
 

ʄʽʥʽʩʪʝʨʩʪʚʦ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ  ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

ʌʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʬʘʢʫʣʴʪʝʪ 

(ʂʘʬʝʜʨʘ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ) 

ʋʢʨʘʾʥʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʟ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ɸʢʘʜʝʤʽʷ ʥʘʫʢ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ 

 

 

 
 

 

ɿɹɯʈʅʀʂ ɼʆʇʆɺɯɼɽʁ 
 

 

Vɯɯɯ-ʾ ɺʉɽʋʂʈɸɰʅʉʔʂʆɰ 

 ʅɸʋʂʆɺʆ-ʇʈɸʂʊʀʏʅʆɰ ʂʆʅʌɽʈɽʅʎɯɰ 

 ʉʊʋɼɽʅʊɯɺ, ɸʉʇɯʈɸʅʊɯɺ  ʊɸ ʄʆʃʆɼʀʍ ɺʏɽʅʀʍ 

çʇʈʀʂʃɸɼʅɸ ɻɽʆʄɽʊʈɯʗ, ɼʀɿɸʁʅ, ʆɹôɭʂʊʀ 

ɯʅʊɽʃɽʂʊʋɸʃʔʅʆɰ  ɺʃɸʉʅʆʉʊɯ  

ʊɸ ɯʅʅʆɺɸʎɯʁʅɸ ɼɯʗʃʔʅɯʉʊʔ ʉʊʋɼɽʅʊɯɺ  

ʊɸ ʄʆʃʆɼʀʍ ɺʏɽʅʀʍè 

ʇʈʀʉɺʗʏɽʅʆɰ 100-ʈɯʏʏʖ ɿ ɼʅʗ ʅɸʈʆɼɾɽʅʅʗ  

ʇʈʆʌɽʉʆʈɸ ʇɸɺʃʆɺɸ ɸ.ɺ. 
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ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ 
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 ʇ75 

 

 ɼʨʫʢʫʻʪʴʩʷ ʟʘ ʥʘʢʘʟʦʤ ʨʝʢʪʦʨʘ 

ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ˉ1/31 ʚʽʜ 05 ʣʶʪʦʛʦ 2019 ʨʦʢʫ 

 

ɺʽʜʧʦʚʽʜʘʣʴʥʠʡ ʟʘ ʚʠʧʫʩʢ ï ʜ-ʨ. ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ.,ɺʘʥʽʥ ɺ.ɺ.,  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 
 

ʉʧʽʚʦʨʛʘʥʽʟʘʪʦʨʠ ʢʦʥʬʝʨʝʥʮʽʾ: 

ʋʢʨʘʾʥʩʴʢʘ ʘʩʦʮʽʘʮʽʷ ʟ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ɸʢʘʜʝʤʽʷ ʥʘʫʢ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ 
 

ʇʨʦʛʨʘʤʥʠʡ  ʢʦʤʽʪʝʪ: 
1. ɺʘʥʽʥ ɺʦʣʦʜʠʤʠʨ ɺʦʣʦʜʠʤʠʨʦʚʠʯ, ʟʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ 

ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʜʝʢʘʥ ʬʽʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ (ʌʄʌ) ï ʛʦʣʦʚʘ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ. 

2. ʂʠʨʠʯʦʢ ʇʝʪʨʦ ʆʣʝʢʩʽʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʟ ʥʘʫʢʦʚʦ-ʧʝʜʘʛʦʛʽʯʥʦʾ 

ʨʦʙʦʪʠ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ - ʩʧʽʚʛʦʣʦʚʘ ʦʨʛʘʥʽʟʘʮʽʡʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ. 

3. ʂʫʟʥʻʮʦʚ  ʖ.ʄ., ʟʘʩʣʫʞʝʥʠʡ ʚʠʥʘʭʽʜʥʠʢ ʋʈʉʈ,  ʟʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʥʘʨʦʜʥʦʾ 

ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ɸʅ ʚʠʱʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʚʽʮʝ-ʧʨʝʟʠʜʝʥʪ ʟ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ 

ɸʅɺʆʋ, ʜ-ʨ ʪʝʭʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʂɺʄ ʄʄɯ.  

4. ʂʦʣʦʩʦʚ ʆ.ɭ.,ʟʘʩʣʫʞʝʥʠʡ ʚʠʥʘʭʽʜʥʠʢ ʋʢʨʘʾʥʠ, ʘʢʘʜʝʤʽʢ ɸʢʘʜʝʤʽʾ ʥʘʫʢ ʚʠʱʦʾ 
ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʩ.ʥ.ʩ., ʧʨʦʬʝʩʦʨ ʢʘʬ. ʍʇʉʄ. 

5. ʖʨʯʫʢ ɺʦʣʦʜʠʤʠʨ ʇʝʪʨʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʽʥʞʝʥʝʨʥʦʾ 
ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʌʄʌ ï ʟʘʩʪʫʧʥʠʢ ʛʦʣʦʚʠ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʤʽʪʝʪʫ ʢʦʥʬʝʨʝʥʮʽʾ.  

6. ɺʽʨʯʝʥʢʦ ɻʝʥʘʜʽʡ ɸʥʘʪʦʣʽʡʦʚʠʯ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʌʄʌ. 

7. ɻʫʤʝʥ ʆʣʝʥʘ ʄʠʢʦʣʘʾʚʥʘ, ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʌʄʌ. 

8. ɻʥʽʪʝʮʴʢʘ ɻʘʣʠʥʘ ʆʤʝʣʷʥʽʚʥʘ,  ʢ.ʧ.ʥ., ʚ. ʦ. ʟʘʚʽʜʫʚʘʯʘ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 
ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʌʄʌ.  

9. ʗʙʣʦʥʩʴʢʠʡ ʇʝʪʨʦ ʄʠʢʦʣʘʡʦʚʠʯ, ʢ.ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 
ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʌʄʌ.  

10. ʇʠʣʠʧʘʢʘ ʉʝʨʛʽʡ ʌʝʜʦʨʦʚʠʯ,ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, ʟʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ʧʨʠʢʣʘʜʥʦʾ ʛʝʦʤʝʪʨʽʾ 

ʪʘ ʛʨʘʬʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ. 
 

ɿʙʽʨʥʠʢ ʜʦʧʦʚʽʜʝʡ Vɯɯɯ-ʾ ɺʩʝʫʢʨʘʾʥʩʴʢʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ  ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ  ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʜʠʟʘʡʥ, ʦʙôʻʢʪʠ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ  

ʚʣʘʩʥʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ  ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭè. ï  ɺʠʧʫʩʢ 8. ʩ. ʟ ʽʣ.. 
 

ɺ ʘʚʪʦʨʩʴʢʽʡ ʨʝʜʘʢʮʽʾ 

ʋʢʣʘʜʘʯ:  ʢʘʥʜ.ʪʝʭʥ.ʥʘʫʢ, ʜʦʮʝʥʪ ʂʦʣʦʩʦʚʘ ʆ.ʇ. 

ɸʜʨʝʩʘ ʨʝʜʢʦʣʝʛʽʾ: 03056, ʤ. ʂʠʚʾ, ʧʨ-ʪ ʇʝʨʝʤʦʛʠ, 37, ʌʄʌ, ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 

ʊʝʣ. (044) 204-94-46.  E-mail: geometry@kpi.ua, conferencengkg@gmail.com  

 

 É  ɸʚʪʦʨʠ ʜʦʧʦʚʽʜʝʡ, 2019 

É  ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ 
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ʐʘʥʦʚʥʽ ʜʨʫʟʽ! 

 

 ʌʦʨʤʫʚʘʥʥʷ ʪʚʦʨʯʦʛʦ 

ʤʦʣʦʜʽʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ  ʻ ʥʘʡʚʘʞʣʠʚʽʰʠʤ 

ʟʘʚʜʘʥʥʷʤ ʢʦʞʥʦʛʦ ʩʫʩʧʽʣʴʩʪʚʘ. ʉʘʤʝ 

ʪʚʦʨʯʘ ʤʦʣʦʜʴ ʚʠʟʥʘʯʘʻ ʤʘʡʙʫʪʥʻ ʜʝʨʞʘʚʠ, 

ʾʾ ʨʦʟʚʠʪʦʢ, ʨʽʚʝʥʴ ʞʠʪʪʷ ʾʾ ʛʨʦʤʘʜʷʥ, 

ʘʚʪʦʨʠʪʝʪ ʫ ʩʚʽʪʽ. ʉʘʤʝ ʪʘʢʘ ʤʦʣʦʜʴ 

ʩʧʨʦʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʽʥʥʦʚʘʮʽʡʥʽ 

ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʾʭ ʨʝʘʣʽʟʘʮʽʾ, 

ʟʥʘʡʪʠ ʝʬʝʢʪʠʚʥʽ ʨʽʰʝʥʥʷ ʥʘ ʚʠʢʣʠʢʠ 

ʥʘʰʦʛʦ ʩʪʦʨʽʯʯʷ. 

 ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʷʢ ʥʘʫʢʘ, 

ʩʪʚʦʨʶʻ ʙʘʟʫ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʷʚʠʱ, ʧʨʦʮʝʩʽʚ, ʤʘʰʠʥ ʽ 

ʤʝʭʘʥʽʟʤʽʚ. ʉʘʤʝ ʟ ʛʝʦʤʝʪʨʽʾ ʧʦʯʠʥʘʻʪʴʩʷ 

ʩʪʚʦʨʝʥʥʷ  ʤʦʜʝʣʝʡ ʚʠʨʦʙʽʚ.  

ʂʦʤʧôʶʪʝʨʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʻ ʦʩʥʦʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʷʢ 

ʩʘʤʠʭ ʚʠʨʦʙʽʚ, ʪʘʢ ʽ ʪʝʭʥʦʣʦʛʽʾ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ.  

ʑʝ ʄ. ʃʦʤʦʥʦʩʦʚ ʥʘʛʦʣʦʩʠʚ, ʱʦ çɻʝʦʤʝʪʨʽʷ ï ʢʝʨʤʘʥʠʯ ʫʩʽʭ 

ʨʦʟʫʤʦʚʠʭ ʧʦʰʫʢʽʚè.  

ʄʠ ʧʨʠʩʚʷʯʫʻʤʦ ʢʦʥʬʝʨʝʥʮʽʶ ʩʪʦʨʽʯʯʶ ɸʥʘʪʦʣʽʷ ɺʦʣʦʜʠʤʠʨʦʚʠʯʘ 

ʇʘʚʣʦʚʘ, ʟʘʩʥʦʚʥʠʢʘ ʥʘʫʢʦʚʦʾ ʰʢʦʣʠ ʢʘʬʝʜʨʠ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, 

ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʅʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʭʥʽʯʥʦʛʦ 

ʫʥʽʚʝʨʩʠʪʝʪʫ ʋʢʨʘʾʥʠ  çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, ʜʦʢʪʦʨʘ 

ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨʘ, ʟʘʩʣʫʞʝʥʦʛʦ ʧʨʘʮʽʚʥʠʢʘ ɺʐ, ʘʢʘʜʝʤʽʢʘ ɸʅ ɺʐ 

ʋʢʨʘʾʥʠ, ʚʠʜʘʪʥʦʛʦ ʚʯʝʥʦʛʦ ʪʘ ʧʝʜʘʛʦʛʘ. ʈʦʟʨʦʙʣʝʥʘ ʧʨʦʬʝʩʦʨʦʤ  

ʇʘʚʣʦʚʠʤ ɸ.ɺ ʪʘ ʡʦʛʦ ʫʯʥʷʤʠ ʪʝʦʨʽʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ  ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʘ 

ʚʪʽʣʝʥʘ ʚ ʨʦʟʨʦʙʢʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʚʠʨʦʙʽʚ ʚʽʜ ʢʦʩʤʽʯʥʦʛʦ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ 

ʢʦʨʘʙʣʷ çɹʫʨʘʥʘè  ʪʘ ʣʽʪʘʢʽʚ ʜʦ ʝʢʦʣʦʛʽʯʥʠʭ ʟʥʘʨʷʜʴ ʩʽʣʴʩʴʢʦʛʦ 

ʛʦʩʧʦʜʘʨʩʪʚʘ. 

 ɺʽʪʘʶ ɺʘʩ, ʜʦʨʦʛʽ ʜʨʫʟʽ ʪʘ ʙʘʞʘʶ ʫʩʧʽʭʽʚ ʚ ʨʦʙʦʪʽ ʢʦʥʬʝʨʝʥʮʽʾ. 

 

 

ɼʝʢʘʥ ʬʽʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʫ, 

ʜʦʢʪʦʨ ʪʝʭʥʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ,  

ʟʘʩʣʫʞʝʥʠʡ ʧʨʘʮʽʚʥʠʢ ʥʘʨʦʜʥʦʾ ʦʩʚʽʪʠ ʋʢʨʘʾʥʠ, 

ʘʢʘʜʝʤʽʢ ɸʅ ɺʆ ʋʢʨʘʾʥʠ                                    ɺ.ɺ. ɺʘʥʽʥ 
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ʋɼʂ 001.83 

 

ɺɯɼɻʋʂ ʅɸ ʋʏɸʉʊʔ ɺ ʇʈʆɻʈɸʄɯ ʆɹʄɯʅʋ ERASMUS+ 

 

ʂʦʟʣʦʚʩʴʢʠʡ ɸ.ɻ., ʤʘʛʽʩʪʨʘʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ 

ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʘʜʠ ʥʘʚʯʘʥʥʷ ʟʘ ʧʨʦʛʨʘʤʦʶ ʦʙʤʽʥʫ 

ʩʪʫʜʝʥʪʘʤʠ Erasmus+ ʫ ʧʦʨʽʚʥʷʥʥʷ ʟ ʪʨʘʜʠʮʽʡʥʠʤ ʥʘʚʯʘʥʥʷʤ ʚ ʥʘʰʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ. ɺʠʩʚʽʪʣʝʥʦ ʚʽʜʤʽʥʥʦʩʪʽ, ʥʘʚʝʜʝʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ 

ʩʠʩʪʝʤʠ ʥʘʚʯʘʥʥʷ ʟʘʢʦʨʜʦʥʥʦʛʦ ɺʅɿ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʰʣʷʭʠ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʧʨʦʮʝʩʫ ʥʘʚʯʘʥʥʷ ʚ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʥʘ ʦʥʦʚʽ ʟʜʦʙʫʪʠʭ ʟʥʘʥʴ, 

ʧʦʩʪʘʥʦʚʮʽ, ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʧʨʦʚʝʜʝʥʥʽ ʦʩʚʽʪʥʴʦʛʦ ʧʨʦʮʝʩʫ ʚʠʢʣʘʜʘʯʘʤʠ 

ʥ̔ʦʟʝʤʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. ɺ ʦʩʥʦʚʫ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚʠʪʢʫ ʬʘʢʫʣʴʪʝʪʽʚ ʂʇɯ 

ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʧʨʠʥʮʠʧʠ ʧʦʢʨʘʱʝʥʦʛʦ 

ʩʧʨʠʡʤʘʥʥʷ ʪʘ ʟʘʩʚʦʻʥʥʷ ʩʪʫʜʝʥʪʘʤʠ ʤʘʪʝʨʽʘʣʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ ʧʽʜʭʦʜʫ, ʛʨʫʧʦʚʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ, ʧʦʣʦʞʝʥʴ ʧʨʦ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʦʥʦʚʣʝʥʫ ʤʝʪʦʜʠʢʫ ʚʠʢʣʘʜʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ 

ʪʝʭʥʽʯʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʟʘʩʦʙʽʚ ʥʘʚʯʘʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʚʽʜʛʫʢ, ʧʨʦʛʨʘʤʘ ʦʙʤʽʥʫ, Erasmus+,  ɻʨʦʥʽʥʛʝʥʩʴʢʠʡ 

ʫʥʽʚʝʨʩʠʪ, ʤ. ɻʨʦʥʽʥʛʝʥ, Rijksuniversiteit Groningen, ʂʇɯ ʽʤ. ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ, ʰʣʷʭʠ ʧʦʢʨʘʱʝʥʥʷ ʧʽʜʛʦʪʦʚʢʠ ʬʘʭʽʚʮʽʚ, ʪʝʭʥʽʯʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ, ʧʨʦʛʨʘʤʠ ʦʙʤʽʥʫ, ʥʦʚʽ ʧʨʝʜʤʝʪʠ, ʥʘʚʯʘʣʴʥʠʡ 

ʧʨʦʮʝʩ. 

  

ʇʨʦ ʧʨʦʛʨʘʤʫ Erasmus+ ʷ ʜʽʟʥʘʚʩʷ ʥʘʧʨʠʢʽʥʮʽ ʯʝʪʚʝʨʪʦʛʦ ʢʫʨʩʫ. 

ɺʽʜʨʘʟʫ ʚʠʨʽʰʠʚ ʩʧʨʦʙʫʚʘʪʠ ʩʝʙʝ ʚ ʮʽʡ ʧʨʦʛʨʘʤʽ, ʘʣʝ ʟʘʧʠʩ ʥʘ ʥʘʩʪʫʧʥʠʡ 

ʩʝʤʝʩʪʨ ʙʫʣʦ ʚʞʝ ʟʘʢʨʠʪʦ. ʊʦʤʫ ʧʦʜʘʚ ʜʦʢʫʤʝʥʪʠ ʥʘ ʫʯʘʩʪʴ ʚ ʦʙʤʽʥʽ 

ʩʪʫʜʝʥʪʘʤʠ ʚʦʩʝʥʠ, ʽ ʚ ʜʨʫʛʦʤʫ ʩʝʤʝʩʪʨʽ ʧ'ʷʪʦʛʦ ʢʫʨʩʫ ʥʘʚʯʘʚʩʷ ʫ 

ɻʨʦʥʽʥʛʝʥʩʴʢʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ (Rijksuniversiteit Groningen ï RUG [1]). 

RUG ï ʦʜʠʥ ʟ ʥʘʡʩʪʘʨʽʰʠʭ ʫʥʽʚʝʨʩʠʪʝʪʽʚ ʅʽʜʝʨʣʘʥʜʽʚ. ʁʦʛʦ ʟʘʩʥʫʚʘʣʠ 

ʚ 1614 ʨ. ï ʜʨʫʛʠʤ ʧʽʩʣʷ ʃʝʡʜʝʥʩʴʢʦʛʦ, ʷʢʠʡ ʙʫʣʦ ʚʽʜʢʨʠʪʦ ʚ 1575 ʨ. 

ʋʥʽʚʝʨʩʠʪʝʪ ʚʭʦʜʠʪʴ ʚ ʊʆʇ 100 ʩʚʽʪʦʚʠʭ ʪʘ ʊʆʇ 25 ʫʥʽʚʝʨʩʠʪʝʪʽʚ ɭʚʨʦʧʠ. 

ʋ ʥʴʦʤʫ ʥʘʚʯʘʻʪʴʩʷ ʙʽʣʴʰʝ 30 ʪʠʩʷʯ ʩʪʫʜʝʥʪʽʚ, ʧʨʠʯʦʤʫ ʢʦʞʥʠʡ ʧ'ʷʪʠʡ ï 

ʽʥʦʟʝʤʝʮʴ. ʋʥʽʚʝʨʩʠʪʝʪ ʚʽʜʦʤʠʡ ʥʘ ʚʝʩʴ ʩʚʽʪ ʥʝ ʣʠʰʝ ʟʘʚʜʷʢʠ ʚʠʩʦʢʦʤʫ 

ʨʽʚʥʶ ʥʘʚʯʘʥʥʷ, ʘʣʝ ʡ ʯʝʨʝʟ ʫʯʘʩʪʴ ʫ ʙʘʛʘʪʴʦʭ ʧʨʦʛʨʘʤʘʭ ʦʙʤʽʥʫ ʟ ʢʨʘʾʥʘʤʠ 

ɭʚʨʦʧʠ, ʇʽʚʥʽʯʥʦʾ ʪʘ ʇʽʚʜʝʥʥʦʾ ɸʤʝʨʠʢʠ, ɹʣʠʟʴʢʦʛʦ ʪʘ ɼʘʣʝʢʦʛʦ ʉʭʦʜʫ. 

ʄʽʩʪʦ ɻʨʦʥʽʥʛʝʥ, ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʫʥʽʚʝʨʩʠʪʝʪ, ʥʝʚʝʣʠʢʝ ï ʙʣʠʟʴʢʦ 200 ʪʠʩ. 

ʞʠʪʝʣʽʚ, ʟ ʷʢʠʭ ʧʨʠʙʣʠʟʥʦ ʯʚʝʨʪʴ ï ʩʪʫʜʝʥʪʠ. 

ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ RUG ï ʜʦʙʨʝ ʬʽʥʘʥʩʦʚʦ ʟʘʙʝʟʧʝʯʝʥʠʡ ʟ ʙʦʢʫ 

ʜʝʨʞʘʚʠ (ʢʦʰʪʠ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʚʽʜ ʩʪʫʜʝʥʪʽʚ ʟʘ ʥʘʚʯʘʥʥʷ, ʪʝʞ ʚʽʜʽʛʨʘʶʪʴ 
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ʥʝʘʙʠʷʢʫ ʨʦʣʴ). ʉʪʫʜʝʥʪʠ, ʥʘʚʯʘʶʯʠʩʴ ʚ RUG, ʤʘʶʪʴ ʟʤʦʛʫ ʨʝʘʣʽʟʫʚʘʪʠ 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʟʘʜʫʤʠ ʽ ʚʠʢʦʥʫʚʘʪʠ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʦʢʨʝʤʘ ʚ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽʡ ʩʬʝʨʽ. ɺʽʜʧʦʚʽʜʥʽ ʣʘʙʦʨʘʪʦʨʽʾ ʦʩʥʘʱʝʥʽ 

ʚʝʨʩʪʘʪʘʤʠ ʟ ʏʇʂ ʪʘ ʯʠʩʣʝʥʥʦʶ ʜʦʩʣʽʜʥʦʶ ʘʧʘʨʘʪʫʨʦʶ. 

ʈʦʟʪʘʰʫʚʘʥʥʷ ʢʦʨʧʫʩʽʚ RUG ʥʘʛʘʜʫʻ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ. 

ɻʫʨʪʦʞʠʪʢʠ ʨʦʟʪʘʰʦʚʘʥʽ ʪʘʢ, ʱʦ ʜʽʩʪʘʪʠʩʷ ʚʽʜ ʦʜʥʦʛʦ ʜʦ ʽʥʰʦʛʦ ʥʘ 

ʚʝʣʦʩʠʧʝʜʽ ʤʦʞʥʘ ʟʘ 5ï20 ʭʚʠʣʠʥ. ɼʦ ʨʝʯʽ, ʥʘ ʚʝʣʦʩʠʧʝʜʘʭ ʾʟʜʷʪʴ ʪʘʤ 

ʧʨʘʢʪʠʯʥʦ ʚʩʽ ï ʽ ʞʠʪʝʣʽ ʤʽʩʪʘ, ʽ ʩʪʫʜʝʥʪʠ. 

ɺ ʫʥʽʚʝʨʩʠʪʝʪʽ ʻ 9 ʬʘʢʫʣʴʪʝʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʬʘʢʫʣʴʪʝʪʠ ʤʠʩʪʝʮʪʚ, 

ʬʽʣʦʩʦʬʽʾ, ʧʨʘʚʘ. ʗ ʥʘʚʯʘʚʩʷ ʥʘ ʬʘʢʫʣʴʪʝʪʽ ʥʘʫʢʠ ʪʘ ʽʥʞʝʥʝʨʽʾ. ʇʨʝʜʤʝʪʠ ʜʣʷ 

ʚʠʚʯʝʥʥʷ ʤʦʞʥʘ ʙʫʣʦ ʦʙʠʨʘʪʠ ʩʘʤʦʩʪʽʡʥʦ. ʗ ʚʠʙʨʘʚ ʪʽ, ʷʢʽ ʙʫʣʠ ʥʽʙʠ 

ʧʨʦʜʦʚʞʝʥʥʷʤ ʤʦʛʦ ʥʘʚʯʘʥʥʷ ʽ ʤʦʛʣʠ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʜʣʷ ʥʘʧʠʩʘʥʥʷ 

ʤʘʛʽʩʪʝʨʩʴʢʦʾ ʜʠʩʝʨʪʘʮʽʾ: 

¶ ʩʫʯʘʩʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʣʽʤʝʨʽʚ; 

¶ ʢʦʤʧ'ʶʪʝʨʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ; 

¶ ʘʥʘʣʽʟ ʪʘ ʢʦʥʪʨʦʣʴ ʨʦʟʫʤʥʠʭ ʩʠʩʪʝʤ; 

¶ ʩʫʯʘʩʥʽ ʧʨʦʮʝʩʠ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʝʥʝʨʛʝʪʠʢʠ; 

¶ ʩʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʚ ʽʥʞʝʥʝʨʽʾ; 

¶ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ. 

ɿʘʥʷʪʪʷ ʧʨʦʚʦʜʠʣʠʩʷ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʦʶ. ʄʽʡ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ, ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʤʦʚʥʦʾ, ʙʫʚ ʮʽʣʢʦʤ ʜʦʩʪʘʪʥʽʤ ʜʣʷ ʟʘʩʚʦʻʥʥʷ ʥʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, 

ʯʠʪʘʥʥʷ ʧʽʜʨʫʯʥʠʢʽʚ, ʥʘʧʠʩʘʥʠʭ ʩʘʤʠʤʠ ʚʠʢʣʘʜʘʯʘʤʠ ʫʥʽʚʝʨʩʠʪʝʪʫ, ʘ ʪʘʢʦʞ 

ʩʧʽʣʢʫʚʘʥʥʷ ʟ ʚʠʢʣʘʜʘʯʘʤʠ ʽ ʩʪʫʜʝʥʪʘʤʠ. 

ʌʦʨʤʘ ʧʨʦʚʝʜʝʥʥʷ ʧʘʨ ʚʠʨʘʞʝʥʘ ʫ ʣʝʢʮʽʡʥʠʭ ʪʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʪʷʭ. 

ʎʽʢʘʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʥʘʚʯʘʥʥʷ ʚ RUG ʙʫʣʦ ʪʝ, ʱʦ ʣʝʢʮʽʾ ʟ ʧʝʚʥʠʭ ʧʠʪʘʥʴ 

ʧʨʦʚʦʜʠʣʠ ʧʨʦʚʽʜʥʽ ʽʥʞʝʥʝʨʠ-ʧʨʘʢʪʠʢʠ ʟ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʘʧʨʠʢʣʘʜ, 

ʧʦʣʽʤʝʨʽʚ. ʊʘʢʽ ʟʚ'ʷʟʢʠ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟ ʧʨʦʤʠʩʣʦʚʠʤʠ ʧʽʜʧʨʠʻʤʩʪʚʘʤʠ, 

ʙʝʟʫʤʦʚʥʦ, ʧʦʢʨʘʱʫʶʪʴ ʧʨʘʢʪʠʯʥʫ ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ. 

ʑʦʜʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʛʨʫʧʘʭ. ɹʝʟʫʤʦʚʥʦ, ʧʨʠʩʫʪʥʽ ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʟʘʥʷʪʪʷ, ʘʣʝ ʫ 

ʟʚôʷʟʢʫ ʟ ʢʦʨʦʪʢʦʶ ʪʨʠʚʘʣʽʩʪʶ ʩʝʤʝʩʪʨʫ (ʙʽʣʷ ʚʦʩʴʤʠ-ʜʝʩʷʪʠ ʪʠʞʥʽʚ),  

ʚʠʜʘʶʪʴ ʾʭ ʚʽʜ ʜʚʦʭ ʽ ʜʦ ʜʝʩʷʪʠ, ʪʦʙʪʦ ʥʘ ʢʦʞʥʝ ʟʘʥʷʪʪʷ. ʂʽʣʴʢʽʩʪʴ ʟʘʚʜʘʥʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʽ ʯʘʩʫ ʚʠʪʨʘʯʝʥʦʛʦ ʥʘ ʾʭ ʚʠʢʦʥʘʥʥʷ (ʚʠʢʣʘʜʘʯ ʟʨʘʟʫ 

ʛʦʚʦʨʠʪʴ ʟʘ ʩʢʽʣʴʢʠ ʯʘʩʫ ʤʦʞʣʠʚʦ ʚʠʢʦʥʘʪʠ ʟʘʚʜʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʚʽʜ 

ʯʦʪʠʨʴʦʭ ʛʦʜʠʥ ʽ ʜʦ ʚʦʩʴʤʠ) ʪʘ ʯʘʩʫ ʤʽʞ ʧʘʨʘʤʠ.  

ʎʽʢʘʚʠʤ ʬʘʢʪʦʨʦʤ ʻ ʪʘʢʦʞ ʪʝ, ʱʦ ʩʪʫʜʝʥʪʠ ʤʘʶʪʴ ʧʨʘʚʦ ʦʙʠʨʘʪʠ ʙʫʜʴ-

ʷʢʫ ʢʽʣʴʢʽʩʪʴ ʧʨʝʜʤʝʪʽʚ ʽ ʪʘʢʦʞ ʥʝ ʟʜʘʚʘʪʠ ʾʭ. ɻʦʣʦʚʥʠʤ ʯʠʥʥʠʢʦʤ ʫ ʧʨʦʮʝʩʽ 

ʟʘʢʦʨʜʦʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʻ ʥʝ ʦʮʽʥʢʠ, ʘ ʢʽʣʴʢʽʩʪʴ ʢʨʝʜʠʪʽʚ, ʟʜʦʙʫʪʠʭ ʧʽʩʣʷ 

ʟʜʘʯʽ ʝʢʟʘʤʝʥʫ ʯʠ ʧʽʜʩʫʤʢʦʚʦʛʦ ʢʦʥʪʨʦʣʶ. ʊʘʢ, ʜʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʥʘ 

ʥʘʩʪʫʧʥʠʡ ʩʝʤʝʩʪʨ ʩʪʫʜʝʥʪʠ ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ  20 ʢʨʝʜʠʪʽʚ ʟʘ ʩʝʤʝʩʪʨ ʘʙʦ 

80 ʢʨʝʜʠʪʽʚ ʟʘ ʨʽʢ. 

ʎʽʢʘʚʦʶ ʙʫʣʘ ʬʦʨʤʘ ʧʨʦʚʝʜʝʥʥʷ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʴ, ʥʘ ʷʢʠʭ 

ʚʠʨʽʰʝʥʥʷ ʧʝʚʥʠʭ ʧʨʦʙʣʝʤ ʟ ʜʠʩʮʠʧʣʽʥʠ "ʉʢʣʘʜʥʽ ʩʠʩʪʝʤʠ ʚ ʽʥʞʝʥʝʨʽʾ" 

ʥʘʚʯʘʣʴʥʫ ʛʨʫʧʘ ʨʦʟʜʽʣʷʣʠ ʥʘ ʤʘʣʝʥʴʢʽ ʧʽʜʛʨʫʧʠ (ʧʦ 2-3 ʩʪʫʜʝʥʪʠ). ʄʝʪʦʶ 
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ʜʘʥʦʛʦ ʢʫʨʩʫ ʙʫʣʦ ʥʘʧʠʩʘʥʥʷ ʨʦʙʦʪʠ (assignment) ʥʘ ʪʝʤʫ ʩʪʚʦʨʝʥʥʷ 

ʢʦʤʧʣʝʢʩʥʦʾ ʪʝʭʥʽʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʦʧʠʩʦʤ ʛʦʣʦʚʥʠʭ ʩʢʣʘʜʦʚʠʭ ʪʘ 

ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʾʾ ʦʩʥʦʚʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ (ʫ ʚʠʛʣʷʜʽ ʩʭʝʤ ʩʪʘʥʜʘʨʪʫ IDF0). 

ʎʝ ʤʦʛʣʘ ʙʫʪʠ ʩʠʩʪʝʤʘ ʜʣʷ ʦʯʠʱʝʥʥʷ ʤʦʨʩʴʢʦʛʦ ʜʥʘ, ʷʢʘ ʚʢʣʶʯʘʻ ʘʢʚʘʨʦʙʦʪ, 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʪʘ ʙʘʟʫ ʫʧʨʘʚʣʽʥʥʷ, ʘʚʪʦʟʘʧʨʘʚʥʘ ʝʣʝʢʪʨʠʯʥʘ ʩʪʘʥʮʽʷ 

(ʩʪʘʥʮʽʷ ʜʣʷ ʟʘʨʷʜʢʠ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ ʝʣʝʢʪʨʦʣʽʪʘʤʠ), ʩʠʩʪʝʤʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʰʪʫʯʥʦʛʦ ʦʩʪʨʦʚʘ ʪʘ ʽʥ. 

ɼʦ ʨʝʯʽ, ʤʘʡʞʝ ʚʩʷ ʧʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ ʥʘʚʯʘʥʥʷ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʥʘʧʠʩʘʥʥʽ assignments (40-80 ʩʪʦʨʽʥʦʢ) ʥʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʯʠ 

ʽʥʪʝʨʥʝʪ ʧʦʰʫʢʽʚ ʟʘ ʪʝʤʦʶ, ʱʦ ʚʠʜʘʻʪʴʩʷ ʥʘ ʧʝʨʰʦʤʫ ʧʨʘʢʪʠʯʥʦʤʫ ʟʘʥʷʪʪʽ.  

ʑʦ ʤʝʥʽ ʥʝ ʜʫʞʝ ʩʧʦʜʦʙʘʣʦʩʴ, ʪʘʢ ʮʝ ʪʝ, ʱʦ ʥʘʤ, ʩʪʫʜʝʥʪʘʤ, ʜʘʚʘʣʠ 

ʨʦʟʜʨʫʢʽʚʢʠ ʽʟ ʟʘʚʜʘʥʥʷʤʠ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʘʪʠ, ʽ ʧʨʠ ʮʴʦʤʫ ʥʝ 

ʧʦʷʩʥʶʚʘʣʠ ʥʘ ʧʨʠʢʣʘʜʘʭ, ʷʢ ʮʝ ʨʦʙʠʪʠ ï ʪʽʣʴʢʠ ʥʘʧʠʩʘʥʘ ʫʤʦʚʘ ʽ ʟʘʚʜʘʥʥʷ. 

ɿʘʚʜʘʥʥʷ ʦʮʽʥʶʚʘʣʠʩʷ ʟʘ ʧʨʘʚʠʣʴʥʫ ʚʽʜʧʦʚʽʜʴ, ʽ ʥʝ ʟʘʚʞʜʠ ʟʘ ʩʧʦʩʽʙ ʾʭ 

ʚʠʨʽʰʝʥʥʷ.  ʍʦʯʘ ʟʘʚʜʘʥʥʷ ʥʝ ʙʫʣʠ ʜʫʞʝ ʚʘʞʢʠʤʠ, ʘʣʝ ʜʣʷ ʰʚʠʜʢʦʛʦ ʪʘ 

ʧʨʘʚʠʣʴʥʦʛʦ ʾʭ ʚʠʨʽʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʩʘʤʦʩʪʽʡʥʦ ʦʧʨʘʮʶʚʘʪʠ ʙʘʛʘʪʦ 

ʤʘʪʝʨʽʘʣʫ. ʋ ʥʘʰʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ʥʘ ʤʽʡ ʧʦʛʣʷʜ, ʧʨʘʢʪʠʯʥʽ ʨʦʙʦʪʠ ʙʽʣʴʰʝ 

ʧʦʷʩʥʶʶʪʴʩʷ ʚʠʢʣʘʜʘʯʘʤʠ, ʷʢʽ ʟʚʝʨʪʘʶʪʴ ʫʚʘʛʫ ʥʘ ʭʽʜ ʪʘ ʩʧʦʩʽʙ ʨʦʟʚ'ʷʟʘʥʥʷ. 

ʊʦʤʫ ʩʣʽʜ ʮʽʥʫʚʘʪʠ ʤʝʪʦʜʠʢʫ ʚʠʢʣʘʜʘʥʥʷ ʚ ʥʘʰʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ, ʜʝ 

ʧʨʘʢʪʠʢʫ ʯʘʩʪʦ ʧʨʦʚʦʜʷʪʴ ʜʦʩʚʽʜʯʝʥʽ ʚʠʢʣʘʜʘʯʽ ï ʣʝʢʪʦʨʠ, ʘ ʥʝ ʤʦʣʦʜʽ 

ʘʩʧʽʨʘʥʪʠ. 

ʅʘʚʯʘʪʠʩʴ ʙʫʣʦ ʮʽʢʘʚʦ, ʘʣʝ ʥʘ ʝʢʟʘʤʝʥʘʭ ʙʫʣʦ ʚʘʞʢʦ. ɼʫʞʝ ʙʘʛʘʪʦ 

ʤʘʪʝʨʽʘʣʫ ʚʠʥʦʩʠʪʴʩʷ ʥʘ ʩʘʤʦʩʪʽʡʥʝ ʦʧʨʘʮʶʚʘʥʥʷ. ɹʫʚʘʣʦ, ʱʦ ʚʠʢʣʘʜʘʯ ʥʝ 

ʚʩʪʠʛʘʚ ʥʘ ʧʨʘʢʪʠʯʥʠʭ ʟʘʥʷʪʪʷʭ ʧʝʨʝʚʽʨʠʪʠ ʜʦʤʘʰʥʽ ʟʘʚʜʘʥʥʷ ʫ ʚʩʽʭ 

ʩʪʫʜʝʥʪʽʚ ʽ ʚʠʢʦʥʘʪʠ ʚʩʝ ʟʘʧʣʘʥʦʚʘʥʝ, ʱʦ ʚʠʥʦʩʠʪʴʩʷ ʥʘ ʢʦʣʝʢʪʠʚʥʝ 

ʦʧʨʘʮʶʚʘʥʥʷ ʥʘ ʧʘʨʽ. 

ɿʚʠʯʘʡʥʦ, ʥʘʚʯʘʶʯʠʩʴ ʫ ɻʨʦʥʽʥʛʝʥʽ, ʷ ʯʘʩʪʦ ʟʛʘʜʫʚʘʚ ʩʚʦʶ ʘʣʴʤʘ-

ʤʘʪʝʨ ï ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ï ʽ ʧʦʨʽʚʥʶʚʘʚ ʥʘʚʯʘʥʥʷ ʪʘʤ ʽ ʪʫʪ. ʅʘ ʮʽʡ 

ʦʩʥʦʚʽ ʜʽʡʰʦʚ ʧʝʚʥʠʭ ʚʠʩʥʦʚʢʽʚ ʱʦʜʦ ʪʦʛʦ, ʷʢ ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʢʨʘʱʠʪʠ 

ʧʽʜʛʦʪʦʚʢʫ ʬʘʭʽʚʮʽʚ ʫ ʥʘʰʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ: 

¶ ɺʚʘʞʘʶ, ʩʣʽʜ ʚʚʝʩʪʠ ʥʦʚʽ ʧʨʝʜʤʝʪʠ, ʚʨʘʭʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ 

ʦʧʠʪʫʚʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʱʦʜʦ ʘʢʪʫʘʣʴʥʦʩʪʽ ʚʠʚʯʝʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

¶ ʉʣʽʜ ʰʠʨʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʤʧ'ʶʪʝʨʥʽ ʪʘ ʩʫʯʘʩʥʽ ʪʝʭʥʽʯʥʦ-

ʽʥʬʦʨʤʘʮʽʡʥʽ ʟʘʩʦʙʠ ʥʘʚʯʘʥʥʷ, ʰʫʢʘʪʠ ʥʦʚʽ ʩʧʦʩʦʙʠ ʟʘʦʭʦʯʝʥʥʷ ʜʦ 

ʥʘʚʯʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʟʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʢʣʘʜʘʥʥʷ. 

¶ ɺʘʨʪʦ ʟʘʣʫʯʠʪʠ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʟ ʬʽʨʤ ʪʘ ʟʘʚʦʜʽʚ ʜʣʷ ʨʦʟʢʨʠʪʪʷ 
ʦʩʥʦʚʥʠʭ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʙʣʝʤ ʫ ʩʬʝʨʘʭ, ʱʦ ʚʠʚʯʘʶʪʴʩʷ ʩʪʫʜʝʥʪʘʤʠ. 

¶ ʇʦʪʨʽʙʥʦ ʟʙʽʣʴʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʤʽʩʮʴ ʜʣʷ ʦʙʤʽʥʫ ʟʘ ʢʦʨʜʦʥʦʤ, ʧʨʠ 

ʮʴʦʤʫ ʚʚʝʩʪʠ ʩʠʩʪʝʤʫ ʦʙʤʽʥʫ ʩʪʫʜʝʥʪʘʤʠ ʚ ʽʥʰʽ ʫʥʽʚʝʨʩʠʪʝʪʠ ï ʷʢ 

ʟʘʢʦʨʜʦʥʥʽ, ʪʘʢ ʽ ʫʢʨʘʾʥʩʴʢʽ. 

¶ ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʚʝʩʪʠ/ʟʙʽʣʴʰʠʪʠ ʟʘʥʷʪʪʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʘʭ ʪʘ ʽʥʰʠʭ 
ʫʩʪʘʥʦʚʘʭ (ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʩʧʝʮʽʘʣʴʥʦʩʪʽ), ʱʦʙ ʩʪʫʜʝʥʪʠ ʟʘʩʪʦʩʦʚʫʚʘʣʠ 

ʥʘʙʫʪʽ ʥʘ ʣʝʢʮʽʡʥʠʭ ʟʘʥʷʪʪʷʭ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʥʥʷ ʥʘ ʧʨʘʢʪʠʮʽ. 
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ɿʘʫʚʘʞʫ ʪʘʢʦʞ, ʱʦ ʩʪʫʜʝʥʪʠ, ʧʦʙʫʚʘʚʰʠ ʥʘ ʥʘʚʯʘʥʥʽ ʫ ʧʨʦʚʽʜʥʠʭ 

ʟʘʢʦʨʜʦʥʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ, ʧʦʚʝʨʪʘʶʪʴʩʷ ʧʝʨʝʧʦʚʥʝʥʽ ʚʨʘʞʝʥʥʷʤʠ, 

ʟʘʜʫʤʘʤʠ. ʊʦʤʫ ʜʫʞʝ ʚʘʞʣʠʚʦ ʧʽʜʪʨʠʤʘʪʠ ʾʭ ʧʽʩʣʷ "ʻʚʨʦʧʝʡʩʴʢʦʛʦ 

ʢʫʣʴʪʫʨʥʦʛʦ ʰʦʢʫ" ʽ ʜʦʧʦʤʦʛʪʠ ʾʤ ʧʨʘʚʠʣʴʥʦ ʩʧʨʷʤʫʚʘʪʠ ʩʚʦʶ ʝʥʝʨʛʽʶ, 

ʚʢʣʘʩʪʠ ʾʾ ʚ ʨʦʟʚʠʪʦʢ ʢʘʬʝʜʨʠ, ʫʥʽʚʝʨʩʠʪʝʪʫ, ʚ ʧʝʨʩʧʝʢʪʠʚʫ ʢʨʘʾʥʠ, ʟʨʦʙʠʪʠ 

ʪʘʢ, ʱʦʙ ʫ ʥʘʩ ʙʫʣʦ ʢʨʘʱʝ, ʥʽʞ ʫ ʩʫʩʽʜʽʚ ʟ ɭʚʨʦʧʠ. 

ʍʦʯʫ ʪʘʢʦʞ ʟʚʝʨʥʫʪʠʩʷ ʜʦ ʩʪʫʜʝʥʪʽʚ ʤʦʣʦʜʰʠʭ ʢʫʨʩʽʚ: ʥʝ ʛʘʡʪʝ ʯʘʩʫ, 

ʚʠʢʦʨʠʩʪʦʚʫʡʪʝ ʫʩʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʣʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ. ɺ ʥʘʰʦʤʫ 

ʫʥʽʚʝʨʩʠʪʝʪʽ ʤʦʞʥʘ ʥʘʚʯʠʪʠʩʷ ʪʝʭʥʽʯʥʦ ʤʠʩʣʠʪʠ ʽ ʥʘ ʚʠʩʦʢʦʤʫ ʨʽʚʥʽ 

ʚʠʨʽʰʫʚʘʪʠ ʟʘʚʜʘʥʥʷ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʝʨʝʜ ʬʘʭʽʚʮʷʤʠ. ʎʝ ʜʫʞʝ ʟʥʘʜʦʙʠʪʴʩʷ 

ʚ ʧʦʜʘʣʴʰʽʡ ʧʨʦʬʝʩʽʡʥʽʡ ʜʽʷʣʴʥʦʩʪʽ.  

ʉʣʽʜ ʪʘʢʦʞ ʨʦʟʫʤʽʪʠ, ʱʦ ʚʠʢʣʘʜʘʯʽ ʦʙʤʝʞʝʥʽ ʥʘʚʯʘʣʴʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ, ʷʢʽ ʯʘʩʪʦ ʤʘʶʪʴ ʩʢʦʨʦʯʝʥʫ ʢʽʣʴʢʽʩʪʴ ʛʦʜʠʥ, ʯʝʨʝʟ ʱʦ ʤʦʞʫʪʴ 

ʦʟʥʘʡʦʤʠʪʠ ʩʪʫʜʝʥʪʽʚ ʟ ʤʝʪʦʜʘʤʠ ʨʦʟʚ'ʷʟʘʥʥʷ ʩʘʤʝ ʙʘʟʦʚʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʜʘʯ. ɸ ʱʦʙ ʩʪʘʪʠ ʜʽʡʩʥʦ ʚʠʩʦʢʦʢʚʘʣʽʬʽʢʦʚʘʥʠʤ ʬʘʭʽʚʮʝʤ, ʥʝʦʙʭʽʜʥʦ ʥʝ 

ʣʠʰʝ ʩʫʤʣʽʥʥʦ ʥʘʚʯʘʪʠʩʷ, ʘʣʝ ʡ ʧʨʘʮʶʚʘʪʠ ʩʘʤʦʩʪʽʡʥʦ ï ʚʤʽʪʠ ʟʥʘʭʦʜʠʪʠ 

ʥʘʡʛʦʣʦʚʥʽʰʝ ʽ ʥʘʡʮʽʢʘʚʽʰʝ ʟ ʪʦʛʦ, ʱʦ ʥʘʤ ʜʘʶʪʴ, ʽ ʧʦʛʣʠʙʣʝʥʦ ʡʦʛʦ 

ʚʠʚʯʘʪʠ. ɯ, ʟʚʠʯʘʡʥʦ, ʚʘʨʪʦ ʢʦʨʠʩʪʘʪʠʩʷ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʷʢʽ ʜʘʶʪʴ ʧʨʦʛʨʘʤʠ 

ʦʙʤʽʥʫ ʩʪʫʜʝʥʪʘʤʠ, ʙʨʘʪʠ ʫʯʘʩʪʴ ʫ ʚʽʜʧʦʚʽʜʥʠʭ ʢʦʥʢʫʨʩʘʭ, ʧʝʨʝʤʘʛʘʪʠ ʽ 

ʧʦʛʣʠʙʣʶʚʘʪʠ ʟʥʘʥʥʷ ʫ ʟʘʢʦʨʜʦʥʥʠʭ ʫʥʽʚʝʨʩʠʪʝʪʘʭ. 

ɿʘʨʘʟ ʩʪʫʜʝʥʪʽʚ ʧʦʪʨʽʙʥʦ ʥʝ ʧʨʦʩʪʦ ʥʘʚʯʘʪʠ, ʧʦʪʨʽʙʥʦ ʧʽʜʙʠʨʘʪʠ ʥʦʚʽ 

ʧʽʜʭʦʜʠ, ʰʫʢʘʪʠ ʩʧʦʩʦʙʠ ʟʘʦʭʦʯʝʥʥʷ ʜʦ ʥʘʚʯʘʥʥʷ, ʥʘʩʘʤʧʝʨʝʜ, ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʟʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʚʠʢʣʘʜʘʥʥʷ, ʪʘʢʠʭ ʷʢ ʧʨʝʟʝʥʪʘʮʽʾ ʪʘ ʮʽʢʘʚʽ 

ʬʨʘʛʤʝʥʪʠ ʚʽʜʝʦʤʘʪʝʨʽʘʣʽʚ ʟʘ ʪʝʤʦʶ, ʱʦ ʚʠʚʯʘʻʪʴʩʷ. ʊʘʢ, ʜʣʷ ʤʦʪʠʚʘʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʚʠʢʣʘʜʘʯ ʧʦʢʘʟʘʚ ʚʽʜʝʦ ʩʠʤʫʣʷʮʽʾ ʧʘʜʽʥʥʷ ʨʝʘʣʴʥʦʛʦ ʣʽʪʘʢʘ 

Boeing 727 ʚ ʧʫʩʪʝʣʽ [2] ʚ ʢʽʥʮʽ ʟʘʥʷʪʪʷ. 

ʑʦʜʦ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʽʥʦʟʝʤʥʽʡ ʢʨʘʾʥʽ, ʩʣʽʜʫʚʘʥʥʽ ʾʾ ʪʨʘʜʠʮʽʡ, 

ʩʚʷʪʢʫʚʘʥʥʽ ʾʾ ʩʚʷʪ (ʥʘʧʨʠʢʣʘʜ, Koningsdag /`k o n i n s d a h/ ï ʜʝʥʴ 

(ʥʘʨʦʜʞʝʥʥʷ) ʂʦʨʦʣʷ), ʩʤʘʢʫʚʘʥʥʽ ʪʨʘʜʠʮʽʡʥʦʾ ʾʞʽ, ʨʽʟʥʠʭ ʚʠʜʽʚ ʩʠʨʫ, 

ʧʦʜʦʨʦʞʝʡ, ʢʘʪʘʥʥʽ ʥʘ ʚʝʣʦʩʠʧʝʜʽ ʧʦ ʚʩʽʡ ʢʨʘʾʥʽ, ʚʝʯʽʨʦʢ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ ï 

ʪʦ ɻʦʣʣʘʥʜʽʷ ï ʮʝ ʜʽʡʩʥʦ ʧʝʨʝʜʦʚʘ ʢʨʘʾʥʘ, ʧʝʨʝʙʫʚʘʶʯʠ ʚ ʷʢʽʡ ʢʦʞʥʠʡ ʩʘʤ 

ʦʙʠʨʘʻ ʱʦ ʡʦʤʫ ʜʦ ʚʧʦʜʦʙʠ ʽ ʯʠʷ ʢʦʤʧʘʥʽʷ ʡʦʤʫ ʢʨʘʱʝ ʧʽʜʭʦʜʠʪʴ, ʘʜʞʝ ʪʘʤ 

ʙʘʛʘʪʦ-ʙʘʛʘʪʦ ʽʥʦʟʝʤʮʽʚ ʟ ʢʨʘʾʥ ʫʩʴʦʛʦ ʩʚʽʪʫ, ʫ ʪʦʤʫ ʯʠʩʣʽ native speakers, ʱʦ 

ʜʦʧʦʤʦʞʫʪʴ ʚʘʤ ʚʠʚʯʠʪʠ ʘʥʛʣʽʡʩʴʢʫ ʱʝ ʢʨʘʱʝ! 

ʅʘʩʘʤʢʽʥʝʮʴ ʚʠʩʣʦʚʣʶʶ ʚʝʣʠʯʝʟʥʫ ʚʜʷʯʥʽʩʪʴ ʚʠʢʣʘʜʘʯʘʤ 

ɻʨʦʥʽʥʛʝʥʩʴʢʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʟʘ ʥʘʙʫʪʽ ʟʥʘʥʥʷ ʪʘ ʥʘʚʠʯʢʠ, ʘ ʧʨʦʛʨʘʤʽ 

Erasmus+ ï ʟʘ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʩʪʠ ʩʝʤʝʩʪʨ ʟʘ ʢʦʨʜʦʥʦʤ! 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. University of Groningen [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: https://www.rug.nl/?lang=en 

2. Plane Crash Boeing 727 - HD Crash Test [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] . ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://www.youtube.com/watch?v=kJZ1eHU_JZg  

  

https://www.rug.nl/?lang=en
https://www.youtube.com/watch?v=kJZ1eHU_JZg
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ɺʀɿʅɸʏɽʅʅʗ ʇɸʈɸʄɽʊʈʀʏʅʆɻʆ ʈɯɺʅʗʅʅʗ ʂʆʃɸ, 

ɿɸɼɸʅʆɻʆ ʊʈʔʆʄɸ ʊʆʏʂɸʄʀ 
 

ʂʦʚʘʣʴ ɻ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ɸʣʝʢʩʘʥʜʨʦʚʘ ɼ.ʉ., ʩʪʫʜʝʥʪʢʘ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ 

 

ɸʥʦʪʘʮʽʷ ï ɺ ʩʪʘʪʪʽ ʦʧʠʩʘʥʦ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʢʦʣʘ, ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ. ɼʣʷ ʮʴʦʛʦ ʚ ʧʨʦʝʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ, ʷʢʘ ʧʨʦʭʦʜʠʪʴ 

ʯʝʨʝʟ ʪʨʠ ʟʘʜʘʥʽ ʪʦʯʢʠ, ʷʢʽ ʧʨʠʡʤʘʻʤʦ ʟʘ ʪʨʠ ʙʘʟʠʩʥʽ ʪʦʯʢʠ ʧʨʦʝʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ. ʅʝʚʽʜʦʤʽ ʢʦʝʬʽʮʽʻʥʪʠ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚʠʟʥʘʯʘʻʤʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʝʢʪʠʚʥʠʭ ʢʦʦʨʜʠʥʘʪ ʮʠʢʣʽʯʥʠʭ ʪʦʯʦʢ ʧʣʦʱʠʥʠ, ʧʽʩʣʷ ʯʦʛʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʫ ʟ ʧʨʦʝʢʪʠʚʥʦʾ ʚ ʘʬʽʥʥʫ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ 

ʦʪʨʠʤʫʻʤʦ ʰʫʢʘʥʝ ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ, ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ 

ʪʦʯʢʘʤʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ïʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ, ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ 

ʪʦʯʢʘʤʠ; ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʜʫʛʠ ʢʦʣʘ, ʟʘʜʘʥʦʾ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ; 

ʮʠʢʣʽʯʥʽ ʪʦʯʢʠ ʧʣʦʱʠʥʠ, ʧʨʦʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ.   

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʠ ʛʝʦʤʝʪʨʠʯʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʽ ʧʣʦʩʢʠʭ 

ʦʙʚʦʜʽʚ ʟʫʩʪʨʽʯʘʶʪʴʩʷ ʜʽʣʷʥʢʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʧʠʩʘʥʽ ʷʢ ʜʫʛʠ ʢʦʣʘ. ʇʨʠ 

ʮʴʦʤʫ ʟʨʫʯʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʚʥʷʥʥʷ ʜʫʛʠ, ʷʢʘ ʟʘʜʘʥʘ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ, 

ʟʘʧʠʩʘʥʝ  ʚ ʧʘʨʘʤʝʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʘʥʘʣʽʪʠʯʥʽʡ ʛʝʦʤʝʪʨʽʾ ʽʩʥʫʶʪʴ ʙʘʛʘʪʦ 

ʩʧʦʩʦʙʽʚ ʟʘʚʜʘʥʥʷ ʨʽʚʥʷʥʴ ʢʨʠʚʠʭ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʜʣʷ ʚʩʽʭ 

ʢʦʥʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʽʩʥʫʶʪʴ ʢʘʥʦʥʽʯʥʽ ʨʽʚʥʷʥʥʷ [1,2], ʜʣʷ ʝʣʽʧʩʘ, ʧʘʨʘʙʦʣʠ ʪʘ 

ʛʽʧʝʨʙʦʣʠ ï ʚʝʢʪʦʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʥʽ [3,4]. ɺ [1] ʥʘʚʝʜʝʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ, 

ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ:  

0

1

1

1

1

333
2

3
2

222
2

2
2

111
2

1
2

22

=

+

+

+

+

yxyx

yxyx

yxyx

yxyx

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ, 

ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʧʨʦʝʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ.1) 

ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʨʠʚʦʾ ʜʨʫʛʦʛʦ ʧʦʨʷʜʢʫ ʤʘʻ ʚʠʛʣʷʜ: 
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2
100 attaax ++=r  

2
101 bttbbx ++=r                                                       (1) 

.2
102 cttccx ++=r  

 

 

ʈʠʩ. 1.  ʇʨʦʝʢʪʠʚʥʘ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ 

 

ʇʨʠ ʫʤʦʚʽ, ʱʦ ʢʨʠʚʘ 

(1) ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʪʦʯʢʠ 

ɸ, ɺ ʽ ʉ ʧʨʦʝʢʪʠʚʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʪʘ ʤʘʻ ʚ 

ʮʠʭ ʪʦʯʢʘʭ ʧʘʨʘʤʝʪʨ t, ʷʢʠʡ 

ʜʦʨʽʚʥʶʻ ʚʽʜʧʦʚʽʜʥʦ  0, 1 ʽ 

Ð, ʨʽʚʥʷʥʥʷ (1) 

ʩʧʨʦʱʫʻʪʴʩʷ: 

 

)1(0 tax -=r  

btx =1r                                                    (2) 

).1(2 -= ttxr  

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʝʚʽʜʦʤʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʦʪʨʠʤʘʥʦʛʦ ʨʽʚʥʷʥʥʷ 

ʧʽʜʩʪʘʚʠʤʦ ʚ ʨʽʚʥʷʥʥʷ (2) ʢʦʦʨʜʠʥʘʪʠ ʮʠʢʣʽʯʥʠʭ ʪʦʯʦʢ ʧʣʦʱʠʥʠ [5]  

)(0 CBCB ixyvwx °=r  

)(1 ACAC ixywx °=r                                              (3) 

),(2 BABA ixyvx °=r  

ʜʝ ,, BCCBBʉCB xxxyyy -=-=  ,, CAACCAAC xxxyyy -=-=

,, ABBAABBA xxxyyy -=-= ABAB BEAEv /-= , BCBC CEvBEw /-= . 

ʊʦʜʽ ʨʽʚʥʷʥʥʷ ʢʦʣʘ, ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ, ʚ ʧʨʦʝʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ 

ʢʦʦʨʜʠʥʘʪ ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:  

)1(0 tvwcx -=r  

watx =1r                                                         (4) 

),1(2 -= tvbtxr  

ʜʝ ACAC yxa 22 += , BABA yxb 22 += , .22
CBCB yxc +=  

ʇʨʠ 0ÒtÒÐ ʨʽʚʥʷʥʥʷ (4) ʚʠʟʥʘʯʘʻ ʜʫʛʫ ɸɺʉ ʢʦʣʘ. 

ʅʝʷʚʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ (4) ʚ ʧʨʦʝʢʪʠʚʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʤʘʻ ʚʠʛʣʷʜ: 

.0211020 =++ xvcxxvbxxwax  

ɿʘ ʜʦʧʦʤʦʛʦʶ ʬʦʨʤʫʣ ʧʝʨʝʭʦʜʫ ʚʽʜ ʧʨʦʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ ʜʦ 

ʘʬʽʥʥʦʾ [6] ʟʘʧʠʰʝʤʦ ʚ ʘʬʽʥʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʰʫʢʘʥʝ ʧʘʨʘʤʝʪʨʠʯʥʝ 

ʨʽʚʥʷʥʥʷ ʢʦʣʘ, ʟʘʜʘʥʦʛʦ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ (ʧʨʠ 0ÒtÒÐ ʮʝ ʨʽʚʥʷʥʥʷ ʻ ʨʽʚʥʷʥʥʷʤ 

ʜʫʛʠ ɸɺʉ): 

ctbcabt

crtbrcrarbtr
r ACABC

+--+

+--+
=

)(

)(
2

2

.                                   (5) 
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ʈʽʚʥʷʥʥʷ ʧʨʷʤʠʭ, ʜʦʪʠʯʥʠʭ ʜʦ ʢʦʣʘ (5) ʚ ʢʽʥʮʝʚʠʭ ʪʦʯʢʘʭ ʜʫʛʠ ɸ ʪʘ ʉ 

ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʦ ʚʠʛʣʷʜ: 

AA yxxky +-= )( , ʜʝ ,
ACBA

ACBA

bxax

byay
k

+

+
=  

ʪʘ    CC yxxky +-= )(1 , ʜʝ 
ACCB

ACʉB

bxax

byay
k

+

+
=1 . 

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ O(xO; yO) ʢʦʣʘ (5) ʪʘ ʡʦʛʦ ʨʘʜʽʫʩ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʘʤʠ 
1

11

kk

kkykxkx
x ACAC

O
-

--
= , 

1

1

kk

kykyx
y CACA

O
-

-+
=  ʪʘ 

)(
)1(

1

1

2

ACAC xky
kk

k
R +

-

+
= . 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʚʠʟʥʘʯʠʤʦ ʨʽʚʥʷʥʥʷ ʜʫʛʠ ɸɺʉ ʢʦʣʘ, ʟʘʜʘʥʦʛʦ 

ʪʦʯʢʘʤʠ ɸ(0;0), B(60;80), C(120;0). 

ʇʨʠ ʮʴʦʤʫ ʤʘʻʤʦ: ʘ=14400, ʚ=ʩ=10000 ʽ ʧʘʨʘʤʝʪʨʠʯʥʝ ʨʽʚʥʷʥʥʷ ʢʦʣʘ 

(5) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ  

,
10056100

)6,33120(100
2

t
tt

t
x

+-

-
= .

10056100

14400
2 +-

=
tt

t
y                       (6) 

ʈʽʚʥʷʥʥʷ ʜʦʪʠʯʥʠʭ ʜʦ ʜʫʛʠ ʢʦʣʘ ʚ ʾʾ ʢʽʥʮʝʚʠʭ ʪʦʯʢʘʭ ɸ ʪʘ ʉ ʤʘʶʪʴ 

ʚʽʜʧʦʚʽʜʥʦ ʚʠʛʣʷʜ: xy 42857.3-=  ʪʘ )120(42857.3 -= xy .  

ʂʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʘ ʜʫʛʠ ʆ(60;17.5), ʨʘʜʽʫʩ R=62.5 ʽ ʢʘʥʦʥʽʯʥʝ ʨʽʚʥʷʥʥʷ 

ʢʦʣʘ (6) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ:  .5.62)5.17()60( 222 =-+- yx  

ɺʠʩʥʦʚʢʠ. ʆʧʠʩʘʥʠʡ ʚ ʩʪʘʪʪʽ ʩʧʦʩʽʙ ʜʦʟʚʦʣʠʚ ʚʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨʠʯʥʝ 

ʨʽʚʥʷʥʥʷ ʢʦʣʘ ʘʙʦ ʡʦʛʦ ʜʫʛʠ, ʟʘʜʘʥʠʭ ʪʨʴʦʤʘ ʪʦʯʢʘʤʠ. 
 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. ʂʦʨʥ ɻ., ʂʦʨʥ ʊ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʤʘʪʝʤʘʪʠʢʝ (ʜʣʷ ʥʘʫʯʥʳʭ 

ʨʘʙʦʪʥʠʢʦʚ ʠ ʠʥʞʝʥʝʨʦʚ). ʄ.: ʅʘʫʢʘ, 1974. 832 ʩ. ʩ ʠʣ. 

2. ɸʣʝʢʩʘʥʜʨʦʚ ʇ. ʉ. ʂʫʨʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʣʠʥʝʡʥʦʡ 

ʘʣʛʝʙʨʳ. ʄ.: ʅʘʫʢʘ, 1979. 512 ʩ. ʩ ʠʣ. 

3. ʅʘʜʦʣʠʥʥʳʡ ɺ. ɸ.  ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. /ʂʠʝʚ: ʂʇʀ, 1981. 43 ʩ. 

4. ʌʦʢʩ ɸ., ʇʨʘʪʪ ʄ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʛʝʦʤʝʪʨʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʄ.: ʄʠʨ, 1982. 304 ʩ. 

5.  ʂʦʚʘʣʴ ɻ.ʄ. ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʢʨʠʚʳʭ ʪʨʝʪʴʝʛʦ 

ʧʦʨʷʜʢʘ c ʟʘʜʘʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʢʨʠʚʠʟʥʳ / ʂʠʝʚ: ʂʇʀ, 1994. 6ʩ. ï ɼʝʧ. ʚ 

ɻʅʊɹ ʋʢʨʘʠʥʳ 22.02.94, ˉ 400 ï ʋʢ94. 

6. ʅʘʜʦʣʠʥʥʳʡ ɺ.ɸ. ʆʩʥʦʚʳ ʪʝʦʨʠʠ ʧʨʦʝʢʪʠʚʥʳʭ ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ /ɸʚʪʦʨʝʬʝʨʘʪ ʜʠʩʩ. é ʜʦʢʪ. ʪʝʭʥ. ʥʘʫʢ, 05.01.01. ï ʄ., 1989.  30  ʩ. 
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ɼʂ 514.18 
 

ɺɽʃʀʂʀʁ ʋʂʈɸɰʅʉʔʂʀʁ ʍʋɼʆɾʅʀʂ  

ʄʀʂʆʃɸ ʂʆʈʅʀʃɯʁʆɺʀʏ ʇʀʄʆʅɽʅʂʆ ï ʅɸʐ ʂʆʃɽɻɸ 

 

ɻʫʤʝʥ ʆ.ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʉʝʣʽʥʘ ɯ.ɹ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

(ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʢʘʬʝʜʨʘ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʥʞʝʥʝʨʥʦʾ ʪʘ 

ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ, ʭʫʜʦʞʥʽ ʚʠʩʪʘʚʢʠ. 

 

ɸʥʦʪʘʮʽʷ ï ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʞʠʪʪʷ ʪʘ ʪʚʦʨʯʽʩʪʴ ʚʠʜʘʪʥʦʛʦ 

ʫʢʨʘʾʥʩʴʢʦʛʦ ʭʫʜʦʞʥʠʢʘ ʄ.ʂ. ʇʠʤʦʥʝʥʢʘ, ʷʢʠʡ ʥʘ ʧʦʯʘʪʢʫ 20-ʛʦ ʩʪʦʣʽʪʪʷ 

ʧʨʘʮʶʚʘʚ ʫ ʂʠʾʚʩʴʢʦʤʫ ʧʦʣʽʪʝʭʥʽʯʥʦʤʫ ʽʥʩʪʠʪʫʪʽ ʥʘ ʢʘʬʝʜʨʽ, ʱʦ ʥʠʥʽ ʤʘʻ 

ʥʘʟʚʫ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ ʽʥʞʝʥʝʨʥʦʾ ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ. ɿʘ ʨʦʢʠ 

ʧʨʘʮʽ ʫ ʂʇɯ ʥʠʤ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʭʫʜʦʞʥʽʭ ʧʦʣʦʪʝʥ. ʂʘʨʪʠʥʠ 

ʭʫʜʦʞʥʠʢʘ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʽʟʥʠʭ ʤʫʟʝʷʭ ʩʚʽʪʫ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʘʰʘ ʢʘʬʝʜʨʘ ʥʘʨʠʩʥʦʾ ʛʝʦʤʝʪʨʽʾ, ʽʥʞʝʥʝʨʥʦʾ 

ʪʘ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ ʤʘʻ ʜʘʚʥʶ ʽʩʪʦʨʽʶ. ɹʘʛʘʪʦ ʚʠʜʘʪʥʠʭ ʪʘ 

ʪʘʣʘʥʦʚʠʪʠʭ ʣʶʜʝʡ ʧʨʘʮʶʻ ʪʘ ʧʨʘʮʶʚʘʣʦ ʥʘ ʢʘʬʝʜʨʽ ʟʘ ʚʩʽ ʨʦʢʠ, ʙʘʛʘʪʦ 

ʥʘʫʢʦʚʠʭ ʪʚʦʨʽʥʴ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʫʪ, ʘʣʝ ʦʢʨʽʤ ʥʘʫʢʦʚʠʭ ʚʠʢʣʘʜʘʯʽ 

ʩʪʚʦʨʶʚʘʣʠ ʡ ʛʣʠʙʦʢʦ ʭʫʜʦʞʥʽ ʪʚʦʨʽʥʥʷ.  

 

 
ʄ.ʂ. ʇʠʤʦʥʝʥʢʦ ʫ ʤʘʡʩʪʝʨʥʽ 
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ʊʫʪ ʪʨʝʙʘ ʟʛʘʜʘʪʠ ʧʨʦ ʪʘʢʦʛʦ ʚʠʜʘʪʥʦʛʦ ʭʫʜʦʞʥʠʢʘ, ʷʢʠʡ ʧʨʘʮʶʚʘʚ ʥʘ 

ʧʦʯʘʪʢʫ 20-ʛʦ ʩʪʦʣʽʪʪʷ ʥʘ ʥʘʰʽʡ ʢʘʬʝʜʨʽ. ʎʝ ʇʠʤʦʥʝʥʢʦ ʄʠʢʦʣʘ 

ʂʦʨʥʠʣʽʡʦʚʠʯ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿ ʜʠʪʠʥʩʪʚʘ ʚʽʥ ʟʥʘʭʦʜʠʚʩʷ ʚ ʩʝʨʝʜʦʚʠʱʽ ʪʚʦʨʯʦʛʦ 

ʞʠʚʦʧʠʩʫ. ʁʦʛʦ ʙʘʪʴʢʦ ʂʦʨʥʠʣʽʡ ɼʘʥʠʣʦʚʠʯ ʇʠʤʦʥʝʥʢʦ ʩʧʦʨʫʜʞʫʚʘʚ 

ʚʽʚʪʘʨʽ ʪʘ ʨʦʟʧʠʩʫʚʘʚ ʮʝʨʢʚʠ. ɺʯʠʪʝʣʷʤʠ ʤʘʣʶʥʢʫ ʪʘ ʞʠʚʦʧʠʩʫ ʫ ʄʠʢʦʣʠ 

ʇʠʤʦʥʝʥʢʘ ʙʫʣʠ ʪʘʢʽ ʚʠʜʘʪʥʽ ʤʘʡʩʪʨʠ, ʷʢ ʄ. ʄʫʨʘʰʢʦ, ʁ. ɹʫʜʢʝʚʠʯ.  ɿʘ 

ʧʝʨʽʦʜ ʥʘʚʯʘʥʥʷ ʫ ʇʝʪʝʨʙʫʨʟʴʢʽʡ ʘʢʘʜʝʤʽʾ ʤʠʩʪʝʮʪʚ ʙʫʚ ʥʘʛʦʨʦʜʞʝʥʠʡ 

ʜʚʦʤʘ ʤʘʣʠʤʠ ʪʘ ʦʜʥʽʻʶ ʚʝʣʠʢʦʶ ʩʨʽʙʥʠʤʠ ʤʝʜʘʣʷʤʠ.  

ɿ ʧʦʯʘʪʢʫ 20-ʛʦ ʩʪʦʨʽʯʯʷ ʚʽʥ ʧʨʘʮʶʻ ʫ ʂʠʾʚʩʴʢʦʤʫ ʧʦʣʽʪʝʭʥʽʯʥʦʤʫ 

ʽʥʩʪʠʪʫʪʽ. ɿʘ ʮʽ ʨʦʢʠ ʥʠʤ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʙʘʛʘʪʦ ʭʫʜʦʞʥʽʭ ʧʦʣʦʪʝʥ, ʩʣʽʜ 

ʩʢʘʟʘʪʠ, ʱʦ ʚʽʥ ʙʨʘʚ ʫʯʘʩʪʴ ʫ ʨʦʟʧʠʩʫ ɺʦʣʦʜʠʤʠʨʩʴʢʦʛʦ ʩʦʙʦʨʫ ʽ ʚʠʢʦʥʘʚ 

ʦʙʨʘʟʠ ʉʚʷʪʦʾ ɸʥʥʠ ʪʘ ʄʠʢʦʣʠ ʄʽʨʣʽʢʽʡʩʴʢʦʛʦ ʪʘ ʜʝʷʢʽ ʦʙʨʘʟʠ ʥʘ ʬʨʦʥʪʦʥʽ, 

ʟʘ ʱʦ ʦʪʨʠʤʘʚ ʦʨʜʝʥ ʉʚʷʪʦʾ ɸʥʥʠ ɯɯɯ ʩʪʫʧʝʥʶ.   

ʄʠʢʦʣʘ ʂʦʨʥʠʣʽʡʦʚʠʯ ʙʫʚ ʯʣʝʥʦʤ ʊʦʚʘʨʠʩʪʚʘ ʧʝʨʝʜʚʠʞʥʠʢʽʚ, ʪʦʙʪʦ 

ʯʣʝʥ ʧʝʨʝʩʫʚʥʠʭ ʭʫʜʦʞʥʽʭ ʚʠʩʪʘʚʦʢ, ʘ ʪʘʢʦʞ ʯʣʝʥ ʊʦʚʘʨʠʩʪʚʘ ʤʶʥʭʝʥʩʴʢʠʭ 

ʭʫʜʦʞʥʠʢʽʚ ʽ ʇʘʨʠʟʴʢʦʛʦ ʽʥʪʝʨʥʘʮʽʦʥʘʣʴʥʦʛʦ ʩʦʶʟʫ ʤʠʩʪʝʮʪʚ ʪʘ ʣʽʪʝʨʘʪʫʨʠ.  

ʋ 1904 ʨʦʮʽ ʈʘʜʘ ɯʤʧʝʨʩʴʢʦʾ ɸʢʘʜʝʤʽʾ ʤʠʩʪʝʮʪʚ ʧʨʠʩʚʦʾʣʘ ʡʦʤʫ ʟʚʘʥʥʷ 

ʘʢʘʜʝʤʽʢʘ ʞʠʚʦʧʠʩʫ. ʄʠʢʦʣʘ ʂʦʨʥʠʣʽʡʦʚʠʯ ï ʜʫʞʝ ʙʘʛʘʪʦʛʨʘʥʥʘ ʣʶʜʠʥʘ: 

ʞʠʚʦʧʠʩʝʮʴ, ʧʦʨʪʨʝʪʠʩʪ, ʧʝʜʘʛʦʛ. ʅʘ ʡʦʛʦ ʧʦʣʦʪʥʘʭ ʪʘ ʝʩʢʽʟʘʭ 

ʟʦʙʨʘʞʫʶʪʴʩʷ ʩʮʝʥʠ ʧʦʙʫʪʫ ʫʢʨʘʾʥʩʴʢʦʛʦ ʥʘʨʦʜʫ, ʥʘʨʦʜʥʽ ʦʙʨʷʜʠ, ʩʮʝʥʠ 

ʤʽʩʮʝʚʦʛʦ ʞʠʪʪʷ ʂʠʻʚʘ. ʎʝ ʪʘʢʽ ʢʘʨʪʠʥʠ ʷʢ çʉʚʷʪʦʯʥʽ ʛʘʜʘʥʥʷè, çʉʽʥʦʢʽʩè, 

çʂʠʾʚʩʴʢʘ ʢʚʽʪʢʘʨʢʘè. 

 

.  

 

ʉ̔ʥʦʢ̔ʩ 
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ʉʚʷʪʦʯʥʽ ʛʘʜʘʥʥʷ 

 

ʇʦʤʝʨ ʄ. ʂ. ʇʠʤʦʥʝʥʢʦ ʫ ʙʝʨʝʟʥʽ 1912 ʨ., ʧʦʭʦʚʘʥʠʡ ʥʘ 

ʃʫʢô̫ ʥʽʚʩʴʢʦʤʫ ʮʚʠʥʪʘʨʽ ʫ ʂʠʻʚʽ.  

ʅʘ ʧʘʤôʷʪʥʽʡ ʚʠʩʪʘʚʮʽ ʚ ɸʢʘʜʝʤʽʾ ʤʠʩʪʝʮʪʚ ʝʢʩʧʦʥʫʚʘʣʦʩʷ 184 

ʢʘʨʪʠʥʠ, 419 ʝʪʶʜʽʚ, 112 ʤʘʣʶʥʢʽʚ ʦʣʽʚʮʝʤ. ɺʩʷ ʡʦʛʦ ʩʧʘʜʱʠʥʘ ʥʘʣʽʯʫʻ 

ʙʽʣʴʰʝ 1000 ʨʦʙʽʪ, ʩʝʨʝʜ ʷʢʠʭ ʢʽʣʴʢʘ ʩʦʪʝʥʴ ʟʘʢʽʥʯʝʥʠʭ ʞʠʚʦʧʠʩʥʠʭ 

ʧʦʣʦʪʝʥ. ʁʦʛʦ ʢʘʨʪʠʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʽʟʥʠʭ ʤʫʟʝʷʭ ʩʚʽʪʫ. ʊʘʢ, ʢʘʨʪʠʥʘ 

çɻʦʧʘʢè ʝʢʩʧʦʥʽʶʚʘʣʘʩʴ ʥʘ ʚʠʩʪʘʚʮʽ ʚ ʧʘʨʠʟʴʢʦʤʫ ʉʘʣʦʥʽ ʽ ʙʫʣʘ ʧʨʠʜʙʘʥʘ 

ʤʫʟʝʻʤ ʃʫʚʨʘ, ʢʘʨʪʠʥʘ çʉʪʨʘʩʪʥʠʡ ʯʝʪʚʝʨè ʧʨʠʢʨʘʰʘʻ ʩʪʽʥʠ ʦʜʥʦʛʦ ʟ ʤʫʟʝʾʚ 

ʤʽʩʪʘ ʄʶʥʭʝʥ.  
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ʂʠʾʚʩɹʢʘ ʢʚʽʪʢʘʨʢʘ 

 

ɺʠʩʥʦʚʢʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʫ ʥʘʰʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʪʝʞ ʧʨʦʚʦʜʷʪʴʩʷ 

ʭʫʜʦʞʥʽ ʚʠʩʪʘʚʢʠ çʊʘʣʘʥʪʠ ʪʚʦʾ, ʂʇɯè. ɹʘʛʘʪʦ ʚʠʢʣʘʜʘʯʽʚ ʥʘʰʦʾ ʢʘʬʝʜʨʠ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʮʽʡ ʪʚʦʨʯʽʡ ʬʝʻʨʽʾ, ʥʽʙʠʪʦ ʧʨʦʜʦʚʞʫʶʯʠ ʪʚʦʨʯʠʡ ʰʣʷʭ, ʷʢʠʡ 

ʟʘʢʣʘʚ ʚʝʣʠʢʠʡ ʫʢʨʘʾʥʩʴʢʠʡ ʭʫʜʦʞʥʠʢ ʄʠʢʦʣʘ ʂʦʨʥʠʣʽʡʦʚʠʯ ʇʠʤʦʥʝʥʢʦ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. ʃʘʟʘʥʩʴʢʘ ʊ.ɯ. ʇʠʤʦʥʝʥʢʦ ʄʠʢʦʣʘ ʂʦʨʥʠʣʽʡʦʚʠʯ // 

ɽʥʮʠʢʣʦʧʝʜʽʷ ʽʩʪʦʨʽʾ ʋʢʨʘʾʥʠ: ʫ 10 ʪ. / ʨʝʜʢʦʣ.: ɺ. ɸ. ʉʤʦʣʽʡ (ʛʦʣʦʚʘ) ʪʘ ʽʥ.; 

ɯʥʩʪʠʪʫʪ ʽʩʪʦʨʽʾ ʋʢʨʘʾʥʠ ʅɸʅ ʋʢʨʘʾʥʠ. ï ʂ.: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 2011. ï ʊ.8: ʇʘ 

ï ʇʨʠʢ. ï ʉ. 208. ï ISBN 978-966-00-1142-7. 

2. ʉʪʝʬʘʥʦʚʠʯ ɼ. ʅʝʚʪʦʤʥʠʡ ʪʨʫʜʽʚʥʠʢ ʄʠʢʦʣʘ ʇʠʤʦʥʝʥʢʦ. ɼʦ 

150-ʨʽʯʯʷ ʟ ʜʥʷ ʥʘʨʦʜʞʝʥʥʷ  // ʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʢ, 06.03.2012. 

3. ɾʙʘʥʢʦʚʘ ʆ. ʂʣʘʩʠʢʠ ʡ ʩʫʯʘʩʥʠʢʠ // ɼʟʝʨʢʘʣʦ ʊʠʞʥʷ. 18-

24.ɯɯ.2003. 

4. ʆʛʽʻʚʩʴʢʘ ɯ.ɺ. ʄʠʢʦʣʘ ʇʠʤʦʥʝʥʢʦ: ʘʣʴʙʦʤ / Mykola Pymonenko 

// ʂ.: ʄʠʩʪʝʮʪʚʦ, 2013. 

5. ʆʨʣʦʚʩʴʢʠʡ ɺ. ʄʠʢʦʣʘ ʇʠʤʦʥʝʥʢʦ (1862 ï 1912): ʘʣʴʙʦʤ / ʅʘʮ. 

ʭʫʜ. ʤʫʟʝʡ ʋʢʨʘʾʥʠ. ï ʍʤʝʣʴʥʠʮʴʢʠʡ: ɻʘʣʝʨʝʷ, 2006. ï 192 ʩ.: ʽʣ. 
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ʋɼʂ 514.18 
 

ɹɯɹʃɯʆɻʈɸʌɯʏʅʀʁ ɸʅɸʃɯɿ ʇʋɹʃɯʂɸʎɯʁ ɿ ʄʆɼɽʃʖɺɸʅʅʗ 

ʊɽʍʅʆʃʆɻɯʏʅʀʍ ʇʈʆʎɽʉɯɺ ʊɸ ʆɹʃɸɼʅɸʅʅʗ ɼʃʗ 

ʌʆʈʄʋɺɸʅʅʗ ɺʀʉʆʂʆʄɯʎʅʀʍ  ɸʈʄʆɺɸʅʀʍ ʇʆʃɯʄɽʈʅʀʍ 

ʂʆʄʇʆɿʀʊɯɺ 

ɺʘʥʽʥ ɺ.ɺ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ,   

ʂʦʣʦʩʦʚʘ  ʆ. ʇ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ, 

ʂʦʣʦʩʦʚ  ʆ. ɭ., ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ʧʨʦʬʝʩʦʨ,   

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʧʦʜʘʥʦ ʢʦʨʦʪʢʠʡ ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ 

ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʠʪʘʥʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ  ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʛʝʦʤʝʪʨʽʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʮʝʩ, ʦʙʣʘʜʥʘʥʥʷ, 

ʨʝʘʢʪʦʧʣʘʩʪ, ʢʦʤʧʦʟʠʪ.  

 

ɺʩʪʫʧ. ʄʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ  ʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʂʄ), ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʥʘʨʦʜʥʦʛʦ ʛʦʩʧʦʜʘʨʩʪʚʘ,  

ʻ ʩʫʯʘʩʥʠʤ ʥʘʧʨʷʤʢʦʤ  ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʠʨʦʙʽʚ ʟ ʪʨʘʜʠʮʽʡʥʠʭ ʪʘ 

ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ (ʅʄ) ʇʂʄ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʪ. ʟʚ. ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ. ʎʝʡ 

ʥʘʧʨʷʤʦʢ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ ʜʦʩʣʽʜʞʫʶʪʴ ʥʘʫʢʦʚʮʽ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʰʢʦʣʠ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ ʧʽʜ ʢʝʨʽʚʥʠʮʪʚʦʤ ʧʨʦʬʝʩʦʨʘ ʢʘʬʝʜʨʠ 

ʅɻɯʂɻ ɺʘʥʽʥʘ ɺ.ɺ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʧʝʨʽʦʜʫ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ 

ʦʧʫʙʣʽʢʦʚʘʥʦ ʨʷʜ ʨʦʙʽʪ, ʢʦʨʦʪʢʠʡ ʧʝʨʝʣʽʢ ʷʢʠʭ ʧʦʜʘʥʦ ʥʠʞʯʝ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ.  ɺʠʨʽʰʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʧʨʦʙʣʝʤʠ ʧʝʨʝʜʫʩʽʤ ʧʦʚôʷʟʘʥʦ ʟ  ʧʽʜʚʠʱʝʥʥʷʤ ʨʽʚʥʷ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ 

ʚʠʢʦʥʫʚʘʥʠʭ ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʯʠ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʦʙʽʪ ʧʨʠ 

ʬʦʨʤʫʚʘʥʥʽ ʇʂʄ. ɺʽʜʦʤʦ, ʱʦ ʛʥʦʩʝʦʣʦʛʽʯʥʫ ʦʩʥʦʚʫ ʽʥʬʦʨʤʘʪʠʟʘʮʽʾ 

ʩʢʣʘʜʘʶʪʴ, ʟʦʢʨʝʤʘ,  ʛʝʦʤʝʪʨʠʯʥʽ ʤʦʜʝʣʽ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ (ʫ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ  ʧʨʦʮʝʩʽʚ ʘʙʦ ʦʙʣʘʜʥʘʥʥʷ ʬʦʨʤʫʚʘʥʥʷ ʇʂʄ) ʯʠ ʥʘʚʽʪʴ 

ʩʠʩʪʝʤ, ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʮʽʣʦʛʦ ʩʧʝʢʪʨʫ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ. ʎʝ  ʜʦʟʚʦʣʷʻ ʥʘʧʨʘʚʣʝʥʦ ʦʧʪʠʤʽʟʫʚʘʪʠ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʪʘʢʠʭ ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʽʚ (ʯʠ ʩʠʩʪʝʤ).   

ɺ ʷʢʦʩʪʽ ʦʜʥʦ ʟ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ 

ʪʘʢʠʭ ʦʙôʻʢʪʽʚ (ʩʠʩʪʝʤ) ʤʦʞʥʘ ʥʘʚʝʩʪʠ ʤʝʪʦʜʦʣʦʛʽʶ ʩʪʨʫʢʪʫʨʥʦ-

ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʷʢʫ ʨʦʟʨʦʙʣʷʻ ʽ ʚʧʨʦʚʘʜʞʫʻ 

ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʅɻɯʂɻ ɺʽʨʯʝʥʢʦ ɻ.ɸ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ 

ʤʝʪʦʜʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ, ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʙʠʪʪʷ ʙʫʜʴ-ʷʢʦʾ ʜʦʩʣʽʜʞʫʚʘʥʦʾ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʩʭʝʤʠ (ʩʠʩʪʝʤʠ) ʥʘ ʦʢʨʝʤʽ  ʩʪʨʫʢʪʫʨʥʽ  ʝʣʝʤʝʥʪʠ ʪʘ ʧʦʜʘʣʴʰʠʡ 

ʘʥʘʣʽʟ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʭʦʜʷʪʴ ʜʦ ʾʾ ʩʢʣʘʜʫ [1]. 
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ʇʨʦʜʦʚʞʝʥʥʷ ʨʘʥʽʰʝ ʟʘʧʦʯʘʪʢʦʚʘʥʠʭ  ʜʦʩʣʽʜʞʝʥʴ ʟ ʚʠʱʝʦʟʥʘʯʝʥʦʾ 

ʪʝʤʘʪʠʢʠ ʚʽʜʦʙʨʘʞʝʥʦ ʚ ʧʫʙʣʽʢʘʮʽʷʭ [2ï3]. ɰʭ ʘʥʘʣʽʟ ʩʚʽʜʯʠʪʴ, ʱʦ, ʟʚʘʞʘʶʯʠ 

ʥʘ ʘʢʪʫʘʣʴʥʽʩʪʴ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʪʝʤʠ, ʥʝʦʙʭʽʜʥʦ ʧʨʦʚʦʜʠʪʠ ʥʘʩʪʫʧʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʢʦʨʦʪʢʠʡ 

ʙ̔ ʙʣʽʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʥʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ ʟ ʧʠʪʘʥʴ ʤʦʜʝʣʶʚʘʥʥʷ ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ (ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ) ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡʥʠʭ 

ʢʣʘʩʠʯʥʠʭ ʽ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ ʇʂʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫʣʴʪʨʘʟʚʫʢʫ. 

ʆʙʛʦʚʦʨʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʝʨʝʜʫʩʽʤ ʩʣʽʜ ʚʽʜʟʥʘʯʠʪʠ, ʱʦ 

ʙʘʟʦʚʽ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ 

ʨʝʘʣʽʟʫʶʯʠʭ ʾʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʝʨʰ ʟʘ ʚʩʝ 

ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʶ ʡ ʩʪʦʭʘʩʪʠʯʥʽʩʪʶ. ʎʝ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʦʙʫʤʦʚʣʶʻ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʧʘʨʘʤʝʪʨʠʟʘʮʽʾ ʙʘʛʘʪʴʦʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦ-

ʪʝʭʥʦʣʦʛʽʯʥʠʭ  ʧʘʨʘʤʝʪʨʽʚ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʇʂʄ. ʋʧʨʦʜʦʚʞ 2018 ï ʥʘ 

ʧʦʯʘʪʢʫ 2019 ʨ.ʨ. ʜʦʩʣʽʜʥʠʢʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʰʢʦʣʠ ʂʇɯ ʽʤʝʥʽ ɯʛʦʨʷ 

ʉʽʢʦʨʩʴʢʦʛʦ ʚʥʝʩʣʠ ʩʫʪʪʻʚʠʡ ʜʦʨʦʙʦʢ  ʟ ʪʝʤʘʪʠʢʠ ʜʦʩʣʽʜʞʝʥʴ. ʎʽ ʨʦʙʦʪʠ 

ʧʨʠʩʚʷʯʝʥʽ ʤʘʪʝʤʘʪʠʯʥʦʤʫ, ʛʝʦʤʝʪʨʠʯʥʦʤʫ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-

ʩʪʘʪʠʩʪʠʯʥʦʤʫ ʡ ʢʦʤʧôʶʪʝʨʥʦʤʫ ʤʦʜʝʣʶʚʘʥʥʶ ʙʘʟʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ 

ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢ ʢʣʘʩʠʯʥʠʭ, ʪʘʢ ʽ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ ʇʂʄ 

ʢʦʥʩʪʨʫʢʮʽʡʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ [4 ï15].  

ɹʝʟʧʝʨʝʯʥʦʶ ʧʝʨʝʚʘʛʦʶ ʜʦʩʣʽʜʞʝʥʴ, ʱʦ ʧʨʦʚʦʜʷʪʴʩʷ,  ʻ ʾʭ 

ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʮʽʣʦʛʦ ʩʧʝʢʪʨʫ ʤʘʪʝʤʘʪʠʯʥʠʭ ʪʝʦʨʽʡ. 

ɿʦʢʨʝʤʘ,  ʫ ʮʴʦʤʫ ʨʷʜʽ ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ  ʪʝʦʨʽʶ ʤʥʦʞʠʥ, ʛʨʘʬʽʚ, 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ.  ʊʘʥʜʝʤʦʤ ʟ ʮʠʤʠ 

ʪʝʦʨʽʷʤʠ ʚʠʩʪʫʧʘʶʪʴ: ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʩʠʩʪʝʤʥʠʡ 

ʘʥʘʣʽʟ, ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʤʝʪʦʜʠ ʪʘ ʢʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘ, ʘ ʪʘʢʦʞ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʩʪʘʪʠʩʪʠʯʥʝ  ʤʦʜʝʣʶʚʘʥʥʷ. 

ʅʝʦʙʭʽʜʥʠʤ ʟʘʢʣʶʯʥʠʤ ʢʨʦʢʦʤ ʧʝʨʝʚʽʨʢʠ ʨʦʟʨʦʙʣʝʥʠʭ ʪʝʦʨʽʡ ʪʘ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʘʜʝʢʚʘʪʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʥʘʩʘʤʧʝʨʝʜ, ʯʠʩʝʣʴʥʠʤʠ ʪʘ ʥʘʪʫʨʥʠʤʠ ʝʢʩʧʝʨʠʤʝʥʪʘʤʠ ʡ 

ʚʠʧʨʦʙʫʚʘʥʥʷʤʠ. ɺʽʜʥʦʩʥʦ ʥʦʚʠʤ ʥʘʧʨʷʤʢʦʤ ʡʤʦʚʽʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ 

ʘʥʘʣʽʟ ʪʘ ʩʠʩʪʝʤʘʪʠʟʘʮʽʷ (ʢʣʘʩʠʬʽʢʘʮʽʷ) ʧʨʦʷʚʽʚ ʩʠʤʝʪʨʽʾ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ 

ʪʝʭʥʽʯʥʠʭ ʦʙôʻʢʪʘʭ ʪʘ ʫ ʧʨʠʨʦʜʽ. ʅʘʧʨʠʢʣʘʜ, ʤʦʞʥʘ ʟʘʟʥʘʯʠʪʠ,  ʱʦ ʜʣʷ 

ʩʪʨʫʢʪʫʨʠ ʧʨʦʩʪʦʨʦʚʦ ʘʨʤʦʚʘʥʠʭ ʢʦʤʧʦʟʠʪʽʚ, ʘʨʤʫʶʯʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ 

ʥʘʥʦʨʽʚʥʷ (ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ), ʘ ʪʘʢʦʞ ʜʣʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʾ  ʡ 

ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʭʘʨʘʢʪʝʨʥʘ ʥʘʷʚʥʽʩʪʴ ʩʠʤʝʪʨʽʾ  [16]. 

ɺʠʩʥʦʚʢʠ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʅʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʦʩʥʦʚʥʽ ʬʦʨʤʦʫʪʚʦʨʶʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʬʦʨʤʫʚʘʥʥʷ ʇʂʄ, 

ʢ̫ ʧʨʘʚʠʣʦ,  ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʩʪʘʮʽʦʥʘʨʥʽʩʪʶ ʡ ʩʪʦʭʘʩʪʠʯʥʽʩʪʶ. 

ʄʦʜʝʣʶʚʘʥʥʷ, ʫ ʪ.ʯ. ʛʝʦʤʝʪʨʠʯʥʝ, ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʚʠʩʦʢʦʤʽʮʥʠʭ  ʇʂʄ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʘʧʨʷʤʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʽ 

ʧʦʪʨʝʙʫʻ ʩʚʦʛʦ ʧʨʦʜʦʚʞʝʥʥʷ, ʫ  ʪ.ʯ. ʧʨʠ ʘʥʘʣʽʟʽ ʧʨʦʷʚʽʚ ʩʠʤʝʪʨʽʾ.  
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ʧʝʜʘʛʦʛʽʯʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤ. ɹʦʛʜʘʥʘ ʍʤʝʣʴʥʠʮʴʢʦʛʦ çʉʫʯʘʩʥʽ ʧʨʦʙʣʝʤʠ 

ʤʦʜʝʣʶʚʘʥʥʷè.  2018.  ɺʠʧ. 1. ï ʉ. 88 94. 
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ʄʆɼɽʃʖɺɸʅʅʗ  ʊɽʍʅɯʏʅʀʍ ɿɸʉʆɹɯɺ  ɼʃʗ ʌʆʈʄʋɺɸʅʅʗ 

ʂʃɸʉʀʏʅʀʍ ʊɸ ʅɸʅʆʄʆɼʀʌɯʂʆɺɸʅʀʍ 

ʈɽɸʂʊʆʇʃɸʉʊʀʏʅʀʍ ʇʆʃɯʄɽʈʅʀʍ ʂʆʄʇʆɿʀʊɯɺ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅʀɿʔʂʆʏɸʉʊʆʊʅʆɻʆ ʋʃʔʊʈɸɿɺʋʂʋ 
 

ʂʦʣʦʩʦʚ  ʆ. ɭ., ʜ.ʪ.ʥ., ʩ.ʥ.ʩ., ʧʨʦʬʝʩʦʨ,   

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

 çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè 

 (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʤʦʜʝʣʶʚʘʥʥʷ, ʧʦʣʽʤʝʨ, ʫʣʴʪʨʘʟʚʫʢ, ʥʘʥʦʤʦʜʠʬʽʢʘʮʽʷ  
  
ɸʥʦʪʘʮʽʷ ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʤʦʜʝʣʶʚʘʥʥʷ  ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʪʘ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʫ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  ʉʫʯʘʩʥʠʡ ʨʦʟʚʠʪʦʢ ʣʶʜʩʪʚʘ ʥʝʨʦʟʨʠʚʥʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʽʩʥʫʶʯʠʭ ʨʝʘʢʪʦʧʣʘʩʪʽʚ, ʘ ʪʘʢʦʞ ʟʽ ʩʪʚʦʨʝʥʥʷʤ 

ʥʦʚʠʭ ʧʦʣʽʤʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ (ʅʄ) ʧʦʣʽʤʝʨʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡʥʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʇʂʄ), ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʊʦʤʫ ʻ ʜʦʮʽʣʴʥʠʤ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʧʽʜʭʦʜʽʚ ʪʘ 

ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʨʦʙʽʪ ʟ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʆʩʥʦʚʥʽ ʧʨʦʙʣʝʤʥʽ ʩʠʪʫʘʮʽʾ, ʱʦ 

ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʚʠʱʝʟʘʟʥʘʯʝʥʠʭ ʢʣʘʩʠʯʥʠʭ ʪʘ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʇʂʄ  ʦʪʨʠʤʘʥʥʷ ʙʝʟʜʝʬʝʢʪʥʠʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʦʟʠʪʽʚ, ʧʨʘʢʪʠʯʥʦ ʙʝʟ 

ʧʦʚʽʪʨʷʥʠʭ ʚʢʣʶʯʝʥʴ, ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʘʨʤʫʶʯʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʧʦ 

ʧʝʨʝʪʠʥʫ ʢʦʤʧʦʟʠʪʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʚʥʦʪʠ ʨʝʘʣʽʟʘʮʽʾ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʩʢʣʘʜʦʚʠʭ ʢʦʤʧʦʥʝʥʪ ʢʦʤʧʦʟʠʪʫ, ʘ ʪʘʢʦʞ ʧʦʣʽʧʰʝʥʥʷ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪ, ʟ ʷʢʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʢʦʤʧʦʟʠʪ [1 ï 3].  

ʊʘʢʦʞ ʩʢʣʘʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʪʘ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ ʢʣʘʩʠʯʥʠʭ ʇʂʄ ʦʙʫʤʦʚʣʝʥʘ ʥʝʦʙʭʽʜʥʽʩʪʶ 

ʚʠʚʯʝʥʥʷ ʢʦʤʧʣʝʢʩʫ ʧʠʪʘʥʴ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʚʠʚʯʝʥʥʷ ʚʟʘʻʤʦʟʚ'ʷʟʢʽʚ ʤʽʞ 

ʩʪʨʫʢʪʫʨʥʠʤʠ, ʤʝʭʘʥʽʯʥʠʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʠʨʦʙʽʚ, ʟ 

ʦʜʥʦʛʦ ʙʦʢʫ, ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʬʘʢʪʦʨʘʤʠ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʟ ʽʥʰʦʛʦ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ɿʘʚʜʘʥʥʷ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ 

ʙʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʨʦʙʽʪ ʟ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʘʩʧʝʢʪʽʚ 

ʤʦʜʝʣʶʚʘʥʥʷ  ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʪʘ ʅʄ 

ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʇʂʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʫʣʴʪʨʘʟʚʫʢʫ 

(ʋɿ), ʧʨʠʟʥʘʯʝʥʦʛʦ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ ʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʜʝʨʞʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋɿ-ʤʦʜʠʬʽʢʘʮʽʷ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽ ʪʝʭʥʦʣʦʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʚ ʭʽʤʽʯʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʷʢ ʪʝʨʤʦʨʝʘʢʪʠʚʥʠʭ ʧʣʘʩʪʤʘʩ, ʪʘʢ ʽ 

ʪʝʨʤʦʧʣʘʩʪʽʚ. ɼʦʩʷʛʥʝʥʥʷ ʥʝʦʙʭʽʜʥʦʛʦ ʧʦʟʠʪʠʚʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ ʚʽʜ 
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ʢʘʚʽʪʘʮʽʡʥʦʛʦ ʝʬʝʢʪʫ ʚ ʨʽʜʢʠʭ ʧʦʣʽʤʝʨʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʤʦʞʝ ʙʫʪʠ 

ʜʦʩʷʛʥʫʪʦ ʰʣʷʭʦʤ ʚʘʨʽʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʢʘʚʽʪʘʮʽʡʥʦʾ ʦʙʨʦʙʢʠ (ʯʘʩʪʦʪʘ, 

ʘʤʧʣʽʪʫʜʘ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʪʠʩʢ, ʪʝʤʧʝʨʘʪʫʨʘ, ʦʙ'ʻʤ ʨʽʜʠʥʠ, ʱʦ 

ʦʙʨʦʙʣʷʻʪʴʩʷ). 

ʉʫʤʘʨʥʘ ʚʠʩʦʪʘ ʧʽʜʡʦʤʫ ʝʧʦʢʩʠʜʥʦʛʦ ʩʢʣʘʜʫ (ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʋɿ-

ʧʨʦʩʦʯʝʥʥʷ) ʧʨʠ ʧʨʦʩʦʯʝʥʥʽ ʚʦʣʦʢʥʠʩʪʠʭ ʥʘʧʦʚʥʶʚʘʯʽʚ ʟ ʧʦʧʝʨʝʜʥʴʦ 

ʦʙʨʦʙʣʝʥʠʤ ʋɿ ʝʧʦʢʩʠʜʥʠʤ ʩʢʣʘʜʦʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʫ (2,5 - 3) ʨʘʟʠ. ʋɿ-

ʦʙʨʦʙʢʘ ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʠʪʠ ʜʝʬʦʨʤʘʮʽʡʥʦ-ʤʽʮʥʽʩʥʽ ʪʘ ʘʜʛʝʟʽʡʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ, ʟʥʠʟʠʪʠ ʨʽʚʝʥʴ ʟʘʣʠʰʢʦʚʠʭ ʥʘʧʨʫʞʝʥʴ, 

ʧʽʜʚʠʱʠʪʠ ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ, ʢʨʽʤ ʪʦʛʦ, ʟʥʘʯʥʦ ʩʢʦʨʦʪʠʪʠ ʯʘʩ ʟʘʪʚʝʨʜʽʥʥʷ. 

ʇʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ ʚ ʩʪʨʫʢʪʫʨʽ ʢʦʤʧʦʟʠʪʫ ʚʽʜʚʦʜʠʪʴʩʷ çʮʝʤʝʥʪʫʶʯʘè 

ʨʦʣʴ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʧʨʷʤʢʽʚ ʧʦʣʽʧʰʝʥʥʷ ʾʾ ʩʪʨʫʢʪʫʨʠ, 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʥʘʧʨʠʢʣʘʜ, ʰʣʷʭʦʤ ʋɿ-

ʤʦʜʠʬʽʢʘʮʽʾ [4 ï 7].  

ʅʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʻ ʪʘʢʦʞ ʧʨʦʝʢʪʫʚʘʥʥʷ ʋɿ-ʪʝʭʥʦʣʦʛʽʾ ʽ ʋɿ-

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʝʥʝʨʛʦ - ʽ ʨʝʩʫʨʩʦʟʙʝʨʽʛʘʶʯʦʛʦ, ʘ ʪʘʢʦʞ 

ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʇʂʄ ʽ ʅʄ ʇʂʄ ʟ ʥʘʧʝʨʝʜ 

ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [5 ï 7].  

ɸʩʧʝʢʪʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʠʱʝʦʟʥʘʯʝʥʠʭ ʢʦʤʧʦʟʠʪʽʚ 

ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʦʙʦʪʘʭ [8 ï 10]. ɺ ʮʠʭ ʨʦʙʦʪʘʭ ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʧʽʜʭʦʜʠ ʜʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʦʨʽʻʥʪʦʚʘʥʠʭ ʤʘʢʨʦʚʦʣʦʢʥʠʩʪʠʭ ʢʦʤʧʦʟʠʪʽʚ, 

ʜʠʩʧʝʨʩʥʦʥʘʧʦʚʥʝʥʠʭ ʨʝʘʢʪʦʧʣʘʩʪʽʚ, ʘ ʪʘʢʦʞ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʽ 

ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʇʂʄ. 

ʋ ʨʘʟʽ ʅʄ ʇʂʄ ʜʦ ʚʠʱʝʚʢʘʟʘʥʠʭ ʧʨʦʙʣʝʤʥʠʭ ʩʠʪʫʘʮʽʡ ʜʦʜʘʻʪʴʩʷ 

ʥʝʦʙʭʽʜʥʽʩʪʴ ʜʝʘʛʣʦʤʝʨʫʚʘʥʥʷ ʽ ʨʽʚʥʦʤʽʨʥʦʛʦ ʜʠʩʧʝʨʛʫʚʘʥʥʷ 

ʥʘʥʦʤʦʜʠʬʽʢʘʪʦʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ, ʫ ʨʽʜʢʽʡ ʧʦʣʽʤʝʨʥʽʡ 

ʤʘʪʨʠʮʽ [11 ï 16]. ʎʝ ʚʠʨʽʰʫʻʪʴʩʷ ʋɿ-ʦʙʨʦʙʢʦʶ.  

ʅʘʧʨʠʢʣʘʜ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ, ʱʦ ʤʽʮʥʽʩʪʴ ʅʄ ʇʂʄ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘ 

ʨʘʭʫʥʦʢ ʥʝʟʥʘʯʥʦʛʦ (8%) ʟʙʽʣʴʰʝʥʥʷ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ ʪʘ ʟʥʘʯʥʦʛʦ (25%) 

ʟʙʽʣʴʰʝʥʥʷ ʤʽʮʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ 8% ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʥʘʥʦʢʦʤʧʦʟʠʪʽʚ. 

ɺʠʩʥʦʚʢʠ. ʅʠʟʴʢʦʯʘʩʪʦʪʥʘ ʋɿ-ʦʙʨʦʙʢʘ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚʫʛʣʝʮʝʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʚ 

ʧʦʣʽʤʝʨʥʽʡ ʤʘʪʨʠʮʽ. ʋ ʩʚʦʶ ʯʝʨʛʫ, ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ, ʝʢʦʥʦʤʽʯʥʦ 

ʝʬʝʢʪʠʚʥʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʦ ʜʦʮʽʣʴʥʠʭ, ʤʝʪʦʜʽʚ ʤʦʜʝʣʶʚʘʥʥʷ  ʪʝʭʥʽʯʥʠʭ 

ʟʘʩʦʙʽʚ  ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʢʣʘʩʠʯʥʠʭ ʪʘ ʥʘʥʦʤʦʜʠʬʽʢʦʚʘʥʠʭ 

ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʠʭ ʇʂʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʦʛʦ ʋɿ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʦʟʥʘʚʩʪʚʘ. 
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ʌʆʈʄʀʈʋʖʑɽɽ  ʋʉʊʈʆʁʉʊɺʆ  ɼʃʗ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ 

ʀɿʅʆʐɽʅʅʓʍ  ɻʈʋʅʊʆɿɸʎɽʇʆɺ  ɹɸʐʄɸʂʆɺ  ɻʋʉɽʅʀʏʅʓʍ 

ʄɸʐʀʅ  ʕʃɽʂʊʈʆʐʃɸʂʆɺʆʁ  ʅɸʇʃɸɺʂʆʁ 

 

ʂʦʟʫʣʠʥ ʉ. ʄ., ʢ. ʪ. ʥ.,1 

ʌʦʤʘʢʠʥ ɸ. ɸ., ʥ. ʩ.,1 

ʇʦʜʳʤʘ ɻ.ʉ., ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ.2 
1ʀʥʩʪʠʪʫʪ ʵʣʝʢʪʨʦʩʚʘʨʢʠ ʠʤ. ɽ.ʆ. ʇʘʪʦʥʘ  

ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʋʢʨʘʠʥʳ (ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ) 
2ʅʘʮʠʦʥʘʣʴʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʢʨʘʠʥʳ 

çʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʀʛʦʨʷ ʉʠʢʦʨʩʢʦʛʦè  

(ʋʢʨʘʠʥʘ, ʛ. ʂʠʝʚ)  

 

ɸʥʥʦʪʘʮʠʷ ï ʦʧʠʩʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʛʦ 

ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ 

ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʦʡ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʠʪ 

ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʦʚʣʠʚʘʪʴ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʛʨʫʥʪʦʟʘʮʝʧʦʚ 

ʙʘʰʤʘʢʦʚ ʧʨʠ ʣʶʙʦʡ ʩʪʸʧʝʥʠ ʠʭ  ʠʟʥʦʩʘ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ ï ʛʫʩʝʥʠʯʥʳʝ ʤʘʰʠʥʳ, ʙʘʰʤʘʢʠ, ʛʨʫʥʪʦʟʘʮʝʧʳ, 

ʬʦʨʤʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʵʣʝʢʪʨʦʰʣʘʢʦʚʘʷ ʥʘʧʣʘʚʢʘ,  

ʪʨʫʜʦʸʤʢʦʩʪʴ ʨʝʤʦʥʪʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʳ.  ʄʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʨʫʜʦʸʤʢʦʩʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʜʝʪʘʣʝʡ ʩʦʩʪʘʚʣʷʝʪ 30 ï 50% ʦʙʱʝʡ 

ʪʨʫʜʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʤʘʰʠʥ [1, 2]. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʴʰʘʷ 

ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʤʘʰʠʥ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʭ 

ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʦʜʥʘʢʦ ʠ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʨʝʤʦʥʪʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʵʪʠʭ ʜʝʪʘʣʝʡ.  

ʂ ʪʘʢʠʤ ʜʝʪʘʣʷʤ ʦʪʥʦʩʷʪʩʷ ʙʘʰʤʘʢʠ ʛʫʩʝʥʠʯʥʦʛʦ ʧʦʣʦʪʥʘ 

ʙʫʣʴʜʦʟʝʨʦʚ ʠ ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤʠ ʠʟ ʩʦʩʪʘʚʥʳʭ 

ʯʘʩʪʝʡ ʛʫʩʝʥʠʮʳ ʪʨʘʢʪʦʨʘ.  

ɻʫʩʝʥʠʯʥʦʝ ʧʦʣʦʪʥʦ ï ʚʘʞʥʳʡ ʠʩʧʦʣʥʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ, ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʢʘʨʴʝʨʥʘʷ ʪʝʭʥʠʢʘ. ɹʘʰʤʘʢʠ ʛʫʩʝʥʠʮ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʠʪʳʝ ʠʣʠ ʰʪʘʤʧʦʚʘʥʥʳʝ ʟʚʝʥʴʷ ʠʟ ʠʟʥʦʩʦʩʪʦʡʢʦʡ 

ʩʪʘʣʠ, ʠʤʝʶʱʠʝ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʫʥʪʦʟʘʮʝʧʳ (ʨʠʩ. 1). ɹʘʰʤʘʢʠ 

ʜʣʷ ʛʫʩʝʥʠʮ ʠʟ ʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʦʧʫʣʷʨʥʳʭ ʚʠʜʦʚ ʪʨʘʢʦʚ. ɹʘʰʤʘʢʠ ʠʟ ʩʪʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ ʧʨʠʤʝʥʷʶʪʩʷ 
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ʚ  ʛʫʩʝʥʠʮʘʭ  ʢʘʨʴʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, ʪʨʘʢʪʦʨʦʚ ʊ-130, ʊ-170, 

ʏɽʊʈɸ,  Komatsu ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ.  

 
 

ʈʠʩ.  1.  ʊʠʧʠʯʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʙʘʰʤʘʢʘ ʛʫʩʝʥʠʯʥʦʛʦ ʪʨʘʢʪʦʨʘ ʩ ʦʜʥʠʤ 

ʛʨʫʥʪʦʟʘʮʝʧʦʤ: 1 ï ʢʦʨʧʫʩ ʙʘʰʤʘʢʘ; 2 ï ʛʨʫʥʪʦʟʘʮʝʧ; 3 ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʦʪʚʝʨʩʪʠʷ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʝʩʫʨʩ ʛʫʩʝʥʠʯʥʦʡ ʪʝʭʥʠʢʠ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ ʵʪʠʭ ʤʘʰʠʥ. ɼʝʪʘʣʠ ʭʦʜʦʚʦʡ ʯʘʩʪʠ 

ʵʢʩʧʣʫʘʪʠʨʫʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʘʙʨʘʟʠʚʥʦʡ ʩʨʝʜʝ, ʯʘʩʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʫʭʦʛʦ ʪʨʝʥʠʷ (ʢʘʨʴʝʨʳ, ʩʪʨʦʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʢʠ), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥʠ 

ʧʦʜʚʝʨʛʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʥʦʩʫ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʩʢʘʣʴʥʳʭ 

ʛʨʫʥʪʘʭ.  

ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʠʟʥʘʰʠʚʘʶʪʩʷ ʛʨʫʥʪʦʟʘʮʝʧʳ ʙʘʰʤʘʢʦʚ, 

ʚʝʣʠʯʠʥʘ ʠʟʥʦʩʘ ʢʦʪʦʨʳʭ ʧʦ ʚʳʩʦʪʝ ʜʦʩʪʠʛʘʝʪ 30...80 ʤʤ. ʆʪʧʨʘʚʣʷʪʴ ʚ 

ʤʝʪʘʣʣʦʣʦʤ ʙʘʰʤʘʢʠ, ʢʦʪʦʨʳʝ ʦʪʙʨʘʢʦʚʘʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʥʦʩʘ ʣʠʰʴ 

ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʠʩʢ 

ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʩʘʤʳʭ ʜʦʨʦʛʦʩʪʦʷʱʠʭ 

ʫʟʣʦʚ ʙʫʣʴʜʦʟʝʨʥʦʡ ʪʝʭʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʘʨʦʯʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʨʫʥʪʦʟʘʮʝʧʦʚ 

ʙʘʰʤʘʢʦʚ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʵʣʝʢʪʨʦʜʫʛʦʚʦʡ ʥʘʧʣʘʚʢʠ ʦʪʣʠʯʘʝʪʩʷ 

ʥʝʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ, ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ ʢʘʯʝʩʪʚʦ ʩʧʣʘʚʣʝʥʠʷ 

ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʤʝʪʘʣʣʦʤ ʠʟʥʦʰʝʥʥʦʡ ʯʘʩʪʠ ʛʨʫʥʪʦʟʘʮʝʧʘ ʠ 

ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ ʥʘ 

ʙʦʣʴʰʠʥʩʪʚʝ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ [3].  

ʅʘ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʤ ʟʘʚʦʜʝ ʠʟ ʤʘʨʛʘʥʮʦʚʠʩʪʦʡ ʩʪʘʣʠ 

ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʵʣʝʤʝʥʪʳ (ʧʣʘʥʢʠ ʛʨʫʥʪʦʟʘʮʝʧʦʚ) 

ʪʨʝʙʫʝʤʳʭ ʨʘʟʤʝʨʦʚ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʢʦʰʝʥʥʳʝ 

ʢʨʦʤʢʠ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʙʦʨʢʝ ʩ ʠʟʥʦʰʝʥʥʦʡ ʜʝʪʘʣʴʶ ʦʙʨʘʟʫʶʪ ʨʘʟʜʝʣʢʫ 

http://textron-zapchasti.ru/catalog/14/6765/
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ʢʨʦʤʦʢ ʧʦʜ ʩʚʘʨʢʫ (ʨʠʩ. 2). ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʦʥʩʪʨʫʢʮʠʝʡ ʙʘʰʤʘʢʘ ʠ ʚʝʣʠʯʠʥʦʡ ʠʟʥʦʩʘ ʛʨʫʥʪʦʟʘʮʝʧʘ.  

 

ʈʠʩ. 2.  ʌʦʨʤʳ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʧʣʘʥʦʢ 

ʛʨʫʥʪʦʟʘʮʝʧʦʚ): h  = 30-80 ʤʤ; c = 25-35 ʤʤ; b = 28-44 ʤʤ. 

 

ʇʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʠʟʥʦʰʝʥʥʳʭ ʙʘʰʤʘʢʦʚ ʦʪ ʨʞʘʚʯʠʥʳ, 

ʧʣʘʥʢʠ ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʩ ʧʦʤʦʱʴʶ ʧʨʠʭʚʘʪʦʯʥʳʭ ʰʚʦʚ ʟʘʢʨʝʧʣʷʶʪ ʥʘ 

ʠʟʥʦʰʝʥʥʳʭ ʥʦʞʢʘʭ ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ, ʘ ʟʘʪʝʤ ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ 

ʨʘʟʜʝʣʢʠ ʟʘʚʘʨʠʚʘʶʪ ʤʥʦʛʦʧʨʦʭʦʜʥʦʡ ʩʚʘʨʢʦʡ ʧʦʢʨʳʪʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʠʣʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʡ ʚ ʟʘʱʠʪʥʦʤ ʛʘʟʝ.  

ʅʝʜʦʩʪʘʪʢʘʤʠ ʫʢʘʟʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʶʪʩʷ: ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʙʦʣʴʰʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʢʦʤʧʝʥʩʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʦʪ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ ʛʨʫʥʪʦʟʘʮʝʧʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ, ʚʳʩʦʢʘʷ ʪʨʫʜʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʭ 

ʧʨʠʚʘʨʢʠ ʢ ʠʟʥʦʰʝʥʥʳʤ ʦʩʥʦʚʘʥʠʷʤ ʛʨʫʥʪʦʟʘʮʝʧʦʚ, ʦʪʩʫʪʩʪʚʠʝ ʛʘʨʘʥʪʠʠ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ ʩʚʘʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʌʦʨʤʫʣʠʨʦʚʢʘ ʮʝʣʝʡ.  ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ï ʨʘʟʨʘʙʦʪʢʘ 

ʢʦʥʩʪʨʫʢʮʠʠ ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʠ [4] ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ 

ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ ʛʫʩʝʥʠʯʥʦʡ ʪʝʭʥʠʢʠ ʩ ʣʶʙʦʡ ʩʪʝʧʝʥʴʶ ʠʟʥʦʩʘ 

ʧʨʦʬʠʣʷ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚʳʧʦʣʥʝʥʘ 

ʧʨʦʝʢʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʘʷ ʨʘʟʨʘʙʦʪʢʘ ʫʟʣʦʚ ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʠ 

ʩʠʩʪʝʤʳ ʠʭ ʦʭʣʘʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʢʦʥʩʪʨʫʢʮʠʡ ʬʦʨʤʠʨʫʶʱʠʭ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʫʙʴʝʚ ʢʨʫʧʥʦʤʦʜʫʣʴʥʳʭ 

ʰʝʩʪʝʨʝʥ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʦʡ [5].  

ɺ ʩʦʩʪʘʚ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʚʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʫʟʣʳ: ʢʨʠʩʪʘʣʣʠʟʘʪʦʨ, ʧʦʜʜʦʥ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ, ʫʩʪʨʦʡʩʪʚʦ 

ʢʨʝʧʣʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʜʦʥʘ, ʚʭʦʜʥʘʷ ʠ ʚʳʭʦʜʥʘʷ ʧʣʘʥʢʠ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʝ, ʩʠʬʦʥʥʘʷ ʚʦʨʦʥʢʘ.  

ʂʨʠʩʪʘʣʣʠʟʘʪʦʨ 10 (ʨʠʩ. 3) ʩʣʫʞʠʪ ʜʣʷ ʥʘʜʸʞʥʦʛʦ ʫʜʝʨʞʘʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʰʣʘʢʦʚʦʡ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʚʘʥʥ ʚ ʟʦʥʝ ʥʘʧʣʘʚʢʠ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʨʦʬʠʣʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʛʦ 

ʵʣʝʤʝʥʪʘ.  
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ʈʠʩ. 3. ʌʦʨʤʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʨʫʥʪʦʟʘʮʝʧʦʚ 

ʙʘʰʤʘʢʦʚ ʛʫʩʝʥʠʯʥʳʭ ʤʘʰʠʥ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʦʡ: 1 ï ʨʘʤʘ; 2 ï 

ʰʪʫʮʝʨʳ ʧʦʜʘʯʠ ʦʭʣʘʞʜʘʶʱʝʡ ʞʠʜʢʦʩʪʠ; 3 ï ʫʩʪʨʦʡʩʪʚʦ ʢʨʝʧʣʝʥʠʷ ʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʜʦʥʘ; 4 ï  ʧʦʜʜʦʥ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ; 5 ï ʤʘʭʦʚʠʢ; 6 ï 

ʧʣʘʥʢʘ ʚʭʦʜʥʦʛʦ ʢʘʨʤʘʥʘ; 7 ï ʩʠʬʦʥʥʘʷ ʚʦʨʦʥʢʘ; 8 ï ʰʧʠʣʴʢʠ ʢʨʝʧʣʝʥʠʷ 

ʙʘʰʤʘʢʘ; 9 ï ʧʣʘʥʢʘ ʚʳʭʦʜʥʦʛʦ ʢʘʨʤʘʥʘ; 10 ïʢʨʠʩʪʘʣʣʠʟʘʪʦʨ; 11 ï ʪʨʫʙʢʠ 

ʧʦʜʘʯʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ. 

 

ʂʦʢʠʣʴ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʩʦʩʪʦʠʪ ʠ ʯʝʪʳʨʸʭ ʤʝʜʥʳʭ ʩʝʢʮʠʡ, 

ʩʦʝʜʠʥʸʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʘʡʢʠ ʥʘ ʣʘʪʫʥʴ ʠ 

ʟʘʢʨʝʧʣʸʥʥʳʭ ʥʘ ʨʘʤʝ 1 ʩ ʧʦʤʦʱʴʶ ʚʠʥʪʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʩʪʝʧʝʥʠ ʦʭʣʘʞʜʝʥʠʷ ʨʘʙʦʯʠʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ ʥʘ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʧʣʘʚʣʝʥʥʦʛʦ 

ʤʝʪʘʣʣʘ, ʪʦʣʱʠʥʫ ʙʦʢʦʚʳʭ ʩʝʢʮʠʡ ʠ ʜʠʘʤʝʪʨ ʢʘʥʘʣʦʚ 11 ʜʣʷ ʧʦʜʘʯʠ 

ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʦʧʨʝʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʠʢʝ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʙʦʪʝ 

[6].ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʛʦ ʠ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʭʦʜʘ ʦʭʣʘʞʜʘʶʱʝʡ 

ʞʠʜʢʦʩʪʠ ʚ ʥʠʞʥʝʡ ʠ ʚʝʨʭʥʝʡ ʯʘʩʪʷʭ ʢʦʢʠʣʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʢʦʣʣʝʢʪʦʨʳ, ʢ 

ʢʘʞʜʦʤʫ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʚʝʜʝʥʳ ʜʚʝ ʪʨʫʙʢʠ ʧʦʜʘʯʠ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ 11. 

ʇʦʜʘʯʫ ʠ ʩʣʠʚ ʦʭʣʘʞʜʘʶʱʝʡ ʚʦʜʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʧʦʤʦʱʴʶ ʱʪʫʮʝʨʦʚ 2, 

ʧʨʠʚʘʨʝʥʥʳʭ ʢ ʢʦʣʣʝʢʪʦʨʘʤ. 

ʇʦʜʜʦʥ ʚʦʜʦʦʭʣʘʞʜʘʝʤʳʡ 4 ʠ ʚʭʦʜʥʘʷ ʧʣʘʥʢʘ 6 ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʭʦʜʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʤʘʥʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ ʧʨʠʩʘʜʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ʩ ʤʝʪʘʣʣʦʤ 

ʠʟʥʦʰʝʥʥʦʡ ʥʦʞʢʠ ʛʨʫʥʪʦʟʘʮʝʧʘ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ 

ʥʘʧʣʘʚʢʠ.  
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ʋʩʪʨʦʡʩʪʚʦ 3 (ʨʠʩ. 3) ʩʣʫʞʠʪ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʜʦʥʘ  

4 ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʝʛʦ ʥʘʜʝʞʥʦʛʦ ʧʨʠʞʘʪʠʷ ʢ ʥʠʞʥʝʤʫ ʪʦʨʮʫ 

ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 10 ʧʨʠ ʧʦʤʦʱʠ ʤʘʭʦʚʠʢʘ 5.   

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ çʞʠʜʢʠʡ ʩʪʘʨʪè ʚ ʧʦʜʜʦʥʝ 4 ʚʳʧʦʣʥʝʥ ʩʧʝʮʠʘʣʴʥʳʡ 

ʬʠʛʫʣʥʳʡ ʧʘʟ ʜʣʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʦ ʚʭʦʜʥʦʡ ʢʘʨʤʘʥ ʞʠʜʢʦʛʦ ʬʣʶʩʘ, 

ʢʦʪʦʨʳʡ ʟʘʣʠʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʩʠʬʦʥʥʦʡ ʚʦʨʦʥʢʠ 7.  ɺʳʭʦʜʥʦʡ ʢʘʨʤʘʥ, 

ʩʣʫʞʘʱʠʡ ʜʣʷ ʚʳʚʝʜʝʥʠʷ ʫʩʘʜʦʯʥʦʡ ʨʘʢʦʚʠʥʳ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʠ, ʦʙʨʘʟʫʶʪ ʧʫʪʸʤ ʢʨʝʧʣʝʥʠʷ ʚʳʭʦʜʥʦʡ ʧʣʘʥʢʠ 9 

ʢ ʥʝʟʘʤʢʥʫʪʦʡ ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʪʦʨʘ 10 ʧʨʠ ʧʦʤʦʱʠ ʰʧʠʣʝʢ. ɼʣʷ 

ʢʨʝʧʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʙʘʰʤʘʢʦʚ ʢ ʬʦʨʤʠʨʫʶʱʝʤʫ ʫʩʪʨʦʡʩʪʚʫ, ʠʩʧʦʣʴʟʫʷ 

ʠʤʝʶʱʠʝʩʷ ʚ ʢʦʨʧʫʩʝ ʙʘʰʤʘʢʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʪʚʝʨʩʪʠʷ 3 (ʨʠʩ. 1), ʥʘ 

ʨʘʤʝ 1 (ʨʠʩ. 3) ʫʩʪʘʥʦʚʣʝʥʳ ʰʧʠʣʴʢʠ 8 ʩ ʙʳʩʪʨʦʩʲʸʤʥʳʤʠ ʰʘʡʙʘʤʠ.  

ʆʧʳʪʥʳʡ ʦʙʨʘʟʝʮ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʫʩʧʝʰʥʦ ʚʳʜʝʨʞʘʣ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʧʳʪʘʥʠʷ ʚ ʀʕʉ ʠʤ. ɽ.ʆ. ʇʘʪʦʥʘ ʠ ʙʳʣ 

ʨʝʢʦʤʝʥʜʦʚʘʥ ʢ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʥʘ ʨʝʤʦʥʪʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʟʘʚʦʜʘʭ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ 

ʛʫʩʝʥʠʯʥʦʡ ʪʝʭʥʠʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʠ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʚʦʜʦʦʭʣʘʞʜʘʝʤʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʰʣʘʢʦʚʦʡ ʥʘʧʣʘʚʢʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʟʥʦʰʝʥʥʳʭ ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ ʛʫʩʝʥʠʯʥʦʡ ʪʝʭʥʠʢʠ 

ʩ ʣʶʙʦʡ ʩʪʝʧʝʥʴʶ ʠʟʥʦʩʘ ʧʨʦʬʠʣʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʬʦʨʤʠʨʫʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʛʨʫʥʪʦʟʘʮʝʧʦʚ ʙʘʰʤʘʢʦʚ ʧʦʟʚʦʣʠʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ, ʫʤʝʥʴʰʠʪʴ ʤʘʪʝʨʠʘʣʴʥʳʝ ʟʘʪʨʘʪʳ, ʧʦʚʳʩʠʪʴ ʢʫʣʴʪʫʨʫ ʧʨʦʠʟʚʦʜʩʪʚʘ. 
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ʋɼʂ 514.18 

 

ɯʅɺɽʈʉɯʗ ʇʆɺɽʈʍʆʅʔ ʆɹɽʈʊɸʅʅʗ, ɺɯɼʅɽʉɽʅʀʍ ɼʆ 

ɯɿʆʄɽʊʈʀʏʅʀʍ ʉɯʊʆʂ ɯɿ ʃɯʅɯʁ ʂʈʀɺʀʅʀ 

 

ʇʠʣʠʧʘʢʘ ʉ.ʌ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ 

ʅʝʩʚ̔ ʜʦʤʽʥʘ ʆ.ɺ., ʘʩʧʽʨʘʥʪ* 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʙʽʦʨʝʩʫʨʩʽʚ ʽ ʧʨʠʨʦʜʦʢʦʨʠʩʪʫʚʘʥʥʷ ʋʢʨʘʾʥʠ, 

(ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʽʟʦʤʝʪʨʠʯʥʽ ʩʽʪʢʠ, ʽʥʚʝʨʩʽʷ, ʧʦʚʝʨʭʥʷ ʦʙʝʨʪʘʥʥʷ, 

ʢʘʪʝʥʦʾʜ, ʨʦʟʪʘʰʫʚʘʥʥʷ ʧʦʣʶʩʘ ʽʥʚʝʨʩʽʾ. 

 

ɸʥʦʪʘʮʽʷ - ʟʜʽʡʩʥʝʥʦ ʢʦʥʬʦʨʤʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, 

ʚʽʜʥʝʩʝʥʦʾ ʜʦ ʽʟʦʤʝʪʨʠʯʥʦʾ ʩʽʪʢʠ ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʚʝʨʩʽʾ. 

ʅʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʽʥʚʝʨʩʽʾ ʢʘʪʝʥʦʾʜʘ. ʗʢʱʦ ʧʦʣʶʩ ʽʥʚʝʨʩʽʾ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ 

ʦʩʽ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, ʪʦ ʦʪʨʠʤʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʝʞ ʻ ʧʦʚʝʨʭʥʷ 

ʦʙʝʨʪʘʥʥʷ. ʇʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ ʧʦʣʶʩʘ ʽʥʚʝʨʩʽʾ ʥʝ ʥʘ ʦʩʽ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ 

ʦʪʨʠʤʘʥʦʶ ʧʦʚʝʨʭʥʝʶ ʻ ʧʝʨʝʪʚʦʨʝʥʘ ʧʦʚʝʨʭʥʷ ʽʟ ʢʨʠʚʦʣʽʥʽʡʥʦʶ ʚʽʩʩʶ. 

ʆʜʝʨʞʘʥʽ ʧʦʚʝʨʭʥʽ ʪʝʞ ʚʽʜʥʝʩʝʥʽ ʜʦ ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ.  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʟʥʘʢʦʶ ʽʟʦʤʝʪʨʠʯʥʦʾ ʩʽʪʢʠ 

ʢʦʦʨʜʠʥʘʪʥʠʭ ʣʽʥʽʡ ʥʘ ʧʦʚʝʨʭʥʽ ʻ ʧʦʜʽʙʥʽʩʪʴ ʦʢʨʝʤʠʭ ʯʘʨʫʥʦʢ ʜʦ ʢʚʘʜʨʘʪʘ, 

ʫ ʷʢʦʛʦ ʚʩʽ ʢʫʪʠ ʧʨʷʤʽ, ʘ ʩʪʦʨʦʥʠ ʧʨʠʙʣʠʟʥʦ ʨʽʚʥʽ. ʗʢʱʦ ʧʝʨʝʡʪʠ ʜʦ 

ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʾ ʯʘʨʫʥʢʠ, ʪʦ ʚʦʥʘ ʻ ʢʚʘʜʨʘʪʦʤ ʟ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʠʤʠ 

ʩʪʦʨʦʥʘʤʠ. ɯʟʦʤʝʪʨʠʯʥʘ ʩʽʪʢʘ ʥʘ ʧʦʚʝʨʭʥʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʦʾ 

ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʩʽʪʢʠ. ʎʶ ʚʽʜʤʽʥʥʽʩʪʴ ʚʠʜʥʦ ʧʨʠ ʚʽʟʫʘʣʽʟʘʮʽʾ ʧʦʚʝʨʭʦʥʴ: ʭʦʯʘ 

ʦʢʨʝʤʘ ʯʘʨʫʥʢʘ ʥʝ ʻ ʢʚʘʜʨʘʪʦʤ, ʦʜʥʘʢ ʚʦʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦ ʥʴʦʛʦ ʧʦʜʽʙʥʘ. 

ʇʨʠ ʚʩʽʭ ʧʨʷʤʠʭ ʢʫʪʘʭ ʯʘʨʫʥʢʠ ʽʟʦʤʝʪʨʠʯʥʦʾ ʩʽʪʢʠ ʜʦʚʞʠʥʘ ʾʾ ʩʪʦʨʽʥ ʻ 

ʥʘʡʢʨʘʱʠʤ ʥʘʙʣʠʞʝʥʥʷʤ ʜʦ ʩʪʘʣʦʛʦ ʟʥʘʯʝʥʥʷ. ʊʘʢʫ ʩʽʪʢʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʪʽʣʴʢʠ ʥʘ ʦʙʤʝʞʝʥʦʤʫ ʯʠʩʣʽ ʧʦʚʝʨʭʦʥʴ. ɼʦ ʪʘʢʠʭ ʧʦʚʝʨʭʦʥʴ ʚʽʜʥʦʩʷʪʴʩʷ 

ʜʝʷʢʽ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, ʫ ʷʢʠʭ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʤʝʨʠʜʽʘʥʘ ʤʘʶʪʴ 

ʟʘʜʦʚʽʣʴʥʷʪʠ ʧʝʚʥʽ ʚʠʤʦʛʠ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʨʘʮʽ [1] ʮʽ ʚʠʤʦʛʠ ʥʘʚʝʜʝʥʦ ʫ ʚʠʛʣʷʜʽ 

ʽʥʪʝʛʨʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʘʨʘʤʝʪʨʠʯʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʤʝʨʠʜʽʘʥʘ. ɺ 

ʧʨʘʮʷʭ [2 - 4] ʟʜʽʡʩʥʝʥʦ ʽʥʚʝʨʩʽʶ ʚʽʜʦʤʠʭ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ: ʮʠʣʽʥʜʨʘ, 

ʢʦʥʫʩʘ ʽ ʪʦʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʪʨʠʤʘʥʦ ʚʽʜʦʤʽ ʽ ʥʦʚʽ ʮʠʢʣʽʜʠ, ʚʽʜʥʝʩʝʥʽ ʜʦ 

ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʚʝʨʩʽʾ ʟʜʽʡʩʥʠʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʥʝʩʝʥʠʭ ʜʦ ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ ʽ ʦʪʨʠʤʘʪʠ 

ʥʦʚʽ ʧʦʚʝʨʭʥʽ ʟ ʪʘʢʦʶ ʞ ʚʣʘʩʪʠʚʽʩʪʶ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ ʤʘʶʪʴ 

ʚʠʛʣʷʜ: 
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*ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ ï ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʇʠʣʠʧʘʢʘ ʉ.ʌ. 
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     (1) 

ʜʝ ű=ű(u), ɣ=ɣ(u) ï ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʤʝʨʠʜʽʘʥʘ; 

u, v ï ʥʝʟʘʣʝʞʥʽ ʟʤʽʥʥʽ ʧʦʚʝʨʭʥʽ. 

 ɼʣʷ ʪʦʛʦ, ʱʦʙ ʧʦʚʝʨʭʥʷ (1) ʙʫʣʘ ʚʽʜʥʝʩʝʥʘ ʜʦ ʽʟʦʤʝʪʨʠʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪ, ʧʦʚʠʥʥʘ ʚʠʢʦʥʫʚʘʪʠʩʷ ʫʤʦʚʘ: 

    duuuñ ¡-= 22 jjy .     (2) 

 ɯʥʚʝʨʩʽʷ ʧʦʚʝʨʭʥʽ (1) ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ: 

    

( ) ( )

( ) ( )

( ) ( )
,

;

;

222i

222i

222i

hZYaX

hZ
Z

hZYaX

Y
Y

hZYaX

aX
X

++++

+
=

++++
=

++++

+
=

    (3) 

ʜʝ ʘ, h ï ʩʪʘʣʽ ʚʝʣʠʯʠʥʠ, ʥʘ ʷʢʽ ʟʜʽʡʩʥʝʥʦ ʧʘʨʘʣʝʣʴʥʠʡ ʧʝʨʝʥʦʩ ʧʦʚʝʨʭʥʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʽ ʧʘʨʘʣʝʣʴʥʦ ʜʦ ʦʩʽ ʦʙʝʨʪʘʥʥʷ ʚʽʜʥʦʩʥʦ ʧʦʣʶʩʘ ʽʥʚʝʨʩʽʾ.  

 ʗʢʱʦ ʧʦʣʶʩ ʽʥʚʝʨʩʽʾ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʩʽ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, ʪʦʙʪʦ 

ʧʨʠ ʘ=0, ʪʦ ʧʽʜʩʪʘʥʦʚʢʘ (1) ʚ (3) ʜʘʻ: 
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    (4) 

 ʈʦʟʛʣʷʥʝʤʦ ʧʨʠʢʣʘʜ. ʅʝʭʘʡ ʦʜʥʝ ʨʽʚʥʷʥʥʷ ʤʝʨʠʜʽʘʥʘ ʟʘʜʘʥʦ 

ʟʘʣʝʞʥʽʩʪʶ:  

     ucosh=j .     (5) 
 

 ʊʦʜʽ ʟʛʽʜʥʦ (2) ʦʜʝʨʞʠʤʦ: 
 

   uduuu 22 =-=ñ sinhcoshy .    (6) 

 

 ʇʽʜʩʪʘʥʦʚʢʘ (5) ʽ (6) ʫ (1) ʜʘʩʪʴ ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʢʘʪʝʥʦʾʜʘ, 

ʚʽʜʥʝʩʝʥʦʛʦ ʜʦ ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ: 
 

  uZvuYvuX === ;sincosh;coscosh . (7) 
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 ʗʢʱʦ ʧʦʣʶʩ ʽʥʚʝʨʩʽʾ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʩʽ ʢʘʪʝʥʦʾʜʘ (7), ʪʦ 

ʧʘʨʘʤʝʪʨʠʯʥʽ ʨʽʚʥʷʥʥʷ ʧʝʨʝʪʚʦʨʝʥʦʾ ʧʦʚʝʨʭʥʽ ʟʛʽʜʥʦ (4) ʟʘʧʠʰʫʪʴʩʷ:  
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     (8) 

 

 ʇʨʠ ʨʽʟʥʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʘʣʦʾ h ̔  ʤʝʞʘʭ ʟʤʽʥʥʦʾ u ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚʽʜʩʽʢʠ 

ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʨʠʩ. 1. 
 

       
ʈʠʩ. 1. ʇʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʽ ʽʥʚʝʨʩʽʻʶ ʢʘʪʝʥʦʾʜʘ, ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʧʦʣʶʩʘ ʥʘ ʡʦʛʦ ʦʩʽ 

 

ɺ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʘÍ0 ʽ hÍ0, ʪʦʙʪʦ ʧʦʣʶʩ ʽʥʚʝʨʩʽʾ 

ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʝ ʥʘ ʦʩʽ ʢʘʪʝʥʦʾʜʘ, ʧʝʨʝʪʚʦʨʝʥʘ ʧʦʚʝʨʭʥʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ ʪʠʤ, ʱʦ ʧʨʷʤʦʣʽʥʽʡʥʘ ʚʽʩʴ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʜʫʛʫ ʢʦʣʘ ʧʝʨʝʪʚʦʨʝʥʦʾ. ʅʘ ʨʠʩ. 2 ʟʦʙʨʘʞʝʥʽ ʧʦʚʝʨʭʥʽ, ʷʢʽ 

ʻ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʚʝʨʭʦʥʴ (ʨʠʩ. 1) ʧʨʠ ʧʨʠ ʪʠʭ ʞʝ ʟʥʘʯʝʥʥʷʭ h ̔  ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʘÍ0. 

    
ʈʠʩ. 2. ʇʦʚʝʨʭʥʽ, ʦʪʨʠʤʘʥʽ ʽʥʚʝʨʩʽʻʶ ʢʘʪʝʥʦʾʜʘ, ʧʨʠ ʨʦʟʪʘʰʫʚʘʥʥʽ 

ʧʦʣʶʩʘ ʥʘ ʚʽʜʩʪʘʥʽ ʘ ʚʽʜ ʡʦʛʦ ʦʩʽ 

 

ʇʦʚʝʨʭʥʽ, ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʽ 2 ʚʽʜʥʝʩʝʥʽ ʜʦ ʽʟʦʤʝʪʨʠʯʥʠʭ 

ʢʦʦʨʜʠʥʘʪ. ʎʝ ʤʦʞʥʘ ʜʦʚʝʩʪʠ ʘʥʘʣʽʪʠʯʥʠʤ ʰʣʷʭʦʤ. 
ɺʠʩʥʦʚʢʠ. ɯʥʚʝʨʩʽʻʶ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ ʤʦʞʥʘ ʨʦʟʰʠʨʠʪʠ ʢʣʘʩ 

ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʚʽʜʥʝʩʝʥʽ ʜʦ ʽʟʦʤʝʪʨʠʯʥʠʭ ʢʦʦʨʜʠʥʘʪ. ʗʢʱʦ ʧʦʣʶʩ ʽʥʚʝʨʩʽʾ 
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ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʦʩʽ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʪʦ ʧʝʨʝʪʚʦʨʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʪʝʞ 
ʙʫʜʝ ʧʦʚʝʨʭʥʷ ʦʙʝʨʪʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʧʦʣʶʩ ʽʥʚʝʨʩʽʾ ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʝ 
ʥʘ ʦʩʽ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ, ʧʝʨʝʪʚʦʨʝʥʦʶ ʧʦʚʝʨʭʥʝʶ ʙʫʜʝ ʧʦʚʝʨʭʥʷ, ʫ ʷʢʦʾ 
ʧʨʷʤʦʣʽʥʽʡʥʘ ʚʽʩʴ ʦʙʝʨʪʘʥʥʷ ʚʠʭʽʜʥʦʾ ʧʦʚʝʨʭʥʽ ʧʝʨʪʚʦʨʠʣʘʩʷ ʫ ʢʨʠʚʦʣʽʥʽʡʥʫ 
ʚʽʩʴ. ʎʽʻʶ ʚʽʩʩʶ ʟʘʚʞʜʠ ʙʫʜʝ ʜʫʛʘ ʢʦʣʘ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʽʥʚʝʨʩʽʾ ʧʨʷʤʽ ʣʽʥʽʾ 
ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʫ ʢʦʣʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʽʥʚʝʨʩʽʾ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ 
ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʷʢ ʥʦʚʽ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʘʥʥʷ, ʪʘʢ ʽ ʧʦʚʝʨʭʥʽ, ʷʢʽ ʥʝ ʥʘʣʝʞʘʪʴ 
ʜʦ ʮʴʦʛʦ ʢʣʘʩʫ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

 

1. ʅʝʩʚʽʜʦʤʽʥ ɺ.ʄ. ʂʦʥʩʪʨʫʶʚʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʦʙʝʨʪʘʥʥʷ, ʚʽʜʥʝʩʝʥʠʭ 
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ʆʉʆɹʃʀɺʆʉʊɯ ʇʆɹʋɼʆɺʀ ʇʈʆɽʂʎɯʁ ʊʆʏʆʂ ɿ ɺɯɼôɭʄʅʀʄʀ 

ʂʆʆʈɼʀʅɸʊɸʄʀ 

 

ʉʝʥʯʝʥʢʦ ɭ.ɻ, ʩʪʫʜʝʥʪ, 

ɹʽʣʦʙʨʦʚʘ ɭ.ɺ., ʩʪʫʜʝʥʪ, 

ʊʝʣʝʥʠʢ ʉ.ʌ., ʧʨʦʬʝʩʦʨ ʌɯʆʊ, 

ʖʨʯʫʢ ɺ.ʇ., ʧʨʦʬʝʩʦʨ ʌʄʌ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯ. ʉʽʢʦʨʩʴʢʦʛʦè,(ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʥʫʪʦ ʘʣʛʦʨʠʪʤ ʟʥʘʭʦʜʞʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʠ ʪʦʯʦʢ, 

ʷʢʽ ʤʘʶʪʴ ʚʽʜ'ʻʤʥʽ ʢʦʦʨʜʠʥʘʪʠ. ɸ ʪʘʢʦʞ ʘʥʘʣʽʟ ʟʥʘʭʦʜʞʝʥʥʷ ʾʭ ʫ ʦʢʪʘʥʪʘʭ 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʢʦʦʨʜʠʥʘʪʠ ʜʘʥʦʾ ʪʦʯʢʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʢʠ, ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ, ʣʽʥʽʾ ʟʚôʷʟʢʫ, 

ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʦʢʪʘʥʪʘʭ, ʧʣʦʱʠʥʠ ʧʨʦʝʢʮʽʡ, ʧʨʦʝʢʮʽʾ ʪʦʯʢʠ. 

 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʪʦʜʠʢʠ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʪʦʯʦʢ ʟ 

ʚʽʜ'ʻʤʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʩʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʧʨʦʝʢʮʽʾ 

ʪʦʯʢʠ ʟ ʜʦʜʘʪʥʽʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. ʗʢʱʦ ʧʝʨʝʜ ʥʘʤʠ ʩʪʦʾʪʴ ʟʘʚʜʘʥʥʷ 

ʩʧʨʦʝʢʮʽʶʚʘʪʠ ʪʦʯʢʫ ʟ ʜʦʜʘʪʥʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ɸ(+x; +y; +z), ʷʢʫ 

ʩʧʨʦʱʝʥʦ ʪʘʢ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ, ʘʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ ʙʫʜʝ ʥʘʩʪʫʧʥʠʡ. 

ɸʣʛʦʨʠʪʤ ʧʦʙʫʜʦʚʠ: 

1. ʉʧʦʯʘʪʢʫ ʥʘ ʦʩʽ ʘʙʩʮʠʩ ʚʽʜʢʣʘʜʘʻʤʦ ʢʦʦʨʜʠʥʘʪʫ x ʽ ʧʨʦʚʦʜʠʤʦ 

ʚʝʨʪʠʢʘʣʴʥʫ ʣʽʥʽʶ ʟʚôʷʟʢʫ, ʷʢʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʜʦ ʦʩʽ ʆʍ.  

2. ʅʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʣʽʥʽʾ ʟʚôʷʟʢʫ ʚʥʠʟ (ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ) ʚʽʜʢʣʘʜʘʻʤʦ 
ʚʽʜʩʪʘʥʴ ʫ ʽ ʦʪʨʠʤʫʻʤʦ ʧʨʦʝʢʮʽʶ ʪʦʯʢʠ ɸ1.  ʎʝ ʙʫʜʝ ʛʦʨʠʟʦʥʪʘʣʴʥʘ 

ʧʨʦʝʢʮʽʷ ʪʦʯʢʠ ʥʘ ʧʣʦʱʠʥʫ ʇ1.  

3. ɺʽʜ ʪʦʯʢʠ ʧʝʨʝʪʠʥʫ ʧʨʷʤʦʾ ʽ ʚʽʩʽ ʆʍ ʧʦ ʦʩʽ ʘʧʣʽʢʘʪ ʚʽʜʢʣʘʜʘʻʤʦ 

ʚʽʜʩʪʘʥʴ z ʽ ʦʪʨʠʤʘʻʤʦ ʬʨʦʥʪʘʣʴʥʫ ʧʨʦʝʢʮʽʶ ʪʦʯʢʠ ʥʘ  ʧʣʦʱʠʥʫ ʇ2 - 

ʪʦʯʢʫ ɸ2.  

4. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʟʥʘʯʝʥʥʷ ʢʦʦʨʜʠʥʘʪʠ z ʧʨʦʚʦʜʠʤʦ ʛʦʨʠʟʦʥʪʘʣʴʥʫ ʣʽʥʽʶ 

ʟʚôʷʟʢʫ ʯʝʨʝʟ ʪ. ɸ2 ʽ  ʚʽʜʢʣʘʜʘʻʤʦ ʧʦ ʦʩʽ ʦʨʜʠʥʘʪ ʚʽʜʩʪʘʥʴ ʫ, ʪʦʙʪʦ 

ʦʪʨʠʤʫʻʤʦ ʧʨʦʬʽʣʴʥʫ ʧʨʦʝʢʮʽʶ  ɸ3 .  

5. ʊʘʢʠʤ ʯʠʥʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʪʦʯʢʠ ʟ ʜʦʜʘʪʥʽʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʽ ʧʨʠ ʮʴʦʤʫ ʪʦʯʢʘ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʴ ʚ ʧʝʨʰʦʤʫ ʦʢʪʘʥʪʽ 

(ʈʠʩ.1).  
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ʈʠʩ.1 

 

ʊʦʙʪʦ ʢʣʘʩʠʯʥʘ ʧʦʙʫʜʦʚʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʷʢ ʥʘ ʚʽʜʦʤʦʤʫ ʝʧʶʨʽ 

ʛʝʥʽʘʣʴʥʦʛʦ ʬʨʘʥʮʫʟʴʢʦʛʦ ʚʯʝʥʦʛʦ-ʛʝʦʤʝʪʨʘ ɻʘʩʧʘʨʘ ʄʦʥʞʘ [1].  

ʉʢʣʘʜʥʦʩʪʽ ʚ ʮʴʦʤʫ ʥʝʤʘʻ. ʇʨʦʪʝ, ʷʢʱʦ ʥʘʤ ʟʘʜʘʥʘ ʪʦʯʢʘ ʟ ʚʽʜôʻʤʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ   ɺ (-;-;-), ʪʦ ʚʠʥʠʢʘʻ ʟʘʧʠʪʘʥʥʷ: çɼʝ ʟʥʘʭʦʜʷʪʴʩʷ ʚʽʜ'ʻʤʥʽ 

ʥʘʧʨʷʤʢʠ ʦʩʝʡ?è. ʊʫʪ ʧʦʷʚʣʷʶʪʴʩʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʧʦʙʫʜʦʚʽ, ʪʦʙʪʦ 

çʩʢʣʘʜʥʦʩʪʽè ʚ ʩʘʤʦʤʫ çʩʧʨʦʱʝʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʭʽʜ 

ʚʽʜ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʧʣʦʱʠʥʥʦʛʦ ï ʛʝʥʽʘʣʴʥʦʛʦ ʚʠʥʘʭʦʜʫ 

ɻʘʩʧʘʨʘ ʄʦʥʞʘ.  

ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʚʽʩʴ ʫ, ʢʦʣʠ ʨʦʟʨʽʟʘʻʪʴʩʷ ʥʘ ʝʧʶʨʽ ʄʦʥʞʘ, 

ʘʚʪʦʤʘʪʠʯʥʦ ʟôʷʚʣʷʻʪʴʩʷ ʥʘ ʚʩʽʭ ʦʩʷʭ ʩʠʩʪʝʤʠ ʢʦʦʨʜʠʥʘʪ : 

 (+ʭ,- ʫ); (+ʫ; -z); (+ʫ, -ʭ).  

ɸʣʝ ʧʨʦʮʝʩ ʧʨʦʻʢʮʽʶʚʘʥʥʷ ʪʦʯʦʢ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʱʦ ʤʝʥʰʝ ʥʫʣʷ, 

ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʪʦʙʪʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ.  

ʈʦʟʙʝʨʝʤʦ ʮʝ ʥʘ ʧʨʠʢʣʘʜʽ. ʅʝʭʘʡ ʟʘʜʘʥʦ ʧʦʙʫʜʫʚʘʪʠ ʪʦʯʢʫ ʟ 

ʢʦʦʨʜʠʥʘʪʘʤʠ        ɸ(-ʭ;-ʫ;-z). ɹʫʜʫʻʤʦ ʪʽ ʢʦʦʨʜʠʥʘʪʠ, ʱʦ ʥʝ ʨʦʟʨʽʟʘʶʪʴʩʷ. 

ʊʦʙʪʦ, ʙʫʜʫʻʤʦ ʢʦʦʨʜʠʥʘʪʠ ʧʦ ʦʩʷʭ ʆʍ ʽ ʆZ. 

ɸʣʛʦʨʠʪʤ ʧʨʦʝʢʮʽʶʚʘʥʥʷ: 

1. ɺʽʜʤʽʨʷʻʤʦ ʧʦ ʦʩʽ ʆʍ ʟʘʜʘʥʠʡ ʧʘʨʘʤʝʪʨ (-x), ʪʘ ʙʫʜʫʻʤʦ ʧʨʷʤʫ, 

ʪʝʨʧʝʥ-ʜʠʢʫʣʷʨʥʫ ʜʦ ʥʝʾ.  

2. ʇʦ ʦʩʽ ʆZ ʚʽʜʢʣʘʜʘʻʤʦ ʟʘʜʘʥʠʡ ʧʘʨʘʤʝʪʨ (-z) ʽ ʥʘ ʧʝʨʝʪʠʥʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʽʚ ʦʪʨʠʤʫʻʤʦ ʧʝʨʰʫ ʧʨʦʝʢʮʽʶ ʪʦʯʢʠ ʥʘ ʧʣʦʱʠʥʫ ʇ2, 

ʪʦʙʪʦ ʬʨʦʥʪʘʣʴʥʫ ʧʨʦʝʢʮʽʶ - ʪʦʯʢʫ ɸ2.  

3. ɺʽʜʤʽʨʷʻʤʦ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʦʩʽ ʚʽʜôʻʤʥʫ ʢʦʦʨʜʠʥʘʪʫ ʦʨʜʠʥʘʪ (ï 

ʫ);  

4. ɹʫʜʫʻʤʦ ʧʨʷʤʫ ʧʘʨʘʣʝʣʴʥʫ ʜʦ ʦʩʽ ʘʙʩʮʠʩʩ ʪʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ 

ʜʦ ʚʽʜ'ʻʤʥʦʾ ʚʝʨʪʠʢʘʣʴʥʦʾ ʦʩʽ ʦʨʜʠʥʘʪ ʯʝʨʝʟ ʜʘʥʫ ʪʦʯʢʫ. ʅʘ ʧʝʨʝʪʠʥʽ 

ʜʚʦʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʽʚ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʦʝʢʮʽʷ ʪʦʯʢʠ ʥʘ ʧʣʦʱʠʥʫ ʇ1, ʪ. 

ɺ1.  

Y 
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5. ʇʦ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʚʽʜ'ʻʤʥʽʡ ʦʩʽ ʦʨʜʠʥʘʪ ʚʽʜʤʽʨʷʻʤʦ 10 ʤʤ ʽ 

ʯʝʨʝʟ ʥʝʾ ʧʨʦʚʦʜʠʤʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʜʦ ʜʘʥʦʾ ʦʩʽ, ʱʦ ʙʫʜʝ 

ʧʘʨʘʣʝʣʴʥʠʤ ʜʦ ʦʩʽ ïOZ. 

6. ʏʝʨʝʟ ʪʦʯʢʫ ɸ2 ʧʨʦʚʦʜʠʤʦ ʧʨʷʤʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫ ʜʦ ʦʩʽ ïOZ 

ʪʘ ʧʘʨʘʣʝʣʴʥʫ ʜʦ ʦʩʽ ïʆʍ. ʅʘ ʧʝʨʝʪʠʥʽ ʜʚʦʭ ʧʝʨʧʝʥʜʠʢʫʣʷʨʽʚ 

ʫʪʚʦʨʠʪʴʩʷ ʧʨʦʬʽʣʴʥʘ ʧʨʦʝʢʮʽʷ ʟʘʜʘʥʦʾ ʪʦʯʢʠ ʥʘ ʧʣʦʱʠʥʫ ʇ3, - ʪ. ɸ3 

(ʨʠʩ. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.2 

ʊʘʢʠʤ ʤʝʪʦʜʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʪʦʯʢʠ ʟ ʚʽʜ'ʻʤʥʠʤʠ 

ʢʦʦʨʜʠʥʘʪʘʤʠ. ʍʦʯ ʘʣʛʦʨʠʪʤ ʪʨʽʰʢʠ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʘʣʝ ʮʝ ʪʘʢ ʩʘʤʦ ʣʝʛʢʦ 

ʷʢ ʽ ʧʨʠ ʧʨʦʝʢʮʽʶʚʘʥʥʽ ʪʦʯʢʠ ʟ ʜʦʜʘʪʥʽʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ. 

ɺʠʩʥʦʚʢʠ: 

1. ʇʨʠ ʚʠʟʥʘʯʝʥʥʽ ʧʨʦʝʢʮʽʡ ʪʦʯʢʠ ʧʝʨʰʦʯʝʨʛʦʚʠʤ ʻ ʧʦʙʫʜʦʚʘ ʪʦʯʢʠ 
ʥʘ ʧʣʦʱʠʥʫ ʧʨʦʝʢʮʽʾ ʇ2  

2. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʚ ʫʩʽʭ ʚʠʧʘʜʢʘʭ ʻ ʧʦʙʫʜʦʚʘ ʢʦʦʨʜʠʥʘʪ, ʱʦ ʥʝ 
ʨʦʟʨʽʟʘʶʪʴʩʷ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ʇʨʦʝʢʮʽʾ ʪʦʯʢʠ ʥʘ ʪʨʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʣʦʱʠʥʠ ʧʨʦʝʢʮʽʡ 

[ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://studfiles.net/preview/5386966/page:2/. 

2. ʄʝʪʦʜʠ ʧʨʦʝʢʮʽʶʚʘʥʥʷ ʽ ʧʨʦʝʢʮʽʾ ʪʦʯʢʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ]. ï 

2014. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://www.youtube.com/watch?v=-

jAtdB9b7nE. 

3. ʄʝʪʦʜʠ ʧʨʦʝʢʮʽʶʚʘʥʥʷ. ʇʨʦʝʢʮʽʾ ʪʦʯʢʠ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

http://moodle.ipo.kpi.ua/moodle/file.php/66/NARUSNA/MODUL1/ImageMod1

TEORY/modul1Part1.htm. 

  

https://studfiles.net/preview/5386966/page:2/
https://www.youtube.com/watch?v=-jAtdB9b7nE
https://www.youtube.com/watch?v=-jAtdB9b7nE
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ʋɼʂ 004.925.8 

 

ɼʆ ʇʀʊɸʅʅʗ ɯʄɯʊɸʎɯʁʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ɺ ʃʆɻɯʉʊʀʎɯ. 

 

ɹʦʣʜʠʨʻʚʘ ʃ. ɺ., ʩʪ.ʚʠʢʣʘʜʘʯ, 

ɹʦʣʜʠʨʻʚʘ ʄ.ʆ., ʩʪʫʜʝʥʪ, 

ʍʨʠʩʪʠʯ ɭ.ɸ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʷʢ 

ʦʙʦʚôʷʟʢʦʚʠʡ ʝʪʘʧ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ, ʚʠʢʦʥʘʥʥʷ ʷʢʦʛʦ ʚ ʙʘʛʘʪʴʦʭ 

ʚʠʧʘʜʢʘʭ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʩʢʣʘʜʥʫ ʟʘʜʘʯʫ. ɺʽʜʦʤʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ʥʝʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʦʪʨʠʤʘʥʥʷ ʥʘʧʝʨʝʜ ʥʝʨʝʘʣʴʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʦʤʠʣʢʦʚʠʭ ʫʷʚʣʝʥʴ ʽ 

ʚʠʩʥʦʚʢʽʚ, ʙʫʪʠ ʧʨʠʯʠʥʦʶ ʧʦʨʫʰʝʥʴ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 

ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʻ ʥʝʚʽʜ'ʻʤʥʦʶ ʯʘʩʪʠʥʦʶ 

ʙʘʛʘʪʴʦʭ ʝʢʦʥʦʤʽʯʥʠʭ ʧʨʦʝʢʪʽʚ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʩʪʚʦʨʝʥʥʷ ʘʙʦ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʣʦʛʽʩʪʠʯʥʠʭ ʩʠʩʪʝʤ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ : ʤʦʜʝʣʴ, ʩʠʩʪʝʤʘ, ʜʦʩʣʽʜʞʝʥʥʷ, 

ʩʪʨʫʢʪʫʨʘ,ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ,ʨʝʟʫʣʴʪʘʪ, ʣʦʛʽʩʪʠʢʘ. 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ 

ʩʢʣʘʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʽʤʽʪʘʮʽʡʥʠʭ ʤʦʜʝʣʷʭ ʻ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʘʜʝʢʚʘʪʥʦʩʪʽ ʤʦʜʝʣʽ ʨʝʘʣʴʥʠʤ ʦʙôʻʢʪʘʤ . ɺʽʜʦʤʦ, ʱʦ ʽʤʽʪʘʮʽʷ ʚʠʟʥʘʯʘʻ 

ʯʠʩʝʣʴʥʠʡ ʧʨʦʮʝʩ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤʠ ʤʦʜʝʣʷʤʠ, 

ʷʢʽ ʜʘʶʪʴ ʦʧʠʩ ʩʪʘʥʫ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʦʪʷʟʽ ʜʦʚʛʦʪʨʠʚʘʣʠʭ ʧʝʨʽʦʜʽʚ 

ʯʘʩʫ. ʇʨʠʥʮʠʧʦʚʦʶ ʚʽʜʤʽʥʦʶ ʽʤʽʪʘʮʽʡʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʽʜ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ʚ ʨʝʘʣʽʾ ʻ ʪʝ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʽʤʽʪʘʮʽʾ ʝʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʪʴʩʷ ʟ ʤʦʜʝʣʣʶ 

ʨʝʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʥʝ ʟ ʩʘʤʦʶ ʩʠʩʪʝʤʦʶ. ʎʝ ʤʘʻ ʚʠʨʽʰʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʜʣʷ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ, ʜʝ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʬʽʟʠʯʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʧʦʙʫʜʦʚʘ ʨʝʘʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʧʨʘʢʪʠʯʥʦ 

ʥʝ ʤʦʞʣʠʚʘ. 

ʆʪʞʝ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʥʘʩʪʫʧʥʽ ʨʽʟʥʦʚʠʜʠ ʽʤʽʪʘʮʽʾ:  

-ʤʝʪʦʜ ʄʦʥʪʝ-ʂʘʨʣʦ (ʤʝʪʦʜ ʩʪʘʪʠʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ); 

-ʤʝʪʦʜ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ʩʪʘʪʠʩʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ); 

-ʽʤʽʪʘʮʽʡʥʝ ʽʛʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

-ʘʛʝʥʪʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

-ʜʠʩʢʨʝʪʥʦ-ʧʦʜʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ; 

-ʩʠʩʪʝʤʥʘ ʜʠʥʘʤʽʢʘ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʄʝʪʦʶ ʧʫʙʣʽʢʘʮʽʾ ʻ 

ʧʠʪʘʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʝʨʝʚʽʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʽ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʨʝʘʣʴʥʦʾ 
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ʩʠʩʪʝʤʠ, ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʩʢʣʘʜʥʠʡ ʧʨʦʮʝʩ ʽ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦ ʧʽʜʽʙʨʘʥʠʭ ʢʦʥʪʨʦʣʴʥʠʭ ʧʘʨʘʤʝʪʨʽʚ, ʷʢʽ ʥʝ ʦʙʦʚôʷʟʢʦʚʦ ʤʘʶʪʴ 

ʨʝʘʣʴʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʘʙʦ ʞ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʝʘʣʴʥʠʭ ʟʘʜʘʯ, ʚ ʷʢʠʭ ʚʽʜʦʤʝ 

ʨʽʰʝʥʥʷ, ʦʪʨʠʤʘʥʝ ʘʥʘʣʽʪʠʯʥʠʤ ʤʝʪʦʜʦʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɯʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ð ʮʝ ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ, 

ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, ʱʦ ʩʠʩʪʝʤʘ, ʷʢʘ ʚʠʚʯʘʻʪʴʩʷ, ʟʘʤʽʥʶʻʪʴʩʷ ʽʤʽʪʘʪʦʨʦʤ ʽ ʟ 

ʥʠʤ ʧʨʦʚʦʜʷʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʮʶ 

ʩʠʩʪʝʤʫ. ɺʽʜʦʤʦ, ʱʦ ʽʤʽʪʘʮʽʡʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ð ʮʝ ʦʢʨʝʤʠʡ ʚʠʧʘʜʦʢ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ɯʩʥʫʻ ʢʣʘʩ ʦʙ'ʻʢʪʽʚ, ʜʣʷ ʷʢʠʭ ʟ ʨʽʟʥʠʭ ʧʨʠʯʠʥ ʥʝ ʨʦʟʨʦʙʣʝʥʽ ʘʥʘʣʽʪʠʯʥʽ 

ʤʦʜʝʣʽ ʘʙʦ ʥʝ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ ʟʘʜʘʯ ʧʨʦ ʪʘʢʽ ʤʦʜʝʣʽ. ɺ 

ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʟʘʤʽʥʶʻʪʴʩʷ ʽʤʽʪʘʪʦʨʦʤ ʘʙʦ 

ʽʤʽʪʘʮʽʡʥʦʶ ʤʦʜʝʣʣʶ ( ʩʭʝʤʘ 1).  

ɯʤʽʪʘʮʽʡʥʘ ʤʦʜʝʣʴ ð (ʫ ʚʫʟʴʢʦʤʫ ʟʥʘʯʝʥʥʽ) ʣʦʛʽʢʦ-ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ 

ʦʙ'ʻʢʪʘ, ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʷ ʥʘ 

ʢʦʤʧ'ʶʪʝʨ ̔ʚ ʮʽʣʷʭ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʘʥʘʣʽʟʫ ʽ ʦʮʽʥʢʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʦʙ'ʻʢʪʘ. 

ʉʭʝʤʘ 1. ʄʽʩʮʝ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʝʢʩʧʝʨʠʤʝʥʪʽ. 

ɸʜʝʢʚʘʪʥʘ ʤʦʜʝʣʴ ʤʘʪʝʤʘʪʠʯʥʦ ʽ ʣʦʛʽʯʥʦ ʟ ʧʝʚʥʠʤ ʯʠʥʦʤ ʥʘʙʣʠʞʝʥʥʷ 

ʚʽʜʦʙʨʘʞʘʻ ʩʠʩʪʝʤʫ, ʷʢʘ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. ʃʦʛʽʯʥʽ ʝʣʝʤʝʥʪʠ ʤʦʜʝʣʽ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʧʝʨʘʮʽʷʤ, ʷʢʽ ʻ ʜʽʡʩʥʠʤʠ, ʘ ʤʘʪʝʤʘʪʠʯʥʠʡ ʦʧʠʩ ʟʘʜʘʻʪʴʩʷ 

ʬʫʥʢʮʽʷʤʠ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʨʝʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ (1). 

ʈʘʮʽʦʥʘʣʴʥʠʡ ʤʝʪʦʜ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʦʧʠʩʫ ʥʘʩʪʫʧʥʦʛʦ: 

- ʨʝʘʣʴʥʽʩʪʴ ʧʨʦʮʝʩʽʚ; 

- ʚʠʙʦʨʫ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʥʘʙʣʠʞʝʥʝ ʚʠʨʘʞʝʥʥʷ ʦʜʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ 

ʦʙ'ʻʢʪʽʚ ʽʥʰʠʤʠ, ʙʣʠʟʴʢʠʤʠ ʟʘ ʟʥʘʯʝʥʥʷʤ, ʘʣʝ ʧʨʦʩʪʽʰʠʤʠ) ʪʘ ʧʨʠʯʠʥ ʮʴʦʛʦ 

ʚʠʙʦʨʫ; 

https://uk.wikipedia.org/w/index.php?title=%D0%86%D0%BC%D1%96%D1%82%D0%B0%D1%82%D0%BE%D1%80&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%95%D0%BA%D1%81%D0%BF%D0%B5%D1%80%D0%B8%D0%BC%D0%B5%D0%BD%D1%82_(%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0)&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B5_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%86%D0%BC%D1%96%D1%82%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%27%D1%8E%D1%82%D0%B5%D1%80
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D1%83%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D0%B7
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- ʟʘʜʫʤʫ ʤʦʜʝʣʽ. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʦʜʝʣʶʚʘʥʥʷ ʦʪʨʠʤʫʻʤʦ ʟʘʣʝʞʥʽʩʪʴ, ʷʢʫ ʜʦʩʣʽʜʞʫʻʤʦ ʥʘ 

ʝʢʪʨʝʤʫʤ ʘʙʦ ʟʥʘʭʦʜʠʤ ʦʧʪʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟʤʽʥʥʠʭ ʫʧʨʘʚʣʽʥʥʷ: 

                                             ώ Ὢὢȟὗ                                                  (1) 

ʜʝ Y- ʢʨʠʪʝʨʽʡ ʝʬʝʢʪʠʚʥʦʩʪʽ; 

    X- ʚʝʢʪʦʨ ʟʤʽʥʥʠʭ ʫʧʨʘʚʣʽʥʥʷ; 

   Q- ʚʝʢʪʦʨ ʧʘʨʘʤʝʪʨʽʚ ʽ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʥʝ ʤʦʞʣʠʚʦ ʢʦʥʪʨʦʣʶʚʘʪʠ. 

ɺʠʙʽʨ ʢʨʠʪʝʨʽʾʚ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʘʣʴʥʠʤ ʝʪʘʧʦʤ ʚ 

ʟʘʜʘʯʘʭ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤʠ. ʗʢʱʦ ʮʝʡ ʢʨʠʪʝʨʽʡ ʚʩʪʘʥʦʚʣʝʥʠʡ, ʪʦ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽʤʽʪʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʚʠʟʥʘʯʘʶʪʴ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʤʽʥʠʭ  

ʫʧʨʘʚʣʽʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʨʦʟʛʣʷʥʫʪʠʡ ʤʘʪʝʨʽʘʣ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʨʝʟʫʣʴʪʘʪʦʤ ʽʤʽʪʘʮʽʡʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʻ ʨʦʟʨʦʙʢʘ 

ʦʧʪʠʤʘʣʴʥʦʾ ʩʪʨʘʪʝʛʽʾ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʘ ʧʝʨʝʜʙʘʯʘʻ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ 

ʣʦʛʽʩʪʠʯʥʠʭ ʟʘʜʘʯ ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʯʠʩʝʣʴʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ. 
1. ɻʦʥʜʶʣ.ɺ. ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ // ʋʢʨʘʾʥʩʴʢʘ ʜʠʧʣʦʤʘʪʠʯʥʘ 

ʝʥʮʠʢʣʦʧʝʜʽʷ: ʋ 2-ʭ ʪ./ ʈʝʜʢʦʣ.:ʃ. ɺ. ɻʫʙʝʨʩʴʢʠʡ (ʛʦʣʦʚʘ) ʪʘ ʽʥ. ð ʂ.:ɿʥʘʥʥʷ 

ʋʢʨʘʾʥʠ, 2004. 

2. ʉʠʪʥʠʢ ɺ.ʌ. ʆʩʥʦʚʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ï ʂ.: ɺʠʱʘ ʰʢʦʣʘ, 1978.  

3. ʉʦʢʦʣʦʚʩʴʢʘ ɿ.ʄ. ʂʦʤʧ'ʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʝʢʦʥʦʤʽʯʥʠʭ 

ʩʠʩʪʝʤ: ʤʦʥʦʛʨʘʬʽʷ ï ʆʜʝʩʘ: ɸʩʪʨʦʧʨʠʥʪ, 2011. 

4. ɹʦʣʜʠʨʻʚʘ ʃ.ɺ. ɹʦʣʜʠʨʻʚʘ ʄ., ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʄ. ɼʦ ʧʠʪʘʥʥʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʩʠʩʪʝʤ - 

ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʜʠʟʘʡʥ ʪʘ ʽʥʥʦʚʘʮʽʡ-ʥʘ ʜʽʷʣʴʥʽʩʪʴ: 6-ʪʘ ʢʦʥʬʝʨʝʥʮʽʷ 

ʩʪʫʜ., ʘʩʧʽʨʘʥʪ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʅʊʋʋçʂʇɯè 27-28 ʢʚʽʪʥʷ 2018ʨ.: ʪʝʟʠ 

ʜʦʧ. -ʂ.,2018. ïʉ. 8-11 . 
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ʋɼʂ 004.925.8 

 

ɼʆ ʇʀʊɸʅʅʗ ʄʆɼɽʃʖɺɸʅʅʗ ʗʂ ʄɽʊʆɼʋ ʉʀʉʊɽʄʅʆɻʆ 

ɸʅɸʃɯɿʋ ɺ ʅɸʋʂʆɺʀʍ ɼʆʉʃɯɼɾɽʅʅʗʍ. 

 

ɹʦʣʜʠʨʻʚʘ ʃ. ɺ., ʩʪ.ʚʠʢʣʘʜʘʯ, 

ɹʦʣʜʠʨʻʚʘ ʄ.ʆ., ʩʪʫʜʝʥʪ, 

ɼʦʙʨʦʚʦʣʴʩʴʢʠʡ ʄ.ɯ., ʩʪʫʜʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ ʚ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʥʷʭ . ɺʽʜʦʤʦ, ʱʦ ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʻ ʢʦʤʧʣʝʢʩʦʤ ʩʧʝʮʽʘʣʴʥʠʭ 

ʤʝʪʦʜʽʚ, ʱʦ ʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʩʠʩʪʝʤʥʠʡ ʧʽʜʭʽʜ ʧʨʠ 

ʜʦʩʣʽʜʞʝʥʥʽ ʪʘ ʨʽʰʝʥʥʽ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ ʫ ʨʽʟʥʠʭ ʤʝʞʘʭ ʜʽʷʣʴʥʦʩʪʽ 

ʣʶʜʠʥʠ. ɺ ʤʝʞʘʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʜʥʽʻʶ ʟ ʧʨʦʙʣʝʤ ʟ ʷʢʦʶ 

ʟʽʰʪʦʚʭʫʶʪʴʩʷ ʤʘʡʞʝ ʟʘʚʞʜʠ ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʽʟʫ, ʻ 

ʧʨʦʙʣʝʤʘ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚ ʩʠʩʪʝʤʽ ʘʙʦ ʥʘʜ ʩʠʩʪʝʤʦʶ. ʎʝ ʧʠʪʘʥʥʷ, 

ʟʨʦʟʫʤʽʣʦ, ʪʽʩʥʦ ʧʦʚôʷʟʘʥʦ ʟ ʤʘʪʝʨʽʘʣʴʥʠʤʠ ʟʘʪʨʘʪʘʤ ʘʙʦ ʟʥʘʯʥʠʤʠ 

ʚʪʨʘʪʘʤʠ ʽʥʬʦʨʤʘʮʽʾ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ - ʩʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ, ʩʠʩʪʝʤʘ, ʩʝʨʝʜʦʚʠʱʝ, ʬʫʥʢʮʽʷ, 

ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʩʪʨʫʢʪʫʨʘ, ʤʦʜʝʣʶʚʘʥʥʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʆʙ'ʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʽʟʥʦʤʘʥʽʪʥʽ 

ʚʠʨʦʙʥʠʯʽ, ʛʦʩʧʦʜʘʨʩʴʢʽ ʪʘ ʝʢʦʥʦʤʽʢʦ-ʩʦʮʽʘʣʴʥʽ ʩʠʩʪʝʤʠ, ʚ ʷʢʠʭ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʨʦʮʝʩʠ ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʧʦʪʦʢʽʚ.  

ʇʨʠʥʮʠʧ ʩʠʩʪʝʤʥʦʛʦ ʧʽʜʭʦʜʫ ʤʦʞʣʠʚʦ ʟʨʦʟʫʤʽʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʽʣʴʰ ʟʘʛʘʣʴʥʦʛʦ ʧʦʥʷʪʪʷ-ʩʠʩʪʝʤʘ. 

ʊʝʨʤʽʥ ʩʠʩʪʝʤʘ ʦʭʦʧʣʶʻ ʜʦʩʪʘʪʥʴʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙ'ʻʢʪʽʚ 

ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ: ʩʦʥʷʯʥʘ ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʚʠʤʽʨʶʚʘʥʴ, 

ʚʠʨʦʙʥʠʯʘ ʩʠʩʪʝʤʘ ʽ ʪ.ʧ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʄʝʪʦʶ ʧʫʙʣʽʢʘʮʽʾ ʻ 

ʧʠʪʘʥʥʷ ʩʫʪʥʦʩʪʽ ʦʜʥʦʛʦ ʟʽ ʩʧʝʮʠʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʽʚʥʷ ð 

ʤʦʜʝʣʶʚʘʥʥʷ.  

ʅʝʦʙʭʽʜʥʠʤ ʻ ʨʦʟʛʣʷʜ ʩʠʩʪʝʤʠ ʷʢ ʢʦʤʙʽʥʘʮʽʾ ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ 

ʝʣʝʤʝʥʪʽʚ ʘʙʦ ʯʘʩʪʠʥ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ ʻʜʠʥʝ ʮʽʣʝ, ʱʦ ʥʘʧʨʘʚʣʝʥʝ ʥʘ 

ʜʦʩʷʛʥʝʥʥʷ ʻʜʠʥʦʾ ʤʝʪʠ, ʷʢʘ ʷʚʣʷʻ ʩʦʙʦʶ ʙʘʞʘʥʠʡ ʨʝʞʠʤ ʨʦʟʚʠʪʢʫ ʩʠʩʪʝʤʠ 

ʘʙʦ ʞ ʜʝʷʢʠʡ, ʥʘʧʝʨʝʜ ʟʘʜʘʥʠʡ ʩʧʝʢʪʨ ʚʠʭʦʜʽʚ ʩʠʩʪʝʤʠ, ʚʠʢʦʥʫʻʪʴʩʷ, ʢʨʽʤ 

ʩʚʦʛʦ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʜʣʷ ʚʠʙʦʨʫ ʤʦʞʣʠʚʦʩʪʝʡ ʾʾ ʜʦʩʷʛʥʝʥʥʷ 

ʪʘ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʢʨʠʪʝʨʽʾʚ, ʟʘ ʷʢʠʤʠ ʤʦʞʣʠʚʠʡ ʚʠʟʥʘʯʝʥʠʡ ʰʣʷʭ 

ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ. 
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ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʠʩʪʝʤʥʠʡ ʘʥʘʣʽʟ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʠʤ 

(ʫʥʽʚʝʨʩʘʣʴʥʠʤ) ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʚʩʽʭ ʥʘʫʢ (ʩʭʝʤʘ 1). ʁʦʛʦ ʩʫʪʴ ð 

ʧʽʜʭʽʜ ʜʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʦʙ'ʻʢʪʘ ʷʢ ʜʦ ʩʠʩʪʝʤʠ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʙʫʜʴ-

ʷʢʦʾ ʩʠʩʪʝʤʠ ʧʝʨʰ ʟʘ ʚʩʝ ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ-ʬʫʥʢʮʽʶ, 

ʧʨʠʟʥʘʯʝʥʥʷ ʪʘ ʩʪʨʫʢʪʫʨʫ. 

ʇʽʜ ʬʫʥʢʮʽʻʶ ʩʠʩʪʝʤʠ ʟʘʟʚʠʯʘʡ ʨʦʟʫʤʽʶʪʴ ʪʽ ʜʽʾ ʩʠʩʪʝʤʠ, ʷʢʽ 

ʚʠʨʘʞʘʶʪʴʩʷ ʫ ʟʤʽʥʽ ʾʾ ʤʦʞʣʠʚʠʭ ʩʪʘʥʽʚ. ʉʠʩʪʝʤʘ ʤʦʞʝ ʧʨʦʩʪʦ ʽʩʥʫʚʘʪʠ, 

ʙʫʪʠ ʦʙʣʘʩʪʶ ʽʩʥʫʚʘʥʥʷ ʽʥʰʠʭ ʩʠʩʪʝʤ, ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʩʠʩʪʝʤʠ ʙʽʣʴʰ 

ʚʠʩʦʢʦʛʦ ʧʦʨʷʜʢʫ. 

ɺʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʦʶ ʩʚʦʾʭ ʬʫʥʢʮʽʡ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷʤ ʩʠʩʪʝʤʠ-ʝʚʦʣʶʮʽʡʥʠʡ ʧʝʨʝʭʽʜ ʾʾ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʚ ʽʥʰʽ 

ʤʦʞʣʠʚʽ. 

ʉʪʨʫʢʪʫʨʘ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʦʟʤʽʱʝʥʥʷʤ ʪʘ ʟ' ʷʟʢʘʤʠ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʝʶ ʩʚʦʾʭ ʬʫʥʢʮʽʡ. 

ʉʭʝʤʘ 1.ʂʣʘʩʠʬʽʢʘʮʽʷ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ. 

ʋ ʥʘʫʮʽ ʦʩʥʦʚʥʠʤʠ ʬʦʨʤʘʤʠ ʝʤʧʽʨʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ 

ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʽ ʝʢʩʧʝʨʠʤʝʥʪ. ʂʨʽʤ ʪʦʛʦ, ʜʦ ʥʠʭ ʚʽʜʥʦʩʷʪʴ ʪʘʢʦʞ ʯʠʩʣʝʥʥʽ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʧʨʦʮʝʜʫʨʠ, ʷʢʽ ʭʦʯʘ ʽ ʙʣʠʞʯʝ ʧʨʠʤʠʢʘʶʪʴ ʜʦ ʪʝʦʨʽʾ, ʚʩʝ ʞ 

ʟʜʽʡʩʥʶʶʪʴʩʷ ʩʘʤʝ ʚ ʨʘʤʢʘʭ ʝʤʧʽʨʠʯʥʦʛʦ ʧʽʟʥʘʥʥʷ ʽ ʦʩʦʙʣʠʚʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

ɽʤʧʽʨʠʯʥʝ (ʪʝ, ʱʦ ʩʧʨʠʡʤʘʻʪʴʩʷ ʦʨʛʘʥʘʤʠ ʯʫʪʪʷ) ʧʽʟʥʘʥʥʷ 

ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʨʦʮʝʩʽ ʜʦʩʚʽʜʫ, ʱʦ ʨʦʟʫʤʽʻʪʴʩʷ ʚ ʩʘʤʦʤʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ, 

ʪʦʙʪʦ ʷʢ ʚʟʘʻʤʦʜʽʷ ʩʫʙ'ʻʢʪʘ ʟ ʦʙ'ʻʢʪʦʤ, ʧʨʠ ʷʢʦʤʫ ʩʫʙ'ʻʢʪ ʥʝ ʪʽʣʴʢʠ ʧʘʩʠʚʥʦ 

ʚʽʜʦʙʨʘʞʘʻ ʦʙ'ʻʢʪ, ʘ ʡ ʘʢʪʠʚʥʦ ʟʤʽʥʶʻ, ʧʝʨʝʪʚʦʨʶʻ ʡʦʛʦ. 
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ɽʤʧʽʨʠʯʥʠʡ ʤʝʪʦʜ ʧʦʣʷʛʘʻ ʚ ʧʦʩʣʽʜʦʚʥʦʤʫ ʟʜʽʡʩʥʝʥʥʽ ʥʘʩʪʫʧʥʠʭ ʧ'ʷʪʠ 

ʦʧʝʨʘʮʽʡ: ʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʠʤʽʨʶʚʘʥʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʥʦʟʫʚʘʥʥʷ, 

ʧʝʨʝʚʽʨʢʘ ʧʨʦʛʥʦʟʫ. 

ʐʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴ ʫ ʪʝʦʨʝʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʨʠʡʦʤ 

ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦ ʘʥʘʣʦʛʽʶ ð ʩʧʝʮʠʬʽʯʥʠʡ ʚʠʜ ʧʦʨʽʚʥʷʥʥʷ, ʱʦ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʧʦʜʽʙʥʽʩʪʴ ʷʚʠʱ. ɸʥʘʣʦʛʽʷ ʜʘʻ ʧʽʜʩʪʘʚʫ ʜʣʷ 

ʚʠʩʥʦʚʢʽʚ ʧʨʦ ʝʢʚʽʚʘʣʝʥʪʥʽʩʪʴ ʫ ʚʠʟʥʘʯʝʥʠʭ ʚʽʜʥʦʩʠʥʘʭ ʦʜʥʦʛʦ ʦʙ'ʻʢʪʘ ʱʦʜʦ 

ʽʥʰʦʛʦ. ʊʦʜʽ ʙʽʣʴʰ ʧʨʦʩʪʠʡ ʟʘ ʩʪʨʫʢʪʫʨʦʶ ʽ ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʚʠʚʯʝʥʥʷ ʦʙ'ʻʢʪ 

ʩʪʘʚ ʤʦʜʝʣʣʶ ʙʽʣʴʰ ʩʢʣʘʜʥʦʛʦ ʦʙ'ʻʢʪʘ, ʽʤʝʥʦʚʘʥʦʛʦ ʧʨʦʪʦʪʠʧʦʤ 

(ʦʨʠʛʽʥʘʣʦʤ). ɿ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʘʥʘʣʦʛʽʻʶ 

ʚʽʜ ʤʦʜʝʣʽ ʜʦ ʧʨʦʪʦʪʠʧʫ. 

ʋ ʮʴʦʤʫ ʩʫʪʥʽʩʪʴ ʦʜʥʦʛʦ ʟʽ ʩʧʝʮʠʬʽʯʥʠʭ ʤʝʪʦʜʽʚ ʪʝʦʨʝʪʠʯʥʦʛʦ ʨʽʚʥʷ 

ð ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʠ ʮʴʦʤʫ ʤʦʞʣʠʚʝ ʧʦʚʥʝ ʟʚʽʣʴʥʝʥʥʷ ʩʫʙ'ʻʢʪʘ ʚʽʜ 

ʝʤʧʽʨʠʯʥʠʭ ʧʦʩʠʣʘʥʴ ʚʠʩʥʦʚʢʫ, ʢʦʣʠ ʩʘʤʽ ʫʤʦʚʠʚʦʜʠ ʚʽʜ ʤʦʜʝʣʽ ʜʦ 

ʧʨʦʪʦʪʠʧʫ ʥʘʙʫʚʘʶʪʴ ʬʦʨʤʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʚʽʜʧʦʚʽʜʥʦʩʪʝʡ, ʘ ʤʠʩʣʝʥʥʷ 

ʧʦʯʠʥʘʻ ʦʧʝʨʫʚʘʪʠ ʥʝ ʨʝʘʣʴʥʠʤʠ, ʘ ʫʷʚʥʠʤʠ ʤʦʜʝʣʷʤʠ, ʱʦ ʚʪʽʣʶʶʪʴʩʷ 

ʧʦʪʽʤ ʫ ʬʦʨʤʽ ʩʭʝʤʘʪʠʯʥʠʭ ʟʥʘʢʦʚʠʭ ʤʦʜʝʣʝʡ (ʛʨʘʬʽʢʽʚ, ʩʭʝʤ, ʬʦʨʤʫʣ 

ʪʦʱʦ). 

ɺʽʜʦʤʦ, ʱʦ ʤʦʜʝʣʣʶ ʻ ʜʦʧʦʤʽʞʥʠʡ ʦʙ'ʻʢʪ, ʦʙʨʘʥʠʡ ʯʠ ʧʝʨʝʪʚʦʨʝʥʠʡ 

ʣʶʜʠʥʦʶ ʚ ʧʽʟʥʘʚʘʣʴʥʠʭ ʮʽʣʷʭ, ʱʦ ʜʘʻ ʥʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʩʥʦʚʥʠʡ 

ʦʙ'ʻʢʪ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʚ ʪʝʦʨʝʪʠʯʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʩʣʫʛʫʻ ʟʘʚʜʘʥʥʶ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʥʦʚʦʛʦ, ʪʦʛʦ, ʯʦʛʦ ʥʝ ʽʩʥʫʻ ʱʝ ʚ ʧʨʘʢʪʠʮʽ. ɼʦʩʣʽʜʥʠʢ, 

ʚʠʚʯʠʚʰʠ ʭʘʨʘʢʪʝʨʥʽ ʨʠʩʠ ʨʝʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʪʝʥʜʝʥʮʽʡ ʨʦʟʚʠʪʢʫ ʾʭ, ʰʫʢʘʻ 

ʥʘ ʧʽʜʩʪʘʚʽ ʢʣʶʯʦʚʦʾ ʽʜʝʾ ʥʦʚʽ ʩʧʦʣʫʯʝʥʥʷ ʾʭ, ʫʷʚʥʦ ʢʦʤʧʦʥʫʻ, ʪʦʙʪʦ 

ʤʦʜʝʣʶʻ ʧʦʪʨʽʙʥʠʡ ʩʪʘʥ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʩʠʩʪʝʤʠ. ʅʘ ʟʘʜʘʥʦʤʫ ʝʪʘʧʽ 

ʩʪʚʦʨʶʶʪʴ ʤʦʜʝʣʽ-ʛʽʧʦʪʝʟʠ, ʥʘ ʧʽʜʩʪʘʚʽ ʷʢʠʭ ʙʫʜʫʶʪʴ ʨʝʢʦʤʝʥʜʘʮʽʾ ʽ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʝʤʧʽʨʠʯʥʦ.  

ʇʝʨʝʚʽʨʝʥʽ ʤʦʜʝʣʽ-ʛʽʧʦʪʝʟʠ ʧʝʨʝʪʚʦʨʶʶʪʴʩʷ ʚ ʥʘʫʢʦʚʽ ʪʝʦʨʽʾ, ʙʘʛʘʪʦ ʚ 

ʯʦʤʫ ʟʙʝʨʽʛʘʶʯʠ ʩʚʽʡ ʤʦʜʝʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ( ʩʭʝʤʘ 2).ʇʨʠ ʮʴʦʤʫ, ʥʝʦʙʭʽʜʥʦ 

ʧʘʤ'ʷʪʘʪʠ, ʱʦ ʙʫʜʴ-ʷʢʘ ʤʦʜʝʣʴ ʟʘʚʞʜʠ "ʙʽʜʥʽʰʘ" ʟʘ ʧʨʦʪʦʪʠʧ, ʚʽʜʙʠʚʘʶʯʠ 

ʣʠʰʝ ʡʦʛʦ ʦʢʨʝʤʽ ʩʪʦʨʦʥʠ ʽ ʟʚ'ʷʟʢʠ, ʦʩʢʽʣʴʢʠ ʪʝʦʨʝʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʟʘʚʞʜʠ ʚʢʣʶʯʘʻ ʽʜʝʘʣʽʟʘʮʽʶ. 

ʆʩʦʙʣʠʚʠʤ ʚʠʜʦʤ ʤʦʜʝʣʶʚʘʥʥʷ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʽʜʝʘʣʽʟʘʮʽʾ, ʤʦʞʥʘ 

ʚʚʘʞʘʪʠ ʫʷʚʥʠʡ ʝʢʩʧʝʨʠʤʝʥʪ. ʋ ʪʘʢʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʦʩʣʽʜʥʠʢ ʥʘ ʧʽʜʩʪʘʚʽ 

ʪʝʦʨʝʪʠʯʥʠʭ ʟʥʘʥʴ ʧʨʦ ʦʙ'ʻʢʪʠʚʥʠʡ ʩʚʽʪ ʽ ʝʤʧʽʨʠʯʥʽ ʜʘʥʽ ʩʪʚʦʨʶʻ ʽʜʝʘʣʴʥʽ 

ʦʙ'ʻʢʪʠ, ʩʧʽʚʚʽʜʥʦʩʠʪʴ ʾʭ ʫ ʚʠʟʥʘʯʝʥʽʡ ʜʠʥʘʤʽʯʥʽʡ ʤʦʜʝʣʽ, ʽʤʽʪʫʶʯʠ ʜʫʤʢʦʶ 

ʨʫʭ ʽ ʩʠʪʫʘʮʽʾ, ʤʦʞʣʠʚʽ ʚ ʨʝʘʣʴʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʫʚʘʥʥʽ. ʇʨʠ ʮʴʦʤʫ ʽʜʝʘʣʴʥʽ 

ʦʙ'ʻʢʪʠ ʽ ʤʦʜʝʣʽ ʚʠʷʚʣʷʶʪʴ ʫ "ʯʠʩʪʦʤʫ" ʚʠʛʣʷʜʽ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʽ ʜʣʷ 

ʜʦʩʣʽʜʥʠʢʘ ʽʩʪʦʪʥʽ ʟʚ'ʷʟʢʠ ʽ ʚʽʜʥʦʩʠʥʠ. 



41 
 

 
ʉʭʝʤʘ 2. ʆʧʝʨʘʮʽʷ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʥʥʷʭ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʨʦʟʛʣʷʥʫʪʠʡ ʤʘʪʝʨʽʘʣ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʢʽʥʮʝʚʦʶ ʤʝʪʦʶ ʤʦʜʝʣʶʚʘʥʥʷ ʚ ʩʠʩʪʝʤʥʦʤʫ ʘʥʘʣʽʟʽ ʻ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʪʘʢ, ʱʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʥʘʤʽʯʝʥʦʾ ʤʝʪʠ 

ʙʫʣʘ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʝʩʫʨʩʠ. ʎʝ ʧʦʚôʷʟʘʥʝ ʽʟ 

ʟʤʽʥʦʶ ʦʜʥʦʛʦ ʯʠ ʜʝʢʽʣʴʢʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ ʟ ʥʦʚʦʚʚʝʜʝʥʥʷʤʠ, ʱʦ ʙʝʨʫʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ. ʊʘʢʠʤ ʯʠʥʦʤ, ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤʠ ʟʘʚʜʷʢʠ 

ʘʥʘʣʽʟʫ ʤʦʜʝʣʝʡ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʚʩʽʻʾ ʜʽʷʣʴʥʦʩʪʽ ʨʦʙʦʪʠ 

ʣʶʜʠʥʠ. 
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ʋɼʂ 004.92  

 

ʈʆɿʈʆɹʂɸ ɺɯʈʊʋɸʃʔʅʆɻʆ ʇʆʉɯɹʅʀʂɸ ɿ ɺʀʂʆʈʀʉʊɸʅʅʗ 

ʈɽɼɸʂʊʆʈɸ ʈɸʉʊʈʆɺʆɰ ɻʈɸʌɯʂʀ ADOBE PHOTOSHOP  

 

ɻʦʣʦʪʝʥʢʦ ʂ. ʉ., ʩʪʫʜʝʥʪ, 

ɻʣʽʙʢʦ ʆ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè (ʋʢʨʘʾʥʘ, ʤ. ʍʘʨʢʽʚ) 

 

ɸʥʦʪʘʮʽʷ   ╖  ʨʦʟʛʣʷʥʫʪʦ ʩʫʯʘʩʥʽ ʰʣʷʭʠ ʦʩʚʦʻʥʥʷ ʷʢ ʧʨʘʢʪʠʯʥʦʛʦ, ʪʘʢ 

ʽ ʪʝʦʨʝʪʠʯʥʦʛʦ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ ʨʦʙʦʪʠ ʫ ʩʝʨʝʜʦʚʠʱʽ ʛʨʘʬʽʯʥʦʛʦ 

ʨʝʜʘʢʪʦʨʘ Photoshop CC 2018. ɺʠʢʣʘʜʝʥʘ ʩʪʨʫʢʪʫʨʘ, ʟʘ ʷʢʦʶ ʬʦʨʤʫʻʪʴʩʷ  

ʧʦʢʨʦʢʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʥʘʙʫʪʪʷ ʟʥʘʥʴ, ʫʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ, ʪʘ ʦʧʠʩʘʥʽ 

ʤʝʪʦʜʠ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ. ʅʘʚʝʜʝʥʽ ʟʨʘʟʢʠ ʛʨʘʬʽʯʥʦʾ ʚʭʽʜʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʤʘʡʙʫʪʥʽʭ ʨʦʙʽʪ ʚʠʢʦʥʘʚʮʽʚ. ʇʦʩʽʙʥʠʢ 

ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘ ʰʠʨʦʢʝ ʢʦʣʦ ʦʩʽʙ, ʱʦ ʥʘʚʯʘʶʪʴʩʷ, ʘ ʩʘʤʝ ʷʢ ʜʣʷ 

ʟʘʮʽʢʘʚʣʝʥʠʭ ʫ ʥʘʚʯʘʥʥʽ ʩʪʫʜʝʥʪʽʚ, ʪʘʢ ʽ ʜʣʷ ʪʠʭ, ʭʪʦ ʱʝ ʥʝ ʚʠʟʥʘʯʠʚʩʷ ʟ 

ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ  ╖ ʚʽʨʪʫʘʣʴʥʠʡ ʧʦʩʽʙʥʠʢ, ʪʝʦʨʝʪʠʯʥʘ ʯʘʩʪʠʥʘ, 

ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ, ʨʘʩʪʨʦʚʘ ʛʨʘʬʽʢʘ, ʨʝʣʝʚʘʥʪʥʽʩʪʴ, ʛʨʘʬʽʯʥʠʡ 

ʨʝʜʘʢʪʦʨ Photoshop, ʩʢʨʽʥʰʦʪ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɹʫʜʴ-ʷʢʠʡ ʧʦʪʦʯʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʤʘʻ 

ʚʣʘʩʪʠʚʽʩʪʴ ʚʪʨʘʯʘʪʠ ʩʚʦʶ ʘʢʪʫʘʣʴʥʽʩʪʴ ʟ ʧʣʠʥʦʤ ʯʘʩʫ. ʂʦʤʧʘʥʽʷ çAdobe 

Systemsè, ʟ ʤʦʤʝʥʪʫ ʩʪʚʦʨʝʥʥʷ Photoshop, ʱʦʨʦʢʫ ʦʥʦʚʣʶʻ ʧʨʦʛʨʘʤʥʝ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʴʦʛʦ ʧʨʦʜʫʢʪʫ. ʊʦʤʫ ʽʩʥʫʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʫ ʧʦʩʪʽʡʥʦʤʫ 

ʚʜʦʩʢʦʥʘʣʶʚʘʥʥʽ ʥʘʚʯʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʟʘʜʣʷ ʧʽʜʪʨʠʤʘʥʥʷ ʩʫʯʘʩʥʠʭ ʟʥʘʥʴ 

ʪʘ ʥʘʣʝʞʥʦʾ ʧʽʜʛʦʪʦʚʢʠ ʤʘʡʙʫʪʥʽʭ ʩʧʝʮʽʘʣʽʩʪʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɿʘʚʜʷʢʠ ʣʽʜʠʨʫʶʯʠʤ ʧʦʟʠʮʽʷʤ 

Photoshop ʫ ʛʘʣʫʟʽ ʨʘʩʪʨʦʚʦʾ ʛʨʘʬʽʢʠ ʽʩʥʫʻ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʜʨʫʢʦʚʘʥʠʭ ʢʝʨʽʚʥʠʮʪʚ ʟ ʨʦʙʦʪʠ ʫ ʨʽʟʥʠʭ ʚʝʨʩʽʷʭ ʜʘʥʦʛʦ ʧʘʢʝʪʫ, ʷʢʽ 

ʚʽʜʟʥʘʯʘʶʪʴʩʷ ʟʥʘʯʥʠʤ ʦʙʩʷʛʦʤ ʪʘ ʩʧʨʷʤʦʚʘʥʽ, ʟʘʟʚʠʯʘʡ, ʥʘ ʚʠʢʣʘʜʘʥʥʷ 

ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ [1,2]. ʆʜʥʘʢ, ʟʥʘʥʥʷ, ʷʢʽ ʩʪʫʜʝʥʪʠ ʦʪʨʠʤʫʶʪʴ ʥʘ ʙʘʟʽ 

ʮʠʭ ʚʠʜʘʥʴ, ʥʝ ʟʘʚʞʜʠ ʻ ʨʝʣʝʚʘʥʪʥʠʤʠ, ʘʙʦ ʥʝ ʚʩʪʠʛʘʶʪʴ ʦʥʦʚʣʶʚʘʪʠʩʷ 

ʟʛʽʜʥʦ ʧʦʪʨʝʙʘʤ ʩʴʦʛʦʜʝʥʥʷ. ʂʨʽʤ ʪʦʛʦ, ʙʝʨʫʯʠ ʜʦ ʫʚʘʛʠ ʪʝ, ʱʦ ʜʘʥʘ ʨʦʙʦʪʘ 

ʦʨʽʻʥʪʦʚʘʥʘ ʧʝʨʰ ʟʘ ʚʩʝ ʥʘ ʤʦʣʦʜʽʞʥʫ ʘʫʜʠʪʦʨʽʶ, ʷʢʘ ʟʚʠʢʣʘ ʦʪʨʠʤʫʚʘʪʠ 

ʟʥʘʥʥʷ ʧʝʨʝʚʘʞʥʦ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʥʝʪ-ʨʝʩʫʨʩʽʚ [3] ʪʘ ʩʧʽʣʢʫʚʘʪʠʩʷ ʫ 

ʚʽʨʪʫʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ, ʚʦʥʘ ʻ, ʙʝʟʫʤʦʚʥʦ, ʘʢʪʫʘʣʴʥʦʶ ʽ ʚʽʜʧʦʚʽʜʘʻ 

ʚʠʤʦʛʘʤ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʈʦʟʨʦʙʢʘ ʚʽʨʪʫʘʣʴʥʦʛʦ ʧʦʩʽʙʥʠʢʘ ʜʘʩʪʴ ʟʤʦʛʫ 

ʟʘʩʚʦʾʪʠ ʙʘʟʦʚʽ ʪʘ ʥʘʙʫʪʠ ʥʦʚʽʪʥʽ ʥʘʚʠʯʢʠ ʨʦʙʦʪʠ ʟ Photoshop, ʨʦʟʚʠʥʫʪʠ 
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ʢʨʝʘʪʠʚʥʝ ʤʠʩʣʝʥʥʷ ʪʘ ʨʦʟʢʨʠʪʠ ʧʦʪʝʥʮʽʘʣ ʩʪʫʜʝʥʪʽʚ ʫ ʛʘʣʫʟʽ ʨʘʩʪʨʦʚʦʾ 

ʛʨʘʬʽʢʠ, ʟʘʣʫʯʠʪʠ ʜʦ ʘʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʦʚʣʝʥʦʾ ʩʫʯʘʩʥʦʾ ʚʝʨʩʽʾ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʙʦ ʧʦʩʪʽʡʥʽʩʪʴ, ʫ ʩʬʝʨʽ ɯʊ ʮʝ ʥʝ ʦʟʥʘʢʘ 

ʤʘʡʩʪʝʨʥʦʩʪʽ, ʘ ʥʝʤʠʥʫʯʝ ʚʪʨʘʯʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʧʦʟʠʮʽʡ ʥʘ ʨʠʥʢʫ ʧʨʘʮʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʦʥʮʝʧʮʽʷ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʥʘʜʘʥʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʩʪʫʜʝʥʪʘʤ ʟʘʩʚʦʶʚʘʪʠ ʷʢ ʧʨʘʢʪʠʯʥʫ ʩʢʣʘʜʦʚʫ, ʷʢʘ ʜʣʷ ʥʠʭ ʤʘʻ ʚʠʱʠʡ 

ʧʨʽʦʨʠʪʝʪ, ʪʘʢ ʽ ʪʝʦʨʝʪʠʯʥʫ ʯʘʩʪʠʥʫ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʾʤ ʟʨʦʙʠʪʠ ʾʭʥʽ ʥʘʚʠʯʢʠ 

ʫʥʽʚʝʨʩʘʣʴʥʠʤʠ ʪʘ ʣʝʛʰʝ ʟʘʩʚʦʶʚʘʪʠ ʥʦʚʦʚʚʝʜʝʥʥʷ ʟ ʙʦʢʫ ʢʦʤʧʘʥʽʾ 

ʨʦʟʨʦʙʥʠʢʘ. ʂʦʞʥʝ ʟ ʣʘʙʦʨʘʪʦʨʥʠʭ ʟʘʥʷʪʴ ʤʘʻ ʯʽʪʢʦ ʩʬʦʨʤʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ 

ʥʘʩʪʫʧʥʦʛʦ ʚʠʜʫ: 

1. ʇʣʘʥ   ╖  ʪʝʟʦʚʝ ʚʠʢʣʘʜʝʥʥʷ ʟʘʚʜʘʥʴ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʩʪʘʚʣʝʥʥʽ ʚ ʨʦʙʦʪʽ. 

2. ʊʝʦʨʝʪʠʯʥʘ ʯʘʩʪʠʥʘ ð ʩʪʠʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

3. ʃʘʙʦʨʘʪʦʨʥʘ ʨʦʙʦʪʘ ð ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʜʘʯʽ ʪʘ ʧʦʢʨʦʢʦʚʝ ʾʾ ʚʠʢʦʥʘʥʥʷ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʢʨʽʥʰʦʪʽʚ ʪʘ ʪʝʢʩʪʦʚʠʭ ʧʦʷʩʥʝʥʴ ʜʣʷ ʢʦʞʥʦʛʦ ʢʨʦʢʫ. ʎʷ 

ʨʦʙʦʪʘ ʧʝʨʝʜʙʘʯʘʻ ʩʧʽʣʴʥʽ ʟʘʚʜʘʥʥʷ ʪʘ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʚʩʽʭ ʩʪʫʜʝʥʪʽʚ. 

4. ʉʘʤʦʩʪʽʡʥʘ ʨʦʙʦʪʘ ð ʥʘʜʘʻʪʴʩʷ ʧʨʠʢʣʘʜ ʧʦʢʨʦʢʦʚʦʛʦ ʚʠʢʦʥʘʥʥʷ 

ʟʘʚʜʘʥʥʷ ʟ ʤʝʪʦʶ ʟʘʜʽʷʪʠ ʧʝʚʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ. ʎʷ ʨʦʙʦʪʘ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʟʘʟʥʘʯʝʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʘʣʝ ʚʞʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʩʦʙʠʩʪʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʪʘ ʪʚʦʨʯʦʛʦ ʧʽʜʭʦʜʫ. 

5. ʊʝʩʪʦʚʝ ʦʧʠʪʫʚʘʥʥʷ ð ʦʥʣʘʡʥ ʦʧʠʪʫʚʘʥʥʷ, ʷʢʝ ʥʘʨʘʭʦʚʫʻ ʜʝʩʷʪʴ 

ʟʘʧʠʪʘʥʴ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʝʦʨʝʪʠʯʥʽʡ ʯʘʩʪʠʥʽ. 

6. ɼʦʤʘʰʥʻ ʟʘʚʜʘʥʥʷ ð ʥʘʜʘʻʪʴʩʷ ʟʘʚʜʘʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʚʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʜʽʡ (ʧʦʢʨʦʢʦʚʠʡ ʦʧʠʩ ʜʽʡ ʥʝ ʥʘʜʘʻʪʴʩʷ) 

ʪʘ ʧʨʦʧʦʥʫʻʪʴʩʷ ʟʦʙʨʘʞʝʥʥʷ, ʷʢ ʧʨʠʢʣʘʜ ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ. 

ʄʘʪʝʨʽʘʣʠ ʪʘ ʪʝʤʠ ʩʪʫʜʝʥʪʠ ʦʙʠʨʘʶʪʴ ʧʝʨʝʚʘʞʥʦ ʩʘʤʽ. 

ʆʜʥʠʤ ʽʟ ʟʘʩʦʙʽʚ ʟʚʝʨʥʝʥʥʷ ʫʚʘʛʠ ʪʘ ʟʘʢʨʽʧʣʝʥʥʷ ʩʘʤʝ ʪʝʦʨʝʪʠʯʥʦʾ  

ʯʘʩʪʠʥʠ ʻ ʩʪʠʩʣʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʚʠʟʥʘʯʝʥʥʷ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʪʽʣʴʢʠ ʧʦʪʦʯʥʦʾ 

ʪʝʤʠ. ʅʘʧʨʠʢʣʘʜ, ʦʧʠʩ ʚʣʘʩʪʠʚʦʩʪʝʡ ʢʦʥʢʨʝʪʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʘ,  ʧʨʠʥʮʠʧ 

ʨʦʙʦʪʠ ʢʦʨʠʛʫʚʘʣʴʥʦʛʦ ʰʘʨʫ, ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʜʨʫʢʫ ʧʽʜ ʧʝʚʥʽ 

ʚʠʤʦʛʠ ʪʦʱʦ. ɼʣʷ ʟʘʢʨʽʧʣʝʥʥʷ ʪʝʦʨʝʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʢʦʞʥʘ ʦʩʦʙʘ, ʱʦ 

ʥʘʚʯʘʻʪʴʩʷ, ʤʘʪʠʤʝ ʟʤʦʛʫ ʧʦʢʨʘʱʠʪʠ ʩʚʦʶ ʦʮʽʥʢʫ, ʧʨʦʡʰʦʚʰʠ ʦʥʣʘʡʥ 

ʪʝʩʪʫʚʘʥʥʷ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʝʩʷʪʠ ʟʘʧʠʪʘʥʴ ʪʘ ʪʨʴʦʭ-ʯʦʪʠʨʴʦʭ ʚʘʨʽʘʥʪʽʚ 

ʚʽʜʧʦʚʽʜʝʡ ʥʘ ʢʦʞʥʠʡ ʧʫʥʢʪ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʥʦʩʪʽ ʟʘʧʠʪʘʥʥʷ.  

ʊʘʢʠʡ ʟʘʩʽʙ ʦʧʠʪʫʚʘʥʥʷ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʴ ʢʦʥʮʝʥʪʨʘʮʽʶ ʫʚʘʛʠ 

ʩʪʫʜʝʥʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʚʪʦʨʥʦ ʧʝʨʝʯʠʪʫʚʘʪʠ ʘʙʦ ʟʛʘʜʫʚʘʪʠ ʪʝʦʨʽʶ. ɺ ʩʚʦʶ 

ʯʝʨʛʫ ʚʠʢʣʘʜʘʯ ʤʘʪʠʤʝ ʟʤʦʛʫ ʧʝʨʝʚʽʨʠʪʠ ʨʽʚʝʥʴ ʧʽʜʛʦʪʦʚʢʠ ʢʦʞʥʦʛʦ ʫʯʥʷ, 

ʟʙʠʨʘʶʯʠ ʜʘʥʥʽ ʥʘ ʩʚʦʻʤʫ ʢʦʤʧôʶʪʝʨʽ ʪʘ ʘʥʘʣʽʟʫʶʯʠ ʩʪʘʪʠʩʪʠʢʫ, 

ʩʬʦʨʤʦʚʘʥʫ ʟʘʩʦʙʘʤʠ Google ʌʦʨʤ. ʃʘʙʦʨʘʪʦʨʥʽ ʪʘ ʩʘʤʦʩʪʽʡʥʽ ʟʘʥʷʪʪʷ 

ʨʦʟʨʦʙʣʝʥʽ ʟʘʜʣʷ ʟʘʣʫʯʝʥʥʷ ʚʠʢʦʥʘʚʮʽʚ ʜʦ ʽʥʪʝʥʩʠʚʥʦʛʦ ʦʩʚʦʻʥʥʷ, 

ʢʣʘʩʠʯʥʠʭ ʪʘ ʧʝʨʝʜʦʚʠʭ ʤʝʪʦʜʽʚ ʨʝʜʘʛʫʚʘʥʥʷ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝʪʨʠʚʽʘʣʴʥʠʭ ʟʘʚʜʘʥʴ ʪʘ ʤʘʪʝʨʽʘʣʽʚ. ʂʦʞʝʥ ʢʨʦʢ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ 

ʤʽʩʪʠʪʴ ʩʢʨʽʥʰʦʪ, ʟ ʚʠʜʽʣʝʥʠʤʠ ʥʘ ʥʴʦʤʫ ʚʽʜʧʦʚʽʜʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʜʣʷ 

ʰʚʠʜʢʦʾ ʦʨʽʻʥʪʘʮʽʾ ʩʪʫʜʝʥʪʘ ʚ ʽʥʪʝʨʬʝʡʩʽ ʧʨʦʛʨʘʤʠ. ʂʦʞʥʝ ʟʦʙʨʘʞʝʥʥʷ 



44 
 

ʩʫʧʨʦʚʦʜʞʫʻ ʢʦʨʦʪʢʠʡ ʥʘʜʧʠʩ, ʱʦ ʦʧʠʩʫʻ ʧʦʪʦʯʥʫ ʜʽʶ ʽ ʧʨʦʧʦʥʫʻ 

ʘʣʴʪʝʨʥʘʪʠʚʥʫ ʨʝʘʣʽʟʘʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʨʷʯʠʭ ʢʣʘʚʽʰ.  

ɼʦʤʘʰʥʽ ʟʘʚʜʘʥʥʷ ʥʘʜʘʶʪʴ ʩʪʫʜʝʥʪʘʤ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʢʨʠʪʠ ʩʚʦʾ 

ʪʚʦʨʯʽ ʟʜʽʙʥʦʩʪʽ, ʟʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʥʝ ʧʨʠʤʫʰʫʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʘʚʯʘʩʥʦ ʧʽʜʽʙʨʘʥʽ ʤʘʪʝʨʽʘʣʠ ʘʙʦ ʞʦʨʩʪʢʦ ʩʬʦʨʤʦʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ. ɻʦʣʦʚʥʘ ʚʠʤʦʛʘ ʜʦ ʩʪʫʜʝʥʪʽʚ ð ʙʫʪʠ ʢʨʝʘʪʠʚʥʠʤʠ ʪʘ, 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʧʨʘʢʪʠʯʥʠʡ ʤʘʪʝʨʽʘʣ, ʩʪʚʦʨʶʚʘʪʠ ʘʚʪʦʨʩʴʢʽ ʧʨʦʝʢʪʠ, ʷʢʽ 

ʟʤʦʞʫʪʴ ʩʧʨʘʚʠʪʠ ʚʨʘʞʝʥʥʷ ʥʘ ʩʧʦʩʪʝʨʽʛʘʯʘ. ʆʩʦʙʣʠʚʽʩʪʶ ʜʘʥʦʾ ʨʦʙʦʪʠ 

ʩʪʘʣʦ ʟʘʣʫʯʝʥʥʷ ʜʦ ʩʧʽʚʧʨʘʮʽ ʩʪʫʜʝʥʪʘ ʪʽʻʾ ʞ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ, ʱʦ ʡ ʪʘ, ʥʘ 

ʷʢʫ ʦʨʽʻʥʪʦʚʘʥʠʡ ʥʘʚʯʘʣʴʥʠʡ ʢʫʨʩ. ʎʝ ʜʘʣʦ ʟʤʦʛʫ ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʽʥʪʝʨʝʩʠ 

ʪʘ ʧʦʪʨʝʙʠ ʮʽʣʴʦʚʦʾ ʘʫʜʠʪʦʨʽʾ ʪʘ, ʷʢ ʥʘʩʣʽʜʦʢ, ʧʽʜʙʠʨʘʪʠ ʥʘʡʘʢʪʫʘʣʴʥʽʰʽ 

ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʧʨʘʢʪʠʯʥʠʭ ʨʦʙʽʪ. ʆʜʥʠʤ ʟ ʽʨʦʥʽʯʥʠʭ ʧʨʠʢʣʘʜʽʚ ʪʘʢʦʛʦ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʪʘʣʦ ʟʘʚʜʘʥʥʷ ʧʝʨʰʦʾ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ, ʚ ʷʢʽʡ ʩʪʘʪʫʩʥʽʡ 

ʽʥʦʤʘʨʮʽ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ çʧʨʠʢʨʫʪʠʪʠè ʢʦʣʝʩʘ ʚʩʶʜʠʭʽʜʥʦʛʦ ʪʨʘʢʪʦʨʘ 

(ʨʠʩ.1). 

      
 

ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʩʘʤʦʩʪʽʡʥʦʾ ʨʦʙʦʪʠ ʧʝʨʰʦʛʦ ʟʘʥʷʪʪʷ 

ɺʠʩʥʦʚʢʠ. ɼʦʩʚʽʪ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʩʪʫʜʝʥʪʠ ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ ʟʘʚʜʘʥʴ, ʱʦ 

ʧʝʨʝʜʙʘʯʝʥʽ ʜʘʥʠʤ ʧʦʩʽʙʥʠʢʦʤ, ʜʦʟʚʦʣʠʪʴ ʫ ʮʽʢʘʚʽʡ ʪʘ ʟʨʫʯʥʽʡ ʜʣʷ ʥʠʭ 

ʬʦʨʤʽ ʥʘʙʫʪʠ ʥʝʦʙʭʽʜʥʠʭ ʟʥʘʥʴ, ʫʤʽʥʴ ʪʘ ʥʘʚʠʯʦʢ ʫ ʛʘʣʫʟʽ ʨʦʟʨʦʙʢʠ ʪʘ 

ʨʝʜʘʛʫʚʘʥʥʷ ʨʘʩʪʨʦʚʠʭ ʟʦʙʨʘʞʝʥʴ, ʩʧʨʷʤʦʚʘʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ 

ʩʬʝʨʘʭ ʜʠʟʘʡʥ-ʜʽʷʣʴʥʦʩʪʽ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʥʘʧʨʷʤʢʦʤ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ 

ʨʦʙʦʪʠ ʻ ʤʦʞʣʠʚʽʩʪʴ ʜʦʧʦʚʥʠʪʠ ʾʾ ʨʦʟʜʽʣʠ ʚʽʜʝʦʫʨʦʢʘʤʠ ʚʽʜʧʦʚʽʜʥʦʾ 

ʪʝʤʘʪʠʢʠ, ʟ ʤʝʪʦʶ ʥʘʜʘʥʥʷ ʟʨʫʯʥʦʩʪʽ ʪʘ ʟʘʮʽʢʘʚʣʝʥʦʩʪʽ ʩʪʫʜʝʥʪʘʤ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʽ ʪʘʢʦʾ ʬʦʨʤʠ ʥʘʚʯʘʥʥʷ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. ʂʝʣʙʠ ʉʢʦʪʪ Adobe Photoshop CS6. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʮʠʬʨʦʚʦʡ 

ʬʦʪʦʛʨʘʬʠʠ : ʇʝʨ. ʩ ʘʥʛʣ.  ╖  ʄ. : ʀʟʜʘʪʝʣʴʩʪʚʦ çɺʠʣʴʷʤʩè, 2013.  ╖  458 ʩ. 

2. ʌʫʣʣʝʨ ɼ. Photoshop. ʇʦʣʥʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. ʆʬʠʮʠʘʣʴʥʘʷ ʨʫʩʩʢʘʷ 

ʚʝʨʩʠʷ./ɼ. ʌʫʣʣʝʨ, ʄ.ʌʠʥʢʦʚ, ʈ.ʇʨʦʢʜʠ.  ╖  ʉʇʙ.: ʅʘʫʢʘ ʠ ʪʝʭʥʠʢʘ, 2017.  ╖ 

464ʩ. 

3. ʋʯʝʙʥʠʢʠ ʜʣʷ ʌʦʪʦʰʦʧʘ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] / ʩʘʡʪ demiart.ru  ╖ 

ʈʝʞʠʤ ʜʦʩʪʫʧʘ : https://photoshop.demiart.ru/photoshop-manual.shtml  ╖ 2000  ╖ 

2019ʛ.  ╖  ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 
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ʋɼʂ 004.92 

 

ʉʊɺʆʈɽʅʅʗ ɽʌɽʂʊʋ ʆɹôɭʄʅʆɰ ɸʅɯʄɸʎɯɰ ʅɸ ʆʉʅʆɺɯ 

ɼɺʆɺʀʄɯʈʅʆɻʆ ɿʆɹʈɸɾɽʅʅʗ ɺ ʉɽʈɽɼʆɺʀʑɯ ɻʈɸʌɯʏʅʆɻʆ 

ʇɸʂɽʊʋ ADOBE PHOTOSOP 

 

ɻʣʘʜʢʦʚʩʴʢʘ ɸ.ɼ., ʩʪʫʜʝʥʪ, 

ɻʣʽʙʢʦ ʆ.ɸ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ  

çʍʘʨʢʽʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, (ʋʢʨʘʾʥʘ, ʤ. ʍʘʨʢʽʚ) 

 

ɸʥʦʪʘʮʽʷ -  ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʨʠʚʠʤʽʨʥʠʭ (3D) ʽʥʩʪʨʫʤʝʥʪʽʚ ʛʨʘʬʽʯʥʦʛʦ ʧʘʢʝʪʫ Photoshop ʜʣʷ 

ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʠʣʽʟʦʚʘʥʠʭ ʦʙôʻʤʥʠʭ ʘʥʽʤʘʮʽʡʥʘ ʦʩʥʦʚʽ ʜʚʦʚʠʤʽʨʥʠʭ (2D) 

ʟʦʙʨʘʞʝʥʴ, ʩʪʚʦʨʝʥʠʭ ʫ ʩʝʨʝʜʦʚʠʱʽ ʩʘʤʦʛʦ ʧʘʢʝʪʫ. ʆʪʨʠʤʘʥʠʡ ʧʨʦʜʫʢʪ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʫ ʩʬʝʨʽ ʨʝʢʣʘʤʠ, ʦʩʚʽʪʠ ʯʠ ʤʠʩʪʝʮʪʚʘ. 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʘ ʜʦʮʽʣʴʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʤʥʦʾ ʘʥʽʤʘʮʽʾ ʚ Photoshop, ʪʘ 

ʧʦʜʘʣʴʰʽ ʥʘʧʨʷʤʢʠ ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʚʽʟʫʘʣʽʟʘʮʽʷ, ʘʥʽʤʘʮʽʷ, ʨʘʩʪʨʦʚʘ ʛʨʘʬʽʢʘ, 

ʢʦʤʧôʶʪʝʨʥʘ ʛʨʘʬʽʢʘ,  ʤʦʜʝʣʶʚʘʥʥʷ 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ï ʉʪʘʥʜʘʨʪʥʘ ʚʽʟʫʘʣʽʟʘʮʽʷ ʩʶʞʝʪʽʚ ʫ ʚʠʛʣʷʜʽ 

ʟʚʠʯʘʡʥʠʭ ʘʙʦ ʘʥʽʤʦʚʘʥʠʭ ʽʣʶʩʪʨʘʮʽʡ ʥʝ ʟʘʚʞʜʠ ʚʽʜʧʦʚʽʜʘʻ ʩʫʯʘʩʥʠʤ 

ʧʦʪʨʝʙʘʤ ʰʚʠʜʢʦʟʤʽʥʥʦʛʦ ʢʨʝʘʪʠʚʥʦʛʦ ʮʠʬʨʦʚʦʛʦ ʨʠʥʢʫ. ɸ ʦʩʢʽʣʴʢʠ ʚ 

ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ, ʦʩʦʙʣʠʚʦ ʚ ʨʝʢʣʘʤʽ, ʩʘʤʝ ʛʨʘʬʽʢʘ ʧʦʚʠʥʥʘ ʧʨʠʚʘʙʣʶʚʘʪʠ 

ʫʚʘʛʫ ʩʧʦʩʪʝʨʽʛʘʯʘ, ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʚ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʩʧʦʩʦʙʽʚ ʩʪʚʦʨʝʥʥʷ 

ʛʨʘʬʽʯʥʦʛʦ ʧʨʦʜʫʢʪʫ.  

ɺ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ ʚʝʣʠʢʦʾ ʧʦʧʫʣʷʨʥʦʩʪʽ ʜʦʩʷʛʣʘ 3D-ʛʨʘʬʽʢʘ, ʘʜʞʝ 

ʚʦʥʘ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʜʦʩʪʘʪʥʴʦ ʫʥʽʚʝʨʩʘʣʴʥʠʭ ʤʦʜʝʣʝʡ ʪʘ ʩʮʝʥ 

ʜʣʷ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʦʚʠʜʘʭ ʛʨʘʬʽʯʥʦʾ ʧʨʦʜʫʢʮʽʾ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʩʧʨʷʤʫʚʘʥʥʷ. 

ɿ ʽʥʰʦʛʦ ʙʦʢʫ, ʚʦʥʘ ʧʦʪʨʝʙʫʻ ʚʝʣʠʢʦʾ ʟʘʪʨʘʪʠ ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʪʘ 

ʯʘʩʫ. ɿʥʘʯʥʦ ʮʽʢʘʚʽʰʠʤ ʻ ʧʽʜʭʽʜ, ʱʦ ʥʘʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 2D- 

ʤʘʣʶʥʢʫ ʜʣʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʡʦʛʦ ʫ 3D ʡ ʦʪʨʠʤʘʥʥʷ ʝʬʝʢʪʫ ʦʙôʻʤʥʦʾ ʩʮʝʥʠ ʟ 

ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʎʝ ʧʦʪʨʝʙʫʻ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ, ʘ ʦʪʞʝ ʽ 

ʨʝʩʫʨʩʽʚ, ʥʽʞ ʧʦʚʥʦʤʘʩʰʪʘʙʥʘ ʩʮʝʥʘ ʫ 3D-ʧʘʢʝʪʽ. ʇʨʠ ʮʴʦʤʫ ʪʘʢʠʡ ʧʽʜʭʽʜ 

ʧʦʚʝʨʪʘʻ ʷʩʢʨʘʚʽ ʪʘ ʝʬʝʢʪʥʽ ʤʦʤʝʥʪʠ, ʷʢʽ ʧʨʠʪʘʤʘʥʥʽ  ʤʘʣʶʥʢʫ, ʪʘ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʘʪʠ ʩʪʠʣʴʥʠʡ ʡ ʧʨʠʚʘʙʣʠʚʠʡ ʛʨʘʬʽʯʥʠʡ ʧʨʦʜʫʢʪ. ɼʦ ʪʦʛʦ ʞ, ʷʢʱʦ 

ʚʨʘʭʫʚʘʪʠ, ʱʦ ʚʩʝ ʙʫʜʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʚ ʦʜʥʽʡ ʧʨʦʛʨʘʤʽ, ʪʦ ʤʦʞʥʘ 

ʩʪʚʝʨʜʞʫʚʘʪʠ, ʱʦ ʮʝ ʟʚʽʣʴʥʷʻ ʚʽʜ ʧʨʦʙʣʝʤ ʪʘ ʥʶʘʥʩʽʚ ʢʦʥʚʝʨʪʘʮʽʾ ʟʦʙʨʘʞʝʥʴ 

ʪʘ ʥʘʜʘʻ ʥʝʦʙʤʝʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ ʱʦʜʦ ʤʘʥʽʧʫʣʷʮʽʾ ʦʢʨʝʤʠʤʠ ʯʘʩʪʠʥʘʤʠ 

ʟʦʙʨʘʞʝʥʥʷ.  
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ  -  ɺ ʣʽʪʝʨʘʪʫʨʽ ʜʦʩʠʪʴ ʤʘʣʦ ʜʘʥʠʭ ʧʨʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʦʛʦ ʤʝʪʦʜʫ ʚʽʜʪʚʦʨʝʥʥʷ ʘʥʽʤʘʮʽʡʥʦʾ ʛʨʘʬʽʢʠ. ɹʽʣʴʰʽʩʪʴ 

ʨʦʙʽʪ ʘʥʘʣʽʟʫʻ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʢʣʘʩʠʯʥʦʾ ʢʦʤʧôʶʪʝʨʥʦʾ ʘʥʽʤʘʮʽʾ, ʪʘ 

ʾʾ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʞʠʪʪʷ [1,2,3].  

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ) - ʄʝʪʘ ʜʘʥʦʾ ʩʪʘʪʪʽ - ʦʧʠʩ 

ʝʪʘʧʽʚ ʩʪʚʦʨʝʥʥʷ ʘʥʽʤʦʚʘʥʦʛʦ 3D-ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 2D ʛʨʘʬʽʢʠ 

ʪʘ ʘʥʘʣʽʟ ʤʦʞʣʠʚʦʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ -  ɼʣʷ ʪʦʛʦ ʱʦʙ ʩʪʚʦʨʠʪʠ ʦʙôʻʤʥʫ ʩʮʝʥʫ ʟ ʦʜʥʦʛʦ 

ʜʚʦʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʧʦʪʨʽʙʥʘ ʧʦʧʝʨʝʜʥʷ ʧʽʜʛʦʪʦʚʢʘ ʡ ʦʨʛʘʥʽʟʘʮʽʷ 

ʧʨʦʝʢʪʫ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ ʮʝ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʡ ʥʘʡʩʢʣʘʜʥʽʰʠʤ ʝʪʘʧʦʤ. ʇʨʠ 

ʩʪʚʦʨʝʥʥʽ ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ ʩʪʨʫʢʪʫʨʫ ʦʢʨʝʤʠʭ ʰʘʨʽʚ 

ʧʨʦʝʢʪʫ ʽ ʤʘʪʠ ʯʽʪʢʝ ʫʷʚʣʝʥʥʷ, ʷʢʽ ʦʙôʻʢʪʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʥʘ ʦʜʥʦʤʫ ʰʘʨʠ, ʘ 

ʷʢʽ ʦʢʨʝʤʦ, ʷʢʽ ʧʨʝʜʤʝʪʠ ʨʦʟʪʘʰʦʚʘʥʽ ʙʣʠʞʯʝ ʜʦ ʛʣʷʜʘʯʘ, ʷʢʽ ʧʦʜʘʣʽ ʪʘ 

ʚʨʘʭʫʚʘʪʠ ʽʥʰʽ ʬʘʢʪʦʨʠ.  

ʊʦʙʪʦ ʪʨʝʙʘ ʫʷʚʣʷʪʠ ʮʽʣʴʥʫ ʽʣʶʩʪʨʘʮʽʶ ʷʢ ʩʮʝʥʫ ʪʝʘʪʨʫ ʟ ʜʝʢʦʨʘʮʽʷʤʠ, 

ʜʝ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʠʤʠ, ʱʦ ʚʩʪʘʥʦʚʣʝʥʘ ʚʞʝ ʥʘ ʝʪʘʧʽ 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʙʫʜʝ 

ʩʪʚʦʨʶʚʘʪʠ ʽʣʶʟʽʶ ʦʙôʻʤʫ, ʪʘʢ ʟʚʘʥʫ ʪʝʘʪʨʘʣʴʥʫ ʧʝʨʩʧʝʢʪʠʚʫ. ʊʘʢʦʞ 

ʚʘʞʣʠʚʦ ʨʦʟʜʽʣʠʪʠ ʟʦʙʨʘʞʝʥʥʷ ʫʤʦʚʥʦ ʥʘ 3 ʦʩʥʦʚʥʽ ʧʣʘʥʠ ï ʧʝʨʝʜʥʽʡ, 

ʦʩʥʦʚʥʠʡ ʪʘ ʟʘʜʥʽʡ. ʎʝ ʙʫʜʫʪʴ ʦʩʥʦʚʥʽ ʛʨʫʧʠ, ʚ ʷʢʠʭ ʚʞʝ ʚʠʟʥʘʯʠʪʴʩʷ ʩʚʦʷ 

ʩʪʨʫʢʪʫʨʘ ʰʘʨʽʚ, ʽʥʜʠʚʽʜʫʘʣʴʥʘ ʜʣʷ ʢʦʞʥʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ 

(ʨʠʩ.1).  

 

 
 

ʈʠʩ.1 ╖ ɻʦʪʦʚʘ ʽʣʩʁʪʨʘʮʽʷ ʚʠʢʦʥʘʥʘ ʚ Photoshop ʽ ʨʦʟʤʝʞʦʚʘʥʘ ʥʘ ʰʘʨʠ. 

 

ʂʦʣʠ ʟʦʙʨʘʞʝʥʥʷ ʤʘʻ ʬʽʥʘʣʴʥʠʡ ʚʠʛʣʷʜ, ʽ ʰʘʨʠ ʯʽʪʢʦ ʩʪʨʫʢʪʫʨʦʚʘʥʽ, 

ʥʘʩʪʫʧʘʻ ʝʪʘʧ 3D-ʚʽʟʫʘʣʽʟʘʮʽʾ. ɿ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ 3D ʧʘʥʝʣʽ ʚʩʽ 

ʰʘʨʠ ʟʦʙʨʘʞʝʥʥʷ ʤʘʶʪʴ ʩʬʦʨʤʫʚʘʪʠʩʷ ʚ ʦʜʥʫ 3D ʩʮʝʥʫ, ʜʝ ʢʦʞʝʥ ʝʣʝʤʝʥʪ 

ï ʧʣʦʩʢʝ ʟʦʙʨʘʞʝʥʥʷ. ʇʦʪʽʤ ʚʠʩʪʘʚʣʷʻʪʴʩʷ ʥʝʦʙʭʽʜʥʠʡ ʧʦʨʷʜʦʢ, ʚʽʜʩʪʘʥʴ ʽ 

ʢʫʪ ʥʘʭʠʣʫ. 

ʆʩʢʽʣʴʢʠ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 3D-ʤʦʜʝʣʶʚʘʥʥʷ, ʧʨʦʛʨʘʤʘ ʥʝ ʚʠʤʫʰʝʥʘ 

ʚʠʨʘʭʦʚʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ, ʦʩʚʽʪʣʝʥʥʷ, ʪʽʥʽ, ʚʽʜʙʣʠʩʢʠ ʪʘ ʽʥʰ., ʪʦ 

ʧʨʦʮʝʩ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦ ʤʝʥʰʠʭ ʨʝʩʫʨʩʽʚ ʢʦʤʧôʶʪʝʨʘ, ʱʦ ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ 

ʰʚʠʜʢʦʩʪʽ, ʘ ʪʘʢʦʞ ʥʝ ʦʙʤʝʞʫʻ ʘʚʪʦʨʘ ʟ ʪʦʯʢʠ ʟʦʨʫ ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ  
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ʌʽʥʘʣʴʥʠʡ ʝʪʘʧ ï ʧʨʘʮʷ ʟ ʥʘʧʨʷʤʢʦʤ ʢʘʤʝʨʠ, ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷʤ 

ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʦʾ ʧʘʥʝʣʽ ï ɸʥʽʤʘʮʽʷ. 

ɻʦʣʦʚʥʝ, ʩʪʚʦʨʠʪʠ ʪʘʢʽ ʢʘʜʨʠ, ʱʦʙ ʚʠʥʠʢʘʣʦ ʚʨʘʞʝʥʥʷ ʨʫʭʫ ʦʢʨʝʤʠʭ 

ʝʣʝʤʝʥʪʽʚ ʟʦʙʨʘʞʝʥʥʷ.  ʋ ʧʽʜʩʫʤʢʫ ʦʪʨʠʤʫʻʤʦ ʧʦʚʥʦʮʽʥʥʫ ʘʥʽʤʦʚʘʥʫ ʩʮʝʥʫ, 

ʱʦ ʚʠʤʘʛʘʻ ʤʝʥʰʠʭ ʪʝʭʥʽʯʥʠʭ ʨʝʩʫʨʩʽʚ ʥʽʞ ʧʦʚʥʦʮʽʥʥʘ 3D-ʘʥʽʤʘʮʽʷ (ʨʠʩ.2).  

 

 
ʈʠʩ.2  ╖ ʇʨʦʮʝʩ ʚʽʟʫʘʣʽʟʘʮʽʾ ʫ ʚʠʛʣʷʜʽ ʦʙô̒ ʤʥʦʾ ʩʮʝʥʠ 

  

ɺʠʩʥʦʚʢʠ ï 2D ï ʥʘʡʩʪʘʨʽʰʠʡ ʩʧʦʩʽʙ ʩʪʚʦʨʝʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʷʢʦʤʫ 

ʧʨʠʪʘʤʘʥʥʘ ʥʝʡʤʦʚʽʨʥʘ ʚʠʨʘʟʥʽʩʪʴ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ 3D ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʜʣʷ 

2D-ʘʥʽʤʘʮʽʾ ʩʪʘʪʠʯʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʙ'ʻʜʥʫʶʯʠ ʩʠʣʴʥʽ ʩʪʦʨʦʥʠ ʦʙʦʭ 

ʧʽʜʭʦʜʽʚ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʥʶʘʥʩʠ, ʷʢʽ ʤʦʞʣʠʚʽ ʪʽʣʴʢʠ ʚ ʤʘʣʶʥʢʫ çʚʽʜ ʨʫʢʠè, 

ʪʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʾ ʽ ʧʝʨʝʚʘʛʠ ʪʨʠʚʠʤʽʨʥʦʾ ʘʥʽʤʘʮʽʾ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ: 

 

1.ɼʞ. ʃʠ. ʊʨʸʭʤʝʨʥʘʷ ʛʨʘʬʠʢʘ ʠ ʘʥʠʤʘʮʠʷ / ɼʞ. ʃʠ, ɹ. ʋʵʨ. ï ʄ. : 

ɺʠʣʴʷʤʩ, 2002. ï 640 ʩ. 

2.ʄʦʤʦʪ ʈ.ɸ. ʇʨʦ ʢʦʤʧôʶʪʝʨʥʫ ʘʥʽʤʘʮʽʶ ʪʘ ʪʝʭʥʦʣʦʛʽʾ ʾʾ ʩʪʚʦʨʝʥʥʷ / 

ʈ.ɸ. ʄʦʤʦʪ, ɸ.ʆ. ʖʨʯʝʥʢʦ // ʋʢʨʘʾʥʘ ʤʘʡʙʫʪʥʴʦʛʦ: ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʪʝʛʨʘʮʽʾ 

ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ: ʄʘʪʝʨʽʘʣʠ ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ 

ʢʦʥʬʝʨʝʥʮʽʾ, 12-14 ʚʝʨʝʩʥʷ 2018 ʨ., ʤ. ʉʫʤʠ. ï ʉʫʤʠ : ʉʫʤɼʇʋ ʽʤʝʥʽ ɸ.ʉ. 

ʄʘʢʘʨʝʥʢʘ, 2018. ï ʉ. 75-76. 

3.ʖʨʯʝʥʢʦ ɸ.ʆ. ɺʽʜʝʦʛʨʘʬʽʢʘ ʷʢ ʦʜʠʥ ʟ ʚʠʜʽʚ ʽʥʬʦʛʨʘʬʽʢʠ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʚʽʜʝʦ-ʘʥʽʤʘʮʽʡ / ɸ.ʆ. ʖʨʯʝʥʢʦ // ʋʢʨʘʾʥʘ 

ʤʘʡʙʫʪʥʴʦʛʦ: ʧʝʨʩʧʝʢʪʠʚʠ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʨʦʟʚʠʪʢʫ: ʄʘʪʝʨʽʘʣʠ 

ʤʽʞʥʘʨʦʜʥʦʾ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʦʾ ʢʦʥʬʝʨʝʥʮʽʾ, 12-14 ʚʝʨʝʩʥʷ 2018 ʨ., ʤ. 

ʉʫʤʠ. ï ʉʫʤʠ : ʉʫʤɼʇʋ ʽʤʝʥʽ ɸ.ʉ. ʄʘʢʘʨʝʥʢʘ, 2018. ï ʉ. 81-83. 
 

  



48 
 

ʋɼʂ 620.93:662.769.21 

 

ʇɯɼɺʀʑɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ʈʆɹʆʊʀ ɻɽʅɽʈɸʊʆʈɸ ɺʆɼʅʖ 

ɿɸ ʈɸʍʋʅʆʂ ɿɸʉʊʆʉʋɺɸʅʅʗ ʄʆɼʋʃʖ ɺɯɹʈɸʎɯʁʅʀʍ 

ʂʆʃʀɺɸʅʔ 

 

ɭʩʘʬôʻʚ ɭ.ʆ. 1, ʫʯʝʥʴ, 

ʃʫʛʦʚʩʴʢʠʡ ʆ.ʌ. 2, ʜ.ʪ.ʥ., 

ʅʦʯʥʽʯʝʥʢʦ ɯ.ɺ.2, ʢ.ʪ.ʥ., 

ʂʦʩʪʶʢ ɼ.ɺ. 2, ʢ.ʪ.ʥ. 

 

1 - ʉʧʝʮʽʘʣʽʟʦʚʘʥʘ ʰʢʦʣʘ ˉ317, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

2 - ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 
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ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʷʢʠʭ ʧʝʨʝʚʠʱʫʻ ʧʦʨʽʛ ʚʠʥʠʢʥʝʥʥʷ ʢʘʚʽʪʘʮʽʾ. 
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ʩʧʦʩʦʙʫ. ʆʪʨʠʤʘʥʝ ʟʨʦʩʪʘʥʥʷ ʢʽʣʴʢʦʩʪʽ ʚʠʜʽʣʝʥʦʛʦ ʛʘʟʫ ʧʽʜ ʯʘʩ 

ʚʽʙʨʘʮʽʡʥʦʛʦ ʚʧʣʠʚʫ. 

ʈʦʟʛʣʷʥʫʪʦ ʩʧʦʩʽʙ ʞʠʚʣʝʥʥʷ ʛʝʥʝʨʘʪʦʨʘ ʚʽʜ ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ⱷ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ, ʫʣʴʪʨʘʟʚʫʢʦʚʘ ʢʘʚʽʪʘʮʽʷ, ʚʽʙʨʘʮʽʡʥʽ 

ʢʦʣʠʚʘʥʥʷ, ʚʦʜʝʥʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʥʘʰ ʯʘʩ ʚ ʷʢʦʩʪʽ ʧʘʣʠʚʘ ʯʘʩʪʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʛʽʣʣʷ, ʥʘʬʪʫ ʯʠ ʛʘʟ. ʇʽʜ ʯʘʩ ʩʧʘʣʶʚʘʥʥʷ ʮʠʭ ʧʨʦʜʫʢʪʽʚ ʚ 

ʘʪʤʦʩʬʝʨʫ ʚʠʢʠʜʘʻʪʴʩʷ ʙʘʛʘʪʦ ʰʢʽʜʣʠʚʠʭ ʛʘʟʽʚ. ʂʨʽʤ ʪʦʛʦ, ʮʽ ʧʨʠʨʦʜʥʽ 

ʨʝʩʫʨʩʠ ʱʝ ʡ ʜʦʚʦʣʽ ʩʪʨʽʤʢʦ ʟʘʢʽʥʯʫʶʪʴʩʷ. ʊʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʻ ʚʦʜʥʝʚʘ 

ʝʥʝʨʛʝʪʠʢʘ, ʘʜʞʝ ʟʘʧʘʩʠ ʚʦʜʥʶ ʻ ʜʫʞʝ ʚʝʣʠʢʠʤʠ ʽ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʦʙʦʪʠ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʚʦʜʥʽ ʥʝ ʚʠʥʠʢʘʻ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʦʜʝʥʴ ʯʘʩʪʦ 

ʦʪʨʠʤʫʶʪʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ, ʫ ʷʢʠʭ ʢʽʥʮʝʚʠʤ ʧʨʦʜʫʢʪʦʤ ʻ 

ʯʘʜʥʠʡ ʛʘʟ ʘʙʦ ʚʫʛʣʝʢʠʩʣʠʡ ʛʘʟ [1 - 3]. ʂʨʽʤ ʪʦʛʦ, ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʻ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʩʧʦʩʽʙ, ʚ ʷʢʦʤʫ, ʧʨʦʧʫʩʢʘʶʯʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ ʯʝʨʝʟ 

ʝʣʝʢʪʨʦʣʽʪ ʥʘ ʦʩʥʦʚʽ ʚʦʜʠ, ʦʪʨʠʤʫʶʪʴ ʚʦʜʝʥʴ ʪʘ ʢʠʩʝʥʴ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʤʝʪʦʜʫ ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʻ ʡʦʛʦ 

ʚʝʣʠʢʘ ʝʥʝʨʛʦʻʤʥʽʩʪʴ. ʊʦʤʫ ʜʣʷ ʚʦʜʥʝʚʦʾ ʝʥʝʨʛʝʪʠʢʠ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʽ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʨʦʟʨʦʙʢʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʛʝʥʝʨʘʮʽʾ 

ʚʦʜʥʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʙʦʨʦʪʥʠʭ ʧʨʦʮʝʩʽʚ ʯʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ. ʊʘʢʽ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʜʞʝʨʝʣʘ ʷʢ ʚʽʪʨʦʚʽ, ʩʦʥʷʯʥʽ ʯʠ ʚʦʜʥʽ ʤʦʞʫʪʴ 
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ʧʦʚʥʽʩʪʶ ʟʘʙʝʟʧʝʯʠʪʠ ʨʦʙʦʪʫ ʜʘʥʦʛʦ ʧʨʠʩʪʨʦʶ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ 

ʛʝʥʝʨʘʪʦʨʠ ʛʘʟʫ ɹʨʘʫʥʘ ʘʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ʨʠʥʢʫ ʘʚʪʦʣʶʙʠʪʝʣʽʚ. 

ʊʦʤʫ ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʟʘʨʘʟ ʘʢʪʠʚʥʦ ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʢʘʪʘʣʽʟʘʪʦʨʘ 

ʛʦʨʽʥʥʷ ʘʙʦ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʘʣʠʚʘ ʥʘ ʩʫʯʘʩʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʘʭ ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʷʤʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʎʽʣʣʶ ʩʪʘʪʪʽ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ï ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʝʚʦ-ʢʠʩʥʝʚʦʾ 

ʩʫʤʽʰʽ.  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ: 

- ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ; 

- ʚʠʷʚʣʝʥʥʷ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʷʢʽ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ 
ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ; 

- ʨʦʟʨʦʙʢʘ ʩʧʦʩʦʙʽʚ ʪʘ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʚʦʜʥʶ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɸʚʪʦʨʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʦʪʨʠʤʘʥʥʷ ʚʦʜʥʶ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʣʽʟʝʨʘ, ʫ ʷʢʠʭ ʙʫʣʦ  ʦʪʨʠʤʘʥʦ 

ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʡ ʩʪʘʙʽʣʴʥʦʩʪʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ [3]. ʇʦʜʘʣʴʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ 

ʚʠʷʚʣʝʥʥʷ ʰʣʷʭʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ. 

ʇʽʜ ʯʘʩ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ 

ʙʫʣʴʙʘʰʢʠ ʚʦʜʥʶ ʪʘ ʢʠʩʥʶ ʥʘ ʧʝʚʥʠʡ ʯʘʩ ʟʘʪʨʠʤʫʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʝʬʝʢʪʠʚʥʦʾ ʧʣʦʱʽ ʝʣʝʢʪʨʦʜʽʚ ʽ, 

ʚʽʜʧʦʚʽʜʥʦ, ʜʦ ʩʧʦʚʽʣʴʥʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʜʽʣʝʥʥʷ ʛʦʨʶʯʦʛʦ ʛʘʟʫ (ʨʠʩ.1). 

ɿʘʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʫ ʚʦʜʥʶ ʥʝʦʙʭʽʜʥʦ 

ʧʨʠʩʢʦʨʠʪʠ ʚʽʜʨʠʚ ʙʫʣʴʙʘʰʦʢ ʛʘʟʫ, ʪʦʙʪʦ çʩʪʨʫʩʠʪʠè ʾʭ ʟʘ ʨʘʭʫʥʦʢ 

ʪʫʨʙʫʣʽʟʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʻʤʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʟʝʨʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʾ ʘʙʦ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ. ɹʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʪʨʠ ʚʘʨʽʘʥʪʠ ʱʦʜʦ ʩʪʨʫʰʫʚʘʥʥʷ ʮʠʭ ʙʫʣʴʙʘʰʦʢ ʟ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʽʚ: 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʙʨʘʮʽʡʥʦʛʦ ʙʣʦʢʫ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʢʦʣʠʚʘʥʴ; 

- ʟʘ ʜʦʧʦʤʦʛʦʶ ʫʣʴʪʨʘʟʚʫʢʦʚʦʾ ʢʘʚʽʪʘʮʽʾ; 

ʈʠʩ.1.  ʉʭʝʤʘ ʧʣʘʩʪʠʥʠ ʟ ñʧʨʠʣʠʧʣʠʤʠò ʙʫʣʴʙʘʰʢʘʤʠ ʛʘʟʫ 

(1- ʙʫʣʴʙʘʰʢʠ ʛʘʟʫ, 2(  ) - ʝʬʝʢʪʠʚʥʘ ʧʣʦʱʘ ʧʣʘʩʪʠʥʠ) 

1 

2 
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- ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʛʦ ʩʧʦʩʦʙʫ ʟʙʫʜʞʝʥʥʷ 

ʫʣʴʪʨʘʟʚʫʢʦʚʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ; 

- ʧʦʻʜʥʘʥʥʷ ʚʩʽʭ ʪʨʴʦʭ ʚʘʨʽʘʥʪʽʚ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʟʽʙʨʘʥʦ ʩʪʝʥʜ ʜʣʷ 

ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʙʝʟ ʪʘ ʟ ʚʧʣʠʚʦʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ 

ʟʟʦʚʥʽ (ʨʠʩ.2). 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ ʽ ʢʦʞʥʘ ʢʦʥʪʨʦʣʴʥʘ 

ʪʦʯʢʘ ʧʝʨʝʚʽʨʷʣʘʩʴ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʪʝʦʨʽʻʶ ʧʣʘʥʫʚʘʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʚʽʙʨʘʮʽʾ ʟ ʯʘʩʪʦʪʦʶ 

50 ɻʮ, ʘʤʧʣʽʪʫʜʦʶ Ñ0,5 ʤʤ ʪʘ ʧʦʪʫʞʥʽʩʪʶ 47 ɺʪ ʜʦʩʷʛʘʻʪʴʩʷ ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ (ʪʘʙʣ.1). ɸʥʘʣʽʟ ʟʘʣʝʞʥʦʩʪʽ 

ʧʦʢʘʟʘʚ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʩʫʤʽʰʽ ʛʘʟʽʚ ʩʢʣʘʜʘʻ ʚ 

ʩʝʨʝʜʥʴʦʤʫ 15-17%. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʯʥʦʾ ʦʙʨʦʙʢʠ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʪʨʘʪʠ 

ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ, ʷʢʽ ʤʘʶʪʴ ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ (ʨʠʩ. 3). ɼʘʥʽ 

ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʧʨʠ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʶ 

ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʪʘ ʧʽʜʪʨʠʤʢʠ ʨʘʮʽʦʥʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ. 

ɼʣʷ ʙʽʣʴʰʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʫ ʚʦʜʥʶ ʫ ʤʘʡʙʫʪʥʴʦʤʫ ʧʣʘʥʫʻʪʴʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʽ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ ʜʣʷ 

ʞʠʚʣʝʥʥʷ ʝʣʝʢʪʨʦʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ. ʋ ʨʽʟʥʠʭ ʨʝʛʽʦʥʘʭ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ: ʝʥʝʨʛʽʷ ʪʝʯʽʾ, ʭʚʠʣʴ, ʚʽʪʨʦʚʫ, ʩʦʥʷʯʥʫ ʘʙʦ 

ʩʠʤʙʽʦʟ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ. 

 

 
ʅʘʡʧʨʦʩʪʽʰʠʡ ʽ ʥʘʡʜʦʩʪʫʧʥʽʰʠʡ ʟ ʮʠʭ ʚʘʨʽʘʥʪʽʚ ï ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ 

(ʨʠʩ.4). ɰʾ ʪʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: Imax=1,1A, Umax=18V. ʊʘʢʦʞ ʻ 

ʢʦʥʪʨʦʣʝʨ ʽ ʙʘʪʘʨʝʷ (12 ɺ, 7,2 ɸ/ʛ), ʟʘʚʜʷʢʠ ʷʢʽʡ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ ʟʤʦʞʝ 

ʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ ʧʨʠ ʟʤʽʥʥʽʡ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʩʦʥʷʯʥʦʛʦ (ʨʠʩ. 4). 

 ʂʦʣʠ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ ʥʝ ʧʨʘʮʶʻ ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ ʟʘʨʷʜʞʘʻ ʙʘʪʘʨʝʶ, 

ʝʥʝʨʛʽʶ ʷʢʦʾ ʧʦʪʽʤ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʨʦʙʦʪʠ ʚʥʦʯʽ ʘʙʦ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʫ ʜʝʥʥʠʡ ʯʘʩ.  

3 

 

 

ʈʠʩ.2.  ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʙʣʦʢʦʤ ʚʽʙʨʘʮʽʡ 

(1-ʝʣʝʢʪʨʦʣʽʟʝʨ, 2-ʚʽʙʨʫʶʯʠʡ ʝʣʝʤʝʥʪ, 3-ʙʣʦʢ ʞʠʚʣʝʥʥʷ) 
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ʈʦʟʨʦʙʣʝʥʠʡ ʚʘʨʽʘʥʪ ʝʣʝʢʪʨʦʣʽʟʝʨʘ  ʤʘʻ ʥʝʚʝʣʠʢʽ ʛʘʙʘʨʠʪʠ ʪʘ ʚʘʛʫ ʽ 

ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʩʦʢʦʶ ʪʝʭʥʦʣʦʛʽʯʥʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ. ɺʽʥ ʥʝ ʧʦʪʨʝʙʫʻ 

ʫʱʽʣʴʥʝʥʴ ʝʣʝʢʪʨʦʣʽʪʠʯʥʠʭ ʢʦʤʽʨʦʢ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʦʙôʻʢʪʘʭ ʟ 

ʥʝʚʝʣʠʢʠʤ ʩʧʦʞʠʚʘʥʥʷʤ ʚʦʜʥʶ, ʥʘʧʨʠʢʣʘʜ, ʫ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ 

ʘʧʘʨʘʪʘʭ ʫ ʷʢʦʩʪʽ ʛʝʥʝʨʘʪʦʨʘ ʧʘʣʠʚʘ. 

ʊʘʙʣ.1 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʽʚ 

I ʝʢʩʧʝʨʠʤʝʥʪ ï ʙʝʟ ʢʦʣʠʚʘʥʴ 

ʩʠʣʘ ʩʪʨʫʤʫ 

I, A  
U, ɺ 

ʦʙôʻʤ ʛʘʟʽʚ 

V, ʣ  
ʯʘʩ Ű, c  t,ÁC Q ʣ/ʭʚ 

1,85 60 0,05 16 35 0,1875 

2,15 60 0,05 10 46 0,3 

2,30 60 0,05 7 55 0,428571429 

Iɯ ʝʢʩʧʝʨʠʤʝʥʪ ï ʚʽʙʨʘʮʽʡʥʽ ʢʦʣʠʚʘʥʥʷ 

I, A ʩʠʣʘ 

ʩʪʨʫʤʫ 
U, ɺ 

ʦʙôʻʤ ʛʘʟʽʚ 

V,ʣ  
Ű, c t,ÁC Q ʣ/ʭʚ 

1,85 60 0,05 12,5 35 0,24 

2,2 60 0,05 8 46 0,375 

2,35 60 0,05 5,5 56 0,545454545 

 

ʈʠʩ.3. ʇʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʝʟ ʪʘ ʟ ʚʽʙʨʘʮʽʷʤʠ ʫ ʚʠʛʣʷʜʽ 

ʛʨʘʬʽʯʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʟ ʥʝʚʝʣʠʢʠʤʠ ʛʘʙʘʨʠʪʘʤʠ. 

ɺʠʩʥʦʚʢʠ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʘ ʦʪʨʠʤʘʥʘ ʟʘʣʝʞʥʽʩʪʴ 

ʯʘʩʫ ʚʠʜʽʣʝʥʥʷ ʩʪʘʣʦʛʦ ʦʙôʻʤʫ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʠ ʨʽʟʥʠʭ ʧʦʯʘʪʢʦʚʠʭ 

ʟʥʘʯʝʥʥʷʭ ʩʪʨʫʤʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʽʩʪʴ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʦʾ 

ʨʝʘʢʮʽʾ ʟ ʚʠʜʽʣʝʥʥʷʤ ʩʪʘʣʦʛʦ  ʦʙôʻʤʫ ʛʘʟʫ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʯʘʩʫ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʝʣʝʢʪʨʦʣʽʟʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʤʦʜʝʨʥʽʟʫʚʘʪʠ ʢʦʥʩʪʨʫʢʮʽʶ ʟʘ ʨʘʭʫʥʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ 

ʚ ʟʤʽʥʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

1 

2 
1 

2 
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ʈʠʩ.4.  ʉʭʝʤʘ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʟ ʩʦʥʷʯʥʦʶ ʧʘʥʝʣʣʶ ʪʘ 

ʢʦʥʪʨʦʣʝʨʦʤ 

(1 - ʩʦʥʷʯʥʘ ʧʘʥʝʣʴ; 2 - ʢʦʥʪʨʦʣʝʨ; 3 - ʘʢʫʤʫʣʷʪʦʨ) 

 

ɺʠʷʚʣʝʥʦ ʧʨʦʙʣʝʤʫ ʥʘʣʠʧʘʥʥʷ ʙʫʣʴʙʘʰʦʢ ʛʘʟʽʚ ʥʘ ʧʦʚʝʨʭʥʽ 

ʝʣʝʢʪʨʦʜʽʚ ʧ̔ ʜ ʯʘʩ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʚʘʨʽʘʥʪʠ ʾʾ 

ʚʠʨʽʰʝʥʥʷ.  

ʇʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʥʥʷ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʟʦʚʥʽʰʥʽʭ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡ ʪʘ ʧʨʠ ʟʚʠʯʘʡʥʽʡ ʨʦʙʦʪʽ. ɼʦʚʝʜʝʥʦ ʧʽʜʚʠʱʝʥʥʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʧʽʜ ʚʧʣʠʚʦʤ ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ 

ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʜʦ 17 %. 

ʋ ʧʝʨʰʦʤʫ ʥʘʙʣʠʞʝʥʥʽ ʧʨʦʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʩʦʥʷʯʥʦʾ ʧʘʥʝʣʽ ʚ ʷʢʦʩʪʽ ʜʞʝʨʝʣʘ ʘʚʪʦʥʦʤʥʦʛʦ ʞʠʚʣʝʥʥʷ. ɺ ʧʦʜʘʣʴʰʦʤʫ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʠʭ ʚʽʙʨʘʮʽʡʥʠʭ ʢʦʣʠʚʘʥʴ ʟ ʫʣʴʪʨʘʟʚʫʢʦʚʦʶ ʢʘʚʽʪʘʮʽʻʶ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. ʗʢʠʤʝʥʢʦ ʃ.ʄ., ʄʦʜʳʣʝʚʩʢʘʷ ʀ.ɼ., ʊʢʘʯʝʢ ɿ.ɸ. ʕʣʝʢʪʨʦʣʠʟ 

ʚʦʜʳ ʠʟʜʘʪʝʣʴʩʪʚʦ ʍʠʤʠʷ. ʄʦʩʢʚʘ. 1970. -264ʩ. 

2. ʅʦʯʥʽʯʝʥʢʦ ɯ. ɺ. ʇʝʨʩʧʝʢʪʠʚʠ ʟʘʩʪʦʩʫʚʘʥʥʷ hho-ʝʣʝʢʪʨʦʣʽʟʝʨʘ 

ʜʣʷ ʛʝʥʝʨʘʮʽʾ ʛʘʟʫ ɹʨʘʫʥʘ ʷʢ ʜʦʤʽʰʢʠ ʜʦ ʨʽʜʢʦʛʦ ʧʘʣʠʚʘ ʚ ʘʚʪʦʤʦʙʽʣʴʥʦʤʫ 

ʪʨʘʥʩʧʦʨʪʽ ʍʍII ʄʽʞʥʘʨʦʜʥʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ  

çɻʽʜʨʦʘʝʨʦʤʝʭʘʥʽʢʘ ʚ ʽʥʞʝʥʝʨʥʽʡ ʧʨʘʢʪʠʮʽè, ʤ. ʏʝʨʢʘʩʠ 2017. -30-31 ʩ. 

3. O. Luhovskyi Increase generation efficiency of hydrogen by the 

means of ultrasound field and the mechatronic control system of the operation 

mode / I.Nochnichenko, A. Zilinskyi, V. Mironchuk// International scientific 

conference ñUNITECH 2018ò. Vol. I. ï Gabrovo, Bulgaria, pp. 1-7, 2018 p.  
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ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅɽ ɼʆʉʃɯɼɾɽʅʅʗ ʊɽʈʄʆʉʊɸɹɯʃʔʅʆɻʆ 

ɻɽʅɽʈɸʊʆʈʋ ɺʆɼʅʖ ɿ ʄɽʍɸʅʆʊʈʆʅʅʆʖ ʉʀʉʊɽʄʆʖ 

ʂɽʈʋɺɸʅʅʗ 

 

ʉʠʪʥʶʢ ɻ.ʆ., ʩʪʫʜʝʥʪ, 

ʅʦʯʥʽʯʝʥʢʦ ɯ.ɺ., ʢ.ʪ.ʥ., 

ʂʦʩʪʶʢ ɼ.ɺ., ʢ.ʪ.ʥ., 

ɼʦʚʛʦʧʦʣʠʡ ʄ.ʄ., ʩʪʫʜʝʥʪ 

 

ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ⱷ ʩʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʜʦʩʣʽʜʞʝʥʥʶ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʛʝʥʝʨʘʮʽʾ ʛʘʟʫ ʅʅʆ ʟʘ ʨʘʭʫʥʦʢ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʚʛʦʪʨʠʚʘʣʦʾ 

ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʽʜʪʨʠʤʢʠ ʟʘʜʘʥʦʛʦ ʨʦʙʦʯʦʛʦ 

ʨʝʞʠʤʫ. 

ʈʦʟʨʦʙʣʝʥʦ ʩʪʝʥʜ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ 

ʚʦʜʥʶ, ʱʦ ʚʢʣʶʯʘʻ ʤʦʜʫʣʴ ʦʭʦʣʦʜʞʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʝʣʝʤʝʥʪʘ ʇʝʣʴʪʴʻ, 

ʤʦʜʫʣʴ ʮʠʨʢʫʣʷʮʽʾ ʪʘ ʬʽʣʴʪʨʘʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʩʠʩʪʝʤʫ ʦʙʜʫʚʫ ʧʣʘʩʪʠʥ. 

ʈʦʟʛʣʷʥʫʪʦ ʚʧʣʠʚ ʤʦʜʫʣʽʚ ʥʘ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʛʝʥʝʨʘʪʦʨʘ 

ʚʦʜʥʶ ʥʘ ʟʘʜʘʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ⱷ ʝʣʝʢʪʨʦʣʽʟ, ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ, ʪʝʤʧʝʨʘʪʫʨʥʽ ʨʝʞʠʤʠ 

ʨʦʙʦʪʠ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʘʢʪʫʘʣʴʥʠʤ ʻ 

ʧʠʪʘʥʥʷ, ʱʦ ʩʪʦʩʫʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ [1]. ɼʦ ʪʘʢʠʭ ʚʽʜʥʦʩʷʪʴʩʷ ʩʦʥʷʯʥʽ, ʚʽʪʨʦʚʽ ʪʘ 

ʚʦʜʥʽ. ɺʦʥʠ ʚʞʝ ʟʜʘʪʥʽ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʣʶʜʝʡ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ [1].  

ʂʨʽʤ ʪʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʻ ʚʦʜʥʝʚʘ ʝʥʝʨʛʝʪʠʢʘ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʦʜʥʶ, ʥʘʡʧʦʰʠʨʝʥʽʰʦʛʦ ʭʽʤʽʯʥʦʛʦ ʝʣʝʤʝʥʪʫ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʝʥʝʨʛʽʾ. ɿ ʥʴʦʛʦ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʷʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʪʘʢ ʽ ʧʘʣʠʚʦ.  

ʑʦʜʦ ʦʩʪʘʥʥʴʦʛʦ, ʪʦ ʢʣʶʯʦʚʘ ʪʝʟʘ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʪʽʣʴʢʠ 

ʩʧʘʣʶʚʘʥʥʷ ʚʦʜʥʶ ʻ ʘʙʩʦʣʶʪʥʦ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʧʨʠ ʮʴʦʤʫ 

ʥʽʯʦʛʦ, ʢʨʽʤ ʚʦʜʠ, ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ. ʗʢʙʠ ʚʦʜʝʥʴ ʙʫʚ ʪʘʢ ʩʘʤʦ ʜʦʩʪʫʧʥʠʡ ʪʘ 

ʤʘʚ ʥʝʚʝʣʠʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ, ʷʢ ʽ ʧʨʠʨʦʜʥʠʡ ʛʘʟ, ʚʽʥ ʙʠ ʜʽʡʩʥʦ ʩʪʘʚ ʽʜʝʘʣʴʥʠʤ 

ʧʘʣʠʚʦʤ, ʷʢʝ ʥʝ ʟʘʙʨʫʜʥʶʻ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ [2, 3]. 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ ʟ ʚʦʜʥʶ ʤʦʞʝ ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʣʠʚʥʠʭ 

ʢʦʤʽʨʦʢ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʚʦʜʥʽ ʪʘ ʢʠʩʥʽ. ɺʦʥʠ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʦ ʦʪʨʠʤʫʚʘʪʠ ʝʣʝʢʪʨʠʯʥʠʡ ʩʪʨʫʤ, ʘʜʞʝ ʛʘʟʠ ʥʝ ʧʦʪʨʽʙʥʦ 

ʩʧʘʣʶʚʘʪʠ. ɽʣʝʢʪʨʠʯʥʘ ʝʥʝʨʛʽʷ ʟôʷʚʣʷʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʝʨʝʪʚʦʨʝʥʴ (çʭʦʣʦʜʥʦʛʦ ʛʦʨʽʥʥʷè), ʟ ʂʇɼ 60-80 %. ʊʘʢʠʤ ʯʠʥʦʤ, 
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ʘʢʫʤʫʣʶʶʯʠ ʚʦʜʝʥʴ ʤʦʞʥʘ ʟʘʧʘʩʘʪʠ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʷʢʘ ʥʝ ʟʘʚʞʜʠ ʤʦʞʝ 

ʩʪʘʙʽʣʴʥʦ ʧʦʩʪʘʯʘʪʠʩʷ ʽʟ ʚʽʜʦʤʠʭ ʩʴʦʛʦʜʥʽ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ 

[5].  

ʇʨʦʪʝ ʚʝʩʴ ʮʝʡ ʧʨʦʮʝʩ ʻ ʪʝʭʥʽʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ, ʷʢʱʦ ʥʝ 

ʟʘʙʝʟʧʝʯʝʥʦ ʝʥʝʨʛʝʪʠʯʥʦ ʪʘ ʝʢʦʥʦʤʽʯʥʦ ʝʬʝʢʪʠʚʥʝ ʦʪʨʠʤʘʥʥʷ ʭʽʤʽʯʥʦ 

ʯʠʩʪʦʛʦ ʚʦʜʥʶ. ʗʢ ʪʽʣʴʢʠ ʙʫʜʝ ʟʥʘʡʜʝʥʦ ʝʬʝʢʪʠʚʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ 

ʚʦʜʥʶ, ʧʘʣʠʚʥʽ ʢʦʤʽʨʢʠ ʟʤʦʞʫʪʴ ʟʘʡʥʷʪʠ ʥʽʰʫ ʟʚʠʯʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʧʨʘʮʶʶʯʠʭ ʥʘ ʢʠʩʥʽ ʪʘ ʚʦʜʥʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʫ ʮʴʦʤʫ ʥʘʧʨʷʤʢʫ ʻ ʝʣʝʢʪʨʦʣʽʟʥʠʡ ʩʧʦʩʽʙ ʦʪʨʠʤʘʥʥʷ 

ʅʅʆ, ʘʜʞʝ ʚʽʥ ʧʦʪʨʝʙʫʻ ʣʠʰʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʪʘ ʟʤʽʥʫ ʝʣʝʢʪʨʦʣʽʪʫ. ɯ ʪʫʪ 

ʛʦʣʦʚʥʠʤ ʧʠʪʘʥʥʷʤ ʧʦʩʪʘʻ ʚʠʪʨʘʪʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʜʦʙʫʪʠʤ 

ʧʘʣʠʚʦʤ.  

ʏʝʨʝʟ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ ʪʘʢʠʡ 

ʩʧʦʩʽʙ ʽʥʦʜʽ ʤʦʞʝ ʙʫʪʠ ʝʢʦʥʦʤʽʯʥʦ ʥʝʜʦʮʽʣʴʥʠʤ. ʉʘʤʝ ʪʦʤʫ ʧʨʦʚʦʜʠʪʴʩʷ 

ʯʠʤʘʣʦ ʜʦʩʣʽʜʽʚ ʟ ʤʝʪʦʶ ʟʥʘʭʦʜʞʝʥʥʷ ʩʧʦʩʦʙʽʚ ʧʽʜʚʠʱʝʥʥʷ ʪʘ 

ʽʥʪʝʥʩʠʬʽʢʘʮʽʾ ʂʂɼ ʛʝʥʝʨʘʪʦʨʽʚ ʅʅʆ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʗʢ ʚʽʜʦʤʦ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʣʽʟʫ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʩʫʤʽʰ ʛʘʟʽʚ ʚʦʜʥʶ ʪʘ ʢʠʩʥʶ  ʛʘʟ ɹʨʘʫʥʘ. ʆʜʥʘʢ ʛʘʟ ɹʨʘʫʥʘ 

ʻ ʥʝ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ ʪʘ ʙʝʟʧʝʯʥʠʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘʧʨʷʤʫ ʫ ʜʚʠʛʫʥʘʭ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʷʥʥʷ ʯʠ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ. ɿʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʦʨʠʩʪʠʭ ʩʧʝʮʽʘʣʴʥʠʭ ʤʝʤʙʨʘʥ, ʱʦ ʧʨʦʧʫʩʢʘʶʪʴ ʤʦʣʝʢʫʣʠ ʚʦʜʥʶ, ʘʣʝ ʥʝ 

ʧʨʦʧʫʩʢʘʶʪʴ ʤʦʣʝʢʫʣʠ ʢʠʩʥʶ, ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʜʚʘ ʛʘʟʠ ʟ ʤʝʪʦʶ 

ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʢʘʭ. 

ʇʨʦʚʝʜʝʥʽ ʨʘʥʽʰʝ ʜʦʩʣʽʜʞʝʥʥʷ [1, 4] ʧʦʢʘʟʘʣʠ ʚʧʣʠʚ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʘ ʩʘʤʝ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʨʝʞʠʤʽʚ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʫ ʚʦʜʥʶ, ʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʧʝʨʝʙʽʛʫ ʨʝʘʢʮʽʾ ʝʣʝʢʪʨʦʣʽʟʫ. ʊʘʢʦʞ ʫ ʜʘʥʠʭ ʨʦʙʦʪʘʭ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʟʘ 

ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ ʧʦʯʠʥʘʻ ʥʝʝʬʝʢʪʠʚʥʦ ʧʨʘʮʶʚʘʪʠ 

(ʤʝʥʰʘʻ ʢʽʣʴʢʽʩʪʴ ʚʠʜʦʙʫʪʦʛʦ ʛʘʟʫ ʟʘ ʦʜʠʥʠʮʶ ʯʘʩʫ) ʘʙʦ ʞ ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ 

ʙʝʟʧʝʯʥʦʾ ʪʘ ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ. ɺ ʪʦʡ ʞʝ ʯʘʩ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʥʠʞʯʝ 25ʦʉ 

ʨʝʘʢʮʽʷ ʝʣʝʢʪʨʦʣʽʟʫ ʻ ʜʫʞʝ ʥʝʝʬʝʢʪʠʚʥʦʶ. ʊʦʤʫ ʥʘʡʨʘʮʽʦʥʘʣʴʥʽʰʝ 

ʧʽʜʪʨʠʤʫʚʘʪʠ ʨʝʞʠʤ ʨʦʙʦʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 25ʦʉ  35ʦʉ (ʝʣʝʢʪʨʦʣʽʪ ï 

ʚʦʜʥʠʡ ʨʦʟʯʠʥ NaʅCO ), ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʫ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʝʣʝʢʪʨʦʣʽʪʫ 

ʜʦ 50ʦʉ (ʝʣʝʢʪʨʦʣʽʪ ï ʚʦʜʥʠʡ ʨʦʟʯʠʥ ʂʆʅ) [1, 4]. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ɼʦʩʷʛʪʠ ʧʽʜʚʠʱʝʥʥʷ ʂʂɼ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ 

ʚʦʜʥʶ ʰʣʷʭʦʤ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʘʮʽʦʥʘʣʴʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ: 

1. ɿʘʙʝʟʧʝʯʠʪʠ ʨʦʙʦʯʫ ʪʝʤʧʝʨʘʪʫʨʫ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʜʽʘʧʘʟʦʥʽ 25ʦʉé35ʦʉ. 

2. ɿʘʙʝʟʧʝʯʠʪʠ ʷʢʦʤʦʛʘ ʙʽʣʴʰʠʡ ʤʦʞʣʠʚʠʡ ʯʘʩ ʙʝʟʧʝʨʝʨʚʥʦʾ ʪʘ 

ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʚ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʨʝʞʠʤʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʇʽʩʣʷ ʩʪʚʦʨʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʜʦʩʣʽʜʥʦʛʦ 

ʟʨʘʟʢʘ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ 

ʤʝʪʦʜʠʢʫ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʟʥʷʪʪʷ ʡʦʛʦ ʨʦʙʦʯʦʾ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(ʨʠʩ.1). 
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ʉʭʝʤʘ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ, ʱʦ ʤʘʻ ʚʘʨʽʘʥʪʠ ʧʦʜʘʯʽ ʥʘʧʨʫʛʠ 

ʥʘ ʧʣʘʩʪʠʥʠ ʷʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ, ʪʘʢ ʽ ʯʝʨʝʟ ʤʦʜʫʣʴ 

ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʦʾ ʤʦʜʫʣʷʮʽʾ (ʐɯʄ). ʏʘʩʪʦʪʘ ʽʤʧʫʣʴʩʽʚ ʤʦʜʫʣʷ ʐɯʄ ï 

100 ɻʮ, ʰʧʘʨʫʚʘʪʽʩʪʴ ʽʤʧʫʣʴʩʽʚ ï 50%, ʘʤʧʣʽʪʫʜʘ ʽʤʧʫʣʴʩʽʚ ï 60 ɺ. 

ɽʣʝʢʪʨʦʣʽʟʝʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 24 ʧʣʘʩʪʠʥ, ʷʢʽ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ 

ʤʘʨʢʠ AISI 316; ʨʦʟʤʽʨʠ ʨʦʙʦʯʦʾ ʢʦʤʽʨʢʠ 90Ĭ90Ĭ3 ʤʤ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʚʠʤʽʨʶʚʘʣʘʩʷ ʚʠʪʨʘʪʘ ʛʘʟʫ, 

ʱʦ ʚʠʜʽʣʷʚʩʷ, ʬʽʢʩʫʚʘʣʘʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʩʠʣʘ ʩʪʨʫʤʫ, ʱʦ 

ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʝʣʝʢʪʨʦʣʽʪ. ɺʠʤʽʨʶʚʘʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʥʪʨʦʣʝʨʫ Arduino Uno R3 ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʘ Atmega 328ʈ ʪʘ 

ʜʘʪʯʠʢʽʚ-ʩʝʥʩʦʨʽʚ (ʜʘʪʯʠʢʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʠʩʪʨʦʾ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʩʪʨʫʤʫ), ʱʦ ʥʘʜʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʛʥʫʯʢʦ ʢʝʨʫʚʘʪʠ ʨʦʙʦʪʦʶ ʛʝʥʝʨʘʪʦʨʫ ʥʘ 

ʧʨʦʛʨʘʤʥʦʤʫ ʨʽʚʥʽ ʪʘ ʟʯʠʪʫʚʘʪʠ ʜʘʥʥʽ ʟ ʜʘʪʯʠʢʽʚ ʥʘ ʇʂ. 

 

 

 
ʈʠʩ. 1 ï ʌʦʪʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʪʝʥʜʫ  

(1 - ʛʝʥʝʨʘʪʦʨ ʚʦʜʥʶ, 2 - ʙʣʦʢ ʞʠʚʣʝʥʥʷ, 3 - ʰʠʨʦʪʥʦ-ʽʤʧʫʣʴʩʥʠʡ 

ʤʦʜʫʣʷʪʦʨ, 4 ï ʤʦʜʫʣʽ ʦʭʦʣʦʜʞʝʥʥʷ: 4.1 ï ʪʝʧʣʦʦʙʤʽʥʥʠʡ ʤʦʜʫʣʴ ʥʘ ʦʩʥʦʚʽ 

ʝʣʝʤʝʥʪʘ ʇʝʣʴʪʴʻ, 4.2 ï ʥʘʩʦʩ ʜʣʷ ʮʠʨʢʫʣʷʮʽʾ ʝʣʝʢʪʨʦʣʽʪʫ, 4.3 ï ʩʠʩʪʝʤʘ 

ʬʽʣʴʪʨʘʮʽʾ, 4.4 ï ʦʙʜʫʚ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ. 5- ʢʦʥʪʨʦʣʝʨ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ) 
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ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ 

ʧʨʦʮʝʩʠ ʝʣʝʢʪʨʦʣʽʟʫ, ʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʫʤʦʚʠ ʝʢʩʧʣʫʘʪʘʮʽʾ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʝʣʝʢʪʨʦʣʽʪʫ), ʱʦ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʦʩʥʘʱʝʥʥʷ ʩʠʩʪʝʤʠ ʙʣʦʢʦʤ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʨʘʮʽʦʥʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ ʪʝʧʣʦʦʙʤʽʥʥʠʢʦʤ). 

ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʨʦʟʨʦʙʣʝʥʦ ʩʠʩʪʝʤʫ 

ʦʭʦʣʦʜʞʝʥʥʷ, ʱʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʮʠʨʢʫʣʷʮʽʡʥʦʛʦ ʥʘʩʦʩʫ, 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʭʦʣʦʜʞʫʶʯʦʛʦ ʤʦʜʫʣʷ (ʝʣʝʤʝʥʪʫ ʇʝʣʴʪʴʻ) ʪʘ ʚʝʥʪʠʣʷʮʽʡʥʦʛʦ 

ʦʙʜʫʚʫ. ɼʘʥʽ ʟʤʽʥʠ ʚ ʢʦʥʩʪʨʫʢʮʽʾ (ʨʠʩ. 2) ʜʦʟʚʦʣʠʣʠ ʟʙʽʣʴʰʠʪʠ ʯʘʩ 

ʩʪʘʙʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚ ʟʘʜʘʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʜʦ 6 ʛʦʜʠʥ.  

 

 
 

ʈʠʩ. 2  ɹʣʦʢ-ʩʭʝʤʘ ʨʦʙʦʪʠ ʤʝʭʘʪʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ 

 

ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ (ʄʂ) ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʟʦʚʥʽʰʥʴʦʛʦ ʜʞʝʨʝʣʘ 

ʞʠʚʣʝʥʥʷ ʯʠ ʧʨʘʮʶʻ ʚʽʜ ʇʂ. ʊʝʤʧʝʨʘʪʫʨʥʽ ʜʘʪʯʠʢʠ ʪʘ ʚʠʪʨʘʪʦʤʽʨ 

ʟôʻʜʥʫʶʪʴʩʷ ʟ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʦʤ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʟʘʚʘʥʪʘʞʝʥʦʾ ʧʨʦʛʨʘʤʠ 

ʟʯʠʪʫʶʪʴ ʧʦʪʦʯʥʽ ʜʘʥʽ, ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ. ʇʽʩʣʷ ʮʴʦʛʦ ʦʪʨʠʤʘʥʽ ʜʘʥʽ 

ʟʘʧʠʩʫʶʪʴʩʷ ʥʘ ʇʂ, ʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʽʜʨʝʜʘʛʦʚʘʥʦʾ ʧʽʜ ʧʦʪʨʝʙʠ ʜʘʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʛʨʘʤʠ PLX-DAQ Simple Test ʦʙʨʦʙʣʶʶʪʴʩʷ, ʘ ʟʥʘʯʝʥʥʷ 

ʟʘʧʠʩʫʶʪʴʩʷ ʚ Excel ʢʦʞʥʽ 10 ʩʝʢʫʥʜ (ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʠʩʢʫ ʙʝʨʝʪʴʩʷ 

ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʫ ʚʢʘʟʘʥʦʤʫ ʧʨʦʤʽʞʢʫ ʯʘʩʫ). ʅʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʥʘ 

ʤʽʢʨʦʢʦʥʪʨʦʣʝʨʽ ʬʦʨʤʫʻʪʴʩʷ ʩʠʛʥʘʣ, ʪʘ ʧʨʦʛʨʘʤʘ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ ʩʪʦʩʦʚʥʦ 

ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ ʝʣʝʢʪʨʦʣʽʟʝʨʦʤ ʯʝʨʝʟ ʐɯʄ ʩʠʛʥʘʣ. ʄʘʶʯʠ 

ʚʦʣʴʪ-ʘʤʧʝʨʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʜʘʥʽ 

ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʛʘʟʫ, ʱʦ ʚʠʜʽʣʷʻʪʴʩʷ. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ 

ʟʘ ʨʘʭʫʥʦʢ ʟʚʦʨʦʪʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʚôʷʟʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʛʝʥʝʨʘʪʦʨʘ 

ʚʦʜʥʶ ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ 

ʯʝʨʝʟ ʝʣʝʢʪʨʦʣʽʟʝʨ. ʆʪʨʠʤʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʘʥʽ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ 

ʟʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜ ʯʘʩʫ ʨʦʙʦʪʠ ʜʣʷ ʜʚʦʭ ʨʝʞʠʤʽʚ: ʟ 

ʫʚʽʤʢʥʝʥʦʶ ʪʘ ʚʠʤʢʥʝʥʦʶ ʩʠʩʪʝʤʦʶ ʦʭʦʣʦʜʞʝʥʥʷ (ʨʠʩ. 3). 
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ʈʠʩ. 3 ï ɿʘʣʝʞʥʽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜ ʯʘʩʫ ʨʦʙʦʪʠ 

(1-ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʙʦʪʠ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ;  

2- ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʦʙʦʪʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʠʩʪʝʤ ʦʭʦʣʦʜʞʝʥʥʷ) 

 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʣʝʥʦ ʚʘʨʽʘʥʪ ʛʝʥʝʨʘʪʦʨʘ ʚʦʜʥʶ ʟ ʤʝʭʘʪʨʦʥʥʦʶ 

ʩʭʝʤʦʶ ʢʝʨʫʚʘʥʥʷ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ ʚʽʜ ʢʦʤʧôʶʪʝʨʘ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʫ ʨʦʙʦʪʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ 25  35ʦʉ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʭʝʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʩʪʘʙʽʣʽʟʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʯʘʩ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʟʙʽʣʴʰʠʚʩʷ ʫ 15 ʨʘʟʽʚ ʫ 

ʧʦʨʽʚʥʷʥʥʽ ʟ ʨʦʙʦʪʦʶ ʙʝʟ ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ, ʽ ʙʫʣʦ ʜʦʩʷʛʥʫʪʦ 

ʙʝʟʧʝʨʝʨʚʥʠʡ ʯʘʩ ʨʦʙʦʪʠ 6 ʛʦʜʠʥ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

 

1. ɭʩʘʬôʻʚ ɭ. ʆ., ʇʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʟʝʨʘ ʟʘ ʨʘʭʫʥʦʢ 
ʢʝʨʫʚʘʥʥʷ ʡʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʨʝʞʠʤʘʤʠ ʨʦʙʦʪʠ /ɯ. ɺ. ʅʦʯʥʽʯʝʥʢʦ, ɺ. ʉ. 

ʄʠʨʦʥʯʫʢ, ɻ. ʆ. ʉʠʪʥʶʢ // ʊʝʟʠ ʜʦʧʦʚʽʜʝʡ Vɯɯ-ʦʾ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ, 

ʘʩʧʽʨʘʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ "ʇʨʠʢʣʘʜʥʘ ʛʝʦʤʝʪʨʽʷ, ʜʠʟʘʡʥ, ʦʙôʻʢʪʠ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡʥʘ ʜʽʷʣʴʥʽʩʪʴ ʩʪʫʜʝʥʪʽʚ ʪʘ ʤʦʣʦʜʠʭ 

ʚʯʝʥʠʭ".ï 2018. ï ʉ. 31ï35. 

2. ʐʧʠʣʴʨʘʡʥ ʕ.ʕ., ʄʘʣʳʰʝʥʢʦ ʉ.ʇ., ʂʫʣʝʰʦʚ ɻ.ɻ. ɺʚʝʜʝʥʠʝ ʚ 
ʚʦʜʦʨʦʜʥʫʶ ʵʥʝʨʛʝʪʠʢʫ., ʄ.: ʕʥʝʨʛʦʘʪʦʤʠʟʜʘʪ, 1984. ï 264. ʩ. 

3. ʗʢʠʤʝʥʢʦ ʃ.ʄ., ʄʦʜʳʣʝʚʩʢʘʷ ʀ.ɼ., ʊʢʘʯʝʢ ɿ.ɸ. ʕʣʝʢʪʨʦʣʠʟ ʚʦʜʳ 
ʠʟʜʘʪʝʣʴʩʪʚʦ ʍʠʤʠʷ. ʄʦʩʢʚʘ. 1970. -264ʩ.  

4. ʅʦʯʥʠʯʝʥʢʦ ʀ. ɺ. ʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ hho-ʵʣʝʢʪʨʦʣʠʟʝʨʘ ʜʣʷ 

ʛʝʥʝʨʘʮʠʠ ʛʘʟʘ ɹʨʘʫʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʠ ʢ ʞʠʜʢʦʛʦ ʪʦʧʣʠʚʘ ʚ 

ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʍʍII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɻʠʜʨʦʘʝʨʦʤʝʭʘʥʠʢʘ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝè, ʤ. ʏʝʨʢʘʩʠ 

2017. -30-31 ʩ. 

5. Eenergy.media. ɸʚʩʪʨʘʣʠʷ ʧʦʩʪʨʦʠʪ ʧʝʨʚʫʶ ʝʣʝʢʪʨʦʣʠʟʥʫʶ ʩʪʘʥʮʠʶ 
ʥʘ ʚʦʜʦʨʦʪʝ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / Eenergy.media. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ 

ʜʦ ʨʝʩʫʨʩʫ: https://eenergy.media/2018/02/23/avstraliya-postroit-pervuyu-

elektroliznuyu-elektrostantsiyu-na-vodorode/. 

  



58 
 

UDC 62-525:629.113 
 

DEVELOPMENT OF KNEE JOINT EXOPROSTHESIS BASED ON 

MAGNETORHEOLOGICAL D AMPER 
 

Mykhailo Dovhopolyi, Student, 

Ihor Nochnichenko, PhD, 

Dmytro Kostiuk, PhD, 

Aleksandr Galetsky, PhD. 

Igor Sikorsky Kyiv Polytechnic Institute (Kyiv, Ukraine) 

 

Abstract ï The aim of work is devoted to the determination of the geometric 

dimensions of a magnetorheological damper for exoprosthesis of the human knee 

joint. The peculiarity of the work lies in the fact that it is necessary to realize the 

possibility of sufficient depth adjustment of the characteristics of the damper in 

the highly limited dimensions of the damper device. The given work can be applied 

in the future for the modernization of damping devices, which should provide 

great effort of resistance force in small dimensions. 

 

Keywords ï magnetorheological fluid, magnetorheological damper (MR 

damper), operating conditions, loads. 

 

Formulation of the problem. In order to reproduce the realistic movement 

of a person, it is necessary for the design of the knee joint prosthesis to provide 

the exact dimensions of the spatial frame and damping device. Damper takes the 

most loads and "softens" the prosthesis in the process of movement [1 - 4], and 

the accuracy of its design and execution should be very high. The principle of its 

work is to dissipate the energy of motion by viscous friction of the fluid in the 

throttle. This cause to increase the temperature of the working fluid, which affects 

the rheological characteristics of the fluid and reduces the characteristic of the 

damper. It is necessary to provide the possibility of autonomous control of the 

characteristic of the damper, depending on the type of the human movement and 

the temperature conditions of operation, to reproduce the movement's realism due 

to the design of the prosthesis and damper. 

Analysis of recent research. It is known that the characteristic of the 

magnetorheological damper is described by the dependence of the tension of 

fluidity of the magnetorheological fluid on the applied magnetic field [4]. Based 

on previous studies [5], in which the dimensions of the regulated concentric 

throttle were determined, further development of the MR damper is possible. The 

feature of the proposed magnetorheological damper is the ability to provide a 

rapid change in its characteristics in dozens of times. 

Formulation of aims. To develop a structural scheme of a damping device 

based on the use of a magnetorheological fluid for a knee joint, which provides 
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variable operating modes, depending on the temperature conditions of operation 

and the type of human movement. 

Setting objectives: 
1. To propose a constructive scheme of a MR damper. 

2. Based on the previous studies of the magnetorheological effect, calculate 

the optimal dimensions of the damper based on the operating conditions. 

Main part . The knee joint exoprosthesis should be convenient for the 

patient. That should in extent necessary reproduce the realism of the movement. 

To reproduce the movement, it is necessary to provide a comfortable design by 

maximally rational placement of kinematic pairs and development of a module 

that will allow to reproducing motion as smoothly as possible. This module is a 

magnetorheological damper, to which a number of criteria are put forward: 

1) Create resistance forces up to 750 N; 

2) Operating stroke in 20 mm (61 mm -lengthened, 81 mm-elongated); 

3) Ability to automate control of the characteristics of the damper, depending 

on the nature of the movement. 

Fig.1  Kinematic scheme and the prototype of exoprosthesis knee joint 

(1ðMR damper; 2ðbody for fastening to the thigh;). 

 

For the kinematic scheme of the exoprosthesis, we give the following data: 

constant linear dimensions: AB=117,5mm; AC=27mm; CD=96,3mm; 

DB=35mm; BE=19,4mm; BF=36mm; EG=30mm; AM=15mm; variable linear 

dimensions: CF=81mm with elongated damper (61mm when retracted); variable 

angular dimensions: M᷁AB=114,5Á; C᷁AM=166Á; A᷁CD=103Á; D᷁CF=23,4Á; 

C᷁AB=80Á. 

For a prototype of knee joint exoprosthesis a kinematic scheme is drawn 

(Fig. 1), based on which we can recreate the human motion and write the equation 

of motion for certain bodies. The figure shows that each body is connected to 

other bodies by joints, which provides only one degree of freedom of one body 

relative to another. The damping device can be considered as three kinematic pairs 

of the fifth class (hinge connection of a rod and a cylinder with an exoprosthesis 

body and a translational motion of the piston in the cavity of the cylinder). An 
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important feature is the absolute rigidity of the body, which includes the points F, 

B, D, G, E, and the hinged connection at point E acts as a stress concentrator and 

increases the stability of the structure. 

The next step is the output of the equation of motion of this mechanism. To 

do this, we determine the equation of the moments of forces relative to the origin 

of the coordinates (Fig. 2). This equation should be written as a function of the 

angle of the foot lift. Consider the case of a load with a certain force that acts 

equally on each of the links of the mechanism. To do this, we apply this force in 

parallel to axis Z, defined as FM
ʽ=Mi(gÑa). Next step is to determine the mass Mi 

and the position of the centres of the masses of each of the bodies of the 

mechanism and determine their dimensions. The angle of the lift of the foot is 

denoted by ᷊ , [rad]. It is the rotation around the Y axis. 

 

Fig.2 ï Calculation scheme of knee joint 

(ɸðmain scheme, ɹðscheme of knee joint exoprosthesis). 

 

In the calculation scheme (Fig. 2): ʄʽð masses of individual bodies; l ið 

linear sizes of bodies; l icð distances, which determine the position of the center 

of the masses of a certain body along the Z axis; hijð distances, which determine 

the position of the center of the masses of a certain body along the X-axis; a, b, 

LDð distance to the centers of mass along a specific axis for some bodies. Point 

P is an instant centre of rotation (ICR) of a damper. Now we can write the equation 

by which the torque is determined (1): 

ɸ ɹ 

g 
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Ὕ— ὓ ὰίὭὲ—ὓ ὰίὭὲ—ὓ Ὤ ὧέί—ὰ ὰ̐̑̏̓ὰ ίὭὲ—

ὓ Ὤ ὧέί—ὰ  ὰ̐̑̏̓ ὰ ὰ ίὭὲ—ὓ Ὤ ὧέί—ὰ ὃὓὧέίὓ᷁ὃὄ

ὦὧέίὅ᷁ὃὓίὭὲ—ὓ  Ὤ Ὤ ὧέί—ὰ ὃὓὧέίὓ᷁ὃὄ ὥίὭίὃ᷁ὅὈίὭὲ—

ὓ Ὤ ὧέί—ὰ ὃὓὧέίὓ᷁ὃὄ ὅὃὧέίὅ᷁ὃὄ ὒὧέί᷁ὈὅὊίὭὲ—

 ὓ̃  Ὤ ̃ὧέί— ὰ ὰ̒̃ίὭὲ— ὓ̎ Ὤ ̎ὧέί—ὰ ὰ̐̑̏̓ὰ̎ίὭὲ—  (1) 

Substitute the following values in the equation (1): 

M1=2,4 kg 

M2=1,1 kg 

M3=1,64 kg 

M4=0,62 kg 

M5=0,139 kg 

M6=0,098 kg 

MD=0,15 kg 

Mʚ=0,15 kg 

Mʥ=0,287 kg 

l1=100 mm 

l2=130 mm 

l3=350 mm 

l4=65 mm 

l5=265 mm 

l1ʩ=20 mm 

l2ʩ=50 mm 

l3ʩ=175 mm 

l4ʩ=20 mm 

lʩʥ=4,71 mm 

lʩʚ=6,18 mm 

lʧʨʦʪ=158,27 mm 

h1ʚ=19,43 mm 

h1ʥ=4 mm 

h1D=27,56 mm 

h36=3,1 mm 

h13=27,39 mm 

h14=20 mm 

h15=1,94 mm 

a=58,37 mm 

b=49,5 mm 

LD=22,25 mm 

As a result, we show the dependence of the torque T on the angle of lifting 

the leg  ᷊(fig.3):  

Now consider the case when 

simultaneously with the lifting 

of the leg the knee joint moves. 

In this case, for various types of 

human movement, the knee 

prosthesis can work in different 

regimes. It means that 

movements in the knee not 

dependent on the angle of 

lifting the leg. 

 

The effort of the 

resistance of the damper primarily appears due to the load taken by the MR 

damper, as well as the torque acting directly on the damping device [5]. So we 

can write that: 
Ὂ ῳὖzὛ

Ὂ ,    (2) 

where: DP ð the distance between the centre of mass 

of the magnetorheological damper and its instantaneous 

velocity centre at the point P. 

From the system of equations (2), it is seen that the 

resistance effort is greatest when the distance DP is as small 

as possible. Therefore, using the kinematic scheme of the 

knee joint exoprosthesis, we construct a flat curve that 

characterizes the movement of the ICR (Fig. 4) and find 

the minimal value of DP, which is in the position of the 

knee exoprosthesis equal to 90ʦ. Also, in the scheme (Fig. 

4), other basic points corresponding to 30Á and 60Á, on 

Fig.4 ï Scheme of 

ICR movement 

Fig.3 ð Depending of the torque T on 

lifting angle ᷊ . 
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which it is possible to determine, how rapidly ICR changes its position depending 

on the change of angle ᷊ . According to measurements DP =19,4mm. We insert 

this in (2) and write that: 

Ὂ
ȟ

ȟϽ
χτπȢχςὌ    (3) 

Since the feature of a MR damper is the ability to quickly and efficiently 

adjust the value of the hydraulic resistance. It is possible to control the differential 

pressure in the piston and ring parts of the damper and change the effort that 

creates the damper. Therefore, founded in (3) the value of the resistance force is 

the maximum necessary resistance force. Then calculate the diameter of the piston 

d and cylinder D: 

Ὠ ς
Ў

ȿЎ̋ ςψψπ̋˜́ȿ ρψȟράά    (4) 

Ὀ Ὠ ς
Ͻ

ρψȟρ ȟ

ȟ
Ͻ Ͻȟ Ͻ

ȟ
ρψȢυψάά, (5) 

where: Wm=3,3 W ï controlled power; ʩ=2 ï constant for that MR damper 

æPmr/æPvis̓ 100 (æPmr=2880 kPa, æPvis=80 kPa); Q=1,18 cm3/ʩ (velocity equal to 0,1 m/s) 

ïflow rate; ɚ=35 ï control factor; Űy=15 kPa ï tension of fluidity; ɖ=0,25 Pa. 

Conclusions. The basic kinematic characteristics and dependences on the 

basis of known geometric parameters of the knee joint exoprosthesis are 

calculated. The dependence of the torque T on the angle of lifting ᷊  and the 

scheme of the movement of the ICR is shown in that thesis. The maximum 

resistance of the damper and the geometric characteristics of the concentric 

channel are found. 
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ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʘʢʪʫʘʣʽʟʦʚʘʥʦ ʧʨʦʙʣʝʤʫ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ 

ʤʦʜʫʣʴʥʠʭ ʘʢʚʘʧʦʩʝʣʝʥʴ ʚ ʩʫʯʘʩʥʠʭ ʫʤʦʚʘʭ. ʈʦʟʛʣʷʥʫʪʦ ʛʝʦʤʝʪʨʽʶ ï ʬʦʨʤʫ, 

ʨʦʟʤʽʨʠ, ʚʟʘʻʤʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ï ʤʦʜʫʣʽʚ ʘʢʚʘʧʦʩʝʣʝʥʴ ï ʷʢ ʩʢʣʘʜʥʠʭ 

ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʚʦʜʽ. ɺʠʷʚʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ 

ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʘʢʚʘʧʦʩʝʣʝʥʴ ʤʝʪʦʜʘʤʠ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. 

ʆʢʨʝʩʣʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚôʷʟʘʥʥʷ ʦʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʛʝʦʤʝʪʨʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ, 

ʧʨʦʩʪʦʨʦʚʝ ʤʦʜʝʣʶʚʘʥʥʷ, ʤʦʜʫʣʴ, ʘʢʚʘʧʦʩʝʣʝʥʷ, ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʽ 

ʩʪʨʫʢʪʫʨʠ, ʛʝʦʤʝʪʨʠʯʥʘ ʢʦʤʙʽʥʘʪʦʨʠʢʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʊʝʭʥʦʛʝʥʥʘ ʨʝʚʦʣʶʮʽʷ ʍʍ-ʛʦ ʩʪʦʣʽʪʪʷ ʥʝ ʣʠʰʝ 

ʧʽʜʚʠʱʠʣʘ ʷʢʽʩʪʴ ʞʠʪʪʷ ʣʶʜʠʥʠ, ʘ ʡ ʩʧʨʠʯʠʥʠʣʘ ʽʩʪʦʪʥʠʡ ʜʠʩʙʘʣʘʥʩ 

ʰʪʫʯʥʦʛʦ ʽ ʧʨʠʨʦʜʥʦʛʦ ʫ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ʈʦʟʚʠʪʦʢ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʨʠʩʢʦʨʝʥʽ ʧʨʦʮʝʩʠ ʤʘʰʠʥʽʟʘʮʽʾ ʪʘ ʥʝʚʧʠʥʥʦ ʟʨʦʩʪʘʶʯʝ 

ʩʧʦʞʠʚʘʥʥʷ ʣʶʜʩʪʚʦʤ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʧʨʠʟʚʝʣʠ ʜʦ ʧʦʷʚʠ ʽ ʧʦʩʠʣʝʥʥʷ 

ʧʘʨʥʠʢʦʚʦʛʦ ʝʬʝʢʪʫ ʫ ʜʦʚʢʽʣʣʽ. ʅʘʩʣʽʜʢʦʤ ʮʴʦʛʦ ʩʪʘʣʦ ʛʣʦʙʘʣʴʥʝ 

ʧʦʪʝʧʣʽʥʥʷ ʢʣʽʤʘʪʫ ʧʣʘʥʝʪʠ ʪʘ ʟʫʤʦʚʣʝʥʝ ʥʠʤ ʧʦʩʪʫʧʦʚʝ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ 

ʩʚʽʪʦʚʦʛʦ ʦʢʝʘʥʫ [1]. ʂʣʽʤʘʪʠʯʥʽ ʟʤʽʥʠ ʩʧʨʠʯʠʥʠʣʠ ʟʘʪʦʧʣʝʥʥʷ ʟʥʘʯʥʠʭ 

ʧʨʠʙʝʨʝʞʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɿʚʘʞʘʶʯʠ ʥʘ ʦʙʤʝʞʝʥʽʩʪʴ ʨʝʟʝʨʚʫ ʚʽʣʴʥʠʭ 

ʪʝʨʠʪʦʨʽʡ ʩʫʭʦʜʦʣʫ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʚʝʨʭʥʝʶ ʘʢʚʘʪʦʨʽʡ, ʘʢʪʫʘʣʴʥʠʤ 

ʥʘʧʨʷʤʢʦʤ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ ʩʪʘʻ ʬʦʨʤʫʚʘʥʥʷ ʘʢʚʘʧʦʩʝʣʝʥʴ ʷʢ 

ʩʚʦʻʨʽʜʥʠʭ ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʫʪʚʦʨʝʥʴ ʥʘ ʚʦʜʽ [2, 3]. 

ʊʘʢʠʡ ʥʘʧʨʷʤʦʢ ʩʫʯʘʩʥʦʛʦ ʨʦʟʚʠʪʢʫ ʘʨʭʽʪʝʢʪʫʨʠ ʪʘ ʤʽʩʪʦʙʫʜʫʚʘʥʥʷ ʤʘʻ 

ʟʘʙʝʟʧʝʯʠʪʠ ʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʦʛʦ ʪʘ ʧʨʠʙʝʨʝʞʥʦʛʦ ʧʨʦʩʪʦʨʫ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʴ, ʤʦʜʫʣʴʥʦʩʪʽ ʪʘ ʚʘʨʽʘʙʝʣʴʥʦʩʪʽ ʘʢʚʘʧʦʩʝʣʝʥʴ.  

ʊʦʤʫ ʪʝʦʨʝʪʠʢʦ-ʧʨʠʢʣʘʜʥʦʶ ʦʩʥʦʚʦʶ ʬʦʨʤʫʚʘʥʥʷ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ 

(ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʪʘ ʫʩʴʦʛʦ ʘʢʚʘʧʦʩʝʣʝʥʥʷ ï ʷʢ ʝʣʝʤʝʥʪʥʦ-ʤʦʜʫʣʴʥʦʾ 

ʩʪʨʫʢʪʫʨʠ) ʤʘʻ ʙʫʪʠ ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʩʧʨʷʤʦʚʘʥʠʡ 

ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ.  

ʆʜʥʠʤ ʟ ʘʩʧʝʢʪʽʚ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʦʛʦ ʟʘʚʜʘʥʥʷ ʻ ʬʦʨʤʫʚʘʥʥʷ 

ʧʨʦʩʪʦʨʦʚʠʭ ʽ ʧʣʘʥʫʚʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʾ ʛʝʦʤʝʪʨʽʾ 
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ʪʘ ʛʝʦʤʝʪʨʽʾ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ. ʋʟʘʛʘʣʴʥʝʥʦ ï ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʽʾ ʦʢʨʝʤʠʭ 

ʤʦʜʫʣʽʚ ʪʘ ʮʽʣʠʭ ʘʢʚʘʧʦʩʝʣʝʥʴ ʷʢ ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ ʫʪʚʦʨʝʥʴ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʚʯʝʥʥʷ ʦʢʨʝʤʠʭ ʘʩʧʝʢʪʽʚ ʤʦʜʫʣʴʥʦʩʪʽ 

ʪʘ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʪʚʦʨʯʦʩʪʽ ʃʝ ʂʦʨʙʶʟʴʝ, 

ʖ.ʃ. ʐʝʨʤʘʥʘ, ɸ.ɸ. ɻʘʡʜʫʯʝʥʽ, ʅ.ɸ. ʉʘʧʨʠʢʽʥʘ. ʉʝʨʝʜ ʢʦʣʘ ʥʘʡʙʣʠʞʯʠʭ ʟʘ 

ʪʝʤʘʪʠʯʥʦʶ ʩʧʨʷʤʦʚʘʥʽʩʪʶ ʥʘʫʢʦʚʠʭ ʧʨʘʮʴ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʨʦʙʦʪʠ 

ʪʘʢʠʭ ʚʯʝʥʠʭ: ʍʘʡʥʮʘ ʐʫʤʘʥʘ ï çɿʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫ ʥʘʧʽʚʧʨʘʚʠʣʴʥʠʤʠ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘʤʠè, ɺ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚʘ ï çɺʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ. 

ɯʥôʻʢʪʠʚʥʽ ʚʽʜʦʙʨʘʞʝʥʥʷ ʽ ʤʝʪʨʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚè, ʆ.ʈ. 

ʐʫʤʩʴʢʦʾ ï çʌʦʨʤʦʪʚʽʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʜʠʟʘʡʥʽ ʩʝʨʝʜʦʚʠʱʥʠʭ ʦʙôʻʢʪʽʚè. 

ɼʦʩʣʽʜʞʝʥʷʤʠ ʟ ʧʠʪʘʥʴ ʤʦʜʫʣʴʥʦʛʦ ʪʘ ʤʦʙʽʣʴʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʟʘʡʤʘʣʠʩʷ 

ʪʘʢʦʞ ʃ.ʖ. ɸʥʽʩʽʤʦʚ ʪʘ ɺ.ɭ. ɹʘʨʠʰʝʚʘ [1ï4]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʄʝʪʦʶ ʧʫʙʣʽʢʘʮʽʾ ʻ 

ʚʠʩʚʽʪʣʝʥʷ ʨʦʣʽ ʪʘ ʤʽʩʮʷ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʬʦʨʤʫʚʘʥʷ 

ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʘʢʚʘʧʦʩʝʣʝʥʴ ʪʘ ʦʢʨʝʩʣʝʥʥʷ ʧʝʨʩʧʝʢʪʠʚ ʨʦʟʚôʷʟʘʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʧʠʪʘʥʴ ʘʢʚʘʧʦʩʝʣʝʥʴ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʅʠʥʽ ʬʫʪʫʨʠʩʪʠʯʥʝ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʝ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʰʚʠʜʢʠʤʠ ʪʝʤʧʘʤʠ ʟʨʦʩʪʘʥʥʷ ʚ ʫʤʦʚʘʭ 

ʛʣʦʙʘʣʴʥʦʾ ʫʨʙʘʥʽʟʘʮʽʾ ʪʘ ʥʝʩʪʘʯʽ ʚʽʣʴʥʠʭ ʪʝʨʠʪʦʨʽʡ. ɿʦʢʨʝʤʘ, ʚ ɸʤʩʪʝʨʜʘʤʽ 

ʚʞʝ ʟʘʙʫʜʦʚʘʥʦ ʮʽʣʠʡ ʞʠʪʣʦʚʠʡ ʘʢʚʘʢʚʘʨʪʘʣ ʧʣʘʚʫʯʠʤʠ ʤʦʜʫʣʴʥʠʤʠ 

ʙʫʜʠʥʢʘʤʠ (ʧʨʦʝʢʪ ʘʨʭʽʪʝʢʪʦʨʘ Marlies Rohmer) [4].  

ʎʽ ʙʫʜʠʥʢʠ ʦʩʦʙʣʠʚʽ ʪʠʤ, ʱʦ ʚʦʥʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʬʦʨʤʫ ʽ 

ʧʝʨʝʩʫʚʘʪʠʩʷ ʟʘ ʙʘʞʘʥʥʷʤ ʛʦʩʧʦʜʘʨʽʚ. ʅʘʧʨʠʢʣʘʜ, ʜʦ ʩʚʦʛʦ ʙʫʜʠʥʢʫ ʤʦʞʥʘ 

ʧʨʠʰʚʘʨʪʫʚʘʪʠ ʧʦʥʪʦʥ ʟ ʪʝʧʣʠʮʝʶ ʯʠ ʛʘʣʷʚʠʥʦʶ, ʘʙʦ ʞ ʨʦʟʰʠʨʠʪʠ ʤʝʞʽ 

ʽʩʥʫʶʯʦʛʦ ʙʫʜʠʥʢʫ, ʧʨʠʻʜʥʘʚʰʠ ʢʫʧʣʝʥʠʡ ʥʦʚʠʡ ʤʦʜʫʣʴ ʟ ʜʦʜʘʪʢʦʚʠʤʠ 

ʢʽʤʥʘʪʘʤʠ. ʊʘʢʽ ʙʫʜʠʥʢʠ ʟʙʠʨʘʶʪʴʩʷ ʟʘ ʤʝʪʦʜʦʤ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

ʊʘʢʦʞ ʚʽʜʦʤʘ ʥʠʟʢʘ ʘʨʭʽʪʝʢʪʫʨʥʦ-ʧʨʦʝʢʪʥʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ 

ʙʘʛʘʪʦʤʦʜʫʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʧʝʚʥʠʭ ʘʚʢʘʪʦʨʽʷʭ. 

ʇʨʠʢʣʘʜʘʤʠ ʪʘʢʠʭ ʤʦʜʫʣʴʥʠʭ ʘʢʚʘʧʦʩʝʣʝʥʴ ʻ:  

1) Wayaland ï ʧʣʘʚʘʶʯʝ ʤʽʩʪʦ ʤʦʜʫʣʴʥʠʭ ʧʽʨʘʤʽʜ (ʘʚʪʦʨ ʧʨʦʝʢʪʫ: Pier 

ʈaolo Lazzarini) (ʨʠʩ. 1); 

2) Oil Platforms Transformed Into Sustainable Seascrapers That Produce 

Clean Water/ ʄʽʩʪʦ ʤʘʡʙʫʪʥʴʦʛʦ ï ʩʬʝʨʠʯʥʽ ʤʦʜʫʣʽ (ʘʚʪʦʨʠ ʧʨʦʝʢʪʫ: Young 

Wan Kim, Sue Hwan Kwun, Jun Young Park, Joong Ha Park) (ʨʠʩ. 2); 

3) ʇʣʘʚʘʶʯʠʡ ʙʫʜʠʥʦʢ-ʛʥʽʟʜʦ ɼʞʘʥʢʘʨʣʦ ɼʟʝʤʠ; 

4) ʇʨʦʝʢʪ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʩʪʘʥʮʽʾ (ʘʚʪʦʨʠ ʧʨʦʝʢʪʫ: Dessau Institute of 

Architecture / DIA) (ʨʠʩ. 3); 

5) ɽʢʦʣʦʛʽʯʥʠʡ ʙʫʜʠʥʦʢ ʥʘ ʚʦʜʽ (ʘʨʭʽʪʝʢʪʫʨʥʝ ʙôʶʨʦ Waternestï100) 

(ʨʠʩ. 4). 

ɺʨʘʭʦʚʫʶʯʠ ʩʢʣʘʜʥʽʩʪʴ ʪʘ ʰʠʨʦʪʫ ʦʭʦʧʣʝʥʥʷ ʦʟʥʘʯʝʥʦʾ ʧʨʦʙʣʝʤʠ, 

ʙʽʣʴʰʽʩʪʴ ʨʽʟʥʠʭ ʘʩʧʝʢʪʽʚ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʫʣʴʥʠʭ ʘʢʚʘʧʦʩʝʣʝʥʴ ʜʦʥʠʥʽ 

ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʨʦʟʢʨʠʪʠʤʠ. ɿʦʢʨʝʤʘ, ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʚʦʜʽ, ʱʦ ʧʦʜʘʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʷʢʽʡ ʚʣʘʩʪʠʚʽ ʦʩʦʙʣʠʚʽ ʬʦʨʤʦʪʚʦʨʥʽ ʤʦʞʣʠʚʦʩʪʽ ʚʥʘʩʣʽʜʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ 
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ʛʝʦʤʝʪʨʽʾ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ, ʤʝʪʦʜʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʽʟʫ ʬʦʨʤʠ ʪʘ ʛʝʦʤʝʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʜʫʣʽʚ, ʟ ʷʢʠʭ ʬʦʨʤʫʶʪʴʩʷ ʘʢʚʘʧʦʩʝʣʝʥʥʷ, ʚʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʦʛʦ 

ʧʦʰʠʨʝʥʥʷ ʥʘʙʫʣʠ ʤʦʜʫʣʽ ʫ ʬʦʨʤʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ: ʢʫʙʘ, ʧʘʨʘʣʝʣʝʧʽʧʝʜʘ, 

ʧʨʠʟʤʠ, ʨʦʤʙʦʜʦʜʝʢʘʝʜʨʘ ʪʘ ʦʢʪʘʝʜʨʘ. 

  
ʈʠʩ. 1. Wayaland ï ʧʣʘʚʘʶʯʝ ʤʽʩʪʦ 

ʤʦʜʫʣʴʥʠʭ ʧʽʨʘʤʽʜ 

ʈʠʩ. 2. ʄʽʩʪʦ ʤʘʡʙʫʪʥʴʦʛʦ ï  

ʩʬʝʨʠʯʥʽ ʤʦʜʫʣʽ 
 

ʑʽʣʴʥʝ ʟʘʧʦʚʥʝʥʥʷ ʚʠʜʽʣʝʥʦʛʦ ʧʨʦʩʪʦʨʫ ʦʢʨʝʤʠʤʠ ʤʦʜʫʣʷʤʠ ʧʽʜ ʯʘʩ 

ʬʦʨʤʫʚʘʥʥʷ ʘʢʚʘʧʦʩʝʣʝʥʥʷ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʽʚ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʷʢ ʙʘʟʦʚʠʭ ʬʽʛʫʨ. ʇʨʠ ʮʴʦʤʫ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ ʻ ʚʧʠʩʘʥʠʤʠ ʫ ʧʝʚʥʽ ʩʬʝʨʠ ʯʠ ʝʣʽʧʩʦʾʜʠ ï ʷʢ ʬʽʛʫʨʠ, ʷʢʽ ʻ 

ʥʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʧʣʘʚʫʯʠʭ ʩʪʨʫʢʪʫʨ. ʉʬʝʨʠ ʯʠ 

ʝʣʽʧʩʦʾʜʠ ʟʘʤʽʥʶʶʪʴʩʷ ʚʧʠʩʘʥʠʤʠ ʚ ʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘʤʠ ʟ ʧʦʟʠʮʽʡ 

ʫʪʠʣʽʪʘʨʥʦʩʪʽ, ʧʣʘʚʫʯʦʩʪʽ, ʩʪʽʡʢʦʩʪʽ, ʪʝʭʥʦʣʦʛʽʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ 

ʟʨʫʯʥʦʩʪʽ ʩʪʠʢʫʚʘʥʥʷ ʟ ʽʥʰʠʤʠ ʤʦʜʫʣʷʤʠ ʧʽʜ ʯʘʩ ʫʪʚʦʨʝʥʥʷ ʩʢʣʘʜʥʦʾ 

ʙʘʛʘʪʦʝʣʝʤʝʥʪʥʦʾ ʤʽʩʪʦʙʫʜʽʚʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʘʢʚʘʧʦʩʝʣʝʥʥʷ). 

ʌʦʨʤʫʚʘʥʥʷ ʱʽʣʴʥʠʭ ʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦʚʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ʤʦʞʣʠʚʝ ʫ 

ʨʘʟʽ ʚʠʢʦʥʘʥʥʷ ʦʜʥʽʻʾ ʟ ʚʠʤʦʛ: ʥʘʷʚʥʦʩʪʽ ʩʧʽʣʴʥʦʾ ʛʨʘʥʽ, ʩʧʽʣʴʥʦʛʦ ʨʝʙʨʘ ʯʠ 

 

ʈʠʩ. 3. ʇʨʦʝʢʪ ʜʦʩʣʽʜʥʠʮʴʢʦʾ ʩʪʘʥʮʽʾ DIA 
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ʩʧʽʣʴʥʦʾ ʚʝʨʰʠʥʠ. ʇʨʠ ʮʴʦʤʫ ʧʽʜ ʯʘʩ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘʤʠ ʩʫʤʘ ʜʚʦʛʨʘʥʥʠʭ ʢʫʪʽʚ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ, ʧʨʠʣʝʛʣʠʭ ʜʦ 

ʩʧʽʣʴʥʦʛʦ ʨʝʙʨʘ, ʤʘʻ ʩʪʘʥʦʚʠʪʠ 360Á. ʊʦʤʫ ʟ ʦʜʥʘʢʦʚʠʭ ʧʨʘʚʠʣʴʥʠʭ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ  ʧʨʦʩʪʦʨʦʚʠʡ  ʧʘʨʢʝʪ  ʤʦʞʥʘ  ʫʪʚʦʨʠʪʠ  ʣʠʰʝ  ʟ  ʪʘʢʠʭ,  ʜʝ 

ʜʚʦʛʨʘʥʥʽ ʢʫʪʠ ʜʦʨʽʚʥʶʶʪʴ ., 3
360

²
¯

n
n

 

ʅʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʱʽʣʴʥʦʛʦ ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʫ ʙʘʛʘʪʦʛʨʘʥʥʠʢʘʤʠ 

ʻ ʫʪʚʦʨʝʥʥʷ ʧʦʚʥʦʛʦ ʢʫʪʘ ʽʟ ʜʚʦʛʨʘʥʥʠʭ ʢʫʪʽʚ ʟʽ ʩʧʽʣʴʥʠʤ ʨʝʙʨʦʤ. ʎʝ 

ʨʽʚʥʦʩʠʣʴʥʦ ʧʦʜʽʣʫ 360Á ʥʘ ʪʘʢʽ ʤʦʞʣʠʚʽ ʩʫʤʠ ʢʫʪʽʚ: 

1. 90+90+90+90 

2. 90+90+70,5+109,5 

3. 90+70,5+90+109,5 

4. 90+135+135 

5. 90+125,3+144,7 

6. 70,5+70,5+109,5+109,5 

7. 70,5+109,5+70,5+109,5 

8. 70,5+144,7+144,7 

9. 109,5+125,3+125,3 

 

 
ʈʠʩ. 4. ɽʢʦʣʦʛʽʯʥʠʡ ʙʫʜʠʥʦʢ ʥʘ ʚʦʜʽ (ʘʨʭʽʪʝʢʪʫʨʥʝ ʙôʶʨʦ Waternestï100) 

ʆʩʢʽʣʴʢʠ ʙʽʣʴʰʝ ʥʽʞ 4 ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ ʥʝ ʤʦʞʫʪʴ ʤʘʪʠ ʩʧʽʣʴʥʦʛʦ ʨʝʙʨʘ, 

ʪʦ ʩʫʤʠ 2 ʽ 3 ʟ ʥʘʚʝʜʝʥʠʭ ʚʠʱʝ ʻ ʥʝʧʨʠʡʥʷʪʥʠʤʠ, ʘʜʞʝ ʟʨʽʟʘʥʠʡ ʢʫʙ ʪʘ 

ʚʦʩʴʤʠʢʫʪʥʘ ʧʨʠʟʤʘ ʟ ʢʫʪʘʤʠ 70,5̄  ʪʘ 109,5 ̄ʥʝ ʤʘʶʪʴ ʩʧʽʣʴʥʦʛʦ ʨʝʙʨʘ. 
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ʊʦʤʫ ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʬʽʛʫʨʘʤʠ, ʷʢʽ ʜʘʶʪʴ ʟʤʦʛʫ ʩʪʚʦʨʶʚʘʪʠ ʱʽʣʴʥʝ 

ʟʘʧʦʚʥʝʥʥʷ ʧʨʦʩʪʦʨʦʚʠʭ ʩʪʨʫʢʪʫʨ ʻ (ʨʠʩ. 5): 

1-ʢʫʙ; 2-.ʦʢʪʘʝʜʨ; 3-.ʟʨʽʟʘʥʠʡ ʪʝʪʨʘʝʜʨ; 4-ʟʨʽʟʘʥʠʡ ʦʢʪʘʝʜʨ; 5-

ʢʫʙʦʢʪʘʝʜʨ; 6-ʟʨʽʟʘʥʠʡ ʢʫʙʦʢʪʘʝʜʨ; 7-ʨʦʤʙʦʢʫʙʦʢʪʘʝʜʨ [5, 6]. 

 
ʈʠʩ. 5. ʇʨʘʚʠʣʴʥʽ ʙʘʛʘʪʦʛʨʘʥʥʠʢʠ 

ɺʘʞʣʠʚʦʶ ʫʤʦʚʦʶ ʚʠʟʥʘʯʝʥʥʷ ʙʘʟʦʚʦʾ ʬʦʨʤʠ ʤʦʜʫʣʽʚ (ʚʠʙʽʨ ʧʝʚʥʦʛʦ 

ʙʘʛʘʪʦʛʨʘʥʥʠʢʘ) ʘʢʚʘʧʦʩʝʣʝʥʥʷ ʻ ʩʧʝʮʠʬʽʯʥʽʩʪʴ ʨʦʟʪʘʰʫʚʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʠ 

ʥʘ ʚʦʜʽ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʽʡ ʚʣʘʩʪʠʚʽ 

ʦʩʦʙʣʠʚʽ ʬʦʨʤʦʪʚʦʨʥʽ ʤʦʞʣʠʚʦʩʪʽ. 

ʇʽʜ ʯʘʩ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʘʞʣʠʚʠʤ ʻ ʟʘʜʦʚʦʣʝʥʥʷ 

ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʚʠʤʦʛ, ʧʝʚʥʦʾ ʘʚʪʦʥʦʤʥʦʩʪʽ ʦʙôʻʢʪʘ (ʦʢʨʝʤʦʛʦ ʤʦʜʫʣʷ) ʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʘʨʽʘʪʠʚʥʦʛʦ ʚʠʙʦʨʫ ʧʝʚʥʦʛʦ ʤʦʜʫʣʷ ʫ ʨʘʟʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʣʦʯʥʦ-ʤʦʜʫʣʴʥʦʛʦ ʤʝʪʦʜʫ ʬʦʨʤʫʚʘʥʥʷ ʘʢʚʘʧʦʩʝʣʝʥʴ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʜʦʩʚʽʜʫ ʽ ʧʨʘʢʪʠʢʠ ʘʨʭʽʪʝʢʪʫʨʥʦʛʦ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʦʜʽʙʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ ʚʦʜʽ ʤʦʞʥʘ ʚʠʦʢʨʝʤʠʪʠ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ 

ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʪʘ ʧʨʠʡʥʷʪʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʨʽʰʝʥʴ: 

ü ʦʩʥʦʚʥʠʤ ʩʢʣʘʜʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʟʙʽʨʥʠʭ ʩʪʨʫʢʪʫʨ ʤʦʜʫʣʴʥʦʛʦ ʪʠʧʫ 

ʻ ʙʣʦʢ-ʤʦʜʫʣʴ ʫ ʬʦʨʤʽ ʥʘʧʽʚʧʨʘʚʠʣʴʥʠʭ ʙʘʛʘʪʦʛʨʘʥʥʠʢʽʚ ï ʷʢ ʥʘʡʙʽʣʴʰ 

ʦʙʪʽʯʥʠʭ, ʩʪʽʡʢʠʭ ʪʘ "ʢʦʥʪʘʢʪʥʠʭ" ʬʽʛʫʨ; 

ü ʨʦʟʤʽʨʠ ʤʦʜʫʣʷ ʚʠʟʥʘʯʘʶʪʴʩʷ ʡʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ 
ʪʘ ʥʝʦʙʭʽʜʥʠʤʠ ʚʥʫʪʨʽʰʥʽʤ ʦʙôʻʤʦʤ ʽ ʢʦʨʠʩʥʦʶ ʧʣʦʱʝʶ (ʟʘʣʝʞʥʽʩʪʴ ʬʦʨʤʠ 

ʪʘ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ ʙʣʦʢ-ʤʦʜʫʣʷ); 

ü ʤʦʞʣʠʚʽ ʚʘʨʽʘʮʽʾ ʫʥʽʬʽʢʦʚʘʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʬʦʨʤʫʚʘʥʥʷ, ʜʝ 

ʦʜʠʥʠʯʥʠʡ ʤʦʜʫʣʴ ʚʠʩʪʫʧʘʻ ʷʢ ʟʘʚʝʨʰʝʥʘ ʩʪʨʫʢʪʫʨʘ; 

ü ʩʠʩʪʝʤʥʝ ʢʦʤʙʽʥʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʛʝʦʤʝʪʨʠʯʥʦʛʦ 
ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʤʙʽʥʘʪʦʨʠʢʠ ï ʚʝʨʪʠʢʘʣʴʥʝ ʯʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʝ, ʽʟ ʪʨʘʥʩʬʦʨʤʘʮʽʻʶ ʯʠ ʧʘʨʘʣʝʣʴʥʠʤ ʧʝʨʝʥʝʩʝʥʷʤ) ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʦʨʠʪʠ ʫ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʮʽʣʽʩʥʠʡ ʩʪʨʫʢʪʫʨʦʚʘʥʠʡ ʦʙôʻʤ;  

ü ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʫʣʽʚ ʟ ʨʽʟʥʦʶ ʛʝʦʤʝʪʨʽʻʶ (ʚ ʦʩʥʦʚʫ ʚʠʟʥʘʯʝʥʥʷ 
ʬʦʨʤʠ ʤʦʜʫʣʷ ʧʦʢʣʘʜʝʥʦ ʧʽʜʩʫʤʢʦʚʫ ʦʙôʻʤʥʦ-ʧʨʦʩʪʦʨʦʚʫ ʩʪʨʫʢʪʫʨʫ); 
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ü ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʤʽʮʥʦʩʪʽ ʙʣʦʢ-ʤʦʜʫʣʽʚ ʥʘ ʝʪʘʧʽ ʾʭ 

ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʟ ʦʨʽʻʥʪʘʮʽʻʶ ʥʘ ʽʥʜʫʩʪʨʽʘʣʴʥʝ ʩʝʨʽʡʥʝ 

ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʩʠʩʪʝʤʠ ʚʥʫʪʨʽʰʥʴʦʛʦ ʽʥʞʝʥʝʨʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʣʽʩʪʴ ʬʦʨʤʠ, ʩʪʽʡʢʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʡ; 

ü ʟʜʘʪʥʽʩʪʴ ʥʝʩʫʯʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʢʚʘʧʦʩʝʣʝʥʥʷ ʟʘʙʝʟʧʝʯʠʪʠ 

ʚʝʨʪʠʢʘʣʴʥʝ ʩʪʠʢʫʚʘʥʥʷ, ʬʽʢʩʘʮʽʶ ʪʘ ʩʪʘʣʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʚʦʜʽ; 

ü ʤʦʞʣʠʚʦʩʪʽ ʚʘʨʽʘʪʠʚʥʦʾ ʪʨʘʥʩʬʦʨʤʘʮʽʾ, ʟʚʘʞʘʶʯʠ ʥʘ ʨʫʭʣʠʚʽʩʪʴ 
ʩʪʨʫʢʪʫʨʠ, ʫ ʨʽʟʥʠʡ ʩʧʦʩʽʙ ʚʠʜʦʟʤʽʥʶʚʘʪʠ ʦʙôʻʢʪ, ʚʘʨʽʘʥʪʥʽʩʪʴ ʧʨʦʝʢʪʥʠʭ 

ʨʽʰʝʥʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʪʘ ʝʩʪʝʪʠʯʥʦʛʦ ʩʧʨʠʡʥʷʪʪʷ (ʤʦʞʣʠʚʽʩʪʴ 

ʜʦʜʘʚʘʥʥʷ ʜʦ ʥʘʷʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʥʦʚʠʭ ʯʠ ʟʘʤʽʥʠ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ). 

ɺʠʩʥʦʚʢʠ. ʋ ʧʽʙʣʽʢʘʮʽʾ ʚʠʩʚʽʪʣʶʻʪʴʩʷ ʨʦʣʴ ʪʘ ʦʢʨʝʩʣʶʻʪʴʩʷ ʤʽʩʮʝ 

ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʧʽʜ ʯʘʩ ʬʦʨʤʦʪʚʦʨʝʥʥʷ ʤʦʜʫʣʽʚ ʘʢʚʘʧʦʩʝʣʝʥʴ 

ʷʢ ʾʭ ʦʢʨʝʤʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʚʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚôʷʟʘʥʥʷ 

ʘʨʭʽʪʝʢʪʫʨʥʦ-ʤʽʩʪʦʙʫʜʽʚʥʠʭ ʧʠʪʘʥʴ ʬʦʨʤʫʚʘʥʥʷ ʘʢʚʘʧʦʩʝʣʝʥʴ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʫ ʩʫʯʘʩʥʦʤʫ ʧʨʦʝʢʪʫʚʘʥʥʽ ʧʨʽʦʨʠʪʝʪʥʠʤ ʩʪʘʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʘʨʭʽʪʝʢʪʫʨʽ ʧʨʠʡʦʤʽʚ ʤʦʜʫʣʴʥʦʛʦ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ 

ʩʢʣʘʜʝʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʦʙôʻʢʪʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʦʚʽʪʥʽʭ 

ʪʝʭʥʦʣʦʛʽʡ ʥʘ ʦʩʥʦʚʽ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʛʝʦʤʝʪʨʠʯʥʦʾ 

ʢʦʤʙʽʥʘʪʦʨʠʢʠ ʫʪʚʦʨʶʚʘʪʠ ʟ ʧʨʦʩʪʠʭ 3D-ʬʽʛʫʨ ʪʘ ʙʘʛʘʪʦʛʨʘʥʠʢʽʚ ʩʢʣʘʜʥʽ 

ʩʪʨʫʢʪʫʨʠ, ʧʨʦʧʦʥʫʚʘʪʠ ʦʨʠʛʽʥʘʣʴʥʽ ʧʨʦʝʢʪʥʽ ʨʽʰʝʥʷ ʧʽʜʚʠʱʝʥʦʾ ʩʢʣʘʜʥʦʩʪʽ 

ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʢʦʤʬʦʨʪʫ ʟ ʦʜʥʦʯʘʩʥʠʤ ʟʘʜʦʚʦʣʝʥʥʷʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ, 

ʝʢʦʣʦʛʽʯʥʠʭ ʪʘ ʝʩʪʝʪʠʯʥʠʭ ʚʠʤʦʛ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʫ ʧʫʙʣʽʢʘʮʽʾ ʢʦʥʮʝʧʪʫʘʣʴʥʽ ʛʝʦʤʝʪʨʠʯʥʽ ʧʽʜʭʦʜʠ ʜʦ 

ʘʨʭʽʪʝʢʪʫʨʠ ʘʢʚʘʧʦʩʝʣʝʥʴ ʻ ʜʦʩʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʜʘʣʴʰʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ.  
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ʎʀʌʈʆɺɽ ʄʆɼɽʃʖɺɸʅʅʗ ʈɽʃʔɭʌʅʀʍ ɽʃɽʄɽʅʊɯɺ 

ʌɸʉɸɼʅʆɻʆ ʆɿɼʆɹʃɽʅʅʗ ɹʋɼɯɺɽʃʔ 

 

ʅʝʱʘʜʠʤ ɺ.ʆ., ʘʩʧʽʨʘʥʪ, 

ɼʦʨʦʰʝʥʢʦ ʖ.ʆ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ, 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʘʚʽʘʮʽʡʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ, ʂʠʾʚ, ʋʢʨʘʾʥʘ 

 

ɸʥʦʪʘʮʽʷ ï ʫ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʘʩʧʝʢʪʠ ʮʠʬʨʦʚʦʛ 

ʤʦʜʝʣʶʚʘʥʥʷ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʧʨʠʢʣʘʜʽ ʝʣʝʤʝʥʪʽʚ ʬʘʩʘʜʥʦʛʦ 

ʦʟʜʦʙʣʝʥʥʷ ʙʫʜʽʚʝʣʴ. ɼʘʥʘ ʨʦʙʦʪʘ ʜʝʤʦʥʩʪʨʫʻ ʥʘʡʙʽʣʴʰ ʜʦʮʽʣʴʥʽ ʚʘʨʽʘʥʪʠ 

ʮʠʬʨʦʚʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜ ʧʨʦʩʪʠʭ ʜʦ ʩʣʘʜʥʠʭ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʬʦʨʤ 

ʬʘʩʘʜʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ, ʩʝʛʤʝʥʪʘʮʽʷ, ʭʤʘʨʘ ʪʦʯʦʢ, ʨʝʣʴʻʬʥʘ 

ʧʦʚʝʨʭʥʷ, ʤʦʜʝʣʶʚʘʥʥʷ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿʘʟʚʠʯʘʡ ʚʠʤʦʛʠ, ʷʢʽ ʩʪʘʚʣʷʪʴʩʷ ʜʦ ʪʦʯʥʦʩʪʽ 

ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ, ʤʦʞʥʘ ʟʘʜʦʚʦʣʴʥʠʪʠ ʫ ʨʘʟʽ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ 

ʩʝʛʤʝʥʪʥʦʾ ʩʽʪʢʠ ʘʙʦ ʞ ʪʦʯʢʦʚʦʛʦ ʢʘʨʢʘʩʫ, ʜʝ ʤʽʩʪʠʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ 

ʨʝʣʴʻʬ ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʛʦ ʥʘʙʦʨʫ ʢʦʦʨʜʠʥʘʪ ʪʦʯʦʢ. ʇʨʦʮʝʩ 

ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ ʚ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʤʫ ʘʙʦ ʤʘʪʨʠʯʥʦʤʫ ʚʠʛʣʷʜʽ ʟʘ 

ʪʘʢʠʤʠ ʮʠʬʨʦʚʠʤʠ ʜʘʥʠʤʠ ʥʠʥʽ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʙʘʛʘʪʴʦʭ ʢʦʤʧôʶʪʝʨʥʠʭ 

ʧʨʦʛʨʘʤʘʭ. ɸʣʝ ʦʯʝʚʠʜʥʦ, ʱʦ ʪʦʯʥʽʩʪʴ ʽ ʷʢʽʩʪʴ ʦʪʨʠʤʫʚʘʥʦʾ ʤʦʜʝʣʽ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʦʯʥʦʩʪʽ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʢʨʠʚʠʥʠ ʧʦʚʝʨʭʥʽ ʪʘ ʛʣʠʙʠʥʠ 

ʦʙôʻʤʥʦʛʦ ʝʣʝʤʝʥʪʫ.  

ʊʝʭʥʦʣʦʛʽʷ ʥʘʟʝʤʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʫʚʘʥʥʷ (ʅʃʉ) ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ 

ʮʠʬʨʦʚʫ ʤʦʜʝʣʴ ʜʽʡʩʥʦʾ ʧʦʚʝʨʭʥʽ ʦʙʦʣʦʥʢʠ ʘʨʭʽʪʝʢʪʫʨʥʦʾ ʬʦʨʤʠ. ɼʘʥʽ, ʱʦ 

ʦʪʨʠʤʫʶʪʴʩʷ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʅʃʉ, ʤʽʩʪʷʪʴ ʥʘʜʣʠʰʢʦʚʫ ʽʥʬʦʨʤʘʮʽʶ, ʷʢʫ 

ʥʝʦʙʭʽʜʥʦ ʧʨʦʨʽʜʞʫʚʘʪʠ ʟ ʤʝʪʦʶ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʫ ʧʨʦʮʝʩʽ ʧʦʙʫʜʦʚʠ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ. ʊʦʤʫ ʨʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʦʪʨʠʤʘʥʠʭ 

ʅʃʉ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʜʽʡʩʥʦʾ ʧʦʚʝʨʭʥʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ 

ʦʙʦʣʦʥʦʢ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦʶ ʟʘʜʘʯʝʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʗʢʠʤ ʤʝʪʦʜʦʤ ʧʦʙʫʜʦʚʠ ʤʦʞʥʘ ʩʪʚʦʨʠʪʠ 

ʷʢʽʩʥʦ ʢʦʨʝʢʪʥʫ ʤʦʜʝʣʴ ʨʝʣʴʻʬʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʣʷ ʮʴʦʛʦ ʚʞʝ 

ʚʽʜʩʢʘʥʦʚʘʥʽ ʮʠʬʨʦʚʽ ʤʦʜʝʣʽ ʨʝʣʴʻʬʫ? ʎʴʦʤʫ ʤʘʻ ʩʧʨʠʷʪʠ ʧʨʘʚʠʣʴʥʠʡ 

ʧʽʜʙʽʨ ʤʝʪʦʜʫ ʩʢʘʥʫʚʘʥʥʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʤʫ ʪʘ ʦʧʫʢʣʦʩʪʽ ʩʢʘʥʦʚʘʥʦʾ 

ʤʦʜʝʣʽ. ʅʘʡʙʽʣʴʰ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʚ ʦʙʨʦʙʮʽ ʨʝʟʫʣʴʪʘʪʽʚ ʅʃʉ ʻ 

ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʪʦʯʦʢ ʭʤʘʨʠ ʟʘ ʨʘʭʫʥʦʢ ʪʠʭ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ 

ʰʫʤʦʚʦʾ ʘʙʦ ʥʘʜʣʠʰʢʦʚʦʾ ʩʢʣʘʜʦʚʠʭ [1-3]. ʄʝʪʦʜʠ ʽ ʘʣʛʦʨʠʪʤʠ ʚʘʨʽʘʪʠʚʥʦʛʦ 

ʜʠʩʢʨʝʪʥʦʛʦ ʛʝʦʤʝʪʨʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (ɺɼɻʄ), ʟʘʧʨʦʧʦʥʦʚʘʥʽ 

ʅʘʡʜʠʰʝʤ ɺ.ʄ. [2], ʜʦʟʚʦʣʷʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʢʣʘʜʥʽ ʛʝʦʤʝʪʨʠʯʥʽ 
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ʢʦʥʩʪʨʫʢʮʽʾ, ʷʢʽ ʙʫʣʠ ʧʦʢʣʘʜʝʥʽ ʚ ʦʩʥʦʚʫ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯʽ ʩʬʦʨʤʫʣʴʦʚʘʥʦʾ 

ʫ ʨʦʙʦʪʽ [3]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʄʝʪʦʶ ʧʫʙʣʽʢʘʮʽʾ ʻ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʧʦʙʫʜʦʚʠ 

ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ ʽ ʨʝʣʴʻʬʫ ʝʣʝʤʝʥʪʽʚ ʬʘʩʘʜʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʽʣʴʰʽʩʪʴ ʚʽʜʦʤʠʭ ʜʦʩʣʽʜʞʝʥʴ ʩʪʦʩʫʪ̒ʴʩʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʧʠʩʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʝʤʝʣʴʥʦʾ ʜʽʣʷʥʢʠ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʚʠʟʥʘʯʠʪʠ ʛʝʦʜʝʟʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʚʝʨʭʥʽ. ʊʦʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʜʽʡʩʥʦʾ ʧʦʚʝʨʭʥʽ ʘʨʭʽʪʝʢʪʫʨʥʠʭ ʜʝʢʦʨʘʪʠʚʥʠʭ 

ʦʙʦʣʦʥʦʢ-ʬʦʨʤ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʽʥʰʽ ʟʘʩʦʙʠ ʦʙʨʦʙʢʠ ʨʝʟʫʣʴʪʘʪʽʚ ʅʃʉ. 

ʂʨʠʪʝʨʽʷʤʠ ʷʢʦʩʪʽ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ ʻ ʧʦʟʠʮʽʡʥʘ ʪʦʯʥʽʩʪʴ ʪʘ 

ʱʽʣʴʥʽʩʪʴ ʟʘʧʦʚʥʝʥʥʷ ʭʤʘʨʠ ʪʦʯʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʦʙôʻʤʫ ʪʘ ʩʪʫʧʝʥʷ 

ʦʧʫʢʣʦʩʪʽ ʧʦʚʝʨʭʥʽ. 

ʗʢ ʚʽʜʦʤʦ ʟ [4], ʥʘʟʝʤʥʠʡ ʣʘʟʝʨʥʠʡ ʩʢʘʥʝʨ ï ʮʝ ʟʡʦʤʦʯʥʘ ʩʠʩʪʝʤʘ 

(ʨʠʩʫʥʢʠ 1 ʪʘ 2), ʱʦ ʚʠʤʽʨʶʻ ʟ ʚʠʩʦʢʦʶ ʰʚʠʜʢʽʩʪʶ (ʚʽʜ ʢʽʣʴʢʦʭ ʪʠʩʷʯ ʜʦ 

ʤʽʣʴʡʦʥʘ ʪʦʯʦʢ ʟʘ ʩʝʢʫʥʜʫ) ʚʽʜʩʪʘʥʴ ʚʽʜ ʩʢʘʥʝʨʘ ʜʦ ʪʦʯʦʢ ʦʙôʻʢʪʘ ʪʘ ʨʝʻʩʪʨʫʻ 

ʚʽʜʧʦʚʽʜʥʽ ʥʘʧʨʷʤʠ (ʚʝʨʪʠʢʘʣʴʥʽ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽ ʢʫʪʠ) ʟ ʧʦʜʘʣʴʰʠʤ 

ʬʦʨʤʫʚʘʥʥʷʤ ʪʨʠʚʠʤʽʨʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ (ʩʢʘʥʘ) ʫ ʚʠʛʣʷʜʽ ʭʤʘʨʠ ʪʦʯʦʢ ï 

ʛʽʧʝʨʢʽʣʴʢʽʩʥʦʾ ʜʠʩʢʨʝʪʥʦʾ ʩʢʽʥʯʝʥʦʾ ʤʥʦʞʠʥʠ ʪʦʯʦʢ. 
 

 
 

ʈʠʩ. 1. ʅʘʟʝʤʥʠʡ ʩʢʘʥʝʨ ʈʠʩ. 2. ʈʫʯʥʠʡ ʩʢʘʥʝʨ 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʢʘʥʫʚʘʥʥʷ ʻ ʭʤʘʨʘ ʪʦʯʦʢ, ʫ ʷʢʽʡ ʢʦʞʥʘ ʪʦʯʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʨʦʩʪʦʨʦʚʠʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y, z) ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,01ʤʤ ʫ ʛʣʦʙʘʣʴʥʽʡ 

ʛʝʦʜʝʟʠʯʥʽʡ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ ʪʘ ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʱʦʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ 

ʚʽʜʙʠʪʪʷ ʣʘʟʝʨʥʦʛʦ ʩʠʛʥʘʣʫ. ʅʘʟʝʤʥʝ ʣʘʟʝʨʥʝ ʩʢʘʥʫʚʘʥʥʷ ʚʠʢʦʥʫʻ ʟʥʽʤʘʥʥʷ 

ʟ ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ, ʰʚʠʜʢʽʩʪʶ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʽʪ ʪʘ ʜʝʪʘʣʴʥʽʩʪʶ ʦʪʨʠʤʘʥʠʭ 

ʜʘʥʠʭ. ɼʣʷ ʅʃʉ ʩʫʪʪʻʚʠʤ ʻ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʚʠʢʦʥʘʥʥʷ ʨʦʙʽʪ: 1) ʟʙʽʨ 

ʜʘʥʠʭ; 2) ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʡʦʤʢʠ-ʩʢʘʥʫʚʘʥʥʷ; 3) ʚʠʙʽʨ ʜʘʥʠʭ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ. 

ʇʦʟʠʮʽʡʥʘ ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʟ 

ʚʽʜʩʢʘʥʦʚʘʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʮʠʬʨʦʚʦʾ ʤʦʜʝʣʽ. ʆʩʢʽʣʴʢʠ ʦʪʨʠʤʘʪʠ ʧʦʚʥʦʮʽʥʥʫ 

ʚʽʜʩʢʘʥʦʚʘʥʫ ʤʦʜʝʣʴ ʟ ʦʜʥʽʻʾ ʪʦʯʢʠ ʥʝʤʦʞʣʠʚʦ, ʪʦ ʧʦʪʨʽʙʥʦ ʩʢʘʥʫʚʘʪʠ ʾʾ ʟ 

ʨʽʟʥʠʭ ʨʘʢʫʨʩʽʚ, ʧʽʩʣʷ ʯʦʛʦ ʦʪʨʠʤʘʥʽ ʝʣʝʤʝʥʪʠ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʩʫʮʽʣʴʥʠʡ 
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ʮʠʬʨʦʚʠʡ ʨʝʣʴʻʬ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʧʦʤʠʣʦʢ ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʤʽʩʮʝʧʦʣʦʞʝʥʥʷ 

ʚʜʘʶʪʴʩʷ ʜʦ ʛʝʦʜʝʟʠʯʥʦʛʦ ʢʦʥʪʨʦʣʶ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ 3D-ʩʢʘʥʫʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʮʠʬʨʦʚʦʾ ʦʙôʻʤʥʦʾ ʤʦʜʝʣʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 3D-ʩʢʘʥʝʨʠ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ 

ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ ʨʫʯʥʽ ʪʘ ʥʘʟʝʤʥʽ. ʅʘʟʝʤʥʽ ʧʨʠʩʪʨʦʾ ʤʘʶʪʴ ʤʝʥʰʫ ʪʦʯʥʽʩʪʴ, 

ʚʦʥʠ ʩʪʚʦʨʶʶʪʴ ʩʧʨʦʱʝʥʫ ʤʦʜʝʣʴ.  

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʦʙôʻʤʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʚʽʜʪʚʦʨʶʚʘʪʠʩʷ ʷʢ 

ʭʤʘʨʦʶ ʜʠʩʢʨʝʪʥʠʭ ʪʦʯʦʢ, ʪʘʢ ʽ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʶ ʩʽʪʢʦʶ (ʨʠʩ. 3).  
 

ʎʠʬʨʦʚʘ ʤʦʜʝʣʴ ʚ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʷʢ ʩʧʨʦʱʝʥʘ ʪʘʢ ʽ 

ʫʧʦʨʷʜʢʦʚʘʥʘ. ɺʘʨʽʘʥʪʠ ʩʪʚʦʨʝʥʥʷ ʦʙôʻʤʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʤʦʜʝʣʽ: 

- ʩʧʨʦʱʝʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ (ʤʘʻ ʧʣʷʤʠ ʨʽʟʥʦʛʦ ʜʽʘʤʝʪʨʫ 5ï7 ʤʤ.); 

- ʫʧʦʨʷʜʢʦʚʘʥʘ ʮʠʬʨʦʚʘ ʤʦʜʝʣʴ (ʤʦʞʝ ʙʫʪʠ ʩʝʛʤʝʥʪʦʚʘʥʘ); 

- ʪʦʯʢʦʚʘ ʣʝʛʢʘ; 

- ʪʦʯʢʦʚʘ ʩʢʣʘʜʝʥʘ (ʨʠʩ. 4).  

 

 
ʈʠʩ. 4 

 
ʈʠʩ. 3. ɺʽʜʪʚʦʨʝʥʥʷ ʚʽʜʩʢʘʥʦʚʘʥʦʾ ʭʤʘʨʠ ʪʦʯʦʢ 
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ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ, ʩʝʛʤʝʥʪʘʮʽʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʨʷʤʦʣʽʥʽʡʥʽʡ 

ʩʽʪʮʽ  

- ʟ ʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ; 

- ʟ ʥʝʬʽʢʩʦʚʘʥʠʤ ʢʨʦʢʦʤ; 

- ʥʘʡʚʘʞʯʘ ʤʦʜʝʣʴ ʩʪʚʦʨʶʻʪʴʩʷ ʚ ʢʨʠʚʦʣʽʥʽʡʥʽʡ ʩʽʪʮʽ. 

ʋ ʧʨʦʛʨʘʤʽ 3DStudioMax ʩʪʚʦʨʶʶʪʴʩʷ ʤʦʜʝʣʽ ʨʽʟʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ʋ ʮʽʡ 

ʧʨʦʛʨʘʤʽ ʪʘʢʦʞ ʤʦʞʥʘ ʧʦʻʜʥʘʪʠ ʢʽʣʴʢʘ ʩʢʘʥʽʚ (ʦʙʦʣʦʥʦʢ ʩʢʘʥʫʚʘʥʥʷ) 

ʩʝʛʤʝʥʪʦʚʘʥʠʤʠ ʯʘʩʪʠʥʘʤʠ ʘʙʦ ʭʤʘʨʦʶ ʪʦʯʦʢ. ʇʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʥʝʩʪʠ 

ʢʦʨʝʢʪʠʚʠ ʧʨʦʛʨʘʤʘ ʜʘʻ ʟʤʦʛʫ ʚʽʜʥʦʚʣʶʚʘʪʠ ʧʦʰʢʦʜʞʝʥʽ ʬʨʘʛʤʝʥʪʠ 

ʬʘʩʘʜʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ. 

ɺʠʩʥʦʚʢʠ. ʆʪʞʝ, ʷʢʽʩʥʽ ʦʮʽʥʢʠ ʪʦʯʥʦʩʪʽ ʧʦʙʫʜʦʚʠ ʮʠʬʨʦʚʠʭ ʤʦʜʝʣʝʡ 

ʨʝʣʴʻʬʥʠʭ ʧʦʚʝʨʭʦʥʴ ʫ ʚʠʛʣʷʜʽ ʦʙôʻʤʥʦʾ ʤʦʜʝʣʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʽʟʫʘʣʽʟʦʚʘʥʦʾ ʪʨʽʘʥʛʫʣʷʮʽʡʥʦʾ ʩʽʪʢʠ ʘʙʦ ʭʤʘʨʠ ʪʦʯʦʢ. ɿʦʢʨʝʤʘ, 

ʥʘ ʙʽʣʴʰ ʧʨʦʩʪʠʭ ʜʽʣʷʥʢʘʭ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ "ʧʦʣʝʛʰʝʥʘ" ʪʦʯʢʦʚʘ ʤʦʜʝʣʴ, 

ʘ ʥʘ ʙʽʣʴʰ ʚʘʞʢʠʭ ï ʩʢʣʘʜʥʘ ʢʨʠʚʦʣʽʥʽʡʥʘ ʩʽʪʢʘ. ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʨʦʟʨʘʭʫʥʢʦʚʠʡ ʘʣʛʦʨʠʪʤ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʜʘʣʠʪʠ ʥʘʜʣʠʰʢʦʚʫ 

ʽʥʬʦʨʤʘʮʽʶ ʽʟ ʛʽʧʝʨʢʽʣʴʢʽʩʥʦʾ ʤʥʦʞʠʥʠ ʪʦʯʦʢ, ʦʪʨʠʤʘʥʫ ʅʃʉ. ʅʘʜʘʣʽ ʮʷ 

ʽʥʬʦʨʤʘʮʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦʾ ʤʦʜʝʣʽ ʦʙʦʣʦʥʢʠ 

ʝʣʝʤʝʥʪʫ ʬʘʩʘʜʥʦʛʦ ʦʟʜʦʙʣʝʥʥʷ ʙʫʜʽʚʣʽ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʥʝʜʦʩʢʦʥʘʣʦʩʪʝʡ 

ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

8. ɺʝʣʠʞʝʚ ɸ.ɹ. ɸʚʪʦʤʘʪʠʯʝʩʢʘʷ ʩʝʛʤʝʥʪʘʮʠʷ ʦʙʣʘʢʦʚ ʪʦʯʝʢ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʤʝʥʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ / ɸ.ɹ. ɺʝʣʠʞʝʚ, ʈ. ʐʘʧʦʚʘʣʦʚ, ɼ. ʇʦʪʘʧʦʚ, ɽ. ʊʨʝʪʴʷʢ, 

ɸ. ʂʦʥʫʰʠʥ . ï ʄ.: GraphiCon. ï 2009. ï ʉ. 241ï245.  

9. ʅʘʡʜʠʰ ɺ.ʄ. ɼʠʩʢʨʝʪʥʘ ʽʥʪʝʨʧʦʣʷʮʽʷ [ʇʽʜʨʫʯʥʠʢ ʜʣʷ ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ 
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ʃʠʩʶʢ ɼ.ʉ., ʩʪʫʜʝʥʪ,   

ʂʦʚʘʣʝʥʢʦ ʄ.ʄ., ʜ.ʤ.ʥ. 

ʂʫʮʷʢ ʆ.ɸ., ʢ.ʪ.ʥ., ʩ.ʥ.ʩ 1. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 
1ʄʽʞʥʘʨʦʜʥʠʡ ʥʘʫʢʦʚʦ-ʥʘʚʯʘʣʴʥʠʡ ʮʝʥʪʨ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʪʘ 

ʩʠʩʪʝʤ ʅɸʅ ʪʘ ʄʆʅ ʋʢʨʘʾʥʠ, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʉʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʭʘʨʘʢʪʝʨʫ ʟʤʽʥ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ ʧʘʮʽʻʥʪʽʚ ʟ 

ʛʽʧʝʨʪʦʥʽʯʥʦʶ ʭʚʦʨʦʙʦʶ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʚʝʣʦʝʨʛʦʤʝʪʨʽʷ, ʛʽʧʝʨʪʦʥʽʯʥʘ ʭʚʦʨʦʙʘ, ʯʘʩʪʦʪʘ 

ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ, ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ, ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʠ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ ʦʩʥʦʚʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʻ ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ ʪʘ ʯʘʩʪʦʪʘ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ ï ʾʭ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʫ 

ʥʘʫʢʦʚʠʭ ʧʨʘʮʷʭ ʱʝ ʥʝ ʚʠʟʥʘʯʝʥʘ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʠʭ 

ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʣʽʢʫʚʘʥʥʷ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺʠʭʦʜʷʯʠ ʟ ʦʜʝʨʞʘʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ, 

ʧʨʠ ʾʭ ʚʠʤʽʨʶʚʘʥʥʽ ʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʦʩʽʙ, ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʾʭ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ.  

ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʦʟʥʘʯʘʻ ʥʘʩʢʽʣʴʢʠ ʜʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʭʘʨʘʢʪʝʨʠʟʫʻ ʩʪʘʥ ʦʙôʻʢʪʘ, ʪʦʙʪʦ ʢʦʨʠʩʥʘ ʜʣʷ ʜʘʥʦʾ ʮʽʣʽ ʽʥʬʦʨʤʘʮʽʷ, ʷʢʘ 

ʦʪʨʠʤʘʥʘ ʟ ʚʠʭʽʜʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ɯʩʥʫʻ ʱʦʥʘʡʤʝʥʰʝ 2 ʧʽʜʭʦʜʠ ʜʦ ʦʮʽʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ï 

ʝʥʝʨʛʝʪʠʯʥʠʡ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʡ. ɽʥʝʨʛʝʪʠʯʥʠʡ ʧʽʜʭʽʜ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʪʦʤʫ, 

ʱʦ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʮʽʥʶʻʪʴʩʷ ʟʘ ʚʝʣʠʯʠʥʦʶ ʦʟʥʘʢʠ. ɸʣʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʦ 

ʦʮʽʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʤʦʞʝ ʟʜʘʪʠʩʷ ʥʝʢʦʨʝʢʪʥʠʤ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙôʻʢʪʘ. ʗʢʱʦ ʧʨʠ ʨʦʟʧʽʟʥʘʚʘʥʥʽ ʦʙôʻʢʪʘ ʡʦʛʦ ʧʦʪʨʽʙʥʦ ʚʽʜʥʝʩʪʠ ʜʦ ʦʜʥʦʛʦ ʟ 

2-ʭ ʢʣʘʩʽʚ, ʪʦ ʜʣʷ ʮʴʦʛʦ ʤʦʞʥʘ ʟʘʩʪʦʩʫʚʘʪʠ ʨʦʟʨʽʟʥʝʥʥʷ ʨʦʟʧʦʜʽʣʽʚ 

ʡʤʦʚʽʨʥʦʩʪʝʡ ʦʟʥʘʢʠ, ʧʦʙʫʜʦʚʘʥʽ ʟʘ ʚʠʙʽʨʢʘʤʠ ʟ 2-ʭ ʧʦʨʽʚʥʶʚʘʣʴʥʠʭ ʢʣʘʩʽʚ. 

ʅʘ ʧʨʘʢʪʠʮʽ ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʟʥʘʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʦʟʨʽʟʥʝʥʥʷ 

ʨʦʟʧʦʜʽʣʽʚ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʂʦʣʤʦʛʦʨʦʚʘ-

ʉʤʽʨʥʦʚʘ. ʁʦʛʦ ʩʫʪʥʽʩʪʴ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʣʷ ʜʚʦʭ ʚʠʙʦʨʦʢ ʦʟʥʘʢʠ X, ʱʦ 

ʥʘʣʝʞʘʪʴ ʜʚʦʤ ʨʽʟʥʠʤ ʢʣʘʩʘʤ, ʚ ʦʜʥʽʡ ʢʦʦʨʜʠʥʘʪʥʽʡ ʧʣʦʱʠʥʽ ʙʫʜʫʶʪʴʩʷ 

ʝʤʧʽʨʠʯʥʽ ʨʦʟʧʦʜʽʣʠ ʦʟʥʘʢʠ X ʽ ʦʙʯʠʩʣʶʶʪʴ ʥʘʢʦʧʠʯʝʥʽ ʯʘʩʪʦʪʠ (ʩʫʤʫ 

ʯʘʩʪʦʪ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʜʦ ʧʦʪʦʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ ʨʦʟʧʦʜʽʣʫ). ʆʮʽʥʢʦʶ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʻ ʤʦʜʫʣʴ ʤʘʢʩʠʤʘʣʴʥʦʾ ʨʽʟʥʠʮʽ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ. 
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ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ ʜʣʷ ʧʦʪʦʯʥʦʛʦ ʽʥʪʝʨʚʘʣʫ jM  

ʥʝʦʙʭʽʜʥʦ ʚʠʟʥʘʯʠʪʠ ʩʫʤʫ ʯʘʩʪʦʪ jm  ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʽʥʪʝʨʚʘʣʫ ʜʦ 

ʧʦʪʦʯʥʦʛʦ (1). ɯʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʟʥʘʢʠ X ʟʥʘʭʦʜʠʪʴʩʷ ʰʣʷʭʦʤ ʦʙʯʠʩʣʝʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʤʦʜʫʣʷ ʨʽʟʥʠʮʽ ʥʘʢʦʧʠʯʝʥʠʭ ʯʘʩʪʦʪ (2). 

0 0

1 , 1...{
i i i

M m

M M m i n-

=

= + = , 
(1) 1, 2,(X) max , j 1...k,j jI M M= - =  (2) 

ʜʝ n ï ʜʦʚʞʠʥʘ ʚʠʙʽʨʢʠ, k ï ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʚʘʣʽʚ ʨʦʟʧʦʜʽʣʫ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʥʘʢʦʧʠʯʝʥʠʤʠ ʯʘʩʪʦʪʘʤʠ ʧʦʢʘʟʫʻ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʦʟʥʘʢʠ. ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʯʝʨʝʟ 

ʚʠʟʥʘʯʝʥʥʷ ʝʥʪʨʦʧʽʾ ʚʝʣʠʯʠʥʠ ʟʘ ʝʥʪʨʦʧʽʡʥʦʶ ʤʽʨʦʶ ʐʝʥʥʦʥʘ: 

2

1

log
k

k k

i

H p p
-

=-ä .      (3) 

ʜʝ ὴ ï ʡʤʦʚʽʨʥʽʩʪʴ ʧʝʨʝʙʫʚʘʥʥʷ ʚʝʣʠʯʠʥʠ ʫ ʩʪʘʥʽ k.  

ʂʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ: I H=- . 

ɺʠʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʯʠʩʝʣʴʥʦ ʦʮʽʥʠʪʠ 

ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ. 

ɼʣʷ ʮʴʦʛʦ ʥʘ ʧʝʨʰʦʤʫ ʢʨʦʮʽ ʩʬʦʨʤʦʚʘʥʦ ʘʧʨʽʦʨʥʠʡ ʩʣʦʚʥʠʢ 

ʧʦʢʘʟʥʠʢʽʚ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʯʘʩʪʦʪʫ ʩʝʨʮʝʚʠʭ ʩʢʦʨʦʯʝʥʴ (ʏʉʉ) ʪʘ 

ʘʨʪʝʨʽʘʣʴʥʠʡ ʪʠʩʢ (ɸʊ). ɺʠʜʽʣʝʥʽ ʢʦʥʪʨʦʣʴʥʘ ʪʘ ʦʩʥʦʚʥʘ ʛʨʫʧʘ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʘʮʽʻʥʪʽʚ, ʢʨʠʪʝʨʽʻʤ ʬʦʨʤʫʚʘʥʥʷ ʷʢʠʭ ʻ ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ. ɼʦ 

ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʙʫʜʫʪʴ ʥʘʣʝʞʘʪʠ ʧʘʮʽʻʥʪʠ, ʯʘʩ ʚʽʜʥʦʚʣʝʥʥʷ ʷʢʠʭ ʥʝ 

ʚʠʙʠʚʘʻʪʴʩʷ ʟʘ ʤʝʞʽ ʥʦʨʤʠ (4 ʭʚ). ɼʦ ʢʦʞʥʦʾ ʛʨʫʧʠ ʚʭʦʜʷʪʴ ʧʦ 8 ʦʩʽʙ. 

ʅʘ ʜʨʫʛʦʤʫ ʢʨʦʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘʩʪʦʩʦʚʫʻʤʦ 

ʤʦʜʠʬʽʢʦʚʘʥʠʡ ʢʨʠʪʝʨʽʡ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ. ɺ ʦʜʥʽʡ ʢʦʦʨʜʠʥʘʪʥʽʡ ʧʣʦʱʠʥʽ ʚ 

ʦʜʥʘʢʦʚʠʭ ʽʥʪʝʨʚʘʣʘʭ ʜʣʷ ʜʚʦʭ ʛʨʫʧ (ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ) ʧʦʙʫʜʦʚʘʥʽ  

ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 1). ʏʝʨʝʟ ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʦʙʯʠʩʣʝʥʽ ʥʘʢʦʧʠʯʝʥʽ 

ʯʘʩʪʦʪʠ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʧʦʢʘʟʥʠʢʘ ʟʘ (1). 

ɿʘ (2) ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʏʉʉ ʩʪʘʥʦʚʠʪʴ I(ʏʉʉ)=3, ʜʣʷ 

ʧʦʢʘʟʥʠʢʘ ɸʊ ï I(ɸʊ)=2. 

ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʨʠʪʝʨʽʷ 

ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ ʜʦ ʧʦʢʘʟʥʠʢʽʚ ʏʉʉ ʪʘ ɸʊ ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ 

ʛʨʫʧ, ʚʠʟʥʘʯʝʥʦ, ʱʦ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ ʻ ʧʦʢʘʟʥʠʢ ʏʉʉ, ʜʣʷ ʷʢʦʛʦ 

ʧʦʢʘʟʥʠʢ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ 3 (ʙʽʪ), ʪʦʜʽ ʷʢ ʜʣʷ ɸʊ ï 2 (ʙʽʪ). 

ʅʘ ʪʨʝʪʴʦʤʫ ʢʨʦʮʽ ʧʨʦʚʦʜʠʤʦ ʦʮʽʥʶʚʘʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ 

ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ ʯʝʨʝʟ ʦʧʠʩʦʚʫ ʩʪʘʪʠʩʪʠʢʫ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʽʥʬʦʨʤʘʮʽʾ ʟʘ ʝʥʪʨʦʧʽʡʥʦʶ ʤʽʨʦʶ ʐʝʥʥʦʥʘ. ɼʣʷ ʮʴʦʛʦ ʪʘʢʦʞ 

ʙʫʜʫʶʪʴʩʷ ʛʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ, ʘʣʝ ʫ ʚʣʘʩʥʠʭ ʜʽʘʧʘʟʦʥʘʭ ʧʦʢʘʟʥʠʢʘ (ʨʠʩ. 2). 

ɼʣʷ ʢʦʞʥʦʛʦ ʧʦʢʘʟʥʠʢʘ ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ ʛʨʫʧ ʨʦʟʨʘʭʦʚʘʥʽ 

ʩʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ: ʨʦʟʤʘʭ, ʩʝʨʝʜʥʻ ʘʨʠʬʤʝʪʠʯʥʝ, ʤʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʷ, ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʜʠʥʘʤʽʯʥʠʡ 

ʜʽʘʧʘʟʦʥ (ʪʘʙʣ. 1). ʅʘ ʾʭ ʙʘʟʽ ʧʦʙʫʜʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʥʦʨʤʘʣʴʥʽ ʟʘʢʦʥʠ 

ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 3). 
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ʘ ʙ 

ʈʠʩ. 1. ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʏʉʉ (ʘ) ʪʘ ɸʊ (ʙ) ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ 

ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʤʦʜʠʬʽʢʦʚʘʥʠʤ 

ʢʨʠʪʝʨʽʵʤ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ 

 

  

ʘ ʙ 

ʈʠʩ. 2. ɻʽʩʪʦʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʘ ʏʉʉ (ʘ) ʪʘ ɸʊ (ʙ) ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ 

ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ ʟʘ ʝʪʨʦʧʽʻʶ ʐʝʥʥʦʥʘ 

 

ʊʘʙʣʠʮʷ 1 - ʉʪʘʪʠʩʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʧʦʢʘʟʥʠʢʽʚ ʏʉʉ ʪʘ ɸʊ 

1 2 3 4 5 

ʇʦʢʘʟʥʠʢ 

ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ 
ʏʉʉ ɸʊ 

ʇʘʨʘʤʝʪʨ 
ʂʦʥʪʨʦʣʴʥʘ 

ʛʨʫʧʘ 

ʆʩʥʦʚʥʘ 

ʛʨʫʧʘ 

ʂʦʥʪʨʦʣʴʥʘ 

ʛʨʫʧʘ 

ʆʩʥʦʚʥʘ 

ʛʨʫʧʘ 

ʈʦʟʤʘʭ, % 46 83 44 34 

ʉʝʨʝʜʥʻ 

ʘʨʠʬʤʝʪʠʯʥʝ, % 
182,375 186,75 149.375 151 

ʄʘʪʝʤʘʪʠʯʥʝ 

ʩʧʦʜʽʚʘʥʥʷ, % 
6.01284 10.684 5.53663 3.76663 

ɼʠʩʧʝʨʩʽʷ, %2 298,234 913,188 245,234 113,5 

ʉʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ 

ʚʽʜʭʠʣʝʥʥʷ, % 
17,0069 30,219 15.66 10,6536 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣ. 1 

1 2 3 4 5 

ɼʠʥʘʤʽʯʥʠʡ ʜʽʘʧʘʟʦʥ 0.11 0.19 0.13 0.10 

ɽʥʪʨʦʧʽʷ (ʟʘ 

ʐʝʥʥʦʥʦʤ), ʅ: 
-4 -6 -4 -2 

ʂʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ, I, ʙʽʪ: 
4 6 4 2 

 

  

ʘ ʙ 

ʈʠʩ. 3. ʊʝʦʨʝʪʠʯʥʽ ʥʦʨʤʘʣʴʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ ʧʦʢʘʟʥʠʢʽʚ ʏʉʉ (ʘ) ʪʘ ɸʊ (ʙ) 

ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ ʦʩʥʦʚʥʦʾ ʛʨʫʧ 

 

ɿʘʩʪʦʩʫʚʘʚʰʠ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʫ ʦʮʽʥʢʫ (ʘʙʦ z-ʦʮʽʥʢʫ) ï ʬʫʥʢʮʽʶ 
21

( ) exp( )
22

z
f z

p
= - , ʜʝ 

x
z

m

s

-
= , x  - ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ, m  - 

ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ, s - ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ, ʧʦʙʫʜʫʚʘʣʠ 

ʥʦʨʤʦʚʘʥʽ ʪʝʦʨʝʪʠʯʥʽ ʥʦʨʤʘʣʴʥʽ ʟʘʢʦʥʠ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 4), ʽ ʪʘʢʠʤ ʯʠʥʦʤ, 

ʙʘʯʠʤʦ ʧʦʚʝʜʽʥʢʫ ʧʦʢʘʟʥʠʢʽʚ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ ʫ ʢʦʥʪʨʦʣʴʥʽʡ ʪʘ ʦʩʥʦʚʥʽʡ 

ʛʨʫʧʘʭ.  

  

ʘ ʙ 

ʈʠʩ. 4. ʅʦʨʤʦʚʘʥʽ ʨʦʟʧʦʜʽʣʠ ʧʦʢʘʟʥʠʢʽʚ ʏʉʉ (ʘ) ʪʘ ɸʊ (ʙ) ʢʦʥʪʨʦʣʴʥʦʾ ʪʘ 

ʦʩʥʦʚʥʦʾ ʛʨʫʧ 
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʚʝʣʠʯʠʥʠ ʨʦʟʢʠʜʫ, ʜʠʩʧʝʨʩʽʾ, 

ʜʠʥʘʤʽʯʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʫ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʧʦʢʘʟʥʠʢʘ ʏʉʉ ʙʽʣʴʰʝ, ʥʽʞ ʫ 

ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ (ʪʘʙʣ. 1), ʩʪʦʩʦʚʥʦ ʧʦʢʘʟʥʠʢʘ ɸʊ ʟʦʚʩʽʤ ʧʨʦʪʠʣʝʞʥʘ 

ʩʠʪʫʘʮʽʷ, ʥʽʞ ʜʣʷ ʧʦʢʘʟʥʠʢʘ ʏʉʉ: ʚʝʣʠʯʠʥʠ ʨʦʟʢʠʜʫ, ʜʠʩʧʝʨʩʽʾ, ʜʠʥʘʤʽʯʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʫ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʙʽʣʴʰʝ ʥʽʞ ʚ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ. ʂʽʣʴʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʥʠʢʘ ʏʉʉ ʫ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʙʽʣʴʰʘ, ʥʽʞ ʫ ʢʦʥʪʨʦʣʴʥʦʾ 

ʛʨʫʧʠ, ʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʧʦʢʘʟʥʠʢʘ ɸʊ ʫ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ ʙʽʣʴʰʘ, ʥʽʞ 

ʚ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ. 

ɿʘ ʥʦʨʤʦʚʘʥʠʤʠ ʨʦʟʧʦʜʽʣʘʤʠ (ʨʠʩ. 4) ʧʦʢʘʟʥʠʢʽʚ ʏʉʉ ʪʘ ɸʊ ʫ ʨʽʟʥʠʭ 

ʛʨʫʧ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚʽʟʫʘʣʴʥʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʟʥʘʯʝʥʴ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ: 

ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ʏʉʉ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ ʚʠʧʝʨʝʜʞʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ 

ʏʉʉ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ, ʘ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɸʊ ʢʦʥʪʨʦʣʴʥʦʾ ʛʨʫʧʠ 

ʚʠʧʝʨʝʜʞʘʶʪʴ ʟʥʘʯʝʥʥʷ ʧʦʢʘʟʥʠʢʘ ɸʊ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ. 

ɺʠʩʥʦʚʦʢ. ɿʘʩʪʦʩʦʚʫʶʯʠ ʦʧʠʩʦʚʫ ʩʪʘʪʠʩʪʠʢʫ ʪʘ ʤʝʪʦʜ ʝʥʪʨʦʧʽʾ 

ʐʝʥʥʦʥʘ ʟôʷʩʫʚʘʣʦʩʴ, ʱʦ ʜʣʷ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ ʙʽʣʴʰ ʽʥʬʦʨʤʘʪʠʚʥʠʤ 

ʧʦʢʘʟʥʠʢʦʤ ʻ ʏʉʉ, ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʷʢʦʛʦ ʟʨʦʩʪʘʻ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ 

ʢʦʥʪʨʦʣʴʥʦʾ (ɯ=4 ʙʽʪ) ʜʦ ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ (ɯ=6 ʙʽʪ), ʪʦʜʽ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ 

ʧʦʢʘʟʥʠʢʘ ɸʊ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʚʽʜ ʢʦʥʪʨʦʣʴʥʦʾ (ɯ=4 ʙʽʪ) ʜʦ 

ʦʩʥʦʚʥʦʾ ʛʨʫʧʠ (ɯ=2 ʙʽʪ). 

ʆʪʞʝ, ʽʥʬʦʨʤʘʪʠʚʥʽʩʪʴ ʧʦʢʘʟʥʠʢʘ ʏʉʉ ʜʣʷ ʚʝʣʦʝʨʛʦʤʝʪʨʽʾ 

ʧʽʜʪʚʝʨʜʠʣʘʩʷ ʤʦʜʠʬʽʢʦʚʘʥʠʤ ʢʨʠʪʝʨʽʻʤ ʂʦʣʤʦʛʦʨʦʚʘ-ʉʤʽʨʥʦʚʘ ʪʘ 

ʤʝʪʦʜʦʤ ʝʥʪʨʦʧʽʾ ʐʝʥʥʦʥʘ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʦʾ ʦʮʽʥʢʠ 

ʜʣʷ ʧʦʙʫʜʦʚʠ ʥʦʨʤʦʚʘʥʠʭ ʨʦʟʧʦʜʽʣʽʚ ʧʦʢʘʟʥʠʢʽʚ ʪʘ ʚʽʟʫʘʣʴʥʦʾ ʦʮʽʥʢʠ ʾʭ 

ʽʥʬʦʨʤʘʪʠʚʥʦʩʪʽ. 
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ʋɼʂ 515.2:536.3 

 

ʄʆɾʃʀɺʆʉʊɯ ɯ ʅɽʆɹʍɯɼʅɯʉʊʔ ɺʀʂʆʈʀʉʊɸʅʅʗ 3D ɻʈɸʌɯʂʀ 

ɺ ʋʂʈɸɰʅʉʔʂʆʄʋ ʂɯʅɽʄɸʊʆɻʈɸʌɯ 

 

ʅʘʜʢʝʨʥʠʯʥʘ ʊ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɸʣʜʦʭʽʥ ʄ.ɼ., ʩʪʫʜʝʥʪ ɼʂ-6,1 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 
 

ɸʥʦʪʘʮʽʷ ï ʫ ʩʪʘʪʽ ʨʦʟʛʣʷʥʫʪʽ ʤʦʞʣʠʚʦʩʪʽ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ 

3D ʛʨʘʬʽʢʠ ʚ ʫʢʨʘʾʥʩʴʢʦʤʫ ʢʽʥʝʤʘʪʦʛʨʘʬʽ. ɽʪʘʧʠ ʪʘ ʥʘʧʨʷʤʢʠ ʨʦʟʚʠʪʢʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï MAYA, ʢʽʥʝʤʘʪʦʛʨʘʬ, ʉɸʇʈ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɿ ʢʦʞʥʠʤ ʨʦʢʦʤ ʧʦʪʨʝʙʠ ʫ ʨʝʘʣʽʩʪʠʯʥʦʤʫ 

ʟʦʙʨʘʞʝʥʥʽ ʚ ʢʽʥʦʽʥʜʫʩʪʨʽʾ ʟʙʽʣʴʰʫʶʪʴʩʷ. ɹʶʜʞʝʪʠ ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʚʽʟʫʘʣʴʥʽ 

ʝʬʝʢʪʠ ʟʨʦʩʪʘʶʪʴ. ʋʢʨʘʾʥʘ ʚ ʦʩʪʘʥʥʽ ʨʦʢʠ ʽʥʚʝʩʪʫʻ ʜʦʩʠʪʴ ʚʝʣʠʢʽ ʢʦʰʪʠ ʫ 

ʢʽʥʝʤʘʪʦʛʨʘʬ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʫʢʨʘʾʥʩʴʢʦʤʫ 

ʢʽʥʝʤʘʪʦʛʨʘʬʫ, ʩʣʽʜ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʫʯʘʩʥʽ ʥʘʧʨʘʮʶʚʘʥʥʷ ʫ ʮʽʡ ʩʬʝʨʽ. ɼʣʷ 

ʮʴʦʛʦ ʧʦʪʨʽʙʥʽ ʬʘʭʽʚʮʽ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʗʢʱʦ ʘʥʘʣʽʟʫʚʘʪʠ ʥʘʡʢʨʘʱʽ ʧʨʠʢʣʘʜʠ 

ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʦʚʦʛʦ ʢʽʥʝʤʘʪʦʛʨʘʬʘ, ʪʦ ʙʘʯʠʤʦ, ʱʦ ʘʢʪʠʚʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʽʟʫʘʣʴʥʽ ʝʬʝʢʪʠ, ʘ ʩʘʤʝ: ʩʢʫʣʴʧʪʽʥʛ[1], ʘʥʽʤʘʮʽʷ, 

ʪʝʢʩʪʫʨʽʥʛ[2], ʰʝʡʜʽʥʛ[3], ʢʦʤʧʦʟʠʥʛ[4], ʨʝʥʜʝʨʽʥʛ[5]. ʉʘʤʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʠʭ 

ʟʘʩʦʙʽʚ ʽ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʠʪʴ ʥʘʩʪʽʣʴʢʠ 

ʧʨʠʚʘʙʣʠʚʠʤʠ ʽ ʟʘʭʦʧʣʶʶʯʠʤʠ ʢʽʥʝʤʘʪʦʛʨʘʬʽʯʥʽ ʚʠʨʦʙʠ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʝʪʘʧʠ ʩʪʚʦʨʝʥʥʷ 

ʚʽʟʫʘʣʴʥʠʭ ʝʬʝʢʪʽʚ ʪʘ ʩʧʦʩʦʙʠ ʜʦʩʷʛʥʝʥʥʷ ʨʝʘʣʽʟʤʫ  ʫ ʢʽʥʮʝʚʦʤʫ ʧʨʦʜʫʢʪʽ. 

ʊʘʢʦʞ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʜʫʢʪʽʚ 

ʚʠʢʦʥʫʻʪʴʩʷ ʢʦʞʝʥ ʟ ʮʠʭ ʝʪʘʧʽʚ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʂʦʞʝʥ ʚʠʨʽʙ ʢʽʥʦʤʠʩʪʝʮʪʚʘ ʧʨʦʭʦʜʠʪʴ ʧʝʚʥʽ ʝʪʘʧʠ: 

ʥʘʧʠʩʘʥʥʷ ʩʮʝʥʘʨʽʶ, ʧʽʜʙʦʨ ʪʚʦʨʯʦʾ ʛʨʫʧʠ, ʟʡʦʤʦʯʥʠʡ ʧʨʦʮʝʩ, ʧʦʩʪ ʦʙʨʦʙʢʘ, 

ʚʠʜʘʥʥʷ. ɿʘʨʘʟ ʤʠ ʟʫʧʠʥʠʤʦʩʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ ʥʘ ʝʪʘʧʽ ʧʦʩʪ ʦʙʨʦʙʢʠ, ʘ 

ʪʘʢʦʞ ʧʦʢʘʞʝʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 3D ʛʨʘʬʽʢʠ ʚ ʥʴʦʤʫ.  

ʂʦʞʝʥ ʩʫʯʘʩʥʠʡ ʬʽʣʴʤ ʫ ʪʦʡ ʯʠ ʽʥʰʽʡ ʤʽʨʽ ʥʘʧʦʚʥʝʥʠʡ ʚʽʟʫʘʣʴʥʠʤʠ 

ʝʬʝʢʪʘʤʠ, ʩʪʚʦʨʝʥʥʷ ʷʢʠʭ ʟʘʡʤʘʻ ʙʘʛʘʪʦ ʯʘʩʫ, ʣʶʜʩʴʢʦʛʦ ʽ ʤʘʪʝʨʽʘʣʴʥʦʛʦ 

ʨʝʩʫʨʩʫ. ʂʨʽʤ ʪʦʛʦ ʚʽʜ ʚʽʟʫʘʣʫ ʫ ʙʽʣʴʰʽʡ ʤʽʨʽ ʟʘʣʝʞʠʪʴ ʫʩʧʽʭ ʚʠʨʦʙʫ.  

ʈʦʟʛʣʷʥʝʤʦ ʙʽʣʴʰ ʜʦʢʣʘʜʥʽʰʝ ʝʪʘʧʠ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʇʝʨʰʝ ʮʝ ʟʡʦʤʦʯʥʠʡ ʧʨʦʮʝʩ ʫ ʧʘʚʽʣʴʡʦʥʽ ʘʙʦ ʚ ʤʽʩʪʽ ʥʘ ʟʝʣʝʥʦʤʫ ʯʠ 

ʩʠʥʴʦʤʫ ʬʦʥʽ. ʎʝʡ ʬʦʥ ʧʦʪʨʽʙʝʥ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʛʨʘʤʘ ʢʦʤʧʦʟʠʪʠʥʛʘ ʤʘʣʘ 

ʟʤʦʛʫ ʧʦʙʘʯʠʪʠ, ʘ ʧʦʪʽʤ ʚʠʜʘʣʠʪʠ ʡʦʛʦ. ʊʘʢʦʞ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʜʫʞʝ ʢʦʨʠʩʥʽ 
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ʢʘʤʝʨʠ ʟ ʟʘʭʚʘʪʦʤ ʨʫʭʫ, ʮʝ ʧʦʪʨʽʙʥʦ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ 3D ʩʮʝʥ ʽ 

ʩʪʚʦʨʝʥʥʷ ʨʝʘʣʽʩʪʠʯʥʦʾ ʢʘʨʪʠʥʢʠ. 

ʅʘʩʪʫʧʥʠʡ ʝʪʘʧ ï ʩʢʫʣʴʧʪʽʥʛ 3D ʦʙôʻʢʪʽʚ. ɺʩʝ ʧʦʯʠʥʘʻʪʴʩʷ ʟ 

ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠʤʽʪʠʚʥʦʾ ʬʽʛʫʨʠ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʧʦʣʽʛʦʥʽʚ. ʇʦʪʽʤ ʫ 

ʩʧʝʮʽʘʣʴʥʠʭ ʧʨʦʛʨʘʤʘʭ, ʪʘʢʠʭ ʷʢ Mudbox ʯʠ ʽʥʰʽ, ʩʪʚʦʨʶʶʪʴʩʷ ʜʫʞʝ 

ʜʝʪʘʣʽʟʦʚʘʥʽ ʪʽʣʘ. ɸʣʝ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʮʝ ʧʦʛʘʥʦ, ʪʦʤʫ ʾʭ 

ʘʧʨʦʢʩʠʤʫʶʪʴ, ʘʣʝ ʧʝʨʝʜ ʮʠʤ ʝʢʩʧʦʨʪʫʶʪʴ ʫ ʩʧʝʮʽʘʣʴʥʫ ʤʘʧʫ ʜʣʷ ʪʝʢʩʪʫʨ. 

ʇʦʪʽʤ ʚʠʢʦʥʫʻʪʴʩʷ ʪʝʢʩʪʫʨʽʥʛ, ʘʣʝ ʤʠ ʥʘ ʥʴʦʤʫ ʟʫʧʠʥʷʪʠʩʷ ʥʝ ʙʫʜʝʤʦ. 

ɼʘʣʽ ʡʜʝ ʩʪʚʦʨʝʥʥʷ ʩʢʝʣʝʪʫ ʜʣʷ ʪʽʣʘ, ʨʽʛʽʥʛ. ʎʝʡ ʝʪʘʧ ʦʜʠʥ ʟ 

ʥʘʡʩʢʣʘʜʥʽʰʠʭ. ʉʘʤʝ ʚʽʥ ʧʦʪʨʽʙʝʥ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʘʥʽʤʘʮʽʾ ʪʽʣʘ, ʪʦʙʪʦ ʮʝ 

ʥʘʡʩʢʣʘʜʥʽʰʽ ʜʚʘ ʝʪʘʧʠ. ʊʫʪ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʬʽʟʠʢʘ ʪʽʣ, ʨʦʟʨʘʭʫʥʦʢ ʾʭ 

ʧʦʚʝʜʽʥʢʠ ʧʨʠ ʨʽʟʥʠʭ ʫʤʦʚʘʭ: ʚʽʪʝʨ, ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʪʽʣʘʤʠ, ʟʽʪʢʥʝʥʥʷ, ʚʠʙʫʭʠ 

ʪʘ ʽʥʰʝ, ʥʘʡʢʨʘʱʝ ʜʣʷ ʮʴʦʛʦ ʧʽʜʭʦʜʠʪʴ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʚʽʜ Autodesk 

MAYA .  

MAYA  ï ʜʫʞʝ ʧʦʪʫʞʥʠʡ ʨʝʜʘʢʪʦʨ ʪʨʠʤʽʨʥʦʾ ʛʨʘʬʽʢʠ. ɺʽʥ ʧʨʘʮʶʻ ʟ 

ʧʦʣʽʛʦʥʘʣʴʥʠʤʠ ʦʙôʻʢʪʘʤʠ ʽ ʤʘʻ ʰʠʨʦʢʠʡ ʬʫʥʢʮʽʦʥʘʣ ʜʣʷ ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʪʽʣ, ʻ ʤʦʞʣʠʚʽʩʪʴ ʘʧʨʦʢʩʠʤʫʚʘʥʥʷ ʨʠʩ.1.  

 
 

ʈʠʩ. 1 ʇʨʠʢʣʘʜ ʘʧʨʦʢʩʠʤʘʮʽ ʾ

 

ɺ MAYA  ʻ ʜʚʘ ʚʘʨʽʘʥʪʘ ʤʦʜʝʣʶʚʘʥʥʷ 3D ʪʽʣ:  

¶ ɸʧʨʦʢʩʠʤʫʶʯʠʡ (ʧʝʨʝʚʘʛʠ: ʥʝʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʣʽʛʦʥʽʚ, ʜʫʞʝ 

ʰʚʠʜʢʘ ʨʦʙʦʪʘ; ʥʝʜʦʣʽʢʠ: ʩʢʣʘʜʥʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʪʽʣ(ʢʦʞʥʘ 

ʚʝʨʰʠʥʘ ʚʧʣʠʚʘʻ ʥʘ ʽʥʰʽ)) ʨʠʩ1. 

¶ ɼʽʣʝʥʥʷ(Subdivision) (ʧʝʨʝʚʘʛʠ: ʧʨʦʩʪʦʪʘ ʩʪʚʦʨʝʥʥʷ; ʥʝʜʦʣʽʢʠ: 

ʜʫʞʝ ʛʦʩʪʨʽ ʢʨʘʾ, ʚʝʣʠʢʽ ʨʝʩʫʨʩʦʟʘʪʨʘʪʠ, ʩʢʣʘʜʥʽʩʪʴ ʨʝʜʘʛʫʚʘʥʥʷ) 

ʨʠʩ.2. 
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ʈʠʩ. 2. ɼʽʣʝʥʥʷ  

 

ɸʥʘʣʽʟʫʶʯʠ ʨʠʩ.1 ʽ ʨʠʩ.2 ʙʘʯʠʤʦ, ʱʦ ʟ ʦʜʥʦʛʦ ʢʫʙʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʚʩʝ, ʱʦ ʟʘʚʛʦʜʥʦ, ʷ ʚʠʢʦʨʠʩʪʦʚʫʶ ʢʫʙ ʷʢ ʦʩʥʦʚʥʠʡ ʧʦʯʘʪʢʦʚʠʡ ʝʣʝʤʝʥʪ. ɿ 

ʥʴʦʛʦ ʣʝʛʢʦ ʟʨʦʙʠʪʠ ʙʫʜʴ-ʷʢʫ ʬʽʛʫʨʫ ʚ ʜʝʢʽʣʴʢʘ ʢʨʦʢʽʚ ʨʠʩ.3ʘ.  

 

 

 

 
 

 

ʈʠʩ.3 ʇʨʠʢʣʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʘʧʨʦʢʩʠʤʫʚʘʥʥʷ (ʘ)  

ʪʘ ʙʝʟ ʘʧʨʦʢʩʠʤʫʚʘʥʥʷ (ʙ) 

 

ʇʨʠ ʩʪʚʦʨʝʥʥʽ 3D ʤʦʜʝʣʽ ʜʣʷ ʫʩʫʥʝʥʥʷ ʝʬʝʢʪʫ çʟʫʙʯʘʩʪʦʩʪʽè, ʱʦ 

ʚʠʥʠʢʘʻ ʥʘ ʢʨʘʷʭ ʦʙ'ʻʤʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʷ 

ʟʛʣʘʜʞʫʚʘʥʥʷ.  

ʅʘ ʨʠʩ.3ʙ ʟʦʙʨʘʞʝʥʘ ʤʦʜʝʣʴ ʙʝʟ ʟʛʣʘʜʞʫʚʘʥʥʷ, ʦʜʨʘʟʫ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ 

ʨʽʟʢʠ ʢʫʪʠ, ʚʦʥʠ ʥʝʧʨʠʡʥʷʪʥʽ ʜʣʷ ʢʽʥʦʽʥʜʫʩʪʨʽʾ.  

ɹʽʣʴʰ ʥʘʛʣʷʜʥʠʡ ʧʨʠʢʣʘʜ, ʨʠʩ.4, ʷʢʱʦ ʧʦʜʠʚʠʪʠʩʷ ʥʘ ʛʨʠʬ ʛʽʪʘʨʠ, ʪʦ 

ʙʘʯʠʤʦ ʢʫʪʠ (ʨʠʩ. 4ʙ), ʘ ʥʘ ʨʠʩ. 45ʘ ʚʩʝ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰ ʟʛʣʘʜʞʝʥʦ, ʘ ʪʽ 

ʥʝʨʽʚʥʦʩʪʽ ʙʫʣʠ ʥʘʚʤʠʩʥʦ ʜʦʩʷʛʥʫʪʽ, ʨʦʙʠʣʦʩʷ ʟ ʦʨʠʛʽʥʘʣʫ. 

ʘ ʙ 
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ʈʠʩ.4 ʇʨʠʢʣʘʜ ʧʦʨʽʚʥʷʥʥʷ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʘʧʨʦʢʩʠʤʘʮʽʻʶ (ʘ)  

ʪʘ ʙʝʟ ʘʧʨʦʢʩʠʤʘʮʽʾ (ʙ) 

 

ʇʨʠʢʣʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʜʽʣʝʥʥʷ ʙʽʣʴʰ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

 

 

 
 

ʈʠʩ.5 ʇʨʠʢʣʘʜ ʤʦʜʝʣʶʚʘʥʥʷ ʤʝʪʦʜʦʤ ʜʽʣʝʥʥʷ:  

ʟʘʛʘʣʴʥʠʡ ʚʠʜ ʤʦʜʝʣʴ (ʘ) ʪʘ ʢʨʫʧʥʠʡ ʧʣʘʥ (ʙ) 

 

ɸʣʝ ʻ ʱʝ ʦʜʠʥ ʚʘʨʽʘʥʪ ʤʦʜʝʣʶʚʘʥʥʷ 3D ʪʽʣ, ʭʦʯʘ MAYA  ʡʦʛʦ ʥʝ 

ʧʽʜʪʨʠʤʫʻ, ʘʣʝ ʧʨʦ ʥʴʦʛʦ ʥʝ ʤʦʞʥʘ ʥʝ ʩʢʘʟʘʪʠ. ɺʽʥ ʨʝʘʣʽʟʦʚʘʥ ʫ ʧʨʦʛʨʘʤʽ  

Autodesk Mudbox, ʥʘʟʠʚʘʻʪʴʩʷ ʩʢʫʣʴʧʪʽʥʛʦʤ. ʎʝʡ ʤʝʪʦʜ ʥʘʛʘʜʫʻ ʨʦʙʦʪʫ ʟ 

ʛʣʠʥʦʶ ʪʘ ʬʘʨʙʦʶ. ʄʦʞʥʘ ʨʦʙʠʪʠ ʥʝʨʽʚʥʫ ʪʝʢʩʪʫʨʫ, ʜʫʞʝ ʪʦʯʥʝ 

ʨʝʜʘʛʫʚʘʥʥʷ. ʊʨʽʰʢʠ ʥʘʛʘʜʫʻ ʨʦʙʦʪʫ ʚ Photoshop ʟ ʧʝʥʟʣʠʢʘʤʠ. 

ɺ MAYA  ʪʽʣʘ ʘʥʽʤʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʾ ʘʙʩʪʨʘʢʮʽʾ, ʷʢ ʩʢʝʣʝʪ. 

ʉʫʪʴ ʡʦʛʦ ï ʢʽʩʪʢʠ ʽ ʩʫʛʣʦʙʠ ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʧʨʷʤʽ, ʷʢʽ ʦʙʝʨʪʘʶʪʴʩʷ ʟʘ 

ʧʝʚʥʠʤʠ ʟʘʢʦʥʘʤʠ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʜʨʫʛʦʾ. ʎʝ ʚʩʝ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʜʚʠʛʫʥʘ ʧʨʦʛʨʘʤʠ. ʇʦʣʽʥʦʤʠ ʙʫʜʫʪʴ ʜʝʬʦʨʤʫʚʘʪʠʩʷ ʟʘʣʝʞʥʦ ʚʽʜ 

ʨʫʭʫ ʢʽʩʪʢʠ. ʅʘʧʨʠʢʣʘʜ: ʷʢʱʦ ʟʽʛʥʫʪʠ ʨʫʢʫ, ʪʦ ʟ ʟʦʚʥʽʰʥʴʦʾ ʩʪʦʨʦʥʠ ʣʽʢʪʷ 

ʧʦʣʽʥʦʤʠ ʨʦʟʪʷʛʥʫʪʴʩʷ, ʘ ʫ ʚʥʫʪʨʽʰʥʽʡ ï ʩʪʠʩʥʫʪʴʩʷ.  

ʇʽʜʪʚʝʨʜʞʝʥʥʷʤ ʪʦʛʦ, ʱʦ 3D ʘʥʽʤʘʮʽʷ ʥʘʙʫʚʘʻ ʰʚʠʜʢʦʛʦ ʧʦʰʠʨʝʥʥʷ ʽ 

ʨʦʟʚʠʪʢʫ ʻ ʢʽʣʴʢʽʩʪʴ ʧʨʦʛʨʘʤ ʚʠʜʘʥʠʭ ʟʘ ʦʩʪʘʥʥʽʡ ʯʘʩ ʥʘ ʙʫʜʴ-ʷʢʠʡ ʩʤʘʢ 

ʤʘʣ.6. 

ʘ 
ʙ 
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ʄʘʣ.6 ʇʨʦʛʨʘʤʠ 3D ʛʨʘʬʽʢʠ ʪʘ ʘʥʽʤʘʮʽʾ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʩʫʯʘʩʥʦʤʫ ʢʽʥʝʤʘʪʦʛʨʘʬʫ ʜʫʰʝ ʧʦʰʠʨʝʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʚʽʟʫʘʣʴʥʦʾ ʛʨʘʬʽʢʠ, ʙʽʣʴʰʫ ʯʘʩʪʠʥʫ ʷʢʦʾ ʟʘʡʤʘʻ 3D ʛʨʘʬʽʢʘ. ʉʪʚʦʨʝʥʥʷ 

ʥʘʧʨʷʤʢʽʚ ʥʘʚʯʘʥʥʷ 3D ʩʢʫʣʴʧʪʽʥʛʫ, ʪʝʢʩʪʫʨʽʥʛʫ, ʘʥʽʤʘʮʽʾ, ʰʝʡʜʽʥʛʫ ʚ 

ʫʥʽʚʝʨʩʠʪʝʪʘʭ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʫʢʨʘʾʥʩʴʢʦʤʫ ʢʽʥʝʤʘʪʦʛʨʘʬʫ ʚʠʡʪʠ ʥʘ 

ʤʽʞʥʘʨʦʜʥʠʡ ʨʽʚʝʥʴ ʫ ʢʽʥʦʚʠʨʦʙʥʠʮʪʚʽ ʽ ʩʪʚʦʨʠʪʠ ʢʦʥʢʫʨʝʥʪʥʘ ʩʧʨʦʤʦʞʥʠʭ 

ʬʘʭʽʚʮʽʚ.  

ʇʦʷʩʥʝʥʥʷ. 

[1] ʉʢʫʣʴʧʪʽʥʛ ï ʝʪʘʧ ʩʪʚʦʨʝʥʥʷ 3D ʤʦʜʝʣʽ ʟ ʜʝʪʘʣʴʥʠʤ ʧʨʦʨʠʩʦʚʫʚʘʥʥʷʤ 

ʦʙôʻʢʪʫ. 

[2] ʊʝʢʩʪʫʨʽʥʛ ï ʩʪʚʦʨʝʥʥʷ ʪʝʢʩʪʫʨ (ʬʘʢʪʫʨʠ, ʤʘʣʶʥʢʘ, ʜʨʽʙʥʦʛʦ ʦʙʩʷʛʫ, 

ʢʦʣʴʦʨʫ) ʥʘ ʚʽʨʪʫʘʣʴʥʽʡ 3D ʤʦʜʝʣʽ. 

[3] ʐʝʡʜʽʥʛ ï ʧʨʦʮʝʩ, ʷʢʠʡ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟ ʰʝʡʜʝʨʘ - 

ʧʨʦʛʨʘʤʠ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʪʨʠʚʠʤʽʨʥʽʡ ʛʨʘʬʽʮʽ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʦʩʪʘʪʦʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʦʙ'ʻʢʪʘ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ. 

[4] ʂʦʤʧʦʟʠʥʛ ï ʙʘʛʘʪʦʰʘʨʦʚʠʡ ʤʦʥʪʘʞ, ʚ ʧʨʦʮʝʩʽ ʷʢʦʛʦ, ʰʣʷʭʦʤ 

ʥʘʢʣʘʜʝʥʥʷ ʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʧʝʮʝʬʝʢʪʽʚ, ʙʝʟʣʽʯ ʰʘʨʽʚ ʽ ʦʢʨʝʤʠʭ ʦʙ'ʻʢʪʽʚ 

ʟ'ʻʜʥʫʶʪʴʩʷ ʚ ʻʜʠʥʠʡ ʨʦʣʠʢ. 

[5] ʈʝʥʜʝʨʽʥʛ ï ʧʨʦʮʝʩ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʧʦ ʤʦʜʝʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʢʦʤʧ'ʶʪʝʨʥʦʾ ʧʨʦʛʨʘʤʠ(ʦʙʨʦʙʢʘ ʜʘʥʠʭ). 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ 

1. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ https://habr.com/ru/post/409317/ 

2. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ https://ru.wikipedia.org/wiki/Autodesk_Maya 

3. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ https://ru.wikipedia.org/wiki/Autodesk_Mudbox  

  

https://habr.com/ru/post/409317/
https://ru.wikipedia.org/wiki/Autodesk_Maya
https://ru.wikipedia.org/wiki/Autodesk_Mudbox
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ʋɼʂ 515.2:536.3 
 

ʈʆɿʈʆɹʂʀ ʉʊɸʅʂɸ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ɼʈʋʂʆɺɸʅʀʍ ʇʃɸʊ 
 

ʅʘʜʢʝʨʥʠʯʥʘ ʊ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɹʽʣʠʡ ɺ.ʆ., ʩʪʫʜʝʥʪ ɼʂ-82, 

ɹʽʣʠʡ ɺ.ʆ., ʩʪʫʜʝʥʪ ʄɯ-81. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ð ʚ ʩʪʘʪʽ ʨʦʟʛʣʷʥʫʪʦ ʙʶʜʞʝʪʥʠʡ ʚʘʨʽʘʥʪ ʬʨʝʟʝʨʥʦʛʦ 

ʏʇʋ ʩʪʘʥʢʘ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʝʯʘʪʥʠʭ ʧʣʘʪ 

ʟʘʚʦʜʩʴʢʦʾ ʷʢʦʩʪʽ. ɺ ʩʪʘʪʽ ʪʘʢʦʞ ʙʫʜʫʪʴ ʥʘʛʦʣʦʰʝʥʽ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʽ 

ʨʽʰʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʟʙʽʣʴʰʠʪʠ ʪʦʯʥʽʩʪʴ. 
 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ð ʢʨʦʢʦʚʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ, ʜʨʘʡʚʝʨ, ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ, 

ʬʨʝʟʘ, ʩʫʧʦʨʪ, ʏʇʋ, ʛʚʠʥʪʦʚʘ ʧʝʨʝʜʘʯʘ. 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɼʣʷ ʷʢʽʩʥʦʛʦ ʬʨʝʟʝʨʫʚʘʥʥʷ ʥʘʡʜʨʽʙʥʽʰʠʭ 

ʦʙʣʘʩʪʝʡ ʧʣʘʪʠ ʧʦʪʨʽʙʥʘ ʚʠʩʦʢʘ ʪʦʯʥʽʩʪʴ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ, ʘ ʨʦʙʦʯʘ ʦʙʣʘʩʪʴ 

ʜʦʟʚʦʣʠʪʴ ʬʨʝʟʝʨʫʚʘʪʠ ʙʽʣʴʰʝ ʧʣʘʪ ʟʘ ʦʜʠʥ ʨʘʟ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʇʝʨʰʦʯʝʨʛʦʚʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʤʦʜʝʨʥʽʟʫʚʘʪʠ 

ʩʪʘʥʜʘʨʪʥʫ ʤʦʜʝʣʴ ʩʪʘʥʢʘ ʏʇʋ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ 

ʨʦʙʦʪʠ. ɼʨʫʛʦʨʷʜʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʻ ʚʝʣʠʢʘ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ, ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʥʝ ʜʦʨʦʛʠʭ ʽ ʦʜʥʦʯʘʩʥʦ ʥʘʜʽʡʥʠʭ ʜʝʪʘʣʝʡ. ʈʦʟʨʦʙʢʘ ʩʭʝʤʠ, ʷʢʘ ʙ ʜʦʟʚʦʣʠʣʘ 

ʧʨʘʮʶʚʘʪʠ, ʷʢ ʽ ʧʽʜ ʢʝʨʫʚʘʥʥʷʤ ʢʦʤʧôʶʪʝʨʘ, ʪʘʢ ʽ ʘʚʪʦʥʦʤʥʦʤʫ ʨʝʞʠʤʽ. 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʥʘ ʨʠʥʢʫ ʙʘʛʘʪʦ 

ʚʘʨʽʘʥʪʽʚ. ʄʠ ʞ ʦʨʽʻʥʪʫʚʘʣʠʩʷ ʥʘ ʬʨʝʟʝʨʥʽ ʩʪʘʥʢʠ ʢʦʤʧʘʥʽʾ SmartStudio, ʘ 

ʩʘʤʝ  SmartStudio start 750ʭ550. ʁʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ - 

750ʭ550ʤʤ; ʧʦʪʫʞʥʽʩʪʴ ʱʽʪʢʦʚʦʛʦ ʜʚʠʛʫʥʘ - 1000W (ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʣʘʪ 

ʪʘʢʦʾ ʧʦʪʫʞʥʦʩʪʽ ʥʝ ʧʦʪʨʽʙʥʦ, ʪʦʤʫ ʤʠ ʚʽʟʴʤʝʤʦ 400W); ʧʦʪʫʞʥʽʩʪʴ 

ʢʨʦʢʦʚʠʭ ʜʚʠʛʫʥʽʚ - 70W; ʮʽʥʘ 39000 ʛʨʥ. 

 

                     ʈʠʩ.1       ʈʠʩ.2 



84 
 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɹʫʜʴ-ʷʢʠʡ ʬʨʝʟʝʨʥʠʡ ʩʪʘʥʦʢ ʟ ʏʇʋ ʫʤʦʚʥʦ ʤʦʞʥʘ 

ʨʦʟʜʽʣʠʪʠ ʥʘ 3 ʦʩʥʦʚʥʽ ʯʘʩʪʠʥʠ (ʨʠʩ.1): 

-ʉʪʘʥʠʥʘ ï ʯʘʩʪʠʥʘ ʚʝʨʩʪʘʪʫ, ʱʦ ʩʣʫʛʫʻ ʦʩʥʦʚʦʶ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʟʘʜʘʻ 

ʾʡ ʥʝʦʙʭʽʜʥʫ ʞʦʨʩʪʢʽʩʪʴ. ʅʘ ʥʝʾ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʨʫʭʦʤʠʡ ʧʦʨʪʘʣ, ʢʨʦʢʦʚʽ 

ʜʚʠʛʫʥʠ, ʚʽʩʴ Z, ʰʧʠʥʜʝʣʴ, ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ. 

-ʈʫʭʦʤʠʡ ʧʦʨʪʘʣ - ʚʠʢʦʥʘʚʯʠʡ ʦʨʛʘʥ ʚʝʨʩʪʘʪʘ. ɺʽʥ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʧʦ 

ʦʩʽ X ʽ ʥʝʩʝ ʥʘ ʩʦʙʽ ʛʦʣʦʚʢʫ, ʱʦ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʧʦ ʦʩʽ ʋ. 

-ɻʦʣʦʚʢʘ - ʯʘʩʪʠʥʘ ʚʝʨʩʪʘʪʫ, ʷʢʘ ʥʝʩʝ ʨʦʙʦʯʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʟ ʬʨʝʟʦʶ 

ʪʘ ʜʦʟʚʦʣʷʻ ʡʦʛʦ ʧʝʨʝʤʽʱʫʚʘʪʠ ʧʦ ʦʩʽ Z. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ. ʈʽʞʫʯʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʬʨʝʟʘ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʚ 

ʰʧʠʥʜʝʣʴ, ʨʦʟʪʘʰʦʚʘʥʠʡ ʥʘ ʚʘʣʫ ʱʽʪʢʦʚʦʛʦ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ. ʎʷ 

ʢʦʥʩʪʨʫʢʮʽʷ ʢʨʽʧʠʪʴʩʷ ʥʘ ʛʦʣʦʚʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʧʨʘʚʣʷʶʯʠʭ, ʱʦ ʜʘʻ 

ʟʤʦʛʫ ʧʝʨʝʤʽʱʫʚʘʪʠ ʬʨʝʟʫ ʧʦ ʦʩʽ Z. ɻʦʣʦʚʢʘ ʚ ʩʚʦʶ ʯʝʨʛʫ ʧʨʠʻʜʥʫʻʪʴʩʷ ʜʦ 

ʧʦʨʪʘʣʫ, ʷʢʠʡ ʧʨʠʻʜʥʫʻʪʴʩʷ ʧʦ ʦʩʽ ʍ ʜʦ ʩʪʘʥʠʥʠ ʪʘ ʥʝʩʝ ʦʩʴ ʋ. ʇʝʨʝʤʽʱʝʥʥʷ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʘʩʦʚʦʾ, ʛʚʠʥʪʦʚʦʾ ʪʘ ʨʝʡʢʦʚʦʾ ʧʝʨʝʜʘʯʽ. ʄʠ 

ʦʙʠʨʘʻʤʦ ʛʚʠʥʪʦʚʫ ʧʝʨʝʜʘʯʫ (ʨʠʩ.2), ʦʩʢʽʣʴʢʠ ʚʦʥʘ ʻ ʥʘʡʙʽʣʴʰ ʪʦʯʥʦʶ. ɼʣʷ 

ʬʽʢʩʘʮʽʾ ʟʘʛʦʪʦʚʢʠ ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʦʧʦʨʥʠʡ ʩʪʦʣʠʢ ʥʘ ʩʪʘʥʠʥʽ. ʎʽʻʶ 

ʢʦʥʩʪʨʫʢʮʽʻʶ ʢʝʨʫʻ ʝʣʝʢʪʨʦʥʥʠʡ ʙʣʦʢ ʫʧʨʘʚʣʽʥʥʷ, ʷʢʠʡ ʟ'ʻʜʥʫʻʪʴʩʷ ʟ 

ʢʨʦʢʦʚʠʤʠ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘʤʠ. ɺʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʩʫʚ ʬʨʝʟʠ ʧʦ ʦʩʽ ʍ, ʋ, Z 

ʱʦʜʦ ʜʝʪʘʣʽ. ɿʘ ʪʘʢʦʶ ʪʝʭʥʦʣʦʛʽʻʶ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 3D ʤʘʣʶʥʢʠ ʥʘ 

ʜʝʨʝʚ'ʷʥʽʡ, ʧʣʘʩʪʠʢʦʚʽʡ, ʘʙʦ ʞ ʘʣʶʤʽʥʽʻʚʽʡ ʧʦʚʝʨʭʥʽ (ʤʘʢʩʠʤʘʣʴʥʘ ʪʚʝʨʜʽʩʪʴ 

ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʪʫʞʥʦʩʪʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦ ʷʢʦʛʦ 

ʢʨʽʧʠʪʴʩʷ ʬʨʝʟʘ ʪʘ ʞʦʨʩʪʢʦʩʪʽ ʏʇʋ ʬʨʝʟʝʨʥʦʛʦ ʩʪʘʥʢʘ). 

-ʉʪʘʥʠʥʘ. ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʩʫʯʦʾ ʨʘʤʠ (ʩʪʘʥʠʥʠ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʘʣʶʤʽʥʽʻʚʠʡ ʩʪʘʥʢʦʚʠʡ çʊè ʧʨʦʬʽʣʴ 20ʭ40 ʪʘ 20ʭ20 ʡ ʜʚʽ ʪʦʨʮʝʚʽ ʧʣʘʩʪʠʥʠ 

ʟ ʘʣʶʤʽʥʽʶ ʟʘʚʪʦʚʰʢʠ 10 ʤʤ. ʂʦʥʩʪʨʫʢʮʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʯʘʩʪʠʥ. ʅʘ 

ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ, ʚʦʥʘ ʧʽʜʩʠʣʝʥʘ ʚʩʝʨʝʜʠʥʽ 

ʜʦʜʘʪʢʦʚʦʶ ʢʚʘʜʨʘʪʥʦʶ ʨʘʤʦʶ ʟ ʧʨʦʬʽʣʽʚ ʪʘʢʦʛʦ ʞ ʧʝʨʝʨʽʟʫ. ʅʘ ʚʝʨʭʥʽʡ 

ʯʘʩʪʠʥʽ ʨʦʟʤʽʱʫʻʪʴʩʷ ʦʩʴ ʍ. ʆʩʴ ʍ ʨʝʘʣʽʟʦʚʘʥʘ ʯʦʪʠʨʤʘ ʘʣʶʤʽʥʽʻʚʠʤʠ 

ʥʘʧʨʘʚʣʷʶʯʠʤʠ(ʧʦ ʜʚʽ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ) ʽ ʜʚʦʤʘ ʛʚʠʥʪʦʚʽ ʧʝʨʝʜʘʯʘʤʠ (ʧʦ 

ʦʜʥʽʡ ʟ ʢʦʞʥʦʛʦ ʙʦʢʫ). ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʨʦʙʣʝʥʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʽʜʰʠʧʥʠʢʠ ʧʦ ʦʩʽ ʍ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʙʽʣʴʰʘʪʴ ʯʘʩ 

ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʘ ʪʘ ʧʦʢʨʘʱʠʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ. 
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ʇʦʨʪʘʣ. ʂʦʥʩʪʨʫʢʮʽʷ ʧʦʨʪʘʣʫ (ʨʠʩ.3) ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʘʣʶʤʽʥʽʻʚʠʡ 

ʰʚʝʣʝʨ, ʱʦ ʢʨʽʧʠʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ ʘʣʶʤʽʥʽʻʚʠʭ ʧʣʘʩʪʠʥ (ʜʚʽ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʧʣʘʩʪʠʥʠ ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʜʚʽ ð ʟ ʽʥʰʦʛʦ) ʜʦ ʚʽʩʽ ʍ, ʪʘʢʦʞ 

ʥʝʩʝ ʚʽʩʴ ʋ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʜʚʽ ʥʘʧʨʘʚʣʷʶʯʽ ʥʘ ʦʧʦʨʽ, ʦʜʥʫ ʟʚʠʯʘʡʥʫ 

ʥʘʧʨʘʚʣʷʶʯʫ ʡ ʦʜʥʫ ʛʚʠʥʪʦʚʫ ʧʝʨʝʜʘʯʫ. ʐʚʝʣʝʨ ʥʝʩʝ ʥʘ ʩʦʙʽ ʥʘʧʨʘʚʣʷʶʯʽ 

ʥʘ ʦʧʦʨʠ ʪʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʙʦʢʦʚʠʭ ʧʣʘʩʪʠʥ ʤʝʪʦʜʦʤ ʰʠʧ-ʧʘʟ ʪʘ 

ʘʣʶʤʽʥʽʻʚʠʤʠ ʢʫʪʦʯʢʘʤʠ, ʘ ʜʦ ʥʠʞʥʽʭ ʧʣʘʩʪʠʥ ʯʦʪʠʨʴʦʤʘ ʛʚʠʥʪʘʤʠ. ʊʘʢʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʰʚʝʣʝʨʘ ʟʘʙʝʟʧʝʯʫʻ ʞʦʨʩʪʢʽʩʪʴ ʧʦʨʪʘʣʫ. 

-ɻʦʣʦʚʢʘ. ɻʦʣʦʚʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʘʣʶʤʽʥʽʻʚʠʭ ʧʣʘʩʪʠʥ 

ʟʘʚʪʦʚʰʢʠ 5ʤʤ ʪʘ ʱʽʪʢʦʚʦʛʦ ʝʣʝʢʪʨʦʤʦʪʦʨʘ (ʨʠʩ. 4) ʇʝʨʰʘ ʪʘ ʜʨʫʛʘ 

ʧʣʘʩʪʠʥʠ ʚʟʘʻʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ, ʢʨʽʧʣʷʪʴʩʷ ʜʦ ʰʚʝʣʝʨʘ ʽ ʥʝʩʫʪʴ ʦʩʴ Z. 

ʊʨʝʪʷ ʧʣʘʩʪʠʥʘ ʢʨʽʧʠʪʴʩʷ ʜʦ ʧʝʨʰʦʾ ʪʘ ʥʝʩʝ ʝʣʝʢʪʨʦʜʚʠʛʫʥ ʧʦʪʫʞʥʽʩʪʶ 

400W. ɺʽʩʴ Z ʷʚʣʷʻ ʩʦʙʦʶ ʜʚʽ ʥʘʧʨʘʚʣʷʶʯʠʭ ʽ ʦʜʥʫ ʛʚʠʥʪʦʚʫ ʧʝʨʝʜʘʯʫ. 

-ɽʣʝʢʪʨʦʥʽʢʘ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʨʦʙʦʪʠ, ʤʦʞʣʠʚʦʩʪʽ 

ʛʥʫʯʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʩʪʘʥʢʘ ʪʘ ʢʝʨʫʚʘʥʥʷ ʤʦʪʦʨʘʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 8-

ʙʽʪʥʠʡ ʤʽʢʨʦʢʦʥʪʨʦʣʝʨ Microchip Atmega328p. ʄʽʢʨʦʢʦʥʪʨʦʣʝʨ ï ʮʝ 

ʤʽʥʽʘʪʶʨʥʠʡ ʢʦʤʧôʶʪʝʨ ʟ ʚʣʘʩʥʠʤ ʧʨʦʮʝʩʦʨʦʤ, ʧʝʨʠʬʝʨʽʻʶ ʪʘ ʧʘʤôʷʪʪʶ. ɼʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʡ ʥʘʜʽʡʥʦʩʪʽ ʙʫʣʠ ʦʙʨʘʥʽ ʢʨʦʢʦʚʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ 

ʟ ʧʦʪʫʞʥʽʩʪʶ 70W(ʜʣʷ ʦʩʝʡ ʍ ʪʘ ʋ) ʪʘ 30W(ʜʣʷ ʦʩʽ Z) ʽ ʜʠʩʢʨʝʪʥʠʤ ʧʦʚʦʨʦʪʦʤ 

1.8Á. ʊʘʢʦʞ ʤʠ ʦʙʨʘʣʠ ʜʨʘʡʚʝʨʘ, ʱʦ ʤʦʞʫʪʴ ʡʦʛʦ ʧʦʜʽʣʠʪʠ ʚ 32 ʨʘʟʠ.  

ʊʦʯʥʽʩʪʴ: ʈʦʟʨʘʭʫʥʦʢ ʤʘʢʩʠʤʘʣʴʥʦʾ ʪʦʯʥʦʩʪʽ (ʷʢʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʙʫʜʝ 

ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʘ): ʗʢʱʦ ʭʽʜ ʨʽʟʴʙʠ ʛʚʠʥʪʘ ʜʦʨʽʚʥʶʻ ɸ=8ʤʤ (ʪʦʙʪʦ ʟʘ 

ʦʜʠʥ ʦʙʝʨʪ ʤʦʪʦʨʫ ʛʘʡʢʘ ʧʨʦʡʜʝ 8 ʤʤ), ʘ ʤʘʢʩʠʤʘʣʴʥʘ ʪʦʯʥʽʩʪʴ ʢʨʦʢʦʚʦʛʦ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ ʜʦʨʽʚʥʶʻ ɹ=1.8Á/32=0,05625Á. ʊʦ ʤʽʥʽʤʘʣʴʥʫ ʧʦʭʠʙʢʫ 

ʪʦʯʥʦʩʪʽ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʉ ʤʦʞʥʘ ʚʠʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ 

  

ʊʦʙʪʦ ʷʢʱʦ ʢʦʥʩʪʨʫʢʮʽʷ ʙʫʜʝ ʘʙʩʦʣʶʪʥʦ ʞʦʨʩʪʢʦʶ ʤʠ ʟʤʦʞʝʤʦ 

ʧʦʟʠʮʽʦʥʫʚʘʪʠ ʬʨʝʟʫ ʟ ʪʦʯʥʽʩʪʶ ʜʦ 0,00125ʤʤ. 

ɺʠʩʥʦʚʢʠ. 
1. ɼʣʷ ʥʘʡʙʽʣʴʰʦʾ ʪʦʯʥʦʩʪʽ ʦʙʠʨʘʻʤʦ ʛʚʠʥʪʦʚʫ ʧʝʨʝʜʘʯʫ. 

2. ɼʣʷ ʙʫʜʦʚʠ ʩʪʘʥʢʘ ʢʨʘʱʝ ʦʙʽʡʪʠʩʴ ʙʝʟ ʟʚʘʨʥʦʛʦ ʟ'ʻʜʥʘʥʥʷ, ʙʦ ʚʦʥʦ 

ʥʝ ʩʪʽʡʢʝ ʜʦ ʚʽʙʨʘʮʽʡ, ʘ ʢʨʦʢʦʚʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʠ ʷʢ ʨʘʟ ʾʾ ʩʪʚʦʨʶʶʪʴ.  

3. ɿʤʝʥʰʫʻʤʦ ʧʣʝʯʝ ʧʦʨʪʘʣʫ ʟʘ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ 

ʧʽʜʰʠʧʥʠʢʠ ʧʦ ʦʩʽ ʍ, ʘ ʮʝ ʚ ʩʚʦʶ ʯʝʨʛʫ ʟʙʽʣʴʰʘʪʴ ʯʘʩ ʨʦʙʦʪʠ ʧʽʜʰʠʧʥʠʢʘ 

ʪʘ ʧʦʢʨʘʱʠʪʴ ʞʦʨʩʪʢʽʩʪʴ ʢʦʥʩʪʨʫʢʮʽʾ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ. 

1. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ https://dic.academic.ru/dic.nsf/polytechnic/10205 

2. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ https://www.stankoff.ru/blog/post/87 

3. ɯʥʪʝʨʥʝʪ ʨʝʩʫʨʩ http://stanokgid.ru/derevo/frezernyj-stanok-s-chpu-

svoimi-rukami.html 

  

https://www.stankoff.ru/blog/post/87
http://stanokgid.ru/derevo/frezernyj-stanok-s-chpu-svoimi-rukami.html
http://stanokgid.ru/derevo/frezernyj-stanok-s-chpu-svoimi-rukami.html
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     ʋɼʂ 004.031.42 

ɯʅʊɽɻʈɸʎɯʗ ʉʀʉʊɽʄʀ ʉʆʅʗʏʅʀʍ ɹɸʊɸʈɽʁ ʋ ɿʆɺʅɯʐʅʖ 

ʂʆʅʉʊʈʋʂʎɯʖ ʄɽɼʀʏʅʆɻʆ ɽʂɿʆʉʂɽʃɽʊʋ  

ɻʘʡʜʫʢ ɺ. ɸ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʽʥʥʦʚʘʮʽʡʥʝ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ 

ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ ʪʘ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʦʟʜʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ 

ʝʢʟʦʩʢʝʣʝʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʚ 

ʦʩʥʦʚʥʫ ʟʦʚʥʽʰʥʶ ʢʦʥʩʪʨʫʢʮʽʶ ʝʢʟʦʩʢʝʣʝʪʘ ʪʘ ʚʠʚʝʜʝʥʥʷʤ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʩʪʘʥ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ ʥʘ  ʩʝʥʩʦʨʥʠʡ ʙʨʘʩʣʝʪ ʫ ʚʠʛʣʷʜʽ ʟʦʚʥʽʰʥʴʦʛʦ 

ʝʢʨʘʥʫ (ʧʨʦʝʢʪʦʨʫ). 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʤʝʜʠʯʥʠʡ ʝʢʟʦʩʢʝʣʝʪ, ʩʦʥʷʯʥʘ ʙʘʪʘʨʝʷ, ʨʝʟʝʨʚʥʝ 
ʞʠʚʣʝʥʥʷ, ʩʝʥʩʦʨʥʠʡ ʙʨʘʩʣʝʪ, ʟʦʚʥʽʰʥʽʡ ʝʢʨʘʥ, ʧʨʦʝʢʪʦʨ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʝʢʟʦʩʢʝʣʝʪ ï ʮʝ 

ʩʫʯʘʩʥʘ ʽʥʥʦʚʘʮʽʡʥʘ ʨʦʟʨʦʙʢʘ. ɽʢʟʦʩʢʝʣʝʪ ʜʣʷ ʽʥʚʘʣʽʜʽʚ ʚ ʧʝʨʰʫ ʯʝʨʛʫ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʩʠʣʝʥʥʷ ʤʫʩʢʫʣʴʥʠʭ ʟʫʩʠʣʴ ʣʶʜʠʥʠ, ʫ ʷʢʠʭ ʻ 

ʧʨʦʙʣʝʤʠ ʟ ʢʽʥʮʽʚʢʘʤʠ, ʧʨʠʩʪʨʽʡ ʟʜʘʪʥʠʡ ʚʽʜʥʦʚʠʪʠ ʚʪʨʘʯʝʥʽ ʘʙʦ 

ʧʦʨʫʰʝʥʽ ʬʫʥʢʮʽʾ ʦʨʛʘʥʽʟʤʫ. ʄʝʜʠʯʥʽ ʝʢʟʦʩʢʝʣʝʪʠ ʧʨʘʮʶʶʪʴ ʙʝʟ 

ʧʽʜʟʘʨʷʜʢʠ ʜʦ 5-6 ʛʦʜʠʥ ʽ ʧʦʪʨʝʙʫʶʪʴ ʪʘʢʦʞ ʧʦʩʪʽʡʥʦʛʦ ʧʽʜôʻʜʥʘʥʥʷ ʜʦ 

ʤʝʨʝʞʽ ʞʠʚʣʝʥʥʷ, ʱʦ ʻ ʩʫʪʪʻʚʠʤ ʥʝʜʦʣʽʢʦʤ.  

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ɻʦʣʦʚʥʦʶ ʤʝʪʦʶ ʨʦʙʦʪʠ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʜʦʜʘʪʢʦʚʦʛʦ ʥʝʛʨʦʤʽʟʜʢʦʛʦ ʞʠʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ 

ʝʢʟʦʩʢʝʣʝʪʽʚ ʽ ʚʠʚʦʜʫ ʩʪʘʥʫ ʟʘʨʷʜʫ ʪʘ  ʦʪʨʠʤʘʥʦʾ ʝʥʝʨʛʽʾ ʥʘ ʙʨʘʩʣʝʪ.  

ɿʘʚʜʘʥʥʷʤ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʪʘ 

ʦʩʥʘʱʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʛʦʪʦʚʦʾ ʤʦʜʝʣʽ-ʧʨʦʪʦʪʠʧʫ ʩʝʥʩʦʨʥʦʛʦ ʙʨʘʩʣʝʪʫ ʽʟ 

ʧʦʜʘʣʴʰʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ, ʷʢʘ ʜʘʣʽ ʤʦʞʝ ʨʝʘʣʽʟʫʚʘʪʠʩʷ ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ 

ʤʝʜʠʯʥʠʭ ʝʢʟʦʩʢʝʣʝʪʽʚ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʘʩʫ ʨʦʙʦʪʠ ʝʢʟʦʩʢʝʣʝʪʽʚ 

(ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ) ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʩʪʘʥʦʚʠʪʠ ʧʦʨʪʘʪʠʚʥʽ ʪʘ ʛʥʫʯʢʽ 

ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʥʘ ʦʩʥʦʚʥʽʡ ʟʦʚʥʽʰʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ ʝʢʟʦʩʢʝʣʝʪʫ, 

ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʦʜʝʣʴ ʩʝʥʩʦʨʥʦʛʦ ʙʨʘʩʣʝʪʫ ʟ Bluetooth-ʤʦʜʫʣʝʤ 

ʩʧʝʮʽʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ ʪʘ ʟʘʛʘʣʴʥʠʤ ʩʪʘʥʦʤ 

ʞʠʚʣʝʥʥʷ ʝʢʟʦʩʢʝʣʝʪʫ. ʊʘʢʝ ʥʝʛʨʦʤʽʟʜʢʝ, ʟʥʽʤʥʝ ʜʞʝʨʝʣʦ ʝʥʝʨʛʽʾ ʤʦʞʝ 

ʙʫʪʠ ʚʩʪʘʥʦʚʣʝʥʦ ʟ ʤʝʪʦʶ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʨʦʙʦʪʠ 

ʝʢʟʦʩʢʝʣʝʪʫ (ʩʦʥʷʯʥʘ ʝʥʝʨʛʽʷ, ʱʦ ʧʦʪʨʘʧʣʷʻ ʥʘ ʩʦʥʷʯʥʫ ʙʘʪʘʨʝʶ, 

ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʠʯʥʫ ʝʥʝʨʛʽʶ). ɿʘ ʜʦʧʦʤʦʛʦʶ ʽʥʪʝʛʨʫʚʘʥʥʷ 

ʙʨʘʩʣʝʪʫ ʚ ʻʜʠʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʞʠʚʣʝʥʥʷʤ ʝʢʟʦʩʢʝʣʝʪʫ (ʙʦʨʪʦʚʠʤ 

ʢʦʤʧôʶʪʝʨʦʤ) ʤʦʞʥʘ ʚʠʚʦʜʠʪʠ ʥʘ ʧʘʥʝʣʴ ʽ ʤʦʥʽʪʦʨʠʪʠ ʚʽʜʩʦʪʦʢ 
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ʚʠʢʦʨʠʩʪʘʥʦʾ ʘʙʦ ʦʪʨʠʤʘʥʦʾ ʝʥʝʨʛʽʾ, ʩʪʘʥ ʩʘʤʦʛʦ ʝʢʟʦʩʢʝʣʝʪʫ (ʫʩʽ 

ʥʘʣʘʰʪʫʚʘʥʥʷ). ɼʘʥʘ ʩʠʩʪʝʤʘ ʙʫʜʝ ʘʚʪʦʤʘʪʠʯʥʦ ʨʝʛʫʣʶʚʘʪʠʩʴ 

ʢʦʤʧôʶʪʝʨʦʤ, ʤʦʞʣʠʚʝ ʢʝʨʫʚʘʥʥʷ ʣʶʜʠʥʦʶ ʷʢ ʟʚʠʯʘʡʥʠʤ ʩʤʘʨʪ-

ʛʦʜʠʥʥʠʢʦʤ. ɸʚʪʦʤʘʪʠʯʥʦ ʨʝʟʝʨʚʥʘ ʩʠʩʪʝʤʘ ʞʠʚʣʝʥʥʷ ʙʫʜʝ ʘʢʪʠʚʫʚʘʪʠʩʴ, 

ʷʢʱʦ ʦʩʥʦʚʥʘ ʙʘʪʘʨʝʷ ʝʢʟʦʩʢʝʣʝʪʫ ʨʦʟʨʷʜʞʝʥʘ. ʄʦʞʥʘ, ʷʢ ʫ ʟʚʠʯʘʡʥʠʭ 

ʢʦʤʧôʶʪʝʨʘʭ ʧʝʨʝʭʦʜʠʪʠ ʚ ʨʝʞʠʤ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ ʘʙʦ ʚ ʧʨʦʜʫʢʪʠʚʥʠʡ 

ʨʝʞʠʤ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʨʝʟʝʨʚʥʦʾ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʟʥʘʯʥʦ 

ʧʦʢʨʘʱʠʪʴ ʪʝʨʤʽʥ ʙʝʟʧʝʨʝʨʚʥʦʾ ʜʽʾ ʤʝʜʠʯʥʠʭ ʝʢʟʦʩʢʝʣʝʪʽʚ.   

ʄʝʭʘʥʽʯʥʘ ʩʠʩʪʝʤʘ çʣʶʜʠʥʘ-ʝʢʟʦʩʢʝʣʝʪè (ʨʠʩ. 1) ʩʢʣʘʜʘʻʪʴʩʷ: 

1 - ʮʽʣʽʩʥʠʡ ʢʦʨʩʝʪ;  

2 -  ʧʦʷʩ;  

3 - ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʝʨʚʦʧʨʠʚʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʢʦʞʥʦʛʦ 

ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʘ ʫ ʬʨʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ;  

4 - ʣʘʥʢʠ;  

5 - ʮʠʣʽʥʜʨʠʯʥʽ ʰʘʨʥʽʨʠ;  

6 - ʧʦʚʟʫʥʠ;  

7 - ʮʠʣʽʥʜʨʠʯʥʽ ʰʘʨʥʽʨʠ; 

8 - ʧʦʚ'ʷʟʢʠ ʥʘ ʢʨʦʥʰʪʝʡʥʠ;  

9 - ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʝʨʚʦʧʨʠʚʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʢʦʞʥʦʛʦ 

ʪʘʟʦʩʪʝʛʥʦʚʦʛʦ ʩʫʛʣʦʙʘ ʚ ʩʘʛʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ;  

10 - ʪʘʟʦʩʪʝʛʥʦʚʽ ʚʘʞʝʣʽ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʽʤʧʫʣʴʩʽʚ ʤʫʩʢʫʣʘʪʫʨʠ 

ʪʘʟʫ ʽ ʩʪʝʛʦʥ;  

11 - ʧʽʜʪʨʠʤʫʶʯʽ ʝʣʝʤʝʥʪʠ ʩʪʝʛʥʘ;  

12 - ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʝʨʚʦʧʨʠʚʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʢʦʞʥʦʛʦ 

ʢʦʣʽʥʥʦʛʦ ʩʫʛʣʦʙʘ;  

13 - ʮʠʣʽʥʜʨʠʯʥʽ ʰʘʨʥʽʨʠ;  

14 - ʛʦʤʽʣʢʦʚʦʩʪʦʧʥʽ ʚʘʞʝʣʽ ʟ ʚʙʫʜʦʚʘʥʠʤʠ ʜʘʪʯʠʢʘʤʠ ʽʤʧʫʣʴʩʽʚ 

ʤʫʩʢʫʣʘʪʫʨʠ ʛʦʤʽʣʢʠ;  

15 - ʧʽʜʪʨʠʤʫʶʯʽ ʝʣʝʤʝʥʪʠ ʛʦʤʽʣʢʠ; 

16 - ʮʠʣʽʥʜʨʠʯʥʽ ʰʘʨʥʽʨʠ; 

17 -  ʚʠʣʢʠ;  

18 - ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʽ ʩʝʨʚʦʧʨʠʚʦʜʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʫʭ ʢʦʞʥʦʛʦ 

ʛʦʤʽʣʢʦʚʦʩʪʦʧʥʦʛʦ ʩʫʛʣʦʙʘ ʚ ʩʘʛʽʪʘʣʴʥʽʡ ʧʣʦʱʠʥʽ;  

19 - ʮʠʣʽʥʜʨʠʯʥʽ ʰʘʨʥʽʨʠ;  

20 - ʽʥʪʝʛʨʦʚʘʥʝ ʚʟʫʪʪʷ;  
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21 - ʨʘʥʝʮʴ  ʟ ʢʦʨʠʩʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʝʣʝʢʪʨʦʥʥʠʤ ʙʣʦʢʦʤ ʫʧʨʘʚʣʽʥʥʷ 

ʧʨʠʩʪʨʦʻʤ ʽ ʙʣʦʢʦʤ ʘʢʫʤʫʣʷʪʦʨʽʚ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʝʣʝʢʪʨʦʞʠʚʣʝʥʥʷ ʚʩʴʦʛʦ 

ʧʨʠʩʪʨʦʶ;  

22 - ʟʦʚʥʽʰʥʽʡ ʩʧʦʣʫʯʥʠʡ ʢʘʙʝʣʴ. [2]. 

 

 

ʈʠʩ.1 ʉʭʝʤʘ ʙʫʜʦʚʠ ʤʝʜʠʯʥʦʛʦ ʝʢʟʦʩʢʝʣʝʪʫ. 
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ʈʦʟʛʣʷʥʝʤʦ  ʚʘʞʣʠʚʽ ʩʢʣʘʜʦʚʽ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʝʢʟʦʩʢʝʣʝʪʫ. 

ɻʥʫʯʢʽ ʧʦʨʪʘʪʠʚʥʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ 

 

ʈʠʩ. 2. ɻʥʫʯʢʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ Tarpon Solar. 

 

ʅʘ ʨʠʩ. 2 (1,2) ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʛʥʫʯʢʠʭ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʥʦʨʚʝʟʴʢʦʾ 

ʢʦʤʧʘʥʽʾ Tarpon Solar, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʩʚʦʾʡ ʧʨʦʜʫʢʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʛʥʫʯʢʠʭ ʩʦʥʷʯʥʠʭ ʧʘʥʝʣʝʡ ʰʚʝʜʩʴʢʦʾ ʬʽʨʤʠ Midsummer.  

ɼʦ ʯʠʩʣʘ ʧʝʨʝʚʘʛ ʬʦʪʦʝʣʝʤʝʥʪʽʚ CIGS ʨʦʟʨʦʙʥʠʢʠ ʚʽʜʥʦʩʷʪʴ 

ʧʦʨʽʚʥʷʥʦ ʚʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ, ʥʠʟʴʢʫ ʚʘʛʫ, ʜʦʚʛʦʚʽʯʥʽʩʪʴ ʽ ʧʽʜʚʠʱʝʥʫ 

ʛʥʫʯʢʽʩʪʴ. ʊʘʢʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʟʜʘʪʥʽ ʛʝʥʝʨʫʚʘʪʠ ʙʣʠʟʴʢʦ 120 ɺʪ ʥʘ 

ʢʚʘʜʨʘʪʥʠʡ ʤʝʪʨ.  

ʂʦʞʝʥ ʢʦʤʧʣʝʢʪ ʤʘʪʝʨʽʘʣʫ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘ ʟʘʤʦʚʣʝʥʥʷ, ʪʦʤʫ ʪʠʧ 

ʚʦʣʦʢʥʘ ʽ ʪʦʚʱʠʥʘ ʪʢʘʥʠʥʠ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠʩʴ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʜʘʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [3]. 

ɹʘʟʦʚʘ ʬʦʨʤʘʮʽʷ ʩʝʥʩʦʨʥʦʛʦ ʙʨʘʩʣʝʪʫ Cicret 

ɿ ʫʩʽʭ ʩʫʯʘʩʥʠʭ çʨʦʟʫʤʥʠʭè ʙʨʘʩʣʝʪʽʚ ʦʜʥʠʤ ʟ ʩʘʤʠʭ ʥʝʟʚʠʯʘʡʥʠʭ 

ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʘʢʩʝʩʫʘʨ Cicret. ʎʝʡ ʧʨʠʩʪʨʽʡ ʻ ʟʦʚʥʽʰʥʽʤ ʝʢʨʘʥʦʤ ʜʣʷ 

ʩʤʘʨʪʬʦʥʘ ʘʙʦ ʧʣʘʥʰʝʪʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ, ʧʨʠ ʮʴʦʤʫ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʰʢʽʨʫ ʥʘ ʟʘʧôʷʩʪʽ ʣʶʜʠʥʠ ʷʢ ʩʝʥʩʦʨʥʠʡ ʜʠʩʧʣʝʡ.  

ɿʘ ʬʦʨʤʦʶ ʽ ʨʦʟʤʽʨʘʤʠ ʚʽʥ ʙʽʣʴʰ ʟʘ ʚʩʝ ʥʘʛʘʜʫʻ ʥʘʡʧʨʦʩʪʽʰʽ ʬʽʪʥʝʩ-

ʙʨʘʩʣʝʪʠ, ʥʘʧʨʠʢʣʘʜ, ʜʝʚʘʡʩ MiBand ʚʽʜ ʢʠʪʘʡʩʴʢʦʾ ʢʦʤʧʘʥʽʾ Xiaomi. 

ɭʤʥʽʩʥʠʡ ʧʨʦʝʢʪʦʨ ʙʨʘʩʣʝʪʘ ʚʽʜʦʙʨʘʞʘʻ ʝʢʨʘʥ ʥʘ ʰʢʽʨʽ ʟʘʧôʷʩʪʷ ʣʶʜʠʥʠ, ʥʘ 

ʷʢʫ Cicret ʥʘʜʽʪʠʡ.  

ʄʦʚʘ ʡʜʝ ʧʨʦ ʧʦʚʥʦʮʽʥʥʠʡ ʜʠʩʧʣʝʡ ʩʤʘʨʪʬʦʥʘ ʘʙʦ ʧʣʘʥʰʝʪʘ 

(ʤʦʜʠʬʽʢʦʚʘʥʦʾ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʝʢʟʦʩʢʝʣʝʪʦʤ). Cicret ʚʽʜʪʚʦʨʶʻ ʝʢʨʘʥ 

ʧʦʚʥʽʩʪʶ [1]. 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʙʫʜʦʚʠ ʙʨʘʩʣʝʪʫ Cicret, ʘ ʥʘ ʨʠʩ. 4 ï ʡʦʛʦ 

ʨʦʟʤʽʱʝʥʥʷ ʥʘ ʨʫʮʽ. 
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ʈʠʩ. 3.  ɹʫʜʦʚʘ ʙʨʘʩʣʝʪʫ Cicret 

 

ʈʠʩ. 4.  ʈʦʟʤʽʱʝʥʥʷ ʙʨʘʩʣʝʪʫ ʥʘ ʨʫʮʽ 

ʅʘʡʧʦʰʠʨʝʥʽʰʽ ʤʝʜʠʯʥʽ ʝʢʟʦʩʢʝʣʝʪʠ 

 

1. ɽʢʟʦʩʢʝʣʝʪ HAL (ɺʠʨʦʙʥʠʢ: Cyberdyne, ʗʧʦʥʽʷ).  

2. ɽʢʟʦʩʢʝʣʝʪ Ekso (ɺʠʨʦʙʥʠʢ: Berkeley Bionics, ʉʐɸ). 

3. ɽʢʟʦʩʢʝʣʝʪ Rex (ɺʠʨʦʙʥʠʢ: Rex Bionics, ʅʦʚʘ ɿʝʣʘʥʜʽʷ).  

4. ɽʢʟʦʩʢʝʣʝʪ Rewalk (ɺʠʨʦʙʥʠʢ: Argo Medical Technologies, ɯʟʨʘʾʣʴ). 

ɹʘʟʦʚʠʤʠ ʝʢʟʦʩʢʝʣʝʪʘʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʻ: 

HYBRID ASSISTIVE LIMB (HAL) (ʨʠʩ. 5) 

Hybrid Assistive Limb ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʎʫʢʫʙʩʴʢʠʤ ʫʥʽʚʝʨʩʠʪʝʪʦʤ ʪʘ 

ʷʧʦʥʩʴʢʦʶ ʨʦʙʦʪʝʭʥʽʯʥʦʶ ʢʦʤʧʘʥʽʻʶ Cyberdyne Inc. ɽʢʟʦʩʢʝʣʝʪ 

ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʷʢ ʟʜʦʨʦʚʠʤʠ ʣʶʜʴʤʠ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʬʽʟʠʯʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ, ʪʘʢ ʽ ʜʣʷ ʨʝʘʙʽʣʽʪʘʮʽʾ ʣʶʜʝʡ ʟ ʧʝʚʥʠʤʠ ʚʘʜʘʤʠ 

ʢʽʥʮʽʚʦʢ. ɯʩʥʫʻ ʜʚʽ ʚʝʨʩʽʾ HAL:  HAL 3 ï ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ 

ʬʫʥʢʮʽʡ ʥʽʛ ʪʘ HAL 5 ï ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʯʠ ʚʽʜʥʦʚʣʝʥʥʷ ʬʫʥʢʮʽʡ ʥʽʛ, ʨʫʢ ʽ 

ʪʦʨʩʫ.  

Hybrid Assistive Limb ʢʝʨʫʻʪʴʩʷ ʚʤʦʥʪʦʚʘʥʠʤ ʢʦʤʧôʶʪʝʨʦʤ, ʷʢʠʡ 

ʘʥʘʣʽʟʫʻ ʝʣʝʢʪʨʠʯʥʽ ʽʤʧʫʣʴʩʠ ʚʽʜ ʤôʷʟʽʚ ʪʘ ʘʢʪʠʚʫʻ ʥʝʦʙʭʽʜʥʽ ʩʝʨʚʦʧʨʠʚʦʜʠ 

[2]. 

ʇʽʢʦ-

ʧʨʦʝʢʪʦʨ 

ɼʘʪʯʠʢʠ 

Bluetooth-

cʝʥʩʦʨ 

ɸʢʩʝʣʝʨʦʤʝʪʨ 

Wi-f -̔

ʂʥʦʧʢʘ 

ʚʢʣ./ʚʠʤʢ. 

Cʚʽʪʣʦʜʽʦ

ʇʨʦʮʝʩ

ʂʘʨʪʘ ʧʘʤôʷʪʽ 

ɸʢʫʤʫʣʷʪ

ʦʨ 

ʄʽʢʨʦ USB-

ɺʽʙʨʘʪ

ʦʨ 

http://www.improver.com.ua/kodi-robot-prybyralnyk/
http://www.improver.com.ua/predator-21-x-najjpotuzhn%d1%96shijj-%d1%96grovijj-noutbuk-v-sv%d1%96t%d1%96/
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ʈʠʩ. 5.  ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʟʦʩʢʝʣʝʪʫ HAL   REWALK 6.0 (ʨʠʩ. 6) (1,2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ʈʠʩ. 6 (1,2). ɿʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʝʢʟʦʩʢʝʣʝʪʫ REWALK 6.0 

 

Rewalk - ʝʢʟʦʩʢʝʣʝʪ, ʱʦ ʜʦʟʚʦʣʷʻ ʭʦʜʠʪʠ ʣʶʜʷʤ, ʱʦ ʩʪʨʘʞʜʘʶʪʴ 

ʧʘʨʘʣʽʯʝʤ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ. ReWalk ʚʞʝ ʜʦʩʪʫʧʥʠʡ ʚ ɭʚʨʦʧʽ, ʘ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʩʭʚʘʣʝʥʠʡ FDA ʚ ʉʧʦʣʫʯʝʥʠʭ ʐʪʘʪʘʭ ʎʝ ʚʞʝ 6-ʪʘ 

ʚʝʨʩʽʷ ʝʢʟʦʩʢʝʣʝʪʫ  ReWalk, ʷʢʠʡ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʣʶʜʷʤ 

ʽʟ ʧʘʨʘʧʣʝʛʽʻʶ (ʧʘʨʘʣʽʯ ʚʝʨʭʥʽʭ ʘʙʦ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ) ʟʤʦʛʫ ʩʪʦʷʪʠ, ʭʦʜʠʪʠ 

ʪʘ ʧʽʜʥʽʤʘʪʠʩʷ ʩʭʦʜʘʤʠ.  

ɺʽʜ ʧʦʧʝʨʝʜʥʽʭ ʚʝʨʩʽʡ ReWalk 6.0 ʚ̔ ʜʨʽʟʥʷʻʪʴʩʷ ʧʦʢʨʘʱʝʥʠʤ 

ʜʠʟʘʡʥʦʤ, ʱʦ ʧʨʠʩʪʦʩʦʚʫʶʪʴ ʜʦ ʘʥʘʪʦʤʽʯʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʦʢʨʝʤʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʚʜʦʩʢʦʥʘʣʝʥʠʤ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʘ ʪʘʢʦʞ ʚʠʱʦʶ 

ʰʚʠʜʢʽʩʪʶ ʭʦʜʴʙʠ ï ʜʦ 2,5 ʢʤ/ʛʦʜ. ɽʢʟʦʩʢʝʣʝʪ ʧʨʘʮʶʻ ʚʽʜ ʨʦʟʤʽʱʝʥʦʛʦ ʚ 

ʨʶʢʟʘʢʫ ʘʢʫʤʫʣʷʪʦʨʘ ʽ ʢʝʨʫʻʪʴʩʷ ʜʠʩʪʘʥʮʽʡʥʠʤ ʧʫʣʴʪʦʤ, ʱʦ ʦʜʷʛʘʻʪʴʩʷ ʥʘ 

ʟʘʧôʷʩʪʷ ʽ ʨʦʟʧʽʟʥʘʻ ʨʫʭʠ ʢʦʨʠʩʪʫʚʘʯʘ [2]. 

ʅʘ ʨʠʩ. 7 ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʟʚôʷʟʢʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ 

ʝʢʟʦʩʢʝʣʝʪʘ. 

 

http://www.improver.com.ua/finger-pow-un%d1%96kalnyi-kyshenkovyi-bezdrotovyi-zarjadnyi-pristr%d1%96i-dlja-smartfon%d1%96v/
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ʈʠʩ.7.  ʉʭʝʤʘ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʩʦʥʷʯʥʠʭ ʙʘʪʘʨʝʡ ʟ ʢʦʥʩʪʨʫʢʮʽʻʶ ʝʢʟʦʩʢʝʣʝʪʘ 

ɺʠʩʥʦʚʢʠ. ʄʝʜʠʯʥʠʡ ʝʢʟʦʩʢʝʣʝʪ ï ʧʨʦʛʨʝʩʠʚʥʘ ʨʦʟʨʦʙʢʘ ʚʯʝʥʠʭ, 

ʩʪʚʦʨʝʥʘ ʜʣʷ ʣʶʜʝʡ ʟ ʦʙʤʝʞʝʥʠʤʠ ʤʦʞʣʠʚʦʩʪʷʤʠ, ʜʣʷ ʧʦʜʦʚʞʝʥʥʷ ʯʘʩʫ 

ʨʦʙʦʪʠ ʷʢʠʭ  (ʨʝʟʝʨʚʥʦʛʦ ʞʠʚʣʝʥʥʷ) ʧʨʦʧʦʥʫʻʪʴʩʷ:  

1) ʚʩʪʘʥʦʚʠʪʠ ʧʦʨʪʘʪʠʚʥʽ ʪʘ ʛʥʫʯʢʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ ʥʘ ʦʩʥʦʚʥʽʡ ʟʦʚʥʽʰʥʽʡ 
ʢʦʥʩʪʨʫʢʮʽʾ ʝʢʟʦʩʢʝʣʝʪʫ; 

2) ʤʦʜʠʬʽʢʫʚʘʪʠ ʤʦʜʝʣʴ ʩʝʥʩʦʨʥʦʛʦ ʙʨʘʩʣʝʪʫ ʚ ʩʧʝʮʽʘʣʴʥʫ ʩʠʩʪʝʤʫ 

ʢʝʨʫʚʘʥʥʷ Bluetooth-ʤʦʜʫʣʝʤ ʩʦʥʷʯʥʠʤʠ ʙʘʪʘʨʝʷʤʠ ʪʘ ʟʘʛʘʣʴʥʠʤ ʩʪʘʥʦʤ 

ʞʠʚʣʝʥʥʷ ʝʢʟʦʩʢʝʣʝʪʫ; 

3)  ʚʩʪʘʥʦʚʠʪʠ ʥʝʛʨʦʤʽʟʜʢʽ ʧʘʥʝʣʽ  ʟ ʤʝʪʦʶ ʙʝʟʧʝʨʝʙʽʡʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʨʦʙʦʪʠ ʝʢʟʦʩʢʝʣʝʪʫ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

 

1. ʋʤʥʳʡ ʙʨʘʩʣʝʪ Cicret [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // Pocket-Lint. 

ï 2014. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://vido.com.ua/article/10272/umnyi-brasliet-cicret-so-vstroiennym-

siensornym-proiektorom-prievzoshiel-google-glass/. 

2. ʊʝʨʤʠʥʦʣʦʛʠʷ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʢʟʦʩʢʝʣʝʪʦʚ / [ɸ. ɸ. 

ɺʦʨʦʙʴʝʚ, ʌ. ɸ. ɸʥʜʨʶʱʝʥʢʦ, ʆ. ɸ. ɿʘʩʳʧʢʠʥʘ ʪʘ ʽʥ.] // ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ 

ʩʦʟʜʘʥʠʷ ʵʢʟʦʩʢʝʣʝʪʦʚ / [ɸ. ɸ. ɺʦʨʦʙʴʝʚ, ʌ. ɸ. ɸʥʜʨʶʱʝʥʢʦ, ʆ. ɸ. 

ɿʘʩʳʧʢʠʥʘ ʪʘ ʽʥ.]. ï ɺʦʣʛʦʛʨʘʜ, 2015. ï (ɺʝʩʪʥʠʢ ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʤʝʜʠʮʠʥʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ). ï ʉ. 106. 
3. ɻʥʫʯʢʽ ʩʦʥʷʯʥʽ ʙʘʪʘʨʝʾ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] // LEU. ï 

2017. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: https://www.leu.com.ua/gnuchki-

sonyachni-batare/ 

  

ʉʦʥʷʯʥʠʡ ʤʦʜʫʣʴ 

ɸʢʫʤʫʣʷʪʦʨʠ 

ɯʥʚʝʨʪʦʨ ʂʦʥʪʨʦʣʣʝʨ 

ɽʢʟʦʩʢʝʣʝʪ 

ʉʝʥʩʦʨ-ʙʨʘʩʣʝʪ 

https://vido.com.ua/article/10272/umnyi-brasliet-cicret-so-vstroiennym-siensornym-proiektorom-prievzoshiel-google-glass/
https://vido.com.ua/article/10272/umnyi-brasliet-cicret-so-vstroiennym-siensornym-proiektorom-prievzoshiel-google-glass/
https://www.leu.com.ua/gnuchki-sonyachni-batare/
https://www.leu.com.ua/gnuchki-sonyachni-batare/
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ʋɼʂ 672.7 

 

ʂʆʅʉʊʈʋʖɺɸʅʅʗ ʄʆɼɽʃɯ ʉʂʃɸɼɸʅʆɻʆ ʅʆɾɸ  

ɿ ʌɯʂʉɸʊʆʈʆʄ ʃɽɿɸ 
 

ʇʦʪʘʧʝʥʢʦ ɺ.ɺ., ʩʪʫʜʝʥʪ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ɺʦʨʦʙʡʦʚ ʆ.ʄ.,  ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ - ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʧʠʪʘʥʥʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʨʦʟʤʽʱʝʥʥʷ ʧ-

ʦʙʨʘʟʥʦʾ ʩʢʦʙʠ ʥʘ ʢʦʨʧʫʩʽ ʩʢʣʘʜʘʥʦʛʦ ʥʦʞʘ, ʘ ʪʘʢʦʞ ʟʥʠʞʝʥʥʷ ʨʠʟʠʢʫ 

ʚʠʧʘʜʢʦʚʦʛʦ ʩʢʣʘʜʘʥʥʷ ʣʝʟʘ, ʧʽʜʚʠʱʝʥʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʽʥʩʪʨʫʤʝʥʪʫ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ - ʥʽʞ, ʟʘʧʦʙʽʞʥʠʢ, ʬʽʢʩʘʪʦʨ, ʟʘʤʦʢ axis lock. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺ ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʙʝʟʧʝʢʘ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ (ʩʢʣʘʜʘʥʠʡ ʥʽʞ) ʟ ʪʠʧʦʤ ʟʘʤʢʫ axis lock, ʚ ʷʢʦʛʦ 

ʤʦʞʣʠʚʝ ʥʝʥʘʚʤʠʩʥʝ ʩʢʣʘʜʘʥʥʷ ʥʦʞʘ ʯʝʨʝʟ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʅʘʤʠ ʨʦʟʛʣʷʜʘʻʪʴʩʷ 

ʟʘʚʜʘʥʥʷ ʦʪʨʠʤʘʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʧʨʠʩʪʨʦʶ, ʱʦ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʟʥʠʞʝʥʥʷ 

ʨʠʟʠʢʫ ʦʪʨʠʤʘʥʥʷ ʪʨʘʚʤʠ ʧʽʜ ʯʘʩ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʝʜʤʝʪʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ʅʽʞ ð ʮʝ ʽʥʩʪʨʫʤʝʥʪ, ʷʢʠʡ ʤʘʻ ʙʘʛʘʪʦ 

ʧʨʠʟʥʘʯʝʥʴ. ɿʘ ʢʦʥʩʪʨʫʢʮʽʻʶ ʥʦʞʽ ʙʫʚʘʶʪʴ: ʟ ʬʽʢʩʦʚʘʥʠʤ, ʩʢʣʘʜʘʥʠʤ, 

ʟʤʽʥʥʠʤ ʣʝʟʦʤ. ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩ ʮʽʢʘʚʣʷʪʴ ʥʦʞʽ ʩʢʣʘʜʘʥʦʛʦ ʪʠʧʫ: 

ʟʚʠʯʘʡʥʽ ʪʘ ʤʫʣʴʪʠʪʫʣʠ. ʆʢʨʝʤʦ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʰʚʝʡʮʘʨʩʴʢʽ ʥʦʞʽ 

ʚʠʨʦʙʥʠʮʪʚʘ Victorinox ʪʘ Wenger (ʨʠʩ. 1). ʎʽ ʽʥʩʪʨʫʤʝʥʪʠ ʩʢʣʘʜʘʥʦʛʦ ʪʠʧʫ 

ʚʽʜʦʤʽ ʩʚʦʻʶ ʟʨʫʯʥʽʩʪʶ ʪʘ ʰʠʨʦʢʠʤ ʩʧʦʩʦʙʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɺ ̔ ʥʩʪʨʫʤʝʥʪʘʭ ʫʢʨʘʾʥʩʴʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ñGrand Wayò (ʨʠʩ. 2) 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʫ axis lock. ʇʝʚʥʽ ʥʝʜʦʣʽʢʠ ʮʽʻʾ ʩʠʩʪʝʤʠ:  

ʧʦʪʨʘʧʣʷʥʥʷ ʧʠʣʫ ʚʩʝʨʝʜʠʥʫ ʥʦʞʘ; 

ʚʠʩʦʢʘ ʚʽʨʦʛʽʜʥʽʩʪʴ ʧʦʣʘʤʢʠ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʽʥʩʪʨʫʤʝʥʪʘ ʥʝ ʟʘ 

ʧʨʠʟʥʘʯʝʥʥʷʤ. 

ʅʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʨʦʟʨʦʙʢʫ ʟʘʤʢʘ axis lock ʟ ʧʦʢʨʘʝʥʥʷʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʩʘʤʝ:  

- ʧʨʦʩʪʦʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ;  

- ʜʦʜʘʪʢʦʚʠʡ ʟʘʧʦʙʽʞʥʠʢ;  

- ʧʦʩʠʣʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ; 

 ʚʠʢʣʶʯʝʥʥʷ ʝʢʩʪʨʠʤʘʣʴʥʠʭ ʩʠʪʫʘʮʽʡ, ʜʦʚʽʣʴʥʦʛʦ ʚʽʜʢʨʠʚʘʥʥʷ. 



94 
 

ʈʠʩ. 1 . ʅʦʞʽ ʚʠʨʦʙʥʠʮʪʚʘ Victorinox  ʪʘ Wenger. 

 
ʈʠʩ. 2. ʅʽʞ ñGrand Wayò. 

 

ʅʘ ʨʠʩ. 3 ʥʘʚʝʜʝʥʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʧʦʙʽʞʥʠʢʘ ʜʣʷ ʥʦʞʘ ʟ ʟʘʤʢʦʚʦʶ 

ʩʠʩʪʝʤʦʶ axis lock, ʷʢʠʡ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʟ ʣʠʩʪʦʚʦʾ ʩʪʘʣʽ ʰʣʷʭʦʤ 

ʰʪʘʤʧʫʚʘʥʥʷ. 

 
ʈʠʩ. 3. ɿʘʧʦʙʽʞʥʠʢ. 

 

1 - ʦʪʚʽʨ ʜʣʷ ʢʨʽʧʣʝʥʥʷ ʧ-ʦʙʨʘʟʥʦʛʦ ʟʘʧʦʙʽʞʥʠʢʘ ʥʘ ʨʫʯʮʽ ʥʦʞʘ. 

2 ï ʬʽʢʩʫʶʯʠʡ ʝʣʝʤʝʥʪ  ʟʘʧʦʙʽʞʥʠʢʘ. 
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ʈʠʩ. 4. ʅʽʞ ʙʝʟ ʬʽʢʩʘʪʦʨʘ. 

ʈʠʩ. 5. ʅʽʞ ʟ ʬʽʢʩʘʪʦʨʦʤ. 

 

ʅʘ ʨʠʩ. 4 ʪʘ 5 ʧʨʦʽʣʶʩʪʨʦʚʘʥʦ ʟʦʙʨʘʞʝʥʥʷ ʽʥʩʪʨʫʤʝʥʪʫ ʙʝʟ 

ʜʦʜʘʪʢʦʚʦʛʦ ʟʘʧʦʙʽʞʥʠʢʘ ʪʘ ʟ ʚʠʨʦʙʦʤ. ɼʝʪʘʣʴ ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʥʘ ʥʦʞʘʭ ʽʟ 

ʟʘʤʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʪʠʧʫ axis lock (ʨʠʩ. 5), ʦʩʥʦʚʥʦʶ ʬʫʥʢʮʽʻʶ ʷʢʦʛʦ ʻ 

ʜʦʜʘʪʢʦʚʘ ʬʽʢʩʘʮʽʷ ʩʘʤʦʾ ʩʠʩʪʝʤʠ. ʋ ʨʘʟʽ ʥʝʩʧʨʘʚʥʦʩʪʽ ʟʘʤʢʦʚʦʾ ʩʠʩʪʝʤʠ 

ʚʠʨʽʙ ʩʣʫʛʫʻ ʩʠʛʥʘʣʦʤ ʧʨʦ ʥʝʟʘʬʽʢʩʦʚʘʥʝ ʣʝʟʦ ʥʦʞʘ. 

 

ɺʠʩʥʦʚʢʠ. 

1. ɼʘʥʠʡ ʧʨʠʩʪʨʽʡ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʙʝʟʧʝʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʢʣʘʜʘʥʠʭ ʥʦʞʽʚ ʽʟ ʟʘʤʢʦʚʦʶ ʩʠʩʪʝʤʦʶ ʪʠʧʫ axis lock. 

2. ɿʘʧʦʙʽʞʥʠʢ, ʟʘ ʮʽʥʦʚʦʶ ʢʘʪʝʛʦʨʽʻʶ, ʜʦʩʪʫʧʥʠʡ ʜʣʷ ʙʽʣʴʰʦʩʪʽ 

ʥʘʩʝʣʝʥʥʷ. 

3. ɺʠʨʽʙ ʧʨʠ ʚʩʪʘʥʦʚʣʝʥʥʽ ʥʘ ʦʩʥʦʚʫ ʥʦʞʘ ʥʝ ʟʙʽʣʴʰʫʻ ʟʥʘʯʥʦ ʡʦʛʦ 

ʚʘʨʪʽʩʪʴ ʫ ʟʚô̫ ʟʢʫ ʟ ʥʝʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʟʘʧʦʙʽʞʥʠʢʘ, ʱʦ ʟʘʣʠʰʘʻ ʥʦʞʽ 

ʨʽʟʥʦʾ ʮʽʥʦʚʦʾ ʢʘʪʝʛʦʨʽʾ ʫ ʩʚʦʾʭ ʧʦʧʝʨʝʜʥʽʭ ʮʽʥʦʚʠʭ ʩʝʛʤʝʥʪʘʭ. 

 

ɹ̔ ʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ: 
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ʋɼʂ 628.31 

 

ʆʇʊʀʄɯɿɸʎɯʗ ʎʀʂʃʋ ɺʀʂʆʈʀʉʊɸʅʅʗ ɺʊʆʈʀʅʅʀʍ ɺʆɼʅʀʍ 

ʈɽʉʋʈʉɯɺ 

 

ʉʪʘʨʫʥʩʴʢʘ ɸ.ɺ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʽʥgʠ çʂʠ̔ʚgʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʠᵋ 

ʽʥʩʪʠʪʫʪ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʽʥgʘ, ʤ. ʂʠʽʚg)  

 

ɸʥʦʪʘʮʽʷ ï ʫ  ʨʦʙʦʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ  ʚʪʦʨʠʥʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ. ʆʢʨʝʩʣʝʥʦ ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʫ ʪʝʦʨʝʪʠʯʥʦʤʫ ʪʘ ʧʨʘʢʪʠʯʥʦʤʫ ʘʩʧʝʢʪʘʭ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ  ʚʪʦʨʠʥʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʩʪʽʯʥʽ ʚʦʜʠ, , ʨʠʟʠʢʠ ʜʣʷ 

ʟʜʦʨʦʚ'ʷ, ʘʛʨʦʢʫʣʴʪʫʨʠ, ʩʽʨʘ ʚʦʜʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʶ ʜʘʥʦʽ↓ ʩʪʘʪʪʽ ʻ ʦʮʽʥʶʚʘʥʥʷ ʧʝʨʝʚʘʛ ʽ 

ʥʝʜʦʣʽʢʽʚ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʘ ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʷ 

ʤʦʞʣʠʚʦʩʪʝʠ↑ ʪʘ ʥʘʧʨʷʤʢʽʚ ʡʦʛʦ ʚʜʦʩʢʦʥʘʣʝʥʥʷ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ ʚ ʛʘʣʫʟʽ ʚʪʦʨʠʥʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ, ʚ 

ʷʢʠʭ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤʠ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʠ↑. ʈʦʟʨʦʙʠʪʠ ʫʜʦʩʢʦʥʘʣʝʥʫ  ʩʭʝʤʫ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ ʥʘ ʦʩʥʦʚʽ ʜʚʦʭ ʦʩʥʦʚʥʠʭ  ʚʘʨʽʘʥʪʽʚ ʧʦʚʪʦʨʥʦʛʦ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʘ ʝʢʦʥʦʤʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

ɺʦʜʘ ʛʨʘʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫ ʨʦʣʴ ʫ ʞʠʪʪʻʜʠʷʣʴʥʦʩʪʽ, ʟʦʢʨʝʤʘ, ʜʣʷ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʪʽʚ ʭʘʨʯʫʚʘʥʥʷ.  ɿʨʦʩʪʘʶʯʠʡ ʜʝʬʽʮʠʪ ʮʴʦʛʦ ʚʘʞʣʠʚʦʛʦ 

ʧʨʠʨʦʜʥʦʛʦ ʨʝʩʫʨʩʫ, ʷʢʠʡ, ʡʤʦʚʽʨʥʦ, ʙʫʜʝ ʪʽʣʴʢʠ ʧʦʩʠʣʶʚʘʪʠʩʷ ʚ ʫʤʦʚʘʭ 

ʟʤʽʥʠ ʢʣʽʤʘʪʫ, ʤʘʻ ʜʫʞʝ ʩʝʨʡʦʟʥʽ ʥʘʩʣʽʜʢʠ ʜʣʷ ʟʜʘʪʥʦʩʪʽ ʣʶʜʩʪʚʘ 

ʧʨʦʛʦʜʫʚʘʪʠ ʩʝʙʝ. 

ʋ  ʩʚʽʪʽ ʟʨʦʩʪʘʥʥʷ ʯʠʩʝʣʴʥʦʩʪʽ ʥʘʩʝʣʝʥʥʷ ʽ ʝʢʦʥʦʤʽʯʥʝ ʟʨʦʩʪʘʥʥʷ ʯʠʥʷʪʴ 

ʚʩʝ ʙʽʣʴʰʠʡ ʪʠʩʢ ʥʘ ʨʝʩʫʨʩʠ ʧʨʽʩʥʦʾ ʚʦʜʠ, ʧʨʠ ʮʴʦʤʫ ʟʘʛʘʣʴʥʘ ʰʚʠʜʢʽʩʪʴ 

ʟʘʙʦʨʫ ˇʨʫʥʪʦʚʠʭ ʚʦʜ ʟʙʽʣʴʰʫʻʪʴʩʷ ʥʘ 1 ʚʽʜʩʦʪʦʢ ʥʘ ʨʽʢ ʟ 1980 ʨʦʢʫ. ɯ ʮʝʡ 

ʪʠʩʢ ʚ ʜʘʥʠʡ ʯʘʩ ʧʦʩʠʣʶʻʪʴʩʷ ʚ ʟʚ'ʷʟʢʫ ʟʽ ʟʤʽʥʦʶ ʢʣʽʤʘʪʫ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʘʞʣʠʚʽʩʪʴ ʧʨʽʩʥʦʾ ʚʦʜʠ ʷʢ ʧʨʠʨʦʜʥʦʛʦ ʨʝʩʫʨʩʫ 

ʧʦʩʪʽʡʥʦ ʟʨʦʩʪʘʻ. ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʧʦʙʫʪʽ ʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʚʦʜʘ 

ʟʘʙʨʫʜʥʶʻʪʴʩʷ ʨʝʯʦʚʠʥʘʤʠ ʤʽʥʝʨʘʣʴʥʦʛʦ ʽ ʦʨʛʘʥʽʯʥʦʛʦ ʧʦʭʦʜʞʝʥʥʷ. ʊʘʢʫ 

ʚʦʜʫ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʩʪʽʯʥʦʶ ʚʦʜʦʶ. 

ʆʙʣʘʜʥʘʥʥʷ ʛʨʦʤʘʜʩʴʢʠʭ ʙʫʜʽʚʝʣʴ ʤʽʩʮʝʚʠʤʠ ʩʠʩʪʝʤʘʤʠ ʦʯʠʱʝʥʥʷ 

ʩʪʽʯʥʠʭ ʚʦʜ ʟʥʘʭʦʜʠʪʴ ʚʩʝ ʙʽʣʴʰ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʚ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʽ↓ʥʘʭ 
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ʩʚʽʪʫ (ʉʐɸ, ʗʧʦʥʽʷ). ʇʽʩʣʷ ʦʯʠʩʪʢʠ ʚʦʜʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʫ ʪʝʭʥʽʯʥʠʭ ʮʽʣʷʭ: 

ʜʣʷ ʧʦʣʠʚʫ ʜʦʨʦʞʥʽʭ ʧʦʢʨʠʪʪʽʚ, ʤʠʪʪʷ ʘʚʪʦʤʦʙʽʣʽʚ, ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʚʽʪʨʷ ʚ 

ʢʦʥʜʠʮʽʦʥʝʨʘʭ ʪʘ ʽʥʰʝ. ɯʩʪʦʪʥʝ ʤʽʩʮʝ ʚ ʟʘʨʫʙʽʞʥʽʠ↑ ʧʨʘʢʪʠʮʽ ʟʘʠ↑ʤʘʶʪʴ 

ʧʨʦʝʢʪʠ, ʱʦ ʧʝʨʝʜʙʘʯʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ 

ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʣʘʥʜʰʘʬʪʽʚ, ʦʙʚʦʜʥʝʥʥʷ ʰʪʫʯʥʠʭ ʽ ʧʨʠʨʦʜʥʠʭ ʚʦʜʦʠ↑ʤʠʱ.  

ɯʩʥʫʻ 2 ʦʩʥʦʚʥʽ ʚʠʜʠ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ: 

1. ɺʽʜʢʨʠʪʠʡ ʮʠʢʣ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʚ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ 

ʘʙʦ ʜʣʷ ʧʦʣʠʚʫ ʛʘʟʦʥʽʚ ʧʨʠ ʙʫʜʠʥʢʘʭ. 

2. ɿʘʤʢʥʝʥʠʡ ʮʠʢʣ - ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʚʞʠʚʘʥʥʷʘʥʥʷ ʚ ʙʫʜʠʥʢʫ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʪʦʨʠʥʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ 

ʧʨʦʮʝʩ ʤʘʻ ʚʽʜʢʨʠʪʠʡ ʮʠʢʣ (ʨʠʩ.1). 

 
 

ʈʠʩ. 1. ɺʽʜʢʨʠʪʠʡ ʮʠʢʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ:1-

ʙʫʜʠʥʦʢ;2-ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ; 3-ʩʠʩʪʝʤʘ ʟʚʦʣʦʞʝʥʥʷ (ʧʦʣʠʚʫ). 

 

ʈʦʟʛʣʷʥʝʤʦ ʡʦʛʦ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ: 

ʇʝʨʝʚʘʛʠ: 

¶ ɺʠʢʦʨʠʩʪʘʥʥʷ ʦʯʠʱʝʥʠʭ ʩʪʽʯʥʠʭ ʚʦʜ ʫ ʩʽʣʴʩʴʢʦʤʫ ʛʦʩʧʦʜʘʨʩʪʚʽ ʻ 

ʢʦʨʠʩʥʠʤ ʜʣʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʝʢʦʥʦʤʽʢʠ. 

¶ ɿʤʝʥʰʝʥʥʷ ʪʠʩʢʫ ʥʘ ʜʞʝʨʝʣʘ ʧʨʽʩʥʦʾ ʚʦʜʠ,  ʘʜʞʝ ʩʽʣʴʩʴʢʝ 

ʛʦʩʧʦʜʘʨʩʪʚʦ ï ʥʘʡʙʽʣʴʰʠʡ ʩʚʽʪʦʚʠʡ ʩʧʦʞʠʚʘʯ ʚʦʜʠ (ʜʦ70%).  

¶  ɺʠʩʦʢʽ ʢʦʥʮʝʥʪʨʘʮʽʾ ʧʦʞʠʚʥʠʭ ʨʝʯʦʚʠʥ ʫ ˇʨʫʥʪʽ. 

¶ ʄʦʞʝ ʫʩʫʥʫʪʠ ʧʦʪʨʝʙʫ ʚ ʜʦʙʨʠʚʽ. 

¶ ɿʥʠʞʫʻʪʴʩʷ ʧʦʧʠʪ ʥʘ ʧʦʩʪʘʯʘʥʥʷ ʧʠʪʥʦʾ ʚʦʜʠ. 

ʅʝʜʦʣʽʢʠ: 

¶ ʈʠʟʠʢ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʚʽʜ ʘʩʦʮʽʡʦʚʘʥʠʭ ʧʘʪʦʛʝʥʽʚ. 

¶ ʈʠʟʠʢ ʜʣʷ ʟʜʦʨʦʚ'ʷ ʚʽʜ ʽʥʰʠʭ ʟʘʙʨʫʜʥʶʶʯʠʭ ʨʝʯʦʚʠʥ (ʥʘʧʨʠʢʣʘʜ, 
ʤʝʪʘʣʽʚ, ʭʽʤʽʢʘʪʽʚ, ʬʘʨʤʘʮʝʚʪʠʯʥʠʭ ʧʨʝʧʘʨʘʪʽʚ). 

¶ ɿʥʠʞʝʥʥʷ ʷʢʦʩʪʽ ˇʨʫʥʪʫ ʚʽʜ ʥʘʢʦʧʠʯʝʥʥʷ ʤʝʪʘʣʽʚ ʽ ʧʽʜʢʠʩʣʝʥʥʷ. 

¶ ʇʨʦʥʠʢʥʝʥʥʷ ʜʦ ʧʽʜʟʝʤʥʠʭ ʚʦʜ. 
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¶ ʉʦʣʽ ʪʘ ʭʽʤʽʢʘʪʠ ʤʦʞʫʪʴ ʟʘʚʜʘʪʠ ʰʢʦʜʫ ʨʦʩʣʠʥʘʤ ʪʘ ˇʨʫʥʪʫ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʧʦ ʟʘʤʢʥʝʥʦʤʫ ʮʠʢʣʫ ʜʣʷ ʧʦʚʪʦʨʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʫʜʠʥʢʫ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ  ʧʝʨʝʚʘʛʘʤʠ ʪʘ ʥʝʜʦʣʽʢʘʤʠ 

(ʨʠʩ.2): 

 
ʈʠʩ.2. ɿʘʤʢʥʝʥʠʡ ʮʠʢʣ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

1-ʙʫʜʠʥʦʢ; 2-ʩʠʩʪʝʤʘ ʦʯʠʩʪʢʠ; 

ʇʝʨʝʚʘʛʠ: 

¶ ʟʥʠʞʫʻ ʜʦʤʘʰʥʽ ʧʦʪʨʝʙʠ ʧʨʽʩʥʦʾ ʚʦʜʠ. 

¶ ʟʥʠʞʫʻ ʧʦʧʠʪ ʥʘ ʚʦʜʦʧʦʩʪʘʯʘʥʥʷ ʛʨʦʤʘʜʩʴʢʦʩʪʽ - ʮʝ ʤʦʞʝ ʙʫʪʠ 

ʨʝʘʣʴʥʠʤ ʧʦʣʝʛʰʝʥʥʷʤ ʧʽʜ ʯʘʩ ʚʦʜʥʠʭ ʦʙʤʝʞʝʥʴ. 

¶ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʥʰʝ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

¶ ʜʦʧʦʤʘʛʘʻ ʩʢʦʨʦʪʠʪʠ ʢʽʣʴʢʽʩʪʴ ʟʘʙʨʫʜʥʝʥʴ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʫ ʚʦʜʥʽ 
ʰʣʷʭʠ. 

¶ ʟʥʠʞʝʥʥʷ ʧʦʧʠʪʫ ʥʘ ʽʥʬʨʘʩʪʨʫʢʪʫʨʫ ʜʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʩʪʽʯʥʠʭ 
ʚʦʜ, ʦʯʠʱʝʥʥʷ ʪʘ ʫʪʠʣʽʟʘʮʽʾ, ʱʦ ʜʦʟʚʦʣʷʻ ʾʡ ʧʨʘʮʶʚʘʪʠ ʢʨʘʱʝ ʽ ʜʦʚʰʝ. 

ʅʝʜʦʣʽʢʠ: 

¶ ʬʽʥʘʥʩʦʚʽ ʚʠʪʨʘʪʠ ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ ʪʘ ʧʽʜʪʨʠʤʢʫ ʩʠʩʪʝʤʠ ʚʪʦʨʠʥʥʦʛʦ 
ʚʠʢʦʨʠʩʪʘʥʥʷ.  

¶ ʥʝʦʙʤʝʞʝʥʽ ʥʘʜʣʠʰʢʠ ʩʪʦʢʫ ʤʦʞʫʪʴ ʩʪʚʦʨʠʪʠ ʧʨʦʙʣʝʤʠ ʜʣʷ ʩʫʩʽʜʽʚ. 

ʅʘʣʝʞʥʠʤ ʯʠʥʦʤ ʦʙʨʦʙʣʝʥʘ ʩʽʨʘ ʚʦʜʘ ʤʦʞʝ ʙʫʪʠ ʧʦʚʪʦʨʥʦ ʚʠʢʦʨʠʩʪʘʥʘ 

ʫ ʩʘʥʚʫʟʣʘʭ ʪʘ ʧʨʘʥʥʷ ʦʜʷʛʫ, ʷʢʽ ʻ ʜʚʦʤʘ ʥʘʡʙʽʣʴʰʠʤʠ ʩʧʦʞʠʚʘʯʘʤʠ ʚʦʜʠ ʚ 

ʛʦʩʧʦʜʘʨʩʪʚʽ. ʇʦʚʪʦʨʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʨʦʾ ʚʦʜʠ ʜʣʷ ʦʯʠʱʝʥʥʷ ʩʘʥʚʫʟʣʽʚ 

ʤʦʞʝ ʟʘʦʱʘʜʠʪʠ ʧʨʠʙʣʠʟʥʦ 50 ʣ ʧʠʪʥʦʾ ʚʦʜʠ ʱʦʜʥʷ, ʘ ʧʦʚʪʦʨʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʯʠʱʝʥʦʾ ʚʦʜʠ ʜʣʷ ʧʨʘʥʥʷ ʦʜʷʛʫ ʤʦʞʝ ʟʘʦʱʘʜʠʪʠ ʧʨʠʙʣʠʟʥʦ 

90 ʣ ʧʠʪʥʦʾ ʚʦʜʠ. 

ɼʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʽʨʦʾ ʚʦʜʠ, ʘ ʩʘʤʝ ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʚʪʨʘʪ, ʥʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙôʻʜʥʘʪʠ ʜʚʘ ʙʘʟʦʚʠʭ ʮʠʢʣʠ ʚʪʦʨʠʥʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʟʘ  ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ: 
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ʈʠʩ. 3. ʂʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʚʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

 

1- ɹʫʜʠʥʦʢ; 

2- ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ; 

3- ɭʤʥʽʩʪʴ ʜʣʷ ʟʙʦʨʫ ʛʫʩʪʠʭ ʚʽʜʭʦʜʽʚ; 

4- ʉʠʩʪʝʤʘ ʦʯʠʩʪʢʠ 2 ʨʽʚʥʷ+ ʥʘʩʠʯʝʥʥʷ ʚʦʜʠ ʨʽʜʢʠʤ ʢʠʩʥʝʤ; 

5- ɭʤʥʽʩʪʴ ʜʣʷ ʟʙʦʨʫ ʜʦʙʨʠʚ; 

6- ʈʝʟʝʨʚʫʘʨ ʜʣʷ ʟʙʦʨʫ ʙʽʦʛʘʟʫ; 

7- ʉʠʩʪʝʤʘ ʟʚʦʣʦʞʝʥʥʷ(ʧʦʣʠʚʫ). 

ɼʦʜʘʚʰʠ ʻʤʥʽʩʪʴ ʜʣʷ ʟʙʦʨʫ ʛʫʩʪʠʭ ʚʽʜʭʦʜʽʚ, ʤʠ ʤʦʞʝʤʦ ʦʪʨʠʤʫʚʘʪʠ 

ʜʦʙʨʠʚʘ ʪʘ ʙʽʦʛʘʟ, ʷʢʠʡ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʚʠʨʦʙʥʠʮʪʚʘ 

ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʪʘ ʪʝʧʣʘ. 

ʇʨʦʮʝʩ ʦʯʠʩʪʢʠ ʩʪʽʯʥʠʭ ʚʦʜ ʻ ʚʘʞʣʠʚʠʤ, ʪʘʢ ʷʢ ʦʩʥʦʚʥʦʶ ʤʝʪʦʶ ʻ 

ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʫʣʫ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʪʝʭʥʦʣʦʛʽʡ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʠʩʢʦʨʠʪʠ ʧʨʦʮʝʩ ʤʝʭʘʥʽʯʥʦʾ ʦʯʠʩʪʢʠ, ʧʨʠ ʮʴʦʤʫ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʢʪʠʚʥʦʛʦ ʤʫʣʫ ʚ ʧʨʦʮʝʩʽ ʙʨʦʜʽʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʙʽʦʛʘʟʫ.  

ʂʘʥʘʣʽʟʘʮʽʡʥʽ (ʘʝʨʘʮʽʡʥʽ) ʛʘʟʠ - ʮʝ ʧʨʦʜʫʢʪ ʙʨʦʜʽʥʥʷ ʩʪʽʯʥʠʭ ʚʦʜ ʢʘʥʘʣʽʟʘʮʽʾ, 

ʱʦ ʻ ʨʽʟʥʦʚʠʜʦʤ ʙʽʦʛʘʟʫ. 

 

ɺʠʩʥʦʚʢʠ 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʢʦʤʙʽʥʦʚʘʥʘ ʩʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʪʦʨʠʥʥʠʭ ʚʦʜʥʠʭ 

ʨʝʩʫʨʩʽʚ ʽʟ ʟʘʣʫʯʝʥʥʷʤ ʙʘʟʦʚʠʭ ʮʠʢʣʽʚ ʟʥʘʯʥʦ ʩʢʦʨʦʯʫʻ ʚʠʪʨʘʪʠ ʚʦʜʠ ʫ 

ʛʦʩʧʦʜʘʨʩʪʚʽ, ʟʤʝʥʰʫʻ ʟʘʙʨʫʜʥʝʥʥʷ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʜʦʟʚʦʣʷʻ 

ʜʦʜʘʪʢʦʚʦ ʦʪʨʠʤʘʪʠ ʧʦʞʠʚʥʽ ʨʝʯʦʚʠʥʠ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

 

1. http://bieb.ruaf.org/ruaf_bieb/upload/1546.pdf 

2. http://crowa.khuisf.ac.ir/DorsaPax/userfiles/file/pazhohesh/crowa91/57.pdf 

3. http://www.yourhome.gov.au/water/wastewater-reuse 

4. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6133124/ 

 

http://bieb.ruaf.org/ruaf_bieb/upload/1546.pdf
http://crowa.khuisf.ac.ir/DorsaPax/userfiles/file/pazhohesh/crowa91/57.pdf
http://www.yourhome.gov.au/water/wastewater-reuse
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6133124/
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ʋɼʂ 617.58-77 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʇʈʆʊɽɿʋ ʂʆʃɯʅʅʆɻʆ ɺʋɿʃɸ ɿɸɼʃʗ 

ɿɹɯʃʔʐɽʅʅʗ ʁʆɻʆ ʄʆɹɯʃʔʅʆʉʊɯ 

ʃʘʥʦʚʠʡ ɯ.ʆ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ,  

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

 ɸʥʦʪʘʮʽʷ ï ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʦʢʨʘʱʝʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʤʦʙʽʣʴʥʦʩʪʽ ʤʝʭʘʥʽʯʥʦʛʦ ʧʨʦʪʝʟʫ ʢʦʣʽʥʥʦʛʦ ʚʫʟʣʘ;  ʟʘʧʨʦʧʦʥʫʚʘʥʥʷ ʨʽʰʝʥʴ 

ʦʩʥʦʚʥʠʭ ʧʨʦʙʣʝʤ ʚʠʙʨʘʥʦʛʦ ʧʨʦʪʝʟʫ   ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʟ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ 

ʤʝʭʘʥʽʯʥʠʭ ʚʫʟʣʽʚ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʧʨʦʪʝʟ, ʥʠʞʥʷ ʢʽʥʮʽʚʢʘ, ʢʦʥʩʪʨʫʢʮʽʷ, ʢʦʣʽʥʥʠʡ 

ʩʫʛʣʦʙ, ʤʦʜʝʨʥʽʟʘʮʽʷ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ.  ʇʨʦʪʝʟʫʚʘʥʥʷ ʥʠʞʥʴʦʾ ʢʽʥʮʽʚʢʠ ï ʻʜʠʥʘ 

ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʤʦʙʽʣʴʥʦʩʪʽ ʧʘʮʽʻʥʪʘ ʧʨʠ ʘʤʧʫʪʘʮʽʷʭ ʥʘ ʨʽʚʥʽ 

ʩʪʝʛʥʘ ʘʙʦ ʥʠʞʯʝ. ɺ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʢʦʣʽʥʥʠʡ ʤʦʜʫʣʴ ʟ ʤʝʭʘʥʽʯʥʠʤ 

ʢʝʨʫʚʘʥʥʷʤ ʬʘʟʠ ʧʝʨʝʥʦʩʫ [1] . ʇʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ ʻ ʨʫʭ ʨʦʣʠʢʘ ʧʦ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʧʨʦʪʝʟʫ, ʷʢʠʡ  ʟʤʽʱʫʻ ʚʝʨʭʥʶ 

ʯʘʩʪʠʥʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ  ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʛʠʥ ʧʨʦʪʝʟʫ. ʄʝʭʘʥʽʯʥʘ ʨʦʙʦʪʘ 

ʚʠʢʦʥʫʻʪʴʩʷ ʧʨʫʞʠʥʘʤʠ.     

ʈʠʩ. 1. ʄʦʜʝʣʴ ʢʦʣʽʥʥʦʛʦ ʚʫʟʣʘ. 
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ʆʩʥʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʘʥʦʾ ʤʦʜʝʣʽ ʻ: 

1.  ʇʨʫʞʠʥʥʘ ʩʠʩʪʝʤʘ ʥʝ ʜʘʻ ʜʦʩʪʘʪʥʴʦʾ ʧʦʪʫʞʥʦʩʪʽ ʜʣʷ 

ʢʦʤʬʦʨʪʥʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʨʫʭʫ, ʦʩʦʙʣʠʚʦ ʧʽʜ ʯʘʩ 

ʢʦʨʠʩʪʫʚʘʥʥʷ ʩʭʦʜʘʤʠ. 

2. ʈʽʟʢʽ ʤʦʤʝʥʪʠ ʟʛʠʥʘʥʥʷ-ʨʦʟʛʠʥʘʥʥʷ ʡ ʚʽʜʩʫʪʥʽʩʪʴ ʧʣʘʚʥʦʩʪʽ 

ʨʫʭʽʚ, ʷʢʘ ʚʣʘʩʪʠʚʘ ʨʫʭʘʤ ʟʜʦʨʦʚʦʾ ʣʶʜʠʥʠ. 

3. ʂʦʥʩʪʨʫʢʮʽʷ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʤʝʭʘʥʽʟʤʫ ʚʪʨʠʤʘʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ 
ʨʦʣʠʢʘ , ʷʢʠʡ ʤʦʞʝ ʚʠʩʢʦʯʠʪʠ ʧʦʟʘ ʤʝʞʽ ʧʝʨʝʜʙʘʯʝʥʦʛʦ 

ʧʨʦʩʪʦʨʫ. 

ɺʠʨʽʰʝʥʥʷ ʜʘʥʠʭ ʧʨʦʙʣʝʤ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʦʢʨʘʱʝʥʴ ʧʨʠʥʝʩʝ ʢʦʤʬʦʨʪ ʪʘ 

ʥʦʚʠʡ ʨʽʚʝʥʴ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʘʤ.  

  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ʉʫʯʘʩʥʠʡ ʨʠʥʦʢ ʧʨʦʪʝʟʽʚ ʥʘʣʽʯʫʻ 

ʤʦʜʝʣʽ ʪʘʢʠʭ ʪʠʧʽʚ: 

1) ʇʨʦʪʝʟʠ ʟ ʤʝʭʘʥʽʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʬʘʟʠ ʧʝʨʝʥʦʩʫ. 

ʍʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʨʦʩʪʦʪʦʶ ʙʫʜʦʚʠ ʡ ʩʪʘʙʽʣʴʥʽʩʪʶ ʧʦʣʦʞʝʥʥʷ, 

ʘʣʝ ʥʝ ʤʦʞʫʪʴ ʥʘʜʘʪʠ ʤʦʞʣʠʚʦʩʪʽ ʚʽʣʴʥʦʛʦ ʨʫʭʫ [2]. 

2) ʇʨʦʪʝʟʠ ʟ ʛʽʜʨʘʚʣʽʯʥʠʤ ʢʝʨʫʚʘʥʥʷʤ ʨʫʭʫ. ɿʙʽʣʴʰʝʥʥʷ 

ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʪʘ ʤʦʙʽʣʴʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ. 

ʇʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʨʝʛʫʣʶʚʘʥʥʷ ʬʘʟʠ ʧʝʨʝʥʦʩʫ ʪʘ ʦʧʦʨʠ, ʧʽʰʦʾ 

ʭʦʜʠ, ʢʘʪʘʥʥʷ ʥʘ ʚʝʣʦʩʠʧʝʜʽ ʪʘ ʪʨʝʥʫʚʘʥʥʷ ʥʘ ʪʨʝʥʘʞʝʨʘʭ [3] . 

3) ʇʨʦʪʝʟʠ ʟ  ʝʣʝʢʪʨʦʥʥʠʤ ʨʝʛʫʣʶʚʘʥʥʷʤ ʬʘʟʠ ʧʝʨʝʥʦʩʫ ʽ ʦʧʦʨʠ. 
ʅʘʨʘʟʽ ʻ ʚʽʩʪʨʷʤ ʩʫʯʘʩʥʦʾ ʽʥʞʝʥʝʨʥʦʾ ʜʫʤʢʠ ʡ ʥʘʜʘʶʪʴ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʤʦʞʣʠʚʦʩʪʝʡ ʢʦʨʠʩʪʫʚʘʯʘʤ.  ɻʦʣʦʚʥʠʤʠ ʥʝʜʦʣʽʢʘʤʠ ʻ 

ʚʠʩʦʢʘ ʮʽʥʘ, ʧʦʪʨʝʙʘ ʚ ʧʽʜʟʘʨʷʜʮʽ ʘʢʫʤʫʣʷʪʦʨʽʚ ʪʘ ʪʨʠʚʘʣʠʡ ʧʨʦʮʝʩ 

ʧʽʩʣʷʦʧʝʨʘʮʽʡʥʦʾ ʨʝʘʙʽʣʽʪʘʮʽʾ ʜʣʷ ʦʧʘʥʫʚʘʥʥʷ ʧʨʦʪʝʟʽʚ ʟ ʧʦʜʽʙʥʠʤʠ 

ʨʽʚʥʷʤʠ ʤʦʙʽʣʴʥʦʩʪʽ [4] . 

ɺʨʘʭʦʚʫʶʯʠ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʤʦʣʦʜʠʭ ʣʶʜʝʡ ʟ ʧʦʪʨʝʙʦʶ ʚ 

ʧʨʦʪʝʟʫʚʘʥʥʽ ʥʠʞʥʽʭ ʢʽʥʮʽʚʦʢ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʩʠʪʫʘʮʽʻʶ ʥʘ ʩʭʦʜʽ ʋʢʨʘʾʥʠ, 

ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʚ  ʧʨʦʪʝʟʘʭ ʟ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʤʦʙʽʣʴʥʦʩʪʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʨʝʘʙʽʣʽʪʘʮʽʾ. ʅʘʨʘʟʽ ʪʘʢʽ ʪʠʧʠ ʧʨʦʪʝʟʽʚ ʨʦʟʨʦʙʣʷʶʪʴ ʪʘʢʽ 

ʧʽʜʧʨʠʻʤʩʪʚʘ - Parashar Industries, Nertus ʪʘ ʂʠʾʚʩʴʢʝ  ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʧʨʦʪʝʟʥʦ-ʦʨʪʦʧʝʜʠʯʥʝ ʧʽʜʧʨʠʻʤʩʪʚʦ. ʉʘʤʝ ʾʭ ʚʘʨʽʘʥʪʠ ʢʦʣʽʥʥʠʭ ʚʫʟʣʽʚ ʙʫʣʠ 

ʨʦʟʛʣʷʥʫʪʽ ʚʠʱʝ.   

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ʄʝʪʦʶ ʨʦʟʨʦʙʢʠ ʻ  ʩʪʚʦʨʝʥʥʷ ʥʘ ʙʘʟʽ ʚʠʙʨʘʥʦʛʦ 

ʢʦʣʽʥʥʦʛʦ ʚʫʟʣʘ ʤʦʜʝʣʽ ʟ ʧʦʢʨʘʱʝʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘ ʤʦʞʣʠʚʽʩʪʶ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʘʙʽʣʽʪʘʮʽʾ ʧʘʮʽʻʥʪʽʚ. ʉʪʚʦʨʝʥʘ ʤʦʜʝʣʴ ʙʫʜʝ ʧʝʨʝʭʽʜʥʠʤ 

ʪʠʧʦʤ ʤʽʞ ʧʨʦʪʝʟʘʤʠ ʟ ʦʙʤʝʞʝʥʦʶ ʨʫʭʦʚʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʩʫʯʘʩʥʠʤʠ 

ʨʦʟʨʦʙʢʘʤʠ. ʄʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʠʪʠ ʚʤʽʥʥʷ ʭʦʜʠʪʠ ʡ ʟʚʠʢʘʥʥʷ ʜʦ ʧʨʦʪʝʟʫ 

ʙʫʜʝ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʜʘʥʦʛʦ ʧʨʦʪʝʟʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʧʽʩʣʷ ʤʦʜʠʬʽʢʘʮʽʾ ʥʝ ʤʘʻ 

ʧʨʦʙʣʝʤ, ʷʢʽ ʙʫʣʠ ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʨʘʟʢʘ ʡ ʩʫʪʪʻʚʦ ʚʠʧʝʨʝʜʞʘʻ 

ʡʦʛʦ ʚ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʤʦʙʽʣʴʥʦʩʪʽ. 
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ʈʠʩ. 2.   ʉʭʝʤʘ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʣʽʥʥʦʛʦ ʚʫʟʣʘ ʚ ʨʦʟʨʽʟʽ. 

 

ʂʦʥʩʪʨʫʢʮʽʷ ʤʦʜʠʬʽʢʦʚʘʥʦʛʦ ʢʦʣʽʥʥʦʛʦ ʧʨʦʪʝʟʫ (ʨʠʩ. 2)  ʩʢʣʘʜʘʻʪʴʩʷ 

ʟ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʠʥ: 

 

1. ʎʠʣʽʥʜʨ ʟ ʧʝʨʬʦʨʦʚʘʥʠʤ ʧʦʨʰʥʝʤ ʚʩʝʨʝʜʠʥʽ, ʷʢʠʡ ʨʫʭʘʻʪʴʩʷ ʫ 
ʚʥʫʪʨʽʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʧʦʚʥʝʥʥʷ 

ʤʘʩʪʠʣʦʤ ʟ ʧʦʜʘʣʴʰʠʤ ʛʝʨʤʝʪʠʯʥʠʤ ʟʘʢʨʠʪʪʷʤ ʮʠʣʽʥʜʨʫ.  
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2. ʈʦʣʠʢ ʟ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʢʨʽʧʣʝʥʥʷʤ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ 

ʧʨʦʪʝʟʫ.  

 

3. ɺʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʚʫʟʣʘ. ʉʘʤʝ ʚʦʥʘ 
ʨʫʭʘʻʪʴʩʷ ʧʦ ʨʦʣʠʢʫ ʡ ʩʪʚʦʨʶʻ ʤʦʤʝʥʪ ʟʛʠʥʘʥʥʷ. 

 

4. ʇʨʫʞʠʥʘ-ʘʥʪʘʛʦʥʽʩʪ, ʷʢʘ ʜʦʧʦʤʘʛʘʻ ʧʘʮʽʻʥʪʫ ʧʦʚʝʨʥʫʪʠ ʧʨʦʪʝʟ 

ʚ ʧʦʯʘʪʢʦʚʝ ʧʦʣʦʞʝʥʥʷ. 

 

5. ʂʨʽʧʣʝʥʥʷ ʜʣʷ ʨʦʣʠʢʫ. 

 

6. ʇʣʝʯʝ-ʚʘʞʽʣʴ, ʷʢʝ ʟôʻʜʥʘʥʝ ʟ ʧʦʨʰʥʝʤ ʪʘ ʧʝʨʝʜʘʻ ʡʦʛʦ ʪʠʩʢ. 

 

ɺ ʭʦʜʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʢʦʣʽʥʥʠʭ 

ʚʫʟʣʽʚ.  ʆʜʥʠʤ  ʟ ʥʘʡʙʽʣʴʰ ʧʦʧʫʣʷʨʥʠʭ ʚʘʨʽʘʥʪʽʚ ʻ ʢʦʣʽʥʥʠʡ ʚʫʟʦʣ ʟ 

ʛʽʜʨʘʚʣʽʯʥʠʤ ʧʨʠʥʮʠʧʦʤ ʨʦʙʦʪʠ. ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤʠ ʚʽʥ ʤʘʻ ʙʽʣʴʰʽ 

ʢʫʪʠ ʟʛʠʥʘʥʥʷ ʪʘ ʨʽʚʝʥʴ ʤʦʙʽʣʴʥʦʩʪʽ, ʷʢʠʡ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʦʩʥʦʚʥʫ ʨʫʭʦʚʫ 

ʜʽʷʣʴʥʽʩʪʴ ʪʘ ʘʢʪʠʚʥʠʡ ʩʧʦʨʪ. ʇʨʦʪʝ ʜʘʥʠʡ ʪʠʧ ʧʦʪʨʝʙʫʻ ʙʽʣʴʰʦʛʦ ʟʫʩʠʣʣʷ 

ʜʣʷ ʨʫʭʫ, ʘ ʪʦʤʫ ʡ ʧʽʜʛʦʪʦʚʢʠ ʤôʷʟʽʚ ʧʘʮʽʻʥʪʘ.   

ʅʘʤʠ  ʙʫʚ ʚʠʙʨʘʥʠʡ ʛʽʜʨʘʚʣʽʯʥʠʡ ʤʝʭʘʥʽʟʤ ʟ ʧʨʫʞʠʥʦʶ-ʘʥʪʘʛʦʥʽʩʪʦʤ, 

ʷʢʘ ʢʦʤʧʝʥʩʫʻ ʟʫʩʠʣʣʷ ʜʣʷ ʟʛʠʥʘʥʥʷ ʪʘ ʧʦʚʝʨʥʝʥʥʷ ʧʨʦʪʝʟʫ ʚ ʧʦʯʘʪʢʦʚʝ 

ʧʦʣʦʞʝʥʥʷ. ʎʝ ˇʨʫʥʪʦʚʥʦ ʟʤʽʥʠʣʦ ʤʦʜʝʣʴ ʨʫʭʫ ʧʘʮʽʻʥʪʘ. ɸʜʞʝ ʧʨʫʞʠʥʥʠʡ 

ʤʝʭʘʥʽʟʤ  ʥʝ ʤʽʛ ʩʪʚʦʨʠʪʠ ʧʣʘʚʥʽʩʪʴ ʨʫʭʽʚ ʟʜʦʨʦʚʦʛʦ ʢʦʣʽʥʘ [5] . ʎʷ ʧʨʦʙʣʝʤʘ 

ʙʫʣʘ ʚʠʨʽʰʝʥʘ, ʡ ʝʪʘʧʠ ʟʛʠʥʘʥʥʷ-ʨʦʟʛʠʥʘʥʥʷ ʥʘʰʦʾ ʤʦʜʝʣʽ ʥʘʙʣʠʞʝʥʽ ʜʦ 

ʚʽʜʧʦʚʽʜʥʠʭ ʨʫʭʽʚ ʟʜʦʨʦʚʦʾ ʥʦʛʠ. ɼʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʩʪʚʦʨʶʻ ʫʤʦʚʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ  ʷʢ ʦʜʥʫ ʟ ʤʝʪʦʜʠʢ ʨʝʘʙʽʣʽʪʘʮʽʾ ʪʘ ʩʪʚʦʨʝʥʥʷ ʧʨʘʚʠʣʴʥʦʛʦ 

ʨʝʬʣʝʢʩʥʦʛʦ ʨʫʭʫ ʧʨʠ ʭʦʜʽʥʥʽ.  

 ʅʘʩʪʫʧʥʦʶ ʟʤʽʥʦʶ ʻ ʬʦʨʤʘ ʚʥʫʪʨʽʰʥʴʦʾ ʢʨʠʚʠʟʥʠ. ʂʨʠʚʠʟʥʘ ʙʫʣʘ 

ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʘ ʝʪʘʧʠ ʨʫʭʫ  ʨʦʣʠʢʘ. ʇʝʨʰʠʡ ʝʪʘʧ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʫʭʠ ʟ 

ʥʝʚʝʣʠʢʠʤ ʢʫʪʦʤ ʚʠʛʠʥʫ.  ɽʪʘʧ ʤʘʻ ʬʦʨʤʫ ʧʽʚʢʦʣʘ ʟ ʟʘʢʨʫʛʣʝʥʥʷʤ ʜʣʷ 

ʬʽʢʩʘʮʽʾ ʨʦʣʠʢʘ ʚ ʧʦʯʘʪʢʦʚʦʤʫ ʧʦʣʦʞʝʥʥʽ. ʌʦʨʤʘ ʦʙʨʘʥʘ ʟʘʜʣʷ ʰʚʠʜʢʦʛʦ 

ʨʫʭʫ ʧʦ ʨʦʣʠʢʫ ʡ ʟʤʽʥʠ ʧʦʣʦʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ. ɼʨʫʛʘ ʬʘʟʘ ï ʟʢʨʠʚʣʝʥʘ ʜʫʛʘ 

ʟ ʟʘʧʽʨʥʠʤ ʟʘʚʠʪʢʦʤ. ʉʧʝʮʠʬʽʯʥʠʡ ʨʫʭ, ʷʢʠʡ ʧʦʪʨʝʙʫʻ  ʚʝʣʠʢʦʛʦ ʢʫʪʘ ʚʠʛʠʥʫ 

ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʥʘ ʮʽʡ ʜʽʣʷʥʮʽ. ʂʽʥʮʝʚʠʡ ʟʘʚʠʪʦʢ ʟʫʧʠʥʷʻ ʨʫʭ ʨʦʣʠʢʘ ʪʘ ʥʝ 

ʜʘʻ ʡʦʤʫ ʚʠʩʢʦʯʠʪʠ ʟʘ ʤʝʞ ʚʠʛʠʥʫ. ʎʷ ʧʨʦʙʣʝʤʘ ʙʫʣʘ ʘʢʪʫʘʣʴʥʘ ʜʣʷ ʧʝʨʰʦʾ 

ʚʝʨʩʽʾ ʧʨʦʪʝʟʫ. ɿʘʛʘʣʦʤ ʨʫʭ ʙʫʜʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚʽʜ ʧʦʯʘʪʢʦʚʦʛʦ ʟʘʧʽʨʥʦʛʦ 

ʟʘʚʠʪʢʘ ʡ ʧʝʨʰʦʛʦ ʝʪʘʧʫ ʜʦ ʜʨʫʛʦʛʦ ʟ ʚʠʛʠʥʦʤ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʧʨʦʪʝʟʫ ʚ 

ʟʘʧʽʨʥʦʤʫ ʟʘʚʠʪʢʫ. ʊʘʢʘ ʩʠʩʪʝʤʘ ʧʦʚʪʦʨʶʻ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ  ʩʪʝʛʥʦʚʦʾ 

ʢʽʩʪʢʠ ʧʦ ʚʝʣʠʢʦʛʦʤʽʣʢʦʚʽʡ ʢʽʩʪʮʽ [6] . 

ɿʤʽʥʘ ʢʨʠʚʠʟʥʠ ʥʘ ʜʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʯʘʩʪʠʥʠ   ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ  

ʤʦʙʽʣʴʥʦʩʪʽ ʧʨʦʪʝʟʫ ʪʘ ʡʦʛʦ ʨʫʭʣʠʚʦʩʪʽ.  ɼʘʥʘ ʤʦʜʠʬʽʢʘʮʽʷ ʝʬʝʢʪʠʚʥʦ 

ʧʦʢʘʟʫʻ ʩʝʙʝ ʥʘ ʧʽʜʡʦʤʽ, ʘ ʦʩʦʙʣʠʚʦ ʧʨʠ ʩʧʫʩʢʫ ʟʽ ʩʭʦʜʽʚ.  
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ʈʠʩ. 3. ʉʭʝʤʘ ʮʠʢʣʫ ʨʦʙʦʪʠ  ʥʠʞʥʴʦʾ ʢʽʥʮʽʚʢʠ ʧʽʜ ʯʘʩ ʨʫʭʫ ʩʭʦʜʘʤʠ. 
 

ʅʘ ʨʠʩ. 3   ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ ʨʫʭ ʧʦ ʩʭʦʜʘʭ ï ʜʠʥʘʤʽʯʥʘ ʟʤʽʥʘ ʧʦʣʦʞʝʥʥʷ 

ʢʽʥʮʽʚʢʠ ʚ ʥʝʚʝʣʠʢʦʤʫ ʢʫʪʦʚʦʤʫ ʜʽʘʧʘʟʦʥʽ. ʉʘʤʝ ʮʝ ʻ ʧʝʨʝʚʘʛʦʶ ʜʘʥʦʾ 

ʤʦʜʝʣʽ ʧʨʦʪʝʟʫ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʘ ʤʦʜʠʬʽʢʦʚʘʥʘ ʢʦʥʩʪʨʫʢʮʽʷ  

ʢʦʣʽʥʥʦʛʦ ʚʫʟʣʘ ʪʘ ʾʾ ʧʝʨʝʚʘʛʠ. ʆʙˇʨʫʥʪʦʚʘʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʜʘʥʦʛʦ ʧʨʦʪʝʟʫ ʷʢ ʩʧʦʩʽʙ ʘʜʘʧʪʘʮʽʾ ʪʘ ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʠʭ ʥʘʚʠʯʦʢ.  
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ʋɼʂ 616-78 

 

ʈʆɿʈʆɹʂɸ ʂʆʄʇʃɽʂʉʋ ɼʃʗ ʇʈʆɺɽɼɽʅʅʗ ʄɽʍɸʅɯʏʅʆɰ 

ʉɽʈʎɽɺʆ-ʃɽɻɽʅɽɺʆɰ ʈɽɸʅɯʄɸʎɯɰ AUTOPULS 

 

ʌʝʣʜʽ ɼ.ɸ., ʩʪʫʜʝʥʪ., 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʫ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʨʦʟʨʦʙʢʫ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ 

ʤʝʭʘʥʽʯʥʦʾ ʩʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʦʾ ʨʝʘʥʽʤʘʮʽʾ AutoPuls. ʊʘʢʦʞ ʥʘʚʦʜʷʪʴʩʷ ʡʦʛʦ 

ʧʨʝʚʘʛʠ ʧʝʨʝʜ ʩʭʦʞʠʤʠ ʘʧʘʨʘʪʘʤʠ ʪʘ ʡʦʛʦ ʥʝʜʦʣʽʢʠ ʟʘʛʘʣʦʤ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ 

ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʧʝʨʩʧʝʢʪʠʚʠ ʪʘ ʩʧʦʩʦʙʠ ʡʦʛʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʨʝʘʥʽʤʘʮʽʷ, ʤʝʜʠʮʠʥʘ, ʉʃʈ (ʩʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʘ 

ʨʝʘʥʽʤʘʮʽʷ), AutoPuls, ʧʫʣʴʩ, ɽʂɻ, ʝʣʝʢʪʨʦʜ, ʨʝʣʝ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ ʜʣʷ 

ʤʝʭʘʥʽʯʥʦʾ ʩʝʨʮʝʚʦ ʣʝʛʝʥʝʚʦʾ ʨʝʘʥʽʤʘʮʽʾ ʚ ʩʽʣʴʩʴʢʽʡ ʤʽʩʮʝʚʦʩʪʽ, ʜʝ ʨʽʚʝʥʴ 

ʤʝʜʠʮʠʥʠ ʻ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʝʩʪʘʯʝʶ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ 

ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ, ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʚʠʥʝʩʪʠ 

ʧʦʪʝʨʧʽʣʦʛʦ ʟ ʤʽʩʮʷ ʙʦʡʦʚʠʭ ʜʽʡ, ʱʦ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ, ʘ 

ʪʘʢʦʞ ʚʠʷʚʣʝʥʥʽ ʤʦʞʣʠʚʦʩʪʝʡ ʪʘ ʥʘʧʨʷʤʢʽʚ ʡʦʛʦ ʨʦʟʚʠʪʢʫ, ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʴʦʛʦ ʢʦʤʧʣʝʢʩʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʦ ʘʥʘʣʽʟ ʦʩʪʘʥʥʽʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ ʚ ʛʘʣʫʟʽ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʦʾ 

ʨʝʘʥʽʤʘʮʽʾ, ʚ ʷʢʠʭ ʟʘʧʦʯʘʪʢʦʚʘʥʦ ʨʦʟʚôʷʟʘʥʥʷ ʧʨʦʙʣʝʤ, ʧʦʚôʷʟʘʥʠʭ ʟ 

ʙʫʜʦʚʦʶ ʘʧʘʨʘʪʽʚ ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʡʦʛʦ 

ʢʦʥʩʪʨʫʢʮʽʾ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʧʦʪʨʝʙʘ ʫ ʨʦʟʨʦʙʮʽ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʤʝʭʘʥʽʯʥʦʾ 

ʩʝʨʮʝʚʦ ʣʝʛʝʥʝʚʦʾ ʨʝʘʥʽʤʘʮʽʾ ʷʢʠʡ ʟʤʦʞʝ ʧʦʣʝʛʰʠʪʠ ʨʦʙʦʪʫ ʤʝʜʠʯʥʠʤ 

ʧʨʘʮʽʚʥʠʢʘʤ ʚ ʩʽʣʴʩʴʢʠʭ ʤʽʩʮʝʚʦʩʪʷʭ ʜʝ ʨʽʚʝʥʴ ʤʝʜʠʮʠʥʠ ʻ ʜʦʩʠʪʴ ʥʠʟʴʢʠʤ 

ʪʘ ʥʝʩʪʘʯʝʶ ʢʚʘʣʽʬʽʢʦʚʘʥʠʭ ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʪʘ ʚ ʧʦʣʴʦʚʠʭ ʫʤʦʚʘʭ, 

ʢʦʣʠ ʥʝʦʙʭʽʜʥʦ ʰʚʠʜʢʦ ʚʠʥʝʩʪʠ ʧʦʪʝʨʧʽʣʦʛʦ ʟ ʤʽʩʮʷ ʙʦʡʦʚʠʭ ʜʽʡ, ʱʦ ʥʘ 

ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʜʫʞʝ ʘʢʪʫʘʣʴʥʠʤ. 

ʉʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʦ-ʤʦʟʢʦʚʘ ʨʝʘʥʽʤʘʮʽʷ (ʨʝʩʫʩʮʠʪʘʮʽʷ, ʉʃʈ, ʘʥʛʣ. 

cardiopulmonary resuscitation, CPR), - ʮʝ  ʥʝʚʽʜʢʣʘʜʥʘ ʤʝʜʠʯʥʘ ʧʨʦʮʝʜʫʨʘ, 

ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ ʦʨʛʘʥʽʟʤʫ ʪʘ ʚʠʚʝʜʝʥʥʷ ʡʦʛʦ ʟʽ 
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ʩʪʘʥʫ ʢʣʽʥʽʯʥʦʾ ʩʤʝʨʪʽ. ɺʢʣʶʯʘʻ ʰʪʫʯʥʫ ʚʝʥʪʠʣʷʮʽʶ ʣʝʛʝʥʽʚ (ʰʪʫʯʥʝ 

ʜʠʭʘʥʥʷ) ʪʘ ʢʦʤʧʨʝʩʽʾ ʛʨʫʜʥʦʾ ʢʣʽʪʢʠ (ʥʝʧʨʷʤʠʡ ʤʘʩʘʞ ʩʝʨʮʷ). 

ʇʦʯʠʥʘʪʠ ʉʃʈ ʧʦʩʪʨʘʞʜʘʣʦʛʦ ʥʝʦʙʭʽʜʥʦ ʷʢʦʤʦʛʘ ʨʘʥʽʰʝ. ʇʨʠ ʮʴʦʤʫ 

ʥʘʷʚʥʽʩʪʴ ʜʚʦʭ ʽʟ ʪʨʴʦʭ ʦʟʥʘʢ ʢʣʽʥʽʯʥʦʾ ʩʤʝʨʪʽ - ʚʽʜʩʫʪʥʽʩʪʴ ʩʚʽʜʦʤʦʩʪʽ ʽ 

ʧʫʣʴʩʫ - ʜʦʩʪʘʪʥʽ ʩʚʽʜʯʝʥʥʷ ʜʣʷ ʾʾ ʧʦʯʘʪʢʫ. ɿʘʩʥʦʚʥʠʢʦʤ ʩʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʦʾ 

ʨʝʘʥʽʤʘʮʽʾ ʚʚʘʞʘʻʪʴʩʷ ʘʚʩʪʨʽʡʩʴʢʠʡ ʣʽʢʘʨ ʇʝʪʝʨ ʉʘʬʘʨ, ʽʤʝʥʝʤ ʷʢʦʛʦ 

ʥʘʟʚʘʥʦ ʧʦʪʨʽʡʥʠʡ ʧʨʠʡʦʤ ʉʘʬʘʨʘ. 

ʇʦʢʘʟʘʥʥʷ ʜʦ ʧʨʦʚʝʜʝʥʥʷ ʉʃʈ 

¶ ɺʽʜʩʫʪʥʽʩʪʴ ʩʚʽʜʦʤʦʩʪʽ 

¶ ɺʽʜʩʫʪʥʽʩʪʴ ʜʠʭʘʥʥʷ 

¶ ɺʽʜʩʫʪʥʽʩʪʴ ʧʫʣʴʩʫ (ʝʬʝʢʪʠʚʥʽʰʝ ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ ʧʝʨʝʚʽʨʷʪʠ 
ʧʫʣʴʩ ʥʘ ʩʦʥʥʠʭ ʘʨʪʝʨʽʷʭ) 

ʇʝʨʰʽ ʢʣʽʥʽʯʥʽ ʚʠʧʨʦʙʫʚʘʥʥʷ ʤʝʭʘʥʽʯʥʦʾ ʞʠʣʝʪʥʦʾ ʉʃʈ ʙʫʣʠ 

ʧʨʦʚʝʜʝʥʽ H.R. Halperin ʚ 1993 ʨʦʮʽ. ʆʜʥʽʻʶ ʟ ʪʘʢʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ 

ʨʦʟʨʦʙʦʢ ʻ  ʨʝʘʥʽʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ AutoPulse, ʱʦ ʚʠʧʫʩʢʘʻʪʴʩʷ ʬʽʨʤʦʶ Zoll, 

ʷʢʘ ʻ ʤʦʜʠʬʽʢʘʮʽʻʶ ʞʠʣʝʪʥʦʾ ʉʃʈ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʫ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʢʦʤʧʨʝʩʽʡʥʦʛʦ ʨʝʤʝʥʷ. 

ʉʠʩʪʝʤʘ AutoPulse ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ ʨʝʘʥʽʤʘʮʽʾ ʜʦʨʦʩʣʠʭ ʣʶʜʝʡ ʚʽʜ 18 

ʨʦʢʽʚ ʽ ʩʪʘʨʰʝ. AutoPulse ʷʚʣʷʻ ʩʦʙʦʶ ʧʨʠʩʪʨʽʡ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʱʠʪʘ, ʥʘ 

ʷʢʦʤʫ ʨʦʟʪʘʰʦʚʫʻʪʴʩʷ ʧʘʮʽʻʥʪ, ʽ ʦʭʦʧʣʶʻ ʛʨʫʜʥʫ ʢʣʽʪʢʫ ʧʘʮʽʻʥʪʘ ʨʝʤʝʥʷ, 

ʷʢʠʡ ʧʨʠ ʟʘʢʨʽʧʣʝʥʥʽ ʥʘ ʧʘʮʽʻʥʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʩʪʷʛʫʻʪʴʩʷ ʥʘʚʢʦʣʦ ʛʨʫʜʥʦʾ 

ʢʣʽʪʠʥʠ ʽ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʨʝʩʽʾ. ʇʨʘʮʶʻ ʷʢ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ ʨʝʞʠʤʽ (ʚ ʨʘʟʽ 

ʧʨʦʪʝʢʮʽʾ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ), ʪʘʢ ʽ ʚ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 30: 2, ʟ ʜʚʦʤʘ 

ʧʦʩʣʽʜʦʚʥʠʤʠ ʧʘʫʟʘʤʠ ʧʦ 1,5 ʩ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʰʪʫʯʥʦʛʦ ʜʠʭʘʥʥʷ ʫ 

ʧʘʮʽʻʥʪʽʚ ʙʝʟ ʧʨʦʪʝʢʮʽʾ ʜʠʭʘʣʴʥʠʭ ʰʣʷʭʽʚ. ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ ʨʝʘʥʽʤʘʮʽʡʥʦʾ 

ʩʠʩʪʝʤʠ (ʨʠʩ. 1) - ʨʦʟʧʦʜʽʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷ ʢʦʤʧʨʝʩʽʡʥʠʡ ʨʝʤʽʥʴ, ʱʦ 

ʨʦʟʧʦʜʽʣʷʻ ʥʘʚʘʥʪʘʞʝʥʥʷ (LDB ï load distributing band) ʪʘ  ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʧʦʢʨʠʚʥʦʾ ʧʣʘʩʪʠʥʠ ʽ ʜʚʦʭ ʞʛʫʪʽʚ, ʟ'ʻʜʥʘʥʠʭ ʟ ʢʦʤʧʨʝʩʽʡʥʦʶ ʥʘʢʣʘʜʢʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʟʘʩʪʽʙʢʠ, ʽ ʻ ʦʜʥʦʨʘʟʦʚʠʤ. ʇʨʠʻʜʥʘʥʠʡ ʜʦ ʧʣʘʪʬʦʨʤʠ AutoPulse, 

ʨʝʤʽʥʴ ʘʚʪʦʤʘʪʠʯʥʦ ʧʽʜʛʘʥʷʻʪʴʩʷ ʧʽʜ ʨʦʟʤʽʨʠ ʧʘʮʽʻʥʪʘ ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʠʩʥʝʥʥʷ ʛʨʫʜʥʦʾ ʢʣʽʪʠʥʠ. ʅʘʧʽʚʢʨʫʞʥʘ ʢʦʤʧʨʝʩʽʷ ʛʨʫʜʥʦʾ ʢʣʽʪʠʥʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ AutoPulse ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʝ ʟʤʝʥʰʝʥʥʷ ʾʾ ʦʙ'ʻʤʫ, ʪʘ, ʚʽʜʧʦʚʽʜʥʦ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʥʫʪʨʠʛʨʫʜʥʦʛʦ ʪʠʩʢʫ ʙʝʟ ʥʝʙʝʟʧʝʢʠ ʪʨʘʚʤʘʪʠʯʥʠʭ 

ʧʦʰʢʦʜʞʝʥʴ, ʦʩʢʽʣʴʢʠ ʚʠʢʣʶʯʘʻʪʴʩʷ ʜʦʜʘʪʦʢ ʟʫʩʠʣʣʷ ʪʽʣʴʢʠ ʚ ʦʜʥʽʡ ʪʦʯʮʽ 

ʢʦʤʧʨʝʩʽʾ, ʷʢ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʩʪʘʥʜʘʨʪʥʦʾ ʉʃʈ. 

 
 

ʈʠʩ. 1. ʈʝʘʥʽʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ AutoPulse 
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ʇʝʨʝʚʘʛʠ ʩʠʩʪʝʤʠ: 

¶ ʄʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʨʫʩʽ. 

¶ ɺʝʣʠʢʘ ʪʦʯʥʽʩʪʴ. 

¶ ʃʝʛʢʠʡ ʪʘ ʥʘʜʽʡʥʠʡ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ. 

ʅʝʜʦʣʽʢʠ ʩʠʩʪʝʤʠ: 

¶ ʅʝʤʘʻ ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʾ ʐɺʃ (ʰʪʫʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʣʝʛʝʥʴ),  

ʾʾ ʪʨʝʙʘ ʧʨʦʚʦʜʠʪʠ ʨʷʪʫʚʘʣʴʥʠʢʘʤ ʩʘʤʦʩʪʽʡʥʦ. 

¶ ɼʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ɸɽɼ (ʘʚʪʦʤʘʪʠʯʥʠʡ ʟʦʚʥʽʰʥʽʡ ʜʝʬʽʙʨʠʣʷʪʦʨ) 

ʧʦʪʨʽʙʥʦ ʧʦʚʥʽʩʪʶ ʚʽʜʢʣʶʯʘʪʠ ʩʠʩʪʝʤʫ ʪʘ ʟʥʽʤʘʪʠ ʨʝʤʝʥʽ, ʥʘ ʚʩʪʘʥʦʚʣʝʥʥʷ 

ʷʢʠʭ ʧʦʪʨʽʙʥʦ ʥʝ ʤʝʥʰʝ ʭʚʠʣʠʥʠ. 

¶ ʅʝʤʘʻ ʩʠʩʪʝʤʠ, ʱʦ ʨʝʛʫʣʶʻ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʟʥʘʡʜʝʥʦ ʰʣʷʭ ʨʦʟʨʦʙʢʠ 

ʨʝʘʥʽʤʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ (ʨʠʩ. 4). ʊʘʢ ʷʢ AutoPuls ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ 

ʨʝʘʥʽʤʘʮʽʾ ʫ ʨʫʩʽ, ʜʫʞʝ ʚʘʞʣʠʚʠʤ ʻ ʧʦʚʥʘ ʘʚʪʦʥʦʤʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʦʤʫ, ʷʢ 

ʚʘʨʽʘʥʪ, ʤʦʞʥʘ ʚʩʪʘʥʦʚʠʪʠ ʚ ʥʴʦʛʦ ʩʠʩʪʝʤʫ ʐɺʃ ʢʦʤʧʘʥʽʾ ʊʆɺ "ʄʝʜʩʝʨʚʽʩ 

ʇʣʶʩ ʃʊɼ" (ʨʠʩ. 2). ɰʾ ʪʨʝʙʘ ʧʽʜʢʣʶʯʘʪʠ ʦʢʨʝʤʦ, ʘʣʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʽʻʾ 

ʪʝʭʥʦʣʦʛʽʾ ʜʦʧʦʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʉʃʈ.  

 

                            

 

ʈʠʩ. 2. ɸʧʧʘʨʘʪ ʐɺʃ 

 

ʎʽʣʴʦʚʦʶ ʬʫʥʢʮʽʻʶ ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʦʾ ʘʧʘʨʘʪʫʨʠ ʩʣʽʜ ʚʚʘʞʘʪʠ 

ʦʜʝʨʞʘʥʥʷ ʚʽʜʦʙʨʘʞʝʥʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʚ ʟʤʽʥʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ï ʧʘʩʠʚʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʘʙʦ ʨʽʚʥʽʚ ʙʽʦʧʦʪʝʥʮʽʘʣʽʚ; 

ʘʙʦ ʯʠʩʝʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʝʷʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʙʽʦʪʢʘʥʠʥ, 

ʦʜʥʦʟʥʘʯʥʦ ʧʦʚ'ʷʟʘʥʠʭ ʟ ʧʨʦʮʝʩʘʤʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʫ ʙʽʦʦʙôʻʢʪʽ. 

ʇʨʠ ʨʝʻʩʪʨʘʮʽʾ ʙʽʦʧʦʪʝʥʮʽʘʣʽʚ ʚʠʤʽʨʶʚʘʣʴʥʽ ʝʣʝʢʪʨʦʜʠ ʧʽʜʢʣʶʯʘʶʪʴ 

ʜʦ ʦʙʣʘʜʥʘʥʥʷ ʟ ʧʝʨʚʠʥʥʦʾ ʦʙʨʦʙʢʠ (ʆʇʆ), ʱʦ ʤʽʩʪʠʪʴ ʧʽʜʩʠʣʶʚʘʣʴʥʫ 

ʯʘʩʪʠʥʫ (ʇʏ) ʝʣʝʢʪʨʦʬʽʟʽʦʣʦʛʽʯʥʦʛʦ ʧʨʠʣʘʜʫ ʘʙʦ ʢʦʤʧʣʝʢʩʫ, ʦʩʥʦʚʥʽ 
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ʧʨʦʙʣʝʤʠ ʧʨʦʝʢʪʫʚʘʥʥʷ ʷʢʦʾ ʧʦʚ'ʷʟʘʥʽ ʟ ʨʦʟʨʦʙʢʦʶ ʪʘʢ ʟʚʘʥʠʭ ʧʽʜʩʠʣʶʚʘʯʽʚ 

ʙʽʦʧʦʪʝʥʮʽʘʣʽʚ (ʇɹʇ).  

 

ʉʭʝʤʦ-ʪʝʭʥʽʯʥʝ ʨʽʰʝʥʥʷ ʮʴʦʛʦ ʚʫʟʣʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʩʠʛʥʘʣʫ, ʱʦ ʨʝʻʩʪʨʫʻʪʴʩʷ, ʤʽʩʮʷ ʥʘʢʣʘʜʝʥʥʷ ʝʣʝʢʪʨʦʜʘ ʽ ʡʦʛʦ ʚʟʘʻʤʦʚʧʣʠʚʫ 

ʟ ʽʥʰʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ çʚʽʜʚʝʜʝʥʥʷè.  

ʉʘʤʝ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʥʝʦʙʭʽʜʥʦʛʦ ʢʦʥʪʘʢʪʫ ʙʽʦʣʦʛʽʯʥʦʛʦ ʦʙ'ʻʢʪʘ ʟ 

ʝʣʝʢʪʨʦʜʦʤ, ʷʢʠʡ ʻ ʚʭʽʜʥʠʤ ʝʣʝʤʝʥʪʦʤ ʧʽʜʩʠʣʶʚʘʯʘ, ʧʦʚ'ʷʟʘʥʦ ʙʘʛʘʪʦ 

ʪʝʭʥʽʯʥʠʭ ʧʨʦʙʣʝʤ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʣʘʥʮʶʛʽʚ ʧʽʜʩʠʣʶʚʘʣʴʥʠʭ ʚʫʟʣʽʚ 

ʮʴʦʛʦ ʚʠʜʫ ʤʝʜʠʯʥʦʾ ʘʧʘʨʘʪʫʨʠ.  

ɽʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʩʝʨʮʷ ʜʦʧʦʤʦʞʝ ʟʘʬʽʢʩʫʚʘʪʠ 

ʝʣʝʢʪʨʦʢʘʨʜʽʦʛʨʘʤʘ. ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʥʘʤ ʥʝ ʧʦʪʨʽʙʥʘ ʥʘʜʩʢʣʘʜʥʘ ʩʠʩʪʝʤʘ 

ɽʂɻ, ʘʜʞʝ ʫ ʟʚôʷʟʢʫ ʟ ʜʘʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʟʘʨʝʻʩʪʨʫʚʘʪʠ 

ʝʢʣʝʢʪʠʯʥʠʡ ʩʠʛʥʘʣ ʩʝʨʮʷ, ʱʦ ʙʫʜʝ ʩʠʛʥʘʣʽʟʫʚʘʪʠ ʧʨʦ ʚʽʜʥʦʚʣʝʥʥʷ 

ʩʘʤʦʩʪʽʡʥʦʛʦ ʩʝʨʮʝʚʦʛʦ ʨʠʪʤʫ.ɼʣʷ ʮʴʦʛʦ ʥʘʡʢʨʘʱʝ ʧʽʜʽʡʜʫʪʴ ʦʜʥʦʨʘʟʦʚʽ 

ʝʣʝʢʪʨʦʜʠ ʢʦʤʧʘʥʽʾ ZOLL (ʨʠʩ. 3).  

ʎʝʡ ʝʣʝʢʪʨʠʯʥʠʡ ʩʠʛʥʘʣ ʙʫʜʝ ʧʝʨʝʜʘʚʘʪʠʩʷ ʜʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ ʨʝʣʝ 

ʟ ʪʠʧʦʤ ʤʦʥʪʘʞʫ ʥʘ DIN-ʨʝʡʢʫ, ʷʢʠʡ ʫ ʩʚʦʶ ʯʝʨʛʫ ʚʠʤʢʥʝ ʘʧʘʨʘʪ, ʱʦ 

ʜʦʧʦʤʦʞʝ ʟʘʧʦʙʽʛʪʠ ʧʦʨʫʰʝʥʥʶ ʚʽʜʥʦʚʣʝʥʦʛʦ ʨʠʪʤʫ ʪʘ ʟʘʚʜʘʥʥʷ 

ʧʦʩʪʨʘʞʜʘʣʦʤʫ ʟʘʡʚʦʛʦ ʩʪʨʝʩʫ ʪʘ ʙʦʣʴʦʚʠʭ ʚʽʜʯʫʪʪʽʚ.  

ʈʝʘʥʽʤʘʮʽʡʥʠʡ ʢʦʤʧʣʝʢʩ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʩʝʨʮʷ 

ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 
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ʈʠʩ. 4.  ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʢʦʤʧʣʝʢʩ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʤʝʭʘʥʽʯʥʦʾ 

ʩʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʦʾ ʨʝʘʥʽʤʘʮʽʾ: 1-ʧʣʘʪʬʦʨʤʘ ʽʟ ʚʤʦʥʪʦʚʘʥʠʤ ʨʝʣʝ ʽ 

ʨʝʤʝʥʷʤʠ life band; 2-ʘʧʘʨʘʪ ʰʪʫʯʥʦʾ ʚʝʥʪʠʣʷʮʽʾ ʣʝʛʝʥʴ ʟ ʤʘʩʢʦʶ. 

 

ʆʪʞʝ, ʪʘʢʝ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʜʦʧʦʤʦʞʝ ʩʫʪʪʻʚʦ ʫʩʫʥʫʪʠ ʥʝʜʦʣʽʢʠ 

ʘʧʘʨʘʪʫ ʪʘ ʧʦʩʪʘʚʠʪʠ ʡʦʛʦ ʧʦʟʘ ʢʦʥʢʫʨʝʥʮʽʾ ʟʽ ʩʭʦʞʠʤʠ ʘʧʘʨʘʪʘʤʠ, ʘ ʪʘʢʦʞ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʝʘʥʽʤʘʮʽʡʥʠʭ ʟʘʭʦʜʽʚ ʪʘ ʟʤʝʥʰʠʪʠ 

ʨʠʟʠʢ ʩʤʝʨʪʽ ʧʦʩʪʨʘʞʜʘʣʦʛʦ. 

ɺʠʩʥʦʚʢʠ. ʈʦʟʨʦʙʢʘ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʚʪʦʤʘʪʠʯʥʦʾ 

ʩʝʨʮʝʚʦ-ʣʝʛʝʥʝʚʦʾ ʨʝʘʥʽʤʘʮʽʾ ʩʧʨʷʤʦʚʘʥʘ, ʚ ʧʝʨʰʫ ʯʝʨʛʫ, ʥʘ ʫʩʫʥʝʥʥʷ ʪʘʢʠʭ 

ʥʝʜʦʣʽʢʽʚ, ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʨʝʛʫʣʶʶʯʦʾ ʩʠʩʪʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʪʪʻʜʽʷʣʴʥʦʩʪʽ, 

ʱʦ ʚ  ʰʠʨʦʢʦʤʫ ʢʣʽʥʽʯʥʦʤʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʧʦʢʨʘʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʨʦʙʦʪʠ ʪʘʢʠʭ ʘʧʘʨʘʪʽʚ ʪʘ ʧʦʣʝʛʰʠʪʠ ʨʦʙʦʪʫ ʨʷʪʫʚʘʣʴʥʠʢʘʤ, ʘ ʪʘʢʦʞ 

ʜʦʧʦʤʦʞʝ ʧʽʜʚʠʱʠʪʠ ʢʽʣʴʢʽʩʪʴ ʚʨʷʪʦʚʘʥʠʭ ʞʠʪʪʽʚ.  
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ʋɼʂ 69 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʊɽʍʅʆʃʆɻɯɰ ɺɽʈʊʀʂɸʃʔʅʆɻʆ ɸʈʄʋɺɸʅʅʗ 

ʋ ʈʋʍʆʄʀʍ ʉʊɸʅʂɸʍ ɿ ʏʇʋ  

 

ʐʝʚʯʫʢ ɼ.ɺ., ʩʪʫʜʝʥʪ,  

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ɺʦʨʦʙʡʦʚ ʆ.ʄ.,  ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʫ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʪʝʤʫ 3D ʜʨʫʢʫ ʙʫʜʽʚʝʣʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʪʘʥʢʽʚ ʟ ʏʇʋ, ʷʢʽ ʤʦʞʫʪʴ ʨʝʘʣʽʟʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʚʝʨʠʪʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ. ʈʦʟʢʨʠʚʘʻʪʴʩʷ ʘʢʪʫʘʣʴʥʽʩʪʴ ʮʽʻʾ ʪʝʤʠ ʪʘ 

ʧʨʝʢʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʛʘʣʫʟʽ ʧʨʠ ʚʧʨʦʚʘʜʞʝʥʥʽ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʫ ʤʘʩʦʚʝ 

ʙʫʜʽʚʥʠʮʪʚʦ. 

  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʩʪʘʥʢʠ ʟ ʯʠʩʣʦʚʠʤ ʧʨʦʛʨʘʤʥʠʤ ʫʧʨʘʚʣʽʥʥʷʤ (ʩʪʘʥʢʠ 

ʟ ʏʇʋ), ʪʝʭʥʦʣʦʛʽʷ  ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ, 3D ʜʨʫʢ,  ʤʘʩʦʚʝ ʙʫʜʽʚʥʠʮʪʚʦ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʂʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ ʥʝ ʜʫʞʝ 

ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʪʠʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʥʘ ʧʦʯʘʪʢʫ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʩʪʦʣʽʪʪʷ. ɿʤʽʥʠʣʠʩʷ ʣʠʰʝ ʤʘʪʝʨʽʘʣʠ ʪʘ ʽʥʩʪʨʫʤʝʥʪ. ʏʘʩ ʙʫʜʽʚʥʠʮʪʚʘ 

ʢʣʘʩʠʯʥʦʛʦ ʢʘʨʢʘʩʫ ʦʜʥʦʧʦʚʝʨʭʦʚʦʛʦ ʙʫʜʠʥʢʫ ʧʣʦʱʝʶ 120-150 ʤ.ʢʚ. - ʦʜʠʥ 

ʙʫʜʽʚʥʠʯʠʡ ʩʝʟʦʥ (3-5 ʤʽʩʷʮʽʚ). ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘʤʠ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʮʝʡ ʪʝʨʤʽʥ ʜʦ 7 ʜʥʽʚ ʪʘ ʩʢʦʨʦʪʠʪʠ ʚʠʪʨʘʪʠ ʥʘ 

ʦʧʣʘʪʫ ʧʨʘʮʽ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʊʝʭʥʦʣʦʛʽʷ 3D ʜʨʫʢʫ ʙʫʜʽʚʝʣʴ 

ʚʧʨʦʚʘʜʞʫʻʪʴʩʷ ʚ ʪʘʢʠʭ ʢʨʘʾʥʘʭ: 

 ̧ ʉʘʫʜʽʚʩʴʢʘ ɸʨʘʚʽʷ - ʥʘʜʨʫʢʦʚʘʥʘ ʧʝʨʰʘ ʫ ʩʚʽʪʽ ʦʬʽʩʥʘ ʙʫʜʽʚʣʷ, ʱʦ  ʚʞʝ 

ʧʨʘʮʶʻ.  

 ̧ ʂʠʪʘʡ - ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʜʝʰʝʚʦʛʦ ʞʠʪʣʘ ʫ ʚʽʜʜʘʣʝʥʠʭ ʨʘʡʦʥʘʭ.  

 ̧ ʉʐɸ  -  ʮʷ ʪʝʭʥʦʣʦʛʽʷ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʢʦʩʤʦʩ.  

 ɺʩʽ ʤʝʪʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ, ʤʘʶʪʴ ʧʝʚʥʽ 

ʦʙʤʝʞʝʥʥʷ (ʨʦʟʤʽʨʠ, ʤʘʰʪʘʙʠ, ʬʦʨʤʠ, ʮʽʥʘ) ʽ ʧʝʚʥʠʡ ʢʨʦʢ ʫ ʚʠʨʽʰʝʥʥʽ ʮʠʭ 

ʧʨʦʙʣʝʤ ʟʨʦʙʠʣʘ ʢʦʤʧʘʥʽʷ çApis corè, ʨʦʟʨʦʙʠʚʰʠ ʧʦʣʷʨʥʠʡ 3D ʧʨʠʥʪʝʨ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʉʫʯʘʩʥʽ ʤʝʪʦʜʠ ʙʫʜʽʚʥʠʮʪʚʘ ʜʫʞʝ ʧʦʚʽʣʴʥʽ ʽ 

ʟʘʪʨʘʪʥʽ. ɹʽʣʴʰʫ ʯʘʩʪʠʥʫ ʚʘʨʪʦʩʪʽ ʩʢʣʘʜʘʻ ʧʣʘʪʘ ʨʦʙʽʪʥʠʢʘʤ, ʘ ʥʘʷʚʥʽʩʪʴ 

ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʦʙʫʤʦʚʣʶʻ ʨʽʟʥʦʤʘʥʽʪʥʽ ʟʘʪʨʠʤʢʠ, ʥʝʪʦʯʥʦʩʪʽ ʪʘ 

ʜʝʬʝʢʪʠ ʚ ʙʫʜʽʚʝʣʴʥʦʤʫ ʧʨʦʮʝʩʽ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʩʪʘʥʢʽʚ ʟ ʏʇʋ ʫ ʮʶ ʛʘʣʫʟʴ 

ʜʦʟʚʦʣʠʪʴ ʧʨʠʰʚʠʜʰʠʪʠ ʙʫʜʽʥʠʮʪʦ ʪʘ ʧʦʢʨʘʱʠʪʠ ʡʦʛʦ ʷʢʽʩʪʴ, ʙʦ ʜʣʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʜʦʩʠʪʴ ʚʩʴʦʛʦ ʜʚʦʭ 

ʧʨʘʮʽʚʥʠʢʽʚ: ʦʜʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ʩʪʘʥʢʫ ʪʘ ʨʦʙʦʯʦʛʦ, ʱʦ ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʟʘ 
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ʫʢʣʘʜʢʫ ʘʨʤʘʪʫʨʠ, ʚʽʢʦʥʥʠʭ ʧʝʨʝʢʣʘʜʠʥ ʪʘ ʨʽʟʥʦʛʦ ʚʠʜʫ ʢʦʤʫʥʽʢʘʮʽʡ. ʇʨʠ 

ʟʘʢʽʥʯʝʥʥʽ ʧʨʦʮʝʩʫ 3D ʜʨʫʢʫ ʤʠ ʦʪʨʠʤʘʻʤʦ ʛʦʪʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʟ ʫʩʽʤʘ  

 

 

ʧʨʦʢʣʘʜʝʥʠʤʠ ʢʦʤʫʥʽʢʘʮʽʷʤʠ,  ʜʦ ʟʘʚʝʨʰʝʥʥʷ ʷʢʦʾ ʟʘʣʠʰʘʪʴʩʷ ʣʠʰʝ 

ʦʟʜʦʙʣʶʚʘʣʴʥʽ ʪʘ ʢʨʦʚʝʣʴʥʽ ʨʦʙʦʪʠ.  

ʅʘ ʨʠʩ.1 ʥʘʚʝʜʝʥʘ ʩʭʝʤʘ ɿD ʧʨʠʥʪʝʨʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ. 

 

 

ʈʠʩ. 1. ɿD ʧʨʠʥʪʝʨ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ. 

 

ʋ ʢʣʘʩʠʯʥʦʤʫ ʙʫʜʽʚʥʠʮʪʚʽ ʢʨʠʚʽ ʬʦʨʤʠ ʪʘ ʢʦʥʪʫʨʠ ʻ ʜʫʞʝ ʜʦʨʦʛʠʤ ʪʘ 

ʪʨʫʜʦʤʽʩʪʢʠʤ ʧʨʦʮʝʩʦʤ. ɺʽʥ ʧʦʪʨʝʙʫʻ ʩʢʣʘʜʥʠʭ ʢʦʥʪʨʬʦʨʤ, ʟʘʣʽʟʦʙʝʪʦʥʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʪʘ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʘʣʫʙʦʢ. ʅʘʰ ʤʝʪʦʜ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʘʨʤʫʚʘʥʥʷ ʜʦʟʚʦʣʷʻ ʟʜʝʰʝʚʠʪʠ ʮʝʡ ʧʨʦʮʝʩ ʪʘ ʟʨʦʙʠʪʠ ʤʦʞʣʠʚʠʤ 
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ʙʫʜʽʚʥʠʮʪʚʦ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ,  ʷʢʽ ʙʫʜʫʪʴ ʦʙʤʝʞʫʚʘʪʠʩʷ ʣʠʰʝ ʬʘʥʪʘʟʽʻʶ 

ʘʨʭʽʪʝʢʪʦʨʘ. 

ʎʽʥʘ ʩʘʤʦʾ óóʢʦʨʦʙʢʠôô - ʮʝ 30-40 % ʚʘʨʪʦʩʪʽ ʚʽʜ ʟʚʝʜʝʥʥʷ ʙʫʜʽʚʣʽ, ʘ 

ʥʘʰ ʧʨʦʝʢʪ ʜʦʟʚʦʣʷʻ ʩʢʦʨʦʪʠʪʠ ʮʶ ʩʫʤʫ ʜʦ 15-20% ʚʽʜ ʩʫʤʠ, ʱʦ ʥʝʦʙʭʽʜʥʘ 

ʥʘ ʟʚʝʜʝʥʷ ʙʫʜʽʚʣʽ ʟʘʨʘʟ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʢʦʥʬʽʛʫʨʘʮʽʾ ʙʫʜʽʚʣʽ ʜʨʫʢ ʤʦʞʝ ʟʘʡʤʘʪʠ ʚʩʴʦʛʦ ʦʜʥʫ ʜʦʙʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʜʣʷ 

ʝʢʩʪʨʝʥʦʛʦ ʚʽʜʥʦʚʣʝʥʥʷ ʞʠʪʣʘ ʫ ʟʦʥʘʭ ʩʪʠʭʽʡʥʦʛʦ ʣʠʭʘ ʘʙʦ ʙʦʡʦʚʠʭ ʜʽʡ. 

ʅʘʧʨʠʢʣʘʜ, ʫ  ʉʘʫʜʽʚʩʴʢʽʡ ɸʨʘʚʽʾ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʟʘ ʥʘʩʪʫʧʥʽ 10 

ʨʦʢʽʚ ʟʚʝʩʪʠ 3 ʤʣʥ. ʙʫʜʽʚʝʣʴ ʟʘ ʮʽʻʶ ʪʝʭʥʦʣʦʛʽʻʶ. 

ʉʢʣʘʜʦʚʽ ɿD ʧʨʠʥʪʝʨʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ (ʨʠʩ. 1): 

1. ʉʠʩʪʝʤʘ ʧʦʜʘʯʽ ʙʫʜʽʚʝʣʴʥʦʾ ʩʫʤʽʰʽ. 

2. ʉʪʨʽʣʘ  ʢʨʘʥʦʧʦʜʽʙʥʘ  ʜʣʷ ʧʦʜʘʯʽ ʝʢʩʪʨʫʜʝʨʘ ʜʦ ʤʽʩʮʷ ʜʨʫʢʫ. 

3. ɽʢʩʪʨʫʜʝʨ. 

4.  ɹʣʦʢ ʫʧʨʘʚʣʽʥʥʷ. 

5. ʈʫʭʦʤʘ ʧʣʘʪʬʦʨʤʘ. 

6.  ɻʽʜʨʘʚʣʽʯʥʽ ʜʦʤʢʨʘʪʠ. 

7. ʇʨʦʪʠʚʘʛʘ. 

8. ʅʘʧʨʷʤʥʘ  ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʝʢʩʪʨʫʜʝʨʘ. 

9. ʆʙʝʨʪʦʚʠʡ ʤʝʭʘʥʽʟʤ. 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ɿD ʧʨʠʥʪʝʨʘ ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʥʘ 

ʙʫʜʽʚʝʣʴʥʦʤʫ ʤʘʡʜʘʥʯʠʢʫ ʥʝ ʤʘʻ ʦʙʤʝʞʝʥʴ  ʧʦ ʚʠʩʪʦʪʽ ʧʦʚʝʨʭʫ,   ʬʦʨʤʘʤ ʪʘ 

ʨʦʟʤʽʨʘʤ.  

ʏʝʨʝʟ ʩʠʩʪʝʤʫ ʜʦʤʢʨʘʪʽʚ ʙʫʜʽʚʥʠʮʪʚʦ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʷ ʽ ʥʘ 

ʥʝʧʽʜʛʦʪʦʚʣʝʥʽʡ ʜʽʣʷʥʮʽ.  

ʆʩʢʽʣʴʢʠ ʩʪʘʥʦʢ ʥʝ ʧʨʠʚôʷʟʘʥʠʡ ʜʦ ʢʦʥʢʨʝʪʥʦʾ ʪʦʯʢʠ, ʚʽʥ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʙʫʜʽʚʣʽ ʥʝ ʪʽʣʴʢʠ ʟ ʛʦʨʠʟʦʥʪʘʣʴʥʠʤ ʘʨʤʫʚʘʥʥʷʤ, ʘ ʡ ʟ 

ʚʝʨʪʠʢʘʣʴʥʠʤ, ʪʦʤʫ ʩʪʘʻ ʤʦʞʣʠʚʘ ʙʘʛʘʪʦʧʦʚʝʨʭʦʚʘ ʟʘʙʫʜʦʚʘ, ʱʦ ʻ 

ʧʨʦʙʣʝʤʦʶ ʜʣʷ  ʚʞʝ ʽʩʥʫʶʯʠʭ 3D ʩʪʘʥʢʽʚ ʫ ʮʽʡ ʛʘʣʫʟʽ. 

ɺʠʩʥʦʚʢʠ ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ 3D ʜʨʫʢʫ ʙʫʜʽʚʝʣʴ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʨʫʭʦʤʠʭ ʩʪʘʥʢʽʚ ʟ ʏʇʋ, ʱʦ ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʘʨʤʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ  ʚʘʨʽʘʪʠʚʥʦʩʪʽ 

ʘʨʭʽʪʝʢʪʫʨʠ ʧʨʠ ʧʦʨʽʚʥʷʥʥʦ ʥʝʚʝʣʠʢʠʭ ʟʘʪʨʘʪʘʭ ʧʦ ʯʘʩʫ ʪʘ ʬʽʥʘʥʩʘʭ ʥʘ 

ʙʫʜʽʚʥʠʮʪʚʦ ʜʦʩʪʫʧʥʦʛʦ ʞʠʪʣʘ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. https://3dtoday.ru/blogs/news3dtoday/winsun-the-company-received-15-

billion-on-3d-printing-of-housing-in-sa/ 

2. https://cobod.com/ 

  

https://3dtoday.ru/blogs/news3dtoday/winsun-the-company-received-15-billion-on-3d-printing-of-housing-in-sa/
https://3dtoday.ru/blogs/news3dtoday/winsun-the-company-received-15-billion-on-3d-printing-of-housing-in-sa/
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ʄʆɼɽʈʅɯɿɸʎɯʗ ʂʆʄɹɸʁʅɸ ʂʇʗ 1. ɿɸʄɯʅɸ ʉʊʈʋʐʋʖʏʀʍ 

ɹɯʏɯɺ ʅɸ ʉʊʈʋʐʋɺɸʏ çʉʆʅɽʏʂʆè ʊɸ ɿɸʉʊʆʉʋɺɸʅʅʗ 

ɹɸʃɸʅʉʀʈɯɺ ɺ ʂʆʈʇʋʉɯ ɸʂʊʀɺɸʊʆʈɸ 

 

ɺʣʘʩʶʢ ʊ.ʆ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ. ʪ. ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚʽʜʦʤʽ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʨʫʰʫʶʯʠʭ ʩʠʩʪʝʤ 

ʟʙʠʨʘʥʥʷ ʷʛʽʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʫ ʢʦʥʩʪʨʫʢʮʽʶ ʩʪʨʫʰʫʶʯʦʾ ʩʠʩʪʝʤʠ ʽʟ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʽʙʨʘʥʠʭ ʩʪʠʛʣʠʭ ʧʣʦʜʽʚ ʽ ʤʽʥʽʤʘʣʽʟʘʮʽʻʶ ʥʘʥʝʩʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥʘʤ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʢʦʤʙʘʡʥ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʠʡ (ʂʇʗ), ʜʣʷ ʟʙʦʨʫ ʯʦʨʥʦʾ 

ʩʤʦʨʦʜʠʥʠ, ʢʦʨʠʩʥʘ ʤʦʜʝʣʴ, ʩʪʨʫʰʫʚʘʯ çʩʦʥʝʯʢʦè, ʘʢʪʠʚʘʪʦʨ ʩʪʨʫʰʫʚʘʯʘ 

ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ ʢʦʤʙʘʡʥʘ. 

 

 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʽ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʽ ʢʦʤʙʘʡʥʠ ʤʘʶʪʴ 

ʥʝʜʦʩʪʘʪʥʽʡ ʤʝʭʘʥʽʯʥʠʡ ʚʧʣʠʚ ʥʘ ʨʦʩʣʠʥʫ ʧʨʠ ʟʙʠʨʘʥʥʽ ʾʾ ʩʪʠʛʣʠʭ ʧʣʦʜʽʚ. 

ʉʪʨʫʰʫʚʘʯʽ,  ʱʦ ʥʘʷʚʥʽ ʫ ʮʠʭ ʢʦʤʙʘʡʥʘʭ, ʤʘʶʪʴ ʘʤʧʣʽʪʫʜʫ ʢʦʣʠʚʘʥʴ ʥʘ 

ʢʽʥʮʷʭ ʧʘʣʴʮʽʚ ʤʘʢʩʠʤʘʣʴʥʫ, ʘ ʚ ʤʽʩʮʽ ʢʨʽʧʣʝʥʥʷ ʙʣʠʟʴʢʫ ʜʦ ʥʫʣʷ. ʋ ʟʚ'ʷʟʢʫ 

ʟ ʮʠʤ ʚʽʙʨʘʮʽʷ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ʧʘʣʴʮʷʤʠ ʛʽʣʢʘʤ ʥʘʩʘʜʞʝʥʴ, ʥʝʜʦʩʪʘʪʥʴʦ 

ʽʥʪʝʥʩʠʚʥʘ. ʎʝʡ ʥʝʜʦʣʽʢ ʚ ʢʽʥʮʝʚʦʤʫ ʨʘʭʫʥʢʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʚʠʪʨʘʪ ʧʨʘʮʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʟʙʠʨʘʥʥʷ ʷʛʽʜ.  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  

ɼʦʩʣʽʜʞʫʚʘʥʘ ʤʦʜʝʣʴ ʂʇʗ ʤʘʻ ʩʪʨʫʰʫʚʘʯʽ, ʱʦ ʨʦʟʤʽʱʝʥʽ ʧʽʜ ʢʫʪʦʤ 

45↔ ʚʽʜʥʦʩʥʦ ʧʦʚʝʨʭʥʽ ʦʙʝʨʪʦʚʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʘ ʟ ʥʘʙʦʨʦʤ ʚʽʣʴʥʦ 

ʦʙʝʨʪʘʶʯʠʭ ʧʘʣʴʮʝʚʠʭ ʜʠʩʢʽʚ ʥʘ ʢʦʩʦ ʧʦʩʘʞʝʥʥʠʭ ʚʪʫʣʢʘʭ, ʞʦʨʩʪʢʦ 

ʧʦʚ'ʷʟʘʥʠʭ ʟ ʦʙʝʨʪʦʚʠʤ ʚʘʣʦʤ. ɼʣʷ ʧʨʠʚʦʜʫ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʧʘʣʴʯʘʩʪʠʭ 

ʜʠʩʢʽʚ ʥʝʦʙʭʽʜʥʦ ʚʩʪʘʥʦʚʣʶʚʘʪʠ ʚʘʣ, ʱʦ ʻ ʜʦʜʘʪʢʦʚʠʤ ʜʞʝʨʝʣʦʤ ʢʦʣʠʚʘʥʴ. 

ʎʝ ʚʠʤʘʛʘʻ ʫʩʪʘʥʦʚʢʠ ʜʦʜʘʪʢʦʚʠʭ ʧʨʠʚʦʜʽʚ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʚʽʙʨʘʮʽʡʥʠʭ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʢʦʥʩʪʨʫʢʮʽʶ ʧʨʠʩʪʨʦʶ, ʟʥʠʞʫʻ ʡʦʛʦ ʥʘʜʽʡʥʽʩʪʴ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ.  

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʨʦʙʦʪʠ ʤʝʭʘʥʽʟʤʫ ʽ 

ʜʦʧʫʩʪʠʤʠʡ ʚʧʣʠʚ ʨʦʙʦʯʠʭ ʩʢʣʘʜʦʚʠʭ ʢʦʤʙʘʡʥʫ ʥʘ ʨʦʩʣʠʥʠ, ʱʦ ʥʝ 

ʟʥʠʞʫʚʘʪʠʤʝ ʾʭ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚ ʥʘʩʪʫʧʥʠʡ ʚʝʛʝʪʘʮʽʡʥʠʡ ʧʝʨʽʦʜ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʥʘ ʢʦʤʙʘʡʥ ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ 

ʧʘʣʴʮʝʚʽ ʜʠʩʢʠ, ʱʦ ʦʙʝʨʪʘʶʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʠʭ ʚʘʣʘʭ (ʨʠʩ.1).  ɺʝʨʪʠʢʘʣʴʥʽ 

ʢʦʣʠʚʘʥʥʷ ʧʘʣʴʮʝʚʠʭ ʜʠʩʢʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʦʙʝʨʪʘʥʥʷ ʥʘ ʢʦʩʦ 

ʋɼʂ 631.3 
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ʧʦʩʘʞʝʥʥʠʭ ʚʪʫʣʢʘʭ, ʥʝʨʫʭʦʤʦ ʟʘʢʨʽʧʣʝʥʠʭ ʥʘ ʦʙʝʨʪʦʚʠʭ ʚʘʣʘʭ ʚ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʦʧʦʨʘʭ ʥʘ ʨʘʤʽ ʢʦʤʙʘʡʥʘ (ʨʠʩ.2). 

 

ʈʠʩ. 1 ʉʭʝʤʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʪʨʫʰʫʚʘʯʘ ñʩʦʥʝʯʢʦò. 

 

ʈʠʩ. 2.  ʈʦʙʦʯʘ ʤʦʜʝʣʴ ʢʦʤʙʘʡʥʘ ʧʣʦʜʦʚʦ-ʷʛʽʜʥʦʛʦ. 

ɻʦʨʠʟʦʥʪʘʣʴʥʽ  ʢʦʣʠʚʘʥʥʷ ʧʘʣʴʮʝʚʠʭ ʜʠʩʢʽʚ ʟʜʽʡʩʥʶʶʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʨʦʙʦʪʠ ʘʢʪʠʚʘʪʦʨʘ ʩʪʨʫʰʫʚʘʯʘ, ʱʦ ʟʘʩʥʦʚʘʥʠʡ ʥʘ ʟʤʽʥʽ ʚʝʢʪʦʨʽʚ ʥʘʧʨʷʤʫ 

ʩʠʣʠ (ʨʠʩ.3). ɹʘʣʘʥʩʠʨʠ, ʷʢʽ ʨʦʟʪʘʰʦʚʘʥʽ ʚ ʢʦʨʧʫʩʽ ʘʢʪʠʚʘʪʦʨʘ, ʨʫʭʘʶʯʠʩʴ 

ʧʦ ʢʦʣʫ, ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʠʩʙʘʣʘʥʩʫ. ʂʦʨʧʫʩ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʦʪʨʠʤʫʻ 

ʟʚʦʨʦʪʥʴʦ-ʧʦʩʪʫʧʘʣʴʥʠʡ ʨʫʭ (ʨʠʩ.4). 

 

 

 

 

 
 ʈʠʩ. 4 ʉʭʝʤʘ ʘʢʪʠʚʘʪʦʨʘ ʟ 

ʙʘʣʘʥʩʠʨʘʤʠ. 

ʈʠʩ. 3  ʈʦʟʪʘʰʫʚʘʥʥʷ 

ʘʢʪʠʚʘʪʦʨʘ ʟ ʙʘʣʘʥʩʠʨʘʤʠ ʫ 

ʂʇʗ. 
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ʊʝʭʥʽʯʥʠʡ ʨʝʟʫʣʴʪʘʪ ʥʘʫʢʦʚʦʾ ʨʦʙʦʪʠ - ʟʥʠʞʝʥʥʷ ʤʘʩʠ ʽ ʩʧʨʦʱʝʥʥʷ 

ʢʦʥʩʪʨʫʢʮʽʾ ʷʛʽʜʥʦʛʦ ʢʦʤʙʘʡʥʘ, ʤʘʢʩʠʤʘʣʴʥʠʡ ʟʙʽʨ ʧʣʦʜʽʚ.  

ɼʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʥʝʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙʝʨʪʘʥʥʷ ʩʪʨʫʰʫʚʘʯʘ 

ʚʩʪʘʥʦʚʣʶʻʪʴʩʷ ʛʘʣʴʤʽʚʥʠʡ ʧʨʠʩʪʨʽʡ.  

ʉʧʦʣʫʯʝʥʥʷ ʟ ʙʘʣʘʥʩʠʨʘʤʠ ʜʦʩʷʛʘʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʽʜ ʦʙʝʨʪʦʚʦʛʦ ʚʘʣʘ 

ʧʨʠʚʽʜ ʚ ʢʦʣʠʚʘʣʴʥʠʡ ʨʫʭ ʦʪʨʠʤʫʶʪʴ ʥʝ ʪʽʣʴʢʠ ʧʘʣʴʯʘʩʪʽ ʜʠʩʢʠ, ʱʦ ʚʽʣʴʥʦ 

ʦʙʝʨʪʘʶʪʴʩʷ ʥʘ ʢʦʩʦ ʧʦʩʘʞʝʥʥʠʭ ʚʪʫʣʢʘʭ, ʞʦʨʩʪʢʦ ʚʩʪʘʥʦʚʣʝʥʠʭ ʥʘ ʚʘʣʫ, ʘ 

ʡ ʙʽʯʠ, ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʣʴʥʦ ʥʘ ʚʪʫʣʢʘʭ ʥʘ ʚʘʣʫ ʽ ʧʦʚ'ʷʟʘʥʽ ʤʽʞ ʩʦʙʦʶ 

ʞʦʨʩʪʢʦʶ ʣʘʥʢʦʶ, ʷʢʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʰʘʨʥʽʨʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʷʛʠ ʟ ʟʦʚʥʽʰʥʴʦʾ 

ʦʙʦʡʤʦʶ ʝʢʩʮʝʥʪʨʠʢʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ, ʚʩʪʘʥʦʚʣʝʥʦʛʦ ʥʘ ʦʙʝʨʪʦʚʦʤʫ ʚʘʣʫ.  

 

ɺʠʩʥʦʚʢʠ 

1. ɺ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʩʭʝʤʫ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʨʠʩʪʨʦʶ ʩʪʨʫʰʫʚʘʯʘ, ʷʢʘ 

ʧʽʜʚʠʱʫʻ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʚʩʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʤʽʥʽʤʘʣʴʥʝ 

ʥʘʥʝʩʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʨʦʩʣʠʥʘʤ. 

2.  ʈʝʟʫʣʴʪʘʪʦʤ  ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʂʇʗ ʻ: 

1) ʢʦʤʙʘʡʥ ʟʙʠʨʘʻ ʷʛʦʜʠ, ʷʢʽ ʥʝ ʧʦʪʨʝʙʫʶʪʴ ʜʦʜʘʪʢʦʚʦʾ ʨʫʯʥʦʾ 

ʦʙʨʦʙʢʠ ʪʘ ʛʦʪʦʚʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʜʘʞʫ ʚ ʩʚʽʞʦʤʫ ʚʠʛʣʷʜʽ ʘʙʦ ʧʦʜʘʣʴʰʦʾ 

ʧʝʨʝʨʦʙʢʠ;  

2) ʨʦʙʦʯʽ ʦʨʛʘʥʠ ʢʦʤʙʘʡʥʘ ʩʪʚʦʨʶʶʪʴ ʤʽʥʽʤʘʣʴʥʠʡ ʪʠʩʢ ʥʘ ʛʨʫʥʪ ʽ ʮʝ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʝʨʝʞʝʥʥʷ ʛʽʛʨʦʩʢʦʧʽʯʥʦʩʪʽ ʪʘ ʘʝʨʘʮʽʾ ʛʨʫʥʪʫ; 

3)  ʚʥʘʩʣʽʜʦʢ ʤʽʥʽʤʘʣʴʥʦʛʦ ʥʘʥʝʩʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʨʦʩʣʠʥʘʤ, 

ʧʣʦʜʶʯʽ ʯʘʩʪʠʥʠ ʧʘʛʦʥʫ  ʧʣʦʜʦʥʦʩʷʪʴ ʥʘ ʥʘʩʪʫʧʥʠʡ ʨʽʢ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʽ ʫʩʴʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ. 

 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

 

1. ɸʛʨʦʙʽʟʥʝʩ ʩʴʦʛʦʜʥʽ: ʩʠʩʪʝʤʘʪʠʟʦʚʘʥʠʡ ʧʦʢʘʞʯʠʢ ʟʤʽʩʪʫ 

ʧʝʨʽʦʜʠʯʥʦʛʦ ʚʠʜʘʥʥʷ (ʟʘ 2016., ʚ ʢʽʣʴʢʦʩʪʽ 442 ʜʦʢʫʤʝʥʪʠ ʫʢʨʘʾʥʩʴʢʦʶ 

ʤʦʚʦʶ) / ʫʢʣʘʜʘʯ ʆ. ɺ. ɹʨʘʛʘʨ. ï ʂ.: ʅʋɹʽʇʋ, 2017. ï 28 c 

2. ʂʘʰʠʥ ɺ.ʀ., ʋʪʢʦʚ ʖ.ɸ. ʇʨʠʥʮʠʧʠ ʩʪʚʦʨʝʥʥʷ ʟʘʩʦʙʽʚ 

ʤʝʭʘʥʽʟʘʮʽʾ ʜʣʷ ʟʙʦʨʫ ʷʛʽʜ. ʊʨʘʢʪʦʨʠ ʽ ʩʽʣʴʛʦʩʧʤʘʰʠʥʠ. 1995, ˉ7.-ʩ. 26-30.  

3. ʉʘʜʦʚʘ ɯ. ʊʝʭʥʽʢʘ ʜʣʷ ʣʽʜʝʨʽʚ / ɯ. ʉʘʜʦʚʘ // ɸʛʨʦʙʽʟʥʝʩ ʩʴʦʛʦʜʥʽ. 

ï 2016.- ˉ 1-2.- ʉ. 82-84. 

4. ʂʨʦʪʦʚ ɸ.ʄ. ʉʪʨʫʰʫʚʘʯ ʥʝʧʝʨʝʨʠʚʥʦʾ ʜʽʾ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] 

/ ɸ.ʄ. ʂʨʦʪʦʚ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: http://www.patent.ru/ 

/209/209303.html. 
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ʋɼʂ 351.765 

 

ʄʆɼɽʈʅɯɿɸʎɯʗ ʂʈɯʇʃɽʅʅʗ ɼʃʗ ʇɸʉʂʋ ɼʆʄɸʐʅɯʍ ʊɺɸʈʀʅ 

 

ʂʦʚʘʣʴʯʫʢ ɼ. ʄ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ. ʪ. ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ)  

 

ɸʥʦʪʘʮʽʷ ï ʫ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʦ ʘʩʧʝʢʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʥʦʚʦʛʦ 

ʢʨʽʧʣʝʥʥʷ  ʧʘʩʢʫ ʜʦʤʘʰʥʽʭ ʪʚʘʨʠʥ, ʱʦ ʟʤʦʞʝ ʚʨʷʪʫʚʘʪʠ ʾʭ ʞʠʪʪʷ ʧʨʠ 

ʝʢʩʪʨʝʤʘʣʴʥʠʭ ʩʠʪʫʘʮʽʷʭ.  

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʧʘʩʦʢ, ʢʘʨʘʙʽʥ, ʜʦʤʘʰʥʽ ʪʚʘʨʠʥʠ. 

 

 ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʫʯʘʩʥʽ ʢʨʽʧʣʝʥʥʷ ʧʘʩʢʫ ʜʦʤʘʰʥʴʦʾ ʪʚʘʨʠʥʠ 

ʻ ʤʽʮʥʠʤʠ ʪʘ ʨʦʟʨʘʭʦʚʘʥʽ ʜʣʷ ʙʫʜʴ-ʷʢʠʭ ʜʦʤʘʰʥʽʭ ʫʣʶʙʣʝʥʮʽʚ. ʊʘʢʽ ʧʘʩʢʠ ʻ 

ʥʝʦʙʭʽʜʥʽʩʪʶ ʚ ʥʘʰ ʯʘʩ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʣʶʜʠʥʘ ʟ ʪʚʘʨʠʥʦʶ ʧʨʦʞʠʚʘʻ ʫ 

ʤʽʩʪʽ. ɸʣʝ ʫ ʤʽʩʪʘʭ ʻ ʙʘʛʘʪʦ ʥʝʙʝʟʧʝʢ ʜʣʷ ʥʘʰʠʭ ʜʦʤʘʰʥʽʭ ʫʣʶʙʣʝʥʮʽʚ, 

ʥʘʧʨʠʢʣʘʜ - ʣʽʬʪʠ. ʊʦʤʫ ʫ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʥʦʚʝ ʢʨʽʧʣʝʥʥʷ, ʱʦ 

ʜʦʧʦʤʦʞʝ ʚʨʷʪʫʚʘʪʠ ʞʠʪʪʷ ʪʚʘʨʠʥʽ ʫ ʝʢʩʪʨʝʤʘʣʴʥʽʡ ʩʠʪʫʘʮʽʾ.   

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  

ʇʨʠ ʘʥʘʣʽʟʽ ʦʩʪʘʥʥʽʭ ʤʦʜʝʣʝʡ ʙʫʣʦ ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ, ʱʦ ʥʘʨʘʟʽ 

ʤʘʡʞʝ ʚʩʽ ʢʦʤʧʘʥʽʾ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʢʨʽʧʣʝʥʥʷ ʜʣʷ ʧʘʩʢʫ ʜʦʤʘʰʥʽʭ ʪʨʘʚʠʥ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʚʠʯʘʡʥʠʡ ʽ ʩʪʘʥʜʘʨʪʥʠʡ ʚʘʨʽʘʥʪ ʢʘʨʘʙʽʥʫ, ʙʦ ʮʝ ʜʝʰʝʚʦ ʽ 

ʜʦʩʪʫʧʥʦ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʶʚʘʥʥʷ ʥʦʚʦʛʦ ʢʨʽʧʣʝʥʥʷ ʜʣʷ ʧʘʩʢʫ ʜʦʤʘʰʥʽʭ 

ʪʚʘʨʠʥ, ʷʢʠʡ ʧʨʠ ʝʢʩʪʨʝʥʠʭ ʩʠʪʫʘʮʽʷʭ ʚʽʜʢʨʽʧʣʶʻʪʴʩʷ,ʱʦ ʜʦʧʦʤʦʞʝ 

ʚʨʷʪʫʚʘʪʠ ʞʠʪʪʷ ʪʚʘʨʠʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʙʘʛʘʪʦ ʣʶʜʝʡ ʧʨʦʞʠʚʘʶʪʴ ʫ ʤʝʛʘʧʦʣʽʩʘʭ ʪʘ 

ʧʨʦʩʪʦ ʚʝʣʠʢʠʭ ʤʽʩʪʘʭ ʟʽ ʩʚʦʾʤʠ ʜʦʤʘʰʥʽʤʠ ʫʣʶʙʣʝʥʮʷʤʠ. ɹʘʛʘʪʦ ʨʝʯʝʡ, ʷʢʽ 

ʣʶʜʠʥʘ ʟʨʦʙʠʣʘ ʜʣʷ ʩʚʦʻʾ ʟʨʫʯʥʦʩʪʽ ʤʦʞʫʪʴ ʥʘʰʢʦʜʠʪʠ ʥʘʰʠʤ ʫʣʶʙʣʝʥʮʷʤ, 

ʭʦʯʘ ʤʠ ʧʨʦ ʮʝ ʥʘʚʽʪʴ ʥʝ ʟʘʤʠʩʣʶʻʤʦʩʷ. ɿʘʨʘʟ ʤʦʞʥʘ ʜʦʚʦʣʽ ʯʘʩʪʦ ʟʫʩʪʨʽʪʠ 

ʩʠʪʫʘʮʽʶ, ʢʦʣʠ, ʥʘʧʨʠʢʣʘʜ, ʣʶʜʠʥʘ ʟʽ ʩʚʦʻʶ ʩʦʙʘʢʦʶ ʟʘʭʦʜʠʪʴ ʜʦ ʙʫʜʠʥʢʫ. 

ʇʽʜʽʡʰʦʚʰʠ ʜʦ ʣʽʬʪʘ ʩʦʙʘʢʘ ʟʘʭʦʜʠʪʴ ʚʩʝʨʝʜʠʥʫ ʽ ʣʽʬʪ, ʱʦ ʾʜʝ ʥʘ ʚʠʢʣʠʢ ʟ 

ʽʥʰʦʛʦ ʧʦʚʝʨʭʫ, ʟʘʯʠʥʷʻʪʴʩʷ, ʘ ʣʶʜʠʥʘ ʟʘʣʠʰʘʻʪʴʩʷ ʟʟʦʚʥʽ. ʋ ʪʘʢʠʡ ʤʦʤʝʥʪ 

ʣʶʜʠʥʘ ʥʽʯʦʛʦ ʥʝ ʤʦʞʝ ʟʨʦʙʠʪʠ, ʙʦ ʧʘʩʦʢ, ʷʢʠʡ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʟʘʢʽʥʯʫʻʪʴʩʷ 

ʨʫʣʝʪʢʦʶ, ʨʦʟʢʨʫʯʫʻʪʴʩʷ ʜʦ ʧʝʚʥʦʛʦ ʤʦʤʝʥʪʫ, ʘ ʧʦʪʽʤ ʪʨʘʧʣʷʻʪʴʩʷ 

ʥʘʡʩʪʨʘʰʥʽʰʝ, ʙʦ ʧʩʘ ʜʫʰʠʪʴ ʡʦʛʦ ʞ ʦʰʠʡʥʠʢ. ɼʦʙʨʝ, ʷʢʱʦ ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ 
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ʦʰʠʡʥʠʢ ʩʦʙʘʢʠ ʥʝ ʪʫʛʦ ʟʘʪʷʛʥʫʪʠʡ ʽ ʚʦʥʘ ʩʘʤʦʩʪʽʡʥʦ ʤʦʞʝ ʟʥʷʪʠ ʡʦʛʦ, ʘʣʝ 

ʪʘʢ ʪʨʘʧʣʷʻʪʴʩʷ ʥʝ ʟʘʚʞʜʠ. ɯ ʪʘʢʠʭ ʩʠʪʫʘʮʽʡ ʙʘʛʘʪʦ, ʙʦ ʧʦʜʽʙʥʘ ʩʠʪʫʘʮʽʷ 

ʤʦʞʝ ʩʪʘʪʠʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʛʨʦʤʘʜʩʴʢʦʤʫ ʪʨʘʥʩʧʦʨʪʽ. 

 ʄʦʜʝʨʥʽʟʘʮʽʷ ʢʨʽʧʣʝʥʥʷ ʧʘʩʢʫ ʜʦ ʦʰʠʡʥʠʢʘ ʪʚʘʨʠʥʠ ʤʦʞʝ ʜʦʧʦʤʦʛʪʠ 

ʚ ʪʘʢʽʡ ʩʠʪʫʘʮʽʾ. ʉʫʯʘʩʥʽ ʧʘʩʢʠ ʟʘʢʽʥʯʫʶʪʴʩʷ ʯʘʩʪʽʰʝ ʟʘ ʚʩʝ ʤʝʪʘʣʝʚʠʤ 

ʢʘʨʘʙʽʥʦʤ. ʇʨʠ ʤʦʜʝʨʥʽʟʘʮʽʾ ʪʽʣʴʢʠ ʢʽʥʝʮʴ, ʷʢʠʤ ʢʘʨʘʙʽʥ ʢʨʽʧʠʪʴʩʷ ʜʦ 

ʦʰʠʡʥʠʢʘ, ʟʘʣʠʰʘʻʪʴʩʷ ʤʝʪʘʣʝʚʠʤ (1), ʦʩʥʦʚʘ ʧʦʚʠʥʥʘ ʙʫʪʠ ʟ ʪʚʝʨʜʦʛʦ 

ʧʣʘʩʪʠʢʫ (2), ʷʢʠʡ ʧʨʠ ʜʫʞʝ ʚʝʣʠʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʝʬʦʨʤʫʻʪʴʩʷ. ʋ 

ʩʝʨʝʜʠʥʫ ʢʘʨʘʙʽʥʘ ʧʦʚʠʥʥʘ ʚʭʦʜʠʪʠ ʢʦʥʩʪʨʫʢʮʽʷ (3), ʷʢʘ ʤʘʻ ʪʨʠ ʩʭʦʜʠʥʢʠ ʽ 

ʟʨʦʙʣʝʥʘ ʟ ʪʚʝʨʜʦʾ ʛʫʤʠ. ʉʭʦʜʠʥʢʠ ʪʘʢʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ 

ʟʘʦʢʨʫʛʣʝʥʽ, ʘ ʟ ʽʥʰʦʛʦ ʧʨʷʤʽ ʧʽʜ 90 ʛʨʘʜʫʩʽʚ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʧʝʨʝʩʫʚʘʥʥʷ 

ʮʽʻʾ ʢʦʥʩʪʨʫʢʮʽʾ ʪʽʣʴʢʠ ʚ ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ. ʅʘ ʢʽʥʮʽ ʦʩʥʦʚʠ ʟ ʧʣʘʩʪʠʢʫ 

ʟʘʢʨʽʧʣʝʥʝ ʢʽʣʴʮʝ, ʜʦ ʷʢʦʛʦ ʚʣʘʩʥʝ ʢʨʽʧʠʪʴʩʷ ʧʘʩʦʢ. ʇʨʠ ʝʢʩʪʨʝʥʽʡ ʩʠʪʫʘʮʽʾ, 

ʢʦʣʠ ʡʜʝ ʚʝʣʠʢʝ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʮʷ ʢʦʥʩʪʨʫʢʮʽʷ ʨʦʟʨʠʚʘʻʪʴʩʷ ʘʙʦ 

ʚʠʪʷʛʫʻʪʴʩʷ, ʱʦ ʨʷʪʫʻ ʪʚʘʨʠʥʽ ʞʠʪʪʷ. ɼʘʥʘ ʤʦʜʝʣʴ ʻ ʜʦʩʪʘʪʥʴʦ ʤʽʮʥʦʶ, ʘʙʠ 

ʚʪʨʠʤʘʪʠ ʚʝʣʠʢʫ ʩʦʙʘʢʫ ʧʨʠ ʧʨʦʛʫʣʷʥʮʽ ʘʙʦ ʷʢʱʦ ʚʦʥʘ ʨʽʟʢʦ ʪʷʛʥʝ ʥʘ ʩʝʙʝ, 

ʘʣʝ ʨʦʟʨʠʚʘʻʪʴʩʷ ʧʨʠ ʚʝʣʠʢʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ.  

 

     1 

 

2 

 

           3 

 

ʈʠʩ.1. ʇʨʠʢʣʘʜ ʚʜʦʩʢʦʥʘʣʝʥʦʛʦ ʢʨʽʧʣʝʥʥʷ ʧʘʩʢʫ. 

 

ɺʠʩʥʦʚʢʠ:  

ʋ ʩʪʘʪʪʽ  ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʨʽʧʣʝʥʥʷ  ʧʘʩʢʫ ʜʦʤʘʰʥʴʦʾ 

ʪʚʘʨʠʥʠ, ʱʦ ʨʦʟʨʠʚʘʻʪʴʩʷ ʧʨʠ ʝʢʩʪʨʝʥʽʡ ʩʠʪʫʘʮʽʾ, ʨʷʪʫʶʯʠ ʪʠʤ ʩʘʤʠʤ ʞʠʪʪʷ 

ʜʦʤʘʰʥʴʦʛʦ ʫʣʶʙʣʝʥʮʷ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 
1. ʉʥʘʨʷʞʝʥʠʝ. ʂʘʨʘʙʠʥʳ [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ 

ʨʝʩʫʨʩʫ: 

https://web.archive.org/web/20010412193134/http://ktmz.boom.ru/library

/snaraga/carabin/index.htm. 

  

https://web.archive.org/web/20010412193134/http:/ktmz.boom.ru/library/snaraga/carabin/index.htm
https://web.archive.org/web/20010412193134/http:/ktmz.boom.ru/library/snaraga/carabin/index.htm
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ʋɼʂ 617.57-77  

ʄʆɼɽʃʖɺɸʅʅʗ ʆʉʅʆɺʀ ɹɯʆʅɯʏʅʆɻʆ ʄʆɼʋʃʔʅʆɻʆ 

ʇʈʆʊɽɿʋ ɺɽʈʍʅʔʆɰ ʂɯʅʎɯɺʂʀ ʃʖɼʀʅʀ HELIOS -1 

ʂʩʝʥʟʦʚ ɼ.ɭ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

 ɸʥʦʪʘʮʽʷ ï ʧʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʩʥʦʚʘ ʙʫʜʦʚʠ ʙʽʦʥʽʯʥʦʛʦ 

ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʪʝʟʫ ʚʝʨʭʥʴʦʾ ʢʽʥʮʽʚʢʠ ʣʶʜʠʥʠ. ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ ʩʪʨʫʢʪʫʨʠ ʪʘ ʬʫʥʢʮʽʡ ʦʩʥʦʚʠ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʪʝʟʫ ʚʝʨʭʥʴʦʾ 

ʢʽʥʮʽʚʢʽ ʥʘ ʧʨʠʢʣʘʜʽ ʙʫʜʦʚʠ ʢʽʩʪʦʢ ʣʶʜʠʥʠ. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ 

ʚʠʛʣʷʜʫ ʦʩʥʦʚʠ ʧʨʦʪʝʟʫ, ʘ ʩʘʤʝ ʾʾ ʯʘʩʪʠʥʠ ï ʚʢʘʟʽʚʥʦʛʦ ʧʘʣʴʮʷ ʣʽʚʦʾ ʨʫʢʠ, 

ʨʦʙʦʪʫ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʚʠʟʥʘʯʝʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʢʠ ʧʨʦʚʝʜʝʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʧʨʦʪʝʟ, ʚʝʨʭʥʷ ʢʽʥʮʽʚʢʘ, ʦʩʥʦʚʘ, ʙʫʜʦʚʘ, 

ʤʦʜʝʣʶʚʘʥʥʷ, ʚʢʘʟʽʚʥʠʡ ʧʘʣʝʮʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʪʨʘʪʘ ʢʽʥʮʽʚʢʠ ʚʥʘʩʣʽʜʦʢ ʚʦʻʥʥʠʭ ʜʽʡ ʯʠ 

ʥʝʱʘʩʥʦʛʦ ʚʠʧʘʜʢʫ ʩʠʣʴʥʦ ʧʨʠʛʥʽʯʫʻ ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʣʶʜʩʴʢʦʛʦ 

ʦʨʛʘʥʽʟʤʫ. ʎʝ ʩʪʦʩʫʻʪʴʩʷ ʷʢ ʡ ʪʨʫʜʥʦʱʽʚ ʘʙʦ ʚʟʘʛʘʣʽ ʥʝʤʦʞʣʠʚʦʩʪʽ ʨʦʙʠʪʠ 

ʟʚʠʯʥʽ ʧʦʚʩʷʢʜʝʥʥʽ ʨʝʯʽ, ʱʦ ʧʦʪʨʝʙʫʶʪʴ ʫʯʘʩʪʽ ʦʙʦʭ ʨʫʢ (ʥʘʧʨʠʢʣʘʜ, 

ʟʘʚôʷʟʫʚʘʥʥʷ ʰʥʫʨʢʽʚ), ʪʘʢ ʡ ʪʨʘʚʤ ʧʩʠʭʽʯʥʦʛʦ ʯʠ ʝʤʦʮʽʡʥʦʛʦ ʭʘʨʘʢʪʝʨʫ [1]. 

ɺ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʨʘʮʽʦʥʘʣʴʥʠʤ ʚʠʨʽʰʝʥʥʷʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʪʝʟʽʚ. 

ʇʨʦʪʝ, ʢʦʞʝʥ ʧʘʮʽʻʥʪ ʧʦʪʨʝʙʫʻ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʜʦ ʩʪʚʦʨʝʥʥʷ ʢʦʧʽʾ 

ʚʪʨʘʯʝʥʦʾ ʢʽʥʮʽʚʢʠ. ɼʦ ʪʦʛʦ ʞ, ʙʽʣʴʰʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʧʨʦʪʝʟʽʚ ʥʘ 

ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʜʦʨʦʛʦ ʢʦʰʪʫʶʪʴ.  

ʊʘʢ, ʥʘ ʢʽʥʝʮʴ 2016 ʨʦʢʫ ʧʨʦʪʝʟ ʧʝʨʝʜʧʣʽʯʯʷ ʟ ʙʽʦʝʣʝʢʪʨʠʯʥʦʾ ʢʠʩʪʶ 

çBebionic 3è ʢʦʰʪʫʚʘʚ ʚ ʈʦʩʽʾ ʙʣʠʟʴʢʦ 1,8 - 2 ʤʣʥ ʨʫʙʣʽʚ [2].  

ʆʪʞʝ, ʥʝ ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʦʙʽ ʜʦʟʚʦʣʠʪʠ ʧʨʦʜʫʢʪ ʟʘ ʮʽʻʶ 

ʮʽʥʦʶ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ʉʫʯʘʩʥʠʡ ʨʠʥʦʢ ʧʨʦʪʝʟʽʚ ʥʘʣʽʯʫʻ ʤʦʜʝʣʽ 

ʪʘʢʠʭ ʪʠʧʽʚ: 

4) ʇʘʩʠʚʥʽ ʧʨʦʪʝʟʠ ʩʫʪʦ ʜʣʷ ʢʦʩʤʝʪʠʯʥʠʭ ʮʽʣʝʡ ʧʨʠ ʘʤʧʫʪʘʮʽʾ ʧʘʣʴʮʽʚ 

ʘʙʦ ʢʠʩʪʽ ʨʫʢ. ɺʦʥʠ ʥʝ ʚʠʢʦʥʫʶʪʴ ʥʽʷʢʠʭ ʬʫʥʢʮʽʡ, ʢʨʽʤ 

ʧʨʠʭʦʚʫʚʘʥʥʷ ʢʦʩʤʝʪʠʯʥʦʛʦ ʜʝʬʝʢʪʫ. ʇʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ 

ʷʢʽʩʥʦʛʦ ʤʫʣʷʞʫ ʢʽʥʮʽʚʢʠ; 

5) ʌʫʥʢʮʽʦʥʘʣʴʥʦ ʘʢʪʠʚʥʽ ʧʨʦʪʝʟʠ ï ʤʘʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ 

ʜʝʷʢʽ ʬʫʥʢʮʽʾ ʚʽʜʩʫʪʥʴʦʾ ʢʽʥʮʽʚʢʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʽ ʧʨʫʞʠʥʥʠʭ ʪʷʛ. ɰʭ ʥʝʜʦʣʽʢʦʤ ʻ ʥʝʜʦʩʪʘʪʥʷ ʘʥʘʪʦʤʽʯʥʘ 
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ʩʭʦʞʽʩʪʴ ʽ ʧʨʠʭʦʚʫʚʘʥʥʷ ʢʦʩʤʝʪʠʯʥʦʛʦ ʜʝʬʝʢʪʫ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ 

ʧʨʦʪʝʟʠ ʧʨʠʢʨʠʚʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʜʷʛʫ. ɺʦʥʠ ʙʦʷʪʴʩʷ ʚʦʣʦʛʠ, 

ʪʘʢ ʷʢ ʜʝʪʘʣʽ ʥʝ ʟʘʭʠʱʝʥʽ ʚʦʣʦʛʦʩʪʽʡʢʠʤ ʧʦʢʨʠʪʪʷʤ. 

6) ɸʢʪʠʚʥʽ ʙʽʦʥʽʯʥʽ (ʬʫʥʢʮʽʦʥʘʣʴʥʦ-ʢʦʩʤʝʪʠʯʥʽ) ʧʨʦʪʝʟʠ - ̒  ʥʘʡʙʽʣʴʰ 

ʩʫʯʘʩʥʦʶ ʨʦʟʨʦʙʢʦʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʠʭ ʧʨʦʪʝʟʽʚ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ 

ʟʚ'ʷʟʦʢ ʟ ʥʝʨʚʦʚʦʶ ʩʠʩʪʝʤʦʶ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, 

ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʰʢʽʨʽ ʽ ʤ'ʷʟʘʭ ʢʫʢʩʠ. ʎʽ ʜʘʪʯʠʢʠ ʚʣʦʚʣʶʶʪʴ ʟʤʽʥʫ 

ʙʽʦʧʦʪʝʥʮʽʘʣʫ, ʧʨʠ ʫʩʚʽʜʦʤʣʝʥʦʤʫ ʙʘʞʘʥʥʽ ʣʶʜʠʥʠ ʧʦʚʦʨʫʭʥʫʪʠ 

ʚʽʜʩʫʪʥʴʦʾ ʨʫʢʦʶ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʮʝʩʦʨʘ ʩʠʛʥʘʣ ʦʙʨʦʙʣʷʻʪʴʩʷ, 

ʧʦʩʠʣʶʻʪʴʩʷ ʽ ʧʦʜʘʻʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʤʦʪʦʨʠ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʯʘʩʪʠʥʠ 

ʧʨʦʪʝʟʘ ʚ ʨʫʭ [4]. 

ʅʝ ʜʠʚʣʷʯʠʩʴ ʥʘ ʚʠʩʦʢʫ ʮʽʥʫ ʦʩʪʘʥʥʽʭ, ʚʩʝ ʯʘʩʪʽʰʝ ʤʦʞʥʘ ʟʥʘʡʪʠ 

ʨʦʙʦʪʠ ʝʥʪʫʟʽʘʩʪʽʚ, ʷʢʽ ʚʠʛʦʪʦʚʣʷʶʪʴ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʥʝʜʦʨʦʛʽ ʧʨʦʪʝʟʠ. 

ʇʨʠʢʣʘʜʦʤ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ɼʝʚʽʜ ɸʛʫʽʣʘʨ [5] ʪʘ ˆʘʝʣ ʃʘʥˇʝʚʽʥ [6].  

ɺ ʋʢʨʘʾʥʽ ʥʝ ʪʘʢ ʙʘʛʘʪʦ ʢʦʤʧʘʥʽʡ ʟʘʡʤʘʶʪʴʩʷ ʨʦʟʨʦʙʢʦʶ ʧʨʦʪʝʟʽʚ. 

ʉʝʨʝʜ ʥʠʭ ʤʦʞʥʘ ʥʘʟʚʘʪʠ ʢʦʤʧʘʥʽʶ Esper Bionics  [7].  

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ʎʽʣʴ ʧʫʙʣʽʢʘʮʽʾ ʧʦʣʷʛʘʻ ʫ ʚʠʩʚʽʪʣʝʥʥʽ ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʬʫʥʢʮʽʶʚʘʥʥʷ ʙʫʜʦʚʠ ʦʩʥʦʚʠ ʙʽʦʥʽʯʥʦʛʦ ʤʦʜʫʣʴʥʦʛʦ ʧʨʦʪʝʟʫ, ʘ ʪʘʢʦʞ ʚ 

ʦʢʨʝʩʣʝʥʥʽ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʠʭ ʥʘʫʢʦʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɿʘ ʦʩʥʦʚʫ ʢʦʥʮʝʧʮʽʾ ʙʫʣʦ ʫʟʷʪʦ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ 

ʪʝʣʝʬʦʥʫ Google Project Ara. ʁʦʛʦ ʩʧʝʮʠʬʽʯʥʦʶ ʦʟʥʘʢʦʶ ʻ ʪʘʢ ʟʚʘʥʘ 

çʤʦʜʫʣʴʥʽʩʪʴè  ï ʪʝʣʝʬʦʥ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʥʦʛʦ ʢʘʨʢʘʩʫ ʪʘ ʜʦʜʘʪʢʦʚʠʭ 

ʤʦʜʫʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʢʘʤʝʨʠ ʯʠ ʜʦʜʘʪʢʦʚʦʾ ʙʘʪʘʨʝʾ.  

ʇʨʦʪʝʟ HELIOS-1 ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʦʡ ʞʝ ʤʝʪʦʜ: ʥʘ ʦʩʥʦʚʽ, ʱʦ 

ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʤʦʜʝʣʴ ʢʽʩʪʦʢ ʚʪʨʘʯʝʥʦʾ ʢʽʥʮʽʚʢʠ, ʥʘʩʘʜʞʫʶʪʴʩʷ ʤʦʜʫʣʽ 

ʫ ʚʠʛʣʷʜʽ ʢʦʩʤʝʪʠʯʥʠʭ ʢʦʧʽʡ ʚʽʜʧʦʚʽʜʥʠʭ ʯʘʩʪʠʥ ʚʪʨʘʯʝʥʦʾ ʢʽʥʮʽʚʢʠ, 

ʥʘʧʨʠʢʣʘʜ, ʬʘʣʘʥʛ ʧʘʣʴʮʽʚ. ʆʩʥʦʚʘ ʪʘ ʤʦʜʫʣʽ ʨʦʟʜʨʫʢʦʚʘʥʽ ʥʘ 3D ʧʨʠʥʪʝʨʽ ʟ 

ABS-ʧʣʘʩʪʠʢʫ. ɿʘ ʙʘʞʘʥʥʷ ʧʘʮʽʻʥʪʘ, ʤʦʞʝ ʙʫʪʠ ʜʦʜʘʪʢʦʚʝ ʢʦʩʤʝʪʠʯʥʝ 

ʧʦʢʨʠʪʪʷ ʤʦʜʫʣʽʚ, ʚʠʛʦʪʦʚʣʝʥʝ ʟ ʩʠʥʪʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

 ʗʢʱʦ ʨʦʟʛʣʷʜʘʪʠ ʫʩʶ ʩʪʨʫʢʪʫʨʫ ʧʨʦʪʝʟʫ ʥʘ ʧʨʠʢʣʘʜʽ ʦʜʥʦʛʦ ʧʘʣʴʮʷ 

(ʥʝʭʘʡ ʮʝ ʙʫʜʝ ʚʢʘʟʽʚʥʠʡ ʧʘʣʝʮʴ ʣʽʚʦʾ ʨʫʢʠ), ʪʦ ʡʦʛʦ ʙʫʜʦʚʘ ʥʘʩʪʫʧʥʘ (ʨʠʩ. 

1): 

1, 2, 3 ï ʦʩʥʦʚʠ, ʽʜʝʥʪʠʯʥʽ ʟʘ ʨʦʟʤʽʨʘʤʠ ʢʽʥʮʝʚʽʡ, ʩʝʨʝʜʥʽʡ ʪʘ ʦʩʥʦʚʥʽʡ 

ʬʘʣʘʥʛʘʤ ʚʢʘʟʽʚʥʦʛʦ ʧʘʣʴʮʷ ʽʟ ʥʝʡʣʦʥʦʚʠʤʠ ʩʫʭʦʞʠʣʣʷʤʠ; 

4,5 ï ʩʝʨʚʦʧʨʠʚʦʜʠ, ʚʠʢʦʥʫʶʯʽ ʨʦʙʦʪʫ ʜʠʩʪʘʣʴʥʦʛʦ ʪʘ ʧʨʦʢʩʠʤʘʣʴʥʦʛʦ 

ʤʽʞʬʘʣʘʥʛʦʚʠʭ ʩʫʛʣʦʙʽʚ ʚʽʜʧʦʚʽʜʥʦ; 

6 ï ʰʘʨʥʽʨ, ʚʠʢʦʥʫʶʯʠʡ ʨʦʙʦʪʫ ʧô̫ ʩʪʥʦ-ʬʘʣʘʥʛʦʚʦʛʦ ʩʫʛʣʦʙʘ; 

7 ï ʤʽʢʨʦʧʨʦʮʝʩʦʨ, ʱʦ ʘʥʘʣʽʟʫʻ ʽʥʬʦʨʤʘʮʽʶ ʟ ʜʘʪʯʠʢʽʚ ʥʘ ʢʫʢʩʽ ʪʘ ʧʝʨʝʜʘʻ 

ʢʦʤʘʥʜʠ ʜʦ ʩʝʨʚʦʧʨʠʚʦʜʽʚ ʪʘ ʰʘʨʥʽʨʫ. 
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ɼʞʝʨʝʣʦ ʞʠʚʣʝʥʥʷ ʙʫʜʝ ʟʥʘʭʦʜʠʪʠʩʷ ʚ ʦʙʣʘʩʪʽ ʧʨʦʤʝʥʝʚʦ-

ʟʘʧ'ʷʩʪʢʦʚʦʛʦ ʩʫʛʣʦʙʘ ʘʙʦ ʧʝʨʝʜʧʣʽʯʯʷ.  

ʐʘʨʥʽʨ ʨʫʭʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʦʪʠʨʴʦʭ ʢʦʣʽʱʘʪʦʢ, ʨʦʟʪʘʰʦʚʘʥʠʭ 

ʧʘʨʘʤʠ ʜʨʫʛ ʥʘʚʧʨʦʪʠ ʜʨʫʛʘ: ʜʚʦʭ ʚʝʨʪʠʢʘʣʴʥʠʭ ʪʘ ʜʚʦʭ ʛʦʨʠʟʦʥʪʘʣʴʥʠʭ. 

ʉʠʩʪʝʤʘ ʟʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʘʪʯʠʢʽʚ, ʨʦʟʪʘʰʦʚʘʥʠʭ ʥʘ ʢʫʢʩʽ, ʧʨʠʡʤʘʻ 

ʩʠʛʥʘʣʽ ʚʽʜ ʤô̫ ʟʽʚ, ʧʝʨʝʜʘʻ ʮʶ ʽʥʬʦʨʤʘʮʽʶ ʜʦ ʤʽʢʨʦʧʨʦʮʝʩʦʨʽʚ, ʷʢʽ ʾʾ 

ʘʥʘʣʽʟʫʶʪʴ ʪʘ ʧʦʩʠʣʘʶʪʴ ʢʦʤʘʥʜʠ ʜʦ ʰʘʨʥʽʨʽʚ ʟ ʩʝʨʚʦʧʨʠʚʦʜʘʤʠ.  

ɼʦʜʘʪʢʦʚʫ ʧʣʘʚʥʽʩʪʴ ʨʫʭʽʚ ʟʘʙʝʟʧʝʯʫʶʪʴ ʥʝʡʣʦʥʦʚʽ ʩʫʭʦʞʠʣʣʷ.  

ʏʘʩʪʠʥʘ ʦʩʥʦʚʠ, ʜʝ ʚʦʥʘ ʧʨʠʢʨʽʧʣʶʻʪʴʩʷ ʜʦ ʩʝʨʚʦʧʨʠʚʦʜʽʚ, 

ʟʥʽʤʘʻʪʴʩʷ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʰʚʠʜʢʦ ʧʨʦʚʦʜʠʪʠ ʨʝʤʦʥʪ ʧʦʰʢʦʜʞʝʥʠʭ ʯʘʩʪʠʥ ʪʘ 

ʤʽʥʷʪʠ ʢʦʩʤʝʪʠʯʥʽ ʤʦʜʫʣʽ. 

 ɼʨʦʪʠ ʚʽʜ ʤʽʢʨʦʧʨʦʮʝʩʦʨʘ ʧʨʦʭʦʜʷʪʴ ʚʟʜʦʚʞ ʫʩʴʦʛʦ ʧʘʣʴʮʷ, 

ʧʦʻʜʥʫʶʯʠ ʩʝʨʚʦʧʨʠʚʦʜʠ ʪʘ ʰʘʨʥʽʨ ʫ ʻʜʠʥʫ ʩʠʩʪʝʤʫ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʦʧʝʨʘʪʠʚʥʦ ʨʝʘʛʫʚʘʪʠ ʥʘ ʩʠʛʥʘʣʠ ʤô̫ ʟʽʚ.  

 ʆʪʞʝ, ʦʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʤʦʜʝʣʽ ʻ ʾʾ ʥʝʚʝʣʠʢʘ ʚʘʨʪʽʩʪʴ ʟʘʚʜʷʢʠ 

ʜʝʪʘʣʷʤ, ʚʠʛʦʪʦʚʣʝʥʠʤ ʥʘ 3D ʧʨʠʥʪʝʨʽ ʪʘ ʟʤʦʟʽ ʰʚʠʜʢʦ ʟʘʤʽʥʶʚʘʪʠ 

ʥʝʦʙʭʽʜʥʽ ʯʘʩʪʠʥʠ. 

 

   

4 5 7 6 
 

ʈʠʩ. 1.  ʄʦʜʝʣʴ ʚʢʘʟʽʚʥʦʛʦ ʧʘʣʴʮʷ ʧʨʦʪʝʟʫ HELIOS-1. 

 

1 2 3 
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ʈʠʩ. 2,3 ï ʚʥʫʪʨʽʰʥʽʡ ʪʘ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʧʘʣʴʮʷ ʧʨʦʪʝʟʫ HELIOS-1, ʚʠʜ 

ʟʙʦʢʫ 

 

ɺʠʩʥʦʚʢʠ. ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʢʦʥʮʝʧʮʽʶ ʦʩʥʦʚʠ ʙʫʜʦʚʠ 

ʩʦʩʪʘʚʥʦʛʦ ʙʽʦʪʠʯʥʦʛʦ ʧʨʦʪʝʟʫ ʥʘ ʧʨʠʢʣʘʜʽ ʚʢʘʟʽʚʥʦʛʦ ʧʘʣʴʮʷ ʣʽʚʦʾ ʨʫʢʠ, 

ʧʨʠʚʝʜʝʥʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʫ ʩʫʯʘʩʥʦʤʫ ʧʨʦʪʝʟʫʚʘʥʥʽ. 

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

 

6. ʈʳʙʥʠʢʦʚ ʆ. ʅ., ʉʤʝʢʘʣʢʠʥʘ ʃ. ɺ., ʇʘʣʝʮʢʘʷ ʉ. ʅ. çʇʩʠʭʠʯʝʩʢʠʡ 

ʩʪʘʪʫʩ ʣʠʮ, ʧʝʨʝʥʝʩʰʠʭ ʪʨʘʚʤʘʪʠʯʝʩʢʫʶ ʘʤʧʫʪʘʮʠʶ ʢʦʥʝʯʥʦʩʪʠ, ʠ ʟʘʜʘʯʠ 

ʧʩʠʭʦʪʝʨʘʧʠʠè ï  ʄ., ʌɻɹʋ çɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʚʦʝʥʥʦʡ ʤʝʜʠʮʠʥʳè ʄʆ ʈʌ (ɻʅʀʀʀ ɺʄ ʄʆ ʈʌ) 

ï 2005; 

7. ɯʥʪʝʨʥʝʪ-ʨʝʩʫʨʩ çHabrè ï ʩʪʘʪʴʷ çʂʘʢ ʩʪʘʪʴ ʢʠʙʦʨʛʦʤ ʚ ʈʦʩʩʠʠ (ʠ 

ʩʢʦʣʴʢʦ ʵʪʦ ʩʪʦʠʪ)è ï  ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

https://habr.com/company/motorica/blog/373249/ 

8. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ çRobo Sapiensè, ʩʪʘʪʴʷ çɹʠʦʥʠʯʝʩʢʠʝ 

ʧʨʦʪʝʟʳ: ʀʩʪʦʨʠʷ, ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ, ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷè ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://robo-sapiens.ru/stati/bionicheskie-protezyi/ 

9. ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ çʇʨʦʪʝʟʠʨʦʚʘʥʠʝ ʢʦʥʝʯʥʦʩʪʝʡ ʈʌè ï 

ʈʝʞʠʤ ʜʦʩʪʫʧʫ: http://ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ-ʢʦʥʝʯʥʦʩʪʝʡ.ʨʬ/ʩʦʚʨʝʤʝʥʥʦʝ-

ʧʨʦʪʝʟʠʨʦʚʘʥʠʝ-ʨʫʢʠ/ 

10.ʀʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʦʨʪʘʣ çHi-News.Ruè, ʩʪʘʪʴʷ çʐʢʦʣʴʥʠʢ ʩʜʝʣʘʣ 

ʩʝʙʝ ʧʨʦʪʝʟ ʨʫʢʠ ʠʟ LEGOè ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://hi-

news.ru/technology/shkolnik-sdelal-sebe-protez-ruki-iz-lego.html 

11.Left Hand robot InMoov by  Gael Langevin ï Thingiverse ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://www.thingiverse.com/thing:18939 

12.Innovation House, ʩʪʘʪʴʷ çEsper Bionics: ñʨʫʢʘ ʧʦʤʦʱʠè ʠʟ ʋʢʨʘʠʥʳè 

ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: https://innovationhouse.org.ua/ru/statti/esper-bionics-ruka-

pomoshhi-iz-ukrainy/ 
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https://innovationhouse.org.ua/ru/statti/esper-bionics-ruka-pomoshhi-iz-ukrainy/
https://innovationhouse.org.ua/ru/statti/esper-bionics-ruka-pomoshhi-iz-ukrainy/
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ʋɼʂ 66.02 

 

ʋʉʊɸʅʆɺʂɸ ɿ ɺʀʈʆɹʅʀʎʊɺɸ ʇʆʈʆʐʂʆɺʆɻʆ ɻʈɸʌɽʅɸ 

 

ɻʫʣʽʡ ʄ.ɸ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪʘʨʰʠʡ ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʽʥgʠ çʂʠ̔ʚgʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʠᵋ 

ʽʥʩʪʠʪʫʪ ʽʤ. ɯ. ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʽʥgʘ, ʤ. ʂʠʽʚg)  

 

ɸʥʦʪʘʮʽʷ. ʋ ʜʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʘ ʫʩʪʘʥʦʚʢʘ ʟ ʚʠʨʦʙʥʠʮʪʚʘ 

ʧʦʨʦʰʢʦʚʦʛʦ ʛʨʘʬʝʥʘ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʭʽʤʽʢʦ-ʪʝʭʥʽʯʥʠʤʠ ʪʘ ʬʽʟʠʯʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʨʦʟʨʦʙʣʝʥʠʡ ʝʬʝʢʪʠʚʥʽʰʠʡ ʪʘ ʙʽʣʴʰ ʜʝʰʝʚʠʡ ʩʧʦʩʽʙ 

ʚʠʨʦʙʥʠʮʪʚʘ ʧʦʨʦʰʢʦʚʦʛʦ ʛʨʘʬʝʥʘ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʛʨʘʬʝʥ, ʜʝʪʦʥʘʮʽʷ, ʝʢʩʪʨʘʢʮʽʷ, ʘʨʛʦʥ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɻʨʘʬʝʥ ʻ ʜʚʦʚʠʤʽʨʥʠʤ ʢʨʠʩʪʘʣʦʤ, ʱʦ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʠʥʦʯʥʦʛʦ ʰʘʨʫ ʘʪʦʤʽʚ ʚʫʛʣʝʮʶ, ʟʽʙʨʘʥʠʭ ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʫ 

ʨʝʰʽʪʢʫ. ʄʘʪʝʨʽʘʣʦʤ, ʱʦ ʚʠʷʚʠʚ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ - ʚʠʩʦʢʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, ʤʽʮʥʽʩʪʴ, ʛʽʜʨʦʬʦʙʥʽʩʪʴ, - ʟʘʮʽʢʘʚʠʣʠʩʷ ʥʝ 

ʣʠʰʝ ʚʯʝʥʽ, ʘ ʡ ʪʝʭʥʦʣʦʛʠ, ʘ ʪʘʢʦʞ ʧʦʚ'ʷʟʘʥʽ ʟ ʚʠʨʦʙʥʠʮʪʚʦʤ ʧʨʦʮʝʩʦʨʽʚ 

ʢʦʨʧʦʨʘʮʽʾ IBM, Samsung.  

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʪʨʘʥʟʠʩʪʦʨʽʚ ʟ ʛʨʘʬʝʥʘ ʽʩʪʦʪʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʧʨʠʥʮʠʧʫ ʨʦʙʦʪʠ ʪʨʘʜʠʮʽʡʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ, ʪʦʤʫ ʨʦʟʚʠʚʘʶʪʴʩʷ ʽʥʰʽ 

ʧʽʜʭʦʜʠ ʜʦ ʾʭ ʩʪʚʦʨʝʥʥʷ. ɼʦʩʣʽʜʥʠʢʠ ʚʚʘʞʘʶʪʴ, ʱʦ ʟʘʚʜʷʢʠ ʾʭʥʽʤ 

ʜʦʩʷʛʥʝʥʥʷʤ ʥʝʟʘʙʘʨʦʤ ʟ'ʷʚʠʪʴʩʷ ʥʦʚʠʡ ʢʣʘʩ ʛʨʘʬʝʥʦʚʦʾ ʥʘʥʦʝʣʝʢʪʨʦʥʽʢʠ ʟ 

ʙʘʟʦʚʦʶ ʪʦʚʱʠʥʦʶ ʪʨʘʥʟʠʩʪʦʨʽʚ ʜʦ 10 ʥʤ. 

ɿʘʚʜʷʢʠ ʩʠʣʴʥʠʤ ʚʫʛʣʝʮʝʚʠʤ ʥʝʢʦʚʘʣʝʥʪʥʠʤ ʟʚ'ʷʟʢʘʤ ʛʨʘʬʝʥ ʽʥʝʨʪʥʠʡ 

ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʢʠʩʣʦʪ ʽ ʣʫʛʽʚ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. ʆʜʥʘʢ 

ʧʨʠʩʫʪʥʽʩʪʴ ʧʝʚʥʠʭ ʭʽʤʽʯʥʠʭ ʩʧʦʣʫʢ ʚ ʘʪʤʦʩʬʝʨʽ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ 

ʣʝʛʫʚʘʥʥʷ ʛʨʘʬʝʥʘ, ʱʦ ʟʥʘʡʰʣʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʽʩʪʦʪʥʦʾ ʯʫʪʣʠʚʠʭ  ʩʝʥʩʦʨʘʭ 

- ʜʝʪʝʢʪʦʨʘʭ ʦʢʨʝʤʠʭ ʤʦʣʝʢʫʣ. ɿ ʥʴʦʛʦ ʥʘʤʘʛʘʶʪʴʩʷ ʨʦʙʠʪʠ ʘʢʫʤʫʣʷʪʦʨʠ 

ʜʣʷ ʝʣʝʢʪʨʦʤʦʙʽʣʽʚ, ʟʙʠʨʘʶʪʴ ʨʘʜʽʦʘʢʪʠʚʥʽ ʚʽʜʭʦʜʠ, ʨʦʙʣʷʪʴ ʧʦʨʦʣʦʥ, 

ʧʦʢʨʘʱʫʶʪʴ ʤʽʮʥʽʩʪʴ ʙʝʪʦʥʫ ʥʘ ʩʪʠʩʢ ʽ ʚʠʛʠʥ, ʧʽʜʚʠʱʫʶʪʴ ʝʬʝʢʪʠʚʥʽʩʪʴ 

ʩʦʨʙʝʥʪʥʠʭ ʬʽʣʴʪʨʽʚ, ʦʪʨʠʤʫʶʪʴ ʛʨʘʬʝʥʦʧʦʣʽʤʝʨʥʝ ʧʦʢʨʠʪʪʷ ʧʽʜʚʠʱʝʥʦʾ 

ʤʽʮʥʦʩʪʽ, ʱʦ ʚʦʣʦʜʽʶʪʴ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ: ʛʽʜʨʦʬʦʙʥʽʩʪʴ, 

ʙʘʢʪʝʨʠʮʠʜʥʽʩʪʴ, ʤʽʢʨʦʙʽʮʠʜʥʽʩʪʴ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ, 

ʟʘʭʠʩʪ ʚʽʜ ʢʦʨʦʟʽʾ, ʩʪʽʡʢʽʩʪʴ ʜʦ ʫʣʴʪʨʘʬʽʦʣʝʪʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, 

ʧʦʛʣʠʥʘʥʥʷ ʉɺʏ-ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʥʘʨʦʱʫʶʪʴ ʢʽʩʪʢʦʚʫ ʪʢʘʥʠʥʫ ʽ ʥʘʚʽʪʴ 

ʥʝʡʪʨʘʣʽʟʫʶʪʴ ʨʘʢʦʚʽ ʧʫʭʣʠʥʠ. ɸʣʝ ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʝʥʘ ʻ ʜʦʩʠʪʴ 

ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʽ ʚ ʜʦʩʠʪʴ ʤʘʣʠʭ ʢʽʣʴʢʦʩʪʷʭ, ʱʦ ʟʥʘʯʥʦ ʟʙʽʣʴʰʫʻ ʚʘʨʪʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʻ ʜʝʢʽʣʴʢʘ 

ʤʝʪʦʜʽʚ ʦʪʨʠʤʘʥʥʷ ʛʨʘʬʝʥʘ: 

1. ʄʝʭʘʥʽʯʥʠʡ (ʧʣʽʚʢʠ ʛʨʘʬʝʥʘ ʜʦ ~ 100 ʤʢʤ); 

2. ʍʽʤʽʯʥʠʡ (ʛʨʘʬʝʥʦʚʽ ʰʘʨʠ ʪʦʚʱʠʥʦʶ 0,54 ʥʤ); 

3. ɽʧʽʪʘʢʩʽʷ ʽ ʨʦʟʢʣʘʜʘʥʥʷ; 

4. ʂʦʤʙʽʥʘʮʽʷ ʤʝʭʘʥʽʯʥʦʛʦ ʤʝʪʦʜʫ ʽ ʧʦʜʘʣʴʰʦʛʦ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʚʽʜʧʘʣʫ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ (ʧʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ). ʄʝʪʦʶ ʧʫʙʣʽʢʘʮʽʾ ʻ 

ʨʦʟʛʣʷʜ ʫʩʪʘʥʦʚʢʠ ʥʦʚʦʛʦ ʪʠʧʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʾ ʤʦʞʣʠʚʦ ʧʦʣʝʛʰʠʪʠ 

ʚʠʨʦʙʥʠʮʪʚʦ ʧʦʨʦʰʢʦʚʦʛʦ ʛʨʘʬʝʥʫ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. 

 
 

ʈʠʩ. 1. ɼʝʪʦʥʘʮʽʡʥʘ ʢʘʤʝʨʘ 

 

ʆʧʠʩ ʫʩʪʘʥʦʚʢʠ (ʨʠʩ. 1): 1 - ʢʦʨʧʫʩ, 2 - ʚʝʨʭʥʽʡ ʬʣʘʥʝʮʴ, 3 - ʥʠʞʥʽʡ 

ʬʣʘʥʝʮʴ, 4 - ʢʨʘʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʘʢʫʫʤʫ, 5 - ʢʨʘʥ ʜʣʷ ʧʦʜʘʯʽ ʧʨʦʧʘʥʫ ʘʙʦ 

ʘʮʝʪʠʣʝʥʫ, 6 - ʢʨʘʥ ʜʣʷ ʧʦʜʘʯʽ ʢʠʩʥʶ, 7 -  ʢʥʦʧʢʘ ʜʣʷ ʜʝʪʦʥʘʮʽʾ; 8 - ʢʨʘʥ ʜʣʷ 

ʧʦʜʘʯʽ, 8.1 ï ʘʨʛʦʥʫ, 8.2 ï ʩʪʠʩʥʫʪʦʛʦ ʧʦʚʽʪʨʷ, 9 - ʢʨʘʥ ʝʢʩʪʨʘʢʮʽʾ. 

9 

8.2 

8.1 4 7 5 6 

2 

3 

1 
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ʈʠʩ. 2. ɹʫʜʦʚʘ ʬʣʘʥʮʽʚ. 

 

ʆʧʠʩ ʙʫʜʦʚʠ ʬʣʘʥʮʽʚ (ʨʠʩ. 2): 1 - ʦʪʚʽʨ ʜʣʷ ʚʘʢʫʫʤʥʦʾ ʪʨʫʙʢʠ; 2, 3, 

4 - ʦʪʚʦʨʠ ʜʣʷ ʛʘʟʽʚ; 3 - ʦʪʚʽʨ ʜʣʷ ʝʢʩʪʨʘʢʮʽʾ. 

ʍʽʜ ʮʠʢʣʫ. ʇʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʨʘʬʝʥʘ ʧʨʦʭʦʜʠʪʴ ʫ ʚʘʢʫʫʤʽ ʰʣʷʭʦʤ 

ʚʽʜʢʨʠʚʘʥʥʷ ʟʘʩʫʚʢʠ ʥʘ ʚʝʨʭʥʽʡ ʪʨʫʙʽ, ʜʦ ʷʢʦʾ ʧʨʠʢʨʽʧʣʝʥʠʡ ʚʝʣʠʢʠʡ 

ʤʘʥʦʚʘʢʫʫʤʤʝʪʨ, ʥʘ ʷʢʦʤʫ ʚʽʜʩʪʝʞʫʻʪʴʩʷ ʪʠʩʢ 0. ʋ ʜʝʪʦʥʘʮʽʡʥʫ ʢʘʤʝʨʫ 

ʯʝʨʝʟ ʚʝʨʭʥʽʡ ʬʣʘʥʝʮʴ ʟʘʧʫʩʢʘʻʤʦ ʛʘʟʠ ʧʦ ʯʝʨʟʽ, ʘ ʩʘʤʝ: ʧʨʦʧʘʥ ʘʙʦ 

ʘʮʝʪʠʣʝʥ, ʢʠʩʝʥʴ (ʦʪʚʦʨʠ 2, 3, ʚʽʜʧʦʚʽʜʥʦ). ɺʩʽ ʢʨʘʥʠ  ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ 

ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʝʨʝʜ ʧʦʯʘʪʢʦʤ ʦʩʥʦʚʥʦʾ ʬʘʟʠ ʚʠʨʦʙʥʠʮʪʚʘ ï ʜʝʪʦʥʘʮʽʾ. 

ʇʨʦʚʦʜʠʤʦ ʜʝʪʦʥʘʮʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʚʽʯʢʠ ʟʘʧʘʣʶʚʘʥʥʷ ʰʣʷʭʦʤ 

ʥʘʪʠʩʢʘʥʥʷ ʢʥʦʧʢʠ 7 

ʋ ʢʽʥʮʽ ʧʨʦʮʝʩʫ ʜʝʪʦʥʘʮʽʾ ʦʪʨʠʤʘʥʠʡ ʧʨʦʜʫʢʪ ï ʛʨʘʬʝʥ ï ʧʦʪʨʝʙʫʻ 

ʦʭʦʣʦʜʞʝʥʥʷ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʘʨʛʦʥʫ ʚʽʥ ʰʚʠʜʢʦ ʦʭʦʣʦʜʞʫʻʪʴʩʷ ʙʝʟ 

ʦʢʠʩʥʝʥʥʷ. ʊʘʢʦʞ ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʪʨʝʙʫʻ ʜʝʪʦʥʘʮʽʡʥʘ ʢʘʤʝʨʘ. ɽʢʩʪʨʘʢʮʽʷ 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʢʨʘʥ, ʷʢʠʡ ʟʥʘʭʦʜʠʪʴʩʷ ʥʘ ʥʠʞʥʴʦʤʫ 

ʬʣʘʥʮʽ ʜʦ ʮʠʢʣʦʥʘ - ʫʣʦʚʣʶʚʘʯʘ ʛʨʘʬʝʥʘ. ɼʣʷ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʛʨʘʬʝʥʘ ʽʟ 

ʜʝʪʦʥʘʮʽʡʥʦʾ ʢʘʤʝʨʠ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʠʩʥʝʥʝ ʧʦʚʽʪʨʷ , ʷʢʝ ʻ ʙʽʣʴʰ 

ʜʝʰʝʚʠʤ ʟʘ ʘʨʛʦʥ ʫ ʚʠʨʦʙʥʠʮʪʚʽ. ʇʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʘʧʘʨʘʪ 

ʛʝʨʤʝʪʠʟʫʻʪʴʩʷ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ.  

ɺʠʩʥʦʚʢʠ. ʂʦʥʩʪʨʫʢʮʽʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʦʰʢʦʚʦʛʦ ʛʨʘʬʝʥʘ ʧʨʦʩʪʘ 

ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʘʪʠ ʟʘ ʧʝʚʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʙʽʣʴʰʫ 

ʢʽʣʴʢʽʩʪʴ ʮʴʦʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1.  ɻʨʘʬʝʥ - ɺʽʢʽʧʝʜʽʷ. ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%8

4%D0%B5%D0%BD 

 

  

https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B5%D0%BD
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D1%84%D0%B5%D0%BD
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ʋɼʂ 616.31 

 

ɿʄɯʅʅɸ  ʅɸʉɸɼʂɸ  ɼʃʗ  ɺʀɼɸʃɽʅʅʗ  ʈɯɼʀʅʀ   

ɯɿ ɿʋɹʅʆɻʆ ʂɸʅɸʃʋ 

ʃʶʣʴʯʝʥʢʦ ʄ. ʆ., ʩʪʫʜʝʥʪ, 

ɺʦʨʦʙʡʦʚ ʆ.ʄ., ʩʪ. ʚʠʢʣʘʜʘʯ, 

ɻʦʣʦʚʘ ʆ.ʆ., ʢ.ʪ.ʥ., 

ʃʘʟʘʨʯʫʢ-ɺʦʨʦʙʡʦʚʘ ʖ.ɺ., ʘʩʠʩʪʝʥʪ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʇʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʤ. ʂʠʾʚ, ʋʢʨʘʾʥʘ)  

 

ɸʥʦʪʘʮʽʷ ï ʫ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʤʽʥʥʦʾ ʥʘʩʘʜʢʠ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʨʽʜʠʥʠ ʽʟ ʟʫʙʥʦʛʦ ʢʘʥʘʣʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʩʪʦʤʘʪʦʣʦʛʽʷ, ʟʫʙʥʠʡ ʢʘʥʘʣ, ʨʽʜʠʥʘ ʚ ʢʘʥʘʣʽ, 

ʥʘʩʘʜʢʘ. 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʋ ʩʪʦʤʘʪʦʣʦʛʽʾ ʚ ʧʨʦʮʝʩʽ ʚʠʜʘʣʝʥʥʷ  ʨʽʜʠʥʠ ʟ 

ʟʫʙʥʠʭ ʢʘʥʘʣʽʚ ʩʧʝʮʽʘʣʽʩʪʠ ʤʘʶʪʴ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ: ʛʦʣʢʘ ʥʝ ʧʨʦʭʦʜʠʪʴ ʚ 

ʢʘʥʘʣ ʥʘ ʧʦʪʨʽʙʥʫ ʛʣʠʙʠʥʫ, ʰʧʨʠʮ ʟʘʥʘʜʪʦ ʛʨʦʤʽʟʜʢʠʡ ʪʘ ʧʦʪʫʞʥʽʩʪʴ 

ʩʣʶʥʦʚʽʜʩʦʩʘ ʟʘʤʘʣʘ ʜʣʷ ʮʽʻʾ ʢʣʦʧʽʪʢʦʾ ʨʦʙʦʪʠ, ʘʜʞʝ ʧʦʪʨʽʙʥʦ ʟʨʦʙʠʪʠ ʚʩʝ 

ʙʝʟʜʦʛʘʥʥʦ, ʥʝ ʟʘʣʠʰʠʚʰʠ ʧʨʠ ʮʴʦʤʫ  ʛʥʦʶ ʪʘ ʥʝ ʧʦʰʢʦʜʠʪʠ ʢʩ̔ʪʢʫ. 

ʌʦʨʤʫʚʘʥʥʷ ʮʽʣʝʡ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʥʘʤʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʘʛʘʪʦʬʫʥʢʮʽʦʥʘʣʴʥʫ ʢʦʤʧʘʢʪʥʫ ʛʥʫʯʢʫ ʥʘʩʘʜʢʫ ʥʘ 

ʩʪʦʤʘʪʦʣʦʛʽʯʥʝ ʦʙʣʘʜʥʘʥʥʷ  ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʢʘʥʘʣʽʚ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.   

ʅʘʞʘʣʴ, ʧʨʠʣʘʜʫ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʢʘʥʘʣʴʥʦʾ ʨʽʜʠʥʠ ʚ ʩʪʦʤʘʪʦʣʦʛʽʾ ʥʝ 

ʽʩʥʫʻ. ʃʽʢʘʨʽ ʤʘʶʪʴ ʡʦʛʦ ʨʦʙʠʪʠ ʚʣʘʩʥʦʨʫʯ, ʘ ʩʘʤʝ: ʧʽʩʣʷ ʧʨʦʤʠʚʢʠ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʟʫʙʥʦʛʦ ʢʘʥʘʣʫ, ʟʘ ʜʦʧʦʤʦʛʦʶ  ʩʣʶʥʦʚʽʜʩʦʩʫ,  2 ʘʙʦ 

3-ʢʫʙʦʚʦʛʦ ʰʧʨʠʮʫ ʪʘ ʧʣʘʩʪʠʢʦʚʦʾ ʝʥʜʦʥʘʩʘʜʢʠ ʟ ʽʥʰʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʽ ʮʠʤ 

ʧʨʠʣʘʜʦʤ ʩʪʦʤʘʪʦʣʦʛ ʯʠʩʪʠʪʴ ʢʘʥʘʣʠ.  

ʄʠ ʤʦʞʝʤʦ ʨʦʟʨʦʙʠʪʠ ʥʦʚʠʡ ʽʥʩʪʫʤʝʥʪ, ʷʢʠʡ ʙʫʜʝ ʘʣʴʪʝʨʥʘʪʠʚʦʶ 

ʮʴʦʤʫ. ʇʨʠ ʨʦʟʨʦʙʮʽ ʥʘʩʘʜʢʠ ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʧʨʦʛʨʘʤʫ  3D 

ʤʦʜʝʣʶʚʘʥʥʷ AutoCad.  

 ʅʘ ʨʠʩ. 1  ʥʘʚʝʜʝʥʦ ʧʨʠʩʪʨʽʡ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʢʘʥʘʣʽʚ. ɺʽʥ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʦʥʪʝʡʥʝʨʫ ʦʙô̒ ʤʦʤ 1 ʤʣ2,   ʱʦ ʢʨʽʧʠʪʴʩʷ ʜʦ ʩʣʠʥʦʚʽʜʩʦʩʫ ʪʘ 

ʩʠʣʽʢʦʥʦʚʦʾ ʪʨʫʙʢʠ.  

ɼʣ̫ ʧʦʣʝʛʰʝʥʥʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘʩʘʜʢʠ ʾʭ ʣʝʛʢʦ ʟʤʽʥʶʚʘʪʠ. ʊʘʢʦʞ 

ʥʘʤʠ ʨʦʟʨʦʙʣʝʥʽ ʨʽʟʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʩʘʜʦʢ, ʘ ʩʘʤʝ:  

- ʅʘʩʘʜʢʘ ʜʣʷ ʧʨʦʤʠʚʘʥʥʷ ʢʘʥʘʣʫ (ʨʠʩ. 2); 

- ʅʘʩʘʜʢʘ ʜʣʷ ʯʠʩʪʢʠ ʢʘʥʘʣʫ (ʨʠʩ. 3). 
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                 1           2 

          

   

 

    1 ï ʢʦʥʪʝʡʥʝʨ,   2 -  ʩʠʣʽʢʦʥʦʚʘ ʪʨʫʙʢʘ 

 ʈʠʩ. 1. ʇʨʠʩʪʨʽʡ ʜʣʷ ʚʠʜʘʣʝʥʥʷ ʨʝʯʦʚʠʥʠ ʟ ʢʘʥʘʣʽʚ. 

 

˾͙ͫΦ нΦ ˹͊ͫ͊͒͊͟  ͒͡Ύ ͙͍ͨͪͦͣ͊ͤͤΎ 

͍͊ͤ͊͟͜͡Φ 

˾͙ͫΦ оΦ ˹͊ͫ͊͒͊͟  ͒͡Ύ ;͙͙ͫͭ͟                

͍͊ͤ͊͟͜͡Φ 

ʄʘʪʝʨʽʘʣ, ʱʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʥʫʯʢʦʾ ʢʽʥʮʽʚʢʠ ï 

ʩʠʣʽʢʦʥ, ʱʦ ʜʦʟʚʦʣʷʻ ʣʽʢʘʨʶ ʜʽʩʪʘʪʠʩʷ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʦ ʥʘʡʙʽʣʴʰ 

ʥʝʜʦʩʪʫʧʥʠʭ ʤʽʩʮʴ ʟʫʙʥʠʭ ʢʘʥʘʣʽʚ. 

ɺʠʩʥʦʚʢʠ.  

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʘ ʢʦʥʩʪʨʫʢʮʽʷ ʟʤʽʥʥʦʾ ʩʠʣʽʢʦʥʦʚʦʾ ʥʘʩʘʜʢʠ ʜʣʷ 

ʚʠʜʘʣʝʥʥʷ ʨʽʜʠʥʠ ʽʟ ʟʫʙʥʠʭ ʢʘʥʘʣʽʚ. ʇʨʦʩʪʦʪʘ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʪʘʢʦʾ 

ʢʦʥʩʪʨʫʢʮʽʾ ʜʦʟʚʦʣʷʻ ʣʽʢʘʨʶ ʣʝʛʢʦ ʚʠʢʦʥʫʚʘʪʠ ʥʝʦʙʭʽʜʥʽ ʣʽʢʫʚʘʣʴʥʽ 

ʧʨʦʮʝʜʫʨʠ. 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. ʄʠʪʨʦʬʘʥʝʥʢʦ ɺ. ʇ. ɸʥʘʪʦʤʠʷ, ʬʠʟʠʦʣʦʛʠʷ ʠ ʙʠʦʤʝʭʘʥʠʢʘ 

ʟʫʙʦʯʝʣʶʩʪʥʦʡ ʩʠʩʪʝʤʳ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ɺ. ʇ. ʄʠʪʨʦʬʘʥʝʥʢʦ 

// ʃʘʥʴ. ï 2016. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://avtorim.kiev.ua/meditsina/stomatologiya/anatomiya-

zubochelyustnoi-sistemy.html. 

2. ʀʤʧʣʘʥʪʦʣʦʛʠʯʝʩʢʦʝ ʣʝʯʝʥʠʝ ʧʘʮʠʝʥʪʦʚ ʧʦʞʠʣʦʛʦ ʠ ʩʪʘʨʯʝʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ. ITI ʪʦʤ 9 [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] / ʨʝʜ. ɺʠʩʤʘʝʨ ɼ., ʏʝʥ ʉ., 

ɹʫʟʝʨ ɼ // ʂʚʠʥʪʵʩʩʝʥʮʠʷ. ï 2018. ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ ʜʦ ʨʝʩʫʨʩʫ: 

https://olea.com.ua/content/implantologicheskoe-lechenie-pacientov-

pozhilogo-i-starcheskogo-vozrasta-iti -tom-9-red. 

  

https://avtorim.kiev.ua/meditsina/stomatologiya/anatomiya-zubochelyustnoi-sistemy.html
https://avtorim.kiev.ua/meditsina/stomatologiya/anatomiya-zubochelyustnoi-sistemy.html
https://olea.com.ua/content/implantologicheskoe-lechenie-pacientov-pozhilogo-i-starcheskogo-vozrasta-iti-tom-9-red
https://olea.com.ua/content/implantologicheskoe-lechenie-pacientov-pozhilogo-i-starcheskogo-vozrasta-iti-tom-9-red
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ʋɼʂ 001.83 

 

ɿɸʉɸɼʀ ʉʊɺʆʈɽʅʅʗ ʂʆʅʉʊʈʋʂʊʆʈʉʔʂʆɰ ɼʆʂʋʄɽʅʊɸʎɯɰ 

ʉʌɽʈʀʏʅʆɻʆ ʈɽʌʃɽʂʊʆʈɸ ɿɸʉʆɹɸʄʀ 

ɸɺʊʆʄɸʊʀɿʆɺɸʅʆɻʆ ʇʈʆɽʂʊʋɺɸʅʅʗ 

 

ʂʦʟʣʦʚʩʴʢʠʡ ɸ.ɻ., ʤʘʛʽʩʪʨʘʥʪ,  

ʖʨʯʫʢ ɺ.ʇ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ.  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʥʫʪʦ ʟʘʩʘʜʠ ʩʪʚʦʨʝʥʥʷ ʢʨʝʩʣʝʥʥʷ ʟ ʥʦʨʤʘʪʠʚʥʠʤʠ 

ʪʘ ʪʝʭʥʽʯʥʠʤʠ ʚʠʤʦʛʘʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ɭʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʪʘ ɭʜʠʥʦʾ ʩʠʩʪʝʤʠ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ. ʈʦʟʛʣʷʥʫʪʦ 

ʛʝʦʤʝʪʨʠʯʥʽ ʦʩʦʙʣʠʚʦʩʪʽ ʩʬʝʨʠʯʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʂʦʨʦʪʢʦ ʦʧʠʩʘʥʦ ʤʝʪʦʜʠʢʫ ʩʪʚʦʨʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ 

ʟʘʩʦʙʘʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʤʦʚʽ Python. ʅʘ ʦʩʥʦʚʽ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʦʪʦʚʦʛʦ ʢʨʝʩʣʝʥʥʷ ʩʬʝʨʠʯʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʧʦʢʘʟʘʥʠʡ 

ʧʨʠʥʮʠʧ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʠʭ ʧʨʦʛʨʘʤ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʙʫʜʴ-ʷʢʦʾ ʪʝʭʥʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʟ ʧʨʦʩʪʘʚʣʝʥʥʷʤ ʘʚʪʦʤʘʪʠʯʥʠʭ ʨʦʟʤʽʨʽʚ, ʫʨʘʭʫʚʘʥʥʷʤ 

ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ, ʙʘʟ, ʰʦʨʩʪʢʦʩʪʽ, ʢʚʘʣʽʪʝʪʽʚ, ʧʦʢʨʠʪʪʷ ʪʘ ʽʥʰʠʭ ʚʠʤʦʛ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʜʦʢʫʤʝʥʪʘʮʽʷ, ɭʜʠʥʘ ʩʠʩʪʝʤʘ 

ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ɭʜʠʥʘ ʩʠʩʪʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ, ʩʬʝʨʠʯʥʠʡ ʨʝʬʣʝʢʪʦʨ, ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʛʝʦʤʝʪʨʠʯʥʘ 

ʧʦʚʝʨʭʥʷ. 

  

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʈʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʩʬʝʨ ʚʠʨʦʙʥʠʯʦʾ 

ʜʽʷʣʴʥʦʩʪʽ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʥʘʙʫʚʘʻ ʰʚʠʜʢʠʭ ʜʠʥʘʤʽʯʥʠʭ ʦʙʝʨʪʽʚ, ʧʦʚôʷʟʘʥʠʭ 

ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʽʻʚʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ, ʤʝʪʦʜʠʢ, ʤʝʪʦʜʽʚ, 

ʪʝʭʥʽʯʥʠʭ ʟʘʩʦʙʽʚ, ʦʩʥʘʩʪʦʢ ʪʘ ʽʥʰʠʭ ʟʘʩʦʙʽʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʫʤʦʚ ʪʘ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ. ɿʘʛʘʣʦʤ, ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ 

ʜʦʢʫʤʝʥʪʘʮʽʾ ʥʘ ʜʝʨʞʘʚʥʠʭ ʪʘ ʧʨʠʚʘʪʥʠʭ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʻ ʟʘʩʪʘʨʽʣʦʶ.  

ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʧʨʦʛʨʝʩʠʚʥʠʭ ʢʨʦʢʽʚ çʫʧʝʨʝʜè ʻ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ 

ʨʦʟʨʦʙʣʝʥʥʷ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʘ ʜʦʢʫʤʝʥʪʘʮʽʷ (ʂɼ) ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʊʘʢ, ʩʪʚʦʨʝʥʽ ʧʨʦʛʨʘʤʠ ʻ ʤʫʣʴʪʠʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʧʨʠʢʣʘʜʥʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʉɸʇʈ (ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ), ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʠʪʠ ʢʨʝʩʣʝʥʥʷ ʟʘ ʜʝʢʽʣʴʢʘ ʭʚʠʣʠʥ, ʘʣʝ ʧʦʪʨʘʪʠʪʠ ʙʽʣʴʰʝ 

ʧʦʣʦʚʠʥʠ (60-90%) ʚʽʜ ʚʩʴʦʛʦ ʯʘʩʫ ʥʘ ʦʬʦʨʤʣʝʥʥʷ ʢʨʝʩʣʝʥʥʷ ʟʛʽʜʥʦ 

ʩʪʘʥʜʘʨʪʽʚ ɭʜʠʥʦʾ ʩʠʩʪʝʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ (ɭʉʂɼ).  

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʉʴʦʛʦʜʥʽ ʩʧʨʦʩʪʠʪʠ ʧʨʦʮʝʩ ʦʬʦʨʤʣʝʥʥʷ 

ʢʨʝʩʣʝʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʚ ʧʨʦʛʨʘʤʥʠʭ 
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ʩʝʨʝʜʦʚʠʱʘʭ ʜʦʟʚʦʣʷʶʪʴ ʧʨʦʛʨʘʤʠ ʢʦʤʧʘʥʽʡ ʚʽʜʦʤʠʭ ʥʘ ʮʽʣʠʡ ʩʚʽʪ, ʟʦʢʨʝʤʘ 

ʪʘʢʽ ʧʨʦʛʨʘʤʥʽ ʟʘʩʦʙʠ ʷʢ Tekla structures [1], ArchiCAD [2], AutoCad (KIM  

project engineering solution [3]), Solidworks [4], T-flex [5] ʪʘ ʽʥ. ɼʝʷʢʽ ʟ ʥʠʭ 

ʧʽʜʪʨʠʤʫʶʪʴ ʝʢʩʧʝʨʪʥʫ ʩʠʩʪʝʤʫ ʘʚʪʦʤʘʪʠʯʥʦʛʦ ʧʨʦʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʫ 

ʪʦʤʫ ʯʠʩʣʽ ʽ ʥʘ ʧʨʦʩʪʦʨʦʚʽʡ ʤʦʜʝʣʽ (ʥʘʧʨʠʢʣʘʜ, DimExpert ʚ SolidWorks [6]). 

ɻʦʣʦʚʥʦʶ ʧʨʦʙʣʝʤʦʶ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʨʘʥʥʷ ʙʘʟ ʚ ʨʫʯʥʦʤʫ ʨʝʞʠʤʽ, ʦʙʨʘʥʥʷ 

ʜʝʢʽʣʴʢʦʭ ʙʘʟ (ʥʘʧʨʠʢʣʘʜ, ʚʽʜ ʪʦʨʮʷ ʽ ʤʽʞʦʩʴʦʚʘ ʚʽʜʩʪʘʥʴ ʚʽʜ ʦʪʚʦʨʫ, 

ʧʦʩʣʽʜʦʚʥʝ ʧʨʦʩʪʘʚʣʝʥʥʷ ʦʪʚʦʨʽʚ), ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʨʠʚôʷʟʢʠ ʢʦʥʢʨʝʪʥʠʭ 

ʨʦʟʤʽʨʽʚ ʜʦ ʦʜʥʽʻʾ ʽʟ ʙʘʟ. ɸʜʞʝ, ʯʠʤ ʩʢʣʘʜʥʽʰʘ ʜʝʪʘʣʴ, ʪʠʤ ʙʽʣʴʰʝ ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙ ʰʫʢʘʪʠ ʥʦʚʽ ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʚ ʤʝʞʘʭ ʩʝʨʝʜʦʚʠʱʘ ʦʜʥʽʻʾ ʧʨʦʛʨʘʤʠ, 

ʚ ʷʢʽʡ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʂɼ. ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʠ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʨʦʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʥʝ ʻ ʜʦʩʢʦʥʘʣʦʶ, ʪʦʙʪʦ ʪʘʢʦʶ, ʱʦ ʥʝ ʧʦʚʥʽʩʪʶ 

ʟʘʜʦʚʦʣʴʥʷʻ ʧʦʪʨʝʙʘʤ ʨʝʘʣʴʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʢʦʥʩʪʨʫʢʪʦʨ ʟʤʫʰʝʥʠʡ 

ʚʥʦʩʠʪʠ ʨʽʟʥʦʛʦ ʨʦʜʫ ʢʦʨʠʛʫʚʘʥʥʷ, ʥʘ ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʯʠʤʘʣʦ ʯʘʩʫ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ɿʘʨʘʟ ʚʝʜʫʪʴʩʷ ʨʦʟʨʦʙʢʠ ʱʦʜʦ ʩʧʨʦʱʝʥʥʷ 

ʧʨʦʮʝʩʫ ʥʝ ʪʽʣʴʢʠ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʘʣʝ ʡ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʚʠʨʦʙʽʚ, ʱʦ ʚ ʟʥʘʯʥʽʡ 

ʤʽʨʽ ʜʦʟʚʦʣʷʻ ʟʝʢʦʥʦʤʠʪʠ ʯʘʩ, ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ, ʚʠʪʨʘʪʠ ʥʘ ʤʘʪʝʨʽʘʣʠ ʪʘ 

ʽʥʰʦʛʦ ʨʦʜʫ ʟʘʪʨʘʪʠ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴʩʷ ʥʘ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ.  

ʆʢʨʽʤ ʪʦʛʦ, ʛʦʣʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʾʭ ʻ ʧʝʨʝʧʨʦʛʨʘʤʫʚʘʥʥʷ ʧʽʜ 

ʢʦʥʢʨʝʪʥʠʡ ʚʠʨʽʙ, ʚʽʜʩʫʪʥʽʩʪʶ ʥʝʦʙʭʽʜʥʠʭ ʧʘʨʘʤʝʪʨʽʚ (ʥʘʧʨʠʢʣʘʜ, 

ʧʦʟʥʘʯʝʥʥʷ ʙʘʟ, ʰʦʨʩʪʢʦʩʪʽ) ʪʘ ʥʝʟʨʫʯʥʝ ʢʝʨʫʚʘʥʥʷ ʧʨʦʛʨʘʤʦʶ, ʚʥʘʩʣʽʜʦʢ 

ʯʦʛʦ ʚʠʥʠʢʘʶʪʴ ʟʥʘʯʥʽ ʟʘʪʨʘʪʠ ʯʘʩʫ. ɸʜʞʝ ʛʦʣʦʚʥʘ ʟʘʜʘʯʘ ʪʘʢʠʭ ʧʨʦʛʨʘʤ  

ʉɸʇʈ ʻ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʂɼ ʜʣʷ ʢʦʥʩʪʨʫʢʪʦʨʘ. 

ʊʦʤʫ, ʚ ʦʩʥʦʚʫ ʨʦʟʨʦʙʣʝʥʦʾ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʧʦʢʣʘʜʝʥʦ ʩʪʚʦʨʝʥʥʷ 

ʧʨʦʛʨʘʤʠ-ʟʨʘʟʢʘ (ʜʣʷ ʤʘʡʙʫʪʥʽʭ ʨʦʟʨʦʙʦʢ ʧʨʦʛʨʘʤ ʫ ʩʠʩʪʝʤʽ ʉɸʇʈ),  

ʚʢʣʶʯʘʻ ʘʚʪʦʤʘʪʠʯʥʝ ʧʨʦʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ (ʪʦʙʪʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʣʽʥʽʡ ʷʢ 

ʦʙôʻʢʪ) ʟ ʚʠʙʦʨʦʤ ʙʘʟʠ ʷʢ ʜʣʷ ʚʩʽʭ ʪʘʢ ʽ ʜʣʷ ʚʠʙʽʨʢʦʚʠʭ ʨʦʟʤʽʨʽʚ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  ʇʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʜʝʪʘʣʝʡ ʟʘʩʦʙʘʤʠ CAD 

(Computer aided design) ʩʴʦʛʦʜʥʽ ʜʦʧʦʚʥʝʥʘ ʥʝʚʧʠʥʥʠʤ ʨʦʟʚʠʪʢʦʤ 

ʪʝʭʥʦʣʦʛʽʡ, ʱʦ ʟʥʘʯʥʦ ʦʙʣʝʛʰʫʻ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʡ ʧʨʦʮʝʩ. ʅʘʧʨʠʢʣʘʜ, 3-D 

ʧʨʠʥʪʝʨ ʯʠ ʚʝʨʩʪʘʪʠ ʟ ʏʇʂ, ʱʦ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʤʘʪʠʯʥʦʛʦ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʦʨʤʠ ʧʨʦʩʪʦʨʦʚʠʭ ʤʦʜʝʣʝʡ ʚ ʤʘʰʠʥʥʠʡ ʢʦʜ (ʥʘ ʙʘʟʽ ʤʦʚʠ 

ʬʦʨʪʨʘʥ) ʜʣʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʚʠʢʦʥʘʥʥʷ ʦʩʥʘʩʪʢʦʶ ʚʠʨʦʙʥʠʯʦʛʦ ʟʘʚʜʘʥʥʷ.  

ʉʘʤʝ ʪʦʤʫ ʩʴʦʛʦʜʥʽ ʚʝʜʫʪʴʩʷ ʧʦʰʫʢʠ ʥʘ ʨʦʟʨʦʙʢʫ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ  

ʨʽʰʝʥʴ, ʱʦ ʜʦʟʚʦʣʷʪʴ ʩʧʨʦʩʪʠʪʠ ʚʩʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʧʨʦʮʝʩʠ ʧʦʯʠʥʘʶʯʠ ʚʽʜ 

ʧʨʦʝʢʪʫʚʘʥʥʷ ʽ ʟʘʢʽʥʯʫʶʯʠ ʚʠʛʦʪʦʚʣʝʥʥʷʤ ʪʘ ʫʪʠʣʽʟʘʮʽʻʶ ʚʠʨʦʙʫ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʨʦʛʨʘʤʫ ʥʘ ʦʩʥʦʚʽ ʟʘʩʦʙʽʚ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʛʦʪʦʚʠʪʠ ʢʨʝʩʣʝʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʚʚʦʜʫ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʪʝʭʥʽʯʥʠʭ ʚʠʤʦʛ ʢʦʨʠʩʪʫʚʘʯʝʤ. 

ʇʨʠ ʮʴʦʤʫ, ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʤʽʥʽʤʘʣʴʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʽʥʪʝʨʬʝʡʩʦʤ 

ʧʨʦʛʨʘʤʠ ʰʣʷʭʦʤ ʥʘʪʠʩʥʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʥʥʽ ʢʥʦʧʢʠ ʤʠʰʢʦʶ ʘʙʦ 

ʢʣʘʚʽʘʪʫʨʦʶ (ʢʦʞʥʽʡ ʢʥʦʧʮʽ ʧʨʦʛʨʘʤʠ ʚʽʜʧʦʚʽʜʘʻ ʧʝʚʥʘ ʢʥʦʧʢʘ ʢʣʘʚʽʘʪʫʨʠ ï 

ʱʦ ʻ ʜʦʩʠʪʴ ʟʨʫʯʥʠʤ) ʽ ʢʝʨʫʚʘʪʠʩʴ ʧʽʜʢʘʟʢʘʤʠ ʫ ʚʠʛʣʷʜʽ ʽʥʪʝʨʘʢʪʠʚʥʦʛʦ 

ʜʽʘʣʦʛʦʚʦʛʦ ʚʽʢʥʘ.   
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ʈʝʟʫʣʴʪʘʪ ʚʠʢʦʥʘʥʥʷ ʧʨʦʛʨʘʤʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 1. 

 

 
ʈʠʩ.1. ʂɼ ʩʬʝʨʦʾʜʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʚʠʢʦʥʘʥʘ ʥʘ ʤʦʚʽ ʧʨʦʛʨʘʤʫʚʘʥʥʷ python. 

 

ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʜʘʻ ʟʤʦʛʦ ʰʚʠʜʢʦ ʚʠʛʦʪʦʚʠʪʠ ʢʨʝʩʣʝʥʥʷ ʩʬʝʨʦʾʜʥʦʛʦ 

ʨʝʬʣʝʢʪʦʨʘ. ʈʦʟʤʽʨʠ ʨʦʟʩʪʘʚʣʷʶʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʦ ʟʛʽʜʥʦ ɭʉʂɼ (ʻʜʠʥʦʾ 

ʩʠʩʪʝʤʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ, ʟʦʢʨʝʤʘ ɻʆʉʊ 2.307-68 ï  

ʅʘʥʝʩʝʥʥʷ ʨʦʟʤʽʨʽʚ ʽ ʛʨʘʥʠʯʥʠʭ ʚʽʜʭʠʣʝʥʴ), ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʨʦʚʝʩʪʠ ʚʠʤʽʨʠ, ʪʦʙʪʦ, ʫ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʮʝ ʚʥʫʪʨʽʰʥʽʡ ʨʦʟʤʽʨ ʚʠʭʦʜʫ 

ʩʬʝʨʦʾʜʘ ʟʘ ʪʦʨʝʮʴ, ʱʦ ʪʝʞ ʻ ʚʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ. ɺʠʙʽʨ ʙʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʚʪʦʤʘʪʠʯʥʦ, ʘʣʝ ʧʨʦʛʨʘʤʘ ʜʦʟʚʦʣʷʻ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʦʙʠʨʘʪʠ ʾʾ ʩʘʤʦʩʪʽʡʥʦ 

ʜʣʷ ʧʨʦʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ, ʱʦ ʻ ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʶ 

ʚʠʨʦʙʫ.  

ʆʩʢʽʣʴʢʠ ʚ ʦʩʥʦʚʽ ʨʝʬʣʝʢʪʦʨʘ ʧʦʢʣʘʜʝʥʠʡ ʩʬʝʨʦʾʜ, ʷʢʠʡ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʧʪʠʮʽ ʜʣʷ ʜʦʩʣʽʜʥʠʭ ʮʽʣʝʡ, ʪʦ ʡʦʛʦ ʩʣʽʜ ʨʦʟʤʽʱʫʚʘʪʠ 

ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʬʦʢʫʩʥʘ ʚʽʜʩʪʘʥʴ ʥʘ ʚʠʭʦʜʽ ʩʧʽʚʧʘʜʘʣʘ ʟ ʪʦʨʮʝʤ ʜʝʪʘʣʽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜ ʯʘʩ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʽʚ ʩʚʽʪʣʦʚʠʡ ʧʦʪʽʢ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʟ 

ʣʘʟʝʨʘ ʧʦʚʠʥʝʥ ʧʦʪʨʘʧʣʷʪʠ ʥʘ ʧʝʨʰʠʡ ʬʦʢʫʩ ʨʝʬʣʝʢʪʦʨʘ ʽ ʬʦʢʫʩʫʚʘʪʠʩʷ ʥʘ 

ʜʨʫʛʦʤʫ. ɼʘʥʘ ʧʨʦʛʨʘʤʘ ʤʘʻ ʢʦʥʢʨʝʪʥʝ ʧʨʠʟʥʘʯʝʥʥʷ ʜʣʷ ʬʦʨʤʫʚʘʥʴ ʂɼ 

ʩʬʝʨʠʯʥʠʭ ʨʝʬʣʝʢʪʦʨʽʚ, ʦʩʢʽʣʴʢʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʚ ʦʧʪʠʮʽ 

ʥʝʦʙʭʽʜʥʦ ʨʽʟʥʽ ʚʠʜʠ ʩʬʝʨʠʯʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʟʽ ʟʤʽʥʠʤʠ ʛʝʦʤʝʪʨʠʯʥʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʬʦʨʤʠ, ʟʨʽʟʘʤʠ, ʦʪʚʦʨʘʤʠ, ʟʤʽʥʥʦʶ ʢʨʠʚʠʟʥʦʶ ʨʘʜʽʫʩʘ ʪʘ 

ʽʥʰʠʤʠ ʥʝʤʘʣʦ ʚʘʞʣʠʚʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʦʧʪʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʘ 

ʧʝʚʥʠʭ ʫʤʦʚ. ʆʜʥʠʤ ʽʟ ʧʨʠʟʥʘʯʝʥʴ ʩʬʝʨʦʾʜʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ ʻ ʧʨʦʚʝʜʝʥʥʷ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʤʫʪʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ [7].  
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ɺʠʛʦʪʦʚʣʝʥʥʷ ʜʦʩʣʽʜʥʦʛʦ ʟʨʘʟʢʘ ʤʦʞʣʠʚʝ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʇʨʠʩʪʨʦʶ 

ʜʣʷ ʪʦʯʽʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ [8]. 

ɺ ʦʩʥʦʚʽ ʧʨʦʛʨʘʤʠ ʧʦʢʣʘʜʝʥʦ ʨʦʟʨʦʙʣʝʥʥʷ ʢʨʝʩʣʝʥʥʷ ʽʟ ʚʠʜʽʣʝʥʥʷʤ 

ʦʢʨʝʤʦʾ ʣʽʥʽʾ ʷʢ ʦʙôʻʢʪʘ, ʜʦ ʷʢʦʛʦ ʤʦʞʫʪʴ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʴ ʧʘʨʘʤʝʪʨʠ ʽʟ 

ʥʘʙʦʨʫ (ʰʦʨʩʪʢʽʩʪʴ, ʙʘʟʠ, ʚʠʥʦʩʢʠ, ʤʘʨʢʫʚʘʥʥʷ, ʢʣʝʡʤʦ ʪʘ ʽʥ.). ʆʢʨʽʤ ʪʦʛʦ, 

ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʽ ʢʥʦʧʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʤʽʥʶʚʘʪʠ ʷʢ ʛʝʦʤʝʪʨʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʣʽʥʽʡ, ʨʘʜʽʫʩʽʚ, ʢʨʠʚʠʭ, ʪʘʢ ʽ ʧʦʟʥʘʯʝʥʥʷ, ʨʦʟʤʽʨʠ ʪʘ ʽʥʰʽ 

ʨʝʜʘʛʫʚʘʥʥʷ ʧʦʚôʷʟʘʥʽ ʟ ʦʬʦʨʤʣʝʥʥʷʤ. 

ɺ ʦʩʥʦʚʫ ʣʦʛʽʢʠ ʧʨʦʛʨʘʤʠ ʟʘʢʣʘʜʝʥʦ ʘʚʪʦʤʘʪʠʯʥʘ ʧʨʠʚôʷʟʢʘ ʜʦ 

ʨʦʟʤʽʨʽʚ ʜʝʪʘʣʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʤʦʞʣʠʚʦʩʪʽ ʬʽʟʠʯʥʦʛʦ ʚʠʤʽʨʫ ʚʝʣʠʯʠʥ. ʇʨʦʪʝ 

ʘʚʪʦʤʘʪʠʯʥʝ ʨʦʟʩʪʘʚʣʝʥʥʷ ʨʦʟʤʽʨʽʚ ʧʦʪʨʝʙʫʻ ʧʝʨʝʚʽʨʢʠ ʢʦʥʩʪʨʫʢʪʦʨʘ. ʉʘʤʝ 

ʜʣʷ ʮʴʦʛʦ ʽ ʧʨʠʟʥʘʯʝʥʠʡ ʜʽʘʣʦʛ ʟ ʢʦʨʠʩʪʫʚʘʯʝʤ ʟ ʚʽʟʫʘʣʴʥʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ 

ʢʨʝʩʣʝʥʥʷ ʧʽʜ ʯʘʩ ʢʦʥʩʪʨʫʶʚʘʥʥʷ.  

ʆʪʞʝ, ʜʘʥʘ ʧʨʦʛʨʘʤʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʰʚʠʜʢʦ ʚʠʛʦʪʦʚʣʷʪʠ ʢʨʝʩʣʝʥʥʷ 

ʩʬʝʨʠʯʥʦʛʦ ʨʝʬʣʝʢʪʦʨʘ, ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʷʢ ʟʨʘʟʦʢ ʜʣʷ ʥʘʧʠʩʘʥʥʷ 

ʧʦʜʘʣʴʰʠʭ ʧʨʦʛʨʘʤ ʥʘ ʽʥʰʽ ʚʠʨʦʙʠ ʟ ʧʨʦʩʪʘʚʣʝʥʥʷʤ ʨʦʟʤʽʨʽʚ ʘʚʪʦʤʘʪʠʯʥʦ, 

ʱʦ ʟʥʘʯʥʦ ʟʝʢʦʥʦʤʣʷʪʴ ʯʘʩ ʥʘ ʨʦʟʨʦʙʢʫ ʂɼ. 

 

ʉʧʠʩʦʢ ʚʠʢʦʨʠʩʪʘʥʦʾ ʣʽʪʝʨʘʪʫʨʠ: 

1. ʀʥʩʪʨʫʤʝʥʪ ʧʨʦʩʪʘʥʦʚʢʠ ʨʘʟʤʝʨʦʚ. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://teklastructures.support.tekla.com/190/ru/ext_dimensioning_tool  

2. ʃʝʚʢʦʚʝʮ ʃ. ɹ. ArchiCAD 12. ɹʘʟʦʚʳʡ ʢʫʨʩ ʥʘ ʧʨʠʤʝʨʘʭ. ð ʉʇʙ.: ɹʍɺ-

ʇʝʪʝʨʙʫʨʛ, 2009. ð 624 ʩ.: ʠʣ.  

3. Automatic Dimension AutoCAD LISP. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ 

ʜʦʩʪʫʧʫ: https://www.kimprojects.com/automatic-dimension-autocad/  

4. Autodimension a Drawing. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://help.solidworks.com/2018/english/solidworks/sldworks/c_Autodimension

_a_Drawing.htm  

5. T-FLEX CAD User Manual. Fundamentals. 2D Design. [ɽʣʝʢʪʨʦʥʥʠʡ 

ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ:   http://www.tflex.com/resources/manuals/  

6. DimXpert. [ɽʣʝʢʪʨʦʥʥʠʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʫ: 

http://help.solidworks.com/2017/english/solidworks/sldworks/t_using_dimxpert.

htm. 

7. ɹʝʟʫʛʣʘ ʅ.ɺ. ʇʨʦʩʪʦʨʦʚʘ ʧʦʪʦʢʦʚʘ ʙʽʦʤʝʪʨʽʷ ʩʝʨʝʜʦʚʠʱ ʝʣʽʧʩʦʾʜʘʣʴʥʠʤʠ 

ʨʝʬʣʝʢʪʦʨʘʤʠ / ʅ.ɺ. ɹʝʟʫʛʣʘ, ʄ.ʆ. ɹʝʟʫʛʣʠʡ, ʖ.ɺ. ʏʤʠʨ. // ɹʽʦʤʝʜʠʮʠʥʩʴʢʽ 

ʧʨʠʣʘʜʠ ʽ ʩʠʩʪʝʤʠ. ɺʠʧ. ˉ15/ - C. 87-93. 

8. ʇʘʪʝʥʪ ʋʢʨʘʾʥʠ ʥʘ ʢʦʨʠʩʥʫ ʤʦʜʝʣʴ  UA 122829 U, ɺ23ɺ 5/40. ʇʨʠʩʪʨʽʡ 

ʜʣʷ ʪʦʯʽʥʥʷ ʚʥʫʪʨʽʰʥʽʭ ʩʬʝʨʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ / ɺ.ʇ. ʖʨʯʫʢ,                    ɺ.ʄ. 

ɹʘʢʘʣʦʚʘ, ɸ.ɻ. ʂʦʟʣʦʚʩʴʢʠʡ, ɺ.ɺ. ʉʪʘʨʦʚʽʪ, ɭ.ɺ. ʐʪʠʬʦʨʫʢ. - ˉ 

u201708416; ʟʘʷʚʣ. 16.08.2017ʨ.; ʦʧʫʙʣ. 25.01.2018ʨ.; ʙʶʣ. ˉ2/2018ʨ. 
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ʋɼʂ 629.7  

ɻɽʆʄɽʊʈʀʏʅɽ ʄʆɼɽʃʖɺɸʅʅʗ ʈɸʅʎɽ-ʃɯʊɸʃʔʅʆɻʆ 

ɸʇɸʈɸʊɸ (ɼɾɽʊʇɸʂɸ) 

ɯʚʘʥʥʽʢʦʚ ɺ.ɽ., ʩʪʫʜʝʥʪ, 

ʄʘʢʘʨʝʥʢʦ ʄ.ɻ., ʢ.ʪ.ʥ., (ʅɸʋ),  

ʖʨʯʫʢ ɺ.ʇ., ʜ.ʪ.ʥ  

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè  

 

ɸʥʦʪʘʮʽʷ ï ʚ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʻʪʴʩʷ  ʧʠʪʘʥʥʷ ʚʜʦʩʢʦʥʘʣʝʥʥʷ 

ʦʩʥʦʚʥʠʭ ʨʦʙʦʯʠʭ ʝʣʝʤʝʥʪʽʚ ʨʘʥʮʝʚʦʛʦ ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘʢʠʭ ʷʢ: 

ʜʚʠʛʫʥʠ, ʧʘʣʠʚʥʽ ʙʘʢʠ ʪʘ ʽʥʰʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ.  

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʜʚʠʛʫʥʠ, ʩʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʘ ʝʣʝʤʝʥʪʽʚ 

ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ(ʃɸ).  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɯʩʥʫʶʯʽ ʨʘʥʮʝ-ʣʽʪʘʣʴʥʽ ʘʧʘʨʘʪʠ (ʈʃɸ) ʤʘʶʪʴ 

ʦʙʤʝʞʝʥʫ ʟʜʘʪʥʽʩʪʴ ʨʫʭʦʚʦʾ ʩʠʩʪʝʤʠ ʪʘ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʨʽʟʥʠʭ 

ʟʘʚʜʘʥʥʷʭ ʧʦʣʴʦʪʫ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ.  ʇʽʜ ʯʘʩ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʷʚʣʝʥʦ, 

ʱʦ ʜʘʣʴʥʽʩʪʴ ʧʦʣʴʦʪʫ ʪʘ ʢʽʣʴʢʽʩʪʴ ʩʧʦʞʠʚʘʥʦʛʦ ʧʘʣʴʥʦʛʦ ʤʘʻ ʣʽʥʽʡʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʘʩʠ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ. ʎʝ ʦʙʫʤʦʚʣʶʻ 

ʥʘʧʨʷʤʢʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟ ʢʦʥʩʪʨʫʢʪʠʚʥʦʾ ʦʧʪʠʤʽʟʘʮʽʾ ʮʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʚʢʣʶʯʘʶʯʠ ʤʘʪʝʨʽʘʣ ʾʭ ʚʠʢʦʥʘʥʥʷ.  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ɺ ʦʩʥʦʚʫ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ 

ʟʘʚʜʘʥʥʷ ʱʦʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʘʣʴʥʦʩʪʽ ʧʦʣʴʦʪʫ ʽʩʥʫʶʯʠʭ ʧʨʠʩʪʨʦʾʚ ʜʣʷ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʘ ʯʘʩʫ ʾʭ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʘʚʘʨʽʡʥʦʾ ʧʦʩʘʜʢʠ.  

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʄʦʜʝʣʴ ʈʃɸ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1 ʽ ʨʠʩ.2. 

 

ʈʠʩ.1. ʄʦʜʝʣʴ ʨʘʥʮʝ-ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ 
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ʈʠʩ.2. ʄʦʜʝʣʴ ʨʘʥʮʝ-ʣʽʪʘʣʴʥʦʛʦ ʘʧʘʨʘʪʫ ʚ ʨʽʟʥʠʭ ʚʠʜʘʭ. 

 

ʋ ʨʦʟʨʦʙʮʽ  ʜʘʥʦʛʦ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʦʛʦ ʚʠʨʦʙʫ ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ 

ʧʨʦ ʪʝ, ʱʦ ʦʩʥʦʚʥʠʡ ʢʦʨʧʫʩ, ʟʘ ʚʠʥʷʪʢʦʤ ʜʝʷʢʠʭ ʝʣʝʤʝʥʪʽʚ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʫʜʝ 

ʩʪʚʦʨʝʥʠʡ ʟ ʪʘʢʠʭ ʚʠʜʽʚ ʧʣʘʩʪʠʢʫ: ʪʝʨʤʦʩʪʽʡʢʠʡ ʧʣʘʩʪʠʢ ʥʠʧʣʦʥ-1 (ʊʋ 6-05-

998-75) ( ʨʠʩ.3. ʧʦʟ.A), ʧʦʣʽʢʘʨʙʦʥʘʪ( ʨʠʩ.3. ʧʦʟ.B), ʧʦʣʽʘʤʽʜ (ʨʠʩ.3. ʧʦʟ.C). 

ʎʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʥʘ  ʨʠʩ.3. 

 
 

ʈʠʩ.3 ï ɻʝʦʤʝʪʨʠʯʥʘ ʤʦʜʝʣʴ ʝʣʝʤʝʥʪʽʚ:  ɸ - ʧʝʨʰʠʡ ʰʘʨ ʢʦʨʧʫʩʫ, B - 

ʜʨʫʛʠʡ ʰʘʨ ʢʦʨʧʫʩʫ,  C- ʪʨʝʪʽʡ ʰʘʨ ʢʦʨʧʫʩʫ,  D - ʘʢʫʤʫʣʷʪʦʨʠ,  E - ʧʘʥʝʣʴ 

ʢʝʨʫʚʘʥʥʷ, F- ʨʝʤʥʽ ʙʝʟʧʝʢʠ, G - ʦʧʦʨʥʽ ʙʘʣʢʠ, H - ʧʘʣʠʚʥʠʡ ʙʘʢ, I - ʢʨʠʣʘ, 

J- ʜʚʠʛʫʥʠ, K - ʦʧʦʨʥʽ ʥʽʞʢʠ, L - ʢʨʠʰʢʘ ʧʘʣʠʚʥʦʛʦ ʙʘʢʫ. 
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ʊʨʠʰʘʨʦʚʽʩʪʴ ʢʦʨʧʫʩʫ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʤʽʩʪʠʪʠ ʤʽʞ ʡʦʛʦ ʰʘʨʘʤʠ 

ʥʝʦʙʭʽʜʥʽ ʰʣʘʥʛʠ, ʧʨʦʚʦʜʠ ʪʘ ʽʥʰʽ ʝʣʝʤʝʥʪʠ, ʱʦ ʟʙʽʣʴʰʠʪʴ ʪʝʨʤʽʥ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʝʨʝʟ ʤʝʥʰʝ ʪʝʨʪʷ.  

ɹʫʜʝ ʜʚʽ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ: ʤʝʭʘʥʽʯʥʘ (ʩʪʘʣʝʚʠʡ ʪʨʦʩ) ʪʘ ʝʣʝʢʪʨʠʯʥʘ 

(ʨʝʛʫʣʶʚʘʥʥʷ ʧʦʪʫʞʥʦʩʪʽ ʜʚʠʛʫʥʘ). ʎʝ ʩʪʚʦʨʝʥʦ ʜʣʷ ʪʦʛʦ, ʱʦʙʠ ʧʘʨʠ 

ʜʚʠʛʫʥʽʚ ʙʫʣʠ ʥʝʟʘʣʝʞʥʽ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʎʝ ʟʘʙʝʟʧʝʯʠʪʴ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʝ 

ʢʝʨʫʚʘʥʥʷ ʫ ʚʠʧʘʜʢʫ, ʷʢʱʦ ʦʜʥʘ ʟ ʩʠʩʪʝʤ ʚʠʡʜʝ ʟ ʨʦʙʦʯʦʛʦ ʩʪʘʥʫ. 

ɽʣʝʢʪʨʠʯʥʘ ʯʘʩʪʠʥʘ ʘʧʘʨʘʪʫ ʚʢʣʶʯʘʻ:  ʘʢʫʤʫʣʷʪʦʨʠ, ʷʢʽ ʧʦʢʘʟʘʥʽ ʥʘ 

(ʨʠʩ.3, ʧʦʟ. D); ʝʣʝʢʪʨʠʯʥʽ ʧʨʦʚʦʜʠ; ʨʦʟʧʦʜʽʣʴʥʘ ʢʦʨʦʙʢʘ; ʨʝʛʫʣʷʪʦʨʠ; ʜʘʪʯʠʢʠ. 

ʈʦʟʧʦʜʽʣʴʥʘ ʢʦʨʦʙʢʘ  ʜʦʜʘʥʘ ʜʦ ʩʢʣʘʜʫ ʢʦʥʩʪʨʫʢʮʽʾ ʜʣʷ ʪʦʛʦ, ʱʦʙ  ʚ 

ʨʘʟʽ ʧʨʦʙʠʪʪʷ ʩʪʨʫʤʦʤ ʧʨʦʚʽʜʥʠʢʘ ʧʣʘʪʘ ʟʘʭʠʩʪʫ, ʱʦ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʘ ʚ ʥʽʡ, 

ʟʘʭʠʩʪʠʣʘ ʾʾ ʚʽʜ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ. ʆʪʞʝ, ʜʚʠʛʫʥ ʥʝ ʟʛʦʨʠʪʴ. 

ɺʠʚʽʜ ʜʘʥʠʭ ʟ ʜʘʪʯʠʢʽʚ ʚʠʚʦʜʠʪʴʩʷ ʥʘ ʧʘʥʝʣʽ, ʷʢʽ ʟʘʢʨʽʧʣʝʥʽ ʥʘ ʨʫʯʢʘʭ 

ʜʘʥʦʛʦ ʘʧʘʨʘʪʫ (ʨʠʩ.3 -  ʧʦʟ.E). ʊʘʢʦʞ ʪʘʤ ʟʘʢʨʽʧʣʝʥʽ ʨʝʛʫʣʷʪʦʨʠ ʦʙʦʭ 

ʩʠʩʪʝʤ ʢʝʨʫʚʘʥʥʷ ʜʚʠʛʫʥʘʤʠ. ʂʨʽʤ ʪʦʛʦ, ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʷ ʚʝʨʭʥʴʦʾ ʧʘʨʠ 

ʜʚʠʛʫʥʽʚ (ʨʠʩ.3 - ʧʦʟ.J) ʢʨʠʣʘ, ʷʢʽ ʚʧʠʨʘʶʪʴʩʷ ʚ ʜʚʽ ʙʘʣʢʠ, ʱʦ ʾʭ 

ʧʽʜʪʨʠʤʫʶʪʴ, ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʫ ʚʝʨʪʠʢʘʣʴʥʝ ʧʦʣʦʞʝʥʥʷ (ʨʠʩ.3 - ʧʦʟ.G). 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ ʧʽʣʦʪʘ ʈʃɸ ʚʠʨʽʰʝʥʦ ʜʦʜʘʪʠ  ʜʝʢʽʣʴʢʘ 

ʩʪʨʽʯʦʢ ʟ ʝʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʨʠʩ.3 - ʧʦʟ.F), ʘ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʪʨʠʤʘʥʥʷ 

ʘʧʘʨʘʪʫ ʥʘ ʟʝʤʣʽ ï ʥʽʞʢʠ (ʨʠʩ.3 - ʧʦʟ.K). 

ɿʘʣʠʰʠʚʩʷ ʦʩʪʘʥʥʽʡ ʚʠʙʽʨ - ʚʠʙʽʨ ʜʚʠʛʫʥʘ. ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʻ ʜʚʘ 

ʜʚʠʛʫʥʠ, ʷʢʽ ʧʽʜʭʦʜʷʪʴ ʜʘʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ: 

1. ʊʫʨʙʦʨʝʘʢʪʠʚʥʠʡ ʜʚʠʛʫʥ P300-RX-G. 

2. ʈʝʘʢʪʠʚʥʠʡ ʜʚʠʛʫʥ PBS TJ100. 

ʎʽ ʜʚʠʛʫʥʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʊʫʨʙʦʨʝʘʢʪʠʚʥʠʡ ʜʚʠʛʫʥ P300-RX-G: ʪʷʛʘ: 300N ʧʨʠ 106000 ʦʙ/ʭʚ; 

ʪʷʛʘ: 14N ʧʨʠ 35000 ʦʙ/ʭʚ; ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʦʙʦʨʦʪʽʚ: 35000 - 106000 ʦʙ/ʭʚ; 

ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ: 980 ʤʣ/ʭʚ (ʥʘ ʤʘʢʩʠʤʘʣʴʥʠʭ ʦʙʝʨʪʘʭ); ʚʘʛʘ: 2,63 ʢʛ. 

ʈʝʘʢʪʠʚʥʠʡ ʜʚʠʛʫʥ PBS TJ100: ʪʷʛʘ: 1300N; ʚʠʪʨʘʪʘ ʧʘʣʠʚʘ: 700 - 3120 

ʤʣ/ʭʚ; ʚʘʛʘ: 19,5 ʢʛ. 

ɺʠʩʥʦʚʦʢ. ʅʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ ʜʘʥʠʡ ʘʧʘʨʘʪ ʤʦʞʝ ʟʘʮʽʢʘʚʠʪʠ 

ʪʽʣʴʢʠ ʜʝʨʞʘʚʥʽ ʩʪʨʫʢʪʫʨʠ ʩʧʝʮʽʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ, ʪʘʢ ʷʢ ʜʣʷ ʟʚʠʯʘʡʥʠʭ 

ʛʨʦʤʘʜʷʥ ʚʽʥ ʬʽʥʘʥʩʦʚʦ ʥʝ ʚʠʛʽʜʥʠʡ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʧʨʦʜʦʚʞʝʥʥʷ 

ʜʦʩʣʽʜʞʝʥʥʴ ʽ ʨʦʟʚʠʪʦʢ ʜʘʥʦʾ ʛʘʣʫʟʽ ʟʘ ʜʝʨʞʘʚʥʦʾ ʧʽʜʪʨʠʤʢʠ.  

 

ɹʽʙʣʽʦʛʨʘʬʽʯʥʠʡ ʩʧʠʩʦʢ 

1. https://tjournal.ru/56695-wheres-my-jetpack;  

2.http://arf-models.ru/catalog/dvigateli/turboreaktivnye-

dvigateli/7157.html; 

3. ʄʝʪʦʜʠʯʥʽ ʚʢʘʟʽʚʢʠ ʜʦ ʣʘʙʦʨʘʪʦʨʥʦʾ ʨʦʙʦʪʠ ʟ ʢʦʤʧôʶʪʝʨʥʦʾ ʛʨʘʬʽʢʠ 

çʉʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʤʦʜʝʣʽè/ʋʧʦʨʷʜ. ɻ.ʄ. ʂʦʚʘʣʴ. - ʂ.: ʅʊʋʋçʂʇIè, 

2010. - 12 ʩ. 

  

https://tjournal.ru/56695-wheres-my-jetpack
http://arf-models.ru/catalog/dvigateli/turboreaktivnye-dvigateli/7157.html
http://arf-models.ru/catalog/dvigateli/turboreaktivnye-dvigateli/7157.html
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ʋɼʂ 515.18:536.3 

 

ʂʆʅʉʊʈʋʂʊʀɺʅʀʁ ʇʈʀʅʎʀʇ ʉʆʈʊʋɺɸʃʔʅʆɻʆ ʉʊʆʃʋ 

ʂɸʈʊʆʇʃɽɿɹʀʈɸʃʔʅʆɻʆ ʂʆʄɹɸʁʅʋ 

 

ʂʫʚʰʠʥʦʚ ʆ. ɺ., ʩʪʫʜʝʥʪ, 

ʖʨʯʫʢ ɺ.ʇ., ʜ.ʪ.ʥ.,  

ʗʙʣʦʥʩʴʢʠʡ ʇ.ʄ., ʢ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ 

ʽʥʩʪʠʪʫʪ ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ 

ʢʦʥʩʪʨʫʢʮʽʡ ʫ ʩʽʣʴʩʴʢʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ 

ʤʘʰʠʥ ʜʣʷ ʟʙʠʨʘʥʥʷ ʚʨʦʞʘʶ, ʚʠʢʦʥʘʥʽ ʧʘʪʝʥʪʥʦ-ʽʥʬʦʨʤʘʮʽʡʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʣʷ ʦʮʽʥʢʠ ʪʝʭʥʽʯʥʦʛʦ ʨʽʚʥʷ ʦʙʣʘʜʥʘʥʥʷ ʪʘ ʤʦʜʝʨʥʽʟʦʚʘʥʦ ʩʦʨʪʫʚʘʣʴʥʠʡ ʩʪʽʣ 

ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʦʛʦ ʦʜʥʦʨʷʜʥʦʛʦ ʢʦʤʙʘʡʥʫ. 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ, ʧʘʪʝʥʪ, ʢʦʨʠʩʥʘ ʤʦʜʝʣʴ, 

ʩʦʨʪʫʚʘʣʴʥʠʡ ʩʪʽʣ, ʩʪʨʫʰʫʚʘʯʽ, ʢʚʘʜʨʘʪʥʽ ʢʦʤʽʨʢʠ, ʧʨʦʩʽʶʶʯʠʡ ʪʨʘʥʩʧʦʨʪʝʨ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ɺʽʜʦʤʦ, ʱʦ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ ʨʦʙʦʪʠ 

ʩʢʣʘʜʥʽ ʚ ʪʝʭʥʽʯʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʥʝʩʫʪʴ ʙʘʛʘʪʦ ʥʝʙʝʟʧʝʢʠ ʜʣʷ ʞʠʪʪʷ 

ʣʶʜʠʥʠ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʝ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʙʘʛʘʪʴʦʭ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ, ʻ ʪʨʘʚʤʘʪʠʯʥʠʤ ʜʣʷ ʟʜʦʨʦʚôʷ ʨʦʙʽʪʥʠʢʘ ʧʨʠ 

ʩʚʦʻʤʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ. ɼʘʥʝ ʢʦʥʩʪʨʫʢʪʠʚʥʝ ʨʽʰʝʥʥʷ ʩʪʦʩʫʻʪʴʩʷ 

ʦʙʣʘʜʥʘʥʥʷ, ʨʦʙʦʪʘ ʷʢʦʛʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʩʦʨʪʫʚʘʥʥʷ 

ʢʘʨʪʦʧʣʽ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ ʩʽʣʴʩʴʢʦ-ʛʦʩʧʦʜʘʨʩʴʢʦʤʫ 

ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʢʦʤʙʘʡʥʽʚ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʇʨʠ ʟʙʠʨʘʥʥʽ ʢʘʨʪʦʧʣʽ ʽʩʥʫʶʪʴ ʥʘʩʪʫʧʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʦʤʠʭ ʢʦʤʙʘʡʥʽʚ:  

1) ʂʦʤʙʘʡʥ ʤʘʨʢʠ 7580 RB25-30, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʙʫʥʢʝʨʘ ʟ 

ʤʦʙʽʣʴʥʠʤ ʜʥʦʤ (3 ʪʦʥʠ), ʦʯʠʱʫʚʘʣʴʥʦʛʦ ʪʨʘʥʩʧʦʨʪʝʨʘ (ʧʨʦʩʽʶʚʘʣʴʥʦʛʦ 

ʢʘʥʘʣʫ 75 ʩʤ); ʧʽʜʡʦʤʥʠʢʘ, ʱʦ ʚʠʜʘʣʷʻ ʙʘʜʠʣʣʷ (80 ʩʤ); 

2) ʂʦʤʙʘʡʥ ʤʘʨʢʠ 7580 RB40-45, ʷʢʠʡ ʤʘʻ ʙʫʥʢʝʨ ʟ ʤʦʙʽʣʴʥʠʤ ʜʥʦʤ (4 

ʪʦʥʠ), ʜʚʘ ʦʯʠʱʫʚʘʣʴʥʠʭ ʪʨʘʥʩʧʦʨʪʝʨʘ (ʧʨʦʩʽʶʚʘʣʴʥʠʡ ʢʘʥʘʣ 75 ʩʤ; 

ʧʽʜʡʦʤʥʠʢ, ʱʦ ʚʠʜʘʣʷʻ ʙʘʜʠʣʣʷ ʜʦʚʞʠʥʦʶ 80 ʩʤ). ɺʘʞʣʠʚʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʻ 

ʪʝ, ʱʦ ʩʪʫʧʽʥʴ ʪʨʘʚʤʘʪʠʟʤʫ ʫ ʥʠʭ ʥʝ ʟʥʠʞʫʻʪʴʩʷ, ʦʩʢʽʣʴʢʠ ʙʽʣʷ ʩʦʨʪʫʚʘʣʴʥʦʛʦ 

ʩʪʦʣʫ, ʪʦʙʪʦ ʨʫʭʦʤʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʨʦʟʤʽʱʫʻʪʴʩʷ ʚʽʜ 4 ʜʦ 7 ʨʦʙʽʪʥʠʢʽʚ [1]. 

3) ʆʜʥʠʤ ʟ ʧʨʦʚʽʜʥʠʭ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʭ ʦʜʥʦʨʷʜʥʠʭ ʢʦʤʙʘʡʥʽʚ ʻ 

ʢʦʤʙʘʡʥ ʤʦʜʝʣʽ 8090 RB45-55, ʷʢʠʡ ʤʘʻ ʙʘʛʘʪʦ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʧʝʨʝʚʘʛ:  

ʘ) ʪʨʘʢʪʦʨ ʚ ʜʘʥʦʤʫ ʢʦʤʙʘʡʥʽ ʨʫʭʘʻʪʴʩʷ ʟʙʦʢʫ ʚʽʜ ʨʷʜʢʘ ʽ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʽʣʴʰ ʰʠʨʦʢʽ ʰʠʥʠ, ʷʢʽ 

ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʮʶʚʘʪʠ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʝ ʽ ʥʝ ʧʦʰʢʦʜʞʫʚʘʪʠ ʨʷʜʠ;  
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ʙ) ʢʦʤʙʘʡʥ ʦʙʣʘʜʥʘʥʦ ʚʽʜʜʽʣʷʶʯʠʤʠ ʙʘʜʠʣʣʷ ʜʠʩʢʘʤʠ ʟ ʦʧʦʨʥʠʤ 

ʢʘʪʢʦʤ;  

ʚ) ʧʨʦʩʽʶʶʯʠʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ; ʪʘ ʪʨʘʥʩʧʦʨʪʝʨʦʤ, ʱʦ ʚʠʜʘʣʷʻ 

ʙʘʜʠʣʣʷ;  

ʛ) ʦʯʠʱʫʚʘʣʴʥʠʤʠ ʪʨʘʥʩʧʦʨʪʝʨʘʤʠ ʽ ʪʨʘʥʩʧʦʨʪʝʨʦʤ-ʥʘʚʘʥʪʘʞʫʚʘʯʝʤ 

ʪʘ ʩʦʨʪʫʚʘʣʴʥʠʤ ʩʪʦʣʦʤ (ʈʠʩ. 1). ɸʣʝ ʥʝʙʝʟʧʝʢʘ ʜʣʷ ʣʶʜʠʥʠ ʟʘʣʠʰʘʻʪʴʩʷ, 

ʦʩʢʽʣʴʢʠ ʥʝʦʙʭʽʜʥʘ ʾʾ ʧʨʠʩʫʪʥʽʩʪʴ ʙʽʣʷ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥ ʩʘʤʠʭ ʨʦʙʦʯʠʭ 

ʤʝʭʘʥʽʟʤʽʚ ʢʦʤʙʘʡʥʫ [2]. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʦʧʠʩ ʦʪʨʠʤʘʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʧʦʰʫʢʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʢʦʥʪʝʢʩʪʽ ʚʠʙʦʨʫ 

ʧʦʰʫʢʦʚʦʾ ʢʦʥʮʝʧʮʽʾ ʤʦʜʝʨʥʽʟʘʮʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʩʪʦʩʦʚʥʦ ʦʙʣʘʜʥʘʥʥʷ, ʨʦʙʦʪʘ 

ʷʢʦʛʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʩʦʨʪʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʯʠ ʽʥʰʠʭ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʥʘ ʧʨʠʯʽʧʥʠʭ ʧʨʠʩʪʨʦʷʭ ʜʣʷ ʬʝʨʤʝʨʩʴʢʠʭ ʛʦʩʧʦʜʘʨʩʪʚ ʽ ʤʦʞʝ 

ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ɺ ʦʩʥʦʚʫ ʢʦʨʠʩʥʦʾ ʤʦʜʝʣʽ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʩʪʦʣʫ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʫ 

ʰʣʷʭʦʤ ʧʦʚʥʦʾ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʧʨʦʮʝʩʫ ʩʦʨʪʫʚʘʥʥʷ, ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ 

ʨʦʙʽʪʥʠʢʽʚ ʟʘ ʩʦʨʪʫʚʘʣʴʥʠʤ ʩʪʦʣʦʤ, ʱʦ ʨʦʟʰʠʨʠʪʴ ʡʦʛʦ ʤʦʞʣʠʚʦʩʪʽ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʩʦʢʫ ʰʚʠʜʢʽʩʪʴ ʩʦʨʪʫʚʘʥʥʷ ʫʨʦʞʘʶ ʢʘʨʪʦʧʣʽ ʥʝʟʘʣʝʞʥʦ ʚʽʜ 

ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʤʽʱʝʥʥʷ ʢʦʤʙʘʡʥʫ ʪʘ ʛʘʨʘʥʪʫʚʘʪʠʤʝ ʙʝʟʧʝʢʫ ʜʣʷ ʨʦʙʽʪʥʠʢʽʚ 

[3]. 

ʅʦʚʠʤ ʻ ʪʝ, ʱʦ ʪʨʘʥʩʧʦʨʪʫʚʘʣʴʥʠʡ ʩʪʽʣ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʫ ʤʽʩʪʠʪʴ ʯʦʪʠʨʴʦʭʨʷʜʥʽ ʢʘʣʽʙʨʦʚʘʥʽ ʜʠʩʢʠ ʧʝʚʥʦʛʦ ʜʽʘʤʝʪʨʫ, ʥʘ 

ʷʢʠʭ ʚʩʪʘʥʦʚʣʝʥʽ ʧʨʷʤʦʢʫʪʥʽ ʢʦʤʽʨʢʠ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʩʚʽʡ ʨʦʟʤʽʨ (ʰʠʨʠʥʫ ʪʘ 

ʜʦʚʞʠʥʫ) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʨʦʟʤʽʨʫ ʢʘʨʪʦʧʣʽ. ʇʨʠ ʮʴʦʤʫ ʨʦʟʤʽʨ ʢʦʤʽʨʦʢ 

ʤʦʞʫʪʴ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʚʘ ʢʦʣʝʩʘ. 

ʋ ʮʠʭ ʞʝ ʩʘʤʠʭ ʯʘʩʪʠʥʘʭ ʧʽʜ ʩʪʨʫʰʫʚʘʯʘʤʠ ʙʫʜʫʪʴ ʨʦʟʤʽʱʝʥʽ 

ʜʦʜʘʪʢʦʚʽ ʙʫʥʢʝʨʠ, ʢʫʜʠ ʙʫʜʝ ʩʢʠʜʘʪʠʩʷ ʜʨʽʙʥʘ ʽ ʩʝʨʝʜʥʷ ʢʘʨʪʦʧʣʷ. ɺʝʣʠʢʘ 

ʢʘʨʪʦʧʣʷ ʙʫʜʝ ʧʝʨʝʤʽʱʫʚʘʪʠʩʷ ʚ ʢʽʥʝʮʴ ʪʨʘʥʩʧʦʨʪʝʨʫ ʫ ʜʘʣʴʥʽʡ ʛʦʣʦʚʥʠʡ 

ʙʫʥʢʝʨ (ʌʽʛ. 3).  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʦʨʪʫʚʘʣʴʥʦʛʦ ʩʪʦʣʫ ʟ ʢʚʘʜʨʘʪʥʠʤʠ ʢʦʤʽʨʢʘʤʠ 

ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʥʝʦʙʭʽʜʥʘ ʩʪʫʧʽʥʴ ʩʝʧʘʨʘʮʽʾ. ʇʨʠ ʮʴʦʤʫ ʥʦʚʠʡ ʩʦʨʪʫʚʘʣʴʥʠʡ 

ʩʪʽʣ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: ʢʨʦʥʰʪʝʡʥʘ (1) ʜʣʷ ʢʨʽʧʣʝʥʥʷ 

ʩʪʦʣʫ, ʧʦʟʜʦʚʞʥʶ ʚʘʣʴʥʦʾ ʙʘʣʢʠ (2), ʢʨʦʥʰʪʝʡʥʘ (3), ʨʝʛʫʣʶʚʘʣʴʥʦʶ 

ʧʣʘʥʢʦʶ (ʥʝ ʧʦʢʘʟʘʥʦ), ʧʝʨʝʜʥʴʦʶ ʩʪʽʡʢʦʶ (4) ʙʫʥʢʝʨʘ, ʢʨʦʥʰʪʝʡʥʘ (5) 

ʢʦʣʽʩʥʦʛʦ ʚʘʣʘ, ʙʘʢʦʚʦʛʦ ʙʦʨʪʘ (6) ʙʫʥʢʝʨʘ, ʟʘʜʥʴʦʾ ʩʪʽʡʢʠ (7) ʙʫʥʢʝʨʘ, 

ʢʨʽʧʣʝʥʥʷ ʙʦʨʪʽʚ (8), ʚʽʜʢʠʜʥʦʛʦ ʜʥʠʱʘ (9), ʜʠʩʪʘʥʮʽʡʥʠʭ ʙʦʢʦʚʠʭ ʚʪʫʣʦʢ 

(10) ʪʘ (13), ʟʘʜʥʴʦʛʦ ʙʦʨʪʘ ʙʫʥʢʝʨʘ (11), ʢʦʣʽʩʥʦʛʦ ʚʘʣʫ (12), ʧʦʧʝʨʝʯʥʦʾ 

ʙʘʣʢʠ (14), ʢʦʣʽʩ (15). 

 

 

ɺʠʩʥʦʚʦʢ. 1) ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʦʛʦ 

ʢʦʤʙʘʡʥʫ ʩʪʦʩʫʻʪʴʩʷ ʦʙʣʘʜʥʘʥʥʷ, ʨʦʙʦʪʘ ʷʢʦʛʦ ʩʧʨʷʤʦʚʘʥʘ ʥʘ 
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ʘʚʪʦʤʘʪʠʟʦʚʘʥʝ ʩʦʨʪʫʚʘʥʥʷ ʢʘʨʪʦʧʣʽ ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʤ ʫ 

ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʦʤʫ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ [4]; 

2) ʆʨʽʻʥʪʦʚʥʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʥʘ ʦʜʠʥ 

ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʽʰʝʥʥʷ 

ʩʢʣʘʜʘʻ 14,5 ʪʠʩ. ʛʨʥ. ɺʽʥ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʝʬʝʢʪʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʚʘʜʨʘʪʥʠʭ 

ʢʦʤʽʨʦʢ, ʘ ʪʘʢʦʞ ʚʽʜ ʦʙʣʘʰʪʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʦʛʦ ʙʫʥʢʝʨʘ ʜʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ 

ʟʙʠʨʘʥʥʷ ʢʘʨʪʦʧʣʽ ʤʝʥʰʠʭ ʨʦʟʤʽʨʽʚ. 

3) ʇʨʠ ʮʴʦʤʫ ʧʘʨʘʤʝʪʨʠ ʨʦʙʦʯʠʭ ʢʦʤʽʨʦʢ ʤʦʞʫʪʴ ʟʤʽʥʶʚʘʪʠ ʩʘʤʽ 

ʤʝʭʘʥʽʟʘʪʦʨʠ, ʷʢʽ ʦʙʩʣʫʛʦʚʫʶʪʴ ʜʘʥʠʡ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʠʡ ʢʦʤʙʘʡʥ. 

 

ʉʦʨʪʫʚʘʣʴʥʠʡ ʩʪʽʣ ʢʘʨʪʦʧʣʝʟʙʠʨʘʣʴʥʦʛʦ ʢʦʤʙʘʡʥʫ 

 

 
ʈʠʩ.1 

 

 
ʈʠʩ.2 
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ʐʘʨʘʻʚʩʴʢʠʡ ɹ. ʈ., ʩʪʫʜʝʥʪ, 

ʆʚʩʽʻʥʢʦ ʃ.ɻ., ʩʪ. ʚʠʢʣ., 

ʇʽʚʝʥʴ ʅ.ɺ., ʩʪ. ʚʠʢʣ., 

ʖʨʯʫʢ ɺ.ʇ., ʜ.ʪ.ʥ. 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʊʝʭʥʽʯʥʠʡ ʋʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ  

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪè, (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 
 

ɸʥʦʪʘʮʽʷ ï ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʟʥʠʞʝʥʥʷ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʮʝʩʫ ʽ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʚʠʢʦʧʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ  ï ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ, ʩʪʽʡʢʘ, ʢʨʦʤʢʘ, ʛʥʫʯʢʘ ʢʘʤʝʨʘ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʉʬʦʨʤʫʣʴʦʚʘʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ 

ʧʨʦʬʽʣʶʶʯʦʾ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ ˇʨʫʥʪʫ ʨʦʟʧʫʰʫʚʘʯʘ, ʥʘ ʧʝʨʝʜʥʴʦʤʫ ʢʽʥʮʽ 

ʷʢʦʛʦ ʚʩʪʘʥʦʚʣʝʥʦ L-ʧʦʜʽʙʥʝ ʨʦʟʰʠʨʝʥʥʷ, ʘ ʥʘ ʧʝʨʝʜʥʽʡ ʢʨʦʤʮʽ 

ʧʦʜʦʚʞʫʚʘʯʘ ʟʘʢʨʽʧʣʝʥʘ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ, ʘ ʜʦ ʟʘʜʥʴʦʾ ʩʪʽʥʢʠ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ ʧʨʠʤʠʢʘʻ ʛʥʫʯʢʘ ʢʘʤʝʨʘ, ʟʘʧʦʚʥʝʥʘ ʨʽʜʠʥʦʶ ʘʙʦ ʛʘʟʦʤ ʧʨʠ 

ʟʘʣʠʰʢʦʚʦʤʫ ʪʠʩʢʫ ʈ. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʋ ʘʛʨʦʪʝʭʥʽʮʽ ʚʽʜʦʤʽ ʩʧʦʩʦʙʠ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʬʽʣʽʚ ʨʦʙʦʯʠʭ ʧʦʚʝʨʭʦʥʴ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ ʟʥʘʨʷʜʴ, ʷʢʽ 

ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʩʪʽʡʢʫ, ʜʦ ʷʢʦʾ ʧʨʠʢʨʽʧʣʝʥʽ L-ʧʦʜʽʙʥʽ ʧʦʜʦʚʞʫʚʘʯʽ. 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ʂʦʥʩʪʨʫʢʪʠʚʥʠʡ ʥʝʜʦʣʽʢ ʜʘʥʦʛʦ ʩʧʦʩʦʙʫ 

ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʧʽʩʣʷ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʨʦʙʦʯʠʡ ʦʨʛʘʥ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

ʟʚʦʨʦʪʥʘ ʩʠʣʘ ʦʙʨʦʙʣʶʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʨʦʙʦʯʫ ʧʦʚʝʨʭʥʶ ʨʦʟʧʫʰʫʚʘʯʘ ʽ 

ʮʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʽ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʚʝʣʠʯʠʥʠ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʨʦʟʧʫʰʫʚʘʯʘ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ.  
ʈʦʟʛʣʷʥʝʤʦ  ʤʝʭʘʥʽʢʦ-ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʜʠʩʢʦʚʠʭ 

ʢʦʧʘʯʽʚ. ɺʽʥ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʜʠʩʢʦʚʠʡ ʚʠʢʦʧʫʚʘʣʴʥʠʡ ʨʦʙʦʯʠʡ ʦʨʛʘʥ 

ʩʚʦʾʤʠ ʨʦʙʦʯʠʤ ʝʣʝʤʝʥʪʘʤʠ ʧʦʩʪʽʡʥʦ ʚʭʦʜʠʪʴ ʚ ʰʘʨ ʛʨʫʥʪʫ, ʜʝ ʨʦʟʤʽʱʝʥʽ 

ʢʦʨʝʥʝʧʣʦʜʠ ʪʘ ʚʠʭʦʜʠʪʴ ʟ ʥʴʦʛʦ. ʇʨʠ ʮʴʦʤʫ ʚʭʦʜʞʝʥʥʷ ʟʜʽʡʩʥʶʶʪʴ ʦʙʠʜʚʘ 

ʨʦʙʦʯʽ ʝʣʝʤʝʥʪʠ ʜʠʩʢʘ: ʷʢ ʦʙʽʜ ʪʘʢ ʽ ʩʧʠʮʽ. 

ɼʠʩʢʦʚʽ ʢʦʧʘʯʽ ʤʘʶʪʴ ʪʘʢʫ ʞ ʦʨʽʻʥʪʘʮʽʶ ʚ ʧʨʦʩʪʦʨʽ ʽ ʚʽʜʥʦʩʥʦ ʦʩʽ 

ʨʷʜʢʘ ʢʦʨʝʥʝʧʣʦʜʽʚ, ʷʢ ʢʦʨʝʥʝʟʘʙʽʨʥʠʢʠ ʚʠʣʢʦʚʦʛʦ ʢʦʧʘʯʘ. ɺ ʩʚʦʶ ʯʝʨʛʫ, 

ʚʦʥʠ ʦʜʥʦʯʘʩʥʦ ʟ ʬʫʥʢʮʽʻʶ ʚʠʢʦʧʫʚʘʥʥʷ  ʚʠʢʦʥʫʶʪʴ ʽ ʬʫʥʢʮʽʶ 

ʢʦʨʝʥʝʟʘʙʽʨʥʠʢʘ, ʟʘʛʣʠʙʠʚʰʠʩʴ ʥʘ ʛʣʠʙʠʥʫ ʨʦʟʤʽʱʝʥʥʷ ʢʦʨʝʥʝʧʣʦʜʽʚ.  

ʈʦʟʤʽʱʝʥʥʷ ʜʠʩʢʦʚʠʭ ʢʦʧʘʯʽʚ  ʟʦʨʽʻʥʪʦʚʘʥʦ ʚʽʜʥʦʩʥʦ ʦʩʽ ʨʷʜʢʘ 

ʢʦʨʝʥʝʧʣʦʜʽʚ ʾ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ R ï ʨʘʜʽʫʩ ʩʬʝʨʠ 
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ʜʠʩʢʘ,  r ï ʨʘʜʽʫʩ ʦʙʦʜʫ ʜʠʩʢʘ,; ʉ ï ʤʽʥʽʤʘʣʴʥʘ ʚʽʜʩʪʘʥʴ ʤʽʞ ʜʠʩʢʘʤʠ; Ŭ ï ʢʫʪ 

ʨʦʟʭʠʪʫ ʜʠʩʢʘ; ʷʢʠʡ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʢʫʪʦʤ ʘʪʘʢʠ, ʽ ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʢʫʪʫ ʤʽʞ 

ʣʽʥʽʷʤʠ ʧʝʨʝʪʠʥʫ  ʚʝʨʪʠʢʘʣʴʥʦʾ  ʧʣʦʱʠʥʠ ʦʩʽ ʨʷʜʢʘ ʽ ʧʣʦʱʠʥʠ ʦʙʦʜʫ ʜʠʩʢʘ;  

ɓ ï ʢʫʪ ʨʦʟʚʘʣʫ, ʷʢʠʡ ʜʦʨʽʚʥʶʻ ʢʫʪʫ  ʤʽʞ ʧʣʦʱʠʥʦʶ ʦʙʦʜʫ  ʜʠʩʢʘ ʪʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ ʧʦʣʷ; h ï ʛʣʠʙʠʥʘ ʭʦʜʫ ʜʠʩʢʦʚʦʛʦ ʢʦʧʘʯʘ;  V - 

ʰʚʠʜʢʽʩʪʴ ʧʦʩʪʫʧʘʣʴʥʦʛʦ ʨʫʭʫ ʢʦʨʝʥʝʟʙʠʨʘʣʴʥʦʾ ʤʘʰʠʥʠ. 
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ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʨʦʙʦʯʦʛʦ ʪʽʣʘ ʚ ʦʙʨʦʙʣʶʚʘʥʦʤʫ ʛʨʫʥʪʽ ʨʦʙʦʯʘ 

ʧʦʚʝʨʭʥʷ ʟʘʡʤʘʻ ʨʽʚʥʦʚʘʞʥʝ ʧʦʣʦʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʩʠʣʦʚʦʛʦ ʚʠʧʣʘʚʫ, ʷʢʘ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʻʪʴʩʷ ʧʦ ʨʦʙʦʯʽʡ ʧʦʚʝʨʭʥʽ. 

ʗʢʱʦ ʚʟʷʪʠ ʟʘ ʦʩʥʦʚʫ ʟʘʢʦʥʠ ʤʝʭʘʥʽʢʠ, ʯʝʨʝʟ ʷʢʠʡ ʟʘʤʢʥʫʪʠʡ 

ʢʦʥʪʫʨ, ʪʦ ʚʽʥ ʧʨʘʛʥʝ ʤʽʥʽʤʽʟʫʚʘʪʠ ʨʦʙʦʯʽ ʩʠʣʠ, ʘ ʪʘʢʦʞ ʬʦʨʤʫʚʘʪʠ ʨʦʙʦʯʫ 

ʧʦʚʝʨʭʥʶ, ʙʫʜʝ ʚʽʜʧʦʚʽʜʘʪʠ ʤʽʥʽʤʘʣʴʥʽʡ ʝʥʝʨʛʦʻʤʥʦʩʪʽ ʨʦʟʧʫʰʫʚʘʥʥʷ 

ˇʨʫʥʪʫ ʧʨʠ ʜʘʥʦʤʫ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʩʠʣʘ, ʷʢʘ ʜʽʻ ʥʘ ʥʝʾ. ɺʝʣʠʯʠʥʘ ʩʠʣʠ 

ʚʽʜʦʙʨʘʞʘʻ ʢʽʣʴʢʽʩʪʴ ʝʥʝʨʛʽʾ, ʱʦ ʧʝʨʝʜʘʻʪʴʩʷ ˇʨʫʥʪʦʤ ʧʽʜ ʯʘʩ ʾʾ ʦʙʨʦʙʢʠ. 

ʆʩʪʘʥʥʽʡ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻ ʩʪʫʧʽʥʴ ʬʨʘʛʤʝʥʪʘʮʽʾ ʧʣʘʩʪʘ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʜʘʥʦʛʦ ʩʪʫʧʝʥʷ ʧʦʜʨʽʙʥʝʥʥʷ ʰʘʨʫ ˇʨʫʥʪʫ 

ʧʨʦʧʦʥʦʚʘʥʠʡ ʚʠʭʽʜ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʫ ʙʽʯʥʦʛʦ ʧʨʦʬʽʣʶ ʨʦʙʦʯʦʾ 

ʧʦʚʝʨʭʥʽ, ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ.  

ʊʘʢʦʞ ʧʨʠʩʫʪʥʽʡ ʨʷʜ ʬʦʨʤ ʙʦʢʦʚʦʛʦ ʧʨʦʬʽʣʶ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʨʷʜʫ 

ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʪʠʩʢʽʚ, ʷʢʽ ʬʽʢʩʫʶʪʴʩʷ ʥʘ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʦʚʝʨʭʥʽ, ʱʦ ʤʦʞʣʠʚʦ 

ʟʘʚʜʷʢʠ ʧʨʦʟʦʨʦʩʪʽ ʩʪʽʥʦʢ. 

ɺʠʩʥʦʚʢʠ: 

1. ʇʨʠ ʪʘʢʦʤʫ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʩʧʦʩʦʙʽ ʤʦʞʥʘ ʧʨʦʪʷʛʦʤ ʜʦʩʣʽʜʫ 
ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʫ ʙʦʢʦʚʦʛʦ ʧʨʦʬʽʣʶ ʧʦʚʝʨʭʥʽ.  

2. ʊʘʢʠʡ ʩʧʦʩʽʙ ʻ ʪʦʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʙʝʟʧʦʩʝʨʝʜʥʷ ʨʦʙʦʯʘ ʧʦʚʝʨʭʥʷ 
ʩʣʫʛʫʻ ʟʘʩʦʙʦʤ, ʢʦʪʨʠʡ ʩʘʤʦʩʪʽʡʥʦ ʧʽʜʣʘʰʪʦʚʫʻʪʴʩʷ, 

ʚʽʜʦʙʨʘʞʘʶʯʠ ʩʠʣʦʚʫ ʜʽʶ ʥʘ ʤʘʪʝʨʽʘʣ. 

3. ʆʪʞʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʴʦʛʦ ʚʠʥʘʭʦʜʫ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʬʦʨʤʫ  

ʧʨʦʬʽʣʶ ʨʦʙʦʯʦʾ ʧʦʚʝʨʭʥʽ, ʷʢʘ ʙʫʜʝ ʤʘʪʠ ʤʽʥʽʤʘʣʴʥʠʡ ʦʧʽʨ ʚ 

ʜʘʥʠʭ ʫʤʦʚʘʭ. 
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ʋɼʂ 004.92 

 

ɺʀʂʆʈʀʉʊɸʅʅʗ ʄʆɹɯʃʔʅʀʍ ɼʆɼɸʊʂɯɺ 

ɺ ʆʉɺɯʊʅʔʆʄʋ ʇʈʆʎɽʉɯ 

 

ʂʦʨʦʣʝʥʢʦ ɼ.ʖ., ʩʪʫʜʝʥʪ, 

ʄʘʪʚʽʡʯʫʢ ʆ.ɺ., ʢ. ʧʝʜ. ʥ., 

ʗʙʣʦʥʩʴʢʠʡ ʇ.ʄ., ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ʅʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʋʢʨʘʾʥʠ 

çʂʠʾʚʩʴʢʠʡ ʧʦʣʽʪʝʭʥʽʯʥʠʡ ʽʥʩʪʠʪʫʪ 

ʽʤʝʥʽ ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦè (ʋʢʨʘʾʥʘ, ʤ. ʂʠʾʚ) 

 

ɸʥʦʪʘʮʽʷ ï ʜʘʥʘ ʩʪʘʪʪʷ ʧʨʠʩʚʷʯʝʥʘ ʘʥʘʣʽʟʫ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ 

ʤʦʞʣʠʚʦʩʪʝʡ ʩʫʯʘʩʥʠʭ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ, ʟʦʢʨʝʤʘ ʛʨʘʬʽʯʥʠʭ 

ʢʘʣʴʢʫʣʷʪʦʨʽʚ, ʷʢʽ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ, ʪʘ ʜʦʮʽʣʴʥʦʩʪʽ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʦʩʚʽʪʥʴʦʤʫ ʧʨʦʮʝʩʽ ʧʨʠ ʚʠʚʯʝʥʥʽ ʢʫʨʩʫ ʬʽʟʠʢʠ ʫ ʟʘʢʣʘʜʘʭ 

ʚʠʱʦʾ ʦʩʚʽʪʠ (ɿɺʆ). 

 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ ï ʧʦʙʫʜʦʚʘ ʛʨʘʬʽʢʽʚ, ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ, ʦʩʚʽʪʥʽʡ 

ʧʨʦʮʝʩ,  Play Market, ʛʨʘʬʽʢ ʬʫʥʢʮʽʾ, ʛʨʘʬʽʯʥʠʡ ʢʘʣʴʢʫʣʷʪʦʨ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ. ʇʨʠ ʚʠʚʯʝʥʥʽ ʩʪʫʜʝʥʪʘʤʠ ʢʫʨʩʫ ʬʽʟʠʢʠ ʫ 

ʟʘʢʣʘʜʘʭ ʚʠʱʦʾ ʦʩʚʽʪʠ ʧʦʩʪʽʡʥʦ ʚʠʥʠʢʘʻ ʧʦʪʨʝʙʘ ʫ ʧʦʙʫʜʦʚʽ ʛʨʘʬʽʢʽʚ, ʷʢʽ 

ʚʽʜʦʙʨʘʞʘʶʪʴ ʨʽʟʥʦʤʘʥʽʪʥʽ ʬʽʟʠʯʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʦʾ ʚʠʪʨʘʯʘʪʠ 

ʯʘʩʫ ʩʪʫʜʝʥʪʘʤʠ ʷʢʱʦ ʙʫʜʫʚʘʪʠ ʮʽ ʛʨʘʬʽʢʠ çʚʨʫʯʥʫè. 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ. ʗʢ ʚʽʜʦʤʦ, ʫ ʚʫʟʘʭ ʪʘ ʽʥʰʠʭ ʥʘʚʯʘʣʴʥʠʭ 

ʟʘʢʣʘʜʘʭ ʙʘʛʘʪʦʦʙʯʠʩʣʶʚʘʣʴʥʽ ʟʘʚʜʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʽʚ ʽ ʟʘʟʚʠʯʘʡ ʚʠʢʦʥʫʶʪʴʩʷ ʩʪʫʜʝʥʪʘʤʠ ʥʘ ʧʝʨʩʦʥʘʣʴʥʠʭ 

ʢʦʤʧôʶʪʝʨʘʭ. ʋ ʩʚʦʾʭ ʨʦʙʦʪʘʭ ɺ.ɺ. ɹʦʛʫʥ ʟʘʤʽʩʪʴ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧôʶʪʝʨʘ ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʨʘʬʽʯʥʦʛʦ ʢʘʣʴʢʫʣʷʪʦʨʘ ʧʽʜ ʯʘʩ 

ʚʠʚʯʝʥʥʷ ʤʘʪʝʤʘʪʠʢʠ, ʷʢ ʟʘʩʦʙʫ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʧʨʘʢʪʠʯʥʦʛʦ ʤʠʩʣʝʥʥʷ 

ʩʪʫʜʝʥʪʽʚ ʚʠʱʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʘʢʣʘʜʽʚ [1 - 3].  

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ. ɺ ʫʤʦʚʘʭ ʩʴʦʛʦʜʝʥʥʷ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ 

ʩʢʣʘʜʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʜʘʯ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʽʟʥʠʭ ʫʤʦʚ ʟʨʫʯʥʠʤ ʽ 

ʝʬʝʢʪʠʚʥʠʤ ʘʥʘʣʦʛʦʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʘ ʘʙʦ ʛʨʘʬʽʯʥʦʛʦ 

ʢʘʣʴʢʫʣʷʪʦʨʘ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʪʦʡ ʯʠ ʽʥʰʠʡ ʤʦʙʽʣʴʥʠʡ ʜʦʜʘʪʦʢ. ʊʘʢʠʤ 

ʯʠʥʦʤ, ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʦʙʽʣʴʥʠʭ ʜʦʜʘʪʢʽʚ ʚ ʧʨʦʮʝʩʽ 

ʥʘʚʯʘʥʥʷ ʩʪʫʜʝʥʪʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʪʦʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʪʨʘʪ 

ʯʘʩʫ ʥʘ ʨʦʟʚôʷʟʘʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʟʘʜʘʯ ʻ ʜʦʩʠʪʴ ʘʢʪʫʘʣʴʥʠʤ. 

ʆʩʥʦʚʥʘ ʯʘʩʪʠʥʘ. ʋ ʩʪʫʜʝʥʪʽʚ 2-ʛʦ ʢʫʨʩʫ ʙʫʣʘ ʥʝʦʙʭʽʜʥʽʩʪʴ ʙʫʜʫʚʘʪʠ 

ʙʝʟʣʽʯ ʛʨʘʬʽʢʽʚ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʧʝʚʥʠʭ ʟʘʜʘʯ. ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʚʜʘʥʥʷ, ʜʝ ʧʦʪʨʽʙʥʦ ʧʦʙʫʜʫʚʘʪʠ ʛʨʘʬʽʢ ʨʫʭʫ ʧʨʠ ʨʽʟʥʦʤʫ 

ʧʨʠʩʢʦʨʝʥʥʽ ʥʘ ʨʽʟʥʠʭ ʜʽʣʷʥʢʘʭ. ɺ ʩʝʨʝʜʥʴʦʤʫ, ʩʪʫʜʝʥʪʠ ʚʠʪʨʘʪʠʣʠ ʚʽʜ 8 ʜʦ 
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10 ʭʚʠʣʠʥ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʚʝʜʽʥʢʠ ʛʨʘʬʽʢʘ ʬʫʥʢʮʽʾ ʽ ʱʝ ʙʣʠʟʴʢʦ ʭʚʠʣʠʥʠ 

ʥʘ ʧʦʙʫʜʦʚʫ ʛʨʘʬʽʢʘ, ʚʨʘʭʦʚʫʶʯʠ ʮʝ. ʋ ʪʦʡ ʯʘʩ ʷʢ ʧʦʙʫʜʦʚʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʦʙʽʣʴʥʦʛʦ ʜʦʜʘʪʢʘ ʟʘʡʥʷʣʘ ʚʩʴʦʛʦ ʚʽʜ 1 ʜʦ 2 ʭʚʠʣʠʥ, ʱʦ ʻ 

ʷʚʥʦʶ ʧʝʨʝʚʘʛʦʶ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ 

çɯʥʞʝʥʝʨʥʠʡ ʢʘʣʴʢʫʣʷʪʦʨ + ɻʨʘʬʽʢʠè ʽ çPhotomathè, ʷʢʽ ʻ ʫ ʚʽʜʢʨʠʪʦʤʫ 

ʜʦʩʪʫʧʽ ʥʘ ʨʝʩʫʨʩʽ Play Market. ɼʘʥʽ ʤʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʧʨʘʮʶʶʪʴ ʟʘ ʪʘʢʠʤ 

ʧʨʠʥʮʠʧʦʤ: ʢʦʨʠʩʪʫʚʘʯ ʟʘʜʘʻ ʨʽʚʥʷʥʥʷ ʛʨʘʬʽʢʘ ʬʫʥʢʮʽʾ ʫ ʚʽʜʧʦʚʽʜʥʽʡ ʬʦʨʤʽ 

(ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʟʘʜʘʥʥʷ ʬʫʥʢʮʽʾ), ʧʨʦʛʨʘʤʘ ʦʙʯʠʩʣʶʻ 

ʢʦʦʨʜʠʥʘʪʠ ʪʦʯʦʢ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʫʤʦʚʽ, ʽ ʙʫʜʫʻ ʛʨʘʬʽʢ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʢʘʟʘʥʠʭ ʪʘ ʘʥʘʣʦʛʽʯʥʠʭ ʜʦʜʘʪʢʽʚ, ʤʦʞʥʘ ʚʽʜʤʽʪʠʪʠ 

ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʟʚʦʜʠʪʴ ʜʦ ʤʽʥʽʤʫʤʫ ʣʶʜʩʴʢʠʡ ʬʘʢʪʦʨ, ʽ 

ʰʚʠʜʢʝ ʨʦʟʚôʷʟʘʥʥʷ ʟʘʜʘʯ, ʦʩʢʽʣʴʢʠ ʜʘʥʽ ʜʦʜʘʪʢʠ ʜʦʟʚʦʣʷʶʪʴ ʧʨʘʢʪʠʯʥʦ 

ʤʠʪʪʻʚʦ ʦʪʨʠʤʘʪʠ ʨʝʟʫʣʴʪʘʪ.  

 

 
ʈʠʩ. 1. ʄʦʙʽʣʴʥʽ ʜʦʜʘʪʢʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʾʭ ʨʦʙʦʪʠ 


