨ, 

ʢʦʪʦʨʳʡ ʠʟʤʝʨʷʝʪ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʩʞʘʪʠʷ ʧʨʘʚʦʡ (Nr) ʠ ʣʝʚʦʡ (Nl) ʨʫʢ ʠʩʧʳʪʫʝʤʦʛʦ, ʘ ʟʘʪʝʤ 

ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʚʳʯʠʩʣʷʝʪ ʧʨʝʜʣʦʞʝʥʥʳʡ ʥʘʤʠ ʢʦʵʬʬʠʮʠʝʥʪ, ʥʘʟʚʘʥʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ k: 
k = Nr / Nl. 
ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʛʦʪʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʠʙʦʨʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʥʘʤʦʤʝʪʨʘ Vernier ʥʘ ʦʩʥʦʚʝ: 
Å Lego Mindstorms EV3 Education ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ NXT-ʘʜʘʧʪʝʨʘ ʠ ʚʳʚʦʜʦʤ ʟʥʘʯʝʥʠʡ 

ʥʘ ʜʠʩʧʣʝʡ EV3 (ʧʦʨʪʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ), ʘ ʪʘʢʞʝ ʚ ʬʘʡʣ. 
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Å ʇʣʘʪʳ Arduino UNO c ʰʠʣʜʦʤ Vernier ʠ ʚʳʚʦʜʦʤ ʟʥʘʯʝʥʠʡ ʚ ʤʦʥʠʪʦʨ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʧʦʨʪʘ ʩʨʝʜʳ Arduino IDE, ʘ ʪʘʢʞʝ ʥʘ ʧʘʥʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 

ʩʨʝʜʳ LabVIEW. 
Å ʋʩʪʨʦʡʩʪʚʘ ʩʙʦʨʘ ʜʘʥʥʳʭ SensorDAQ Vernier ʠ ʩʨʝʜʳ LabVIEW. 
Å ʇʣʘʪʳ Arduino Nano ʠ BTA-ʘʜʘʧʪʝʨʘ c ʚʳʚʦʜʦʤ ʟʥʘʯʝʥʠʡ ʥʘ OLED-ʜʠʩʧʣʝʡ 

(ʧʦʨʪʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ). 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʦʨʪʘʪʠʚʥʦʛʦ ʧʨʠʙʦʨʘ ʥʘ 30 ʦʙʫʯʘʶʱʠʭʩʷ 10 

ʢʣʘʩʩʘ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʂʘʞʜʳʡ ʠʩʧʳʪʫʝʤʳʡ ʩʞʠʤʘʣ ʧʦʦʯʝʨʝʜʥʦ ʜʠʥʘʤʦʤʝʪʨ 

Vernier ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʨʫʢʘʤʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ OLED-ʜʠʩʧʣʝʝ ʩʠʣʳ 

ʩʞʘʪʠʷ ʵʪʠʭ ʨʫʢ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʝʞʧʦʣʫʰʘʨʥʦʡ ʘʩʠʤʤʝʪʨʠʠ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʚʦʜʠʣʩʷ ʦʧʨʦʩ ʠʩʧʳʪʫʝʤʳʭ, ʢʘʢʠʤʠ ʚʠʜʘʤʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʥʠ ʧʨʝʜʧʦʯʠʪʘʶʪ ʟʘʥʠʤʘʪʴʩʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫ 23 ʯʝʣʦʚʝʢ (77%) ʧʨʝʦʙʣʘʜʘʝʪ ʣʝʚʦʧʦʣʫʰʘʨʥʦʝ 

ʨʘʟʚʠʪʠʝ (k Ó1,2), ʫ 5 ʯʝʣʦʚʝʢ (17%) ï ʧʨʘʚʦʧʦʣʫʰʘʨʥʦʝ ʨʘʟʚʠʪʠʝ (k Ò 0,8), ʘ ʫ 2-ʭ ʯʝʣʦʚʝʢ 

(6%) ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦ ʨʘʟʚʠʪʳ ʠ ʣʝʚʦʝ, ʠ ʧʨʘʚʦʝ ʧʦʣʫʰʘʨʠʷ (0,8 < k < 1,2). 
ʇʨʠ ʵʪʦʤ ʩʨʝʜʠ ʠʩʧʳʪʫʝʤʳʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʚʦʧʦʣʫʰʘʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 80% ʠʤʝʶʪ 

ʙʦʣʴʰʫʶ ʪʷʛʫ ʢ ʠʥʞʝʥʝʨʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ, ʘ ʩʨʝʜʠ ʠʩʧʳʪʫʝʤʳʭ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʧʨʘʚʦʧʦʣʫʰʘʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 90% ʧʨʝʜʧʦʯʠʪʘʶʪ ʛʫʤʘʥʠʪʘʨʥʳʝ ʜʠʩʮʠʧʣʠʥʳ. ʂʨʦʤʝ ʪʦʛʦ, 

100% ʠʩʧʳʪʫʝʤʳʭ ʩ ʙʣʠʟʢʠʤʠ ʧʦ ʨʘʟʚʠʪʠʶ ʧʦʣʫʰʘʨʠʷʤʠ ʠʤʝʶʪ ʪʷʛʫ ʢʘʢ ʢ ʠʥʞʝʥʝʨʥʳʤ, ʪʘʢ 

ʠ ʢ ʛʫʤʘʥʠʪʘʨʥʳʤ ʜʠʩʮʠʧʣʠʥʘʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʚʳʜʚʠʥʫʪʫʶ 

ʛʠʧʦʪʝʟʫ. ʇʨʝʜʣʘʛʘʝʤ ʚʚʝʜʝʥʥʳʡ ʚʧʝʨʚʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʢʦʵʬʬʠʮʠʝʥʪ ʤʝʞʧʦʣʫʰʘʨʥʦʡ 

ʘʩʠʤʤʝʪʨʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʦʡ 

ʦʮʝʥʢʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʙʫʯʘʶʱʠʭʩʷ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʃʝʚʦʝ ʠ ʧʨʘʚʦʝ ʧʦʣʫʰʘʨʠʷ ʤʦʟʛʘ: ʜʚʘ ʧʫʪʠ ʚʦʩʧʨʠʷʪʠʷ ʠ ʤʳʰʣʝʥʠʷ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://pionerart.ru/mozg1/ 
2. ʇʨʘʚʦʝ ʠ ʣʝʚʦʝ ʧʦʣʫʰʘʨʠʠ ʤʦʟʛʘ: ʚ ʯʝʤ ʨʘʟʥʠʮʘ ʠ ʢʘʢ ʨʘʟʚʠʚʘʪʴ? ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://blog.teachmeplease.ru/posts/prove-levoe-polusharii-mozga-v-chem-raznica-ka-razvivat 
3. ʄʝʞʧʦʣʫʰʘʨʥʘʷ ʘʩʠʤʤʝʪʨʠʷ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://ru.wikipedia.org/wik 
4. ʉʦʚʨʝʤʝʥʥʳʡ ʵʣʝʢʪʨʦʵʥʮʝʬʘʣʦʛʨʘʬ çʂʆʄʇɸʂʊ-ʅɽʁʈʆè. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://neurotech.ru/electroencephalograph/compact-neuro_21_channels/ 

ʄʝʜʠʮʠʥʩʢʠʡ ʨʦʙʦʪ 
ɹʫʜʘʥʮʝʚ ʗ.ʂ., ɽʚʛʨʘʬʦʚ ʌ.ɼ., ɸʥʪʦʥʦʚ ʄ.ʃ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʬʦʥʠʥ ɸ.ɺ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ʄʝʜʠʮʠʥʩʢʠʡ ʨʦʙʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʤʦʱʠ ʚʨʘʯʘʤ ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ ʠʣʠ ʨʝʛʠʦʥʘʭ, 

ʛʜʝ ʩʣʘʙʦ ʨʘʟʚʠʪʘ ʤʝʜʠʮʠʥʘ ʠ ʠʤʝʝʪʩʷ ʥʝʜʦʩʪʘʪʦʢ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʩʦʥʘʣʘ, 

ʢʦʪʦʨʦʤʫ ʥʫʞʥʦ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʩʣʝʜʦʚʘʥʠʷ ʪʷʞʝʣʦʙʦʣʴʥʳʭ ʧʘʮʠʝʥʪʦʚ. ʆʩʥʦʚʥʦʡ 

ʦʙʣʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʣʝʛʢʦ ʨʘʩʧʦʟʥʘʚʘʝʤʳʝ ʙʦʣʝʟʥʠ ʯʝʣʦʚʝʢʘ. 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʤʝʜʠʮʠʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʜʦʩʪʫʧʥʳʭ 

ʩʥʠʤʢʦʚ ʛʦʨʣʘ ʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ ʪʝʣʘ ʯʝʣʦʚʝʢʘ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʩ ʧʦʤʦʱʴʶ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʩʦʟʜʘʥʠʝ ʤʝʜʠʮʠʥʩʢʦʛʦ ʨʦʙʦʪʘ, ʚ ʨʘʙʦʪʝ ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ. 
ɸʥʘʣʠʟ ʤʝʜʠʮʠʥʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʦʪʢʨʳʪʦʡ ʙʘʟʳ ʩʥʠʤʢʦʚ ʛʦʨʣʘ ʯʝʣʦʚʝʢʘ ʠ ʝʛʦ ʢʦʞʥʳʭ 

ʧʦʢʨʦʚʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 
ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʤʘʰʠʥʥʦʛʦ ʦʙʫʯʝʥʠʷ, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʜʠʘʛʥʦʟ. 
ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʨʦʙʦʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʨʘʙʦʪʢʫ ʛʘʙʘʨʠʪʥʳʭ ʨʘʟʤʝʨʦʚ, 

ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʢʦʤʧʦʥʦʚʢʠ ʦʩʥʦʚʥʳʭ ʤʦʜʫʣʝʡ. 
ʉʙʦʨʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ. 



6 

 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʘʤʦʡ ʤʦʜʝʣʠ ʨʦʙʦʪʘ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʦʟʠʪʥʳʭ, 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʩʤʦʛʫʪ ʥʘʥʝʩʪʠ ʚʨʝʜ ʟʜʦʨʦʚʴʶ ʯʝʣʦʚʝʢʘ. 
ʉ ʧʦʤʦʱʴʶ ʚʩʪʨʦʝʥʥʦʡ ʚ ʥʝʛʦ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʢʘʤʝʨʳ, ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʛʦʨʣʘ ʯʝʣʦʚʝʢʘ ʠ ʥʘ ʦʩʥʦʚʝ ʠʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʘʥʦʚʢʘ 

ʜʠʘʛʥʦʟʘ, ʦʪʧʨʘʚʢʘ ʜʘʥʥʳʭ ʚʨʘʯʫ ʥʘ ʧʨʦʚʝʨʢʫ, ʪʘʢ ʢʘʢ ʥʝ ʠʩʢʣʶʯʝʥ ʨʠʩʢ ʥʝʧʨʘʚʠʣʴʥʦʡ 

ʧʦʩʪʘʥʦʚʢʠ ʥʘ ʨʘʥʥʠʭ ʚʝʨʩʠʷʭ. ʇʦʤʠʤʦ ʪʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʦʙʦʪʘ ʜʣʷ 

ʦʙʱʝʥʠʷ ʩ ʧʘʮʠʝʥʪʘʤʠ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚʦʟʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʚ ʧʝʨʠʦʜ ʧʘʥʜʝʤʠʠ, ʢʦʛʜʘ ʤʦʞʥʦ 

ʙʫʜʝʪ ʥʘʧʨʘʚʠʪʴ ʙʦʣʴʰʠʥʩʪʚʦ ʚʨʘʯʝʡ ʜʣʷ ʧʦʤʦʱʠ ʪʷʞʝʣʦʙʦʣʴʥʳʤ ʧʘʮʠʝʥʪʘʤ, ʘ ʜʠʘʛʥʦʟʳ 

ʨʦʙʦʪʘ ʙʫʜʫʪ ʦʙʨʘʙʘʪʳʚʘʪʴʩʷ ʥʝʙʦʣʴʰʦʡ ʛʨʫʧʧʦʡ ʩʧʝʮʠʘʣʠʩʪʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ɹʫʣʳʯʝʚ ɸ.ʉ., ʏʝʨʥʳʰʦʚ ʀ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2083, ʄʦʩʢʚʘ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʠʛʨʘʶʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ, ʚ ʦʬʠʩʘʭ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ. ʉ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 

ʤʠʢʨʦʢʣʠʤʘʪ ʚ ʨʘʙʦʯʝʤ ʧʦʤʝʱʝʥʠʠ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʉʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʘʫʜʠʪʦʨʠʷʭ 

ʢʘʬʝʜʨʳ. ʀʟʛʦʪʦʚʠʪʴ ʵʣʝʢʪʨʦʥʥʳʡ ʪʝʨʤʦʛʠʛʨʦʤʝʪʨ ʥʘ ʧʣʘʪʬʦʨʤʝ ESP 32. 
ɿʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. 
2. ʉʦʙʨʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚ ʧʦʤʝʱʝʥʠʠ. 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʧʦʢʘʟʘʥʠʡ ʠ ʧʝʨʝʜʘʯʠ ʠʭ ʥʘ ʩʝʨʚʝʨ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ: ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʩʘʤʦʜʦʩʪʘʪʦʯʥʦʡ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ 

ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʘʫʜʠʪʦʨʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ. 
ʉʠʩʪʝʤʘ ʩʙʦʨʘ ʜʘʥʥʳʭ ð ʢʦʤʧʣʝʢʩ ʩʨʝʜʩʪʚ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʨʘʙʦʪʳ ʩʦʚʤʝʩʪʥʦ ʩ 

ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ, ʣʠʙʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʡ ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ 

ʤʘʰʠʥʦʡ ʠ ʚʳʧʦʣʥʷʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʥʘʯʝʥʠʷʭ ʬʠʟʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚ ʟʘʜʘʥʥʳʭ ʪʦʯʢʘʭ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʘʥʘʣʦʛʦʚʳʭ ʠ/ʠʣʠ ʮʠʬʨʦʚʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʩʠʛʥʘʣʘ, ʘ ʪʘʢʞʝ ʧʝʨʚʠʯʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʥʘʢʦʧʣʝʥʠʝ ʠ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ. 
ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʦʪʚʝʯʘʶʪ ʟʘ ʦʧʨʦʩ ʜʘʪʯʠʢʦʚ ʧʝʨʝʜʘʯʫ ʜʘʥʥʳʭ ʩʝʨʚʝʨʫ, ʜʣʷ ʠʭ 

ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʨʝʜʘʯʝ ʧʦʣʴʟʦʚʘʪʝʣʶ. ɺ ʧʨʦʝʢʪʝ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 
ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Wemos D1. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ESP ʥʘ ʦʩʥʦʚʝ ʤʦʜʫʣʷ ESP8266 ʦʙʣʘʜʘʶʪ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ Internet of Thing (IoT) ʩʠʩʪʝʤʳ: 
1. ʇʦʜʜʝʨʞʠʚʘʝʪ Wi-Fi ʧʨʦʪʦʢʦʣ 802.11 b/g/n; 
2. ɺʩʪʨʦʝʥʥʳʡ ʩʪʝʢ TCP/IP; 
3. 80 ʄɻʮ, 32-ʙʠʪʥʳʡ ʧʨʦʮʝʩʩʦʨ; 
4. ɺʳʚʦʜʳ ʩ ʰʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ; 
5. ʇʦʜʜʝʨʞʢʘ ʠʥʪʝʨʬʝʡʩʘ IĮC/TWI; 
6. ʇʦʜʜʝʨʞʢʘ ʠʥʪʝʨʬʝʡʩʘ SPI; 
7. ʇʦʜʜʝʨʞʢʘ UART; 
8. ʅʘʣʠʯʠʝ ɸʎʇ. 
ɼʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ MQTT (Message Queue Telemetry 

Transport) ð ʵʪʦ ʣʝʛʢʠʡ, ʢʦʤʧʘʢʪʥʳʡ ʠ ʦʪʢʨʳʪʳʡ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩʦʟʜʘʥʥʳʡ ʜʣʷ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʥʘ ʫʜʘʣʸʥʥʳʭ ʣʦʢʘʮʠʷʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʢʦʜʘ ʠ ʝʩʪʴ 

ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʘʥʘʣʘ. 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠʙʦʨʳ ʠ ʠʥʩʪʨʫʤʝʥʪʳ: 
ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ DHT 11. 
ʆʥʣʘʡʥ ʉɸʇʈ EasyEDA. 
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ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʥʘʜ ʜʘʥʥʳʤ ʧʨʦʝʢʪʦʤ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ ʜʘʪʯʠʢʘ, 

ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʥʘʩʪʨʦʠʣʠ MQTT ʩʝʨʚʝʨ mosquito ʠ ʩʠʩʪʝʤʫ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ʜʣʷ ʪʝʣʝʬʦʥʘ IoTMQTTPanel ʘ ʪʘʢʞʝ ʠʟʛʦʪʦʚʠʣʠ ʦʜʥʦʩʪʦʨʦʥʥʶʶ 

ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ ʤʝʪʦʜʦʤ ʪʨʘʚʣʝʥʠʷ. 
ɼʘʪʯʠʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ, ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʚ ʫʯʝʙʥʳʭ 

ʘʫʜʠʪʦʨʠʷʭ ʢʘʬʝʜʨʳ 307 ʄʦʩʢʦʚʩʢʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʝ 

ʜʘʥʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ ʠ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠ ʩʦʩʪʦʷʥʠʠ ʘʫʜʠʪʦʨʠʡ. 

ʈʝʘʣʠʟʫʝʤʫʶ ʩʠʩʪʝʤʫ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʢ ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ 

ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʪʫʜʝʥʪʦʚ ʠ ʰʢʦʣʴʥʠʢʦʚ ʨʘʟʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ IoT ʩʠʩʪʝʤ. 

ʇʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʜʘʪʯʠʢʦʚ ʢʦʤʘʥʜʘ ʩʪʫʜʝʥʪʦʚ ʄɸʀ ʟʘʥʠʤʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʦʡ 

ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʩʠʩʪʝʤʳ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ. ɺ ʨʘʤʢʘʭ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʳ ʧʣʘʥʠʨʫʝʤ ʨʘʟʨʘʙʦʪʘʪʴ 

ʧʣʘʪʫ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʜʘʪʯʠʢʦʚ: 
ɼʘʪʯʠʢ ʰʫʤʘ KY-038. 
ɼʘʪʯʠʢ ʦʩʚʝʱʝʥʥʦʩʪʠ GY-302. 
ɼʘʪʯʠʢ ʢʘʯʝʩʪʚʘ ʚʦʟʜʫʭʘ CCS811. 
ɼʘʥʥʳʝ ʜʘʪʯʠʢʠ ʧʦʟʚʦʣʷʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʦʥʘʣ ʩʠʩʪʝʤʳ ʟʘ ʩʯʝʪ 

ʦʙʨʘʙʦʪʢʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ  

ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ 
ɹʫʮʝʚ ɼ.ɺ., ʐʠʥʢʘʨʸʚ ʈ.ɸ., ʆʨʣʦʚʘ ʄ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʍʘʨʠʪʦʥʝʥʢʦʚ ɸ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1324, ʄʦʩʢʚʘ 

 
ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʨʦʝʢʪ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʝʥʥʫʶ ʨʝʘʣʴʥʦʩʪʴ ʜʣʷ ʚʦʩʧʨʠʷʪʠʷ ʠ ʚʩʝʩʪʦʨʦʥʥʝʛʦ 

ʠʟʫʯʝʥʠʷ ʵʢʩʧʦʥʘʪʦʚ ʰʢʦʣʴʥʦʛʦ ʤʫʟʝʷ ʠʩʪʦʨʠʠ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ, ʠʩʪʦʨʠʠ 

ʉʉʉʈ. 
ɼʦʧʦʣʥʝʥʥʘʷ ʨʝʘʣʴʥʦʩʪʴ (AR-Augmented Reality) ï ʵʪʦ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʩ 

ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ ʠʣʠ ʜʨʫʛʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʦʧʦʣʥʷʪʴ ʦʢʨʫʞʘʶʱʠʡ ʥʘʩ ʬʠʟʠʯʝʩʢʠʡ ʤʠʨ 
ʮʠʬʨʦʚʳʤʠ ʦʙʲʝʢʪʘʤʠ. AR ʧʦʟʚʦʣʷʝʪ ʥʘʢʣʘʜʳʚʘʪʴ ʚʠʟʫʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʥʘ ʬʠʟʠʯʝʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ. 
AR ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʠʛʨʘʭ, ʢʥʠʛʘʭ, ʢʚʝʩʪʘʭ, ʤʘʩʩʦʚʳʭ ʧʨʝʟʝʥʪʘʮʠʷʭ, 

ʧʨʠʣʦʞʝʥʠʷʭ ʧʦ ʪʠʧʫ Snapchat. 
ʎʝʣʴ: 
ʈʘʟʨʘʙʦʪʢʘ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʰʢʦʣʴʥʦʛʦ ʤʫʟʝʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʦʧʦʣʥʝʥʥʦʡ 

ʨʝʘʣʴʥʦʩʪʠ 
ɿʘʜʘʯʠ: 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʮʝʣʝʚʫʶ ʘʫʜʠʪʦʨʠʶ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʥʘʣʦʛʠ ʧʨʦʛʨʘʤʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʦʧʦʣʥʝʥʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. 
ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ. 
ʉʦʩʪʘʚʠʪʴ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ ʚ https://app.diagrams.net/. 
ʉʦʟʜʘʪʴ 3D-ʤʦʜʝʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Blender. 
ʉʦʟʜʘʥʠʝ ʢʦʜʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʚ Android Studio. 
ʉʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʥʘ Android. 
ʕʪʘʧʳ ʧʨʦʝʢʪʘ: 
ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʳ. 
ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʚ ʧʨʦʛʨʘʤʤʝ Blender 
ʉʦʟʜʘʥʠʝ ʢʦʜʘ ʜʣʷ ʧʨʠʣʦʞʝʥʠʷ ʚ Android Studio 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ: ʥʦʫʪʙʫʢ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʜʣʷ 3D-ʤʦʜʝʣʝʡ ʚ 

ʧʨʦʛʨʘʤʤʝ Blender, Android Studio ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʜʘ. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʠ ʚʦʟʤʦʞʥʦʝ ʨʝʰʝʥʠʝ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ: 
ʀʪʦʛʦʤ ʨʘʙʦʪʳ ʩʪʘʣʦ ʧʨʠʣʦʞʝʥʠʝ çʄʫʟʝʡ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠè 
https://drive.google.com/file/d/1BY-

7yZ4nguYpSYElvN8wR7hSCwKBSFnD/view?usp=sharing 
ɺʠʜʝʦ ʩ ʨʘʙʦʪʦʡ ʧʨʠʣʦʞʝʥʠʷ: https://youtu.be/O6YAZwn7kMc 
ɺʳʚʦʜʳ: 
ʇʨʝʜʣʘʛʘʝʤʦʝ ʧʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʠʪ ʧʨʠʚʣʝʯʴ ʫʯʘʱʠʭʩʷ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʢ ʠʟʫʯʝʥʠʶ 

ʠʩʪʦʨʠʠ ʈʦʩʩʠʠ. 
ɿʘʠʥʪʝʨʝʩʦʚʘʪʴ ʥʦʚʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʩʦʟʜʘʪʴ 3-D ʤʦʜʝʣʠ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʠ ʪʝʤʳ: 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʣʷʪʴ ʙʦʣʴʰʝ ʵʣʝʤʝʥʪʦʚ AR ʚ ʧʨʠʣʦʞʝʥʠʝ. 

ʅʦʚʘʷ ʰʘʛʘʶʱʘʷ ʤʘʰʠʥʘ ʜʣʷ ʩʣʘʙʳʭ ʛʨʫʥʪʦʚ 
ɺʘʩʠʣʴʝʚʘ ɸ.ɸ., ɼʨʘʮʢʘʷ ɸ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʢʚʦʨʮʦʚʘ ɸ.ɸ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʸʚ 

 

ʀʜʝʷ ʩʦʟʜʘʥʠʷ ʰʘʛʘʶʱʠʭ ʤʘʰʠʥ ʚʩʸ ʯʘʱʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʞʝʥʝʨʘʤʠ ʠ ʫʯʸʥʳʤʠ ʚ 

ʩʚʷʟʠ ʩ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʦʙʱʝʩʪʚʘ. ɺ ʰʘʛʦʭʦʜʘʭ ʝʩʪʴ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʢʦʪʦʨʦʛʦ ʥʝʪ ʥʠ 

ʚ ʢʘʢʦʤ ʜʨʫʛʦʤ ʚʠʜʝ ʪʨʘʥʩʧʦʨʪʘ ï ʦʪʩʫʪʩʪʚʠʝ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ɺʩʝ ʜʨʫʛʠʝ ʪʨʘʜʠʮʠʦʥʥʳʝ ʜʚʠʞʠʪʝʣʠ ʙʫʢʚʘʣʴʥʦ ʩʨʝʟʘʶʪ ʚʝʨʭʥʠʡ 

ʩʣʦʡ ʧʦʯʚʳ: ʢʦʣʸʩʘ, ʛʫʩʝʥʠʮʳ, ʰʥʝʢʠ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʚʠʜʳ ʪʨʘʥʩʧʦʨʪʘ ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʩʪʘʶʪ 

ʨʘʙʦʪʘʪʴ, ʥʦ ʠ ʛʫʙʷʪ ʧʨʠʨʦʜʫ. ʅʘ ʩʝʚʝʨʝ ʧʦʥʷʪʠʷ ʢʦʣʝʩʘ ʚ ʜʨʝʚʥʦʩʪʠ ʥʝ ʙʳʣʦ, ʟʘʪʦ ʭʦʨʦʰʦ 

ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʩʥʝʛʦʩʪʦʧʳ, ʢ ʢʦʪʦʨʳʤ ʙʣʠʟʦʢ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʰʘʛʘʶʱʠʭ ʤʘʰʠʥ. ɼʨʫʛʦʝ 
ʧʨʝʠʤʫʱʝʩʪʚʦ ʰʘʛʘʶʱʝʛʦ ʪʨʘʥʩʧʦʨʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʦʧʦʨ, ʯʝʛʦ ʥʝʪ ʚ ʢʦʣʸʩʥʳʭ, ʛʫʩʝʥʠʯʥʳʭ ʠ, ʪʝʤ ʙʦʣʝʝ, 

ʰʥʝʢʦʚʳʭ ʤʘʰʠʥʘʭ. ʅʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʦʨʠʪʝʪʘʤ, ʦʩʥʦʚʥʳʤ ʟʘʜʘʯʘʤ, 

ʙʦʣʴʰʠʤ ʚʳʟʦʚʘʤ, ʥʝʨʘʟʨʝʰʸʥʥʳʤ ʧʨʦʙʣʝʤʘʤ ʠ ʦʞʠʜʘʝʤʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 
ʄʦʜʝʣʴ ʥʦʚʦʡ ʰʘʛʘʶʱʝʡ ʤʘʰʠʥʳ ʙʳʣʘ ʠʟʫʯʝʥʘ ʠ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʠʤʝʶʱʝʛʦʩʷ ʦʧʳʪʘ 

[1-3]. ɹʘʟʦʚʫʶ ʩʭʝʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʝ ʠʟʤʝʥʷʪʴ [4]. ʅʦ ʪʘʢʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʪʨʝʙʦʚʘʣʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʜʦʨʘʙʦʪʢʠ. 
1) ɺʳʧʦʣʥʝʥʘ ʜʦʨʘʙʦʪʢʘ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʜʨʫʛʦʛʦ ʧʨʠʚʦʜʘ. ʇʨʠʤʝʥʸʥ 

ʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʥʘʧʨʷʞʝʥʠʝʤ 12 ɺ ʩʝʨʠʠ 775, ʨʝʘʣʴʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʮʝʣʠ ʨʘʙʦʪʳ [5]. ʅʘʧʨʠʤʝʨ, ʝʛʦ ʤʦʞʥʦ ʬʦʨʩʠʨʦʚʘʪʴ 

ʧʦ ʤʦʱʥʦʩʪʠ ʦʪ 2 ɺʪ ʜʦ 140 ɺʪ, ʘ ʦʙʦʨʦʪʳ ʫʚʝʣʠʯʠʪʴ ʦʪ 3500 ʚ ʤʠʥʫʪʫ ʜʦ 21000! ʆʜʥʘʢʦ, 

ʥʫʞʝʥ ʨʝʜʫʢʪʦʨ. 
2) ʌʦʨʩʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʪʨʝʙʦʚʘʣʦ ʫʩʪʘʥʦʚʠʪʴ ʥʦʚʳʡ ʨʝʜʫʢʪʦʨ. 
3) ɺʦʩʝʤʴ ʰʘʛʘʶʱʠʭ ʣʷʤʙʜʘʦʙʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʇ.ʃ.ʏʝʙʳʰʝʚʘ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ. 
4) ʅʘʢʦʥʝʮ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ï ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʧʨʘʚʠʣʴʥʦ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʚʦʩʴʤʠ 

ʰʘʛʘʶʱʠʭ ʤʝʭʘʥʠʟʤʦʚ. 
ɸʚʪʦʨʩʢʠʡ ʚʢʣʘʜ ʚ ʥʦʚʫʶ ʨʘʟʨʘʙʦʪʢʫ ʨʘʩʧʨʝʜʝʣʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɸ.ʀ.ɼʨʘʮʢʘʷ 

ʧʨʝʜʣʦʞʠʣʘ ʚʩʧʦʤʥʠʪʴ ʦ ʟʘʙʳʪʦʡ ʩʭʝʤʝ ʩʚʦʝʛʦ ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʠ ʨʘʟʨʘʙʦʪʘʣʘ 

ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ, ɸ.ɸ.ɺʘʩʠʣʴʝʚʘ ʧʨʝʜʣʦʞʠʣʘ ʨʘʟʤʝʩʪʠʪʴ ʤʝʭʘʥʠʟʤʳ ʥʘ ʠʟʚʝʩʪʥʦʡ 

ʧʣʘʪʬʦʨʤʝ. ʇʦʩʣʝ ʪʘʢʦʡ ʜʦʨʘʙʦʪʢʠ ʤʝʭʘʥʠʟʤ ʟʘʨʘʙʦʪʘʣ ʙʝʟ ʤʸʨʪʚʳʭ ʟʦʥ, ʭʦʪʷ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʫʩʠʣʠʷʤʠ, ʥʦ ʥʝ ʢʨʠʪʠʯʥʳʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʰʘʛʘʶʱʝʡ ʤʘʰʠʥʳ. 
ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʩʠʥʭʨʦʰʘʪʫʥʝ, ʰʘʨʥʠʨʥʦ 

ʩʦʝʜʠʥʷʶʱʝʤ ʜʚʝ ʨʘʙʦʯʠʝ ʪʦʯʢʠ ʜʚʫʭ ʣʷʤʙʜʘʦʙʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʇ.ʃ.ʏʝʙʳʰʝʚʘ. 

ɼʚʠʞʝʥʠʝ ʚʩʝʛʦ ʦʪʨʝʟʢʘ ʧʦ ʰʘʛʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ, ʘ ʥʝ ʦʜʥʦʡ ʪʦʯʢʠ, ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟ 

ʤʘʣʝʡʰʠʭ ʟʘʪʨʫʜʥʝʥʠʡ ʩʤʝʩʪʠʪʴ ʵʪʫ ʪʨʘʝʢʪʦʨʠʶ ʚʥʠʟ, ʥʠʞʝ ʢʦʨʧʫʩʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ 

[7]. 
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ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ 775-ʡ ʩʝʨʠʠ ʚʟʷʪ ʠʟ ʰʫʨʫʧʦʚʸʨʪʘ. ɺ ʙʳʪʫ ʪʘʢʠʝ ʜʚʠʛʘʪʝʣʠ ʯʘʩʪʦ 

ʥʘʟʳʚʘʶʪ çʄʦʥʩʪʨʘʤʠè [5]. ʊʘʢʦʝ ʥʘʟʚʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ, ʝʩʣʠ ʧʦʩʤʦʪʨʝʪʴ 

ʚʠʜʝʦʨʦʣʠʢ ʦʙ ʵʪʦʤ ʜʚʠʛʘʪʝʣʝ ʠ ʦʮʝʥʠʪʴ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʬʦʨʩʠʨʦʚʘʥʠʝ ʚ 70 ʨʘʟ [5]. 
ʇʝʨʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʨʘʟʫ ʞʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʳʙʨʘʥʦ ʧʨʘʚʠʣʴʥʳʤ 

[6]. ɻʣʘʚʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʥʦʚʦʛʦ ʰʘʛʦʭʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʦʨʥʳʭ ʧʘʩʩʠʚʥʳʭ ʰʘʪʫʥʘʭ, 

ʢʦʪʦʨʳʝ ʥʘ ʵʪʦʡ ʤʘʰʠʥʝ ʚʳʧʦʣʥʝʥʳ ʚ ʬʦʨʤʝ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʧʣʘʩʪʠʥ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʰʘʛʦʭʦʜʦʤ, ʚʧʣʦʪʴ ʜʦ ʨʝʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ 

ʟʘʜʘʯʠ ʧʦʚʦʨʦʪʘ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʝʥʘ. ʅʦ ʵʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ. 
ɺʳʚʦʜʳ ʠ ʧʝʨʩʧʝʢʪʠʚʘ ʨʘʙʦʪʳ. 
1. ʆʩʥʦʚʫ ʥʦʚʦʡ ʰʘʛʘʶʱʝʡ ʤʘʰʠʥʳ ʩʦʩʪʘʚʣʷʝʪ ʧʘʨʘ ʣʷʤʙʜʘʦʙʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʘʷ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʦʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʰʘʪʫʥʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʘʩʩʠʚʥʳʤ. 
2. ʅʦʚʳʡ ʤʝʭʘʥʠʟʤ ʧʦʟʚʦʣʠʣ ʩʤʝʩʪʠʪʴ ʰʘʛʘʶʱʫʶ ʪʨʘʝʢʪʦʨʠʶ ʥʠʞʝ ʢʦʨʧʫʩʘ. 
3. ʉʦʟʜʘʥ, ʧʨʦʚʝʨʝʥ, ʠʩʧʳʪʘʥ, ʠʟʫʯʘʝʪʩʷ ʜʝʡʩʪʚʫʶʱʠʡ ʤʘʢʝʪ ʥʦʚʦʡ ʤʘʰʠʥʳ. 
4. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʙʣʠʞʘʡʰʠʝ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʩʭʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʣʷ ʧʦʚʦʨʦʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʷ ʫʜʘʨʦʚ. 
5. ʇʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ [7]. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɸʨʪʦʙʦʣʝʚʩʢʠʡ ʀ.ʀ., ʃʝʚʠʪʩʢʠʡ ʅ.ʀ. ʄʝʭʘʥʠʟʤʳ ʇ.ʃ.ʏʝʙʳʰʝʚʘ / ʅʘʫʯʥ. ʥʘʩʣʝʜʠʝ 

ʇ.ʃ.ʏʝʙʳʰʝʚʘ. ɺʳʧ. 2. ʊʝʦʨʠʷ ʤʝʭʘʥʠʟʤʦʚ. ï ʄ.-ʃ.: ʀʟʜ-ʚʦ ɸʅ ʉʉʉʈ, 1945. ï ʉ.52-54. 
2. ʉʢʚʦʨʮʦʚʘ ɸ.ɸ. ʄʝʭʘʥʠʟʤ ʰʘʛʘʶʱʝʡ ʤʘʰʠʥʳ. ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU ˉ 2712370. 

ɿʘʷʚʢʘ ˉ 2017138076. ʇʨʠʦʨʠʪʝʪ ʠʟʦʙʨʝʪʝʥʠʷ 01 ʥʦʷʙʨʷ 2017 ʛ.: 

https://yandex.ru/patents/doc/RU2017138076A_20190506 
3. ɾʫʢʦʚʘ ɺ.ʉ. ʐʘʛʘʶʱʝʝ ʢʦʣʝʩʦ. - ɿʘʷʚʢʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU 201813609. ʇʨʠʦʨʠʪʝʪ 

09.10.2018. - ʇʫʙʣ.: ɹʶʣʣʝʪʝʥʴ ˉ10 ʦʪ 09.04.2020. - ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU 2734175. 
4. ɺʘʩʠʣʴʝʚʘ ɸ.ɸ. ʂʫʣʘʯʢʦʚʘʷ ʦʧʦʨʘ ʜʣʷ ʰʘʛʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʇ.ʃ.ʏʝʙʳʰʝʚʘ. ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ ɼʨʦʙʦʪʦʚ ɺ.ɹ. / ɻʝʥʠʠ ʇʦʜʤʦʩʢʦʚʴʷ: ʉʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʬʝʩʪʠʚʘʣʷ 

ʥʘʫʢʠ 28 ʥʦʷʙʨʷ 2020 ʛ. - ʄ.: ʀʟʜ-ʚʦ "ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ", 2020. - ʉ.19-27. 
5. 775 ʄʦʥʩʪʨ ʜʚʠʛʘʪʝʣʴ. 17 ʜʝʢʘʙʨʷ 2017 ʛ. https://youtu.be/EY74qDpvJ28 
6. ɺʘʩʠʣʴʝʚʘ ɸ.ɸ., ɼʨʘʮʢʘʷ ɸ.ʀ. ʅʦʚʳʡ ʰʘʛʦʭʦʜ. 12.04 ʘʧʨʝʣʷ 2021 ʛ. ï ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ (ʚʠʜʝʦʨʦʣʠʢ 5:01): https://youtu.be/xuLo4lkvgRg 
7. ɼʨʘʮʢʘʷ ɸ.ʀ. ʐʘʛʘʶʱʠʡ ʤʝʭʘʥʠʟʤ. ɿʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU 2021129147. 

ʇʨʠʦʨʠʪʝʪ 06.10.2021 ʛ. 

ʈʘʟʨʘʙʦʪʢʘ IoT ʯʘʡʥʠʢʘ 
ɺʦʣʢʦʚ ɽ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ152, ʄʦʩʢʚʘ 

 
ʋʤʥʳʡ ʜʦʤ - ʙʫʜʫʱʝʝ, ʢʦʪʦʨʦʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʤʦʣʦʜʸʞʴ, ʘ ʟʥʘʯʠʪ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʠ 

ʙʫʜʫʪ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʪʘʨʛʝʪ-ʛʨʫʧʧʫ. ʋʤʥʳʡ ʯʘʡʥʠʢ - ʚʘʞʥʳʡ ʰʘʛ ʚ ʨʘʟʚʠʪʠʠ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ʄʦʡ ʧʨʦʝʢʪ - ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʛʦʜʥʷʰʥʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʚʦʠʭ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ: 
ʋʧʨʘʚʣʝʥʠʝ ʩ ʪʝʣʝʬʦʥʘ ʠ ʛʦʣʦʩʦʚʦʝ ʫʧʨʘʚʣʝʥʠʝ. 
ɺʳʙʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʥʘʛʨʝʚʘ. 
ʉʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʘʚʪʦʥʦʤʥʦʡ ʧʦʜʜʝʨʞʢʠ ʪʝʤʧʝʨʘʪʫʨʳ. 
ɹʳʪʴ ʘʙʩʦʣʶʪʥʦ ʙʝʟʦʧʘʩʥʳʤ. 
ɼʘʥʥʳʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʘʡʥʠʢ, ʫʧʨʘʚʣʷʝʤʳʡ ʙʦʣʝʝ ʯʝʤ ʥʘʧʦʣʦʚʠʥʫ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦ 
ɺ ʨʘʤʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʝʢʪʘ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D ʤʦʜʝʣʴ ʙʫʜʫʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
ɹʣʦʢ ʧʠʪʘʥʠʷ ʙʝʨʸʪ ʠʟ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 220ɺ ʠ ʠʤʝʝʪ ʚʳʭʦʜʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʜʣʷ ESP, ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʠ ʜʣʷ ʊʕʅʘ. 
ESP ʧʦʣʫʯʘʝʪ ʢʦʤʘʥʜʫ ʥʘʛʨʝʪʴ ʚʦʜʫ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʨʘʚʥʠʚʘʝʪ 

ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʝʩʣʠ ʟʘʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ > 

ʪʝʢʫʱʝʡ, ʪʦ ʚʢʣʶʯʘʝʪ ʨʝʣʝ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʘʥʝʪ = ʠʣʠ > 
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ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʚʳʢʣʶʯʘʝʪ ʨʝʣʝ. ɽʩʣʠ ʟʘʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʟʥʘʯʘʣʴʥʦ <ʪʝʢʫʱʝʡ, 

ʪʦ ʦʧʝʨʘʪʦʨʫ ʚʳʩʚʝʪʠʪʩʷ ʩʠʛʥʘʣ ʦ ʪʦʤ, ʯʪʦ ʚʦʜʘ ʥʘʛʨʝʪʘ ʩʨʘʟʫ. 
Blynk, ʩʦʝʜʠʥʸʥʥʳʡ ʩ ESP, ʙʫʜʝʪ ʚʳʚʦʜʠʪʴ ʩʪʘʪʫʩ ʯʘʡʥʠʢʘ, ʪʝʢʫʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ 

ʚʥʫʪʨʠ ʯʘʡʥʠʢʘ, ʦʪʧʨʘʚʣʷʪʴ ʢʦʤʘʥʜʫ ʥʘ ʥʘʛʨʝʚ ʚʦʜʳ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʆ ʩʦʩʪʦʷʥʠʠ ʯʘʡʥʠʢʘ ʚ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʙʫʜʝʪ ʩʦʦʙʱʘʪʩʷ ʚ ʣʝʡʙʣ ñinfoò. ɹʫʜʝʪ ʥʘʧʠʩʘʥʦ 

ʛʨʝʝʪʩʷ ʣʠ ʦʥ ʩʝʡʯʘʩ, ʠʣʠ ʥʘʛʨʝʚ ʦʩʪʘʥʦʚʣʝʥ ʦʰʠʙʢʦʡ. 
ʏʘʡʥʠʢ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʚʦʜʳ ʙʫʜʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʜʦ ʤʦʤʝʥʪʘ ʩʥʷʪʠʷ 

ʯʘʡʥʠʢʘ ʩʦ ʩʪʘʥʮʠʠ. 
ʇʦʤʠʤʦ ʩʪʨʦʢʠ ʩʦʩʪʦʷʥʠʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʮʠʬʨʦʚʦʡ ʠʥʜʠʢʘʪʦʨ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ ʚ ʯʘʡʥʠʢʝ ʧʨʷʤʦ ʩʝʡʯʘʩ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʦʣʟʫʥʦʢ ʪʝʤʧʝʨʘʪʫʨʳ, ʜʦ ʢʦʪʦʨʦʡ ʯʘʡʥʠʢ ʙʫʜʝʪ ʥʘʛʨʝʚʘʪʴ ʚʦʜʫ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʥʦʧʢʘ 

ʟʘʧʫʩʢʘ ʥʘʛʨʝʚʘ ʚʦʜʳ ʜʦ ʚʳʙʨʘʥʥʦʡ ʥʘ ʧʦʣʟʫʥʢʝ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʈʝʣʝ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴʩʷ, ʧʨʠʥʠʤʘʷ ʩʠʛʥʘʣ ʩ ESP ʝʩʣʠ ʥʫʞʥʦ ʥʘʛʨʝʚʘʪʴ ʚʦʜʫ, ʯʪʦ ʟʘʩʪʘʚʠʪ 

ʊʕʅ ʥʘʛʨʝʚʘʪʴ ʚʦʜʫ. 
ʊʕʅ ʧʨʦʩʪʦ ʥʘʛʨʝʚʘʝʪ ʚʦʜʫ, ʝʩʣʠ ʨʝʣʝ ʚʢʣʶʯʝʥʦ. 
ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʜʘʸʪ ʥʘ ESP ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʜʳ. 
ɹʣʦʢ ʧʠʪʘʥʠʷ ʙʝʨʸʪ ʠʟ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 220ɺ ʠ ʠʤʝʝʪ ʚʳʭʦʜʳ ʧʦʩʪʦʷʥʥʦʛʦ 

ʪʦʢʘ ʜʣʷ ESP, ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʥʦʛʦ ʙʣʦʢʘ ʠ ʜʣʷ ʊʕʅʘ. 
ʆʩʥʦʚʥʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ: 
Wemos 
ʂʦʥʪʨʦʣʣʝʨ Wemos D1 mini ʥʘ ʦʩʥʦʚʝ ʯʠʧʘ ESP8266 WiFi. 
ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ 
ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ DS18B20 ʚ ʛʝʨʤʝʪʠʯʥʦʤ ʢʦʨʧʫʩʝ 
AC-DC ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 
ʄʦʜʫʣʴ ʧʠʪʘʥʠʷ AC-DC 220ɺ/5B 700ʤA 
ʅʘʛʨʝʚʘʪʝʣʴʥʳʡ ʵʣʝʤʝʥʪ 
ɺ ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʨʘʥʟʠʩʪʦʨ ʚ ʣʠʥʝʡʥʦʤ 

ʨʝʞʠʤʝ, ʟʘ ʩʯʸʪ ʩʚʦʝʛʦ ʥʠʟʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʦʪʢʨʳʪʠʠ ʙʫʜʝʪ ʧʨʦʧʫʩʢʘʪʴ ʩʢʚʦʟʴ ʩʝʙʷ 

ʙʦʣʴʰʦʡ ʪʦʢ ʠ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʪʴʩʷ, ʟʘʯʘʩʪʫʶ ʚ ʵʣʝʢʪʨʦʥʠʢʝ ʥʘʛʨʝʚ ʪʨʘʥʟʠʩʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʦʡ ʥʦ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʳ ʠʟʚʣʝʯʝʤ ʠʟ ʵʪʦʛʦ ʧʦʣʴʟʫ. 
ɺʳʚʦʜʳ 
ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʯʘʡʥʠʢ ʩ ʫʧʨʘʚʣʝʥʠʝʤ ʩ ʧʦʤʦʱʴʶ 

ʧʣʘʪʬʦʨʤʳ Blynk, ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 3D ʤʦʜʝʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʤʘʢʝʪ ʫʤʥʦʛʦ ʜʦʤʘ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ  

ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ 
ɺʦʨʦʙʴʝʚ ʅ.ɼ., ʂʨʠʚʦʨʫʯʢʦ ʄ.ɽ., ʍʨʷʢʦʚ ʄ.ɽ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʚʩʶʢʦʚʘ ʃ.ʉ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ709, ʄʦʩʢʚʘ 

 
ʚ ʧʨʦʛʨʘʤʤʝ T-FLEX CAD ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʦʤʘ. [1] ʇʦʟʞʝ ʤʳ ʚʳʧʦʣʥʠʣʠ 

ʧʝʯʘʪʴ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 3D ʧʨʠʥʪʝʨʘ ʠ ʏʇʋ ʩʪʘʥʢʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʩ 

ʧʝʯʘʪʴʶ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʘʷ ʟʘʥʷʣʘ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʚʨʝʤʷ, ʤʳ ʨʘʙʦʪʘʣʠ ʥʘʜ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʭʝʤʦʡ, ʫʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ Arduino Mega. [2] ɼʣʷ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʩʮʝʥʘʨʠʷʤʠ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʫʧʨʘʚʣʝʥʠʝ 

ʵʣʝʤʝʥʪʘʤʠ ʫʤʥʦʛʦ ʜʦʤʘ ʯʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ. ɹʳʣʘ ʥʘʧʠʩʘʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʫʧʨʘʚʣʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫ ʥʘʩ ʧʦʣʫʯʠʣʩʷ ʤʘʢʝʪ, ʚ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʦʪʢʨʳʪʴ ʜʚʝʨʴ ʧʦ 

ʢʦʜʦʚʦʡ ʢʦʤʙʠʥʘʮʠʠ ʩ ʢʥʦʧʢʠ, ʯʝʨʝʟ 15 ʩʝʢʫʥʜ ʜʚʝʨʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʢʨʳʚʘʝʪʩʷ, ʪʘʢʞʝ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘʢʨʳʚʘʝʪʩʷ ʟʘʤʦʢ. ʅʘ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʧʦʩʪʫʧʘʝʪ ʠʥʬʦʨʤʘʮʠʷ ʩ ʜʘʪʯʠʢʦʚ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ ʠ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʧʨʠ ʵʪʦʤ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʩʨʘʙʘʪʳʚʘʝʪ 

ʩʠʛʥʘʣʠʟʘʮʠʷ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʏʝʨʝʟ ʚʝʙ-ʠʥʪʝʨʬʝʡʩ ʤʦʞʥʦ 

ʚʢʣʶʯʠʪʴ ʦʙʦʛʨʝʚ ʧʦʤʝʱʝʥʠʷ, ʦʭʣʘʞʜʝʥʠʝ ʧʦʤʝʱʝʥʠʷ, ʠʟʤʝʥʠʪʴ ʥʘʩʪʨʦʡʢʠ ʦʩʚʝʪʠʪʝʣʴʥʳʭ 
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ʧʨʠʙʦʨʦʚ. ʊʘʢʞʝ ʦʩʚʝʱʝʥʠʝ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. 
ɺ ʠʪʦʛʝ ʥʘʰʝʡ ʨʘʙʦʪʳ ʤʳ ʧʦʣʫʯʠʣʠ ʤʦʜʝʣʴ ʫʤʥʦʛʦ ʜʦʤʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʯʝʨʝʟ ʚʝʙ-

ʠʥʪʝʨʬʝʡʩ [3]. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʜʝʪʘʣʠ ʢʘʨʢʘʩʘ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʜʨʫʛʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʪʘʢ ʢʘʢ ʜʝʪʘʣʠ ʭʦʨʦʰʦ ʩʪʳʢʫʶʪʩʷ. 

ʇʫʩʪʦʪʝʣʳʝ ʙʘʣʢʠ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʪʚʝʨʩʪʠʡ ʧʦʟʚʦʣʷʶʪ ʣʝʛʢʦ 

ʧʨʦʢʣʘʜʳʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʚʦʜʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʢʝʪ ʤʦʞʥʦ 

ʜʦʨʘʙʘʪʳʚʘʪʴ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʜʘʪʯʠʢʠ ʠ ʨʝʘʣʠʟʫʷ ʨʘʟʣʠʯʥʳʝ ʩʮʝʥʘʨʠʠ. ʄʘʢʝʪ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʠ ʦʪʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʮʝʥʘʨʠʝʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʙʫʯʘʶʱʠʡ ʢʫʨʩ ʧʦ T-FLEX CAD [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].-ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

[https://www.youtube.com/playlist?list=PLCT6rmoJNc8RiBveAJNCkOnfdtgP7EgLO] ï 

ʩʚʦʙʦʜʥʳʡ ï (21.01.2022) 
2. ʐʢʦʣʘ ʜʣʷ ʵʣʝʢʪʨʠʢʘ.ʐʠʨʦʪʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].-

ʈʝʞʠʤ ʜʦʩʪʫʧʘ [https://clck.ru/bmPiu] ï ʩʚʦʙʦʜʥʳʡ ï (30.01.2022) 
3. ʋʤʥʦʝ ʟʜʘʥʠʝ. ɺʠʢʠʧʝʜʠʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ].-ʈʝʞʠʤ ʜʦʩʪʫʧʘ 

[https://clck.ru/DXBVD] ï ʩʚʦʙʦʜʥʳʡ ï (25.01.2022) 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʦʪʩʣʝʞʠʚʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʦʨʤʘ ʢʦʨʤʫʰʝʢ ʜʣʷ ʧʪʠʮ 
ɺʦʩʪʨʦʚʘ ʄ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʫʥʮʦʚ ʂ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ152, ʄʦʩʢʚʘ 

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʢʦʨʤʫʰʢʠ, ʢʦʪʦʨʘʷ 

ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʝʪʠ ʢʦʨʤʫʰʝʢ ʜʣʷ ʧʪʠʮ. 
ɿʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʧʨʝʜʤʝʪʥʫʶ ʦʙʣʘʩʪʴ 
2.ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 
3.ʈʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ 
ʇʦʜʜʝʨʞʘʥʠʝ ʧʦʧʫʣʷʮʠʠ ʛʦʨʦʜʩʢʠʭ ʧʪʠʮ ð ʚʘʞʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ 

ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. ɼʣʷ ʵʪʦʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʧʘʨʢʘʭ ʩʦʟʜʘʶʪ ʩʠʩʪʝʤʳ ʢʦʨʤʫʰʝʢ, ʚ 

ʦʙʷʟʘʥʥʦʩʪʠ ʩʤʦʪʨʠʪʝʣʷ ʚʭʦʜʠʪ ʦʙʩʣʫʞʠʚʘʪʴ ʢʦʨʤʫʰʢʠ ʠ ʧʦʧʦʣʥʷʪʴ ʠʭ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

ɼʘʥʥʳʝ ʜʝʡʩʪʚʠʷ ʟʘʥʠʤʘʶʪ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʝʪʴ 

ʢʦʨʤʫʰʝʢ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʦʙʣʝʛʯʠʪ ʝʛʦ. ɺʩʝ ʜʘʥʥʳʝ ʙʫʜʫʪ ʧʝʨʝʜʘʚʘʪʴʩʷ 

ʩʤʦʪʨʠʪʝʣʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʙʩʣʫʞʠʚʘʪʴ ʥʫʞʥʦ ʙʫʜʝʪ ʪʦʣʴʢʦ ʧʫʩʪʳʝ ʢʦʨʤʫʰʢʠ. 
ɿʘʧʦʣʥʝʥʠʝ ʩʝʪʠ ʢʦʨʤʫʰʝʢ ʟʘʥʠʤʘʝʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʠʟ-ʟʘ ʯʝʛʦ ʟʘʯʘʩʪʫʶ ʢʦʨʤʫʰʢʠ 

ʦʩʪʘʁ ʪʩ̫ ʧʫʩʪʳʤʠ. ɼʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʘ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ, ʢʦʛʜʘ 

ʧʪʠʮʘʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʥʘʡʪʠ ʩʝʙʝ ʧʨʦʧʠʪʘʥʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. 
ʄʦʜʝʨʥʠʟʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʦʙʣʝʛʯʠʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʝʪʠ ʢʦʨʤʫʰʝʢ ʠ ʛʘʨʘʥʪʠʨʫʝʪ 

ʧʪʠʮʘʤ ʧʨʦʧʠʪʘʥʠʝ. 
ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʤʦʜʝʣʠ: 
1.ɼʘʣʴʥʦʩʪʴ ʩʚʷʟʠ ʩ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʥʝ ʤʝʥʝʝ 100 ʤ 
2.ɽʤʢʦʩʪʴ 200 ʤʣ 
3.ɺʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʜʥʝʡ 
ʈʝʘʣʠʟʘʮʠʷ: 
1. ɽʜʘ ʭʨʘʥʠʪʩʷ ʚ ʪʫʙʝ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʜʦʤʠʢʝ. ʅʘʚʝʨʭʫ ʮʠʣʠʥʜʨʘ ʨʘʩʧʦʣʦʞʝʥʘ 

ʢʨʳʰʢʘ, ʯʝʨʝʟ ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʥʘʩʳʧʘʪʴ ʢʦʨʤ ʚ ʢʦʨʤʫʰʢʫ. ɺʥʠʟʫ ʧʣʘʥʢʘ ʬʠʢʩʠʨʫʝʪ 

ʟʝʨʥʷ(ʢʦʨʤ), ʯʪʦʙʳ ʦʥʠ ʥʝ ʚʳʩʳʧʘʣʠʩʴ. 
2. ɼʘʪʯʠʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʮʠʣʠʥʜʨʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʦʧʨʝʜʝʣʷʶʪ ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʘ ʠ ʧʝʨʝʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʩʚʷʟʠ ʥʘ 

ʙʘʟʦʚʫʶ ʩʪʘʥʮʠʶ ʩʤʦʪʨʠʪʝʣʷ. 
3.ʇʠʪʘʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɿʘʨʷʞʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʯʝʨʝʟ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ. 
4. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʚʳʚʝʜʝʥ ʥʘ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʢʦʨʤʫʰʢʠ 
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5. ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʢʦʨʤʫʰʢʠ ʠ ʙʘʟʦʚʦʡ ʩʪʘʥʮʠʠ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ C++. 
6. ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʘʙʣʦ ʜʣʷ ʚʳʚʦʜʘ ʜʘʥʥʳʭ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʟ ʩʝʙʷ ʢʘʨʪʫ ʧʘʨʢʘ, ʩʚʝʪʦʜʠʦʜʳ ʥʘ ʢʦʪʦʨʦʡ ʦʙʦʟʥʘʯʘʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʨʤʫʰʢʠ. ʎʚʝʪ 

ʙʫʜʝʪ ʦʙʦʟʥʘʯʘʝʪ ʩʪʝʧʝʥʴ ʥʘʧʦʣʥʝʥʥʦʩʪʠ ʢʦʨʤʫʰʢʠ. 
ʃʦʛʠʢʘ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ: 
ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʝʨʝʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʨʘʜʠʦʩʚʷʟʠ ʥʘ ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʩ ʢʘʨʪʦʡ 

ʤʝʩʪʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʚʝʪʦʜʠʦʜʳ. ʉʚʝʪʦʜʠʦʜʳ ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʢʘʢ 

ʪʦʯʢʠ ʥʘ ʢʘʨʪʝ ʩ ʫʢʘʟʘʥʠʝʤ ʢʦʨʤʫʰʢʠ, ʪʘʢ ʠ ʠʥʜʠʢʘʮʠʝʡ, ʛʜʝ ʟʝʣʝʥʳʡ ï ʧʦʣʥʘʷ, ʞʝʣʪʳʡ ï 

ʧʦʣʦʚʠʥʘ, ʢʨʘʩʥʳʡ ï ʢʦʨʤʫʰʢʘ ʧʫʩʪʘʷ, ʩʠʥʠʡ ð ʜʘʥʥʳʝ ʜʘʚʥʦ ʥʝ ʧʝʨʝʜʘʚʘʣʠʩʴ. 
ɺʳʚʦʜ: 
ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʛʦ ʠʟʜʝʣʠʷ ʦʙʣʝʛʯʠʪ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʝʪʠ ʢʦʨʤʫʰʝʢ ʠ ʛʘʨʘʥʪʠʨʫʝʪ 

ʧʪʠʮʘʤ ʧʨʦʧʠʪʘʥʠʝ. 

ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ 
ɻʦʟʝʥʢʦ ɸ.ʉ., ɻʦʟʝʥʢʦ ɸ.ʉ., ʖʥʛʦʚʘ ɸ.ʉ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʣʦʚʩʢʠʡ ɼ.ʈ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʤʘʛʠʩʪʨʘʣʠ 

ʩʚʷʟʠ. ɹʝʟ ʥʠʭ ʚ ʥʘʰʠʭ ʜʦʤʘʭ ʥʝ ʙʳʣʦ ʙʳ ʩʚʝʪʘ, ʠʥʪʝʨʥʝʪʘ, ʩʠʩʪʝʤ ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʦʞʘʨʘʭ. 

ʅʘʩ ʧʦʚʩʶʜʫ ʦʢʨʫʞʘʶʪ ʧʨʦʚʦʜʘ, ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʠʭ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʚʤʝʩʪʝ ʠ ʩ ʵʪʠʤ 

ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʧʨʘʚʠʣʴʥʦʡ ʧʨʦʢʣʘʜʢʝ ʢʘʙʝʣʝʡ. 
ʇʨʦʢʣʘʜʢʦʡ ʢʘʙʝʣʝʡ ʟʘʥʠʤʘʶʪʩʷ ʣʶʜʠ ʠ ʥʝʨʝʜʢʦ ʦʥʠ ʪʨʘʪʷʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʚʨʝʤʝʥʠ ʥʘ ʧʨʦʢʣʘʜʢʫ ʢʘʙʝʣʝʡ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ, ʯʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʠʟʤʝʥʝʥʠʷ 

ʩʨʦʢʦʚ ʩʜʘʯʠ ʦʙʲʝʢʪʘ. ɸ ʢʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ ʧʨʦʢʣʘʜʢʘ ʢʘʙʝʣʷ 

ʦʧʘʩʥʘ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 
ʅʝʨʝʜʢʦ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʫʢʣʘʜʢʠ ʢʘʙʝʣʷ, ʨʘʙʦʯʠʝ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ 

ʧʨʦʪʷʛʠʚʘʶʪ ʢʘʙʝʣʴ ʧʦ ʧʦʪʦʣʢʫ. ɺ ʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʦʟʜʘʪʴ ʨʦʙʦʪʘ, 

ʢʦʪʦʨʳʡ ʩʤʦʛ ʙʳ ʙʝʟ ʪʨʫʜʘ ʧʨʦʢʣʘʜʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʘʙʝʣʠ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʙʫʜʴ 

ʪʦ ʧʦʪʦʣʦʢ, ʪʦʥʥʝʣʴ ʠʣʠ ʚ ʟʦʥʝ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ. 
ʅʘʰ ʧʨʦʝʢʪ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʶʜʝʡ, ʦʥʦ ʥʫʞʜʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ 

ʯʝʣʦʚʝʢʝ - ʦʧʝʨʘʪʦʨʝ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʧʨʦʣʦʞʠʪʴ ʢʘʙʝʣʴ ʜʘʞʝ ʚ ʩʘʤʳʭ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ ʠ ʤʝʩʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘʭʦʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ ʦʧʘʩʥʦ ʜʣʷ ʝʛʦ ʞʠʟʥʠ. 
ʈʦʙʦʪ ñʄʘʥʛʫʩʪò ʩʥʘʙʞʝʥ ʩʠʩʪʝʤʦʡ FPV - ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʝʨʘʪʦʨʫ ʧʝʨʝʚʝʩʪʠ ʨʦʙʦʪʘ ʚ 

ʨʫʯʥʦʝ ʫʧʨʘʚʣʝʥʠʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʠʜʝʪʴ ʚʩʝ ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʥʘʭʦʜʠʪʴʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʤʝʩʪʘ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʷ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʦʙʦʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʧʦʩʦʙʝʥ ʩʘʤ 

ʧʨʦʢʣʘʜʳʚʘʪʴ ʢʘʙʝʣʴ, ʟʘ ʩʯʸʪ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ, ʣʠʜʘʨʘ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ, 
ʨʦʙʦʪ ʩʧʦʩʦʙʝʥ ʩʘʤ ʦʧʨʝʜʝʣʷʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʤʘʨʰʨʫʪ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʢʘʙʝʣʷ ʫʯʠʪʳʚʘʷ ʚʩʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʫʢʣʘʜʢʝ ʢʘʙʝʣʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ ʫʢʣʘʜʢʠ ʢʘʙʝʣʷ ʠ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʠʢʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʵʣʝʢʪʨʦʤʦʥʪʘʞʥʳʭ ʨʘʙʦʪʘʭ. 

ʈʘʟʨʘʙʦʪʢʘ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ ʜʣʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʠ ʧʨʠʙʦʨʘ  

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʢʦʨʦʩʪʠ 
ɻʦʥʯʘʨʦʚ ɼ.ʖ., ʅʦʚʠʢʦʚ ɸ.ʄ., ʉʘʚʝʥʢʦʚ ʉ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. ʌʨʦʣʦʚ ʄ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1538, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʨʘʟʨʘʙʦʪʢʘ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ ʜʣʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʠʟ ʧʦʧʫʣʷʨʥʳʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʥʘʙʦʨʦʚ Lego WEDO 2.0, Lego Mindstorms EV3 

Education, VEX IQ, VEX EDR, Tetrix, Huna TOP ʠ Airblock, ʘ ʪʘʢʞʝ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʨʦʙʦʪʦʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪ Arduino UNO ʠ Arduino NANO. 
ʆʪʩʶʜʘ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. 
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2. ʉʦʩʪʘʚʣʝʥʠʝ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ ʧʨʦʝʢʪʘ ʠ ʩʧʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 
3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ ʠʟ ʧʦʧʫʣʷʨʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʥʘʙʦʨʦʚ Lego WEDO 2.0, Lego Mindstorms EV3, VEX IQ, VEX EDR, Tetrix, Huna TOP, 

Airblock. 
4. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʠʙʦʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ (ʩʢʦʨʦʩʪʝʤʝʨʘ) ʥʘ 

ʦʩʥʦʚʝ Arduino UNO ʠ Arduino NANO. 
5. ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʦʙʦʪʦʚ ʩ ʠʟʤʝʨʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. 
6. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʪ ʝʜʠʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ ʜʣʷ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʥʘʙʦʨʦʚ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʙʦʨʳ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʢʦʨʦʩʪʠ. 
ɺ ʧʨʦʝʢʪʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ: 
Å ʆʜʥʦʤʦʪʦʨʥʳʡ ʩ ʚʥʝʰʥʝʡ ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ 2:1 ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʘ Lego 

WEDO 2.0; 
Å ɼʚʫʭʤʦʪʦʨʥʳʝ ʩ ʚʥʝʰʥʝʡ ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ ʥʘ ʦʩʥʦʚʝ Lego Mindstorms 

EV3 (5:1), VEX IQ (3:1) ʠ Tetrix (3:1); 
Å ɼʚʫʭʤʦʪʦʨʥʳʡ ʩ ʚʥʫʪʨʝʥʥʝʡ (ʚ ʢʦʨʧʫʩʝ ʤʦʪʦʨʘ) ʧʦʚʳʰʘʶʱʝʡ ʟʫʙʯʘʪʦʡ ʧʝʨʝʜʘʯʝʡ ʥʘ 

ʦʩʥʦʚʝ VEX EDR (8:5); 
Å ʏʝʪʳʨʝʭʤʦʪʦʨʥʳʡ ʥʘ ʦʩʥʦʚʝ Huna TOP; 
Å ʐʝʩʪʠʤʦʪʦʨʥʳʡ ʩ ʧʨʦʧʝʣʣʝʨʘʤʠ ʥʘ ʚʦʟʜʫʰʥʦʡ ʧʦʜʫʰʢʝ ʥʘ ʦʩʥʦʚʝ Airblock. 
ʇʆ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʦ ʚ ʩʨʝʜʘʭ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Arduino IDE, RobotC ʠ MRT. 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʢʦʨʦʩʪʝʤʝʨʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ: 
1. ʇʣʘʪʳ Arduino UNO, ʜʚʫʭ ʀʂ-ʜʘʪʯʠʢʦʚ ʧʨʝʧʷʪʩʪʚʠʷ ʠ OLED-ʜʠʩʧʣʝʷ. 
2. ʇʣʘʪʳ Arduino NANO, ʜʚʫʭ ʀʂ-ʜʘʪʯʠʢʦʚ ʧʨʝʧʷʪʩʪʚʠʷ ʠ OLED-ʜʠʩʧʣʝʷ. 
ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʜʣʷ Arduino ʜʚʘ ʚʘʨʠʘʥʪʘ ʀʂ-ʜʘʪʯʠʢʦʚ 

ʧʨʝʧʷʪʩʪʚʠʷ: HW-201 ʠ E18-D80NK ʩ ʟʘʷʚʣʝʥʥʦʡ ʧʦ ʜʦʢʫʤʝʥʪʘʮʠʠ ʜʘʣʴʥʦʩʪʴʶ ʜʝʡʩʪʚʠʷ 30 

ʩʤ ʠ 80 ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʥʘʤʠ ʩʢʦʨʦʩʪʝʤʝʨʝ ʀʂ-ʜʘʪʯʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 40 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 
ʆʩʥʦʚʘʥʠʝ ʩʢʦʨʦʩʪʝʤʝʨʘ ʠ ʢʨʝʧʣʝʥʠʷ ʜʘʪʯʠʢʦʚ ʚʳʧʦʣʥʝʥʳ ʠʟ ʥʘʙʦʨʘ Lego Mindstorms 

EV3 Education. 
ʉʢʦʨʦʩʪʝʤʝʨ ʨʘʙʦʪʘʝʪ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʨʠʥʮʠʧʫ. ʂʦʛʜʘ ʨʦʙʦʪ ʜʦʩʪʠʛʘʝʪ ʧʝʨʚʦʛʦ ʀʂ-

ʜʘʪʯʠʢʘ, ʦʥ ʘʢʪʠʚʠʨʫʝʪʩʷ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʟʘʧʫʩʢʘʝʪʩʷ ʪʘʡʤʝʨ, ʢʦʪʦʨʳʡ ʦʪʩʯʠʪʳʚʘʝʪ ʚʨʝʤʷ 

ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʨʦʙʦʪ ʥʝ ʜʦʩʪʠʛʥʝʪ ʚʪʦʨʦʛʦ ʀʂ-ʜʘʪʯʠʢʘ. ɿʥʘʷ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʘʪʯʠʢʘʤʠ 

ʠ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʘʡʤʝʨʘ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ. ɺ ʧʨʦʝʢʪʝ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʩʯʠʪʳʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ ʚ ʢʤ/ʯ ʩ ʦʪʦʙʨʘʞʝʥʠʝʤ ʥʘ OLED-ʜʠʩʧʣʝʝ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʀʂ-ʜʘʪʯʠʢ ʧʨʝʧʷʪʩʪʚʠʷ HW-201 

ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ, ʪ.ʢ. ʩʨʘʙʘʪʳʚʘʝʪ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝ ʙʦʣʝʝ 0,5 ʩʤ ʦʪ 

ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ. 
ɺʤʝʩʪʝ ʩ ʪʝʤ ʀʂ-ʜʘʪʯʠʢ ʧʨʝʧʷʪʩʪʚʠʷ E18-D80NK ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʜʦ 20 ʩʤ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʢʪʘ. ʇʦʵʪʦʤʫ ʦʥ ʠ ʙʳʣ ʧʨʠʥʷʪ ʚ ʦʢʦʥʯʘʪʝʣʴʥʦʤ 

ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʦʤ ʠ ʫʜʦʙʥʦʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʨʠʘʥʪʝ ʩʢʦʨʦʩʪʝʤʝʨʘ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ: 
1. ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʵʪʦʡ ʮʝʣʠ. 
2. ʉʦʩʪʘʚʣʝʥʘ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʨʦʝʢʪʘ ʠ ʩʧʠʩʦʢ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ. 
3. ʈʘʟʨʘʙʦʪʘʥʳ ʠ ʠʩʧʳʪʘʥʳ ʛʦʥʦʯʥʳʝ ʨʦʙʦʪʳ ʜʣʷ ʩʦʨʝʚʥʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʥʘʙʦʨʦʚ Lego WEDO 2.0, Lego Mindstorms EV3 Education, VEX IQ, VEX 

EDR, Tetrix, Huna TOP ʠ Airblock. 
4. ʈʘʟʨʘʙʦʪʘʥ ʠ ʠʩʧʳʪʘʥ ʩʢʦʨʦʩʪʝʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ. 
5. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʦʩʥʦʚʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʦʙʨʘʥʥʳʭ ʚ ʧʨʦʝʢʪʝ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦ ʠʟʤʝʨʝʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 69 ʢʤ/ʯʘʩ. 
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ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʜʦʣʞʠʪʴ ʩʦʟʜʘʥʠʝ ʛʦʥʦʯʥʳʭ ʨʦʙʦʪʦʚ ʥʘ ʦʩʥʦʚʝ ʜʨʫʛʠʭ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʥʘʙʦʨʦʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. WeDo 2.0 ɻʦʥʦʯʥʳʡ ʘʚʪʦʤʦʙʠʣʴ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://legko-shake.ru/moc/wedo-unsorted/unsorted/ST-10099 
2. ɻʦʥʦʯʥʘʷ ʤʘʰʠʥʘ ï ʘʚʪʦʙʦʪ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.prorobot.ru/lego/gonochnaya_mashina.php 
3. ɻʦʥʦʯʥʘʷ ʤʘʰʠʥʘ ʬʦʨʤʫʣʘ 1 EV3. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.proghouse.ru/article-

box/62-racing-car 
4. ɼʝʪʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʜʚʠʞʫʱʝʛʦʩʷ ʘʚʪʦʤʦʙʠʣʷ ʥʘ ɸʨʜʫʠʥʦ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.asutpp.ru/detektor-skorosti-dvizhuschegosya-avtomobilya-na-arduino.html 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʢʫʣʝʨʦʚ 
ɻʨʦʰʝʚ ʗ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2036, ʄʦʩʢʚʘ 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʦ ʤʥʦʛʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʰʢʦʣʘʭ ʠ ɺʋɿʘʭ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʫʣʝʨʳ ʩ ʚʦʜʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʝʪʠʪʝʣʷʤ ʫʪʦʣʷʪʴ ʞʘʞʜʫ ʠ ʧʦʚʳʰʘʝʪ ʠʭ 

ʢʦʤʬʦʨʪ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʫʣʝʨʳ ʙʝʨʫʪ ʚʦʜʫ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʙʫʪʳʣʦʢ, ʘ ʥʝ ʠʟ 

ʚʦʜʦʧʨʦʚʦʜʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʤʝʥʳ. ɺ ʙʦʣʴʰʠʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʢʦʣʠʯʝʩʪʚʦ 

ʢʫʣʝʨʦʚ ʟʘʯʘʩʪʫʶ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʧʦʩʪʦʷʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʪʫʘʮʠʷʤ, ʢʦʛʜʘ ʚ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʜʘ. ʉʠʩʪʝʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʷ ʢʫʣʝʨʦʚ ʩʤʦʞʝʪ 

ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ. 
ʎʝʣʴ: 
ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʢʫʣʝʨʦʚ. 
ɿʘʜʘʯʠ: 
1) ɺʳʨʘʙʦʪʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ. 
2) ɺʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʢʫʣʝʨʘʭ. 
3) ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ: 
ʕʪʦ ʧʦʟʚʦʣʠʪ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʢʫʣʝʨʦʚ ʯʝʨʝʟ ʧʨʠʣʦʞʝʥʠʝ, ʯʪʦʙʳ ʚʦʚʨʝʤʷ 

ʟʘʤʝʥʷʪʴ ʙʫʪʳʣʢʫ ʚʦʜʳ ʚ ʢʫʣʝʨʝ ʠ ʥʝ ʪʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʦʙʭʦʜ ʚʩʝʭ ʢʫʣʝʨʦʚ ʧʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟ 

ʚ ʜʝʥʴ, ʚʝʜʴ ʣʶʜʷʤ ʥʫʞʥʘ ʚʦʜʘ. 
ʊʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ: 
ʀʟʤʝʨʷʪʴ ʚʦʜʫ ʚ ʢʫʣʝʨʝ ʠ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʫʜʦʙʥʳʤ ʩʧʦʩʦʙʦʤ, ʩʠʩʪʝʤʘ ʥʝ ʪʨʝʙʫʝʪ 

ʘʚʪʦʥʦʤʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʢʫʣʝʨ ʦʩʪʘʝʪʩʷ ʥʘ ʤʝʩʪʝ ʚʥʫʪʨʠ ʧʦʤʝʱʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ. 
ʀʟʤʝʨʝʥʠʝ ʚʦʜʳ 
ɼʘʪʯʠʢ ʫʨʦʚʥʷ ʧʦʧʣʘʚʢʦʚʳʡ -ʦʩʥʦʚʘʥ ʥʘ ʟʘʤʳʢʘʥʠʠ ʢʦʥʪʘʢʪʘ ʛʝʨʢʦʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʚʥʫʪʨʠ ʰʪʦʢʘ ʜʘʪʯʠʢʘ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʩʘʤʦʤ ʧʦʧʣʘʚʢʝ. 

ʇʨʦʠʩʭʦʜʠʪ ʵʪʦ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦʧʣʘʚʢʘ ʚʜʦʣʴ ʰʪʦʢʘ. ɺ ʤʦʡ ʧʨʦʝʢʪ ʥʝ ʧʦʜʭʦʜʠʪ ʪʘʢ ʢʘʢ 

ʥʫʞʥʦ ʠʟʤʝʥʷʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʢʫʣʝʨʘ ʠ ʙʫʪʳʣʢʠ, ʠ ʦʥ ʠʤʝʝʪ ʥʝ ʩʘʤʫʶ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ. 
ɼʘʪʯʠʢʠ ʜʘʚʣʝʥʠʷ - ʦʩʥʦʚʘʥʳ ʥʘ ʧʨʠʥʮʠʧʝ ʠʟʛʠʙʘ ʤʝʤʙʨʘʥʳ, ʚʳʟʚʘʥʥʦʤ ʜʘʚʣʝʥʠʝʤ 

ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ. ʅʘ ʤʝʤʙʨʘʥʫ ʥʘʥʝʩʝʥ ʦʯʝʥʴ ʪʦʥʢʠʡ ʧʨʦʚʦʜʷʱʠʡ ʵʢʨʘʥʠʨʦʚʘʥʥʳʡ ʩʣʦʡ, 

ʢʦʪʦʨʳʡ ʧʦʚʪʦʨʷʝʪ ʠʟʛʠʙʳ ʤʝʤʙʨʘʥʳ. ɺ ʤʦʡ ʧʨʦʝʢʪ ʪʘʢʞʝ ʥʝ ʧʦʜʭʦʜʠʪ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʠ. 
ɺʝʩʳ- ʚʟʚʝʰʠʚʘʥʠʝ ʢʫʣʝʨʘ ʚʤʝʩʪʝ ʩ ʚʦʜʦʡ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʩʘ ʚʦʜʳ, ʩʘʤʳʡ 

ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ. 
ʈʝʘʣʠʟʘʮʠʷ 
ʄʦʜʫʣʴ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʢʫʣʝʨʘ ʩ ʚʩʪʨʦʝʥʥʳʤʠ ʚʝʩʘʤʠ ʠ 

ʢʦʥʪʨʦʣʣʝʨʘ ESP, ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʜʘʚʘʪʴ ʜʘʥʥʳʝ ʩ ʤʦʜʫʣʷ ʧʦ wifi. ɼʣʷ ʫʜʦʙʩʪʚʘ ʨʘʙʦʪʳ 

ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʪʦʢʦʣ MQTT, ʵʪʦ ʧʦʧʫʣʷʨʥʳʡ ʧʨʦʪʦʢʦʣ ʜʣʷ IoT ʫʩʪʨʦʡʩʪʚ ʢʦʪʦʨʳʡ ʤʦʞʥʦ 

ʣʝʛʢʦ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʚ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ. 
ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ: 
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ʂʫʣʝʨ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʫ ʩ ʚʝʩʘʤʠ, ʠʟʤʝʨʷʝʪʩʷ ʤʘʩʩʘ ʢʫʣʝʨʘ ʙʝʟ ʚʦʜʳ, ʜʘʣʝʝ 

ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʠʟʤʝʨʷʝʪʩʷ ʤʘʩʩʫ ʢʫʣʝʨʘ, ʥʘʭʦʜʠʪʩʷ ʨʘʟʥʠʮʫ ʚ ʚʝʩʝ, ʟʘ ʩʯʸʪ ʯʝʛʦ 

ʚʳʯʠʩʣʷʝʪʩʷ ʦʙʲʝʤ ʚʦʜʳ ʚ ʢʫʣʝʨʝ. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʚʩʝʭ ʢʫʣʝʨʦʚ ʦʪʦʙʨʘʞʘʝʪʩʷ ʚ 

ʧʨʠʣʦʞʝʥʠʠ ʥʘ ʪʝʣʝʬʦʥʝ. 

ɼʦʤ ʥʘ ʤʘʨʩʝ 
ɼʝʤʠʥ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʝʣʘʰʦʚʘ ɸ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1324, ʄʦʩʢʚʘ 

 
ʈʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʯʝʣʦʚʝʯʝʩʪʚʦ ʠʩʯʝʨʧʘʝʪ ʨʝʩʫʨʩ ɿʝʤʣʠ. ɹʫʜʝʪ ʣʠ ʵʪʦ ʦʢʦʥʯʘʥʠʝ ʟʘʧʘʩʦʚ 

ʥʝʬʪʠ ʠʣʠ ʢʘʢʘʷ-ʪʦ ʪʝʭʥʦʛʝʥʥʘʷ ʢʘʪʘʩʪʨʦʬʘ ð ʥʝ ʚʘʞʥʦ. ɿʥʘʯʝʥʠʝ ʠʤʝʝʪ ʪʦ, ʯʪʦ ʜʘʣʴʰʝ 

ʙʫʜʝʪ ʩ ʣʶʜʴʤʠ? ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʩʧʘʩʝʥʠʝʤ ʙʫʜʝʪ ʧʝʨʝʝʟʜ ʥʘ ʄʘʨʩ. 
ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʫʯʝʥʳʝ ʩʦ ʚʩʝʛʦ ʤʠʨʘ ʧʨʦʝʢʪʠʨʫʶʪ ʩʚʦʠ ʤʦʜʝʣʠ ʜʦʤʦʚ ʥʘ ʄʘʨʩʝ, 

ʥʦ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʚʘʨʠʘʥʪ ʝʱʝ ʥʝ ʚʳʙʨʘʥ, ʧʨʝʜʣʘʛʘʶ ʚʘʤ ʩʚʦʡ ʚʘʨʠʘʥʪ ʤʦʜʝʣʠ ʜʦʤʘ. 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ ʢʦʩʤʦʥʘʚʪʳ, ʘ ʪʘʢʞʝ 

ʨʝʰʝʥʠʝ, ʪʘʢʞʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʠʩʪʦʯʥʠʢʠ ʧʠʪʘʥʠʷ ʜʦʩʪʫʧʥʳʝ ʯʝʣʦʚʝʢʫ ʥʘ ʄʘʨʩʝ, 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʧʦʩʪʨʦʝʥ ʜʦʤ. 
ʅʘ ʦʩʥʦʚʝ ʚʩʝʭ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʙʳʣʘ ʩʜʝʣʘʥʘ 3D ʜʦʤʘ ʚ ʧʨʦʛʨʘʤʤʝ 

çʢʦʤʧʘʩè. 
ʎʝʣʠ ʧʨʦʝʢʪʘ 
ʉʦʟʜʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʛʦ ʢ ʥʘʭʦʞʜʝʥʠʶ ʥʘ ʄʘʨʩʝ ʜʦʤʘ 
ɿʘʜʘʯʠ 
ʀʟʫʯʠʪʴ ʧʨʠʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʄʘʨʩʘ 
ʇʨʦʚʝʩʪʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʦʜʝʣʝʡ ʜʦʤʦʚ ʥʘ ʄʘʨʩʝ. 
ʉʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʤʦʜʝʣʴ ʜʦʤʘ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ ʙʝʟʦʧʘʩʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʥʘ 

ʜʨʫʛʦʡ ʧʣʘʥʝʪʝ 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

¶ ʩʨʘʚʥʝʥʠʝ 
¶ ʘʥʘʣʠʟ 
¶ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʷ ʨʘʟʦʙʨʘʣ ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʩʪʦʣʢʥʫʪʴʩʷ 

ʙʫʜʫʱʠʝ ʘʩʪʨʦʥʘʚʪʳ ʠ ʩʧʦʩʦʙʳ ʠʭ ʨʝʰʝʥʠʷ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʩʧʦʩʦʙʳ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʠ 

ʧʨʝʜʣʦʞʠʣ ʩʚʦʡ ʚʠʜ ʥʘ ʙʫʜʫʱʫʶ ʤʦʜʝʣʴ ʜʦʤʘ ʥʘ ʄʘʨʩʝ. ʊʘʢ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʠʟ-ʟʘ 

ʩʚʦʠʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʣʶʜʠ ʧʦʢʘ ʥʝ ʛʦʪʦʚʳ ʢ ʧʦʣʥʦʤʫ ʧʝʨʝʝʟʜʫ ʥʘ ʄʘʨʩ, ʥʦ ʜʣʷ 

ʥʝʙʦʣʴʰʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʩʩʠʠ ʚʧʦʣʥʝ. 
ʇʨʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ: ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ, ʢʘʢ ʧʨʦʪʦʪʠʧ, 

ʧʦʩʪʨʦʝʥʠʠ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʜʦʤʘ ʥʘ ʄʘʨʩʝ. 

ʉʧʦʩʦʙ ʫʤʝʥʴʰʝʥʠʷ ʫʜʘʨʦʚ ʚ ʰʘʛʘʶʱʠʭ ʤʘʰʠʥʘʭ 
ɼʨʘʮʢʘʷ ɸ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʢʚʦʨʮʦʚʘ ɸ.ɸ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʸʚ 

 
. 
ɺʦ ʚʩʝʭ ʰʘʛʘʶʱʠʭ ʤʘʰʠʥʘʭ ʝʩʪʴ ʫʜʘʨʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʥʘʧʨʘʚʣʝʥʠʷ 

ʜʚʠʞʝʥʠʷ ʠ ʩʢʦʨʦʩʪʠ ʨʘʙʦʯʝʡ ʪʦʯʢʠ, ʢ ʢʦʪʦʨʦʡ ʢʨʝʧʠʪʩʷ ʦʧʦʨʘ. ʎʝʣʴ ʨʘʙʦʪʳ ʙʳʣʘ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʠʟ ʧʨʘʢʪʠʢʠ, ʥʘʜʦ ʙʳʣʦ ʧʨʝʜʣʦʞʠʪʴ ʩʧʦʩʦʙ ʫʤʝʥʴʰʝʥʠʷ ʫʜʘʨʦʚ ʚ 

ʰʘʛʘʶʱʠʭ ʤʘʰʠʥʘʭ. ʇʦʜ ʫʜʘʨʘʤʠ ʯʘʩʪʦ ʧʦʥʠʤʘʶʪ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ 

ʨʘʟʨʫʰʝʥʠʶ ʜʝʪʘʣʝʡ. ʕʪʦ ʦʰʠʙʦʯʥʦʝ ʤʥʝʥʠʝ. ɺ ʥʘʯʘʣʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷ ʨʘʟʜʝʣʠʣʘ ʫʜʘʨʳ ʥʘ 

ʩʠʣʴʥʳʝ ʠ ʩʣʘʙʳʝ. ʉʠʣʴʥʳʝ ʫʜʘʨʳ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʦʛʫʪ ʧʦʣʦʤʘʪʴ ʨʳʯʘʛʠ ʠʣʠ ʰʘʨʥʠʨʳ ʚ 

ʤʝʭʘʥʠʟʤʝ. ʪʘʢʦʝ ʙʳʣʦ ʚʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʩʦʟʜʘʥʥʦʛʦ ʤʘʢʝʪʘ. ʇʨʠ ʩʠʣʴʥʳʭ ʫʜʘʨʘʭ 

ʰʘʛʘʶʱʠʭ ʦʧʦʨ ʦ ʢʘʤʝʥʥʳʡ ʧʦʣ, ʨʳʯʘʛʠ ʧʦʜʛʠʙʘʣʠʩʴ. ʆʜʥʘʢʦ ʩʣʘʙʳʝ ʫʜʘʨʳ ʥʝ ʤʝʥʝʝ 
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ʦʧʘʩʥʳ, ʯʝʤ ʩʠʣʴʥʳʝ. ʆʥʠ ʧʨʠʚʦʜʷʪ ʢ ʚʠʙʨʘʮʠʠ, ʜʠʩʢʦʤʬʦʨʪʫ. ɺʠʙʨʘʮʠʷ ʪʦʞʝ ʧʦʩʪʝʧʝʥʥʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʝʪʘʣʝʡ. ʇʨʠ ʪʘʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʜʘʨʦʚ ʰʢʦʣʴʥʘʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ ʘʢʪʫʘʣʴʥʘ. 
ʇʦʩʣʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʫʜʘʨʦʚ ʥʘʯʘʣʦʩʴ ʚʳʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʠʭ ʧʦʷʚʣʝʥʠʷ. ʋʜʘʨʳ ʙʫʜʫʪ 

ʪʘʤ, ʛʜʝ ʪʨʘʝʢʪʦʨʠʷ ʨʘʙʦʯʝʡ ʪʦʯʢʠ ʠʤʝʝʪ ʨʝʟʢʠʝ ʧʦʚʦʨʦʪʳ, ʧʫʩʪʴ ʜʘʞʝ ʩʢʨʫʛʣʸʥʥʳʝ. ʅʘ 

ʧʨʝʜʤʝʪ ʫʜʘʨʦʚ ʙʳʣ ʠʟʫʯʝʥ ʢʣʘʩʩʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ ʇ.ʃ. ʏʝʙʳʰʝʚʘ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʸʭ 

ʨʳʯʘʛʦʚ: ʢʨʠʚʦʰʠʧʘ, ʢʦʨʦʤʳʩʣʘ ʠ ʰʘʪʫʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʢʦʨʧʫʩʝ. ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ 

ʩʪʘʣʠ ʛʨʘʬʠʢʠ ʩʢʦʨʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʨʘʙʦʯʝʡ ʪʦʯʢʠ [1]. ʋʩʢʦʨʝʥʠʝ ʝʩʪʴ ʢʘʢ ʧʨʦʜʦʣʴʥʦʝ, ʪʘʢ 

ʠ ʧʦʧʝʨʝʯʥʦʝ. ʆʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʧʨʦʜʦʣʴʥʦʝ ʫʩʢʦʨʝʥʠʝ ʚ ʢʦʥʮʝʚʳʭ ʪʦʯʢʘʭ 

ʨʘʟʚʦʨʦʪʘ ʰʘʛʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʵʪʠʭ ʪʦʯʢʘʭ ʰʘʛʘʶʱʘʷ ʦʧʦʨʘ ʩʪʘʚʠʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ 

ʦʪʨʳʚʘʝʪʩʷ ʦʪ ʥʝʸ. ʕʪʦ ʧʦʣʥʘʷ ʘʥʘʣʦʛʠʷ ʩ ʰʘʛʘʶʱʠʤ ʯʝʣʦʚʝʢʦʤ. ʅʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʩʧʦʨʪʩʤʝʥʳ ʯʘʩʪʦ ʪʨʘʚʤʠʨʫʶʪ ʥʝ ʪʦʣʴʢʦ ʧʷʪʢʫ ʧʨʠ ʩʠʣʴʥʦʤ ʫʜʘʨʝ ʦ ʟʝʤʣʶ, ʥʦ ʠ ʧʘʣʴʮʳ 

ʩʪʦʧʳ, ʧʦʪʦʤʫ ʯʪʦ ʩ ʙʦʣʴʰʦʡ ʩʠʣʦʡ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʠʤʠ ʦʪ ʟʝʤʣʠ. ʕʪʠ ʫʜʘʨʳ ʥʘʜʦ 

ʫʤʝʥʴʰʠʪʴ. ɺ ʤʘʰʠʥʝ ʥʘʜʦ ʩʜʝʣʘʪʴ ʪʘʢ, ʢʘʢ ʵʪʦ ʜʝʣʘʝʪ ʯʝʣʦʚʝʢ - ʘʢʢʫʨʘʪʥʦ ʩʪʘʚʠʪ ʥʦʛʫ ʥʘ 

ʟʝʤʣʶ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʚʠʜʠʪ ʧʨʝʧʷʪʩʪʚʠʝ, ʘ ʧʦʪʦʤ ʪʘʢʞʝ ʘʢʢʫʨʘʪʥʦ ʦʪʨʳʚʘʝʪ ʩʪʦʧʫ ʦʪ ʟʝʤʣʠ. 
ʇʝʨʚʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʩʚʝʣʘʩʴ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʦʤʝʥʪʦʚ ʧʨʠʙʣʠʞʝʥʠʷ ʰʘʛʘʶʱʝʡ 

ʦʧʦʨʳ ʢ ʫʜʘʨʥʳʤ ʪʦʯʢʘʤ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʨʠʤʝʥʸʥ ʢʦʥʮʝʚʦʡ ʚʳʢʣʶʯʘʪʝʣʴ, ʢʦʪʦʨʳʡ 

ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʣʠʬʪʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ. ɹʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʝ 

ʢʦʥʪʘʢʪʳ. ɺʜʘʣʠ ʦʪ ʫʜʘʨʥʳʭ ʪʦʯʝʢ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʨʘʙʦʪʘʝʪ ʢʘʢ ʦʙʳʯʥʦ, ʥʘ ʧʦʣʥʫʶ 

ʤʦʱʥʦʩʪʴ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ. ʅʦ ʢʦʛʜʘ ʰʘʛʘʶʱʘʷ ʦʧʦʨʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʢʦʥʮʝʚʦʡ ʫʜʘʨʥʦʡ ʪʦʯʢʝ, ʥʝ ʚʘʞʥʦ, ʧʝʨʝʜʥʝʡ ʠʣʠ ʟʘʜʥʝʡ, ʢʫʣʘʯʦʢ ʢʦʥʮʝʚʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ 

ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʪʦʣʢʘʪʝʣʴ ʠ ʨʘʟʤʳʢʘʝʪ ʥʦʨʤʘʣʴʥʦ ʟʘʤʢʥʫʪʳʝ ʢʦʥʪʘʢʪʳ. ʇʦʩʣʝ ʪʘʢʦʛʦ 

ʨʘʟʤʳʢʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʥʘʧʨʘʚʣʷʝʪʩʷ ʧʦ ʦʙʭʦʜʥʦʡ ʮʝʧʠ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ. 
ɺʪʦʨʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʟʘʜʘʯʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʠʩʪʦʨʘ, 

ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʝʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺ 

ʩʦʟʜʘʥʥʦʡ ʰʘʛʘʶʱʝʡ ʫʩʪʘʥʦʚʢʝ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʠʩʪʦʨʘ ʥʘʜʦ ʠʟʤʝʥʷʪʴ ʚ 

ʧʨʝʜʝʣʘʭ 4-6 ʆʤ, ʧʨʠ ʵʪʦʤ ʩʠʣʘ ʫʜʘʨʦʚ ʰʘʛʘʶʱʠʭ ʦʧʦʨ ʫʤʝʥʴʰʘʝʪʩʷ ʚ 4-8 ʨʘʟ. 
ʊʨʝʪʴʷ ʟʘʜʘʯʘ ʙʳʣʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ, ʩʚʷʟʘʥʥʘʷ ʩ ʦʮʝʥʢʦʡ, ʠʟʤʝʨʝʥʠʷʤʠ ʩʠʣʳ 

ʫʜʘʨʦʚ ʚ ʢʦʥʮʝʚʳʭ ʪʦʯʢʘʭ ʪʨʘʝʢʪʦʨʠʠ. ʕʪʘ ʟʘʜʘʯʘ ʨʝʰʝʥʘ ʢʦʩʚʝʥʥʳʤ ʤʝʪʦʜʦʤ. ʆʧʨʝʜʝʣʷʣʩʷ 

ʪʦʢ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝ ʚʜʘʣʠ ʦʪ ʫʜʘʨʥʳʭ ʪʦʯʝʢ ʠ ʨʷʜʦʤ ʩ ʥʠʤʠ, ʪʦ ʝʩʪʴ ʧʦʩʣʝ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʢʦʥʮʝʚʦʛʦ ʚʳʢʣʶʯʘʪʝʣʷ. ɼʣʷ ʨʝʛʠʩʪʨʘʮʠʠ ʩʠʛʥʘʣʘ-ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʤʝʥʷʣʩʷ 

ʟʘʧʠʩʳʚʘʶʱʠʡ ʵʣʝʢʪʨʦʥʥʳʡ ʦʩʮʠʣʣʦʛʨʘʬ. ʇʦʣʫʯʝʥʥʳʝ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 
ʦʙʳʯʥʳʤ ʨʝʞʠʤʦʤ ʜʚʠʞʝʥʠʷ. ʅʦ ʜʘʞʝ ʙʝʟ ʦʩʮʠʣʣʦʛʨʘʤʤ ʩʪʘʣʦ ʧʦʥʷʪʥʦ, ʯʪʦ ʩʠʣʳ ʫʜʘʨʦʚ 

ʫʤʝʥʴʰʠʣʠʩʴ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʘʰʠʥʳ ʧʦ ʢʘʬʝʣʴʥʦʤʫ ʧʦʣʫ ʰʘʛʘʶʱʠʝ ʦʧʦʨʳ 

ʧʝʨʝʩʪʘʣʠ ʧʦʜʛʠʙʘʪʴʩʷ [2]. 
ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʰʘʛʘʶʱʝʛʦ ʩʪʝʥʜʘ ʙʳʣʘ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʥʘ 

ʠʟʦʙʨʝʪʝʥʠʝ "ʐʘʛʘʶʱʠʡ ʤʝʭʘʥʠʟʤ" [3]. ʇʨʦʪʦʪʠʧʦʤ ʩʪʘʣʘ ʢʣʘʩʩʠʯʝʩʢʘʷ "ʉʪʦʧʦʭʦʜʷʱʘʷ 

ʤʘʰʠʥʘ" ʇ.ʃ. ʏʝʙʳʰʝʚʘ. ʆʜʥʘʢʦ ʚ ʧʨʦʪʦʪʠʧʝ ʦʜʠʥ ʩʠʥʭʨʦʰʘʪʫʥ, ʘ ʚ ʧʨʝʜʣʘʛʘʝʤʦʤ 

ʠʟʦʙʨʝʪʝʥʠʠ ʜʦʙʘʚʣʝʥ ʚʪʦʨʦʡ ʧʘʩʩʠʚʥʳʡ ʩʠʥʭʨʦʰʘʪʫʥ. ʊʝʦʨʝʪʠʯʝʩʢʠ ʧʘʩʩʠʚʥʳʡ ʨʳʯʘʛ ʥʝ 

ʥʫʞʝʥ. ʅʦ ʥʘ ʧʨʘʢʪʠʢʝ ʦʰʠʙʢʠ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʠ ʜʚʠʞʝʥʠʠ ʨʳʯʘʛʦʚ ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʧʦʵʪʦʤʫ 

ʤʝʭʘʥʠʟʤ ʟʘʢʣʠʥʠʚʘʝʪ. ʇʘʩʩʠʚʥʳʡ ʵʣʝʤʝʥʪ ʥʝ ʧʦʟʚʦʣʷʝʪ ʦʰʠʙʢʘʤ ʥʘʢʘʧʣʠʚʘʪʴʩʷ, ʤʝʭʘʥʠʟʤ 

ʨʘʙʦʪʘʝʪ. ʉʘʤʦʝ ʚʘʞʥʦʝ - ʧʘʩʩʠʚʥʳʡ ʩʠʥʭʨʦʰʘʪʫʥ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʠʣʦʚʳʤ ʦʧʦʨʥʳʤ ʠ 

ʧʨʠʢʨʝʧʠʪʴ ʥʘ ʥʝʛʦ ʰʘʛʘʶʱʫʶ ʦʧʦʨʫ ʣʶʙʦʡ ʬʦʨʤʳ. ʈʘʙʦʯʝʡ ʩʪʘʣʘ ʥʝ ʪʦʯʢʘ, ʘ ʦʪʨʝʟʦʢ. 
ʉʦʟʜʘʥʘ ʥʦʚʘʷ ʤʘʰʠʥʘ. ɿʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ çʐʘʛʘʶʱʠʡ ʤʝʭʘʥʠʟʤè RU 
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çʉʤʳʰʣʸʥʳʝè ʨʦʙʦʪʳ, ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʩʦʟʜʘʥʠʷ  

ʩʣʦʞʥʦʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ 
ɽʛʦʨʦʚʘ ʄ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʦʨʦʥʠʥʘ ʅ.ɺ. 
ʄɹʆʋ ʉʆʐ ˉ18, ʇʝʥʟʘ 

 
ɽʩʣʠ ʩ ɿʝʤʣʝʡ ʯʪʦ-ʥʠʙʫʜʴ ʩʣʫʯʠʪʩʷ, ʯʝʣʦʚʝʯʝʩʪʚʦ ʥʘʡʜʝʪ ʩʝʙʝ ʥʦʚʫʶ ʧʣʘʥʝʪʫ ï ʪʘʢʘʷ 

ʪʦʯʢʘ ʟʨʝʥʠʷ ʧʦʷʚʠʣʘʩʴ ʩ ʥʘʯʘʣʦʤ ʵʨʳ ʢʦʩʤʦʥʘʚʪʠʢʠ. ɺ ʫʩʣʦʚʠʷʭ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ ʠ ʦʩʚʦʝʥʠʷ ʢʦʩʤʦʩʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʤʦʱʴ ʚ ʢʦʣʦʥʠʟʘʮʠʠ ʧʣʘʥʝʪ 

ʯʝʣʦʚʝʢʫ ʜʦʣʞʥʳ ʦʢʘʟʘʪʴ ʨʦʙʦʪʳ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʙʲʝʜʠʥʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʦʜʥʦʪʠʧʥʳʭ ʨʦʙʦʪʦʚ ʚ ʛʨʫʧʧʳ ʥʘʟʳʚʘʝʪʩʷ ʨʦʝʤ ʨʦʙʦʪʦʚ, ʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʚʳʧʦʣʥʷʪʴ ʜʝʡʩʪʚʠʷ ʧʦ ʚʳʧʦʣʥʝʥʠʶ ʦʙʱʝʡ ʟʘʜʘʯʠ, ʥʘʟʳʚʘʝʪʩʷ ʨʦʝʚʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. ʇʨʠ 

ʵʪʦʤ ʢʘʞʜʳʡ ʠʟ ʪʘʢʠʭ ʧʨʦʩʪʳʭ ʨʦʙʦʪʦʚ ʥʘʟʳʚʘʝʪʩʷ çʩʤʳʰʣʸʥʳʤè (smart), ʚ ʧʨʦʪʠʚʦʚʝʩ 

çʫʤʥʳʤè ʨʦʙʦʪʘʤ, ʩʧʦʩʦʙʥʳʤ ʧʨʠʥʠʤʘʪʴ ʧʦʣʥʦʮʝʥʥʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ. ɺ ʨʘʤʢʘʭ 

ʩʚʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷ ʧʦʧʳʪʘʣʘʩʴ ʦʙʝʩʧʝʯʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʦʙʦʪʦʚ. ʄʘʢʝʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʘʢʠʭ 

ʨʦʙʦʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʵʢʟʝʤʧʣʷʨʦʚ. ʉʦʛʣʘʩʥʦ ʫʩʣʦʚʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʦʙʦʪʳ ʜʦʣʞʥʳ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʧʦ ʠʜʝʥʪʠʯʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʷ ʩʦʛʣʘʩʦʚʘʥʥʳʝ, 

ʩʠʥʭʨʦʥʥʳʝ ʜʝʡʩʪʚʠʷ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʦʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪ 

ʢʦʣʸʩʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʤʝʩʪʥʦʩʪʠ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʳʭ ʜʝʡʩʪʚʠʡ ʜʚʫʭ 

ʨʦʙʦʪʦʚ, ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʦʩʚʝʜʦʤʣʸʥʥʳʭ ʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 
ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʩʣʝʜʫʶʱʠʝ ʧʫʥʢʪʳ: 
1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʠ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʜʚʫʭ ʨʦʙʦʪʦʚ; 
2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʜʝʡʩʪʚʠʡ ʜʚʫʭ ʨʦʙʦʪʦʚ ʥʘ 

ʤʝʩʪʥʦʩʪʠ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʥʝʜʨʝʥʠʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʪʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʬʝʨʘʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʠʥʞʝʥʝʨʥʦʡ ʤʳʩʣʠ. 
ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ: ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ ʨʦʙʦʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʧʦ ʠʜʝʥʪʠʯʥʦʡ ʧʨʦʛʨʘʤʤʝ. 
ʆʩʦʙʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʜʘʸʪ ʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʦʙʘ 

ʨʦʙʦʪʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʶʪ ʘʢʪʠʚʥʳʝ ʜʝʡʩʪʚʠʷ ʧʦ ʧʦʠʩʢʫ ʥʘʧʘʨʥʠʢʘ, 

ʟʘʢʣʶʯʘʶʱʠʝʩʷ ʚ ʧʝʨʝʤʝʱʝʥʠʠ ʧʦ ʤʝʩʪʥʦʩʪʠ. ʆʙʘ ʨʦʙʦʪʘ ʷʚʣʷʶʪʩʷ ʨʘʚʥʦʧʨʘʚʥʳʤʠ 

ʝʜʠʥʠʮʘʤʠ. ɺ ʪʘʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʟʘʜʘʯʘ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ ʨʦʙʦʪʦʚ ʩʪʘʥʦʚʠʪʩʷ 

ʚʝʩʴʤʘ ʥʝʪʨʠʚʠʘʣʴʥʦʡ. 
ɼʣʷ ʦʨʠʝʥʪʘʮʠʠ ʨʦʙʦʪʘ ʥʘ ʤʝʩʪʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʜʘʪʯʠʢʘ ʧʨʝʧʷʪʩʪʚʠʡ ʥʘ ʧʫʪʠ 

ʩʣʝʜʦʚʘʥʠʷ ʨʦʙʦʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʙʨʘʥ ʩʦʥʘʨ ʠʣʠ ʣʠʜʘʨ, ʢʦʪʦʨʳʝ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʤʝʨʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʘ. 
ɺʪʦʨʦʡ ʚʠʜ ʜʘʪʯʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʯʪʦʙʳ ʨʦʙʦʪ ʤʦʛ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʧʝʨʝʜ 

ʥʠʤ ʥʘʭʦʜʠʪʩʷ ʠʤʝʥʥʦ ʜʨʫʛʦʡ ʨʦʙʦʪ, ʘ ʥʝ, ʥʘʧʨʠʤʝʨ, ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʜʘʪʯʠʢ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʦʡ ʩʪʦʨʦʥʳ ʨʦʙʦʪʘ, ʥʘʧʨʠʤʝʨ, 

ʧʝʨʝʜʥʝʡ ʠʣʠ ʙʦʢʦʚʦʡ, ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʚʟʘʠʤʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʜʘʪʯʠʢʘ ʧʦʜʭʦʜʷʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʜʘʪʯʠʢʠ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʳʯʥʳʝ 

ʜʘʪʯʠʢʠ ʦʩʚʝʱʸʥʥʦʩʪʠ. ɽʩʣʠ ʦʜʥʦʛʦ ʠʟ ʨʦʙʦʪʦʚ ʩʥʘʙʜʠʪʴ ʠʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ, ʘ ʜʨʫʛʦʛʦ 

ʜʘʪʯʠʢʦʤ, ʪʦ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, 

ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ. 
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʦʙʦʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ ʩʨʝʜʝ National Instruments LabView 

ʥʘ ʛʨʘʬʠʯʝʩʢʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ G. ʕʪʘ ʩʨʝʜʘ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʛʘʪʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʩʣʦʞʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʨʦʙʦʪʦʚ. 
ʋʩʣʦʚʥʦ ʧʨʦʛʨʘʤʤʫ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʯʘʩʪʠ: 
1. ɹʣʦʢ ʠʥʠʮʠʘʣʠʟʘʮʠʠ; 
2. ɹʣʦʢ ʘʢʪʠʚʘʮʠʠ ʧʦʠʩʢʘ ʥʘʧʘʨʥʠʢʘ; 
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3. ɹʣʦʢ ʧʦʠʩʢʘ ʥʘʧʘʨʥʠʢʘ; 
4. ɹʣʦʢ ʚʳʯʠʩʣʝʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʥʘʧʘʨʥʠʢʘ; 
5. ɹʣʦʢ ʜʚʠʞʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʧʘʨʥʠʢʘ; 
6. ɹʣʦʢ ʩʠʥʭʨʦʥʥʳʭ ʜʝʡʩʪʚʠʡ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʧʘʨʥʠʢʦʤ. 
ʀʪʦʛʦʤ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʠʭ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʜʥʝʡ ʩʪʦʨʦʥʳ. ʈʦʙʦʪʳ ʜʚʠʞʫʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʨʫʛ ʜʨʫʛʘ, 

ʢʦʨʨʝʢʪʠʨʫʷ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʙʦʢʦʚʳʭ ʜʘʪʯʠʢʦʚ 

ʦʩʚʝʱʸʥʥʦʩʪʠ. 
ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʦʙʦʪʳ ʧʨʠʙʣʠʞʘʶʪʩʷ ʜʨʫʛ ʢ ʜʨʫʛʫ ʥʘ ʨʘʩʩʪʦʷʥʠʝ, ʤʝʥʴʰʝʝ, ʯʝʤ 10 

ʩʘʥʪʠʤʝʪʨʦʚ, ʧʦʜʘʸʪʩʷ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, ʠ ʨʦʙʦʪʳ ʨʘʟʲʝʟʞʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɿʘʪʝʤ ʦʥʠ 

ʩʥʦʚʘ ʩʲʝʟʞʘʶʪʩʷ ʠ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ. 
ʉʦ ʩʪʦʨʦʥʳ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ ʨʦʙʦʪʦʚ ʚʳʛʣʷʜʠʪ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠʝ çʦʙʲʷʪʠʷè. ʉʭʦʜʩʪʚʦ ʩ 

ʵʪʠʤ ʫʩʫʛʫʙʣʷʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʙʦʢʦʚʳʤ ʜʘʪʯʠʢʘʤ ʦʩʚʝʱʸʥʥʦʩʪʠ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʜʝʡʩʪʚʠʡ ʜʚʫʤʷ ʨʦʙʦʪʘʤʠ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʦʡ ʧʨʦʛʨʘʤʤʦʡ. 

ʈʦʙʦʪʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʣʸʩʥʦʛʦ ʧʨʠʚʦʜʘ. 
ɼʚʠʞʝʥʠʷ çʩʤʳʰʣʸʥʳʭè ʨʦʙʦʪʦʚ, ʩʦʟʜʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʟʘʯʘʪʢʠ çʨʦʝʚʦʛʦè ʠʥʪʝʣʣʝʢʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ 

ʨʘʙʦʪʳ, ʜʝʢʣʘʨʠʨʫʶʱʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʧʦʣʥʝʥʠʷ ʩʠʥʭʨʦʥʥʳʭ ʜʝʡʩʪʚʠʡ ʜʚʫʤʷ ʨʦʙʦʪʘʤʠ, 

ʠʟʥʘʯʘʣʴʥʦ ʥʝ ʦʩʚʝʜʦʤʣʝʥʥʳʤʠ ʜʨʫʛ ʦ ʜʨʫʛʝ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ ʧʦ ʦʩʚʦʝʥʠʶ ʢʦʩʤʦʩʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ 

ʜʦʩʪʫʧʘ: https://mydocx.ru/9-65237.html 
2. ʇʦʠʩʢʠ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ ʫʤʥʦʛʦ ʨʦʷ. 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://habr.com/ru/post/411081/ 
3. ʈʦʡ ï ʨʦʙʦʪʳ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://www.hisour.com/ru/swarm-robotics-43163/ 

ʈʘʟʨʘʙʦʪʢʘ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ 
ɽʩʠʢʦʚ ʅ.ɺ., ɼʝʨʝʚʮʦʚ ɺ.ɸ., ɿʘʧʦʨʦʞʩʢʠʡ ʀ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɿʦʤʝʨ ʉ.ɸ. 
ʄɹʆʋ ɻʠʤʥʘʟʠʷ ˉ91, ɾʝʣʝʟʥʦʛʦʨʩʢ 

 
ɺ ʩʚʝʪʝ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʣʠʥʠʡ ʠ ʪʝʭʥʠʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʚʦʟʨʘʩʪʘʶʪ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʧʦʩʪʘʚʣʷʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʨʦʙʦʪʦʚ ï 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʧʦʟʚʦʣʷʶʪ ʚʳʡʪʠ ʧʨʝʜʧʨʠʷʪʠʷʤ ʥʘ ʥʦʚʳʡ ʥʘʫʯʥʦ ï ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ 

ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʧʨʦʝʢʪʘ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
ʫʩʪʨʦʡʩʪʚʘ. ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʚʩʝʛʜʘ ʧʨʝʜʲʷʚʣʷʶʪ ʢ ʧʨʦʤʳʰʣʝʥʥʳʤ ʨʦʙʦʪʘʤ ʩʪʨʦʛʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʨʷʜʫ ʢʨʠʪʝʨʠʝʚ: ʧʦ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʦʣʦʞʝʥʠʷ, ʧʦ ʪʦʯʥʦʩʪʠ 

ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʟʚʝʥʴʝʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʨʘʟʨʘʙʦʪʢʘ ʢʘʢ ʩʘʤʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʇʈ, ʪʘʢ ʠ ʧʨʦʛʨʘʤʤ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ, ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʤʥʦʛʦʵʪʘʧʥʦʝ ʨʝʰʝʥʠʝ. 
ɺ ʭʦʜʝ ʠʟʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʨʝʘʣʠʟʦʚʘʥ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-

ʢʦʤʧʦʥʦʚʦʯʥʳʭ ʩʭʝʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʪʝʭʥʠʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʘʥʠʧʫʣʷʪʦʨʳ ʦʛʨʘʥʠʯʝʥʳ ʚ ʜʚʠʞʝʥʠʷʭ ʧʦ 

ʦʩ̫ʭ ʜʚʠʞʝʥʠʷ ʟʘ ʩʯʝʪ ʤʦʪʦʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʚʦʠʭ ʧʣʦʩʢʦʩʪʷʭ ʠ ʧʨʠʚʦʜʷʱʠʭ ʚ ʜʚʠʞʝʥʠʝ 

ʥʝ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʝʪʘʣʴ, ʥʦ ʠ ʩʚʦʡ ʚʝʩ, ʯʪʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʝʣʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘʤʥʦʛʦ ʥʠʞʝ. ʈʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʝʥʠʝʤ ʩʬʝʨʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. 
ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʩʬʝʨʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʧʘʨʘʣʣʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʤʘʥʠʧʫʣʷʪʦʨʘ. 
ʉʬʝʨʠʯʝʩʢʠʡ ʤʘʥʠʧʫʣʷʪʦʨ ʩʧʦʩʦʙʝʥ ʪʦʯʥʝʝ, ʘ ʟʥʘʯʠʪ ʢʘʯʝʩʪʚʝʥʥʝʝ, ʙʳʩʪʨʝʝ ʠ ʜʝʰʝʚʣʝ 

ʦʙʨʘʙʘʪʳʚʘʪʴ ʦʙʲʝʢʪʳ ʪʷʞʝʣʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʤʘʥʠʧʫʣʷʪʦʨ ʤʦʙʠʣʴʥʝʝ ʠ ʧʨʘʢʪʠʯʥʝʝ ʩʚʦʠʭ ʘʥʘʣʦʛʦʚ. 
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ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ 

ʤʘʥʠʧʫʣʷʪʦʨʦʚ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʩʭʝʤʘ 

ʤʘʥʠʧʫʣʷʪʦʨʘ, ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʠ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʚʩʝʭ ʚʠʜʦʚ ʨʘʙʦʯʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ 
ɾʠʣʴʮʦʚ ɼ.ɸ., ɾʠʣʴʮʦʚ ʅ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʧʨʦʬʝʩʩʦʨ, ʢ.ʪ.ʥ. ʂʫʟʴʤʠʥ ɸ.ɻ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ709, ʄʦʩʢʚʘ 

 
ʋʤʥʘʷ ʢʘʩʢʘ ï ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʙʦʯʠʭ ʥʘ ʩʪʨʦʡʢʝ ʠ ʯʘʩʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʜʨʫʛʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ, ʥʘʧʨʠʤʝʨ, 

ʚ ʨʘʙʦʪʝ ʧʦʞʘʨʥʳʭ, ʩʧʘʩʘʪʝʣʝʡ, ʧʦʣʠʮʠʠ ʠ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʣʫʞʘʱʠʭ. 
ʈʘʟʨʘʙʦʪʢʘ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʨʘʙʦʪʝ ʥʘ ʩʪʨʦʡʢʝ. 

ʉʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ ʥʘ ʢʘʩʢʝ ʧʦʤʦʞʝʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʨʘʙʦʪʫ, ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʮʚʝʪʦʚ 

ʧʦʟʚʦʣʠʪ ʧʨʦʨʘʙʫ ʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ ʨʘʙʦʯʠʭ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʩʪʨʦʡʢʘʭ ʠ 

ʣʶʙʳʭ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʨʘʟʨʘʙʦʪʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦʝ ʟʘʱʠʪʠʪʴ ʯʝʣʦʚʝʢʘ ʦʪ ʫʜʘʨʘ 

ʧʦ ʛʦʣʦʚʝ, ʧʨʝʜʫʧʨʝʜʠʪʴ ʦʙ ʫʪʝʯʢʝ ʛʘʟʘ, ʟʘʨʘʥʝʝ ʩʦʦʙʱʠʪʴ ʦʙ ʦʧʘʩʥʦʩʪʠ. 
ʋʤʥʘʷ ʢʘʩʢʘ ʙʫʜʝʪ ʩʜʝʣʘʥʘ ʠʟ ʧʦʣʠʢʘʨʙʦʥʘʪʘ ʠʣʠ ɸɹʉ-ʧʣʘʩʪʠʢʘ, ʠʣʠ ʜʨʫʛʠʭ ʚʠʜʦʚ 

ʧʣʘʩʪʠʢʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʨʘʩʧʝʯʘʪʘʪʴ ʝʸ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʠ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʦʡ ʯʪʦ 

ʦʙʝʩʧʝʯʠʪ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ ʟʘʱʠʪʳ. ʂʘʩʢʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʷʭ, ʚʩʝ ʵʣʝʢʪʨʦʧʨʠʙʦʨʳ ʩʧʨʷʪʘʥʳ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʫʩʪʨʦʡʩʪʚʘ, ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʚʳʥʝʩʝʥʠʷ ʚ ʢʘʨʤʘʥ ʨʘʙʦʯʝʛʦ ʢʦʩʪʶʤʘ, ʵʪʦ ʦʙʝʩʧʝʯʠʪ ʜʦʩʪʘʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʟʘʱʠʪʳ ʦʪ ʚʣʘʛʠ, ʙʨʳʟʛ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʠʩʢʨ. ʎʝʣʴ ʢʘʩʢʠ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʯʠʭ ʦʧʘʩʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. ɺʝʩ ʢʘʩʢʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 550 ʛ, ʫʯʠʪʳʚʘʝʪʩʷ ʚʝʩ 

ʚʩʝʡ ʢʘʩʢʠ, ʩ ʫʯʝʪʦʤ ʯʪʦ ʘʢʢʫʤʫʣʷʪʦʨ ʚʳʥʦʩʠʪʩʷ ʚ ʢʘʨʤʘʥ ʨʘʙʦʯʝʛʦ ʞʠʣʝʪʘ. ʎʝʥʘ ʢʘʩʢʠ 

ʦʢʦʣʦ 1800 ʨʫʙʣʝʡ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸɹʉ-ʧʣʘʩʪʠʢʘ. 
ʄʦʜʝʣʴ ʢʘʩʢʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʨʘʙʦʯʠʭ, ʪʘʢʞʝ ʢʘʩʢʘ ʦʙʦʨʫʜʦʚʘʥʘ GPS-ʪʨʝʢʝʨʦʤ ʠʣʠ ɻʃʆʅɸʉʉ ʩʠʩʪʝʤʦʡ, ʜʣʷ 

ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʨʘʙʦʯʠʭ. ʋʩʪʨʦʡʩʪʚʦ ʩʦʟʜʘʥʦ ʥʘ ʙʘʟʝ ʢʦʥʪʨʦʣʣʝʨʘ Arduino. 

ʇʨʦʚʝʜʝʥ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʚʳʙʨʘʥʘ ʘʧʧʘʨʘʪʥʘʷ 

ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ, ʩʦʙʨʘʥʘ ʩʭʝʤʘ, ʨʝʘʣʠʟʫʶʱʘʷ ʟʘʜʘʯʫ, ʚʳʙʨʘʥ ʩʧʦʩʦʙ 

ʫʩʪʘʥʦʚʢʠ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʨʘʙʦʯʝʡ ʢʘʩʢʝ, ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ 

ʧʣʘʪʬʦʨʤʳ Tinkercad. 
ʂʘʩʢʘ ʨʘʟʨʘʙʦʪʘʥʘ ʜʣʷ ʨʘʙʦʪʳ ʚ ʩʣʦʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʫʜʘʣʝʥʥʦʡ 

ʢʦʤʘʥʜʦʡ ʨʘʙʦʪʳ. 
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ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʝʢʪʘ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Tinkercad // URL: 

https://www.tinkercad.com/things/2iTQWsjToOE-helmet/. 
2. ɺʠʜʝʦ ʧʨʝʟʝʥʪʫʶʱʠʝ ʧʨʦʝʢʪ, ʩʦʟʜʘʥʥʦʝ ʥʘʰʝʡ ʢʦʤʘʥʜʦʡ // URL: 

https://drive.google.com/file/d/1SK1C4lL-FIhyZeIG0TRQ0FJ8Fk_s4nNG/view?usp=sharing 

ʈʘʟʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ POV-ʜʠʩʧʣʝʷ  

ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʣʝʯʝʥʠʷ 
ʀʚʘʥʦʚ ʄ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. ʌʨʦʣʦʚ ʄ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ʀʤʝʶʱʠʝʩʷ ʚ ʧʨʦʜʘʞʝ ʥʘʙʦʨʳ ʜʣʷ ʩʙʦʨʢʠ POV-ʜʠʩʧʣʝʷ ʠʤʝʶʪ ʮʝʥʫ ʦʪ 1800 ʜʦ 14000 

ʨʫʙ. ʇʨʠ ʵʪʦʤ ʠʭ ʩʙʦʨʢʘ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ, ʧʦʩʢʦʣʴʢʫ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ SMD-ʧʘʡʢʫ, 

ʧʨʝʜʧʦʣʘʛʘʶʱʫʶ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ï ʧʘʷʣʴʥʦʡ ʩʪʘʥʮʠʠ 

ʩ ʬʝʥʦʤ ʩʪʦʠʤʦʩʪʴʶ 6000 ï 18000 ʨʫʙ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʣʴʟʦʚʘʪʝʣʴ ʥʝ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʟʘʛʨʫʟʠʪʴ ʚ ʥʠʭ ʩʚʦʶ ʧʨʦʛʨʘʤʤʫ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʨʘʟʨʘʙʦʪʢʘ ʥʝʜʦʨʦʛʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ 

POV-ʜʠʩʧʣʝʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʘʟʚʣʝʯʝʥʠʷ. 
ʀʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʠʟʘ ʨʳʥʢʘ ʥʘʙʦʨʦʚ POV-ʜʠʩʧʣʝʷ. 
2. ʉʦʩʪʘʚʣʝʥʠʝ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ ʧʨʦʝʢʪʘ ʠ ʩʧʠʩʢʘ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
3. ʆʩʚʦʝʥʠʝ ʩʨʝʜ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Arduino IDE, EV3 ʠ ʩʦʩʪʘʚʣʝʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ 

POV-ʜʠʩʧʣʝʝʚ ʠ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ. 
4. ʉʙʦʨʢʘ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ POV-ʜʠʩʧʣʝʝʚ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪ Arduino Uno, 

Arduino Nano, ʘ ʪʘʢʞʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ATmega 328P-PU ʠ ATTiny 85-20PU. 
5. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʙʦʨʢʘ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʠʟ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ 

Lego Mindstorms EV3 Education. 
6. ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ POV-ʜʠʩʧʣʝʝʚ. 
7. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
ɺ ʧʨʦʝʢʪʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʯʝʪʳʨʝ ʤʦʜʠʬʠʢʘʮʠʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ 

POV-ʜʠʩʧʣʝʷ. ʊʨʠ ï ʥʘ ʙʝʩʧʘʝʯʥʦʡ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ, ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ï ʥʘ ʧʝʯʘʪʥʦʡ ʧʣʘʪʝ. 
ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ˉ 1 ʩʦʙʨʘʥ ʠʟ ʜʝʪʘʣʝʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ Lego 

WeDo Education 1.0, ʥʘʙʦʨʘ Lego Education çɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠè ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʘʯʘʶʱʫʶʩʷ ʙʘʣʢʫ ʩʦ ʚʩʪʘʚʣʝʥʥʳʤʠ ʚ ʥʝʝ 10 ʩʚʝʪʦʜʠʦʜʘʤʠ, 

ʧʦʜʩʦʝʜʠʥʝʥʥʳʭ ʯʝʨʝʟ ʙʝʩʧʘʝʯʥʫʶ ʤʘʢʝʪʥʫʶ ʧʣʘʪʫ ʢ Arduino Uno. ʇʨʠ ʨʘʩʢʘʯʠʚʘʥʠʠ ʙʘʣʢʠ 

ʚʠʜʥʦ ʩʚʝʪʦʚʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠʣʠ ʪʝʢʩʪ, ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʚ ʩʢʝʪʯʝ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʩʠʛʥʘʣʦʚ ʩʚʝʪʦʜʠʦʜʦʚ. ʕʪʦʪ ʵʬʬʝʢʪ ʥʘʟʳʚʘʝʪʩʷ ʧʝʨʩʠʩʪʝʥʮʠʝʡ ʠ 

ʦʩʥʦʚʘʥ ʥʘ ʠʥʝʨʮʠʠ ʥʘʰʝʛʦ ʟʨʝʥʠʷ, ʢʦʛʜʘ ʦʪʜʝʣʴʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʩʚʝʪʦʚʳʝ ʚʩʧʳʰʢʠ 

ʢʘʞʫʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʣʝʛʢʦʛʦ ʠ ʢʦʤʧʘʢʪʥʦʛʦ POV-ʜʠʩʧʣʝʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ˉ 2 ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʳ Arduino Nano, ʙʝʩʧʘʝʯʥʦʡ ʤʘʢʝʪʥʦʡ 

ʧʣʘʪʳ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʘ MMA8452, ʬʠʢʩʠʨʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ POV-

ʜʠʩʧʣʝʷ ʧʨʠ ʨʘʟʤʘʭʠʚʘʥʠʠ ʨʫʢʦʡ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʘ ʫʩʢʦʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʙʦʣʴʰʝʡ 

ʥʘʜʝʞʥʦʩʪʠ POV-ʜʠʩʧʣʝʷ ʠ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʠ ʨʘʟʤʘʭʠʚʘʥʠʠ ʨʫʢʦʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʚʝʪʦʜʠʦʜʥʘʷ ʰʢʘʣʘ, ʘ ʪʘʢʞʝ ʧʣʦʩʢʠʡ LiPO-ʘʢʢʫʤʫʣʷʪʦʨ ʥʘ 3,7V. 
ɹʦʣʴʰʝʡ ʢʦʤʧʘʢʪʥʦʩʪʠ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ, ʧʝʨʝʡʜʷ ʦʪ ʫʧʨʘʚʣʷʶʱʝʡ ʧʣʘʪʳ ʢ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʫ, ʯʪʦ ʠ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʤ ʢʦʥʩʪʨʫʢʪʦʨʝ ˉ 3 ʥʘ ʦʩʥʦʚʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATmega 328P-PU. 
ʉʪʨʝʤʷʩʴ ʢ ʝʱʝ ʙʦʣʴʰʝʡ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʝʣʘʷ ʰʘʛ ʢ ʩʝʨʠʡʥʦʤʫ 

ʧʨʦʠʟʚʦʜʩʪʚʫ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ˉ 4 ʥʘ ʦʩʥʦʚʝ ʤʝʥʴʰʝʛʦ ʧʦ 

ʨʘʟʤʝʨʫ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ATtiny85 ʠ ʧʝʯʘʪʥʦʡ ʧʣʘʪʳ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʙʳʣʘ ʫʤʝʥʴʰʝʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʦʜʠʦʜʦʚ (ʩ 8 ʜʦ 5) ʠ ʠʭ ʨʘʟʤʝʨ (ʩ 5 ʜʦ 3 ʤʤ), ʘ 

ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʡ ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ CR2032 ʥʘ 3ɺ ʠ ʤʠʥʠʘʪʶʨʥʳʡ 
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ʚʳʢʣʶʯʘʪʝʣʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʩʣʝ ʧʘʡʢʠ ʠʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ˉ 4 ʧʦʣʫʯʠʣʩʷ 

ʣʝʛʢʠʡ ʠ ʢʦʤʧʘʢʪʥʳʡ ʢʘʨʤʘʥʥʳʡ POV-ʜʠʩʧʣʝʡ ʙʝʟ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʡ 

ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʘ ʚʝʣʦʩʠʧʝʜʥʦʝ ʢʦʣʝʩʦ. 
ʇʦʩʢʦʣʴʢʫ ʙʳʣʦ ʫʤʝʥʴʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʦʜʠʦʜʦʚ ʩ 8 ʜʦ 5, ʘ ʪʘʢʞʝ ʧʦʷʚʠʣʦʩʴ 

ʞʝʣʘʥʠʝ, ʧʦʤʠʤʦ ʣʘʪʠʥʠʮʳ, ʦʪʦʙʨʘʞʘʪʴ ʥʘ POV-ʜʠʩʧʣʝʝ ʠ ʢʠʨʠʣʣʠʮʫ, ʧʨʠʰʣʦʩʴ ʜʣʷ 

ʥʘʧʠʩʘʥʠʷ ʩʢʝʪʯʘ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʢʦʜʠʨʦʚʢʦʡ ʩʠʤʚʦʣʦʚ. ɼʣʷ ʵʪʦʛʦ ʙʳʣ ʧʝʨʝʜʝʣʘʥ ʥʘʡʜʝʥʥʳʡ ʚ 

ʠʥʪʝʨʥʝʪʝ ʛʝʥʝʨʘʪʦʨ ʩʠʤʚʦʣʦʚ 15ʭ8 ʚ 5ʭ5. 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ POV-ʜʠʩʧʣʝʷ ʠʟ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ˉ 4, ʥʘ 

ʦʩʥʦʚʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʙʦʨʘ Lego Mindstorms Education EV3, ʙʳʣ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥ ʠ 

ʠʟʛʦʪʦʚʣʝʥ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ, ʫʧʨʘʚʣʷʝʤʳʡ ʢʥʦʧʢʘʤʠ ʙʣʦʢʘ EV3, ʧʣʘʥʰʝʪʦʤ ʠʣʠ 

ʩʦʪʦʚʳʤ ʪʝʣʝʬʦʥʦʤ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʣʘʚʥʦ ʤʝʥʷʪʴ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ POV-ʜʠʩʧʣʝʷ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʙʦʨʦʪʦʚ ʥʘ ʩʪʝʥʜ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʚʳʰʘʶʱʘʷ 

ʟʫʙʯʘʪʘʷ ʧʝʨʝʜʘʯʘ 40:8=5:1. 
ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʧʣʘʚʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 

ʩʚʝʪʦʚʳʝ ʩʠʤʚʦʣʳ ʩʥʘʯʘʣʘ ʚʨʘʱʘʶʪʩʷ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʟʘʪʝʤ çʟʘʤʠʨʘʶʪè, ʘ ʧʦʪʦʤ 

ʚʨʘʱʘʶʪʩʷ ʚ ʜʨʫʛʫʶ. ʊʘʢʘʷ çʥʝʧʦʜʚʠʞʥʦʩʪʴè ʩʠʤʚʦʣʦʚ ʚʦʟʥʠʢʘʝʪ ʟʘ ʩʯʝʪ 

ʩʪʨʦʙʦʩʢʦʧʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. 
ʆʪʚʝʨʩʪʠʝ ʚ ʧʣʘʪʝ ʧʦʟʚʦʣʷʝʪ ʧʨʦʜʝʪʴ ʚ ʥʝʛʦ ʰʥʫʨʦʢ ʠ ʚʨʘʱʘʪʴ POV-ʜʠʩʧʣʝʡ ʠʟ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ˉ 4 ʚʨʫʯʥʫʶ, ʧʦʣʫʯʘʷ ʦʪʯʝʪʣʠʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʜʧʠʩʝʡ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʯʝʪʳʨʝ ʙʶʜʞʝʪʥʳʭ 

ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʭ ʢʦʥʩʪʨʫʢʪʦʨʘ ʜʣʷ ʩʙʦʨʢʠ POV-ʜʠʩʧʣʝʷ. 
ʇʨʦʚʝʜʝʥʳ ʩʙʦʨʢʘ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ POV-ʜʠʩʧʣʝʝʚ ʠʟ ʨʘʟʨʘʙʦʪʘʥʥʳʭ 

ʢʦʥʩʪʨʫʢʪʦʨʦʚ. 
ɺʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʧʨʦʝʢʪʝ ʟʘʜʘʯʠ ʩʯʠʪʘʝʤ ʚʳʧʦʣʥʝʥʥʳʤʠ. 
ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʨʧʫʩʘ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 

ʕʢʟʦʨʫʢʘ 
ʂʘʙʘʥʦʚʘ ɸ.ɺ., ɿʘʣʝʩʩʢʠʡ ɸ.ʖ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʘʢʘʜʝʤʠʢ, ɿʘʣʝʩʩʢʠʡ ɸ.ʖ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ709, ʄʦʩʢʚʘ 

 
ʕʢʟʦʨʫʢʘ ï ʵʪʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʤʦʛʘʶʱʝʝ ʨʫʢʝ ʧʨʝʚʳʩʠʪʴ ʝʝ ʬʠʟʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʚ 

ʚʦʧʨʦʩʘʭ ʧʦʜʥʠʤʘʝʤʦʡ ʤʘʩʩʳ. ʂʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʧʦʤʦʯʴ ʯʝʣʦʚʝʢʫ ʧʦʜʥʷʪʴ ʛʨʫʟ, ʧʨʠ ʵʪʦʤ 

ʩʠʣʴʥʦ ʥʝ ʥʘʧʨʷʛʘʷ ʤʳʰʮ ʨʫʢʠ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʘ ʦʙʦʟʥʘʯʝʥʘ ʮʝʣʴ ʦʙʣʝʛʯʠʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʛʦʣʦʚʦʡ ʠʣʠ ʞʝ ʚ ʚʳʩʦʢʦ ʧʦʜʥʷʪʦʤ ʧʦʣʦʞʝʥʠʠ. 
ɿʘʜʘʯʝʡ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʥʝʩʪʠ ʥʘʛʨʫʟʢʫ ʩ ʨʫʢʠ ʥʘ 

ʩʧʠʥʫ. 
ʕʪʘʧʳ ʧʨʦʝʢʪʘ: 
1)ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʫʩʪʨʦʡʩʪʚ ʠ ʚʳʷʚʣʝʥʠʝ ʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʀʟʫʯʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ʤʳʰʮ ʨʫʢʠ. 
2)ʈʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʝʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
3)ʅʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ɽʄɻ ʜʘʪʯʠʢʦʚ. 
4)ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 
5)ʌʠʥʘʣʴʥʘʷ ʩʙʦʨʢʘ ʫʩʪʨʦʡʩʪʚʘ ʩ ʫʯʝʪʦʤ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʫʢʠ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ʤʳʰʮ ʨʫʢʠ. 
2. ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʥʘ ʨʳʥʢʝ ʘʥʘʣʦʛʦʚ ʵʢʟʦʩʢʝʣʝʪʦʚ. 
3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʫʜʝʨʞʠʚʘʝʤʫʶ ʥʘʛʨʫʟʢʫ. 
ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 
3d ʧʨʠʥʪʝʨ; ʣʘʟʝʨʥʳʡ ʨʝʟʘʢ; ʧʣʘʪʳ Bitronic; ɽʄɻ ʜʘʪʯʠʢʠ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ, ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʥʘʧʨʘʚʣʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʩ 

ʨʫʢʠ ʥʘ ʩʧʠʥʫ. ɼʣʷ ʫʜʝʨʞʘʥʠʷ ʧʨʝʜʤʝʪʘ ʠ ʨʫʢʠ ʚ ʚʳʩʦʢʦʧʦʜʥʷʪʦʤ ʩʦʩʪʦʷʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʪʦʨʤʦʟ ʩ ʩʝʨʚʦʧʨʠʚʦʜʦʤ. ɹʦʣʝʝ ʪʦʛʦ, ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʬʠʢʩʠʨʦʚʘʪʴ 
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ʧʦʣʦʞʝʥʠʝ ʨʫʢʠ, ʢʘʢ ʠ ʚʥʦʚʴ ʩʪʘʥʦʚʠʪʴʩʷ ʧʦʜʚʠʞʥʳʤ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʦʙʦʠʭ ʤʳʰʮ ʨʫʢʠ, ʯʪʦ ʦʙʣʝʛʯʘʝʪ ʨʘʙʦʪʫ ʣʶʜʷʤ, ʢʦʛʜʘ ʫ ʥʠʭ ʟʘʥʷʪʳ ʦʙʝ ʨʫʢʠ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1)https://bitronicslab.com/neuromodelist/#instr#!/tab/311415248-2 
2)ʆʙʟʦʨ ʵʢʟʦʩʢʝʣʝʪʦʚ:https://youtu.be/CMChu9gLx3o 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ  

(ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ) 
ʂʣʠʤʦʚ ʄ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʝʣʦʫʩʦʚ ʃ.ʅ. 
ʐʢʦʣʘ ˉ15, ʈʝʫʪʦʚ 

 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʛʘʪʝʣʷ ʰʘʩʩʠ ʤʦʙʠʣʴʥʳʭ ʨʘʢʝʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʠʥʫʩʳ 

ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ɼɺʉ; ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ; 

ʨʘʩʩʤʦʪʨʝʥʳ ʤʠʥʫʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ; ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ 
ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ; ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʦʙʭʦʜʘ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʚʩʝʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʠʟʜʝʨʞʝʢ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʘʷ ʚʦʧʨʝʢʠ ʧʨʦʧʘʛʘʥʜʝ ʟʝʣʝʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ, ʢʘʢ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʘʢʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʝʩʣʠ ʥʘ ʯʘʰʫ ʚʝʩʦʚ ʧʦʣʦʞʠʪʴ ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ 

ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ. 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ, ʦʧʠʩʘʥʳ ʤʠʥʫʩʳ ʠ ʧʣʶʩʳ ʩʦʚʨʝʤʝʥʥʳʭ ɼɺʉ. 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʵʣʝʢʪʨʦʢʘʨʘʭ, ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ, ʵʣʝʢʪʨʦʙʫʩʘʭ ʠ ʪ.ʜ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʥʠʢʥʝʪ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, 

ʯʪʦ ʥʝ ʨʝʰʝʥ ʚʦʧʨʦʩ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʧʨʠʥʮʠʧʝ. ɼʚʠʛʘʪʝʣʴ ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ ʩ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʪʦʧʣʠʚʘ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʪʦʧʣʠʚʘ. 
ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 
Å ʈʘʟʨʘʙʦʪʘʥʘ 3D ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ; 
Å ʀʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʜʚʠʛʘʪʝʣʷ; 
Å ɺʳʧʦʣʥʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʚʠʛʘʪʝʣʷ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ ʠ ʧʨʦʠʟʚʝʜʝʥ 

ʧʦʠʩʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʟʛʦʪʦʚʠʪʝʣʝʡ. 

ɻʘʟʦʘʥʘʣʠʟʘʪʦʨ CO2 ʥʘ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ  

ʩ ʨʝʝʯʥʳʤ ʧʦʜʲʝʤʥʠʢʦʤ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʙʘʟʦʡ 
ʂʦʚʘʣʝʥʢʦʚ ɸ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. ʌʨʦʣʦʚ ʄ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʨʘʟʨʘʙʦʪʢʘ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (CO2) 

ʥʘ ʤʦʙʠʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʩ ʨʝʝʯʥʳʤ ʧʦʜʲʝʤʥʠʢʦʤ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʙʘʟʦʡ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʰʝʥʠʡ. 
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2. ʉʦʩʪʘʚʣʝʥʠʝ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ ʧʨʦʝʢʪʘ ʠ ʩʧʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ. 
3. ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʣʘʪʦʡ Arduino NANO ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤ ʥʘʙʦʨʦʤ ʊʈʀʂ. 
4. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʦʨʪʘʪʠʚʥʦʛʦ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ CO2 ʥʘ ʦʩʥʦʚʝ Arduino 

NANO, ʜʘʪʯʠʢʘ ʛʘʟʘ MQ-135, ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ DHT-11 ʠ OLED-ʜʠʩʧʣʝʷ. 
5. ʈʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʨʝʝʯʥʳʤ 

ʧʦʜʲʝʤʥʠʢʦʤ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʙʘʟʦʡ ʥʘ ʦʩʥʦʚʝ ʥʘʙʦʨʦʚ ʊʈʀʂ ʠ TETRIX. 
6. ʇʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʧʦʤʝʱʝʥʠʷʭ ʰʢʦʣʳ ˉ 1538. 
7. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
ʇʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʠʟʥʘʥʘ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ 

ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʩʚʷʟʠ ʩ ʧʘʨʥʠʢʦʚʳʤ ʵʬʬʝʢʪʦʤ. 
ʅʝ ʤʝʥʴʰʝʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʫʯʨʝʞʜʝʥʠʷʭ. ʏʝʤ ʙʦʣʴʰʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʚʦʟʜʫʭʝ, ʪʝʤ ʩʣʦʞʥʝʝ ʦʙʫʯʘʶʱʠʤʩʷ 

ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʠ ʩʧʨʘʚʠʪʴʩʷ ʩ ʫʯʝʙʥʦʡ ʥʘʛʨʫʟʢʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʚʳʰʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

CO2 ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʟʜʦʨʦʚʴʝ ʦʙʫʯʘʶʱʠʭʩʷ. ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʘʤ, ʜʣʷ ʜʝʪʩʢʠʭ 

ʫʯʨʝʞʜʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 800 ppm (ʯʘʩʪʠʮ ʥʘ ʤʠʣʣʠʦʥ). 
ɼʣʷ ʧʨʦʚʝʨʢʠ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʪʠʤ ʥʦʨʤʘʪʠʚʘʤ ʚ ʧʨʦʝʢʪʝ ʨʘʟʨʘʙʦʪʘʥ ʧʦʨʪʘʪʠʚʥʳʡ 

ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ CO2 ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʳ Arduino NANO, ʜʘʪʯʠʢʘ ʛʘʟʘ MQ-135, ʜʘʪʯʠʢʘ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ DHT-11 ʩ ʚʳʚʦʜʦʤ ʜʘʥʥʳʭ ʥʘ OLED-ʜʠʩʧʣʝʡ ʠ ʧʠʪʘʥʠʝʤ ʦʪ Power 

Bank. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ (ʇʆ) ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʨʘʟʨʘʙʦʪʘʥʦ ʚ 

ʩʨʝʜʝ Arduino IDE. 
ɻʘʟʦʘʥʘʣʠʟʘʪʦʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʥʘʙʦʨʘ ʊʈʀʂ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ ʩ ʪʨʝʫʛʦʣʴʥʦʡ ʢʦʣʝʩʥʦʡ ʙʘʟʦʡ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʤʘʥʝʚʨʝʥʥʦʩʪʠ ʚ ʩʪʝʩʥʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʦʤʝʱʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʧʣʘʪʬʦʨʤʘ ʩʥʘʙʞʝʥʘ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʤʠ ʢʦʣʝʩʘʤʠ ʠʟ ʥʘʙʦʨʘ 

TETRIX ʠ ʨʝʝʯʥʳʤ ʧʦʜʲʝʤʥʠʢʦʤ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ, 

ʧʦʩʢʦʣʴʢʫ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʙʫʜʫʯʠ ʪʷʞʝʣʝʝ ʚʦʟʜʫʭʘ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʚʳʩʦʪʝ 

ʧʦʤʝʱʝʥʠʷ: ʚʥʠʟʫ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2 ʚʳʰʝ, ʥʘʚʝʨʭʫ ï ʥʠʞʝ. 
ʋʯʠʪʳʚʘʷ ʪʨʝʫʛʦʣʴʥʫʶ ʙʘʟʫ ʧʣʘʪʬʦʨʤʳ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʘ ʚ ʩʨʝʜʝ 

TRIK Studio ʦʩʦʙʘʷ ʩʭʝʤʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʤʦʪʦʨʦʚ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʧʣʘʪʬʦʨʤʳ ʥʘ ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʭ ʢʦʣʝʩʘʭ. 
ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʠʟʤʝʨʝʥʠʷ ʚ ʫʯʝʙʥʦʤ ʢʘʙʠʥʝʪʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʷ CO2: 
1. ɺ ʧʨʦʚʝʪʨʝʥʥʦʤ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʫʨʦʢʦʚ ʢʘʙʠʥʝʪʝ ʩʦʩʪʘʚʣʷʝʪ 600 ppm. 
2. ɺʦʟʨʘʩʪʘʝʪ ʟʘ ʦʜʠʥ ʫʨʦʢ (45 ʤʠʥ.) ʥʘ 300 ï 500 ppm ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ 

ʧʦʤʝʱʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʫʯʘʶʱʠʡʩʷ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʨʦʩʪʘ ʧʦʜʚʝʨʞʝʥ 

ʙʦʣʴʰʝʤʫ ʚʦʟʜʝʡʩʪʚʠʶ CO2. 
3. ʇʦʩʣʝ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 400 ppm ʟʘ 10 ʤʠʥ., ʥʘ 500 ppm ʟʘ 15 ʤʠʥ. ʠ ʥʘ 

600 ppm ʟʘ 20 ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʤʝʥʳ ʤʝʞʜʫ ʫʨʦʢʘʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 15 ʤʠʥ 

ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʧʨʦʚʝʪʨʠʚʘʥʠʝʤ ʧʦʤʝʱʝʥʠʷ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʜʦʩʪʠʛʥʫʪʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: 
1. ʇʨʦʚʝʜʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʘʢʪʫʘʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʧʦ 

ʜʦʩʪʠʞʝʥʠʶ ʵʪʦʡ ʮʝʣʠ. 
2. ʉʦʩʪʘʚʣʝʥʘ ʜʦʨʦʞʥʘʷ ʢʘʨʪʘ ʧʨʦʝʢʪʘ ʠ ʩʧʠʩʦʢ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ ʜʣʷ ʝʛʦ 

ʨʝʘʣʠʟʘʮʠʠ. 
3. ʈʘʟʨʘʙʦʪʘʥʘ ʜʝʡʩʪʚʫʶʱʘʷ ʤʦʜʝʣʴ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ CO2 ʥʘ ʤʦʙʠʣʴʥʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʩ ʨʝʝʯʥʳʤ ʧʦʜʲʝʤʥʠʢʦʤ ʠ ʪʨʝʫʛʦʣʴʥʦʡ ʢʦʣʝʩʥʦʡ ʙʘʟʦʡ. 
4. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʚ ʫʯʝʙʥʦʤ ʢʘʙʠʥʝʪʝ ʰʢʦʣʳ ˉ 1538. 
5. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʘʣ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʧʨʝʚʳʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʥʘʜ ʥʦʨʤʘʪʠʚʥʳʤ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ 

ʨʝʛʫʣʷʨʥʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʧʦʤʝʱʝʥʠʷ. 
ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʠʟʤʝʨʝʥʠʡ ʚ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʢʘʙʠʥʝʪʘʭ ʠ ʥʘ 

ʧʨʠʰʢʦʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʏʝʤ ʦʧʘʩʥʘ ʚʳʩʦʢʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʉʆ2 ʚ ʚʦʟʜʫʭʝ ʜʣʷ ʯʝʣʦʚʝʢʘ? ï ɿʜʦʨʦʚʴʝʉʆ2.pdf 
2. ɻʆʉʊ 30494-2011 çɿʜʘʥʠʷ ʞʠʣʳʝ ʠ ʦʙʱʝʩʪʚʝʥʥʳʝ. ʇʘʨʘʤʝʪʨʳ ʤʠʢʨʦʢʣʠʤʘʪʘ ʚ 

ʧʦʤʝʱʝʥʠʷʭè. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://yandex.ru/search/?text=%D0%93%D0%9E%D0%A1%D0%A2+30494 
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-2011&clid=2411726&lr=213 
3. Measuring CO2 Concentration in Air using Arduino and MQ-135 sensor. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
Arduino CO2 Meter- Measure CO2 using Arduino | Circuit Digest 
4. ʅʦʨʤʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʰʢʦʣʘʭ. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://tion.ru/blog/normy-co2/ 
5. ɺʝʥʪʠʣʷʮʠʷ ʚ ʰʢʦʣʝ: ʩʢʦʣʴʢʦ ʉʆ2 ʚ ʢʣʘʩʩʝ? ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://tion.ru/blog/normy-co2/ 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʤʘʥʸʚʨʝʥʥʘʷ ʧʣʘʪʬʦʨʤʘ 
ʂʦʰʠʰʝʚ ʄ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʥʘʱʝʥʠʝ ʤʥʦʛʠʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʦʢ ʩʪʘʥʦʚʠʪʩʷ ʩʣʦʞʥʝʝ 

ʠ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ. ʅʘʧʨʠʤʝʨ, ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʦʛʠʩʪʠʢʘ 

ʥʘ ʩʢʣʘʜʘʭ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʛʨʫʟʦʚ ʥʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʧʣʦʱʘʜʢʘʭ ʠ ʚ ʘʵʨʦʧʦʨʪʘʭ. ʆʜʥʘʢʦ ʜʣʷ 

ʢʘʞʜʦʡ ʮʝʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʦʙʦʪ ʩʦ ʩʚʦʠʤ ʫʟʢʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʪʨʫʜʥʦʩʪʠ ʜʣʷ 

ʫʥʠʬʠʢʘʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʩʣʘʞʝʥʥʦʡ ʩʠʩʪʝʤʳ. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʟʚʦʣʠʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʘʥʸʚʨʝʥʥʦʡ ʧʣʘʪʬʦʨʤʳ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʰʝʥʠʷ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʠʤʝʶʱʝʡ ʧʦʚʳʰʝʥʥʫʶ 

ʤʘʥʝʚʨʝʥʥʦʩʪʴ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʡ ʜʣʷ ʧʦʤʦʱʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʩʢʣʘʜʘʭ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ ʩ ʫʯʝʪʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ; 
ʨʝʘʣʠʟʘʮʠʷ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʣʣʝʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ; 
ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʨʧʫʩʘ ʩ ʧʦʤʦʱʴʶ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
ʇʨʦʪʦʪʠʧ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʬʦʨʤʫ 300x300x200 ʤʤ ʩ ʢʦʣʸʩʘʤʠ 

ʩʧʦʩʦʙʥʳʤʠ ʚʨʘʱʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɻʨʫʟʦʧʦʜʲʸʤʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 10 ʢʛ. ɿʘʧʘʩ 

ʭʦʜʘ - 1 ʯʘʩ. ʅʘ ʧʣʘʪʬʦʨʤʫ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʦʜʫʣʠ, ʚʳʧʦʣʥʷʶʱʠʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʜʘʯʠ. ʅʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʨʝʘʣʠʟʦʚʘʥʘ ʜʠʩʪʘʥʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ. 
ʇʦʚʳʰʝʥʥʘʷ ʤʘʥʸʚʨʝʥʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʣʸʩʘʤ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʧʦʚʦʨʘʯʠʚʘʪʴʩʷ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʨʝʘʣʠʟʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʨʘʟʤʝʱʝʥʠʷ ʤʦʪʦʨʦʚ 

ʚ ʢʦʨʧʫʩʝ, ʩʘʤ ʞʝ ʢʦʨʧʫʩ ʧʨʠʢʨʝʧʣʸʥ ʢ ʩʝʨʚʦʧʨʠʚʦʜʫ, ʢʦʪʦʨʳʡ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪ ʤʦʪʦʨ ʩ 

ʢʦʣʝʩʦʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʧʝʯʘʪʘʥʳ ʥʘ 3D-ʧʨʠʥʪʝʨʝ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʜʦʩʪʘʪʦʯʥʦ 

ʢʨʝʧʢʠʤʠ ʠ ʣʸʛʢʠʤʠ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ, ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʢʦʪʦʨʦʛʦ - ʠʩʧʳʪʘʪʴ 

ʢʦʥʮʝʧʮʠʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʙʫʜʫʱʝʤ. ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʪʘʢʠʭ ʢʦʥʮʝʧʮʠʡ 

ʷʚʣʷʶʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʢʦʣʸʩ ʠ ʤʦʜʫʣʴʥʦʩʪʴ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʟʘʜʘʯ. 

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʨʝʥʘʞʝʨʘ ʜʣʷ ʄʂʉ 
ʂʨʝʤʢʦʚ ʅ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʃʫʟʘʥʦʚ ɸ.ɸ. 
ɻɹʆʋ ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ çʇʨʦʪʦʥè, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ - ʩʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʠ ʪʨʝʥʘʞʝʨʘ ʠ ʝʛʦ ʧʝʯʘʪʴ. ʏʪʦʙʳ ʵʪʦʛʦ ʜʦʩʪʠʯʴ ʙʳʣʘ 

ʦʩʚʦʝʥʘ ʧʨʦʛʨʘʤʤʘ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʚʳʙʨʘʥʘ ʪʨʝʥʠʨʫʝʤʘʷ ʛʨʫʧʧʘ ʤʳʰʮ ʠ ʪʨʝʥʘʞʝʨ, 

ʢʦʪʦʨʳʡ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʭ ʪʨʝʥʠʨʦʚʢʠ, ʪʘʢʞʝ ʙʳʣʠ ʫʯʪʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʥʘ 

ʄʂʉ, ʦʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʟ ʢʦʪʦʨʳʭ ʜʝʣʘʶʪ ʠʟʜʝʣʠʷ ʜʣʷ ʩʪʘʥʮʠʠ. ʄʘʪʝʨʠʘʣʳ, ʢʦʪʦʨʳʤ 

ʦʪʜʘʥʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʵʪʦ: ʘʣʶʤʠʥʠʡ, ʫʛʣʝʧʣʘʩʪʠʢ ʠ ʜʨʫʛʠʝ. ʊʘʢʞʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʷʱʠʝ 

ʛʨʫʧʧʳ ʤʳʰʮ: ʤʳʰʮʳ ʥʦʛ, ʩʧʠʥʳ, ʨʫʢ. ʋʯʠʪʳʚʘʷ ʵʪʠ ʜʘʥʥʳʝ, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʩʣʝʜʫʶʱʠʡ 

ʢʦʥʮʝʧʪ ʪʨʝʥʘʞʝʨʘ: ʟʘʜʘʯʘ ʵʪʦʛʦ ʪʨʝʥʘʞʝʨʘ ʪʨʝʥʠʨʦʚʘʪʴ ʤʳʰʮʳ ʩʧʠʥʳ, ʥʦʛ ʠ ʨʫʢ. ʇʨʦʪʦʪʠʧ 
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ʪʨʝʥʘʞʝʨʘ ʨʘʩʧʝʯʘʪʘʥ ʚ ʤʘʩʰʪʘʙʝ (ʧʨʠʤʝʨʥʦ) 1 ʢ 6. ɼʣʷ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʣʝʛʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʨʠʝʥʪʠʨʦʚʦʯʥʦ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʘʣʶʤʠʥʠʡ, 

ʧʣʘʩʪʠʢ, ʫʛʣʝʧʣʘʩʪʠʢ. ɹʣʦʢ, ʢʦʪʦʨʳʡ ʩʦʟʜʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʪʨʝʥʘʞʝʨʘ, 

ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʥʘʛʨʫʟʢʠ. ʊʨʝʥʘʞʝʨ ʙʫʜʝʪ ʢʨʝʧʠʪʴʩʷ 

ʥʦʞʢʘʤʠ ʢ ʩʪʘʥʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʙʦʣʪʦʚ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʦʞʢʠ 

ʪʨʝʥʘʞʝʨʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʩʦʝʜʠʥʝʥʳ, ʘ ʪʘʢʞʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʯʘʩʪʴ ʪʨʝʥʘʞʝʨʘ ʦʪ ʥʘʢʣʦʥʥʦʡ 

ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʩʠʣʦʚʦʡ ʙʣʦʢ. ʊʘʢʞʝ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ʩʝʥʩʦʨʥʦʛʦ ʵʢʨʘʥʘ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʤʦʛʘʪʴ ʚʳʙʠʨʘʪʴ ʧʨʦʛʨʘʤʤʫ ʪʨʝʥʠʨʦʚʢʠ. ʊʨʝʥʘʞʝʨ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 

ʩʧʝʮʠʘʣʴʥʦ ʧʨʠʛʦʪʦʚʣʝʥʥʫʶ ʧʣʦʱʘʜʢʫ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʩʣʘʙʦ ʟʘʢʨʝʧʣʝʥʘ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ 

ʚʠʙʨʦʠʟʦʣʷʪʦʨʘʤʠ, ʠ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʢʨʝʧʣʝʥʦ ʟʘ ʄʂʉ ʠ ʥʘʛʨʫʟʢʘ ʙʫʜʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʩʦʟʜʘʥʘ 3D ʤʦʜʝʣʴ ʪʨʝʥʘʞʝʨʘ, ʜʣʷ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʥʝʚʝʩʦʤʦʩʪʠ. ɺ ʙʫʜʫʱʝʤ, ʤʦʞʥʦ ʙʫʜʝʪ ʜʦʨʘʙʦʪʘʪʴ 3D ʤʦʜʝʣʴ: ʩʜʝʣʘʪʴ ʝʝ 

ʧʦʣʥʦʩʪʴʶ ʨʘʟʙʠʨʘʝʤʦʡ, ʧʦʜʚʠʞʥʦʡ, ʩʜʝʣʘʪʴ ʨʘʙʦʯʠʝ ʤʝʭʘʥʠʟʤʳ. 

ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʩʪʘʨʪʦʚʦʛʦ ʧʠʩʪʦʣʝʪʘ ʩ ʨʘʙʦʯʠʤ  

ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ 
ʃʠʩʦʚʩʢʠʡ ɺ.ʆ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 1883 çɹʫʪʦʚʦè, ʄʦʩʢʚʘ 

 
ʀʥʪʝʨʝʩ ʢ ʦʨʫʞʠʶ ʤʦʞʝʪ ʩʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʣʝʯʝʥʠʝʤ, ʥʦ ʠ ʧʨʦʬʝʩʩʠʝʡ. 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʦʨʫʞʠʷ ð ʵʪʦ ʦʛʨʦʤʥʘʷ ʯʘʩʪʴ ʠʥʞʝʥʝʨʥʦʡ ʥʘʫʢʠ, ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʢʣʘʜʘ ʫʤʘ, ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʥʠʤʘʥʠʷ, ʩʢʣʦʥʥʦʩʪʠ ʢ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʰʝʥʦ ʙʳʣʦ ʩʜʝʣʘʪʴ ʦʙʨʘʟʝʮ 

ʩʪʘʨʪʦʚʦʛʦ ʧʠʩʪʦʣʝʪʘ. ʇʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʜʝʡʩʪʚʫʶʱʝʛʦ 

ʩʪʘʨʪʦʚʦʛʦ ʧʠʩʪʦʣʝʪʘ, ʩʪʨʝʣʷʶʱʝʛʦ ʧʠʩʪʦʥʘʤʠ ʩ ʨʘʙʦʯʠʤ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʦʡ ʤʝʭʘʥʠʟʤʦʤ, 

ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʤʝʭʘʥʠʟʤʝ ʧʠʩʪʦʣʝʪʘ ʪʠʧʘ çDerringerè. 
ɸʢʪʫʘʣʴʥʦʩʪʴ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 3ʜ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʦʣʫʯʠʣʦ ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʚʦ 

ʚʩʝʭ ʦʙʣʘʩʪʷʭ ʞʠʟʥʠ - ʤʝʜʠʮʠʥʝ, ʢʦʩʤʦʩʝ, ʩʧʦʨʪʝ. ʋʚʣʝʯʝʥʠʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 3ʜ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʥʘʩʪʦʣʴʢʦ ʧʦʧʫʣʷʨʥʦ, ʯʪʦ ʧʨʠʥʪʝʨʳ ʧʦʷʚʠʣʠʩʴ ʜʘʞʝ ʚ ʰʢʦʣʘʭ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʫʚʣʝʢʘʶʱʠʡʩʷ ʫʯʝʥʠʢ ʤʦʞʝʪ ʧʨʦʷʚʠʪʴ ʩʝʙʷ, ʧʨʦʡʜʷ ʧʫʪʴ ʦʪ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʦ ʧʨʦʪʦʪʠʧʘ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʚʠʪʠʝ ʩʧʦʨʪʘ, ʫʚʣʝʯʝʥʠʝ ʟʜʦʨʦʚʳʤ 

ʦʙʨʘʟʦʤ ʞʠʟʥʠ ʩʪʘʣʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝʡ. ɺ ʰʢʦʣʘʭ ʚʝʩʴ ʩʧʦʨʪʠʚʥʳʡ ʠʥʚʝʥʪʘʨʴ ʝʩʪʴ ʚ 

ʥʘʣʠʯʠʠ, ʥʦ ʥʝ ʩʪʘʨʪʦʚʳʝ ʧʠʩʪʦʣʝʪʳ. 
ʎʝʣʴ: ʉʦʟʜʘʥʠʝ 3D ʤʦʜʝʣʠ çʉʪʘʨʪʦʚʳʡ ʧʠʩʪʦʣʝʪ ʩ ʨʘʙʦʯʠʤ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʤ 

ʤʝʭʘʥʠʟʤʦʤè. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
Å ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦʨʠʝʡ ʠ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʦʩʪʝʡʰʠʭ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ; 
Å ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʠʩʫʥʢʦʚ, ʨʘʟʨʘʙʦʪʘʪʴ ʯʝʨʪʝʞ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʤʘʢʝʪʘ. 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʬʦʨʤʫ ʠ ʜʠʟʘʡʥ ʠʟʜʝʣʠʷ. 
Å ʅʘʫʯʠʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʚʳʙʠʨʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ 

ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʠʤʝʥʷʪʴ ʥʫʞʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ. 
Å ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʚʦʠ ʫʤʝʥʠʷ ʠ ʥʘʚʳʢʠ ʚ ʨʘʙʦʪʝ ʩ ʧʨʦʛʨʘʤʤʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʧʦ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 3D ʧʝʯʘʪʠ. 
ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ: ʉʦʟʜʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 3D ʤʦʜʝʣʠ ʤʘʢʝʪʘ 

çʉʪʘʨʪʦʚʳʡ ʧʠʩʪʦʣʝʪ ʩ ʨʘʙʦʯʠʤ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤè ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

çFusion 360è, ʩ ʜʦʧʦʣʥʝʥʠʝʤ ʜʝʪʘʣʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ ʥʘ 3D ʧʨʠʥʪʝʨʝ. 
ʕʪʘʧʳ ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ 
ʀʩʩʣʝʜʦʚʘʥʠʝ: 
Å ʀʟʫʯʝʥʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʠʩʪʦʨʠʠ ʠ ʩʪʨʦʝʥʠʷ 

ʩʪʘʨʪʦʚʳʭ ʧʠʩʪʦʣʝʪʦʚ 
Å ʆʟʥʘʢʦʤʣʝʥʠʝ ʩ ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʋʉʄ) 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ: 
Å ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʜʝʪʘʣʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ 



26 

 

Å ʇʦʠʩʢ ʠ ʫʩʪʨʘʥʝʥʠʝ ʥʝʪʦʯʥʦʩʪʝʡ ʥʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 
ʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ: 
Å ʇʝʯʘʪʴ ʜʝʪʘʣʝʡ 
Å ʉʙʦʨʢʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ 
ʀʩʩʣʝʜʦʚʘʥʠʝ 
ʉʪʘʨʪʦʚʳʡ ʧʠʩʪʦʣʝʪ ð ʩʧʦʨʪʠʚʥʳʡ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣʴʥʳʡ ʧʠʩʪʦʣʝʪ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ 

ʜʣʷ ʧʨʦʠʟʚʝʜʝʥʠʷ ʰʫʤʦʚʦʛʦ ʭʦʣʦʩʪʦʛʦ ʚʳʩʪʨʝʣʘ, ʦʟʥʘʯʘʶʱʝʛʦ ʩʪʘʨʪ ʩʧʦʨʪʠʚʥʳʭ ʠʣʠ ʜʨʫʛʠʭ 

ʩʦʩʪʷʟʘʥʠʡ, ʛʜʝ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʘʚʠʣʘʤʠ. ʉʪʘʨʪʦʚʳʝ ʧʠʩʪʦʣʝʪʳ ʩʥʘʨʷʞʘʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʘʪʨʦʥʘʤʠ ʩ ʢʘʧʩʶʣʷʤʠ ʜʣʷ ʰʫʤʦʚʦʛʦ ʵʬʬʝʢʪʘ. 
ʀʟʫʯʘʷ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʩʪʘʨʪʦʚʦʛʦ ʧʠʩʪʦʣʝʪʘ. ʉʦʚʨʝʤʝʥʥʦʝ ʦʨʫʞʠʝ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʚ ʫʩʪʨʦʡʩʪʚʝ, 

ʧʦʵʪʦʤʫ ʷ ʦʙʨʘʪʠʣʩʷ ʢ ʦʙʨʘʟʮʘʤ ʦʨʫʞʠʷ ʠʟ 19 ʚʝʢʘ. ʕʪʦ ʢʣʘʩʩ ʧʠʩʪʦʣʝʪʦʚ ʜʣʷ ʩʘʤʦʦʙʦʨʦʥʳ, 

ʦʥ ʙʳʣ ʪʘʢ ʥʘʟʚʘʥ ʧʦ ʠʤʝʥʠ ʦʨʫʞʝʡʥʠʢʘ ɻʝʥʨʠ ɼʝʨʠʥʜʞʝʨʘ. ʄʦʡ ʚʳʙʦʨ ʫʧʘʣ ʥʘ 

ʦʜʥʦʟʘʨʷʜʥʳʭ ʧʠʩʪʦʣʝʪʘʭ ʵʪʦʛʦ ʪʠʧʘ. ɺ ʦʪʢʨʳʪʳʭ ʠʩʪʦʯʥʠʢʘʭ ʙʳʣʘ ʥʘʡʜʝʥ ʯʝʨʪʝʞ ʩ 

ʫʩʪʨʦʡʩʪʚʦʤ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ. ʕʪʦʪ ʧʠʩʪʦʣʝʪ ʠʤʝʣ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʝʭʘʥʠʟʤ 

ʟʘʧʦʨʘ ʩʪʚʦʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʦʩʢʠʭ ʧʨʫʞʠʥ, ʢʦʪʦʨʳʭ ʫ ʤʝʥʷ ʥʝ ʙʳʣʦ ʚ ʥʘʣʠʯʠʠ. ɹʳʣʦ 

ʨʝʰʝʥʦ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʤʝʭʘʥʠʟʤ ʧʦʜ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʧʨʫʞʠʥʳ. 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ. 
ɿʘ ʦʩʥʦʚʫ ʧʨʦʝʢʪʘ ʙʳʣ ʚʟʷʪʳ ʦʜʥʦʟʘʨʷʜʥʳʝ ɼʝʨʨʠʥʜʞʝʨʳ ɹʘʣʣʘʨʜʘ. ʅʘʡʜʝʥʥʳʝ ʯʝʨʪʝʞʠ 

ʧʦʤʦʛʣʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʠʥʮʠʧʝ ʨʘʙʦʪʳ ʧʠʩʪʦʣʝʪʘ, ʥʦ ʧʨʠʰʣʦʩʴ ʧʝʨʝʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ 

ʧʦʜ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʫʞʠʥ ʚʤʝʩʪʦ ʧʣʦʩʢʠʭ, ʢʦʪʦʨʳʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʚ ʦʨʫʞʠʠ. 
ʇʨʦʪʦʪʠʧʠʨʦʚʘʥʠʝ. 
ɺ ʭʦʜʝ 3D ʧʝʯʘʪʠ ʜʝʪʘʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʠʭ ʧʦʜʛʦʥʢʘ ʠ ʠʩʧʳʪʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ. ʇʦ 

ʤʝʨʝ ʚʳʷʚʣʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ, ʚʥʦʩʠʣʠʩʴ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʚ ʧʘʨʘʤʝʪʨʳ ʧʝʯʘʪʠ ʠ ʠʟʤʝʥʝʥʠʷ ʚ 

ʢʦʥʩʪʨʫʢʮʠʶ ʠʟʜʝʣʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʳʡ ʦʙʨʘʟʝʮ. 
ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʜʝʡʩʪʚʫʶʱʠʡ ʤʘʢʝʪ 

ʠʟʜʝʣʠʷ - ʩʪʘʨʪʦʚʳʡ ʧʠʩʪʦʣʝʪ ʩ ʫʜʘʨʥʦ-ʩʧʫʩʢʦʚʳʤ ʤʝʭʘʥʠʟʤʦʤ. ʀʟʜʝʣʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʢʫʣʴʪʫʨʳ, ʩʧʦʨʪʠʚʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ, ʧʨʠ ʩʜʘʯʝ ʥʦʨʤʘʪʠʚʦʚ 

ɻʊʆ. ɿʚʫʢ ʩʪʘʨʪʦʚʦʛʦ ʧʠʩʪʦʣʝʪʘ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʢʠʡ, ʝʛʦ ʙʫʜʝʪ ʩʣʳʰʥʦ ʚ ʙʘʩʩʝʡʥʝ, ʚ 

ʩʧʦʨʪʠʚʥʦʤ ʟʘʣʝ ʠʣʠ ʥʘ ʫʣʠʮʝ.  ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʝʢʪ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʚʠʪʠʝ - 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʦʚ ʦʨʫʞʠʷ ʨʘʟʥʳʭ ʵʧʦʭ ʧʦʧʦʣʥʠʪ ʵʢʩʧʦʟʠʮʠʠ ʰʢʦʣʴʥʦʛʦ ʤʫʟʝʷ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʫʨʦʢʘʭ ʚʩʝʦʙʱʝʡ ʠʩʪʦʨʠʠ (ʦʨʫʞʠʝ ʨʘʟʥʳʭ ʵʧʦʭ); ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʘ ʫʨʦʢʘʭ 

(ʆɹɾ ʚʦʟʤʦʞʥʦ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʧʠʩʪʦʣʝʪʘ). 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ 
ʃʦʩʝʚ ʗ.ɺ., ʇʫʰʠʣʠʥʘ ɸ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɿʦʤʤʝʨ ʉ.ɸ. 
ʄɹʆʋ ɻʠʤʥʘʟʠʷ ˉ 91, ɾʝʣʝʟʥʦʛʦʨʩʢ 

 
ʉ ʢʘʞʜʳʤ ʜʥʝʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʦʧʘʩʥʳʤ. ʇʦʚʳʰʘʝʪʩʷ ʨʠʩʢ ʧʦʣʫʯʝʥʠʷ ʪʨʘʚʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʠʣʠ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ɺ ʩʣʝʜʩʪʚʠʠ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʠʩʪʝʤʳ, 

ʩʧʦʩʦʙʥʦʡ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʯʠ ʨʘʙʦʯʝʛʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʠʩʢʦʤ ʜʣʷ ʞʠʟʥʠ. ʆʜʥʘʢʦ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʦʩʪʘʶʪʩʷ ʤʘʣʦ ʵʬʬʝʢʪʠʚʥʳ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʩʣʦʞʥʦʩʪʠ ʚ ʫʧʨʘʚʣʝʥʠʠ ʩʦ ʩʪʦʨʦʥʳ ʤʘʥʠʧʫʣʠʨʫʶʱʠʭ ʠʤʠ 

ʩʦʪʨʫʜʥʠʢʦʚ. 
ʅʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ ʠʟʫʯʝʥʠʶ ʘʥʘʣʦʛʦʚ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʈʦʙʦʪʳ-ʤʘʥʠʧʫʣʷʪʦʨʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʠ ʪʠʧʦʤ ʢʦʥʩʪʨʫʢʮʠʠ: 
1. ɸʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: 
1.1. ɺ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʨʦʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʘʚʪʦʤʦʙʠʣʷ ʪʘʢʠʝ ʢʘʢ: ʙʘʪʘʨʝʠ, ʜʚʠʛʘʪʝʣʴ, ʚʥʫʪʨʝʥʥʦʩʪʠ ʩʘʣʦʥʘ, ʢʘʙʝʣʠ. ʇʨʠʤʝʨ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ï ʟʘʚʦʜ ñTeslaò. 
2. ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ: 
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2.1. ʈʦʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʙʦʨʢʠ ʞʝʩʪʢʠʭ ʜʠʩʢʦʚ ʢʦʤʧʴʶʪʝʨʦʚ, ʩ ʧʦʤʦʱʴʶ 

ʩʤʝʥʥʦʛʦ ʟʘʭʚʘʪʘ. ʈʦʙʦʪ Yaskawa Motoman MH12. 
3. ʍʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: 
3.1. ʂʦʤʧʘʥʠʷ Kawasaki Heavy Industries ʨʘʟʨʘʙʦʪʘʣʘ ʧʝʨʚʦʛʦ ʚ ʤʠʨʝ ʨʦʙʦʪʘ ʠʟ 

ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʩ ʩʝʤʴʶ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. ʆʥ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʣʘʩʪʠ 

ʦʙʥʘʨʫʞʝʥʠʷ ʥʘʨʢʦʪʠʢʦʚ ʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
4. ʄʝʜʠʮʠʥʘ ʠ ʬʘʨʤʘʮʝʚʪʠʢʘ: 
4.1. KUKA  LBR Med - ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʠʥʥʦʚʘʮʠʷ ʜʣʷ ʤʝʜʠʮʠʥʳ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʤ ʣʝʛʢʦʤ ʨʦʙʦʪʝ LBR iiwa. ɼʘʥʥʳʡ ʨʦʙʦʪ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʠ 

ʨʘʙʦʪʝ ʩ ʧʘʮʠʝʥʪʘʤʠ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʦʙʦʪʦʚ-ʤʘʥʠʧʫʣʷʪʦʨʦʚ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ, ʚʳʷʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʙʣʘʜʘʶʪ ʦʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ï 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʜʘʥʥʳʤʠ ʨʦʙʦʪʘʤʠ ï 

ʤʘʥʠʧʫʣʷʪʦʨʘʤʠ ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʫʣʴʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ ʚʚʦʜʘ, ʯʪʦ ʪʘʢʞʝ 

ʪʨʝʙʫʝʪ ʦʙʫʯʝʥʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘ ʚʳʩʦʢʫʶ ʢʚʘʣʠʬʠʢʘʮʠʶ ʜʣʷ ʨʘʙʦʪʳ. ʏʪʦʙʳ ʨʝʰʠʪʴ 

ʜʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ, ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʪʠʧ ʩʦʙʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ. 
ʂʦʥʮʝʧʮʠʝʡ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʫʧʨʘʚʣʝʥʠʝ ʨʦʙʦʪʦʤ-ʤʘʥʠʧʫʣʷʪʦʨʦʤ ʧʨʠ 

ʧʦʤʦʱʠ ʨʫʢ ʯʝʣʦʚʝʢʘ, ʞʝʩʪʳ ʠ ʜʚʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʩʧʦʟʥʘʶʪʩʷ ʤʘʰʠʥʥʳʤ ʟʨʝʥʠʝʤ, 

ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʫʧʨʘʚʣʷʶʱʠʝ ʢʦʤʘʥʜʳ ʜʣʷ ʜʚʠʞʝʥʠʷ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʉ 

ʮʝʣʴʶ ʦʮʝʥʢʠ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʤʘʥʠʧʫʣʷʪʦʨ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʬʦʨʤʝ 

ʯʝʣʦʚʝʯʝʩʢʦʡ ʢʠʩʪʠ ʩ ʧʷʪʴʶ ʧʦʜʚʠʞʥʳʤʠ ʧʘʣʴʮʘʤʠ. 
ʇʨʦʪʦʪʠʧ ʢʠʩʪʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʠʟ ʥʘʧʝʯʘʪʘʥʥʳʭ ʥʘ 3d ʧʨʠʥʪʝʨʝ ʜʝʪʘʣʝʡ. ɺ ʢʘʯʝʩʪʚʝ 

ʜʚʠʞʫʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʝʨʚʦʧʨʠʚʦʜʳ, ʫʧʨʘʚʣʷʝʤʳʝ ʢʦʥʪʨʦʣʣʝʨʦʤ. ɼʣʷ 

ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʣʝʨʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ C++. ɼʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʞʝʩʪʦʚ 

ʧʦʣʴʟʦʚʘʪʝʣʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ Python. ɸʣʛʦʨʠʪʤ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʦʪʨʝʙʦʚʘʣ ʥʘʣʠʯʠʷ ʦʪʜʝʣʴʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ. ɼʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʠʩʧʦʣʴʟʫʝʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʚ ʢʘʜʨʝ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʪʧʨʘʚʣʷʝʪ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʫʧʨʘʚʣʷʶʱʫʶ ʧʣʘʪʫ, ʚ ʢʦʪʦʨʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴʩʷ 

ʨʘʙʦʪʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ. ɸʣʛʦʨʠʪʤ ʫʧʨʘʚʣʝʥʠʷ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ 

ʚʳʧʦʣʥʷʝʪ ʟʘʣʦʞʝʥʥʳʝ ʬʫʥʢʮʠʠ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ ʘʣʛʦʨʠʪʤʘ, 

ʟʘʪʝʤ ʧʝʨʝʜʘʝʪ ʢʦʤʘʥʜʳ ʩʝʨʚʦʧʨʠʚʦʜʘʤ, ʢʦʪʦʨʳʝ ʚʳʩʪʘʚʣʷʶʪ ʧʦʣʦʞʝʥʠʝ ʢʦʥʝʯʥʦʩʪʝʡ ʨʫʢʠ, 
ʩʦʛʣʘʩʥʦ ʧʦʢʘʟʘʥʥʦʤʫ ʞʝʩʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʪʦʪʠʧ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʩʦʙʨʘʥ ʠ ʛʦʪʦʚ ʢ ʨʘʙʦʪʝ. ʈʘʟʨʘʙʦʪʘʥʥʘʷ 

ʤʦʜʝʣʴ ʧʨʦʰʣʘ ʨʷʜ ʦʙʷʟʘʪʝʣʴʥʳʭ ʪʝʩʪʦʚ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʞʝʩʪʦʚ, ʧʦʢʘʟʳʚʘʝʤʳʭ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ. 
ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʨʦʙʦʪ-ʤʘʥʠʧʫʣʷʪʦʨ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪ ʦʞʠʜʘʝʤʳʝ ʬʫʥʢʮʠʠ. ɺ 

ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʢʦʥʝʯʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʶ ʨʝʛʫʣʠʨʦʚʢʠ ʧʨʠʢʣʘʜʳʚʘʝʤʳʭ ʫʩʠʣʠʡ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ɺʝʣʠʢʦʙʦʨʝʮ, ɻ. ʉ. ʉʦʟʜʘʥʠʝ ʘʥʪʨʦʧʦʤʦʨʬʥʦʛʦ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʪʝʟʘ ʨʫʢʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʧʨʘʚʣʝʥʠʷ ʠʤ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʤʦʟʛ-ʨʫʢʘ / ɻ. ʉ. 

ɺʝʣʠʢʦʙʦʨʝʮ, ɺ. ɸ. ʖʨʦʚʘ // ʅʝʜʝʣʷ ʥʘʫʢʠ - 2020 : ʤʘʪʝʨʠʘʣʳ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ 

ʤʦʣʦʜʸʞʥʦʛʦ ʬʦʨʫʤʘ, ʉʪʘʚʨʦʧʦʣʴ, 23ï27 ʥʦʷʙʨʷ 2020 ʛʦʜʘ. ï ʉʪʘʚʨʦʧʦʣʴ: ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2020. ï ʉ. 585-587. 
2. ʋʣɹʷʥʮʝʚʘ, ʂ. ɸ. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʘʷ ʨʫʢʘ ʃʶʢʘ ʩ ʙʠʦʤʠʤʠʪʠʯʝʩʢʦʡ ʦʙʨʘʪʥʦʡ 

ʩʚʷʟʴʶ / ʂ. ɸ. ʋʣʴʷʥʮʝʚʘ, ɸ. ɼ. ʉʦʪʥʠʢʦʚʘ // ʅʘʫʢʘ ʤʦʣʦʜʳʭ - ʙʫʜʫʱʝʝ ʈʦʩʩʠʠ : ʉʙʦʨʥʠʢ 

ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ 4-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʨʘʙʦʪʦʢ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ɺ 8-ʤʠ ʪʦʤʘʭ, ʂʫʨʩʢ, 10ï11 ʜʝʢʘʙʨʷ 2019 ʛʦʜʘ / ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ 

ɸ.ɸ. ɻʦʨʦʭʦʚ. ï ʂʫʨʩʢ: ʖʛʦ-ɿʘʧʘʜʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 2019. ï ʉ. 453-455. 
3. ɺʦʨʦʥʢʦʚʘ, ʄ. ɸ. ʈʘʟʨʘʙʦʪʢʘ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʦʡ ʨʫʢʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʤʦʱʠ 

ʣʶʜʷʤ ʩ ʫʪʨʘʪʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʥʝʯʥʦʩʪʝʡ / ʄ. ɸ. ɺʦʨʦʥʢʦʚʘ, ɾ. ʊ. ʂʫʩʘʠʤʦʚʘ // ɺʝʩʪʥʠʢ 

ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ. ï 2019. ï ˉ 11-2(51). ï ʉ. 28-30. 
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ʉʦʟʜʘʥʠʝ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ 
ʃʶʙʯʝʥʢʦ ʂ.ɼ., ɹʘʪʦʚ ɼ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʝʨʢʫʣʦʚʘ ɽ.ʆ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1797, ʄʦʩʢʚʘ 

 
ɿʘʜʘʯʘʤʠ ʧʨʦʝʢʪʘ ʙʳʣʠ 
Å ʀʟʫʯʠʪʴ ʪʝʤʫ ʧʨʝʜʤʝʪʘ, ʚʳʷʚʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ; 
Å ʀʩʩʣʝʜʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʧʨʝʜʤʝʪʘ, ʨʘʩʩʤʦʪʨʝʪʴ ʘʥʘʣʦʛʠ; 
Å ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʨʦʪʦʪʠʧʘ ʚ ʥʘʪʫʨʘʣʴʥʦʤ ʚʠʜʝ; 
Å ʅʘ ʦʩʥʦʚʝ ʩʦʙʨʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʝʢʪʥʦʝ ʟʘʜʘʥʠʝ, ʦʧʨʝʜʝʣʠʪʴ ʵʪʘʧʳ, 

ʥʘʟʥʘʯʠʪʴ ʧʨʦʝʢʪʥʳʝ ʛʨʫʧʧʳ 
ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʥʳʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 3d ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʤʝʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘ ʫʨʦʢʘʭ 
ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʠʡ ʤʦʜʫʣʴ çʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦ 

ʦʨʙʠʪʘʣʷʤè ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʝʦʨʠʶ, ʪʦ ʵʣʝʢʪʨʦʥ ʜʚʠʞʝʪʩʷ ʚ ʘʪʦʤʝ ʚʦʢʨʫʛ ʷʜʨʘ ʥʝ ʧʦ 

ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʣʠʥʠʠ-ʦʨʙʠʪʝ, ʘ ʟʘʥʠʤʘʝʪ ʥʝʢʦʪʦʨʫʶ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʥ ʚ ʘʪʦʤʝ ʚʦʜʦʨʦʜʘ ʤʦʞʝʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʦʢʘʟʘʪʴʩʷ ʣʠʙʦ ʚʝʩʴʤʘ 

ʙʣʠʟʢʦ ʢ ʷʜʨʫ, ʣʠʙʦ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʘʷ ʦʙʣʘʩʪʴ, 

ʛʜʝ ʝʛʦ ʧʦʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ. ɻʨʘʬʠʯʝʩʢʠ ʦʨʙʠʪʘʣʴ ʠʟʦʙʨʘʞʘʶʪ ʚ ʚʠʜʝ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʦʯʝʨʯʠʚʘʶʱʝʡ ʦʙʣʘʩʪʴ, ʛʜʝ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʵʣʝʢʪʨʦʥʘ ʥʘʠʙʦʣʴʰʘʷ, ʠʥʘʯʝ ʛʦʚʦʨʷ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʤʦʤʝʥʪʫ ʦʧʠʩʘʥʦ ʧʷʪʴ ʪʠʧʦʚ ʦʨʙʠʪʘʣʝʡ: 

s, p, d, f ʠ g. ʅʘʟʚʘʥʠʷ ʧʝʨʚʳʭ ʪʨʝʭ ʩʣʦʞʠʣʠʩʴ ʠʩʪʦʨʠʯʝʩʢʠ, ʜʘʣʝʝ ʙʳʣ ʚʳʙʨʘʥ ʘʣʬʘʚʠʪʥʳʡ 

ʧʨʠʥʮʠʧ. ʌʦʨʤʳ ʦʨʙʠʪʘʣʝʡ ʚʳʯʠʩʣʝʥʳ ʤʝʪʦʜʘʤʠ ʢʚʘʥʪʦʚʦʡ ʭʠʤʠʠ. ʆʨʙʠʪʘʣʠ ʩʫʱʝʩʪʚʫʶʪ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʠʭ ʵʣʝʢʪʨʦʥ (ʟʘʥʷʪʳʝ ʦʨʙʠʪʘʣʠ), ʠʣʠ ʦʪʩʫʪʩʪʚʫʝʪ 

(ʚʘʢʘʥʪʥʳʝ ʦʨʙʠʪʘʣʠ). ɸʪʦʤ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʘʯʠʥʘʷ ʩ ʚʦʜʦʨʦʜʘ ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʩʣʝʜʥʠʤ 

ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʩʝʛʦʜʥʷ ʵʣʝʤʝʥʪʦʤ, ʠʤʝʝʪ ʧʦʣʥʳʡ ʥʘʙʦʨ ʚʩʝʭ ʦʨʙʠʪʘʣʝʡ ʥʘ ʚʩʝʭ 

ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʷʭ. ʀʭ ʟʘʧʦʣʥʝʥʠʝ ʵʣʝʢʪʨʦʥʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ, ʪʦ ʝʩʪʴ, ʟʘʨʷʜʘ ʷʜʨʘ. ʅʘ ʧʝʨʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʫʨʦʚʥʝ ʢʘʞʜʦʛʦ ʘʪʦʤʘ 

ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ ʦʜʥʘ s-ʦʨʙʠʪʘʣʴ. ʅʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʫʨʦʚʥʷ ʧʦʤʠʤʦ s-

ʦʨʙʠʪʘʣʠ ʧʦʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʪʨʠ ʨ-ʦʨʙʠʪʘʣʠ. ʆʥʠ ʠʤʝʶʪ ʬʦʨʤʫ ʦʙʲʝʤʥʳʭ ʚʦʩʴʤʝʨʦʢ, ʠʤʝʥʥʦ 

ʪʘʢ ʚʳʛʣʷʜʠʪ ʦʙʣʘʩʪʴ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʨ-ʵʣʝʢʪʨʦʥʘ ʚ ʨʘʡʦʥʝ ʘʪʦʤʥʦʛʦ 

ʷʜʨʘ. ʂʘʞʜʘʷ ʨ-ʦʨʙʠʪʘʣʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚʜʦʣʴ ʦʜʥʦʡ ʠʟ ʪʨʝʭ ʚʟʘʠʤʦʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʦʩʝʡ, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʚ ʥʘʟʚʘʥʠʠ ʨ-ʦʨʙʠʪʘʣʠ ʫʢʘʟʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʠʥʜʝʢʩʘ ʪʫ ʦʩʴ, ʚʜʦʣʴ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʝʝ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ. ʅʘ 

ʫʨʦʢʘʭ ʭʠʤʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʦʚ ʧʦʢʘʟʳʚʘʣʦʩʴ ʩʭʝʤʘʪʠʯʝʩʢʠ ʥʘ ʜʦʩʢʝ, ʥʦ ʥʘʰʘ 

ʨʘʟʨʘʙʦʪʢʘ ʙʳʣʘ ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʧʦʩʣʝ ʦʙʩʫʞʜʝʥʠʷ ʩ ʫʯʠʪʝʣʝʤ ʭʠʤʠʠ. ʀ ʤʳ ʫʚʝʨʝʥʳ, ʯʪʦ 

ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦʡ. 
ʀʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ ʛʦʪʦʚʳʤʠ ʧʨʦʪʦʪʠʧʘʤʠ ʜʣʷ ʟʘʧʫʩʢʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʆʧʳʪ ʧʨʦʝʢʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚʦ ʚʩʝʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ʉʢʣʘʜʩʢʦʡ ʧʦʛʨʫʟʯʠʢ 
ʄʘʤʘʝʚ ʀ.ɸ., ʌʨʝʥʢʝʣʴ ɺ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʛʦʨʦʚʘ ʅ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1900, ʄʦʩʢʚʘ 

 
ɺ ʥʘʰʠ ʜʥʠ ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚ ʨʘʙʦʪʝ ʩʢʣʘʜʦʚ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʚʘʨʦʚ ʚ 

ʧʨʝʜʝʣʘʭ ʩʢʣʘʜʩʢʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢʞʝ ʣʦʛʠʩʪʠʢʘ. ʏʘʩʪʦ ʜʣʷ ʵʪʦʡ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ 

ʫʩʠʣʠʡ ʠ ʚʨʝʤʝʥʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʱʝʥʠʷ ʛʨʫʟʘ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʝ ʩʠʪʫʘʮʠʠ, ʫʛʨʦʞʘʶʱʠʝ ʩʦʭʨʘʥʥʦʩʪʠ ʛʨʫʟʘ ʠʣʠ ʜʘʞʝ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʊʘʢʞʝ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʩʚʦʙʦʜʥʳʝ ʤʝʩʪʘ ʥʘ ʧʦʣʢʘʭ ʩʢʣʘʜʦʚ. ʎʝʣʴ 

ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ - ʨʦʙʦʪʠʟʘʮʠʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʪʦʚʘʨʦʚ, ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʨʘʙʦʪʳ ʩʢʣʘʜʦʚ. 
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ɹʳʣ ʩʦʟʜʘʥ ʤʘʢʝʪ ʧʨʦʝʢʪʘ, ʠʤʠʪʠʨʫʶʱʠʡ ʨʘʙʦʪʫ ʤʦʙʠʣʴʥʦʛʦ ʨʦʙʦʪʘ-ʧʦʛʨʫʟʯʠʢʘ. ʄʘʢʝʪ 

ʩʦʩʪʦʠʪ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʢʦʥʪʨʦʣʣʝʨ AtMega 328, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʟʘ ʨʘʙʦʪʫ 

ʚʩʝʡ ʩʠʩʪʝʤʳ, ʣʘʟʝʨʥʳʝ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ 

ʜʦ ʦʙʲʝʢʪʘ ʠʣʠ ʧʨʝʧʷʪʩʪʚʠʷ, ʜʘʪʯʠʢʘ ʣʠʥʠʠ, ʧʦʤʦʛʘʶʱʠʡ ʙʦʪʫ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʤʝʞʜʫ 

ʧʦʣʢʘʤʠ ʩʢʣʘʜʘ, ʜʘʪʯʠʢ ʮʚʝʪʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʦʙʲʝʢʪ ʥʘ ʧʦʣʢʝ 

ʩʢʣʘʜʘ, ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʫʜʝʨʞʠʚʘʪʴ ʛʨʫʟ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʧʝʨʝʪʘʩʢʠʚʘʪʴ ʛʨʫʟʘ. 
ʉʢʣʘʜʩʢʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʧʦʛʨʫʟʯʠʢ ʜʦʣʞʝʥ ʚʳʧʦʣʥʷʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ɼʚʠʛʘʪʴʩʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʦʧʝʨʘʪʦʨʦʤ ʤʘʨʰʨʫʪʫ 
ʈʘʩʧʦʟʥʘʚʘʪʴ ʦʙʲʝʢʪ ʥʘ ʧʦʣʢʝ ʩʢʣʘʜʘ 
ʇʝʨʝʤʝʱʘʪʴ ʟʘʜʘʥʥʳʡ ʦʙʲʝʢʪ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʘʢʝʪʘ ʧʦʛʨʫʟʯʠʢʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʢʦʣʝʩʥʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ, ʚ ʚʠʜʫ ʪʦʛʦ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʩʢʣʘʜʘ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʝʦʜʦʣʝʚʘʪʴ ʥʝʨʦʚʥʦʩʪʠ ʜʦʨʦʛʠ, ʥʦ ʝʩʪʴ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʜʝʣʘʪʴ ʨʦʙʦʪʘ ʤʠʥʠʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʪʦʙʳ ʥʝ ʟʘʥʠʤʘʪʴ ʧʦʣʝʟʥʫʶ 

ʧʣʦʱʘʜʴ ʩʢʣʘʜʘ. ʃʘʟʝʨʥʳʝ ʜʘʪʯʠʢʠ ʨʘʩʩʪʦʷʥʠʷ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦ ʪʨʝʤ ʩʪʦʨʦʥʘʤ 

ʧʦʛʨʫʟʯʠʢʘ, ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʜʝʪʝʢʪʠʨʦʚʘʪʴ ʚʦʟʥʠʢʘʶʱʠʝ ʥʘ ʧʫʪʠ ʧʨʝʧʷʪʩʪʚʠʷ ʠ 

ʫʜʘʣʝʥʠʝ ʦʪ ʦʙʲʝʢʪʦʚ ʥʘ ʧʦʣʢʘʭ. ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚ ʙʳʣʦ ʨʝʰʝʥʦ 

ʤʘʨʢʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʛʨʫʟʳ ʮʚʝʪʦʚʳʤʠ ʤʝʪʢʘʤʠ, ʢʦʪʦʨʳʝ ʩʯʠʪʳʚʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʜʘʪʯʠʢʘ ʮʚʝʪʘ. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʥʝʦʙʭʦʜʠʤʦʛʦ ʛʨʫʟʘ, ʦʥ ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʩʪʘʚʢʠ ʚ ʫʧʘʢʦʚʢʝ ʮʝʣʝʚʦʛʦ ʛʨʫʟʘ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʛʨʫʟʯʠʢ 

ʧʝʨʝʤʝʱʘʝʪ ʦʙʲʝʢʪ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ. 
ʉʮʝʥʘʨʠʡ ʨʘʙʦʪʳ ʨʦʙʦʪʘ-ʧʦʛʨʫʟʯʠʢʘ ʪʘʢʦʚ: ʦʧʝʨʘʪʦʨ ʟʘʧʦʣʥʷʝʪ ʟʘʜʘʥʠʝ ʜʣʷ ʧʦʛʨʫʟʯʠʢʘ: 

ʟʘʜʘʝʪ ʪʠʧ (ʮʚʝʪ) ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʘʪʴ, ʜʘʣʝʝ ʫʢʘʟʳʚʘʝʪ ʢʫʜʘ ʦʙʲʝʢʪ 

ʥʝʦʙʭʦʜʠʤʦ ʜʦʩʪʘʚʠʪʴ, ʧʦʩʣʝ ʯʝʛʦ ʧʦʛʨʫʟʯʠʢ ʧʝʨʝʭʦʜʠʪ ʢ ʚʳʧʦʣʥʝʥʠʶ ʟʘʜʘʥʠʷ. ɼʚʠʛʘʷʩʴ ʧʦ 

ʨʘʟʤʝʪʢʝ ʤʝʞʜʫ ʧʦʣʢʘʤʠ ʩʢʣʘʜʘ, ʪʘʢʞʝ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʜʘʥʥʳʝ ʩ ʣʘʟʝʨʥʳʭ ʜʘʪʯʠʢʦʚ 

ʨʘʩʩʪʦʷʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʭʦʞʜʝʥʠʷ ʩ ʤʘʨʰʨʫʪʘ ʠ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʧʝʨʝʜ 

ʙʦʪʦʤ. ɼʦʩʪʠʛʥʫʚ ʟʘʜʘʥʥʦʡ ʪʦʯʢʠ ʧʦʛʨʫʟʯʠʢ ʟʘʭʚʘʪʳʚʘʝʪ ʦʙʲʝʢʪ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʨʠʚ ʪʦʪ, ʣʠ ʦʙʲʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʮʚʝʪʘ. ʇʦʩʣʝ 

ʟʘʭʚʘʪʘ ʦʙʲʝʢʪʘ, ʨʦʙʦʪ ʧʝʨʝʤʝʱʘʝʪ ʛʨʫʟ ʚ ʟʘʜʘʥʥʫʶ ʪʦʯʢʫ, ʧʦʩʣʝ ʧʝʨʝʭʦʜʠʪ ʚ ʨʝʞʠʤ 

ʦʞʠʜʘʥʠʷ ʥʦʚʦʛʦ ʟʘʜʘʥʠʷ. 
ʇʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʣʦʛʠʩʪʠʢʠ ʥʘ ʩʢʣʘʜʘʭ ʧʦʟʚʦʣʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʜʦʩʪʘʚʣʷʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʪʦʚʘʨʳ ʚ ʥʫʞʥʫʶ ʪʦʯʢʫ ʚʳʜʘʯʠ ʠ ʩʪʨʦʠʪʴ ʤʘʨʰʨʫʪʳ ʜʣʷ ʧʦʛʨʫʟʯʠʢʘ, ʯʪʦ 
ʧʦʟʚʦʣʠʪ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʦʰʠʙʦʢ ʧʨʠ ʜʦʩʪʘʚʢʝ, ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʩʢʣʘʜʦʚ 

ʠ ʦʙʝʟʦʧʘʩʠʪʴ ʪʨʫʜ ʣʶʜʝʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʦʨʪʘʪʠʚʥʦʡ ʈʃʉ ʩ ʘʚʪʦʥʦʤʥʳʤ ʧʠʪʘʥʠʝʤ 
ʄʘʩʶʪʦ ʄ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʦʨʦʥʮʦʚ ʊ.ʇ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1286, ʄʦʩʢʚʘ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʝ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʧʨʦʪʠʚʥʠʢʘ. ʕʪʦʪ ʩʧʦʩʦʙ 

ʧʨʦʚʝʨʝʥ ʠ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥ, ʦʜʥʘʢʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʧʦʩʪʨʦʝʥʠʝ ʈʃʉ ʦʙʭʦʜʠʪʩʷ 

ʜʦʚʦʣʴʥʦ ʜʦʨʦʛʦ. ʉʫʱʝʩʪʚʫʶʪ ʪʘʢ ʞʝ ʤʦʙʠʣʴʥʳʝ ʈʃʉ, ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʪʦʞʝ ʚʝʣʠʢʘ. 

ɺʦʟʤʦʞʥʳʤ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʦʙʠʣʴʥʦʡ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʦʡ 

ʩʪʘʥʮʠʠ ʩ ʙʦʣʴʰʠʤ ʨʘʜʠʫʩʦʤ ʜʝʡʩʪʚʠʷ ʠ ʘʚʪʦʥʦʤʥʳʤ ʧʠʪʘʥʠʝʤ. 
ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʩʦʟʜʘʸʪʩʷ ʪʨʸʭʢʦʦʨʜʠʥʘʪʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʈʃʉ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʢʦʪʦʨʦʡ 

ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʦ. ɺ ʩʪʘʮʠʦʥʘʨʥʦʤ ʧʦʣʦʞʝʥʠʠ ʘʥʪʝʥʥʘʷ ʨʝʰʸʪʢʘ 

ʧʨʠʢʨʝʧʣʷʝʪʩʷ ʥʘ ʦʧʦʨʝ ʢ ʟʝʤʣʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʨʝʧʣʝʥʠʷ. ɺ ʤʦʙʠʣʴʥʦʤ 

ʧʦʣʦʞʝʥʠʠ ʘʥʪʝʥʥʘʷ ʨʝʰʸʪʢʘ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʧʝʨʝʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʙʫʜʫʪ ʧʨʠʤʝʥʝʥʳ ʩʠʩʪʝʤʳ ʦʪʪʷʞʝʢ. ʈʃʉ ʙʫʜʝʪ ʦʩʥʘʱʝʥʘ ʙʣʦʢʘʤʠ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʨʘʙʦʪʫ ʩʪʘʥʮʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʘ ʢʦʥʪʨʦʣʴ ʧʠʪʘʥʠʷ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʸʥ ʥʘ arduino. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ 

ʤʦʙʠʣʴʥʦʡ ʈʃʉ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʦʛʦ ʧʠʪʘʥʠʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ɸʥʘʣʠʟ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ. 
2. ʈʘʟʨʘʙʦʪʢʘ ʂɼ ʥʘ ʈʃʉ 
3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʩʢʘ ʠ ʟʘʢʫʧʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʧʦʢʫʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; 
4. ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʈʃʉ ʠ ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʚʳʭ ʠʩʧʳʪʘʥʠʡ; 
5. ɼʦʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʩʦʛʣʘʩʥʦ ʧʝʨʝʯʥʶ ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ; 
6. ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ; 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʫʶ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʫʶ ʩʪʘʥʮʠʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʳʭ (ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʦʪʠʚʥʠʢʘ), ʦʭʨʘʥʥʳʭ (ʦʭʨʘʥʘ ʢʨʫʧʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, 

ʘʵʨʦʜʨʦʤʦʚ, ʧʦʣʠʛʦʥʦʚ) ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ (ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ) ʮʝʣʷʭ, ʘ ʙʣʘʛʦʜʘʨʷ 

ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʠ ʪʘʢʫʶ ʈʃʉ ʩʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʣʶʙʘʷ ʦʨʛʘʥʠʟʘʮʠʷ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʀʩʢʫʩʩʪʚʦ ʩʭʝʤʦʪʝʭʥʠʢʠ: ʧʝʨ. ʩ ʘʥʛʣ., ʠʟʜ. 2-ʝ [ʊʝʢʩʪ] / ʇ. ʍʦʨʦʚʠʮ, ʋ. ʍʠʣʣ. ï ʄ.: 

ɹʀʅʆʄ, 2014; 
2. ʈʘʜʠʦʵʣʝʢʪʨʦʥʠʢʘ, ʂʦʣʦʥʪʘʝʚʩʢʠʡ ʖ. ʌ., ɺʳʩʰʘʷ ʰʢʦʣʘ, 1988. 
3. ʆʩʥʦʚʳ ʧʦʩʪʨʦʝʥʠʷ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʪʘʥʮʠʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʚʦʡʩʢ, ʊʷʧʢʠʥ 

ɺ.ʅ., ʀʥʬʨʘ-ʤ, 2019 

ɼʚʠʞʠʪʝʣʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʨʘʟʜʝʣʢʠ ʩʫʜʦʚ 
ʄʘʰʢʦʚ ɸ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʦʯʘʨʦʚʘ ʅ.ʌ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2097, ʄʦʩʢʚʘ 

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʧʦʩʪʨʦʝʥʠʷ ʜʚʠʞʠʪʝʣʷ ʜʣʷ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʛʦ ʩʨʝʜʩʪʚʘ ʪʨʝʙʫʶʱʝʛʦ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 
ʎʝʣʴ: 
ʉʦʟʜʘʪʴ ʜʚʠʞʠʪʝʣʴ ʨʦʙʦʪʘ ʜʣʷ ʧʣʘʪʬʦʨʤʳ ʧʦ ʫʪʠʣʠʟʘʮʠʠ ʢʦʨʘʙʣʝʡ 
ɿʘʜʘʯʠ: 
1) ʀʟʫʯʠʪʴ ʘʩʩʦʨʪʠʤʝʥʪ ʤʘʛʥʠʪʦʚ ʠ ʧʦʜʦʙʨʘʪʴ ʥʫʞʥʳʡ 
2) ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʦʢʨʳʪʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʧʨʠʞʠʤʥʫʶ ʩʠʣʫ ʤʘʛʥʠʪʘ 
3) ʇʨʦʚʝʩʪʠ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʠʪʝʣʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʜʚʠʞʝʥʠʷ 
4) ʉʧʨʦʝʢʪʠʨʦʚʘʪʴ 3D ʤʦʜʝʣʴ ʠ ʩʦʟʜʘʪʴ ʢʨʝʧʣʝʥʠʷ ʜʣʷ ʤʘʛʥʠʪʦʚ 
5) ʉʦʙʨʘʪʴ ʠ ʠʩʧʳʪʘʪʴ ʧʨʦʪʦʪʠʧ ʜʚʠʞʠʪʝʣʷ ʥʘ ʤʘʢʝʪʝ 
ʆʩʥʦʚʥʳʝ ʵʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ: 
1 ʀʟʫʯʝʥʠʝ ʜʚʠʞʠʪʝʣʝʡ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ. 
2. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʘ ʜʚʠʞʠʪʝʣʷ. ɼʣʷ ʦʮʝʥʢʠ 

ʧʨʝʜʝʣʦʚ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʞʠʪʝʣʷ ʠ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʚʩʝʛʦ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʨʷʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʤʥʦʶ ʩʪʝʥʜʝ ʦʧʨʝʜʝʣʝʥʳ ʩʠʣʳ ʧʨʠʪʷʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ 

ʤʘʛʥʠʪʘ (ʉʀʄ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʦʷʥʠʷ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
3 ʆʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʠʪʝʣʷ ʧʦ 
ʧʦʣʫʯʝʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ. 
ʇʨʘʢʪʠʯʝʩʢʠʡ ʨʝʟʫʣʴʪʘʪ: 
1.ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʜʚʠʞʠʪʝʣʷ 
2.ʆʩʫʱʝʩʪʚʣʝʥʠʝ ʭʦʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʤʘʢʝʪʝ 
ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ: 
1.ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʛʫʩʝʥʠʯʥʦ-ʤʘʛʥʠʪʥʦʛʦ ʜʚʠʞʠʪʝʣʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʨʦʙʦʪʘ ʜʣʷ ʨʘʟʜʝʣʢʠ ʩʫʜʦʚ 
2.ʉʦʟʜʘʥʠʝ ʤʘʢʝʪʘ ʩ ʧʨʦʪʦʪʠʧʦʤ ʜʚʠʞʠʪʝʣʷ 
3. ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʞʝʩʪʢʦʡ 

ʛʫʩʝʥʠʮʳ, ʯʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʧʨʦʙʣʝʤʫ ʧʦʜʣʘʤʳʚʘʥʠʷ ʧʦʩʣʝʜʥʝʡ. ʊʘʢ ʞʝ ʪʨʝʙʫʝʪʩʷ ʥʘʨʘʩʪʠʪʴ 

ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʧʨʠʚʦʜʥʦʛʦ ʢʘʪʢʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʟʠʪʴ ʝʛʦ ʩʢʦʨʦʩʪʴ. 
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ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʩʪʦʠʪ ʩʦʟʜʘʪʴ ʧʦʣʥʦʨʘʟʤʝʨʥʫʶ ʤʦʜʝʣʴ ʩ ʫʩʪʘʥʦʚʢʦʡ ʥʘ ʥʝʝ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʠ ʧʨʦʚʝʜʝʥʠʝʤ ʭʦʜʦʚʳʭ ʠʩʧʳʪʘʥʠʡ. 
ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʨʦʝʢʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʨʦʙʦʪʘʭ, ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ 

ʚʳʩʦʢʦʪʦʯʥʦʝ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʝ. 

ʉʧʦʩʦʙ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ Li -ion ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ  

ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʄʠʭʘʡʣʦʚʘ ʂ.ʖ., ʂʫʟʥʝʮʦʚʘ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɿʦʤʤʝʨ ʉ.ɸ. 
ɻɹʆʋ ɻʠʤʥʘʟʠʷ ˉ91, ɾʝʣʝʟʥʦʛʦʨʩʢ  

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʨʘʟʣʠʯʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʧʠʪʘʥʠʷ ʜʣʷ 

ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʚʳʩʪʫʧʘʶʪ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʪʠʧʘ Li-ion, ʪʘʢ ʢʘʢ ʦʥʠ, ʧʨʠ 

ʦʜʠʥʘʢʦʚʳʭ ʤʘʩʩʘ-ʛʘʙʘʨʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʴʶ, ʚʳʩʦʢʦʡ ʪʦʢʦʦʪʜʘʯʝʡ, ʦʪʩʫʪʩʪʚʠʝʤ ʧʦʪʝʨʠ ʸʤʢʦʩʪʠ ʠ ʥʠʟʢʠʤ ʩʘʤʦʨʘʟʨʷʜʦʤ ʧʨʠ 

ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʪʠʧʘʤ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ. 
ɺʳʩʦʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ ʵʪʦʛʦ ʪʠʧʘ ʩʦʭʨʘʥʷʶʪʩʷ 

ʧʨʠ ʠʭ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
ʆʜʥʘʢʦ, ʤʥʦʞʝʩʪʚʦ ʘʚʪʦʥʦʤʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ ʙʦʨʪʦʚʦʡ Li-ion ʙʘʪʘʨʝʝʡ ʨʘʙʦʪʘʶʪ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʠ ʢ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʝʸ ʟʘʨʷʜʘ ʚ ʦʭʣʘʞʜʝʥʥʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʉ ʮʝʣʴʶ ʠʩʢʣʶʯʝʥʠʷ ʩʥʠʞʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʦʭʨʘʥʝʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʨʷʜʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʜʝʨʞʘʥʠʝ ʝʸ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

Li-ion ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʫʪʝʤ ʧʦʜʜʝʨʞʘʥʠʷ ʝʸ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʨʝʩʫʨʩ ʵʪʦʡ-ʞʝ ʙʘʪʘʨʝʠ 

ʧʫʪʸʤ ʧʨʦʚʝʜʝʥʠʝ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʝʧʝʥʠ ʨʘʟʨʷʜʘ ʙʘʪʘʨʝʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚ 

ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʠ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʦʜʦʛʨʝʚʘ ʙʘʪʘʨʝʠ. 
ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʘʥʘʣʠʟʫ 

ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ; 
ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʣʠʪʠʝʚʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ, ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ ʨʘʙʦʪʦʡ 

ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ Li-ion 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʨʠ ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʜʝʚʘʡʩ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʠ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʨʘʙʦʪʫ ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ ʘʥʘʣʠʟʫ 

ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ; 
ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ ʣʠʪʠʝʚʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ, ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ ʨʘʙʦʪʦʡ 

ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ Li-ion 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʨʠ ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 



32 

 

ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʜʝʚʘʡʩ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʠ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʨʘʙʦʪʫ ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
1.ʉʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʧʨʦʪʦʪʠʧ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʧʦ 

ʘʥʘʣʠʟʫ ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʘʭ; 
2.ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʦʟʜʝʡʩʪʚʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘ 

ʣʠʪʠʝʚʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ, ʩ ʮʝʣʴʶ ʥʘʭʦʞʜʝʥʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʝʞʠʤʦʤ ʠ 

ʨʘʙʦʪʦʡ ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
3.ʇʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʦʩʦʙʘ ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ Li-ion 

ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʜʜʝʨʞʘʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ ʧʨʠ ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʦʟʚʦʣʷʝʪ 

ʫʚʝʣʠʯʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʸ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʠ ʩʦʟʜʘʥ ʜʝʚʘʡʩ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʦʜʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʠ 

ʜʦʣʛʦʩʨʦʯʥʫʶ ʨʘʙʦʪʫ ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: 
1.ʉʢʫʥʜʠʥ ɸ.ʄ., ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʣʠʪʠʝʚʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ / ɸ.ʄ. ʉʢʫʥʜʠʥ, ʆ.ʅ. ɽʬʠʤʦʚ, ʆ.ɺ. ʗʨʤʦʣʝʥʢʦ // ʋʩʧʝʭʠ ʭʠʤʠʠ. ï 

2002 - ˉ71 (4) ʉ.378. 
2.ɸʟʘʨʥʦʚ ɸ.ʃ., ɺʣʠʷʥʠʝ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ 

ʩʦʩʪʘʚʝ ʵʥʝʨʛʦʫʩʪʘʥʦʚʦʢ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘ ʠʭ ʨʝʩʫʨʩ / ʉ.ɺ. ʐʠʨʠʥʩʢʠʡ, 

ʂ.ɺ. ɹʝʟʨʫʯʢʦ // ɸʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦʛʠʷ. - 2009 - ˉ10 ï ʉ.67. 
3.R Deshpande. Battery Cycle Life Prediction with Coupled Chemical Degradation and 

Fatigue Mechanics/Journal of The Electrochemical Society, 159 (10) A1730-A1738 (2012). 

ʋʥʠʚʝʨʩʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʤʦʱʠ 
ʇʠʱʫʛʠʥ ɺ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʦʣʪʦʨʘʢ ɼ.ʉ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1251 ʠʤʝʥʠ ʛʝʥʝʨʘʣʘ ʐʘʨʣʷ ʜʝ ɻʦʣʣʷ, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʦʣʝʟʥʝʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʯʝʣʦʚʝʢʘ 

ʩʚʷʟʘʥʥʘ ʩ ʚʨʦʞʜʝʥʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʨʘʙʦʪʳ ʩʝʨʜʮʘ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ɺʩʝʤʠʨʥʦʡ 

ʆʨʛʘʥʠʟʘʮʠʠ ɿʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ɺʆɿ, ʟʘ ʧʦʩʣʝʜʥʠʝ 20 ʣʝʪ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʣʝʪʘʣʴʥʳʭ ʠʩʭʦʜʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʚʩʣʝʜʩʪʚʠʝ ʟʘʙʦʣʝʚʘʥʠʡ ʜʘʥʥʦʡ ʛʨʫʧʧʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʯʘʩʪʫʶ ʢ ʪʘʢʦʤʫ 

ʠʩʭʦʜʫ ʧʨʠʚʦʜʠʪ ʥʝʩʚʦʝʚʨʝʤʝʥʥʘʷ ʜʠʘʛʥʦʩʪʠʢʘ ʧʨʦʙʣʝʤʳ, ʘ ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʟʦʚʘ ʩʣʫʞʙ ʩʧʘʩʝʥʠʷ. ʇʨʠ ʠʥʬʘʨʢʪʝ ʤʠʦʢʘʨʜʘ ʥʘ ʦʢʘʟʘʥʠʝ ʧʝʨʚʦʡ ʧʦʤʦʱʠ 

ʝʩʪʴ ʚʩʝʛʦ 5 ʤʠʥʫʪ. 
ɹʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʩʦʟʜʘʪʴ ʧʦʨʪʘʪʠʚʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʬʦʨʤ-ʬʘʢʪʦʨʝ ʥʘʨʫʯʥʳʭ 

ʯʘʩʦʚ, ʧʦʤʦʛʘʶʱʝʝ ʯʝʣʦʚʝʢʫ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚʦʚʨʝʤʷ 

ʟʘʤʝʪʠʪʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʚʦʚʨʝʤʷ 

ʚʳʟʚʘʪʴ ʧʦʤʦʱʴ ʠ ʦʙʝʟʦʧʘʩʠʪʴ ʩʝʙʷ ʦʪ ʥʝʛʘʪʠʚʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʜʣʷ ʟʜʦʨʦʚʴʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪʩʣʝʞʠʚʘʝʪ ʧʦʢʘʟʘʪʝʣʠ ʜʘʚʣʝʥʠʷ ʚʦʟʜʫʭʘ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ʇʦʜʦʙʨʘʥʳ 

ʢʦʤʧʘʢʪʥʳʝ ʠ ʥʝʜʦʨʦʛʠʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ, ʪʘʢ ʢʘʢ ʦʜʥʘ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʣʝʡ ʫʩʪʨʦʡʩʪʚʘ-

ʜʦʩʪʫʧʥʦʩʪʴ ʢʦʥʝʯʥʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ. 
ɺ ʦʩʥʦʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʧʦʤʦʱʠ ʣʝʞʠʪ ʘʧʧʘʨʘʪʥʘʷ ʧʣʘʪʬʦʨʤʘ Arduino-Nano, 

ʨʘʙʦʪʘʶʱʘʷ ʦʪ ʣʠʪʠʡ-ʠʦʥʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʂ ʧʣʘʪʝ ʧʦʜʢʣʶʯʝʥʳ ʜʘʪʯʠʢʠ: ʙʘʨʦʤʝʪʨ, 

ʨʘʩʩʯʠʪʳʚʘʶʱʠʡ ʪʝʢʫʱʠʝ ʧʦʢʘʟʘʪʝʣʠ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ, 

ʜʘʪʯʠʢ ʧʫʣʴʩʘ. ɼʣʷ ʩʚʝʪʦʚʦʡ ʠ ʟʚʫʢʦʚʦʡ ʠʥʜʠʢʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ RGB -ʩʚʝʪʦʜʠʦʜ ʠ ʧʴʝʟʦ-

ʠʟʣʫʯʘʪʝʣʴ ʟʚʫʢʘ. ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʫʩʪʨʦʡʩʪʚʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʪʘʢʪʦʚʘʷ ʢʥʦʧʢʘ. ɹʳʣ 

ʦʧʨʝʜʝʣʝʥ ʬʫʥʢʮʠʦʥʘʣ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʝʛʦ ʚʳʧʦʣʥʝʥʠʷ ʜʝʪʘʣʠ. ʉʧʝʮʠʘʣʴʥʦ ʧʦʜ ʥʫʞʜʳ 

ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʚ ʉɸʇʈ çʂʦʤʧʘʩ-3Dè ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ, ʘ ʜʘʣʝʝ ʨʘʩʧʝʯʘʪʘʥ ʥʘ 3D-

ʧʨʠʥʪʝʨʝ ʧʣʘʩʪʠʢʦʚʳʡ ʢʦʨʧʫʩ, ʦʪʚʝʯʘʶʱʠʡ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʨʦʝʢʪʘ. ʋʥʠʚʝʨʩʘʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʤʦʱʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʧʦʚʩʝʜʥʝʚʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʴʟʦʚʘʪʝʣʷ, 
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ʧʦʵʪʦʤʫ ʚ ʥʝʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʬʫʥʢʮʠʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʫʣʴʩʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʚ ʩʣʫʯʘʝ ʝʛʦ 

ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʨʤʳ. 
ɺ ʙʫʜʫʱʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʪʴ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʠʪʴ ʛʘʙʘʨʠʪʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʟʥʘʯʠʪ ʠ ʨʘʟʤʝʨʳ ʢʦʨʧʫʩʘ, ʯʪʦ ʩʜʝʣʘʝʪ 

ʫʩʪʨʦʡʩʪʚʦ ʙʦʣʝʝ ʢʦʤʧʘʢʪʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʥʦʰʝʥʠʷ. ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʫʪ ʧʨʦʚʝʜʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʢʦʜʝ ʧʨʦʛʨʘʤʤʳ. ɺ 

ʧʝʨʩʧʝʢʪʠʚʝ ʚʦʟʤʦʞʥʦ ʜʦʙʘʚʣʝʥʠʝ ɾʂ-ʜʠʩʧʣʝʷ, ʨʝʘʣʠʟʘʮʠʷ ʬʫʥʢʮʠʠ ʚʳʟʦʚʘ ʩʣʫʞʙ ʩʧʘʩʝʥʠʷ 

ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʜʞʦʡʩʪʠʢʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ 
ʇʦʣʠʢʘʨʧʦʚ ʅ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɻʦʨʦʙʝʮ ʉ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1883 çɹʫʪʦʚʦè, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʤʠ ʙʝʩʧʠʣʦʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ 

ʥʝʢʦʪʦʨʳʤʠ ʤʦʜʝʣʷʤʠ ʩʘʤʦʣʸʪʦʚ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʜʞʦʡʩʪʠʢʦʚ. ʂʘʢ ʦʨʛʘʥ 

ʨʫʯʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩʘʤʦʣʸʪʦʤ, ʜʞʦʡʩʪʠʢ ʥʘʟʳʚʘʶʪ ʧʦ-ʨʘʟʥʦʤʫ, ʥʦ ʦʩʥʦʚʥʳʤʠ 

ʦʧʨʝʜʝʣʝʥʠʷʤʠ ʷʚʣʷʶʪʩʷ: ʈʋʉ (ʈʫʯʢʘ ʋʧʨʘʚʣʝʥʠʷ ʉʘʤʦʣʸʪʦʤ) ʠ ʩʘʡʜʩʪʠʢ. 
ʅʦʚʝʡʰʠʝ ʜʞʦʡʩʪʠʢʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʨʫʛʠʭ ʩʨʝʜʩʪʚ ʫʧʨʘʚʣʝʥʠʷ ʚʳʩʦʢʦʡ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ, ʫʜʦʙʥʦʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ ʠ ʤʘʣʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʧʣʦʱʘʜʠ ʨʘʟʤʝʱʝʥʠʷ. ɺ 

ʘʚʠʘʮʠʠ ʢ ʧʣʶʩʘʤ ʜʘʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʦʪʥʦʩʷʪ ʪʦ, ʯʪʦ ʧʠʣʦʪʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʜʚʫʤʷ ʧʘʣʴʮʘʤʠ ʠ ʦʩʪʘʚʣʷʝʪ ʧʠʣʦʪʘ ʚ ʙʦʣʝʝ ʨʘʩʩʣʘʙʣʝʥʥʦʤ ʠ ʩʧʦʢʦʡʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʥʝʞʝʣʠ ʯʝʤ ʧʨʠ ʢʨʫʯʝʥʠʠ ʪʷʞʝʣʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʰʪʫʨʚʘʣʘ. ʇʨʠ ʵʪʦʤ 

ʙʦʣʴʰʠʥʩʪʚʦ ʘʚʠʘʮʠʦʥʥʳʭ ʩʘʡʜʩʪʠʢʦʚ ʥʝ ʠʤʝʶʪ ʬʫʥʢʮʠʠ ʩʤʝʥʳ ʥʘʢʣʘʜʦʢ ʜʣʷ ʣʘʜʦʥʠ ʨʫʢʠ, 

ʯʪʦ ʠʥʦʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʢʦʤʬʦʨʪʫ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɹʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʫʜʦʙʩʪʚʘ ʙʣʘʛʦʩʢʣʦʥʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʡ, ʧʦʤʠʤʦ ʵʪʦʛʦ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʩʪʝʧʝʥʴ ʫʩʪʘʣʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ. 
ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ï ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʧʨʦʠʟʚʝʩʪʠ ʜʞʦʡʩʪʠʢ ʩ ʬʫʥʢʮʠʝʡ ʩʤʝʥʳ ʨʝʣʴʝʬʘ 

(ʥʘʢʣʘʜʢʠ) ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʜʣʷ ʧʦʩʣʝʜʫʶʱʝʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʡ ʬʦʨʤʳ ʪʨʝʙʦʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʦʚʦʚʚʝʜʝʥʠʡ, ʜʣʷ ʵʪʦʛʦ ʢʘʞʜʘʷ ʤʦʜʝʣʴ ʩʪʘʚʠʣʘʩʴ ʥʘ 3D ʧʝʯʘʪʴ ʠ ʪʝʩʪʠʨʦʚʘʣʘʩʴ ʚ ʞʠʚʫʶ. 

ʊʝʩʪʳ ʧʦʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʫʶ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʨʫʢʦʷʪʢʠ, ʪʠʧ ʧʘʟʘ ʜʥʷ 

ʩʲʸʤʥʳʭ ʥʘʢʣʘʜʦʢ, ʚʠʜ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʥʦʧʦʢ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʩʪʦʚ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʠ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝʩʢʦʣʴʢʦ ʨʝʣʴʝʬʦʚ ʧʦʜ ʨʘʟʥʳʝ 

ʨʘʟʤʝʨʳ ʠ ʪʠʧʳ ʨʫʢ. ʌʠʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʞʦʡʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʨʫʢʦʷʪʢʫ ʩ 

ʧʣʘʪʬʦʨʤʦʡ ʜʣʷ ʫʧʦʨʘ ʢʠʩʪʠ ʨʫʢʠ, ʧʘʟʦʤ ʜʣʷ ʥʘʢʣʘʜʦʢ ʩ ʨʝʣʴʝʬʦʤ, ʘ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʠʤʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʤʠ ʢʥʦʧʢʘʤʠ. 
ɺʩʝ ʚʝʨʩʠʠ ʤʦʜʝʣʠ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʉɸʇʈ Autodesk Inventor. 

ʈʘʟʨʘʙʦʪʢʘ ʢʦʣʸʩ ʜʣʷ ʤʘʨʩʦʭʦʜʘ 
ʈʝʜʨʝʝʚʘ ʄ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɻʦʨʦʙʝʮ ʉ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 2083, ʄʦʩʢʚʘ 

 
ʊʝʤʘ ʢʦʩʤʦʩʘ ʚ ʥʘʰʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʘʢʪʫʘʣʴʥʳʭ ʪʝʤ. ʋʯʸʥʳʝ ʠʩʩʣʝʜʫʶʪ 

ʃʫʥʫ, ʄʘʨʩ ʠ ʜʨʫʛʠʝ ʧʣʘʥʝʪʳ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ ʠ ʧʦʣʴʟʫ ʜʣʷ ʚʩʝʛʦ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ʂʦʩʤʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʜʘʣʝʢʦ ʦʪ ʥʘʩ, ʩʥʘʯʘʣʘ ʠʟʫʯʘʶʪʩʷ 

ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʪʘʢ ʢʘʢ ʦʪʧʨʘʚʣʷʪʴ ʣʶʜʝʡ ʚ 

ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʝʩʪʥʦʩʪʠ ʦʯʝʥʴ ʦʧʘʩʥʦ. ʇʦʵʪʦʤʫ ʤʦʜʝʨʥʠʟʘʮʠʷ ʪʘʢʦʡ ʪʝʭʥʠʢʠ ð ʵʪʦ ʦʜʥʘ 

ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʠ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʩʬʝʨʝ. 
ɺ 21 ʚʝʢʝ ʫʯʝʥʠʝ ʜʝʣʘʶʪ ʙʦʣʴʰʦʡ ʫʧʦʨ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄʘʨʩʘ. ɽʛʦ ʠʟʫʯʘʶʪ ʧʨʠ 

ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ï ʤʘʨʩʦʭʦʜʦʚ. ʋ ʦʜʥʦʛʦ ʠʟ ʧʦʩʣʝʜʥʠʭ 

ʤʘʨʩʦʭʦʜʦʚ ï Curiosity ï ʥʘ ʢʦʣʸʩʘʭ ʥʘʯʘʣʠ ʧʦʷʚʣʷʪʴʩʷ ʪʨʝʱʠʥʳ ʠ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ, 
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ʧʦʤʝʰʘʚʰʠʝ ʜʘʣʴʥʝʡʰʝʤʫ ʥʦʨʤʘʣʴʥʦʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʶ ʘʧʧʘʨʘʪʘ. ʇʦʵʪʦʤʫ ʙʳʣʦ 

ʨʝʰʝʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʚʦʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʚʦʟʥʠʢʰʝʡ ʧʨʦʙʣʝʤʳ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʠʟʛʦʪʦʚʠʪʴ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʰʠʥ ʜʣʷ ʤʘʨʩʦʭʦʜʘ ʧʨʠ 

ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʪʝʭʥʠʯʝʩʢʫʶ ʣʠʪʝʨʘʪʫʨʫ ʥʘ ʜʘʥʥʫʶ ʪʝʤʫ; 
2. ɺʳʷʩʥʠʪʴ ʧʨʦʙʣʝʤʳ ʢʦʣʸʩ ʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʨʩʦʭʦʜʦʚ; 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ; 
4. ʀʟʛʦʪʦʚʠʪʴ ʤʦʜʝʣʴ ʢʦʣʝʩʘ; 
5. ʉʦʙʨʘʪʴ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ. 
6. ʇʨʦʚʝʩʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʧʨʦʚʝʨʢʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 
ɻʠʧʦʪʝʟʘ: ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʝʟʜʝʭʦʜʦʚ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʚʦʟʜʫʰʥʳʝ ʰʠʥʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʤʘʨʩʦʭʦʜʳ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʚʦʡʩʪʚʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʣʸʩ ʤʘʨʩʦʭʦʜʦʚ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʜʘʥʥʫʶ ʪʝʤʫ, ʨʘʙʦʪʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʨʝʩʫʨʩʘʤʠ, ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʩʨʘʚʥʝʥʠʝ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ. 
ɿʘʢʣʶʯʝʥʠʝ: ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʠʤʝʨʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʰʠʥ 

ʙʝʟʚʦʟʜʫʰʥʦʛʦ ʪʠʧʘ ʜʣʷ ʤʘʨʩʦʭʦʜʦʚ ʠ ʠʥʳʭ ʧʣʘʥʝʪʦʭʦʜʦʚ. ʋʤʝʥʴʰʝʥʥʘʷ ʤʦʜʝʣʴ ʜʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʧʨʠ ʧʦʤʦʱʠ 3D-ʧʨʠʥʪʝʨʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ. ɺʦ ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʰʠʥʳ ʧʦʢʘʟʘʣʠ ʩʚʦʶ ʧʨʦʯʥʦʩʪʴ, 

ʥʘʜʸʞʥʦʩʪʴ ʠ ʭʦʨʦʰʫʶ ʧʨʦʭʦʜʠʤʦʩʪʴ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ ʛʠʧʦʪʝʟʫ: ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʝʟʜʝʭʦʜʦʚ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʚʦʟʜʫʰʥʳʝ ʰʠʥʳ, 

ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʧʨʠ ʧʦʤʦʱʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɼʘʥʥʘʷ ʠʜʝʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʙʫʜʫʱʠʭ ʤʘʨʩʦʭʦʜʦʚ ʠ ʠʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʫʧʘ 
ʈʫʙʮʦʚ ʈ.ɸ., ɹʦʥʜʘʨʴ ɸ.ʕ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɿʦʤʤʝʨ ʉ.ɸ. 
ɻɹʆʋ ɻʠʤʥʘʟʠʷ ˉ91, ɾʝʣʝʟʥʦʛʦʨʩʢ  

 
ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʘʧʨʠʤʝʨ, ʚ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʝ ʜʣʷ ʟʘʱʠʪʳ ʜʦʩʪʫʧʘ ʢ ʙʘʟʘʤ ʜʘʥʥʳʭ, ʚ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʝʥʠʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʫʛʦʥʘ ʘʚʪʦʤʦʙʠʣʝʡ, ʚ ʟʘʤʢʘʭ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʩʝʡʬʦʚ ʠʣʠ ʜʣʷ 

ʥʝʜʦʧʫʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʚ ʦʭʨʘʥʷʝʤʳʝ ʧʦʤʝʱʝʥʠʷ. 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʠʩʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ: 

ʤʝʭʘʥʠʯʝʩʢʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʢʣʶʯ ʠ ʟʘʤʦʢ, ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʝ, 

ʚʢʣʶʯʘʶʱʠʝ ʨʘʜʠʦʧʫʣʴʪ ʠʣʠ ʨʘʜʠʦʤʝʪʢʫ ʠ ʧʨʠʝʤʥʠʢ, ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʝ. ʆʧʪʦʵʣʝʢʪʨʦʥʥʘʷ 

ʩʠʩʪʝʤʘ ʜʦʩʪʫʧʘ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʥʘʜʝʞʥʦʩʪʴʶ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʩʯʠʪʳʚʘʥʠʝ ʠ ʢʦʧʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʢʣʶʯʘ ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʪʨʫʜʦʝʤʢʦʡ ʠ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ ʩʠʩʪʝʤ ʜʦʩʪʫʧʘ 

[1]. 
ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤ ʠ ʫʩʪʨʦʡʩʪʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʤ ʟʘʤʢʘʤ ʠ ʢ ʦʧʪʠʯʝʩʢʠʤ ʟʘʧʦʨʥʳʤ ʫʩʪʨʦʡʩʪʚʘʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʪ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʧʘʪʝʥʪʥʦʛʦ 

ʧʦʠʩʢʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʝ ʠʟʦʙʨʝʪʝʥʠʷ [2-4]. 
ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠʟʦʙʨʝʪʝʥʠʡ ʙʳʣ ʚʳʷʚʣʝʥ ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʉʠʩʪʝʤʘ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʦʧʪʠʯʝʩʢʠʡ ʠʣʠ 

ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʡ ʟʘʤʦʢ. ɿʘʤʦʢ ʩʧʦʩʦʙʝʥ ʧʨʠʥʠʤʘʪʴ ʦʧʪʠʯʝʩʢʠʡ 

ʩʠʛʥʘʣ ʦʪ ʢʣʶʯʘ ʠʣʠ ʦʧʪʠʯʝʩʢʠ ʩʢʘʥʠʨʦʚʘʪʴ ʢʣʶʯ. ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʦʪ 

ʢʣʶʯʘ, ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʤʝʭʘʥʠʟʤʝ ʟʘʤʢʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
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ʦʧʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʦʥʥʳʡ, ʝʛʦ ʦʙʨʘʙʦʪʢʘ, ʩʨʘʚʥʝʥʠʝ ʩ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʠ ʜʘʣʴʥʝʡʰʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʣʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ. 
ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʠʤʝʶʪ ʥʝʜʦʩʪʘʪʢʠ, ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʫʝʤʦ ʨʘʟʨʘʙʦʪʢʦʡ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʦʩʪʫʧʘ: 
ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʢʦʜʘ, ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʢʣʶʯʦʤ; 
ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʰʠʬʨʘʮʠʠ ʢʦʜʘ ʢʣʶʯʘ; 
ʥʠʟʢʘʷ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʢʣʶʯʘ; 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʣʶʯʘ, ʢʘʢ ʧʝʨʝʜʘʪʯʠʢʘ, ʘ ʟʘʤʢʘ, ʢʘʢ ʧʨʠʝʤʥʠʢʘ. 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʨʝʰʘʝʪ ʥʝʜʦʩʪʘʪʢʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʫʪʝʤ ʦʩʥʘʱʝʥʠʷ ʢʣʶʯʘ 

ʧʨʠʝʤʥʠʢʦʤ, ʦʙʨʘʙʘʪʳʚʘʶʱʠʤ ʠ ʟʘʧʦʤʠʥʘʶʱʠʤ ʫʩʪʨʦʡʩʪʚʦʤ. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʦʩʪʨʦʝʥ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
ʂʣʶʯ ʧʦʣʫʯʘʝʪ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ ʟʘʤʢʘ; 
ʂʣʶʯ ʜʝʰʠʬʨʫʝʪ ʠ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʡ ʩʠʛʥʘʣ, ʛʝʥʝʨʠʨʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʜ 

ʥʘ ʦʪʧʨʘʚʢʫ; 
ɿʘʤʦʢ ʧʦʣʫʯʘʝʪ ʦʧʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʪ ʢʣʶʯʘ, ʜʝʰʠʬʨʫʝʪ ʢʦʜ, ʧʨʦʠʟʚʦʜʠʪ ʥʝʦʙʭʦʜʠʤʳʝ 

ʦʧʝʨʘʮʠʠ ʧʦ ʦʙʨʘʙʦʪʢʝ; 
ʇʨʦʠʟʚʦʜʠʪʩʷ ʜʘʣʴʥʝʡʰʝʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʠʣʠ ʥʝ ʧʨʝʜʦʩʪʘʚʣʝʥʠʝ ʜʦʩʪʫʧʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʫʧ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʝʩʣʠ ʢʣʶʯ ʩʧʦʩʦʙʝʥ ʜʝʰʠʬʨʦʚʘʪʴ ʩʠʛʥʘʣ ʟʘʤʢʘ, 

ʧʦʜʦʙʨʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʢʦʜ, ʟʘʰʠʬʨʦʚʘʪʴ ʦʪʚʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʙʨʘʟʦʤ ʠ ʦʪʧʨʘʚʠʪʴ 

ʟʘʤʢʫ ʧʨʘʚʠʣʴʥʳʡ ʩʠʛʥʘʣ. ʇʨʠ ʵʪʦʤ ʦʪʧʨʘʚʣʷʝʤʳʡ ʟʘʤʢʦʤ ʢʦʜ ʚʩʝʛʜʘ ʨʘʟʥʳʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʦʙʨʘʪʴ ʧʨʘʚʠʣʴʥʳʡ ʦʪʧʨʘʚʣʷʝʤʳʡ ʩʠʛʥʘʣ ʪʦʣʴʢʦ ʠʤʝʷ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʢʣʶʯ ʚ 

ʟʘʧʦʤʠʥʘʶʱʝʤ ʫʩʪʨʦʡʩʪʚʝ ʢʣʶʯʘ. 
ɼʣʷ ʢʦʧʠʨʦʚʘʥʠʷ ʢʣʶʯʘ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ 

ʥʝʦʙʭʦʜʠʤʦ ʜʝʰʠʬʨʦʚʘʪʴ ʩʠʛʥʘʣ ʦʪ ʟʘʤʢʘ, ʩʠʛʥʘʣ ʦʪ ʢʣʶʯʘ, ʧʦʜʦʙʨʘʪʴ ʘʣʛʦʨʠʪʤ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʪʚʝʪʥʦʛʦ ʩʠʛʥʘʣʘ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ. 

ʉʠʩʪʝʤʘ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè 
ʉʘʚʠʥ ʉ.ɽ., ʂʘʣʘʰʥʠʢʦʚʘ ʆ.ʉ., ɻʨʠʙʘʥʦʚ ɽ.ɹ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʠʨʦʪʠʥʠʥʘ ʀ.ɺ. 
ʄɹʆʋ ɻʠʤʥʘʟʠʷ ˉ 91, ɾʝʣʝʟʥʦʛʦʨʩʢ  

 
ɸʢʚʘʨʠʫʤʠʩʪʠʢʘ - ʦʯʝʥʴ ʧʦʧʫʣʷʨʥʦʝ ʭʦʙʙʠ. ʆʥʘ ʟʘʥʠʤʘʝʪ 4 ʤʝʩʪʦ ʚ ʈʦʩʩʠʠ. ʇʦʵʪʦʤʫ 

ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʙʶʜʞʝʪʥʦʡ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʫʞʥʳʤʠ ʢʦʥʢʨʝʪʥʦʤʫ ʚʣʘʜʝʣʴʮʫ ʘʢʚʘʨʠʫʤʘ ʉʠʩʪʝʤʘ 

çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè ʥʫʞʝʥ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʜʝʨʞʠʚʘʪʴ ʤʠʢʨʦʩʨʝʜʫ ʚ ʘʢʚʘʨʠʫʤʝ ʥʝʩʢʦʣʴʢʦ 

ʜʥʝʡ ʙʝʟ ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ. ʊʦ ʝʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʷ ʩʫʪʦʢ ʧʨʦʚʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ 
ʚʦʜʳ, ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ ʩʚʝʪ, ʢʦʨʤʠʪʴ ʘʢʚʘʨʠʫʤʥʳʭ ʨʳʙʦʢ ʠ ʪ.ʜ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʚ 

ʠʥʪʝʨʥʝʪʝ ʚʘʨʠʘʥʪʳ ʛʦʪʦʚʳʭ ʨʝʰʝʥʠʡ ʩʪʦʷʪ ʦʯʝʥʴ ʜʦʨʦʛʦ ʠ ʠʤʝʶʪ ʠʟʣʠʰʥʠʡ ʬʫʥʢʮʠʦʥʘʣ. 
ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʨʝʘʣʠʟʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
-ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè; 
Å ʆʧʨʝʜʝʣʠʪʴ ʚʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 
Å ʆʧʨʝʜʝʣʠʪʴ ʚʳʭʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 
Å ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʟʘʜʘʥʥʳʭ ʚʭʦʜʥʳʭ ʠ ʚʳʭʦʜʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʳʙʨʘʪʴ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè; 
Å ʉʦʟʜʘʥʠʝ ʩʭʝʤʳ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè; 
Å ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè; 
Å ʉʙʦʨʢʘ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè; 
Å ʇʨʦʚʝʨʢʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ; 
Å ʋʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ; 
Å ʉʦʟʜʘʥʠʝ 3ɼ ʤʦʜʝʣʠ ʜʣʷ ʢʦʨʧʫʩʘ (ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʨʤʫʰʢʠ) ʩʠʩʪʝʤʳ çʋʤʥʳʡ 

ʘʢʚʘʨʠʫʤè; 
Å ʇʝʯʘʪʴ ʢʦʨʧʫʩʘ ʥʘ 3ɼ ʧʨʠʥʪʝʨʝ. 
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Å ɺʳʩʪʫʧʣʝʥʠʝ ʩ ʧʨʦʝʢʪʦʤ ʥʘ ʰʢʦʣʴʥʦʤ ʠ ʤʫʥʠʮʠʧʘʣʴʥʦʤ ʵʪʘʧʘʭ ʬʦʨʫʤʘ çʇʦʪʝʥʮʠʘʣ 

ʙʫʜʫʱʝʛʦè 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʳ ʩʦʟʜʘʣʠ ʩʠʩʪʝʤʫ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè, ʧʦʟʚʦʣʷʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ ʙʝʟ 

ʫʯʘʩʪʠʷ ʯʝʣʦʚʝʢʘ ʚʢʣʶʯʘʪʴ ʠ ʚʳʢʣʶʯʘʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ ʩʚʝʪ, ʢʦʨʤʠʪʴ ʨʳʙ ʠ 

ʧʨʦʚʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʜʳ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʙʟʦʨ ʛʦʪʦʚʳʭ ʩʠʩʪʝʤ çʋʤʥʳʡ ʘʢʚʘʨʠʫʤè URL: 

http://www.aquacoral.ru/aquacoral/Easier.html 
2. ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ Arduino URL: https://arduinoplus.ru/vse-analogi-

arduino/#___Netduino 
3. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʣʘʪʳ Arduino Uno URL: 

http://arduino.ru/Hardware/ArduinoBoardUno 
4. ʆʧʨʦʩ ɿʦʦʛʠʜ URL: http://www.zoogid.com/article/top-samyh-populyarnyh-

domashnih-zhivotnyh 
5. ʆʧʠʩʘʥʠʝ ʜʘʪʯʠʢʦʚ URL: https://arduinomaster.ru/datchiki-arduino/lcd-i2c-arduino-

displey-ekran/ 
6. ʆʧʠʩʘʥʠʝ ʜʘʪʯʠʢʦʚ URL: https://arduinomaster.ru/datchiki-arduino/arduino-chasy-rtc-

ds1307-ds1302-ds3231/ 
7. ʆʧʠʩʘʥʠʝ ʜʘʪʯʠʢʦʚ URL: https://arduinomaster.ru/datchiki-arduino/arduino-ds18b20/ 
8. ʆʧʠʩʘʥʠʝ ʜʘʪʯʠʢʦʚ URL: http://robotchip.ru/obzor-modulya-rele-2-x-kanalny/ 
9. ʆʧʠʩʘʥʠʝ ʧʣʘʩʪʠʢʘ URL: https://3dtoday.ru/wiki /PLA_plastic/ 

ʉʦʟʜʘʥʠʝ Web-ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ React/MobX  
ʉʘʜʳʢʦʚ ʊ.ʈ. 

ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ʂʘʞʜʳʡ ʛʦʜ ʚʦ ʚʩʝʤ ʤʠʨʝ ʧʦʚʨʝʞʜʘʶʪʩʷ ʦʛʥʝʤ ʙʦʣʝʝ 340 ʤʣʥ ʛʘ ʧʨʠʨʦʜʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, 

ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʦʩʦʟʥʘʚʘʪʴ ʤʘʩʰʪʘʙʳ ʧʨʦʠʩʰʝʩʪʚʠʡ ʠ ʦʮʝʥʠʚʘʪʴ ʧʨʦʠʩʭʦʜʷʱʫʶ ʦʙʩʪʘʥʦʚʢʫ, 

ʯʪʦʙʳ ʥʝ ʩʪʘʪʴ ʞʝʨʪʚʦʡ ʧʦʞʘʨʘ. ʊʘʢ, ʚ 2021 ʛʦʜʫ ʧʣʦʱʘʜʴ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʚ ʈʦʩʩʠʠ 

ʩʦʩʪʘʚʠʣʘ 18,16 ʤʠʣʣʠʦʥʘ ʛʝʢʪʘʨʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʨʝʢʦʨʜʦʤ ʩ ʥʘʯʘʣʘ XXI  ʚʝʢʘ. ʃʝʩʥʳʝ 

ʧʦʞʘʨʳ ʫʩʫʛʫʙʣʷʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʪʘʢ ʢʘʢ ʜʝʬʠʮʠʪ ʣʝʩʥʳʭ ʨʝʩʫʨʩʦʚ ʨʘʩʪʝʪ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ - ʘʥʪʨʦʧʦʛʝʥʥʳʝ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʜʦʣʷ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ. ʕʪʫ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʝʜʫʧʨʝʞʜʝʥʠʝʤ ʩʠʪʫʘʮʠʡ, ʟʘʨʘʥʝʝ 

ʧʦʜʛʦʪʦʚʠʚʰʠʩʴ ʢ ʥʠʤ. 
ʎʝʣʴʶ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʜʜʝʨʞʢʘ ɻʀʉ ʜʣʷ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʜʦʩʪʫʧʥʘʷ ʚ ɺʝʙʝ ʠ ʥʘʧʠʩʘʥʥʘʷ ʥʘ 
ʪʝʭʥʦʣʦʛʠʷʭ React/MobX. ʇʨʠʯʠʥʦʡ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ ʩʝʨʚʠʩʘ ʧʦʩʣʫʞʠʣʦ ʦʪʩʫʪʩʪʚʠʝ 

ʜʦʩʪʦʡʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʜʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ. ʉʠʩʪʝʤʘ ʨʘʙʦʪʘʝʪ ʥʘ ʧʨʠʥʮʠʧʝ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʠ ʬʠʢʩʠʨʫʝʪ 

ʦʯʘʛʠ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ. ʉʝʨʚʠʩ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʦʙʦʙʱʝʥʥʫʶ ʩʪʘʪʠʩʪʠʢʫ ʟʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʝʨʠʦʜ ʠ ʧʨʦʛʥʦʟ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ ʠ ʫʯʠʪʳʚʘʝʪ ʧʨʠ ʵʪʦʤ ʠʥʳʝ ʧʦʛʦʜʥʳʝ 

ʫʩʣʦʚʠʷ. 
ɻʀʉ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʢʘʢ ʠ ʦʙʳʯʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʪʘʢ ʠ ʜʦʙʨʦʚʦʣʴʯʝʩʢʠʤʠ 

ʥʝʢʦʤʤʝʨʯʝʩʢʠʤʠ ʦʪʨʷʜʘʤʠ, ʠ ʜʨʫʛʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʣʘʥʠʨʫʝʪʩʷ ʚʥʝʜʨʠʪʴ ʚ 

ʩʝʨʚʠʩ ʩʠʩʪʝʤʫ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʦʪʨʷʜʘʤʠ ʜʣʷ ʩʦʚʤʝʩʪʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ 

ʠ ʢʦʦʨʜʠʥʘʮʠʠ ʜʝʡʩʪʚʠʡ, ʩʠʩʪʝʤʫ ʙʝʟʦʧʘʩʥʦʡ ʤʘʨʰʨʫʪʠʟʘʮʠʠ ʤʝʞʜʫ ʪʦʯʢʦʡ ʦʪʧʨʘʚʣʝʥʠʷ ʠ 

ʪʦʯʢʦʡ ʥʘʟʥʘʯʝʥʠʷ ʜʣʷ ʚʩʝʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʦʯʘʛ ʷʚʣʝʥʠʷ. 
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ʄʦʜʝʣʴ ʙʝʟʚʦʟʜʫʰʥʦʛʦ ʢʦʣʝʩʘ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʧʦʨʮʠʝʡ ʰʘʛʘ ʨʝʟʠʥʦʚʳʭ 

ʧʦʧʝʨʝʯʥʳʭ ʨʸʙʝʨ ʞʸʩʪʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʳ ʢʦʣʝʩʘ ʩ ʚʥʝʰʥʝʡ ʯʘʩʪʠ 
ʉʝʤʯʸʥʦʢ ʗ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʝʨʢʫʣʦʚʘ ɽ.ʆ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1797, ʄʦʩʢʚʘ 

 
ʆʩʥʦʚʥʦʡ ʠʜʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʙʝʟʚʦʟʜʫʰʥʦʛʦ ʢʦʣʝʩʘ ʩ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʦʧʦʨʮʠʝʡ ʰʘʛʘ ʨʝʟʠʥʦʚʳʭ ʧʦʧʝʨʝʯʥʳʭ ʨʸʙʝʨ ʞʸʩʪʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʳ 

ʢʦʣʝʩʘ ʩ ʚʥʝʰʥʝʡ ʯʘʩʪʠ. ɼʘʥʥʦʝ ʢʦʣʝʩʦ ʭʦʪʴ ʠ ʩʣʦʞʥʦ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ, ʥʦ ʦʙʣʘʜʘʝʪ 

ʥʝʦʩʧʦʨʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʧʝʨʝʜ ʦʙʳʯʥʳʤʠ ʢʘʤʝʨʥʳʤʠ ʠ ʙʝʩʢʘʤʝʨʥʳʤʠ ʢʦʣʸʩʘʤʠ. 

ʅʘʧʨʠʤʝʨ, ʜʘʥʥʳʡ ʪʠʧ ʢʦʣʸʩ ʦʙʣʘʜʘʝʪ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʧʨʦʙʠʪʠʶ ʧʦʢʨʳʰʢʠ, ʜʘʥʥʦʝ ʢʦʣʝʩʦ ʥʝ ʤʦʞʝʪ ʩʧʫʩʪʠʪʴʩʷ. ʅʦ ʫ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʦʣʸʩ ʝʩʪʴ 

ʧʨʦʙʣʝʤʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʝ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʚ ʢʦʣʝʩʦ, ʩ 

ʙʦʢʦʚʦʡ ʯʘʩʪʠ, ʢʘʤʥʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʝʡ ʢʦʣʝʩʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʘʚʘʨʠʡʥʳʤ, ʘ ʪʦ ʠ ʩʤʝʨʪʝʣʴʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʠʤʝʥʥʦ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʪʘʢʠʭ ʩʠʪʫʘʮʠʡ ʤʥʦʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʜʠʩʢʘ ʩ ʛʠʙʢʦʡ ʟʘʱʠʪʦʡ. 
ʊʘʢ ʢʘʢ ʢʦʣʸʩʘ ʵʪʦʛʦ ʪʠʧʘ ʨʘʟʨʘʙʦʪʘʥʳ ʙʝʟ ʙʦʢʦʚʦʡ ʟʘʱʠʪʳ, ʭʦʪʴ ʦʥʠ ʦʙʣʘʜʘʶʪ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʭʦʜʠʤʦʩʪʴʶ, ʪʦ ʝʩʪʴ: ʥʘʜʸʞʥʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʘʚʪʦʤʦʙʠʣʷ ʚ ʧʣʦʭʫʶ ʧʦʛʦʜʫ, 

ʧʦ ʫʯʘʩʪʢʘʤ ʜʦʨʦʛ ʙʝʟ ʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦ ʛʦʨʥʦʡ ʠ ʙʦʣʦʪʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ; ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʧʨʦʙʠʪʠʶ, ʥʦ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʢʘʤʥʷ ʩʙʦʢʫ ʤʝʞʜʫ ʧʦʧʝʨʝʯʥʳʭ ʨʸʙʝʨ 

ʞʸʩʪʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʜʝʩʪʘʙʠʣʠʟʘʮʠʷ, ʢʦʪʦʨʘʷ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʦʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʘʚʘʨʠʡʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʘʚʪʦʤʦʙʠʣʷ, ʧʦʵʪʦʤʫ ʤʥʦʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʙʦʢʦʚʘʷ ʛʠʙʢʘʷ ʟʘʱʠʪʘ, ʩ ʢʨʝʧʣʝʥʠʝʤ ʢ ʜʠʩʢʫ. ɹʣʘʛʦʜʘʨʷ ʢʨʝʧʣʝʥʠʷʤ, ʝʩʣʠ ʟʘʱʠʪʘ 

ʠʩʪʨʝʧʣʝʪʩʷ, ʪʦ ʝʸ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʙʝʟ ʟʘʤʝʥʳ ʩʘʤʦʛʦ ʢʦʣʝʩʘ ʮʝʣʠʢʦʤ. ɿʘʱʠʪʘ ʩʜʝʣʘʥʘ ʠʟ 

ʛʠʙʢʦʡ ʨʝʟʠʥʳ ʦʩʦʙʦʡ ʠʟʦʛʥʫʪʦʡ ʬʦʨʤʳ. ʊʘʢʞʝ ʙʳʣʠ ʚʥʝʩʝʥʳ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʦʝʥʠʝ ʜʠʩʢʘ 

ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʤʦʥʪʘʞʘ ʟʘʱʠʪʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʝʨʝʥʦʩʥʦʡ ʤʠʥʠ ʩʪʘʥʮʠʷ ʜʣʷ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 
ʉʦʢʦʣʦʚ ɼ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʣʴʯʠʢʦʚʘ ʀ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2127, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʫʭʫʜʰʘʶʪʩʷ ʢʦʤʬʦʨʪʥʦʩʪʴ ʧʨʦʞʠʚʘʥʠʷ ʠ ʵʢʦʣʦʛʠʯʝʩʢʘʷ 

ʦʙʩʪʘʥʦʚʢʘ ʠʟ-ʟʘ ʨʘʟʨʘʩʪʘʥʠʷ ʛʦʨʦʜʦʚ, ʚʳʨʫʙʢʠ ʣʝʩʦʚ, ʚʳʙʨʦʩʦʚ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʕʪʠ ʬʘʢʪʦʨʳ ʥʝʛʘʪʠʚʥʦ ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʅʝʢʦʪʦʨʳʝ ʣʶʜʠ, ʠʤʝʶʱʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʧʨʦʞʠʚʘʥʠʷ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʤ ʥʘʩʝʣʝʥʥʦʤ ʧʫʥʢʪʝ, 

ʚʳʥʫʞʜʝʥʳ ʪʱʘʪʝʣʴʥʦ ʚʳʙʠʨʘʪʴ ʤʝʩʪʦ ʞʠʪʝʣʴʩʪʚʘ. ʉʦʟʜʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʤʦʞʝʪ ʦʮʝʥʠʪʴ 

ʬʘʢʪʦʨʳ ʢʘʯʝʩʪʚʘ ʧʨʦʞʠʚʘʥʠʷ ʚ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ. ʇʨʦʙʣʝʤʘ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ ʚʦʣʥʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʦʚ. ɺʳʙʨʘʪʴ ʢʦʤʬʦʨʪʥʳʡ 

ʜʣʷ ʧʨʦʞʠʚʘʥʠʷ ʥʘʩʝʣʝʥʥʳʡ ʧʫʥʢʪ ʥʝ ʩʘʤʘʷ ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
ʎʝʣɹ ʧʨʦʝʢʪʘ 
ʉʦʟʜʘʥʠʝ ʢʦʤʧʘʢʪʥʦʛʦ ʧʝʨʝʥʦʩʥʦʡ ʩʠʩʪʝʤʳ, ʫʤʝʶʱʝʛʦ ʩʦʙʠʨʘʪʴ ʜʘʥʥʳʝ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʵʢʦʣʦʛʠʝʡ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
Å ʇʨʦʩʤʦʪʨʝʪʴ ʥʘʣʠʯʠʝ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʨʦʝʢʪʘ ʜʘʪʯʠʢʦʚ 
-ʠʟʫʯʠʪʴ ʥʘʣʠʯʠʝ ʜʘʪʯʠʢʦʚ, ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʧʨʦʝʢʪʘ, ʫʤʝʶʱʠʭ ʩʦʙʠʨʘʪʴ ʪʘʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ ʢʘʢ: 
-ʚʣʘʞʥʦʩʪʴ 
-ʪʝʤʧʝʨʘʪʫʨʘ 
-ʜʘʚʣʝʥʠʝ 
-ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ 
Å ʉʦʟʜʘʪʴ 3d ʤʦʜʝʣʴ ʧʨʦʝʢʪʘ 
Å ʅʘʧʝʯʘʪʘʪʴ ʢʦʨʧʫʩ ʧʨʦʝʢʪʘ ʥʘ 3d ʧʨʠʥʪʝʨʝ 
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Å ʀʟʫʯʠʪʴ ʷʟʳʢ C/C++ ʚ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʩ ʧʨʦʝʢʪʦʤ 
Cʦʙʨʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʣʘʪʫ ESP8266, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʥʝʡ ʜʘʪʯʠʢʠ: 

DHT11, mq-135, LPS25HB, ʜʘʥʥʳʝ ʧʦ ʩʝʪʠ wi-fi  ʧʝʨʝʜʘʶʪʩʷ ʚ ʪʝʣʝʛʨʘʤʤ ʙʦʪʘ 
ʇʨʦʝʢʪ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʘʯʘʣʦʤ, ʧʦʵʪʦʤʫ ʥʫʞʜʘʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʜʦʨʘʙʦʪʢʘʭ ʠ 

ʥʦʚʦʚʚʝʜʝʥʠʷʭ. ʇʣʘʥʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪ ʧʨʦʝʢʪ ʩʣʝʜʫʶʱʠʤʠ ʜʘʪʯʠʢʘʤʠ: 
Å ɼʘʪʯʠʢ ʧʳʣʠ 
Å ɼʘʪʯʠʢ ʫʛʘʨʥʦʛʦ ʛʘʟʘ 
Å ʄʠʢʨʦʬʦʥ, ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ʰʫʤʘ 

ʈʘʟʨʘʙʦʪʢʘ ʨʦʚʝʨʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪ ʧʣʘʥʝʪʳ ʄʘʨʩ 
ʉʦʢʦʣʦʚʘ ɸ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʏʝʨʥʷʝʚ ɸ.ɻ. 
ʄɸʆʋ çʃʠʮʝʡ ˉ 27è, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʣʝʤʦʡ 

ʦʪʩʫʪʩʪʚʠʷ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʠ 

ʦʧʘʩʥʳʭ ʤʝʩʪ ʢʘʢ ʥʘʰʝʡ ʧʣʘʥʝʪʳ, ʪʘʢ ʠ ʜʘʣʝʢʠʭ ʥʝʠʟʚʝʜʘʥʥʳʭ ʧʣʘʥʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʷ 

ʦʙʨʘʪʠʣʘʩʴ ʢ ʪʝʤʝ ʨʦʚʝʨʦʚ-ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʇʨʦʪʦʪʠʧʦʤ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʨʦʚʝʨ-ʤʘʨʩʦʭʦʜ, ʢʘʢ ʦʙʨʘʟʝʮ ʘʧʧʘʨʘʪʘ, ʚʦʧʣʦʪʠʚʰʝʛʦ ʚ ʩʝʙʝ 

ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʚ ʦʙʣʘʩʪʠ ʨʦʙʦʪʦʪʝʭʥʠʢʠ, ʵʣʝʢʪʨʦʥʥʦ-ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚ ʦʧʘʩʥʦʤ, ʥʝʠʟʚʝʜʘʥʥʦʤ, ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʤ ʤʝʩʪʝ - 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ ʄʘʨʩ. 
ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʧʳʪʢʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʘ 

ʤʘʨʩʦʭʦʜʘ, ʢʦʪʦʨʳʡ, ʩʧʦʩʦʙʝʥ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ, ʥʝ ʠʟʫʯʝʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʠ 

ʫʧʨʘʚʣʷʪʴʩʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ. 
ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ 
ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ Arduino, ʩʦʩʪʦʷʱʠʡ 

ʠʟ ʵʣʝʢʪʨʦʥʥʦʛʦ ʙʣʦʢʘ (ʕɹ) ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (ʇʆ). ʕɹ ʚʢʣʶʯʘʝʪ ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ 

ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ ʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʘʤʠ, ʥʘ ʇʆ ʩʦʟʜʘʥʘ ʧʨʦʛʨʘʤʤʘ 

ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++. 
ɺʳʙʦʨ ʧʣʘʪʬʦʨʤʳ Arduino ʦʙʦʩʥʦʚʘʥ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʝʨʠʬʝʨʠʡʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʷʟʳʢʘ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʉ++. 
ʇʣʘʥ ʨʘʙʦʪʳ: 
ʀʟʥʘʯʘʣʴʥʦ ʙʳʣʠ ʩʦʟʜʘʥʳ ʪʨʠ ʩʢʝʪʯʘ (Master, Slave1 ʠ Slave2). Slave1 ʠ Slave2 ʦʪʚʝʯʘʶʪ 

ʟʘ ʨʘʙʦʪʫ ʤʦʪʦʨʦʚ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʜʣʷ ʨʘʙʦʪʳ ʩ ʤʦʪʦʨʘʤʠ ʙʳʣʘ ʩʢʘʯʝʥʘ ʙʠʙʣʠʦʪʝʢʘ 
Adafruit Motor Shield ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ɺ ʩʢʝʪʯʘʭ Slave1 ʠ Slave2 

ʟʘʷʚʣʝʥʦ ʦ ʤʦʪʦʨʘʭ ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʶ AF_DCMotor. ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ, ʯʝʨʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʩʦʟʜʘʚʘʣʠʩʴ ʬʫʥʢʮʠʠ. ʅʘʧʨʠʤʝʨ, ʝʭʘʪʴ ʚʧʝʨʝʜ, ʥʘʟʘʜ, ʚʧʨʘʚʦ, 

ʚʣʝʚʦ, ʚʘʨʴʠʨʫʷ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝ (FORWARD, BACKWARD ʠ 

RELEASE). ɺ ʤʝʪʦʜʝ void loop ʩʦʟʜʘʝʤ ʢʦʥʩʪʨʫʢʮʠʶ switch ʩ ʧʝʨʝʤʝʥʥʦʡ s, ʚ ʢʦʪʦʨʦʡ ʠ 

ʙʫʜʫʪ ʚʘʨʠʘʥʪʳ ʜʚʠʞʝʥʠʷ ʨʦʚʝʨʦʤ. 
ɹʠʙʣʠʦʪʝʢʘ Wire ʧʦʜʢʣʶʯʝʥʘ ʚ ʢʘʞʜʦʤ ʩʢʝʪʯʝ, ʠ ʠʤʝʥʥʦ ʦʥʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ I2C ʰʠʥʦʡ. ɺ setup () ʩʢʝʪʯʘ Master ʦʙʲʷʚʣʝʥ ʢʘʞʜʳʡ ʚʭʦʜ ʠ ʚʳʭʦʜ 

ʜʘʪʯʠʢʦʚ. 
ɺ loop ʦʧʠʩʘʥ ʢʘʞʜʳʡ ʜʘʪʯʠʢ, ʜʘʥʥʳʝ ʢʦʪʦʨʦʛʦ ʩʯʠʪʳʚʘʶʪʩʷ ʠ ʚʳʚʦʜʷʪʩʷ ʚ ʧʦʨʪ. ɼʘʣʝʝ 

ʯʝʨʝʟ ʢʦʥʩʪʨʫʢʮʠʶ if/else ʩʦʟʜʘʥʳ ʚʘʨʠʘʥʪʳ ʫʧʨʘʚʣʝʥʠʡ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʝʜʘʚʘʝʤʦʝ ʧʦ ʰʠʥʝ ʟʥʘʯʝʥʠʝ s. 
ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʨʦʚʝʨ-ʤʘʨʩʦʭʦʜ ʫʧʨʘʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʦʢʘʟʘʥʠʷ ʜʘʪʯʠʢʦʚ, 

ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʨʦʩʪʦʡ ʣʦʛʠʢʦʡ. ʇʦʵʪʦʤʫ ʥʘʙʦʨ ʫʧʨʘʚʣʷʶʱʠʭ ʢʦʤʘʥʜ ʦʛʨʘʥʠʯʝʥ. ʅʘʯʘʪ 

ʩʣʝʜʫʶʱʠʡ ʵʪʘʧ ʨʘʙʦʪʳ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʡ ʨʘʩʰʠʨʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʟʘʜʘʯ. ʆʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʥʝʡʨʦʩʝʪʠ ʜʣʷ ʧʣʘʪʳ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Arduino Uno ʩʪʘʣʘ ʩʝʪʴ 

ʦʙʨʘʪʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩ ʧʨʷʤʦʡ ʩʚʷʟʴʶ ʢʘʢ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʪʠʧ. 
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ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ: 
Å Proteus - ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʩʭʝʤ; 
Å ʉ++ ʚ ʩʨʝʜʝ Arduino IDE. 
ʐʪʘʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 
Å Arduino: ɼʘʪʯʠʢ ʠʥʬʨʘʢʨʘʩʥʳʭ ʣʠʥʠʡ TCRT5000; 
Å Arduino: ɼʘʪʯʠʢ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ HC-SR04, DC5V; 
Å Arduino: ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ (ATmega328) Arduino Uno R3; 
Å ʈʘʩʰʠʨʠʪʝʣʴʥʘʷ ʧʣʘʪʘ Troyka Shield; 
Å 6WD ʧʣʘʪʬʦʨʤʘ ʩ ʘʤʦʨʪʠʟʘʪʦʨʘʤʠ ʜʣʷ Arduino; 
Å DC 4,5 V-35V 5A 20khz LED PWM ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ; 
Å Arduino: ʇʣʘʪʘ(L293D) ʜʣʷ ʜʨʘʡʚʝʨʘ ʫʧʨʘʚʣʝʥʠʷ ʯʝʪʳʨʴʤʷ ʜʚʠʛʘʪʝʣʷʤʠ. 
ʇʨʦʚʝʨʢʘ ʤʦʜʝʣʠ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 
ʇʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʨʦʚʝʨʘ. ʋʩʪʨʦʡʩʪʚʦ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʤʦʞʝʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚʧʝʨʝʜ, 

ʥʘʟʘʜ, ʜʝʣʘʪʴ ʨʘʟʚʦʨʦʪʳ ʧʦ ʯʘʩʦʚʦʡ ʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʤʦʞʝʪ ʟʘʝʟʞʘʪʴ ʥʘ ʥʝʙʦʣʴʰʠʝ 

ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʥʝ ʧʝʨʝʝʟʞʘʝʪ ʯʝʨʥʫʶ ʣʠʥʠʶ (ʚʠʨʪʫʘʣʴʥʳʡ ʦʚʨʘʛ). ɺ ʭʦʜʝ ʠʩʧʳʪʘʥʠʷ 

ʤʘʨʩʦʭʦʜʘ Singularity ʚʳʷʩʥʝʥʦ, ʯʪʦ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ, ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʪʠʛʥʫʪ. 
ɿʘʢʣʶʯʝʥʠʝ 
ʇʨʝʜʩʪʘʚʣʝʥʥʳʡ ʧʨʦʝʢʪ ʨʦʚʝʨʘ-ʠʩʩʣʝʜʦʚʘʪʝʣʷ ʤʘʨʩʦʭʦʜʘ Singularity ʥʘ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʭ ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʥʝʡʨʦʩʝʪʴʶ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʤ ʤʳʩʣʷʱʝʡ ʤʘʰʠʥʳ-

ʧʦʤʦʱʥʠʢʘ, ʬʘʢʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʶʱʠʡʩʷ ʧʦ ʩʚʦʠʤ ʚʦʟʤʦʞʥʦʩʪʷʤ ʢ ʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʦʙʲʝʢʪʘʤ. 
ʉʧʦʩʦʙʥʦʩʪʴ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʝʜʩʢʘʟʘʥʠʡ, ʢʣʘʩʩʠʬʠʢʘʮʠʡ, 

ʨʘʩʧʦʟʥʘʥʠʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʙʘʟʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʚ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ 

ʨʫʙʝʞʠ ʥʝʠʟʚʝʜʘʥʥʦʛʦ. ʉʘʤʦʝ ʛʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ï ʵʢʦʥʦʤʠʯʝʩʢʘʷ 

ʚʳʛʦʜʘ (ʥʝʚʳʩʦʢʘʷ ʮʝʥʘ), ʥʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ ʠ ʤʘʣʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʥʘʯʘʪʘ ʨʘʙʦʪʘ ʧʦ ʥʘʧʠʩʘʥʠʶ ʘʣʛʦʨʠʪʤʘ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʧʦʩʪʨʦʝʥʥʦʛʦ 

ʥʘ ʦʙʫʯʘʝʤʦʡ ʥʝʡʨʦʩʝʪʝʚʦʡ ʤʦʜʝʣʠ. ʇʝʨʝʥʦʩ ʦʙʫʯʝʥʥʦʡ ʥʝʡʨʦʩʝʪʠ ʩ ʥʝʦʙʭʦʜʠʤʳʤʠ 

ʘʣʛʦʨʠʪʤʘʤʠ ʥʘ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʸ ʦʙʫʯʝʥʠʝ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʇʨʠ ʠʩʧʳʪʘʥʠʠ ʤʘʨʩʦʭʦʜʘ Singularity, ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʶ, ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʢʠ ʞʝʩʪʢʦʛʦ ʢʦʨʧʫʩʘ ʤʘʨʩʦʭʦʜʘ, ʩʢʨʳʚʘʶʱʝʝ 

ʵʣʝʢʪʨʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʣʠʙʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʟʘʱʠʪʥʳʭ ʢʦʨʧʫʩʦʚ. ʊʘʢ ʞʝ 
ʧʣʘʥʠʨʫʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʫʜʘʣʝʥʥʦʛʦ ʜʦʩʪʫʧʘ ʢ ʨʦʚʝʨʫ, ʯʝʨʝʟ ʙʦʨʪʦʚʳʝ ʩʠʩʪʝʤʳ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʦʨʘʙʣʷ/ʨʦʚʝʨʘ (ʧʦʜʦʙʥʳʝ wi-fi  ʠ Bluetooth), ʝʩʣʠ ʥʝʡʨʦʩʝʪʴ ʥʝ ʩʤʦʞʝʪ 

ʩʧʨʘʚʠʪʴʩʷ ʩ ʢʘʢʠʤʠ-ʪʦ ʣʠʙʦ ʧʨʝʧʷʪʩʪʚʠʷʤʠ. 

çʋʤʥʘʷ ʪʨʦʩʪʴè ð ʫʩʪʨʦʡʩʪʚʦ ʧʦʤʦʱʠ ʩʣʘʙʦʚʠʜʷʱʠʤ ʠʣʠ ʩʣʝʧʳʤ ʣʶʜʷʤ 

ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʥʘ ʤʝʩʪʥʦʩʪʠ 
ʉʪʨʘʭʦʚ ʂ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʘʰʠʥ ɼ.ɼ. 
ɻʂʆʋ ʂʐʀ ˉ1, ʄʦʩʢʚʘ 

 
ʇʦ ʜʘʥʥʳʤ ɺʩʝʤʠʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ (ɺʆɿ), ʚ ʤʠʨʝ ʩ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʬʦʨʤʦʡ ʥʘʨʫʰʝʥʠʷ ʟʨʝʥʠʷ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 1.3 ʤʣʨʜ. ʯʝʣʦʚʝʢ. ʀʟ ʥʠʭ ʦʪ 36 ʜʦ 39 ʤʣʥ. ï 

ʪʦʪʘʣʴʥʦ ʩʣʝʧʳʝ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 1.4 ʤʣʥ. ï ʥʝʦʙʨʘʪʠʤʦ ʩʣʝʧʳʝ ʜʝʪʠ. ɺ ʈʦʩʩʠʠ, ʧʦ ʦʮʝʥʢʝ 

ʄʅʀʀ ʛʣʘʟʥʳʭ ʙʦʣʝʟʥʝʡ ʠʤ. ɻʝʣʴʤʛʦʣʴʮʘ, ʢʦʣʠʯʝʩʪʚʦ ʥʝʟʨʷʯʠʭ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 100 

ʪʳʩʷʯ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʚ. ʂʘʞʜʳʡ ʛʦʜ ʦʢʦʣʦ 45 ʪʳʩʷʯ ʯʝʣʦʚʝʢ ʧʦ ʚʩʝʡ ʩʪʨʘʥʝ ʠʟ-ʟʘ 

ʥʘʨʫʰʝʥʠʡ ʟʨʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʠʥʚʘʣʠʜʘʤʠ. ʧʨʠʤʝʨʥʦ 20% ʠʥʚʘʣʠʜʦʚ ʧʦ ʟʨʝʥʠʶ ï ʤʦʣʦʜʝʞʴ. 
ʉ ʨʦʩʪʦʤ ʧʦʧʫʣʷʨʥʦʩʪʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʣʦʞʝʥʠʝ 

ʩʣʝʧʳʭ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʦʧʨʝʜʝʣʝʥʥʦ ʫʣʫʯʰʘʝʪʩʷ. ʀ ʫʞʝ ʩʝʛʦʜʥʷ ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʣʝʛʯʠʪʴ ʠʤ ʞʠʟʥʴ ʩ ʧʦʤʦʱʴʶ çʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚè. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʤʝʥʷʶʪ ʞʠʟʥʴ ʠ 

ʧʦʤʦʛʘʶʪ ʩʣʘʙʦʚʠʜʷʱʠʤ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʜʝʷ ʥʘʣʠʯʠʷ ʜʦʩʪʫʧʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʛʘʜʞʝʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʤʦʯʴ 

ʩʣʝʧʳʤ ʚʠʜʝʪʴ ʠ ʚʦʩʧʨʠʥʠʤʘʪʴ ʤʠʨ ʚʦʢʨʫʛ ʩʝʙʷ ʪʘʢ, ʢʘʢ ʵʪʦ ʜʝʣʘʶʪ ʟʨʷʯʠʝ. ʅʦ ʥʘ 2022 ʛʦʜ 
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ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʝʜʠʥʠʮʳ. ɸ ʜʦʩʪʫʧʥʦʩʪʴ ʠ ʮʝʥʘ ʥʘ ʜʘʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ 

ʫʪʝʰʠʪʝʣʴʥʳ ʜʣʷ ʤʥʦʛʠʭ ʣʶʜʝʡ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ: ʨʘʟʨʘʙʦʪʢʘ ʜʦʩʪʫʧʥʦʛʦ ʠ ʙʶʜʞʝʪʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʦʤʦʛʘʪʴ ʩʣʘʙʦʚʠʜʷʱʠʤ ʠ ʩʣʝʧʳʤ ʣʶʜʷʤ ʜʣʷ ʣʫʯʰʝʡ ʦʨʠʝʥʪʘʮʠʠ ʥʘ 

ʤʝʩʪʥʦʩʪʠ. ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙ ʩʦʟʜʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʢʨʝʧʷʱʝʝʩʷ ʥʘ ʪʨʦʩʪʴ ʠ 

ʦʩʫʱʝʩʪʚʣʷʶʱʝʝ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʣʦʢʘʮʠʶ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʯʝʣʦʚʝʢʘ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʝʧʷʪʩʪʚʠʡ ʠ ʦʧʘʩʥʦʩʪʝʡ ʥʘ ʧʫʪʠ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʦ ʧʦʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: 
ʇʦʜʙʦʨ ʜʘʪʯʠʢʦʚ ʠ ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ 
ʅʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʣʘʪʬʦʨʤʳ Arduino 
ʆʙʝʩʧʝʯʝʥʠʝ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ ʧʨʦʩʪʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
ʈʘʟʨʘʙʦʪʢʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʘʟʥʳʭ 

ʩʠʪʫʘʮʠʷʭ 
ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʧʦʣʥʦʩʪʴʶ ʚʳʧʦʣʥʷʝʪ ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʟʘʜʘʯʠ. ɸ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʫʧʥʳʤ ʠ ʙʶʜʞʝʪʥʳʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʢʣʶʯʝʚʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʨʦʡʩʪʚʘ. 
ɺ ʩʣʝʜʫʶʱʝʡ ʚʝʨʩʠʠ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʫʜʝʪ ʫʩʪʘʥʦʚʣʝʥʘ: 
Å ʂʥʦʧʢʘ ʚʳʟʦʚʘ ʵʢʩʪʨʝʥʥʳʭ ʩʣʫʞʙ ʜʣʷ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʡ ʧʦʤʦʱʠ 
Å GPS ʤʦʜʫʣʴ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʯʝʣʦʚʝʢʘ. 

ʄʝʭʘʥʠʢʘ ʠ ʤʝʭʘʥʠʟʤ-ʧʘʫʢ ʮʝʧʣʷʶʱʝʛʦ ʜʚʠʞʝʥʠʷ 
ʉʳʯʝʚʘ ʗ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʘʮʢʘʷ ɸ.ʀ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʸʚ 

 
ɿʘʜʘʯʘ ʠʟʫʯʝʥʠʷ ʤʝʭʘʥʠʟʤʘ-ʧʘʫʢʘ ʧʦʷʚʠʣʘʩʴ ʧʦʩʣʝ ʦʟʥʘʢʦʤʣʝʥʠʷ ʩ ʰʘʛʘʶʱʠʤʠ 

ʤʝʭʘʥʠʟʤʘʤʠ. ʏʝʤ ʤʝʭʘʥʠʟʤ-ʧʘʫʢ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʦʙʳʯʥʦʛʦ ʰʘʛʘʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʇ.ʃ.  

ʏʝʙʳʰʝʚʘ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ ʥʘʡʜʝʥ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʟʘʤʝʜʣʝʥʥʦʡ ʚʠʜʝʦʩʲʸʤʢʠ 

ʜʚʠʞʝʥʠʷ ʣʘʧʳ ʧʘʫʢʘ [1]. ʇʘʫʢ ʭʦʜʠʪ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʪʘʢ, ʢʘʢ ʯʝʣʦʚʝʢ. ʅʘ ʣʘʧʝ ʧʘʫʢʘ ʥʝʪ 

ʦʧʦʨʳ, ʝʩʪʴ ʪʦʣʴʢʦ ʠʛʦʣʴʯʘʪʦʝ ʟʘʮʝʧʣʝʥʠʝ. ʇʦʷʚʠʣʘʩʴ ʟʘʜʘʯʘ ʠʟ ʙʠʦʥʠʢʠ. ɹʠʦʥʠʢʘ - ʵʪʦ ʩʚʷʟʴ 

ʧʨʠʨʦʜʳ ʩ ʪʝʭʥʠʢʦʡ. ʂʘʢ ʤʦʞʥʦ ʧʝʨʝʥʝʩʪʠ ʜʚʠʞʝʥʠʝ ʧʘʫʢʘ ʥʘ ʤʝʭʘʥʠʟʤʳ. ɹʳʣ ʚʳʧʦʣʥʝʥ 

ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ [2]. ʄʝʭʘʥʠʟʤʳ ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: ʰʘʛʘʶʱʠʝ, ʮʝʧʣʷʶʱʠʝ ʠ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ. 
ʂ ʰʘʛʘʶʱʠʤ ʤʝʭʘʥʠʟʤʘʤ ʦʪʥʦʩʠʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʭʘʥʠʟʤ ʇ.ʃ. ʏʝʙʳʰʝʚʘ [2]. ʄʘʢʝʪ 

ʤʝʭʘʥʠʟʤʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʰʘʛʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ. ʐʘʛʘʶʱʠʝ 

ʤʝʭʘʥʠʟʤʳ ʠʟʫʯʘʝʪ ɸ.ɸ. ʉʢʚʦʨʮʦʚʘ, ʃʘʫʨʝʘʪ ʢʦʥʢʫʨʩʘ ʋʄʅʀʂ ʟʘ ʧʨʠʤʝʥʝʥʠʝ ʰʘʛʘʶʱʝʛʦ 

ʪʨʝʥʘʞʸʨʘ ʚ ʤʝʜʠʮʠʥʝ. ʆʩʦʙʝʥʥʦʩʪʠ ʰʘʛʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ ʧʦʟʚʦʣʠʣʠ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʪʘʢʦʝ 

ʜʚʠʞʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʢʘʤʝʥʠʩʪʳʭ ʩʢʣʦʥʘʭ 

ʯʝʣʦʚʝʢ ʯʘʩʪʦ ʩʧʦʪʳʢʘʝʪʩʷ, ʟʘʮʝʧʣʷʝʪʩʷ ʩʪʦʧʦʡ ʟʘ ʥʝʨʦʚʥʦʩʪʠ. ɿʘʜʘʯʘ ʠʟ ʙʠʦʥʠʢʠ ʩʪʘʣʘ 

ʙʦʣʝʝ ʪʦʯʥʦʡ. ʂʘʢ ʧʝʨʝʥʝʩʪʠ ʜʚʠʞʝʥʠʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʤʘʰʠʥʫ, ʢʦʪʦʨʘʷ ʩʤʦʞʝʪ 

ʜʚʠʛʘʪʴʩʷ ʧʦ ʢʘʤʥʷʤ? 
ɺʪʦʨʦʡ ʘʥʘʣʦʛ - ʵʪʦ ʤʝʭʘʥʠʟʤ ʊʝʦ ʗʥʩʝʥʘ [2]. ʋ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʪʨʘʝʢʪʦʨʠʷ ʥʝ ʩʦʚʩʝʤ 

ʰʘʛʘʶʱʘʷ, ʢʘʢ ʫ ʤʝʭʘʥʠʟʤʘ ʇ.ʃ. ʏʝʙʳʰʝʚʘ, ʘ ʥʝʤʥʦʛʦ ʮʝʧʣʷʶʱʘʷ. ʐʘʛʘʶʱʘʷ ʪʨʘʝʢʪʦʨʠʷ 

ʚʩʶʜʫ ʧʣʘʚʥʘʷ, ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʫʯʘʩʪʢʦʤ ʚʥʠʟʫ ʜʣʷ ʦʧʦʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩ ʜʫʛʦʡ 

ʚʚʝʨʭʫ ʜʣʷ ʧʝʨʝʥʦʩʘ ʦʧʦʨʳ. ʎʝʧʣʷʶʱʘʷ ʪʨʘʝʢʪʦʨʠʷ ʠʤʝʝʪ ʦʩʪʨʳʝ ʫʛʣʳ ʜʣʷ ʟʘʮʝʧʣʝʥʠʷ ʟʘ 

ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʧʦʨʘ ʜʚʠʛʘʝʪʩʷ ʩʥʘʯʘʣʘ ʚʧʝʨʸʜ, ʘ ʧʦʪʦʤ ʥʘʟʘʜ. ʅʘ ʟʘʤʝʜʣʝʥʥʦʡ 

ʚʠʜʝʦʩʲʸʤʢʝ ʜʚʠʞʝʥʠʷ ʧʘʫʢʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʩʝʢʦʤʦʝ ʯʘʩʪʦ ʜʸʨʛʘʝʪʩʷ ʚʧʝʨʸʜ-ʥʘʟʘʜ, ʪʦ ʝʩʪʴ 

ʩʥʘʯʘʣʘ ʟʘʮʝʧʣʷʝʪʩʷ, ʧʦʪʦʤ ʧʦʜʪʷʛʠʚʘʝʪʩʷ, ʥʘʢʦʥʝʮ, ʦʪʮʝʧʣʷʝʪʩʷ. ʏʝʣʦʚʝʢ ʪʘʢ ʭʦʜʠʪʴ ʥʝ 

ʤʦʞʝʪ. ʅʦ ʤʝʭʘʥʠʟʤʳ ʊʝʦ ʗʥʩʝʥʘ "ʐʘʛʘʶʱʠʝ ʤʦʥʩʪʨʳ" ʩʦʟʜʘʥʳ, ʚ ʦʩʥʦʚʥʦʤ, ʜʣʷ ʨʝʢʣʘʤʳ, 

ʠʭ ʘʚʪʦʨ - ʛʦʣʣʘʥʜʩʢʠʡ ʭʫʜʦʞʥʠʢ. ɽʱʸ ʦʜʥʦ ʥʘʟʥʘʯʝʥʠʝ ʪʘʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʟʘʢʣʶʯʘʣʦʩʴ ʚ 

ʜʚʠʞʝʥʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʝʪʨʘ, ʢʘʢ ʧʘʨʫʩʥʠʢʦʚ. ʋ ʧʘʫʢʘ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʠʛʦʣʴʯʘʪʦʡ 

ʦʧʦʨʳ ʣʘʧʳ ʝʱʸ ʙʦʣʝʝ ʦʩʪʨʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʭʘʥʠʟʤʘʤʠ ʊʝʦ ʗʥʩʝʥʘ. ʄʝʭʘʥʠʟʤ ʊʝʦ 

ʗʥʩʝʥʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʠ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʣʫʮʝʧʣʷʶʱʝʡ-

ʧʦʣʫʰʘʛʘʶʱʝʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʦʧʦʨʳ. 
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ʊʨʝʪʠʡ ʘʥʘʣʦʛ ʜʣʷ ʮʝʧʣʷʶʱʝʡ ʤʘʰʠʥʳ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʪʦʪʠʧʦʤ. ʕʪʦ ʤʝʭʘʥʠʟʤ ʂʣʘʥʥʘ 

[2]. ʇʘʪʝʥʪ ʥʘ ʵʪʦʪ ʤʝʭʘʥʠʟʤ ʩʚʦʙʦʜʝʥ ʜʣʷ ʚʩʝʭ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʘʩʧʦʨʷʞʝʥʠʝʤ ʠʟʦʙʨʝʪʘʪʝʣʷ. ʉʥʘʯʘʣʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʦʜʠʥʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʂʣʘʥʥʘ, ʪʨʝʪʠʡ 

ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʦʜʪʚʝʨʜʠʣ ʦʩʪʨʳʡ ʫʯʘʩʪʦʢ ʪʨʘʝʢʪʦʨʠʠ ʨʘʙʦʯʝʡ 

ʪʦʯʢʠ, ʪʦ ʝʩʪʴ ʩʠʣʴʥʦʝ ʟʘʮʝʧʣʝʥʠʝ ʦʧʦʨʳ ʟʘ ʥʝʨʦʚʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ. ɿʥʘʯʠʪ, ʤʝʭʘʥʠʟʤ 

ʂʣʘʥʥʘ ʜʦʣʞʝʥ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʧʨʠ ʩʦʟʜʘʥʠʠ ʮʝʧʣʷʶʱʝʡ ʤʘʰʠʥʳ ʠʣʠ ʮʝʧʣʷʶʱʝʛʦ ʨʦʙʦʪʘ. 
ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʝʡʩʪʚʫʶʱʝʛʦ ʤʘʢʝʪʘ ʩʥʘʯʘʣʘ ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʠʤʝʥʠʪʴ ʜʚʘ ʮʝʧʣʷʶʱʠʭ 

ʤʝʭʘʥʠʟʤʘ ʂʣʘʥʥʘ. ʂʦʥʝʯʥʦ, ʧʘʫʢ ʪʘʢ ʭʦʜʠʪʴ ʥʝ ʤʦʞʝʪ. ʋ ʧʘʫʢʘ ʚʦʩʝʤʴ ʦʧʦʨ, ʘ ʥʝ ʜʚʝ, ʢʘʢ ʫ 

ʯʝʣʦʚʝʢʘ. ʅʘ ʧʝʨʚʦʡ ʤʦʜʝʣʠ ʜʚʝ ʮʝʧʣʷʶʱʠʝ ʦʧʦʨʳ ʥʫʞʥʳ ʪʦʣʴʢʦ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʧʨʘʚʠʣʴʥʦʩʪʠ ʛʠʧʦʪʝʟʳ ʦ ʥʦʚʦʤ ʚʠʜʝ ʜʚʠʞʝʥʠʷ. ʏʪʦʙʳ ʤʘʰʠʥʘ ʩ ʜʚʫʤʷ ʮʝʧʣʷʶʱʠʤʠ 

ʦʧʦʨʘʤʠ ʥʝ ʫʧʘʣʘ, ʙʳʣʦ ʨʝʰʝʥʦ ʜʦʧʦʣʥʠʪʴ ʝʸ ʫʩʪʨʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʥʝ ʤʝʰʘʶʪ ʜʚʠʞʝʥʠʶ, 

ʥʦ ʧʦʟʚʦʣʷʶʪ ʚʠʜʝʪʴ ʠ ʠʟʫʯʘʪʴ ʜʚʠʞʝʥʠʝ ʮʝʧʣʷʶʱʠʭ ʠʛʦʣʴʯʘʪʳʭ ʦʧʦʨ. ɼʚʘ ʤʝʭʘʥʠʟʤʘ 

ʂʣʘʥʥʘ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʬʘʥʝʨʳ, ʘʣʶʤʠʥʠʝʚʳʭ ʨʝʝʢ, ʚʠʥʪʦʚ ʠ ʛʘʝʢ ʧʦ ʫʞʝ ʩʦʟʜʘʥʥʦʤʫ 

ʤʘʢʝʪʫ-ʰʘʙʣʦʥʫ. ʕʪʠ ʤʝʭʘʥʠʟʤʳ ʟʝʨʢʘʣʴʥʳʝ, ʢʘʢ ʧʨʘʚʘʷ ʠ ʣʝʚʘʷ ʥʦʛʘ ʫ ʯʝʣʦʚʝʢʘ. 

ʈʝʛʫʣʠʨʦʚʢʘ ʦʢʘʟʘʣʘʩʴ ʙʦʣʝʝ ʩʣʦʞʥʦʡ, ʯʝʤ ʚ ʤʝʭʘʥʠʟʤʝ ʇ.ʃ. ʏʝʙʳʰʝʚʘ, ʚ ʢʦʪʦʨʦʤ ʚʩʝʛʦ ʪʨʠ 

ʨʳʯʘʛʘ: ʢʨʠʚʦʰʠʧ, ʢʦʨʦʤʳʩʣʦ ʠ ʰʘʪʫʥ. ʈʳʯʘʛʠ ʚ ʤʝʭʘʥʠʟʤʝ ʂʣʘʥʥʘ ʥʝ ʜʦʣʞʥʳ ʤʝʰʘʪʴ ʜʨʫʛ 

ʜʨʫʛʫ. ʇʨʠʰʣʦʩʴ ʚ ʬʘʥʝʨʥʳʭ ʜʝʪʘʣʷʭ ʩʜʝʣʘʪʴ ʚʳʨʝʟʳ. ɺ ʤʝʭʘʥʠʟʤʝ ʇ.ʃ. ʏʝʙʳʰʝʚʘ ʚʩʝ 

ʨʳʯʘʛʠ ʧʨʷʤʦʣʠʥʝʡʥʳʝ, ʘ ʚ ʤʝʭʘʥʠʟʤʝ ʂʣʘʥʥʘ ʝʩʪʴ ʩʣʦʞʥʳʝ ʪʨʝʫʛʦʣʴʥʳʝ ʠ ʬʠʛʫʨʥʳʝ 

ʜʝʪʘʣʠ ʩ ʰʘʨʥʠʨʘʤʠ. 
ʕʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʜʣʷ ʧʨʠʚʦʜʘ ʮʝʧʣʷʶʱʝʛʦ ʤʝʭʘʥʠʟʤʘ ʙʳʣ ʧʨʠʤʝʥʸʥ ʩʪʘʥʜʘʨʪʥʳʡ, ʦʪ 

ʩʪʝʢʣʦʧʦʜʲʸʤʥʠʢʘ ʘʚʪʦʤʦʙʠʣʷ "ɺɸɿ". ʅʠʢʘʢʠʭ ʨʝʜʫʢʪʦʨʦʚ ʥʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ, ʤʦʱʥʦʩʪʠ 

ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʜʚʠʞʝʥʠʷ ʤʘʰʠʥʳ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 12 ɺʦʣʴʪ. 
ʎʝʧʣʷʶʱʘʷ ʤʘʰʠʥʘ ʙʳʣʘ ʠʩʧʳʪʘʥʘ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ. 
1. ʇʨʠ ʰʘʛʘʶʱʝʤ ʜʚʠʞʝʥʠʠ ʪʝʣʦ ʜʚʠʞʝʪʩʷ ʧʦʯʪʠ ʨʘʚʥʦʤʝʨʥʦ, ʧʨʠ ʮʝʧʣʷʶʱʝʤ ʯʘʩʪʦ 

ʜʸʨʛʘʝʪʩʷ ʥʘʟʘʜ-ʚʧʝʨʸʜ. 
2. ʐʘʛʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦ ʨʦʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʮʝʧʣʷʶʱʝʝ ï ʧʦ 

ʣʶʙʦʡ ʩ ʚʳʩʪʫʧʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦ ʢʘʤʥʷʤ. 
3. ɺ ʰʘʛʘʶʱʝʤ ʜʚʠʞʝʥʠʠ ʥʝʪ ʧʦʥʷʪʠʷ çʦʪʮʝʧʣʝʥʠʝè, ʚ ʮʝʧʣʷʶʱʝʤ ï ʯʘʩʪʦ ʥʘʜʦ ʜʣʷ 

ʵʪʦʛʦ ʦʪʦʡʪʠ ʥʘʟʘʜ, ʧʦʨʦʡ ʥʘ ʧʦʣʰʘʛʘ, ʘ ʧʦʪʦʤ ʧʨʦʜʦʣʞʘʪʴ ʠʜʪʠ. 
4. ɺ ʧʨʠʨʦʜʝ ʰʘʛʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʤʘʩʩʠʚʥʳʭ ʚʠʜʦʚ: ʯʝʣʦʚʝʢ, ʞʠʚʦʪʥʳʝ, 

ʜʠʥʦʟʘʚʨʳ, ʨʝʧʪʠʣʠʠ, ʘ ʮʝʧʣʷʶʱʝʝ ï ʫ ʣʸʛʢʠʭ ʥʘʩʝʢʦʤʳʭ, ʥʘʧʨʠʤʝʨ, ʫ ʧʘʫʢʦʚ, ʩ ʢʦʪʦʨʳʭ 

ʥʘʯʘʣʘʩʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. Spider movement kaning. 12 ʠʶʥʷ 2013 ʛ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ (ʚʠʜʝʦʨʦʣʠʢ 1:50): 

https://youtu.be/6EPOSMcCa0w 
2. ɼʟʝʥʫʰʢʦ ɼʘʡʥʠʩ: ʀʟʫʯʝʥʠʝ "ʐʘʛʘʶʱʠʭ" ʤʝʭʘʥʠʟʤʦʚ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 

http://tm.spbstu.ru/ 
3. ʗʨʦʩʣʘʚʘ ʉʳʯʝʚʘ. ʄʝʭʘʥʠʢʘ ʮʝʧʣʷʶʱʝʛʦ ʜʚʠʞʝʥʠʷ, ʤʝʭʘʥʠʟʤ-ʧʘʫʢ. ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ (ʚʠʜʝʦʨʦʣʠʢ 6:35): https://youtu.be/krjHD1kEgCA 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʛʝʥʝʨʘʮʠʠ,  

ʭʨʘʥʝʥʠʷ ʠ ʚʚʦʜʘ ʧʘʨʦʣʝʡ 
ʊʝʤʠʨʣʘʥʦʚ ɸ.ʊ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1213, ʄʦʩʢʚʘ 

 

ɺ ʩʚʷʟʠ ʩ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʟʘʱʠʱʸʥʥʦʩʪʴʶ ʦʙʣʘʯʥʳʭ ʭʨʘʥʠʣʠʱ ʧʘʨʦʣʝʡ ʣʠʯʥʳʝ ʜʘʥʥʳʝ 

ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʪʘʢʠʝ ʢʘʢ: ʣʦʛʠʥ ʠ ʧʘʨʦʣʴ, - ʣʝʛʢʦ ʧʦʜʙʠʨʘʶʪʩʷ ʠʣʠ ʚʟʣʘʤʳʚʘʶʪʩʷ 

ʟʣʦʫʤʳʰʣʝʥʥʠʢʘʤʠ ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ, ʯʪʦ ʩʝʡʯʘʩ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ, ʚʚʠʜʫ ʢʦʪʦʨʦʡ 

black-hats (ʭʘʢʝʨʳ) ʥʝ ʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦ ʚʳʢʣʘʜʳʚʘʶʪ ʚ ʩʝʪʴ ʣʠʯʥʳʝ ʜʘʥʥʳʝ. ʀ ʟʥʘʷ, ʯʪʦ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʥʝ ʣʶʙʷʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʧʘʨʦʣʠ, ʪʦ ʤʦʰʝʥʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʧʘʪʪʝʨʥʳ (ʩʭʝʤʳ ʩʦʩʪʘʚʣʝʥʠʷ ʧʘʨʦʣʝʡ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʚʳʛʣʷʜʠʪ ʢʘʢ: "ɼʘʪʘʈʦʞʜʝʥʠʷ" + 

"ʩʣʦʚʦ, ʥʘʯʠʥʘʶʱʝʝʩʷ ʠʣʠ ʠʤʝʶʱʝʝ ʧʘʨʫ ʟʘʛʣʘʚʥʳʭ ʙʫʢʚ" + "ʥʝʩʢʦʣʴʢʦ ʠʣʠ ʦʜʠʥ ʩʧʝʮ. 

ʩʠʤʚʦʣ"), ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʣʝʛʢʦ ʧʦʣʫʯʘʶʪ ʜʦʩʪʫʧ ʢʦ ʚʩʝʤ ʚʘʰʠʤ ʘʢʢʘʫʥʪʘʤ. 
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ʎʝʣʴ: 
ʋʧʨʦʱʝʥʠʝ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʱʠʱʸʥʥʳʭ ʧʘʨʦʣʝʡ ʧʫʪʸʤ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ɿʘʜʘʯʠ: 
1. ʉʦʟʜʘʪʴ ʬʣʝʰ-ʥʦʩʠʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʧʣʘʪʳ Arduino 
2. ʈʘʟʨʘʙʦʪʘʪʴ ʫʜʦʙʥʦʝ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʧʨʠʣʦʞʝʥʠʝ 
3. ʀʩʢʣʶʯʠʪʴ ʧʘʪʪʝʨʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʩʣʫʯʘʡʥʦʡ ʛʝʥʝʨʘʮʠʠ ʫʜʣʠʥʸʥʥʳʭ ʧʘʨʦʣʝʡ ʜʣʷ 

ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʢʨʝʢʝʨʩʢʦʛʦ ʚʟʣʦʤʘ 
4. ʇʨʦʛʨʘʤʤʥʦ ʩʚʷʟʘʪʴ ʬʣʝʰ-ʥʦʩʠʪʝʣʴ ʠ ʧʨʠʣʦʞʝʥʠʝ ʧʦʩʨʝʜʩʪʚʦʤ Bluetooth-

ʩʦʝʜʠʥʝʥʠʷ 
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʝʢʪʘ ʥʘʯʘʣʘʩʴ ʩʦ ʩʙʦʨʢʠ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ ï ʬʣʝʰ-ʥʦʩʠʪʝʣʷ: ʩʦʝʜʠʥʝʥʠʝ 

ʠ ʧʝʨʝʧʘʡʢʘ ʜʚʫʭ ʧʣʘʪ ʜʣʷ ʢʦʤʧʘʢʪʥʦʩʪʠ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɿʘʪʝʤ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C/C++ ʥʘ ʧʣʘʪʬʦʨʤʝ ArduinoIDE ʙʳʣʘ ʥʘʧʠʩʘʥʘ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʬʣʝʰ-

ʥʦʩʠʪʝʣʷ. 
ʇʨʦʜʫʢʪ: 
ʇʨʦʜʫʢʪʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʬʣʝʰ-ʥʦʩʠʪʝʣʴ ʩ ʬʫʥʢʮʠʝʡ Bluetooth ʧʦʜʢʣʶʯʝʥʠʷ ʢ 

ʪʝʣʝʬʦʥʫ ʩ ʟʘʨʘʥʝʝ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʩʠʤʚʦʣʴʥʦʛʦ ʧʘʨʦʣʷ ʢʦʜʠʨʦʚʢʠ UTF-8 ʚʦ ʚʩʝʭ ʨʝʛʠʩʪʨʘʭ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʠʷ 

ʧʦʷʚʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʠʤʚʦʣʦʚ (ʝʩʪʴ ʩʘʡʪʳ, ʥʝ ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʧʘʨʦʣʠ ʩ ʦʧʨʝʜʝʣʸʥʥʳʤʠ 

ʩʧʝʮ. ʩʠʤʚʦʣʘʤʠ). ɼʘʣʝʝ, ʟʘʨʘʥʝʝ ʩʦʭʨʘʥʠʚ ʧʦʣʫʯʝʥʥʳʡ ʧʘʨʦʣʴ, ʧʨʠʣʦʞʝʥʠʝ ʙʫʜʝʪ ʧʦ 

Bluetooth-ʢʘʥʘʣʫ ʦʪʧʨʘʚʣʷʪʴ ʵʪʦʪ ʧʘʨʦʣʴ ʥʘ ʬʣʝʰ-ʥʦʩʠʪʝʣʴ, ʧʦʜʢʣʶʯʝʥʥʳʡ ʢ ʢʦʤʧʴʶʪʝʨʫ ʧʦ 

USB-ʧʦʨʪʫ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʚʦʜʠʪʴ ʝʛʦ ʚ ʚʳʜʝʣʝʥʥʫʶ ʫʢʘʟʘʪʝʣʝʤ ʤʳʰʠ ʩʪʨʦʢʫ ʚʚʦʜʘ 

ʧʘʨʦʣʷ. 
ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʇʆ: 
1. FXML 
ʀʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠʣʦʞʝʥʠʷ, ʧʨʠ ʧʦʤʦʱʠ ʛʨʘʬʠʯʝʩʢʦʛʦ 

ʨʝʜʘʢʪʦʨʘ SceneBuilder 
2. CSS 
ʀʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʜʠʟʘʡʥʘ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʤ 

ʧʦʣʴʟʦʚʘʪʝʣʝʤ 
3. JavaFX 
ʀʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʬʫʥʢʮʠʡ ʜʣʷ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʧʨʠʣʦʞʝʥʠʷ (ɹʝʨʷ ʢʘʞʜʳʡ 

ʵʣʝʤʝʥʪ ʧʨʠʣʦʞʝʥʠʷ ʟʘ ʪʝʛ ʚ XML, ʩ ʧʦʤʦʱʴʶ ʘʥʥʦʪʘʮʠʡ @FXML ʠ @Override ʟʘʜʘʸʤ ʠʤ 

ʬʫʥʢʮʠʠ) 
4. C/C++ 
ʀʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʧʣʘʪʳ Arduino, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʩʜʝʣʘʥ ʬʣʝʰ-

ʥʦʩʠʪʝʣʴ 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʩ ʜʚʠʛʘʪʝʣʷʤʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 
ʊʶʥʷʝʚ ʀ.ɻ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʝʪʣʫʛʠʥʘ ɽ.ʇ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ152, ʄʦʩʢʚʘ 

 
ɺ ʥʘʰʠ ʜʥʠ, ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʜʚʠʛʘʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʠʤʝʶʪ ʩʠʩʪʝʤʫ ʩʙʦʨʘ ʜʘʥʥʳʭ, ʪʘʢʠʭ ʢʘʢ: ʚʦʣʴʪʳ, ʘʤʧʝʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʩʣʝʞʠʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʰʠʙʦʢ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʙʣʦʢʠʨʦʚʢʝ ʢʦʣʣʝʢʪʦʨʥʦʛʦ 

ʜʚʠʛʘʪʝʣʷ ʢʦʧʪʝʨʘ ʩʠʩʪʝʤʘ ʦʧʦʟʥʘʝʪ, ʯʪʦ ʩʠʣʘ ʪʦʢʘ ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ 

ʧʦʣʝʟʥʘʷ ʠ ʥʫʞʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʥʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ɸ ʠʤʝʥʥʦ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʳʚʘʣʠʩʴ 

ʧʦʩʪʦʷʥʥʦ ʚʦ ʚʨʝʤʷ ʚʩʝʡ ʨʘʙʦʪʳ, ʜʘʙʳ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʠ ʛʨʘʬʠʢʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. 

ʊʘʢʞʝ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ ʠʛʥʦʨʠʨʫʝʪʩʷ ʚ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ, ʷʚʣʷʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʦʨʦʪʦʚ ʟʘ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ. ʀ ʩʦʧʦʩʪʘʚʣʷʷ ʵʪʠ ʛʨʘʬʠʢʠ ʠ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʥʝʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʦʛʜʘ ʩʣʫʯʠʣʘʩʴ ʧʦʣʦʤʢʘ ʠ ʠʟ-ʟʘ ʯʝʛʦ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʨʝʰʝʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʳʡ ʤʦʜʫʣʴ ʤʦʥʠʪʦʨʠʥʛʘ 

ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʩʠʩʪʝʤ ʩ ʜʚʠʛʘʪʝʣʷʤʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
ʎʝʣʴ: ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʩ ʜʚʠʛʘʪʝʣʷʤʠ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
ɿʘʜʘʯʠ: 
1. ʉʬʦʨʤʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ 
2. ʈʝʘʣʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ 
ʆʩʥʦʚʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚ ʩʠʩʪʝʤʘʭ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʚʠʛʘʪʝʣʠ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ, ʷʚʣʷʶʪʩʷ, ʥʘʧʨʷʞʝʥʠʝ, ʪʦʢ ʠ ʦʙʦʨʦʪʳ ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʠʟʤʝʥʷʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʤʘʥʜ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʚ ʩʣʝʜʚʪʚʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ 

ʬʘʢʪʦʨʦʚ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʟʤʝʨʝʥʠʝ ʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 
ʊʨʝʙʦʚʘʥʠʷ: 
1. ʀʟʤʝʨʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʦ 25ɺ 
2. ʀʟʤʝʨʝʥʠʝ ʪʦʢʘ ʜʦ 50A 
3. ɺʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʨʷʪʴ ʦʙʦʨʦʪʳ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ 
4. ɿʘʧʠʩʴ ʜʘʥʥʳʭ ʥʘ ʥʝʟʘʚʠʩʠʤʳʡ ʥʦʩʠʪʝʣʴ 
ɺ ʩʠʩʪʝʤʝ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʜʘʪʯʠʢʠ ʪʦʢʘ, ʪʘʢ ʢʘʢ 

ʠʟʤʝʨʷʝʤʘʷ ʩʠʣʘ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ ʯʝʤ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʪʯʠʢʘ, ʩʧʦʩʦʙʥʦʛʦ ʠʟʤʝʨʷʪʴ 

ʩʠʣʫ ʪʦʢʘ ʜʦ 50ɸ. 
ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʩʚʦʝʡ ʨʘʙʦʪʳ ʷ ʨʝʰʠʣ ʩʦʟʜʘʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʤʦʞʝʪ ʟʘʧʠʩʳʚʘʪʴ 

ʚʩʝ ʜʘʥʥʳʝ ʥʘ SD-ʢʘʨʪʫ. ɼʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʫʩʪʘʥʦʚʠʪʴ ʫʩʪʨʦʡʩʪʚʦ, ʟʘʧʫʩʪʠʪʴ ʩʠʩʪʝʤʫ, 

ʚʳʧʦʣʥʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʜʝʡʩʪʚʠʡ, ʦʩʪʘʥʦʚʠʪʴ ʩʠʩʪʝʤʫ, ʚʳʥʫʪʴ SD-ʢʘʨʪʫ 

ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʟʘʧʠʩʘʣʠʩʴ ʚ ʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ. ɹʣʘʛʦʜʘʨʷ 

ʜʘʥʥʳʤ, ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʥʘ ʢʘʨʪʫ, ʤʦʞʥʦ ʧʦʥʷʪʴ ʥʝʧʦʣʘʜʢʫ ʠʣʠ ʣʶʙʫʶ ʦʰʠʙʢʫ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʨʘʙʦʪʦʡ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʢʚʘʜʨʦʢʦʧʪʝʨ ʪʷʥʝʪ ʚ ʩʪʦʨʦʥʫ. ɺʝʨʦʷʪʥʦ, 

ʩʣʠh ʢʦʤ ʪʫʛʦ ʥʘʩʘʞʝʥ ʦʜʠʥ ʠʟ ʚʠʥʪʦʚ. ɽʩʣʠ ʧʨʠ ʩʙʦʨʢʝ ʜʦʧʫʱʝʥʘ ʦʰʠʙʢʘ, ʠ ʢʘʢʦʡ-ʪʦ 

ʧʨʦʧʝʣʣʝʨ ʚʨʘʱʘʝʪʩʷ ʩ ʙʦʣʴʰʠʤ ʫʩʠʣʠʝʤ, ʯʝʤ ʦʩʪʘʣʴʥʳʝ, ʢʚʘʜʨʦʢʦʧʪʝʨ ʙʫʜʝʪ ʪʷʥʫʪʴ ʚ 

ʩʪʦʨʦʥʫ. ʇʨʠ ʙʦʣʴʰʝʤ ʫʩʠʣʠʠ ʦʜʥʦʛʦ ʤʦʪʦʨʘ, ʯʝʤ ʜʨʫʛʠʭ ʵʪʦ ʙʫʜʝʪ ʚʠʜʥʦ ʥʘ ʛʨʘʬʠʢʝ, 

ʢʦʪʦʨʳʡ ʚʳʚʝʜʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ. 
ʉʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ: 
ɼʘʪʯʠʢʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʜʝʣʠʪʝʣʷ ʥʘʧʨʷʞʝʥʠʷ 1 ʢ 5, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ 

ʥʘʧʨʷʞʝʥʠʝ ʜʦ 25ɺ. 
ɼʘʪʯʠʢ ʪʦʢʘ ʥʘ 50ɸ CJMCU-758 ACS758LCB-050B-PFF-T, Allegro. 
ɼʘʪʯʠʢ ʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʸʥ ʥʘ ACS712ELC ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʟʤʝʨʷʝʤʳʤ ʪʦʢʦʤ ʚ 

5A. 
ɹʣʦʢʘ ʠʟʤʝʨʝʥʠʷ ʦʙʦʨʦʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʜʥʦʛʦ ʠʟ ʜʘʪʯʠʢʦʚ: 
1) ʆʧʪʦʧʘʨʘ - ɼʘʪʯʠʢ ʩʢʦʨʦʩʪʠ ʩʦʩʪʦʠʪ ʠʟ ʇ-ʦʙʨʘʟʥʦʛʦ ʤʦʜʫʣʷ ʩʚʝʪʦʜʠʦʜʘ ʠ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ. ɼʘʥʥʳʡ ʜʘʪʯʠʢ ʧʦʟʚʦʣʷʝʪ ʪʦʯʥʦ ʬʠʢʩʠʨʦʚʘʪʴ ʧʨʦʭʦʞʜʝʥʠʝ ʦʙʲʝʢʪʘ ʩʢʚʦʟʴ 

Ăʘʨʢʫñ ʜʘʪʯʠʢʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʩʦʙʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʝʩʪʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ ʠ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. 
2 )ʀʥʬʨʘʢʨʘʩʥʳʡ ʜʘʪʯʠʢ - ʀʂ-ʜʘʪʯʠʢ ʥʘʧʨʘʚʣʝʥ ʥʘ ʚʨʘʱʘʶʱʠʡʩʷ ʚʘʣ ʜʚʠʛʘʪʝʣʷ ʥʘ 

ʢʦʪʦʨʦʤ ʝʩʪʴ ʩʚʝʪʦʦʪʨʘʞʘʶʱʘʷ ʤʝʪʢʘ. ʉʚʝʪʦʜʠʦʜ ʠʟʣʫʯʘʝʪ ʩʚʝʪ, ʩʚʝʪ ʦʪʨʘʞʘʝʪʩʷ ʦʪ 

ʧʨʝʜʤʝʪʘ ʠ ʫʣʘʚʣʠʚʘʝʪʩʷ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʤ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʩʧʦʩʦʙ 

ʟʘ ʩʯʸʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʥʦʩʠʪʴ ʤʠʥʠʤʫʤ ʠʟʤʝʥʝʥʠʡ ʚ ʪʝʩʪʠʨʫʝʤʫʶ ʩʠʩʪʝʤʫ. 
3) ɼʘʪʯʠʢ ʍʦʣʣʘ - ʵʪʦ ʜʘʪʯʠʢ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʕʪʦʪ ʜʘʪʯʠʢ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ 

ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʛʥʠʪʘ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʟʘʢʨʝʧʣʸʥʥʦʛʦ ʥʘ ʚʨʘʱʘʶʱʠʤʩʷ ʚʘʣʫ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 

ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʙʘʣʘʥʩʠʨʚʦʘʢʫ ʜʚʠʞʫʱʝʡʩʷ ʜʝʪʘʣʠ ʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʜʢʦ ʧʨʠʤʝʥʠʤ. 
ʄʦʜʫʣʷ SD ʢʘʨʪʳ. 
ʂʦʥʪʨʦʣʣʝʨʘ Arduino Nanno. 
ʂʦʥʪʨʦʣʣʝʨ ʩʦʙʠʨʘʝʪ ʜʘʥʥʳʝ ʩ ʜʘʪʯʠʢʦʚ ʢʘʞʜʳʝ 1 ʩʝʢʫʥʜʫ ʠ ʧʝʨʝʜʘʸʪ ʠʭ ʚ SD-ʢʘʨʪʫ. 

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʘ ʣʶʙʦʡ ʚʠʜ ʪʝʭʥʠʢʠ ʠʣʠ ʩʪʘʥʢʦʚ: 

ʘʚʪʦʤʦʙʠʣʴ, ʢʦʧʪʝʨ, ʩʘʤʦʣʸʪ ʠʣʠ ʤʦʨʩʢʦʡ ʪʨʘʥʩʧʦʨʪ. 
ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʙʫʜʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʦʪʩʣʝʞʠʚʘʥʠʝ ʜʘʥʥʳʭ ʚ ʨʝʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 
ʇʝʨʚʳʡ ʵʪʘʧ ʙʳʣ ʩʦʙʨʘʥ ʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥ. ʂʦʜ ʙʳʣ ʥʘʧʠʩʘʥ ʥʘ ʷʟʳʢʝ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C++ ʚ Arduino IDE. 
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ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʜʜʠʪʠʚʥʦʛʦ  

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʚʠʘʮʠʠ 
ʌʠʣʘʨʝʪʦʚʘ ɸ.ɽ. 

ʄɸʆʋ ʣʠʮʝʡ ˉ38, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 
ɺʦʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʩʝʛʜʘ ʙʳʣʘ ʣʠʙʦ ʫ ʠʩʪʦʢʦʚ ʠʟʦʙʨʝʪʝʥʠʡ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʣʠʙʦ ʦʜʥʘ ʠʟ ʧʝʨʚʳʭ ʚʥʝʜʨʷʣʘ ʠʭ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʅʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʘʜʜʠʪʠʚʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʯʘʣʦʩʴ 1989 ʛʦʜʫ, ʧʦʯʪʠ ʩʨʘʟʫ ʧʦʩʣʝ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʦʙʲʝʤʥʦʛʦ ʦʙʨʘʟʘ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʝʜʤʝʪʘ. ʊʝʭʥʦʣʦʛʠʠ 3D ʧʝʯʘʪʠ ʜʝʣʘʶʪ ʦʙʲʝʢʪ, ʩʦʟʜʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ, 

ʨʝʘʣʴʥʳʤ ʠ ʦʩʷʟʘʝʤʳʤ. ʊʨʸʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ: ʢʦʤʧʴʶʪʝʨʥʳʭ ʠʛʨʘʭ, ʢʠʥʝʤʘʪʦʛʨʘʬʝ ʠ ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ ʠʣʠ ʦʙʲʝʢʪʦʚ, ʵʣʝʤʝʥʪʦʚ ʟʜʘʥʠʡ, 

ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʤʝʭʘʥʠʟʤʦʚ ʠ ʪ.ʜ. ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʦ ʥʝ ʤʥʦʛʠʝ ʟʥʘʶʪ, ʢʘʢ ʧʨʠʤʝʥʷʝʪʩʷ ʠ ʨʘʟʚʠʚʘʝʪʩʷ 3D ʧʝʯʘʪʴ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʘʚʠʘʮʠʠ, ʭʦʪʷ 3D ʧʨʠʥʪʝʨʳ ʘʢʪʠʚʥʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚʦʝʥʥʳʤʠ ʧʦʜʨʷʜʯʠʢʘʤʠ 

ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʫʞʘʱʠʤʠ ʚʩʝʭ ʨʦʜʦʚ ʚʦʡʩʢ. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʦ ʧʦʩʪʘʚʣʝʥʦ ʠʟʫʯʝʥʠʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ 3D-ʧʝʯʘʪʠ ʠ 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʥʘʰʝʡ ʩʪʨʘʥʳ: ʦʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʘʤʦʣʸʪʘ, 
ʜʦ ʦʧʝʨʘʪʠʚʥʦʡ ʧʝʯʘʪʠ ʝʛʦ ʯʘʩʪʝʡ ʠ ʚʳʷʩʥʠʪʴ, ʢʘʢ ʧʦʚʣʠʷʣʦ ʧʨʠʤʝʥʝʥʠʝ 3D ʧʝʯʘʪʠ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʘʤʦʣʸʪʦʚ. ʇʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʨʪʫʘʣʴʥʦʤ ʧʨʠʣʦʞʝʥʠʠ - ʤʫʟʝʝ, ʩʦʟʜʘʥʥʦʤ ʚ ʧʨʦʛʨʘʤʤʝ Unity. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ - ʤʫʟʝʷ ʟʘʠʥʪʝʨʝʩʫʝʪ ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʘʚʠʘʮʠʝʡ, 3D 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʧʝʯʘʪʴʶ, ʧʨʠʚʣʝʯʸʪ ʬʨʠʣʘʥʩʝʨʦʚ ʠ ʥʦʚʳʝ ʫʤʳ ʚ ʘʚʠʘʮʠʶ, ʪʝʤ ʩʘʤʳʤ ʝʱʸ 

ʫʩʢʦʨʠʪ ʨʘʟʚʠʪʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
ʄʝʪʦʜ: ʉʦʟʜʘʥʠʝ ʩʘʤʦʣʸʪʦʚ ɺʂʉ ʠ ɺʆɺ ʚ ʧʨʦʛʨʘʤʤʘʭ Autodesk 3ds Max, SketchUp ʠ 

Unity, ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʩʘʤʦʣʸʪʘ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

ʨʘʟʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʙʦʨʢʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ 3D ʤʦʜʝʣʝʡ ʚ ʧʨʠʣʦʞʝʥʠʝ ï ʤʫʟʝʡ. 
ʈʝʟʫʣʴʪʘʪʳ: ʙʳʣʦ ʩʦʟʜʘʥʦ ʧʨʠʣʦʞʝʥʠʝ ï ʤʫʟʝʡ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ 16 3D ʤʦʜʝʣʝʡ 

ʨʫʩʩʢʠʭ ʩʘʤʦʣʸʪʦʚ ʨʘʟʥʳʭ ʚʨʝʤʸʥ, ʘʥʘʣʠʪʠʢʘ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠʤʝʥʝʥʠʷ 3D-ʧʝʯʘʪʠ ʠ 

3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʘʚʠʘʮʠʠ, ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ 

3D ʪʝʭʥʦʣʦʛʠʡ ʧʝʯʘʪʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʨʠʤʝʥʝʥʠʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
ʆʙʩʫʞʜʝʥʠʝ: ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʵʪʘʧʳ ʧʨʦʝʢʪʘ. 
ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʦʠʪ ʜʦʨʘʙʦʪʘʪʴ ʧʨʠʣʦʞʝʥʠʝ, ʫʚʝʣʠʯʠʚ ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʦʥʘʪʦʚ, 

ʫʙʨʘʚ ʥʝʜʦʯʸʪʳ, ʧʝʨʝʜʝʣʘʚ ʧʨʠʣʦʞʝʥʠʝ ʧʦʜ ʦʯʢʠ ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, iOS ʠ Android, 

ʨʘʩʧʨʦʩʪʨʘʥʠʚ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʂʨʳʣʴʷ ʇʦʙʝʜʳ: ʩʘʤʳʝ ʧʨʦʩʣʘʚʣʝʥʥʳʝ ʩʦʚʝʪʩʢʠʝ 

ʩʘʤʦʣʝʪʳ/https://rosuchebnik.ru/material/sovetskie-samolety-velikoj-otechestvennoj-vojny/(ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 20.12.2021) 
2. ʊʆʇ-10: ʩʘʤʳʝ ʦʧʘʩʥʳʝ ʩʘʤʦʣʝʪʳ ɺʂʉ ʈʦʩʩʠʠ/https://www.pravda-

tv.ru/2016/09/11/254286/10-samyx-groznyx-samoletov-vks-rossii/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 20.12.2021) 
3. 10 ʩʘʤʳʭ ʛʨʦʟʥʳʭ ʩʘʤʦʣʝʪʦʚ ɺʂʉ ʈʦʩʩʠʠ/ https://politpuzzle.ru/19184-10-samyh-

groznyh-samoletov-vks-rossii/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 29.12.2021) 
4. ʇʨʦʛʨʘʤʤʳ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʮʝʩʩ 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʷ/ 

https://stankiexpert.ru/tehnologii/3d-modelirovanie.html (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 01.01.2022) 
5. ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʚʳʧʦʣʥʝʥʠʝ 

ʠʥʞʝʥʝʨʥʳʭ ʨʘʩʯʝʪʦʚ/http://ipmce.ru/custom/vsop/themes/3dmodel / (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

04.01.2022) 
6. ʆʙʟʦʨ: 3D-ʧʨʠʥʪʝʨʳ ʥʘ ʚʦʝʥʥʦʡ 

ʩʣʫʞʙʝ/https://3dtoday.ru/blogs/top3dshop/overview-3d-printers-in-the-military/(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 

14.02.2022) 
7. ɸʚʠʘʮʠʦʥʥʦ-ʂʦʩʤʠʯʝʩʢʘʷ 

ʦʪʨʘʩʣʴ//https://i3d.ru/blog/dlya_mozayki/3d_printery/aviatsionno-kosmicheskaya-
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otrasl/#:~:text=ʇʨʠʤʝʥʝʥʠʝ%203D-

ʧʝʯʘʪʠ%20ʚ%20ʘʚʠʘʢʦʩʤʠʯʝʩʢʦʡ%20ʠ,ʢ%20ʩʚʦʝʤʫ%20ʧʨʦʠʟʚʦʜʩʪʚʫ%20(1989%20ʛʦʜ) 

(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 04.03.2022) 
8. https://studbooks.net/2005889/informatika/kratkaya_istoriya_razvitiya_tehnologii//(ʜʘʪʘ 

ʦʙʨʘʱʝʥʠʷ 21,01.2022) 

çEnvSensè ð ʋʤʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʢʘʟʘʪʝʣʝʡ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʟʜʦʨʦʚʴʝ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝ 
ʏʝʨʥʦʚ ʀ.ɼ., ʄʦʠʩʝʝʚ ʀ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʘʰʠʥ ɼ.ɼ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ218, ʄʦʩʢʚʘ 

 
ʄʥʦʛʠʝ ʣʶʜʠ ʩʪʘʨʰʝ 40 ʣʝʪ ʟʘʜʫʤʳʚʘʣʠʩʴ ʦ ʪʦʤ, ʧʦʯʝʤʫ ʫ ʥʠʭ ʙʦʣʠʪ ʛʦʣʦʚʘ. ʉʪʘʪʠʩʪʠʢʘ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʘʞʜʳʡ ʪʨʝʪʠʡ ʯʝʣʦʚʝʢ ʥʘ ʟʝʤʣʝ ʩʪʨʘʜʘʝʪ ʦʪ ʤʝʪʝʦʟʘʚʠʩʠʤʦʩʪʠ ʠʣʠ ʯʘʩʪʦ 

ʠʩʧʳʪʳʚʘʝʪ ʥʝʜʦʤʦʛʘʥʠʝ, ʛʦʣʦʚʥʫʶ ʙʦʣʴ ʠ ʙʝʩʧʨʠʯʠʥʥʫʶ ʫʩʪʘʣʦʩʪʴ. ʊʨʫʜʥʦ ʩʤʠʨʠʪʴʩʷ ʩ 

ʪʝʤ, ʯʪʦ ʥʘʰʝ ʟʜʦʨʦʚʴʝ ʟʘʚʠʩʠʪ ʦʪ ʯʝʛʦ-ʪʦ ʩʪʦʣʴ ʥʝʧʨʝʜʩʢʘʟʫʝʤʦʛʦ, ʢʘʢ ʧʦʛʦʜʘ ʥʘ ɿʝʤʣʝ. ʅʝ 

ʛʦʚʦʨʷ ʫʞʝ ʦ ʧʦʛʦʜʝ ʟʘ 92 ʤʠʣʣʠʦʥʘ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʥʘʰʝʡ ʧʣʘʥʝʪʳ. ʄʘʛʥʠʪʥʳʝ ʙʫʨʠ, 

ʢʦʪʦʨʳʝ ʜʦʭʦʜʷʪ ʜʦ ʥʘʩ ʘʞ ʦʪ ʉʦʣʥʮʘ, ʦʩʦʙʝʥʥʦ ʦʩʪʨʦ ʚʣʠʷʶʪ ʥʘ ʪʝʭ, ʫ ʢʦʛʦ ʧʨʦʙʣʝʤʳ ʩ 
ʩʝʨʜʮʝʤ. 
ʅʘ ʩʘʤʦʯʫʚʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʨʷʜ ʬʘʢʪʦʨʦʚ ʪʘʢʠʝ ʢʘʢ: ʤʘʣʝʥʴʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʚ ʧʦʤʝʱʝʥʠʠ, ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʦ ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʵʣʝʢʪʨʦʥʠʢʠ ʤʳ 

ʤʦʞʝʤ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ, ʪʝʤ ʩʘʤʳʤ ʫʤʝʥʴʰʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʥʝʜʦʤʦʛʘʥʠʷ ʠ ʧʣʦʭʦʛʦ ʩʘʤʦʯʫʚʩʪʚʠʷ. 
ɼʫʤʘʷ ʥʘʜ ʵʪʦʡ ʧʨʦʙʣʝʤʦʡ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʢʦʤʧʘʢʪʥʦʝ 

ʙʶʜʞʝʪʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʠʟʤʝʨʷʪʴ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʘ ʪʘʢʞʝ, ʚ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ, ʫʚʝʜʦʤʣʷʪʴ ʯʝʣʦʚʝʢʘ. 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʨʝʜʫʧʨʝʞʜʘʪʴ 

ʯʝʣʦʚʝʢʘ ʦ: 
1. ʚʦʟʤʦʞʥʳʭ ʛʦʣʦʚʥʳʭ ʙʦʣʷʭ ʠ ʧʦʚʳʰʝʥʥʦʤ ʜʘʚʣʝʥʠʠ 
2. ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʥʘʩʳʪʠʪʴ ʦʢʨʫʞʘʶʱʠʡ ʚʦʟʜʫʭ ʢʠʩʣʦʨʦʜʦʤ 
3. ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʜʥʳʭ ʛʘʟʦʚ ʠ ʧʘʨʦʚ ʚ ʚʦʟʜʫʭʝ 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʦ ʧʦʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ: 
1. ʇʦʜʦʙʨʘʪʴ ʜʘʪʯʠʢʠ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʢʪʨʦʥʥʳʝ ʤʦʜʫʣʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 
2. ʆʙʝʩʧʝʯʠʪʴ ʘʚʪʦʥʦʤʥʫʶ ʨʘʙʦʪʫ ʠ ʧʨʦʩʪʦʪʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ ʧʣʘʪʬʦʨʤʝ Arduino ʜʣʷ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ ʚ ʨʘʟʥʳʭ 

ʨʝʞʠʤʘʭ 
ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʩʦʟʜʘʥʠʶ ʧʨʦʪʦʪʠʧʘ ʫʤʥʳʭ ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ ʬʫʥʢʮʠʝʡ 

ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʧʦʤʝʱʝʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʙʳʣʘ 

ʨʝʘʣʠʟʦʚʘʥʘ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʚ ʢʦʪʦʨʦʤ ʵʬʬʝʢʪʠʚʥʦ ʩʦʯʝʪʘʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʧʨʦʜʫʢʪʘ ʠ ʝʛʦ ʢʦʤʧʘʢʪʥʦʩʪʴ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
Å Https://alexgyver.ru/arduino_lessons/ - ʋʨʦʢʠ ɸʨʜʫʠʥʦ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ 

ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʘʨʢʦʚʦʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʢʦʣʦ  

ʤʝʪʨʦ ʅʦʚʦʛʠʨʝʝʚʦ ʛ. ʄʦʩʢʚʳ 
ʏʫʤʘʢʦʚ ʄ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʝʣʘʰʦʚʘ ɸ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1324, ʄʦʩʢʚʘ 

 

ʇʨʦʝʢʪ ʘʢʪʫʘʣʝʥ, ʧʦʪʦʤʫ ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʦʢʦʣʦ ʊʎ ñʂʠʨʛʠʟʠʷò ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʥʝʨʘʮʠʦʥʘʣʴʥʦ. ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʦʪʚʝʜʝʥʘ ʧʦʜ ʥʘʟʝʤʥʫʶ ʧʘʨʢʦʚʢʫ ʥʘ 120 ʤʘʰʠʥʦʤʝʩʪ. 
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ʉʠʩʪʝʤʘ ʧʘʨʢʦʚʦʢ ʚ ʮʝʣʦʤ ʚ ʨʘʡʦʥʝ ʦʨʛʘʥʠʟʦʚʘʥʘ ʥʝʵʬʬʝʢʪʠʚʥʦ: 
ɺ ʨʘʡʦʥʝ ʨʘʩʧʦʣʦʞʝʥʦ 2 ʙʦʣʴʰʠʝ ʧʘʨʢʦʚʢʠ. ʆʜʥʘ 4-ʵʪʘʞʥʘʷ ʧʘʨʢʦʚʢʘ ʥʘ 370 

ʤʘʰʠʥʦʤʝʩʪ, ʢʦʪʦʨʘʷ ʫʜʘʣʝʥʘ ʦʪ ʤʝʪʨʦ ʥʘ 1 ʢʤ, ʥʘ ʫʣ. ʄʦʣʦʩʪʦʚʳʭ, ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ 

ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʠʣʠ ʜʣʷ ʥʦʯʥʦʛʦ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠʟ-ʟʘ ʩʚʦʝʡ 

ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʦʬʠʩʦʚ. 
ʇʘʨʢʦʚʢʘ ʦʢʦʣʦ ʤʝʪʨʦ ʥʘ 120 ʤʘʰʠʥʦʤʝʩʪ, ʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʯʘʩʪʦ ʙʳʚʘʝʪ ʧʝʨʝʛʨʫʞʝʥʥʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʝʨʝʧʦʣʥʝʥʳ ʠ 

ʙʣʠʟʣʝʞʘʱʠʝ ʜʚʦʨʳ ʠ ʧʨʠʜʚʦʨʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʦʩʪʘʚʣʷʶʪ ʤʘʰʠʥʳ ʥʘ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠ ʚ ʚʳʭʦʜʥʳʝ ʜʥʠ ʥʘ ʭʨʘʥʝʥʠʝ 

ʚʦ ʜʚʦʨʘʭ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʜʚʦʨʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ ʠ ʙʦʣʴʰʠʝ ʦʪʢʨʳʪʳʝ 

ʧʣʦʱʘʜʠ ʜʣʷ ʦʙʫʩʪʨʦʡʩʪʚʘ ʟʦʥ ʦʪʜʳʭʘ ʠʣʠ ʟʝʣʝʥʳʭ ʟʦʥ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʚ ʤʝʛʘʧʦʣʠʩʝ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ - ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʧʘʨʢʦʚʢʠ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʷ 

ʤʠʥʠʤʘʣʴʥʫʶ ʧʣʦʱʘʜʴ ʠ ʚʤʝʱʘʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʰʠʥ. 
ɿʘʜʘʯʠ: 
ɺʳʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʨʘʡʦʥʘ ʅʦʚʦʛʠʨʝʝʚʦ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʘʨʢʦʚʦʯʥʳʤʠ 

ʤʝʩʪʘʤʠ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʝʨʳ ʧʦ ʨʝʰʝʥʠʶ ʚʦʧʨʦʩʘ ʧʨʦʙʣʝʤʥʳʭ ʧʘʨʢʦʚʦʢ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ 

ʦʧʳʪʝ ʜʨʫʛʠʭ ʩʪʨʘʥ. 
ʉʦʟʜʘʪʴ ʧʨʦʝʢʪ ʨʘʟʤʝʱʝʥʠʷ ʧʘʨʢʦʚʦʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚ ʨʘʡʦʥʝ 

ʅʦʚʦʛʠʨʝʝʚʦ. 
2. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʯʘʩʪʴ ʧʨʦʝʢʪʘ. 
2.1. ɸʥʘʣʠʟ ʧʨʦʙʣʝʤʘ ʨʘʡʦʥʘ ʅʦʚʦʛʠʨʝʝʚʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ ʧʘʨʢʦʚʦʯʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ 
ʅʦʚʦʛʠʨʝӢʝʚʦ ð ʨʘʡʦʥ ʚ ɺʦʩʪʦʯʥʦʤ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʤ ʦʢʨʫʛʝ ʛʦʨʦʜʘ ʄʦʩʢʚʳ ʠ 

ʦʜʥʦʠʤʝʥʥʦʝ ʚʥʫʪʨʠʛʦʨʦʜʩʢʦʝ ʤʫʥʠʮʠʧʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 
ʈʘʡʦʥ ʅʦʚʦʛʠʨʝʝʚʦ ʟʘʥʠʤʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʚ 445,29 ʛʘ. ʅʘʩʝʣʝʥʠʝ ð 100 107 ʯʝʣ. (2021). 

ʇʣʦʱʘʜʴ ʞʠʣʦʛʦ ʬʦʥʜʘ ʥʘ 1 ʷʥʚʘʨʷ 2010 ʛʦʜʘ ʩʦʩʪʘʚʠʣʘ 1704 ʪʳʩ. ʤĮ. 
ɺ ʨʘʡʦʥʝ ʅʦʚʦʛʠʨʝʝʚʦ ʨʘʩʧʦʣʦʞʝʥʳ 2 ʙʦʣʴʰʠʝ ʧʘʨʢʦʚʢʠ. ʆʜʥʘ 4-ʵʪʘʞʥʘʷ ʧʘʨʢʦʚʢʘ ʥʘ 

370 ʤʘʰʠʥʦʤʝʩʪ, ʢʦʪʦʨʘʷ ʫʜʘʣʝʥʘ ʦʪ ʤʝʪʨʦ ʥʘ 1 ʢʤ, ʥʘ ʫʣ. ʄʦʣʦʩʪʦʚʳʭ, ʧʦʜʭʦʜʠʪ ʪʦʣʴʢʦ ʜʣʷ 

ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʠʣʠ ʜʣʷ ʥʦʯʥʦʛʦ ʠ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʠʟ-ʟʘ ʩʚʦʝʡ 

ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʦʬʠʩʦʚ. 
ʇʘʨʢʦʚʢʘ ʦʢʦʣʦ ʤʝʪʨʦ ʥʘ 120 ʤʘʰʠʥʦʤʝʩʪ, ʜʘʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʢʦʚʦʯʥʳʭ ʤʝʩʪ 

ʥʝʜʦʩʪʘʪʦʯʥʦ, ʠ ʧʦʵʪʦʤʫ ʦʥʘ ʯʘʩʪʦ ʙʳʚʘʝʪ ʧʝʨʝʛʨʫʞʝʥʥʦʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʝʨʝʧʦʣʥʝʥʳ ʠ 

ʙʣʠʟʣʝʞʘʱʠʝ ʜʚʦʨʳ ʠ ʧʨʠʜʚʦʨʦʚʳʝ ʪʝʨʨʠʪʦʨʠʠ. 
ɺʳʚʦʜ: 
ʇʘʨʢʦʚʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʡʦʥʘ ʦʢʦʣʦ ʤʝʪʨʦ ʅʦʚʦʛʠʨʝʝʚʦ 

ʦʨʛʘʥʠʟʦʚʘʥʦ ʤʘʣʦʵʬʬʝʢʪʠʚʥʦ. ʊʘʢ ʢʘʢ ʤʝʪʨʦ ʅʦʚʦʛʠʨʝʝʚʦ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʪʨʘʥʩʧʦʨʪʥʳʤ 

ʫʟʣʦʤ ʠ ʤʝʩʪʦʤ ʧʝʨʝʩʝʯʝʥʠʷ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʚ, ʪʦ ʦʨʛʘʥʠʟʘʮʠʷ ʧʘʨʢʦʚʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʢʘʢ ʜʣʷ ʥʫʞʜ ʞʠʪʝʣʝʡ ʨʘʡʦʥʘ, ʪʘʢ ʠ ʩ ʮʝʣʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ñʧʝʨʝʭʚʘʪʳʚʘʶʱʠʭò ʧʘʨʢʦʚʦʢ 

ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ. 

ʈʦʙʦʪʳ-ʢʫʨʴʝʨʳ ʚ ʙʦʣʴʥʠʮʘʭ 
ʏʫʧʨʦʚ ʅ.ɼ., ɸʙʛʘʨʷʥ ʄ.ɸ., ɾʠʛʘʥʰʠʥ ʄ.ɺ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʝʣʘʰʦʚʘ ɸ.ɺ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ1324, ʄʦʩʢʚʘ 

 
ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʥʘʧʨʘʚʣʝʥ ʥʘ ʦʧʪʠʤʠʟʘʮʠʶ ʨʘʙʦʪʳ ʩʦʪʨʫʜʥʠʢʦʚ ʙʦʣʴʥʠʮ, ʫʤʝʥʴʰʝʥʠʝ 

ʯʠʩʣʘ ʢʦʥʪʘʢʪʦʚ ʤʣʘʜʰʝʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩ ʙʦʣʴʥʳʤʠ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ. 
ɺʳʙʨʘʥʥʘʷ ʪʝʤʘ ʘʢʪʫʘʣʴʥʘ, ʪ.ʢ. ʚ ʧʝʨʠʦʜ ʩʣʦʞʥʦʡ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʤʝʜʠʮʠʥʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʟʜʦʨʦʚʳʭ 

ʣʶʜʝʡ. 
ɸʥʘʣʠʟ ʘʥʘʣʦʛʦʚ. 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʠʨʝ ʥʝʩʢʦʣʴʢʦ ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʥʦ ʪʝʩʪʠʨʫʶʪʩʷ ʚ 

ʙʦʣʴʥʠʮʘʭ ʠ ʧʣʘʥʠʨʫʶʪʩʷ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʧʦʩʪʫʧʠʪʴ ʚ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʘʢʠʝ ʢʘʢ 

ʨʦʙʦʪ-ʢʫʨʴʝʨ ʦʪ ʢʦʤʧʘʥʠʠ Seamless Vision ʠ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ YuMi. ʈʘʟʨʘʙʦʪʢʘ ʨʦʙʦʪʘ-

ʢʫʨʴʝʨʘ ʜʣʷ ʙʦʣʴʥʠʮ ʢʦʤʧʘʥʠʠ Seamless Vision ʧʨʦʪʝʩʪʠʨʫʶʪ ʚ ʦʥʢʦʣʦʛʠʯʝʩʢʦʤ ʦʪʜʝʣʝʥʠʠ 

ʢʣʠʥʠʢʠ Sheba Medical Center ʚ ʀʟʨʘʠʣʝ. ɽʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪ ʙʫʜʝʪ ʧʨʠʟʥʘʥ ʫʜʘʯʥʳʤ, 

ʧʣʘʥʠʨʫʝʪʩʷ ʟʘʢʫʧʠʪʴ ʨʦʙʦʪʦʚ ʫʞʝ ʜʣʷ ʚʩʝʭ ʦʪʜʝʣʝʥʠʡ ʢʣʠʥʠʢʠ. ʇʨʦʪʦʪʠʧ ʤʦʙʠʣʴʥʦʛʦ 

ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʨʦʙʦʪʘ ʥʘ ʙʘʟʝ ʤʦʙʠʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʢʦʣʣʘʙʦʨʘʪʠʚʥʦʛʦ ʨʦʙʦʪʘ YuMi . 

ɽʛʦ ʠʩʧʳʪʘʶʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʤ ʮʝʥʪʨʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ABB ʚ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ ʥʘ 

ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʠʥʥʦʚʘʮʠʡ ʊʝʭʘʩʩʢʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʮʝʥʪʨʘ (ʊʄʉ) ʚ ʍʴʶʩʪʦʥʝ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ. 
ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ, ʯʪʦʙʳ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ ʤʘʣʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ 

ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʟʜʦʨʦʚʳʭ ʣʶʜʝʡ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʘʥʘʣʦʛʠ ʨʦʙʦʪʦʚ-ʢʫʨʴʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʙʦʣʴʥʠʮʘʭ. 
ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ, ʜʚʠʛʘʶʱʝʛʦʩʷ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʦʚ ʮʚʝʪʘ. 
ʉʦʟʜʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ. 
ʅʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ. 
ʇʦʜʙʦʨ ʤʘʪʝʨʠʘʣʦʚ 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ ʤʳ ʚʳʙʨʘʣʠ ʢʦʥʩʪʨʫʢʪʦʨʳ TETRIXMAX  for 

EV3 ʠ LEGO Mindstorms education. 
ɼʘʪʯʠʢʠ: 
ɼʘʪʯʠʢʠ ʮʚʝʪʘ ʤʳ ʚʳʙʨʘʣʠ ʠʟ ʣʠʥʝʡʢʠ ʜʘʪʯʠʢʦʚ ʦʪ LEGO Mindstorms ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ 
ɼʘʪʯʠʢ ʢʘʩʘʥʠʷ ʤʳ ʪʘʢʞʝ ʚʳʙʨʘʣʠ ʠʟ ʣʠʥʝʡʢʠ ʜʘʪʯʠʢʦʚ ʦʪ LEGO Mindstorms 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʩʤʝʥʳ ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʷ ʠ ʧʦʚʦʨʦʪʘ 
ʂʦʨʟʠʥʘ ʜʣʷ ʚʨʝʤʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʤʝʜʠʢʘʤʝʥʪʦʚ ʠ ʜʦʢʫʤʝʥʪʦʚ ʜʣʷ ʧʘʮʠʝʥʪʘ ʙʳʣʘ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʚ ʂʦʤʧʘʩ-3D ʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʩʧʝʯʘʪʘʪʴʩʷ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 
ʄʦʜʝʣʴ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ 
ʈʦʙʦʪ ʩʦʙʨʘʥ ʥʘ ʦʩʥʦʚʝ ʨʝʩʫʨʩʥʦʛʦ ʥʘʙʦʨʘ TETRIX, ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʙʦʣʝʝ 600 

ʩʪʨʦʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʪʝʤ ʩʘʤʳʤ ʨʘʩʰʠʨʷʷ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ ʙʘʟʦʚʦʛʦ ʥʘʙʦʨʘ TETRIX. ɺ 

ʥʘʙʦʨʝ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʘ ʩʦʙʨʘʥʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʨʫʟʘ. ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ LEGO Mindstorms 
Education, ʢʦʪʦʨʘʷ ʧʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʨʦʙʦʪʦʚ ʠʩʭʦʜʷ ʠʟ 

ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʠʤʠ ʟʘʜʘʯʘʤʠ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʦʚ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʦʛʨʘʤʤʥʳʡ ʙʣʦʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʣʝʨʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩʝʨʠʠ TETRIX MAX  ʜʣʷ EV3. ɼʘʥʥʳʡ ʜʘʪʯʠʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʧʦʨʪʦʤ 

ʜʣʷ ʜʘʪʯʠʢʘ ʥʘ EV3, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʨʦʙʦʪʘ ʥʘ ʦʩʥʦʚʝ TETRIX MAX . 
ɿʘʢʣʶʯʝʥʠʝ 
ʈʦʙʦʪ-ʢʫʨʴʝʨ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʠ ʩʦʙʨʘʥʥʳʡ ʥʘ ʙʘʟʝ TETRIX MAX  for EV3 ʠ LEGO 

Mindstorms education ʧʝʨʝʜʚʠʛʘʝʪʩʷ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ ʠ ʨʝʰʘʝʪ ʧʦʩʪʘʚʣʝʥʥʫʶ 

ʧʨʦʙʣʝʤʫ. ɺ ʨʦʙʦʪʘ-ʢʫʨʴʝʨʘ ʟʘʛʨʫʞʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʙʦʨ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʧʘʮʠʝʥʪʘ ʠ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʫʩʪʘʥʦʚʣʝʥʥʫʶ ʥʘ ʢʦʨʧʫʩʝ ʢʥʦʧʢʫ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʠ ʧʨʦʭʦʜʠʪ 

ʟʘʜʘʥʥʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʦʩʪʘʚʠʚ ʥʘʙʦʨ ʜʣʷ ʧʘʮʠʝʥʪʘ, ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʦʚʪʦʨʥʦʛʦ ʥʘʞʘʪʠʷ ʥʘ 

ʢʥʦʧʢʫ ʚʦʟʚʨʘʱʘʝʪʩʷ ʚ ʧʫʥʢʪ ʟʘʛʨʫʟʢʠ. 

ʉʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ  

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʚʝʱʝʥʠʷ 
ʐʘʪʘʣʠʥ ʅ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʐʘʪʘʣʠʥʘ ɸ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1797, ʄʦʩʢʚʘ 

 
ʎʝʣʠ ʧʨʦʝʢʪʘ: 
Å ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ 
Å ʉʦʙʨʘʪʴ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʩʚʝʱʝʥʠʷ 



48 

 

ʉʚʝʪ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʪʴ ʦʧʨʝʜʝʣʝʥʥʫʶ ʘʪʤʦʩʬʝʨʫ 

ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʥʘ ʫʣʠʮʝ, ʧʦʚʣʠʷʪʴ ʥʘ ʥʘʩʪʨʦʝʥʠʝ ʣʶʜʝʡ, ʚʳʜʝʣʠʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʙʲʝʢʪʳ 

ʠʣʠ ʦʙʝʩʧʝʯʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʩʬʝʨʝ ʦʥ ʚʥʦʩʠʪ ʚʘʞʥʳʡ ʚʢʣʘʜ ʚ 

ʩʦʟʜʘʥʠʝ ʟʜʦʨʦʚʦʡ, ʧʨʦʜʫʢʪʠʚʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʙʦʯʝʡ ʩʨʝʜʳ. ɼʠʟʘʡʥ ʦʩʚʝʱʝʥʠʷ, ʝʛʦ 

ʛʠʙʢʦʩʪʴ, ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʧʨʠʤʝʥʠʤʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠ ʦʙʱʝʜʦʩʪʫʧʥʳʭ ʧʦʤʝʱʝʥʠʷʭ. 
ɼʦʙʠʪʴʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʫʯʝʪʘ ʥʘʣʠʯʠʷ ʜʥʝʚʥʦʛʦ ʩʚʝʪʘ, ʨʘʚʥʦ ʢʘʢ ʠ ʫʯʝʪʘ 

ʧʨʠʩʫʪʩʪʚʠʷ ʣʶʜʝʡ ʚ ʧʦʤʝʱʝʥʠʠ, ʤʦʞʥʦ, ʧʨʠʤʝʥʷʷ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʩʚʝʱʝʥʠʝʤ (ʉʋʆ). ʋʧʨʘʚʣʝʥʠʝ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʵʪʦʤ ʜʚʫʤʷ 

ʦʩʥʦʚʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: ʦʪʢʣʶʯʝʥʠʝʤ ʚʩʝʭ ʠʣʠ ʯʘʩʪʠ ʩʚʝʪʠʣʴʥʠʢʦʚ (ʜʠʩʢʨʝʪʥʦʝ ʫʧʨʘʚʣʝʥʠʝ) 

ʠ ʧʣʘʚʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʤʦʱʥʦʩʪʠ ʩʚʝʪʠʣʴʥʠʢʦʚ (ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʚʩʝʭ ʠʣʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ). 
ʄʥʦʶ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʠʟʫʯʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʘʪʯʠʢʘ, ʧʦʥʷʪʠʝ 

ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʠ ʩʦʟʜʘʥʠʝ ʜʝʡʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʦʩʚʝʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʝʤʠʪʝʣʴʥʦ ʟʘʚʦʝʚʳʚʘʶʪ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ ʞʠʟʥʠ. ɸ ʫʤʥʳʡ ʩʚʝʪ ʚ ʜʦʤʝ ð ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ 

ʢʦʥʪʨʦʣʷ ʟʘ ʥʘʨʫʞʥʳʤʠ ʠ ʚʥʫʪʨʝʥʥʠʤʠ ʦʩʚʝʪʠʪʝʣʴʥʳʤʠ ʧʨʠʙʦʨʘʤʠ ï ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 

ɸʚʪʦʥʦʤʥʘʷ ʩʠʩʪʝʤʘ ʧʦ ʫʭʦʜʫ ʟʘ ʨʘʩʪʝʥʠʷʤʠ 
ʕʨʟʷʡʢʠʥʘ ɸ.ʇ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʫʨʥʦʧʝʛʦʚʘ ʅ.ɻ. 
ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 

ʋ ʤʥʦʛʠʭ ʣʶʜʝʡ ʜʦʤʘ ʝʩʪʴ ʨʘʩʪʝʥʠʷ, ʦʥʠ ʜʘʨʷʪ ʥʘʤ ʢʨʘʩʦʪʫ, ʦʩʚʝʞʘʷ ʚʥʝʰʥʠʡ ʚʠʜ 
ʢʚʘʨʪʠʨʳ. ʅʦ ʠʥʦʛʜʘ ʩʣʫʯʘʝʪʩʷ ʪʘʢ, ʯʪʦ ʥʘʤ ʥʫʞʥʦ ʫʝʭʘʪʴ ʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ. ɺʩʝ ʵʪʦ ʚʨʝʤʷ 

ʨʘʩʪʝʥʠʝ ʩʪʦʷʣʦ ʠ ʟʘʩʳʭʘʣʦ ʙʝʟ ʧʦʣʠʚʘ ʠ ʥʫʞʥʦʛʦ ʫʭʦʜʘ. ʕʪʘ ʧʨʦʙʣʝʤʘ ʥʘʪʦʣʢʥʫʣʘ ʤʝʥʷ ʥʘ 

ʠʜʝʶ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʩʧʦʩʦʙʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʨʘʩʪʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 
ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ 
ʎʝʣʴ: ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʡ. 
ɿʘʜʘʯʠ: 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʚʪʦʥʦʤʥʳʭ ʩʠʩʪʝʤ ʧʦ ʫʭʦʜʫ ʟʘ ʨʘʩʪʝʥʠʷʤʠ, 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 
¶ ʉʦʟʜʘʥʠʝ ʤʘʢʝʪʘ, ʧʦ ʢʦʪʦʨʦʤʫ ʙʫʜʝʪ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ. 
¶ ʉʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʠʩʢ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʝʜʠʥʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʩʦʝʜʠʥʝʥʠʝ ʠʭ ʚ ʦʜʥʫ ʩʠʩʪʝʤʫ. 
¶ ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʦʤ. 
¶ ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜ ʠ ʥʘʡʪʠ ʙʫʜʫʱʝʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
ʇʨʦʝʢʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʧʦʩʦʙʥʦ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʫʭʦʜ ʟʘ ʨʘʩʪʝʥʠʷʤʠ. ʊʘʢ 

ʞʝ ʤʦʞʝʪ ʧʨʠʛʦʜʠʪʴʩʷ, ʢʘʢ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʣʦʞʥʳʭ ʚ ʫʭʦʜʝ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʨʘʩʪʝʥʠʡ, 

ʪʘʢ ʠ ʜʣʷ ʩʠʪʫʘʮʠʡ, ʚ ʢʦʪʦʨʳʭ ʯʝʣʦʚʝʢ ʥʝ ʩʧʦʩʦʙʝʥ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘʜʣʝʞʘʱʝʝ ʚʥʠʤʘʥʠʝ ʠ 

ʟʘʙʦʪʫ ʟʘ ʨʘʩʪʝʥʠʷʤʠ. 
ʇʨʠʤʝʥʝʥʠʝ ʚ ʙʫʜʫʱʝʤ 
ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʙʫʜʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ, ʜʦʙʘʚʠʚ 

ʥʦʚʳʝ ʬʫʥʢʮʠʠ: ʩʠʩʪʝʤʫ ʦʨʦʰʝʥʠʷ, ʜʠʩʧʣʝʡ, ʦʙʦʛʨʝʚʘʪʝʣʴ, ʚʝʥʪʠʣʷʪʦʨ ʦʭʣʘʞʜʝʥʠʷ. ʊʘʢʞʝ 

ʝʛʦ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʚʠʜʦʚ ʨʘʩʪʝʥʠʷ, 

ʪʨʝʙʫʶʱʠʭ ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʣʦʞʥʦʛʦ ʫʭʦʜʘ. ʋʩʪʨʦʡʩʪʚʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʝʣʝʢʮʠʦʥʝʨʳ 

ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠʩʯʝʟʘʶʱʠʭ ʨʘʩʪʝʥʠʡ ʠʣʠ ʚʳʚʝʜʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ. 
ʈʘʟʜʝʣ 2 
ɺ ʧʝʨʚʦʤ ʵʪʘʧʝ ʙʳʣʦ ʦʩʫʱʝʩʪʚʣʝʥ ʩʙʦʨ ʥʝʙʦʣʴʰʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ. ɹʳʣʘ 

ʦʨʛʘʥʠʟʦʚʘʥʥʘ ʨʘʙʦʪʘ ʩʚʝʪʘ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʩʚʝʪʘ. ʂʦʥʪʨʦʣʣʝʨ, ʩʯʠʪʳʚʘʷ ʧʦʢʘʟʘʥʠʷ 
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ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚʢʣʶʯʘʣ ʠ ʚʳʢʣʶʯʘʣ ʣʘʤʧʫ ʥʘ ʛʠʙʢʦʤ ʧʨʦʚʦʜʝ. ʋʧʨʘʚʣʝʥʠʝ ʣʘʤʧʦʡ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʠʥʠ-ʨʝʣʝ, ʧʦʜʢʣʶʯʸʥʥʦʛʦ ʢ ʧʣʘʪʝ Iskra. 
ɺʦ ʚʪʦʨʦʤ ʵʪʘʧʝ ʙʳʣ ʦʩʫʱʝʩʪʚʣʸʥ ʩʙʦʨ ʠ ʥʘʣʘʜʢʘ ʨʘʙʦʪʳ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠʚʘ. ʀʩʧʦʣʴʟʫʷ 

ʜʘʪʯʠʢ ʚʣʘʞʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʦʛʨʫʞʸʥ ʚ ʧʦʯʚʫ, ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʥʘ 

ʨʘʙʦʪʘ ʧʦʤʧʳ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʛʠʙʢʫʶ ʪʨʫʙʢʫ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʦʣʠʚ ʨʘʩʪʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ 

ʧʦʤʧʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʠʥʠ-ʨʝʣʝ, ʧʦʜʢʣʶʯʸʥʥʦʛʦ ʢ ʧʣʘʪʝ Iskra. 
ʊʨʝʪʠʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ, ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʩʘʡʪʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ 

ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʫʩʪʨʦʡʩʪʚʦʤ. ʉʘʡʪ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʢʥʦʧʦʢ ʠ 

ʯʝʪʳʨʸʭ ʧʦʣʝʡ ʧʦʜ ʚʳʚʦʜ ʜʘʥʥʳʭ. ʇʨʠ ʧʦʤʦʱʠ ʜʘʪʯʠʢʦʚ, ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪ ʜʘʥʥʳʝ ʥʘ ʩʘʡʪ, 

ʧʦʣʴʟʦʚʘʪʝʣʴ ʩʧʦʩʦʙʝʥ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʮʚʝʪʢʘ ʠ ʤʝʥʷʪʴ ʝʸ ʧʨʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 
ɺ ʯʝʪʚʸʨʪʦʤ ʵʪʘʧʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʘʡʪʘ. ɼʦʙʘʚʣʝʥʠʝ ʚ ʥʝʛʦ ʥʦʚʳʭ 

ʬʫʥʢʮʠʡ: ʩʧʨʘʚʦʯʥʠʢʘ, ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʠʜʘʤʠ ʨʘʩʪʝʥʠʡ ʠ ʧʦʜʨʦʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʭʦʜʝ ʟʘ 

ʥʠʤʠ, ʠʥʩʪʨʫʢʮʠʷ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦʙʳ ʧʦ ʩʣʫʯʘʡʥʦʩʪʠ ʥʝ ʟʘʣʠʪʴ ʮʚʝʪʦʢ ʠ 

ʪ.ʜ. ʊʘʢ ʞʝ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʜʠʟʘʡʥ ʩʘʡʪʘ, ʯʪʦʙʳ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʛ ʫʜʦʙʥʦ ʧʝʨʝʢʣʶʯʘʪʴʩʷ 

ʤʝʞʜʫ ʩʪʨʘʥʠʮʘʤʠ. 
ʇʷʪʳʡ ʟʘʢʣʶʯʘʶʱʠʡ ʵʪʘʧ ʚʢʣʶʯʘʝʪ ʧʦʣʥʫʶ ʩʙʦʨʢʫ ʚʩʝʭ ʯʘʩʪʝʡ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʜʥʫ 

ʩʠʩʪʝʤʫ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʫʩʪʨʦʡʩʪʚʘ. ɸ ʪʘʢʞʝ 

ʩʦʧʨʷʞʝʥʠʝ ʩʘʡʪʘ ʩ ʧʨʦʛʨʘʤʤʦʡ ʧʣʘʪʳ, ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
ʈʝʟʫʣʴʪʘʪ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ 
ʅʘ ʦʩʥʦʚʝ ʟʥʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʰʢʦʣʴʥʦʡ ʧʨʦʛʨʘʤʤʝ, ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʚʝʜʝʥʠʡ ʠʟ 

ʀʥʪʝʨʥʝʪʘ ʙʳʣʦ ʩʦʟʜʘʥʦ ʧʦʣʥʦʮʝʥʥʦʝ ʨʘʙʦʯʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ 

ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʨʘʩʪʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʥʝʰʥʝʛʦ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʠ ʨʘʙʦʪʝ ʙʳʣʠ ʫʯʪʝʥʳ ʥʝʜʦʩʪʘʪʢʠ ʧʨʝʜʳʜʫʱʠʭ ʧʦʭʦʞʠʭ 

ʩʠʩʪʝʤ ʠ ʧʨʦʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʜʠʟʘʡʥ ʜʣʷ ʫʜʦʙʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘʮʠʠ. 

ʋʩʪʨʦʡʩʪʚʦ ʚʳʧʦʣʥʷʝʪ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʮʝʣʠ ʠ ʧʨʦʚʝʨʝʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʙʳʪʫ. 
ʈʘʟʜʝʣ 3 
ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʧʨʦʝʢʪʘ (ʧʨʝʜʣʦʞʝʥʠʷ) 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʥʦ ʙʫʜʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʜʘʪʯʠʢʦʚ ʠ ʧʨʠʙʦʨʦʚ (ʧʫʣʴʚʝʨʠʟʘʪʦʨ, ʩʠʩʪʝʤʫ ʧʨʦʚʝʪʨʠʚʘʥʠʷ, ʵʣʝʢʪʨʦʥʥʦʝ ʪʘʙʣʦ ʠ ʤʥʦʛʦʝ 

ʜʨʫʛʦʝ), ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʦʩʦʙʥʳ ʝʱʸ ʙʦʣʝʝ ʪʦʯʥʦ ʚʦʩʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ 

ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ. ʊʘʢ ʞʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʘʡʪʘ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʫʜʦʙʥʝʝ ʩʦʚʝʨʰʘʪʴ 
ʧʨʦʮʝʩʩ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʨʘʩʪʝʥʠʝʤ. 

 ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʙʫʜʫʱʝʤ ʵʪʘ ʨʘʟʨʘʙʦʪʢʘ ʜʦʣʞʥʘ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ 

ʧʣʘʥʝ, ʥʦ ʠ ʧʝʨʝʨʘʩʪʠ ʚ ʧʦʤʦʛʘʶʱʝʝ ʧʦʩʦʙʠʝ ʯʝʣʦʚʝʢʫ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʭʦʟʷʠʥ ʮʚʝʪʢʘ 

ʩʤʦʞʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʦʥʠʤʘʪʴ ʥʫʞʜʳ ʨʘʩʪʝʥʠʝ, ʫʯʘʩʴ ʟʘ ʥʠʤ ʫʭʘʞʠʚʘʪʴ. ɺʝʜʴ ʯʝʣʦʚʝʯʝʩʢʫʶ 

ʣʶʙʦʚʴ ʠ ʟʘʙʦʪʫ ʥʝʣʴʟʷ ʧʦʣʥʦʩʪʴʶ ʚʦʟʣʦʞʠʪʴ ʥʘ ʤʘʰʠʥʫ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ɼʝʪʘʣʠ ʠ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʙʳʣʠ ʚʟʷʪʳ ʩ https://amperka.ru/ 
ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʧʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʥʘ ʧʣʘʪʬʦʨʤʝ Espruino ʠ JS ʚʟʷʪʘ ʩ 

https://www.espruino.com/ 
ʀʥʬʦʨʤʘʮʠʷ ʦ ʨʘʩʪʝʥʠʷʭ ʠ ʠʭ ʫʭʦʜʝ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʩʘʡʪʘ ʙʳʣʘ ʚʟʷʪʘ ʩ 
https://stroy-podskazka.ru/komnatnye-cvety/uhod/ 
https://zen.yandex.ru/ 
https://abekker.ru/articles/7-zolotyh-pravil-uhoda-za-komnatnymi-rasteniyami 
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˞̗̠̆̋̉ ΟρπȢς ˝́̋̆̓̎̏-̘̠̋̏̒̍̉̆̒̋́ ̐̆̑̒̐̆̋̓̉̃́ ̉ 
̘̠̋̏̒̍̉̆̒̋́ ̞̠̋̏̌̏̄̉ 

ʄʘʥʠʧʫʣʷʪʦʨ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʥʠʞʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ 
ɸʙʨʶʪʠʥ ʀ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʣʦʚʩʢʠʡ ɼ.ʈ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ʄʠʨ 21 ʚʝʢʘ ʥʝ ʩʪʦʠʪ ʥʘ ʤʝʩʪʝ, ʦʥ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʩʦʚʩʝʤ ʩʢʦʨʦ ʯʝʣʦʚʝʯʝʩʪʚʦ 

ʩʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʩʪʘʥʮʠʠ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʨʦʝʢʪʳ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʨʘʢʝʪʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʅʦ 

ʢʘʢ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʘʢʠʝ ʩʪʘʥʮʠʠ ʚ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʫʩʣʦʚʠʷʭ? ɺʝʜʴ ʥʘ 

ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ ʟʘʯʘʩʪʫʶ ʨʘʟʨʷʞʝʥʥʘʷ ʘʪʤʦʩʬʝʨʘ ʠ ʤʝʥʴʰʘʷ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ. ʊʘʢ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʚʦʟʤʦʞʥʳʤ ʧʨʠʤʝʥʷʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʅʦ ʤʝʥʴʰʘʷ 

ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʥʘ ʟʝʤʣʝ ʠʟ-ʟʘ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʊʘʢ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʡ ʟʘ 

ʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʤʘʥʠʧʫʣʷʪʦʨʘ ʩ ʪʨʝʤʷ ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ. 
ʇʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʧʦʭʦʞ ʥʘ ʪʦ, ʢʘʢ ʨʘʙʦʪʘʝʪ 3D-ʧʨʠʥʪʝʨ. ɹʣʘʛʦʜʘʨʷ ʝʤʫ ʙʫʜʫʪ 

ʚʦʟʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ ʙʣʦʢʦʚ/ʤʘʪʝʨʠʘʣʦʚ. ʊʘʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ 

ʜʦʩʪʘʚʣʷʪʴʩʷ ʥʘ ʧʣʘʥʝʪʫ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʳʭ ʙʫʢʩʠʨʦʚ/ʨʘʢʝʪ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ 

ʧʦʩʘʜʢʘ ʢʘʨʢʘʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʥʝʪʳ ʠ ʤʘʥʠʧʫʣʷʪʦʨ ʥʘʯʠʥʘʝʪ ʧʨʦʮʝʩʩ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, 

ʥʘʜʝʞʥʦʩʪʴ ʪʘʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʢʫʜʘ ʚʳʰʝ, ʯʝʤ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʘʨʠʘʥʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ 

ʩʪʘʥʮʠʡ. 
ʇʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʧʨʦʪʦʪʠʧ ʪʘʢʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ 

ʦʪʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʠ ʠ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
ɺ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ ʚʭʦʜʠʪ: 
ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ; 
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ; 
ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ; 
ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ; 
ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʘʧʧʘʨʘʪʥʦʡ ʙʘʟʳ ʠ ʝʸ ʠʩʧʳʪʘʥʠʷ. ʉʘʤ 

ʤʘʥʠʧʫʣʷʪʦʨ ʧʣʘʥʠʨʫʝʪʩʷ ʠʟʛʦʪʦʚʠʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʳʭ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ 
ɸʣʝʢʩʘʥʜʨʦʚ ʂ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʝʜʚʝʜʝʚʘ ɽ.ɺ. 
ʄɹʆʋ ʉʄɸʃ ʛ.ʦ. ʉʘʤʘʨʘ, ʉʘʤʘʨʘ 

 
ʉ ʜʘʚʥʠʭ ʣʝʪ ʣʶʜʝʡ ʠʥʪʝʨʝʩʦʚʘʣʦ ʚʥʝʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʜʥʘʢʦ ʦʩʥʦʚʳ 

ʢʦʩʤʦʥʘʚʪʠʢʠ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʪʦʣʴʢʦ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʂ. ʕ. ʎʠʦʣʢʦʚʩʢʠʤ. 

ʀʤʝʥʥʦ ʦʥ ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʪʠʚʥʳʝ ʜʚʠʛʘʪʝʣʠ ʜʣʷ 

ʧʦʣʝʪʦʚ ʟʘ ʧʨʝʜʝʣʳ ʟʝʤʥʦʡ ʘʪʤʦʩʬʝʨʳ. 
ʉ ʪʝʭ ʧʦʨ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʦʚʝʨʰʠʣʦ ʤʥʦʞʝʩʪʚʦ ʦʪʢʨʳʪʠʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ, ʘ ʧʦʣʝʪʳ ʚʩʝ 

ʝʱʸ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʭʠʤʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʆʜʥʘ ʠʟ ʘʣʴʪʝʨʥʘʪʠʚ ï 

ʷʜʝʨʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʧʨʠ ʩʦʚʩʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʦʙʲʝʤʝ ʪʦʧʣʠʚʘ ʩʧʦʩʦʙʝʥ ʜʘʚʘʪʴ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. 
ʗ ʧʦʩʪʘʚʠʣ ʧʝʨʝʜ ʩʦʙʦʡ ʮʝʣʴ: ʦʮʝʥʠʪʴ ʧʦʪʝʥʮʠʘʣ ʟʘʤʝʱʝʥʠʷ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʷʜʝʨʥʳʤʠ. 
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ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʩʣʘʡʜʝ. 
ɼʣʷ ʥʘʯʘʣʘ ʨʘʟʙʝʨʝʤʩʷ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ. 
ʊʝʨʤʦʭʠʤʠʯʝʩʢʠʡ (ʭʠʤʠʯʝʩʢʠʡ) ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ð ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ, 

ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʭʠʤʠʯʝʩʢʦʤ ʪʦʧʣʠʚʝ. 
ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʦʩʪ: ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ ʠ ʥʘʛʨʝʪʳʝ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ, ʙʳʩʪʨʦ 

ʨʘʩʰʠʨʷʷʩʴ, ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ ʨʘʢʝʪʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʠ ʩʦʟʜʘʝʪʩʷ ʨʝʘʢʪʠʚʥʘʷ ʪʷʛʘ 
ɸ ʷʜʝʨʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʳʨʘʙʘʪʳʚʘʝʪ ʵʥʝʨʛʠʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘʥʠʷ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʵʥʝʨʛʠʝʡ ʷʜʝʨʥʳʭ ʨʝʘʢʮʠʡ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʵʪʦʛʦ ʪʠʧʘ ʩʦʩʪʦʠʪ ʠʟ 

ʥʘʛʨʝʚʘʪʝʣʴʥʦʡ ʢʘʤʝʨʳ ʩ ʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ, ʢʘʢ ʠʩʪʦʯʥʠʢʦʤ ʪʝʧʣʘ, ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ 

ʨʘʙʦʯʝʛʦ ʪʝʣʘ, ʠ ʩʦʧʣʘ. ʈʘʙʦʯʝʝ ʪʝʣʦ ð ʧʦʜʘʸʪʩʷ ʠʟ ʙʘʢʘ ʚ ʘʢʪʠʚʥʫʶ ʟʦʥʫ ʨʝʘʢʪʦʨʘ, ʛʜʝ, 

ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʥʘʛʨʝʪʳʝ ʨʝʘʢʮʠʝʡ ʷʜʝʨʥʦʛʦ ʨʘʩʧʘʜʘ ʢʘʥʘʣʳ, ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʜʦ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʠ ʟʘʪʝʤ ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʯʝʨʝʟ ʩʦʧʣʦ 
ʆʪʪʘʣʢʠʚʘʷʩʴ ʦʪ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʩʨʘʚʥʠʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʜʝʨʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʩʣʘʡʜʝ 
ʀʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʥʝʠʟʤʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʥʘ ʚʳʭʦʜʝ ʠʟ 

ʩʦʧʣʘ ʙʦʣʴʰʠʡ ʫʜʝʣʴʥʳʡ ʠʤʧʫʣʴʩ ʙʫʜʝʪ ʠʤʝʪʴ ʜʚʠʛʘʪʝʣʴ ʩ ʙʦʣʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʥʘ ʚʭʦʜʝ ʚ ʩʦʧʣʦ. ɺ ʞʠʜʢʦʩʪʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʷʭ ʧʨʝʜʝʣ ʵʪʦʛʦ ʟʥʘʯʝʥʠʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʨʝʘʢʮʠʠ ʛʦʨʝʥʠʷ, ʘ ʜʣʷ ʷʜʝʨʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʝʜʝʣ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʝʨʤʦʧʨʦʯʥʦʩʪʳʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʊʘʢʞʝ ʟʘʤʝʪʠʤ, ʯʪʦ ʪʘʢ ʢʘʢ ʠʟʦʙʘʨʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʦʣʷʨʥʦʡ 

ʤʘʩʩʝ, ʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʜʚʠʛʘʪʝʣʴ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ 

ʪʝʣʘ ʚʦʜʦʨʦʜ ï ʩʘʤʳʡ ʣʝʛʢʠʡ ʠʟ ʚʦʟʤʦʞʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʷʜʝʨʥʳʝ ʨʘʢʝʪʥʳʝ ʜʚʠʛʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʤʦʱʥʳʤʠ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤʠ, ʯʝʤ ʭʠʤʠʯʝʩʢʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʷ ʧʦʣʝʪʘ ʜʦ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʦʡʪʠ ʢʦʩʤʠʯʝʩʢʠʡ 

ʢʦʨʘʙʣʴ ʙʝʟ ʜʦʟʘʧʨʘʚʢʠ. ʆʜʥʘʢʦ ʦʩʪʘʝʪʩʷ ʥʝ ʜʦ ʢʦʥʮʘ ʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʘ ʟʘʛʨʷʟʥʝʥʠʝ 

ʘʪʤʦʩʬʝʨʳ ʨʘʜʠʦʘʢʪʠʚʥʳʤʠ ʦʪʭʦʜʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ ʜʚʠʛʘʪʝʣʝʡ. 
ɺʧʝʨʚʳʝ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚ ʢʦʩʤʦʩʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʝʱʝ ʚ 50-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʠ ʘʢʪʠʚʥʦ ʧʨʦʜʚʠʛʘʣʘʩʴ ʚ ʉʐɸ ʀ ʉʉʉʈ, ʦʜʥʘʢʦ ʪʦʛʜʘ ʠʟ-ʟʘ 

ʩʤʝʥʳ ʧʨʠʦʨʠʪʝʪʦʚ ʨʘʟʚʠʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʜʘʣʴʰʝ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ 

ʧʨʦʜʚʠʥʫʣʩʷ ʥʠ ʦʜʠʥ ʧʨʦʝʢʪ. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʜʝʨʥʘʷ ʢʦʩʤʠʯʝʩʢʘʷ ʵʥʝʨʛʝʪʠʢʘ ʧʝʨʝʞʠʚʘʝʪ ʚʪʦʨʦʡ ʧʦʜʲʝʤ: 

ʢʨʫʧʥʝʡʰʠʝ ʤʠʨʦʚʳʝ ʜʝʨʞʘʚʳ ʚʦʟʦʙʥʦʚʠʣʠ ʨʘʙʦʪʫ ʥʘʜ ʧʨʦʝʢʪʘʤʠ ʧʦ ʦʩʥʘʱʝʥʠʶ 

ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ ʜʚʠʛʘʪʝʣʷʤʠ, ʨʘʙʦʪʘʶʱʠʤʠ ʥʘ ʷʜʝʨʥʦʤ ʪʦʧʣʠʚʝ. 
ɺ 2017 ʛʦʜʫ ʛʝʥʝʨʘʣʴʥʳʡ ʧʦʜʨʷʜʯʠʢ ʂʠʪʘʡʩʢʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʦʧʫʙʣʠʢʦʚʘʣ 

ʧʣʘʥ ʨʘʟʚʠʪʠʷ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʂʅʈ, ʚ ʢʦʪʦʨʦʤ ʟʘʧʫʩʢ ʧʝʨʚʦʛʦ ʤʥʦʛʦʨʘʟʦʚʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʰʘʪʪʣʘ ʥʘ ʷʜʝʨʥʦʡ ʪʷʛʝ ʟʘʧʣʘʥʠʨʦʚʘʥ ʥʘ2040 ʛʦʜ. 
ɽʱʝ ʦʜʥʦ ʛʦʩʫʜʘʨʩʪʚʦ, ʢʦʪʦʨʦʝ ʚ ʦʙʦʟʨʠʤʦʤ ʙʫʜʫʱʝʤ ʩʧʦʩʦʙʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʝʢʪ ʧʦ 

ʟʘʧʫʩʢʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʥʘ ʷʜʝʨʥʦʡ ʪʷʛʝ ï ʉʦʝʜʠʥʝʥʥʳʝ ʐʪʘʪʳ ɸʤʝʨʠʢʠ. ɺ ʨʘʤʢʘʭ 

ʧʦʜʛʦʪʦʚʢʠ NASA ʢ ʚʳʩʘʜʢʝ ʥʘ ʄʘʨʩ ʚ 2035 ʛʦʜʫ ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʩʤʠʯʝʩʢʠʝ 

ʢʦʨʘʙʣʠ, ʦʩʥʘʱʝʥʥʳʝ ʷʜʝʨʥʳʤʠ ʨʘʢʝʪʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. 
ʈʦʩʩʠʡʩʢʠʝ ʠʥʞʝʥʝʨʳ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ 

ʥʘ ʷʜʝʨʥʦʡ ʪʷʛʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʩʤʠʯʝʩʢʠʭ ʙʫʢʩʠʨʦʚ. ʇʝʨʚʳʝ ʠʩʧʳʪʘʥʠʷ ʟʘʧʣʘʥʠʨʦʚʘʥʳ ʥʘ 

2030 ʛʦʜ. 
ɽʱʸ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʠ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ ʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ, ʯʪʦ ʩʪʘʥʝʪ 

ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʚ ʧʨʦʪʠʚʦʩʪʦʷʥʠʠ ʷʜʝʨʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 
ʇʨʦʚʝʜʷ ʘʥʘʣʠʟ ʩʦʙʨʘʥʥʳʭ ʜʘʥʥʳʭ, ʷ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʢ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʤ ʩʠʣʦʚʳʤ ʫʩʪʘʥʦʚʢʘʤ 

ʥʝʠʟʙʝʞʝʥ ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʦʢ. ʆʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʛʨʘʥʠʮ ʠʩʩʣʝʜʫʝʤʦʡ ʚʩʝʣʝʥʥʦʡ, ʷʚʣʷʶʪʩʷ ʷʜʝʨʥʳʝ 

ʨʝʘʢʮʠʠ, ʘ ʜʚʠʛʘʪʝʣʠ ʥʘ ʷʜʝʨʥʦʡ ʪʷʛʝ, ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ 

ʥʘʯʠʥʘʝʪʩʷ ʫʞʝ ʩʝʡʯʘʩ, ʷʚʣʷʶʪʩʷ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʠʟ 

ʩʫʱʝʩʪʚʫʶʱʠʭ. 



52 

 

ʆʥʠ ʩʪʘʥʫʪ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʪʘʢʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʢʦʩʤʦʥʘʚʪʠʢʠ ʢʘʢ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʘʣʴʥʝʛʦ ʢʦʩʤʦʩʘ ʠ ʧʠʣʦʪʠʨʫʝʤʳʝ ʧʦʣʝʪʳ ʩ ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʣʠ 

ʢʦʣʦʥʠʟʘʮʠʠ ʧʣʘʥʝʪ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʤʫʣʷʪʦʨʘ ʪʨʘʥʟʠʪʦʚ ʵʢʟʦʧʣʘʥʝʪʳ ʧʦ ʜʠʩʢʫ ʤʘʪʝʨʠʥʩʢʦʡ 

ʟʚʝʟʜʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʝʟʜʳ  

ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʢʟʦʧʣʘʥʝʪʳ 
ɸʨʭʠʧʦʚ ɿ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʬ-ʤ.ʥ. ʌʠʣʠʧʧʦʚ ʖ.ʇ. 
ʄɹʆʋ ʣʠʮʝʡ çʊʝʭʥʠʯʝʩʢʠʡè ʛ.ʦ. ʉʘʤʘʨʘ, ʉʘʤʘʨʘ 

 
ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʦʩʪʨʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʙʣʝʤ XXI  ʚʝʢʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʥʝʟʝʤʥʦʡ ʞʠʟʥʠ (ɺɾ). ʏʝʣʦʚʝʯʝʩʪʚʦ ʫʞʝ ʜʘʚʥʦ ʠʱʝʪ ʦʪʚʝʪ ʥʘ 

ʚʦʧʨʦʩ: ʝʩʪʴ ʣʠ ʞʠʟʥʴ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʠ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʨʫʛʠʭ ʟʚʝʟʜ? 

ʆʜʥʘʢʦ ʠ ʩʝʛʦʜʥʷ ʵʪʦʪ ʚʦʧʨʦʩ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ɺʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʤʠʪʠʚʥʳʝ 

ʬʦʨʤʳ ʞʠʟʥʠ, ʧʦʜʦʙʥʳʝ ʟʝʤʥʦʡ, ʤʥʦʛʦʢʨʘʪʥʦ ʚʦʟʨʘʩʪʘʶʪ, ʝʩʣʠ ʥʝʙʝʩʥʦʝ ʪʝʣʦ ʠʤʝʝʪ 

ʘʪʤʦʩʬʝʨʫ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʦʙʠʪʘʝʤʦʩʪʠ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ. ɺ ʉʦʣʥʝʯʥʦʡ 

ʩʠʩʪʝʤʝ ʵʪʦ ʜʚʝ ʧʣʘʥʝʪʳ - ɿʝʤʣʷ ʠ ʄʘʨʩ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʫʩʠʣʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʥʘʡʪʠ 

ʞʠʟʥʴ ʥʘ ʄʘʨʩʝ ʧʦʢʘ ʙʝʟʨʝʟʫʣʴʪʘʪʥʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʠʩʢ ɺɾ ʩʣʝʜʫʝʪ ʧʨʦʜʦʣʞʠʪʴ ʠ ʚ 

ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʨʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʦʯʥʝʝ ʩʢʘʟʘʪʴ ʚ ʘʪʤʦʩʬʝʨʘʭ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʥʝʢʦʪʦʨʳʭ 

ʵʢʟʦʧʣʘʥʝʪ ï ʧʣʘʥʝʪ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʥʝ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʂʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʤʦʞʥʦ 

ʠʩʢʘʪʴ ʠ ʦʙʥʘʨʫʞʠʪʴ ʞʠʟʥʴ ʥʘ ʵʢʟʦʧʣʘʥʝʪʘʭ? ɺʝʜʴ ʵʪʠ ʪʝʣʘ ʥʝ ʷʚʣʷʶʪʩʷ ʩʘʤʦʩʚʝʪʷʱʠʤʠʩʷ, 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʛʠʛʘʥʪʩʢʠʭ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ɿʝʤʣʠ ʠ ʦʯʝʥʴ ʪʨʫʜʥʦ ʧʦʜʜʘʶʪʩʷ ʧʨʷʤʦʤʫ 

ʥʘʙʣʶʜʝʥʠʶ. ɿʜʝʩʴ ʤʦʞʝʪ ʦʢʘʟʘʪʴ ʧʦʤʦʱʴ ʪʨʘʥʟʠʪʥʳʡ ʤʝʪʦʜ ʧʦʠʩʢʘ ʵʢʟʦʧʣʘʥʝʪ. ʉʫʪʴ 

ʤʝʪʦʜʘ - ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʟʦʧʣʘʥʝʪʳ ʠ ʝʝ ʘʪʤʦʩʬʝʨʳ ʚ ʧʨʦʮʝʩʩʝ ʝʝ 

ʧʨʦʭʦʞʜʝʥʠʷ ʧʦ ʜʠʩʢʫ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ ʧʦ ʩʧʝʢʪʨʫ ʠʟʣʫʯʝʥʠʷ ʟʚʝʟʜʳ. ʐʘʥʩʳ ʥʘ 

ʦʙʥʘʨʫʞʝʥʠʝ ɺɾ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʶʪ ʝʩʣʠ ʵʢʟʦʧʣʘʥʝʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʟʦʥʝ ʦʙʠʪʘʝʤʦʩʪʠ 

ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ. 
ɺʩʝ ʵʪʦ ʧʦʜʪʘʣʢʠʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʪʨʘʥʟʠʪʥʦʛʦ ʤʝʪʦʜʘ, ʯʪʦ 

ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʄʥʦʶ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʠʜʝʷ ʩʦʟʜʘʥʠʷ 

ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʠʤʫʣʷʪʦʨʘ ʷʚʣʝʥʠʷ ʪʨʘʥʟʠʪʘ ʵʢʟʦʧʣʘʥʝʪʳ, ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 
ʧʦʜʦʙʥʳʭ ʫ ʣʶʙʠʪʝʣʝʡ ʘʩʪʨʦʥʦʤʠʠ ʠʥʬʦʨʤʘʮʠʠ ʫ ʤʝʥʷ ʦʪʩʫʪʩʪʚʫʝʪ. 
ʇʦʵʪʦʤʫ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʩʠʤʫʣʷʪʦʨʘ ʪʨʘʥʟʠʪʦʚ 

ʵʢʟʦʧʣʘʥʝʪʳ ʧʦ ʜʠʩʢʫ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ, ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʚʝʟʜʳ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʵʢʟʦʧʣʘʥʝʪʳ. 
ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 
1. ʌʦʨʤʫʣʠʨʦʚʢʘ ʥʦʚʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʠʤʫʣʷʪʦʨʘ ʪʨʘʥʟʠʪʘ ʵʢʟʦʧʣʘʥʝʪʳ ʧʦ 

ʜʠʩʢʫ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ; 
2. ʇʦʩʪʨʦʝʥʠʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʢʨʠʚʦʡ ʙʣʝʩʢʘ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ ʠ ʝʝ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ; 
3. ʉʦʟʜʘʥʠʝ ʘʣʛʦʨʠʪʤʘ ʩʙʦʨʢʠ ʩʠʤʫʣʷʪʦʨʘ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʷ; 
4. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʠʤʫʣʷʮʠʠ; 
5. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ, ʠʭ ʦʙʨʘʙʦʪʢʘ ʠ ʘʥʘʣʠʟ. 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʨʦʙʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʢʨʠʚʦʡ ʙʣʝʩʢʘ ʤʘʪʝʨʠʥʩʢʦʡ 

ʟʚʝʟʜʳ ʵʢʟʦʧʣʘʥʝʪ ʠ ʝʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʛʣʫʙʠʥʳ ʪʨʘʥʟʠʪʘ (ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʦʪʦʢʘ) ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ ʚ 

ʩʣʫʯʘʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʪʨʘʥʟʠʪʘ, ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʫʩʦʚ 

ʧʣʘʥʝʪʳ ʠ ʟʚʝʟʜʳ. ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ ʩʠʤʫʣʷʪʦʨʘ ʪʨʘʥʟʠʪʦʚ ʵʢʟʦʧʣʘʥʝʪ ʧʦ ʜʠʩʢʫ ʤʘʪʝʨʠʥʩʢʦʡ 

ʟʚʝʟʜʳ. ʇʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʨʘʥʟʠʪʦʚ ʵʢʟʦʧʣʘʥʝʪ ʨʘʟʣʠʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ ʜʦ ʵʢʟʦʧʣʘʥʝʪʳ ʠ ʜʦ 

ʥʘʙʣʶʜʘʪʝʣʷ. ɺʳʧʦʣʥʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʣʫʙʠʥʳ ʪʨʘʥʟʠʪʘ, ʧʦʣʫʯʝʥʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʩ ʢʚʘʜʨʘʪʦʤ ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʦʚ ʵʢʟʦʧʣʘʥʝʪʳ ʠ ʤʘʪʝʨʠʥʩʢʦʡ ʟʚʝʟʜʳ. ʇʦ 

ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʢʦʪʦʨʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʜʘʥʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʵʪʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʩ 



53 

 

ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʵʬʬʝʢʪʦʚ 

ʚʪʦʨʠʯʥʳʭ ʙʣʠʢʦʚ ʠ ʜʠʬʨʘʢʮʠʠ ʚ ʙʣʠʞʥʝʡ ʟʦʥʝ. ʂʨʦʤʝ ʪʦʛʦ, ʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʪʥʦʰʝʥʠʷ ʨʘʜʠʫʩʦʚ ʧʣʘʥʝʪʳ ʠ ʟʚʝʟʜʳ ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʚ ʩʣʫʯʘʝ ʢʨʫʧʥʳʭ 

ʪʨʘʥʟʠʪʠʨʫʶʱʠʭ ʧʣʘʥʝʪ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʦʛʨʦʤʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ: ʧʦʩʪʨʦʝʥʥʳʡ 

ʩʠʤʫʣʷʪʦʨ ʪʨʘʥʟʠʪʦʚ ʵʢʟʦʧʣʘʥʝʪ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʚʳʩʦʢʠʡ ʩʧʝʢʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʝʥʠʷ 

ʪʨʘʥʟʠʪʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʜʘʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʧʦʣʝʟʥʳʤʠ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʩʣʘʙʳʭ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʜʠʬʨʘʢʮʠʷ ʥʘ ʜʠʩʢʝ ʵʢʟʦʧʣʘʥʝʪʳ ʠ 

ʦʪʨʘʞʝʥʠʝ ʩʚʝʪʘ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʢʟʦʧʣʘʥʝʪʳ ʧʨʠ ʤʘʣʳʭ ʧʦʟʠʮʠʦʥʥʳʭ ʫʛʣʘʭ. ɹʦʣʝʝ ʪʦʛʦ 

ʜʘʥʥʳʡ ʩʠʤʫʣʷʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʣʘʙʦʨʘʪʦʨʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʩʝʨʠʡ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ ʧʦ ʘʩʪʨʦʬʠʟʠʢʝ ʚ ʰʢʦʣʝ ʠ ʜʘʞʝ ʚ ʚʫʟʝ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʉʘʤʘʨʩʢʦʤ 

ʫʥʠʚʝʨʩʠʪʝʪʝ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʘʥʸʚʨʘ ʢʘʢ ʩʧʦʩʦʙ  

ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʣʫʙʠʥ ʢʦʩʤʦʩʘ 
ɸʬʘʥʘʩʴʝʚʘ ʄ.ʉ. 

ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨ ʪʨʝʙʫʝʪ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʛʣʫʙʠʥ ʢʦʩʤʦʩʘ. ʅʦ ʧʦʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ: 

ʝʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʘʜʦ ʙʫʜʝʪ ʣʝʪʝʪʴ ʟʘ ʧʨʝʜʝʣʳ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʪʦ 

ʧʦʪʨʝʙʫʝʪʩʷ ʦʯʝʥʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ, ʟʘ ʢʦʪʦʨʦʝ ʪʝʭʥʦʣʦʛʠʠ ʫʞʝ ʢʘʥʫʪ ʚ ʣʝʪʫ ʠʣʠ ʧʨʦʩʪʦ 

ʟʘʢʦʥʯʠʪʩʷ ʚʩʝ ʨʝʩʫʨʩʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʝ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ. 
ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʘʣʦ ʚʳʷʩʥʝʥʠʝ ʥʘʩʢʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʘʥʸʚʨ ʷʚʣʷʝʪʩʷ 

ʜʝʡʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʱʝʥʠʷ ʚ ʢʦʩʤʦʩʝ ʠʟ 

ʪʦʯʢʠ ɸ ʚ ʪʦʯʢʫ ɹ, ʘ ʪʘʢʞʝ ʧʦʧʨʦʙʦʚʘʪʴ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʛʠʧʦʪʝʟʫ. 
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
ʀʟʫʯʠʪʴ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʘʥʸʚʨʘ; 
ʈʘʩʩʤʦʪʨʝʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʘʥʸʚʨʘ; 
ʈʘʟʨʘʙʦʪʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʥʮʝʧʮʠʶ ʧʨʠʤʝʥʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʘʥʸʚʨʘ ʩ ʫʯʝʪʦʤ 

ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
ɻʠʧʦʪʝʟʘ: ʤʦʞʥʦ ʣʠ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʦʩʪʠʛʥʫʪʴ ʙʣʠʞʘʡʰʝʡ ʵʢʟʦʧʣʘʥʝʪʳ 

ʚ ʪʝʢʫʱʝʤ ʪʳʩʷʯʝʣʝʪʠʠ. 
ʆʩʥʦʚʥʦʡ ʤʳʩʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʜʝʷ çʙʝʩʧʣʘʪʥʦʛʦ ʟʘʠʤʩʪʚʦʚʘʥʠʷè 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʫ ʙʦʣʴʰʠʭ ʦʙʲʝʢʪʦʚ ʜʣʷ çʫʩʢʦʨʝʥʠʷè ʤʘʣʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚ ʜʝʩʷʪʢʠ ʨʘʟ ʧʨʝʚʳʰʘʶʱʫʶ ʪʫ, ʢʦʪʦʨʫʶ 

ʤʦʛ ʙʳ ʨʘʟʚʠʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʙʩʪʚʝʥʥʳʭ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʢʦʪʦʨʳʝ ʤʠʥʫʩʳ (ʥʘʧʨʠʤʝʨ, ʪʨʘʪʘ ʦʯʝʥʴ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʤʝʥʠ 

ʥʘ ʧʦʜʩʯʸʪʳ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʢʘʢ ʩʘʤʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ), ʵʪʘ ʪʝʭʥʦʣʦʛʠʷ 

ʧʦʤʦʞʝʪ ʯʝʣʦʚʝʯʝʩʪʚʫ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʫʟʥʘʪʴ ʢʦʩʤʦʩ ʠ 

ʦʪʢʨʳʪʴ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʟʥʘʥʠʡ. 

ʇʣʘʥʝʪʳ-ʛʠʛʘʥʪʳ 
ɹʳʯʢʦʚʘ ʇ.ʉ., ʂʫʨʢʦʚ ɼ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
ʗ ʭʦʯʫ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʡ ʧʨʦʝʢʪ ʦ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʧʣʘʥʝʪʘʭ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʠ ʠʭ 

ʩʨʘʚʥʝʥʠʝ ʩ ʧʣʘʥʝʪʘʤʠ ʟʝʤʥʦʡ ʛʨʫʧʧʳ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʩʦʩʪʦʠʪ ʚ: 
1. ɺʦʟʨʘʩʪʘʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʯʝʥʳʤʠ ʨʘʟʥʳʭ ʩʪʨʘʥ. 
2. ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʞʠʟʥʠ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ, ʟʥʘʷ ʠʭ ʫʩʣʦʚʠʷ ʠ 

ʩʪʨʦʝʥʠʝ. 
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ʎʝʣʴ ʨʘʙʦʪʳ - ʵʪʦ ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʣʘʥʝʪʘʭ-ʛʠʛʘʥʪʘʭ ʠ ʧʨʠʦʙʱʝʥʠʝ ʢ ʙʦʣʝʝ 

ʰʠʨʦʢʠʤ ʧʦʥʷʪʠʷʤ ʠ ʩʚʝʜʝʥʠʷʤ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɿʥʘʥʠʷ ʦ ʧʣʘʥʝʪʘʭ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʢʦʩʤʦʩʘ. ɺ ʩʚʦʸʤ ʧʨʦʝʢʪʝ ʷ ʭʦʯʫ ʨʘʩʩʢʘʟʘʪʴ ʦ: 

ʦʪʢʨʳʪʠʠ ʧʝʨʚʦʡ ʧʣʘʥʝʪʳ-ʛʠʛʘʥʪʘ, ʢʪʦ ʦʪʢʨʳʣ ʝʝ ʠ ʩ ʧʦʤʦʱʴʶ ʯʝʛʦ. ʇʣʘʥʝʪʳ-ʛʠʛʘʥʪʳ ʚ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ - ʖʧʠʪʝʨ, ʉʘʪʫʨʥ, ʋʨʘʥ, ʅʝʧʪʫʥ. ʖʧʠʪʝʨ - ʩʘʤʘʷ ʙʦʣʴʰʘʷ ʠ 

ʙʳʩʪʨʦʚʨʘʱʘʶʱʘʷʩʷ ʧʣʘʥʝʪʘ, ʢʦʪʦʨʘʷ ʚ 1000 ʨʘʟ ʙʦʣʴʰʝ ɿʝʤʣʠ, ʢʦʣʠʯʝʩʪʚʦ ʩʧʫʪʥʠʢʦʚ ʠ ʝʝ 

ʠʟʣʫʯʝʥʠʝ. ʉʪʨʦʝʥʠʝ ʖʧʠʪʝʨʘ. ʉʘʪʫʨʥ. ʇʦʷʩʥʝʥʠʝ ʥʘʟʚʘʥʠʷ, ʩʠʩʪʝʤʘ ʧʣʘʥʝʪʘʨʥʳʭ ʢʦʣʝʮ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʧʦʜʫʯʠʣʘ ʩʚʦʶ ʠʟʚʝʩʪʥʦʩʪʴ, ʠʟʣʫʯʝʥʠʝ ʨʘʜʠʘʮʠʠ. ʉʪʨʦʝʥʠʝ ʉʘʪʫʨʥʘ. 

ʋʨʘʥ. ɸʪʤʦʩʬʝʨʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʥʝʪʳ, ʘ ʪʘʢʞʝ ʝʝ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʧʣʘʥʝ. ʉʪʨʦʝʥʠʝ 

ʋʨʘʥʘ. ʅʝʧʪʫʥ. ʉʘʤʘʷ ʤʘʣʝʥʴʢʘʷ ʛʘʟʦʚʘʷ ʧʣʘʥʝʪʘ-ʛʠʛʘʥʪ, ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʩʧʫʪʥʠʢʠ. 

ʉʪʨʦʝʥʠʝ ʅʝʧʪʫʥʘ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʣʘʥʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʉʦʣʥʮʘ. ʉʨʘʚʥʝʥʠʝ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʠ 

ʩʘʤʦʡ ʤʘʣʝʥʴʢʦʡ ʧʣʘʥʝʪ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʷ ʭʦʯʫ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʧʦ ʦʩʥʦʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ: ʚʩʝ ʧʣʘʥʝʪʳ-ʛʠʛʘʥʪʳ ʠʤʝʶʪ ʦʛʨʦʤʥʳʝ ʨʘʟʤʝʨʳ ʠ ʤʘʩʩʳ, ʚ 

ʪʳʩʷʯʠ ʨʘʟ ʧʨʝʚʳʰʘʷ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʪʝʣ. ɹʦʣʴʰʠʝ ʨʘʟʣʠʯʠʷ 

ʧʣʘʥʝʪ-ʛʠʛʘʥʪʦʚ ʠ ʧʣʘʥʝʪ ʟʝʤʥʦʡ ʛʨʫʧʧʳ, ʢʘʢʦʚʳ ʠʭ ʩʪʨʦʝʥʠʷ ʠ ʚ ʯʝʤ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʥʘʟʚʘʥʠʡ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʆʮʝʥʢʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ 
ɽʣʦʭʠʥ ʀ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʬ-ʤ.ʥ. ʌʠʣʠʧʧʦʚ ʖ.ʇ. 
ʄɹʆʋ ʐʢʦʣʘ ˉ 34 ʛ.ʦ. ʉʘʤʘʨʘ, ʉʘʤʘʨʘ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʨʝʜʠ ʚʩʝʭ ʧʣʘʥʝʪ ʟʝʤʥʦʡ ʛʨʫʧʧʳ ɿʝʤʣʷ ʦʙʣʘʜʘʝʪ 

ʩʘʤʳʤ ʩʠʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ɿʝʤʣʠ ʠʛʨʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʫʶ 

ʨʦʣʴ ʜʣʷ ʞʠʟʥʠ ʥʘ ʥʘʰʝʡ ʧʣʘʥʝʪʝ ï ʦʥʦ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʱʠʪʦʤ, ʟʘʢʨʳʚʘʶʱʠʤ 

ʙʠʦʩʬʝʨʫ ɿʝʤʣʠ ʦʪ ʢʦʨʧʫʩʢʫʣʷʨʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪ ʩʦʣʥʝʯʥʦʛʦ 

ʚʝʪʨʘ (ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ, ʘʣʴʬʘ-ʯʘʩʪʠʮ ʠ ʠʦʥʦʚ, ʧʦʨʦʞʜʘʝʤʦʛʦ ʉʦʣʥʮʝʤ ʠ 

ʥʝʦʙʨʘʪʠʤʦ ʫʭʦʜʷʱʝʛʦ ʚ ʤʝʞʟʚʝʟʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ). ɽʩʣʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʥʝʟʘʧʥʦ 

ʠʩʯʝʟʥʝʪ, ʪʦ ʢʦʨʧʫʩʢʫʣʷʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʤʦʞʝʪ ʜʦʩʪʠʯʴ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʧʘʜʝʪ ʚ ʪʢʘʥʠ ʚʩʝʭ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʚ ʝʝ 

ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʝʜʝʪ ʢ ʥʝʠʟʙʝʞʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʵʪʠʭ ʪʢʘʥʝʡ ʠ ʠʭ 

ʛʠʙʝʣʠ. 
ɺ ʩʚʷʟʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʦʚʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʪʦʡ ʫʩʪʘʥʦʚʢʠ. ʆʮʝʥʢʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. 
ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 
1. ʇʦʩʪʨʦʝʥʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʠʥʜʫʢʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ. 
2. ʌʦʨʤʫʣʠʨʦʚʢʘ ʥʦʚʦʡ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. 
3. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥ ʜʠʧʦʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ɿʝʤʣʠ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʠ ʢʦʥʪʫʨʥʦʛʦ ʪʦʢʘ ʠʩʪʦʯʥʠʢʘ. 
4. ʈʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʥʪʫʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʥʠʢʘ 

ʠ ʠʩʪʦʯʥʠʢʘ. 
5. ʈʘʩʯʝʪ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ. ʆʮʝʥʢʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. 
6. ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʦʚ ʟʘʧʨʝʪʥʦʡ ʟʦʥʳ ʜʣʷ ʜʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʦʡ ʮʝʣʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
ɺ ʨʘʙʦʪʝ ʜʘʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚʘʭ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʩʦʚʨʝʤʝʥʥʳʤ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʦ ʜʦʣʛʦʩʨʦʯʥʦʡ ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʆʪʜʝʣʴʥʳʡ ʧʘʨʘʛʨʘʬ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʚ ʧʨʠʣʦʞʝʥʠʠ ɸ, ʧʦʩʚʷʱʝʥ ʦʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʧʨʦʚʦʜʷʱʠʭ ʩʨʝʜ. 
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Å ɺ ʦʨʠʛʠʥʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʘʥʘʣʦʛʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʠ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺʳʧʦʣʥʝʥʦ ʧʦʩʪʨʦʝʥʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʠʥʜʫʢʮʠʠ 

ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʷ ʚ ʩʠʩʪʝʤʝ ʉʀ. 
Å ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʫʣʠʨʦʚʢʘ ʥʦʚʦʡ ʤʦʜʝʣʠ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʦʧʨʝʜʝʣʝʥʳ ʝʛʦ ʦʩʥʦʚʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠ ʧʘʨʘʤʝʪʨʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʩʪʝʤʫ. 
Å ʈʝʰʝʥʘ ʚ ʦʙʱʝʤ ʚʠʜʝ ʟʘʜʘʯʘ ʦʙ ʦʧʨʝʜʝʣʝʥʠʠ ʚʝʣʠʯʠʥ ʜʠʧʦʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ 

ɿʝʤʣʠ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʠ ʩʠʣʳ ʢʦʥʪʫʨʥʦʛʦ ʪʦʢʘ ʠʩʪʦʯʥʠʢʘ. ʏʠʩʣʝʥʥʳʡ 

ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣ ʧʨʦʚʝʜʝʥ ʚ ʩʣʫʯʘʝ ʩʘʤʦʛʦ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʩʮʝʥʘʨʠʷ 

ʵʚʦʣʶʮʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʝʣʠʯʠʥʘ ʜʠʧʦʣʴʥʦʛʦ 

ʤʦʤʝʥʪʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʬʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʘʩʪʦʷʱʝʤʫ ʟʥʘʯʝʥʠʶ 

ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʧʦʣʥʘʷ ʩʠʣʘ ʪʦʢʘ ʚ ʢʦʥʪʫʨʝ 

ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ I=8.02ẗ10^8 ɸ. 
Å ɿʜʝʩʴ ʚʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʢʦʥʪʫʨʦʚ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʚʦʜʥʠʢʘ ʠ ʠʩʪʦʯʥʠʢʘ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥ 

ʚ ʩʣʫʯʘʝ ʪʨʝʭ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʮʝʥʘʨʠʝʚ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʧʨʦʚʦʜʥʠʢʦʚ. ɺ ʩʣʫʯʘʝ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (1) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʠʘʤʝʪʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʮʝʥʘʨʠʷ (ʚʠʜʘ 

ʠʩʪʦʯʥʠʢʘ). ɺ ʩʣʫʯʘʝ ʩʮʝʥʘʨʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʕɼʉ ʠʩʪʦʯʥʠʢʘ ʠ ʝʛʦ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ ʩ ʜʠʘʤʝʪʨʦʤ ʤʝʥʴʰʝ 1 

ʤʤ. ɿʜʝʩʴ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʶʤʠʥʠʝʚʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʷʚʣʷʝʪʩʷ 

ʙʦʣʝʝ ʚʳʛʦʜʥʳʤ ʚʘʨʠʘʥʪʦʤ, ʥʝʞʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʜʥʳʭ. ʄʠʥʠʤʘʣʴʥʘʷ ʤʘʩʩʘ ʘʣʶʤʠʥʠʷ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʥʪʫʨʘ ʫʩʪʘʥʦʚʢʠ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 3.98ẗ10^12 

ʢʛ. 
Å ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʦ ʨʘʩʯʝʪʝ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʠ ʤʦʱʥʦʩʪʠ, 

ʧʦʜʘʚʘʝʤʦʡ ʚ ʢʦʥʪʫʨ. ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʪʦʢʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 8ẗ10^14 ɺʪ ʜʦ 
8ẗ10^17 ɺʪ, ʯʪʦ ʷʚʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ï ʪʝʨʤʦʷʜʝʨʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʉʪʦʠʤʦʩʪʴ ʧʦʜʦʙʥʦʡ ʩʪʘʥʮʠʠ ʤʦʞʝʪ 

ʩʦʩʪʘʚʣʷʪʴ ʦʪ 100 ʜʦ 500 ʤʣʨʜ. ʜʦʣʣʘʨʦʚ. 
Å ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʨʘʟʤʝʨʦʚ ʪʨʝʭ ʟʦʥ, ʠʤʝʶʱʠʭ ʨʘʟʥʫʶ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʜʣʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʠʣʠ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʝʙʳʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʘʥʥʦʛʦ ʢʦʥʪʫʨʘ. 
ɼʘʥʳ ʮʝʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʯʝʣʦʚʝʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʥʪʫʨʘ. 
ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʦʚʠʟʥʝ ʠ 

ʢʦʤʧʘʢʪʥʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʤʝʶʪ ʦʛʨʦʤʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ: ʧʨʝʜʣʦʞʝʥʥʘʷ 

ʤʦʜʝʣʴ ʠʩʪʦʯʥʠʢʘ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ ʤʦʞʝʪ ʩʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʤʝʥʴʰʝʥʠʷ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ɿʝʤʣʠ. 

ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ  

(ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ) 
ʂʣʠʤʦʚ ʄ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʝʣʦʫʩʦʚ ʃ.ʅ. 
ʐʢʦʣʘ ˉ15, ʈʝʫʪʦʚ 

 
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ, ʦʜʥʦʡ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɼʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʠʥʫʩʳ 

ʨʘʙʦʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ɼɺʉ; ʚʳʷʚʣʝʥʳ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ; 

ʨʘʩʩʤʦʪʨʝʥʳ ʤʠʥʫʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ; ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ 

ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ; ʦʧʨʝʜʝʣʝʥʳ ʧʫʪʠ ʦʙʭʦʜʘ 

ʚʳʷʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʚʩʝʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ 

ʠʟʜʝʨʞʝʢ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʥʥʦʚʘʮʠʦʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, ʢʦʪʦʨʘʷ ʚʦʧʨʝʢʠ ʧʨʦʧʘʛʘʥʜʝ ʟʝʣʝʥʦʡ 

ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʝʪʩʷ, ʢʘʢ ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʘʢʞʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʝʩʣʠ ʥʘ ʯʘʰʫ ʚʝʩʦʚ ʧʦʣʦʞʠʪʴ ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ 

ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ. 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʚʥʫʪʨʝʥʥʝʛʦ 

ʩʛʦʨʘʥʠʷ, ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨ ʧʨʠʤʝʥʝʥʠʷ, ʦʧʠʩʘʥʳ ʤʠʥʫʩʳ ʠ ʧʣʶʩʳ ʩʦʚʨʝʤʝʥʥʳʭ ɼɺʉ. 

ɺʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʵʣʝʢʪʨʦʢʘʨʘʭ, ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ, ʵʣʝʢʪʨʦʙʫʩʘʭ ʠ ʪ.ʜ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʚʦʟʥʠʢʥʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, 

ʯʪʦ ʥʝ ʨʝʰʝʥ ʚʦʧʨʦʩ ʩ ʫʪʠʣʠʟʘʮʠʝʡ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚ ʧʨʠʥʮʠʧʝ. ɼʚʠʛʘʪʝʣʴ ʧʨʝʜʣʘʛʘʝʤʳʡ ʚ 

ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʳʤ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʦʜʝʣʠ ʜʚʠʛʘʪʝʣʝʡ 

ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʊʘʢʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ ʩ 

ʨʝʛʫʣʠʨʫʝʤʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ ʪʦʧʣʠʚʘ, ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ 

ʪʦʧʣʠʚʘ. 
ʈʝʟʫʣʴʪʘʪʘʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ: 
Å ʈʘʟʨʘʙʦʪʘʥʘ 3D ʤʦʜʝʣʴ ʜʚʠʛʘʪʝʣʷ; 
Å ʀʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʧʝʨʚʦʡ ʩʝʢʮʠʠ ʜʚʠʛʘʪʝʣʷ; 
Å ɺʳʧʦʣʥʝʥʘ ʧʦʜʛʦʪʦʚʢʘ ʢ ʠʟʛʦʪʦʚʣʝʥʠʶ ʜʚʠʛʘʪʝʣʷ ʠʟ ʣʠʩʪʦʚʦʛʦ ʤʝʪʘʣʣʘ ʠ ʧʨʦʠʟʚʝʜʝʥ 

ʧʦʠʩʢ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʠʟʛʦʪʦʚʠʪʝʣʝʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  

ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
ʂʦʩʤʳʥʠʥʘ ʉ.ɸ., ʂʫʚʘʝʚʘ ʖ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɿʦʤʤʝʨ ʉ.ɸ. 
ʄɹʆʋ ɻʠʤʥʘʟʠʷ ˉ91, ɾʝʣʝʟʥʦʛʦʨʩʢ  

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ 

ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʩʤʦʩʝ, ʥʘʧʨʠʤʝʨ, ʨʝʬʣʝʢʪʦʨʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. ʆʜʥʘʢʦ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʧʦ ʚʳʚʦʜʠʤʦʡ ʥʘ ʦʨʙʠʪʫ ʤʘʩʩʝ 

ʧʨʠʚʦʜʷʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʩʠʣʦʚʦʛʦ ʢʘʨʢʘʩʘ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʫʤʝʥʴʰʝʥʥʦʡ ʤʘʩʩʦʡ 

ʠ ʩʦʭʨʘʥʝʥʠʝʤ ʪʨʝʙʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦ ʧʨʦʯʥʦʩʪʠ ʠ ʞʝʩʪʢʦʩʪʠ. ʀʟʫʯʠʚ ʠʥʬʦʨʤʘʮʠʶ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʯʥʦʩʪʠ ʚ ʬʝʨʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ: ʬʦʨʤʘ, ʚʠʜ, ʤʘʪʝʨʠʘʣʳ, - ʩʜʝʣʘʣʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʯʝʪʳ ʠ ʩʦʟʜʘʣʠ ʢʦʥʩʪʨʫʢʮʠʶ ʧʦʩʨʝʜʩʪʚʦʤ ʫʤʝʥʴʰʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʠ 

ʫʤʝʥʴʰʝʥʠʷ ʤʘʩʩʳ ʢʦʥʩʪʨʫʢʮʠʠ. ʈʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʜʚʘ ʚʠʜʘ ʬʦʨʤ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʬʝʨʤ (ʢʫʙ ʠ ʪʝʪʨʘʵʜʨ). ɹʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʝʪʨʘʵʜʥʘʷ ʬʦʨʤʘ ʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ, ʢʘʢ ʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʠ ʧʦʟʚʦʣʷʶʱʘʷ ʩʦʙʠʨʘʪʴ 

ʠʟ ʵʪʠʭ ʝʜʠʥʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩʚʦʡ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʫʟʝʣ ï 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʬʝʨʤʝʥʥʳʡ ʢʣʘʩʪʝʨʥʳʡ (ʧʫʯʢʦʚʦʡ) ʬʠʪʠʥʛ. ʊʨʝʫʛʦʣʴʥʠʢ ʥʝʩʝʪ ʥʘʛʨʫʟʢʠ 

ʪʦʣʴʢʦ ʥʘ ʩʚʦʠ ʩʪʳʢʠ ʠʣʠ ʫʟʣʳ. ʊʨʝʫʛʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦʡ ʠ ʥʝ ʥʫʞʜʘʝʪʩʷ 

ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʦʜʜʝʨʞʢʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʨʘʟʨʫʰʝʥʠʷ. ʉʠʩʪʝʤʳ ʬʝʨʤ ʣʝʛʢʦ 

ʧʦʩʪʨʦʠʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʪʝʡ. ʆʥʠ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʙʳʪʴ 

ʣʝʛʢʠʤʠ ʠ ʥʝʜʦʨʦʛʠʤʠ, ʧʦʪʦʤʫ ʯʪʦ ʥʫʞʥʳ ʪʦʣʴʢʦ ʙʘʣʢʠ ʠ ʩʦʝʜʠʥʝʥʠʷ. ʉʠʩʪʝʤʳ ʬʝʨʤʝʥʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ ʤʦʛʫʪ ʧʨʦʭʦʜʠʪʴ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʨʘʩʩʝʠʚʘʪʴ ʫʩʠʣʠʷ ʧʦ ʚʩʝʡ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʥʝʩʫʱʠʝ ʥʘʛʨʫʟʢʫ ʪʦʣʴʢʦ ʥʘ ʢʦʥʮʘʭ. ʉʦʟʜʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ 

ʘʣʶʤʠʥʠʝʚʳʭ ʪʨʫʙʦʢ ʠ ʬʠʪʠʥʛʦʚ ʠʟ ʧʣʘʩʪʠʢʘ PLA. ʇʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʬʝʨʤʳ 

ʚʘʞʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʜʚʘ ʬʘʢʪʦʨʘ: ʦʪʥʦʰʝʥʠʝ ʧʨʦʯʥʦʩʪʠ ʢ ʚʝʩʫ; ʩʪʦʠʤʦʩʪʥʦʡ ʵʢʚʠʚʘʣʝʥʪ. 

ɺʳʙʦʨ ʙʳʣ ʩʜʝʣʘʥ ʚ ʧʦʣʴʟʫ ʘʣʶʤʠʥʠʷ. ɺʩʝ ʵʣʝʤʝʥʪʳ ʬʝʨʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠ ʠʩʧʳʪʘʥʳ. ʉ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʦʚʝʨʢʠ 

ʢʦʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʦʯʥʦʩʪʴ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʧʳʪʘʥʠʡ ʩ ʥʘʛʨʫʞʝʥʠʝʤ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʠʩʧʳʪʘʥʠʡ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʪʘʚʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ. 
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ʀʟʫʯʠʚ ʚ ʠʥʪʝʨʥʝʪʝ ʩʫʱʝʩʪʚʫʶʱʠʝ ʢʦʤʧʦʥʦʚʢʠ ʬʝʨʤʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʬʝʨʤʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʤʧʦʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʨʝʙʫʝʤʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʞʸʩʪʢʦʩʪʴ ʧʨʠ ʥʘʠʤʝʥʴʰʝʡ ʤʘʩʩʝ. ʄʳ ʦʪʢʘʟʘʣʠʩʴ ʦʪ 

ʧʦʧʝʨʝʯʥʳʭ ʟʚʝʥʴʝʚ ʧʦ ʙʦʢʘʤ. ʄʳ ʩʦʟʜʘʣʠ ʩʚʦʶ ʫʥʠʢʘʣʴʥʫʶ ʤʦʜʝʣʴ ʩʦ ʩʣʦʞʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʝʡ ʚʥʫʪʨʠ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʥʘʰʘ ʤʦʜʝʣʴ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʪʫ ʞʝ ʥʘʛʨʫʟʢʫ, ʯʪʦ ʠ 

ʩ ʧʦʧʝʨʝʯʥʳʤʠ ʟʚʝʥʴʷʤʠ, ʥʦ ʛʦʨʘʟʜʦ ʣʝʛʯʝ ʝʸ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʚ ʘʚʠʘʮʠʦʥʥʦʡ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ, ʢʘʢ ʩʠʣʦʚʦʡ ʵʣʝʤʝʥʪ. ɺ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʜʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠ ʘʥʘʣʠʟʳ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʣʫʯʘʠ ʥʘʛʨʫʞʝʥʠʷ. 

ɹʳʣ ʠʟʛʦʪʦʚʣʝʥ ʧʨʦʪʦʪʠʧ ʥʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʩʭʝʤʳ. ɼʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʘʩʯʝʪʥʳʭ ʜʘʥʥʳʭ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʨʷʜ ʠʩʧʳʪʘʥʠʡ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

ʇʘʪʝʥʪ ˉ 2740109 C2 ʈʦʩʩʠʡʩʢʘʷ ʌʝʜʝʨʘʮʠʷ, ʄʇʂ B64C 1/06, B64D 11/00. ʌʝʨʤʝʥʥʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠ ʩʧʦʩʦʙ ʦʙʝʩʧʝʯʝʥʠʷ ʬʝʨʤʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 
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ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ 
ʄʘʛʣʘʢʝʣʠʜʟʝ ʄ.ɿ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʚʜʦʥʠʥ ɽ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ667, ʄʦʩʢʚʘ 

 
çʏʝʣʦʚʝʯʝʩʪʚʦ ʥʝ ʦʩʪʘʥʝʪʩʷ ʚʝʯʥʦ ʥʘ ɿʝʤʣʝ, ʥʦ ʚ ʧʦʛʦʥʝ ʟʘ ʩʚʝʪʦʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦʤ 

ʩʥʘʯʘʣʘ ʨʦʙʢʦ ʧʨʦʥʠʢʥʝʪ ʟʘ ʧʨʝʜʝʣʳ ʘʪʤʦʩʬʝʨʳ, ʘ ʟʘʪʝʤ ʟʘʚʦʶʝʪ ʩʝʙʝ ʚʩʝ ʦʢʦʣʦʩʦʣʥʝʯʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦè. ʊʘʢ ʛʦʚʦʨʠʣ ʂʦʥʩʪʘʥʪʠʥ ʕʜʫʘʨʜʦʚʠʯ ʎʠʦʣʢʦʚʩʢʠʡ, ʨʫʩʩʢʠʡ ʠ ʩʦʚʝʪʩʢʠʡ 

ʫʯʝʥʳʡ, ʨʘʟʨʘʙʦʪʘʚʰʠʡ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʧʦʣʝʪʦʚ ʚ ʢʦʩʤʦʩ, ʫʯʝʥʳʡ, ʩʪʘʚʰʠʡ 

ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʚʩʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʥʘʚʪʠʢʠ. 
ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʦʩʤʠʯʝʩʢʠʝ ʧʦʣʝʪʳ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʯʠʥʘʷ ʩʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺʦ ʚʨʝʤʷ ʦʩʚʦʝʥʠʷ ʢʦʩʤʦʩʘ 

ʯʝʣʦʚʝʢ ʩʤʦʛ ʩʜʝʣʘʪʴ ʜʣʷ ʩʝʙʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʜʠʚʠʪʝʣʴʥʳʭ ʦʪʢʨʳʪʠʡ. ʆʜʥʘʢʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʤʥʠʪʴ, ʯʪʦ ʢʘʞʜʳʡ ʤʝʞʧʣʘʥʝʪʥʳʡ ʧʦʣʝʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʫʛʨʦʟʫ, 

ʢʘʢ ʜʣʷ ʵʢʠʧʘʞʘ, ʪʘʢ ʠ ʜʣʷ ʥʘʫʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʙʦʨʪʫ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ. ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ð ʵʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ. ʃʶʙʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ 

ʧʦʣʝʪ ʚʩʝʛʜʘ ʩʚʷʟʘʥ ʩ ʨʠʩʢʦʤ ʧʦʣʫʯʝʥʠʷ ʜʦʟʳ ʠʟʣʫʯʝʥʠʷ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʣʝʪʘʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʦʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʥʦ ʠ ʦʥʠ ʧʦʨʦʡ ʥʝ ʤʦʛʫʪ ʛʘʨʘʥʪʠʨʦʚʘʪʴ ʘʙʩʦʣʶʪʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ 

ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʢʦʪʦʨʘʷ ʙʳ ʩʧʨʘʚʣʷʣʘʩʴ ʩ 

ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ, ʟʘʱʠʱʘʷ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ, ʝʛʦ ʵʢʠʧʘʞ ʠ ʧʝʨʝʚʦʟʠʤʳʝ ʛʨʫʟʳ ʦʪ 

ʚʩʝʭ ʚʠʜʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ. 
ɻʣʘʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ - ʧʨʝʜʣʦʞʠʪʴ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʨʘʟʤʝʨʘ, ʤʘʪʝʨʠʘʣʘ, ʚʝʩʘ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʛʦʣʦʚʥʦʛʦ 

ʦʙʪʝʢʘʪʝʣʷ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʦʪ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
ɿʘʜʘʯʠ 
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ʀʟʫʯʠʪʴ ʩʦʩʪʘʚ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 
ʆʮʝʥʠʪʴ ʧʨʦʥʠʢʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 
ʇʦʜʦʙʨʘʪʴ ʬʦʨʤʫ ʠ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ 
ʆʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ 
ʉʨʘʚʥʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʥʘʰʝʡ ʨʘʙʦʪʳ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ. 
ʉʦʟʜʘʪʴ 3D-ʤʦʜʝʣʴ ʠ ʤʘʩʰʪʘʙʥʳʡ ʤʘʢʝʪ 
ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʜʝʣʘʪʴ ʨʘʜʠʘʮʠʦʥʥʫʶ ʟʘʱʠʪʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ 

ʩʣʦʝʚ. ʅʘʨʫʞʥʳʡ ʩʣʦʡ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʠʟ ʘʣʶʤʠʥʠʷ ʪʦʣʱʠʥʦʡ ʚ 1 ʩʤ. ʆʥ ʙʫʜʝʪ ʟʘʱʠʱʘʪʴ ʦʪ 

ʘʣʴʬʘ ʠ ʙʝʪʘ ï ʠʟʣʫʯʝʥʠʡ, ʦʪ ʧʨʦʪʦʥʦʚ ʩ ʥʠʟʢʠʤʠ ʵʥʝʨʛʠʷʤʠ, ʦʪ ʪʷʞʝʣʳʭ ʷʜʝʨ ʠ ʦʪ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʉʨʝʜʥʠʡ ʩʣʦʡ ʥʫʞʥʦ ʩʜʝʣʘʪʴ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ ʪʦʣʱʠʥʦʡ 1 ʩʤ. ɽʛʦ 

ʦʩʥʦʚʥʘʷ ʨʦʣʴ ð ʟʘʱʠʪʘ ʦʪ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʦʪʦʥʦʚ ʩʦʣʥʝʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ (ʉʂʃ). ʀ, 

ʥʘʢʦʥʝʮ, ʚʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʟʘʱʠʪʳ ð ʩʥʦʚʘ ʘʣʶʤʠʥʠʝʚʳʡ ʪʦʣʱʠʥʦʡ ʚ 0,5 ʩʤ. ʇʦʩʣʝʜʥʠʡ 

ʩʣʦʡ ʜʦʣʞʝʥ ʟʘʱʠʱʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʦʪ ʚʪʦʨʠʯʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʯʝʨʝʟ ʧʝʨʚʳʝ ʜʚʘ ʩʣʦʷ. 

ʊʘʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʦʙʝʩʧʝʯʠʪ ʥʘʠʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ 

ʛʦʣʦʚʥʦʛʦ ʦʙʪʝʢʘʪʝʣʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ. ʉʫʤʤʘʨʥʘʷ ʪʦʣʱʠʥʘ 

ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ ʩʦʩʪʘʚʠʪ ʧʨʠʤʝʨʥʦ 5 ʛ/ʩʤ2 ʠ ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʦʪ 

ʉʂʃ ʩ 800 ʜʦ ʧʨʠʤʝʨʥʦ 5 ʨʘʜ/ʛʦʜ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʪʨʸʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʳ Adobe 

Illustrator, ʘ ʪʘʢʞʝ Blender 3D. ʇʦʩʣʝ ʨʘʟʨʘʙʦʪʢʠ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ 

ʤʘʩʰʪʘʙʥʳʡ ʤʘʢʝʪ. 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʝʥʠʝ ʩ ʠʟʚʝʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ, ʘ ʠʤʝʥʥʦ ʩ ʨʘʢʝʪʘʤʠ ʩʝʨʠʠ 

çFalconè ʦʪ ʢʦʤʧʘʥʠʠ SpaceX ʠ ʨʘʢʝʪʘʤʠ ʩʝʨʠʠ çɸʪʣʘʩ-5è. ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʘʥʘʣʦʛʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ 

ʜʦʣʞʥʦʡ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʦʣʝʪʝ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʣʝʪʝ ʥʘ ʄʘʨʩ. 

ʉʜʝʣʘʥʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʚʘʣʠʩʴ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʫʯʥʳʤʠ ʨʘʙʦʪʘʤʠ. 
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ʀʩʧʦʣʴʟʦʚʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ 
ʄʠʪʠʥʘ ʇ.ɸ., ʉʝʨʛʝʝʯʝʚʘ ɺ.ʈ., ʇʝʪʨʦʚʘ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʠʣʝʥʩʢʠʡ ɸ.ʃ., ʈʝʛʝʣʴ ɸ.ɻ.  
ɻɹʆʋ ʐʢʦʣʘ ˉ1476, ʄʦʩʢʚʘ 

 
ʇʨʦʙʣʝʤʳ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʝʪʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʫʩʦʨʘ ʥʘ ʦʨʙʠʪʝ. 
ʉʣʦʞʥʦʩʪʴ ʩʙʦʨʘ ʩʦʨʪʠʨʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʘʥʠʧʫʣʷʪʦʨʦʚ ʜʣʷ ʩʙʦʨʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. 
ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʥʳʭ ʦʪʭʦʜʦʚ. 
ɺʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʜʣʷ ʥʫʞʜ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʘʚʦʜʘ. 
ʉʦʟʜʘʥʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʘʚʦʜʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝ ʪʦʣʴʢʦ ʥʘ ʟʝʤʣʝ ʥʦ ʠ ʥʘ 

ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʥʘ ʦʨʙʠʪʝ. 
ʀʟʛʦʪʦʚʣʝʥʠʝ ʥʘ ʦʨʙʠʪʝ ʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ 

ʫʩʣʦʚʠʠ ʥʝʚʝʩʦʤʦʩʪʠ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʙʝʩʧʠʣʦʪʥʳʭ ʤʥʦʛʦʨʘʟʦʚʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʜʣʷ 

ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʤʫʩʦʨʘ, ʢʘʢ ʥʘ ʦʨʙʠʪʝ, ʪʘʢ ʠ ʜʦʩʪʘʚʢʘ ʝʛʦ ʥʘ ʟʝʤʣʶ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ ʩ ʚʦʟʦʙʥʦʚʣʷʝʤʦʡ ʵʥʝʨʛʠʝʡ, 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʩʤʠʯʝʩʢʦʛʦ 

ʤʫʩʦʨʘ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 3D ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʝʩʧʠʣʦʪʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʜʣʷ ʩʙʦʨʢʠ ʤʫʩʦʨʘ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʦʨʘʟʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʵʢʦʥʦʤʠʯʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʧʦʣʝʪʦʚ ʥʘ ʦʨʙʠʪʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʵʪʠʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʦʨʙʠʪʝ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʧʦʩʦʙʦʚ ʧʝʨʝʨʘʙʦʪʢʠ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʩʦʨʘ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʭ ʤʫʩʦʨʦʩʙʦʨʥʠʢʦʚ 

ʃʫʥʥʳʡ ʢʦʤʙʘʡʥ 
ʄʦʯʘʣʦʚ ɻ.ɸ. 

ʄʆʋ ʛʠʤʥʘʟʠʷ ˉ 12 ʛ. ʊʚʝʨʠ, ʊʚʝʨʴ 

 
ʇʣʘʥʝʪʘ ɿʝʤʣʷ ʠʩʧʳʪʳʚʘʝʪ ʠ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʙʫʜʝʪ ʚʩʸ ʙʦʣʴʰʝ ʠʩʧʳʪʳʚʘʪʴ 

ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʵʥʝʨʛʠʠ. ɻʝʣʠʡ 3 ʧʨʠ ʩʠʥʪʝʟʝ ʩ ʜʝʡʪʝʨʠʝʤ ʜʘʸʪ ʛʝʣʠʡ 4, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʚʳʜʝʣʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ. 1 ʛ ʛʝʣʠʷ 3 ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ ʩ ʜʝʡʪʝʨʠʝʤ ʜʘʸʪ 4,2*10^11 ɼʞ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʞʠʛʘʥʠʶ 15,6 ʪ 

ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʧʦʵʪʦʤʫ ʪʝʨʤʦʷʜʝʨʥʳʝ ʨʝʘʢʪʦʨʳ ʦʯʝʥʴ ʵʬʬʝʢʪʠʚʥʳ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳ. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʨʤʦʷʜʝʨʥʳʭ 

ʨʝʘʢʪʦʨʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʦʙʣʝʤʳ ʥʘ ʧʫʪʠ ʩʦʟʜʘʥʠʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ ï 

ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʣʘʟʤʳ ʠ ʦʪʚʦʜ ʪʝʧʣʘ. ʆʜʥʘʢʦ ʫʞʝ ʘʢʪʠʚʥʦ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʚ ʵʪʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʩʦʟʜʘʥʠʝ ʪʘʢʠʭ ʨʝʘʢʪʦʨʦʚ ʣʠʰʴ ʚʦʧʨʦʩ ʚʨʝʤʝʥʠ (ʧʦ ʟʘʷʚʣʝʥʠʶ ʄʠʭʘʠʣʘ 

ɺʘʩʠʣʴʝʚʠʯʘ ʂʦʚʘʣʴʯʫʢʘ, ʜʠʨʝʢʪʦʨ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʎʝʥʪʨ "ʂʫʨʯʘʪʦʚʩʢʠʡ 

ʀʥʩʪʠʪʫʪ"). 
ʆʜʥʘʢʦ, ʟʘʧʘʩʳ ʛʝʣʠʷ 3 ʥʘ ɿʝʤʣʝ ʥʝ ʚʝʣʠʢʠ (ʦʢʦʣʦ 35 000 ʪ ʚ ʩʦʩʪʘʚʝ ʤʘʥʪʠʠ ʠ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʜʦʙʳʯʫ ʥʘ ɿʝʤʣʝ) ʠ ʜʦʙʳʯʘ ʝʛʦ ʷʚʣʷʝʪʩʷ ʜʦʨʦʛʦʩʪʦʷʱʠʤ 

ʟʘʥʷʪʠʝʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʃʫʥʝ ʝʛʦ ʟʘʧʘʩʳ ʦʛʨʦʤʥʳ ʠ ʣʝʛʢʦʜʦʩʪʫʧʥʳ (ʧʦ ʤʠʥʠʤʘʣʴʥʳʤ 

ʦʮʝʥʢʘʤ 500 000 ʪ ʛʝʣʠʷ 3 ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ). 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʛʦʪʦʚʢʘ ʛʝʣʠʷ 3 ʥʘ ʃʫʥʝ ï ʵʪʦ 

ʟʘʛʦʪʦʚʢʘ ʪʦʧʣʠʚʘ ʙʫʜʫʱʝʛʦ ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʧʨʠ ʪʦʤ ʣʝʛʯʝ, ʯʝʤ ʜʦʙʳʯʘ ʪʘʢʦʛʦ 

ʞʝ ʢʦʣʠʯʝʩʪʚʘ (ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʚʦʟʤʦʞʥʦ ʜʦʙʳʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʦʝʡ ʫʩʪʘʥʦʚʢʠ) ʥʘ ɿʝʤʣʝ. 
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ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʢʦʤʙʘʡʥ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʜʦʙʳʯʠ ʛʝʣʠʷ 3, ʥʦ ʠ ʜʣʷ 

ʜʦʙʳʯʠ ʚʦʜʳ ʠʟ ʢʨʘʪʝʨʦʚ ʩ ʟʘʧʘʩʘʤʠ ʚʦʜʷʥʦʛʦ ʣʴʜʘ ʚ ʦʙʣʘʩʪʷʭ ʚʝʯʥʦʡ ʪʝʥʠ ʧʨʠʧʦʣʷʨʥʳʭ ʟʦʥ 

ʃʫʥʳ. 
ʈʘʟʨʘʙʦʪʢʘ ʣʫʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʨʝʙʫʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʨʘʟʨʘʙʦʪʢʫ ʩʪʨʦʝʥʠʡ, 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʮʝʩʩʦʚ ʠ ʤʘʰʠʥ ʧʦ ʜʦʙʳʯʝ ʛʝʣʠʷ 3 ʠʟ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ. 
ɻʣʘʚʥʘʷ ʮʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ï ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʰʠʥʫ (ʢʦʤʙʘʡʥ) ʜʣʷ ʜʦʙʳʯʠ ʛʝʣʠʷ 3. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʫʟʝʣ ʧʦ ʠʩʧʘʨʝʥʠʶ ʠ ʩʙʦʨʫ ʛʝʣʠʷ 3 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʫʟʝʣ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʙʘʡʥʦʤ 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʧʝʨʠʬʝʨʠʡʥʳʝ ʩʠʩʪʝʤʳ ʢʦʤʙʘʡʥʘ 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʣʝʩʥʫʶ ʦʩʥʦʚʫ ʢʦʤʙʘʡʥʘ 
Å ʇʨʦʨʘʙʦʪʘʪʴ ʠ ʦʧʠʩʘʪʴ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʛʝʣʠʷ 3 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʳ ʧʨʦʝʢʪʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ. 
ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʧʦʣʘʛʘʝʪ ʜʦʙʳʯʫ 1 ʪ ʛʝʣʠʷ 3 ʚ ʛʦʜ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ɿʝʤʣʶ 

ʵʪʦʡ ʤʘʩʩʳ ʛʝʣʠʷ 3 ʥʝʦʙʭʦʜʠʤ 1 ʤʣʨʜ ʨʫʙʣʝʡ ʚ ʛʦʜ. ʅʘ ʩʦʟʜʘʥʠʝ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʥʘ ʃʫʥʝ 

(ʣʫʥʥʦʡ ʙʘʟʳ, ʚ ʨʘʙʦʪʝ ʦ ʥʝʡ ʙʫʜʝʪ ʛʦʚʦʨʠʪʴʩʷ) ʥʝʦʙʭʦʜʠʤʦ ʦʪ 40 ʜʦ 70 ʤʣʨʜ ʨʫʙʣʝʡ (ʮʝʥʘ 

ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʣʠʪʝʨʘʪʫʨʳ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʨʦʝʢʪʘʤʠ ʣʫʥʥʳʭ ʙʘʟ ʉʐɸ ʠ ʈʦʩʩʠʠ). ɽʱʝ ʜʦ 

1 ʤʣʨʜ ʨʫʙʣʝʡ ʧʦʪʨʝʙʫʝʪʩʷ ʥʘ ʩʦʟʜʘʥʠʝ ʢʦʤʙʘʡʥʘ ʠ ʜʦʩʪʘʚʢʫ ʝʛʦ ʥʘ ʃʫʥʫ. ʆʙʱʘʷ ʩʫʤʤʘ 

ʠʟʥʘʯʘʣʴʥʳʭ ʚʣʦʞʝʥʠʡ ʩʦʩʪʘʚʠʪ ʜʦ 71 ʤʣʨʜ ʨʫʙʣʝʡ, ʘ ʝʞʝʛʦʜʥʘʷ ʩʦʩʪʘʚʠʪ ʯʫʪʴ ʙʦʣʴʰʝ 1 

ʤʣʨʜ ʨʫʙʣʝʡ (ʧʦʤʠʤʦ ʜʦʩʪʘʚʢʠ ʛʝʣʠʷ 3 ʥʘ ɿʝʤʣʶ ʥʝʦʙʭʦʜʠʤʳ ʩʨʝʜʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʙʦʪʳ ʣʫʥʥʦʡ ʙʘʟʳ). ʉʢʦʣʴʢʦ ʞʝ ʧʦʣʫʯʠʪʩʷ ʚʳʛʦʜʳ ʦʪ ʧʨʦʝʢʪʘ? ʂʘʢ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ 1 ʛ ʛʝʣʠʷ 3 ʜʘʸʪ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ 

ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 15,6 ʪ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ, ʟʥʘʯʠʪ 1 ʪ ʛʝʣʠʷ 3 ʚ ʪʝʨʤʦʷʜʝʨʥʦʡ ʨʝʘʢʮʠʠ 

ʚʳʜʝʣʠʪ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ ʚʳʜʝʣʠʪʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ 15,6 ʤʣʥ ʪ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. 

ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ 1 ʪ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ï 5000 ʨʫʙʣʝʡ. ɿʥʘʯʠʪ ʩʪʦʠʤʦʩʪʴ 15,6 ʤʣʥ ʪ 

ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ ʙʫʜʝʪ 78 ʤʣʨʜ ʨʫʙʣʝʡ. ʊʦ ʝʩʪʴ ʚ ʠʪʦʛʝ: ʜʦʙʳʯʘ 1 ʪ ʛʝʣʠʷ 3 ʩ ʫʯʝʪʦʤ ʩʦʟʜʘʥʠʷ 

ʙʘʟʳ ʦʙʦʡʜʝʪʩʷ ʜʝʰʝʚʣʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʘʣʦʛʠʯʥʦʛʦ (ʧʦ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʠʪʩʷ) 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʤʝʥʥʦʛʦ ʫʛʣʷ. ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʚʳʛʦʜʘ ʦʙʦʩʥʦʚʘʥʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʨʘʟʨʘʙʦʪʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʦʙʳʯʠ ʛʝʣʠʷ 3 ʥʘ ʃʫʥʝ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʛʦ 

ʢʦʤʙʘʡʥʘ ʦʙʝʩʧʝʯʠʪ ʪʝʨʤʦʷʜʝʨʥʫʶ ʵʥʝʨʛʝʪʠʢʫ ɿʝʤʣʠ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ 
ʪʦʧʣʠʚʦʤ ʥʘ ʤʥʦʛʠʝ ʩʪʦʣʝʪʠʷ ʠ ʜʘʞʝ ʪʳʩʷʯʝʣʝʪʠʷ ʚʧʝʨʸʜ. 

ʌʠʪʦʣʘʤʧʳ 
ʈʘʜʫʰʢʝʚʠʯ ʆ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
ʇʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʠ ʢʘʯʝʩʪʚʘ ʩʚʝʪʘ. ʀʜʝʷ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʝʨʠʦʜʘ ʫ ʨʘʩʪʝʥʠʡ ʚʦʟʥʠʢʣʘ ʫ 

ɸ.ʉ. ʌʘʤʠʥʮʳʥʘ ʚ 1868 ʛʦʜʫ. ɿʘ 150 ʣʝʪ ʫʯʸʥʳʝ ʧʨʦʜʝʣʘʣʠ ʦʛʨʦʤʥʫʶ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʫʶ 

ʨʘʙʦʪʫ, ʧʨʦʡʜʷ ʧʫʪʴ ʦʪ ʢʝʨʦʩʠʥʦʚʦʡ ʣʘʤʧʳ ʜʦ ʬʠʪʦʣʘʤʧʳ. 
ʉʚʦʝʡ ʮʝʣʴʶ ʷ ʧʦʩʪʘʚʠʣʘ ʚʳʨʘʱʠʚʘʥʠʝ ʨʘʩʪʝʥʠʡ ʚ ʥʝʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʵʪʦʛʦ ʧʝʨʠʦʜ 

ʛʦʜʘ ʟʘ ʩʯʸʪ ʫʚʝʣʠʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʜʥʷ ʠ ʧʦʣʫʯʝʥʠʝ ʩʠʣʴʥʦʡ ʨʘʩʩʘʜʳ, ʢʘʯʝʩʪʚʝʥʥʝʝ 

ʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʚʳʩʘʜʢʠ ʚ ʦʪʢʨʳʪʳʡ ʛʨʫʥʪ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʤʥʝ ʙʳʣʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʥʠʪʴ ʥʝʜʦʩʪʘʪʦʢ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʠ ʨʘʟʦʙʨʘʪʴʩʷ ʚ ʧʨʠʥʮʠʧʘʭ ʨʘʙʦʪʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥ ʨʘʟʥʦʡ ʜʣʠʥʳ ʥʘ ʨʘʩʪʝʥʠʷ. 
ʌʠʪʦʣʘʤʧʘ ï ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʠʩʪʦʯʥʠʢ ʦʩʚʝʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ 

ʬʦʪʦʩʠʥʪʝʟʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʧʨʦʮʝʩʩʦʚ ʨʘʟʚʠʪʠʷ ʠ ʨʦʩʪʘ ʨʘʩʪʝʥʠʷ. ɼʣʷ ʝʛʦ ʨʘʙʦʪʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʪ, ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ. ʅʘʠʙʦʣʝʝ ʧʦʣʝʟʥʳʝ ʚʦʣʥʳ ï ʯʠʩʪʳʡ ʩʠʥʠʡ 

ʠ ʯʠʩʪʳʡ ʢʨʘʩʥʳʡ ï ʚʣʠʷʶʪ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʪʨʸʭ ʢʣʶʯʝʚʳʭ ʧʨʦʮʝʩʩʦʚ: ʥʘʨʘʱʠʚʘʥʠʝ ʟʝʣʸʥʦʡ 

ʤʘʩʩʳ, ʮʚʝʪʝʥʠʝ ʠ ʧʣʦʜʦʥʦʰʝʥʠʝ. 
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ɽʩʪʴ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʬʠʪʦʣʘʤʧ, ʠʤʝʶʱʠʭ ʨʘʟʣʠʯʠʝ ʚ ʤʦʱʥʦʩʪʠ ʠ ʩʬʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ. 

ʊʘʢ ʙʦʣʝʝ ʤʦʱʥʳʝ ʬʠʪʦʣʘʤʧʳ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʣʘʥʪʘʮʠʷʭ, ʘ ʙʦʣʝʝ 

ʙʝʟʦʧʘʩʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʩʚʝʪʦʜʠʦʜʥʳʝ ʣʘʤʧʳ ï ʚ ʜʦʤʘʰʥʝʤ çʦʛʦʨʦʜʝ ʥʘ 

ʧʦʜʦʢʦʥʥʠʢʘʭè. 
ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʷ ʨʝʰʠʣʘ ʜʦʢʘʟʘʪʴ ʛʠʧʦʪʝʟʫ: çʈʘʩʪʝʥʠʷ ʚʦʟʤʦʞʥʦ ʚʳʨʘʱʠʚʘʪʴ ʩ 

ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ. ɸ ʧʨʠ ʜʦʧʦʣʥʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʩʚʝʪʘ ʠʩʢʫʩʩʪʚʝʥʥʳʤ, ʤʳ 

ʧʦʣʫʯʠʤ ʙʦʣʝʝ ʩʠʣʴʥʳʝ ʨʘʩʪʝʥʠʷè. 
ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʟʷʪʳ ʩʝʤʝʥʘ ʩʘʣʘʪʘ. ʈʘʟʜʝʣʠʚ ʨʘʩʪʝʥʠʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʧʦʜ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʦʩʚʝʱʝʥʠʝʤ ʠ ʙʝʟ), ʷ ʚʝʣʘ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʨʘʟʚʠʪʠʝʤ ʦʙʦʠʭ ʛʨʫʧʧ. ʈʦʩʪʦʯʢʠ 

ʧʦʜ ʩʚʝʪʦʤ ʬʠʪʦʣʘʤʧʳ ʨʦʩʣʠ ʙʦʣʝʝ ʧʨʠʟʝʤʠʩʪʳʤʠ ʩ ʢʨʝʧʢʠʤ ʩʪʝʙʣʝʤ, ʢʨʫʧʥʳʤʠ ʷʨʢʦ 

ʟʝʣʸʥʳʤʠ ʣʠʩʪʦʯʢʘʤʠ. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʪʦʥʢʠʝ ʩʪʝʙʣʠ ʨʦʩʪʢʦʚ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʚʝʪʘ 

ʩʠʣʴʥʦ ʚʳʪʷʥʫʣʠʩʴ, ʠʭ ʣʠʩʪʴʷ ʙʳʣʠ ʙʣʝʜʥʳʤʠ, ʤʝʣʢʠʤʠ ʠ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ, ʦʥʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʪʘʥʦʚʠʣʠʩʴ ʚ ʨʘʟʚʠʪʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʠʩʪʠʥʥʦʩʪʴ ʛʠʧʦʪʝʟʳ. ʇʨʦʮʝʩʩ ʬʦʪʦʩʠʥʪʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʠ 

ʧʨʠ ʠʩʢʫʩʩʪʚʝʥʥʦʤ ʩʚʝʪʝ. ʈʘʩʪʝʥʠʷ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ ʣʠʰʴ ʧʦʜ ʩʦʣʥʝʯʥʳʤ 

ʩʚʝʪʦʤ, ʥʝʝʩʪʝʩʪʚʝʥʥʦ ʚʳʪʷʥʫʣʠʩʴ ʠ ʷʚʥʦ ʩʣʘʙʝʝ ʨʘʩʪʝʥʠʡ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʧʦʜ ʬʠʪʦʣʘʤʧʦʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʦʜʙʦʨʘ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ  

ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ ʠ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʩʩ ʠʭ ʧʦʣʸʪʘ 
ʈʷʙʫʰʢʠʥ ʂ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʦʣʫʵʢʪʦʚ ʈ.ʄ. 
ɻɹʆʋ ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ çʇʨʦʪʦʥè, ʄʦʩʢʚʘ  

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʈʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʜʚʫʭ ʤʦʜʫʣʝʡ:  

1) ʤʦʜʫʣʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʨʘʩʩʯʠʪʳʚʘʪʴ ʩʪʘʨʪʦʚʫʶ ʤʘʩʩʫ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ (ʈʅ), ʘ ʪʘʢʞʝ 

ʤʘʩʩʫ ʪʨʝʙʫʝʤʦʛʦ ʪʦʧʣʠʚʘ ʩʪʫʧʝʥʝʡ ʈʅ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʤʦʜʫʣʝʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʥʘ 

ʦʨʙʠʪʫ,  

2) ʤʦʜʫʣʷ, ʩʪʨʦʷʱʝʛʦ ʪʨʘʩʩʫ ʧʦʣʸʪʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʆʉ) ʧʦ ʦʨʙʠʪʝ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ. 
ɿʘʜʘʯʠ ʨʘʙʦʪʳ: 
1. ɿʥʘʢʦʤʩʪʚʦ ʩ ʙʘʟʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʙʘʣʣʠʩʪʠʢʠ. 
2. ʉʠʥʪʝʟ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʪʨʝʙʫʝʤʦʡ ʤʘʩʩʳ ʈʅ ʠ ʪʨʝʙʫʝʤʦʡ ʟʘʧʨʘʚʢʠ ʜʣʷ ʚʳʚʝʜʝʥʠʷ 

ʤʦʜʫʣʝʡ ʆʉ. 
3. ʉʠʥʪʝʟ ʘʣʛʦʨʠʪʤʘ ʨʘʩʯʝʪʘ ʢʦʦʨʜʠʥʘʪ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʧʦʣʝʪʘ. 
4. ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʦʚ. 
ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ: 
ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʴ ï ʟʥʘʢʦʤʩʪʚʦ ʩ ʙʘʟʦʚʳʤʠ ʧʦʥʷʪʠʷʤʠ ʢʦʩʤʠʯʝʩʢʦʡ ʙʘʣʣʠʩʪʠʢʠ; 

ʦʧʨʝʜʝʣʝʥʠʝ ʫʩʣʦʚʠʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï ʧʦʜʙʦʨ ʬʦʨʤʫʣ. 
ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʩʷ ʚ 

ʧʨʦʛʨʘʤʤʥʦʡ ʩʨʝʜʝ Wing ʥʘ ʚʳʩʦʢʦʫʨʦʚʥʝʚʦʤ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 
ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʣʘʜʘʶʱʝʝ 

ʧʨʦʩʪʳʤ ʢ ʚʦʩʧʨʠʷʪʠʶ ʛʨʘʬʠʯʝʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʛʦ ʨʝʘʣʠʟʦʚʘʥ ʚʳʙʦʨ 

ʠʥʪʝʨʝʩʫʶʱʝʛʦ ʤʦʜʫʣʷ ʜʣʷ ʨʘʩʯʝʪʦʚ ï ʤʦʜʫʣʷ ʨʘʩʯʝʪʘ ʤʘʩʩʳ ʈʅ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ ʥʘ ʦʨʙʠʪʫ ʠʣʠ ʤʦʜʫʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʘʩʩʳ ʧʦʣʸʪʘ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ. 
ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʠʤʝʥʠʤʦ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ 

ʮʝʣʷʭ ï ʧʨʠ ʦʙʫʯʝʥʠʠ ʩʪʫʜʝʥʪʦʚ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʩʤʠʯʝʩʢʦʡ 

ʙʘʣʣʠʩʪʠʢʦʡ ʠ, ʚ ʮʝʣʦʤ, ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʦʡ. 
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ʌʦʪʦʥʥʘʷ ʨʘʢʝʪʘ 
ʉʶʥʠʢʘʝʚ ɺ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʗʢʦʚʣʝʚ ʉ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ7, ʄʦʩʢʚʘ 

 
ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʚʝʢʦʚ ʯʝʣʦʚʝʯʝʩʪʚʦ ʤʝʯʪʘʣʦ ʦʙ ʦʩʚʦʝʥʠʠ ʚʦʟʜʫʰʥʦʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ. ɽʱʝ ʚ ʜʨʝʚʥʠʝ ʚʨʝʤʝʥʘ ʣʶʜʠ ʩʪʘʨʘʣʠʩʴ ʠʟʦʙʨʝʩʪʠ ʩʧʦʩʦʙʳ ʧʨʝʦʜʦʣʝʥʠʷ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʟʘ ʢʦʪʦʨʳʤʠ ʚʝʣʠ ʥʘʙʣʶʜʝʥʠʝ. ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ çʧʨʝʚʨʘʪʠʪʴʩʷ 

ʚ ʧʪʠʮʫè, ʯʪʦʙʳ ʧʨʝʦʜʦʣʝʪʴ ʟʝʤʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʠ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʉʦʣʥʮʫ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʝʱʝ ʚ ʬʦʨʤʘʪʝ ʥʘʩʢʘʣʴʥʦʡ ʞʠʚʦʧʠʩʠ. ʆʜʥʦʡ ʠʟ ʣʝʛʝʥʜ ʩʪʘʣʘ ʠʩʪʦʨʠʷ ʦ ɼʝʜʘʣʝ ʠ ʀʢʘʨʝ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʚ ʥʝʡ ʠʜʝʪ ʨʝʯʴ ʦ ʥʝʫʜʘʯʥʦʡ ʧʦʧʳʪʢʝ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʣʝʪʘ. ʈʘʟʨʘʙʦʪʢʦʡ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʫʚʣʝʢʩʷ ʚ ʩʚʦʝ ʚʨʝʤʷ ʠ ʫʯʝʥʥʳʡ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ. 
ɽʱʝ ʜʦ ʫʩʧʝʰʥʦʛʦ ʧʦʣʝʪʘ çɺʦʩʪʦʢ-1è, ʧʦʩʪʨʦʝʥʥʦʛʦ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʉʝʨʛʝʷ ʂʦʨʦʣʝʚʘ, 

ʥʝʤʝʮʢʠʝ ʫʯʝʥʳʝ ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʨʘʙʦʪʢʦʡ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʸʪʦʚ. ʆʜʥʦʡ ʠʟ 

ʥʘʠʙʦʣʝʝ ʷʨʢʠʭ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʠʜʝʡ, ʢʦʪʦʨʘʷ ʪʘʢ ʠ ʥʝ ʚʦʧʣʦʪʠʣʘʩʴ ʥʘ ʧʨʘʢʪʠʢʝ ʜʦ 2022 

ʛʦʜʘ, ʩʪʘʣʘ ʪʝʦʨʠʷ ʬʦʪʦʥʥʦʡ ʨʘʢʝʪʳ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʝʤʮʝʤ ʕʡʛʝʥʦʤ ɿʝʥʛʝʨʦʤ. 
ʌʦʪʦʥ - ʩʘʤʘʷ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʘʷ ʧʦ ʯʠʩʣʝʥʥʦʩʪʠ ʯʘʩʪʠʮʘ ʚʦ ɺʩʝʣʝʥʥʦʡ: ʥʘ ʦʜʠʥ ʥʫʢʣʦʥ 

ʧʨʠʭʦʜʠʪʩʷ ʥʝ ʤʝʥʝʝ 20 ʤʠʣʣʠʘʨʜʦʚ ʬʦʪʦʥʦʚ. ʕʪʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʠʮʘ, ʢʚʘʥʪ ʠ 

ʧʝʨʝʥʦʩʯʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
ɿʝʥʛʝʨ ʧʨʝʜʣʦʞʠʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʫʶ ʘʥʥʠʛʠʣʷʮʠʶ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ʪʷʛʠ ʜʣʷ ʨʘʢʝʪʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʩʚʦʝʥʠʝ ʧʦʜʦʙʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʦʟʤʦʞʥʦ 

ʪʦʣʴʢʦ ʚ ʜʘʣʝʢʦʤ ʙʫʜʫʱʝʤ, ʢʦʥʮʝʧʮʠʷ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ ʫʯʝʥʳʭ ʚʩʝʛʦ ʤʠʨʘ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʧʦʟʚʦʣʷʣʘ ʧʦʩʪʨʦʠʪʴ ʢʦʩʤʦʣʝʪ, ʩʧʦʩʦʙʥʳʡ ʨʘʟʛʦʥʷʪʴʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ɹʣʘʛʦʜʘʨʷ ʬʦʪʦʥʥʦʤ ʜʚʠʛʘʪʝʣʶ, ʨʘʢʝʪʘ ʩʤʦʛʣʘ ʙʳ ʧʨʝʦʜʦʣʝʪʴ 26 000 ʩʚʝʪʦʚʳʭ ʣʝʪ ʜʦ ʷʜʨʘ 

ʥʘʰʝʡ ɻʘʣʘʢʪʠʢʠ ʚ ʪʝʯʝʥʠʝ ʞʠʟʥʠ ʩʚʦʝʛʦ ʵʢʠʧʘʞʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ɿʝʤʣʝ çʧʨʦʤʝʣʴʢʥʫʣʠè 

ʙʳ ʪʳʩʷʯʝʣʝʪʠʷ. 
ʆʩʥʦʚʦʡ ʪʝʦʨʠʠ ʥʝʤʝʮʢʦʛʦ ʫʯʝʥʦʛʦ ʩʪʘʣʦ ʫʨʘʚʥʝʥʠʝ ʩʦʚʝʪʩʢʦʛʦ ʫʯʝʥʦʛʦ ʎʠʦʣʢʦʚʩʢʦʛʦ. 

ɼʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ ɿʝʥʛʝʨ ʧʨʝʜʣʦʞʠʣ ʦʪʨʘʞʘʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʦʪ ʟʝʨʢʘʣʘ ʩ ʧʦʤʦʱʴʶ ʥʝʢʦʛʦ 

çʵʣʝʢʪʨʦʥʥʦʛʦ ʛʘʟʘè. ʅʦ ʚʨʝʤʷ ʜʣʷ ʚʦʧʣʦʱʝʥʠʷ ʠʜʝʡ ʝʛʦ ʠʜʝʷ ʝʱʝ ʥʝ ʧʨʠʰʣʦ, ʠ ʬʦʪʦʥʥʘʷ 

ʨʘʢʝʪʘ ʪʘʢ ʠ ʥʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʥʘ ʧʨʘʢʪʠʢʝ. 
ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʵʩʢʠʟ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʬʦʪʦʥʥʦʡ ʨʘʢʝʪʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ʜʚʠʛʘʪʝʣʷ ʠ ʫʧʨʘʚʣʝʥʠʝ ʝʸ ʧʦʣʸʪʦʤ. ʊʘʢʞʝ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʨʝʘʣʠʟʫʝʤʳʤ ʠ ʥʝʨʝʘʣʠʟʫʝʤʳʤ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʷʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʧʦʩʪʨʦʠʪʴ ʬʦʪʦʥʥʫʶ ʨʘʢʝʪʫ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. 
ɼʣʷ ʧʦʜʦʙʥʳʭ ʤʘʰʠʥ ʧʦʪʨʝʙʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ 

ʠʟʚʝʩʪʥʳ. ʆʜʥʘʢʦ ʤʝʯʪʘ ʦ çʢʦʩʤʠʯʝʩʢʦʡè ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʦʡ ʤʦʛ ʙʳ ʦʙʣʘʜʘʪʴ 

ʬʦʪʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʩʪʘʚʰʠʡ çʥʘʨʠʮʘʪʝʣʴʥʳʤè ʧʦʥʷʪʠʝʤ ʚ ʤʠʨʝ ʫʯʝʥʳʭ, ʪʘʢ ʠ ʥʝ ʧʝʨʝʩʪʘʣ 

ʠʭ ʚʦʣʥʦʚʘʪʴ. ʇʦʢʦʨʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʮʝʣʝʡ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ɿʘʧʫʩʢ ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʨʙʠʪʫ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʤʘʩʩ 
ʊʠʤʦʭʠʥ ɼ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʃʘʚʫʪ ɽ.ʉ. 
ʄɹʆʋ çʐʢʦʣʘ-ʣʠʮʝʡè ˉ 3 ʛ. ʉʠʤʬʝʨʦʧʦʣʷ, ʉʠʤʬʝʨʦʧʦʣʴ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʆʮʝʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʦʩʪʨʦʡʢʠ ʨʝʣʴʩʦʪʨʦʥʘ ʜʣʷ 

ʟʘʧʫʩʢʘ ʥʘ ʦʨʙʠʪʫ ʛʨʫʟʦʚ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʙʣʠʞʝʥʥʦ ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 
ɺʦ ʤʥʦʛʠʭ ʥʘʫʯʥʦ-ʬʘʥʪʘʩʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʠ ʠʛʨʘʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʟʘʧʫʩʢʘ 

ʩʧʫʪʥʠʢʦʚ ʥʘ ʦʨʙʠʪʫ ʨʝʣʴʩʦʪʨʦʥʳ. ʅʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʢʨʫʧʥʳʝ ʘʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʷ 

ʜʘʥʥʦʡ ʪʝʤʦʡ ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʥʘ ʩʢʦʣʴʢʦ ʵʪʦ ʚʳʛʦʜʥʦ ʠ 

ʤʦʞʝʪ ʣʠ ʜʘʥʥʘʷ ʠʜʝʷ ʦʢʫʧʠʪʩʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ. ʈʝʣʴʩʦʪʨʦʥ ʧʦʟʚʦʣʷʝʪ 

ʫʜʝʰʝʚʠʪʴ ʠ ʫʤʝʥʴʰʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʦʝ ʟʘʛʨʷʟʥʝʥʠʝ ʧʨʠ ʟʘʧʫʩʢʝ ʩʧʫʪʥʠʢʦʚ. 
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ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 
ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʝ ʘʛʝʥʪʩʪʚʘ ʫʜʝʣʷʶʪ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʩʥʠʞʝʥʠʶ ʩʪʦʠʤʦʩʪʠ ʟʘʧʫʩʢʘ 

ʧʦʣʝʟʥʳʭ ʛʨʫʟʦʚ ʥʘ ʦʨʙʠʪʫ. ʆʜʥʘ ʠʟ ʠʜʝʡ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ 

ʤʘʩʩ (ʨʝʣʴʩʦʪʨʦʥ). ʈʝʣʴʩʦʪʨʦʥ ï ʧʨʠʙʦʨ ʜʣʷ ʨʘʟʛʦʥʘ ʧʨʦʚʦʜʷʱʝʛʦ ʩʥʘʨʷʜʘ ʜʦ ʦʯʝʥʴ ʙʦʣʴʰʠʭ 

ʩʢʦʨʦʩʪʝʡ ʩ ʧʦʤʦʱʴʶ ʩʠʣʳ ɸʤʧʝʨʘ. 
ʈʝʣʴʩʦʪʨʦʥ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʥʘʟʳʚʘʝʤʳʭ ʨʝʣʴʩʘʤʠ, 

ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ʈʘʟʛʦʥʷʝʤʘʷ ʤʘʩʩʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ 

ʨʝʣʴʩʘʤʠ, ʟʘʤʳʢʘʷ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʮʝʧʴ, ʧʨʠʦʙʨʝʪʘʝʪ ʫʩʢʦʨʝʥʠʝ ʦʪ ʩʠʣʳ ɸʧʤʝʨʘ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʟʘʤʢʥʫʪʳʡ ʧʨʦʚʦʜʥʠʢ ʩ ʪʦʢʦʤ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. ʏʝʤ ʩʠʣʴʥʝʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʚʦʢʨʫʛ ʧʨʦʚʦʜʥʠʢʘ ʠ ʚʳʰʝ ʘʤʧʝʨʘʞ ʪʦʢʘ, ʪʝʤ ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʧʨʠʦʙʨʝʪʝʪ ʩʥʘʨʷʜ 
ʉʪʘʜʠʠ ʟʘʧʫʩʢʘ: ʫʩʢʦʨʝʥʠʝ ʚ ʨʝʣʴʩʦʪʨʦʥʝ, ʦʪʜʝʣʝʥʠʝ ʧʨʦʚʦʜʥʠʢʘ, ʚʳʣʝʪ ʠʟ ʘʪʤʦʩʬʝʨʳ, 

ʚʢʣʶʯʝʥʠʝ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʟʘʢʨʫʛʣʝʥʠʷ ʦʨʙʠʪʳ. 
ʉ ʧʦʤʦʱʴʶ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ, ʨʝʰʘʶʱʘʷ 

ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ, ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

BDF. 
ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʫʩʪʨʦʡʩʪʚʦ ʨʝʣʴʩʦʪʨʦʥʘ, ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʠʜʝʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʸʪʘ ʪʨʘʝʢʪʦʨʠʠ ʥʘ ʙʘʟʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 
ʉʩʳʣʢʘ ʥʘ ʧʨʦʝʢʪ: 
GitHub: https://github.com/Daniil10001/Rls 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ  

ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ 
ʊʶʪʶʥʥʠʢʦʚ ʀ.ʉ., ʉʠʥʠʮʳʥ ɼ.ʅ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʦʨʦʥʮʦʚ ʊ.ʇ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1286, ʄʦʩʢʚʘ 

 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʂɸ ʜʣʷ ʨʘʟʥʳʭ ʮʝʣʝʡ. ɼʣʷ ʠʭ ʢʦʨʨʝʢʪʥʦʛʦ, ʜʣʠʪʝʣʴʥʦʛʦ ʠ ʘʚʪʦʥʦʤʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʜʘʥʥʳʝ ʂɸ ʛʠʙʢʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ ʠ 

ʜʘʪʯʠʢʦʤ ʩʚʝʪʘ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʚʦʩʧʨʠʷʪʠʷ. 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʝ. ʉʠʩʪʝʤʘ ʙʫʜʝʪ 

ʦʩʥʘʱʘʪʴʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʩʚʝʪʘ, ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʫʛʣʦʤ ʦʙʟʦʨʘ, ʘ ʪʘʢʞʝ 

ʛʠʙʢʠʤʠ ʩʦʣʥʝʯʥʳʤʠ ʧʘʥʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʘʢʪʠʚʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʂɸ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʚʦʜʷ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʚʳʩʪʘʚʣʷʷ ʦʧʪʠʤʘʣʴʥʳʡ ʫʛʦʣ ʧʨʠʥʷʪʠʷ ʩʦʣʥʝʯʥʳʭ ʣʫʯʝʡ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʩʦʟʜʘʥ ʫʤʝʥʴʰʝʥʥʳʡ ʤʘʢʝʪ ʂɸ ʩ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʦʡ. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʢʨʝʧʠʪʩʷ ʥʘ ʣʶʙʦʡ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʠʤʝʪʴ ʧʦʥʷʪʥʳʡ 

ʠʥʪʝʨʬʝʡʩ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ, ʚ ʩʣʫʯʘʝ ʩʙʦʷ, ʯʝʣʦʚʝʢ ʩʘʤ ʩʤʦʞʝʪ ʚʝʨʥʫʪʴ ʩʠʩʪʝʤʫ ʢ 

ʨʘʙʦʯʝʤʫ ʩʦʩʪʦʷʥʠʶ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʣʘʚʥʦʡ ʮʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ, ʫʚʝʣʠʯʠʚʘʶʱʝʡ ʘʚʪʦʥʦʤʥʦʩʪʴ ʂɸ, ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʠʭ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʘʚʪʦʥʦʤʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʂɸ ʚ ʢʦʩʤʦʩʝ. ʉʦʚʨʝʤʝʥʥʳʝ ʛʠʙʢʠʝ ʩʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʩʠʩʪʝʤʳ ʥʘ ʣʶʙʦʡ ʂɸ ʧʦʚʳʰʘʶʪ ʫʨʦʚʝʥʴ ʫʥʠʬʠʢʘʮʠʠ ʠ ʧʦʣʝʟʥʦʩʪʴ 

ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʦʪʨʘʩʣʠ. 
ɸʣʛʦʨʠʪʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʩ ʫʧʦʨʦʤ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ ʂʇɼ ʩʠʩʪʝʤʳ 
ʇʆ ʥʘʧʠʩʘʥʦ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʉ++ ʇʦʚʪʦʨʝʥʠʝ ʘʣʛʦʨʠʪʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʯʘʩʪʦʪʦʡ 0.5 ʩʝʢʫʥʜʳ 
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ʉʙʦʨ ʠ ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ 
ʍʦʣʷʚʯʝʥʢʦ ɽ.ɸ., ʅʦʩʦʚ ʄ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʫʜʝʣʝʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1210, ʄʦʩʢʚʘ 

 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʙʣʝʤʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ 

ʦʩʪʨʝʝ. ʇʨʦʙʣʝʤʘ ʟʘʩʦʨʝʥʠʷ ʦʢʦʣʦʟʝʤʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʵʪʦ ʮʝʧʥʘʷ ʨʝʘʢʮʠʷ, 

ʢʦʪʦʨʘʷ ʜʣʠʪʩʷ ʛʦʜʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʯʝʥʳʝ ʦʙʨʘʪʠʣʠ ʩʚʦʝ 

ʚʥʠʤʘʥʠʝ ʥʘ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ï ʥʠʢʪʦ ʧʦʢʘ ʪʦʯʥʦ ʥʝ ʟʥʘʝʪ, ʢʘʢ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʢʦʩʤʠʯʝʩʢʠʡ 

ʤʫʩʦʨ. 
ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘʶʱʝʛʦ ʤʝʪʦʜʘ ʧʦ ʫʥʠʯʪʦʞʝʥʠʶ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʧʦʢʘ ʥʝʪ, 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʩʝʡʯʘʩ. 
ʎʝʣʴ ʨʘʙʦʪʳ: 
Å ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʨʦʙʦʪʘ-ʦʭʦʪʥʠʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ; 
Å ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʘ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʥʘ ɿʝʤʣʶ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ; 
Å ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʨʦʙʦʪʘ - ʦʭʦʪʥʠʢʘ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʤʳ ʩʦʩʪʘʚʠʣʠ ʧʣʘʥ ʨʘʙʦʪʳ ʠ ʦʧʨʝʜʝʣʠʣʠ ʤʝʪʦʜʳ ʝʛʦ 

ʚʳʧʦʣʥʝʥʠʷ: 
Å ʇʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʨʦʙʣʝʤʝ ʠ ʝʝ ʘʥʘʣʠʟ; 
Å ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ; 
Å ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʘ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʥʘ ɿʝʤʣʶ ʜʣʷ 

ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ; 
Å ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʨʦʙʦʪʘ - ʩʙʦʨʱʠʢʘ. 
ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʪʨʝʙʫʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ, ʥʘʧʨʠʤʝʨ, ʙʝʨʠʣʣʠʡ, ʩʝʨʝʙʨʦ, ʪʠʪʘʥ, 

ʤʘʛʥʠʡ, ʘʣʶʤʠʥʠʡ, ʤʝʜʴ, ʟʦʣʦʪʦ, ʞʝʣʝʟʦ, ʧʘʣʣʘʜʠʡ. ʇʦʵʪʦʤʫ, ʤʳ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʝʤ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʦʙʣʦʤʢʠ ʠ ʚʳʰʝʜʰʠʝ ʠʟ ʩʪʨʦʷ ʩʧʫʪʥʠʢʠ ï ʵʪʦ ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʚʪʦʨʩʳʨʴʝ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʩʘ, ʤʳ ʤʦʞʝʤ 

ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʠʟʚʝʩʪʥʘ ʠ ʚʦʣʥʫʝʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʠ ʚʪʦʨʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʙʳʣʦ ʙʳ ʦʯʝʥʴ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʪʚʝʨʜʠʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʥʘʰʝʡ ʠʜʝʠ. 
ʈʘʩʩʤʦʪʨʝʚ ʚʩʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ, ʤʳ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʚʩʝ ʦʥʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʦʯʠʩʪʢʫ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʦ ʚʝʜʴ ʪʦ, ʯʪʦ ʤʳ ʥʘʟʳʚʘʝʤ ʤʫʩʦʨʦʤ, 

ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʯʝʥʴ ʮʝʥʥʦ. ʄʳ ʨʝʰʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʠʥʮʠʧ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ɿʝʤʣʶ. 
ʇʝʨʚʳʤ ʜʝʣʦʤ ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʨʦʙʦʪʘ-ʦʭʦʪʥʠʢʘ 

(https://cloud.mail.ru/public/4UBQ/Pjc1VrcJz). ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ 

ʄʂʉ. ʈʦʙʦʪ-ʦʭʦʪʥʠʢ ʚʳʚʦʜʠʪʩʷ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʜʦʣʴ ʦʨʙʠʪʳ, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ 

ʢʦʩʤʠʯʝʩʢʠʡ ʤʫʩʦʨ. ʇʨʠʙʳʚʘʷ ʥʘ ʤʝʩʪʦ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʦʪʩʪʨʝʣ çʭʚʦʩʪʘè, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ 

ʨʘʩʩʪʘʚʠʪʴ ʩʝʪʴ ʚʜʦʣʴ ʦʨʙʠʪʳ ʜʚʠʞʝʥʠʷ ʤʫʩʦʨʘ. ʇʨʠʪʷʞʝʥʠʝ ʤʫʩʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ 

ʧʦʤʦʱʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ ʩ ʄʂʉ. 
ʇʦʩʣʝ ʧʨʠʪʷʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʤʫʩʦʨʘ ʛʦʣʦʚʥʘʷ ʯʘʩʪʴ ʚʦʟʚʨʘʱʘʝʪʩʷ ʥʘʟʘʜ ʢ 

ʭʚʦʩʪʦʚʦʡ, ʟʘʪʷʛʠʚʘʷ ʠ ʩʝʪʴ ʟʘ ʩʦʙʦʡ. ʉʣʝʛʢʘ ʩʧʨʝʩʩʦʚʘʥʥʳʡ ʙʨʠʢʝʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ 

ʨʦʙʦʪ-ʦʭʦʪʥʠʢ ʜʦʩʪʘʚʣʷʝʪ ʚ ʩʧʝʮʠʘʣʴʥʳʡ ʩʢʣʘʜʩʢʦʡ ʤʦʜʫʣʴ ʄʂʉ. ɸ ʥʘʢʦʧʣʝʥʥʳʝ ʙʨʠʢʝʪʳ 

ʤʫʩʦʨʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʧʨʘʚʣʝʥʳ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ɿʝʤʣʶ, ʥʘ ʛʨʫʟʦʚʳʭ 

ʰʘʪʪʣʘʭ. 
ʇʨʦʨʘʙʦʪʘʚ ʧʨʠʜʫʤʘʥʥʳʡ ʥʘʤʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʨʦʙʦʪʘ-ʦʭʦʪʥʠʢʘ, ʤʳ ʟʘʥʷʣʠʩʴ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʝʡ: 
Å çɻʦʣʦʚʘè. ɻʦʣʦʚʥʘʷ ʯʘʩʪʴ ʨʦʙʦʪʘ ï ʵʪʦ ʝʛʦ ʤʦʟʛʦʚʦʡ ʮʝʥʪʨ. ʊʫʪ ʫʩʪʘʥʦʚʣʝʥʦ ʫʩʪʨʦʡʩʪʚʦ 

ʧʨʠʝʤʘ-ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ, ʪʘʢ ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʨʦʙʦʪ 

ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ ʄʂʉ. 



65 

 

Å çʉʝʪʴè. ʉʝʪʴ - ʩʧʝʮʠʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʣʦʚʣʠ ʤʫʩʦʨʘ, ʫʧʨʘʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ. 

ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʨʘʟʜʚʠʞʥʫʶ ʩʝʪʴ. ʇʨʠʪʷʞʝʥʠʝ ʤʫʩʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʘʪʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ɺʢʣʶʯʝʥʠʝ ʠ ʦʪʢʣʶʯʝʥʠʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ ʄʂʉ. 
Å çʍʚʦʩʪè. ʍʚʦʩʪʦʚʘʷ ʯʘʩʪʴ ʨʦʙʦʪʘ ʨʘʟʙʠʪʘ ʥʘ ʜʚʝ ʢʘʤʝʨʳ. ʇʝʨʚʘʷ ï ʵʪʦ ʢʘʤʝʨʘ-

ʭʨʘʥʠʣʠʱʝ ʜʣʷ ʨʘʟʜʚʠʞʥʦʡ ʩʝʪʠ. ʇʨʠ ʦʪʩʪʨʝʣʠʚʘʥʠʠ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ, ʩʝʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʚʳʭʦʜʠʪ ʠʟ ʢʘʤʝʨʳ ʠ ʨʘʩʪʷʛʠʚʘʝʪʩʷ ʚʜʦʣʴ ʧʫʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. ɺʪʦʨʘʷ ʢʘʤʝʨʘ - 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʙʦʨʘ ʠ ʫʧʘʢʦʚʢʠ ʩʦʙʨʘʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ. ʄʫʩʦʨ ʥʝʤʥʦʛʦ 

ʩʧʨʝʩʩʦʚʳʚʘʝʪʩʷ, ʥʦ ʥʝ ʩʠʣʴʥʦ, ʪʘʢ ʢʘʢ ʵʪʦ ʤʦʞʝʪ ʟʘʪʨʫʜʥʠʪʴ ʜʘʣʴʥʝʡʰʫʶ ʧʝʨʝʨʘʙʦʪʢʫ. ʇʦ 

ʥʘʰʝʡ ʟʘʜʫʤʢʝ, ʜʦʩʪʘʚʢʘ ʧʦʡʤʘʥʥʦʛʦ ʠ ʩʧʨʝʩʩʦʚʘʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʚ ʩʢʣʘʜʩʢʦʡ 

ʤʦʜʫʣʴ ʄʂʉ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʦʙʦʪʦʤ ʚʦ ʚʪʦʨʦʡ ʢʘʤʝʨʝ ʭʚʦʩʪʦʚʦʡ ʯʘʩʪʠ. 
ɼʝʡʩʪʚʫʶʱʠʡ ʧʨʦʪʦʪʠʧ ʵʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʳ ʩʦʟʜʘʣʠ ʥʘ ʙʘʟʝ ʢʦʥʩʪʨʫʢʪʦʨʘ LEGO 

Mindstorm EV3 ʠ ʩʪʘʨʳʭ ʜʝʪʘʣʝʡ LEGO. ʀʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘʤʠ ʧʨʦʪʦʪʠʧ ʨʦʙʦʪʘ-ʦʭʦʪʥʠʢʘ 

ʫʧʨʘʚʣʷʝʪʩʷ ʜʠʩʪʘʥʮʠʦʥʥʦ ʩ ʥʘʰʝʛʦ ʩʤʘʨʪʬʦʥʘ. 
ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʠʟʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʝʤ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʩʦʚʨʝʤʝʥʥʘʷ ʞʠʟʥʴ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʢʦʩʤʠʯʝʩʢʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ. ʅʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʧʨʠʥʮʠʧ ʩʙʦʨʘ, ʭʨʘʥʝʥʠʷ ʠ ʦʪʧʨʘʚʢʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʥʘ ɿʝʤʣʶ, ʜʣʷ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ 

ʧʝʨʝʨʘʙʦʪʢʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʨʘʟʨʘʙʦʪʘʣʠ ʠ ʩʦʙʨʘʣʠ ʧʨʦʪʦʪʠʧ ʨʦʙʦʪʘ-ʦʭʦʪʥʠʢʘ ʠʟ 

ʧʦʜʨʫʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʅʘʰ ʨʦʙʦʪ ʧʦʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʦʯʠʩʪʠʪʴ ʦʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, 

ʥʦ ʠ ʩʵʢʦʥʦʤʠʪʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ʕʪʦ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʠ ʦʪʣʠʯʘʝʪ ʥʘʰʫ 

ʨʘʟʨʘʙʦʪʢʫ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʢʦʪʦʨʳʝ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʥʠʯʪʦʞʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʫʩʦʨʘ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ. 

ʄʘʭʦʚʠʢ ʬʦʨʤ-ʬʘʢʪʦʨʘ cubesat 
ʖʨʦʚ ʅ.ɸ, ʉʝʨʛʝʝʥʢʦ ɼ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʣʴʯʠʢʦʚʘ ʀ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2127, ʄʦʩʢʚʘ 

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʘʭʦʚʠʢʘ ʬʦʨʤ-ʬʘʢʪʦʨʘ cubesat, ʥʘ ʦʩʥʦʚʝ 

ʜʦʩʪʫʧʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʤ. 
ɿʘʜʘʯʠ 
1. ʀʩʩʣʝʜʦʚʘʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ 
2. ʀʟʫʯʠʪʴ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 
3. ʉʬʦʨʤʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʥʫʶ ʙʘʟʫ 
4. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʤʘʭʦʚʠʢʘ 
5. ʇʦʩʪʨʦʠʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʩʭʝʤʫ 
6. ʉʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʫʧʨʘʚʣʝʥʠʷ 
ʕʪʘʧʳ ʧʨʦʝʢʪʘ 
ʈʘʙʦʪʘ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦʵʪʘʧʥʦ: 
1. ʀʟʫʯʝʥʠʝ ʪʝʤʳ 
2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ 
3. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 
4. ʅʘʧʠʩʘʥʠʝ ʦʪʯʝʪʘ 
ʄʝʪʦʜʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 
ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩ ʘʥʘʣʦʛʘʤʠ, ʪʘʢ ʞʝ ʧʨʠʤʝʥʷʣʠʩʴ ʤʝʪʦʜʳ 3-D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʴʶʪʝʨ ʜʣʷ ʧʦʠʩʢʘ ʥʝʦʙʭʦʜʠʤʳʭ ʨʝʩʫʨʩʦʚ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʧʦʣʥʷʶʱʠʡ ʟʘʜʘʯʫ ʫʧʨʘʚʣʝʥʠʷ ʙʣʦʢʦʤ 

ʤʘʭʦʚʠʢʦʚ, ʘ ʪʘʢʞʝ ʝʛʦ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ. 
ɺʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʘʧʧʘʨʘʪʥʦ-ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ 

ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʘ ʤʘʢʝʪʘʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʚʚʠʜʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʧʨʦʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʤʘʭʦʚʠʢʘ. ʊʘʢʞʝ ʝʛʦ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʤʠʩʩʠʷʭ 

ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʚ ʘʧʧʘʨʘʪʘʭ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ ʦʨʠʝʥʪʘʮʠʠ, ʚ ʟʘʜʘʯʘʭ 

ʪʘʢʠʭ ʢʘʢ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʟʝʤʣʠ. 
ʋʣʫʯʰʠʪʴ ʢʦʤʧʣʝʢʩ ʤʦʞʥʦ ʧʫʪʝʤ ʚʥʝʜʨʝʥʠʷ ʯʝʪʚʝʨʪʦʛʦ ʤʦʪʦʨʘ ʜʣʷ ʙʦʣʝʝ ʣʫʯʰʝʡ 

ʧʦʜʚʠʞʥʦʩʪʠ ʩʧʫʪʥʠʢʘ. ʊʘʢ ʞʝ ʚʦʟʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ ʚʝʩ ʠ ʨʘʟʤʝʨ, ʚʝʜʴ cubesat ʵʪʦ 

ʤʘʣʝʥʴʢʠʡ ʩʧʫʪʥʠʢ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʚʝʩ ʠ ʨʘʟʤʝʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʯʝʨʪʦʡ. ʀ ʭʦʪʝʣʦʩʴ ʙʳ 

ʜʦʙʘʚʠʪʴ ʤʝʭʘʥʠʟʤ ʩʮʝʧʣʝʥʠʷ ʜʣʷ ʙʦʣʝʝ ʩʣʘʞʝʥʥʦʡ ʨʘʙʦʪʳ ʚʩʝʭ ʨʘʙʦʪʳ ʤʘʭʦʚʠʢʘ. 
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˞̗̠̆̋̉ ΟρπȢσ ˙́̓̆̍́̓̉̋́ ̉ ̉̎̏̑̍́̓̉̋́̕ ̃ 
̜̖̉̎̇̆̎̆̑̎ ̘̖̈́̅́́Ȣ ˜̠̑̉̋̌́̅̎́ ̉̈̉̋́̕ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤ ʥʝʙʝʩʥʳʭ ʪʝʣ 
ʄeʞʝʚʦʚʘ ʉ.ʃ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʘʣʠʢʦʚʘ ɺ. 
ʐʢʦʣʘ ˉ 186, ɹʦʛʦʨʦʜʩʢʠʡ ʨʘʡʦʥ, ʩʝʣʦ ʂʘʤʝʥʢʠ 

 
ʊʝʤʘ ʢʦʩʤʦʩʘ ʠʥʪʝʨʝʩʦʚʘʣʘ ʤʝʥʷ ʝʱʝ ʩ ʨʘʥʥʝʛʦ ʜʝʪʩʪʚʘ, ʢʦʛʜʘ ʷ ʫʛʣʫʙʣʷʣʘʩʴ ʚ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʉʪʠʚʝʥʘ ʍʦʢʢʠʥʛʘ ʦ ʧʨʠʢʣʶʯʝʥʠʷʭ ʤʦʠʭ ʩʚʝʨʩʪʥʠʢʦʚ ʚ ʢʦʩʤʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʄʦʷ ʞʘʞʜʘ ʟʥʘʥʠʡ ʧʦʜʢʨʝʧʣʷʣʘʩʴ ʫʭʫʜʰʝʥʠʝʤ ʧʦʣʦʞʝʥʠʷ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ð 

ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʝʤʦʛʨʘʬʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʝʯʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʰʝʡ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʪʘʢ, ʷ ʦʪʢʨʳʣʘ ʜʣʷ ʩʝʙʷ ʪʝʤʫ ʧʦʠʩʢʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʣʘʥʝʪ. 
ɿʠʛʨʬʨʠʜ ʕʛʛʣʴ ʠʟ ʃʘʙʦʨʘʪʦʨʠʠ ʨʝʘʢʪʠʚʥʦʛʦ ʜʚʠʞʝʥʠʷ ʅɸʉɸ ʠ ʄʘʢʩ ʇʦʧʧ ʠʟ 

ʇʨʠʥʩʪʦʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʀʥʩʪʠʪʫʪʘ ʤʝʪʝʦʨʦʣʦʛʠʠ ʆʙʱʝʩʪʚʘ ʄʘʢʩʘ ʇʣʘʥʢʘ 

ʠʩʩʣʝʜʦʚʘʣʠ ʩʠʩʪʝʤʳ ʜʚʦʡʥʳʭ ʟʚʝʟʜ ʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʥʘʨʫʞʝʥʳ ʧʣʘʥʝʪʳ ʟʝʤʥʦʛʦ ʪʠʧʘ, ʢʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʧʣʘʥʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ 

ʞʠʟʥʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʝʙʝʩʥʳʭ ʪʝʣ ʠ ʠʭ ʜʚʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʜʨʫʛ ʜʨʫʛʘ. 
ɺ ʩʚʦʝʤ ʧʨʦʝʢʪʝ ʷ ʨʘʩʩʤʘʪʨʠʚʘʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʝʙʝʩʥʳʭ ʪʝʣ, ʠʩʧʦʣʴʟʫʷ ʜʣʷ ʦʮʝʥʢʠ 

ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʤʝʥʷ ʙʳʣʦ ʚʘʞʥʳʤ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʩʠʩʪʝʤʳ ʪʝʣ, ʚʝʜʴ, ʢ ʩʦʞʘʣʝʥʠʶ, ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʵʪʦʤ ʥʝ ʩʪʦʣʴ ʠʟʚʝʩʪʥʘ ʚʥʝ ʫʟʢʠʭ ʥʘʫʯʥʳʭ 

ʢʨʫʛʦʚ, ʯʪʦ, ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʝʡ ʟʘʜʫʤʢʠ ʷ ʨʝʰʠʣʘ 

ʨʘʟʨʘʙʦʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʡ ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. 
ɹʳʣʠ ʩʦʟʜʘʥʳ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʘʩʯʝʪʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ ʪʝʣ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʜʣʷ ʵʪʦʛʦ ʷ ʠʟʫʯʠʣʘ ʬʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʘʩʪʨʦʥʦʤʠʠ, ʦʩʥʦʚʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠ 

ʨʘʩʩʤʦʪʨʝʣʘ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʩʠʩʪʝʤ ʪʝʣ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʠ. 
ʉʦʟʜʘʥʥʘʷ ʤʥʦʡ ʧʨʦʛʨʘʤʤʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʢʨʠʪʝʨʠʶ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʠ ʠ ʜʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ, ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʠʥʪʝʨʘʢʪʠʚʥʳʤ ʚʘʨʠʘʥʪʦʤ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦ ʘʩʪʨʦʥʦʤʠʠ, ʘ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python. 
ʅʘʛʣʷʜʥʦʩʪʴ ʠ ʟʨʝʣʠʱʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 

ʠʥʪʝʨʝʩʘ ʫʯʘʱʠʭʩʷ ʢ ʜʘʥʥʦʡ ʪʝʤʝ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʧʦʟʥʘʥʠʡ. 
ʊʘʢʞʝ, ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʥʝʙʝʩʥʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʫʩʣʦʚʠʷ ʥʘ ʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ ʧʦʣʝʟʥʦ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʪʘʢʠʭ ʮʝʣʷʭ, ʢʘʢ ʧʦʠʩʢ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʧʣʘʥʝʪ ʠʣʠ ʜʦʙʳʯʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ  

ʠ ʫʤʝʥʠʡ ʫ ʰʢʦʣʴʥʠʢʦʚ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ 
ɹʦʚʠʥ ʄ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʉʫʣʪʘʥʦʚʩʢʠʡ ɺ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ʂʦʛʜʘ ʨʝʙʝʥʦʢ ʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʧʨʦʩʪʝʡʰʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʚʳʯʠʩʣʝʥʠʷ: ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʚ ʫʤʝ, ʚʳʧʦʣʥʠʪʴ ʜʝʡʩʪʚʠʷ ʚ ʩʪʦʣʙʠʢ ð ʨʦʜʠʪʝʣʠ ʙʴʶʪ ʪʨʝʚʦʛʫ. 

ʇʦʯʝʤʫ ʜʝʪʠ, ʥʝʧʣʦʭʦ ʫʤʝʶʱʠʝ ʩʯʠʪʘʪʴ ʧʨʝʜʤʝʪʳ ʠ ʩʯʝʪʥʳʝ ʧʘʣʦʯʢʠ, ʥʝ ʤʦʛʫʪ ʦʩʚʦʠʪʴ 

ʫʩʪʥʳʡ ʩʯʝʪ? ʏʪʦʙʳ ʨʝʙʝʥʦʢ ʦʩʚʦʠʣ ʩʯʝʪ ʚ ʫʤʝ, ʝʛʦ ʥʫʞʥʦ ʚ ʧʨʠʥʮʠʧʝ ʥʘʫʯʠʪʴ ʩʯʠʪʘʪʴ. ɼʣʷ 

ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʩʪʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʚ ʠʛʨʦʚʦʡ ʬʦʨʤʝ 

ʦʩʚʦʠʪʴ ʫʩʪʥʳʡ ʩʯʝʪ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʝʩʣʦʞʥʦʡ, ʥʦ ʠʥʪʝʨʝʩʥʦʡ ʧʨʦʛʨʘʤʤʳ, 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ ʫ ʫʯʝʥʠʢʦʚ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ 
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ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʩʪʘʷ ʠ ʧʦʥʷʪʥʘʷ, ʘ ʟʘʥʷʪʠʝ ʥʝ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʣʛʠʤ, ʯʪʦʙʳ ʨʝʙʝʥʦʢ ʥʝ ʫʩʪʘʣ. 

ʅʦ ʧʨʦ ʵʪʦʤ ʜʦʣʞʝʥ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʴ ʦʧʨʝʜʝʣʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʚ ʦʙʫʯʝʥʠʠ 
ʅʦʚʠʟʥʦʡ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʣʦʞʥʦʡ ʠ ʧʨʦʩʪʦʡ ʧʨʦʛʨʘʤʤʳ 

ʜʣʷ ʧʨʦʚʝʨʢʠ ʟʥʘʥʠʡ ʫʯʝʥʠʢʦʚ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ ʚ ʦʙʣʘʩʪʠ ʤʘʪʝʤʘʪʠʢʠ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʫʯʝʙʥʠʢʦʚ ʤʘʪʝʤʘʪʠʢʠ. 
2. ʆʙʟʦʨ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʨʦʛʨʘʤʤ. 
3. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʘ ʧʨʦʛʨʘʤʤʳ. 
4. ɺʳʙʦʨ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 
4. ʅʘʧʠʩʘʥʠʝ ʢʦʜʘ ʧʨʦʛʨʘʤʤʳ. 
5. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ 
5. ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʩʰʠʨʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʦʛʨʘʤʤʳ. 
ʇʨʦʛʨʘʤʤ ʜʣʷ ʦʙʫʯʝʥʠʝ ʦʛʨʦʤʥʦʝ ʤʥʦʞʝʩʪʚʦ, ʥʦ ʚʩʝ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʙʦʣʝʝ 

ʚʟʨʦʩʣʳʭ ʜʝʪʝʡ. ʏʪʦʙʳ ʩʜʝʣʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʥʘʯʘʣʴʥʳʭ ʢʣʘʩʩʦʚ, ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 

ʫʯʝʙʥʠʢʠ ʤʘʪʝʤʘʪʠʢʠ ʦʪ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʄ. ʀ. ʄʦʨʦ, ʄ. ɸ. ɹʘʥʪʦʚʘ ʠ ʉ. ʀ. ɺʦʣʢʦʚʘ, ʧʦʪʦʤʫ 

ʯʪʦ ʚ ʥʠʭ ʭʦʨʦʰʦ ʧʦʜʘʥ ʠ ʦʙʲʷʩʥʝʥ ʤʘʪʝʨʠʘʣ, ʟʘʜʘʯʠ ʠʥʪʝʨʝʩʥʳʝ, ʘ ʧʨʠʤʝʨʳ ʧʨʦʩʪʳʝ. 
ɼʣʷ ʨʘʙʦʪʳ ʙʳʣ ʚʳʙʨʘʥ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi. Delphi ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ - ʵʪʦ ʤʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ, ʚ 

ʦʩʥʦʚʝ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʧʦʥʷʪʠʝ ʦʙʲʝʢʪʘ. ʆʙʲʝʢʪ - ʵʪʦ ʥʝʢʦʪʦʨʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʦʙʲʝʢʪʫ ʨʝʘʣʴʥʦʛʦ ʤʠʨʘ, ʝʛʦ ʧʦʚʝʜʝʥʠʶ. ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʠʢʠ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʦʙʲʝʢʪʦʚ ʠ 

ʦʧʝʨʘʮʠʡ ʥʘʜ ʥʠʤʠ, ʘ ʧʨʦʛʨʘʤʤʘ ʧʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʙʦʨ ʦʙʲʝʢʪʦʚ ʠ 

ʩʚʷʟʝʡ ʤʝʞʜʫ ʥʠʤʠ. Delphi - ʩʠʩʪʝʤʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ. ɺ ʦʪʣʠʯʠʝ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, Delphi "ʩʘʤʘ" ʧʠʰʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʪʝʢʩʪʘ 

ʧʨʦʛʨʘʤʤʳ. ʆʥʘ ʷʚʣʷʝʪʩʷ ʤʦʱʥʳʤ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʩʣʦʞʥʳʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʠʣʦʞʝʥʠʡ ʩ ʩʦʚʨʝʤʝʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ. 
ʕʪʘʧʳ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʛʨʘʤʤʦʡ. 
1. ʆʧʨʝʜʝʣʝʥʳ ʮʝʣʠ ʟʘʜʘʯʠ, ʝʝ ʩʦʜʝʨʞʘʥʠʝ ʠ ʦʙʱʠʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ. 
2. ʈʘʟʨʘʙʦʪʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʦʛʨʘʤʤʳ ð ʬʦʨʤʠʨʫʝʪʩʷ ʤʦʜʝʣʴ ʨʝʰʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʜʝʪʘʣʠʟʘʮʠʝʡ ʠ ʨʘʟʙʠʚʢʦʡ ʥʘ ʧʦʜʧʨʦʛʨʘʤʤʳ. 
3. ʂʦʜʠʨʦʚʘʥʠʝ ð ʟʘʧʠʩʴ ʘʣʛʦʨʠʪʤʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 
4. ʆʪʣʘʜʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʪʝʩʪʦʚ ð ʩʧʝʮʠʘʣʴʥʦ 

ʧʦʜʦʙʨʘʥʥʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʧʨʠʤʝʨʦʚ ʩ ʪʘʢʠʤʠ ʥʘʙʦʨʘʤʠ ʜʘʥʥʳʭ, ʜʣʷ ʢʦʪʦʨʳʭ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʠʟʚʝʩʪʥʦ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʦʭʚʘʪʳʚʘʪʴ ʚʩʝ ʚʦʟʤʦʞʥʳʝ ʚʝʪʚʣʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʝ. 
ɺʳʚʦʜ. ɹʳʣ ʨʘʟʨʘʙʦʪʘʥ ʘʣʛʦʨʠʪʤ ʧʨʦʛʨʘʤʤʳ, ʥʘ ʙʘʟʝ ʷʟʳʢʘ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi 

ʥʘʧʠʩʘʥ ʢʦʜ ʧʨʦʛʨʘʤʤʳ, ʧʨʦʚʝʜʝʥʘ ʦʪʣʘʜʢʘ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʛʨʘʤʤʳ. ʀʟʫʯʝʥʳ ʦʩʥʦʚʳ 

ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʷʟʳʢʘ Delphi. 

ʈʘʩʩʚʝʪ ʠ ʟʘʢʘʪ ʌʣʝʰ 
ɹʦʥʜʘʨʯʫʢ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
ʇʦʩʝʱʝʥʠʝ ʠʥʪʝʨʥʝʪʘ ʩʪʘʣʦ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʦʛʦ ʯʝʣʦʚʝʢʘ. 

ɹʫʜʴ ʪʦ ʜʦʩʫʛ, ʨʘʙʦʪʘ, ʧʦʢʫʧʢʘ ʪʦʚʘʨʦʚ ʠ ʪ.ʧ. ʅʦ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ ʟʥʘʶʪ, 

ʧʦʯʝʤʫ ʠʥʪʝʨʥʝʪ ʚʳʛʣʷʜʠʪ ʪʘʢ, ʢʘʢʠʤ ʤʳ ʚʠʜʠʤ ʝʛʦ ʩʝʛʦʜʥʷ. ʄʦʷ ʮʝʣʴ ʨʘʩʩʢʘʟʘʪʴ, ʯʪʦ 

ʨʘʥʴʰʝ ʦʪʚʝʯʘʣʘ ʟʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠʥʪʝʨʥʝʪʘ, ʠ ʯʪʦ ʚ ʥʘʰʝ ʚʨʝʤʷ ʦʪʚʝʯʘʝʪ ʟʘ ʝʛʦ ʨʘʙʦʪʫ, 

ʚʥʝʰʥʠʡ ʚʠʜ ʠ ʬʫʥʢʮʠʦʥʘʣ. 
ɺ ʨʘʙʦʪʝ ʷ ʨʘʩʩʤʦʪʨʝʣ ʠʩʪʦʨʠʶ ʩʦʟʜʘʥʠʷ ʌʣʝʰʘ, ʘ ʪʘʢʞʝ ʝʛʦ ʞʠʟʥʝʥʥʳʡ ʧʫʪʴ ʦʪ 

ʨʘʩʩʚʝʪʘ ʜʦ ʟʘʢʘʪʘ. ʈʘʩʩʤʦʪʨʝʣ ʪʘʢʞʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʰʠʙʢʠ ʠ ʥʝʜʦʯʸʪʳ ʚ ʌʣʝʰʝ, ʯʪʦ 

ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ ʩʥʠʞʝʥʠʷ ʧʦʧʫʣʷʨʥʦʩʪʠ, ʠ ʜʘʣʴʥʝʡʰʠʡ ʦʪʢʘʟ ʦʪ ʧʦʜʜʝʨʞʢʠ ɸʜʦʙʝ 

ʌʣʝʰʘ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʩʣʫʞʙʳ ʌʣʝʰʘ ʥʘ ʟʘʤʝʥʫ ʧʨʠʰʝʣ HTML5, ʘ ʪʘʢʞʝ CSS, JavaScript 

ʠ ʪ.ʜ. ʅʦ ʯʝʤ ʦʥʠ ʣʫʯʰʝ ʌʣʝʰʘ? ʅʘ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ ʥʘʡʜʝʥ ʦʪʚʝʪ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʩʘʡʪʘ, 

ʩʦʟʜʘʥʥʦʛʦ ʥʘ HTML5, ʠ ʩʘʡʪʦʚ ʩ ʧʦʭʦʞʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʥʦ ʩʦʟʥʘʥʥʳʭ ʥʘ ʙʘʟʝ ʌʣʝʰʘ. 
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ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʩʪʘʣʦ ʚʠʜʥʦ, ʯʪʦ ʩʘʡʪʳ ʥʘ ʙʘʟʝ HTML5 ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʠ ʫʜʦʙʥʝʝ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʶʪ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʥʘʛʨʫʟʢʠ ʥʘ ʮʝʥʪʨʘʣʴʥʳʡ ʧʨʦʮʝʩʩʦʨ. 
"ɿʘʢʘʪ" ʌʣʝʰʘ ʙʳʣ ʧʨʝʜʩʢʘʟʫʝʤʳʤ ʠ ʚʧʦʣʥʝ ʩʚʦʝʚʨʝʤʝʥʥʳʤ. ʂʦʥʢʫʨʝʥʪʳ ʤʦʛʣʠ 

ʧʨʝʜʣʦʞʠʪʴ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʢʦʜ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʝ ʵʣʝʛʘʥʪʥʳʭ ʠ ʩʣʦʞʥʳʭ 

ʬʦʨʤ, ʫʣʫʯʰʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚ. 
ʈʘʙʦʪʘ ʌʣʝʰʘ ʯʘʩʪʦ ʩʠʣʴʥʦ ʨʘʟʨʷʞʘʣʘ ʙʘʪʘʨʝʶ ʫʩʪʨʦʡʩʪʚ, ʯʪʦ ʚʝʩʦʤʦ ʦʱʫʱʘʣʦʩʴ ʥʘ 

ʩʤʘʨʪʬʦʥʘʭ. ɺ ʩʨʘʚʥʝʥʠʠ ʩ HTML5, ʬʣʝʰ ʧʨʦʠʛʨʳʚʘʣ ʧʦ ʤʥʦʛʠʤ ʧʫʥʢʪʘʤ. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ HTML5 ʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʝʥ, ʧʦʨʪʘʪʠʚʝʥ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ ʫʩʪʨʦʡʩʪʚʘʤʠ. ɸ ʚ ʢʦʤʙʠʥʘʮʠʠ ʩ CSS, JavaScript, OpenGL ʥʘʤʥʦʛʦ 

ʧʨʝʚʦʩʭʦʜʠʪ ʬʫʥʢʮʠʦʥʘʣ ʌʣʝʰʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ  

ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʛʝʥʝʨʘʪʦʨʘ 
ɻʦʣʦʣʦʙʦʚʘ ʂ.ʄ., ɼʝʤʠʥ ɸ.ɸ., ɼʘʚʳʜʦʚʘ ʋ.ʇ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʊʦʧʯʠʡ ʀ.ʀ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ1324, ʄʦʩʢʚʘ 
 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʛʝʥʝʨʘʪʦʨʦʚ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚ, ʛʝʥʝʨʠʨʫʶʱʠʭ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʟʘ ʩʯʸʪ 

ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʥʘʛʨʝʪʳʤ ʧʦʤʝʱʝʥʠʝʤ. 
ʊʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʛʝʥʝʨʘʪʦʨʳ ʪʘʢʞʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʣʷ ʫʪʠʣʠʟʘʮʠʠ ʠʟʙʳʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 
ʎʝʣʴ: 
ʀʩʩʣʝʜʦʚʘʪʴ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

ʪʝʨʤʦʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ. 
ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʛʝʥʝʨʘʪʦʨʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʠ ʦʮʝʥʠʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʂʇɼ ʛʝʥʝʨʘʪʦʨʘ. 
ɿʘʜʘʯʠ: 
ʉʦʙʨʘʪʴ ʧʨʦʩʪʝʡʰʠʡ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʛʝʥʝʨʘʪʦʨ ʠʟ ʠʤʝʶʱʠʭʩʷ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ. 
ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ˉ 1 ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ. 
ɺʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ: ʧʨʠʢʣʘʜʳʚʘʝʤʘʷ 

ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ, ʧʨʠʤʝʥʷʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʥʘʙʦʨ ʠʩʧʦʣʴʟʫʝʤʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʠ. 
ʀʟʫʯʠʪʴ ʵʣʝʤʝʥʪʘ ʇʝʣʴʪʴʝ. 
ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ˉ 2 çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨè. 
ʕʪʘʧʳ ʨʘʙʦʪʳ: 
Å ʉʙʦʨʢʘ ʛʝʥʝʨʘʪʦʨʘ ʠʟ ʧʦʜʨʫʯʥʳʭ ʩʨʝʜʩʪʚ; 
Å ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʨʘʟʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 

ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʳʨʘʙʘʪʳʚʘʝʤʦʡ ʵʥʝʨʛʠʠ; 
Å ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ1; 
Å ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʧʨʠʢʣʘʜʳʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ; 
Å ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ2; 
Å ɺʳʚʦʜ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ: 
Å ʂʦʤʧʣʝʢʪ ʧʨʦʚʦʜʦʚ, ʤʫʣʴʪʠʤʝʪʨ, ʝʤʢʦʩʪʴ ʩʦ ʣʴʜʦʤ, ʝʤʢʦʩʪʴ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ, 

ʧʨʦʚʦʣʦʢʠ ʠʟ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʕʢʩʧʝʨʠʤʝʥʪ ˉ1). 
Å ʂʦʤʧʣʝʢʪ ʧʨʦʚʦʜʦʚ, ʤʫʣʴʪʠʤʝʪʨ, ʵʣʝʤʝʥʪ ʇʝʣʴʪʴʝ, ʜʚʝ ʙʘʪʘʨʝʡʢʠ, ʪʝʨʤʦʱʫʧʳ ʠ 

ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʠʣʳ ʪʦʢʘ (ʕʢʩʧʝʨʠʤʝʥʪ ˉ2). 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
Å ʀʟʫʯʝʥʠʝ, ʩʨʘʚʥʝʥʠʝ ʠ ʘʥʘʣʠʟ; 
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Å ʄʦʜʝʣʠʨʦʚʘʥʠʝ. 
ɺʳʚʦʜʳ: 
ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʘʤʦʜʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʦʢʘʟʘʣʦ: 
Å ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʙʝʟ ʚʩʷʢʠʭ ʟʘʪʨʘʪ, 
Å ʇʦʚrh ʘʝʪ ʂʇɼ ʦʩʥʦʚʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ, 
Å ɻʝʥʝʨʘʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʦʙʣʝʥ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʤʝʩʪʘʭ ʩ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ɸʨʢʪʠʢʘ, 
Å ʄʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘ ʫʨʦʢʘʭ ʬʠʟʠʢʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ, 
Å ʈʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʦʜʠʥ ʠʟ ʩʧʦʩʦʙʦʚ ʵʢʦʥʦʤʠʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. 

ʈʘʩʯʸʪ ʤʝʞʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʸʚʨʘ ɻʦʤʘʥʘ ʚʨʘʱʘʶʱʠʤʠʩʷ  

ʪʨʦʩʦʚʳʤʠ ʩʠʩʪʝʤʘʤʠ 
ɽʢʠʤʦʚʩʢʘʷ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʜ.ʪ.ʥ. ʃʝʙʝʜʝʚ ɺ.ɺ. 
ʄɸʆʋ çʎʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷ ˉ 32è, ʏʝʨʝʧʦʚʝʮ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʢʦʥʦʤʝʨʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ 

ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ (ʂɸ). ɺʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʤʘʣʳʝ ʂɸ [1]. ʅʦʚʳʡ ʪʠʧ ʪʝʭʥʠʢʠ 

ʧʦʪʨʝʙʦʚʘʣ ʥʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʪʨʦʩʦʚʳʭ ʩʠʩʪʝʤ 

[2]. ʈʘʩʯʸʪ ʦʨʙʠʪ ʪʘʢʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚʳʧʦʣʥʷʝʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʤʠ 

ʙʘʣʣʠʩʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʥʦ ʩ ʫʯʸʪʦʤ ʚʨʘʱʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ [3,4,5]. ʇʨʝʠʤʫʱʝʩʪʚʦ 

ʚʨʘʱʘʶʱʝʡʩʷ ʪʨʦʩʦʚʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ [6]. 

ʅʘʧʨʠʤʝʨ, ʝʩʪʴ ʧʨʦʝʢʪ ʚʦʟʚʨʘʱʘʪʴ ʂɸ ʥʘ ɿʝʤʣʶ ʨʘʟʨʳʚʦʤ ʪʨʦʩʘ ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʧʨʠ 

ʢʘʯʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ. ʗ ʧʨʝʜʣʘʛʘʶ ʧʦʡʪʠ ʝʱʸ ʜʘʣʴʰʝ ʚ ʵʪʦʤ ʥʘʫʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʟʘʢʨʫʪʠʪʴ ʪʨʦʩʦʚʫʶ ʩʠʩʪʝʤʫ, ʟʘʧʘʩʪʠ ʚ ʥʝʡ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ, ʘ ʧʦʪʦʤ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʨʘʟʨʳʚʘʪʴ ʪʨʦʩʳ ʜʣʷ ʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʛʨʫʟʦʚ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʨʘʟʦʨʚʘʪʴ ʪʨʦʩ 

ʜʚʫʭ ʚʨʘʱʘʶʱʠʭʩʷ ʛʨʫʟʦʚ ʚ ʪʦʪ ʤʦʤʝʥʪ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʧʝʨʚʦʛʦ ʥʘʧʨʘʚʣʝʥʘ ʧʦ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʮʝʥʪʨʘ ʤʘʩʩ, ʘ ʩʢʦʨʦʩʪʴ ʚʪʦʨʦʛʦ ʧʨʦʪʠʚ, ʪʦ ʧʝʨʚʳʡ ʛʨʫʟ ʧʝʨʝʡʜʸʪ ʥʘ ʦʨʙʠʪʫ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʘʧʦʛʝʝʤ, ʘ ʚʪʦʨʦʡ - ʥʘ ʦʨʙʠʪʫ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʧʝʨʠʛʝʝʤ, ʤʦʞʝʪ ʚʝʨʥʫʪʴʩʷ ʥʘ 

ɿʝʤʣʶ. ʇʨʠ ʵʪʦʤ ʥʠʢʘʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. ɺ ʵʪʦʤ ʪʝʭʥʠʯʝʩʢʦʤ 

ʧʨʝʜʣʦʞʝʥʠʠ ʚʨʘʱʘʶʱʠʝʩʷ ʛʨʫʟʳ ʦʪʪʘʣʢʠʚʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʪʨʦʩʘ. 

ʉʠʩʪʝʤʘ ʥʘʧʦʤʠʥʘʝʪ ʜʨʝʚʥʝʝ ʦʨʫʞʠʝ - ʧʨʘʱʫ, ʚ ʢʦʪʦʨʦʡ ʢʘʤʝʥʴ ʟʘʧʘʩʘʣ ʵʥʝʨʛʠʶ ʚʨʘʱʝʥʠʷ 

ʧʨʠ ʨʘʩʢʨʫʪʢʝ ʚʦʠʥʦʤ ʠʣʠ ʦʭʦʪʥʠʢʦʤ, ʘ ʧʦʪʦʤ ʵʪʘ ʵʥʝʨʛʠʷ ʧʝʨʝʭʦʜʠʣʘ ʚ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. 
ɺ ʪʨʦʩʦʚʦʡ ʩʠʩʪʝʤʝ ʠʟ ʜʚʫʭ ʚʨʘʱʘʶʱʠʭʩʷ ʛʨʫʟʦʚ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟʨʳʚ ʠ ʦʜʥʘ 

ʧʘʨʘ ʠʤʧʫʣʴʩʦʚ. ʆʜʠʥ ʛʨʫʟ ʩʥʠʞʘʝʪʩʷ, ʜʨʫʛʦʡ ʫʭʦʜʠʪ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʦʨʙʠʪʫ. ɺ ʨʝʜʘʢʪʦʨʝ 
Excel ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʸʪʘ ʧʝʨʚʦʛʦ ʠʤʧʫʣʴʩʘ ʚ ʤʘʥʸʚʨʝ ɻʦʤʘʥʘ, ʚʦʩʭʦʜʷʱʝʛʦ ʠʣʠ 

ʥʠʩʭʦʜʷʱʝʛʦ. ʅʦ ʧʦʣʥʳʡ ʤʘʥʸʚʨ ɻʦʤʘʥʘ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʠʪʴ ʜʚʘ ʠʤʧʫʣʴʩʘ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʘ 

ʩʠʩʪʝʤʘ, ʢʘʢ ʤʠʥʠʤʫʤ, ʠʟ ʪʨʸʭ ʚʨʘʱʘʶʱʠʭʩʷ ʛʨʫʟʦʚ ʩ ʜʚʫʤʷ ʪʨʦʩʘʤʠ. ɼʣʷ ʚʦʩʭʦʜʷʱʝʛʦ 

ʤʘʥʸʚʨʘ ɻʦʤʘʥʘ ʥʫʞʥʳ ʪʦʣʴʢʦ ʨʘʟʛʦʥʥʳʝ ʠʤʧʫʣʴʩʳ, ʧʦʵʪʦʤʫ ʪʦʨʤʦʟʥʳʝ ʠʤʧʫʣʴʩʳ 

ʠʟʫʯʘʶʪʩʷ ʢʘʢ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ. ʇʝʨʚʳʡ ʨʘʟʛʦʥʥʳʡ ʠʤʧʫʣʴʩ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʧʝʨʚʦʛʦ ʪʨʦʩʘ ʚ 

ʧʝʨʠʛʝʝ ʧʝʨʝʚʦʜʠʪ ʚʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʚʨʘʱʘʶʱʠʝʩʷ ʛʨʫʟʳ ʥʘ ʧʝʨʝʭʦʜʥʫʶ ʵʣʣʠʧʪʠʯʝʩʢʫʶ 

ʦʨʙʠʪʫ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʘʧʦʛʝʝʤ. ɺʪʦʨʦʡ ʨʘʟʛʦʥʥʳʡ ʠʤʧʫʣʴʩ ʚ ʘʧʦʛʝʝ ʧʦʩʣʝ ʨʘʟʨʳʚʘ ʚʪʦʨʦʛʦ 

ʪʨʦʩʘ ʧʝʨʝʚʦʜʠʪ ʪʨʝʪʠʡ ʛʨʫʟ ʥʘ ʚʳʩʦʢʫʶ ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ. 
ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʤʘʥʸʚʨʘ ɻʦʤʘʥʘ ʟʘ ʩʯʸʪ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚʨʘʱʝʥʠʷ ʪʨʦʩʦʚʦʡ ʩʠʩʪʝʤʳ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʬʦʨʤʫʣʳ ʠ ʤʝʪʦʜʠʢʠ ʠʟ ʙʘʣʣʠʩʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ [4,5]. ɼʣʷ ʫʩʢʦʨʝʥʠʷ 

ʨʘʩʯʸʪʦʚ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ Excel ʩʥʘʯʘʣʘ ʜʣʷ ʦʜʥʦʛʦ 

ʠʤʧʫʣʴʩʘ, ʧʦʪʦʤ ʜʣʷ ʧʦʣʥʦʛʦ ʤʘʥʸʚʨʘ ɻʦʤʘʥʘ ʩ ʜʚʫʤʷ ʠʤʧʫʣʴʩʘʤʠ. ʈʘʩʯʸʪ ʚʪʦʨʦʛʦ ʠʤʧʫʣʴʩʘ 

ʠ ʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʤ, ʯʝʤ ʧʝʨʚʦʛʦ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʡ 

ʥʝʠʟʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ ʥʘʜʦ ʙʳʣʦ ʟʥʘʪʴ ʜʨʫʛʫʶ, ʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʨʫʛʦʡ - ʧʝʨʚʫʶ. ɹʳʣ 
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ʨʘʟʨʘʙʦʪʘʥ ʩʧʝʮʠʘʣʴʥʳʡ ʠʪʝʨʘʮʠʦʥʥʳʡ ʤʝʪʦʜ. ʇʦʪʨʝʙʦʚʘʣʦʩʴ ʧʨʠʤʝʥʠʪʴ ʟʘʢʦʥʳ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ, ʠʤʧʫʣʴʩʘ ʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. 
ʈʘʩʯʸʪ ʧʝʨʚʦʡ ʧʨʦʩʪʝʡʰʝʡ ʩʠʤʤʝʪʨʠʯʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʳ ʠʟ ʪʨʸʭ ʛʨʫʟʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʧʨʠ ʜʣʠʥʝ ʪʨʦʩʦʚ-ʨʘʜʠʫʩʦʚ 100 ʤʝʪʨʦʚ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 1 ʨʘʜʠʘʥ ʚ ʩʝʢʫʥʜʫ, 

ʪʦ ʝʩʪʴ ʧʨʠ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ 100 ʤ/ʩ, ʧʝʨʚʳʡ ʛʨʫʟ ʤʦʞʥʦ ʙʝʟʦʧʘʩʥʦ ʚʝʨʥʫʪʴ ʥʘ 

ɿʝʤʣʶ, ʧʦʪʦʤ ʦʪʪʦʣʢʥʫʪʴʩʷ ʦʪ ʚʪʦʨʦʛʦ ʠ ʧʝʨʝʚʝʩʪʠ ʩ ʥʠʟʢʦʡ (200 ʢʤ) ʥʘ ʚʳʩʦʢʫʶ (300 ʢʤ) 

ʢʨʫʛʦʚʫʶ ʦʨʙʠʪʫ 1/78 ʯʘʩʪʴ ʠʩʭʦʜʥʦʡ ʤʘʩʩʳ. ʕʪʦ ʥʝ ʦʯʝʥʴ ʤʥʦʛʦ, ʥʦ ʜʨʫʛʠʝ ʩʠʩʪʝʤʳ, ʩ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʛʨʫʟʦʚ, ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʤʠ, ʧʦʵʪʦʤʫ ʪʨʝʙʫʶʪ 

ʧʨʦʜʦʣʞʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʦʜʘʥʘ ʟʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ "ʉʧʦʩʦʙ 

ʤʝʞʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ" [7]. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʄʝʥʴʰʠʢʦʚ ɺ.ɸ., ʇʝʨʤʠʥʦʚ ɸ.ʅ., ʋʨʣʠʯ ʖ.ʄ. ɻʣʦʙʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ 

ʢʦʩʤʦʩ. ï ʄ.: çʀʟʜ. ʄɸʂɼè, 2010. ï 570 ʩ. 
2. ʆʩʠʧʦʚ ɺ.ɻ., ʐʦʰʫʥʦʚ ʅ.ʃ. ʂʦʩʤʠʯʝʩʢʠʝ ʪʨʦʩʦʚʳʝ ʩʠʩʪʝʤʳ: ʠʩʪʦʨʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ / 

ɿʝʤʣʷ ʠ ɺʩʝʣʝʥʥʘʷ. ʈʂʂ çʕʥʝʨʛʠʷè ʠʤ. ʉ.ʇ.ʂʦʨʦʣʸʚʘ. - ˉ4, 1998. 
3. ʄʠʢʨʠʥ ɽ.ɸ., ʂʦʤʘʨʦʚʘ ʃ.ʀ. ʠ ʜʨ. ʆʩʦʙʝʥʥʦʩʪʠ ʙʦʨʪʦʚʦʛʦ ʙʘʣʣʠʩʪʠʢʦ-

ʥʘʚʠʛʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʩʧʫʩʢʘ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʠʣʦʪʠʨʫʝʤʦʛʦ 

ʢʦʨʘʙʣʷ ñʉʦʶʟ ʊʄɸò, ʇʨʦʙʣʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, 2010, ʚʳʧʫʩʢ 6, 58ï63. 
4. ʄʠʨʝʨ ʉ.ɸ. ʄʝʭʘʥʠʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ. ʆʨʙʠʪʘʣʴʥʦʝ ʜʚʠʞʝʥʠʝ. ʋʯʝʙʥʦʝ 

ʧʦʩʦʙʠʝ. ʏʘʩʪʴ 2. ï ʄ.: ʄʌʊʀ (ʅʀʋ), 2013. 
5. ɸʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ. http://www.sai.msu.ru/neb/rw/cm_const.htm 
6. ɽʢʠʤʦʚʩʢʘʷ ɸ.ɸ. 10 ʢʣʘʩʩ. ʄʝʭʘʥʠʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʪʨʦʩʦʚʳʭ ʚʨʘʱʘʶʱʠʭʩʷ ʩʠʩʪʝʤ. 

ʉʝʢʮʠʷ: ʌʠʟʠʢʘ. X ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʢʫʨʩ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʪʚʦʨʯʝʩʢʠʭ ʨʘʙʦʪ 

ʫʯʘʱʠʭʩʷ. - ʄʦʩʢʚʘ: ʈʦʩʩʠʡʩʢʘʷ ʘʢʘʜʝʤʠʷ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ (ʈɸɽ), ʘʚʛʫʩʪ, 2019 ʛ. - 

ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: https://school-science.ru/10/11/45529 
7. ɽʢʠʤʦʚʩʢʘʷ ɸ.ɸ. ʉʧʦʩʦʙ ʤʝʞʦʨʙʠʪʘʣʴʥʦʛʦ ʤʘʥʝʚʨʠʨʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɿʘʷʚʢʘ ʥʘ ʧʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ RU ˉ 2021126157, ʧʨʠʦʨʠʪʝʪ 06.09.2021 ʛ. 

ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʥʝʪ ʚʝʱʘʤʠ 
ʂʘʣʫʛʠʥ ʉ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʝʪʨʝʥʢʦ ʕ. 
ʄɹʆʋ çʉʆʐ ˉ 7è, ʈʝʫʪʦʚ  

 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʚʝʙ-ʩʝʨʚʠʩʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʥʝʪ ʚʝʱʘʤʠ 

ʨʘʟʣʠʯʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʥʘ ʧʨʠʤʝʨʝ ʢʦʣʝʩʥʳʭ ʧʣʘʪʬʦʨʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʜʘʥʥʦʡ ʮʝʣʠ 

ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
ʩʦʟʜʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʜʣʷ ʭʨʘʥʝʥʠʷ ʨʝʛʠʩʪʨʘʮʠʦʥʥʳʭ ʜʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
ʩʦʟʜʘʥʠʝ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʢʦʣʸʩʥʳʤʠ ʧʣʘʪʬʦʨʤʘʤʠ; ʨʘʟʨʘʙʦʪʢʘ 

ʧʨʦʪʦʢʦʣʘ ʜʣʷ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʠʥʪʝʨʥʝʪ ʚʝʱʘʤʠ; 
ʦʪʣʘʜʢʘ web-socket ʩʦʝʜʠʥʝʥʠʷ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʜʘʯʠ: 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʘʢʪʫʘʣʴʥʳ ʜʣʷ ʟʘʜʘʯ ʛʨʫʧʧʦʚʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ ʧʦʩʨʝʜʩʪʚʘʤ web-ʠʥʪʝʨʬʝʡʩʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʟʘʜʘʯʠ ʨʦʙʦʬʫʪʙʦʣʘ 

ʣʫʥʦʭʦʜʦʚ. ʊʘʢʞʝ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ IoT (ʧʨʦʤʳʰʣʝʥʥʳʤ 

ʠʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡ), ʥʘʧʨʠʤʝʨ, ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʙʠʦʥʠʯʝʩʢʠʤʠ ʤʘʥʠʧʫʣʷʪʦʨʦʤ. ʊʘʢʞʝ ʚʝʙ-

ʩʝʨʚʠʩ ʤʦʞʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴʩʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʧʨʦʝʢʪʘ, ʫʧʨʘʚʣʷʝʤʦʛʦ 

ʨʦʙʦʬʫʪʙʦʣʘ ʣʫʥʦʭʦʜʦʚ ʂʣʫʙʘ ʩʧʦʨʪʠʚʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʄʌʊʀ ʨʘʟʚʠʚʘʝʤʫʶ ʚ ʨʘʤʢʘʭ 

ʨʘʙʦʪʳ ʉʠʨʠʫʩ.ʃʝʪʦ (ʟʘʷʚʢʘ ˉ 100220210517662044). 
GitHub: https://github.com/mipt-sport-robotics-club/lunokhod-football, 

https://github.com/kalugin-stepan/controller 
ʆʧʠʩʘʥʠʝ ʨʘʙʦʪʳ: 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʨʘʙʦʪʢʠ ʦʙʣʘʯʥʦʛʦ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʚʝʙ-

ʩʝʨʚʠʩʘ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʥʝʪ ʚʝʱʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʟʘ ʤʘʩʢʘʨʘʜʠʥʛʦʤ ʚ ʫʜʘʣʝʥʥʳʭ 
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ʩʝʪʷʭ. ʈʘʟʨʘʙʦʪʘʥ ʧʨʦʪʦʢʦʣ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʤʝʞʜʫ ʚʝʙ-ʩʝʨʚʝʨʦʤ ʠ ʤʥʦʞʝʩʪʚʦʤ 

ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʘ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʚʝʙ-ʠʥʪʝʨʬʝʡʩʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

Socket.IO. 
ʈʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʨʠʟʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʜʢʣʶʯʘʪʴ ʢ ʩʝʨʚʠʩʫ ʟʘʜʘʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʣʸʩʥʳʭ ʧʣʘʪʬʦʨʤ. ʉʝʨʚʝʨʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʢʘʢ ʧʦʜ ʫʧʨʘʚʣʝʥʠʝʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Windows, 

ʪʘʢ ʠ Linux. ʈʘʟʨʘʙʦʪʘʥ ʠʥʩʪʘʣʣʷʪʦʨ ʜʣʷ ʜʠʩʪʨʠʙʫʪʠʚʘ Linux Ubuntu-16.04. 
ʀʥʬʦʨʤʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʪʝʩʪʠʨʫʝʪʩʷ ʥʘ ʟʘʜʘʯʝ ʌʫʪʙʦʣʘ ʃʫʥʦʭʦʜʦʚ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʂʣʫʙʦʤ ʩʧʦʨʪʠʚʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ʄʌʊʀ (https://vk.com/robosport) 
ʀʪʦʛʠ: 
ʈʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ ʜʣʷ ʫʜʘʣʸʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʨʥʝʪ ʚʝʱʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʝʭʥʦʣʦʛʠʠ Node.js. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚʝʙ-ʩʝʨʚʠʩ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʝ n-ʳʤ ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, ʩʠʩʪʝʤʘ ʘʚʪʦʨʠʟʘʮʠʠ ʠ 
ʧʨʦʪʦʢʦʣ ʧʨʠʢʣʘʜʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʦʙʤʝʥʘ ʩʦʦʙʱʝʥʠʷʤʠ ʩ ʠʥʪʝʨʥʝʪ 

ʚʝʱʘʤʠ. 

ɺʝʪʚʠ ʩʚʝʪʘ 
ʂʘʨʣʦʚ ʅ.ɸ., ʄʘʢʩʠʤʦʚ ɸ.ʂ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʦʣʝʩʥʠʢʦʚ ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 709, ʄʦʩʢʚʘ 

 
ʄʠʨ ʧʦʣʦʥ ʨʘʟʣʠʯʥʳʭ ʩʚʝʪʦʚʳʭ ʷʚʣʝʥʠʡ, ʦʥʠ ʫʢʨʘʰʘʶʪ ʧʨʠʨʦʜʫ ʠ ʜʝʣʘʶʪ ʥʘʰʫ ʞʠʟʥʴ 

ʷʨʯʝ, ʙʝʟ ʟʘʢʘʪʘ ʠ ʚʦʩʭʦʜʘ ʩʦʣʥʮʘ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʡ ʜʝʥʴ, ʤʥʦʛʠʝ ʞʠʚʦʪʥʳʝ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʩʚʝʪ. ɺ ʥʘʰʝʤ ʧʨʦʝʢʪʝ ʤʳ ʠʩʩʣʝʜʫʝʤ ʦʜʥʦ ʠʟ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ï ɺʝʪʚʠ 

ʩʚʝʪʘ. 
ɺʝʪʚʠ ʩʚʝʪʘ ï ʵʪʦ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ ʨʘʟʚʝʪʚʣʝʥʠʷ ʣʫʯʘ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʠʤ 

ʩʨʝʜʳ ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ. 
ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʀʩʩʣʝʜʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʤʳʣʴʥʦʡ ʧʣʸʥʢʠ 
2. ʀʟʫʯʠʪʴ ʬʝʥʦʤʝʥ ʨʘʟʚʝʪʚʣʷʶʱʝʛʦʩʷ ʩʚʝʪʘ 
3. ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ 
4. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʦʧʦʛʨʘʬʠʠ CoSTRA 
ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ, ʝʩʣʠ ʧʨʦʧʫʩʪʠʪʴ ʣʘʟʝʨʥʳʡ ʣʫʯ ʩʚʝʪʘ ʯʝʨʝʟ ʤʳʣʴʥʫʶ 

ʧʣʸʥʢʫ. ʄʳʣʴʥʘʷ ʧʣʸʥʢʘ ʠʟ-ʟʘ ʥʝʨʦʚʥʦʩʪʝʡ ʨʝʣʴʝʬʘ ʠʤʝʝʪ ʥʝʨʘʚʥʦʤʝʨʥʫʶ ʢʘʨʪʫ ʧʦʢʘʟʘʪʝʣʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʝʣʦʤʣʝʥʠʷ ʩʚʝʪʘ. ʇʦʵʪʦʤʫ ʣʘʟʝʨʥʳʡ ʣʫʯ, ʧʨʦʭʦʜʷ ʯʝʨʝʟ ʥʝʸ, ʨʘʟʚʝʪʚʣʷʝʪʩʷ 

(ʟʘʢʦʥ ʉʥʝʣʣʠʫʩʘ). 
ʇʦʜʦʙʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʤʦʞʝʪ ʧʨʦʚʝʩʪʠ ʢʘʞʜʳʡ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʵʪʦʛʦ 

ʧʦʪʨʝʙʫʶʪʩʷ ʬʦʥʘʨʠʢ ʠ ʙʘʥʢʘ ʤʳʣʴʥʳʭ ʧʫʟʳʨʝʡ. 
ʇʨʦʜʝʣʘʥʥʘʷ ʨʘʙʦʪʘ: 
1. ʀʩʩʣʝʜʦʚʘʥ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʘ ʤʳʣʴʥʦʡ ʧʣʝʥʢʠ 
2. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ ʧʣʸʥʢʠ 
3. ʉʦʙʨʘʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʝʥʢʠ 
4. ʇʦʣʫʯʝʥʘ ʢʘʨʪʘ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʥʘʰʝʛʦ ʘʣʛʦʨʠʪʤʘ CoSTRA 

ʠ ʠʟʦʙʨʘʞʝʥʠʷ ʧʣʸʥʢʠ 
5. ʇʨʝʜʩʢʘʟʘʥʦ ʚʝʪʚʣʝʥʠʝ ʩʚʝʪʘ ʧʨʠ ʧʦʤʦʱʠ ʥʘʰʝʛʦ ʘʣʛʦʨʠʪʤʘ ʠ ʧʨʦʛʨʘʤʤʳ 

COMSOL 
6. ʀʩʩʣʝʜʦʚʘʥʳ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʚʝʪʚʣʝʥʠʝ: 
Å ɺʷʟʢʦʩʪʴ 
Å ʇʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ 
Å ʆʨʠʝʥʪʘʮʠʷ ʧʣʝʥʢʠ 
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ʉʦʟʜʘʥʠʝ ʙʦʪʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ɺʂʦʥʪʘʢʪʝ ñʇʦʠʩʢ ʜʨʫʟʝʡ ʧʦ ʠʥʪʝʨʝʩʘʤò 
ʂʦʥʩʪʘʥʪʠʥʦʚ ɼ.ʂ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʝʜʚʝʜʝʚʘ ʅ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1797, ʄʦʩʢʚʘ 

 
ʏʘʪ-ʙʦʪ ï ʵʪʦ ʧʨʦʛʨʘʤʤʘ, ʢʦʪʦʨʘʷ ʠʤʠʪʠʨʫʝʪ ʨʝʘʣʴʥʳʡ ʨʘʟʛʦʚʦʨ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ. ʏʘʪ-

ʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʦʙʱʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʢʩʪʦʚʳʭ ʠʣʠ ʘʫʜʠʦ ʩʦʦʙʱʝʥʠʡ ʥʘ ʩʘʡʪʘʭ, ʚ 

ʤʝʩʩʝʥʜʞʝʨʘʭ, ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ ʠʣʠ ʧʦ ʪʝʣʝʬʦʥʫ. 
ʗ ʚʳʙʨʘʣ ʵʪʫ ʪʝʤʫ, ʧʦʪʦʤʫ ʯʪʦ ʤʥʝ ʭʦʪʝʣʦʩʴ ʩʦʟʜʘʪʴ ʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʧʦʣʝʟʝʥ 

ʣʶʜʷʤ. ʗ ʩʘʤ ʩʪʦʣʢʥʫʣʩʷ ʩ ʧʨʦʙʣʝʤʦʡ, ʢʦʛʜʘ ʭʦʪʝʣ ʥʘʡʪʠ ʯʝʣʦʚʝʢʘ ʩ ʧʦʭʦʞʠʤʠ ʠʥʪʝʨʝʩʘʤʠ. 

ɺ ʥʘʰʝ ʚʨʝʤʷ ʣʶʜʠ ʩʪʘʣʠ ʙʦʣʝʝ ʟʘʢʨʳʪʳʤʠ, ʧʦʵʪʦʤʫ ʪʷʞʝʣʦ ʥʘʡʪʠ ʜʨʫʛʘ ʧʦ ʠʥʪʝʨʝʩʘʤ. ɺʦ 

ʚʨʝʤʷ ʧʘʥʜʝʤʠʠ ʩʪʘʣʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʫʜʘʣʸʥʥʦʝ ʦʙʱʝʥʠʝ ʯʝʨʝʟ ʠʥʪʝʨʥʝʪ. 
ʎʝʣʴʶ ʤʦʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʤʦʛʘʶʱʝʡ ʣʶʜʷʤ ʥʘʡʪʠ ʜʨʫʟʝʡ ʧʦ 

ʠʥʪʝʨʝʩʘʤ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
Å ʉʦʟʜʘʪʴ ʘʨʭʠʪʝʢʪʫʨʫ ʧʨʦʛʨʘʤʤʳ. 
Å ʀʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʫʣʷ user.get ʩ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʴʶ ɺʂʦʥʪʘʢʪʝ. 
Å ʅʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ. 
Å ʇʨʦʪʝʩʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ. 
ʕʪʘʧʳ ʧʨʦʝʢʪʘ. 
1. ʉʦʟʜʘʪʴ ʧʨʦʩʪʦʛʦ ʙʦʪʘ ɺʂ. 
2. ʅʘʧʠʩʘʪʴ ʢʦʜ ʜʣʷ ʤʦʜʫʣʷ user.get. 
3. ʆʨʛʘʥʠʟʦʚʘʪʴ ʦʪʧʨʘʚʢʫ ʠʥʬʦʨʤʘʮʠʠ ʧʦʣʴʟʦʚʘʪʝʣʶ. 
4. ʈʘʩʰʠʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʪʘ. 
ʗ ʨʝʰʠʣ ʩʦʟʜʘʪʴ ʙʦʪʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ɺʂʦʥʪʘʢʪʝ. ʇʨʦʛʨʘʤʤʘ ʥʘʧʠʩʘʥʘ ʥʘ ʷʟʳʢʝ 

Python. ʏʝʣʦʚʝʢ ʧʠʰʝʪ ʯʘʪ-ʙʦʪʫ ʩʪʨʘʥʫ, ʛʦʨʦʜ ʠ ʭʦʙʙʠ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʠʩʢ. ɼʣʷ ʧʦʠʩʢʘ ʣʶʜʝʡ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʤʦʜʫʣʴ User.get. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʜʣʷ ʧʦʠʩʢʘ 

ʜʦʩʪʫʧʥʦ ʰʝʩʪʴ ʛʦʨʦʜʦʚ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʛʨʘʤʤʦʡ ʷ ʟʘʜʫʤʘʣʩʷ ʦ ʪʦʤ, ʯʪʦ ʝʸ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩ ʧʣʦʭʠʤʠ ʥʘʤʝʨʝʥʠʷʤʠ. ʇʦʵʪʦʤʫ ʷ ʜʦʙʘʚʠʣ ʩʧʠʩʦʢ ʩʣʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʙʫʜʝʪ 

ʠʩʢʘʪʴ ʧʨʦʛʨʘʤʤʘ. 
ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣ ʩʚʦʠ ʥʘʚʳʢʠ ʨʘʙʦʪʳ ʩ ʷʟʳʢʦʤ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python, ʠʟʫʯʠʣ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʜʫʣʷ user.get ʩ 

ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʴʶ ɺʂʦʥʪʘʢʪʝ. ʄʦʠ ʜʨʫʟʴʷ ʠ ʟʥʘʢʦʤʳʝ ʩʪʘʣʠ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʟʜʘʥʥʳʤ ʯʘʪ-

ʙʦʪʦʤ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʦʩʥʦʚʝ ʤʦʝʛʦ ʯʘʪ-ʙʦʪʘ, ʷ ʭʦʯʫ ʩʦʟʜʘʪʴ ʪʝʢʩʪʦʚʫʶ ʠʛʨʫ. 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥʦʡ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʚ ʮʝʣʷʭ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʂʫʨʣʘʝʚ ɺ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʊʠʤʦʬʝʝʚ ʆ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1293, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʧʨʦʝʢʪʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ 

ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʥʪʝʥʥʦʡ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʪʘʪʠʯʥʫʶ ʘʥʪʝʥʥʫʶ ʤʘʯʪʫ ʧʦʩʨʝʜʩʪʚʦʤ ʝʝ 

ʤʝʭʘʥʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʫʧʨʘʚʣʝʥʠʷ ʘʥʪʝʥʥʘʤʠ ʧʨʠʥʝʩʣʦ ʙʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʠʟʣʫʯʝʥʠʷ (ʧʦʤʝʭʠ), 

ʘ ʟʥʘʯʠʪ ʠ ʩʥʠʟʠʣʦ ʪʦʯʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ. ʇʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʨʘʡʥʝ ʥʝʞʝʣʘʪʝʣʴʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʩʦʟʜʘʪʴ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʥʪʝʥʥʦʡ ʢʦʤʧʘʢʪʥʳʡ, ʨʘʙʦʪʘʶʱʠʡ 

ʧʨʠ ʧʦʤʦʱʠ ʚʦʜʳ, ʤʝʭʘʥʠʟʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʞʝʥʠʷ 

ʘʥʪʝʥʥʳ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʦʙ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ, 

ʠʤʝʶʱʠʭʩʷ ʫ ʝʜʠʥʠʯʥʳʭ ʠʥʦʩʪʨʘʥʥʳʭ ʢʦʤʧʘʥʠʡ, ʥʦ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʠ ʨʷʜ ʜʨʫʛʠʭ ʧʨʠʯʠʥ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʩʬʝʨʝ ʪʝʭʥʠʯʝʩʢʦʡ 

ʟʘʱʠʪʳ ʜʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ. ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʙʫʜʠʣʠ ʘʚʪʦʨʘ 

ʚʳʩʪʫʧʠʪʴ ʩ ʧʨʝʜʣʦʞʝʥʠʝʤ ʦ ʚʥʝʜʨʝʥʠʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʥʪʝʥʥʦʡ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚ ʨʘʙʦʪʫ ʦʪʝʯʝʩʪʚʝʥʥʳʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʩʬʝʨʳ ʟʘʱʠʪʳ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʣʠʪʝʨʘʪʫʨʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʦʙʲʷʩʥʷʶʱʠʝ 

ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ. ʀʩʩʣʝʜʦʚʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʙʦʪʳ 

ʵʢʩʧʝʨʪʦʚ ʩʬʝʨʳ ʪʝʭʥʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ. ʉʦʟʜʘʥʘ ʨʘʙʦʪʘʶʱʘʷ ʤʘʩʰʪʘʙʥʘʷ 

ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʥʪʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ, 

ʢʦʪʦʨʘʷ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʠʥʷʪʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʠ ʧʦʣʥʫʶ 

ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʦʥʮʝʧʮʠʠ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʘʚʪʦʨ ʧʣʘʥʠʨʫʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ 

ʘʥʪʝʥʥʦʡ ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʜʣʷ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʟʤʝʨʝʥʠʡ ʚ 

ʜʝʡʩʪʚʫʶʱʝʡ ʵʢʨʘʥʠʨʦʚʘʥʥʦʡ ʢʘʤʝʨʝ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʥʪʝʥʥʦʡ, 

ʜʝʡʩʪʚʫʶʱʝʡ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʦʚ ʛʠʜʨʘʚʣʠʢʠ, ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ 

ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʨʦʚʦʜʠʤʳʭ ʠʟʤʝʨʝʥʠʡ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʛʨʳ çPolyGunè ʥʘ ʠʛʨʦʚʦʤ ʜʚʠʞʢʝ "Unity "  
ʄʘʩʣʠʢʦʚ ʇ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʝʜʚʝʜʝʚʘ ʅ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1797, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʧʨʦʝʢʪʘ - ʨʘʟʨʘʙʦʪʢʘ ʠʛʨʳ çPolyGunè ʧʦʜ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: ʠʟʫʯʠʪʴ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ 

Unity; ʩʦʟʜʘʪʴ ʠʛʨʫ çPolyGunè; ʟʘʛʨʫʟʠʪʴ ʠʛʨʫ ʥʘ Google ɼʠʩʢ. 
ʀʛʨʘ - ʥʝʧʨʝʤʝʥʥʳʡ ʩʧʫʪʥʠʢ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀʛʨʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʩʦʮʠʘʣʠʟʘʮʠʠ ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ, ʪʨʝʥʠʨʦʚʢʠ, ʨʘʟʚʣʝʯʝʥʠʡ. 
ʄʥʝ ʥʨʘʚʠʪʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʠ ʠʛʨʘʪʴ. ʇʦʵʪʦʤʫ ʷ ʨʝʰʠʣ ʩʦʝʜʠʥʠʪʴ ʵʪʠ ʩʬʝʨʳ ʠ ʤʦʝʡ 

ʮʝʣʴʶ ʩʪʘʣʦ - ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʠʛʨʳ ʧʦʜ ʤʦʙʠʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 
ʄʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ çUnityè, ʧʦʪʦʤʫ ʯʪʦ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ 

ʚ ʦʩʚʦʝʥʠʠ ʠ ʚ ʥʝʤ ʝʩʪʴ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ. ʊʘʢʞʝ ʤʥʝ ʧʦʥʘʜʦʙʠʣʦʩʴ ʠʟʫʯʠʪʴ ʷʟʳʢ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʛʨ ʠ ʧʨʠʣʦʞʝʥʠʡ ʚ 

çUnityè. ɼʣʷ ʥʘʧʠʩʘʥʠʷ ʢʦʜʘ ʷ ʠʩʧʦʣʴʟʦʚʘʣ çIDE Visual Studio Codeè. ʇʨʦʜʫʤʘʣ ʢʦʥʮʝʧʪ ʠ 

ʦʩʥʦʚʥʳʝ ʤʝʭʘʥʠʢʠ ʠ ʧʨʠʩʪʫʧʠʣ ʢ ʩʦʟʜʘʥʠʶ ʩʘʤʦʡ ʠʛʨʳ. ɾʘʥʨʦʤ ʙʳʣʘ ʚʳʙʨʘʥʘ ʘʨʢʘʜʘ. ɺʳ 
ʠʛʨʘʝʪʝ ʟʘ ʩʪʨʝʣʦʯʢʫ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʥʠʯʪʦʞʠʪʴ ʚʨʘʛʦʚ. ɿʘ ʠʭ ʫʥʠʯʪʦʞʝʥʠʝ ʚʳ ʧʦʣʫʯʘʝʪʝ 

ʦʯʢʠ, ʢʦʪʦʨʳʝ ʢʦʥʚʝʨʪʠʨʫʶʪʩʷ ʚ ʤʦʥʝʪʳ. ʀʭ ʤʦʞʥʦ ʧʦʪʨʘʪʠʪʴ ʚ ʠʛʨʦʚʦʤ ʤʘʛʘʟʠʥʝ. 
ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʷ ʠʟʫʯʠʣ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ 

Unity ʠ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C#, ʘ ʪʘʢʞʝ ʩʦʟʜʘʣ ʩʚʦʶ ʤʦʙʠʣʴʥʫʶ ʠʛʨʫ çPolyGunè. ʇʦʩʣʝ 

ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ, ʷ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʩʬʝʨʦʡ ʩʦʟʜʘʥʠʷ ʠʛʨ ʠ ʭʦʯʫ ʜʘʣʴʰʝ ʚ ʥʝʡ 

ʨʘʟʚʠʚʘʪʴʩʷ. ʗ ʧʣʘʥʠʨʫʶ ʨʘʩʰʠʨʠʪʴ ʠʛʨʦʚʦʡ ʤʘʛʘʟʠʥ, ʜʦʙʘʚʠʪʴ ʥʦʚʳʝ ʤʝʭʘʥʠʢʠ, ʥʦʚʳʝ 

ʨʝʞʠʤʳ, ʠʩʧʨʘʚʠʪʴ ʙʘʛʠ. 
ɺ ʭʦʜʝ ʧʨʦʝʢʪʘ: 
Å ʗ ʫʟʥʘʣ ʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʛʨʦʚʳʭ ʜʚʠʞʢʘʭ 
Å ʀʟʫʯʠʣ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʠʛʨʦʚʦʛʦ ʜʚʠʞʢʘ Unity 
Å ʀʟʫʯʠʣ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ C# 
Å ʉʦʟʜʘʣ ʠʛʨʫ çPolyGunè 
Å ɿʘʛʨʫʟʠʣ ʠʛʨʫ ʥʘ Google ɼʠʩʢ 
ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ, ʷ ʟʘʠʥʪʝʨʝʩʦʚʘʣʩʷ ʩʬʝʨʦʡ ʩʦʟʜʘʥʠʷ ʠʛʨ ʠ ʭʦʯʫ ʜʘʣʴʰʝ ʚ ʥʝʡ 

ʨʘʟʚʠʚʘʪʴʩʷ. 
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ʉʠʩʪʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʯʸʪʦʚ 
ʄʘʯʥʝʚ ɽ.ɺ., ɹʦʛʣʘʝʚ ɸ.ɸ. 

ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ʂʘʞʜʳʡ ʫʯʝʥʠʢ ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʷ ʄɸʀ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʭʦʜʠʪ ʫʩʪʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʦ ʨʘʟʥʳʤ ʧʨʝʜʤʝʪʘʤ. ʕʪʘ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʝʨʷʝʪ, ʥʘʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʦ 

ʫʯʝʥʠʢʦʤ ʙʳʣ ʫʩʚʦʝʥ ʤʘʪʝʨʠʘʣ, ʚʳʷʚʣʷʷ ʧʨʦʙʝʣʳ ʚ ʝʛʦ ʟʥʘʥʠʷʭ. ʉ ʮʝʣʴʶ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩ 

ʧʨʦʚʝʜʝʥʠʷ ʟʘʯʸʪʘ ʥʘʰʘ ʢʦʤʘʥʜʘ ʨʘʟʨʘʙʦʪʘʣʘ ʩʠʩʪʝʤʫ, ʢʦʪʦʨʘʷ ʜʝʣʘʝʪ ʪʘʢʫʶ ʘʪʪʝʩʪʘʮʠʶ 

ʫʜʦʙʥʦʡ ʢʘʢ ʜʣʷ ʫʯʠʪʝʣʝʡ, ʪʘʢ ʠ ʜʣʷ ʫʯʘʱʠʭʩʷ. 
ɼʣʷ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʠʥʩʪʨʫʤʝʥʪ ʧʦʟʚʦʣʷʝʪ ʬʦʨʤʠʨʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʠʣʝʪʦʚ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʘʙʣʠʮʝ ʩ ʚʦʧʨʦʩʘʤʠ, ʢʦʪʦʨʘʷ ʧʝʨʝʜʘʝʪʩʷ ʚ ʩʠʩʪʝʤʫ ʝʱʸ 

ʥʘ ʵʪʘʧʝ ʧʦʜʛʦʪʦʚʢʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʣʷ ʪʦʡ ʠʣʠ ʠʥʦʡ ʛʨʫʧʧʳ ʫʯʘʱʠʭʩʷ ʩʠʩʪʝʤʘ ʚ ʩʘʤʦʤ 

ʥʘʯʘʣʝ ʟʘʯʸʪʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʫʝʪ ʜʦʢʫʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʙʠʣʝʪʳ ʙʫʜʫʪ ʩʣʫʯʘʡʥʳʤ 

ʦʙʨʘʟʦʤ ʨʘʩʧʨʝʜʝʣʝʥʳ ʤʝʞʜʫ ʫʯʘʱʠʤʠʩʷ. ʋʯʠʪʝʣʶ ʣʠʰʴ ʦʩʪʘʥʝʪʩʷ ʨʘʩʧʝʯʘʪʘʪʴ ʵʪʦʪ ʬʘʡʣ ʠ 

ʨʘʟʜʘʪʴ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʙʣʘʥʢʠ ʪʝʩʪʠʨʦʚʘʥʠʷ. ʂʦʛʜʘ ʩʪʫʜʝʥʪ ʠʣʠ ʫʯʝʥʠʢ ʙʫʜʝʪ ʛʦʪʦʚ 

ʦʪʚʝʯʘʪʴ, ʧʨʝʧʦʜʘʚʘʪʝʣʶ ʩʪʘʥʝʪ ʜʦʩʪʫʧʥʳʤ ʠʥʪʝʨʬʝʡʩ ʦʮʝʥʠʚʘʥʠʷ (ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥ 

ʚʘʨʠʘʥʪ, ʢʦʛʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʙʫʜʝʪ ʟʘʥʦʩʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʟʘʯʸʪʘ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʙʣʘʥʢ). ɺ ʢʦʥʮʝ ʟʘʯʸʪʘ ʙʘʣʣʳ ʟʘ ʢʘʞʜʳʡ ʚʦʧʨʦʩ ʩʫʤʤʠʨʫʶʪʩʷ ʠ 

ʦʙʲʷʚʣʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʳʭ, ʘ ʜʘʣʝʝ ʥʘ ʫʩʤʦʪʨʝʥʠʝ ʫʯʠʪʝʣʷ ʦʥʠ ʧʝʨʝʚʦʜʷʪʩʷ ʚʦ 

ʚʪʦʨʠʯʥʳʝ. 
ɼʣʷ ʫʯʘʱʝʛʦʩʷ ʧʨʝʜʫʩʤʦʪʨʝʥ ʨʝʞʠʤ ʪʨʝʥʠʨʦʚʢʠ, ʚ ʢʦʪʦʨʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʨʘʥʜʦʤʥʳʝ ʙʠʣʝʪʳ ʠʟ ʩʧʠʩʢʘ ʚʦʧʨʦʩʦʚ. ʇʣʶʩʦʤ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʩʜʘʶʱʠʭ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʚʦ ʚʨʝʤʷ ʩʘʤʦʛʦ ʟʘʯʸʪʘ ʰʘʥʩʳ ʫ ʚʩʝʭ ʩʜʘʶʱʠʭ ʨʘʚʥʳ, ʪʘʢ ʢʘʢ ʙʠʣʝʪʳ ʙʫʜʫʪ 

ʩʛʝʥʝʨʠʨʦʚʘʥʳ ʧʦ ʤʝʜʠʘʥʝ ʩʣʦʞʥʦʩʪʠ. 
ʕʪʦʪ ʧʨʦʝʢʪ ʫʞʝ ʧʨʦʭʦʜʠʪ ʘʧʨʦʙʘʮʠʶ ʎʝʥʪʨʦʤ çʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀè. ʊʘʢʞʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʦʧʨʦʩʳ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʫʯʘʱʠʭʩʷ, ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʦʪʤʝʪʠʣʦ, 

ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʦʢʘʟʘʣʘʩʴ ʠʤ ʫʜʦʙʥʝʝ, ʯʝʤ ʪʨʘʜʠʮʠʦʥʥʘʷ. ɸ ʩʦ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ 

ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʩʥʦʚʥʦʡ ʜʣʷ ʫʩʪʥʳʭ ʪʝʩʪʠʨʦʚʘʥʠʡ. 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ 
ʉʘʚʦʩʠʥʘ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʘʙʫʰʢʠʥ ʉ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2109, ʄʦʩʢʚʘ 

 
ʂʘʞʜʳʡ ʜʝʥʴ ʣʶʜʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʘʥʥʳʭ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʝʨʝʭʦʜ ʢ ʵʣʝʢʪʨʦʥʥʦʤʫ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʫ, ʚʩʪʨʝʯʘʶʪʩʷ ʜʦʢʫʤʝʥʪʳ, ʢʦʪʦʨʳʝ 

ʦʪʩʢʘʥʠʨʦʚʘʥʳ ʯʝʣʦʚʝʢʦʤ ʠ ʩʦʜʝʨʞʘʪ ʨʫʢʦʧʠʩʥʳʡ ʪʝʢʩʪ, ʚ ʪʦʤ ʯʠʩʣʝ ʮʠʬʨʳ, ʜʘʪʳ, ʧʦʜʧʠʩʠ. 
ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ï ʵʪʦ ʦʛʨʦʤʥʘʷ ʧʨʦʙʣʝʤʘ, ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ 

10 ʮʠʬʨ, ʘ ʧʦʯʝʨʢ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʩʠʣʴʥʦ ʚʘʨʴʠʨʦʚʘʪʴʩʷ. ʀ ʧʦʨʦʡ ʩ ʟʘʜʘʯʝʡ ʨʘʩʧʦʟʥʘʥʠʷ 

ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʥʝ ʩʧʨʘʚʣʷʝʪʩʷ ʜʘʞʝ ʩʘʤ ʯʝʣʦʚʝʢ, ʯʪʦ ʫʞ ʛʦʚʦʨʠʪʴ ʦ ʧʦʯʝʨʢʝ ʚʨʘʯʘ. 
ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠʣʠ ʮʠʬʨ ʦʯʝʥʴ ʚʘʞʥʘ ʥʘ ʧʨʘʢʪʠʢʝ, ʵʪʦ ʧʦʤʦʞʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘ ʨʘʟʙʦʨ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʘʥʥʳʭ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʨʫʢʦʧʠʩʥʳʭ ʮʠʬʨ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
Å ʀʟʫʯʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʜʘʪʘʩʝʪʘ MNIST; 
Å ʀʟʫʯʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʨʝʜʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

Python; 
Å ʈʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; 
Å ʇʨʦʚʝʨʢʘ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʣʦʞʝʥʠʷ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʮʝʩʩ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʨʫʢʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʘʣʛʦʨʠʪʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʧʠʩʴʤʝʥʥʳʭ ʮʠʬʨ. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ: ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʦʙʣʘʩʪʝʡ ʝʝ ʧʨʠʤʝʥʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʨʘʩʧʦʟʥʘʶʱʝʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ, ʢ 

ʧʨʠʤʝʨʫ, ʢʦʥʚʝʨʪʠʨʦʚʘʪʴ ʠʩʭʦʜʥʳʡ ʪʝʢʩʪ ʚ ʤʘʰʠʥʥʳʡ, ʚʢʣʶʯʘʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ 

ʧʦʯʝʨʢʘ. 
ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ: 
1. ʆʙʫʯʝʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʘʨʘʙʩʢʠʭ ʮʠʬʨ 
2. ʆʧʨʝʜʝʣʝʥʠʝ ʮʠʬʨ ʥʘ ʵʢʨʘʥʝ 
3. ʈʘʩʧʦʟʥʘʪʴ ʨʫʢʦʧʠʩʥʫʶ ʮʠʬʨʫ 
ɺʳʙʦʨ ʩʨʝʜʩʪʚ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʛʨʘʤʤʳ. 
ɼʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʥʫʞʥʳ ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʘ Python, ʙʠʙʣʠʦʪʝʢʠ 

Keras ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʦʙʫʯʝʥʠʷ ʠ ʙʠʙʣʠʦʪʝʢʠ Tkinter ʜʣʷ ʩʦʟʜʘʥʠʷ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ. 

ʉʥʘʯʘʣʘ ʥʫʞʥʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʚʩʝ ʤʦʜʫʣʠ, ʢʦʪʦʨʳʝ ʧʦʪʨʝʙʫʶʪʩʷ ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʤʦʜʝʣʠ. 

ɹʠʙʣʠʦʪʝʢʘ Keras ʫʞʝ ʚʢʣʶʯʘʝʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. ɺ ʠʭ ʯʠʩʣʝ ʠ MNIST. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʤʦʞʥʦ ʟʘʧʨʦʩʪʦ ʠʤʧʦʨʪʠʨʦʚʘʪʴ ʥʘʙʦʨ ʠ ʥʘʯʘʪʴ ʨʘʙʦʪʘʪʴ ʩ ʥʠʤ. 

ʇʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʦʢʦʣʦʣʫʥʥʦʡ  

ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ 
ʉʘʣʴʥʠʢʦʚ ɸ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʅʠʢʦʣʘʝʚʘ ʅ. 
ʄɹʆʋ çʉʆʐ ˉ 17è, ʅʦʚʦʤʦʩʢʦʚʩʢ 

 
ʇʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ, ʧʨʠʭʦʜʷʱʠʭ ʠʟ 

ʢʦʩʤʦʩʘ, ʧʦʪʦʤʫ ʯʪʦ ʪʘʤ ʦʪʩʫʪʩʪʚʫʶʪ ʰʫʤʳ, ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʥʘ ɿʝʤʣʝ. ɸʩʧʝʢʪʘʤʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʠʥʪʝʨʝʩ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʃʫʥʳ, ʷʚʣʷʶʪʩʷ 

ʪʘʢʞʝ ʧʦʠʩʢʠ ʚʦʜʳ ʚ ʧʨʠʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ ʠ ʠʟʫʯʝʥʠʝ ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʝʯʘʪʣʝʥʘ ʚʩʷ ʠʩʪʦʨʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. ʉ ʧʦʤʦʱʴʶ 

ʜʘʪʯʠʢʦʚ, ʨʘʟʤʝʱʸʥʥʳʭ ʥʘ ʃʫʥʝ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʣʫʯʠʪʴ ʧʦʣʥʳʡ ʧʨʦʬʠʣʴ ʧʦʪʦʢʘ 

ʩʦʣʥʝʯʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʙʳ ʣʫʯʰʝ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʦʜʦʣʞʘʶʱʠʝʩʷ ʥʘ ʉʦʣʥʮʝ, 

ʘ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʘʭ ʚ ʦʪʜʘʣʸʥʥʦʤ ʢʦʩʤʦʩʝ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʃʫʥʝ 

ʦʩʪʘʣʘʩʴ ʥʝʧʦʚʨʝʞʜʸʥʥʦʡ ʢʘʨʪʠʥʘ ʤʝʪʝʦʨʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɽʸ ʠʟʫʯʝʥʠʝ ʤʦʞʝʪ ʜʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʨʘʟʚʠʪʠʠ ʞʠʟʥʠ ʠ ʢʣʠʤʘʪʘ ʥʘ ɿʝʤʣʝ. ɻʝʣʠʡ-3, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ 

ʣʫʥʥʦʤ ʛʨʫʥʪʝ, ʦʙʝʱʘʝʪ ʬʘʥʪʘʩʪʠʯʝʩʢʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʚ ʵʥʝʨʛʝʪʠʢʝ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʟʫʯʝʥʠʷ ʠ ʢʦʣʦʥʠʟʘʮʠʠ ʃʫʥʳ, ʧʝʨʚʳʤ ʵʪʘʧʦʤ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ ʦʢʦʣʦʣʫʥʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ ʦʢʦʣʦʣʫʥʥʦʡ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ (ʆʃʉ). 
ɿʘʜʘʯʠ: 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʫʩʪʨʦʡʩʪʚʦ ʦʢʦʣʦʣʫʥʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ; 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʩʭʝʤʫ ʜʦʩʪʘʚʢʠ ʠ ʩʪʳʢʦʚʢʠ ʤʦʜʫʣʝʡ; 
Å ʉʦʟʜʘʪʴ ʠʭ 3D-ʤʦʜʝʣʠ; 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʜʣʷ ʨʘʩʯʸʪʘ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ; 
Å ʅʘʧʠʩʘʪʴ ʧʨʦʛʨʘʤʤʫ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python; 
Å ʉʦʟʜʘʪʴ ʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʬʝʡʩ ʩ ʧʦʤʦʱʴʶ ʙʠʙʣʠʦʪʝʢʠ PyQT. 
ʆʢʦʣʦʣʫʥʥʘʷ ʩʪʘʥʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʤʦʜʫʣʝʡ: 
Å ɹʘʟʦʚʳʡ ʙʣʦʢ; 
Å ɾʠʣʦʡ ʦʪʩʝʢ; 
Å ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦ-ʣʘʙʦʨʘʪʦʨʥʳʡ ʤʦʜʫʣʴ; 
Å ɼʚʘ ʩʪʳʢʦʚʦʯʥʳʭ ʦʪʩʝʢʘ ʥʘ 4 ʠ 5 ʩʪʳʢʦʚʦʯʥʳʭ ʫʟʣʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; 
Å ʄʥʦʛʦʨʘʟʦʚʳʝ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʳʝ ʤʦʜʫʣʠ. 
ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʤʦʜʫʣʝʡ ʤʥʦʡ ʩʦʟʜʘʥʘ ʚ ʧʨʦʛʨʘʤʤʝ ʂʦʤʧʘʩ 3D-ʤʦʜʝʣʴ, ʟʘʪʝʤ ʤʦʜʝʣʠ 

ʙʳʣʠ ʥʘʧʝʯʘʪʘʥʳ ʥʘ 3-ʧʨʠʥʪʝʨʝ. 
ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘ ʩʪʘʥʮʠʠ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʦʪ 4 ʜʦ 10 ʢʦʩʤʦʥʘʚʪʦʚ. ʇʦʩʘʜʦʯʥʳʡ ʤʦʜʫʣʴ 

ʚʤʝʱʘʝʪ ʜʦ 3 ʢʦʩʤʦʥʘʚʪʦʚ ʧʨʠ ʫʩʣʦʚʠʠ ʥʘʭʦʞʜʝʥʠʷ ʥʘ ʆʃʉ ʥʝ ʤʝʥʝʝ 2 ʢʦʩʤʦʥʘʚʪʦʚ, 

ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʢʦʦʨʜʠʥʘʮʠʶ ʠʭ ʨʘʙʦʪʳ ʠ ʫʧʨʘʚʣʝʥʠʝ ʧʦʩʘʜʦʯʥʳʤ ʤʦʜʫʣʝʤ. 
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ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩʙʦʨʢʠ ʆʃʉ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ - ʢʘʞʜʳʡ ʤʦʜʫʣʴ ʦʪʧʨʘʚʣʷʝʪʩʷ ʢ 

ʃʫʥʝ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʦʢʦʣʦʣʫʥʥʦʡ ʦʨʙʠʪʝ, ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ - ʩʙʦʨʢʘ ʩʪʘʥʮʠʠ 

ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʢ ʃʫʥʝ. ʆʙʘ ʚʘʨʠʘʥʪʘ ʠʤʝʶʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ, ʥʦ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ, ʪ.ʢ. ʩʫʱʝʩʪʚʫʝʪ ʙʦʛʘʪʳʡ ʦʧʳʪ ʩʦʟʜʘʥʠʷ 

ʦʢʦʣʦʟʝʤʥʳʭ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʡ. ɺʳʭʦʜ ʥʘ ʪʨʘʥʩʣʫʥʥʫʶ ʦʨʙʠʪʫ ʚʩʝʡ ʩʪʘʥʮʠʠ ʚʦʟʤʦʞʝʥ 

ʧʨʠ ʥʘʣʠʯʠʠ ʤʦʱʥʦʛʦ ʨʘʟʛʦʥʥʦʛʦ ʙʣʦʢʘ. 
ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʢʦʣʦʣʫʥʥʦʡ ʦʨʙʠʪʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʸʪʳ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʘʣʛʦʨʠʪʤ ʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʥʘ ʷʟʳʢʝ Python, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ ʩʪʘʥʮʠʠ (ʚʳʩʦʪʘ ʦʨʙʠʪʳ, ʩʢʦʨʦʩʪʴ ʩʪʘʥʮʠʠ, ʜʣʠʥʘ ʦʨʙʠʪʳ ʠ 

ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ) ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʳʩʦʪʳ ʦʨʙʠʪʳ ʠʣʠ ʩʢʦʨʦʩʪʠ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʳʝ ʟʘʜʘʸʪ 

ʧʦʣʴʟʦʚʘʪʝʣʴ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʩʦʟʜʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʠʙʣʠʦʪʝʢʠ PyQT, ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ ʤʝʥʶ ʜʣʷ ʚʳʙʦʨʘ ʠʟʤʝʥʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʝʛʦ ʟʥʘʯʝʥʠʷ. ʆʥ ʫʜʦʙʝʥ ʜʣʷ 

ʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢ ʢʘʢ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʝʥ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʝʥ ʠ ʧʨʦʩʪ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʦʧʠʩʘʥʳ ʢʦʥʩʪʨʫʢʮʠʠ ʤʦʜʫʣʝʡ ʦʢʦʣʦʣʫʥʥʦʡ ʦʨʙʠʪʘʣʴʥʦʡ 

ʩʪʘʥʮʠʠ, ʦʧʨʝʜʝʣʝʥʘ ʩʭʝʤʘ ʝʸ ʢʦʤʧʦʥʦʚʢʠ, ʨʘʩʩʤʦʪʨʝʥ ʧʦʨʷʜʦʢ ʚʳʚʦʜʘ ʤʦʜʫʣʝʡ ʥʘ ʦʨʙʠʪʫ 

ʃʫʥʳ, ʨʘʩʩʯʠʪʘʥʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʪʘʥʮʠʠ ʥʘ ʨʘʟʥʳʭ ʚʳʩʦʪʘʭ ʦʨʙʠʪʳ, ʩʦʟʜʘʥʳ 3D-

ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʨʘʩʯʸʪʦʚ ʧʘʨʘʤʝʪʨʦʚ ʦʨʙʠʪʳ. 

ʈʘʟʨʘʙʦʪʢʘ ʙʫʜʠʣʴʥʠʢʘ, ʠʩʧʦʣʴʟʫʶʱʝʛʦ ʛʦʣʦʚʦʣʦʤʢʫ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ 

ʟʚʫʢʦʚʦʛʦ, ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ çʠʥʪʝʨʥʝʪ-ʚʝʱʝʡè 
ʉʤʠʨʥʦʚ ʀ.ʂ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʉʫʣʪʘʥʦʚʩʢʠʡ ɺ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ ʠ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʧʦʟʚʦʣʠʪ ʯʝʣʦʚʝʢʫ ʣʫʯʰʝ ʧʦʜʛʦʪʦʚʠʪʴʩʷ ʢ ʨʘʙʦʯʝʤʫ ʜʥʶ. 

ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʙʫʜʠʣʴʥʠʢʘ-ʛʦʣʦʚʦʣʦʤʢʠ, ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʧʨʦʩʧʘʪʴ 

ʫʪʨʝʥʥʠʡ ʧʦʜʲʝʤ ʥʘ ʨʘʙʦʪʫ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʉʦʟʜʘʥʠʝ ʙʫʜʠʣʴʥʠʢʘ-ʛʦʣʦʚʦʣʦʤʢʠ, ʢʦʪʦʨʳʡ ʥʝ ʪʘʢ ʧʨʦʩʪʦ ʚʳʢʣʶʯʠʪʴ ʠ 

ʧʨʠ ʨʘʙʦʪʝ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʚʥʦʚʴ ʟʘʩʥʫʪʴ. 
ʅʦʚʠʟʥʘ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʠʣʴʥʠʢʘ-ʛʦʣʦʚʦʣʦʤʢʠ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʀʟʫʯʠʪʴ ʥʘʟʥʘʯʝʥʠʝ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʙʫʜʠʣʴʥʠʢʦʚ. 
2. ʀʟʫʯʠʪʴ ʦʩʥʦʚʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ARDUINO IDE ʠ ʧʣʘʪʬʦʨʤʫ Arduino. 
3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʨʧʫʩʘ ʜʣʷ ʙʫʜʠʣʴʥʠʢʘ-ʛʦʣʦʚʦʣʦʤʢʠ. 
4. ʈʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʭʝʤʳ ʙʫʜʠʣʴʥʠʢʘ. 
5. ʈʘʟʨʘʙʦʪʢʘ ʩʧʝʮʠʬʠʢʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʪʘʣʝʡ 
6. Cʙʦʨ ʩʘʤʦʛʦ ʙʫʜʠʣʴʥʠʢʘ ʠ ʝʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 
7. ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʙʫʜʠʣʴʥʠʢʘ-ʛʦʣʦʚʦʣʦʤʢʠ 
ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʦʨʠʛʠʥʘʣʴʥʳʭ ʙʫʜʠʣʴʥʠʢʦʚ, ʩʦʟʜʘʪʝʣʠ 

ʢʦʪʦʨʳʭ ʧʨʠʜʫʤʳʚʘʶʪ ʣʶʙʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʥʷʪʴ ʫʪʨʦʤ ʯʝʣʦʚʝʢʘ ʥʘ ʥʦʛʠ. 

ɹʫʜʠʣʴʥʠʢʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʯʝʥʴ ʧʨʦʩʪʳʝ ʚʝʱʠ: ʦʥʠ ʞʜʫʪ ʜʦ ʥʘʟʥʘʯʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ 

ʟʘʪʝʤ ʩʝʶʪ ʭʘʦʩ. ʅʦ ʚʩʝ ʵʪʠ ʧʨʦʩʪʳʝ ʙʫʜʠʣʴʥʠʢʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʠʟʚʝʯʥʦʡ ʧʨʦʙʣʝʤʦʡ, ʠʭ 

ʤʦʞʥʦ ʚʳʢʣʶʯʠʪʴ ʠ ʧʨʦʩʥʫʪʴʩʷ ʩʧʫʩʪʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ. ʅʦ ʥʘ ʧʦʤʦʱʴ ʤʦʞʥʦ ʧʨʠʚʣʝʯʴ 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʚʦʨʯʝʩʢʠʡ ʧʦʜʭʦʜ. 
ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʚʦʝʛʦ ʙʫʜʠʣʴʥʠʢʘ-ʛʦʣʦʚʦʣʦʤʢʠ ʷ ʠʩʧʦʣʴʟʦʚʘʣ ʩʣʝʜʫʶʱʠʡ ʥʘʙʦʨ 

ʜʝʪʘʣʝʡ: Piranha Uno R3, Trema Shield, ʩʚʝʪʦʜʠʦʜ ʉube - ʟʝʣʝʥʳʡ (Trema-ʤʦʜʫʣʴ V2.0), 

ʜʠʥʘʤʠʢ 3W 4ʆʤ., ʯʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, RTC (Trema-ʤʦʜʫʣʴ v2.0), ʩʝʥʩʦʨʥʳʡ ʮʚʝʪʥʦʡ 

ʛʨʘʬʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ 2.8 TFT 320x240, Battery Shield (Li -po, 2300 ʤɸĿʯ), ʧʨʦʚʦʜʘ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ. 
ʅʘ ʦʩʥʦʚʝ ʯʝʨʪʝʞʘ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D ʙʳʣʘ ʩʦʟʜʘʥʘ 3D ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʠ 

ʢʨʳʰʢʠ ʙʫʜʠʣʴʥʠʢʘ. 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʙʫʜʠʣʴʥʠʢʘ. ɺ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ, ʩʨʘʙʘʪʳʚʘʝʪ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, 

ʯʪʦʙʳ ʝʛʦ ʦʪʢʣʶʯʠʪʴ, ʥʫʞʥʦ ʧʦʩʯʠʪʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʩʚʝʪʦʚʳʭ ʩʠʛʥʘʣʦʚ, ʧʝʨʝʜʘʚʘʝʤʳʭ 

ʩʚʝʪʦʜʠʦʜʦʤ. ɿʘʪʝʤ ʥʘ ʵʢʨʘʥʝ ʧʦʷʚʠʪʴʩʷ ʦʢʥʦ ʩ ʧʦʜʩʢʘʟʢʦʡ, ʛʜʝ ʥʫʞʥʦ ʧʨʘʚʠʣʴʥʦʝ ʚʳʙʨʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʩʠʛʥʘʣʦʚ, ʧʦʩʣʝ ʵʪʦʛʦ ʙʫʜʠʣʴʥʠʢ ʙʫʜʝʪ ʚʳʢʣʶʯʝʥ. ʉʦʟʜʘʥʠʝ ʙʫʜʠʣʴʥʠʢʘ ʭʦʪʴ 

ʪʨʫʜʥʦʝ ʠ ʜʦʚʦʣʴʥʦ ʟʘʪʨʘʪʥʦʝ ʜʝʣʦ, ʥʦ ʚ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʩʦʙʩʪʚʝʥʥʦʝ ʫʥʠʢʘʣʴʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʥʦ ʩʚʦʠʤʠ ʨʫʢʘʤʠ. 
ɺʳʚʦʜ. ʅʘ ʙʘʟʝ ARDUINO ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʙʨʘʥ ʙʫʜʠʣʴʥʠʢ-ʛʦʣʦʚʦʣʦʤʢʘ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʦʜʭʦʜʷʱʝʛʦ ʢʦʨʧʫʩʘ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D ʠ ʨʘʩʧʝʯʘʪʘʥʘ ʥʘ 3D-

ʧʨʠʥʪʝʨʝ. ʀʟʫʯʝʥʦ ʥʘʟʥʘʯʝʥʠʝ ʠ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʥʦʚʳ ʩʭʝʤʦʪʝʭʥʠʢʠ ʠ 

ʦʩʥʦʚʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ARDUINO IDE. 

ɹʦʪ ʜʣʷ ʚʠʢʪʦʨʠʥ ʜʣʷ discord-ʘ 
ʉʦʬʴʷʥ ɺ.ʃ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʡʛʫʤʦʚʘ ʄ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
Discord ï ʵʪʦ ʤʝʩʩʝʥʜʞʝʨ ʜʣʷ ʦʙʱʝʥʠʷ, ʜʦʩʪʫʧʥʳʡ ʜʣʷ iOS ʠ Android. 
ʋ ʢʘʞʜʦʛʦ ʠʟ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʝʩʪʴ ʩʚʦʡ ʥʠʢ, ʩʦʩʪʦʷʱʠʡ ʠʟ 2 ʯʘʩʪʝʡ: ʥʠʢʘ ʠ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨʘ (ʢ ʧʨʠʤʝʨʫ çTS prog#1234è, ʛʜʝ çTS progè - ʩʘʤ ʥʠʢ, ʘ 1234 ï 

ʜʠʩʢʨʠʤʠʥʘʪʦʨ). ʂʘʞʜʳʡ ʧʦʣʴʟʦʚʘʪʝʣʴ ʜʠʩʢʦʨʜʘ ʤʦʞʝʪ ʩʦʩʪʦʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʤʘʢʩʠʤʘʣʴʥʦ ʥʘ 100 ʩʝʨʚʝʨʘʭ. 
ʉʝʨʚʝʨʘ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʢʘʥʘʣʘʤʠ (ʯʘʪʘʤʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 4 ʚʠʜʦʚ: 

ʪʝʢʩʪʦʚʳʤʠ, ʛʦʣʦʩʦʚʳʤʠ, çʪʨʠʙʫʥʘʤʠè ʠʣʠ ʞʝ ʢʘʥʘʣʘʤʠ ʦʙʲʷʚʣʝʥʠʡ. ʋ ʚʩʝʭ ʢʘʥʘʣʦʚ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʘʠʚʘʪʴ ʧʨʘʚʘ ʜʦʩʪʫʧʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʛʨʘʥʠʯʠʪʴ ʜʦʩʪʫʧ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʣʠʮ/ʨʦʣʝʡ ʚ ʪʦʪ ʠʣʠ ʠʥʦʡ ʢʘʥʘʣ ʠʣʠ ʞʝ ʥʘʦʙʦʨʦʪ ʦʙʝʩʧʝʯʠʪʴ ʝʛʦ. ʋ ʢʘʞʜʦʛʦ ʠʟ ʢʘʥʘʣʦʚ 

(ʪʝʢʩʪʦʚʳʭ) ʤʦʛʫʪ ʙʳʪʴ ʚʝʪʢʠ ï ʪʘʢʠʝ ʞʝ ʢʘʥʘʣʳ ʩʦ ʩʚʦʠʤ ʥʘʟʚʘʥʠʝʤ. 
ʈʦʣʴ ï ʵʪʦ çʬʣʘʞʦʢè, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʚʳʜʘʚʘʪʴʩʷ ʧʦʣʴʟʦʚʘʪʝʣʶ ʠ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʝʤʫ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʘʚʘ ʠʣʠ ʞʝ ʟʘʙʠʨʘʪʴ ʠʭ. ɺ ʜʠʩʢʦʨʜʝ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʘʚ ʦʯʝʥʴ ʤʥʦʛʦ, ʥʦ ʚ 

ʙʦʪʝ ʟʘ ʦʩʥʦʚʫ ʨʘʟʜʝʣʝʥʠʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʙʳʣʠ ʚʟʷʪʳ 4 ï ADMINISTRATOR, 

MANAGE_ROLES, MANAGE_CHANNELS, EVERYONE. 
Discord-ʙʦʪ - ʵʪʦ ʯʘʪ-ʙʦʪ, ʦʪʚʝʯʘʶʱʠʡ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʘʥʜʳ ʠʣʠ ʩʨʘʙʘʪʳʚʘʶʱʠʡ ʥʘ 

ʢʘʢʠʝ-ʣʠʙʦ ʪʨʠʛʛʝʨʳ. 
ʏʘʪ-ʙʦʪʳ ʚ ʜʠʩʢʦʨʜʝ ʠʤʝʶʪ ʨʘʟʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʠ ʨʘʟʥʦʝ ʥʘʟʥʘʯʝʥʠʝ (ʥʘʯʠʥʘʷ ʙʦʪʘʤʠ 

ʫʯʝʪʘ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʦʜʝʨʘʪʦʨʘʤʠ, ʠ, ʟʘʢʘʥʯʠʚʘʷ ʙʦʪʘʤʠ ʩ ʰʫʪʢʘʤʠ ʠ ʤʝʤʘʤʠ). 
ɺʩʝ ʢʦʤʘʥʜʳ ʙʦʪʦʚ ʩʦʩʪʦʷʪ ʠʟ 2 ʯʘʩʪʝʡ: ʧʨʝʬʠʢʩʘ ʠ ʥʘʟʚʘʥʠʷ ʩʘʤʦʡ ʢʦʤʘʥʜʳ. ʇʨʝʬʠʢʩ 

ʜʣʷ ʚʩʝʭ ʢʦʤʘʥʜ ʦʜʠʥʘʢʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʳʯʥʦ ʢʦʤʙʠʥʘʮʠʶ ʠʟ 1-4 ʩʠʤʚʦʣʦʚ, ʥʦ ʝʛʦ 

ʜʣʠʥʘ ʥʝ ʦʛʨʘʥʠʯʝʥʘ. ʇʨʝʬʠʢʩ ç/è ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʥʳʤ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʩʣʵʰ-ʢʦʤʘʥʜʳ ʠʣʠ ʞʝ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʜʠʩʢʦʨʜʘ. 
ɼʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʦʪʦʤ ʚ ʜʠʩʢʦʨʜʝ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʩʮʝʥʘʨʠʝʚ: ʦʪʚʝʪ ʩʦʦʙʱʝʥʠʝʤ, 

ʨʝʘʢʮʠʝʡ ʧʦʜ ʩʦʦʙʱʝʥʠʝʤ, ʚʳʙʦʨʦʤ ʧʫʥʢʪʘ ʤʝʥʶ ʠʣʠ ʥʘʞʘʪʠʝʤ ʢʥʦʧʢʠ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʠ ʪʝʭʥʦʣʦʛʠʠ 
Node.js ï ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʜʚʠʞʢʝ Chrome V8 ʠ ʧʨʝʚʨʘʱʘʶʱʘʷ JS 

ʠʟ ʫʟʢʦʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʙʨʘʫʟʝʨʥʦʛʦ ʷʟʳʢʘ ʚ ʷʟʳʢ ʦʙʱʝʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʅʘʧʠʩʘʥʘ 

ʈʘʡʘʥʦʤ ɼʘʣʝʤ ʚ 2009 ʛʦʜʫ ʥʘ C, C++, Python ʠ JS. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʩʣʝʜʥʷʷ LTS ʚʝʨʩʠʷ 16.13.1. 
ʊʘʢʞʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʘʢʝʪʳ discord.js, mongoose, random, nodemon. 
ʎʝʣʴʶ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ ʙʦʪʘ ʥʘ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ Discord API ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʨʘʙʦʪʯʠʢʘ ʠ ʩʦʟʜʘʪʴ ʨʘʙʦʪʘʶʱʝʛʦ ʙʦʪʘ ʩ 

ʥʘʙʦʨʦʤ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ. 
ʗ ʠʟʫʯʠʣ ʜʣʷ ʩʝʙʷ ʬʫʥʢʮʠʦʥʘʣ ʙʠʙʣʠʦʪʝʢ discord.js, mongoose. ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ 

ʧʨʠ ʥʘʧʠʩʘʥʠʠ ʙʦʪʘ ʙʳʣʘ ʨʘʙʦʪʘ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ. 
ʀʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʙʦʪʘ ʭʦʯʫ ʚʳʜʝʣʠʪʴ ʧʨʦʩʪʦʡ ʘʣʛʦʨʠʪʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʙʦʪʦʤ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʜʠʘʣʦʛʝ (ʙʦʪ ʟʘʜʘʝʪ ʚʦʧʨʦʩ, ʘ ʚʳ ʜʘʝʪʝ ʦʪʚʝʪ) ʠ ʥʘʣʠʯʠʝ ʧʝʨʝʚʦʜʘ ʚʩʝʭ 

ʩʠʩʪʝʤʥʳʭ ʩʦʦʙʱʝʥʠʡ ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ. 
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ʇʦʩʣʝ ʧʦʠʩʢʘ ʚ Google ʷ ʥʘʰʝʣ ʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʧʨʦ ʩʦʟʜʘʥʠʝ discord-ʙʦʪʦʚ ʥʘ 

ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʥʦ ʙʦʣʴʰʘʷ ʝʝ ʯʘʩʪʴ ʨʘʩʩʢʘʟʳʚʘʝʪ ʠʤʝʥʥʦ ʢʘʢ ʟʘʧʫʩʪʠʪʴ ʙʦʪʘ ʠ ʢʘʢ ʦʪʧʨʘʚʠʪʴ 

ʩʦʦʙʱʝʥʠʝ ñHello World!ò. 
ʊʘʢʞʝ ʧʦʩʣʝ ʜʦʩʪʘʪʦʯʥʦ ʫʩʝʨʜʥʦʛʦ ʧʦʠʩʢʘ ʥʘ https://top.gg/ (ʧʣʦʱʘʜʢʝ ʜʣʷ ʧʦʠʩʢʘ ʙʦʪʦʚ 

ʧʦʜ discord) ʷ ʥʘʰʝʣ ʣʠʰʴ ʦʜʥʦʛʦ ʙʦʪʘ, ʢʦʪʦʨʳʡ ʩʭʦʞ ʧʦ ʬʫʥʢʮʠʦʥʘʣʫ ʩ ʤʦʠʤ, ʥʦ ʚ ʥʝʤ, ʢ 

ʧʨʠʤʝʨʫ, ʥʝʪʫ ʦʛʨʘʥʠʯʠʪʝʣʷ ʠʛʨ ʠ ʥʘʩʪʨʦʡʢʘ ʙʦʪʘ ʥʝ ʪʘʢʘʷ ʰʠʨʦʢʘʷ. 
ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 
1. ʇʦʥʷʪʴ ʣʦʛʠʢʫ ʥʘʧʠʩʘʥʠʷ ʯʘʪ-ʙʦʪʦʚ 
2. ʆʩʚʦʠʪʴ Discord API, ʧʦʥʷʪʴ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʠ 
3. ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ MongoDB ʠ mongoose 
4. ʅʘʧʠʩʘʪʴ ʙʦʪʘ ʩ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʢʦʪʦʨʦʛʦ ʥʝʪ ʫ ʘʥʘʣʦʛʦʚ 
ʇʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ 
ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʦʤʘʥʜʳ add, delete, rules, rewriterules, addrule, lb, 

clearLB ʠ game. ʆʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʙʘʟʦʚʳʡ ʬʫʥʢʮʠʦʥʘʣ ʙʦʪʘ: ʜʦʙʘʚʣʝʥʠʝ ʠ ʫʜʘʣʝʥʠʝ 

ʚʦʧʨʦʩʦʚ, ʧʨʦʩʤʦʪʨ ʠ ʧʝʨʝʟʘʧʠʩʴ ʧʨʘʚʠʣ ʠʛʨʳ, ʧʨʦʩʤʦʪʨ ʠ ʦʯʠʩʪʢʘ ʣʠʜʝʨʙʦʨʜʘ, ʟʘʧʫʩʢ 

ʢʚʠʟʦʚ. 
ɼʘʣʝʝ ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʢʦʤʘʥʜʘ, ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʙʦʪʘ ʥʘ ʩʝʨʚʝʨʝ ï update. ʆʥʘ ʚʢʣʶʯʘʝʪ ʚ 

ʩʝʙʷ 7 ʨʘʟʥʳʭ ʥʘʩʪʨʦʝʢ. 
ʊʨʝʪʴʠʤ ʧʫʥʢʪʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʧʨʘʚʢʘ ʧʦ ʙʦʪʫ, ʢʦʪʦʨʘʷ ʩʦ ʚʨʝʤʝʥʝʤ ʧʨʝʪʝʨʧʝʚʘʣʘ 

ʧʦʩʪʦʷʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ; ʙʳʣʘ ʜʦʙʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʦʚʳʭ 

ʢʦʤʘʥʜʘʭ 
ʅʘ ʯʝʪʚʝʨʪʦʤ ʵʪʘʧʝ ʨʘʙʦʪ ʙʳʣ ʜʦʙʘʚʣʝʥ çʦʛʨʘʥʠʯʠʪʝʣʴ ʠʛʨè. ʕʪʘ ʬʫʥʢʮʠʷ ʧʦʟʚʦʣʷʝʪ 

ʩʪʘʚʠʪʴ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʟʘʧʫʩʢ ʢʚʠʟʦʚ (ʢ ʧʨʠʤʝʨʫ ʥʝ ʙʦʣʝʝ 5 ʚ ʜʝʥʴ). ʉʦ ʩʤʝʥʦʡ ʜʥʷ 

ʩʙʨʘʩʳʚʘʝʪʩʷ ʠ ʩʯʝʪʯʠʢ ʠʛʨ, ʯʪʦ ʟʘʥʦʚʦ ʧʦʟʚʦʣʷʝʪ ʟʘʧʫʩʢʘʪʴ ʢʚʠʟʳ. ʆʛʨʘʥʠʯʠʪʝʣʴ ʤʦʞʥʦ 

ʥʘʩʪʨʦʠʪʴ ʠʣʠ ʞʝ ʚʦʚʩʝ ʚʳʢʣʶʯʠʪʴ. ʂʦʤʘʥʜʳ ʙʦʪʘ: maxgames, cleargames, gamescount. 
ʇʷʪʳʤ ʵʪʘʧʦʤ ʙʳʣʦ ʜʦʙʘʚʣʝʥʠʝ ʢʦʤʘʥʜ edit (ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ), show (ʜʣʷ 

ʧʨʦʩʤʦʪʨʘ ʚʦʧʨʦʩʦʚ), show all (ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʚʩʝʭ ʚʦʧʨʦʩʦʚ ʩʧʠʩʢʦʤ) ʠ export (ʜʣʷ ʵʢʩʧʦʨʪʘ 

1 ʠʣʠ ʙʦʣʝʝ ʚʦʧʨʦʩʦʚ ʠʟ ʙʘʟʳ ʙʦʪʳ ʚ ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ .txt) 
ʐʝʩʪʳʤ ʵʪʘʧʦʤ (ʪʝʢʫʱʠʤ) ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʧʦʜʜʝʨʞʢʠ ʩʣʵʰ-ʢʦʤʘʥʜ, ʨʝʞʠʤʘ ʚʝʪʦʢ 

ʠ ʫʥʠʬʠʢʘʮʠʷ ʩʦʦʙʱʝʥʠʡ ʙʦʪʘ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʷ ʧʦʣʫʯʠʣ ʛʦʪʦʚʦʛʦ discord-ʙʦʪʘ ʩ ʜʦʩʪʘʪʦʯʥʦ ʦʙʰʠʨʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ çʙʦʝʚʳʭè ʫʩʣʦʚʠʷʭ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʦʥʢʫʨʩʦʚ, 

ʨʦʟʳʛʨʳʰʝʡ ʯʝʛʦ-ʣʠʙʦ ʠ ʧʨ. 
ʊʘʢʞʝ ʧʣʘʥʠʨʫʶ ʚ ʙʫʜʫʱʝʤ ʜʦʙʘʚʠʪʴ ʚ ʙʦʪʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʤʧʦʨʪʘ ʚʦʧʨʦʩʦʚ ʠʟ ʬʘʡʣʦʚ ʠ 

ʫʚʝʣʠʯʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʪʨʦʝʢ ʦʛʨʘʥʠʯʠʪʝʣʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʠʥʠʘʪʶʨʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʩ ʮʠʬʨʦʚʳʤ 

ʜʠʩʧʣʝʝʤ ʥʘ ʙʘʟʝ Arduino  ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ  

ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ 
ʊʦʣʤʘʯʝʚ ʄ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ʉʫʣʪʘʥʦʚʩʢʠʡ ɺ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ: ɼʘʣʴʥʦʤʝʨʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʚ ʚʦʝʥʥʦʡ ʪʝʭʥʠʢʝ, ʘ ʪʘʢʞʝ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ - ʦʭʦʪʝ, ʪʫʨʠʟʤʝ, ʠʛʨʝ ʚ ʛʦʣʴʬ, ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʦʙʦʪʦʚ, ʚ ʧʨʦʝʢʪʘʭ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʦʥʠ ʥʘʰʣʠ ʚ ʩʬʝʨʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 

ʨʝʤʦʥʪʘ, ʘ ʪʘʢʞʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʝʙʝʣʠ. ʇʦʵʪʦʤʫ ʧʨʦʩʪʦʡ, ʢʦʤʧʘʢʪʥʳʡ ʜʘʣʴʥʦʤʝʨ ʙʫʜʝʪ 
ʚʩʝʛʜʘ ʚʦʩʪʨʝʙʦʚʘʥ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʈʘʟʨʘʙʦʪʢʘ ʤʠʥʠʘʪʶʨʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʩ ʮʠʬʨʦʚʳʤ 

ʜʠʩʧʣʝʝʤ ʥʘ ʙʘʟʝ Arduino ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ. 
ʅʦʚʠʟʥʘ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʩʪʦʡ, ʥʘʜʝʞʥʦʡ ʠ ʥʝʜʦʨʦʛʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʤʠʥʠʘʪʶʨʥʦʛʦ ʜʘʣʴʥʦʤʝʨʘ. 
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ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʀʟʫʯʠʪʴ ʥʘʟʥʘʯʝʥʠʝ ʠ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʜʘʪʯʠʢʦʚ ʠ ʫʩʪʨʦʡʩʪʚʘ. 
2. ʀʟʫʯʠʪʴ ʦʩʥʦʚʳ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ARDUINO IDE ʠ ʧʣʘʪʬʦʨʤʫ Arduino Nano. 
3. ʈʘʟʨʘʙʦʪʢʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʢʦʨʧʫʩʘ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ. 
4. ʈʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʠ ʩʙʦʨʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ 
5. ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ 
ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ ð ʧʨʠʙʦʨ, ʠʟʤʝʨʷʶʱʠʡ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʦʪʨʘʞʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ. ʋʣʴʪʨʘʟʚʫʢ ï ʵʪʦ ʟʚʫʢʦʚʳʝ 

ʢʦʣʝʙʘʥʠʷ, ʥʝ ʚʦʩʧʨʠʥʠʤʘʝʤʳʝ ʯʝʣʦʚʝʯʝʩʢʠʤ ʩʣʫʭʦʤ, ʯʘʩʪʦʪʦʡ ʩʚʳʰʝ 20ʢɻʮ. 
ʋʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ ʩʦʩʪʦʠʪ ʠʟ ʠʟʣʫʯʘʪʝʣʷ ʟʚʫʢʘ, ʧʨʠʝʤʥʠʢʘ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʨʦʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʦʙʨʘʙʘʪʳʚʘʝʪ ʠ ʦʪʦʙʨʘʞʘʝʪ ʠʥʬʦʨʤʘʮʠʶ. ʉʚʦʝ ʥʘʯʘʣʦ ʠʩʪʦʨʠʷ 

ʩʦʟʜʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʣʴʥʦʤʝʨʘ ʙʝʨʝʪ ʝʱʝ ʚ 1912 ʛʦʜʫ, ʢʦʛʜʘ ʈ. ʌʝʩʩʝʥʜʝʥʦʤ ʙʳʣ 

ʧʦʩʪʨʦʝʥ ʛʠʜʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʠʟʣʫʯʘʪʝʣʴ. ɽʛʦ ʧʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʙʳʣ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʦʚʨʝʤʝʥʥʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʜʘʪʯʠʢʘʤ. ʉ ʪʝʭ ʧʦʨ ʩʭʝʤʳ ʧʦʩʪʨʦʝʥʠʷ ʜʘʣʴʥʦʤʝʨʦʚ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʣʠʩʴ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
ɺ ʩʚʦʝʤ ʧʨʦʝʢʪʝ ʷ ʠʩʧʦʣʴʟʫʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʪʯʠʢ HC-SR04, ʧʣʘʪʬʦʨʤʫ Arduino 

Nano, 4-ʭ ʨʘʟʨʷʜʥʳʡ 7-ʤʠ ʩʝʛʤʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ, ɹʘʪʘʨʝʡʥʳʡ ʦʪʩʝʢ ʜʣʷ ʪʨʝʭ ʙʘʪʘʨʝʡ 

ʪʠʧʦʨʘʟʤʝʨʘ ɸɸ ʩ ʢʦʥʪʘʢʪʥʳʤʠ ʧʨʦʚʦʜʘʤʠ, ʇʝʨʝʢʣʶʯʘʪʝʣʴ ʜʚʠʞʢʦʚʳʡ SS12F15 G6 (3 

ʢʦʥʪʘʢʪʘ, 2 ʧʦʣʦʞʝʥʠʷ), ʥʘʙʦʨ ʛʠʙʢʠʭ ʧʨʦʚʦʜʦʚ DUPONT ʩ ʨʘʟʲʸʤʘʤʠ ʜʣʷ ʰʪʳʨʝʚʳʭ 

ʢʦʥʪʘʢʪʦʚ ʪʠʧʘ PLS. 
ʅʘ ʦʩʥʦʚʝ ʯʝʨʪʝʞʘ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D. ʙʳʣʘ ʩʦʟʜʘʥʘ 3D ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ ʠ 

ʢʨʳʰʢʠ. ʂʦʨʧʫʩ ʠʤʝʝʪ ʩʧʝʨʝʜʠ ʜʚʘ ʢʨʫʛʣʳʭ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʘʪʯʠʢʘ HC-

SR04. ʊʘʢʞʝ, ʩʙʦʢʫ ʝʩʪʴ ʜʚʘ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʚʳʨʝʟʘ ʜʣʷ ʚʢʣʶʯʘʪʝʣʷ ʠ ʧʝʨʝʢʣʶʯʘʪʝʣʷ 

ʨʝʞʠʤʦʚ ʜʘʣʴʥʦʤʝʨʘ 
ɺʳʚʦʜ. ʅʘ ʙʘʟʝ ARDUINO NANO ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʠ ʩʦʙʨʘʥ ʤʠʥʠʘʪʶʨʥʳʡ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʜʘʣʴʥʦʤʝʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʡ ʦʪ ʪʦʯʢʠ ʜʦ ʪʦʯʢʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʦʜʭʦʜʷʱʝʛʦ ʢʦʨʧʫʩʘ ʚ ʧʨʦʛʨʘʤʤʝ ʂʆʄʇɸʉ-3D ʠ ʨʘʩʧʝʯʘʪʘʥʘ ʥʘ 3D-

ʧʨʠʥʪʝʨʝ. ʀʟʫʯʝʥʦ ʥʘʟʥʘʯʝʥʠʝ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʘʪʯʠʢʦʚ, ʦʩʥʦʚʳ ʩʭʝʤʦʪʝʭʥʠʢʠ ʠ ʦʩʥʦʚʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ARDUINO IDE. 

ʇʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʟʘ ʩʯʝʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 
ʍʦʪʷʰʦʚʘ ɸ.ɸ. 

ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʦʜʥʠʤ ʠʟ ʵʪʘʧʦʚ 

ʢʦʥʪʨʦʣʷ ʷʚʣʷʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ ʙʦʨʪʧʨʦʚʦʜʥʠʢʦʚ ʟʘ ʧʘʩʩʘʞʠʨʘʤʠ ʧʨʠ ʧʨʦʭʦʜʝ ʚ ʩʘʣʦʥ 
ʩʘʤʦʣʸʪʘ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʠʩʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʦʧʘʩʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ 

ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʥʝʢʦʪʦʨʳʝ ʧʘʩʩʘʞʠʨʳ, ʚʝʜʴ ʚʳʩʦʪʘ ʧʦʨʷʜʢʘ 10 000 ʤ ʠ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʣʠʰʴ ʫʩʫʛʫʙʣʷʝʪ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʥʝʰʪʘʪʥʳʭ ʩʠʪʫʘʮʠʡ. 

ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʙʦʨʪʧʨʦʚʦʜʥʠʢʠ ʧʨʠ ʚʭʦʜʝ ʣʶʜʝʡ ʥʘ ʙʦʨʪ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʤʦʪʨʷʪ 

ʥʘ ʥʠʭ ʠ ʦʮʝʥʠʚʘʶʪ, ʢʪʦ ʤʦʛ ʙʳ ʙʳʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʘʛʨʝʩʩʦʨʦʤ ʠʣʠ ñʢʘʧʨʠʟʥʳʤ 

ʧʘʩʩʘʞʠʨʦʤò ʠʣʠ ʧʦʧʨʦʩʪʫ ʯʝʣʦʚʝʢʦʤ, ʥʫʞʜʘʶʱʠʤʩʷ ʚ ʧʦʚʳʰʝʥʥʦʤ ʚʥʠʤʘʥʠʠ. 
ʎʝʣʴ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ 

ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʘ ʙʦʨʪʫ ʩʘʤʦʣʸʪʘ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʧʦʟʚʦʣʠʪ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʪʦʯʥʦ ʨʘʩʧʦʟʥʘʪʴ, ʜʘʞʝ ʪʝ 

ʵʤʦʮʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʩʤʦʛ ʙʳ ʦʧʨʝʜʝʣʠʪʴ ʦʧʳʪʥʳʡ ʙʦʨʪʧʨʦʚʦʜʥʠʢ, ʘ ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ 

ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʠ ʩʪʨʝʩʩʦʚʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ. 
ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʨʛʘʥʠʟʫʝʪ ʩʦʙʠʨʘʝʤʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʧʘʩʩʘʞʠʨʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʠʭ ʧʦʩʘʜʦʯʥʳʤʠ ʤʝʩʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʫʩʪʨʘʥʝʥʠʝ ʚʦʟʥʠʢʘʶʱʠʭ 

ʦʧʘʩʥʦʩʪʝʡ. 
ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʵʤʦʮʠʡ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʢʘʤʝʨʳ, 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʚʭʦʜʝ ʚ ʩʘʣʦʥ ʩʘʤʦʣʸʪʘ. ʉʦʙʠʨʘʝʤʳʝ ʜʘʥʥʳʝ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʤʷ ʫʨʦʚʥʷʤʠ. 
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ʂʨʘʩʥʳʡ - ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʧʘʩʥʘʷ ʣʠʯʥʦʩʪʴ (ʚʳʩʦʢʠʡ ʨʠʩʢ); 
ɾʝʣʪʳʡ - ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ ʪʨʝʙʫʝʪ ʥʝʢʦʪʦʨʦʛʦ ʚʥʠʤʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʧʝʨʩʦʥʘʣʘ; 
ɿʝʣʝʥʳʡ - ʥʝʢʦʥʬʣʠʢʪʥʳʡ, ʜʦʙʨʦʞʝʣʘʪʝʣʴʥʳʡ, ʩʧʦʢʦʡʥʳʡ ʧʘʩʩʘʞʠʨ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʘʩʩʘʞʠʨʩʢʠʭ 

ʘʚʠʘʧʝʨʝʚʦʟʦʢ. 

ʅʘʧʨʷʞʸʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 
ʕʨʙʝʥ ɸ.ɹ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʜ.ʪ.ʥ. ʃʝʙʝʜʝʚ ɺ.ɺ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʸʚ 

 
ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ. ɺʦ ʚʨʝʤʷ ʚʦʡʥʳ ʈʦʩʩʠʠ, ʪʦʛʜʘ ʝʱʝ ʉʦʚʝʪʩʢʦʛʦ ʩʦʶʟʘ, ʠ ʌʠʥʣʷʥʜʠʠ, 

ʩʦʚʝʪʩʢʠʝ ʚʦʡʩʢʘ ʥʝʩʣʠ ʢʨʫʧʥʳʝ ʧʦʪʝʨʠ. ɺʦʡʩʢʘ ʥʝ ʠʤʝʣʠ ʭʦʨʦʰʠʭ ʩʨʝʜʩʪʚ ʩʚʷʟʠ, ʧʣʦʭʦ 

ʫʧʨʘʚʣʷʣʠʩʴ. ʆʩʦʙʝʥʥʦ ʧʣʦʭʦʡ ʙʳʣʘ ʩʚʷʟʴ ʥʘ ʪʘʥʢʘʭ, ʜʘ ʝʱʝ ʙʦʝʚʳʝ ʜʝʡʩʪʚʠʷ ʰʣʠ ʚ 

ʣʝʩʠʩʪʦʡ ʤʝʩʪʥʦʩʪʠ, ʠ ʩʫʯʴʷ ʜʝʨʝʚʴʝʚ ʥʘʧʨʦʯʴ ʩʨʝʟʘʣʠ ʪʘʥʢʦʚʳʝ ʨʘʜʠʦʘʥʪʝʥʥʳ. ʀ ʦʜʥʘʞʜʳ, 

ʫʪʦʧʠʚ ʮʝʣʫʶ ʪʘʥʢʦʚʫʶ ʜʠʚʠʟʠʶ ʚ ʙʦʣʦʪʘʭ, ʛʦʨʝ-ʢʦʤʘʥʜʠʨʳ ʚʳʥʫʞʜʝʥʳ ʙʳʣʠ ʜʦʣʦʞʠʪʴ ʦʙ 

ʵʪʦʤ ʉʪʘʣʠʥʫ ʠ ʧʦʧʨʦʩʠʣʠ ʧʦʣʛʦʜʘ ʥʘ ʥʦʚʳʡ ʧʨʦʝʢʪ. "ʂʘʢʠʝ ʧʦʣʛʦʜʘ? ɼʚʘ ʜʥʷ!" - ʦʪʚʝʪʠʣ 

ʉʪʘʣʠʥ. ʏʝʨʝʟ ʜʚʘ ʜʥʷ ʧʦʷʚʠʣʩʷ ʥʝ ʪʦʣʴʢʦ ʵʩʢʠʟ, ʥʦ ʠ ʧʝʨʚʳʡ ʦʙʨʘʟʝʮ ʘʥʪʝʥʥʳ. ʆʥ ʩʦʩʪʦʷʣ 

ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʪʨʦʩʘ ʩ ʥʘʥʠʟʘʥʥʳʤʠ ʥʘ ʥʝʛʦ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʧʫʣʴʢʘʤʠ. ʈʝʟʫʣʴʪʘʪ 
ʧʨʝʚʟʦʰʝʣ ʚʩʝ ʦʞʠʜʘʥʠʷ! 
ʇʨʠ ʟʘʩʣʫʰʠʚʘʥʠʠ ʜʦʢʣʘʜʘ, ʉʪʘʣʠʥ, ʜʦʙʨʦʜʫʰʥʦ ʫʩʤʝʭʘʷʩʴ, ʩʢʘʟʘʣ: "ɺʝʜʴ ʤʦʞʝʪʝ ʝʩʣʠ 

ʟʘʭʦʪʠʪʝ!" 
ʊʘʢ ʨʦʜʠʣʘʩʴ ʠʟʚʝʩʪʥʘʷ ʥʘ ʚʝʩʴ ʤʠʨ ʘʥʪʝʥʥʘ ʂʫʣʠʢʦʚʘ, ʠ ʥʝ ʤʝʥʝʝ ʠʟʚʝʩʪʥʘʷ ʬʨʘʟʘ: "ɸ 

ʚʝʜʴ ʤʦʞʝʪʝ, ʝʩʣʠ ʟʘʭʦʪʠʪʝé" 
ʅʘʧʨʷʞʸʥʥʳʡ ʧʨʠʥʮʠʧ ʧʨʠʤʝʥʸʥ ʚ ʆʩʪʘʥʢʠʥʩʢʦʡ ʙʘʰʥʝ [1]. ɻʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ 

ʅʠʢʦʣʘʡ ʅʠʢʠʪʠʥ ʧʨʠʜʫʤʘʣ ʧʨʦʝʢʪ ʪʝʣʝʙʘʰʥʠ ʟʘ ʦʜʥʫ ʥʦʯʴ. ɻʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʛʦʚʦʨʠʣ: 

çʋ ʯʝʣʦʚʝʢʘ ʧʣʦʱʘʜʴ ʦʧʦʨʳ ʥʘ ʩʪʫʧʥʠ ʝʱʝ ʤʝʥʴʰʝ, ʥʦ ʦʥ ʚʝʜʴ ʥʝ ʧʘʜʘʝʪè. ɼʣʷ ʟʘʱʠʪʳ 

ʙʘʰʥʠ ʦʪ ʚʝʪʨʘ ʠ ʩʦʣʥʮʘ ʫʩʪʘʥʦʚʠʣʠ 149 ʩʪʘʣʴʥʳʭ ʪʨʦʩʦʚ. ʊʨʦʩʳ ʩʪʷʥʫʣʠ ʪʝʣʦ ʙʘʰʥʠ ʠ 

ʧʨʠʥʷʣʠ ʥʘ ʩʝʙʷ ʨʘʩʪʷʛʠʚʘʶʱʠʝ ʫʩʠʣʠʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʝʜʦʭʨʘʥʷʷ ʙʝʪʦʥ ʦʪ ʪʨʝʱʠʥ. 
ʀʜʝʷ ʉʝʨʛʝʷ ɸʣʝʢʩʝʝʚʠʯʘ ʂʫʣʠʢʦʚʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ 

ʩʪʘʥʮʠʡ. ʅʘ ɿʝʤʣʝ ʢʦʥʩʪʨʫʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʢʦʤʧʘʢʪʥʦʡ, ʢʘʢ ʩʣʦʞʝʥʥʘʷ ʘʥʪʝʥʥʘ. ɺ ʢʦʩʤʦʩʝ 

ʝʸ ʥʘʜʦ ʨʘʟʚʝʨʥʫʪʴ. ʗ ʧʨʝʜʣʘʛʘʶ ʨʘʟʚʦʨʘʯʠʚʘʪʴ ʙʦʣʴʰʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʥʘʧʨʷʞʝʥʠʝʤ ʜʝʪʘʣʝʡ, 

ʢʘʢ ʚ ʘʥʪʝʥʥʝ ʂʫʣʠʢʦʚʘ ʠ ʆʩʪʘʥʢʠʥʩʢʦʡ ʙʘʰʥʝ ʅʠʢʠʪʠʥʘ. 
ʀʜʝʶ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʥʘʜʦ ʙʳʣʦ ʧʦʜʪʚʝʨʜʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ. ɿʘ ʜʚʘ ʯʘʩʘ 

ʠʟ ʫʧʘʢʦʚʦʯʥʦʛʦ ʢʘʨʪʦʥʘ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʧʠʣʦʡ 12 ʢʚʘʜʨʘʪʦʚ. ɺ ʩʝʨʝʜʠʥʝ ʢʘʞʜʦʛʦ ʢʚʘʜʨʘʪʘ 

ʧʨʦʩʚʝʨʣʝʥʦ ʦʪʚʝʨʩʪʠʝ. ʈʝʟʠʥʢʘ ʜʣʷ ʦʜʝʞʜʳ ʧʨʦʯʥʦ ʩʪʷʥʫʣʘ ʢʚʘʜʨʘʪʳ. ɹʘʰʥʷ ʥʝ 

ʨʘʟʚʘʣʠʚʘʝʪʩʷ. ʄʦʞʥʦ ʧʨʦʜʦʣʞʘʪʴ ʨʘʙʦʪʫ ʠ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
ɺʪʦʨʦʡ ʦʧʳʪ ʦʧʨʝʜʝʣʠʣ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʫʞʥʦ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʷʞʸʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ 

ʩʦʟʜʘʚʘʪʴ, ʥʦ ʝʱʸ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʜʫʤʳʚʘʪʴ. ɹʦʣʝʝ ʚʳʩʦʢʫʶ ʙʘʰʥʶ ʩʜʝʣʘʣʠ ʠʟ 

ʧʝʥʦʧʣʘʩʪʘ. ʇʝʥʦʧʣʘʩʪ ʨʝʟʘʣʠ ʧʠʣʦʡ. ʂʚʘʜʨʘʪʠʢʠ ʧʝʥʦʧʣʘʩʪʘ ʦʧʷʪʴ ʩʪʷʥʫʣʠ ʨʝʟʠʥʢʦʡ. 

ʇʦʣʫʯʠʣʘʩʴ ʫʩʪʦʡʯʠʚʘʷ ʙʘʰʥʷ. ʅʦ ʛʨʷʟʠ ʙʳʣʦ ʦʯʝʥʴ ʤʥʦʛʦ. ʆʧʠʣʢʠ ʥʝ ʧʦʜʤʝʩʪʠ, ʧʨʠʣʠʧʘʶʪ 

ʢʦ ʚʩʝʤʫ ʧʦʜʨʷʜ. ʗ ʥʝ ʟʘʥʠʤʘʶʩʴ ʪʝʭʥʦʣʦʛʠʝʡ. ʄʦʸ ʥʘʧʨʘʚʣʝʥʠʝ ï ʪʦʣʴʢʦ ʢʦʥʩʪʨʫʢʮʠʷ. 

ɺʳʙʦʨ ʢʦʥʩʪʨʫʢʮʠʠ ʦʢʘʟʘʣʩʷ ʧʨʘʚʠʣʴʥʳʤ. ɺ ʢʨʫʞʢʝ ʧʦʷʚʠʣʦʩʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʜʨʫʛʦʛʦ ʫʯʝʥʠʢʘ. 
ɺ ʤʦʠʭ ʧʝʨʚʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ ʜʣʷ ʥʘʧʨʷʞʝʥʠʷ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʨʝʟʠʥʢʘ. ʇʨʦʯʥʦʩʪʴ 

ʙʝʣʴʝʚʦʡ ʨʝʟʠʥʢʠ ʤʘʣʝʥʴʢʘʷ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʪʷʛʠʚʘʪʴ ʪʦʣʴʢʦ ʢʘʨʪʦʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ 

ʩʣʘʙʳʡ ʙʝʣʳʡ ʧʝʥʦʧʣʘʩʪ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ. ʈʝʟʠʥʢʘ ʜʦʢʘʟʘʣʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʡ ʫʚʝʣʠʯʠʣʘʩʴ ʜʘʞʝ ʧʨʠ ʩʣʘʙʳʭ 

ʥʘʧʨʷʞʝʥʠʷʭ. ɼʣʷ ʙʦʣʴʰʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘʜʦ ʫʚʝʣʠʯʠʪʴ. ʇʨʝʞʜʝ 

ʯʝʤ ʧʨʠʤʝʥʷʪʴ ʪʨʦʩ, ʢʘʢ ʚ ʘʥʪʝʥʥʝ ʂʫʣʠʢʦʚʘ ʠʣʠ ʆʩʪʘʥʢʠʥʩʢʦʡ ʙʘʰʥʝ ʅʠʢʠʪʠʥʘ, ʙʳʣʘ 

ʧʦʩʪʨʦʝʥʘ ʝʱʸ ʦʜʥʘ ʙʘʰʥʷ ʩ ʧʨʫʞʠʥʦʡ. ʇʨʫʞʠʥʘ ï ʵʪʦ ʦʧʣʸʪʢʘ ʦʪ ʪʦʨʤʦʟʘ ʚʝʣʦʩʠʧʝʜʘ. ʋ ʥʝʸ 

ʥʘʧʨʷʞʝʥʠʝ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝ, ʯʝʤ ʫ ʙʝʣʴʝʚʦʡ ʨʝʟʠʥʢʠ. ʅʦ ʧʨʫʞʠʥʘ ʧʦʪʨʝʙʦʚʘʣʘ ʧʨʠʤʝʥʠʪʴ 

ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʤʘʪʝʨʠʘʣ, ʧʦʪʦʤʫ ʯʪʦ ʢʘʨʪʦʥ ʠ ʙʝʣʳʡ ʧʝʥʦʧʣʘʩʪ ʧʨʦʩʪʦ ʨʘʟʜʘʚʷʪʩʷ. 
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ɼʣʠʥʘ ʧʨʫʞʠʥʳ ʧʦʟʚʦʣʷʝʪ ʩʦʙʨʘʪʴ ʥʘʧʨʷʞʸʥʥʫʶ ʙʘʰʥʶ ʚʳʩʦʪʦʡ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 1 

ʤʝʪʨ. ɼʣʷ ʙʣʦʢʦʚ ʙʘʰʥʠ ʙʳʣ ʚʳʙʨʘʥ ʙʦʣʝʝ ʧʨʦʯʥʳʡ ʞʸʣʪʳʡ ʧʝʥʦʧʣʘʩʪ ʇʝʥʦʧʣʵʢʩ-20 ʩ 

ʪʦʣʱʠʥʦʡ ʣʠʩʪʦʚ 20 ʤʤ. ʅʘ ʪʘʢʦʡ ʧʝʥʦʧʣʘʩʪ ʤʦʞʥʦ ʜʘʞʝ ʥʦʛʦʡ ʥʘʩʪʫʧʘʪʴ, ʦʥ ʥʝ ʨʘʟʜʘʚʠʪʩʷ, 

ʢʘʢ ʙʝʣʳʡ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ. 
ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʣʦʢʦʚ ʥʦʚʦʡ ʙʘʰʥʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʛʦʨʷʯʝʡ ʨʝʟʢʠ 

ʧʝʥʦʧʣʘʩʪʘ. ʕʪʦ ʨʘʙʦʪʘ ʜʨʫʛʦʡ ʫʯʝʥʠʮʳ ʠʟ ʥʘʰʝʛʦ ʢʨʫʞʢʘ. ʄʦʸ ʥʘʧʨʘʚʣʝʥʠʝ ʥʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ, ʘ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ. ʗ ʟʘʢʘʟʘʣʘ ʢʚʘʜʨʘʪʥʳʝ ʧʝʥʦʧʣʘʩʪʦʚʳʝ ʙʣʦʢʠ ʨʘʟʤʝʨʦʤ 

10ʭ10 ʩʤ, ʦʥʠ ʙʳʣʠ ʙʳʩʪʨʦ ʠʟʛʦʪʦʚʣʝʥʳ. ʆʩʪʘʚʘʣʦʩʴ ʪʦʣʴʢʦ ʧʨʦʩʚʝʨʣʠʪʴ ʦʪʚʝʨʩʪʠʷ ʚ 

ʩʝʨʝʜʠʥʝ. 
ʊʝʭʥʦʣʦʛʠʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʦʚʥʳʭ ʢʨʫʛʣʳʭ ʙʣʦʢʦʚ ʠʟ ʧʝʥʦʧʣʘʩʪʘ ʚ ʪʦ ʚʨʝʤʷ ʥʝ ʦʩʚʦʠʣʠ. 

ʂʚʘʜʨʘʪʥʳʝ ʙʣʦʢʠ ʫʞʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ, ʧʦʵʪʦʤʫ ʥʦʚʫʶ ʙʘʰʥʶ ʙʳʣʦ ʨʝʰʝʥʦ ʩʜʝʣʘʪʴ ʠʟ 

ʚʦʩʴʤʠʫʛʦʣʴʥʳʭ ʙʣʦʢʦʚ. ʕʪʦ ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʬʦʨʤʘ ʤʝʞʜʫ ʢʚʘʜʨʘʪʦʤ ʠ ʢʨʫʛʦʤ. ɺ ʢʚʘʜʨʘʪʝ 

ʥʘʜʦ ʩʨʝʟʘʪʴ 4 ʫʛʣʘ ʪʦʡ ʞʝ ʪʝʭʥʦʣʦʛʠʝʡ ʛʦʨʷʯʝʡ ʨʝʟʢʠ. 
ʇʨʫʞʠʥʘ ʧʦʟʚʦʣʠʣʘ ʩʦʟʜʘʪʴ ʫʩʠʣʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, ʢʘʢ ʫ ʛʠʨʠ 10 ʢʛ. ʇʦʜ ʧʨʦʚʦʣʦʢʫ 

ʧʦʜʣʦʞʠʣʠ ʙʦʣʴʰʫʶ ʩʪʘʣʴʥʫʶ ʰʘʡʙʫ. ʇʝʥʦʧʣʘʩʪ ʥʝ ʨʘʟʨʫʰʘʝʪʩʷ, ʥʦ ʥʘʧʨʷʞʝʥʠʝ ʚ ʙʘʰʥʝ 

ʦʩʪʘʣʦʩʴ ʧʨʝʞʥʠʤ, ʦʢʦʣʦ 100 ʅ. ʊʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʠʟʛʦʪʦʚʠʪʴ ʙʘʰʥʶ ʚʳʩʦʪʦʡ 

ʦʢʦʣʦ ʦʜʥʦʛʦ ʤʝʪʨʘ. ɺʳʩʦʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʦʡʯʠʚʘʷ ʟʘ ʩʯʸʪ ʙʦʣʴʰʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ. 
ʉʦʟʜʘʥʘ ʧʝʥʦʧʣʘʩʪʦʚʘʷ ʤʦʜʝʣʴ ʥʘʧʨʷʞʸʥʥʦʛʦ ʢʦʣʴʮʘ. ʕʪʦ ʤʦʜʝʣʴ ʢʦʩʤʠʯʝʩʢʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ. ɽʸ ʤʦʞʥʦ ʫʣʦʞʠʪʴ ʚ ʨʘʢʝʪʫ ʧʝʨʝʜ ʩʪʘʨʪʦʤ, ʘ ʚ ʢʦʩʤʦʩʝ ʨʘʟʚʝʨʥʫʪʴ. 
ʀʟʛʦʪʦʚʣʝʥʘ ʪʷʞʸʣʘʷ ʥʘʧʨʷʞʸʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟ ʢʘʨʪʦʥʥʳʭ ʜʠʩʢʦʚ. ɺʳʩʦʪʘ ʙʘʰʥʠ 

ʙʦʣʴʰʝ ʤʝʪʨʘ, ʤʘʩʩʘ ʙʦʣʝʝ ʧʷʪʠ ʢʠʣʦʛʨʘʤʤʦʚ. 
ʀʟʛʦʪʦʚʣʝʥʦ ʥʘʧʨʷʞʸʥʥʦʝ ʢʦʣʴʮʦ ʠʟ ʧʝʥʦʧʣʘʩʪʦʚʳʭ ʙʣʦʢʦʚ. ɽʛʦ ʤʦʞʥʦ ʫʧʘʢʦʚʘʪʴ ʚ 

ʥʝʙʦʣʴʰʦʡ ʦʙʲʸʤ, ʘ ʧʦʪʦʤ ʨʘʟʚʝʨʥʫʪʴ ʚ ʙʦʣʴʰʦʝ ʢʦʣʴʮʦ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʆʩʪʘʥʢʠʥʩʢʘʷ ʙʘʰʥʷ. 5 ʥʦʷʙʨʷ 2017 ʛ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 

https://www.mos.ru/news/item/32052073/ 
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ʇʦʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʦʨʤʦʟʥʳʤ ʱʠʪʢʦʤ ʩʘʤʦʣʸʪʘ 
ɺʦʚʨʝʥʯʫʢ ʅ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɻʦʨʦʙʝʮ ʉ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2083, ʄʦʩʢʚʘ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʩʘʤʦʣʸʪ ʪʦʣʴʢʦ ʧʦʪʨʝʙʣʷʝʪ ʵʥʝʨʛʠʶ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʛʦʨʘʥʠʷ ʪʦʧʣʠʚʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥ ʥʝ ʚʦʩʧʦʣʥʷʝʪ ʧʦʪʨʘʯʝʥʥʫʶ ʥʘ ʧʦʣʸʪ ʵʥʝʨʛʠʶ. ɺ ʤʦʸʤ ʧʨʦʝʢʪʝ ʷ 

ʧʦʩʪʘʨʘʶʩʴ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʧʨʠ ʧʦʤʦʱʠ ʪʦʨʤʦʟʥʦʛʦ ʱʠʪʢʘ, ʩʧʦʩʦʙʥʦʛʦ 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʱʠʪʢʘ, 

ʚʳʨʘʙʘʪʳʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʧʦʞʘʨʥʳʭ ʙʝʩʧʠʣʦʪʥʠʢʘʭ ʥʘ ʧʨʠʤʝʨʝ ʜʝʡʩʪʚʫʶʱʝʡ 

ʤʦʜʝʣʠ. 
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1.ʀʟʫʯʠʪʴ ʪʝʭʥʠʯʝʩʢʫʶ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. 
2.ʀʟʛʦʪʦʚʠʪʴ ʜʝʡʩʪʚʫʶʱʫʶ ʤʦʜʝʣʴ ʩʘʤʦʣʸʪʘ ʩ ʪʦʨʤʦʟʥʳʤ ʱʠʪʢʦʤ, ʚʳʨʘʙʘʪʳʚʘʶʱʠʤ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 
3.ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʢʦʪʦʨʳʡ ʧʦʢʘʟʳʚʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʚʝʪʦʜʠʦʜʝ 

ʧʨʠ ʦʪʢʨʳʪʠʠ ʱʠʪʢʘ ʥʘ 60 ʠ 30 ʛʨʘʜʫʩʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʟʘʛʦʨʘʝʪʩʷ ʩʚʝʪʦʜʠʦʜ. 
4.ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʦʨʤʦʟʥʦʛʦ ʱʠʪʢʘ ʥʘ ʧʦʞʘʨʥʳʭ ʙʝʩʧʠʣʦʪʥʠʢʘʭ. 
ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩ ʧʦʤʦʱʴʶ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʩʪʨʦʝʥʥʦʛʦ ʚ ʪʦʨʤʦʟʥʦʡ ʱʠʪʦʢ 

ʩʘʤʦʣʸʪʘ, ʤʦʞʥʦ ʚʳʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʪʦʨʤʦʟʥʦʡ ʱʠʪʦʢ ʩʘʤʦʣʸʪʘ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1.ʊʝʦʨʝʪʠʯʝʩʢʠʡ: ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʫʯʥʳʭ ʠʥʪʝʨʥʝʪ ʠʩʪʦʯʥʠʢʦʚ, ʢʥʠʛ; 
2.ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ: ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʩʜʝʣʘʪʴ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. 
ʅʦʚʠʟʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ, ʚʤʦʥʪʠʨʦʚʘʥʥʦʛʦ ʚ ʪʦʨʤʦʟʥʦʡ 

ʱʠʪʦʢ ʩʘʤʦʣʸʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ 
ʧʦʣʸʪʘ ʩʘʤʦʣʸʪʘ ʠ ʧʨʠ ʪʦʨʤʦʞʝʥʠʠ ʧʝʨʝʜ ʟʘʭʦʜʦʤ ʥʘ ʧʦʩʘʜʢʫ. 
ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ 

ʪʦʨʤʦʟʥʳʤ ʱʠʪʢʦʤ ʩʘʤʦʣʸʪʘ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʚʝʪʦʜʠʦʜʝ ʧʨʠ ʦʪʢʨʳʪʠʠ ʱʠʪʢʘ ʥʘ 60 ʠ 30 ʛʨʘʜʫʩʦʚ ʦʪ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ ʠ 

ʦʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʝʪʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘʛʦʨʘʝʪʩʷ ʩʚʝʪʦʜʠʦʜ. ɼʘʥʥʘʷ ʠʜʝʷ ʤʦʞʝʪ ʥʘʡʪʠ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʦʞʘʨʥʳʭ ʙʝʩʧʠʣʦʪʥʠʢʘʭ. 

ɼʦʩʪʘʚʢʘ ʛʨʫʟʦʚ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʨʝʛʠʦʥʳ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ 
ɻʦʨʦʜʦʚ ɽ.ɽ., ʍʣʝʙʥʠʢʦʚʘ ʉ.ʅ., ɹʘʨʫʣʠʥ ɸ.ɸ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʘʧʨʦʥʦʚ ɼ.ɻ. 
ɻɹʆʋ ʄʆ ʉʇ ʌʄʃ, ʉʝʨʛʠʝʚ ʇʦʩʘʜ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʛʫʣʷʨʥʦʡ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʥʘʩʝʣʝʥʠʷ 

ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʉʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʟʛʣʷʜʳ ʥʘ ʜʦʩʪʘʚʢʫ ʛʨʫʟʦʚ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ; 
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ʈʘʟʦʙʨʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ɹɸʉ; 
ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ɹɸʉ; 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʉ ʜʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ; 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ (ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ); 
ʇʫʥʢʪʳ ʟʘʛʨʫʟʢʠ ʠ ʧʨʠʙʳʪʠʷ ʩ ʧʦʩʳʣʢʦʡ; 
ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʬʫʥʢʮʠʡ, ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʚʦʜʩʪʚ; 
ʎʝʣʴ ʨʘʙʦʪʳ: 
ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʛʫʣʷʨʥʦʡ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʉʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʟʛʣʷʜʳ ʥʘ ʜʦʩʪʘʚʢʫ ʛʨʫʟʦʚ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ; 
ʈʘʟʦʙʨʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ɹɸʉ; 
ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ɹɸʉ; 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʉ ʜʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ; 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ (ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ); 
ʇʫʥʢʪʳ ʟʘʛʨʫʟʢʠ ʠ ʧʨʠʙʳʪʠʷ ʩ ʧʦʩʳʣʢʦʡ; 
ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʬʫʥʢʮʠʡ, ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʚʦʜʩʪʚ; 
ʎʝʣʴ ʨʘʙʦʪʳ: 
ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʛʫʣʷʨʥʦʡ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʉʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʟʛʣʷʜʳ ʥʘ ʜʦʩʪʘʚʢʫ ʛʨʫʟʦʚ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ; 
ʈʘʟʦʙʨʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ɹɸʉ; 
ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ɹɸʉ; 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʉ ʜʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ; 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ (ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ); 
ʇʫʥʢʪʳ ʟʘʛʨʫʟʢʠ ʠ ʧʨʠʙʳʪʠʷ ʩ ʧʦʩʳʣʢʦʡ; 
ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʬʫʥʢʮʠʡ, ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʚʦʜʩʪʚ; 
ʎʝʣʴ ʨʘʙʦʪʳ: 
ʋʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʨʝʛʫʣʷʨʥʦʡ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʥʘʩʝʣʝʥʠʷ ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʉʪʨʫʢʪʫʨʠʨʦʚʘʪʴ ʠ ʧʝʨʝʩʤʦʪʨʝʪʴ ʚʟʛʣʷʜʳ ʥʘ ʜʦʩʪʘʚʢʫ ʛʨʫʟʦʚ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʨʝʛʠʦʥʳ ʈʦʩʩʠʠ; 
ʈʘʟʦʙʨʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʦʝ ɹɸʉ; 
ʀʟʫʯʠʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ɹɸʉ; 
ʆʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɹɸʉ ʜʣʷ ʵʪʦʛʦ ʧʨʦʝʢʪʘ; 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʳʥʢʘ (ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ); 
ʇʫʥʢʪʳ ʟʘʛʨʫʟʢʠ ʠ ʧʨʠʙʳʪʠʷ ʩ ʧʦʩʳʣʢʦʡ; 
ʈʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ, ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʬʫʥʢʮʠʡ, ʤʘʩʰʪʘʙʘ ʧʨʦʠʟʚʦʜʩʪʚ; 
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ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ɹʇʃɸ ʜʣʷ ʦʙʫʯʝʥʠʷ ʜʝʪʝʡ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ 

ʦʩʥʦʚʘʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʫ ʥʠʭ ʠʥʪʝʨʝʩʘ ʢ ʘʚʠʘʮʠʠ 
ɼʤʠʪʨʠʯʝʥʢʦ ɹ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʍʨʦʤʦʚʘ ʆ.ɹ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1538, ʄʦʩʢʚʘ 

 
ʗ ʨʘʟʨʘʙʦʪʘʣʘ ʤʦʜʝʣʴ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʨʦʚʝʣʘ ʦʙʫʯʘʶʱʠʝ 

ʟʘʥʷʪʠʷ ʧʦ ʦʩʥʦʚʘʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʜʣʷ ʜʝʪʝʡ ʚ ʨʘʤʢʘʭ ʧʨʦʛʨʘʤʤʳ çʀʥʞʝʥʝʨʥʳʝ ʢʘʥʠʢʫʣʳè 

ʜʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤ ʂʨʘʩʥʦʛʦʨʩʢè. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʤʦʜʝʣʠ ɹʇʃɸ, ʧʨʦʚʝʨʢʘ ʝʸ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ 

ʠ ʦʙʫʯʝʥʠʝ ʜʝʪʝʡ ʦʩʥʦʚʘʤ ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
ʀʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʪʝʢʘʶʪ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ ʨʘʙʦʪʳ: 
1. ʀʟʫʯʝʥʠʝ, ʘʥʘʣʠʟ, ʦʙʦʙʱʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʤʝ; 
2. ʉʦʟʜʘʥʠʝ ʜʝʪʘʣʝʡ ɹʇʃɸ ʠʟ ʣʝʛʢʦ ʟʘʤʝʥʷʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 
3. ɿʘʢʫʧʢʘ ʘʧʧʘʨʘʪʫʨʳ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʭ ʫʩʪʘʥʦʚʢʘ; 
4. ʉʙʦʨʢʘ ɹʇʃɸ ʠ ʧʨʦʚʝʨʢʘ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ; 
5. ʇʨʦʚʝʜʝʥʠʝ ʫʯʝʙʥʳʭ ʟʘʥʷʪʠʡ ʜʣʷ ʜʝʪʝʡ ʚ ʨʘʤʢʘʭ çʀʥʞʝʥʝʨʥʳʭ ʢʘʥʠʢʫʣè; 
6. ʆʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʝʢʪʘ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʩʫʱʝʩʪʚʫʶʪ ʜʦʚʦʣʴʥʦ ʨʘʟʚʠʪʳʝ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʘʷ ʠ 

ʘʚʠʘʮʠʦʥʥʘʷ ʦʪʨʘʩʣʠ, ʥʘʧʨʠʤʝʨ, ʚ 2018 ʛʦʜʫ ʦʙʲʸʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʘʚʠʘʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʈʦʩʩʠʠ ʩʦʩʪʘʚʠʣ 987 ʤʣʨʜ ʨʫʙʣʝʡ, ʘ ʦʙʲʸʤ ʵʢʩʧʦʨʪʘ ʘʚʠʘʪʝʭʥʠʢʠ - 380 ʤʣʨʜ. ʆʜʥʘʢʦ 

ʤʦʣʦʜʦʝ ʧʦʢʦʣʝʥʠʝ ʥʝ ʦʯʝʥʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥʦ ʚ ʘʚʠʘʮʠʠ. ʂʨʘʡʥʝ ʨʝʜʢʦ ʪʝʧʝʨʴ ʚʩʪʨʝʯʘʶʪʩʷ 

ʢʨʫʞʢʠ ʘʚʠʘʩʪʨʦʝʥʠʷ ʚ ʰʢʦʣʘʭ, ʪʝʤʝ ʫʜʝʣʷʝʪʩʷ ʚ ʮʝʣʦʤ ʦʯʝʥʴ ʤʘʣʦ ʚʥʠʤʘʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʡ ʦʪʨʘʩʣʠ ʩʪʨʘʥʳ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ 

ʧʦʟʚʦʣʠʣ ʚʳʜʝʣʠʪʴ ʧʨʦʙʣʝʤʫ ï ʥʝʜʦʩʪʘʪʦʢ ʧʨʦʛʨʘʤʤ ʦʙʫʯʝʥʠʷ ʘʚʠʘʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 

ʧʠʣʦʪʠʨʦʚʘʥʠʶ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩʨʝʜʠ ʜʝʪʝʡ ʜʦʰʢʦʣʴʥʦʛʦ ʠ ʤʣʘʜʰʝʛʦ ʰʢʦʣʴʥʦʛʦ 

ʚʦʟʨʘʩʪʘ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʪʝʦʨʝʪʠʯʝʩʢʠʝ (ʠʟʫʯʝʥʠʝ, ʘʥʘʣʠʟ, 

ʦʙʦʙʱʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ), ʵʤʧʠʨʠʯʝʩʢʠʝ (ʥʘʙʣʶʜʝʥʠʷ, ʙʝʩʝʜʳ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ, ʠʟʤʝʨʝʥʠʷ), 

ʠʥʪʝʨʧʨʝʪʘʮʠʦʥʥʳʝ (ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ). 
ɺʳʚʦʜʳ: 
ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʤʥʦʶ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ, ʟʘʧʫʱʝʥʘ ʠ ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ ʚ 

ʧʦʣʸʪʝ ʤʦʜʝʣʴ ɹʇʃɸ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʟʘʥʷʪʠʷ ʧʦ ʦʙʫʯʝʥʠʶ ʜʝʪʝʡ ʦʩʥʦʚʘʤ 

ʧʠʣʦʪʠʨʦʚʘʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɹʝʟʫʩʣʦʚʥʦ, ʩʫʱʝʩʪʚʫʶʪ ʤʝʪʦʜʳ ʨʘʟʚʠʪʠʷ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʦʝʛʦ ʧʨʦʝʢʪʘ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ 

ʩʦʟʜʘʥʠʝ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʠ ʩʦʚʝʨʰʝʥʥʦʡ ʤʦʜʝʣʠ ɹʇʃɸ. ʗ ʥʘʜʝʶʩʴ, ʯʪʦ ʤʦʡ ʧʨʦʝʢʪ ʧʦʤʦʞʝʪ 

ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʢ ʪʝʤʝ ʨʘʟʚʠʪʠʷ ʘʚʠʘʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʰʢʦʣʘʭ ʚ ʯʘʩʪʥʦʩʪʠ ʠ ʧʦʜʛʦʪʦʚʢʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʤʦʣʦʜʳʭ ʢʘʜʨʦʚ ʜʣʷ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʡ ʠ ʘʚʠʘʮʠʦʥʥʦʡ ʦʪʨʘʩʣʝʡ ʚ 

ʮʝʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʧʦʤʦʞʝʪ ʜʝʪʷʤ ʦʩʦʟʥʘʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʩʚʦʡ ʠʥʪʝʨʝʩ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ, ʥʦ ʠ ʫʩʧʝʰʥʦ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʵʢʦʥʦʤʠʢʫ ʩʪʨʘʥʳ, ʨʘʟʚʠʚʘʷ ʝʸ ʠ ʧʨʠʥʦʩʷ ʪʝʤ ʩʘʤʳʤ 

ʧʦʣʴʟʫ ʦʙʱʝʩʪʚʫ. 

ʂʦʥʚʝʨʪʦʧʣʘʥ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ 
ɿʘʩʪʘʚʩʢʠʡ ɺ.ɽ., ɾʫʢ ɸ.ɻ. 

ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʬʝʨʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ) ʨʘʟʚʠʚʘʝʪʩʷ 

ʩʪʨʝʤʠʪʝʣʴʥʳʤʠ ʪʝʤʧʘʤʠ. ʈʘʟʣʠʯʥʳʝ ʩʪʘʨʪʘʧʳ ʧʨʝʜʣʘʛʘʶʪ ʩʚʦʠ ʨʘʟʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʝ ʧʦʨʦʡ 

ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʚʩʝʤ ʥʝʫʜʘʯʥʳʤʠ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʠʟʚʘʥ ʨʝʰʠʪʴ 

ʤʥʦʛʠʝ ʠʟ ʧʨʦʙʣʝʤ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʞʜʘʥʩʢʠʭ ɹʇʃɸ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʢʦʥʚʝʨʪʦʧʣʘʥʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʪʷʛʝ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
-ʆʙʦʩʥʦʚʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ; 
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-ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʰʝʥʠʷ ʠ ʚʳʷʚʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ; 
-ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ɹʇʃɸ, ʠʩʧʦʣʴʟʫʷ ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ; 
-ʇʦʜʦʙʨʘʪʴ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʜʣʷ ʨʘʙʦʯʝʛʦ ʧʨʦʪʦʪʠʧʘ; 
-ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʦʡ; 
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʘʥʥʳʡ ʢʦʥʚʝʨʪʦʧʣʘʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ 

ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨʦʜʘ ʠ ʧʨʠʛʦʨʦʜʥʳʭ ʟʦʥ. ʂʦʥʩʪʨʫʢʮʠʷ ʢʦʥʚʝʨʪʦʧʣʘʥʘ, 

ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʯʝʨʪʳ ʚʝʨʪʦʣʸʪʘ ʠ ʩʘʤʦʣʝʪʘ. ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʚʟʣʸʪʘ ʠ ʧʦʩʘʜʢʠ ʦʥ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʝʨʪʦʣʸʪʦʤ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʝʝ ʧʨʝʦʜʦʣʝʚʘʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʨʘʩʩʪʦʷʥʠʝ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʠʣʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ ʨʝʰʝʥʠʝʤ, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʫʯʠʪʳʚʘʷ ʪʝʥʜʝʥʮʠʠ ʢ ʫʣʫʯʰʝʥʠʶ ʘʪʤʦʩʬʝʨʳ ʚ ʛʦʨʦʜʝ. 
ʇʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʠ ʛʨʫʟʦʚʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ. 
ʂʦʥʩʪʨʫʢʮʠʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʦʥʚʝʨʪʦʧʣʘʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʚʳʩʦʢʦʧʣʘʥ ʩ ʜʚʫʤʷ 

ʥʝʩʫʱʠʤʠ ʚʠʥʪʘʤʠ ʠ ʦʜʥʠʤ ʭʚʦʩʪʦʚʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ. 
ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʤʦʙʠʣʴʥʦʩʪʴ ʞʠʪʝʣʝʡ ʛʦʨʦʜʘ, ʘ ʪʘʢʞʝ ʫʣʫʯʰʠʪʴ 

ʣʦʛʠʩʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʧʝʨʝʚʦʟʢʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ. 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ɹʇʃɸ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ 
ʂʘʩʧʨʦʚ ɸ.ʄ., ɿʘʡʮʝʚʘ ʉ.ʇ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʪʘʨʦʚʦʡʪʦʚʘ ɽ.ʉ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1416, ʄʦʩʢʚʘ 

 
ʉʝʛʦʜʥʷ ʙʦʣʴʰʠʥʩʪʚʦ ʫʯʘʩʪʥʠʢʦʚ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʙʝʩʧʠʣʦʪʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʨʝʜʩʪʚ 

ʧʝʨʝʭʦʜʷʪ ʦʪ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʨʘʟʨʘʙʦʪʦʢ, ʯʪʦ ʦʪʨʘʞʘʝʪ 

ʚʳʩʦʢʫʶ ʜʠʥʘʤʠʢʫ ʨʘʟʚʠʪʠʷ ʦʪʨʘʩʣʠ. ɹʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ʜʘʣʝʝ ɹʇʃɸ; 

ɹʃɸ) ʧʦʣʴʟʫʶʪʩʷ ʚʩʸ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʠ ʠʤʝʶʪ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʳʥʦʢ ʙʝʩʧʠʣʦʪʥʳʭ. ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʠ ʚʳʩʦʢʦʜʠʥʘʤʠʯʥʳʤ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠ ʷ ʠʤʝʝʪ ʰʠʨʦʢʫʶ ʩʪʝʧʝʥʴ ʧʨʠʤʝʥʝʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʫʟʢʦʥʘʧʨʘʚʣʝʥʥʳʝ ɹʃɸ, ʩʧʦʩʦʙʥʳʝ 

ʚʳʧʦʣʥʷʪʴ 1-2 ʟʘʜʘʯʠ (ʚ ʦʩʥʦʚʥʦʤ ʬʦʪʦ-ʚʠʜʝʦ ʩʲʝʤʢʘ ʠʣʠ ʜʦʩʪʘʚʢʘ ʣʝʛʢʠʭ ʛʨʫʟʦʚ) ʠ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʷʭ (ʚʦʝʥʥʘʷ, ʪʨʘʥʩʧʦʨʪʥʘʷ). ʉʦʟʜʘʥʠʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ɹʃɸ ʧʦʟʚʦʣʠʪ ʧʨʠʚʣʝʯʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʧʘʥʠʡ ʠʟ ʨʘʟʥʳʭ 

ʦʪʨʘʩʣʝʡ ʠ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ ʯʝʣʦʚʝʢʫ ʚ ʵʪʠʭ ʦʪʨʘʩʣʷʭ ʠʣʠ ʚʦʚʩʝ 
ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʢʘ (ʫʤʝʥʴʰʠʪʴ ʨʠʩʢ ʜʣʷ ʞʠʟʥʠ ʠ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ). ʎʝʣʴ ʧʨʦʝʢʪʘ: 1. 

ʉʦʟʜʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ɹʃɸ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ. (ʉʦʟʜʘʥʠʝ 

3d ʤʦʜʝʣʝʡ) 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
a. ɸʥʘʣʠʟ ɹʇʃɸ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 
ʨʳʥʢʝ. 
b. ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ɹʃɸ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ. 
c. ʇʨʝʜʣʦʞʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʤʦʙʠʣʴʥʦʛʦ ʧʫʥʢʪʘ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ɹʃɸ 
ʧʦ ʟʝʤʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʚʝʨʪʳʚʘʥʠʝʤ. 
d. ʉʦʟʜʘʥʠʝ ʩʧʠʩʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ɹʃɸ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ ʠʤʝʶʪʩʷ ʠʥʦʩʪʨʘʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ. ʉʦʟʜʘʥʠʝ ʢʦʥʮʝʧʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʠʟʤʝʥʷʝʤʳʤ ʚʝʢʪʦʨʦʤ ʪʷʛʠ 

ʨʘʩʰʠʨʷʝʪ ʛʨʘʥʠʮʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ. 
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ʂ-2.3 ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ 
ʂʦʟʫʶʪʦʚ ʉ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʫʜʨʷʰʦʚ ʀ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2009, ʄʦʩʢʚʘ 

 
ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʚ ʨʘʟʣʠʯʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ 

ʨʝʰʘʶʪ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʟʘʜʘʯʠ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʩʦʟʜʘʥʠʶ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʩʘʤʦʫʧʨʘʚʣʷʝʤʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʟʘʜʘʯ ʚ ʤʠʨʥʳʭ 

ʮʝʣʷʭ. ʇʨʦʝʢʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʙʶʜʞʝʪʥʦʩʪʴ, ʧʨʦʩʪʦʪʫ ʢʦʥʩʪʨʫʢʮʠʠ, ʘʚʪʦʥʦʤʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ɺʳʧʦʣʥʝʥʠʝ ʩʙʦʨʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʠ ʦʪʨʘʙʦʪʢʠ ʘʣʛʦʨʠʪʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʚʟʣʸʪʘ ʠ 

ʧʦʩʘʜʢʠ ʩʘʤʦʣʸʪʘ. ɺ ʩʣʫʯʘʝ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ (Failsafe) ï ʩʨʘʙʘʪʳʚʘʝʪ ʩʠʩʪʝʤʘ ʚʦʟʚʨʘʪʘ 

ʘʧʧʘʨʘʪʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʩʣʝʜʥʠʭ 
ʢʦʦʨʜʠʥʘʪ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʝʪʘ ʚ ʨʫʯʥʦʤ ʠ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ 

ʠ ʬʫʥʢʮʠʝʡ Failsafe. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
Å ʇʨʦʠʟʚʝʩʪʠ ʚʳʙʦʨ ʬʦʨʤʳ ʬʶʟʝʣʷʞʘ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʭ ʜʣʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʩʦʛʣʘʩʥʦ ʪʨʝʙʫʝʤʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ; 
Å ʈʘʟʨʘʙʦʪʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ çʂʦʤʧʘʩ 3-ɼè 3D ʤʦʜʝʣʴ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʧʧʘʨʘʪʘ; 
Å ʉʦʟʜʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ çʂʦʤʧʘʩ 3Dè ʯʝʨʪʝʞʠ ʵʣʝʤʝʥʪʦʚ ʬʶʟʝʣʷʞʘ; 
Å ʅʘʧʝʯʘʪʘʪʴ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʜʝʪʘʣʠ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʩʧʠʣʦʪʥʦʛʦ ʘʧʧʘʨʘʪʘ; 
Å ʉʦʙʨʘʪʴ ʙʝʩʧʠʣʦʪʥʳʡ ʘʧʧʘʨʘʪ; 
Å ʅʘʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʙʝʩʧʠʣʦʪʥʳʤ ʘʧʧʘʨʘʪʦʤ; 
Å ʇʨʦʚʝʩʪʠ ʣʸʪʥʳʝ ʠʩʧʳʪʘʥʠʷ; 
Å ʈʘʩʩʯʠʪʘʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; 
Å ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ. 
Failsafe ʨʘʙʦʪʘʝʪ ʪʘʢ: ʧʨʠ ʣʶʙʦʡ ʥʝʩʪʘʥʜʘʨʪʥʦʡ ʩʠʪʫʘʮʠʠ ʚ ʧʦʣʝʪʝ, ʧʨʠ ʧʦʪʝʨʝ ʩʚʷʟʠ ʩ 

ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ, ʩʠʛʥʘʣʠʟʠʨʫʝʪ ʧʦʣʸʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ, ʚʚʦʜʷ ʫʩʪʨʦʡʩʪʚʦ ʚ ʨʝʞʠʤ 

Failsafe. ɼʘʣʴʥʝʡʰʠʝ ʜʝʡʩʪʚʠʷ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘʚʠʩʷʪ ʦʪ ʢʦʥʢʨʝʪʥʳʭ 

ʥʘʩʪʨʦʝʢ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʣʝʪʥʠʢ ʨʝʰʘʝʪ ʣʠʙʦ ʧʨʦʜʦʣʞʠʪʴ ʤʠʩʩʠʶ, ʝʩʣʠ ʪʘʢʦʚʘʷ ʙʳʣʘ 

ʟʘʛʨʫʞʝʥʘ ʧʝʨʝʜ ʧʦʣʝʪʦʤ, ʠʣʠ ʧʦ ʜʘʥʥʳʤ ʩ GPS ʚʝʨʥʫʪʩʷ ʥʘ ʪʦʯʢʫ ʩʪʘʨʪʘ. ɽʩʣʠ ʧʦ 

ʚʦʟʚʨʘʱʝʥʠʶ ʥʘ ʪʦʯʢʫ ʩʪʘʨʪʘ ʩʠʛʥʘʣ ʥʝ ʙʫʜʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥ ʙʝʩʧʠʣʦʪʥʠʢ ʩʘʤ ʩʦʚʝʨʰʠʪ 

ʧʦʩʘʜʢʫ. ʅʦ ʧʦʣʝʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ ʥʝ ʟʥʘʝʪ ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʧʨʝʧʷʪʩʪʚʠʷ, ʦʥ ʧʨʦʩʪʦ ʙʫʜʝʪ 

ʩʥʠʞʘʪʴ ʚʳʩʦʪʫ ʚʦʢʨʫʛ ʪʦʯʢʠ ʩʪʘʨʪʘ ʩʧʫʩʢʘʷʩʴ ʧʦ ʩʧʠʨʘʣʠ ʚʥʠʟ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʝʩʣʠ ʚʦʟʣʝ 

ʩʪʘʨʪʘ ʥʘʚʦʜʠʪʩʷ ʜʝʨʝʚʦ ʠʣʠ ʟʜʘʥʠʝ, ʦʥ ʧʦʯʪʠ ʩʦ 100% ʚʣʝʪʠʪ ʚ ʥʝʛʦ. ʅʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ 

ʤʘʣʦ ʚʦʟʤʦʞʥʘ, ʩʠʛʥʘʣ ʧʨʠ ʧʦʜʣʝʪʠ ʥʝ ʚʦʩʩʪʘʥʦʚʠʪʩʷ ʪʦʣʴʢʦ ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ:1) ʫʤʝʨ 

ʧʨʠʝʤʥʠʢ 2)ʫʤʝʨ ʧʝʨʝʜʘʪʯʠʢ. ʅʦ ʵʣʝʢʪʨʦʥʠʢʘ 
ʩʘʤʘ ʧʦ ʩʝʙʝ ʥʝ ʯʘʩʪʦ ʫʤʠʨʘʝʪ. 
ɼʘʥʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: 
ʬʶʟʝʣʷʞʘ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʛʦ ʨʘʟʤʝʱʘʝʪʩʷ ʧʦʣʝʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ F405-SE, ʘ ʪʘʢʞʝ 

ʦʩʥʦʚʥʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʩʚʷʟʠ, ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ 8S Li -Po ʘʢʢʫʤʫʣʷʪʦʨ. ʂʨʳʣʦ ʧʨʷʤʦʝ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʭʦʨʜʳ ʢ ʢʦʥʮʫ ʢʦʥʩʦʣʠ ʢʨʳʣʘ, ʥʘ ʢʦʪʦʨʦʡ ʫʩʪʘʥʦʚʣʝʥʳ ʜʚʘ ʩʠʣʦʚʳʭ 

ʘʛʨʝʛʘʪʘ tarot 4108 380kv 6s ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʥʘ ʥʝʤ ʜʚʫʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ. 

ʍʚʦʩʪʦʚʘʷ ʯʘʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʭʚʦʩʪʦʚʦʛʦ ʦʧʝʨʝʥʠʷ, ʙʘʣʢʠ ʠ ʫʟʣʘ ʩʪʳʢʦʚʢʠ ʩ ʬʶʟʝʣʷʞʝʤ. ʅʘ 

ʙʦʨʪʫ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʤʝʨʘ ʩ ʧʦʚʦʨʦʪʥʳʤ ʤʝʭʘʥʠʟʤʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʦʞʥʦ ʦʙʦʨʫʜʦʚʘʪʴ 

ʜʘʥʥʳʡ ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʠ ʨʘʩʰʠʨʠʪʴ ʝʛʦ 

ʬʫʥʢʮʠʦʥʘʣ. ɼʣʷ ʵʪʦʛʦ ʦʩʪʘʝʪʩʷ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʦʙʲʸʤ ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ ʚ 

ʢʦʨʧʫʩʝ. 
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ʈʘʟʨʘʙʦʪʢʘ ɹʇʃɸ ʜʣʷ ʧʨʦʢʣʘʜʳʚʘʥʠʷ ʣʠʥʠʡ ʩʚʷʟʠ ʠ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ 
ʇʝʣʝʟʥʝʚ ɽ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʦʨʦʥʮʦʚ ʊ.ʇ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1286, ʄʦʩʢʚʘ 

 
ɺ XXI  ʚʝʢʝ ʪʝʭʥʦʣʦʛʠʠ ʩʪʘʣʠ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʥʝ ʪʦʣʴʢʦ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʛʦ 

ʯʝʣʦʚʝʢʘ, ʥʦ ʠ ʚʩʝʛʦ ʦʙʱʝʩʪʚʘ ʚ ʮʝʣʦʤ. ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʦʪʨʘʩʣʴ, ʚ ʢʦʪʦʨʦʡ ʥʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʜʦʩʪʠʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 
ʎʝʣʠ ʚʥʝʜʨʝʥʠʷ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʙʳʚʘʶʪ ʨʘʟʥʳʤʠ, ʥʘʧʨʠʤʝʨ, ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʨʫʪʠʥʥʳʭ ʟʘʜʘʯ ʠʣʠ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʯʝʣʦʚʝʢʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

ʧʨʦʢʣʘʜʳʚʘʥʠʠ ʣʠʥʠʡ ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ ʣʶʜʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʚʳʩʦʪʝ, ʧʦʜʚʝʨʛʘʶʪ ʩʝʙʷ 

ʦʧʘʩʥʦʩʪʠ, ʘ ʵʪʦʛʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʟʘʜʘʯʠ, ʘ ʪʘʢʞʝ ʚʦ ʠʟʙʝʞʘʥʠʝ ʨʠʩʢʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ 

ʚʩʣʝʜʩʪʚʠʝ ʨʘʙʦʪʳ ʣʶʜʝʡ ʥʘ ʙʦʣʴʰʦʡ ʚʳʩʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʦʟʜʘʪʴ ɹʇʃɸ, ʩʧʦʩʦʙʥʳʡ ʚ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʪʷʛʠʚʘʪʴ ʣʠʥʠʠ ʩʚʷʟʠ, ʵʣʝʢʪʨʦʧʝʨʝʜʘʯ, ʢʘʙʝʣʠ ʩʝʪʠ ʠʥʪʝʨʥʝʪ, ʘ 

ʪʘʢʞʝ ʪʨʦʩʳ ʥʝʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʢʘʥʘʪʥʳʭ ʜʦʨʦʛ. ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ɹʇʃɸ ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʣʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 
ʆʪʣʠʯʠʪʝʣʴʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ɹʇʃɸ ʷʚʣʷʶʪʩʷ: 
ʫʚʝʣʠʯʝʥʥʦʝ ʚʨʝʤʷ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ; 
ʥʘʣʠʯʠʝ ʢʘʤʝʨ, ʩ ʬʫʥʢʮʠʝʡ ʧʨʷʤʦʡ ʪʨʘʥʩʣʷʮʠʠ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʵʢʨʘʥ ʥʘʟʝʤʥʦʡ ʩʪʘʥʮʠʠ; 
ʧʨʦʯʥʘʷ ʠ ʫʩʪʦʡʯʠʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ; 
ʥʘʣʠʯʠʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʘʭʚʘʪʘ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʛʨʫʟʘ, ʩ ʬʫʥʢʮʠʝʡ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ɹʇʃɸ ʩʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ. ʋʧʨʘʚʣʝʥʠʝ ʚ ʨʫʯʥʦʤ ʨʝʞʠʤʝ ï ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ 

FPV, ʘ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʩʦʛʣʘʩʥʦ ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ ʘʣʛʦʨʠʪʤʘʤ, ʟʘʢʦʜʠʨʦʚʘʥʥʳʤ ʥʘ 

ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ çPythonè. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɼʨʦʥʳ. ʇʦʣʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ / ɼʞʫʥʠʧʝʨ ɸ. ʀʟʜʘʪʝʣʴʩʪʚʦ: ɸʟʙʫʢʘ ï 

2019; 

2. ʕʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. ɺ ʜʚʫʭ ʪʦʤʘʭ / 

ʧʦʜ ʨʝʜʘʢʮʠʝʡ ʉ. ɸ. ɻʨʫʟʢʦʚʘ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʄʕʀ, 2005 ï ʊʦʤ 1, 2. ʉʠʩʪʝʤʳ 

ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ï 2005. 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʩʘʜʢʠ ʚʦʟʜʫʰʥʦʛʦ ʩʫʜʥʘ ʥʘ ʙʘʟʝ 

ʘʣʛʦʨʠʪʤʦʚ ʤʘʰʠʥʥʦʛʦ ʟʨʝʥʠʷ 
ʇʣʝʰʘʢʦʚ ʀ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʬ-ʤ.ʥ. ʇʦʩʝʚʠʥ ɼ.ʇ. 
ʄɹʋ ɼʆ "ɼɼʊ" ʛ. ʈʝʫʪʦʚ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʪʦʪʠʧ ʫʩʪʨʦʡʩʪʚʘ ʫ ʬʨʘʥʮʫʟʩʢʦʛʦ ʘʚʠʘʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʢʦʥʮʝʨʥʘ Airbus SE. ʇʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʦʙʨʘʟʘ ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʩʨʝʜʠ ʦʩʪʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʞʝ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʦʙʨʘʟʘ ʚʟʣʝʪʥʦ-ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ ʟʘ ʩʯʝʪ ʚʳʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʮʚʝʪʦʚ 

ʩʨʝʜʠ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ, ʪʘʢʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʘʙʦʪʳ ʠ 

ʠʤʝʝʪ ʛʠʙʢʫʶ ʩʠʩʪʝʤʫ ʥʘʩʪʨʦʡʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ Raspberry 

pi 4, ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʥʘ ʥʝʛʦ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ Raspbian ʠ ʦʩʥʦʚʥʘʷ ʧʨʦʛʨʘʤʤʥʘʷ 

ʙʠʙʣʠʦʪʝʢʘ OpenCV. ʊʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʤʦʜʫʣʠ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʦʙʨʘʟʘ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʸʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʠʙʣʠʦʪʝʢ OpenCV ʠ Qt5, ʢʦʪʦʨʳʝ 

ʚʳʜʝʣʷʶʪ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʧʝʢʪʨ ʮʚʝʪʦʚ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʥʘ ʥʝʛʦ. ɼʘʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʧʨʠʥʠʤʘʝʪ ʥʘ ʚʭʦʜ ʚʠʜʝʦ, ʧʦʣʫʯʝʥʥʦʝ ʩ ʢʘʤʝʨʳ, ʧʦʜʢʣʶʯʸʥʥʦʡ ʢ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʫ Raspberry pi 4. ɿʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʥʝʡʨʦʥʥʦʡ 

ʩʝʪʴʶ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. ɺ ʧʨʦʮʝʩʩʝ ʦʙʨʘʙʦʪʢʠ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʬʠʣʴʪʨ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ 
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ʮʚʝʪʘ ʠ ʥʘ ʚʳʭʦʜʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʚʳʩʯʠʪʳʚʘʶʪʩʷ ʢʦʦʨʜʠʥʘʪʳ ʮʝʥʪʨʘ ʦʙʲʝʢʪʘ - ʚʟʣʝʪʥʦ-

ʧʦʩʘʜʦʯʥʦʡ ʧʦʣʦʩʳ. ʇʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠʟ ʮʝʥʪʨʘ ʦʙʲʝʢʪʘ ʚʳʩʯʠʪʳʚʘʝʪʩʷ ʪʨʘʝʢʪʦʨʠʷ ʜʣʷ 

ʧʦʩʘʜʢʠ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʦʩʘʜʦʯʥʦʛʦ ʢʫʨʩʘ ʠʣʠ ʞʝ 

ʫʜʝʨʞʘʥʠʝ ʦʙʲʝʢʪʘ ʚ ʟʦʥʝ ʚʠʜʠʤʦʩʪʠ ʢʘʤʝʨʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʩʦʟʜʘʥʦ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʢʪʘ ʟʘ ʩʯʸʪ ʥʘʣʦʞʝʥʠʷ ʥʘ ʚʠʜʝʦʤʘʪʝʨʠʘʣ ʬʠʣʴʪʨʘ ʩʦʨʪʠʨʦʚʢʠ ʧʦ ʮʚʝʪʘʤ. 

ʆʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʥʘ ʢʦʣʝʩʥʫʶ ʧʣʘʪʬʦʨʤʫ ʠ ʫʩʧʝʰʥʦ ʧʨʦʪʝʩʪʠʨʦʚʘʥ. 

ʇʣʘʥʠʨʫʝʪʩʷ ʧʝʨʝʥʝʩʪʠ ʦʧʝʨʘʮʠʦʥʥʫʶ ʩʠʩʪʝʤʫ ʩ ʥʝʡʨʦʥʥʦʡ ʩʝʪʴʶ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʡ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨ ʥʘʧʦʜʦʙʠʝ Nvidia jetson nano, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ ʦʙʣʘʜʘʶʱʫʶ ʚʳʩʦʢʠʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʠ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʫʶ ʢ ʮʚʝʪʘʤ ʢʘʤʝʨʫ, ʠ ʩʦʟʜʘʥʠʝ ʣʝʪʘʶʱʝʛʦ ʧʨʦʪʦʪʠʧʘ 

ɹʇʃɸ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʘʛʠʨʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʫʰʝʥʠʷ ʣʝʩʥʳʭ 

ʧʦʞʘʨʦʚ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 
ʇʨʦʢʦʧʝʥʢʦ ɸ.ɸ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 1905, ʄʦʩʢʚʘ 
 

ʇʣʦʱʘʜʴ ʣʝʩʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 1,2 ʤʣʨʜ. ʛʘ. ɺ 

ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʩʪʦʣʢʥʫʣʦʩʴ ʩ ʩʝʨʴʝʟʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʦʪʝʨʠ ʪʘʢʦʡ ʦʛʨʦʤʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʆʙʲʷʩʥʝʥʠʝ ʦʜʥʦ ï ʣʝʩʥʳʝ ʧʦʞʘʨʳ. ɹʝʟ ʘʚʠʘʮʠʠ ʟʘʱʠʪʘ ʠ 
ʦʭʨʘʥʘ ʣʝʩʦʚ ʥʝ ʵʬʬʝʢʪʠʚʥʘ, ʤʦʞʥʦ ʜʘʞʝ ʩʢʘʟʘʪʴ ʥʝʚʦʟʤʦʞʥʘ. ɽʞʝʛʦʜʥʦ ʚ ʩʪʨʘʥʝ ʚʦʟʥʠʢʘʝʪ 

20-30 ʪʳʩʷʯ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʥʘ ʧʣʦʱʘʜʠ 3-10 ʤʠʣʣʠʦʥʘ ʛʝʢʪʘʨ, ʘ ʫʱʝʨʙ ʦʪ ʜʘʥʥʳʭ 

ʩʪʠʭʠʡʥʳʭ ʙʝʜʩʪʚʠʡ ʧʦ ʧʦʜʩʯʝʪʘʤ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʦʪ 25 ʜʦ 100 ʤʠʣʣʠʘʨʜʦʚ 

ʨʫʙʣʝʡ. ʀʟ-ʟʘ ʧʦʩʪʦʷʥʩʪʚʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ ʵʢʩʧʝʨʪʳ ʚʚʝʣʠ ʧʦʥʷʪʠʝ 

çʧʦʞʘʨʥʳʡ ʩʝʟʦʥè ʂʦʪʦʨʳʡ ʜʣʠʪʩʷ ʩ ʤʘʷ ʧʦ ʦʢʪʷʙʨʴ. ɺ ʧʦʞʘʨʥʳʡ ʩʝʟʦʥ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʣʝʩʥʦʡ ʦʪʨʘʩʣʠ ʧʨʠʚʣʝʢʘʝʪʩʷ ʦʢʦʣʦ 300 ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ, ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʧʦʣʦʚʠʥʫ ʦʪ 

ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ɼʝʬʠʮʠʪ ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʙʦʨʴʙʳ ʩ ʣʝʩʥʳʤʠ ʧʦʞʘʨʘʤʠ, ʟʘʱʠʪʳ ʣʝʩʦʚ ʦʪ ʙʦʣʝʟʥʝʡ, ʙʦʨʴʙʳ ʩ 

ʚʨʝʜʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʤʦʥʠʪʦʨʠʥʛʦʤ ʣʝʩʥʦʛʦ ʬʦʥʜʘ. 
ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʝ ʤʘʩʰʪʘʙ çʩʣʦʞʥʳʭè ʚ ʪʫʰʝʥʠʠ ʢʨʫʧʥʳʭ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ 

ʚʳʨʦʩ ʧʦʯʪʠ ʚ 3 ʨʘʟʘ. ʊʨʝʪʴ ʚʩʝʭ ʣʝʩʦʚ ʩʪʨʘʥʳ ʥʝʜʦʩʪʫʧʥʘ ʜʣʷ ʨʘʙʦʪʳ ʤʦʙʠʣʴʥʳʭ ʧʦʞʘʨʥʳʭ 

ʢʦʤʘʥʜ, ʪʘʢ ʢʘʢ ʥʘʭʦʜʷʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʜʠʫʩʦʚ ʚʝʨʪʦʣʝʪʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʣʝʩʦʫʯʝʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʥʠʟʠʣʘʩʴ ʜʦ 15 %. ʈʦʩʪ ʧʣʦʱʘʜʝʡ ʣʝʩʦʚ ʧʦʨʘʞʝʥʥʳʭ ʭʚʦʝ-

ʣʠʩʪʦʛʨʳʟʫʱʠʤʠ ʚʨʝʜʠʪʝʣʷʤʠ ʚ 3 ʨʘʟʘ. 
ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʟʘʤʝʥʳ ʘʚʠʘʮʠʠ ʥʝʪ, ʥʦ, ʝʩʣʠ ʧʦʜ ʨʝʰʝʥʠʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʜʦ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʪʨʝʙʥʦʩʪʝʡ, ʪʦ ʚʨʷʜ 

ʣʠ ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ʈʝʰʝʥʠʝ ʚʦʟʤʦʞʥʦ ʧʫʪʝʤ ʤʘʩʰʪʘʙʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ 

ʧʨʘʢʪʠʢʫ ʥʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʙʝʩʧʠʣʦʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ (ɹɸʉ) ʩʨʝʜʥʠʭ ʠ ʪʷʞʝʣʳʭ ʢʣʘʩʩʦʚ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʯʘʩʪʴ ʢʣʘʩʩʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʩʧʦʩʦʙʥʳ ʨʝʰʘʪʴ ʵʬʬʝʢʪʠʚʥʝʝ, ʙʝʟʦʧʘʩʥʝʝ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʦʧʝʨʘʪʠʚʥʳʭ ʬʠʥʘʥʩʦʚʳʭ ʟʘʪʨʘʪ. 
ɺ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ: 
Å ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʘʨʢʘ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʦʭʨʘʥʳ ʠ ʟʘʱʠʪʳ ʣʝʩʦʚ; 
Å ɸʥʘʣʠʟ ʥʦʨʤʘʪʠʚʥʦ-ʧʨʘʚʦʚʳʭ ʘʢʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʦʭʨʘʥʳ ʠ 

ʧʘʪʨʫʣʠʨʦʚʘʥʠʷ ʣʝʩʦʚ; 
Å ʈʘʟʨʘʙʦʪʘʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʟʘʱʠʪʝ ʣʝʩʦʚ ʦʪ ʚʦʟʛʦʨʘʥʠʡ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʇʨʠʢʘʟ ʈʦʩʣʝʩʭʦʟʘ ʦʪ 05.08.2020 ˉ 753 çʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ ʣʝʩʦʧʦʞʘʨʥʦʛʦ 

ʟʦʥʠʨʦʚʘʥʠʷ ʟʝʤʝʣʴ ʣʝʩʥʦʛʦ ʬʦʥʜʘ ʠ ʧʨʠʟʥʘʥʠʠ ʫʪʨʘʪʠʚʰʠʤ ʩʠʣʫ ʧʨʠʢʘʟʘ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʘʛʝʥʪʩʪʚʘ ʣʝʩʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʦʪ 07.06.2018 ˉ 468è. 
2. ʇʨʠʢʘʟ ʄʠʥʧʨʠʨʦʜʳ ʈʦʩʩʠʠ ʦʪ 08.07.2014 (ʨʝʜ. 2017 ʛ.) ˉ 313 çʆʙ ʫʪʚʝʨʞʜʝʥʠʠ 

ʇʨʘʚʠʣ ʪʫʰʝʥʠʷ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚè. 
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3. ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 19.07.1994 (ʨʝʜ. 2020 ʛ.) ˉ 69-ʌɿ çʆ ʧʦʞʘʨʥʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠè. 
4. ɻʆʉʊ 22.0.03-97 ɹʝʟʦʧʘʩʥʦʩʪʴ ʚ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ. ʇʨʠʨʦʜʥʳʝ 

ʯʨʝʟʚʳʯʘʡʥʳʝ ʩʠʪʫʘʮʠʠ. 
5. ɻʆʉʊ ʈ 57258-2016 ʉʠʩʪʝʤʳ ʙʝʩʧʠʣʦʪʥʳʝ ʘʚʠʘʮʠʦʥʥʳʝ. ʊʝʨʤʠʥʳ ʠ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʇʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤ ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ 
ʉʝʥʠʚ ɸ.ɼ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
ɼʣʷ ʵʢʦʥʦʤʠʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ʃɸ) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷ 

ʨʘʩʩʤʦʪʨʝʣʘ ʨʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʪʦʢʘ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʘʚʠʘʮʠʠ ʚʤʝʩʪʦ ʪʨʘʜʠʮʠʦʥʥʳʭ. 
ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʠ ʛʝʥʝʨʘʪʦʨʳ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
ʅʘ ʩʦʚʨʝʤʝʥʥʳʭ ʃɸ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʚʘʨʠʡʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʜʣʷ ʧʠʪʘʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʧʝʨʚʦʡ ʢʘʪʝʛʦʨʠʠ, ʙʝʟ ʢʦʪʦʨʳʭ 

ʥʝʚʦʟʤʦʞʥʦ ʥʦʨʤʘʣʴʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʧʦʣʸʪʘ. 
ʅʝʪʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʛʜʝ ʥʝʚʦʩʧʦʣʥʠʤʳʝ ʵʥʝʨʛʦʨʝʩʫʨʩʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʘʪʷʪʩʷ: ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ, ʧʨʠʣʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, 

ʷʜʝʨʥʘʷ ʵʥʝʨʛʝʪʠʢʘ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʣʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʚ ʘʚʠʘʮʠʠ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʩʫʧʝʨʩʣʦʞʥʦ ʠ 

ʥʝʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʫʝʤʦ, ʧʦʵʪʦʤʫ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 
ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ ʞʠʚʳʭ ʩʫʱʝʩʪʚ (ʩʢʘʪʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʫʛʨʠ), ʘ ʪʘʢʞʝ ʦʚʦʱʝʡ 

ʠ ʬʨʫʢʪʦʚ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʠʩʭʦʜʷ ʠʟ ʛʫʤʘʥʥʦʩʪʠ ʠ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʶ ʮʝʥ ʥʘ 

ʧʨʦʜʫʢʪʳ. 
ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʘʚʠʘʮʠʠ. 
ɺ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʷʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪ ʵʥʝʨʛʠʶ, 

ʛʝʥʝʨʠʨʫʝʤʫʶ ʜʚʠʞʝʥʠʝʤ ʩʘʤʦʣʝʪʘ ʧʦ ʚʦʟʜʫʭʫ. 
ʉʪʦʣʴ ʤʦʱʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʢʘʢ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ, ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʧʦʟʚʦʣʷʣ ʙʳ 

ʩʘʤʦʣʝʪʫ ʥʝ ʪʦʣʴʢʦ ʨʘʟʚʠʚʘʪʴ ʩʚʝʨʭʟʚʫʢʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʥʦ ʠ ʫʜʝʨʞʠʚʘʪʴ ʝʝ ʚ ʪʝʯʝʥʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ, ʦʜʥʘʢʦ ʵʪʦ ʦʯʝʥʴ ʦʧʘʩʥʦ. 
ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ï ʵʪʦ ʦʪʣʠʯʥʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ ʪʨʘʜʠʮʠʦʥʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ, 

ʦʥʠ ʵʢʦʣʦʛʠʯʥʳ ʠ ʵʢʦʥʦʤʠʯʥʳʡ. 
ʗ ʚʳʧʦʣʥʠʣʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʇʨʠʚʝʣʘ 

ʬʦʨʤʫʣʳ ʜʣʷ ʦʮʝʥʢʠ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʤʦʡ ʧʘʥʝʣʴʶ ʠ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ. ʊʘʢʞʝ 

ʚʳʙʨʘʣʘ ʙʘʪʘʨʝʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʣʝʪʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. 
ɹʝʟ ʩʦʤʥʝʥʠʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʩʠʣʘ ʩʦʣʥʮʘ ʤʦʞʝʪ ʩʪʘʪʴ ʦʛʨʦʤʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ 

ʟʝʤʣʷʥ, ʝʩʣʠ ʟʥʘʪʴ, ʢʘʢ ʩ ʥʝʡ ʦʙʨʘʱʘʪʴʩʷ. 

ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ɹʇʃɸ ʚʦʟʜʫʰʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ 
ʉʪʨʘʭʦʚ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʊʫʢʦʚʘ ʅ.ɹ. 
ʄɸʆʋ ʣʠʮʝʡ ˉ 38, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 
ʅʘ ʨʳʥʢʝ ʙʝʩʧʠʣʦʪʥʠʢʦʚ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʄʏʉ ʜʣʷ ʚʦʟʜʫʰʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʠ ʦʥʠ ʫʞʝ ʦʛʨʘʥʠʯʝʥʥʦ ʧʨʠʤʝʥʷʶʪʩʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʣʫʞʙʘʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʘʧʧʘʨʘʪʳ ʥʝ ʣʠʰʝʥʳ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʠʭ ʜʦʨʦʛʦʚʠʟʥʫ, ʤʝʰʘʶʱʫʶ 

ʧʨʠʤʝʥʝʥʠʶ ʠʭ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʜʝʡʩʪʚʠʡ. ʇʨʦʙʣʝʤʦʡ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʤʘʣʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʨʳʥʢʝ ʘʧʧʘʨʘʪʦʚ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ; ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʘʣʳʭ ɹʇʃɸ 
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ʦʪʥʦʩʷʪʩʷ ʢ ʚʝʨʪʦʣʝʪʥʳʤ. ɹʇʃɸ ʚʝʨʪʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ 

ʥʝʜʦʩʪʘʪʢʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʠʭ ʧʨʠʤʝʥʷʪʴ ʤʘʩʩʦʚʦ. ʎʝʣʴʶ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣʦ 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʪʘʢʦʡ ʘʧʧʘʨʘʪ, ʠʟʫʯʠʚ ʧʦʜʭʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʩʨʝʜʩʪʚʘ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʠ ʠʟʫʯʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ, ʧʨʠʤʝʥʷʷ ʩʨʝʜʩʪʚʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 

ʧʨʠ ʵʪʦʤ ʙʝʩʧʠʣʦʪʥʠʢ, ʧʦʣʫʯʠʚʰʠʡʩʷ ʚ ʠʪʦʛʝ, ʜʦʣʞʝʥ ʥʝ ʦʪʩʪʘʚʘʪʴ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʦʙʨʘʟʮʦʚ ʧʦ ʪʘʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʢʘʢ ʜʘʣʴʥʦʩʪʴ ʧʦʣʝʪʘ ʠʣʠ ʩʢʦʨʦʩʪʴ. 
ʄʝʪʦʜ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʙʝʩʧʠʣʦʪʥʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʨʠ ʧʦʤʦʱʠ ʩʨʝʜʩʪʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ, ʩʠʤʫʣʠʨʦʚʘʥʠʝ ʦʙʜʫʚʘʥʠʷ ʤʦʜʝʣʠ ʚʦʟʜʫʰʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʩʨʝʜʩʪʚʘʤʠ ʧʨʦʛʨʘʤʤʳ SolidWorks, ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʧʫʪʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʨʘʩʪʷʛʠʚʘʥʠʶ ʤʘʪʝʨʠʘʣʘ; ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʘ, ʟʘʧʫʩʢ 

ʙʝʟʤʦʪʦʨʥʦʡ ʤʦʜʝʣʠ. ʄʘʪʝʨʠʘʣ: ʵʢʩʪʨʫʟʠʦʥʥʳʡ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ. 
ʈʝʟʫʣʴʪʘʪʳ: ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʨʦʤʝ ʵʪʦʛʦ, ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ. ɹʳʣ ʩʦʙʨʘʥ ʤʘʢʝʪ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣʠ ʦʪʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɿʘʧʫʩʢ ʤʘʢʝʪʘ ʧʦʜʪʚʝʨʜʠʣ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢ ʧʦʣʝʪʫ. 
ʆʙʩʫʞʜʝʥʠʝ: ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʵʪʘʧʳ ʧʨʦʝʢʪʘ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʦʠʪ ʧʦʩʪʨʦʠʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʡ ʙʝʩʧʠʣʦʪʥʠʢ ʧʦʣʥʦʩʪʴʶ, ʩ 

ʫʩʪʘʥʦʚʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʜʚʠʛʘʪʝʣʷ. ʅʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ 

ʠʟʫʯʠʪʴ ʧʦʚʝʜʝʥʠʝ ɹʇʃɸ ʚ ʧʦʣʝʪʝ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ ʝʛʦ ʜʘʪʯʠʢʦʚ, ʧʨʠʯʝʤ ʧʣʘʥ ʫʩʪʘʥʦʚʢʠ 

ʵʣʝʢʪʨʦʥʠʢʠ ʙʳʣ ʩʦʟʜʘʥ ʩ ʫʯʝʪʦʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʪʝʢʘʥʠʷ ʙʝʩʧʠʣʦʪʥʠʢʘ 

ʧʦʪʦʢʘʤʠ ʚʦʟʜʫʭʘ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʈʘʩʯʝʪ ʣʝʪʥʳʭ ʠ ʤʘʥʝʚʨʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʘ - ʀ. ʉ. ɿʝʛʞʜʘ, ʉ. ɻ. 

ɹʫʨʣʫʮʢʠʡ, ɸ. ʄ. ʇʘʚʣʦʚ, 2015. ʩ. 4-5 
2. Measurement of the Shear Properties of Extruded Polystyrene Foam by In-Plane Shear and 

Asymmetric Four-Point Bending Tests - Yoshihara, H.; Maruta, M. // Polymers. 2020. ʊ. 12 (1). ʩ. 

49, 53 
3. ɹʝʩʧʠʣʦʪʥʠʢʠ URL: https://www.mchs.gov.ru/ministerstvo/uchrezhdeniya-mchs-

rossii/spasatelnye-podrazdeleniya/aviaciya/bespilotniki (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ - 07.04.2021) 
4. ɸʪʣʘʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʨʳʣʦʚʳʭ ʧʨʦʬʠʣʝʡ - C. ʊ. ʂʘʰʘʬʫʪʜʠʥʦʚ, ɺ. 

ʅ. ʃʫʰʠʥ, 1994. 38 ʩ. 

ʉʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʧʦʣʸʪʘ ʛʨʘʞʜʘʥʩʢʠʭ ɹʇʃɸ 
ʊʘʝʞʥʳʡ ʄ.ʀ., ʇʫʣʷʚʠʥ ʇ.ʇ., ɺʦʣʢʦʚ ɸ.ɼ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʣʦʚʩʢʠʡ ɼ.ʈ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ɺ ʪʝʢʩʪʝ ʘʚʪʦʨʳ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢʠʝ ʪʝʨʤʠʥʳ, ʢʘʢ: 
ɹʇʃɸ ï ɹʝʩʧʠʣʦʪʥʳʡ ʃʝʪʘʪʝʣʴʥʳʡ ɸʧʧʘʨʘʪ 
ʃɸ ï ʃʝʪʘʪʝʣʴʥʳʡ ɸʧʧʘʨʘʪ 
VOR ï ɺʩʝʥʘʧʨʘʚʣʝʥʥʳʡ ʘʟʠʤʫʪʘʣʴʥʳʡ ʨʘʜʠʦʤʘʷʢ (ʦʪ ʘʥʛʣ. ï VHF Omni-directional 

Radio Range) 
ʎʋʇ ï ʎʝʥʪʨ ʋʧʨʘʚʣʝʥʠʷ ʇʦʣʝʪʘʤʠ 
TCAS ï ʉʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʘʤʦʣʸʪʦʚ (ʦʪ ʘʥʛʣ. ï Traffic Collision 

Avoidance System) 
DME ï ɺʩʝʥʘʧʨʘʚʣʝʥʥʳʡ ʜʘʣʴʥʦʤʝʨʥʳʡ ʨʘʜʠʦʤʘʷʢ (ʦʪ ʘʥʛʣ. ï Distance Measuring 

Equipment) 
GPS ï ʉʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (ʦʪ ʘʥʛʣ. ï Global Positioning System) 
NDB ï ʅʝʥʘʧʨʘʚʣʝʥʥʳʡ ʨʘʜʠʦʤʘʷʢ (ʦʪ ʘʥʛʣ. ï Non-Directional Beacon) 
ɺ ʥʘʰʝ ʚʨʝʤʷ ʫʜʠʚʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʧʦʷʚʣʷʶʪʩʷ ʠ ʨʘʟʚʠʚʘʶʪʩʷ ʥʦʚʳʝ ʨʝʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ), ʢʦʪʦʨʳʝ ʚʩʸ ʯʘʱʝ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʬʝʨʘʭ ʞʠʟʥʠ, ʦʪ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚʦʝʥʥʳʭ ʥʫʞʜ, ʜʦ ʜʦʩʪʘʚʢʠ ʝʜʳ. ʅʦ ʚʚʠʜʫ ʥʦʚʠʟʥʳ 

ʧʨʦʝʢʪʦʚ ʚ ʵʪʦʡ ʪʝʤʘʪʠʢʝ ʚʳʩʦʢ ʨʠʩʢ ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʦʧʘʩʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʠʥʮʠʜʝʥʪʦʚ. ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʠʟʙʝʛʘʥʠʷ ʩʪʦʣʢʥʦʚʝʥʠʡ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʦʣʸʪʦʚ 

ʛʨʘʞʜʘʥʩʢʠʭ ɹʇʃɸ ʚ ʩʚʷʟʠ ʩ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʡ ʩʬʝʨʳ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʘ 

ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʧʨʦʩʪʦʪʘ ʨʘʙʦʪʳ ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. 
ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ (ʃɸ) ʠ ʮʝʥʪʨʦʤ ʫʧʨʘʚʣʝʥʠʷ ʧʦʣʸʪʘʤʠ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʞʝ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʪʦʢʦʣʦʚ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʠ ʫʯʪʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʩʧʝʢʪʳ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 

ʙʝʩʧʠʣʦʪʥʦʡ ʘʚʠʘʮʠʠ: 
1.ʋʥʠʬʠʮʠʨʦʚʘʥʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚ (ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʥʘ ʣʶʙʦʤ ɹʇʃɸ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʧʨʦʰʠʪʴ ʫʞʝ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦʣʝʪʥʳʡ ʢʦʥʪʨʦʣʣʝʨ); 
2.ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʪʝʣʝʤʝʪʨʠʠ ɹʇʃɸ 

ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʨʦʙʣʝʤ ʩ ʚʥʝʜʨʝʥʠʝʤ ʥʦʚʳʭ ʨʘʟʨʘʙʦʪʦʢ ʚ ʫʞʝ ʠʩʧʦʣʴʟʫʝʤʳʝ ʩʝʡʯʘʩ ʩʠʩʪʝʤʳ; 
3.ʄʘʣʘʷ ʤʘʩʩʘ ʠ ʨʘʟʤʝʨ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ. 
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʦʩʥʦʚʘʥʘ ʥʘ ʩʣʝʜʫʶʱʠʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʢʘʭ: 
ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʡ ʘʟʠʤʫʪʘʣʴʥʳʡ ʨʘʜʠʦʤʘʷʢ (VOR), ʚʩʝʥʘʧʨʘʚʣʝʥʥʳʡ ʜʘʣʴʥʦʤʝʨʥʳʡ 

ʨʘʜʠʦʤʘʷʢ (DME), ʥʝʥʘʧʨʘʚʣʝʥʥʳʡ ʨʘʜʠʦʤʘʷʢ (NDB), ʩʠʩʪʝʤʘ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʩʘʤʦʣʸʪʦʚ (TCAS), ʩʠʩʪʝʤʘ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ (GPS), ʧʨʦʪʦʢʦʣ 

ZigBee, ʨʘʟʣʠʯʥʳʝ ʩʠʩʪʝʤʳ ʪʝʣʝʤʝʪʨʠʠ, ʘ ʪʘʢʞʝ ʧʦʣʝʪʥʳʝ ʢʦʥʪʨʦʣʣʝʨʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ 

ʤʘʣʳʭ ɹʇʃɸ. 
ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʦ ʧʦʢʘʟʘʪʝʣʶ CAGR (ʩʦʚʦʢʫʧʥʦʛʦ ʛʦʜʦʚʦʛʦ 

ʪʝʤʧʘ ʨʦʩʪʘ) ʤʦʞʥʦ ʩʫʜʠʪʴ, ʯʪʦ ʩʧʨʦʩ ʥʘ ɹʇʃɸ ʢ 2025 ʛʦʜʫ ʚʦʟʨʘʩʪʝʪ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʨʘʟ. ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʙʫʜʝʪ ʚʳʨʘʞʝʥʦ ʚ ʦʪʨʘʩʣʷʭ ʵʥʝʨʛʝʪʠʢʠ ʠ ʪʨʘʥʩʧʦʨʪʘ. ʅʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʩʚʷʟʘʥʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʠʥʮʠʜʝʥʪʳ ʚ ʚʦʟʜʫʭʝ. 

ʇʦʜʦʙʥʳʝ ʧʨʠʤʝʨʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʫʞʝ ʩʝʡʯʘʩ. ʀʤʝʥʥʦ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʥʮʠʜʝʥʪʦʚ ʚ ʚʦʟʜʫʭʝ ʤʝʞʜʫ ʥʝʩʚʷʟʘʥʥʳʤʠ ɹʇʃɸ ʠ ʩʦʟʜʘʥʘ ʦʧʠʩʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ. 
ɽʸ ʨʘʙʦʪʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʟʘʠʤʥʦʤ ʛʝʦʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʠ ɹʇʃɸ ʧʨʠ ʧʦʤʦʱʠ 

ʨʘʜʠʦʦʪʚʝʪʯʠʢʦʚ ʠ ʩʠʩʪʝʤʳ VOR, ʘ ʪʘʢʞʝ ʥʘ ʜʫʙʣʠʨʫʶʱʝʤ ʦʪʩʣʝʞʠʚʘʥʠʠ ɹʇʃɸ ʥʘʟʝʤʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤ GPS ʠ ʪʝʣʝʤʝʪʨʠʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʙʦʨʪʫ. 
ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʙʳʩʪʨʦʨʘʟʚʠʚʘʶʱʠʝʩʷ ʦʪʨʘʩʣʴ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ 

ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʙʦʣʴʰʦʡ ʨʠʩʢ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʣʝʪʥʳʭ ʠʥʮʠʜʝʥʪʦʚ. ʀ ʣʫʯʰʠʤ ʨʝʰʝʥʠʝʤ ʥʘ 
ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʦʧʳʪʘ ʙʦʣʴʰʦʡ ʘʚʠʘʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʧʦʜʦʙʥʦʡ ʩʠʩʪʝʤʳ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʙʫʜʫʪ ʤʠʥʠʤʠʟʠʨʦʚʘʥʳ ʚʩʝ ʨʠʩʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʪʨʘʞʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠ ʧʨʦʭʦʞʜʝʥʠʷ  

ʠʭ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʠ ʧʨʠʤʝʥʝʥʠʝ ʚ ʘʚʠʘʮʠʠ 
ʌʘʜʝʝʚ ʄ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʗʢʦʚʣʝʚ ʉ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 7, ʄʦʩʢʚʘ 

 
ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʪʨʘʞʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠ 

ʧʨʦʭʦʞʜʝʥʠʶ ʠʭ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʇʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʪʨʘʞʝʥʠʷ ʠ 

ʨʘʩʩʪʦʷʥʠʷ ʧʦʣʦʚʠʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
ʉ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ ʠʟʤʝʨʷʣʠʩʴ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʘʞʝʥʥʳʭ ʠ ʧʨʝʣʦʤʣʸʥʥʳʭ ʩʠʛʥʘʣʦʚ. ɸʥʘʣʠʪʠʯʝʩʢʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʠ ʜʣʠʥʘ ʧʦʣʦʚʠʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʜʝʩʷʪʠ ʤʘʪʝʨʠʘʣʦʚ. ʂʘʢ 

ʦʢʘʟʘʣʦʩʴ, ʜʣʷ ʤʝʪʘʣʣʦʚ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 0,5 ʠ ʦʥʠ ʧʨʝʢʨʘʩʥʦ 

ʧʦʛʣʦʱʘʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʘ ʜʣʷ ʧʣʘʩʪʠʢʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʪʨʘʞʝʥʠʝ ʤʠʥʠʤʘʣʝʥ ʠ 
ʜʣʠʥʘ ʧʦʣʦʚʠʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʘʚʥʘ 0.03 
ʇʨʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʢʦʪʦʨʳʝ ʠʭ ʫʜʝʰʝʚʣʷʶʪ ʠ ʦʙʣʝʛʯʘʶʪ. ʉʦʚʨʝʤʝʥʥʳʝ ʩʘʤʦʣʝʪʳ ʥʝʚʠʜʠʤʢʠ ʦʙʦʨʫʜʦʚʘʥʳ ʥʝ 

ʪʦʣʴʢʦ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʪʠʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʬʦʨʤʘ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʨʘʜʠʦʣʦʢʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ, 
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ʩʘʤʦʣʸʪʳ ʥʝʚʠʜʠʤʢʠ ʪʝʨʷʶʪ ʩʚʦʶ ʦʩʥʦʚʥʫʶ ʬʫʥʢʮʠʶ. ʉʦʚʨʝʤʝʥʥʳʝ ʨʘʜʘʨʳ ʥʘʭʦʜʷʪ 

ʩʘʤʦʣʸʪʳ ʩ ʧʦʤʦʱʴʶ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 
ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʙʳʣʠ ʧʦʜʨʦʙʥʦ ʠʟʫʯʝʥʳ ʩʚʦʡʩʪʚʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʢʨʳʪʠʡ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. https://en.m.wikipedia.org/wiki /Radiation-absorbent_material 
2. https://ru.wikipedia.org/wiki/ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ_ʠʟʣʫʯʝʥʠʝ 
3. https://ru.wikipedia.org/wiki/ʉʪʝʣʩ-ʪʝʭʥʦʣʦʛʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʙʧʣʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ 
ʐʠʰʢʦ ɼ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɻʦʨʦʙʝʮ ʉ.ɸ. 
ɻɹʆʋ çʂʫʨʯʘʪʦʚʩʢʘʷ ʰʢʦʣʘè, ʄʦʩʢʚʘ 

 
ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʯʘʩʪʠʣʠʩʴ ʚʦʦʨʫʞʸʥʥʳʝ ʥʘʧʘʜʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ ʠ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʘʪʴ ʥʦʚʳʝ ʬʦʨʤʳ ʠ ʩʧʦʩʦʙʳ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʪʠʚʦʧʨʘʚʥʳʭ ʜʝʡʩʪʚʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʆʜʥʠʤ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ɹʇʃɸ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʭ ʩʝʙʷ ʚ ʩʬʝʨʝ ʦʭʨʘʥʳ 

ʧʨʘʚʦʧʦʨʷʜʢʘ (ʄɺɼ) ʠ ɺʦʦʨʫʞʸʥʥʳʭ ʩʠʣ. 
ʎʝʣʴ: ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʫʯʝʙʥʳʭ ʦʙʲʝʢʪʦʚ. 
ɿʘʜʘʯʠ: 
ʀʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʩʬʝʨʳ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 
ʆʧʠʩʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ɹʇʃɸ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʭʨʘʥʳ 

ʩʪʘʮʠʦʥʘʨʥʳʭ ʦʙʲʝʢʪʦʚ. 
ʉʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ɹʇʃɸ. 
ʕʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ɹʇʃɸ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʧʨʠʣʝʛʘʶʱʝʡ ʢ 

ʰʢʦʣʝ ʪʝʨʨʠʪʦʨʠʠ. 
ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤ ʦʭʨʘʥʳ. 
ʆʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ɹʇʃɸ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʙʝʩʧʠʣʦʪʥʳʡ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ ʢʘʢ ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʦʭʨʘʥʳ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɹʇʃɸ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ. 
ɻʠʧʦʪʝʟʘ: ʧʨʠʤʝʥʝʥʠʝ ɹʇʃɸ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʭʨʘʥʳ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ʏʪʦ 

ʪʘʢʦʝ ɹʇʃɸ? ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʧʦʜ ɹʝʩʧʠʣʦʪʥʳʤ ʣʝʪʘʪʝʣʴʥʳʤ ʘʧʧʘʨʘʪʦʤ (ɹʇʃɸ), 

ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʦʣʝʪ ʙʝʟ ʧʠʣʦʪʘ (ʵʢʠʧʘʞʘ) ʥʘ ʙʦʨʪʫ 

ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʚ ʧʦʣʝʪʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʦʧʝʨʘʪʦʨʦʤ ʩ ʧʫʥʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʠʣʠ ʩʦʯʝʪʘʥʠʝʤ 

ʫʢʘʟʘʥʥʳʭ ʩʧʦʩʦʙʦʚ;(ʇʦʩʪʘʥʦʚʣʝʥʠʝ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʦʪ 11.03.2010 N 138 (ʨʝʜ. ʦʪ 

12.07.2016) "ʆʙ ʫʪʚʝʨʞʜʝʥʠʠ ʌʝʜʝʨʘʣʴʥʳʭ ʧʨʘʚʠʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ" ʃʶʜʠ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʟʘʜʫʤʘʣʠʩʴ ʦ ʩʦʟʜʘʥʠʠ ʪʘʢʦʡ ʤʘʰʠʥʳ, 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʙʳʣʦ ʙʳ, ʫʧʨʘʚʣʷʪʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʙʝʟ ʚʨʝʜʘ ʜʣʷ ʩʝʙʷ. ʉʧʫʩʪʷ 30 ʣʝʪ ʧʦʩʣʝ 

ʧʝʨʚʦʛʦ ʧʦʣʝʪʘ ʙʨʘʪʴʝʚ ʈʘʡʪ ʵʪʘ ʠʜʝʷ ʚʦʧʣʦʪʠʣʘʩʴ ʚ ʨʝʘʣʴʥʦʩʪʴ, ʠ ʚ 1933 ʛʦʜʫ ʚ 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʧʝʨʚʳʡ ʩʧʝʮʠʘʣʴʥʳʡ ʩʘʤʦʣʝʪ ʥʘ ʜʠʩʪʘʥʮʠʦʥʥʦʤ ʫʧʨʘʚʣʝʥʠʠ. 

ʌʵʡʨʠ ʂʫʠʥ ʤʦʞʝʪ ʧʦ ʧʨʘʚʫ ʩʯʠʪʘʪʴʩʷ ʧʝʨʚʳʤ ɹʇʃɸ ʩʦʚʨʝʤʝʥʥʦʡ ʠʩʪʦʨʠʠ, ʠ ʘʥʛʣʠʯʘʥʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʵʪʦʪ ʘʧʧʘʨʘʪ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʡ ʤʠʰʝʥʠ, ʜʣʷ ʪʨʝʥʠʨʦʚʢʠ ʩʚʦʠʭ ʟʝʥʠʪʯʠʢʦʚ. ɺ 

1978 ʛʦʜʫ ʩʣʫʯʠʣʩʷ ʥʘʩʪʦʷʱʠʡ ʧʨʦʨʳʚ ʚ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʙʝʩʧʠʣʦʪʥʠʢʦʚ. ɹʇʃɸ ñʉʢʘʫʪò 

ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʀʟʨʘʠʣʴʩʢʦʡ ʬʠʨʤʦʡ ñʀʟʨʘʠʣʴ ʘʵʨʦʩʧʝʡʩ ʠʥʜʘʩʪʨʠʟò ʠ ʩʪʘʣ ʧʝʨʚʳʤ ʚ 

ʠʩʪʦʨʠʠ ʙʦʝʚʳʤ ɹʇʃɸ. ɸ ʚ 1982 ʛʦʜʫ, ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʚ ʃʠʚʠʠ ʵʪʦʪ ʜʨʦʥ ʧʨʘʢʪʠʯʝʩʢʠ 

ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʠʣʠ ʩʠʨʠʡʩʢʫʶ ʩʠʩʪʝʤʫ ʇɺʆ. ɺʦ ʚʨʝʤʷ ʚʝʜʝʥʠʷ ʪʝʭ ʙʦʝʚʳʭ ʜʝʡʩʪʚʠʡ 

ʘʨʤʠʷ ʉʠʨʠʠ ʧʦʪʝʨʷʣʘ 19 ʟʝʥʠʪʥʳʭ ʙʘʪʘʨʝʡ ʠ ʙʳʣʦ ʫʥʠʯʪʦʞʝʥʦ 85 ʩʘʤʦʣʝʪʦʚ. 
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ʉʝʡʯʘʩ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʘʨʤʠʠ ʉʐɸ ʩʪʦʠʪ ʦʢʦʣʦ 8,5 ʪʳʩ. ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʭ ʜʨʦʥʦʚ ʠ ʵʪʦ 

ʚ ʦʩʥʦʚʥʦʤ ʤʘʣʦʛʘʙʘʨʠʪʥʳʝ ɹʇʃɸ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʚʝʜʳʚʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʚ ʠʥʪʝʨʝʩʘʭ 

ʩʫʭʦʧʫʪʥʳʭ ʚʦʡʩʢ. ɺ 2013 ʢʦʤʧʘʥʠʷ ñɸʤʘʟʦʥò ʚʧʝʨʚʳʝ ʚʳʧʫʩʪʠʣʘ ʩʝʨʠʶ ʨʝʢʣʘʤʥʳʭ 

ʨʦʣʠʢʦʚ ʧʨʝʜʣʘʛʘʶʱʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʦʥʳ ʜʣʷ ʛʨʘʞʜʘʥʩʢʠʭ ʮʝʣʝʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʨʳʥʦʢ 

ɹʇʃɸ ʥʘʯʘʣ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʬʝʨʘʭ ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠ ʯʘʩʪʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 
ʇʦʤʠʤʦ ʩʘʤʠʭ ʠʟʛʦʪʦʚʠʪʝʣʝʡ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʥʪʝʨʝʩ ʢ ʪʝʤʝ 

ʧʨʦʷʚʣʷʶʪ ʢʦʤʧʘʥʠʠ-ʜʠʩʪʨʠʙʫʪʦʨʳ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʦʧʪʠʢʠ ʠ 

ʩʠʩʪʝʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʤʧʘʥʠʠ ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ 

ʩʝʨʚʠʩʦʚ ʠ ʘʵʨʦʬʦʪʦʩʲʝʤʢʠ, ʘʛʨʘʨʥʳʡ ʩʝʢʪʦʨ, ʰʠʨʦʢʠʡ ʢʨʫʛ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʩʣʫʞʙ 

(ʧʦʣʠʮʠʷ, ʩʢʦʨʘʷ ʧʦʤʦʱʴ, ʧʦʞʘʨʥʳʝ, ʘʚʘʨʠʡʥʳʝ ʩʣʫʞʙʳ), ʩʪʨʘʭʦʚʳʝ ʠ ʠʥʚʝʩʪʠʮʠʦʥʥʳʝ 

ʢʦʤʧʘʥʠʠ ʠ ʜʨʫʛʠʝ. ʆʜʥʦʡ ʠʟ ʩʬʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɹʇʃɸ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʦʙʲʝʢʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʛʫʪ ʦʪʥʦʩʠʪʴʩʷ ʫʯʝʙʥʳʝ ʦʙʲʝʢʪʳ. ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ 

ʘʧʧʘʨʘʪʳ ʪʨʫʜʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ, ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʦʯʝʥʴ ʨʘʟʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʛʘʙʘʨʠʪʘʤʠ, ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴʶ, ʜʘʣʴʥʦʩʪʴʶ ʧʦʣʝʪʦʚ, ʫʨʦʚʥʝʤ ʘʚʪʦʥʦʤʥʦʩʪʠ ʠ 

ʜʨʫʛʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

(http://www.consultant.ru/cons/cgi/online.cgi?req=doc;base=LAW;n=201851#0) 
(https://warbook-club.turbopages.org/warbook.club/s/voennaya-tehnika/samolety/bpla/) 
(https://www.tadviser.ru/index.php/ʉʪʘʪʴʷ:ɹʝʩʧʠʣʦʪʥʳʡ_ʣʝʪʘʪʝʣʴʥʳʡ_ʘʧʧʘʨʘʪ_(ʜʨʦʥ,_ɹʇ

ʃɸ) 
(https://kontur-gr.ru/services/ohrana-obektov) 
(https://worldvision.com.ua/plusy-i-minusy-kamer-videonabludeniya-v-obshchestvennykh-

mestakh/) 
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˞̗̠̆̋̉ ΟρπȢυ ˙̧̜̏̌̏̅̇̎̆ ̜̐̑̏̆̋̓ ̃ 
̞̘́̑̏̋̏̒̍̉̆̒̋̏̊ ̒̆̑̆̕ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ 

ʧʝʨʝʜʘʪʯʠʢʘʤʠ, ʨʘʟʥʝʩʝʥʥʳʤʠ ʧʦ ʘʧʝʨʪʫʨʝ ʘʥʪʝʥʥʳ ʢʫʨʩʦʚʦʛʦ ʨʘʜʠʦʤʘʷʢʘ 
ɸʢʫʣʘ ʂ.ɸ., ɸʢʫʣʘ ɺ.ɸ., ɸʨʘʢʝʣʷʥ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʧʨʦʬʝʩʩʦʨ, ʜ.ʪ.ʥ. ʉʠʥʠʮʳʥ ɽ.ɸ. 
ʄʂʆʋ "ʋʣʴʷʥʦʚʩʢʘʷ ʉʆʐ ˉ 1", ʧ. ʋʣʴʷʥʦʚʢʘ 

 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʛʝʨʝʥʪʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʘʚʪʦʥʦʤʥʳʤʠ ʧʝʨʝʜʘʪʯʠʢʘʤʠ, 

ʨʘʟʥʝʩʝʥʥʳʤʠ ʧʦ ʘʧʝʨʪʫʨʝ ʘʥʪʝʥʥʳ ʢʫʨʩʦʚʦʛʦ ʨʘʜʠʦʤʘʷʢʘ 
ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ 

ʚʳʭʦʜʝ ʨʘʟʥʝʩʝʥʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʧʝʨʝʜʘʪʯʠʢʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʘʢʪʠʚʥʫʶ ʧʝʨʝʜʘʶʱʫʶ 

ʘʥʪʝʥʥʫ ʢʫʨʩʦʚʦʛʦ ʨʘʜʠʦʤʘʷʢʘ (ʂʈʄ) ʩʠʩʪʝʤʳ ʧʦʩʘʜʢʠ ʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ, ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʘʜʢʠ ʚʦʟʜʫʰʥʳʭ ʩʫʜʦʚ ʥʘ ʘʵʨʦʜʨʦʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʠ 

ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ. 
ɼʝʡʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʳ ʧʦʩʘʜʢʠ ʦʙʳʯʥʦ ʦʩʥʘʱʘʶʪʩʷ ʂʈʄ ʩ ʦʙʱʠʤ ʙʣʦʢʦʤ ʧʝʨʝʜʘʪʯʠʢʘ 

ʠ ʜʝʣʠʪʝʣʝʤ ʤʦʱʥʦʩʪʠ, ʚʳʭʦʜʳ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʠʟʣʫʯʘʪʝʣʷʤ ʧʘʩʩʠʚʥʦʡ ʘʥʪʝʥʥʳ ʩ 

ʘʧʝʨʪʫʨʦʡ ʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʊʘʢʦʝ ʧʦʩʪʨʦʝʥʠʝ ʂʈʄ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ (ʧʦ ʯʠʩʣʫ ʠʟʣʫʯʘʪʝʣʝʡ) ʜʦʨʦʛʠʭ ʜʣʠʥʥʳʭ 

ʢʘʣʠʙʨʦʚʘʥʥʳʭ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʢʘʙʝʣʝʡ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʨʥʦʛʦ ʪʝʢʫʱʝʛʦ ʢʦʥʪʨʦʣʷ ʠ 

ʧʦʜʩʪʨʦʡʢʠ ʬʘʟʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ ʧʝʨʝʜʘʪʯʠʢʘ. 
ʉ ʮʝʣʴʶ ʨʝʘʣʠʟʘʮʠʠ ʘʢʪʠʚʥʦʡ ʘʥʪʝʥʥʳ ʂʈʄ, ʣʠʰʝʥʥʦʡ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʫʪʝʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʨʘʟʥʝʩʝʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʘʭ ʘʥʪʝʥʥʳ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʭʝʤʘ ʧʦʩʪʨʦʝʥʠʷ ʘʥʪʝʥʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʛʝʥʝʨʘʪʦʨʦʚ 

ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪʳ Direct Digital 

Synthesis (DDS) [1] ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʚʳʭʦʜʘʤ 

DDS. ʅʘʙʦʨ DDS ʪʘʢʪʠʨʫʶʪʩʷ ʦʪ ʦʜʥʦʛʦ ʦʙʱʝʛʦ ʠʩʪʦʯʥʠʢʘ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʦʛʦ ʦʧʦʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʠ ʩʠʥʭʨʦʥʠʟʠʨʫʶʪʩʷ ʠʤʧʫʣʴʩʘʤʠ ʟʘʧʫʩʢʘ ʦʪ ʦʜʥʦʛʦ 

ʦʙʱʝʛʦ ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʜʝʥʪʠʯʥʦʩʪʴ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʠ ʥʘʯʘʣʴʥʳʭ ʬʘʟ 

ʚʳʭʦʜʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʚʩʝʭ DDS. 
ʆʜʥʘʢʦ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʘʭ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʤʦʛʫʪ 

ʦʪʣʠʯʘʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʧʦʪʝʨʝ ʤʦʱʥʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʠʟʣʫʯʘʝʤʦʛʦ ʩʠʛʥʘʣʘ 

ʠ ʠʩʢʘʞʝʥʠʷʤ ʬʦʨʤʳ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ ʂʈʄ. ʇʦ ʵʪʦʡ 

ʧʨʠʯʠʥʝ ʚ ʩʭʝʤʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʘʟʦʩʪʘʙʠʣʴʥʳʝ ʫʩʠʣʠʪʝʣʠ 

ʤʦʱʥʦʩʪʠ ʩ ʦʨʛʘʥʘʤʠ ʨʝʛʫʣʠʨʦʚʢʠ (ʧʦʜʩʪʨʦʡʢʠ) ʬʘʟʳ ʠʣʠ ʫʩʠʣʠʪʝʣʠ ʤʦʱʥʦʩʪʠ ʩ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʧʦʜʩʪʨʦʡʢʦʡ ʬʘʟʳ. 
ʇʨʝʜʣʘʛʘʶʪʩʷ ʚʘʨʠʘʥʪʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʚʝʩʪʥʳʭ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʥʘ ʨʳʥʢʝ ʈʌ [2]. 
ɿʘʢʣʶʯʝʥʠʝ 
ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʛʝʨʝʥʪʥʳʭ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʚ ʨʘʟʥʝʩʝʥʥʳʭ ʧʝʨʝʜʘʪʯʠʢʘʭ ʘʢʪʠʚʥʦʡ 

ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ ʂʈʄ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʙʦʨ ʛʝʥʝʨʘʪʦʨʦʚ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʥʘ 

ʙʘʟʝ ʤʠʢʨʦʩʭʝʤ ʧʨʷʤʦʛʦ ʮʠʬʨʦʚʦʛʦ ʩʠʥʪʝʟʘ ʯʘʩʪʦʪʳ DDS [1] ʩ ʤʦʜʫʣʷʤʠ ʬʘʟʦʩʪʘʙʠʣʴʥʳʭ 

ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ. 
ʇʨʝʜʣʘʛʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ ʩʭʝʤʝ ʧʦʩʪʨʦʝʥʠʷ ʘʢʪʠʚʥʦʡ ʘʥʪʝʥʥʳ ʂʈʄ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʢʫʧʥʳʭ ʤʠʢʨʦʩʭʝʤ DDS ʠ ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ. 
ʃʠʪʝʨʘʪʫʨʘ 
1. ʈʠʜʠʢʦ ʃ. DDS: ʧʨʷʤʦʡ ʮʠʬʨʦʚʦʡ ʩʠʥʪʝʟ ʯʘʩʪʦʪʳ // ʂʦʤʧʦʥʝʥʪʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

2001 ˉ7 [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: https://kit-e.ru/elcomp/dds-pryamoj-czifrovoj-sintez-

chastoty-2/ (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 25.02.2022). 
2. Solid State 20MHz -1GHz Bi-Directional Amplifier 20W [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : data 

sheet / LinWave Technology.URL: http://ra3ggi.qrz.ru/UZLY/dds.htm (ɼʘʪʘ ʦʙʨʘʱʝʥʠʷ: 

25.02.2022). 
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ʉʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ ɹʇʃɸ 
ɸʥʪʦʥʦʚ ʄ.ʃ., ʉʣʝʪʢʦʚ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʸ ʙʦʣʴʰʝ ʣʶʜʝʡ ʠʥʪʝʨʝʩʫʝʪʩʷ ʩʙʦʨʢʦʡ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ (ɹʇʃɸ). ʇʨʠ ʩʙʦʨʢʝ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ, ʥʘʧʨʠʤʝʨ, ʤʦʪʦʨʳ ʠ ʚʦʟʜʫʰʥʳʭ ʚʠʥʪʳ ʢ ʥʠʤ. ɼʣʷ ʪʦʛʦ, 

ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ ʢʦʤʙʠʥʘʮʠʶ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ 

ʙʦʣʴʰʝʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʦʣʸʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʳ ʠ 

ʟʘʤʝʨʳ ʥʘ ʩʪʝʥʜʝ. ʂʦʥʝʯʥʦ, ʤʦʞʥʦ ʜʝʣʘʪʴ ʟʘʤʝʨʳ ʚʨʫʯʥʫʶ, ʥʦ ʪʦʛʜʘ ʝʩʪʴ ʙʦʣʴh ʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʜʦʧʫʩʪʠʪʴ ʦʰʠʙʢʠ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʝʥʜʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʙʫʜʝʪ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʤʝʨʳ ʠ 

ʨʘʩʯʸʪʳ, ʘ ʪʘʢʞʝ ʚʳʚʝʩʪʠ ʛʨʘʬʠʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 
ʇʨʝʠʤʫʱʝʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʜʝʰʝʚʠʟʥʘ, ʤʘʣʳʡ ʨʘʟʤʝʨ ʠ ʫʜʦʙʩʪʚʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʉʦʟʜʘʪʴ ʩʪʝʥʜ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʳ ʙʝʩʧʠʣʦʪʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʫʜʦʙʥʦʛʦ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʩʘʤʳʭ 
ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
Å ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʘʥʘʣʦʛʦʚ 
Å ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʩʪʝʥʜʘ 
Å ʉʙʦʨʢʘ ʘʧʧʘʨʘʪʥʦʡ ʯʘʩʪʠ 
Å ʊʝʩʪʠʨʦʚʘʥʠʝ 
Å ʉʙʦʨʢʘ ʧʨʦʪʦʪʠʧʘ ʩʪʝʥʜʘ 
Å ʇʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ 
ʉʪʝʥʜ ʨʘʙʦʪʘʝʪ ʥʘ ʙʘʟʝ ʤʠʢʨʦʩʭʝʤʳ Arduino. ʆʥ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʢʦʤʧʴʶʪʝʨʦʤ ʠʣʠ 

ʩʝʨʚʝʨʦʤ ʯʝʨʝʟ COM-ʧʦʨʪ, ʩ ʟʘʧʫʱʝʥʥʳʤ backendôʦʤ ʥʘ Flask, ʠ ʧʨʠʣʦʞʝʥʠʝʤ ʥʘ ʙʘʟʝ Vue 

(Electron). ɺ ʛʨʘʬʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʙʫʜʝʪ ʚʳʚʦʜʠʪʴʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʚʩʝʭ ʟʘʤʝʨʝʥʥʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʦʪʦʨʦʚ\ʚʠʥʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ\ʪʘʙʣʠʮʳ ʢ ʥʠʤ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 2 ʨʝʞʠʤʘ ʪʝʩʪʠʨʦʚʘʥʠʷ ð ʩ ʤʷʛʢʠʤ ʩʪʘʨʪʦʤ (ʧʦʩʪʝʧʝʥʥʳʡ ʨʘʟʛʦʥ) ʠ ʙʝʟ. 

ʂʦʩʤʠʯʝʩʢʠʡ ʪʝʣʝʩʢʦʧ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ 
ɹʝʣʦʟʝʨʦʚ ʆ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʅʠʢʦʣʘʝʚʘ ʅ.ɺ. 
ʄɹʆʋ "ʎʝʥʪʨ ʦʙʨʘʟʦʚʘʥʠʷ ˉ9", ʅʦʚʦʤʦʩʢʦʚʩʢ 

 
ʉʦʛʣʘʩʥʦ ʚʳʜʚʠʥʫʪʳʤ ʪʝʦʨʠʷʤ, ʣʶʙʦʝ ʚʝʱʝʩʪʚʦ, ʦʢʘʟʘʚʰʝʝʩʷ ʚʥʫʪʨʠ ʯʝʨʥʦʡ ʜʳʨʳ, 

ʩʞʠʤʘʝʪʩʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʠʩʢʘʞʘʶʪʩʷ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ 

ʧʝʨʝʩʪʘʶʪ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʂʦʛʜʘ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʠʟʚʝʩʪʥʳʝ ʥʘʤ ʟʘʢʦʥʳ ʬʠʟʠʢʠ ʧʝʨʝʩʪʘʶʪ 

ʜʝʡʩʪʚʦʚʘʪʴ, ʧʨʦʩʪʦ ʧʦʪʦʤʫ, ʯʪʦ ʯʝʣʦʚʝʯʝʩʢʠʡ ʨʘʟʫʤ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʧʨʝʜʩʪʘʚʠʪʴ ʧʨʝʜʤʝʪ, 

ʠʤʝʶʱʠʡ ʥʫʣʝʚʦʡ ʦʙʲʝʤ ʠ ʙʝʩʢʦʥʝʯʥʫʶ ʧʣʦʪʥʦʩʪʴ. ʏʸʨʥʳʝ ʜʳʨʳ ʤʦʛʫʪ ʛʝʥʝʨʠʨʦʚʘʪʴ 

ʵʣʝʤʝʥʪʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʞʠʟʥʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʩʚʦʝʛʦ 

ʨʘʩʧʘʜʘ ʥʘ ʩʫʙʘʪʦʤʥʳʝ ʯʘʩʪʠʮʳ ʯʸʨʥʳʝ ʜʳʨʳ ʩʦʟʜʘʶʪ ʪʷʞʸʣʳʝ ʵʣʝʤʝʥʪʳ, ʪʘʢʠʝ ʢʘʢ ʞʝʣʝʟʦ 

ʠ ʫʛʣʝʨʦʜ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ ʜʨʫʛʠʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʠʟʥʠ. 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʢʦʥʮʝʧʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ 

ʜʳʨ ʩ ʧʦʜʨʦʙʥʳʤ ʦʧʠʩʘʥʠʝʤ ʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʉʪʨʦʝʥʠʝ ʠ ʘʧʧʘʨʘʪʫʨʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ ʦʧʨʝʜʝʣʝʥʳ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʪʨʦʝʥʠʷ ʠ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʩʣʝʜʫʶʱʠʭ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣʝʩʢʦʧʦʚ: çHard X-ray 

Modulation Telescope (ʊʝʣʝʩʢʦʧ ʜʣʷ ʨʘʙʦʪʳ ʩ ʞʸʩʪʢʠʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ)è, 

çɼʞʝʡʤʩ ʋʵʙʙ (ʪʝʣʝʩʢʦʧ)è. 
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ʂʦʩʤʠʯʝʩʢʠʡ ʪʝʣʝʩʢʦʧ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ ʩʦʜʝʨʞʠʪ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʝʣʝʩʢʦʧʳ, 

ʚʟʷʪʳʝ ʩ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʨʘʙʦʪʳ ʩ ʞʸʩʪʢʠʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʤ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʫʣʴʩʘʨʳ, ʥʝʡʪʨʦʥʥʳʝ ʟʚʝʟʜʳ ʠ ʯʝʨʥʳʝ 

ʜʳʨʳ, ʚ ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʦʩʥʘʱʝʥʥʦʛʦ ʜʣʷ ʵʪʦʛʦ ʪʨʝʤʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʤʠ ʪʝʣʝʩʢʦʧʘʤʠ : ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʪʝʣʝʩʢʦʧ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʨʘʙʦʪʘʝʪ ʚ 

ʜʠʘʧʘʟʦʥʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ ʦʪ 20 ʜʦ 250 ʢʠʣʦʵʣʝʢʪʨʦʥʚʦʣʴʪ (ʢʵɺ) ʠ ʠʤʝʝʪ ʧʣʦʱʘʜʴ 

ʢʦʣʣʝʢʪʦʨʘ 5100 ʢʚʘʜʨʘʪʥʳʭ ʩʘʥʪʠʤʝʪʨʦʚ, ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʪʝʣʝʩʢʦʧ ʚ ʜʠʘʧʘʟʦʥʝ ʩʨʝʜʥʠʭ 

ʵʥʝʨʛʠʡ ʦʪ 5 ʜʦ 30 ʢʵɺ ʠʤʝʝʪ ʧʣʦʱʘʜʴ ʢʦʣʣʝʢʪʦʨʘ 952 ʢʚʘʜʨʘʪʥʳʭ ʩʘʥʪʠʤʝʪʨʘ, ʪʝʣʝʩʢʦʧ ʜʣʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʥʠʟʢʦʡ ʵʥʝʨʛʠʠ ʦʪ 1 ʜʦ 15 ʢʵɺ ʠʤʝʝʪ ʩʦʙʠʨʘʶʱʫʶ ʧʣʦʱʘʜʴ 384 

ʢʚʘʜʨʘʪʥʳʭ ʩʘʥʪʠʤʝʪʨʘ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʝʪʝʢʪʦʨʳ ʯʘʩʪʠʮ ʩʣʫʞʘʪ ʜʣʷ ʟʘʱʠʪʳ ʧʨʠʙʦʨʘ ʦʪ 

ʧʝʨʝʛʨʫʟʢʠ ʠ ʬʠʣʴʪʨʘʮʠʠ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ. 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʦʩʥʦʚʥʦʛʦ ʟʝʨʢʘʣʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʧʨʠʤʝʨʝ ʟʝʨʢʘʣʘ ʪʝʣʝʩʢʦʧʘ çɼʞʝʡʤʩ ʋʵʙʙè. 

ɿʝʨʢʘʣʦ ʩʜʝʣʘʥʦ ʠʟ ʟʦʣʦʪʘ ʠ ʙʝʨʠʣʣʠʷ. ɺʩʝ ʧʦʪʦʤʫ, ʯʪʦ ʟʦʣʦʪʦ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ ʙʝʨʠʣʣʠʡ ʦʯʝʥʴ ʣʝʛʢʠʡ, ʧʨʦʯʥʳʡ, ʜʦʣʛʦʚʝʯʥʳʡ ʠ ʩʦʭʨʘʥʷʝʪ 

ʩʚʦʶ ʬʦʨʤʫ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. 
ʊʘʢʞʝ, ʚ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʦʨʙʠʪʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʚʳʚʝʜʝʥ ʚ ʪʦʯʢʫ ʃʘʛʨʘʥʞʘ L2 ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʥʘʙʣʶʜʝʥʠʷ ʠʩʢʦʤʳʭ ʦʙʲʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʮʝʥʥʳʡ ʢʦʥʮʝʧʪ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʪʝʣʝʩʢʦʧʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʯʝʨʥʳʭ ʜʳʨ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. JWST (James Webb Space Telescope) // Gunter's Space Page URL: JWST (James Webb 

Space Telescope) - Gunter's Space Page (skyrocket.de) (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 15.01.2022). 
2. HXMT satellite for space hard X-ray observation // ResearchGate URL: (PDF) HXMT 

satellite for space hard X-ray observation (researchgate.net) (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 18.03.2003). 

ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ 
ɹʣʶʤʢʠʥʘ ʉ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʘʨʰʘʢ ɸ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1560 "ʃʠʜʝʨ", ʄʦʩʢʚʘ 

 

ʎʝʣʴ ʧʨʦʝʢʪʘ: 
ʉʦʟʜʘʪʴ ʙʶʜʞʝʪʥʫʶ, ʵʢʦʣʦʛʠʯʥʫʶ ʩʠʩʪʝʤʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʧʦʣʠʚ 

ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʡ ʠ ʩʦʟʜʘʶʱʫʶ ʜʣʷ ʥʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʫʚʣʘʞʥʝʥʠʷ. 
ɻʠʧʦʪʝʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʗ ʧʨʝʜʧʦʣʘʛʘʶ, ʯʪʦ ʩʦʙʨʘʥʥʘʷ 

ʤʥʦʡ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʧʦʤʦʞʝʪ ʣʶʜʷʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ 

ʜʣʷ ʨʘʩʪʝʥʠʡ ʫʭʦʜ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʦ, ʧʦʜʜʝʨʞʠʚʘʷ ʨʘʩʪʝʥʠʷ ʚ ʭʦʨʦʰʝʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʩʦʭʨʘʥʷʷ ʚʨʝʤʷ ʠʭ ʚʣʘʜʝʣʴʮʝʚ. 
ʆʙʦʩʥʦʚʘʥʠʝ ʚʳʙʦʨʘ ʪʝʤʳ: ʋ ʤʝʥʷ ʜʦʤʘ ʝʩʪʴ ʨʘʩʪʝʥʠʷ, ʪʨʝʙʫʶʱʠʝ ʪʱʘʪʝʣʴʥʦʛʦ ʫʭʦʜʘ ʠ 

ʨʝʛʫʣʷʨʥʦʛʦ ʧʦʣʠʚʘ, ʘ ʪʘʢʞʝ ʤʥʝ ʠʥʪʝʨʝʩʥʦ ʨʘʙʦʪʘʪʴ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘʤʠ, ʧʦʵʪʦʤʫ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʤʝʥʷ ʟʘʠʥʪʝʨʝʩʦʚʘʣʘ. 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
-ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʙʦʨ ʤʘʪʝʨʠʘʣʦʚ ʦ ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʷʭ, ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦ 

ʢʨʠʪʝʨʠʷʤ ʫʭʦʜʘ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
-ɹʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʘʥʘʣʠʟ ʛʦʪʦʚʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ, ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʥʘ ʨʳʥʢʝ, ʚʳʷʚʣʝʥʠʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 
-ɹʳʣʘ ʠʟʫʯʝʥʘ ʧʣʘʪʬʦʨʤʘ Arduino, ʚʠʜʳ ʧʣʘʪ, ʧʦʜʢʣʶʯʘʝʤʳʭ ʢ ʥʠʤ ʜʘʪʯʠʢʦʚ, ʧʨʠʥʮʠʧʳ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʠʩʪʝʤʘ Arduino ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʢʘʢ ʦʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ. ʇʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʝʸ ʩʠʣʴʥʳʭ ʠ ʩʣʘʙʳʭ 

ʩʪʦʨʦʥ. 
Å ʈʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ. 
-ʇʨʦʚʦʜʠʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ. 
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ʏʪʦʙʳ ʧʦʥʷʪʴ, ʥʘʩʢʦʣʴʢʦ ʵʬʬʝʢʪʠʚʥʘ ʩʜʝʣʘʥʥʘʷ ʩʠʩʪʝʤʘ, ʙʳʣ ʟʘʚʝʜʝʥ ʜʥʝʚʥʠʢ ʧʦʣʠʚʘ, ʚ 

ʢʦʪʦʨʦʤ ʦʪʩʣʝʞʠʚʘʝʪʩʷ ʩʦʩʪʦʷʥʠʝ ʨʘʩʪʝʥʠʷ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʚʥʝʰʥʠʤ ʬʘʢʪʦʨʘʤ: ʧʣʦʪʥʦʩʪʴ 

ʣʠʩʪʴʝʚ, ʠʭ ʮʚʝʪ, ʧʣʦʪʥʦʩʪʴ ʩʪʝʙʣʷ, ʥʘʣʠʯʠʝ ʚʳʩʦʭʰʠʭ ʠʣʠ ʧʦʞʝʣʪʝʚʰʠʭ ʣʠʩʪʴʝʚ. 
ʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ. 
ɻʦʪʦʚʫʶ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʫʣʫʯʰʠʪʴ, ʩʜʝʣʘʚ ʝʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʡ (ʫʚʝʣʠʯʠʪʴ ʯʠʩʣʦ 

ʜʘʪʯʠʢʦʚ ʠ ʥʝʤʥʦʛʦ ʠʟʤʝʥʠʪʴ ʥʘʯʘʣʴʥʳʡ ʢʦʜ ʧʨʦʛʨʘʤʤʳ). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʛʦʪʦʚʣʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʠʚʘ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ ʢ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʝ. ʅʦ ʵʪʦ ʥʝ ʚʩʝʛʜʘ 

ʙʫʜʝʪ ʵʬʬʝʢʪʠʚʥʦ, ʪʘʢ ʢʘʢ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʧʨʦʝʢʪʝ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ ʚʦʟʤʦʞʥʦ ʙʫʜʝʪ ʜʘʚʘʪʴ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʥʝʨʛʠʠ (ʚ ʩʚʷʟʠ ʩ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ). ɺ ʥʘʰʝʤ ʞʝ ʩʣʫʯʘʝ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʜʘʥʥʦʡ 

ʵʥʝʨʛʠʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʳ. 
ʀʟʛʦʪʦʚʣʝʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʦʡʜʸʪ ʜʣʷ ʣʶʜʝʡ, ʥʘʜʦʣʛʦ ʫʝʟʞʘʶʱʠʭ ʠʟ ʜʦʤʘ, 

ʙʝʩʧʦʢʦʷʱʠʭʩʷ ʦʙ ʫʭʦʜʝ ʟʘ ʩʚʦʠʤʠ ʢʦʤʥʘʪʥʳʤʠ ʨʘʩʪʝʥʠʷʤʠ ʚ ʵʪʦʪ ʧʝʨʠʦʜ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʣʶʜʝʡ, ʧʨʦʩʪʦ ʞʝʣʘʶʱʠʭ ʦʙʣʝʛʯʠʪʴ ʧʨʦʮʝʩʩ ʧʦʜʜʝʨʞʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʠ ʮʚʝʪʦʚ ʚ ʭʦʨʦʰʝʤ 

ʩʦʩʪʦʷʥʠʠ. 
ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʶ ʙʳʣʠ ʦʩʚʦʝʥʳ ʥʘʚʳʢʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʟʫʯʝʥʳ ʚʠʜʳ 

ʠ ʫʩʣʦʚʠʷ ʧʦʣʠʚʘ, ʚʠʜʳ ʧʦʣʝʟʥʳʭ ʢʦʤʥʘʪʥʳʭ ʨʘʩʪʝʥʠʡ, ʩʨʝʜʘ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ Arduino ʩʦ ʚʩʝʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, ʚʠʜʳ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʠʭ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ. 

ʈʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ  

ʚ ʘʢʚʘʪʦʨʠʠ ʏʝʨʥʦʛʦ ʤʦʨʷ 
ɹʦʥʜʘʨʴ ɽ.ʈ., ʉʦʩʥʠʥʘ ʇ.ɸ., ʂʨʶʯʢʦʚ ɺ.ɸ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʣʴʯʠʢʦʚʘ ʀ.ɸ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 2127, ʄʦʩʢʚʘ 
 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ, ʚ ʏʝʨʥʦʤ ʤʦʨʝ ʧʨʦʠʟʦʰʣʦ ʨʘʩʰʠʨʝʥʠʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʦʪʨʘʩʣʠ ʧʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʵʢʩʧʦʨʪʫ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʜʨʫʛʠʭ ʛʨʫʟʦʚ ʯʝʨʝʟ ʧʦʨʪʳ ʈʦʩʩʠʠ, 

ʯʪʦ ʚʳʟʚʘʣʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʥʝʬʪʝʥʘʣʠʚʥʳʭ ʪʝʨʤʠʥʘʣʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʫʜʦʭʦʜʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʚʠʞʝʥʠʷ ʪʘʥʢʝʨʦʚ. ɿʘʛʨʷʟʥʝʥʠʷ ʤʦʨʝʡ ʠ ʘʚʘʨʠʠ ʩʫʜʦʚ ʧʨʠʚʦʜʷʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʨʠʩʢʦʚ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʝʬʪʝʧʨʦʜʫʢʪʘʤʠ. ʉʫʜʦʭʦʜʩʪʚʦ, 

ʚʢʣʶʯʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʫ ʠ ʧʝʨʝʚʘʣʢʫ ʥʝʬʪʠ ʥʘ ʪʝʨʤʠʥʘʣʘʭ, ʦʢʘʟʳʚʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʦʝ 

ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʨʩʢʫʶ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʙʝʨʝʛʦʚʫʶ ʟʦʥʫ ʤʦʨʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʧʨʠʯʠʥʦʡ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʝʘʥʘ. ʇʦʤʠʤʦ ʥʝʬʪʷʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ, ʚ ʏʝʨʥʦʝ ʤʦʨʝ 

ʧʦʩʪʫʧʘʶʪ ʚʟʚʝʰʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʘʢʚʘʪʦʨʠʠ ʤʦʨʷ ʠ ʥʘ 

ʙʝʨʝʛʫ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʟʚʝʰʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠʙʳʚʘʝʪ ʩʦ ʩʪʦʢʦʤ ʨʝʢ. ʀ ʚʩʝ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʚʪʦʨʠʯʥʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʚʦʜ, ʫʚʝʣʠʯʝʥʠʶ ʤʫʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʶ ʬʦʪʦʘʢʪʠʚʥʦʡ 

ʨʘʜʠʘʮʠʠ, ʙʠʦʧʨʦʜʫʢʪʠʚʥʦʩʪʠ, ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʧʦʧʫʣʷʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʦʛʘʱʝʥʠʝ 

ʤʦʨʝʡ ʙʠʦʛʝʥʘʤʠ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʘ ʚʦ ʤʥʦʞʝʩʪʚʝ ʤʦʨʝʡ ʈʦʩʩʠʠ ʥʘʯʘʣʠ 

ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʥʦʤʘʣʴʥʦʤʫ ʮʚʝʪʝʥʠʶ ʚʦʜ ʚ ʪʝʭ ʨʘʡʦʥʘʭ, ʛʜʝ ʵʪʦ 

ʨʘʥʝʝ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 
ʎʝʣʴ 
ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʚ ʘʢʚʘʪʦʨʠʠ ʯʝʨʥʦʛʦ ʤʦʨʷ. 
ɿʘʜʘʯʠ 
ʀʟʫʯʠʪʴ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ(ʉʄʅʈ). 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʜʘʥʥʳʝ ʩʦ ʩʧʫʪʥʠʢʘ ʜʘʪʴ ʦʮʝʥʢʫ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʏʝʨʥʦʛʦ 

ʤʦʨʷ. 
ʉʦʟʜʘʥʠʝ ʩʠʩʪʝʤʳ ʤʦʥʠʪʦʨʠʥʛʘ ʏʝʨʥʦʛʦ ʤʦʨʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ɼɿɿ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʉʄʅʈ. 
ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʣʶʜʝʡ. 
ʉʦʟʜʘʥʠʝ ʉʄʅʈ ʏʸʨʥʦʛʦ ʤʦʨʷ ʧʦʟʚʦʣʠʪ ʠʟʫʯʠʪʴ ʫʭʫʜʰʘʶʱʝʝʩʷ ʩʦʩʪʦʷʥʠʝ ʚʦʜʳ ʠ 

ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʝʸ ʟʘʛʨʷʟʥʝʥʠʝ, ʩʧʦʩʦʙʥʦʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʥʝʩʪʠ ʙʦʣʴʰʦʡ ʫʱʝʨʙ 

ʄʠʨʦʚʦʤʫ ʦʢʝʘʥʫ, ʯʪʦ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʙʦʣʝʟʥʝʥʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ ʜʣʷ ʤʠʨʦʚʦʡ ʵʢʦʣʦʛʠʠ. 



99 

 

ʅʘʫʯʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʧʦ ʩʦʟʜʘʥʠʶ ʉʄʅʈ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʩʠʩʪʝʤ ʢʦʥʪʨʦʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʜʣʷ ʦʮʝʥʢʠ, ʧʨʦʛʥʦʟʘ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ ʯʝʨʥʦʤʦʨʩʢʦʛʦ ʧʦʙʝʨʝʞʴʷ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ, ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʨʘʟʚʠʪʠʝʤ ʤʝʪʦʜʦʚ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʜʣʷ ʦʮʝʥʢʠ ʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩʦʩʪʦʷʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ, ʘ ʪʘʢʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ 

ʵʬʬʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʘʥʘʣʠʟʫ ʠ ʦʙʨʘʙʦʪʢʝ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʟʥʘʯʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʨʩʢʦʡ ʩʨʝʜʳ ʚ ʨʘʡʦʥʘʭ ʠʥʪʝʥʩʠʚʥʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʧʨʠʙʨʝʞʥʳʭ 

ʘʢʚʘʪʦʨʠʡ. 
ʊʘʢ ʢʘʢ ʢʦʩʤʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ 

ʦʙʟʦʨʥʦʩʪʴʶ ʠ ʧʦʟʚʦʣʷʶʪ ʦʧʝʨʘʪʠʚʥʦ ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʟʥʘʯʠʤʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʜʥʦʡ ʩʨʝʜʳ ʧʨʠʙʨʝʞʥʳʭ ʘʢʚʘʪʦʨʠʡ, ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʛʦʜʥʝʝ ʠ ʜʝʰʝʚʣʝ 

ʘʥʘʣʦʛʦʚʳʭ, ʪʘʢʠʭ ʢʘʢ ʧʨʦʚʝʜʝʥʠʝ ʢʦʥʪʘʢʪʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʘ ʦʙʰʠʨʥʳʭ ʘʢʚʘʪʦʨʠʷʭ, 

ʩʧʦʩʦʙʦʚ ʤʦʥʠʪʦʨʠʥʛʘ ʏʸʨʥʦʛʦ ʤʦʨʷ. 
ɼʣʷ ʘʥʘʣʠʟʘ ʥʝʬʪʷʥʳʭ ʧʷʪʝʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʥʪʝʨʘʢʪʠʚʥʘʷ 

ʢʘʨʪʘ ʩ ʜʦʩʪʫʧʦʤ ʢ ʯʝʨʥʦ-ʙʝʣʳʤ ʩʧʫʪʥʠʢʦʚʳʤ ʩʥʠʤʢʘʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ScanEx Web Geomixer. ʉ ʧʦʤʦʱʴʶ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ 

ʚʳʜʝʣʝʥʳ ʧʷʪʥʘ ʥʝʬʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʏʝʨʥʦʛʦ ʤʦʨʷ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʥʘʡʜʝʥʥʳʝ ʨʘʟʣʠʚʳ 

ʜʘʥʥʳʝ ʟʘʥʦʩʠʣʠʩʴ ʚ ʪʘʙʣʠʮʫ ʜʘʥʥʳʭ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʥʝʬʪʷʥʳʭ ʨʘʟʣʠʚʦʚ ʩ 

ʧʦʤʦʱʴʶ ʩʧʫʪʥʠʢʦʚʳʭ ʩʥʠʤʢʦʚ, ʟʘʧʠʩʴ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʦʙʥʘʨʫʞʝʥʥʳʭ ʨʘʟʣʠʚʘʭ ʚ ʙʘʟʫ 

ʜʘʥʥʳʭ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1 - http://mining.in.ua/articles/volume8_3/40.pdf 
2 - http://www.dinghygel.narod.ru/BS_unic.htm 
3 - http://adm-verhotury.ru/social/helth/media/2018/7/31/infektsii-iz-vodyi-chem-mozhno-

zarazitsya-kupayas-v-gorodskih-vodoemah/ 
4 - https://www.gazeta.ru/science/2019/06/21_a_12431131.shtml 
5 - https://saratov24.tv/news/rospotrebnadzor-chem-mozhno-zarazitsya-na-plyazhe-i-v-vode/ 
6 - http://www.aerocosmos.info/proekty/project_1/obshchaya_kharakteristika_ proekta.php 

ʇʦʨʪʘʪʠʚʥʘʷ ʤʝʪʝʦʩʪʘʥʮʠʷ ʩ ʥʦʩʠʪʝʣʝʤ ʚ ʚʠʜʝ ɹʇʃɸ  
ɺʘʩʶʢʦʚ ɺ.ʉ., ɸʰʨʘʧʦʚ ʊ.ɼ., ʋʩʪʠʥʦʚ ʀ.ɺ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʛʦʨʦʚʘ ʅ.ɸ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 1900, ʄʦʩʢʚʘ 
 

ɹʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ) ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʘʤʳʭ 

ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ ʣʶʜʝʡ, ʦʪ ʢʘʨʪʦʛʨʘʬʠʠ ʠ ʘʥʘʣʠʟʘ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʦ 

ʩʲʝʤʢʠ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʬʠʣʴʤʦʚ ʩ ʚʦʟʜʫʭʘ. ɹʇʃɸ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ 

ʘʚʪʦʥʦʤʥʦʩʪʠ ð ʦʪ ʫʧʨʘʚʣʷʝʤʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦ ʜʦ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ. 
ʉʦʛʣʘʩʥʦ ʇʨʘʚʠʣʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʜʫʰʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, 

ɹʇʃɸ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ çʣʝʪʘʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʦʣʝʪ ʙʝʟ ʧʠʣʦʪʘ (ʵʢʠʧʘʞʘ) ʥʘ 

ʙʦʨʪʫ ʠ ʫʧʨʘʚʣʷʝʤʳʡ ʚ ʧʦʣʝʪʝ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʦʧʝʨʘʪʦʨʦʤ ʩ ʧʫʥʢʪʘ ʠʣʠ ʩʦʯʝʪʘʥʠʝʤ 

ʫʢʘʟʘʥʥʳʭ ʩʧʦʩʦʙʦʚ. 
ʉʝʛʦʜʥʷ ʣʶʙʦʡ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʭʦʙʙʠ ʚ ʚʠʜʝ ʙʝʩʧʠʣʦʪʥʠʢʘ, ʢʘʢ ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ʅʘʤ 

ʧʨʠʛʣʷʥʫʣʘʩʴ ʠʜʝʷʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ɹʇʃɸ ʜʣʷ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ, ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ 

ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ 

ʚʦʟʜʫʭʝ, ʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʛʨʘʥʠʯʥʳʭ ʟʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʳʤʘ ʦʪ ʊʕʎ ʠ ʨʘʟʣʠʯʥʳʭ 

ʟʘʚʦʜʦʚ. 
ɺʳʙʠʨʘʷ ʤʝʞʜʫ ɹʇʃɸ ʤʫʣʴʪʠʨʦʪʦʨʥʦʛʦ ʠ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʙʳʣʦ ʦʪʜʘʥʦ 

ʥʦʩʠʪʝʣʶ ʩʘʤʦʣʝʪʥʦʛʦ ʪʠʧʘ ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʪʘʢʦʡ ʪʠʧ ɹʇʃɸ ʤʦʞʝʪ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʴʩʷ 

ʚ ʚʦʟʜʫʭʝ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʴ, ʯʪʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʦʝʢʪʘ. 



100 

 

ʇʦʩʣʝ ʚʳʙʦʨʘ ɹʇʃɸ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʵʬʬʝʢʪʠʚʥʫʶ ʚʠʥʦ-ʤʦʪʦʨʥʫʶ ʛʨʫʧʧʫ 

(ɺʄɻ) ʜʣʷ ʥʦʩʠʪʝʣʷ, ʘ ʪʘʢ ʢʘʢ ʙʝʩʧʠʣʦʪʥʠʢʫ ʥʝ ʥʫʞʥʦ ʙʳʩʪʨʦ ʧʝʨʝʤʝʱʘʪʴʩʷ, ʪʦ ɺʄɻ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʧʦ ʧʨʠʥʮʠʧʫ ñʤʝʥʴʰʝ ʦʙʦʨʦʪʦʚ ʥʘ ʚʦʣʴʪ ʫ ʤʦʪʦʨʘ ʠ ʙʦʣʴʰʝ ʧʨʦʧʝʣʣʝʨò. ʇʦʩʣʝ 

ʚʳʙʦʨʘ ʥʦʩʠʪʝʣʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʦʜʦʙʨʘʪʴ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʙʝʩʧʠʣʦʪʥʠʢʝ. ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ - ʤʦʥʠʪʦʨʠʥʛ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚ ʠ ʊʕʎ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʩʥʦʚʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ ʠ 

ʜʦʟʠʤʝʪʨ. ʊʘʢ ʢʘʢ ʩʘʤ ʥʦʩʠʪʝʣʴ ʥʘʭʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʠ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ, ʚ ʢʘʢʦʡ 

ʪʦʯʢʝ ʤʝʩʪʥʦʩʪʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʪʝʢʫʱʝʝ ʠʟʤʝʨʝʥʠʝ ʜʘʪʯʠʢʘ, ʵʪʫ ʧʨʦʙʣʝʤʫ ʧʦʤʦʞʝʪ ʨʝʰʠʪʴ 

GPS ʤʦʜʫʣʴ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʚʤʝʩʪʝ ʩ ʦʩʪʘʣʴʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʥʘ ʥʦʩʠʪʝʣʴ, ʩ ʧʦʤʦʱʴʶ 

ʥʝʛʦ ʢʘʞʜʦʤʫ ʠʟʤʝʨʝʥʠʶ ʤʦʞʥʦ ʧʦʩʪʘʚʠʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʢʦʦʨʜʠʥʘʪʫ ʧʦʣʫʯʝʥʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʪʫ ʧʦʣʝʪʘ ɹʇʃɸ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʡ ʢʘʨʪʠʥʳ ʨʝʰʝʥʦ 

ʙʳʣʦ ʪʘʢʞʝ ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʠ ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. 
ɺ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʜʘʪʯʠʢʠ: 
1. ɻʘʟʦʘʥʘʣʠʟʘʪʦʨ MQ-135 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʚʦʟʜʫʭʝ 
2. ɼʦʟʠʤʝʪʨ ʥʘ ʦʩʥʦʚʝ ʩʯʝʪʯʠʢʘ ɻʝʡʛʝʨʘ 
3. ɹʘʨʦʤʝʪʨ BMP180 ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʘʪʤʦʩʬʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʘʩʯʝʪʘ ʪʝʢʫʱʝʡ ʚʳʩʦʪʳ 

ʧʦʣʝʪʘ ɹʇʃɸ 
4. ɼʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʴ DHT22 
5. GPS ʤʦʜʫʣʴ ʜʣʷ ʧʨʠʚʷʟʢʠ ʪʝʢʫʱʠʭ ʠʟʤʝʨʝʥʠʡ ʜʘʪʯʠʢʦʚ ʢ ʢʦʦʨʜʠʥʘʪʘʤ ʤʝʩʪʥʦʩʪʠ 
6. ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ DS3231 ʜʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʚʨʝʤʝʥʠ ʠ ʧʦʣʫʯʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 
ɹʇʃɸ ʩ ʪʘʢʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʤʦʞʝʪ ʜʦʣʛʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʴʩʷ ʚ ʚʦʟʜʫʭʝ ʥʘʜ 

ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʲʝʢʪʦʤ ʠ ʠʟʤʝʨʷʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʚʳʙʨʦʩʘʭ ʠ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ, ʦʪʩʣʝʞʠʚʘʪʴ ʟʦʥʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʨʝʜʥʳʭ ʦʪʭʦʜʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʤʝʩʪʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʢʨʫʧʥʳʤ ʧʨʝʜʧʨʠʷʪʠʷʤ 

ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʨʝʜʥʳʝ ʚʳʙʨʦʩʳ 

ʚ ʘʪʤʦʩʬʝʨʫ. ɺʝʜʴ ʨʘʮʠʦʥʘʣʴʥʦʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝ - ʦʩʪʨʘʷ ʧʨʦʙʣʝʤʘ ʯʝʣʦʚʝʯʝʩʪʚʘ ʠ 

ʤʘʣʝʥʴʢʠʝ ʰʘʛʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʥʘʤ ʩʦʭʨʘʥʠʪʴ ʧʨʠʚʳʯʥʳʤ ʥʘʤ ʫʢʣʘʜ ʞʠʟʥʠ ʥʘ ʜʦʣʛʠʝ ʛʦʜʳ. 

ʈʘʜʠʦʫʧʨʘʚʣʷʝʤʳʝ ʤʦʜʝʣʠ ʩʘʤʦʣʸʪʦʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ 
ɺʦʣʢʦʚ ɼ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʦʥʪʘʨʝʚ ʌ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 2045, ʄʦʩʢʚʘ 

 
ɺ ʵʪʦʤ ʛʦʜʫ ʦʪʤʝʯʘʝʪʩʷ 77-ʣʝʪʠʝ ʚʝʣʠʢʦʡ ʧʦʙʝʜʳ. ʃʝʛʝʥʜʘʨʥʳʝ ʩʦʚʝʪʩʢʠʝ ʣʸʪʯʠʢʠ, 

ʫʧʨʘʚʣʷʶʱʠʝ ʣʝʛʝʥʜʘʨʥʳʤʠ ʩʘʤʦʣʝʪʘʤʠ, ʩʳʛʨʘʣʠ ʦʯʝʥʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʦʙʝʜʝ ʥʘʜ 

ʬʘʰʠʩʪʩʢʦʡ ɻʝʨʤʘʥʠʝʡ. ɼʣʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠʩʪʦʨʠʠ ʩʦʚʝʪʩʢʦʡ ʘʚʠʘʮʠʠ ʚʨʝʤʝʥ ɺʝʣʠʢʦʡ 

ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ, ʙʳʣʦ ʨʝʰʝʥʦ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʨʘʜʠʦʫʧʨʘʚʣʷʝʤʳʝ 

ʤʦʜʝʣʠ-ʢʦʧʠʠ ʩʦʚʝʪʩʢʠʭ ʩʘʤʦʣʸʪʦʚ. ʇʨʦʝʢʪ ʙʳʣ ʥʘʯʘʪ ʩ ʀʣ-2, ʃʘ-5 ʠ ʗʢ-3.  
ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʅʘʡʪʠ ʠ ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʩʘʤʦʣʸʪʦʚ; 
2. ʈʘʟʨʘʙʦʪʘʪʴ ʯʝʨʪʝʞʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʝʪʘʣʝʡ ʚ ʤʘʩʰʪʘʙʝ 1:10; 
3. ʀʟʛʦʪʦʚʠʪʴ ʜʝʪʘʣʠ ʩʠʣʦʚʦʛʦ ʢʘʨʢʘʩʘ ʤʦʜʝʣʝʡ ʩʘʤʦʣʝʪʦʚ ʥʘ ʣʘʟʝʨʥʦʤ ʩʪʘʥʢʝ; 
4. ʉʦʙʨʘʪʴ ʢʘʨʢʘʩ ʩʘʤʦʣʝʪʦʚ ʠʟ ʛʦʪʦʚʳʭ ʜʝʪʘʣʝʡ (ʰʧʘʥʛʦʫʪʳ, ʣʦʥʞʝʨʦʥʳ, ʥʝʨʚʶʨʳ, 

ʦʙʰʠʚʢʘ); 5. ʋʩʪʘʥʦʚʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʩʦʚʝʨʰʝʥʠʷ ʫʧʨʘʚʣʷʝʤʦʛʦ ʧʦʣʝʪʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çʈʘʜʠʦʫʧʨʘʚʣʷʝʤʳʝ ʤʦʜʝʣʠ ʩʘʤʦʣʝʪʦʚ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ 

ʚʦʡʥʳè ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ ʠ ʢʦʤʧʣʝʢʪʫʶʱʠʝ: ʙʘʣʴʟʘ; ʫʛʣʝʧʣʘʩʪʠʢ; 

ʘʣʶʤʠʥʠʡ; ABS ʧʣʘʩʪʠʢ; ʜʚʠʛʘʪʝʣʴ; ʧʨʦʧʝʣʣʝʨ; ʨʝʛʫʣʷʪʦʨ ʦʙʦʨʦʪʦʚ; ʩʝʨʚʦʧʨʠʚʦʜʳ; ʪʷʛʠ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʩʝʨʚʦʧʨʠʚʦʜʳ ʩ ʵʣʝʨʦʥʘʤʠ, ʨʫʣʷʤʠ ʚʳʩʦʪʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʟʘʢʨʳʣʢʘʤʠ ʠ 

ʰʘʩʩʠ; ʧʨʠʝʤʥʠʢ; ʧʝʨʝʜʘʪʯʠʢ; ʘʢʢʫʤʫʣʷʪʦʨ. 
ʂʨʘʪʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʩʘʤʦʣʝʪʘʭ, ʤʦʜʝʣʠ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ: 
ʀʣ-2 ï ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ çʣʝʪʘʶʱʠʡ ʪʘʥʢè, ʰʪʫʨʤʦʚʠʢ, ʠʣʠ ʙʨʦʥʠʨʦʚʘʥʥʳʡ ʫʜʘʨʥʳʡ 

ʩʘʤʦʣʝʪ, ʫʥʠʢʘʣʴʥʦʡ ʩʦʚʝʪʩʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʭ ʙʳʣʦ ʚʳʧʫʱʝʥʦ ʙʦʣʝʝ 17000, ʠʛʨʘʣ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʥʘ ɺʦʩʪʦʯʥʦʤ ʬʨʦʥʪʝ. ɹʨʦʥʝʚʳʝ ʧʣʠʪʳ ʚ ʬʶʟʝʣʷʞʝ, ʟʘʢʨʳʚʘʶʱʠʝ 

ʜʚʠʛʘʪʝʣʴ, ʣʝʪʯʠʢʘ ʠ ʪʦʧʣʠʚʥʳʡ ʙʘʢ ʧʦʟʚʦʣʷʣʠ ʩʘʤʦʣʝʪʫ ʘʪʘʢʦʚʘʪʴ ʛʝʨʤʘʥʩʢʠʝ ʪʘʥʢʠ ʯʝʨʝʟ 
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ʩʪʝʥʫ ʦʛʥʷ ʠʟ ʦʨʫʞʠʷ ʥʝʙʦʣʴʰʦʛʦ ʢʘʣʠʙʨʘ [1]. ʅʘ ʩʘʤʦʣʝʪʘʭ ʀʣ-2 ʩʨʘʞʘʣʠʩʴ ʣʝʪʯʠʢʠ-

ʰʪʫʨʤʦʚʠʢʠ ʜʚʘʞʜʳ ɻʝʨʦʠ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ɻ.ʌ. ʉʠʚʢʦʚ, ɻ.ʊ. ɹʝʨʝʛʦʚʦʡ, ʄ.ɿ. 

ɹʦʥʜʘʨʝʥʢʦ, ɸ.ʀ. ɽʬʠʤʦʚ; ɻʝʨʦʡ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ɺ.ɹ. ɽʤʝʣʴʷʥʝʥʢʦ ʠ ʜʨʫʛʠʝ [2]. 
ʃʘ-5 ï ʩʦʚʝʪʩʢʠʡ ʦʜʥʦʤʦʪʦʨʥʳʡ ʠʩʪʨʝʙʠʪʝʣʴ, ʩʦʟʜʘʥʥʳʡ ʚ 1942 ʛʦʜʫ ʆʂɹ-21 ʧʦʜ 

ʨʫʢʦʚʦʜʩʪʚʦʤ ʉ.ɸ. ʃʘʚʦʯʢʠʥʘ ʚ ɻʦʨʴʢʦʤ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʝʪʩʢʠʭ ʙʦʝʚʳʭ ʩʘʤʦʣʝʪʦʚ ʚ 

ʥʘʯʘʣʝ ʚʦʡʥʳ ʩʪʨʦʠʣʦʩʴ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʜʝʨʝʚʘ, ʪ.ʢ. ʣʝʛʢʠʝ ʘʣʶʤʠʥʠʝʚʳʝ ʩʧʣʘʚʳ ʙʳʣʠ ʚ 

ʜʝʬʠʮʠʪʝ. ʃʘ-5 ʩ ʝʛʦ ʧʣʦʭʠʤʠ ʚʝʩʦʚʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʝ ʩʣʠʰʢʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʧʦ 

ʩʢʦʨʦʩʪʠ ʄʝʩʩʝʨʰʤʠʪʪʫ Bf-109G, ʥʦ ʙʳʣ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʥʝʚʨʝʥʥʳʤ. ʇʦʩʣʝ ʛʝʨʤʘʥʩʢʦʛʦ 

ʥʘʧʘʜʝʥʠʷ ʥʘ ʉʉʉʈ ʚ 1941 ʛ. ʨʫʩʩʢʠʝ ʧʨʠʣʦʞʠʣʠ ʦʛʨʦʤʥʳʝ ʫʩʠʣʠʷ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʳʧʫʩʢʘ 

ʩʘʤʦʣʝʪʦʚ. ɹʳʣʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʙʦʨʴʙʘ ʩ ʦʧʳʪʥʳʤ ʠ ʭʦʨʦʰʦ ʦʩʥʘʱʝʥʥʳʤ ʃʶʬʪʚʘʬʬʝ 

ʪʨʝʙʫʝʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ, ʥʦ ʠ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʦʣʝʪʦʚ. ʀʟʥʘʯʘʣʴʥʦ 

ʙʦʣʝʝ ʫʜʘʯʥʳʤʠ ʙʳʣʠ ʠʩʪʨʝʙʠʪʝʣʠ ʗʢʦʚʣʝʚʘ, ʘ ʃʘ-5 ʦʢʘʟʘʣʩʷ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ. ɺ 1942 ʛ. 

ʤʦʜʠʬʠʢʘʮʠʷ ʌʅ, ʦʩʥʘʱʝʥʥʘʷ ʙʦʣʝʝ ʤʦʱʥʳʤ ʜʚʠʛʘʪʝʣʝʤ, ʧʦʣʫʯʠʣʘ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʠʝ 

ʜʘʥʥʳʝ ʠ ʦʧʝʨʝʞʘʣʘ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʘʞʝ ʌʦʢʢʝ-ɺʫʣʴʬ FW-190 [1]. ʅʘ ʩʘʤʦʣʝʪʘʭ ʃʘ-5 

ʠ ʃʘ-5ʌʅ ʩʨʘʞʘʣʠʩʴ ʪʘʢʠʝ ʣʝʪʯʠʢʠ-ʘʩʳ, ʢʘʢ ʀ.ʅ. ʂʦʞʝʜʫʙ, ʂ.ɸ. ɽʚʩʪʠʛʥʝʝʚ, ɺ.ʀ. ʇʦʧʢʦʚ, 

ʅ.ʄ. ʉʢʦʤʦʨʦʭʦʚ ʠ ʜʨʫʛʠʝ. 
ʗʢ-3 ï ʜʝʪʠʱʝ ʩʦʚʝʪʩʢʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ ɸʣʝʢʩʘʥʜʨʘ ʉʝʨʛʝʝʚʠʯʘ ʗʢʦʚʣʝʚʘ ï ʟʘʚʦʝʚʘʣ 

ʨʝʧʫʪʘʮʠʶ ʧʨʝʚʦʩʭʦʜʥʦʛʦ ʠʩʪʨʝʙʠʪʝʣʷ ʚ ʦʪʯʘʷʥʥʳʭ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʭ ʙʦʷʭ ʥʘ ɺʦʩʪʦʯʥʦʤ 

ʬʨʦʥʪʝ ʚ 1944-1945 ʛʦʜʘʭ. ʃʶʬʪʚʘʬʬʝ ʧʨʠʰʣʦ ʚ ʰʦʢ ʠ ʩʤʷʪʝʥʠʝ, ʦʙʥʘʨʫʞʠʚ, ʯʪʦ ʧʦ 

ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʤʘʣʳʭ ʚʳʩʦʪʘʭ ʦʥ ʧʨʝʚʦʩʭʦʜʠʣ ʌʦʢʢʝ-ɺʫʣʴʬ FW-190 ʠ ʄʝʩʩʝʨʰʤʠʪʪ Bf-

109. ʆʜʥʘʞʜʳ, ʚ ʠʶʣʝ 1944 ʛ., ʩʦʝʜʠʥʝʥʠʝ ʠʟ 18 ʗʢ-3 ʧʨʦʪʠʚʦʩʪʦʷʣʦ 30 ʠʩʪʨʝʙʠʪʝʣʷʤ 

ʃʶʬʪʚʘʬʬʝ ʠ ʩʤʦʛʣʦ ʩʙʠʪʴ 15 ʥʝʤʝʮʢʠʭ ʤʘʰʠʥ, ʧʦʪʝʨʷʚ ʧʨʠ ʵʪʦʤ ʣʠʰʴ ʦʜʠʥ ʩʚʦʡ ʩʘʤʦʣʝʪ 

[1]. ʋʧʨʘʚʣʷʣʠ ʩʘʤʦʣʝʪʘʤʠ ʗʢ-3 ʪʘʢʠʝ ʣʝʪʯʠʢʠ-ʘʩʳ, ʢʘʢ ɸ.ʀ. ʂʦʣʜʫʥʦʚ, ɺ.ɺ. ʄʘʨʢʦʚ, ɸ.ʅ. 

ʉʠʪʢʦʚʩʢʠʡ, ɸ.ʇ. ʏʫʨʠʣʠʥ ʠ ʜʨʫʛʠʝ. 

ɸʧʧʘʨʘʪ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʟʝʣʝʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ 
ɻʘʣʠʯʝʥʢʦ ʉ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʠʯʠʭʘʥʦʚʘ ʕ.ʀ. 
ʄɹʆʋ "ɹʫʪʦʚʩʢʘʷ ʉʆʐ ˉ1", ɺʠʜʥʦʝ 

 
ʄʥʦʛʠʤ ʟʥʘʢʦʤʘ ʧʨʦʙʣʝʤʘ ʜʦʩʪʘʚʢʠ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʢʦʩʤʦʥʘʚʪʘʤ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ 

ʙʦʨʪʫ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʂʦʩʤʠʯʝʩʢʦʡ ʉʪʘʥʮʠʠ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʘʷ ʠ ʜʦʨʦʛʦʩʪʦʷʱʘʷ 

ʟʘʜʘʯʘ, ʥʝʫʜʘʯʘ ʚ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʘʤʦʤʫ ʩʪʨʘʰʥʦʤʫ ʩʮʝʥʘʨʠʶ ï ʛʠʙʝʣʠ ʵʢʠʧʘʞʘ. 

ʆʩʦʙʝʥʥʦ ʚ ʵʪʦʤ ʚʳʜʝʣʷʶʪʩʷ ʤʠʩʩʠʠ, ʧʨʦʭʦʜʷʱʠʝ ʜʘʣʝʢʦ ʦʪ ɿʝʤʣʠ. ʅʘʧʨʠʤʝʨ, ʢ ʪʘʢʠʤ 

ʤʠʩʩʠʷʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʛʦʪʦʚʷʱʫʶʩʷ ʤʠʩʩʠʶ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʙʘʟʳ ʥʘ ʃʫʥʝ, ʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʠ ʥʘ ʄʘʨʩʝ. ʉʣʦʞʥʦʩʪʴ, ʢʘʢ ʠ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʥʘ ʜʦʩʪʘʚʢʫ ʛʨʫʟʘ, 

ʚʦʟʨʘʩʪʘʶʪ, ʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʢʘʟʘʪʴ ʩʨʦʯʥʫʶ ʧʦʤʦʱʴ ʵʢʠʧʘʞʫ ʩʥʠʞʘʝʪʩʷ. 
ɼʦʩʪʘʚʢʘ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ ʥʘʧʨʷʤʫʶ ʩ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ ʚʘʨʠʘʥʪʦʤ ʥʘ ʧʝʨʚʦʝ 

ʚʨʝʤʷ, ʥʦ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʩʥʘʙʞʝʥʠʷ ʧʨʷʤʦ ʥʘ ʙʘʟʝ. 

ʇʦʵʪʦʤʫ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʤʦʛʫʪ ʧʦʢʘʟʘʪʴ ʥʘ ʧʨʘʢʪʠʢʝ ʚʣʠʷʥʠʝ 

ʫʩʣʦʚʠʡ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʪʝʣ ʥʘ ʨʦʩʪ ʨʘʩʪʝʥʠʡ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʣʠʯʠʝ 

ʟʝʣʝʥʠ ʙʫʜʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʢʠʧʘʞʘ, ʯʪʦ ʪʘʢʞʝ 

ʥʝʤʘʣʦʚʘʞʥʦ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʨʘʟʨʘʙʦʪʘʪʴ ʘʧʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʨʘʩʪʝʥʠʡ ʫʩʣʦʚʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ, ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʭ ʨʦʩʪ ʠ ʧʨʦʚʦʜʠʪʴ ʥʘʫʯʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ. ʉʦʟʜʘʪʴ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ ʘʧʧʘʨʘʪʘ. 
ɿʘʜʘʯʠ: 
1. ʀʟʫʯʠʪʴ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʚʳʙʨʘʥʥʳʭ ʢʫʣʴʪʫʨ, ʠ 

ʠʤʝʶʱʠʝʩʷ ʥʘ ʄʘʨʩʝ; 
2. ʀʟʫʯʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʝʢʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ɿʝʤʣʠ; 
3. ʆʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʬʫʥʢʮʠʠ ʠ ʩʚʦʡʩʪʚʘ ʘʧʧʘʨʘʪʘ; 
4. ʅʘʫʯʠʪʴʩʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʥʘ C++ ʠ ʩʦʟʜʘʚʘʪʴ 3D ʤʦʜʝʣʠ; 
5. ʀʟʛʦʪʦʚʠʪʴ ʨʘʙʦʯʠʡ ʧʨʦʪʦʪʠʧ. 
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ʆʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ, 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʩʙʦʨʢʠ, ʵʣʝʤʝʥʪʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʪʦʨʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʘʧʧʘʨʘʪ ʧʦ ʩʫʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʫʶ ʪʝʧʣʠʮʫ, 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʦʡ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʩʣʦʞʥʳʭ ʠ ʚʘʞʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʣʝʢʦ ʟʘ 

ʧʨʝʜʝʣʘʤʠ ɿʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 
ʅʘ ʨʦʣʴ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʜʝʪʘʣʠ ʘʧʧʘʨʘʪʘ, ʙʳʣʘ ʚʳʙʨʘʥʘ ʨʦʩʩʠʡʩʢʘʷ 

ʧʣʘʪʘ Iskra Mega ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʧʘʤʷʪʠ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʫ 

ʚʭʦʜʦʚ/ʚʳʭʦʜʦʚ. ʂ ʥʝʡ ʧʦʜʢʣʶʯʝʥʳ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʘʞʥʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ 

ʛʘʟʦʚ. 

ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʩʠʭʠʢʫ ʯʝʣʦʚʝʢʘ  

ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ 
ɻʨʫʟʜʝʚʘ ʄ.ɼ. 

ɻɹʆʋ çʐʢʦʣʘ ˉ 167 ʠʤʝʥʠ ʄʘʨʰʘʣʘ ʃ.ɸ. ɻʦʚʦʨʦʚʘè, ʄʦʩʢʚʘ 
 

ʇʩʠʭʦʣʦʛʠʷ- ʵʪʦ ʥʝ ʧʨʦʩʪʦ ʦʙʣʘʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʪʦ ʬʫʥʜʘʤʝʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʤʠʨʘ 

ʯʝʣʦʚʝʢʘ. ɺ ʜʥʠ 21-ʛʦ ʚʝʢʘ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʭʦʪʷ ʙʳ ʧʨʦʛʫʣʢʫ ʚ ʧʘʨʢʝ ʙʝʟ ʪʝʭʥʦʣʦʛʠʡ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʠʥʬʦʨʤʘʮʠʠ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʙʳʪʠʡ ʥʝ ʤʦʞʝʪ ʙʝʩʩʣʝʜʥʦ 

ʦʪʨʘʟʠʪʴʩʷ ʥʘ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʈʘʟʚʠʪʠʝ ʮʠʬʨʦʚʠʟʘʮʠʠ ʥʝʩʝʪ ʚ ʩʝʙʝ ʢʘʢ ʧʦʣʴʟʫ, ʪʘʢ ʠ ʚʨʝʜ. 
ʏʪʦ ʠʟ ʵʪʦʛʦ ʧʨʝʚʘʣʠʨʫʝʪ ʠ ʢʘʢ ʠʤʝʥʥʦ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʧʩʠʭʦʣʦʛʠʶ ʯʝʣʦʚʝʢʘ, ʧʦʢʘʞʝʪ 

ʢɻʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. 
ʇʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʩʠʭʠʢʫ ʯʝʣʦʚʝʢʘ ʚ ʵʧʦʭʫ ʮʠʬʨʦʚʠʟʘʮʠʠ 

- ʵʪʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʨʘʙʦʪʘ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʚʳʷʚʣʝʥʠʝ ʵʤʦʮʠʦʥʘʣʴʥʦʛʦ ʠ ʧʩʠʭʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʯʝʣʦʚʝʢʘ, ʞʠʚʫʱʝʛʦ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ʂʘʢ ʞʠʟʥʴ ʧʨʠʚʳʯʥʳʡ ʦʙʨʘʟ ʞʠʟʥʠ 

ʯʝʣʦʚʝʢʘ 21-ʛʦ ʚʝʢʘ ʚʣʠʷʝʪ ʥʘ ʥʝʡʨʦʥʥʫʶ ʩʝʪʴ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ. 
ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤʠ ʚʦʧʨʦʩʘʤʠ ʷʚʣʷʶʪʩʷ ʚʳʟʦʚʳ ʜʣʷ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ʠ ʧʨʘʢʪʠʢʠ, 

ʢʘʢ ʪʘʢʦʚʳʭ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʚʠʪʠʝʤ ʮʠʬʨʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʙʦʣʴʰʠʭ ʜʘʥʥʳʭ, 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʚʠʨʪʫʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, çʫʤʥʳʭè ʤʘʪʝʨʠʘʣʦʚ, ʪʝʣʝʧʨʠʩʫʪʩʪʚʠʷ, 

ʠʥʪʝʨʬʝʡʩʦʚ çʤʦʟʛ ï ʢʦʤʧʴʶʪʝʨè. ʄʥʦʛʠʝ ʣʶʜʠ ʠʩʧʳʪʳʚʘʶʪ ʠʥʪʝʨʝʩ ʢ ʥʦʚʳʤ 

ʚʦʟʤʦʞʥʦʩʪʷʤ ʧʩʠʭʦʪʝʨʘʧʠʠ, ʘ ʥʝʢʦʪʦʨʳʝ ʜʘʞʝ ʛʦʪʦʚʳ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʱʝʥʠʷ 

ʢ ʨʦʙʦʪʫ-ʧʩʠʭʦʣʦʛʫ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ. 
ʏʪʦ ʜʫʤʘʶʪ ʦʙ ʵʪʦʤ ʩʘʤʠ ʧʩʠʭʦʣʦʛʠ? 
çʇʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʬʦʨʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʣʶʜʴʤʠ, ʥʘʧʨʠʤʝʨ, ʦʙʱʝʥʠʝ ʙʣʦʛʝʨʘ 

ʩ ʧʦʜʧʠʩʯʠʢʘʤʠ. ʆʥʠ ʢʘʢ ʙʳ ʠ ʥʝ ʜʨʫʟʴʷ, ʥʦ ʦʪʚʝʪʠʪʴ ʥʝʦʙʭʦʜʠʤʦ ʢʘʞʜʦʤʫ, ʫʜʝʣʠʪʴ 

ʚʥʠʤʘʥʠʝ ʢʘʞʜʦʤʫ. 
ʊʘʢʞʝ ʩʦʟʜʘʶʪʩʷ ʧʨʠʣʦʞʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʳ ʩʦ ʩʥʦʤ, ʘ 

ʪʘʢʞʝ ʩʧʨʘʚʠʪʴʩʷ ʩ ʧʨʠʩʪʫʧʦʤ ʪʨʝʚʦʛʠ. ʆʥʠ ʤʦʛʫʪ ʧʦʤʦʯʴ ʧʨʠ ʜʝʧʨʝʩʩʠʠ. 
ʃʶʜʠ ʥʘʯʘʣʠ ʙʦʣʴʰʝ ʜʦʚʝʨʷʪʴ ʩʧʝʮʠʘʣʠʩʪʘʤ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʫʩʣʫʛʠ ʫʜʘʣʝʥʥʦ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʧʩʠʭʦʣʦʛʘʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʢʘʯʝʩʪʚʝ ʩʚʷʟʠ ʪʘʢʘʷ ʞʝ, 

ʢʘʢ ʠ ʧʨʠ ʣʠʯʥʦʡ ʚʩʪʨʝʯʝè (ʖʣʠʷ ɸʙʳʩʦʚʘ, ʧʨʘʢʪʠʢʫʶʱʠʡ ʧʩʠʭʦʣʦʛ). 
ʄʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʦʪ ʚʦʧʨʦʩ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠ ʤʘʩʰʪʘʙʥʦ. 

ɺʣʠʷʥʠʝ ʟʚʸʟʜ ʥʘ ʞʠʟʥʴ ʯʝʣʦʚʝʯʝʩʪʚʘ 
ɿʠʥʦʚʴʝʚʘ ʅ.ʈ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʫʚʰʠʥʦʚ ɺ.ɺ. 
ʄɸʆʋ ʆʜʠʥʮʦʚʩʢʠʡ ʣʠʮʝʡ ˉ 6 ʠʤ. ɸ.ʉ. ʇʫʰʢʠʥʘ, ʆʜʠʥʮʦʚʦ 

 
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʯʝʥʠʝ ʚʥʠʤʘʥʠʷ ʣʶʜʝʡ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ ʟʚʸʟʜ ʥʘ 

ʞʠʟʥʴ ʯʝʣʦʚʝʢʘ. 
ɿʘʜʘʯʠ: 
1) ʆʧʨʝʜʝʣʠʪʴ ʫʨʦʚʝʥʴ ʚʣʠʷʥʠʷ ʟʚʸʟʜ ʥʘ ʥʘʰ ʤʠʨ. 
2) ʅʘʛʣʷʜʥʦ ʵʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ. 
ʇʨʦʜʫʢʪʳ ʨʘʙʦʪʳ: 
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1) ʀʥʪʝʨʘʢʪʠʚʥʳʡ ʢʘʣʝʥʜʘʨʴ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ. 
2) ʇʘʤʷʪʢʘ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʈʌ. 
3) ʇʘʤʷʪʢʘ çʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʦ ʟʚʸʟʜʘʤè. 
ʄʝʪʦʜʳ ʨʘʙʦʪʳ: 
ʆʧʨʦʩʳ, ʵʢʩʧʝʨʠʤʝʥʪʳ, ʥʘʙʣʶʜʝʥʠʷ, ʩʙʦʨ ʠ ʘʥʘʣʠʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ. 
ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ: 
1) ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ (ɸʥʘʣʠʟ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ). 
2) ʆʩʥʦʚʥʦʡ (ɺʳʧʦʣʥʝʥʠʝ ʩʘʤʦʛʦ ʧʨʦʝʢʪʘ). 
3) ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ (ɿʘʱʠʪʘ ʧʨʦʝʢʪʘ). 
ʇʣʘʥ: 
1) ʉʦʙʨʘʪʴ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʳʙʨʘʥʥʦʡ ʪʝʤʝ ʧʨʦʝʢʪʘ. 
2) ʇʨʦʚʝʩʪʠ ʦʧʨʦʩʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ. 
3) ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʩʶ ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 
4) ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ. 
5) ʉʦʟʜʘʪʴ ʢʘʣʝʥʜʘʨʴ ʠ ʧʘʤʷʪʢʠ. 
6) ʆʬʦʨʤʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʚ ʚʠʜʝ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ 
ɿʚʸʟʜʳ ʦʢʘʟʳʚʘʶʪ ʦʛʨʦʤʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʦʜʥʘʢʦ ʤʘʣʦ 

ʢʪʦ ʠʟ ʣʶʜʝʡ ʦʙ ʵʪʦʤ ʟʘʜʫʤʳʚʘʣʩʷ ʚʩʝʨʴʸʟ. 
ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʜʠʥʘʤʠʯʥʦʤ ʠ ʙʳʩʪʨʦ ʤʝʥʷʶʱʠʤʩʷ ʤʠʨʝ 

ʣʶʜʷʤ ʧʨʦʩʪʦ ʥʝ ʭʚʘʪʘʝʪ ʚʨʝʤʝʥʠ ʨʘʟʤʳʰʣʷʪʴ ʦ ʤʥʦʛʠʭ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʙʣʝʤʘʭ. ɺʦ ʚʨʝʤʝʥʘ 

ʉʉʉʈ ʤʠʣʣʠʦʥʳ ʰʢʦʣʴʥʠʢʦʚ ʤʝʯʪʘʣʠ ʙʳʪʴ ʢʦʩʤʦʥʘʚʪʘʤʠ, ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ ʥʦʚʳʭ ʨʘʢʝʪ ʠ 

ʩʧʫʪʥʠʢʦʚ, ʦʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʫʭʫʜʰʝʥʠʝʤ ʫʨʦʚʥʷ ʞʠʟʥʠ ʚ 90-ʝ ʛʛ. ʚ ʈʦʩʩʠʠ ʦʙ ʵʪʦʤ ʩʪʘʣʠ 

ʤʝʥʴʰʝ ʜʫʤʘʪʴ. 
ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʷ ʧʦʧʳʪʘʶʩʴ ʦʧʨʝʜʝʣʠʪʴ ʠ ʧʦʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʚʝʣʠʢʦ ʚʣʠʷʥʠʝ ʟʚʸʟʜ 

ʥʘ ʥʘʰ ʤʠʨ, ʠ ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ. 
ɺʚʝʜʝʥʠʝ 
ʉ ʜʨʝʚʥʠʭ ʚʨʝʤʸʥ ʣʶʜʝʡ ʤʘʥʠʣʦ ʟʘʛʘʜʦʯʥʦʝ, ʪʘʠʥʩʪʚʝʥʥʦʝ, ʥʝʦʙʲʷʩʥʠʤʦʝ. ʀʭ 

ʠʥʪʝʨʝʩʦʚʘʣʦ ʪʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʧʣʘʥʝʪʝ ɿʝʤʣʷ ʠ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ. ɹʝʟ ʩʦʤʥʝʥʠʡ ʩʘʤʳʤ 

ʥʝʜʦʩʪʠʞʠʤʳʤ ʠʟ ʚʩʝʛʦ ʪʦʛʦ, ʯʪʦ ʥʘʩ ʦʢʨʫʞʘʝʪ, ʷʚʣʷʝʪʩʷ ʢʦʩʤʦʩ. ɸ ʧʦʪʦʤʫ, ʟʚʸʟʜʳ ʚʩʝʛʜʘ 

ʧʨʠʪʷʛʠʚʘʣʠ ʚʥʠʤʘʥʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʆʥʠ ʟʘʩʪʘʚʣʷʶʪ ʥʘʩ ʤʝʯʪʘʪʴ, ʨʘʟʜʫʤʳʚʘʪʴ ʠ ʣʶʙʠʪʴ. 

ʉʪʦʠʪ ʣʠʰʴ ʚʟʛʣʷʥʫʪʴ ʥʘ ʥʦʯʥʦʝ ʥʝʙʦ, ʫʩʳʧʘʥʥʦʝ ʟʚʸʟʜʘʤʠ, ʯʪʦʙʳ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʚʣʝʯʴʩʷ 
ʠʤ. 
ɺ 10 ʢʣʘʩʩʝ ʫ ʤʝʥʷ ʚ ʰʢʦʣʝ ʧʦʷʚʠʣʩʷ ʪʘʢʦʡ ʧʨʝʜʤʝʪ, ʢʘʢ ʘʩʪʨʦʥʦʤʠʷ. ʆʥ ʩʨʘʟʫ ʞʝ 

ʧʦʨʘʟʠʣ ʤʝʥʷ ʩʚʦʝʡ ʥʝʦʙʳʯʥʦʩʪʴʶ ʠ ʥʝʦʨʜʠʥʘʨʥʦʩʪʴʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʥʳʭ ʰʢʦʣʴʥʳʭ 

ʜʠʩʮʠʧʣʠʥ, ʦʙ ʘʩʪʨʦʥʦʤʠʠ ʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʟʥʘʣʘ ʠ ʠʤʝʥʥʦ ʠʟ-ʟʘ ʵʪʦʛʦ ʵʪʦʪ ʧʨʝʜʤʝʪ 

ʩʪʘʣ ʤʥʝ ʦʯʝʥʴ ʠʥʪʝʨʝʩʝʥ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʸ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʣʠ ʟʚʸʟʜʳ, ʪʦ, ʩ ʯʝʤ 

ʘʩʪʨʦʥʦʤʠʷ ʙʦʣʴʰʝ ʚʩʝʛʦ ʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ. ʄʥʝ ʪʘʢʞʝ ʩʪʘʣʦ ʠʥʪʝʨʝʩʥʦ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ 

ʚʣʠʷʶʪ ʥʘ ʥʘʰʫ ʞʠʟʥʴ. ʇʨʠʯʸʤ ʥʝ ʩ ʥʘʫʯʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʩ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʩʪʦʨʦʥʳ, ʚ ʦʙʳʜʝʥʥʦʡ ʞʠʟʥʠ. ʂʘʢʫʶ ʧʦʣʴʟʫ ʤʦʛʫʪ ʧʨʠʥʝʩʪʠ ʟʚʸʟʜʳ ʜʣʷ ʯʝʣʦʚʝʢʘ? 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʣʶʜʠ ʟʥʘʶʪ ʦʯʝʥʴ ʤʥʦʛʦʝ ʦ ʟʚʸʟʜʘʭ, ʦ ʧʨʦʮʝʩʩʘʭ ʥʘ ʥʠʭ 

ʧʨʦʠʩʭʦʜʷʱʠʭ, ʦʜʥʘʢʦ ʤʘʣʦ ʢʪʦ ʚʩʝʨʴʸʟ ʟʘʜʫʤʳʚʘʣʩʷ ʦʙ ʠʭ ʚʣʠʷʥʠʠ ʥʘ ʥʘʰ ʤʠʨ. 
ɿʘʢʣʶʯʝʥʠʝ 
ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʷ ʫʟʥʘʣʘ ʤʥʦʛʦ ʥʦʚʦʛʦ ʦ ʟʚʸʟʜʘʭ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʪʦ, ʢʘʢ ʦʥʠ ʟʥʘʯʠʤʳ ʜʣʷ ʯʝʣʦʚʝʢʘ ʠ ʢʘʢ ʚʣʠʷʶʪ ʥʘ ʝʛʦ ʞʠʟʥʴ. ʊʘʢ, ʷ ʥʘʫʯʠʣʘʩʴ ʩʛʣʘʞʠʚʘʪʴ ʠ 

ʫʤʝʥʴʰʘʪʴ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʥʘ ʩʚʦʸ ʟʜʦʨʦʚʴʝ; ʫʟʥʘʣʘ, ʢʘʢ ʟʥʘʯʠʤʦ 

ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʛʦ ʩʚʝʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʠ ʢʘʢʠʝ ʠʟ ʥʠʭ, 

ʛʜʝ ʠ ʣʫʯʰʝ ʚʳʨʘʱʠʚʘʪʴ ʫ ʥʘʩ ʚ ʩʪʨʘʥʝ; ʥʘʫʯʠʣʘʩʴ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʧʦ ʟʚʸʟʜʘʤ ʠ ʥʘʭʦʜʠʪʴ 

ʚʝʨʥʫʶ ʜʦʨʦʛʫ. ʗ ʤʦʛʫ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʟʘʷʚʠʪʴ, ʯʪʦ ʤʘʛʥʠʪʥʳʝ ʙʫʨʠ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʣʶʜʠ ʵʪʦ ʧʨʝʢʨʘʩʥʦ ʟʥʘʶʪ ʠ ʧʦʥʠʤʘʶʪ, 

ʭʦʪʴ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʘʣʝʢʦ ʠ ʥʝ ʚʩʝ. 
ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʣʠʷʥʠʷ ʉʦʣʥʮʘ ʠ ʜʨʫʛʠʭ ʟʚʸʟʜ ʥʘ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʠ ʠʭ ʟʥʘʯʠʤʦʩʪʴ ʚ 

ʥʘʚʠʛʘʮʠʠ, ʪʦ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʟʘʷʚʠʪʴ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʙʝʟ ʟʥʘʥʠʡ ʦ ʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʷʭ ʠ ʥʫʞʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʚʝʱʝʥʠʷ ʧʨʠʛʦʜʥʳʤ ʜʣʷ ʨʘʩʪʝʥʠʡ, ʣʶʜʠ ʙʳ ʥʝ ʩʤʦʛʣʠ 

ʫʩʧʝʰʥʦ ʟʘʥʠʤʘʪʴʩʷ ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, ʘ ʙʝʟ ʫʤʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ ʥʝ ʙʳʣʦ ʙʳ 
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ʩʦʚʝʨʰʝʥʦ ʤʥʦʞʝʩʪʚʦ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʦʪʢʨʳʪʠʡ 15-16 ʚʝʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘʭʦʞʜʝʥʠʷ ʚʝʨʥʦʛʦ ʧʫʪʠ ʚ ʤʦʨʝ ʷʚʣʷʶʪʩʷ ʠʤʝʥʥʦ ʟʚʸʟʜʳ. ʂʘʢ ʙʳ 

ʪʘʤ ʥʠ ʙʳʣʦ, ʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʤʦʞʥʦ ʟʘʷʚʠʪʴ ʦʜʥʦ: ʙʝʟ ʟʚʸʟʜ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʧʦʷʚʠʣʦʩʴ 

ʙʳ ʪʦʛʦ ʯʝʣʦʚʝʢʘ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʩʝʛʦʜʥʷ, ʠ ʠʩʪʦʨʠʷ ʨʘʟʚʠʚʘʣʘʩʴ ʙʳ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʤ 

ʧʫʪʸʤ. 

ʆʜʥʦʩʪʫʧʝʥʯʘʪʳʡ ʤʥʦʛʦʨʘʟʦʚʳʡ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʡ ʩʘʤʦʣʸʪ 
ʀʚʘʥʦʚʘ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʀʚʘʥʦʚ ɸ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1576, ʄʦʩʢʚʘ 

 
ɹʦʣʝʝ 60 ʣʝʪ ʥʘʟʘʜ ʯʝʣʦʚʝʯʝʩʪʚʦʤ ʙʳʣ ʟʘʧʫʱʝʥ ʧʝʨʚʳʡ ʩʧʫʪʥʠʢ. ʉ ʪʝʭ ʧʦʨ ʥʘʯʘʣʦʩʴ 

ʦʩʚʦʝʥʠʝ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ. ɼʦ ʩʠʭ ʧʦʨ ʤʳ ʜʦʩʪʘʚʣʷʝʤ ʣʶʜʝʡ ʥʘ ʨʘʢʝʪʘʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʯʝʥʴ ʟʘʪʨʘʪʥʳʤ, ʪʘʢ ʢʘʢ ʨʘʢʝʪʳ ʩʣʫʞʘʪ ʣʠʰʴ ʦʜʥʦʨʘʟʦʚʳʤ ʩʧʦʩʦʙʦʤ ʜʦʩʪʘʚʢʠ. ʉʦʙʠʨʘʪʴ 

ʢʘʞʜʳʡ ʨʘʟ ʥʦʚʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʨʘʢʝʪʳ ʦʯʝʥʴ ʥʝʵʬʬʝʢʪʠʚʥʦ, ʚʝʜʴ ʥʘ ʵʪʦ ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦ 

ʩʠʣ, ʚʨʝʤʝʥʠ ʠ ʦʛʨʦʤʥʳʡ ʨʘʩʭʦʜ ʤʘʪʝʨʠʘʣʘ ʠ ʪʦʧʣʠʚʘ. ʇʦʩʪʝʧʝʥʥʦ ʚʩʪʘʣ ʚʦʧʨʦʩ ʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʦʩʪʘʚʢʝ ʛʨʫʟʦʚ ʠ ʣʶʜʝʡ ʚ ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʏʝʣʦʚʝʯʝʩʪʚʦ ʥʘʯʘʣʦ 

ʟʘʜʘʚʘʪʴʩʷ ʚʦʧʨʦʩʦʤ ʦʙ ʵʢʦʥʦʤʠʯʥʦʡ ʨʝʛʫʣʷʨʥʦʡ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʠ ʣʶʜʝʡ ʚ ʢʦʩʤʦʩ. ʕʪʦ ʙʳ 

ʧʦʟʚʦʣʠʣʦ ʥʝ ʪʦʣʴʢʦ ʥʘʣʘʜʠʪʴ ʨʘʟʚʠʪʠʝ ʦʩʚʦʝʥʠʷ ʙʣʠʞʥʝʛʦ ʢʦʩʤʦʩʘ, ʥʦ ʪʘʢʞʝ ʧʨʦʜʚʠʥʫʣʦ 

ʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʣʴʥʠʭ ʨʫʙʝʞʝʡ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʧʫʪʝʤ ʟʘʧʫʩʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ 

ʧʨʷʤʦ ʩ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʳ. ʎʝʣʴ ʤʦʝʡ ʨʘʙʦʪʳ: ʦʙʦʙʱʠʪʴ ʧʷʪʠʜʝʩʷʪʠʣʝʪʥʠʡ ʦʧʳʪ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ʠʟʫʯʝʥʠʷ ʩʦʟʜʘʥʠʷ ʤʥʦʛʦʨʘʟʦʚʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ 

ʯʝʣʦʚʝʯʝʩʪʚʫ ʦʩʚʘʠʚʘʪʴ ʙʣʠʞʥʠʡ ʠ ʜʘʣʴʥʠʡ ʢʦʩʤʦʩ ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʢʦʩʤʠʯʝʩʢʠʭ 

ʧʣʘʪʬʦʨʤ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʩʪʠ ʩʨʘʚʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ 

ʆʄɺʂʉ ʩʦʚʝʪʩʢʠʭ ʥʘʨʘʙʦʪʦʢ ʠ ʩʝʛʦʜʥʷʰʥʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. 
ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʪʝʤʘ ʆʄɺʂʉ ʧʦʣʫʯʠʣʘ ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ. ɹʳʣʦ 

ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʠ ʩʦʚʝʪʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. ɺ ʉʉʉʈ ʙʳʣʦ ʜʚʘ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʘ 

ʆʄɺʂʉ - ʄ-19 ʠ ʊʫ-2000. ʄ-19 ʙʳʣ ʚ ʨʘʟʨʘʙʦʪʢʝ ʚ 1970-80 ʛʦʜʳ ʚʦ ʛʣʘʚʝ ʩ ɺ. ʄ. 

ʄʷʩʠʱʝʚʳʤ, ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʪʘʢ ʠ ʥʝ ʙʳʣ ʟʘʢʦʥʯʝʥ, ʦʩʪʘʥʦʚʠʣʠʩʴ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ. 

ʇʨʦʝʢʪ ʊʫ-2000, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʆʂɹ "ʊʫʧʦʣʝʚʘ, ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ 1980-90 ʛʦʜʳ, ʥʦ ʠ ʥʘʜ 

ʥʠʤ ʨʘʙʦʪʳ ʪʘʢʞʝ ʙʳʣʘ ʧʨʠʦʩʪʘʥʦʚʣʝʥʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʬʶʟʝʣʷʞʘ. 

ʊʘʢʞʝ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʠʥʦʩʪʨʘʥʥʳʭ ʨʘʟʨʘʙʦʪʢʘ, ʪʘʢʠʝ ʢʘʢ "HOTOL"(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 

"Sªnger"(ɻʝʨʤʘʥʠʷ), "NASP X-30"(ɸʤʝʨʠʢʘ). ʆʜʥʘʢʦ ʥʠ ʦʜʠʥ ʧʨʦʝʢʪ ʪʘʢ ʠ ʥʝ ʙʳʣ 

ʨʝʘʣʠʟʦʚʘʥ ʧʦ ʪʝʭʥʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ. 
ɿʘ ʧʷʪʴʜʝʩʷʪ ʣʝʪ ʪʝʭʥʦʣʦʛʠʠ ʰʘʛʥʫʣʠ ʜʘʣʝʢʦ ʚʧʝʨʝʜ ʠ ʙʳʣʠ ʨʝʰʝʥʳ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʙʣʝʤʳ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʣʠʩʴ ʫʯʝʥʳʝ ʧʨʦʰʣʦʛʦ. ɿʘ ʦʩʥʦʚʫ ʩʚʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷ 

ʚʟʷʣʘ ʩʦʚʝʪʩʢʠʝ ʧʨʦʝʢʪʳ ʆʄɺʂʉ ï ʄ-19 ʠ ʊʫ-2000, ʘ ʪʘʢʞʝ ʥʝʢʦʪʦʨʳʝ ʟʘʨʫʙʝʞʥʳʝ 
ʨʘʟʨʘʙʦʪʢʠ ʠʟ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʗ ʠʩʩʣʝʜʦʚʘʣʘ ʠ ʦʮʝʥʠʣʘ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʆʄɺʂʉ. ɺ ʩʚʦʝʡ 

ʨʘʙʦʪʝ ʷ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʘ ʢʦʥʩʪʨʫʢʮʠʶ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʨʘʝʢʪʦʨʠʶ ʚʟʣʝʪʘ; 

ʨʘʩʩʤʦʪʨʝʣʘ ʚʦʧʨʦʩ ʥʘʛʨʝʚʘ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʪʘʢʞʝ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʢʦʥʩʪʨʫʢʮʠʠ 

ʆʄɺʂʉ ʧʨʠ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʠʟ ʘʪʤʦʩʬʝʨʳ; ʩʨʘʚʥʠʣʘ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʪʦʧʣʠʚʘ, ʦʢʠʩʣʠʪʝʣʠ ʠ 

ʜʚʠʛʘʪʝʣʴʥʳʝ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʷ ʦʧʠʩʘʣʘ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʢʘ ʩʣʦʞʥʦ 

ʚʦʧʣʦʪʠʪʴ ʚ ʨʝʘʣʴʥʦʩʪʴ, ʥʦ ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʪ ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 
ʉʚʦʠʤ ʧʨʦʝʢʪʦʤ ʷ ʭʦʯʫ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʜʘʥʥʫʶ ʪʝʤʫ, ʚʝʜʴ ʦʥʘ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʝʡ 

ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʘʟʚʠʪʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʊʘʢʞʝ, ʤʦʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʰʣʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘʩʪʦʷʱʝʛʦ ʠ ʠʟʫʯʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ 

ʩʦʟʜʘʥʠʷ ʆʄɺʂʉ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʧʠʩʘʪʴ ʧʨʦʙʣʝʤʳ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʛʦ 

ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠ ʩʦʟʜʘʪʴ ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʩʪʘʪʴʶ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ñɻʠʧʝʨʟʚʫʢʦʚʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʠ ʚʦʟʜʫʰʥʦ ʢʦʩʤʠʯʝʩʢʠʝ ʩʘʤʦʣʝʪʳò 
ʖ. ʂ. ʄʝʥʴʰʘʢʦʚ, ʄʦʩʢʚʘ 2018 
2. ʕʥʮʠʢʣʦʧʝʜʠʷ ñɸɺʀɸʎʀʗò, 1991 
3. ñʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʘʤʦʣʝʪʦʚò ʧʦʜ ʨʝʜʘʢʮʠʠ ʉ. ʄ. ɽʛʝʨ, 1983 
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4. ñʄʥʦʛʦʨʘʟʦʚʳʡ, ʢʦʩʤʠʯʝʩʢʠʡ, ʷʜʝʨʥʳʡ: ʧʨʦʝʢʪ ʩʘʤʦʣʝʪʘ ʄ-19ò [ʵʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ] https://topwar-ru.turbopages.org/topwar.ru/s/159016-mnogorazovyj-kosmicheskij-

jadernyj-proekt-samoleta-m-19.html 
5. ñʊʫʧʦʣʝʚ, ʛʠʧʝʨʟʚʫʢʦʚʳʝ. ɺʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʠʝ ʩʘʤʦʣʝʪʳ ï ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʠʩʪʦʨʠʷò [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] http://alternathistory.com/tupolev-giperzvukovye-vozdushno-

kosmicheskie-samolety/ 
6. ñʉʘʛʘ ʦ ʨʘʢʝʪʥʳʭ ʪʦʧʣʠʚʘʭò [ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] https://habr.com/ru/post/401795/ 

ʌʣʦʪʠʣʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʠʢʣʘʜʥʳʭ  

ʟʘʜʘʯ ʥʘ ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ 
ʄʦʨʦʟʦʚʘ ɺ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʢ.ʧ.ʥ. ʂʘʟʘʢʦʚʘ ʖ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1580, ʛ. ʄʦʩʢʚʘ 

 

ʉʝʛʦʜʥʷ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʨʘʟʤʝʨʦʚ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ (ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ) ʠ ʠʭ ʦʪʜʝʣʴʥʳʭ ʤʦʜʫʣʝʡ 

(ʩʪʘʥʜʘʨʪʳ CubeSat ʠ PocketCube, ʧʨʠʰʝʜʰʠʝ ʥʘ ʩʤʝʥʫ ʧʦʣʥʦʨʘʟʤʝʨʥʳʤ ʩʧʫʪʥʠʢʘʤ). 
ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʧʦʣʫʯʠʣʦ 

ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ɿʝʤʣʠ (ʜʘʣʝʝ - ɼɿɿ), ʧʨʠ ʵʪʦʤ ʤʠʥʠʘʪʶʨʠʟʘʮʠʷ ʠ ʫʧʨʦʱʝʥʠʝ 

ʟʘʨʫʙʝʞʥʳʭ ʩʧʫʪʥʠʢʦʚ ʚʝʜʸʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʫʜʝʰʝʚʣʝʥʠʶ ʧʨʝʜʣʘʛʘʝʤʳʭ 

ʠʤʠ ʫʩʣʫʛ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʩʧʫʪʥʠʢʦʚ ɼɿɿ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʨʫʧʧʠʨʦʚʢʘ ʨʦʩʩʠʡʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ɼɿɿ ʷʚʣʷʝʪʩʷ ʤʘʣʦʯʠʩʣʝʥʥʦʡ ʠ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʧʨʦʠʛʨʳʚʘʝʪ ʟʘʨʫʙʝʞʥʳʤ ʩʧʫʪʥʠʢʘʤ ʢʘʢ ʧʦ ʜʝʪʘʣʠʟʘʮʠʠ 

ʩʥʠʤʢʦʚ, ʪʘʢ ʠ ʧʦ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʝʜʣʘʛʘʝʤʳʭ ʫʩʣʫʛ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʝʜʧʨʠʷʪʠʷ 

ʈʦʩʢʦʩʤʦʩʘ ʦʢʘʟʳʚʘʶʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʫʯʨʝʞʜʝʥʠʷʤ ʫʩʣʫʛʠ ɼɿɿ ʥʘ ʙʝʟʚʦʟʤʝʟʜʥʦʡ ʦʩʥʦʚʝ, 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʤʝʨʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ ʧʝʨʝʧʨʦʜʘʶʪ ʦʙʨʘʙʦʪʘʥʥʳʝ ʜʘʥʥʳʝ 

ʟʘʨʫʙʝʞʥʳʭ ʩʧʫʪʥʠʢʦʚ ɼɿɿ ʨʦʩʩʠʡʩʢʠʤ ʧʦʪʨʝʙʠʪʝʣʷʤ, ʥʝ ʷʚʣʷʶʱʠʤʩʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʫʯʨʝʞʜʝʥʠʷʤʠ. ɺ ʠʪʦʛʝ - ʦʙʲʝʤ ʨʦʩʩʠʡʩʢʦʛʦ ʨʳʥʢʘ ɼɿɿ ʩʦʩʪʘʚʣʷʝʪ ʪʦʣʴʢʦ ʦʢʦʣʦ 1% ʦʪ 

ʤʠʨʦʚʦʛʦ. 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʤʘʣʳʝ ʢʦʩʤʠʯʝʩʢʠʝ ʟʦʥʜʳ. 
ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʩʪʫʧʘʝʪ ʬʣʦʪʠʣʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ, 

ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʭ ʥʘ ʦʜʥʦʤ ʤʘʪʝʨʠʥʩʢʦʤ ʢʦʩʤʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ. 
ʎʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ʇʨʝʜʣʦʞʠʪʴ ʚʘʨʠʘʥʪʳ ʜʣʠʪʝʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʤʘʣʳʭ 

ʩʧʫʪʥʠʢʦʚ (ʟʦʥʜʦʚ), ʦʙʲʝʜʠʥʸʥʥʳʭ ʚ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʘʚʪʦʥʦʤʥʦʡ ʬʣʦʪʠʣʠʠ ʜʣʷ ɼɿɿ, 

ʨʝʰʘʶʱʝʡ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʥʘ ʤʘʣʳʭ ʠ ʩʚʝʨʭʤʘʣʳʭ ʦʨʙʠʪʘʭ, ʘ ʪʘʢʞʝ ʨʝʛʝʥʝʨʠʨʫʶʱʝʡ 

ʩʝʙʷ ʧʨʠ ʚʥʝʰʥʝʤ ʥʝʛʘʪʠʚʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ; 
2. ʉʦʟʜʘʪʴ ʤʘʢʝʪ ʬʣʦʪʠʣʠʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ - 

çAutodesk Inventor Professionalè ʠ çFusion 360è, ʘ ʪʘʢʞʝ ʧʝʯʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 
ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1. ʀʟʫʯʠʪʴ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʠ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚ 

ʛʨʫʧʧʝ; 
2. ʇʨʝʜʣʦʞʠʪʴ ʫʩʪʨʦʡʩʪʚʦ ʤʘʣʦʛʦ ʟʦʥʜʘ ʠ ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʧʨʠ ʵʪʦʤ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʭ ʦʙʲʸʤ ʠ ʤʘʩʩʫ; 
3. ʇʦʩʪʨʦʠʪʴ ʩʭʝʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʦʥʜʦʚ ʠ ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʚ ʪʦʤ ʯʠʩʣʝ, 

ʯʝʨʝʟ ʠʭ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʩʪʳʢʦʚʢʠ; 
4. ʀʟʛʦʪʦʚʠʪʴ ʤʘʢʝʪ ʬʣʦʪʠʣʠʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ - 

çAutodesk Inventor Professionalè ʠ ʧʝʯʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 
1.1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ (ʘʥʘʣʠʟ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʠʥʪʝʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʚ 

ʩʦʟʜʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʩʪʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʬʣʦʪʠʣʠʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʟʦʥʜʦʚ); 
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1.2. ʕʤʧʠʨʠʯʝʩʢʠʝ (ʤʦʜʝʣʠʨʦʚʘʥʠʝ: ʧʦʩʪʨʦʝʥʠʝ ʩʭʝʤʳ ʠ ʯʝʨʪʝʞʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʟʦʥʜʦʚ ʠ ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʦʨʘʙʣʷ ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ - çAutodesk Inventor Professionalè, ʘ ʪʘʢʞʝ 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʤʘʢʝʪʘ ʬʣʦʪʠʣʠʠ ʧʦʩʨʝʜʩʪʚʦʤ 3D-ʧʝʯʘʪʠ). 
ɺʳʚʦʜʳ: 
1. ʌʣʦʪʠʣʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʤʦʛʫʪ ʧʦʣʫʯʘʪʴ ʦʙʦʙʱʝʥʥʳʝ ʟʘʜʘʥʠʷ ʦʪ ɿʝʤʣʠ, ʘ 

ʟʘʪʝʤ ʩ ʧʦʤʦʱʴʶ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ ʧʨʠʢʣʘʜʥʳʝ ʟʘʜʘʯʠ ʥʘ 

ʦʢʦʣʦʟʝʤʥʦʡ ʦʨʙʠʪʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʜʨʫʛʠʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʬʣʦʪʠʣʠʷʤʠ; 
2. ʋʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ ʠ ʠʭ ʛʨʫʧʧʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʙʦʣʝʝ ʚʳʛʦʜʥʦ ʠ ʩʧʦʩʦʙʥʦ ʨʘʟʚʠʚʘʪʴ ʢʦʩʤʠʯʝʩʢʫʶ ʦʪʨʘʩʣʴ ʙʳʩʪʨʝʝ, ʥʝʞʝʣʠ 

ʧʠʣʦʪʠʨʫʝʤʳʝ ʧʦʣʝʪʳ. 
ʇʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ: 
1. ʇʨʝʜʣʦʞʝʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʘ ʠ 

ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʦʨʘʙʣʷ ʠ ʦʧʠʩʘʥ ʘʣʛʦʨʠʪʤ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 
2. ʋʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʠʪʝʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʛʨʫʧʧʳ ʩʧʫʪʥʠʢʦʚ ʧʫʪʝʤ 

ʩʪʳʢʦʚʦʢ ʠ ʨʘʩʩʪʳʢʦʚʦʢ; 
3. ʇʦʩʪʨʦʝʥʳ ʩʭʝʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʠ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʢʦʨʘʙʣʷ; 
4. ʇʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ ʥʘ 

ɿʝʤʣʝ ʥʘ ʦʩʥʦʚʝ ʙʦʣʴʰʠʭ ʙʘʟ ʜʘʥʥʳʭ ʚ ʘʣʛʦʨʠʪʤʝ ʫʧʨʘʚʣʝʥʠʷ ʬʣʦʪʠʣʠʷʤʠ ʟʦʥʜʦʚ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʭ ʥʘ ʙʦʣʴʰʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ɿʝʤʣʠ; 
5. ʀʟʛʦʪʦʚʣʝʥ ʤʘʢʝʪ ʬʣʦʪʠʣʠʠ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʩ ʧʦʤʦʱʴʶ ʉɸʇʈ - 

çAutodesk Inventor Professionalè ʠ ʧʝʯʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ; 
6. ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʨʦʝʢʪ ʧʣʘʥʠʨʫʝʪʩʷ ʢ ʟʘʱʠʪʝ ʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ ʠʥʞʝʥʝʨʥʦʡ ʪʝʤʘʪʠʢʠ. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ "ʏʠʩʪʳʡ ʚʦʟʜʫʭ" 
ʅʠʢʘʰʠʥ ɸ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʘʢʘʨʝʥʢʦ ɸ.ɺ. 
ʄʆʋ çʃʠʮʝʡ ʛ. ɼʝʜʦʚʩʢè, ɼʝʜʦʚʩʢ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ: 
ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʦʩʪʨʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʭʦʜʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ. ʉ ʮʝʣʴʶ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʦʛʨʘʤʤʘ çʏʠʩʪʳʡ ʚʦʟʜʫʭè, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʟʘʚʦʜʦʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʪʘʢʞʝ 

ʨʝʥʦʚʘʮʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʙʦʣʝʝ ʯʝʤ ʚ ʩʦʨʦʢʘ ʛʦʨʦʜʘʭ ʈʦʩʩʠʠ. ʉʨʦʢʠ 

ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʧʨʦʝʢʪʘ: 2018-2024 ʛʦʜʘ. ʇʝʨʚʳʡ ʵʪʘʧ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʩʚʦʝʤʫ 

ʟʘʚʝʨʰʝʥʠʶ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ. 
ʎʝʣʴ: ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ 3 ʛʦʨʦʜʘʭ-

ʫʯʘʩʪʥʠʢʘʭ ʧʨʦʝʢʪʘ çʏʠʩʪʳʡ ʚʦʟʜʫʭè 
ɿʘʜʘʯʠ: 
-ʈʘʩʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʦʪʢʨʳʪʳʭ ʜʘʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 
-ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʩʦʜʝʨʞʘʥʠʝ ʚʳʙʨʦʩʦʚ ʚ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ 
-ɼʣʷ ʢʘʞʜʦʛʦ ʛʦʨʦʜʘ-ʫʯʘʩʪʥʠʢʘ ʧʨʦʚʝʩʪʠ ʧʦʛʦʜʦʚʦʡ ʘʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ 

ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ 
Å ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʦʛʨʘʤʤʳ ʥʘ ʵʢʦʣʦʛʠʶ ʚ ʛʦʨʦʜʘʭ-ʫʯʘʩʪʥʠʢʘʭ 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩʧʫʪʥʠʢʦʚʳʝ ʩʥʠʤʢʠ ʪʘʢʠʭ 

ʛʦʨʦʜʦʚ ʢʘʢ: ʅʦʨʠʣʴʩʢ, ʅʦʚʦʢʫʟʥʝʮʢ, ʂʨʘʩʥʦʷʨʩʢ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʛʦʨʦʜʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʠ ʭʘʨʘʢʪʝʨ ʟʘʛʨʷʟʥʝʥʠʷ, ʧʨʦʚʝʜʝʥ ʠʭ ʧʦʛʦʜʦʚʦʡ ʘʥʘʣʠʟ. ʅʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʠʥʜʝʢʩʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ NDVI ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʨʘʡʦʥʘʭ ʙʳʣ ʩʜʝʣʘʥ 

ʚʳʚʦʜ ʦ ʚʣʠʷʥʠʠ ʚʳʙʨʦʩʦʚ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʨʘʚʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ 
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ʟʘʛʨʷʟʥʝʥʠʷ ʩ ʥʘʯʘʣʘ ʧʨʦʛʨʘʤʤʳ ʠ ʜʦ ʩʝʛʦʜʥʷʰʥʝʛʦ ʜʥʷ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʥʘʩʢʦʣʴʢʦ ʦʥʘ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. 
. 

ɻʠʧʦʪʝʟʘ ʆʦʨʪʘ ʦʙ ʠʩʪʦʯʥʠʢʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʝʪ 
ʉʦʨʦʢʠʥʘ ɼ.ʅ. 

ʄɹʆʋ ʉʄɸʃ ʛ.ʦ. ʉʘʤʘʨʘ, ʉʘʤʘʨʘ 
 

ʎʝʣʴʶ ʥʘʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʛʠʧʦʪʝʟʳ ʆʦʨʪʘ ʠ ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʤʝʪ. ɺ 1932 ʛʦʜʫ ʵʩʪʦʥʩʢʠʡ ʘʩʪʨʦʥʦʤ ʕʨʥʩʪ ʕʧʠʢ ʧʦʩʪʫʣʠʨʦʚʘʣ, ʯʪʦ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ 

ʢʦʤʝʪʳ ʨʦʞʜʘʶʪʩʷ ʚ ʦʙʣʘʢʝ, ʯʪʦ ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʚʥʝʰʥʠʭ ʛʨʘʥʠʮ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ʅʝʟʘʚʠʩʠʤʦ ʦʪ ʵʪʦʛʦ ʗʥ ʍʝʥʜʨʠʢ ʆʦʨʪ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʩʪʫʣʠʨʦʚʘʣ ʪʝʦʨʠʶ, 

ʨʘʟʨʝʰʘʶʱʫʶ ʧʘʨʘʜʦʢʩ. ʆʨʙʠʪʳ ʢʦʤʝʪ ʦʯʝʥʴ ʥʝʩʪʘʙʠʣʴʥʳ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʜʠʥʘʤʠʢʘ 

ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʝʝ: ʧʨʦʠʟʦʡʜʝʪ ʣʠ ʩʪʦʣʢʥʦʚʝʥʠʝ ʩ ʉʦʣʥʮʝʤ ʠʣʠ ʧʣʘʥʝʪʘʤʠ, ʠʣʠ ʥʝʪ. ɺʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʢʦʤʝʪʳ ʠʟ-ʟʘ ʚʦʟʤʫʱʝʥʠʡ ʧʣʘʥʝʪ ʚʳʭʦʜʷʪ ʟʘ ʧʨʝʜʝʣʳ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʭ ʩʦʩʪʘʚ ʚʭʦʜʠʪ ʣʝʜ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʣʝʪʫʯʠʝ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʦʩʪʝʧʝʥʥʦ 

ʩʙʨʘʩʳʚʘʶʪʩʷ ʠʟ-ʟʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʢʘ ʢʦʤʝʪʘ ʥʝ ʨʘʟʜʝʣʠʪʩʷ ʥʘ ʙʦʣʝʝ 

ʤʝʣʢʠʝ ʯʘʩʪʠ ʠʣʠ ʥʝ ʧʨʠʦʙʨʝʪʝʪ ʠʟʦʣʠʨʫʶʱʫʶ ʢʦʨʢʫ, ʢʦʪʦʨʘʷ ʟʘʤʝʜʣʠʪ ʜʝʛʘʟʘʮʠʶ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʆʦʨʪ ʨʘʩʩʫʞʜʘʣ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʢʦʤʝʪʳ ʥʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʥʘ ʩʚʦʝʡ 

ʥʳʥʝʰʥʝʡ ʦʨʙʠʪʝ, ʦʥʠ ʜʦʣʞʥʳ ʙʳʣʠ ʦʩʪʘʚʘʪʴʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʚ ʜʘʣʝʢʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʟʘʧʦʣʥʝʥʥʳʭ ʵʪʠʤʠ ʥʝʙʝʩʥʳʤʠ ʪʝʣʘʤʠ, ʚ ʠʪʦʛʝ ʧʘʜʘʷ ʚ ʩʪʦʨʦʥʫ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʩʣʝ ʯʝʛʦ ʩʪʘʥʦʚʠʣʠʩʴ ʢʦʤʝʪʘʤʠ ʥʘ ʜʦʣʛʦʝ ʚʨʝʤʷ. ɻʠʧʦʪʝʟʘ 

ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʬʘʢʪʦʚ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʩʪʘʝʪʩʷ ʥʝʜʦʢʘʟʘʥʥʦʡ, ʯʪʦ ʜʝʣʘʝʪ 

ʝʸ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʙʣʘʢʦ ʆʦʨʪʘ ð ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʩʬʝʨʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʚ 

ʧʨʝʜʝʣʘʭ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʤʝʪ. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʥʘ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʣʘʢʘ ʆʦʨʪʘ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʦ, ʥʦ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʩʚʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʦʥʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʫʱʝʩʪʚʫʝʪ. 
ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʙʣʘʢʦ ʆʦʨʪʘ ʷʚʣʷʝʪʩʷ ʦʩʪʘʪʢʦʤ ʠʩʭʦʜʥʦʛʦ ʧʨʦʪʦʧʣʘʥʝʪʥʦʛʦ ʜʠʩʢʘ, 

ʩʬʦʨʤʦʚʘʚʰʝʛʦʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʦʢʦʣʦ 4,6 ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ ʥʘʟʘʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʛʠʧʦʪʝʟʦʡ, ʦʙʲʝʢʪʳ ʦʙʣʘʢʘ ʆʦʨʪʘ ʠʟʥʘʯʘʣʴʥʦ ʥʘʯʘʣʠ ʩʚʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʥʘʤʥʦʛʦ ʙʣʠʞʝ ʢ ʉʦʣʥʮʫ ʧʦ ʪʘʢʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʧʣʘʥʝʪʳ, ʘ ʪʘʢʞʝ ʘʩʪʝʨʦʠʜʳ, ʥʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʦʣʦʜʳʤʠ ʧʣʘʥʝʪʘʤʠ-ʛʠʛʘʥʪʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʖʧʠʪʝʨ, 

ʦʪʙʨʦʩʠʣʦ ʦʙʲʝʢʪʳ ʥʘ ʚʳʪʷʥʫʪʳʝ ʵʣʣʠʧʪʠʯʝʩʢʠʝ ʠʣʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ. ʄʦʜʝʣʴ 

ʨʘʟʚʠʪʠʷ ʦʙʣʘʢʘ ʆʦʨʪʘ ʩ ʩʘʤʳʭ ʨʘʥʥʠʭ ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ ʜʦ 

ʥʳʥʝʰʥʠʭ ʜʥʝʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʤʘʩʩʘ ʦʙʣʘʢʘ ʜʦʩʪʠʛʣʘ ʩʚʦʝʡ ʚʝʨʭʥʝʡ ʦʪʤʝʪʢʠ ʩʧʫʩʪʷ 

ʧʨʠʤʝʨʥʦ 800 ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʪʝʤʧ ʘʢʢʨʝʮʠʠ ʠ 

ʩʪʦʣʢʥʦʚʝʥʠʡ ʟʘʤʝʜʣʠʣʩʷ, ʘ ʩʢʦʨʦʩʪʴ ʠʩʪʦʱʝʥʠʷ ʦʙʣʘʢʘ ʧʦʩʪʝʧʝʥʥʦ ʩʪʘʣʘ ʦʙʛʦʥʷʪʴ ʩʢʦʨʦʩʪʴ 
ʧʦʧʦʣʥʝʥʠʷ. 
ʄʦʜʝʣʠ ʧʨʝʜʩʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʝʝ ʦʙʣʘʢʦ ʥʘʩʯʠʪʳʚʘʝʪ ʚ ʜʝʩʷʪʢʠ ʠʣʠ ʩʦʪʥʠ ʨʘʟ 

ʙʦʣʴʰʝ ʢʦʤʝʪʥʳʭ ʷʜʝʨ, ʯʝʤ ʚʥʝʰʥʝʝ. ɺʥʫʪʨʝʥʥʝʝ ʦʙʣʘʢʦ ʩʯʠʪʘʶʪ ʚʦʟʤʦʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ 

ʥʦʚʳʭ ʢʦʤʝʪ, ʯʪʦ ʧʦʧʦʣʥʷʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʫʜʥʦʝ ʚʥʝʰʥʝʝ ʦʙʣʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʧʦʩʪʝʧʝʥʥʦ ʨʝʜʝʝʪ. ʀʟ-ʟʘ ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʆʙʣʘʢʦ ʍʠʣʣʩʘ ʥʘʧʨʷʤʫʶ 

ʧʦʚʣʠʷʣʦ ʥʘ ʩʪʦʣʴ ʜʣʠʪʝʣʴʥʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʙʣʘʢʘ ʆʦʨʪʘ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ. 
ʂʦʤʝʪʘ ð ʥʝʙʦʣʴʰʦʝ ʥʝʙʝʩʥʦʝ ʪʝʣʦ, ʯʪʦ ʦʙʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʉʦʣʥʮʘ ʧʦ ʦʨʙʠʪʝ, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʜʦʚʦʣʴʥʦ ʚʳʪʷʥʫʪʦʝ ʢʦʥʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʉʦʣʥʮʫ ʢʦʤʝʪʘ ʦʙʨʘʟʫʝʪ 

ʢʦʤʫ, ʘ ʪʘʢʞʝ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, ʭʚʦʩʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʛʘʟʘ ʠ ʧʳʣʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʤʝʪʳ ʧʨʠʣʝʪʘʶʪ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʉʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ ʠʟ ʦʙʣʘʢʘ 

ʆʦʨʪʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʤʝʪʥʳʭ ʷʜʝʨ. ʊʝʣʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʢʨʘʠʥʘʭ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ, ʯʘʱʝ ʚʩʝʛʦ, ʩʦʩʪʦʷʪ ʠʟ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ, ʠʩʧʘʨʷʶʱʠʭʩʷ ʧʨʠ 

ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʟʚʝʟʜʝ. 
ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʝʪ ʷʚʣʷʝʪʩʷ ʦʙʣʘʢʦ ʆʦʨʪʘ. 

ɺ ʦʙʥʘʨʫʞʝʥʠʠ ʵʪʦʛʦ ʠʩʪʦʯʥʠʢʘ ʫʯʝʥʳʤ ʧʦʤʦʛ ʬʘʢʪ ʪʦʛʦ, ʯʪʦ ʢʦʤʝʪʳ ʩʦ ʚʨʝʤʝʥʝʤ ʟʘʪʫʭʘʶʪ. 

ɽʩʣʠ ʙʳ ʷʨʢʦʩʪʴ ʢʦʤʝʪ ʥʝ ʫʤʝʥʴʰʘʣʘʩʴ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʨʝʤʝʥʠ, ʪʦ ʧʦʪʦʢ ʦʙʲʝʢʪʦʚ, 
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ʯʪʦ ʧʨʦʥʠʢʘʶʪ ʚʩʣʝʜʩʪʚʠʝ ʧʣʘʥʝʪʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʥʘ ʦʨʙʠʪʳ ʩ ʢʦʨʦʪʢʠʤʠ ʧʝʨʠʦʜʘʤʠ, ʙʳʣ 

ʙʳ ʩʦʧʦʩʪʘʚʠʤ ʩ ʧʦʪʦʢʦʤ ʠʟ ʦʙʣʘʢʘ ʆʦʨʪʘ. ʊʦʛʜʘ ʙʳ ʤʳ ʥʝ ʚʠʜʝʣʠ ʩʪʦʣʴ ʷʚʥʦ ʵʪʦʪ ʠʩʪʦʯʥʠʢ. 
ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʜʦʣʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʤʝʪ (ɼʇʂ) ʩʚʷʟʘʥʦ ʩ ʦʙʣʘʢʦʤ ʆʦʨʪʘ, ʨʘʩʩʤʦʪʨʝʚ 

ʜʘʥʥʳʝ ʢʦʤʝʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʦʟʤʦʞʥʳʝ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 

ʧʦʣʦʞʝʥʠʡ ʘʬʝʣʠʝʚ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʦʙʣʘʢʘ ʆʦʨʪʘ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʳ ʩ ʥʘʣʠʯʠʝʤ ʚ 

ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʝʢʦʪʦʨʦʛʦ ʤʘʩʩʠʚʥʦʛʦ ʪʝʣʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʭʦʨʦʰʝʝ ʩʦʛʣʘʩʠʝ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʨʙʠʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʦʤʝʪ ʩʝʤʝʡʩʪʚʘ ʖʧʠʪʝʨʘ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʦʙʲʝʢʪʦʚ, ʟʘʭʚʘʯʝʥʥʳʭ ʠʟ ʪʨʘʥʩʥʝʧʪʫʥʦʚʦʡ ʟʦʥʳ ʩ ʩʠʣʴʥʦʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʦʨʙʠʪ. 
ʇʦʜʚʦʜʷ ʠʪʦʛʠ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʣʘʢʦ ʆʦʨʪʘ ʷʚʣʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʠʪʝʣʴʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʚʳʙʨʘʩʳʚʘʶʪʩʷ ʠʟ 

ʧʣʘʥʝʪʥʦʡ ʦʙʣʘʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʟʚʝʟʜʥʳʭ ʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʚʦʟʤʫʱʝʥʠʡ ʦʨʙʠʪʳ 

ʙʦʣʴʰʠʥʩʪʚʘ ʦʙʲʝʢʪʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʣʝʢʦ ʦʪ ʧʣʘʥʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʠ 

ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʧʝʨʝʭʦʜʠʪʴ ʥʘ ʧʦʯʪʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʦʨʙʠʪʳ. ʅʘʨʷʜʫ ʩ 

ʚʥʝʰʥʝʡ ʯʘʩʪʴʶ ʦʙʣʘʢʘ ʆʦʨʪʘ, ʦʪʢʫʜʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʪʦʢ çʥʦʚʳʭè ʢʦʤʝʪ, 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʦʙʣʘʢʘ ʆʦʨʪʘ, ʠʟ ʢʦʪʦʨʦʡ ʢʦʤʝʪʳ ʤʦʛʫʪ ʥʘʧʨʷʤʫʶ 

ʚʙʨʘʩʳʚʘʪʴʩʷ ʚ ʦʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʦʣʴʢʦ ʧʨʠ ʨʝʜʢʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʷʭ ʟʚʝʟʜ ʚ ʵʪʫ 

ʦʙʣʘʩʪʴ. 

ʅʃʆ. ʇʨʦʙʣʝʤʘ ʬʝʥʦʤʝʥʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ 
ʉʶʥʠʢʘʝʚʘ ʂ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʗʢʦʚʣʝʚ ʉ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ7, ʄʦʩʢʚʘ 

 
ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʪʳʩʷʯʝʣʝʪʠʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʝʤ 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʦʙʩʫʞʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʝʦʨʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʥʝʟʝʤʥʳʭ ʮʠʚʠʣʠʟʘʮʠʡ (ɺʎ),ʘ 

ʪʘʢʞʝ ʅʃʆ). ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʠʥʪʝʨʝʩ ʯʝʣʦʚʝʯʝʩʪʚʘ ʢ ʢʦʪʦʨʦʡ 

ʥʝʠʟʤʝʥʥʦ ʩʦʭʨʘʥʷʝʪʩʷ, ʷʚʣʷʶʪʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠʝ, ʥʝʨʝʜʢʦ ʥʝ ʜʦʢʘʟʘʥʥʳʝ, çʚʩʪʨʝʯʠè ʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ɺʎ, ʘ ʪʘʢʞʝ ʬʦʪʦ ʠ ʚʠʜʝʦ ʤʘʪʝʨʠʘʣʳ, ʷʢʦʙʳ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʧʦʩʝʱʝʥʠʝ 

ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʥʝʦʧʦʟʥʘʥʥʳʭ ʣʝʪʘʶʱʠʭ ʦʙʲʝʢʪʦʚ (ʅʃʆ). 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʠʡ ʠ ʚʳʚʦʜʦʚ ʧʦʷʚʠʣʠʩʴ ʠʟ ʘʩʪʨʦ-ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʘʨʘʜʦʢʩʘ (ɸʉʇ). ʇʦʜ ɸʉʇ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ ʤʝʞʜʫ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʚʥʝʟʝʤʥʳʭ ʮʠʚʠʣʠʟʘʮʠʡ (ɺʎ) ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʷʚʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ, ʦʪʩʫʪʩʪʚʠʝ ʨʘʥʝʝ ʥʘʜʝʞʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʠ ʧʨʦʚʝʨʝʥʥʳʭ ʚʠʜʠʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʧʨʠʩʫʪʩʪʚʠʷ ʠʣʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʥʳʭ 

ʮʠʚʠʣʠʟʘʮʠʡ, ʢʨʦʤʝ ʟʝʤʥʦʡ, ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʦ ʦʪʩʫʪʩʪʚʠʶ ɺʎ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʷʚʣʝʥʠʝ ʠ ʦʧʨʦʚʝʨʞʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʪʝʟ, ʩʚʷʟʘʥʥʳʭ ʩ ʅʃʆ, ʵʪʦʪ 

ʬʝʥʦʤʝʥ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʥʝʠʟʫʯʝʥʥʳʭ ʠ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ. ʆʜʥʦʡ ʠʟ ʧʦʧʳʪʦʢ ʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʢʫʶ ʬʦʨʤʫʣʫ ʩʦ ʤʥʦʞʝʩʪʚʦʤ 

ʥʝʠʟʚʝʩʪʥʳʭ ʩʪʘʣʦ ʫʨʘʚʥʝʥʠʝ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʌʨʵʥʢʦʤ ɼʦʥʘʣʴʜʦʤ ɼʨʝʡʢʦʤ ʚ 1960 ʛʦʜʫ. 

ʋʨʘʚʥʝʥʠʝ ʜʦʢʪʦʨʘ ɼʨʝʡʢʘ, ʧʨʦʬʝʩʩʦʨʘ ʘʩʪʨʦʥʦʤʠʠ ʠ ʘʩʪʨʦʬʠʟʠʢʠ ʢʘʣʠʬʦʨʥʠʡʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ Santa Cruz, ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʘ ʚʥʝʟʝʤʥʳʭ ʮʠʚʠʣʠʟʘʮʠʡ ʚ 

ɻʘʣʘʢʪʠʢʝ, ʩ ʢʦʪʦʨʳʤʠ ʫ ʯʝʣʦʚʝʯʝʩʪʚʘ ʝʩʪʴ ʰʘʥʩ ʚʩʪʫʧʠʪʴ ʚ ʢʦʥʪʘʢʪ. 
ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʬʝʥʦʤʝʥʫ ɺʎ ʫʜʝʣʷʝʪʩʷ ʚʥʠʤʘʥʠʝ ʧʦ ʚʩʝʤʫ ʤʠʨʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʥʘ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʘʤʳʝ ʙʦʣʴʰʠʝ ʩʨʝʜʩʪʚʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ 

ʦʙʣʘʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʉʐɸ. ʉʦʛʣʘʩʥʦ ʩʦʦʙʱʝʥʠʷʤ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʚ ʘʤʝʨʠʢʘʥʩʢʦʡ ʧʨʝʩʩʝ, 

ʚ 2007ï2012 ʛʦʜʘʭ ʠʟ ʙʶʜʞʝʪʘ ʤʠʥʠʩʪʝʨʩʪʚʘ ʦʙʦʨʦʥʳ ʉʐɸ ʚʳʜʝʣʷʣʠ ʩʨʝʜʩʪʚʘ ʥʘ 

ʧʨʦʛʨʘʤʤʫ ʧʦ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʡ ʫʛʨʦʟʳ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ 

ʠʟʫʯʝʥʠʝ ʅʃʆ. ʆʜʥʘʢʦ, çʙʦʣʴʰʦʡ ʦʪʯʝʪè, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ 25 ʠʶʥʷ 2021 ʛʦʜʘ ʚ ʂʦʥʛʨʝʩʩʝ 

ʉʐɸ ʙʳʣʘ ʦʙʥʘʨʦʜʦʚʘʥʘ ʥʝʟʘʩʝʢʨʝʯʝʥʥʘʷ ʯʘʩʪʴ ʙʦʣʴʰʦʛʦ ʜʦʢʣʘʜʘ ʩ ʧʨʠʚʝʜʝʥʠʝʤ 

ʨʘʟʣʠʯʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚ çʜʝʷʪʝʣʴʥʦʩʪʠè ʥʝʦʧʦʟʥʘʥʥʳʭ ʣʝʪʘʶʱʠʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

17 ʣʝʪ (2004-2021 ʛʛ..), ʚʦʧʨʝʢʠ ʦʞʠʜʘʥʠʷʤ ʩʦʩʪʘʚʠʪʝʣʝʡ, ʥʝ ʧʨʦʠʟʚʝʣ ʵʬʬʝʢʪʘ ʥʘ 

ʫʬʦʣʦʛʠʯʝʩʢʦʝ ʦʙʱʝʩʪʚʦ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʦʧʠʩʘʥʠʝ ʩʣʫʯʘʝʚ ʩ ʚʦʟʜʫʰʥʳʤʠ ʥʝʦʧʦʟʥʘʥʥʳʤʠ ʣʝʪʘʶʱʠʤʠ 

ʦʙʲʝʢʪʘʤʠ ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ ʜʨʫʛʠʭ, ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, ʢʦʪʦʨʘʷ ʚʳʜʝʣʘʝʪ 

ʧʣʘʚʘʶʱʠʝ, ʣʝʪʘʶʱʠʝ ʠ ʢʦʩʤʠʯʝʩʢʠʝ ʥʝʦʧʦʟʥʘʥʥʳʝ ʦʙʲʝʢʪʳ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʳ ʥʘ ʜʨʫʛʠʭ 

ʧʣʘʥʝʪʘʭ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʱʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʙʫʜʝʪ ʜʦʧʦʣʥʝʥʘ, ʪʘʢ ʢʘʢ 

ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʦʪʢʨʳʚʘʝʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ. 
ɹʝʟʫʩʣʦʚʥʦ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʝʟʝʤʥʳʭ ʮʠʚʠʣʠʟʘʮʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʭ ʪʝʤ, ʧʦʨʦʞʜʘʶʱʠʭ ʩʧʦʨʳ ʩʨʝʜʠ ʩʪʦʨʦʥʥʠʢʦʚ ʠ ʧʨʦʪʠʚʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ 

ʪʨʘʢʪʦʚʦʢ ʵʪʦʛʦ ʤʘʣʦʠʟʫʯʝʥʥʦʛʦ ʬʝʥʦʤʝʥʘ. ʅʝʦʩʧʦʨʠʤʳʤ ʦʩʪʘʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʦʪ ʬʘʢʪ, 

ʯʪʦ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʬʝʥʦʤʝʥʘ ʅʃʆ, ʧʦʜʢʨʝʧʣʝʥʥʳʡ ʤʘʩʰʪʘʙʥʳʤʠ ʚʣʦʞʝʥʠʷʤʠ, ʥʝ 

ʠʩʩʷʢʘʝʪ ʠ, ʩʫʜʷ ʧʦ ʤʥʦʛʠʤ ʧʨʠʟʥʘʢʘʤ, ʥʝ ʠʩʯʝʟʥʝʪ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʠʭ ʣʝʪ. 

ʌʠʟʠʢʘ ʧʦʣʝʪʘ ʨʘʢʝʪʳ 
ʊʨʦʬʠʤʦʚ ʉ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʘʪʘʩʦʚ ʅ.ɸ. 
ɻʆʋ ʗʆ "ʃʠʮʝʡ ˉ86", ʗʨʦʩʣʘʚʣʴ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘʰʘ ʧʦʚʩʝʜʥʝʚʥʘʷ ʞʠʟʥʴ ʩʚʷʟʘʥʘ ʩ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ʋʞʝ ʩʝʡʯʘʩ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʪʦ, ʯʪʦ 

ʦʪʢʨʳʣʠ, ʠʩʧʳʪʘʣʠ ʚ ʢʦʩʤʦʩʝ. ʆʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚʥʦʩʷʪ ʢʦʩʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 

ʤʝʜʠʮʠʥʫ ï ʦʪʨʘʩʣʴ, ʙʝʟ ʢʦʪʦʨʦʡ ʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʞʠʟʥʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ. 
ʉʝʡʯʘʩ ʙʦʣʴʰʠʥʩʪʚʦ ʩʪʨʘʥ ʦʙʲʝʜʠʥʠʣʠ ʩʚʦʠ ʫʩʠʣʠʷ ʠ ʧʦʤʦʛʘʶʪ ʜʨʫʛ ʜʨʫʛʫ ʚ ʨʘʟʚʠʪʠʠ 

ʢʦʩʤʦʥʘʚʪʠʢʠ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ ʩʣʫʞʠʪ ʠʟʚʝʩʪʥʘʷ ʄʂʉ, ʥʘ ʢʦʪʦʨʦʡ ʩʚʦʶ ʨʘʙʦʪʫ 

ʚʳʧʦʣʥʷʶʪ ʢʦʩʤʦʥʘʚʪʳ ʠʟ 16 ʩʪʨʘʥ. ʇʨʠ ʵʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ 

ʧʨʠʛʦʞʜʘʶʪʩʷ ʥʘʤ ʥʘ ɿʝʤʣʝ, ʚ ʦʩʥʦʚʥʦʤ ʵʪʦ ʦʪʢʨʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʤʝʜʠʮʠʥʳ ʠʣʠ ʙʠʦʣʦʛʠʠ. 
ʕʪʦʪ ʦʛʨʦʤʥʳʡ ʧʫʪʴ, ʦʪ ʧʝʨʚʳʭ ʧʦʜʦʙʠʡ ʨʘʢʝʪ - ʢʠʪʘʡʩʢʠʭ ʬʝʡʝʨʚʝʨʢʦʚ (III  ʚʝʢ ʜʦ ʥ. ʵ.), 

ʜʦ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ: ʀʉɿ, ɸʄʉ, ʦʨʙʠʪʘʣʴʥʳʝ ʩʪʘʥʮʠʠ, ʢʦʩʤʠʯʝʩʢʠʝ 

ʢʦʨʘʙʣʠ; ʥʘʫʢʝ ʧʦʤʦʛʣʠ ʧʨʦʡʪʠ ʫʯʝʥʳʝ ʠʭ ʨʘʟʥʳʭ ʩʪʨʘʥ ʠ ʵʧʦʭ. ɺʩʝʭ ʠʭ ʦʙʲʝʜʠʥʷʣʦ 

ʥʝʫʪʦʣʠʤʘʷ ʪʷʛʘ ʢ ʥʝʠʟʚʝʜʘʥʥʦʤʫ, ʪʘʠʥʩʪʚʝʥʥʦʤʫ ʢʦʩʤʦʩʫ. ʄʥʦʛʦ ʦʪʢʨʳʪʠʡ ʙʳʣʦ ʩʜʝʣʘʥʦ, 

ʤʥʦʛʦ ʮʝʣʝʡ ʙʳʣʦ ʜʦʩʪʠʛʥʫʪʦ, ʠ ʩʝʡʯʘʩ ʯʝʣʦʚʝʯʝʩʪʚʦ ʧʨʦʜʦʣʞʘʝʪ ʨʘʟʛʘʜʳʚʘʪʴ ʟʘʛʘʜʢʠ 

ʛʣʫʙʠʥ ʢʦʩʤʦʩʘ. 
ʊʝʤʘ ʢʦʩʤʦʩʘ ʠʥʪʝʨʝʩʥʘ ʜʦʚʦʣʴʥʦ ʤʥʦʛʠʤ. ʅʘʧʨʠʤʝʨ, ʧʦʯʪʠ ʢʘʞʜʳʡ ʤʘʣʴʯʠʢ ʢʦʛʜʘ-ʪʦ 

ʤʝʯʪʘʣ ʩʪʘʪʴ ʢʦʩʤʦʥʘʚʪʦʤ. ʅʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʠʟ ʵʪʦʡ ʩʬʝʨʳ ʰʠʨʦʢʦ ʦʩʚʝʱʘʶʪʩʷ ʚ ʉʄʀ. 

ʂ ʪʦʤʫ ʞʝ ʚ ʰʢʦʣʴʥʳʡ ʢʫʨʩ ʬʠʟʠʢʠ ʫʜʝʣʷʝʪ ʥʝʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʵʪʦʡ ʪʝʤʝ, ʦʜʥʘʢʦ ʪʝʤʘ ʯʘʱʝ 

ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʠʤ ʜʦʧʦʣʥʝʥʠʝ, ʘ ʥʝ ʧʦʣʥʦʮʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚ 

ʭʦʜʝ ʫʨʦʢʘ. 
ʆʪʢʨʳʚ ʩʚʦʡ ʫʯʝʙʥʠʢ ʬʠʟʠʢʠ, ʷ ʥʘʰʸʣ ʪʝʤʫ çʈʝʘʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ. ʈʘʢʝʪʳè, ʥʦ 

ʣʘʙʦʨʘʪʦʨʥʘʷ ʨʘʙʦʪʘ ʧʦ ʵʪʦʤʫ ʧʘʨʘʛʨʘʬʫ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʭʦʪʷ ʷ ʚʠʞʫ ʙʦʣʴʰʦʡ ʧʦʪʝʥʮʠʘʣ ʚ 
ʩʦʟʜʘʥʠʠ ʤʠʥʠ-ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ ʫʯʘʱʠʭʩʷ 9-ʳʭ ʢʣʘʩʩʦʚ. ʗ ʩʯʠʪʘʶ, ʯʪʦ ʪʝʤʘ ʚʝʩʴʤʘ 

ʠʥʪʝʨʝʩʥʘ, ʘ ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʭʦʜʝ ʢ ʝʸ ʦʙʲʷʩʥʝʥʠʶ, ʫʯʘʱʠʝʩʷ ʥʝ ʪʦʣʴʢʦ ʫʩʚʦʷʪ 

ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʥʦ ʠ ʠʩʧʳʪʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. 
ʇʦʯʝʤʫ ʞʝ, ʢʘʢ ʩʧʦʩʦʙ ʧʨʦʩʚʝʱʝʥʠʷ, ʚʳʙʨʘʥʦ ʧʨʦʚʝʜʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ? ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʠʥʬʦʨʤʘʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʦʟʥʘʥʠʷ ʤʠʨʘ, ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ ʠ 

ʟʘʧʦʤʠʥʘʝʪʩʷ ʣʫʯʰʝ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʫʜʝʪ ʩʦʟʜʘʥ ʢʦʤʧʣʝʢʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ 

"ʌʠʟʠʢʘ ʧʦʣʸʪʘ ʨʘʢʝʪʳ", ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʫʯʝʙʥʠʢʘ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʦʩʥʦʚʦʡ ʜʣʷ ʥʝʛʦ ʩʪʘʥʝʪ ʛʠʜʨʦʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʨʘʢʝʪʘ, ʩʪʘʨʪʦʚʳʡ 

ʩʪʦʣ, ʘ ʪʘʢʞʝ ʜʘʪʯʠʢʠ ʠʟʤʝʨʷʶʱʝʝ ʨʘʟʣʠʯʥʳʝ ʧʦʢʘʟʘʪʝʣʠ. ʊʘʢʞʝ ʙʫʜʝʪ ʩʜʝʣʘʥʦ ʧʦʩʦʙʠʝ, 

ʢʦʪʦʨʦʝ ʧʦʤʦʞʝʪ ʫʯʘʱʠʤʩʷ ʩʧʨʘʚʠʪʩʷ ʩ ʧʨʦʚʝʜʝʥʠʝʤ ʧʨʘʢʪʠʢʫʤʘ. 
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ʉʦʟʜʘʥʠʝ ʦʙʣʠʢʘ ʠ ʚʳʨʘʙʦʪʢʘ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʚʤʝʩʪʠʤʦʩʪʴʶ 50 ʤʝʩʪ 
ʌʝʜʦʩʝʝʚ ɼ.ʖ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʫʪʠʣʠʥ ɻ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ʠʤ. ʇʦʣʙʠʥʘ, ʄʦʩʢʚʘ 

 
ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ: ʚʳʨʘʙʦʪʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʦʟʜʘʥʠʷ 

ʦʙʣʠʢʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʝʘʢʪʠʚʥʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʣʘʡʥʝʨʘ. 

ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʝʜʝʥ ʦʙʰʠʨʥʳʡ ʧʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʥʦʚʝʡʰʠʤ ʪʝʥʜʝʥʮʠʷʤ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʚʠʘʮʠʠ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʳ ʚʳʙʨʘʥ ʧʘʩʩʘʞʠʨʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʨʝʘʢʪʠʚʥʳʡ 

ʘʚʠʘʣʘʡʥʝʨ CRJ-200.ɹʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʳʥʢʘ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʘʚʠʘʧʝʨʝʚʦʟʦʢ ʚ ʢʨʫʧʥʝʡʰʠʭ ʩʪʨʘʥʘʭ ʤʠʨʘ. ɸʥʘʣʠʟ ʢʦʣʠʯʝʩʪʚʘ ʠʤʝʶʱʠʭʩʷ 

ʫʩʪʘʨʝʚʘʶʱʠʭ ʩʘʤʦʣʝʪʦʚ ʧʦʜʦʙʥʦʛʦ ʢʣʘʩʩʘ ʚ ʚʝʜʫʱʠʭ ʘʚʠʘʢʦʤʧʘʥʠʷʭ. ʇʦʠʩʢ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʥʦʚʝʡʰʠʭ ʪʝʭʥʦʣʦʛʠʯʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʚ ʩʬʝʨʝ ʨʝʛʠʦʥʘʣʴʥʦʡ ʘʚʠʘʮʠʠ. ʉʦʟʜʘʥʠʝ ʦʙʱʝʛʦ 

ʦʙʣʠʢʘ ʩʘʤʦʣʝʪʘ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʦʙʣʠʢʘ 

ʤʘʢʩʠʤʘʣʴʥʦ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʩʪʦʛʦ, ʠ ʥʝʧʨʠʭʦʪʣʠʚʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʧʘʩʩʘʞʠʨʩʢʦʛʦ ʩʘʤʦʣʝʪʘ ʚʤʝʩʪʠʤʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 50 ʤʝʩʪ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʠʝ ʚʨʝʤʷ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʧʘʩʩʘʞʠʨʩʢʦʛʦ 

ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʦʪ 30 ʜʦ 75 ʤʝʩʪ. ɺʩʝʛʦ ʞʝ ʣʘʡʥʝʨʦʚ ʪʦʣʴʢʦ 

ʢʦʥʢʨʝʪʥʦʡ ʚʤʝʩʪʠʤʦʩʪʠ (50) ʣʝʪʘʝʪ ʚ ʤʠʨʝ 981ʰʪ. ɸ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʨʳʥʦʢ ʪʘʢʠʭ ʩʘʤʦʣʝʪʦʚ 

ʦʮʝʥʠʚʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 1000ʰʪ. ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʟʘʢʘʟʯʠʢʘʤʠ ʣʘʡʥʝʨʦʚ ʤʦʛʫʪ ʚʳʩʪʫʧʠʪʴ 

ʘʚʠʘʢʦʤʧʘʥʠʠ ʠʟ ʈʦʩʩʠʠ, ʂʠʪʘʷ, ʉʐɸ, ʂʘʥʘʜʳ, ɹʨʘʟʠʣʠʠ ʠ ʩʪʨʘʥ ɽʚʨʦʧʳ. ʀʤʝʥʥʦ ʚ ʈʦʩʩʠʠ 

ʩʘʤʦʣʸʪ ʘʢʪʫʘʣʝʥ ʪʝʤ, ʯʪʦ ʚ ʩʪʨʘʥʝ ʦʯʝʥʴ ʤʥʦʛʦ ʥʝʙʦʣʴʰʠʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʊʘʢ ʞʝ, ʣʝʪʘʶʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʘʤʦʣʸʪʳ 

ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʥʘʯʠʥʘʶʪ ʫʩʪʘʨʝʚʘʪʴ, ʠ ʤʦʨʘʣʴʥʦ, ʠ ʪʝʭʥʠʯʝʩʢʠ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ 

ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝʧʨʠʭʦʪʣʠʚʦʛʦ ʩʘʤʦʣʝʪʘ, ʢʦʪʦʨʳʡ 

ʩʤʦʛ ʙʳ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʘʰʠʥ. 
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˞̗̠̆̋̉ ΟρπȢφ ˙̜́̓̆̑̉́̌ ̉ ̖̓̆̎̏̌̏̄̉̉ ̎̏̃̏̄̏ 
̠̐̏̋̏̌̆̎̉ ̃ ̞̘́̑̏̋̏̒̍̉̆̒̋̏̊ ̏̂̌́̒̓̉ 

ɾʠʜʢʦʩʪʥʳʡ ʨʘʢʝʪʥʳʡ ʜʚʠʛʘʪʝʣʴ "ʖɻ-60". ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ, 

ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ ʧʨʦʪʦʪʠʧʘ 
ɻʫʙʘʥʦʚ ɼ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʝʜʴʢʦ ʖ.ɻ. 
ʄʆʋ ʉʆʐ ˉ 39, ʊʚʝʨʴ 

 
ɼʣʷ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ, 

ʩʧʦʩʦʙʥʳʭ ʜʦʩʪʘʚʠʪʴ ʥʘ ʥʠʟʢʫʶ ʦʢʦʣʦʟʝʤʥʫʶ ʦʨʙʠʪʫ ʛʨʫʟʳ ʤʘʩʩʦʡ ʙʦʣʝʝ 100 ʪʦʥʥ. ʇʨʠ 

ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʚ ʧʦʜʛʦʪʦʚʢʝ ʤʠʩʩʠʠ ʜʦʣʞʥʳ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʳʤʠ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʧʝʨʚʦʩʪʝʧʝʥʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʚʳʩʦʢʦʡ ʪʷʛʦʡ. 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʡ ʧʨʦʝʢʪ ʞʠʜʢʦʩʪʥʦʛʦ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ çʖɻï60è ʩʪʘʚʠʪ ʮʝʣʷʤʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʩʦʟʜʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʠ ʠʤʝʝʪ ʩʪʘʪʫʩ ʧʨʠʢʣʘʜʥʦʛʦ. ʅʘʟʚʘʥʠʝ 

ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʢʘʢ çʖʨʠʡ ɻʘʛʘʨʠʥ ï 60è. ʇʨʦʝʢʪ ʧʦʩʚʷʱʝʥ 60-ʣʝʪʠʶ ʇʝʨʚʦʛʦ ʧʦʣʝʪʘ 

ʯʝʣʦʚʝʢʘ ʚ ʢʦʩʤʦʩ ʠ 115-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʉ.ʇ. ʂʦʨʦʣʝʚʘ, ʦʪʤʝʯʘʝʤʳʭ ʚ 2021 ʠ 2022 

ʛʦʜʘʭ. 
ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʦʩʥʦʚʥʳʡ ʙʣʦʢ ʜʚʠʛʘʪʝʣʷ ʩʦʩʪʦʠʪ ʠʟ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʩʦʧʣʘ ʃʘʚʘʣʷ, 

ʪʫʨʙʦʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʘʚʪʦʤʘʪʠʢʠ. ɺ ʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʨʘʟʤʝʨʦʚ ʫʩʪʨʦʡʩʪʚʦ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ ʢʘʯʘʶʱʝʡʩʷ ʧʦʜʚʝʩ; ʫʧʨʘʚʣʝʥʠʝ 

ʚʝʢʪʦʨʦʤ ʪʷʛʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʧʦʨʰʥʝʡ. ʅʘʣʠʯʠʝ 

ʦʪʚʦʜʷʱʠʭ ʪʨʫʙ ʩ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤʠ ʩʦʧʣʘʤʠ ʥʝ ʧʨʝʜʫʩʤʦʪʨʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʝʢʪʝ ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʩ ʜʦʞʠʛʘʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʥʳʭ ʛʘʟʦʚ. 

ʎʠʢʣ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ï ʟʘʢʨʳʪʳʡ. 
ɺ ʢʘʯʝʩʪʚʝ ʛʦʨʶʯʝʛʦ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʘʥʘ. ʆʢʠʩʣʠʪʝʣʝʤ ʚʳʩʪʫʧʠʪ 

ʢʠʩʣʦʨʦʜ. ɼʘʥʥʘʷ ʪʦʧʣʠʚʥʘʷ ʧʘʨʘ ʫʩʪʫʧʘʝʪ ʚ ʫʜʝʣʴʥʦʤ ʠʤʧʫʣʴʩʝ ʩʤʝʩʠ çʚʦʜʦʨʦʜ + 

ʢʠʩʣʦʨʦʜè, ʥʦ ʠʤʝʝʪ ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ. ʉʛʦʨʘʥʠʝ ʤʝʪʘʥʘ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʥʦ, ʯʪʦ ʥʝʣʴʟʷ 

ʩʢʘʟʘʪʴ ʦ ʪʦʧʣʠʚʥʦʡ ʧʘʨʝ çʢʝʨʦʩʠʥ + ʢʠʩʣʦʨʦʜè. ʄʝʪʘʥ ʥʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʶʱʠʤʩʷ, 

ʢʘʥʮʝʨʦʛʝʥʥʳʤ ʠ ʪʦʢʩʠʯʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʚʳʙʦʨʘ. ʉʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʜʦʙʳʯʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʦʤʧʦʥʝʥʪʦʚ 

ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ çʤʝʪʘʥ + ʢʠʩʣʦʨʦʜè ʦʟʚʫʯʝʥʳ ʚ ʤʘʨʩʠʘʥʩʢʠʭ ʢʦʥʮʝʧʪʘʭ çSpaceX Starshipè 

ʠ çMars Directè. 
ɼʚʠʛʘʪʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʝʨʚʳʭ ʩʪʫʧʝʥʷʭ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ 

ʩʚʝʨʭʪʷʞʝʣʦʛʦ ʢʣʘʩʩʘ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʜʦʙʥʳʝ ɾʈɼ ʤʦʛʫʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ 

ʤʥʦʛʦʨʘʟʦʚʳʭ ʤʝʞʧʣʘʥʝʪʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ. 
ʂ ʠʥʥʦʚʘʮʠʦʥʥʳʤ ʨʝʰʝʥʠʷʤ ʧʨʦʝʢʪʘ ʦʪʥʦʩʷʪʩʷ: ʚʳʩʦʢʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʤʥʦʛʦʨʘʟʦʚʦʩʪʴ, ʙʳʩʪʨʦʝ ʧʦʚʪʦʨʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ 

ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʷ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʟʜʘʥʠʷ ʨʘʢʝʪʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ 

ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʜʣʷ ʵʚʦʣʶʮʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʳʥʢʘ ʦʨʙʠʪʘʣʴʥʳʭ ʧʫʩʢʦʚ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʨʘʟʨʘʙʦʪʢʘ, ʩʦʟʜʘʥʠʝ, ʧʨʦʚʝʜʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ 

ʦʛʥʝʚʳʭ ʠʩʧʳʪʘʥʠʡ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ɾʈɼ çʖɻï60.1è. ʆʪʨʘʙʦʪʢʘ ʦʪʜʝʣʴʥʳʭ ʫʟʣʦʚ 

ʩʠʩʪʝʤʳ. 
ɿʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʳʝ ʥʘ ʧʫʪʠ ʢ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ: 
ʀʩʧʦʣʴʟʫʷ ʫʯʝʙʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʩʧʝʮʠʘʣʠʪʝʪʘ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʜʛʦʪʦʚʢʠ 24.05.02 

çʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʘʚʠʘʮʠʦʥʥʳʭ ʠ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡè: 
1. ʇʨʝʜʩʪʘʚʠʪʴ ʦʙʱʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ɾʈɼ. 
2. ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʛʠʧʝʨʟʚʫʢʦʚʦʛʦ ʩʦʧʣʘ ʃʘʚʘʣʷ, ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʪʝʨʴ, ʢʘʤʝʨʳ 

ʩʛʦʨʘʥʠʷ, ʬʦʨʩʫʥʦʯʥʦʡ ʛʦʣʦʚʢʠ, ʧʘʨʘʤʝʪʨʦʚ ʥʘʩʦʩʦʚ. 
3. ʇʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ çʖɻ-60.1è. 
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4. ʇʨʝʜʩʪʘʚʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ. 
5. ʆʧʠʩʘʪʴ ʭʦʜ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʦʛʥʝʚʳʭ ʠʩʧʳʪʘʥʠʡ. 
6. ʉʦʩʪʘʚʠʪʴ ʜʦʨʦʞʥʫʶ ʢʘʨʪʫ ʧʨʦʝʢʪʘ, ʧʦʜʛʦʪʦʚʠʪʴ ʧʨʘʡʩ-ʣʠʩʪ, ʧʨʠʦʙʨʝʩʪʠ 

ʤʘʪʝʨʠʘʣʳ ʠ ʩʨʝʜʩʪʚʘ. 
7. ʀʟʛʦʪʦʚʠʪʴ ʦʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʠ ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ. 
8. ʇʨʦʠʟʚʝʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʠ ʦʛʥʝʚʳʝ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ. 
9. ɼʦʢʘʟʘʪʴ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʩʭʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʛʘʟʦʛʝʥʝʨʘʪʦʨʦʚ 

ʙʝʟ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʣʥʦʧʦʪʦʯʥʦʛʦ ʮʠʢʣʘ ʨʘʙʦʪʳ. 
10. ʇʦʜʚʝʩʪʠ ʠʪʦʛʠ ʨʘʙʦʪʳ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʠ ʩʨʝʜʩʪʚʘ, 

ʪʘʢʠʝ ʢʘʢ Rocket Propulsion Analysis (RPA, v.2.3), Blender, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʩʝʨʚʠʩʳ ʜʣʷ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʩʯʝʪʦʚ. 
ʆʞʠʜʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ: ʘʧʨʦʙʘʮʠʷ (ʧʨʠʟʥʘʥʠʝ) ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʧʨʦʜʫʢʪʘ, ʛʦʪʦʚʦʛʦ ʢ ʧʨʦʠʟʚʦʜʩʪʚʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʘʩʰʪʘʙʝ. 
ʂʦʤʧʣʝʢʩʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʛʦʪʦʚʣʝʥʠʶ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ çʖɻ ï 60.1è ʧʨʝʜʧʦʣʘʛʘʶʪ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ: ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʘ; ʠʟʛʦʪʦʚʣʝʥʠʝ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ; ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʧrʪʘʥʠʡ. ɺʨʝʤʝʥʥʳʝ ʩʨʦʢʠ: 2022 ʛʦʜ. 
ʇʣʦʱʘʜʢʘʤʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʚʳʩʪʫʧʘʶʪ ʇʨʘʢʪʠʢʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʠʡ ʢʣʫʙ (ʇʆʅʊʂ) çPhysica. ʅʘʯʘʣʦ ʧʫʪʠè ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

çʈʝʟʠʜʝʥʮʠʷ ʤʝʡʢʝʨʦʚè ʧʨʠ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ. 
ʇʘʨʪʥʝʨʳ ʧʨʦʝʢʪʘ: ʈʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʚʳʷʚʣʝʥʠʷ, ʧʦʜʜʝʨʞʢʠ ʠ ʨʘʟʚʠʪʠʷ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʠ ʪʘʣʘʥʪʦʚ ʫ ʜʝʪʝʡ ʠ ʤʦʣʦʜʸʞʠ ʊʚʝʨʩʢʦʡ ʦʙʣʘʩʪʠ çʆʨʠʦʥè, ʧʨʦʬʠʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ 

ʧʨʝʜʧʨʠʷʪʠʷ ʛ. ʊʚʝʨʠ, ʯʘʩʪʥʳʝ ʣʠʮʘ. 
ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʜʦʙʨʦʚʦʣʴʥʦʤ ʧʦʞʝʨʪʚʦʚʘʥʠʠ. 
ʈʘʙʦʪʘ ʧʨʠʟʚʘʥʘ ʨʘʟʚʠʪʴ ʠʥʪʝʨʝʩ ʩʪʘʨʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʢ ʠʟʫʯʝʥʠʶ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʠ 

ʨʝʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ. 

ɺʦʜʦʨʦʜʥʳʡ ʨʝʟʘʢ ʩ ʨʝʛʝʥʝʨʘʮʠʝʡ ʪʦʧʣʠʚʘ 
ʃʦʤʠʜʟʝ ʄ.ɻ., ɹʝʣʦʫʩʦʚ ɽ.ʇ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʄʝʨʢʫʣʦʚʘ ɽ.ʆ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1797, ʄʦʩʢʚʘ 

 
ʎʝʣʴ: 
ʉʦʟʜʘʥʠʝ ʘʧʧʘʨʘʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦʨʦʜʘ ʠʟ ʚʦʜʳ ʜʣʷ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʛʘʟʦʚʦʛʦ ʨʝʟʘʢʘ. 
ʇʣʘʥ ʨʘʙʦʪ: 
1) ʉʦʟʜʘʥʠʝ ʧʨʦʝʢʪʘ ʛʠʜʨʦʣʠʟʸʨʘ; 
2) ʇʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪʘʶʱʝʛʦ ʧʨʦʪʦʪʠʧʘ; 
3) ʇʨʦʚʝʜʝʥʠʝ ʟʘʤʝʨʦʚ ʦʙʲʝʤʘ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʚʦʜʦʨʦʜʘ ʟʘ 1 ʤʠʥʫʪʫ; 
4) ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʜʣʷ ʨʝʟʘʢʘ; 
5) ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ ʧʦʜ ʥʦʚʳʝ ʟʘʜʘʯʠ ʠ ʮʝʣʠ; 
6) ʀʩʧʳʪʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʘʭ; 
7) ʋʯʝʪ ʟʘʤʝʯʘʥʠʡ ʠ ʜʘʣʴʥʝʡʰʘʷ ʜʦʨʘʙʦʪʢʘ ʧʨʦʪʦʪʠʧʘ. 
ʂʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ: 
ʇʨʦʨʘʙʦʪʢʘ ʩʭʝʤʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʨʦʜʘ. ʉʥʘʯʘʣʘ ʥʘʜʦ ʙʳʣʦ ʩʦʟʜʘʪʴ 

ʘʧʧʘʨʘʪ ʧʦ ʝʛʦ ʚʳʨʘʙʦʪʢʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʙʳʣ ʩʦʙʨʘʥ ʛʠʜʨʦʣʠʟʸʨ. 
ɻʠʜʨʦʣʠʟʸʨ - ʘʧʧʘʨʘʪ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʦʨʦʜ ʧʨʠ ʧʦʤʦʱʠ 

ʵʬʬʝʢʪʘ ʛʠʜʨʦʣʠʟʘ. 
ʉʪʨʫʢʪʫʨʘ ʫʩʪʨʦʡʩʪʚʘ: 
Å ʈʝʘʢʪʦʨ 
Å ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʢʪʨʦʜʳ, ʧʦʛʨʫʞʝʥʥʳʝ ʚ ʚʦʜʫ, ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ ʠʩʪʦʯʥʠʢʫ ʧʠʪʘʥʠʷ 
Å ɺʦʜʷʥʦʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴ 
Å ʊʨʫʙʳ ʜʣʷ ʦʪʚʦʜʘ ʛʘʟʘ HHO (ʛʘʟ ɹʨʘʫʥʘ) 
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ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ: 
ɺ ʢʦʣʙʫ ʩ ʚʦʜʦʡ ʦʧʫʩʢʘʶʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ 

24 V ʧʨʦʧʫʩʢʘʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʠ ʙʣʘʛʦʜʘʨʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ 

(ʛʠʜʨʦʣʠʟ), ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʨʘʟʣʘʛʘʶʪʩʷ ʥʘ 2 ʢʦʤʧʦʥʝʥʪʘ - ʚʦʜʦʨʦʜ ʠ ʢʠʩʣʦʨʦʜ. 
ʅʘ ʢʘʪʦʜ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʚʦʜʦʨʦʜ, ʘ ʥʘ ʘʥʦʜ - ʢʠʩʣʦʨʦʜ. 
ʇʦʩʣʝ ʨʝʘʢʮʠʠ ʨʘʟʣʦʞʝʥʠʷ ʠʜʝʪ ʧʝʨʝʢʘʯʢʘ ʛʘʟʦʚ ʚ ʛʠʜʨʦʟʘʪʚʦʨ, ʛʜʝ ʩʮʝʞʠʚʘʝʪʩʷ 

ʚʦʜʦʨʦʜ, ʘ ʢʠʩʣʦʨʦʜ ʦʩʪʘʝʪʩʷ ʚ ʚʦʜʝ. ʀʟ-ʟʘ ʢʦʥʩʪʨʫʢʪʠʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʟʘʪʚʦʨʘ ʦʥ 

ʚʳʧʦʣʥʷʝʪ ʠ ʬʫʥʢʮʠʶ ʦʛʥʝʟʘʱʠʪʥʦʛʦ ʢʣʘʧʘʥʘ.** 
 ɺ ʜʘʣʴʥʝʡʰʝʤ ʢʦʥʩʪʨʫʢʮʠʶ ʛʠʜʨʦʣʠʟʸʨʘ ʤʦʞʥʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʣʷ ʙʦʣʴʰʝʛʦ 

ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ. 
ʅʘʧʨʠʤʝʨ, ʩʜʝʣʘʪʴ ʚʦʜʦʨʦʜʥʳʡ ʨʝʟʘʢ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʝʨʝʟʘʨʷʜʢʠ ʦʪ ʧʨʠʨʦʜʥʳʭ 

ʚʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʠʤʝʝʪ ʤʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚ, 

ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʂʇɼ, ʚ ʙʫʜʫʱʝʤ ʵʪʦ ʧʦʟʚʦʣʠʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʧʨʦʞʠʚʘʥʠʷ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʦʪʩʫʪʩʪʚʠʝ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʘ 

ʪʦʧʣʠʚʘ ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʋʩʪʦʡʯʠʚʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʙʦʨʢʠ 
ʄʝʨʟʣʠʢʠʥ ʊ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʢʚʦʨʮʦʚʘ ɽ.ɺ. 
ʄɹʆʋ ʉʆʐ ˉ12, ʂʦʨʦʣʝʚ 

 
ʈʘʙʦʪʘ ʥʘʯʘʣʘʩʴ ʩ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʘʨʦʢ. ɺ 1770 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʡ 

ʠʥʞʝʥʝʨ, ʘ ʧʦʪʦʤ ʟʥʘʤʝʥʠʪʳʡ ʤʘʪʝʤʘʪʠʢ, ʬʠʟʠʢ, ʭʠʤʠʢ ʠ ʩʪʨʦʠʪʝʣʴ, ɻʘʩʧʘʨ ʄʦʥʞ ʥʘʯʠʥʘʣ 

ʢʘʨʴʝʨʫ ʩ ʪʦʯʥʦʡ ʨʝʟʢʠ ʢʘʤʥʝʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʥ ʧʨʦʝʢʪʠʨʦʚʘʣ ʘʨʢʠ. ʇʨʘʚʠʣʦ ʧʨʦʩʪʦʝ ï ʥʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʢʘʩʘʪʝʣʴʥʳʭ, ʪʦ ʝʩʪʴ ʩʜʚʠʛʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʀʥʘʯʝ ʘʨʢʘ ʨʘʩʩʳʧʣʝʪʩʷ. ɺ ʘʨʢʝ 

ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʥʝʪ, ʥʦ ʥʦʨʤʘʣʴʥʳʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʝʩʪʴ. ɸʨʢʘ ʧʨʦʩʪʦ 

ʦʧʨʦʢʠʥʝʪ ʙʦʢʦʚʳʝ ʩʪʦʣʙʠʢʠ, ʪʝʤ ʙʦʣʝʝ ʥʝ ʫʩʠʣʝʥʥʳʝ. 
ɼʘʞʝ ʝʩʣʠ ʚ ʘʨʢʝ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ ʫʩʠʣʝʥʳ, ʠ ʝʩʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚʩʸ 

ʨʘʚʥʦ ʨʘʩʧʠʨʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʝʩʪʴ. 
ɺ ʛʦʪʠʯʝʩʢʦʡ, ʨʦʤʘʥʩʢʦʡ ʠ ʨʫʩʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʦʜʠʥʦʯʥʳʝ ʘʨʢʠ ʧʦʯʪʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. 

ɽʩʣʠ ʦʥʠ ʝʩʪʴ, ʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʩʠʣʝʥʥʳʝ. ʆʙʳʯʥʦ ʘʨʭʠʪʝʢʪʦʨʳ ʧʨʠʤʝʥʷʣʠ ʢʦʤʧʣʝʢʩ ʘʨʦʢ, 

ʢʦʛʜʘ ʦʜʥʘ ʫʩʠʣʠʚʘʝʪ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʩʙʦʢʫ ʜʨʫʛʫʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʤʝʩʪʝ ʩ ʘʨʢʦʡ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʣʠ ʢʦʥʪʨʘʨʢʫ, ʢʦʪʦʨʘʷ ʧʨʠʥʠʤʘʝʪ ʯʘʩʪʴ ʨʘʩʧʠʨʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɸ ʝʸ 

ʩʦʙʩʪʚʝʥʥʦʝ ʨʘʩʧʠʨʘʥʠʝ ʩʣʘʙʝʝ, ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʪʝʥʦʡ. 
ʗ ʟʘʜʘʣ ʚʦʧʨʦʩ: çʅʝʣʴʟʷ ʣʠ ʦʙʦʡʪʠʩʴ ʙʝʟ ʫʩʠʣʝʥʠʷ ʘʨʢʠ ʩʙʦʢʫ?è 
ʀʜʝʷ ʨʘʙʦʪʳ ʧʦʷʚʠʣʘʩʴ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʢʫʧʦʣʦʚ ʭʨʘʤʦʚ ʠ ʛʦʨʣʦʚʠʥ 

ʨʫʩʩʢʠʭ ʧʝʯʝʡ. ʊʘʤ ʧʨʠʤʝʥʷʶʪ ʘʨʢʠ. ʅʦ ʘʨʢʘ ʚʩʝʛʜʘ ʠʤʝʝʪ ʨʘʩʧʠʨʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ. ʆʥʘ 

ʨʘʟʨʫʰʠʪʩʷ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤ ʚʝʩʦʤ, ʨʘʟʦʡʜʸʪʩʷ ʚ ʩʪʦʨʦʥʳ. ʕʪʦ ʧʦʥʷʣʠ ʜʨʝʚʥʠʝ 

ʘʨʭʠʪʝʢʪʦʨʳ, ʟʦʜʯʠʝ. ʆʥʠ ʧʦʥʷʣʠ, ʯʪʦ ʘʨʢʫ ʚʩʝʛʜʘ ʥʘʜʦ ʫʢʨʝʧʣʷʪʴ ʢʦʥʪʨʘʨʢʦʡ. 
ʈʘʙʦʪʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʦʛʥʝʫʧʦʨʥʦʡ ʪʝʭʥʠʢʝ. ɺʧʦʣʥʝ ʨʝʘʣʴʥʦ ʩʣʦʞʠʪʴ ʘʨʢʫ 

ʨʫʩʩʢʦʡ ʧʝʯʢʠ ʪʘʢ, ʯʪʦ ʦʥʘ ʥʝ ʙʫʜʝʪ ʜʘʚʠʪʴ ʥʘ ʙʦʢʦʚʳʝ ʩʪʝʥʢʠ, ʧʝʯʴ ʥʝ ʧʨʠʜʸʪʩʷ ʯʘʩʪʦ 

ʨʝʤʦʥʪʠʨʦʚʘʪʴ. ʊʝʭʥʦʣʦʛʠʷ ʫʩʪʦʡʯʠʚʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʩʙʦʨʦʢ ʥʘʤʥʦʛʦ ʧʨʦʱʝ ʫʢʣʘʜʢʠ 

ʢʘʤʝʥʥʳʭ ʙʣʦʢʦʚ ʧʦ ʩʣʦʞʥʳʤ ʢʨʠʚʳʤ ʣʠʥʠʷʤ, ʟʘʜʘʥʥʳʤ ʘʨʭʠʪʝʢʪʦʨʘʤʠ. ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʣʝʞʠʪ ʪʦʣʴʢʦ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʢʘʢ ɽʛʠʧʝʪʩʢʠʝ ʧʠʨʘʤʠʜʳ. 
ʗ ʟʘʜʘʣʩʷ ʚʦʧʨʦʩʦʤ: çʄʦʞʥʦ ʣʠ ʦʙʦʡʪʠʩʴ ʙʝʟ ʢʦʥʪʨʘʨʢʠ?è ʆʢʘʟʘʣʦʩʴ, ʤʦʞʥʦ. 
ɺ ʬʠʟʠʢʝ ʠʟʚʝʩʪʥʘ ʟʘʜʘʯʘ ʦʙ ʫʢʣʘʜʢʝ ʜʝʪʘʣʝʡ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʝʧʣʝʥʠʷ. ʊʘʢʫʶ 

ʟʘʜʘʯʫ ʦ ʢʠʨʧʠʯʘʭ ʯʘʩʪʦ ʧʨʝʜʣʘʛʘʶʪ ʥʘ ʦʣʠʤʧʠʘʜʘʭ. ʊʨʝʙʫʝʪʩʷ ʫʣʦʞʠʪʴ ʢʠʨʧʠʯʠ ʦʜʠʥ ʥʘ 

ʜʨʫʛʦʡ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʚʳʩʪʫʧʘʤʠ, ʥʦ ʪʘʢ, ʯʪʦʙʳ ʦʙʱʘʷ ʩʙʦʨʢʘ ʥʝ ʦʙʨʫʰʠʣʘʩʴ. ʂʘʢʠʝ 

ʚʳʩʪʫʧʳ ʜʦʧʫʩʪʠʤʳ? ɺʳʩʪʫʧʳ ʦʧʨʝʜʝʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʉʣʦʞʝʥʘ ʤʦʜʝʣʴ ʥʦʚʦʡ 

ʘʨʦʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʝʟ ʨʘʩʧʠʨʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. 
ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘʯʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ. ɺ ʰʢʦʣʴʥʦʤ ʢʨʫʞʢʝ ʙʳʣ ʥʘʡʜʝʥ 

ʢʦʤʧʣʝʢʪ ʜʝʨʝʚʷʥʥʳʭ ʙʨʫʩʢʦʚ. ɹʨʫʩʢʠ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʩʦʩʥʦʚʳʭ ʨʝʝʢ ʩʝʯʝʥʠʝʤ 30 ʥʘ 30 ʤʤ. 

ɺʩʝ ʙʨʫʩʢʠ ʦʜʠʥʘʢʦʚʳʝ, ʠʤʝʶʪ ʜʣʠʥʫ 300 ʤʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 3 ʤʤ. ʄʝʪʦʜʠʢʘ ʨʝʰʝʥʠʷ 
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ʟʘʜʘʯʠ ʩʣʝʜʫʶʱʘʷ. ɹʨʫʩʢʠ ʥʫʤʝʨʫʶʪʩʷ ʩʚʝʨʭʫ ʚʥʠʟ, ʪʦ ʝʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʘʯʠʥʘʝʪʩʷ ʥʝ ʢʘʢ 

ʦʙʳʯʥʦ ʩʥʠʟʫ, ʘ ʥʘʦʙʦʨʦʪ, ʩʚʝʨʭʫ. ʇʝʨʚʳʡ ʙʨʫʩʦʢ ʫʢʣʘʜʳʚʘʝʪʩʷ ʥʘ ʚʪʦʨʦʡ. ʗʩʥʦ, ʯʪʦ 

ʚʳʩʪʫʧʘʪʴ ʦʥ ʤʦʞʝʪ ʥʘ ʧʦʣʦʚʠʥʫ, ʯʪʦʙʳ ʮʝʥʪʨ ʪʷʞʝʩʪʠ ʙʳʣ ʥʘ ʦʧʦʨʝ ʚʪʦʨʦʛʦ ʩʚʝʨʭʫ ʙʨʫʩʢʘ. 

ʅʘ ʧʝʨʚʦʤ ʙʨʫʩʢʝ ʜʝʣʘʝʪʩʷ ʦʪʤʝʪʢʘ, ʠʟʤʝʨʷʝʪʩʷ ʜʣʠʥʘ ʚʳʩʪʫʧʘʶʱʝʡ ʯʘʩʪʠ, ʢʦʪʦʨʘʷ 

ʧʝʨʝʩʯʠʪʳʚʘʝʪʩʷ ʚ ʜʦʣʶ ʚʳʩʪʫʧʘ. ʇʦʪʦʤ ʜʚʘ ʙʨʫʩʢʘ ʫʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʪʨʝʪʠʡ, ʠʟʤʝʨʷʝʪʩʷ 

ʜʣʠʥʘ ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʜʦʣʷ ʚʳʩʪʫʧʘ ʚʪʦʨʦʛʦ ʙʨʫʩʢʘ. ʀ ʪʘʢ ʜʘʣʝʝ ʜʣʷ ʧʷʪʥʘʜʮʘʪʠ ʙʨʫʩʢʦʚ, ʧʦʢʘ 

ʰʝʩʪʥʘʜʮʘʪʳʡ ʥʝ ʦʢʘʟʘʣʩʷ ʚ ʬʫʥʜʘʤʝʥʪʝ. ʉʨʘʟʫ ʩʪʘʣʘ ʚʠʜʥʘ ʬʦʨʤʘ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʙʦʨʢʠ. 
ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʠʣʦʚʦʛʦ ʤʘʩʩʠʚʘ ʚ ʪʘʙʣʠʯʥʦʤ ʨʝʜʘʢʪʦʨʝ 

Excel. ɺ ʧʝʨʚʦʤ ʩʪʦʣʙʮʝ ʪʘʙʣʠʮʳ ʧʨʠʚʝʜʸʥ ʥʦʤʝʨ ʙʨʫʩʢʘ, ʦʪʩʯʸʪ ʥʘʯʘʪ ʩ ʚʝʨʭʥʝʛʦ ʙʣʦʢʘ. 

ɺʪʦʨʦʡ ʩʪʦʣʙʝʮ ʩʦʜʝʨʞʠʪ ʜʣʠʥʳ ʜʝʨʝʚʷʥʥʳʭ ʙʨʫʩʢʦʚ. ʊʨʝʪʠʡ ʩʪʦʣʙʝʮ ʩʦʜʝʨʞʠʪ ʩʚʠʩʘʶʱʠʝ 

ʜʦʣʠ ʙʣʦʢʦʚ, ʘ ʯʝʪʚʸʨʪʳʡ ʦʧʦʨʥʳʝ ʜʦʣʠ ʙʣʦʢʦʚ. ɺ ʧʦʩʣʝʜʥʝʤ, ʧʷʪʦʤ, ʩʪʦʣʙʮʝ ʩʫʤʤʠʨʫʶʪʩʷ 

ʩʚʠʩʘʶʱʠʝ ʜʦʣʠ ʙʣʦʢʦʚ ʩ ʦʪʩʯʸʪʦʤ ʦʪ ʚʝʨʭʥʝʛʦ ʩʚʠʩʘʶʱʝʛʦ ʢʦʥʮʘ ʙʨʫʩʢʘ. 
ɺ ʧʨʦʛʨʘʤʤʝ Excel ʧʦʩʪʨʦʝʥʘ ʛʠʩʪʦʛʨʘʤʤʘ. ɻʠʩʪʦʛʨʘʤʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ.5. ʊʸʤʥʳʤ 

ʮʚʝʪʦʤ ʦʙʦʟʥʘʯʝʥʳ ʩʚʠʩʘʶʱʠʝ ʜʦʣʠ ʙʨʫʩʢʦʚ. ʆʪʩʯʸʪ ʩʧʨʘʚʘ, ʦʪ ʧʨʘʚʦʛʦ ʢʦʥʮʘ ʚʝʨʭʥʝʛʦ 

ʙʨʫʩʢʘ. ʅʘʧʨʠʤʝʨ, ʧʝʨʚʳʡ ʙʨʫʩʦʢ ʩʚʠʩʘʝʪ ʥʘ ʧʦʣʦʚʠʥʫ ʜʣʠʥʳ. ʂ ʩʚʠʩʘʶʱʝʡ ʯʘʩʪʠ ʚʪʦʨʦʛʦ 

ʙʨʫʩʢʘ ʵʪʘ ʧʦʣʦʚʠʥʘ ʜʦʙʘʚʣʷʝʪʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʵʪʠ ʯʘʩʪʠ ʥʝ ʠʤʝʶʪ ʧʦʜ ʩʦʙʦʡ ʦʧʦʨ. ʊʸʤʥʳʤ 

ʮʚʝʪʦʤ ʧʦʢʘʟʘʥʘ ʙʝʟʦʧʦʨʥʘʷ ʯʘʩʪʴ ʩʪʨʦʠʪʝʣʴʥʦʡ ʩʙʦʨʢʠ. 
ɺ ʧʦʩʣʝʜʥʝʤ ʩʪʦʣʙʮʝ ʩʢʣʘʜʳʚʘʣʠʩʴ ʩʚʠʩʘʶʱʠʝ ʜʦʣʠ ʚʩʝʭ ʚʳʰʝʣʝʞʘʱʠʭ ʙʨʫʩʢʦʚ. 

ʊʦʯʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʚʥʘ 3ʤʤ ʧʨʠ ʜʣʠʥʝ ʙʨʫʩʢʦʚ 300 ʤʤ, ʪʦ ʝʩʪʴ 1% ʧʦ ʜʣʠʥʝ. ɼʨʫʛʠʝ 

ʧʘʨʘʤʝʪʨʳ ʥʝ ʫʯʠʪʳʚʘʣʠʩʴ, ʥʘʧʨʠʤʝʨ, ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʜʨʝʚʝʩʠʥʳ. 
ɼʣʷ ʧʦʣʥʦʮʝʥʥʦʡ ʘʨʢʠ ʷ ʩʦʙʨʘʣ ʘʥʘʣʦʛʠʯʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩʠʤʤʝʪʨʠʯʥʦ ʧʝʨʚʦʡ [1]. 

ʇʦʣʫʯʠʣʦʩʴ ʤʠʥʠʘʪʶʨʥʦʝ ʧʦʜʦʙʠʝ ʘʨʢʠ. ʕʪʘ ʘʨʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʳ. 

ɺ ʥʝʡ ʥʝʪ ʨʘʩʧʠʨʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ. ɿʥʘʯʠʪ, ʥʝ ʥʫʞʥʘ ʢʦʥʪʨʘʨʢʘ. ʄʦʞʥʦ ʫʙʝʜʠʪʴʩʷ ʥʘ 

ʦʧʳʪʝ, ʧʝʥʦʧʣʘʩʪ ʚ ʩʪʦʨʦʥʫ ʥʝ ʩʜʚʠʛʘʝʪʩʷ. ɺʝʨʭʥʠʝ ʙʨʫʩʢʠ ʯʫʪʴ-ʯʫʪʴ ʥʝ ʢʘʩʘʶʪʩʷ ʜʨʫʛ 

ʜʨʫʛʘ. 
ɺʳʚʦʜʳ. 
1. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʘʨʢʠ ʥʘ ʦʩʥʦʚʝ ʠʟʚʝʩʪʥʦʡ ʟʘʜʘʯʠ ʦʙ ʫʢʣʘʜʢʝ 

ʢʠʨʧʠʯʝʡ. 
2. ɺ ʥʦʚʦʡ ʘʨʢʝ ʥʝʪ ʨʘʩʧʠʨʘʶʱʠʭ ʥʘʛʨʫʟʦʢ ï ʚʩʝ ʙʣʦʢʠ ʣʝʞʘʪ ʦʜʠʥ ʥʘ ʜʨʫʛʦʤ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʪʦʣʴʢʦ ʩʠʣʳ ʪʷʞʝʩʪʠ. 
3. ʅʝʪ ʢʘʩʘʪʝʣʴʥʳʭ, ʩʜʚʠʛʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʵʪʦʤʫ ʢʦʥʩʪʨʫʢʮʠʷ ʥʘʧʦʤʠʥʘʝʪ 

ɽʛʠʧʝʪʩʢʠʝ ʧʠʨʘʤʠʜʳ. 
4. ʇʦʷʚʠʣʘʩʴ ʟʘʜʘʯʘ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʯʸʪʘ ʚʳʩʪʫʧʦʚ ʙʣʦʢʦʚ, ʯʪʦʙʳ ʦʥʠ ʥʝ 

ʦʧʨʦʢʠʜʳʚʘʣʠʩʴ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʊʠʤʦʬʝʡ ʄʝʨʟʣʠʢʠʥ. 6 ʢʣʘʩʩ. ʋʩʪʦʡʯʠʚʳʝ ʩʪʨʦʠʪʝʣʴʥʳʝ ʩʙʦʨʢʠ. 9 ʬʝʚʨʘʣʷ 2022 ʛ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ (ʚʠʜʝʦʨʦʣʠʢ 6:12): https://youtu.be/hPPX5vYfAqM  

ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ ʜʣʷ ʤʘʨʩʠʘʥʩʢʦʛʦ  

ʵʢʩʧʝʜʠʮʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʉʠʚʘʢʦʚ ʊ.ʖ., ɹʦʥʜʘʨʝʥʢʦ ʂ.ʗ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʚʜʦʥʠʥ ɽ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ667, ʄʦʩʢʚʘ 

 
ʇʦʣʝʪ ʥʘ ʄʘʨʩ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʮʝʣʝʡ, ʥʦ, ʢʦʥʝʯʥʦ ʞʝ, ʩʘʤʦʡ ʛʣʘʚʥʦʡ ʮʝʣʴʶ 

ʷʚʣʷʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʠʣʦʪʠʨʫʝʤʳʡ ʧʦʣʝʪ ʥʘ çʢʨʘʩʥʫʶ ʧʣʘʥʝʪʫè ʦʯʝʥʴ ʦʧʘʩʝʥ ʜʣʷ 

ʵʢʠʧʘʞʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʧʘʩʥʦʩʪʝʡ ʜʣʷ ʟʜʦʨʦʚʴʷ ʢʦʩʤʦʥʘʚʪʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʠʦʥʠʟʠʨʫʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʧʦʚʨʝʞʜʘʝʪ ʞʠʚʳʝ ʢʣʝʪʢʠ ʦʨʛʘʥʠʟʤʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ 

ʥʘʨʫʰʝʥʠʷʤ: ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʢ 

ʣʫʯʝʚʦʡ ʙʦʣʝʟʥʠ ʠ ʜʘʞʝ ʨʘʢʫ. ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʢʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ 

ʩʧʦʩʦʙʥʦ ʚʳʚʦʜʠʪʴ ʠʟ ʩʪʨʦʷ ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʩʦʨʚʘʪʴ ʚʘʞʥʳʡ 

ʥʘʫʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʠʣʠ ʜʘʞʝ ʧʦʚʨʝʜʠʪʴ ʚʘʞʥʳʝ ʘʛʨʝʛʘʪʳ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʅʘʰ 
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ʧʨʦʝʢʪ ʥʘʮʝʣʝʥ ʥʘ ʪʦ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ, ʘ ʪʘʢʞʝ ʧʨʝʜʣʦʞʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ 

ʟʘʱʠʪʫ ʦʪ ʨʘʜʠʘʮʠʠ ʜʣʷ ʧʦʣʝʪʦʚ ʥʘ ʄʘʨʩ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʦʥʠʟʘʮʠʠ. 
ʎʝʣʴ ʨʘʙʦʪʳ 
ɻʣʘʚʥʘʷ ʮʝʣʴ ʥʘʰʝʡ ʨʘʙʦʪʳ ð ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʡ ʤʦʜʫʣʴ, ʥʘʭʦʜʷʱʠʡʩʷ 

ʚʥʫʪʨʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʣʝʪʘʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʟʘʱʠʪʫ ʵʢʠʧʘʞʘ ʦʪ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʨʝʤʷ ʵʢʩʧʝʜʠʮʠʠ ʥʘ ʄʘʨʩ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʡ ʢʦʣʦʥʠʟʘʮʠʠ. 
ɿʘʜʘʯʠ 
1) ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ 
2) ʆʮʝʥʠʪʴ ʧʨʦʥʠʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ 
3) ʈʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʶʶ ʜʦʟʫ ʦʙʣʫʯʝʥʠʷ ʥʘ ʦʨʙʠʪʝ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ 
4) ʇʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʠ ʬʦʨʤʫ ʟʘʱʠʪʥʦʛʦ ʤʦʜʫʣʷ 
5) ʆʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ ʟʘʱʠʪʳ ʦʪ ʨʘʜʠʘʮʠʠ 
6) ʉʨʘʚʥʠʪʴ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʠʣʠ ʧʨʦʝʢʪʠʨʫʝʤʳʤʠ ʘʥʘʣʦʛʘʤʠ 
7) ʉʦʟʜʘʪʴ ʪʨʝʭʤʝʨʥʫʶ ʤʦʜʝʣʴ ʟʘʱʠʪʥʦʛʦ ʤʦʜʫʣʷ 
8) ʀʟʛʦʪʦʚʠʪʴ ʤʘʩʰʪʘʙʥʳʡ ʤʘʢʝʪ 
ɺʳʙʦʨ ʬʦʨʤʳ ʠ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ 
ɺ ʢʘʯʝʩʪʚʝ ʬʦʨʤʳ ʜʣʷ ʟʘʱʠʪʥʦʡ ʢʘʧʩʫʣʳ ʙʳʣ ʚʳʙʨʘʥ ʮʠʣʠʥʜʨ ʩ ʧʦʣʫʩʬʝʨʦʡ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ. ʄʳ ʩʯʠʪʘʝʤ ʪʘʢʫʶ ʢʦʤʙʠʥʘʮʠʶ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʠʛʫʨ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʦʡ, ʪʘʢ ʢʘʢ 

ʦʥʘ ʧʦʚʪʦʨʷʝʪ ʬʦʨʤʫ ʨʘʢʝʪʳ ʠ ʧʦʟʚʦʣʷʝʪ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ 

ʢʦʩʤʦʥʘʚʪʦʚ. 
ʂʦʩʤʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʜʝʨʞʠʪ ʩʘʤʳʝ ʨʘʟʥʳʝ ʯʘʩʪʠʮʳ: ʘʣʴʬʘ, ʙʝʪʘ, ʛʘʤʤʘ-ʯʘʩʪʠʮʳ, 

ʧʨʦʪʦʥʳ ʠ ʘʪʦʤʥʳʝ ʷʜʨʘ. ʏʪʦʙʳ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʪʠʚʦʜʝʡʩʪʚʦʚʘʪʴ ʢʘʞʜʦʤʫ ʚʠʜʫ ʯʘʩʪʠʮ ʤʳ 

ʧʨʝʜʣʘʛʘʝʤ ʩʜʝʣʘʪʴ ʤʥʦʛʦʩʣʦʡʥʫʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʟʘʱʠʪʫ. ʆʥʘ ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʪʨʝʭ 

ʩʣʦʝʚ: ʚʥʝʰʥʠʡ - 5 ʩʤ ʘʣʶʤʠʥʠʷ, ʩʨʝʜʥʠʡ - 5 ʩʤ ʧʦʣʠʵʪʠʣʝʥʘ ʠ ʚʥʫʪʨʝʥʥʠʡ - 2 ʩʤ ʘʣʶʤʠʥʠʷ. 

ɺʥʝʰʥʠʡ ʩʣʦʡ ʟʘʜʝʨʞʠʚʘʝʪ ʘʣʴʬʘ-ʠʟʣʫʯʝʥʠʝ, ʵʣʝʢʪʨʦʥʳ ʠ ʪʷʞʝʣʳʝ ʷʜʨʘ. ʉʨʝʜʥʠʡ ʩʣʦʡ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʧʨʦʪʦʥʦʚ. ɺʥʫʪʨʝʥʥʠʡ ʩʣʦʡ ʘʣʶʤʠʥʠʷ ʜʦʣʞʝʥ ʟʘʱʠʱʘʪʴ 

ʵʢʠʧʘʞ ʦʪ ʚʪʦʨʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʘʩʪʠʮ ʯʝʨʝʟ ʧʝʨʚʳʝ ʜʚʘ 

ʩʣʦʷ. ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʦʮʝʥʢʘʤ, ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, 

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʠʣʦʪʠʨʫʝʤʦʛʦ ʧʦʣʝʪʘ ʥʘ ʄʘʨʩ, ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 20 ʛ/ʩʤ2. ʅʘʰ ʧʨʦʝʢʪ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʟʘʱʠʪʫ ʪʦʣʱʠʥʦʡ 23,55 ʛ/ʩʤ2. ʇʨʦʝʢʪʠʨʫʝʤʘʷ ʟʘʱʠʪʥʘʷ ʢʘʧʩʫʣʘ 

ʦʙʝʩʧʝʯʠʪ ʩʥʠʞʝʥʠʝ ʨʘʜʠʘʮʠʦʥʥʦʡ ʜʦʟʳ ʦʪ ʉʂʃ ʩ 800 ʜʦ 0,2 ʨʘʜ/ʛʦʜ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ 

ʧʨʦʝʢʪʦʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʪʨʝʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʨʘʜʠʘʮʠʦʥʥʦʡ ʟʘʱʠʪʳ, ʠ ʟʘʪʝʤ ʩ ʝʝ ʧʦʤʦʱʴʶ ʙʳʣ 
ʠʟʛʦʪʦʚʣʝʥ ʤʘʩʰʪʘʙʥʳʡ ʤʘʢʝʪ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 
ʉʨʘʚʥʝʥʠʝ ʩ ʘʥʘʣʦʛʘʤʠ 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʣʦʥʠʟʘʮʠʝʡ 

ʄʘʨʩʘ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʥʘ ʥʝʤ ʨʘʟʣʠʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʘʤʝʨʠʢʘʥʩʢʦʝ 

ʢʦʩʤʠʯʝʩʢʦʝ ʘʛʝʥʪʩʪʚʦ NASA ʧʨʦʚʦʜʠʣʦ ʢʦʥʢʫʨʩ 
ʧʨʦʝʢʪʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʜʦʤʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

3D ï ʧʝʯʘʪʠ. ʆʜʠʥ ʠʟ ʧʦʙʝʜʠʪʝʣʝʡ ʪʦʛʦ ʢʦʥʢʫʨʩʘ ï ʵʪʦ ʧʨʦʝʢʪ ʜʦʤʘ ʥʘ ʄʘʨʩʝ ʦʪ ʢʦʤʧʘʥʠʠ 

çSpaceFactoryè ʠʟ ʅʴʶ-ʁʦʨʢʘ. ɼʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢʦʛʦ ʟʜʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ. 
ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʘʥʘʣʦʛ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ, 

ʩʚʷʟʘʥʥʳʤʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʕʢʩʧʝʜʠʮʠʷ ʥʘ ʄʘʨʩ ʤʦʞʝʪ 

ʟʘʥʠʤʘʪʴ ʦʯʝʥʴ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʨʝʤʷ ʧʨʦʞʠʚʘʥʠʷ ʚ 

ʤʘʨʩʠʘʥʩʢʦʤ ʩʦʦʨʫʞʝʥʠʠ ʙʫʜʝʪ ʠʩʯʠʩʣʷʪʴʩʷ ʤʝʩʷʮʘʤʠ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʛʦʜʘʤʠ. ʇʦʵʪʦʤʫ, ʤʳ 

ʩʯʠʪʘʝʤ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʣʞʥʦʡ ʟʘʱʠʪʳ ʦʪ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʣʫʯʰʝ ʧʝʨʝʡʪʠ ʦʪ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʥʝʩʢʦʣʴʢʠʤ ʩʣʦʷʤ ʤʝʪʘʣʣʘ ʠ ʣʝʛʢʠʭ ʚʦʜʦʨʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʚʝʱʝʩʪʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ:  

[1] ɸ.ɻ. ʈʝʙʝʢʦ. çɿʘʱʠʪʘ ʣʶʜʝʡ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ ʢʦʩʤʦʩʝè. ʀʥʞʝʥʝʨʥʳʡ 

ʞʫʨʥʘʣ çʅʘʫʢʘ ʠ ʠʥʥʦʚʘʮʠʠè, 2016 ʚʳʧʫʩʢ 5. 
[2] ʂʘʤʠʣʞʘʥʦʚ ɸ.ʂ. çʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ ʠ ʠʭ ʩʚʦʡʩʪʚʘè. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. 

ʌʦʨʫʤ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʂʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝè. ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

2013. 
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[3] ɹ.ʉ. ʀʰʭʘʥʦʚ, ʀ.ʄ. ʂʘʧʠʪʦʥʦʚ, ʅ.ʇ. ʖʜʠʥ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ : çʏʘʩʪʠʮʳ ʠ ʘʪʦʤʥʳʝ 

ʷʜʨʘè,2007. 
[4] ʀ.ʇ. ɹʝʟʨʦʜʥʳʭ, ɽ.ʀ. ʄʦʨʦʟʦʚʘ, ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ (ʀʂʀ ʈɸʅ), ʉ.ɻ. ʂʘʟʘʥʮʝʚ (ɸʆ 

çʅʀʀʕʄè), ʄ.ʅ. ɹʫʜʷʢ, ɺ.ʊ. ʉʝʤʸʥʦʚ çɿʘʱʠʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʦʪ ʠʦʥʠʟʠʨʫʶʱʠʭ 

ʠʟʣʫʯʝʥʠʡè, 2015. 
[5] ʀ.ʇ. ɹʝʟʨʦʜʥʳʭ, ɽ.ʀ. ʄʦʨʦʟʦʚʘ, ɸ.ɸ. ʇʝʪʨʫʢʦʚʠʯ (ʀʂʀ ʈɸʅ) çʈʘʜʠʘʮʠʦʥʥʳʝ 

ʫʩʣʦʚʠʷ ʥʘ ʦʨʙʠʪʝ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʄʘʨʩʘè, 2014. 

ɿʘʱʠʪʘ ʦʪ ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʷʭ 
ʉʦʥʠʥʘ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʗʢʦʚʣʝʚ ʉ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ7, ʄʦʩʢʚʘ 

ʆʜʥʘ ʠʟ ʛʣʘʚʥʳʭ ʧʨʦʙʣʝʤ ʚ ʠʟʫʯʝʥʠʠ ʢʦʩʤʦʩʘ - ʦʪʩʫʪʩʪʚʠʝ ʥʘʜʝʞʥʦʡ ʟʘʱʠʪʳ 

ʢʦʩʤʦʥʘʚʪʦʚ ʦʪ ʨʘʜʠʘʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʜʠʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʫʛʨʦʟʫ ʜʣʷ ʟʜʦʨʦʚʴʷ 

ʯʝʣʦʚʝʢʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʢʦʩʤʦʩʝ. ʇʦʩʣʝʜʩʪʚʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʷ ʥʘ ʯʝʣʦʚʝʢʘ 

ʥʝʦʙʨʘʪʠʤʳ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʱʠʪʳ 

ʢʦʩʤʦʥʘʚʪʦʚ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ. 
ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʦʟʜʝʡʩʪʚʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʟʣʫʯʝʥʠʡ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʦʨʛʘʥʠʟʤ ʠ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʦʪ ʠʟʣʫʯʝʥʠʡ ʚ ʢʦʩʤʦʩʝ. ɹʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʥʝʧʨʦʧʫʩʢʘʶʱʠʭ ʠʟʣʫʯʝʥʠʝ ʧʦʢʨʳʪʠʡ ʢʦʩʤʠʯʝʩʢʠʭ ʩʪʘʥʮʠʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʵʢʨʘʥʦʚ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʟʘʨʷʞʝʥʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ 

ʟʘʱʠʪʘ. 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʚʝʱʝʩʪʚ ʜʣʷ ʧʦʢʨʳʪʠʡ ʯʘʩʪʝʡ ʢʦʩʤʠʯʝʩʢʠʭ 

ʩʪʘʥʮʠʡ ʩ ʵʢʠʧʘʞʝʤ, ʪʘʢʠʝ ʢʘʢ ʚʦʜʘ, ʧʦʣʠʧʨʦʧʠʣʝʥ, ʢʦʩʤʠʯʝʩʢʘʷ ʧʣʘʩʪʤʘʩʩʘ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʩ ʮʝʣʴʶ ʦʪʦʙʨʘʪʴ ʣʫʯʰʠʝ ʩʧʦʩʦʙʳ 

ʟʘʱʠʪʳ ʦʪ ʠʟʣʫʯʝʥʠʡ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʳʤ ʧʦʣʝʪʦʤ ʯʝʣʦʚʝʢʘ ʥʘ ʄʘʨʩ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʩʦʟʜʘʥʠʷ ʟʘʱʠʱʝʥʥʳʭ ʦʪ ʨʘʜʠʘʮʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ, ʧʣʘʥʝʪʥʳʭ 

ʩʪʘʥʮʠʡ ʠ ʧʦʩʝʣʝʥʠʡ. 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʠʩʪʦʯʥʠʢʠ: Nuclphys çʂʦʩʤʠʯʝʩʢʠʝ ʣʫʯʠ. ʀʭ ʩʦʩʪʘʚ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʝè, Astronaut çɿʘʱʠʪʘ 

ʵʢʠʧʘʞʝʡ ʦʪ ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠè ɽ.ɽ. ʂʦʚʘʣʝʚ, Cyberleninka çʇʝʨʩʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ 

ʟʘʱʠʪʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ ʢʦʩʤʦʥʘʚʪʦʚ ʦʪ ʨʘʜʠʘʮʠʠè ʄ. ɸ. ɸʙʜʫʨʘʭʤʘʥʦʚʘ, ɸ. ɹ. 

ɹʨʘʛʠʥ, ɼ. ʈ. ʊʝʣʝʞʝʥʢʦ, ɸ. ɺ. ɻʠʨʥ, Cyberleninka çɿʘʱʠʪʘ ʣʶʜʝʡ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʚ 

ʢʦʩʤʦʩʝè ɸ.ɻ. ʈʝʙʝʢʦ. 

ʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʨʰʨʫʪʘ ʦʯʠʩʪʢʠ ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ ʦʪ 

ʚʥʝʰʥʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ 
ʏʘʛʠʥ ɸ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʷʛʠʥ ʀ.ʆ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ709, ʄʦʩʢʚʘ 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʘ ʟʘʥʠʤʘʝʪ ʦʯʝʥʴ ʙʦʣʴʰʫʶ ʠ ʥʝʦʙʭʦʜʠʤʫʶ ʯʘʩʪʴ 

ʞʠʟʥʠ ʦʙʱʝʩʪʚʘ. ʕʪʦ ʫʞʝ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʚʩʝʭ ʩʬʝʨ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ʘʵʨʦʢʦʩʤʠʯʝʩʢʦʤ ʦʪʨʘʩʣʠ. ʆʜʥʘʢʦ, ʠʩʭʦʜʷ ʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʵʪʦʡ ʦʪʨʘʩʣʠ, ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʥʳʭ ʫʩʪʨʦʡʩʪʚ (ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʤʠʢʨʦʩʭʝʤ) ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʤʠʢʨʦʩʭʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʝʤʥʠʝʚʳʝ ʧʦʜʣʦʞʢʠ. ʂʨʝʤʥʠʡ - ʨʘʜʠʘʮʠʦʥʥʦʩʪʦʡʢʠʡ, ʥʝʜʦʨʦʛʦʡ 

ʠ ʩʪʘʙʠʣʴʥʳʡ ʵʣʝʤʝʥʪ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʭʦʨʦʰʠʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʜʣʦʞʝʢ. ʕʪʠ ʧʦʜʣʦʞʢʠ 

ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʪʴ ʦʯʠʱʘʪʴ ʥʘ ʜʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʩʪʘʜʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʫʱʝʩʪʚʫʶʱʠʭ 
ʤʝʪʦʜʦʚ ʚʝʩʴʤʘ ʜʦʨʦʛʠʝ ʠ ʜʣʷ ʥʝʙʦʣʴʰʠʭ ʦʙʲʸʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʚ ʜʦʤʘʰʥʠʭ 

ʫʩʣʦʚʠʷʭ, ʤʘʣʦʵʬʬʝʢʪʠʚʥʳ ʚʚʠʜʫ ʩʚʦʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ. ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʰʨʫʪ ʦʜʥʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʧʦʜʣʦʞʝʢ - ʞʠʜʢʦʩʪʥʘʷ 

ʦʯʠʩʪʢʘ. 
ʍʦʜ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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1. ʇʦʜʛʦʪʦʚʢʘ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 
2. ʆʙʥʘʨʫʞʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʝʥʠʡ. 
3. ʅʘʥʝʩʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʇɸɺ). 
4. çʉʫʰʢʘè. 
ɺʳʚʦʜ. 
ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʣʠʪʝʨʘʪʫʨʘ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ, ʠʟʫʯʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʧʨʦʙʣʝʤʳ ʠ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʠ ʦʯʠʩʪʢʠ 

ʢʨʝʤʥʠʝʚʳʭ ʧʦʜʣʦʞʝʢ ʦʪ ʥʠʭ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʷʪʴ ʚ ʫʩʣʦʚʠʷʭ 

ʰʢʦʣʴʥʳʭ ʣʘʙʦʨʘʪʦʨʠʡ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1.  ɸ.ʃ.ʉʫʚʦʨʦʚ ʠ ʜʨ. çʊɽʍʅʆʃʆɻʀʀ ʉʊʈʋʂʊʋʈ ʂʅʀè, 2004 ʛ. 

http://prokopep.narod.ru/book2/html/glava2.htm 
2.  ʐʤʘʢʦʚ ʄ., ʇʘʨʰʠʥ ɺ., çʐʢʦʣʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ɻʇʀʉ. ʆʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥ ʠ ʧʦʜʣʦʞʝʢè https://tech-e.ru/2008_5_76.php 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʪʝʧʣʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ 
ʐʝʚʯʝʥʢʦ ʂ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʊʫʢʦʚʘ ʅ.ɹ. 
ʄɸʆʋ ʣʠʮʝʡ ˉ 38, ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʴ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ. ʎʝʣʴʶ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʘ. 
ʊʝʧʣʦʚʦʡ ʘʢʢʫʤʫʣʷʪʦʨ ð ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʪʝʧʣʘ ʩ ʮʝʣʴʶ ʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʠʜʦʚ ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʤʳ 

ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʪʦʪ, ʢʦʪʦʨʳʡ ʨʘʙʦʪʘʝʪ ʟʘ ʩʯʸʪ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ. 
ʊʨʠʛʠʜʨʘʪ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʠʟʛʦʪʦʚʠʣʠ ʜʦʤʘ, ʠʩʧʦʣʴʟʫʷ ʧʠʱʝʚʫʶ ʩʦʜʫ ʠ ʫʢʩʫʩʥʫʶ 

ʢʠʩʣʦʪʫ, ʠ ʨʘʩʩʯʠʪʘʣʠ ʝʛʦ ʧʣʦʪʥʦʩʪʴ. 
ʇʝʨʝʥʘʩʳʱʝʥʥʳʡ ʨʘʩʪʚʦʨ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ ʧʨʠ ʚʳʚʦʜʝ ʠʟ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ 

ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ. ʇʨʠ ʧʦʤʦʱʠ ʰʢʦʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʧʦʣʫʯʠʣʠ ʢʘʨʪʠʥʫ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʫʚʝʣʠʯʝʥʠʷʭ. ʇʨʠ ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʘ ʠ ʤʝʪʦʜʦʚ ʨʘʩʢʘʜʨʦʚʢʠ ʠ ʧʠʢʩʝʣʠʟʘʮʠʠ 

ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʩʢʦʨʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʧʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ. 
ɼʣʷ ʨʘʩʯʸʪʘ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ ʚ ʜʘʥʥʦʡ ʤʘʩʩʝ, ʚʳʜʝʣʷʝʤʦʛʦ ʚ ʭʦʜʝ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʨʝʘʢʮʠʠ ʪʝʧʣʦʚʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠ 

ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʪʝʧʣʦʪʳ, ʚʳʜʝʣʷʝʤʦʡ ʪʝʧʣʦʚʳʤʠ ʘʢʢʫʤʫʣʷʪʦʨʘʤʠ, ʦʪ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʥʘʛʣʷʜʥʳʤ ʠʟʦʙʨʘʞʝʥʠʝʤ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʪʝʧʣʦʦʪʜʘʯʠ. 

ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʸʥ ʨʘʩʯʸʪ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ 

ʪʨʠʛʠʜʨʘʪʘ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ. 
ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʚʘʨʠʘʥʪʳ ʤʦʜʠʬʠʠʢʘʮʠʠ ʚʝʱʝʩʪʚʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʩʦʣʝʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ. 
ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʚʝʱʝʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʧʦʜʦʙʥʳʤʠ ʪʨʠʛʠʜʨʘʪʫ ʘʮʝʪʘʪʘ ʥʘʪʨʠʷ 

ʩʚʦʡʩʪʚʘʤʠ, - ʜʠʛʠʜʨʘʪ ʜʠʛʠʜʨʦʬʦʩʬʘʪ ʥʘʪʨʠʷ- ʧʫʪʸʤ ʩʤʝʰʠʚʘʥʠʷ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʳ ʠ ʥʘʪʨʠʝʚʦʡ ʱʸʣʦʯʠ ʠ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʜʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʛʠʜʨʘʪʦʚ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʩʢʦʨʦʩʪʴ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʞʠʜʢʦʩʪʴ-

ʪʚʸʨʜʦʝ ʪʝʣʦ. ʊʘʢʞʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ ʜʨʫʛʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʙʦʯʠʤ ʪʝʣʦʤ 

ʪʝʧʣʦʚʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʙʳʣ ʩʜʝʣʘʥ ʚʘʞʥʳʡ ʚʳʚʦʜ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʤʦʣʝʢʫʣ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʚʦʜʳ ʚ ʚʝʱʝʩʪʚʝ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʧʣʦʘʢʢʫʤʫʣʷʪʦʨʘ ʠ ʧʨʝʜʣʦʞʝʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʨʘʙʦʪʳ. 
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ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʧʝʥʦʧʣʘʩʪʘ 
ʕʨʙʝʥ ɼ.ɹ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʜ.ʪ.ʥ. ʃʝʙʝʜʝʚ ɺ.ɺ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʸʚ 

 
ʈʘʙʦʪʘ ʧʨʘʢʪʠʯʝʩʢʘʷ. ʊʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʚʳʜʫʤʘʥʘ, ʘ ʧʦʷʚʠʣʘʩʴ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʰʢʦʣʴʥʦʤ ʢʨʫʞʢʝ. ʂ ʩʦʞʘʣʝʥʠʶ, ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʥʘʫʢʝ, ʚ ʰʢʦʣʝ ʫʜʝʣʷʶʪ 

ʤʘʣʦ ʚʨʝʤʝʥʠ. ʈʝʟʫʣʴʪʘʪ ï ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ, ʪʨʫʜʘ, ʜʘʞʝ ʦʪʢʘʟ ʦʪ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʤʥʦʛʠʭ ʜʝʪʘʣʝʡ. ʅʘʧʨʠʤʝʨ, ʫʜʦʙʥʦ ʙʳʣʦ ʨʘʙʦʪʘʪʴ ʩ ʢʘʨʪʦʥʦʤ, ʜʘʞʝ ʩ ʪʦʣʩʪʳʤʠ 

ʛʦʬʨʠʨʦʚʘʥʥʳʤʠ ʩʢʣʝʡʢʘʤʠ. ʅʦ ʢʘʢ ʪʦʣʴʢʦ ʥʘʯʘʣʘʩʴ ʨʘʙʦʪʘ ʩ ʧʝʥʦʧʣʘʩʪʦʤ, ʥʘʤ ʜʘʞʝ ʭʦʪʝʣʠ 

ʟʘʧʨʝʪʠʪʴ. ʆʯʝʥʴ ʤʥʦʛʦ ʤʫʩʦʨʘ. 
ʄʘʣʝʥʴʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʠ ʤʥʦʛʦ ʤʫʩʦʨʘ ʚʳʥʫʜʠʣʠ ʠʩʢʘʪʴ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ. ʆʪ ʢʘʨʪʦʥʘ ʩʨʘʟʫ ʨʝʰʠʣʠ ʦʪʢʘʟʘʪʴʩʷ, ʧʦʪʦʤʫ ʯʪʦ ʪʦʥʢʠʝ ʣʠʩʪʳ 

ʪʨʝʙʦʚʘʣʠ ʤʥʦʛʦ ʜʝʪʘʣʝʡ. ʅʫʞʝʥ ʤʘʪʝʨʠʘʣ ʧʦʪʦʣʱʝ. ɹʳʣ ʚʳʙʨʘʥ ʧʝʥʦʧʣʘʩʪ. 
ʇʝʥʦʧʣʘʩʪʳ ʙʳʚʘʶʪ ʨʘʟʥʳʝ. ʇʨʦʱʝ ʚʩʝʛʦ ʙʳʣʦ ʢʫʧʠʪʴ çʇʝʥʦʧʣʵʢʩè. ʅʦ ʦʢʘʟʘʣʦʩʴ, 

ʧʦʢʫʧʘʪʴ ʥʝ ʥʘʜʦ. ʐʝʬʳ-ʩʪʨʦʠʪʝʣʠ, ʢʘʢ ʪʦʣʴʢʦ ʫʟʥʘʣʠ, ʩʨʘʟʫ ʧʦʜʘʨʠʣʠ ʰʢʦʣʴʥʦʤʫ ʢʨʫʞʢʫ 

ʧʷʪʴ ʣʠʩʪʦʚ ʪʦʣʱʠʥʦʡ 20 ʤʤ. ɻʣʘʚʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʩʚʷʟʘʥ ʩ ʦʙʨʘʙʦʪʢʦʡ ʧʝʥʦʧʣʘʩʪʘ. ʇʳʣʴ ʠ 

ʦʧʠʣʢʠ ʦʯʝʥʴ ʣʠʧʢʠʝ, ʥʠʯʝʤ ʥʝ ʚʳʤʝʩʪʠ. ʆʯʝʥʴ ʤʥʦʛʦ ʛʨʷʟʠ ʦʩʪʘʸʪʩʷ ʧʦʩʣʝ ʨʘʙʦʪʳ ʩ 

ʧʝʥʦʧʣʘʩʪʦʤ. 
ʏʪʦʙʳ ʧʨʦʜʦʣʞʠʪʴ ʨʘʙʦʪʫ ʩ ʧʝʥʦʧʣʘʩʪʦʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʰʢʦʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʙʳʣʘ 

ʧʦʩʪʘʚʣʝʥʘ ʮʝʣʴ ï ʥʦʚʘʷ ʯʠʩʪʘʷ ʪʝʭʥʦʣʦʛʠʷ ʙʝʟ ʧʠʣʳ, ʦʧʠʣʦʢ ʠ ʧʳʣʠ. ɼʣʷ ʰʢʦʣʴʥʦʛʦ ʢʨʫʞʢʘ 

ʵʪʦ ʚʘʞʥʦ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʥʝʜʦʚʦʣʴʩʪʚʘ ʘʜʤʠʥʠʩʪʨʘʮʠʠ. ʉʨʘʟʫ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʟʛʦʪʦʚʠʪʴ 

ʩʪʘʥʦʢ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʝʪʘʣʝʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʘ ʥʝ ʪʦʣʴʢʦ ʢʚʘʜʨʘʪʦʚ ʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ. 
ʄʦʷ ʨʘʙʦʪʘ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉʪʨʘʪʝʛʠʠ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʧʨʠʯʸʤ ʧʝʨʚʦʤʫ ʙʦʣʴʰʦʤʫ ʚʳʟʦʚʫ. 
ʉʥʘʯʘʣʘ ʙʳʣ ʚʳʧʦʣʥʝʥ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ. ʈʝʟʢʘ ʧʝʥʦʧʣʘʩʪʘ ʙʳʚʘʝʪ ʭʦʣʦʜʥʦʡ ʠ 

ʛʦʨʷʯʝʡ. ʍʦʣʦʜʥʘʷ ʨʝʟʢʘ ï ʵʪʦ ʦʧʠʣʢʠ. ʍʦʣʦʜʥʘʷ ʨʝʟʢʘ ʜʣʷ ʰʢʦʣʴʥʦʛʦ ʢʨʫʞʢʘ ʥʝ ʧʦʜʭʦʜʠʪ. 

ɹʳʣʘ ʚʳʙʨʘʥʘ ʛʦʨʷʯʘʷ ʨʝʟʢʘ. ʉʪʘʥʢʦʚ ʦʯʝʥʴ ʤʥʦʛʦ. ʂʫʧʠʪʴ ʤʦʞʥʦ, ʥʦ ʦʥʠ ʜʦʨʦʛʠʝ [1], ʩʪʦʷʪ 

ʙʦʣʴʰʝ ʜʝʩʷʪʠ ʪʳʩʷʯ ʨʫʙʣʝʡ. ɸ ʛʣʘʚʥʦʝ ï ʧʨʦʩʪʳʝ. ɼʘʞʝ ʩʪʨʦʠʪʝʣʠ ʥʝ ʧʦʢʫʧʘʶʪ ʪʘʢʠʝ 

ʩʪʘʥʢʠ, ʘ ʩʘʤʠ ʠʭ ʜʝʣʘʶʪ. ɽʩʣʠ ʥʘ ʩʪʨʦʡʢʝ ʜʝʣʘʶʪ ʪʘʢʠʝ ʠʥʩʪʨʫʤʝʥʪʳ, ʪʦ ʚ ʰʢʦʣʴʥʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʧʦʜʘʚʥʦ ʠʭ ʤʦʞʥʦ ʠʟʛʦʪʦʚʠʪʴ. ʇʦ ʩʫʪʠ ʵʪʠ ʣʦʙʟʠʢ ʩ ʨʘʩʢʘʣʸʥʥʦʡ ʧʨʦʚʦʣʦʢʦʡ. 
ʉʪʘʥʦʢ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʟʘ ʦʜʠʥ ʚʝʯʝʨ. ʆʩʥʦʚʘʥʠʝ ʠʟ ʜʦʩʢʠ. ʈʘʤʘ ʠʟ ʚʠʥʪʘ ʠ 

ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʨʦʬʠʣʷ. ʅʦʞʢʠ ʠʟ ʰʫʨʫʧʦʚ. ʇʦʥʘʜʦʙʠʣʘʩʴ ʜʨʝʣʴ, ʩʚʝʨʣʦ, ʦʪʚʸʨʪʢʘ, ʛʘʝʯʥʳʝ 

ʢʣʶʯʠ, ʧʣʦʩʢʦʛʫʙʮʳ. ʉʣʦʞʥʝʝ ʙʳʣʦ ʨʘʟʦʙʨʘʪʴʩʷ ʩ ʧʨʦʚʦʣʦʢʦʡ. 
ʇʝʨʚʳʡ ʦʧʳʪ ʧʦʢʘʟʘʣ ʨʫʢʦʚʦʜʠʪʝʣʴ ʢʨʫʞʢʘ. ʇʨʦʚʦʣʦʢʘ ʥʫʞʥʘ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʴʥʘʷ. 

ʄʝʜʴ, ʘʣʶʤʠʥʠʡ, ʩʪʘʣʴ ʥʝ ʧʦʜʦʡʜʫʪ. ʅʫʞʝʥ ʥʠʭʨʦʤ ʩ ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʊʘʢʘʷ 

ʧʨʦʚʦʣʦʢʘ ʩʨʘʟʫ ʙʳʣʘ ʥʘʡʜʝʥʘ ʚ ʧʝʨʝʛʦʨʝʚʰʝʤ ʬʝʥʝ. ʅʘ ʜʣʠʥʫ 20 ʩʤ ʙʳʣʦ ʧʦʜʘʥʦ 

ʥʘʧʨʷʞʝʥʠʝ 5ɺ, ʩʠʣʘ ʪʦʢʘ 1ɸ. ʊʦʥʢʠʡ ʧʝʥʦʧʣʘʩʪ ʨʝʞʝʪʩʷ ʦʪʣʠʯʥʦ. ʅʝ ʥʘʜʦ ʥʘʛʨʝʚʘʪʴ 

ʧʨʦʚʦʣʦʢʫ ʜʦʢʨʘʩʥʘ. 
ɺʪʦʨʦʡ ʦʧʳʪ ʨʘʟʨʝʰʠʣʠ ʧʨʦʚʝʩʪʠ ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʘʤ. ʇʦʪʦʤ ʩʪʘʣʠ ʨʘʙʦʪʘʪʴ ʚʩʝ ʧʦ 

ʦʯʝʨʝʜʠ. ʆʜʥʘ ʥʠʪʴ ʦʙʦʨʚʘʣʘʩʴ, ʧʦʪʦʤʫ ʯʪʦ ʦʯʝʥʴ ʩʠʣʴʥʦ ʥʘʛʨʝʣʘʩʴ ʠ ʧʦʢʨʘʩʥʝʣʘ. ʊʘʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʥʝ ʥʫʞʥʘ. ɼʦʩʪʘʪʦʯʥʦ ʩʜʝʣʘʪʴ ʥʠʪʴ ʥʝʤʥʦʛʦ ʢʨʘʩʥʦʡ. ɼʣʷ ʵʪʦʛʦ ʥʘʜʦ ʧʦʜʦʙʨʘʪʴ 

ʥʘʧʨʷʞʝʥʠʝ. ʊʘʢʦʡ ʥʠʪʴʶ ʤʦʞʥʦ ʚʳʨʝʟʘʪʴ ʬʠʛʫʨʳ ʠʟ ʧʝʥʦʧʣʘʩʪʘ. 
ʊʨʝʪʠʡ ʦʧʳʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʦʣʱʠʥʘ ʧʝʥʦʧʣʘʩʪʘ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ. ʃʝʛʢʦ ʙʳʣ ʨʘʟʨʝʟʘʥ ʠ 

ʪʦʥʢʠʡ ʧʝʥʦʧʣʘʩʪ ʠ ʪʦʣʩʪʳʡ 50 ʤʤ. ʈʝʟʘʪʴ ʤʦʞʥʦ ʧʦ ʣʠʥʝʡʢʝ, ʪʦʛʜʘ ʩʪʦʨʦʥʘ ʧʦʣʫʯʘʝʪʩʷ 

ʨʦʚʥʦʡ. ʅʘʛʨʝʪʘʷ ʧʨʦʚʦʣʦʢʘ ʧʦʩʪʦʷʥʥʦ ʥʘʪʷʛʠʚʘʝʪʩʷ ʧʨʫʞʠʥʥʦʡ ʨʘʤʦʡ. 
ɿʘ 10 ʩʝʢʫʥʜ ʦʪ ʙʦʣʴʰʦʛʦ ʢʫʩʢʘ çʇʝʥʦʧʣʵʢʩʘè ʙʳʣʘ ʦʪʨʝʟʘʥʘ ʧʦʣʦʩʘ ʜʣʠʥʦʡ 60 ʩʤ ʠ 

ʰʠʨʠʥʦʡ 10ʩʤ. ɹʦʣʴʰʦʡ ʣʠʩʪ ʥʘʜʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚʪʨʦʸʤ. 
ɿʘ ʧʘʨʫ ʤʠʥʫʪ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʫʨʩʘ çʇʝʥʦʧʣʵʢʩʘ-20è ʙʳʣʘ ʦʪʨʝʟʘʥʘ ʧʦʣʦʩʢʘ, ʘ ʧʦʪʦʤ 

ʨʘʟʨʝʟʘʥʘ ʥʘ 6 ʢʚʘʜʨʘʪʦʚ ʩʦ ʩʪʦʨʦʥʦʡ 100 ʤʤ. ʅʠʢʘʢʠʭ ʦʧʠʣʦʢ ʥʝʪ. ʅʦ ʝʩʪʴ ʥʝʜʦʩʪʘʪʦʢ ï 

ʟʘʧʘʭ. ʈʘʙʦʪʘʪʴ ʨʝʰʠʣʠ ʨʷʜʦʤ ʩ ʦʪʢʨʳʪʳʤ ʦʢʥʦʤ ʩ ʚʝʥʪʠʣʷʪʦʨʦʤ. 
ʀʟ ʧʦʣʦʩʳ ʧʝʥʦʧʣʘʩʪʘ ʦʯʝʥʴ ʧʨʦʩʪʦ ʩʜʝʣʘʪʴ ʢʚʘʜʨʘʪʳ. ʐʝʩʪʴ ʢʚʘʜʨʘʪʦʚ ʠʟʛʦʪʦʚʣʝʥʳ ʟʘ 

ʧʦʣʤʠʥʫʪʳ. 
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ʇʨʷʤʦʫʛʦʣʴʥʠʢʠ ʠ ʢʚʘʜʨʘʪʳ ʠʟ ʧʝʥʦʧʣʘʩʪʘ ʜʝʣʘʪʴ ʥʘʫʯʠʣʠʩʴ. ʇʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ 

ʚʳʩʦʢʘʷ, ʦʧʠʣʦʢ ʠ ʛʨʷʟʠ ʥʝʪ, ʥʦ ʦʙʷʟʘʪʝʣʴʥʦ ʥʫʞʥʘ ʚʳʪʷʞʢʘ ʠ ʭʦʨʦʰʝʝ ʧʨʦʚʝʪʨʠʚʘʥʠʝ 

ʧʦʤʝʱʝʥʠʷ. 
ʇʦʩʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʚʘʜʨʘʪʦʚ ʧʦʷʚʠʣʦʩʴ ʧʨʝʜʣʦʞʝʥʠʝ ʧʦʚʪʦʨʠʪʴ ʥʘʧʨʷʞʸʥʥʫʶ ʙʘʰʥʶ, 

ʥʦ ʪʝʧʝʨʴ ʫʞʝ ʥʝ ʠʟ ʢʚʘʜʨʘʪʦʚ, ʘ ʠʟ ʜʨʫʛʠʭ ʬʠʛʫʨ. ʀʟ ʢʚʘʜʨʘʪʘ ʣʝʛʢʦ ʩʜʝʣʘʪʴ 

ʚʦʩʴʤʠʫʛʦʣʴʥʠʢ, ʝʩʣʠ ʩʨʝʟʘʪʴ ʫʛʦʣʢʠ. ʅʘ ʢʘʞʜʳʡ ʩʨʝʟ ʥʫʞʥʦ 2-3 ʩʝʢʫʥʜʳ. 
ʅʝ ʧʦʜʫʤʘʡʪʝ, ʯʪʦ ʨʘʙʦʪʘʪʴ ʩ ʧʝʥʦʧʣʘʩʪʦʤ ʧʨʦʩʪʦ, ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ. ʅʫʞʥʦ ʥʘʣʦʚʯʠʪʴʩʷ. 

ɽʩʣʠ ʭʦʪʷ ʙʳ ʥʝʤʥʦʛʦ ʟʘʜʝʨʞʘʪʴ ʜʚʠʞʝʥʠʝ, ʧʝʥʦʧʣʘʩʪ ʨʘʩʧʣʘʚʠʪʩʷ ʦʢʦʣʦ ʧʨʦʚʦʣʦʢʠ, ʙʫʜʝʪ 

ʙʨʘʢ. 
ʊʝʤʧʝʨʘʪʫʨʘ ʥʠʪʠ ʪʦʞʝ ʜʦʣʞʥʘ ʙʳʪʴ ʦʧʨʝʜʝʣʸʥʥʦʡ. ʂʦʛʜʘ ʷ ʥʘʫʯʠʣʘʩʴ ʨʝʟʘʪʴ ʧʝʥʦʧʣʘʩʪ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʫʚʝʣʠʯʠʣʘ, ʥʠʪʴ ʩʪʘʣʘ ʢʨʘʩʥʝʝ ʠ ʛʦʨʷʯʝʝ. ʈʘʙʦʪʘʪʴ ʤʦʞʥʦ ʙʳʩʪʨʝʝ. ʋʚʝʣʠʯʠʣʘʩʴ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ. 
ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʩ ʧʝʥʦʧʣʘʩʪʦʤ ʦʯʝʥʴ ʣʝʛʢʦ. ʅʫʞʥʦ ʚʳʨʝʟʘʪʴ ʚʩʝʛʦ ʣʠʰʴ ʧʘʨʫ 

ʜʝʪʘʣʝʡ, ʧʦʪʦʤ ʩʢʦʨʦʩʪʴ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. 
ʊʝʭʥʦʣʦʛʠʷ ʨʘʙʦʪʳ ʩ ʧʝʥʦʧʣʘʩʪʦʤ ʧʨʠʤʝʥʝʥʘ ʚ ʢʨʫʞʢʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ʥʘʧʨʷʞʸʥʥʳʭ ʙʘʰʝʥ. ʂʦʛʜʘ ʰʢʦʣʴʥʠʮʝ ʧʦʪʨʝʙʦʚʘʣʘʩʴ ʩʣʦʞʥʘʷ ʜʝʪʘʣʴ, ʦʥʘ ʚʳʨʝʟʘʣʘ ʝʸ ʟʘ 

ʧʦʣʤʠʥʫʪʳ, ʪʝʧʝʨʴ ʧʦʢʘʟʳʚʘʝʪ ʚʦ ʚʨʝʤʷ ʜʦʢʣʘʜʦʚ. ʇʦʪʦʤ ʠʟʛʦʪʦʚʠʣʠ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ 

ʜʝʪʘʣʝʡ. 
ʆʯʝʨʝʜʥʘʷ ʟʘʜʘʯʘ - ʠʟʛʦʪʦʚʠʪʴ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʪʦʯʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʠʛʫʨ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʆʧʠʩʘʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʨʤʦʥʦʞʝʡ ʜʣʷ ʧʝʥʦʧʣʘʩʪʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ; 
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˞̗̠̆̋̉ ΟρπȢχ ˙̜̆̇̅̔̎́̑̏̅̎̆ ̜̐̑̏̂̌̆̍ 
̞̠̎̆̑̄̏̒̂̆̑̆̇̆̎̉ ̉ ̜̙̠̐̏̃̆̎̉ 
̞̞̎̆̑̄̏̆̋̓̉̃̎̏̒̓̉̕̕ 

ʊʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ 
ʂaʣʫʛʠʥ ɼ.ʅ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʉʆʐ ˉ806, ʄʦʩʢʚʘ 

 
ʊʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ - ʯʪʦ ʵʪʦ? ʀʟʫʯʠʪʴ ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʠ ʧʦʥʷʪʴ ʧʦʯʝʤʫ ʞʝ 

ʝʛʦ ʥʘʟʳʚʘʶʪ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʟʚʝʟʜʦʡ - ʮʝʣʴ ʤʦʝʛʦ ʧʨʦʝʢʪʘ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʝʢʪʘ 

ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʯʝʣʦʚʝʢʫ ʚʩʝʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʯʪʦ-ʪʦ ʠʟʫʯʘʪʴ, ʜʝʣʘʪʴ ʦʪʢʨʳʪʠʷ, ʪʘʢʠʤ 

ʦʪʢʨʳʪʠʝʤ ʠ ʩʪʘʣ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʠ ʨʘʙʦʪʘʝʪ ʪʝʨʤʦʷʜʝʨʥʳʡ 

ʨʝʘʢʪʦʨ, ʘ ʪʘʢʞʝ ʠ ʟʚʝʟʜʳ, ʢʦʪʦʨʳʝ ʠʟ ʦʙʳʯʥʦʛʦ ʚʦʜʦʨʦʜʘ ʠ ʛʝʣʠʷ ʧʨʦʠʟʚʦʜʷʪ ʪʦʥʥʳ 

ʨʝʩʫʨʩʦʚ ʠ ʵʥʝʨʛʠʠ. ʕʥʝʨʛʠʷ ʥʝʦʙʭʦʜʠʤʘ ʯʝʣʦʚʝʢʫ, ʥʝ ʪʦʣʴʢʦ ʯʪʦʙʳ ʞʠʪʴ, ʥʦ ʠ ʯʪʦʙʳ 

ʧʨʦʜʦʣʞʘʪʴ ʜʝʣʘʪʴ ʩʚʦʠ ʦʪʢʨʳʪʠʷ. ʀʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʶ ʣʶʜʠ ʩʤʦʛʫʪ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ 

ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ, ʟʘʪʝʤ ʧʦ ʚʩʝʡ ʛʘʣʘʢʪʠʢʝ, ʠ ʧʦʜ ʢʦʥʝʮ ʧʦ ʚʩʝʡ ʚʩʝʣʝʥʥʦʡ, ʙʝʟʛʨʘʥʠʯʥʦʡ ʠ 

ʥʝʦʙʲʷʪʥʦʡ. ʅʦ ʢʘʢ ʧʦʣʫʯʠʪʴ ʵʥʝʨʛʠʶ? ʕʥʝʨʛʠʷ ʥʝ ʧʦʷʚʣʷʝʪʩʷ ʠ ʥʝ ʠʩʯʝʟʘʝʪ ʙʝʩʩʣʝʜʥʦ. 

ʏʪʦʙʳ ʧʦʣʫʯʘʪʴ ʢʦʣʦʩʩʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ ʷ ʧʨʝʜʣʘʛʘʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʦʷʜʝʨʥʳʡ 

ʨʝʘʢʪʦʨ, ʚʝʜʴ ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʤʦʱʥʝʝ ʟʚʝʟʜʳ? ɼʘ, ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʤʦʞʥʦ ʥʘʟʚʘʪʴ 

ʟʚʝʟʜʦʡ, ʧʨʘʚʜʘ ʚ ʤʠʥʠʘʪʶʨʝ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ. ʍʦʪʴ ʩʝʡʯʘʩ ʥʝʪ ʛʦʪʦʚʦʛʦ ʧʨʦʪʦʪʠʧʘ ʠʜʝʘʣʴʥʦ 

ʨʘʙʦʪʘʶʱʝʛʦ ʪʝʨʤʦʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ, ʥʦ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʜʫʪʩʷ. ʅʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʛʦʪʦʚʦ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʦʥʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ, ʪʘʢ ʢʘʢ ʠʭ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʙʝʟ ʵʪʦʛʦ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʘ. 
ɽʩʣʠ ʚʳ ʜʫʤʘʝʪʝ, ʯʪʦ ʵʪʦ ʯʪʦ-ʪʦ ʩʣʦʞʥʦʝ ʠ ʥʝʧʦʥʷʪʥʦʝ, ʪʦ ʷ ʚʘʩ ʫʜʠʚʣʶ: ʪʝʨʤʦʷʜʝʨʥʳʡ 

ʨʝʘʢʪʦʨ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʜʦʤʘ, ʧʨʠʤʝʥʷʪʴ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʣʘʟʤʝʥʥʫʶ ʣʘʤʧʫ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʜʦʚʦʜʠʪʴ ʜʦ ʫʤʘ ʢʦʥʩʪʨʫʢʮʠʶ, ʘ ʪʘʢʞʝ ʠʟʦʙʨʝʩʪʠ ʨʝʘʢʪʦʨ ʚ ʤʠʥʠʘʪʶʨʝ, 

ʢʘʢ ʚ ʬʘʥʪʘʩʪʠʯʝʩʢʠʭ ʬʠʣʴʤʘʭ. ɼʣʷ ʪʦʧʣʠʚʘ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʝʡʪʝʨʠʡ ʠ 

ʪʨʠʪʠʡ - ʠʟʦʪʦʧʳ ʚʦʜʦʨʦʜʘ. ʇʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʷʜʨʘ ʘʪʦʤʦʚ ʩʣʠʚʘʶʪʩʷ ʚʦʝʜʠʥʦ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʝʣʠʷ, ʜʘʥʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʣʘʟʤʘ, ʯʪʦʙʳ ʧʦʡʤʘʪʴ ʵʪʠ ʷʜʨʘ 

ʠʩʧʦʣʴʟʫʶʪ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʇʨʠ ʚʩʝʭ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠ ʧʨʦʪʝʢʘʝʪ 

ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ. 
ʗ ʫʚʝʨʝʥ, ʯʪʦ ʜʘʥʥʳʡ ʨʝʘʢʪʦʨ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʫʜʫʱʝʤ ʢʘʢ ʦʩʥʦʚʥʦʡ, ʪʘʢ ʢʘʢ 

ʚʦʜʦʨʦʜʘ ʥʘ ɿʝʤʣʝ ʭʚʘʪʠʪ ʥʘ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ, ʥʘʩʪʦʣʴʢʦ ʜʦʣʛʦʝ, ʯʪʦ ʥʝ 

ʩʨʘʚʥʠʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʚʩʝʡ ʚʩʝʣʝʥʥʦʡ, ʘ ʚ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ ʚʦʜʦʨʦʜʘ ʩʦʜʝʨʞʠʪʩʷ ʝʱʝ 

ʙʦʣʴʰʝ ʯʝʤ ʥʘ ʦʜʥʦʡ ʧʣʘʥʝʪʝ. ʊʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʧʨʦʠʟʚʦʜʠʪ ʘʙʩʦʣʶʪʥʦ ʯʠʩʪʫʶ 

ʵʥʝʨʛʠʶ ʠ ʠʩʧʦʣʴʟʫʝʪ ʩʘʤʳʡ ʯʠʩʪʳʡ ʠʩʪʦʯʥʠʢ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʜʘ ʠ ʚʦʜʦʨʦʜ ʮʝʥʷʪʩʷ 

ʙʦʣʴʰʝ ʚʩʝʛʦ ʥʘ ʧʣʘʥʝʪʝ, ʚʝʜʴ ʝʛʦ ʥʘʣʠʯʠʝ ʦʟʥʘʯʘʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ 

ʞʠʟʥʠ, ʥʦ ʠ ʥʘʣʠʯʠʝ ʩʘʤʦʛʦ ʮʝʥʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. ɺʝʨʦʷʪʥʦ, ʚ ʙʫʜʫʱʝʤ ʤʦʞʥʦ ʙʫʜʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʨʤʦʷʜʝʨʥʳʡ ʩʠʥʪʝʟ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʘʢʪʦʨʘʭ ʠ ʙʦʤʙʘʭ, ʥʦ ʠ ʚ ʩʦʟʜʘʥʠʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʘʷ ʢʫʟʥʠʮʘ ʩʤʦʞʝʪ ʙʝʟ ʧʨʦʙʣʝʤ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʩʝ ʵʣʝʤʝʥʪʳ ʜʦ 

ʞʝʣʝʟʘ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʩʣʝ ʞʝʣʝʟʘ ʥʘʯʠʥʘʶʪʩʷ ʩʣʦʞʥʳʝ ʵʣʝʤʝʥʪʳ. ʅʦ ʠ ʵʪʦ ʥʝ ʷʚʣʷʝʪʩʷ 

ʧʨʦʙʣʝʤʦʡ, ʚʝʜʴ ʩʫʱʝʩʪʚʫʝʪ ʘʜʨʦʥʥʳʡ ʢʦʣʣʘʡʜʝʨ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʩʦʟʜʘʚʘʪʴ ʠ ʩʣʦʞʥʳʝ ʠ 

ʩʚʝʨʭʩʣʦʞʥʳʝ ʵʣʝʤʝʥʪʳ. 
ʗʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʚʩʝ ʞʝ ʦʩʪʘʥʝʪʩʷ, ʚʝʜʴ ʦʥ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪ ʠ ʜʦʣʛʦʚʝʯʝʥ, ʥʦ ʫ ʥʝʛʦ 

ʪʘʢʞʝ ʝʩʪʴ ʝʱʝ ʦʜʠʥ ʧʣʶʩ, ʢʦʪʦʨʦʛʦ ʧʦʢʘ, ʢ ʩʦʞʘʣʝʥʠʶ, ʣʠʰʝʥ ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ - ʵʪʦ 

ʦʙʣʘʜʘʥʠʝ ʢʦʤʧʘʢʪʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʪʴ ʩ ʬʦʨʤʘʤʠ ʠ 

ʦʙʲʝʤʦʤ. ʊʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʩʝʡʯʘʩ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʛʨʦʤʘʜʥʳʝ ʨʘʟʤʝʨʳ, ʣʠʰʴ ʜʣʷ 

ʪʦʛʦ ʯʪʦʙʳ ʫ ʥʝʛʦ ʙʳʣ ʂʇɼ, ʥʦ ʷ ʙʫʜʫ ʚʝʨʠʪʴ, ʯʪʦ ʚʩʢʦʨʝ ʥʘʡʜʝʪʩʷ ʠʜʝʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, 

ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʩʦʟʜʘʚʘʪʴ ʪʝʨʤʦʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨʳ ʣʶʙʳʭ ʨʘʟʤʝʨʦʚ, ʦʪ ʤʘʣʝʥʴʢʦʛʦ ʢʘʢ 

ʯʠʧ, ʜʦ ʨʘʟʤʝʨʦʚ ʩʦʣʥʮʘ. 
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ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʪʨʘʤʚʘʡʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
ɹʦʨʠʩʦʚ ʖ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʃʠʟʫʥʦʚ ʉ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1797, ʄʦʩʢʚʘ 

 
ʊʨʘʤʚʘʡ ï ʚʘʞʥʘʷ ʯʘʩʪʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʠʩʪʝʤʳ ʣʶʙʦʛʦ ʙʦʣʴʰʦʛʦ ʠ ʤʘʣʝʥʴʢʦʛʦ ʛʦʨʦʜʘ. 

ɼʫʤʘʶ, ʢʘʞʜʳʡ ʚ ʩʚʦʝʡ ʞʠʟʥʠ ʭʦʪʴ ʨʘʟ ʝʟʜʠʣ ʥʘ ʵʪʦʤ ʚʠʜʝ ʪʨʘʥʩʧʦʨʪʘ. ʅʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʘ 

ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʷʚʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʠʟʙʘʚʣʷʪʴʩʷ ʦʪ ʵʪʦʛʦ ʚʠʜʘ ʪʨʘʥʩʧʦʨʪʘ. 
ʉʘʤ ʷ ʦʯʝʥʴ ʠʥʪʝʨʝʩʫʶʩʴ ʪʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʤʝʥʷ ʙʝʩʧʦʢʦʠʪ ʟʘʢʨʳʪʠʝ 

ʠʣʠ ʩʦʢʨʘʱʝʥʠʝ ʩʠʩʪʝʤ, ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʷ ʟʘʥʷʣʩʷ ʘʥʘʣʠʟʦʤ. ɺ ʩʚʦʝʤ ʧʨʦʝʢʪʝ ʷ ʭʦʯʫ 

ʨʘʟʦʙʨʘʪʴ ʧʨʦʙʣʝʤʳ ʠ ʥʘʡʪʠ ʠʭ ʨʝʰʝʥʠʷ. 
ʊʨʘʤʚʘʡʥʳʡ ʪʨʘʥʩʧʦʨʪ ï ʩʘʤʳʡ ʩʪʘʨʝʡʰʠʡ ʚʠʜ ʛʦʨʦʜʩʢʦʛʦ ʫʣʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʚʧʝʨʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʨʘʤʚʘʡ ʙʳʣ ʟʘʧʫʱʝʥ ʚ ʅʠʞʥʝʤ 

ʅʦʚʛʦʨʦʜʝ, ʚ 1896 ʛʦʜʫ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ ʨʘʟʚʠʪʠʝ ʪʨʘʤʚʘʡʥʳʭ ʩʠʩʪʝʤ ʧʨʠʰʣʦʩʴ ʥʘ ʩʦʚʝʪʩʢʠʡ 

ʩʦʶʟ ï ʛʦʩʫʜʘʨʩʪʚʫ ʪʨʝʙʦʚʘʣʩʷ ʫʜʦʙʥʳʡ, ʚʤʝʩʪʠʪʝʣʴʥʳʡ ʠ ʥʘʜʝʞʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʣʷ ʧʦʜʚʦʟʘ 

ʨʘʙʦʯʠʭ ʥʘ ʟʘʨʦʞʜʘʶʱʠʝʩʷ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʙʣʝʤ ʛʦʨʦʜʘ. 
ʊʨʘʤʚʘʡ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʩʪʨʦʝʥʠʠ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʵʬʬʝʢʪʠʚʥʳʤ 

ʪʨʘʥʩʧʦʨʪʦʤ ʧʦʩʣʝ ʤʝʪʨʦʧʦʣʠʪʝʥʘ ʠ ʵʣʝʢʪʨʠʯʝʢ. ɺʤʝʩʪʠʤʦʩʪʴ ʦʜʥʦʛʦ ʪʨʘʤʚʘʡʥʦʛʦ ʚʘʛʦʥʘ 
ʩʨʘʚʥʠʤʘ ʩ ʚʤʝʩʪʠʤʦʩʪʴʶ ʜʚʫʭ ʘʚʪʦʙʫʩʦʚ ʩʨʝʜʥʝʛʦ ʢʣʘʩʩʘ. ʊʨʘʤʚʘʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʷʚʣʷʝʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ. ʊʨʘʤʚʘʡ ʧʨʦʩʪ ʚ 

ʫʧʨʘʚʣʝʥʠʠ, ʥʦ ʪʷʞʸʣ ʩʘʤ ʧʦ ʩʝʙʝ. ʊʘʢ ʤʳ ʧʨʠʙʣʠʞʘʝʤʩʷ ʢ ʧʨʦʙʣʝʤʘʤ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʪʨʘʥʩʧʦʨʪʘ. ʆʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ï ʵʪʦ ʪʨʫʜʥʘʷ ʠʟʤʝʥʷʝʤʦʩʪʴ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪ ʧʫʪʠ ʠ ʝʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʈʦʩʩʠʠ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʜʦʨʦʞʥʦʛʦ ʪʨʘʬʠʢʘ. 

ʊʘʢ ʞʝ, ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʪʨʝʙʫʝʪʩʷ ʟʘʣʦʞʝʥʠʝ ʤʝʩʪʘ ʧʦʜ ʪʨʘʤʚʘʡ ʧʨʠ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʫʣʠʯʥʦ-ʜʦʨʦʞʥʦʡ ʩʝʪʠ. 
ʄʥʦʛʠʝ ʛʦʨʦʜʩʢʠʝ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʟʘʢʨʳʚʘʶʪ ʣʠʥʠʠ ʪʨʘʤʚʘʝʚ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʩʠʩʪʝʤʳ 

ʠʟ-ʟʘ ʩʦʩʪʦʷʥʠʷ ʧʫʪʝʡ ʠ ʰʫʤʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʪʨʘʤʚʘʝʤ. ʆʪʯʘʩʪʠ ï ʵʪʦ ʧʨʘʚʜʘ. ʀʤʝʥʥʦ ʚ 

ʄʦʩʢʚʝ, ʞʠʪʝʣʠ ʨʘʡʦʥʘ ʀʟʤʘʡʣʦʚʦ, ʧʨʦʪʝʩʪʫʶʪ ʧʨʦʪʠʚ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʨʘʤʚʘʷ ʦʪ 

ʄʝʪʨʦʛʦʨʦʜʢʘ ʜʦ ʤʝʪʨʦ ʀʟʤʘʡʣʦʚʩʢʘʷ ʠʤʝʥʥʦ ʠʟ-ʟʘ ʰʫʤʘ ʪʨʘʤʚʘʷ, ʥʦ ʧʨʠ ʩʚʦʝʚʨʝʤʝʥʥʦʤ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʧʫʪʠ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ï ʵʪʘ ʧʨʦʙʣʝʤʘ ʫʭʦʜʠʪ, ʢ 

ʧʨʠʤʝʨʫ, ʚ 2007 ʛʦʜʫ, ʧʨʘʢʪʠʢʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩ ʙʝʩʰʧʘʣʴʥʦʡ ʫʢʣʘʜʢʦʡ ʧʫʪʠ ʙʳʣʘ 

ʧʨʠʤʝʥʝʥʘ ʚ ʊʫʣʝ. ʊʨʘʤʚʘʡ ʙʣʘʛʦʜʘʨʷ ʫʧʨʫʛʠʤ ʧʦʜʫʰʢʘʤ, ʧʦʜʢʣʘʜʳʚʘʝʤʳʤ ʚ ʚʳʝʤʢʠ 

ʙʝʪʦʥʥʳʭ ʧʣʠʪ ʧʦʜ ʨʝʣʴʩʳ, ʥʘʯʘʣ ʭʦʜʠʪʴ ʪʠʰʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʫʪʝʡ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷʶʪʩʷ 

ʦʙʳʯʥʳʝ ʰʧʘʣʳ. 
ʉʦʚʝʪʩʢʠʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʠ ʧʨʦʝʢʪʠʨʦʚʘʣʠ ʪʨʘʤʚʘʡʥʳʝ ʩʠʩʪʝʤʳ ʙʝʟ ʫʯʝʪʘ ʫʚʝʣʠʯʝʥʠʷ 

ʜʦʨʦʞʥʦʛʦ ʪʨʘʬʠʢʘ, ʧʦʵʪʦʤʫ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʨʫʧʥʳʭ ʛʦʨʦʜʦʚ ʪʨʘʤʚʘʠ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ 

ʩʦʚʤʝʱʝʥʥʦʤʫ ʩ ʘʚʪʦʤʦʙʠʣʴʥʦʡ ʜʦʨʦʛʦʡ ʧʦʣʦʪʥʫ, ʯʪʦ ʦʯʝʥʴ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʚʘʛʦʥʦʚ. ɼʘʥʥʫʶ ʧʨʦʙʣʝʤʫ ʤʦʞʥʦ ʨʝʰʠʪʴ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʦʪʜʝʣʝʥʠʷ 

ʪʨʘʤʚʘʡʥʦʛʦ ʧʦʣʦʪʥʘ, ʢʘʢ ʵʪʦ ʩʜʝʣʘʥʦ ʚ ʧʦʜʤʦʩʢʦʚʥʦʤ ʛʦʨʦʜʝ ʂʦʣʦʤʥʘ ï ʪʘʤ ʥʝʪ ʥʠ ʦʜʥʦʡ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʩʦʚʤʝʱʝʥʢʠè. ʅʦ ʚ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ ʯʘʩʪʦ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʘʚʪʦʤʦʙʠʣʠ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʚʘʞʥʝʝ, ʠ ʠʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦ ʤʥʦʛʠʭ ʛʦʨʦʜʘʭ ʙʳʣʠ ʩʦʢʨʘʱʝʥʳ ʠʣʠ ʟʘʢʨʳʪʳ 

ʪʨʘʤʚʘʡʥʳʝ ʩʠʩʪʝʤʳ. ʗʨʢʠʡ ʧʨʠʤʝʨ ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ. ɺ ʥʘʯʘʣʝ 2000-ʭ ʪʨʘʤʚʘʡʥʘʷ 

ʩʪʦʣʠʮʘ, ʩ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʧʫʪʝʡ ʧʨʠʤʝʨʥʦ 600 ʢʠʣʦʤʝʪʨʦʚ, ʧʨʝʚʨʘʪʠʣʘʩʴ, ʚ ʛʨʫʙʦ ʛʦʚʦʨʷ, 

ʪʨʘʤʚʘʡʥʫʶ ʜʝʨʝʚʥʶ, ʩ ʦʩʪʘʚʰʠʤʠʩʷ 200 ʢʠʣʦʤʝʪʨʘʤʠ ʧʫʪʝʡ. ɺ ʄʦʩʢʚʝ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ 

ʨʝʰʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝʤ ʧʦʪʦʢʦʚ. ʊʨʘʤʚʘʡ - ʦʪʜʝʣʴʥʦ, ʘʚʪʦʤʦʙʠʣʠ ï ʦʪʜʝʣʴʥʦ. ʉʪʦʠʪ ʜʦʙʘʚʠʪʴ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʩʦʚʤʝʱʝʥʥʳʭ ʧʫʪʝʡ ʦʪʢʨʳʪʦ ʩʦʙʣʘʟʥʷʣʦ ʯʘʩʪʥʳʝ ʢʦʤʧʘʥʠʠ ʟʘʧʫʩʢʘʪʴ 

ʥʝʣʝʛʘʣʴʥʳʝ ʜʫʙʣʠʨʫʶʱʠʝ ʤʘʨʰʨʫʪʳ, ʧʦ ʢʦʪʦʨʳʤ ʢʫʨʩʠʨʦʚʘʣʠ ʤʘʣʝʥʴʢʠʝ ʘʚʪʦʙʫʩʳ ï 

ʤʘʨʰʨʫʪʢʠ. 
ʇʨʦʚʝʜʝʤ ʧʨʦʩʪʦʝ ʩʨʘʚʥʝʥʠʝ: 
ɸʚʪʦʙʫʩ ʤʘʣʦʡ ʚʤʝʩʪʠʤʦʩʪʠ ʇɸɿ-4234 (ʧʦʧʫʣʷʨʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʟʘʤʝʥʳ ʪʨʘʤʚʘʡʥʳʭ 

ʚʘʛʦʥʦʚ) ʠ ʦʜʠʥ ʚʘʛʦʥ ʪʠʧʘ Tatra T3SU 
ʆʙʩʣʫʞʠʚʘʥʠʝ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʘʚʪʦʙʫʩʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʙʭʦʜʠʪʩʷ, ʧʦ ʜʘʥʥʳʤ 

ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʨʦʜʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʦʙʭʦʜʠʪʩʷ ʜʝʰʝʚʣʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ 2,5 
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ʨʘʟʘ, ʥʦ ʨʘʩʭʦʜʳ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʢʫʧʘʝʤʦʩʪʴ ʪʨʘʤʚʘʡʥʦʛʦ ʚʘʛʦʥʘ, ʚʤʝʩʪʠʤʦʩʪʴʶ 162 

ʯʝʣʦʚʝʢʘ ʚʦ ʚʨʝʤʷ ʯʘʩʘ-ʧʠʢ (ʧʨʦʪʠʚ ʘʚʪʦʙʫʩʥʦʛʦ 71 ʯʝʣʦʚʝʢʘ) ʢʫʜʘ ʙʦʣʴʰʝ. 
ʊʘʢ ʞʝ, ʧʨʠ ʫʩʣʦʚʠʠ ʪʦʡ ʞʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩ ʥʦʨʤʘʣʴʥʳʤ ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʦʤ, ʩʪʦʠʤʦʩʪʴ 

10 ʢʠʣʦʤʝʪʨʦʚ ʧʫʪʠ ʘʚʪʦʙʫʩʘ ʇɸɿ-4234 ʦʙʭʦʜʠʪʩʷ ʚ 140 ʨʫʙʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ ʪʨʘʤʚʘʷ 

ʊʘʪʨʘ, ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʩʭʦʜʝ ʚ 3,2 ʂʚʊ/ʏʘʩ ʩʪʦʠʤʦʩʪʴ 10 ʢʠʣʦʤʝʪʨʦʚ ʨʘʚʥʘ 55 ʨʫʙʣʝʡ. ʊʦ ʝʩʪʴ 

ʧʨʠ ʩʨʝʜʥʝʡ ʩʪʦʠʤʦʩʪʠ ʙʠʣʝʪʘ ʚ ʈʦʩʩʠʠ ï 23 ʨʫʙʣʷ, ʦʜʠʥ ʪʨʘʤʚʘʡʥʳʡ ʚʘʛʦʥ ʥʘ ʤʘʨʰʨʫʪʝ, 

ʫʩʣʦʚʥʦ ʨʘʚʥʦʤʫ 30 ʢʠʣʦʤʝʪʨʦʚ (ʢʨʫʛʦʨʝʡʩ) ʧʨʠʥʝʩʝʪ ʯʠʩʪʫʶ ʧʨʠʙʳʣʴ ʧʨʠ ʩʪʘʙʠʣʴʥʦʤ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʝ 100 ʯʝʣʦʚʝʢ/ʨʝʡʩ ʧʨʠʤʝʨʥʦ ʚ 2178 ʨʫʙʣʝʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʯʠʩʪʘʷ ʧʨʠʙʳʣʴ 

ʘʚʪʦʙʫʩʘ ʇɸɿ 4234 ʧʨʠ ʪʦʤ ʞʝ ʧʦʪʦʢʝ ʩʦʩʪʘʚʠʪ 1980 ʨʫʙʣʝʡ. ɸ ʫʯʠʪʳʚʘʷ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴ 

ʧʘʩʩʘʞʠʨʦʧʦʪʦʢʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʪʨʘʤʚʘʷ ʧʨʦʚʦʟʠʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʣʶʜʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʘʚʪʦʙʫʩʘ, ʜʦʭʦʜ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ ʙʫʜʝʪ ʚʳʰʝ. ʅʦ ʵʪʦ ʚʩʸ ʧʨʠ ʫʩʣʦʚʠʠ 

ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʘʨʰʨʫʪʥʦʡ ʩʝʪʠ. 
ɺ ʠʪʦʛʝ, ʧʨʦʚʝʜʷ ʧʦʣʥʳʡ ʘʥʘʣʠʟ ï ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʦ, ʯʪʦ ʪʨʘʤʚʘʡ ʷʚʣʷʝʪʩʷ 

ʵʢʦʣʦʛʠʯʥʳʤ, ʧʨʦʚʦʟʥʳʤ ʠ ʥʘʜʝʞʥʳʤ ʚʠʜʦʤ ʪʨʘʥʩʧʦʨʪʘ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʠ 

ʩʧʦʩʦʙʥʳʤ ʠʜʪʠ ʚ ʥʦʛʫ ʩʦ ʚʨʝʤʝʥʝʤ. ɸ ʟʘʢʨʳʪʠʝ ʩʠʩʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʥʝʢʦʤʧʝʪʝʥʪʥʦʩʪʠ 

ʛʦʨʦʜʩʢʠʭ ʚʣʘʩʪʝʡ ʠʣʠ ʠʟ-ʟʘ ʛʨʫʙʳʭ ʦʰʠʙʦʢ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʋʜʘʨʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʥʝʨʛʠʠ ʤʦʨʩʢʠʭ ʚʦʣʥ ʚ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 
ɻʘʚʨʠʯʢʦʚʘ ʄ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʜ.ʪ.ʥ. ʃʝʙʝʜʝʚ ɺ.ɺ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʸʚ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʩʸ ʯʘʱʝ ʧʝʨʝʭʦʜʠʪ ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ ʵʥʝʨʛʠʠ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʵʥʝʨʛʠʷ ʤʦʨʩʢʠʭ ʚʦʣʥ. ɼʣʷ 

ʈʦʩʩʠʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʤʦʨʩʢʠʭ ʚʦʣʥ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦ ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʜʣʠʥʳ 

ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ï ʙʦʣʝʝ 40000 ʢʤ. ʐʪʠʣʝʚʘʷ ʤʦʱʥʦʩʪʴ ʤʦʨʩʢʠʭ ʚʦʣʥ ʦʮʝʥʠʚʘʝʪʩʷ 600ɻɺʪ. 

ʅʦ ʯʘʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʯʘʩʪʦ ʧʦʢʨʳʪʘ ʣʴʜʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʜʦʣʴ ʉʝʚʝʨʥʦʛʦ ʤʦʨʩʢʦʛʦ 

ʧʫʪʠ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʪʦʣʴʢʦ ʩʦʪʘʷ ʯʘʩʪʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ 

ʨʘʟʤʝʱʝʥʠʷ ʚʜʦʣʴ ʥʝʸ ʚʦʣʥʦʚʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. ʊʦʛʜʘ ʤʦʱʥʦʩʪʴ 

ʰʪʠʣʝʚʳʭ ʚʦʣʥ ʩʦʩʪʘʚʠʪ 6ɻɺʪ. ɼʣʷ ʩʧʨʘʚʢʠ, ʤʦʱʥʦʩʪʴ ʚʩʝʭ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʚ 

ʈʦʩʩʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 160ɻɺʪ. ʊʝʤʘ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʷʚʠʣʘʩʴ ʧʦʩʣʝ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘ ʫʨʦʢʝ ʬʠʟʠʢʠ ʦʧʳʪʘ ʧʦ ʟʘʢʦʥʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʌʘʨʘʜʝʷ. ɺ 

ʦʜʥʦʤ ʠʟ ʦʧʳʪʦʚ ʩʠʣʴʥʳʡ ʥʝʦʜʠʤʦʚʳʡ ʤʘʛʥʠʪ ʚʳʨʚʘʣʩʷ ʠʟ ʨʫʢʠ ʠ ʧʨʠʣʠʧ ʢ ʩʪʘʣʴʥʦʤʫ 

ʩʝʨʜʝʯʥʠʢʫ. ʇʦʷʚʠʣʘʩʴ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʛʦ ʫʜʘʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʮʝʣʷʭ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ. ɺʦ ʚʩʝʭ ʛʝʥʝʨʘʪʦʨʘʭ ʦʙʷʟʘʪʝʣʴʥʦ ʝʩʪʴ ʧʦʧʣʘʚʦʢ ʠ ʢʘʢʦʝ-

ʥʠʙʫʜʴ ʥʘʧʨʘʚʣʷʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʛʣʘʩʫʝʪ ʜʚʠʞʝʥʠʝ ʤʘʛʥʠʪʘ ʠ ʢʘʪʫʰʢʠ. 

ʇʦʷʚʠʣʩʷ ʚʦʧʨʦʩ: çʅʫʞʥʦ ʣʠ ʪʦʯʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ ʪʘʢʦʝ ʜʚʠʞʝʥʠʝ?è ʏʪʦ ʝʩʣʠ ʩʜʝʣʘʪʴ ʪʘʢ, 

ʯʪʦʙʳ ʤʘʛʥʠʪ ʜʚʠʛʘʣʩʷ ʢʘʢ ʫʛʦʜʥʦ, ʥʦ ʪʦʣʴʢʦ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʫʩʣʦʚʠʝʤ ï ʦʥ ʜʦʣʞʝʥ 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʣʠʧʥʫʪʴ ʢ ʩʪʘʣʴʥʦʤʫ ʩʝʨʜʝʯʥʠʢʫ ʢʘʪʫʰʢʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ, ʠ ʦʪʦʨʚʘʪʴʩʷ ʦʪ 

ʥʝʛʦ. ʇʦʷʚʠʣʘʩʴ ʠʜʝʷ ʩʦʟʜʘʥʠʷ ʫʜʘʨʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʚʦʣʥ ʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʧʦʷʚʠʣʦʩʴ ʤʥʦʛʦ ʚʦʧʨʦʩʦʚ. ɺ ʨʘʙʦʪʝ ʥʘʯʘʪʦ ʠʟʫʯʝʥʠʝ ʵʪʠʭ 

ʚʦʧʨʦʩʦʚ. ʉʦʟʜʘʥʳ ʜʚʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ. 
ʀʜʝʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʳ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʚʚʠʜʫ ʥʝʧʨʠʭʦʪʣʠʚʦʩʪʠ ʥʦʚʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ. ɽʩʣʠ ʚ ʠʟʚʝʩʪʥʳʭ ʧʨʦʝʢʪʘʭ ʥʫʞʥʦ ʪʦʯʥʦ ʩʦʙʣʶʜʘʪʴ ʨʘʟʤʝʨʳ ʜʝʪʘʣʝʡ, ʪʦ ʚ 

ʫʜʘʨʥʦʤ ʛʝʥʝʨʘʪʦʨʝ ʪʨʝʙʦʚʘʥʠʝ ʪʦʣʴʢʦ ʦʜʥʦ ï ʤʘʛʥʠʪ ʜʦʣʞʝʥ ʧʨʠʣʠʧʥʫʪʴ ʢ ʩʝʨʜʝʯʥʠʢʫ 

ʢʘʪʫʰʢʠ, ʘ ʧʦʪʦʤ ʦʪʦʡʪʠ ʦʪ ʥʝʛʦ [2]. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʤʦʱʴʶ ʪʷʞʸʣʦʛʦ 

ʧʦʧʣʘʚʢʘ. ɺ ʪʘʢʦʤ ʧʦʧʣʘʚʢʝ ʨʘʙʦʪʫ ʩʦʚʝʨʰʘʝʪ ʩʠʣʘ ʪʷʞʝʩʪʠ, ʢʦʛʜʘ ʢ ʛʝʥʝʨʘʪʦʨʫ ʧʦʜʭʦʜʠʪ 

ʩʧʘʜ ʚʦʣʥʳ. ʅʦ ʢʦʛʜʘ ʢ ʛʝʥʝʨʘʪʦʨʫ ʧʦʜʭʦʜʠʪ ʛʨʝʙʝʥʴ ʚʦʣʥʳ, ʨʘʙʦʪʫ ʩʦʚʝʨʰʘʝʪ ʩʠʣʘ 

ɸʨʭʠʤʝʜʘ ʟʘ ʚʳʯʝʪʦʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʋʩʪʘʥʦʚʢʘ ʩʦʩʪʦʠʪ ʠʟ ʢʦʣʴʮʝʚʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʘ, 

ʧʦʜʚʝʰʝʥʥʦʛʦ ʥʘ ʰʪʘʥʛʝ. ɺ ʦʪʚʝʨʩʪʠʝ ʤʘʛʥʠʪʘ ʚʭʦʜʠʪ ʪʨʫʙʘ, ʚ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥʘ ʫʞʝ 

ʠʩʧʳʪʘʥʥʘʷ ʢʘʪʫʰʢʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ɺ ʪʨʫʙʫ ʧʦʤʝʱʝʥʳ ʩʚʠʥʮʦʚʳʝ ʛʨʫʟʳ. ʅʘ ʥʠʞʥʶʶ ʯʘʩʪʴ 

ʪʨʫʙʳ ʥʘʜʝʪ ʧʝʥʦʧʣʘʩʪʦʚʳʡ ʧʦʧʣʘʚʦʢ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʨʫʙʳ ʟʘʢʨʝʧʣʝʥʳ ʜʚʘ ʩʚʝʪʦʜʠʦʜʘ, 

ʧʦʜʢʣʶʯʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʚʩʪʨʝʯʥʦ ʚ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ. ʇʨʠ ʚʭʦʜʝ ʢʘʪʫʰʢʠ ʚ 

ʤʘʛʥʠʪ ʟʘʛʦʨʘʝʪʩʷ ʩʠʥʠʡ ʩʚʝʪʦʜʠʦʜ, ʧʨʠ ʚʳʭʦʜʝ ï ʙʝʣʳʡ. ʋʩʪʘʥʦʚʢʘ ʠʩʧʳʪʘʥʘ, ʨʘʙʦʪʘʝʪ [3]. 
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ʄʦʱʥʦʩʪʴ ʧʨʠ ʫʜʘʨʝ, ʘ ʧʦʪʦʤ ʧʨʠ ʦʪʨʳʚʝ ʤʘʛʥʠʪʘ ʦʪ ʩʝʨʜʝʯʥʠʢʘ ʢʘʪʫʰʢʠ ʜʦʩʪʠʛʘʝʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 1,5 ɺʪ. ʇʦ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ʠ ʯʠʩʣʦʚʦʤʫ ʤʘʩʩʠʚʫ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʫʜʘʨʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ 10 ʤʩ. ʕʥʝʨʛʠʷ ʚ ʦʜʥʦʤ ʮʠʢʣʝ çʫʜʘʨ-

ʦʪʨʳʚè ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ Q=N*t=1,5ɺʪ*0,01ʩ=0,015ɼʞ. 
ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ï ʨʘʩʯʸʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʥʝʨʘʪʦʨʘ ʚ ʨʝʘʣʴʥʦʡ ʚʦʣʥʦʚʦʡ ʦʙʩʪʘʥʦʚʢʝ. 

ʇʨʠ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠʥʷʪʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ 10 ʤ/ʩ ʟʘ ʚʨʝʤʷ ʫʜʘʨʘ ʤʘʛʥʠʪʘ 10 ʤʩ, ʪʦ ʝʩʪʴ 0,01 

ʩ, ʛʨʝʙʝʥʴ ʚʦʣʥʳ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 10ʤ*0,01ʩ=0,1, ʪʦ ʝʩʪʴ ʥʘ 10 ʩʤ. ʇʨʠ 

ʥʘʠʤʝʥʴʰʝʡ ʧʨʠʥʷʪʦʡ ʩʢʦʨʦʩʪʠ ʚʦʣʥʳ 1 ʤ/ʩ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʝʙʥʷ ʨʘʚʥʦ 1 ʩʤ, ʪʦ ʝʩʪʴ 

ʨʝʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ ʥʝʦʜʠʤʦʚʦʛʦ ʤʘʛʥʠʪʘ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʣʩʷ ʚ ʧʝʨʚʳʭ ʦʧʳʪʘʭ. 
ʇʝʨʠʦʜ ʧʨʠʙʨʝʞʥʳʭ ʚʦʣʥ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ 10 ʩ. ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ 10ʩ/0,01ʩ=1000 ʛʝʥʝʨʘʪʦʨʦʚ. 

ʍʘʨʘʢʪʝʨʥʘʷ ʤʦʱʥʦʩʪʴ ʪʘʢʦʡ ʩʙʦʨʢʠ ʠʟ 1000 ʛʝʥʝʨʘʪʦʨʦʚ ʨʘʚʥʘ 1 ɺʪ. 
ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʠʥʘ ʩʙʦʨʢʠ ʘ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʚʦʣʥ 1000 ʩʤ=10ʤ. 
ʇʨʠ ʰʠʨʠʥʝ ʩʙʦʨʢʠ 10 ʤ ʧʦʣʫʯʠʪʩʷ ʤʦʱʥʦʩʪʴ 10000ɺʪ=10ʢɺʪ. 
ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 100 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʧʣʦʱʘʜʠ ʚʦʣʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ ʚʳʜʘʪʴ 

ʤʦʱʥʦʩʪʴ 10 ʢɺʪ, ʘ 1 ʛʘ ʧʨʠʙʨʝʞʥʦʡ ʟʦʥʳ ʜʘʩʪ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 10ʢɺʪ*100=1ʄɺʪ. 

ʈʝʘʣʴʥʘʷ ʩʙʦʨʢʘ ʛʝʥʝʨʘʪʦʨʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʢʘʪʫʰʢʠ ʠ ʤʘʛʥʠʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʝ 

ʚʧʣʦʪʥʫʶ ʜʨʫʛ ʢ ʜʨʫʛʫ. ʇʫʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʢʘʪʫʰʢʘʤʠ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

ʙʫʜʝʪ ʚ 5 ʨʘʟ ʙʦʣʴʰʝ ʠʭ ʜʠʘʤʝʪʨʘ. ʃʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʩʙʦʨʢʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 5 ʨʘʟ, ʘ 

ʧʣʦʱʘʜʴ ʚʦʟʨʘʩʪʘʝʪ ʚ 25 ʨʘʟ. ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʤʦʱʥʦʩʪʴ ʫʤʝʥʴʰʠʪʩʷ ʚ 25 

ʨʘʟ ʠ ʩʦʩʪʘʚʠʪ 40 ʢɺʪ/ʛʘ. 
ɺʳʚʦʜʳ. 
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ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
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ʛʝʥʝʨʘʪʦʨʝ. 
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ʀʥʜʫʢʮʠʦʥʥʘʷ ʧʣʘʪʬʦʨʤʘ 
ʀʚʘʥʶʱʝʥʢʦ ʕ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʣʦʚʩʢʠʡ ɼ.ʈ. 
ʇʨʝʜʫʥʠʚʝʨʩʘʨʠʡ ʄɸʀ, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʤʝʝʪ ʤʝʩʪʦ ʙʳʪʴ ʚʝʱʠ, ʢʦʪʦʨʳʝ ʩʪʨʝʤʷʪʩʷ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʚʦʠʭ 

ʨʘʟʤʝʨʦʚ ʠ ʦʙʲʝʤʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʷ ʠ ʜʘʞʝ ʫʣʫʯʰʘʷ ʩʚʦʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠʤʝʨ ʪʦʤʫ ʙʘʥʘʣʴʥʦ - ʪʝʣʝʬʦʥ. ɽʱʸ 30 ʣʝʪ ʥʘʟʘʜ ʪʝʣʝʬʦʥ ʙʳʣ ʨʘʟʤʝʨʦʤ ʩ 

ʧʘʢʝʪ ʤʦʣʦʢʘ, ʢʦʛʜʘ ʩʝʛʦʜʥʷ ʦʥ ʫʞʝ ʩ ʣʝʛʢʦʩʪʴʶ ʧʦʤʝʱʘʝʪʩʷ ʚ ʢʘʨʤʘʥ, ʘ ʵʣʝʢʪʨʦʥʥʳʝ ʯʘʩʳ 

ʩʦʚʤʝʱʘʶʪ ʚ ʩʝʙʝ ʠ ʬʠʪʥʝʩʩ ʪʨʝʥʝʨʘ, ʠ ʪʝʣʝʬʦʥ, ʠ ʢʥʠʛʫ ʠ ʜʘʞʝ ʚʨʘʯʘ. ʅʦ ʧʨʠ ʚʩʝʤ ʧʨʠ ʵʪʦʤ 

ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʝ ʠ ʜʦʨʦʛʠʝ ʩʝʨʚʦʤʦʪʦʨʳ, 

ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʧʦʜʲʝʤʥʠʢʠ ʠ ʧʨʦʯʠʝ ʤʝʭʘʥʠʟʤʳ ʨʘʜʠ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʜʥʷʪʴ ʥʘ ʢʘʢʫʶ-ʪʦ 

ʚʳʩʦʪʫ ʪʦʪ ʠʣʠ ʠʥʦʡ ʦʙʲʝʢʪ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩʠʣʘ ʩ ʢʦʪʦʨʦʡ 

ʩʧʦʩʦʙʥʘ ʧʦʜʥʷʪʴ ʦʙʲʝʢʪ ʠʥʜʫʢʮʠʦʥʥʘʷ ʢʘʪʫʰʢʘ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʥʝʝ ʪʦʢʘ 

ʩʦʟʜʘʸʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʄʘʢʩʚʝʣʣʘ, ʩʠʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʠʣʫ, ʢʦʪʦʨʫʶ 

ʩʧʦʩʦʙʝʥ ʚʳʜʘʪʴ ʣʶʙʦʡ ʜʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʟʘʥʠʤʘʶʱʠʡ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʦʙʲʝʤ ʠ ʠʤʝʷ ʧʨʠ 

ʵʪʦʤ ʚʳʩʦʢʠʡ ʚʳʠʛʨʳʰ ʚ ʮʝʥʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʥʘʛʣʷʜʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʝʜʩʪʚʠʡ ʠʟ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ ʦʙ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʝ ʠ ʝʛʦ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʧʨʦʚʦʜʥʠʢʘʭ ʧʦ ʢʦʪʦʨʳʤ ʪʝʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʦʙʦʩʥʦʚʘʥʥʦ ʫʪʚʝʨʞʜʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʢʘʪʫʰʝʢ ʚ ʩʣʫʯʘʷʭ ʧʦʜʥʷʪʠʷ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʲʝʢʪʘ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ 

ʜʨʫʛʫʶ ʠ ʧʨʦʠʟʚʝʩʪʠ ʟʘʤʝʥʫ ʠʩʭʦʜʷ ʠʟ ʚʳʠʛʨʳʰʘ ʚ ʮʝʥʝ ʠ ʤʝʥʴʰʝʤ ʦʙʲʝʤʦʤ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʟʘʥʷʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʘʮʠʦʥʘʣʴʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ 

ʜʨʫʛʠʭ ʩʬʝʨʘʭ. 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʵʣʝʢʪʨʦʤʦʙʠʣʷ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ 
ʂʦʙʝʮ ʇ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʵ.ʥ. ʄʝʟʠʥʘ ʅ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1516, ʄʦʩʢʚʘ 

 
11 ʜʝʢʘʙʨʷ 1997 ʛʦʜʘ ʙʳʣʦ ʟʘʢʣʶʯʝʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʝ ʩʦʛʣʘʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʠʟʚʝʩʪʥʦ, ʢʘʢ 

ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ ʧʦ ʥʘʟʚʘʥʠʶ ʗʧʦʥʩʢʦʛʦ ʛʦʨʦʜʘ ʂʠʦʪʦ. ɼʘʥʥʦʝ ʩʦʛʣʘʰʝʥʠʝ ʙʳʣʦ 

ʥʘʧʨʘʚʣʝʥʥʦ ʥʘ ʨʝʰʝʥʠʝ ʚʦʧʨʦʩʘ ʧʦ ʩʦʢʨʘʱʝʥʠʶ ʚʳʙʨʦʩʦʚ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ɿʝʤʣʠ ʠ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʶ ʛʣʦʙʘʣʴʥʦʤʫ ʧʦʪʝʧʣʝʥʠʶ. ʂʠʦʪʩʢʠʡ ʧʨʦʪʦʢʦʣ ʥʘʧʨʘʚʣʝʥ ʥʘ 

ʨʘʟʚʠʪʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʠʣʠ ɿʝʣʸʥʘʷ ʵʥʝʨʛʝʪʠʢʘ ð 
ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʠʠ. 

ʆʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʵʥʝʨʛʝʪʠʢʠ ʷʚʣʷʶʪʩʷ: ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʘ (ʵʥʝʨʛʠʷ ʚʝʪʨʘ), ʛʝʣʠʦʵʥʝʨʛʝʪʠʢʘ 

(ʵʥʝʨʛʠʷ ʩʦʣʥʮʘ), ʛʝʦʪʝʨʤʘʣʴʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʙʠʦʵʥʝʨʛʝʪʠʢʘ. ɺʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ 

ʠʩʪʦʯʥʠʢʘʤ, ʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʢʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ ʫʛʦʣʴ, ʥʝʬʪʴ ʠ ʛʘʟ, ʢʦʪʦʨʳʝ 

ʦʪʥʦʩʷʪʩʷ ʢ ʥʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠʩʪʦʯʥʠʢʘʤ. 
ɺʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʘʭ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ, 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ. ʉʦʣʥʝʯʥʘʷ ʛʝʥʝʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʸʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

ɺʝʪʨʷʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʩʪʘʥʦʚʢʫ, ʧʨʝʦʙʨʘʟʫʶʱʘʷ ʢʠʥʝʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ ʚʝʪʨʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. 
ʇʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʢ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʠ ʷʜʝʨʥʫʶ ʵʥʝʨʛʝʪʠʢʫ, 

ʪ.ʢ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʤʠʥʠʤʘʣʴʥʦ. 
ʈʘʩʩʤʦʪʨʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʠʠ ʦʪ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʚ ʵʣʝʢʪʨʦʢʘʨʝ, ʧʦʩʢʦʣʴʢʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʢʘʨʦʚ ʘʢʪʫʘʣʴʥʦ ʚ ʙʦʣʴʰʠʭ ʛʦʨʦʜʘʭ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ, ʚ ʛʦʨʦʜʘʭ ʠʩʧʦʣʴʟʫʶʪ ʤʘʰʠʥʳ ʩ ɼɺʉ, ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ ʟʘʛʨʷʟʥʷʶʪ ʘʪʤʦʩʬʝʨʫ, ʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʢʘʨʦʚ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʯʠʩʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʛʦʨʦʜʘʭ. 

ʄʘʢʝʪ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ɸʨʢʪʠʯʝʩʢʦʛʦ ʨʝʛʠʦʥʘ 
ʂʨʦʪ ɼ.ɸ., ʃʠʪʚʠʥʦʚʘ ʂ.ɸ., ʋʩʪʝʥʢʦ ɺ.ʉ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʝʪʨʦʚʘ ʄ.ɺ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 709, ʄʦʩʢʚʘ 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʨʘʟʣʠʯʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʟʦʥʳ 

ʘʨʢʪʠʯʝʩʢʦʛʦ ʢʣʠʤʘʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʚʝʪʠʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʙʨʘʥ LED ʩʚʝʪʦʜʠʦʜ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʘ ʠ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʞʝʣʝʟʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʠʪʘʥʠʷ. ʇʨʦʪʝʩʪʠʨʦʚʘʥ 

ʧʨʦʪʦʪʠʧ ʠ ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 
ɺ ʘʨʢʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ -20 ʜʦ -10, ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʧʨʦʙʣʝʤʘ ʧʦʜʙʦʨʘ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ, ʷʚʣʷʶʱʝʛʦʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʵʨʛʦʥʦʤʠʯʥʦʩʪʴ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ ʠ 

ʜʦʣʛʦʚʝʯʥʦʩʪʴ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʦʩʚʝʱʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʣʘʤʧʳ ʥʘʢʘʣʠʚʘʥʠʷ ʥʝ 

ʷʚʣʷʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʣʴʬʨʘʤʦʚʦʡ ʥʠʪʠ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʠʡ ʪʦʢ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʛʘʟʦʨʘʟʨʷʜʥʳʭ ʣʘʤʧ ʪʘʢ ʞʝ ʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʧʦʜʞʠʛʘ ʧʨʠ 
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ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʠʪʴ ʵʥʝʨʛʠʶ ʨʘʟʨʷʜʘ. ʇʦʤʠʤʦ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʚ 

ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʷʨʢʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʩʧʝʢʪʨʘ ʣʘʤʧ 

ʥʘ ʟʜʦʨʦʚʴʝ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. 
ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʣʶʩʳ ʠ ʤʠʥʫʩʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʦʩʚʝʱʝʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʤʘʢʝʪʘ ʩʠʩʪʝʤʳ ʦʩʚʝʱʝʥʠʷ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʩʠʩʪʝʤʘ ʠʟ 2 LED ʩʚʝʪʦʜʠʦʜʦʚ. ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʭʝʤʘ ʧʠʪʘʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ. 

ʕʪʫ ʩʭʝʤʫ ʤʳ ʧʨʦʤʦʜʝʣʠʨʦʚʘʣʠ ʚ ʧʨʦʛʨʘʤʤʝ Proteus. ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʩʭʝʤʘ ʙʳʣʘ ʩʦʙʨʘʥʘ 

ʩʥʘʯʘʣʘ ʥʘ ʤʘʢʝʪʥʦʡ ʧʣʘʪʝ, ʧʨʦʪʝʩʪʠʨʦʚʘʥʘ, ʘ ʟʘʪʝʤ ʨʘʩʧʘʷʥʘ ʥʘ ʨʘʙʦʯʝʡ ʚʝʨʩʠʠ ʧʨʦʪʦʪʠʧʘ. 
ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʨʘʙʦʯʝʡ ʚʝʨʩʠʠ ʤʘʢʝʪʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʦʤʧʦʥʝʥʪʳ ʤʘʢʝʪʘ. ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʠʟʤʝʥʝʥʠʷ ʷʨʢʦʩʪʠ, ʦʩʚʝʱʝʥʥʦʩʪʠ, 

ʩʧʝʢʪʨʘ, ʤʦʱʥʦʩʪʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʤʘʢʝʪʘ. ɿʘʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʙʳʣ 

ʨʘʩʩʯʠʪʘʥ ʂʇɼ ʩʠʩʪʝʤʳ. 
ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʙʳʣ ʩʤʦʜʝʣʠʨʦʚʘʥ ʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʧʨʠʙʦʨ, ʦʪʚʝʯʘʶʱʠʡ ʟʘʜʘʥʥʳʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 
ɺ ʨʘʤʢʘʭ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʩʭʝʤʘ 

ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʧʦʣʷʨʥʦʡ ʩʪʘʥʮʠʠ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʜʦʣʛʦʚʝʯʥʦʩʪʴ, ʷʨʢʦʩʪʴ, ʩʧʝʢʪʨʘ, ʥʝ ʚʣʠʷʶʱʠʡ ʥʘ 

ʟʜʦʨʦʚʴʝ ʠ ʩʘʤʦʯʫʚʩʪʚʠʝ ʧʦʣʷʨʥʠʢʦʚ, ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦʩʪʴ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. https://www.calc.ru/Lampy-Osveshcheniya-Obshchiye-Tekhnicheskiye-

Kharakteristiki.html 
2. https://digitalsquare.ru/ctati/sravnenie-lampochek-svetodiodnyh-lyuminestsentnyh-i-

lamp-nakalivaniya.html 
3. https://plusiminusi.ru/plyusy-i-minusy-ispolzovaniya-lamp-nakalivaniya/ 
4. https://plusiminusi.ru/dostoinstva-i-nedostatki-svetodiodnyh-lamp/ 
5. ʃʫʢʫʪʠʥ ɸ.ɺ., ʐʘʥʜʘʨʦʚʘ ɽ.ɹ. ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ ʠ ʵʣʝʢʪʨʦʥʠʢʘ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ/ 

ɸ.ɺ. ʃʫʢʫʪʠʥ, ɽ.ɹ. ʐʘʥʜʘʨʦʚʘ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʇʋ, 2010. ï 198 ʩ. 
6. https://www.proteus-instruments.com/files/Proteus-user-manual-v2.0.pdf 

ʕʢʦʣʦʛʠʯʥʦʩʪʴ ʠ ʧʨʘʢʪʠʯʥʦʩʪʴ ʵʣʝʢʪʨʦʤʦʙʠʣʷ 
ʃʫʥʝʚʘ ʂ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʵ.ʥ. ʄʝʟʠʥʘ ʅ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 956, ʄʦʩʢʚʘ 

 
Nowadays we cannot imagine our life without electricity. Everything works with it: household 

appliances, the main part of urban transport, school boards, street lighting, there are elevators in 

high-rise buildings, without which it would not be easy for us to get home and to work. 
The tendency to switch to the use of electricity in all spheres of our life is becoming more and 

more obvious. 
Take, for example, cars. Electric cars have begun to actively enter our lives. No one is 

surprised by electric buses on the streets of Moscow anymore. In the parking space of the city, we 

see special places for electric cars. Many European cities have already announced specific dates for 

the full transition to electric cars. 
Let's try to estimate how much it is beneficial for the owner and what kind of drying will be 

exerted on the environment. 
Take an ordinary family owning a Nissan X-trail car. He drives an average of 2000 km a 

month, the consumption of ai-95 gasoline is about 200 liters. 
Emissions amount to 17 kg of harmful substances per month, and all 193 kg per year. If we 

take into account that after about 350,000 km the car will be sent to the landfill, then for all this 

time (14.5 years) it will emit 2702 kg of harmful substances and at the same time will spend a large 

amount of exhausted minerals. 
What can an electric car oppose? 
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Tesla Model 3 Performance runs on electricity, that is, it does not use petroleum products and 

there are no exhausts. The consumption is 85 kW per 300 km, this is 561 kW for a monthly 

consumption of 2000 km. 
Of course, today, due to the limited supply, the price of an electric car exceeds the price of a 

traditional gasoline or diesel, but whatever this difference is, an electric car has the most important 

advantage - it minimizes emissions into the environment, and this is an investment in our future. 
List of sources used: 
1) https://avtotachki-com.turbopages.org/turbo/avtotachki.com/s/kakov-real-nyy-zapas-hoda-

tesla-model-3-pri-bolee-nizkih-temperaturah-i-bystroy-ezde-dlya-menya-eto-chitatel/ 
2)https://motormania.ru/skolko-vrednyx-veshhestv-vybrasyvaet-avtomobil/#:~:text 

ʇʦʣʫʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ, ʙʝʩʧʣʘʪʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ 
ʄʝʰʘʣʢʠʥʘ ʉ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʂʫʚʰʠʥʦʚ ɺ.ɺ. 
ʄɸʆʋ ʆʜʠʥʮʦʚʩʢʠʡ ʣʠʮʝʡ ˉ 6 ʠʤ. ɸ.ʉ. ʇʫʰʢʠʥʘ, ʆʜʠʥʮʦʚʦ 

 
ʇʨʠ ʚʳʙʦʨʝ ʪʝʤʳ ʤʦʡ ʫʯʠʪʝʣʴ ʨʝʢʦʤʝʥʜʦʚʘʣ ʠʤʝʥʥʦ ʝʝ, ʪʘʢ ʢʘʢ ʧʨʦʚʝʜʸʥʥʳʡ ʥʘʤʠ 

ʘʥʘʣʠʟ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪ ʜʦʙʳʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʜʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʤʦʞʝʪ 

ʧʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʥʝ ʪʦʣʴʢʦ ʢ ʦʢʨʫʞʘʶʱʝʡ ʥʘʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ ʥʘ 

ʪʠʧʦʚʳʝ ʪʝʤʳ ʧʦ ʬʠʟʠʢʝ. 
ʇʨʦʝʢʪ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʠʚʝʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʨʝʰʝʥʠʷʭ ʵʪʦʡ ʧʨʦʙʣʝʤʳ, ʥʘʫʯʥʳʝ 

ʜʘʥʥʳʝ ʦʙ ʵʣʝʤʝʥʪʝ ʇʝʣʴʪʴʝ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʝ ʣʠʯʥʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ. ɹʦʣʝʝ 

ʪʦʛʦ, ʧʨʦʝʢʪ ʨʘʩʩʯʠʪʘʥ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʤʦʮʠʡ ʚ ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʤʦʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʟʘʜʘʯʘ ʫʩʪʨʘʥʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠʟ-ʟʘ ʥʝʩʦʚʝʨʰʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʦʙʳʯʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʦʩʪʘʸʪʩʷ 

ʥʝʨʝʰʸʥʥʦʡ. ʉʝʡʯʘʩ ʵʪʦʪ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʧʨʠʦʨʠʪʝʪʥʳʤ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1) ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʠ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʤʠ; 
2)ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʚʠʜʘʤʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʠ ʚʣʠʷʥʠʝʤ ʝʸ ʜʦʙʳʯʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ; 
3) ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʵʬʬʝʢʪʘ ʇʝʣʴʪʴʝ, ɿʝʝʙʝʢʘ; 
4) ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ-ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ; 
5) ʥʘʫʯʠʪʴʩʷ ʚʝʩʪʠ ʧʨʝʟʝʥʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʩʚʦʝʡ ʨʘʙʦʪʳ. 
ʈʝʟʫʣʴʪʘʪ ʧʨʦʝʢʪʘ: ʩʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ. 
ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ 
1. https://econrj.ru/stati/solnechnie-jelektrostancii-i-vsjo-s-nimi-svjazannoe/vidi-istochnikov-

jenergii-i-ih-vlijanie-na-okruzhajushhuju-sredu.html 
2. https://helpiks.org/5-30513.html 
3. ʍʘʣʠʫʣʣʠʥ, ɸ.ʂ., ʉʘʣʘʫʨʦʚ, ɺ. ʅ. ʆʩʥʦʚʳ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʦʣʦʛʠʠ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 

ʜʣʷ ʚʫʟʦʚ /ɸ. ʂ. ʍʘʣʠʫʣʣʠʥ, ɺ. ʅ. ʉʘʣʘʫʨʦʚ. ð ʀʨʢʫʪʩʢ: ʀʟʜ-ʚʦ çʆʪʪʠʩʢè, 2002. ð 268 ʩ. 
4. https://moluch.ru/archive/91/19372/ 
5. https://ru.wikipedia.org/wiki/ʕʣʝʤʝʥʪ_ʇʝʣʴʪʴʝ 
6. ʋʯʝʙʥʠʢ ʌʠʟʠʢʘ 8 ʢʣʘʩʩ ʇʝʨʳʰʢʠʥ ɸ.ɺ. 
7. https://izobreteniya.net/modul-pelte-tec1-12706-harakteristiki/ 
8. https://mosenergosbyt.info/tarify/ 

 

https://mosenergosbyt.info/tarify/
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ʉʠʩʪʝʤʘ ʦʨʠʝʥʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 
ʄʠʭʘʡʣʦʚʘ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɽʛʦʨʦʚʘ ʅ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1900, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʉʦʟʜʘʪʴ ʤʝʭʘʥʠʟʤ ʦʨʠʝʥʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ. 
ɿʘʜʘʯʠ: 
1. ʀʟʫʯʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ 
2. ʈʘʟʨʘʙʦʪʢʘ ʩʭʝʤʳ ʤʝʭʘʥʠʟʤʘ ʦʨʠʝʥʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʚ ʜʚʫʭ ʧʣʦʩʢʦʩʪʷʭ 
3. ʈʘʟʨʘʙʦʪʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ ʦʨʠʝʥʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 
4. ɸʧʨʦʙʘʮʠʷ ʤʘʢʝʪʘ ʫʩʪʨʦʡʩʪʚʘ 
ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ - ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʱʝʝʩʷ ʥʘʧʨʘʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʢʠ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. ɺʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʙʠʦʪʦʧʣʠʚʦ, ʛʝʦʪʝʨʤʘʣʴʥʘʷ 

ʵʥʝʨʛʝʪʠʢʘ ʠ, ʥʘʢʦʥʝʮ, ʩʦʣʥʝʯʥʘʷ ʵʥʝʨʛʝʪʠʢʘ, ʚʩʝ ʵʪʠ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʟʘʱʠʪʫ ʵʢʦʣʦʛʠʠ ɿʝʤʣʠ ʠ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʟʘʧʘʩʳ ʢʦʪʦʨʦʛʦ 

ʧʦʩʪʝʧʝʥʥʦ ʟʘʢʘʥʯʠʚʘʶʪʩʷ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʝʥʘ ʥʘ ʥʠʭ ʨʘʩʪʝʪ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ɻʝʨʤʘʥʠʠ, 

ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚʣʷʝʪ 32,1% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʦʠʟʚʦʜʠʤʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʈʦʩʩʠʠ, ʚʚʠʜʫ 

ʩʣʦʞʥʳʭ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʠ ʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʠ, ʥʘ ʜʦʣʶ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʧʨʠʭʦʜʠʪʩʷ ʚʩʝʛʦ 0,3%. ʅʦ ʜʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ, ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʟʤʘ ʜʣʷ ʜʦʩʪʠʞʝʥʠʝ ʥʘʠʙʦʣʴʰʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ ʧʫʪʸʤ ʝʸ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʥʘʚʝʜʝʥʠʷ ʥʘ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʩ 

ʧʦʤʦʱʴʶ ʧʦʚʦʨʦʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʠʜʝʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ: ʜʘʪʯʠʢʠ 

ʦʩʚʝʱʝʥʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, 

ʩʝʨʚʦʧʨʠʚʦʜʳ ʜʣʷ ʧʦʚʦʨʦʪʘ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʢ ʠʩʪʦʯʥʠʢʫ ʩʚʝʪʘ ʠ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ 

ʫʩʪʨʦʡʩʪʚʘ ʧʦ ʜʚʫʤ ʦʩʷʤ - ʚʝʨʪʠʢʘʣʠ ʠ ʛʦʨʠʟʦʥʪʘʣʠ, ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʦʣʥʝʯʥʳʭ 

ʧʘʥʝʣʝʡ ʨʘʟʤʝʨʦʤ 125ʭ125 ʤʤ, ʙʫʬʝʨʥʦʛʦ ʘʢʢʫʤʫʣʷʪʦʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʟʘʧʘʩʘʝʪʩʷ 

ʚʳʨʘʙʦʪʘʥʥʘʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʤʠʢʨʦʩʭʝʤ ʜʣʷ ʢʦʥʪʨʦʣʷ ʧʠʪʘʥʠʷ ʠ ʢʦʥʪʨʦʣʣʝʨʘ AtMega328, 

ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪ ʜʘʥʥʳʝ ʦʪ ʜʘʪʯʠʢʦʚ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʧʦʚʦʨʘʯʠʚʘʝʪ ʤʝʭʘʥʠʟʤ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʧʘʥʝʣʴʶ ʢ ʠʩʪʦʯʥʠʢʫ ʩʚʝʪʘ. 
ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʂʇɼ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʣʥʝʯʥʦʡ ʵʥʝʨʛʠʠ ʠ ʧʦʚʳʩʠʪʴ ʩʧʨʦʩ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʥʝʠʩʯʝʨʧʘʝʤʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ. 
ʇʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʫʛʣʳʡ ʛʦʜ, ʚʝʜʴ ʧʦʟʚʦʣʷʶʪ ʤʘʢʩʠʤʘʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʦ ʥʘʢʘʧʣʠʚʘʪʴ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʪʝʯʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʜʥʷ, ʚʝʜʴ ʟʘ ʩʯʝʪ ʧʦʚʦʨʦʪʥʦʛʦ 

ʤʝʭʘʥʠʟʤʘ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʚʘʪʴ ʥʘʢʦʧʠʪʴ ʵʥʝʨʛʠʶ, ʜʘʞʝ ʝʩʣʠ ʩʦʣʥʮʝ ʥʝ ʧʦʜʥʠʤʘʝʪʩʷ ʚʳʩʦʢʦ 

ʥʘʜ ʛʦʨʠʟʦʥʪʦʤ. 

ʇʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʈʦʩʩʠʠ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ 
ʅʘʛʘʡʯʫʢ ɼ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʘʯʠʢʦʚ ʌ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1748, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʙʣʝʤʫ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʈʦʩʩʠʠ. 
ɿʘʜʘʯʠ: 
1. ɺʳʜʝʣʠʪʴ ʧʨʠʯʠʥʳ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʶ ʚ 

ʈʦʩʩʠʠ 
2.  ʈʘʩʩʤʦʪʨʝʪʴ ʧʦʪʝʥʮʠʘʣ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʈʦʩʩʠʠ 
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3. ʇʦʜʝʣʠʪʴʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤʠ ʠ ʥʘ ʤʝʨʦʧʨʠʷʪʠʷʭ 

ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʳ ʤʦʞʝʤ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚʦʧʨʦʩ ʦ 

ʢʫʣʴʪʫʨʝ ʧʦʪʨʝʙʣʝʥʠʷ ʵʥʝʨʛʠʠ ʩʪʦʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʩʪʨʦ. ɺʦʟʤʦʞʥʦ ʜʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ 20 ʚʝʢʘ ʤʳ ʥʝ ʠʩʧʳʪʳʚʘʣʠ ʧʨʦʙʣʝʤ ʩ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʝʤ. 

ɻʦʩʫʜʘʨʩʪʚʦ ʥʝ ʚʚʦʜʠʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʟʘʪʨʘʪʳ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩʚʦʠʭ ʛʨʘʞʜʘʥ. ʆʥʘ 

ʙʳʣʘ ʜʝʰʸʚʦʡ ʠ ʜʦʙʳʚʘʣʘʩʴ ʚ ʠʟʙʳʪʢʝ. ʆʜʥʘʢʦ ʩʝʡʯʘʩ ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʪʝʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʨʳʥʢʘ, ʚ ʦʙʱʝʩʪʚʝ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʠʪʳʚʘʪʴ ʢʫʣʴʪʫʨʫ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ, ʯʪʦ ʙʝʟʫʩʣʦʚʥʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʝʝ ʵʢʦʥʦʤʠʠ. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʩʳʛʨʘʪʴ ʙʦʣʴʰʫʶ 

ʨʦʣʴ ʜʣʷ ʚʩʝʭ ʩʬʝʨ ʜʝʷʪʝʣʴʥʦʩʪʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʦʙʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʛʦʚʦʨʠʪʴ ʦ 

ʵʢʦʥʦʤʠʢʝ, ʪʦ ʧʦʚʳʰʝʥʠʝ ʝʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʢʨʝʧʣʝʥʠʶ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ, ʨʦʩʪʫ ʤʘʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʙʠʟʥʝʩʘ, ʘ ʪʘʢʞʝ ʧʦʟʠʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʦʙʱʝʩʪʚʦ ʚ ʮʝʣʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʝʩʣʠ ʜʣʷ ʛʦʩʫʜʘʨʩʪʚʘ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʤʘʢʨʦʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʧʦʣʠʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʪʦ ʜʣʷ 

ʙʠʟʥʝʩʘ ï ʚ ʯʘʩʪʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʘ ʜʣʷ ʦʙʱʝʩʪʚʘ - ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʳʝ. 
ɸʥʘʣʠʟʠʨʫʷ ʧʨʦʮʝʩʩ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ, ʤʳ ʜʦʣʞʥʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʘʤʘ ʧʦ ʩʝʙʝ ʵʥʝʨʛʠʷ 

ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʩ ʨʘʟʣʠʯʥʳʤ ʢʘʯʝʩʪʚʦʤ. ʅʘʧʨʠʤʝʨ, ʪʝʧʣʦʚʘʷ 

ʵʥʝʨʛʠʷ ʠʤʝʝʪ ʥʠʟʢʦʝ ʢʘʯʝʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʝʝ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ ʥʝʚʳʩʦʢ ʠ 

ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʘʪʦ ʵʣʝʢʪʨʠʯʝʩʪʚʦ 

ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʬʦʨʤʦʡ ʵʥʝʨʛʠʠ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʂʊʇ ʠ ʪʨʝʙʫʝʪ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʘʪʨʘʪ. ʆʜʥʘʢʦ ʚʘʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʚʩʝ ʬʦʨʤʳ ʵʥʝʨʛʠʠ ʪʨʝʙʫʶʪ ʛʨʘʤʦʪʥʦʛʦ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ð 

ʢʣʶʯʝʚʳʝ ʧʦʥʷʪʠʷ ʦʙʝʩʧʝʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʦʡ ʩʬʝʨʝ. ʀ ʠʤʝʥʥʦ 

ʙʠʟʥʝʩ ʧʝʨʚʳʡ ʧʦʞʠʥʘʝʪ ʧʣʦʜʳ ʥʝʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʩʫʨʩʦʚ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʝʜʴ ʣʶʙʦʡ ʙʠʟʥʝʩ ʩʪʨʦʠʪʩʷ ʥʘ ʙʘʣʘʥʩʝ 

ʜʦʭʦʜʦʚ ʠ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ), ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ ʚ 

ʦʙʷʟʘʪʝʣʴʥʦʤ ʧʦʨʷʜʢʝ ʚʭʦʜʷʪ ʟʘʪʨʘʪʳ ʥʘ ʧʦʪʨʝʙʣʷʝʤʫʶ ʵʥʝʨʛʠʶ, ʙʫʜʴ ʪʦ ʪʝʧʣʦʚʘʷ, 

ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʣʠ ʣʶʙʘʷ ʜʨʫʛʘʷ. ʀ ʯʝʤ ʦʥʠ ʤʝʥʴʰʝ, ʪʝʤ ʣʫʯʰʝ ʩʝʙʷ ʯʫʚʩʪʚʫʝʪ ʙʠʟʥʝʩ. 
ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʨʘʩʰʠʨʷʝʪʩʷ, ʠ ʩʝʛʦʜʥʷ ʙʝʟ ʦʩʦʙʦʛʦ ʪʨʫʜʘ ʤʦʞʥʦ ʥʘʡʪʠ ʤʥʦʞʝʩʪʚʦ ʧʨʝʜʣʦʞʝʥʠʡ ʜʣʷ 

ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʧʨʦʩʦʚ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʦʥʠ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʳ, 

ʧʦʵʪʦʤʫ ʯʪʦʙʳ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʜʝʪʩʷ ʧʦʪʨʫʜʠʪʴʩʷ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʫʩʣʦʚʠʡ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʫ, ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʦʣʠʪʠʢʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʗ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʚʝʜʫ ʠʥʬʦʨʤʘʮʠʶ ʜʦ ʦʜʥʦʢʣʘʩʩʥʠʢʦʚ ʦ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʈʦʩʩʠʠ, ʘ ʪʘʢʞʝ ʙʫʜʫ ʚʳʩʪʫʧʘʪʴ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʤʝʨʦʧʨʠʷʪʠʷʭ ʠ ʠʟʫʯʘʪʴ ʪʝʤʫ ʙʦʣʝʝ ʫʛʣʫʙʣʝʥʥʦ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɺʨʦʥʩʢʠʡ ʉ.ʊ. ʇʨʦʙʣʝʤʘ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʚ ʈʦʩʩʠʠ. ï ʄ., ʄɻʋ, 2019. ï 270 ʩ. 
2. ʈʘʩʪʷʧʦʚ ʇ.ʈ. ɻʦʩʫʜʘʨʩʪʚʦ ʠ ʵʥʝʨʛʝʪʠʢʘ. ï ʉʧʙ., ɸʚʪʦʨʘ, 2018. ï 155 ʩ. 
3. ʄʠʣʣʝʨ ɺ.ʉ. ʄʠʨʦʚʦʝ ʩʦʦʙʱʝʩʪʚʦ ʚ ʩʠʩʪʝʤʝ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ï ʈʦʩʪʦʚ., ʠʟʜ-ʚʦ 

ɼʦʥ, 2019. ï 257 ʩ. 

ʇʨʠʣʠʚʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ʇʕʉ) 
ʇʝʨʝʩʚʝʪʦʚ ɸ.ʄ., ʏʘʘʜʘʝʚ ɸ.ʂ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʦʨʦʥʮʦʚ ʊ.ʇ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1286, ʄʦʩʢʚʘ 

 
ɺ ʩʫʱʝʩʪʚʫʶʱʝʤ ʤʠʨʝ ʯʝʣʦʚʝʢ ʚʩʝ ʯʘʱʝ ʟʘʜʫʤʳʚʘʝʪʩʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. ʉʝʡʯʘʩ ʧʦʧʫʣʷʨʥʳ ʩʧʦʩʦʙʳ ʜʦʙʳʯʠ ʵʥʝʨʛʠʠ ʧʫʪʸʤ 
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ʩʦʞʞʝʥʠʷ ʫʛʣʷ, ʨʘʩʱʝʧʣʝʥʠʷ ʘʪʦʤʦʚ ʠ ʩʛʦʨʘʥʠʷ ʛʘʟʘ. ʅʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʨʝʰʝʥʠʷ ʥʝ 

ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʥʳʤʠ ʠ ʙʝʟʦʧʘʩʥʳʤʠ. 
ʆʜʥʘʢʦ ʣʶʜʠ ʥʘʫʯʠʣʠʩʴ ʜʦʙʳʚʘʪʴ ʵʥʝʨʛʠʶ ʧʨʠ ʧʦʤʦʱʠ ʜʚʠʞʝʥʠʷ ʚʦʜʳ. ʆʜʥʦʡ ʠʟ 

ʪʘʢʠʭ, ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʠʷ ʤʦʨʩʢʠʭ ʧʨʠʣʠʚʦʚ. ʊʘʢ ʢʘʢ ʵʪʦ ʷʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʛʫʣʷʨʥʦ, ʪʦ 

ʯʝʣʦʚʝʢ ʨʝʰʠʣ, ʯʪʦ ʠʭ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʩʚʦʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʣ ʇʕʉ. 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʧʨʠʣʠʚʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ɺʦʩʪʨʝʙʦʚʘʥʘ ʦʥʘ, ʧʦʪʦʤʫ ʯʪʦ 

ʩʝʡʯʘʩ ʠ ʚ ʥʝʜʘʣʸʢʦʤ ʙʫʜʫʱʝʤ ʝʩʪʴ ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʵʢʦʣʦʛʠʝʡ ʥʘ ʧʣʘʥʝʪʝ. ɼʘʥʥʘʷ ʞʝ 

ʪʝʤʘ ʟʘʪʨʘʛʠʚʘʝʪ ʚʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ, ʚʝʜʴ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʠʩʪʦʯʥʠʢʦʚ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʠʠ ʧʨʠʨʦʜʘ ʩʪʘʥʝʪ ʥʘʤʥʦʛʦ ʯʠʱʝ. 
ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʩʦʟʜʘʥʠʝ ʢʦʥʝʯʥʦʡ ʤʦʜʝʣʠ ʧʨʠʣʠʚʥʦʡ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʩʦʟʜʘʥʠʝ ʚʠʜʝʦ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʙʦʪʫ ʜʘʥʥʦʡ ʤʦʜʝʣʠ. ʈʘʟʨʘʙʘʪʳʚʘʝʤʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʦʪʥʦʩʠʪʩʷ ʢ ʵʣʝʢʪʨʦʚʳʨʘʙʘʪʳʚʘʶʱʝʡ ʪʝʭʥʠʢʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʝʢʪʘʭ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʛʦʨʦʜʦʚ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʝʥʠʝ 

ʇʕʉ ʩ ʜʨʫʛʠʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʵʥʝʨʛʠʠ ʧʦ ʧʨʠʟʥʘʢʘʤ: ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʩʪʘʥʮʠʠ ʠ ʝʝ ʧʦʩʪʨʦʡʢʠ, 

ʦʢʫʧʘʝʤʦʩʪʴ ʚʦʟʚʝʜʝʥʠʷ ʇʕʉ, ʂʇɼ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʠ ʝʝ ʤʦʱʥʦʩʪʴ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʫʢʘʟʘʥʥʦʡ ʪʝʤʳ ʤʳ ʧʨʦʚʝʣʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʦʚ ʩ 

ʮʝʣʴʶ ʧʦʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʟʘʧʘʩʘ ʧʦ ʪʝʤʝ ʧʨʠʣʠʚʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ. ɹʳʣʠ 

ʧʦʜʦʙʨʘʥʳ ʧʦʜʭʦʜʷʱʠʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʩʙʦʨʢʠ ʧʨʦʜʫʢʪʘ. 
ɺ ʵʪʦʤ ʧʨʦʝʢʪʝ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʧʨʠʣʠʚʥʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ, ʝʸ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ ʩʧʦʩʦʙʫ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʠʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ. ʊʘʢʞʝ ʚ 

ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʜʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʨʘʙʦʪʳ ʇʕʉ ʠ ʥʘʛʣʷʜʥʦʩʪʠ ʙʳʣʘ ʩʦʟʜʘʥʘ 

ʧʨʠʤʠʪʠʚʥʘʷ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʡ ʩʪʘʥʮʠʠ. ʆʥʘ ʩʤʦʛʣʘ ʟʘʨʷʜʠʪʴ ʘʢʢʫʤʫʣʷʪʦʨ ʪʝʣʝʬʦʥʘ ʥʘ 

ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʘʨʘʣʣʝʣʴ ʩʨʝʜʠ ʜʨʫʛʠʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʦ ʪʘʢʠʤ ʢʨʠʪʝʨʠʷʤ ʢʘʢ: ʵʢʦʣʦʛʠʯʥʦʩʪʴ, ʦʢʫʧʘʝʤʦʩʪʴ, ʂʇɼ, ʤʦʱʥʦʩʪʴ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʝʜʧʦʣʦʞʠʣʠ, ʯʪʦ ʇʕʉ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʣʫʯʰʠʭ ʚ ʩʚʦʸʤ ʨʦʜʝ. 

ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ  

ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʡ ʵʢʦʩʠʩʪʝʤʦʡ 
ʏʝʨʥʦʚʘ ʄ.ɸ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 827, ʄʦʩʢʚʘ 
 

ɺ ʈʦʩʩʠʠ ʚ ʦʪʜʝʣʝʥʥʳʭ ʛʦʨʦʜʘʭ, ʩʸʣʘʭ ʠ ʜʝʨʝʚʥʷʭ ʟʘʯʘʩʪʫʶ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ 

ʦʪʩʫʪʩʪʚʠʷ ʦʪʦʧʣʝʥʠʷ, ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʦʪʩʫʪʩʪʚʠʷ ʯʠʩʪʦʡ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʠ ʙʝʩʧʝʨʝʙʦʡʥʦʡ 

ʨʘʙʦʪʳ ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʈʦʩʩʠʠ ʥʝ ʠʤʝʶʪ ʧʠʪʴʝʚʦʡ 

ʚʦʜʳ, ʠʜʫʪ ʧʦʩʪʦʷʥʥʳʝ ʧʝʨʝʙʦʠ ʩʦ ʩʚʝʪʦʤ, ʜʦʤʘ ʦʪʘʧʣʠʚʘʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʧʝʯʢʘʤ ʠ 

ʢʦʪʝʣʴʥʳʤ ʠʟ-ʟʘ ʯʝʛʦ ʪʨʘʪʷʪʩʷ ʠʩʢʦʧʘʝʤʳʝ ʠ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ ʈʦʩʩʠʠ, ʥʘʥʦʩʠʪʩʷ ʫʨʦʥ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. 
ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʫʧʨʘʚʣʝʥʠʷ ʩʝʣʴʩʢʦʡ 

ʵʢʦʩʠʩʪʝʤʦʡ (ʄʈʋʋʉʕ) ʤʦʛʣʦ ʙʳ ʨʝʰʠʪʴ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʧʨʦʙʣʝʤ. ɺʥʝʰʥʠʡ ʚʠʜ ʫʩʪʨʦʡʩʪʚʘ ʠ ʦʩʥʦʚʥʳʝ ʜʝʡʩʪʚʫʶʱʠʝ ʙʣʦʢʠ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ.1 
ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʦʧʠʩʘʥ ʜʘʣʝʝ. 
1 ï ʚʦʨʦʥʢʘ ʜʣʷ ʩʥʝʛʘ/ʜʦʞʜʷ 
2 ï ʙʣʦʢ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʜʢʦʚ 
3 ï ʙʣʦʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʚʳʚʝʜʝʥʠʷ ʦʪʭʦʜʦʚ 
4 ï ʙʣʦʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 
5 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʚʣʘʞʥʦʩʪʴʶ 
6 ï ʙʣʦʢ ʧʦʣʠʚʦʯʥʳʭ ʩʦʦʨʫʞʝʥʠʡ 
7 ï ʙʣʦʢ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʥʝʰʥʠʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʩʘʜʢʘʭ, ʘʪʤʦʩʬʝʨʥʦʤ 

ʜʘʚʣʝʥʠʠ 
8 ï ʙʣʦʢ ʜʘʪʯʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʯʚʝ 
9 ï ʙʣʦʢ ʬʠʣʴʪʨʘʮʠʠ 
10 ï ʙʣʦʢ ʦʪʦʧʣʝʥʠʷ 
11 ï ʙʣʦʢ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ 
12 ï ʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ 



130 

 

13 ï ʜʠʩʧʣʝʡ 
14 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʷʨʢʦʩʪʴʶ ʦʩʚʝʱʝʥʠʷ 
15 ï ʦʩʚʝʪʠʪʝʣʴʥʳʝ ʧʨʠʙʦʨʳ 
16 ï ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ 
ʋʩʪʨʦʡʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʢʦʥʩʪʨʫʢʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʚʦʨʦʥʢʘ ʜʣʷ ʩʥʝʛʘ, ʜʦʞʜʷ, 

ʚʦʜʳ. 
ɺʦʨʦʥʢʘ ʥʘʭʦʜʠʪʩʷ ʩ ʚʝʨʭʫ ʠ ʥʘʭʦʜʠʪʩʷ ʩ ʙʦʢʫ. ʉʥʝʛ, ʜʦʞʜʝʚʘʷ ʚʦʜʘ ʧʦʧʘʜʘʶʪ ʚ ʚʦʨʦʥʢʫ 

ʠ ʨʘʩʧʨʝʜʝʣʷʪʩʷ ʚ ʙʣʦʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʚʘʣʢʦʚ, ʦʪʩʝʠʚʘʷ 

ʣʠʰʥʠʡ ʤʫʩʦʨ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʷ ʝʛʦ. 
ʇʦʩʣʝ ʯʝʛʦ ʩʥʝʛ ʠʣʠ ʜʦʞʜʝʚʘʷ ʚʦʜʘ ʧʦʩʪʫʧʘʶʪ ʚ ʙʣʦʢ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʛʜʝ ʦʩʘʜʢʠ 

ʦʯʠʱʘʶʪʩʷ ʠ ʧʦʜʦʛʨʝʚʘʶʪʩʷ ʚ ʙʣʦʢʝ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʩʘʜʢʦʚ, ʜʘʣʝʝ ʚʦʜʘ 

ʧʦʩʪʫʧʘʝʪ ʚ ʞʠʣʠʱʘ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʦʙʝʩʧʝʯʠʚʘʷ ʥʝʦʙʭʦʜʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʣʶʜʝʡ, 

ʯʪʦ ʩʜʝʣʘʝʪ ʠʭ ʫʩʣʦʚʠʷ ʠʭ ʞʠʟʥʠ ʢʦʤʬʦʨʪʥʝʝ, ʦʙʝʩʧʝʯʠʪ ʟʘʧʘʩ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʜʣʷ ʣʶʜʝʡ, 

ʞʠʚʦʪʥʳʭ, ʚʦʜʳ ʜʣʷ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ ʠ ʙʳʪʦʚʳʭ ʥʫʞʜ. 
ɹʣʘʛʦʜʘʨʷ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʠʣʝʥʥʳʤ ʩʦʣʥʝʯʥʳʤ ʙʘʪʘʨʝʷʤ ʚ ʜʦʤʘ ʦʙʝʩʧʝʯʠʪʩʷ ʧʦʜʘʯʘ 

ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʘ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʷʨʢʦʩʪʴʶ ʦʩʚʝʱʝʥʠʷ ʧʦʤʦʞʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʷʨʢʦʩʪʴ 

ʩʚʝʪʘ ʚ ʜʦʤʘʭ. 
ʊʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ ʦʩʥʘʱʝʥʦ ʦʯʝʥʴ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʜʘʪʯʠʢʘʤʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ 

ʙʣʦʢʘʤʠ ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʦʪʦʧʣʝʥʠʷ, ʯʪʦ ʧʦʤʦʞʝʪ ʚ ʭʦʣʦʜʥʫʶ ʧʦʛʦʜʫ ʜʘʚʘʪʴ ʪʝʧʣʳʡ 

ʚʦʟʜʫʭ, ʘ ʚ ʪʸʧʣʫʶ ʧʦʛʦʜʫ, ʦʭʣʘʞʜʘʪʴ ʚʦʟʜʫʭ, ʧʦʩʪʫʧʘʶʱʠʡ ʚ ʜʦʤʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʢʦʥʪʨʦʣʴ ʢʣʠʤʘʪʘ ʚ ʞʠʣʳʭ ʜʦʤʘʭ ʠ ʧʦʩʪʨʦʡʢʘʭ. 
ʄʈʋʋʉʕ ʦʩʥʘʱʝʥʦ ʜʠʩʧʣʝʝʤ ʠ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʠ ʩʣʝʜʠʪʴ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʦʟʜʫʭʘ. ʄʦʞʥʦ ʟʘʜʘʪʴ 

ʢʘʢ ʦʪʜʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ, ʪʘʢ ʠ ʚʢʣʶʯʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʣʦʞʠʪ 

ʩʠʩʪʝʤʘ, ʫʯʠʪʳʚʘʷ ʜʘʥʥʳʝ ʜʘʪʯʠʢʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ. 
ɹʣʘʛʦʜʘʨʷ ʦʩʚʝʪʠʪʝʣʴʥʳʤ ʧʨʠʙʦʨʘʤ ʥʘ ʫʣʠʮʘʭ ʙʫʜʝʪ ʩʚʝʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʫʜʝʪ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʠ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʠʤ ʫʧʨʘʚʣʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ: ʨʘʩʩʚʝʪʦʚ ʠ 

ʟʘʢʘʪʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʣʥʝʯʥʫʶ ʵʥʝʨʛʠʶ ʠ ʦʩʘʜʢʠ ʤʦʞʥʦ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦ ʙʣʘʛʦ 

ʯʝʣʦʚʝʯʝʩʪʚʘ ï ʧʦʣʫʯʘʪʴ ʵʥʝʨʛʠʶ, ʪʝʧʣʦ, ʩʚʝʪ, ʢʦʤʬʦʨʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʧʠʪʴʝʚʫʶ ʚʦʜʫ 

ʜʣʷ ʣʶʜʝʡ, ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʥʝ ʥʘʨʫʰʘʷ. 
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˞̗̠̆̋̉ ΟρπȢψ ˫̜̎̆ ̧̘̜̔̎̆ ̂̔̅̔̆̄̏̚ ɉ̠̅̌ ̘̖̠̔́̉̒̚ 
6-ψ ̋̌́̒̒̏̃Ɋ 

ʕʚʦʣʶʮʠʷ ʜʚʦʨʷʥʩʢʦʡ ʫʩʘʜʴʙʳ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ XVIII  ï ʥʘʯʘʣʝ XX ʚʝʢʘ 

(ʥʘ ʧʨʠʤʝʨʝ ʜʚʦʨʷʥʩʢʦʡ ʫʩʘʜʴʙʳ ʢʥʷʟʝʡ ɺʘʩʠʣʴʯʠʢʦʚʳʭ) 
ɸʥʜʨʝʝʚʘ ɼ.ɻ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʘʯʠʢʦʚ ʌ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1748, ʄʦʩʢʚʘ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʷʟʘʥʘ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʜʚʦʨʷʥʩʢʠʭ ʫʩʘʜʝʙ: ʘʨʭʠʪʝʢʪʫʨʥʦ-ʣʘʥʜʰʘʬʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ ʚʣʘʜʝʣʴʮʝʚ. ɺ ʵʪʦʤ ʩʝʛʦʜʥʷ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʤʝʩʪʥʳʝ 

ʘʜʤʠʥʠʩʪʨʘʮʠʠ, ʤʫʟʝʝʚʝʜʳ, ʢʨʘʝʚʝʜʳ, ʦʨʛʘʥʠʟʘʪʦʨʳ ʚʲʝʟʜʥʦʛʦ ʪʫʨʠʟʤʘ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʜʚʦʨʷʥʩʢʘʷ ʫʩʘʜʴʙʘ ʢʥʷʟʝʡ ɺʘʩʠʣʴʯʠʢʦʚʳʭ. 
ʇʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ð ʧʨʦʮʝʩʩʳ ʠʟʤʝʥʝʥʠʷ ʚ ʞʠʟʥʠ ʜʚʦʨʷʥʩʢʠʭ ʫʩʘʜʝʙ ʚ ʠʩʩʣʝʜʫʝʤʳʡ 

ʧʝʨʠʦʜ, ʯʪʦ ʦʪʨʘʟʠʣʦʩʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʚʦʨʷʥʩʢʠʭ ʫʩʘʜʝʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʢʦʥʦʤʠʡ, ʢʫʣʴʪʫʨʝ ʧʦʚʩʝʜʥʝʚʥʦʩʪʠ ʠʭ ʚʣʘʜʝʣʴʮʝʚ. 
ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʚʳʷʚʣʝʥʠʝ ʩʧʝʮʠʬʠʢʠ ʨʘʟʚʠʪʠʷ ʜʚʦʨʷʥʩʢʠʭ ʫʩʘʜʝʙ ʚʦ ʚʪʦʨʦʡ 

ʧʦʣʦʚʠʥʝ XIX  - ʥʘʯʘʣʝ XX ʚʚ. (ʥʘ ʧʨʠʤʝʨʝ ʜʚʦʨʷʥʩʢʦʡ ʫʩʘʜʴʙʳ ʢʥʷʟʝʡ ɺʘʩʠʣʴʯʠʢʦʚʳʭ) 
ɼʦʩʪʠʞʝʥʠʶ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʩʣʫʞʠʪ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
Å ɺʳʷʚʠʪʴ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʫʩʘʜʝʙʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; 
Å ʈʘʩʩʤʦʪʨʝʪʴ ʦʨʛʘʥʠʟʘʮʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʚʦʨʷʥʩʢʦʛʦ ʞʠʣʠʱʘ; 
Å ʆʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʚʣʘʜʝʣʴʮʝʚ ʫʩʘʜʝʙ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ ʛʫʙʝʨʥʠʠ; 
Å ɺʦʩʩʦʟʜʘʪʴ ʤʠʨ ʫʩʘʜʴʙʳ ʚ ʢʦʥʪʝʢʩʪʝ ʢʫʣʴʪʫʨʳ ʧʦʚʩʝʜʥʝʚʥʦʩʪʠ ʜʚʦʨʷʥʩʢʦʛʦ ʩʦʩʣʦʚʠʷ; 
ɹʘʟʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʠʣ ʦʙʰʠʨʥʳʡ ʢʦʤʧʣʝʢʩ ʥʝʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 

ʜʦʢʫʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ. ɺʝʩʴ ʢʦʨʧʫʩ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʧʦ ʚʠʜʘʤ: ʟʘʢʦʥʦʜʘʪʝʣʴʥʳʝ ʧʦʩʪʘʥʦʚʣʝʥʠʷ ʠ ʨʘʩʧʦʨʷʞʝʥʠʷ; ʜʝʣʦʧʨʦʠʟʚʦʜʩʪʚʝʥʥʘʷ 

ʜʦʢʫʤʝʥʪʘʮʠʷ; ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʠ ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ; ʤʘʪʝʨʠʘʣʳ ʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 

(ʤʝʤʫʘʨʳ, ʧʠʩʴʤʘ, ʚʦʩʧʦʤʠʥʘʥʠʷ ʩʪʘʨʦʞʠʣʦʚ); ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʧʝʯʘʪʴ; ʣʠʪʝʨʘʪʫʨʥʳʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ; ʚʝʱʝʩʪʚʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ; ʬʦʪʦʜʦʢʫʤʝʥʪʳ. 
ʄʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʠ ʣʦʛʠʯʝʩʢʦʛʦ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʨʘʩʩʤʦʪʨʝʪʴ ʷʚʣʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʢʘʢ ʠʤʝʶʱʝʝ ʠʩʪʦʨʠʶ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʩʪʘʥʦʚʣʝʥʠʷ ʠ ʠʩʯʝʟʥʦʚʝʥʠʷ. 
ɺʳʚʦʜʳ. ʉʨʘʚʥʠʚʘʷ ʦʩʥʦʚʥʳʝ ʪʝʥʜʝʥʮʠʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʩʘʜʝʙʥʦʛʦ ʤʠʨʘ ʥʘ ʧʨʠʤʝʨʝ 

ʫʩʘʜʴʙʳ ʢʥʷʟʝʡ ɺʘʩʠʣʴʯʠʢʦʚʳʭ ʚ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʘ: çʟʦʣʦʪʦʡ ʚʝʢ ʫʩʘʜʴʙʳè (ʩʝʨʝʜʠʥʘ 

XVIII  - ʧʝʨʚʘʷ ʧʦʣʦʚʠʥʘ XIX  ʚ.) ʠ ʧʦʨʝʬʦʨʤʝʥʥʦʝ ʚʨʝʤʷ (1861-1917 ʛʛ.), ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʣʘʜʝʥʠʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʨʦʜʘ ɺʘʩʠʣʴʯʠʢʦʚʳʭ 

ʫʩʘʜʴʙʦʡ ʙʳʣʘ ʜʣʷ ʢʘʞʜʦʡ ʫʩʘʜʴʙʳ ʨʘʟʣʠʯʥʳʤ. ɺʩʝ ʫʩʘʜʴʙʳ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʚ ʝʜʠʥʳʡ 

ʧʨʦʮʝʩʩ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʈʦʩʩʠʠ, ʥʦ ʚʩʝ ʦʥʠ ʠʤʝʣʠ ʩʚʦʠ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɻʦʜʳ ʞʠʟʥʠ ʫʢʘʟʘʥʳ ʚ çɺʦʩʧʦʤʠʥʘʥʠʷè ʢʥʷʟʷ ɹʦʨʠʩʘ ɺʘʩʠʣʴʯʠʢʦʚʘ: ʂʥʷʟʴ ɹʦʨʠʩ 

ɺʘʩʠʣʴʯʠʢʦʚ. ɺʦʩʧʦʤʠʥʘʥʠʷ. ʇʩʢʦʚ, 2003. ʉ. 240. ʈɻʀɸ. ʬ. 651. ˉ1179. ʈɻɸɼɸ. ʬ. 248. ʂ. 

6877. ʣ. 130. 
2. ɽʤʝʣʠʥʘ ʆ. ɺ. ɻʣʘʚʥʳʡ ʜʦʤ ʙʳʚʰʝʡ ʫʩʘʜʴʙʳ ɺʘʩʠʣʴʯʠʢʦʚʳʭ. XIX  ʚʝʢ. 

ʀʩʪʦʨʠʯʝʩʢʘʷ ʟʘʧʠʩʢʘ // ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʬʠʣʠʘʣ ʠʥʩʪʠʪʫʪʘ çʉʧʝʮʧʨʦʝʢʪʨʝʩʪʘʚʨʘʮʠʷè. ʇʩʢʦʚ, 

1985. ʈɻʀɸ. ʌ. 651. ʦʥ. 1. ʜ. 1141. 
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ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʤʘʣʦʡ ʦʨʦʰʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ 
ɹʘʨʙʘʰʦʚ ʄ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʫʪʠʣʠʥ ɻ.ʄ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1874, ʄʦʩʢʚʘ 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʘʢʪʫʘʣʴʥʳʤʠ ʩʪʘʣʠ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʙʦʨʴʙʳ ʩ ʧʘʥʜʝʤʠʝʡ COVID-19, 

ʧʦʩʨʝʜʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʤʝʱʝʥʠʡ ʠ ʫʣʠʮ ʙʝʩʧʠʣʦʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʠʝ ʧʨʦʝʢʪʳ 

ʧʦʟʚʦʣʷʶʪ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʦʚʦʜʠʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʘʥʠʪʘʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʤʝʱʝʥʠʡ ʠ 

ʠʩʢʣʶʯʠʪʴ ʫʯʘʩʪʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʚʨʝʜʥʳʭ ʨʘʙʦʪʘʭ. ɹʣʘʛʦʜʘʨʷ ʤʦʜʫʣʴʥʦʩʪʠ, ʤʘʣʘʷ ʦʨʦʰʘʶʱʘʷ 

ʧʣʘʪʬʦʨʤʘ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʝʟʠʥʬʝʢʮʠʶ, ʜʝʨʘʪʠʟʘʮʠʶ, ʦʙʨʘʙʘʪʳʚʘʪʴ ʧʦʤʝʱʝʥʠʷ 

ʠʥʩʝʢʪʠʮʠʜʘʤʠ ʠ ʧʨʦʚʦʜʠʪʴ ʦʨʦʰʝʥʠʝ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. 
ʎʝʣʴʶ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʘʣʦʡ ʦʨʦʰʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ, ʙʣʘʛʦʜʘʨʷ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʜʝʟʠʥʬʝʢʮʠʶ, ʜʝʟʠʥʩʝʢʮʠʶ, ʜʝʨʘʪʠʟʘʮʠʶ ʚ ʩʣʦʞʥʦ ʜʦʩʪʫʧʥʳʭ 

ʤʝʩʪʘ ʠ ʦʨʦʰʝʥʠʝ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʳʥʦʢ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʨʦʰʝʥʠʷ. 
2. ɺʳʷʚʠʪʴ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʤʠ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʤʘʣʘʷ ʦʨʦʰʘʶʱʘʷ ʧʣʘʪʬʦʨʤʘ. 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʜʝʡʩʪʚʠʡ ʤʘʣʦʡ ʦʨʦʰʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ. 
4. ʉʜʝʣʘʪʴ ʯʝʨʪʝʞ ʤʦʜʝʣʠ ʠ ʩʦʟʜʘʪʴ ʝʸ ʥʘ 3D-ʧʨʠʥʪʝʨʝ, ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʩʠʩʪʝʤʳ 

ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦ ʧʨʝʧʷʪʩʪʚʠʠ (ʫʩʪʘʥʦʚʠʪʴ ʜʘʪʯʠʢ 

ʨʘʩʩʪʦʷʥʠʷ). 
5. ɿʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʤʘʣʫʶ ʦʨʦʰʘʶʱʫʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʦʙʝʟʟʘʨʘʞʠʚʥʠʷ ʋʌ ʣʘʤʧʦʡ ʠ ʦʧʨʳʩʢʠʚʘʥʠʷ ʧʦʤʝʱʝʥʠʷ. 
6. ɸʧʨʦʙʠʨʦʚʘʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ ʤʦʜʝʣʴ. 
7. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜʳ ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʜʘʣʴʥʝʡʰʠʡ ʧʣʘʥ ʜʝʡʩʪʚʠʡ. 
ʅʘʤʠ ʙʳʣ ʠʟʫʯʝʥ ʨʳʥʦʢ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʝ ʩʠʩʪʝʤʳ ʥʘʰʣʠ ʚ 

ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. ʅʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ DJI Agras T16 ʤʦʞʝʪ ʨʘʟʚʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʢʦʨʦʩʪʴ ʧʦʣʸʪʘ ʜʦ 36 ʢʤ/ʯ, ʚʨʝʤʷ ʧʦʣʸʪʘ ʜʦ 18 ʤʠʥʫʪ. ɼʨʦʥ ʩʦʜʝʨʞʠʪ ʤʦʱʥʦʝ ʘʧʧʘʨʘʪʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ [1]. ʅʦ ʥʝʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʚ ʟʘʢʨʳʪʳʭ ʧʦʤʝʱʝʥʠʷʭ. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥʥʦʡ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʠʟʫʯʘʝʤʦʡ ʪʝʤʝ, ʥʘʤʠ 

ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʩʦʟʜʘʥʘ ʤʦʜʝʣʴ ʤʘʣʦʡ ʦʨʦʰʘʶʱʝʡ ʧʣʘʪʬʦʨʤʳ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ 

ʦʩʥʦʚʥʳʝ ʝʝ ʤʦʜʫʣʠ. 
ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Ultimaker Cura ʥʘ 

3D-ʧʨʠʥʪʝʨʝ Ultimaker3, ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʠ ʫʟʣʦʚ - ʉɸʇʈ Inventor. 
ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʤʘʣʦʡ ʦʨʦʰʘʶʱʝʡ ʩʠʩʪʝʤʳ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʦʧʫʣʷʨʥʫʶ ʧʣʘʪʬʦʨʤʫ ʣʶʙʠʪʝʣʴʩʢʦʡ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ ï Arduino. 
ʄʘʣʘʷ ʦʨʦʰʘʶʱʘʷ ʧʣʘʪʬʦʨʤʘ, ʩʧʦʩʦʙʥʘ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ: 
Å ʇʝʨʝʜʚʠʞʝʥʠʝ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʙʣʘʛʦʜʘʨʷ ʩʠʩʪʝʤʝ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ; 
Å ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʦ ʧʨʝʧʷʪʩʪʚʠʠ ʟʘ ʩʯʝʪ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʜʘʪʯʠʢʘ ʨʘʩʩʪʦʷʥʠʷ; 
Å ʆʙʝʟʟʘʨʘʞʠʚʘʥʠʝ ʋʌ ʣʘʤʧʦʡ; 
Å ʆʧʨʳʩʢʠʚʘʥʠʝ ʧʦʤʝʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʣʘʥʠʨʫʝʪʩʷ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʧʨʦʝʢʪ, ʚʦʟʤʦʞʥʘ ʫʩʪʘʥʦʚʢʘ 

ʩʠʩʪʝʤ RTK ʠ GPS ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʀʩʧʦʣʴʟʦʚʘʥʥʳʡ ʠʩʪʦʯʥʠʢ: 
1. ʉʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʢʚʘʜʨʦʢʦʧʪʝʨʳ. https//www.rusgeocom.ru 
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ɸʣʴʪʠʤʝʪʨ: ʩʦʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ  

ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʨʘʢʝʪʳ 
ɹʦʨʠʩʦʚʘ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʦʨʦʰʢʝʚʠʯ ɸ.ɺ. 
ʄʆɸʋ "ʉʆʐ ˉ69", ʆʨʝʥʙʫʨʛ 

 
ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʥʦʡ ʨʘʙʦʪʳ ʧʨʠʚʦʜʷʪʩʷ ʰʘʛʠ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʘʣʴʪʠʤʝʪʨʘ ʩ ʮʝʣʴʶ 

ʩʛʣʘʞʠʚʘʥʠʷ ʧʨʦʙʣʝʤʳ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʥʘ ʨʘʢʝʪʦʤʦʜʝʣʴʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ. 
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʩʦʟʜʘʪʴ ʘʣʴʪʠʤʝʪʨ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʥʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩ 

ʚʳʩʦʪʦʡ, ʠ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʡ ʩʦʙʦʡ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʨʘʙʦʪʳ ʩʪʘʥʝʪ ʧʨʦʪʦʪʠʧ ʧʨʠʙʦʨʘ ʠ ʩʦʩʪʘʚʣʝʥʥʦʝ ʢ ʥʝʤʫ ʦʧʠʩʘʥʠʝ. ɻʠʧʦʪʝʟʘ ʧʨʦʝʢʪʘ: 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʘʣʴʪʠʤʝʪʨ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʦʩʥʦʚʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʦʪ 

ʚʳʩʦʪʳ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʨʘʢʝʪʦʤʦʜʝʣʴʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʙʳʣʦ ʚʘʞʥʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
1. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʣʠʪʝʨʘʪʫʨʫ ʦ ʤʝʪʦʜʘʭ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ, ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ; 
2. ʀʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʚʳʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʬʦʨʤʫʣʫ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʙʦʪʝ ʧʨʠʙʦʨʘ; 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʯʝʨʪʝʞ ʠ 3D ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ; 
4. ʉʦʟʜʘʪʴ ʘʣʴʪʠʤʝʪʨ ʠ ʪʝʤ ʜʘʪʴ ʦʪʚʝʪ ʥʘ ʛʠʧʦʪʝʟʫ; 
5. ʉʦʩʪʘʚʠʪʴ ʦʧʠʩʘʥʠʝ ʨʘʙʦʪʳ ʫʩʪʨʦʡʩʪʚʘ. 
ɺ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʚʠʜʳ ʚʳʩʦʪʳ ʠ ʤʝʪʦʜʳ ʠʭ 

ʠʟʤʝʨʝʥʠʷ, ʧʨʦʚʝʜʝʥ ʠʭ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ. 
ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ ʩ 

ʚʳʩʦʪʦʡ. ʉʫʪʴ ʤʝʪʦʜʘ: ʧʨʠʦʙʨʝʪʝʥʠʝ ʚʦʟʜʫʭʦʤ ʤʝʥʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʩʦʪʳ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʘʣʴʪʠʤʝʪʨ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʪʘʢ: ʧʨʠʙʦʨ, ʠʤʝʷ ʜʘʪʯʠʢʠ ʧʣʦʪʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʜʝʣʘʝʪ ʠʭ ʟʘʤʝʨ ʢʘʞʜʫʶ ʜʝʩʷʪʫʶ ʜʦʣʶ ʩʝʢʫʥʜʳ, ʩʦʦʪʥʦʩʠʪ ʜʘʥʥʳʝ ʩ ʪʘʙʣʠʮʝʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʪ ʚʳʩʦʪʳ ʠ ʪʝʤ ʩʘʤʳʤ ʥʘʭʦʜʠʪ ʝʝ. 
ɺʳʷʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʩ ʚʳʩʦʪʦʡ, ʘ ʪʘʢʞʝ ʚʳʚʝʜʝʥʘ ʠʟ 

ʫʨʘʚʥʝʥʠʷ ʄʝʥʜʝʣʝʝʚʘ-ʂʣʘʡʧʝʨʦʥʘ ʬʦʨʤʫʣʘ ʥʘʭʦʞʜʝʥʠʷ ʚʳʩʦʪʳ. 
ɺ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʝʥʘ ʙʘʟʘ ʜʘʥʥʳʭ ʘʣʴʪʠʤʝʪʨʘ ï ʪʘʙʣʠʮʘ, ʧʦ ʢʦʪʦʨʦʡ ʦʥ 

ʙʫʜʝʪ ʥʘʭʦʜʠʪʴ ʚʳʩʦʪʫ. ʆʥʘ ʩʦʟʜʘʥʘ ʥʘ ʦʩʥʦʚʝ ʨʘʥʝʝ ʚʳʚʝʜʝʥʥʦʡ ʬʦʨʤʫʣʳ ʚʳʩʦʪʳ ʠ ɻʆʉʊʝ 

4401-81 çɸʪʤʦʩʬʝʨʘ ʩʪʘʥʜʘʨʪʥʘʷè. ʉʦʟʜʘʥʳ ʩʭʝʤʘ ʠ 3D ʤʦʜʝʣʠ ʘʣʴʪʠʤʝʪʨʘ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ çdraw.ioè ʠ çAutodesk 123Dè ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʙʦʨʢʘ ʠ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʥʝ ʩʦʩʪʦʷʣʠʩʴ, ʦʜʥʘʢʦ 

ʨʘʟʨʘʙʦʪʘʥ ʫʧʨʦʱʝʥʥʳʡ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʘʣʴʪʠʤʝʪʨʘ: 
1. ʀʟʤʝʨʠʪʴ ʧʣʦʪʥʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘ ʤʝʩʪʝ ʩʪʘʨʪʘ; 
2. ʅʘʡʪʠ ʚʳʩʦʪʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʦʚʥʷ ʤʦʨʷ; 
3. ʂʘʞʜʫʶ 0,1 ʩ. ʠʟʤʝʨʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʠʟʤʝʨʠʪʴ ʧʣʦʪʥʦʩʪʴ, ʥʘʡʪʠ ʠ çʟʘʧʦʤʥʠʪʴè 

ʚʳʩʦʪʫ. 
4. ʇʝʨʝʜʘʪʴ ʚʩʝ ʜʘʥʥʳʝ ʷ ʥʘ ɿʝʤʣʶ ʠ ʚʳʚʝʩʪʠ ʠʭ ʥʘ ʜʠʩʧʣʝʡ ʧʦʣʴʟʦʚʘʪʝʣʷ; 
5. ʅʘʯʘʪʴ ʩʥʦʚʘ ʩ ʧ.3. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʧʦʣʥʝʥʘ ʯʘʩʪʴ ʟʘʜʘʯ, ʧʨʠʙʣʠʞʘʶʱʠʭ ʢ ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʠ ʨʘʙʦʪʳ. 

ʀʩʭʦʜʷ ʠʟ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʘʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʘʣʴʪʠʤʝʪʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ, ʦʪ ʝʛʦ 

ʩʦʟʜʘʥʠʷ ʠ ʨʘʙʦʪʳ ʦʞʠʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʫʩʧʝʭʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʙʦʨʘ 

ʦʞʠʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: 
1. ɼʦʨʘʙʦʪʘʥʳ ʧʣʦʪʥʦʩʪʥʳʡ ʤʝʪʦʜ, ʧʨʦʛʨʘʤʤʘ ʠ ʙʘʟʘ ʜʘʥʥʳʭ ʘʣʴʪʠʤʝʪʨʘ; 
2. ʇʨʦʩʪʦʪʘ ʠ ʜʦʩʪʫʧʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʧʨʠʚʣʝʢʣʘ ʚʥʠʤʘʥʠʝ ʣʶʜʝʡ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ 

ʢʦʩʤʦʥʘʚʪʠʢʦʡ ʠ ʵʣʝʢʪʨʦʥʠʢʦʡ, ʫʯʘʩʪʥʠʢʦʚ ʨʘʢʝʪʦʤʦʜʝʣʴʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʡ; 
3. ʇʨʠʙʦʨ çʦʧʨʦʙʦʚʘʥè ʥʘ ʨʘʢʝʪʦʤʦʜʝʣʴʥʳʭ ʩʦʨʝʚʥʦʚʘʥʠʷʭ; 
4. ɸʣʴʪʠʤʝʪʨ ʩʪʘʙʠʣʴʥʦ ʜʘʝʪ ʪʦʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ; 
5. ʉʦʚʝʨʰʝʥʳ 3 ʫʩʧʝʰʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʘʧʫʩʢʘ ʧʨʠʙʦʨʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ; 
6. ʇʦʣʫʯʝʥʦ ʥʝ ʤʝʥʝʝ 5 ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʟʳʚʘ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʠ ʝʛʦ ʨʘʙʦʪʫ; 
7. ɸʣʴʪʠʤʝʪʨ ʢʘʞʜʳʝ 3 ʤʝʩʷʮʘ ʧʨʦʭʦʜʠʪ çʪʝʩʪʠʨʦʚʘʥʠʝè, ʜʦʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʫʣʫʯʰʘʝʪʩʷ. 
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ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʫʜʝʪ ʩʥʠʞʝʥʠʝ ʦʩʪʨʦʪʳ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ ï 

ʨʘʢʝʪʦʤʦʜʝʣʴʥʳʝ ʩʦʨʝʚʥʦʚʘʥʠʷ ʩʪʘʥʫʪ ʦʙʲʝʢʪʠʚʥʝʝ ʠ ʦʪʪʦʛʦ ʠʥʪʝʨʝʩʥʝʝ, ʯʝʤʫ, ʧʦʢʘ ʪʦʣʴʢʦ 

ʪʝʦʨʝʪʠʯʝʩʢʠ, ʧʦʩʧʦʩʦʙʩʪʚʫʝʪ ʧʣʦʪʥʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʘʣʴʪʠʤʝʪʨ. ʅʘʧʠʩʘʥʥʘʷ ʥʘ ʜʘʥʥʳʡ 

ʤʦʤʝʥʪ ʧʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʥʝʙʦʣʴʰʠʤ ʩʧʨʘʚʦʯʥʠʢʦʤ ʦ ʚʳʩʦʪʘʭ ʚ ʩʬʝʨʝ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʣʠ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʫʨʦʢʦʚ ʬʠʟʠʢʠ ʠ ʘʩʪʨʦʥʦʤʠʠ, ʢʣʘʩʩʥʳʭ ʯʘʩʦʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʂʨʦʥʰʪʘʜʪʩʢʠʡ ʬʫʪʰʪʦʢ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/ʂʨʦʥʰʪʘʜʪʩʢʠʡ_ʬʫʪʰʪʦʢ 
2. ɽʧʨʠʥʮʝʚ ʄ.ɸ., ʉʘʤʩʦʥʦʚʘ ʅ.ʉ., ʇʝʨʣʶʢ ɺ.ɺ. ʆʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ ʚʳʩʦʪʳ ʧʦʣʝʪʘ ʩʘʤʦʣʝʪʘ// ʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ ʣʦʛʠʩʪʠʢʘ: ʞʫʨʥʘʣ.: ʚʳʧʫʩʢ 

ˉ1(19), ISSN 2007-5687. ï ʉʇʙ.: ɻʋɸʇ., 2019 ï ʩ.6-11. ʈʀʅʎ 
3. ɸʚʠʘʮʠʦʥʥʳʝ ʧʨʠʙʦʨʳ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɺ.ɸ. ʇʨʠʣʝʧʩʢʠʡ. ï ʉʘʤʘʨʘ: ʀʟʜ-ʚʦ 

ʉʘʤʘʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2016. ï 316 ʩ. 
4. ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/ʇʣʦʪʥʦʩʪʴ_ʚʦʟʜʫʭʘ 
5. ɹʘʨʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/ ɹʘʨʦʤʝʪʨʠʯʝʩʢʘʷ_ʬʦʨʤʫʣʘ 
6. ɻʆʉʊ 4401-81 ɸʪʤʦʩʬʝʨʘ ʩʪʘʥʜʘʨʪʥʘʷ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://docs.cntd.ru/document/1200009588?section=text 
7. ʋʰʘʢʦʚ ɺ. ɸ., ɼʦʥʩʢʠʭ ɼ. ʇ., ʊʝʧʣʷʢʦʚʘ ʄ. ɸ., ɿʫʝʚ ʉ. ɸ. ʉʦʟʜʘʥʠʝ ʘʣʴʪʠʤʝʪʨʘ // 

ʉʙʦʨʥʠʢ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʬʘʢʫʣʴʪʝʪʘ ʢʦʤʧʴʶʪʝʨʥʳʭ ʥʘʫʢ ɺɻʋ ï ɺʦʨʦʥʝʞ, 2018 ï ʩ.329-

335 
8. ɺʳʩʦʪʦʤʝʨ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/ɺʳʩʦʪʦʤʝʨ 
9. ʂʘʢ ʤʝʥʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ: 

ʬʦʨʤʫʣʳ, ʛʨʘʬʠʢʠ, ʪʘʙʣʠʮʳ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://aboutdc.ru/page/1759.php 

ɿʥʘʢʦʤʘʷ ʅʝʟʥʘʢʦʤʢʘ 
ɺʠʣʢʫʣ ʂ.ɸ., ʉʠʥʠʮʠʥ ʌ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʨʰʢʦʚʘ ʅ.ʈ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 152, ʄʦʩʢʚʘ 

 

ʃʫʥʘ ʧʨʠʚʣʝʢʘʣʘ ʚʥʠʤʘʥʠʝ ʣʶʜʝʡ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʸʥ. 
ʉ ʠʟʦʙʨʝʪʝʥʠʝʤ ɻʘʣʠʣʝʝʤ ʪʝʣʝʩʢʦʧʘ ʚ 1609 ʛʦʜʫ ʫʯʝʥʳʤ ʫʜʘʣʦʩʴ ʜʦʙʠʪʴʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʦʛʨʝʩʩʘ ʚ ʥʘʙʣʶʜʝʥʠʷʭ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ. ʆʥʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʝʛʦ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʨ ʠ ʢʨʘʪʝʨʦʚ ʥʘ ʣʫʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 
ʆʜʥʫ ʠʟ ʧʝʨʚʳʭ ʣʫʥʥʳʭ ʢʘʨʪ ʩʦʩʪʘʚʠʣ ɼʞʦʚʘʥʥʠ ʈʠʯʯʠʦʣʠ ʚ 1651 ʛʦʜʫ, ʦʥ ʞʝ ʠ ʜʘʣ 

ʥʘʟʚʘʥʠʷ ʢʨʫʧʥʳʤ ʪʸʤʥʳʤ ʦʙʣʘʩʪʷʤ, ʥʘʟʚʘʚ ʠʭ çʤʦʨʷʤʠè. ʕʧʦʭʘ ʠʟʫʯʝʥʠʷ ʃʫʥʳ 

ʢʦʩʤʠʯʝʩʢʠʤʠ ʩʨʝʜʩʪʚʘʤʠ ʥʘʯʘʣʘʩʴ 2 ʷʥʚʘʨʷ 1959 ʛʦʜʫ, ʢʦʛʜʘ ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʧʨʦʠʟʚʸʣ 

ʟʘʧʫʩʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʝʞʧʣʘʥʝʪʥʦʡ ʩʪʘʥʮʠʠ "ʃʫʥʘ-1". 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜ: 
Å ʅʘ ʃʫʥʝ ʤʥʦʛʦ ʨʦʚʥʳʭ ʤʝʩʪ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʚʳʩʘʜʢʠ ʣʶʜʝʡ; 
Å ɻʨʫʥʪ ʥʘ ʃʫʥʝ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʡ ʜʣʷ ʧʦʩʘʜʢʠ ʢʦʨʘʙʣʷ ʩ ʣʶʜʴʤʠ. 
ʉʦ ʚʨʝʤʝʥʝʤ ʫʯʝʥʳʝ ʨʘʟʨʘʙʦʪʘʣʠ ʢʦʨʘʙʣʴ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʣ ʚʦʟʚʨʘʱʘʪʴ ʢʦʩʤʦʥʘʚʪʦʚ 

ʜʦʤʦʡ. 
ʊʝʧʝʨʴ ʜʦʨʦʛʘ ʥʘ ʃʫʥʫ ʙʳʣʘ ʦʪʢʨʳʪʘ!!! 
ɿʘ ʤʥʦʛʦʣʝʪʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʃʫʥʳ ʥʘ ʩʧʫʪʥʠʢʝ ʦʙʥʘʨʫʞʠʣʠ ʤʥʦʞʝʩʪʚʦ 

ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʠ ʘʨʪʝʬʘʢʪʦʚ. ʅʘʤ ʩʪʘʣʦ ʠʥʪʝʨʝʩʥʦ, ʠ ʤʳ ʨʝʰʠʣʠ ʩʦʟʜʘʪʴ 

ʧʫʪʝʚʦʜʠʪʝʣʴ ʠ ʧʦʟʥʘʢʦʤʠʪʴ ʚʘʩ ʩ ʥʠʤʠ ʥʘ ʥʘʰʝʤ ʤʘʢʝʪʝ ʃʫʥʳ. 
1. ɹʘʟʘ ʉʧʦʢʦʡʩʪʚʠʷ. (ʤʝʩʪʦ ʚʳʩʘʜʢʠ ʥʘ ʃʫʥʫ ʘʤʝʨʠʢʘʥʮʝʚ). ʏʪʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ 

ɹʘʟʝ ʉʧʦʢʦʡʩʪʚʠʷ? ʇʨʝʞʜʝ ʚʩʝʛʦ ʧʦʩʘʜʦʯʥʫʶ ʩʪʫʧʝʥʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ çʆʨʸʣè; ʜʘʣʝʝ 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʫʯʥʳʝ ʧʨʠʙʦʨʳ: ʣʘʟʝʨʥʳʡ ʦʪʨʘʞʘʪʝʣʴ ʠ 

ʩʝʡʩʤʦʤʝʪʨ. 
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ʀ ʢʦʥʝʯʥʦ ʞʝ, ʚʘʞʥʳʡ ʩʫʚʝʥʠʨ ʚ ʚʠʜʝ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʢʠ ʩ ʚʳʛʨʘʚʠʨʦʚʘʥʥʳʤʠ ʥʘ 

ʥʝʡ ʩʣʦʚʘʤʠ çɿʜʝʩʴ ʣʶʜʠ ʩ ʧʣʘʥʝʪʳ ɿʝʤʣʷ ʚʧʝʨʚʳʝ ʩʪʫʧʠʣʠ ʥʦʛʦʡ ʥʘ ʃʫʥʫ. ʀʶʣʴ, ʛʦʜ 1969-

ʡ ʦʪ ʈʦʞʜʝʩʪʚʘ ʍʨʠʩʪʦʚʘ. ʄʳ ʧʨʠʰʣʠ ʩ ʤʠʨʦʤ ʦʪ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘè, 
2. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʪʦʯʢʘ ʃʫʥʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʪʦʯʢʠ ɿʝʤʣʠ, ʕʚʝʨʝʩʪʘ, 

ʥʘ ʚʳʩʰʫʶ ʪʦʯʢʫ ʃʫʥʳ ʥʝ ʥʘʜʦ ʢʘʨʘʙʢʘʪʴʩʷ. ʊʫʜʘ ʤʦʞʥʦ ʧʨʦʩʪʦ ʧʨʠʣʫʥʠʪʴʩʷ. ɺʳʩʰʘʷ 

ʪʦʯʢʘ ʃʫʥʳ ʥʘʭʦʜʠʪʩʷ ʥʘ ʝʝ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ, ʚ ʮʝʥʪʨʝ ʙʝʟʳʤʷʥʥʦʛʦ ʧʣʘʪʦ, ʨʷʜʦʤ ʩ 

ʢʨʘʪʝʨʦʤ ʠʤʝʥʠ ʨʫʩʩʢʦʛʦ ʘʩʪʨʦʥʦʤʘ ʕʥʛʝʣʴʛʘʨʜʪʘ. 
3. ɺʝʨʪʠʢʘʣʴʥʘʷ ʰʘʭʪʘ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʃʫʥʳ. ɹʫʜʝʪ ʯʝʤ ʟʘʥʷʪʴʩʷ ʥʘ ʃʫʥʝ ʠ 

ʩʧʝʣʝʦʣʦʛʘʤ. ɺ 2007 ʛʦʜʫ ʷʧʦʥʩʢʠʡ ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ʃʫʥʳ çʂʘʛʫʷè ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʣ 

ʟʘʛʘʜʦʯʥʦʝ ʦʪʚʝʨʩʪʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʄʦʨʝ ʄʝʯʪʳ ʥʘ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʝ ʃʫʥʳ. ɼʠʘʤʝʪʨ 

ʦʪʚʝʨʩʪʠʷ ð 130 ʤ. ɻʣʫʙʠʥʘ ʥʝʠʟʚʝʩʪʥʘ. 
4. ʂʨʘʪʝʨʳ ʥʘ ʃʫʥʝ. ʈʘʟʥʠʮʘ ʤʝʞʜʫ ʩʘʤʦʡ ʥʠʟʢʦʡ ʪʦʯʢʦʡ ʃʫʥʳ ʠ ʩʘʤʦʡ ʚʳʩʦʢʦʡ 

ʩʦʩʪʘʚʣʷʝʪ 16000 ʤʝʪʨʦʚ. ʇʦʚʝʨʭʥʦʩʪʴ ʃʫʥʳ ʧʦʢʨʳʪʘ ʢʦʣʴʮʝʚʳʤʠ ʛʦʨʘʤʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʢʨʘʪʝʨʦʚ ʦʛʨʦʤʥʦ. ʊʦʣʴʢʦ ʩ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 3500 ʤʝʪʨʦʚ ʠʭ ʤʦʞʥʦ ʥʘʩʯʠʪʘʪʴ ʙʦʣʝʝ 17 000. 

ʈʘʩʧʦʣʦʞʝʥʳ ʦʥʠ ʚ ʦʩʥʦʚʥʦʤ ʥʘ çʢʦʥʪʠʥʝʥʪʘʭè. ʂʨʘʪʝʨʳ ʧʦʷʚʠʣʠʩʴ ʚʩʣʝʜʩʪʚʠʝ ʧʘʜʝʥʠʷ 

ʤʝʪʝʦʨʠʪʦʚ. 
5. ʂʨʘʪʝʨ ɸʨʠʩʪʘʨʭ. ʉʘʤʳʡ ʟʘʛʘʜʦʯʥʳʡ ʢʨʘʪʝʨ ʃʫʥʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ 

ɸʨʠʩʪʘʨʭʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʦʯʪʠ ʧʦʣʪʦʨʳ ʩʦʪʥʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʨʫʜʥʦʦʙʲʷʩʥʠʤʳʭ 

ʷʚʣʝʥʠʡ. 
6. ɻʦʨʦʜ ɻʨʫʡʪʫʡʟʝʥʘ. ɺ 1822 ʛʦʜʫ ʧʨʦʬʝʩʩʦʨ ʘʩʪʨʦʥʦʤʠʠ ʄʶʥʭʝʥʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʌʨʘʥʮ ʬʦʥ ɻʨʫʡʪʫʡʟʝʥ, ʥʘʙʣʶʜʘʷ ʟʘ ʃʫʥʦʡ ʚ ʪʝʣʝʩʢʦʧ, ʦʙʥʘʨʫʞʠʣ ʮʝʣʳʡ 

ʣʫʥʥʳʡ çʛʦʨʦʜè. ʅʝʩʢʦʣʴʢʦ ʭʨʝʙʪʦʚ ʧʝʨʝʩʝʢʘʶʪʩʷ ʟʜʝʩʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ ʣʝʛʢʦ ʤʦʞʥʦ 

ʧʨʠʥʷʪʴ ʟʘ ʨʘʟʚʘʣʠʥʳ ʜʨʝʚʥʝʛʦ ʛʦʨʦʜʘ. ʏʝʤ ʙʳ ʵʪʦ ʥʠ ʙʳʣʦ, ʥʦ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʜʠʢʦʚʠʥʢʫ 

ʚʙʣʠʟʠ ʥʘʚʝʨʥʷʢʘ ʥʘʡʜʝʪʩʷ ʤʥʦʛʦ ʞʝʣʘʶʱʠʭ 
7. ʄʝʩʪʦ ʧʨʠʣʫʥʝʥʠʷ ʩʦʚʝʪʩʢʦʡ ʩʪʘʥʮʠʠ çʃʫʥʘ-2è. ɽʝ ʟʘʧʫʩʪʠʣʠ ʩ ʢʦʩʤʦʜʨʦʤʘ 

ɹʘʡʢʦʥʫʨ 12 ʩʝʥʪʷʙʨʷ 1959 ʛʦʜʘ, ʘ ʫʞʝ 14 ʩʝʥʪʷʙʨʷ ʦʥʘ ʜʦʩʪʠʛʣʘ ʮʝʣʠ, ʜʦʩʪʘʚʠʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʤʧʝʣ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ ʛʝʨʙʘ ʉʉʉʈ. ʊʘʢ ʯʪʦ ʪʝʧʝʨʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ 

ʥʘʭʦʜʷʪʩʷ ʩʫʚʝʥʠʨʳ, ʧʦʠʩʢʠ ʢʦʪʦʨʳʭ, ʥʝʩʦʤʥʝʥʥʦ, ʚʦʡʜʫʪ ʚ ʧʨʦʛʨʘʤʤʫ ʣʫʥʥʳʭ ʪʫʨʦʚ. 
8. ʄʝʩʪʦ ʚʝʯʥʦʡ ʩʪʦʷʥʢʠ çʃʫʥʦʭʦʜʘ-1è. ʇʝʨʚʳʡ ʚ ʤʠʨʝ ʧʣʘʥʝʪʦʭʦʜ ʙʳʣ ʜʦʩʪʘʚʣʝʥ 

ʥʘ ʥʘʰ ʩʧʫʪʥʠʢ ʩʪʘʥʮʠʝʡ çʃʫʥʘ-17è 17 ʥʦʷʙʨʷ 1970 ʛʦʜʘ. ʇʨʠʣʫʥʝʥʠʝ ʧʨʦʠʟʦʰʣʦ ʚ ʄʦʨʝ 

ɼʦʞʜʝʡ. çʃʫʥʦʭʦʜ-1è ʧʨʦʨʘʙʦʪʘʣ ʜʝʩʷʪʴ ʩ ʧʦʣʦʚʠʥʦʡ ʤʝʩʷʮʝʚ, ʧʨʦʝʭʘʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ 

ʃʫʥʳ ʙʦʣʝʝ 10 ʢʤ. 
ʉʝʡʯʘʩ ʚʳ ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʃʫʥʦʡ ʥʘ ʤʘʢʝʪʝ ʨʫʯʥʦʡ ʨʘʙʦʪʳ, ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʳ 

ʧʣʘʥʠʨʫʝʤ ʚʦʩʩʦʟʜʘʪʴ ʢʘʨʪʫ ʣʫʥʳ ʠ ʝʝ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ VR ʠ AR 

ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʨʝʢʨʘʩʥʳʭ ʤʝʩʪ ʩʧʫʪʥʠʢʘ ɿʝʤʣʠ. 

ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʄʦʩʢʚʝ ʠ ʥʘ ʦ. ɺʠʪʝʥʸʚʦ 

ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦ ʘʩʠʤʤʝʪʨʠʠ ʣʠʩʪʴʝʚ ʙʝʨʝʟʳ ʧʦʚʠʩʣʦʡ 
ɻʠʛʦʣʦ ʀ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʍʣʠʤʘʢʦʚ ʇ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 69, ʄʦʩʢʚʘ 

 
ʄʳ ʞʠʚʸʤ ʚ ʙʦʣʴʰʦʤ ʛʦʨʦʜʝ, ʛʜʝ ʤʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʟʘʚʦʜʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʧʨʝʜʧʨʠʷʪʠʡ. ɺʩʸ ʵʪʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʛʦʨʦʜʩʢʦʛʦ ʚʦʟʜʫʭʘ. ɻʨʷʟʥʳʡ ʚʦʟʜʫʭ ʦʯʝʥʴ ʚʨʝʜʝʥ 

ʜʣʷ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʜʝʪʝʡ. ʅʦ ʟʘʛʨʷʟʥʝʥ ʣʠ ʚʦʟʜʫʭ ʚ ʄʦʩʢʚʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʛʜʝ ʷ 

ʫʯʫʩʴ ʠ ʧʨʦʞʠʚʘʶ? ʀ ʝʩʪʴ ʣʠ ʜʘʥʥʘʷ ʪʝʥʜʝʥʮʠʷ ʚ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ? ʕʪʠ ʚʦʧʨʦʩʳ ʚʘʞʥʳ 

ʩʝʛʦʜʥʷ ʢʘʢ ʥʠʢʦʛʜʘ, ʠ ʚ ʵʪʦʤ ʩʦʩʪʦʠʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʤʦʝʡ ʨʘʙʦʪʳ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʚʳʷʩʥʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʚʦʟʜʫʭ ʚ ʄʦʩʢʚʝ ʟʘʛʨʷʟʥʸʥ ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ ʚʦʟʜʫʭʦʤ 

ʥʘ ʦ. ɺʠʪʝʥʸʚʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. 
ɻʠʧʦʪʝʟʘ: ʚʦʟʜʫʭ ʚ ʄʦʩʢʚʝ ʦʯʝʥʴ ʟʘʛʨʷʟʥʝʥ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʩʪʝʥʠʷ ʠʥʜʠʢʘʪʦʨʳ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʢʘʯʝʩʪʚʦ ʚʦʟʜʫʭʘ. 
ʆʙʦʨʫʜʦʚʘʥʠʝ ʠ ʤʘʪʝʨʠʘʣʳ: ʣʠʩʪʴʷ ʙʝʨʸʟʳ ʧʦʚʠʩʣʦʡ (Betula pendula), ʪʘʙʣʠʮʘ-

ʦʧʨʝʜʝʣʠʪʝʣʴ ʬʦʨʤʳ ʣʠʩʪʴʝʚ. 



136 

 

ʄʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ ʬʣʶʢʪʫʠʨʫʶʱʝʡ ʘʩʠʤʤʝʪʨʠʠ ʣʠʩʪʴʝʚ ʙʝʨʝʟʳ. ʇʨʠ 

ʧʦʚʳʰʝʥʠʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ ʣʠʩʪʴʷ ʜʝʬʦʨʤʠʨʫʶʪʩʷ ʠ ʧʨʠʦʙʨʝʪʘʶʪ ʥʝ 

ʩʠʤʤʝʪʨʠʯʥʫʶ ʬʦʨʤʫ. ʂʦʥʝʯʥʦ, ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʘʨʠʘʮʠʠ ʠʤʝʶʪʩʷ, ʣʠʩʪʴʷ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʩ 

ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʩʪʦʨʦʥʳ ʦʜʠʥʘʢʦʚʳʤʠ ʥʘ 100%, ʥʦ ʦʥʠ ʥʝ ʙʦʣʴʰʠʝ. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʤʝʩʪʘʭ ʣʠʩʪʴʷ ʥʝ ʪʦʣʴʢʦ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʨʘʚʥʳ, ʥʦ ʠ ʩʪʘʙʠʣʴʥʦ 

ʧʦʚʪʦʨʷʶʪ ʦʜʠʥ ʜʨʫʛʦʡ. ʇʨʠʪʦʤ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʩʝʭ ʨʘʩʪʝʥʠʡ, ʚʝʜʴ ʦʥʠ ʚʦʩʧʨʦʠʟʚʦʜʷʪ 

ʣʠʩʪʚʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʝ, ʙʝʟ ʥʝʛʘʪʠʚʥʳʭ ʚʣʠʷʥʠʡ. ɺ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʷ ʩʦʙʨʘʣ ʦʙʨʘʟʮʳ ʣʠʩʪʴʝʚ ʙʝʨʸʟʳ ʧʦʚʠʩʣʦʡ (Betula pendula) ʚ ʛ. ʄʦʩʢʚʝ 

(ʨʘʡʦʥ ʉʪʨʦʛʠʥʦ) ʠ ʚ ʜʝʨʝʚʥʝ ʥʘ ʦ. ɺʠʪʝʥʝʚʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʟ ʢʘʞʜʦʛʦ ʤʝʩʪʘ ʙʳʣʠ 

ʚʟʷʪʳ ʧʦ 100 ʣʠʩʪʴʝʚ (ʚʩʝʛʦ ï 200). ɼʘʣʝʝ ʤʥʦʶ ʧʨʦʚʦʜʠʣʩʷ ʘʥʘʣʠʟ ʬʦʨʤʳ ʣʠʩʪʴʝʚ ʠ ʦʮʝʥʢʘ 

ʨʘʟʥʦʦʙʨʘʟʠʷ ʠʭ ʬʦʨʤ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ. ʗ ʦʧʨʝʜʝʣʠʣ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ 

ʬʦʨʤʳ ʣʠʩʪʴʝʚ ð ʵʪʦ ʨʝʟʫʣʴʪʘʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʩʪʝʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ: ʤʥʝ ʫʜʘʣʦʩʴ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʟʘʛʨʷʟʥʝʥʠʠ ʚʦʟʜʫʭʘ, ʠ ʚʳʷʩʥʠʪʴ, ʯʪʦ ʥʘ ʚʦʟʜʫʭ ʚ ʄʦʩʢʚʝ ʚʣʠʷʶʪ ʨʘʟʥʳʝ ʬʘʢʪʦʨʳ, ʪʘʢʠʝ ʢʘʢ: 

ʟʘʚʦʜʳ, ʘʚʪʦʪʨʘʥʩʧʦʨʪ, ʤʝʪʨʦ, ʘʵʨʦʧʦʨʪʳ, ʤʘʣʝʥʴʢʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʝʥʠʡ. ʊʘʢʞʝ ʷ ʧʨʦʯʠʪʘʣ 

ʦ ʚʨʝʜʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ ʛʘʟʘʭ, ʢʦʪʦʨʳʝ ʝʩʪʴ ʚ ʚʦʟʜʫʭʝ, ʪʘʢʠʭ ʢʘʢ: ʙʝʥʟʦʧʠʨʝʥ, ʬʦʨʤʘʣʴʜʝʛʠʜ, 

ʜʠʦʢʩʠʜ ʠ ʤʦʥʦʦʢʩʠʜ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʳ ʘʟʦʪʘ ʠ ʩʝʨʳ. ɺʩʝ ʵʪʠ ʛʘʟʳ ʦʯʝʥʴ ʧʘʛʫʙʥʦ ʚʣʠʷʶʪ ʥʘ 

ʯʝʣʦʚʝʢʘ ʠ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʷ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ 

ʤʝʪʦʜʠʢʦʡ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʟʜʫʭʘ, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣ 

ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʣʠʩʪʴʝʚ. ʗ ʩʦʙʨʘʣ ʣʠʩʪʴʷ ʙʝʨʸʟʳ ʧʦʚʠʩʣʦʡ (Betula pendula) ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʄʦʩʢʚʳ (ʨʘʡʦʥ ʉʪʨʦʛʠʥʦ) ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦ. ɺʠʪʝʥʸʚʦ ʄʦʩʢʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʦʮʝʥʠʣ 

ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʦ ʘʩʠʤʤʝʪʨʠʠ ʣʠʩʪʴʝʚ ʙʝʨʝʟʳ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʣʠʩʪʴʝʚ 1-ʡ ʬʦʨʤʳ ʜʦʣʞʥʦ ʙʳʪʴ, ʢʘʢ ʤʠʥʠʤʫʤ, 75 %. ʀʩʭʦʜʷ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʜʝʨʝʚʥʝ ʥʘ ʦ. ɺʠʪʝʥʸʚʦ ʣʠʩʪʴʝʚ 1-ʡ ʬʦʨʤʳ 29 %, ʯʪʦ 

ʥʝ ʷʚʣʷʝʪʩʷ ʥʦʨʤʦʡ. ɺ ʧʘʨʢʝ ʉʪʨʦʛʠʥʦ ʣʠʩʪʴʝʚ 1-ʡ ʬʦʨʤʳ ʙʳʣʦ ʪʦʣʴʢʦ 15 %, ʯʪʦ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʩʠʣʴʥʫʶ ʟʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʟʜʫʭʘ. 
ɺʳʚʦʜʳ: ʚʦʟʜʫʭ ʚ ʄʦʩʢʚʝ ʦʯʝʥʴ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ 

ʠ ʟʘʚʦʜʦʚ. ɿʘʛʨʷʟʥʝʥʥʦʩʪʴ ʚʦʟʜʫʭʘ ʚ ʜʝʨʝʚʥʝ ʥʘ ʦ. ɺʠʪʝʥʸʚʦ ʙʦʣʝʝ ʥʠʟʢʘʷ, ʯʝʤ ʚ ʄʦʩʢʚʝ, ʧʦ 

ʧʨʠʯʠʥʝ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ ʠ ʤʝʥʴʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʨʘʥʩʧʦʨʪʘ. ʆʜʥʘʢʦ, 

ʚʦʟʜʫʭ ʚ ʜʝʨʝʚʥʝ ɺʠʪʝʥʝʚʦ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʟʘʛʨʷʟʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʥʝʜʘʣʝʢʦ ʧʨʦʭʦʜʠʪ 

ʘʚʪʦʤʘʛʠʩʪʨʘʣʴ, ʠ, ʥʝʤʥʦʛʦ, ʧʦʦʜʘʣʴ ï ʘʵʨʦʧʦʨʪ. 
ʄʦʝ ʚʠʜʝʥʠʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ - ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʱʝʩʪʚʝʥʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʯʪʦ 

ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʣʠʯʥʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ; ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʤʫʩʦʨʘ. ʃʶʜʷʤ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʙʦʣʴʰʝ ʭʦʜʠʪʴ ʧʝʰʢʦʤ ʠʣʠ ʝʟʜʠʪʴ ʥʘ 

ʚʝʣʦʩʠʧʝʜʝ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʥʦ ʠ ʧʦʚʳʩʠʪʴ 

ʦʙʱʝʝ ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʥʘʰʠʭ ʛʦʨʦʞʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʟʝʣʝʥʷʪʴ ʛʦʨʦʜʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʯʪʦ ʤʦʞʝʪ ʧʦʤʦʯʴ ʨʝʰʠʪʴ ʧʨʦʙʣʝʤʫ ʟʘʛʨʷʟʥʝʥʥʦʩʪʠ ʠ 

ʧʨʠʜʘʪʴ ʥʘʰʝʤʫ ʛʦʨʦʜʫ ʙʦʣʝʝ ʧʨʠʷʪʥʳʡ ʦʙʣʠʢ. 

ʅʘʯʘʣʘ ʠʥʬʦʨʤʘʪʠʢʠ, ʠʣʠ ʜʚʝ ʠʟʚʠʣʠʥʳ ʚ ʤʦʟʛʫ ʠʛʨʫʰʢʠ çʉʦʙʘʯʢʘè 
ɽʧʠʭʠʥ ʄ.ʖ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɻʘʚʨʠʯʢʦʚʘ ʄ.ʆ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 69, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʨʠʪʠʢʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʩʪʝʡʰʠʭ 

ʟʘʜʘʯ ʦʥʘ ʥʝ ʥʫʞʥʘ. ʇʨʦʩʪʝʡʰʠʝ ʟʘʜʘʯʠ ï ʵʪʦ ʟʘʜʘʯʠ ʩ ʤʘʣʦʡ ʠʥʬʦʨʤʘʮʠʝʡ. ʅʘʧʨʠʤʝʨ, 

ʥʠʢʦʤʫ ʥʝ ʧʨʠʜʸʪ ʚ ʛʦʣʦʚʫ ʩʪʘʚʠʪʴ ʚʤʝʩʪʦ ʦʙʳʯʥʦʛʦ ʢʦʤʥʘʪʥʦʛʦ ʚʢʣʶʯʘʪʝʣʷ ʦʩʚʝʱʝʥʠʷ 

ʜʦʨʦʛʦʡ ʩʦʚʨʝʤʝʥʥʳʡ ʢʦʤʧʴʶʪʝʨ. ʗ ʭʦʯʫ ʧʦʢʘʟʘʪʴ, ʢʘʢ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʩʘʤʳʤ ʤʘʣʝʥʴʢʠʤ ʯʠʩʣʦʤ ʜʝʪʘʣʝʡ. 
ʀʜʝʷ ʨʘʙʦʪʳ ʧʨʠʰʣʘ ʦʪ ʠʛʨʫʰʢʠ çʉʦʙʘʯʢʘè. ʕʪʦ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʛʨʫʰʢʘ. ʅʘʧʨʷʞʝʥʠʝ 

ʧʠʪʘʥʠʷ ʦʪ ʙʘʪʘʨʝʝʢ ʦʪ ʪʨʸʭ ʜʦ ʧʷʪʠ ʚʦʣʴʪ. ʇʦʜʦʡʜʫʪ ʜʚʝ ʠʣʠ ʪʨʠ ʧʘʣʴʯʠʢʦʚʳʝ ʙʘʪʘʨʝʡʢʠ ʧʦ 

ʧʦʣʪʦʨʘ ʚʦʣʴʪʘ. ʅʦ ʣʫʯʰʝ ʧʨʠʤʝʥʷʪʴ ʙʦʣʴʰʠʝ ʢʨʫʛʣʳʝ ʙʘʪʘʨʝʡʢʠ, ʦʥʠ ʩʣʫʞʘʪ ʜʦʣʴʰʝ. ʆʪ 
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ʙʘʪʘʨʝʝʢ ʢ ʠʛʨʫʰʢʝ ʠʜʫʪ ʜʚʘ ʧʨʦʚʦʜʘ. ʕʪʦ ʦʯʝʥʴ ʚʘʞʥʦ, ʧʦʪʦʤʫ ʯʪʦ çʉʦʙʘʯʢʘè ʚʳʧʦʣʥʷʝʪ 

ʜʚʘ ʜʝʡʩʪʚʠʷ: ʰʘʛʘʝʪ ʠʣʠ ʣʘʝʪ. 
ʇʝʨʚʘʷ ʟʘʜʘʯʘ ï ʵʪʦ ʠʟʫʯʝʥʠʝ ʧʨʦʩʪʝʡʰʝʡ ʩʭʝʤʳ. ʆʪ ʙʘʪʘʨʝʡʢʠ ʠʜʫʪ ʜʚʘ ʧʨʦʚʦʜʘ. ɺ ʵʪʦʡ 

ʩʭʝʤʝ ʧʦ ʜʚʫʤ ʧʨʦʚʦʜʘʤ ʤʦʞʥʦ ʧʝʨʝʜʘʪʴ 1 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ. 1 ʙʠʪ ï ʵʪʦ ʤʠʥʠʤʘʣʴʥʘʷ 

ʝʜʠʥʠʮʘ ʠʟʤʝʨʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. ɿʜʝʩʴ ʠʥʬʦʨʤʘʮʠʷ ʩʘʤʘʷ ʧʨʦʩʪʘʷ: ʣʘʤʧʦʯʢʘ ʛʦʨʠʪ ʠʣʠ 

ʣʘʤʧʦʯʢʘ ʥʝ ʛʦʨʠʪ. ʀʣʠ, ʧʦ-ʜʨʫʛʦʤʫ, ʢʣʶʯ ʟʘʤʢʥʫʪ ʠʣʠ ʢʣʶʯ ʨʘʟʦʤʢʥʫʪ. ʀʣʠ, ʝʱʸ ʠʥʘʯʝ, ʪʦʢ 

ʝʩʪʴ ʠʣʠ ʪʦʢʘ ʥʝʪ. ɺʝʟʜʝ ʠʥʬʦʨʤʘʮʠʷ 1 ʙʠʪ. ʊʘʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʦʱʝ ʠ ʙʳʩʪʨʝʝ ʦʙʨʘʙʦʪʘʪʴ 

ʧʘʣʴʮʝʤ ʩ ʦʙʳʯʥʳʤ ʚʢʣʶʯʘʪʝʣʝʤ ʩʚʝʪʘ, ʯʝʤ ʜʦʨʦʛʠʤ 64-ʙʠʪʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ. 
ʇʦ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ, ʥʝ ʩʯʠʪʘʷ ʦʙʱʝʛʦ, ʠʣʠ ʧʦ ʜʚʫʤ ʧʨʦʚʦʜʘʤ ʚʤʝʩʪʝ ʩ ʦʙʱʠʤ, ʤʦʞʥʦ 

ʧʝʨʝʜʘʪʴ 1 ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ. ʅʦ ʚ ʠʛʨʫʰʢʝ ʧʝʨʝʜʘʸʪʩʷ 2 ʙʠʪʘ. ʂʘʢ ʵʪʦ ʫʩʪʨʦʝʥʦ? ʆʪʚʝʪʠʪʴ ʥʘ 

ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦʩʣʝ ʠʟʫʯʝʥʠʷ ʚʘʞʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʝʪʘʣʠ ï ʜʠʦʜʘ. 
ɼʣ̫ ʧʝʨʚʦʛʦ ʦʧʳʪʘ ʙʳʣ ʚʟʷʪ ʜʠʦʜ ɼ204. ɻʦʚʦʨʷʪ, ʯʪʦ ʝʛʦ ʥʝʚʦʟʤʦʞʥʦ ʧʝʨʝʞʝʯʴ ʠʣʠ 

ʠʩʧʦʨʪʠʪʴ. ʀʩʪʦʯʥʠʢ ʪʦʢʘ ʢʨʫʪʠʪ ʤʦʪʦʨʯʠʢ. ʉʘʤʳʡ ʧʨʦʩʪʦʡ ʦʧʳʪ ï ʵʪʦ ʚʩʪʘʚʠʪʴ ʜʠʦʜ ʚ ʮʝʧʴ 

ʧʦ ʩʪʨʝʣʢʝ ʠʣʠ ʧʨʦʪʠʚ ʩʪʨʝʣʢʠ. ʇʦ ʩʪʨʝʣʢʝ ʜʠʦʜ ʧʨʦʧʫʩʢʘʝʪ ʪʦʢ, ʤʦʪʦʨʯʠʢ ʢʨʫʪʠʪʩʷ, ʘ 

ʧʨʦʪʠʚ ʥʝ ʧʨʦʧʫʩʢʘʝʪ. ɿʥʘʯʠʪ, ʜʠʦʜ ʧʨʦʧʫʩʢʘʝʪ ʪʦʢ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʧʦ 

ʩʪʨʝʣʢʝ, ʦʪ ʧʣʶʩʘ ʢ ʤʠʥʫʩʫ. 
ɺ ʢʨʫʞʢʝ ʝʩʪʴ ʜʨʫʛʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ʊʦʞʝ ʜʠʦʜ, ʥʦ ʜʨʫʛʦʡ ʤʘʨʢʠ. ʕʪʦ ɼ209. 

ʇʦʚʪʦʨʠʣ ʦʧʳʪ ʩ ʥʠʤ. ʂʨʘʩʥʳʡ ʧʨʦʚʦʜ ï ʵʪʦ ʧʣʶʩ, ʠʟ ʢʦʪʦʨʦʛʦ ʠʜʸʪ ʪʦʢ. ʕʪʦʪ ʪʦʢ ʜʠʦʜ 

ʧʨʦʧʫʩʢʘʝʪ ʪʦʣʴʢʦ ʧʦ ʩʪʨʝʣʢʝ, ʧʨʦʪʠʚ ʥʝ ʧʨʦʧʫʩʢʘʝʪ. 
ʅʝʦʙʳʯʥʳʡ ʜʠʦʜ ʧʦʭʦʞ ʥʘ ʣʘʤʧʦʯʢʫ - ʵʪʦ ʩʚʝʪʦʜʠʦʜ ɸʃ307. ʅʘ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ 

ʟʘʙʳʣʠ ʥʘʨʠʩʦʚʘʪʴ ʩʪʨʝʣʢʫ. ʗ ʟʥʘʶ, ʯʪʦ ʪʦʢ ʚʩʝʛʜʘ ʠʜʸʪ ʦʪ ʧʣʶʩʘ ʢ ʤʠʥʫʩʫ, ʧʦʵʪʦʤʫ 

ʜʦʨʠʩʦʚʘʣ ʩʪʨʝʣʢʫ ʬʣʦʤʘʩʪʝʨʦʤ. ʇʦʪʦʤ ʧʨʦʚʝʨʠʣ, ʯʪʦ ʥʘʨʠʩʦʚʘʣ ʧʨʘʚʠʣʴʥʦ. 
ʉʚʝʪʦʜʠʦʜ ʫʜʦʙʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ, ʧʦʪʦʤʫ ʯʪʦ ʩʨʘʟʫ ʞʝ ʧʦʢʘʟʳʚʘʝʪ ʪʦʢ ʚ ʮʝʧʠ. ɽʩʣʠ 

ʩʚʝʪʠʪʩʷ, ʪʦʢ ʝʩʪʴ. ɽʩʣʠ ʪʸʤʥʳʡ, ʪʦʢʘ ʥʝʪ. ʊʦʢ ʠʜʸʪ ʦʪ ʢʨʘʩʥʦʛʦ ʟʘʞʠʤʘ ʢ ʯʸʨʥʦʤʫ. ɼʠʦʜ 

ʧʨʦʧʫʩʢʘʝʪ ʪʦʢ ʧʦ ʩʪʨʝʣʢʝ, ʥʝ ʧʨʦʧʫʩʢʘʝʪ ʧʨʦʪʠʚ ʩʪʨʝʣʢʠ. 
ɼʦ ʩʠʭ ʧʦʨ ʦʧʳʪʳ ʙʳʣʠ ʩ ʧʨʦʩʪʳʤʠ ʫʯʝʙʥʳʤʠ ʧʦʩʦʙʠʷʤʠ. ʅʘ ʧʦʜʩʪʘʚʢʘʭ ʚʩʸ ʥʘʧʠʩʘʥʦ, 

ʛʜʝ ʧʣʶʩ, ʛʜʝ ʤʠʥʫʩ. ɺ ʢʨʫʞʢʝ ʝʩʪʴ ʢʦʨʦʙʢʘ ʜʠʦʜʦʚ ʂɼ105. ʂʘʢ ʧʨʘʚʠʣʴʥʦ ʚʢʣʶʯʠʪʴ ʪʘʢʦʡ 

ʜʠʦʜ? ʇʨʦʱʝ ʚʩʝʛʦ ʥʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʤʫʣʴʪʠʤʝʪʨʦʤ, ʠʣʠ ʪʝʩʪʝʨʦʤ. 
ʆʙʦʟʥʘʯʝʥʠʝ ʦʯʝʥʴ ʧʨʦʩʪʦʝ. ɺʤʝʩʪʦ ʩʪʨʝʣʢʠ ʥʘ ʜʠʦʜʝ ʧʦʢʘʟʘʥʘ ʣʠʥʠʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ 

ʪʦʯʢʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ. ʆʪ ʣʠʥʠʠ ʢ ʪʦʯʢʝ ʪʦʢ ʧʨʦʭʦʜʠʪ, ʦʙʨʘʪʥʦ ʥʝ ʧʨʦʭʦʜʠʪ. 
ɼʠʦʜ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ. ɺ ʠʛʨʫʰʢʝ çʉʦʙʘʯʢʘè ʜʠʦʜ ʥʫʞʝʥ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʫʭ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ, ʥʝ ʩʯʠʪʘʷ ʦʙʱʝʛʦ. ʕʪʦ ʥʫʞʥʦ ʜʣʷ 
ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʧʨʦʚʦʜʦʚ. 
ɺ ʠʛʨʫʰʢʝ "ʉʦʙʘʯʢʘ" ʧʨʠʤʝʥʝʥʘ ʜʠʦʜʥʘʷ ʣʦʛʠʢʘ. ɽʩʪʴ ʜʚʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʆʥʠ 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʙʘʪʘʨʝʡʢʝ ʧʘʨʘʣʣʝʣʴʥʦ. ʇʝʨʚʳʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ - ʵʪʦ ʧʝʨʚʳʡ ʙʠʪ 

ʠʥʬʦʨʤʘʮʠʠ, ʦʪ ʥʝʛʦ "ʉʦʙʘʯʢʘ" ʣʠʙʦ ʣʘʝʪ, ʣʠʙʦ ʤʦʣʯʠʪ. ɺʪʦʨʦʡ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ - ʵʪʦ 

ʚʪʦʨʦʡ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ, ʦʪ ʥʝʛʦ ʠʛʨʫʰʢʘ "ʉʦʙʘʯʢʘ" ʣʠʙʦ ʰʘʛʘʝʪ, ʣʠʙʦ ʩʪʦʠʪ. ʂ ʢʘʞʜʦʤʫ 

ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʶ ʧʨʠʧʘʷʥ ʜʠʦʜ, ʥʦ ʪʦʣʴʢʦ ʚʩʪʨʝʯʥʦ, ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʜʨʫʛ ʜʨʫʛʫ 

ʥʘʧʨʘʚʣʝʥʠʠ. ʇʝʨʝʜʘʯʘ ʜʚʫʭ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ, ʥʝ ʩʯʠʪʘʷ ʦʙʱʝʛʦ, 

ʚʳʧʦʣʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʦʣʷʨʥʦʩʪʠ ʧʠʪʘʥʠʷ, ʢʦʛʜʘ ʧʣʶʩ ʠ ʤʠʥʫʩ ʙʘʪʘʨʝʡʢʠ ʤʝʥʷʶʪʩʷ ʜʨʫʛ 

ʩ ʜʨʫʛʦʤ ʤʝʩʪʘʤʠ. ɽʩʣʠ ʧʝʨʚʳʡ ʜʠʦʜ ʦʪʢʨʳʪ, ʪʦ "ʉʦʙʘʯʢʘ" ʣʘʝʪ, ʝʩʣʠ ʪʦʢ ʝʩʪʴ, ʤʦʣʯʠʪ, ʝʩʣʠ 

ʪʦʢʘ ʥʝʪ, ʥʦ ʚʪʦʨʦʡ ʜʠʦʜ ʟʘʢʨʳʪ, ʧʦʵʪʦʤʫ ʠʛʨʫʰʢʘ ʰʘʛʘʪʴ ʥʝ ʤʦʞʝʪ. ɽʩʣʠ, ʥʘʦʙʦʨʦʪ, ʚʪʦʨʦʡ 

ʜʠʦʜ ʦʪʢʨʳʪ, ʪʦ ʩʦʙʘʯʢʘ ʣʠʙʦ ʰʘʛʘʝʪ, ʢʦʛʜʘ ʪʦʢ ʝʩʪʴ, ʣʠʙʦ ʩʪʦʠʪ, ʢʦʛʜʘ ʪʦʢʘ ʥʝʪ, ʥʦ ʧʝʨʚʳʡ 

ʜʠʦʜ ʧʨʠ ʵʪʦʤ ʟʘʢʨʳʪ, "ʉʦʙʘʯʢʘ" ʣʘʷʪʴ ʥʝ ʤʦʞʝʪ. 
ʇʦ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ, ʥʝ ʩʯʠʪʘʷ ʦʙʱʝʛʦ, ʧʝʨʝʜʘʥʦ ʜʚʘ ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ. ɸ ʥʝʣʴʟʷ ʣʠ 

ʧʝʨʝʜʘʪʴ ʙʦʣʴʰʝ? ʆʢʘʟʳʚʘʝʪʩʷ, ʤʦʞʥʦ. ʕʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʠʥʪʝʨʬʝʡʩ ʪʠʧʘ ʧʦʨʪʦʚ COM 

ʠ USB ʢʦʤʧʴʶʪʝʨʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʠʛʨʫʰʢʘ "ʉʦʙʘʯʢʘ" ʩʪʘʣʘ ʧʝʨʚʳʤ, ʩʘʤʳʤ ʧʨʦʩʪʳʤ, 

ʘʥʘʣʦʛʦʤ, ʩ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʣʘʩʴ ʢʦʤʧʴʶʪʝʨʥʘʷ ʪʝʭʥʠʢʘ. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʛʨʫʰʢʠ 

ʨʘʟʛʘʜʘʥʘ, ʮʝʣʴ ʜʦʩʪʠʛʥʫʪʘ. 
ʇʝʨʩʧʝʢʪʠʚʘ ʩʣʝʜʫʶʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʜʨʫʛʠʭ ʩʭʝʤ ʩ 

ʧʦʩʪʝʧʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʪʦʢʘ ʠʥʬʦʨʤʘʮʠʠ, ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʦ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ, ʥʝ 

ʩʯʠʪʘʷ ʦʙʱʝʛʦ. 
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ɿʘʧʫʩʢ ʨʘʢʝʪʳ ʩʦ ʩʪʨʘʪʦʩʬʝʨʳ 
ɾʘʨʝʢʝʝʚ ʊ.ʅ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʫʡʩʝʥʙʝʢʦʚʘ ɾ.ʅ. 
ʂɻʋ ʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 270, ʂʳʟʳʣʦʨʜʘ, ʂʘʟʘʭʩʪʘʥ 

 
ʎʝʣʴ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ: ʀʩʧʦʣʴʟʦʚʘʪʴ ʠʦʥʦʩʬʝʨʫ (ʠʦʥʳ). ɺʟʷʪʴ ʨʘʟʛʦʥ ʨʘʢʝʪʳ ʥʘ ʥʠʟʢʠʭ 

ʦʨʙʠʪʘʭ ʜʣʷ ʚʳʭʦʜʘ ʚ ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩ. ʀʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʧʦʣʶʩʦʚ, ʚʣʠʷʥʠʝ ʥʘ 

ʟʘʨʷʞʝʥʥʦʝ ʦʙʲʝʤʥʦʝ ʪʝʣʦ (ʨʘʢʝʪʫ). 
ʅʝʦʙʭʦʜʠʤʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʦʨʠʠ: 
1. ʚʦʟʜʫʰʥʳʡ ʰʘʨ ʦʙʪʝʢʘʝʤʦʡ ʬʦʨʤʳ (ʚʦʜʦʨʦʜ, ʩʪʘʨʦʩʪʘʪ, ʛʝʣʠʡ) 
2. ʧʘʨʫʩ, (ʨʘʟʛʦʥ), (ʠʦʥʥʳʝ ʣʦʚʫʰʢʠ) 
3. ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝ. 
ʇʨʠʤʝʨʥʘʷ ʪʝʦʨʠʷ ʨʘʙʦʪʳ: ʠʟ ʨʝʢʚʠʟʠʪʦʚ ï ʩʧʝʮʠʘʣʴʥʳʝ ʫʩʪʘʥʦʚʢʠ ʩ ʤʦʥʠʪʦʨʘʤʠ, 

ʧʨʠʝʤʥʘʷ ʩʪʘʥʮʠʷ (ʚʨʘʱʘʶʱʘʷʩʷ ʘʥʪʝʥʥʘ, ʢʦʪʦʨʘʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʦʪʩʣʝʞʠʚʘʝʪ ʪʨʘʝʢʪʦʨʠʶ 

ʧʦʣʝʪʘ) ʠ ʰʘʨ-ʟʦʥʜ, ʩʧʦʩʦʙʥʳʡ ʧʦʜʥʷʪʴ ʚ ʥʝʙʦ ʩʦʙʨʘʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ 

ʥʘ ʥʝʡ ʨʘʢʝʪʘʤʠ. 
ʉʣʝʜʠʪʴ ʟʘ ʧʦʣʝʪʦʤ ʨʘʢʝʪʳ ʤʦʞʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʥʘʟʝʤʥʦʡ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ ï ʩ 

ʪʨʝʭ ʤʦʥʠʪʦʨʦʚ, ʬʠʢʩʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʘʧʧʘʨʘʪʘ. 
ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʜʚʠʞʝʥʠʝʤ ʨʘʢʝʪʳ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʥʘ ɿʝʤʣʝ. ɺ ʂʦʩʤʦʜʨʦʤʝ ʙʫʜʝʪ 

ʥʝʦʙʭʦʜʠʤʳʡ ʢʘʙʠʥʝʪ ʩ ʥʫʞʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʉʪʘʥʮʠʷ ʦʪʤʝʯʘʝʪ 

ʪʨʘʝʢʪʦʨʠʶ ʧʦʣʝʪʘ ʥʘ ʢʘʨʪʝ. ʄʳ ʧʨʠʥʠʤʘʝʤ ʚʠʜʝʦʩʠʛʥʘʣ, ʚʠʜʠʤ ʜʘʥʥʳʝ ʪʝʣʝʤʝʪʨʠʠ, 

ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺʥʫʪʨʠ ʥʘʰʝʛʦ ʟʦʥʜʘ ʩʝʡʯʘʩ ʧʦʨʷʜʢʘ 40 ʛʨʘʜʫʩʦʚ ʧʦ ʎʝʣʴʩʠʶ. ʇʦ 

ʤʝʨʝ ʧʦʜʲʝʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ ʧʘʜʘʪʴ ʜʦ ʤʠʥʫʩ 70 ʛʨʘʜʫʩʦʚ ʠ ʥʠʞʝ. ʇʨʠ ʪʘʢʦʤ ʟʘʧʫʩʢʝ 

ʥʘʤ ʥʘʜʦ ʨʝʰʘʪʴ ʜʚʝ ʩʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ: ʯʪʦʙʳ ʵʣʝʢʪʨʦʥʠʢʘ ʥʝ ʧʝʨʝʛʨʝʣʘʩʴ ʠ ʥʝ 

ʧʝʨʝʦʭʣʘʜʠʣʘʩʴ. ʉʪʘʨʪʦʚʘʷ ʣʠʥʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʨʘʪʦʩʬʝʨʝ. ɿʘʧʫʩʢ ʨʘʢʝʪʳ ʩʦ ʩʪʨʘʪʦʩʬʝʨʳ 

ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʨʘʢʝʪʳ ʠ ʟʘʪʨʘʪʠʪʴ ʤʝʥʴʰʝ ʪʦʧʣʠʚʘ. 
ɺ ʩʪʦʠʤʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʘ ʦʨʙʠʪʫ ʩʦʩʪʘʚʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʙʶʜʞʝʪʘ; ʝʩʣʠ ʝʸ ʫʜʘʩʪʩʷ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ, ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ 

ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʸʪʘ ʩʠʣʴʥʦ ʫʤʝʥʴʰʠʪʩʷ. 

ʂʘʢ ʦʙʝʩʧʝʯʠʪʴ ʞʠʟʥʴ ʚ ʢʦʩʤʠʯʝʩʢʦʤ ʧʦʣʸʪʝ? 
ɿʫʙʝʥʢʦ ɽ.ʅ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɺʦʨʦʥʢʦʚʘ ʀ.ʇ. 
ʄɹʆʋ ʆʜʠʥʮʦʚʩʢʘʷ ʉʆʐ ˉ 1, ʆʜʠʥʮʦʚʦ 

 
ɽʜʘ ʚ ʢʦʩʤʦʩʝ ʠʣʠ ʯʝʤ ʧʠʪʘʶʪʩʷ ʢʦʩʤʦʥʘʚʪʳ. 
ʇʝʨʚʦʝ ʚʧʝʯʘʪʣʝʥʠʝ ʦ çʂʦʩʤʠʯʝʩʢʦʡ ʝʜʝè - ʯʪʦ-ʪʦ ʙʝʩʮʚʝʪʥʦʝ, ʥʝʚʢʫʩʥʦʝ ʠ ʥʝʧʦʥʷʪʥʦʝ. 

ʂʘʢ ʦʢʘʟʘʣʦʩʴ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʠʱʠ, ʢʦʪʦʨʦʡ ʧʠʪʘʶʪʩʷ ʢʦʩʤʦʥʘʚʪʳ ʥʘ ʦʨʙʠʪʝ - ʦʙʳʯʥʳʝ 

ʧʨʦʜʫʢʪʳ, ʦʙʨʘʙʦʪʘʥʥʳʝ ʠ ʨʘʩʬʘʩʦʚʘʥʥʳʝ ʜʣʷ ʭʨʘʥʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʦʩʤʦʩʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʪʘʢʠʭ ʧʨʦʜʫʢʪʦʚ ʝʩʪʴ ʣʘʙʦʨʘʪʦʨʠʷ, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʜʚʝ ʢʦʤʘʥʜ: ʢʦʤʘʥʜʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʢʦʤʘʥʜʘ, ʧʨʦʠʟʚʦʜʷʱʘʷ ʧʨʦʜʫʢʪʳ. ʅʝʢʦʪʦʨʳʝ ʧʨʦʜʫʢʪʳ ʦʥʠ 

ʧʝʨʝʫʧʘʢʦʚʳʚʘʶʪ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʦʣʝʪʘ, ʘ ʧʦʨʦʰʢʦʚʳʝ ʥʘʧʠʪʢʠ ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʶʪʩʷ 

ʢʦʤʧʘʥʠʝʡ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʛʨʫʧʧʘ ʟʘʥʠʤʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʫʯʘʝʪ ʩʦʟʜʘʥʠʝ 

ʧʨʦʜʦʚʦʣʴʩʪʚʠʷ, ʛʦʪʦʚʦʛʦ ʢ ʧʷʪʠʣʝʪʥʝʡ ʤʠʩʩʠʠ ʥʘ ʄʘʨʩ. ʍʦʪʴ ʠ ʵʢʠʧʘʞ ʧʨʦʙʫʜʝʪ ʚ ʢʦʩʤʦʩʝ 

ʜʚʘ ʩ ʧʦʣʦʚʠʥʦʡ ʛʦʜʘ, ʥʦ ʦʥʠ ʥʝ ʤʦʛʫʪ ʚʟʷʪʴ ʩʨʘʟʫ ʚʩʝ ʧʨʠʧʘʩʳ. ʇʦʵʪʦʤʫ ʅɸʉɸ ʩʥʘʯʘʣʘ 

ʦʪʧʨʘʚʠʪ ʚʧʝʨʝʜʠ ʤʠʩʩʠʠ ʥʝʩʢʦʣʴʢʦ ʛʨʫʟʦʚʳʭ ʨʘʢʝʪ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʧʨʦʚʠʘʥʪʦʤ ʠ ʧʨʦʯʠʤ. 
ʏʪʦ ʥʦʩʷʪ ʢʦʩʤʦʥʘʚʪʳ ʚ ʢʦʩʤʦʩʝ? 
ʂʦʩʤʦʥʘʚʪʳ ʚ ʢʦʩʤʦʩʝ ʥʦʩʷʪ ʩʢʘʬʘʥʜʨ. ʕʪʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʦʜʝʞʜʘ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʚʳʭʦʜʘ ʚ ʢʦʩʤʦʩ. ʃʠʮʝʚʦʡ ʯʘʩʪʴʶ ʩʢʘʬʘʥʜʨʘ ʷʚʣʷʝʪʩʷ ʰʣʝʤ. ʆʩʥʦʚʥʦʡ 

ʠʣʣʶʤʠʥʘʪʦʨ ʰʣʝʤʘ ʥʝ ʠʤʝʝʪ ʦʪʨʘʞʘʶʱʝʛʦ ʵʬʬʝʢʪʘ, ʝʛʦ ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʳʡ ʩʚʝʪʦʬʠʣʴʪʨ, 

ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʟʘʱʠʪʳ ʦʪ ʣʫʯʝʡ ʉʦʣʥʮʘ. ʊʘʢʞʝ ʚ ʩʢʘʬʘʥʜʨ ʚʭʦʜʠʪ ʢʦʤʙʠʥʝʟʦʥ-

ʨʘʜʠʘʪʦʨ. ʄʝʞʜʫ ʩʣʦʷʤʠ ʩʠʥʝʡ ʪʢʘʥʠ ʧʨʦʚʝʜʝʥʳ ʩʦʪʥʠ ʥʝʙʦʣʴʰʠʭ ʪʨʫʙʦʢ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʦʩʪʦʷʥʥʦ ʮʠʨʢʫʣʠʨʫʝʪ ʚʦʜʘ. ʅʘʨʫʞʥʳʡ ʩʣʦʡ ʩʢʘʬʘʥʜʨʘ ʚʳʧʦʣʥʝʥ ʠʟ ʬʝʥʠʣʦʥʘ. ʉʣʝʜʦʤ 
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ʠʜʫʪ ʮʝʣʳʭ 10 ʩʣʦʝʚ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦʙʳ ʟʘʱʠʱʘʪʴ ʢʦʩʤʦʥʘʚʪʘ ʦʪ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʜ ʪʝʨʤʦʠʟʦʣʷʮʠʦʥʥʳʤ ʩʣʦʝʤ ʥʘʭʦʜʠʪʩʷ ʨʘʜʠʦ ʪʢʘʥʴ. ʇʦʩʣʝ 

ʨʘʜʠʦ ʪʢʘʥʠ ʥʘʭʦʜʠʪʩʷ ʩʠʣʦʚʘʷ ʦʙʦʣʦʯʢʘ ð ʩʣʦʡ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʡ ʬʦʨʤʫ ʦʪʜʝʣʴʥʳʭ 

ʤʷʛʢʠʭ ʯʘʩʪʝʡ ʩʢʘʬʘʥʜʨʘ. ʀ, ʧʦʩʣʝʜʥʷʷ, ʛʝʨʤʝʪʠʯʥʘʷ ʦʙʦʣʦʯʢʘ ð ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʦʣʥʫʶ 

ʟʘʢʨʳʪʦʩʪʴ ʩʢʘʬʘʥʜʨʘ, ʟʘʤʳʢʘʝʪ ʚʝʩʴ ʵʪʦʪ çʙʫʪʝʨʙʨʦʜè ʧʦʜ ʩʠʣʦʚʦʡ ʦʙʦʣʦʯʢʦʡ. 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʢʘʬʘʥʜʨʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ. ʂʦʤʧʴʶʪʝʨ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʷʜʦʤ ʩ ʙʣʦʢʦʤ ʨʘʜʠʦʪʝʣʝʤʝʪʨʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʡ ʦʪʚʝʯʘʝʪ ʟʘ 

ʩʙʦʨ ʚʩʝʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʢʘʬʘʥʜʨʝ, ʠ ʙʳʩʪʨʦ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʥʘ ʜʠʩʧʣʝʡ 

ʢʦʤʧʴʶʪʝʨʘ. 
ʂʘʢ ʤʦʶʪʩʷ, ʭʦʜʷʪ ʚ ʪʫʘʣʝʪ ʠ ʯʠʩʪʷʪ ʟʫʙʳ ʢʦʩʤʦʥʘʚʪʳ? 
ʇʝʨʚʳʝ ʜʫʰʝʚʳʝ ʢʘʙʠʥʳ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʘ ʦʨʙʠʪʘʣʴʥʳʭ ʩʪʘʥʮʠʷʭ çʉʘʣʶʪ-7è ʠ 

çʄʠʨè. ʆʥʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʠʟ ʪʦʣʩʪʦʛʦ ʧʣʘʩʪʠʢʘ ʚ ʬʦʨʤʝ ʮʠʣʠʥʜʨʘ ʠ ʛʝʨʤʝʪʠʯʥʦ 

ʟʘʢʨʳʚʘʣʠʩʴ. ʉʝʡʯʘʩ ʥʘ ʩʪʘʥʮʠʷʭ ʥʝʪ ʜʫʰʝʚʳʭ ʢʘʙʠʥ ʚʦʦʙʱʝ, ʟʘʪʦ ʝʩʪʴ ʧʘʢʝʪʳ ʩ 

çʥʝʩʤʳʚʘʝʤʳʤ ʛʝʣʝʤ ʜʣʷ ʜʫʰʘè. ʕʪʦ ʩʣʝʛʢʘ ʤʳʣʴʥʘʷ ʚʦʜʠʯʢʘ ʦʩʦʙʦʛʦ ʜʝʟʠʥʬʠʮʠʨʫʶʱʝʛʦ 

ʩʦʩʪʘʚʘ: ʝʝ ʥʫʞʥʦ ʣʠʰʴ ʥʘʥʝʩʪʠ ʥʘ ʩʝʙʷ, ʦʙʪʝʨʝʪʴʩʷ ʠ ʟʘʪʝʤ ʨʘʩʪʝʨʝʪʴʩʷ ʯʠʩʪʳʤ ʧʦʣʦʪʝʥʮʝʤ. 

ɼʣʷ ʤʳʪʴʷ ʛʦʣʦʚʳ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʞʝ ʥʝʩʤʳʚʘʝʤʳʝ ʰʘʤʧʫʥʠ. ɿʫʙʳ ʯʠʩʪʷʪ ʪʦʞʝ ʩ 

ʧʦʤʦʱʴʶ ʚʦʜʳ ʠʟ ʪʶʙʠʢʦʚ ʠ ʦʙʳʯʥʦʡ ʟʫʙʥʦʡ ʧʘʩʪʳ, ʢʦʪʦʨʘʷ ʠʟ-ʟʘ ʤʠʢʨʦʛʨʘʚʠʪʘʮʠʠ 

ʧʨʠʣʠʧʘʝʪ ʢ ʱʝʪʢʝ. ʇʦʯʠʩʪʠʚ ʟʫʙʳ, ʢʦʩʤʦʥʘʚʪʳ ʣʠʙʦ ʛʣʦʪʘʶʪ ʟʫʙʥʫʶ ʧʘʩʪʫ, ʣʠʙʦ 

ʚʳʧʣʝʚʳʚʘʶʪ ʝʝ ʚ ʙʫʤʘʞʥʫʶ ʩʘʣʬʝʪʢʫ. ʏʪʦʙʳ ʚʦʜʘ ʥʝ ʨʘʩʭʦʜʦʚʘʣʘʩʴ ʧʦʥʘʧʨʘʩʥʫ, ʚ ʩʠʩʪʝʤʫ 

ʘʵʨʦʩʫʰʢʠ ʢʣʘʜʫʪʩʷ ʧʦʣʦʪʝʥʮʘ, ʠ ʦʪʞʘʪʘʷ ʠʟ ʥʠʭ ʚʦʜʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʜʘʣʴʰʝ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʩʪʘʥʮʠʠ. ɿʘʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʫʘʣʝʪ: ʩ ʜʚʝʨʮʝʡ-ʰʪʦʨʢʦʡ ʠ ʤʘʣʝʥʴʢʠʤ 

ʠʣʣʶʤʠʥʘʪʦʨʦʤ ð ʥʝʙʦʣʴʰʦʡ ʫʛʦʣʦʢ ʫʝʜʠʥʝʥʥʦʩʪʠ ʚ ʢʦʩʤʦʩʝ. ɺ ʫʩʣʦʚʠʷʭ ʥʝʚʝʩʦʤʦʩʪʠ ʥʘ 

ʦʨʙʠʪʘʣʴʥʦʡ ʩʪʘʥʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʚʝʥʪʠʣʷʪʦʨʥʫʶ ʚʩʘʩʳʚʘʶʱʫʶ ʩʠʩʪʝʤʫ. ʇʦʩʣʝ ʚʩʘʩʳʚʘʥʠʷ 

ʠʭ ʨʘʩʱʝʧʣʷʶʪ ʥʘ ʢʠʩʣʦʨʦʜ ʠ ʚʦʜʫ, ʠ ʵʪʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʯʝʣʦʚʝʢʘ ʩʥʦʚʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. ʋʥʠʪʘʟ ʩʥʘʙʞʝʥ ʬʠʢʩʘʪʦʨʘʤʠ ʜʣʷ ʥʦʛ ʠ ʜʝʨʞʘʪʝʣʷʤʠ ʜʣʷ ʙʝʜʝʨ, ʚ ʥʝʛʦ 

ʚʤʦʥʪʠʨʦʚʘʥʳ ʤʦʱʥʳʝ ʚʦʟʜʫʰʥʳʝ ʥʘʩʦʩʳ. ʂʦʩʤʦʥʘʚʪ ʧʨʠʩʪʝʛʠʚʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ʧʨʫʞʠʥʥʳʤ ʢʨʝʧʣʝʥʠʝʤ ʢ ʩʠʜʝʥʴʶ ʫʥʠʪʘʟʘ, ʟʘʪʝʤ ʚʢʣʶʯʘʝʪ ʤʦʱʥʳʡ ʚʝʥʪʠʣʷʪʦʨ ʠ 

ʦʪʢʨʳʚʘʝʪ ʚʩʘʩʳʚʘʶʱʝʝ ʦʪʚʝʨʩʪʠʝ, ʢʫʜʘ ʚʦʟʜʫʰʥʳʡ ʧʦʪʦʢ ʫʥʦʩʠʪ ʚʩʝ ʦʪʭʦʜʳ, ʣʠʙʦ 

ʠʩʧʦʣʴʟʫʝʪ ʰʣʘʥʛ ʩ ʚʦʨʦʥʢʦʡ. ʊʚʝʨʜʳʝ ʞʝ ʦʪʭʦʜʳ ʩʦʙʠʨʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʢʦʥʪʝʡʥʝʨʳ, 

ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʚʝʟʫʪ ʥʘ ɿʝʤʣʶ. 
ʉʣʦʞʥʦʩʪʠ ʨʝʞʠʤʘ ʜʥʷ ʚ ʢʦʩʤʦʩʝ 
ʈʘʩʧʠʩʘʥʠʝ ʜʥʷ ʠ ʥʦʯʠ ʚ ʢʦʩʤʦʩʝ ʩʙʠʚʘʶʪ ʩ ʪʦʣʢʫ ʯʘʩʪʳʝ ʚʦʩʭʦʜʳ ʩʦʣʥʮʘ, ʥʘ 

ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʦʥʠ ʧʨʦʠʩʭʦʜʷʪ ʢʘʞʜʳʝ 1,5 ʯʘʩʘ. ʏʪʦʙʳ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʭʦʨʦʰʦ, 

ʢʦʩʤʦʥʘʚʪʳ ʧʨʠʜʝʨʞʠʚʘʶʪʩʷ ʟʝʤʥʦʛʦ ʯʘʩʦʚʦʛʦ ʨʘʩʧʦʨʷʜʢʘ. ʅʦʚʠʯʢʘʤ ʩʣʦʞʥʦ ʫʩʥʫʪʴ ʧʝʨʚʦʝ 

ʚʨʝʤʷ ʙʝʟ ʧʦʤʦʱʠ ʤʝʜʠʢʘʤʝʥʪʦʚ. ɺ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʪʝʯʢʘʭ ʝʩʪʴ ʫʩʧʦʢʦʠʪʝʣʴʥʳʝ ʠ 

ʩʥʦʪʚʦʨʥʳʝ ʧʨʝʧʘʨʘʪʳ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʦʨʛʘʥʠʟʤ ʧʨʠʚʳʢʘʝʪ ʢ ʦʩʦʙʝʥʥʦʩʪʷʤ 

çʚʥʝʟʝʤʥʦʡè ʞʠʟʥʠ. ʉʨʝʜʥʷʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʨʝʧʢʦʛʦ ʩʥʘ ʚ ʢʦʩʤʦʩʝ 4-5 ʯʘʩʦʚ. 
ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʨʘʙʣʝʡ ʦʙʦʨʫʜʦʚʘʥʳ ʧʦʣʥʦʮʝʥʥʳʝ ʩʧʘʣʴʥʳʝ ʤʦʜʫʣʠ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʘʙʠʥʢʠ, ʧʦʭʦʞʠʝ ʥʘ ʜʫʰʝʚʳʝ. ʆʩʥʘʱʝʥʳ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʩʧʘʣʴʥʠʢʘʤʠ (ʤʝʰʢʘʤʠ) ʥʘ ʤʦʣʥʠʠ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʚ ʰʝʩʪʠ ʪʦʯʢʘʭ ʢ 

ʟʘʜʥʝʡ ʩʪʝʥʢʝ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʜʚʠʞʝʥʠʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʥʘʨʫʞʥʳʤʠ ʨʝʤʥʷʤʠ ʧʣʦʪʥʦ 

ʟʘʢʨʝʧʣʷʝʪʩʷ ʪʝʣʦ. ʈʘʩʧʦʣʦʞʝʥʳ ʢʘʙʠʥʳ ʧʦʙʣʠʞʝ ʢ ʚʝʥʪʠʣʷʮʠʦʥʥʳʤ ʢʘʥʘʣʘʤ. 

ʃʫʥʦʭʦʜ-1 
ʂʣʠʤʦʚʘ ɽ.ʃ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʘʯʠʢʦʚ ʌ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1748, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʃʫʥʦʭʦʜ ï 1. 
ɿʘʜʘʯʠ: 
1. ʅʘʡʪʠ ʠ ʠʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ. 
2. ʈʘʩʩʢʘʟʘʪʴ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʣʘʥʝʪʦʭʦʜʘ ʃʫʥʦʭʦʜ-1 
3.ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʃʫʥʦʭʦʜʘ-1 ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ. 
4. ɼʦʥʝʩʪʠ ʜʦ ʫʯʘʱʠʭʩʷ ʥʘʰʝʡ ʰʢʦʣʳ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʃʫʥʦʭʦʜ-1 ʧʨʠʟʥʘʝʪʩʷ ʤʠʨʦʚʳʤ ʩʦʦʙʱʝʩʪʚʦʤ ʧʝʨʚʳʤ ʫʩʧʝʰʥʳʤ 

ʧʣʘʥʝʪʦʭʦʜʦʤ, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʘʥ ʥʘ ʜʣʠʪʝʣʴʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ. ɽʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ ʥʘʯʘʣʘʩʴ 17 ʥʦʷʙʨʷ 1970 

ʛʦʜʘ ʚ ʩʦʩʪʘʚʝ ʧʦʩʘʜʦʯʥʦʛʦ ʤʦʜʫʣʷ ʃʫʥʘ-17. ɺʩʝ ʫʧʨʘʚʣʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ɿʝʤʣʠ ʦʧʝʨʘʪʦʨʘʤʠ ʫʜʘʣʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʨʘʤʢʘʭ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʦʥ ʧʨʝʦʜʦʣʝʣ ʙʦʣʝʝ 

10 ʢʠʣʦʤʝʪʨʦʚ ʟʘ 10 ʤʝʩʷʮʝʚ, ʯʪʦ ʩʪʘʣʦ ʧʨʦʨʳʚʦʤ ʚ ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʪʦʛʦ ʚʨʝʤʝʥʠ. 
ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʪʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʃʫʥʘʭʦʜ-1 

ʢʚʘʣʠʬʠʮʠʨʫʝʪʩʷ ʢʘʢ ʣʫʥʥʳʡ ʧʣʘʥʝʪʦʭʦʜ, ʢʦʪʦʨʳʡ ʧʦ ʬʦʨʤʝ ʥʘʧʦʤʠʥʘʝʪ ʙʦʯʦʥʦʢ ʩ 

ʚʳʧʫʢʣʦʡ ʢʨʳʰʢʦʡ. ɼʣʷ ʝʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʟʘʜʝʡʩʪʚʫʶʪʩʷ ʚʦʩʝʤʴ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

ʢʦʣʝʩ, ʯʪʦ ʜʦʢʘʟʘʣʦ ʩʚʦʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ. ʃʫʥʦʭʦʜ 

ʠʤʝʣ ʢʘʯʝʩʪʚʝʥʥʦʝ ʤʥʦʛʦʛʨʘʥʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʦʩʥʘʱʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʠʟʚʦʜʠʪʴ 

ʥʝʦʙʭʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʢʨʠʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʥ ʙʳʣ ʦʩʥʘʱʝʥ ʢʦʥʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ, 

ʪʦʯʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʘʥʪʝʥʥʦʡ, ʯʝʪʳʨʴʤʷ ʪʝʣʝʚʠʟʠʦʥʥʳʤʠ ʢʘʤʝʨʘʤʠ, ʘ 

ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʣʫʥʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʮʝʣʷʭ ʠʟʫʯʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ ʠ ʧʨʦʚʝʜʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʪʝʩʪʦʚ. 
ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʣʘʥʝʪʦʭʦʜʘ ʜʥʝʤ ʨʘʙʦʪʘʣʘ ʦʪ ʩʦʣʥʝʯʥʦʡ ʙʘʪʘʨʝʠ, ʘ ʥʦʯʴʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʝʩʧʝʯʠʚʘʣ ʦʙʦʛʨʝʚʘʪʝʣʴ, ʠʩʧʦʣʴʟʦʚʘʚʰʠʡ ʪʦʧʣʠʚʦ ʚ ʚʠʜʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʦʪʦʧʘ ʧʦʣʦʥʠʡ-210. ʉʠʩʪʝʤʘ ʥʦʯʥʦʛʦ ʦʙʦʛʨʝʚʘ ʣʫʥʦʭʦʜʘ ʙʳʣʘ ʧʨʦʜʫʤʘʥʘ 

ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ, ʯʪʦ ʥʦʯʴʶ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʃʫʥʝ ʦʧʫʩʢʘʣʘʩʴ ʜʦ ʤʠʥʫʩ 150 ʛʨʘʜʫʩʦʚ ʧʦ 

ʎʝʣʴʩʠʶ. ʇʦʩʢʦʣʴʢʫ ʃʫʥʘ ʚʩʝʛʜʘ ʦʙʨʘʱʝʥʘ ʦʜʥʦʡ ʩʚʦʝʡ ʩʪʦʨʦʥʦʡ ʢ ɿʝʤʣʝ, ʩʚʝʪʦʚʦʡ ʜʝʥʴ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʪʦʯʝʢ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʜʦʣʞʘʝʪʩʷ ʦʢʦʣʦ ʜʚʫʭ ʥʝʜʝʣʴ, ʘ ʥʦʯʴ ʜʣʠʪʩʷ ʜʚʝ 

ʥʝʜʝʣʠ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʨʘʙʦʪʘ ʧʣʘʥʝʪʦʭʦʜʘ ʧʣʘʥʠʨʦʚʘʣʘʩʴ ʥʘ ʪʨʠ ʣʫʥʥʳʭ 

ʜʥʷ. ʆʜʥʘʢʦ, ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʟʚʦʣʠʣʠ 

ʧʨʦʨʘʙʦʪʘʪʴ ʃʫʥʦʭʦʜʫ-1ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ 11 ʜʥʝʡ. ɽʛʦ ʤʠʩʩʠʷ ʟʘʚʝʨʰʠʣʘʩʴ 4 ʦʢʪʷʙʨʷ 

1971 ʛʦʜʘ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʰ ʃʫʥʦʭʦʜ ï 1 ʩʪʘʣ ʧʨʦʨʳʚʦʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪ ʠ 

ʧʨʦʣʦʞʠʣ ʜʦʨʦʛʫ ʜʨʫʛʠʤ ʧʨʦʝʢʪʘ, ʜʦʢʘʟʘʚ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ 

ʜʦʣʛʦʚʨʝʤʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪ. ɹʣʘʛʦʜʘʨʷ ʝʛʦ ʤʠʩʩʠʠ ʙʳʣʠ ʧʦʜʨʦʙʥʦ 

ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʧʦʛʨʘʬʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʃʫʥʳ, ʠʟʫʯʝʥʳ ʤʦʨʬʦʣʦʛʠʷ, ʨʘʟʤʝʨʳ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʤʘʣʳʭ ʢʨʘʪʝʨʦʚ ʠ ʢʘʤʥʝʡ, ʦʙʥʘʨʫʞʝʥʘ ʟʦʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʙʘʣʘʥʩʘ 

ʩʣʦʷ ʨʝʛʦʣʠʪʘ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʗ ʦʙʷʟʘʪʝʣʴʥʦ ʨʘʩʩʢʘʞʫ ʩʚʦʠʤ ʦʜʥʦʢʣʘʩʩʥʠʢʘʤ ʦ ʃʫʥʦʭʦʜʝ ï 

1, ʘ ʪʘʢʞʝ ʭʦʯʫ ʧʦʜʛʦʪʦʚʠʪʴ ʤʘʢʝʪ ʚ ʤʫʟʝʡ ʥʘʰʝʡ ʰʢʦʣʳ. ʄʳ ʜʦʣʞʥʳ ʟʥʘʪʴ ʩʚʦʶ ʠʩʪʦʨʠʶ, 
ʩʚʦʠ ʜʦʩʪʠʞʝʥʠʷ ʠ ʛʦʨʜʠʪʴʩʷ ʠʤʠ! 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɻʘʚʨʠʣʦʚ ʉ.ɺ. ʂʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʉʉʉʈ. ï ʄ., çʉʠʨʠʫʩè, 2018. ï 270 ʩ. 
2. ɸʩʪʘʭʦʚʘ ɽ.ʊ. ʂʦʩʤʦʩ ʥʘ ʟʘʨʝ ʯʝʣʦʚʝʯʝʩʪʚʘ: ʧʝʨʚʳʝ ʧʣʘʥʝʪʦʭʦʜʳ. ï ʉʧʙ., 

çɸʚʨʦʨʘè, 2015. ï 315 ʩ. 
3. ɻʣʝʙʦʚ ɸ.ʂ. ʀʟʫʯʝʥʠʝ ʢʦʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʧʝʨʠʦʜ çʭʦʣʦʜʥʦʡ ʚʦʡʥʳè. ï 

ʄ., çʉʠʨʠʫʩè, 2016. ï 270 ʩ. 

ʉʦʟʜʘʥʠʝ ʨʫʯʢʠ çʂʦʪ ʫʯʸʥʳʡè ʩ ʵʤʙʣʝʤʦʡ ʰʢʦʣʳ 2114 ʚ ʧʨʦʛʨʘʤʤʝ Autodesk 

Inventor, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʨʫʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʯʝʨʢʘ 
ʂʦʨʦʪʢʦʚ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʂʦʨʦʪʢʦʚʘ ʀ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ2114, ʄʦʩʢʚʘ 

 
ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʰʢʦʣʝ ʫ ʫʯʝʥʠʢʦʚ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʠʩʴʤʝ. ʉʦʢʨʘʪʠʣʦʩʴ ʚʨʝʤʷ 

ʥʘ ʦʙʫʯʝʥʠʝ ʧʠʩʴʤʫ. ʅʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʚʦʩʧʨʠʷʪʠʝ, ʤʳʰʣʝʥʠʝ, ʨʘʟʚʠʪʠʝ ʤʝʣʢʦʡ 

ʤʦʪʦʨʠʢʠ ʰʢʦʣʴʥʠʢʦʚ ʦʢʘʟʳʚʘʶʪ ʛʘʜʞʝʪʳ ʠ ʜʨʫʛʠʝ ʵʣʝʢʪʨʦʥʥʳʝ ʩʨʝʜʩʪʚʘ, ʉʄʀ. ʇʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʠ ʰʢʦʣʴʥʠʢʦʚ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʧʨʘʚʠʣʴʥʘʷ ʪʝʭʥʠʢʘ 

ʧʠʩʴʤʘ, ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʦʡ ʨʫʯʢʠ ʠ ʫʤʝʥʠʝ ʝʸ ʜʝʨʞʘʪʴ. ʇʦʥʷʪʥʳʡ ʠ ʘʢʢʫʨʘʪʥʳʡ ʧʦʯʝʨʢ 

ʚʘʞʝʥ ʠ ʚ ʩʨʝʜʥʝʡ ʰʢʦʣʝ, ʧʨʠ ʩʜʘʯʝ ʵʢʟʘʤʝʥʦʚ ʚ ʬʦʨʤʘʪʝ ʆɻʕ ʠ ɽɻʕ. 
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ʎʝʣʴ ʧʨʦʝʢʪʘ: ʩʦʟʜʘʪʴ ʨʫʯʢʫ çʂʦʪ ʫʯʸʥʳʡè ʩ ʵʤʙʣʝʤʦʡ ʰʢʦʣʳ 2114 ʚ ʧʨʦʛʨʘʤʤʝ 

Autodesk Inventor, ʧʨʦʚʝʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʨʫʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʯʝʨʢʘ ʤʣʘʜʰʠʭ ʰʢʦʣʴʥʠʢʦʚ ʠ ʫʯʝʥʠʢʦʚ 7 ʢʣʘʩʩʘ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʫʯʢʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʧʠʩʴʤʘ. 
ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʦʩʥʦʚʘʤ ʬʠʟʠʦʣʦʛʠʠ ʧʠʩʴʤʘ, ʧʦ ʦʙʫʯʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤʫ 

ʧʠʩʴʤʫ ʝʩʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʦ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʫʢʠ, ʩ 19 ʚʝʢʘ ʦʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʠʣʠʩʴ. ʇʨʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʨʫʢʠ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʘʢʢʫʨʘʪʥʦʛʦ ʠ ʨʘʟʙʦʨʯʠʚʦʛʦ ʧʦʯʝʨʢʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʳʰʝʯʥʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʝʣʘʝʪ 

ʧʨʦʮʝʩʩ ʧʠʩʴʤʘ ʩʣʦʞʥʳʤ, ʨʝʙʸʥʦʢ ʙʳʩʪʨʦ ʫʩʪʘʸʪ ʠ ʥʘʯʠʥʘʝʪ ʥʝʛʘʪʠʚʥʦ ʦʪʥʦʩʠʪʴʩʷ ʢ ʧʠʩʴʤʫ, 

ʪʝʤʧ ʧʠʩʴʤʘ ʩʥʠʞʘʝʪʩʷ. ʉʝʛʦʜʥʷ ʚ ʤʘʛʘʟʠʥʘʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʨʫʯʝʢ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʠ ʨʫʢʠ. ʆʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ʚʩʝʭ 

ʜʘʥʥʳʭ ʨʫʯʝʢ ï ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʙʸʥʢʘ (ʨʘʟʤʝʨ ʬʘʣʘʥʛ 

ʧʘʣʴʮʝʚ, ʚʝʣʠʯʠʥʘ ʣʘʜʦʥʠ). 
ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ ʨʫʯʝʢ ʠʟ ʚʦʩʢʦʚʦʛʦ ʧʣʘʩʪʠʣʠʥʘ ʜʣʷ ʤʣʘʜʰʠʭ 

ʰʢʦʣʴʥʠʢʦʚ ʠ ʫʯʝʥʠʢʦʚ 7 ʢʣʘʩʩʘ, ʜʣʷ ʧʨʘʚʰʝʡ ʠ ʣʝʚʰʝʡ. ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʳʤ ʤʦʜʝʣʷʤ 

ʠʟʤʝʨʝʥʳ ʚʳʝʤʢʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʥʘ ʨʫʯʢʘʭ ʜʣʷ ʧʘʣʴʮʝʚ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʜʣʠʥʝ ʠ 

ʰʠʨʠʥʝ ʬʘʣʘʥʛ ʧʘʣʴʮʝʚ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʨʫʯʢʠ. 
ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʧʨʦʠʟʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʠ ʩʦʟʜʘʥʘ ʨʫʯʢʘ çʂʦʪ ʫʯʸʥʳʡè ʩ ʵʤʙʣʝʤʦʡ ʰʢʦʣʳ 

2114 ʚ ʧʨʦʛʨʘʤʤʝ Autodesk Inventor. ʇʨʦʛʨʘʤʤʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ 

ʧʨʦʪʦʪʠʧʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠʟʜʝʣʠʡ. ʈʫʯʢʘ ʥʘʧʝʯʘʪʘʥʘ ʥʘ 3D ʧʨʠʥʪʝʨʝ. 
ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʩʪʘʥʦʚʢʠ ʨʫʢʠ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʯʝʨʢʘ ʰʢʦʣʴʥʠʢʦʚ. ʋʯʝʥʠʢʘʤ 3 ʠ 7 ʢʣʘʩʩʘ, ʠʩʧʳʪʳʚʘʶʱʠʤ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʧʠʩʴʤʝ 

(ʥʝʧʨʘʚʠʣʴʥʘʷ ʧʦʩʪʘʥʦʚʢʘ ʨʫʢʠ, ʥʝʨʘʟʙʦʨʯʠʚʳʡ ʧʦʯʝʨʢ), ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʧʠʩʘʪʴ ʚ ʢʣʘʩʩʝ 

ʨʫʯʢʦʡ çʂʦʪ ʫʯʸʥʳʡè. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʧʨʘʚʠʣʴʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʠʶ ʧʘʣʴʮʝʚ ʠ 

ʢʠʩʪʠ ʨʫʢʠ ʧʨʠ ʧʠʩʴʤʝ ʨʫʯʢʦʡ "ʂʦʪ ʫʯʸʥʳʡ" ʧʦʯʝʨʢ ʩʪʘʥʦʚʠʪʩʷ ʘʢʢʫʨʘʪʥʝʝ, ʨʘʟʙʦʨʯʠʚʝʝ, 

ʨʫʢʘ ʤʝʥʴʰʝ ʫʩʪʘʝʪ. ʕʤʙʣʝʤʘ ʰʢʦʣʳ 2114 ʥʘ ʨʫʯʢʝ ʩʦʟʜʘʸʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʤʦʪʠʚʘʮʠʶ ʠ 

ʤʝʥʷʝʪ ʦʪʥʦʰʝʥʠʝ ʰʢʦʣʴʥʠʢʦʚ ʢ ʧʠʩʴʤʫ. 
ʅʘ ʯʝʪʚʸʨʪʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʫʯʝʥʠʢʦʚ ʦ ʚʳʙʦʨʝ ʨʫʯʝʢ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʘ ʧʝʯʘʪʴ ʨʫʯʝʢ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʧʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤ 

ʦʩʦʙʝʥʥʦʩʪʷʤ ʢʠʩʪʠ ʨʫʢʠ, ʜʣʷ ʧʨʘʚʰʝʡ ʠ ʣʝʚʰʝʡ, ʜʣʷ ʫʯʝʥʠʢʦʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʜʝʪʝʡ ʩ ʆɺɿ. 

ʈʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʠ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʪʨʘʥʩʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʘʚʠʘʣʘʡʥʝʨʘ 
ʂʩʝʥʦʬʦʥʪʦʚ ɸ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʊʠʤʦʬʝʝʚ ʆ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1293, ʄʦʩʢʚʘ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʚʠʘʧʝʨʝʚʦʟʢʠ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ʉʨʝʜʠ 

ʘʚʠʘʢʦʤʧʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʢʦʥʢʫʨʝʥʮʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʢʝʪ ʩʘʤʦʣʝʪʘ, ʪʨʝʙʫʶʱʠʡ ʤʠʥʠʤʘʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 

ʟʘʪʨʘʪ, ʥʦ ʩʧʦʩʦʙʥʳʡ ʩʦʚʝʨʰʘʪʴ ʧʦʣʝʪʳ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʙʝʟ ʜʦʟʘʧʨʘʚʢʠ. 
ɺ ʢʘʯʝʩʪʚʝ ʮʝʣʠ ʧʨʦʝʢʪʘ ʘʚʪʦʨ ʦʧʨʝʜʝʣʠʣ: ʨʘʟʨʘʙʦʪʢʫ ʤʦʜʝʣʠ ʩʚʝʨʭʟʚʫʢʦʚʦʛʦ ʩʘʤʦʣʝʪʘ, 

ʩʧʦʩʦʙʥʦʛʦ ʩʦʚʝʨʰʘʪʴ ʧʦʣʝʪʳ ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
1. ʀʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ ʠ ʧʦʜʛʦʪʦʚʠʪʴ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʟʨʘʙʦʪʦʢ. 
2. ʉʦʟʜʘʪʴ 3D ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ ʠ ʧʨʦʚʝʩʪʠ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʳ. 
3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʦʜʝʣʠ ʠʟʛʦʪʦʚʠʪʴ ʤʘʢʝʪ ʩʘʤʦʣʝʪʘ. 
4. ʅʘʧʠʩʘʪʴ ʧʦʷʩʥʠʪʝʣʴʥʫʶ ʟʘʧʠʩʢʫ ʢ ʧʨʦʝʢʪʫ. 
5. ʉʦʟʜʘʪʴ ʤʫʣʴʪʠʤʝʜʠʡʥʫʶ ʧʨʝʟʝʥʪʘʮʠʶ. 
ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ. ɺ ʧʝʨʚʦʡ ʯʘʩʪʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʙʟʦʨ ʧʦʜʦʙʥʳʭ 

ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʥʝʜʦʩʪʘʪʢʠ. ɺʦ ʚʪʦʨʦʡ 

ʯʘʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʘʷ ʥʘʤʠ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ ʠ ʪʝʭʥʦʣʦʛʠʷ 
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ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʘ ʘʚʠʘʣʘʡʥʝʨʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʥʘ ʦʩʥʦʚʝ 3 D ʤʦʜʝʣʠ. ɸʚʪʦʨʦʤ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʩʜʝʣʘʥʥʳʝ ʨʘʥʝʝ ʨʘʟʨʘʙʦʪʢʠ, ʩ ʫʯʝʪʦʤ ʩʚʦʠʭ ʜʦʨʘʙʦʪʦʢ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʴ ʩʘʤʦʣʝʪʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥ ʤʘʢʝʪ 

ʘʚʠʘʣʘʡʥʝʨʘ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʚ ʙʫʜʫʱʝʤ ʧʦʤʦʞʝʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʘʣʴʥʦʛʦ ʩʘʤʦʣʝʪʘ. ɺʩʝ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʟʘʜʘʯʠ ʧʦʣʘʛʘʝʤ ʚʳʧʦʣʥʝʥʥʳʤʠ, ʘ ʮʝʣʴ ʧʨʦʝʢʪʘ ʜʦʩʪʠʛʥʫʪʦʡ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʩʦʟʚʝʟʜʠʡ ʟʥʘʢʦʚ ʟʦʜʠʘʢʘ ʧʦ ʪʠʧʫ ʛʨʘʬ ʠ ʧʦʠʩʢ  

ʙʝʣʦʨʫʩʩʢʠʭ ʩʦʟʚʝʟʜʠʡ ʥʘ ʢʘʨʪʝ ʟʚʸʟʜʥʦʛʦ ʥʝʙʘ 
ʂʫʜʝʣʢʦ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʏʝʨʥʦʚ ɼ.ɺ. 
ɻʋʆ çʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 11 ʛ. ʉʣʫʮʢʘè, ʉʣʫʮʢ, ɹʝʣʘʨʫʩʴ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʠʷ ʛʨʘʬʦʚ ʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʨʘʟʜʝʣʦʤ 

ʤʘʪʝʤʘʪʠʢʠ. ʊʝʦʨʠʷ ʛʨʘʬʦʚ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʤʘʪʝʤʘʪʠʢʠ ʠ ʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʵʢʦʥʦʤʠʢʝ, 

ʪʝʭʥʠʢʝ, ʢ ʫʧʨʘʚʣʝʥʠʶ. ʈʝʰʝʥʠʝ ʤʥʦʛʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʫʧʨʦʱʘʝʪʩʷ, ʝʩʣʠ ʫʜʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʨʘʬʳ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʚ ʚʠʜʝ ʛʨʘʬʘ ʧʨʠʜʘʝʪ ʠʤ ʥʘʛʣʷʜʥʦʩʪʴ ʠ 

ʧʨʦʩʪʦʪʫ. ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʳ ʨʝʰʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʳʡ ʨʘʟʜʝʣ ʤʘʪʝʤʘʪʠʢʠ ʜʣʷ 
ʠʟʫʯʝʥʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʦʟʚʝʟʜʠʡ ʙʝʣʦʨʫʩʩʢʦʡ ʠ ʟʘʧʘʜʥʦʡ ʤʠʬʦʣʦʛʠʠ. ɻʣʘʚʥʘʷ ʮʝʣʴ 

ʨʘʙʦʪʳ: ʠʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʦʚ ʚ ʩʦʟʚʝʟʜʠʷʭ ʟʥʘʢʦʚ ʟʦʜʠʘʢʘ, ʧʨʦʚʝʩʪʠ 

ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʛʨʘʬʦʚ ʩʦʟʚʝʟʜʠʡ ʟʘʧʘʜʥʦʡ ʠ ʙʝʣʦʨʫʩʩʢʦʡ 

ʤʠʬʦʣʦʛʠʠ. 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʟʚʝʟʜʠʷ ʟʘʧʘʜʥʦʡ ʠ ʙʝʣʦʨʫʩʩʢʦʡ ʤʠʬʦʣʦʛʠʠ. 
ɻʠʧʦʪʝʟʘ: ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʟʚʝʟʜʠʡ ʦʙʣʘʜʘʶʪ ʦʜʠʥʘʢʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʛʨʘʬʦʚ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʙʳʣʠ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
Å ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʩʪʦʨʠʝʡ ʪʝʦʨʠʠ ʛʨʘʬʦʚ; 
Å ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʪʝʦʨʠʠ ʛʨʘʬʦʚ ʠ ʚʠʜʳ ʛʨʘʬʦʚ; 
Å ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʦʚ; 
Å ʈʘʩʩʤʦʪʨʝʪʴ ʢʘʨʪʫ ʟʚʝʟʜʥʦʛʦ ʥʝʙʘ ʥʘ ʧʨʝʜʤʝʪ ʥʘʣʠʯʠʷ ʛʨʘʬʦʚ; 
Å ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʦʚ ʚ ʩʦʟʚʝʟʜʠʷʭ; 
Å ʉʨʘʚʥʠʪʴ ʛʨʘʬʳ ʩʦʟʚʝʟʜʠʡ ʙʝʣʦʨʫʩʩʢʦʡ ʠ ʟʘʧʘʜʥʦʡ ʤʠʬʦʣʦʛʠʠ; 
Å ʀʟʛʦʪʦʚʠʪʴ 3D-ʤʦʜʝʣʴ ʩʦʟʚʝʟʜʠʷ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʛʨʘʬʦʚ ʚ 

ʩʦʟʚʝʟʜʠʷʭ ʟʥʘʢʦʚ ʟʦʜʠʘʢʘ, ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʛʨʘʬʦʚ 

ʩʦʟʚʝʟʜʠʡ ʟʘʧʘʜʥʦʡ ʠ ʙʝʣʦʨʫʩʩʢʦʡ ʤʠʬʦʣʦʛʠʠ. ʈʝʰʝʥʳ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. ʄʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʟʚʝʟʜʠʡ ʷʚʣʷʶʪʩʷ ʩʚʷʟʥʳʤʠ, ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ 

ʠ ʥʝ ʧʦʣʥʳʤʠ. ɸ ʪʘʢʞʝ ʥʝ ʩʦʜʝʨʞʘʱʠʝ ʕʡʣʝʨʦʚ ʠ ɻʘʤʠʣʴʪʦʥʦʚ ʮʠʢʣ. ʈʘʩʩʤʦʪʨʝʥʥʳʝ 

ʩʦʟʚʝʟʜʠʷ ʠʤʝʶʪ ʢʦʤʧʦʥʝʥʪ ʩʚʷʟʥʦʩʪʠ ʨʘʚʥʳʡ ʝʜʠʥʠʮʝ. 
ʀʟʛʦʪʦʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ɹʝʣʦʨʫʩʩʢʦʛʦ ʩʦʟʚʝʟʜʠʷ çʂʦʨʦʥʘè ʠ ʥʘ ʧʨʠʤʝʨʝ ʝʛʦ ʨʘʩʩʤʦʪʨʝʥ 

ʥʝ ʧʣʦʩʢʠʡ ʛʨʘʬ. 

ʀʟʫʯʝʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʠ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʄʝʪʝʣʴʩʢʠʡ ɽ.ɻ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʏʝʨʥʦʚ ɼ.ɺ. 
ɻʋʆ çʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 11 ʛ. ʉʣʫʮʢʘè, ʉʣʫʮʢ, ɹʝʣʘʨʫʩʴ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʦ ʤʥʦʛʠʭ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʩʦʣʥʝʯʥʦʝ ʠʟʣʫʯʝʥʠʝ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ ʪʝʧʣʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʢʘʢ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʜʦʨʦʞʘʥʠʝʤ 

ʠ ʠʩʪʦʱʝʥʠʝʤ ʟʘʧʘʩʦʚ ʪʘʢʠʭ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʢʘʢ ʥʝʬʪʠ, ʛʘʟʘ, ʫʛʣʷ ʠ ʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʪʘʢ ʠ ʩ ʟʘʛʨʷʟʥʝʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʠ ʠʭ ʩʞʠʛʘʥʠʠ. 
ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʨʝʬʣʝʢʪʦʨʦʚ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ ʚ ʬʦʢʘʣʴʥʦʡ 
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ʧʣʦʩʢʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ. 
ʀʤʝʥʥʦ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʳ ʨʝʰʠʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ ʠ ʠʭ 

ʩʚʦʡʩʪʚʘ. ɻʣʘʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʦʧʪʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʝʨʢʘʣ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʛʨʝʚʘʪʝʣʷ. 
ɼʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʢʣʶʯʘʣʦ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
1) ʠʟʫʯʠʪʴ ʢʚʘʜʨʘʪʠʯʥʫʶ ʬʫʥʢʮʠʶ; 
2) ʠʟʫʯʠʪʴ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʘ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ; 
3) ʥʘʫʯʠʪʴʩʷ ʥʘʭʦʜʠʪʴ ʬʦʢʫʩ ʠ ʜʠʨʝʢʪʨʠʩʫ ʧʘʨʘʙʦʣʳ; 
4) ʦʧʨʝʜʝʣʠʪʴ ʫʨʘʚʥʝʥʠʝ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ; 
5) ʥʘʡʪʠ ʬʦʢʫʩ ʠ ʜʠʨʝʢʪʨʠʩʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ; 
6) ʦʧʨʝʜʝʣʠʪʴ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʫʯʝʥʥʦʝ ʧʨʠ ʧʦʤʦʱʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʙʦʣʳ, ʦʧʨʝʜʝʣʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʠ ʬʠʟʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʬʦʢʫʩ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʣʘ ʠ 

ʩʦʩʪʘʚʣʝʥʘ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ. ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʪʘʨʝʣʢʠ ʜʣʷ ʥʘʛʨʝʚʘʥʠʷ ʚʦʜʳ ʚʳʧʦʣʥʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʠ 

ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦ ʥʘʭʦʞʜʝʥʠʶ ʧʦʛʣʦʱʝʥʥʦʛʦ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ ʪʝʣʦʤ ʥʘʭʦʜʷʱʝʤʩʷ ʚ 

ʬʦʢʫʩʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʦʩʪʘʚʣʝʥʘ ʪʘʙʣʠʮʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ. 

ʇʦʤʦʱʥʠʢ ʚ ʨʘʙʦʪʝ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ 
ʄʠʭʝʝʚ ɸ.ɸ., ʀʚʘʥʦʚ ɺ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʣʴʯʠʢʦʚʘ ʀ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 2127, ʄʦʩʢʚʘ 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʪʝʪ ʧʦʧʫʣʷʨʥʦʩʪʴ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ɺ ʰʢʦʣʝ ʤʳ ʟʘʥʠʤʘʝʤʩʷ 

ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ ʩ ʥʘʯʘʣʴʥʦʡ ʰʢʦʣʳ ʠ ʝʞʝʛʦʜʥʦ ʫʯʘʩʪʚʫʝʤ ʚ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ 

ʩʦʨʝʚʥʦʚʘʥʠʷʭ. ʅʘ ʦʣʠʤʧʠʘʜʘʭ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʤʳ ʯʘʩʪʦ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʥʝʭʚʘʪʢʦʡ 

ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʀʟ-ʟʘ ʥʝʭʚʘʪʢʠ ʜʘʪʯʠʢʘ ʥʘʢʣʦʥʘ ʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʧʦʣʫʯʘʶʪʩʷ ʥʝ 

ʧʨʘʚʠʣʴʥʳʤ, ʙʘʪʘʨʝʠ ʧʠʪʘʥʠʷ ʥʝ ʚʦʚʨʝʤʷ ʨʘʟʨʷʞʘʶʪʩʷ, ʘ ʚ ʧʦʤʝʱʝʥʠʠ ʩʪʘʥʦʚʠʪʩʷ ʞʘʨʢʦ ʠ ʫ 

ʫʯʘʩʪʥʠʢʦʚ ʙʦʣʠʪ ʛʦʣʦʚʘ. ʏʘʩʪʦ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ ʧʨʠʚʦʜʷʪ, ʢ ʪʦʤʫ ʯʪʦ ʢʦʤʘʥʜʘ ʪʝʨʷʝʪ ʦʯʢʠ. 

ʂʦʛʜʘ ʤʳ ʩʪʘʣʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ, ʪʦ ʧʦʥʷʣʠ ʜʣʷ ʩʝʙʷ ʚ ʯʝʤ ʫ ʥʘʩ ʙʳʣʘ ʧʨʠʯʠʥʘ 

ʧʨʦʠʛʨʳʰʘ. ʆʢʘʟʘʣʘʩʴ ʙʘʪʘʨʝʷ ʨʘʟʨʷʜʠʣʘʩʴ ʚ ʤʦʤʝʥʪ ʟʘʝʟʜʘ, ʫ ʥʘʩ ʦʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʫʭʦʪʳ ʨʘʟʙʦʣʝʣʘʩʴ ʛʦʣʦʚʘ ʠ ʜʣʷ ʨʦʙʦʪʘ ʥʫʞʝʥ ʙʳʣ ʜʘʪʯʠʢ ʥʘʢʣʦʥʘ, ʪʦʛʜʘ ʤʳ ʤʦʛʣʠ ʙʳ 

ʧʦʙʝʜʠʪʴ. ʉʪʦʣʢʥʫʚʰʠʩʴ ʩ ʪʘʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʤʳ ʨʝʰʠʣʠ ʠʭ ʜʣʷ ʩʝʙʷ ʨʝʰʠʪʴ. 
ɻʠʧʦʪʝʟʘ: ʩʤʦʞʝʤ ʣʠ ʤʳ ʩʦʟʜʘʪʴ ʧʨʠʙʦʨ, ʢʦʪʦʨʳʡ ʩʤʦʞʝʪ ʧʦʤʦʯʴ ʥʘʤ ʧʝʨʝʜ 

ʩʦʨʝʚʥʦʚʘʥʠʷʤʠ. 
ʅʘʰʝ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴ ʥʘʢʣʦʥ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʙʘʪʘʨʝʷʭ ʧʠʪʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʟʜʫʭʘ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʧʦʤʦʞʝʪ ʩʜʝʣʘʪʴ ʫʯʘʩʪʠʝ ʚ ʦʣʠʤʧʠʘʜʝ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʤ. 
ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
ʉʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʢʣʦʥʘ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʙʘʪʘʨʝʷʭ ʧʠʪʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʫ ʚʦʟʜʫʭʘ ʚ ʧʦʤʝʱʝʥʠʠ. 
ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʮʝʣʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ. 
ɿʘʜʘʯʠ: 
Å ʀʟʫʯʠʪʴ ʨʘʙʦʪʫ ɸʨʜʫʠʥʦ; 
Å ʆʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ; 
Å ʀʟʫʯʠʪʴ ʦʩʥʦʚʳ ʷʟʳʢʘ ʉʀ++; 
Å ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ; 
Å ʅʘʧʠʩʘʪʴ ʢʦʜ ʠ ʢʦʤʧʠʣʠʨʦʚʘʪʴ ʝʛʦ; 
Åʦʧʨʦʙʦʚʘʪʴ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʥʘʰʝ ʫʩʪʨʦʡʩʪʚʦ. 
ʅʘʰʝ ʫʩʪʨʦʡʩʪʚʦ ʙʫʜʝʪ ʠʟʤʝʨʷʪʴ ʥʘʢʣʦʥ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʙʘʪʘʨʝʷʭ ʧʠʪʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʫ 

ʚʦʟʜʫʭʘ. ʕʪʦ ʫʩʪʨʦʡʩʪʚʦ ʩʜʝʣʘʝʪ ʫʯʘʩʪʠʝ ʚ ʦʣʠʤʧʠʘʜʝ ʙʦʣʝʝ ʢʦʤʬʦʨʪʥʳʤ. 
ʈʝʟʫʣʴʪʘʪʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ: 
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ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʮʝʣʴ ʠ ʨʝʰʝʥʳ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ. 

ʈʝʘʣʠʟʦʚʘʥ ʧʨʠʙʦʨ, ʟʘʤʝʨʷʶʱʠʡ ʪʝʤʧʝʨʘʪʫʨʫ, ʫʛʦʣ ʥʘʢʣʦʥʘ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʙʘʪʘʨʝʷʭ 

ʧʠʪʘʥʠʷ ʠ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʡ ʥʘ ʷʟʳʢʝ ʉ++. ʇʨʠʙʦʨ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʩʷ ʥʘ ʟʘʥʷʪʠʷʭ ʧʦ 

ʨʦʙʦʪʦʪʝʭʥʠʢʝ, ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʨʦʚʝʜʝʥʠʷ ʦʣʠʤʧʠʘʜ. 

ʉʦʟʜʘʥʠʝ ʛʠʜʨʦʧʦʥʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʬʝʨʤʳ 
ʆʩʦʢʠʥ ɼ.ɽ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʇʘʚʣʦʚ ʆ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ152, ʄʦʩʢʚʘ 

 
ɻʠʜʨʦʧʦʥʠʢʘ ð ʵʪʦ ʩʧʦʩʦʙ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ ʥʘ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʨʝʜʘʭ ʙʝʟ ʧʦʯʚʳ. 
ʎʝʣʴ: ʩʦʟʜʘʪʴ ʨʘʙʦʪʘʶʱʫʶ ʛʠʜʨʦʧʦʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʧʣʘʪʬʦʨʤʝ ʘʨʜʫʠʥʦ. 
ɿʘʜʘʯʠ: 
1) ʀʟʫʯʠʪʴ, ʢʘʢ ʫʩʪʨʦʝʥʘ ʛʠʜʨʦʧʦʥʠʢʘ, ʧʨʦʯʠʪʘʚ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʣʠʪʝʨʘʪʫʨʫ ʠ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʝʟʥʦʩʪʴ ʛʠʜʨʦʧʦʥʠʢʠ. 
2) ɺʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʚʠʜ ʛʠʜʨʦʧʦʥʥʦʡ ʩʠʩʪʝʤʳ 
3) ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ 
ɺʩʝʛʦ ʩʫʱʝʩʪʚʫʝʪ 6 ʚʠʜʦʚ ʛʠʜʨʦʧʦʥʥʳʭ ʩʠʩʪʝʤ: 
1)ʌʠʪʠʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ʌʠʪʠʣʴʥʘʷ ʛʠʜʨʦʧʦʥʥʘʷ ʩʠʩʪʝʤʘ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʜʦʩʪʫʧʥʳʭ ʠ ʧʨʦʩʪʳʭ. ʇʨʠʤʝʥʷʝʪʩʷ 

ʧʨʠʥʮʠʧ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ. ʆʙʳʢʥʦʚʝʥʥʳʡ ʬʠʪʠʣʴ ʧʦʤʝʱʘʝʪʩʷ ʚ ʨʝʟʝʨʚʫʘʨ ʩ ʧʠʪʘʪʝʣʴʥʳʤ 

ʨʘʩʪʚʦʨʦʤ ʠ ʩʫʙʩʪʨʘʪ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚʳʰʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʠʜʢʦʩʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʦʩʪʫʧʘʝʪ ʢ ʦʢʦʣʦʢʦʨʥʝʚʦʡ ʟʦʥʝ ʨʘʩʪʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʨʥʠ ʚʩʝʤ ʥʝʦʙʭʦʜʠʤʳʤ. 
2)ʉʠʩʪʝʤʘ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢʫʣʴʪʫʨ ʠʣʠ DWC 
ʈʘʩʪʝʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʳʝ ʦʪʚʝʨʩʪʠʷ ʥʘ ʢʨʳʰʢʝ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʠʪʘʪʝʣʴʥʳʤ 

ʨʘʩʪʚʦʨʦʤ, ʘ ʠʭ ʢʦʨʥʠ ʧʦʣʥʦʩʪʴʶ ʧʦʤʝʱʝʥʳ ʚ ʥʝʛʦ. ɺʥʫʪʨʠ ʝʤʢʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʚʦʟʜʫʰʥʳʡ 

ʥʘʩʦʩ, ʢʦʪʦʨʳʡ ʧʠʪʘʝʪ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʢʠʩʣʦʨʦʜʦʤ. 
3)ʉʠʩʪʝʤʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ 
ʉʤʳʩʣ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʟʘʪʦʧʣʝʥʠʠ ʠ ʦʩʫʰʝʥʠʠ ʦʢʦʣʦʢʦʨʥʝʚʦʡ 

ʟʦʥʳ ʨʘʩʪʝʥʠʷ ʧʠʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʴʶ. ɼʣʷ ʧʦʜʘʯʠ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʩʦʩ, 

ʫʧʨʘʚʣʷʝʤʳʡ ʪʘʡʤʝʨʦʤ. 
4)ʉʠʩʪʝʤʘ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠʚʘ 
ʉʠʩʪʝʤʘ ʢʘʧʝʣʴʥʦʛʦ ʧʦʣʠʚʘ, ʥʘʚʝʨʥʦʝ, ʩʘʤʘʷ ʠʩʧʦʣʴʟʫʝʤʘʷ ʩʠʩʪʝʤʘ ʚ ʤʠʨʝ. ɽʝ 

ʧʦʧʫʣʷʨʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʩʪʦʪʦʡ. ʅʘʩʦʩ ʩ ʪʘʡʤʝʨʦʤ ʧʝʨʝʥʘʧʨʘʚʣʷʶʪ ʧʠʪʘʪʝʣʴʥʳʡ 

ʨʘʩʪʚʦʨ ʢ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʬʣʦʨʳ ʯʝʨʝʟ ʧʦʣʠʚʦʯʥʳʝ ʰʣʘʥʛʠ. ʆʥ ʤʝʜʣʝʥʥʦ ʢʘʧʘʝʪ ʠʟ ʥʠʭ, 

ʧʦʧʘʜʘʷ ʧʦʜ ʢʦʨʝʥʴ ʢʫʩʪʘ. ɺ ʥʝʨʝʚʝʨʩʠʚʥʦʡ ʩʠʩʪʝʤʝ ʨʘʙʦʪʘ ʥʘʩʦʩʘ ʥʘʩʪʨʘʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʪʘʡʤʝʨʘ ʪʘʢ, ʯʪʦʙʳ ʥʝ ʙʳʣʦ ʦʩʪʘʪʢʦʚ ʧʠʪʘʪʝʣʴʥʦʡ ʞʠʜʢʦʩʪʠ. ʆʥʠ ʩʯʠʪʘʶʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤʠ 
ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
5)ʊʝʭʥʠʢʘ ʧʠʪʘʪʝʣʴʥʦʛʦ ʩʣʦʷ ʠʣʠ NFT 
ʉʯʠʪʘʝʪʩʷ ʩʘʤʦʡ ʠʟʚʝʩʪʥʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʛʠʜʨʦʧʦʥʠʢʠ. ɺ ʥʝʡ ʥʘʩʦʩ ʥʝ ʨʘʙʦʪʘʝʪ ʚ 

ʧʘʨʝ ʩ ʪʘʡʤʝʨʦʤ, ʯʪʦ ʩʠʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ. ɾʠʜʢʦʩʪʴ, ʧʦʧʘʜʘʷ ʚ ʨʘʩʧʦʣʦʞʝʥʥʫʶ 

ʧʦʜ ʥʘʢʣʦʥʦʤ ʝʤʢʦʩʪʴ ʩ ʨʘʩʪʝʥʠʷʤʠ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʟʘʢʦʥʦʚ ʬʠʟʠʢʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʪʝʯʝʪ ʠʟ 

ʦʜʥʦʛʦ ʝʝ ʢʦʥʮʘ ʚ ʜʨʫʛʦʡ. ʅʘ ʧʫʪʠ ʝʝ ʩʣʝʜʦʚʘʥʠʷ ʧʦʤʝʱʘʶʪʩʷ ʢʦʥʯʠʢʠ ʢʦʨʥʝʚʦʡ ʩʠʩʪʝʤʳ, 

ʧʦʩʪʦʷʥʥʦ ʧʦʣʫʯʘʶʱʠʝ ʚʣʘʛʫ ʠ ʧʦʜʢʦʨʤʢʫ. ʇʦʧʘʜʘʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʢʦʥʝʮ ʢʦʥʪʝʡʥʝʨʘ, 

ʨʘʩʪʚʦʨ ʩʪʝʢʘʝʪ ʦʙʨʘʪʥʦ ʚ ʨʝʟʝʨʚʫʘʨ, ʦʪʢʫʜʘ ʦʧʷʪʴ ʧʝʨʝʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘʩʦʩʦʤ ʚ ʝʤʢʦʩʪʴ ʩ 

ʨʘʩʪʝʥʠʷʤʠ. ʎʠʢʣ ʥʘ ʵʪʦʤ ʟʘʤʳʢʘʝʪʩʷ. 
6)ɸʵʨʦʧʦʥʠʢʘ 
ɸʵʨʦʧʦʥʥʳʝ ʛʠʜʨʦʧʦʥʥʳʝ ʩʠʩʪʝʤʳï ʩʘʤʳʝ ʪʝʭʥʦʣʦʛʠʯʥʳʝ. ɺ ʥʠʭ ʢʦʨʥʠ ʨʘʩʪʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʚʦʟʜʫʭʝ. ɺʦ ʚʩʝʤ ʵʪʦʤ ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʨʘʩʧʳʣʷʝʪʩʷ ʧʠʪʘʪʝʣʴʥʘʷ ʞʠʜʢʦʩʪʴ, ʢʦʪʦʨʘʷ ʥʘʩʳʱʘʝʪ ʢʦʨʥʝʚʫʶ ʩʠʩʪʝʤʫ ʚʩʝʤʠ 

ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʞʠʟʥʠ ʚʝʱʝʩʪʚʘʤʠ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʦʙʠʣʴʥʳʡ ʧʨʠʪʦʢ 

ʢʠʩʣʦʨʦʜʘ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʛʦ ʥʝʩʧʦʩʦʙʝʥ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʝ ʥʝ ʦʜʠʥ ʚʠʜ ʛʠʜʨʦʧʦʥʥʳʭ 

ʩʠʩʪʝʤ. ʊʝʤʧʳ ʨʦʩʪʘ ʨʘʩʪʝʥʠʡ ʚ ʘʵʨʦʧʦʥʠʢʝ ʥʝʧʨʝʤʝʥʥʦ ʫʜʠʚʷʪ ʣʶʙʦʛʦ ʩʘʜʦʚʦʜʘ, ʚʝʜʴ ʦʥʠ 

ʨʘʟʚʠʚʘʶʪʩʷ, ʢʘʢ ʛʨʠʙʳ ʧʦʩʣʝ ʜʦʞʜʷ. 
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ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʨʘʚʥʝʥʠʷ ʚʩʝʭ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʪʠʧʦʚ ʛʠʜʨʦʧʦʥʥʳʭ ʩʠʩʪʝʤ, ʷ ʥʘʰʝʣ 

ʪʘʙʣʠʮʫ. ɺʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʥʝʡ ʢʨʠʪʝʨʠʠ ʩʨʘʚʥʝʥʠʷ ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ 5-ʪʠ ʙʘʣʴʥʦʡ ʰʢʘʣʝ. 
ʀʟ ʪʘʙʣʠʮʳ ʙʳʣʦ ʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʝ- ʠ ʤʘʣʦʵʬʬʝʢʪʠʚʥʳʝ ʪʠʧʳ ʵʪʦ: ʬʠʪʠʣʴʥʳʡ ʤʝʪʦʜ 

ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʢʫʣʴʪʫʨʳ ʠ ʢʘʧʝʣʴʥʳʡ ʧʦʣʠʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʜʝʣʘʪʴ ʥʝ ʨʘʮʠʦʥʘʣʴʥʦ. 

ɸʵʨʦʧʦʥʠʢʫ ʠ ʛʠʜʨʦʧʦʥʠʢʫ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʟʘʪʦʧʣʝʥʠʷ ʜʝʣʘʪʴ ʙʫʜʝʪ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ɸ 

ʦʩʪʘʚʰʫʶʩʷ NFT-ʪʝʭʥʠʢʫ ʜʝʣʘʪʴ ʣʦʛʠʯʥʝʝ. 
ʊ.ʢ. ʵʪʦ ʪʝʭʥʠʢʘ ʣʦʛʠʯʥʦ, ʯʪʦ ʫ ʥʝʝ ʝʩʪʴ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʨʝʠʤʫʱʝʩʪʚʘ. 
ʇʨʝʠʤʫʱʝʩʪʚʘ: 
Å ʂʦʨʥʝʚʘʷ ʩʠʩʪʝʤʘ ʧʦʣʫʯʘʝʪ ʦʙʠʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʦʛʦ ʭʚʘʪʘʝʪ ʩ 

ʠʟʙʳʪʢʦʤ; 
Å ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʢʦʤʧʘʢʪʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ 

ʚʩʝʡ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʦʪʣʠʯʥʦ ʚʧʠʩʘʪʴʩʷ ʚ ʠʥʪʝʨʴʝʨ ʥʝʙʦʣʴʰʦʡ ʢʦʤʥʘʪʳ. 
ʅʝʜʦʩʪʘʪʢʠ: 
Å ɽʩʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʩʦʨʝʥʠʷ, ʧʦʵʪʦʤʫ ʨʝʛʫʣʷʨʥʘʷ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʘʷ ʯʠʩʪʢʘ ʩʪʘʥʝʪ 

ʨʫʪʠʥʥʦʡ ʦʙʳʜʝʥʥʦʩʪʴʶ; 
Å ʃʶʙʘʷ ʧʦʣʦʤʢʘ ʥʘʩʦʩʘ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʙʳʩʪʨʦ ʩʚʝʜʝʪ ʚʩʝ ʪʨʫʜʳ ʥʘ ʥʝʪ, 

ʝʩʣʠ ʚʦʚʨʝʤʷ ʥʝ ʟʘʤʝʪʠʪʴ ʚʦʟʥʠʢʰʫʶ ʧʨʦʙʣʝʤʫ. 
ʈʘʟʨʘʙʘʪʳʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʩʘʣʘʪʘ ʠ ʚʦʟʤʦʞʥʦ 

ʜʨʫʛʠʭ ʨʘʩʪʝʥʠʡ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʙʷʟʘʥʥʦʩʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʩʣʝʜʠʪʴ 

ʟʘ ʨʘʙʦʪʦʡ ʠ ʯʠʩʪʦʪʦʡ ʫʩʪʨʦʡʩʪʚʘ. 
ɻʠʜʨʦʧʦʥʥʘʷ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʟ ʩʝʙʷ: ʩʘʥʪʝʭʥʠʯʝʩʢʫʶ ʪʨʫʙʫ ʩ 

ʧʨʦʜʝʣʘʥʥʳʤʠ ʚ ʥʝʡ ʦʪʚʝʨʩʪʠʷʤʠ ʧʦʜ ʛʦʨʰʦʯʢʠ ʩ ʨʘʩʪʝʥʠʷʤʠ, ʚ ʪʨʫʙʫ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʝʤʢʦʩʪʠ (ʙʘʢʘ) ʧʦʩʪʫʧʘʝʪ ʚʦʜʘ ʩ ʧʦʤʦʱʴ ʥʘʩʦʩʘ. ɺ ʙʘʢʝ ʨʘʩʧʦʣʦʞʝʥʳ ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʢʠʩʣʦʪʥʦʩʪʠ. ʉ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ ʢʠʩʣʦʪʥʦʩʪʠ ʨʝʛʫʣʠʨʫʝʪʩʷ ʧʦʜʘʯʘ ʞʠʜʢʦʩʪʠ 

ʨʝʛʫʣʠʨʫʶʱʝʡ ʢʠʩʣʦʪʥʦʩʪʴ. ʇʦʜʘʯʘ ʵʪʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʧʝʨʠʩʪʘʣʴʪʠʯʝʩʢʦʛʦ 

ʥʘʩʦʩʘ. ɺʩʷ ʨʘʙʦʪʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʷʝʪʩʷ ʧʣʘʪʦʡ ʘʨʜʫʠʥʦ. 
ʉʘʤʘ ʛʠʜʨʦʧʦʥʠʢʘ ʷʚʣʷʝʪʩʷ ʟʘʤʝʥʦʡ ʧʦʯʚʳ, ʧʦʵʪʦʤʫ ʙʣʘʛʦʜʘʨʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʙʲʝʤ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʩʚʷʟʘʥʥʳʭ ʩ ʧʦʯʚʦʡ ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʉʪʘʨʪ ˉ1. ʄʦʜʝʨʥʠʟʘʮʠʷ ɻʘʛʘʨʠʥʩʢʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ  

ʥʘ ʢʦʩʤʦʜʨʦʤʝ ɹʘʡʢʦʥʫʨ 
ʉʦʣʠʥʦʚ ʇ.ɸ., ʉʧʘʨʘʧʝʪʦʚ ʅ.ʂ., ʅʝʯʝʧʫʨʝʥʢʦ ʄ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɿʘʭʘʨʦʚʘ ɻ.ɸ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ152, ʄʦʩʢʚʘ 

 
ɻʘʛʘʨʠʥʩʢʠʡ ʩʪʘʨʪʦʚʳʡ ʢʦʤʧʣʝʢʩ (ʉʪʘʨʪ ˉ1) ï ʵʪʦ ʧʣʦʱʘʜʢʘ ʥʘ ʢʦʩʤʦʜʨʦʤʝ 

çɹʘʡʢʦʥʫʨè, ʩ ʢʦʪʦʨʦʡ 12 ʘʧʨʝʣʷ 1961 ʛʦʜʘ ʩʪʘʨʪʦʚʘʣ ʢʦʩʤʠʯʝʩʢʠʡ ʢʦʨʘʙʣʴ çɺʦʩʪʦʢè, 

ʧʠʣʦʪʠʨʫʝʤʳʡ ʣʝʪʯʠʢʦʤ-ʢʦʩʤʦʥʘʚʪʦʤ ʖ. ɸ. ɻʘʛʘʨʠʥʳʤ. 
ʇʨʦʰʣʦ ʙʦʣʝʝ 60 ʣʝʪ ʧʦʩʣʝ ʣʝʛʝʥʜʘʨʥʦʛʦ ʧʦʣʝʪʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʩʦ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʩʫʱʝʩʪʚʣʝʥʦ 519 ʧʫʩʢʦʚ, ʠʟ ʥʠʭ 154 ʧʫʩʢʘ ʨʘʢʝʪʦʥʦʩʠʪʝʣʝʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 145 

ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʠʣʦʪʠʨʫʝʤʳʝ. 
ɺ ʦʩʥʦʚʝ ʢʦʥʩʪʨʫʢʮʠʠ ʉʪʘʨʪʘ ˉ1 ï ʩʣʦʞʥʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ: ʚʨʘʱʘʶʱʠʡʩʷ 

ʩʪʦʣ ʩ ʦʧʦʨʘʤʠ ʩʪʘʨʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʘʙʝʣʴ ʟʘʧʨʘʚʦʯʥʦʡ ʤʘʯʪʳ ʠ ʬʝʨʤʘʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʈʘʢʝʪʳ-ʥʦʩʠʪʝʣʠ ʙʳʣʠ ʦʩʥʘʱʝʥʳ ʘʥʘʣʦʛʦʚʦʡ ʩʠʩʪʝʤʦʡ ʫʧʨʘʚʣʝʥʠʷ, 

ʠʤʝʶʱʝʡ ʥʝʜʦʩʪʘʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʠʟʤʝʥʠʪʴ ʩʠʩʪʝʤʫ 

ʫʧʨʘʚʣʝʥʠʷ ʨʘʢʝʪʳ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʫʩʪʘʨʝʚʰʠʝ ʢʦʥʩʪʨʫʢʮʠʠ. 
ʂʦʩʤʦʜʨʦʤ ɹʘʡʢʦʥʫʨ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ ɻʘʛʘʨʠʥʩʢʠʡ ʩʪʘʨʪ, ʨʘʩʧʦʣʦʞʝʥ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʂʘʟʘʭʩʪʘʥʘ ʠ ʘʨʝʥʜʦʚʘʥ ʈʦʩʩʠʝʡ ʜʦ 2050 ʛʦʜʘ. ʈʘʙʦʪʳ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʫʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ɻʂ çʈʦʩʢʦʩʤʦʩè. 
ʇʨʦʮʝʩʩ ʦʙʥʦʚʣʝʥʠʷ ʦʙʲʝʢʪʘ, ʧʨʠʚʝʜʝʥʠʝ ʝʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʥʦʚʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʠ 

ʥʦʨʤʘʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ- ʤʦʜʝʨʥʠʟʘʮʠʷ- ʥʝʦʙʭʦʜʠʤʘʷ ʟʘʜʘʯʘ ʜʣʷ ʉʪʘʨʪʘ ˉ1, 

ʢʦʪʦʨʳʡ ʜʦʣʛʠʝ ʛʦʜʳ ʥʝʩ ʦʩʥʦʚʥʫʶ ʥʘʛʨʫʟʢʫ ʧʦ ʟʘʧʫʩʢʫ ʧʠʣʦʪʠʨʫʝʤʳʭ ʢʦʨʘʙʣʝʡ çʉʦʶʟè ʠ 

ʛʨʫʟʦʚʳʭ çʇʨʦʛʨʝʩʩè ʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. 
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ʆʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʘʢʝʪ-ʥʦʩʠʪʝʣʝʡ ʩ 

ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʦʤ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ, ʦʪʢʘʟ ʦʪ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 

ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʪʘʨʪʦʚʦʛʦ ʩʪʦʣʘ. ʄʦʜʠʬʠʢʘʮʠʷ ɻʘʛʘʨʠʥʩʢʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʧʦʟʚʦʣʠʪ: 
Å ʇʦʣʥʦʩʪʴʶ ʧʝʨʝʡʪʠ ʥʘ ʟʘʧʫʩʢ ʨʘʢʝʪʳ-ʥʦʩʠʪʝʣʷ çʉʦʶʟ-2.1ʘè ʩ ʮʠʬʨʦʚʦʡ ʩʠʩʪʝʤʦʡ 

ʫʧʨʘʚʣʝʥʠʷ; 
Å ʆʪʢʘʟʘʪʴʩʷ ʦʪ ʚʨʘʱʘʶʱʝʛʦʩʷ ʩʪʦʣʘ; 
Å ʂʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʨʘʝʢʪʦʨʠʶ ʧʦʣʝʪʘ ʨʘʢʝʪʳ; 
-ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʬʝʨʤ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʟʘʤʝʥʠʚ ʠʭ ʤʦʙʠʣʴʥʦʡ ʙʘʰʥʝʡ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʨʘʙʦʪʫ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʙʦʪʫ ʚ ʣʶʙʳʭ 

ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʠ ʫʩʧʝʰʥʦ ʨʝʰʠʣʠ ʩʣʝʜʫʶʱʠʝ ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1) ʀʟʫʯʠʪʴ ɻʘʛʘʨʠʥʩʢʠʡ ʩʪʘʨʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʢʦʩʤʦʜʨʦʤʝ ɹʘʡʢʦʥʫʨ 
2) ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʢʦʩʤʦʜʨʦʤʝ 

ɹʘʡʢʦʥʫʨ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ ʧʣʘʪʬʦʨʤʝ 
3) ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʟʘʧʫʩʢ ʨʘʢʝʪʳ ʩ ɻʘʛʘʨʠʥʩʢʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʠʟʛʦʪʦʚʠʪʴ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʦʛʦ ʟʘʧʫʩʢʘ (ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ: ʚʠʜʝʦʨʦʣʠʢ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ) 
4) ʈʘʩʩʤʦʪʨʝʪʴ ʦʪʣʠʯʠʷ ʚ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ ʨʘʢʝʪ 
5) ʈʘʩʩʤʦʪʨʝʪʴ ʤʘʢʝʪʳ ʨʘʟʥʳʭ ʩʪʘʨʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 
6) ʀʟʛʦʪʦʚʠʪʴ ʪʨʘʥʩʬʦʨʤʠʨʫʝʤʳʡ ʤʘʢʝʪ ʨʫʯʥʦʡ ʨʘʙʦʪʳ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʧʨʠʥʮʠʧʘ 

ʨʘʙʦʪʳ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʚʨʘʱʘʶʱʝʡʩʷ (ʥʘ ʧʨʠʤʝʨʝ ʧʣʦʱʘʜʢʠ ʢʦʩʤʦʜʨʦʤʘ 

çɺʦʩʪʦʯʥʳʡè) ʠ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ (ʥʘ ʧʨʠʤʝʨʝ ʉʪʘʨʪʘˉ1) 
7) ʆʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʢʦʩʤʦʜʨʦʤʝ 

çɺʦʩʪʦʯʥʳʡè ʥʘ ʥʝʧʦʜʚʠʞʥʦʡ ʧʣʘʪʬʦʨʤʝ 
8) ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʟʘʧʫʩʢ ʨʘʢʝʪʳ ʩ ʢʦʩʤʦʜʨʦʤʘ çɺʦʩʪʦʯʥʳʡè; ʠʟʛʦʪʦʚʠʪʴ 

ʤʫʣʴʪʠʤʝʜʠʡʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʦʛʦ ʟʘʧʫʩʢʘ (ʬʦʨʤʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʦʚ: ʚʠʜʝʦʨʦʣʠʢ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʛʦʪʦʚʣʝʥʠʷ) 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʉʪʘʨʪʘ ˉ1 ʥʝʦʙʳʯʘʡʥʦ ʚʦʟʨʦʩʣʘ 

ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʂʦʩʤʦʜʨʦʤ çɺʦʩʪʦʯʥʳʡè ʠ ʢʦʩʤʦʜʨʦʤ ɹʘʡʢʦʥʫʨ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 

ʨʘʙʦʪ ʥʘ ʄʂʉ ʠ ʚ ʚʳʧʦʣʥʝʥʠʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʰʝʡ ʩʪʨʘʥʳ. 
ʎʝʣʴ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʙʦʩʥʦʚʘʥʠʠ ʛʠʧʦʪʝʟʳ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʤʦʜʝʨʥʠʟʘʮʠʠ ɻʘʛʘʨʠʥʩʢʦʛʦ ʩʪʘʨʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʣʥʦʩʪʴʶ ʜʦʩʪʠʛʥʫʪʘ. 

ʆʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 
ʉʪʘʨʠʥʩʢʠʡ ʅ.ʀ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʉʳʯʝʚʘ ʗ.ɽ. 
ʄɹʆʋ çɻʠʤʥʘʟʠʷ ˉ 5è, ʂʦʨʦʣʝʚ 

 

ʄʦʷ ʨʘʙʦʪʘ ʠʟ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. ʉʝʡʯʘʩ ʩʪʨʦʷʪ ʦʯʝʥʴ ʤʥʦʛʦ. ʏʪʦʙʳ ʧʦʩʪʨʦʠʪʴ ʤʥʦʛʦ ʥʘʜʦ 

ʩʪʨʦʠʪʴ ʙʳʩʪʨʦ. ɽʩʣʠ ʩʪʨʦʠʪʴ ʙʳʩʪʨʦ, ʢʘʯʝʩʪʚʦ ʫʭʫʜʰʘʝʪʩʷ. ɿʥʘʯʠʪ, ʥʘʜʦ ʠʟʤʝʨʷʪʴ ʢʘʯʝʩʪʚʦ. 

ʗ ʫʤʝʶ ʵʪʦ ʜʝʣʘʪʴ [1]. 
ʇʦʜʨʷʜʯʠʢ ʚ ʤʦʝʡ ʨʘʙʦʪʝ ʥʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥ. ɽʛʦ ʮʝʣʴ ï ʙʳʩʪʨʦ ʩʜʘʪʴ ʨʘʙʦʪʫ, ʧʦʣʫʯʠʪʴ 

ʜʝʥʴʛʠ. ʋ ɿʘʢʘʟʯʠʢʘ ʜʨʫʛʘʷ ʮʝʣʴ. ʆʥ ʜʦʣʞʝʥ ʧʨʦʜʘʪʴ ʟʜʘʥʠʝ ʠʣʠ ʩʜʘʪʴ ʝʛʦ. ʇʣʦʭʦʝ ʟʜʘʥʠʝ 

ʥʠʢʪʦ ʥʝ ʢʫʧʠʪ. ɿʘʢʘʟʯʠʢ ʚʳʥʫʞʜʝʥ ʥʘʥʠʤʘʪʴ ʢʦʥʪʨʦʣʸʨʘ. ʗ ï ʢʦʥʪʨʦʣʸʨ. ʄʦʷ ʨʘʙʦʪʘ 

ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʸʨʫ ʨʘʙʦʪʘʪʴ ʩ ʟʘʢʘʟʯʠʢʦʤ. 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʣʘ ʙʳʣ ʧʨʠʤʝʥʸʥ ʣʘʟʝʨʥʳʡ ʫʨʦʚʝʥʴ ʠ ʣʠʥʝʡʢʘ. ʃʘʟʝʨʥʳʡ 

ʫʨʦʚʝʥʴ - ʦʩʥʦʚʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ. ʆʥ ʩʦʟʜʘʸʪ ʨʦʚʥʫʶ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ 

ʧʣʦʩʢʦʩʪʴ. ɽʩʪʴ ʝʱʸ ʚʝʨʪʠʢʘʣʴʥʘʷ ʣʠʥʠʷ, ʥʦ ʦʥʘ ʤʥʝ ʧʦʢʘ ʥʝ ʥʫʞʥʘ. ʕʪʦʪ ʧʨʠʙʦʨ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ. ɽʩʣʠ ʥʘʢʣʦʥʠʪʴ ʩʠʣʴʥʦ, ʦʥ ʟʘʧʠʱʠʪ, ʠʤ ʥʝʣʴʟʷ ʧʦʣʴʟʦʚʘʪʴʩʷ. ʇʨʠʙʦʨ ʥʘʜʦ 

ʥʝʤʥʦʛʦ ʚʳʨʦʚʥʷʪʴ, ʧʦʢʘ ʥʝ ʧʝʨʝʩʪʘʥʝʪ ʧʠʱʘʪʴ. ʕʪʦʪ ʧʨʠʙʦʨ ʩʜʝʣʘʣ ʤʥʝ ʧʣʦʩʢʦʩʪʴ ʦʪʩʯʸʪʘ. 
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ʆʙʲʝʢʪ ʠʟʫʯʝʥʠʷ ï ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʘ ʚ ʢʣʘʩʩʝ. ʇʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ï ʥʘʢʣʦʥ ʧʦʣʘ. ʗ 

ʠʟʫʯʘʶ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʫʨʦʚʥʷ ʠ ʣʠʥʝʡʢʠ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʘ ʥʘ ʧʨʝʜʤʝʪ ʝʸ ʥʘʢʣʦʥʘ ʢ 

ʛʦʨʠʟʦʥʪʫ. 
ʋʯʠʪʝʣʷ ʞʘʣʫʶʪʩʷ, ʯʪʦ ʩʪʦʣʳ ʢʨʠʚʳʝ. ʆʩʦʙʝʥʥʦ ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ. ʂʨʫʛʣʳʝ ʧʨʝʜʤʝʪʳ 

ʩʢʘʪʳʚʘʶʪʩʷ. ʕʪʦ ʪʷʞʸʣʳʡ ʢʦʨʧʫʩ ʦʪ ʙʦʣʴʰʦʛʦ ʧʦʜʰʠʧʥʠʢʘ. ʗ ʧʨʦʚʸʣ ʦʧʳʪ, ʢʦʣʝʩʦ ʢʘʪʠʪʩʷ, 

ʢʘʢ ʩ ʛʦʨʢʠ. 
ʗ ʧʦʚʪʦʨʠʣ ʦʧʳʪ ʥʘ ʧʦʣʫ. ʆʙʨʫʯ ʪʦʞʝ ʢʘʪʠʪʩʷ. ɿʥʘʯʠʪ ʧʦʣ ʚ ʢʣʘʩʩʝ - ʵʪʦ ʛʦʨʢʘ. ʄʦʷ 

ʟʘʜʘʯʘ ï ʠʟʤʝʨʠʪʴ ʥʝʨʦʚʥʦʩʪʴ. 
ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʘ ʧʨʦʩʪʘʷ - ʧʦʣʦʞʠʪʴ ʢʦʣʝʩʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ɽʩʣʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʢʦʣʝʩʦ ʥʝ ʧʦʢʘʪʠʪʩʷ. ʅʦ ʦʙʳʯʥʦ ʦʥʦ ʥʘʯʠʥʘʝʪ ʢʘʪʠʪʴʩʷ, ʟʥʘʯʠʪ, ʝʩʪʴ ʥʘʢʣʦʥ. 

ʕʪʦʪ ʥʘʢʣʦʥ ʥʘʜʦ ʠʟʤʝʨʠʪʴ. 
ʗ ʪʦʯʥʦ ʠʟʤʝʨʠʣ ʥʘʢʣʦʥ ʧʦʣʘ ʣʘʟʝʨʦʤ ʠ ʣʠʥʝʡʢʦʡ. ɺ ʢʣʘʩʩʝ 15 ʧʘʨʪ. ʋ ʧʘʨʪʳ 4 ʫʛʣʘ. ʗ 

ʧʨʠʩʪʘʚʠʣ ʣʠʥʝʡʢʫ ʢ ʢʘʞʜʦʤʫ ʫʛʣʫ. ʇʦʣʫʯʠʣ 60 ʠʟʤʝʨʝʥʠʡ. ʀʭ ʥʘʜʦ ʦʙʨʘʙʦʪʘʪʴ. 60 

ʠʟʤʝʨʝʥʠʡ ʷ ʦʙʨʘʙʦʪʘʣ ʚ ʧʨʦʛʨʘʤʤʝ Excel. ʅʘ ʯʠʩʣʘ ʩʤʦʪʨʝʪʴ ʥʝ ʫʜʦʙʥʦ. ʅʫʞʝʥ ʛʨʘʬʠʢ. 

ʊʘʙʣʠʮʘ ʠʟʤʝʨʝʥʠʡ ʩʥʘʯʘʣʘ ʙʳʣʘ ʟʘʧʠʩʘʥʘ ʚ ʪʝʪʨʘʜʠ, ʘ ʧʦʪʦʤ ʧʝʨʝʥʝʩʝʥʘ ʚ ʢʦʤʧʴʶʪʝʨ. 
ʈʝʜʘʢʪʦʨ Excel ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ, ʥʘʜʦ ʚʳʜʝʣʠʪʴ ʯʠʩʣʘ ʠ ʥʘʞʘʪʴ ʢʥʦʧʢʫ 

çɺʩʪʘʚʠʪʴ ʛʨʘʬʠʢè. ʇʦʣʫʯʠʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʣʘ ʚ ʢʣʘʩʩʝ. ʇʝʨʝʧʘʜ ʚʳʩʦʪ ʧʦʯʪʠ 4 ʩʤ ʥʘ 

ʰʠʨʠʥʫ 4 ʤʝʪʨʘ. ʊʦ ʝʩʪʴ 1%. ʕʪʦ ʦʯʝʥʴ ʤʥʦʛʦ, 10 ʤʤ ʥʘ 1 ʤʝʪʨ. ɼʣʷ ʩʧʨʘʚʢʠ: ʥʘ ʘʵʨʦʜʨʦʤʝ 

çʖʙʠʣʝʡʥʳʡè ʜʣʷ çɹʫʨʘʥʘè ʠ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʘʵʨʦʜʨʦʤʘʭ ʧʝʨʝʧʘʜ ʚʳʩʦʪ ʚ 10 ʨʘʟ ʤʝʥʴʰʝ, 1 

ʤʤ ʥʘ 1 ʤʝʪʨ. ʅʘ ʨʠʩʫʥʢʝ ʩʨʘʟʫ ʙʫʜʝʪ ʚʠʜʝʥ ʛʨʘʬʠʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʘ, ʷʚʥʦ ʚʠʜʥʳ 

ʥʝʨʦʚʥʦʩʪʠ ʩ ʧʝʨʝʧʘʜʦʤ ʚʳʩʦʪ ʜʦ 40 ʤʤ. 
ʗ ʦʪʚʝʪʠʣ ʥʘ ʚʦʧʨʦʩ: çʇʦʯʝʤʫ ʥʘ ʩʪʦʣʝ ʢʘʪʠʪʩʷ ʦʙʨʫʯ?è ʀʟ ʛʨʘʬʠʢʘ ʥʝʨʦʚʥʦʩʪʠ ʧʦʣʘ 

ʙʳʣ ʚʟʷʪ ʧʝʨʚʳʡ ʨʷʜ, ʪʦ ʝʩʪʴ ʛʦʨʢʘ ʫ ʧʝʨʚʦʛʦ ʨʷʜʘ ʧʘʨʪ. ʕʪʘ ʛʦʨʢʘ ʚ 10 ʨʘʟ ʢʨʫʯʝ, ʯʝʤ ʧʦʣʦʩʘ 

ʘʵʨʦʜʨʦʤʘ. 
ɺʪʦʨʦʡ ʦʧʳʪ ʙʳʣ ʚʳʧʦʣʥʝʥ ʧʝʨʝʜ ʰʢʦʣʴʥʳʤ ʛʘʨʜʝʨʦʙʦʤ. ʊʘʤ ʧʦʣ ʙʦʣʝʝ ʨʦʚʥʳʡ, 

ʙʨʠʛʘʜʘ ʩʪʨʦʠʪʝʣʝʡ ʨʘʙʦʪʘʣʘ ʣʫʯʰʝ, ʢʦʛʜʘ ʥʘʩʪʠʣʘʣʘ ʢʘʬʝʣʴʥʫʶ ʧʣʠʪʢʫ. 
ɿʘʪʝʤ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʨʦʚʝʨʢʘ ʛʦʨʠʟʦʥʪʘʣʠ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ ʜʣʠʥʥʦʡ ʤʝʣʦʚʦʡ 

ʢʣʘʩʩʥʦʡ ʜʦʩʢʠ, ʜʣʠʥʘ 7,5 ʤʝʪʨʘ. ɻʦʨʠʟʦʥʪʘʣʴ ʚʳʜʝʨʞʘʥʘ ʧʦʯʪʠ ʠʜʝʘʣʴʥʦ. 
ʅʘʢʦʥʝʮ, ʙʳʣʘ ʧʨʦʚʝʨʝʥʘ ʨʘʙʦʪʘ ʩʪʨʦʠʪʝʣʝʡ ʧʨʠ ʫʩʪʘʥʦʚʢʝ ʧʣʘʩʪʠʢʦʚʳʭ ʦʢʦʥ ʚʦ ʚʨʝʤʷ 

ʟʘʤʝʥʳ ʩʪʘʨʳʭ ʜʝʨʝʚʷʥʥʳʭ ʨʘʤ. ɿʜʝʩʴ ʪʦʞʝ ʨʘʙʦʪʘʣʠ ʧʨʦʬʝʩʩʠʦʥʘʣʳ. 
ʉʪʨʦʠʪʝʣʠ ʧʣʦʭʦ ʨʘʙʦʪʘʣʠ ʚʦ ʚʨʝʤʷ ʚʦʟʚʝʜʝʥʠʷ ʰʢʦʣʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ 

ʤʘʣʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʠʟ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʘʪʘʣʴʦʥʘ ʄʠʥʠʩʪʝʨʩʪʚʘ ʆʙʦʨʦʥʳ 
ʉʉʉʈ. ʅʘ ʦʜʥʦʡ ʩʪʝʥʝ ʰʢʦʣʳ ʦʥʠ ʟʘʙʳʣʠ ʧʦʣʦʞʠʪʴ ʨʷʜ ʢʠʨʧʠʯʝʡ ʥʘ ʙʣʠʞʥʝʡ ʩʪʝʥʝ, ʠ ʜʚʘ 

ʨʷʜʘ ʢʠʨʧʠʯʝʡ ʥʘ ʜʘʣʴʥʝʡ ʩʪʝʥʝ. ɽʩʣʠ ʪʘʢ ʧʦʩʪʨʦʠʪʴ ʘʵʨʦʜʨʦʤ, ʪʦ ʙʫʜʫʪ ʘʚʘʨʠʠ. ʗ ʤʦʛʫ 

ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪ ʠ ʥʝ ʜʦʧʫʩʪʠʪʴ ʥʠ ʘʚʘʨʠʡ, ʥʠ ʩʢʘʪʳʚʘʥʠʷ ʢʨʫʛʣʳʭ ʧʨʝʜʤʝʪʦʚ 

ʩʦ ʩʪʦʣʦʚ. ʇʦʩʣʝ ʩʨʘʚʥʝʥʠʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʙʨʠʛʘʜ ɿʘʢʘʟʯʠʢ 

ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʜʦʙʨʦʩʦʚʝʩʪʥʳʭ ʩʪʨʦʠʪʝʣʝʡ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʉʪʘʨʠʥʩʢʠʡ ʅʠʢʦʣʘʡ, 4 ʢʣʘʩʩ. ʆʮʝʥʢʘ ʪʦʯʥʦʩʪʠ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ï ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ (ʚʠʜʝʦʨʦʣʠʢ 5:54): https://youtu.be/CN9mgpi8z_4 

ʀʟʣʫʯʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʢʦʤʠʯʝʩʢʠʤʠ ʦʙʲʝʢʪʘʤʠ. ʉʦʟʜʘʥʠʝ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ  

ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ 
ʊʝʤʥʠʢʦʚ ɸ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɹʦʨʠʩʦʚʘ ʄ. 
ʉʨʝʜʥʷʷ ʰʢʦʣʘ ˉ 74, ʗʨʦʩʣʘʚʣʴ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʩʩʣʝʜʦʚʘʪʴ ʥʘʫʯʥʳʡ ʤʘʪʝʨʠʘʣ ʦ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ, ʩʦʙʨʘʪʴ ʨʘʜʠʦʪʝʣʝʩʢʦʧ 

ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʩʜʝʣʘʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʳʚʦʜʳ. 
ɼʣʷ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʤʦʝʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʫʩʩʢʦʷʟʳʯʥʳʝ ʩʘʡʪʳ: 

ʧʦ ʪʝʤʝ ʣʶʙʠʪʝʣʴʩʢʘʷ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʷ, ʣʶʙʠʪʝʣʴʩʢʠʡ ʨʘʜʠʦʪʝʣʝʩʢʦʧ, ʢʦʣʣʝʢʪʠʚʥʳʝ 

ʨʘʜʠʦʥʘʙʣʶʜʝʥʠʷ ʠ ʪ.ʜ. ɿʘʜʘʯʘ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʤʦʝʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʜʣʷ ʣʶʙʠʪʝʣʴʩʢʦʡ 

ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ ʩʚʦʜʠʣʘʩʴ ʢ ʨʝʰʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʧʦʜʟʘʜʘʯ: 
1. ʉʦʟʜʘʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 
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2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʜʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʤʝʪʦʜʦʚ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʠ 

ʰʢʦʣʴʥʠʢʘʤʠ, ʯʪʦ ʚʜʦʭʥʦʚʠʣʦ ʙʳ ʠʭ ʥʘ ʜʘʣʴʥʝʡʰʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. 
ʇʦʰʘʛʦʚʳʡ ʧʨʦʮʝʩʩ ʩʙʦʨʢʠ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ: 
1. ʉʙʦʨʢʘ ʩʧʫʪʥʠʢʦʚʦʡ ʪʘʨʝʣʢʠ ʧʦ ʧʨʠʣʘʛʘʝʤʦʡ ʠʥʩʪʨʫʢʮʠʠ; 
2. ʇʨʠʢʨʝʧʣʝʥʠʝ ʢ ʜʝʨʞʘʪʝʣʶ ʩʧʫʪʥʠʢʦʚʦʡ ʪʘʨʝʣʢʠ ʢʦʥʚʝʨʪʦʨʘ; 
3. ʋʩʪʘʥʦʚʢʘ ʩʧʫʪʥʠʢʦʚʦʡ ʪʘʨʝʣʢʠ ʥʘ ʰʪʘʪʠʚ; 
4. ʇʦʜʢʣʶʯʝʥʠʝ ʢʘʙʝʣʷ ʢ ʢʦʥʚʝʨʪʦʨʫ ʠ ʠʟʤʝʨʠʪʝʣʶ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ Satfinder; 
5. ʇʦʜʢʣʶʯʝʥʠʝ ʧʠʪʘʥʠʝ Satfinder ʠʟ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʦʝʜʠʥʝʥʥʳʭ ʙʘʪʘʨʝʝʢ 

ʢʨʦʥʘ; 
6. ʅʘʩʪʨʦʡʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ (Radio-SkyPipe). 
ʉʦʙʨʘʚ ʨʘʜʠʦʪʝʣʝʩʢʦʧ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟʘ ʛʦʨʦʜʦʤ, ʪʘʢ ʯʪʦʙʳ ʘʥʪʝʥʥʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʚ ʤʝʩʪʘʭ 

ʦʪʩʫʪʩʪʚʠʷ ʜʝʨʝʚʴʷ, ʢʨʳʰʠ, ʚʦʟʜʫʰʥʳʝ ʧʨʦʚʦʜʘ ʠ ʪ. ʜ., ʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʷʪ ʪʝʧʣʦʚʦʡ 

ʩʠʛʥʘʣ. 
ʂʘʢ ʪʦʣʴʢʦ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʦʜʢʣʶʯʝʥʘ ʠ ʟʘʧʠʪʘʥʘ, ʷ ʧʨʦʚʝʣ ʩʣʝʜʫʶʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ: 
1. ʉʦʣʥʮʝ-ʵʪʦ ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʧʝʨʝʜʘʪʯʠʢ. ʈʘʜʠʦʚʦʣʥʫ Cʦʣʥʮʝ ʤʦʞʥʦ ʣʝʛʢʦ 

ʦʙʥʘʨʫʞʠʪʴ. 
ʇʦ ʤʝʨʝ ʪʦʛʦ ʢʘʢ ʷ ʜʚʠʛʘʣ ʘʥʪʝʥʥʫ ʪʘʨʝʣʢʠ ʢ ʉʦʣʥʮʫ, ʪʦ ʫʚʠʜʝʣ ʫʚʝʣʠʯʝʥʠʝ ʩʠʣʳ 

ʩʠʛʥʘʣʘ. 
ɹ) 16 ʤʘʨʪʘ 2021 ʛʦʜʘ ʚ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ ʤʥʦʶ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʣʝʜʫʶʱʠʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɺ 

ʧʝʨʠʦʜ ʩ 10.00 ʜʦ 10.50 ʪʘʨʝʣʢʘ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʧʨʠʤʝʨʥʦ ʧʦ ʧʫʪʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʉʦʣʥʮʘ ʥʘ ʥʝʙʝ. ʉʠʛʥʘʣ ʙʳʣ ʟʘʧʠʩʘʥ ʧʦ ʤʝʨʝ ʜʚʠʞʝʥʠʷ ʉʦʣʥʮʘ ʯʝʨʝʟ ʘʥʪʝʥʥʫ. 

ʉʦʣʥʮʝ ʧʨʦʠʟʚʝʣʦ ʦʯʝʥʴ ʩʠʣʴʥʳʡ ʩʠʛʥʘʣ. 
2. ɺ ʥʦʚʦʣʫʥʠʝ 22 ʘʚʛʫʩʪʘ 2021 ʛʦʜʘ ʵʪʦʪ ʞʝ ʤʝʪʦʜ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʟʘʧʠʩʠ 

ʜʚʠʞʝʥʠʷ ʃʫʥʳ. ʅʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʝʨʠʦʜ ʩ 22.00 ʜʦ 22.50. ʀʟʫʯʠʚ ʤʘʪʝʨʠʘʣʳ, ʷ 

ʫʟʥʘʣ, ʯʪʦ ʣʫʥʥʳʡ ʩʠʛʥʘʣ ʥʘ ʤʠʢʨʦʚʦʣʥʦʚʳʭ ʜʣʠʥʘʭ ʚʦʣʥ ʚ ʦʩʥʦʚʥʦʤ ʦʙʫʩʣʦʚʣʝʥ ʪʝʧʣʦʚʳʤ 

ʩʠʛʥʘʣʦʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʃʫʥʳ ʩ ʥʝʙʦʣʴʰʠʤ ʚʢʣʘʜʦʤ ʦʪ ʦʪʨʘʞʝʥʥʦʛʦ ʩʦʣʥʝʯʥʦʛʦ 

ʩʚʝʪʘ. ʊʨʘʥʟʠʪ ʃʫʥʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʛʨʘʬʠʢʝ. 
ʇʨʦʚʝʜʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʪʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʜʦʤʘʰʥʠʭ ʫʩʣʦʚʠʷʭ, ʦʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʨʘʜʠʦʪʝʣʝʩʢʦʧ ʣʝʛʢʦ ʩʧʦʩʦʙʝʥ ʦʙʥʘʨʫʞʠʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʫʨʦʚʥʠ ʧʦ ʨʘʜʠʦ ʧʦʪʦʢʘ. ʆʜʥʘʢʦ 

ʜʚʠʞʫʱʠʝʩʷ ʠʩʪʦʯʥʠʢʠ (ʥʘʧʨʠʤʝʨ, ʜʨʫʛʠʝ ʩʧʫʪʥʠʢʠ, ʩʘʤʦʣʝʪʳ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʦʙʣʝʤʫ. 
ɼʘʣʴʥʝʡʰʠʝ ʟʘʜʘʯʠ ʧʦ ʨʘʟʚʠʪʠʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ: 
1. ʋʚʝʣʠʯʝʥʠʝ ʜʠʘʤʝʪʨʦʚ ʘʥʪʝʥʥ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʘʟʨʝʰʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ. 
2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʤʦʥʪʠʨʦʚʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʚʪʦʪʨʝʢʝʨʦʤ. 
3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʨʘʜʠʦʠʟʦʙʨʘʞʝʥʠʷ ʥʝʙʝʩʥʦʡ ʩʬʝʨʳ ʠ ʦʪʜʝʣʴʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʤʝʥʷ ʧʦʣʫʯʠʣʦʩʴ ʩʦʙʨʘʪʴ ʩʚʦʡ ʨʘʜʠʦʪʝʣʝʩʢʦʧ, ʢʦʪʦʨʳʡ ʚʳʧʦʣʥʷʝʪ 

ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ ʧʨʠʥʠʤʘʝʪ ʨʘʟʣʠʯʥʳʝ ʨʘʜʠʦʩʠʛʥʘʣʳ. ʂʦʥʝʯʥʦ ʦʥ ʜʘʝʪ 

ʥʝʪʦʯʥʦʩʪʠ, ʥʦ ʷ ʧʨʦʜʦʣʞʫ ʨʘʙʦʪʘʪʴ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʫʣʫʯʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʗ ʩʯʠʪʘʶ, ʯʪʦ ʧʨʦʜʝʣʘʥʥʘʷ ʤʥʦʡ ʨʘʙʦʪʘ ʦʢʘʞʝʪ ʟʥʘʯʠʤʫʶ ʧʦʤʦʱʴ 

ʥʘʯʠʥʘʶʱʠʤ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʘʤʦʜʝʣʴʥʦʛʦ ʨʘʜʠʦʪʝʣʝʩʢʦʧʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ. 
ʆʙʦʙʱʠʚ ʚʳʰʝʩʢʘʟʘʥʥʦʝ, ʷ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʨʘʜʠʦʘʩʪʨʦʥʦʤʠʷ ʧʦʜʘʨʠʣʘ ʤʠʨʦʚʦʤʫ 

ʥʘʫʯʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ ʚʘʞʥʳʝ ʟʥʘʥʠʷ ʦ ʩʘʤʳʭ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢʘʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʫʛʨʦʞʘʶʱʠʭ ɿʝʤʣʝ ʘʩʪʝʨʦʠʜʘʭ, ʦ ʩʚʝʨʭʤʘʩʩʠʚʥʳʭ ʯʝʨʥʳʭ ʜʳʨʘʭ ʠ ʩʣʠʷʥʠʷʭ ʛʘʣʘʢʪʠʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʝʛʦʜʥʷ ʙʣʘʛʦʜʘʨʷ ʩʦʚʨʝʤʝʥʥʳʤ ʨʘʜʠʦʦʙʩʝʨʚʘʪʦʨʠʷʤ ʤʳ ʤʦʞʝʤ ʩʤʦʪʨʝʪʴ ʥʝ 

ʪʦʣʴʢʦ ʚ ʧʨʦʰʣʦʝ, ʨʘʟʙʠʨʘʷ ʩʚʝʪ, ʠʜʫʱʠʡ ʢ ʥʘʤ ʤʠʣʣʠʘʨʜʳ ʣʝʪ, ʥʦ ʠ ʜʝʣʘʪʴ ʧʨʦʛʥʦʟʳ ʥʘ ʢʘʢ 

ʙʣʠʞʘʡʰʝʝ, ʪʘʢ ʠ ʥʘ ʚʝʩʴʤʘ ʦʪʜʘʣʝʥʥʦʝ ʙʫʜʫʱʝʝ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ:1. ɸʥʜʨʫʩʝʚʠʯ ʃ.ʂ., ʀʱʫʢ ɸ.ɸ., ʃʘʡʢʦ ʂ.ɸ., 

ɸʥʪʝʥʥʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ: ʫʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ, ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʅɻʊʋ, 

2006.-396 ʩ. 
2. ʄ. ʖ. ɿʘʩʪʝʣʘ, çʆʩʥʦʚʳ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ ʠ ʩʚʷʟʠè, ʂʘʟʘʥʴ: ɿɸʆ çʅʦʚʦʝ ʟʥʘʥʠʝè, 

2009.-340 ʩ. 
3. ʈʘʜʠʦʪʝʣʝʩʢʦʧ. ɾʫʨʥʘʣ "ɺʩʝ ʦ ʢʦʩʤʦʩʝ". ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 

https://aboutspacejornal.net/ʨʘʜʠʦʪʝʣʝʩʢʦʧ 
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4. ʃʶʙʠʪʝʣʴʩʢʘʷ ʘʩʪʨʦʥʦʤʠʷ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʠʣʠ ʧʦʯʝʤʫ ʧʦʣʫʯʠʣʦʩʴ ʪʦʣʴʢʦ ʩʝʡʯʘʩ? 

ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: http://radio-sky.ru/amateur_RA.php 
5. ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʷ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ:https://in-space.ru/radioastronomiya/ 
6. ʈʘʜʠʦʘʩʪʨʦʥʦʤʠʷ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 

https://www.krugosvet.ru/enc/nauka_i_tehnika/transport_i_svyaz/RADIOASTRONOMIYA.html 
7. ʂʦʩʤʠʯʝʩʢʦʝ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝ. ʕʥʮʠʢʣʦʧʝʜʠʷ ʈɸʅ. ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ: 

https://bigenc.ru/physics/text/2101609 
8. ʉʦʟʜʘʡʪʝ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ ʨʘʜʠʦʪʝʣʝʩʢʦʧ, ʯʪʦʙʳ ʩʣʫʰʘʪʴ ʤʝʪʝʦʨʳ. ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ: https://www.sciencefriday.com/articles/build-your-own-radio-telescope-to-listen-to-

meteors/ 
9. ʈʘʜʠʦʪʝʣʝʩʢʦʧ ʀʪʪʠ ɹʠʪʪʠ ʥʘʙʣʶʜʘʝʪ ʟʘ ʉʦʣʥʮʝʤ ʥʘ ʯʘʩʪʦʪʝ 12 ɻɻʮ ʕʣʝʢʪʨʦʥʥʳʡ 

ʨʝʩʫʨʩ: http://www.stargazing.net/david/radio/itty_bitty_radio_telescope.html 

ɼʚʠʛʘʪʝʣʴ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʰʥʦʡ ʩʠʣʳ ʪʷʛʠ 
ʑʝʨʙʘʢʦʚ ɽ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʢ.ʪ.ʥ. ɹʝʢʘʝʚ ɸ.ɸ. 
ʄʆʋ ʉʆʐ ˉ11, ʆʨʝʭʦʚʦ-ɿʫʝʚʦ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʧʨʠ ʟʘʧʫʩʢʝ ʨʘʢʝʪ ʚ ʢʦʩʤʦʩ ʚʦʟʥʠʢʘʝʪ ʨʷʜ ʧʨʦʙʣʝʤ: 
1) ʤʝʜʠʢʦ-ʩʘʥʠʪʘʨʥʳʝ - ʚʩrʦʢʘʷ ʩʪʝʧʝʥʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʥʘʩʝʣʝʥʠʷ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʥʘ 

ʪʝʨʨʠʪʦʨʠʷʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʨʘʡʦʥʘʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʠʩʧʳʪʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʪʦʧʣʠʚʘ 

ʜʣʷ ʨʘʢʝʪʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʤʝʩʪʘʭ ʟʘʧʫʩʢʦʚ ʨʘʢʝʪ; 
2) ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ - ʥʘʨʫʰʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʙʘʣʘʥʩʘ ʚ 

ʨʘʡʦʥʘʭ ʤʥʦʛʦʨʘʟʦʚʳʭ ʟʘʧʫʩʢʦʚ; 
3) ʵʢʦʥʦʤʠʯʝʩʢʠʝ - ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʟʘʧʫʩʢʘ ʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʨʘʙʦʪʘʚʰʠʭ ʩʪʫʧʝʥʝʡ 

ʨʘʢʝʪ. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʮʝʣʠ ʧʨʦʝʢʪʘ: 
Å ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʚʦʟʜʫʰʥʦʡ ʩʠʣʳ ʪʷʛʠ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʚʳʧʦʣʥʷʪʴ ʟʘʧʫʩʢʠ ʦʙʲʝʢʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʢʦʛʦ-

ʣʠʙʦ ʪʦʧʣʠʚʘ ʠʣʠ ʜʚʠʛʘʪʝʣʝʡ; 
Å ʉʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʧʨʦʪʦʪʠʧʘ) ʫʤʝʥʴʰʝʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʜʣʷ ʥʘʛʣʷʜʥʦʛʦ 

ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʙʳʣʠ ʨʝʰʝʥʳ ʟʘʜʘʯʠ: 
Å ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʨʘʢʝʪʥʳʤ ʫʩʪʘʥʦʚʢʘʤ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ; 
Å ʇʦʩʪʨʦʝʥʠʝ ʠʟ ʢʘʨʪʦʥʘ ʠ ʤʦʥʪʘʞʥʦʡ ʧʝʥʳ ʧʨʦʪʦʪʠʧʘ ʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʜʫʰʥʦʡ ʩʠʣʳ ʪʷʛʠ; 
Å ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʚʥʝʜʨʝʥʠʷ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ. 
ɺ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʣʝʞʠʪ ʠʟʚʝʩʪʥʦʝ ʧʨʠʨʦʜʥʦʝ ʷʚʣʝʥʠʝ - ʚʦʟʜʫʰʥʘʷ 

ʩʠʣʘ ʪʷʛʠ, ʚʦʟʥʠʢʘʶʱʘʷ ʟʘ ʩʯʝʪ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʢʦʥʮʘʭ ʜʣʠʥʥʦʤʝʨʥʦʛʦ 

ʧʦʣʦʛʦ ʮʠʣʠʥʜʨʘ (ʥʘʧʨʠʤʝʨ, ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʪʨʫʙʳ). ʈʘʢʝʪʦʥʦʩʠʪʝʣʴ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʧʦʜʦʙʥʦʡ çʧʫʩʢʦʚʦʡ ʪʨʫʙʝè (ʰʘʭʪʝ) ʩ ʧʣʦʪʥʦ ʟʘʢʨʳʪʳʤʠ ʝʝ ʢʦʥʮʘʤʠ 

ʩʧʝʮʠʘʣʴʥʳʤʠ ʟʘʩʣʦʥʢʘʤʠ. ɺ ʧʦʣʫʯʝʥʥʦʡ ʛʝʨʤʝʪʠʯʥʦʡ ʰʘʭʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʢʘʯʠʚʘʶʪ 

ʚʦʟʜʫʭ ʢʦʤʧʨʝʩʩʦʨʘʤʠ, ʩʦʟʜʘʶʪ ʚʘʢʫʫʤ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʨʘʚʥʘ ʠʣʠ ʙʣʠʟʢʘ ʚʝʣʠʯʠʥʝ 

ʜʘʚʣʝʥʠʷ ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʝ ʰʘʭʪʳ. ɼʘʣʝʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʦʪʢʨʳʪʠʝ 

ʟʘʩʣʦʥʦʢ. ʉʥʘʯʘʣʘ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʚʘʝʪʩʷ ʟʘʩʣʦʥʢʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʦʡ 

ʚʳʩʦʪʝ, ʘ ʟʘʪʝʤ ʧʦʣʥʦʩʪʴʶ ʦʪʢʨʳʚʘʝʪʩʷ ʟʘʩʣʦʥʢʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʝʪʩʷ ʦʯʝʥʴ ʤʦʱʥʘʷ ʚʦʟʜʫʰʥʘʷ ʩʠʣʘ ʪʷʛʠ, ʟʘ ʩʯʝʪ ʢʦʪʦʨʦʡ 

ʨʘʢʝʪʦʥʦʩʠʪʝʣʴ ʥʘ ʧʦʨʰʥʝ-ʧʣʘʪʬʦʨʤʝ, ʦʪʨʳʚʘʷʩʴ ʦʪ ɿʝʤʣʠ ʠ ʧʦʜʥʠʤʘʷʩʴ ʚʚʝʨʭ, ʧʣʘʚʥʦ 

ʥʘʙʠʨʘʝʪ ʩʢʦʨʦʩʪʴ. ʂ ʤʦʤʝʥʪʫ ʧʦʣʥʦʛʦ ʚʳʭʦʜʘ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ ʠʟ ʪʨʫʙʳ, ʝʛʦ ʚʟʣʝʪʥʘʷ 

ʩʢʦʨʦʩʪʴ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ ʩ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʟʘʧʫʩʢʘ. 



150 

 

ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʝʟʢʦʛʦ ʫʩʢʦʨʝʥʠʷ ʨʘʢʝʪʳ ʚ ʥʘʯʘʣʝ ʧʦʜʲʝʤʘ, ʤʦʞʥʦ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʦʟʜʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʚʦʟʜʫʰʥʳʡ ʧʦʜʧʦʨè ï ʧʦʜ ʧʦʨʰʥʝʤ-ʧʣʘʪʬʦʨʤʦʡ 

ʨʘʢʝʪʳ ʧʨʠʥʫʜʠʪʝʣʴʥʦ ʩʦʟʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʜʘʚʣʝʥʠʝ ʩʚʝʨʭʣʝʛʢʦʛʦ ʛʘʟʘ (ʛʝʣʠʷ, ʚʦʜʦʨʦʜʘ ʠ 

ʜʨ.) ʚ ʫʧʨʘʚʣʷʝʤʦʤ ʨʝʟʝʨʚʫʘʨʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʠʟʚʝʩʪʠ ʙʳʩʪʨʳʡ ʩʪʘʨʪ. 
ʊʘʢ ʢʘʢ ʧʦʩʣʝ ʚʳʭʦʜʘ ʨʘʢʝʪʳ ʠʟ ʰʘʭʪʳ ʧʨʦʧʘʜʝʪ ʚʦʟʜʫʰʥʘʷ ʩʠʣʘ ʪʷʛʠ ʠ ʜʘʣʴʥʝʡʰʠʡ 

ʧʦʣʝʪ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʧʦ çʢʣʘʩʩʠʯʝʩʢʦʡè ʧʨʦʛʨʘʤʤʝ ʧʦʣʝʪʘ, ʪʦ ʚ ʤʦʤʝʥʪ ʚʳʭʦʜʘ 

ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ ʠʟ ʪʨʫʙʳ ʜʦʣʞʥʳ ʚʢʣʶʯʠʪʴʩʷ ʜʚʠʛʘʪʝʣʠ ʝʛʦ ʧʝʨʚʦʡ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ 

ʩʪʫʧʝʥʠ, ʢʦʥʩʪʨʫʢʮʠʷ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʝʥʘ. 
ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ: 
Å ɺ ʢʦʥʩʪʨʫʢʮʠʶ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʢʝʪʦʥʦʩʠʪʝʣʷ ʙʫʜʝʪ ʚʭʦʜʠʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʤʝʥʴʰʝʥʥʘʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʧʝʨʚʘʷ ʩʪʫʧʝʥʴ; 
Å ʂʦʥʩʪʨʫʢʮʠʷ çʪʨʫʙʳ-ʰʘʭʪʳè ʥʝ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ; 
Å ʉʦʢʨʘʪʷʪʩʷ ʟʘʪʨʘʪʳ ʠ ʚʨʝʤʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʝʜʩʪʘʨʪʦʚʦʡ ʧʦʜʛʦʪʦʚʢʦʡ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʥʦʚʳʡ ʜʚʠʛʘʪʝʣʴ ʥʘ ʦʩʥʦʚʝ 

ʚʦʟʜʫʰʥʦʡ ʩʠʣʳ ʪʷʛʠ, ʢʦʪʦʨʳʡ ʥʝ ʠʤʝʝʪ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʥʘʚʪʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʦʡ ʩʪʘʨʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʚʳʚʦʜʘ ʦʙʲʝʢʪʦʚ ʢʦʩʤʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʚ ʦʢʦʣʦʟʝʤʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 
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ʌʠʣʦʣʦʛʠʯʝʩʢʘʷ ʟʘʛʘʜʢʘ ʚ ʜʨʘʤʘʪʫʨʛʠʠ ɸ.ʅ. ʆʩʪʨʦʚʩʢʦʛʦ 
ɻʘʚʨʠʯʢʦʚʘ ʄ.ʆ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ʜʦʮʝʥʪ, ʜ.ʪ.ʥ. ʃʝʙʝʜʝʚ ɺ.ɺ. 
ʄɹʆʋ "ɻʠʤʥʘʟʠʷ ˉ5", ʂʦʨʦʣʝʚ 

 

ɺʦ ʚʨʝʤʷ ʠʟʫʯʝʥʠʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʧʨʦʠʟʚʝʜʝʥʠʡ ʦʙʳʯʥʦ ʥʝ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʷ ʥʘ 

ʬʘʢʪʳ ʠʟ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ. ʆʯʝʥʴ ʯʘʩʪʦ ʪʘʢʠʝ ʬʘʢʪʳ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʦʜʝʨʞʘʥʠʶ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʣʠ ʩʣʦʞʠʚʰʠʤʩʷ ʩʪʝʨʝʦʪʠʧʘʤ. ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʬʠʣʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʚʳʧʦʣʥʝʥʦ ʢʦʤʧʣʝʢʩʥʦ, ʛʣʘʚʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʚʟʷʪʳ ʠʟ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ, 

ʤʘʪʝʤʘʪʠʢʠ, ʬʠʟʠʢʠ, ʤʝʭʘʥʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʣʦʛʠʢʠ. 
ʆʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʩʪʘʣʠ ʧʴʝʩʳ ɸ.ʅ. ʆʩʪʨʦʚʩʢʦʛʦ. ʇʨʝʜʤʝʪ ʠʟʫʯʝʥʠʷ ʥʦʚʳʡ ʜʣʷ 

ʬʠʣʦʣʦʛʠʠ, ʩʚʷʟʘʥ ʩ ʧʝʨʝʥʦʩʦʤ ʨʝʘʣʠʟʤʘ ʪʚʦʨʯʝʩʪʚʘ ʜʨʘʤʘʪʫʨʛʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʥʘʫʯʥʫʶ 

ʦʙʣʘʩʪʴ. ɺ ʥʘʯʘʣʝ ʠʟʫʯʝʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʧʴʝʩʳ ʜʨʘʤʘʪʫʨʛʘ: çɻʨʦʟʘè, çʃʝʩè, çɻʦʨʷʯʝʝ 

ʩʝʨʜʮʝè [1]. ɺ ʵʪʠʭ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʜʝʡʩʪʚʠʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʳʤʳʰʣʝʥʥʦʤ ʛʦʨʦʜʝ ʂʘʣʠʥʦʚʝ, 

ʠʣʠ, ʢʘʢ ʛʦʚʦʨʷʪ ʫʯʠʪʝʣʷ ʥʘ ʫʨʦʢʘʭ ʣʠʪʝʨʘʪʫʨʳ, ʚ çʦʙʦʙʱʸʥʥʦʤè ʨʫʩʩʢʦʤ ʛʦʨʦʜʝ, ʠʥʦʛʜʘ 

ʫʪʦʯʥʷʷ, ʯʪʦ ʛʦʨʦʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʙʝʨʝʛʫ ɺʦʣʛʠ. ʂʘʢʠʝ ʪʦʣʴʢʦ ʧʨʦʪʦʪʠʧʳ ʥʝ ʚʳʜʫʤʘʣʠ: 

ʊʦʨʞʦʢ, ʊʚʝʨʴ, ʂʠʥʝʰʤʘ, ʂʦʩʪʨʦʤʘ? ʇʨʦʯʠʪʘʚ ʚʩʝʛʦ ʣʠʰʴ ʪʨʠ ʫʢʘʟʘʥʥʳʝ ʧʴʝʩʳ, ʷ 

ʩʘʪʠʨʠʯʝʩʢʠ ʟʘʜʘʶ ʚʦʧʨʦʩ: çɸ ʧʦʯʝʤʫ ʥʝ ɸʩʪʨʘʭʘʥʴ?è ʋʟʢʘʷ ʮʝʣʴ ʨʘʙʦʪʳ - ʦʧʨʝʜʝʣʠʪʴ 
ʧʨʦʪʦʪʠʧ ʛʦʨʦʜʘ ʂʘʣʠʥʦʚʘ, ʰʠʨʦʢʘʷ - ʚ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʦʙʦʩʥʦʚʘʪʴ ʨʝʘʣʠʟʤ ʪʚʦʨʯʝʩʪʚʘ 

ʜʨʘʤʘʪʫʨʛʘ. 
ʇʝʨʚʳʡ ʬʘʢʪ ʤʦʞʥʦ ʧʨʠʚʦʜʠʪʴ ʜʘʞʝ ʙʝʟ ʩʩʳʣʢʠ ʥʘ ʧʨʦʠʟʚʝʜʝʥʠʝ. ɺʩʝ ʯʠʪʘʣʠ ʧʴʝʩʫ 

çɻʨʦʟʘè, ʧʦʤʥʷʪ ʫʧʦʤʠʥʘʥʠʷ ʦ ʚʳʩʦʪʝ ʠ ʢʨʫʪʠʟʥʝ ʙʝʨʝʛʘ, ʥʘ ʢʦʪʦʨʦʤ ʩʪʦʠʪ ʛʦʨʦʜ ʂʘʣʠʥʦʚ. 

ʕʪʦ ʧʨʘʚʳʡ ʠʣʠ ʣʝʚʳʡ ʙʝʨʝʛ ɺʦʣʛʠ? ʗ ʫʪʚʝʨʞʜʘʶ, ʯʪʦ ʪʦʣʴʢʦ ʧʨʘʚʳʡ! ʇʨʠʤʝʥʷʝʤ ʟʘʢʦʥ 

ʂʘʨʣʘ ɹʵʨʘ ʠʟ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ: ɺʦʣʛʘ ʧʨʦʪʝʢʘʝʪ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʧʦʵʪʦʤʫ 

ʧʦʜʤʳʚʘʝʪ ʠ ʜʝʣʘʝʪ ʢʨʫʪʳʤ ʧʨʘʚʳʡ ʙʝʨʝʛ. 
ɺʪʦʨʦʡ ʬʘʢʪ ï ʙʦʣʝʝ ʪʦʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʟʘʢʦʥʘ ɹʵʨʘ. ʕʪʦ ʫʩʢʦʨʝʥʠʝ ʂʦʨʠʦʣʠʩʘ. ʅʝ 

ʚʘʞʥʦ, ʚ ʢʘʢʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʪʝʯʸʪ ʨʝʢʘ ʚ ʉʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ, ʫʩʢʦʨʝʥʠʝ ʂʦʨʠʦʣʠʩʘ ʜʣʷ 

ʚʦʜʳ ʦʪ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʥʘʧʨʘʚʣʝʥʦ ʚʣʝʚʦ, ʘ ʩʠʣʘ ʠʥʝʨʮʠʠ ɼʘʣʘʤʙʝʨʘ ʜʝʡʩʪʚʫʝʪ ʧʨʦʪʠʚ 

ʫʩʢʦʨʝʥʠʷ, ʪʦ ʝʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʚʧʨʘʚʦ. 
ʇʝʨʚʳʝ ʜʚʘ ʬʘʢʪʘ ʠʟ ʦʙʣʘʩʪʠ ʥʘʫʢ ʦ ɿʝʤʣʝ ʜʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʣʶʙʦʡ ʨʝʢʝ ʚ ʉʝʚʝʨʥʦʤ 

ʧʦʣʫʰʘʨʠʠ ʛʦʨʦʜ ʂʘʣʠʥʦʚ, ʘ ʟʥʘʯʠʪ, ʠ ʝʛʦ ʧʨʦʪʦʪʠʧ, ʧʦʪʦʤʫ ʯʪʦ ɸ.ʅ. ʆʩʪʨʦʚʩʢʠʡ ï ʨʝʘʣʠʩʪ, 

ʥʘʜʦ ʠʩʢʘʪʴ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ɺʦʣʛʠ. ʕʪʦ ʥʘʫʯʥʦ ʜʦʢʘʟʘʥʥʳʡ ʬʘʢʪ, ʥʦ ʠʥʬʦʨʤʘʮʠʠ ʧʦʢʘ 

ʤʘʣʦ, ʧʦʪʦʤʫ ʯʪʦ ʤʥʦʛʠʝ ʛʦʨʦʜʘ ʥʘ ɺʦʣʛʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʙʦʠʭ ʙʝʨʝʛʘʭ, ʭʦʪʷ ʟʘʩʝʣʝʥʠʝ 

ʰʣʦ ʩʧʨʘʚʘ, ʩ ʟʘʧʘʜʘ. 
ʊʨʝʪʠʡ ʬʘʢʪ, ʢʘʟʘʣʦʩʴ ʙʳ, ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʳʚʦʜʘʤ ʥʘʫʢ ʦ ɿʝʤʣʝ. ʅʘʧʨʠʤʝʨ, ʙʳʣʘ 

ʛʠʧʦʪʝʟʘ, ʯʪʦ ʧʨʦʪʦʪʠʧʦʤ ʛʦʨʦʜʘ ʂʘʣʠʥʦʚʘ ʩʣʫʞʠʪ ʛʦʨʦʜ ɹʘʣʘʭʥʘ, ʥʘ 40 ʢʤ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ ʦʪ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ. ʇʨʘʚʳʡ ʙʝʨʝʛ ɺʦʣʛʠ ʚ ɹʘʣʘʭʥʝ ʥʝ ʦʯʝʥʴ ʢʨʫʪʦʡ, ʥʠ ʚ ʢʘʢʦʝ 

ʩʨʘʚʥʝʥʠʝ ʥʝ ʠʜʸʪ ʩ ʥʠʞʝʛʦʨʦʜʩʢʦʡ ʢʨʫʯʝʡ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ ʦʙʲʷʩʥʷʶʪ ʵʪʦʪ ʬʘʢʪ ʙʝʟ 

ʤʘʣʝʡʰʝʛʦ ʟʘʪʨʫʜʥʝʥʠʷ. ʈʷʜʦʤ ʩ ɺʦʣʛʦʡ, ʥʝʤʥʦʛʦ ʧʨʘʚʝʝ ʥʝʸ, ʧʨʦʪʝʢʘʝʪ ʆʢʘ. ʈʝʢʠ 

ʩʣʠʚʘʶʪʩʷ ʥʘ ʅʠʞʝʛʦʨʦʜʩʢʦʡ ʉʪʨʝʣʢʝ. ɺ ʨʘʡʦʥʝ ɹʘʣʘʭʥʳ ɺʦʣʛʘ ʧʨʦʪʝʢʘʝʪ ʬʘʢʪʠʯʝʩʢʠ ʧʦ 

ʨʘʚʥʠʥʥʦʡ ʙʳʚʰʝʡ ʧʦʡʤʝ ʆʢʠ, ʧʦʩʪʝʧʝʥʥʦ ʪʳʩʷʯʝʣʝʪʠʷʤʠ ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʚʧʨʘʚʦ ʧʦ 

ʟʘʢʦʥʫ ɹʵʨʘ. ɿʜʝʩʴ ʆʢʘ ʨʘʩʯʠʩʪʠʣʘ ʨʘʚʥʠʥʫ ʜʣʷ ɺʦʣʛʠ, ʢʨʫʪʳʭ ʦʪʢʦʩʦʚ ʥʝʪ. ʕʪʦʪ ʠʩʪʠʥʥʳʡ 

ʬʘʢʪ ʷ ʧʨʠʤʝʥʠʣʘ ʜʣʷ ʬʠʣʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʢʣʶʯʠʚ ʠʟ ʧʨʦʪʦʪʠʧʦʚ ɹʘʣʘʭʥʫ ï 

ʥʝʪ ʢʨʫʪʦʛʦ ʙʝʨʝʛʘ. 
ʏʝʪʚʸʨʪʳʡ ʬʘʢʪ ʪʦʞʝ ʩʚʷʟʘʥ ʩ ʥʘʫʢʘʤʠ ʦ ɿʝʤʣʝ. ʆʪ ʯʝʛʦ ʧʦʛʠʙʣʘ ʂʘʪʝʨʠʥʘ? çɼʦʣʞʥʦ 

ʙʳʪʴ, ʥʘ ʷʢʦʨʴ ʧʦʧʘʣʘ, ʫʰʠʙʣʘʩʴéè - ʦʪʚʝʯʘʝʪ ʚʪʦʨʦʩʪʝʧʝʥʥʳʡ ʛʝʨʦʡ ʧʴʝʩʳ. ɿʘʢʦʥʦʤʝʨʝʥ 

ʚʦʧʨʦʩ: çʆʪʢʫʜʘ ʷʢʦʨʴ?è ʆʪʚʝʪ ʜʘʶʪ ʥʘʫʢʠ ʦ ɿʝʤʣʝ ʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ɾʝʣʝʟʥʫʶ ʨʫʜʫ ʜʦʙʳʚʘʣʠ ʥʘ ʋʨʘʣʝ ʠ ʚ ʉʠʙʠʨʠ, ʪʘʤ ʞʝ ʚʳʧʣʘʚʣʷʣʠ ʯʫʛʫʥ, ʥʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʜʝʪʘʣʝʡ ʪʘʤ ʥʝ ʙʳʣʦ, ʯʫʛʫʥ ʚʝʟʣʠ ʥʘ ʟʘʧʘʜ. ʇʝʨʝʧʨʘʚʣʷʪʴ ʪʦʥʥʳ ʪʷʞʝʩʪʝʡ ʯʝʨʝʟ ɺʦʣʛʫ 

ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ, ʪʝʤ ʙʦʣʝʝ ʙʝʟ ʤʦʩʪʦʚ, ʦʥʠ ʧʦʟʜʥʝʝ ʧʦʷʚʷʪʩʷ. ʇʨʦʱʝ ʩʜʝʣʘʪʴ ʷʢʦʨʷ, ʮʝʧʠ, 

ʛʚʦʟʜʠ, ʩʢʦʙʳ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ɺʦʣʛʠ, ʘ ʧʦʪʦʤ ʧʝʨʝʚʝʟʪʠ. ʅʘʧʨʦʪʠʚ, ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ 

ʨʘʩʧʦʣʦʞʝʥ ʛʦʨʦʜ ɹʦʨ. ʅʦ ʵʪʦ ʥʝ ʪʦʯʢʘ ʥʘ ʢʘʨʪʝ, ʘ 500 ʢʫʟʥʠʮ ʥʘ 20-30 ʢʤ ʣʝʚʦʛʦ ʙʝʨʝʛʘ 
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ɺʦʣʛʠ. ɸ ʧʨʘʚʳʡ ʙʝʨʝʛ ï ʵʪʦ ʩʧʣʦʰʥʳʝ ʩʢʣʘʜʳ, ʛʨʫʟʳ ʧʨʦʩʪʦ ʩʚʘʣʝʥʳ ʥʘ ʙʝʨʝʛʫ. ɺʦʪ ʦʪʚʝʪ 

ʥʘ ʚʦʧʨʦʩ ʦ ʷʢʦʨʝ. 
ʊʝʧʝʨʴ ʦ ʩʘʤʦʤ ʚʘʞʥʦʤ ʬʘʢʪʝ. ʆʥ ʫʢʘʟʘʥ ʚ ʧʴʝʩʝ çʃʝʩè. ʇʸʪʨ ʧʨʝʜʣʘʛʘʝʪ ɸʢʩʠʥʴʝ 

ʫʙʝʞʘʪʴ ʥʘ ʧʘʨʦʭʦʜʝ ʦʪ ʨʦʜʠʪʝʣʝʡ ʠʟ ʛʦʨʦʜʘ ʂʘʣʠʥʦʚʘ: çɼʝʥʴ ï ʤʳ ʚ ʂʘʟʘʥʠ, ʚʪʦʨʦʡ ï ʚ 

ʉʘʤʘʨʝ, ʪʨʝʪʠʡ ï ʚ ʉʘʨʘʪʦʚʝè. ʇʘʨʦʭʦʜʳ ʭʦʜʠʣʠ ʧʦ ɺʦʣʛʝ ʪʦʣʴʢʦ ʜʥʸʤ. ɿʘ ʜʝʥʴ ʤʦʛʣʠ 

ʧʨʦʡʪʠ ʧʨʠʤʝʨʥʦ 400 ʢʤ. ʆʙʨʘʪʥʳʡ ʦʪʩʯʸʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʂʘʣʠʥʦʚ, ʫʝʟʜʥʳʡ ʛʦʨʦʜ, 

ʥʘʭʦʜʠʪʩʷ ʙʫʢʚʘʣʴʥʦ ʨʷʜʦʤ ʩ ʅʠʞʥʠʤ ʅʦʚʛʦʨʦʜʦʤ. ʈʝʰʘʝʤ ʧʨʦʩʪʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʟʘʜʘʯʫ, 

ʨʝʟʫʣʴʪʘʪʳ ʥʘʢʣʘʜʳʚʘʝʤ ʥʘ ʩʪʘʨʠʥʥʫʶ ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʢʘʨʪʫ ʄʝʥʜʝ. ʇʦʣʫʯʘʝʤ ʪʦʯʢʫ ʥʘ 

ʢʘʨʪʝ ï ʵʪʦ ʛʦʨʦʜ ʂʩʪʦʚʦ, ʚ 20 ʢʤ ʦʪ ʅʠʞʥʝʛʦ ʅʦʚʛʦʨʦʜʘ [3]. ʕʪʦʪ ʛʦʨʦʜ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ 

ʚʳʩʢʘʟʳʚʘʥʠʷʤ ʛʝʨʦʝʚ ʪʨʸʭ ʧʴʝʩ ɸ.ʅ.ʆʩʪʨʦʚʩʢʦʛʦ. ʋʪʦʯʥʸʥ ʨʘʡʦʥ ʧʦʠʩʢʘ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ [2]. 
ɺʳʚʦʜ. ʅʘʫʢʠ ʦ ɿʝʤʣʝ, ʩʦʚʤʝʩʪʥʦ ʩ ʬʠʟʠʢʦʡ, ʤʘʪʝʤʘʪʠʢʦʡ ʠ ʣʦʛʠʢʦʡ, ʧʦʟʚʦʣʠʣʠ 

ʦʙʦʩʥʦʚʘʪʴ ʨʝʘʣʠʟʤ ʪʚʦʨʯʝʩʪʚʘ ʜʨʘʤʘʪʫʨʛʘ ʠ ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʢʨʝʪʥʳʡ ʠʩʪʠʥʥʳʡ ʬʘʢʪ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 
1. ʆʩʪʨʦʚʩʢʠʡ ɸ.ʅ. ʉʦʯʠʥʝʥʠʷ. ɺ 3-ʭ ʪ. ʉʦʩʪ., ʚʩʪʫʧ. ʩʪ. ʠ ʢʦʤ. ɺ.ʗ. ʃʘʢʰʠʥʘ. ï ʄ.: 

ʍʫʜʦʞ. ʣʠʪ., 1987. 
2. ʃʝʙʝʜʝʚ ɺ.ɺ., ʈʝʜʴʢʦ ɽ.ʃ. ʄʦʪʠʚʘʮʠʷ ʫʯʘʱʠʭʩʷ ʢ ʯʪʝʥʠʶ ʭʫʜʦʞʝʩʪʚʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʳ 

/ ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʩʲʝʟʜ ʫʯʠʪʝʣʝʡ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʣʠʪʝʨʘʪʫʨʳ. ï ʄ.: ʄɻʋ, 2012. 
3. ɻʘʚʨʠʯʢʦʚʘ ʄ.ʆ. ʇʨʦʪʦʪʠʧ ʛʦʨʦʜʘ ʂʘʣʠʥʦʚʘ ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ɸ.ʅ. ʆʩʪʨʦʚʩʢʦʛʦ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ (ʚʠʜʝʦʨʦʣʠʢ 8:12): https://youtu.be/1Q5cC8tK5co 

ʈʦʣʴ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ 
ɼʨʝʤʦʚʘ ʗ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʘʯʠʢʦʚ ʌ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ 1748, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʥʘʰʝʡ ʮʝʣʠ ʥʘʤ ʧʦʪʨʝʙʫʝʪʩʷ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
1. ʅʘʡʪʠ ʠ ʠʟʫʯʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ 
2. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 
3. ɼʦʥʝʩʪʠ ʜʦ ʫʯʘʱʠʭʩʷ ʥʘʰʝʡ ʰʢʦʣʳ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʠ 

ʧʦʜʛʦʪʦʚʠʪʴ ʙʫʢʣʝʪ ʧʦ ʠʟʫʯʝʥʠʶ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ ʰʢʦʣʝ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʡ ʦʧʨʦʩ, 

ʦʙʦʙʱʝʥʠʝ. 
ʈʘʩʩʫʞʜʘʷ ʦ ʨʦʣʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʦʙʱʝʩʪʚʝ, ʤʳ ʜʦʣʞʥʳ ʟʘʜʫʤʘʪʴʩʷ, 

ʧʦʯʝʤʫ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʣ ʠʤʝʥʥʦ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ. ʀʩʪʦʨʠʷ ʟʥʘʝʪ ʤʥʦʛʦ ʧʨʠʤʝʨʦʚ, 

ʢʦʛʜʘ ʠʥʦʩʪʨʘʥʥʳʝ ʷʟʳʢʠ ʧʦʣʴʟʦʚʘʣʠʩʴ ʙʦʣʴʰʦʡ ʧʦʧʫʣʷʨʥʦʩʪʴʶ ʚ ʦʙʱʝʩʪʚʝ. ʅʘʧʨʠʤʝʨ, ʚ 

ʈʦʩʩʠʡʩʢʦʡ ʠʤʧʝʨʠʠ 19 ʚʝʢʘ ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʣ ʬʨʘʥʮʫʟʩʢʠʡ ʷʟʳʢ. ɽʛʦ ʟʥʘʥʠʝ ʦʪʨʘʞʘʣʦ 

ʫʨʦʚʝʥʴ ʢʫʣʴʪʫʨʳ. ʆʥ ʩʯʠʪʘʣʩʷ ʷʟʳʢʦʤ ʧʨʠʚʠʣʝʛʠʨʦʚʘʥʥʦʡ ʵʣʠʪʳ, ʢʦʪʦʨʘʷ ʠʟʲʷʩʥʷʣʘʩʴ ʥʘ 

ʥʝʤ ʥʘ ʙʘʣʘʭ ʠ ʦʬʠʮʠʘʣʴʥʳʭ ʧʨʠʝʤʘʭ. ɺ ʪʝ ʚʨʝʤʝʥʘ, ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʥʝ ʷʚʣʷʣʩʷ ʷʟʳʢʦʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʦʙʱʝʥʠʷ. ɽʩʣʠ ʟʘʛʣʷʥʫʪʴ ʨʘʥʴʰʝ, ʪʦ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʛʨʘʣʠ ʷʟʳʢʠ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʩʯʠʪʘʶʪʩʷ çʤʝʨʪʚʳʤʠè: ʜʨʝʚʥʝʛʨʝʯʝʩʢʠʡ ʠ 

ʣʘʪʳʥʴ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʩʝʡʯʘʩ ʵʪʠ ʷʟʳʢʠ ʫʪʨʘʪʠʣʠ ʩʚʦʝ ʟʥʘʯʝʥʠʝ, ʦʥʠ ʩʪʘʣʠ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʫʯʥʦʡ ʩʬʝʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʤʝʜʠʮʠʥʳ. ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ 

ʢʘʞʜʫʶ ʵʧʦʭʫ ʙʳʣ ʷʟʳʢ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʨʝʙʦʚʘʥʠʷʤ ʦʙʱʝʩʪʚʘ ʠ ʛʦʩʫʜʘʨʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʫʯʠʪʳʚʘʣ ʚʝʷʥʠʷ ʤʦʜʳ. ʄʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʩʝʡʯʘʩ ʠʤʝʥʥʦ 

ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʠʛʨʘʝʪ ʪʘʢʦʝ ʟʥʘʯʝʥʠʝ? 
ɺʦ-ʧʝʨʚʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʢʦʪʠʨʫʝʪʩʷ ʚʦ 

ʚʩʝʤ ʤʠʨʝ. ʇʨʝʩʪʠʞʥʳʝ ʝʚʨʦʧʝʡʩʢʠʝ ʰʢʦʣʳ ʠ ʫʥʠʚʝʨʩʠʪʝʪʳ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʢʨʠʪʝʨʠʝʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʩʪʘʚʷʪ ʟʥʘʥʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʷʟʳʢʘ ʩʚʦʝʡ ʩʪʨʘʥʳ ʠʣʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʨʷʜʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʛʜʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʦʩʪʨʘʥʥʳʭ 

ʦʙʫʯʘʶʱʠʭʩʷ, ʧʨʝʧʦʜʘʚʘʥʠʝ ʚʝʜʝʪʩʷ ʥʘ ʘʥʛʣʠʡʩʢʦʤ. ɸʥʛʣʠʡʩʢʠʡ ʷʟʳʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʥʝʤʝʮʢʠʤ, ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʦʩʪʳʤ. ʢʘʢ ʚ ʣʝʢʩʠʢʝ, ʪʘʢ ʠ ʚ ʛʨʘʤʤʘʪʠʢʝ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʩʚʦʠʪʴ ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʦʙʫʯʝʥʠʷ ʫʨʦʚʝʥʴ ʟʘ ʜʦʩʪʘʪʦʯʥʦ ʥʝʙʦʣʴʰʦʡ ʩʨʦʢ. ʂʨʦʤʝ ʪʦʛʦ, 
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ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ, ʧʦ ʤʥʝʥʠʶ ʣʠʥʛʚʠʩʪʦʚ, ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ, ʧʦʟʚʦʣʷʶʱʠʤ 

ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʙʳʩʪʨʦ ʜʦʥʝʩʪʠ ʥʝʦʙʭʦʜʠʤʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʦ ʩʣʫʰʘʪʝʣʷ. 
ɺʦ-ʚʪʦʨʳʭ, ʟʥʘʥʠʝ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʜʘʝʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʫʩʧʝʰʥʦʡ ʢʘʨʴʝʨʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʩʪʠʞʥʳʝ ʧʨʦʬʝʩʩʠʠ ʪʨʝʙʫʶʪ ʟʥʘʥʠʝ ʚʪʦʨʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʷʟʳʢʦʚ, 

ʦʜʥʘʢʦ ʯʘʱʝ ʚʩʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʥʠʝ ʘʥʛʣʠʡʩʢʦʛʦ. ʂʨʫʧʥʳʝ ʢʘʤʧʘʥʠʠ ʩʪʨʝʤʠʪʩʷ ʢʘʢ ʤʦʞʥʦ 

ʙʳʩʪʨʝʝ ʚʳʡʪʠ ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʝʜʝʥʠʝ ʧʝʨʝʛʦʚʦʨʦʚ, ʟʘʢʣʶʯʝʥʠʝ 

ʩʜʝʣʦʢ, ʧʦʜʧʠʩʘʥʠʝ ʢʦʥʪʨʘʢʪʦʚ ʠ ʪ. ʜ. ɹʦʣʴʰʠʤ ʧʦʜʩʧʦʨʴʝʤ ʜʣʷ ʚʩʝʛʦ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʟʥʘʥʠʝ 

ʘʥʛʣʠʡʩʢʦʛʦ ʫʨʦʚʥʷ. ʂʦʥʝʯʥʦ, ʢʘʤʧʘʥʠʷ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʩʝʙʝ ʧʝʨʝʚʦʜʯʠʢʘ, ʦʜʥʘʢʦ ʵʪʦ 

ʜʦʨʦʛʦʩʪʦʷʱʝʝ ʫʜʦʚʦʣʴʩʪʚʠʝ, ʪʨʝʙʫʶʱʝʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʩʧʝʮʠʘʣʠʩʪʳ, 

ʢʦʪʦʨʳʝ, ʢʨʦʤʝ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʧʨʦʬʝʩʩʠʠ, ʚʣʘʜʝʶʪ ʘʥʛʣʠʡʩʢʠʤ, ʢʘʢ ʧʨʘʚʠʣʦ ʚʳʩʦʢʦ 

ʮʝʥʠʪʴʩʷ. 
ɺ-ʪʨʝʪʴʠʭ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʤʬʦʨʪ ʚʦ ʚʨʝʤʷ ʧʦʝʟʜʢʠ ʟʘ ʛʨʘʥʠʮʫ. ʀʟʫʯʠʚ ʘʥʛʣʠʡʩʢʠʡ 

ʷʟʳʢ, ʚʳ ʥʝ ʙʫʜʝʪʝ ʠʩʧʳʪʳʚʘʪʴ ʜʠʩʢʦʤʬʦʨʪ ʧʨʠ ʦʙʱʝʥʠʠ ʚ ʜʨʫʛʦʤ ʛʦʩʫʜʘʨʩʪʚʝ, ʧʦʩʢʦʣʴʢʫ 

ʪʫʨʠʩʪʠʯʝʩʢʠʝ ʛʦʨʦʜʘ ʠ ʢʫʨʦʨʪʳ ʟʘʨʘʥʝʝ ʧʨʦʜʫʤʳʚʘʶʪ ʬʦʨʤʘʪ ʜʫʙʣʠʨʦʚʘʥʠʷ ʚʳʚʝʩʦʢ, 

ʥʘʡʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʢʦʪʦʨʳʡ ʛʦʚʦʨʠʪ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʢʨʦʤʝ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ. ʕʪʦ ʵʢʦʥʦʤʠʪ ʤʥʦʛʦ ʚʨʝʤʝʥʠ ʠ ʩʠʣ, ʘ ʪʘʢʞʝ ʩʧʘʩʘʝʪ ʦʪ ʤʥʦʛʠʭ 

ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʠ ʥʝʛʘʪʠʚʥʳʭ ʩʠʪʫʘʮʠʡ. 
ɺ-ʯʝʪʚʝʨʪʳʭ, ʚʦʟʤʦʞʥʦʩʪʴ ʯʪʝʥʠʷ ʢʥʠʛ ʚ ʦʨʠʛʠʥʘʣʝ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʏʪʝʥʠʝ ʢʥʠʛ ʚ 

ʦʨʠʛʠʥʘʣʝ ʧʦʟʚʦʣʷʝʪ ʦʢʫʥʫʪʴʩʷ ʚ ʥʘʩʪʦʷʱʠʡ ʤʠʨ ʢʦʥʢʨʝʪʥʦʡ ʵʧʦʭʠ, ʧʦʩʢʦʣʴʢʫ ʷʟʳʢ ʭʨʘʥʠʪ 

ʚ ʩʝʙʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘ ʦʧʨʝʜʝʣʸʥʥʦʤ ʵʪʘʧʝ ʯʝʨʝʟ ʧʨʠʟʤʫ 

ʚʳʨʘʞʝʥʠʡ, ʩʠʥʪʘʢʩʠʩʘ ʠ ʧʫʥʢʪʫʘʮʠʠ ʠ ʪ.ʜ. ʢʦʥʝʯʥʦ, ʯʝʣʦʚʝʢ ʯʠʪʘʶʱʠʡ ʢʥʠʛʫ ʚ ʦʨʠʛʠʥʘʣʝ 

ʧʦʣʫʯʠʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʝ ʥʘʩʣʘʞʜʝʥʠʝ ʠ ʦʱʫʪʠʪ ʢʨʘʩʦʪʫ ʠ ʥʝʧʦʚʪʦʨʠʤʦʩʪʴ ʜʘʥʥʦʛʦ 

ʧʨʦʠʟʚʝʜʝʥʠʷ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʣʘʜʝʥʠʝ ʠʥʦʩʪʨʘʥʥʳʤʠ ʷʟʳʢʘʤʠ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʦʙʟʘʚʝʩʪʠʩʴ ʙʦʛʘʪʳʤʠ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʤʠ ʢʘʯʝʩʪʚʘʤʠ, ʨʘʩʰʠʨʠʪʴ ʩʚʦʠ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ 

ʨʘʟʚʠʚʘʪʴ ʜʫʭʦʚʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ. ʀʟʫʯʘʷ ʠʥʦʩʪʨʘʥʥʳʡ ʷʟʳʢ, ʤʳ ʠʟʤʝʥʷʝʤʩʷ ʚ ʣʫʯʰʫʶ 

ʩʪʦʨʦʥʫ, ʧʦʪʦʤʫ ʯʪʦ ʤʦʞʝʤ ʣʫʯʰʝ ʧʦʥʷʪʴ ʩʚʦʡ ʷʟʳʢ ʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʤ ʠʥʦʩʪʨʘʥʥʳʡ, 

ʠʟʫʯʠʪʴ ʟʘʨʫʙʝʞʥʫʶ ʢʫʣʴʪʫʨʫ ʥʘ ʷʟʳʢʝ ʦʨʠʛʠʥʘʣʘ, ʧʦʥʷʪʴ ʩʚʦʡ ʥʘʨʦʜ. ɺʣʘʜʝʷ, 

ʠʥʦʩʪʨʘʥʥʳʤʠ ʷʟʳʢʘʤʠ, ʯʝʣʦʚʝʢ ʧʦʟʥʘʝʪ ʤʠʨ, ʩʪʨʦʠʪ ʦʪʥʦʰʝʥʠʷ ʩ ʩʦʙʝʩʝʜʥʠʢʘʤʠ ʠʟ ʜʨʫʛʠʭ 

ʩʪʨʘʥ, ʜʣʷ ʥʠʭ ʨʘʩʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʛʦʨʠʟʦʥʪʳ, ʧʦʷʚʣʷʶʪʩʷ ʥʦʚʳʝ ʟʥʘʢʦʤʩʪʚʘ, ʦʥʠ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʚʠʚʘʪʴ ʢʦʤʤʫʥʠʢʘʪʠʚʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʧʨʠʦʙʱʘʪʴʩʷ ʢ ʤʠʨʦʚʦʡ ʢʫʣʴʪʫʨʝ. 
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ɹʘʪʘʨʝʡʢʠ ʠ ʧʦʯʝʤʫ ʠʭ ʥʘʜʦ ʧʨʘʚʠʣʴʥʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 
ɿʳʢʦʚʘ ɸ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
This work will tell you what happens to the batteries after their expiration date. The battery 

may end up in an incinerator or in a landfill. But none of the options is environmentally friendly. 

Toxic substances contained in the battery (cadmium, lead, nickel, alkalis, mercury, lithium, zinc, 

manganese) enter the air, water and soil, further poisoning the food grown on it. In addition, toxins 

accumulate in living organisms, increasing the risk of developing cancer and other serious diseases 

not only in us, but also in our descendants. In Moscow alone, several million batteries end up in 

landfills every year. The only correct way to dispose of batteries is recycling. To do this, you need 

to take the batteries to specialized places, such as Ikea, Vkusville and others. Thanks to this project, 

the volunteer squad of our school resumed the campaign "Collecting batteries". At the moment, a 

huge number of batteries have already been collected and we are confident in the correctness of 

their disposal. 
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A billion batteries are sold in our country every year. You can't create new ones from broken 

batteries. But if all of them are properly disposed of, then as a result of processing, more than 15 

thousand tons of zinc, manganese, iron and graphite can be obtained, which can be used in other 

industries: ferrous metallurgy, mechanical engineering, pharmaceuticals, chemical industry. Russia 

still has one well-known processing plant in Chelyabinsk. We conducted an experiment during 

which we proved that batteries poison the soil and negatively affect plants. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ 
ʈʫʙʘʥʝʥʢʦ ɺ.ɸ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɼʨʘʯʠʢʦʚ ʌ.ɺ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1748, ʄʦʩʢʚʘ 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʙʷʟʘʪʝʣʴʥʳʡ ʫʩʣʦʚʠʝʤ ʫʩʧʝʰʥʦʛʦ ʯʝʣʦʚʝʢʘ ʷʚʣʷʝʪʩʷ ʟʥʘʥʠʝ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. ɺʣʘʜʝʥʠʝ ʘʥʛʣʠʡʩʢʠʤ ʷʟʳʢʦʤ ʥʘ ʫʨʦʚʥʝ ɺ1 ʠʣʠ ɺ2 ʷʚʣʷʝʪʩʷ ʯʘʩʪʳʤ 

ʪʨʝʙʦʚʘʥʠʝ ʨʘʙʦʪʦʜʘʪʝʣʷ ʚ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʷʭ ʠ ʙʠʟʥʝʩ-ʧʨʦʝʢʪʘʭ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʚʘʞʥʦ ʜʣʷ 

ʧʨʦʛʨʘʤʤʠʩʪʦʚ ʠ IT-ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʨʘʙʦʪʘʶʪ ʩ ʧʨʦʛʨʘʤʤʥʳʤ 

ʦʙʝʩʧʝʯʝʥʠʝʤ ʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʄʠʥʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʥʘʥʠʡ 

ʨʘʟʛʦʚʦʨʥʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʞʠʟʥʴ ʚʩʝʤ, ʯʴʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʘʷ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʚʷʟʘʥʘ ʩ ʢʦʤʘʥʜʠʨʦʚʢʘʤʠ ʠʣʠ ʯʘʩʪʳʤʠ ʧʦʝʟʜʢʘʤʠ ʟʘ ʨʫʙʝʞ. ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ 

ʧʦʥʠʤʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʙʨʠʪʘʥʩʢʠʤ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤ ʚʘʨʠʘʥʪʘʤʠ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. 
ɹʨʠʪʘʥʩʢʠʡ ʚʘʨʠʘʥʪ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʝʡ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʴʶ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʪʨʦʛʦʤ 

ʩʦʙʣʶʜʝʥʠʠ ʛʨʘʤʤʘʪʠʢʠ, ʘ ʪʘʢʞʝ ʧʨʘʚʠʣʴʥʦʛʦ ʧʦʨʷʜʢʘ ʩʣʦʚ ʚ ʧʨʝʜʣʦʞʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʘʯʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʨʦʠʟʥʦʰʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝʩʷ ʪʷʥʫʱʠʤʠʩʷ ʛʣʘʩʥʳʤʠ ʠ ʦʩʦʙʦʡ 

ʠʥʪʦʥʘʮʠʝʡ ʧʨʝʜʣʦʞʝʥʠʡ. ʆʜʥʘʢʦ, ʜʘʞʝ ʢʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʙʨʠʪʘʥʩʢʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ, ʧʦʜ ʚʣʠʷʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʥʜʝʥʮʠʡ, ʧʦʜʚʝʨʞʝʥ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʫʧʨʦʱʝʥʠʶ ʩʨʝʜʠ 

ʤʦʣʦʜʝʞʠ, ʧʨʠ ʚʩʝʦʙʱʝʤ ʦʩʫʞʜʝʥʠʠ ʩʪʘʨʰʠʭ ʧʦʢʦʣʝʥʠʡ. 
ɸʤʝʨʠʢʘʥʩʢʠʡ ʚʘʨʠʘʥʪ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʤʥʦʛʠʤʠ ʘʥʛʣʠʯʘʥʘʤʠ ʩʯʠʪʘʝʪʩʷ çʘʥʛʣʠʡʩʢʠʤ 

ʩ ʩʝʨʴʝʟʥʳʤʠ ʠʟʲʷʥʘʤʠè, ʧʦʵʪʦʤʫ ʠ ʦʪʥʦʰʝʥʠʝ ʢ ʥʝʤʫ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʛʘʪʠʚʥʳʤ. 

ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʘʤʝʨʠʢʘʥʩʢʠʡ ʚʘʨʠʘʥʪ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʥʘʩʳʱʝʥ 

ʨʘʟʣʠʯʥʳʤʠ ʟʘʠʤʩʪʚʦʚʘʥʠʷʤʠ ʠʟ ʜʨʫʛʠʭ ʷʟʳʢʦʚ, ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʮʝʥʠʪʝʣʝʡ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʥʛʣʠʡʩʢʦʛʦ, ʧʨʠʚʝʣʦ ʢ ʩʝʨʴʝʟʥʦʤʫ ʫʧʨʦʱʝʥʠʶ ʠ ʦʙʝʜʥʝʥʠʶ ʩʣʦʚʘʨʥʦʛʦ 

ʟʘʧʘʩʘ. ʆʜʥʘʢʦ, ʤʥʦʛʠʝ ʵʢʩʧʝʨʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʚʘʨʠʘʥʪʘ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʩʚʷʟʘʥʳ ʩ ʘʤʝʨʠʢʘʥʩʢʦʡ ʢʫʣʴʪʫʨʦʡ ʠ ʤʝʥʪʘʣʠʪʝʪʦʤ. ɼʝʣʦ ʚ ʪʦʤ ʞʠʟʥʴ 

ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʤʝʨʠʢʘʥʮʘ ʥʘʤʥʦʛʦ ʜʠʥʘʤʠʯʥʝʡ ʠ ʥʘʩʳʱʝʥʥʝʡ ʘʥʛʣʠʯʘʥʠʥʘ. 

ɸʤʝʨʠʢʘʥʮʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʫʞʥʦ ʧʝʨʝʜʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʨʘʪʯʘʡʰʠʝ 

ʩʨʦʢʠ ʧʝʨʝʜʘʪʴ, ʯʪʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʷʟʳʢʝ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʨʝʤʝʥʥʳʡ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ï ʵʪʦ ʫʜʠʚʠʪʝʣʴʥʳʡ, ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʶʱʠʡʩʷ ʠ ʨʘʟʚʠʚʘʶʱʠʡʩʷ ʤʠʨ, ʦʪʢʨʳʚʘʶʱʠʡ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʤ, ʢʪʦ ʠʩʢʨʝʥʥʝ 

ʩʪʨʝʤʠʪʩʷ ʩʪʘʪʴ ʝʛʦ ʯʘʩʪʴʶ. ʉʣʝʜʠʪʴ ʟʘ ʝʛʦ ʨʘʟʚʠʪʠʝʤ ʥʘʤʥʦʛʦ ʠʥʪʝʨʝʩʥʝʡ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʫʯʝʥʠʷ, ʦʩʦʙʝʥʥʦ, ʝʩʣʠ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʞʠʚʦʛʦ ʜʠʘʣʦʛʘ ʩ ʥʦʩʠʪʝʣʷʤʠ ʷʟʳʢʘ. ʇʨʠʣʦʞʠʚ 

ʥʝʤʥʦʛʦ ʩʪʘʨʘʥʠʡ ʠ ʦʚʣʘʜʝʚ ʷʟʳʢʦʤ ʤʠʨʦʚʦʛʦ ʦʙʱʝʥʠʷ, ʤʦʞʥʦ ʩʤʝʣʦ ʥʘʟʚʘʪʴ ʩʝʙʷ 

ʩʦʚʨʝʤʝʥʥʳʤ ʯʝʣʦʚʝʢʦʤ ʤʠʨʘ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ɹʫʟaʨʦʚ ɺ.ɺ. ɽʱʝ ʨʘʟ ʦ ʨʘʟʣʠʯʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʨʘʤʤʘʪʠʢʠ ʤʝʞʜʫ ʙʨʠʪʘʥʩʢʠʤ ʠ 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʚʘʨʠʘʥʪʘʤʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ // ɺʝʩʪʥ. ʇʷʪʠʛʦʨ. ʛʦʩ. ʣʠʥʛʚ. ʫʥ-ʪʘ. ï 2008. ï ̄  1. 
2. ɸʤʦʩʦʚʘ ʅ.ʅ. ʕʪʠʤʦʣʦʛʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʩʣʦʚʘʨʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. ï ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʘʭ, 2002. 
3.  ʂʦʩʷʢʦʚʘ ʅ.ʀ. ʈʘʟʣʠʯʠʷ ʚ ʙʨʠʪʘʥʩʢʦʤ ʠ ʘʤʝʨʠʢʘʥʩʢʦʤ ʚʘʨʠʘʥʪʝ ʘʥʛʣʠʡʩʢʦʛʦ 

ʷʟʳʢʘ ʚ ʨʘʢʫʨʩʝ ʵʢʩʪʨʘʣʠʥʛʚʠʩʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ / ʅ.ʀ. ʂʦʩʷʢʦʚʘ, ɺ.ʊ. ɸʨʝʚʢʠʥʘ // 

ʇʦʣʠʪʠʯʝʩʢʘʷ ʞʠʟʥʴ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ : ʘʥʪʠʯʥʦʩʪʴ, ʩʨʝʜ. ʚʝʢʘ, ʥʦʚʦʝ ʚʨʝʤʷ : ʤʝʞʚʫʟ. ʩʙ. 

ʥʘʫʯ. ʪʨ. / ɸʨʟʘʤʘʩ. ʛʦʩ. ʧʝʜ. ʠʥ-ʪ ʠʤ. ɸ.ʇ. ɻʘʡʜʘʨʘ. ï ɸʨʟʘʤʘʩ, 2004. ï ɺʳʧ. 3. 
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ʆʤʦʥʠʤʳ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. ʀʭ ʚʣʠʷʥʠʝ ʥʘ ʠʟʫʯʝʥʠʝ ʷʟʳʢʘ 
ʉʜʚʠʞʢʦʚʘ ʂ.ɸ. 

ɻɹʆʋ ʐʢʦʣʘ ˉ 1412, ʄʦʩʢʚʘ 

 
ʎʝʣʴ ʨʘʙʦʪʳ - ʠʟʫʯʠʪʴ ʷʚʣʝʥʠʝ ʦʤʦʥʠʤʠʠ ʢʘʢ ʦʜʥʫ ʠʟ ʪʨʫʜʥʦʩʪʝʡ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. 
ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʤʦʥʠʤʠʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. 
ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʵʪʦ ʩʣʦʚʘïʦʤʦʥʠʤʳ, ʢʦʪʦʨʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʋʄʂ Spotlight 5 

(ɸʥʛʣʠʡʩʢʠʡ ʚ ʬʦʢʫʩʝ 5 ʢʣʘʩʩ). 
ʎʝʣʴ ʨʘʙʦʪʳ ʠ ʨʘʙʦʯʘʷ ʛʠʧʦʪʝʟʘ ʦʧʨʝʜʝʣʠʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 
1. ʆʧʨʝʜʝʣʠʪʴ ʠ ʦʧʠʩʘʪʴ ʧʦʥʷʪʠʝ ʦʤʦʥʠʤʠʠ. 
2. ʈʘʩʩʤʦʪʨʝʪʴ ʨʘʟʣʠʯʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʤʦʥʠʤʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 
3. ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ çʃʦʞʥʳʤʠ ʜʨʫʟʴʷʤʠ ʧʝʨʝʚʦʜʯʠʢʘè ʢʘʢ ʨʘʟʥʦʚʠʜʥʦʩʪʴʶ ʦʤʦʥʠʤʠʠ. 
4. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ ʋʄʂ Spotlight (ɸʥʛʣʠʡʩʢʠʡ ʚ ʬʦʢʫʩʝ) ʜʣʷ 5 ʢʣʘʩʩʘ ʩ 

ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʚ ʥʠʭ ʦʤʦʥʠʤʠʯʥʳʭ ʩʣʦʚ ʜʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ 
5. ʆʙʨʘʙʦʪʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ: ʧʦʠʩʢʦʚʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ, 

ʩʨʘʚʥʠʪʝʣʴʥʦ-ʩʦʧʦʩʪʘʚʠʪʝʣʴʥʳʡ ʠ ʤʝʪʦʜ ʘʥʘʣʠʟʘ. 
ʈʘʙʦʪʘ ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʣʠʥʛʚʠʩʪʠʢʝ, ʣʝʢʩʠʢʦʣʦʛʠʠ, ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩʣʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʵʪʠʤʦʣʦʛʠʠ ʠ ʟʘʠʤʩʪʚʦʚʘʥʠʶ ʩʣʦʚ. 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʦʯʝʚʠʜʥʘ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚʳʚʦʜʳ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʝʞʝʜʥʝʚʥʦʡ ʨʘʙʦʪʝ ʧʦ ʠʟʫʯʝʥʠʶ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. 
ʇʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʤʦʥʠʤʳ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ 

ʩʦʩʪʘʚʣʷʶʪ ʧʨʠʤʝʨʥʦ 16%-19% ʚʩʝʛʦ ʘʥʛʣʠʡʩʢʦʛʦ ʩʣʦʚʘʨʷ, ʯʪʦ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʝʚʨʦʧʝʡʩʢʠʭ ʷʟʳʢʘʭ, ʠʣʠ ʚ ʨʫʩʩʢʦʤ. ʀ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʨʦʮʝʩʩʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ 

ʨʘʟʚʠʪʠʷ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʩʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʦʤʦʥʠʤʦʚ 

ʩʨʝʜʠ ʦʜʥʦʩʣʦʞʥʳʭ ʩʣʦʚ 
ʇʦ ʩʣʦʚʘʤ ʥʝʤʘʣʦ ʠʟʚʝʩʪʥʳʭ ʣʠʥʛʚʠʩʪʦʚ ʌ.ʀ. ʄʘʫʣʝʨʘ ʠ ʕ. ɹʴʶʠʩʩʘʥʩʘ ʦʤʦʥʠʤʠʶ 

ʩʯʠʪʘʝʪʩʷ ʦʯʝʥʴ ʧʦʣʝʟʥʳʤ ʜʝʣʦʤ, ʪ.ʢ. "...ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʦʤʦʥʠʤʦʚ ʩʦʢʨʘʱʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʷʟʳʢʦʚʳʭ ʬʦʨʤ, ʫʧʨʦʱʘʷ ʪʝʤ ʩʘʤʳʤ ʝʛʦ". ɸ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʕ. ʕʤʘʥ ʠ ɸ. ʈʝʬʦʨʤʘʪʩʢʠʡ, 

ʩʯʠʪʘʶʪ ʥʘʧʨʦʪʠʚ, ʯʪʦ ʦʤʦʥʠʤʠʷ ʥʘʥʦʩʠʪ ʚʨʝʜ ʷʟʳʢʫ, ʚʥʦʩʷ ʥʝʷʩʥʦʩʪʴ ʠ ʜʚʫʩʤʳʩʣʝʥʥʦʩʪʴ, 

ʩʥʠʞʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʷʟʳʢʘ ʢʘʢ ʩʨʝʜʩʪʚʘ ʢʦʤʤʫʥʠʢʘʮʠʠ. ʅʦ ʚʩʸ-ʪʘʢʠ ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʨʫʛʘʷ 

ʪʦʯʢʘ ʟʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦ ʥʨʘʚʫ ʙʦʣʴʰʠʥʩʪʚʫ. ʆʥʘ ʛʣʘʩʠʪ, ʯʪʦ ʦʤʦʥʠʤʠʷ ʚ ʣʶʙʦʤ ʷʟʳʢʝ ʥʝ 

ʥʝʩʸʪ ʥʝʫʜʦʙʩʪʚ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʤʫʥʠʢʘʮʠʠ, ʪ.ʢ. ʦʤʦʥʠʤʳ ʙʳʚʘʶʪ ʨʘʟʛʨʘʥʠʯʝʥʳ ʢʦʥʪʝʢʩʪʦʤ 

ʠ ʩʠʪʫʘʮʠʝʡ. 
ɺʦʧʨʦʩ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʤʦʥʠʤʦʚ ʦʩʪʘʝʪʩʷ ʦʪʢʨʳʪʳʤ. ʄʥʝʥʠʷ ʫʯʝʥʳʭ ʚ ʚʦʧʨʦʩʝ 

ʧʦʜʭʦʜʘ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʤʦʥʠʤʦʚ ʨʘʟʦʰʣʠʩʴ. ʅʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʧʠʨʘʶʪʩʷ ʥʘ ʟʚʫʢʦʚʫʶ 
ʩʪʦʨʦʥʫ ʩʣʦʚʘ ʠ ʩʚʷʟʳʚʘʶʪ ʧʦʥʷʪʠʝ ʦʤʦʥʠʤʠʠ ʩ ʥʝʡ, ʜʨʫʛʠʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʵʪʦ ʧʦʥʷʪʠʝ 

ʥʘʤʥʦʛʦ ʰʠʨʝ: ʦʥʠ ʦʙʲʝʜʠʥʷʶʪ ʟʚʫʢʦʚʫʶ ʠ ʛʨʘʬʠʯʝʩʢʫʶ ʬʦʨʤʳ ʩʣʦʚʘ. 
ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʩʪʦʯʥʠʢʠ ʦʤʦʥʠʤʠʠ ʠʤʝʶʪ ʦʜʥʫ ʦʙʱʫʶ ʯʝʨʪʫ - ʦʤʦʥʠʤʳ ʨʘʟʚʠʚʘʶʪʩʷ 

ʠʟ ʜʚʫʭ ʠʣʠ ʙʦʣʝʝ ʨʘʟʥʳʭ ʩʣʦʚ ʠ ʠʭ ʟʚʫʢʦʚʦʝ ʠ / ʠʣʠ ʦʨʬʦʛʨʘʬʠʯʝʩʢʦʝ ʩʦʚʧʘʜʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡʥʳʤ. 
ʂ ʧʦʷʚʣʝʥʠʶ ʪʘʢʠʭ ʦʤʦʥʠʤʦʚ ʧʨʠʚʝʣʠ, ʥʘʧʨʠʤʝʨ, ʬʦʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚ ʩʣʦʚʘʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʬʠʣʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʜʠʘʭʨʦʥʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʩʣʦʚʘ, ʨʘʥʝʝ 

ʧʦʠʟʥʦʩʠʚʰʠʝʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʤʦʛʫʪ ʧʨʠʦʙʨʝʪʘʪʴ ʠʜʝʥʪʠʯʥʫʶ ʟʚʫʢʦʚʫʶ ʬʦʨʤʫ ʠ ʩʪʘʥʦʚʠʪʴʩʷ 

ʦʤʦʥʠʤʘʤʠ, ʥʘʧʨʠʤʝʨ, night ʠ knight ʥʝ ʷʚʣʷʣʠʩʴ ʦʤʦʥʠʤʘʤʠ (ʦʤʦʬʦʥʘʤʠ) ʚ 

ʜʨʝʚʥʝʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʣʦʚʝ knight ʥʘʯʘʣʴʥʘʷ ʙʫʢʚʘ k ʧʨʦʠʟʥʦʩʠʣʘʩʴ. 

ʌʦʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʬʠʢʩʠʨʫʝʤʳʝ ʚ ʨʘʟʣʠʯʥʳʝ ʧʝʨʠʦʜʳ ʠʩʪʦʨʠʠ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ, 

ʧʦʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ 19,5% ʦʤʦʥʠʤʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ 

ʦʤʦʬʦʥʦʚ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ, ʚʦʟʥʠʢʰʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʚʰʝʛʦʩʷ ʨʘʟʥʦʛʦ 

ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʧʠʩʴʤʝ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʛʣʘʩʥʦʛʦ ʠʣʠ ʛʣʘʩʥʦʛʦ ʟʚʫʢʘ: whole - hole, knew - 

new; dear - deer, bear - bare. 
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ɽʱʝ ʦʜʥʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʤʦʥʠʤʠʠ ʷʚʣʷʶʪʩʷ ʟʘʠʤʩʪʚʦʚʘʥʠʷ. ɿʘʠʤʩʪʚʦʚʘʥʥʦʝ ʩʣʦʚʦ ʥʘ 

ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʬʦʥʝʪʠʯʝʩʢʦʡ ʘʜʘʧʪʘʮʠʠ ʤʦʞʝʪ ʩʪʘʪʴ ʠʜʝʥʪʠʯʥʳʤ ʧʦ ʧʨʦʠʟʥʦʰʝʥʠʶ ʠʣʠ 

ʥʘʧʠʩʘʥʠʶ ʠʩʢʦʥʥʦʤʫ ʩʣʦʚʫ ʠʣʠ ʜʨʫʛʦʤʫ ʟʘʠʤʩʪʚʦʚʘʥʠʶ 
ʀʟʫʯʠʚ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ, ʤʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʷʚʣʝʥʠʝ ʦʤʦʥʠʤʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʦ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʥʛʚʠʩʪʠʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ 

ʭʦʜʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʧʦʩʪʘʨʘʣʠʩʴ ʜʘʪʴ ʦʧʨʝʜʝʣʝʥʠʝ ʷʚʣʝʥʠʶ ʦʤʦʥʠʤʠʠ, 

ʧʦʟʥʘʢʦʤʠʣʠʩʴ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʦʜʭʦʜʘʤʠ ʢ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʤʦʥʠʤʦʚ 
ʄʳ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ ʫʩʪʥʦʡ ʨʝʯʠ ʪʦʣʴʢʦ ʚ ʢʦʥʪʝʢʩʪʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ 

ʩʣʦʚʘ, ʘ ʚ ʧʠʩʴʤʝʥʥʦʡ ʨʝʯʠ ʚ ʢʦʥʪʝʢʩʪʝ ʠʣʠ ʧʦ ʦʨʬʦʛʨʘʬʠʠ ʩʣʦʚʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʚʳʜʚʠʥʫʪʘʷ ʥʘʤʠ ʛʠʧʦʪʝʟʘ ʧʦʜʪʚʝʨʜʠʣʘʩʴ: ʦʤʦʥʠʤʠʷ ʷʚʣʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴʶ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ. ʆʜʥʘʢʦ ʪʝʧʝʨʴ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʪʨʫʜʥʦʩʪʴ ʵʪʘ 

ʧʨʝʦʜʦʣʠʤʘʷ. ʏʝʤ ʙʦʣʴʰʝ ʯʝʣʦʚʝʢ ʙʫʜʝʪ ʯʠʪʘʪʴ ʥʘ ʘʥʛʣʠʡʩʢʦʤ, ʩʤʦʪʨʝʪʴ ʬʠʣʴʤʳ ʠ 

ʧʝʨʝʜʘʯʠ, ʦʙʱʘʪʴʩʷ ʩ ʠʥʦʩʪʨʘʥʥʳʤʠ ʜʨʫʟʴʷʤʠ, ʪʝʤ ʙʦʛʘʯʝ ʙʫʜʝʪ ʩʪʘʥʦʚʠʪʴʩʷ ʝʛʦ 

ʣʝʢʩʠʯʝʩʢʠʡ ʟʘʧʘʩ, ʪʝʤ ʙʦʣʴʰʝ ʩʣʦʚ-ʦʤʦʥʠʤʦʚ ʦʥ ʙʫʜʝʪ ʟʥʘʪʴ, ʠ ʪʝʤ ʤʝʥʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ 

ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ ʦʤʦʥʠʤʦʚ ʚ ʨʝʯʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʨʦʰʠʤ ʩʧʦʩʦʙʦʤ ʙʦʨʦʪʴʩʷ 

ʩ ʪʨʫʜʥʦʩʪʷʤʠ ʦʤʦʥʠʤʠʠ ʙʫʜʝʪ ʫʚʝʣʠʯʝʥʠʝ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ, ʟʘʧʦʤʠʥʘʥʠʝ ʧʘʨʘʤʠ ʠʣʠ ʞʝ 

ʛʨʫʧʧʘʤʠ ʪʝʭ ʦʤʦʥʠʤʦʚ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ. 

ɸʢʪʫʘʣʠʟʘʮʠʷ ʨʝʯʠ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ ʩ ʧʦʤʦʱʴʶ  

ʦʢʢʘʟʠʦʥʘʣʠʟʤʦʚ ʠ ʥʝʦʣʦʛʠʟʤʦʚ 
ʋʢʢʦʥʝʥ ɸ.ʉ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʥʜʨʫʩʝʥʢʦ ɽ.ɽ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ1412, ʄʦʩʢʚʘ 

 
ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʦʥʷʪʠʡ çʦʢʢʘʟʠʦʥʘʣʠʟʤè ʠ 

çʥʝʦʣʦʛʠʟʤè, ʚʘʨʠʘʥʪʳ ʧʦʷʚʣʝʥʠʷ ʦʢʢʘʟʠʦʥʘʣʠʟʤʦʚ ʠ ʥʝʦʣʦʛʠʟʤʦʚ, ʩʧʦʩʦʙʳ ʠʭ 

ʩʣʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʝʯʠ. 
ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʨʦʙʣʝʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ 

ʘʥʘʣʠʟʘ. 
ʇʨʝʜʤʝʪʦʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʦʢʢʘʟʠʦʥʘʣʠʟʤʳ ʠ ʥʝʦʣʦʛʠʟʤʳ, ʢʦʪʦʨʳʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʘʢʪʫʘʣʠʟʘʮʠʠ ʨʝʯʠ ʥʘ ʠʥʦʩʪʨʘʥʥʦʤ ʷʟʳʢʝ. ʅʝʦʣʦʛʠʟʤ. ʅɽʆʃʆɻʀɿʄ ʤ. ʅʦʚʦʝ 

ʩʣʦʚʦ, ʚʳʨʘʞʝʥʠʝ ʠʣʠ ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʫ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʩʣʦʚʘ, ʚʥʦʚʴ ʧʦʷʚʠʚʰʝʝʩʷ ʚ 

ʷʟʳʢʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʝʛʦ ʨʘʟʚʠʪʠʷ (ʚ ʣʠʥʛʚʠʩʪʠʢʝ). ʋʧʦʤʠʥʘʥʠʝ ʦ ʥʘʫʯʥʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʥʝʦʣʦʛʠʠ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʣʶʜʠ ʫʟʥʘʣʠ ʦ ʧʦʥʷʪʠʠ çʥʝʦʣʦʛʠʟʤè, ʦʪʥʦʩʠʪʩʷ 

ʢ 1804 ʛʦʜʫ. ʉ ʧʦʤʦʱʴʶ ʥʝʦʣʦʛʠʟʤʦʚ ʣʶʜʠ ʧʦʥʠʤʘʶʪ ʩʦʙʳʪʠʷ ʵʧʦʭʠ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ 

ʩʣʦʚʘ. ʅʝʦʣʦʛʠʟʤʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʘʥʘʣʠʟʘ ʚ ʧʩʠʭʦʣʦʛʠʠ, ʠʩʪʦʨʠʠ. ʕʪʠ ʩʣʦʚʘ ʥʘ 

ʧʦʩʪʦʷʥʥʦʡ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʨʝʯʠ, ʘ ʟʥʘʯʠʪ ʩʪʘʙʠʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʠ ʜʦʧʦʣʥʷʶʪʩʷ. 

ʅʝʢʦʪʦʨʳʝ ʥʝʦʣʦʛʠʟʤʳ ʧʦʷʚʣʷʶʪʩʷ ʥʘ ʥʝʙʦʣʴʰʦʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʟʘʪʝʤ ʠʩʯʝʟʘʶʪ, ʥʝ 

ʟʘʢʨʝʧʣʷʷʩʴ ʚ ʷʟʳʢʝ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʥʝʦʣʦʛʠʟʤʦʚ ʦʩʪʘʶʪʩʷ ʚ ʷʟʳʢʝ ʥʘʜʦʣʛʦ, ʯʝʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠ ʦʙʥʦʚʣʝʥʠʶ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ ʣʶʜʝʡ. ʆʢʢʘʟʠʦʥʘʣʠʟʤʳ ʠ ʠʭ 

ʜʝʣʝʥʠʝ ʥʘ ʛʨʫʧʧʳ. ʆʢʢʘʟʠʦʥʘʣʠʟʤ ð (ʦʪ ʣʘʪ. occasionalis ð ʩʣʫʯʘʡʥʳʡ) ð ʠʥʜʠʚʠʜʫʘʣʴʥʦ-

ʘʚʪʦʨʩʢʠʡ ʥʝʦʣʦʛʠʟʤ, ʦʜʥʘʢʦ, ʠ ʩʣʦʚʦ çʦʢʢʘʟʠʦʥʘʣʠʟʤè ʩʦʟʚʫʯʥʦ ʩ ʘʥʛʣʠʡʩʢʠʤ çoccasionalè, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʷ ʠʟ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ, ʚʳʪʝʢʘʝʪ ʚʳʚʦʜ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʟʥʘʯʝʥʠʷ ʩʣʦʚʦ çʦʢʢʘʟʠʦʥʘʣʠʟʤè ʷʚʣʷʝʪʩʷ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʟ ʘʥʛʣʠʡʩʢʦʛʦ ʷʟʳʢʘ ʦʪ ʩʣʦʚʘ 

ñoccasionalò-not happening or done often or regularly, ʯʪʦ ʦʟʥʘʯʘʝʪ ʚ ʧʝʨʝʚʦʜʝ çʥʝ 

ʧʨʦʠʩʭʦʜʷʱʠʡ ʯʘʩʪʦ/ ʩʪʘʙʠʣʴʥʦè. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ, ʚ XXI  ʚʝʢʝ ʦʢʢʘʟʠʦʥʘʣʠʟʤʳ ʷʚʣʷʶʪʩʷ 

ʧʦʧʫʣʷʨʥʳʤ ʷʟʳʢʦʚʳʤ ʧʨʠʝʤʦʤ ʚ ʉʄʀ, ʠʥʪʝʨʚʴʶʝʨʳ, ʞʫʨʥʘʣʠʩʪʳ, ʨʝʜʘʢʪʦʨʳ ʠ ʚʝʜʫʱʠʝ 

ʠʩʧʦʣʴʟʫʶʪ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʨʝʩʩʠʚʥʦʛʦ ʩʣʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʷʟʳʢʘ ʜʣʷ ʛʘʟʝʪ, ʞʫʨʥʘʣʦʚ ʠ 

ʜʨʫʛʠʭ ʥʦʚʦʩʪʥʳʭ ʠʟʜʘʪʝʣʴʩʪʚ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʷʟʳʢʝ ʧʦʩʣʝ ʷʨʢʦʛʦ ʚʩʧʣʝʩʢʘ ʚ 

ʧʨʝʩʩʝ. ʆʢʢʘʟʠʦʥʘʣʠʟʤʳ ʧʦʷʚʣʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʢʘʢʦʡ-ʣʠʙʦ ʩʠʪʫʘʮʠʠ, ʥʦ ʥʘ ʚʨʝʤʷ ʠʩʯʝʟʘʶʪ, 

ʚʦʟʚʨʘʱʘʷʩʴ ʠʤʝʥʥʦ ʚ ʤʦʤʝʥʪ ʩʠʪʫʘʮʠʠ, ʢ ʢʦʪʦʨʦʡ çʧʨʠʢʨʝʧʣʝʥʦè ʜʘʥʥʦʝ ʩʣʦʚʦ. ʋ 

ʦʢʢʘʟʠʦʥʘʣʠʟʤʦʚ ʩʫʱʝʩʪʚʫʶʪ 2 ʚʘʨʠʘʥʪʘ ʧʦʷʚʣʝʥʠʷ: 
1. ɸʚʪʦʨʩʢʠʝ ï ʵʪʦ ʦʢʢʘʟʠʦʥʘʣʠʟʤʳ, ʢʦʪʦʨʳʝ ʥʝ ʚʳʰʣʠ ʟʘ ʧʨʝʜʝʣʳ ʧʨʦʠʟʚʝʜʝʥʠʡ 

ʘʚʪʦʨʘ (ʅʘʧʨʠʤʝʨ, ʦʢʢʘʟʠʦʥʘʣʠʟʤʘʤʠ ʧʦʣʴʟʦʚʘʣʦʩʴ ʤʥʦʞʝʩʪʚʦ ʨʫʩʩʢʠʭ ʧʦʵʪʦʚ ʠ ʧʠʩʘʪʝʣʝʡ. 
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ɹʨʦʜʩʢʠʡ: çʚʦʩʧʨʷʩʪʲè, çʟʘʙʫʨʝʚʘʪʴè. ɻʦʛʦʣʴ: çʛʘʣʘʥʪʝʨʥʳʡè, çʠʥʢʦʤʦʜʠʪʝè. ʅʘ ʧʨʠʤʝʨʝ 

ʅ.ɺ. ɻʦʛʦʣʷ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʧʨʦʮʝʩʩ ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʩʣʦʚ ʠʟ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ, ʥʦ ʦʥʠ ʥʝ 

ʦʙʨʝʣʠ ʜʦʣʞʥʦʡ ʧʦʧʫʣʷʨʥʦʩʪʠ, ʦʩʪʘʚʰʠʩʴ ʪʦʣʴʢʦ ʘʚʪʦʨʩʢʠʤʠ ʥʝʦʣʦʛʠʟʤʘʤʠ) 
2. ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʦʢʢʘʟʠʦʥʘʣʠʟʤʳ, ʢʦʪʦʨʳʝ ʚʦʰʣʠ ʚ ʨʝʯʴ ʢʨʫʧʥʳʭ ʤʘʩʩ 

ʥʘʩʝʣʝʥʠʷ, ʥʘʯʘʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʷʟʳʢʝ ʠ ʦʪʥʦʩʠʚʰʠʩʴ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʧʨʦʮʝʩʩʫ 

(ʠʩʭʦʜʷ ʠʟ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ) 
ʅʘʧʨʠʤʝʨ, ʩʝʡʯʘʩ ʚ ʧʝʨʠʦʜ ʵʧʠʜʝʤʠʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʩʣʦʚʘ çʧʘʥʜʝʤʠʷè, 

çʵʧʠʜʝʤʠʷè ʠ ʜʨ. ʚʦʟʦʙʥʦʚʠʣʠʩʴ ʚ ʰʠʨʦʢʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʶʜʝʡ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʛʨʫʧʧʳ, ʥʦ ʠ ʣʶʜʝʡ ʢ ʵʪʦʡ ʛʨʫʧʧʝ ʥʝ ʧʨʠʯʘʩʪʥʳʭ. ɼʘʥʥʳʡ ʧʨʠʤʝʨ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ 

ʦʢʢʘʟʠʦʥʘʣʠʟʤʳ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʨʝʯʠ, ʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʥʘʯʝ (ʥʝ ʥʘ ʧʦʩʪʦʷʥʥʦʡ 

ʦʩʥʦʚʝ, ʘ ʪʘʢʞʝ ʦʥʠ ʥʝ ʚʳʭʦʜʷʪ ʠʟ ʫʧʦʪʨʝʙʣʝʥʠʷ ʩʦʚʩʝʤ). ʀʟʫʯʠʚ ʦʩʦʙʝʥʥʦʩʪʠ 

ʩʣʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʩʣʝʜʦʚʘʣ ʚʳʚʦʜ ʦ ʜʝʣʝʥʠʠ ʩʣʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʣʦʛʠʟʤʦʚ ʥʘ ʛʨʫʧʧʳ. 
1. çCoinagesè - çʚʳʜʫʤʢʘè : ʧʨʠʤʝʨ ʩʦʟʜʘʥʠʷ ʥʝʦʣʦʛʠʟʤʦʚ, ʚ ʢʦʪʦʨʦʤ ʚ ʣʝʢʩʠʢʝ 

ʧʦʷʚʣʷʶʪʩʷ ʘʙʩʦʣʶʪʥʦ ʥʦʚʳʝ, ʥʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʨʘʥʝʝ. (ʅʘʧʨʠʤʝʨ, COVID-19) 
2. ɸʬʬʠʢʩʘʮʠʷ: ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʝʦʣʦʛʠʟʤʦʚ ʙʣʘʛʦʜʘʨʷ ʧʦʜʩʪʘʥʦʚʢʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʦʨʬʝʤ (ʅʘʧʨʠʤʝʨ, maskless -> masklessness) 
3. ʉʣʦʞʝʥʠʝ: ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʩʣʦʚ ʚ ʦʜʥʦ (ʅʘʧʨʠʤʝʨ, zoombombing ï çhijacking 

and/or interrupting videoconferencing on the Zoom platformè) 
4. ʉʤʝʰʝʥʠʝ: ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʥʝʦʣʦʛʠʟʤʦʚ ʩ ʧʦʤʦʱʴʶ ʩʣʠʷʥʠʷ ʜʚʫʭ ʩʣʦʚ ʚ ʦʜʥʦ ʩ 

ʫʩʣʦʚʠʝʤ ʩʦʢʨʘʱʝʥʠʷ ʤʦʨʬʝʤ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ (ʅʘʧʨʠʤʝʨ, coronacation <- 

Coronavirus+vaccination). 
ɺʳʚʦʜ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʘʥʘʣʠʟʫ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʦʙʥʦʚʣʝʥʠʝ ʩʣʦʚʘʨʥʦʛʦ ʟʘʧʘʩʘ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʚʦʟʥʠʢʘʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʧʦʩʪʦʷʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʦʚʳʭ ʩʣʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʙʠʣʴʥʦ ʧʦʷʚʣʷʶʪʩʷ ʚ ʷʟʳʢʝ ʚ 

ʢʘʯʝʩʪʚʝ ʦʢʢʘʟʠʦʥʘʣʠʟʤʦʚ ʠʣʠ ʥʝʦʣʦʛʠʟʤʦʚ. 
ʉʧʠʩʦʢ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: 

1. ʀʚʘʥʦʚʘ ʅ. ʂ. ʅʝʦʣʦʛʠʟʤʳ-ʟʘʠʤʩʪʚʦʚʘʥʠʷ ʚ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ: ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʧʠʩʘʥʠʷ ʠ ʨʝʛʠʩʪʨʘʮʠʠ ʚ ʩʣʦʚʘʨʷʭ / ʅ. ʂ. ʀʚʘʥʦʚʘ // ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʠʥʦʩʪʨʘʥʥʦʛʦ 

ʷʟʳʢʘ ʚ ʚʳʩʰʝʡ ʰʢʦʣʝ. ï 2013. ï ˉ 9. ï ʉ. 84ï95. 
2. ɻʘʨʠʬʫʣʣʠʥʘ, ʕ.ʀ. ʆʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʣʦʛʠʟʤʦʚ ʚ ʩʦʚʨʝʤʝʥʥʦʤ 

ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ [ʊʝʢʩʪ] / ʕ.ʀ. ɻʘʨʠʬʫʣʣʠʥʘ, ʆ.ɸ. ʂʦʟʥʦʚʘ // ʌʠʣʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ. 

ɺʦʧʨʦʩʳ ʪʝʦʨʠʠ ʠ ʧʨʘʢʪʠʢʠ. - ʊʘʤʙʦʚ: ʀʟʜ-ʚʦ çɻʨʘʤʦʪʘè, 2013. - ˉ 8 (26) - C. 46ï49. 
3. ɸʣʝʢʩʘʥʜʨʦʚʘ, ʆ.ʀ. ʅʝʦʣʦʛʠʟʤʳ ʠ ʦʢʢʘʟʠʦʥʘʣʠʟʤʳ [ʊʝʢʩʪ] / ʆ.ʀ. ɸʣʝʢʩʘʥʜʨʦʚʘ // 

ɺʦʧʨʦʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʫʩʩʢʦʛʦ ʩʣʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʣʝʢʩʠʢʠ ʠ ʩʪʠʣʠʩʪʠʢʠ: ʥʘʫʯ. ʪʨʫʜ. ï 

ʉʘʤʘʨʘ: ʉʘʤʘʨʩʢʠʡ ʛʦʩ. ʧʝʜ. ʠʥ-ʪ. - 2004. ï ʉ. 56-63 
4. https://dictionary.cambridge.org 
5. https://www.bbc.com/russian 
6. https://www.thetimes.co.uk 
7. https://slovaronline.com/ 

ɹʘʪʘʨʝʡʢʠ. ʇʦʯʝʤʫ ʠʭ ʥʘʜʦ ʧʨʘʚʠʣʴʥʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ 
ʍʘʤʟʠʥʘ ɺ.ɺ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
This work tell you what happens to batteries after their expiration date. 
The battery can end up in an incinerator or in a landfill. But neither option is eco-friendly. 

Toxic substances contained in the battery (cadmium, lead, nickel, alkalis, mercury, lithium, zinc, 

manganese) enter the air, water and soil, further poisoning the food grown on it. Also, toxins 

accumulate in living organisms, increasing the risk of developing cancer and other serious diseases, 

not only in us, but also in our descendants. In Moscow alone, several million batteries fall into 

landfills every year. 
The only correct way to dispose of batteries is recycling. To do this, you need to take the 

batteries to specialized places, such as Ikea, Vkusville and others. 
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Thanks to this project, the volunteer squard of our school resumed the campaign "Collecting 

batteries". at this moment, a huge number of batteries have already been collected and we are 

confident in the correctness of their utilization. 
A billion batteries are sold in our country every year. You can't create new ones from broken 

batteries. But if all of them are properly disposed of, as a result of processing, over 15 thousand 

tons of zinc, manganese, iron and graphite can be obtained, which can be used in other industries: 

ferrous metallurgy, mechanical engineering, pharmaceuticals, chemical industry. There is still one 

well -known processing plant in Chelyabinsk in Russia. 
We conducted an experiment during which we proved that batteries poison the soil and 

negatively affect plants. 

ɺʣʠʷʥʠʝ ʤʦʥʠʪʦʨʦʚ ʥʘ ʯʝʣʦʚʝʯʝʩʢʦʝ ʟʨʝʥʠʝ 
ʑʝʧʢʠʥ ɼ.ɸ., ʅʘʟʘʨʦʚ ʌ.ʄ. 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ð ɸʩʪʘʭʦʚʘ ʀ.ʀ. 
ɻɹʆʋ ʐʢʦʣʘ ˉ806, ʄʦʩʢʚʘ 

 
ɺ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʤ ʚʝʢʝ ʤʥʦʛʠʝ ʣʶʜʠ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ ʧʨʦʙʣʝʤʦʡ ʙʦʣʴʰʦʛʦ 

ʥʘʭʦʞʜʝʥʠʷ ʚʙʣʠʟʠ ʵʢʨʘʥʦʚ ʥʘʰʠʭ ʧʦʚʩʝʜʥʝʚʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʥʦ ʢʘʢ ʵʪʦ ʦʙʳʯʥʦ ʙʳʚʘʝʪ ʝʩʪʴ 

ʦʙʨʘʪʥʘʷ ʩʪʦʨʦʥʘ. 
ʄʥʦʛʠʝ ʩʧʦʨʷʪ ʢʘʢ ʞʝ ʠ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʯʘʩʪʦʝ ʥʘʭʦʞʜʝʥʠʝ ʦʢʦʣʦ ʛʣʘʟ ʩʪʦʣʴ 

ʷʨʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ ʥʘ ʛʣʘʟʘ ʯʝʣʦʚʝʢʘ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʫʯʸʥʳʭ ʩʭʦʜʷʪʩʷ ʚʦ ʤʥʝʥʠʠ, ʯʪʦ ʙʫʜʫʱʠʝ ʧʨʦʙʣʝʤʳ ʫʭʫʜʰʝʥʠʷ ʟʨʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʚ ʦʩʥʦʚʥʦʤ ʩ ʧʦʚʨʝʞʜʝʥʠʝʤ ʩʝʪʯʘʪʢʠ ʛʣʘʟʘ, ʨʦʛʦʚʠʮʳ, ʭʨʫʩʪʘʣʠʢʘ, ʨʘʟʚʠʚʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʝʝ ʫ ʪʝʭ ʣʶʜʝʡ, ʢʦʪʦʨʳʝ ʫʥʘʩʣʝʜʦʚʘʣʠ ʵʪʠ ʧʨʦʙʣʝʤʳ ʦʪ ʩʚʦʠʭ ʨʦʜʠʪʝʣʝʡ ʠʣʠ 

ʙʣʠʞʘʡʰʠʭ ʨʦʜʩʪʚʝʥʥʠʢʦʚ (ʨʦʜʠʪʝʣʝʡ ʚʘʰʠʭ ʨʦʜʠʪʝʣʝʡ ʠ ʪ.ʧ.), ʥʦ ʠ ʣʶʜʠ ʩ ʦʪʣʠʯʥʳʤ 

ʟʨʝʥʠʝʤ ʤʦʛʫʪ ʧʦʩʝʪʠʪʴ ʢʘʙʠʥʝʪ ʦʬʪʘʣʴʤʦʣʦʛʘ, ʦʢʫʣʠʩʪʘ. ɽʩʣʠ ʚʳ ʫʞʝ ʥʝ ʧʝʨʚʳʡ ʨʘʟ 

ʧʦʩʝʱʘʝʪʝ ʵʪʠʭ ʚʨʘʯʝʡ ʩʢʦʨʝʝ ʚʩʝʛʦ ʚʳ ʩʣʳʰʘʣʠ, ʯʪʦ ʨʘʟʜʨʘʞʝʥʠʝ ʠ ʩʫʭʦʩʪʴ ʛʣʘʟ (ʛʣʘʟʘ) 

ʩʚʷʟʘʥʘ ʩ ʠʟʣʠʰʥʝʡ ʝʛʦ ʥʘʧʨʷʞʸʥʥʦʩʪʴʶ, ʠ ʯʪʦ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʚʘʤ ʧʨʠʜʸʪʩʷ ʢʘʧʘʪʴ ʚ ʛʣʘʟʘ 

ʨʘʟʥʳʝ ʢʘʧʣʠ. ɼʘ, ʵʪʦ ʢʦʥʝʯʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʤʝʨʘ, ʥʦ ʤʦʞʥʦ ʠʟʙʝʞʘʪʴ ʪʘʢʠʭ ʧʨʦʙʣʝʤ ʝʩʣʠ 

ʢʘʞʜʳʡ ʙʫʜʝʪ ʩʦʙʣʶʜʘʪʴ ʥʝʢʦʪʦʨʳʝ ʧʨʘʚʠʣʘ ʨʘʙʦʪʳ ʟʘ ʵʢʨʘʥʦʤ. ʄʥʦʛʠʝ ʠʭ ʟʥʘʶʪ: ʜʝʣʘʪʴ 

ʧʝʨʝʨʳʚʳ ʨʘʟ ʚ 3-4 ʯʘʩʘ, ʟʘʨʷʜʢʫ ʜʣʷ ʛʣʘʟ (ʫʧʨʘʞʥʝʥʠʝ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʠʤʘʥʠʷ 

ʫʜʘʣʷʝʤʦʛʦ ʠ ʧʨʠʙʣʠʞʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢ ʧʘʣʝʮ - ʢʘʢ ʩʘʤʦʝ ʧʨʦʩʪʦʝ, ʠ ʨʘʟʤʠʥʢʘ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʤʳʰʮ ʛʣʘʟʥʦʛʦ ʷʙʣʦʢʘ) ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʚʣʘʞʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʘʢ ʚʙʣʠʟʠ 

ʛʣʘʟʘ (ʧʦʜʛʣʘʟʥʳʝ ʤʝʰʢʠ), ʪʘʢ ʠ ʝʛʦ ʩʘʤʦʛʦ. ʅʦ ʥʘ ʵʪʦʤ ʩʧʠʩʦʢ ʥʝ ʦʢʘʥʯʠʚʘʝʪʩʷ! 

ʉʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʯʘʩʪʳʝ ʧʨʦʛʫʣʢʠ ʥʘ ʩʚʝʞʝʤ ʚʦʟʜʫʭʝ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʚʙʣʠʟʠ 

ʚʦʜʦʸʤʦʚ ʠ ʣʝʩʘʭ) ʧʦʤʦʛʘʶʪ ʥʝ ʯʝʤ ʥʝ ʤʝʥʴʰʝ. 
ʉʝʡʯʘʩ ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʩʦʟʥʘʥʦ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʫ ʥʘʩ - ʫ ʤʦʣʦʜʸʞʠ, ʪʘʢ ʢʘʢ ʤʳ ʦʯʝʥʴ 

ʯʘʩʪʦ ʥʝ ʩʣʝʜʫʝʤʳʤ ʧʨʘʚʠʣʘʤ ʠʣʠ ʥʝ ʥʘʙʣʶʜʘʝʤʩʷ ʫ ʚʨʘʯʝʡ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʥʝʧʦʧʨʘʚʠʤʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʥʘʰ ʧʨʦʝʢʪ ʙʫʜʝʪ ʧʦʣʝʟʥʳʤ ʠ 

ʧʦʫʯʠʪʝʣʴʥʳʤ, ʠ ʦʪʢʨʦʝʪ ʚʩʝʤ ʥʘʤ ʛʣʘʟʘ ʥʘ ʵʪʫ ʧʨʦʙʣʝʤʫ ʠ ʝʸ ʨʝʰʝʥʠʷ. 
  



159 

 

ɸ 

ɸʙʛʘʨʷʥ ʄ.ɸ.   46 
ɸʙʨʶʪʠʥ ʀ.ɼ.   50 

ɸʚʜʦʥʠʥ ɽ.ɸ.   57, 114 

ɸʡʛʫʤʦʚʘ ʄ.ʄ.   78 
ɸʢʫʣʘ ɺ.ɸ.   95 

ɸʢʫʣʘ ʂ.ɸ.   95 

ɸʣʝʢʩʘʥʜʨʦʚ ʂ.ɸ.   50 
ɸʥʜʨʝʝʚʘ ɼ.ɻ.   131 

ɸʥʜʨʫʩʝʥʢʦ ɽ.ɽ.   156 

ɸʥʪʦʥʦʚ ʄ.ʃ.   5, 96 
ɸʨʘʢʝʣʷʥ ɸ.ɸ.   95 

ɸʨʭʠʧʦʚ ɿ.ʄ.   52 

ɸʩʪʘʭʦʚʘ ʀ.ʀ.   53, 60, 
68, 90, 120, 153, 157, 

158 

ɸʬʘʥʘʩʴʝʚʘ ʄ.ʉ.   53 
ɸʬʦʥʠʥ ɸ.ɺ.   5 

ɸʰʨʘʧʦʚ ʊ.ɼ.   99 

ɹ 

ɹʘʙʫʰʢʠʥ ʉ.ɺ.   75 

ɹʘʣʷʩʥʠʢʦʚ ɸ.ʂ.   4 
ɹʘʨʙʘʰʦʚ ʄ.ɸ.   132 

ɹʘʨʫʣʠʥ ɸ.ɸ.   83 

ɹʘʨʰʘʢ ɸ.ʄ.   97 
ɹʘʪʦʚ ɼ.ʉ.   28 

ɹʝʢʘʝʚ ɸ.ɸ.   149 

ɹʝʣʘʰʦʚʘ ɸ.ɺ.   15, 45, 
46 

ɹʝʣʦʟʝʨʦʚ ʆ.ʆ.   96 
ɹʝʣʦʫʩʦʚ ɽ.ʇ.   112 

ɹʝʣʦʫʩʦʚ ʃ.ʅ.   22, 55 

ɹʣʶʤʢʠʥʘ ʉ.ʉ.   97 
ɹʦʚʠʥ ʄ.ʆ.   67 

ɹʦʛʣʘʝʚ ɸ.ɸ.   75 

ɹʦʥʜʘʨʝʥʢʦ ʂ.ʗ.   114 
ɹʦʥʜʘʨʯʫʢ ɸ.ʉ.   68 

ɹʦʥʜʘʨʴ ɸ.ʕ.   34 

ɹʦʥʜʘʨʴ ɽ.ʈ.   98 
ɹʦʨʠʩʦʚ ʖ.ʉ.   121 

ɹʦʨʠʩʦʚʘ ɸ.ʉ.   133 

ɹʦʨʠʩʦʚʘ ʄ.   147 
ɹʦʯʘʨʦʚʘ ʅ.ʌ.   30 

ɹʫʜʘʥʮʝʚ ʗ.ʂ.   5 

ɹʫʣʳʯʝʚ ɸ.ʉ.   6 
ɹʫʮʝʚ ɼ.ɺ.   7 

ɹʳʯʢʦʚʘ ʇ.ʉ.   53 

ɺ 

ɺʘʩʠʣʴʝʚʘ ɸ.ɸ.   8 

ɺʘʩʶʢʦʚ ɺ.ʉ.   99 

ɺʝʪʣʫʛʠʥʘ ɽ.ʇ.   42 

ɺʠʣʝʥʩʢʠʡ ɸ.ʃ.,   59 

ɺʠʣʢʫʣ ʂ.ɸ.   134 
ɺʦʚʨʝʥʯʫʢ ʅ.ɸ.   83 

ɺʦʣʢʦʚ ɸ.ɼ.   91 

ɺʦʣʢʦʚ ɼ.ʀ.   100 
ɺʦʣʢʦʚ ɽ.ɽ.   9 

ɺʦʨʦʙʴʝʚ ʅ.ɼ.   10 

ɺʦʨʦʥʠʥʘ ʅ.ɺ.   17 
ɺʦʨʦʥʢʦʚʘ ʀ.ʇ.   138 

ɺʦʨʦʥʮʦʚ ʊ.ʇ.   29, 63, 

88, 128 

ɺʦʩʪʨʦʚʘ ʄ.ɼ.   11 

ɻ 

ɻʘʚʨʠʯʢʦʚʘ ʄ.ʆ.   122, 

136, 151 

ɻʘʣʠʯʝʥʢʦ ʉ.ɸ.   101 
ɻʠʛʦʣʦ ʀ.ɸ.   135 

ɻʦʟʝʥʢʦ ɸ.ʉ.   12 

ɻʦʣʦʣʦʙʦʚʘ ʂ.ʄ.   69 
ɻʦʥʯʘʨʦʚ ɼ.ʖ.   12 

ɻʦʨʦʙʝʮ ʉ.ɸ.   33, 83, 
93 

ɻʦʨʦʜʦʚ ɽ.ɽ.   83 

ɻʨʠʙʘʥʦʚ ɽ.ɹ.   35 
ɻʨʦʰʝʚ ʗ.ɽ.   14 

ɻʨʫʟʜʝʚʘ ʄ.ɼ.   102 

ɻʫʙʘʥʦʚ ɼ.ɸ.   111 

ɼ 

ɼʘʚʳʜʦʚʘ ʋ.ʇ.   69 
ɼʝʤʠʥ ɸ.ɸ.   15, 69 

ɼʝʨʝʚʮʦʚ ɺ.ɸ.   18 

ɼʤʠʪʨʠʯʝʥʢʦ ɹ.ɸ.   85 
ɼʦʨʦʰʢʝʚʠʯ ɸ.ɺ.   133 

ɼʨʘʮʢʘʷ ɸ.ʀ.   8, 15, 40 

ɼʨʘʯʠʢʦʚ ʌ.ɺ.   127, 
131, 139, 152, 154 

ɼʨʝʤʦʚʘ ʗ.ɺ.   152 

ɼʨʷʛʠʥ ʀ.ʆ.   116 
ɼʫʡʩʝʥʙʝʢʦʚʘ ɾ.ʅ.   

138 

ɽ 

ɽʚʛʨʘʬʦʚ ʌ.ɼ.   5 

ɽʚʩʶʢʦʚʘ ʃ.ʉ.   10 
ɽʛʦʨʦʚʘ ʄ.ɺ.   17 

ɽʛʦʨʦʚʘ ʅ.ɸ.   28, 99, 

127 
ɽʢʠʤʦʚʩʢʘʷ ɸ.ɸ.   70 

ɽʣʦʚʩʢʠʡ ɼ.ʈ.   12, 50, 

91, 123 

ɽʣʦʭʠʥ ʀ.ɺ.   54 

ɽʧʠʭʠʥ ʄ.ʖ.   136 

ɽʩʠʢʦʚ ʅ.ɺ.   18 

ɾ 

ɾʘʨʝʢʝʝʚ ʊ.ʅ.   138 
ɾʠʛʘʥʰʠʥ ʄ.ɺ.   46 

ɾʠʣʴʮʦʚ ɼ.ɸ.   19 

ɾʠʣʴʮʦʚ ʅ.ɸ.   19 
ɾʫʢ ɸ.ɻ.   85 

ɿ 

ɿʘʡʮʝʚʘ ʉ.ʇ.   86 

ɿʘʣʝʩʩʢʠʡ ɸ.ʖ.   21 

ɿʘʧʦʨʦʞʩʢʠʡ ʀ.ʀ.   18 
ɿʘʩʪʘʚʩʢʠʡ ɺ.ɽ.   85 

ɿʘʭʘʨʦʚʘ ɻ.ɸ.   145 

ɿʠʥʦʚʴʝʚʘ ʅ.ʈ.   102 
ɿʦʤʝʨ ʉ.ɸ.   18 

ɿʦʤʤʝʨ ʉ.ɸ.   26, 31, 

34, 56 
ɿʫʙʝʥʢʦ ɽ.ʅ.   138 

ɿʳʢʦʚʘ ɸ.ʄ.   153 

ʀ 

ʀʚʘʥʦʚ ɸ.ɺ.   104 

ʀʚʘʥʦʚ ɺ.ɺ.   143 
ʀʚʘʥʦʚ ʄ.ʉ.   20 

ʀʚʘʥʦʚʘ ɸ.ɸ.   104 

ʀʚʘʥʶʱʝʥʢʦ ʕ.ɸ.   123 

ʂ 

ʂaʣʫʛʠʥ ɼ.ʅ.   120 
ʂʘʙʘʥʦʚʘ ɸ.ɺ.   21 

ʂʘʟʘʢʦʚʘ ʖ.ɺ.   105 

ʂʘʣʘʰʥʠʢʦʚʘ ʆ.ʉ.   35 
ʂʘʣʫʛʠʥ ʉ.ʉ.   71 

ʂʘʨʣʦʚ ʅ.ɸ.   72 

ʂʘʩʧʨʦʚ ɸ.ʄ.   86 
ʂʘʰʠʥ ɼ.ɼ.   39, 45 

ʂʠʯʠʭʘʥʦʚʘ ʕ.ʀ.   101 

ʂʣʠʤʦʚ ʄ.ʀ.   22, 55 
ʂʣʠʤʦʚʘ ɽ.ʃ.   139 

ʂʦʙʝʮ ʇ.ʀ.   124 

ʂʦʚʘʣʝʥʢʦʚ ɸ.ɽ.   22 

ʂʦʟʫʶʪʦʚ ʉ.ɺ.   87 

ʂʦʣʝʩʥʠʢʦʚ ʀ.   72 

ʂʦʥʩʪʘʥʪʠʥʦʚ ɼ.ʂ.   73 
ʂʦʥʪʘʨʝʚ ʌ.ɸ.   100 

ʂʦʨʦʪʢʦʚ ɸ.ɸ.   140 

ʂʦʨʦʪʢʦʚʘ ʀ.ɸ.   140 
ʂʦʩʤʳʥʠʥʘ ʉ.ɸ.   56 

ʂʦʰʠʰʝʚ ʄ.ʈ.   24 




