
ʅɸʎʀʆʅɸʃʔʅʓʁ ʀʉʉʃɽɼʆɺɸʊɽʃʔʉʂʀʁ ʊʆʄʉʂʀʁ 

ʇʆʃʀʊɽʍʅʀʏɽʉʂʀʁ ʋʅʀɺɽʈʉʀʊɽʊ 

 

ɼʝʧʘʨʪʘʤʝʥʪ ʦʙʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʆɻɹʋ çʈʝʛʠʦʥʘʣʴʥʳʡ ʮʝʥʪʨ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʷè 

ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 

ɼʝʧʘʨʪʘʤʝʥʪ ʦʙʨʘʟʦʚʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʛ. ʊʦʤʩʢʘ 

ʄɹʆʋ ʣʠʮʝʡ ʧʨʠ ʊʇʋ ʛ. ʊʦʤʩʢʘ 
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ʋɼʂ 373.5.385(063) 

ɹɹʂ 74.200.585.2ʣ0 

ʖ-571 

ʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXIII  

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ çʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè; ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2022 

ɺ ʩʙʦʨʥʠʢʝ ʪʨʫʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʳ ʨʘʙʦʪ ʰʢʦʣʴʥʠʢʦʚ. 

ʉʙʦʨʥʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʰʢʦʣʴʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ. 

ɺ ʩʙʦʨʥʠʢ ʚʢʣʶʯʝʥʳ ʩʪʘʪʴʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʆʨʛʢʦʤʠʪʝʪ 

ʢʦʥʬʝʨʝʥʮʠʠ ʠ ʟʘʩʣʫʰʘʥʥʳʝ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ. 
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ʋʄʅʓʁ ʂʆʅʊɽʁʅɽʈ ɼʃʗ ʃɽʂɸʈʉʊɺ 

ɻʚʦʟʜʴ ɼʤʠʪʨʠʡ 
ʄɹʆʋ çɹʦʨʠʩʦʛʣʝʙʩʢʘʷ ʛʠʤʥʘʟʠʷ ˉ 1è, 11 ʢʣʘʩʩ 

ʛ. ɹʦʨʠʩʦʛʣʝʙʩʢ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʪʝʧʘʥʝʥʢʦ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʠʥʬʦʨʤʘʪʠʢʠ 
 

ʄʳ ʞʠʚʝʤ ʚ ʫʩʣʦʚʠʷʭ ʧʘʥʜʝʤʠʠ, ʢʦʛʜʘ ʫʭʦʜ ʟʘ ʩʦʙʦʡ ʠ ʩʚʦʠʤ ʟʜʦʨʦʚʴʝʤ 
ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʢʝ ʩʘʡʪʘ ʩʪʦʧʢʦʨʦʥʘʚʠʨʫʩ.ʨʬ, ʥʘ ʤʦʤʝʥʪ 
ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʚ ʈʦʩʩʠʠ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 8 593 200 ʩʣʫʯʘʝʚ ʟʘʨʘʞʝʥʠʷ 
ʥʦʚʦʡ ʢʦʨʦʥʘʚʠʨʫʩʥʦʡ ʠʥʬʝʢʮʠʝʡ COVID-19. ʀ ʵʪʦ ʪʦʣʴʢʦ ʦʜʥʦ ʠʟ ʙʦʣʝʝ ʯʝʤ 
10000 ʟʘʙʦʣʝʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʠʟʚʝʩʪʥʳ ʤʠʨʫ ʚ ʥʘʰʝ ʚʨʝʤʷ. ʂʫʨʩ ʣʝʯʝʥʠʷ ʤʥʦʛʠʭ 
ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ ʫʧʦʪʨʝʙʣʝʥʠʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. ʅʦ 

ʢʘʢ ʩʣʦʞʥʦ ʧʦʨʦʡ ʙʳʚʘʝʪ ʚʩʧʦʤʥʠʪʴ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʩʝʡʯʘʩ ʚʨʝʤʷ ʩʣʝʜʫʶʱʝʛʦ 
ʧʨʠʝʤʘ, ʚʝʜʴ ʚʦʢʨʫʛ ʪʘʢ ʤʥʦʛʦ ʜʝʣ ʠ ʟʘʙʦʪ.  
ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ çʋʤʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʣʝʢʘʨʩʪʚè ʥʘ 

ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Arduino. 
ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʴʶ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

¶ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʳʥʦʢ ʠ ʠʟʫʯʠʪʴ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʢʦʥʢʫʨʝʥʪʦʚ; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ 3D-ʤʦʜʝʣʴ ʠ ʯʝʨʪʝʞʠ ʫʩʪʨʦʡʩʪʚʘ; 

¶ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ 3D-ʧʝʯʘʪʴʶ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘè; 

¶ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 
ʫʩʪʨʦʡʩʪʚʘ; 

¶ ʩʦʟʜʘʪʴ ʧʦʣʥʦʩʪʴʶ ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʡ ʧʨʦʜʫʢʪ; 

¶ ʧʦʜʛʦʪʦʚʠʪʴ ʧʨʝʟʝʥʪʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ: 

ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʩʝʪʠ 
ʀʥʪʝʨʥʝʪ, ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʘʥʘʣʠʟ; ʨʘʟʨʘʙʦʪʢʘ ʫʩʪʨʦʡʩʪʚʘ; 
ʦʙʦʙʱʝʥʠʝ, ʩʨʘʚʥʝʥʠʝ; ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ɸʥʘʣʠʟ ʨʳʥʢʘ ʠ ʦʮʝʥʢʘ ʢʦʥʢʫʨʝʥʪʦʚ 
 

ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʥʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʦʜʫʢʪʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʳʥʦʢ ʠ ʧʦʥʷʪʴ, ʩʫʱʝʩʪʚʫʶʪ ʣʠ ʚ ʤʠʨʝ ʘʥʘʣʦʛʠ 
ʪʦʛʦ, ʯʪʦ ʤʳ ʩʦʙʠʨʘʝʤʩʷ ʜʝʣʘʪʴ. ʋʤʥʳʡ ʢʦʥʪʝʡʥʝʨ ï ʥʝ ʠʩʢʣʶʯʝʥʠʝ.  
ɺ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʥʘʤ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʪʨʠ ʪʠʧʘ ʫʤʥʳʭ ʪʘʙʣʝʪʥʠʮ (ʩʤ. ʪʘʙʣ. 1). 
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ʊʘʙʣʠʮʘ 1. ʊʠʧʳ ʫʤʥʳʭ ʢʦʥʪʝʡʥʝʨʦʚ ʜʣʷ ʣʝʢʘʨʩʪʚ 

 
ʊʠʧ 

ʢʦʥʪʝʡʥʝʨʘ 
ʌʦʪʦ 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠ 

ʥʝʜʦʩʪʘʪʢʠ 
ʎʝʥʘ 

ʂʘʨʤʘʥʥʳʡ 
ʢʦʥʪʝʡʥʝʨ ʜʣʷ 

ʣʝʢʘʨʩʪʚ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

1) ʎʝʥʘ; 

2) ʄʦʞʥʦ ʚʟʷʪʴ ʩ ʩʦʙʦʡ. 
ʅʝʜʦʩʪʘʪʢʠ: 

1) ɿʘʯʘʩʪʫʶ ʥʝ ʠʤʝʶʪ 
ʪʘʡʤʝʨʘ ʠ ʜʠʥʘʤʠʢʘ; 

2) ʃʝʛʢʦ ʟʘʧʫʪʘʪʴʩʷ ʚ ʧʨʠʝʤʘʭ 
ʠ ʣʝʢʘʨʩʪʚʘʭ; 
3) ʏʘʩʪʦ ʦʪʩʫʪʩʪʚʫʝʪ 
ʨʘʟʛʨʘʥʠʯʝʥʠʝ ʜʝʥʴ/ʥʦʯʴ. 

 800  

ɼʦʤʘʰʥʠʡ 
ʢʦʥʪʝʡʥʝʨ ʜʣʷ 

ʣʝʢʘʨʩʪʚ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

1) ɽʩʪʴ ʨʘʟʜʝʣʝʥʠʝ ʜʝʥʴ/ʥʦʯʴ; 

2) ɽʩʪʴ ʪʘʡʤʝʨ ʠ ʜʠʥʘʤʠʢ ʜʣʷ 
ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʨʠʝʤʝ. 
ʅʝʜʦʩʪʘʪʢʠ: 

1) ʎʝʥʘ; 

2) ʃʝʛʢʦ ʟʘʧʫʪʘʪʴʩʷ ʚ ʧʨʠʝʤʘʭ 
ʠ ʣʝʢʘʨʩʪʚʘʭ; 
3) ʊʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴ ʥʘ 
ʈʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. 

 8000   

ʉʠʩʪʝʤʘ ʜʣʷ 
ʚʳʜʘʯʠ 
ʣʝʢʘʨʩʪʚ 

 

ʇʨʝʠʤʫʱʝʩʪʚʘ: 

1) ɻʠʙʢʘʷ ʥʘʩʪʨʦʡʢʘ 
ʨʘʩʧʠʩʘʥʠʷ ʧʨʠʝʤʦʚ ʣʝʢʘʨʩʪʚ; 

2) ɽʩʪʴ ʪʘʡʤʝʨ ʠ ʜʠʥʘʤʠʢ ʜʣʷ 
ʦʧʦʚʝʱʝʥʠʷ ʦ ʧʨʠʝʤʝ; 
3) ʋʜʦʙʥʘʷ ʚʳʜʘʯʘ ʪʘʙʣʝʪʦʢ. 
ʅʝʜʦʩʪʘʪʢʠ: 

1) ʎʝʥʘ; 
2) ɺʝʩ ʫʩʪʨʦʡʩʪʚʘ; 
3) ʊʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʴ ʥʘ 
ʈʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ. 

 25000  
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ɺ ʦʪʟʳʚʘʭ ʢ ʜʘʥʥʳʤ ʧʨʦʜʫʢʪʘʤ ʣʶʜʠ ʯʘʩʪʦ ʫʧʦʤʠʥʘʶʪ ʦʪʩʫʪʩʪʚʠʝ 
ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʧʨʠʝʤʦʚ ʥʘ ʜʝʥʴ ʠ ʥʦʯʴ ʠ ʚʳʩʦʢʫʶ ʮʝʥʫ. ʇʦʵʪʦʤʫ, 
ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʜʣʷ ʤʝʥʷ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʠʨʫʶʱʝʛʦ, ʥʦ ʠ 
ʣʝʛʢʦʫʧʨʘʚʣʷʝʤʦʛʦ ʠ ʜʦʚʦʣʴʥʦ ʜʝʰʝʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʪʘʢʦʛʦ, ʥʘ ʢʦʪʦʨʦʝ 
ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʧʦʢʫʧʘʪʝʣʴ ʦʙʨʘʪʠʣ ʙʳ ʚʥʠʤʘʥʠʝ ʠ ʥʝ ʦʙʦʰʝʣ ʩʪʦʨʦʥʦʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 

 
ʇʝʨʚʳʝ ʰʘʛʠ ʢ ʨʘʟʨʘʙʦʪʢʝ çʋʤʥʦʛʦ 
ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè 
ʇʝʨʝʜ ʪʝʤ, ʢʘʢ ʥʘʯʘʪʴ ʨʘʟʨʘʙʦʪʢʫ 

ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʘʨʘ 
ʥʘʙʨʦʩʢʦʚ ʥʘ ʙʫʤʘʛʝ. ʉʘʤʳʡ ʫʜʘʯʥʳʡ ʠʟ 
ʚʩʝʭ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦ 
ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʩ ʥʘʙʨʦʩʢʘʤʠ ʙʳʣ 

ʩʦʙʨʘʥ ʤʘʢʝʪ ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, 
ʠʩʧʦʣʴʟʫʷ ʧʦʜʨʫʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʕʪʦ 
ʙʳʣʦ ʥʫʞʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, 
ʫʜʦʙʥʦ ʣʠ ʙʫʜʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ çʋʤʥʳʤ 
ʢʦʥʪʝʡʥʝʨʦʤ ʜʣʷ ʣʝʢʘʨʩʪʚè. ʌʦʪʦʛʨʘʬʠʠ 
ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
 

 
 
 
 
 
 
 
 

 
 

 
ʈʘʟʨʘʙʦʪʢʘ 3D-ʤʦʜʝʣʝʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚʘ 
ʇʦʩʣʝ ʩʙʦʨʢʠ ʤʘʢʝʪʘ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʥʝʜʦʯʝʪʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ 

ʠʤʝʥʥʦ: ʤʘʣʝʥʴʢʠʡ ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʷ ʦʪʩʝʢʘ ʜʣʷ ʚʳʜʘʯʠ ʠ ʩʣʠʰʢʦʤ ʚʳʩʦʢʠʡ 
ʢʦʨʧʫʩ. ʆʥʠ ʙʳʣʠ ʫʩʪʨʘʥʝʥʳ ʠ ʥʘʯʘʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ 3D-ʤʦʜʝʣʝʡ ʢʦʤʧʦʥʝʥʪʦʚ 
ʫʩʪʨʦʡʩʪʚʘ. ɼʣʷ ʵʪʦʛʦ ʤʳ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʨʦʛʨʘʤʤʦʡ ʂʆʄʇɸʉ-3D. ʇʨʦʮʝʩʩ 

ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

˾͙ͫΦ мΦ ˿ͻ͔͙ͣ͊ͭ;ͤ·͔ ͙ͤ͊͋ͪͦͫ͟ ζ͎̂ͣͤͦͦ 

͔͚͔ͦͤͭͤͪ͊͟ ͒͡Ύ ͔͍͊ͪͫͭ͟͡η 

 

˾͙ͫΦ нΦ ˿͙͔ͦ͒͊ͤ͘ ͔ͣ͊ͭ͊͟ ζ͎̂ͣͤͦͦ ͔͚͔ͦͤͭͤͪ͊͟ ͒͡Ύ ͔͍͊ͪͫͭ͟͡ηΦ 
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ʈʠʩ. 3. ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè. 

ʅʘ ʵʪʦʤ ʧʨʦʮʝʩʩ ʨʘʙʦʪʳ ʩ 3D-ʤʦʜʝʣʷʤʠ ʥʝ ʙʳʣ ʦʢʦʥʯʝʥ. ʉʣʝʜʫʶʱʠʤ 
ʰʘʛʦʤ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʦ ʥʫʞʥʦ 

ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʥʷʪʴ, ʢʘʢ ʠʪʦʛʦʚʳʡ ʧʨʦʜʫʢʪ  ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʧʦʩʣʝ ʧʝʯʘʪʠ ʥʘ 
3D-ʧʨʠʥʪʝʨʝ ʠ ʧʦʢʨʘʩʢʠ. ʇʨʠʤʝʨ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ çʋʤʥʦʛʦ 
ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 4. ʇʦʣʥʳʡ ʩʧʠʩʦʢ ʯʝʨʪʝʞʝʡ, 
3D-ʤʦʜʝʣʝʡ ʠ ʬʦʪʦʨʝʘʣʠʩʪʠʯʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ 
ʧʨʠʣʦʞʝʥʠʷʭ ʢ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 
ʈʠʩ. 4. ʌʦʪʦʨʝʘʣʠʩʪʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè. 

3D-ʧʝʯʘʪʴ, ʦʙʨʘʙʦʪʢʘ ʠ ʧʦʢʨʘʩʢʘ ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 
ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʩʦʟʜʘʥʠʷ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè ʟʘʢʣʶʯʘʣʩʷ ʚ 

ʝʛʦ ʧʝʯʘʪʠ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʷ ʧʦʣʫʯʠʣ ʛʦʪʦʚʫʶ 3D-ʤʦʜʝʣʴ ʚ 
ʤʘʩʰʪʘʙʝ 1:1. ɼʘʣʴʰʝ ʝʝ ʦʞʠʜʘʣʘ ʦʙʨʘʙʦʪʢʘ ʠ ʧʦʢʨʘʩʢʘ. ɺʩʝʛʦ ʥʘ ʧʝʯʘʪʴ ʩ ʫʯʝʪʦʤ 

ʧʝʨʝʨʳʚʦʚ ʥʘ ʦʪʜʳʭ ʠ ʦʭʣʘʞʜʝʥʠʝ 3D-ʧʨʠʥʪʝʨʘ ʫʰʣʦ ʦʢʦʣʦ ʩʝʤʠ ʜʥʝʡ. ʅʦ ʵʪʦ 
ʩʪʦʠʣʦ ʪʦʛʦ. ʄʦʜʝʣʴ ʧʦʣʫʯʠʣʘʩʴ ʜʦʚʦʣʴʥʦ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠ ʢʨʘʩʠʚʦʡ. 
ʌʦʪʦʛʨʘʬʠʠ ʧʦʩʣʝ ʧʝʯʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.  

 
ʈʠʩ.5. çʋʤʥʳʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ ʣʝʢʘʨʩʪʚè ʧʦʩʣʝ ʧʝʯʘʪʠ 
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ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʜʝʣʴ ʙʳʣʘ ʧʦʢʨʘʰʝʥʘ. ʀʤʝʥʥʦ ʧʦʩʣʝ ʥʝʝ ʦʥʘ ʧʨʠʦʙʨʝʣʘ ʪʦʪ 
ʚʠʜ, ʯʪʦ ʠʤʝʝʪ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ. ʇʨʦʮʝʩʩ ʧʦʢʨʘʩʢʠ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚ ʪʝʤʥʦʤ, 
ʩʫʭʦʤ ʠ ʧʨʦʚʝʪʨʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ, ʧʦʵʪʦʤʫ ʥʝ ʙʳʣ ʟʘʧʝʯʘʪʣʝʥ.  

ʈʘʙʦʪʘ ʩ ʢʦʥʩʪʨʫʢʪʦʨʦʤ Arduino  
ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʙʦʪʳ ʩ ʤʦʜʝʣʴʶ ʙʳʣʘ ʩʦʙʨʘʥʘ ʚʥʫʪʨʝʥʥʷʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʩʚʦʝʛʦ ʧʨʦʝʢʪʘ. ʕʪʦʪ ʵʪʘʧ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʘʤʳʤ ʢʨʦʧʦʪʣʠʚʳʤ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʤ 

ʚʦ ʚʩʝʡ ʨʘʙʦʪʝ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ Fritzing-ʩʭʝʤʘ çʋʤʥʦʛʦ 
ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè ï ʜʦʢʫʤʝʥʪ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʢʦʤʧʦʥʝʥʪʳ 
ʢʦʥʩʪʨʫʢʪʦʨʘ Arduino, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʨʘʙʦʪʝ (ʨʠʩʫʥʦʢ 6). 

 
ʈʠʩ. 6. Fritzing-ʩʭʝʤʘ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè. 

ʉʨʘʟʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʩʭʝʤ ʠ ʠʭ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚ ʚʠʨʪʫʘʣʴʥʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʝ Tinkercad ʤʳ ʧʨʠʩʪʫʧʠʣʠ ʢ ʩʙʦʨʢʝ ʤʝʭʘʥʠʟʤʘ, ʟʘʪʨʘʪʠʚ ʥʘ ʵʪʦ 
ʧʦʨʷʜʢʘ ʜʚʫʭ ʯʘʩʦʚ. ʌʦʪʦʛʨʘʬʠʠ ʧʨʦʮʝʩʩʘ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 7. 

ʈʠʩ. 7. ʉʙʦʨʢʘ ʤʝʭʘʥʠʟʤʘ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè 

ʅʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ 
 ʊʨʠ ʜʘʪʯʠʢʘ, ʯʝʪʳʨʝ ʤʠʢʨʦʩʭʝʤʳ ʠ ʙʦʣʝʝ ʜʚʘʜʮʘʪʠ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ 
ʧʨʦʚʦʜʦʚ ï ʚʩʝ ʵʪʦ ʧʨʠʰʣʦʩʴ ʫʤʝʩʪʠʪʴ ʚ ʪʘʢʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʤ 
ʢʦʨʧʫʩʝ, ʘ ʧʦʩʣʝ ï ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ. ʅʘʧʠʩʘʥʠʝ ʢʦʜʘ ï ʪʨʝʪʠʡ, ʩʘʤʳʡ 
ʜʣʠʪʝʣʴʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ. ɽʛʦ ʦʪʨʳʚʦʢ ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ. 
ʇʨʠʤʝʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ: 
   é Serial.begin(115200); 
    WiFi.begin(ssid, password); 
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    Serial.println(); 
    Serial.print("Connecting to AP"); 
    WiFi.begin(WIFI_SSID, WIFI_PASSWORD); 
    while (WiFi.status() != WL_CONNECTED){ 
    Serial.print("."); 
    delay(200); 

    } 
    Serial.println(""); 
    Serial.println("WiFi connected."); 
    Serial.println("IP address: ");  
    Serial.println(WiFi.localIP()); 
    Serial.println(); 
    pinMode(motorPin1, OUTPUT); 
    pinMode(motorPin2, OUTPUT); 

    pinMode(5, OUTPUT); 
    pinMode(15, OUTPUT); 
    pinMode(16, INPUT); 
    Wire.begin(4, 14); é 

 
ɹʦʣʝʝ ʪʨʝʭʩʦʪ ʩʪʨʦʢ, ʜʚʝʥʘʜʮʘʪʴ ʪʳʩʷʯ ʩʠʤʚʦʣʦʚ ï ʚʩʝ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʢʦʨʨʝʢʪʥʫʶ ʨʘʙʦʪʫ ʫʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʫʧʨʘʚʣʷʪʴ 
çʋʤʥʳʤ ʢʦʥʪʝʡʥʝʨʦʤ ʜʣʷ ʣʝʢʘʨʩʪʚè ʜʠʩʪʘʥʮʠʦʥʥʦ: ʧʨʠ ʧʦʤʦʱʠ ʢʦʤʧʴʶʪʝʨʘ, 

ʥʦʫʪʙʫʢʘ ʠʣʠ ʣʶʙʦʛʦ ʜʨʫʛʦʛʦ ʛʘʜʞʝʪʘ, ʠʤʝʶʱʝʛʦ ʜʦʩʪʫʧ ʢ ʠʥʪʝʨʥʝʪʫ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ ʥʘ ʩʘʡʪ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʚʳʚʦʜʠʪʩʷ ʚʩʷ 
ʘʢʪʫʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ çʋʤʥʦʤ ʢʦʥʪʝʡʥʝʨʝ ʜʣʷ ʣʝʢʘʨʩʪʚè: ʚʨʝʤʷ, 
ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʝʤʦʚ, ʟʚʫʢʦʚʳʝ ʫʚʝʜʦʤʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʘʞʝ ï ʚʨʝʤʷ 
ʧʦʩʣʝʜʥʝʛʦ ʧʨʠʝʤʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ 
ʧʦʣʫʯʘʪʴ ʫʚʝʜʦʤʣʝʥʠʷ ʩ ʥʘʧʦʤʠʥʘʥʠʝʤ ʦ ʧʨʠʸʤʝ ʥʘ ʵʣʝʢʪʨʦʥʥʫʶ ʧʦʯʪʫ. ʊʘʢʦʛʦ 
ʥʝʪ ʥʠ ʚ ʦʜʥʦʤ ʘʥʘʣʦʛʝ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. 
ʉʢʨʠʥʰʦʪ ʩʘʡʪʘ ʠ ʧʦʯʪʦʚʦʛʦ ʫʚʝʜʦʤʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 8.  
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ʈʠʩ. 8. ʉʢʨʠʥʰʦʪ ʩʘʡʪʘ ʠ ʧʦʯʪʦʚʦʛʦ ʫʚʝʜʦʤʣʝʥʠʷ çʋʤʥʦʛʦ ʢʦʥʪʝʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè 
ʈʘʟʨʘʙʦʪʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ɼʣʷ ʜʠʟʘʡʥʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ çʋʤʥʳʤ 
ʢʦʥʪʝʡʥʝʨʦʤ ʜʣʷ ʣʝʢʘʨʩʪʚè ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʦʛʨʘʤʤʘ Figma (ʨʠʩʫʥʦʢ 9). 

 
ʈʠʩ.9. ʉʢʨʠʥʰʦʪ ʧʨʠʣʦʞʝʥʠʷ 

ʀʥʪʝʨʬʝʡʩ ʧʨʠʣʦʞʝʥʠʷ ʚʳʛʣʷʜʠʪ ʥʘʤʥʦʛʦ ʧʨʠʷʪʥʝʝ. ʆʥ ʠʥʪʫʠʪʠʚʥʦ 
ʧʦʥʷʪʝʥ ʠ ʠʤʝʝʪ ʙʦʣʝʝ ʨʘʩʰʠʨʝʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʘʡʪʦʤ, ʘ 
ʠʤʝʥʥʦ: ʩʤʝʥʘ ʷʟʳʢʘ ʧʨʠʣʦʞʝʥʠʷ, ʜʦʙʘʚʣʝʥʠʝ ʥʦʚʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʘ ʪʘʢʞʝ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʝʥʳ ʘʢʢʘʫʥʪʘ. ʅʦ ʛʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ï ʝʛʦ 
ʧʦʜʜʝʨʞʢʘ ʥʘ ʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ: ʥʘ ʢʦʤʧʴʶʪʝʨʝ, ʧʣʘʥʰʝʪʝ ʠʣʠ ʩʤʘʨʪʬʦʥʝ ʠ 
ʜʘʞʝ ʥʘ ʫʤʥʳʭ ʯʘʩʘʭ Apple Watch 4-ʛʦ ʧʦʢʦʣʝʥʠʷ ʠ ʚʳʰʝ. ʕʪʦ ï ʧʨʦʨʳʚ ʥʝ 
ʪʦʣʴʢʦ ʚ ʩʬʝʨʝ ʟʘʱʠʪʳ ʰʢʦʣʴʥʳʭ ʧʨʦʝʢʪʦʚ, ʥʦ ʠ ʚ ʩʬʝʨʝ ʫʤʥʳʭ ʪʘʙʣʝʪʥʠʮ ʠ 
ʧʨʦʯʠʭ ʫʤʥʳʭ ʛʘʜʞʝʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ Arduino. 

ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʠʣʦʞʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʘʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ, 
ʤʳ ʧʣʘʥʠʨʫʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʝʛʦ ʙʝʪʘ-ʪʝʩʪʠʨʦʚʘʥʠʶ ʫʞʝ ʚ ʥʘʯʘʣʝ 2022 ʛʦʜʘ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʡ ʵʪʘʧ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ 

ʌʠʥʘʣʴʥʦʡ ʩʪʘʜʠʝʡ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ 
ʣʦʛʦʪʠʧʘ ʧʨʦʜʫʢʪʘ ʠ ʧʦʜʛʦʪʦʚʢʘ ʧʨʝʟʝʥʪʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʆʪʣʠʯʠʪʝʣʴʥʳʡ 
ʟʥʘʢ ʩʦʟʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʧʨʦʛʨʘʤʤʝ Figma ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 
ʜʚʫʭ ʚʘʨʠʘʮʠʷʭ (ʩʤ. ʨʠʩʫʥʦʢ 10). 

 
ʈʠʩ. 10. ʃʦʛʦʪʠʧ 
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ɿʘʢʣʶʯʝʥʠʝ 
ɹʣʘʛʦʜʘʨʷ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤ ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʤʥʦʞʝʩʪʚʦ ʧʦʣʝʟʥʳʭ ʥʘʚʳʢʦʚ, 

ʢʦʪʦʨʳʝ ʟʘʪʨʘʛʠʚʘʶʪ ʨʘʟʣʠʯʥʳʝ IT-ʩʬʝʨʳ, ʥʘʯʠʥʘʷ ʦʪ ʜʠʟʘʡʥʘ ʧʨʠʣʦʞʝʥʠʡ ʠ 
ʟʘʢʘʥʯʠʚʘʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʂʘʞʜʦʝ ʫʤʝʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ 
ʤʥʦʶ ʚ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ, ʷ ʩʯʠʪʘʶ ʚʘʞʥʳʤ ʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʚ 
ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ.  

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ʢʦʤʧʝʪʝʥʮʠʡ, 
ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʠʩʘʥʠʠ ʭʦʜʘ ʨʘʙʦʪʳ, 
ʘ ʪʘʢʞʝ ʫʧʦʤʠʥʘʥʠʠ ʪʨʫʜʥʦʩʪʝʡ ʠ ʥʝʫʜʘʯ, ʩ ʢʦʪʦʨʳʤʠ ʤʦʞʝʪ ʩʪʦʣʢʥʫʪʴʩʷ 
ʯʝʣʦʚʝʢ, ʚʟʷʚʰʠʡʩʷ ʟʘ ʨʘʟʨʘʙʦʪʢʫ çʋʤʥʦʛʦ ʢʦʥʪʝʡʥʝʨʘ ʜʣʷ ʣʝʢʘʨʩʪʚè. 
ʉʦʮʠʘʣʴʥʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʩʦʟʜʘʥʥʦʝ 

ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʣʶʜʝʡ, ʟʘʙʳʚʘʶʱʠʭ ʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʤ 
ʧʨʠʝʤʝ ʣʝʢʘʨʩʪʚ.  
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ʉʆɿɼɸʅʀɽ ʄʋʃʔʊʀʄɽɼʀʁʅʆɻʆ ʇʈʆɽʂʊɸ çʀʅɾɽʅɽʈ=ʋʉʇɽʍè 

ʅɸ ʆʉʅʆɺɽ çʉʊʆʈʀʊɽʃʃʀʅɻɸè - ʆɼʅʆɻʆ ʀɿ ʊʈɽʅɼʆɺ 
ʉʆɺʈɽʄɽʅʅʆɻʆ ɺɽɹ-ɼʀɿɸʁʅɸ 

ʗʛʘʬʘʨʦʚʘ ɸʣʸʥʘ 
ʄɹʆʋ çɹʦʨʠʩʦʛʣʝʙʩʢʘʷ ʛʠʤʥʘʟʠʷ ˉ 1è, 11 ʢʣʘʩʩ 

ʛ. ɹʦʨʠʩʦʛʣʝʙʩʢ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʪʝʧʘʥʝʥʢʦ ʆʣʴʛʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʫʯʠʪʝʣʴ ʠʥʬʦʨʤʘʪʠʢʠ 
 

ɼʚʘʜʮʘʪʴ ʧʝʨʚʳʡ ʚʝʢ ï ʚʝʢ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʥʦʚʠʥʦʢ. ʀʤʝʥʥʦ 
ʟʘ ʥʠʤʠ ʙʫʜʫʱʝʝ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʢʘʞʜʳʡ ʧʷʪʳʡ ʨʝʙʝʥʦʢ ʥʝ ʪʦʣʴʢʦ ʫʤʝʝʪ 
ʧʦʣɹʟʦʚʘʪʴʩʷ ʢʦʤʧʴʶʪʝʨʦʤ, ʥʦ ʠ ʚ ʩʦʚʝʨʰʝʥʩʪʚʝ ʚʣʘʜʝʝʪ ʫʤʝʥʠʷʤʠ ʧʦʣʴʟʦʚʘʪʴʩʷ 
ʀʥʪʝʨʥʝʪ ʩʝʪʴʶ. ʄʥʦʛʠʝ ʧʦʜʨʦʩʪʢʠ ʧʨʦʚʦʜʷʪ ʩʚʦʝ ʩʚʦʙʦʜʥʦʝ ʚʨʝʤʷ ʚ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ, ʢʦʪʦʨʘʷ ʷʚʣʷʶʪʩʷ ʩʝʛʦʜʥʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 
ɹʝʟʫʩʣʦʚʥʦ, ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʚ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 
ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʥʫʞʥʦʡ ʠʥʬʦʨʤʘʮʠʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʚʨʝʤʝʥʥʳʝ ʧʦʜʨʦʩʪʢʠ ʜʦʣʞʥʳ ʠʤʝʪʴ ʥʘʚʳʢʠ 
ʙʝʟʦʧʘʩʥʦʡ, ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʚ ʀʥʪʝʨʥʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝ. 
ʉʦʮʠʘʣʠʟʘʮʠʷ ʯʝʣʦʚʝʢʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʧʨʦʮʝʩʩʝ ʚʦʩʧʠʪʘʥʠʷ ʠ ʧʦʜ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʚʣʠʷʥʠʝʤ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʉʨʝʜʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʦʡ 
ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʧʠʪʘʥʠʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʣʘʩʴ. ʉʦʚʨʝʤʝʥʥʦʝ ʧʦʜʨʘʩʪʘʶʱʝʝ 

ʧʦʢʦʣʝʥʠʝ ʧʨʦʚʦʜʠʪ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʚ ʩʝʪʠ. ɼʣʷ ʧʦʜʨʦʩʪʢʦʚ ʩʝʪʴ ʀʥʪʝʨʥʝʪ, 
ʩʦʮʠʘʣʴʥʘʷ ʩʝʪʴ ʩʪʘʣʘ ʠʥʩʪʨʫʤʝʥʪʦʤ ʩʘʤʦʚʳʨʘʞʝʥʠʷ.  

ɺʩʝʤʠʨʥʘʷ ʩʝʪʴ ʀʥʪʝʨʥʝʪ ʦʛʨʦʤʥʘ ʠ ʚ ʥʝʡ ʤʥʦʞʝʩʪʚʦ ʩʘʡʪʦʚ. ʄʥʦʛʠʝ 
ʩʘʡʪʳ ʧʦʭʦʞʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʢʘʢ ʧʦ ʜʠʟʘʡʥʫ ʠ ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʧʦ ʪʝʤʘʪʠʢʝ ʠ 
ʢʦʥʪʝʥʪʫ.  

ʆʙ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʧʦʣʴʟʝ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʡʪʦʚ ʛʦʚʦʨʷʪ 
ʥʝʤʘʣʦ. ʕʪʦʪ ʬʦʨʤʘʪ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʨʝʩʫʨʩ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʥʪʝʨʝʩʥʳʤ, 
ʧʨʠʚʣʝʯʴ ʚʥʠʤʘʥʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷ. ʀ ʚʦʦʙʱʝ, ʪʚʦʨʠʪ ʯʫʜʝʩʘ. ʋʩʣʳʰʘʚ ʥʘʯʘʣʦ 

ʠʩʪʦʨʠʠ, ʫ ʥʘʩ ʧʦʷʚʣʷʝʪʩʷ ʞʝʣʘʥʠʝ ʜʦʩʣʫʰʘʪʴ ʝʸ ʜʦ ʢʦʥʮʘ, ʫʟʥʘʪʴ, ʯʝʤ 
ʚʩʸ ʟʘʢʦʥʯʠʣʦʩʴ. ʀʤʝʥʥʦ ʵʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʩʠʭʠʢʠ ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʬʦʨʤʘʪʘ, 
ʢʦʪʦʨʳʡ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʵʢʩʧʣʫʘʪʠʨʫʶʪ ʚʝʙ-ʜʠʟʘʡʥʝʨʳ ʠ 
ʨʘʟʨʘʙʦʪʯʠʢʠ. ɻʨʘʤʦʪʥʦ ʦʬʦʨʤʣʝʥʥʘʷ ʠʩʪʦʨʠʷ ʚ ʢʦʨʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʩʪʳʭ ʠ 
ʧʦʥʷʪʥʳʭ ʧʦʩʘʜʦʯʥʳʭ ʩʪʨʘʥʠʮ.  

ʉʪʦʨʠʪʝʣʣʠʥʛ ð ʵʪʦ ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʧʨʠʝʤ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪ ʤʝʜʠʘ-
ʧʦʪʝʥʮʠʘʣ ʩ ʮʝʣʴʶ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʥʝʩʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʠʩʪʦʨʠʠ ʠ 
ʧʨʠʤʝʨʳ.  

ʉʢʘʟʘʥʥʦʝ ʚʳʰʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʟʙʨʘʥʥʦʡ ʪʝʤʳ ʧʨʦʝʢʪʘ. 
ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʣʦʥʛʨʠʜʘ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ 

çʀʥʞʝʥʝʨ=ʫʩʧʝʭè ʥʘ ʦʩʥʦʚʝ çʩʪʦʨʠʪʝʣʣʠʥʛʘè - ʦʜʥʦʛʦ ʠʟ ʪʨʝʥʜʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ 
ʚʝʙ-ʜʠʟʘʡʥʘ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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¶ ʇʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʦʥʷʪʠʝʤ ʩʪʦʨʠʪʝʣʣʠʥʛʘ, ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʷʤʠ 
ʧʨʠʤʝʥʝʥʠʷ ʚ ʚʝʙ-ʜʠʟʘʡʥʝ. 

¶ ʀʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʣʦʥʛʨʠʜʘ ʚ ʙʣʦʯʥʦʤ ʢʦʥʩʪʨʫʢʪʦʨʝ 

ʩʘʡʪʦʚ Tilda Publishing, ʥʝ ʪʨʝʙʫʶʱʝʤ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

¶ ʇʦʜʛʦʪʦʚʠʪʴ ʪʝʢʩʪʦʚʳʡ, ʛʨʘʬʠʯʝʩʢʠʡ, ʘʫʜʠʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʪʝʤʘʪʠʢʦʡ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè. 

¶ ʉʚʝʨʩʪʘʪʴ ʣʦʥʛʨʠʜ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè. 

¶ ʆʙʨʘʙʦʪʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʠ ʧʦʜʛʦʪʦʚʠʪʴ 
ʧʨʝʟʝʥʪʘʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ. 
ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʤʝʪʦʜʦʚ: 

ʠʟʫʯʝʥʠʝ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʧʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʩʝʪʠ 

ʀʥʪʝʨʥʝʪ, ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʝʛʦ ʘʥʘʣʠʟ; ʟʥʘʢʦʤʩʪʚʦ ʩ ʙʣʦʯʥʳʤ 
ʢʦʥʩʪʨʫʢʪʦʨʦʤ ʩʘʡʪʦʚ Tilda Publishing, ʧʦʜʛʦʪʦʚʢʘ ʪʝʢʩʪʦʚʦʛʦ, ʛʨʘʬʠʯʝʩʢʦʛʦ, 
ʘʫʜʠʦ- ʠ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʪʝʤʘʪʠʢʦʡ 
çʀʥʞʝʥʝʨ=ʫʩʧʝʭè; ʦʙʦʙʱʝʥʠʝ ʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʝ ʚʳʚʦʜʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʧʮʠʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ 
ʅʘ ʧʝʨʚʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʥʘʜ ʤʫʣʴʪʠʤʝʜʠʡʥʳʤ ʧʨʦʝʢʪʦʤ 

ʤʥʦʶ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

¶ ʦʧʠʩʘʥʠʝ ʢʦʥʮʝʧʮʠʠ/ʪʝʤʳ ʙʫʜʫʱʝʛʦ ʧʨʦʝʢʪʘ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʝʛʦ ʩʫʪʠ ʠ 
ʟʘʜʘʯʠ; 

¶ ʦʮʝʥʢʘ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ (ʜʣʷ ʢʦʛʦ ʛʦʪʦʚʠʪʩʷ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʠ ʢʦʤʫ ʦʥ ʤʦʞʝʪ 
ʙʳʪʴ ʠʥʪʝʨʝʩʝʥ, ʠ ʧʦʯʝʤʫ); 

¶ ʧʨʦʜʫʤʘʪʴ ʢʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʵʪʦʪ ʤʘʪʝʨʠʘʣ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ ʜʨʫʛʠʤ ʣʶʜʷʤ 
(ʢʘʢ ʦʙʝʩʧʝʯʠʪʴ ʦʭʚʘʪ ʧʦʢʘʟʘ ï ʯʪʦ ʤʳ ʜʝʣʘʝʤ ʩ ʛʦʪʦʚʳʤ ʢʦʥʪʝʥʪʦʤ? 
ʅʘʧʨʠʤʝʨ, ʧʨʦʜʚʠʛʘʝʤ ʩʪʨʘʥʠʯʢʫ, ʧʫʙʣʠʢʫʝʤ ʨʦʣʠʢ, ʜʫʤʘʝʤ ʤʝʭʘʥʠʢʫ 
ʨʝʧʦʩʪʦʚ ʠʣʠ çʧʦʩʝʚʘè - ʨʘʟʤʝʱʝʥʠʷ ʢʦʥʪʝʥʪʘ ʚ ʜʨʫʛʠʭ ʩʦʦʙʱʝʩʪʚʘʭ; 

¶ ʦʧʠʩʘʪʴ ʬʘʙʫʣʫ ʧʨʦʝʢʪʘ ï ʧʦʜʛʦʪʦʚʠʪʴ ʦʧʠʩʘʪʝʣʴʥʳʡ ʪʝʢʩʪ (ʪʝʟʠʩʳ); 

¶ ʦʧʠʩʘʪʴ ʩʠʪʫʘʮʠʶ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʝʢʪ ʧʨʦʜʚʠʛʘʝʪʩʷ ï ʦʩʥʦʚʫ ʜʣʷ ʧʨʠʥʷʪʠʷ 
ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʦʧʦʨʥʳʭ ʪʦʯʝʢ ʜʣʷ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ. 
ɺʳʙʦʨ ʪʝʤʳ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè ʦʙʫʩʣʦʚʣʝʥ 

ʫʯʘʩʪʠʝʤ ʚ ʟʦʥʘʣʴʥʦʤ ʵʪʘʧʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʯʝʤʧʠʦʥʘʪʘ çʖʥʠʦʨʇʨʦʬʠè. ʊʝʤʘ 
ʟʘʜʘʥʠʷ: ʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ʪʚʦʨʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʧʨʘʢʪʠʯʝʩʢʠʤ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʦʩʪʠ. 
ʆʧʨʝʜʝʣʠʚʰʠʩʴ ʩ ʪʝʤʘʪʠʢʦʡ ʧʨʦʝʢʪʘ, ʙʳʣʘ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʝʛʦ 

ʢʦʥʮʝʧʮʠʷ: 

¶ ʧʨʠʤʝʨ ʩʚʝʨʩʪʥʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʪʝʭʥʠʯʝʩʢʠʤ ʪʚʦʨʯʝʩʪʚʦʤ ʠ ʜʦʙʠʚʰʠʭʩʷ 
ʭʦʨʦʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʷʚʣʷʝʪʩʷ ʚʥʝʰʥʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʤʦʪʠʚʘʪʦʨʦʤ. 

¶ ʧʨʠʤʝʨ ʚʳʧʫʩʢʥʠʢʦʚ, ʚʳʙʨʘʚʰʠʭ ʦʜʥʠ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʬʝʩʩʠʡ, ʩʚʷʟʘʥʥʳʭ 

ʩ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. 

¶ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʯʝʤʧʠʦʥʘʪʘ çʖʥʠʦʨʇʨʦʬʠè, 
ʩʚʷʟʘʥʥʳʭ ʩ ʩʘʤʳʤʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʧʨʦʬʝʩʩʠʷʤʠ. ʀ ʧʨʦʬʝʩʩʠʷ ʠʥʞʝʥʝʨ 
ʦʜʥʘ ʠʟ ʥʠʭ ʠ ʷʚʣʷʝʪʩʷ ʟʘʣʦʛʦʤ ʫʩʧʝʰʥʦʛʦ ʙʫʜʫʱʝʛʦ. 
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¶ ʧʦʧʫʣʷʨʠʟʘʮʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʩʨʝʜʠ ʜʝʪʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ 
ʀʥʪʝʨʥʝʪ, ʛʜʝ ʦʥʠ ʧʨʦʚʦʜʷʪ ʙʦʣʴʰʠʥʩʪʚʦ ʩʚʦʝʛʦ ʩʚʦʙʦʜʥʦʛʦ ʚʨʝʤʝʥʠ. 
ʊʘʢʞʝ ʤʥʦʶ ʦʧʨʝʜʝʣʝʥʘ ʮʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ, ʢʦʪʦʨʦʡ ʜʦʣʞʝʥ ʙʳʪʴ 

ʠʥʪʝʨʝʩʝʥ ʧʨʦʝʢʪ:  

¶ ɼʝʪʠ ʠ ʧʦʜʨʦʩʪʢʠ 4-11 ʢʣʘʩʩʦʚ, ʧʦʪʦʤʫ ʯʪʦ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʚʦʟʨʘʩʪʝ ʫ ʜʝʪʝʡ 
ʬʦʨʤʠʨʫʶʪʩʷ ʠʥʪʝʨʝʩʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʦʥʠ ʧʨʦʙʫʶʪ ʩʝʙʷ ʚ ʨʘʟʥʳʭ ʩʬʝʨʘʭ, 
ʯʪʦʙʳ ʧʦʪʦʤ ʧʦʥʷʪʴ ʢʘʢʦʡ ʧʨʦʬʝʩʩʠʠ ʦʥʠ ʙʫʜʫʪ ʦʙʫʯʘʪʴʩʷ. ʉ ʧʦʤʦʱʴʶ ʦʧʨʦʩʘ 
ʚʳʷʚʠʣʦʩʴ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʦʙ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʜʝʪʠ ʟʥʘʶʪ ʥʝ ʪʘʢ 
ʤʥʦʛʦ. ʀʥʬʦʨʤʠʨʦʚʘʥʠʝ ʵʪʦʡ ʘʫʜʠʪʦʨʠʠ ʜʦʩʪʫʧʥʳʤ ʷʟʳʢʦʤ ʦʙ ʠʥʞʝʥʝʨʥʳʭ 
ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʧʦʤʦʞʝʪ ʠʭ ʧʦʧʫʣʷʨʠʟʦʚʘʪʴ ʠ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʧʦʜʨʘʩʪʘʶʱʝʝ 

ʧʦʢʦʣʝʥʠʝ. 

¶ ʈʦʜʠʪʝʣʠ. ɺʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʘʫʜʠʪʦʨʠʝʡ ʚʳʙʨʘʥʳ ʨʦʜʠʪʝʣʠ ʜʝʪʝʡ ʠ 
ʧʦʜʨʦʩʪʢʦʚ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʦʥʠ ʯʘʩʪʦ ʦʧʨʝʜʝʣʷʶʪ, ʢʫʜʘ ʥʘʧʨʘʚʠʪʴ ʠʥʪʝʨʝʩ 
ʜʝʪʝʡ, ʚ ʢʘʢʦʡ ʢʨʫʞʦʢ/ʩʝʢʮʠʶ ʠʭ ʦʪʜʘʪʴ. 
ɼʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʠʥʪʝʨʥʝʪʝ ʙʳʣ ʚʳʙʨʘʥ 

ʣʦʥʛʨʠʜ (ʦʜʥʦʩʪʨʘʥʠʯʥʳʡ ʩʘʡʪ), ʧʦʪʦʤʫ ʯʪʦ ʦʥ:  

¶ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʞʫʨʥʘʣʠʩʪʩʢʠʭ ʬʦʨʤʘʪʦʚ ʠ ʨʝʰʝʥʠʡ; 

¶ ʷʚʣʷʝʪʩʷ ʷʨʢʠʤ ʠ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 

¶ ʦʙʣʘʜʘʝʪ ʙʦʣʴʰʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ. 

 
ɺʳʙʦʨ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢʦʥʪʝʥʪʘ 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ: 

¶ ʩʙʦʨ ʬʘʢʪʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʝʢʪʘ (ʨʘʙʦʪʘ ʧʦ 
ʩʙʦʨʫ ʜʘʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪʝ, ʨʘʟʨʘʙʦʪʢʘ ʘʥʢʝʪ ʜʣʷ ʦʧʨʦʩʘ ʛʠʤʥʘʟʠʩʪʦʚ, 
ʚʳʧʫʩʢʥʠʢʦʚ ʠ ʉʪʝʧʘʥʝʥʢʦ ʆ.ɺ., ʫʯʠʪʝʣʷ ʠʥʬʦʨʤʘʪʠʢʠ, ʧʨʦʚʝʜʝʥʠʝ 
ʚʠʜʝʦʠʥʪʝʨʚʴʶ ʛʠʤʥʘʟʠʩʪʦʚ ʠ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʩʦʟʜʘʥʠʝ 
ʧʦʜʢʘʩʪʦʚ ʠ ʠʭ ʨʘʟʤʝʱʝʥʠʝ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʭʦʩʪʠʥʛʝ); 

¶ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʛʣʘʚʥʦʛʦ; 

¶ ʦʬʦʨʤʣʝʥʠʝ ʩʦʙʨʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʛʦʪʦʚʳʡ ʢʦʥʪʝʥʪ; 

¶ ʧʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʨʢʘ ʠʪʦʛʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʩʪʘʥʜʘʨʪʘʤ ʠ 
ʪʝʭʥʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʦʚʝʨʢʘ ʛʨʘʤʤʘʪʠʢʠ, ʩʪʠʣʠʩʪʠʢʠ ʠ ʯʠʪʘʝʤʦʩʪʠ 
ʤʘʪʝʨʠʘʣʘ).  

¶ ʩʦʭʨʘʥʝʥʠʝ ʛʦʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ï ʚʠʜʝʦ, ʘʫʜʠʦ, ʪʝʢʩʪʘ  ʜʣʷ 

ʣʦʥʛʨʠʜʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʙʨʘʥʥʦʡ ʩʪʨʘʪʝʛʠʝʡ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʣʦʥʛʨʠʜʘ ʤʥʦʶ ʙʳʣ ʚʳʙʨʘʥ ʙʣʦʯʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʩʘʡʪʦʚ 

Tilda Publishing, ʥʝ ʪʨʝʙʫʶʱʠʡ ʥʘʚʳʢʦʚ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʩʳʣʢʘ ʥʘ 
ʩʦʟʜʘʥʥʳʡ ʣʦʥʛʨʠʜ: http://1012site.tilda.ws/ 

 
ɺʠʜʳ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʢʦʥʪʝʥʪʘ 

ɺʠʜʝʦʨʦʣʠʢ ʜʣʷ ʰʘʧʢʠ ʣʦʥʛʨʠʜʘ ʚʟʷʪ ʩ ʦʬʠʮʠʘʣʴʥʦʛʦ ʩʘʡʪʘ ʜʝʪʩʢʦʛʦ 
ʪʝʭʥʦʧʘʨʢʘ ʂʚʘʥʪʦʨʫʤ ʛ. ɺʦʨʦʥʝʞʘ 

 (https://www.youtube.com/watch?v=OU0CwfC8_UM). 
ʊʝʩʪʦʚʘʷ ʠʥʬʦʨʤʘʮʠʷ ï ʢʦʨʦʪʢʠʝ ʧʨʠʟʳʚʳ (ʨʠʩ.1), ʥʝʙʦʣʴʰʦʡ ʪʝʢʩʪ, 

ʨʘʩʢʨʳʚʘʶʱʠʡ ʧʦʥʷʪʠʝ çʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦè ʠ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʨʘʪʢʘʷ 

http://1012site.tilda.ws/
https://www.youtube.com/watch?v=OU0CwfC8_UM
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʦʤʧʝʪʝʥʮʠʡ ʯʝʤʧʠʦʥʘʪʘ ʖʥʠʦʨʇʨʦʬʠ, ʠʥʪʝʨʚʴʶ ʩ ʆʣʴʛʦʡ 
ɺʣʘʜʠʤʠʨʦʚʥʦʡ ʉʪʝʧʘʥʝʥʢʦ, ʫʯʠʪʝʣʝʤ ʠʥʬʦʨʤʘʪʠʢʠ ʄɹʆʋ ɹɻʆ 
çɹʦʨʠʩʦʛʣʝʙʩʢʘʷ ʛʠʤʥʘʟʠʷ ˉ 1è, ʵʢʩʧʝʨʪʦʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʯʝʤʧʠʦʥʘʪʘ 
ʖʥʠʦʨʇʨʦʬʠ (JuniorSkills) 

 
ʈʠʩ.1. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

ʉʣʝʜʫʶʱʠʡ ʚʠʜ ʠʥʬʦʨʤʘʮʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʜʣʷ ʩʪʦʨʠʣʝʣʣʠʥʛʘ ï 
ʢʦʨʦʪʢʦʝ ʚʠʜʝʦ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʚʦʧʨʦʩʳ, ʥʘ ʢʦʪʦʨʳʝ ʛʠʤʥʘʟʠʩʪʳ ʦʪʚʝʯʘʣʠ ʥʘ 
ʚʠʜʝʦ (ʨʠʩ. 2). 

 
ʈʠʩ. 2. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

 
ɺʩʝʛʦ ʥʘ ʣʦʥʛʨʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 7 ʚʠʜʝʦ (ʨʠʩ. 3) 



15 
 

 
ʈʠʩ. 3. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

ʆʪʜʝʣʴʥʦʡ ʨʫʙʨʠʢʦʡ ʥʘ ʣʦʥʛʨʠʜʝ ʚʳʜʝʣʝʥʳ ʨʝʧʦʨʪʘʞʠ çɺʝʩʪʠ ʩ ʧʦʣʝʡè, 
ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʦʨʦʪʢʠʝ ʚʠʜʝʦ- ʠ ʬʦʪʦ- ʨʝʧʦʨʪʘʞʠ ʦ ʪʦʤ, ʢʘʢ 
ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʛʠʤʥʘʟʠʩʪʦʚ ʢ ʢʦʤʧʝʪʝʥʮʠʷʤ ʯʝʤʧʠʦʥʘʪʘ çʄʦʙʠʣʴʥʘʷ 
ʨʦʙʦʪʦʪʝʭʥʠʢʘ 10+è  (ʨʠʩ. 4), çʀʥʞʝʥʝʨʥʳʡ ʜʠʟʘʡʥ 14+è, çʇʨʦʤʳʰʣʝʥʥʳʡ 
ʜʠʟʘʡʥ 14+è, çʕʣʝʢʪʨʦʥʠʢʘ 14+è, çʀʥʞʝʥʝʨʥʳʡ ʜʠʟʘʡʥ 10+è. 

 
ʈʠʩ. 4. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

ʉʣʝʜʫʶʱʠʡ ʪʠʧ ʢʦʥʪʝʥʪʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘ ʣʦʥʛʨʠʜʝ: ʛʨʘʬʠʯʝʩʢʠʝ 
ʠʟʦʙʨʘʞʝʥʠʷ (ʬʦʪʦʛʨʘʬʠʠ), ʩʦʙʨʘʥʥʳʝ ʚ ʬʦʪʦʛʘʣʝʨʝʶ ʩ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 
ʯʝʤʧʠʦʥʘʪʘ ʖʥʠʦʨʇʨʦʬʠ, ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʨʘʙʦʪʫ ʛʠʤʥʘʟʠʩʪʦʚ (ʨʠʩ. 5): 
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ʈʠʩ. 5. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

ʊʘʢʞʝ ʤʥʦʶ ʥʘ ʣʦʥʛʨʠʜʝ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʜʢʘʩʪ ð ʬʦʨʤʘʪ ʘʫʜʠʦʨʝʧʦʨʪʘʞʘ 
ʠʣʠ ʘʫʜʠʦʧʝʨʝʜʘʯʠ. 3 ʘʫʜʠʦʬʘʡʣʘ ï ɻ ʪʦ ʦʪʚʝʪʳ ʚʳʧʫʩʢʥʠʢʦʚ ʛʠʤʥʘʟʠʠ ʦ ʪʦʤ, ʢʘʢ 
ʪʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦ ʠ ʟʘʥʷʪʠʝ ʨʦʙʦʪʦʪʝʭʥʠʢʦʡ ʧʦʚʣʠʷʣʦ ʥʘ ʚʳʙʦʨ ʧʨʦʬʝʩʩʠʠ 
ʠ ʥʘʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʦʥ ʩʝʡʯʘʩ ʠʟʫʯʘʶʪ ʚ ʚʫʟʝ (ʨʠʩ. 6).   

 
ʈʠʩ. 6. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

 

ɺʠʜʝʦ ʠ ʘʫʜʠʦ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʝʪʠ ʤʦʠʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʆʣʴʛʦʡ 
ɺʣʘʜʠʤʠʨʦʚʥʦʡ, ʪʘʢ ʢʘʢ ʢʦʥʩʪʨʫʢʪʦʨ  ʊʠʣʴʜʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʟʘʛʨʫʞʘʪʴ ʜʘʥʥʳʝ 
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ʬʦʨʤʘʪʳ, ʘ ʪʦʣʴʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʩʳʣʢʠ, ʟʘʛʨʫʞʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʭʦʩʪʠʥʛʠ, ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʪʨʝʙʦʚʘʪʝʣʴʥʳ ʢ ʩʦʙʣʶʜʝʥʠʶ 
ʘʚʪʦʨʩʢʦʛʦ ʧʨʘʚʘ ʠ ʚʦʟʨʘʩʪʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ ʨʘʟʤʝʱʝʥʠʝ ʚʠʜʝʦ ʠ ʘʫʜʠʦ 
ʬʘʡʣʦʚ (https://www.youtube.com, https://soundcloud.com/). 

 
ʇʫʙʣʠʢʘʮʠʷ ʣʦʥʛʨʠʜʘ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ 

ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʣʦʥʛʨʠʜ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè ʥʘ 
ʦʩʥʦʚʝ ʩʪʦʨʠʪʝʣʣʠʥʛʘ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ ʧʦ ʘʜʨʝʩʫ: 
http://1012site.tilda.ws/, ʘ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʝʥʦ ʝʛʦ ʧʨʦʜʚʠʞʝʥʠʝ ʯʝʨʝʟ ʩʦʮʠʘʣʴʥʳʝ 
ʩʝʪʠ: ʛʨʫʧʧʫ ʚ ɺʂʦʥʪʘʢʪʝ çʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦè: 
https://vk.com/club208239072. ʇʝʨʝʡʪʠ ʥʘ ʣʦʥʛʨʠʜ ʤʦʞʥʦ ʧʦ qr-ʢʦʜʫ (ʨʠʩ. 8): 

 
ʈʠʩ. 8. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

ʊʘʢʞʝ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʣʦʥʛʨʠʜ ʫʜʦʙʝʥ ʜʣʷ ʧʨʦʩʤʦʪʨʘ ʥʘ ʤʦʙʠʣʴʥʦʤ 
ʫʩʪʨʦʡʩʪʚʝ (ʨʠʩ. 9): 

https://www.youtube.com/
https://soundcloud.com/
http://1012site.tilda.ws/
https://vk.com/club208239072
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ʈʠʩ. 9. ʉʢʨʠʥʰʦʪ ʘʚʪʦʨʘ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʦʩʪʘʚʣʝʥʦ ʛʦʪʦʚʦʝ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʨʝʰʝʥʠʝ - 

ʣʦʥʛʨʠʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʤʫʣʴʪʠʤʝʜʠʡʥʦʤ 
ʧʨʦʝʢʪʝ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè ʥʘ ʦʩʥʦʚʝ ʩʪʦʨʠʪʝʣʣʠʥʛʘ. ʄʘʪʝʨʠʘʣ ʦʧʫʙʣʠʢʦʚʘʥ ʠ 
ʨʘʟʤʝʱʝʥ ʚ ʩʝʪʠ ʀʥʪʝʨʥʝʪ, ʜʘʥʘ ʩʩʳʣʢʘ ʚ ʩʦʮʠʘʣʴʥʦʡ ʩʝʪʠ ʚʂʦʥʪʘʢʪʝ, ʦ ʯʝʤ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʨʘʙʦʪʘʶʱʠʝ ʩʩʳʣʢʠ. ʄʘʪʝʨʠʘʣ ʥʘʯʘʣ çʞʠʪʴè - ʫ ʥʝʛʦ 
ʧʦʷʚʠʣʠʩʴ ʢʦʤʤʝʥʪʘʨʠʠ ʠ ʣʘʡʢʠ: ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʢʦʤʤʝʥʪʘʨʠʠ ʠʣʠ 
ʧʨʝʜʧʦʣʦʞʠʪʴ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʩʪʨʘʪʝʛʠʠ ʧʨʦʜʚʠʞʝʥʠʷ: ʧʦʧʫʣʷʨʠʟʘʮʠʷ 

ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ  ʩʨʝʜʠ ʯʠʪʘʪʝʣʝʡ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ ʠ 
ʧʨʦʜʚʠʞʝʥʠʷ ʠʥʪʝʨʝʩʥʦʛʦ, ʧʦʥʷʪʥʦʛʦ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ 
ʧʨʦʝʢʪʘ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʧʨʦʬʦʨʠʝʥʪʘʮʠʠ ʧʦʜʨʦʩʪʢʦʚ, 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʧʦʩʪʘʚʣʝʥʥʳʝ ʟʘʜʘʯʠ, 
ʮʝʣɹ ʨʘʙʦʪʳ ʜʦʩʪʠʛʥʫʪʘ - ʩʦʟʜʘʥ ʣʦʥʛʨʠʜ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ 

çʀʥʞʝʥʝʨ=ʫʩʧʝʭè ʥʘ ʦʩʥʦʚʝ çʩʪʦʨʠʪʝʣʣʠʥʛʘè - ʦʜʥʦʛʦ ʠʟ ʪʨʝʥʜʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ 
ʚʝʙ-ʜʠʟʘʡʥʘ.  
ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ 

ʣʦʥʛʨʠʜ ʤʫʣʴʪʠʤʝʜʠʡʥʦʛʦ ʧʨʦʝʢʪʘ çʀʥʞʝʥʝʨ=ʫʩʧʝʭè ʥʘ ʦʩʥʦʚʝ 
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çʩʪʦʨʠʪʝʣʣʠʥʛʘè - ʦʜʥʦʛʦ ʠʟ ʪʨʝʥʜʦʚ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʝʙ-ʜʠʟʘʡʥʘ ʤʦʞʝʪ ʙʳʪʴ 
ʠʩʧʦʣʴʟʦʚʘʥ ʢʣʘʩʩʥʳʤʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʥʘ ʢʣʘʩʩʥʳʭ ʯʘʩʘʭ ʚ ʨʘʤʢʘʭ 
ʧʨʦʬʦʨʠʝʥʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ çʊʝʭʥʠʯʝʩʢʦʝ ʪʚʦʨʯʝʩʪʚʦè, 
ʟʥʘʢʦʤʩʪʚʘ ʩ ʢʦʤʧʝʪʝʥʪʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʙʫʜʫʱʝʤʫ ʠʥʞʝʥʝʨʫ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɸʚʝʨʠʥ ɺ.ʅ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʠʥʞʝʥʝʨʥʘʷ ʛʨʘʬʠʢʘ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ɺ.ʅ. 
ɸʚʝʨʠʥ. - ʄ.: Academia, 2018. - 352 c. 

2. ɸʣʝʢʩʝʝʚ ʉ. ʆ ʮʚʝʪʝ ʠ ʢʨʘʩʢʘʭ.ð ʄ.: ʀʩʢʫʩʩʪʚʦ, 1964.ð 53 ʩ., ʠʣ.ð (ɹ-ʢʘ 
ʥʘʯʠʥʘʶʱʝʛʦ ʭʫʜʦʞʥʠʢʘ). 

3. ɹʫʪʘʢʦʚʘ ʅ.ɻ. ʂʦʤʧʴʶʪʝʨʥʘʷ ʛʨʘʬʠʢʘ / ʅ.ɻ. ɹʫʪʘʢʦʚʘ. - ʄ.: ʄɻʀʋ, 2008. - 
216 c. 

4. ʀʥʥʦʚʘʮʠʠ ʠ ʪʨʝʥʜʳ ʚ ʩʦʚʨʝʤʝʥʥʦʤ web-ʜʠʟʘʡʥʝ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 
URL: https://smartraf.ru/allarticles/e-commerce/innovatsii-i-trendy-v-

sovremennom-web-dizayne/ 
5. ʊʨʝʥʜʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʝʙ-ʜʠʟʘʡʥʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

https://tilda.education/courses/web-design/trends/ 
6. ʏʪʦ ʪʘʢʦʝ ʩʪʦʨʠʪʝʣʣʠʥʛ, ʜʣʷ ʯʝʛʦ ʦʥ ʥʫʞʝʥ ʠ ʢʘʢ ʥʘʧʠʩʘʪʴ ʠʥʪʝʨʝʩʥʫʶ 
ʠʩʪʦʨʠʶ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL:  https://blog.calltouch.ru/chto-takoe-
storitelling-dlya-chego-on-nuzhen-i-kak-napisat-interesnuyu-istoriyu/ 
ʅʦʚʦʩʪʥʘʷ ʣʝʥʪʘ ʩʘʡʪʘ ʄɹʆʋ ɹɻʆ çɹʦʨʠʩʦʛʣʝʙʩʢʘʷ ʛʠʤʥʘʟʠʷ ˉ 1è 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL:  http://gimn1882.ru/ 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
ʀʅʊɽʈɸʂʊʀɺʅɸʗ 3D-ʕʂʉʂʋʈʉʀʗ ʇʆ ʐʂʆʃɽ ʉ.ɿʓʈʗʅʉʂʆɽ 

https://smartraf.ru/allarticles/e-commerce/innovatsii-i-trendy-v-sovremennom-web-dizayne/
https://smartraf.ru/allarticles/e-commerce/innovatsii-i-trendy-v-sovremennom-web-dizayne/
https://tilda.education/courses/web-design/trends/
https://blog.calltouch.ru/chto-takoe-storitelling-dlya-chego-on-nuzhen-i-kak-napisat-interesnuyu-istoriyu/
https://blog.calltouch.ru/chto-takoe-storitelling-dlya-chego-on-nuzhen-i-kak-napisat-interesnuyu-istoriyu/
http://gimn1882.ru/
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ʉʘʡʥʘʢʦʚʘ ɺʘʩʠʣʠʥʘ, ɿʫʝʚʠʯ ʂʩʝʥʠʷ 
ʄɹʆʋ çɿʳʨʷʥʩʢʘʷ ʩʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘè, 11 ʢʣʘʩʩ 

ʩ. ɿʳʨʷʥʩʢʦʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ  
 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʫʣʘʷʢʦʚʘ ʈʦʢʩʘʥʘ ʈʘʫʣʴʝʚʥʘ, 
ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤ  

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ 3D-ʪʫʨʘ ʥʘ ʧʣʘʪʬʦʨʤʝ PanoQuiz ʜʣʷ ʰʢʦʣʳ ʩ. 

ɿʳʨʷʥʩʢʦʝ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ:  
- ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʰʢʦʣʝ ʠ ʧʨʦʚʝʩʪʠ ʩʲʸʤʢʫ ʚ ʬʦʨʤʘʪʝ 360 ʛʨʘʜʫʩʦʚ 

ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ; 
- ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʠʟʫʯʠʪʴ ʨʘʙʦʪʫ ʧʨʦʛʨʘʤʤʳ PanoQuiz ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʵʢʩʢʫʨʩʠʶ ʥʘ ʜʘʥʥʦʡ ʧʣʘʪʬʦʨʤʝ.  
ʉʪʝʥʳ ɿʳʨʷʥʩʢʦʡ ʰʢʦʣʳ ʧʦʢʠʥʫʣʦ ʤʥʦʞʝʩʪʚʦ ʚʳʧʫʩʢʥʠʢʦʚ. ʄʥʦʛʠʝ ʠʟ 

ʥʠʭ ʧʨʦʜʦʣʞʘʶʪ ʠʥʪʝʨʝʩʦʚʘʪʴʩʷ ʞʠʟʥʴʶ ʰʢʦʣʳ, ʥʦ ʚ ʩʝʪʠ ʠʥʪʝʨʥʝʪ ʥʝ ʪʘʢ ʤʥʦʛʦ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʞʠʟʥʠ ʠ ʦʙʣʠʢʝ ʰʢʦʣʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ʊʘʢʞʝ ʥʳʥʝʰʥʠʝ 
ʫʯʝʥʠʢʠ ʰʢʦʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʟʥʘʶʪ ʦʙ ʠʩʪʦʨʠʠ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ. 
ʇʦʩʢʦʣʴʢʫ ʫ ʰʢʦʣʳ ʥʝʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʘʥʘʣʦʛʘ ʢʥʠʛʘʤ, ʜʝʪʷʤ 
ʜʘʥʥʘʷ ʪʝʤʘ ʥʝ ʠʥʪʝʨʝʩʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 3D-ʵʢʩʢʫʨʩʠʷ ʧʦʟʚʦʣʠʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʰʢʦʣʳ, ʩʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʨʠʚʣʝʯʝʥʠʶ ʧʘʨʪʥʸʨʦʚ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ 
ʧʦʧʫʣʷʨʠʟʠʨʦʚʘʪʴ ʠʩʪʦʨʠʶ ʰʢʦʣʳ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʤʘʪʝʨʠʘʣʳ, ʤʝʪʦʜʳ ʠ 
ʦʙʦʨʫʜʦʚʘʥʠʝ: ʧʣʘʪʬʦʨʤʘ PanoQuiz, ʢʘʤʝʨʘ Ricoh Theta ʜʣʷ ʩʲʸʤʢʠ ʚ ʬʦʨʤʘʪʝ 
360ę, ʧʘʥʦʨʘʤʥʳʝ ʬʦʪʦʛʨʘʬʠʠ. 

ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ: 

¶ ʩʦʟʜʘʥʠʝ ʧʨʦʝʢʪʥʦʡ ʢʦʤʘʥʜʳ; 

¶ ʩʙʦʨ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʩʪʦʨʠʠ ʰʢʦʣʳ; 

¶ ʧʘʥʦʨʘʤʥʘʷ ʩʲʸʤʢʘ ʧʦ ʰʢʦʣʝ; 

¶ ʨʝʘʣʠʟʘʮʠʷ 3D-ʵʢʩʢʫʨʩʠʠ ʚ ʧʨʦʛʨʘʤʤʝ PanoQuiz; 

¶ ʧʫʙʣʠʢʘʮʠʷ ʠ ʨʘʟʤʝʱʝʥʠʝ 3D-ʪʫʨʘ ʥʘ ʩʘʡʪʝ ʰʢʦʣʳ. 
ɻʦʪʦʚʳʡ ʧʨʦʝʢʪ ʧʦʟʚʦʣʷʝʪ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʥʪʝʨʴʝʨʦʤ ʰʢʦʣʳ, ʠʟʫʯʠʪʴ 

ʬʦʡʝ ʰʢʦʣʳ (ʈʠʩʫʥʦʢ 1), ʢʘʙʠʥʝʪ ʠʩʪʦʨʠʠ (ʈʠʩʫʥʦʢ 2), ʢʘʙʠʥʝʪ ʙʠʦʣʦʛʠʠ 
(ʈʠʩʫʥʦʢ 3) ʠ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ. 

ʉʩʳʣʢʘ ʥʘ 3D-ʪʫʨ:  
https://demo.panoquiz.ru/tours/tours/tour_interaktivnaya_3d-

ekskursiya_po_shkole_sela_ziryanskoe/ 
 

https://demo.panoquiz.ru/tours/tours/tour_interaktivnaya_3d-ekskursiya_po_shkole_sela_ziryanskoe/
https://demo.panoquiz.ru/tours/tours/tour_interaktivnaya_3d-ekskursiya_po_shkole_sela_ziryanskoe/
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ʈʠʩʫʥʦʢ 1. ʌʦʡʝ ʰʢʦʣʳ 
 

 
 

ʈʠʩʫʥʦʢ 2. ʂʘʙʠʥʝʪ ʠʩʪʦʨʠʠ 
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ʈʠʩʫʥʦʢ 3. ʂʘʙʠʥʝʪ ʙʠʦʣʦʛʠʠ 
 
ʋ ʧʣʘʪʬʦʨʤʳ PanoQuiz ʩʫʱʝʩʪʚʫʶʪ ʘʥʘʣʦʛʠ. ʅʘʧʨʠʤʝʨ, ʧʣʘʪʬʦʨʤʘ 

TrueVirtualTours. ɼʘʥʥʳʡ ʩʝʨʚʠʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʣʘʪʥʦʛʦ 
ʨʘʟʤʝʱʝʥʠʷ ʢʘʢ ʦʪʜʝʣʴʥʳʭ ʧʘʥʦʨʘʤ, ʪʘʢ ʠ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʫʨʘ ʩʨʦʢʦʤ ʜʦ 3 
ʤʝʩʷʮʝʚ.  

ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʘʜʤʠʥʠʩʪʨʘʮʠʷ, 
ʫʯʝʥʠʢʠ, ʚʳʧʫʩʢʥʠʢʠ ʄɹʆʋ çɿʳʨʷʥʩʢʘʷ ʉʆʐè ɿʳʨʷʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʞʠʪʝʣʠ 
ɿʳʨʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʠ ʚʩʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ. 

ʇʨʦʝʢʪ ʜʝʥʝʞʥʳʭ ʟʘʪʨʘʪ ʥʝ ʠʤʝʝʪ, ʪʘʢ ʢʘʢ ʩʦʟʜʘʥ ʥʘ ʙʝʩʧʣʘʪʥʦʤ 
ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè 

ʛ. ʊʦʤʩʢ.  
ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʝʢʪʘ ʩʪʘʣʦ ʩʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ 3D-ʵʢʩʢʫʨʩʠʠ ʧʦ 

ʰʢʦʣʝ ʩ. ɿʳʨʷʥʩʢʦʛʦ. ʆʩʚʦʝʥʘ ʨʘʙʦʪʘ ʥʘ ʧʣʘʪʬʦʨʤʝ PanoQuiz, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ 
ʫʜʘʣʦʩʴ ʵʪʦ ʩʜʝʣʘʪʴ. ʀʥʪʝʨʘʢʪʠʚʥʘʷ 3D-ʵʢʩʢʫʨʩʠʷ ʨʘʟʤʝʱʝʥʘ ʥʘ ʩʘʡʪʝ ʰʢʦʣʳ. 

ʇʨʦʝʢʪ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʝʢʘʙʨʝ 2021 ʛʦʜʘ ʥʘ ʈʝʛʠʦʥʘʣʴʥʦʡ ʷʨʤʘʨʢʝ 
ʧʨʦʝʢʪʦʚ, ʧʨʦʚʦʜʠʤʦʡ ɼʝʪʩʢʠʤ ʪʝʭʥʦʧʘʨʢʦʤ çʂʚʘʥʪʦʨʠʫʤè, ʛʜʝ ʙʳʣ ʦʪʤʝʯʝʥ 
ɼʠʧʣʦʤʦʤ 1 ʩʪʝʧʝʥʠ ʚ ʥʦʤʠʥʘʮʠʠ çɹʫʜʫʱʝʝ ʪʝʭʥʦʣʦʛʠʡ ʚ XXI ʚʝʢʝ ʦʪ ʀʥʩʪʠʪʫʪʘ 
ʭʠʤʠʠ ʠ ʥʝʬʪʠ ʉʆ ʈɸʅè. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

 
1. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ ʄɹʆʋ "ɿʳʨʷʥʩʢʘʷ ʉʆʐ" ɿʳʨʷʥʩʢʦʛʦ ʨʘʡʦʥʘ. 

https://zyr.su/. 
2. ʇʣʘʪʬʦʨʤʘ PanoQuiz. https://panoquiz.ru/. 
3. ʇʣʘʪʬʦʨʤʘ TrueVirtualTours. TrueVirtualTours - ɺʠʨʪʫʘʣʴʥʳʝ 3D/VR ʪʫʨʳ 
ʠ ʩʬʝʨʠʯʝʩʢʠʝ 360Á ʧʘʥʦʨʘʤʳ. 

 
 

https://zyr.su/
https://panoquiz.ru/
https://truevirtualtours.com/ru/
https://truevirtualtours.com/ru/
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ʄɸʂɽʊ ʈɸʂɽʊʓ çʇʈʆʊʆʅ-ʄè 
ʉʫʭʦʨʫʢʦʚ ɸʨʩʝʥʠʡ  

ʄɹʆʋ çʉʝʚʝʨʩʢʘʷ ʛʠʤʥʘʟʠʷè, 5 ʢʣʘʩʩ, ʛ. ʉʝʚʝʨʩʢ 
           

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʢʦʨʠʥʘ ɽʣʠʟʘʚʝʪʘ ɸʣʝʢʩʝʝʚʥʘ,  
ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè 

 
ʄʘʢʝʪ ʨʘʢʝʪʳ ʧʨʦʪʦʥ-ʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʫʶ ʚʝʨʩʠʶ 

ʨʘʢʝʪʳ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ ʫʚʠʜʝʪʴ ʢʦʥʩʪʨʫʢʮʠʶ ʜʘʥʥʦʡ 
ʨʘʢʝʪʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʘʧʫʩʢ ʧʨʦʪʦʪʠʧʘ. 
çʇʨʦʪʦʥ-ʄè ð ʨʘʢʝʪʘ-ʥʦʩʠʪʝʣʴ ʪʷʞʝʣʦʛʦ ʢʣʘʩʩʘ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ 

ʟʘʧʫʩʢʦʚ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʧʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʠ 
ʢʦʤʤʝʨʯʝʩʢʠʤ ʧʨʦʛʨʘʤʤʘʤ. ʉʝʛʦʜʥʷ ʨʘʢʝʪʘ-ʥʦʩʠʪʝʣʴ çʇʨʦʪʦʥ-ʄè ʩ ʨʘʟʛʦʥʥʳʤ 
ʙʣʦʢʦʤ çɹʨʠʟ-ʄè ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʚʝʜʝʥʠʝ ʥʘ ʛʝʦʧʝʨʝʭʦʜʥʫʶ ʦʨʙʠʪʫ ʧʦʣʝʟʥʫʶ 

ʥʘʛʨʫʟʢʫ ʤʘʩʩʦʡ ʩʚʳʰʝ 6 ʪʦʥʥ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʛʝʦʩʪʘʮʠʦʥʘʨʥʫʶ ʦʨʙʠʪʫ 
ð ʜʦ 3,3 ʪʦʥʥ [1]. 

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʠʪʴ ʠ ʧʨʠʤʝʥʠʪʴ ʟʥʘʥʠʷ ʧʦ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʶ, 

ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʤʘʢʝʪ ʨʘʢʝʪʳ çʇʨʦʪʦʥ-ʄè. 
ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪ ɹʩʪʨʦʝʥʠʝ ʨʘʢʝʪ; 
2. ʅʘʡʪʠ ʯʝʨʪʝʞʠ ʨʘʢʝʪʳ çʇʨʦʪʦʥ-ʄè; 

3. ʉʦʟʜʘʪʴ ʯʝʨʪʝʞ ʨʘʢʝʪʳ ʚ ʤʘʩʰʪʘʙʝ 1:1000; 
4. ʀʟʫʯʠʪʴ ʧʨʦʛʨʘʤʤʫ ʢʦʤʧʘʩ 3D; 
5. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʢʝʪʫ ʧʦ ʯʝʨʪʝʞʫ ʚ ʧʨʦʛʨʘʤʤʝ ʢʦʤʧʘʩ 3D; 
6. ʅʘʧʝʯʘʪʘʪʴ ʨʘʢʝʪʫ ʥʘ 3D ʧʨʠʥʪʝʨʝ; 
7. ʀʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʟʘʧʫʩʪʠʪʴ ʨʘʢʝʪʫ. 

 
ʉʦʚʨʝʤʝʥʥʳʝ CAD ʩʠʩʪʝʤʳ ï ʵʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ ʤʦʱʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʩʧʦʣʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʠʥʞʝʥʝʨʠʠ ʠ ʜʠʟʘʡʥʘ.  

ʈʘʟʨʘʙʦʪʢʘ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ʚʠʜʝ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʨʘʚʢʠ, ʢʦʪʦʨʳʝ ʥʝ 
ʦʪʨʘʟʷʪʩʷ ʥʘ ʤʘʢʝʪʝ, ʚʝʜʴ ʧʨʠ ʧʝʯʘʪʠ ʙʫʜʝʪ ʚʠʜʝʥ ʣʠʰʴ ʧʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ. ʂ 
ʪʘʢʠʤ ʧʨʦʛʨʘʤʤʘ ʦʪʥʦʩʠʪʩʷ ʂʦʤʧʘʩ 3D. ɼʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʠʪ 
ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʣʶʙʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʅʘ ʦʩʥʦʚʝ ʠʤʝʶʱʠʭʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʈʘʢʝʪʘ-ʥʦʩʠʪʝʣʴ çʇʨʦʪʦʥ-ʄè ʙʳʣʠ 
ʩʦʟʜʘʥʳ ʯʝʨʪʝʞʠ ʚ ʤʘʩʰʪʘʙʝ 1:1000.  
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ʈʠʩʫʥʦʢ 1. 3D ʤʦʜʝʣʴ ʤʘʢʝʪʘ ʨʘʢʝʪʳ çʇʨʦʪʦʥ-ʄè 
 
ʈʘʢʝʪʘ-ʥʦʩʠʪʝʣʴ çʇʨʦʪʦʥ-ʄè ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

 
ʂʦʣʠʯʝʩʪʚʦ ʩʪʫʧʝʥʝʡ 3ð4 

ɼʣʠʥʘ (ʩ ɻʏ) 58,2 ʤ 

ɼʠʘʤʝʪʨ 4,1 ʤ 

 
ʄʘʢʝʪ ʨʘʢʝʪʳ çʇʨʦʪʦʥ-ʄè ʙʳʣ ʩʧʨʦʝʢʪʠʨʦʚʘʥ ʚ ʂʦʤʧʘʩ 3D.  3D-ʤʦʜʝʣʠ  

ʙʳʣʠ ʧʝʨʝʚʝʜʝʥʳ ʚ ʬʦʨʤʘʪ STL ʜʣʷ ʧʝʯʘʪʠ. ʄʘʢʝʪ ʙʳʣ ʥʘʧʝʯʘʪʘʥ ʥʘ 3D 
ʧʨʠʥʪʝʨʝ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʤʘʢʝʪʘ. 
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ʈʠʩʫʥʦʢ 2. ʄʘʢʝʪ ʨʘʢʝʪ rçʇʨʦʪʦʥ-ʄè 
 

ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʧʨʦʪʦʪʠʧʘ ʨʘʢʝʪʫ ʤʦʞʥʦ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʚ ʧʨʦʛʨʘʤʤʝ 
OpenRoket. OpenRocket-ʵʪʦ ʨʘʢʝʪʥʳʡ ʩʠʤʫʣʷʪʦʨ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʚʦʠ ʨʘʢʝʪʳ, ʧʨʝʞʜʝ ʯʝʤ ʩʪʨʦʠʪʴ ʠ ʣʝʪʘʪʴ ʥʘ ʥʠʭ. 
ʇʨʦʛʨʘʤʤʘ ʧʦʟʚʦʣʷʝʪ ʪʘʢ ʞʝ ʟʘʧʫʩʪʠʪʴ ʨʘʢʝʪʫ ʠ ʩʥʷʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦʣʝʪʘ. 

 
ɿʘʢʣʶʯʝʥʠʝ ʠ ʠʪʦʛʠ ʨʘʙʦʪʳ: 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʨʘʩʧʝʯʘʪʘʥ ʠ ʩʦʙʨʘʥ ʤʘʢʝʪ ʨʘʢʝʪʘ çʇʨʦʪʦʥ-ʄè, ʥʘʯʘʪʘ 

ʨʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʩʙʦʨʦʤ ʤʘʢʝʪʘ ʜʣʷ ʟʘʧʫʩʢʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

 
1. https://www.roscosmos.ru/465/  

 
 
 
 
 

https://www.roscosmos.ru/465/
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ɺʂʃɸɼ ñʕɼɽʄɸò ɺ ʂʆʃʆʅʀɿɸʎʀʖ ʄɸʈʉɸ 

ʂʘʨʷʤʦʚʘ ʄʠʣʷʫʰʘ, ʉʝʧʘʝʚʘ ɺʠʢʪʦʨʠʷ,  
ʂʨʁʯʢʦʚ ɼʤʠʪʨʠʡ, ʉʪʝʧʘʥʦʚ ɼʤʠʪʨʠʡ 
ɸʅʆ çʂʚʘʥʪʦʨʠʫʤè, 10 ʢʣʘʩʩ 
ʛ. ʅʘʙʝʨʝʞʥʳʝ ʏʝʣʥʳ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʝʢʪʘ: ɸʙʜʫʣʣʠʥ ɻʠʥʘʨ ʌʘʥʫʩʦʚʠʯ 

 
ʀʟʫʯʝʥʠʝ ʥʦʚʳʭ ʧʣʘʥʝʪ ï ʵʪʦ ʦʛʨʦʤʥʳʡ ʰʘʛ ʜʣʷ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. 

ʅʝʜʘʚʥʦ ʬʘʥʪʘʟʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʪʘʣʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʫʯʸʥʳʤʠ, ʢ ʧʨʠʤʝʨʫ, 
ʩʦʟʜʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʧʣʘʥʝʪ ʥʘ ʙʣʘʛʦ ʤʠʨʘ. ɿʘʜʘʯʘ ʥʘʰʝʛʦ 
ʧʨʦʝʢʪʘ - ʚʦʧʣʦʪʠʪʴ ʵʪʠ ʤʳʩʣʠ ʚ ʨʝʘʣʴʥʦʩʪʴ. 

ɺʚʝʜʝʥʠʝ 
ʀʟʫʯʝʥʠʝ ʥʦʚʳʭ ʧʣʘʥʝʪ ï ɻ ʪʦ ʦʛʨʦʤʥʳʡ ʰʘʛ ʜʣʷ ʚʩʝʛʦ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʃʶʜʠ 

ʥʝʧʨʝʨʳʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʚʦ ʚʩʝʭ ʦʪʨʘʩʣʷʭ. ʅʘʤ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 
ʨʝʩʫʨʩʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ɿʝʤʣʝ. ʋ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʦʷʚʣʷʝʪʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠ 
ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʤʝʯʪ ʠ ʘʤʙʠʮʠʡ.  

ʅʝʜʘʚʥʦ ʬʘʥʪʘʟʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʩʪʘʣʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ ʫʯʸʥʳʤʠ, ʢ 
ʧʨʠʤʝʨʫ, ʩʦʟʜʘʥʠʝ ʢʦʩʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʠ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ 
ʜʘʣʴʥʝʡʰʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʨʫʛʠʭ ʧʣʘʥʝʪ ʥʘ ʙʣʘʛʦ ʤʠʨʘ. ʕʪʦ 

ʥʝʩʝʪ ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʣʶʜʠ ʥʘʯʠʥʘʶʪ ʤʳʩʣʠʪʴ ʟʘ ʨʘʤʢʘʤʠ 
ʚʦʟʤʦʞʥʦʛʦ. ɿʘʜʘʯʘ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ - ʚʦʧʣʦʪʠʪʴ ʵʪʠ ʤʳʩʣʠ ʚ ʨʝʘʣʴʥʦʩʪʴ. ʅʘʤ 
ʚʘʞʝʥ ʵʪʦʪ ʧʨʦʝʢʪ, ʧʦʪʦʤʫ ʯʪʦ ʤʳ ʩʘʤʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠ 
ʧʨʝʩʣʝʜʫʝʤ ʮʝʣʴ: ʥʘʡʪʠ ʥʦʚʳʡ ʜʦʤ ʜʣʷ ʥʘʰʝʛʦ ʙʫʜʫʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

 ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ: ʝʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʙʲʝʢʪʠʚʥʦ, ʪʦ ʵʪʦ ʚʩʸ 
ʯʝʣʦʚʝʯʝʩʪʚʦ, ʪʘʢ ʚʩʝ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʧʦʣʫʯʝʥʠʠ ʥʦʚʳʭ ʨʝʩʫʨʩʦʚ ʠ ʧʦʠʩʢʘ 
"ʜʦʤʘ" ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʤʝʨʮʠʠ, ʪʦ 
ʵʪʦ ʣʶʜʠ ʚ ʦʩʦʟʥʘʥʥʦʤ ʚʦʟʨʘʩʪʝ, ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʥʘʫʢʫ ʠ ʠʤʝʶʪ 

ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʩʧʦʥʩʠʨʦʚʘʥʠʷ.  
ʀʟʫʯʠʚ ʨʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʤʳ ʧʦʥʷʣʠ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʥʘʤʠ ʪʝʤʝ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʝʬʠʮʠʪ ʢʦʥʢʫʨʝʥʮʠʠ ʠ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. ʇʦ ʠʩʪʦʯʥʠʢʘʤ, ʥʘʰ 
ʧʨʦʜʫʢʪ ʫʥʠʢʘʣʝʥ, ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʦʥ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʥʘʰʝʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ.  

ʇʦʥʷʚ ʚʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʪʝʤʳ, ʤʳ ʩʪʘʣʠ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦ ʚʢʣʘʜʝ ʚ ʪʝʤʫ 
ʢʦʣʦʥʠʟʘʮʠʠ ʩ ʥʘʰʝʡ ʩʪʦʨʦʥʳ. ʏʝʣʦʚʝʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʨʠʨʦʜʦʡ, 
ʧʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ ʩ ʩʘʤʦʡ ʛʣʫʙʠʥʳ ʧʦʜʦʡʪʠ ʢ ʜʘʥʥʦʤʫ ʚʦʧʨʦʩʫ. ɸ ʠʤʝʥʥʦ: 
ʚʟʷʪʴ "ʞʠʚʦʝ" ʨʘʩʪʝʥʠʝ ʠ ʚʩʝʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʧʨʠʞʠʚʠʪʴ ʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʄʘʨʩʘ.  
ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ɺʘʛʝʥʠʥʛʝʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʅʠʜʝʨʣʘʥʜʳ) ʙʳʣʦ 

ʜʦʢʘʟʘʥʦ, ʯʪʦ ʛʨʫʥʪ ʄʘʨʩʘ ʧʨʠʛʦʜʝʥ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʨʘʩʪʝʥʠʡ. 
ʈʘʙʦʪʘ ʪʘʢʘʷ: ʥʘʰ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ "ʕʜʝʤ" ʧʦʩʪʝʧʝʥʥʦ ʦʪʢʣʶʯʘʝʪ 

ʜʘʪʯʠʢʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʝ ʨʘʩʪʝʥʠʷ, ʩʦʟʜʘʚʘʷ ʫʩʣʦʚʠʷ ʜʣʷ 
ʞʠʟʥʠ ʚ ʥʝʧʨʠʚʳʯʥʳʭ ʫʩʣʦʚʠʷʭ. ʫʩʣʦʚʠʷʭ. 



27 
 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʧʨʦʝʢʪʘ 
ʎʝʣʴ ʧʨʦʝʢʪʘ:  

¶ ʉʦʟʜʘʪʴ ʤʦʜʝʣʴ ʘʧʧʘʨʘʪʘ ʜʣʷ ʧʦʤʦʱʠ ʚ ʠʟʫʯʝʥʠʠ ʠ ʢʦʣʦʥʠʟʘʮʠʠ 

ʄʘʨʩʘ 
ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ʀʟʫʯʠʪʴ ʧʨʦʙʣʝʤʳ ʚ ʢʦʣʦʥʠʟʘʮʠʠ ʄʘʨʩʘ; 
2. ʀʟʫʯʠʪʴ ʤʦʜʝʣʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʦʩʤʦʩʝ ʠ 

ʥʘ ʄʘʨʩʝ; 
3. ʀʟʫʯʠʪʴ ʥʝʫʜʘʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ; 
4. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʤʦʜʝʣʷʭ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʠʭ; 
5. ʉʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʢʦʣʦʥʠʟʘʮʠʠ; 
6. ʉʜʝʣʘʪʴ ʤʦʜʝʣʴ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ. 

ɻʠʧʦʪʝʟʘ ʦʙ ʦʙʨʘʟʝ ʧʨʦʜʫʢʪʘ 
ɺ ʥʦʷʙʨʝ 2021 ʛʦʜʘ ʤʳ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ʛʠʧʦʪʝʟʫ ʦʙ ʦʙʨʘʟʝ ʧʨʦʜʫʢʪʘ. 
ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʤʦʜʫʣʝʤ ʜʣʷ ʜʘʣʴʥʝʡʰʝʡ 

ʢʦʣʦʥʠʟʘʮʠʠ ʄʘʨʩʘ, ʩʧʦʩʦʙʥʳʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʟʘʨʷʞʘʪʴʩʷ ʦʪ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘʚʝʨʭʫ ʘʧʧʘʨʘʪʘ, ʦʧʨʝʜʝʣʷʝʪ 
ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʨʘʩʪʝʥʠʡ ʢ ʫʩʣʦʚʠʷʤ ʜʘʥʥʦʡ ʧʣʘʥʝʪʳ ʩ ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ 
ʜʘʪʯʠʢʦʚ. 

ʄʳ ʩʦʟʜʘʣʠ ʛʨʘʬʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʘʥʥʦʛʦ ʤʦʜʫʣʷ ʚ ʧʨʦʛʨʘʤʤʝ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʦʥʢʫʨʝʥʪʦʚ 
ʄʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩʝʪʴ ʀʥʪʝʨʥʝʪ. ʇʦ ʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʢʫʨʝʥʪʦʚ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʦ. ʏʪʦ ʧʦʢʘʟʳʚʘʝʪ ʠʥʥʦʚʘʮʠʦʥʥʦʩʪʴ ʥʘʰʝʛʦ ʨʝʰʝʥʠʷ. 
ʄʥʝʥʠʝ ʵʢʩʧʝʨʪʦʚ 
 
ɸʭʤʘʜʫʣʣʠʥ ʈʘʜʠʢ ʄʠʥʟʘʛʠʪʦʚʠʯ, ʢ.ʪ.ʥ. ɻʂ ʈʦʩʪʝʭ, ɸʆ 

çʅʇʇ  çʉʠʛʥʘʣè - ɿʘʤʝʩʪʠʪʝʣʴ ʥʘʯʘʣʴʥʠʢʘ ʛʨʫʧʧʳ 
ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠ ʨʦʙʦʪʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ/ 

ʅʘʯʘʣʴʥʠʢ ʦʪʜʝʣʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʜʠʟʘʡʥʘ. 
çɺʳʭʦʜ ʚ ʦʪʢʨʳʪʳʡ ʢʦʩʤʦʩ ʠ ʢʦʣʦʥʠʟʘʮʠʷ ʜʨʫʛʠʭ ʧʣʘʥʝʪ 

ʚʩʝʛʜʘ ʩʪʘʚʷʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʧʝʨʝʜ 
ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʠ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʷʤʠ. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʝʢʪʳ ʧʦ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʬʠʟʠʢʠ ʧʨʦʮʝʩʩʦʚ ʞʠʚʳʭ 
ʦʨʛʘʥʠʟʤʦʚ ʚ ʨʘʟʥʦʡ ʩʨʝʜʝ ʦʙʠʪʘʥʠʷ, ʥʝʩʦʤʥʝʥʥʦ, ʚʘʞʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʦʢʦʨʷʪʴ ʜʨʫʛʠʝ ʧʣʘʥʝʪʳ. ʂʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 
çʕʜʝʤè ʥʝʩʝʪ ʚ ʩʝʙʝ, ʥʝʩʦʤʥʝʥʥʦ, ʚʘʞʥʫʶ ʬʫʥʢʮʠʶ ʚ ʮʝʣʷʭ ʥʘʢʦʧʣʝʥʠʷ ʜʘʥʥʳʭ 

ʘʜʘʧʪʘʮʠʠ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʜʨʫʛʦʡ ʧʣʘʥʝʪʝ. ʂʘʧʩʫʣʘ ʩ ʨʘʩʪʝʥʠʝʤ, ʚ ʢʦʪʦʨʦʡ 
ʧʦʦʯʝʨʝʜʥʦ ʙʫʜʫʪ ʦʪʢʣʶʯʝʥʳ ʠʩʪʦʯʥʠʢʠ ʜʘʶʱʠʝ ʠʤʠʪʘʮʠʶ ʫʩʣʦʚʠʡ ʘʪʤʦʩʬʝʨʳ 
ʧʣʘʥʝʪʳ ɿʝʤʣʷ, ʥʝʩʦʤʥʝʥʥʦ ʜʘʩʪ ʙʦʣʴʰʦʡ ʧʣʘʩʪ ʠʥʬʦʨʤʘʮʠʠ, ʪʘʢʦʡ ʢʘʢ: ʚʣʠʷʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʝʨʝʧʘʜʦʚ ʥʘ ʢʣʝʪʢʠ ʨʘʩʪʝʥʠʷ; ʚʣʠʷʥʠʝ ʠʟʣʫʯʝʥʠʷ ʩ ʨʘʟʥʦʡ 
ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʥʘ ʟʘʱʠʪʥʫʶ ʦʙʦʣʦʯʢʫ ʨʘʩʪʝʥʠʷ; ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʨʦʩʪʘ ʠ 
ʛʦʤʝʦʩʪʘʟʘ ʦʪ ʜʨʫʛʦʛʦ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʘʪʤʦʩʬʝʨʝ. 
ʅʝ ʪʦʣʴʢʦ ʩʘʤʘ ʮʝʣʴ ʚʘʞʥʘ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʪʘʢʠʤ ʧʨʦʝʢʪʦʤ, ʥʦ ʠ ʩʘʤ ʧʨʦʮʝʩʩ 
ʨʘʟʨʘʙʦʪʢʠ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʠʪʴ ʥʘʚʳʢʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, 
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ʩʠʣʫ ʥʘʫʯʥʦʡ ʤʳʩʣʠ ʠ ʙʦʣʴʰʦʡ ʨʷʜ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʧʝʪʝʥʮʠʡ, ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʧʦʩʪʘʚʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ 
ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ, ʚʳʙʦʨʘ ʤʝʭʘʥʠʢʠ ʧʣʘʪʬʦʨʤʳ ʜʣʷ ʧʝʨʝʜʚʠʞʝʥʠʷ, 
ʢʦʤʧʦʥʦʚʦʯʥʦʡ ʙʘʟʳ ʘʧʧʘʨʘʪʘ ʠ ʤʘʢʝʪʠʨʦʚʘʥʠʷ ʚʘʞʥʦʛʦ ʫʟʣʘ ʧʦ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʠʟʫʯʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʞʠʚʦʛʦ ʨʘʩʪʝʥʠʷ, ʪ.ʝ. ʚʩʷ ʤʝʪʦʜʦʣʦʛʠʷ 
ʧʨʦʝʢʪʘ ʟʘʩʣʫʞʠʚʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ, ʠ ʝʸ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʡ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʮʝʥʥʦʩʪʠ ʧʨʦʝʢʪʘ, ʥʝʩʦʤʥʝʥʥʦ ʨʝʟʫʣʴʪʘʪ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʩʪ ʚʩʝʤʫ ʯʝʣʦʚʝʯʝʩʪʚʫ ʜʘʥʥʳʝ ʦ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 
ʩʮʝʥʘʨʠʠ ʢʦʣʦʥʠʟʘʮʠʠ ʜʨʫʛʠʭ ʧʣʘʥʝʪ. ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 
ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʨʝʰʝʥʳ ʠ ʧʦʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʅʀʆʂʈ ʨʘʟʨʘʙʦʪʦʢ ʜʨʫʛʠʭ 
ʠʟʜʝʣʠʡ ʜʣʷ ʢʦʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʯʪʦ ʧʨʦʜʚʠʥʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʨʫʛʠʭ 
ʥʘʫʯʥʳʭ ʛʨʫʧʧ, ʠ ʟʘʢʨʦʝʪ ʨʷʜ ʚʦʧʨʦʩʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʣʠ ʬʦʨʤʫ ʛʠʧʦʪʝʟʳ ʠ 
ʠʥʞʝʥʝʨʥʦʡ ʤʳʩʣʠ ʙʝʟ ʬʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ.è 

 

ɹʝʟʨʦʜʥʳʡ ɺʘʣʝʨʠʡ ɺʘʣʝʨʴʝʚʠʯ, ʢ.ʭ.ʥ, ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. 
ʃʦʤʦʥʦʩʦʚʘ ï ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʢʘʬʝʜʨʳ 
ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

çʄʫʣʴʪʠʜʠʩʮʠʧʣʠʥʘʨʥʳʝ ʧʨʦʝʢʪʳ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ 
ʠ ʷʚʣʷʝʪʩʷ ʧʨʦʝʢʪ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʕʜʝʤè, ʪʨʘʜʠʮʠʦʥʥʦ 
ʩʣʦʞʥʳ ʠ ʪʨʝʙʫʶʪ ʩʠʣʴʥʦʡ ʠ ʙʦʣʴʰʦʡ ʮʝʣʠ. ɼʘʥʥʘʷ ʮʝʣʴ ʯʝʪʢʦ 
ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʫ ʶʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ð ʵʪʦ ʠʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ ʞʠʟʥʠ 
ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʥʘ ʜʨʫʛʠʭ ʧʣʘʥʝʪʘʭ, ʯʝʨʝʟ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ 

ʧʨʝʜʤʝʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʩʪʝʥʠʝ ʥʘ ʙʦʨʪʫ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ çʕʜʝʤè. 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʳʙʦʨ ʧʨʘʚʠʣʴʥʦʛʦ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʘʢʪʠʚʥʦ 
ʚʝʜʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʝʪʦʜʦʣʦʛʠʠ ʩʠʤʫʣʷʮʠʠ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ 
ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʢʣʘʩʪʝʨʘʭ ʪʘʢʠʭ ʢʘʢ çʉʫʧʝʨʢʦʤʧʴʶʪʝʨ 
çʃʦʤʦʥʦʩʦʚè ʠ ʪ.ʧ. ʆʜʥʘʢʦ ʜʣʷ ʟʘʧʫʩʢʘ ʚʠʨʪʫʘʣʴʥʦʡ ʩʠʤʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ 
ʤʦʣʝʢʫʣʘʭ ʠ ʚʥʫʪʨʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʦʨʛʘʥʦʚ ʥʝʦʙʭʦʜʠʤ ʙʦʣʴʰʦʡ ʧʣʘʩʪ 
ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 
ʤʦʜʝʣʝʡ. ʋʩʣʦʚʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʧʝʨʝʧʘʜʳ ʪʝʤʧʝʨʘʪʫʨʳ, ʩʢʦʨʦʩʪʴ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʘʥʝʪʝ, ʫʨʦʚʝʥʴ ʬʦʪʦʩʠʥʪʝʟʘ ʠ 
ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʦʙʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʦʵʪʦʤʫ 
ʧʦʥʠʤʘʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʭʦʜʘ ʧʨʦʮʝʩʩʦʚ ʚʥʫʪʨʠ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ ʠ ʝʛʦ ʦʪʢʣʠʢʘ 
(ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ) ʥʘ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʘʢʪʫʘʣʴʥʳ ʠ 
ʚʦʩʪʨʝʙʦʚʘʥʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʩʠʤʫʣʷʮʠʠ 
ʧʦʤʦʛʫʪ ʠʟʙʝʞʘʪʴ ʨʷʜ ʦʰʠʙʦʢ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʠ 
ʢʦʤʧʣʝʢʩʦʚ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʘʝʪ ʙʦʣʴʰʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʚʳʛʦʜʫ. ʆʪʤʝʯʫ, 
ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʄʂʉ ʥʝ ʜʘʜʫʪ 

ʧʦʣʥʦʮʝʥʥʦʡ ʢʘʨʪʠʥʳ ʠʟ-ʟʘ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʦʣʴʢʦ ʥʘ 
ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʘʥʝʪʝ, ʧʦʵʪʦʤʫ ʦʙʱʘʷ ʢʘʨʪʠʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ, ʢʦʪʦʨʫʶ ʩʤʦʞʝʪ 
ʜʘʪʴ ʢʦʩʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ çʕʜʝʤè ʩʯʠʪʘʶ ʥʘʠʙʦʣʝʝ ʢʦʨʨʝʢʪʥʦʡ ʠ ʦʮʝʥʠʚʘʶ 
ʧʦʣʦʞʠʪʝʣʴʥʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘʫʯʥʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʘʢ ʜʣʷ ʦʙʣʘʩʪʠ ʭʠʤʠʠ, ʪʘʢ ʠ 
ʜʣʷ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ.è 

ʈʘʙʦʪʘ ʤʦʜʫʣʷ 



29 
 

ɹʣʘʛʦʜʘʨʷ ʧʦʜʚʠʞʥʳʤ ʦʧʦʨʘʤ ʠ ʩʝʨʚʦʧʨʠʚʦʜʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʭʦʨʦʰʘʷ 
ʤʦʙʠʣʴʥʦʩʪʴ ʤʦʜʫʣʷ. 

ɸʧʧʘʨʘʪ, ʦʧʫʩʪʠʚʰʠʩʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʄʘʨʩʘ, ʘʢʪʠʚʠʨʫʝʪ ʘʧʧʘʨʘʪ 
ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʨʘʩʪʝʥʠʷ, ʜʘʪʯʠʢʠ. ʄʦʜʫʣʴ ʠʟʫʯʘʝʪ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ 
ʨʘʩʪʝʥʠʷ ʢ ʜʘʥʥʦʡ ʩʨʝʜʝ, ʨʝʛʫʣʠʨʫʝʪ ʧʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʘʯʫ ʢʠʩʣʦʨʦʜʘ, 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʚʦʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʢʘʧʩʫʣʝ. ʇʦ ʧʨʠʚʳʢʘʥʠʶ ʨʘʩʪʝʥʠʷ ʢ 

ʜʘʥʥʦʡ ʩʨʝʜʝ ʘʧʧʘʨʘʪ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʥʘʩʪʨʘʠʚʘʝʪ ʝʛʦ ʢ 
ʯʘʩʪʠʯʥʦʤʫ ʦʪʢʣʶʯʝʥʠʶ ʘʧʧʘʨʘʪʫʨʳ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʨʘʩʪʝʥʠʝ 
ʧʨʠʩʧʦʩʘʙʣʠʚʘʝʪʩʷ ʢ ʜʘʥʥʦʡ ʩʨʝʜʝ. ɺ ʧʝʨʩʧʝʢʪʠʚʝ ʨʘʩʪʝʥʠʝ ʙʫʜʝʪ ʛʦʪʦʚʦ ʢ ʞʠʟʥʠ 
ʥʘ ʄʘʨʩʝ ʙʝʟ ʘʧʧʘʨʘʪʘ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʥʘʯʥʝʪʩʷ ʫʩʧʝʰʥʘʷ 
ʢʦʣʦʥʠʟʘʮʠʷ ʄʘʨʩʘ. 

ɾʠʟʥʴ ʨʘʩʪʝʥʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʫʣʝ ʙʫʜʝʪ ʧʨʦʜʣʝʥʘ ʩ ʧʦʤʦʱʴʶ 
ʘʥʘʙʠʦʟʘ ï ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ. ɿʘʤʝʜʣʠʪʴʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʚʝʱʝʩʪʚ, ʨʘʩʪʝʥʠʝ 
ʫʚʝʣʠʯʠʪ ʩʚʦʡ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ, ʧʦʢʘ ʣʝʪʠʪ ʥʘ ʄʘʨʩ. 

ʇʨʠʟʝʤʣʠʪʴ ʘʧʧʘʨʘʪ ʞʝʣʘʪʝʣʴʥʦ ʨʷʜʦʤ ʩ ʛʦʨʦʡ ʆʣʠʤʧ, ʧʦʪʦʤʫ ʯʪʦ ʛʦʨʥʳʡ 
ʤʘʩʩʠʚ ʙʫʜʝʪ ʟʘʱʠʱʘʪʴ ʝʛʦ ʦʪ ʚʝʪʨʘ. ʈʷʜʦʤ ʩ ʧʦʜʥʦʞʴʝʤ ʛʦʨʳ ʨʦʚʥʘʷ 
ʧʦʚʝʨʭʥʦʩʪʴ, ʤʦʞʥʦ ʩʵʢʦʥʦʤʠʪʴ ʥʘ ʧʝʨʝʜʚʠʞʝʥʠʠ. ʂ ʪʦʤʫ ʞʝ ʵʪʦ ʩʘʤʳʝ ʙʣʠʟʢʠʝ 
ʪʦʯʢʠ ʢ ʵʢʚʘʪʦʨʫ, ʧʦʵʪʦʤʫ ʘʧʧʘʨʘʪ ʩʤʦʞʝʪ ʪʨʘʪʠʪʴ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʥʘ 
ʥʘʛʨʝʚʘʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ. 

ʂʘʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 
1. Arduino, ʦʙʨʘʙʘʪʳʚʘʶʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʵʣʝʤʝʥʪʘ; 
2. ʉʝʨʚʦʧʨʠʚʦʜʳ ʜʣʷ ʤʘʥʸʚʨʝʥʥʦʩʪʠ ʤʦʜʫʣʷ; 

3. ʉʦʣʥʝʯʥʳʝ ʧʘʥʝʣʠ; 
4. ʂʦʨʧʫʩ, ʩʦʟʜʘʥʥʳʡ ʥʘ 3D-ʧʨʠʥʪʝʨʝ (ʤʘʪʝʨʠʘʣ ï ʧʣʘʩʪʠʢ PLA); 
5. ɹʘʪʘʨʝʷ (ɸʢʢʫʤʫʣʷʪʦʨ 18650 DMEG 3.6ɺ (3.7ɺ) INR 2600 ʤɸʯ 5C 

(13ɸ)); 
6. ʂʘʤʝʨʘ; 
7. ʆʪʩʝʢ ʢʘʨʪʳ ʧʘʤʷʪʠ(Shield); 
8. ɸʧʧʘʨʘʪ ʞʠʟʥʝʦʙʝʩʧʝʯʝʥʠʷ; 
8.1. ʅʘʩʦʩʳ ʜʣʷ ʧʦʜʘʯʠ ʠ ʦʪʚʦʜʘ ʛʘʟʦʚ ʢ ʨʘʩʪʝʥʠʶ; 

8.2. ʅʘʛʨʝʚʘʪʝʣʴ; 
8.3. ʅʘʩʦʩʳ ʜʣʷ ʧʦʜʘʯʠ ʠ ʦʪʚʦʜʘ ʞʠʜʢʦʩʪʝʡ; 
8.4. ɼʘʪʯʠʢʠ: ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (MQ), ʢʠʩʣʦʨʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʚʣʘʞʥʦʩʪʠ (DHT II). 
ʉʪʘʪʫʩ ʧʦ ʧʨʦʝʢʪʫ 

¶ ʉʦʟʜʘʥʘ ʛʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʨʠʩ.1); 

¶ ʅʘʡʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʤʧʣʝʢʪʫʶʱʠʝ; 

¶ ʇʦʣʫʯʝʥʦ ʤʥʝʥʠʝ ʵʢʩʧʝʨʪʥʦʝ ʤʥʝʥʠʝ; 

¶ ʇʣʘʥ:  

  1. ʈʘʩʧʝʯʘʪʘʪʴ ʢʦʨʧʫʩ ʠ ʩʦʙʨʘʪʴ ʤʦʜʝʣʴ; 
  2. ɿʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ Arduino; 
  3. ʇʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʝ ʥʘ ʧʨʘʢʪʠʢʝ; 
  4. ʆʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʨʦʝʢʪ; 

¶ ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʥʝʩʪʠ ʧʦʧʨʘʚʢʠ ʚ ʨʘʙʦʪʫ ʤʦʜʫʣʷ. 
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ʈʠʩ. 1 ɻʨʘʬʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

ɿʘʢʣʶʯʝʥʠʝ 
ʄʳ ʧʨʦʜʝʣʘʣʠ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʟʘ ʢʦʨʦʪʢʠʡ ʩʨʦʢ, ʥʦ ʵʪʦʛʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʷ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʝʢʪʘ. ʀʟʫʯʠʚ ʜʘʥʥʫʶ ʩʬʝʨʫ, ʤʳ ʫʚʠʜʝʣʠ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʟʘʷʚʣʝʥʥʳʭ ʠʜʝʡ ʠ ʟʘʜʘʯ. ʅʘʰʘ ʢʦʤʘʥʜʘ ʧʦʣʫʯʠʣʘ ʢʦʥʩʫʣʴʪʘʮʠʶ 
ʵʢʩʧʝʨʪʘ, ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʳ ʫʚʠʜʝʣʠ ʥʝʜʦʩʪʘʪʢʠ ʥʘʰʝʛʦ ʧʨʦʜʫʢʪʘ ʠ ʠʩʧʨʘʚʠʣʠ 
ʥʝʜʦʯʝʪʳ.  

ɼʣʷ ʥʘʯʘʣʘ ʤʳ ʠʟʫʯʠʣʠ ʧʨʦʙʣʝʤʳ ʢʦʣʦʥʠʟʘʮʠʠ ʄʘʨʩʘ, ʘ ʪʘʢʞʝ ʜʫʤʘʣʠ ʥʘʜ 
ʝʸ ʨʝʰʝʥʠʝʤ. 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʨʝʰʠʣʠ ʩʦʟʜʘʪʴ ʥʘʰ ʢʦʩʤʠʯʝʩʢʠʡ ʤʦʜʫʣʴ, ʤʳ ʠʟʫʯʠʣʠ 
ʧʦʜʦʙʥʳʝ ʝʤʫ ʢʦʩʤʠʯʝʩʢʠʝ ʘʧʧʘʨʘʪʳ ʠ ʥʝʫʜʘʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʥʘ 

ʄʘʨʩʝ. 
ʄʳ ʩʜʝʣʘʣʠ ʚʳʚʦʜʳ ʦ ʫʞʝ ʨʘʥʥʝʝ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʫʣʷʭ, ʥʘ ʦʩʥʦʚʝ ʯʝʛʦ 

ʫʩʪʨʘʥʠʣʠ ʥʝʜʦʯʝʪʳ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʣʠ ʠʭ. 
ɼʣʷ ʧʨʦʜʦʣʞʝʥʠʷ ʧʨʦʝʢʪʘ ʫ ʥʘʩ ʛʦʪʦʚʘ ʚʠʨʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ ʠ ʩʧʠʩʦʢ 

ʥʫʞʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ.  
ʇʦ ʟʘʚʝʨʰʝʥʠʶ ʧʨʦʝʢʪʘ ʫ ʥʘʩ ʚ ʧʣʘʥʘʭ ʧʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ 

ʩʦʟʜʘʚʘʝʤʳʭ ʥʘʤʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ ʜʣʷ ʞʠʟʥʠ ʨʘʩʪʝʥʠʷ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. https://fishki.net/2193507-pjaty-knig-o-kolonizacii-marsa.html 
2. https://ru.wikipedia.org/wiki/ʂʦʣʦʥʠʟʘʮʠʷ_ʄʘʨʩʘ 
3. https://bookmix.ru/blogs/note.phtml?id=17603 
4. https://mars.nasa.gov/resources/25042/mars-perseverance-rover-3d-model/ 

5. https://solarsystem.nasa.gov/resources/2398/curiosity-3d-model/ 
6. https://habr.com/ru/post/149168/ 
7. https://mars.nasa.gov/msl/home/ 
8. https://starttoinnovate.ru/folders/file/3204 
9. https://clck.ru/bm7LC 
10. https://hi-news.ru/eto-interesno/mozhno-li-vyrashhivat-rasteniya-v-lunnom-i-

marsianskom-grunte.html 

https://fishki.net/2193507-pjaty-knig-o-kolonizacii-marsa.html
https://ru.wikipedia.org/wiki/Колонизация_Марса
https://bookmix.ru/blogs/note.phtml?id=17603
https://mars.nasa.gov/resources/25042/mars-perseverance-rover-3d-model/
https://solarsystem.nasa.gov/resources/2398/curiosity-3d-model/
https://habr.com/ru/post/149168/
https://mars.nasa.gov/msl/home/
https://starttoinnovate.ru/folders/file/3204
https://clck.ru/bm7LC
https://hi-news.ru/eto-interesno/mozhno-li-vyrashhivat-rasteniya-v-lunnom-i-marsianskom-grunte.html
https://hi-news.ru/eto-interesno/mozhno-li-vyrashhivat-rasteniya-v-lunnom-i-marsianskom-grunte.html
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ʊɺɽʈɼʆʊʆʇʃʀɺʅɸʗ ʈɸʂɽʊɸ 
ɹʝʨʜʥʠʢ ʄʘʢʩʠʤ, ʊʝʨʝʭʦʚʘ ɸʣʝʢʩʘʥʜʨʘ, ʄʘʜʶʞʠʥʘ ʃʠʣʠʷ 

ʄɹʆʋ çʃʠʮʝʡ ʧʨʠ ʊʇʋè, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ʄɹʆʋ çʉʝʚʝʨʩʢʘʷ ʛʠʤʥʘʟʠʷè, 11 ʢʣʘʩʩ, ʛ. ʉʝʚʝʨʩʢ 
ʄɸʆʋ çʐʢʦʣʘ ˉ12è, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʚʰʝʥʢʦ ɸʣʸʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ,  
ʣʘʙʦʨʘʥʪ, ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 

 
ʊʚʝʨʜʦʪʦʧʣʠʚʥʘʷ ʨʘʢʝʪʘ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʨʘʢʝʪʦʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʯʝʤʧʠʦʥʘʪʘ çʈʝʘʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝè, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ 
ʩʙʦʨʢʘ ʤʦʜʝʣʠ ʨʘʢʝʪʳ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʩʧʘʩʝʥʠʷ, ʢʦʪʦʨʘʷ 

ʜʦʣʞʥʘ ʙʫʜʝʪ ʦʪʧʨʘʚʣʷʪʴ ʜʘʥʥʳʝ ʦ ʚʳʩʦʪʝ ʧʦʣʝʪʘ, ʫʩʢʦʨʝʥʠʠ ʠ ʟʘʨʷʜʝ 
ʘʢʢʫʤʫʣʷʪʦʨʘ ʥʘ ʟʝʤʣʶ ʧʦ ʨʘʜʠʦ.  

ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʜ ʩʦʙʦʡ ʤʥʦʞʝʩʪʚʦ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 
ʙʳʣʠ ʨʘʟʜʝʣʝʥʳ ʧʦ ʢʘʪʝʛʦʨʠʷʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ: 

1. ʉʠʩʪʝʤʘ ʩʧʘʩʝʥʠʷ: 
1.1. ʈʘʟʨʘʙʦʪʢʘ ʦʙʱʝʛʦ ʧʨʠʥʮʠʧʘ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ. 
1.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ. 
1.3. ʈʘʩʯʝʪ ʧʘʨʘʰʶʪʘ. 

1.4. ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʘʨʘʰʶʪʘ. 
1.5. ʅʘʧʠʩʘʥʠʝ ʢʦʜʘ ʜʣʷ ʩʨʘʙʘʪʳʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ. 
1.6. ʉʙʦʨʢʘ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ. 
1.7. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ. 

2. ʇʝʨʝʜʘʯʘ ʜʘʥʥʳʭ: 
2.1. ʅʘʧʠʩʘʥʠʝ ʢʦʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ ʩ ʜʘʪʯʠʢʦʚ. 
2.2. ʅʘʧʠʩʘʥʠʝ ʢʦʜʘ ʜʣʷ ʩʠʩʪʝʤʳ ʩʚʷʟʠ. 
2.3. ʅʘʩʪʨʦʡʢʘ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ. 

2.4. ʀʟʛʦʪʦʚʣʝʥʠʝ ʧʨʠʝʤʥʦʡ ʩʪʘʥʮʠʠ. 
2.5. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ. 

3. ʂʦʨʧʫʩ: 
3.1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʩʝʢʘ ʜʚʠʛʘʪʝʣʷ. 
3.2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʩʝʢʘ ʜʣʷ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 
3.3. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʨʘʢʝʪʳ (ʦʙʪʝʢʘʪʝʣʴ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ, 

ʢʦʨʧʫʩʥʘʷ ʪʨʫʙʘ). 
3.4. ʀʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ. 

3.5. ʉʙʦʨʢʘ ʢʘʞʜʦʡ ʩʠʩʪʝʤʳ. 
3.6. ʉʙʦʨʢʘ ʨʘʢʝʪʳ. 
3.7. ʇʦʜʢʣʶʯʝʥʠʝ ʢʥʦʧʦʢ. 
3.8. ɺʳʚʦʜ ʢʥʦʧʦʢ ʥʘ ʢʦʨʧʫʩ. 

4. ɼʨʫʛʠʝ ʟʘʜʘʯʠ: 
4.1. ʇʨʦʚʝʨʢʘ ʧʨʦʯʥʦʩʪʠ ʜʝʪʘʣʝʡ. 
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4.2. ʉʦʟʜʘʥʠʝ ʯʝʢʣʠʩʪʘ ʜʣʷ ʩʪʘʨʪʘ. 
4.3. ʀʟʛʦʪʦʚʣʝʥʠʝ ʟʘʧʘʩʥʳʭ ʜʝʪʘʣʝʡ. 
ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ: 
ʉʙʦʨʢʘ ʠ ʜʝʪʘʣʠ ʨʘʢʝʪʳ ʙʳʣʠ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʝ T-flex cad 17. 

ʉʧʦʩʦʙ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ - ʧʝʯʘʪʴ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 
1. ʉʠʩʪʝʤʘ ʩʧʘʩʝʥʠʷ 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʧʘʩʝʥʠʝ ʨʘʢʝʪʳ, ʧʦʵʪʦʤʫ 
ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ ʨʘʢʝʪʳ ʷʚʣʷʝʪʩʷ ʧʘʨʘʰʶʪ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣʦ 
ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʫʞʠʥʳ ʜʣʷ ʚʳʪʘʣʢʠʚʘʷ ʧʘʨʘʰʶʪʘ ʠ 
ʦʙʪʝʢʘʪʝʣʷ. ɺ ʟʘʨʷʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʫʞʠʥʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʞʘʪʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʘ 
ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʘ ʧʣʘʪʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʚʘʣʘʤʠ; ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʨʘʢʝʪʘ 
ʫʞʝ ʧʨʦʰʣʘ ʪʦʯʢʫ ʘʧʦʛʝʷ, ʤʦʪʦʨ ʧʨʦʚʦʨʘʯʠʚʘʝʪ ʚʘʣʳ, ʦʥʠ ʦʪʧʫʩʢʘʶʪ ʧʣʘʪʬʦʨʤʫ, 
ʧʨʫʞʠʥʳ ʨʘʟʞʠʤʘʶʪʩʷ ʠ ʪʦʣʢʘʶʪ ʧʘʨʘʰʶʪ, ʦʥ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʙʠʚʘʝʪ 
ʦʙʪʝʢʘʪʝʣʴ ʠ ʧʦʩʣʝ ʨʘʩʢʨʳʚʘʝʪʩʷ. ɼʝʪʘʣʠ ʙʫʜʫʪ ʥʘʧʝʯʘʪʘʥʳ ʥʘ 3D ʧʨʠʥʪʝʨʝ, 

ʧʦʵʪʦʤʫ ʦʥʠ ʙʫʜʫʪ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʠʤʠ, ʠ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ ʥʝ ʟʘʡʤʝʪ ʤʥʦʛʦ 
ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩʫʥʢʘʭ 1, 2 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ ʜʦ ʠ ʧʦʩʣʝ 
ʩʨʘʙʘʪʳʚʘʥʠʷ. 

 

 
 

ʈʠʩ. 1 ï 3D-ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ ʜʦ ʩʨʘʙʘʪʳʚʘʥʠʷ 
 

 
 

ʈʠʩ. 2 ï 3D-ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʩʧʘʩʝʥʠʷ ʧʦʩʣʝ ʩʨʘʙʘʪʳʚʘʥʠʷ 
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ɹʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʧʘʨʘʰʶʪʘ ʧʦʜ ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʠ 
ʤʘʩʩʫ ʨʘʢʝʪʳ. ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʘʨʘʰʶʪʘ ʙʳʣʘ ʚʳʙʨʘʥʘ ʪʢʘʥʴ ʆʢʩʬʦʨʜ, ʪʘʢ ʢʘʢ 
ʦʥʘ ʧʨʦʯʥʘʷ, ʷʨʢʘʷ ʠ ʚʦʟʜʫʭʦʥʝʧʨʦʥʠʮʘʝʤʘʷ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʫʢʨʝʧʣʝʥʳ 
ʤʝʩʪʘ ʢʨʝʧʣʝʥʠʷ ʩʪʨʦʧ, ʧʨʠʢʣʝʠʚ ʢʫʩʦʯʢʠ ʪʢʘʥʠ. ʇʦ ʨʘʩʯʸʪʘʤ ʧʦʣʫʯʠʣʦʩʴ 
ʩʣʝʜʫʶʱʝʝ: ʧʣʦʱʘʜʴ ʧʘʨʘʰʶʪʘ S = 0.487 ʤ2 ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʚʦʟʜʫʭʘ 1.204, 
ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʩʥʠʞʝʥʠʷ 7 ʤ/ʩ; ʜʣʠʥʘ ʩʪʨʦʧ 1 ʤ, ʬʦʨʤʘ ʧʘʨʘʰʶʪʘ - 

ʢʨʫʛ. ʊʘʢʞʝ ʙʳʣ ʚʳʯʠʩʣʝʥ ʨʘʜʠʫʩ ʧʘʨʘʰʶʪʘ: 0.39 ʤ ʠ ʠʟʛʦʪʦʚʣʝʥ ʩʘʤ ʧʘʨʘʰʶʪ, 
ʝʛʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3 - ʧʘʨʘʰʶʪ 

2. ʂʦʨʧʫʩ 
ʂʦʨʧʫʩ ʨʘʢʝʪʳ ʚʳʧʦʣʥʝʥ ʠʟ ʢʘʨʪʦʥʘ. ʉʘʤʘ ʨʘʢʝʪʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ 

ʯʘʩʪʝʡ: ʦʙʪʝʢʘʪʝʣʴ, ʧʘʨʘʰʶʪ ʠ ʩʠʩʪʝʤʘ ʩʧʘʩʝʥʠʷ, ʦʪʩʝʢ ʜʣʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, 
ʦʪʩʝʢ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʜʚʠʛʘʪʝʣʷ (ʨʠʩ. 4,5). ɺʥʫʪʨʝʥʥʠʝ ʜʝʪʘʣʠ ʨʘʢʝʪʳ ʙʫʜʫʪ 
ʣʠʙʦ ʥʘʧʝʯʘʪʘʥʳ ʥʘ 3D ʧʨʠʥʪʝʨʝ, ʣʠʙʦ ʚʳʨʝʟʘʥʳ ʠʟ ʬʘʥʝʨʳ. ʂʦʥʩʪʨʫʢʮʠʷ 

ʚʳʧʦʣʥʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʩʣʫʯʘʝ ʧʦʣʦʤʢʠ ʤʦʞʥʦ ʙʳʣʦ ʙʳʩʪʨʦ 
ʟʘʤʝʥʠʪʴ ʥʫʞʥʫʶ ʜʝʪʘʣʴ. 

 
ʈʠʩ. 4 ï 3D-ʤʦʜʝʣʴ ʨʘʢʝʪʳ 
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ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʨʘʢʝʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʚʠʛʘʪʝʣʴ ʥʘ 100 ʅ/ʩ. ɼʚʠʛʘʪʝʣʴ 

ʙʫʜʝʪ ʧʦʤʝʱʝʥ ʚ ʢʘʨʪʦʥʥʫʶ ʪʨʫʙʫ, ʢʦʪʦʨʫʶ ʙʫʜʫʪ ʜʝʨʞʘʪʴ ʰʧʘʥʛʦʫʪʳ ʠ 
ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʨʝʡʢʠ. ʆʥʠ ʙʫʜʫʪ ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʬʘʥʝʨʳ ʪʦʣʱʠʥʦʡ 3 ʤʤ, 
ʥʠʞʥʷʷ ʢʨʳʰʢʘ ʙʫʜʝʪ ʥʘʧʝʯʘʪʘʥʘ ʥʘ 3D-ʧʨʠʥʪʝʨʝ. 

 

 
ʈʠʩ. 5 - ʦʪʩʝʢ ʜʚʠʛʘʪʝʣʷ 

 

3. ʉʠʩʪʝʤʘ ʩʚʷʟʠ 
ɺʦ ʚʨʝʤʷ ʚʩʝʛʦ ʧʦʣʝʪʘ ʥʘ ʧʨʠʝʤʥʫʶ ʩʪʘʥʮʠʶ, ʥʘʭʦʜʷʱʫʶʩʷ ʥʘ ɿʝʤʣʝ, 

ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴ ʜʘʥʥʳʝ ʦ ʚʨʝʤʝʥʠ ʠ ʚʳʩʦʪʝ ʧʦʣʝʪʘ, ʫʩʢʦʨʝʥʠʠ ʨʘʢʝʪʳ ʠ 
ʟʘʨʷʜʝ ʘʢʢʫʤʫʣʷʪʦʨʘ. ɺ ʨʘʢʝʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʦʤʦʜʫʣʠ SV610 ʩʦ 
ʩʧʠʨʘʣʴʥʦʡ ʘʥʪʝʥʥʦʡ (ʨʠʩ. 6). ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʪʘʢʦʡ ʘʥʪʝʥʥʳ - 
ʢʦʤʧʘʢʪʥʦʩʪʴ. 
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ʈʠʩ. 6 - ʨʘʜʠʦʤʦʜʫʣʠ SV610 

ʊʘʢʞʝ ʙʳʣ ʥʘʧʠʩʘʥ ʢʦʜ ʜʣʷ ʙʦʨʪʦʚʦʛʦ ʢʦʤʧʴʶʪʝʨʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʩ ʜʘʪʯʠʢʦʚ, ʬʠʢʩʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʦʯʢʠ ʧʦʣʝʪʘ: ʩʪʘʨʪ, 
ʘʧʦʛʝʡ, ʨʘʩʢʨʳʪʠʝ ʧʘʨʘʰʶʪʘ, ʧʨʠʟʝʤʣʝʥʠʝ ʠ ʦʪʧʨʘʚʣʷʪʴ ʠʭ ʧʦ ʨʘʜʠʦ. ʅʘ 
ʨʠʩʫʥʢʝ 7 ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʨʘʙʦʪʦʡ ʜʘʥʥʦʛʦ ʢʦʜʘ ʧʦʜʨʦʙʥʝʝ. 

 
 

 

ʈʠʩ. 7 - ʙʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʢʦʜʘ 
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ʇʃɸʊʌʆʈʄɸ ɼʃʗ ɺʅɽʂʆʈɸɹɽʃʔʅʆʁ ɼɽʗʊɽʃʔʅʆʉʊʀ  
ɹʝʨʜʥʠʢ ʄʘʢʩʠʤ, ʊʝʨʝʭʦʚʘ ɸʣʝʢʩʘʥʜʨʘ, ʄʘʜʶʞʠʥʘ ʃʠʣʠʷ 

ʄɹʆʋ çʃʠʮʝʡ ʧʨʠ ʊʇʋè, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ʄɹʆʋ çʉʝʚʝʨʩʢʘʷ ʛʠʤʥʘʟʠʷè, 11 ʢʣʘʩʩ, ʛ. ʉʝʚʝʨʩʢ 
ʄɸʆʋ çʐʢʦʣʘ ˉ12è, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʚʰʝʥʢʦ ɸʣʸʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ,  

ʣʘʙʦʨʘʥʪ, ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 
 

 ɼʘʥʥʳʡ ʧʨʦʝʢʪ ʨʘʟʨʘʙʘʪʳʚʘʣʩʷ ʚ ʨʘʤʢʘʭ ʠʥʞʝʥʝʨʥʦʛʦ ʢʦʥʢʫʨʩʘ ʜʝʪʩʢʠʭ 
ʪʝʭʥʦʧʘʨʢʦʚ ñʂʚʘʥʪʦʨʠʘʜʘò, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʧʣʘʪʬʦʨʤʳ 
ʜʣʷ ʚʥʝʢʦʨʘʙʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʦʙʣʝʛʯʠʪʴ ʨʘʙʦʪʫ 
ʢʦʩʤʦʥʘʚʪʦʚ ʚ ʢʦʩʤʦʩʝ. 

ʈʘʙʦʪʘʪʴ ʚ ʦʪʢʨʳʪʦʤ ʢʦʩʤʦʩʝ ʦʯʝʥʴ ʪʨʫʜʥʦ: ʥʫʞʥʦ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʮʝʧʣʷʪʴ 
ʢʘʨʘʙʠʥʳ, ʯʪʦʙʳ ʫʜʝʨʞʠʚʘʪʴʩʷ ʦʢʦʣʦ ʩʪʘʥʮʠʠ ʠ ʥʦʩʠʪʴ ʟʘ ʩʦʙʦʡ ʷʱʠʢ ʩ 
ʠʥʩʪʨʫʤʝʥʪʘʤʠ, ʝʩʣʠ ʥʫʞʥʦ ʯʪʦ-ʪʦ ʧʦʯʠʥʠʪʴ. ɺʜʦʙʘʚʦʢ, ʢʦʩʤʦʥʘʚʪʳ ʨʘʙʦʪʘʶʪ ʚ 
ʦʙʲʝʤʥʳʭ ʩʢʘʬʘʥʜʨʘʭ, ʯʪʦ ʦʯʝʥʴ ʩʢʦʚʳʚʘʝʪ ʜʚʠʞʝʥʠʝ ʠ ʟʘʤʝʜʣʷʝʪ ʧʝʨʝʤʝʱʝʥʠʝ. 
ɼʘʥʥʘʷ ʧʣʘʪʬʦʨʤʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʣʥʦʝ ʠ/ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʚʩʝʭ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʨʦʙʣʝʤ. ɺ ʧʣʘʪʬʦʨʤʝ ʙʫʜʝʪ ʨʘʩʧʦʣʦʞʝʥ ʷʱʠʢ ʜʣʷ 
ʧʝʨʝʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚʟʷʪʴ ʩ ʩʦʙʦʡ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 
ʠʥʩʪʨʫʤʝʥʪʦʚ. ɼʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʠʣʠ ʨʘʙʦʪʳ ʩ ʦʙʦʨʫʜʦʚʘʥʠʝʤ 

ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʘʥʠʧʫʣʷʪʦʨ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʢʦʤʘʥʜʦʡ ʪʨʝʢʘ ñɸʚʘʪʘʨò, ʢʦʪʦʨʘʷ 
ʪʦʞʝ ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʵʪʦʤ ʢʦʥʢʫʨʩʝ. ɸ ʦʙʣʝʛʯʠʪʴ ʧʨʦʚʝʜʝʥʠʝ ʪʝʩʪʦʚ ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʤʦʛʫʪ ʢʘʤʝʨʳ. ʆʜʥʘ ʠʟ ʥʠʭ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʤʘʥʠʧʫʣʷʪʦʨʝ, ʘ 
ʚʪʦʨʘʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʜʝʨʞʘʪʝʣʝ ʥʘ ʚʝʨʭʥʝʡ ʧʣʦʱʘʜʢʝ ʧʣʘʪʬʦʨʤʳ. ʋʧʨʘʚʣʷʪʴ 
ʧʣʘʪʬʦʨʤʦʡ ʤʦʞʥʦ ʙʫʜʝʪ ʜʠʩʪʘʥʮʠʦʥʥʦ. ʊʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʩʠʩʪʝʤʘ 
ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʮʠʠ.  
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ʈʘʙʦʪʘ ʥʘʜ ʧʣʘʪʬʦʨʤʦʡ ʧʦʜʨʘʟʫʤʝʚʘʣʘ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʟʘʜʘʯ, ʢʦʪʦʨʳʡ 
ʧʨʝʜʩʪʘʚʣʝʥ ʥʠʞʝ: 

1. ʇʨʠʜʫʤʘʪʴ ʩʧʦʩʦʙ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ 
ʢʦʩʤʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ. 

2. ʇʨʦʜʫʤʘʪʴ ʚʥʝʰʥʠʡ ʚʠʜ ʧʣʘʪʬʦʨʤʳ. 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ ʧʦʤʦʯʴ 

ʢʦʩʤʦʥʘʚʪʘʤ ʧʨʠ ʨʘʙʦʪʝ ʚ ʢʦʩʤʦʩʝ. 
4. ʉʤʦʜʝʣʠʨʦʚʘʪʴ  ʢʦʨʧʫʩ. 
5. ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʝʨʝʜʚʠʞʝʥʠʷ. 
6. ʉʦʟʜʘʪʴ ʚʝʙ-ʩʘʡʪ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ. 
7. ʅʘʧʠʩʘʪʴ ʢʦʜ ʜʣʷ ʪʨʘʥʩʣʷʮʠʠ ʚʠʜʝʦ. 
8. ʇʨʠʜʫʤʘʪʴ ʩʧʦʩʦʙ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʧʣʘʪʬʦʨʤʳ. 
9. ʅʘʧʠʩʘʪʴ ʢʦʜ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ 

ʧʣʘʪʬʦʨʤʳ ʠ ʝʝ ʩʢʦʨʦʩʪʠ. 

10. ʈʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ. 
11. ʇʨʦʜʫʤʘʪʴ ʩʧʦʩʦʙ ʨʘʙʦʪʳ ʧʣʘʪʬʦʨʤʳ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʡ 

ʦʩʚʝʱʝʥʥʦʩʪʠ. 
12. ʇʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʢʦʜʘ. 
13. ʉʦʙʨʘʪʴ ʧʣʘʪʬʦʨʤʫ. 
14. ʇʨʦʪʝʩʪʠʨʦʚʘʪʴ ʩʠʩʪʝʤʫ ʧʝʨʝʜʚʠʞʝʥʠʷ. 

 
ʆʧʠʩʘʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʳʭ ʨʝʰʝʥʠʡ 

1. ɹʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ 
ɹʦʨʪʦʚʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʣʘʪʘ Raspberry pi. ʆʪ ʥʝʝ ʨʘʙʦʪʘʶʪ ʚʩʝ 

ʩʠʩʪʝʤʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʩʪʘʚ ʧʣʘʪʬʦʨʤʳ. ɸ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʩʷ ʵʣʝʢʪʨʦʥʠʢʘ ʩ 
ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ. 

2. ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʆʨʛʘʥʠʟʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʷʱʠʢʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʢʦʨʧʫʩʝ.  ʊʘʢʞʝ ʪʘʤ ʙʫʜʫʪ ʨʘʩʧʦʣʦʞʝʥʳ ʣʝʙʝʜʢʠ, ʯʪʦʙʳ 
ʢʨʝʧʠʪʴ ʠʥʩʪʨʫʤʝʥʪʳ ʚʦ ʠʟʙʝʞʘʥʠʝ ʧʦʪʝʨʠ ʠʭ ʚ ʦʪʢʨʳʪʦʤ ʢʦʩʤʦʩʝ (ʨʠʩ. 1). 

 

 

ʈʠʩʫʥʦʢ 1 - ̫ ʱʠʢ ʚ ʦʪʢʨʳʪʦʤ ʩʦʩʪʦʷʥʠʠ 
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3. ʇʠʪʘʥʠʝ ʧʣʘʪʬʦʨʤʳ 
ʇʠʪʘʥʠʝ ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ ʙʦʢʦʚʳʭ ʩʪʝʥʢʘʭ ʧʣʘʪʬʦʨʤʳ (ʨʠʩ. 2). ɺʩʷ ʧʦʣʫʯʝʥʥʘʷ 
ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʵʥʝʨʛʠʷ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʘʢʢʫʤʫʣʷʪʦʨʝ.  

 

ʈʠʩʫʥʦʢ 2 - ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 

4. ʇʝʨʝʤʝʱʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʚʜʦʣʴ ʄʂʉ 
ʇʝʨʝʤʝʱʝʥʠʝ ʧʣʘʪʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʝʭʘʥʠʟʤʘ  (ʨʠʩ. 3), 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʟʘʭʚʘʪʳʚʘʪʴ ʨʝʣʴʩʫ ʠ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦ ʥʝʡ. ɼʚʘ ʧʘʨʘʣʣʝʣʴʥʦ 
ʧʦʜʢʣʶʯʝʥʥʳʭ ʩʝʨʚʦʧʨʠʚʦʜʘ (ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʠʥʭʨʦʥʥʦʩʪʠ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʟʘʭʚʘʪʘ ʠ ʫʜʝʨʞʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʥʘ ʨʝʣʴʩʝ, ʤʦʪʦʨ ʧʦʩʪʦʷʥʥʦʛʦ 
ʪʦʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʨʝʣʴʩʝ.  

 

ʈʠʩʫʥʦʢ 3 - ʤʝʭʘʥʠʟʤ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʣʘʪʬʦʨʤʳ 
 

5. ʇʝʨʝʜʘʯʘ ʚʠʜʝʦ  
ʇʝʨʝʜʘʯʘ ʚʠʜʝʦ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʦʟʜʘʝʪʩʷ ʩʥʠʤʦʢ ʩ 

ʢʘʤʝʨʳ ʫʩʪʨʦʡʩʪʚʘ ʚ ʬʦʨʤʘʪʝ jpg, ʜʘʣʝʝ ʦʥ ʩʯʠʪʳʚʘʝʪʩʷ ʠ ʢʦʜʠʨʫʝʪʩʷ ʚ base64. 
ɼʣʷ ʩʚʷʟʠ ʤʝʞʜʫ ʩʝʨʚʝʨʦʤ ʠ ʢʣʠʝʥʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʪʦʢʦʣ WebSocket, ʦʥ 
ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʝʩʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʦʜʢʣʶʯʝʥʠʷʤʠ ʠ ʩʦʢʨʘʱʘʝʪ 
ʟʘʜʝʨʞʢʠ ʚ ʦʪʧʨʘʚʢʝ ʜʘʥʥʳʭ. ʇʦʩʣʝ ʧʝʨʝʜʘʯʠ ʠʟʦʙʨʘʞʝʥʠʷ ʦʥʦ ʦʪʨʠʩʦʚʳʚʘʝʪʩʷ 
ʥʘ canvas. ʏʘʩʪʦʪʘ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ 
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ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ ʠ ʩʢʦʨʦʩʪʠ ʩʝʪʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʦʪ ʧʦʜʩʠʩʪʝʤʳ 
ʧʘʤʷʪʠ. 

6. ʋʧʨʘʚʣʝʥʠʝ ʧʣʘʪʬʦʨʤʦʡ ʠ ʤʘʥʠʧʫʣʷʪʦʨʦʤ  
ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʣʘʪʬʦʨʤʦʡ ʥʘ ʢʣʠʝʥʪʩʢʦʡ ʯʘʩʪʠ ʧʨʠʣʦʞʝʥʠʷ ʩʯʠʪʳʚʘʝʪʩʷ 

ʥʘʞʘʪʠʝ ʢʣʘʚʠʰ, ʜʘʣʝʝ ʠʟ ʥʠʭ ʬʦʨʤʠʨʫʝʪʩʷ ʦʙʲʝʢʪ ʠ ʧʝʨʝʜʘʝʪʩʷ ʥʘ ʩʝʨʚʝʨ. 
ʉʝʨʚʝʨ ʦʙʨʘʙʘʪʳʚʘʝʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠ ʚʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʠʭ ʧʦʜʘʝʪʩʷ ʪʦʢ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʠʥʳ. ʊʝʤ ʩʘʤʳʤ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʧʣʘʪʬʦʨʤʦʡ ʠ ʤʘʥʠʧʫʣʷʪʦʨʦʤ 
ʘʚʘʪʘʨʘ, ʥʘʞʠʤʘʷ ʢʥʦʧʢʠ. ɺ ʩʠʩʪʝʤʝ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ 3 
ʤʘʥʠʧʫʣʷʪʦʨʘ; ʜʣʷ ʙʦʣʝʝ ʛʠʙʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʨʝʜʫʩʤʦʪʨʝʥ 
ʜʞʦʡʩʪʠʢ, ʢʥʦʧʢʠ W ʠ S ʦʪʚʝʯʘʶʪ ʟʘ ʦʧʫʩʢʘʥʠʝ ʠ ʧʦʜʥʷʪʠʝ ʤʘʥʠʧʫʣʷʪʦʨʘ, A ʠ D 
ʟʘ ʝʸ ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ, Q ʟʘ ʟʘʭʚʘʪ ʤʦʥʦʨʝʣʴʩʘ, Z ʠ X ʟʘ ʧʝʨʝʜʚʠʞʝʥʠʝ 
ʧʣʘʪʬʦʨʤʳ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʜʞʦʡʩʪʠʢʠ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 
ʤʘʥʠʧʫʣʷʪʦʨʦʤ. 

ɺ ʤʝʩʪʝ, ʛʜʝ ʨʘʩʧʦʣʦʞʝʥʘ ʢʘʨʪʠʥʢʘ ʩ ʢʦʪʠʢʦʤ (ʨʠʩ 4), ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʧʣʘʪʬʦʨʤʳ ʙʫʜʝʪ ʪʨʘʥʩʣʠʨʦʚʘʪʴʩʷ ʚʠʜʝʦ ʩ ʢʘʤʝʨʳ; ʧʨʘʚʝʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 
ʥʝʦʙʭʦʜʠʤʘʷ ʪʝʣʝʤʝʪʨʠʷ ʠ ʢʘʨʪʘ ʜʣʷ ʦʪʩʣʝʞʠʚʘʥʠʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʧʣʘʪʬʦʨʤʳ, 
ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘ ʪʝʩʪʦʚʦʤ ʩʪʝʥʜʝ. 

 

ʈʠʩʫʥʦʢ 4 - ʢʣʠʝʥʪʩʢʘʷ ʯʘʩʪʴ ʚʝʙ-ʧʨʠʣʦʞʝʥʠʷ 

7. ʉʠʩʪʝʤʘ ʦʭʣʘʞʜʝʥʠʷ 
ʊʘʢ ʢʘʢ ʧʣʘʪʘ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʣʴʥʦ ʥʘʛʨʝʚʘʣʘʩʴ, ʙʳʣʦ ʨʝʰʝʥʦ ʩʜʝʣʘʪʴ 

ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʷʪ ʜʚʘ ʢʫʣʝʨʘ, ʢʦʪʦʨʳʝ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ, 
ʢʘʢ ʪʦʣʴʢʦ ʚʢʣʶʯʘʝʪʩʷ ʙʦʨʪʦʚʦʡ ʢʦʤʧʴʶʪʝʨ. ʅʦ ʢʫʣʝʨʳ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʪʦʣʴʢʦ 
ʥʘ ɿʝʤʣʝ, ʧʦʵʪʦʤʫ ʚ ʢʦʩʤʦʩʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʨʘʜʠʘʪʦʨʳ. 

8.  ʉʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ  

ʅʘ ʚʝʨʭʥʝʡ ʢʨʳʰʢʝ ʧʣʘʪʬʦʨʤʳ ʨʘʩʧʦʣʦʞʝʥʘ ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ, ʢʦʪʦʨʘʷ 
ʦʩʚʝʱʘʝʪ ʤʘʥʠʧʫʣʷʪʦʨ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʦʢʨʫʛ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʨʘʙʦʪʳ ʚ 
ʪʝʤʥʦʝ ʚʨʝʤʷ ʩʫʪʦʢ. (ʨʠʩ 5). 
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ʈʠʩʫʥʦʢ 5 - ʩʠʩʪʝʤʘ ʦʩʚʝʱʝʥʠʷ 

9.  ʉʠʩʪʝʤʘ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʣʘʪʬʦʨʤʳ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʄʂʉ 
 ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʡʜʝʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʥʘ ʚʝʜʫʱʝʝ ʢʦʣʝʩʦ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʚʠʞʝʥʠʷ ʙʳʣ ʧʦʤʝʱʝʥ ʤʘʛʥʠʪ, ʘ ʨʷʜʦʤ ʙʳʣ ʧʨʠʢʨʝʧʣʝʥ ʛʝʨʢʦʥ, ʢʦʪʦʨʳʡ 
ʨʝʘʛʠʨʫʝʪ ʥʘ ʤʘʛʥʠʪ ʠ ʧʦʩʳʣʘʝʪ ʩʠʛʥʘʣ ʥʘ ʩʝʨʚʝʨ. ɼʘʣʝʝ, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʦʨʦʪʦʚ ʫʤʥʦʞʠʪʴ ʥʘ ʜʣʠʥʫ ʦʢʨʫʞʥʦʩʪʠ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 
ɺ ʢʦʜʝ ʫʩʪʘʥʦʚʣʝʥ ʪʘʡʤʝʨ, ʝʩʣʠ ʧʝʨʠʦʜʠʯʝʩʢʠ ʧʨʦʡʜʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʨʘʟʜʝʣʠʪʴ 
ʥʘ ʚʨʝʤʷ, ʪʦ ʧʦʣʫʯʠʪʩʷ ʩʢʦʨʦʩʪʴ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʧʨʠ ʩʧʫʩʢʝ, ʧʦʜʲʝʤʝ ʠ ʧʦʚʦʨʦʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʛʠʨʦʩʢʦʧ MPU6050. ʅʘ ʢʣʠʝʥʪʝ ʦʪʦʙʨʘʞʘʝʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʧʣʘʪʬʦʨʤʳ.  

ʕʪʘ ʨʘʙʦʪʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʬʠʥʘʣʝ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʠʥʞʝʥʝʨʥʳʭ 
ʩʦʨʝʚʥʦʚʘʥʠʡ ʰʢʦʣʴʥʠʢʦʚ ñʂʚʘʥʪʦʨʠʘʜʘò. 
ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ ʉʊʈɸʊʆʉʌɽʈʅʆɻʆ ʉʇʋʊʅʀʂɸ 

ʌʆʈʄɸʊɸ CUBESAT 
ɺʝʨʭʦʨʫʙʦʚ ɼʘʥʠʠʣ 

ʄɸʆʋ ʉʆʐ ˉ65 ʛ. ʊʦʤʩʢ, 11 ʢʣʘʩʩ 
ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʩʪʶʯʝʥʢʦ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʥʘ, ʢ. ʪ. ʥ, ʜʦʮʝʥʪ, 

ʪʴʶʪʦʨ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè 
 

ɺ ʧʨʦʮʝʩʩʝ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ 
ʬʦʨʤʘʪʘ CubeSat ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ. ʊʠʧ 
ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʜʝʪʘʣʠ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʠʟ ʚʳʙʨʘʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. ɼʝʪʘʣʠ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʬʦʨʤʘʪʘ CubeSat 2U ɼʝʪʩʢʦʛʦ 
ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ:  

1. ɺʥʝʰʥʷʷ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʘʷ ʦʙʰʠʚʢʘ.  
2. ɹʦʢʦʚʳʝ ʠ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ.  
3. ʅʘʧʨʘʚʣʷʶʱʠʝ ʫʛʦʣʢʠ. 

4. ʇʣʘʩʪʠʥʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 
5. ɺʥʫʪʨʝʥʥʠʝ ʢʦʨʧʫʩʘ ʦʪʜʝʣʴʥʳʭ ʜʝʪʘʣʝʡ. 
ɺ ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʘʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʤʦʞʝʪ 

ʚʭʦʜʠʪʴ ʚʥʝʰʥʷʷ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʘʷ ʦʙʰʠʚʢʘ. ʆʥʘ ʜʦʣʞʥʘ ʧʨʝʜʦʭʨʘʥʷʪʴ 
ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʦʪ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ: ʥʘ ʚʳʩʦʪʘʭ 10 000-20 000 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʤʦʞʝʪ 
ʦʧʫʩʪʠʪʩʷ ʜʦ -60Á ʧʦ ʎʝʣʴʩʠʶ. ʇʦʵʪʦʤʫ ʚʳʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 
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ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʦʙʰʠʚʢʘ ʤʦʞʝʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʪʦʣʩʪʦʛʦ ʧʦʨʠʩʪʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
(ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ) ʠʣʠ ʠʟ ʛʘʟʦʥʘʧʦʣʥʝʥʥʳʭ 
ʧʣʘʩʪʤʘʩʩ (ʧʝʥʦʧʣʘʩʪ ʠʣʠ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ).  

ɹʦʢʦʚʳʝ ʠ ʪʦʨʮʝʚʳʝ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʟʘʱʠʪʳ ʧʦʣʝʟʥʦʡ 
ʥʘʛʨʫʟʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʥʠʭ ʤʦʛʫʪ ʢʨʝʧʠʪʴʩʷ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: ʥʘʧʨʠʤʝʨ, 

ʩʥʘʨʫʞʠ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʥʘ ʦʜʥʦʡ ʠʟ ʪʦʨʮʝʚʳʭ ʩʪʝʥʦʢ ʢʨʝʧʠʪʩʷ ʧʝʪʣʷ 
ʜʣʷ ʧʨʠʚʷʟʳʚʘʥʠʷ ʛʝʣʠʝʚʦʛʦ ʰʘʨʘ. ʃʫʯʰʝ ʚʩʝʛʦ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʪʝʥʦʢ 
ʧʦʜʭʦʜʷʪ ʣʝʛʢʠʝ ʤʘʪʝʨʠʘʣʳ: PLA-ʧʣʘʩʪʠʢ ʠʣʠ ʘʣʶʤʠʥʠʡ. ɼʣʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ 
ʩʧʫʪʥʠʢʘ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢ ʙʳʣ ʚʳʙʨʘʥ ʘʣʶʤʠʥʠʡ, 
ʪʘʢ ʢʘʢ ʦʥ ʧʨʦʯʥʝʝ PLA-ʧʣʘʩʪʠʢʘ. ʄʦʜʝʣʴ ʙʦʢʦʚʦʡ ʩʪʝʥʢʠ ʢʦʨʧʫʩʘ ʵʪʦʛʦ 
ʩʧʫʪʥʠʢʘ, ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʚ ʇʆ T-FLEX CAD, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

ʇʣʘʩʪʠʥʳ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ (ʨʠʩ. 3) ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 
ʚʥʫʪʨʠ ʩʧʫʪʥʠʢʘ ʠ ʢʨʝʧʷʪʩʷ ʢ ʥʘʧʨʘʚʣʷʶʱʠʤ ʫʛʦʣʢʘʤ (ʨʠʩ. 2). ʉʘʤʘ ʧʦʣʝʟʥʘʷ 

ʥʘʛʨʫʟʢʘ ʢʨʝʧʠʪʩʷ ʢ ʧʣʘʩʪʠʥʘʤ ʯʝʨʝʟ ʚʠʥʪʳ-ʩʪʦʡʢʠ. ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʦ 
ʩʪʝʥʢʘʤʠ ʢʦʨʧʫʩʘ, ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʣʘʩʪʠʥ ʠ ʫʛʦʣʢʦʚ ʣʫʯʰʝ ʚʩʝʛʦ 
ʧʦʜʭʦʜʠʪ ʘʣʶʤʠʥʠʡ.  

ɺ ʦʪʜʝʣʴʥʳʝ ʢʦʨʧʫʩʘ ʤʦʛʫʪ ʧʦʤʝʱʘʪʴʩʷ ʜʝʪʘʣʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ, ʪʘʢʠʝ 
ʢʘʢ ʘʢʢʫʤʫʣʷʪʦʨʳ ʠʣʠ ʢʘʤʝʨʘ. ʄʦʜʝʣʴ ʙʣʦʢʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. ʂʦʨʧʫʩ ʜʣʷ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʦʙʲʝʜʠʥʷʝʪ ʠʭ ʚ 
ʘʢʢʫʤʫʣʷʪʦʨʥʫʶ ʙʘʪʘʨʝʶ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʨʘʙʦʪʳ 
ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʚʥʝʰʥʝʡ ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʝʡ 

ʦʙʰʠʚʢʠ. ʂʦʨʧʫʩ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ, ʮʝʣʴʶ ʢʦʪʦʨʦʛʦ ʥʝ ʷʚʣʷʝʪʩʷ 
ʧʦʜʜʝʨʞʘʥʠʝ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʤʦʞʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʠʟ 
ɸɹʉ-ʧʣʘʩʪʠʢʘ. ʊʝʧʣʦʠʟʦʣʠʨʫʶʱʠʡ ʢʦʨʧʫʩ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʠʟʛʦʪʘʚʣʠʚʘʝʪʩʷ ʠʟ 
ɸɹʉ-ʧʣʘʩʪʠʢʘ ʠ ʪʝʭ ʞʝ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʚʥʝʰʥʷʷ 
ʪʝʧʣʦʠʟʦʣʠʨʫʶʱʘʷ ʦʙʰʠʚʢʘ ʩʧʫʪʥʠʢʘ.  ʂʦʨʧʫʩ ʢʘʤʝʨʳ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ 
ʩʥʘʨʫʞʠ ʩʧʫʪʥʠʢʘ ʥʘ ʩʧʝʮʠʘʣʴʥʦʡ ʧʣʘʪʬʦʨʤʝ, ʧʦʵʪʦʤʫ ʦʥ ʜʦʣʞʝʥ ʟʘʱʠʱʘʪʴ 
ʢʘʤʝʨʫ ʥʝ ʪʦʣʴʢʦ ʦʪ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʥʦ ʠ ʦʪ ʚʝʨʦʷʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 
ʚʦʟʜʝʡʩʪʚʠʡ. ʆʥ ʤʦʞʝʪ ʠʟʛʦʪʘʚʣʠʚʘʪʴʩʷ ʠʟ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʩʪʠʢʘ ʠʣʠ 

ɸɹʉ-ʧʣʘʩʪʠʢʘ ʩ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ.  
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʦʥʩʪʨʫʢʮʠʶ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ʚʢʣʶʯʝʥʦ 

ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢʠʝ ʢʘʢ ʘʣʶʤʠʥʠʡ, PLA-ʧʣʘʩʪʠʢ, ɸɹʉ-
ʧʣʘʩʪʠʢ, ʧʝʥʦʧʣʘʩʪ, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ʠ ʪ.ʜ. ʊʠʧ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ 
ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʜʝʪʘʣʠ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʠʟ ʚʳʙʨʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʳʙʨʘʥʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʜʦʣʞʥʳ ʦʙʣʘʜʘʪʴ ʥʝʙʦʣʴʰʦʡ ʤʘʩʩʦʡ ʠ ʜʦʩʪʘʪʦʯʥʦʡ 
ʫʜʘʨʦʧʨʦʯʥʦʩʪʴʶ. ʄʦʜʝʣʴ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ 
çʂʚʘʥʪʦʨʠʫʤè ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩ. 1. ɹʦʢʦʚʘʷ ʩʪʝʥʢʘ ʢʦʨʧʫʩʘ ʩʧʫʪʥʠʢʘ 

 

ʈʠʩ. 2. ʅʘʧʨʘʚʣʷʶʱʠʡ ʫʛʦʣʦʢ 

 

 

ʈʠʩ 3. ʇʣʘʩʪʠʥʘ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 
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ʈʠʩ. 4. ʂʦʨʧʫʩ ʙʣʦʢʘ ʘʢʢʫʤʫʣʷʪʦʨʥʦʡ ʙʘʪʘʨʝʠ 

 
ʈʠʩ. 5. ʄʦʜʝʣʴ ʢʦʨʧʫʩʘ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʩʧʫʪʥʠʢʘ  

ʈʆɹʆʊ ɺ ʉʌɽʈʀʏɽʉʂʆʄ ʂʆʈʇʋʉɽ 

ɺʦʩʪʨʠʢʦʚ ʀʚʘʥ, ɻʣʫʰʢʦʚ ʂʠʨʠʣʣ, ʐʝʚʯʝʥʢʦ ɸʨʪʝʤ, ʂʨʘʩʥʦʚ ʄʘʢʩʠʤ, 
ʇʘʚʣʦʚ ɸʥʜʨʝʡ, ɸʥʜʨʝʝʚ ɸʨʪʝʤ 

ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, 5ʢʣʘʩʩ 
ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, 5 ʢʣʘʩʩ 
ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, 7 ʢʣʘʩʩ 

ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, 9 ʢʣʘʩʩ 
ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, 9 ʢʣʘʩʩ 
ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, 9 ʢʣʘʩʩ 

 
ʈʫʢʦʚʦʜʠʪʝʣʠ: ɻʣʫʰʢʦʚ ʆʣʝʛ ʖʨʴʝʚʠʯ, 

 ʄɸʆ ʄʦʣʯʘʥʦʚʩʢʘʷ ʉʆʐ ˉ2, ʫʯʠʪʝʣʴ ʪʝʭʥʦʣʦʛʠʠ;  



44 
 

ɾʘʚʥʝʨʦʚʠʯ ɻʝʦʨʛʠʡ ɺʠʢʪʦʨʦʚʠʯ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè, ʛ.ʊʦʤʩʢ 

 

ɺʚʝʜʝʥʠʝ 
ɺʩʝ ʧʦʧʫʣʷʨʥʝʝ ʩʪʘʣʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʥʘʰʝʡ ʞʠʟʥʠ ʜʨʦʥʦʚ ʠʣʠ ɹʇʃɸ. 

ʆʥʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʨʘʟʣʠʯʥʳʝ ʬʫʥʢʮʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʙʣʶʜʝʥʠʝʤ, 

ʬʠʢʩʘʮʠʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʜʦʩʪʘʚʢʦʡ ʛʨʫʟʦʚ, ʤʦʥʠʪʦʨʠʥʛʦʤ, ʩʢʘʥʠʨʦʚʘʥʠʝʤ, 
ʧʦʵʪʦʤʫ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʧʦʤʦʱʥʠʢʘʤʠ. ʅʦ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʝʩʪʴ 
ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, ʩ ʧʦʛʦʜʥʳʤʠ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. 
ʊʘʢʞʝ ʦʥʠ ʠʤʝʶʪ ʥʠʟʢʠʝ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʧʠʪʘʥʠʷ, ʯʪʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪ 
ʧʦʜ ʩʦʙʦʡ ʦʛʨʘʥʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʂʦʥʝʯʥʦ, ʵʪʦʪ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʥʦ 
ʵʪʦ ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟʤʝʥʝʥʠʝ ʝʛʦ 
ʛʨʫʟʦʧʦʜʲʝʤʥʦʩʪʠ ʠ, ʟʥʘʯʠʪ, ʤʘʥʸʚʨʝʥʥʦʩʪʠ. ʂʘʢ ʞʝ ʙʳʪʴ?  

ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʨʝʰʝʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʙʣʝʤ ʤʦʞʝʪ ʩʪʘʪʴ ʩʦʟʜʘʥʠʝ 
ʨʦʙʦʪʘ, ʩʧʦʩʦʙʥʦʛʦ ʨʘʙʦʪʘʪʴ ʚ ʨʘʟʣʠʯʥʳʭ ʧʦʛʦʜʥʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ, 
ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ, ʩʦʭʨʘʥʷʷ ʚʩʝ ʬʫʥʢʮʠʠ ʜʨʦʥʦʚ.  

ʀʤʝʥʥʦ ʵʪʦʪ ʨʦʙʦʪ ʚ ʟʘʱʠʱʝʥʥʦʤ ʢʦʨʧʫʩʝ ʩʪʘʣ ʪʝʤʦʡ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ. 
ʎʝʣʴ: ʩʦʟʜʘʥʠʝ ʘʚʪʦʥʦʤʥʦʛʦ ʨʦʙʦʪʘ ʚ ʟʘʱʠʪʥʦʤ ʧʨʦʟʨʘʯʥʦʤ ʢʦʨʧʫʩʝ, ʩ 

ʩʦʭʨʘʥʝʥʠʝʤ ʬʫʥʢʮʠʡ ʜʨʦʥʦʚ ʠ ɹʇʃɸ, ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʚʨʝʤʝʥʝʤ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ:  

1. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʟʘʱʠʪʥʦʛʦ ʧʨʦʟʨʘʯʥʦʛʦ ʢʦʨʧʫʩʘ. 
2. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʩʦʟʜʘʥʠʝ ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʤʝʭʘʥʠʟʤ, 

ʧʨʠʚʦʜʷʱʠʡ ʨʦʙʦʪʘ ʚ ʜʚʠʞʝʥʠʝ). 
3. ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʫʧʨʘʚʣʝʥʠʷ, 

ʬʦʪʦ-ʚʠʜʝʦ ʬʠʢʩʘʮʠʠ, ʜʘʪʯʠʢʠ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ (GPS, ɻʣʦʥʘʩ), 
ʤʦʜʫʣʴ ʙʝʩʧʨʦʚʦʜʥʦʡ ʟʘʨʷʜʢʠ. 
 

 

 
 
ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ 

 ʀʜʝʝʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʨʧʫʩʘ ʥʘʰʝʛʦ ʨʦʙʦʪʘ ʧʦʩʣʫʞʠʣʠ ʜʚʘ ʧʝʨʩʦʥʘʞʘ ʠʟ 
ʢʠʥʦʬʠʣʴʤʘ çɿʚʝʟʜʥʳʝ ʚʦʡʥʳè (Star Wars) ʠ ʤʫʣʴʪʬʠʣʴʤʘ çɺʦʣʴʪè (Bolt), ʘ 
ʠʤʝʥʥʦ, çBb8 ʜʨʦʠʜè (ʨʠʩ.1) ʠ ʭʦʤʷʢ çʈʠʥʦè (ʨʠʩ.2) ʪʦʯʥʝʝ ʝʛʦ ʰʘʨʠʢ. 
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                         ʈʠʩ.1 Bb8 ʜʨʦʠʜ                                 ʈʠʩ. 2 ʭʦʤʷʢ çʈʠʥʦè            

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ 

ʅʘʤʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʩʨʝʜʠ ʨʘʙʦʪʥʠʢʦʚ ʄʏʉ ʠ ʉʍ, ʦ ʪʦʤ, ʥʫʞʝʥ ʣʠ 
ʪʘʢʦʡ ʨʦʙʦʪ ʚ ʠʭ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʭ ʦʪʚʝʪ ʠ ʩʬʦʨʤʠʨʦʚʘʣ 
ʛʣʘʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʳ ʜʦʣʞʥʳ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʥʘʰʝʤ ʧʨʦʝʢʪʝ. 
ɺʳʙʦʨ ʤʘʪʝʨʠʘʣʦʚ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ 
ʣʝʛʢʦ ʧʨʠʜʘʪʴ ʬʦʨʤʫ ʠ ʣʝʛʢʦ ʧʦʜʜʘʝʪʩʷ ʦʙʨʘʙʦʪʢʝ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ 
ʧʨʦʯʥʳʤ, ʜʝʰʝʚʳʤ ʠ ʠʤʝʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʜʦʩʪʫʧʝ ʠ ʢʦʥʝʯʥʦ ʙʝʟʦʧʘʩʥʳʤ. 
ʊʘʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩʪʘʥʝʪ ʧʣʘʩʪʤʘʩʩʘ. 

ɺ ʥʘʰʝʤ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʤʝʝʪʩʷ ʜʚʘ ʚʠʜʘ ʧʣʘʩʪʤʘʩʩʘ (ʬʠʣʘʤʝʥʪ): 

¶ ʌʠʣʘʤʝʥʪ PLA 

¶ ʌʠʣʘʤʝʥʪ ABS. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʨʦʪʦʪʠʧʘ ʥʘʰʝʛʦ ʢʦʨʧʫʩʘ ʠ ʜʝʪʘʣʝʡ ʜʣʷ ʥʘʰʝʛʦ ʨʦʙʦʪʘ ʙʳʣ 

ʚʳʙʨʘʥ ABS ʬʠʣʘʤʝʥʪ, ʪʘʢ ʢʘʢ ʦʥ ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ.  
ɺʳʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 

ɼʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʨʧʫʩʘ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʠʤʝʶʱʠʝʩʷ ʫ ʥʘʩ ʚ 
ʨʘʩʧʦʨʷʞʝʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 

1. 3D ʧʨʠʥʪʝʨ - Designer X ï 1 h ʪ. ɼʣʷ ʧʝʯʘʪʠ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʷ. 
2. ʄʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʨʫʤʝʥʪ - ɻʨʘʚʝʨ ɿʋɹʈ ɿɻ-130ʕʂ + 219 
ʧʨʝʜʤʝʪʦʚ H219 ï 1 ʰʪ. ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʷ, ʠ 
ʠʤʝʥʥʦ ʰʣʠʬʦʚʢʠ ʠ ʩʨʝʟʢʠ ʦʩʪʘʪʢʦʚ ʥʝʥʫʞʥʦʛʦ ʧʣʘʩʪʤʘʩʩʳ. 

3. ʂʣʝʝʚʦʡ ʧʠʩʪʦʣʝʪ ʩ ʢʦʤʧʣʝʢʪʦʤ ʩʪʝʨʞʥʝʡ - Steinel GLUEMATIC 5000 ï 1 
ʰʪ. ɼʣʷ ʩʢʣʝʠʚʘʥʠʷ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʷ ʤʝʞʜʫ ʩʦʙʦʡ. 

4. ʅʘʞʜʘʯʥʘʷ ʙʫʤʘʛʘ 800 ʠ 1000 ʟʝʨʥʠʩʪʦʩʪʠ ï 10 ʣʠʩʪ. 
ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʨʧʫʩʘ ʨʦʙʦʪʘ 
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ɼʣʷ ʥʘʯʘʣʘ ʨʘʙʦʪʳ ʥʘʤ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʠʟʫʯʘʪʴ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ 
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʝʪʘʣʝʡ ʚ CAD-ʩʠʩʪʝʤʝ T-Flex CAD 16 ʫʯʝʙʥʘʷ ʚʝʨʩʠʷ. ʕʪʦ 
ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʙʝʩʧʣʘʪʥʘʷ ʧʨʦʛʨʘʤʤʘ ʜʣʷ 3d ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ 
ʚʠʨʪʫʘʣʴʥʦʡ ʩʙʦʨʢʠ ʠʟʜʝʣʠʡ. ʀʥʪʝʨʬʝʡʩ ʧʨʦʛʨʘʤʤʳ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ, 
ʜʦʨʘʙʘʪʳʚʘʪʴ, ʠʩʧʨʘʚʣʷʪʴ ʥʝʜʦʩʪʘʪʢʠ ʫʞʝ ʩʧʨʦʝʢʪʠʨʦʚʘʥʥʳʭ ʜʝʪʘʣʝʡ ʠʟʜʝʣʠʷ ʠ 
ʩʘʤʠ ʠʟʜʝʣʠʷ ʚ ʮʝʣʦʤ. 

 
 
 

 

 

 

 
ʈʠʩ. 3 ʉʦʟʜʘʥʠʝ 3d ʤʦʜʝʣʠ                             ʈʠʩ. 4 ʉʦʟʜʘʥʠʝ 3d ʤʦʜʝʣʠ ʠʟʜʝʣʠʷ 

ʠʟʜʝʣʠʷ ʩ ʧʦʤʦʱʴʶ ʚʨʘʱʝʥʠʷ                     ʩ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ ʚʳʪʘʣʢʠʚʘʥʠʷ 
 
ʉʙʦʨʢʘ 

ʀʟʛʦʪʦʚʣʝʥʥʳʝ ʜʝʪʘʣʠ ʙʳʣʠ ʩʢʣʝʝʥʳ ʤʝʜʫ ʩʦʙʦʡ ʩ ʧʦʤʦʱʴʶ ʢʣʝʝʚʦʛʦ 
ʧʠʩʪʦʣʝʪʘ. ʅʘ ʧʨʦʮʝʩʩ ʫ ʥʘʩ ʫʰʣʦ 3 ʯʘʩʘ (ʈʠʩ.5, ʈʠʩ.6).  

 
 
 

 

 

 

 

 

ʈʠʩ. 5 ʇʦʣʦʚʠʥʘ ʢʦʨʧʫʩʘ                                       ʈʠʩ. 6 ʂʦʨʧʫʩ ʚ ʩʙʦʨʝ 

ʅʘ ʦʯʥʳʭ ʟʘʥʷʪʠʷʭ ʧʦ ʨʦʙʦʪʦʪʝʭʥʠʢʝ ʚ ʨʘʤʢʘʭ ʩʝʪʝʚʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʤʝʞʜʫ ʥʘʰʝʡ ʰʢʦʣʦʡ ʠ ʊʦʤʩʢʠʤ ʪʝʭʥʦʧʘʨʢʦʤ çʂʚʘʥʪʦʨʠʫʤè, ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʘʩʪʘʚʥʠʢʦʚ ɻʣʫʰʢʦʚʘ ʆʣʝʛʘ ʖʨʴʝʚʠʯʘ ʠ ɾʘʚʥʝʨʦʚʠʯʘ ɻʝʦʨʛʠ ̫ɺʠʢʪʦʨʦʚʠʯʘ 
ʙʳʣʘ ʩʦʟʜʘʥʘ ʠ ʜʦʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʣʘʪʬʦʨʤʳ ʨʦʙʦʪʘ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʈʠʩ.7). 
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ʈʠʩ.7 ʇʣʘʪʬʦʨʤʘ 

ɼʦʨʘʙʦʪʢʘʤʠ ʩʪʘʣʠ ʮʝʥʪʨʘʣʴʥʘʷ ʩʪʦʡʢʘ, ʚʳʧʦʣʥʝʥʥʘʷ ʠʟ ʇɺʍ ʪʨʫʙʳ, ʠ 

ʢʨʝʧʝʞʥʳʝ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ ʜʣʷ ʢʨʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ 
ʧʣʘʪʬʦʨʤʳ ʙʳʣʠ ʨʘʟʤʝʯʝʥʳ ʠ ʚʳʩʚʝʨʣʝʥʳ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʢʨʝʧʝʞʘ ʵʣʝʢʪʨʦʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʨʦʙʦʪʘ. 
ʕʣʝʢʪʨʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ɺ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʝʜʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ ʠʩʧʳʪʘʥʠʶ 
ʵʣʝʢʪʨʦʥʥʦʡ ʥʘʯʠʥʢʠ ʥʘʰʝʛʦ ʨʦʙʦʪʘ ʥʘ ʉircuito ʠ Tinkercad. 
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ʈʠʩ.8 ʉʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ 

ɺʳʚʦʜ 
ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʳ ʧʦʣʫʯʠʣʠ ʤʥʦʞʝʩʪʚʦ ʥʦʚʳʭ ʟʥʘʥʠʡ 

ʠ ʧʦʣʝʟʥʳʭ ʥʘʚʳʢʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʛʦʜʷʪʩʷ ʥʘʤ ʚ ʙʫʜʫʱʝʤ. ʄʳ ʧʨʠʦʙʨʝʣʠ ʦʧʳʪ 
ʢʦʤʘʥʜʥʦʡ ʨʘʙʦʪʳ ʚ ʩʦʶʟʝ ʩ ʥʘʰʠʤʠ ʥʘʩʪʘʚʥʠʢʘʤʠ. ʅʘʫʯʠʣʠʩʴ ʨʘʙʦʪʘʪʴ ʚ 
ʢʦʤʘʥʜʝ, ʨʘʙʦʪʘ ʥʘʜ ʧʨʦʝʢʪʦʤ ʜʘʣʘ ʥʘʤ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʪʚʦʨʯʝʩʢʦʡ ʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʩʘʤʦʨʝʘʣʠʟʘʮʠʠ. ɻʣʘʚʥʦʝ, ʝʩʪʴ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʚ ʢʦʥʝʯʥʦʤ 
ʧʨʦʜʫʢʪʝ ʥʘʰʝʛʦ ʧʨʦʝʢʪʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. https://datagor.ru/practice/diy-tech/211-ideja-izgotovlenija-sfericheskikh-
korpusov.html 
2. https://www.informio.ru/publications/id3374/Forma-shara-v-zhizni-lyudei 

3. https://www.qbed.space/knowledge/blog/filament-comparison#PLA= 
4. https://www.qbed.space/knowledge/blog/filament-
comparison#:~:text=PLA%20(polylactic%20acid%2C%20ʠʣʠ%20ʧʦʣʠʣʘʢʪʠʜ),ð
%20ʧʦʟʚʦʣʷʝʪ%20ʧʝʯʘʪʘʪʴ%20ʤʘʣʝʥʴʢʠʝ%20ʦʙʲʝʢʪʳ) 
5. https://picaso-3d.ru/ru/products/printers/designer-x/ 
6. https://3dtoday.ru/blogs/kirillll/instruction-on-labor-protection-when-working-
with-the-3d-printer 
7. https://rc-today.ru/product/bazovyy-robototehnicheskiy-nabor-ultimate-robot-

kit-v20-90040/ 
8. https://www.tinkercad.com 
9. https://www.circuito.io 
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ʆʅʃɸʁʅ-ʀɻʈɸ çQUATTROè 
ɼʦʨʦʚʩʢʠʭ ʂʠʨʠʣʣ, ʇʦʧʢʦʚ ʄʠʭʘʠʣ, ɹʫʜʝʝʚ ʈʦʤʘʥ,  

ɾʠʛʘʣʦʚ ɸʣʝʢʩʘʥʜʨ, ʕʨʛʝʰʦʚ ɸʟʠʟʭʘʥ  
ʄɸʆʋ ʉʆʐ ˉ 67, 9 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ʉʆʐ ̄ 37, 8 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ɿʦʥʘʣʴʥʝʥʩʢʘʷ ʉʆʐ, 8 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ʄɹʆʋ ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʣʠʮʝʡ ʠʤ. ʇʩʘʭʴʝ, 9 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ʉʆʐ ̄  32, 9 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

  
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʄʠʭʘʡʣʦʚ ɼʝʥʠʩ ɺʘʜʠʤʦʚʠʯ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 
 

ɺʚʝʜʝʥʠʝ: 
 ʈʘʟʨʘʙʦʪʢʘ ʩʚʦʝʛʦ ʧʝʨʚʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʠʛʨʳ, ʜʘʞʝ ʥʘ 

ʙʘʟʝ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʣʦʱʘʜʢʠ, ʚʩʝʛʜʘ ʙʫʜʝʪ ʪʨʫʜʥʘ ʠ ʪʝʨʥʠʩʪʘ. ʋ ʢʘʞʜʦʛʦ 
ʧʨʦʝʢʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʜʘʯʘ, ʩ ʢʦʪʦʨʳʭ ʥʫʞʥʦ ʥʘʯʠʥʘʪʴ, ʠ ʟʘʯʘʩʪʫʶ ʚʩʝ ʵʪʦ 
ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʧʦʥʷʪʥʦ, ʥʦ ʧʦʯʪʠ ʚʩʝʛʜʘ ʢʘʞʜʳʡ ʨʘʟʨʘʙʦʪʯʠʢ 
ʩʪʘʣʢʠʚʘʝʪʩʷ ʩ ʪʝʤʠ ʠʣʠ ʠʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʚ ʭʦʜʝ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀ ʜʘʞʝ 
ʩʦʟʜʘʥʠʝ ʧʨʦʩʪʳʭ ʰʘʭʤʘʪ, ʛʜʝ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʥʫʞʥʦ 
ʩʜʝʣʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʢ ʠ ʠʛʨʦʚʫʶ ʜʦʩʢʫ, ʥʦ ʰʘʭʤʘʪʳ ʠʤʝʶʪ ʦʛʨʦʤʥʳʡ 

ʚʘʨʠʘʥʪ ʩʮʝʥʘʨʠʝʚ, ʛʜʝ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʠ ʚʳʩʪʨʘʠʚʘʶʪʩʷ 
ʧʨʘʚʠʣʘ ʠʛʨʳ. ʃʶʙʦʡ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʩʮʝʥʘʨʠʡ ʩʪʨʦʠʪʩʷ ʙʣʘʛʦʜʘʨʷ 
ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʝ. ʉʦʟʜʘʥʠʝ ʧʝʨʚʦʡ ʠʛʨʳ, ʛʜʝ ʬʠʛʫʨʘ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʩʚʦʝ 
ʜʚʠʞʝʥʠʝ, ʫʞʝ ʚʳʟʳʚʘʝʪ ʧʦʭʚʘʣʫ, ʚʝʜʴ ʣʶʙʘʷ ʬʫʥʢʮʠʷ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ 
ʢʘʢʦʝ-ʣʠʙʦ ʜʝʡʩʪʚʠʝ, ʵʪʦ ʪʨʫʜ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʨʘʩʪʷʛʠʚʘʪʴ ʥʘ 
ʯʘʩʳ, ʘ ʪʦ ʠ ʥʘ ʩʫʪʢʠ.  

 
ʎʝʣʴ ʧʨʦʝʢʪʘ: 

ʈʘʟʨʘʙʦʪʘʪʴ ʥʘʩʪʦʣʴʥʫʶ ʠʛʨʫ Quattro ʚ ʦʥʣʘʡʥ-ʬʦʨʤʘʪʝ. 
 
ʇʨʘʚʠʣʘ ʠʛʨʳ Quattro . 
 
ɺ ʠʛʨʝ ʫʯʘʩʪʚʫʝʪ 2 ʠʛʨʦʢʘ, ʦʜʠʥ ʠʛʨʘʝʪ ʟʘ ʙʝʣʳʝ ʬʠʰʢʠ, ʜʨʫʛʦʡ ʟʘ ʯʝʨʥʳʝ. 

ʌʠʰʢʠ ʨʘʩʩʪʘʚʣʷʶʪʩʷ ʥʘ ʧʦʣʝ ʪʘʢ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 1. ʀʛʨʦʢʠ ʭʦʜʷʪ ʧʦ 
ʦʯʝʨʝʜʠ. ɿʘ ʭʦʜ ʠʛʨʦʢ ʤʦʞʝʪ ʩʭʦʜʠʪʴ ʩʚʦʝʡ ʬʠʰʢʦʡ ʥʘ ʣʶʙʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʣʝʪʦʢ 
ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ ʠ ʜʠʘʛʦʥʘʣʠ (ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ). ɺʩʪʘʚʘʪʴ ʥʘ ʤʝʩʪʦ, ʛʜʝ 

ʫʞʝ ʩʪʦʠʪ ʬʠʰʢʘ ʠ ʧʝʨʝʭʦʜʠʪʴ ʯʝʨʝʟ ʥʝʝ ʥʝʣʴʟʷ. ʎʝʣʴ ʠʛʨʳ ï ʨʘʩʩʪʘʚʠʪʴ ʚʩʝ ʩʚʦʠ 
ʬʠʰʢʠ ʚ ʨʷʜ ʨʘʥʴʰʝ ʩʦʧʝʨʥʠʢʘ. 
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ʈʠʩʫʥʦʢ 1. ʀʛʨʦʚʦʝ ʧʦʣʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ:  
ʇʦʤʠʤʦ ʰʘʭʤʘʪ ʠ ʰʘʰʝʢ, ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦ ʨʘʟʣʠʯʥʳʭ ʥʘʩʪʦʣʴʥʳʭ ʠʛʨ, 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʫʥʠʢʘʣʴʥʳʝ ʧʨʘʚʠʣʘ ʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʯʪʠ ʚ 
ʢʘʞʜʦʤ ʟʘʢʦʫʣʢʝ ʠʥʪʝʨʥʝʪʘ ʤʦʞʝʪ ʫʚʠʜʝʪʴ ʵʪʠ ʠʛʨʳ, ʩ ʨʘʟʥʳʤ ʜʠʟʘʡʥʦʤ, ʥʦ 
ʦʜʠʥʘʢʦʚʦʡ ʢʦʥʮʝʧʮʠʝʡ, ʧʦʵʪʦʤʫ ʣʶʜʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʦʚʳʝ 
ʠʛʨʳ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʩʚʦʠ ʧʨʘʚʠʣʘ ʠ ʫʥʠʢʘʣʴʥʫʶ ʤʝʭʘʥʠʢʫ, ʨʘʟʚʠʚʘʶʪ ʥʘʰʝ 
ʩʦʦʙʱʝʩʪʚʦ. 
 

ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ: ʦʪ 6 ʣʝʪ 
 
ɿʘʜʘʯʠ (ʵʪʘʧʳ): 
ʅʘʧʠʩʘʪʴ ʢʦʥʮʝʧʪ-ʧʨʠʣʦʞʝʥʠʝ. 
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ʀʟʫʯʠʪʴ ʠʛʨʦʚʦʡ ʜʚʠʞʦʢ Unreal Engine. 
ɺʳʩʪʨʦʠʪʴ ʧʨʦʛʨʘʤʤʫ ʩ ʧʦʤʦʱʴʶ Blueprint. 
ʉʦʟʜʘʪʴ ʜʠʟʘʡʥ ʠʛʨʦʚʦʛʦ ʧʦʣʷ, ʬʠʰʝʢ, ʠʛʨʦʚʦʛʦ ʤʝʥʶ, ʣʦʛʦʪʠʧ. 
ʊʝʩʪʳ ʠʛʨʳ, ʫʩʪʨʘʥʝʥʠʝ ʙʘʛʦʚ, ʜʦʨʘʙʦʪʢʘ. 
ʉʦʟʜʘʪʴ ʩʘʡʪ, ʛʜʝ ʙʫʜʝʪ ʨʘʟʤʝʱʝʥʘ ʠʛʨʘ. 
ʉʦʟʜʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʣʘʪʬʦʨʤ. 

 
ʈʝʩʫʨʩʳ: 
- ʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʥʘ ʢʦʤʘʥʜʫ ï 5 ʰʪ. 
- ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï Unreal Engine 4 

 
ɺʳʚʦʜ: ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʫʱʝʩʪʚʫʝʪ ʢʦʥʮʝʧʪ-ʧʨʠʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʦ 

ʭʦʜʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʙʫʜʝʪ ʜʦʨʘʙʘʪʳʚʘʪʴʩʷ, ʧʘʨʘʣʣʝʣʴʥʦ ʠʜʝʪ ʨʘʟʨʘʙʦʪʢʘ, 
ʩʦʟʜʘʶʪʩʷ ʚʠʨʪʫʘʣʴʥʳʝ ʜʚʠʞʝʥʠʝ, ʜʠʟʘʡʥ ʠ ʠʛʨʦʚʘʷ ʤʝʭʘʥʠʢʘ. ʇʦʪʝʥʮʠʘʣʴʥʳʤ 

ʧʦʪʨʝʙʠʪʝʣʷʤʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʩʪʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʜʦʩʪʫʧ ʢ 
ʩʢʘʯʠʚʘʥʠʶ ʧʨʠʣʦʞʝʥʠʷ ʠ ʠʛʨr. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
 

1. ʉʘʡʪ ʨʝʩʫʨʩ çProglibè 30 ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ Unreal Engine 4: ʢʥʠʛʠ, 

ʢʘʥʘʣʳ, ʩʦʦʙʱʝʩʪʚʘ ʠ ʢʫʨʩʳ - https://proglib.io/p/30-resursov-dlya-izucheniya-
unreal-engine-4-knigi-kanaly-soobshchestva-i-kursy-2021-08-19 
2. ʊʦʤ ʐʵʥʥʦʥ: Unreal Engine 4 ʜʣʷ ʜʠʟʘʡʥʘ ʠ ʚʠʟʫʘʣʠʟʘʮʠʠ - 
https://www.labirint.ru/books/808705/ 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 

https://proglib.io/p/30-resursov-dlya-izucheniya-unreal-engine-4-knigi-kanaly-soobshchestva-i-kursy-2021-08-19
https://proglib.io/p/30-resursov-dlya-izucheniya-unreal-engine-4-knigi-kanaly-soobshchestva-i-kursy-2021-08-19
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ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅɸʗ ʊɽʇʃʀʎɸ - GROWPI 
ʂʘʰʢʘʨʝʚ ɼʘʥʠʣʘ 

ʄɹʆʋ ɼʆ çʎʝʥʪʨ ʜʝʪʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘè, ʛ. ʀʨʢʫʪʩʢ  
ʄɸʆʋ ʃʠʮʝʡ ʀɻʋ, ʛ. ʀʨʢʫʪʩʢ, 9 ʢʣʘʩʩ  

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʫʜʳʭ ɸʣʝʢʩʘʥʜʨ  ʅʠʢʦʣʘʝʚʠʯ 

 
ɺʚʝʜʝʥʠʝ 
ʄʳ ʚʩʝ ʣʶʙʠʤ ʭʦʨʦʰʦ ʠ ʚʢʫʩʥʦ ʧʦʝʩʪʴ. ʅʦ ʝʜʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ 

ʚʢʫʩʥʦʡ, ʥʦ ʠ ʧʦʣʝʟʥʦʡ! ʊʦ, ʯʪʦ ʩʝʛʦʜʥʷ ʧʨʦʜʘʶʪ ʚ ʤʘʛʘʟʠʥʘʭ, ʥʝ ʨʝʜʢʦ 
ʩʦʜʝʨʞʠʪ ʨʘʟʣʠʯʥʳʭ ʙʠʦʜʦʙʘʚʦʢ ʠ ʧʨʝʧʘʨʘʪʦʚ. ɺʘʤ ʚʩʝʤ ʧʨʠʭʦʜʠʣʦʩʴ 
ʧʨʦʙʦʚʘʪʴ ʥʘ ʚʢʫʩ ʧʦʤʠʜʦʨʳ ʠʟ ʩʫʧʝʨʤʘʨʢʝʪʘ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʝʩʪʴ. ɸ ʝʩʣʠ 
ʧʦʢʫʧʘʪʴ ʥʘʪʫʨʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʦ ʥʠʢʘʢʠʭ ʜʝʥʝʛ ʥʝ ʭʚʘʪʠʪ. ɺʳʨʘʱʠʚʘʥʠʝ 
ʦʚʦʱʝʡ ʫ ʩʝʙʷ ʥʘ ʫʯʘʩʪʢʝ - ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ. ɺʳ ʪʦʯʥʦ ʙʫʜʝʪʝ ʫʚʝʨʝʥʳ ʚ ʩʚʦʠʭ 

ʪʦʤʘʪʘʭ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ:  
ʄʳ ʞʠʚʝʤ ʚ ʉʠʙʠʨʠ, ʚ ʟʦʥʝ ʨʠʩʢʦʚʘʥʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ. ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ 

ʦʚʦʱʥʳʭ ʢʫʣʴʪʫʨ ʫ ʥʘʩ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʝʧʣʠʮʳ, ʛʜʝ ʪʨʘʪʠʪʩʷ ʤʥʦʛʦ ʨʫʯʥʦʛʦ 
ʪʨʫʜʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ. ʇʦʷʚʠʣʘʩʴ 
ʠʜʝʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘ ʤʦʜʝʣʠ ʤʘʣʝʥʴʢʦʡ ʪʝʧʣʠʮʳ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʤʘʩʰʪʘʙʠʨʦʚʘʥʠʝʤ ʥʘ çʙʦʣʴʰʫʶè. 

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʧʣʠʮʳ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʧʣʠʮʳ - ʩʧʦʩʦʙ ʫʣʫʯʰʝʥʠʷ 
ʞʠʟʥʠ ʨʘʩʪʝʥʠʡ. 

ɻʠʧʦʪʝʟʘ: ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʭʦʨʦʰʠʡ ʫʨʦʞʘʡ, ʥʝ ʟʘʪʨʘʯʠʚʘʷ ʤʥʦʛʦ ʫʩʠʣʠʡ 
ʥʘ ʵʬʬʝʢʪʠʚʥʳʡ ʨʦʩʪ ʠ ʧʣʦʜʦʥʦʰʝʥʴʝ. 

ʎʝʣʴ: ʉʦʟʜʘʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ ʨʘʩʪʝʥʠʡ ʠ 
ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʫʨʦʞʘʡʥʦʩʪʠ.  

ɿʘʜʘʯʠ: 
1 ʀʟʫʯʠʪʴ ʣʠʪʝʨʘʪʫʨʫ ʧʦ ʪʝʤʝ: ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʢʦʤʬʦʨʪʥʫʶ 

ʞʠʟʥʴ ʨʘʩʪʝʥʠʡ ʚ ʪʝʧʣʠʮʝ, ʧʦʛʦʚʦʨʠʪʴ ʩ ʩʘʜʦʚʦʜʘʤʠ ʚ ʨʝʛʠʦʥʝ ʧʨʦʞʠʚʘʥʠʷ; 
2 ʅʘʡʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʣʘʪʬʦʨʤʝ ʄʂ ʠ ʧʨʠʥʮʠʧʘʭ ʝʛʦ ʨʘʙʦʪʳ, ʧʨʦʜʫʤʘʪʴ 
ʩʭʝʤʫ ʩʙʦʨʢʠ ʪʝʧʣʠʮʳ; 
3 ʉʤʦʜʝʣʠʨʦʚʘʪʴ ʜʝʪʘʣʠ ʚʦ Fusion 360, ʥʘʧʝʯʘʪʘʪʴ ʜʝʪʘʣʠ, ʠʩʧʦʣʴʟʫʷ 3D-
ʧʨʠʥʪʝʨ; 
4 ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʥʘʧʠʩʘʪʴ ʘʣʛʦʨʠʪʤʳ: ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ ʩ ʜʘʪʯʠʢʦʚ, ʜʥʷ ʠ 
ʥʦʯʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʤʠʢʨʦʢʣʠʤʘʪʘ. 
5 ʇʦʜʦʙʨʘʪʴ ʢʦʤʧʣʝʢʪʫʶʱʠʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ; 

6 ʉʦʟʜʘʪʴ ʢʘʨʢʘʩ ʪʝʧʣʠʮʳ ʧʦ ʯʝʨʪʝʞʘʤ; 
7 ʋʩʪʘʥʦʚʠʪʴ ʜʘʪʯʠʢʠ ʠ ʤʦʜʫʣʠ ʥʘ ʪʝʧʣʠʮʫ; 
8 ʇʨʦʪʝʩʪʠʨʦʚʘʪʴ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʜ, ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʠ; 
9 ʇʨʦʚʝʩʪʠ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʪʝʧʣʠʮʝʡ ʚ ʪʝʯʝʥʠʠ ʤʝʩʷʮʘ, ʚʳʧʦʣʥʠʪʴ ʜʦʨʘʙʦʪʢʫ ʠ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʭʝʤʳ ʜʣʷ ʙʦʣʴʰʦʡ ʪʝʧʣʠʮʳ (ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ 
ʜʘʥʥʳʭ). 
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10 ʇʦʜʩʯʠʪʘʪʴ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ. 
ʄʥʦʶ ʙʳʣʠ ʠʟʫʯʝʥʳ ʘʥʘʣʦʛʠ ʠ ʥʘʡʜʝʥ ʧʦʜʦʙʥʳʡ ʥʘʰʝʤʫ ʧʨʠʙʦʨʫ ï ʵʪʦ 

ʙʣʦʢ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʚʝʪʨʠʚʘʥʠʷ ʠ ʧʦʣʠʚʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʜʘʯʥʳʭ 
ʫʯʘʩʪʢʘʭ, ʘ ʪʘʢʞʝ ʨʘʙʦʪʘʶʱʠʡ ʧʦ ʪʦʤʫ ʞʝ ʧʨʠʥʮʠʧʫ, ʯʪʦ ʠ ʫ ʥʘʩ. ʈʝʟʫʣʴʪʘʪʳ 
ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʦʷ ʨʘʟʨʘʙʦʪʢʘ ʦʙʣʘʜʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʚ ʧʣʘʥʝ ʮʝʥʳ 
ʠ ʫʜʦʙʩʪʚʘ, ʥʦ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ.  

 
ʊɽʆʈɽʊʀʏɽʉʂɸʗ ʏɸʉʊʔ 
 

1.1 ʂ ʯʝʤʫ ʪʝʧʣʠʮʝ ʘʚʪʦʤʘʪʠʟʘʮʠʷ? 
ɼʘʚʘʡʪʝ ʨʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ, ʯʪʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʦʥʩʪʨʫʢʮʠʠ 

ʪʝʧʣʠʮʳ, ʢʦʪʦʨʦʡ ʥʝ ʚʝʜʦʤʘ ʘʚʪʦʤʘʪʠʢʘ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʝʝ ʤʠʢʨʦʢʣʠʤʘʪʦʤ 
ʚʝʜʝʪʩʷ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʭʦʪʷ ʬʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʜʝʥʴ. ʈʘʥʦ ʫʪʨʦʤ, ʢʘʢ ʪʦʣʴʢʦ 
ʧʝʨʚʳʝ ʩʦʣʥʝʯʥʳʝ ʣʫʯʠ ʧʦʧʘʜʘʶʪ ʚ ʪʝʧʣʠʮʫ, ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʧʣʠʮʝ ʥʘʯʠʥʘʝʪ 

ʙʳʩʪʨʦ ʧʦʚʳʰʘʪʴʩʷ. ʀ, ʯʝʤ ʚʳʰʝ ʪʝʧʣʠʮʘ ʧʦ ʚʳʩʦʪʝ, ʪʝʤ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ 
ʙʳʩʪʨʝʝ. ɼʣʷ ʨʘʩʪʝʥʠʡ ʭʦʨʦʰʦ. ʅʦ ʝʩʪʴ ʧʨʦʙʣʝʤʘ: ʧʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ 
ʧʦʯʚʦʡ ʠ ʚʦʟʜʫʭʦʤ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʨʘʟʥʠʮʳ ʚ 30Áʉ! ʂʦʨʥʠ ʦʩʪʘʶʪʩʷ ʝʱʝ 
ʭʦʣʦʜʥʳʤʠ, ʪʦʛʜʘ ʢʘʢ ʚʝʨʭʫʰʢʠ ʨʘʩʪʝʥʠʡ ʫʞʝ ʨʘʟʦʛʨʝʣʠʩʴ. ɹʦʣʝʝ çʭʦʣʦʜʥʘʷè 
ʧʦʜʟʝʤʥʘʷ ʯʘʩʪʴ ʧʣʦʭʦ ʩʥʘʙʞʘʝʪ ʙʦʣʝʝ çʪʝʧʣʫʶè ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʨʘʩʪʝʥʠʡ, ʯʪʦ 
ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʠʮʠʪʫ ʚʣʘʛʠ. ʕʪʦ ʤʦʞʝʪ ʥʘʥʝʩʪʠ ʚʨʝʜ ʨʘʩʪʝʥʠʷʤ. ɺ ʞʘʨʫ 
ʨʘʩʪʝʥʠʷ ʠʩʧʳʪʳʚʘʶʪ ʝʱʝ ʙʦʣʴʰʫʶ ʥʘʛʨʫʟʢʫ. ʆʙʳʯʥʦ ʭʦʟʷʝʚʘ ʠʜʫʪ 
ʩʦʙʩʪʚʝʥʥʦʨʫʯʥʦ ʦʪʢʨʳʚʘʪʴ ʬʦʨʪʦʯʢʠ ʠ ʜʚʝʨʠ ʫʞʝ ʪʦʛʜʘ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʥʫʪʨʠ ʜʦʩʪʠʛʘʝʪ 40Áʉ. ɼʚʝʨʠ ʠ ʬʦʨʪʦʯʢʠ ʨʝʟʢʦ ʦʪʢʨʳʚʘʶʪ, ʠ ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ 
ʩʢʚʦʟʥʷʢ ʫʥʦʩʠʪ ʦʩʪʘʪʢʠ ʠ ʪʘʢ ʥʝʜʦʩʪʘʶʱʝʡ ʚʣʘʛʠ. ʄʦʣʦʜʳʝ ʧʦʙʝʛʠ ʦʪ ʵʪʦʛʦ 
ʪʝʨʷʶʪ ʪʫʨʛʦʨ ï ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʢʣʝʪʦʢ, ʚʷʥʫʪ, ʘ ʮʚʝʪʳ ʠ ʟʘʚʷʟʠ ʚʦʚʩʝ 
ʦʪʧʘʜʘʶʪ. ɸ ʚʦʪ ʚʨʝʜʠʪʝʣʠ, ʦʩʦʙʝʥʥʦ ʧʘʫʪʠʥʥʳʡ ʢʣʝʱ, ʦʪ ʞʘʨʳ ʠ ʩʫʭʦʩʪʠ 
ʥʘʯʠʥʘʶʪ ʯʫʚʩʪʚʦʚʘʪʴ ʩʝʙʷ ʢʘʢ ʨʘʟ ʭʦʨʦʰʦ. ʊʦʣʴʢʦ ʚʝʯʝʨʦʤ ʨʘʩʪʝʥʠʷ ʥʘʯʥʫʪ 
ʧʨʠʭʦʜʠʪʴ ʚ ʩʝʙʷ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʢʦʤʬʦʨʪʥʳʡ 
ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʜʣʷ ʨʘʩʪʝʥʠʡ ʚ ʪʝʧʣʠʮʝ: ʚʣʘʞʥʦʩʪʴ, ʪʝʤʧʝʨʘʪʫʨʫ, 
ʥʘʩʳʱʝʥʥʦʩʪʴ ʢʠʩʣʦʨʦʜʦʤ ʠ ʚʣʘʛʦʡ. 

 
1.2 ʆʩʚʝʱʝʥʠʝ 
ʃʶʙʳʝ ʨʘʩʪʝʥʠʷ ʥʫʞʜʘʶʪʩʷ ʚ 12-16-ʪʠ ʯʘʩʦʚʦʤ ʦʩʚʝʱʝʥʠʠ ʚ ʩʫʪʢʠ. ʂʘʢ 

ʪʦʣʴʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʜʥʷ ʩʪʘʥʦʚʠʪʩʷ ʢʦʨʦʯʝ 10 ʯʘʩʦʚ, ʨʘʩʪʝʥʠʷ ʧʦʧʨʦʩʪʫ 
ʧʝʨʝʩʪʘʶʪ ʨʘʩʪʠ. ʅʦ ʠ ʢʨʫʛʣʦʩʫʪʦʯʥʦ ʦʩʚʝʱʘʪʴ ʪʝʧʣʠʮʫ ʥʝ ʥʫʞʥʦ. ɼʣʷ ʨʘʩʪʝʥʠʡ 
ʩʫʱʝʩʪʚʫʝʪ ʩʚʦʷ ʥʦʨʤʘ ʥʦʯʥʦʛʦ ʧʦʢʦʷ - 6 ʯʘʩʦʚ. 

ʉ ʧʦʤʦʱʴʶ ʧʦʜʩʚʝʪʢʠ ʤʦʞʥʦ ʦʩʚʝʱʘʪʴ ʪʝʧʣʠʯʥʳʝ ʨʘʩʪʝʥʠʷ ʥʫʞʥʳʤ 
ʩʚʝʪʦʤ (ʩʠʥʠʤ ʠʣʠ ʢʨʘʩʥʳʤ, ʣʠʙʦ ʚ ʠʭ ʢʦʤʙʠʥʘʮʠʠ).  

 
1.3 ʌʦʪʦʩʠʥʪʝʟ 
ʌʦʪʦʩʠʥʪʝʟ ð ɻ ʪʦ ʧʨʦʮʝʩʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʠʟ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʚʦʜʳ ʥʘ 

ʩʚʝʪʫ ʦʙʨʘʟʫʶʪʩʷ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʆʙʱʘʷ ʬʦʨʤʫʣʘ ʬʦʪʦʩʠʥʪʝʟʘ 
ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ɺʦʜʘ + ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ + ʉʚʝʪ Ÿ ʋʛʣʝʚʦʜʳ + 

http://umnayateplica.ru/catalog
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ʂʠʩʣʦʨʦʜ ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʬʦʪʦʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʳ 
ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

1. ʆʧʪʠʤʘʣʴʥʳʡ ʩʚʝʪʦʚʦʡ ʨʝʞʠʤ ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʩʚʝʱʝʥʠʷ ʠ 
ʜʣʠʪʝʣʴʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʜʥʷ. ʇʨʘʢʪʠʯʝʩʢʠ ʟʘʚʠʩʠʪ ʦʪ ʛʫʩʪʦʪʳ ʧʦʩʝʚʦʚ, 
ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʠʭ ʨʷʜʦʚ, ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʚ ʪʝʧʣʠʮʘʭ. ʉʣʝʜʫʝʪ 
ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ ʠ ʨʘʟʥʠʮʫ ʚ ʦʩʚʝʱʝʥʠʠ ʩʚʝʪʦʣʶʙʠʚʳʭ ʠ ʪʝʥʝʚʳʥʦʩʣʠʚʳʭ 

ʨʘʩʪʝʥʠʡ. 
2. ɹʣʘʛʦʧʨʠʷʪʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ (20-25Áʉ) ʧʨʠ ʚʳʨʘʱʠʚʘʥʠʠ 

ʨʘʩʪʝʥʠʡ ʚ ʪʝʧʣʠʮʝ. 
3. ɼʦʩʪʘʪʦʯʥʘʷ ʜʣʷ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʫʚʣʘʞʥʝʥʥʦʩʪʴ ʧʦʯʚʳ, 

ʨʝʛʫʣʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʨʦʰʝʥʠʝʤ (ʧʦʣʠʚʦʤ) ʠʣʠ 
ʦʩʫʰʝʥʠʝʤ. 

4. ʅʦʨʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʚʦʟʜʫʭʝ (ʦʩʦʙʝʥʥʦ ʚ 
ʪʝʧʣʠʮʘʭ), ʪʘʢ ʢʘʢ ʩʥʠʞʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʦʨʤʦʟʠʪ ʬʦʪʦʩʠʥʪʝʟ, ʘ 

ʧʦʚʳʰʝʥʠʝ ʫʛʥʝʪʘʝʪ ʧʨʦʮʝʩʩ ʜʳʭʘʥʠʷ. 
5. ɼʦʩʪʘʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʩʦʣʝʡ ʚ ʧʦʯʚʝ. 
6.  

 1.4 ʏʪʦ ʪʘʢʦʝ Arduino 
Arduino ï ʵʪʦ ʦʪʣʘʜʦʯʥʘʷ ʧʣʘʪʘ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ï Atmega 

328P. ʅʘ ʧʣʘʪʝ ʝʩʪʴ ʧʘʨʘ ʜʝʩʷʪʢʦʚ ʢʦʥʪʘʢʪʦʚ, ʢ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʦʜʢʣʶʯʘʪʴ 
ʚʩʝʚʦʟʤʦʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ɺ Arduino ʤʦʞʥʦ ʟʘʛʨʫʟʠʪʴ ʘʣʛʦʨʠʪʤ, ʢʦʪʦʨʳʡ 
ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʦʟʜʘʪʴ 

ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʥʠʢʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʩʜʝʣʘʥʥʳʭ ʩʚʦʠʤʠ ʨʫʢʘʤʠ ʠ ʧʦ 
ʩʦʙʩʪʚʝʥʥʦʡ ʟʘʜʫʤʢʝ.  

 
2. ʉɹʆʈʂɸ ʇʈʆɽʂʊɸ 

ʕʪʘʧʳ: 
1. ʇʨʦʜʫʤʳʚʘʝʤ, ʢʘʢʠʝ ʧʘʨʘʤʝʪʨʳ ʙʫʜʝʤ ʟʘʤʝʨʷʪʴ, ʩʦʛʣʘʩʥʦ 

ʢʦʤʬʦʨʪʥʳʤ ʫʩʣʦʚʠʷʤ ʜʣʷ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ. 
2. ʈʘʟʨʘʙʘʪʳʚʘʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʩʭʝʤʫ, ʪʝʩʪʠʨʫʝʤ ʥʘ ʤʘʢʝʪʥʦʡ 

ʧʣʘʪʝ. 
3. ʇʨʦʜʫʤʳʚʘʝʤ ʤʝʭʘʥʠʟʤ ʧʦʣʠʚʘ ʨʘʩʪʝʥʠʡ.  
4. ʉʦʙʠʨʘʝʤ ʢʘʨʢʘʩ ʪʝʧʣʠʮʳ. 
5. ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʵʣʝʤʝʥʪʳ  ʧʦʜʩʚʝʪʢʠ. 
6. ʈʘʩʧʦʣʘʛʘʝʤ ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʜʘʪʯʠʢʠ ʚ ʪʝʧʣʠʮʝ. 
7. ʈʘʟʨʘʙʘʪʳʚʘʝʤ ʠ ʧʝʯʘʪʘʝʤ ʢʨʝʧʣʝʥʠʷ ʠ ʵʣʝʤʝʥʪʳ ʥʘ ʧʨʠʥʪʝʨʝ. 
8. ʉʦʙʠʨʘʝʤ ʙʘʢ ʜʣʷ ʚʦʜʳ, ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʫʚʣʘʞʥʠʪʝʣʴ. 
9. ʋʩʪʘʥʘʚʣʠʚʘʝʤ ʩʠʩʪʝʤʫ ʮʠʨʢʫʣʷʮʠʠ ʚʦʟʜʫʭʘ. 

10. ɿʘʛʨʫʞʘʝʤ ʧʨʦʰʠʚʢʫ ʚ ʢʦʥʪʨʦʣʣʝʨ. 
 
3. ʇɽʈʉʇɽʂʊʀɺɸ ʈɸɿɺʀʊʀʗ ʇʈʆɽʂʊɸ 

1. ʆʧʨʦʙʦʚʘʪʴ ʩʠʩʪʝʤʫ ʥʘ ʙʦʣʴʰʦʡ ʪʝʧʣʠʮʝ ʵʪʠʤ ʣʝʪʦʤ ʥʘ ʩʚʦʝʤ ʜʘʯʥʦʤ 
ʫʯʘʩʪʢʝ. 
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2. ʇʝʨʝʚʝʩʪʠ ʚʩʶ ʩʠʩʪʝʤʫ ʥʘ ʧʣʘʪʬʦʨʤʫ ESP, ʧʨʠʤʝʥʠʪʴ ʟʥʘʥʠʷ ʚ ʩʦʟʜʘʥʠʠ 
Web-ʠʥʪʝʨʬʝʡʩʘ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

 
ɿɸʂʃʖʏɽʅʀɽ 

 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʷ ʧʦʥʷʣ, ʯʪʦ ʣʶʙʦʚʴ ʢ ʈʦʜʠʥʝ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʣʶʙʚʠ ʢ ʩʚʦʝʡ ʤʘʣʦʡ ʨʦʜʠʥʝ: ʨʦʜʥʦʤʫ ʜʦʤʫ, ʨʘʩʪʝʥʠʷʤ, ʞʠʚʦʤʫ ʤʠʨʫ. 
ɿʝʤʣʷ ʜʘʝʪ ʯʝʣʦʚʝʢʫ ʚʩʝ, ʥʦ ʥʫʞʥʦ ʫʤʝʪʴ ʵʪʠʤ ʛʨʘʤʦʪʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ. 

ʋ ʥʘʩ ʝʩʪʴ ʚʩʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʚʦʧʣʦʱʘʪʴ ʩʚʦʠ ʤʝʯʪʳ ʚ ʞʠʟʥʴ, 
ʥʫʞʥʦ ʪʦʣʴʢʦ ʞʝʣʘʥʠʝ ʠ ʪʨʫʜʦʣʶʙʠʝ. ʈʘʙʦʪʘʷ ʥʘʜ ʩʦʟʜʘʥʠʝʤ 
çɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʪʝʧʣʠʮʘ - Grow Piè, ʷ ʥʘʫʯʠʣʩʷ ʧʨʦʝʢʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 
ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʶ. 

ʗ ʥʘʜʝʶʩʴ, ʯʪʦ ʥʘʯʘʪʘʷ ʤʥʦʶ ʨʘʙʦʪʘ ʙʫʜʝʪ ʧʨʦʜʦʣʞʝʥʘ ʠ ʚ ʙʫʜʫʱʝʤ. ʅʘ 
ʧʨʠʤʝʨʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʪʝʧʣʠʮʳ ʷ ʩʤʦʛʫ ʩʦʟʜʘʪʴ ʩʚʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʜʝʣʦ, 

ʩʚʦʡ ʙʠʟʥʝʩ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘʰʘ ʩʪʨʘʥʘ ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ ʯʘʩʪʥʳʭ 
ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚʘʭ, ʬʝʨʤʝʨʩʪʚʝ, ʨʘʟʚʠʪʠʠ ʤʘʣʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘ, 
ʩʨʝʜʥʝʛʦ ʠ ʤʘʣʦʛʦ ʙʠʟʥʝʩʘ, ʜʣʷ ʵʪʦʛʦ ʧʨʝʜʦʩʪʘʚʣʷʶʪʩʷ ʩʫʙʩʠʜʠʠ ʠ ʛʨʘʥʪʳ ʜʣʷ 
ʦʪʢʨʳʪʠʷ ʩʚʦʝʛʦ ʜʝʣʘ. ʇʝʨʚʳʡ ʦʧʳʪ ʨʘʙʦʪʳ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʘ, 
ʩʙʦʨʱʠʢʘ ʫʩʪʘʥʦʚʢʠ, ʧʨʦʛʨʘʤʤʠʩʪʘ ʤʥʦʶ ʧʦʣʫʯʝʥ. ʀ ʷ ʜʫʤʘʶ, ʯʪʦ ʥʘʰ ʧʨʦʝʢʪ 
çɸʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʧʣʠʮʳè ʙʫʜʝʪ ʨʝʘʣʠʟʦʚʘʥ ʜʘʣʴʰʝ.  ʉʯʠʪʘʶ, ʯʪʦ ʧʦʩʪʘʚʣʝʥʥʳʝ 
ʧʝʨʝʜ ʩʦʙʦʡ ʟʘʜʘʯʠ ʷ ʚʳʧʦʣʥʠʣ, ʮʝʣʠ ʜʦʩʪʠʛ. 

 

ʕʂʆʅʆʄʀʏɽʉʂʀʁ ʈɸʉʏɽʊ ʉʊʆʀʄʆʉʊʀ ʄʀʅʀ ʇʈʆɽʂʊɸ 
 
ɼʣʷ ʧʨʦʝʢʪʘ ʷ ʠʩʧʦʣʴʟʦʚʘʣ: ʆʨʛʩʪʝʢʣʦ ʠ ʧʨʦʬʠʣʴ (ʘʣʶʤʠʥʠʝʚʳʡ) -1820, 

ʅʘʩʦʩ ï 300, ʄʘʢʝʪʥʘʷ ʧʣʘʪʘ ï 120, ʉʦʝʜʠʥʠʪʝʣʴʥʳʝ ʧʨʦʚʦʜʘ - 500, ɼʘʪʯʠʢ 
ʚʣʘʞʥʦʩʪʠ ʧʦʯʚʳ -350, ʎʠʬʨʦʚʦʡ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ 
ʚʦʟʜʫʭʘ-300, ʅʘʛʨʝʚʘʪʝʣʴ -50/2, ʀʩʧʘʨʠʪʝʣʴ -120, ʌʦʪʦʨʝʟʠʩʪʦʨ -5, ʈʝʟʠʩʪʦʨʳ -
38, ʂʦʥʪʝʡʥʝʨ -200, ʏʘʩʳ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ-350, ʂʣʶʯ -30/5, ɼʠʩʧʣʝʡ 20x4 -
500,ʃʵʜ-ʣʝʥʪʘ -1000, ʈʘʜʠʘʪʦʨ -300, ʂʨʝʧʣʝʥʠʷ, ʙʦʣʪʠʢʠ-300, ʂʦʨʧʫʩ ʜʣʷ 

ʧʣʘʪʬʦʨʤʳ -300. ʈʘʩʯʝʪ ʙʳʣ ʧʨʦʠʟʚʝʜʝʥ ʚ ʨʫʙʣʷʭ/ʢʦʣʠʯʝʩʪʚʦ. 
ʇʨʠʤʝʯʘʥʠʝ. ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʥʘ ʦʩʥʦʚʝ ʮʝʥ ʙʣʠʞʘʡʰʠʭ ʨʳʥʢʦʚ. 
ʄʥʦʛʠʝ ʪʦʚʘʨʳ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʥʘ ʩʘʡʪʝ Aliexpress ʠ ʩʪʦʷʪ ʦʥʠ ʪʘʤ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ. 
 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
 
ʀʥʪʝʨʥʝʪ ʨʝʩʫʨʩʳ 

1) Docs Arduino 2)AlexGyver 3)Technologies 4)Docs Microsoft 5)Wiki 
Amperka 

 
1. ʂʠʨʠʯʝʥʢʦ ʇ.ɻ. ʎʠʬʨʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ ʜʣʷ ʥʘʯʠʥʘʶʱʠʭ (2019) 
2. ʅʠʢʦʣʘʡ ʂʫʨʜʶʤʦʚ. ʅʦʚʝʡʰʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʜʣʷ ʦʛʦʨʦʜʥʠʢʘ (2015) 
3. ʇʦʣʷʢʦʚ ʂ.ʖ. ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. Python ʠ C  . ʏʘʩʪʴ 1-4 (2019) 

https://docs.arduino.cc/
https://alexgyver.ru/
https://alexgyver.ru/
https://docs.microsoft.com/ru-ru/cpp/?view=msvc-170
http://wiki.amperka.ru/
http://wiki.amperka.ru/
http://wiki.amperka.ru/
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
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4. ʂʣʘʡʥ ʃ. ʉ. Fusion360 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʤʝʡʢʝʨʦʚ (2021) 
ɺʷʯʝʩʣʘʚ ʅʠʢʦʥʦʚ. ʂʦʤʧʘʩ-3D: ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠʡ ʠ 3D-ʧʝʯʘʪʴ (2020) 

 
 

ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʂʆʃʔʎɽɺʓʍ ʉʊɸɹʀʃʀɿɸʊʆʈʆɺ  
ɺ ʄʆɼɽʃʗʍ ʈɸʂɽʊ 

ʂʦʩʪʝʚʠʯ ʃʝʚ 
ʄɸʆʋ ʉʆʐ çʀʥʪʝʛʨʘʮʠʷè, ʛ. ʊʦʤʩʢ, 11 ʢʣʘʩʩ,  

ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 
 

ʈʫʢʦʚʦʜʠʪʝʣʠ:  
ʂʦʩʪʶʯʝʥʢʦ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 
ɹʳʚʰʝʥʢʦ ɸʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʣʘʙʦʨʘʥʪ, 
ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 

 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʢʣʘʩʩʠʯʝʩʢʠʝ ʪʠʧʳ ʦʙʪʝʢʘʪʝʣʝʡ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʤʠ ʢʦʤʘʥʜʘʤʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʘʢʝʪʦʩʪʨʦʠʪʝʣʴʥʳʭ ʯʝʤʧʠʦʥʘʪʦʚ 
ʠ ʢʦʥʢʫʨʩʦʚ. ʅʦ ʧʨʦ ʦʩʪʘʣʴʥʳʝ ʪʠʧʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʩʝʡʯʘʩ ʧʦʯʪʠ ʟʘʙʳʣʠ, ʠ ʦʥʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʙʫʜʝʪ ʨʘʟʦʙʨʘʥʦ, ʧʦʯʝʤʫ ʢʦʣʴʮʝʚʳʝ 
ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʞʝ ʯʘʩʪʦ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʠʭ ʪʠʧʳ. ɼʣʷ ʥʘʯʘʣʘ, 
ʢʘʢʠʝ ʙʳʚʘʶʪ ʪʠʧʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ. ʈʘʟʣʠʯʘʶʪ: ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʝ, 
ʵʣʣʠʧʩʦʠʜʥʳʝ, ʪʨʝʫʛʦʣʴʥʳʝ, ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʩʚʦʙʦʜʥʦʡ ʬʦʨʤʳ ʠ ʢʦʣʴʮʝʚʳʝ. ʇʦʜ 

ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʦʥʠʤʘʶʪʩʷ ʧʝʨʚʳʝ 4 ʪʠʧʘ, ʪʘʢ ʢʘʢ ʬʠʟʠʯʝʩʢʠ ʵʪʦ ʨʘʟʥʦʡ ʬʦʨʤʳ 
ʬʠʛʫʨʳ (ʪʨʘʧʝʮʠʷ, ʵʣʣʠʧʩ, ʪʨʝʫʛʦʣʴʥʠʢ), ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ 
ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ (ʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦʡ) ʩʝʯʝʥʠʶ ʢʦʨʧʫʩʘ ʨʘʢʝʪʳ. ʂʦʣʴʮʝʚʦʡ ʞʝ 
ʩʪʘʙʠʣʠʟʘʪʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʣʴʮʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʨʘʢʝʪʝ ʩʦʦʩʥʦ 
ʢʦʨʧʫʩʫ.  

 

ʈʠʩ 1.  ɺʠʜʳ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ 
 

 ɺ ʪʝʦʨʠʠ, ʢʦʣʴʮʝʚʳʝ ʩʪʘʙʠʣʠʟʘʪʦʨʳ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʪʴ ʙʦʣʴʰʫʶ 
ʩʪʘʙʠʣʴʥʦʩʪʴ, ʦʜʥʘʢʦ ʥʘ ʜʦʩʪʫʧʥʳʭ ʨʝʩʫʨʩʘʭ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ʦʥʠ ʥʝʩʪʘʙʠʣʴʥʳ, 
ʪʘʢ ʢʘʢ ʩʦʟʜʘʶʪ ʙʦʣʴʰʝ ʟʘʚʠʭʨʝʥʠʡ ʥʘ ʭʚʦʩʪʝ ʨʘʢʝʪʳ.  

ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʳ ʚʘʨʠʘʥʪʳ ʢʦʣʴʮʝʚʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ [1]. 

https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
https://drive.google.com/drive/folders/1fSks2gKPlWLPsHqpBFZgbP3j1OkjcpzO?usp=sharing
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ʎʝʣʴ ʨʘʙʦʪʳ ï ʦʮʝʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʢʦʣʴʮʝʚʳʭ 
ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʚʘʨʠʘʥʪʘʤʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʩʨʘʚʥʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʨʫʙʝ ʠʣʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ. 

 ʋ ʥʘʩ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʠʪʴ ʵʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʯʝʨʝʟ ʩʦʟʜʘʥʠʝ 

ʠ ʟʘʧʫʩʢ ʨʘʢʝʪʳ ʯʝʨʝʟ ʫʯʘʩʪʠʝ ʚ ʈʘʢʝʪʦʩʪʨʦʠʪʝʣʴʥʦʤ ʯʝʤʧʠʦʥʘʪʝ çʈʝʘʢʪʠʚʥʦʝ 
ʜʚʠʞʝʥʠʝ 2022è, ʢʦʪʦʨʳʡ ʧʨʦʡʜʝʪ ʚ ʤʘʝ 2022 ʛʦʜʘ ʚ ʂʘʣʫʛʝ [2]. 

 

 
ʈʠʩʫʥʦʢ 2. ɺʘʨʠʘʥʪʳ ʢʦʣʴʮʝʚʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ 

ɼʣʷ ʫʯʘʩʪʠʷ ʚ ʈʘʢʝʪʦʩʪʨʦʠʪʝʣʴʥʦʤ ʯʝʤʧʠʦʥʘʪʝ çʈʝʘʢʪʠʚʥʦʝ ʜʚʠʞʝʥʠʝ 

2022è ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʨʘʢʝʪʘ, 3D-ʤʦʜʝʣʴ ʢʦʪʦʨʦʡ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. ɺ 
ʵʪʦʡ ʨʘʢʝʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʢʦʣʴʮʝʚʦʛʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘ. ʕʪʦ ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʧʦʢʘʞʝʪ, ʢʘʢ ʧʨʦʷʚʠʪ ʩʝʙʷ 
ʢʦʣʴʮʝʚʦʡ ʩʪʘʙʠʣʠʟʘʪʦʨ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʘʙʠʣʠʟʘʪʦʨʦʚ ʨʘʟʥʳʭ 
ʪʠʧʦʚ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʧʫʩʢʦʚ ʨʘʢʝʪʳ ʩʦ ʩʪʘʙʠʣʠʟʘʪʦʨʘʤʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ 
ʪʠʧʘ ʚʥʝ ʯʝʤʧʠʦʥʘʪʘ.  

 

 



58 
 

ʈʠʩʫʥʦʢ 3. 3D-ʤʦʜʝʣʴ ʨʘʢʝʪʳ 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
 

1. https://inlnk.ru/AKd3z6 
2. https://www.gorocket.ru/ 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼʆɺ ʇɸʁʂʀ ɺ ʀɿɻʆʊʆɺʃɽʅʀʀ ʉʇʋʊʅʀʂɸ 
ʂʫʣʴʢʦʚ ɸʣʝʢʩʘʥʜʨ 

ʄɸʆʋ çʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ 23è,8 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʚʰʝʥʢʦ ɸʣʸʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, 

ʣʘʙʦʨʘʥʪ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 
 

ʎʝʣʴ ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʪʴ ʩʭʝʤʫ ɹʋʉʆʉ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ 
ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ) ʜʣʷ ʥʘʥʦʩʧʫʪʥʠʢʘ SiriusSat-3U. 
ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʤʝʪʦʜʳ ʧʘʡʢʠ; 
2. ʋʩʪʘʥʦʚʠʪʴ ʢʦʤʧʦʥʝʥʪʳ ʠʟ ʩʧʠʩʢʘ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʤʦʥʪʘʞʥʦʡ ʩʭʝʤʝ 
ʩʦʛʣʘʩʥʦ ʠʭ ʤʘʨʢʠʨʦʚʢʝ; 

3. ʇʨʠʧʘʷʪʴ ʧʨʦʩʪʳʝ ʵʣʝʤʝʥʪʳ (ʵʣʝʤʝʥʪʳ ʩ ʜʚʫʤʷ ʪʨʝʤʷ ʥʦʞʢʘʤʠ); 
4. ʇʨʠʧʘʷʪʴ ʩʣʦʞʥʳʝ ʵʣʝʤʝʥʪʳ (ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʪʨʸʭ ʥʦʞʝʢ); 

5. ʇʨʠʧʘʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ɻ ʣʝʤʝʥʪʳ; 
6. ʇʨʠʧʘʷʪʴ ʧʨʦʯʠʝ ʵʣʝʤʝʥʪʳ (ʜʘʪʯʠʢʠ ʠ ʪ. ʜ.); 
7. ʇʨʦʚʝʨʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʣʘʪʳ. 

 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ, ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ:  

1. ʇʘʷʣʴʥʠʢ ʠʣʠ ʧʘʷʣʴʥʘʷ ʩʪʘʥʮʠʷ; 
2. ʇʘʷʣʴʥʳʡ ʬʝʥ; 
3. ʇʨʠʧʦʡ; 

4. ʌʣʶʩ (ʦʣʦʚʦ); 
5. ʇʘʷʣʴʥʘʷ ʧʘʩʪʘ; 
6. ʃʝʥʪʘ ʜʣʷ ʚʳʧʦʡʢʠ; 
7. ʇʠʥʮʝʪ. 

 
ʆʧʨʝʜʝʣʝʥʠʷ: 
ʇʘʡʢʘ - ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ, ʧʨʠʤʝʥʷʝʤʘʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʥʝʨʘʟʲʸʤʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʝʪʘʣʝʡ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʫʪʸʤ ʚʚʝʜʝʥʠʷ 

ʤʝʞʜʫ ʵʪʠʤʠ ʜʝʪʘʣʷʤʠ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʨʠʧʦʷ), ʠʤʝʶʱʝʛʦ ʙʦʣʝʝ 
ʥʠʟʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ, ʯʝʤ ʤʘʪʝʨʠʘʣ (ʤʘʪʝʨʠʘʣʳ) ʩʦʝʜʠʥʷʝʤʳʭ 
ʜʝʪʘʣʝʡ.  

 
ɺʚʝʜʝʥʠʝ. 

https://inlnk.ru/AKd3z6
https://www.gorocket.ru/
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ʂʦʩʤʠʯʝʩʢʠʡ ʥʘʙʦʨ SiriusSat-3U ʦʩʥʦʚʘʥ ʥʘ ʧʣʘʪʬʦʨʤʝ CubeSat-3U. 
CubeSat-3U - ʵʪʦ ʫʯʝʙʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʥʘʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʀʭ 
ʧʨʦʚʦʜʷʪ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʘʧʧʘʨʘʪʳ, ʛʦʪʦʚʳʝ ʜʣʷ ʚʳʚʦʜʘ ʥʘ ʦʨʙʠʪʫ.  
ʅʘʙʦʨ ʚʢʣʶʯʘʝʪ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʙʨʘʪʴ 

ʩʦʙʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ.  
ʉʘʤʳʤʠ ʛʣʘʚʥʳʤʠ ʯʘʩʪʷʤʠ ʩʧʫʪʥʠʢʘ SiriusSat-3U ʷʚʣʷʶʪʩʷ: 

¶ ʉʠʩʪʝʤʳ ʵʥʝʨʛʦʧʠʪʘʥʠʷ (ɸʂɹ (ʙʣʦʢ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʙʘʪʘʨʝʡ), ʠ ʉʕʇ 
(ʩʠʩʪʝʤʘ ʵʥʝʨʛʦʧʠʪʘʥʠʷ)); 

¶ ʀʩʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ (ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʢʘʪʫʰʢʠ); 

¶ ʉʝʥʩʦʨʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʠ ʜʘʪʯʠʢʠ (ʉʯʸʪʯʠʢ ɻʝʡʛʝʨʘ); 

¶ ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ: ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ (ɹʋʉʆʉ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 
ʩʠʩʪʝʤʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ), ɹʋɿʄʋ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ 
ʵʣʝʢʪʨʦʥʠʢʦʡ, ʤʝʭʘʥʠʟʤʘʤʠ ʠ ʫʩʪʨʦʡʩʪʚʘʤʠ)) ʠ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ 

(SpaceLink, ɹʉ (ʙʣʦʢ ʩʚʷʟʠ), ʃʘʟʝʨʥʘʷ ʩʚʷʟʴ); 
 
ʈʘʩʩʤʦʪʨʠʤ ʧʣʘʪʫ ɹʋʉʆʉ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʠ 

ʩʪʘʙʠʣʠʟʘʮʠʠ):  
ɹʋʉʆʉ (ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩʠʩʪʝʤʘʤʠ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ). 
ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʝ ʩʠʩʪʝʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʩʪʨʦʝʥ ʥʘ ʙʘʟʝ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʚ ʩʚʷʟʢʝ ʩ IMU-ʤʦʜʫʣʝʤ, ʷʚʣʷʶʱʝʛʦʩʷ ʮʠʬʨʦʚʳʤ ʛʠʨʦʩʢʦʧʦʤ 
ʠ ʘʢʩʝʣʝʨʦʤʝʪʨʦʤ. ʂʨʦʤʝ ʩʝʥʩʦʨʘ ʧʦʣʦʞʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʧʣʘʪʝ 
ʫʩʪʘʥʦʚʣʝʥʘ ʤʠʢʨʦʩʭʝʤʘ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠ ʨʘʟʲʝʤʳ ʜʣʷ 

ʧʦʜʢʣʶʯʝʥʠʷ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ. 
ʉʧʠʩʦʢ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʤʦʥʪʘʞʘ:  
 

 
 

ʅʘ ʨʠʩʫʥʢʝ  1 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ʩʧʘʷʥʥʦʛʦ ʙʣʦʢʘ ɹʋʉʆʉ. 
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ʈʠʩ.1. 3D-ʤʦʜʝʣʴ ʩʧʘʷʥʥʦʛʦ ʙʣʦʢʘ ɹʋʉʆʉ 
 

ʊʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʠ ʧʘʡʢʝ.  
1) ʇʨʦʚʝʨʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʰʥʫʨʘ, ʰʪʝʧʩʝʣʴʥʦʡ ʚʠʣʢʠ ʠ ʨʦʟʝʪʢʠ.  
2) ʇʨʦʚʝʨʠʪʴ ʮʝʣʦʩʪʥʦʩʪʴ ʩʘʤʦʛʦ ʧʘʷʣʴʥʠʢʘ, ʥʘ ʥʘʣʠʯʠʝ ʧʦʚʨʝʞʜʝʥʠʡ 

ʠʟʦʣʷʮʠʠ.  
3) ɽʩʣʠ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʧʘʷʣʴʥʠʢʘ ʩʣʳʰʝʥ ʪʨʝʩʢ - ʥʝʤʝʜʣʝʥʥʦ ʚʳʢʣʶʯʘʡʪʝ 

ʝʛʦ.  
4) ʅʝ ʨʘʙʦʪʘʪʴ ʚ ʧʦʤʝʱʝʥʠʷʭ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʴʶ.  
5) ʅʝ ʨʘʙʦʪʘʪʴ ʚʣʘʞʥʳʤʠ ʨʫʢʘʤʠ.  
6) ʇʨʠ ʚʳʢʣʶʯʝʥʠʠ ʥʝ ʪʷʥʫʪʴ ʟʘ ʧʨʦʚʦʜ.  
7) ɼʝʨʞʘʪʴ ʧʘʷʣʴʥʠʢ ʪʦʣʴʢʦ ʟʘ ʨʫʯʢʫ, ʠʟʙʝʛʘʷ ʧʨʠʢʦʩʥʦʚʝʥʠʡ ʢ 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʯʘʩʪʷʤ (ʦʯʝʥʴ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ)  

8) ʈʘʙʦʪʘʪʴ ʪʦʣʴʢʦ ʚ ʧʨʦʚʝʪʨʠʚʘʝʤʦʤ ʧʦʤʝʱʝʥʠʠ.  
9) ʇʨʠ ʧʘʡʢʝ ʥʝ ʥʘʢʣʦʥʷʪʴʩʷ ʥʘʜ ʧʘʷʣʴʥʠʢʦʤ ʙʣʠʞʝ ʯʝʤ ʥʘ 20 ʩʤ. ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʧʦʧʘʜʘʥʠʷ ʙʨʳʟʛ ʦʣʦʚʘ ʠ ʛʦʨʷʯʠʭ ʧʘʨʦʚ ʚ ʛʣʘʟʘ.  
10) ʅʝ ʨʘʙʦʪʘʪʴ ʚʙʣʠʟʠ ʛʦʨʶʯʠʭ ʠ ʣʝʛʢʦʚʦʩʧʣʘʤʝʥʷʶʱʠʭʩʷ ʧʨʝʜʤʝʪʦʚ ʠ ʥʘ 

ʩʪʦʣʘʭ ʠʟ ʛʦʨʶʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʥʝʛʦʨʶʯʝʡ ʧʦʜʩʪʘʚʢʠ.  
11) ɺ ʧʝʨʝʨʳʚʘʭ ʤʝʞʜʫ ʨʘʙʦʪʦʡ ʩʪʘʚʠʪʴ ʧʘʷʣʴʥʠʢ ʪʦʣʴʢʦ ʥʘ ʧʦʜʩʪʘʚʢʫ.  
12) ʅʝ ʚ ʢʦʝʤ ʩʣʫʯʘʝ ʥʝ ʨʦʥʷʪʴ ʜʘʞʝ ʚʳʢʣʶʯʝʥʥʳʡ ʧʘʷʣʴʥʠʢ.  
13) ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʨʘʙʦʪʳ ʥʝ ʧʨʠʢʘʩʘʪʴʩʷ ʢ ʞʘʣʫ ʠ ʢʦʨʧʫʩʫ ʧʘʷʣʴʥʠʢʘ ʜʦ 

ʝʛʦ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ (15-30 ʤʠʥʫʪ). 
 
ʅʘʯʥʸʤ ʩ ʧʨʦʩʪʳʭ ʜʝʪʘʣʝʡ. ɼʣʷ ʠʭ ʩʧʘʡʢʠ ʠʩʧʦʣʴʟʫʝʤ ʨʝʘʢʮʠʦʥʥʦ-

ʬʣʶʩʦʚʫ  ʁʧʘʡʢʫ. 
ʈʝʘʢʮʠʦʥʥʦ-ʬʣʶʩʦʚʘʷ ʧʘʡʢʘ ʧʦʟʚʦʣʷʝʪ ʩʦʝʜʠʥʷʪʴ ʨʘʟʥʳʝ ʤʝʪʘʣʣʳ ʠ ʠʭ 

ʩʧʣʘʚʳ. ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʮʝʩʩʘ ʧʘʡʢʠ: ʇʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʚʘʝʪʩʷ ʬʣʶʩʦʤ. 
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ʇʨʦʛʨʝʚ ʞʘʣʦ ʧʘʷʣʴʥʠʢʘ ʜʦ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʥʘʯʠʥʘʝʤ ʧʨʠʢʣʘʜʳʚʘʪʴ ʦʣʦʚʦ 
ʠ ʩʧʘʠʚʘʪʴ ʠʭ ʧʘʷʣʴʥʠʢʦʤ. 
ʏʪʦʙʳ ʧʨʠʧʘʷʪʴ ʩʣʦʞʥʳʝ ʵʣʝʤʝʥʪʳ (ʵʣʝʤʝʥʪʳ, ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʪʨʸʭ ʥʦʞʝʢ): 

ʩʥʘʯʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʝʤ ʢʦʤʧʦʥʝʥʪ ʠ ʬʠʢʩʠʨʫʝʤ, ʢʘʢ ʫʢʘʟʘʥʦ ʥʘ ʤʦʥʪʘʞʥʦʡ 
ʩʭʝʤʝ, ʟʘʪʝʤ ʧʦʣʴʟʫʝʤʩʷ ʪʘʢʠʤ ʞʝ ʚʠʜʦʤ ʧʘʡʢʠ, ʯʪʦ ʠ ʩ ʧʨʦʩʪʳʤʠ ʜʝʪʘʣʷʤʠ.  
ʏʪʦʙʳ ʧʨʠʧʘʷʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʵʣʝʤʝʥʪʳ, ʥʫʞʥʦ ʥʘʥʝʩʪʠ ʧʘʷʣʴʥʫʶ ʧʘʩʪʫ 

ʥʘ ʤʝʩʪʦ, ʛʜʝ ʜʦʣʞʝʥ ʥʘʭʦʜʠʪʴʩʷ ʢʦʤʧʦʥʝʥʪ, ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʢʦʤʧʦʥʝʥʪ ʠ ʥʘʛʨʝʪʴ 
ʝʛʦ ʧʘʷʣʴʥʳʤ ʬʝʥʦʤ. 
ɼʘʣʝʝ ʥʫʞʥʦ ʧʨʠʧʘʷʪʴ ʧʨʦʯʠʝ ʵʣʝʤʝʥʪʳ (ʜʘʪʯʠʢʠ ʠ ʪ. ʜ.). ɻʣʘʚʥʦʝ ʚ ʪʘʢʠʝ 

ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʩʦʛʣʘʩʥʦ ʩ ʤʘʨʢʠʨʦʚʢʦʡ. ɸ ʜʘʣʴʰʝ ʠʩʧʦʣʴʟʫʝʤ 
ʨʝʘʢʮʠʦʥʥʦ-ʬʣʶʩʦʚʳʡ ʚʠʜ ʧʘʡʢʠ. 

 
ɿʘʢʣʶʯʝʥʠʝ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʛʦʪʦʚʘʷ ʧʣʘʪʘ (ʨʠʩ.2). ʇʨʠ ʧʦʜʘʯʝ ʧʠʪʘʥʠʷ 

ʧʣʘʪʘ ʧʦʢʘʟʘʣʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 
 

 
 

ʈʠʩ.2. ɻʦʪʦʚʘʷ ʧʣʘʪʘ 
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ʇʆʃɽɿʅɸʗ ʅɸɻʈʋɿʂɸ ʉʊʈɸʊʆʉʌɽʈʅʆɻʆ ʉʇʋʊʅʀʂɸ  
ʌʆʈʄɸʊɸ CUBESAT 
ʃʘʪʳʰʝʚ ʅʠʢʦʣʘʡ 

ʄɸʆʋ çɿʦʥʘʣʴʥʝʥʩʢʘʷ ʉʆʐè 9 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢ 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʩʪʶʯʝʥʢʦ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 
ʪʴʶʪʦʨ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 

 
ʂʦʤʘʥʜʘ ʜʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè ʚʪʦʨʦʡ ʛʦʜ ʫʯʘʩʪʚʫʝʪ ʚ 

ʧʨʦʝʢʪʝ çʈʦʡ ʥʘʥʦʩʧʫʪʥʠʢʦʚè, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʈʦʩʢʦʩʤʦʩʦʤ ʧʨʠ ʫʯʘʩʪʠʠ 
ʚʝʜʫʱʠʭ ʦʨʛʘʥʠʟʘʮʠʡ ʠ ɺʋɿʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʩʧʫʪʥʠʢʦʩʪʨʦʝʥʠʝʤ. ʇʝʨʚʳʡ ʵʪʘʧ 

ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʘʢʝʪʘ ʩʧʫʪʥʠʢʘ ʬʦʨʤʘʪʘ CubeSat 
ʜʣʷ ʨʦʷ ʩʧʫʪʥʠʢʦʚ, ʢʦʪʦʨʳʡ ʙʳʣ ʫʩʧʝʰʥʦ ʨʝʘʣʠʟʦʚʘʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʦʨʛʘʥʠʟʘʮʠʠ-ʨʘʟʨʘʙʦʪʯʠʢʠ ʩʧʫʪʥʠʢʦʚ ʚ ʩʦʩʪʘʚʝ ʨʦʷ ʟʘʥʠʤʘʶʪʩʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʩʠʩʪʝʤ ʩʧʫʪʥʠʢʦʚ. ʏʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 
ʢʦʤʘʥʜʳ ʰʢʦʣʴʥʠʢʦʚ ʙʫʜʫʪ ʧʦʜʢʣʶʯʝʥʳ ʢ ʵʪʦʤʫ ʧʨʦʮʝʩʩʫ. ʂʘʢ ʵʪʘʧ ʧʦʜʛʦʪʦʚʢʠ 
- ʟʘʧʫʩʢ ʩʧʫʪʥʠʢʘ ʚ ʩʪʨʘʪʦʩʬʝʨʫ ʜʣʷ ʦʪʨʘʙʦʪʢʠ ʝʛʦ ʩʠʩʪʝʤ ʠ ʩʧʦʩʦʙʦʚ ʫʧʨʘʚʣʝʥʠʷ 
ʩʧʫʪʥʠʢʦʤ. 

CubeSat ð ʵʪʦ ʬʦʨʤʘʪ ʤʘʣʳʭ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʩʧʫʪʥʠʢʦʚ ɿʝʤʣʠ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʩʤʦʩʘ. ʉʧʫʪʥʠʢʠ ʬʦʨʤʘʪʘ CubeSat ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 
ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʩʨʝʜʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ. 

ʇʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʧʫʪʥʠʢʘ,  ð 
ʵʪʦ ʪʠʧ ʧʦʣʝʟʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʜʠ ʢʦʪʦʨʦʛʦ ʩʦʟʜʘʝʪʩʷ ʜʘʥʥʳʡ ʢʦʩʤʠʯʝʩʢʠʡ 
ʘʧʧʘʨʘʪ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʇʝʨʝʜ ʟʘʧʫʩʢʦʤ ʩʧʫʪʥʠʢʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʘʜʘʯʠ, ʢʦʪʦʨʳʝ 
ʥʝʦʙʭʦʜʠʤʦ ʨʝʘʣʠʟʦʚʘʪʴ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʸʪʘ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ, ʠ 
ʨʝʘʣʠʟʫʶʪʩʷ ʦʥʠ ʠʤʝʥʥʦ ʩ ʧʦʤʦʱʴʶ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʜʣʷ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ 
ʩʧʫʪʥʠʢʘ. 
 ʀʩʭʦʜʷ ʠʟ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʟʘʜʘʯʠ:  

1. ʆʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 
2. ʉʙʦʨʢʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. 
3. ʋʩʪʘʥʦʚʢʘ ʥʘ ʩʧʫʪʥʠʢ. 

 
ʉ ʙʦʣʴʰʦʡ ʠʥʠʮʠʘʪʠʚʦʡ ʙʳʣʦ ʧʨʠʥʷʪʦ ʧʨʝʜʣʦʞʝʥʠʝ ʦʪ ʀʥʩʪʠʪʫʪʘ ʦʧʪʠʢʠ 

ʘʪʤʦʩʬʝʨʳ ʉʆ ʈɸʅ ʧʨʦʚʝʩʪʠ ʩʦʚʤʝʩʪʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʦʩʢʦʣʴʢʫ ʫ ʠʥʩʪʠʪʫʪʘ 
ʥʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʟʘʧʫʩʪʠʪʴ ʩʧʫʪʥʠʢ ʚ ʩʪʨʘʪʦʩʬʝʨʫ, ʪʦ ʜʘʥʥʳʡ ʧʨʦʝʢʪ ʧʦʤʦʞʝʪ 
ʵʪʦ ʨʝʘʣʠʟʦʚʘʪʴ: ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʙʳʣ ʚʳʙʨʘʥ ʩʧʝʮʠʘʣʴʥʳʡ 
ʜʘʪʯʠʢ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʩʦʩʪʘʚʘ ʠ ʨʘʟʤʝʨʦʚ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʟʦʥʝ 
ʧʦʣʝʪʘ ʩʧʫʪʥʠʢʘ (ʩʪʨʘʪʦʩʬʝʨʘ).  

https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%81%D0%BC%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%B0%D0%BF%D0%BF%D0%B0%D1%80%D0%B0%D1%82
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ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʘʨʦʤʝʪʨ, ʜʘʪʯʠʢ, 
ʚʣʘʞʥʦʩʪʠ, ʘʙʩʦʣʶʪʥʦʡ ʚʳʩʦʪʳ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ ʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʛʠʨʦʩʢʦʧ ʠ 
ʘʢʩʝʣʝʨʦʤʝʪʨ. ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʙʦʨʘ 
ʜʘʥʥʳʭ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʘʥʘʣʠʟʘ ʧʦʩʣʝ ʧʨʠʟʝʤʣʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʷ ʥʝʙʦʣʴʰʠʭ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʦ ʚʨʝʤʷ ʧʦʣʝʪʘ.  

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʜʘʪʯʠʢ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ BME280. ɼʘʪʯʠʢ 

ʠʟʤʝʨʷʝʪ ʚʣʘʞʥʦʩʪʴ, ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʳʩʦʪʫ. 
  
 
 

 
 
 
 

 
 

 
ʈʠʩʫʥʦʢ 1. ɼʘʪʯʠʢ BME280 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ BME280:  

ʀʥʪʝʨʬʝʡʩ: SPI, I2C; 
ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ: 3.3ɺ; 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʜʘʚʣʝʥʠʷ: 300-1100hPa; 
ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ: -40 - +85 ÁC; 
ɼʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʡ ʚʣʘʞʥʦʩʪʠ: 0 - 100 %. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʠʨʦʩʢʦʧ ʠ ʘʢʩʝʣʝʨʦʤʝʪʨ MPU6050. ɻʠʨʦʩʢʦʧ 
ʠʟʤʝʨʷʝʪ ʫʛʣʦʚʫʶ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 3-ʭ ʦʩʝʡ, ʘʢʩʝʣʝʨʦʤʝʪʨ 
ʠʟʤʝʨʷʝʪ ʫʩʢʦʨʝʥʠʝ ʚʜʦʣʴ 3-ʭ ʦʩʝʡ. 
 
 

 
 
 
 
 
 
 
 

ʈʠʩʫʥʦʢ 2. ɼʘʪʯʠʢ MPU6050 
 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʘʪʯʠʢʘ MPU6050: 
ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ: ʦʪ 3,5 ʜʦ 6 ɺ; 
ʇʦʪʨʝʙʣʷʝʤʳʡ ʪʦʢ: 500 ʤʢɸ; 
ʜʠʘʧʘʟʦʥ: Ñ 2, 4, 8, 16g; 
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ʠʥʪʝʨʬʝʡʩ: I2C. 
ʇʨʠ ʟʘʧʫʩʢʝ ʩʧʫʪʥʠʢʘ ʫʢʘʟʘʥʥʘʷ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ ʧʦʟʚʦʣʠʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ 

ʨʝʘʣʠʟʦʚʘʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʟʘʧʫʩʢʘ. ʆʧʳʪ 
ʪʘʢʦʛʦ ʟʘʧʫʩʢʘ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʠʪʴ ʝʛʦ ʚ ʫʩʣʦʚʠʷʭ ʦʪʢʨʳʪʦʛʦ ʢʦʩʤʦʩʘ. 

ʉʆʃʅɽʏʅʓɽ ɹɸʊɸʈɽʀ ɼʃʗ ʉʇʋʊʅʀʂʆɺ CUBESAT  
ʀ ʀʍ ɺʆɿʄʆɾʅʆʉʊʀ 

ʃʝʧʝʥʜʠʥ ʄʠʭʘʠʣ 
ʄɸʆʋ çɻʠʤʥʘʟʠʷ ˉ 13è, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʩʪʶʯʝʥʢʦ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʥʘ, ʢ.ʪ.ʥ, ʜʦʮʝʥʪ, 
ʪʴʶʪʦʨ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè ʛ. ʊʦʤʩʢ 

 
ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ð ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʥʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʘʭ: ʦʥʠ ʨʘʙʦʪʘʶʪ ʜʦʣʛʦʝ ʚʨʝʤʷ 
ʙʝʟ ʨʘʩʭʦʜʘ ʢʘʢʠʭ-ʣʠʙʦ ʤʘʪʝʨʠʘʣʦʚ, ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʵʢʦʣʦʛʠʯʝʩʢʠ 
ʙʝʟʦʧʘʩʥʳʤʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʷʜʝʨʥʳʭ ʠ ʨʘʜʠʦʠʟʦʪʦʧʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ. 
ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʦʨʘʭ ʩʧʫʪʥʠʢʦʚ ʢʘʢ IntroSat, 
SiriusSat-3U, OrbiCraft, TableSat ʠ ʜʨ. 

ʅʝʤʥʦʛʦ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʆʜʥʘ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ 
ʦʙʳʯʥʦ ʩʦʜʝʨʞʠʪ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ ʢʨʘʪʥʦ 12, ʘ ʠʤʝʥʥʦ: 12, 24, 36, 48, 60 
ʠʣʠ 72 ʩʦʣʥʝʯʥʳʭ ʵʣʝʤʝʥʪʘ. ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʦʜʥʦʡ ʪʘʢʦʡ ʧʘʥʝʣʠ ʦʙʳʯʥʦ 

ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 350 ʚʘʪʪ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʤʝʨ ʠ ʚʝʩ ʧʘʥʝʣʠ ʪʝʤ 
ʙʦʣʴʰʝ, ʯʝʤ ʙʦʣʴʰʝ ʝʝ ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʝʘʣʴʥʳʡ 
ʂʇɼ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʜʦʩʪʫʧʥʳʭ ʰʠʨʦʢʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ, ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 
ʦʪ 17 ʜʦ 23%. ɽʩʪʴ ʦʪʜʝʣʴʥʳʝ ʵʢʟʝʤʧʣʷʨʳ, ʜʝʢʣʘʨʠʨʫʶʱʠʝ ʂʇɼ ʜʦ 24%, ʥʦ ʵʪʦ 
ʩʢʦʨʝʝ ʠʩʢʣʶʯʝʥʠʷ ʠ ʧʨʝʫʚʝʣʠʯʝʥʠʷ. ʃʘʙʦʨʘʪʦʨʠʠ ʧʦ ʚʩʝʤʫ ʤʠʨʫ ʩʪʨʝʤʷʪʩʷ 
ʨʘʟʨʘʙʦʪʘʪʴ ʩʦʣʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʂʇɼ ʢʦʪʦʨʳʭ ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʟʠʣʩʷ ʢ 30% - 
ʵʪʦ ʙʳʣʦ ʙʳ ʦʯʝʥʴ ʭʦʨʦʰʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ ʜʘʥʥʦʛʦ ʪʠʧʘ. 
ʉʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʙʘʟʝ ʢʨʝʤʥʠʷ, ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʧʨʦʚʝʨʝʥʳ ʚʨʝʤʝʥʝʤ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘʜʝʞʥʦʩʪʴʶ ʠ 
ʙʝʟʦʧʘʩʥʦʩʪʴʶ, ʢʦʤʧʘʢʪʥʦʩʪʴʶ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ. ʉʨʦʢ ʠʭ 
ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʭʦʜʠʪ ʜʦ 30 ʣʝʪ ʠ ʜʘʞʝ ʧʨʝʚʳʰʘʝʪ. ʂʨʝʤʥʠʝʚʳʝ 
ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʩʦ ʚʨʝʤʝʥʝʤ ʜʝʛʨʘʜʠʨʫʶʪ, ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 
ʩʥʠʞʝʥʠʠ ʧʦʣʫʯʘʝʤʦʡ ʧʨʠ ʧʦʣʥʦʤ ʦʩʚʝʱʝʥʠʠ ʤʦʱʥʦʩʪʠ ʧʨʠʤʝʨʥʦ ʥʘ 10% ʦʪ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʦʤʠʥʘʣʘ ʟʘ ʢʘʞʜʳʝ 10 ʣʝʪ ʘʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʂʦʥʩʪʨʫʢʮʠʷ ʢʘʨʢʘʩʦʚ ʧʘʥʝʣʝʡ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʠʤʝʝʪ ʦʨʠʛʠʥʘʣʴʥʫʶ 
çʧʦʣʫʞʝʩʪʢʫʶè ʩʭʝʤʫ: ʩʠʣʦʚʘʷ ʨʘʤʘ ʢʘʨʢʘʩʘ ʚʳʧʦʣʥʝʥʘ ʠʟ ʢʦʤʧʦʟʠʪʥʳʭ 

ʚʳʩʦʢʦʤʦʜʫʣʴʥʳʭ ʫʛʣʝʧʣʘʩʪʠʢʦʚʳʭ ʪʨʫʙ ʩʦ ʩʪʨʫʥʥʦʡ ʧʦʜʣʦʞʢʦʡ ʠʟ 
ʨʘʟʤʝʨʦʩʪʘʙʠʣʴʥʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʰʥʫʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝ ʪʦʣʴʢʦ 
ʚʳʩʦʢʠʝ ʫʜʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʤʘʩʩʝ (ʜʦ 1,5 ʢʛ/ʤ2), ʥʦ ʠ ʫʚʝʣʠʯʠʪʴ ʂʇɼ 
ʬʦʪʦʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʧʦʚʳʩʠʪʴ ʠʭ 
ʟʘʱʠʪʫ ʦʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ.  

http://electrik.info/main/school/1533-chto-takoe-koefficient-poleznogo-deystviya.html
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ʅʘʧʨʠʤʝʨ, ʚ ʢʦʥʩʪʨʫʢʪʦʨʝ CubeSat çèOrbiCraft-Pro" ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʨʘʟʫ 
ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ: ʢʨʝʤʥʝʚʘʷ ʙʦʢʦʚʘʷ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ SXC-
SSS-03, ʢʨʝʤʥʝʚʘʷ ʪʦʨʮʝʚʘʷ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ SXC-SSE-03, GaAS ʙʦʢʦʚʘʷ 
ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ  ʠ GaAS ʪʦʨʮʝʚʘʷ ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ SXC-SGE-03. 

 
 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʧʘʨʘʤʝʪʨʳ: 
ʇʘʨʘʤʝʪʨʳ 

 SXC-SSS-03 SXC-SSE-03 GaAS SXC-
SGS-03 

GaAS SXC-
SGE-03 

ʈʘʟʤʝʨ 98³82.6³8.6 ʤʤ 

(ʪʦʣʱʠʥʘ 1.7 ʤʤ 
ʙʝʟ ʨʘʟʲʝʤʘ)  

98³98³8.6 ʤʤ 

 (ʪʦʣʱʠʥʘ 1.7 ʤʤ 
ʙʝʟ ʨʘʟʲʝʤʘ)  

98³82.6³8.6 ʤʤ 

(ʪʦʣʱʠʥʘ 1.7 ʤʤ 
ʙʝʟ ʨʘʟʲʝʤʘ)  

98³88³8.6 ʤʤ 

(ʪʦʣʱʠʥʘ 1.7 ʤʤ 
ʙʝʟ ʨʘʟʲʝʤʘ)  

ɺʝʩ 32 ʛʨʘʤʤʘ  32 ʛʨʘʤʤʘ  30 ʛʨʘʤʤ (34 

ʛʨʘʤʤʘ ʩ 

ʧʦʢʨʳʪʠʝʤ)  

32 ʛʨʘʤʤʘ  

ʀʥʪʝʨʬʝʡʩ Hirose GT8E 

ʨʘʟʲʝʤʳ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ  

Hirose GT8E 

ʨʘʟʲʝʤʳ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ  

Hirose GT8E 

ʨʘʟʲʝʤʳ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ  

Hirose GT8E 

ʨʘʟʲʝʤʳ, 

ʤʘʩʰʪʘʙʠʨʫʝʤʳʝ  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʊʠʧ ʵʣʝʤʝʥʪʘ  Si (ʢʨʝʤʥʠʡ)  Si (ʢʨʝʤʥʠʡ)  GaInP/GaAs/Ge 

ʥʘ Ge ʧʦʜʣʦʞʢʝ  

GaInP/GaAs/Ge 

ʥʘ Ge ʧʦʜʣʦʞʢʝ  

ʅʘʧʨʷʞʝʥʠʝ 

ʦʪʢʨʳʪʦʡ ʮʝʧʠ 

(Voc)  

5.4 ɺ  5.4 ɺ  5.3 ɺ  5.3 ɺ  

ʊʦʢ ʢʦʨʦʪʢʦʛʦ 

ʟʘʤʳʢʘʥʠʷ 

(Isc)  

330 ʤA  300 ʤA  500 ʤA  500 ʤA  

ʅʘʧʨʷʞʝʥʠʝ 

ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ 

(Vmp)  

4.4 ɺ  4.4 ɺ  4.7 ɺ  4.7 ɺ  

ʊʦʢ ʧʨʠ 

ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ 

(Imp)  

280 ʤA  250 ʤA  480 ʤA  480 ʤA  

ʂʇɼ  18%  18%  28%  28%  

ʕʢʚʠʚʘʣʝʥʪʥʘʷ 

ʧʣʦʱʘʜʴ 

ʢʘʪʫʰʢʠ  

1.9 ʤ2 (ʪʠʧʦʚʦʡ 

ʨʘʟʤʝʨ)  

1.9 ʤ2 (ʪʠʧʦʚʦʡ 

ʨʘʟʤʝʨ)  

1.9 ʤ2 (ʪʠʧʦʚʦʡ 

ʨʘʟʤʝʨ)  

1.9 ʤ2 (ʪʠʧʦʚʦʡ 

ʨʘʟʤʝʨ)  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʘʪʫʰʢʠ  

200 ʆʤ  200 ʆʤ  200 ʆʤ  200 ʆʤ  

ɺ ʢʦʥʩʪʨʫʢʪʦʨʝ SiriusSat-3U ʠʤʝʶʪʩʷ 8 ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ ʥʘ ʢʨʝʤʥʠʠ. 
ɼʚʘ ʙʣʦʢʘ ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʚʢʣʶʯʘʶʪʩʷ ʠ ʟʘʨʷʞʘʶʪʩʷ ʦʪ ʩʦʣʥʝʯʥʳʭ ʧʘʥʝʣʝʡ 
ʧʦʧʝʨʝʤʝʥʥʦ. ʅʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ ~ 3,1 ɺ.  

ɺ ʢʦʥʩʪʨʫʢʪʦʨʝ IntroSat-1U ʠʤʝʝʪʩʷ 1 ʩʦʣʥʝʯʥʘʷ ʧʘʥʝʣʴ, ʩʣʫʞʘʱʘʷ ʜʣʷ 
ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʉʦʣʥʮʫ. ʆʥʘ ʥʝ ʧʠʪʘʝʪ ʜʝʪʘʣʠ ʠ ʩʦʟʜʘʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʦʙʫʯʘʶʱʠʭ ʮʝʣʷʭ. ʀʤʝʝʪ ʨʘʟʤʝʨ 70³55³2 ʤʤ. 
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ɺʳʚʦʜ: ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ - ɻ ʪʦ ʫʥʠʢʘʣʴʥʳʡ ʠ ʫʜʦʙʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, 
ʠʩʧʦʣʴʟʫʝʤʳʡ ʢʘʢ ʥʘ ɿʝʤʣʝ, ʪʘʢ ʠ ʚ ʢʦʩʤʦʩʝ. ʕʪʦʪ ʠʩʪʦʯʥʠʢ ʷʚʣʷʝʪʩʷ 
ʥʝʠʩʯʝʨʧʘʝʤʳʤ ʧʦ ʤʝʨʢʘʤ ʞʠʟʥʠ ʣʶʜʝʡ ʠ ʝʩʣʠ ʧʨʦʜʦʣʞʘʪʴ ʫʣʫʯʰʘʪʴ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ, ʪʦ ʤʳ ʩʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʦʯʝʥʴ 
ʧʨʦʜʫʢʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ. ʊʘʢʞʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤʳ 
ʩʧʫʪʥʠʢʘʤ ʠ ʤʠʢʨʦʩʧʫʪʥʠʢʘʤ ʜʣʷ ʧʠʪʘʥʠʷ ʤʦʜʫʣʝʡ. ʉʫʱʝʩʪʚʫʶʪ ʜʘʞʝ ʩʠʩʪʝʤʳ 

ʦʨʠʝʥʪʘʮʠʠ ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ ʜʣʷ ʥʘʚʝʜʝʥʠʷ ʠʭ ʥʘ ʉʦʣʥʮʝ. 
ʀʅʊɽʈɸʂʊʀɺʅɸʗ ʂɸʈʊɸ ɼʀʅɸʄʀʂʀ ʋʈʆɾɸʁʅʆʉʊʀ ʇʆʃɽʁ 

 
ɹʦʛʜʘʥ ʐʫʚʘʣʦʚ, ʂʠʨʠʣʣ ʃʠʧʘʪʦʚ, ʋʣʴʷʥʘ ʅʝʧʨʷʭʠʥʘ 

ʄɹʆʋ ɹʘʢʯʘʨʩʢʘʷ ʉʆʐ, 7ɸ ʢʣʘʩʩ 
ʄɹʆʋ ʂʘʨʛʘʩʦʢʩʢʘʷ ʉʆʐ-ʠʥʪʝʨʥʘʪ ˉ 1,, 8ɺ ʢʣʘʩʩ 
ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ ñʂʚʘʥʪʦʨʠʫʤò, ʛ. ʊʦʤʩʢ 

 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʎʦʡ ɸʣʝʢʩʘʥʜʨ ɸʥʜʨʝʝʚʠʯ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè,  ʛ. ʊʦʤʩʢ 

 
ʎʝʣʴ: 
ʉʦʟʜʘʥʠʝ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʘʨʪʳ ʭʨʦʥʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʧʣʦʱʘʜʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʡ ʩʝʚʝʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʚ ɹʘʢʯʘʨʩʢʦʤ 
ʨʘʡʦʥʝ ʥʘ ʧʝʨʠʦʜ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʚʝʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʚ 
ʨʝʛʠʦʥʝ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʘʚʪʦʨʩʢʦʡ ʚʝʙ-ʛʠʩ ʜʣʷ ʨʝʰʝʥʠʷ 

ʧʨʠʢʣʘʜʥʦʡ ʟʘʜʘʯʠ.  
 
ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ:  
ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ - ʵʣʝʢʪʨʦʥʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʠʩʪʦʯʥʠʢ, ʢʦʪʦʨʳʡ ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʧʦʣʝʡ ʚ ʦʪʨʝʟʢʝ 
ʧʦʩʣʝʜʥʠʭ ʪʨʸʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚʨʝʤʝʥʠ. 

ʆʨʪʦʬʦʪʦʧʣʘʥ - ʝʜʠʥʳʡ ʬʦʪʦʛʨʘʬʠʯʝʩʢʠʡ ʧʣʘʥ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, 
ʩʰʠʪʳʡ ʥʝʩʢʦʣʴʢʠʭ ʩʥʠʤʢʦʚ, ʩʦʟʜʘʥʥʳʭ ʧʨʠ ʧʦʤʦʱʠ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʩ ʧʨʠʚʷʟʢʦʡ ʢ ʢʦʦʨʜʠʥʘʪʘʤ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʸʥ ʧʨʠʤʝʨ 
ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʫʯʘʩʪʢʘ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʝʡ.  
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ʈʠʩ. 1. ʆʨʪʦʬʦʪʦʧʣʘʥ ʫʯʘʩʪʢʘ ʧʦʣʝʡ 

ʇʨʠʤʝʥʝʥʠʝ:  
ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʤʝʥʝʥʠʷ ʧʦʣʝʡ ɹʘʢʯʘʨʩʢʦʛʦ 

ʩʘʜʦʚʦʜʩʪʚʘ ʚʦ ʚʨʝʤʝʥʠ ʩʦʟʜʘʸʪʩʷ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ 
ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʜʦʚ, ʧʣʦʱʘʜʠ, ʦʙʲʸʤʦʚ ʠ ʛʦʜʦʚ ʧʦʩʘʜʢʠ, ʘ ʪʘʢʞʝ 

ʥʘʟʥʘʯʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʘʢʪʫʘʣʴʥʳʭ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 
ʟʘʜʘʯʘʭ.  

ɿʘʜʘʯʠ: 
1. ʇʨʦʚʝʩʪʠ ʘʵʨʦʬʦʪʦʩʲʸʤʢʫ ʧʦʣʝʡ ʆʧʦʨʥʦʛʦ ʧʫʥʢʪʘ ɹʘʢʯʘʨʩʢʦʛʦ 

ʩʘʜʦʚʦʜʩʪʚʘ [1]; 
2. ʀʟʫʯʠʪʴ ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦ ʥʳʥʝʰʥʠʭ ʧʣʦʱʘʜʷʭ ʠ ʩʦʜʝʨʞʘʥʠʠ 

ʢʫʣʴʪʫʨ ʥʘ ʧʦʣʷʭ (ʨʠʩ. 2 ʠ 3); 
3. ʆʧʠʨʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʩʦʟʜʘʪʴ ʭʨʦʥʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ 

ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʜʦʚ ʩʝʚʝʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʟʘ ʧʨʦʰʝʜʰʠʝ 
ʜʝʩʷʪʠʣʝʪʠʷ; 

4. ʇʦʚʳʩʠʪʴ ʠʥʪʝʨʝʩ ʢ ʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʩʝʚʝʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʚ 
ɹʘʢʯʘʨʩʢʦʤ ʨʘʡʦʥʝ; 

5. ʉʦʟʜʘʪʴ ʦʙʱʝʜʦʩʪʫʧʥʳʡ ʧʦʣʝʟʥʳʡ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʧʦ 
ʩʘʜʦʚʦʜʩʪʚʫ ʚ ʩʝʚʝʨʥʳʭ ʰʠʨʦʪʘʭ (ɹʘʢʯʘʨʩʢʠʡ ʨʘʡʦʥ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ). 

ʆʙʦʨʫʜʦʚʘʥʠʝ, ʤʘʪʝʨʠʘʣʳ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, 
ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʭʦʜʝ ʜʝʷʪʝʣʴʥʦʩʪʠ:  

1. ɼʨʦʥ DJI Mavic 2 Pro ʜʣʷ ʩʲʸʤʢʠ ʧʦʣʝʡ; 
2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Agisoft Metashape ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʦʨʪʦʬʦʪʦʧʣʘʥʘ ʤʝʩʪʥʦʩʪʠ;  
3. ɹʫʤʘʞʥʳʝ ʘʨʭʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʢʘʪʘʣʦʛʠ ʧʦʩʘʜʦʢ ʢʫʣʴʪʫʨ ʟʘ 1930-50-ʝ 

ʛʦʜʳ ʠ ʩʦʚʨʝʤʝʥʥʘʷ ʢʘʨʪʘ ʧʦʣʷ ʜʣʷ ʘʥʘʣʠʟʘ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ. 
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4. ʀʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ ʜʣʷ çʍʨʦʥʦʢʦʥè ʜʣʷ ʩʦʟʜʘʥʠʷ ʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʚʝʙ-
ɻʀʉ (ʮʠʬʨʦʚʦʡ ʠʥʪʝʨʘʢʪʠʚʥʦʡ ʢʘʨʪʳ). 

 
ʈʠʩ 2. ʉʪʨʘʥʠʮʘ ɸʨʭʠʚʘ ʩʦʨʪʦʚ ɹʘʢʯʘʨʩʢʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʟʘ 1949 ʛ.  

 
ʈʠʩ. 3. ɹʫʤʘʞʥʘʷ ʢʘʨʪʘ ʩʦʩʪʦʷʥʠʷ ʧʦʣʝʡ ʟʘ ʦʩʝʥʴ 2021 ʛʦʜʘ 

 
ʆʙʟʦʨ ʘʥʘʣʦʛʦʚ:  
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ʉʫʱʝʩʪʚʫʶʪ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ (Farmobile Notes, 
FieldAlytics Explorer, One Soil ʠ ʜʨʫʛʠʝ) [2]. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʦʪʨʘʞʘʝʪ ʦʜʥʠ ʠ ʪʝ 
ʞʝ ʜʘʥʥʳʝ: ʧʣʦʱʘʜʴ ʫʯʘʩʪʢʦʚ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʫʣʴʪʫʨʫ, ʚʝʣʠʯʠʥʫ ʠ 
ʩʦʩʪʦʷʥʠʝ ʧʦʩʝʚʦʚ. ʆʜʥʘʢʦ ʦʥʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʜʦʩʪʫʧ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 
ʢʦʥʢʨʝʪʥʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʶ, ʥʘʧʨʠʤʝʨ, ʦʙʣʘʜʘʪʝʣʶ ʬʝʨʤʝʨʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʘ ʥʝ 
ʷʚʣʷʶʪʩʷ ʧʫʙʣʠʯʥʳʤʠ.  

 
ʋʥʠʢʘʣʴʥʦʩʪʴ: 
ʕʪʘ ʢʘʨʪʘ ʥʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʪʦʙʨʘʞʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ. ʆʜʥʘʢʦ, ʨʝʩʫʨʩ ʩʦʜʝʨʞʠʪ ʘʨʭʠʚʘʮʠʶ ʜʘʥʥʳʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 
ʧʨʦʩʣʝʜʠʪʴ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʣʝʢʪʠʨʦʚʘʥʥʳʭ ʟʜʝʩʴ ʚʠʜʦʚ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷʪʢʦʚ ʣʝʪ. ʇʨʠ ʦʪʢʨʳʪʦʩʪʠ ʢ ʧʫʙʣʠʯʥʦʤʫ ʧʦʣʴʟʦʚʘʥʠʶ ʵʪʦ ʜʘʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʜʝʷʪʝʣʴʥʦʩʪʴ ʩʝʚʝʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ ʠ ʧʨʦʚʦʜʠʪʴ 
ʤʦʥʠʪʦʨʠʥʛ ʝʛʦ ʨʘʟʚʠʪʠʷ [3]. 

 

 
ʈʠʩ. 4. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ 

 

ɿʘʢʣʶʯʝʥʠʝ ʠ ʠʪʦʛʠ ʨʘʙʦʪʳ: 
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ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʦʟʜʘʥʘ ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʠʟʤʝʥʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʦʣʝʡ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʢʘʨʪʝ ʦʪʦʙʨʘʞʝʥ ʩʨʝʟ ʚʨʝʤʝʥʠ (ʨʠʩ. 4) [4]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ 
ʝʸ ʰʠʨʦʢʦʝ ʧʫʙʣʠʯʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. ʅʘ ʢʘʨʪʝ ʦʪʦʙʨʘʞʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʝʡ ʧʝʨʠʦʜʦʤ ʚ 24 ʛʦʜʘ ʩ 1997 ʧʦ 2021 ʛʛ. ʠ ʧʣʘʥʠʨʫʝʪʩʷ 
ʧʨʦʜʦʣʞʘʪʴ ʚʦʩʧʦʣʥʝʥʠʝ ʜʘʥʥʳʭ ʧʦ ʚʦʟʤʦʞʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʥʘ ʧʝʨʠʦʜ ʩ 
ʦʩʥʦʚʘʥʠʷ ʩʘʜʦʚʦʜʩʪʚʘ ʚ 1934 ʛʦʜʫ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʘʢʯʘʨʩʢʠʡ ʦʧʦʨʥʳʡ ʧʫʥʢʪ ʩʝʚʝʨʥʦʛʦ ʩʘʜʦʚʦʜʩʪʚʘ: ʵʪʘʧʳ 
ʙʦʣʴʰʦʛʦ ʧʫʪʠ. 

2. 10 ʥʦʚʳʭ ʤʦʙʠʣʴʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ 
3. ʃʦʥʛʨʠʜ ʧʨʦʝʢʪʘ ʧʦ ʢʘʨʪʝ ʫʨʦʞʘʡʥʦʩʪʠ ʧʦʣʝʡ 
4. ʀʥʪʝʨʘʢʪʠʚʥʘʷ ʢʘʨʪʘ ʧʦʣʝʡ ʚ ɹʘʢʯʘʨʝ 

 

 
ɺʀʈʊʋɸʃʔʅʓʁ ʄʋɿɽʁ ʊʆʄʉʂʆɻʆ ʇʈʀɹʆʈʅʆɻʆ ɿɸɺʆɼɸ 

ʄʘʜʶʞʠʥʘ ʃʠʣʠʷ, ʄʫʟʳʢʘʥʪʦʚ ɼʤʠʪʨʠʡ, ʂʦʩʪʝʚʠʯ ʃʝʚ 

ɸʅʆ ɼʆ ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 
 

ʈʫʢʦʚʦʜʠʪʝʣʠ: ʂʦʩʪʶʯʝʥʢʦ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʥʘ,  
ʪʴʶʪʦʨ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè 

ʄʠʭʘʡʣʦʚ ɼʝʥʠʩ ɺʘʜʠʤʦʚʠʯ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ 
ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè 

 
ʊʦʤʩʢʠʡ ʧʨʠʙʦʨʥʳʡ ʟʘʚʦʜ ï ʠʟʚʝʩʪʥʦʝ ʚ ʥʘʰʝʡ ʦʙʣʘʩʪʠ ʧʨʝʜʧʨʠʷʪʠʝ, 

ʚʳʧʫʩʢʘʚʰʝʝ ʚ ʩʦʚʝʪʩʢʠʝ ʛʦʜʳ ʧʨʠʙʦʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠ ʚʦʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʪʦʨʠʷ ʟʘʚʦʜʘ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʩʠʣʘʤʠ ʵʥʪʫʟʠʘʩʪʦʚ ï ʙʳʚʰʠʭ 
ʨʘʙʦʪʥʠʢʦʚ ʟʘʚʦʜʘ, ʥʳʥʝ ʧʝʥʩʠʦʥʝʨʦʚ. ʉʦʭʨʘʥʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʡ ʧʘʤʷʪʠ ʦʙ 
ʠʟʚʝʩʪʥʳʭ ʠ ʢʦʛʜʘ-ʪʦ ʤʦʱʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʦʙʦʨʦʥʥʦʛʦ ʠ ʢʦʩʤʠʯʝʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʦʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ï ʢʨʘʡʥʝ ʚʘʞʥʘʷ ʟʘʜʘʯʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ 
ʧʦʜʨʘʩʪʘʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʊʦʤʩʢʠʡ ʧʨʠʙʦʨʥʳʡ ʟʘʚʦʜ ʥʘʯʘʣ ʩʚʦʶ ʨʘʙʦʪʫ ʚ 1963 ʛʦʜʫ, ʘ ʚ 2007 ʦʥ 
ʧʨʝʢʨʘʪʠʣ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʢʘʢ ʶʨʠʜʠʯʝʩʢʦʝ ʣʠʮʦ. ʅʘ ʟʘʚʦʜʝ ʧʨʦʠʟʚʦʜʠʣʠ 

ʵʣʝʤʝʥʪʳ ʨʘʢʝʪʥʦʡ ʪʝʭʥʠʢʠ, ʧʨʠʙʦʨʳ ʜʣʷ ʩʧʫʪʥʠʢʦʚ ʠ ʨʘʢʝʪ, ʢʦʥʪʨʦʣʴʥʦ-
ʠʟʤʝʨʠʪʝʣʴʥʫʶ ʘʧʧʘʨʘʪʫʨʫ, ʘ ʪʘʢʞʝ ʛʦʨʥʦ-ʰʘʭʪʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ 
ʤʝʜʠʮʠʥʩʢʠʝ ʠʟʜʝʣʠʷ. ʉʝʡʯʘʩ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʵʪʦʤ 
ʭʨʘʥʠʪʩʷ ʚ ʤʫʟʝʝ ʊʦʤʩʢʦʛʦ ʧʨʠʙʦʨʥʦʛʦ ʟʘʚʦʜʘ, ʥʦ ʚ ʪʝʯʝʥʠʝ ʢʘʢʦʛʦ-ʪʦ ʚʨʝʤʝʥʠ 
ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʫʪʝʨʷʥʘ. ʉʦʭʨʘʥʝʥʠʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʯʝʥʴ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ 
ʵʪʦ ʯʘʩʪʴ ʠʩʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʇʦʵʪʦʤʫ ʛʣʘʚʥʘʷ ʮʝʣʴ ʧʨʦʝʢʪʘ ï ʩʦʟʜʘʥʠʝ 
ʚʠʨʪʫʘʣʴʥʦʛʦ 3D-ʪʫʨʘ ʧʦ ʤʫʟʝʶ ʊʦʤʩʢʦʛʦ ʧʨʠʙʦʨʥʦʛʦ ʟʘʚʦʜʘ, ʚʝʜʴ ʚ ʮʠʬʨʦʚʦʤ 
ʚʠʜʝ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʙʫʜʝʪ ʭʨʘʥʠʪʴʩʷ ʜʦʣʛʦʝ ʚʨʝʤʷ ʠ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʣʶʙʦʤʫ 

ʞʝʣʘʶʱʝʤʫ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʧʦʭʦʞʠʭ ʧʨʦʝʢʪʦʚ, ʥʘʧʨʠʤʝʨ, ʨʘʙʦʪʳ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʈʝʛʠʦʥʘʣʴʥʦʡ ʷʨʤʘʨʢʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ. ʎʝʣʝʚʘʷ 

https://www.ruspitomniki.ru/article/selekciya-i-introdukciya-rastenij.html/id/538
https://www.ruspitomniki.ru/article/selekciya-i-introdukciya-rastenij.html/id/538
https://kas32.com/post/view/239
http://pro-technology.space/analizharakpol
https://chronocon.org/ru/map/id/5888#year=2020&zoom=15&lat=56.99488909577845&lng=82.04070894512282&indexMode=dates
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ʘʫʜʠʪʦʨʠʷ ʧʨʦʝʢʪʘ ï ʵʪʦ ʚʩʝ, ʢʪʦ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʠʩʪʦʨʠʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, 
ʙʳʚʰʠʝ ʩʦʪʨʫʜʥʠʢʠ ʟʘʚʦʜʘ. 

ɿʘʜʘʯʠ ʠ ʵʪʘʧʳ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ: 
1. ʬʦʪʦʩʲʝʤʢʘ ʤʫʟʝʷ 
2. ʚʳʙʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 
3. ʩʦʟʜʘʥʠʝ ʧʘʥʦʨʘʤʳ ʚ PanoQUIS 

4. ʧʦʣʫʯʝʥʠʝ ʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʝ ʠʥʬʦʨʤʘʮʠʠ 
 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʳʣʘ ʧʦʝʟʜʢʘ ʚ ʤʫʟʝʡ ʊʦʤʩʢʦʛʦ 
ʧʨʠʙʦʨʥʦʛʦ ʟʘʚʦʜʘ, ʛʜʝ ʢʦʤʘʥʜʘ ʧʨʦʝʢʪʘ ʦʟʥʘʢʦʤʠʣʘʩʴ ʩ ʤʘʪʝʨʠʘʣʘʤʠ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚ ʤʫʟʝʝ, ʠ ʦʮʝʥʠʣʘ ʪʦʪ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʩ ʢʦʪʦʨʳʤ ʧʨʠʜʝʪʩʷ 
ʨʘʙʦʪʘʪʴ (ʨʠʩ. 1 ʠ ʨʠʩ. 2).  



72 
 

 
ʈʠʩ. 1 ï ʢʦʣʣʘʞ ʠʟ ʬʦʪʦʛʨʘʬʠʡ ʧʦʝʟʜʢʠ ʚ ʤʫʟʝʡ 
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ʈʠʩ. 2 ï ʢʦʣʣʘʞ ʠʟ ʬʦʪʦʛʨʘʬʠʡ ʘʨʭʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 
ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ 

ʚʳʙʦʨʦʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʚʠʨʪʫʘʣʴʥʦʛʦ 3D-ʪʫʨʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʪʘʢʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʥʦ ʠʟ-ʟʘ 
ʜʦʩʪʫʧʥʦʩʪʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ PanoQUIS. ʉ ʧʦʤʦʱʴʶ 
ʵʪʦʡ ʧʣʘʪʬʦʨʤʳ, ʠʩʧʦʣʴʟʫʷ ʧʘʥʦʨʘʤʥʳʝ ʚʠʜʳ ʠʥʪʝʨʴʝʨʦʚ ʤʫʟʝʷ, ʙʳʣ ʩʦʟʜʘʥ 
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ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ 3D-ʪʫʨʘ ʧʦ ʤʫʟʝʶ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ 
ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ PanoQUIS ʩʠʣʴʥʦ ʦʛʨʘʥʠʯʝʥʳ ʠ ʥʝ 
ʜʘʶʪ ʨʘʟʤʝʩʪʠʪʴ ʪʦʪ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʳʤ ʨʘʩʧʦʣʘʛʘʝʪ ʤʫʟʝʡ.  
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʧʨʦʝʢʪʘ ʥʘ ʜʨʫʛʫʶ 
ʙʦʣʝʝ ʤʦʱʥʫʶ ʧʣʘʪʬʦʨʤʫ. 

ʊʘʢ ʢʘʢ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʧʨʦʝʢʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, 

ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʨʦʝʢʪʘ ʧʦʢʘ ʥʝ ʧʨʦʨʘʙʘʪʳʚʘʣʘʩʴ. ɺ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ "ʂʚʘʥʪʦʨʠʫʤ" ʠ 
ʩʚʦʙʦʜʥʦ ʜʦʩʪʫʧʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ PanoQUIS. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ, 
ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ 3D-ʪʫʨʘ, ʤʦʞʥʦ ʧʦʩʤʦʪʨʝʪʴ, ʧʝʨʝʡʜʷ ʧʦ ʩʩʳʣʢʝ 
https://tomsk.panoquiz.ru/tours/tours/tour_muzeitpz/. ʅʘ ʨʠʩʫʥʢʘʭ 3-6 ʧʨʠʚʝʜʝʥʳ 
ʧʨʠʤʝʨʳ ʧʘʥʦʨʘʤ ʤʫʟʝʷ.  

 

 
ʈʠʩ. 3 ï ʧʘʥʦʨʘʤʘ 

 

 
ʈʠʩ. 4 ï ʧʘʥʦʨʘʤʘ 

https://tomsk.panoquiz.ru/tours/tours/tour_muzeitpz/
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ʈʠʩ. 5 ï ʧʘʥʦʨʘʤʘ 

 

 
ʈʠʩ. 6 ï ʧʘʥʦʨʘʤʘ 

 

ʇʦʩʢʦʣʴʢʫ ʧʨʦʝʢʪ ʥʝʩʝʪ ʚʳʩʦʢʫʶ ʩʦʮʠʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʧʦ ʦʢʦʥʯʘʥʠʠ 
ʧʨʦʝʢʪʘ ʧʣʘʥʠʨʫʝʪʩʷ ʨʘʟʤʝʩʪʠʪʴ ʩʩʳʣʢʠ ʥʘ ʚʠʨʪʫʘʣʴʥʳʡ ʤʫʟʝʡ ʥʘ ʚʦʟʤʦʞʥʳʭ 
ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʘʭ: Google ʠ ʗʥʜʝʢʩ ʢʘʨʪʳ, 2 GIS, ʨʘʟʦʩʣʘʪʴ ʩʩʳʣʢʠ ʧʦ ʰʢʦʣʘʤ 
ʠ ʚʳʩʰʠʤ ʫʯʝʙʥʳʤ ʟʘʚʝʜʝʥʠʷʤ, ʤʫʟʝʷʤ, ʨʘʟʤʝʩʪʠʪʴ ʚ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʧʨʦʩʧʝʢʪʘʭ 
ʠ ʜʨʫʛʠʭ ʤʝʩʪʘʭ. 
 

 ʉʩʳʣʢʠ ʥʘ ʠʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʳ:  
https://tomsk.panoquiz.ru/ - ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ PanoQUIS 
https://tomsk.panoquiz.ru/tours/tours/tour_muzeitpz/ - ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʘ ʥʘ 
ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
http://pro-technology.space/ - ʈʝʛʠʦʥʘʣʴʥʘʷ ʷʨʤʘʨʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ 

 

 
 

https://tomsk.panoquiz.ru/
https://tomsk.panoquiz.ru/tours/tours/tour_muzeitpz/
http://pro-technology.space/
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ʀʉʇʆʃʔɿʆɺɸʅʀɽ ʋɻʃɽʂʀʉʃʆʊʅʆɻʆ ʕʂʉʊʈɸʂʊɸ ʇʀʍʊʓ ʇʈʀ 
ʇʈʆʀɿɺʆɼʉʊɺɽ ʄʓʃɸ 

ʄʘʨʢʦʚ ʌʸʜʦʨ  
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʣʦʚʠʡ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 
 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʤʳʣʘ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʠʩʧʦʣʴʟʫʶʪ 
ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʜʫʢʪʳ, ʥʘʧʨʠʤʝʨ, SLS. ʆʥ ʧʨʠʜʘʸʪ 
ʙʦʣʴʰʝ ʧʝʥʥʦʩʪʠ ʤʳʣʫ ʠ ʭʦʨʦʰʦ ʦʯʠʱʘʝʪ ʢʦʞʫ, ʥʘʩʪʦʣʴʢʦ ʭʦʨʦʰʦ, ʯʪʦ ʫ ʣʶʜʝʡ 
ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʙʣʝʤʳ ʚʩʣʝʜʩʪʚʠʝ ʩʤʳʚʘʥʠʷ ʝʸ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ. ɺ ʤʦʸʤ ʤʳʣʝ 
SLS ʥʝʪ, ʤʳ ʥʘʰʣʠ ʢʘʯʝʩʪʚʝʥʥʫʶ ʘʣʴʪʝʨʥʘʪʠʚʫ. ɺʤʝʩʪʦ ʥʝʛʦ ʤʳ ʩʪʘʣʠ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʠʭʪʦʚʳʡ ʵʢʩʪʨʘʢʪ. ʅʘ ʪʦ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʧʨʠʯʠʥ: 

1) ʧʠʭʪʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʤʝʜʠʮʠʥʝ ʠ ʢʦʩʤʝʪʦʣʦʛʠʠ, ʦʙʣʘʜʘʝʪ 
ʭʦʨʦʰʠʤʠ ʫʚʣʘʞʥʷʶʱʠʤʠ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʟʘ ʩʯʸʪ ʩʚʦʠʭ 
ʬʠʪʦʥʮʠʜʦʚ 

2) ʤʳ ʞʠʚʸʤ ʚ ʉʠʙʠʨʠ ʠ ʧʠʭʪʘ ʫ ʥʘʩ ʦʜʥʦ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 
ʜʝʨʝʚʴʝʚ 

3) ʧʠʭʪʦʚʳʡ ʵʢʩʪʨʘʢʪ ʣʝʛʢʦ ʥʘʡʪʠ, ʦʥ ʧʨʦʜʘʸʪʩʷ ʧʦʯʪʠ ʚ ʢʘʞʜʦʡ ʘʧʪʝʢʝ. 
ʎʝʣ:ɹ ʀʟʛʦʪʦʚʠʪʴ ʤʳʣʦ ʩ ʦʩʦʙʳʤ ʦʯʠʱʘʶʱʠʤ ʠ ʟʘʱʠʪʥʳʤ ʵʬʬʝʢʪʦʤ ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʵʢʩʪʨʘʢʪʘ ʧʠʭʪʳ. ɼʦʢʘʟʘʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʙʠʦʤʳʣʘ ʠ ʧʦʜʪʚʝʨʜʠʪʴ 

ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʥʘʰʫ ʛʠʧʦʪʝʟʫ. 
ɿʘʜʘʯʠ: ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʟʥʘʢʦʤʠʪʩʷ ʩ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʘʨʢʠ ʤʳʣʘ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʪʴ ʵʪʘʧʳ ʠʟʛʦʪʦʚʣʝʥʠʷ. ʉʨʘʚʥʠʪʴ 
ʵʬʬʝʢʪ ʦʙʳʯʥʦʛʦ ʤʳʣʘ ʩ çʙʠʦʤʳʣʦʤè ʧʦʩʨʝʜʩʪʚʘʤ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʘʥʘʣʠʟʘ. 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʪʚʸʨʜʦʛʦ ʤʳʣʘ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʳʨʴʝ ï ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʵʢʩʪʨʘʢʪ 

ʧʠʭʪʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʤʳʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʦʤʝʰʠʚʘʥʠʠ ʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 20-25Áʉ ʚʚʝʩʪʠ ʚ ʚʦʜʫ ʛʠʜʨʦʢʩʠʜ ʥʘʪʨʠʷ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ 
ʨʘʩʪʚʦʨʝʥʠʷ ʛʠʜʨʦʢʩʠʜʘ ʠ ʦʩʪʳʚʘʥʠʷ ʩʤʝʩʠ, ʜʦʙʘʚʣʷʝʤ ʤʘʩʣʘ. ʇʦʣʫʯʝʥʥʫʶ 
ʞʠʜʢʦʩʪʴ ʧʦʩʪʝʧʝʥʥʦ ʥʘʛʨʝʚʘʝʤ ʜʦ 100Áʉ ʠ ʧʦʩʪʦʷʥʥʦ ʧʝʨʝʤʝʰʠʚʘʝʤ. ʂʦʛʜʘ 
ʩʤʝʩʴ ʩʪʘʥʝʪ ʦʜʥʦʨʦʜʥʦʡ, ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʠʪʴ ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʵʢʩʪʨʘʢʪ ʧʠʭʪʳ. 
ʅʘʰʘ ʤʳʣʴʥʘʷ ʦʩʥʦʚʘ ʛʦʪʦʚʘ. ʈʘʟʣʠʚʘʝʤ ʝʸ ʚ ʬʦʨʤʦʯʢʠ ʠ ʫʙʠʨʘʝʤ ʚ ʭʦʣʦʜʠʣʴʥʠʢ 
ʜʦ ʧʦʣʥʦʛʦ ʟʘʩʪʳʚʘʥʠʷ (ʨʠʩ. 1). 
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ʈʠʩʫʥʦʢ 1. ʀʟʛʦʪʦʚʣʝʥʠʝ ʤʳʣʘ 

ɿʘʪʝʤ ʤʳ ʧʨʦʚʝʣʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ 
ʨʫʢ. ʉʤʳʚʳ ʩ ʨʫʢ ʧʨʦʠʟʚʦʜʷʪ ʩʪʝʨʠʣʴʥʳʤʠ ʤʘʨʣʝʚʳʤʠ ʩʘʣʬʝʪʢʘʤʠ ʨʘʟʤʝʨʦʤ 5Ë5 

ʩʤ, ʩʤʦʯʝʥʥʦʡ ʚ ʥʝʡʪʨʘʣʠʟʘʪʦʨʝ, ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʝʨʠʣʴʥʳʝ ʩʚʘʙʳ ʠʣʠ ʟʦʥʜ-
ʪʘʤʧʦʥʳ. ʄʘʨʣʝʚʦʡ ʩʘʣʬʝʪʢʦʡ ʪʱʘʪʝʣʴʥʦ ʧʨʦʪʠʨʘʶʪ ʣʘʜʦʥʠ, ʦʢʦʣʦʥʦʛʪʝʚʳʝ ʠ 
ʤʝʞʧʘʣʴʮʝʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʙʝʠʭ ʨʫʢ. ʇʦʩʣʝ ʦʪʙʦʨʘ ʧʨʦʙ ʤʘʨʣʝʚʫʶ ʩʘʣʬʝʪʢʫ 
ʧʦʤʝʱʘʶʪ ʚ ʰʠʨʦʢʦʛʦʨʣʳʝ ʧʨʦʙʠʨʢʠ ʠʣʠ ʢʦʣʙʳ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʦʤ 
ʠ ʩʪʝʢʣʷʥʥʳʤʠ ʙʫʩʘʤʠ, ʚʩʪʨʷʭʠʚʘʶʪ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ɾʠʜʢʦʩʪʴ ʟʘʩʝʚʘʶʪ 
ʛʣʫʙʠʥʥʳʤ ʩʧʦʩʦʙʦʤ ʥʘ 2 ʯʘʰʢʠ ʇʝʪʨʠ ʩ ʤʷʩʦʧʝʧʪʦʥʥʳʤ ʘʛʘʨʦʤ (ʧʦ 0,5 ʤʣ). 
ʇʦʩʝʚʳ ʠʥʢʫʙʠʨʫʶʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 37 Áʉ ʚ ʪʝʯʝʥʠʝ 48 ʯ. 
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ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ.:  

ʆʙʨʘʙʦʪʢʘ ʨʫʢ  ʈʝʟʫʣʴʪʘʪ  ʆʙʱʝʝ 
ʢʦʣʠʯʝʩʪʚʦ 
ʢʦʣʦʥʠʡ 

ʀʟ ʥʠʭ 
ʧʣʝʩʝʥʝʡ 

ɹʝʟ ʦʙʨʘʙʦʪʢʠ 

 

144-150 10 

ɸʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ 
ʤʳʣʦ  

 

80-85 0-3 

ɾʝʣʪʘʷ ʝʣʦʯʢʘè 
ʤʳʣʦ (0,6% ʢʣʝʪ. 
ʩʦʢʘ ʧʠʭʪʳ) 

 

75-80 0-1 

ʄʳʣʦ çɿʝʣʝʥʘʷ 
ʰʠʰʢʘè (0,1% 
ʢʣʝʪ.ʩʦʢʘ ʧʠʭʪʳ) 

 

90-95 3 

 

ʀʟʛʦʪʦʚʣʝʥʠʝ ʞʠʜʢʦʛʦ ʤʳʣʘ. 
ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ: ʇʨʝʜʣʘʛʘʝʤʦʝ ʩʳʨʴʝ ï ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʵʢʩʪʨʘʢʪ 

ʧʠʭʪʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ.  

ʉʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʞʠʜʢʦʛʦ ʤʳʣʘ ʩʭʦʞ ʩ ʪʚʸʨʜʳʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, 
ʯʪʦ ʤʳ ʜʦʙʘʚʣʷʝʤ ʛʠʜʨʦʢʩʠʜ ʢʘʣʠʷ, ʘ ʥʝ ʥʘʪʨʠʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʢʘʣʠʡʥʘʷ ʧʘʩʪʘ 
(ʤʳʣʴʥʘʷ ʦʩʥʦʚʘ) ʩʪʘʥʦʚʠʪʩʷ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʘ ʚ ʚʦʜʝ, ʦʥʘ ʥʝ ʪʚʝʨʜʝʝʪ ʠ 
ʦʩʪʘʸʪʩʷ ʞʠʜʢʦʡ (ʨʠʩ.2. 

ɿʘʪʝʤ ʤʳ ʧʣʘʥʠʨʫʝʤ ʧʨʦʚʝʩʪʠ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʞʠ ʨʫʢ. 
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ʈʠʩʫʥʦʢ 2. ɾʠʜʢʦʝ ʤʳʣʦ 

ɸʥʘʣʦʛʠ: 

¶ ʂʦʤʧʘʥʠʷ "ʉʧʠʚʘʢʒ", ʟʘʥʠʤʘʶʱʘʷʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʤʳʣʘ ʠʟ 
ʥʘʪʫʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

¶ ʂʦʤʧʘʥʠʷ "Mi&Ko", ʟʘʥʠʤʘʶʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 

ʢʦʩʤʝʪʠʢʠ ʠʟ ʥʘʪʫʨʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ 

¶ ʂʦʤʧʘʥʠʷ "Levrana", ʢʦʪʦʨʘʷ ʪʘʢ ʞʝ ʟʘʥʠʤʘʝʪʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ 
ʥʘʪʫʨʘʣʴʥʦʡ ʢʦʩʤʝʪʠʢʠ 
ʅʘʰʝ ʧʨʝʠʤʫʱʝʩʪʚʦ: ʚʧʝʨʚʳʝ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʫʛʣʝʢʠʩʣʦʪʥʳʡ ʵʢʩʪʨʘʢʪ 

ʧʠʭʪʳ ʩʠʙʠʨʩʢʦʡ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʦʛʦ ʠ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʘʢʪʠʚʥʦʛʦ 
ʚʝʱʝʩʪʚʘ. 

ɺʦʟʤʦʞʥʳʝ ʠʥʚʝʩʪʦʨʳ ʠ ʩʪʝʡʢʭʦʣʜʝʨʳ: 
ʄʥʦʛʠʝ ʢʦʤʧʘʥʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʘʪʫʨʘʣʴʥʦʡ ʢʦʩʤʝʪʠʢʠ 

ʠ ʩʨʝʜʩʪʚ ʜʣʷ ʫʭʦʜʘ ʟʘ ʢʦʞʝʡ, ʥʘʧʨʠʤʝʨ: ʏʠʩʪʘʷ ʣʠʥʠʷ, ʉʧʠʚʘʢʒ, ʈʝʮʝʧʪʳ 
ʙʘʙʫʰʢʠ ɸʛʘʬʴʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʢʦʤʧʘʥʠʠ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ 
ʠʥʚʝʩʪʦʨʘʤʠ ʠ ʟʘʢʘʟʯʠʢʘʤʠ 

ʕʢʦʥʦʤʠʢʘ: 
ʅʘ ʦʜʥʦ ʞʠʜʢʦʝ ʤʳʣʦ ʫʭʦʜʠʪ: 50ʛ ʢʦʢʦʩʦʚʦʛʦ ʤʘʩʣʘ, 29ʛ ʛʠʜʨʦʢʩʠʜʘ ʢʘʣʠʷ, 

7ʛ ʧʠʭʪʦʚʦʛʦ ʵʢʩʪʨʘʢʪʘ ʠ 100ʛ ʬʫʥʜʫʢʦʚʦʛʦ ʤʘʩʣʘ. ɺ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʤʳʣʦ 

ʚʳʭʦʜʠʪ ʥʘ 180ʨ. 
ɺʳʚʦʜ: ʅʘʤʠ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʪʫʨʘʣʴʥʦʛʦ ʤʳʣʘ, 

ʢʦʪʦʨʦʝ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʪʫʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ 
ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʣʝʪʦʯʥʦʛʦ ʩʦʢʘ ʧʠʭʪʳ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʫʪʝʤ 
ʫʛʣʝʢʠʩʣʦʪʥʦʡ ʵʢʩʪʨʘʢʮʠʠ. ʊʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʥʘʤʠ ʤʳʣʦ ʥʘ ʥʘʪʫʨʘʣʴʥʦʡ ʦʩʥʦʚʝ 
ʥʝ ʫʩʪʫʧʘʝʪ ʚ ʜʝʡʩʪʚʠʠ ʦʙʳʯʥʦʤʫ ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʤʫ ʤʳʣʫ. ʊʝʥʜʝʥʮʠʷ 
ʟʘʤʝʱʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʥʘ ʥʘʪʫʨʘʣʴʥʳʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʥʪʝʨʝʩʫ ʢ 

ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. 
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ʄʀʂʈʆɹʀʆʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʇʈʆɹ ʉ 
ʇʆɺɽʈʍʅʆʉʊɽʁ ʄɽʊʆɼʆʄ ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ ɹɸʂʊɽʈʀʁ 

ʄʘʨʯʝʥʢʦ ʉʦʬʠʷ  
ʄɸʆʋ çʉʠʙʠʨʩʢʠʡ ʣʠʮʝʡè, 9 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʦʣʦʚʠʡ ɽʢʘʪʝʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè  
 

ɺʚʝʜʝʥʠʝ:  
ʉʦʙʳʪʠʷ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʣʝʪ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʧʘʩʥʳʝ ʜʣʷ ʞʠʟʥʠ ʚʠʨʫʩʳ - 

ʵʪʦ ʥʝ ʚʳʜʫʤʢʘ ʩʮʝʥʘʨʠʩʪʦʚ, ʘ ʥʘʰʘ ʧʦʚʩʝʜʥʝʚʥʘʷ ʨʝʘʣʴʥʦʩʪʴ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʚʠʨʫʩʦʚ ʠ ʙʘʢʪʝʨʠʡ ʧʝʨʝʜʘʶʪʩʷ ʩʘʤʳʤʠ ʧʨʦʩʪʳʤʠ 
ʩʧʦʩʦʙʘʤʠ. ʆʜʥʠʤ ʠʟ ʥʠʭ, ʥʘʧʨʠʤʝʨ, ʢʘʩʘʥʠʝ ʟʘʨʘʞʝʥʥʦʡ ʚʠʨʫʩʘʤʠ 
ʧʦʚʝʨʭʥʦʩʪʠ.  

ɺ ʪʝʯʝʥʠʝ ʜʥʷ, ʥʘʯʠʥʘʷ ʩ ʩʘʤʦʛʦ ʧʨʦʙʫʞʜʝʥʠʷ, ʤʳ ʧʦʩʪʦʷʥʥʦ ʢʘʩʘʝʤʩʷ 
ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʡ ʠ ʧʨʝʜʤʝʪʦʚ ʜʦʤʘ ʠ ʥʘ ʫʣʠʮʝ: ʦʪʢʨʳʚʘʝʤ ʠ ʟʘʢʨʳʚʘʝʤ ʜʚʝʨʠ, 
ʚʳʟʳʚʘʝʤ ʣʠʬʪ, ʜʝʨʞʠʤʩʷ ʟʘ ʧʦʨʫʯʥʠéʘ ʟʘʪʝʤ, ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʩʦʟʥʘʥʥʦ (ʠʣʠ 
ʥʘʤʝʨʝʥʥʦ) ʢʘʩʘʝʤʩʷ ʩʝʙʷ, ʟʘʜʝʚʘʝʤ ʣʠʮʦ, ʪʨʝʤ ʥʦʩ. ʉʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʤʳ 
ʜʦʪʨʘʛʠʚʘʝʤʩʷ ʜʦ ʣʠʮʘ ʙʦʣʝʝ 10 ʨʘʟ ʟʘ ʯʘʩ. ʇʦʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʟʥʘʪʴ, ʯʪʦ 
ʠʤʝʥʥʦ ʤʳ ʤʦʞʝʤ çʧʝʨʝʥʝʩʪʠè, ʥʘʧʨʠʤʝʨ, ʩ ʜʚʝʨʥʦʡ ʨʫʯʢʠ ʥʘ ʩʚʦʝ ʣʠʮʦ.  

ʕʪʦʪ ʧʨʦʝʢʪ ʧʦʤʦʞʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʘʷ ʠʟ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʤʳ 
ʤʥʦʛʦʢʨʘʪʥʦ ʢʘʩʘʝʤʩʷ ʚ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ, ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʩʢʦʧʣʝʥʠʷ 

ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʨʝʜʦʥʦʩʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʘ ʪʘʢʞʝ ʫʩʪʘʥʦʚʠʪʴ 
ʢʘʢʠʝ ʠʤʝʥʥʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʪʘʤ ʧʨʠʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʪʦ ʟʥʘʥʠʝ 
ʧʦʤʦʞʝʪ ʣʶʜʷʤ ʙʦʣʝʝ ʦʩʦʟʥʘʥʥʦ ʧʦʜʭʦʜʠʪʴ ʢ ʚʦʧʨʦʩʫ ʩʦʭʨʘʥʝʥʠʷ ʟʜʦʨʦʚʴʷ ʠ 
ʧʦʚʳʩʠʪ ʫʨʦʚʝʥʴ ʦʩʚʝʜʦʤʣʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʠʜʠʤʳʭ ʛʣʘʟʫ ʦʧʘʩʥʦʩʪʝʡ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʨʦʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʦʙʱʝʩʪʚʝʥʥʳʭ ʤʝʩʪ, ʥʘ ʢʦʪʦʨʳʭ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩʢʦʧʣʝʥʳ 
ʚʨʝʜʦʥʦʩʥʳʝ ʙʘʢʪʝʨʠʠ ʠ ʚʠʨʫʩʳ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 
ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʦʙʱʝʩʪʚʝʥʥʳʭ 
ʤʝʩʪʘʭ ʠ ʚʟʷʪʴ ʧʨʦʙʳ; 

2. ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ, ʩʦʟʜʘʪʴ 
ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʠʟ ʚʟʷʪʳʭ ʧʨʦʙ; 

3. ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʧʨʦʙʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʛʨʫʧʧʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 
ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʢʨʘʰʠʚʘʥʠʷ ʧʦ ɻʨʘʤʫ; 

4. ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʦʧʝʨʝʜʠʪʴ, ʢʘʢʘʷ ʠʟ ʠʟʫʯʘʝʤʳʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʦʜʝʨʞʠʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʜʦʥʦʩʥʳʭ 

ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ; 
5. ʧʨʦʚʝʩʪʠ ʦʧʨʦʩ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʠʙʦʣʝʝ 

çʛʨʷʟʥʳʭè ʧʦʚʝʨʭʥʦʩʪʝʡ.  
ɼʦ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʦʧʨʦʩ ʩʨʝʜʠ 

ʩʚʝʨʩʪʥʠʢʦʚ ʥʘ ʧʨʝʜʤʝʪ ʪʦʛʦ, ʢʘʢʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʦʥʠ ʩʯʠʪʘʶʪ ʥʘʠʙʦʣʝʝ 
ʟʘʨʘʞʝʥʥʦʡ: ʜʚʝʨʥʫʶ ʨʫʯʢʫ, ʢʥʦʧʢʫ ʣʠʬʪʘ ʠʣʠ ʧʝʨʠʣʘ. ɹʳʣʦ ʦʧʨʦʰʝʥʦ 100 
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ʯʝʣʦʚʝʢ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 40% ʩʯʠʪʘʶʪ ʜʚʝʨʥʫʶ ʨʫʯʢʫ ʥʘʠʙʦʣʝʝ 
ʟʘʨʘʞʝʥʥʦʡ, 42% - ʢʥʦʧʢʫ ʣʠʬʪʘ, 18% - ʧʝʨʠʣʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʛʠʧʦʪʝʟʫ: ʢʥʦʧʢʘ ʣʠʬʪʘ - ʦʜʥʘ ʠʟ 
ʥʘʠʙʦʣʝʝ ʟʘʛʨʷʟʥʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʤʝʩʪʦʤ ʩʢʦʧʣʝʥʠʷ 
ʚʨʝʜʥʳʭ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʙʘʢʪʝʨʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʧʦʜʛʦʪʦʚʣʝʥʘ ʪʠʦʛʣʠʢʦʣʝʚʘʷ 
ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʘʷ ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ, ʠʩʧʦʣʴʟʫʝʤʘʷ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ 
ʘʵʨʦʙʥʳʭ ʠ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ. ɼʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ: ʘʚʪʦʢʣʘʚ, ʚʦʜʘ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ, ʧʨʦʙʠʨʢʠ ʩʪʝʢʣʷʥʥʳʝ, ʯʘʰʢʠ 
ʇʝʪʨʠ. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʝʥʥʦʡ ʠʥʩʪʨʫʢʮʠʠ, 31 ʛʨʘʤʤ ʩʫʭʦʛʦ ʚʝʱʝʩʪʚʘ 
ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʨʘʟʤʝʰʘʪʴ ʚ 1 ʣʠʪʨʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʢʠʧʷʪʠʪʴ ʚ ʪʝʯʝʥʠʝ 
2 ʤʠʥʫʪ ʠ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʨʣʠ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 
ʧʝʨʝʣʠʪʴ ʚ ʩʪʝʨʠʣʴʥʳʝ ʝʤʢʦʩʪʠ ʠ ʩʪʝʨʠʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʢʣʘʚʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 121 Áʉ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ (ʨʠʩ. 1).  
 

     

ʈʠʩʫʥʦʢ 1. ʇʦʜʛʦʪʦʚʢʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʉʪʝʨʠʣʴʥʳʤʠ ʧʘʣʦʯʢʘʤʠ ʙʳʣʠ ʚʟʷʪʳ ʤʘʪʝʨʠʘʣʳ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʜʚʝʨʥʳʭ 
ʨʫʯʝʢ ʠ ʢʥʦʧʦʢ ʣʠʬʪʘ, ʢʥʦʧʦʢ ʜʦʤʦʬʦʥʘ, ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʠʣ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ 
ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʧʘʣʦʯʢʠ ʩ ʧʨʦʙʘʤʠ ʧʦʤʝʱʝʥʳ ʚ ʩʪʝʨʠʣʴʥʳʝ 
ʢʦʣʙʳ, ʥʘ ʢʘʞʜʫʶ ʥʘʥʝʩʝʥʘ ʧʦʤʝʪʢʘ ʩ ʤʝʩʪʦʤ ʟʘʙʦʨʘ ʧʨʦʙʳ.   

     

ʈʠʩʫʥʦʢ 2. ɿʘʙʦʨ ʧʨʦʙ 
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ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʨʝʭʢʨʘʪʥʦ, ʪʦ ʝʩʪʴ ʤʘʪʝʨʠʘʣ ʙʳʣ ʚʟʷʪ ʩ ʪʨʝʭ 
ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩ ʧʝʨʝʨʳʚʦʤ ʚ 1 ʥʝʜʝʣʶ. ʀʪʦʛʦ ʙʳʣʦ ʚʳʩʝʷʥʦ ʤʘʪʝʨʠʘʣʘ ʥʘ 18ʪʠ 
ʯʘʰʢʘʭ ʇʝʪʨʠ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʠʣʩʷ ʧʦʩʝʚ ʥʘ ʧʠʪʘʪʝʣʴʥʫʶ 
ʩʨʝʜʫ ʚ 18 ʩʪʝʨʠʣʴʥʳʭ ʯʘʰʝʢ ʇʝʪʨʠ, ʢʦʪʦʨʳʝ ʟʘʪʝʤ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʭʨʘʥʝʥʠʝ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 ʛʨʘʜʫʩʦʚ. ʆʮʝʥʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʝʞʝʜʥʝʚʥʦ ʚ 
ʪʝʯʝʥʠʝ 7 ʜʥʝʡ ʧʦ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʢʘʢ ʤʫʪʥʦʩʪʴ, ʧʣʝʥʢʘ, ʦʩʘʜʦʢ, ʨʦʩʪ.  

ɼʘʣʝʝ ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʢʨʘʰʠʚʘʥʠʷ ʧʦ ɻʨʘʤʫ: ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 
ʦʙʝʟʞʠʨʝʥʥʳʝ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ, ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩ ʯʘʰʝʢ 
ʇʝʪʨʠ. ɿʘʪʝʤ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʬʠʢʩʘʮʠʠ ʤʘʟʢʦʚ ʧʨʝʜʤʝʪʥʦʝ ʩʪʝʢʣʦ ʙʳʣʦ 
ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʥʘʜ ʧʣʘʤʝʥʝʤ ʛʦʨʝʣʢʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʩʝʢʫʥʜ. ʅʘ 
ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʡ ʤʘʟʦʢ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʛʝʥʮʠʘʥ-ʬʠʦʣʝʪʦʚʳʡ (ʥʘ 2 ʤʠʥʫʪʳ), 
ʨʘʩʪʚʦʨ ʃʶʛʦʣʷ (ʥʘ 1-2 ʤʠʥʫʪʳ) ʠ, ʥʘʢʦʥʝʮ, ʨʘʩʪʚʦʨ ʬʫʢʩʠʥʘ (ʥʘ 1 ʤʠʥʫʪʫ).  

 

     

ʈʠʩʫʥʦʢ 3. ʇʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ ʥʘ ʧʠʪʘʪʝʣʴʥʳʭ ʩʨʝʜʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʢʣʝʪʢʠ, 
ʠʤʝʶʱʠʝ ʬʦʨʤʫ ʧʨʘʚʠʣʴʥʦʛʦ ʰʘʨʘ, ʥʘʙʣʶʜʘʣʠʩʴ ʩʢʦʧʣʝʥʠʷ ʚ ʚʠʜʝ ʛʨʦʟʜʴʝʚ 
ʚʠʥʦʛʨʘʜʘ - ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʪʘʬʠʣʦʢʦʢʢ, ʘ ʪʘʢʞʝ ʢʣʝʪʢʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʧʦʧʘʨʥʦ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ  - ʩʪʨʝʧʪʦʢʦʢʢ.  

ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ï ʩʪʘʬʠʣʦʢʦʢʢʠ, ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʧʨʠʨʦʜʝ, ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʠʩʪʝʥʪʥʳʝ ʢ ʬʘʢʪʦʨʘʤ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ: ʭʦʨʦʰʦ ʧʝʨʝʥʦʩʷʪ ʚʳʩʫʰʠʚʘʥʠʝ, ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʩʪʘʶʪʩʷ 

ʞʠʟʥʝʩʧʦʩʦʙʥʳ ʚ ʧʳʣʠ. ʉʪʘʬʠʣʦʢʦʢʢʠ ʜʦʚʦʣʴʥʦ ʦʧʘʩʥʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʤʦʛʫʪ 
ʧʦʨʘʞʘʪʴ ʢʦʞʫ ʠ ʚʥʫʪʨʝʥʥʠʝ ʦʨʛʘʥʳ, ʥʘʧʨʠʤʝʨ, ʣʝʛʢʠʝ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ - ʩʪʨʝʧʪʦʢʦʢʢʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ, ʣʝʛʢʦ ʧʝʨʝʥʦʩʷʪ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 
ʟʘʤʦʨʘʞʠʚʘʥʠʝ. ʕʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʧʦʩʝʣʷʶʪʩʷ ʚ ʦʨʛʘʥʠʟʤʝ ʯʝʣʦʚʝʢʘ ʠ 
ʚʳʟʳʚʘʶʪ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʨʘʟʣʠʯʥʳʝ ʠʥʬʝʢʮʠʦʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘ ʜʚʝʨʥʦʡ ʨʫʯʢʝ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ ʦʢʘʟʘʣʠʩʴ 
ʙʘʢʪʝʨʠʠ ʩʪʘʬʠʣʦʢʦʢʢ ʠ ʩʪʨʝʧʪʦʢʦʢʢ. ʅʘ ʢʥʦʧʢʝ ʣʠʬʪʘ ʪʘʢʞʝ ʚ ʢʘʞʜʦʤ ʦʧʳʪʝ 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʪʘʬʠʣʦʢʦʢʢ ʠ ʩʪʨʝʧʪʦʢʦʢʢ, ʢʨʦʤʝ ʚʪʦʨʦʛʦ: ʪʘʤ ʙʳʣʠ 
ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʙʘʢʪʝʨʠʠ ʩʪʨʝʧʪʦʢʦʢʢʘ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʠʣʣ ʚʦ ʚʨʝʤʷ 
ʧʝʨʚʦʛʦ ʦʧʳʪʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʩʪʨʝʧʪʦʢʦʢʢ, ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʛʦ - ʩʪʘʬʠʣʦʢʦʢʢ, 
ʪʨʝʪʴʝʛʦ - ʩʪʘʬʠʣʦʢʦʢʢ ʠ ʩʪʨʝʧʪʦʢʦʢʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʟʘʨʘʞʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʢʘʟʘʣʘʩʴ ʜʚʝʨʥʘʷ 
ʨʫʯʢʘ. ʄʝʥʝʝ ʟʘʨʘʞʝʥʥʦʡ ʦʢʘʟʘʣʘʩʴ ʢʥʦʧʢʘ ʣʠʬʪʘ ʠ ʥʘʢʦʥʝʮ, ʧʝʨʠʣʘ.  
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ɼʣʷ ʫʜʦʙʩʪʚʘ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʯʥʦʡ ʬʦʨʤʝ:  
 

ʆʧʳʪ 1 2 3 

ɼʚʝʨʥʘʷ ʨʫʯʢʘ ʉʪʘʬʠʣʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ 

ʉʪʘʬʠʣʦʢʦʢʢ 

ʉʪʘʬʠʣʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ 

ʇʝʨʠʣʘ ʉʪʨʝʧʪʦʢʦʢʢ ʉʪʘʬʠʣʦʢʦʢʢ ʉʪʘʬʠʣʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ 

ʂʥʦʧʢʘ ʣʠʬʪʘ ʉʪʘʬʠʣʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ ʉʪʘʬʠʣʦʢʦʢʢ 

ʉʪʨʝʧʪʦʢʦʢʢ 

 

ɺʳʚʦʜʳ 
ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʳ ʦʯʝʥʴ ʤʥʦʛʦ ʩʣʳʰʠʤ ʦ ʚʠʨʫʩʘʭ ʠ ʙʘʢʪʝʨʠʷʭ, ʢʦʪʦʨʳʝ 

ʧʦʜʞʠʜʘʶʪ ʥʘʩ ʥʘ ʜʚʝʨʥʳʭ ʨʫʯʢʘʭ, ʧʨʠʪʘʠʣʠʩʴ ʥʘ ʢʥʦʧʢʝ ʜʦʤʦʬʦʥʘ ʠʣʠ ʞʝ 
ʢʘʨʘʫʣʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʝʨʠʣ. ʄʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ, ʯʪʦ 
ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʷʶʪ ʧʦʧʘʚʰʠʝ ʥʘ ʥʠʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ, 
ʙʦʣʝʝ ʪʦʛʦ, ʵʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʦʩʪʘʶʪʩʷ ʞʠʟʥʝʩʧʦʩʦʙʥʳʤʠ, ʪ.ʢ. ʚ 
ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʫʜʘʣʦʩʴ ʚʳʨʘʩʪʠʪʴ ʙʠʦʢʫʣʴʪʫʨʫ, ʜʦʩʪʘʪʦʯʥʫʶ ʜʣʷ 
ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʣʝʪʦʢ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʟʚʦʣʷʝʪ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʚʦʟʤʦʞʥʦʤ ʨʘʟʚʠʪʠʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʜʣʷ 
ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ ʙʘʢʪʝʨʠʡ ï ʩʪʘʬʠʣʦʢʦʢʢʦʚ ʠ ʩʪʨʝʧʪʦʢʦʢʢʦʚ. ɹʝʟʫʩʣʦʚʥʦ, 
ʧʦʧʘʜʘʥʠʝ ʵʪʠʭ ʙʘʢʪʝʨʠʡ ʚ ʦʨʛʘʥʠʟʤ ʤʦʞʝʪ ʧʨʠʥʝʩʪʠ ʚʨʝʜ, ʧʦʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ 
ʥʝ ʜʦʪʨʘʛʠʚʘʪʴʩʷ ʜʦ ʣʠʮʘ ʥʝ ʧʦʤʳʚ ʧʝʨʝʜ ʵʪʠʤ ʨʫʢʠ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ, 
ʯʪʦ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʨʦʩʣʠ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʥʠʭ ʫʩʣʦʚʠʷʭ - ʧʠʪʘʪʝʣʴʥʘʷ 
ʩʨʝʜʘ, ʢʦʤʬʦʨʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʚ ʦʙʳʯʥʦʡ ʞʠʟʥʠ. ʀ 
ʭʦʪʷ, ʩʦʛʣʘʩʥʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʝʨʝʜʘʯʘ ʚʠʨʫʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʟʤʦʞʥʘ ʣʠʰʴ ʚ 
10% ʩʣʫʯʘʝʚ, ʚʩʝ ʞʝ ʧʨʠ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʩʪʝʯʝʥʠʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʪʘʢʘʷ 

ʚʝʨʦʷʪʥʦʩʪʴ ʩʫʱʝʩʪʚʫʝʪ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 
1. ɸʪʣʘʩ ʧʦ ʤʝʜʠʮʠʥʩʢʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʚʠʨʫʩʦʣʦʛʠʠ ʠ ʠʤʤʫʥʦʣʦʛʠʠ 
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ʉʆɿɼɸʅʀɽ ʉɹʆʈʆʏʅʆʁ 3D-ʄʆɼɽʃʀ  
ʂʆʈʇʋʉɸ ʉʇʋʊʅʀʂɸ INTROSAT 
ʄʘʪʚʝʝʚʘ ʀʨʠʥʘ, ɼʤʠʪʨʠʝʥʢʦ ɸʥʥʘ 

ʄɸʆʋ çʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ  ̄67è, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 

                                         ʄɸʆʋ çʃʠʮʝʡ  ̄7è, 9 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ 
 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʂʦʩʪʶʯʝʥʢʦ ʊʘʤʘʨʘ ɻʝʦʨʛʠʝʚʥʘ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 
ʪʴʶʪʦʨ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ çʂʚʘʥʪʦʨʠʫʤè, ʛ. ʊʦʤʩʢ 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ: 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʣʶʙʦʡ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʘʛʣʷʜʥʦ 
ʧʨʝʜʩʪʘʚʠʪʴ ʝʸ, ʧʦʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʳʤ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʧʫʪʥʠʢʘ ʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʛʦ 
ʵʣʝʤʝʥʪʦʚ. 
ɿʘʜʘʯʠ: 

¶ ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʵʣʝʤʝʥʪʦʚ ʢʦʨʧʫʩʘ 

¶ ʉʦʟʜʘʥʠʝ 3D-ʩʙʦʨʢʠ ʢʦʨʧʫʩʘ 

ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ çʉʧʫʪʥʠʢ ʬʦʨʤʘʪʘ CubeSat ʥʘ ʙʘʟʝ ʫʯʝʙʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ IntroSatè ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʤʦʞʥʦ ʙʳʣʦ ʚʳʜʝʣʠʪʴ ʩʦʟʜʘʥʠʝ 
ʩʙʦʨʦʯʥʦʡ 3D-ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʩʧʫʪʥʠʢʘ. ʂʦʨʧʫʩ ï ʦʩʥʦʚʘ ʚʩʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ, 
ʙʝʟʫʩʣʦʚʥʦ, ʥʝʦʪʲʝʤʣʝʤʘʷ ʝʛʦ ʯʘʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʚʩʸ ʥʝʦʙʭʦʜʠʤʳʝ ʵʣʝʤʝʥʪʳ ʜʣʷ 
ʧʨʘʚʠʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʘ ʠ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ 
ʥʠʤ ʟʘʜʘʯ.  

ʂʦʨʧʫʩ ʩʦʩʪʦʠʪ ʦʥ ʠʟ ʜʚʫʭ ʨʝʣʴʩ; ʜʚʫʭ ʰʧʘʥʛʦʫʪʦʚ, ʩʢʨʝʧʣʸʥʥʳʭ ʤʝʞʜʫ 

ʩʦʙʦʡ ʯʝʪʳʨʴʤʷ ʜʝʪʘʣʷʤʠ ʧʨʠ ʧʦʤʦʱʠ ʚʠʥʪʦʚ ʄ2.5x12; ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ, ʘ 
ʪʘʢʞʝ ʯʝʪʳʨʸʭ ʙʦʢʦʚʳʭ ʛʨʘʥʝʡ.  

ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ ʙʳʣʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 
ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʠʟ ʜʝʪʘʣʝʡ ʫʯʝʙʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʘ 
ʢʦʨʧʫʩʝ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʦʰʠʙʦʢ ʧʨʠ ʦʩʥʦʚʥʦʡ ʩʙʦʨʢʝ, ʘ ʪʘʢʞʝ 
ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʙʨʘʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʥʘ ʧʨʦʝʢʪʥʦʡ ʷʨʤʘʨʢʝ. 
              ʇʦʵʪʘʧʥʳʡ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ ʜʣʷ ʢʦʨʧʫʩʘ 

1. ɺʳʙʦʨ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ (T-FLEX CAD); 

2. ʀʟʤʝʨʝʥʠʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ ʜʝʪʘʣʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʨʧʫʩ ʩʧʫʪʥʠʢʘ, 
ʧʨʠ ʧʦʤʦʱʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ ʠ ʣʠʥʝʡʢʠ; 

3. ʉʦʟʜʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ ʜʝʪʘʣʝʡ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʦʨʧʫʩ ʩʧʫʪʥʠʢʘ: 
 
1) ʈʝʣʴʩʳ 

 
ɼʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʠ ʨʝʣʴʩʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 5 ʧʣʦʩʢʠʭ ʧʨʦʬʠʣʝʡ: 
   ʇʝʨʚʳʡ ï ʜʣʷ ʯʝʨʪʝʞʘ ʙʦʢʦʚʦʡ ʛʨʘʥʠ ʨʝʣʴʩʳ; 

   ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ï ʜʣʷ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠ;  
   ʏʝʪʚʝʨʪʳʡ ʠ ʧʷʪʳʡ ï ʜʣʷ ʦʪʚʝʨʩʪʠʡ ʚ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʠ. 
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ʇʦʩʣʝ ʩʦʟʜʘʥʠʷ ʧʨʦʬʠʣʷ ʚ ʚʠʜʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʠ ʦʙʨʝʟʘʥʠʷ ʫʛʣʦʚ ʙʳʣʘ 
ʧʨʠʤʝʥʝʥʘ ʦʧʝʨʘʮʠʷ ǌɺʳʪʘʣʢʠʚʘʥʠʝǌ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʥʦʛʦʫʛʦʣʴʥʳʭ ʢʦʥʮʦʚ 
ʨʝʣʴʩ. ʅʘ ʯʝʪʚʝʨʪʦʤ ʠ ʧʷʪʦʤ ʧʨʦʬʠʣʝ ʙʳʣʠ ʥʘʯʝʨʯʝʥʳ ʧʨʦʬʠʣʠ ʚ ʚʠʜʝ 
ʦʢʨʫʞʥʦʩʪʝʡ ʠ ʧʨʠʤʝʥʝʥʘ ʦʧʝʨʘʮʠʷ ʚʳʪʘʣʢʠʚʘʥʠʷ ʚʦʚʥʫʪʨʴ ʦʢʨʫʞʥʦʩʪʠ ʩ 
ʫʜʘʣʝʥʠʝʤ ʦʙʲʝʤʘ. 3D-ʤʦʜʝʣʴ ʨʝʣʴʩʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.  

 

 
ʈʠʩʫʥʦʢ 1. 3D-ʤʦʜʝʣʴ ʨʝʣʴʩʘ 

 
2) ɼʝʪʘʣʴ ʰʧʘʥʛʦʫʪʘ ˉ 1 

ɼʣʷ 3D-ʤʦʜʝʣʠ ʜʝʪʘʣʠ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʚʘ ʧʨʦʬʠʣʷ: 
ʅʘ ʧʝʨʚʦʤ ï ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ ʜʚʫʤʷ ʚʳʨʝʟʘʤʠ, ʘ ʥʘ ʚʪʦʨʦʤ ï ʦʢʨʫʞʥʦʩʪʠ 

ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʚ ʥʠʭ ʦʪʚʝʨʩʪʠʡ (ʨʠʩʫʥʦʢ 2).  
 

 
 

ʈʠʩʫʥʦʢ 2. 3D-ʤʦʜʝʣʴ ʜʝʪʘʣʠ ʰʧʘʥʛʦʫʪʘ 

3) ɼʝʪʘʣʴ ʰʧʘʥʛʦʫʪʘ ˉ 2 

ɺʪʦʨʘʷ ʜʝʪʘʣʴ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩ ʧʦʤʦʱʴʶ ʧʷʪʠ ʧʨʦʬʠʣʝʡ: 
ʅʘ ʧʝʨʚʦʤ ʥʘʭʦʜʠʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʠʢ ʩ ʚʳʨʝʟʘʤʠ ʧʦ ʢʨʘʷʤ, ʥʘ ʦʩʪʘʣʴʥʳʭ 

- ʧʨʦʬʠʣʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʦʪʚʝʨʩʪʠʡ ʚ ʜʝʪʘʣʠ (ʨʠʩʫʥʦʢ 3). 
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ʈʠʩʫʥʦʢ 3. 3D-ʤʦʜʝʣʴ ʜʝʪʘʣʠ ʰʧʘʥʛʦʫʪʘ ˉ2 

 
4) ʐʧʘʥʛʦʫʪ 

3D-ʤʦʜʝʣʴ ʰʧʘʥʛʦʫʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʙʦʨʢʫ ʠʟ ʯʝʪʳʨʸʭ ʜʝʪʘʣʝʡ ʜʚʫʭ 
ʚʠʜʦʚ, ʢʦʪʦʨʘʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚ ʄ2.5x12. ʉʙʦʨʢʘ ʧʨʠʚʝʜʝʥʘ 
ʥʘ ʨʠʩʫʥʢʝ 4. 

 
 

ʈʠʩʫʥʦʢ 4. 3D-ʤʦʜʝʣʴ ʰʧʘʥʛʦʫʪʘ. 
5) ɺʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʢʨʳʰʢʘ   
             
ɼʣʷ ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʢʨʳʰʢʠ ʢʦʨʧʫʩʘ 

ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʠʟʤʝʨʠʪʴ ʩʪʦʨʦʥʳ, ʘ ʪʘʢʞʝ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʷ, ʥʘ ʢʦʪʦʨʳʭ 
ʜʦʣʞʥʳ ʥʘʭʦʜʠʪʩʷ ʦʪʚʝʨʩʪʠʷ ʜʣʷ ʚʠʥʪʦʚ. ʇʦʩʣʝ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʥʘʯʝʨʪʠʪʴ ʧʨʦʬʠʣʠ ʜʝʪʘʣʠ ʚ ʪʦʯʥʳʭ ʨʘʟʤʝʨʘʭ, ʦʙʚʝʩʪʠ ʢʦʥʪʫʨʳ ʩʪʦʨʦʥ ʠ 
ʦʢʨʫʞʥʦʩʪʠ, ʘ ʧʦʪʦʤ ʟʘʰʪʨʠʭʦʚʘʪʴ. ʉ ʧʦʤʦʱʴʶ ʢʦʤʘʥʜʳ çɺʳʪʘʣʢʠʚʘʥʠʝè 
ʧʨʠʜʘʪʴ ʝʡ ʦʙʲʝʤ. 
ʆʪʣʠʯʘʶʪʩʷ ʦʥʠ ʪʦʣʴʢʦ ʬʦʨʤʦʡ ʦʪʚʝʨʩʪʠʡ ʚ ʮʝʥʪʨʝ. 3D-ʤʦʜʝʣʠ ʢʨʳʰʝʢ 

ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5. 
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ʈʠʩʫʥʦʢ 5. 3D-ʤʦʜʝʣʴ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʢʨʳʰʢʠ 

 
6) ɹʦʢʦʚʳʝ ʛʨʘʥʠ 
 
ɸʥʘʣʦʛʠʯʥʦ ʩʦʟʜʘʥʠʶ 3D-ʤʦʜʝʣʝʡ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʛʨʘʥʝʡ 

ʤʦʜʝʣʠʨʫʶʪʩʷ ʙʦʢʦʚʳʝ ʛʨʘʥʠ. ʆʥʠ ʩʦʟʜʘʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʪʝʭ ʞʝ ʜʝʡʩʪʚʠʡ ʠ 
ʢʦʤʘʥʜ, ʥʦ ʠʤʝʶʪ ʜʨʫʛʦʡ ʚʥʝʰʥʠʡ ʚʠʜ.  ʅʘ ʨʠʩʫʥʢʝ 6 ʧʨʠʚʝʜʝʥʘ 3D-ʤʦʜʝʣʴ 
ʙʦʢʦʚʦʡ ʛʨʘʥʠ. 

 
ʈʠʩʫʥʦʢ 6. 3D-ʤʦʜʝʣ ɹʙʦʢʦʚʦʡ ʛʨʘʥʠ 

 

7) ʉʙʦʨʢʘ 
 
ʉʙʦʨʢʘ ʚʩʝʭ ʜʝʪʘʣʝʡ ʚʤʝʩʪʝ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʴʥʦʡ 3D-ʤʦʜʝʣʠ ʢʦʨʧʫʩʘ 

ʩʧʫʪʥʠʢʘ. ʅʘ ʨʠʩʫʥʢʘʭ 7 ʠ 8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʙʦʨʦʯʥʘʷ 3D-ʤʦʜʝʣʴ ʢʦʨʧʫʩʘ. 
 


