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ʋɼʂ 001.891-057.874:373.5.046.16(063) 
ɹɹʂ 72-74.204ʷ431 
ʖ571 
ʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝ: ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ XXV 
ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ-ʢʦʥʢʫʨʩʘ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 
ʩʪʘʨʰʝʢʣʘʩʩʥʠʢʦʚ çʖʥʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ï ʥʘʫʢʝ ʠ ʪʝʭʥʠʢʝè; ʊʦʤʩʢʠʡ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2024 
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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ʆɹɽɿɺʈɽɾʀɺɸʅʀɽ ʅɽʌʊʗʅʓʍ ʐʃɸʄʆɺ ɺ ɺʆɿɼʋʐʅʆʁ  
ɻɸɿʆʈɸɿʈʗɼʅʆʁ ʇʃɸɿʄɽ 

ɾʫʨʦʚʠʯ ʈʦʤʘʥ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʣʝʢʩʘʥʜʨ ɻʨʠʛʦʨʴʝʚʠʯ ʂʘʨʝʥʛʠʥ, ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ 

ʦʪʜʝʣʝʥʠʷ ʷʜʝʨʥʦ-ʪʦʧʣʠʚʥʦʛʦ ʮʠʢʣʘ ʀʗʊʐ ʊʇʋ 
 
ʅʝʬʪʷʥʳʝ ʰʣʘʤʳ (ʅʐ) ï ʵʪʦ ʦʪʭʦʜʳ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ, 

ʦʢʘʟʳʚʘʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʐ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʤʝʩʠ, ʚʢʣʶʯʘʶʱʠʝ 20-25% ʪʷʞʸʣʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 50-
60% ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ (ʠʣ, ʧʝʩʦʢ ʠ ʜʨ.) ʠ ʚʦʜʫ. ʇʦʧʘʜʘʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, 
ʅʐ ʥʘʨʫʰʘʶʪ ʩʪʨʫʢʪʫʨʫ ʧʦʯʚʳ, ʪʝʯʝʥʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʛʨʷʟʥʷʶʪ ʚʦʜʫ ʠ 
ʚʦʟʜʫʭ, ʦʪʨʘʚʣʷʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʧʨʠʚʦʜʷ ʢ ʠʭ ʛʠʙʝʣʠ [1-2]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʣʘʟʤʝʥʥʦʤʫ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʅʐ. ʉʧʦʩʦʙ ʦʩʥʦʚʘʥ 
ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʟʜʫʰʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ ʜʣʷ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʪʘʢʠʭ 
ʦʪʭʦʜʦʚ. ʂ ʜʦʩʪʦʠʥʩʪʚʘʤ ʫʩʪʘʥʦʚʢʠ ʧʦ ʧʣʘʟʤʝʥʥʦʤʫ ʦʙʝʟʚʨʝʞʠʚʘʥʠʶ ʅʐ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʝʚʳʩʦʢʠʝ ʪʨʫʜʦ- ʠ ʵʥʝʨʛʦʟʘʪʨʘʪʳ, ʘ ʪʘʢʞʝ 
ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʨʘʙʘʪʳʚʘʪʴ ʣʶʙʳʝ ʥʝʬʪʷʥʳʝ ʦʪʭʦʜʳ [2-3]. ɼʘʥʥʳʡ ʩʧʦʩʦʙ 
ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʅʐ ʷʚʣʷʝʪʩʷ ʝʱʸ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤ ʠ  ʟʘʚʠʩʠʪ 
ʦʪ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ. ʇʨʘʚʠʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʝ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ 
ʦʙʝʩʧʝʯʘʪ ʥʘʠʙʦʣʴʰʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʩʧʦʩʦʙʘ [3]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʠ 
ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʦʙʨʘʟʫʶʪʩʷ ʥʝʬʪʷʥʳʝ ʰʣʘʤʳ, ʦʢʘʟʳʚʘʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ 
ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʪʨʝʙʫʶʱʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ. 
ʇʣʘʟʤʝʥʥʦʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʤ ʩʧʦʩʦʙʦʤ, ʥʦ ʚ 
ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ 
ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ (ʤʦʱʥʦʩʪʴ, ʵʥʪʘʣʴʧʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ), ʛʝʥʝʨʠʨʫʝʤʦʡ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʤ ʬʘʢʝʣʴʥʳʤ ʧʣʘʟʤʦʪʨʦʥʦʤ (ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ), ʥʘ ʧʨʦʮʝʩʩ 
ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʀʟʤʝʨʠʪʴ ʧʦʪʝʨʠ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ 

ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ (ʵʣʝʢʪʨʦʜ, ʢʦʨʧʫʩ) ʠ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ (ʘʥʦʜ ʛʝʥʝʨʘʪʦʨʥʦʡ ʣʘʤʧʳ, 
ʩʝʪʦʯʥʘʷ ʠ ʘʥʦʜʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʴ) ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʠʪʴ 
ʧʘʨʘʤʝʪʨʳ ʛʝʥʝʨʠʨʫʝʤʦʡ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʠ ʂʇɼ ʫʩʪʘʥʦʚʢʠ. 

2. ʇʨʦʚʝʩʪʠ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʥʝʬʪʷʥʳʭ 
ʰʣʘʤʦʚ (50 ʛ) ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ. ʋʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ 
ʩʪʨʫʠ ʥʘ ʢʠʥʝʪʠʢʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

3. ɺʳʜʘʪʴ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʳʝ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʵʢʩʧʣʫʘʪʘʮʠʠ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ. 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ ʚ ʚʦʟʜʫʰʥʦʡ 

ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʝ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ çʇʣʘʟʤʝʥʥʳʡ 
ʤʦʜʫʣʴ ʥʘ ʙʘʟʝ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ ɺʏɻ8-60/13è (ʨʘʙʦʯʘʷ ʯʘʩʪʦʪʘ 13,56 ʄɻʮ, 
ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦ 60 ʢɺʪ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 
ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 

ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ. 
(1 ï ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʛʝʥʝʨʘʪʦʨ ɺʏɻ8-60/13 ,2 ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʣʦʢ; 3 ï 

ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥ; 4 ï ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ ʵʣʝʢʪʨʦʜ; 5 ï ʫʟʝʣ ʚʚʦʜʘ 
ʧʣʘʟʤʦʦʙʨʘʟʫʶʱʝʛʦ ʠ ʦʭʣʘʞʜʘʶʱʝʛʦ ʛʘʟʘ; 6 ïʢʦʨʧʫʩ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ; 7 ï 
ʢʚʘʨʮʝʚʘʷ ʨʘʟʨʷʜʥʘʷ ʢʘʤʝʨʘ; 8 - ʪʠʛʝʣʴ; 9 ï ʧʦʜʩʪʘʚʢʘ; 9ʘ ï ʢʚʘʨʮʝʚʘʷ ʢʘʤʝʨʘ; 10 ï 
ʩʣʠʚ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ; 11 - ʚʳʪʷʞʥʦʡ ʚʝʥʪʠʣʷʪʦʨ; ʋʄʆ ï ʫʟʝʣ çʤʦʢʨʦʡè 
ʦʪʯʠʩʪʢʠ; ʂ ï ʢʦʤʧʨʝʩʩʦʨ; ʄ1,ʄ2 ï ʤʘʥʦʤʝʪʨʳ; ʈ1-ʈ4 ï ʨʦʪʘʤʝʪʨʳ; ɺ1-ɺ9 ï 
ʚʝʥʪʠʣʠ) 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʛʨʘʜʫʠʨʦʚʢʘ ʜʘʪʯʠʢʦʚ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, 
ʧʦʜʘʚʘʝʤʦʡ ʥʘ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʦʚʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 1, 2, 3, 4. 

ʊʘʙʣʠʮʘ 1. ɻʨʘʜʫʠʨʦʚʢʘ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʜʣʷ ʘʥʦʜʘ 
ʛʝʥʝʨʘʪʦʨʥʦʡ ʣʘʤʧʳ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ 
 
ɼʝʣʝʥʠʷ 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʣ/ʯ ʉʨʝʜʥʠʡ 
ʤʘʩʩʦʚʳʡ 
ʨʘʩʭʦʜ, ʣ/ʯ  

ʦʧʳʪˉ1 ʦʧʳʪˉ2 ʦʧʳʪ 
ˉ3 

ʦʧʳʪ 
ˉ4 

ʦʧʳʪ 
ˉ5 

ʦʧʳʪ 
ˉ6 

ʦʧʳʪ 
ˉ7 

20 257,1 256,2 259,0 257,1 256,2 256,2 256,2 256,9Ñ0,8 

60 570,0 580,6 570,5 576,0 578,8 580,2 572,3 576,0Ñ3,9 

100 913,7 885,6 920,7 910,2 952,4 912,5 1002,8 928,3Ñ28,2 

ʊʘʙʣʠʮʘ 2. ɻʨʘʜʫʠʨʦʚʢʘ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʜʣʷ ʵʣʝʢʪʨʦʜʘ 
ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ. 

 
ɼʝʣʝʥʠʷ 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʣ/ʯ ʉʨʝʜʥʠʡ 
ʤʘʩʩʦʚʳʡ 
ʨʘʩʭʦʜ, ʣ/ʯ 

ʦʧʳʪ 
ˉ1 

ʦʧʳʪ 
ˉ2 

ʦʧʳʪ 
ˉ3 

ʦʧʳʪ 
ˉ4 

ʦʧʳʪ 
ˉ5 

ʦʧʳʪ 
ˉ6 

ʦʧʳʪ 
ˉ7 

20 247,4 249,1 250,9 251,8 255,3 259,0 257,1 252,9Ñ3,6 

60 489,8 452,8 450,0 486,5 500,0 489,8 480,0 478,4Ñ15,4 

80 600,0 600,0 605,0 605,0 610,2 631,6 615,4 609,6Ñ8,1 

ʊʘʙʣʠʮʘ 3. ɻʨʘʜʫʠʨʦʚʢʘ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʜʣʷ ʢʦʨʧʫʩʘ 
ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ. 

 
ɼʝʣʝʥʠʷ 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʣ/ʯ ʉʨʝʜʥʠʡ 
ʤʘʩʩʦʚʳʡ 
ʨʘʩʭʦʜ, ʣ/ʯ 

ʦʧʳʪ 
ˉ1  

ʦʧʳʪ 
ˉ2 

ʦʧʳʪ 
ˉ3 

ʦʧʳʪ 
ˉ4 

ʦʧʳʪ 
ˉ5 

ʦʧʳʪ 
ˉ6 

ʦʧʳʪ 
ˉ7 

20 147,8 144,0 145,1 143,4 150,0 141,6 148,2 147,2Ñ2,5 

40 205,1 205,7 204,0 203,4 203,4 202,3 202,8 203,8Ñ1 

60 261,8 260,9 264,7 267,7 267,7 264,7 262,8 264,3Ñ2,1 
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ʊʘʙʣʠʮʘ 4. ɻʨʘʜʫʠʨʦʚʢʘ ʜʘʪʯʠʢʘ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʜʣʷ ʩʝʪʦʯʥʦʡ ʠ 
ʘʥʦʜʥʦʡ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ. 
 
ɼʝʣʝʥʠʷ 

ʄʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ, ʣ/ʯ ʉʨʝʜʥʠʡ 
ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ, 

ʣ/ʯ 
ʦʧʳʪ 
ˉ1 

ʦʧʳʪ 
ˉ2 

ʦʧʳʪ 
ˉ3 

ʦʧʳʪ 
ˉ4 

ʦʧʳʪ 
ˉ5 

ʦʧʳʪ 
ˉ6 

ʦʧʳʪ 
ˉ7 

20 103,9 105,0 108,4 106,7 107,5 105,1 106,4 106,1Ñ1,3 

60 211,1 213,0 213,0 213,7 216,2 214,9 215,6 214Ñ1,4 

80 278,0 281,3 279,1 285,7 284,6 282,4 286,8 282,5Ñ2,7 

 
ʇʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ɺʏʌ-

ʧʣʘʟʤʦʪʨʦʥʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʫʯʝʪʦʤ ʧʦʪʝʨʴ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ 
ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ ʵʣʝʤʝʥʪʘʭ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʚʝʜʝʥʥʳʭ 
ʥʠʞʝ ʬʦʨʤʫʣ. 

 
ʅʘ ʟʘʜʘʥʥʦʤ ʨʝʞʠʤʝ ʨʘʙʦʪʳ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ ʩʥʠʤʘʣʠʩʴ ʧʦʢʘʟʘʥʠʷ 

ʪʝʨʤʦʤʝʪʨʦʚ, ʠʟʤʝʨʷʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨʫ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʜʦ ʠ ʧʦʩʣʝ ʵʣʝʤʝʥʪʘ 
ʫʩʪʘʥʦʚʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5. 

ʊʘʙʣʠʮʘ 5. ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ ʜʣʷ ʨʘʟʥʳʭ ʨʝʞʠʤʦʚ ɺʏʌ-
ʧʣʘʟʤʦʪʨʦʥʘ. 

ˉ 
ʦʧʳʪʘ 

Ua, 
ʢɺ 

Ia, 
A 

Iʩ, 
A 

P0, 

ʢɺʪ 

ɸʥʦʜ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ 
ʀʥʜʫʢʪʠʚʥʦʩʪʠ 
ɺʏ-ʛʝʥʝʨʘʪʦʨʘ 

mʘ*103, 
ʢʛ/ʩ 

ætʘ, 
Ǔʉ 

Pʘ, 
ʢɺʪ 

mʩ*103, 
ʢʛ/ʩ 

ætʩ, 
Ǔʉ 

Pʩ, 
ʢɺʪ 

1 11,50 2,00 1,20 23,00 257,90 12,40 13,39 78,40 0,40 0,13 

2 11,40 2,25 1,20 25,65 257,90 13,20 14,25 78,40 1,20 0,39 

3 11,40 2,50 1,20 28,50 257,90 13,80 14,90 78,40 2,00 0,66 

4 11,30 2,75 1,20 31,08 257,90 14,60 15,76 78,40 2,50 0,82 

5 11,30 3,00 1,20 33,90 257,90 15,10 16,30 78,40 3,40 1,12 

6 11,25 3,25 1,20 36,56 257,90 15,50 16,73 78,40 3,80 1,25 

7 11,25 3,50 1,20 39,38 257,90 15,80 17,06 78,40 4,10 1,35 

 
ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5. 

ˉ 
ʦʧʳʪʘ 

ʕʣʝʢʪʨʦʜ 
ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ 

ʂʦʨʧʫʩ 
ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ 

ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥ 

mʵʣ*103 
ʢʛ/ʩ 

ætɻʣ 
Ǔʉ 

Pʵʣ, 
ʢɺʪ 

mʢʧ*103, 
ʢʛ/ʩ 

ætʢʧ, 
Ǔʉ 

Pʢʧ, 
ʢɺʪ 

Pʩʪʨ, 
ʢɺʪ 

Hʊ, 
ʢɼʞ/ʢʛ 

ʊʩʪʨ, Ǔʉ 
ʂʇɼ, 
% 

1 132,80 2,20 1,22 40,80 1,40 0,24 8,26 2778,18 2759,61 97,19 

2 132,80 2,50 1,39 40,80 2,00 0,34 9,27 3116,66 3094,64 96,45 

3 132,80 3,30 1,83 40,80 2,60 0,44 10,67 3580,83 3555,84 96,00 

4 132,80 3,80 2,11 40,80 3,60 0,61 11,77 3947,00 3919,58 95,03 
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5 132,80 4,40 2,45 40,80 4,40 0,75 13,29 4453,56 4422,07 94,65 

6 132,80 5,00 2,78 40,80 5,80 0,99 14,81 4962,48 4927,53 93,73 

7 132,80 5,30 2,95 40,80 8,30 1,42 16,61 5561,29 5522,36 92,14 

 
ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʙʦʪʳ ʩʪʘʣʘ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʝ ʦʙʝʟʚʨʝʞʠʚʘʥʠʝ 

ʦʙʨʘʟʮʦʚ ʅʐ (50 ʛ) ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 6 ʠ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʊʘʙʣʠʮʘ 6. ʈʝʟʫʣʴʪʘʪʳ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʙʨʘʟʮʦʚ 
ʅʐ  

  ʄʘʩʩʘ ʦʙʨʘʟʮʘ ʅʐ ʧʦʩʣʝ ʧʣʘʟʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʛ. 

Iɸ, ɸ 0 ʤʠʥ 1 ʤʠʥ 2 ʤʠʥ 3 ʤʠʥ 4 ʤʠʥ 5 ʤʠʥ 6 ʤʠʥ  7 ʤʠʥ 8 ʤʠʥ 

2,25 ɸ 50,00 40,20 37,15 35,15 33,95 33,40 33,25 33,15 33,15 

2,50 ɸ 50,00 36,90 32,75 31,35 30,50 30,35 30,30 30,30   

2,75 ɸ 50,00 34,30 31,10 29,65 29,30 29,25 29,25     

3,00 ɸ 50,00 34,00 31,05 30,15 30,05 30,05       

3,25 ɸ 50,00 33,60 30,15 29,45 29,45  29,45       

3,50 ɸ 50,00 33,50 30,75 30,05 30,00 30,00       

 

 
 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʩʩʳ ʅʐ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʨʘʟʥʳʭ ʘʥʦʜʥʳʭ ʪʦʢʘʭ 

ʨʘʙʦʪʳ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ. 
 
ʀʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩʣʝʜʫʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʩ 

2,25 ɸ ʜʦ 2,5 ɸ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ 
ʅʐ ʠ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʠʭ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʩ 7 ʜʦ 6 ʤʠʥʫʪ. ʋʚʝʣʠʯʝʥʠʝ 
ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʩ 2,75 ʜʦ 3,50 ɸ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ 
ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʅʐ, ʘ ʚʨʝʤʝʥʷ ʠʭ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5 
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ʤʠʥ, 4 ʤʠʥ, 3 ʤʠʥ ʠ 3 ʤʠʥ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ 
ʂʇɼ ʫʩʪʘʥʦʚʢʠ ʠ ʥʝ ʧʨʠʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ. 

 
ɺʓɺʆɼʓ 

1. ʇʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʴ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʪʝʧʣʦʥʘʧʨʷʞʝʥʥʳʭ 
ʵʣʝʤʝʥʪʘʭ ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʘ (ʵʣʝʢʪʨʦʜ, ʢʦʨʧʫʩ) ʠ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ (ʘʥʦʜ 
ʛʝʥʝʨʘʪʦʨʥʦʡ ʣʘʤʧʳ, ʩʝʪʦʯʥʘʷ ʠ ʘʥʦʜʥʘʷ ʠʥʜʫʢʪʠʚʥʦʩʪʠ) ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ 
ʨʘʙʦʪʳ. ʆʧʨʝʜʝʣʝʥʳ ʧʘʨʘʤʝʪʨʳ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ, ʛʝʥʝʨʠʨʫʝʤʦʡ 
ɺʏʌ-ʧʣʘʟʤʦʪʨʦʥʦʤ ʠ ʂʇɼ ʫʩʪʘʥʦʚʢʠ. 

2. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 
ʦʙʨʘʟʮʦʚ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ (50 ʛ) ʥʘ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʠ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ 
ʘʥʦʜʥʦʛʦ ʪʦʢʘ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ ʩ 2,25 ɸ ʜʦ 2,5 ɸ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ 
ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʥʝʬʪʷʥʦʛʦ ʰʣʘʤʘ ʠ ʫʤʝʥʴʰʝʥʠʶ 
ʚʨʝʤʝʥʠ ʠʭ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʩ 7 ʜʦ 6 ʤʠʥʫʪ. ʋʚʝʣʠʯʝʥʠʝ ʘʥʦʜʥʦʛʦ ʪʦʢʘ ʩ 2,75 
ʜʦ 3,50 ɸ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʪʝʨʠ ʤʘʩʩʳ 
ʦʙʨʘʟʮʦʚ ʥʝʬʪʷʥʦʛʦ ʰʣʘʤʘ, ʘ ʚʨʝʤʝʥʷ ʠʭ ʧʦʣʥʦʛʦ ʚʳʛʦʨʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 5 ʤʠʥ, 4 ʤʠʥ, 3 ʤʠʥ ʠ 3 ʤʠʥ. ɼʘʣʴʥʝʡʰʝʝ ʧʦʚʳʰʝʥʠʝ ʘʥʦʜʥʦʛʦ 
ʪʦʢʘ ɺʏ-ʛʝʥʝʨʘʪʦʨʘ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʂʇɼ ʫʩʪʘʥʦʚʢʠ ʠ ʥʝ ʧʨʠʚʝʜʝʪ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ. 

3. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥ ʧʨʦʮʝʩʩ ʚʦʟʜʫʰʥʦ-
ʧʣʘʟʤʝʥʥʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ ʧʨʠ ʘʥʦʜʥʦʤ ʪʦʢʝ ɺʏ-
ʛʝʥʝʨʘʪʦʨʘ 3,25-3,50 ɸ (ʤʦʱʥʦʩʪʴ ʚʦʟʜʫʰʥʦʡ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʠ 14,81-16,61 
ʢɺʪ). ʅʝʦʙʭʦʜʠʤʦʝ ʚʨʝʤʷ ʧʨʦʢʘʣʢʠ ʧʨʠ ʜʘʥʥʳʭ ʘʥʦʜʥʳʭ ʪʦʢʘʭ ʥʝ ʧʨʝʚʳʩʠʪ  3 
ʤʠʥʫʪ. 

ɿɸʂʃʖʏɽʅʀɽ 
ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʚʦʟʜʫʰʥʦ-ʧʣʘʟʤʝʥʥʦʛʦ 
ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʥʝʬʪʷʥʳʭ ʰʣʘʤʦʚ ʠ ʜʨʫʛʠʭ ʦʪʭʦʜʦʚ ʜʦʙʳʯʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʬʪʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. ɸʭʤʝʪʦʚ ɸ.ʌ., ɻʘʡʩʠʥʘ ɸ.ʈ., ʄʫʩʪʘʬʠʥ ʀ.ɸ. ʄʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʥʝʬʪʝʰʣʘʤʦʚ 
ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ // ʅʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦ. 2011. ʊʦʤ 9. ˉ 3. ʉ. 98-99. 

2. ʇʣʷʮʫʢ, ʃ. ɼ., ʄʘʪʶʰʝʥʢʦ, ʀ. ʖ. ʋʪʠʣʠʟʘʮʠʷ ʦʪʭʦʜʦʚ ʥʝʬʪʝʜʦʙʳʯʠ / ʃ. ɼ. 
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ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʉʫʤʠ.: ʉʫʤɼʋ, 2013. ï ʉ. 33-34 

3. ʄ. ʅ. ɹʝʨʥʘʜʠʥʝʨ. ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 
ʦʛʥʝʚʦʛʦ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʪʦʢʩʠʯʥʳʭ ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. 
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4. ɸ.ɻ. ʂʘʨʝʥʛʠʥ, ʀ.ʖ. ʅʦʚʦʩʝʣʦʚ, ɸ.ɽ. ʊʠʭʦʥʦʚ. ʌʠʟʠʢʘ ʠ ʪʝʭʥʠʢʘ 
ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʛʘʟʦʨʘʟʨʷʜʥʦʡ ʧʣʘʟʤʳ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2022. ï 87 ʩ. 
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ɸʅɸʃʀɿ ʂɸʏɽʉʊɺɸ ɼʀɿɽʃʔʅʆɻʆ ʊʆʇʃʀɺɸ ʉ ɸɺʊʆʄʆɹʀʃʔʅʓʍ 
ɿɸʇʈɸɺʆʏʅʓʍ ʉʊɸʅʎʀʁ ɻ.ʊʆʄʉʂɸ 

ʆʩʪʘʰʢʠʥʘ ɽʣʠʟʘʚʝʪʘ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɽʬʘʥʦʚʘ ɸʣʴʚʠʥʘ ʆʣʝʛʦʚʥʘ, ʠʥʞʝʥʝʨ ʀʐʍɹʄʊ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ (ɼʊ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʚʠʜʦʚ 

ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ ʥʘʰʣʦ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
ɺʳʩʦʢʦʝ ʧʦʚʩʝʤʝʩʪʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʝʦʙʭʦʜʠʤ ʧʦʩʪʦʷʥʥʳʡ 
ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʘ ʠʤʝʥʥʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ [1]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʥʦʛʦ ɼʊ ʩ ɸɿʉ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 
ʛ. ʊʦʤʩʢʘ. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʪʦʚʘʨʥʦʛʦ ɼʊ ʣʝʪʥʝʡ (ˉ 1) ʠ 
ʤʝʞʩʝʟʦʥʥʦʡ (ˉ 2) ʤʘʨʦʢ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 
ʟʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʩʧʦʩʦʙʳ ʧʨʦʚʝʜʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 
ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; 

2. ʇʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʥʘʣʠʟʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʬʠʟʠʢʦ-
ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʩʦʩʪʘʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ; 

3. ʆʮʝʥʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʪʨʝʙʦʚʘʥʠʷʤ 
ʩʪʘʥʜʘʨʪʦʚ; 

4. ʉʦʩʪʘʚʠʪʴ ʪʝʟʠʩʳ ʜʣʷ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ. 
ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʮʳ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ. 
ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷʚʣʷʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 
ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ï ʵʪʦ ʞʠʜʢʠʡ ʥʝʬʪʝʧʨʦʜʫʢʪ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʶʪ ʠʟ 

ʢʝʨʦʩʠʥʦʛʘʟʦʡʣʝʚʦʡ ʬʨʘʢʮʠʠ ʧʫʪʝʤ ʧʨʷʤʦʡ ʧʝʨʝʛʦʥʢʠ ʥʝʬʪʠ ʩ ʧʨʝʜʝʣʘʤʠ ʚʳʢʠʧʘʥʠʷ 
ʦʪ 180 ʜʦ 360 ᴈ. 

ɺ ʩʦʩʪʘʚ ɼʊ ʤʦʛʫʪ ʚʭʦʜʠʪʴ ʥʘʬʪʝʥʦʚʳʝ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʧʘʨʘʬʠʥʦʚʳʝ 
ʫʛʣʝʚʦʜʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʩʧʦʩʦʙʥʳ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʘʥʥʳʡ 
ʬʘʢʪ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ɼʊ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʧʨʦʙʣʝʤʝ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɼʊ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʩʚʷʟʠ 
ʩ ʵʪʠʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʧʨʠʤʝʥʝʥʠʷ ʚʳʜʝʣʷʶʪ 4 ʤʘʨʢʠ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, 
ʩʦʛʣʘʩʥʦ [1]: ʣʝʪʥʝʝ (ʤʘʨʢʘ ʃ), ʤʝʞʩʝʟʦʥʥʦʝ (ʤʘʨʢʘ ʄ), ʟʠʤʥʝʝ (ʤʘʨʢʘ ɿ) ʠ 
ʘʨʢʪʠʯʝʩʢʦʝ (ʤʘʨʢʘ ɸ) ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ, ʢ ʦʩʥʦʚʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʦʪʥʦʩʷʪ:  

Å ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ; 
Å ɺʷʟʢʦʩʪʴ; 
Å ʇʣʦʪʥʦʩʪʴ; 
Å ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ; 
Å ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ; 
Å ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ. 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʪʦʧʣʠʚʘ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ 
ʪʨʝʙʫʝʪ ʩʦʙʣʶʜʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 
ʝʛʦ ʢʘʯʝʩʪʚʦ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʦʠʤʦʩʪʴ. 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ 
ʉʝʨʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʡ ʥʝʬʪʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʠʜʝ ʩʝʨʥʠʩʪʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʉʝʨʥʠʩʪʳʝ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʚʨʝʜʥʦʡ ʧʨʠʤʝʩʴʶ ʜʣʷ 
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ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ʅʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʢʦʨʨʦʟʠʶ, ʧʦʵʪʦʤʫ ʪʦʚʘʨʥʳʝ 
ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. 
ʉʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ [1-2], ʚʳʜʝʣʷʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʥʝʬʪʠ: 

Å ʄʘʣʦʩʝʨʥʠʩʪʳʝ: ʦʪ ʩʦʪʳʭ ʜʦʣʝʡ ʜʦ 0,5 % 
Å ʉʨʝʜʥʝʩʝʨʥʠʩʪʳʝ: ʦʪ 0,5 ʜʦ 1,0 % 
Å ʉʝʨʥʠʩʪʳʝ: ʦʪ 1,0 ʜʦ 3,0 % 
Å ɺʳʩʦʢʦʩʝʨʥʠʩʪʳʝ: ʚʳʰʝ 3,0 % 
ɺʷʟʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ 
ɺʘʞʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʘʯʝʩʪʚʘ ɼʊ ʷʚʣʷʶʪʩʷ ʚʷʟʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ. ɺʷʟʢʦʩʪʴʶ 

ʥʘʟʳʚʘʶʪ ʩʚʦʡʩʪʚʦ ʞʠʜʢʦʩʪʠ ʦʢʘʟʳʚʘʪʴ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʦʜʥʦʛʦ ʩʣʦʷ 
ʞʠʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʛʦ. ɺ ʩʪʘʥʜʘʨʪʘʭ ʥʘ ɼʊ ʨʝʛʣʘʤʝʥʪʠʨʫʝʪʩʷ 
ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ [1]. 

ʇʦʜ ʧʣʦʪʥʦʩʪʴʶ ʧʦʥʠʤʘʶʪ ʦʪʥʦʰʝʥʠʝ ʚʝʩʘ ʥʝʬʪʝʧʨʦʜʫʢʪʘ ʢ ʦʙʲʝʤʫ. 
ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʦʡʩʪʚʘ 
ʆʩʥʦʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ 

ʷʚʣʷʶʪʩʷ:  
1. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʤʫʪʥʝʥʠʷ (Tʧ) ï ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʯʠʩʪʦʝ 

ʧʨʦʟʨʘʯʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʤʫʪʥʳʤ.  
2. ʇʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ (ʇʊʌ) ï ʤʠʥʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʜʦʧʫʩʢʘʶʱʘʷ ʧʨʦʮʝʩʩ ʧʨʦʭʦʞʜʝʥʠʷ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʯʝʨʝʟ 
ʬʠʣʴʪʨʫʶʱʠʡ ʵʣʝʤʝʥʪ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ. 

3. ʊʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ (Tʟ) ï ʪʝʤʧʝʨʘʪʫʨʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʠʩʩʣʝʜʫʝʤʳʡ 
ʦʙʨʘʟʝʮ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʧʝʨʝʩʪʘʝʪ ʪʝʯʴ ʧʨʠ ʥʘʢʣʦʥʝ ʢʦʣʙʳ ʧʦʜ ʫʛʣʦʤ ʚ 45Á. 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ 
ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʠ ʮʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ 

ʠʩʧʘʨʷʝʤʦʩʪʴ. ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʩʦʜʝʨʞʘʱʝʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʙʦʣʴʰʝ ʣʝʛʢʠʭ 
ʢʦʤʧʦʥʝʥʪʦʚ, ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʧʫʩʢʘ ʜʠʟʝʣʷ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʣʸʛʢʠʝ 
ʬʨʘʢʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʦʡ ʩʘʤʦʚʦʩʧʣʘʤʝʥʷʝʤʦʩʪʴʶ, ʥʝʞʝʣʠ ʪʷʞʝʣʳʝ 
ʬʨʘʢʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʫʩʢʦʚʳʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚʳʢʠʧʘʥʠʷ 
50 ʠ 95 % ʦʙ. ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʙʦʪʫ [5], ʚ ʢʦʪʦʨʦʡ ʘʚʪʦʨʳ 
ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʳʝ ʥʘʨʫʰʝʥʠʷ ʧʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 
ʤʦʞʥʦ ʚʳʷʚʠʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ, ʦʧʨʝʜʝʣʝʥʠʶ ʮʝʪʘʥʦʛʦ ʯʠʩʣʘ ʠ 
ʧʨʝʜʝʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʬʠʣʴʪʨʫʝʤʦʩʪʠ. ɺ ʭʦʜʝ ʧʨʘʢʪʠʯʝʩʢʦʡ ʯʘʩʪʠ ʙʳʣʦ 
ʠʩʩʣʝʜʦʚʘʥʦ 5 ʦʙʨʘʟʮʦʚ ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ 2 ʦʙʨʘʟʮʘ 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ [1, 6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʘ ʧʨʦʚʝʨʢʠ ʢʘʯʝʩʪʚʘ ʪʦʚʘʨʥʳʭ ʪʦʧʣʠʚ ʷʚʣʷʝʪʩʷ 
ʘʢʪʫʘʣʴʥʦʡ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʠ ʧʦʠʩʢ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ 
(ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ) ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʥʘʙʠʨʘʶʪ 
ʩʚʦʶ ʧʦʧʫʣʷʨʥʦʩʪʴ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 
ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʠ ʚʳʙʨʘʥʳ: 

ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʧʣʦʪʥʦʩʪʴ ʧʨʠ 15 ᴈ, ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20 ᴈ, 
ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʠ ʧʨʝʜʝʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʬʠʣʴʪʨʫʝʤʦʩʪʠ 
(ʇʊʌ). 

ɺ ʊʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ ʦʙʨʘʟʮʦʚ ʪʦʚʘʨʥʦʛʦ ɼʊ. 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ, ʦʙʨʘʟʝʮ ˉ 1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ʜʣʷ ʣʝʪʥʝʡ 
ʤʘʨʢʠ ʪʦʚʘʨʥʦʛʦ ɼʊ ʧʦ ʚʩʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ, ʘ ʠʤʝʥʥʦ ʠʤʝʝʪ 
ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʤʘʩʩʦʚʘʷ ʜʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʨʘʚʥʘ 971 ʤʛ/ʢʛ (ɻʆʉʊ ï ʥʝ 
ʙʦʣʝʝ 2000 ʤʛ/ʢʛ), ʧʣʦʪʥʦʩʪʴ ʧʨʠ 15 ᴈ - 838,3 ʢʛ/ʤ3 (ɻʆʉʊ ï ʥʝ ʙʦʣʝʝ 863,4 ʢʛ/ʤ3), 
ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20 ᴈ ʨʘʚʥʘ 4,5409 ʤʤ2/c (ɻʆʉʊ ï ʦʪ 3,0 ʜʦ 6,0 ʤʤ2/c), 
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ʟʥʘʯʝʥʠʝ ʇʊʌ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ -14 ᴈ (ɻʆʉʊ ï ʥʝ ʚʳʰʝ  

-5 ᴈ).  
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʮʘ ˉ 2 ʪʘʢʞʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʜʘʥʥʦʝ ʪʦʚʘʨʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 
ʤʝʞʩʝʟʦʥʥʦʡ ʤʘʨʢʠ, ʘ ʠʤʝʥʥʦ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ: ʤʘʩʩʦʚʘʷ ʜʦʣʷ 
ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʨʘʚʥʘ 7 ʤʛ/ʢʛ (ɻʆʉʊ ï ʥʝ ʙʦʣʝʝ 2000 ʤʛ/ʢʛ), ʧʣʦʪʥʦʩʪʴ ʧʨʠ 15 ᴈ - 
845,6 ʢʛ/ʤ3 (ɻʆʉʊ ï ʥʝ ʙʦʣʝʝ 863,4 ʢʛ/ʤ3), ʢʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20 ᴈ 
ʨʘʚʥʘ  5,2046 ʤʤ2/c (ɻʆʉʊ ï ʦʪ 3,0 ʜʦ 6,0 ʤʤ2/c), ʟʥʘʯʝʥʠʝ ʇʊʌ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ -17 ᴈ 

(ɻʆʉʊ ï ʥʝ ʚʳʰʝ -15 ᴈ).  
ɺ ʭʦʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ 50 % ʪʦʧʣʠʚʘ 

ʧʝʨʝʛʦʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 252 ʠ 260 ᴈ ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
(ɻʆʉʊ ï ʥʝ ʚʳʰʝ 280 ᴈ); 95 % ʪʦʧʣʠʚʘ ʧʝʨʝʛʦʥʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 327 ʠ 335 ᴈ 
ʜʣʷ ʦʙʨʘʟʮʦʚ ˉ 1 ʠ ˉ 2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ɻʆʉʊ ï ʥʝ ʚʳʰʝ 360 ᴈ). 

ʊʘʙʣʠʮʘ 1 ï ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʦʙʨʘʟʮʦʚ ʪʦʚʘʨʥʦʛʦ ɼʊ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʆʙʨʘʟʝʮ ɼʊ 

ˉ 1 ˉ 2 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ʤʛ/ʢʛ 971 7 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15 ᴈ, ʢʛ/ʤ3 838,3 845,6 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 20 ᴈ, ʤʤ2/c 4,5409 5,2046 

ʇʊʌ, ᴈ -14 -17 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, ᴈ   

ʥ.ʢ. 136 136 

10 ʤʣ 189 200 

20 ʤʣ 215 210 

30 ʤʣ 224 228 

40 ʤʣ 245 248 

50 ʤʣ 252 260 

60 ʤʣ 264 275 

70 ʤʣ 285 281 

80 ʤʣ 305 300 

90 ʤʣ 320 323 

95 ʤʣ 327 335 

ʂʨʦʤʝ ʵʪʦʛʦ, ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʵʢʦʣʦʛʠʯʝʩʢʠʡ ʢʣʘʩʩ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
ʪʦʚʘʨʥʦʛʦ ɼʊ ʩʦʛʣʘʩʥʦ ʊʈ ʊʉ 013/2011 çʆ ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʘʚʪʦʤʦʙʠʣʴʥʦʤʫ ʠ 
ʘʚʠʘʮʠʦʥʥʦʤʫ ʙʝʥʟʠʥʫ, ʜʠʟʝʣʴʥʦʤʫ ʠ ʩʫʜʦʚʦʤʫ ʪʦʧʣʠʚʫ, ʪʦʧʣʠʚʫ ʜʣʷ ʨʝʘʢʪʠʚʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʠ ʤʘʟʫʪʫ (ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʥʘ 2 ʜʝʢʘʙʨʷ 2015 ʛʦʜʘ)è.  

ʊʘʢ, ʦʙʨʘʟʝʮ ˉ 1 ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠ ʦʜʥʦʤʫ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʢʣʘʩʩʫ ʠʟ-ʟʘ 
ʧʨʝʚʳʰʝʥʠʷ ʟʥʘʯʝʥʠʷ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ (ʜʣʷ ʂ2 ï ʥʝ 
ʙʦʣʝʝ 500 ʤʛ/ʢʛ).  

ʆʙʨʘʟʝʮ ˉ 2 ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʤʫ ʢʣʘʩʩʫ ʂ5, ʧʦʩʢʦʣʴʢʫ ʚʩʝ 
ʧʦʢʘʟʘʪʝʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʦʚʘʥʠʷʤ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ ʥʝ 
ʧʨʝʚʳʰʝʥʘ 10 ʤʛ/ʢʛ, ʇʊʌ ʥʝ ʚʳʰʝ -15 ᴈ, ʘ ʧʝʨʝʛʦʥʢʘ 95 % ʪʦʧʣʠʚʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʚʳʰʝ 360 ᴈ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʦʚʘʨʥʦʝ ʜʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʦʩʪʫʧʘʶʱʝʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 
ʧʦʪʨʝʙʠʪʝʣʷʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʟʘʷʚʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
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ʊɽʍʅʀʏɽʉʂʀɽ ʈɽʂʆʄɽʅɼɸʎʀʀ ʇʆ ʀʉʇʆʃʔɿʆɺɸʅʀʖ ʅɽʌʊɽʐʃɸʄɸ  ɺ 

ʂɸʏɽʉʊɺɽ ʇɽʈʉʇɽʂʊʀɺʅʆɻʆ ʊʆʇʃʀɺɸ 
ʐʫʪʦʚʘ ʋʣʴʷʥʘ ɸʥʘʪʦʣʴʝʚʥʘ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʘʫʰʢʠʥʘ ʂʨʠʩʪʠʥʘ ʂʦʥʩʪʘʥʪʠʥʦʚʥʘ, ʘʩʩʠʩʪʝʥʪ ʀʐʌɺʇ ʊʇʋ. 

 
ʅʘʰʘ ʩʪʨʘʥʘ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʠʟ ʣʠʜʠʨʫʶʱʠʭ ʤʝʩʪ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʥʝʬʪʠ. ɽʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʠ ʜʦʙʳʚʘʝʪʩʷ 500-505 ʤʣʥ. ʪʦʥʥ ʥʝʬʪʠ [1]. ʅʘ ʝʝ ʪʝʨʨʠʪʦʨʠʠ 
ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʢʦʣʦ 30 ʢʨʫʧʥʳʭ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ (ʅʇɿ) ʠ 80 ʤʠʥʠ-
ʅʇɿ, ʚ 2022 ʛʦʜʫ ʦʙʲʝʤ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣ 272 ʤʣʥ. ʪʦʥʥ [2]. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʵʪʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʦʪʭʦʜʦʚ, 
ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ. ʆʜʥʠʤ ʠʟ ʚʠʜʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʦʪʭʦʜʦʚ 
ʷʚʣʷʝʪʩʷ ʥʝʬʪʷʥʦʡ ʰʣʘʤ (ʅʐ). ʅʝʬʪʷʥʦʡ ʰʣʘʤ ð ɻ ʪʦ ʩʤʝʩʴ ʚʦʜʳ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, 
ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ [3]. 
ʉʫʱʝʩʪʚʫʝʪ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʙʣʝʤʘ ʥʘʢʦʧʣʝʥʠʷ ʠ ʫʪʠʣʠʟʘʮʠʠ ʅʐ [4]. ʅʐ ʷʚʣʷʝʪʩʷ 
ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʡ 
ʩʨʝʜʳ ï ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʧʦʯʚʳ, ʨʘʩʪʝʥʠʡ, ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ [5]. 
ɺ ʩʣʝʜʩʪʚʠʝ ʟʘʛʨʷʟʥʝʥʠʷ ʚʦʜʳ ʅʐ ʠʟʤʝʥʷʶʪʩʷ ʝʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 
ʫʭʫʜʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʚ ʚʦʜʝ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʠ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, 
ʟʘʪʨʫʜʥʷʶʪʩʷ ʚʩʝ ʚʠʜʳ ʚʦʜʦʧʦʣʴʟʦʚʘʥʠʷ. ʇʨʠ ʟʘʛʨʷʟʥʝʥʠʠ ʧʦʯʚ ʅʐ, ʠʟʤʝʥʷʶʪʩʷ 
ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʝʸ ʦʯʠʩʪʢʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦʡ, ʛʠʙʥʝʪ 
ʤʠʢʨʦʬʣʦʨʘ, ʠ ʨʘʩʪʝʥʠʷ ʥʝ ʧʦʣʫʯʘʶʪ ʜʦʣʞʥʦʛʦ ʧʠʪʘʥʠʷ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʣʝʪʫʯʠʭ 
ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʅʐ, ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʦʛʘ [6]. ɻʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʅʐ ʷʚʣʷʶʪʩʷ ʧʨʝʜʧʨʠʷʪʠʷ, ʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 
ʥʝʬʪʠ, ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʢʦʤʧʘʥʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʝʨʝʚʦʟʢʦʡ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 
ɽʞʝʛʦʜʥʦ ʚ ʈʦʩʩʠʠ ʦʙʨʘʟʫʝʪʩʷ ʩʚʳʰʝ 3 ʤʣʥ. ʪʦʥʥ ʅʐ [7], ʧʨʠ ʵʪʦʤ ʥʘʢʦʧʣʝʥʦ ʫʞʝ 
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ʩʚʳʰʝ 100 ʤʣʥ. ʪʦʥʥ [8]. ɽʩʪʴ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʠ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ 
ʫʛʣʝʚʦʜʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ: ʪʝʨʤʠʯʝʩʢʠʡ; ʬʠʣʴʪʨʦʚʘʥʠʝ; ʩʫʰʢʘ; 
ʙʠʦʣʦʛʠʯʝʩʢʠʡ; ʬʠʟʠʯʝʩʢʦʝ ʨʘʟʜʝʣʝʥʠʝ (ʦʪʩʪʘʠʚʘʥʠʝ); ʭʠʤʠʯʝʩʢʠʡ (ʧʨʠʤʝʥʝʥʠʝ 
ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ). ɺʩʝ ʵʪʠ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʳʤʠ ʠʣʠ ʩ 
ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʠʣʠ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ, ʧʦʵʪʦʤʫ ʢʦʤʧʘʥʠʷʤ ʚʳʛʦʜʥʝʝ 
ʩʢʘʧʣʠʚʘʪʴ ʅʐ ʥʘ ʩʚʦʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ [9]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʪʝʭʥʦʣʦʛʠʷ ʩʞʠʛʘʥʠʷ ʅʐ ʚ ʢʘʯʝʩʪʚʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʢ ʪʦʧʣʠʚʫ. ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʠʪ ʵʢʦʥʦʤʠʯʥʦ ʠ 
ʵʢʦʣʦʛʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʅʐ, ʠ ʩʦʢʨʘʪʠʪʴ ʧʦʪʨʝʙʣʝʥʠʝ ʯʠʩʪʦʛʦ ʪʦʧʣʠʚʘ. ʎʝʣʴʶ 
ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʧʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ 
ʥʝʬʪʝʰʣʘʤʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ. 

 ɿʘʜʘʯʠ: 
1. ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʦʩʪʘʚʦʚ ʅʐ + ʜʦʙʘʚʢʘ. 
2. ʇʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʟʘʞʠʛʘʥʠʶ ʠ ʚʳʛʦʨʘʥʠʶ ʪʦʧʣʠʚʥʳʭ ʩʦʩʪʘʚʦʚ 

ʚ ʫʩʣʦʚʠʷʭ ʪʦʧʦʢ ʢʦʪʣʦʚ. 
3. ɺʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ 

ʟʘʞʠʛʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʚʳʛʦʨʘʥʠʷ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 
4. ʌʦʨʤʫʣʠʨʦʚʢʘ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʅʐ 

ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʨʝʩʫʨʩʘ. 
                                            ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ: ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ, ʇʂ, 

ʩʚʝʪʦʜʠʦʜʥʳʡ ʧʨʦʞʝʢʪʦʨ, ʤʫʬʝʣʴʥʘʷ ʧʝʯʴ, 3 ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʘ ʪʦʧʣʠʚʘ. 
ʇʝʨʚʳʡ ʩʦʩʪʘʚ ʧʨʠʛʦʪʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʜʠʟʝʣʴʥʦʛʦ 

ʪʦʧʣʠʚʘ (ɼʊ): 95% ʅʐ + 5% ɼʊ. ɺʪʦʨʦʡ ʩʦʩʪʘʚ ʧʨʠʛʦʪʦʚʣʝʥ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ 
ʜʦʙʘʚʣʝʥʠʝʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ: 95% ʅʐ + 5% ʩʧʠʨʪ. ʊʨʝʪʠʡ ʩʦʩʪʘʚ ʧʨʠʛʦʪʦʚʣʝʥ ʥʘ 
ʦʩʥʦʚʝ ʥʝʬʪʝʰʣʘʤʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʚʦʜʳ: 95% ʅʐ + 5% ʚʦʜʘ.  

ɺʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ 
ʟʘʞʠʛʘʥʠʠ. ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʧʣʷ ʪʦʧʣʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʥʘ 
ʜʝʨʞʘʪʝʣʝ, ʚʚʦʜʠʪʩʷ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʛʨʝʪʫʶ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
(600ï750 ÁC) ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʩ ʧʦʤʦʱʴʶ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 
ɺʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʧʨʦʪʠʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ, ʘ ʜʣʷ 
ʧʦʚʳʰʝʥʠʷ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʧʣʠ ʪʦʧʣʠʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʝʪʦʜʠʦʜʥʳʡ 
ʧʨʦʞʝʢʪʦʨ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 4ï6 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʢʩʠʨʦʚʘʣʠʩʴ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʛʘʟʦʬʘʟʥʦʛʦ ʟʘʞʠʛʘʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ 
ʢʘʧʝʣʴ ʪʦʧʣʠʚʘ. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʛʘʟʦʬʘʟʥʦʛʦ ʟʘʞʠʛʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʤʦʤʝʥʪʘ 
ʚʚʦʜʘ ʢʘʧʣʠ ʪʦʧʣʠʚʘ ʚ ʤʫʬʝʣʴʥʫʶ ʧʝʯʴ ʜʦ ʚʦʩʧʣʘʤʝʥʝʥʠʷ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʢʘʧʣʠ ʪʦʧʣʠʚʘ ʜʦ ʟʘʪʫʭʘʥʠʷ. 

ʆʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʣʶʙʦʛʦ ʪʦʧʣʠʚʘ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʟʘʞʠʛʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ 
ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʛʘʙʘʨʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʤʝʨ ʩʛʦʨʘʥʠʷ, ʪʘʢ ʠ ʪʝʧʣʦʚʦʡ ʨʝʞʠʤ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʀʤʝʥʥʦ ʧʘʨʘʤʝʪʨʳ ʛʘʟʦʚʦʡ 
ʩʨʝʜʳ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ, ʷʚʣʷʶʱʝʡʩʷ ʠʩʪʦʯʥʠʢʦʤ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʦʧʣʠʚʘ, 
ʦʧʨʝʜʝʣʷʶʪ ʧʦʩʣʝʜʫʶʱʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʦʨʝʥʠʷ ʠ ʧʦʣʥʦʪʫ ʚʳʛʦʨʘʥʠʷ 
ʪʦʧʣʠʚʘ. ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥ ʟʘʜʝʨʞʢʠ ʛʘʟʦʬʘʟʥʦʛʦ ʟʘʞʠʛʘʥʠʷ 
ʪʦʧʣʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ. 
ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʧʨʦʚʝʜʝʥʳ ʯʝʨʝʟ ʪʦʯʢʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʨʝʜʥʠʝ 
ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʝʥ ʟʘʜʝʨʞʢʠ ʛʘʟʦʬʘʟʥʦʛʦ ʟʘʜʝʨʞʘʥʠʷ. ʇʦ ʜʘʥʥʦʤʫ ʛʨʘʬʠʢʫ ʚʠʜʥʦ, 
ʯʪʦ ʩʦʩʪʘʚʳ ʅʐ+ʩʧʠʨʪ ʠ ʅʐ+ɼʊ ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʠʝ ʚʨʝʤʝʥʘ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ, 
ʪʘʢ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʵʪʠʭ ʩʦʩʪʘʚʦʚ ʥʠʞʝ, ʯʝʤ ʩʦʩʪʘʚʘ ʅʐ+ʚʦʜʘ. ʉ 
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ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʦʩʪʘʚʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ 
ʪʝʤʧʝʨʘʪʫʨʝ 750 ÁC ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʫ ʚʩʝʭ ʩʦʩʪʘʚʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ. ʅʘʠʤʝʥʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ 
ʛʦʨʝʥʠʷ ʠʤʝʝʪ ʩʦʩʪʘʚ ʅʐ+ʚʦʜʘ, ʥʘʠʙʦʣʴʰʫʶ ï ʅʐ+ɼʊ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 750 ÁC 
ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ ʩʦʩʪʘʚʦʚ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ. 

 

 
 
 
ʈʠʩ.1.ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʛʘʟʦʬʘʟʥʦʛʦ ʟʘʞʠʛʘʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
 

 
ʈʠʩ.2.ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
 
ɺʳʚʦʜʳ: 

1. ʇʨʠʛʦʪʦʚʣʝʥʳ 3 ʩʦʩʪʘʚʘ ʅʐ + ʜʦʙʘʚʢʘ: 95% ʅʐ + 5% ɼʊ, 95% ʅʐ + 5% 
ʵʪʠʣʦʚʳʡ ʩʧʠʨʪ, 95% ʅʐ + 5% ɼʊ. 
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2. ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ (ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʠ ʚʨʝʤʝʥʠ ʚʳʛʦʨʘʥʠʷ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʩʪʘʚʳ ʠʤʝʶʪ ʨʘʟʥʳʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʟʘʞʠʛʘʥʠʷ ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʥʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʪʝʣʠ 
ʩʪʘʥʦʚʷʪʩʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳ. ʅʘʠʤʝʥʴʰʝʝ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʠʤʝʝʪ ʩʦʩʪʘʚ 
ʥʝʬʪʝʰʣʘʤ ʩ ʜʦʙʘʚʢʦʡ ʩʧʠʨʪʘ, ʥʘʠʙʦʣʴʰʝʝ-ʥʝʬʪʝʰʣʘʤ ʩ ʜʦʙʘʚʢʦʡ ʚʦʜʳ. 
ʅʘʠʤʝʥʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ-ʥʝʬʪʝʰʣʘʤ ʩ ʜʦʙʘʚʢʦʡ ʚʦʜʳ, ʥʘʠʙʦʣʴʰʫʶ-
ʥʝʬʪʝʰʣʘʤ ʩ ʜʦʙʘʚʢʦʡ ɼʊ. 
3. ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 
ʅʐ ʚ ʢʘʯʝʩʪʚʝ ʵʥʝʨʛʦʨʝʩʫʨʩʘ: ʜʣʷ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 
ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʬʪʝʰʣʘʤ ʩ ʜʦʙʘʚʢʦʡ ʩʧʠʨʪʘ ʚ ʫʩʣʦʚʠʷʭ ʧʨʷʤʦʛʦ 
ʩʞʠʛʘʥʠʷ, ʪʘʢ ʢʘʢ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ ʛʘʟʦʬʘʟʥʦʛʦ 
ʟʘʞʠʛʘʥʠʷ ʠ ʩʨʝʜʥʝʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʥʠʟʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 
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ʇɽʃʃɽʊʀʈʆɺɸʅʅʓɽ ʀ ɹʈʀʂɽʊʀʈʆɺɸʅʅʓɽ ʊʆʇʃʀɺɸ ʀɿ ʂʆʄʄʋʅɸʃʔʅʓʍ ʀ 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʓʍ ʆʊʍʆɼʆɺ 
ɺʳʩʦʢʦʤʦʨʥʘʷ ɺʘʣʝʨʠʷ, ʄʦʣʦʜʝʚʘ ʉʦʬʴʷ 

ʆʙʣʘʩʪʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʘʚʪʦʥʦʤʥʦʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʫʯʨʝʞʜʝʥʠʝ 
ɻʫʙʝʨʥʘʪʦʨʩʢʠʡ ʉʚʝʪʣʝʥʩʢʠʡ ʣʠʮʝʡ, 10 ʢʣʘʩʩ 

ʊʦʤʩʢʠʡ ʨʘʡʦʥ, ʜ.ʂʠʩʣʦʚʢʘ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼʦʨʦʭʦʚ ɺʘʜʠʤ ɺʘʣʝʨʴʝʚʠʯ, ʠʥʞʝʥʝʨ-ʠʩʩʣʝʜʦʚʘʪʝʣʴ ʣʘʙʦʨʘʪʦʨʠʠ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʀʐʕ, ʘʩʧʠʨʘʥʪ ʅʆʎ ʀ.ʅ. ɹʫʪʘʢʦʚʘ ʀʐʕ ʊʇʋ  
 

ɺɺɽɼɽʅʀɽ 
ʇʨʦʙʣʝʤʳ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ 

ʘʢʪʫʘʣʴʥʳ ʚʦ ʚʩʝʤ ʤʠʨʝ. ʄʥʦʛʠʝ ʚʠʜʳ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜ, ʠ 
ʠʭ ʤʦʞʥʦ ʩʞʠʛʘʪʴ ʩ ʧʦʣʫʯʝʥʠʝʤ ʧʦʣʝʟʥʦʡ ʵʥʝʨʛʠʠ. ʆʢʦʣʦ 80% ʤʠʨʦʚʦʛʦ ʦʙʲʝʤʘ 
ʦʪʭʦʜʦʚ ʫʪʠʣʠʟʠʨʫʶʪ ʥʘ ʤʫʩʦʨʦʩʞʠʛʘʪʝʣʴʥʳʭ ʟʘʚʦʜʘʭ. ʆʜʥʘʢʦ ʚ ʈʦʩʩʠʠ ʙʦʣʴʰʠʥʩʪʚʦ 
ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ ʩʢʣʘʜʠʨʫʝʪʩʷ ʥʘ ʧʦʣʠʛʦʥʘʭ, ʠ ʣʠʰʴ ʦʢʦʣʦ 8% 
ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ. ʅʘ ʧʦʣʠʛʦʥʘʭ ʟʘʯʘʩʪʫʶ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʪʢʨʳʪʦʝ ʭʨʘʥʝʥʠʝ, ʠ 
ʨʘʩʧʦʣʦʞʝʥʳ ʦʥʠ ʚʙʣʠʟʠ ʧʨʦʤʳʰʣʝʥʥʦʡ ʠ ʛʦʨʦʜʩʢʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ. ʇʣʦʱʘʜʴ 
ʧʦʣʠʛʦʥʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ, ʠ ʥʝʛʘʪʠʚʥʘʷ ʘʥʪʨʦʧʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ 
ʵʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʠʤ ʠʟ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʦʪʭʦʜʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʧʝʣʣʝʪ ʠ ʙʨʠʢʝʪʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ 
ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʟʘʤʝʱʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʦʧʣʠʚ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤʠ ʧʝʣʣʝʪʘʤʠ ʠ 
ʙʨʠʢʝʪʘʤʠ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 
ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʦʪʭʦʜʦʚ ï ʝʱʝ ʠ ʩʥʠʟʠʪʴ 
ʩʪʦʠʤʦʩʪʴ ʪʦʧʣʠʚʘ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʨʘʙʦʪʢʘ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʤʘʩʰʪʘʙʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʭʦʜʦʚ, 
ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʛʨʫʟʢʠ ʧʦʣʠʛʦʥʦʚ ʠ ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʚ 
ʦʢʨʝʩʪʥʦʩʪʷʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʟʘʜʘʯʝʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʪʦʧʣʠʚʘ ʚ ʚʠʜʝ ʙʨʠʢʝʪʦʚ ʠ ʧʝʣʣʝʪ ʜʣʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʦʪʣʦʘʛʨʝʛʘʪʘʭ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʠ ʙʳʪʦʚʳʭ ʧʝʯʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ 
ʟʘʤʝʥʦʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʨʘʩʪʠʪʝʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ.  

ʇʨʝʜʤʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ  ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʪʦʧʣʠʚʘ ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ 
ʵʢʦʥʦʤʠʯʝʩʢʠʤʠ, ʵʢʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ɻʠʧʦʪʝʟʘ: ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʪʚʝʨʜʳʝ ʪʦʧʣʠʚʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ 
ʢʦʤʤʫʥʘʣʴʥʳʭ ʦʪʭʦʜʦʚ, ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʪʴ ʢʦʤʧʦʟʠʮʠʶ, ʙʦʣʝʝ ʚʳʛʦʜʥʫʶ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʦʧʣʠʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʢʩʧʝʨʠʤʝʥʪ (ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʷ, 
ʛʘʟʦʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ, ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ ʩʲʝʤʢʘ). 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, 
ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʦʚʳʭ ʪʦʧʣʠʚʥʳʭ ʙʨʠʢʝʪʦʚ ʠ ʧʝʣʣʝʪ 
ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʚʝʨʜʳʤ ʪʦʧʣʠʚʘʤ. 
 

ʉʆɺʈɽʄɽʅʅʆɽ ʉʆʉʊʆʗʅʀɽ ʀʉʉʃɽɼʆɺɸʅʀʁ 
ʊʝʭʥʦʣʦʛʠʠ ʫʪʠʣʠʟʘʮʠʠ ʦʪʭʦʜʦʚ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ  ʪʠʧʘ ʧʦ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʫ: ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ (600-900 ÁC) ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 
(ʙʦʣʝʝ 900 ÁC). ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʩʞʠʛʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ 
ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʪʦʧʣʠʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʧʢʝ, ʥʦ ʧʨʠ 
ʧʨʷʤʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʞʠʛʘʥʠʠ ʦʪʭʦʜʦʚ ʚʳʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʢʩʠʯʥʳʭ 
ʚʝʱʝʩʪʚ. ɹʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 
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ʪʝʭʥʦʣʦʛʠʠ ʩʞʠʛʘʥʠʷ ʦʪʭʦʜʦʚ, ʪ.ʢ. ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1300 ÁC ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 
ʨʘʟʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʨʝʜʥʳʭ ʚʝʱʝʩʪʚ. ʆʜʥʘʢʦ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʪʦʧʢʝ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ 
ʪʝʨʤʠʯʝʩʢʦʝ ʠʣʠ ʵʣʝʢʪʨʦʧʣʘʟʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʠʟ ʨʘʟʥʳʭ ʩʪʨʘʥ 
ʧʳʪʘʶʪʩʷ ʥʘʡʪʠ ʧʫʪʠ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʧʦʚʳʰʝʥʠʷ ʵʢʦʣʦʛʠʯʥʦʩʪʠ ʙʦʣʝʝ ʜʝʰʝʚʳʭ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʝʪʦʜʦʚ ʫʪʠʣʠʟʘʮʠʠ ʠ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ 
ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʦʜʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [1] ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʚʝʨʜʳʭ ʦʪʭʦʜʦʚ (ʦʩʪʘʪʢʠ ʙʠʦʤʘʩʩʳ, ʙʠʦʫʛʦʣʴ, ʫʛʦʣʴ ʠ ʠʭ ʩʤʝʩʠ). 
ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʫʨʦʚʥʝ 800 ÁC. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʩʤʝʩʝʚʦʛʦ ʪʦʧʣʠʚʘ ʙʠʦʤʘʩʩʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 
ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʥʦʡ ʩʤʝʩʠ. ʉʠʥʝʨʛʝʪʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 
ʥʘʠʙʦʣʝʝ ʷʚʥʦ ʦʪʤʝʯʘʣʩʷ ʧʨʠ ʩʦʚʤʝʩʪʥʦʤ ʩʞʠʛʘʥʠʠ ʙʠʦʤʘʩʩʳ ʩ ʫʛʣʝʤ, ʧʣʘʩʪʠʢʦʤ ʠ 
ʨʝʟʠʥʦʡ. Cʦʚʤʝʩʪʥʦʝ ʩʞʠʛʘʥʠʝ ʙʠʦʤʘʩʩʳ ʩ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʦʣʠʚʢʦʚʦʛʦ ʤʘʩʣʘ ʚ ʫʩʪʘʥʦʚʢʝ ʩ ʧʩʝʚʜʦʦʞʠʞʝʥʥʳʤ ʩʣʦʝʤ ʠʩʩʣʝʜʦʚʘʥʦ ʚ ʨʘʙʦʪʝ [2]. 
ɹʳʣʠ ʚʳʷʚʣʝʥʳ ʩʦʩʪʘʚʳ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 
ʪʦʯʢʠ ʟʨʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ 
ʧʝʣʣʝʪʠʨʦʚʘʥʠʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʪʘʪʴʝ [3]. ɼʠʘʧʘʟʦʥ 
ʪʝʤʧʝʨʘʪʫʨ ʩʦʩʪʘʚʣʷʣ ʜʦ 800 Áʉ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʚʳʰʝ ʜʘʚʣʝʥʠʝ ʧʨʝʩʩʦʚʘʥʠʷ, 
ʪʝʤ ʜʦʣʴʰʝ ʧʨʦʮʝʩʩʳ ʟʘʞʠʛʘʥʠʷ ʠ ʛʦʨʝʥʠʷ, ʘ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʪʦʧʣʠʚʥʳʭ ʧʝʣʣʝʪ ʥʠʞʝ. 
ʊʝʤʧʝʨʘʪʫʨʘ ʧʨʝʩʩʦʚʘʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʷʤʫʶ ʚʣʠʷʝʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʧʝʣʣʝʪ. 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 60 Áʉ ʜʦ 160Áʉ, ʧʣʦʪʥʦʩʪʴ ʧʝʣʣʝʪ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 1370 
ʢʛ/ʤ3 ʜʦ 1420 ʢʛ/ʤ3.  
 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʏɸʉʊʔ 
ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʝʣʣʝʪ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʩʥʦʚʳʝ 

ʦʧʠʣʢʠ ʠ ʪʘʢʠʝ ʢʦʤʤʫʥʘʣʴʥʳʝ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ, ʢʘʢ ʧʣʘʩʪʠʢʦʚʳʝ 
ʙʫʪʳʣʢʠ, ʢʘʨʪʦʥ, ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ ʠ ʩʦʣʦʤʘ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʩʦʩʪʘʚʳ ʧʝʣʣʝʪ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʊʘʙʣʠʮʘ 1. ʂʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʪʦʧʣʠʚʥʳʭ ʧʝʣʣʝʪ 

ˉ  ʂʦʤʧʦʥʝʥʪʳ (ʚ ʤʘʩʩ. %) 

1 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 100% 

2 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 95% + ʢʘʨʪʦʥ 5% 

3 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 90% + ʢʘʨʪʦʥ 10% 

4 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 85% + ʢʘʨʪʦʥ 15% 

5 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 95% + ʧʣʘʩʪʠʢ 5% 

6 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 90% + ʧʣʘʩʪʠʢ 10% 

7 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 85% + ʧʣʘʩʪʠʢ 15% 

8 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 95% + ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʩʦʣʦʤʘ 5% 

9 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 90% + ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʩʦʣʦʤʘ 10% 

10 ʉʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 85% + ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʩʦʣʦʤʘ 15% 

 
ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʦʙʨʘʟʮʦʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʧʝʣʣʝʪʳ ʩʤʝʩʴ ʩʳʨʴʷ ʦʙʱʝʡ ʤʘʩʩʦʡ 

0.6 ʛʨ. ʧʦʤʝʱʘʣʘʩʴ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ, ʢʦʪʦʨʘʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʧʦʜ 
ʧʨʝʩʩ ʥʘ 30 ʩʝʢʫʥʜ. ʈʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʧʝʣʣʝʪ: ʚʳʩʦʪʘ ï 0.4 ʩʤ; ʜʠʘʤʝʪʨ ï 1.3 ʩʤ 
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ʈʠʩʫʥʦʢ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ: ʘ ï ʤʫʬʝʣʴʥʘʷ ʧʝʯʴ; ʙ ï ʬʦʪʦ ʨʘʟʤʝʱʝʥʠʷ 
ʧʝʣʣʝʪʳ ʥʘ ʜʝʨʞʘʪʝʣʴ; ʚ ï ʪʝʧʣʦʚʠʟʠʦʥʥʘʷ (ʚʠʜʝʦ) ʩʲʝʤʢʘ 

 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʞʠʛʘʥʠʷ ʠ ʛʦʨʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʨʫʙʯʘʪʦʡ 

ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ LF-50/500-1200 (ʨʠʩ. 1ʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 700, 800 ʠ 900Áʉ. 
ʋʯʠʪʳʚʘʣʠʩʴ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ: ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ 
ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʣʣʝʪʳ ʚʦ ʚʨʝʤʷ ʛʦʨʝʥʠʷ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʨʠ 
ʧʦʤʦʱʠ ʪʝʧʣʦʚʠʟʦʨʘ Testo 885. ʇʝʣʣʝʪʘ ʨʘʟʤʝʱʘʣʘʩʴ ʥʘ ʜʝʨʞʘʪʝʣʝ (ʨʠʩ. 1ʙ), 
ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʤʝʱʘʣʩʷ ʚ ʧʝʯʴ ʩ ʧʦʣʥʦʩʪʴʶ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ. 
ʅʘʧʨʦʪʠʚ ʚʪʦʨʦʛʦ ʦʪʚʝʨʩʪʠʷ ʧʝʯʠ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʤʝʨʘ (ʨʠʩ. 1ʚ), ʬʠʢʩʠʨʫʶʱʘʷ 
ʧʨʦʠʩʭʦʜʷʱʝʝ ʚ ʪʦʧʢʝ ʠ ʧʝʨʝʜʘʶʱʘʷ ʚʠʜʝʦʢʘʜʨʳ ʥʘ ʢʦʤʧʴʶʪʝʨ. ʇʨʠ ʧʦʤʦʱʠ 
ʨʘʩʢʘʜʨʦʚʢʠ ʚʳʷʚʣʷʣʦʩʴ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʚ ʛʦʨʝʥʠʷ ʠ ʚʥʦʩʠʣʦʩʴ ʚ ʩʧʝʮʠʘʣʴʥʫʶ 
ʪʘʙʣʠʮʫ. ʆʧʳʪʳ ʩ ʢʘʞʜʳʤ ʩʦʩʪʘʚʦʤ ʧʨʦʚʦʜʠʣʠ ʥʝ ʤʝʥʝʝ 10 ʨʘʟ, ʧʦʩʣʝ ʯʝʛʦ 
ʚʳʩʯʠʪʳʚʘʣʩʷ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ. 

ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʙʳʣ ʘʥʘʣʠʟ ʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ 
ʩʛʦʨʘʥʠʷ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʩʞʠʛʘʥʠʠ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʧʝʣʣʝʪ. ʇʨʠ ʧʦʤʦʱʠ 
ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ ʊʝʩʪ-1 ʚʳʧʦʣʥʷʣʠ ʠʟʤʝʨʝʥʠʝ ʜʦʣʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʤʦʥʦʦʢʩʠʜʘ 
ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʘ ʘʟʦʪʘ ʠ ʦʢʩʠʜʘ ʩʝʨʳ. ɺ ʧʝʯʴ ʧʦʤʝʱʘʣʩʷ ʟʦʥʜ, ʯʝʨʝʟ ʢʦʪʦʨʳʡ 
ʚʳʜʝʣʷʶʱʠʝʩʷ ʛʘʟʳ ʧʦʧʘʜʘʣʠ ʚ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨ. ɼʣʷ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ 
ʦʙʘ ʦʪʚʝʨʩʪʠʷ ʧʝʯʠ ʛʝʨʤʝʪʠʯʥʦ ʟʘʢʨʳʚʘʣʠʩʴ. ɼʘʥʥʳʝ ʩ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ 
ʦʪʦʙʨʘʞʘʣʠʩʴ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ. ʈʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ ʚʥʦʩʠʣʠʩʴ ʚ ʦʙʱʫʶ 
ʪʘʙʣʠʮʫ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʧʨʦʯʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʦʣʫʯʠʚʰʠʭʩʷ ʧʝʣʣʝʪ, ʢʘʞʜʫʶ ʠʟ ʥʠʭ ʩʙʨʘʩʳʚʘʣʠ ʩ ʚʳʩʦʪʳ ʜʚʫʭ ʤʝʪʨʦʚ ʧʦ 10 ʨʘʟ, 
ʧʦʩʣʝ ʯʝʛʦ ʧʦʚʪʦʨʥʦ ʚʟʚʝʰʠʚʘʣʠ, ʥʘʭʦʜʷ ʜʦʣʶ ʦʩʳʧʘʚʰʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ. ɼʘʥʥʘʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʧʨʦʮʝʥʪ ʧʦʚʨʝʞʜʝʥʠʷ ʙʫʜʫʱʠʭ ʧʝʣʣʝʪ ʧʨʠ 
ʧʝʨʝʚʦʟʢʝ ʠ ʭʨʘʥʝʥʠʠ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʧʝʣʣʝʪʳ ʦʩʪʘʚʣʷʣʠ ʚ 
ʧʦʤʝʱʝʥʠʠ ʩ ʠʟʚʝʩʪʥʦʡ ʚʣʘʞʥʦʩʪʴʶ, ʧʦʩʣʝ ʯʝʛʦ ʚʟʚʝʰʠʚʘʣʠ, ʩʨʘʚʥʠʚʘʷ ʩ ʚʝʩʦʤ 
ʧʝʣʣʝʪʳ, ʚʳʩʫʰʝʥʥʦʡ ʚ ʩʫʭʦʞʘʨʝ 
 

ʈɽɿʋʃʔʊɸʊʓ ʈɸɹʆʊʓ 
ɿʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 2-5. 
 

ʊʘʙʣʠʮʘ 2. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʞʠʛʘʥʠʷ ʠ ʛʦʨʝʥʠʷ ʧʝʣʣʝʪ 
ˉ 700 Áʉ 800 Áʉ 900 Áʉ 

tʛʦʨ, Áʉ  tʟ, ʩʝʢ tʛ, ʩʝʢ tʛʦʨ, Áʉ  tʟ, ʩʝʢ tʛ, ʩʝʢ tʛʦʨ, Áʉ  tʟ, ʩʝʢ tʛ, ʩʝʢ 
1 949 7,580 208,000 1075 4,380 186,000 1142 2,150 170,490 
2 955 14,605 211,028 1093 6,496 171,152 1153 4,726 152,249 
3 961 14,882 216,645 1100 7,783 178,149 1170 6,658 161,882 
4 964 15,437 225,281 1112 8,699 181,319 1188 7,427 165,273 
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5 963 10,554 200,524 1090 6,320 194,227 1137 4,418 174,866 
6 963 11,211 210,190 1077 6,698 196,629 1128 4,577 176,218 
7 963 12,345 215,954 1083 6,857 199,467 1133 4,704 176,945 
8 941 9,470 217,890 1069 6,547 193,270 1137 4,293 189,690 
9 936 11,030 222,270 1065 6,902 196,750 1132 4,414 192,070 

10 932 12,365 228,640 1059 7,148 201,630 1128 4,510 196,070 
 

ʊʘʙʣʠʮʘ 3. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʣʣʝʪ  
ˉ  700 Áʉ 800 Áʉ 900 Áʉ 

CO2 CO Nox SO2 CO2 CO Nox SO2 CO2 CO Nox SO2 
1 5,570 0,962 32,192 6,751 6,135 0,999 54,542 9,213 7,134 1,888 84,011 10,405 

2 4,374 0,462 19,891 2,553 6,154 1,239 26,054 3,799 6,703 1,569 31,156 5,865 

3 5,012 0,727 26,692 2,420 4,455 0,722 32,814 3,081 5,578 1,243 51,743 4,083 

4 5,594 0,801 30,458 2,050 5,241 0,944 34,614 2,252 6,466 1,599 55,466 6,136 

5 6,900 1,202 47,743 6,310 6,520 1,359 28,276 7,914 5,630 2,023 24,582 12,009 

6 5,528 1,039 31,084 4,263 7,103 1,770 30,919 7,747 6,239 2,122 35,399 10,820 

7 7,003 1,467 36,961 9,056 6,744 1,628 28,450 10,793 5,850 2,172 37,294 11,412 

8 5,419 1,050 37,579 5,912 5,796 1,256 56,476 6,942 6,435 1,682 90,130 7,179 

9 5,527 0,952 38,876 4,408 5,840 1,137 62,859 4,690 6,503 1,643 97,732 5,205 

10 5,600 0,790 40,300 3,199 5,999 0,877 68,644 3,745 7,114 1,425 104,424 3,929 

 
ʊʘʙʣʠʮʘ 4. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʣʣʝʪ 

ˉ  ʋʜʘʨʦʧʨʦʯʥʦʩʪʴ ɻʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ ʇʣʦʪʥʦʩʪʴ ʉʪʦʠʤʦʩʪʴ, $\ʪ 
1 99,330 96,020 1012 324,090 
2 98,284 96,333 1040 318,160 
3 98,682 96,254 1057 312,299 
4 98,963 96,169 1071 306,462 
5 98,726 97,414 1008 318,680 
6 99,041 97,718 1003 313,313 
7 99,299 97,838 999 307,991 
8 98,965 96,821 1017 160,218 
9 98,647 96,679 1024 161,726 
10 98,164 96,551 1029 163,248 

 
ɼʣʷ ʤʥʦʛʦʬʘʢʪʦʨʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʪʦʧʣʠʚʥʳʭ ʩʦʩʪʘʚʦʚ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʚʟʚʝʰʝʥʥʳʭ ʩʫʤʤ. ʈʘʩʯʝʪ ʠʪʦʛʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ: 1) ʦʧʨʝʜʝʣʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ; 
2) ʥʦʨʤʠʨʦʚʘʥʠʠ ʟʥʘʯʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ; 3) ʧʨʠʩʚʦʝʥʠʠ ʚʝʩʦʚʳʭ 
ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʘʞʜʦʤʫ ʥʦʨʤʠʨʦʚʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ; 4) ʨʘʩʯʝʪʝ ʠʪʦʛʦʚʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦ ʬʦʨʤʫʣʝ: 

      

ʛʜʝ wi ï ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ;  ï ʥʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ; n ï 
ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ; An ï ʠʪʦʛʦʚʳʡ ʧʦʢʘʟʘʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. 

ʅʦʨʤʠʨʦʚʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʦʮʝʥʢʠ ʷʚʣʷʝʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʤ ʠ ʥʝ 
ʧʨʝʚʳʰʘʝʪ ʟʥʘʯʝʥʠʷ 1. ʉʫʤʤʘ ʚʩʝʭ ʚʝʩʦʚʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʚʥʘ 1. ʅʘʠʣʫʯʰʠʤ 
ʩʯʠʪʘʝʪʩʷ ʪʦʪ ʚʘʨʠʘʥʪ (ʪʦʧʣʠʚʥʘʷ ʢʦʤʧʦʟʠʮʠʷ), ʫ ʢʦʪʦʨʦʛʦ ʚʟʚʝʰʝʥʥʘʷ ʩʫʤʤʘ 
ʢʨʠʪʝʨʠʝʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʠʟ ʚʳʙʦʨʢʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 
ʚʘʨʠʘʥʪʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʢʠ ʚʳʙʨʘʥʳ: ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ, 
ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʛʦʨʝʥʠʷ, ʚʳʜʝʣʝʥʠʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, 
ʤʦʥʦʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ, ʦʢʩʠʜʦʚ ʘʟʦʪʘ ʠ ʩʝʨʳ, ʘ ʪʘʢʞʝ ʧʣʦʪʥʦʩʪʴ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʴ, 
ʫʜʘʨʦʧʨʦʯʥʦʩʪʴ ʠ ʩʪʦʠʤʦʩʪʴ. ɼʣʷ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ, ʚʳʜʝʣʝʥʠʷ ʛʘʟʦʚ, ʘ 
ʪʘʢʞʝ ʩʪʦʠʤʦʩʪʠ ʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʥʘʠʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ. ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
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ʜʣʠʪʝʣʴʥʦʩʪʠ ʛʦʨʝʥʠʷ, ʘ ʪʘʢʞʝ ʫʜʘʨʦʧʨʦʯʥʦʩʪʠ, ʛʠʛʨʦʩʢʦʧʠʯʥʦʩʪʠ ʠ ʧʣʦʪʥʦʩʪʠ 
ʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ. ʅʘ ʨʠʩ. 2ʘ, 2ʙ ʠ 2ʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 
ʤʫʣʴʪʠʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. 
 

  
ʘ       ʙ 

 
ʚ 

ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʤʫʣʴʪʠʢʨʠʪʝʨʠʘʣʴʥʦʡ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʛʨʝʚʘ: ʘ ï T=700 Áʉ; ʙ ï T=800 

Áʉ; ʚ ï T=900 Áʉ 
 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʫʣʴʪʠʢʨʠʪʝʨʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʩʘʤʳʝ 
ʵʬʬʝʢʪʠʚʥʳʝ ʩʦʩʪʘʚʳ ʪʦʧʣʠʚʥʳʭ ʧʝʣʣʝʪ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 700, 800 ʠ 900Áʉ. ʀʤʠ ʩʪʘʣʠ 
ʩʦʩʪʘʚʳ: ʩʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 95% + ʢʘʨʪʦʥ 5%, ʩʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 90% + ʢʘʨʪʦʥ 10% ʠ 
ʩʦʩʥʦʚʳʝ ʦʧʠʣʢʠ 85% + ʨʠʩʦʚʘʷ ʰʝʣʫʭʘ, ʩʦʣʦʤʘ 15% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
 

ɿɸʂʃʖʏɽʅʀɽ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʦʚʳʭ ʪʦʧʣʠʚʥʳʭ ʙʨʝʢʝʪʦʚ ʠ ʧʝʣʣʝʪ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʜʘʥʥʳʝ ʩʦʩʪʘʚʳ ʤʦʛʫʪ ʩʪʘʪʴ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʪʨʘʜʠʮʠʦʥʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Boumanchar, I. Investigation of (co)-combustion kinetics of biomass, coal and 
municipal solid wastes / I. Boumanchar, Y. Chhiti, F.E. Môhamdi Alaoui, M. 
Elkhouakhi, A. Sahibed-dine, F. Bentiss, C. Jama, M. Bensitel // Waste 
Management. ï 2019. ï V. 97. ï P. 10-18. 

2. Vamvuka, D. Evaluation of municipal wastes as secondary fuels through co-
combustion with woody biomass in a fluidized bed reactor /, S. Alexandrakis, I. 
Papagiannis // Journal of the Energy Institute. ï 2020. ï V. 93. ï P. 272-280. 

3. Ma, J. Integration of the pelletization and combustion of biodried products derived 
from municipal organic wastes: The influences of compression temperature and 
pres-sure / J. Ma, S. Feng, X. Shen, Z. Zhang, Z. Wang, W. Kong, P. Yuan, B. 
Shen, L. Mu // Energy. ï 2021. ï V. 219. ï 119614. 
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ʉʀʉʊɽʄɸ QR-ʉʂʆʈɸʗ ʇʆʄʆʑʔ: ɸʃɻʆʈʀʊʄ ʇɽʈɺʆʁ ʇʆʄʆʑʀ 
ʇʈʀ ʀʅʉʋʃʔʊɽ 

ʇʘʥʪʶʭʠʥʘ ʃʶʜʤʠʣʘ, ʆʩʪʝʨʜʘʢ ɸʥʜʨʝʡ 
ʄɸʆʋ "ʇʦʜʛʦʨʥʩʢʘʷ ʉʆʐ" 9 ʢʣʘʩʩ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʫʣʘʷʢʦʚʘ ʈʦʢʩʘʥʘ ʈʘʫʣʴʝʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè,  

 
ʎʝʣʴ ʨʘʙʦʪʳ: ʨʘʟʨʘʙʦʪʢʘ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʧʦʥʷʪʴ 

ʘʣʛʦʨʠʪʤ ʦʢʘʟʘʥʠʷ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ. 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ:  
- ʩʦʙʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʵʪʘʧʘʭ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ; 
- ʩʦʟʜʘʪʴ ʩʢʝʪʯ; 
- ʩʦʟʜʘʪʴ 3D ʤʦʜʝʣʠ; 
- ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ, ʧʦʥʠʤʘʥʠʝ ʪʦʛʦ, ʢʘʢ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʫʜʝʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʧʨʠʣʦʞʝʥʠʝʤ; 
- ʩʦʟʜʘʪʴ ʧʨʠʣʦʞʝʥʠʝ. 

  ʀʥʩʫʣʴʪ ï ʧʨʝʢʨʘʱʝʥʠʝ ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʯʘʩʪʢʘ 
ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʩʫʜʘ. ɹʝʟ ʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʣʝʯʝʥʠʷ 
ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʨʫʰʠʪʩʷ ʬʫʥʢʮʠʠ ʤʦʟʛʘ ʠ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʫʤʝʨʝʪʴ ʠʣʠ ʩʪʘʪʴ 
ʠʥʚʘʣʠʜʦʤ. ʆʪ ʠʥʩʫʣʴʪʘ ʥʠʢʪʦ ʥʝ ʟʘʩʪʨʘʭʦʚʘʥ, ʦʥ ʤʦʞʝʪ ʩʣʫʯʠʪʴʩʷ ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʠ 
ʚ ʣʶʙʦʤ ʤʝʩʪʝ. 

ʄʝʨʳ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ ï ʵʪʦ ʢʦʤʧʣʝʢʩ ʜʝʡʩʪʚʠʡ ʠ ʤʝʨʦʧʨʠʷʪʠʡ, 
ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʝ ʪʦʣʴʢʦ ʣʠʰʴ ʥʘ ʩʧʘʩʝʥʠʝ ʞʠʟʥʠ ʙʦʣʴʥʦʛʦ. ʆʪ ʚʨʝʤʝʥʠ ʠ 
ʧʨʘʚʠʣʴʥʦʩʪʠ ʝʝ ʦʢʘʟʘʥʠʷ ʟʘʚʠʩʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʥʳʭ 
ʢʣʝʪʦʢ ʤʦʟʛʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʜʘʥʥʳʤ 
ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʦʧʪʠʤʘʣʴʥʳʡ ʩʨʦʢ ʜʣʷ ʜʦʩʪʘʚʢʠ ʙʦʣʴʥʦʛʦ 
ʚ ʣʝʯʝʙʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ï 3 ʯʘʩʘ ʩ ʤʦʤʝʥʪʘ ʟʘʙʦʣʝʚʘʥʠʷ (ʯʝʤ ʨʘʥʴʰʝ, ʪʝʤ ʣʫʯʰʝ). 
ʇʦʩʢʦʣʴʢʫ ʥʝʦʙʨʘʪʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʪʝʯʝʥʠʝ 
ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. 

ʂ ʩʦʞʘʣʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʦ ʣʶʜʝʡ ʩʣʘʙʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢʦʡ ʜʦʣʞʥʘ ʙʳʪʴ 
ʧʝʨʚʘʷ ʧʦʤʦʱʴ ʧʨʠ ʠʥʩʫʣʴʪʝ. ʀʟʫʯʝʥʠʝ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʪʨʝʙʫʝʪ ʚʨʝʤʝʥʠ ʠ 
ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ. 

ɸʥʘʣʦʛʦʤ ʥʘʰʝʛʦ ʧʨʠʣʦʞʝʥʠʷ ʷʚʣʷʝʪʩʷ: ʇʝʨʚʘʷ ʧʦʤʦʱʴ IFRC ïʆʬʠʮʠʘʣʴʥʦʝ 
ʧʨʠʣʦʞʝʥʠʝ IFRC çʇʝʨʚʘʷ ʧʦʤʦʱʴè ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʤʛʥʦʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ 
ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʚ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʷʭ, ʘ ʪʘʢʞʝ ʩʦʚʝʪʳ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ 
ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ.  

ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʤʦʛʫʪ ʙʳʪʴ ʤʝʜʠʮʠʥʩʢʠʝ ʩʧʝʮʠʘʣʠʩʪʳ, 
ʩʪʫʜʝʥʪʳ ʤʝʜʠʮʠʥʩʢʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ, ʠʥʩʪʨʫʢʪʦʨʳ ʧʦ ʧʝʨʚʦʡ ʧʦʤʦʱʠ, ʘ ʪʘʢʞʝ 
ʦʙʳʯʥʳʝ ʣʶʜʠ, ʞʝʣʘʶʱʠʝ ʥʘʫʯʠʪʴʩʷ ʦʢʘʟʳʚʘʪʴ ʧʦʤʦʱʴ ʧʨʠ ʠʥʩʫʣʴʪʝ. 

ʇʨʠ ʩʦʟʜʘʥʠʠ ʜʘʥʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Blender ʜʣʷ 
ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ. Blender - ʵʪʦ ʤʦʱʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, 
ʘʥʠʤʘʮʠʠ ʠ ʨʝʥʜʝʨʠʥʛʘ ʪʨʝʭʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʉ ʝʝ ʧʦʤʦʱʴʶ ʙʳʣʠ ʩʦʟʜʘʥʳ ʤʦʜʝʣʠ 
ʨʘʟʣʠʯʥʳʭ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ, ʘ ʪʘʢʞʝ ʘʥʠʤʘʮʠʠ, 
ʠʣʣʶʩʪʨʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʠʥʩʫʣʴʪʝ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʘʤʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ Unity. Unity 
- ʵʪʦ ʧʦʧʫʣʷʨʥʘʷ ʤʥʦʛʦʧʣʘʪʬʦʨʤʝʥʥʘʷ ʩʨʝʜʘ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʠʛʨ ʠ 
ʧʨʠʣʦʞʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ Unity ʙʳʣʠ ʠʥʪʝʛʨʠʨʦʚʘʥʳ 3D-ʤʦʜʝʣʠ, ʘʥʠʤʘʮʠʠ ʠ 
ʠʥʪʝʨʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʧʨʠʣʦʞʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʴʟʦʚʘʪʝʣʷʤ 
ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʢʦʥʪʝʥʪʦʤ ʠ ʠʟʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʠʥʩʫʣʴʪʝ ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʠ 
ʠʥʪʝʨʘʢʪʠʚʥʦ. 
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ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 
ʠʥʩʫʣʴʪʝ, ʙʳʣʠ ʥʘʧʝʯʘʪʘʥʳ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʤʦʜʝʣʠ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ 
ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʪʝʣʘ. ʕʪʠ ʤʦʜʝʣʠ ʧʦʤʦʛʫʪ ʚʨʘʯʘʤ, ʩʪʫʜʝʥʪʘʤ ʠ ʧʘʮʠʝʥʪʘʤ ʣʫʯʰʝ 
ʧʦʥʷʪʴ ʘʥʘʪʦʤʠʶ, ʩʚʷʟʘʥʥʫʶ ʩ ʠʥʩʫʣʴʪʦʤ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʩʦʟʜʘʥʳ ʢʘʨʪʦʯʥʳʝ ʧʦʷʩʥʝʥʠʷ ʢ ʵʪʠʤ ʤʦʜʝʣʷʤ, ʩʦʜʝʨʞʘʱʠʝ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʜʝʡʩʪʚʠʡ ʧʨʠ ʠʥʩʫʣʴʪʝ. ʕʪʠ ʧʦʷʩʥʝʥʠʷ ʧʦʤʦʛʫʪ 
ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʤʘʪʝʨʠʘʣ ʠ ʫʩʚʦʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʠʥʩʫʣʴʪʝ. 

ɺʩʝ ʵʪʠ ʵʣʝʤʝʥʪʳ ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʦʙʫʯʝʥʠʷ ʚʤʝʩʪʝ ʩʦʟʜʘʶʪ ʢʦʤʧʣʝʢʩʥʳʡ ʠ 
ʠʥʪʝʨʘʢʪʠʚʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʠʥʩʫʣʴʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʝʥ ʢʘʢ ʜʣʷ 
ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ, ʪʘʢ ʠ ʜʣʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ.  
ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ: 
1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʦʣʝʡ ʚ ʢʦʤʘʥʜʝ; 
2. ʇʦʠʩʢ ʣʠʪʝʨʘʪʫʨʳ ʠ ʠʟʫʯʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʙʦʣʝʚʘʥʠʠ ʠ ʤʝʪʦʜʘʭ ʦʢʘʟʘʥʠʷ 
ʧʦʤʦʱʠ; 
3. ʉʦʟʜʘʥʠʝ ʩʢʝʪʯʘ, ʢʘʨʪʦʯʥʳʭ ʧʦʷʩʥʝʥʠʡ (ʈʠʩʫʥʦʢ 1); 
4. ʀʟʫʯʝʥʠʝ ʧʨʦʛʨʘʤʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 
5. ʉʦʟʜʘʥʠʝ 3D-ʤʦʜʝʣʝʡ ʚ 3D-ʨʝʜʘʢʪʦʨʝ Blender (ʈʠʩʫʥʦʢ 2); 
6. ʇʝʯʘʪʴ 3D-ʤʦʜʝʣʝʡ ʥʘ 3D-ʧʨʠʥʪʝʨʝ (ʈʠʩʫʥʦʢ 3); 
6. ʉʦʟʜʘʥʠʝ ʧʨʠʣʦʞʝʥʠʷ ʚ Unity (ʈʠʩʫʥʦʢ 4); 
7. ʆʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ. 

   

 
 

ʈʠʩʫʥʦʢ 1. ʉʢʝʪʯ 
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ʈʠʩʫʥʦʢ 2. 3D-ʤʦʜʝʣʠ, ʩʦʟʜʘʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ Blender 
 

 
ʈʠʩʫʥʦʢ 3. ʅʘʧʝʯʘʪʘʥʥʳʝ 3D-ʤʦʜʝʣʠ 

 

 
ʈʠʩʫʥʦʢ 4. ʇʨʠʣʦʞʝʥʠʝ ʚ Unity 
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 ɼʣʷ ʨʘʩʯʝʪʘ ʵʢʦʥʦʤʠʢʠ ʧʨʦʝʢʪʘ ʫʯʪʝʤ ʩʣʝʜʫʶʱʠʝ ʟʘʪʨʘʪʳ: 
1. Unity: ʣʠʮʝʥʟʠʷ ʥʘ ʛʦʜ: 1877 ʨʫʙ. 
2. Blender: ʙʝʩʧʣʘʪʥʦʝ ʇʆ (ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ) 
3. ʉʪʦʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ AR-ʧʨʠʣʦʞʝʥʠʷ: ʦʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʮʝʥʘ: 30,000 ʨʫʙ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʩʫʤʤʘ ʟʘʪʨʘʪ ʥʘ ʧʨʦʝʢʪ ʩʦʩʪʘʚʠʪ: 1877 ʨʫʙ. (Unity) + 30,000 
ʨʫʙ. (ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʣʦʞʝʥʠʷ) = 31,877 ʨʫʙ. 

ɼʣʷ ʫʯʝʪʘ ʨʘʩʭʦʜʦʚ ʥʘ ʨʘʩʧʝʯʘʪʢʫ 3D ʤʦʜʝʣʝʡ ʥʘ 3D ʧʨʠʥʪʝʨʝ, ʜʦʙʘʚʠʤ 
ʩʣʝʜʫʶʱʠʝ ʟʘʪʨʘʪʳ: 

1. ʉʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʧʝʯʘʪʠ: ʨʘʩʭʦʜʳ ʥʘ PLA-ʧʣʘʩʪʠʢ: ʧʨʠʤʝʨʥʦ 100 
ʨʫʙ. ʟʘ ʢʛ 

2. ʉʪʦʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 3D ʧʨʠʥʪʝʨʘ: ʨʘʩʭʦʜ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ: ʧʨʠʤʝʨʥʦ 
5 ʨʫʙ. ʟʘ ʯʘʩ ʨʘʙʦʪʳ ʧʨʠʥʪʝʨʘ 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʧʨʦʝʢʪʘ ʧʦʪʨʝʙʫʝʪʩʷ ʨʘʩʧʝʯʘʪʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʦʜʝʣʝʡ 
ʦʙʲʝʤʦʤ ʦʢʦʣʦ 1 ʢʛ. ʊʦʛʜʘ ʟʘʪʨʘʪʳ ʥʘ ʤʘʪʝʨʠʘʣ ʩʦʩʪʘʚʷʪ ʦʢʦʣʦ 100 ʨʫʙ. ʇʨʠ ʫʩʣʦʚʠʠ, 
ʯʪʦ ʚʨʝʤʷ ʧʝʯʘʪʠ ʦʜʥʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 5 ʯʘʩʦʚ, ʟʘʪʨʘʪʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ 
ʩʦʩʪʘʚʷʪ ʧʨʠʤʝʨʥʦ 25 ʨʫʙ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʩʫʤʤʘ ʟʘʪʨʘʪ ʥʘ ʨʘʩʧʝʯʘʪʢʫ 3D 
ʤʦʜʝʣʝʡ: 100 ʨʫʙ. (ʤʘʪʝʨʠʘʣ) + 25 ʨʫʙ. (ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ) = 125 ʨʫʙ. 

ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʟʘʢʘʟʯʠʢʘʤʠ ʠʣʠ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤʠ ʩʪʝʡʢʭʦʣʜʝʨʘʤʠ ʜʣʷ 
ʪʘʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʩʣʝʜʫʶʱʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠʣʠ ʛʨʫʧʧʳ: 

1. ʄʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ ʙʦʣʴʥʠʮʳ, ʢʣʠʥʠʢʠ, 
ʤʝʜʠʮʠʥʩʢʠʝ ʮʝʥʪʨʳ ʠ ʘʩʩʦʮʠʘʮʠʠ ʚʨʘʯʝʡ. ʆʥʠ ʤʦʛʫʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴʩʷ ʨʘʟʨʘʙʦʪʢʦʡ 
ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʫʯʝʥʠʷ ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʠ ʦ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ. 

2. ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʫʯʨʝʞʜʝʥʠʷ ʠ ʪʨʝʥʠʥʛʦʚʳʝ ʮʝʥʪʨʳ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʷʪ 
ʦʙʫʯʘʶʱʠʝ ʧʨʦʛʨʘʤʤʳ ʧʦ ʧʝʨʚʦʡ ʧʦʤʦʱʠ. ɼʣʷ ʥʠʭ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʦʙʫʯʝʥʠʷ ʩʚʦʠʭ ʩʪʫʜʝʥʪʦʚ ʠʣʠ ʫʯʘʩʪʥʠʢʦʚ ʢʫʨʩʦʚ. 

3. ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʦʨʛʘʥʳ ʠ ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʦʙʱʝʩʪʚʝʥʥʳʤ 
ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝʤ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴʶ. ʆʥʠ ʤʦʛʫʪ ʚʠʜʝʪʴ ʮʝʥʥʦʩʪʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ ʩʨʝʜʠ ʥʘʩʝʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ 
ʨʘʟʨʘʙʦʪʢʫ ʧʦʜʦʙʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ. 

4. ʅʝʢʦʤʤʝʨʯʝʩʢʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʬʦʥʜʳ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʧʦʜʜʝʨʞʢʦʡ 
ʧʘʮʠʝʥʪʦʚ ʩ ʠʥʩʫʣʴʪʘʤʠ ʠ ʠʭ ʩʝʤʝʡ. ɼʣʷ ʥʠʭ ʧʨʠʣʦʞʝʥʠʝ ʤʦʞʝʪ ʩʪʘʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ 
ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʩʦʦʙʱʝʩʪʚʘ. 

5. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʝʩʷ ʥʘ ʨʘʟʨʘʙʦʪʢʝ 
ʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ. ʆʥʠ ʤʦʛʫʪ ʚʠʜʝʪʴ ʧʦʪʝʥʮʠʘʣ ʚ ʩʦʟʜʘʥʠʠ 
ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʠ ʧʦʣʝʟʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʦʙʣʘʩʪʠ ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʷ. 
ʊʝʢʫʱʠʡ ʨʝʟʫʣʴʪʘʪ: ʩʦʟʜʘʥʳ 3D ʤʦʜʝʣʠ ʘʣʛʦʨʠʪʤʘ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ, 
ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ ʜʝʪʘʣʴʥʦʝ ʚʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʮʝʜʫʨ ʠ ʜʝʡʩʪʚʠʡ, 
ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʢʘʟʘʥʠʷ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ. ʈʘʟʨʘʙʦʪʘʥʳ ʪʝʢʩʪʦʚʳʝ 
ʠʥʩʪʨʫʢʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʢʘʞʜʳʡ ʰʘʛ ʘʣʛʦʨʠʪʤʘ ʧʝʨʚʦʡ ʧʦʤʦʱʠ ʧʨʠ ʠʥʩʫʣʴʪʝ. 
ʇʨʦʚʝʜʝʥʦ ʪʝʩʪʠʨʦʚʘʥʠʝ 3D ʤʦʜʝʣʝʡ ʠ ʠʥʩʪʨʫʢʮʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʠʭ ʧʨʘʚʠʣʴʥʦʛʦ 
ʦʪʦʙʨʘʞʝʥʠʷ, ʠ ʧʦʥʠʤʘʥʠʷ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʀʥʩʫʣʴʪ. ʉʠʤʧʪʦʤʳ, ʧʝʨʚʘʷ ʧʦʤʦʱʴ, ʤʝʪʦʜʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ɸʤʦʩʦʚ ɺ.ʅ., 
ʉʤʠʨʥʦʚʘ ʄ. ɺ., ʀʟʜʘʪʝʣʴʩʪʚʦ: ɺʝʢʪʦʨ, 2013 ʛ.  

2. ʇʨʠʟʥʘʢʠ ʠʥʩʫʣʴʪʘ ʠ ʦʢʘʟʘʥʠʝ ʧʝʨʚʦʡ ʧʦʤʦʱʠ 
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ʆɹʆʉʅʆɺɸʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 3D ʇɽʏɸʊʀ ʂɸʂ ʉʇʆʉʆɹɸ 
ʇʈʆʊʆʊʀʇʀʈʆɺɸʅʀʗ ʀɿɼɽʃʀʁ ɼʃʗ ʈɸʉʇʓʃɽʅʀʗ ʊɺɽʈɼʓʍ 

ʄɽʃʂʆɼʀʉʇɽʈʅʓʍ ʊʆʇʃʀɺ 
ʃʘʥʜʘʨʠʥ ɺʘʜʠʤ 

ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ,10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʗʥʢʦʚʩʢʠʡ ʉʪʘʥʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ., ʜʦʮʝʥʪ ʅʆʎ 
ʀ.ʅ. ɹʫʪʘʢʦʚʘ, ʀʐʕ 

 
ʇʨʦʠʟʚʦʜʩʪʚʦ ʩʣʦʞʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʟʘʜʘʯʝʡ 

ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. ʀ ʯʝʤ ʜʝʰʝʚʣʝ ʦʥʦ ʦʙʭʦʜʠʪʩʷ, ʪʝʤ ʵʬʬʝʢʪʠʚʥʝʡ ʨʘʟʚʠʚʘʝʪʩʷ 
ʥʘʧʨʘʚʣʝʥʠʝ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʚ ʈʦʩʩʠʠ ʩʝʛʦʜʥʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʦʚʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ, 
ʯʝʤ ʙʳʩʪʨʝʝ ʧʨʦʠʟʦʡʜʝʪ ʧʝʨʝʭʦʜʥʦʝ ʤʳʰʣʝʥʠʝ ʧʨʦʝʢʪʠʨʦʚʱʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ, ʪʝʤ 
ʩʫʱʝʩʪʚʝʥʥʝʝ ʙʫʜʝʪ ʦʱʫʪʠʤ ʨʦʩʪ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʝʛʦʜʥʷ ʤʥʦʛʠʝ 
ʟʘʨʫʙʝʞʥʳʝ ʢʦʤʧʘʥʠʠ ʫʰʣʠ ʩ ʨʳʥʢʘ, ʘ ʩʚʦʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʘʢ ʠ ʥʝ ʥʘʣʘʞʝʥʦ. 
ʉʫʱʝʩʪʚʫʝʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʡ ʪʝʭʥʠʢ ʨʘʟʨʘʙʦʪʦʢ: ʌʦʨʤʘʪʠʚʥʦʝ, 
Cʫʙʪʨʘʢʪʠʚʥʦʝ, ɸʜʜʠʪʠʚʥʦʝ-3D ʧʝʯʘʪʴ. ʇʦʩʣʝʜʥʝʝ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʤ 
ʠ ʵʬʬʝʢʪʠʚʥʳʤ [1].  ʆʩʥʦʚʥʳʝ ʧʣʶʩʳ 3D ʧʝʯʘʪʠ: ʠʟʛʦʪʦʚʣʷʝʤʳʝ ʜʝʪʘʣʠ ʤʦʛʫʪ ʙʳʪʴ 
ʣʶʙʦʡ ʬʦʨʤʳ, 3D ʧʝʯʘʪʴ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʙʦʣʴʰʠʭ ʩʪʘʨʪʦʚʳʭ ʚʣʦʞʝʥʠʡ, ʦʛʨʦʤʥʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʚʘʨʠʘʮʠʡ ʧʨʦʠʟʚʦʜʠʤʳʭ ʜʝʪʘʣʝʡ, ʥʝʙʦʣʴʰʘʷ ʩʪʦʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʝʩʪʴ ʠ 
ʤʠʥʫʩ - ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʪʴ ʜʝʪʘʣʠ ʠʟ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
ʩʫʙʪʨʘʢʪʠʚʥʳʭ ʠ ʬʦʨʤʘʪʠʚʥʳʭ ʪʝʭʥʠʢʘʭ [1]. ɺ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʬʝʨʝ ʩʝʡʯʘʩ ʜʝʬʠʮʠʪ 
ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚ ʈʌ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠʣʠ ʝʩʪʴ ʥʦ ʚ 
ʝʜʠʥʠʯʥʦʤ ʩʣʫʯʘʝ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦʤ. ʆʜʥʠʤ ʠʟ ʨʝʰʝʥʠʡ ʵʪʦʡ ʚʘʞʥʦʡ ʟʘʜʘʯʠ 
ʷʚʣʷʝʪʩʷ ʧʨʦʮʝʩʩ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʠ ʜʦʚʝʜʝʥʠʷ ʜʦ ʦʧʳʪʥʦʛʦ 
ʦʙʨʘʟʮʘ. ʈʝʰʝʥʠʝʤ ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʤʳ ʧʨʝʜʩʪʘʚʣʷʝʤ ʚ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ. ʆʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʝʪʘʣʝʡ ʤʥʦʛʠʭ ʦʙʦʨʫʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʩʦʧʣʦ. ɽʛʦ 
ʧʨʠʤʝʥʝʥʠʝ ʚʘʞʥʦ ʚʦ ʤʥʦʛʠʭ ʦʪʨʘʩʣʷʭ, ʥʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ï ʵʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 
ʩʦʧʣʘ (ʛʦʨʝʣʢʠ) ʜʣʷ ʩʞʠʛʘʥʠʷ ʧʳʣʝʚʠʜʥʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʦʧʣʘ 
ʧʦʜʚʝʨʛʘʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʥʘʧʨʠʤʝʨ, ʨʘʩʧʳʣ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʜʘʚʣʝʥʠʷʭ, 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʢʦʨʦʩʪʷʭ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʪʦʧʣʠʚ. ʉʦʧʣʘ ʢʘʢ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʝʪʘʣʠ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʘ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʦʚʦʣʴʥʦ 
ʚʳʩʦʢʠʝ. ʉʨʝʜʥʷʷ ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʛʦ ʩʦʧʣʘ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 100 ʪʳʩʷʯ ʨʫʙʣʝʡ ʠ ʙʦʣʝʝ. 
ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʝʩʣʠ ʧʦʣʫʯʠʪʩʷ ʚʚʝʩʪʠ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʪʘʣʠ, ʥʘʧʝʯʘʪʘʥʥʳʝ ʥʘ 3D 
ʧʨʠʥʪʝʨʝ, ʤʦʞʥʦ, ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ ʧʦʣʫʯʠʪʴ 
ʙʦʣʴʰʫʶ ʚʳʛʦʜʫ ʜʣʷ ʢʦʤʧʘʥʠʡ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʪʘʢʠʝ ʚʠʜʳ ʠʟʜʝʣʠʡ.  

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 
3D ʧʝʯʘʪʠ ʢʘʢ ʩʧʦʩʦʙʘ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʠʟʜʝʣʠʡ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʪʚʝʨʜʳʭ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʪʦʧʣʠʚ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 
ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ʆʩʚʦʠʪʴ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʚ CAD ʧʨʦʛʨʘʤʤʘʭ; 2) ʀʟʫʯʠʪʴ 
ʨʘʟʣʠʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ 3D ʧʝʯʘʪʠ; 3) ʀʟʫʯʠʪʴ ʤʝʭʘʥʠʟʤ ʨʘʙʦʪʳ 3D ʧʨʠʥʪʝʨʘ; 3) 
ɺʳʙʨʘʪʴ ʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʜʝʪʘʣʴ ʦʙʦʨʫʜʦʚʘʥʠʷ; 4) ʇʦʜʦʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʳʡ 
ʤʘʪʝʨʠʘʣ  ʠ ʬʦʨʤʫ ʧʫʪʝʤ ʠʩʧʳʪʘʥʠʡ; 5) ʉʨʘʚʥʠʪʴ ʩ ʦʨʠʛʠʥʘʣʴʥʦʡ ʜʝʪʘʣʝʡ. 

ɼʣʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʨʦʛʨʘʤʤʘ Autodesk Inventor ð ʩʠʩʪʝʤʘ 
ʪʨʸʭʤʝʨʥʦʛʦ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 
(ʉɸʇʈ), ʢʦʪʦʨʘʷ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʩʪʨʫʤʝʥʪʳ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʣʷ 
ʜʦʢʫʤʝʥʪʠʨʦʚʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʟʜʝʣʠʡ [2]. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʙʳʣ ʧʨʦʡʜʝʥ ʢʫʨʩ ʦʙʫʯʝʥʠʷ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʚ ʊʦʤʩʢʦʤ 
ʇʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ɼʘʣʝʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʠʜʳ 3D ʧʨʠʥʪʝʨʦʚ, ʤʝʭʘʥʠʟʤʳ 
ʠʭ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʪʝʭʥʦʣʦʛʠʠ ʧʝʯʘʪʠ, ʪʘʢʠʝ ʢʘʢ: FFF (Fused Filament  Fabrication - 
ʧʦʩʣʦʡʥʦʝ ʥʘʧʣʘʚʣʝʥʠʝ ʧʣʘʩʪʠʢʘ ), SLA (ʉʪʝʨʝʦʣʠʪʦʛʨʘʬʠʷ), DLP (ʎʠʬʨʦʚʘʷ 
ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʨʦʝʢʮʠʷ), ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ (DMLS), ʚʳʙʦʨʦʯʥʘʷ 
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ʣʘʟʝʨʥʘʷ ʧʣʘʚʢʘ (SLM), ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚʢʘ (EBM) ʠ ʜʨ. [1]. ɼʣʷ ʧʝʯʘʪʠ 
ʚʳʙʨʘʥʥʦʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʪʘʣʠ ʙʳʣ ʚʳʙʨʘʥ 3D ʧʨʠʥʪʝʨ Elegoo Neptune 3 Pro. 
ʆʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ: ɼʠʘʤʝʪʨ ʩʦʧʣʘ - ʤʤ. 0.4; 
ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʣʘ 260 Áʉ; ʩʢʦʨʦʩʪʴ ʧʝʯʘʪʠ - ʤʤ/ʩ 30-180 ʤʤ/ʩ; 
ʪʝʭʥʦʣʦʛʠʷ ʧʝʯʘʪʠ - FDM, FFF. ʉʪʦʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʠʥʪʝʨʘ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 40 
ʪʳʩʷʯ ʨʫʙʣʝʡ [4].  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʝʯʘʪʠ ʜʝʪʘʣʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʟʘʤʝʨʳ ʧʘʨʘʤʝʪʨʦʚ 
ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʩʦʧʣʘ ʧʨʠ ʧʦʤʦʱʠ ʰʪʘʥʛʝʥʮʠʨʢʫʣʷ.  ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 
ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʪʘʣʝʡ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ 
ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʠ ʬʘʢʝʣʘ ʩ ʪʦʧʣʠʚʦʤ, ʙʳʣʦ ʩʤʦʜʝʣʠʨʦʚʘʥʦ ʩʦʧʣʦ ʩ ʢʨʫʛʣʳʤ 
ʦʪʚʝʨʩʪʠʝʤ, ʘ ʪʘʢʞʝ ʧʨʷʤʦʫʛʦʣʴʥʳʤ. ʆʙʘ ʦʪʚʝʨʩʪʠʷ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ ʧʦ ʧʣʦʱʘʜʠ, 
ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʳʩʯʠʪʘʥʘ ʧʦ ʩʣʝʜʫʶʱʠʤ ʬʦʨʤʫʣʘʤ: Sʢʨʫʛʘ=ʇR2, Sʧʨʷʤʦʫʛʦʣʴʥʠʢʘ=a*b. ʆʩʪʘʣʴʥʳʝ 
ʧʘʨʘʤʝʪʨʳ ʙʳʣʠ ʦʜʠʥʘʢʦʚʳ. ʇʝʯʘʪʠ ʜʘʥʥʳʭ ʜʝʪʘʣʝʡ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟ 3 ʚʠʜʦʚ 
ʧʣʘʩʪʠʢʘ, ʯʪʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ.  

ʇʝʨʚʳʡ ʚʠʜ ʧʣʘʩʪʠʢʘ - PLA-ʧʣʘʩʪʠʢ (ʧʦʣʠʣʘʢʪʠʜ, ʇʃɸ) - ʷʚʣʷʝʪʩʷ 
ʙʠʦʨʘʟʣʘʛʘʝʤʳʤ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ, ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʤ ʘʣʠʬʘʪʠʯʝʩʢʠʤ ʧʦʣʠʵʬʠʨʦʤ, 
ʩʪʨʫʢʪʫʨʥʘʷ ʝʜʠʥʠʮʘ ʢʦʪʦʨʦʛʦ - ʤʦʣʦʯʥʘʷ ʢʠʩʣʦʪʘ. (ʮʝʥʘ 2000 ʨʫʙʣʝʡ ʟʘ ʢʛ). ʉʳʨʴʝʤ 
ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʫʞʘʪ ʢʘʨʪʦʬʝʣʴʥʳʡ ʠ ʢʫʢʫʨʫʟʥʳʡ ʢʨʘʭʤʘʣ, ʩʦʝʚʳʡ ʙʝʣʦʢ, ʢʨʫʧʘ ʠʟ 
ʢʣʫʙʥʝʡ ʤʘʥʠʦʢʘ, ʮʝʣʣʶʣʦʟʘ, ʢʫʢʫʨʫʟʘ ʠʣʠ ʩʘʭʘʨʥʳʡ ʪʨʦʩʪʥʠʢ. ʊʝʤʧʝʨʘʪʫʨʘ 
ʧʣʘʚʣʝʥʠʷ 173-178 ÁC; ʪʚʝʨʜʦʩʪʴ (ʧʦ ʈʦʢʚʝʣʣʫ) R70 - R90; ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ 55,3 
ʄʇʘ; ʧʨʦʯʥʦʩʪʴ ʥʘ ʨʘʟʨʳʚ 57,8 ʄʇʘ [3].  

ɺʪʦʨʦʡ ʚʠʜ ï ABS-ʧʣʘʩʪʠʢ (ʘʢʨʠʣʦʥʠʪʨʠʣʙʫʪʘʜʠʝʥʩʪʠʨʦʣ, ɸɹʉ) ï 
ʫʜʘʨʦʧʨʦʯʥʳʡ ʪʝʨʤʦʧʣʘʩʪʠʢ, ʟʘʚʦʝʚʘʚʰʠʡ ʚʳʩʦʢʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 
ʠ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʎʝʥʘ (ʧʨʠʤʝʨʥʦ 1500 ʨʫʙʣʝʡ ʟʘ ʢʛ). ʊʝʤʧʝʨʘʪʫʨʘ 
ʧʣʘʚʣʝʥʠʷ 210 - 240 ęʉ; ʧʨʦʯʥʦʩʪʴ ʥʘ ʠʟʛʠʙ 41 ʄʇʘ; ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʥʘ ʨʘʟʨʳʚ 22 
ʄʇʘ; ʪʚʝʨʜʦʩʪʴ (ʧʦ ʈʦʢʚʝʣʣʫ/ʐʦʨʫ) R105-R110 [3]. 

ʊʨʝʪʠʡ ʚʠʜ ï PETG ïñʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʛʣʠʢʦʣʴò. ʕʪʦ ʧʦʣʠʤʝʨ, 
ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʨʘʟʨʷʜʫ ʧʦʣʠʵʬʠʨʦʚ, ʦʙʣʘʜʘʶʱʠʡ ʦʛʨʦʤʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ, 
ʩʢʨʫʯʠʚʘʥʠʝ, ʨʘʩʪʷʞʝʥʠʝ, ʧʦʜʭʦʜʷʱʠʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʰʠʨʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 
ʜʠʘʧʘʟʦʥʝ. ʆʩʥʦʚʥʦʡ ʤʦʜʠʬʠʢʘʪʦʨ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʛʣʠʢʦʣʴ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ 
ʫʜʘʣʦʩʴ ʠʩʢʣʶʯʠʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ, ʩʦʭʨʘʥʠʪʴ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʚʥʝʰʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʎʝʥʘ (ʧʨʠʤʝʨʥʦ 2000 ʨʫʙʣʝʡ ʟʘ ʢʛ); 
ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ, 1ʤʤ/ʤʠʥ 1900 ʄʇʘ; ʠʟʛʠʙʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʥʘʛʨʫʟʢʝ 54 ʄʇʘ; ʪʚʝʨʜʦʩʪʴ (ʧʦ ʈʦʢʚʝʣʣʫ/ʐʦʨʫ) R106; ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 222 - 
225 ÁC [3]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʳ ʛʦʪʦʚʳʝ ʠʟʜʝʣʠʷ ʩʦʧʝʣ, ʥʘʧʝʯʘʪʘʥʥʳʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 
ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʣʘʩʪʠʢʦʚ ʠ ʜʚʫʤʷ ʚʠʜʘʤʠ ʚʳʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ. 

 

  
ʈʠʩʫʥʦʢ 1. ʊʠʧʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘʧʝʯʘʪʘʥʥʳʭ ʬʦʨʩʫʥʦʯʥʳʭ ʫʩʪʨʦʡʩʪʚ ʩ 
ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʧʣʘʩʪʠʢʘ ʠ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʨʘʟʤʝʨʘʤʠ ʚʳʭʦʜʥʦʛʦ 

ʦʪʚʝʨʩʪʠʷ  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʦ ʥʘʧʝʯʘʪʘʥʦ ʰʝʩʪʴ ʜʝʪʘʣʝʡ.  ʀʟʜʝʣʠʷ ʛʦʪʦʚʳ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ɿʘʢʣʶʯʠʪʝʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʚ ʨʘʙʦʪʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʝ ʩʦʧʝʣ 
ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʪʝʩʪʦʚʦʤ ʩʪʝʥʜʝ (ʈʠʩʫʥʦʢ 2). ʇʝʨʚʳʤʠ ʙʳʣʠ ʠʩʧʳʪʘʥʳ ʩʦʧʣʘ ʩ 
ʢʨʫʛʣʳʤ ʦʪʚʝʨʩʪʠʝʤ, ʘ ʥʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 
ʩʦʧʝʣ ʩ ʧʨʷʤʦʫʛʦʣʴʥʳʤ ʦʪʚʝʨʩʪʠʝʤ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʘʩʧʳʣʝʥʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʪʝʥʜʝ, ʧʦʟʚʦʣʷʶʱʝʤ 
ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʦʧʢʫ ʢʦʪʣʦʘʛʨʝʛʘʪʘ ʩ ʩʠʩʪʝʤʦʡ ʨʘʩʧʳʣʘ ʩʫʭʠʭ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚ. ʉʭʝʤʘ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. ɼʘʚʣʝʥʠʝ ʨʘʩʧʳʣʷʶʱʝʛʦ 
ʘʛʝʥʪʘ (ʚʦʟʜʫʭ) ʠʟʤʝʥʷʣʦʩʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.5 ʜʦ 1 ʙʘʨʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ 
ʦʧʪʠʤʘʣʴʥʦʛʦ ʝʛʦ ʟʥʘʯʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʠ ʪʦʧʣʠʚʘ ʙʫʜʝʪ 
ʥʘʠʙʦʣʴʰʠʤ. ʇʦʜʘʯʘ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʠʟ ʥʘʢʦʧʠʪʝʣʷ ʫʛʣʷ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ 
ʨʘʩʧʳʣʷʶʱʝʡ ʬʦʨʩʫʥʢʦʡ. ʇʨʠ ʧʦʤʦʱʠ ʣʘʟʝʨʥʦʛʦ ʥʦʞʘ ʚʳʧʦʣʥʷʣʘʩʴ ʧʦʜʩʚʝʪʢʘ ʩʪʨʫʠ 
ʨʘʩʧʳʣʷʝʤʦʛʦ ʪʦʧʣʠʚʘ. ɺ ʤʦʤʝʥʪ ʧʦʜʩʚʝʯʠʚʘʥʠʷ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʘʟʝʨʥʳʤ 
ʠʤʧʫʣʴʩʦʤ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʬʦʪʦʨʝʛʠʩʪʨʘʮʠʷ ʩʪʨʫʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʙʳʣʦ 
ʦʙʨʘʙʦʪʘʥʦ ʙʦʣʝʝ 100 ʬʦʪʦʩʥʠʤʢʦʚ ʠ ʦʪʦʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ. ɺʨʝʤʷ 
ʨʘʩʧʳʣʘ ʪʦʧʣʠʚʘ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʧʣʘ ʩʦʩʪʘʚʣʷʣʦ 5Ñ0,01 ʤʠʥʫʪ. ɺ ʪʝʯʝʥʠʝ ʵʪʦʛʦ 
ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʩʪʘʙʠʣʴʥʘʷ ʩʪʨʫʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʣʘ ʩ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ 
ʨʘʩʩʯʠʪʘʪʴ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʌʘʢʝʣʘ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚ. 

 

 
ʈʠʩʫʥʦʢ 2. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʩʧʳʣʝʥʠʷ ʧʳʣʝʚʠʜʥʳʭ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚ: 1 ï ʧʦʜʚʦʜ ʚʦʟʜʫʭʘ ʦʪ 
ʢʦʤʧʨʝʩʩʦʨʘ, 2 ï ʣʘʟʝʨ Beamtech NDP15, 3 ï ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʦʪʦʢʘʤʝʨʘ 

ImperX Bobcat B2020, 4 ï ʤʦʥʦʙʣʦʢ, 5 ï ʤʘʥʦʤʝʪʨ, 6 ï ʧʥʝʚʤʘʪʠʯʝʩʢʘʷ ʬʦʨʩʫʥʢʘ, 7 
ï ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʠʤʠʪʘʪʦʨ ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ 

 
ʀʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʧʣʘʩʪʠʢ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʨʦʟʠʠ. ɸ 

ʪʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʩʪʠʢʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʦʧʣʘ, 
ʩʦʧʦʩʪʘʚʠʤʳ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʥʝ ʧʨʦʚʦʜʠʪʴ ʠʩʧʳʪʘʥʠʷ ʩ ʦʩʪʘʣʴʥʳʤʠ 
ʜʝʪʘʣʷʤʠ.   ɼʘʣʝʝ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʩʩʤʦʪʨʝʪʴ ʪʦʣʴʢʦ ʜʚʘ ʚʠʜʘ ʩʦʧʝʣ 
ʥʘʧʝʯʘʪʘʥʥʳʭ ʠʟ ʦʜʥʦʛʦ ʚʠʜʘ ʧʦʣʠʤʝʨʘ (petg) 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʥʘʠʣʫʯʰʝʡ ʬʦʨʤʳ ʚʳʭʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ ʬʦʨʩʫʥʢʠ ʙʳʣʠ 
ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʫʛʣʦʚ ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʠ ʬʘʢʝʣʘ ʧʨʠ ʧʦʤʦʱʠ 
ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʢʘʤʝʨʳ. 
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ʘ)ʇʨʷʤʦʫʛʦʣʴʥʦʝ ʩʦʧʣʦ ʙ) ʂʨʫʛʣʦʝ ʩʦʧʣʦ 
ʈʠʩʫʥʦʢ 3.ʋʛʦʣ ʨʘʩʢʨʳʪʠʷ ʬʘʢʝʣʘ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʫʛʣʷ ʧʨʠ ʜʘʚʣʝʥʠʠ ʦʪ 0.5 ʜʦ 1 

ʙʘʨʘ. 
 
         ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʥʳʭ ʫʛʣʦʚ ʨʘʩʢʨʳʪʠʷ 
ʩʪʨʫʠ ʪʦʧʣʠʚʥʦʛʦ ʬʘʢʝʣʘ ʜʣʷ ʬʦʨʩʫʥʦʢ ʥʘʧʝʯʘʪʘʥʥʳʭ ʠʟ ʧʦʣʠʤʝʨʘ (petg).  
 

ʇʨʷʤʦʫʛʦʣʴʥʦʝ ʩʦʧʣʦ, Á ʂʨʫʛʣʦʝ ʩʦʧʣʦ, Á 

32,00 24,90 

31,53 26,06 

31,15 26,00 

32,03 26,10 

32,20 25,50 

32,36 25,23 

31,25 26,05 

32,13 25,80 

32,23 25,70 

31,86 26,01 

 
ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʠ ʬʘʢʝʣʘ ʜʣʷ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʧʣʘ ʩʦʩʪʘʚʣʷʝʪ 31,87ʦ, 
ʘ ʢʨʫʛʣʦʛʦ 25,74ʦ. ɺ ʜʦʧʦʣʥʝʥʠʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʛʦʣ ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʠ ʬʘʢʝʣʘ ʜʣʷ 
ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʩʦʧʣʘ ʙʳʣ ʥʘʠʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʤ, ʯʝʤ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʢʨʫʛʣʦʛʦ ʩʦʧʣʘ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʬʦʨʤʘ ʩʦʧʣʘ ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʩʫʭʦʛʦ 
ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʫʛʣʷ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʘʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ 
ʦʪʨʘʩʣʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
ʚʳʚʦʜ, ʯʪʦ ʩʦʧʣʦ, ʥʘʧʝʯʘʪʘʥʥʦʝ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʦʛʦ 
ʧʦʣʠʤʝʨʘ, ʧʨʠʛʦʜʥʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʘʪʫʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʝʢʪʠʨʫʝʤʳʭ ʬʦʨʩʫʥʦʢ ʜʣʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ, ʘ 
ʠʤʝʥʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʚʠʜʦʚ ʪʦʧʣʠʚʥʳʭ ʬʦʨʩʫʥʦʢ ʜʣʷ ʩʞʠʛʘʥʠʷ ʧʳʣʝʚʠʜʥʳʭ 
ʫʛʦʣʴʥʳʭ ʪʦʧʣʠʚ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʠʩʪʠʨʘʥʠʝ ʩʦʧʝʣ, ʥʝʦʙʭʦʜʠʤʦ 
ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʫʩʪʘʥʦʚʢʫ ʥʝʧʨʝʨʳʚʥʦʛʦ ʤʥʦʛʦʯʘʩʦʚʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʨʩʫʥʦʯʥʳʭ 
ʫʩʪʨʦʡʩʪʚ, ʧʦʵʪʦʤʫ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʩʦʧʣʘ, ʥʘʧʝʯʘʪʘʥʥʳʝ ʥʘ 3D 
ʧʨʠʥʪʝʨʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʢʘʢ ʧʨʦʙʥʳʝ ʤʦʜʝʣʠ. ʅʘʧʨʠʤʝʨ, ʜʣʷ 
ʧʦʜʙʦʨʘ ʣʫʯʰʝʡ ʬʦʨʤʳ ʩʦʧʣʘ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʘʠʣʫʯʰʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʛʣʘ ʨʘʩʢʨʳʪʠʷ ʩʪʨʫʠ ʬʘʢʝʣʘ.  

ʉ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʝʜʨʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 3D ʧʝʯʘʪʠ ʜʦʩʪʘʪʦʯʥʦ 
ʵʬʬʝʢʪʠʚʥʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ. ʊʘʢ ʢʘʢ ʪʘʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 
ʟʘʪʨʘʪ, ʘ ʤʘʪʝʨʠʘʣʳ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʫʧʥʳ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʜʘʥʥʘʷ ʦʪʨʘʩʣʴ 
3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʧʝʯʘʪʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤʠ ʪʝʤʧʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ, ʯʪʦ 
ʧʦʟʚʦʣʷʝʪ ʨʘʩʰʠʨʷʪʴ ʩʬʝʨʫ ʝʝ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʪʴ ʟʘʪʨʘʪʳ ʥʘ 
ʠʟʛʦʪʦʚʣʝʥʠʝ ʣʘʙʦʨʘʪʦʨʥʳʭ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ. 
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ɺʃʀʗʅʀɽ ʊɽʂʉʊʋʈʓ ʇʆɺɽʈʍʅʆʉʊɽʁ ʄɽʊɸʃʃʆɺ ʅɸ ɺʆɿʅʀʂʅʆɺɽʅʀɽ 
ʂʈʀɿʀʉɸ ʊɽʇʃʆʆɹʄɽʅɸ 
ɹʳʢʦʚʘ ɺʠʢʪʦʨʠʷ ɽʛʦʨʦʚʥʘ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʌʝʦʢʪʠʩʪʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʀʐʌɺʇ 

 
ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʳʝ, 

ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʝ, ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ, ʙʘʟʠʨʫʶʱʠʝʩʷ ʥʘ 
ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ (ʠʩʧʘʨʝʥʠʠ) ʤʘʣʳʭ ʦʙʲʝʤʦʚ ʞʠʜʢʦʩʪʝʡ (ʢʘʧʝʣʴ, ʪʦʥʢʠʭ ʧʣʝʥʦʢ 
ʞʠʜʢʦʩʪʝʡ ʪʦʣʱʠʥʦʡ ʜʦ 100 ʤʢʤ) ʠ ʧʨʝʚʦʩʭʦʜʷʱʠʝ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʨʘʜʠʮʠʦʥʥʳʝ 
ʪʝʭʥʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʪʝʧʣʦʥʦʩʠʪʝʣʝʡ. ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ 
ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʶʪʩʷ çʣʘʙʦʨʘʪʦʨʠʷ ʥʘ ʯʠʧʝè, ʤʠʢʨʦʬʣʶʠʜʥʦʝ ʦʭʣʘʞʜʝʥʠʝ 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʦʚ, ʩʠʩʪʝʤʳ ʦʭʣʘʞʜʝʥʠʷ ʥʘ ʙʘʟʝ ʢʘʧʝʣʴʥʦʛʦ ʦʨʦʰʝʥʠʷ. 

ʅʘʫʯʥʘʷ ʧʨʦʙʣʝʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ ʥʦʚʦʛʦ 
ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʦʪʚʦʜʘ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʨʘʟʚʠʪʠʷ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʢʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 

https://www.autodesk.eu/products/inventor/overview?term=1-YEAR&tab=subscription
https://www.autodesk.eu/products/inventor/overview?term=1-YEAR&tab=subscription
https://3dtoday.ru/wiki/
https://lider-3d.ru/catalog/3d_printery/3d_printer_elegoo_neptune_3_pro/
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ʤʘʪʝʨʠʘʣʦʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʝʧʣʦʦʙʤʝʥʘ. ʇʨʠ ʧʦʜʚʦʜʝ ʢ ʪʝʧʣʦʥʦʩʠʪʝʣʶ ʪʝʧʣʦʚʳʭ 
ʧʦʪʦʢʦʚ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʟʥʠʢʘʝʪ ʢʨʠʟʠʩ ʪʝʧʣʦʦʙʤʝʥʘ ʚʪʦʨʦʛʦ ʨʦʜʘ, ʜʣʷ ʢʘʧʝʣʴ 
ʠʟʚʝʩʪʝʥ ʢʘʢ ñʵʬʬʝʢʪ ʃʝʡʜʝʥʬʨʦʩʪʘò. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʧʣʦʥʘʛʨʫʞʝʥʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʙʫʜʝʪ ʧʦʚʳʰʘʪʴʩʷ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʝʨʤʠʯʝʩʢʦʤʫ 
ʨʘʟʨʫʰʝʥʠʶ ʪʝʧʣʦʧʝʨʝʜʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʘʚʘʨʠʠ ʦʭʣʘʞʜʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

ʎʝʣʴ: ʦʮʝʥʢʘ ʚʦʟʤʦʞʥʦʩʪʠ ʩʤʝʱʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚʪʦʨʦʛʦ ʨʦʜʘ 
(ʵʬʬʝʢʪʘ ʃʝʡʜʝʥʬʨʦʩʪʘ) ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ 
ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʥʦʡ 
ʜʣʠʪʝʣʴʥʦʩʪʠ. 

ʄʦʜʠʬʠʢʘʮʠʷ ʦʙʨʘʟʮʦʚ ʤʝʪʘʣʣʘ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʧʨʦʚʦʜʠʣʘʩʴ ʚ 
ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ï 22 Áʉ, ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, ʦʪʥʦʩʠʪʝʣʴʥʦʡ 
ʚʣʘʞʥʦʩʪʠ 43 ï 48%. ʕʥʝʨʛʠʷ ʠʤʧʫʣʴʩʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʠʪʝʣʷ 
ʤʦʱʥʦʩʪʠ ʠ ʵʥʝʨʛʠʠ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʩʥʘʱʸʥʥʦʛʦ 
ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʜʘʪʯʠʢʦʤ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʵʥʝʨʛʠʠ 
ʠʤʧʫʣʴʩʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 5%. 

ʇʨʦʮʝʩʩʳ ʠʩʧʘʨʝʥʠʷ ʢʘʧʝʣʴ ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʝʪʘʣʣʦʚ 
ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ (ʨʠʩ. 1.) 

 
ʈʠʩʫʥʦʢ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ [1]: 1 ï ʢʘʧʣʷ; 2 ï ʜʦʟʘʪʦʨ; 3 ï 

ʦʙʨʘʟʝʮ; 4 ï ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʘʷ ʚʠʜʝʦʢʘʤʝʨʘ, ʦʩʥʘʱʝʥʥʘʷ ʤʘʢʨʦʦʙʲʝʢʪʠʚʦʤ; 5 ï 
ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ; 6 ï ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʘʷ ʦʧʪʠʯʝʩʢʘʷ ʪʨʫʙʘ; 7 ï ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʘʷ 
ʧʣʠʪʘ; 8 ï ʪʝʨʤʦʧʘʨʘ; 9 ï ʢʦʥʪʨʦʣʣʝʨ; 10 ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ; 11 ï ʙʦʢʩ 

 
ʂʘʧʣʷ 1 ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʜʝʘʵʨʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʧʦʤʝʱʘʣʘʩʴ ʦʜʥʦʢʘʥʘʣʴʥʳʤ 

ʚʳʩʦʢʦʪʦʯʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʜʦʟʘʪʦʨʦʤ 2 ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʘ 3, ʥʘʛʨʝʪʦʛʦ ʜʦ 
ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʲʸʤ ʢʘʧʣʠ 5 ʤʢʣ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʪʠʧʠʯʥʦʤʫ ʦʙʲʝʤʫ ʢʘʧʝʣʴ, 
ʛʝʥʝʨʠʨʫʝʤʳʭ ʩʠʩʪʝʤʘʤʠ ʦʭʣʘʞʜʝʥʠʷ, ʧʨʠ ʢʘʧʝʣʴʥʦʤ ʦʨʦʰʝʥʠʠ. ʀʩʩʣʝʜʫʝʤʳʝ 
ʧʨʦʮʝʩʩʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʪʝʥʝʚʳʤ ʦʧʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʨʝʛʠʩʪʨʘʮʠʠ ʙʳʩʪʨʦʧʨʦʪʝʢʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 4. 
ʇʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ ʩʚʝʪ ʛʝʥʝʨʠʨʦʚʘʣʩʷ ʩ ʧʦʤʦʱʴʶ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 5 ʠ 
ʪʝʣʝʮʝʥʪʨʠʯʝʩʢʦʡ ʦʧʪʠʯʝʩʢʦʡ ʪʨʫʙʳ 6. ʊʝʥʝʚʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ 
ʦʙʨʘʙʦʪʢʠ ʚʠʜʝʦʟʘʧʠʩʝʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʲʝʤʢʠ 500 ʢ/ʩ ʨʘʟʨʝʰʝʥʠʝʤ 
1280 Ĭ 1024, 8 ʙʠʪ. ɸʥʘʣʠʟ ʠʟʦʙʨʘʞʝʥʠʡ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 
ʦʙʝʩʧʝʯʝʥʠʷ Fast Video Lab (ʆʆʆ "ʅʇʆ ɸʉʊɽʂ", ʈʦʩʩʠʷ). ʅʘʛʨʝʚ ʦʙʨʘʟʮʦʚ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʳ 7 ʦʪ 80 ÁC ʜʦ 400 ÁC ʩ ʰʘʛʦʤ 
1 ÁC. ʊʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʤʝʪʘʣʣʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ 
ʤʘʣʦʠʥʝʨʮʠʦʥʥʦʡ ʪʝʨʤʦʧʘʨʦʡ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʴ 8, ʧʦʜʢʣʶʯʝʥʥʦʡ ʢ ʢʦʥʪʨʦʣʣʝʨʫ 
ʪʝʤʧʝʨʘʪʫʨʳ 9. ʂʦʥʪʨʦʣʣʝʨ ʧʦʜʢʣʶʯʝʥ ʢ ʧʝʨʩʦʥʘʣʴʥʦʤʫ ʢʦʤʧʴʶʪʝʨʫ 10. ʇʦʛʨʝʰʥʦʩʪʴ 
ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʧʨʝʚʳʰʘʣʘ Ñ0,1 ÁC. ʂʨʝʧʣʝʥʠʝ ʩʧʘʷ ʪʝʨʤʦʧʘʨʳ ʢ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʮʘ ʢ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʦʡ ʧʣʠʪʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 
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ʧʨʠ ʧʦʤʦʱʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʨʤʦʧʘʩʪʳ. ʊʝʤʧʝʨʘʪʫʨʘ ʃʝʡʜʝʥʬʨʦʩʪʘ 
ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʤʫ [2] ʫʩʣʦʚʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʘʙʠʣʴʥʦʡ ñʧʘʨʦʚʦʡ 
ʧʦʜʫʰʢʠò ʤʝʞʜʫ ʢʘʧʣʝʡ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʮʘ. ʅʘ ʤʦʥʠʪʦʨʝ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 
ʢʦʤʧʴʶʪʝʨʘ 10 ʧʨʠʚʦʜʠʣʦʩʴ ʪʠʧʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʢʘʧʣʠ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʦʝ ʚ 
ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʃʝʡʜʝʥʬʨʦʩʪʘ. 
ʉʣʫʯʘʡʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʃʝʡʜʝʥʬʨʦʩʪʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 
ʜʚʝʥʘʜʮʘʪʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʠʜʝʥʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʧʨʝʚʳʰʘʣʘ 7%, 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʘʷ ʧʦʛʨʝʰʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʙʲʝʢʪʠʚʘ ʠ 
ʥʘʩʪʨʦʡʢʘʤʠ ʚʠʜʝʦʢʘʤʝʨʳ, ʥʝ ʧʨʝʚʳʰʘʣʘ 2%.  

ʉ ʮʝʣʴʶ ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʠʩʩʣʝʜʫʝʤʳʝ ʧʨʦʮʝʩʩʳ 
ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʙʦʢʩ 11, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʠʟ ʩʪʝʢʣʘ ʪʦʣʱʠʥʦʡ 5 ʤʤ. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 
ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20 ï 22 Áʉ, ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ, 
ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ 43 ï 48%. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʠʨʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʘʣʶʤʠʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʢʩʪʫʨ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ. 
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ʈʠʩʫʥʦʢ 2. ï ʉʕʄ-ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʘʣʶʤʠʥʠʷ [1], ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʧʦʣʫʯʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʜʝ ʘ) ï ʧʦʣʠʨʦʚʘʥʥʘʷ 
ʧʦʚʝʨʭʥʦʩʪʴ, ʙ) ï ʦʙʱʠʝ ʪʦʯʢʠ ʛʨʘʥʠʮ ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ (ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ 
ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ), ʚ) ï ʤʠʢʨʦʢʘʥʘʣʳ, ʛ) ï ʤʠʢʨʦʩʪʦʣʙʠʢʠ, ʜ) ï ñʮʚʝʪʥʘʷ 
ʢʘʧʫʩʪʘò. ʋʚʝʣʠʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ʥʠʟʢʦʝ, ʩʨʝʜʥʝʝ ʠ ʚʳʩʦʢʦʝ 

 
ʀʟ ʨʠʩ.2 ʚʠʜʥʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʣʘʟʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʤʝʪʘʣʣʦʚ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʩʝ ʯʝʪʳʨʝ ʚʠʜʘ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʪʝʢʩʪʫʨ ʩ ʟʘʜʘʥʥʳʤʠ 
ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʪʝʢʩʪʫʨʦʡ ʚ ʚʠʜʝ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ 
ʢʨʘʪʝʨʦʚ (ʩ ʦʙʱʠʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʮ ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ) ʜʠʘʤʝʪʨʳ ʘʙʣʷʮʠʦʥʥʳʭ 
ʢʨʘʪʝʨʦʚ 66 ʤʢʤ (ʨʠʩ. 2ʙ) ʥʘ ʘʣʶʤʠʥʠʠ ʠ 89 ʤʢʤ ʥʘ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ ʨʘʚʥʳ 
ʟʘʜʘʥʥʳʤ ʘʥʘʣʦʛʠʯʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʊʝʢʩʪʫʨʘ ʚ ʚʠʜʝ ʤʠʢʨʦʢʘʥʘʣʦʚ (ʨʠʩ. 2ʚ) 
ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ ʚʜʦʣʴ ʜʚʠʞʝʥʠʷ ʣʫʯʘ ʣʘʟʝʨʘ. 
ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʩʷʤʠ ʤʠʢʨʦʢʘʥʘʣʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʤʫ ʨʘʟʤʝʨʫ, ʨʘʚʥʦʤʫ 
ʜʠʘʤʝʪʨʫ ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ (ʨʠʩ. 2ʚ). ʇʨʠ ʵʪʦʤ ʚ ʪʦʯʢʘʭ ʦʙʱʠʭ ʛʨʘʥʠʮ 
ʤʠʢʨʦʢʘʥʘʣʦʚ ʩʬʦʨʤʠʨʦʚʘʣʩʷ ʚʘʣʠʢ (ʨʠʩ. 2ʚ). ʇʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 
ʤʦʜʠʬʠʮʠʨʦʚʘʣʠʩʴ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ ʩ ʛʘʫʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʵʥʝʨʛʠʠ. 
ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʮʝʥʪʨʝ ʣʫʯʘ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʚʳʰʝ, ʯʝʤ ʥʘ ʝʛʦ ʧʝʨʠʬʝʨʠʠ, ʛʜʝ 
ʢʦʥʜʫʢʪʠʚʥʳʡ ʪʝʧʣʦʦʪʚʦʜ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʚʣʠʷʝʪ ʥʘ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨʳ. 
ʇʦʵʪʦʤʫ ʧʨʦʮʝʩʩʳ ʧʣʘʚʣʝʥʠʷ ʠ ʘʙʣʷʮʠʠ ʤʝʪʘʣʣʘ ʚ ʦʙʣʘʩʪʠ ʮʝʥʪʨʘ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ 
(ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʩʠ ʤʠʢʨʦʢʘʥʘʣʘ) ʧʨʦʠʩʭʦʜʷʪ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʥʘ ʝʛʦ ʧʝʨʠʬʝʨʠʠ. 
ɺʘʣʠʢ ʤʝʞʜʫ ʤʠʢʨʦʢʘʥʘʣʘʤʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 
ʧʣʘʚʣʝʥʠʷ ʠ ʘʙʣʷʮʠʠ ʤʘʪʝʨʠʘʣʘ ʧʦ ʮʝʥʪʨʫ ʣʘʟʝʨʥʦʛʦ ʧʷʪʥʘ, ʘ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʜʝʡʩʪʚʠʷ ʫʜʘʨʥʦʡ ʚʦʣʥʳ [3], ʠʥʠʮʠʠʨʦʚʘʥʥʦʡ ʣʘʟʝʨʥʳʤ ʣʫʯʦʤ.  

ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʪʝʢʩʪʫʨʦʡ ʚ ʚʠʜʝ 
ʤʠʢʨʦʩʪʦʣʙʠʢʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʦʯʝʨʝʜʥʦʛʦ ʧʨʦʭʦʜʘ ʣʫʯʘ ʣʘʟʝʨʘ 
ʧʦ ʦʩʷʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʜʨʫʛ ʢ ʜʨʫʛʫ (ʨʠʩ. 2ʛ). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ 
ʪʝʢʩʪʫʨʦʡ ʚ ʚʠʜʝ ʤʠʢʨʦʢʘʥʘʣʦʚ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʩ ʤʠʢʨʦʩʪʦʣʙʠʢʘʤʠ ʤʠʢʨʦʢʘʥʘʣʳ 
ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʣʫʯʘ. ʂʘʢ ʠ ʦʞʠʜʘʣʦʩʴ, ʚ ʫʩʣʦʚʠʷʭ 90%-
ʛʦ ʥʘʣʦʞʝʥʠʷ ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦ 
ʭʦʜʫ ʣʫʯʘ ʣʘʟʝʨʘ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʨʘʟʚʠʪʘʷ ʤʥʦʛʦʤʦʜʘʣʴʥʘʷ, ʨʘʟʥʦʫʨʦʚʥʝʚʘʷ 
ʰʝʨʦʭʦʚʘʪʦʩʪʴ ʚ ʚʠʜʝ ñʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳò (ʨʠʩ. 2ʜ).  

 

 

 

ʘ ʙ  

ʘ ï ʇʦʚʝʨʭʥʦʩʪʠ: ʘʣʶʤʠʥʠʷ, ʙ ï ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 
ʈʠʩʫʥʦʢ  3 ï ʊʝʤʧʝʨʘʪʫʨʘ ʃʝʡʜʝʥʬʨʦʩʪʘ 
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ʅʘ ʨʠʩ. 3 ʧʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ 

ʃʝʡʜʝʥʬʨʦʩʪʘ (t, Áʉ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʣʶʤʠʥʠʷ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. ʀʟ (ʨʠʩ. 3) 
ʚʠʜʥʦ, ʯʪʦ ʧʫʪʝʤ ʤʦʜʠʬʠʢʘʮʠʠ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ ʪʠʧʠʯʥʳʭ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʪʘʣʣʦʚ (ʘʣʶʤʠʥʠʷ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ) ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ 
ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʤʝʱʝʥʠʝ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ 
(ʵʬʬʝʢʪʘ ʃʝʡʜʝʥʬʨʦʩʪʘ) ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʀʟ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 
ʢʦʥʬʠʛʫʨʘʮʠʡ ʪʝʢʩʪʫʨ ʚ ʚʠʜʝ ʩʦʧʨʠʢʘʩʘʶʱʠʭʩʷ ʢʨʘʪʝʨʦʚ (ʩ ʦʙʱʠʤʠ ʪʦʯʢʘʤʠ ʛʨʘʥʠʮ), 
ʤʠʢʨʦʢʘʥʘʣʦʚ, ʤʠʢʨʦʩʪʦʣʙʠʢʦʚ ʠ ñʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳò ʥʘʠʙʦʣʴʰʝʝ ʩʤʝʱʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ (ʪʦʯʢʠ ʃʝʡʜʝʥʬʨʦʩʪʘ) ʚ ʦʙʣʘʩʪʴ 
ʙʦʣʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʪʝʢʩʪʫʨʦʡ ʚ ʚʠʜʝ ñʮʚʝʪʥʦʡ 
ʢʘʧʫʩʪʳò. ɼʣʷ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣʦ 119 Áʉ, ʜʣʷ 
ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ 47 Áʉ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʃʝʡʜʝʥʬʨʦʩʪʘ ʦʙʫʩʣʦʚʣʝʥ ʫʣʫʯʰʝʥʠʝʤ ʩʚʦʡʩʪʚ 
ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ. ɹʦʣʴʰʠʡ ʧʨʠʨʦʩʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ ʘʣʶʤʠʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʴʶ ʩ 
ʦʜʠʥʘʢʦʚʳʤ ʚʠʜʦʤ ʪʝʢʩʪʫʨʳ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ 
ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʙʦʣʝʝ ʨʘʟʚʠʪʘʷ ʰʝʨʦʭʦʚʘʪʦʩʪʴ. 

  ɺʳʚʦʜʳ: 
1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʣʘʟʝʨʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʝʡ 
ʤʝʪʘʣʣʦʚ (ʘʣʶʤʠʥʠʷ ʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ), ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʥʘʛʨʝʚʘ 
ʵʥʝʨʛʦʛʝʥʝʨʠʨʫʶʱʠʭ ʠ ʪʝʧʣʦʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ, ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʘʙʨʘʟʠʚʥʳʤʠ 
ʤʘʪʝʨʠʘʣʘʤʠ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 
ʇʦʩʣʝʜʥʝʝ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʣʘʟʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʦʚ 
ʧʦʟʚʦʣʷʝʪ ʟʘ ʩʯʝʪ ʬʦʨʤʠʨʫʝʤʦʡ ʪʝʢʩʪʫʨʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ ʟʥʘʯʝʥʠʡ 
ʫʧʨʘʚʣʷʪʴ ʪʝʤʧʝʨʘʪʫʨʦʡ ʃʝʡʜʝʥʬʨʦʩʪʘ ʙʦʣʝʝ ʯʝʤ 110 Áʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʶʤʠʥʠʷ 
ʠ ʙʦʣʝʝ ʯʝʤ ʥʘ 45 Áʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ. 
 2. ɼʣʷ ʩʤʝʱʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʃʝʡʜʝʥʬʨʦʩʪʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʚʘʪʴ ʨʘʟʚʠʪʫʶ, ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʰʝʨʦʭʦʚʘʪʦʩʪʴ, 
ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶʩʷ ʙʦʣʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʠʩʣʦ 
ʚʳʩʪʫʧʦʚ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚʠʜʦʚ ʪʝʢʩʪʫʨ 
ʧʦʣʠʨʦʚʘʥʥʘʷ, ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ ʘʙʣʷʮʠʦʥʥʳʭ ʢʨʘʪʝʨʦʚ, ʤʠʢʨʦʩʪʦʣʙʠʢʠ, 
ʤʠʢʨʦʢʘʥʘʣʳ, ñʮʚʝʪʥʘʷ ʢʘʧʫʩʪʘò ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʪʝʢʩʪʫʨʝ ʚ ʚʠʜʝ 
ñʮʚʝʪʥʦʡ ʢʘʧʫʩʪʳò.  
3. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʨʠ ʨʝʰʝʥʠʠ ʘʢʪʫʘʣʴʥʳʭ 
ʧʨʦʙʣʝʤ ʪʝʧʣʦʬʠʟʠʢʠ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ 
ʦʭʣʘʞʜʝʥʠʷ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ (ʤʝʪʘʣʣʦʚ ʠ ʠʭ ʩʧʣʘʚʦʚ) ʩ ʮʝʣʝʚʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘʥʦʩʝʢʫʥʜʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʇʨʠʤʝʨʘʤʠ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʫʩʪʨʦʡʩʪʚʘ ʩʚʷʟʠ ʧʷʪʦʛʦ ʧʦʢʦʣʝʥʠʷ 5G, ʘʪʦʤʥʳʝ ʨʝʘʢʪʦʨʳ, 
ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʳ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚʘ ʘʚʠʘ- ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʌʝʦʢʪʠʩʪʦʚ ɼ.ɺ., ʂʫʟʥʝʮʦʚ ɻ.ɺ., ɸʙʝʜʪʘʟʝʭʘʙʘʜʠ ɸʢʨʘʤ, ʆʨʣʦʚʘ ɽ.ɻ., 
ɹʦʥʜʘʨʯʫʢ ʉ.ʇ. ɼ.ɸ.ɺ. ʇʦʚʳʰʝʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤ ʦʭʣʘʞʜʝʥʠʷ 
ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʫʪʝʤ ʩʤʝʱʝʥʠʷ ʢʨʠʟʠʩʘ ʪʝʧʣʦʦʙʤʝʥʘ 
ʚʪʦʨʦʛʦ ʨʦʜʘ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʥʞʠʥʠʨʠʥʛ ʛʝʦʨʝʩʫʨʩʦʚ. 2023. Vol. 334, ˉ 4. P. 
12ï18. 
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2.  Ajaev V.S., Kabov O.A. Levitation and Self-Organization of Droplets // Annu. Rev. 
Fluid Mech. 2021. Vol. 53, ˉ 14. P. 203-225. 
3. Bizi-Bandoki P. et al. Time dependency of the hydrophilicity and hydrophobicity of 
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ɿɸɺʀʉʀʄʆʉʊʔ ʊɺɪʈɼʆʉʊʀ ʉʊɸʃʀ 40ʍ ʆʊ ɺʀɼɸ ɿɸʂɸʃʆʏʅʆʁ ʉʈɽɼʓ 
ʋʰʘʢʦʚ ʉʝʨʛʝʡ 

ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɼʝʛʪʷʨʝʚʘ ɽʚʛʝʥʠʷ ɺʠʪʘʣʴʝʚʥʘ, ʘʩʩʠʩʪʝʥʪ ʦʪʜʝʣʝʥʠʷ 
ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʀʐʅʇʊ ʊʇʋ 

 
ʉʪʘʣʴ 40ʭ ð ʵʪʦ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʚʠʜʦʚ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ 

ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ.  ʄʘʨʢʠʨʦʚʢʘ 40ʍ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʩʪʘʣʠ ʩʦʜʝʨʞʠʪʩʷ 0,40% 
ʫʛʣʝʨʦʜʘ ʠ ʤʝʥʝʝ 1,5% ʭʨʦʤʘ. ʉʦʩʪʘʚ ʩʪʘʣʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ɻʆʉʊ4543-71. ʊʦʯʥʳʡ ʩʦʩʪʘʚ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣ.1. 

 
ʊʘʙʣʠʮʘ 1 ð ʉʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʪʘʣʠ 40ʍ [1] 

ʄʘʨʢʘ ʩʪʘʣʠ 
ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, % 

ʋʛʣʝʨʦʜ ʂʨʝʤʥʠʡ ʄʘʨʛʘʥʝʮ ʍʨʦʤ 

40ʍ 0,36-0,44 0,17-0,37 0,50-0,80 0,80-1,10 

 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʘʣʠ ʚ ʧʨʦʢʘʪʝ ʪʘʢʞʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤ 

ɻʆʉʊʦʤ4543-2016. ɻʣʘʚʥʳʤʠ ʜʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʡ ʭʨʦʤʠʩʪʦʡ ʩʪʘʣʠ ʷʚʣʷʶʪʩʷ 
ʧʨʦʯʥʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ, ʘ ʝʱʝ ʦʥʘ ʵʢʦʣʦʛʠʯʥʘ ʠ 
ʙʝʟʦʧʘʩʥʘ ʜʣʷ ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ. ɹʣʘʛʦʜʘʨʷ ʦʪʣʠʯʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʪʘʣʴ ʠʤʝʝʪ 
ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʫʶʪʩʷ ʦʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʜʝʪʘʣʝʡ, ʪʨʝʙʫʶʱʠʭ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʠ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ: ʚʘʣʳ, 
ʰʝʩʪʝʨʥʠ, ʙʦʣʪʳ, ʰʘʪʫʥʳ ʠ ʪ. ʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʪʘʣʠ 40ʍ ʦʯʝʥʴ ʚʘʞʥʘ ʧʨʘʚʠʣʴʥʘʷ ʠ 
ʢʘʯʝʩʪʚʝʥʥʘʷ ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ 
ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʪʚʸʨʜʦʩʪʴ [2].  

ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ð ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ 
ʤʝʪʦʜʦʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʆʩʥʦʚʥʘʷ ʝʸ ʮʝʣʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʥʘʛʨʝʚʦʤ 
ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʭʣʘʞʜʝʥʠʝʤ ʚʳʟʚʘʪʴ ʞʝʣʘʝʤʦʝ 
ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʤʝʪʘʣʣʘ [3]. 

ʆʩʥʦʚʥʳʝ ʚʠʜʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ï ʵʪʦ ʦʪʞʠʛ, ʟʘʢʘʣʢʘ ʠ ʦʪʧʫʩʢ. ʆʪʞʠʛ ð 
ʥʘʛʨʝʚ ʤʝʪʘʣʣʘ ʜʣʷ ʝʛʦ ʧʝʨʝʭʦʜʘ ʠʟ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʝ 
ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɿʘʢʘʣʢʘ ð ʥʘʛʨʝʚ ʤʝʪʘʣʣʘ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʚʨʘʱʝʥʠʷ 
ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 
ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʘ. ʆʪʧʫʩʢ ð ʥʘʛʨʝʚ ʤʝʪʘʣʣʘ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʚʨʘʱʝʥʠʷ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʩʪʨʫʢʪʫʨʥʦ ʫʩʪʦʡʯʠʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʘ [3]. 

ɼʣʷ ʩʪʘʣʠ 40ʍ ʢʣʘʩʩʠʯʝʩʢʠ ʧʨʦʚʦʜʷʪ ʟʘʢʘʣʢʫ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʧʫʩʢʦʤ. ɺ 
ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʪʦʣʴʢʦ ʟʘʢʘʣʢʘ ʩʪʘʣʠ. ʉʪʘʥʜʘʨʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʩʪʘʣʠ 40ʍ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
 
ʊʘʙʣʠʮʘ 2 ï ʇʘʨʘʤʝʪʨʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʩʪʘʣʠ 40ʍ [1] 
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ʄʘʨʢʘ ʩʪʘʣʠ 

ʊʝʨʤʦʦʙʨʘʙʦʪʢʘ 

ɿʘʢʘʣʢʘ ʆʪʧʫʩʢ 

ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ʉʨʝʜʘ ʦʭʣʘʞʜʝʥʠʷ ʊʝʤʧʝʨʘʪʫʨʘ, Áʉ ʉʨʝʜʘ ʦʭʣʘʞʜʝʥʠʷ 

40ʍ 860  ʄʘʩʣʦ 500 ɺʦʜʘ ʠʣʠ ʤʘʩʣʦ 

 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʚʠʩʠʤʦʩʪʠ ʪʚʸʨʜʦʩʪʠ ʩʪʘʣʠ ʦʪ 

ʚʳʙʦʨʘ ʚʠʜʘ ʟʘʢʘʣʦʯʥʦʡ ʩʨʝʜʳ. 
ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʪʝʨʤʠʯʝʩʢʠ 

ʦʙʨʘʙʦʪʘʥʥʦʡ ʩʪʘʣʠ 40ʍ. ɺ ʭʦʜʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʥʝʪ 
ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʚʝʜʝʥʠʠ ʟʘʢʘʣʢʠ ʚ ʨʘʟʣʠʯʥʳʝ ʟʘʢʘʣʦʯʥʳʝ ʩʨʝʜʳ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʝʸ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʳʜʚʠʛʘʝʤ ʛʠʧʦʪʝʟʫ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʜʣʷ ʟʘʢʘʣʢʠ ʩʪʘʣʠ 40ʍ ʚ 
ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʟʘʢʘʣʢʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ ʤʘʩʣʦ, ʟʥʘʯʠʪ ʜʨʫʛʠʝ ʩʨʝʜʳ ʥʝ ʜʘʶʪ 
ʥʝʦʙʭʦʜʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʩʪʘʣʴ 40ʭ, ʟʘʢʘʣʸʥʥʘʷ ʚ ʤʘʩʣʝ, ʩʥʝʛʫ (ʟʘʤʝʥʘ 
ʚʦʜʳ) ʠ ʥʘ ʚʦʟʜʫʭʝ. ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʘʨʘʤʝʪʨ ʪʚʸʨʜʦʩʪʠ ʩʪʘʣʠ 
40ʍ ʧʦʩʣʝ ʟʘʢʘʣʢʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʚʝʩʪʠ ʟʘʢʘʣʢʫ ʩʪʘʣʠ 40ʍ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 
ʪʚʸʨʜʦʩʪʠ ʩʪʘʣʠ ʦʪ ʚʳʙʦʨʘ ʟʘʢʘʣʦʯʥʦʡ ʩʨʝʜʳ (ʦʪʧʫʩʢ ʧʦʩʣʝ ʟʘʢʘʣʢʠ ʥʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ). 

ɿʘʜʘʯʠ: 
1) ʧʦʜʦʙʨʘʪʴ ʦʙʨʘʟʮʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ; 
2) ʧʨʦʚʝʩʪʠ ʟʘʢʘʣʢʫ ʦʙʨʘʟʮʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʟʘʢʘʣʦʯʥʳʭ ʩʨʝʜʘʭ; 
3) ʠʟʤʝʨʠʪʴ ʪʚʸʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ; 
3) ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʨʝʟʘʥʳ 4 ʦʙʨʘʟʮʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʠʟ 

ʧʨʦʢʘʪʥʦʡ ʘʨʤʘʪʫʨʳ ʜʠʘʤʝʪʨʦʤ 15ʤʤ ʠ ʜʣʠʥʥʦʡ 20ʤʤ. ʆʙʨʘʟʮʘ ʙʳʣʠ ʦʪʰʣʠʬʦʚʘʥʳ 
ʥʘʞʜʘʯʥʦʡ ʙʫʤʘʛʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʫʜʘʣʝʥʠʷ ʦʩʪʨʳʭ 
ʢʨʘʸʚ, ʟʘʫʩʝʥʮʝʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʝʯʴ ʤʫʬʝʣʴʥʘʷ 
UED-7-12 ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ. ʂ ʤʦʤʝʥʪʫ ʟʘʛʨʫʟʢʠ ʦʙʨʘʟʮʦʚ ʪʝʤʧʝʨʘʪʫʨʘ ʚ 
ʧʝʯʠ ʙʳʣʘ 216 ęʉ. ɼʘʣʝʝ ʦʙʨʘʟʮʳ ʥʘʛʨʝʚʘʣʠʩʴ ʚ ʧʝʯʠ ʜʦ 860 ęʉ ʚ ʪʝʯʝʥʠʝ 1,5 ʯʘʩʦʚ. 
ʂʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʧʝʯʠ ʜʦʩʪʠʛʣʘ 600 ęʉ, ʚ ʩʤʦʪʨʦʚʦʝ ʦʢʥʦ ʙʳʣʦ ʚʠʜʥʦ ʦʨʘʥʞʝʚʦʝ 
ʩʚʝʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʠ ʬʫʪʝʨʦʚʢʠ (ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʠʮʦʚʢʠ) ʧʝʯʠ. ɺʥʝʰʥʠʡ ʚʠʜ ʧʝʯʠ 
ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
 

ʈʠʩʫʥʦʢ 1. ʄʫʬʝʣʴʥʘʷ ʧʝʯʴ UED-7-12 
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ɺʳʜʝʨʞʢʘ ʦʙʨʘʟʮʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʢʘʣʢʠ ʩʦʩʪʘʚʠʣʘ 12 ʤʠʥʫʪ. ʇʦʩʣʝ ʯʝʛʦ, 

ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʳʭ ʢʣʝʱʝʡ ʦʙʨʘʟʮʘ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʧʝʯʠ ʠ ʧʦʛʨʫʞʝʥʳ ʚ 
ʟʘʢʘʣʦʯʥʳʝ ʩʨʝʜʳ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ.  
ʊʘʙʣʠʮʘ 3 ï ʀʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ 

ˉ ʦʙʨʘʟʮʘ ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

1 ɺʳʜʝʨʞʢʘ 12 ʤʠʥʫʪ ʧʨʠ 860 ęʉ, ʦʭʣʘʞʜʝʥʠʝ ʚ ʤʘʩʣʦ 

2 ɺʳʜʝʨʞʢʘ 12 ʤʠʥʫʪ ʧʨʠ 860 ęʉ, ʦʭʣʘʞʜʝʥʠʝ ʚ ʩʥʝʛʫ 

3 ɺʳʜʝʨʞʢʘ 12 ʤʠʥʫʪ ʧʨʠ 860 ęʉ, ʦʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ 

4 - 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʘ ʟʘʤʝʨʝʥʘ ʪʚʸʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ ʈʦʢʚʝʣʣʘ, ʧʦ 
ʰʢʘʣʝ C. ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʝʥʪʦʨʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʘʣʤʘʟʥʳʡ ʢʦʥʫʩ ʩ ʫʛʣʦʤ ʧʨʠ 
ʚʝʨʰʠʥʝ 120Á ʩʦ ʩʢʨʫʛʣʸʥʥʳʤ ʦʩʪʨʳʤ ʢʦʥʮʦʤ(ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ2). ɼʣʷ 
ʪʦʯʥʦʩʪʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʘʠʤʝʥʴʰʝʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʧʷʪʴ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 
ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʚʸʨʜʦʩʪʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʪʘʙʣʠʮʝ 4. ʉʘʤʠ 
ʦʙʨʘʟʮʳ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
 

ʈʠʩʫʥʦʢ 2. ɸʣʤʘʟʥʳʡ ʢʦʥʫʩ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ 
 

 
 

ʈʠʩʫʥʦʢ 3. ʆʙʨʘʟʮʳ ʧʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ  
(ʩʣʝʚʘ ʥʘʧʨʘʚʦ: ˉ2 ˉ1 ˉ3 ˉ4) 

 

https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BC%D0%B0%D0%B7
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ʊʘʙʣʠʮʘ 4 - ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʪʚʸʨʜʦʩʪʠ ʦʙʨʘʟʮʦʚ  
ʆʙʨʘʟʝʮ ˉ1 
(ʦʭʣʘʞʜʝʥʠʝ ʚ 
ʤʘʩʣʦ) 

ʆʙʨʘʟʝʮ ˉ2 
(ʦʭʣʘʞʜʝʥʠʝ 
ʚ ʩʥʝʛ) 

ʆʙʨʘʟʝʮ ˉ3 
(ʦʭʣʘʞʜʝʥʠʝ ʥʘ 
ʚʦʟʜʫʭʝ) 

ʆʙʨʘʟʝʮ ˉ4 
(ʠʩʭʦʜʥʦʝ 
ʩʦʩʪʦʷʥʠʝ) 

ʀʟʤʝʨʝʥʠʝ 1 51,9 49 20 24 

ʀʟʤʝʨʝʥʠʝ 2 53 51 25,5 23,5 

ʀʟʤʝʨʝʥʠʝ 3 52,5 49,5 18,9 23,6 

ʀʟʤʝʨʝʥʠʝ 4 52 52,4 17,1 23 

ʀʟʤʝʨʝʥʠʝ 5 52,1 51,3 19 21,6 

ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 52,3Ñ0.5 50,64Ñ0.5 20,1Ñ0.5 23,14Ñ0.5 

ʉʨʝʜʥʝʝ ʫʚʝʣʠʯʝʥʠʝ 
ʪʚʸʨʜʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ, % 

+126 +119 -13 - 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʸʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʟʘʢʘʣʦʯʥʦʡ ʩʨʝʜʦʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʡ 
ʪʚʸʨʜʦʩʪʠ ʦʢʘʟʘʣʦʩʴ ʤʘʩʣʦ. 

1) ʦʙʨʘʟʮʳ ʧʦʜʦʙʨʘʥʳ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ɻʆʉʊʦʚ 4543-71 ʠ 4543-2016, ʵʪʦ 
ʦʙʨʝʟʘʥʥʳʝ ʯʘʩʪʠ ʧʨʦʢʘʪʘ ʜʠʘʤʝʪʨʦʤ 15ʤʤ ʠ ʜʣʠʥʥʦʡ ʧʦ 20ʤʤ.  

ʨʠʩ.1 ʦʙʨʘʟʮʳ 
2)ɿʘʢʘʣʢʘ ʧʨʦʚʝʜʝʥʘ ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʜʦʢʫʤʝʥʪʦʚ (ʥʦ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʛʦ 

ʦʪʧʫʩʢʘ), ʚ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 860ęʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 12 ʤʠʥʫʪ, ʘ 
ʦʭʣʘʞʜʝʥʠʝ ʧʨʦʰʣʦ ʚ 3 ʩʨʝʜʘʭ: ʤʘʩʣʝ, ʩʥʝʛʫ ʠ ʥʘ ʚʦʟʜʫʭʝ. 

3)ʩʨʝʜʥʝʝ ʠʟʤʝʥʝʥʠʝ ʪʚʸʨʜʦʩʪʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʠʣʦ: ʚ ʤʘʩʣʝ ð ʙʦʣʴʰʝ ʥʘ 
126%, ʚ ʚʦʜʝ ð ʙʦʣʴʰʝ ʥʘ 119%, ʥʘ ʚʦʟʜʫʭʝ ð ʥʘ 13% ʤʝʥʴʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʠʩʭʦʜʥʦʛʦ ʦʙʨʘʟʮʘ. 

ɿʘʢʘʣʢʘ ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʚ ʤʘʰʠʥʥʦʤ ʤʘʩʣʝ ʜʘʸʪ ʥʘʠʙʦʣʴʰʫʶ ʪʚʸʨʜʦʩʪʴ 
ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ, ʥʦ ʦʭʣʘʞʜʝʥʠʝ ʚ ʚʦʜʝ ʥʝ ʥʘ ʤʥʦʛʦ ʦʪ ʥʝʛʦ ʦʪʣʠʯʘʝʪʩʷ ʠ ʜʘʸʪ 
ʩʭʦʞʠʡ ʨʝʟʫʣʴʪʘʪ, ʘ ʦʭʣʘʞʜʝʥʠʝ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʩʥʠʟʠʣʦ ʪʚʸʨʜʦʩʪʴ ʠʟʜʝʣʠʷ. 
ʆʭʣʘʞʜʝʥʠʝ ʥʘ ʚʦʟʜʫʭʝ ʥʘʟʳʚʘʝʪʩʷ ʥʦʨʤʘʣʠʟʘʮʠʝʡ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1.  ɻʆʉʊ4543-71, ʇʨʦʢʘʪ ʠʟ ʣʝʛʠʨʦʚʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʩʪʘʣʠ. ʊʝʭʥʠʯʝʩʢʠʝ 
ʫʩʣʦʚʠʷ ʇɽʈɽʀɿɼɸʅʀɽ ʩ ʀʟʤʝʥʝʥʠʷʤʠ ˉ 1, 2, 3, 4, 5, ʫʪʚʝʨʞʜʝʥʥʳʤʠ ʚ ʤʘʨʪʝ 
1977 ʛ., ʠʶʣʝ1982 ʛ., ʬʝʚʨʘʣʝ 1987 ʛ., ʠʶʥʝ 1987 ʛ., ʜʝʢʘʙʨʝ 1989 ʛ. (ʀʋʉ 5-77, 
11-82, 5-87,10-87, 3-90) : ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ ʩʦʶʟʘ ʉʉʈ : ʜʘʪʘ ʚʚʝʜʝʥʠʷ 
ʚ ʜʝʡʩʪʚʠʝ 01.01.1973 : ʀʇʂ ʀʟʜʘʪʝʣʴʩʪʚʦ ʩʪʘʥʜʘʨʪʦʚ ˉ 1996 ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ 
ˉ 2008 ʠʟʜʘʥʠʝ ʦʬʠʮʠʘʣʴʥʦʝ. 
2. ɻʆʉʊ4543-2016, ʄʝʪʘʣʣʦʧʨʦʜʫʢʮʠʷ ʠʟ ʢʦʥʩʪʨʫʢʮʠʦʥʥʦʡ ʣʝʛʠʨʦʚʘʥʥʦʡ ʩʪʘʣʠ. 
ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ : ʄʝʞʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʪʘʥʜʘʨʪ : ʜʘʪʘ ʚʚʝʜʝʥʠʷ 01.10.2017 
: ʄʦʩʢʚʘ ʉʪʘʥʜʘʨʪʠʥʬʦʨʤ 2017 53 ʩ. 
3. ɻʫʣʷʝʚ ɸ.ʇ. ʄʝʪʘʣʦʚʝʜʝʥʠʝ. ʋʯʝʙʥʠʢ ʜʣʷ ʚʫʟʦʚ. 6-ʝ ʠʟʜ., ʧʝʨʝʨʘʙ. ʀ ʜʦʧ. ʄ.: 
ʄʝʪʘʣʣʫʨʛʠʷ, 1986. ʩʪʨ. 199, ʩʪʨ.202 
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ʉʆɿɼɸʅʀɽ ɺʀʊʈɸɾɽʁ ʉ ʕʃɽʄɽʅʊɸʄʀ ɼɽʈɽɺʗʅʅʆʁ ʊɽʍʅʀʂʀ 
ʌʠʣʦʥʝʥʢʦ ʄʘʨʠʷ, ɻʨʠʥʷʝʚʘ ʄʘʨʠʷ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ, 

ʄɸʆʋ ʣʠʮʝʡ ˉ8 ʠʤʝʥʠ ʅ.ʅ. ʈʫʢʘʚʠʰʥʠʢʦʚʘ ʛ. ʊʦʤʩʢ, 11 ʢʣʘʩʩ  
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɺʘʩʠʣʴʝʚʘ ʀʥʝʩʩʘ ʕʜʚʠʥʦʚʥʘ, ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʆʄ ʀʐʅʇʊ ʊʇʋ 

 

çɺʠʪʨʘʞ ð ɻ ʪʦ ʧʨʦʟʨʘʯʥʘʷ 

ʧʝʨʝʛʦʨʦʜʢʘ ʤʝʞʜʫ ʤʦʠʤ ʩʝʨʜʮʝʤ ʠ 

ʩʝʨʜʮʝʚʠʥʦʡ ʤʠʨʦʟʜʘʥʠʷè (ʄʘʨʢ ʐʘʛʘʣ) 

ɺʚʝʜʝʥʠʝ 
ɺʠʪʨʘʞ ï ɻ ʪʦ ʮʝʣʦʩʪʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʠʟ ʩʪʝʢʦʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʢʘʢʦʡ-ʣʠʙʦ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠ ʫʧʦʤʠʥʘʥʠʠ ʚʠʪʨʘʞʝʡ ʣʶʜʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʢʥʦ, ʥʦ ʩʝʡʯʘʩ 
ʠʩʢʫʩʩʪʚʦ ʚʠʪʨʘʞʝʡ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦʚʩʶʜʫ: ʚ ʜʚʝʨʷʭ, ʥʘʩʪʝʥʥʳʭ ʧʘʥʥʦ, ʜʣʷ 
ʜʝʢʦʨʠʨʦʚʘʥʠʷ ʢʦʣʦʥʥ, ʥʠʰ, ʘʨʦʯʥʳʭ ʧʨʦʝʤʦʚ ʠ ʪ.ʜ. [1]. ʉʝʡʯʘʩ ʚʠʪʨʘʞ ʜʦʩʪʠʛ 
ʥʝʚʠʜʘʥʥʳʭ ʝʤʫ ʨʘʥʝʝ ʚʳʩʦʪ, ʧʨʦʡʜʷ ʯʝʨʝʟ ʜʣʠʥʥʫʶ ʠʩʪʦʨʠʶ. 

ʇʨʠ ʵʪʦʤ ʠʩʪʦʨʠʷ ʟʘʨʦʞʜʝʥʠʷ ʜʘʥʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʥʠʢʦʤʫ ʜʦʧʦʜʣʠʥʥʦ 
ʥʝʠʟʚʝʩʪʥʘ. ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʘʤʦ ʩʪʝʢʣʦ ʙʳʣʦ ʩʦʟʜʘʥʦ ʯʝʣʦʚʝʢʦʤ ʚʧʝʨʚʳʝ ʚ 
ʄʝʩʦʧʦʪʘʤʠʠ ʠʣʠ ʚ ɼʨʝʚʥʝʤ ɽʛʠʧʪʝ. ʇʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʦʥʦ ʩʣʫʯʘʡʥʦ ʦʙʨʘʟʦʚʘʣʦʩʴ 
ʚʦ ʚʨʝʤʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʛʦʥʯʘʨʥʳʭ ʠʟʜʝʣʠʡ [2]. ʉ ʪʝʭ ʧʦʨ ʣʶʜʠ ʥʘʫʯʠʣʠʩʴ ʩʦʟʜʘʚʘʪʴ 
ʮʚʝʪʥʦʝ ʩʪʝʢʣʦ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʨʘʟʚʠʪʠʶ ʩʦʟʜʘʥʠʷ ʚʠʪʨʘʞʝʡ. ʇʝʨʚʳʤ 
ʦʙʥʘʨʫʞʝʥʥʳʤ ʚʠʪʨʘʞʦʤ ʙʳʣʘ ʤʦʟʘʠʢʘ ʠʟ ʧʣʘʩʪʠʥʦʢ ʮʚʝʪʥʦʛʦ ʩʪʝʢʣʘ ʚ ʜʨʝʚʥʝʤ ʈʠʤʝ 
ʠ ʚ ʭʨʘʤʘʭ ʧʝʨʚʳʭ ʭʨʠʩʪʠʘʥ [3]. ʀʟʥʘʯʘʣʴʥʦ ʦʩʪʝʢʣʝʥʠʝ ʩʪʝʢʦʣ ʷʚʣʷʣʦʩʴ ʤʦʟʘʠʢʦʡ, 
ʚʩʪʘʚʣʝʥʥʦʡ ʚ ʧʨʦʝʤʳ ʘʞʫʨ ʦʢʦʥ. ʉʦ ʚʨʝʤʝʥʝʤ ʠʩʢʫʩʩʪʚʦ ʚʠʪʨʘʞʝʡ ʧʨʦʰʣʦ ʯʝʨʝʟ 
ʤʥʦʛʦ ʚʠʜʦʠʟʤʝʥʝʥʠʡ ʠ ʤʦʜʝʨʥʠʟʘʮʠʡ, ʯʪʦʙʳ ʧʨʠʡʪʠ ʢ ʪʦʤʫ, ʯʪʦ ʤʳ ʠʤʝʝʤ ʩʝʡʯʘʩ. 

ɼʝʨʝʚʷʥʥʘʷ ʘʨʭʠʪʝʢʪʫʨʘ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʠ, ʠʟʚʝʩʪʥʘ ʩʚʦʠʤʠ 

ʫʥʠʢʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʥʳʤʠ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʷʤʠ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʙʦʛʘʪʦʝ ʥʘʩʣʝʜʠʝ ʜʝʨʝʚʷʥʥʦʡ 

ʘʨʭʠʪʝʢʪʫʨʳ. ʊʦʤʩʢʘʷ ʦʙʣʘʩʪʴ ʩʣʘʚʠʪʩʷ ʩʚʦʠʤʠ ʫʥʠʢʘʣʴʥʳʤʠ ʜʝʨʝʚʷʥʥʳʤʠ 

ʟʜʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʘʩʪʦʷʱʠʤʠ ʧʘʤʷʪʥʠʢʘʤʠ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ. ʕʪʠ 

ʩʦʦʨʫʞʝʥʠʷ, ʚʢʣʶʯʘʷ ʜʦʤʘ, ʮʝʨʢʚʠ ʠ ʜʨʫʛʠʝ ʘʨʭʠʪʝʢʪʫʨʥʳʝ ʦʙʲʝʢʪʳ, ʦʪʨʘʞʘʶʪ 

ʙʦʛʘʪʫʶ ʠʩʪʦʨʠʶ ʨʝʛʠʦʥʘ ʠ ʝʛʦ ʥʘʮʠʦʥʘʣʴʥʫʶ ʠʜʝʥʪʠʯʥʦʩʪʴ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʙʳʣʠ 

ʧʦʩʪʨʦʝʥʳ ʚ 18-19 ʚʝʢʘʭ ʠ ʧʦ ʩʝʡ ʜʝʥʴ ʚʧʝʯʘʪʣʷʶʪ ʩʚʦʝʡ ʢʨʘʩʦʪʦʡ ʠ ʫʥʠʢʘʣʴʥʳʤ 

ʜʠʟʘʡʥʦʤ.  

  

ʈʠʩʫʥʦʢ 1 ï ʉʪʘʨʳʡ ʜʝʨʝʚʷʥʥʳʡ ʜʦʤ, ʥʘ ʚʝʨʘʥʜʝ ʢʦʪʦʨʦʛʦ ʜʦ ʩʠʭ ʧʦʨ 
ʩʦʭʨʘʥʠʣʠʩʴ ʮʚʝʪʥʳʝ ʚʠʪʨʘʞʠ ï ʙʦʣʴʰʘʷ ʜʣʷ ʊʦʤʩʢʘ ʨʝʜʢʦʩʪʴ 
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʚʦʟʨʦʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʪʨʘʞʝʡ. 

ɺʠʪʨʘʞʥʦʝ ʠʩʢʫʩʩʪʚʦ, ʢʦʪʦʨʦʝ ʩʦʯʝʪʘʝʪ ʚ ʩʝʙʝ ʩʪʝʢʣʦ ʠ ʩʚʝʪ, ʩʦʟʜʘʝʪ ʚʧʝʯʘʪʣʷʶʱʠʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʩʦʟʜʘʝʪ ʦʩʦʙʫʶ ʘʪʤʦʩʬʝʨʫ ʚ ʧʦʤʝʱʝʥʠʠ. ʍʫʜʦʞʥʠʢʠ ʠ ʤʘʩʪʝʨʘ 

ʚʠʪʨʘʞʥʦʛʦ ʠʩʢʫʩʩʪʚʘ ʥʘʯʘʣʠ ʨʘʙʦʪʘʪʴ ʠ ʚ ʥʘʰʝʤ ʨʝʛʠʦʥʝ, ʚʦʩʩʦʟʜʘʚʘʷ ʠ ʩʦʭʨʘʥʷʷ 

ʪʨʘʜʠʮʠʠ ʵʪʦʛʦ ʫʥʠʢʘʣʴʥʦʛʦ ʨʝʤʝʩʣʘ. 

 

ʈʠʩʫʥʦʢ 2 ï ʆʙʲʝʢʪ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ çɼʦʤ ʥʘʫʢʠ ʠʤ. 

ʇ.ʀ. ʄʘʢʫʰʠʥʘè (ʚ ʨʘʤʢʘʭ ʢʘʧʠʪʘʣʴʥʦʛʦ ʨʝʤʦʥʪʘ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʦʤʩʢʠʡ ʪʝʘʪʨ ʢʫʢʣʳ 

ʠ ʘʢʪʝʨʘ çʉʢʦʤʦʨʦʭè, ʫʩʪʘʥʦʚʠʣʠ ʚʠʪʨʘʞʠ) 

ʉʦʯʝʪʘʥʠʝ ʜʝʨʝʚʷʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʚʠʪʨʘʞʝʡ ʩʦʟʜʘʝʪ ʫʥʠʢʘʣʴʥʫʶ ʠ 
ʧʨʠʚʣʝʢʘʪʝʣʴʥʫʶ ʘʪʤʦʩʬʝʨʫ, ʢʦʪʦʨʘʷ ʧʨʠʚʣʝʢʘʝʪ ʪʫʨʠʩʪʦʚ ʩʦ ʚʩʝʛʦ ʤʠʨʘ. 
ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʝ ʜʝʨʝʚʷʥʥʳʝ ʟʜʘʥʠʷ, ʫʢʨʘʰʝʥʥʳʝ ʚʠʪʨʘʞʘʤʠ, ʩʪʘʥʦʚʷʪʩʷ 
ʥʘʩʪʦʷʱʠʤʠ ʧʨʦʠʟʚʝʜʝʥʠʷʤʠ ʠʩʢʫʩʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠ ʚʳʟʳʚʘʶʪ 
ʚʦʩʭʠʱʝʥʠʝ. ʊʫʨʠʩʪʳ ʩʤʦʛʫʪ ʥʘʩʣʘʞʜʘʪʴʩʷ ʢʨʘʩʦʪʦʡ ʜʝʨʝʚʷʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʚ ʪʦ 
ʞʝ ʚʨʝʤʷ ʥʘʩʣʘʞʜʘʪʴʩʷ ʚʝʣʠʢʦʣʝʧʥʳʤʠ ʚʠʪʨʘʞʘʤʠ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʥʝʧʦʚʪʦʨʠʤʫʶ 
ʘʪʤʦʩʬʝʨʫ.  

ɸʢʪʫʘʣʴʥʦʩʪʴ: ɿʘ ʧʦʩʣʝʜʥʠʡ ʚʝʢ ʚ ʊʦʤʩʢʝ ʙʳʣʦ ʫʪʨʘʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʪʳʩʷʯ 
ʜʝʨʝʚʷʥʥʳʭ ʜʦʤʦʚ ʜʦʨʝʚʦʣʶʮʠʦʥʥʦʡ ʧʦʩʪʨʦʡʢʠ. ʆʙʣʠʢ ʙʦʣʝʝ 500 ʠʟ ʥʠʭ 
ʚʦʩʩʪʘʥʦʚʣʝʥ ʧʦ ʘʨʭʠʚʥʳʤ ʬʦʪʦʛʨʘʬʠʷʤ ʠ ʨʠʩʫʥʢʘʤ. ʅʝ ʚʩʝ ʫʪʨʘʯʝʥʥʳʝ ʜʦʤʘ ʙʳʣʠ 
ʘʨʭʠʪʝʢʪʫʨʥʳʤʠ ʰʝʜʝʚʨʘʤʠ. ɺ ʩʚʦʝʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʵʪʦ ʨʷʜʦʚʘʷ ʟʘʩʪʨʦʡʢʘ. ʆʜʥʘʢʦ 
ʩʨʝʜʠ ʥʠʭ ʙʳʣʠ ʠ ʜʦʚʦʣʴʥʦ ʠʥʪʝʨʝʩʥʳʝ ʜʦʤʘ, ʩ ʫʪʨʘʪʦʡ ʢʦʪʦʨʳʭ ʘʨʭʠʪʝʢʪʫʨʘ ʊʦʤʩʢʘ 
ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʝʜʥʝʣʘ. ʕʪʦ ʙʳʣʦ ʦʜʥʠʤ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʜʦʩʪʦʷʥʠʡ ʊʦʤʩʢʦʡ 
ʦʙʣʘʩʪʠ - ʜʦʤʘ, ʫʢʨʘʰʝʥʥʳʝ ʜʝʨʝʚʷʥʥʳʤʠ ʢʨʫʞʝʚʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʠʪʨʘʞʥʳʤʠ 
ʦʢʥʘʤʠ. ʉʝʡʯʘʩ ʦʥʠ ʫʪʨʘʪʠʣʠ ʩʚʦʡ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʦʙʣʠʢ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʛʨʘʜʘʮʠʠ 
ʠʣʠ "ʨʝʩʪʘʚʨʘʮʠʠ", ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʪʝʤʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʢʫʣʴʪʫʨʥʦʛʦ 
ʥʘʩʣʝʜʠʷ ʊʦʤʩʢʘ ʠ ʧʨʠʚʣʝʯʝʥʠʷ ʪʫʨʠʩʪʦʚ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʩʦʟʜʘʥʠʝ ʚʠʪʨʘʞʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʝʨʝʚʷʥʥʦʡ ʪʝʭʥʠʢʠ, ʚ 
ʯʘʩʪʥʦʩʪʠ ʤʘʢʝʪ ʛʝʨʙʘ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʚʠʜʝ ʚʠʪʨʘʞʘ ʩ ʵʣʝʤʝʥʪʘʤʠ 
ʠʟʛʦʪʦʚʣʝʥʥʳʤʠ ʠʟ ʜʝʨʝʚʘ. 

ɼʣʷ ʩʧʨʘʚʢʠ: ʄʘʣʳʡ ʛʝʨʙ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʬʨʘʥʮʫʟʩʢʠʡ ʱʠʪ ʩ ʟʝʣʝʥʳʤ ʧʦʣʝʤ, ʚ ʱʠʪʝ ʩʢʘʯʫʱʠʡ ʚ ʧʨʘʚʫʶ ʩʪʦʨʦʥʫ ʩʝʨʝʙʨʷʥʳʡ 
ʢʦʥʴ ʩ ʯʝʨʚʣʝʥʳʤʠ (ʢʨʘʩʥʳʤʠ) ʛʣʘʟʘʤʠ ʠ ʷʟʳʢʦʤ. ʑʠʪ ʫʚʝʥʯʘʥ ʙʦʣʴʰʦʡ 
ʠʤʧʝʨʘʪʦʨʩʢʦʡ ʢʦʨʦʥʦʡ.  

ɿʘʜʘʯʠ: 
1. ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʠʢʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʠʪʨʘʞʝʡ. 
2. ʀʟʛʦʪʦʚʠʪʴ ʤʘʢʝʪ ʛʝʨʙʘ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 
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˻͋ͦͪ͘ ͎͍͊ͤ͊ͦͦ͡: ɺ ʭʦʜʝ ʧʨʦʚʝʜʝʥʠʷ ʦʙʟʦʨʘ ʣʠʪʝʨʘʪʫʨʳ, ʧʨʷʤʳʭ ʘʥʘʣʦʛʦʚ 

ʜʘʥʥʦʤʫ ʤʘʢʝʪʫ ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ. 
ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ: ʪʫʨʠʩʪʳ, ʩʧʝʮʠʘʣʠʩʪʳ, ʢʦʪʦʨʳʝ ʟʘʥʠʤʘʶʪʩʷ 

ʩʦʭʨʘʥʝʥʠʝʤ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʠʩʪʦʨʠʯʝʩʢʠʭ ʚʠʪʨʘʞʝʡ ʠ ʟʜʘʥʠʡ ʩ ʚʠʪʨʘʞʘʤʠ, ʣʶʜʠ 
ʢʦʪʦʨʳʝ ʭʦʪʷʪ ʧʦʜʘʨʠʪʴ ʙʣʠʟʢʠʤ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚʘ ʠʣʠ ʧʨʝʜʤʝʪʳ ʜʝʢʦʨʘ, 
ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʠʭ ʠʥʜʠʚʠʜʫʘʣʴʥʦʩʪʴ ʠ ʩʪʠʣʴ. 

 
ɺʳʙʦʨ ʪʝʭʥʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʤʘʢʝʪʘ 
ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʠʪʨʘʞʝʡ. ɺ ʜʘʥʥʦʤ ʧʨʦʝʢʪʝ ʙʳʣʘ 

ʚʳʙʨʘʥʘ ʪʝʭʥʠʢʘ ʠʟʛʦʪʦʚʣʝʥʠʷ ʊʠʬʬʘʥʠ. 
 
ʊʝʭʥʠʢʘ ʊʠʬʬʘʥʠ  
ɼʣʷ ʥʘʯʘʣʘ ʨʠʩʫʶʪ ʵʩʢʠʟ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ, ʟʘʪʝʤ ʝʛʦ ʧʝʨʝʥʦʩʷʪ ʥʘ ʩʪʝʢʣʦ ʠ 

ʧʦʪʦʤ ʫʞʝ ʚʨʫʯʥʫʶ, ʩ ʧʦʤʦʱʴʶ ʩʪʝʢʣʦʨʝʟʘ ʩ ʘʣʤʘʟʥʦʡ ʥʘʩʘʜʢʦʡ ʚʳʨʝʟʘʶʪ ʢʘʞʜʫʶ 
ʜʝʪʘʣʴ ʠʟ ʵʩʢʠʟʘ. ʂʘʞʜʳʡ ʬʨʘʛʤʝʥʪ ʦʙʨʘʙʘʪʳʚʘʶʪ ʥʘ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʢʝ, ʧʦʩʣʝ 
ʯʝʛʦ ʢʘʞʜʳʡ ʢʫʩʦʯʝʢ ʙʫʜʫʱʝʛʦ ʚʠʪʨʘʞʘ ʦʙʢʣʝʠʚʘʶʪ ʤʝʜʥʦʡ ʣʝʥʪʦʡ. ʆʜʥʘ ʝʝ ʩʪʦʨʦʥʘ 
ʣʠʧʢʘʷ, ʧʦʪʦʤʫ ʝʶ ʦʙʢʣʝʠʚʘʶʪ ʩʪʝʢʣʘ ʧʦ ʢʨʘʷʤ. ʅʫʞʥʦ ʵʪʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʙʲʝʜʠʥʠʪʴ 
ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʩʝ ʬʨʘʛʤʝʥʪʳ ʚ ʦʜʠʥ, ʮʝʣʳʡ ʚʠʪʨʘʞ. ʉʪʝʢʣʘ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʚ 
ʜʘʣʴʥʝʡʰʝʤ ʩʦʝʜʠʥʷʪʴʩʷ ʧʦ ʢʨʘʷʤ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʩʧʘʠʚʘʪʴ ʪʝʭʥʠʯʝʩʢʠʤ ʞʠʨʦʤ, 
ʯʪʦʙʳ ʤʝʜʴ ʥʝ ʫʩʧʝʣʘ ʦʢʠʩʣʠʪʩʷ. ʅʝʦʙʨʘʙʦʪʘʥʥʘʷ ʤʝʜʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʚʠʜʫ ʩʚʦʠʭ 
ʩʚʦʡʩʪʚ ʙʳʩʪʨʦ ʦʢʠʩʣʷʝʪʩʷ, ʠʟ-ʟʘ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ, ʢʦʪʦʨʘʷ ʤʝʰʘʝʪ 
ʙʣʘʛʦʧʦʣʫʯʥʦʤʫ ʩʧʣʘʚʣʝʥʠʶ ʤʝʜʠ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʚʠʪʨʘʞʘ ʣʠʩʪʦʚʦʛʦ ʩʪʝʢʣʘ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʝʛʦ ʚ ʩʪʝʢʣʦʧʘʢʝʪʘʭ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ. 
ʉʦʛʣʘʩʠʪʝʩʴ, ʠʥʦʛʜʘ ʧʨʦʩʪʦ ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʨʳʪʴ ʥʝʧʨʠʛʣʷʜʥʳʡ ʚʠʜ ʠʟ ʦʢʥʘ ʠʣʠ 
ʦʙʳʛʨʘʪʴ ʝʛʦ ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʨʠʩʫʥʢʘ. ʆʩʥʦʚʦʡ ʜʣʷ ʚʠʪʨʘʞʘ ʤʦʞʝʪ ʙʳʪʴ 
ʥʝ ʪʦʣʴʢʦ ʩʠʣʠʢʘʪʥʦʝ, ʥʦ ʠ ʘʢʨʠʣʦʚʦʝ ʩʪʝʢʣʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʝʩ. ʇʦʵʪʦʤʫ, 
ʪʘʢʠʝ ʚʠʪʨʘʞʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʬʦʨʤʣʝʥʠʷ ʧʦʜʚʝʩʥʳʭ ʧʦʪʦʣʢʦʚ. ɺ- ʪʨʝʪʴʠʭ, 
ʵʪʦʪ ʩʧʦʩʦʙ, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʣʶʙʫʶ ʧʣʘʩʪʠʢʫ ʣʠʥʠʡ ʚ ʨʠʩʫʥʢʝ. ʀ, ʥʘʢʦʥʝʮ, ʪʘʢʦʡ 
ʚʠʪʨʘʞ ʚ ʜʚʘ ʨʘʟʘ ʜʝʰʝʚʣʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ. 

 
ʇʨʘʢʪʠʯʝʩʢʘʷ ʯʘʩʪʴ 
ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ ʠʩʩʣʝʜʦʚʘʣʠ ʧʨʝʜʳʩʪʦʨʠʶ ʚʠʪʨʘʞʘ; ʧʦʧʳʪʘʣʠʩʴ ʚʳʷʚʠʪʴ 

ʧʨʠʯʠʥʳ ʧʦʷʚʣʝʥʠʷ ʚʠʪʨʘʞʘ ʢʘʢ ʚʠʜʘ ʠʩʢʫʩʩʪʚʘ; ʨʘʩʩʤʦʪʨʝʣʠ ʠʩʪʦʨʠʶ ʘʨʭʠʪʝʢʪʫʨʳ 
ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʠʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʠʪʨʘʞʥʦʛʦ ʠʩʢʫʩʩʪʚʘ.  

1. ɺʳʙʦʨ ʪʝʭʥʠʢʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʚʠʪʨʘʞʘ 
2. ʇʦʜʛʦʪʦʚʢʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ  
3. ʊʝʭʥʠʢʘ ʙʝʟʦʧʘʩʥʦʩʪʠ 
4. ʉʦʟʜʘʥʠʝ ʵʩʢʠʟʘ ʙʫʜʫʱʝʛʦ ʚʠʪʨʘʞʘ 
5. ʇʝʨʝʥʦʩ ʵʩʢʠʟʘ ʥʘ ʩʪʝʢʣʦ 
6. ʀʟʛʦʪʦʚʣʝʥʠʝ ʚʠʪʨʘʞʘ 
7. ʉʙʦʨʢʘ ʚʠʪʨʘʞʘ ʩ ʜʝʨʝʚʷʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 
8. ɸʥʘʣʠʟ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ. ʆʬʦʨʤʣʝʥʠʝ ʧʨʦʝʢʪʘ ʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 
ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʝ. 

 
ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 
 

ʄʘʪʝʨʠʘʣʳ ʆʙʦʨʫʜʦʚʘʥʠʝ 

ʉʪʝʢʣʦ ʚʠʪʨʘʞʥʦʝ ʐʣʠʬʦʚʘʣʴʥʳʡ ʩʪʘʥʦʢ Grinder VM-1 

ʄʝʜʥʘʷ ʬʦʣʴʛʘ 4,76 ʤʤ ʇʘʷʣʴʥʠʢ GEHU ʤʦʱʥʦʩʪʴʶ 100W 

ʌʣʶʩ ʙʝʩʢʠʩʣʦʪʥʳʡ ʉʪʝʢʣʦʨʝʟ ʥʘʣʠʚʥʦʡ TC-10B 

ɸʥʪʠʦʢʩʠʜʘʥʪ ʑʠʧʮʳ ʜʣʷ ʦʪʣʦʤʘ ʩʪʝʢʣʘ 
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ʇʨʠʧʦʡ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʡ ʇʆʉ-61  

ʇʘʪʠʥʘ ʤʝʜʥʘʷ  

ɼʝʨʝʚʷʥʥʳʝ ʙʨʫʩʢʠ  

 

ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ 

ˉ 
ʅʘʟʚʘʥʠʝ  
ʦʧʝʨʘʮʠʠ 

ʌʦʪʦ 
ʀʥʩʪʨʫʤʝʥʪʳ ʠ 
ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ 

1 

ʉʦʟʜʘʥʠʝ ʵʩʢʠʟʘ;  
ʇʝʨʝʥʦʩ ʨʠʩʫʥʢʘ 
ʥʘ ʩʪʝʢʣʦ 

 

ɹʫʤʘʛʘ, 
ʢʘʨʘʥʜʘʰ, 
ʨʝʟʠʥʢʘ; 
ʅʦʞʥʠʮʳ, 
ʙʫʤʘʛʘ ʩ 
ʢʣʝʡʢʠʤ ʩʣʦʝʤ 

2 
ɺʳʨʝʟʘʥʥʳʝ 
ʜʝʪʘʣʠ ʠʟ ʩʪʝʢʣʘ 

 

ʉʪʝʢʣʦʨʝʟ 

3 

ʆʙʨʘʙʦʪʢʘ ʢʨʘʷ 
ʜʝʪʘʣʝʡ ʥʘ 
ʰʣʠʬʦʚʘʣʴʥʦʡ 
ʤʘʰʠʥʢʝ 

 

ʐʣʠʬʦʚʘʣʴʥʳ
ʡ ʩʪʘʥʦʢ 

4 

ʆʙʢʣʝʠʚʘʥʠʝ 
ʜʝʪʘʣʝʡ ʤʝʜʥʦʡ 
ʬʦʣʴʛʦʡ 

  

ʄʝʜʥʘʷ 
ʬʦʣʴʛʘ,  
ʥʦʞʥʠʮʳ 

5 ʇʘʡʢʘ ʚʠʪʨʘʞʘ 

  

ʌʣʶʩ, 
ʧʘʷʣʴʥʠʢ, 
ʧʨʠʧʦʡ, 
ʢʠʩʪʦʯʢʘ 
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6 

ʇʨʦʤʳʚʢʘ ʚʦʜʦʡ ʩ 
ʤʳʣʦʤ, 
ʥʘʥʝʩʝʥʠʝ 
ʧʘʪʠʥʳ, ʧʨʦʤʳʚʢʘ 
ʚʦʜʦʡ, ʥʘʥʝʩʝʥʠʝ 
ʘʥʪʠʦʢʩʠʜʘʥʪʘ 

  

ɺʦʜʘ, ʛʫʙʢʘ, 
ʤʳʣʦ, ʤʝʜʥʘʷ 
ʧʘʪʠʥʘ, 
ʘʥʪʠʦʢʩʠʜʘʥʪ, 
ʢʠʩʪʦʯʢʘ 

7 

ʉʦʝʜʠʥʝʥʠʝ ʩ 
ʧʦʜʣʦʞʢʦʡ, 
ʠʟʛʦʪʦʚʣʝʥʠʝ 
ʜʝʨʝʚʷʥʥʳʭ 
ʜʝʪʘʣʝʡ, ʩʙʦʨʢʘ 

  

ʌʣʶʩ, 
ʧʘʷʣʴʥʠʢ, 
ʧʨʠʧʦʡ, 
ʢʠʩʪʦʯʢʘ, 
ʣʦʙʟʠʢ, 
ʰʢʫʨʢʘ, 
ʘʢʨʠʣʦʚʘʷ 
ʢʨʘʩʢʘ, ʢʣʝʡ  

8 ɻʦʪʦʚʦʝ ʠʟʜʝʣʠʝ 

  

 

 

ɿʘʢʣʶʯʝʥʠʝ ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʤʳ ʩʧʨʘʚʠʣʠʩʴ 

ʩ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʝʡ. ɺʦʟʨʦʞʜʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʪʨʘʞʝʡ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ʩʦʚʤʝʩʪʥʦ ʩ ʜʝʨʝʚʷʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ ʩʦʟʜʘʩʪ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʪʫʨʠʩʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʝʛʠʦʥʘ. ʋʥʠʢʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʵʪʠʭ ʜʚʫʭ ʠʩʢʫʩʩʪʚ 

ʧʨʠʚʣʝʯʝʪ ʪʫʨʠʩʪʦʚ, ʞʝʣʘʶʱʠʭ ʧʦʛʨʫʟʠʪʴʩʷ ʚ ʘʪʤʦʩʬʝʨʫ ʠʩʪʦʨʠʠ ʠ ʢʫʣʴʪʫʨʳ, 

ʥʘʩʣʘʜʠʪʴʩʷ ʢʨʘʩʦʪʦʡ ʠʩʢʫʩʩʪʚʘ ʠ ʦʪʢʨʳʪʴ ʜʣʷ ʩʝʙʷ ʥʦʚʳʝ ʫʛʦʣʢʠ ʨʝʛʠʦʥʘ. ʊʦʤʩʢʘʷ 

ʦʙʣʘʩʪʴ ʩʪʘʥʝʪ ʚʩʝ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʤʝʩʪʦʤ ʜʣʷ ʪʫʨʠʩʪʦʚ, ʠ ʚʦʟʨʦʞʜʝʥʠʝ 

ʚʠʪʨʘʞʝʡ ʠ ʜʝʨʝʚʷʥʥʦʡ ʘʨʭʠʪʝʢʪʫʨʳ, ʤʥʝ ʢʘʞʝʪʩʷ, ʩʳʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ 

ʧʨʦʮʝʩʩʝ. 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
 

1. ʅʘʟʥʘʯʝʥʠʝ ɺʠʪʨʘʞʝʡ ï sk-glass [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ:  
https://sk-glass.ru/purpose (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.11.2023) 
2. ʀʩʪʦʨʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʚʠʪʨʘʞʘ ï ɽʚʛʝʥʠʷ ɺʠʥʴʢʦʚʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï 
ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://vinkova-art.ru/tpost/a5z2dg9bz1-istoriya-vozniknoveniya-
vitrazha (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.11.2023) 

3. ʀʛʦʨʴ ɻʘʣʠʢʠʡ çʀʩʪʦʨʠʷ ʚʠʪʨʘʞʘè - ʉʪʘʪʴʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ: 

https://www.dilglass.ru/articles/istoriya-razvitiya-vitrazhnogo-iskusstva-i-ego-tehnologiy 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.11.2023) 

4. ʊʝʭʥʠʢʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʠʪʨʘʞʝʡ ï sk-glass [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ: https://sk-glass.ru/technica (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 05.11.2023) 
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ʈɸɿɺʀʊʀɽ ʊɽʍʅʆʃʆɻʀʁ ɺ ʆɹʃɸʉʊʀ ʊɽʈʄʆʈɽɻʋʃʗʎʀʀ ʇʈʆʎɽʉʉɸ 
ʕʂʉʊʈʋɿʀʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɼɸʊʏʀʂɸ ʊɽʄʇɽʈɸʊʋʈʓ 

 ʅɸ ʆʉʅʆɺɽ ARDUINO 
ɺʝʨʭʦʪʫʨʦʚ ʃʝʚ, ʀʚʘʥʦʚ ʄʘʢʩʠʤ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʗʨʢʠʤʙʘʝʚ ʐʘʤʠʣʴ ʉʝʨʛʝʝʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʦʪʜʝʣʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ 

ʜʠʘʛʥʦʩʪʠʢʠ ʊʇʋ 
 

ʂʘʯʝʩʪʚʦ ʠʟʦʣʷʮʠʠ ʢʘʙʝʣʴʥʳʭ ʠʟʜʝʣʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ 
ʧʦʣʠʤʝʨʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʵʢʩʪʨʫʟʠʠ. ʉʪʘʙʠʣʴʥʦʩʪʴ 
ʨʘʙʦʪʳ ʯʝʨʚʷʯʥʦʛʦ ʧʨʝʩʩʘ, ʩʧʦʩʦʙ ʦʧʨʝʩʩʦʚʘʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʝʨʝʨʘʙʦʪʢʠ 
ʧʦʣʠʤʝʨʘ ʠ ʦʭʣʘʞʜʝʥʠʝ ð ʵʪʦ ʪʦʣʴʢʦ ʯʘʩʪʴ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ 
ʚʣʠʷʥʠʝ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʝ 
ʩʚʦʡʩʪʚʘ ʠʟʦʣʷʮʠʠ. [1] 

ʂʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʢʨʠʪʠʯʝʩʢʠʤ ʘʩʧʝʢʪʦʤ ʧʨʠ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʠ. 
ʀʩʩʣʝʜʫʷ [2], ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʟ-ʟʘ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʚ 
ʵʢʩʪʨʫʟʠʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʪʘʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʘʢ: 

 1. ʅʝʨʘʚʥʦʤʝʨʥʘʷ ʦʙʦʣʦʯʢʘ - ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʠʣʠ ʠʟʙʳʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
ʧʣʘʩʪʤʘʩʩʘ ʤʦʞʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦ ʪʝʯʴ ʯʝʨʝʟ ʬʦʨʤʫʶʱʫʶ ʛʦʣʦʚʢʫ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ 
ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʪʦʣʱʠʥʝ ʦʙʦʣʦʯʢʠ. 

 2. ʇʦʚʳʰʝʥʥʦʝ ʪʨʝʥʠʝ - ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ, ʧʣʘʩʪʠʢ ʤʦʞʝʪ 
ʠʟʣʠʰʥʝ ʥʘʛʨʝʚʘʪʴʩʷ, ʯʪʦ ʚʳʟʦʚʝʪ ʧʦʚʳʰʝʥʥʦʝ ʪʨʝʥʠʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʦʟʤʦʞʥʳʝ 
ʧʦʚʨʝʞʜʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

3. ʇʣʦʭʦʝ ʩʮʝʧʣʝʥʠʝ ʩʣʦʝʚ - ʅʝʢʦʨʨʝʢʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 
ʥʝʜʦʩʪʘʪʦʯʥʦʤʫ ʩʮʝʧʣʝʥʠʶ ʤʝʞʜʫ ʚʥʫʪʨʝʥʥʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʠ ʚʥʝʰʥʝʡ ʦʙʦʣʦʯʢʦʡ, 
ʯʪʦ ʤʦʞʝʪ ʩʥʠʟʠʪʴ ʧʨʦʯʥʦʩʪʴ ʢʘʙʝʣʷ. 

4. ʀʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ - ʈʘʟʥʳʝ ʤʘʪʝʨʠʘʣʳ ʪʨʝʙʫʶʪ ʨʘʟʣʠʯʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ. ʅʝʧʨʘʚʠʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ 
ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʤʦʞʝʪ ʩʢʘʟʘʪʴʩʷ ʥʘ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʢʘʙʝʣʷ. 

ʏʪʦʙʳ ʠʟʙʝʞʘʪʴ ʵʪʠʭ ʧʨʦʙʣʝʤ, ʚʘʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʯʥʳʝ ʠ ʥʘʜʝʞʥʳʝ 
ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʵʢʩʪʨʫʟʠʠ. ʕʪʦ ʚʢʣʶʯʘʝʪ ʚ 
ʩʝʙʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʪʯʠʢʦʚ ʪʝʤʧʝʨʘʪʫʨʳ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʦʚ ʠ ʩʠʩʪʝʤʳ 
ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʟʘʜʘʥʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. ʊʘʢʞʝ ʚʘʞʥʦ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʪʴ ʪʝʭʥʠʯʝʩʢʦʝ 
ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʙʦʝʚ ʠ ʧʝʨʝʙʦʝʚ ʚ ʨʘʙʦʪʝ ʩʠʩʪʝʤ 
ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʪʝʭʥʦʣʦʛʠʠ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʦʩʥʦʚʝ 
Arduino ʙʫʜʫʪ ʵʬʬʝʢʪʠʚʥʳ ʚ ʢʦʥʪʨʦʣʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʠ. 

ʕʢʩʪʨʫʟʠʷ ï ʚʘʞʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚʦ ʤʥʦʛʠʭ ʩʬʝʨʘʭ 
ʧʨʦʠʟʚʦʜʩʪʚʘ. ʅʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʪʦ, ʯʪʦ ʵʢʩʪʨʫʜʝʨʳ ʩʦʩʪʘʚʣʷʶʪ ʥʘʠʙʦʣʝʝ 
ʚʘʞʥʫʶ ʯʘʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʊʝʨʤʠʥ 
çʵʢʩʪʨʫʜʠʨʦʚʘʪʴè ʦʟʥʘʯʘʝʪ çʚʳʜʘʚʣʠʚʘʪʴè. ʄʘʪʝʨʠʘʣ ʵʢʩʪʨʫʜʠʨʫʝʪʩʷ, ʢʦʛʜʘ ʝʛʦ 
ʧʨʦʜʘʚʣʠʚʘʶʪ ʯʝʨʝʟ ʚʳʭʦʜʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʅʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʟʫʙʥʫʶ ʧʘʩʪʫ 
ʚʳʜʘʚʣʠʚʘʶʪ ʠʟ ʪʶʙʠʢʘ, ʦʥʘ ʧʦʜʚʝʨʛʘʝʪʩʷ ʵʢʩʪʨʫʟʠʠ. ʏʘʩʪʴ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʤʘʰʠʥʳ, 
ʩʦʜʝʨʞʘʱʘʷ ʬʦʨʤʫʶʱʠʡ ʠʥʩʪʨʫʤʝʥʪ (ʬʠʣʴʝʨʫ), ʯʝʨʝʟ ʢʦʪʦʨʳʡ ʤʘʪʝʨʠʘʣ 
ʧʨʦʜʘʚʣʠʚʘʶʪ, ʥʘʟʳʚʘʝʪʩʷ ʵʢʩʪʨʫʟʠʦʥʥʦʡ ʛʦʣʦʚʢʦʡ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʬʠʣʴʝʨʫ 
ʤʘʪʝʨʠʘʣʫ ʧʨʠʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʬʦʨʤʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʷʪʴʩʷ 
ʧʦʩʣʝ ʚʳʭʦʜʘ ʤʘʪʝʨʠʘʣʘ ʠʟ ʛʦʣʦʚʢʠ. ʇʨʦʜʫʢʪ ʵʢʩʪʨʫʟʠʠ ʥʘʟʳʚʘʶʪ çʵʢʩʪʨʫʜʘʪʦʤè. 

ʕʢʩʪʨʫʟʠʝʡ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʤʝʪʘʣʣʳ, 
ʢʝʨʘʤʠʢʫ, ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ. ʅʘʧʨʠʤʝʨ, ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʵʢʩʪʨʫʜʝʨʳ 



43 
 

ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʘʨʦʥʥʳʭ ʠ ʢʦʣʙʘʩʥʳʭ ʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ ʢʨʫʧ ʠ 
ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʙʳʣʘ ʨʘʟʨʘʙʦʪʢʘ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʠʥʪʝʛʨʘʮʠʠ ʩ 
ʧʣʘʪʦʡ Arduino, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ 
ʵʢʩʪʨʫʜʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʢʘʙʝʣʴʥʦʡ ʣʠʥʠʠ ʠ ʠʟʫʯʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ. 
  

ɿʘʜʘʯʠ: 
 1. ʉʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠ ʧʦʣʫʯʠʪʴ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʦʩʥʦʚʝ Arduino. 
 2. ʀʩʩʣʝʜʦʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʠ ʚʳʜʚʠʥʫʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʜʘʣʴʥʝʡʰʝʤ 
ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʪʯʠʢʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʪʨʫʟʠʠ 

ɺ ʠʥʪʝʨʥʝʪ-ʠʩʪʦʯʥʠʢʝ [3] ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʤ ʠʥʬʦʨʤʘʮʠʷ. ɼʣʷ 
ʩʦʟʜʘʥʠʷ ʮʝʧʠ, ʤʳ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʪʝʨʤʦʜʘʪʯʠʢʦʤ DS18B20. DS18B20 ï ʵʪʦ ʮʠʬʨʦʚʦʡ 
ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʜʘʪʯʠʢ, ʦʙʣʘʜʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦʤ ʧʦʣʝʟʥʳʭ ʬʫʥʢʮʠʡ. ʇʦ ʩʫʪʠ, 
DS18B20 ï ʵʪʦ ʮʝʣʳʡ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʭʨʘʥʠʪʴ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʝʥʠʡ, 
ʩʠʛʥʘʣʠʟʠʨʦʚʘʪʴ ʦ ʚʳʭʦʜʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʛʨʘʥʠʮʳ (ʩʘʤʠ ʛʨʘʥʠʮʳ ʤʳ 
ʤʦʞʝʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʤʝʥʷʪʴ), ʤʝʥʷʪʴ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ, ʩʧʦʩʦʙ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʩ ʢʦʥʪʨʦʣʣʝʨʦʤ ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ 

ʄʠʢʨʦʩʭʝʤʘ ʠʤʝʝʪ ʪʨʠ ʚʳʭʦʜʘ, ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ ʜʘʥʥʳʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʦʣʴʢʦ 
ʦʜʠʥ, ʜʚʘ 

ʂ ʦʜʥʦʤʫ ʧʨʦʚʦʜʫ ʩ ʜʘʥʥʳʤʠ ʤʦʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʜʘʪʯʠʢʦʚ 
DS18B20 ʠ ʚ ʧʣʘʪʝ Arduino ʙʫʜʝʪ ʟʘʜʝʡʩʪʚʦʚʘʥ ʚʩʝʛʦ ʦʜʠʥ ʧʠʥ. 

ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ DS18B20 ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʮʠʬʨʦʚʦʡ ʚʠʜ. 

DS18B20 ʷʚʣʷʝʪʩʷ ʮʠʬʨʦʚʳʤ ʜʘʪʯʠʢʦʤ. ʎʠʬʨʦʚʳʝ ʜʘʪʯʠʢʠ ʧʝʨʝʜʘʶʪ 
ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʚʦʠʯʥʦʛʦ ʢʦʜʘ, ʢʦʪʦʨʳʡ 
ʧʦʩʪʫʧʘʝʪ ʥʘ ʮʠʬʨʦʚʳʝ ʠʣʠ ʘʥʘʣʦʛʦʚʳʝ ʧʠʥʳ arduino ʠ ʟʘʪʝʤ ʜʝʢʦʜʠʨʫʝʪʩʷ. ʂʦʜʳ 
ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ, ds18b20 ʨʘʙʦʪʘʝʪ ʧʦ ʧʨʦʪʦʢʦʣʫ ʜʘʥʥʳʭ 1-Wire. ʄʳ ʥʝ 
ʙʫʜʝʤ ʚʜʘʚʘʪʴʩʷ ʚ ʧʦʜʨʦʙʥʦʩʪʠ ʵʪʦʛʦ ʮʠʬʨʦʚʦʛʦ ʧʨʦʪʦʢʦʣʘ, ʫʢʘʞʝʤ ʣʠʰʴ 
ʥʝʦʙʭʦʜʠʤʳʡ ʤʠʥʠʤʫʤ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʠʥʮʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ɺʦ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʧʠʪʘʥʠʷ ʜʘʪʯʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ. ɼʣʷ ʥʘʯʘʣʘ 
ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʨʦʣʣʝʨ Arduino ʚʳʧʦʣʥʷʝʪ ʢʦʤʘʥʜʫ çʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳè. 
ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʦʭʨʘʥʠʪʩʷ ʚ 2 ʙʘʡʪʘʭ ʨʝʛʠʩʪʨʘ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʩʣʝ ʯʝʛʦ 
ʜʘʪʯʠʢ ʚʝʨʥʝʪʩʷ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ. ɽʩʣʠ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʘ ʚ 
ʨʝʞʠʤʝ ʚʥʝʰʥʝʛʦ ʧʠʪʘʥʠʷ, ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʨʝʛʫʣʠʨʫʝʪ ʩʦʩʪʦʷʥʠʝ ʢʦʥʚʝʨʪʘʮʠʠ. ɺʦ 
ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʢʦʤʘʥʜʳ ʣʠʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʠʟʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 
ʧʨʦʛʨʘʤʤʳ ʣʠʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʩʦʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʊʘʢʦʡ ʤʝʪʦʜ ʥʝ ʜʦʧʫʩʪʠʤ ʧʨʠ 
ʧʠʪʘʥʠʠ ʦʪ ʧʘʨʘʟʠʪʥʦʡ ʝʤʢʦʩʪʠ, ʪʘʢ ʢʘʢ ʥʘ ʰʠʥʝ ʧʦʩʪʦʷʥʥʦ ʜʦʣʞʝʥ ʩʦʭʨʘʥʷʪʴʩʷ 
ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʠʛʥʘʣʘ. 

 
ʕʢʩʧʝʨʠʤʝʥʪ. 
ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʢʦʤʧʦʥʝʥʪʳ, ʢʘʢ: ʧʣʘʪʘ Arduino uno, ʧʨʦʚʦʜʘ, 

ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ DS18B20, ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ ʠ ʨʝʟʠʩʪʦʨ ʥʘ 4,7 ʢʆʤ. 
ʂ ʧʣʘʪʝ ɸʨʜʫʠʥʦ UNO ʜʘʪʯʠʢ ʧʦʜʢʣʶʯʘʝʪʩʷ ʧʨʦʩʪʦ: GND ʩ ʪʝʨʤʦʜʘʪʯʠʢʘ 

ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢ GND ɸʨʜʫʠʥʦ, Vdd ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ 5V, Data ï ʢ ʣʶʙʦʤʫ ʮʠʬʨʦʚʦʤʫ 
ʧʠʥʫ. 

ʇʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ, ʤʳ ʧʨʦʚʝʨʠʣʠ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʪʯʠʢʘ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʳ ʚʩʪʘʚʠʣʠ ʚ ʪʘʙʣʠʮʫ 1. 
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ʊʘʙʣʠʮʘ 1. ʇʦʢʘʟʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʜʘʪʯʠʢʘ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ. 
 

ʋʩʣʦʚʠʷ ʊʝʤʧʝʨʘʪʫʨʘ ʚ 
ʩʨʝʜʝ 

ʇʦʢʘʟʘʥʠʷ 
ʜʘʪʯʠʢʘ 

ʇʦʛʨʝʰʥʦʩʪʴ 

ʋʣʠʮʘ -5,4ʦʉ -4,8ʦʉ Ñ0,6ʦʉ 

ʂʦʤʥʘʪʘ 21,6ʦʉ 21,3ʦʉ Ñ0,3ʦʉ 

ʂʠʧʷʪʦʢ 93ʦʉ 92,6ʦʉ Ñ0,4ʦʉ 

ʉʦʛʣʘʩʥʦ ʠʩʪʦʯʥʠʢʫ [4], ʵʢʩʪʨʫʟʠʷ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪ 70 ʜʦ 100 ʦʉ. 
ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʦʧʳʪʘ ʥʘ ʧʨʦʚʝʨʢʫ ʧʦʛʨʝʰʥʦʩʪʠ, ʤʳ ʟʘʤʝʪʠʣʠ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʛʨʝʰʥʦʩʪʴ ʜʘʪʯʠʢʘ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʝʥʴʢʘʷ, ʯʪʦʙʳ ʥʝ ʜʦʧʫʩʪʠʪʴ 
ʦʰʠʙʢʫ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ. ʅʘʰ ʜʘʪʯʠʢ ʧʦʯʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ 
ʫʩʪʘʥʦʚʢʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʢʩʪʨʫʜʝʨʦʚ. 

 
ɺʳʚʦʜʳ: 

1. ʇʦʣʫʯʝʥʘ  ʩʝʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ,  ʩʧʦʩʦʙʥʦʛʦ 
ʠʟʤʝʨʷʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ  -55 ʜʦ 125. 

2. ʈʝʟʫʣʴʪʘʪ  ʦʧʳʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʘʪʯʠʢ ʠʤʝʝʪ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝ ʙʦʣʴʰʫʶ 
ʧʦʛʨʝʰʥʦʩʪʴ. 

3. ɼʘʪʯʠʢʠ  Arduino  ʦʯʝʥʴ ʣʝʛʢʠ ʚ ʩʙʦʨʢʝ ï ʵʪʦ ʦʟʥʘʯʘʝʪ,  ʯʪʦ ʘʙʩʦʣʶʪʥʦ 
ʣʶʙʦʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ  ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ, ʠʟʤʝʨʷʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʘ,  ʠ 
ʧʨʝʜʩʪʘʚʠʪʴ ʘʙʩʦʣʶʪʥʦ ʥʦʚʳʡ ʩʧʦʩʦʙ  ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ  

 
1. ɸʥʠʢʝʝʥʢʦ ɺ. ʄ., ʌʨʠʟʝʥ ʅ. ʀ.ʀʟʫʯʝʥʠʝ  ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠ ʵʢʩʪʨʫʟʠʠ ʥʘ 
ʩʚʦʡʩʪʚʘ  ʧʦʣʠʵʪʠʣʝʥʦʚʦʡ ʠʟʦʣʷʮʠʠ ʧʨʦʚʦʜʘ. ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ  ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʥʞʠʥʠʨʠʥʛ ʛʝʦʨʝʩʫʨʩʦʚ, , ï ʊʦʤʩʢ - 1975 ʛ. ï 
130-132. 

2. ʂʫʪʫʟʦʚʘ ɻ. ʉ., ʂʫʪʫʟʦʚ ɸ. ɻ., ʂʫʪʫʟʦʚʘ ʄ. ɸ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʵʢʩʪʨʫʟʠʦʥʥʦʡ  ʛʦʣʦʚʢʠ ʥʘ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʠʟʜʝʣʠʷ. ɺʝʩʪʥʠʢ 
ʂʘʟʘʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ  ʫʥʠʚʝʨʩʠʪʝʪʘ, ï ʂʘʟʘʥʴ -2012 ʛ. ï 130-132. 

3. Arduino  ʪʝʨʤʦʤʝʪʨ ʥʘ ʦʩʥʦʚʝ Uno  ʠ ʤʦʜʫʣʷ DS18B20  [ʵʣʝʢʪʨʦʥʥʳʡ 
ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ:  https://arduinoplus.ru/arduino-termometr/ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ 12.03.2024) 

4. ʕʢʩʪʨʫʟʠʦʥʥʘʷ  ʦʙʨʘʙʦʪʢʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ: ʫʯʝʙʥʦʝ  ʧʦʩʦʙʠʝ / ɺ. ɺ. 
ɺʘʥʰʠʥ ; ʆʨʝʥʙʫʨʛʩʢʠʡ  ʛʦʩ. ʫʥ-ʪ. ï ʆʨʝʥʙʫʨʛ : ʆɻʋ, 2021. ï 108 ʩ. 
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ʊɺɽʈɼʆʊʆʇʃʀɺʅɸʗ ʈɸʂɽʊɸ çʆɿʆʅ-ɻɸɿʆʅè 
ɺʠʰʥʷʢʦʚ ɹʦʛʜʘʥ 

ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, 9 ʢʣʘʩʩ 
ʄʘʣʳʰʝʚ ʄʘʪʚʝʡ 

ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè, 2 ʢʫʨʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʚʰʝʥʢʦ ɸʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʆʙʨʘʟʦʚʘʥʠʷ, ɸʅʆ ɼʆ çɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ çʂʚʘʥʪʦʨʠʫʤè 

 
ʇʨʦʝʢʪ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʧʫʪʥʠʢʦʚ ʥʘ 

ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʠʭ ʨʘʙʦʪʳ ʚʳʩʦʪʫ. ɺ ʠʶʣʝ ʙʫʜʝʪ ʧʨʦʚʝʜʸʥ ʟʘʧʫʩʢ ʚ ʨʘʤʢʘʭ 13 
ʯʝʤʧʠʦʥʘʪʘ ɺʀʐ [1]  

ʎʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʨʘʢʝʪʳ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʚʟʣʝʪʝʪʴ 
ʥʘ ʚʳʩʦʪʫ ʦʪ 200 ʤʝʪʨʦʚ, ʚ ʘʧʦʛʝʝ ʩʙʨʦʩʠʪʴ ʤʘʩʩʦʛʘʙʘʨʠʪʥʳʡ ʤʘʢʝʪ ʠ ʫʩʧʝʰʥʦ 
ʧʨʠʟʝʤʣʠʪʴʩʷ, ʜʦ ʤʘʷ 2024. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
1. ɼʦʩʪʘʚʢʘ ʩʧʫʪʥʠʢʦʚ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ ʚʳʩʦʪʫ 
2. ʊʝʩʪʠʨʦʚʘʥʠʝ ʩʧʫʪʥʠʢʦʚ 
3. ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʜʠʦʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ  
ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ: ʈʘʢʝʪʦʩʪʨʦʠʪʝʣʴʥʳʝ ʢʨʫʞʢʠ, ʩʙʦʨʱʠʢʠ 

ʣʶʙʠʪʝʣʠ. 
ʄʳ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤ ʧʨʦʝʢʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʫ ʥʘʩ ʠʤʝʝʪʩʷ 

ʘʥʘʣʦʛ ʚ ʚʠʜʝ ʧʨʦʝʢʪʘ ʢʦʤʘʥʜʳ çɸʥʜʨʦʤʝʜʘè [2]. ʅʘʰ ʧʨʦʝʢʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʭ 
ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʚʳʩʦʪʦʡ ʧʦʣʸʪʘ. 

ʇʨʦʝʢʪ ʨʘʩʧʠʩʘʥ ʧʦ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ: 
1. ʈʘʟʨʘʙʦʪʢʘ ʢʦʨʧʫʩʘ 
2. ʉʙʦʨʢʘ ʙʦʨʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ 
3. ʉʙʦʨʢʘ ʧʨʦʪʦʪʠʧʘ 
4. ʊʝʩʪʠʨʦʚʘʥʠʝ 
ʅʘ ʜʳʥʥʳʡ ʤʦʤʝʥʪ ʫ ʥʘʩ ʝʩʪʴ ʧʨʦʨʘʙʦʪʘʥʥʘʷ 3D ʤʦʜʝʣʴ ʨʘʢʝʪʳ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ 

ʚ ʧʨʦʛʨʘʤʤʝ T-FLEX CAD [3], ʩʭʝʤʘ ʨʘʢʝʪʳ ʚ OpenRocket [4] ʠ ʤʦʜʝʣʴ ʧʦʣʸʪʘ ʚ ʵʪʦʡ 
ʞʝ ʧʨʦʛʨʘʤʤʝ, ɹʣʦʢ-ʩʭʝʤʘ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʠʢʠ 
(ʨʠʩʫʥʢʠ1 - 4). 

 
 

ʈʠʩʫʥʦʢ 1 - ʉʭʝʤʘ ʨʘʢʝʪʳ ʚ ʧʨʦʛʨʘʤʤʝ OpenRocket 
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ʈʠʩʫʥʦʢ 2 - ʉʭʝʤʘ ʨʘʢʝʪʳ ʚ ʧʨʦʛʨʘʤʤʝ T-FLEX CAD 
 

 
ʈʠʩʫʥʦʢ 3 - ɹʣʦʢ-ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʠʢʠ 

 

 
ʈʠʩʫʥʦʢ 4 - ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʣʝʢʪʨʦʥʠʢʠ 
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ʊʘʙʣʠʮʘ 1 - ʕʢʦʥʦʤʠʢʘ ʧʨʦʝʢʪʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  ʉʪʦʠʤʦʩʪʴ, ʨʫʙ. 

ʇɺʍ ʪʨʫʙʢʘ, 1000 ʤʤ, 100 ʤʤ ʜʠʘʤʝʪʨ  390 

3D ʧʝʯʘʪʴ (ʟʘ ʫʩʣʫʛʫ) 3000 

ʌʘʥʝʨʘ ʙʝʨʸʟʦʚʘʷ ʰʣʠʬʦʚʘʥʥʘʷ 1525ʭ1525ʭ4ʤʤ 425 

ɼʨʘʡʚʝʨ ʜʚʠʛʘʪʝʣʷ L298N 590 

ɼʘʪʯʠʢ GY-91 500 

Arduino nano 630 

ʇʨʠʸʤʦʧʝʨʝʜʘʪʯʠʢ GT-38 600 

ʄʠʥʠ ʤʦʪʦʨ ʩ ʨʝʜʫʢʪʦʨʦʤ GA12-N20 (2) 660 

SD card  60 

ɸʢʢʫʤʫʣʷʪʦʨ Li-Ion 2600 ʤɸĿʯ 3.7 ɺ (3) 1350 

ʀʪʦʛʦ 8205 

  
ɺ ʨʝʟʫʣʴʪʘʪʝ, ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʢʝʪʳ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 8205 ʨʫʙʣʝʡ.  
ʉʝʡʯʘʩ ʧʨʦʝʢʪ ʥʘʭʦʜʠʪʩʷ ʥʘ ʵʪʘʧʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʛʦʪʦʚʳ ʚʩʝ ʤʦʜʝʣʠ ʠ ʩʭʝʤʳ) 

ʜʘʣʝʝ ʧʣʘʥʠʨʫʝʪʩʷ ʵʪʘʧ ʩʙʦʨʢʠ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʢʦʥʢʫʨʩʘ ʝʛʦ ʤʦʞʥʦ ʙʫʜʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʤʘʢʝʪ ʠ ʦʙʨʘʟʝʮ ʜʣʷ ʦʙʫʯʘʶʱʠʭʩʷ. ʊʘʢ ʞʝ ʧʦ ʥʘʰʠʤ ʯʝʨʪʝʞʘʤ 
ʤʦʞʥʦ ʙʫʜʝʪ ʩʪʨʦʠʪʴ ʨʘʢʝʪʫ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
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https://www.tflex.ru/products/konstructor/cad3d/ 
4. ʆʬʠʮʠʘʣʴʥʳʡ ʩʘʡʪ OpenRocket. URL: https://openrocket.info/ 

 
 
 
 
 

ʅɸʉʊʆʃʔʅʓʁ ɹʀʆɼʀʅɸʄʀʏɽʉʂʀʁ ʉɺɽʊʀʃʔʅʀʂ  
ɼʃʗ ɺʓʇʆʃʅɽʅʀʗ ɼʆʄɸʐʅʀʍ ʈɸɹʆʊ 

ʍʘʙʘʨʦʚʘ ʂʩʝʥʠʷ 
ʄɸʆʋ ʉʠʙʠʨʩʢʠʡ ʣʠʮʝʡ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʤʙʘʨʥʠʢʦʚʘ ʅʘʪʘʣʴʷ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʘʩʧʠʨʘʥʪ ʊʇʋ, ʠʥʞʝʥʝʨ-

ʠʩʧʳʪʘʪʝʣʴ ɸʆ çʅʀʀʇʇè 
 
 ʀʜʝʷ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʚʣʠʷʥʠʠ ʩʚʝʪʘ ʥʘ 
ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʯʝʣʦʚʝʢʘ. ʆʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʩʪʨʝʤʣʝʥʠʝ ʩʦʟʜʘʥʠʷ ʪʘʢʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ 
ʝʩʪʝʩʪʚʝʥʥʳʝ ʮʠʢʣʳ ʩʚʝʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ 
ʦʙʳʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʝ ʨʝʘʣʠʟʫʝʪ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 
ʠ ʦʩʚʝʱʸʥʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, ʩ ʮʝʣʴʶ ʩʦʛʣʘʩʦʚʘʥʠʷ ʝʛʦ ʩ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʨʠʪʤʘʤʠ 
ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ [1-3]. ʎʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʘ ʠʛʨʘʶʪ 
ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʤʥʦʞʝʩʪʚʘ ʥʝʡʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ 
ʘʩʧʝʢʪʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʠ ʵʨʛʦʥʦʤʠʯʥʦʡ 
ʨʘʙʦʯʝʡ ʩʨʝʜʳ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʡ ʙʦʜʨʩʪʚʦʚʘʥʠʶ, ʧʦʚʳʰʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 
ʦʙʱʝʤʫ ʙʣʘʛʦʧʦʣʫʯʠʶ [4-5]. 

https://roscansat.com/
https://kvantoriumproject.ru/raketa1stupen
https://www.tflex.ru/products/konstructor/cad3d/
https://openrocket.info/
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 ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʛʨʘʥʠʯʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʦʩʚʝʱʝʥʠʶ 
ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʧʨʦʙʣʝʤ, ʪʘʢʠʭ ʢʘʢ ʩʝʟʦʥʥʘʷ 
ʜʝʧʨʝʩʩʠʷ ʠ ʥʘʨʫʰʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʠʪʤʦʚ [3]. ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʩʦʥ ʠ ʮʠʨʢʘʜʥʳʝ ʨʠʪʤʳ 
ʦʨʛʘʥʠʟʤʘ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʩʚʝʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʣʫʯʰʝʤʫ ʠ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʤʫ ʩʥʫ. ʊʘʢʞʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʪʘʢʦʡ 
ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʚ ʪʝʯʝʥʠʝ ʨʘʙʦʯʝʛʦ ʜʥʷ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ 
ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʩʚʝʱʝʥʠʷ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʝʛʦ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 
ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʞʠʟʥʠ [6]. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʮʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ, 
ʩʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʘʤ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʩʧʝʮʠʘʣʠʩʪʦʚ 
ʧʦ ʘʨʭʠʪʝʢʪʫʨʥʦʤʫ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʜʠʟʘʡʥʝʨʦʚ ʠʥʪʝʨʴʝʨʘ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʭ ʚ 
ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʨʝʰʝʥʠʷʭ ʦʩʚʝʱʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʢʦʤʬʦʨʪʥʦʡ ʠ ʵʩʪʝʪʠʯʥʦʡ 
ʘʪʤʦʩʬʝʨʳ ʚ ʧʦʤʝʱʝʥʠʷʭ, ʠʥʞʝʥʝʨʦʚ-ʩʚʝʪʦʪʝʭʥʠʢʦʚ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ 
ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʩʪʨʝʤʷʱʠʝʩʷ ʢ ʨʘʟʨʘʙʦʪʢʝ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ, ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʦʣʦʛʠʠ, 
ʢʦʪʦʨʳʝ ʠʥʪʝʨʝʩʫʶʪʩʷ ʚʣʠʷʥʠʝʤ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘ ʯʝʣʦʚʝʯʝʩʢʦʝ 
ʟʜʦʨʦʚʴʝ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʩʚʝʪʠʣʴʥʠʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʧʨʠʥʮʠʧʘʤʠ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ. ʇʨʦʝʢʪ ʙʫʜʝʪ ʩʬʦʢʫʩʠʨʦʚʘʥ ʥʘ 
ʩʨʘʚʥʝʥʠʠ ʩʚʝʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʪʠʧʘ ʠ ʤʦʜʝʣʠ ʩʚʝʪʠʣʴʥʠʢʘ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʠ ʩʦʟʜʘʪʴ ʥʘʩʪʦʣʴʥʫʶ ʣʘʤʧʫ. ʅʘ ʝʸ 
ʦʩʥʦʚʝ ʩʨʘʚʥʠʪʴ ʠ ʠʟʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʩʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ɿʘʜʘʯʠ, ʢʦʪʦʨʳʝ 
ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ: 

1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ. 
2. ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʚʝʪʘ 
3. ʀʟʫʯʠʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ. 
4. ʈʘʟʨʘʙʦʪʘʪʴ ʢʦʥʮʝʧʮʠʶ ʥʘʩʪʦʣʴʥʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʜʦʤʘʰʥʝʡ 
ʨʘʙʦʪʳ 

5. ʅʘʩʪʨʦʠʪʴ ʩʚʝʪʠʣʴʥʠʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʧʨʦʛʨʘʤʤʦʡ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʷʪʴʶ ʥʘʩʪʨʦʝʥʥʳʤʠ ʬʘʟʘʤʠ. 

 ʈʘʟʨʘʙʦʪʢʘ ʠʜʝʠ ʧʦ ʩʦʟʜʘʥʠʶ ʣʘʤʧʳ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʘʤʠ 
ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ ʥʘʯʘʣʘʩʴ ʩ ʞʝʣʘʥʠʷ ʩʦʟʜʘʪʴ ʫʥʠʢʘʣʴʥʦʝ 
ʦʩʚʝʪʠʪʝʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʙʳ ʥʝ ʪʦʣʴʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠ ʧʦʣʝʟʥʳʤ, 
ʥʦ ʠ ʩʧʦʩʦʙʥʳʤ ʩʦʟʜʘʚʘʪʴ ʘʪʤʦʩʬʝʨʫ ʫʶʪʘ ʠ ʢʦʤʬʦʨʪʘ ʚ ʧʦʤʝʱʝʥʠʠ. 
 ɻʦʪʦʚʘʷ ʟʘʜʫʤʢʘ ʧʨʝʜʧʦʣʘʛʘʣʘ ʩʦʯʝʪʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʨʠʨʦʜʳ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʧʨʦʪʦʪʠʧ ʣʘʤʧʳ ʙʳʣ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʜʝʨʝʚʘ ʩ 
ʧʨʠʩʦʝʜʠʥʸʥʥʳʤʠ ʢ ʥʝʤʫ ʜʚʫʤʷ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʠʥʝʡʢʘʤʠ (ʈʠʩ. 1ʘ). ɺ ʜʘʣʴʥʝʡʰʝʤ, 
ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ, ʙʳʣʦ ʨʝʰʝʥʦ ʟʘʤʝʥʠʪʴ ʜʝʨʝʚʦ ʥʘ ʢʣʘʩʩʠʯʝʩʢʫʶ 
ʢʦʥʩʪʨʫʢʮʠʶ ʥʘʩʪʦʣʴʥʦʡ ʣʘʤʧʳ ʩ ʢʦʩʤʠʯʝʩʢʠʤ ʜʠʟʘʡʥʦʤ (ʈʠʩ. 1ʙ). 
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ʈʠʩʫʥʦʢ 1. ɺʥʝʰʥʠʡ ʚʠʜ ʥʘʩʪʦʣʴʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ 
 
 ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ ʩʚʝʪʠʣʴʥʠʢʘ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʠʥʪʝʛʨʘʮʠʶ ʩʚʝʪʦʜʠʦʜʥʦʡ 
ʧʣʘʪʳ ʩ ʩʚʝʪʦʜʠʦʜʘʤʠ, ʠʟʣʫʯʘʶʱʠʤ ʪʸʧʣʳʡ ʠʣʠ ʭʦʣʦʜʥʳʡ ʩʚʝʪ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ 
ʵʤʫʣʠʨʦʚʘʪʴ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʩʚʝʱʝʥʠʝ, ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʜʣʷ ʟʜʦʨʦʚʴʷ ʠ 
ʙʣʘʛʦʧʦʣʫʯʠʷ ʣʶʜʝʡ. ɼʠʤʤʝʨ ʦʪ ʬʠʨʤʳ Arlight, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ, 
ʦʢʘʟʘʣʩʷ ʩʘʤʦʡ ʜʦʨʦʛʦʡ ʯʘʩʪʴʶ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʠʯʝʩʢʦʡ ʩʪʦʨʦʥʳ ʩʚʝʪʠʣʴʥʠʢʘ. 
 ʀʪʦʛʦʚʘʷ ʤʦʜʝʣʴ ʣʘʤʧʳ ʩʪʘʣʘ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ, ʢʦʪʦʨʳʡ ʩʦʯʝʪʘʝʪ ʚ 
ʩʝʙʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʴ ʠ ʢʨʘʩʦʪʫ. ɼʠʤʤʝʨ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʷʨʢʦʩʪʴ ʠ 
ʮʚʝʪʦʚʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʫ ʩʚʝʪʦʜʠʦʜʦʚ ʥʘ ʧʣʘʪʝ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 
ʧʨʠʣʦʞʝʥʠʷ çSmart lifeè, ʩʦʟʜʘʚʘʷ ʢʦʤʬʦʨʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʙʦʪʳ, ʦʪʜʳʭʘ. 
 ʇʨʠʣʦʞʝʥʠʝ çSmart Lifeè ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ smart-
ʫʩʪʨʦʡʩʪʚʘʤʠ. ʆʥʦ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠ ʫʜʦʙʥʦ ʧʦʜʢʣʶʯʘʪʴ ʩʪʦʨʦʥʥʠʝ smart-
ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʠʭ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 
 ɼʣʷ ʦʙʣʝʛʯʝʥʠʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʧʨʠʜʫʤʘʥʳ ʠ ʩʦʟʜʘʥʳ ʚ 
ʧʨʠʣʦʞʝʥʠʠ ʫʩʣʦʚʥʳʝ ʧʷʪʴ ʬʘʟ, ʠʤʠʪʠʨʫʶʱʠʝ ʩʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʣʥʝʯʥʦʛʦ 
ʩʚʝʪʘ ʩ ʪʝʯʝʥʠʝʤ ʜʥʷ, ʨʘʟʙʠʪʦʛʦ ʥʘ ʧʷʪʴ ʧʨʦʤʝʞʫʪʢʦʚ ʧʦ ʜʚʫʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
(ʷʨʢʦʩʪʴ ʠ ʮʚʝʪʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ). 
 

ʊʘʙʣʠʮʘ 1 ï ʅʘʩʪʨʦʡʢʠ ʤʦʙʠʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ  
ʅʦʤʝʨ ʬʘʟʳ 1 2 3 4 5 

ʗʨʢʦʩʪʴ, 

ʫʩʣ.ʝʜ. 

46 132 236 142 25 

ʎʚʝʪʦʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, 

ʫʩʣ,ʝʜ. 

255 178 29 

 

99 255 

 
 ɺ ʨʘʤʢʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʦʩʚʝʱʸʥʥʦʩʪʠ ʧʨʦʪʦʪʠʧʘ 
ʣʘʤʧʳ ʚ ʚʠʜʝ ʜʝʨʝʚʘ ʩ ʩʚʝʪʦʜʠʦʜʥʳʤʠ ʣʠʥʝʡʢʘʤʠ ʠ ʠʪʦʛʦʚʦʡ ʤʦʜʝʣʠ ʩʚʝʪʠʣʴʥʠʢʘ 
ʩʦ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʣʘʪʦʡ. 
 ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʨʝʥʠʡ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʩʚʝʱʸʥʥʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ 
ʧʨʦʪʦʪʠʧʦʤ ʣʘʤʧʳ, ʦʢʘʟʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʦʩʚʝʱʸʥʥʦʩʪʴ ʤʦʜʝʣʠ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʪʦʜʠʦʜʥʦʡ ʧʣʘʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  
 

ʙ ʘ 



50 
 

 
ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʘʟʳ 

 
 ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʜʠʣ, ʯʪʦ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʣʘʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʦʝ ʦʩʚʝʱʝʥʠʝ ʧʦʤʝʱʝʥʠʷ, ʜʘʚʘʷ ʙʦʣʴʰʝ ʷʨʢʦʩʪʠ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʚʝʪʘ ʥʘ ʦʩʚʝʱʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʪʦʪʠʧʦʤ. 
 ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʦʩʚʝʱʸʥʥʦʩʪʴ ʧʨʦʪʦʪʠʧʘ ʣʘʤʧʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ ʢʘʢ ʩʚʝʪʦʜʠʦʜʳ, ʥʝʦʙʭʦʜʠʤʦ 
ʧʨʦʚʦʜʠʪʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ. ʇʨʠ ʛʨʘʤʦʪʥʦʤ 
ʧʦʜʭʦʜʝ ʩʚʝʪʦʜʠʦʜʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʷʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʦʙʝʩʧʝʯʝʥʠʠ 
ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʤʬʦʨʪʥʦʛʦ ʦʩʚʝʱʝʥʠʷ. 
 ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʦʩʚʝʱʝʥʠʷ, ʩʦʟʜʘʥʠʷ ʥʘʩʪʦʣʴʥʦʡ 
ʣʘʤʧʳ ʠ ʠʟʤʝʨʝʥʠʷ ʝʸ ʠ ʦʩʚʝʱʸʥʥʦʩʪʠ ʤʳ ʚʳʷʩʥʠʣʠ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 
ʩʧʝʮʠʘʣʴʥʦʛʦ ʩʚʝʪʘ, ʠʤʠʪʠʨʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ ʦʩʚʝʱʸʥʥʦʩʪʠ ʚ ʧʨʠʨʦʜʝ, 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʢʦʤʬʦʨʪʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʣʶʜʝʡ ʚ ʟʘʢʨʳʪʳʭ 
ʧʦʤʝʱʝʥʠʷʭ, ʚʧʦʣʥʝ ʨʝʘʣʠʟʫʝʤʦ. ʉʦʟʜʘʥʠʝ ʥʘʩʪʦʣʴʥʦʡ ʣʘʤʧʳ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʨʝʛʫʣʠʨʦʚʢʠ ʮʚʝʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʷʨʢʦʩʪʠ ʩʚʝʪʘ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʜʦʙʠʪʴʩʷ 
ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʦʩʚʝʱʝʥʠʷ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ.  
 ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʜʦʣʞʝʥʠʷ ʨʘʟʚʠʪʠʷ ʠ 
ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʜʝʠ ʣʘʤʧʳ ʩ ʙʠʦʜʠʥʘʤʠʯʝʩʢʠʤ ʦʩʚʝʱʝʥʠʝʤ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʪʦʜʠʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 
ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʨʘʟʨʘʙʦʪʢʠ ʚ ʜʘʣʴʥʝʡʰʝʤ 
ʧʣʘʥʠʨʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʫʣʴʩʘʮʠʡ ʦʩʚʝʱʝʥʥʦʩʪʠ ʠ ʠʟʤʝʨʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ 
ʢʦʦʨʜʠʥʘʪ ʮʚʝʪʥʦʩʪʠ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʉʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʥʘʩʪʦʣʴʥʦʛʦ ʙʠʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʚʝʪʠʣʴʥʠʢʘ ʜʣʷ 
ʚʳʧʦʣʥʝʥʠʷ ʜʦʤʘʰʥʠʭ ʨʘʙʦʪ ʧʨʠʚʝʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʦʩʚʝʱʝʥʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʧʨʦʪʦʪʠʧʦʤ, ʯʪʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʧʦʚʳʰʝʥʠʠ 
ʢʘʯʝʩʪʚʘ ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʡ. 
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ʇʈʆʏʅʆʉʊʔ ʂɸʈʂɸʉɸ ʉʊʈɸʊʆʉʌɽʈʅʆɻʆ ʉʇʋʊʅʀʂɸ 
ʄʘʢʘʨʦʚ ʀʣʴʷ, ʆʩʪʘʧʝʥʢʦ ɸʣʝʢʩʘʥʜʨ 

ʄɸʆʋ ʉʆʐ ˉ28, 10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʠ: ɹʳʚʰʝʥʢʦ ɸʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ, ɸʅʆ ɼʆ ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ ñʂʚʘʥʪʦʨʠʫʤò, 

ʆʩʪʘʧʝʥʢʦ ɸʣʝʢʩʘʥʜʨ ɺʠʪʘʣʴʝʚʠʯ, ʣʘʙʦʨʘʥʪ, ɸʅʆ ɼʆ ɼʝʪʩʢʠʡ ʪʝʭʥʦʧʘʨʢ 
ñʂʚʘʥʪʦʨʠʫʤò 

 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ï ʵʪʦ ʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ, ʪʨʝʙʫʶʱʠʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʝʩʧʝʯʝʥʠʶ ʝʛʦ ʧʨʦʯʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ɺ ʫʩʣʦʚʠʷʭ 
ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʢʘʞʜʘʷ ʜʝʪʘʣʴ ʘʧʧʘʨʘʪʘ ʠʤʝʝʪ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 
ʫʩʧʝʰʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʝʛʦ ʤʠʩʩʠʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʤʝʪʦʜʠʢʠ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʪʨʘʪʦʩʬʝʨʥʳʝ ʥʘʥʦʩʧʫʪʥʠʢʠ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʤʤʝʨʯʝʩʢʠʭ ʟʘʜʘʯ. ɺ ʩʠʣʫ ʵʪʦʛʦ, ʚʘʞʥʦʩʪʴ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ. 
ʅʘʜʝʞʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʦʟʚʦʣʠʪ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʧʧʘʨʘʪʘ ʧʦʩʣʝ 
ʧʨʠʟʝʤʣʝʥʠʷ ʠ ʧʦʣʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʫʩʪʠʪʴ ʩʧʫʪʥʠʢ ʝʱʝ ʨʘʟ. 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ 
ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ ʩʪʨʘʪʦʩʬʝʨʥʦʛʦ ʥʘʥʦʩʧʫʪʥʠʢʘ. ʆʩʥʦʚʥʳʝ ʟʘʜʘʯʠ 
ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ: 

1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʯʝʪʘʥʠʝ ʧʨʦʯʥʦʩʪʠ ʠ ʣʝʛʢʦʩʪʠ. 

2. ʇʨʦʚʝʜʝʥʠʝ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʨʦʯʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʘʨʢʘʩʘ. 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʝʢʪʦʚ, 

ʧʦʩʚʷʱʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʦʚ. ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʫʶʪ 
ʧʨʦʯʥʦʩʪʴ ʢʘʨʢʘʩʘ, ʧʨʠʤʝʥʷʷ  ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ [1] ʠʣʠ ʯʘʩʪʦʪʥʳʡ ʘʥʘʣʠʟ [2] 
ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ 
ʧʨʦʙʣʝʤʳ. 

ʎʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʝʡ ʧʨʦʝʢʪʘ ʷʚʣʷʶʪʩʷ ʢʦʩʤʠʯʝʩʢʠʝ ʘʛʝʥʪʩʪʚʘ, ʨʘʟʨʘʙʦʪʯʠʢʠ 
ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ, ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʥʘʥʦʩʧʫʪʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ 
ʦʨʛʘʥʠʟʘʮʠʠ, ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʝ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ 
ʥʘʥʦʩʧʫʪʥʠʢʘ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ. ʇʨʦʝʢʪ ʙʳʣ ʨʘʟʙʠʪ 
ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ:  

1. ʀʟʫʯʝʥʠʝ ʣʠʪʝʨʘʪʫʨʳ ʠ ʘʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ. 
2. ʇʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʮʝʧʮʠʠ ʢʦʥʩʪʨʫʢʮʠʠ 

ʢʘʨʢʘʩʘ. 
3. ʇʨʦʚʝʜʝʥʠʷ ʚʠʨʪʫʘʣʴʥʦʛʦ ʪʝʩʪʠʨʦʚʘʥʠʷ. 
4. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ.  
ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʘ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʫʣʫʯʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʴʶ ʠ ʥʘʜʝʞʥʦʩʪʴʶ. 
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ʈʠʩʫʥʦʢ 1 - ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʥʠʞʥʷʷ ʯʘʩʪʴ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ʙʳʣʘ 

ʧʦʜʚʝʨʞʝʥʘ ʜʘʚʣʝʥʠʶ 773 ʄʇʘ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʦʜʥʘʢʦ 
ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ʩʠʩʪʝʤ ʧʦʚʣʠʷʪʴ  ʦʥʠ ʥʝ ʩʧʦʩʦʙʥʳ. ɸ ʦʩʪʘʚʰʘʷʩʷ  ʞʝ ʯʘʩʪʴ 
ʥʘʥʦʩʧʫʪʥʠʢʘ ʧʦʜʚʝʨʛʣʘʩʴ ʥʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʜʝʞʥʦʩʪʠ 
ʢʘʨʢʘʩʘ.  

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʚʘʞʥʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʧʦʚʳʰʝʥʠʝ 
ʥʘʜʝʞʥʦʩʪʠ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʘ ʧʦʟʚʦʣʠʪ ʩʦʢʨʘʪʠʪʴ ʨʠʩʢʠ ʘʚʘʨʠʡ ʠ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 
ʩʣʫʞʙʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ʇʨʦʝʢʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʢʘʨʢʘʩʘ ʥʘʥʦʩʧʫʪʥʠʢʘ 
ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʚʘʞʥʳʤ ʜʣʷ ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ. ʇʨʦʚʝʜʝʥʠʝ ʪʘʢʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʢʦʩʤʠʯʝʩʢʠʭ ʤʠʩʩʠʡ, ʘ 
ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʠʥʥʦʚʘʮʠʡ ʚ ʦʙʣʘʩʪʠ ʩʧʫʪʥʠʢʦʚʦʡ ʪʝʭʥʠʢʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʠʪʫʝʚʘ ʄ.ʀ., ʂʦʩʪʶʯʝʥʢʦ ʊ.ɻ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʤʘʣʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ 
ʘʧʧʘʨʘʪʘ ʥʘ ʢʚʘʟʠʩʪʘʪʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ // ʂʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ: 
ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ II ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʬʦʨʫʤʘ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, 
ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ.- ʊʦʤʩʢ, 2014. - ʉ. 
244-247. 

2. ɹʠʪʫʝʚʘ ʄ. ʀ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʯʘʩʪʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʨʧʫʩʘ ʤʘʣʦʛʦ 
ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ //ʂʦʩʤʠʯʝʩʢʦʝ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ: ʩʙʦʨʥʠʢ ʥʘʫʯʥʳʭ 
ʪʨʫʜʦʚ III ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʬʦʨʫʤʘ ʰʢʦʣʴʥʠʢʦʚ, ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ 
ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ, ʛ. ʊʦʤʩʢ, 8-10 ʘʧʨʝʣʷ 2015 ʛ. ï 
2015. ï ʉ. 187-190. 
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ʉʀʉʊɽʄɸ SFQ (ʅʆɺɸʗ ʄʀʉʉʀʗ ɼʃʗ ʄʅʆɻʆʉʇʋʊʅʀʂʆɺʓʍ ɻʈʋʇʇʀʈʆɺʆʂ 
ʄɸʃʓʍ ʂʆʉʄʀʏɽʉʂʀʍ ɸʇʇɸʈɸʊʆɺ) 

 ʉʘʣʝʥʢʦʚ ʉʝʨʛʝʡ       
ʄɸʆʋ ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ33, 11 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
 ʈʫʢʦʚʦʜʠʪʝʣʴ: ʅʦʚʠʢʦʚʘ ʆʣʴʛʘ ɸʥʘʪʦʣʴʝʚʥʘ, ʫʯʠʪʝʣʴ ʬʠʟʠʢʠ 

 
ʇʦʞʘʨʳ ʚ ʦʪʜʘʣʸʥʥʳʭ ʦʪ ʮʠʚʠʣʠʟʘʮʠʠ ʤʝʩʪʘʭ - ʥʘʩʫʱʥʘʷ ʧʨʦʙʣʝʤʘ. ʆʥʠ ʤʦʛʫʪ 

ʧʨʠʥʝʩʪʠ ʢʦʣʦʩʩʘʣʴʥʳʡ ʫʱʝʨʙ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ  ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʠ 
ʥʝ ʣʦʢʘʣʠʟʦʚʘʥʳ ʩʚʦʝʚʨʝʤʝʥʥʦ. ʕʬʬʝʢʪʠʚʥʘʷ ʤʦʥʠʪʦʨʠʥʛʦʚʘʷ ʩʠʩʪʝʤʘ ʧʦʞʘʨʦʚ ʚ 
ʫʜʘʣʸʥʥʳʭ ʤʝʩʪʘʭ ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʣʦʢʘʣʠʟʦʚʳʚʘʪʴ ʚʦʟʛʦʨʘʥʠʷ, ʯʪʦ 
ʚʝʜʸʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ ʠ ʩʥʠʞʝʥʠʶ ʫʱʝʨʙʘ ʦʪ ʥʠʭ. ʕʪʦ ʦʩʦʙʝʥʥʦ 
ʚʘʞʥʦ  ʚ ʤʝʩʪʘʭ, ʛʜʝ ʜʦʩʪʫʧ ʢ ʦʙʲʝʢʪʘʤ ʧʦʞʘʨʘ ʟʘʪʨʫʜʥʸʥ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʩʠʩʪʝʤʘ 
ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ ʩʝʙʷ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʤʘʣʳʭ ʢʦʩʤʠʯʝʩʢʠʭ 
ʘʧʧʘʨʘʪʦʚ(ʄʂɸ), ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʜʣʷ ʩʚʷʟʠ ʩ ʦʧʝʨʘʪʠʚʥʳʤʠ 
ʩʣʫʞʙʘʤʠ,ʪʫʰʝʥʠʝ ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʦʞʘʨʘ ʩ ʧʦʤʦʱʴʶ ʙʝʩʧʠʣʦʪʥʳʭ ʣʝʪʘʪʝʣʴʥʳʭ 
ʘʧʧʘʨʘʪʦʚ(ɹʇʃɸ). ʉʠʩʪʝʤʘ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʧʦʞʘʨ ʠ 
ʢʦʦʨʜʠʥʠʨʦʚʘʪʴ ʫʩʠʣʠʷ ʧʦʞʘʨʥʳʭ ʙʨʠʛʘʜ ʠ ʩʧʘʩʘʪʝʣʝʡ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʚʦʟʛʦʨʘʥʠʷ. 
ʈʘʩʪʫʱʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤ ʦʙʫʩʣʦʚʣʝʥʘ 
ʨʘʟʣʠʯʥʳʤʠ ʬʘʢʪʦʨʘʤʠ: ʠʟʤʝʥʝʥʠʷ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʥʘʩʝʣʝʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚ ʦʪʜʘʣʸʥʥʳʭ ʨʘʡʦʥʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠ 
ʚʥʝʜʨʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʫʜʘʣʸʥʥʳʭ ʤʝʩʪʘʭ ʠʤʝʝʪ 
ʙʦʣʴʰʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʤʦʯʴ ʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʠ ʙʦʨʴʙʝ ʩ 
ʚʦʟʛʦʨʘʥʠʷʤʠ.   

 
 
 
çʕʬʬʝʢʪʠʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ ʟʘ ʧʦʞʘʨʘʤʠ ʠ ʠʭ ʣʦʢʘʣʠʟʘʮʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʙʝʩʧʠʣʦʪʥʳʭ ʘʧʧʘʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʚʘʞʥʳʤ!è (ʉʦʪʨʫʜʥʠʢ ʄʏʉ). 
ʎʝʣʴ ʧʨʦʝʢʪʘ:  
ʩʦʟʜʘʥʠʝ ʤʦʥʠʪʦʨʠʥʛʦʚʦʡ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ 

ʦʙʥʘʨʫʞʠʚʘʪʴ ʠ ʫʩʪʨʘʥʷʪʴ ʧʦʞʘʨ ʩ ʧʦʤʦʱʴʶ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʦʡ ʛʨʫʧʧʠʨʦʚʢʠ ʄʂɸ ʠ 
ɹʇʃɸ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.                                    

ɿʘʜʘʯʠ:   
1) ʀʟʫʯʠʪʴ ʨʘʙʦʪʫ ʤʥʦʛʦʩʧʫʪʥʠʢʦʚʳʭ ʛʨʫʧʧʠʨʦʚʦʢ ʄʂɸ ʚ ʩʬʝʨʝ ʤʦʥʠʪʦʨʠʥʛʘ 
ʯʨʝʟʚʳʯʘʡʥʳʭ ʩʠʪʫʘʮʠʡ.                        
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 2) ʀʩʩʣʝʜʦʚʘʪʴ ʙʝʩʧʠʣʦʪʥʳʝ ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ.                        
3) ʈʘʟʨʘʙʦʪʘʪʴ ʤʦʥʠʪʦʨʠʥʛʦʚʫʶ ʩʠʩʪʝʤʫ.                                           
4) ʉʦʟʜʘʪʴ ʤʦʜʝʣʠ ʢʚʘʜʨʦʢʦʧʪʝʨʘ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʪʫʰʝʥʠʷ ʧʦʞʘʨʘ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ SFQ, ʤʦʜʝʣʠ ʢʚʘʜʨʦʢʦʧʪʝʨʦʚ ʚ 
ʧʨʦʛʨʘʤʤʝ çʂʆʄʇɸʉ 3Dè.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

 
1. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʠ DJI Ryze Tello Boost Combo. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: 
ʢʨʘʪʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ. URL: https://dzen.ru/a/YuAG2ajpd18h-
7R5https://cyberleninka.ru/?/=  

2. (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 25.10.2023). 
3. ʂʦʩʤʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ 
ʧʨʠʨʦʜʥʳʭ ʧʦʞʘʨʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʘʢʮʠʦʥʝʨʥʦʝ ʦʙʱʝʩʪʚʦ çʈʘʢʝʪʥʦ-
ʢʦʩʤʠʯʝʩʢʠʡ ʮʝʥʪʨ çʇʨʦʛʨʝʩʩè. 
URL:https://lptexpo.ru/upload/iblock/04d/l27152gj1sdhnclrij0w5tdmuroj5gcd/Kosmic
heskaya-sistema-distantsionnogo-zondirovaniya-zemli-dlya-monitoringa-prirodnykh-
pozharov.pdf 

4. ʇʨʠʤʝʥʝʥʠʝ ʜʨʦʥʦʚ ʚ ʪʫʰʝʥʠʠ ʧʦʞʘʨʦʚ. [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. 
URL:https://opozhare.ru/tushenie/primenenie-dronov-v-tushenii-pozharov 
 
 
 

 
ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ  

ɼʈʆʉʉɽʃʔʅʓʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʈɸɹʆʊʓ ʄɸʃʆɻɸɹɸʈʀʊʅʓʍ 
ɸɺʀɸʎʀʆʅʅʓʍ ɼɺʀɻɸʊɽʃɽʁ ʅɸ ɾʀɼʂʀʍ ʈɽɸʂʊʀɺʅʓʍ ʊʆʇʃʀɺɸʍ 

ʈʘʚʘʝʚ ʄʘʨʢ  
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 11 ʢʣʘʩʩ, 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɸʥʪʦʥʦʚ ɼʤʠʪʨʠʡ ɺʣʘʜʠʤʠʨʦʚʠʯ, ʢ.ʬ.-ʤ.ʥ., ʜʦʮʝʥʪ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʰʢʦʣʳ ʬʠʟʠʢʠ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʊʇʋ 
 

ɺʚʝʜʝʥʠʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʛʨʘʞʜʘʥʩʢʦʡ ʘʚʠʘʮʠʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ 
ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʧʘʩʩʘʞʠʨʩʢʠʭ ʠ ʛʨʫʟʦʚʳʭ ʧʝʨʝʚʦʟʦʢ, ʯʪʦ 
ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʘʚʠʘʮʠʦʥʥʦʛʦ ʪʦʧʣʠʚʘ [1,2]. ɺ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʙʦʣʴʰʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʶʪʩʷ ʟʘʪʨʘʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʥʝʬʪʷʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ 
ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʫʯʝʥʠʝʤ 
ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʚʠʜʦʚ ʘʚʠʘʮʠʦʥʥʳʭ ʪʦʧʣʠʚ ʠʟ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ, 
ʥʘʧʨʠʤʝʨ: ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ, ʧʠʱʝʚʳʭ ʞʠʨʦʚ, ʙʠʦʤʘʩʩʳ ʠ ʜʨʫʛʠʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʪʦʧʣʠʚ [3,4]. ɻʦʨʝʥʠʝ ʪʘʢʠʭ ʚʠʜʦʚ ʪʦʧʣʠʚʘ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʅʘʠʙʦʣʝʝ 
ʦʪʚʝʪʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʚʠʛʘʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʷʚʣʷʝʪʩʷ ʜʨʦʩʩʝʣʴʥʘʷ. 
ɼʨʦʩʩʝʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʠ, ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 
ʪʦʧʣʠʚʘ, ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʪʝʣʘ ʚ ʨʘʟʣʠʯʥʳʭ 
ʩʝʯʝʥʠʷʭ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʘʭ ʜʚʠʛʘʪʝʣʷ ʦʪ ʨʝʞʠʤʘ ʝʛʦ ʨʘʙʦʪʳ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ 
ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʷʭ. 

ʂʨʦʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʨʝʘʣʴʥʳʭ ʧʠʣʦʪʥʳʭ 
ʩʪʝʥʜʘʭ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʨʘʩʰʠʨʷʶʪ 
ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʣʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ 
ʛʦʨʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʦʧʣʠʚ ʚ ʢʘʤʝʨʘʭ ʩʛʦʨʘʥʠʷ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ [5,6]. 

https://dzen.ru/a/YuAG2ajpd18h-7R5
https://dzen.ru/a/YuAG2ajpd18h-7R5
https://cyberleninka.ru/?/=
https://lptexpo.ru/upload/iblock/04d/l27152gj1sdhnclrij0w5tdmuroj5gcd/Kosmicheskaya-sistema-distantsionnogo-zondirovaniya-zemli-dlya-monitoringa-prirodnykh-pozharov.pdf
https://lptexpo.ru/upload/iblock/04d/l27152gj1sdhnclrij0w5tdmuroj5gcd/Kosmicheskaya-sistema-distantsionnogo-zondirovaniya-zemli-dlya-monitoringa-prirodnykh-pozharov.pdf
https://lptexpo.ru/upload/iblock/04d/l27152gj1sdhnclrij0w5tdmuroj5gcd/Kosmicheskaya-sistema-distantsionnogo-zondirovaniya-zemli-dlya-monitoringa-prirodnykh-pozharov.pdf
https://opozhare.ru/tushenie/primenenie-dronov-v-tushenii-pozharov
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ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʢʘʟʳʚʘʪʴ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ, 
ʩʢʦʨʦʩʪʴ ʛʦʨʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʜʫʢʪʦʚ ʩʛʦʨʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʯʝʥʠʡ ʚʥʫʪʨʠ 
ʢʘʤʝʨʳ ʩʛʦʨʘʥʠʷ. ɺ ʯʠʩʣʝʥʥʳʭ ʤʦʜʝʣʷʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ, 
ʠʤʧʫʣʴʩʘ, ʵʥʝʨʛʠʠ ʠ ʫʨʘʚʥʝʥʠʝ ʥʝʨʘʟʨʳʚʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʫʨʘʚʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʡ 
ʢʠʥʝʪʠʢʠ [7,8]. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʠʘʮʠʷ ʚʥʦʩʠʪ ʙʦʣʴʰʦʡ ʘʥʪʨʦʧʦʛʝʥʥʳʡ 
ʚʢʣʘʜ ʥʘ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ (ʚ ʯʘʩʪʥʦʩʪʠ, ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ CO2, CO, NOx, SOx), ʯʪʦ 
ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʛʦ ʛʣʦʙʘʣʴʥʦʛʦ ʧʦʪʝʧʣʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ 
ʜʝʩʷʪʠʣʝʪʠʷ [9]. 

ʎʝʣʴʶ ʤʦʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʜʨʦʩʩʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʨʘʙʦʪʳ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʧʨʠʤʝʨʝ ʤʘʣʳʭ ʠʭ ʢʦʧʠʡ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʞʠʜʢʠʭ 
ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 
ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʨʦʩʩʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 
ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʞʠʜʢʠʭ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚʘʭ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʮʠʢʣʘ 
ʧʠʣʦʪʥʳʭ ʠʩʧʳʪʘʥʠʡ ʪʘʢʞʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ: ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ, ʩʪʘʪʠʯʝʩʢʦʛʦ 
ʜʘʚʣʝʥʠʷ ʚʦ ʚʧʫʩʢʥʦʤ ʢʘʥʘʣʝ, ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ, ʦʙʱʝʛʦ 
ʜʘʚʣʝʥʠʷ ʚ ʢʦʤʧʨʝʩʩʦʨʝ, ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʢʘʤʝʨʝ ʩʛʦʨʘʥʠʷ, ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʚ 
ʪʫʨʙʠʥʝ, ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʪʫʨʙʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʳ ʚʭʦʜʷʱʝʛʦ ʚʦʟʜʫʭʘ, ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʥʫʪʨʠ ʢʦʤʧʨʝʩʩʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ ʪʫʨʙʠʥʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʨʝʟʝ ʩʦʧʣʘ. ʉ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʧʦʣʫʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ 
ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʠʟʤʝʨʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʚʳʙʨʦʩʦʚ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʪʘ ʩʝʥʩʦʨʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢʠʝ 
ʢʦʤʧʦʥʝʥʪʳ ʢʘʢ ʆ2, ʉʆ, CO2, NO, NO2, N2O, SO2, ʉʅ4. 

 

 
 

ʈʠʩʫʥʦʢ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʜʨʦʩʩʝʣʴʥʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʞʠʜʢʠʭ 
ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚʘʭ: 1 ï ʘʢʢʫʤʫʣʷʪʦʨʥʘʷ ʙʘʪʘʨʝʷ; 2 ï ʧʫʣʴʪ ʫʧʨʘʚʣʝʥʠʷ ʄɻʊɼ; 
3 ï ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʄɻʊɼ; 4 ï ʢʣʘʧʘʥ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʚ ʄɻʊɼ; 6 ï ʩʣʠʚʥʦʡ ʢʣʘʧʘʥ; 

7 ï ʇʋ ʐʀʄ; 8 ï ʙʣʦʢ ʠʟʤʝʨʝʥʠʡ. 
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ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʷ. ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʚʳʧʦʣʥʝʥʳ ʧʠʣʦʪʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ ʤʘʨʢʠ ʊʉ-1 ʧʦ ʜʨʦʩʩʝʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
ʨʘʙʦʪʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʪʦʢʦʣ 
ʠʩʧʳʪʘʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ 
ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʟʥʘʯʝʥʠʡ ʯʘʩʪʦʪʳ 
ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʪʫʨʙʠʥʳ ʠ ʪʷʛʠ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʚʠʛʘʪʝʣʝʤ. ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ 
ʣʦʧʘʩʪʝʡ ʪʫʨʙʠʥʘ ʚʳʨʘʞʝʥʘ ʚ ʦʙʦʨʦʪʘʭ/ʤʠʥʫʪʫ, ʘ ʪʷʛʘ ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ 
ʜʚʠʛʘʪʝʣʷ ï ʚ ʥʴʶʪʦʥʘʭ. 

 
ʊʘʙʣʠʮʘ 1 ï ʇʨʦʪʦʢʦʣ ʠʩʧʳʪʘʥʠʡ ʜʨʦʩʩʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ 

ʤʘʣʦʛʘʙʘʨʠʪʥʦʛʦ ʘʚʠʘʮʠʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ 
 

ʈʝʞʠʤʳ ʨʘʙʦʪʳ 
ɺʳʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʦʙ/ʤʠʥ ʅ 

1 
19521 47.27 

Ñ1.4% Ñ0.61% 

2 
31798 68.58 

Ñ0.7% Ñ1% 

3 
41701 87.29 

Ñ0.7% Ñ2.5% 

4 
50002 104.59 

Ñ2.1% Ñ5.2% 

 
ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʠ 

ʜʚʠʛʘʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʪʫʨʙʠʥʳ. ʍʦʨʦʰʦ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 
ʫʚʝʣʠʯʝʥʠʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʪʫʨʙʠʥʳ ʧʦ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʝʪ 
ʪʷʛʘ ʜʚʠʛʘʪʝʣʷ. ɼʘʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʣʦʧʘʩʪʠ ʪʫʨʙʠʥʳ 
ʩʦʟʜʘʶʪ ʧʦʜʲʝʤʥʫʶ ʩʠʣʫ, ʢʦʪʦʨʘʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ. 
ɼʣʷ ʩʥʷʪʠʷ ʜʨʦʩʩʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʧʨʠ ʟʘʧʫʩʢʝ ʜʚʠʛʘʪʝʣʷ ʚʘʞʥʫʶ ʨʦʣʴ 
ʠʛʨʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʜʫʭʘ ʚ ʪʦʧʣʠʚʥʦʡ ʩʠʩʪʝʤʝ. ʊʘʢʞʝ ʚʘʞʥʦ ʩʦʙʣʶʜʘʪʴ 
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʙʦʪʝ ʜʚʠʛʘʪʝʣʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 30 
ʩʝʢʫʥʜ. 
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ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ 
ʪʫʨʙʠʥʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ ʥʘ ʞʠʜʢʠʭ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚʘʭ 
 
ɿʘʢʣʶʯʝʥʠʝ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʧʠʣʦʪʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʜʨʦʩʩʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʘʚʠʘʮʠʦʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʥʘ 
ʞʠʜʢʠʭ ʨʝʘʢʪʠʚʥʳʭ ʪʦʧʣʠʚʘʭ ʥʘ ʧʨʠʤʝʨʝ ʦʧʳʪʥʦʛʦ ʦʙʨʘʟʮʘ ʨʝʘʢʪʠʚʥʦʛʦ ʪʦʧʣʠʚʘ 
ʤʘʨʢʠ ʊʉ-1. ʇʦʣʫʯʝʥ ʩʪʝʧʝʥʥʦʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʪʷʛʠ ʜʚʠʛʘʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ 
ʚʨʘʱʝʥʠʷ ʣʦʧʘʩʪʝʡ ʪʫʨʙʠʥʳ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʦʡ ʜʣʷ 
ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʪʦʧʣʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 
ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʧʨʦʝʢʪ ʇʨʠʦʨʠʪʝʪ-
2030-ʕɹ-018-202-2024). 
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ʇɽʈɽʉʏɽʊ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʎɽʅʊʈʆɹɽɾʅʓʍ ʅɸʉʆʉʆɺ 
ɹʦʛʜʘʥʦʚ ɽʛʦʨ 

ʊʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 
ʛ.ʊʦʤʩʢ 

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

 
ʅʘʩʦʩ ð ʵʪʦ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʤʘʰʠʥʘ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʵʥʝʨʛʠʶ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ. ʉʫʱʝʩʪʚʫʶʪ 
ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʥʘʩʦʩʦʚ, ʥʦ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʘʢʪʠʚʥʦ 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠʝ ʥʘʩʦʩʳ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʠʟ-ʟʘ ʨʷʜʘ ʜʦʩʪʦʠʥʩʪʚ ʪʘʢʠʭ ʢʘʢ 
ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ, ʦʧʪʠʤʘʣʴʥʳʝ ʨʘʟʤʝʨʳ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 
ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʜʘʯʠ ʥʘʩʦʩʦʚ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. [2] ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
ʥʘʩʦʩʘ ʷʚʣʷʶʪʩʷ ʧʦʜʘʯʘ ʠ ʥʘʧʦʨ. ʇʦʜʘʯʘ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʦʡ ʦʙʲʝʤ ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ 
ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʥʘʩʦʩ, ʘ ʥʘʧʦʨ - ʚʳʩʦʪʫ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʩʦʩ ʤʦʞʝʪ ʧʦʜʥʷʪʴ ʜʘʥʥʫʶ 
ʞʠʜʢʦʩʪʴ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʥʘʩʦʩʘ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʦʜʘ 
ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ: ʵʪʦ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ. ʅʘ ʠʟʤʝʥʝʥʠʝ 
ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʝ ʪʦʣʴʢʦ ʨʦʜ ʞʠʜʢʦʩʪʠ, ʥʦ ʠ ʥʝ ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʪʦ, ʛʜʝ ʦʥʘ 
ʙʳʣʘ ʜʦʙʳʪʘ ʠ ʚ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʭʦʜʠʣʘʩʴ. ʂ ʧʨʠʤʝʨʫ, ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ ʤʦʞʝʪ ʙʳʪʴ 
ʢʘʢ 730 ʢʛ/ʤ3, ʪʘʢ ʠ 1000ʢʤ/ʤ3, ʚʷʟʢʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚʭʦʜʷʱʠʭ 
ʚ ʩʦʩʪʘʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. [1] ʇʣʦʪʥʦʩʪʴ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ 
ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 900 ʢʛ/ʤ3 ʜʦ 2500 ʢʛ/ʤ3.                              

ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ, ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʂʇɼ ʥʘʩʦʩʘ, ʘ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʴ 
ʧʦʜʘʯʠ ʠ ʥʘʧʦʨʘ ʩʪʘʥʦʚʠʪʩʷ ʦʪʣʠʯʥʦʡ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 
ʦʨʛʘʥʠʟʦʚʘʪʴ ʧʝʨʝʩʯʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʜ ʥʫʞʥʫʶ ʞʠʜʢʦʩʪʴ, ʪʨʝʙʫʝʪʩʷ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 
ʠʟʛʦʪʦʚʠʪʝʣʝʤ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʘʪʨʘʪʘʤʠ ʧʦ ʚʨʝʤʝʥʠ ʠ ʬʠʥʘʥʩʘʤ. 

ʎʝʣʴ: ʈʘʩʯʝʪ ʵʤʧʠʨʠʪʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʥʘʩʦʩʦʚ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ, ʩ 
ʮʝʣʴʶ ʩʦʟʜʘʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʨʘʩʯʝʪʦʚ. 

ɿʘʜʘʯʠ: 
1. ʇʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʤʝʷ ʜʘʥʥʳʝ ʛʨʘʬʠʢʘ 
ʢʘʪʘʣʦʛʘ ʥʘʩʦʩʦʚ. 

2. ʇʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢʠ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. 
3. ʇʨʦʚʝʨʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʠ 
ʠʟʥʘʯʘʣʴʥʳʭ ʛʨʘʬʠʢʦʚ. 
ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʦʨʘ ʠ ʧʦʜʘʯʠ ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ, ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʦʪ ʥʘʧʦʨʘ (ʈʠʩ.1) 

 
 

ʈʠʩʫʥʦʢ 1. ɻʨʘʬʠʢ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʩʦʩʦʚ 
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ɿʘʤʝʨʳ ʜʘʥʥʳʭ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʦʜʥʦʛʦ, ʥʘ ʢʦʪʦʨʦʤ ʙʳʣʦ 9 ʤʦʜʝʣʝʡ ʥʘʩʦʩʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʥʘ 1450 ʦʙʦʨʦʪʘʭ ʚ ʤʠʥʫʪʫ ʛʨʘʬʠʢʦʚ (ʈʠʩ.2), ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʩʪʠ ʨʘʚʥʘ 
850 ʢʛ/ʤ3. 

 
ʈʠʩʫʥʦʢ 2. ɻʨʘʬʠʢʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘʩʦʩʦʚ 1 

 
ʊʘʙʣʠʮʘ 1. ʅʘʧʦʨ ʠ ʧʦʜʘʯʘ ʥʘʩʦʩʦʚ. 

ʄʦʜʝʣʴ ʥʘʩʦʩʘ ʇʦʜʘʯʘ/ʅʘʧʦʨ 

1 2 3 

ʎʅʉ 180-425 500 40 475 120 350 220 

ʎʅʉ 180-383 450 40 425 120 312.5 220 

ʎʅʉ 180-340 393.5 40 353.5 120 300 220 

ʎʅʉ 180-297 341.5 40 327.5 120 249.5 220 

ʎʅʉ 180-255 295.5 40 278.5 120 212.5 220 

ʎʅʉ 180-212 249.5 40 235.5 120 175 220 

ʎʅʉ 180-170 198.5 40 188.5 120 140.5 220 

ʎʅʉ 180-128 149.5 40 145 120 128 220 

ʎʅʉ 180-85 97.5 40 97.5 120 74 220 

 
ʊʘʙʣʠʮʘ 2. ʅʘʧʦʨ ʠ ʂʇɼ ʥʘʩʦʩʦʚ. 

ɿʘʤʝʨ ʂʇɼ ʅʘʧʦʨ 

1 30 30 

2 59 100 

3 68 220 
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ʇʦ ʪʨʝʤ ʪʦʯʢʘʤ, ʩʥʷʪʳʤ ʩ ʛʨʘʬʠʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʩʦʩʘ, (ʊʘʙʣʠʮʘ 1) ʥʘʭʦʜʠʤ 
ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘʧʦʨʘ, ʨʘʟʚʠʚʘʝʤʦʛʦ ʥʘʩʦʩʦʤ, ʦʪ ʝʛʦ ʧʦʜʘʯʠ. 
ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʜʘʯʠ (H) ʠ ʥʘʧʦʨʘ (Q) ʠʤʝʝʪ ʚʠʜ: 

 
ʈʝʰʠʚ ʩʠʩʪʝʤʫ ʠʟ 3ʭ ʫʨʘʚʥʝʥʠʡ: 

 
 

 
ʄʳ ʧʦʫʯʘʝʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ b:         

 

 
ʈʠʩʫʥʦʢ 3. ʈʘʩʯʝʪʳ ʠ ʧʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ 

 
ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʫʥʢʮʠʶ ʧʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʧʦʣʫʯʘʝʤ 

ʛʨʘʬʠʢ. (ʈʠʩ.3) 
ʊʘʙʣʠʮʘ 3. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ (Q ʠ H) 

 

ʄʆɼɽʃʔ ʅɸʉʆʉɸ A B 

ʎʅʉ 180-425 0.4886 0.0051 

ʎʅʉ 180-383 0.4205 0.0045 

ʎʅʉ 180-340 0.1783 0.001 

ʎʅʉ 180-297 0.258 0.0031 

ʎʅʉ 180-255 0.2926 0.005 

ʎʅʉ 180-212 0.272 0.0026 

ʎʅʉ 180-170 0.2361 0.0021 
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ʎʅʉ 180-128 0.1571 0.001 

ʎʅʉ 180-85 0.2156 0.0013 

 
ʌʦʨʤʫʣʘ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇɼ ʠ ʥʘʧʦʨʘ, ʘʥʘʣʦʛʠʯʥʘ ʠ ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ, ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʦʛʠʯʥʦ: 

 
ʌʫʥʢʮʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʧʫʪʝʤ ʧʦʜʩʪʘʥʦʚʢʠ ʨʘʩʩʯʠʪʘʥʥʳʭ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ (ʈʠʩ.5) 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ (ʊʘʙʣʠʮʘ 4) ʚ ʬʦʨʤʫʣʫ ʧʘʨʘʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʘʥʘʣʦʛʠʯʥʘ ʬʫʥʢʮʠʠ 
ʠʟ ʢʘʪʘʣʦʛʘ, ʠ ʠʤʝʝʪ ʢʨʘʡʥʝ ʤʘʣʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʭʦʜʥʦʡ ʬʫʥʢʮʠʠ 
(ʈʠʩ.4).  
 

 
 

ʈʠʩʫʥʦʢ 4. ʇʦʣʫʯʝʥʥʳʡ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇɼ ʠ ʅʘʧʦʨʘ 

 
ʈʠʩʫʥʦʢ 5. ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (n ʠ Q) 

 
ʊʘʙʣʠʮʘ 4. ʂʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʂʇɼ ʠ ʅʘʧʦʨʘ. 

C2 C3 

0.8241 -0.0023 

ɺʳʚʦʜ: 
1. ʕʤʧʠʨʠʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʤʝʷ ʜʘʥʥʳʝ ʢʘʪʘʣʦʛʘ 
ʥʘʩʦʩʦʚ. 

2. ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʧʫʪʝʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʦʩʪʦʚʝʨʥʳ.  
3. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩ ʠʭ ʧʦʤʦʱʴʶ ʛʨʘʬʠʢʦʚ ʟʘʚʠʩʠʤʦʩʪʝʡ H(Q) ʠ n(Q), ʛʨʘʬʠʢʠ 
ʩʦʚʧʘʜʘʶʪ ʩ ʠʩʭʦʜʥʳʤʠ ʛʨʘʬʠʢʘʤʠ ʠʟ ʢʘʪʘʣʦʛʘ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʤʝʶʪ 
ʧʦʛʨʝʰʥʦʩʪʠ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ɹʝʡʢʦ, ʆ.ɸ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʬʪʝʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʅʦʚʦʩʠʙʠʨʩʢ [ʊʝʢʩʪ] 
/ ʆ.ɸ. ɹʦʡʢʦ. ï ʅʘʫʢʘ. ʉʠʙʠʨʩʢʦʝ ʦʪʜʝʣʝʥʠʝ, 1988. ï 288 ʩ. 
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2. ɻʠʜʨʦʤʘʰʠʥʳ ʠ ʢʦʤʧʨʝʩʩʦʨʳ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ / ʩʦʩʪ. ɻ.ʈ. ɿʠʷʢʘʝʚ; ʊʦʤʩʢʠʡ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ, 2016. ï 142 ʩ. 

 
 
 
 

ʅɸʉʆʉʅʆ-ʂʆʄʇʈɽʉʉʆʈʅʆɽ ʆɹʆʈʋɼʆɺɸʅʀɽ 
ʂʠʩʝʣʝʚ ʉʪʝʧʘʥ  

ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

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

 
 ʅʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚ 
ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʠʩʪʝʤʘʭ, ʛʜʝ ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʤʝʱʝʥʠʝ 
ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. ɺ ʜʘʥʥʦʤ ʣʠʪʝʨʘʪʫʨʥʦʤ ʦʙʟʦʨʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʘʩʧʝʢʪʳ 
ʵʪʦʡ ʪʝʤʳ, ʚʢʣʶʯʘʷ ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʘʩʦʩʥʦ-
ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 ʅʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʠ 
ʩʞʘʪʠʷ ʨʘʟʣʠʯʥʳʭ ʩʨʝʜ, ʚʢʣʶʯʘʷ ʚʦʜʫ, ʥʝʬʪʴ, ʛʘʟʳ, ʧʘʨʳ ʠ ʜʨʫʛʠʝ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʳ. 
ʆʥʦ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʘʢʠʭ ʦʪʨʘʩʣʷʭ, ʢʘʢ ʥʝʬʪʝʛʘʟʦʚʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 
ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʘ, ʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʚʦʜʦʩʥʘʙʞʝʥʠʝ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 
 ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʠʣʠ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ 
ʩʨʝʜʳ. ʆʥʦ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʢʘʢ ʥʘʩʦʩ, ʧʦʜʘʶʱʠʡ ʵʥʝʨʛʠʶ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʞʠʜʢʦʩʪʠ 
ʠʣʠ ʛʘʟʘ, ʪʘʢ ʠ ʢʦʤʧʨʝʩʩʦʨ, ʫʚʝʣʠʯʠʚʘʶʱʠʡ ʜʘʚʣʝʥʠʝ ʠ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ. 
 ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 
ʷʚʣʷʝʪʩʷ ʝʛʦ ʢʦʥʩʪʨʫʢʮʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʙʦʯʝʡ ʩʨʝʜʳ, 
ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʥʘʜʝʞʥʦʩʪʠ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʪʠʧʦʚ 
ʥʘʩʦʩʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʦʛʨʘʥʠʯʝʥʠʷ. 
ʇʨʠʤʝʨʘʤʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʮʝʥʪʨʦʙʝʞʥʳʝ ʥʘʩʦʩʳ, 
ʧʦʨʰʥʝʚʳʝ ʢʦʤʧʨʝʩʩʦʨʳ, ʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ ʠ ʜʨ. 
 ʇʨʠʤʝʥʝʥʠʝ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʪʘʢʠʝ ʟʘʜʘʯʠ, 
ʢʘʢ ʧʦʜʘʯʘ ʚʦʜʳ ʚ ʩʠʩʪʝʤʫ ʚʦʜʦʩʥʘʙʞʝʥʠʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʦ 
ʪʨʫʙʦʧʨʦʚʦʜʘʤ, ʩʞʘʪʠʝ ʠ ʧʝʨʝʢʘʯʢʘ ʚʦʟʜʫʭʘ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʳʭ ʥʫʞʜ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ 
ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʂʘʯʝʩʪʚʦ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ 
ʦʪ ʚʳʙʦʨʘ ʠ ʧʨʘʚʠʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʘʩʦʩʥʦʛʦ ʠ ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʨʘʟʚʠʪʠʶ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ 
ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʪʠʧʦʚ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 
ʨʘʩʪʫʱʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʚʝʜʫʪʩʷ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʩʥʠʞʝʥʠʷ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʠ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ. 
 ʅʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʦʚʨʝʤʝʥʥʦʡ 
ʪʝʭʥʠʢʝ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʥʘʭʦʜʠʪ ʤʥʦʞʝʩʪʚʦ ʦʙʣʘʩʪʝʡ, ʛʜʝ 
ʪʨʝʙʫʝʪʩʷ ʧʝʨʝʢʘʯʠʚʘʥʠʝ ʠ ʩʞʘʪʠʝ ʩʨʝʜ. ʈʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ 
ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʩʠʩʪʝʤʳ ʥʘ 
ʦʩʥʦʚʝ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 
ɸʢʪʫʘʣʴʥʦʩʪʴ:  Airlift ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʧʦʜʘʯʠ ʚʦʜʳ ʠʟ ʩʢʚʘʞʝʥ, ʘ ʪʘʢʞʝ ʚ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ, ʘ ʛʣʘʚʥʦʝ ʜʦʩʪʦʠʥʩʪʚʦ ʠʤʝʥʥʦ ʵʪʦʛʦ ʥʘʩʦʩʘ - ʵʪʦ 
ʧʨʦʩʪʦʪʘ ʫʩʪʨʦʡʩʪʚʘ. 
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ʎʝʣʴ: ʉʜʝʣʘʪʴ ʧʨʦʪʦʪʠʧ airlift ʥʘʩʦʩʘ ʠ ʠʩʧʳʪʘʪʴ ʝʛʦ. 
ɿʘʜʘʯʠ: 
ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʨʠʥʮʠʧʘʤʠ ʜʝʡʩʪʚʠʷ ʥʘʩʦʩʦʚ ʠ ʢʦʤʧʨʝʩʩʦʨʦʚ. 
ʈʘʩʯʠʪʘʪʴ ʬʦʨʤʫʣʫ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʂʇɼ ʜʣʷ airlift ʥʘʩʦʩʘ. 
ʇʨʦʪʘʪʠʧʠʨʦʚʘʥʠʝ ʠ ʠʩʧʳʪʘʥʠʝ airlift ʥʘʩʦʩʘ. 
 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

Airlift ʥʘʩʦʩ ʩʦʩʪʦʠʪ ʚʩʝʛʦ ʠʟ ʜʚʫʭ ʪʨʫʙʦʢ ʠ ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ, ʦʜʥʘ ʪʨʫʙʢʘ 
ʜʣʷ  ʚʦʜʳ, ʜʨʫʛʘʷ ʜʣʷ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ, ʩʦʚʤʝʩʪʠʚ ʠʭ ʚʤʝʩʪʝ ʧʦʜ ʚʦʜʦʡ, ʤʳ ʧʦʣʫʯʘʝʤ 
ʩʤʝʩʴ ʠʟ ʞʠʜʢʦʩʪʠ ʠ ʧʫʟʳʨʴʢʦʚ, ʧʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʴ ʚʦʜʦ-ʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʤʝʥʴʰʝ 
ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ,ʪʦ ʦʥʘ ʥʘʯʠʥʘʝʪʩʷ ʜʚʠʛʘʪʴʩʷ ʚʚʝʨʭ ʧʦ ʪʨʫʙʝ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 
airlift ʥʘʩʦʩʘ ʟʘʚʠʩʠʪ ʦʪ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʦʜʲʝʤʥʦʡ ʪʨʫʙʳ,ʘ 
ʪʘʢʞʝ ʝʝ ʜʠʘʤʝʪʨʘ. 

 
 

ɼʣʷ ʧʨʦʪʦʪʠʧʠʨʦʚʘʥʠʷ airlift ʥʘʩʦʩʘ ʥʘʤ ʧʦʥʘʜʦʙʷʪʩʷ: 
1.ʂʦʤʧʨʝʩʩʦʨ  
2.ʇʘʨʘ ʨʝʟʠʥʦʚʭ ʪʨʫʙ 
3.ʊʨʦʡʥʠʢ ʠ ʧʝʨʝʭʦʜʥʠʢ 
4.ʀʟʦʣʝʥʪʘ 
5.ɽʤʢʦʩʪʴ 
 

 
 

ʈʠʩʫʥʦʢ 1. ʇʨʦʪʦʪʠʧ airlift ʥʘʩʦʩʘ 
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ɺʘʞʥʦ: ʉʠʩʪʝʤʘ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʢʦʤʧʨʝʩʩʦʨʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦʜ ʚʦʜʦʡ! 

ʇʦʩʣʝ ʩʙʦʨʢʠ ʧʦʛʨʫʞʘʝʤ ʰʣʘʥʛ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʩʪʫʧʘʝʪ ʚʦʜʘ ʠ ʩʠʩʪʝʤʫ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ 
ʧʦʜ ʚʦʜʫ. 

 
 

ʈʠʩʫʥʦʢ 2. ʈʘʙʦʪʘ airlift ʥʘʩʦʩʘ 
 

ɺʳʚʦʜ: ʇʨʦʝʢʪ ʧʦ ʪʝʤʝ airlift ʥʘʩʦʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʤʫʶ ʨʘʟʨʘʙʦʪʢʫ ʚ 
ʦʙʣʘʩʪʠ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. Airlift ʥʘʩʦʩ ï ʵʪʦ 
ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, 
ʪʘʢʠʭ ʢʘʢ ʥʝʬʪʝʛʘʟʦʚʘʷ, ʭʠʤʠʯʝʩʢʘʷ ʠ ʜʨʫʛʠʝ. ɽʛʦ ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʥʝ ʩʦʜʝʨʞʠʪ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʝʡ ʚ ʥʘʩʦʩʥʦʡ ʢʘʤʝʨʝ, ʯʪʦ 
ʫʤʝʥʴʰʘʝʪ ʠʟʥʦʩ ʠ ʧʦʚʳʰʘʝʪ ʥʘʜʝʞʥʦʩʪʴ ʨʘʙʦʪʳ. 
ʕʪʦʪ ʧʨʦʝʢʪ ʦʨʠʝʥʪʠʨʦʚʘʥ ʥʘ ʩʦʟʜʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʵʢʦʥʦʤʠʯʥʦʛʦ ʨʝʰʝʥʠʷ ʜʣʷ 
ʧʝʨʝʢʘʯʠʚʘʥʠʷ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ. Airlift ʥʘʩʦʩ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ 
ʜʨʫʛʠʝ ʪʠʧʳ ʥʘʩʦʩʦʚ ʥʝʵʬʬʝʢʪʠʚʥʳ ʠʣʠ ʥʝʫʜʦʙʥʳ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, 
ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ ʠ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʨʘʙʦʪʫ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
ʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ airlift ʥʘʩʦʩʘ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ 
ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʞʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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2. ɼʠʥʘʤʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʅʘʩʦʩʳ, ʢʦʤʧʨʝʩʩʦʨʳ[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]-
ʨʝʞʠʤ ʜʦʩʪʫʧʘ https://proplast.ru/articles/dinamicheskoe-oborudovanie-nasosyi-
kompressoryi/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 17.12.23) 

3. 3D ʤʦʜʝʣʠ: ʂʦʤʧʨʝʩʩʦʨʥʦʝ ʠ ʥʘʩʦʩʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 
ʛʠʜʨʘʚʣʠʢʘ[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]-ʨʝʞʠʤ ʜʦʩʪʫʧʘ 
https://chertezhi.ru/modules/3d_modeli/viewcat.php?cid=6 (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 
17.12.23)            

4. ʅʘʩʦʩʥʦʝ ʠ ʢʦʤʧʨʝʩʩʦʨʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]-ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ https://neftegaz.ru/tech-library/nasosnoe-i-kompressornoe-oborudovanie/ 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 17.12.23) 

5. ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]-ʨʝʞʠʤ 
ʜʦʩʪʫʧʘ https://vacuum-group.ru/blog/kompressory/promyshlennye-kompressori-
printsip-raboty/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 17.12.23) 
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ʈɸɿʈɸɹʆʊʂɸ ʀ ʀɿɻʆʊʆɺʃɽʅʀɽ 
ʇʈʆʊʆʊʀʇɸ ʇɽʈɽʅʆʉʅʆɻʆ ɺɽʊʈʆɻɽʅɽʈɸʊʆʈɸ 

ʈʝʟʚʘʥʦʚ ɺʣʘʜʠʤʠʨ  
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ,10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʈʝʟʚʘʥʦʚ ɸʣʝʢʩʘʥʜʨ ʖʨʴʝʚʠʯ 

 
ʉʝʛʦʜʥʷ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʦʷʥʠʷ ʵʥʝʨʛʝʪʠʢʠ. ʂʘʢ 

ʠʟʚʝʩʪʥʦ, ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ ʚʳʨʘʙʘʪʳʚʘʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʘʪʦʤʥʳʤʠ, ʪʝʧʣʦʚʳʤʠ ʠ 
ʛʠʜʨʦʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ [1], ʯʪʦ ʩʦʟʜʘʝʪ ʛʣʦʙʘʣʴʥʫʶ ʧʨʦʙʣʝʤʫ ʠʩʯʝʨʧʘʥʠʷ ʧʨʠʨʦʜʥʳʭ 
ʨʝʩʫʨʩʦʚ ʠ ʥʘʨʫʰʝʥʠʷ ʵʢʦʣʦʛʠʠ ʧʣʘʥʝʪʳ. ʉʦʚʨʝʤʝʥʥʳʡ ʤʠʨʦʚʦʡ ʪʨʝʥʜ ð ɻ ʪʦ ʧʝʨʝʭʦʜ 
ʩ ʠʩʢʦʧʘʝʤʳʭ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ (ɺʀʕ) ʚ ʪʦʤ 
ʯʠʩʣʝ ʥʘ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ (ɺʕʋ) [2,3]. ʀʩʪʦʨʠʷ ʨʘʟʨʘʙʦʪʢʠ ʠ 
ʧʨʠʤʝʥʝʥʠʷ ɺʕʋ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʩ ʢʦʥʮʘ 19 ʚʝʢʘ [4]. ɺʳʨʘʙʦʪʢʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ 
ʩʯʝʪ ɺʀʕ ʝʞʝʛʦʜʥʦ ʨʘʩʪʝʪ [5]. ɺ ʈʦʩʩʠʠ ʜʝʡʩʪʚʫʝʪ ʧʨʦʛʨʘʤʤʘ ʧʦʜʜʝʨʞʢʠ ɺʀʕ [6]. ʅʦ 
ʥʘʣʠʯʠʝ ʜʝʰʝʚʦʛʦ ʛʘʟʘ ʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʠʝ ɺʀʕ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, 
ʭʦʪʷ ʝʩʪʴ ʨʘʡʦʥʳ, ʛʜʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʧʨʝʦʙʣʘʜʘʝʪ ʚʝʪʨʝʥʘʷ ʠʣʠ ʩʦʣʥʝʯʥʘʷ 
ʧʦʛʦʜʘ ʠ ʜʦʩʪʫʧ ʢ ʵʥʝʨʛʦʩʝʪʷʤ ʦʛʨʘʥʠʯʝʥ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ: ʩʝʛʦʜʥʷ ʚ ʤʘʩʰʪʘʙʘʭ ʦʙʳʯʥʦʛʦ ʯʝʣʦʚʝʢʘ ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ 
ʟʘʥʠʤʘʝʪ ʛʘʜʞʝʪ, ʙʝʟ ʢʦʪʦʨʦʛʦ ʥʝʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʦʚʨʝʤʝʥʥʫʶ ʞʠʟʥʴ ʠ 
ʙʫʜʫʱʝʝ, ʜʘʥʥʳʤ ʛʘʜʞʝʪʦʤ ʷʚʣʷʝʪʩʷ ʩʤʘʨʪʬʦʥ, ʢʦʪʦʨʳʡ ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʪʝʣʝʬʦʥ, 
ʬʦʪʦʘʧʧʘʨʘʪ, ʚʠʜʝʦʢʘʤʝʨʫ, GPS ï ʥʘʚʠʛʘʪʦʨ, ʬʦʥʘʨʴ, ʵʣʝʢʪʨʦʥʥʫʶ ʢʥʠʛʫ, ʢʦʤʧʘʩ, 
ʧʝʨʝʜʘʯʘ ʜʘʥʥʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʪʠ ʠʥʪʝʨʥʝʪ. ʀ ʝʩʪʝʩʪʚʝʥʥʦ ʜʣʷ ʝʛʦ ʨʘʙʦʪʳ 
ʥʝʦʙʭʦʜʠʤʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʷ, ʦ ʧʦʣʫʯʝʥʠʠ ʢʦʪʦʨʦʡ, ʞʠʚʷ ʚ ʛʦʨʦʜʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʣʶʜʠ 
ʥʝ ʟʘʜʫʤʳʚʘʶʪʩʷ. ʅʦ ʚʦ ʚʨʝʤʷ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ ʚʥʝʛʦʨʦʜʩʢʦʡ ʯʝʨʪʳ ʠʣʠ ʚ 
ʦʪʜʘʣʝʥʥʳʭ ʨʘʡʦʥʘʭ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ ʜʦʩʪʫʧʘ ʢ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʝʥʝʨʘʪʦʨʳ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʦʜʥʘʢʦ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʦʧʣʠʚʥʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʫʭʦʜʠʪ ʥʘ ʚʪʦʨʦʡ ʧʣʘʥ, ʫʩʪʫʧʘʷ ʤʝʩʪʦ 
ʧʦʨʪʘʪʠʚʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʨʘʙʦʪʘ ʢʦʪʦʨʳʭ ʦʩʥʦʚʘʥʘ ʥʘ ʥʝʠʩʯʝʨʧʘʝʤʳʭ ʨʝʩʫʨʩʘʭ 
(ʚʝʪʝʨ, ʚʦʜʘ, ʩʦʣʥʮʝ). ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʩʘʤʳʤ ʧʦʧʫʣʷʨʥʳʤ ʧʦʜʦʙʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ 
ʷʚʣʷʝʪʩʷ ʧʦʨʪʘʪʠʚʥʳʝ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ. ʆʜʥʘʢʦ ʵʥʝʨʛʠʷ ʩʦʣʥʮʘ ʥʝ ʚʩʝʛʜʘ 
ʜʦʩʪʫʧʥʘ ʠ ʚ ʵʪʦ ʩʣʫʯʘʠ ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʨʪʘʪʠʚʥʳʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. 

ʎʝʣʴ ʧʨʦʝʢʪʘ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʦʪʠʧʘ ʧʝʨʝʥʦʩʥʦʛʦ 
ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 

ɿʘʜʘʯʠ:  
1. ʆʮʝʥʠʪʴ ʨʝʘʣʴʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʧʦʨʪʘʪʠʚʥʦʛʦ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
2. ʈʘʟʨʘʙʦʪʘʪʴ ʵʩʢʠʟʘ ʧʨʦʝʢʪʘ  
3. ʕʢʩʧʝʨʝʤʝʥʪʘʣʴʥ6ʦ ʧʦʜʦʙʨʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʪʫʰʝʢ 
4. ʀʟʛʦʪʦʚʠʪʴ ʜʝʪʘʣʠ ʜʣʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
5. ʉʦʙʨʘʪʴ ʧʦʨʪʘʪʠʚʥʳʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ 
6. ʇʨʦʚʝʩʪʠ ʠʩʧʳʪʘʥʠʷ ʨʘʙʦʪʳ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 

ɸʥʘʣʦʛʠ: ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʤʠʨʝ ʧʨʦʜʘʶʪʩʷ ʧʦʨʪʘʪʠʚʥʳʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʦʪ 
ʢʘʤʧʘʥʠʠ Shine, ʦʥʠ ʦʙʣʘʜʘʶʪ  ʤʦʱʥʦʩʪʴʶ 40 ɺʪ, ʚʝʩʷʪ 1,3 ʢʛ ʠ ʧʦʤʝʱʘʶʪʩʷ ʚ ʢʘʨʤʘʥ 
ʨʶʢʟʘʢʘ. Shine Turbine ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʠʟ ʧʦʭʦʜʥʦʛʦ ʚ ʨʘʙʦʯʝʝ ʩʦʩʪʦʷʥʠʝ ʟʘ ʜʚʝ 
ʤʠʥʫʪʳ. ʇʨʦʧʝʣʣʝʨ ʜʠʘʤʝʪʨʦʤ 60 ʩʤ ʚʨʘʱʘʝʪʩʷ ʦʪ ʚʝʪʨʘ ʩʢʦʨʦʩʪʴʶ ʜʦ 45 ʢʤ/ʯ, ʠ 
ʥʘʢʘʧʣʠʚʘʝʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚʦ ʚʩʪʨʦʝʥʥʦʤ ʘʢʢʫʤʫʣʷʪʦʨʝ ʸʤʢʦʩʪʴʶ 12000 ʤɸʯ. ʉ 
ʧʦʤʦʱʴʶ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʤʦʞʥʦ ʟʘʨʷʞʘʪʴ ʨʘʟʣʠʯʥʳʝ ʛʘʜʞʝʪʳ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 5 ɺ ʠ 
2,4 ɸ, ʜʦʩʪʫʧʥʦ ʜʚʘ ʧʦʨʪʘ USB. ʊʘʢʞʝ ʧʦʨʪʘʪʠʚʥʳʤʠ ʚʝʪʨʝʥʳʤʠ ʛʝʥʝʨʘʪʦʨʘʤʠ 
ʟʘʥʠʤʘʣʘʩʴ ʢʦʤʧʘʥʠʷ Trinity ʫ ʥʝʸ ʩʘʤʘʷ ʤʘʣʝʥʴʢʘʷ, ʙʘʟʦʚʘʷ, ʤʦʜʝʣʴ ʛʝʥʝʨʘʪʦʨʘ 
ʚʝʩʠʪ 0,665 ʢʛ, ʦʙʣʘʜʘʝʪ ʤʦʱʥʦʩʪʴʶ ʚ 50 ɺʪ ʠ ʸʤʢʦʩʪʴʶ ʚ 7500 ʤɸʯ. 
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ʎʝʣʝʚʘʷ ʘʫʜʠʪʦʨʠʷ: ʧʨʦʝʢʪ ʥʘʮʝʣʝʥ ʥʘ ʣʶʜʝʡ, ʚʝʜʫʱʠʭ ʥʝ ʪʦʣʴʢʦ ʩʢʫʯʥʫʶ, 
ʟʘʮʠʢʣʝʥʥʫʶ ʞʠʟʥʴ ʚ ʛʦʨʦʜʝ, ʥʦ ʠ ʚʳʙʠʨʘʶʱʠʭʩʷ ʥʘ ʧʨʠʨʦʜʫ, ʘ ʪʘʢʞʝ ʞʠʪʝʣʠ 
ʦʪʜʘʣʝʥʥʳʭ ʥʘʩʝʣʸʥʥʳʭ ʧʫʥʢʪʦʚ. 

ʇʣʘʥ ʧʨʦʝʢʪʥʳʭ ʜʝʡʩʪʚʠʡ:  
1. ʠʟʫʯʝʥʠʝ ʪʝʦʨʠʠ ʧʦ ʜʘʥʥʦʡ ʪʝʤʝ 
2. ʧʨʦʚʝʜʝʥʠʝ ʧʝʨʚʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʪʝʩʪʦʚʦʤ ʩʪʝʥʜʝ, ʩʦʩʪʦʷʱʝʤ ʠʟ ʚʘʣʘ, ʥʘ 
ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ ʜʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ ʩ ʤʘʛʥʠʪʘʤʠ, ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 
ʥʫʞʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʢʘʪʫʰʝʢ ʛʝʥʝʨʘʪʦʨʘ. 

3. ʈʘʩʯʝʪ ʜʝʪʘʣʝʡ ʛʝʥʝʨʘʪʦʨʘ 
4. ʅʘʤʦʪʢʘ ʢʘʪʫʰʝʢ ʛʝʥʝʨʘʪʦʨʘ ʧʦ ʟʘʜʘʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ 
5. ʉʙʦʨʢʘ ʘʢʩʠʘʣʴʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 
6. ʈʘʩʯʝʪ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʝʪʘʣʝʡ ʢʦʨʧʫʩʘ ʛʝʥʝʨʘʪʦʨʘ\ 
7. ʉʙʦʨʢʘ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 
8. ʊʝʩʪʦʚʦʝ ʠʩʧʳʪʘʥʠʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʯʘʩʪʝʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʛʝʥʝʨʘʪʦʨ. ɺ ʜʘʥʥʦʤ 
ʧʨʦʪʦʪʠʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʨʘʪʦʨ ʘʢʩʠʘʣʴʥʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 1). ʆʥ ʩʦʩʪʦʠʪ ʠʟ 
ʧʣʦʩʢʦʛʦ ʪʨʝʭʬʘʟʥʦʛʦ ʩʪʘʪʦʨʘ (ʨʠʩʫʥʦʢ 2), ʚ ʢʦʪʦʨʦʤ ʧʦ ʢʨʫʛʫ ʨʘʩʧʦʣʦʞʝʥʳ 15 
ʢʘʪʫʰʝʢ, ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʵʧʦʢʩʠʜʥʦʡ ʩʤʦʣʝ. ʇʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʩʪʘʪʦʨʘ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʚʘ ʨʦʪʦʨ (ʨʠʩʫʥʦʢ 3), ʟʘʢʨʝʧʣʝʥʥʳʭ ʥʘ ʦʩʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʜʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʠʩʢʠ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ ʤʘʛʥʠʪʘʤʠ. ʈʦʪʦʨʳ ʥʘ ʦʩʠ 
ʟʘʢʨʝʧʣʝʥʳ ʪʘʢ, ʯʪʦ ʤʘʛʥʠʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʜʨʫʛ ʥʘʧʨʦʪʠʚ ʜʨʫʛʘ ʨʘʟʥʳʤʠ 
ʧʦʣʷʨʥʦʩʪʷʤʠ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʆʩʠ ʩ ʨʦʪʦʨʘʤʠ ʚ ʢʘʪʫʰʢʘʭ ʥʘʚʦʜʠʪʩʷ ʕɼʉ, ʪʦ ʝʩʪʴ ʤʳ 
ʧʦʣʫʯʘʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. ɼʣʷ ʚʳʧʨʷʤʣʝʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 
ʚʳʨʘʙʘʪʳʚʘʝʤʦʛʦ ʢʘʪʫʰʢʘʤʠ, ʧʨʠʤʝʥʷʝʪʩʷ ʜʠʦʜʥʳʡ ʤʦʩʪ ʃʘʨʠʦʥʦʚʘ, ʧʦʩʪʨʦʝʥʥʳʡ ʥʘ 
ʜʠʦʜʘʭ ʐʦʪʪʢʠ. ʇʦʣʫʯʝʥʥʦʝ ʚʳʧʨʷʤʣʝʥʥʦʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ 
ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ ʤʳ ʧʦʣʫʯʘʝʤ 
ʩʪʘʙʠʣʴʥʳʝ 5 ʚʦʣʴʪ. 
 

 
 

ʈʠʩʫʥʦʢ 1 ɻʝʥʝʨʘʪʦʨ ʘʢʩʠʘʣʴʥʦʛʦ ʪʠʧʘ 
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ʈʠʩʫʥʦʢ 2 ʉʪʘʪʦʨ. 
 

 
 

ʈʠʩʫʥʦʢ 3 ʈʦʪʦʨʳ. 
 

ɼʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʧʨʠ ʨʘʩʢʨʫʯʠʚʘʥʠʠ ʜʦ 500 ʦʙ/ʤʠʥ, ʥʘʛʨʫʞʝʥʥʳʡ ʣʘʤʧʦʡ 
ʥʘʢʘʣʠʚʘʥʠʷ 12ɺ, 35ɺʪ, ʧʦʢʘʟʘʣ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
¶ ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʟʚʝʟʜʦʡ: 
¶ ʅʘʧʨʷʞʝʥʠʝ - 7,75ɺ, 
¶ ʪʦʢ - 2,22ɸ, 
¶ ʤʦʱʥʦʩʪʴ - 17 ɺʪ; 
¶ ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʪʨʝʫʛʦʣʴʥʠʢʦʤ: 
¶ ʥʘʧʨʷʞʝʥʠʝ - 10,6ɺ, 
¶ ʪʦʢ - 2,65ɸ, 
¶ ʤʦʱʥʦʩʪʴ - 28ɺʪ. 

ʅʘ ʚʳʭʦʜʝ ʫʩʪʘʥʦʚʣʝʥ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʩʪʨʦʝʥ ʥʘ 5ɺ 
ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɸ ʪʘʢʞʝ ʠʤʝʝʪʩʷ ʨʘʟʲʸʤ USB ʨʘʟʲʸʤ, ʧʦʟʚʦʣʷʶʱʠʡ ʟʘʨʷʞʘʪʴ 
ʛʘʜʞʝʪʳ. 

ʈʘʩʯʝʪ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʦʝʢʪʘ ʤʦʞʥʦ ʫʚʝʜʠʪʴ ʚ ʪʘʙʣʠʮʝ 1: 
ʊʘʙʣʠʮʘ 1 ʕʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʢʪʚʦ 
ʎʝʥʘ 
(ʨʫʙ.) 

ʇʨʦʚʦʜ ʇʕʊɺ-2, Ï 0,42ʤʤ 180 ʤ  2700,00 

ʃʠʩʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʛ/ʢ 400ʭ400ʭ4ʤʤ 1 ʰʪ 968,00 

ʄʘʛʥʠʪ 12ʭ4ʤʤ. 40 ʰʪ 3000,00 

ʂʣʝʡ ʵʧʦʢʩʠʜʥʳʡ 280/290ʛ 1 426,60 

ɼʠʦʜ ʐʦʪʪʢʠ S30D45 6 ʰʪ 1080,00 

ʑʸʪʢʠ ʪʦʢʦʩʲʸʤʥʳʝ 1 82,00 

ʇʦʜʰʠʧʥʠʢ  8ʭ22ʭ7 4 ʰʪ 704,00 

ʇɺʍ ʣʠʩʪʦʚʦʡ 3ʤʤ 1 ʤ2 323,00 

ʊʨʫʙʘ ʢʘʥʘʣʠʟʘʮʠʦʥʥʘʷ 110ʭ500ʤʤ 1ʰʪ 299,00 

ʊʨʫʙʘ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʘʷ 1ʤ 124,00 

ʂʣʝʡ ʩʝʢʫʥʜʥʳʡ ʮʠʘʥʦʘʢʨʠʣʘʪʥʳʡ Cosmo CA-500.200 
(Cosmofen CA-12), 20 ʛ 

1ʰʪ 209,00 
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ʅʘʠʤʝʥʦʚʘʥʠʝ ʂʦʣʠʯʝʩʢʪʚʦ 
ʎʝʥʘ 
(ʨʫʙ.) 

ʄʝʪʠʟʳ  300,00 

ʂʨʘʩʢʘ ʘʵʨʦʟʦʣʴʥʘʷ 2 400,00 

ʈʝʛʫʣʷʪʦʨ ʥʘʧʨʷʞʝʥʠʷ 1 377,00 

ɺʦʣʴʪʤʝʪʨ-ʘʤʧʝʨʤʝʪʨ 1 392,00 

ʀʪʦʛʦ 
 

11384,00 

 
ɺʳʚʦʜ: 
ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʤʥʝ ʫʜʘʣʦʩʴ ʩʦʙʨʘʪʴ ʧʨʦʪʦʪʠʧ ʧʝʨʝʥʦʩʥʦʛʦ 

ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ(ʨʠʩʫʥʦʢ 4), ʠʟʤʝʨʠʪʴ ʧʘʨʘʤʝʪʨʳ ʠ ʠʩʧʳʪʘʪʴ ʝʛʦ. ɺ ʜʦʤʘʰʥʠʭ 
ʫʩʣʦʚʠʷʭ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʥʝʙʦʣʴʰʦʡ ʚʝʪʨʦʛʝʥʝʘʨʦʪʦʨ ʩ ʚʳʜʘʶʱʠʤʠʩʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʟʘʤʝʥʝ ʤʘʛʥʠʪʦʚ ʥʘ ʙʦʣʝʝ ʤʦʱʥʳʝ ʠ ʧʦ ʧʣʦʱʘʜʠ, 
ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʢʘʪʫʰʢʠ, ʤʦʞʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʘʪʦʨʘ. 
 

 
 

ʈʠʩʫʥʦʢ 4 ʇʝʨʝʥʦʩʥʦʡ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ 
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"ʕʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʢʠ". 
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ɸɺʊʆɹɸʃɸʅʉʀʈʋʖʑɽɻʆ ʋʉʊʈʆʁʉʊɺɸ 
ʉʘʚʯʝʥʢʦ ɺʠʢʪʦʨʠʷ 

ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ,  
ʛ. ʊʦʤʩʢ 

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

 
ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʠʢʠ, ʚʠʙʨʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʸ 

ʙʦʣʴʰʝ. ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʘʭʦʜʷʪʩʷ ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʰʠʥ, ʢʦʪʦʨʳʝ 
ʩʦʟʜʘʶʪ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʪʝʭʥʠʢʠ ʧʨʠʚʝʣʦ ʢ ʨʝʟʢʦʤʫ 
ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ʚʠʙʨʘʮʠʠ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. ɺʠʙʨʘʮʠʷ ʤʘʰʠʥ ʤʦʞʝʪ ʙʳʪʴ 
ʧʨʠʯʠʥʦʡ ʩʙʦʷ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʝʭʥʠʢʠ, ʚ ʭʦʜʝ ʯʝʛʦ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ 
ʘʚʘʨʠʷ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤʠ ʞʝʨʪʚʘʤʠ ʠʟ-ʟʘ ʥʝʜʦʧʫʩʪʠʤʳʭ ʢʦʣʝʙʘʥʠʡ; ʪʘʢʞʝ ʧʨʠ ʙʦʣʴʰʦʡ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʥʠ ʦʢʘʟʳʚʘʶʪ ʚʨʝʜʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ. ʇʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʠʪʴ 
ʚʠʙʨʘʮʠʠ ʚ ʤʘʰʠʥʘʭ ʥʝʚʦʟʤʦʞʥʦ, ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʵʪʦʛʦ ʥʫʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʜʦʩʪʫʧʥʳʝ ʩʨʝʜʩʪʚʘ ʠ ʤʝʪʦʜʳ [2]. 

ʉʘʤʠ ʚʠʙʨʘʮʠʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ 
ʜʠʩʙʘʣʘʥʩʘ, ʥʝʦʦʩʥʦʩʪʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʨʘʱʘʶʱʠʭʩʷ ʨʦʪʦʨʦʚ.  

ʇʨʠ ʨʘʙʦʪʝ ʤʘʰʠʥ ʤʦʛʫʪ ʙʳʪʴ ʪʘʢ ʠ ʧʦʣʝʟʥʳʝ, ʪʘʢ ʠ ʚʨʝʜʥʳʝ ʢʦʣʝʙʘʥʠʷ. 
ʇʦʣʝʟʥʳʝ ʚʠʙʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʫʩʪʨʦʡʩʪʚ, ʚ ʢʦʪʦʨʳʭ ʢʦʣʝʙʘʥʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ 
ʨʦʣʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ, ʚʠʙʨʘʮʠʦʥʥʳʝ ʧʦʜʲʸʤʥʠʢʠ, ʤʝʣʴʥʠʮʳ, 
ʜʨʦʙʠʣʢʠ, ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʠ ʪʨʘʥʩʧʦʨʪʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʘʰʠʥʳ . ʇʦʣʝʟʥʳʝ 
ʚʠʙʨʘʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʫʩʪʨʦʡʩʪʚ ʩ ʥʝʩʦʚʝʨʰʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ, ʥʘʧʨʠʤʝʨ, 
ʜʨʝʣʠ, ʰʣʠʬʦʚʘʣʴʥʳʝ ʤʘʰʠʥʳ, ʦʪʙʦʡʥʳʝ ʤʦʣʦʪʢʠ, ʪʷʞʝʣʘʷ ʪʝʭʥʠʢʘ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ ʩʧʦʩʦʙʳ ʚʠʙʨʦʟʘʱʠʪʳ, ʢʘʢ ʚʠʙʨʦʠʟʦʣʷʮʠʷ ʠ ʚʠʙʨʦʛʘʰʝʥʠʝ, 
ʢ ʢʦʪʦʨʦʤʫ ʦʪʥʦʩʠʪʩʷ ʙʘʣʘʥʩʠʨʦʚʢʘ ʨʦʪʦʨʘ. ɺ ʥʘʰʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ 
ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʨʘʱʘʶʱʠʭʩʷ ʨʦʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʘʶʪ ʩʥʠʟʠʪʴ 
ʫʨʦʚʝʥʴ ʚʠʙʨʘʮʠʠ ʪʝʭʥʠʢʠ, ʫʤʝʥʴʰʠʪʴ ʠʟʥʦʩ ʚʨʘʱʘʶʱʠʭʩʷ ʯʘʩʪʝʡ ʠ ʫʚʝʣʠʯʠʪʴ ʩʨʦʢ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʘʰʠʥ ʠ ʧʨʠʙʦʨʦʚ.  

ʄʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚʠʙʨʘʮʠʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʥʝʩʫʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʨʝʜ ʣʶʜʷʤ ʠ 
ʤʘʰʠʥʘʤ, ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʝ 
ʫʩʪʨʦʡʩʪʚʦ. 

ʎʝʣ:ɹ ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʩʯʸʪ ʨʘʟʤʝʨʦʚ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʛʦ 
ʫʩʪʨʦʡʩʪʚʘ ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʘ. 
ɿʘʜʘʯʠ: 
1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʪʝʦʨʠʝʡ ʚʠʙʨʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʩʧʦʩʦʙʦʚ ʟʘʱʠʪʳ ʦʪ ʚʠʙʨʘʮʠʡ. 
2. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʇʆ: Mathcad, ʂʦʤʧʘʩ-3D. 
3. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʨʘʩʩʯʠʪʘʪʴ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʨʫʯʥʦʡ 
ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʳ. 

4. ʉʦʟʜʘʪʴ  ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ. 
ɸʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ 

ʥʝʫʨʘʚʥʦʚʝʰʝʥʥʦʩʪʠ ʚʨʘʱʘʶʱʠʭʩʷ ʨʦʪʦʨʦʚ. ʆʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʘʩʩʠʚʥʳʤʠ ʠʣʠ 
ʘʢʪʠʚʥʳʤʠ, ʠʭ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ - ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʚʠʙʨʘʮʠʶ ʠ ʰʫʤ, ʦʙʝʩʧʝʯʠʚʘʷ 
ʧʣʘʚʥʫʶ ʠ ʩʪʘʙʠʣʴʥʫʶ ʨʘʙʦʪʫ ʤʝʭʘʥʠʟʤʦʚ. 

ɸʢʪʠʚʥʳʝ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ 
ʜʠʩʙʘʣʘʥʩʘ ʚʨʘʱʘʶʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʧʫʪʝʤ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ, 
ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʫʜʘʣʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʩʩ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ 
ʩʧʝʮʠʘʣʴʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʩʠʩʪʝʤʘʤ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ 
ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ ʪʘʢʠʭ ʤʘʩʩ. ɺʘʞʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʘʢʪʠʚʥʳʭ 
ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʷʚʣʷʶʪʩʷ: 
¶ ʊʦʯʥʦʩʪʴ ʠ ʙʳʩʪʨʘʷ ʨʝʘʢʮʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʜʠʩʙʘʣʘʥʩʘ. 
¶ ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʞʝ ʧʨʠ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ. 
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¶ ʋʧʨʘʚʣʝʥʠʝ ʯʝʨʝʟ ʧʨʦʛʨʘʤʤʥʳʡ ʠʥʪʝʨʬʝʡʩ ʠʣʠ ʜʨʫʛʠʝ ʩʨʝʜʩʪʚʘ 
ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʢʪʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢʮʠʝʡ 

(ʨʠʩ.1.) ʠ ʪʨʝʙʫʶʪ ʙʦʣʴʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʩʩʠʚʥʳʤʠ 
ʫʩʪʨʦʡʩʪʚʘʤʠ. 

 
 

ʈʠʩʫʥʦʢ1. ʉʪʨʦʝʥʠʝ ʘʢʪʠʚʥʦʛʦ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. 
 

ʇʘʩʩʠʚʥʳʝ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ ʩʚʦʙʦʜʥʦʛʦ 
ʧʝʨʝʤʝʱʝʥʠʷ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʩʩ. ʆʩʦʙʝʥʥʦʩʪʠ ʧʘʩʩʠʚʥʳʭ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʭ 
ʫʩʪʨʦʡʩʪʚ ʚʢʣʶʯʘʶʪ: 

¶ ʀʤʝʶʪ ʧʨʦʩʪʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠ ʨʘʙʦʪʘʶʪ ʟʘ ʩʯʝʪ ʵʥʝʨʛʠʠ ʩʘʤʦʛʦ ʨʦʪʦʨʘ. 
¶ ʂʦʨʨʝʢʪʠʨʫʶʱʠʝ ʤʘʩʩʳ ʚ ʧʘʩʩʠʚʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʠʤʝʶʪ ʩʚʦʙʦʜʥʦʝ 

ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ. 
¶ ʀʟ-ʟʘ ʠʭ ʧʨʦʩʪʦʪʳ (ʨʠʩ.2.) ʧʘʩʩʠʚʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʦʙʳʯʥʦ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳ 

ʧʦ ʩʪʦʠʤʦʩʪʠ ʠ ʪʨʝʙʫʶʪ ʤʝʥʴʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʘʢʪʠʚʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. 

 
 

ʈʠʩʫʥʦʢ 2. ʇʘʩʩʠʚʥʦʝ ʰʘʨʠʢʦʚʦʝ ʫʩʪʨʦʡʩʪʚʦ: ʘ) ʧʦʣʦʞʝʥʠʝ ʰʘʨʠʢʦʚ ʜʦ ʨʝʟʦʥʘʥʩʘ, 
ʙ) ʧʦʣʦʞʝʥʠʝ ʰʘʨʠʢʦʚ ʧʦʩʣʝ ʨʝʟʦʥʘʥʩʘ 

 
ʂʣʘʩʩʠʯʝʩʢʠʝ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʢʦʣʴʮʝʚʳʤʠ, 

ʤʘʷʪʥʠʢʦʚʳʤʠ, ʰʘʨʦʚʳʤʠ ʩʦ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 
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ʈʘʟʨʘʙʦʪʢʦʡ ʪʝʦʨʠʠ ʦ ʧʘʩʩʠʚʥʳʭ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚʘʭ ʥʘʯʘʣʠ 
ʟʘʥʠʤʘʪʴʩʷ ʝʱʸ ʜʘʚʥʦ, ʥʦ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʥʘ ʥʝ 
ʥʘʭʦʜʠʣʘ, ʪʘʢ ʢʘʢ ʜʦʚʦʣʴʥʦ ʫʟʢʠʡ ʨʷʜ ʨʦʪʦʨʥʳʭ ʤʘʰʠʥ ʨʘʙʦʪʘʝʪ ʚ ʟʘʢʨʠʪʠʯʝʩʢʦʡ 
ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ, ʪʘʢʞʝ ʠʜʸʪ ʫʭʫʜʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʯʝʨʝʟ 
ʨʝʟʦʥʘʥʩ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʯʝʛʦ ʤʘʰʠʥʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʫʩʪʨʦʡʩʪʚʦʤ ʬʠʢʩʘʮʠʠ 
ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ ʤʘʩʩ ʠʣʠ ʤʦʱʥʳʤ ʧʨʠʚʦʜʥʳʤ ʜʚʠʛʘʪʝʣʝʤ [1]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʫʜʝʪ ʧʨʦʝʢʪʠʨʦʚʘʪʴʩʷ ʧʘʩʩʠʚʥʦʝ ʤʘʷʪʥʠʢʦʚʦʝ 
ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʠʟ ʩʪʘʣʠ ʜʣʷ ʨʫʯʥʦʡ ʰʣʠʬʦʚʘʣʴʥʦʡ ʤʘʰʠʥʳ. 
ʋʩʪʨʦʡʩʪʚʦ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ ʨʦʪʦʨʝ, ʥʘ ʢʦʪʦʨʦʤ ʥʘʩʘʞʝʥʳ ʜʚʘ ʤʘʷʪʥʠʢʘ ʚ ʦʜʥʦʡ 
ʧʣʦʩʢʦʩʪʠ ʠ ʩ ʧʦʤʦʱʴʶ ʧʦʜʰʠʧʥʠʢʦʚ. ʂʦʛʜʘ ʫʩʪʨʦʡʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʤ 
ʧʦʣʦʞʝʥʠʠ, ʤʘʷʪʥʠʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʚʝʢʪʦʨ ʜʠʩʙʘʣʘʥʩʘ 
ʤʘʩʩ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʚʤʝʩʪʝ ʩ ʥʠʤ ʥʘʯʠʥʘʶʪ ʚʨʘʱʘʪʴʩʷ ʤʘʷʪʥʠʢʠ. ɺ ʦʙʣʘʩʪʠ 
ʚʨʘʱʝʥʠʷ ʚʳʰʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʤʘʷʪʥʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ 
ʧʝʨʝʤʝʱʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʦʪʦʨʘ, ʯʪʦʙʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʠʩʙʘʣʘʥʩ. ɼʣʷ ʪʦʛʦ 
ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʩʚʝʨʭʢʦʣʝʙʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʩʫʤʤʘ ʚʝʢʪʦʨʦʚ ʤʘʷʪʥʠʢʦʚ ʙʳʣʘ 
ʨʘʚʥʘ ʚʝʢʪʦʨʫ ʜʠʩʙʘʣʘʥʩʘ ʨʦʪʦʨʘ ʠʣʠ ʩʫʤʤʘ ʚʩʝʭ ʪʨʝʭ ʚʝʢʪʦʨʦʚ ʜʦʣʞʥʘ ʨʘʚʥʷʪʴʩʷ 
ʥʫʣʶ. 

ʊʘʙʣʠʮʘ 1. ɼʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ɸɹʋ. 

ʆʙʦʟʥʘʯʝʥʠʷ ʇʘʨʘʤʝʪʨʳ ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʤʤ 

d1 ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʜʠʩʢʘ 19 

D1 ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʜʠʩʢʘ 35 

d2 ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʚʪʦʨʦʛʦ ʜʠʩʢʘ 40 

D2 ʚʥʝʰʥʠʡ ʜʠʘʤʝʪʨ ʚʪʦʨʦʛʦ ʜʠʩʢʘ 56 

dʦʪʚ ʜʠʘʤʝʪʨ ʦʜʥʦʛʦ ʦʪʚʝʨʩʪʠʷ 5 

B ʛʣʫʙʠʥʘ ʦʪʚʝʨʩʪʠʷ 15 

ɟ=7800 ʢʛ/ʤ^3 ï ʧʣʦʪʥʦʩʪʴ ʩʪʘʣʠ 
D=250ʛẗʤʤ 

 ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʩʙʘʣʘʥʩ ʰʣʠʬʦʚʘʣʴʥʦʛʦ ʜʠʩʢʘ ʤʘʰʠʥʳ 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ ʫʩʪʨʦʡʩʪʚʘ ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʥʝʦʙʭʦʜʠʤʳʝ ʟʘʤʝʨʳ ( ʊʘʙʣʠʮʘ 1.). ʊʘʢ ʞʝ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ  ʧʘʨʘʤʝʪʨʳ: ʩʨʝʜʥʠʝ 
ʜʠʘʤʝʪʨʳ ʜʠʩʢʦʚ, ʠʭ ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ, ʤʘʩʩʘ ʦʪʚʝʨʩʪʠʷ, ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ 
ʦʪʚʝʨʩʪʠʷʤʠ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʟʤʦʞʥʳʭ ʦʪʚʝʨʩʪʠʡ, ʫʛʦʣ ʤʝʞʜʫ 
ʦʪʚʝʨʩʪʠʷʤʠ  ʜʠʩʢʦʚ , ʘ ʪʘʢʞʝ ʸʤʢʦʩʪʴ ʧʝʨʚʦʛʦ, ʪʘʢ ʢʘʢ ʸʤʢʦʩʪʠ ʜʠʩʢʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 
ʦʜʠʥʘʢʦʚʳʤʠ. 

ɟ=7800 ʢʛ/ʤ^3 ï ʧʣʦʪʥʦʩʪʴ ʩʪʘʣʠ 
ʈʘʩʯʸʪʳ: 

d1ʩʨ=D1+d12=27ʤʤ 
 - ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʧʝʨʚʦʛʦ ʜʠʩʢʘ 

d2ʩʨ=D2+d22=48ʤʤ 
 ï ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʚʪʦʨʦʛʦ ʜʠʩʢʘ 

rʩʨ2=d2ʩʨ2=24ʤʤ 
 ï ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʚʪʦʨʦʛʦ ʜʠʩʢʘ 

rʩʨ=d1ʩʨ2=13,5ʤʤ 
- ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʧʝʨʚʦʛʦ ʜʠʩʢʘ 
 

m0=dʦʪʚẗ́ẗɟẗB4=2,297ʛ 
 ï ʤʘʩʩʘ ʦʪʚʝʨʩʪʠʷ 

sin=dʦʪʚd1ʩʨ 
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  ű1=2asinsin180=21,344Á 
 ï ʤʠʥʠʤʘʣʴʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ 

Zʦʪʚ=180ű1=8,433 
 - ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ 

Z=7 
 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʪʚʝʨʩʪʠʡ 

ű=180Z-1=30Á 
- ʫʛʦʣ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʧʝʨʚʦʛʦ ʤʘʷʪʥʠʢʘ 
ɪʤʢʦʩʪʴ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʜʠʩʢʦʚ: 

D11=m0ẗrʩʨ+2m0ẗcosrʩʨ+2m0ẗ2cos2űrʩʨ=146,757ʛẗʤʤ 
ɤ2=33,81Á 

 ï ʫʛʦʣ ʤʝʞʜʫ ʦʪʚʝʨʩʪʠʷʤʠ ʚʪʦʨʦʛʦ ʜʠʩʢʘ 
D22=m0ẗrʩʨ2+2m0ẗcosɤ2rʩʨ2=146,757ʛẗʤʤ 

 
ʈʠʩʫʥʦʢ 3. ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʤʦʜʝʣʴ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

 
ɼʘʥʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ Mathcad, ʘ ʩʘʤʘ ʤʦʜʝʣʴ 
ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ( ʨʠʩ.3.) ʙʳʣʘ ʩʦʟʜʘʥʘ ʚ ʧʨʠʣʦʞʝʥʠʠ ʂʦʤʧʘʩ-3D. 
ʀʟʛʦʪʦʚʣʝʥʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ɸɹʋ ʙʫʜʫʪ ʷʚʣʷʪʴʩʷ 
ʮʝʣʷʤʠ ʤʦʝʛʦ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
 
 
  ɺʳʚʦʜʳ: 
1. ɼʣʷ ʩʦʟʜʘʥʠʷ ʵʪʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʘʪʝʨʠʘʣʳ, ʧʦʩʚʷʱʸʥʥʳʝ ʚʠʙʨʘʮʠʦʥʥʦʡ 
ʪʝʭʥʠʢʝ ʠ ʟʘʱʠʪʝ ʤʘʰʠʥ ʦʪ ʚʠʙʨʘʮʠʠ. 

2. ɹʳʣʠ ʠʟʫʯʝʥʳ ʪʘʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʢʘʢ Mathcad, ʂʦʤʧʘʩ-3D, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 
ʫʩʪʨʦʡʩʪʚʘ. 

3. ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʨʘʩʩʯʠʪʘʥʦ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʧʘʩʩʠʚʥʦʛʦ 
ʤʘʷʪʥʠʢʦʚʦʛʦ ʪʠʧʘ. 

4. ʉʦʟʜʘʥʘ ʤʦʜʝʣʴ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʜʦʣʞʝʥʠʷ 
ʧʨʦʝʢʪʘ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʠʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ : ʩʧʝʮ. 01.02.06. ñɼʠʥʘʤʠʢʘ, ʧʨʦʯʥʦʩʪʴ 
ʤʘʰʠʥ, ʧʨʠʙʦʨʦʚ ʠ ʘʧʧʘʨʘʪʫʨʳò : ʘʚʪʦʨʝʬ. ʜʠʩ. ... ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ / ɿʠʷʢʘʝʚ 
ɻʨʠʛʦʨʠʡ ʈʘʢʠʪʦʚʠʯ. -  ʊʦʤʩʢ, 2009. ï 32ʩ. 

2. ʌʨʦʣʦʚ ʂ. ɺ. ɺʠʙʨʘʮʠʷ ï ʜʨʫʛ ʠʣʠ ʚʨʘʛ? ʄ.: ʅʘʫʢʘ, 1984. - 144 ʩ.- (ʉʝʨʠʷ ñʅʘʫʢʘ 
ʠ ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩò). ï ʉ. 3-56. 
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3. ɻʫʩʘʨʦʚ ɸ.ɸ. ɹʘʣʘʥʩʠʨʦʚʢʘ ʛʠʙʢʠʭ ʨʦʪʦʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʤʘʩʩʦʡ. -  ʄ.: 
ʅʘʫʢʘ, 1974. ï 141 ʩ. 

4. ʇʝʪʨʦʚ ɻ. ɸ. ʈʘʟʨʘʙʦʪʢʘ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʜʥʦʧʣʦʩʢʦʩʪʥʦʛʦ 
ʤʘʷʪʥʠʢʦʚʦʛʦ ʘʚʪʦʙʘʣʘʥʩʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ: 
ʩʧʝʮ. 05.06.2017.: ʜʠʩ... / ʇʝʪʨʦʚ ɻʝʥʥʘʜʠʡ ɸʣʴʙʝʨʪʦʚʠʯ. ï ʊʦʤʩʢ, 2017. ï 102ʩ. 

 
 
 
 

3D ʇɽʏɸʊʔ ʅɸ ɿɸʂɸɿ 
ʗʢʠʤʝʥʢʦ ɼʤʠʪʨʠʡ, ɸʣʝʢʩʘʥʜʨʦʚ ɼʘʥʠʣ, ʄʠʭʘʣʝʚ ʌʸʜʦʨ 

ʄɸʆʋ ʉʆʐ ˉ4 ʠʤ. ʀ.ʉ. ʏʝʨʥʳʭ, 10-11 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʪʝʥʴʢʦ ɺʣʘʜʠʩʣʘʚ ɺʠʢʪʦʨʦʚʠʯ 
 

 3D ʧʝʯʘʪʴ ï ʵʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʧʣʦʪʠʪʴ ʚ ʞʠʟʥʴ ʘʙʩʦʣʶʪʥʦ ʣʶʙʦʡ ʧʨʦʝʢʪ. 
ʂʘʞʜʳʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʧʨʝʜʣʦʞʠʪʴ ʩʚʦʶ ʠʜʝʶ ʠ ʫʞʝ ʯʝʨʝʟ 2-3 ʜʥʷ ʦʥʘ ʙʫʜʝʪ ʫ ʥʝʛʦ 
ʥʘ ʩʪʦʣʝ. ʄʥʦʛʠʝ ʣʶʜʠ ʩʤʦʛʫʪ ʩʜʝʣʘʪʴ ʥʝʦʙʭʦʜʠʤʳʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʜʝʪʘʣʠ ʜʣʷ ʩʚʦʠʭ 
ʢʦʤʧʴʶʪʝʨʦʚ, ʘʚʪʦʤʦʙʠʣʝʡ, ʩʪʘʥʢʦʚ ʠʣʠ ʜʨʫʛʠʭ ʙʳʪʦʚʳʭ ʫʩʪʨʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʟʘʢʘʟʘʪʴ 
ʦʪʢʫʜʘ-ʪʦ ʩʣʠʰʢʦʤ ʜʦʨʦʛʦ ʠʣʠ ʜʦʣʛʦ. ʋʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ï ʵʪʦ 3D ʧʝʯʘʪʴ. 

ʇʨʦʙʣʝʤʘ: ʅʫʞʜʘ ʨʳʥʢʘ ʚ ʜʝʰʝʚʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʠ 
ʤʘʢʝʪʦʚ, ʜʦʩʪʫʧʥʦʤ ʟʜʝʩʴ ʠ ʩʝʡʯʘʩ. 

ɻʠʧʦʪʝʟʘ: ɺ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʩʝ ʨʘʟʣʠʯʥʳʭ ʜʝʪʘʣʝʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʣʶʜʠ 
ʚʦʟʨʘʩʪʦʤ 16 ï 40 ʣʝʪ, ʥʦ ʙʦʣʴʰʫʶ ʠʥʠʮʠʘʪʠʚʫ ʧʨʦʷʚʣʷʶʪ ʤʫʞʯʠʥʳ 20-35 ʣʝʪ. 

ʎʝʣʴ: ʩʦʟʜʘʪʴ ʩʝʨʚʠʩ 3D ʧʝʯʘʪʠ ʥʘ ʟʘʢʘʟ. 
 ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
¶ ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʤʝʶʱʠʝʩʷ ʧʨʝʜʣʦʞʝʥʠʷ ʥʘ ʨʳʥʢʝ 3D ʧʝʯʘʪʠ 
¶ ʆʮʝʥʠʪʴ ʘʢʪʫʘʣʴʥʦʩʪʴ ʩ ʧʦʤʦʱʴʶ ʩʦʮʠʘʣʴʥʦʛʦ ʦʧʨʦʩʘ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ. 
¶ ʆʮʝʥʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʦʙʦʨʫʜʦʚʘʥʠʷ 
¶ ʈʘʩʩʯʠʪʘʪʴ ʬʠʥʘʥʩʦʚʳʡ ʧʣʘʥ ʠ ʨʠʩʢʠ ʧʨʦʝʢʪʘ 
¶ ʉʦʟʜʘʪʴ ʧʣʘʥ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʠ ʣʠʢʚʠʜʘʮʠʠ ʙʠʟʥʝʩʘ 
ʉʙʦʨ ʠʥʬʦʨʤʘʮʠʠ 
¶ ɸʥʘʣʠʟ ʣʫʯʰʠʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʩʝʨʚʠʩʦʚ ʧʦ 3D ʧʝʯʘʪʠ 
¶ ʇʨʦʚʝʜʝʥʠʝ ʩʦʮʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʨʦʩʘ ʩʨʝʜʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ 
¶ ʇʨʦʩʤʦʪʨ ʘʥʘʣʠʪʠʢʠ ʨʳʥʢʘ 3D ʧʝʯʘʪʠ ʩ ʥʘʯʘʣʘ ʜʝʩʷʪʠʣʝʪʠʷ 
ʉʧʠʩʦʢ ʩʝʨʚʠʩʦʚ ʧʦ 3D ʧʝʯʘʪʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʜʣʷ ʩʙʦʨʘ ʠʥʬʦʨʤʘʮʠʠ: 
1. 3D-ʧʝʯʘʪʴ ʜʣʷ ʙʠʟʥʝʩʘ sales@metrica3d.ru ʊʦʤʩʢ ʫʣ. ʉʠʙʠʨʩʢʘʷ, ʜ. 40, 
2. asteri-3d ʛ. ʊʦʤʩʢ, ʫʣ. 79 ɻʚʘʨʜʝʡʩʢʦʡ ɼʠʚʠʟʠʠ, ʜʦʤ 6 
3. 3DCORP ʛ. ʊʦʤʩʢ, ʫʣ ɺʝʨʰʠʥʠʥʘ 43 
4. Softmotion New York, Madison Avenue, 550 
5. CubicPrints ʄʦʩʢʚʘ, ʫʣ. ɻʦʜʦʚʠʢʘ, ʜ. 9, ʩʪʨ. 1, 1.25 
ʆʩʥʦʚʥʳʝ ʚʳʚʦʜʳ 
¶ ʆʢʦʣʦ 65% ʦʧʨʦʰʝʥʥʳʭ ʭʦʪʝʣʠ ʙʳ ʨʘʩʧʝʯʘʪʘʪʴ ʧʨʝʜʤʝʪ ʠʟ ʩʚʦʠʭ ʣʶʙʠʤʳʭ ʠʛʨ, 
ʩʝʨʠʘʣʦʚ ʠʣʠ ʬʠʣʴʤʦʚ 

¶ ɹʦʣʝʝ 30% ʦʧʨʦʰʝʥʥʳʭ ʭʦʪʝʣʠ ʙʳ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʫʩʣʫʛʘʤʠ ʩʝʨʚʠʩʘ ʜʣʷ 
ʙʳʪʦʚʦʛʦ ʨʝʤʦʥʪʘ 

¶ 90% ʦʧʨʦʰʝʥʥʳʭ ʥʠʢʦʛʜʘ ʨʘʥʝʝ ʥʝ ʩʣʳʰʘʣʠ ʦ 3D ʧʝʯʘʪʠ ʥʘ ʟʘʢʘʟ 
¶ 45% ʦʪ ʨʘʥʝʝ ʥʝ ʦʩʚʝʜʦʤʣʝʥʥʳʭ ʦ 3D ʧʝʯʘʪʠ ʧʨʦʷʚʠʣʠ ʠʥʪʝʨʝʩ ʢ ʩʝʨʚʠʩʫ 
¶ ʉʨʝʜʥʠʡ ʯʝʢ ʨʦʩʩʠʡʩʢʠʭ ʩʝʨʚʠʩʦʚ ʧʦ 3D ʩʦʩʪʘʚʣʷʝʪ 4000 ʨʫʙʣʝʡ 
¶ ʉʨʝʜʥʷʷ ʮʝʥʘ ʟʘ 1 ʩʤ^3 ʧʣʘʩʪʠʢʘ ʩʦʩʪʘʚʣʷʝʪ: ABS 12 ʨʫʙ., PLA/PLA+ 15 ʨʫʙ., PETG 
15 ʨʫʙ. 

¶ ʂ 2030 ʛʦʜʫ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 23% ʨʦʩʪ ʨʳʥʢʘ 3D ʧʝʯʘʪʠ 
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ʅʝʦʙʭʦʜʠʤʦʝ ʨʘʙʦʯʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 
 ʊʨʝʙʦʚʘʥʠʷ ʢ ʨʘʙʦʯʝʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ: 
¶ ʅʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʘʨʝʥʜʳ 
¶ ɹʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʢ ʧʫʥʢʪʫ ʚʳʜʘʯʠ ʤʘʨʢʝʪʧʣʝʡʩʘ 
¶ ɼʦʩʪʘʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʜ ʨʘʟʤʝʱʝʥʠʝ 10 3D ʧʨʠʥʪʝʨʦʚ ʠ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ 
¶ ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ 4000ɺʪ ʤʦʱʥʦʩʪʠ ʧʦʜ ʧʠʪʘʥʠʝ 3D ʧʨʠʥʪʝʨʦʚ ʠ ʧʨʦʯʝʛʦ 
ʦʙʦʨʫʜʦʚʘʥʠʷ. 

 

 
 

ʈʠʩʫʥʦʢ 1 ï ʧʨʠʤʝʨ ʨʘʙʦʯʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 3D ʧʝʯʘʪʠ ʥʘ ʟʘʢʘʟ 
 

 
ʈʠʩʫʥʦʢ 2 ï çʉʪʘʪʠʩʪʠʢʘ ʩʪʦʠʤʦʩʪʠ ʘʨʝʥʜʳ ʧʦʜʭʦʜʷʱʠʭ ʚʘʨʠʘʥʪʦʚè 
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ʈʠʩʢʠ ʧʨʦʝʢʪʘ 
 

 
 

ʈʠʩʫʥʦʢ 3 ï ʈʠʩʢʠ ʠ ʠʭ ʨʝʰʝʥʠʷ 
 
ʇʣʘʥ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ 
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ʈʠʩʫʥʦʢ 4 ïʇʣʘʥ ʨʘʟʚʠʪʠʷ ʙʠʟʥʝʩʘ 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʠ ʣʠʢʚʠʜʘʮʠʷ ʙʠʟʥʝʩʘ 
 ɽʜʠʥʩʪʚʝʥʥʦʡ ʥʘʯʘʣʴʥʦʡ ʠʥʚʝʩʪʠʮʠʝʡ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ 
ʟʘʢʫʧʢʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɿʘʢʫʧʘʪʴʩʷ ʙʫʜʝʪ ʩʣʝʜʫʶʱʝʝ ʦʙʦʨʫʜʦʚʘʥʠʝ: 7 3D ʧʨʠʥʪʝʨʦʚ 
Creality K1C ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ 65.000 ʨʫʙ./ʰʪ. ʠ ʦʜʠʥ ʨʘʙʦʯʠʡ 
ʢʦʤʧʴʶʪʝʨ ʩʪʦʠʤʦʩʪʴʶ 60.000 ʨʫʙ. ʉʫʤʤʘʨʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʚʣʦʞʝʥʠʡ: 515.000 
ʨʫʙʣʝʡ. 
 ɺ ʩʣʫʯʘʝ ʬʦʨʩʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠʣʠ ʥʠʟʢʦʡ ʜʦʭʦʜʥʦʩʪʠ ʧʨʦʝʢʪʘ, 
ʚʳʥʫʞʜʘʶʱʠʭ ʣʠʢʚʠʜʠʨʦʚʘʪʴ ʙʠʟʥʝʩ ʤʦʞʥʦ ʧʨʦʜʘʪʴ ʨʘʥʝʝ ʟʘʢʫʧʣʝʥʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦ ʥʠʟʫ ʨʳʥʢʘ ʥʘ ʩʪʦʨʦʥʥʠʭ ʧʣʦʱʘʜʢʘʭ ʪʘʢʠʭ ʢʘʢ ɸʚʠʪʦ ʠʣʠ ʖʣʘ, ʯʪʦ 
ʛʘʨʘʥʪʠʨʫʝʪ ʚʦʟʚʨʘʱʝʥʠʝ 55-65% ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʚʣʦʞʝʥʠʡ. 
ɿʘʢʣʶʯʝʥʠʝ 

ʇʦ ʨʝʟʫʣʴʪʘʪʳ ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʦʧʨʦʩʦʚ ʮʝʣʝʚʦʡ ʘʫʜʠʪʦʨʠʠ ʠ ʘʥʘʣʠʟʫ ʨʳʥʢʘ 
3D ʧʝʯʘʪʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʧʦʢʫʧʘʪʝʣʴ ʟʘʠʥʪʝʨʝʩʦʚʘʥ ʚ ʧʦʜʦʙʥʦʤ 
ʩʝʨʚʠʩʝ ʠ ʛʦʪʦʚ ʪʨʘʪʠʪʴ ʜʝʥʴʛʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʚʦʠʭ ʧʨʦʝʢʪʦʚ. ʆʮʝʥʢʘ ʚʩʝʭ ʨʠʩʢʦʚ ʠ 
ʩʘʤʳʭ ʭʫʜʰʠʭ ʧʨʦʛʥʦʟʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʫʤʤʘ ʫʙʳʪʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ 
350 ʪʳʩʷʯ ʨʫʙʣʝʡ. ʇʦʜʚʦʜʷ ʠʪʦʛ ʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ ʩʝʨʚʠʩʘ 3D ʧʝʯʘʪʠ ʥʘ ʟʘʢʘʟ 
ʜʦʢʘʟʘʣ ʩʚʦʶ ʨʝʣʝʚʘʥʪʥʦʩʪʴ, ʠ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʙʫʜʫʱʝʝ ʨʘʟʚʠʪʠʝ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
1. Softmotion, ʅʴʶ-ʁʦʨʢ ï ʟʘʨʫʙʝʞʥʘʷ ʧʨʘʢʪʠʢʘ ʩʝʨʚʠʩʘ ʧʦ 3D ʧʝʯʘʪʠ: 

https://www.softmotion3d.com/  
2. ɸʥʘʣʠʪʠʢʘ ʨʳʥʢʘ 3D ʧʝʯʘʪʠ: https://exactitudeconsultancy.com/ 
3. 3DCORP, ʊʦʤʩʢ ï ʤʝʩʪʥʘʷ ʧʨʘʢʪʠʢʘ 3ɺ ʧʝʯʘʪʠ: https://3dcorp.ru/print.html 
4. Cubicprints, ʄʦʩʢʚʘ ïʩʪʦʣʠʯʥʘʷ ʧʨʘʢʪʠʢʘ 3D ʧʝʯʘʪʠ: https://www.cubicprints.ru/3d-
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ʋʉʊʈʆʁʉʊɺʆ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ   
ʋʏɽʊɸ ʀ ɺʓɼɸʏʀ ʇʈɽɼʄɽʊʆɺ  
ʈʦʥʞʠʥ ʄʠʭʘʠʣ, ʂʫʣʴʢʦʚ ɸʣʝʢʩʘʥʜʨ 

ʄɸʆʋ ɸʢʘʜʝʤʠʯʝʩʢʠʡ ʣʠʮʝʡ ʠʤ. ɻ.ɸ. ʇʩʘʭʴʝ, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ  
ʄɹʆʋ ʣʠʮʝʡ ʧʨʠ ʊʇʋ ʛ. ʊʦʤʩʢʘ, 10 ʢʣʘʩʩ, ʛ. ʊʦʤʩʢ  

ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʳʚʰʝʥʢʦ ɸʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ, ʧʝʜʘʛʦʛ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ 
ʦʙʨʘʟʦʚʘʥʠʷ, ɸʅʆ ɼʆ ɼʝʪʩʢʦʛʦ ʪʝʭʥʦʧʘʨʢʘ ñʂʚʘʥʪʦʨʠʫʤò 

 
ɺ ʣʶʙʦʡ ʦʪʨʘʩʣʠ ʨʝʘʣʴʥʦʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʨʘʙʦʪ ʧʦ-ʧʨʝʞʥʝʤʫ ʚʳʧʦʣʥʷʝʪʩʷ ʚʨʫʯʥʫʶ. ɺʩʸ ʯʘʱʝ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʜʣʷ 
ʫʚʝʣʠʯʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ ʥʝʦʙʭʦʜʠʤʦ 
ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʦʩʪʨʝʙʦʚʘʥʥʳʤ ʨʝʰʝʥʠʝʤ ʧʦ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʫʜʝʪ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ "ɹʝʨʝʞʣʠʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ" [1] ʚ ʩʠʩʪʝʤʫ 
ʨʫʪʠʥʥʳʭ ʨʫʯʥʳʭ ʦʧʝʨʘʮʠʡ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʝʢʪʘ ʦʙʫʩʣʦʚʣʝʥʘ ʦʪʩʫʪʩʪʚʠʝʤ ʫʩʪʨʦʡʩʪʚ ʩʧʦʩʦʙʥʳʭ ʚʝʩʪʠ 
ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʫʯʝʪ ʠ ʩʦʨʪʠʨʦʚʢʫ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʯʪʦ ʫʩʣʦʞʥʷʝʪ 
ʚʝʜʝʥʠʝ ʫʯʝʪʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ 
ʫʢʘʟʘʥʥʳʭ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʩʥʠʞʝʥʠʝ ʧʦʪʝʨʴ 
ʨʘʩʭʦʜʥʳʭ ʜʝʪʘʣʝʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʙʦʪ, ʠ ʢʘʢ ʠʪʦʛ, ʩʥʠʞʝʥʠʝ ʠʭ ʩʝʙʝʩʪʦʠʤʦʩʪʠ.  

ʆʩʥʦʚʥʦʡ ʮʝʣʴʶ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚ ʤʘʩʩʦʚʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʫʩʪʨʦʡʩʪʚʘ, ʩʧʦʩʦʙʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʥʦ ʚʳʜʘʚʘʪʴ ʨʘʙʦʯʠʝ ʜʝʪʘʣʠ ʠ 

https://www.softmotion3d.com/
https://exactitudeconsultancy.com/
https://3dcorp.ru/print.html
https://www.cubicprints.ru/3d-pechat
https://www.cubicprints.ru/3d-pechat
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ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʳʜʘʯʠ ʩ ʦʪʨʘʞʝʥʠʝʤ ʦʧʝʨʘʮʠʡ 
ʚ ʨʝʩʫʨʩʥʦʡ ʙʘʟʝ ʥʘ ʦʩʥʦʚʝ ñExcelò [2]. ɺʥʝʜʨʝʥʠʝ ʫʩʪʨʦʡʩʪʚʘ ʩʧʦʩʦʙʥʦ ʧʨʠʥʝʩʪʠ 
ʟʥʘʯʠʪʝʣʴʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʘʩʯʸʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ 
ʥʝʦʙʦʩʥʦʚʘʥʥʳʭ ʧʦʪʝʨʴ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʋʩʪʨʦʡʩʪʚʦ (ʧʨʦʝʢʪ) ʨʝʰʠʪ ʟʘʜʘʯʠ: 
- ʫʯʝʪʘ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʦʩʥʦʚʝ ʪʦʯʥʦʩʪʠ, ʠʥʪʝʛʨʘʣʴʥʦʡ ʧʦʣʥʦʪʳ, 
ʩʠʩʪʝʤʥʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ, ʦʙʲʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʠ ʥʘ ʬʘʢʪʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ; 
- ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʠʩʢʣʶʯʝʥʠʝ 
ʩʠʪʫʘʮʠʡ ʠʭ ʜʝʬʠʮʠʪʘ ʠʣʠ ʠʟʣʠʰʢʦʚ; 
- ʦʙʝʩʧʝʯʝʥʠʷ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʟʘʪʨʘʪʳ ʚ 
ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ; 
- ʵʢʦʥʦʤʠʠ ʨʝʩʫʨʩʦʚ ʠ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʦʚʘʨʦʚ ʠ 
ʫʩʣʫʛ; 
- ʠ ʥʘʢʦʥʝʮ, ʩʦʙʩʪʚʝʥʥʦ, ʤʘʨʢʝʪʠʥʛʦʚʳʡ ʵʬʬʝʢʪ (ʦʨʛʘʥʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʟʜʘʥʠʝ 
ʨʘʙʦʯʠʭ ʤʝʩʪ, ʧʦʣʫʯʝʥʠʝ ʧʨʠʙʳʣʠ) ʦʪ ʚʳʚʦʜʘ ʥʘ ʨʳʥʦʢ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ.  

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʟʣʠʯʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʜʝʪʘʣʝʡ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʧʨʠ ʩʦʟʜʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʪʦʚʘʨʦʚ, 
ʧʨʦʝʢʪʦʚ ʠ ʫʩʣʫʛ, ʯʪʦ ʜʝʣʘʝʪ ʢʨʫʛ ʚʦʟʤʦʞʥʳʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠ ʩʪʝʡʢʭʦʣʜʝʨʦʚ ʚʝʩʴʤʘ 
ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʠ ʰʠʨʦʢʠʤ. ɿʘʢʘʟʯʠʢʦʤ ʠ ʩʫʙʲʝʢʪʦʤ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʠ 
ʥʘʩʪʦʷʱʝʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ɸʆ çʉʠʙʢʘʙʝʣʴè (ʛ. ʊʦʤʩʢ) [3]. 
ʇʨʷʤʳʭ ʘʥʘʣʦʛʦʚ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʯʝʪʘ ʠ ʚʳʜʘʯʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ, ʜʝʪʘʣʝʡ, ɿʀʇ, ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʠ ʜʨʫʛʠʭ ʤʘʪʝʨʠʘʣʦʚ 
ʚ ʨʝʩʫʨʩʥʦʡ ʠʥʪʝʨʥʝʪ ï ʩʝʪʠ ʥʝ ʥʘʡʜʝʥʦ. ʧʦʵʪʦʤʫ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʦʭʦʞʠʝ 
ʫʩʪʨʦʡʩʪʚʘ ʠʟ ʩʤʝʞʥʳʭ ʦʙʣʘʩʪʝʡ.  

ʇʦʩʪʘʤʘʪ ʆʟʦʥʘ [4] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʪʝʨʤʠʥʘʣ, 
ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʜʘʯʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʠʥʪʝʨʥʝʪ - ʤʘʛʘʟʠʥʝ, ʧʦʩʳʣʦʢ. 
ɺʥʝʰʥʝ ʧʦʩʪʘʤʘʪ ʚʳʛʣʷʜʠʪ ʢʘʢ ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ ʩ ʜʠʩʧʣʝʝʤ, ʢʦʪʦʨʘʷ ʦʪʢʨʳʚʘʝʪ 
ʥʝʦʙʭʦʜʠʤʫʶ ʷʯʝʡʢʫ ʧʨʠ ʚʚʝʜʝʥʠʠ ʮʠʬʨʦʚʦʛʦ ʢʦʜʘ. 

ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʜʘʥʥʦʛʦ ʧʦʩʪʘʤʘʪʘ ʷʚʣʷʝʪʩʷ ʫʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʭʨʘʥʝʥʠʷ, ʢʫʜʘ 
ʤʦʞʥʦ ʧʦʤʝʱʘʪʴ ʧʨʝʜʤʝʪʳ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʤʝʨʘ, ʪʘʢʞʝ ʫʜʦʙʥʘʷ ʩʠʩʪʝʤʘ ʧʦʣʫʯʝʥʠʷ 
ʪʦʚʘʨʘ: ʥʫʞʥʦ ʪʦʣʴʢʦ ʚʚʝʩʪʠ ʮʠʬʨʦʚʦʡ ʢʦʜ ʠ ʧʦʩʪʘʤʘʪ ʩʘʤ ʦʪʢʨʦʝʪ ʥʫʞʥʫʶ ʜʚʝʨʮʫ.  

ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʪʦ, ʯʪʦ ʧʦʩʪʘʤʘʪ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 
ʢʨʘʪʢʦʩʨʦʯʥʦʛʦ ʭʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʩʳʣʦʢ. ʆʥ ʥʝ ʤʦʞʝʪ ʦʪʩʣʝʜʠʪʴ, ʢʪʦ ʥʘ ʩʘʤʦʤ 
ʜʝʣʝ ʟʘʙʨʘʣ ʧʦʩʳʣʢʫ ʠ ʫ ʥʝʛʦ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʦʪʩʣʝʞʠʚʘʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʚʟʷʪʳʭ 
ʜʝʪʘʣʝʡ, ʧʦʵʪʦʤʫ ʧʦʩʪʘʤʘʪ ʥʝ ʧʦʜʦʰʝʣ ʙʳ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʨʦʙʣʝʤʳ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʜʠʢʘʤʝʥʪʦʚ ʜʣʷ ʣʝʢʘʨʩʪʚ 
PyxisÊ MedStationÊ ES [5] ʧʦʤʦʛʘʝʪ ʚʨʘʯʘʤ ʙʝʟʦʧʘʩʥʦ ʠ ʵʬʬʝʢʪʠʚʥʦ ʚʳʜʘʚʘʪʴ 
ʥʫʞʥʳʝ ʣʝʢʘʨʩʪʚʘ ʜʣʷ ʥʫʞʥʳʭ ʧʘʮʠʝʥʪʦʚ ʚ ʥʫʞʥʦʝ ʚʨʝʤʷ. ʆʥʘ ʦʩʥʘʱʝʥʘ ʷʯʝʡʢʘʤʠ 
ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʭʨʘʥʠʪʴ ʚ ʥʝʡ ʧʨʝʜʤʝʪʳ ʨʘʟʣʠʯʥʳʭ ʛʘʙʘʨʠʪʦʚ. 
ʊʘʢʞʝ ʦʥʘ ʦʩʥʘʱʝʥʘ ʩʠʩʪʝʤʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʚʳʜʘʯʠ ʣʝʢʘʨʩʪʚ, ʪʦ ʝʩʪʴ ʠʭ 
ʤʦʞʥʦ ʚʟʷʪʴ ʪʦʣʴʢʦ ʧʨʠ ʪʦʤ ʫʩʣʦʚʠʠ, ʯʪʦ ʦʥʠ ʥʘʟʥʘʯʝʥʳ ʜʘʥʥʦʤʫ ʧʘʮʠʝʥʪʫ ʚ ʜʘʥʥʦʡ 
ʜʦʟʠʨʦʚʢʝ. ɽʱʸ ʦʜʥʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʤʦʞʝʪ 
ʦʪʩʣʝʞʠʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʤʝʶʱʠʭʩʷ ʠ ʚʟʷʪʳʭ ʣʝʢʘʨʩʪʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʘ 
ʬʦʨʤʠʨʫʝʪ ʦʪʯʝʪʳ ʦ ʪʦʤ, ʩʢʦʣʴʢʦ ʣʝʢʘʨʩʪʚ ʙʳʣʦ ʧʦʪʨʘʯʝʥʦ ʠ ʢʘʢʠʝ ʠʟ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʧʦʣʥʠʪʴ. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 
ʥʘ ʚʚʝʜʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʨʘʯʦʤ, ʜʘʥʥʳʭ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʠʩʢ 
ʪʦʛʦ, ʯʪʦ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʚʟʷʪʴ ʙʦʣʴʰʝ ʠʣʠ ʤʝʥʴʰʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʝ ʫʩʪʨʘʥʷʝʪʩʷ. 

ɹʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʤʝʜʠʢʘʤʝʥʪʦʚ ʜʣʷ ʣʝʢʘʨʩʪʚ PyxisÊ MedStationÊ ES ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ 
ʘʥʘʣʦʛʦʤ, ʥʦ ʦʥʘ ʥʝ ʤʦʞʝʪ ʠʟʤʝʨʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʟʷʪʳʭ ʧʨʝʜʤʝʪʦʚ, ʧʦʵʪʦʤʫ 
ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʦʙʣʘʜʘʝʪ ʥʦʚʠʟʥʦʡ. ʋ ʥʘʰʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚ ʦʪʣʠʯʠʠ ʦʪ 
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ʘʥʘʣʦʛʦʚ ʠʤʝʝʪʩʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʚʟʷʪʳʭ ʧʨʝʜʤʝʪʦʚ ʧʨʝʜʦʪʚʨʘʱʘʷ 
ʥʝʦʙʦʩʥʦʚʘʥʥʳʝ ʧʦʪʝʨʠ. ʉʪʦʠʤʦʩʪʴ ʥʘʰʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʥʘʣʦʛʦʚ, ʪʘʢʞʝ ʥʝ ʢʘʞʜʳʡ ʘʥʘʣʦʛ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʰʝʛʦ ʠʤʝʝʪ 
ʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʧʦʣʴʟʦʚʘʪʝʣʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʦʚ 
ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʪʘʙʣʠʮʘ 1. 

ʊʘʙʣʠʮʘ 1 - ʊʘʙʣʠʮʘ ʩʨʘʚʥʝʥʠʷ ʘʥʘʣʦʛʦʚ 

 

ʇʨʦʮʝʩʩ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣ ʨʘʟʜʝʣʝʥ ʥʘ ʩʣʝʜʫʶʱʠʝ ʵʪʘʧʳ 
- ʇʦʜʛʦʪʦʚʠʪʝʣʴʥʳʡ. 
- 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ. 
- ʇʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ. 
- ʉʙʦʨʢʘ. 
- ʇʦʠʩʢ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. 
- ɺʳʧʫʩʢ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʀʟ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ: 

¶ ɸʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ HX711;  

¶ ʪʝʥʟʦʜʘʪʯʠʢ ʚʳʩʦʢʦʪʦʯʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʩʘ ʜʦ 3 ʢʛ.; 

¶ arduino Mega 2560; 

¶ ʤʘʪʨʠʯʥʘʷ ʢʣʘʚʠʘʪʫʨʘ 4Ĭ4; 

¶ RFID-ʤʦʜʫʣʴ PN532 NFC; 

¶ ʩʠʤʚʦʣʴʥʳʡ ʜʠʩʧʣʝʡ LCD 1602; 

¶ ʉʝʨʚʦʧʨʠʚʦʜ Futaba S3003; 

¶ ʬʘʥʝʨʘ; 

¶ 3D ʧʣʘʩʪʠʢ; 

¶ ʢʦʨʧʫʩ; 

¶ ʢʦʤʧʴʶʪʝʨ. 
ɺʥʝʰʥʠʡ ʚʠʜ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʭʨʘʥʝʥʠʷ ʩ ʷʱʠʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ. ʇʦʩʝʨʝʜʠʥʝ ʥʘʭʦʜʠʪʩʷ ʜʠʩʧʣʝʡ ʠ ʩʢʘʥʝʨ 
RFID-ʢʘʨʪ [6]. ʇʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʦʪʩʢʘʥʠʨʦʚʘʪʴ ʩʚʦʶ ʢʘʨʪʫ ʠ ʥʘ ʜʠʩʧʣʝʝ ʚʳʚʝʜʫʪʩʷ 
ʜʦʩʪʫʧʥʳʝ ʝʤʫ ʧʨʝʜʤʝʪʳ. ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʨʘʪʴ ʪʠʧ ʧʨʝʜʤʝʪʦʚ ʠ ʝʛʦ 
ʢʦʣʠʯʝʩʪʚʦ, ʧʦʩʣʝ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʩʘʤʘ ʦʪʢʨʦʝʪ ʥʫʞʥʳʝ ʝʤʫ ʷʱʠʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʨʦʚʝʜʝʥʠʝ ʦʧʝʨʘʮʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ ʉʂʋɼ [7] (ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 
ʜʦʩʪʫʧʦʤ). ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ 3D-ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ. 

ʇʘʨʘʤʝʪʨ ʩʨʘʚʥʝʥʠʷ ʇʦʩʪʘʤʘʪ ʉʠʩʪʝʤʘ ʚʳʜʘʯʠ ʣʝʢʘʨʩʪʚ 

ʉʪʦʠʤʦʩʪʴ 900 000 ʨʫʙ. 1 600 000 ʨʫʙ. 

ʈʘʟʥʦʦʙʨʘʟʠʝ ʷʱʠʢʦʚ  ʝʩʪʴ ʝʩʪʴ 

ʀʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʫʯʘʪʝʣʷ ʥʝʪ ʝʩʪʴ 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʥʝʪ ʥʝʪ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ʝʩʪʴ, ʥʦ ʥʝ ʪʦ 
ʥʘʟʥʘʯʝʥʠʝ 

ʝʩʪʴ  
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ʈʠʩʫʥʦʢ 1 - 3D-ʤʦʜʝʣʴ ʫʩʪʨʦʡʩʪʚʘ 

 
ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʩʪʘʣʘ ʦʩʥʦʚʦʡ ʠʥʞʝʥʝʨʥʦʛʦ ʨʝʰʝʥʠʷ ʧʨʦʝʢʪʘ. 

ɻʣʘʚʥʳʤ ʦʨʛʘʥʦʤ ʫʧʨʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ, ʦʥ ʦʪʜʘʝʪ ʢʦʤʘʥʜʳ 
ʠʩʧʦʣʥʠʪʝʣʴʥʦʤʫ ʦʨʛʘʥʫ, ʢʦʪʦʨʳʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʦʪʢʨʳʪʠʷ ʷʱʠʢʦʚ, ʩʦʙʠʨʘʝʪ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝ ʚʟʷʪʳʭ ʠ ʠʤʝʶʱʠʭʩʷ ʧʨʝʜʤʝʪʦʚ (ʠʥʩʪʨʫʤʝʥʪʦʚ) ʚ ʷʱʠʢʘʭ 
ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʢʦʥʪʨʦʣʷ. ʊʘʢʞʝ ʙʣʘʛʦʜʘʨʷ ʩʢʘʥʝʨʫ RFID 
ʫʩʪʨʦʡʩʪʚʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʧʝʨʝʜʘʝʪ ʠʥʬʦʨʤʘʮʠʶ ʚ ʙʘʟʫ ʜʘʥʥʳʭ, 
ʧʦʩʣʝ ʵʪʦʛʦ ʩʠʩʪʝʤʘ ʩʘʤʘ ʦʪʢʨʦʝʪ ʥʫʞʥʳʝ ʝʤʫ ʷʱʠʢʠ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʠʟʦʙʨʘʞʝʥʘ 
ʥʘ ʨʠʩʫʥʢʝ 2. 
 

 
ʈʠʩʫʥʦʢ 2 - ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ 

 
 ʂʦʛʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʳʙʨʘʣ ʜʦʩʪʫʧʥʫʶ ʝʤʫ ʜʝʪʘʣʴ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʠʭ ʢʦʣʠʯʝʩʪʚʦ. ɼʘʣʝʝ ʧʨʦʛʨʘʤʤʘ ʥʘʡʜʸʪ ʥʫʞʥʳʡ ʧʨʝʜʤʝʪ ʠ ʦʪʢʨʦʝʪ 
ʟʘʤʦʢ ʷʱʠʢʘ, ʛʜʝ ʦʥ ʣʝʞʠʪ. ɿʘʪʝʤ ʧʦʣʴʟʦʚʘʪʝʣʴ ʙʝʨʝʪ ʥʫʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʝʜʤʝʪʦʚ 
ʠ ʟʘʢʨʳʚʘʝʪ ʷʱʠʢ. ɽʩʣʠ ʧʦʣʴʟʦʚʘʪʝʣʴ ʚʟʷʣ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʛʨʘʤʤʘ ʩ 
ʧʦʤʦʱʴʶ ʪʝʥʟʦʜʘʪʯʠʢʘ ʦʧʨʝʜʝʣʠʪ ʢʦʣʠʯʝʩʪʚʦ ʚʟʷʪʳʭ ʝʜʠʥʠʮ ʠ ʟʘʧʠʰʝʪ ʥʘ ʩʯʸʪ 
ʧʦʣʴʟʦʚʘʪʝʣʷ. ɸʜʤʠʥʠʩʪʨʘʪʦʨ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʩʪʘʚʣʷʪʴ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ 
ʣʠʤʠʪ ʧʨʝʜʤʝʪʦʚ, ʘ ʪʘʢʞʝ ʩʣʝʜʠʪʴ ʟʘ ʠʭ ʚʟʷʪʳʤ ʢʦʣʠʯʝʩʪʚʦʤ. ʂʦʛʜʘ ʚ ʫʩʪʨʦʡʩʪʚʝ 
ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʡ ʘʩʩʦʨʪʠʤʝʥʪ, ʧʨʦʛʨʘʤʤʘ ʦʧʦʚʝʩʪʠʪ ʘʜʤʠʥʠʩʪʨʘʪʦʨʘ ʦʙ 
ʵʪʦʤ. ɿʘʪʝʤ ʘʜʤʠʥʠʩʪʨʘʪʦʨʫ ʥʫʞʥʦ ʧʦʣʦʞʠʪʴ ʥʦʚʳʝ ʧʨʝʜʤʝʪʳ ʚ ʫʩʪʨʦʡʩʪʚʦ. 

ʊʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʠʩʧʦʣʴʟʫʝʤʦʡ 
ʧʨʝʜʧʨʠʷʪʠʝʤ - ʟʘʢʘʟʯʠʢʦʤ, ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʩʥʠʞʝʥʠʝ ʚʨʝʤʝʥʥʳʭ 
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ʟʘʪʨʘʪ ʥʘ ʦʧʝʨʘʮʠʠ, ʩʥʠʞʝʥʠʝ ʨʝʩʫʨʩʥʳʭ ʟʘʪʨʘʪ ʠ ʫʣʫʯʰʝʥʠʝ ʫʩʣʦʚʠʡ ʪʨʫʜʘ ʜʦʣʞʥʳ 
ʧʨʠʥʝʩʪʠ ʦʱʫʪʠʤʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʠʝ ʪʝʭʥʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʪʝʢʫʱʠʤ ʠʤʧʝʨʘʪʠʚʦʤ ʧʨʦʝʢʪʘ, ʪʨʝʙʫʶʱʝʛʦ 
ʦʧʝʨʘʪʠʚʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʪʠʤʠʟʘʮʠʷ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʣʝʟʥʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʧʨʦʤʳʰʣʝʥʥʳʭ 
ʧʣʦʱʘʜʦʢ (ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ), ʫʤʝʥʴʰʝʥʠʝ ʧʝʨʩʦʥʘʣʘ, ʟʘʜʝʡʩʪʚʦʚʘʥʥʦʛʦ ʥʘ ʨʘʙʦʪʝ ʩ 
ʠʥʩʪʨʫʤʝʥʪʦʤ (ʩʥʠʞʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʨʘʚʤʘʪʠʟʤʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 
ʦʙʦʩʥʦʚʘʥʠʷ ʤʳ ʧʦʣʫʯʠʣʠ ʪʘʙʣʠʮʘ 2. 

 
ʊʘʙʣʠʮʘ 2 - ʕʢʦʥʦʤʠʢʘ ʧʨʦʝʢʪʘ 

ʋʩʣʫʛʠ ʠ ʪʦʚʘʨʳ ʉʪʦʠʤʦʩʪʴ 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ HX711 100 ʨ. 

ʪʝʥʟʦʜʘʪʯʠʢ ʚʳʩʦʢʦʪʦʯʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʝʩʘ ʜʦ 3 ʢʛ. 500 ʨ. 

arduino Mega 2560 2300 ʨ. 

ʤʘʪʨʠʯʥʘʷ ʢʣʘʚʠʘʪʫʨʘ 4Ĭ4 300 ʨ. 

RFID-ʤʦʜʫʣʴ PN532 NFC 600 ʨ. 

ʩʠʤʚʦʣʴʥʳʡ ʜʠʩʧʣʝʡ LCD 1602 500 ʨ. 

ʉʝʨʚʦʧʨʠʚʦʜ Futaba S3003 2400 ʨ. 

ʬʘʥʝʨʘ 3000 ʨ. 

ʀʪʦʛ 970 ʨ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʥʘʜ ʧʨʦʝʢʪʦʤ ʙʳʣ ʩʜʝʣʘʥ ʨʘʙʦʪʘʶʱʠʡ ʤʘʢʝʪ ʫʩʪʨʦʡʩʪʚʘ. 
ɼʘʣʴʥʝʡʰʠʤ ʵʪʘʧʦʤ ʙʫʜʝʪ ʩʦʟʜʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ʫʩʪʨʦʡʩʪʚʘ ʠ ʧʦʠʩʢʠ ʩʧʦʩʦʙʘ 
ʚʳʚʝʜʝʥʠʷ ʝʛʦ ʚ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ: 

 
1. ɹʝʨʝʞʣʠʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 

https://ru.wikipedia.org/wiki/ɹʝʨʝʞʣʠʚʦʝ_ʧʨʦʠʟʚʦʜʩʪʚʦ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
16.03.24 ʛ.) 

2. Microsoft Excel. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/Microsoft_Excel (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 16.03.24 ʛ.) 

3. ɸʢʮʠʦʥʝʨʥʦʝ ʆʙʱʝʩʪʚʦ ʉʠʙʢʘʙʝʣʴ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://sibkabel.ru/ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 16.03.24 ʛ.) 

4. ʇʦʩʪʘʤʘʪ ʆʟʦʥʘ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.sravni.ru/enciklopediya/info/kak-
zabrat-posylku-postamat-ozon/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.03.24 ʛ. 

5. PyxisÊ MedStationÊ ES. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://www.bd.com/en-
uk/offerings/capabilities/medication-management/point-of-care/pyxis-medstation-es 
(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 16.03.24 ʛ.) 

6. RFID. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: https://ru.wikipedia.org/wiki/RFID (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
16.03.24 ʛ.) 

7. ʉʂʋɼ. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://ru.wikipedia.org/wiki/ʉʠʩʪʝʤʘ_ʢʦʥʪʨʦʣʷ_ʠ_ʫʧʨʘʚʣʝʥʠʷ_ʜʦʩʪʫʧʦʤ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 16.03.24 ʛ.) 

https://ru.wikipedia.org/wiki/%D0%91%D0%B5%D1%80%D0%B5%D0%B6%D0%BB%D0%B8%D0%B2%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/Microsoft_Excel
https://sibkabel.ru/
https://www.sravni.ru/enciklopediya/info/kak-zabrat-posylku-postamat-ozon/
https://www.sravni.ru/enciklopediya/info/kak-zabrat-posylku-postamat-ozon/
https://www.bd.com/en-uk/offerings/capabilities/medication-management/point-of-care/pyxis-medstation-es
https://www.bd.com/en-uk/offerings/capabilities/medication-management/point-of-care/pyxis-medstation-es
https://ru.wikipedia.org/wiki/RFID
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8F_%D0%B8_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D1%8F_%D0%B4%D0%BE%D1%81%D1%82%D1%83%D0%BF%D0%BE%D0%BC
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ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʇɸʈɸɹʆʃʀʏɽʉʂʀʍ ɿɽʈʂɸʃ ɼʃʗ ʀʉʇʆʃʔɿʆɺɸʅʀʗ ʇʈʀ 
ʈɽɻʀʉʊʈɸʎʀʀ ʀɿʃʋʏɽʅʀʗ ɺ ɻɻʮ ɼʀɸʇɸɿʆʅɽ ʏɸʉʊʆʊ 

ɹʘʡʜʠʥ ʌʘʜʜʝʡ, ʐʫʣʴʛʘ ʂʦʥʩʪʘʥʪʠʥ  
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʐʢʠʪʦʚ ɼʤʠʪʨʠʡ ɸʥʜʨʝʝʚʠʯ, ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʀʐʌɺʇ ʊʇʋ 
 

ɺʚʝʜʝʥʠʝ: 
ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ, ʠ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʠʟʫʯʝʥʥʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ ʚ ʩʘʤʳʭ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ 
ʬʠʟʠʢʠ. ʆʜʥʠʤʠ ʠʟ ʧʨʠʙʦʨʦʚ (ʫʩʪʘʥʦʚʦʢ), ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʣʠ 
ʧʦʣʫʯʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʬʝʨʦʤʝʪʨʳ ʠ ʫʩʢʦʨʠʪʝʣʠ 
ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ʀʥʪʝʨʬʝʨʦʤʝʪʨʳ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʙʲʝʢʪʦʚ, ʠʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ, ʥʦ ʠ ʜʣʷ 
ʩʧʝʢʪʨʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʠʟʣʫʯʝʥʠʷ [1]. ʋʩʢʦʨʠʪʝʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʘʪʦʤʥʫʶ 
ʩʪʨʫʢʪʫʨʫ ʚʝʱʝʩʪʚ, ʠʣʠ ʧʨʦʮʝʩʩʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʨʘʟʨʳʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ [2]. 
ʀʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʫʯʢʘʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʫʩʢʦʨʠʪʝʣʷʭ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ, ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʧʘʨʘʤʝʪʨʦʚ ʩ ʧʦʤʦʱʴʶ 
ʠʥʪʝʨʬʝʨʦʤʝʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʩʘʤʠʭ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ʆʜʥʦʡ ʠʟ ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʴʶ ʠʥʪʝʨʬʝʨʦʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʧʘʨʘʙʦʣʠʯʝʩʢʦʝ 
ʟʝʨʢʘʣʦ. ʇʘʨʘʙʦʣʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ 
ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʘ ʟʘʢʘʟ, ʪʘʢ ʢʘʢ ʚʩʝ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʨʘʟʤʝʨʘʤʠ, 
ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʜʘʥʥʦʛʦ ʟʝʨʢʘʣʘ. ʇʨʠ ʵʪʦʤ 
ʩʦʟʜʘʥʠʝ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ ʥʝʧʨʦʩʪʳʤ: ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 
ʚʳʙʨʘʪʴ ʤʘʪʝʨʠʘʣ, ʟʘʪʝʤ ʚʳʨʦʚʥʷʪʴ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦʪʦʤ ʧʨʠʜʘʪʴ ʝʤʫ ʬʦʨʤʫ, ʘ ʧʦʩʣʝ 
ʚʩʝʛʦ ʵʪʦʛʦ ʟʝʨʢʘʣʦ ʪʨʝʙʫʝʪ ʰʣʠʬʦʚʢʠ [3]. ɼʣʷ ʵʪʦʛʦ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʦʝ 
ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʚʳʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʧʳʪʥʳʝ ʨʘʙʦʯʠʝ. ʇʨʠ ʵʪʦʤ ʟʝʨʢʘʣʦ 
ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ, ʠʟ-ʟʘ ʯʝʛʦ ʠʟʛʦʪʦʚʣʝʥʠʝ ʜʘʞʝ ʦʜʥʦʛʦ ʪʘʢʦʛʦ 
ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴ ʥʝʤʘʣʦ ʚʨʝʤʝʥʥʳʭ ʠ ʬʠʥʘʥʩʦʚʳʭ 
ʨʝʩʫʨʩʦʚ. 

ɺ ʢʦʣʣʝʢʪʠʚʝ, ʨʘʙʦʪʘʶʱʝʤ ʥʘ ʤʠʢʨʦʪʨʦʥʝ ʊʇʋ, ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 
ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʠ ʠʜʝʷ ʧʨʠʤʝʥʠʪʴ 
ʘʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʥʘʰʘ ʟʘʜʘʯʘ ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ 
ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʦʘ ʩ ʧʦʤʦʱʴʶ 3ɼ-
ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʢʘʢ ʪʘʢʦʡ ʤʝʪʦʜ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʢʘʢ 
ʚʠʜʠʪʩʷ, ʜʘʩʪ ʧʦʣʥʳʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ ʠʟʛʦʪʦʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʙʫʜʝʪ ʩʪʦʠʪʴ 
ʤʝʥʴʰʠʭ ʟʘʪʨʘʪ.  

ʎʝʣʴʁ ʜʘʥʥʦʛʦ ʧʨʦʝʢʪʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʉɺʏ ʵʣʝʤʝʥʪʦʚ (ʨʘʙʦʪʘʶʱʠʭ ʚ ʉɺʏ 
ʜʠʘʧʘʟʦʥʝ) ʜʣʷ ʬʦʢʫʩʠʨʦʚʢʠ ʢʦʛʝʨʝʥʪʥʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʭʝʤʝ, 
ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ ʧʨʦʜʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ (ʪ.ʝ. ʜʣʠʥʫ) 
ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ. ʇʝʨʝʭʦʜʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
ʢʫʣʦʥʦʚʩʢʦʛʦ ʧʦʣʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʩ ʥʝʢʦʪʦʨʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʥʘʧʨʠʤʝʨ, ʩ 
ʧʣʦʩʢʠʤ ʵʢʨʘʥʦʤ ʥʘ ʧʫʪʠ ʧʫʯʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 

ɿʘʜʘʯʠ ʧʨʦʝʢʪʘ: 
¶ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʦʟʤʦʞʥʳʝ ʤʦʜʝʣʠ ʙʫʜʫʱʠʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ ʟʝʨʢʘʣ ʠ ʚʳʙʨʘʪʴ 
ʦʧʪʠʤʘʣʴʥʳʝ; 

¶ ʧʨʦʚʝʩʪʠ ʧʨʦʚʝʨʢʫ ʜʘʥʥʳʭ 3ɼ ʤʦʜʝʣʝʡ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ; 
¶ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ ʥʘʧʝʯʘʪʘʪʴ ʟʝʨʢʘʣʘ ʥʘ 3ɼ ʧʨʠʥʪʝʨʝ; 
¶ ʧʨʦʚʝʩʪʠ ʧʦʩʪʦʙʨʘʙʦʪʢʫ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʟʝʨʢʘʣ. 

ʊʝʦʨʠʷ: 
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ɺ ʧʨʠʥʮʠʧʝ, ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʟʝʨʢʘʣ, ʩʧʦʩʦʙʥʳʭ ʬʦʢʫʩʠʨʦʚʘʪʴ 
ʠʟʣʫʯʝʥʠʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ: ʩʬʝʨʠʯʝʩʢʠʝ ʚʦʛʥʫʪʳʝ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʝ. ʇʘʨʘʙʦʣʠʯʝʩʢʠʝ 
ʟʝʨʢʘʣʘ ʬʦʢʫʩʠʨʫʶʪ ʚʩʝ ʣʫʯʠ ʧʘʜʘʶʱʝʛʦ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ ʚ ʜʠʬʨʘʢʮʠʦʥʥʦ 
ʦʛʨʘʥʠʯʝʥʥʦʝ ʧʷʪʥʦ (ʥʘʧʨʠʤʝʨ, ʨʠʩ. 1). ʅʘʧʨʦʪʠʚ, ʚʦʛʥʫʪʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʟʝʨʢʘʣʘ 
ʦʙʣʘʜʘʶʪ ʩʚʦʡʩʪʚʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʧʘʜʘʶʱʠʡ ʩʚʝʪ ʚ ʦʙʲʝʤ, ʪ. ʥ. ʬʦʢʘʣʴʥʳʡ 
ʦʙʲʝʤ (ʥʘʧʨʠʤʝʨ, ʨʠʩ. 2). ʌʦʢʘʣʴʥʳʡ ʦʙʲʝʤ ʩʬʝʨʠʯʝʩʢʦʛʦ ʟʝʨʢʘʣʘ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ, 
ʫʤʝʥʴʰʠʚ ʜʠʤʝʪʨ ʚʭʦʜʷʱʝʛʦ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ [4]. ʊʘʢ ʢʘʢ ʣʫʯʠ ʜʦʣʞʥʳ ʙʳʪʴ 
ʩʬʦʢʫʩʠʨʦʚʘʥʳ, ʞʝʣʘʪʝʣʴʥʦ, ʚ ʦʜʥʦʡ ʪʦʯʢʝ (ʧʦʧʘʜʘʪʴ ʥʘ ʜʘʪʯʠʢ), ʪʦ ʟʝʨʢʘʣʦ 
ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʤ ʙʫʜʝʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ. ʈʘʟʤʝʨʳ ʤʦʜʝʣʠ ʜʘʥʥʦʛʦ ʟʝʨʢʘʣʘ ʙʳʣʠ 
ʨʘʩʩʯʠʪʘʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʥʦʥʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʙʦʣʳ y2 = 4ĀfĀx , ʛʜʝ y ï ʨʘʜʠʫʩ 
ʟʝʨʢʘʣʘ, x ï ʚʳʩʦʪʘ ʟʝʨʢʘʣʘ, f ï ʬʦʢʫʩʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. 
 

 

 

ʈʠʩʫʥʦʢ 1. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ 
ʧʨʝʣʦʤʣʷʝʪʩʷ ʚ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ 
ʟʝʨʢʘʣʝ 

ʈʠʩʫʥʦʢ 2. ʇʘʨʘʣʣʝʣʴʥʳʡ ʧʫʯʦʢ 
ʧʨʝʣʦʤʣʷʝʪʩʷ ʚ ʚʦʛʥʫʪʦʤ ʩʬʝʨʠʯʝʩʢʦʤ 
ʟʝʨʢʘʣʝ 

 
ʇʣʘʥ ʧʨʦʝʢʪʥʳʭ ʜʝʡʩʪʚʠʡ: 

1. ʀʟʫʯʠʪʴ ʩʝʨʚʠʩʳ ʜʣʷ 3D ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʚʳʙʨʘʪʴ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʡ;  
2. ʅʘʫʯʠʪʴʩʷ ʨʘʙʦʪʘʪʴ ʚ ʚʳʙʨʘʥʥʦʤ ʩʝʨʚʠʩʝ; 
3. ʉʦʟʜʘʪʴ 3D ʤʦʜʝʣʠ; 
4. ʇʨʦʚʝʨʠʪʴ ʠʭ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ; 
5. ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʨʘʚʠʪʴ ʦʰʠʙʢʠ; 
6. ʅʘʧʝʯʘʪʘʪʴ ʟʝʨʢʘʣʘ (ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ); 
7. ʇʨʦʚʝʩʪʠ ʧʦʩʪʦʙʨʘʙʦʪʢʫ (ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ); 
8. ʉʦʟʜʘʪʴ ʦʪʨʘʞʘʶʱʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʟʝʨʢʘʣʝ ʧʫʪʝʤ ʥʘʧʳʣʝʥʠʷ ʥʘ ʥʝʛʦ ʤʝʪʘʣʣʘ 
(ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ). 
ʅʘʤʠ ʙʳʣ ʚʳʙʨʘʥ ʩʝʨʚʠʩ ʧʦ 3ɼ ʤʦʜʝʣʠʨʦʚʘʥʠʶ Tinkercad, ʪʘʢ ʢʘʢ ʦʥ 

ʙʝʩʧʣʘʪʥʳʡ ʠ ʜʦʩʪʫʧʥʳʡ ʚ ʦʩʚʦʝʥʠʠ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʤʳ ʥʘʫʯʠʣʠʩʴ ʨʘʙʦʪʘʪʴ ʚ ʜʘʥʥʦʤ 
ʧʨʠʣʦʞʝʥʠʠ, ʙʳʣʦ ʩʦʟʜʘʥʦ ʜʚʘ ʫʩʣʦʚʥʳʭ ʪʠʧʘ ʙʫʜʫʱʠʭ ʟʝʨʢʘʣ: 1-ʛʦ ʪʠʧʘ ï ʮʠʣʠʥʜʨ ʩ 
ʚ ʨrʝʟʘʥʥʳʤ ʠʟ ʥʝʛʦ ʧʘʨʘʙʦʣʦʠʜʦʤ (ʨʠʩ. 3) ʠ 2-ʛʦ ʪʠʧʘ ï ʧʘʨʘʙʦʣʦʠʜ ʩ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʦʙʦʜʢʦʤ ʚʦʢʨʫʛ (ʨʠʩ. 4). ɼʣʷ ʦʙʦʠʭ ʪʠʧʦʚ ʟʝʨʢʘʣ ʧʦ ʢʨʫʛʫ ʯʝʨʝʟ 
ʨʘʚʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ ʦʪʚʝʨʩʪʠʷ ʧʦʜ ʙʦʣʪʳ ʄ4 ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ 
ʙʫʜʫʱʝʛʦ ʟʝʨʢʘʣʘ ʚ ʩʘʤʦʤ ʠʥʪʝʨʬʝʨʦʤʝʪʨʝ ʠʣʠ ʩʭʝʤʝ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʚʦʡʩʪʚ 
ʧʝʨʝʭʦʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  
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ʈʠʩʫʥʦʢ 3. ʄʦʜʝʣʴ ʟʝʨʢʘʣʘ 1-ʛʦ 
ʪʠʧʘ 

ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʟʝʨʢʘʣʘ 2-ʛʦ ʪʠʧʘ 

 
ʊʘʢ ʢʘʢ ʟʝʨʢʘʣʘ 2-ʛʦ ʪʠʧʘ ʠʤʝʶʪ ʦʙʲʸʤ ʠ ʤʘʩʩʫ ʤʝʥʴʰʝ ʯʝʤ ʟʝʨʢʘʣʘ 1-ʛʦ ʪʠʧʘ, 

ʪʦ ʠ ʤʘʪʝʨʠʘʣʘ ʥʘ ʠʭ ʧʝʯʘʪʴ ʫʡʜʝʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ. ʇʦʵʪʦʤʫ ʤʳ ʨʝʰʠʣʠ, ʯʪʦ ʙʫʜʫʪ 
ʥʘʧʝʯʘʪʘʥʳ ʟʝʨʢʘʣʘ ʠʤʝʥʥʦ 2-ʛʦ ʪʠʧʘ. 

ʇʦʩʣʝ ʵʪʦʛʦ ʤʳ ʩʦʟʜʘʣʠ 2 ʤʦʜʝʣʠ ʟʝʨʢʘʣ ʵʪʦʛʦ ʪʠʧʘ ʜʣʷ ʜʨʫʛʦʛʦ ʬʦʢʫʩʥʦʛʦ 
ʨʘʩʩʪʦʷʥʠʷ. ɺʩʝʛʦ ʫ ʥʘʩ ʙʳʣʦ ʩʦʟʜʘʥʦ 6 ʤʦʜʝʣʝʡ ʟʝʨʢʘʣ ʩ ʨʘʟʥʳʤʠ ʜʠʘʤʝʪʨʘʤʠ ʠ 
ʬʦʢʫʩʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʩʝʭ ʩʦʟʜʘʥʥʳʭ ʟʝʨʢʘʣ 

ʅʦʤʝʨ ʊʠʧ 
ʌʦʢʫʩʥʦʝ 
ʨʘʩʩʪʦʷʥʠʝ 
(ʤʤ) 

ɼʠʘʤʝʪʨ 
(ʤʤ) 

ɼʠʘʤʝʪʨ 
ʦʪʨʘʞʘʶʱʝʡ 
ʧʦʚʝʨʭʥʦʩʪʠ (ʤʤ) 

ɺʳʩʦʪʘ 
(ʤʤ) 

ʄʘʩʩʘ 
(ʛ) 

ʆʙʲʸʤ 
(ʩʤ3) 

1 2 150 220 200 21,67 223.43 212.79 

2 2 150 170 150 14,375 136.41 129.92 

3 2 200 220 200 17,5 223.34 212.70 

4 2 200 170 150 12,031 136.74 
 
130.23  

5 1 150 220 200 20 512.12 487.73 

6 1 150 170 150 14 239.38 227.98 

 
ʇʦʩʣʝ ʵʪʦʛʦ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʦʚʝʨʢʘ ʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ ʠ 

ʠʭ ʧʦʩʣʝʜʫʶʱʝʝ ʠʩʧʨʘʚʣʝʥʠʝ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 3D Builder. 
ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʥʘʧʝʯʘʪʘʪʴ ʜʘʥʥʳʝ ʟʝʨʢʘʣʘ ʠ ʧʨʦʚʝʩʪʠ ʠʭ ʧʦʩʪʦʙʨʘʙʦʪʢʫ. 

ʇʦʩʪʦʙʨʘʙʦʪʢʘ 3ɼ ʤʦʜʝʣʝʡ ʙʳʚʘʝʪ 2-ʫʭ ʚʠʜʦʚ: ʭʠʤʠʯʝʩʢʘʷ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʠ 
ʦʙʨʘʙʦʪʢʘ ʩʪʘʥʢʦʤ ʏʇʋ. ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʘʟʤʷʛʯʝʥʠʠ 
ʧʣʘʩʪʠʢʘ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʥʝʢʦʪʦʨʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ. ɼʘʥʥʳʡ ʩʧʦʩʦʙ ʥʘʤ ʥʝ 
ʧʦʜʭʦʜʠʪ, ʪʘʢ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʜʝʣʠ ʨʘʟʤʷʛʯʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʠʟ-ʟʘ ʯʝʛʦ 
ʥʘʨʫʰʘʝʪʩʷ ʝʝ ʛʝʦʤʝʪʨʠʷ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʘ ʚʳʙʨʘʥʘ ʧʦʩʪʦʙʨʘʙʦʪʢʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʢʘ ʏʇʋ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ: 
¶ ʧʣʘʩʪʠʢ ABS; 
¶ 3ɼ ʧʨʠʥʪʝʨ; 
¶ ʩʪʘʥʦʢ ʏʇʋ; 
¶ ʬʨʝʟʳ ʜʣʷ ʩʪʘʥʢʘ. 

ɺʳʚʦʜʳ ʧʨʦʝʢʪʘ: 
ɹʳʣʠ ʩʦʟʜʘʥʳ 3ɼ ʤʦʜʝʣʠ ʟʝʨʢʘʣ ʨʘʟʥʦʛʦ ʨʘʜʠʫʩʘ ʠ ʩ ʨʘʟʥʳʤʠ ʬʦʢʫʩʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ. ʂʘʞʜʦʝ ʟʝʨʢʘʣʦ ʙʳʣʦ ʧʨʦʚʝʨʝʥʦ ʥʘ ʥʘʣʠʯʠʝ ʦʰʠʙʦʢ. ɺʩʝ ʦʥʠ ʚ ʜʘʥʥʳʡ 
ʤʦʤʝʥʪ ʛʦʪʦʚʳ ʢ ʧʝʯʘʪʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢ ʧʦʩʪʦʙʨʘʙʦʪʢʝ. ɺ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ 
ʧʣʘʥʠʨʫʝʪʩʷ ʧʝʯʘʪʴ ʟʝʨʢʘʣ. ɺ ʙʫʜʫʱʝʤ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʟʝʨʢʘʣ 
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ʊʦʤʩʢʠʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ ʚ ʩʠʩʪʝʤʝ, ʧʦʟʚʦʣʷʶʱʝʡ ʧʨʦʠʟʚʦʜʠʪʴ 
ʜʠʘʛʥʦʩʪʠʢʫ ʧʨʦʜʦʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʥʘ ʤʠʢʨʦʪʨʦʥʝ ʊʇʋ, ʠ 
ʆʙʲʝʜʠʥʝʥʥʳʤ ʠʥʩʪʠʪʫʪʦʤ ʷʜʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʥʘ ʣʠʥʝʡʥʦʤ ʫʩʢʦʨʠʪʝʣʝ 
ʵʣʝʢʪʨʦʥʦʚ ʃʀʅɸʂ-200. 
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ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʪʠ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʪʦʣʴ ʩʣʦʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 
ʦʙʲʝʢʪʘʤʠ, ʯʪʦ ʜʘʞʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʠ ʜʘʚʣʝʥʠʡ, ʙʝʟ ʢʦʪʦʨʦʛʦ 
ʥʝʚʦʟʤʦʞʥʳ ʥʠ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʥʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʪʝʧʣʦʩʝʪʝʡ, ʪʨʝʙʫʶʪʩʷ ʚʝʩʴʤʘ 
ʩʝʨʴʝʟʥʳʝ ʦʧʠʩʘʪʝʣʴʥʳʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ çʙʘʟʝ ʟʥʘʥʠʡè 
ʦʪʨʘʩʣʝʚʦʡ ʥʘʫʢʠ. ʅʝ ʛʦʚʦʨʷ ʫʞʝ ʦ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 
ʧʦʚʝʜʝʥʠʷ ʩʠʩʪʝʤʳ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ ʜʣʷ 
ʤʥʦʛʦʢʦʣʴʮʝʚʦʡ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ çʩʨʝʜʥʝʛʦè ʛʦʨʦʜʘ, ʥʘ ʢʦʪʦʨʫʶ ʨʘʙʦʪʘʶʪ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʛʨʘʤʤʥʳʡ 
ʠʥʩʪʨʫʤʝʥʪʘʨʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ ʜʦʣʞʝʥ ʚ ʧʝʨʚʫʶ 
ʦʯʝʨʝʜʴ ʠʤʝʪʴ ʤʦʱʥʳʡ ʚʩʪʨʦʝʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʠ ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 
ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʠʩʳʚʘʪʴ ʩʝʪʠ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ ʨʝʞʠʤʳ ʠʭ 
ʨʘʙʦʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʪʚʝʯʘʪʴ ʥʘ ʚʦʧʨʦʩʳ ʩʣʝʜʫʶʱʝʛʦ ʭʘʨʘʢʪʝʨʘ çʏʪʦ 
ʙʫʜʝʪ, ʝʩʣʠ...?è [1]. 

ɸʥʘʣʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʛʦʨʦʜʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ-ʟʘ 
ʩʚʦʝʛʦ ʩʪʠʭʠʡʥʦʛʦ ʨʘʟʚʠʪʠʷ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʧʣʦʩʝʪʝʡ ʦʪʩʫʪʩʪʚʫʶʪ ʪʝʭʥʠʯʝʩʢʠʝ 
ʧʘʩʧʦʨʪʘ ʠ ʜʘʥʥʳʝ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʨʝʤʦʥʪʘ ʩʝʪʝʡ. ʈʝʰʝʥʠʝʤ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 
ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʪʝʧʣʦʩʝʪʝʡ ʛʦʨʦʜʘ, ʨʘʡʦʥʘ ʠʣʠ ʧʦʩʝʣʢʘ [2]. 

ʉʦʟʜʘʥʠʝ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʪʝʧʣʦʩʝʪʝʡ ʛʦʨʦʜʦʚ ʈʦʩʩʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 
ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʪʝʧʣʦ ʠ ʚʦʜʦʩʥʘʙʞʝʥʠʷ. ɺ ʧʦʩʣʝʜʩʪʚʠʠ 
ʧʣʘʥʠʨʫʝʪʩʷ, ʯʪʦ ʵʪʘ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʩʪʘʪʴ ʥʘʠʣʫʯʰʝʡ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʥʦʚʳʭ ʠ 
ʨʝʢʦʥʩʪʨʫʠʨʫʝʤʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦ ʧʦʤʦʞʝʪ ʩʥʠʟʠʪʴ ʥʝʥʫʞʥʳʝ ʪʝʧʣʦʚʳʝ 
ʧʦʪʝʨʠ, ʩʦʢʨʘʪʠʪʴ ʘʚʘʨʠʡʥʦʩʪʴ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ, 

https://focus-msk.ru/interferometry-vidy-princip-raboty-i-primenenie
https://focus-msk.ru/interferometry-vidy-princip-raboty-i-primenenie
https://dc.ria.ru/ips/kurchatov-synchrotron-main-ru/
https://dc.ria.ru/ips/kurchatov-synchrotron-main-ru/
https://mks-onlain.ru/izgotovleniye-parabolicheskogo-zerkala-dlya-teleskopa/
https://mks-onlain.ru/izgotovleniye-parabolicheskogo-zerkala-dlya-teleskopa/
https://inscience.ru/library/article_post/vneosevye-parabolicheskie-zerkala-thorlabs
https://inscience.ru/library/article_post/vneosevye-parabolicheskie-zerkala-thorlabs
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ʠ ʫʧʨʦʩʪʠʪʴ ʚʥʝʜʨʝʥʠʝ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʝ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ [2]. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʪʝʧʣʦʩʝʪʠ ʩʝʣʘ 
ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ 
ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
1. ʈʘʟʨʘʙʦʪʘʪʴ ʵʣʝʢʪʨʦʥʥʫʶ ʤʦʜʝʣʴ ʪʝʧʣʦʩʝʪʠ ʩʝʣʘ ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ; 
2. ɺʳʧʦʣʥʠʪʴ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʜʦ ʢʨʘʡʥʝʛʦ 
ʧʦʪʨʝʙʠʪʝʣʷ; 
3. ɺʳʧʦʣʥʠʪʴ ʢʘʣʠʙʨʦʚʢʫ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʨʝʘʣʴʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ; 
4. ʇʨʦʨʘʙʦʪʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʧʦ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ 
ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʜʣʷ ʩʝʣʘ ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ; 
5. ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʷʪʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʨʘʟʚʠʪʠʶ 
ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʚʳʧʦʣʥʠʪʴ ʤʠʥʠʤʘʣʴʥʳʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 
ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʨʦʩʩʠʡʩʢʦʤ ʨʳʥʢʝ ʩʨʝʜʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 
ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʩʠʩʪʝʤ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʥʘʠʙʦʣʴʰʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʜʚʘ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʘ: CityCom (ʆʆʆ ʀɺʎ çʇʦʪʦʢè, 
ʛ. ʄʦʩʢʚʘ) ʠ ZuluGIS (ʆʆʆ çʇʦʣʠʪʝʨʤè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ). 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʩʥʦʚʥʳʤ ʧʦʪʨʝʙʠʪʝʣʝʤ ʠ ʟʘʢʘʟʯʠʢʦʤ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ 
ʩʠʩʪʝʤ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʤʝʩʪʥʳʝ ʠ ʨʝʛʠʦʥʘʣʴʥʳʝ ʚʣʘʩʪʠ. ʆʨʛʘʥʘʤ 
ʤʝʩʪʥʦʛʦ ʩʘʤʦʫʧʨʘʚʣʝʥʠʷ ʠ ʠʩʧʦʣʥʠʪʝʣʴʥʦʡ ʚʣʘʩʪʠ ʥʘ ʤʝʩʪʘʭ ʥʝʦʙʭʦʜʠʤʦ ʚʩʷʯʝʩʢʠ 
ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠ ʧʦʙʫʞʜʘʪʴ ʪʝʧʣʦʩʝʪʝʚʳʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚʥʝʜʨʷʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʩʨʝʜʩʪʚʘ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʠ ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʝʧʣʦʚʳʭ ʩʝʪʝʡ, ʤʘʢʩʠʤʘʣʴʥʦ 
ʩʦʜʝʡʩʪʚʫʷ ʠʤ ʧʨʠ ʵʪʦʤ ʚ ʯʘʩʪʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʠ ʤʘʪʝʨʠʘʣʴʥʦʡ 
ʧʦʜʜʝʨʞʢʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʳʛʦʜʘ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʦʯʝʚʠʜʥʘ: ʪʝʧʣʦʩʥʘʙʞʘʶʱʝʝ 
ʧʨʝʜʧʨʠʷʪʠʝ ʧʦʣʫʯʘʝʪ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʩʦʙʩʪʚʝʥʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 
ʥʫʞʜ, ʘ ʤʝʩʪʥʳʝ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʚʩʝʛʜʘ ʠʤʝʶʪ ʚ ʥʘʣʠʯʠʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ 
ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʠ ʧʨʦʛʨʘʤʤʳ 
ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ. 
ɼʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʜʚʦʡʥʠʢʘ ʙʳʣ ʚʳʙʨʘʥ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 
ʧʨʦʛʨʘʤʤʥʳʡ ʧʨʦʜʫʢʪ ZuluGIS 2021 ʩ ʤʦʜʫʣʝʤ ZuluThermo [3]. 
ʕʪʘʧʳ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ: 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʪʦʧʦʣʦʛʠʷ ʩʝʣʘ ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ. 
ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ - ʩʝʣʦ ʚ ʊʦʤʩʢʦʤ ʨʘʡʦʥʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ 
ʮʝʥʪʨ ʄʦʨʷʢʦʚʩʢʦʛʦ ʩʝʣʴʩʢʦʛʦ ʧʦʩʝʣʝʥʠʷ. ʆʩʥʦʚʘʥʦ ʚ 1916 ʛʦʜʫ. ʉʝʣʦ ʥʘʭʦʜʠʪʩʷ ʥʘ 
ʣʝʚʦʤ ʙʝʨʝʛʫ ʩʪʘʨʠʮʳ ʨʝʢʠ ʊʦʤʠ ð ʄʘʣʦʡ ʉʝʥʥʦʡ ʂʫʨʴʠ, ʚ 44 ʢʤ ʥʠʞʝ ʊʦʤʩʢʘ. ɼʣʷ 
ʧʨʦʨʘʙʦʪʢʠ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʦʪ 
ʵʥʝʨʛʦʩʥʘʙʞʘʶʱʝʡ ʦʨʛʘʥʠʟʘʮʠʠ. ɺ ʩʝʣʝ ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ ʪʝʧʣʦʩʥʘʙʞʝʥʠʝ ʜʣʷ 
ʥʘʩʝʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʨʠ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʇʦ ʢʘʞʜʦʤʫ ʠʩʪʦʯʥʠʢʫ ʙʳʣʘ 
ʧʦʣʫʯʝʥʘ ʚʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʠʥʬʦʨʤʘʮʠʷ ʜʣʷ ʦʪʨʠʩʦʚʢʠ ʚ ʵʣʝʢʪʨʦʥʥʦʡ ʤʦʜʝʣʠ ʠ 
ʟʘʥʝʩʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʥʝʝ. ɼʘʣʝʝ ʙʳʣ ʩʦʟʜʘʥ ʮʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ 
ʵʥʝʨʛʦʩʠʩʪʝʤʳ, ʟʘʥʝʩʝʥʳ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʨʘʩʯʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʚʳʧʦʣʥʝʥ 
ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʨʘʩʯʝʪ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʢʘʣʠʙʨʦʚʢʦʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʘʣʴʥʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 
ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʦʙʣʝʤʥʳʝ ʦʙʲʝʢʪʳ ʠ ʫʯʘʩʪʢʠ ʥʘ ʪʝʧʣʦʚʳʭ 
ʩʝʪʷʭ. ʅʘ ʨʠʩʫʥʢʘʭ 1,2 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʠʝ ʛʨʘʬʠʢʠ ʧʦʩʪʨʦʝʥʥʳʝ 
ʧʦʩʣʝ ʢʘʣʠʙʨʦʚʢʠ ʩʠʩʪʝʤʳ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʚ ʮʠʬʨʦʚʦʡ ʤʦʜʝʣʠ. 

https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%81%D0%BA%D0%B8%D0%B9_%D1%80%D0%B0%D0%B9%D0%BE%D0%BD
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%80%D1%8F%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D1%81%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%BE%D0%B5_%D0%BF%D0%BE%D1%81%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D1%80%D0%B8%D1%86%D0%B0_(%D1%80%D1%83%D1%81%D0%BB%D0%BE)
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%8C_(%D0%BF%D1%80%D0%B8%D1%82%D0%BE%D0%BA_%D0%9E%D0%B1%D0%B8)
https://ru.wikipedia.org/w/index.php?title=%D0%9C%D0%B0%D0%BB%D0%B0%D1%8F_%D0%A1%D0%B5%D0%BD%D0%BD%D0%B0%D1%8F_%D0%9A%D1%83%D1%80%D1%8C%D1%8F&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BC%D1%81%D0%BA
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ʈʠʩʫʥʦʢ 1. ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ˉ1 
 

 
 

ʈʠʩʫʥʦʢ 2. ʇʴʝʟʦʤʝʪʨʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ˉ2 
 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 
ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ˉ 2 ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʪʘʨʝʣ ʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʜʝʞʥʦʡ 
ʨʘʙʦʪʦʡ ʧʦʪʨʝʙʠʪʝʣʝʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʠʩʪʦʯʥʠʢʘ ˉ2 ʢʘʯʝʩʪʚʝʥʥʳʤʠ 
ʧʘʨʘʤʝʪʨʘʤʠ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʨʘʩʩʤʦʪʨʝʪʴ ʝʛʦ ʧʦʜʢʣʶʯʝʥʠʝ ʢ 
ʠʩʪʦʯʥʠʢʫ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ˉ1. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʥʘ 
ʪʝʧʣʦʩʝʪʷʭ ʠʩʪʦʯʥʠʢʘ ˉ1 ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʥʦʚʦʛʦ ʫʯʘʩʪʢʘ ʦʪ 
ʠʩʪʦʯʥʠʢʘ ˉ1 ʜʦ ʠʩʪʦʯʥʠʢʘ ˉ2. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʨʘʙʦʪʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʙʳʣʠ 
ʚʳʧʦʣʥʝʥʳ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ ʠ ʥʘʣʘʜʢʘ ʩʠʩʪʝʤʳ ʩ ʫʯʝʪʦʤ ʧʨʦʨʘʙʦʪʘʥʥʳʭ 
ʤʝʨʦʧʨʠʷʪʠʡ.  ɺʳʧʦʣʥʝʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʠʣʠ ʙʳ ʠʩʢʣʶʯʠʪʴ ʠʟ ʵʥʝʨʛʦʩʠʩʪʝʤʳ 
ʥʝʥʘʜʝʞʥʳʡ ʠʩʪʦʯʥʠʢ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʪʝʤ ʩʘʤʳʤ ʩʥʠʟʠʪʴ ʘʥʪʨʦʧʦʛʝʥʥʫʶ ʥʘʛʨʫʟʢʫ ʥʘ 
ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʠʚʝʜʝʥ ʧʫʪʴ ʦʪ ʠʩʪʦʯʥʠʢʘ ˉ1 ʜʦ ˉ2 ʧʦ ʢʦʪʦʨʦʤʫ 
ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʵʪʠʭ ʵʥʝʨʛʦʩʠʩʪʝʤ. 
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ʈʠʩʫʥʦʢ 3. ʎʠʬʨʦʚʦʡ ʜʚʦʡʥʠʢ ʪʝʧʣʦʩʝʪʠ ʜʣʷ ʜʚʫʭ ʦʙʲʝʜʠʥʝʥʥʳʭ ʨʘʡʦʥʦʚ 
ʠʩʪʦʯʥʠʢʦʚ ˉ1 ʠ ˉ2 ʩʝʣʘ ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ 

 
ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʫʯʘʩʪʢʘʤ ʪʝʧʣʦʚʦʡ ʩʝʪʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦ ʦʙʲʝʜʠʥʝʥʠʶ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʠ 
ʧʦʩʣʝʜʫʶʱʝʡ ʣʠʢʚʠʜʘʮʠʝʡ ʠʩʪʦʯʥʠʢʘ ˉ2. 

ʊʘʙʣʠʮʘ 1.ʄʝʨʦʧʨʠʷʪʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ 

Sys 
ʅʘʠʤʝʥʦʚʘʥʠʝ  
ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  
ʢʦʥʮʘ ʫʯʘʩʪʢʘ 

ɼʣʠʥʘ  
ʫʯʘʩʪʢʘ, 

 ʤ 

ɺʥʫʪpʝʥʥʠʡ  
ʜʠʘʤʝʪp 

ʪʨʫʙʦʧʨʦʚʦʜʘ  
ʇʨʠʤʝʯʘʥʠʝ 

38 ʊʂ2 ʊʂ3 136,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

46 ʊʂ3 ʊʂ4 127,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

54 ʊʂ4 ʉʢʣʘʜ 80,00 0,06 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ32 ʥʘ ɼʫ 50 

88 ʊʂ16ʘ 
ʋʣ. ʉʦʚʝʪʩʢʘʷ, 

13ʙ/1 
10,00 0,13 

ʅʦʚʦʝ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

90 ʊʂ16ʘ ʋʣ.ʉʦʚʝʪʩʢʘʷ,13ʙ/2 51,00 0,09 
ʅʦʚʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

131 ʊʂ4 ʊʂ4ʘ 17,84 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

133 ʊʂ5ʘ ʊʂ5ʙ 70,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

137 ʊʂ5ʙ ʊʂ5ʚ 50,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

173 ʊʂ5ʚ ʊʂ5ʛ 36,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

181 ʊʂ5ʛ ʊʂ8 44,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

187 ʊʂ8ʙ ʊʂ10 29,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ159 ʥʘ ɼʫ250 
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Sys 
ʅʘʠʤʝʥʦʚʘʥʠʝ  
ʥʘʯʘʣʘ ʫʯʘʩʪʢʘ 

ʅʘʠʤʝʥʦʚʘʥʠʝ  
ʢʦʥʮʘ ʫʯʘʩʪʢʘ 

ɼʣʠʥʘ  
ʫʯʘʩʪʢʘ, 

 ʤ 

ɺʥʫʪpʝʥʥʠʡ  
ʜʠʘʤʝʪp 

ʪʨʫʙʦʧʨʦʚʦʜʘ  
ʇʨʠʤʝʯʘʥʠʝ 

202 ʊʂ8 ʊʂ8ʘ 1,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

204 ʊʂ8ʘ ʊʂ8ʙ 32,00 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ159 ʥʘ ɼʫ250 

221 ʊʂ29ʙ ʫʣ. ʃʝʥʠʥʘ,5 31,00 0,08 
ʅʦʚʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

239 ʊʂ10 ʊʂ10ʘ 69,00 0,22 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ108 ʥʘ ɼʫ219 

243 ʊʂ10ʘ ʊʂ11 51,00 0,22 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ108 ʥʘ ɼʫ219 

251 ʊʂ11 ʊ.2 31,00 0,22 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ89 ʥʘ ɼʫ219 

275 ʊʂ4ʘ ʊʂ5ʘ 69,16 0,25 
ʈʝʢʦʥʩʪʨʫʢʮʠʷ 
ɼʫ219 ʥʘ ɼʫ 

250 

628 ʊ.2 ʀʩʪʦʯʥʠʢ 2 317,48 0,22 
ʅʦʚʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
2024 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʪʝʧʣʦʚʳʭ ʩʝʪʷʭ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʫʢʨʫʧʥʝʥʥʳʡ ʨʘʩʯʝʪ ʩʪʦʠʤʦʩʪʠ ʨʘʙʦʪ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠʣʠ 
ʩʪʨʦʠʪʝʣʴʩʪʚʘ 1 ʤʝʪʨʘ ʪʨʫʙʳ ɼʫ.219 ʚ ʜʚʫʭʪʨʫʙʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʩʦʩʪʘʚʣʷʝʪ 150 ʪʳʩ. 
ʨʫʙʣʝʡ. ʆʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʩʝʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 
ʜʣʷ ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʙʫʜʝʪ ʩʪʦʠʪʴ ʦʢʦʣʦ 212 ʤʣʥ. 
ʨʫʙʣʝʡ. ʉʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʩʣʠʰʢʦʤ ʜʦʨʦʛʦʩʪʦʷʱʠʤ ʨʝʰʝʥʠʝʤ. ʇʦʵʪʦʤʫ 
ʙʳʣʦ ʧʨʠʥʷʪʦ ʚʤʝʩʪʦ ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʨʘʩʩʤʦʪʨʝʪʴ ʥʦʚʦʝ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʩʪʦʯʥʠʢʘ ˉ2 ʥʘ ʤʝʩʪʝ ʩʪʘʨʦʛʦ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʪʨʝʙʫʝʤʘʷ ʤʦʱʥʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ˉ2 ʩʦʩʪʘʚʣʷʝʪ 2,6 ɻʢʘʣ/ʯʘʩ.  ɸʥʘʣʠʟ ʨʳʥʢʘ ʧʦʢʘʟʘʣ, 
ʯʪʦ ʩʪʦʠʤʦʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʵʢʦʣʦʛʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ ʧʦʜʦʙʥʦʡ 
ʤʦʱʥʦʩʪʠ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 20 ʤʣʥ ʨʫʙʣʝʡ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ ʩʪʦʠʤʦʩʪʠ 
ʦʙʲʝʜʠʥʝʥʠʷ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʦʜʥʫ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ. ʇʦʵʪʦʤʫ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʚʳʧʦʣʥʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣ ʚʳʙʨʘʥ ʚʘʨʠʘʥʪ ʨʘʟʚʠʪʠʷ ʵʥʝʨʛʦʩʠʩʪʝʤʳ ʩʝʣʘ 
ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ ʚ ʚʠʜʝ ʥʦʚʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠʩʪʦʯʥʠʢʘ ˉ2. 

 ɺʳʚʦʜ: 
ɺ ʧʨʦʝʢʪʝ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʚʘʨʠʘʥʪʘ ʨʘʟʚʠʪʠʷ ʪʝʧʣʦʩʝʪʝʡ ʩʝʣʘ 

ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ. ʇʝʨʚʳʡ - ʦʙʲʝʜʠʥʝʥʠʝ ʜʚʫʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 
ʨʷʜʦʤ ʩ ʟʘʤʝʥʦʡ ʠ ʥʦʚʳʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʎʝʥʘ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 
ʩʦʩʪʘʚʠʣʘ 212 ʤʣʥ. ʨʫʙʣʝʡ. ɺʪʦʨʦʡ ï ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʡ ʢʦʪʝʣʴʥʦʡ ˉ2 ʥʘ ʤʝʩʪʝ 
ʩʪʘʨʦʡ ʩ ʚʳʩʦʢʠʤ ʂʇɼ 91% ʠ ʚʳʩʦʢʦʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ. ʎʝʥʘ 
ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 20 ʤʣʥ. ʨʫʙʣʝʡ. ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʚʘʨʠʘʥʪʳ 
ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʩʝʣʘ ʄʦʨʷʢʦʚʩʢʠʡ ʟʘʪʦʥ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ, ʯʪʦ 
ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʡ ʢʦʪʝʣʴʥʦʡ ʚʟʘʤʝʥ ʩʪʘʨʦʡ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 
ʨʝʰʝʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʜʠʥʝʥʠʝʤ ʜʚʫʭ ʵʥʝʨʛʦʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 
ʥʦʚʦʛʦ ʠʩʪʦʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʜʝʰʝʚʣʝ, ʘ ʧʦʢʘʟʘʪʝʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʳʰʝ, ʯʝʤ ʩʫʱʝʩʪʚʫʶʱʝʛʦ.  

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
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ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. //ʅʘʜʝʞʥʦʩʪʴ ʠ ʙʝʟʦʧʘʩʥʦʩʪʴ ʵʥʝʨʛʝʪʠʢʠ. -2022- ʊʦʤ 
ˉ15-ʉ. 166-174. 

3. ʇʦʣʠʪʝʨʤ. ZuluThermo ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ 
https://www.politerm.com/products/thermo/zuluthermo/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 
10.03.2024) 
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ʋʊʀʃʀɿɸʎʀʀ ʋɻʃɽʂʀʉʃʆɻʆ ɻɸɿɸ ʇʃɸɿʄɽʅʅʓʄʀ ʊɽʍʅʆʃʆɻʀʗʄʀ 

ʅʘʨʳʰʝʚ ʉʝʨʛʝʡ  
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʎʠʤʤʝʨʤʘʥ ɸʣʝʢʩʘʥʜʨ ʀʛʦʨʝʚʠʯ, ʘʩʩʠʩʪʝʥʪ ʦʪʜʝʣʝʥʠʷ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʢʠ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʀʐʕ ʊʇʋ  
 

ʋʛʣʝʨʦʜʥʳʡ ʩʣʝʜ ï ʵʪʦ ʚʩʝ ʚʳʙʨʦʩʳ CO2, ʢʦʪʦʨʳʝ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʩʚʷʟʘʥʳ ʩ 
ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʅʘʠʙʦʣʴʰʠʡ ʦʙʲʝʤ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ 
ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ, ʠʩʭʦʜʠʪ ʦʪ ʩʞʠʛʘʥʠʷ ʪʦʧʣʠʚʘ, ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ 
[1]. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʘʪʤʦʩʬʝʨʫ 
ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩʣʠ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʛʣʦʙʘʣʴʥʦʤʫ 
ʧʦʪʝʧʣʝʥʠʶ. ʇʦ ʦʮʝʥʢʘʤ ʫʯʝʥʳʭ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ CO2 ʥʘ 35 % ʦʪ 
ʜʦʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʧʘʩʥʳʤ ʢʣʠʤʘʪʠʯʝʩʢʠʤ ʠʟʤʝʥʝʥʠʷʤ, 
ʪʘʢʠʤ ʢʘʢ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʤʦʨʷ, ʫʩʠʣʝʥʠʝ ʟʘʩʫʭ ʠ ʫʨʘʛʘʥʦʚ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝ 
ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ [2]. ʋʛʣʝʢʠʩʣʳʡ ʛʘʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, 
ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʛʣʦʙʘʣʴʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʠ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ, ʧʦʵʪʦʤʫ ʩʫʱʝʩʪʚʫʝʪ 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʛʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 
ʫʪʠʣʠʟʘʮʠʠ CO2 ʷʚʣʷʝʪʩʷ ʧʠʨʦʣʠʟ ï ʪʝʨʤʠʯʝʩʢʦʝ ʨʘʟʣʦʞʝʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 
ʢʘʪʘʣʠʟʘʪʦʨʘ. ʇʨʠ ʧʠʨʦʣʠʟʝ CO2 ʨʘʟʣʘʛʘʝʪʩʷ ʥʘ ʫʛʣʝʨʦʜ ʠ ʢʠʩʣʦʨʦʜ, ʘ ʚ ʩʣʫʯʘʝ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ï ʥʘ ʩʠʥʪʝʟ-ʛʘʟ (ʩʤʝʩʴ ʚʦʜʦʨʦʜʘ ʠ ʤʦʥʦʦʢʩʠʜʘ 
ʫʛʣʝʨʦʜʘ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 
ʧʨʦʜʫʢʪʦʚ ʠ ʵʥʝʨʛʠʠ [3]. ɸʣʴʪʝʨʥʘʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʫʪʠʣʠʟʘʮʠʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʝʛʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʵʥʝʨʛʠʠ ʠʣʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʷʚʣʷʝʪʩʷ 
ʧʨʠʤʝʥʝʥʠʝ ʧʣʘʟʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʧʣʘʟʤʳ ï ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ, ʢʦʪʦʨʳʡ ʦʙʣʘʜʘʝʪ ʫʥʠʢʘʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʠ 
ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʕʪʠ ʩʚʦʡʩʪʚʘ ʧʦʤʦʛʘʶʪ ʧʨʦʚʦʜʠʪʴ ʨʝʘʢʮʠʠ, ʢʦʪʦʨʳʝ 
ʥʝʚʦʟʤʦʞʥʦ ʠʣʠ ʪʨʫʜʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʧʣʘʟʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʨʷʜ ʚʦʟʤʦʞʥʦʩʪʝʡ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 
ʩʥʠʞʝʥʠʷ ʫʛʣʝʨʦʜʥʦʛʦ ʩʣʝʜʘ ʟʘ ʩʯʝʪ ʫʪʠʣʠʟʘʮʠʠ CO2 ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʜʣʷ 
ʧʦʣʫʯʝʥʠʷ ʧʦʣʝʟʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺ ʊʇʋ ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 
ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʥʘʥʦ- ʠ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʨʘʟʣʠʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ [5]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʘʣʶʤʠʥʠʷ ʧʨʠ 
ʨʘʩʧʳʣʝʥʠʠ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʡ ʧʣʘʟʤʳ ʚ ʩʨʝʜʝ CO2. 
 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʩʠʩʪʝʤʘ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩʫʥʦʢ 1): ʘ) ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ 
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ʵʥʝʨʛʠʠ; ʙ) ʢʦʘʢʩʠʘʣʴʥʦʛʦ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ (ʂʄʇʋ) ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ 
ʵʣʝʢʪʨʦʜʘʤʠ; ʚ) ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ-ʨʝʘʢʪʦʨʘ, ʚ ʢʦʪʦʨʦʡ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ 
ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʥʘʢʦʧʠʪʝʣʷ ʷʚʣʷʝʪʩʷ ʝʛʦ ʩʝʢʮʠʦʥʠʨʦʚʘʥʥʦʝ 
ʠʩʧʦʣʥʝʥʠʝ, ʧʦʟʚʦʣʷʶʱʝʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʵʣʝʢʪʨʦʧʠʪʘʥʠʝ ʂʄʇʋ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 
ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʨʘʙʦʯʝʝ ʥʘʧʨʷʞʝʥʠʝ 
Uʟ = 5,0 ʢɺ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʝʤʢʦʩʪʴ Cʟ = 28,8 ʤʌ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʥʘʢʘʧʣʠʚʘʝʤʘʷ 
ʵʥʝʨʛʠʷ Wʟ = 360 ʢɼʞ). ɿʘʤʳʢʘʥʠʝ ʢʣʶʯʘ (K) ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʥʳʭ 
ʙʘʪʘʨʝʡ (C) ʥʘ ʥʘʛʨʫʟʢʫ, ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʂʄʇʋ, ʠ ʚ ʮʝʧʠ ʥʘʯʠʥʘʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ 
ʨʘʟʨʷʜʘ. 

ʂʦʘʢʩʠʘʣʴʥʳʡ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʨʘʟʤʝʱʝʥ ʚʥʫʪʨʠ ʤʦʱʥʦʡ 
ʠʥʜʫʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʧʦ 
ʜʣʠʥʝ ʵʣʝʢʪʨʦʜʘ-ʩʪʚʦʣʘ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ ʧʣʘʟʤʳ. ʀʥʠʮʠʠʨʦʚʘʥʠʝ 
ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʝʨʝʤʳʯʢʠ, ʚʳʧʦʣʥʝʥʥʦʡ ʚ ʚʠʜʝ ʩʣʦʷ 
ʛʨʘʬʠʪʘ, ʥʘʥʝʩʝʥʥʦʛʦ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʦʣʷʪʦʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ 
ʵʣʝʢʪʨʦʜʘ. ʇʨʠ ʟʘʤʳʢʘʥʠʠ ʢʦʥʪʫʨʘ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʦʪ ʝʤʢʦʩʪʥʦʛʦ ʥʘʢʦʧʠʪʝʣʷ 
ʥʘʯʠʥʘʝʪ ʧʨʦʪʝʢʘʪʴ ʪʦʢ ʨʘʟʨʷʜʘ, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʦʶ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ 
ʧʨʦʤʝʞʫʪʢʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ɺ ʧʨʦʮʝʩʩʝ 
ʨʘʙʦʪʳ ʂʄʇʋ ʦʩʥʦʚʥʦʡ ʧʨʝʢʫʨʩʦʨ ʩʠʥʪʝʟʘ (ʘʣʶʤʠʥʠʡ) ʥʘʨʘʙʘʪʳʚʘʝʪʩʷ 
ʵʣʝʢʪʨʦʵʨʦʟʠʦʥʥʳʤ ʧʫʪʝʤ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ-ʩʪʚʦʣʘ ʧʨʠ ʛʦʨʝʥʠʠ ʠ 
ʧʝʨʝʤʝʱʝʥʠʠ ʚ ʥʝʤ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʠʥʪʝʟ ʥʘʥʦ- ʠ 
ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʙʦʯʝʡ ʢʘʤʝʨʝ-ʨʝʘʢʪʦʨʝ, 
ʟʘʧʦʣʥʝʥʥʦʡ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ (1 ʘʪʤ) ʠ ʢʦʤʥʘʪʥʦʡ 
ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʞʠʜʢʦʬʘʟʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʚʦʙʦʜʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 

 ʇʝʨʝʜ ʟʘʢʘʯʢʦʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʢʘʤʝʨʘ-ʨʝʘʢʪʦʨ ʚʘʢʫʫʤʠʨʫʝʪʩʷ 
ʬʦʨʚʘʢʫʫʤʥʳʤ ʥʘʩʦʩʦʤ ʯʝʨʝʟ ʛʘʟʦʚʳʡ ʢʦʣʣʝʢʪʦʨ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʧʫʩʢ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ (ʯʠʩʪʦʪʘ ~ 99,8 %). ɼʘʚʣʝʥʠʝ ʛʘʟʘ ʚ ʢʘʤʝʨʝ-ʨʝʘʢʪʦʨʝ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 
ʧʦʩʨʝʜʩʪʚʦʤ ʤʘʥʦʤʝʪʨʘ. ɺ ʩʠʩʪʝʤʝ ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʝʛʠʩʪʨʘʮʠʷ ʩʦʩʪʘʚʘ 
ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʧʨʠ ʧʦʤʦʱʠ ʛʘʟʦʘʥʘʣʠʟʘʪʦʨʘ (ʊʝʩʪ-1, ɹʦʥʝʨ, ʈʦʩʩʠʷ). ɺ ʭʦʜʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚ ʛʘʟʦʚ ʦʮʝʥʠʚʘʣʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʟʘʧʫʩʢʦʤ ʩʠʩʪʝʤʳ, 
ʧʦʩʣʝ ʟʘʢʘʯʢʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʪʝʢʘʥʠʷ ʨʘʟʨʷʜʥʦʛʦ ʪʦʢʘ, 
ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʧʝʨʝʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ. ʉʙʦʨ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 
ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦʩʣʝ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ ʚ ʘʪʤʦʩʬʝʨʝ ʢʘʤʝʨʳ-ʨʝʘʢʪʦʨʘ ʚ 
ʪʝʯʝʥʠʝ 1 ʯʘʩʘ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʩʠʩʪʝʤʳ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 
ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD 
7000S, ʧʨʦʛʨʘʤʤʳ Crystallographica Search-Match 2.1.1.0. ʄʦʨʬʦʣʦʛʠʷ ʦʙʲʝʢʪʦʚ ʚ 
ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʤʝʪʦʜʘʤʠ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ 
ʤʠʢʨʦʩʢʦʧʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʩʢʦʧʘ Hitachi TM-3000. 
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ʈʠʩʫʥʦʢ 1 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ: ʘ ï ʝʤʢʦʩʪʥʦʡ 

ʥʘʢʦʧʠʪʝʣʴ ʵʥʝʨʛʠʠ, ʙ ï ʢʦʘʢʩʠʘʣʴʥʳʡ ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʳʡ ʫʩʢʦʨʠʪʝʣʴ 
(1 ï ʮʝʥʪʨʘʣʴʥʳʡ ʵʣʝʢʪʨʦʜ, 2 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʦʙʦʡʤʘ, 3 ï ʠʟʦʣʷʪʦʨʳ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, 4 ï ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʚʩʪʘʚʢʘ, 5 ï ʢʘʥʘʣ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʣʘʟʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ,  

6 ï ʘʣʶʤʠʥʠʝʚʳʡ ʵʣʝʢʪʨʦʜ-ʩʪʚʦʣ), ʚ ï ʢʘʤʝʨʘ-ʨʝʘʢʪʦʨ 
 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ʇʦʣʫʯʝʥʠʝ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʝ 

ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʚ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʉʆ2 ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʛʘʟʘ 
ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʵʥʝʨʛʠʠ ʧʨʦʮʝʩʩʘ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 
ʨʘʩʱʝʧʣʝʥʠʷ ʤʦʣʝʢʫʣ CO2 ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʢʠʩʣʦʨʦʜʘ. ʊʦʛʜʘ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ 
ʤʝʪʘʣʣʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʦʢʠʩʣʝʥʠʝ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʯʘʩʪʠʮ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʜʝʤʦʥʩʪʨʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʝʡ 
ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦ ʧʦʣʫʯʝʥʠʶ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʨʝʜʝ 
ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʦʚʝʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʯʝʪʳʨʝʭʢʨʘʪʥʳʤʠ 
ʠʤʧʫʣʴʩʘʤʠ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 
ʥʘʨʘʙʦʪʢʠ ʤʘʪʝʨʠʘʣʘ (ʟʘʨʷʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ Uʟ = 2,5 ʢɺ, ʩʫʤʤʘʨʥʘʷ ʟʘʨʷʜʥʘʷ ʝʤʢʦʩʪʴ 
ʥʘʢʦʧʠʪʝʣʷ ʵʥʝʨʛʠʠ Cʟ = 28,8 ʤʌ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʨʷʜʥʳʡ ʪʦʢ Iʤʘʢʩ = 85 ʢA, ʤʘʩʩʘ 
ʵʣʝʢʪʨʦʵʨʦʟʠʠ ʵʣʝʢʪʨʦʜʘ-ʩʪʚʦʣʘ æm = 20,41 ʛ ʠ ʤʘʩʩʘ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 
m = 15,64 ʛ). 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦʡ ʩʨʝʜʳ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 
ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. ʈʝʟʫʣʴʪʘʪʳ 
ʠʟʤʝʨʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʳʩʢʘʟʘʥʥʳʭ ʩʫʞʜʝʥʠʡ, ʯʪʦ ʟʘʤʝʪʥʦ ʧʦ 
ʚʝʣʠʯʠʥʝ ʢʦʥʚʝʨʩʠʠ ʉʆ2 ʠ ʧʨʠʨʦʩʪʫ ʉʆ ʚ ʢʘʤʝʨʝ-ʨʝʘʢʪʦʨʝ. ʊʘʢ, ʚʝʣʠʯʠʥʘ ʢʦʥʚʝʨʩʠʠ 
ʉʆ2 ʩʦʩʪʘʚʠʣʘ 15 %. 
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ʈʠʩʫʥʦʢ 2 ï ʂʨʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʚ ʦʙʲʝʤʝ ʢʘʤʝʨʳ-ʨʝʘʢʪʦʨʘ ʜʦ ʠ 

ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ 

(ʨʠʩʫʥʦʢ 3, ʘ) ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʜʠʣʦ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʚʝʨʩʠʠ ʛʘʟʦʚ. ʂʘʢ 
ʚʠʜʥʦ ʧʦ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʵʨʦʜʠʨʦʚʘʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʟʘ 
ʠʩʢʣʶʯʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʠʩʪʦʛʦ ʤʝʪʘʣʣʘ, ʧʝʨʝʰʝʣ ʚ ʦʢʩʠʜʥʳʝ ʬʘʟʳ 
ɔ-Al2O3 ʠ ŭ-MgAl26O40, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ 
ʢʠʩʣʦʨʦʜʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʤʘʛʥʠʝʚʦʡ ʰʧʠʥʝʣʠ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʯʠʩʪʦʛʦ 
ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʛʥʠʷ ʚ ʩʦʩʪʘʚʝ ʠʩʭʦʜʥʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ 
ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʪʨʫʙ ʠ ʧʦʩʣʫʞʠʚʰʠʭ ʦʩʥʦʚʦʡ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʂʄʇʋ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʣʫʯʝʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʦʟʚʦʣʠʣʦ ʦʪʤʝʪʠʪʴ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʨʠʩʫʥʦʢ 3, ʙ-ʚ). ɸʥʘʣʠʟ ʦʙʟʦʨʥʦʛʦ ʩʥʠʤʢʘ 
ʩʢʦʧʣʝʥʠʷ ʯʘʩʪʠʮ ʥʝ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʢʘʢʠʭ-ʣʠʙʦ ʦʪʯʝʪʣʠʚʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʫ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʙʣʠʞʘʡʰʝʤ ʨʘʩʩʤʦʪʨʝʥʠʠ 
ʦʙʥʘʨʫʞʠʣʦʩʴ, ʯʪʦ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʦʙʲʝʢʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʘʛʣʦʤʝʨʘʪʳ, 
ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. 

 
ʈʠʩʫʥʦʢ 3 ï ʈʝʟʫʣʴʪʘʪʳ XRD ʘʥʘʣʠʟʘ ʧʨʦʜʫʢʪʦʚ (ʘ), ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʪʨʦʚʦʡ 
ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʨʦʜʫʢʪʦʚ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ (ʙ, ʚ) 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦʡ ʩʨʝʜʝ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʘʢʩʠʘʣʴʥʦʛʦ 
ʤʘʛʥʠʪʦʧʣʘʟʤʝʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʩ ʘʣʶʤʠʥʠʝʚʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʫʜʘʣʦʩʴ 
ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʩʨʝʜʝ CO2. 
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ɺʳʚʦʜʳ 

ʄʝʪʦʜ ʧʣʘʟʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʠʩʧʝʨʩʥʳʝ 
ʤʘʪʝʨʠʘʣʳ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ CO2 ʚ ʢʘʯʝʩʪʚʝ ʛʘʟʦʦʙʨʘʟʥʦʛʦ 
ʧʨʝʢʫʨʩʦʨʘ. ʉʪʝʧʝʥʴ ʢʦʥʚʝʨʩʠʠ CO2 ʠ ʤʘʩʩʘ ʩʠʥʪʝʟʠʨʫʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʩʪʘʚʣʷʶʪ 
14,5 % ʠ ~15 ʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʚ ʢʘʯʝʩʪʚʝ 
ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʤʝʪʘʣʣʦʩʦʜʝʨʞʘʱʝʡ ʧʣʘʟʤʳ ʜʫʛʦʚʦʛʦ 
ʨʘʟʨʷʜʘ. ɼʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ 
ʦʜʥʦʩʪʘʜʠʡʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʠ ʧʦʣʫʯʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʩ ʜʦʙʘʚʣʝʥʥʦʡ 
ʩʪʦʠʤʦʩʪʴʶ ʚ ʚʠʜʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. 
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ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ɹʨʘʛʠʥ ɸʣʝʢʩʘʥʜʨ ɼʤʠʪʨʠʝʚʠʯ, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʦʪʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʀʐʀʊʈ ʊʇʋ 
 

ʄʠʢʨʦʧʣʘʩʪʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʴʝʟʥʫʶ ʫʛʨʦʟʫ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ 
ʟʜʦʨʦʚʴʷ ʯʝʣʦʚʝʢʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʤʝʣʴʯʘʡʰʠʝ ʯʘʩʪʠʮʳ ʧʨʦʥʠʢʘʶʪ ʚ ʚʦʜʥʳʝ 
ʵʢʦʩʠʩʪʝʤʳ ʠ ʧʠʱʝʚʳʝ ʮʝʧʠ, ʢʨʦʤʝ ʪʦʛʦ ʦʥʠ ʤʦʛʫʪ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤʘʭ 
ʨʘʟʣʠʯʥʳʭ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʠ ʚʳʟʳʚʘʶʪ ʜʦʣʛʦʩʨʦʯʥʳʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 
[1]. ʆʙʥʘʨʫʞʠʪʴ ʤʠʢʨʦʧʣʘʩʪʠʢ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʠʟ-ʟʘ ʝʛʦ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 
ʩʣʦʞʥʦʩʪʠ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʚʝʪʝ ʵʪʦʛʦ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʨʦʩʝʪʝʡ ʪʠʧʘ object 
detection ʩʪʘʥʦʚʠʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʷʚʣʝʥʠʷ 
ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʚ ʚʦʜʝ, ʯʪʦ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʟʘ ʝʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ. 
ʎʝʣʴ: ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʠ ʥʝʡʨʦʩʝʪʝʡ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʤʠʢʨʦʧʣʘʩʪʠʢʘ. 
ɿʘʜʘʯʠ: 

1. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ; 
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2. ʉʙʦʨ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʠ ʪʝʩʪʦʚ ʤʦʜʝʣʠ; 
3. ʉʦʟʜʘʥʠʝ ʧʨʦʛʨʘʤʤʥʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ; 
4. ʆʙʫʯʝʥʠʝ ʤʦʜʝʣʠ ʥʘ ʚʳʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʜʘʥʥʳʭ; 
5. ʊʝʩʪ ʤʦʜʝʣʠ ʥʘ ʚʳʜʝʣʝʥʥʦʡ ʯʘʩʪʠ ʜʘʥʥʳʭ; 
6. ɺʥʝʩʝʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʧʨʘʚʦʢ ʚ ʤʦʜʝʣʴ. 

 ʇʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʙʳʣʠ ʦʙʦʟʥʘʯʝʥʳ 
ʢʦʤʤʫʥʘʣʴʥʳʝ ʩʣʫʞʙʳ, ʨʦʩʧʦʪʨʝʙʥʘʜʟʦʨ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʘʥʜʳ ʠ ʣʘʙʦʨʘʪʦʨʠʠ. 
ʂʨʦʤʝ ʪʦʛʦ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʘʩʪʥʳʝ ʠ ʶʨʠʜʠʯʝʩʢʠʝ 
ʣʠʮʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʩʪʦʷʥʠʷ ʚʦʜʳ ʥʘ ʣʠʯʥʳʭ ʫʯʘʩʪʢʘʭ, ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʠ ʨʘʟʣʠʯʥʳʭ 
ʦʙʲʝʢʪʘʭ.  

ʇʨʠ ʧʦʠʩʢʝ ʘʥʘʣʦʛʦʚ ʚʦʟʥʠʢʣʘ ʧʨʦʙʣʝʤʘ ʪʘʢ ʢʘʢ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʦʜʝʣʝʡ 
ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʣʝʩʥʳʭ ʧʦʞʘʨʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʨʝʜʢʠʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ, ʩʠʥʦʧʪʠʢʠ ʠ ʪ.ʜ. ʅʝʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʢʠ ʚ ʦʙʣʘʩʪʠ 
ʤʦʥʠʪʦʨʠʥʛʘ ʢʘʯʝʩʪʚʘ ʚʦʜʳ ʩ ʧʦʤʦʱʴʶ ʥʝʡʨʦʩʝʪʝʡ ʦ ʢʦʪʦʨʳʭ ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʷ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʟʘʢʨʳʪʳʝ ʧʨʦʝʢʪʳ ʦ ʢʦʪʦʨʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ 
ʧʦʜʨʦʙʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʨʘʚʥʝʥʠʷ. 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Python ʠ 
ʙʠʙʣʠʦʪʝʢʘ TensorFlow ʧʨʝʜʦʩʪʘʚʣʷʶʱʠʤ ʦʙʰʠʨʥʳʡ ʥʘʙʦʨ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ 
ʩʦʟʜʘʥʠʷ ʠ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ, ʚʢʣʶʯʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʦʜʫʣʠ ʜʣʷ 
ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, TensorFlow ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ 
ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʝ 
ʦʙʫʯʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ [2]. ʇʨʠ ʩʦʟʜʘʥʠʠ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ 
ʦʙʫʯʝʥʠʷ, ʚʘʣʠʜʘʮʠʠ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʙʦʨ ʠʟʦʙʨʘʞʝʥʠʡ, 
ʨʘʟʨʝʰʝʥʠʝʤ 1600x1200 ʧʠʢʩʝʣʝʡ, ʩ ʪʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʤʠʢʨʦʧʣʘʩʪʠʢʘ: 
ʩʠʥʪʝʪʠʯʝʩʢʘʷ ʥʠʪʴ, ʤʘʣʝʥʴʢʠʝ ʰʘʨʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʠ ʢʫʩʦʯʢʠ ʧʣʘʩʪʠʢʦʚʦʡ 
ʫʧʘʢʦʚʢʠ. ʀʟʦʙʨʘʞʝʥʠʷ ʧʦʜʙʠʨʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ 
ʦʥʠ ʜʦʣʞʥʳ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʳʤ ʫʩʣʦʚʠʷʤ, ʚʢʣʶʯʘʷ ʧʨʠʩʫʪʩʪʚʠʝ 
ʥʘ ʩʥʠʤʢʘʭ ʦʙʲʝʢʪʦʚ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʣʘʩʩʦʚ (ʦʜʠʥ, ʜʚʘ ʠʣʠ ʙʦʣʝʝ), ʘ ʪʘʢʞʝ ʟʘʜʥʠʡ 
ʧʣʘʥ ʚ ʚʠʜʝ ʙʫʤʘʞʥʦʛʦ ʬʠʣʴʪʨʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʳ ʠ ʧʨʦʯʝʛʦ [3]. ʊʘʢʞʝ ʠʟʦʙʨʘʞʝʥʠʷ 
ʠʟ ʥʘʙʦʨʘ ʜʘʥʥʳʭ ʜʣʷ ʦʙʫʯʝʥʠʷ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʘʫʛʤʝʥʪʘʮʠʠ (ʩʦʟʜʘʥʠʝ 
ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʠʟ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ) ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ 
ʚʳʙʦʨʦʢ [3].  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ ʩʠʥʪʝʪʠʯʝʩʢʫʶ ʥʠʪʴ ʚ 
ʜʠʘʧʘʟʦʥʝ ʩʦʚʧʘʜʝʥʠʷ 80-99%, ʤʘʣʝʥʴʢʠʝ ʰʘʨʦʧʦʜʦʙʥʳʝ ʯʘʩʪʠʮʳ ʚ ʜʠʘʧʘʟʦʥʝ 
ʩʦʚʧʘʜʝʥʠʷ 75-90% ʠ ʢʫʩʦʯʢʠ ʧʣʘʩʪʠʢʦʚʦʡ ʫʧʘʢʦʚʢʠ ʚ ʜʠʘʧʘʟʦʥʝ ʩʦʚʧʘʜʝʥʠʷ 80-95%. 
ɺ ʪʝʩʪʦʚʦʡ ʛʨʫʧʧʝ ʦʙʥʘʨʫʞʝʥʦ 5% ʦʰʠʙʦʢ. 
ɺʥʝʜʨʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʨʘʙʦʪʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʟʘʢʘʟʯʠʢʦʚ ʷʚʣʷʝʪʩʷ 
ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʨʘʙʦʪʳ ʦʙʫʯʝʥʥʦʡ ʤʦʜʝʣʠ ʪʨʝʙʫʝʪʩʷ 
ʧʝʨʩʦʥʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨ ʠ ʬʦʪʦʢʘʤʝʨʘ. ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʝ ʦʙʫʯʝʥʠʝ ʦʧʝʨʘʪʦʨʘ 
ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʥʝ ʪʨʝʙʫʝʪʩʷ. 
 

 
ʈʠʩʫʥʦʢ 1 - ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʦʜʝʣʠ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʥʠʪʝʡ ʥʘ 
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ʇʯʝʣʠʥʮʝʚʘ ɼʘʨʴʷ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ:  ʉʫʨʤʝʥʝʚ ʈʦʤʘʥ ɸʥʘʪʦʣʴʝʚʠʯ, ʜ.ʪ.ʥ., ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ 

ʌʝʪʠʩʦʚʘ ɸʥʘʩʪʘʩʠʷ , ʠʥʞʝʥʝʨ ʀʐʍɹʄʊ ʊʇʋ 
 

ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʝ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʟʚʝʩʪʥʦʝ ʢʘʢ 
ʪʢʘʥʝʚʘʷ ʠʥʞʝʥʝʨʠʷ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʦʛʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʝ 
ʵʣʝʢʪʨʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʕɸʄ).  

ʕʣʝʢʪʨʦʘʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʣʘʩʩ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 
ʦʙʣʘʜʘʶʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʠʣʠ ʧʨʦʠʟʚʦʜʠʪʴ 
ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠʣʠ ʜʝʬʦʨʤʘʮʠʠ. ʊʘʢʠʝ 
ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʡ, ʚʢʣʶʯʘʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 
ʩʝʥʩʦʨʦʚ, ʘʢʪʫʘʪʦʨʘʭ, ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʘʭ, ʘ ʪʘʢʞʝ ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ ʜʣʷ 
ʩʪʠʤʫʣʷʮʠʠ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʢʘʬʬʦʣʜʳ ʥʘ ʦʩʥʦʚʝ 
ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʧʦʣʠʣʘʢʪʠʜʘ (ʇʃɸ) ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʜʚʠʛʘ 
(d14) ʦʢʦʣʦ ï 10 ʧʂʣ/ʅ. ʇʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʇʃɸ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ɓ-ʬʘʟʳ, ʚ 
ʢʦʪʦʨʦʡ ʦʨʠʝʥʪʘʮʠʷ ʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʝʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʜʠʧʦʣʴʥʦʛʦ 
ʤʦʤʝʥʪʘ. 

 
ʈʠʩʫʥʦʢ 1 - ʇʨʠʥʮʠʧ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʪʚʘ ʚ ʧʦʣʠʣʘʢʪʠʜʝ 

 
ʇʨʠʤʝʥʝʥʠʝ ʇʃɸ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ. ʅʘʧʨʠʤʝʨ, ʚ 

ʤʝʜʠʮʠʥʝ, ʇʃɸ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʠʤʧʣʘʥʪʘʪʦʚ, ʢʦʪʦʨʳʝ 
ʩʧʦʩʦʙʥʳ ʩʦʟʜʘʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʟʘ ʩʯʝʪ ʤʝʭʘʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʦʨʛʘʥʠʟʤʝ. 
ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʩʪʨʫʢʪʫʨʘʭ, ʤʦʛʫʪ 
ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩʳ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʢʣʝʪʦʢ, ʯʪʦ ʫʩʢʦʨʷʝʪ 
ʧʨʦʮʝʩʩʳ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ. ɺ ʦʙʣʘʩʪʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʪʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʦʛʫʪ 
ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʣʴʪʨʘʪʦʥʢʠʭ ʠ ʛʠʙʢʠʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʘʪʯʠʢʦʚ. 

https://www.tensorflow.org/api_docs
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ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʧʦʣʫʯʘʶʪ ʤʝʪʦʜʦʤ 
ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʘʪʝʨʠʘʣ ʥʘʯʠʥʘʝʪ 
ʵʣʝʢʪʨʦʨʘʩʧʳʣʷʪʴʩʷ ʠʟ ʢʦʥʯʠʢʘ ʩʦʧʣʘ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʦʣʦʢʦʥ 
ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʣ ʠ ʚʳʪʷʛʠʚʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʦʥʯʠʢʘ ʩʦʧʣʘ. 
ʇʦʩʣʝ ʯʝʛʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚʦʣʦʢʥʘ ʦʩʝʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ ʚ ʚʠʜʝ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʣʦʷ ʠʣʠ ʤʘʪʘ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʤʘʪʝʨʠʘʣʳ ʩ 
ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʠ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʝʛʦ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʰʠʨʦʢʦʛʦ 
ʩʧʝʢʪʨʘ ʧʨʠʤʝʥʝʥʠʡ.  
ʎʝʣʴ ʨʘʙʦʪʳ: ʧʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʩʢʘʬʬʦʣʜʦʚ ʥʘ ʦʩʥʦʚʝ ʙʠʦʨʘʟʣʘʛʘʝʤʦʛʦ ʧʦʣʠʣʘʢʪʠʜʘ ʠ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 
ɿʘʜʘʯʠ: 
1. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ ʩʢʘʬʬʦʣʜʦʚ. 
2. ʀʩʩʣʝʜʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʝʥʥʳʭ ʩʢʘʬʬʦʣʜʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ 
ʤʠʢʨʦʩʢʦʧʘ ʠ ʨʘʩʩʯʠʪʘʪʴ ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʚʦʣʦʢʦʥ. 
3. ʇʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ɼʉʂ ʩʢʘʬʬʦʣʜʦʚ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʨʠʮʳ 
ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤʠ ʤʘʛʥʠʪʥʳʤʠ 
ʩʚʦʡʩʪʚʘʤʠ.  

ɼʣʷ ʩʠʥʪʝʟʘ ʯʠʩʪʳʭ ʩʢʘʬʬʦʣʜʦʚ 0,4747 ʛ ʛʨʘʥʫʣ ʇʃɸ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ 
ʤʝʜʣʝʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚ 3 ʤʣ ʛʝʢʩʘʬʪʦʨʠʟʦʧʨʦʧʘʥʦʣʘ. ɺ ʩʣʫʯʘʝ ʢʦʤʧʦʟʠʪʥʦʛʦ 
ʩʢʘʬʬʦʣʜʘ ʇʃɸ/Fe3O4 0,2575 ʛ ʇʃɸ ʨʘʩʪʚʦʨʷʣʠ ʚ 2,5 ʤʣ ʭʣʦʨʦʬʦʨʤʘ, ʧʦʩʣʝ ʯʝʛʦ 
ʜʦʙʘʚʣʷʣʠ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʩʧʝʥʟʠʠ Fe3O4, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʘʩʪʚʦʨ ʩ 
ʟʘʜʘʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ. ʄʘʩʩʦʚʘʷ ʜʦʣʷ ʤʘʛʥʝʪʠʪʘ ʚ ʧʦʣʠʤʝʨʝ ʩʦʩʪʘʚʣʷʣʘ 1, 10 ʠ 20 
ʤʘʩ. %. 

ʄʦʨʬʦʣʦʛʠʷ ʩʢʘʬʬʦʣʜʦʚ ʠ ʜʠʘʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʣʦʢʦʥ ʧʦ ʜʠʘʤʝʪʨʘʤ 
ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 3 ʠ 4. ʆʧʪʠʯʝʩʢʠʝ ʩʥʠʤʢʠ ʩʢʘʬʬʦʣʜʦʚ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʠʟ 
ʯʠʩʪʦʛʦ ʇʃɸ ʠ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʅʏ Fe3O4 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, 
ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʣʫʯʘʡʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʚʦʣʦʢʦʥ. ʆʪʤʝʯʘʝʪʩʷ ʦʜʥʦʨʦʜʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʅʏ Fe3O4 ʚ ʇʃɸ ʚʦʣʦʢʥʘʭ, ʙʣʘʛʦʜʘʨʷ ʤʦʜʠʬʠʢʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ 
ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʦʡ. ʉʚʦʙʦʜʥʳʝ ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʣʠʤʦʥʥʦʡ ʢʠʩʣʦʪʳ 
ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ. 
 

 
ʈʠʩʫʥʦʢ 3 ï ʆʧʪʠʯʝʩʢʠʝ ʬʦʪʦʛʨʘʬʠʠ ʯʠʩʪʦʛʦ ʩʢʘʬʬʦʣʜʘ (ʘ) ʠ ʢʦʤʧʦʟʠʪʥʦʛʦ 
ʩʢʘʬʬʦʣʜʦʚ (ʙ-ʛ) ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʝʪʠʪʘ (1, 10 ʠ 20 ʤʘʩ. %),  

ʘ ʪʘʢʞʝ ʬʦʪʦʛʨʘʬʠʷ ʩʢʘʬʬʦʣʜʦʚ (ʜ) 
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 ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʣʦʢʦʥ ʧʦ ʨʘʟʤʝʨʘʤ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 
ʨʝʟʫʣʴʪʘʪʘʤ, 
ʩʨʝʜʥʠʡ 
ʜʠʘʤʝʪʨ 
ʚʦʣʦʢʦʥ ʇʃɸ ʠ 
ʇʃɸ/Fe3O4 
ʩʢʘʬʬʦʣʜʦʚ 
ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 
1 ʤʢʤ. ʆʜʥʘʢʦ ʩʪʦʠʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ 
ʇʃɸ/1%Fe3O4 
ʥʘʙʣʶʜʘʝʪʩʷ 
ʥʝʙʦʣʴʰʦʝ 
ʫʚʝʣʠʯʝʥʠʝ 
ʜʠʘʤʝʪʨʘ 
ʚʦʣʦʢʦʥ, ʯʪʦ ʤʦʞʝʪ 
ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ 
ʠʟʤʝʥʝʥʠʝʤ 
ʫʩʣʦʚʠʡ 

ʵʣʝʢʪʨʦʩʧʠʥʥʠʥʛʘ. 
ʈʠʩʫʥʦʢ 4 ï ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʣʦʢʦʥ ʧʦ ʨʘʟʤʝʨʘʤ ʜʣʷ ʯʠʩʪʦʛʦ ʇʃɸ (ʘ) ʠ ʢʦʤʧʦʟʠʪʥʳʭ 

ʩʢʘʬʬʦʣʜʦʚ (ʙ-ʛ) 
 
ʄʝʪʦʜ ɼʉʂ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʟʤʝʨʘ ʅʏ 
Fe3O4 ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʢʦʤʧʦʟʠʪʥʳʭ ʩʢʘʬʬʦʣʜʦʚ. ʅʘ ʨʠʩʫʥʢʝ 5 
ʧʨʠʚʝʜʝʥʳ ʪʝʨʤʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʇʃʃɸ ʩʢʘʬʬʦʣʜʦʚ. ʊʝʨʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʦʙʨʘʟʮʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1.  

 

 
ʈʠʩʫʥʦʢ 5 ï ʂʨʠʚʳʝ ɼʉʂ ʠʩʩʣʝʜʫʝʤʳʭ ʩʢʘʬʬʦʣʜʦʚ ʇʃɸ ʠ ʇʃɸ/Fe3O4 

ʅʘ ʪʝʨʤʦʛʨʘʤʤʘʭ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʨʠ 
ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʘ ʇʃʃɸ. ɺ ʦʙʣʘʩʪʠ 50ï60ÁC ʧʨʦʪʝʢʘʝʪ ʩʪʝʢʣʦʚʘʥʠʝ ʧʦʣʠʤʝʨʘ. 
ʉʪʝʢʣʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʧʦʣʠʤʝʨʘ ʠʟ ʩʪʝʢʣʦʦʙʨʘʟʥʦʛʦ 
(ʞʝʩʪʢʦʛʦ) ʩʦʩʪʦʷʥʠʷ ʚ ʚʳʩʦʢʦʵʣʘʩʪʠʯʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʡ 
ʧʨʦʮʝʩʩ ʦʢʦʣʦ 70ÁC, ʩʚʷʟʘʥʥʳʡ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʣʠʤʝʨʘ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ 
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ʧʦʣʠʤʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʯʘʩʪʠʯʥʳʤ ʚʳʨʘʚʥʠʚʘʥʠʝʤ 
ʠʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʝʡ. ʎʝʧʠ, ʩʢʣʘʜʳʚʘʷʩʴ ʚʤʝʩʪʝ, ʦʙʨʘʟʫʶʪ ʫʧʦʨʷʜʦʯʝʥʥʳʝ 
ʦʙʣʘʩʪʠ, ʥʘʟʳʚʘʝʤʳʝ ʣʘʤʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʬʝʨʦʠʜʘʣʴʥʳʝ 
ʩʪʨʫʢʪʫʨʳ. ʕʥʜʦʪʝʨʤʠʯʝʩʢʠʡ ʧʠʢ ʚ ʦʙʣʘʩʪʠ 177ï178ÁC ʩʚʷʟʘʥ ʩ ʧʣʘʚʣʝʥʠʝʤ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʧʦʣʠʣʘʢʪʠʜʘ. 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ɼʉʂ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʅʏ Fe3O4 ʚ 
ʢʦʤʧʦʟʠʪʥʳʭ ʩʢʘʬʬʦʣʜʘʭ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ ʥʘ ʧʨʦʮʝʩʩʳ 
ʩʪʝʢʣʦʚʘʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʠ-L-ʣʘʢʪʠʜʘ. 
 
ʊʘʙʣʠʮʘ 1 ï ɼʉʂ ʨʝʟʫʣʴʪʘʪʳ ʠ ʨʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʩʢʘʬʬʦʣʜʦʚ 

ʆʙʨʘʟʝʮ Tg, ÁC Tcc1, ÁC ʊcc2, ÁC Tcc max, ÁC Tm, ÁC Xc, % 

ʇʃɸ 53 59 94 68,0 177,7 33,2 

ʇʃɸ/1%Fe3O4 52 54,5 85,6 68,7 177,7 34,5 

ʇʃɸ/10%Fe3O4 52 58,7 86,9 69,0 178,3 32,4 

ʇʃɸ/20%Fe3O4 50 56,3 87,7 69,5 178 27,1 

 
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʅʏ Fe3O4 ʦʪ 1 ʜʦ 20 ʤʘʩ. % ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʊg ʦʪ 53ÁC ʚ ʯʠʩʪʦʤ ʇʃɸ ʜʦ 50ÁC ʚ ʢʦʤʧʦʟʠʪʝ ʇʃɸ/20% 
Fe3O4. ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʅʏ Fe3O4 ʤʦʛʫʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ 
ʠ ʘʜʩʦʨʙʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʥʳʝ ʮʝʧʠ, ʧʨʝʧʷʪʩʪʚʫʷ ʪʝʤ ʩʘʤʳʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʧʦʣʠʤʝʨʘ ʠ ʫʤʝʥʴʰʘʷ ʩʝʛʤʝʥʪʘʨʥʫʶ ʧʦʜʚʠʞʥʦʩʪʴ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 
ʧʦʣʠʤʝʨʘ ʧʨʦʪʝʢʘʝʪ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʯʘʩʪʠʮʘʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʯʪʦ ʩʥʠʞʘʝʪ 
ʢʦʣʠʯʝʩʪʚʦ ʠ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ 
ʢʦʤʧʦʟʠʪʘʭ ʇʃɸ/Fe3O4 ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ 
ʤʝʥʴʰʝʡ ʊʩʩ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʇʃɸ. 
ʉʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʇʃɸ/1% Fe3O4 ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʇʃɸ ʦʪ 33,2% ʜʦ 
34,5%, ʥʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʘʧʦʣʥʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 
Xc ʜʦ 32,4% ʠ 27,1% ʜʣʷ ʇʃɸ/10%Fe3O4 ʠ ʇʃɸ/20%Fe3O4, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʥʠʟʢʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʦʜʥʦʨʦʜʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʅʏ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʮʝʥʪʨʦʚ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʇʃɸ. 
ʅʦ ʩʪʦʠʪ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʠʡ ʜʠʘʤʝʪʨ ʚʦʣʦʢʦʥ ʇʃɸ/1% Fe3O4, ʯʪʦ ʤʦʞʝʪ 
ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 10 ʠ 20 ʤʘʩ. % ʅʏ Fe3O4 ʚ ʧʦʣʠʤʝʨʝ ʧʦʚʳʰʘʝʪʩʷ 
ʢʦʣʠʯʝʩʪʚʦ ʘʤʦʨʬʥʦʡ ʬʘʟʳ ʇʃɸ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ 
ʤʦʣʝʢʫʣʷʨʥʳʭ ʮʝʧʝʡ. 
 
ɺʳʚʦʜʳ: 
1. ʕʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʝ - ʵʪʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʦʥʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʚʦʣʦʢʦʥ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
ʧʦʣʷ. ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ ʦʙʳʯʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʘ 
ʟʘʪʝʤ ʥʘʥʦʩʠʪʩʷ ʥʘ ʧʦʜʣʦʞʢʫ ʠʣʠ ʢʦʣʣʝʢʪʦʨ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
ʇʨʦʮʝʩʩ ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ, ʚʢʣʶʯʘʷ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ 
ʢʦʥʪʨʦʣʷ ʥʘʜ ʬʦʨʤʦʡ ʠ ʨʘʟʤʝʨʘʤʠ ʧʦʣʫʯʘʝʤʳʭ ʩʪʨʫʢʪʫʨ, ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʣʠʤʝʨʦʚ, ʢʦʤʧʦʟʠʪʦʚ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ), ʘ 
ʪʘʢʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʝ. 
2. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʘʛʥʠʪʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʩʢʘʬʬʦʣʜʳ ʤʝʪʦʜʦʤ 
ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʩʢʘʬʬʦʣʜʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʨʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʙʝʟʜʝʬʝʢʪʥʳʤʠ ʦʜʥʦʨʦʜʥʳʤʠ ʚʦʣʦʢʥʘʤʠ ʩʦ ʩʣʫʯʘʡʥʳʤ 
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ʨʘʩʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ ʧʘʨʘʤʝʪʨʦʚ 
ʵʣʝʢʪʨʦʬʦʨʤʦʚʘʥʠʷ. ɼʠʘʤʝʪʨ ʚʦʣʦʢʦʥ (ʜ.ʚ.) ʯʠʩʪʦʛʦ ʇʃɸ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ 0,8 ʜʦ 1,4 
ʤʢʤ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ - ʦʪ 120 ʜʦ 135 ʤʢʤ. ɼ.ʚ. ʇʃɸ ʚ ʜʦʙʘʚʣʝʥʠʝʤ 1% ʅʏ 
ʤʘʛʥʝʪʠʪʘ  - ʦʪ 1 ʜʦ 2,3 ʤʢʤ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ - ʦʪ 1,3 ʜʦ 1,6 ʤʢʤ. ɼ.ʚ. ʇʃɸ ʩ 
ʜʦʙʘʚʣʝʥʠʝʤ 10% ʅʏ ʤʘʛʥʝʪʠʪʘ  - ʦʪ 1 ʜʦ 2,2 ʤʢʤ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ï ʦʪ 1,3 ʜʦ 
1,6 ʤʢʤ. ɼ.ʚ. ʇʃɸ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 20% ʅʏ ʤʘʛʥʝʪʠʪʘ - ʦʪ 0,9 ʜʦ 1,54 ʤʢʤ, ʥʘʠʙʦʣʴʰʝʝ 
ʢʦʣʠʯʝʩʪʚʦ - ʦʪ 1,06 ʜʦ 1, 22 ʤʢʤ. 
3. ʉ ʮʝʣʴʶ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʦʣʠʤʝʨʘ (Xc) ʚ 
ʩʢʘʬʬʦʣʜʘʭ ʠʟ ʯʠʩʪʦʛʦ ʇʃɸ ʠ ʢʦʤʧʦʟʠʪʘʭ ʇʃɸ/Fe3O4 ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ɼʉʂ. 
ʈʘʩʩʯʠʪʘʥʥʦʝ ʟʥʘʯʝʥʠʝ Xc ʩʥʠʞʘʝʪʩʷ ʩ ʚʚʝʜʝʥʠʝʤ ʅʏ Fe3O4 (10 ʠ 20 ʤʘʩ. %) ʦʪ 33,2 
ʜʦ 27,1 %. ʉʥʠʞʝʥʥʘʷ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʴ ʇʃɸ ʚ ʢʦʤʧʦʟʠʪʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ 
ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʦʙʠʣʴʥʦʩʪʠ ʧʦʣʠʤʝʨʥʳʭ ʮʝʧʝʡ ʥʘʥʦʯʘʩʪʠʮʘʤʠ Fe3O4 ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʦʣʠʤʝʨʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʚʳʰʝʥʠʝ Xc ʜʦ 34,5% ʧʨʠ 
ʜʦʙʘʚʣʝʥʠʠ 1% Fe3O4 ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʵʬʬʝʢʪʦʤ ʥʫʢʣʝʘʮʠʠ. 
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1. Electroactive polymers for tissue regeneration: Developments and perspectives. 

Progress in Polymer Science, ʪʦʤ 81, ʩʪʨʘʥʠʮʳ 144-162. Electroactive polymers for 
tissue regeneration: Developments and perspectives - ScienceDirect 

2. Electrically polarized PLLA nanofibers as neural tissue engineering scaffolds with 
improved neuritogenesis.  ʪʦʤ 167, ʩʪʨʘʥʠʮʳ 93-103. Electrically polarized PLLA 
nanofibers as neural tissue engineering scaffolds with improved neuritogenesis - 
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3. Polylactic Acid Piezo-Biopolymers: Chemistry, Structural Evolution, Fabrication 
Methods, and Tissue Engineering Applications. JFB | Free Full-Text | Polylactic Acid 
Piezo-Biopolymers: Chemistry, Structural Evolution, Fabrication Methods, and 
Tissue Engineering Applications (mdpi.com) 

4. Development of electroactive materials-based immunosensor towards early-stage 
cancer detection - ScienceDirect. Coordination Chemistry Reviews - ʊʦʤ 471, 
Development of electroactive materials-based immunosensor towards early-stage 
cancer detection - ScienceDirect 

5. Electrical field directed electropolymerization of free-standing film of polypyrrole and 
poly(1-(2-carboxyethyl)pyrrole at the air/liquid interface - ScienceDirect - Synthetic 
Metals. ʊʦʤ 161, ʚʳʧʫʩʢ 9ï10.  Electrical field directed electropolymerization of free-
standing film of polypyrrole and poly(1-(2-carboxyethyl)pyrrole at the air/liquid 
interface - ScienceDirect 

6. Voltammetric detection of NO in the rat brain with an electronic conducting polymer 
and NafionÈ bilayer-coated carbon fibre electrode - ScienceDirect - Journal of 
Electroanalytical Chemistry. ʊʦʤ 426, ʠʟʜʘʥʠʷ 1ï2, 15. 
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ʩʦʟʜʘʥʠʠ ʧʨʦʪʝʟʦʚ. ɺ ʭʠʨʫʨʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ɸʥʛʣʠʠ ʩʦʭʨʘʥʠʣʩʷ ʧʨʦʪʝʟ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ 
III ʚʝʢʫ ʜʦ ʥ. ʵ., ʘ ʚ 1504-1509 ʛʦʜʘʭ ʚʧʝʨʚʳʝ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʜʠʣʠ ʩʦʟʜʘʥʠʷ 
ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʨʫʢʠ ʚ ɻʝʨʤʘʥʠʠ. ɺʨʘʯ ʠ ʭʠʨʫʨʛʠʯʝʩʢʠʡ ʪʝʭʥʠʢ ʠʟ ɹʝʨʣʠʥʘ ʚ 1812 ʛʦʜʫ 
ʠʟʦʙʨʸʣ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʭʘʥʠʟʤ, ʩʦʟʜʘʚ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʢʠʩʪʴ, ʢʦʪʦʨʘʷ 
ʨʘʙʦʪʘʣʘ ʥʘ ʦʩʥʦʚʝ ʧʨʫʞʠʥʳ ʠ ʜʚʠʞʝʥʠʷ ʢʫʣʴʪʠ. ɽʛʦ ʧʨʠʥʮʠʧ ʧʦʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 
ʙʦʣʝʝ ʥʦʚʳʭ ʧʨʦʪʝʟʘʭ, ʥʘʧʨʠʤʝʨ, ɺʘʥ ʇʝʪʝʨʩʝʥ ʚ 1848 ʛʦʜʫ ʧʨʠ ʩʦʟʜʘʥʠʠ ʧʨʦʪʝʟʘ 
ʧʣʝʯʘ. ɼʣʷ ʧʨʦʩʪʳʭ ʣʶʜʝʡ ʧʨʦʪʝʟʳ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʚ 1860 ʛʦʜʫ, ʢʦʛʜʘ ʛʨʘʬ ɹʦʬʦʨ 
ʠʟʦʙʨʸʣ ʫʩʪʨʦʡʩʪʚʦ ʙʦʣʝʝ ʜʝʰʸʚʦʝ ʚ ʠʟʛʦʪʦʚʣʝʥʠʠ. ʇʦʩʣʝ ʧʝʨʚʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ 
ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ ʥʘʯʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, 
ʪʦʛʜʘ ʩʦʟʜʘʥʠʝ ʧʨʦʪʝʟʦʚ ʦʬʦʨʤʠʣʦʩʴ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʘʷ ʜʠʩʮʠʧʣʠʥʘ. [1] ʉ 
ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʯʝʣʦʚʝʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʨʘʟʚʠʚʘʣʠʩʴ 
ʧʨʦʪʝʟʳ ʠ ʠʤʧʣʘʥʪʳ, ʨʘʩʰʠʨʷʣʩʷ ʠʭ ʬʫʥʢʮʠʦʥʘʣ ʠ ʚʦʟʤʦʞʥʦʩʪʠ, ʧʦʷʚʣʷʣʠʩʴ ʥʦʚʳʝ 
ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ.  

ɺ 21 ʚʝʢʝ ʧʦʷʚʠʣʠʩʴ ʙʠʦʥʠʯʝʩʢʠʝ ʧʨʦʪʝʟʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʩʪʨʘʜʘʚʰʝʤʫ 
ʚʝʨʥʫʪʴ ʜʚʠʛʘʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʇʝʨʚʫʶ ʩʝʨʠʶ ʙʠʦʥʠʯʝʩʢʠʭ ʧʨʦʪʝʟʦʚ ʢʠʩʪʠ 
ʧʨʝʜʩʪʘʚʠʣʘ ʙʨʠʪʘʥʩʢʘʷ ʢʦʤʧʘʥʠʷ RSLSteeper ʚ 2010 ʛʦʜʫ. [2] Cleveland Veterans 
Affairs Medical Center ʠ Case Western Reserve University ʚ 2013 ʛʦʜʫ ʨʘʟʨʘʙʦʪʘʣʠ 
ʧʨʦʪʝʟ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ, ʩʝʥʩʦʨʳ ʢʦʪʦʨʦʛʦ ʧʦʜʢʣʶʯʘʣʠʩʴ ʢ ʥʝʨʚʥʳʤ ʦʢʦʥʯʘʥʠʷʤ 
ʢʫʣʴʪʠ. [3] ʕʪʦ ʩʪʘʣʦ ʚʦʟʤʦʞʥʦ ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʠ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ.   
ɺ ʈʦʩʩʠʠ ʧʦ ʜʘʥʥʳʤ ʄʠʥʪʨʫʜʘ ʝʞʝʛʦʜʥʦ 32 ʪʳʩʷʯʠ ʠʥʚʘʣʠʜʦʚ ʥʫʞʜʘʶʪʩʷ ʚ ʧʨʦʪʝʟʘʭ, 
ʘ ʚ ʢʦʩʪʥʳʭ ʠʤʧʣʘʥʪʘʭ (ʟʫʙʳ, ʯʘʩʪʠ ʢʦʩʪʝʡ) ʝʱʸ ʙʦʣʴʰʝ ʣʶʜʝʡ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 3 ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ, ʟʘʥʠʤʘʶʱʠʝʩʷ ʩʦʟʜʘʥʠʝʤ ʧʨʦʪʝʟʦʚ: 
çʄʦʪʦʨʠʢʘè (ʙʦʣʝʝ 5000 ʧʨʦʪʝʟʦʚ ʩ 2016 ʛʦʜʘ), çMaxBionicè (ʠʭ ʧʨʦʪʝʟʳ 
ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʱʫʱʘʪʴ ʩʠʣʫ ʟʘʭʚʘʪʘ) ʠ çʆʨʪʦ-ʂʦʩʤʦʩè (ʧʝʨʚʳʝ ʚ 
ʈʦʩʩʠʠ ʥʘʯʘʣʠ ʚʳʧʫʩʢ ʩʧʦʨʪʠʚʥʳʭ ʧʨʦʪʝʟʦʚ). [4]  

ʂ ʧʨʦʙʣʝʤʘʤ ʠʤʧʣʘʥʪʦʚ ʦʪʥʦʩʠʪʩʷ ʜʦʨʦʛʦʚʠʟʥʘ ʠʟʜʝʣʠʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 
ʨʝʰʝʥʠʝʤ ʩʪʘʣʠ 3D ʧʨʠʥʪʝʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʙʳʩʪʨʝʝ ʠ ʜʝʰʝʚʣʝ ʠʟʛʦʪʦʚʠʪʴ 
ʫʩʪʨʦʡʩʪʚʦ. 3D-ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 
ʤʦʜʝʣʠ ʠ ʧʦʜʛʦʥʷʪʴ ʧʨʦʪʝʟ ʧʦʜ ʯʝʣʦʚʝʢʘ, ʥʦ ʪʨʝʙʫʝʪ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʟʥʘʥʠʡ ʠ 
ʫʤʝʥʠʷ ʨʘʙʦʪʘʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘʭ. [5]  
ʅʘ ʨʳʥʢʝ ʪʨʫʜʘ ʩʣʦʞʥʦ ʥʘʡʪʠ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʩʦʟʜʘʚʘʪʴ ʘʥʘʪʦʤʠʯʝʩʢʠ 
ʚʝʨʥʳʝ ʤʦʜʝʣʠ ʠ ʨʘʙʦʪʘʪʴ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʝʩʧʝʯʝʥʠʷʭ. 
ʇʦʵʪʦʤʫ ʣʶʜʠ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʩʬʝʨʝ ʤʝʜʠʮʠʥʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʩʝʛʜʘ ʚʦʩʪʨʝʙʦʚʘʥʳ.  
ʎʝʣʴ ʧʨʦʝʢʪʘ: ʦʩʚʦʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʘʥʘʪʦʤʠʯʝʩʢʠʭ ʜʦʩʪʦʚʝʨʥʳʭ 
ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʯʘʩʪʝʡ ʪʝʣʘ ʥʘ ʦʩʥʦʚʝ ʂʊ-ʠʟʦʙʨʘʞʝʥʠʡ. 
ɿʘʜʘʯʠ: 

1. ʀʟʫʯʠʪʴ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ. 
2. ʆʟʥʘʢʦʤʠʪʴʩʷ ʩʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ 
ʩʦʟʜʘʥʠʷ 3D-ʤʦʜʝʣʝʡ. 

3. ʀʟʫʯʠʪʴ ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʠʠ ʪʢʘʥʝʡ. 
4. ʉʦʟʜʘʪʴ CAD-ʤʦʜʝʣʴ ʯʘʩʪʠ ʪʝʣʘ ʥʘ ʦʩʥʦʚʝ ʂʊ-ʠʟʦʙʨʘʞʝʥʠʷ. 
5. ʈʘʩʧʝʯʘʪʘʪʴ ʥʘ 3D ʧʨʠʥʪʝʨʝ ʩʦʟʜʘʥʥʫʶ ʤʦʜʝʣʴ. 

ɹʣʘʛʦʜʘʨʷ ʦʪʢʨʳʪʠʶ ɺʠʣʴʛʝʣʴʤʦʤ ʈʝʥʪʛʝʥʦʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 
ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʤʝʜʠʮʠʥʝ ʧʦʷʚʠʣʩʷ ʥʦʚʳʡ ʩʧʦʩʦʙ ʠʟʫʯʝʥʠʷ ʦʨʛʘʥʦʚ ʠ 
ʧʦʣʫʯʝʥʠʷ ʠʭ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʸʥʢʝ ï ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ. ʇʦʩʣʦʡʥʘʷ 
ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ, ʠʣʠ ʞʝ ʪʦʤʦʛʨʘʬʠʷ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘʜʘʥʥʦʡ ʛʣʫʙʠʥʝ. ʀʤʝʥʥʦ ʦʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʦʟʜʘʥʠʷ 3D-
ʤʦʜʝʣʝʡ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʥʘʣʦʞʠʪʴ ʩʨʝʟʳ ʜʨʫʛ ʥʘ ʜʨʫʛʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ 
ʦʧʨʝʜʝʣʸʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ï 3D Slicer 5.4.0, 
ʧʦʟʚʦʣʷʶʱʠʡ ʨʘʩʩʤʦʪʨʝʪʴ ʠʟʦʙʨʘʞʝʥʠʝ ʩ ʪʨʸʭ ʩʪʦʨʦʥ ʠ ʝʛʦ ʦʙʲʸʤʥʫʶ 
ʚʠʟʫʘʣʠʟʘʮʠʶ.  
ɺ ʧʨʦʝʢʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ: 
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ʄʝʪʦʜʳ: 
1. ʉʝʛʤʝʥʪʘʮʠʷ ʪʢʘʥʝʡ  
2. ʇʨʠʸʤʳ ʩʦʟʜʘʥʠʷ CAD-ʤʦʜʝʣʝʡ.  

ʄʘʪʝʨʠʘʣʳ: 
1. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 3D Slicer. 
2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ MashLab. 
3. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ Repetier-Host. 
4. 3D-ʧʨʠʥʪʝʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʦ 2 ʢʦʨʧʫʩʝ ʊʇʋ. 
5. ʅʘʧʠʣʴʥʠʢʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ. 
6. ʂʊ-ʠʟʦʙʨʘʞʝʥʠʝ ʢʠʩʪʠ ʚ ʬʦʨʤʘʪʝ ʬʘʡʣʘ nrrd. 
7. ʇʣʘʩʪʠʢ PLA.  
8. ʂʣʝʡ.  

ʆʙʦʨʫʜʦʚʘʥʠʝ: 
1. 3D-ʧʨʠʥʪʝʨ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʦ 2 ʢʦʨʧʫʩʝ ʊʇʋ. 
2. ʅʘʧʠʣʴʥʠʢʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʤʦʜʝʣʝʡ. 

ʇʨʦʝʢʪʥʘʷ ʨʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʧʣʘʥʫ: 
1. ʆʟʥʘʢʦʤʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʂʊ-ʠʟʦʙʨʘʞʝʥʠʷ: 
2. ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʢʠʩʪʠ. 
3. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʩʪʝʡ ʚ ʢʠʩʪʠ ʠ ʠʭ ʧʦʣʦʞʝʥʠʷ. 
4. ʈʘʙʦʪʘ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʧʨʦʛʨʘʤʤʥʦʤ ʦʙʝʩʧʝʯʝʥʠʠ ï 3D Slicer: 
5. ʀʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠ ʠʥʩʪʨʫʤʝʥʪʦʚ ʚ ʧʨʦʛʨʘʤʤʝ. 
6. ʉʝʛʤʝʥʪʠʨʦʚʘʥʠʝ ʪʢʘʥʝʡ. 
7. ʉʦʟʜʘʥʠʝ CAD-ʤʦʜʝʣʝʡ ʢʦʩʪʝʡ ʢʠʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʝʛʤʝʥʪʘʮʠʠ ʪʢʘʥʝʡ. 
8. ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʝʡ ʢʦʩʪʝʡ ʢ ʧʝʯʘʪʠ ʚ ʧʨʦʛʨʘʤʤʝ MashLab: 
9. ʉʛʣʘʞʠʚʘʥʠʝ ʥʝʨʦʚʥʦʩʪʝʡ ʥʘ ʤʦʜʝʣʠ. 
10. ʇʦʜʛʦʪʦʚʢʘ ʤʦʜʝʣʝʡ ʢ ʧʝʯʘʪʠ ʚ Repetier-Host: 
11. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʤʦʜʝʣʠ ʜʣʷ ʧʝʯʘʪʠ. 
12. ʅʘʩʪʨʦʡʢʘ ʧʘʨʘʤʝʪʨʦʚ ʧʝʯʘʪʠ. 
13. ʇʦʜʛʦʪʦʚʢʘ 3D ʧʨʠʥʪʝʨʘ. 
14. ʇʝʯʘʪʴ ʤʦʜʝʣʝʡ. 
15. ʆʙʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʢʦʩʪʝʡ. 
16. ʉʙʦʨʢʘ ʮʝʣʴʥʦʡ ʤʦʜʝʣʠ ʢʠʩʪʠ. 
ɺʥʘʯʘʣʝ ʚ 3D Slicer ʙʳʣʘ ʩʦʟʜʘʥʘ ʮʝʣʴʥʘʷ ʤʦʜʝʣʴ ʢʠʩʪʠ ʥʘ ʦʩʥʦʚʝ ʩʝʛʤʝʥʪʘʮʠʠ 

ʪʢʘʥʝʡ. (ʩʤ.ʨʠʩ.1)  

 
ʈʠʩʫʥʦʢ 1. ʎʝʣʴʥʘʷ ʤʦʜʝʣʴ ʢʠʩʪʠ 

 



102 
 

ʇʦʩʣʝ ʯʝʛʦ ʤʳ ʨʘʟʲʝʜʠʥʠʣʠ ʢʦʩʪʠ, ʧʦʣʫʯʠʚ 28 ʦʪʜʝʣʴʥʳʭ ʤʦʜʝʣʝʡ. (ʩʤ.ʨʠʩ.2) 
 

 
ʈʠʩʫʥʦʢ. 2. ʄʦʜʝʣʠ ʢʦʩʪʝʡ 

 
ɺ MashLab ʤʳ ʧʦʜʛʦʪʦʚʠʣʠ ʤʦʜʝʣʠ, ʩʛʣʘʜʠʣʠ ʥʝʨʦʚʥʦʩʪʠ. ʇʦʩʣʝ ʚʳʩʪʘʚʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʚ Repetier-Host, ʧʦʜʭʦʜʷʱʠʭ ʧʦʜ ʜʘʥʥʳʡ 3D ʧʨʠʥʪʝʨ (ʩʤ.ʨʠʩ.3), ʤʳ 
ʨʘʩʧʝʯʘʪʘʣʠ 28 ʤʦʜʝʣʝʡ ʢʦʩʪʝʡ ʢʠʩʪʠ, ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʦʙʨʘʙʦʪʘʣʠ ʚʨʫʯʥʫʶ ʠ, 
ʦʧʠʨʘʷʩʴ ʥʘ ʂʊ-ʠʟʦʙʨʘʞʝʥʠʝ, ʩʦʙʨʘʣʠ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ ʢʠʩʪʠ. (ʩʤ.ʨʠʩ.4) 
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ʈʠʩʫʥʦʢ 3. 3D ʧʨʠʥʪʝʨ 
 

 
 

ʈʠʩʫʥʦʢ 4. ʉʦʙʨʘʥʥʘʷ ʤʦʜʝʣʴ ʢʠʩʪʠ 
 

ʅʘ ʩʦʟʜʘʥʠʝ ʤʦʜʝʣʝʡ ʙʳʣʦ ʧʦʪʨʘʯʝʥʦ ʧʨʠʤʝʨʥʦ 74 ʯʘʩʘ, ʥʘ ʧʝʯʘʪʴ ʫʰʣʦ 68 
ʯʘʩʦʚ ʠ ʦʢʦʣʦ 100 ʢʫʙʠʯʝʩʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʧʣʘʩʪʠʢʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʝʢʪʘ ʙʳʣʘ ʩʦʟʜʘʥʘ ʘʥʘʪʦʤʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʘʷ 
ʪʨʸʭʤʝʨʥʘʷ ʤʦʜʝʣʴ ʢʠʩʪʠ ʥʘ ʦʩʥʦʚʝ ʂʊ-ʠʟʦʙʨʘʞʝʥʠʷ. ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣ ʠʟʫʯʝʥ 
ʤʝʪʦʜ ʩʝʛʤʝʥʪʘʮʠʠ ʪʢʘʥʝʡ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʭ 
ʠʤʧʣʘʥʪʦʚ ʠ ʦʩʚʦʝʥʳ ʙʘʟʦʚʳʝ ʠʥʞʝʥʝʨʥʳʝ ʢʦʤʧʝʪʝʥʮʠʠ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʠʭ 
ʩʦʟʜʘʥʠʷ. ɼʘʥʥʳʝ ʫʤʝʥʠʷ ʧʦʟʚʦʣʷʪ ʚ ʙʫʜʫʱʝʤ ʨʘʙʦʪʘʪʴ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʠʤʧʣʘʥʪʦʚ 
ʢʦʩʪʝʡ ʠ ʢʦʥʝʯʥʦʩʪʝʡ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʦʡ 
ʤʝʜʠʮʠʥʝ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 
 

1. ʇʝʪʨʦʚ ɺ.ɻ., ɿʘʤʠʣʘʮʢʠʡ ʖ.ʀ., ɹʫʨʦʚ ɻ.ʅ. ʠ ʜʨ. ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ 
ʧʨʦʪʝʟʦʚ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ - ɻʠʧʧʦʢʨʘʪ, 2008 - ʩ. 128. 

2. ʂʦʤʧʘʥʠʷ RSLSteeper [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] - ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://www.steepergroup.com/about-steeper/steeper-group/our-story/ (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 03.11.2023). 

3. ʂʦʨʦʙʝʥʢʦʚ ʅ.ʆ., ʂʦʯʝʪʦʚ ʉ.ʉ., ɻʨʠʛʦʨʦʚ ʇ.ɸ. ɹʠʦʥʠʯʝʩʢʦʝ ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ 
ʢʦʥʝʯʥʦʩʪʠ//ʉʠʙʠʨʩʢʠʡ ʤʝʜʠʮʠʥʩʢʠʡ ʞʫʨʥʘʣ (ʀʨʢʫʪʩʢ) ï 2019 - ˉ 3. ï ʩ. 24.  

4. ɹʠʦʥʠʯʝʩʢʠʝ ʧʨʦʪʝʟʳ: ʢʪʦ ʩʦʟʜʘʸʪ ʢʠʙʦʨʛʦʚ ʚ ʈʦʩʩʠʠ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] - 
ʨʝʞʠʤ ʜʦʩʪʫʧʘ: https://rb.ru/longread/bionic-cyborgs/ (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ: 
03.11.2023). 

5. ɿʘʤʠʣʘʮʢʠʡ ʖ.ʀ., ʂʫʨʜʳʙʘʡʣʦ ʉ.ʌ., ɻʘʡʥʫʣʣʠʥʘ ʈ.ʈ., ʏʝʢʫʰʠʥʘ ɻ.ɺ. 
ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʪʝʟʠʨʦʚʘʥʠʷ, ʩʦʢʨʘʱʘʶʱʘʷ ʚʨʝʤʷ ʠ ʪʨʫʜʦʟʘʪʨʘʪʳ ʥʘ 
ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʦʪʝʟʦʚ ʚʝʨʭʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ // 3-ʡ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʡ 
ʢʦʥʛʨʝʩʩ ʧʦ ʚʦʝʥʥʦʡ ʤʝʜʠʮʠʥʝ ʤʘʪʝʨʠʘʣʳ ʢʦʥʛʨʝʩʩʘ -  2016 -  ʉ. 169-170. 
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ɹɽɿɺɸʂʋʋʄʅʓʁ ʕʃɽʂʊʈʆɼʋɻʆɺʆʁ ʉʀʅʊɽɿ ʉʀʃʀʎʀɼɸ ʊʀʊɸʅɸ 
ʐʫʢʰʠʥʘ ɺʘʣʝʨʠʷ  

ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 11 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʇʦʚʘʣʷʝʚ ʇʘʚʝʣ ɺʘʜʠʤʦʚʠʯ, ʩʪʘʨʰʠʡ ʣʘʙʦʨʘʥʪ ʀʐʕ ʊʇʋ 
 

ʉʠʣʠʮʠʜ ʪʠʪʘʥʘ ï ʵʪʦ ʙʠʥʘʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʦʩʪʦʠʪ ʠʟ ʪʠʪʘʥʘ (Ti) ʠ 
ʢʨʝʤʥʠʷ (Si). ʇʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʚ ʩʠʩʪʝʤʝ Ti-Si ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ 
Ti3Si, Ti5Si3, Ti5Si4, TiSi, TiSi2. ʉʠʣʠʮʠʜʳ ʪʠʪʘʥʘ ʚ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʣʘʜʘʶʪ 
ʚʳʩʦʢʦʡ ʞʘʨʦʧʨʦʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʩʠʣʠʮʠʜʦʚ 
ʤʝʪʘʣʣʦʚ ʧʝʨʝʭʦʜʥʦʡ ʛʨʫʧʧʳ. ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 
ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʨʘʙʦʪʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ, 
ʧʦʩʨʝʜʩʪʚʦʤ ʩʚʦʝʡ ʞʘʨʦʩʪʦʡʢʦʩʪʠ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 1300 ÁC ʜʦ 1700 ÁC. 
ʊʘʢʞʝ ʩʠʣʠʮʠʜʳ ʪʠʪʘʥʘ ʥʘʰʣʠ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ ʥʘ ʩʪʘʣʴʥʳʝ 
ʠʟʜʝʣʠʷ [1]. ʉʨʝʜʠ ʨʘʥʝʝ ʫʢʘʟʘʥʥʳʭ ʪʠʧʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʬʘʟʫ 
ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ Ti5Si3, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ (2130 ÁC), 
ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (4,32 ʛ/ʩʤ3), ʧʨʝʚʦʩʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʧʦʣʟʫʯʝʩʪʠ, ʚʳʩʦʢʦʡ 
ʧʨʦʯʥʦʩʪʴʶ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʩʪʦʡʢʦʩʪʴʶ ʢ ʦʢʠʩʣʝʥʠʶ [2]. ɹʣʘʛʦʜʘʨʷ 
ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʦʢʠʩʣʝʥʠʶ Ti5Si3 
ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʡ 
ʤʘʪʝʨʠʘʣ [3]. 

ʀʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ, ʥʘʧʨʠʤʝʨ, 
ʨʝʘʢʮʠʦʥʥʦʝ ʩʧʝʢʘʥʠʝ, ʜʫʛʦʚʘʷ ʧʣʘʚʢʘ, ʛʦʨʷʯʝʝ ʧʨʝʩʩʦʚʘʥʠʝ, ʛʦʨʷʯʝʝ ʠʟʦʩʪʘʪʠʯʝʩʢʦʝ 
ʧʨʝʩʩʦʚʘʥʠʝ ʠ ʩʘʤʦʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʠʥʪʝʟ [3]. ʆʜʥʘʢʦ 
ʜʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ 
ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʧʦʨʦʰʢʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʨʝʘʣʠʟʘʮʠʶ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 
ʧʦʨʦʰʢʦʚ ʚ ʠʥʝʨʪʥʦʡ ʠʣʠ ʚʘʢʫʫʤʥʦʡ ʩʨʝʜʝ. ʏʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʩʪʦʠʤʦʩʪʴ ʠ 
ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʦʜʠʥ ʨʘʙʦʯʠʡ ʮʠʢʣ ʪʘʢʦʛʦ ʨʝʘʢʪʦʨʘ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 
ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʠ ʚʘʢʫʫʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʦ 
ʝʩʪʴ ʠʭ ʧʦʢʫʧʢʠ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 
ʟʘʪʨʘʪʘʤ. ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦʨʦʰʢʦʚ ʤʝʪʦʜʘʤʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠʷ ʠʣʠ ʛʦʨʷʯʝʛʦ 
ʧʨʝʩʩʦʚʘʥʠʷ, ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʕʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʠʥʪʝʟ ʠʣʠ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʥʘʥʦʧʦʨʦʰʢʦʚ ï 
ʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ 
ʦʙʨʘʙʦʪʢʝ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʣʘʟʤʦʡ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ [4]. ʊʘʢʦʡ ʤʝʪʦʜ 
ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʧʣʘʟʤʝʥʥʦʡ ʜʫʛʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʤʦʞʝʪ 
ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʘʨʙʠʜʦʚ, ʙʦʨʠʜʦʚ, ʩʠʣʠʮʠʜʦʚ ʠ ʥʠʪʨʠʜʦʚ [5]. ɼʣʷ 
ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʜʫʛʦʚʳʝ ʨʝʘʢʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʟʦʥʘ ʨʝʘʢʮʠʠ 
ʩʦʩʪʦʠʪ ʠʟ ʧʘʨʳ ʵʣʝʢʪʨʦʜʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦ. ʆʜʠʥ 
ʠʟ ʵʣʝʢʪʨʦʜʦʚ (ʢʘʪʦʜ) ʟʘʧʦʣʥʝʥ ʠʩʭʦʜʥʳʤ ʧʦʨʦʰʢʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʨʫʛʦʡ ʵʣʝʢʪʨʦʜ 
(ʘʥʦʜ) ʦʙʳʯʥʦ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʩʪʝʨʞʥʷ ʠʟ ʯʠʩʪʦʛʦ ʛʨʘʬʠʪʘ. ʆʙʳʯʥʦ ʟʦʥʘ ʨʝʘʢʮʠʠ 
ʟʘʧʦʣʥʷʝʪʩʷ ʛʘʟʦʤ ʠʣʠ ʧʦʛʨʫʞʝʥʘ ʚ ʞʠʜʢʫʶ ʩʨʝʜʫ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʢʠʩʣʝʥʠʝ 
ʧʦʨʦʰʢʘ. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʪʦʜʠʢʠ 
ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʟʘʱʠʪʥʳʭ ʩʨʝʜ, ʪʦ ʝʩʪʴ ʚ 
ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. 

ɹʝʟʚʘʢʫʫʤʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ 
ʩʠʥʪʝʟ ʤʘʪʝʨʠʘʣʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ʆʪʩʫʪʩʪʚʠʝ ʚʘʢʫʫʤʘ ʠ ʠʥʝʨʪʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ 
ʨʝʘʢʮʠʠ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʘʟʦʚ, ʠʟʦʣʠʨʫʶʱʠʭ ʠʩʭʦʜʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪ 
ʢʠʩʣʦʨʦʜʘ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʦʢʠʩʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ. ʊʝʤ ʩʘʤʳʤ 
ʜʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʚʘʢʫʫʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʦʢʨʘʪʠʚ ʨʘʩʭʦʜʳ 
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ʥʘ ʟʘʢʫʧʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʚʨʝʤʝʥʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʨʘʙʦʯʠʡ ʮʠʢʣ ʨʘʙʦʪʳ ʨʝʘʢʪʦʨʘ. 
ʊʘʢʞʝ ʜʫʛʦʚʳʝ ʨʝʘʢʪʦʨʳ ʘʪʤʦʩʬʝʨʥʦʛʦ ʪʠʧʘ ʦʙʣʘʜʘʶʪ ʥʠʟʢʦʡ ʩʝʙʝʩʪʦʠʤʦʩʪʴʶ [6]. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠ ̫ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʠʥʪʝʟ 
ʤʝʪʘʣʣʦʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʉɺʉ ʠ ʛʦʨʷʯʝʛʦ 
ʧʨʝʩʩʦʚʘʥʠʷ, ʧʨʦʭʦʜʠʪ ʩ ʙʦʣʴʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʤʘʪʝʨʠʘʣʦʚ, ʵʥʝʨʛʠʠ ʠ ʚʨʝʤʝʥʠ, ʚʚʠʜʫ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʜʜʝʨʞʘʥʠʷ ʟʘʱʠʪʥʦʡ ʩʨʝʜʳ ʚ ʟʦʥʝ ʨʝʘʢʮʠʠ, ʘ ʪʘʢʞʝ ʧʦʢʫʧʢʝ 
ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʝʟʚʘʢʫʫʤʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʤʝʪʦʜ 
ʩʠʥʪʝʟʘ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʦʚ ʚ ʧʣʘʟʤʝ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʩ 
ʤʝʥʴʰʝʡ ʟʘʪʨʘʪʦʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʟʘ ʢʦʨʦʪʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ.  

ʎʝʣʴ ʨʘʙʦʪʳ: ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʙʝʟʚʘʢʫʫʤʥʳʤ 
ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʠʩʪʳʭ ʧʦʨʦʰʢʦʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ. 
 
ɿʘʜʘʯʠ: 

1. ʇʦʜʛʦʪʦʚʠʪʴ ʠʩʭʦʜʥʫʶ ʩʤʝʩʴ ʧʦʨʦʰʢʦʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ. 
2. ʇʨʦʚʝʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʤʝʪʦʜʦʤ ʙʝʟʚʘʢʫʫʤʥʦʛʦ 
ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʘ. 

3. ʀʩʩʣʝʜʦʚʘʪʴ ʩʚʦʡʩʪʚʘ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʠʩʪʳʝ ʧʦʨʦʰʢʠ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ 
ʧʨʠ ʘʪʦʤʘʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Ti:Si = 5:3. ʉʤʝʰʠʚʘʥʠʝ ʧʦʨʦʰʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 
ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʣʴʥʠʮʝ Retsch 500 nano ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥʫʪ ʠ ʯʘʩʪʦʪʝ 30 ɻʮ ʚ 
ʨʘʟʤʦʣʴʥʦʤ ʩʪʘʢʘʥʝ ʩ ʨʘʟʤʦʣʴʥʳʤʠ ʪʝʣʘʤʠ ʠʟ ʩʪʘʣʠ (ʰʘʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ). 
ɺʟʚʝʰʠʚʘʥʠʝ ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʦʨʦʰʢʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʚʝʩʘʭ ʅʴʶʪʦʥ 
ɻʃʉ.  
ʉʠʥʪʝʟ ʧʦʨʦʰʢʘ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʚ ʜʘʥʥʦʤ ʨʝʘʢʪʦʨʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʚʘʨʦʯʥʳʡ ʠʥʚʝʨʪʦʨ ʩ 
ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʩʠʣʳ ʪʦʢʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 200 ɸ. ɺʳʚʦʜʳ ʠʩʪʦʯʥʠʢʘ 
ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʪʦʢʦʚʝʜʫʱʠʤ ʵʣʝʤʝʥʪʘʤ ʨʝʘʢʪʦʨʘ. ʂ 
ʘʣʶʤʠʥʠʝʚʦʡ ʧʣʘʩʪʠʥʝ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ 
ʪʦʢʘ, ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʚʳʚʦʜ ʢ ʩʪʘʣʴʥʦʡ ʛʠʣʴʟʝ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʤʘʣʳʡ 
ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ ʟʘʩʳʧʘʣʠ ʚʝʱʝʩʪʚʦ ʤʘʩʩʦʡ ~ 2 ʛ. ʊʠʛʝʣʴ ʟʘʢʨʳʚʘʣʠ ʛʨʘʬʠʪʦʚʦʡ 
ʢʨʳʰʢʦʡ ʠ ʧʦʤʝʱʘʣʠ ʚ ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. ɼʘʣʝʝ ʪʠʛʣʠ 
ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʥʘ ʘʣʶʤʠʥʠʝʚʫʶ ʧʣʘʩʪʠʥʫ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʪʠʛʣʠ ʷʚʣʷʶʪʩʷ ʢʘʪʦʜʦʤ, 
ʘ ʛʨʘʬʠʪʦʚʳʡ ʩʪʝʨʞʝʥʴ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʡʩʷ ʚ ʩʪʘʣʴʥʫʶ ʛʠʣʴʟʫ, ï ʘʥʦʜʦʤ.  
ʇʦʩʣʝ ʚʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʝ 

ʵʣʝʢʪʨʦʜʘ ʠ ʛʨʘʬʠʪʦʚʦʡ ʢʨʳʰʢʠ ʤʘʣʦʛʦ ʪʠʛʣʷ, ʧʦʩʣʝ ʯʝʛʦ ʚ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ 
ʢʦʨʦʪʢʦʝ ʟʘʤʳʢʘʥʠʝ, ʘ ʧʨʠ ʫʜʘʣʝʥʠʠ ʝʛʦ ʥʘ ʟʘʜʘʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʢʘʪʦʜʘ 
ʠʥʠʮʠʠʨʫʝʪʩʷ ʜʫʛʦʚʦʡ ʨʘʟʨʷʜ, ʛʦʨʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 
ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʝʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ~ 10 000 ÁC). ʂʘʢ ʫʞʝ 
ʙʳʣʦ ʦʧʠʩʘʥʦ ʨʘʥʝʝ, ʛʦʨʝʥʠʝ ʨʘʟʨʷʜʘ, ʙʣʘʛʦʜʘʨʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ 
ʛʨʘʬʠʪʦʚʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʝʟ ʫʯʘʩʪʠʷ ʢʠʩʣʦʨʦʜʘ ʧʫʪʝʤ 
ʩʘʤʦʵʢʨʘʥʠʨʦʚʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ ʛʘʟʘʤʠ ʉʆ ʠ ʉʆ2. 
ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʟʤʝʨʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʜʫʛʦʚʦʛʦ ʨʝʘʢʪʦʨʘ ï ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʠʣʳ ʪʦʢʘ ʧʨʠ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ 
ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ 60ʩ ʠ ʩʠʣʝ ʪʦʢʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ ʠʩʪʦʯʥʠʢʝ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, 200 
ɸ (ʨʠʩ. 1).  
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ʈʠʩʫʥʦʢ 1 - ɿʘʚʠʩʠʤʦʩʪʠ ʪʦʢʘ i(t) ʠ ʥʘʧʨʷʞʝʥʠʷ u(t) ʦʪ ʚʨʝʤʝʥʠ, 
ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʩʠʣʝ ʪʦʢʘ 200 ɸ  

ʠ ʚʨʝʤʝʥʠ ʛʦʨʝʥʠʷ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ 60 ʩ 
 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʳʝ ʧʦʨʦʰʢʠ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD-7000S. 

ʅʘ ʨʠʩʫʥʢʝ 2,ʘ) ʧʨʠʚʝʜʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʧʦʨʦʰʢʘ, ʘ ʪʘʢʞʝ ʢʘʨʪʠʥʳ 
ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ ʠ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ. ʉ ʧʦʤʦʱʴʶ 
ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Search-Match ʧʦʣʫʯʝʥʥʳʝ ʢʘʨʪʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 
ʜʠʬʨʘʢʮʠʠ ʩʨʘʚʥʠʣʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʵʪʘʣʦʥʘʤʠ ʠʟ ʙʘʟ ʜʘʥʥʳʭ PDF (Powder Diffraction 
File).  
 

 
 

ʈʠʩʫʥʦʢ 2: ʘ) ʀʟʤʝʣʴʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʩʠʣʠʮʠʜʘ ʪʠʪʘʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʤʝʪʦʜʦʤ 
ʙʝʟʚʘʢʫʫʤʥʦʛʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʘ; ʙ) ʂʘʨʪʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ 
ʠʩʭʦʜʥʦʡ ʩʤʝʩʠ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʠʟ ʧʦʨʦʰʢʦʚ ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ, ʘ ʪʘʢʞʝ ʩʠʣʠʮʠʜʘ 
ʪʠʪʘʥʘ Ti5Si3 ʠ TiSi2, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ 

ʪʠʪʘʥʘ ʠ ʢʨʝʤʥʠʷ ʜʫʛʦʚʳʤ ʨʘʟʨʷʜʦʤ. 
 
ʇʨʠ ʘʥʘʣʠʟʝ ʢʘʨʪʠʥʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ (ʨʠʩ. 2, ʙ) ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʚ 

ʧʦʣʫʯʝʥʥʦʤ ʦʙʨʘʟʮʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʝ ʤʘʢʩʠʤʫʤʳ ʩʠʣʠʮʠʜʘ 
ʪʠʪʘʥʘ Ti5Si3, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʢʩʠʤʫʤʳ ʥʘ 2ɗ å 37Á, 37,6Á, 41Á, 42,2Á, 42,7Á ʠ 
ʜʨ., ʪʘʢʞʝ ʚ ʧʨʦʜʫʢʪʝ ʩʠʥʪʝʟʘ ʥʘʡʜʝʥʳ ʤʘʣʦʠʥʪʝʥʩʠʚʥʳʝ ʩʣʝʜʳ ʬʘʟʳ ʩʠʣʠʮʠʜʘ 
ʪʠʪʘʥʘ TiSi2. ʆʪʩʫʪʩʪʚʠʝ ʬʘʟ ʠʩʭʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʣʥʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʨʘʚʥʦʤʝʨʥʦʤ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʣʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤʧʝʨʘʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ 
ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʠʩʭʦʜʥʳʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʩʦʩʪʘʚʝ 
ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʠʥʪʝʟʘ ʧʨʦʪʝʢʘʝʪ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ 
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ʩʨʝʜʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʪʝʨʘʪʫʨʥʳʤ 
ʜʘʥʥʳʤ [3]. 
ɺʳʚʦʜʳ: 

1. ʇʦʣʫʯʝʥʥʳʡ ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʨʝʥʪʛʝʥʦʬʘʟʥʦʤʫ ʘʥʘʣʠʟʫ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʣʠʮʠʜʫ ʪʠʪʘʥʘ Ti5Si3. 

2. ʇʦʤʠʤʦ Ti5Si3 ʚ ʧʦʣʫʯʝʥʥʦʤ ʩʦʝʜʠʥʝʥʠʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥ ʩʠʣʠʮʠʜ ʪʠʪʘʥʘ 
TiSi2, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ 
ʩʠʥʪʝʟʘ. 

 
ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʠʣʠʮʠʜʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: 
https://studopedia.su/20_30795_oblasti-primeneniya-silitsidov.html  (ʜʘʪʘ 
ʦʙʨʘʱʝʥʠʷ: 13.12.2023) 

2. Yeh C.L., Chen W.H., Hsu C.C. Formation of titanium silicides Ti5Si3 and TiSi2 by 
self-propagating combustion synthesis // Journal of Alloys and Compounds. Elsevier, 
2007. Vol. 432, ˉ 1ï2. P. 90ï95. 

3. Kasraee K., Yousefpour M., Tayebifard S.A. Microstructure and mechanical 
properties of Ti5Si3 fabricated by spark plasma sintering // Journal of Alloys and 
Compounds. Elsevier, 2019. Vol. 779. P. 942ï949. 

4. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / ɸ.ɸ. ʈʝʤʧʝʣʴ, ɸ.ɸ. 
ɺʘʣʝʝʚʘ.ð ɽʢʘʪʝʨʠʥʙʫʨʛ : ʀʟʜ-ʚʦ ʋʨʘʣ. ʫʥ-ʪʘ, 2015.ð 136 ʩ. 

5. ʂʨʘʩʥʦʚ ɸ.ʅ., ʉʣʝʧʮʦʚ ɺ.ʄ. ɼʫʛʦʚʘʷ ʧʣʘʟʤʘ ʚ ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ // 
ʉʧʨʠʥʛʝp. - 1965. - ˉ 1. ʉ. 59-65. 

6. Pak A.Y., Shanenkov I.I., Mamontov G.Y., Kokorina A.I. Vacuumless synthesis of 
tungsten carbide in a self-shielding atmospheric plasma of DC arc discharge // 
International Journal of Refractory Metals and Hard Materials. Elsevier, 2020. Vol. 
93. P. 105343. 

 
 
 
 

ʅɽʉʊɽʍʀʆʄɽʊʈʀʏʅʓɽ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʓɽ ʂɸʈɹʀɼʓ 
ʂʘʨʙʘʠʥʦʚ ɸʣʝʢʩʘʥʜʨ 

ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ, 10 ʢʣʘʩʩ 
ʛ. ʊʦʤʩʢ 

ʈʫʢʦʚʦʜʠʪʝʣʴ: ʉʚʠʥʫʭʦʚʘ ɸʨʠʥʘ ɸʥʜʨʝʝʚʥʘ, ʠʥʞʝʥʝʨ ʃʘʙʦʨʘʪʦʨʠʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʀʐʕ ʊʇʋ 

 
ɺʚʝʜʝʥʠʝ 

ɺʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʡ ʢʘʨʙʠʜ (HEC) ï ʤʘʪʝʨʠʘʣ, ʩʦʩʪʦʷʱʠʡ ʠʟ IV ʠ V  ʛʨʫʧʧ 4, 5 
ʠ 6 ʧʝʨʠʦʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠ ʵʢʚʠʤʦʣʷʨʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʠ ʫʛʣʝʨʦʜʘ [1], 
ʛʜʝ ʢʘʞʜʦʛʦ ʤʝʪʘʣʣʘ ʥʝ ʙʦʣʴʰʝ 35% ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ ʥʝʦʙʭʦʜʠʤʦʛʦ ʥʘʤ ʢʦʥʝʯʥʦʛʦ 
ʩʳʨʴʷ. HEC ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʨʘʙʦʯʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ 
ʧʨʝʚʳʰʘʪʴ 3000 Áʉ. ʉʠʣʴʥʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʶʪ HEC ʪʘʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ, ʢʘʢ ʚʳʩʦʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, ʚʳʩʦʢʘʷ ʪʚʸʨʜʦʩʪʴ, ʚʳʩʦʢʘʷ ʪʝʧʣʦ- 
ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. HEC ʤʦʛʫʪ ʚʳʜʝʨʞʠʚʘʪʴ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʪʝʧʣʦʚʳʝ 
ʧʦʪʦʢʠ, ʙʦʣʴʰʠʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʨʘʜʠʘʮʠʶ ʠ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ, ʯʪʦ ʚʳʭʦʜʷʪ ʟʘ 
ʨʘʤʢʠ ʚʦʟʤʦʞʥʦʩʪʝʡ ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [2].  

ʉʠʥʪʝʟ HEC ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ 
ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʝʣʠʪʩʷ ʥʘ ʚʘʢʫʫʤʥʳʡ ʠ 
ʙʝʟʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ. ʈʘʩʩʤʦʪʨʠʤ ʙʝʟʚʘʢʫʫʤʥʳʡ ʤʝʪʦʜ. ʆʥ ʧʨʦʚʦʜʠʪʩʷ ʚ 
ʵʣʝʢʪʨʦʜʫʛʦʚʦʤ ʨʝʘʢʪʦʨʝ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʦʢʘ 200ɸ ʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 60 ʩʝʢʫʥʜ. 

https://studopedia.su/20_30795_oblasti-primeneniya-silitsidov.html
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ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʩʝʨʝʜʠʥʝ ʘʥʦʜʘ 12000Áʉ, ʘ ʧʦ ʢʨʘʷʤ ʪʠʛʣʷ, ʚ ʢʦʪʦʨʦʤ 
ʥʘʭʦʜʷʪʩʷ ʢʘʨʙʠʜʳ ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʜʦʩʪʠʛʘʝʪ 1500Áʉ. 
ʀʩʭʦʜʥʳʤ ʩʳʨʴʸʤ ʷʚʣʷʶʪʩʷ ʤʝʪʘʣʣʳ Ti, Zr, Nb, Hf, Ta ʠ ʫʛʣʝʨʦʜ. ɺʘʞʥʦʡ 
ʦʩʦʙʝʥʥʦʩʪʴʶ ʙʝʟʚʘʢʫʫʤʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ ʘʪʤʦʩʬʝʨʳ, 
ʩʦʩʪʦʷʱʝʡ ʠʟ ʛʘʟʦʚ ʉʆ ʠ ʉʆ2 ʧʨʠ ʛʦʨʝʥʠʠ ʜʫʛʦʚʦʛʦ ʨʘʟʨʷʜʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ. 

ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʩʠʥʪʝʟ ʚ ʦʪʢʨʳʪʦʡ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ [3], ʘ ʪʘʢʞʝ 
ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʛʘʟʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʦʛʦ ʠ ʚʘʢʫʫʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʯʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 
ʚʘʢʫʫʤʥʦʤ ʤʝʪʦʜʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʝʟʚʘʢʫʫʤʥʳʡ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʠ ʬʠʥʘʥʩʦʚʦ ʚʳʛʦʜʥʳʤ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʘʢʫʫʤʥʳʤ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ 
ʩʠʥʪʝʟʦʤ. 

ʅʦʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʠʟʫʯʝʥʠʷ HEC ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ 
ʩʦʝʜʠʥʝʥʠʡ. ʅʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʤʠ ʥʘʟʳʚʘʶʪʩʷ HEC, ʫ ʢʦʪʦʨʳʭ ʜʦʣʠ ʤʝʪʘʣʣʦʚ ʚ 
ʩʦʩʪʘʚʝ ʨʘʟʣʠʯʥʳʝ ʠ ʤʦʛʫʪ ʤʝʥʷʪʴʩʷ ʦʪ 5 ʜʦ 35 %, ʪʦ ʝʩʪʴ ʦʜʠʥ ʠʟ ʤʝʪʘʣʣʦʚ 
ʧʨʝʦʙʣʘʜʘʝʪ, ʘ ʦʩʪʘʣʴʥʳʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ. ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ 
ʠʤʝʪʴ ʦʩʦʙʫʶ ʟʥʘʯʠʤʦʩʪʴ ʚ ʠʟʫʯʝʥʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʦʙʲʝʤʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴ: ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʠʥʪʝʟʘ ʠ ʩʪʨʫʢʪʫʨʳ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ 
ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʢʘʨʙʠʜʦʚ ʩʦʩʪʘʚʘ Ti-Zr-Nb-Hf-Ta-C. 

ɿʘʜʘʯʠ:  
1. ʇʦʜʛʦʪʦʚʠʪʴ ʠʩʭʦʜʥʳʝ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʜʣʷ ʧʦʤʦʣʘ. 
2. ʇʨʦʚʝʩʪʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʩʠʥʪʝʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
3. ʀʩʩʣʝʜʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʤʝʪʦʜʦʤ 
ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 
ʇʝʨʝʜ ʦʩʫʱʝʩʪʚʣʝʥʠʝʤ ʩʠʥʪʝʟʘ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʤʦʣʦʪʴ ʠ ʧʝʨʝʤʝʰʘʪʴ 

ʠʩʭʦʜʥʳʝ ʧʦʨʦʰʢʠ Ti, Zr, Nb, Hf, Ta ʠ C ʜʦ ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʝʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʣʘʥʝʪʘʨʥʘʷ ʰʘʨʦʚʘʷ ʤʝʣʴʥʠʮʘ ʩ ʧʦʤʦʣʴʥʳʤ ʩʪʘʢʘʥʦʤ ʠʟ ʢʘʨʙʠʜʘ 
ʚʦʣʴʬʨʘʤʘ. ʇʦʤʦʣ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ. ʇʦʩʣʝ ʩʤʝʰʠʚʘʥʠʷ ʩʤʝʩʴ 
ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʙʝʟʚʘʢʫʫʤʥʦʛʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʘ.  
ɺ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʩʠʣʘ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʝ) ʠʟʤʝʨʷʣ 
ʮʠʬʨʦʚʦʡ ʦʩʮʠʣʣʦʛʨʘʬ Rigol DS1052E. ʀʟʤʝʨʝʥʠʷ ʤʘʩʩʳ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ 
ʚʝʩʦʚ ï Vibra, ʩ ʪʦʯʥʦʩʪʴʶ 0,00001 ʛ. 

ɺʟʚʝʰʠʚʘʥʠʝ ʠʩʭʦʜʥʦʛʦ ʧʦʨʦʰʢʘ, ʧʦʨʦʰʢʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩʠʥʪʝʟʘ, ʘ ʪʘʢʞʝ 
ʛʨʘʬʠʪʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʟʘʨʘʥʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʚʝʩʘʭ ʠ 
ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ ʪʘʙʣʠʮʫ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʤʘʩʩʦʚʦʛʦ ʙʘʣʘʥʩʘ. 
ʅʘ ʙʘʟʝ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʝʘʣʠʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ 
ʙʝʟʚʘʢʫʫʤʥʦʛʦ ʵʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʘ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʢʘʨʙʠʜʦʚ. ʉʫʪʴ ʤʝʪʦʜʘ 
ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʝʞʜʫ ʛʨʘʬʠʪʦʚʳʤʠ ʘʥʦʜʦʤ ʠ ʢʘʪʦʜʦʤ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ 
ʠʩʪʦʯʥʠʢʫ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ, ʚʦʟʥʠʢʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʫʛʘ. ɺ ʢʘʪʦʜʝ ʨʘʩʧʦʣʦʞʝʥ 
ʛʨʘʬʠʪʦʚʳʡ ʪʠʛʝʣʴ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʦʚ, ʚ ʢʦʪʦʨʳʡ ʟʘʩʳʧʘʥʘ ʩʤʝʩʴ ʠʩʭʦʜʥʳʭ 
ʨʝʘʛʝʥʪʦʚ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʤʘʪʝʨʠʘʣʦʚ. 
ʇʨʠ ʵʪʦʤ ʚ ʧʨʦʮʝʩʩʝ ʛʦʨʝʥʠʷ ʜʫʛʠ, ʯʘʩʪʠʮʳ ʫʛʣʝʨʦʜʘ ʵʨʦʜʠʨʫʶʪ ʩ ʘʥʦʜʘ ʥʘ ʢʘʪʦʜ, ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʫʝʪʩʷ ʦʙʣʘʢʦ ʠʟ ʛʘʟʦʚ CO ʠ CO2, 
ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʧʘʜʘʥʠʶ ʢʠʩʣʦʨʦʜʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʟʦʥʫ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʦʣʫʯʝʥʠʝ ʙʝʟʦʢʩʠʜʥʳʭ ʢʘʨʙʠʜʦʚ. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 60 ʩʝʢʫʥʜ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʦʢʘ 
ʚʝʣʠʯʠʥʦʡ 200ɸ. ʇʦʩʣʝ ʩʠʥʪʝʟʘ ʨʝʘʢʪʦʨ ʦʪʢʣʶʯʠʣʠ, ʵʣʝʢʪʨʦʜʳ ʦʭʣʘʞʜʘʣʠʩʴ ʜʦ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʇʦʣʫʯʝʥʥʳʡ ʧʦʨʦʰʦʢ ʜʦʩʪʘʣʠ ʠʟ ʪʠʛʣʷ, ʧʨʦʚʝʣʠ 
ʚʟʚʝʰʠʚʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ ʠ ʧʝʨʝʤʦʣʦʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʠ ʜʦ 
ʦʜʥʦʨʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. ɼʘʣʝʝ ʦʪʧʨʘʚʠʣʠ ʧʨʦʜʫʢʪ ʩʠʥʪʝʟʘ ʥʘ ʧʦʩʣʝʜʫʶʱʠʝ ʘʥʘʣʠʟʳ. 

ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ʚʳʧʦʣʥʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 
ʜʠʬʨʘʢʪʦʤʝʪʨʘ Shimadzu XRD 7000s. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʚ 
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ʧʨʦʛʨʘʤʤʘʭ Excel, Origin Pro ʠ Visio. ɼʘʥʥʳʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤ ʜʣʷ 
ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʘ. 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʦʣʫʯʝʥʠʶ 
ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ  ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʢʘʨʙʠʜʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ 
ʪʠʪʘʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ 
ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 
 

 
ʈʠʩʫʥʦʢ 1. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

 
ʅʘ ʨʠʩʫʥʢʝ 1 ʠʟʦʙʨʘʞʝʥʳ ʪʨʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʢʘʨʙʠʜʦʚ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʜʦʣʠ ʪʠʪʘʥʘ. ɺʠʜʥʦ, ʯʪʦ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʩ ʜʦʣʝʡ ʪʠʪʘʥʘ 25% ʠ 30% 
ʩʠʩʪʝʤʘ ʤʥʦʛʦʬʘʟʥʘʷ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʅʘ 
ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʩ ʜʦʣʝʡ ʪʠʪʘʥʘ 35% ʠʜʝʥʪʠʬʠʮʠʨʫʝʪʩʷ ʦʜʥʦʬʘʟʥʘʷ ʩʠʩʪʝʤʘ 
ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʢʘʨʙʠʜʘ ʩ ʥʝʙʦʣʴʰʠʤ ʫʰʠʨʝʥʠʝʤ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. 
 

 
ʈʠʩʫʥʦʢ 2. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʨʦʜʫʢʪʦʚ ʩʠʥʪʝʟʘ 

 
ʅʘ ʨʠʩʫʥʢʝ 2 ʠʟʦʙʨʘʞʝʥʳ ʧʷʪʴ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʢʘʨʙʠʜʦʚ ʩ 

ʜʦʣʷʤʠ ʤʝʪʘʣʣʦʚ Nb, Zr, Ta, Hf, Ti 35%. ʄʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ, ʯʪʦ 
ʩʠʩʪʝʤʘ ʩ 35% ʜʦʣʝʡ Hf ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʬʘʟʥʦʡ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʧʦʣʫʯʝʥʠʝ ʪʚʸʨʜʳʭ 
ʨʘʩʪʚʦʨʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʤʝʪʘʣʣʦʚ. ʆʢʩʠʜʳ ʤʝʪʘʣʣʦʚ ʪʘʢʞʝ 
ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ Ta 35% ʠ Nb 35%, ʫ Nb 35% ʚʠʜʥʳ ʪʦʣʴʢʦ ʩʣʝʜʳ 
ʦʢʩʠʜʦʚ. ʅʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ Nb, Zr, Ta ʠ Ti ʩ ʜʦʣʷʤʠ 35% ʚʠʜʥʘ ʦʜʥʦʬʘʟʥʘʷ ʩʠʩʪʝʤʘ 
ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ ʢʘʨʙʠʜʘ, ʛʜʝ ʫ Zr ʠ Ti ʫʰʠʨʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. 
 
ɺʳʚʦʜʳ ʧʨʦʝʢʪʘ: 
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1. ʇʦʜʛʦʪʦʚʣʝʥʳ ʠʩʭʦʜʥʳʝ ʩʤʝʩʠ ʧʦʨʦʰʢʦʚ ʤʝʪʘʣʣʦʚ ʠ ʫʛʣʝʨʦʜʘ ʩʦʛʣʘʩʥʦ ʠʭ 
ʤʦʣʴʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ. 

2. ʇʨʦʚʝʜʝʥ ʩʠʥʪʝʟ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʙʝʟʚʘʢʫʫʤʥʳʤ ʵʣʝʢʪʨʦʜʫʛʦʚʳʤ 
ʤʝʪʦʜʦʤ. 

3. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʜʦʢʘʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 
ʦʜʥʦʬʘʟʥʳʭ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʭ ʢʘʨʙʠʜʦʚ. 
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ʇʦʠʩʢ ʚʦʟʦʙʥʦʚʣʷʝʤʳʭ ʠ ʙʦʣʝʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʚʠʜʦʚ ʩʳʨʴʷ ʜʣʷ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ 
ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʇʦ ʩʦʩʪʦʷʥʠʶ ʥʘ 2023 ʛʦʜ ʫʛʦʣʴ ï ʦʩʥʦʚʥʦʡ ʚʠʜ ʪʦʧʣʠʚʘ ʜʣʷ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʤʠʨʝ, ʝʛʦ ʜʦʣʷ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 60% ʧʦ ʩʨʘʚʥʝʥʠʶ 
ʩ ʦʩʪʘʣʴʥʳʤʠ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʠʜʘʤʠ ʪʦʧʣʠʚ. ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤ [1], ʪʘʢʘʷ ʪʝʥʜʝʥʮʠʷ ʧʨʦʜʝʨʞʠʪʩʷ ʤʠʥʠʤʫʤ ʜʦ 2035 ʛ. ʉʫʱʝʩʪʚʝʥʥʳʤ 
ʥʝʜʦʩʪʘʪʢʦʤ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʪʚʝʨʜʦʤ ʪʦʧʣʠʚʝ, ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʦ ʩʥʠʞʝʥʠʶ ʚʳʙʨʦʩʦʚ 
ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʛʘʟʦʚ ʊʕʉ ï ʩʞʠʛʘʥʠʝ ʫʛʣʷ ʥʘ ʪʝʧʣʦʚʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʘʥʮʠʷʭ 
ʩʦʚʤʝʩʪʥʦ ʩ ʙʠʦʤʘʩʩʦʡ. ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʙʠʦʤʘʩʩʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʦʧʘʚʰʘʷ ʣʠʩʪʚʘ ʜʝʨʝʚʴʝʚ. ʊʘʢʦʝ ʪʦʧʣʠʚʦ ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʠ ʵʢʦʣʦʛʠʯʥʳʤ, 
ʪʘʢ ʢʘʢ ʧʨʠ ʩʞʠʛʘʥʠʠ ʜʨʝʚʝʩʠʥʘ ʚʳʜʝʣʷʝʪ ʪʘʢʦʝ ʞʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʢʘʢʦʝ 
ʧʦʛʣʦʪʠʣʘ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ, ʘ ʟʥʘʯʠʪ ʚʳʙʨʦʩʳ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 
ʥʫʣʝʚʳʤʠ. ʇʨʠʤʝʥʝʥʠʝ ʪʦʧʣʠʚ ʥʘ ʦʩʥʦʚʝ ʩʤʝʩʠ ʫʛʣʷ ʠ ʙʠʦʤʘʩʩʳ ʧʦʤʦʞʝʪ ʫʣʫʯʰʠʪʴ 
ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʫʩʪʘʥʦʚʦʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʙʨʦʩʘʤ ʫʛʦʣʴʥʳʭ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʙʦʣʝʝ 
ʯʝʤ ʥʘ 9%. [2, 3]. ʏʘʩʪʠʯʥʘʷ ʟʘʤʝʥʘ ʫʛʣʷ ʥʘ ʙʠʦʤʘʩʩʫ ʚ ʨʝʛʠʦʥʘʭ, ʚ ʢʦʪʦʨʳʭ 
ʦʪʩʫʪʩʪʚʫʶʪ ʫʛʦʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʥʦ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʣʝʩʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʧʦʟʚʦʣʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ 
ʧʨʠʚʦʟʥʦʝ ʪʦʧʣʠʚʦ. ʈʘʙʦʪ ʩʚʷʟʘʥʥʳʭ ʚ ʧʨʠʤʝʥʝʥʠʠ ʣʠʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʚ ʩʤʝʩʠ ʩ ʫʛʣʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ 
ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʫʘʣʴʥʳʤʠ. 

https://doi.org/10.1016/j.ijrmhm.2020.105343
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ʎʝʣɹʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 
ʧʨʠʤʝʥʝʥʠʷ ʣʠʩʪʴʝʚ ʜʝʨʝʚʴʝʚ ʚ ʩʤʝʩʠ ʩ ʫʛʣʝʤ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 
ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 1) ɺʳʧʦʣʥʠʪʴ ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʠʩʪʴʝʚ ʠ 
ʙʫʨʦʛʦ ʫʛʣʷ; 2) ʆʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʣʠʩʪʚʝʥʥʳʝ ʦʪʭʦʜʳ; 3) 
ʉʬʦʨʤʠʨʦʚʘʪʴ ʩʤʝʩʝʚʳʝ ʪʦʧʣʠʚʘ ʥʘ ʦʩʥʦʚʝ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ; 4) ʆʧʨʝʜʝʣʠʪʴ ʟʘʜʝʨʞʢʫ ʟʘʞʠʛʘʥʠʷ ʩʤʝʩʠ ʙʫʨʦʛʦ ʫʛʣʷ ʠ ʣʠʩʪʚʳ ʧʨʠ 
ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 5) ʇʨʦʚʝʩʪʠ ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ 
ʣʠʩʪʴʝʚ ʠ ʙʫʨʦʛʦ ʫʛʣʷ; 6) ʇʨʦʚʝʩʪʠ ʛʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩʤʝʩʠ ʙʫʨʦʛʦ ʫʛʣʷ ʚ ʩʤʝʩʠ ʩ 
ʣʠʩʪʚʦʡ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ; 7) ʋʩʪʘʥʦʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʪʦʧʣʠʚʥʫʶ 
ʩʤʝʩʴ. 
ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ 

ɺ ʛʦʨʦʜʘʭ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ, ʣʠʩʪʚʫ ʢʦʪʦʨʳʭ ʜʣʷ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʝʪ ʥʝ ʨʘʮʠʦʥʘʣʴʥʦ ʨʘʟʜʝʣʷʪʴ ʚ 
ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʠʜʦʤ ʜʨʝʚʝʩʠʥʳ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʤʝʩʴ ʣʠʩʪʴʝʚ, ʚ 
ʢʦʪʦʨʫʶ ʚʭʦʜʠʪ ʣʠʩʪʚʘ ʙʝʨʝʟʳ ʠ ʪʦʧʦʣʷ, ʣʠʩʪʚʘ ʠʚʳ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʤʝʩʝʚʳʭ 
ʪʦʧʣʠʚ ʙʳʣ ʚʳʙʨʘʥ ʙʫʨʳʡ ʫʛʦʣʴ ɹʘʣʘʭʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 
ʪʨʝʙʦʚʘʥʠʷʤʠ ɻʆʉʊ ʈ 53357ï2013 (ʀʉʆ 17246:2010) ʙʳʣ ʚʳʧʦʣʥʝʥ ʪʝʭʥʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʥʘʚʝʩʦʢ ʣʠʩʪʴʝʚ ʠ ʙʫʨʦʛʦ ʫʛʣʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1 
[4]. 
 
ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʫʨʦʛʦ ʫʛʣʷ, ʣʠʩʪʚʳ ʠʚʳ ʠ ʩʤʝʩʠ ʣʠʩʪʴʝʚ 

ʨʘʟʥʳʭ ʜʝʨʝʚʴʝʚ 

ɺʠʜ ʦʙʨʘʟʮʘ 100% ʩʤʝʩʴ 
ʣʠʩʪʴʝʚ (ʪʦʧʦʣʴ, 

ʙʝʨʝʟʘ) 

100% 
ʣʠʩʪʴʷ 
ʠʚ r

100% 
ʙʫʨʳʡ 
ʫʛʦʣʴ 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʣʘʞʥʦʩʪʴ, % 7,31 6,10 13,20 

ɿʦʣʴʥʦʩʪʴ ʘʥʘʣʠʪʠʯʝʩʢʘʷ, % 14,55 7,31 2,78 

 
ɺʳʭʦʜ 

ʣʝʪʫʯʠʭ, % 

ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʫʶ 
ʧʨʦʙʫ (Va), % 

68,41 74,11 50,03 

ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ (Vd), 
% 

72,85 78,92 57,64 

ʩʫʭʦʝ ʠ ʙʝʟʟʦʣʴʥʦʝ 
ʚʝʱʝʩʪʚʦ (Vdaf), % 

87,54 85,58 59,54 

 
ɺʣʘʞʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʦʪʨʠʮʘʪʝʣʴʥʦ 

ʚʣʠʷʝʪ ʥʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʛʦʨʝʥʠʷ, ʪʘʢʞʝ ʧʨʠ ʝʝ ʧʦʚʳʰʝʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ 
ʛʦʨʶʯʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʠʣʠ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʪʝʧʣʘ 
ʥʘ ʧʨʝʚʨʘʱʝʥʠʝ ʚʣʘʛʠ ʚ ʧʘʨ. [5] ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʣʘʞʥʦʩʪʴ ʩʤʝʩʠ ʣʠʩʪʴʝʚ ʥʘ 44% ʤʝʥʴʰʝ, ʯʝʤ ʫ ʙʫʨʦʛʦ ʫʛʣʷ, 
ʚʣʘʞʥʦʩʪʴ ʣʠʩʪʴʝʚ ʠʚʳ ʤʝʥʴʰʝ ʥʘ 54%, ʯʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʠʭ ʩʛʦʨʘʥʠʝ ʧʦʪʨʝʙʫʝʪʩʷ 
ʤʝʥʴʰʝ ʪʝʧʣʘ, ʯʝʤ ʥʘ ʩʞʠʛʘʥʠʝ ʙʫʨʦʛʦ ʫʛʣʷ. 
ɿʦʣʘ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʥʝʛʦʨʶʯʠʤ ʦʩʪʘʪʢʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʩʞʠʛʘʥʠʠ 
ʫʛʣʷ. ɿʦʣʴʥʦʩʪʴ, ʢʘʢ ʠ ʚʣʘʞʥʦʩʪʴ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ 
ʚʝʣʠʯʠʥʘ ʟʦʣʴʥʦʩʪʠ ʚ ʫʛʣʝ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʫʛʣʷ, ʷʚʣʷʶʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʠ ʦʪʣʦʞʝʥʠʡ ʚ ʪʦʧʢʝ, ʩʫʞʝʥʠʷ ʢʦʥʚʝʢʮʠʦʥʥʦʛʦ ʧʨʦʭʦʜʘ ʠ 
ʧʝʨʝʛʨʝʚʘ ʩʝʢʮʠʡ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʝʨʝʜʘʯʝ ʪʝʧʣʘ ʠ ʚʳʚʦʜʫ ʟʦʣʳ ʠʟ 
ʪʦʧʢʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʝʤ ʝʝ ʤʝʥʴʰʝ, ʪʝʤ ʢʘʯʝʩʪʚʝʥʥʝʝ ʪʦʧʣʠʚʦ. [5] ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ 
ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʠʜʥʦ, ʯʪʦ ʟʦʣʴʥʦʩʪʴ ʣʠʩʪʚʳ ʥʘʤʥʦʛʦ ʚʳʰʝ, ʯʝʤ ʫ ʫʛʣʷ. 

ɺʳʭʦʜ ʣʝʪʫʯʠʭ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʚʝʨʜʦʛʦ 
ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʦʪ ʥʝʛʦ ʟʘʚʠʩʷʪ ʫʩʣʦʚʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʛʦʨʝʥʠʷ ʪʦʧʣʠʚʘ. 
ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʪʦʧʣʠʚʦ ʟʘʛʦʨʘʝʪʩʷ ʣʫʯʰʝ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 
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ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʶʯʠʭ ʛʘʟʦʚ. [5] ʈʝʟʫʣʴʪʘʪʳ, ʫʢʘʟʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʫ ʦʙʨʘʟʮʦʚ ʣʠʩʪʚʳ ʚʳʰʝ, ʯʝʤ ʫ ʙʫʨʦʛʦ ʫʛʣʷ, ʧʨʠʤʝʨʥʦ ʥʘ 30ï32%.  
ʉʨʘʚʥʠʚ ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʙʨʘʟʮʳ ʣʠʩʪʚʳ 
ʫʩʪʫʧʘʶʪ ʫʛʣʶ ʪʦʣʴʢʦ ʚ ʟʦʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʜʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʘʟʳʚʘʶʪ 
ʩʫʱʝʩʪʚʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ. 

ʊʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʤʝʩʠ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ ʚ ʨʘʟʥʳʭ ʤʘʩʩʦʚʳʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ 
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʛʣʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ 
ʣʠʩʪʚʳ, ʙʳʣ ʧʨʦʚʝʜʝʥ ʪʝʭʥʠʯʝʩʢʠʭ ʘʥʘʣʠʟ ʫʛʣʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʣʠʩʪʴʝʚ ʚ 
ʨʘʟʥʳʭ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, %: 90 / 10, 75 / 25, 50 / 50. ʈʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 2. 
 
ʊʘʙʣʠʮʘ 2. ʈʝʟʫʣʴʪʘʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʣʠʩʪʴʝʚ ʠ ʫʛʣʷ  

ɺʠʜ ʦʙʨʘʟʮʘ ʋʛʦʣʴ 
ʙʫʨʳʡ

/ 
ʩʤʝʩʴ 
90/10

% 

ʋʛʦʣʴ 
ʙʫʨʳʡ

/ 
ʩʤʝʩʴ 
75/25

% 

ʋʛʦʣʴ 
ʙʫʨʳʡ

/ 
ʩʤʝʩʴ 
50/50

% 

ʋʛʦʣʴ 
ʙʫʨʳʡ/ʠʚ
ʘ 90/10% 

ʋʛʦʣʴ 
ʙʫʨʳʡ/ʠʚ
ʘ 75/25% 

ʋʛʦʣʴ 
ʙʫʨʳʡ/ʠʚ
ʘ 50/50% 

ʊʝʭʥʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʣʘʞʥʦʩʪʴ, % 12,30 11,52 9,47 10,61 12,55 12,6 

ɿʦʣʴʥʦʩʪʴ  
ʘʥʘʣʠʪʠʯʝʩʢʘʷ, % 

3,88 6,28 7,04 3,57 4,28 5,45 

 
 
 
ɺʳʭʦʜ 
ʣʝʪʫʯʠ
ʭ 
% 

ʅʘ 
ʘʥʘʣʠʪʠʯʝʩʢʫ
ʶ ʧʨʦʙʫ 
 (Va), % 

5 4,33 60,09 63,03 53,86 57,90 62,28 

ʅʘ ʩʫʭʦʝ 
ʚʝʱʝʩʪʚʦ 
(Vd), % 

61,95 67,91 69,63 61,42 65,44 68,79 

ʉʫʭʦʝ ʠ 
ʙʝʟʟʦʣʴʥʦʝ 

(Vdaf), % 
64,81 73,09 74,09 64,02 68,76 73,20 

 
ʈʝʟʫʣʴʪʘʪʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʣʠʩʪʚʳ ʢ ʫʛʣʶ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʝʝ ʚʠʜʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ 
ʚʣʘʞʥʦʩʪʴ. 

ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʫʛʣʷ ʠ ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ (%) 90/10 ʟʦʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ 
22ï28% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʣʠʩʪʴʝʚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʜʨʝʚʝʩʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 
ʚ ʩʤʝʩʠ ʟʦʣʴʥʦʩʪʴ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ 
ʪʦʧʣʠʚʘ. ʅʘʠʙʦʣʴʰʝʡ ʟʦʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʤʝʩʴ ʫʛʣʷ ʠ ʩʤʝʩʠ ʣʠʩʪʴʝʚ, ʩʦʩʪʦʷʱʝʡ 
ʠʟ ʪʦʧʦʣʷ ʠ ʙʝʨʝʟʳ, ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ (%) 50/50. ʆʥʘ ʙʦʣʴʰʝ ʟʦʣʴʥʦʩʪʠ 
ʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʷ ʥʘ 60,5 %. ʊʘʢʞʝ ʚʳʩʦʢʦʡ ʟʦʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʩʤʝʩʴ ʫʛʣʷ ʠ ʩʤʝʩʠ 
ʣʠʩʪʚʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (%) 75/25.   

ʂʦʤʧʝʥʩʠʨʫʝʪ ʚʳʩʦʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʟʦʣʴʥʦʩʪʠ ʚʳʭʦʜ ʣʝʪʫʯʠʭ, ʢʦʪʦʨʳʡ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʣʠʩʪʚʳ ʚ ʫʛʦʣʴ. ʅʘʠʙʦʣʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʚʳʭʦʜʘ 
ʣʝʪʫʯʠʭ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʫ ʩʤʝʩʠ ʣʠʩʪʚʳ ʠ ʫʛʣʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (%) 50/50. ʆʥ 
ʧʨʝʚʳʰʘʝʪ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʫʛʣʷ ʧʦʯʪʠ ʥʘ 20%. 

ʇʦ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ 
ʧʦʚʳʰʝʥʠʝ ʜʦʣʠ ʣʠʩʪʚʳ ʚ ʩʤʝʩʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʠ ʚʣʘʞʥʦʩʪʴ 
ʦʙʨʘʟʮʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʪʘʢʦʤʫ ʪʦʧʣʠʚʫ ʚʦʩʧʣʘʤʝʥʷʪʴʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ ʦʜʥʦʨʦʜʥʳʡ 
ʙʫʨʳʡ ʫʛʦʣʴ, ʘ ʟʥʘʯʠʪ ʠ ʪʝʧʣʘ ʥʘ ʩʞʠʛʘʥʠʝ ʪʦʧʣʠʚʘ ʪʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝ. ʆʜʥʘʢʦ ʫ 
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ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʦʣʴʥʦʩʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 
ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ ʠ ʟʘʪʨʫʜʥʠʪ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʪʦʧʣʠʚ ʚ 
ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. 

ʉ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʙʠʦʤʘʩʩʳ ʥʘ ʧʨʦʮʝʩʩ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʛʦʨʝʥʠʷ 
ʫʛʣʷ ʧʨʦʚʝʜʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥ ʟʘʜʝʨʞʢʠ 
ʟʘʞʠʛʘʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʣʠʩʪʚʳ ʠ ʩʤʝʩʝʡ ʠʟ ʫʛʣʷ ʩ ʣʠʩʪʚʦʡ ʪʦʧʦʣʷ ʠ 
ʣʠʩʪʚʦʡ ʙʝʨʝʟʳ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥ ʟʘʜʝʨʞʝʢ ʟʘʞʠʛʘʥʠʷ ʪʦʧʣʠʚ ʧʨʦʚʝʜʝʥʳ ʚ 
ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ.  
ʄʝʪʦʜ 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʷʣʠʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʤʝʪʦʜʠʢʝ. ʆʙʨʘʟʝʮ 
ʤʘʩʩʦʡ 1 ʛʨʘʤʤ (2) ʧʦʤʝʱʘʣʩʷ ʥʘ ʜʝʨʞʘʪʝʣʴ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (3). ʇʨʠ 
ʧʦʩʪʫʧʣʝʥʠʠ ʩʠʛʥʘʣʘ ʩ ʢʦʤʧʴʶʪʝʨʘ (7) ʢʦʦʨʜʠʥʘʪʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʠʚʦʜʠʣʩʷ ʚ 
ʜʝʡʩʪʚʠʝ ʠ ʜʝʨʞʘʪʝʣʴ ʚʚʦʜʠʣʩʷ ʚ ʦʪʚʝʨʩʪʠʝ ʤʫʬʝʣʴʥʦʡ ʧʝʯʠ (1). ʌʠʢʩʘʮʠʷ ʥʘʯʘʣʘ 
ʧʨʦʮʝʩʩʘ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʧʦʤʦʱʠ 
ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʢʘʤʝʨʳ (5). ɺʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʯʠʪʘʣʘʩʴ 
ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʧʦʧʘʜʘʥʠʝʤ ʜʝʨʞʘʪʝʣʷ ʩ ʪʦʧʣʠʚʦʤ ʚ ʦʙʲʝʢʪʠʚ ʚʠʜʝʦʢʘʤʝʨʳ ʠ 
ʤʦʤʝʥʪʦʤ ʥʘʯʘʣʘ ʩʚʝʯʝʥʠʷ ʪʦʧʣʠʚʥʳʭ ʯʘʩʪʠʮ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ 
ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 1. 

 
ʈʠʩʫʥʦʢ 1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥ ʟʘʜʝʨʞʝʢ 

ʟʘʞʠʛʘʥʠʷ ʪʦʧʣʠʚ. 
 
ɺ ʪʘʙʣʠʮʝ 3 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 
ʦʧʨʝʜʝʣʝʥʠʶ ʚʨʝʤʝʥ ʟʘʜʝʨʞʝʢ ʪʦʧʣʠʚʥʳʭ ʢʦʤʧʦʟʠʮʠʡ. 
 
ʊʘʙʣʠʮʘ 3. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ 100% ʙʫʨʦʛʦ ʫʛʣʷ, ʩʤʝʩʠ ʣʠʩʪʚʳ ʠ ʙʫʨʦʛʦ ʫʛʣʷ 

ʚ ʨʘʟʥʳʭ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʠ ʧʨʠ ʨʘʟʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 
 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʝʯʠ 600Áʉ 700Áʉ 800 Áʉ 

ɺʠʜ ʦʙʨʘʟʮʘ ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ, ʩ 

100% ʙʫʨʳʡ ʫʛʦʣʴ 21,80 13,55 7,21 

90/10% 
ʩʤʝʩʴ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ 

20,40 7,77 2,15 

75/25% 
ʩʤʝʩʴ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ 

18,65 6,39 1,95 

50/50% ʩʤʝʩʴ ʫʛʣʷ 
ʠ ʣʠʩʪʴʝʚ 

12,69 4,15 1,99 

90/10% ʩʤʝʩʴ ʫʛʣʷ 
ʠ ʣʠʩʪʴʝʚ ʠʚʳ 

22,76 8,97 2,90 

75/25% ʩʤʝʩʴ ʫʛʣʷ 
ʠ ʣʠʩʪʴʝʚ ʠʚʳ 

18,76 7,44 2,34 

50/50% ʩʤʝʩʴ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ ʠʚʳ 17,33 6,03 1,77 
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ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ, ʙʳʣʠ ʩʧʨʝʩʩʦʚʘʥʳ ʧʝʣʣʝʪʳ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ ʚ ʨʘʟʥʳʭ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, %: 90 / 10, 75 / 25, 50 / 50 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʘʩʩʘ ʧʝʣʣʝʪ ʙʳʣʘ ʨʘʚʥʘ 1Ñ 0,2 ʛ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʞʠʛʘʥʠʷ ʪʦʧʣʠʚʥʳʭ ʩʤʝʩʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʟʘʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ 
ʪʝʤʧʝʨʘʪʫʨ (600; 700 ʠ 800 Áʉ). ɺʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʯʠʪʘʣʘʩʴ ʨʘʟʥʠʮʘ 
ʤʝʞʜʫ ʧʦʧʘʜʘʥʠʝʤ ʧʝʨʚʳʭ ʯʘʩʪʠʮ ʪʦʧʣʠʚʘ ʚ ʬʦʢʫʩ ʢʘʤʝʨʳ ʠ ʤʦʤʝʥʪʦʤ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʝʨʚʦʡ ʯʘʩʪʠʮʳ.  

ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʦʚ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʫʛʣʷ ʠ ʩʤʝʩʠ ʣʠʩʪʚʳ ʜʝʨʝʚʴʝʚ (%) 90 / 10 ʚʨʝʤʷ 
ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʤʝʩʠ ʫʤʝʥʴʰʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʩʧʣʘʤʝʥʝʥʠʝʤ 
ʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʷ ʥʘ 1,3 ʩ, ʦʜʥʘʢʦ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʤʝʩʠ ʫʛʣʷ ʠ ʠʚʳ ʚ 
ʩʦʦʪʥʦʰʝʥʠʠ (%) 90/10 ʦʢʘʟʘʣʦʩʴ ʙʦʣʴʰʝ ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ 100% ʫʛʣʷ 
ʧʨʠʤʝʨʥʦ ʥʘ 1 ʩ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʣʠ ʣʠʩʪʚʳ ʚ ʩʤʝʩʠ ʜʦ 25 % ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦʩʴ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 50 % ʣʠʩʪʚʳ ʚ ʫʛʦʣʴ, ʚʨʝʤʷ 
ʟʘʜʝʨʞʢʠ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʝʡ ʩʥʠʟʠʣʦʩʴ ʥʘ 9.1 ʩ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʷ. ɺʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʩʤʝʩʠ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ ʠʚʳ ʚ ʦʪʥʦʰʝʥʠʠ (%) 50/50 ʫʤʝʥʴʰʠʣʦʩʴ ʥʘ 
4,5 ʩ, ʠʟ ʯʝʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʚʠʜ ʣʠʩʪʚʳ ʚʣʠʷʝʪ ʥʘ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʟʘʞʠʛʘʥʠʷ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʧʝʯʠ ʜʦ 700 Áʉ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ 
ʚʨʝʤʝʥʠ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʤʝʩʝʡ. ʇʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʫʛʣʷ ʠ ʩʤʝʩʠ ʣʠʩʪʴʝʚ (%) 90 / 
10 ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʩʥʠʟʠʣʦʩʴ ʥʘ 5,7 ʩ., ʜʣʷ ʩʤʝʩʠ ʫʛʣʷ ʠ ʣʠʩʪʴʝʚ ʠʚʳ ʚʨʝʤʷ 
ʩʥʠʟʠʣʦʩʴ ʥʘ 4.6ʩ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 25 % ʜʨʝʚʝʩʥʳʭ ʦʪʭʦʜʦʚ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʨʝʤʝʥʝʤ ʟʘʜʝʨʞʢʠ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ 100% ʫʛʣʷ. ʇʨʠ ʨʘʚʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ 
ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʷ ʚ ʜʚʘ-ʪʨʠ ʨʘʟʘ.  

ʇʨʠ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʚ ʧʝʯʠ ʪʝʤʧʝʨʘʪʫʨʝ 800 Áʉ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ 
ʩʣʝʜʫʶʱʠʝ: ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 10 % ʜʨʝʚʝʩʥʦʡ ʙʠʦʤʘʩʩʳ ï 
ʩʥʠʟʠʣʦʩʴ ʥʘ 4,3-5 ʩ, ʘ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 25 % ʙʠʦʤʘʩʩʳ ï ʝʱʝ ʥʘ 0.63 ʩ. ʇʨʠ ʨʘʚʥʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʞʠʛʘʥʠʷ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʦʜʥʦʨʦʜʥʦʛʦ ʫʛʣʷ ʥʘ 74ï75%. 
ɿʘʢʣʶʯʝʥʠʝ 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 
ʟʦʣʴʥʦʩʪʴ ʣʠʩʪʴʝʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʫʛʣʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʚ ʩʤʝʩʝʚʳʭ ʪʦʧʣʠʚʘʭ ʧʨʦʮʝʩʩ 
ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʙʳʩʪʨʝʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʜʥʦʨʦʜʥʳʤ ʫʛʣʝʤ. 
ʆʪʩʶʜʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʩʪʴʝʚ 
ʚ ʫʛʦʣʴ ʧʦʟʚʦʣʠʪ ʫʣʫʯʰʠʪʴ ʧʨʦʮʝʩʩʳ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʛʦʨʝʥʠʷ ʪʘʢʠʭ ʪʦʧʣʠʚ. 
ʅʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʦʙʦʩʥʦʚʘʥʠʷ 
ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʪʠʣʠʟʘʮʠʠ ʣʠʩʪʚʝʥʥʳʭ ʦʪʭʦʜʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 
ʦʙʦʨʫʜʦʚʘʥʠʠ ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ.  
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ɼʈɽɺɽʉʀʅʓ ʀ ʋɻʃɽʈʆɼɸ, ʇʆʃʋʏɽʅʅʆɻʆ ʅɸ ʀʍ ʆʉʅʆɺɽ 

ʃʠʭʦʛʨʘ ɸʥʜʨʝʡ 
ʄɹʆʋ ʃʠʮʝʡ ʧʨʠ ʊʇʋ,10 ʢʣʘʩʩ 

ʛ. ʊʦʤʩʢ 
ʈʫʢʦʚʦʜʠʪʝʣʴ: ʗʥʢʦʚʩʢʠʡ ʉʪʘʥʠʩʣʘʚ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ., ʜʦʮʝʥʪ ʅʆʎ 

ʀ.ʅ. ɹʫʪʘʢʦʚʘ, ʀʐʕ ʊʇʋ 
 
ɸʥʥʦʪʘʮʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝʭʚʘʪʢʘ ʠʩʯʝʨʧʘʝʤʳʭ ʨʝʩʫʨʩʦʚ ï ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ 
ʩʦʚʨʝʤʝʥʥʦʡ ʵʥʝʨʛʝʪʠʢʠ. ʈʘʟʚʠʪʠʝ ʠ ʚʥʝʜʨʝʥʠʝ ʩʨʝʜʩʪʚ ʘʚʪʦʥʦʤʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʩʪʘʣʦ 
ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʨʦʩʰʝʛʦ ʠʥʪʝʨʝʩʘ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 
ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʟʦʙʥʦʚʣʷʝʤʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ [1].  

ʇʦʜ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʫʛʣʝʚʦʜʦʨʦʜʥʳʤ ʩʳʨʴʝʤ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʨʘʟʣʠʯʥʳʝ 
ʚʠʜʳ ʙʠʦʤʘʩʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʦʙʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. ʀʤ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ, 
ʢʘʢ ʜʨʝʚʝʩʥʳʝ ʠ ʪʦʨʬʷʥʳʝ ʧʨʦʜʫʢʪʳ, ʪʘʢ ʠ ʨʘʟʣʠʯʥʳʝ ʜʨʫʛʠʝ. ʉʤʝʩʝʚʳʝ ʪʦʧʣʠʚʘ, ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʩʤʝʩʴʶ ʙʠʦʤʘʩʩʳ ʠ ʠʩʢʦʧʘʝʤʳʭ, ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ 
ʩʦʜʝʨʞʘʪ ʫʛʣʝʨʦʜ [1].  

ʇʦ ʦʮʝʥʢʝ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʪʦʚ, ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʤʦʞʥʦ 
ʝʞʝʛʦʜʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦ 40 ʤʣʥ. ʪʦʥʥ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʣʠʩʪʴʝʚ [2].  
ʆʙʲʝʢʪ 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʩʪʴʷ ï ʰʠʨʦʢʦʜʦʩʪʫʧʥʦʝ 
ʥʠʟʢʦʩʦʨʪʥʦʝ ʨʘʩʪʠʪʝʣʴʥʦʝ ʩʳʨʴʸ. ʂʘʞʜʳʡ ʛʦʜ ʫʪʠʣʠʟʠʨʫʶʪʩʷ ʩʦʪʥʠ ʪʳʩʷʯ ʪʦʥʥ 
ʜʨʝʚʝʩʥʳʭ ʣʠʩʪʴʝʚ. ʕʪʦ ʩʳʨʴʸ ʤʦʞʥʦ ʧʝʨʝʨʘʙʦʪʘʪʴ ʤʝʪʦʜʦʤ ʧʠʨʦʣʠʟʘ ʠ ʧʦʣʫʯʠʪʴ 
ʫʛʣʝʨʦʜ, ʥʝʦʙʭʦʜʠʤʳʡ ʚ ʵʥʝʨʛʝʪʠʢʝ. ɺ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢʠʝ ʚʠʜʳ 
ʜʝʨʝʚʴʝʚ ʢʘʢ ʙʝʨʸʟʘ, ʪʦʧʦʣʴ, ʠʚʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʣʠʩʪʴʷ ʵʪʠʭ 
ʚʠʜʦʚ: ʠʚʘ, ʠ ʩʤʝʩʴ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʦʧʳʪʦʚ ʦʙʨʘʟʮʳ 
ʙʳʣʠ ʚʳʩʫʰʝʥʳ ʜʦ ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʣʘʛʠ ʠ ʧʝʨʝʤʦʣʦʪʳ ʚ ʤʝʣʢʠʡ ʧʦʨʦʰʦʢ.  
ʎʝʣʴ  
ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʚʳʷʚʣʝʥʠʝ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʠʜʘ ʙʠʦʪʦʧʣʠʚʘ. 
ɿʘʜʘʯʠ: 
ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ, ʙʳʣ ʩʬʦʨʤʠʨʦʚʘʥ ʨʷʜ ʟʘʜʘʯ: 

1. ʇʦʜʦʙʨʘʪʴ ʦʙʨʘʟʮʳ ʠ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 
2. ʀʟʫʯʠʪʴ ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʠʷ ʤʝʜʣʝʥʥʦʛʦ ʧʠʨʦʣʠʟʘ 
3. ʆʩʫʱʝʩʪʚʠʪʴ ʤʝʜʣʝʥʥʳʡ ʧʠʨʦʣʠʟ ʦʙʨʘʟʮʦʚ 
4. ʇʨʦʚʝʩʪʠ ʪʝʭ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʩʦʛʣʘʩʥʦ ɻʆʉʊʫ 
5. ɺʳʷʚʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʦʙʨʘʟʝʮ, ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. 
ɼʣ ̫ ʥʘʯʘʣʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʸʥ ʪʝʭʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʭʦʜʥʳʭ 

ʦʙʨʘʟʮʦʚ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʣʘʛʠ, ʟʦʣʴʥʦʩʪʴ ʠ ʚʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʧʦ ɻʆʉʊ 11022-
95, ɻʆʉʊ 27314-91, ɻʆʉʊ 6382-2001[3-5]. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 
ʊʘʙʣʠʮʘ 1. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʠʩʪʚʳ ʠʚʳ ʠ ʩʤʝʩʠ ʣʠʩʪʴʝʚ ʨʘʟʥʳʭ ʜʝʨʝʚʴʝʚ 

https://www.ntcexpert.ru/documents/gost-r-50759-95.pdf
https://www.ntcexpert.ru/documents/gost-r-50759-95.pdf
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ʇʘʨʘʤʝʪʨ 
ʊʦʧʣʠʚʦ  

ʀ_100% ʉ_100% ɹ_100%  ʊ_100% 

     ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ɺʣʘʞʥʦʩʪʴ Wr, ʤʘʩ% 6,10 7,31 6,8 5,63 

ɿʦʣʴʥʦʩʪʴ Ad, ʤʘʩ,% 7,78 14,55 5,14 14,88 

ʃʝʪʫʯʠʝ ʚʝʱʝʩʪʚʘ 

Va, % 74,11 68,41 73,31 67,97 

Vd, % 78,92 72,85 78,08 72,38 

Vdaf, % 86,05 87,54 83,25 85,50 

ʀ ï ʠʚʘ, ʉ ï ʩʤʝʩʴ ʣʠʩʪʴʝʚ, ɹ ï ʙʝʨʸʟʘ, ʊ ï ʪʦʧʦʣʴ. 
 

ʂʘʢ ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ ʠʟ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʛʜʝ ʧʨʠʚʝʜʝʥʳ 
ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʠʭ 
ʨʘʩʭʦʞʜʝʥʠʝ.  

ɺʣʘʞʥʦʩʪʴ ï ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʦʥʘ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ 
ʥʘ ʪʝʧʣʦʚʦʡ ʵʬʬʝʢʪ ʛʦʨʝʥʠʷ, ʪʘʢʞʝ ʧʨʠ ʝʝ ʧʦʚʳʰʝʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦʣʷ ʛʦʨʶʯʠʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʝʜʠʥʠʮʝ ʤʘʩʩʳ ʠʣʠ ʦʙʲʝʤʘ ʪʦʧʣʠʚʘ, ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ ʪʝʧʣʘ ʥʘ 
ʧʨʝʚʨʘʱʝʥʠʝ ʚʣʘʛʠ ʚ ʧʘʨ [6]. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚʣʘʛʠ ʚ ʩʤʝʩʠ ʣʠʩʪʴʝʚ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʸ 
ʥʠʟʢʦʩʦʨʪʥʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ. 

ɿʦʣʘ ʷʚʣʷʝʪʩʷ ʪʚʝʨʜʳʤ ʥʝʛʦʨʶʯʠʤ ʦʩʪʘʪʢʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʧʨʦʮʝʩʩʝ 
ʩʞʠʛʘʥʠʠ ʫʛʣʷ. ɿʦʣʴʥʦʩʪʴ, ʢʘʢ ʠ ʚʣʘʞʥʦʩʪʴ, ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʪʦʧʣʠʚʘ. 
ʅʘʠʙʦʣʴʰʝʡ ʟʦʣʴʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʪʦʧʦʣʴ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦʪ ʦʙʨʘʟʝʮ ʥʝ ʚʳʛʦʜʝʥ 
ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺʳʭʦʜ ʣʝʪʫʯʠʭ ʚʝʱʝʩʪʚ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʪʦʧʣʠʚʘ, ʪʘʢ ʢʘʢ ʦʪ ʥʝʛʦ ʟʘʚʠʩʷʪ ʫʩʣʦʚʠʷ ʚʦʩʧʣʘʤʝʥʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʛʦʨʝʥʠʷ. ʉ 
ʫʚʝʣʠʯʝʥʠʝʤ ʚʳʭʦʜʘ ʣʝʪʫʯʠʭ ʪʦʧʣʠʚʦ ʟʘʛʦʨʘʝʪʩʷ ʣʫʯʰʝ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ 
ʢʦʣʠʯʝʩʪʚʘ ʛʦʨʶʯʠʭ ʛʘʟʦʚ [6]. ɼʘʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1 ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʳʭʦʜ ʣʝʪʫʯʠʭ 
ʚʳʰʝ ʚʩʝʭ ʫ ʦʙʨʘʟʮʦʚ ʩʤʝʩʠ. 

ʆʙʦʙʱʘʷ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣʠʮʳ 1, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʠʙʦʣʝʝ 
ʵʬʬʝʢʪʠʚʥʳʤ ʪʦʧʣʠʚʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʀʚʘ ï ʦʥʘ ʚʝʟʜʝ, ʢʨʦʤʝ ʚʣʘʞʥʦʩʪʠ, ʣʠʜʠʨʫʝʪ 
ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. 
ʄʝʪʦʜ 

ʆʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʨʦʜʘ ï ʤʝʜʣʝʥʥʳʡ ʧʠʨʦʣʠʟ. ʇʦʪʦʤʫ ʯʪʦ 
ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʪʘʢʦʡ ʩʪʝʧʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʧʨʠ 
ʢʦʪʦʨʦʡ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ ï ʫʛʣʝʚʦʜʦʨʦʜʳ, ʧʦʣʥʦʩʪʴʶ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʫʛʣʝʨʦʜ 
ʠ ʚʦʜʦʨʦʜ. 

ʇʠʨʦʣʠʟ ï ʵʪʦ ʧʨʦʮʝʩʩ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 
ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʠʨʦʣʠʟʘ ʢʨʫʧʥʳʝ 
ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʙʠʦʤʘʩʩʳ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ 
ʤʦʣʝʢʫʣʳ. ʇʠʨʦʣʠʟ ʦʙʳʯʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʠʣʠ 
ʩʨʝʜʥʝʤ ʜʘʚʣʝʥʠʠ (0,1ï0,5 ʄʇʘ) ʠ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʝ 350ï700 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʠʨʦʣʠʟʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʙʠʦʤʘʩʩʳ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʛʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʪʘʢʠʭ 
ʢʘʢ CO2, CO, H2, CH4, ʘ ʪʘʢʞʝ ʩʤʦʣʠʩʪʳʝ ʛʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʢʦʥʜʝʥʩʠʨʦʚʘʥʳ ʚ 
ʛʦʨʶʯʫʶ ʞʠʜʢʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʥʘʧʨʠʤʝʨ, ʧʠʨʦʣʠʟʥʦʝ ʤʘʩʣʦ 
ʠʣʠ ʙʠʦʥʝʬʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ ʧʠʨʦʣʠʟʘ ʙʠʦʤʘʩʩʳ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʪʨʠ 
ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʘ: ʞʠʜʢʠʡ (ʙʠʦʥʝʬʪʴ), ʪʚʝʨʜʳʡ (ʫʛʦʣʴ ʠʣʠ ʙʠʦʫʛʦʣʴ) ʠ ʛʘʟʦʦʙʨʘʟʥʳʡ 
(ʩʠʥʪʝʟ-ʛʘʟ) [7]. ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 
ʫʩʪʘʥʦʚʢʠ. 
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ʈʠʩʫʥʦʢ 1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʘ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʢʠʩʣʦʨʦʜʘ 
ʧʨʦʜʫʚʢʦʡ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ ʠ ʫʛʣʝʨʦʜʘ. 

 
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʥʪʝʟ-ʛʘʟʘ  
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʭʥʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʘʟʦʚʦʛʦ ʦʩʪʘʪʢʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʨʘʟʣʦʞʝʥʠʠ ʦʙʨʘʟʮʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʘ) ʙ) 

 

 

ʚ) ʛ) 

 

ʜ) 
ʈʠʩʫʥʦʢ 2. ʀʟʤʝʥʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʳʭ ʜʦʣʝʡ ʛʘʟʦʚ ʦʪ ʚʨʝʤʝʥʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʪʦʧʣʠʚ: ʘ ï ʆ2, ʙ ï H2, ʚ ï CO2, ʛ ï CO, ʜ ï CH4; 
1 ï ʀʚʘ_100%; 2 ï ʊʦʧʦʣʴ_100%;  

3 ïɹʝʨʸʟʘ _100%; 4 ï ʉʤʝʩʴ_100% 
ʈʝʟʫʣʴʪʘʪʳ ʛʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʫʥʦʢ 2 (ʘ) ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʜʦ 0 % ʚʦ ʚʨʝʤʷ ʧʠʨʦʣʠʟʘ, ʯʪʦ ʧʦʣʦʞʠʪʝʣʴʥʦ 
ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʣʫʯʝʥʠʶ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʠʭ ʛʘʟʦʚ, ʢʘʢ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʚʦʜʦʨʦʜ, ʤʝʪʘʥ ʠ ʤʦʥʦʢʩʠʜ ʫʛʣʝʨʦʜʘ. 


