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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

25.09.2017 ʛ. 

X ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʢʫʨʩʘ  

 

çʃʋʏʐɸʗ ʉʊʋɼɽʅʏɽʉʂɸʗ ʉʊɸʊʔʗ 2017è 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʡ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

1. ʎʝʣʴ ʢʦʥʬʝʨʝʥʮʠʠ ï ʩʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʚ ʤʠʨʦʚʦʝ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʝ ʥʘʫʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʜʦʩʪʠʞʝʥʠʡ ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʧʦʜʜʝʨʞʢʘ ʚʳʩʦʢʠʭ ʩʪʘʥʜʘʨʪʦʚ ʧʫʙʣʠʢʘʮʠʡ, ʘ ʪʘʢʞʝ ʘʧʨʦʙʘʮʠʷ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

 

2. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʠ ʨʝʜʘʢʮʠʦʥʥʦʡ ʢʦʣʣʝʛʠʠ (ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʙʦʨʥʠʢʘ ʧʦ ʠʪʦʛʘʤ ʢʦʥʢʫʨʩʘ) ʚ ʣʠʮʝ: 

 

1) ɸʛʘʨʢʦʚʘ ʃʶʙʦʚʴ ɺʘʩʠʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2) ɸʥʘʥʯʝʥʢʦ ʀʛʦʨʴ ɺʠʢʪʦʨʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è 

3) ɸʥʪʠʧʦʚ ɸʣʝʢʩʘʥʜʨ ɻʝʥʥʘʜʴʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʣʠʪʝʨʘʪʫʨʳ ʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʌɻɹʆʋ ɺʆ 

çʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè  

4) ɹʘʙʘʥʦʚʘ ʖʣʠʷ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫ-

ʶʱʠʡ ʢʘʬʝʜʨʦʡ çʋʧʨʘʚʣʝʥʠʝ ʠʥʥʦʚʘʮʠʷʤʠ ʚ ʙʠʟʥʝʩʝè ɺʳʩʰʝʡ ʰʢʦʣʳ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚ-

ʣʝʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʦ-ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝ-

ʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)è  

5) ɹʘʛʘʤʘʝʚ ɹʘʛʘʤ ʄʘʥʘʧʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ 

ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʬʘʢʫʣʴʪʝʪʘ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ɸʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

6) ɹʘʞʝʥʦʚʘ ʆʣʴʛʘ ʇʨʦʢʦʧʴʝʚʥʘ ï ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʵʢʦʣʦʛʠʠ, ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʙʠʦʣʦʛʠʠ, ʌɻɹʆʋ ɺʆ çʆʤʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

7) ɹʦʷʨʩʢʠʡ ʃʝʦʥʠʜ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦ-

ʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʌɻɹʆʋ ɺʆ çʅʦʚʦ-

ʩʠʙʠʨʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

8) ɹʫʟʥʠ ɸʨʪʝʤʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩ-

ʩʦʨ ʢʘʬʝʜʨʳ ʄʝʥʝʜʞʤʝʥʪʘ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌɻɸʆʋ  ɺʆ çʂʨʳʤʩʢʠʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè,  ʀʥʩʪʠʪʫʪ ʵʢʦʥʦʤʠʢʠ ʠ ʫʧʨʘʚʣʝʥʠ ̫

9) ɹʫʨʦʚ ɸʣʝʢʩʘʥʜʨ ʕʜʫʘʨʜʦʚʠʯ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʢʘʬʝʜʨʦʡ çʌʠʟʠʯʝʩʢʦʝ ʚʦʩʧʠʪʘʥʠʝè, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʊʝʭʥʦʣʦʛʠʷ ʩʧʦʨʪʠʚʥʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çɸʩʪʨʘʭʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪè 

10) ɺʘʩʠʣʴʝʚ ʉʝʨʛʝʡ ʀʚʘʥʦʚʠʯ - ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʌɻɸʆʋ 

ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
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11) ɺʣʘʩʦʚʘ ɸʥʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶʱʝʡ 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʩʝʢʪʦʨʦʤ ʋʨʘʣʴʩʢʦʛʦ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʬʠ-

ʣʠʘʣ) ʆʋʇ ɺʆ çɸʢʘʜʝʤʠʷ ʪʨʫʜʘ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡè  

12) ɻʝʪʤʘʥʩʢʘʷ ɽʣʝʥʘ ɺʘʣʝʥʪʠʥʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʦ-

ʮʝʥʪ ʢʘʬʝʜʨʳ ʤʝʪʦʜʠʢʠ ʧʨʝʧʦʜʘʚʘʥʠʷ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

13) ɻʨʠʮʘʡ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʩʦʮʠʘʣʴʥʦ-ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʈʷʟʘʥʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʢʫʣʴʪʫʨʳè 

14) ɼʘʚʣʝʪʰʠʥ ʈʘʰʠʪ ɸʭʤʝʪʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫ-

ʶʱʠʡ ʢʘʬʝʜʨʦʡ ʛʦʩʧʠʪʘʣʴʥʦʡ ʪʝʨʘʧʠʠ ˉ2, ʌɹɻʆʋ ɺʆ çɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝ-

ʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

15) ʀʚʘʥʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜ.ʧʩʠʭʦʣ.ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ çʉʦ-

ʮʠʘʣʴʥʦʡ ʘʜʘʧʪʘʮʠʠ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪʳ ʩ ʤʦʣʦʜʝʞʴʶè ʌɻɹʆʋ ɺʆ çʂʘʣʫʞʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ʕ. ʎʠʦʣʢʦʚʩʢʦʛʦè 

16) ʀʛʣʠʥ ɸʣʝʢʩʝʡ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʟʘʚʝʜʫʶ-

ʱʠʡ ʢʘʬʝʜʨʦʡ ʪʝʦʨʠʠ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʧʨʘʚʘ ʋʣʴʷʥʦʚʩʢʦʛʦ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʛʦʩʩʣʫʞʙʳ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌ  

17) ʀʣʴʠʥ ʉʝʨʛʝʡ ʖʨʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ, ʅʆʋ 

ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪè  

18) ʀʩʢʘʥʜʘʨʦʚʘ ɻʫʣʴʥʘʨʘ ʈʠʬʦʚʥʘ ï ʜʦʢʪʦʨ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʠʥʦʩʪʨʘʥʥʳʭ ʠ ʨʫʩʩʢʦʛʦ ʷʟʳʢʦʚ ʌɻʂʆʋ ɺʆ çʋʬʠʤʩʢʠʡ ʶʨʠʜʠʯʝʩʢʠʡ ʠʥ-

ʩʪʠʪʫʪ ʄɺɼ ʈʦʩʩʠʠè  

19) ʂʘʟʜʘʥʷʥ ʉʫʩʘʥʥʘ ʐʘʣʚʦʚʥʘ ï ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʩʠʭʦʣʦʛʠʠ ɽʨʝʚʘʥʩʢʦʛʦ ʵʢʦ-

ʥʦʤʠʢʦ-ʶʨʠʜʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ 

20) ʂʘʯʘʣʦʚʘ ʃʶʜʤʠʣʘ ʇʘʚʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʐʘʜʨʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè  

21) ʂʦʞʘʣʠʝʚʘ ʏʠʥʘʨʘ ɹʘʢʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʜʦʮʝʥʪ 

ʠʥʩʪʠʪʫʪʘ ʧʩʠʭʦʣʦʛʠ, ʩʦʮʠʦʣʦʛʠʠ ʠ ʩʦʮʠʘʣʴʥʳʭ ʦʪʥʦʰʝʥʠʡ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜ-

ʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè   

22) ʂʦʣʝʩʥʠʢʦʚ ɻʝʥʥʘʜʠʡ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘ-

ʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʌɻɹʆʋ ɺʆ çʇʝʪʨʦʟʘʚʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

23) ʂʦʨʥʝʚ ɺʷʯʝʩʣʘʚ ɺʷʯʝʩʣʘʚʦʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩʩʦʨ 

ʌɻɹʆʋ ɺʆ çʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡè 

24) ʂʨʝʤʥʝʚʘ ʊʘʪʴʷʥʘ ʃʝʦʥʠʜʦʚʥʘ  ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ɻɸʆʋ ɺʆ çʄʦʩʢʦʚʩʢʠʡ ʛʦʨʦʜʩʢʦʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

25) ʂʨʳʣʦʚʘ ʄʘʨʠʷ ʅʠʢʦʣʘʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʬʠʣʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ ʢʘ-

ʬʝʜʨʳ ʛʫʤʘʥʠʪʘʨʥʳʭ ʜʠʩʮʠʧʣʠʥ ʠ ʠʥʦʩʪʨʘʥʥʳʭ ʷʟʳʢʦʚ ɸʟʦʚʦ-ʏʝʨʥʦʤʦʨʩʢʦʛʦ ʠʥʞʝʥʝʨʥʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ ʚ ʛ. ɿʝʨʥʦʛʨʘʜʝ  

26) ʂʫʥʮ ɽʣʝʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ ï ʜʦʢʪʦʨ ʶʨʠʜʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. ʢʘʬʝʜ-

ʨʦʡ ʫʛʦʣʦʚʥʦʛʦ ʧʨʘʚʘ ʠ ʢʨʠʤʠʥʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨ-

ʩʠʪʝʪè 

27) ʂʫʨʣʝʥʷ ʄʠʭʘʠʣ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʛʣʘʚ-

ʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʋʅ ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠʤ. ʅ.ɸ. ʏʠʥʘʢʘʣʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪ-

ʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʀɻɼ ʉʆ ʈɸʅ) 

28) ʄʘʣʢʦʯ ɺʠʪʘʣʠʡ ɸʥʘʪʦʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʠʩʢʫʩʩʪʚʦʚʝʜʯʝʩʢʠʭ ʥʘʫʢ, ɺʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ɸʢʘʜʝʤʠʷ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʄʦʣʜʦʚʘ 

29) ʄʘʣʦʚʘ ʀʨʠʥʘ ɺʠʢʪʦʨʦʚʥʘ ï ʢʘʥʜʠʜʘʪ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʢʦʤʤʝʨʮʠʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʬʦʨʤʘʪʠʢʠ ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ. ɻ. ɺ. ʇʣʝʭʘʥʦʚʘè  
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30) ʄʝʩʝʥʷʰʠʥʘ ʃʶʜʤʠʣʘ ɸʣʝʢʩʘʥʜʨʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩ-

ʩʦʨ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʨʫʩʩʢʦʛʦ ʷʟʳʢʘ ʠ ʣʠʪʝʨʘʪʫʨʳ ʌɻɹʆʋ ɺʆ çʏʝʣʷʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

31) ʅʝʢʨʘʩʦʚ ʉʪʘʥʠʩʣʘʚ ʅʠʢʦʣʘʝʚʠʯ ï ʜʦʢʪʦʨ ʬʠʣʦʩʦʬʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦ-

ʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʣʦʩʦʬʠʠ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʌɻɹʆʋ ɺʆ çʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʡʳ ʫʥʠʚʝʨʩʠʪʝʪè 

32) ʅʝʧʦʤʥʷʱʠʡ ʆʣʝʛ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦ-

ʬʝʩʩʦʨ, ʨʫʢ. ʅʋʃ ʄʇʉ ʀʂʀʊ, ʌɻɸʆʋ ɺʆ çʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

33) ʆʨʦʙʝʮ ɺʣʘʜʠʤʠʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ï ʜʦʢʪʦʨ ʚʝʪʝʨʠʥʘʨʥʳʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʟʘʚ. 

ʢʘʬʝʜʨʦʡ ʪʝʨʘʧʠʠ ʠ ʬʘʨʤʘʢʦʣʦʛʠʠ ʌɻɹʆʋ ɺʆ çʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʘʛʨʘʨʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè  

34) ʇʦʧʦʚʘ ʀʨʠʥʘ ɺʠʪʘʣʴʝʚʥʘ ï ʜʦʢʪʦʨ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ɻʆʋ ɺʇʆ 

çɼʦʥʝʮʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʠ ʪʦʨʛʦʚʣʠ ʠʤʝʥʠ ʄʠʭʘʠʣʘ ʊʫʛʘʥ-

ɹʘʨʘʥʦʚʩʢʦʛʦè 

35) ʇʳʨʢʦʚ ɺʷʯʝʩʣʘʚ ɽʚʛʝʥʴʝʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ 

ʪʝʦʨʠʠ ʠ ʤʝʪʦʜʠʢʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠ-

ʚʝʨʩʠʪʝʪè  

36) ʈʫʢʘʚʠʰʥʠʢʦʚ ɺʠʢʪʦʨ ʉʪʝʧʘʥʦʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʯʣʝʥ-ʢʦʨʨ. ʈɸʅ, ʜʠʨʝʢʪʦʨ ʌɻɹʅʋ ɺʉʀʄʕʀ, ʟʘʚ. ʢʘʬʝʜʨʦʡ çʆʙʱʝʡ ʛʠʛʠʝʥʳè ʌɻɹʆʋ ɺʆ 

çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

37) ʉʝʤʝʥʦʚʘ ʃʠʜʠʷ ʕʜʫʘʨʜʦʚʥʘ ï ʜʦʢʪʦʨ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ, ʧʨʦʬʝʩ-

ʩʦʨ ʢʘʬʝʜʨʳ ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʅʠʞʝʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʂʦʟʴʤʳ ʄʠʥʠʥʘ (ʄʠʥʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)  

38) ʋʜʫʪ ɺʣʘʜʠʤʠʨ ɺʘʩʠʣʴʝʚʠʯ ï ʜʦʢʪʦʨ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʈɸʅ, ʟʘʤʝʩʪʠʪʝʣʴ ʜʠʨʝʢʪʦʨʘ ʧʦ ʥʘʫʯʥʦʡ ʠ ʣʝʯʝʙʥʦʡ ʨʘʙʦʪʝ, ʟʘʚʝʜʫʶʱʠʡ ʣʘ-

ʙʦʨʘʪʦʨʠʝʡ ʬʠʟʠʦʣʦʛʠʠ, ʤʦʣʝʢʫʣʷʨʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠ ʅʀʀʌʠʈʄ ʠʤ. ɽ.ɼ. 

ɻʦʣʴʜʙʝʨʛʘ ʊʦʤʩʢʦʛʦ ʅʀʄʎ. 

39) ʌʠʦʥʦʚʘ ʃʶʜʤʠʣʘ ʈʠʤʦʚʥʘ ï ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘ-

ʢʫʣʴʪʝʪʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʌɻɹʆʋ ɺʆ çʇʝʥʟʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

40) ʏʠʩʪʦʚ ɺʣʘʜʠʤʠʨ ɺʣʘʜʠʤʠʨʦʚʠʯ ï ʢʘʥʜʠʜʘʪ ʧʩʠʭʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ ʢʘ-

ʬʝʜʨʳ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʧʩʠʭʦʣʦʛʠʠ ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʞʝʥʩʢʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ. ʛ. ɸʣʤʘʪʳ)  

41) ʐʚʝʮ ʀʨʠʥʘ ʄʠʭʘʡʣʦʚʥʘ ï ʜʦʢʪʦʨ ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʬʝʩʩʦʨ 

ʢʘʬ. ɹʠʦʬʠʟʠʢʠ ʀʥʩʪʠʪʫʪʘ ʙʠʦʣʦʛʠʠ ʠ ʙʠʦʤʝʜʠʮʠʥʳ ʌɻɹʆʋ ɺʆ çʅʠʞʝʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè   

42) ʖʨʦʚʘ ʂʩʝʥʠʷ ʀʛʦʨʝʚʥʘ ï ʢʘʥʜʠʜʘʪ ʠʩʪʦʨʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʵʢʦ-

ʥʦʤʠʢʠ ʠ ʧʨʘʚʘ ʆʏʋ ɺʆ "ʄʦʩʢʦʚʩʢʠʡ ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ" 

  

3. ʋʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʩʝʢʨʝʪʘʨʠʘʪʘ ʚ ʣʠʮʝ: 

1) ɹʳʯʢʦʚ ɸʨʪʸʤ ɸʣʝʢʩʘʥʜʨʦʚʠʯ 

2) ɻʫʣʷʝʚʘ ʉʚʝʪʣʘʥʘ ʖʨʴʝʚʥʘ 

3) ʀʙʨʘʝʚ ɸʣʴʙʝʨʪ ɸʨʪʫʨʦʚʠʯ 

 

 

ɼʠʨʝʢʪʦʨ  

ʄʎʅʉ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 
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Ã´º 530.145 

²ËÇ¸Á»µ½¸µ ¿Áµ²´¾¿¾Âµ½Æ¸°»° ¸ 
À°Á¿Àµ´µ»µ½¸Ï Í»µºÂÀ¾½½¾¹ ¿»¾Â½¾ÁÂ¸ 
ÄÃ»»µÀµ½¾² C60

+, C60 ̧  C60
-  

ʤʘʛʠʩʪʨʘʥʪ, 

ʠʥʞʝʥʝʨ, 

ʢ.ʬ.-ʤ.ʥ, ʜʦʮʝʥʪ, 
ʌɻɹʆʋ ɺʇʆ ʉʇʙ ʅʘʮʠʦʥʘʣʴʥʳʡ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ 

ʀʥʬʦʨʤʘʮʠʦʥʥʳʭ ʊʝʭʥʦʣʦʛʠʡ, ʄʝʭʘʥʠʢʠ ʠ ʆʧʪʠʢʠ, 

ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, 
ʌɻɸʆʋ ɺʆ ʉʇʙ ʇʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʦʚ 
ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʫʣʣʝʨʝʥʘ C60 ʠ ʝʛʦ ʠʦʥʦʚ ʉ60

+ ʠ C60
- , ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚ ʤʦʜʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʧʨʦʮʝʩʩʦʚ ʩ ʠʭ ʫʯʘʩʪʠʝʤ ʚ ʨʘʤʢʘʭ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ. ʇʨʝʜʣʦʞʝʥʥʘʷ 
ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪ ʵʣʝʢʪʨʦʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʩ ʧʦʤʦʱʴʶ ʨʘʩʯʸʪʦʚ ʠʟ ʧʝʨʚʳʭ 
ʧʨʠʥʮʠʧʦʚ, ʪ.ʝ. ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʠ ʧʘʨʘʤʝʪʨʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʵʣʝʢʪʨʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʧʦʪʝʥʮʠʘʣʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʬʫʣʣʝʨʝʥʳ, ʠʦʥʳ, ʤʦʣʝʢʫ-
ʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ. 
 

AB-INITIO CALCULATION OF PSEUDOPOTENTIAL AND ELECTRON DENSITY DISTRIBUTION 
 OF C60

+, C60 AND C60
- 
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Abstract: In thys work we present the model pseudopotentials of the neutral fullerene C60 and its ions C60

+ and 
C60

- for applications in molecular dynamics simulations. The proposed model uses the electronic charge densi-
ties determined from ab-initio calculations. 
Key words: pseudopotentials, neutral fullerene, ions, molecular dynamics, electronic charge densities, ab-
initio calculations. 
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ʌʫʣʣʝʨʝʥʳ ʠ ʠʭ ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚ ʦʙʣʘʩʪʷʭ, ʩʚʷ-
ʟʘʥʥʳʭ ʩ ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʬʦʪʦʩʠʥʪʝʟʦʤ, ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʦʡ ʠ ʧʦʣʫʯʝʥʠʝʤ ʩʚʝʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʣʝ-
ʥʦʢ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 
ʟʥʘʥʠʝ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʘʤʠʭ ʬʫʣʣʝʨʝʥʦʚ. 

ɺʩʝ ab initio ʨʘʩʯʝʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʘʢʝʪʘ ʜʣʷ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʠʭ ʚʳʯʠʩʣʝʥʠʡ Fire-
Fly [1]. ʅʘʯʘʣʴʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩʪʨʫʢʪʫʨʳ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʫʣʣʝʨʝʥʘ C60 ʠ ʝʛʦ ʠʦʥʦʚ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ 
ʩ ʧʦʤʦʱʴʶ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʨʘʩʯʸʪʘ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ PM3 [2]. ʇʦʣʫʯʝʥʥʘʷ ʛʝʦʤʝʪʨʠʷ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʥʫʣʝʚʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʚʳʯʠʩʣʝʥʠʷʭ ʥʘ 
ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʪʝʦʨʠʠ 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʨʦʣʴ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ, ʤʳ ʩʪʘʨʪʦʚʘʣʠ ʩ ʨʘʩʯʝʪʦʚ ʚ ʧʨʠʙʣʠʞʝ-
ʥʠʠ ʍʘʨʪʨʠ-ʌʦʢʘ (Restricted Open-shell Hartree-Fock - ROHF). ɼʘʣʝʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʚʘʨʠʘʥʪʘ ʪʝʦ-
ʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (DFT). ʇʝʨʚʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʧʦʪʝʥʮʠʘʣʘ ʦʙʤʝʥʘ 
ʉʣʵʪʝʨʘ ʠ ʢʦʨʝʣʣʷʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ Vosko-Wilk-Nusair (SVWN) [3], ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʤ 
DFT-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʚ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝʥʠʷ ʣʦʢʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (LDA). ɺʪʦʨʦʡ ʧʦʜʭʦʜ 
ʠʩʧʦʣʴʟʫʝʪ ʛʠʙʨʠʜʥʳʡ ʧʦʪʝʥʮʠʘʣ Becke-Lee-Yang-Parrʪ ʩ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ (B3LYP) ʬʫʥʢʮʠʦʥʘʣʘ 
ʧʣʦʪʥʦʩʪʠ [4], ʚʢʣʶʯʘʶʱʠʤ ʦʙʤʝʥʥʳʡ ʠ ʦʙʤʝʥʥʦ-ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʬʫʥʢʮʠʦʥʘʣʳ ʍʘʨʪʨʠ-ʌʦʢʦʚʩʢʦʛʦ 
ʪʠʧʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʆʙʦʙʱʝʥʥʦʛʦ ɻʨʘʜʠʝʥʪʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ (GGA). ʇʦʩʣʝʜʥʠʝ ʧʨʠʙʣʠʞʝ-
ʥʠʷ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʣʠʩʴ ʚ ʨʘʩʯʝʪʘʭ ʥʝʙʦʣʴʰʠʭ ʫʛʣʝʨʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʠ ʬʫʣʣʝʨʝʥʦʚ [5]. ɺ ʜʦʧʦʣʥʝ-
ʥʠʝ ʚ ʜʘʥʥʦʤ ʨʘʩʯʝʪʝ ʤʳ ʠʩʧʦʣʴʟʫʝʤ ʧʦʜʭʦʜ B3LYP-D3 [6], ʢʦʪʦʨʳʡ ʧʦʤʠʤʦ ʚʩʝʛʦ ʫʯʠʪʳʚʘʝʪ ʝʱʝ ʚʘʞ-
ʥʳʝ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʧʦʧʨʘʚʢʠ ʢ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. 

ʕʣʝʢʪʨʦʥʥʳʝ ʧʣʦʪʥʦʩʪʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨ, ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ ʥʘ ʨʘʟʣʠʯ-
ʥʳʭ ʫʨʦʚʥʷʭ ʪʝʦʨʠʠ. ʇʫʪʝʤ ʫʩʨʝʜʥʝʥʠʷ ʥʘʡʜʝʥʥʦʛʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦ ʩʬʝʨʠʯʝʩʢʠʤ 
ʫʛʣʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʩʝʚʜʦʧʦʪʝʥʮʠ-
ʘʣʘ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʉ60 ʠ ʝʛʦ ʠʦʥʦʚ C60

+ ʠ C60
-. ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʨʨʝʣʷʮʠʡ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʘ 

B3LYP-D3 ʥʘ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʘ ʠ ʢʦʥʝʯʥʳʡ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝ-
ʟʥʘʯʠʪʝʣʴʥʦʤ ʧʦʚʳʰʝʥʠʠ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʬʫʣʣʝʨʝʥʘ (ʦʢʦʣʦ 0,05 ʘ.ʝ. ʜʣʷ C60

- ʠ 0,15 ʘ.ʝ. ʜʣʷ C60
+) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ROHF. ʅʘ ʨʠʩ. 1, ʜʣʷ ʧʨʠʤʝʨʘ, ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪ-
ʥʦʩʪʠ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʫʣʣʝʨʝʥʘ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʠʙʣʠʞʝʥʠʷʭ. 

 
ʉʡʪ. 1. ʖʤʞʣʫʩʧʦʦʙʸ ʨʤʧʫʦʧʪʫʵ ʊ60-  ʛ ʧʣʩʞʪʫʦʧʪʫʡ ʩʙʝʡʬʪʙ ʭʬʤʤʞʩʞʦʙ, ʨʧʤʬʰʞʦʦʙʸ ʛ ʩʙʠ-

ʤʡʰʦʴʮ ʨʩʡʚʤʡʟʞʦʡʸʮ 
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ʇʨʠ ʫʯʝʪʝ ʢʦʨʨʝʣʷʮʠʠ, ʛʣʫʙʠʥʘ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ ʪʦʞʝ ʠʟʤʝʥʷʝʪʩʷ: ʛʣʫʙʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ 
ʜʣʷ C60

- ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʷ ʉ60 ʠ C60
+. ʍʦʪʷ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʩʴʤʘ ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʣʫʙʠʥʦʡ ʧʦ-

ʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʝʨʝʩʪʨʦʡʢʝ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʩʧʝʢʪʨʘ. ʈʘʩʯʝʪʳ ʧʦʢʘ-
ʟʳʚʘʶʪ ʪʘʢʞʝ, ʯʪʦ ʥʝʪ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʨʘʤʢʘʭ ʧʨʠʙʣʠʞʝ-
ʥʠʡ B3LYP ʠ B3LYP-D3. ʆʜʥʘʢʦ ñʦʩʪʨʘʷò ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʦʪ ʨʘʜʠʫʩʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ 
ʧʦʣʦʞʝʥʠʝ ʵʣʝʢʪʨʦʥʥʳʭ ʫʨʦʚʥʝʡ, ʧʦʵʪʦʤʫ ʜʘʞʝ ʵʪʠ ʥʝʙʦʣʴʰʠʝ ʨʘʩʭʦʞʜʝʥʠʷ ʚ ʧʣʦʪʥʦʩʪʷʭ ʠ ʧʦʪʝʥʮʠʘ-
ʣʘʭ ʜʦʣʞʥʳ ʙʳʪʴ ʪʱʘʪʝʣʴʥʦ ʫʯʪʝʥʳ ʚ ʚʳʯʠʩʣʝʥʠʷʭ ʩʧʝʢʪʨʘ. 

ʕʬʬʝʢʪʠʚʥʳʝ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʳ ʜʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʢʣʘʩʪʝʨʘ ʉ60 ʠ ʠʦʥʦʚ C60
+ ʠ C60

-, ʨʘʩʩʯʠʪʘʥ-
ʥʳʝ ʩ ʧʦʤʦʱʴʶ B3LYP-D3 ʧʦʜʭʦʜʘ, ʩʨʘʚʥʠʚʘʶʪʩʷ ʥʘ ʨʠʩ. 2. ɺ ʧʦʚʝʜʝʥʠʠ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ C60- ʯʝʪʢʦ 
ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʦʥʘ ʬʫʣʣʝʨʝʥʘ ʠ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʘ: ʩʠʣʴʥʦʝ 
ʧʨʠʪʷʞʝʥʠʝ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʣʣʝʨʝʥʘ ʠ ʩʣʘʙʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʚʜʘʣʠ ʦʪ ʥʝʸ (ʢʘʢ ʩʥʘʨʫʞʠ, ʪʘʢ ʠ ʚʦ 
ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ). ʂʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʦʪʪʘʣʢʠʚʘʥʠʝʤ ʠ ʧʨʠʪʷʞʝʥʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʣʘ-
ʙʳʭ ʙʘʨʴʝʨʦʚ ʜʣʷ ʣʶʙʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʯʘʩʪʠʮʳ ʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʝʨʦʷʪʥʦʩʪʠ ʩʥʘʨʷʜʘ 
"ʟʘʩʪʨʷʪʴ" ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʫʣʣʝʨʝʥʘ.  

ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣʘ ʥʘ ʨʘʜʠʘʣʴ-
ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʧʨʝʚʳʰʘʶʱʝʤ 10,3 a.ʝ. ʠʤʝʝʪ ʚʠʜ 1/R. ɼʣʷ ʥʝʡʪʨʘʣʴʥʦʛʦ ʬʫʣʣʝʨʝʥʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ-
ʛʦ ʠʦʥʘ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʪʷʞʝʥʠʶ ʧʨʠ ʣʶʙʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʇʦʣʦʞʝʥʠʝ ʤʠʥʠʤʫʤʘ ʧʦ-
ʪʝʥʮʠʘʣʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʠʦʥʘ C60

+ ʢ C60
-, ʘ ʛʣʫʙʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʤʝʥʴ-

ʰʝ, ʢʘʢ ʠ ʦʞʠʜʘʣʦʩʴ. ʇʩʝʚʜʦʧʦʪʝʥʮʠʘʣ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʦʛʦ ʬʫʣʣʝʨʝʥʘ ʧʝʨʝʭʦʜʠʪ ʚ ʢʫʣʦʥʦʚ-
ʩʢʠʡ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʙʦʣʴʰʝ 9,5 ʘ.ʝ. 

ʅʘʢʦʥʝʮ, ʵʬʬʝʢʪʠʚʥʳʡ ʧʩʝʚʜʦʧʦʪʝʥʮʠʘʣ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʬʫʣʣʝʨʝʥʦʚ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢ-
ʩʠʤʠʨʦʚʘʥ ʧʨʦʩʪʦʡ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʦʨʤʫʣʦʡ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚ ʨʘʩʯʝʪʘʭ 
ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʡ ʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ 
ʬʫʣʣʝʨʝʥʘ. 

ʉʡʪ. 2. ʈʪʞʛʝʧʨʧʫʞʦʯʡʙʤʴ ʊ60 ʡ ʡʧʦʧʛ C60
+ ʡ C60

-, ʨʧʤʬʰʞʦʦʴʞ ʡʠ ab initio ʩʙʪʰʞʫʧʛ ʛ 
ʩʙʥʣʙʮ B3LYP-D3 ʨʩʡʚʤʡʟʞʦʡʸ. ʃʬʤʧʦʧʛʪʣʡʞ ʨʧʫʞʦʯʡʙʤʴ ʨʩʡʛʞʝʞʦʴ ʝʤʸ ʪʩʙʛʦʞʦʡʸ ʪ 

ʙʪʡʥʨʫʧʫʡʰʞʪʣʡʥ ʨʧʛʞʝʞʦʡʞʥ ʨʪʞʛʝʧʨʧʫʞʦʯʡʙʤʧʛ 
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ɹʦʦʧʫʙʯʡʸ: ʩʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʘʚʪʦʨʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʚʝʨʦʷʪʥʦʩʪʥʳʤ 
ʠʩʭʦʜʦʤ ʚ ʚʠʜʝ ʜʨʦʙʣʝʥʠʷ ʨʝʘʣʴʥʦʩʪʠ. ɼʘʥʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʦʙʲʷʩʥʷʝʪ ʘʩʠʤʤʝʪʨʠʶ ʤʝʞʜʫ ʧʨʦʰʣʳʤ 
ʠ ʙʫʜʫʱʠʤ. ʆʥʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʝʪʚʣʝʥʠʝ ʨʝʘʣʴʥʦʩʪʠ. ɼʣʷ ʝʝ ʦʧʠʩʘʥʠʷ ʧʨʠʤʝʥʠʤʘ ʬʨʘʢʪʘʣʴʥʘʷ ʛʝʦ-
ʤʝʪʨʠʷ ʜʝʨʝʚʴʝʚ. ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʬʨʘʢʪʘʣʴʥʫʶ ʤʦʜʝʣʴ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʬʨʘʢʪʘʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʷʚʣʝʥʠʡ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʦʣʥʦʚʦʡ ʬʫʥʢʮʠʠ, ʤʦʜʝʣʠ 
ʢʚʘʥʪʦʚʦʡ ʨʝʰʝʪʢʠ, ʧʦʣʝʡ ʠ ʚʠʨʪʫʘʣʴʥʳʭ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚʨʝʤʷ ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʦʢʘʟʳ-
ʚʘʶʪʩʷ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʬʨʘʢʪʘʣ, ʨʝʘʣʴʥʦʩʪʴ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʝʘʣʴʥʦʩʪʴ, ʬʨʘʢʪʘʣʴʥʘʷ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, 
ʢʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ, ʥʘʜʨʝʘʣʴʥʦʩʪʴ, ʉʫʧʝʨʚʝʨʩ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ, ʚʠʨʪʫʘʣʴʥʳʝ ʯʘʩʪʠʮʳ, ʜʝʥʜʨʦ-
ʤʝʪʨʠʷ, ʚʨʝʤʷ. 
 

FRACTAL REALITY AND FRACTAL THEORY OF PROBABILITY 
 

Gibadullin A.A. 
 
Abstract: the article is devoted to the author's interpretation of the results of experiments with a probabilistic 
outcome in the form of a fragmentation of reality. This interpretation explains the asymmetry between the past 
and the future. It involves the branching of reality. For its description, fractal geometry of trees is applicable. As 
a result, we get a fractal model of probabilistic processes. This leads to a fractal interpretation of the phenom-
ena of quantum mechanics, the features of the wave function, the quantum grating model, fields and virtual 
particles. Space, time and probability turn out to be interrelated. 
Key words: fractal, reality, fractal reality, fractal probability theory, quantum mechanics, supra-reality, Su-
pervers, probability theory, virtual particles, dendrometry, time. 

 
ɺ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʶʪ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʪ ʦʪ ʩʣʫʯʘʷ. ʇʨʠ ʵʪʦʤ 

ʤʳ ʥʝ ʤʦʞʝʤ ʪʦʯʥʦ ʧʨʝʜʩʢʘʟʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʪʘʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʅʦ 
ʤʳ ʩʧʦʩʦʙʥʳ ʫʩʪʘʥʦʚʠʪʴ ʚʝʨʦʷʪʥʦʩʪʠ ʢʘʞʜʦʛʦ ʠʟ ʚʦʟʤʦʞʥʳʭ ʠʩʭʦʜʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʠʩʭʦʜʦʤ. ɹʨʦʩʘʥʠʝ ʤʦʥʝʪʳ ʜʣʷ 
ʧʨʦʚʝʨʢʠ ʨʝʟʫʣʴʪʘʪʘ çʦʨʝʣè ʠʣʠ çʨʝʰʢʘè ʢʘʞʜʳʡ ʨʘʟ ʩʪʘʚʠʪ ʧʝʨʝʜ ʥʘʤʠ ʜʚʝ ʨʘʚʥʦʚʝʨʦʷʪʥʳʝ 
ʘʣʴʪʝʨʥʘʪʠʚʳ. ɼʦ ʙʨʦʩʢʘ ʤʳ ʟʘʚʝʜʦʤʦ ʥʝ ʟʥʘʝʤ, ʢʘʢʠʤ ʙʫʜʝʪ ʠʩʭʦʜ. ʅʦ ʜʘʥʥʦʝ ʩʦʙʳʪʠʝ ʷʚʣʷʝʪʩʷ 
ʧʨʠʯʠʥʦʡ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʜʚʫʭ ʘʣʴʪʝʨʥʘʪʠʚ. ʇʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʩʚʷʟʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 
ʨʘʟʜʚʘʠʚʘʶʪʩʷ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʪʘʢʠʭ ʷʚʣʝʥʠʡ ʘʚʪʦʨ ʧʨʝʜʣʘʛʘʝʪ ʤʦʜʝʣʴ ʜʨʦʙʣʝʥʠʷ, ʠʣʠ ʚʝʪʚʣʝʥʠʷ, 
ʨʝʘʣʴʥʦʩʪʠ ʧʨʠ ʢʘʞʜʦʤ ʪʘʢʦʤ ʩʦʙʳʪʠʠ. ɺʦʟʤʦʞʥʳ ʠ ʧʨʠʤʝʨʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʝʪʚʣʝʥʠʡ. 
ʅʘʧʨʠʤʝʨ, ʧʦʜʙʨʘʩʳʚʘʥʠʝ ʠʛʨʘʣʴʥʦʡ ʢʦʩʪʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʳʡ ʙʨʦʩʦʢ ʨʘʟʜʝʣʷʝʪ ʨʝʘʣʴʥʦʩʪʴ ʥʘ 
ʰʝʩʪʴ ʚʦʟʤʦʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʵʪʠʭ ʷʚʣʝʥʠʡ ʧʨʠʤʝʥʠʤ ʪʝʤʧʦʨʘʣʴʥʫʶ ʣʦʛʠʢʫ, ʠʣʠ ʣʦʛʠʢʫ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ 
ʩʚʷʟʝʡ. ɺʝʨʦʷʪʥʦʩʪʥʳʡ ʠʩʭʦʜ ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʠʟ ʥʝʛʦ ʩʦʙʳʪʠʡ. ʊʘʢʠʝ ʧʨʦʮʝʩʩʳ ʩʦ 
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ʚʩʝʚʦʟʤʦʞʥʳʤʠ ʠʩʭʦʜʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʤʦʜʝʣʝʡ ʚʝʪʚʷʱʝʛʦʩʷ ʚʨʝʤʝʥʠ. ʇʨʠʯʠʥʥʦʩʪʴ ʚ ʪʘʢʦʤ 
ʚʨʝʤʝʥʠ ʦʧʠʩʘʥʘ ʚ ʜʨʫʛʠʭ ʨʘʙʦʪʘʭ [1]. ʆʥʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʘʚʪʦʨʩʢʦʡ ʢʦʥʮʝʧʮʠʝʡ ʤʥʦʞʝʩʪʚʘ ʚʨʝʤʝʥ. 

ʇʦʧʨʦʙʫʝʤ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʚʳʰʝʩʢʘʟʘʥʥʦʝ ʥʘ ʚʩʝ ʩʦʙʳʪʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 
ʄʳ ʦʙʥʘʨʫʞʠʤ, ʯʪʦ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʘʜ ʨʝʘʣʴʥʦʩʪʠ, ʧʝʨʝʭʦʜ ʠʟ ʚʠʨʪʫʘʣʴʥʦʛʦ ʚ ʨʝʘʣʴʥʦʝ. 
ʊʦʯʥʦ ʪʘʢʞʝ ʢʘʢ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʪʨʠʯʝʩʢʠ ʨʘʩʰʠʨʷʝʪʩʷ, ʘ ʚʨʝʤʷ ʜʚʠʞʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʠʟ 
ʧʨʦʰʣʦʛʦ ʚ ʙʫʜʫʱʝʝ, ʜʨʦʙʣʝʥʠʝ ʨʝʘʣʴʥʦʩʪʠ ʝʩʪʴ ʦʜʥʦ ʠʟ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ɺʩʝʣʝʥʥʦʡ. 

ɺ ʥʘʫʢʝ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʚ ʢʦʪʦʨʦʤ 
ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ ʚʨʝʤʷ ʥʝ ʦʪʜʝʣʝʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʪʩʶʜʘ ʧʦʷʚʠʣʘʩʴ ʤʦʜʝʣʴ ʚʝʪʚʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-
ʚʨʝʤʝʥʠ [2]. ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʙʳʪʠʷ, ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʶʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʴ ʥʘ ʚʦʟʤʦʞʥʳʝ 
ʘʣʴʪʝʨʥʘʪʠʚʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʨʝʤʝʥʝʤ, ʥʦ ʠ ʤʝʩʪʦʤ. ʂ ʧʨʠʤʝʨʫ, ʵʢʩʧʝʨʠʤʝʥʪ ʩ 
ʧʦʜʙʨʘʩʳʚʘʥʠʝʤ ʤʦʥʝʪ ʠʣʠ ʠʛʨʘʣʴʥʳʭ ʢʦʩʪʝʡ, ʤʳ ʤʦʞʝʤ ʧʨʦʚʝʩʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʥʦ ʚ ʨʘʟʥʳʭ ʤʝʩʪʘʭ. 
ʀ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʙʫʜʝʪ ʧʨʠʤʝʨʥʦ ʪʝʤ ʞʝ, ʢʘʢ ʝʩʣʠ ʙʳ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʚ ʦʜʥʦʤ 
ʤʝʩʪʝ ʩ ʦʜʥʦʡ ʤʦʥʝʪʦʡ ʠʣʠ ʢʦʩʪʴʶ, ʥʦ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʠ ʧʨʦʩʪʨʘʥʩʪʚʦ, 
ʠ ʚʨʝʤʷ ʠʛʨʘʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʨʦʣʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʦʙʣʝʥʠʶ ʨʝʘʣʴʥʦʩʪʠ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʳʝ ʠʩʭʦʜʳ. 

ɸʚʪʦʨʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʥʘʜʨʝʘʣʴʥʦʩʪʠ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʚʩʝʚʦʟʤʦʞʥʳʝ ʠʩʭʦʜʳ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
ʆʥʘ ʦʙʣʘʜʘʝʪ ʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʊʘʢ, ʧʨʦʠʩʭʦʜʠʪ ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʩʦʙʳʪʠʡ ʥʘ ʚʨʝʤʝʥʠ. ɺ ʦʜʥʦ 
ʚʨʝʤʷ ʠ ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʨʝʟʫʣʴʪʘʪ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ. ɸ ʥʘ ʦʜʥʦʤ ʚʨʝʤʝʥʠ, ʠʣʠ 
ʚʝʪʚʠ, ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʦʜʠʥ ʚʘʨʠʘʥʪ ʭʦʜʘ ʩʦʙʳʪʠʡ. ʊʝʤ ʩʘʤʳʤ ʚʨʝʤʷ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 
ʫʧʦʨʷʜʦʯʠʚʘʪʝʣʷ ʩʦʙʳʪʠʡ ʠ ʦʛʨʘʥʠʯʠʪʝʣʷ ʚʩʝʚʦʟʤʦʞʥʳʭ ʚʘʨʠʘʥʪʦʚ ʨʝʘʣʴʥʦʩʪʠ ʦʜʥʠʤ-ʝʜʠʥʩʪʚʝʥʥʳʤ. 
ɸ ʩʘʤʘ ʥʘʜʨʝʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʞʝʩʪʚʦ ʪʘʢʠʭ ʚʨʝʤʝʥ. 

ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʘʚʪʦʨʩʢʘʷ ʤʦʜʝʣʴ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʦʤ 
ʚʝʨʦʷʪʥʦʩʪʠ ʠʣʠ ʚʝʪʚʷʱʝʛʦʩʷ ʚʨʝʤʝʥʠ. ʄʳ ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʧʫʯʢʝ ʚʨʝʤʝʥ. ʕʪʠ ʚʨʝʤʝʥʘ 
ʩʦʩʫʱʝʩʪʚʫʶʪ ʚʤʝʩʪʝ, ʥʦ ʟʘʪʝʤ ʨʘʟʜʝʣʷʶʪʩʷ ʧʨʠ ʢʘʞʜʦʤ ʨʘʟʚʝʪʚʣʝʥʠʠ. ʈʘʟʜʝʣʷʷʩʴ, ʦʥʠ ʥʝ ʥʘʯʠʥʘʶʪ 
ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʧʝʨʝʩʪʘʶʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʦʜʥʦʤ ʧʫʯʢʝ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʦʣʴʢʦ 
ʦʜʥʘ ʠʟ ʚʦʟʤʦʞʥʳʭ ʘʣʴʪʝʨʥʘʪʠʚ ʩʪʘʥʦʚʠʪʩʷ ʨʝʘʣʴʥʦʡ. ɸʚʪʦʨ ʚʚʦʜʠʪ ʪʘʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʘʢ ʚʝʩ 
ʚʝʪʚʝʡ. ɺʝʩ ʨʦʜʠʪʝʣʴʩʢʦʡ ʚʝʪʚʠ ʨʘʚʝʥ ʩʫʤʤʝ ʜʦʯʝʨʥʠʭ. ʇʨʠ ʜʨʦʙʣʝʥʠʠ ʧʫʯʢʘ ʚʝʩʘ ʜʦʯʝʨʥʠʭ 
ʩʪʘʥʦʚʷʪʩʷ ʤʝʥʴʰʝ ʨʦʜʠʪʝʣʴʩʢʦʡ. ɸ ʟʥʘʯʠʪ, ʥʝʚʦʟʤʦʞʝʥ ʚʦʟʚʨʘʪ ʚ ʧʨʝʜʳʜʫʱʝʝ ʩʦʩʪʦʷʥʠʝ. ʆʪʩʶʜʘ 
ʩʣʝʜʫʝʪ ʥʝʦʙʨʘʪʠʤʦʩʪʴ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʠʨʦʜʝ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʪʘʢʠʭ ʚʝʪʚʣʝʥʠʡ ʘʚʪʦʨ ʠʩʧʦʣʴʟʫʝʪ 
ʜʝʥʜʨʦʤʘʪʝʤʘʪʠʢʫ [3]. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʨʠʚʝʜʝʤ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʤʳʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʢʦʪʦʤ ʐʨʝʜʠʥʛʝʨʘ. ɼʦ 
ʥʘʙʣʶʜʝʥʠʷ, ʢʦʛʜʘ ʢʦʪ ʥʘʭʦʜʠʪʩʷ ʚ ʩʫʧʝʨʧʦʟʠʮʠʠ ʜʚʫʭ ʩʦʩʪʦʷʥʠʡ ï ʞʠʚʦʤ ʠ ʤʝʨʪʚʦʤ, ʚʨʝʤʝʥʘ, 
ʙʫʜʫʱʝʝ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʘʞʜʦʤʫ ʠʟ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ, ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʤ ʧʫʯʢʝ. ʂʦʛʜʘ ʤʳ 
ʧʨʦʚʝʨʷʝʤ ʨʝʟʫʣʴʪʘʪ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʧʫʯʢʘ ʚʨʝʤʝʥ ʥʘ ʜʚʝ ʯʘʩʪʠ. ʄʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 
ʜʘʥʥʫʶ ʩʠʪʫʘʮʠʶ ʢʘʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʚʨʝʤʝʥʝʤ (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʨʝʘʣʴʥʦʩʪʴʶ) ʥʘʙʣʶʜʘʪʝʣʷ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʠʨʦʜʘ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʠ ʧʘʨʘʜʦʢʩʳ ʢʚʘʥʪʦʚʦʡ 
ʤʝʭʘʥʠʢʠ. 

ʊʘʢ ʢʘʢ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʷʚʣʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʚʠʜʝ ʚʝʪʚʣʝʥʠʷ ʠʣʠ ʜʨʦʙʣʝʥʠʷ 
ʨʝʘʣʴʥʦʩʪʠ, ʪʦ ʜʣʷ ʠʭ ʠʟʫʯʝʥʠʷ ʧʦʜʭʦʜʷʪ ʜʨʝʚʦʚʠʜʥʳʝ ʬʨʘʢʪʘʣʳ [4]. ʅʘʟʚʘʥʠʝ ʬʨʘʢʪʘʣ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 
ʣʘʪʠʥʩʢʦʛʦ ʩʣʦʚʘ fractus ï ʜʨʦʙʣʝʥʳʡ. ʀʤʝʥʥʦ ʘʚʪʦʨʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʩʧʦʩʦʙʥʘ ʦʙʲʷʩʥʠʪʴ ʙʦʣʴʰʦʝ 
ʢʦʣʠʯʝʩʪʚʦ ʬʨʘʢʪʘʣʴʥʳʭ ʬʦʨʤ ʚ ʧʨʠʨʦʜʝ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʠʨʦʜʥʳʝ ʬʨʘʢʪʘʣʳ. ɺʚʝʜʝʥʠʝ 
ʵʣʝʤʝʥʪʘ ʩʣʫʯʘʡʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʬʨʘʢʪʘʣʳ. ɸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʥʮʝʧʮʠʠ 
ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʨʫ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʬʨʘʢʪʘʣʳ. 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʚʳʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʬʨʘʢʪʘʣʴʥʦʡ ʤʝʨʳ. ɸ ʟʥʘʯʠʪ, ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ 
ʩʣʫʯʘʡʥʳʭ ʷʚʣʝʥʠʡ ʧʦʜʭʦʜʠʪ ʘʚʪʦʨʩʢʘʷ ʬʨʘʢʪʘʣʴʥʘʷ ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɺ ʥʝʡ ʨʝʯʴ ʫʞʝ ʠʜʝʪ ʦ 
ʜʨʦʙʥʦʡ ʨʝʘʣʴʥʦʩʪʠ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʙʳʪʠʡ ʢ ʪʦʯʢʘʤ ʠ ʠʭ ʦʪʥʦʰʝʥʠʷʤ ʚʦʟʥʠʢʘʝʪ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ 
ʜʨʦʙʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʠ ʩʣʫʯʘʡʥʳʝ ʧʨʦʮʝʩʩʳ, ʤʳ ʧʨʠʥʠʤʘʝʤ 
ʚʝʨʦʷʪʥʦʩʪʥʦʩʪʴ ʢʘʢ ʩʚʦʡʩʪʚʦ ʤʘʪʝʨʠʠ. ʄʘʪʝʨʠʷ ʩʚʷʟʘʥʘ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ-ʚʨʝʤʝʥʝʤ, ʥʘʭʦʜʷʩʴ ʚ ʥʝʤ. 
ʉʧʨʘʚʝʜʣʠʚʦ ʜʨʦʙʣʝʥʠʝ ʤʘʪʝʨʠʠ ʥʘ ʤʦʤʝʥʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʥʘ ʩʫʱʝʩʪʚʫʝʪ. ʕʪʦ ʜʦʢʘʟʳʚʘʶʪ ʧʦʭʦʞʠʝ 
ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʦʜʥʦʡ ʤʦʥʝʪʦʡ, ʥʦ ʚ ʨʘʟʥʦʝ ʚʨʝʤʷ, ʠ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʧʦʜʙʨʘʩʳʚʘʥʠʷ 
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ʤʥʦʞʝʩʪʚʘ ʤʦʥʝʪ. ʆʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʜʨʦʙʣʝʥʠʷ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʥʝ 
ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʠ ʢʘʢ ʪʘʢʦʚʦʡ, ʘ ʤʦʤʝʥʪʳ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʊʘʢʞʝ ʤʦʜʝʣʴ ʨʘʟʜʝʣʝʥʠʷ ʧʫʯʢʦʚ 
ʚʨʝʤʝʥ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʨʘʩʧʘʜ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɹʦʣʴʰʦʡ ɺʟʨʳʚ ʧʦʨʦʜʠʣ ʥʝ ʪʦʣʴʢʦ ʤʘʪʝʨʠʶ, ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ, ʥʦ ʠ 
ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʠʟʤʝʨʝʥʠʝ. ʉʘʤʠ ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʣʫʯʘʡʥʳʝ ʠ ʩʧʦʥʪʘʥʥʳʝ 
ʧʨʦʮʝʩʩʳ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʘʪʝʨʠʠ ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʨʦʙʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ 
ʩʠʥʛʫʣʷʨʥʦʩʪʠ. ɸʥʘʣʦʛʠʯʥʦ ʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʜʨʦʙʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʪʦʯʢʠ ʥʘ 
ʤʥʦʞʝʩʪʚʦ ʪʦʯʝʢ. ɸ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ ï ʧʝʨʚʠʯʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʤʥʦʞʝʩʪʚʦ ʤʦʤʝʥʪʦʚ. 
ʇʦʷʚʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʧʨʝʚʨʘʱʝʥʠʝ ʪʝʤʥʦʡ ʤʘʪʝʨʠʠ ʚ ʙʘʨʠʦʥʥʫʶ ʚ ʘʚʪʦʨʩʢʦʡ ʪʝʦʨʠʠ 
ʉʫʧʝʨʦʙʲʝʜʠʥʝʥʠʷ ʪʘʢʞʝ ʚʳʩʪʫʧʘʝʪ ʚ ʚʠʜʝ ʨʘʟʜʝʣʝʥʠʷ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʤʳ ʫʯʠʪʳʚʘʝʤ ʪʘʢʠʝ 
ʦʩʦʙʝʥʥʦʩʪʠ, ʢʘʢ ʚʠʨʪʫʘʣʴʥʦʩʪʴ, ʢʚʘʥʪ ʤʝʪʨʠʢʠ, ʤʘʩʰʪʘʙʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʇʫʯʦʢ, ʠʣʠ ʧʘʢʝʪ 
ʚʨʝʤʝʥ, ʤʳ ʤʦʞʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩ ʫʯʝʪʦʤ ʵʪʠʭ ʤʘʩʰʪʘʙʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʨʝʚʦʚʠʜʥʘʷ ʠ 
ʬʨʘʢʪʘʣʴʥʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʷʚʣʝʥʠʷ ʧʨʠʨʦʜʳ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʠʩʭʦʜʠʪ ʦʙʲʝʜʠʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʨʝʤʝʥʠ ʠ ʚʝʨʦʷʪʥʦʩʪʥʦʩʪʠ ʚ ʝʜʠʥʦʡ 
ʢʦʥʮʝʧʮʠʠ. ʄʳ ʥʘʙʣʶʜʘʝʤ ʵʪʦ ʚ ʘʚʪʦʨʩʢʦʡ ʤʥʦʛʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʠ ʚʩʝʛʦ. ʊʘʤ ʙʣʘʛʦʜʘʨʷ ʠʭ 
ʦʙʲʝʜʠʥʝʥʠʶ ʜʦʩʪʠʛʥʫʪʘ ʢʚʘʥʪʦʚʘʷ ʛʨʘʚʠʪʘʮʠʷ. ɸʚʪʦʨ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ-ʚʝʨʦʷʪʥʦʩʪʴ 
ʩ ʝʜʠʥʳʭ ʧʦʟʠʮʠʡ ʤʥʦʞʝʩʪʚʘ ʚʨʝʤʝʥ. ʊʘʢʞʝ ʦʥ ʠʩʧʦʣʴʟʫʝʪ ʥʝʯʝʪʢʠʝ ʤʥʦʞʝʩʪʚʘ ʚʨʝʤʝʥ [5]. ʀʩʩʣʝʜʫʝʪ 
ʚʝʨʦʷʪʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʷʚʣʝʥʠʷ ʞʠʟʥʠ ʠ ʵʚʦʣʶʮʠʦʥʥʳʝ 
ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʠʤʝʶʪ ʤʝʩʪʦ ʤʫʪʘʮʠʠ. ɺ ʪʦʤ ʯʠʩʣʝ ʧʦʷʚʣʝʥʠʝ ʜʝʨʝʚʴʝʚ ʠ ʠʭ ʛʝʦʤʝʪʨʠʠ, ʯʪʦ, ʚ 
ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʵʚʦʣʶʮʠʠ ʯʝʣʦʚʝʢʘ [6]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʚʪʦʨʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʝʘʣʴʥʦʩʪʠ ʠ ʬʨʘʢʪʘʣʴʥʦʡ ʪʝʦʨʠʠ 
ʚʝʨʦʷʪʥʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʝʣʝʡ ʜʨʦʙʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʚʨʝʤʝʥʠ ʠ ʤʘʪʝʨʠʠ 
ʦʙʲʷʩʥʠʪʴ ʤʥʦʞʝʩʪʚʦ ʷʚʣʝʥʠʡ. ɺ ʠʪʦʛʝ ʤʳ ʦʙʥʘʨʫʞʠʚʘʝʤ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʧʨʠʚʦʜʷʪ ʥʘʩ ʢ ʧʦʥʠʤʘʥʠʶ ʠʭ ʦʙʱʝʡ ʧʨʠʨʦʜʳ. 
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Ä¸·¸º¾-¼µÅ°½¸ÇµÁº¸µ Á²¾¹ÁÂ²° 
ÂµÀ¼¾º»µµ² ¸ ¿¾»¸ÃÀµÂ°½¾²¾³¾ º»µÏ 
PURMELT QR 3317, ¿À¸¼µ½Ïµ¼ËÅ ´»Ï 
º»µµ²¾³¾ ±µÁÈ²µ¹½¾³¾ ÁºÀµ¿»µ½¸Ï 

ʉʪʫʜʝʥʪʢʘ ɻɹʇʆʋ ʄʀʇʂ ʠʤ. ʀ.ʌʝʜʦʨʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʐʞʩʦʙʸ ʁʤʧʦʙ ɻʡʫʙʤʵʞʛʦʙ, 

ʢʘʥʜ. ʪʝʭ. ʥʘʫʢ, ʜʦʮʝʥʪ 
                                                                                         ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʢʘʬʝʜʨʳ 

                                          çʇʦʣʠʛʨʘʬʠʯʝʩʢʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦè ɻɹʇʆʋ    ʄʀʇʂ 
 

ɹʦʦʧʫʙʯʡʸ: ʮʝʣʴʶ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʢʩʧʝʨʝʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ  ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʷʜʘ ʪʝʨʤʦʢʣʝʝʚ ʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ ʢʣʝʝʚʦʛʦ ʙʝʩʰʚʝʡ-
ʥʦʛʦ ʩʢʨʝʧʣʝʥʠʷ. ɹʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʠʩʧʳʪʘʥʠʡ ʨʷʜʘ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʢʣʝ-
ʝʚ. ɼʘʥʘ ʧʦʜʨʦʙʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʞʜʦʛʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʣʝʷ ʠ ʩʦʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ 
ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʢʣʝʝʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦʣʠʛʨʘʬʠʯʝʩʢʦʡ ʧʨʦʜʫʢ-
ʮʠʠ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʥʘʣʠʟ, ʵʢʩʧʝʨʠʤʝʥʪ, ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʂɹʉ, ʧʦʣʠʛʨʘʬʠʷ, ʢʣʝʡ, ʪʝʨʤʦʢʣʝʡ 
 

PHYSICOMECHANICAL PROPERTIES OF PURMELT QR 3317 HOT-MELT ADHESIVES AND 
POLYURETHANE GLUE USED FOR GLUE BINDING 

 
Petrunina Natalia Yurevna 

 
Annotation: The purpose of this article is to identify the physical and mechanical properties of a number of 
hot-melt adhesives and polyurethane glue used for glue binding without binding. A comparative analysis of the 
tests of a number of thermoplastic hot-melt adhesives was carried out. A detailed description of each glue is 
given and recommendations are made for practical application of each of the adhesives in accordance with the 
requirements of printing products. 
Keywords: analysis, experiment, practical application, KBS, polygraphy, glue, hot melt adhesive 

 
ʂʣʝʝʚʦʡ ʙʝʩʰʚʝʡʥʳʡ ʩʧʦʩʦʙ ʩʢʨʝʧʣʝʥʠʷ ʢʥʠʞʥʦïʞʫʨʥʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ (ʂɹʉ) ʥʘʰʝʣ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʅʦ ʦʥ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ 
ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʘ ʠʤʝʥʥʦ: ʧʨʦʯʥʦʩʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʂɹʉ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ 
ʧʨʠʤʝʥʷʝʤʦʡ ʙʫʤʘʛʠ, ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʜʙʦʨʘ ʢʣʝʷ ʢ ʙʫʤʘʛʝ, ʦʪ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʠ 
ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʬʘʙʨʠʢʘʪʦʚ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʧʦʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʝʰʢʘ ʠ ʧʨʦʮʝʩʩʘ 
ʩʢʣʝʠʚʘʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʯʥʦʩʪʴ ʂɹʉ, ʷʚʣʷʶʪʩʷ ʩʚʦʡʩʪʚʘ ʧʣʝʥʦʢ 
ʪʝʨʤʦʢʣʝʷ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʢʦʨʝʰʢʝ ʢʥʠʞʥʦʛʦ ʙʣʦʢʘ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʭʦʨʦʰʫʶ ʨʘʩʢʨʳʚʘʝʤʦʩʪʴ 
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ʢʥʠʛʠ ʠ ʧʨʦʷʚʣʷʪʴ ʙʦʣʴʰʠʝ ʦʙʨʘʪʠʤʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʥʠʛʠ. 
ʇʦʵʪʦʤʫ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʜʦʣʞʥʳ ʫʤʝʪʴ ʩʜʝʣʘʪʴ ʦʙʦʩʥʦʚʘʥʥʳʡ 

ʚʳʙʦʨ ʢʣʝʷ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʢʥʠʛ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʛʠ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 
ʠʟʜʘʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʂɹʉ ʠʟʜʘʥʠʡ ʚ ʦʙʣʦʞʢʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʪʝʨʤʦ-
ʢʣʝʠ ʥʘ ʦʩʥʦʚʝ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʧʦʣʠʤʝʨʦʚ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʢʣʝʝʚ 
ʷʚʣʷʝʪʩʷ ʩʦʧʦʣʠʤʝʨ ʚʠʥʠʣʘʮʝʪʘʪʘ (30%) ʠ ʵʪʠʣʝʥʘ (70%) (ïʉʅ2ïʉʅ2ïʉʅ2ïʉʅʆʉʆʉʅ3ï)n. 

ʇʨʠ ʪʘʢʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʥʦʤʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʜʛʝʟʠʷ ʢʣʝʷ ʢ ʙʫʤʘʛʝ ʟʘ ʩʯʝʪ ʧʦʣʷʨʥʳʭ 
ʛʨʫʧʧ ʚʠʥʠʣʘʮʝʪʘʪʘ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ ʬʦʨʤʠʨʫʝʤʦʡ ʧʣʝʥʢʠ ʟʘ ʩʯʝʪ ʥʝʧʦʣʷʨʥʳʭ ʛʨʫʧʧ ʵʪʠʣʝʥʘ, ʪ.ʝ. ʦʩʫ-
ʱʝʩʪʚʣʷʝʪʩʷ ʚʥʫʪʨʝʥʥʷʷ ʧʣʘʩʪʠʬʠʢʘʮʠʷ ʩʦʧʦʣʠʤʝʨʘ. 

ɺ ʩʦʩʪʘʚʝ ʪʝʨʤʦʢʣʝʷ ʜʦʣʞʥʦ ʙʳʪʴ ʦʢʦʣʦ 50% ʩʦʧʦʣʠʤʝʨʘ. ɼʣʷ ʧʨʠʜʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʪʝʢʫʯʝʩʪʠ 
ʚ ʪʝʨʤʦʢʣʝʡ ʚʚʦʜʷʪ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʩʤʦʣʳ (ʚʦʩʢ ʠʣʠ ʧʘʨʘʬʠʥ ï 20%), ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʣʠʧʢʦʩʪʠ ʤʦ-
ʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʢʘʥʠʬʦʣʴ (30%). ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʜʝʩʪʨʫʢʮʠʠ ʜʦʙʘʚʣʷʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʚ ʢʦʣʠʯʝʩʪʚʝ 
0,2% [1]. 

ɺʝʩʪʝ ʩ ʪʝʤ, ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʪʝʨʤʦʢʣʝʝʚ ʩ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʯʘʩʪʦ ʥʘʨʫʰʘʝʪʩʷ 
ʠʟïʟʘ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʩʦʧʦʣʠʤʝʨʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʩʪʫʧʘʶʱʠʝ ʥʘ ʧʨʝʜʧʨʠʷʪʠʷ ʪʝʨʤʦʢʣʝʠ 
ʚʝʩʴʤʘ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʧʦʩʦʙʥʦʩʪʠ ʬʦʨʤʠʨʫʝʤʦʡ ʧʣʝʥʢʠ ʢ ʙʦʣʴʰʠʤ ʦʙʨʘʪʠʤʳʤ ʜʝʬʦʨʤʘʮʠ-
ʷʤ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʥʠʛʠ, ʧʦ ʦʙʝʩʧʝʯʝʥʠʶ ʜʦʩʪʘʪʦʯʥʦʡ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʠ, ʩʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʥʘʜʝʞʥʦʩʪʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟʜʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʦʩʪʘʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʵʬʬʝʢ-
ʪʠʚʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʪʝʨʤʦʢʣʝʠ ʩʧʦʩʦʙʥʳ ʢ ʩʪʘʨʝʥʠʶ ʟʘ ʩʯʝʪ ʜʝʩʪʨʫʢʮʠʠ ʩʦʧʦʣʠʤʝʨʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ 
ʧʣʦʭʦ ʩʦʚʤʝʩʪʠʤʳʭ ʤʦʥʦʤʝʨʦʚ ʚʠʥʠʣʘʮʝʪʘʪʘ ʠ ʵʪʠʣʝʥʘ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʮʝʣʳʡ ʨʷʜ ʪʝʨʤʦʢʣʝʝʚ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʷʚʣʷʝʪ ʚʳʩʦ-
ʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʧʣʝʥʢʠ ʠ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʆʜʥʘʢʦ ʦʥʠ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʨʦʯʥʦʩʪʴ ʠʟʜʝʣʠʡ 
ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ. ʅʝʜʦʩʪʘʪʢʦʤ ʙʦʣʴʰʠʥʩʪʚʘ ʪʝʨʤʦʢʣʝʝʚ ʷʚ-
ʣʷʝʪʩʷ ʪʘʢʞʝ ʧʣʦʭʘʷ ʨʘʩʢʨʳʚʘʝʤʦʩʪʴ ʢʥʠʛ ʧʨʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʂɹʉ ʠʟʜʘʥʠʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʦʙʣʦʞʢʝ ʧʦʣʫʯʠʣʠ ʧʨʠʤʝʥʝʥʠʝ ʧʦʣʠ-
ʫʨʝʪʘʥʦʚʳʝ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʝ ʪʝʨʤʦʢʣʝʠ (PUR). ʇʦʣʠʫʨʝʪʘʥ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʤ ʧʦʣʠʤʝʨʦʤ, ʩʦ-
ʜʝʨʞʘʱʠʤ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʫʨʝʪʘʥʦʚʳʝ ʛʨʫʧʧʳ ïNHïCOïOï. ʆʩʥʦʚʥʦʡ ʪʨʘʜʠʮʠʦʥʥʳʡ 
ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦʝʜʠʥʝ-
ʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʠʟʦʮʠʘʥʘʪʥʳʝ ʛʨʫʧʧʳ (ʬʦʨï ʠʣʠ ʧʨʝʜʧʦʣʠʤʝʨʦʚ ï ʦʣʠʛʦʤʝʨʦʚ ʠʣʠ ʧʦʣʠʤʝʨʦʚ ʩ ʤʘ-
ʣʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ, ʩʦʜʝʨʞʘʱʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʠ ʩʧʦʩʦʙʥʳʭ ʢ ʨʦʩʪʫ ʠʣʠ ʩʰʠʚʘʥʠʶ 
ʮʝʧʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ, ʣʠʥʝʡʥʳʭ ʠʣʠ ʩʝʪʯʘʪʳʭ ʧʦʣʠʤʝʨʦʚ), ʩ ʙʠ- ʠ ʧʦʣʠʬʫʥʢʮʠʦ-
ʥʘʣʴʥʳʤʠ ʛʠʜʨʦʢʩʠʣʩʦʜʝʨʞʘʱʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʇʦʣʠʤʝʨʠʟʘʮʠʷ ʢʣʝʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʛʣʦʱʝʥʠʠ 
ʢʣʝʝʤ ʚʣʘʛʠ ʠʟ ʚʦʟʜʫʭʘ ʠʣʠ ʩʢʣʝʠʚʘʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʂʦʥʮʝʚʳʝ ʠʟʦʮʠʘʥʘʪʥʳʝ ʛʨʫʧʧʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʣʘʛʦʡ ʚʦʟʜʫʭʘ ʦʙʨʘʟʫʶʪ ʢʘʨʙʦʤʠʥʦʚʫʶ 
ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʨʘʩʧʘʜʘʝʪʩʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʉʆ2 ʠ ʘʤʠʥʘ. ʇʦʩʣʝʜʥʠʡ ʨʝʘʛʠʨʫʝʪ ʩ ʠʟʦʮʠʘʥʘʪʦʤ, ʦʙʨʘ-
ʟʫʷ ʩʰʠʪʫʶ ʤʘʢʨʦʤʦʣʝʢʫʣʫ ʧʦʣʠʤʝʨʘ ʩ ʧʝʨʝʢʨʝʩʪʥʳʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʚʷʟʷʤʠ. ʉʭʝʤʘʪʠʯʥʦ ʨʝʘʢʮʠʷ 
ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʢʣʝʷ ʧʝʨʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʰʘʛʦʚʦ ʬʦʨʤʫʣʦʡ [2, 3]: 

RN=C=O   +   H2O   Ÿ RNCOOH  Ÿ    RNH2   +   CO2 

RȭN=C=O   +   RNH2     Ÿ RȭNHCONHR   
ʇʨʠʥʮʠʧʠʘʣʴʥʳʤ ʦʪʣʠʯʠʝʤ ʵʪʠʭ ʢʣʝʝʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʦʩʣʝ ʙʳʩʪʨʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪʚʝʨʞʜʝʥʠʷ 

ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʝʜʣʝʥʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʪʚʝʨʞʜʝʥʠʷ ʧʣʝʥʢʠ. ʇʨʠ 
ʵʪʦʤ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʝʪʢʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʵʣʘʩʪʠʯʥʦʩʪʴ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ 
ʧʨʦʯʥʦʩʪʴ ʢʣʝʝʚʦʡ ʧʣʝʥʢʠ. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʘʜʛʝʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʫʨʝʪʘʥʘ ʧʦʟʚʦʣʠʣʦ 
ʧʨʠʤʝʥʷʪʴ ʢʣʝʡ ʜʣʷ ʂɹʉ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʙʫʤʘʛʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʨʷʜʘ ʪʝʨʤʦʧʣʘʩʪʠʯʝʩʢʠʭ ʪʝʨʤʦʢʣʝ-
ʝʚ: ʊʝʭʥʦʤʝʣʴʪ Qï3218 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çʍʝʥʢʝʣʴè (ɻʝʨʤʘʥʠʷ), çʌʘʩʪʙʠʥʜè (ʌʨʘʥʮʠʷ), Fuller 
Lunatack B 340 (ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʨʧʦʨʘʮʠʝʡ) ʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ PURmelt QR 3317 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çʍʝʥʢʝʣʴè (ɻʝʨʤʘʥʠʷ).  
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ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦïʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʢʣʝʝʚ ʩ ʧʦʩʪʨʦʝ-
ʥʠʝʤ ʟʘʚʠʩʠʤʦʩʪʝʡ çʥʘʧʨʷʞʝʥʠʝ ï ʜʝʬʦʨʤʘʮʠʷè ʥʘ ʨʘʟʨʳʚʥʦʡ ʤʘʰʠʥʝ ʈʄï50, ʠʩʩʣʝʜʦʚʘʥʘ ʩʧʦʩʦʙ-
ʥʦʩʪʴ ʢ ʨʝʣʘʢʩʘʮʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʜʦ 100%, ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʪʝʨʤʦʢʣʝʝʚ ʤʝʪʦʜʦʤ 
ʨʘʩʩʣʘʠʚʘʥʠʷ ʠ ʧʨʦʯʥʦʩʪʴ ʂɹʉ ʪʠʨʘʞʥʳʭ ʠʟʜʘʥʠʡ ʥʘ ʪʝʩʪʝʨʝ ʈʊï1 ʬʠʨʤʳ çɿʠʛʣʦʭè.  

ʆʪʣʠʚʢʘ ʧʣʝʥʦʢ ʪʝʨʤʦʢʣʝʝʚ ʚʳʧʦʣʥʷʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʦʛʨʝʚʘʝʤʦʡ ʬʠʣʴʝʨʳ. ʆʪʣʠʚʢʘ 
ʩʚʦʙʦʜʥʳʭ ʧʣʝʥʦʢ PUR ï ʢʣʝʷ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ʚ ʩʚʷʟʠ ʩ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʩʧʣʘʚʠʪʴ 
ʢʣʝʡ ʚ ʪʝʨʤʦʩʪʘʪʝ, ʪ.ʝ. ʚ ʫʩʣʦʚʠʷʭ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ. ʆʪʣʠʚʢʘ ʚʳʧʦʣʥʷʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ 
ʨʘʙʦʪʳ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʬʣʦʥʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʦʪʣʠʪʦʡ ʧʣʝʥʢʠ. 

ʀʩʧʳʪʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦïʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʣʝʥʦʢ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ ʠ ʪʝʨʤʦʢʣʝʝʚ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ ʚʩʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʮʳ ʠʤʝʶʪ ʭʘʨʘʢʪʝʨ ʜʝʬʦʨʤʘʮʠʠ, ʩʚʦʡʩʪʚʝʥ-
ʥʦʡ ʘʤʦʨʬʥʳʤ ʩʪʝʢʣʦʦʙʨʘʟʥʳʤ ʧʦʣʠʤʝʨʘʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ.1, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʨʘʟʣʠʯʠʝ ʚ ʬʠʟʠʢʦï
ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʷʭ ʠʟʫʯʘʝʤʳʭ ʪʝʨʤʦʢʣʝʝʚ ʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ. ʅʘʠʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ ʧʨʝ-
ʜʝʣʘ ʚʳʥʫʞʜʝʥʥʦʡ ʵʣʘʩʪʠʯʥʦʩʪʠ (ʪ.ʝ. ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʯʠʥʘʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʚʳʥʫʞʜʝʥʥʘʷ 
ʵʣʘʩʪʠʯʥʦʩʪʴ), ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʫʩʠʣʠʝ ʜʣʷ ʨʘʩʢʨʳʚʘʥʠʷ ʢʥʠʛʠ, ʪ.ʝ. ʫʜʦʙʦʯʠʪʘʝʤʦʩʪʠ, ʧʦʢʘʟʘʣʠ ʢʣʝʠ 
Fuller Lunatack  ɺ 340 (1,4 ʄʇʘ) ʠ ʌʘʩʪʙʠʥʜ (2,1 ʄʇʘ). ʆʩʪʘʣʴʥʳʝ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʤʝʶʪ 
ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʢʘʟʘʪʝʣʷ: ʜʣʷ ʪʝʨʤʦʢʣʝʷ ʊʝʭʥʦʤʝʣʴʪ Q 3218 - 4ʄʇʘ ʠ ʜʣʷ PUmelt QR 3317 ï 
7 ʄʇʘ, ʪ.ʝ. ʢʥʠʛʠ ʠ ʞʫʨʥʘʣʳ, ʩʢʨʝʧʣʝʥʥʳʝ ʵʪʠʤʠ ʢʣʝʷʤʠ, ʙʫʜʫʪ ʠʤʝʪʴ ʭʫʜʰʫʶ ʫʜʦʙʦʯʠʪʘʝʤʦʩʪʴ, ʦʩʦ-
ʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʝʷ PURmelt QR 3317. 

ʋʙʚʤʡʯʙ 1 
ʍʡʠʡʣʧðʥʞʮʙʦʡʰʞʪʣʡʞ ʨʧʣʙʠʙʫʞʤʡ ʨʤʞʦʧʣ ʣʤʞʞʛ 

ʄʘʨʢʘ ʢʣʝʷ 
ʇʨʝʜʝʣ ʚʳʥʫʞʜʝʥʥʦʡ ʵʣʘ-

ʩʪʠʯʥʦʩʪʠ, ʄʇʘ 
ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝ-

ʥʠʝ, % 
ʅʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʟ-

ʨʳʚʝ 

ʌʘʩʪʙʠʥʜ 2,1 575 1,7 

ʊʝʭʥʦʤʝʣʴʪ Q 3218 4 385 3,3 

Fuller Lunatack ɺ 
340 

1,4 440 1,2 

PURmelt QR 3317 
7 

917 (ʦʙʨʘʟʝʮ ʥʝ ʜʦʩʪʠʛ 
ʨʘʟʨʳʚʘ) 

ï 

 
ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.1 ʜʘʥʥʳʭ ʠ ʫʯʠʪʳʚʘʷ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʣʝʝʚʳʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʦʙʝʩʧʝʯʠʚʘʶ-

ʱʠʤ ʩʦʭʨʘʥʥʦʩʪʴ ʠʟʜʘʥʠʷ ʧʨʠ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: ʠʟïʟʘ ʤʘʣʦʡ 
ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʜʝʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʧʣʝʥʢʠ ʪʝʨʤʦʢʣʝʷ ʊʝʭʥʦʤʝʣʴʪ Q 3218 ʨʝʢʦʤʝʥʜʫʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʠʟʜʘʥʠʡ, ʦʪʧʝʯʘʪʘʥʥʳʭ ʥʘ ʙʫʤʘʛʝ ʥʝʚʳʩʦʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʯʪʦʙʳ ʢʣʝʝʚʘʷ 
ʧʣʝʥʢʘ ʥʝ ʧʦʜʚʝʨʛʘʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ. ɼʣʷ ʩʢʨʝʧʣʝʥʠʷ ʠʟʜʘʥʠʡ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʪʨʝʙʦʚʘ-
ʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʢʣʝʝʚ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʢʣʝʠ Fuller Lunatack ɺ 340 ʠ 
ʌʘʩʪʙʠʥʜ. ʇʨʠ ʩʢʨʝʧʣʝʥʠʠ ʠʟʜʘʥʠʡ ʧʦʣʠʫʨʝʪʘʥʦʚʳʤ ʢʣʝʝʤ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʞʠʜʘʝ-
ʤʫʶ ʧʣʦʭʫʶ ʨʘʩʢʨʳʚʘʝʤʦʩʪʴ ʢʥʠʛʠ, ʦʥ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʢʥʠʛʠ ʜʘʞʝ ʚ ʫʩʣʦʚʠ-
ʷʭ ʙʦʣʴʰʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʧʣʝʥʢʫ ʢʣʝʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʥʠʛʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʧʣʝʥʦʢ ʢ ʨʝʣʘʢʩʘʮʠʠ ʧʦʩʣʝ ʨʘʩʪʷʞʝʥʠʷ ʥʘ 100% ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦ-
ʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʩʦʢʨʘʱʝʥʠʝ ʧʣʝʥʦʢ ʢʣʝʝʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʤʠʥʫʪʳ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ. 
ʇʣʝʥʢʠ ʢʣʝʷ ʊʝʭʥʦʤʝʣʴʪ Q 3218 ʟʘ ʧʝʨʚʫʶ ʤʠʥʫʪʫ ʫʤʝʥʴʰʠʣʠ ʥʘʯʘʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʘ 74,5 %, ʧʣʝʥʢʠ 
ʢʣʝʷ ʌʘʩʪʙʠʥʜ ʥʘ 75%, ʢʣʝʷ Fuller Lunatack ɺ 340 ï ʥʘ 80%; ʚʤʝʩʪʝ ʩ ʪʝʤ ʧʣʝʥʢʘ PURmelt QR 3317 ʩʦ-
ʢʨʘʪʠʣʘʩʴ ʥʘ 98%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʝʥʢʠ PURmelt ʢʣʝʷ ʟʘ 1 ʤʠʥ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʚʝʨʰʠʣʠ ʧʨʦʮʝʩʩ ʨʝ-
ʣʘʢʩʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʷʚʣʝʥʠʠ ʚʳʩʦʢʦʡ ʵʣʘʩʪʠʯʥʦʩʪʠ ʧʣʝʥʢʠ. 

ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ ʧʣʝʥʦʢ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ 
ʩʦʩʪʦʷʥʠʷ (ʚ ʪʝʯʝʥʠʝ 5 ʩʫʪʦʢ) ʧʦʢʘʟʘʣʦ ʥʘʣʠʯʠʝ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 
ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʫ ʧʣʝʥʦʢ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ PURmelt QR 3317 ʠ ʩʦʩʪʘʚʠʣʘ 
1,2%; ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʦʩʪʘʪʦʯʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʦʢʘʟʘʣʠ ʧʣʝʥʢʠ ʢʣʝʷ ʊʝʭʥʦʤʝʣʴʪ ï 18,60%. 

 ʇʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʣʝʥʢʠ ʪʝʨʤʦʢʣʝʝʚ 
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ʧʦʜʚʝʨʛʘʣʠ ʧʨʦʛʨʝʚʫ ʧʨʠ ʊ=55ęʉ ʜʣʷ ʩʥʷʪʠʷ ʚʳʥʫʞʜʝʥʥʦʡ ʵʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ. ɼʣʷ 
ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ ʧʨʦʛʨʝʚ ʥʝ ʧʨʦʚʦʜʠʣʠ, ʪʘʢ ʢʘʢ ʦʥ ʧʦʢʘʟʘʣ ʤʠʥʠʤʘʣʴʥʫʶ ʦʩʪʘʪʦʯʥʫʶ 
ʜʝʬʦʨʤʘʮʠʶ. ʉʦʢʨʘʱʝʥʠʝ ʜʣʠʥʳ ʦʙʨʘʟʮʦʚ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʠ ʥʘʛʨʝʚʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣ. 2.      

 ʉʦʢʨʘʱʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʨʝʚʘ ʨʘʚʥʦ ʚʝʣʠʯʠʥʝ ʚʳʥʫʞʜʝʥʥʦʡ ʵʣʘʩʪʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʥʝʦʙʨʘʪʠʤʦʡ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʟ-ʟʘ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʠʤʝʨʘ ʚ 
ʩʪʝʢʣʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʥʷʪʴ ʩʚʦʡʩʪʚʝʥʥʫʶ ʝʤʫ ʢʦʥʬʦʨʤʘʮʠʶ. ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ, ʩʚʦʡʩʪʚʝʥʥʦʝ ʜʣʷ ʪʝʨʤʦʢʣʝʝʚ ʤʦʞʝʪ ʷʚʠʪʴʩʷ ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʧʨʦʩʚʝʪʦʚ ʤʝʞʜʫ 
ʣʠʩʪʘʤʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʟʜʘʥʠʷ. 

ɺʝʣʠʯʠʥʳ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʧʣʝʥʦʢ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ.3. 
 

ʋʙʚʤʡʯʙ 2 
ʉʞʤʙʣʪʙʯʡʸ ʝʞʭʧʩʥʙʯʡʡ ʨʤʞʦʧʣ ʣʤʞʞʛ ʨʧʪʤʞ ʩʙʪʫʸʟʞʦʡʸ ʦʙ 100%  (ʡʪʮʧʝʦʙʸ ʝʤʡʦʙ 5 ʪʥ), ʪʥ 

 
 

ʄʘʨʢʘ ʢʣʝʷ 

 
ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ 

1 
ʤʠʥ 

2ʤʠ
ʥ 

5ʤʠ
ʥ 

10ʤʠ
ʥ 

30ʤʠ
ʥ 

60ʤʠ
ʥ 

120ʤʠ
ʥ 

1ʩʫʪʢ
ʠ 

2ʩʫʪʢ
ʠ 

5ʩʫʪʦ
ʢ 

ʇʦʩʣʝ 
ʧʨʦʛʨʝ-
ʚʘ 

ʌʘʩʪʙʠʥʜ 5,8
0 

5,66 5,57 5,56 5,50 5,49 5,48 5,46 5,43 5,42 5,28 

Teʭʥʦ-
ʤʝʣʴʪ 
Q3218 

6,2
8 

6,19 6,12 6,08 6,06 6,02 ɪ5,98 5,95 5,94 5,93 5,63 

Fuller Luna-
tack B340 

6 5,30 5,22 5,21 5,20 5,18 5,18 5,18 5,17 5,17 5,05 

PURmelt 
QR 3317 

5,0
9 

5,08 5,08 5,07 5,07 5,07 5,07 5,06 5,06 5,06 - 

 
                                                                                                     ʋʙʚʤʡʯʙ 3 

ʊʧʪʫʙʛʤʸʷʲʡʞ ʝʞʭʧʩʥʙʯʡʡ ʬʝʤʡʦʞʦʡʸ ʨʤʞʦʧʣ ʣʤʞʞʛ   ʨʩʡ 100%ʩʙʪʫʸʟʞʦʡʡ 

ʄʘʨʢʘ ʢʣʝʷ 
ʆʩʪʘʪʦʯʥʘʷ 
ʜʝʬʦʨʤʘʮʠʷ ʜʦ 
ʧʨʦʛʨʝʚʘ, % 

ʆʩʪʘʪʦʯʥʘʷ ʜʝʬʦʨʤʘʮʠʷ 
ʧʦʩʣʝ ʧʨʦʛʨʝʚʘ % 

ɺʳʥʫʞʜʝʥʥʦ-
ʣɻʘʩʪʠʯʝʩʢʘʷ 
ʜʝʬʦʨʤʘʮʠʷ, % 

ʌʘʩʪʙʠʥʜ          8,40              2,80         5,60 

Tʝʭʥʦʤʝʣʴʪ         18,60               6,00        12,60 

Fuller Lunatack           14                 2          12 

PURmelt QR 3317 1,2 - - 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʛʨʝʚʘ  ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʦʠʟʦʰʣʦ ʩʦʢʨʘʱʝʥʠʝ ʧʣʝʥʦʢ ʪʝʨʤʦʢʣʝʝʚ, ʦʩʦʙʝʥʥʦ 

ʪʝʨʤʦʢʣʝʷ ʊʝʭʥʦʤʝʣʴʪ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʠʰʴ ʧʨʠʨʦʜʫ ʦʩʪʘʪʦʯʥʦʡ 
ʜʝʬʦʨʤʘʮʠʠ, ʪ.ʢ. ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʥʠʛʠ ʤʘʣʦʚʝʨʦʷʪʥʦ ʜʦʩʪʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʠ ʢʦʪʦʨʦʡ 
ʫʩʪʨʘʥʷʝʪʩʷ ʚʳʥʫʞʜʝʥʥʘʷ ʵʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʪʦʣʴʢʦ ʜʣʷ ʪʝʨʤʦʢʣʝʝʚ, ʪʘʢ ʢʘʢ ʫ PUR ï ʢʣʝʷ 
ʧʦʣʫʯʝʥʥʘʷ ʨʘʥʝʝ ʧʣʝʥʢʘ ʧʣʘʚʣʝʥʠʶ ʥʝ ʧʦʜʣʝʞʘʣʘ ʠʟ-ʟʘ ʝʛʦ ʪʝʨʤʦʨʝʘʢʪʠʚʥʳʭ ʩʚʦʡʩʪʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʤʝʪʦʜʦʤ ʨʘʩʩʣʘʠʚʘʥʠʷ ʧʦʣʦʩʦʢ ʣʘʜʝʨʠʥʘ. ʅʘ ʢʨʠʚʦʡ ʨʘʩʩʣʘʠʚʘʥʠʷ 
ʚʳʙʠʨʘʣʩʷ ʫʯʘʩʪʦʢ, ʛʜʝ ʠʤʝʣ ʤʝʩʪʦ ʘʜʛʝʟʠʦʥʥʳʡ ʨʘʟʨʳʚ, ʠ ʧʨʦʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʫʩʠʣʠʷ ʨʘʩʩʣʘʠʚʘʥʠʷ. 
ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʜʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʪʝʨʤʦʢʣʝʝʚ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʪʘʙʣ. 4.  

ʅʘʠʙʦʣʴʰʫʶ ʘʜʛʝʟʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʶʪ ʢʣʝʠ Fuller Lunatack (1050 ʅ/ʩʤ) ʠ ʌʘʩʪʙʠʥʜ 
(993 ʅ/ʩʤ), ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʠʟʜʘʥʠʡ, ʪʨʝʙʫʶʱʠʭ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʘ ʢʣʝʡ 
ʊʝʭʥʦʤʝʣʴʪ Q 3217 ï ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ, ʦʪʧʝʯʘʪʘʥʥʦʡ ʥʘ ʙʫʤʘʛʝ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 
ʥʘʧʦʣʥʠʪʝʣʝʡ, ʩʥʠʞʘʶʱʠʭ ʘʜʛʝʟʠʶ. 
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ʋʙʚʤʡʯʙ 4 
ʊʩʞʝʦʡʞ ʠʦʙʰʞʦʡʸ ʙʝʜʞʠʡʧʦʦʧʢ ʨʩʧʰʦʧʪʫʡ ʫʞʩʥʧʣʤʞʞʛ 

ʄʘʨʢʘ ʢʣʝʷ ʋʩʠʣʠʝ ʨʘʩʩʣʘʠʚʘʥʠʷ, ʅ ɸʜʛʝʟʠʦʥʥʘʷ ʧʨʦʯʥʦʩʪʴ,  ʅ/ʤ 

ʌʘʩʪʙʠʥʜ                  14,9                993 

ʊʝʭʥʦʤʝʣʴʪ Q 3218                   8,6                573 

Fuller Lunatack B340                   10,5                1050 

 
ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ ʧʨʦʯʥʦʩʪʠ ʂɹʉ ʠʟʜʘʥʠʡ, ʦʪʧʝʯʘʪʘʥʥʳʭ ʥʘ ʤʝʣʦʚʘʥʥʦʡ 

ʙʫʤʘʛʝ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ ʥʘ ʧʦʣʠʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʆɸʆ çʇʫʰʢʠʥʩʢʘʷ ʧʣʦʱʘʜʴè ʠ ʆʆʆ 
çʅʝʤʝʮʢʘʷ ʬʘʙʨʠʢʘ ʧʝʯʘʪʠè.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʙʣʦʢʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5. 
ʋʙʚʤʡʯʙ 5 

ʈʩʧʰʦʧʪʫʵ ʣʤʞʞʛʧʜʧ ʚʞʪʱʛʞʢʦʧʜʧ ʪʣʩʞʨʤʞʦʡʸ 

ʄʘʨʢʘ ʢʣʝʷ 
ʉʪʝʧʝʥʴ ʤʝʣʦʚʘʥʠʷ 

ʙʫʤʘʛʠ 

ʊʦʣʱʠʥʘ 
ʟʘʧʝʯʘʪʘʥʥʦʡ 
ʙʫʤʘʛʠ, ʤʢʤ 

ʋʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 
ʫʩʠʣʠʷ ʚʳʨʳʚʘ, ʅ/ʩʤ 

PURmelt QR 3317 

ʤʝʣʦʚʘʥʥʘʷ 115 23,6 

ʤʝʣʦʚʘʥʥʘʷ 130 16,9 

ʤʝʣʦʚʘʥʥʘʷ 150 15,6 

ʤʝʣʦʚʘʥʥʘʷ 170 15,0 

Fuller Lunatack B340 
ʤʝʣʦʚʘʥʥʘʷ 90 9,5 

ʤʝʣʦʚʘʥʥʘʷ 115 6,7 

ʌʘʩʪʙʠʥʜ ʤʝʣʦʚʘʥʥʘʷ 90 7,64 

Teʭʥʦʤʝʣʴʪ Q3218 

ʤʝʣʦʚʘʥʥʘʷ 90 7,0 

ʤʝʣʦʚʘʥʥʘʷ 120 4,5 

ʦʬʩʝʪʥʘʷ 80 7,9 

 
ʇʨʠʚʝʜʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠʟʜʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʢʣʝʝʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ  

ʪʦʣʱʠʥʝ ʩʣʘʙʦʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ 90 ʤʢʤ ʥʘʠʙʦʣʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʂɹʉ ʠʤʝʶʪ ʠʟʜʝʣʠʷ, ʩʢʨʝʧʣʝʥʥʳʝ 
ʪʝʨʤʦʢʣʝʝʤ Fuller Lunatack B340 (9,5 ʅ/ʩʤ). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʢʣʝʝʚ ʌʘʩʪʙʠʥʜ ʠ Teʭʥʦʤʝʣʴʪ 
Q3218 ʧʨʦʯʥʦʩʪʴ ʂɹʉ ʧʨʝʜʩʪʘʚʣʷʝʪ 7,64 ʅ/ʩʤ ʠ 7,0 ʅ/ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʣʫʯʰʠʡ 
ʢʦʤʧʦʟʠʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʪʝʨʤʦʢʣʝʷ  Fuller Lunatack B340 (ʙʦʣʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʧʦʣʠʤʝʨʘ ʩ ʤʝʥʴʰʝʡ 
ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ).  

ɺ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ʙʦʣʴʰʝʡ ʪʦʣʱʠʥʳ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 
ʤʝʥʴʰʫʶ ʧʨʦʯʥʦʩʪʴ ʂɹʉ ʢʥʠʛʠ. ʇʨʠ ʵʪʦʤ ʧʨʦʯʥʦʩʪʴ ʂɹʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʨʤʦʢʣʝʷ Teʭʥʦʤʝʣʴʪ 
Q3218 ʧʨʠ ʪʦʣʱʠʥʝ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ 120 ʤʢʤ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʝʣʴʥʦ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ï 4,5 ʅ/ʩʤ  ʧʨʠ 
ʤʠʥʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤ ʟʥʘʯʝʥʠʠ 5,0 ʅ/ʩʤ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ (ʦʬʩʝʪʥʦʡ) 
ʪʦʣʱʠʥʦʡ 80 ʤʢʤ ʧʨʦʯʥʦʩʪʴ ʂɹʉ - 7,9 ʅ/ʩʤ. 

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ PURmelt QR 3317 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 
ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ ʣʶʙʦʡ ʪʦʣʱʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʵʪʦʪ ʢʣʝʡ ʧʦʢʘʟʘʣ ʩʘʤʳʡ ʚʳʩʦʢʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦ 
ʧʨʦʯʥʦʩʪʠ ʢʣʝʝʚʦʛʦ ʙʝʩʰʚʝʡʥʦʛʦ ʩʢʨʝʧʣʝʥʠʷ.  

ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  
ʀʟʫʯʝʥʠʝ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ ʪʝʨʤʦʢʣʝʷ ʊʝʭʥʦʤʝʣʴʪ Q 3218 ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʝʛʦ ʜʣʷ 

ʩʢʨʝʧʣʝʥʠʷ ʠʟʜʘʥʠʡ ʥʝʜʣʠʪʝʣʴʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʠʟ ʤʷʛʢʠʭ ʩʦʨʪʦʚ ʙʫʤʘʛʠ, ʙʦʣʴʰʦʛʦ ʬʦʨʤʘʪʘ, 
ʙʫʤʘʛʠ ʩ ʜʦʣʝʚʳʤ ʨʘʩʢʨʦʝʤ ʚʜʦʣʴ ʢʦʨʝʰʢʘ ʙʣʦʢʘ, ʩ ʜʦʩʪʘʪʦʯʥʳʤ ʢʦʨʝʰʢʦʚʳʤ ʧʦʣʝʤ, ʧʨʠ ʢʦʪʦʨʳʭ 
ʢʣʝʝʚʘʷ ʧʣʝʥʢʘ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʥʠʛʠ. 

ʊʝʨʤʦʢʣʝʠ ʌʘʩʪʙʠʥʜ ʠ Fuller B340 ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʢʨʝʧʣʝʥʠʷ ʠʟʜʘʥʠʡ  ʩ ʧʦʚʳʰʝʥʥʳʤʠ 
ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʢʘʯʝʩʪʚʫ, ʠʤʠ ʤʦʞʥʦ ʩʢʨʝʧʣʷʪʴ ʤʝʣʦʚʘʥʥʳʝ ʙʫʤʘʛʠ ʪʦʣʱʠʥʦʡ ʜʦ 115 ʤʢʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʣʠʫʨʝʪʘʥʦʚʦʛʦ ʢʣʝʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ 
ʩʢʨʝʧʣʝʥʥʳʝ ʵʪʠʤ ʢʣʝʝʤ ʠʟʜʘʥʠʷ ʠʤʝʶʪ ʭʫʜʰʫʶ ʫʜʦʙʦʯʠʪʘʝʤʦʩʪʴ ʢʥʠʛ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
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ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʢʨʦʷ, ʦʜʥʘʢʦ ʝʛʦ ʧʣʝʥʢʠ ʧʨʦʷʚʣʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʙʦʣʴʰʠʤ ʦʙʨʘʪʠʤʳʤ ʜʝʬʦʨʤʘʮʠʷʤ 
ʧʦʜ ʥʘʛʨʫʟʢʦʡ, ʠ ʢʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʂɹʉ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʝʣʦʚʘʥʥʦʡ ʙʫʤʘʛʠ 
ʙʦʣʴʰʦʡ ʪʦʣʱʠʥʳ.  

ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʩʪʦʠʤʦʩʪʴ  ʢʣʝʷ PURmelt QR 3317 ʠ ʦʩʦʙʳʤ ʫʩʣʦʚʠʷʤ 
ʧʨʦʠʟʚʦʜʩʪʚʘ, ʫʧʘʢʦʚʢʠ, ʭʨʘʥʝʥʠʷ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʟʘ ʩʯʝʪ ʚʳʧʫʩʢʘ 
ʙʦʣʝʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 
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Cʪʫʜʝʥʪ 
çCollege of Marinè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʑʙʚʙʦʧʛ ɼʞʦʦʙʝʡʢ ɹʦʙʫʧʤʵʞʛʡʰ 
ʢ.ʙ.ʥ., ʜʦʮʝʥʪ 

 

ɹʦʦʧʫʙʯʡʸ: ʆʜʥʦʡ ʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʬʫʥʢʮʠʷ, ʚʩʝʛʜʘ ʘʩʩʦʮʠʠʨʫʝʤʘʷ ʩʦ 
ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʰʫʤʘ. ʐʫʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ, ʦʪ ʩʪʨʦʙʠʨʦʚʘʥʠʷ ʦʜʠʥʦʯʥʳʭ 
ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʜʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʦʟʛʘ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʢʨʳʚʘʝʪʩʷ ʷʚʣʝʥʠʝ ʘʢʫ-
ʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʟʛʘ, ʧʨʦʮʝʩʩ ʰʫʤʦʚʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʝʡʨʦʥʦʚ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʠ ʚʣʠʷʥʠʝ ʟʚʫʢʦʚʳʭ 
ʚʦʣʥ ʠʟʚʥʝ, ʘ ʪʘʢʞʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʧʦʥʷʪʠʡ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʟʛʘ, ʥʝʡʨʦʥʥʳʡ ʰʫʤ, ʢʘʥʘʣʴʥʳʡ ʰʫʤ, ʚʥʝʰʥʠʝ ʟʚʫʢʦʚʳʝ ʚʦʣ-
ʥʳ, ʤʦʟʛʦʚʳʝ ʚʦʣʥʳ, ʥʝʡʨʦʥʳ, ʤʦʟʛʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ. 
 

ACOUSTIC BRAIN FIELD 
 

Pomogov Yan Olegovich 
 
Abstract: One of the characteristics of brain activity is its function, always associated with a significant amount 
of noise. Noise is present at all levels, from gating single ion channels to large-scale brain activity. In this arti-
cle, the phenomenon of the acoustic field of the brain, the process of noise activity of neurons of the brain and 
the influence of sound waves from the outside, and also the methods for studying the above concepts are ana-
lyzed. 
Key words: acoustic brain field, neuronal noize,channel noize, inner sound waves, brainwaves, neurons, 
brain activity, central nervous system. 

 
 ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʚ ʩʬʝʨʝ ʥʝʡʨʦʙʠʦʣʦʛʠʠ 

ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ. ɸʢʫ-
ʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʟʛʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ñʰʫʤʦʚò, ʚʢʣʶʯʘʷ ʰʫʤʳ 
ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, ʢʘʥʘʣʴʥʳʝ ʠ ʥʝʡʨʦʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʩʭʦʜʷʪ ʠʟ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʉʦʩʪʘʚʣʷʶʱʝʡ ʯʘʩʪʴʶ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʷʚʣʷʝʪʩʷ ʢʘʥʘʣʴʥʳʡ ʰʫʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʛʨʘʥʠʯʝ-
ʥʠʝʤ ʨʝʘʢʮʠʡ ʥʝʡʨʦʥʦʚ ʥʘ ʧʦʚʪʦʨʥʳʝ ʠʜʝʥʪʠʯʥʳʝ ʨʘʟʜʨʘʞʠʪʝʣʠ. ʀʜʝʷ ʵʪʦʛʦ ʷʚʣʝʥʠʷ  ʚʦʟʥʠʢʣʘ ʚ 20-ʭ 
ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʦʪʢʨʳʪʠʝ ɼʞʦʥʘ ɹ. ɼʞʦʥʩʦʥʘ, ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥ-
ʪʘʣʴʥʦʤ ʫʨʦʚʥʝ ʫʩʪʘʥʦʚʠʣ ʬʠʟʠʯʝʩʢʦʝ ʧʦʥʷʪʠʝ ʪʝʧʣʦʚʦʛʦ ʰʫʤʘ ʠ ʝʛʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ʅʘ ʦʩʥʦʚʝ ʜʘʥ-
ʥʦʛʦ ʥʘʫʯʥʦʛʦ ʦʪʢʨʳʪʠʷ, ʥʦʩʠʪʝʣʠ ʟʘʨʷʜʘ ʚ ʧʨʦʚʦʜʥʠʢʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʚʳʭ ʜʚʠʞʝʥʠʡ ʢʦʪʦʨʳʭ, ʥʘ 
ʢʦʥʮʘʭ ʧʨʦʚʦʜʥʠʢʘ ʚʦʟʥʠʢʘʝʪ ʬʣʫʢʪʫʠʨʫʶʱʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ, ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʥʝʡʨʦʥʥʳ-
ʤʠ ʠʦʥʠʯʝʩʢʠʤʠ ʢʘʥʘʣʘʤʠ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʯʝʣʦʚʝʢʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʘʤʠ 
ʢʘʥʘʣʴʥʳʭ ʰʫʤʦʚ.[9] [2]  ɼʘʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʚʥʝʩʣʦ ʙʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʦʥʷʪʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 
ʧʦʣʷ. 

ɼʣʷ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʦʩʥʦʚʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʚ ʧʦʥʷʪʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʟʛʘ ʷʚʣʷʝʪʩʷ 
ʥʝʡʨʦʥʥʳʡ ʰʫʤ. ɼʘʥʥʳʡ ʪʝʨʤʠʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʣʫʯʘʡʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʦʣʝʙʘʥʠʷʤ ʥʘ ʪʨʘʥʩʤʝʤʙʨʘʥ-
ʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʜʠʥʦʯʥʳʭ ʥʝʡʨʦʥʦʚ ʚ ʧʨʝʜʝʣʘʭ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ. 

ʕʪʦʪ ʰʫʤ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ ʧʝʨʝʜʘʯʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʩʠʛʥʘʣʦʚ ʦʪ ʜʨʫʛʠʭ ʥʝʡʨʦʥʦʚ, ʥʘʨʷʜʫ ʩ 
ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝʡʨʦʥʦʚ. ʆʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, 
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ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ, ʥʝʡʨʦʥʥʦʛʦ ʰʫʤʘ ʷʚʣʷʝʪʩʷ ʩʠʥʘʧʪʠʯʝʩʢʘʷ ʧʝʨʝʜʘʯʘ. ɺʦ ʚʨʝʤʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʧʦʢʦʷ 
ʧʨʦʪʦʧʣʘʟʤʘ (ʚʥʫʪʨʝʥʥʷʷ ʯʘʩʪʴ ʥʝʡʨʦʥʘ) ʠʤʝʝʪ ʥʝʛʘʪʠʚʥʳʡ ʟʥʘʢ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʝʤʫ ʧʨʦʩʪʨʘʥ-
ʩʪʚʫ ʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 70 ʤɺ. ʇʦʪʝʥʮʠʘʣʦʤ ʜʝʡʩʪʚʠʷ ʥʘʟʳʚʘʶʪ ʦʪʚʝʪ ʥʝʡʨʦʥʘ ʥʘ ʜʝʧʦʣʷ-
ʨʠʟʘʮʠʶ  ʤʝʤʙʨʘʥʳ ʥʝʡʨʦʥʘ ʦʪ -70ʤɺ ʜʦ -40 ʤɺ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘ-
ʮʠʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʘʢʩʦʥʘʤʠ ʥʝʡʨʦʥʦʚ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ. ɺʦ ʚʨʝʤʷ ʩʠ-
ʥʘʧʪʠʯʝʩʢʦʡ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʝʣʘ ʥʝʡʨʦʥʦʚ, ʪʝʤ ʩʘʤʳʤ ʩʦʟʜʘʚʘʷ ʥʝ 
ʪʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ, ʥʦ ʠ ʤʘʣʦʯʘʩʪʦʪʥʳʝ ʚʠʙʨʦʢʦʣʝʙʘʥʠʷ.[13] [4, ʩ. 11] [12, ʩ. 14] ʕʣʝʢʪʨʦ ʠ ʚʠʙʨʦʢʦ-
ʣʝʙʘʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ  ʬʦʥʦʚʦʡ ʠʣʠ ʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʚʪʦʥʦʤʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʛʜʝ ʧʨʠʩʫʪ-
ʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ ʨʘʟʨʷʜʦʚ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʧʝʨʝʬʠʨʝʯʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢ ʵʬʬʝʢʪʦʨʥʳʤ 
ʚʠʩʮʝʨʘʣʴʥʳʤ ʦʨʛʘʥʘʤ.  ʊʠʧʠʯʥʳʡ ʪʦʥʠʯʝʩʢʠʡ ʧʘʪʪʝʨʥ ʟʘʨʷʜʦʚ ʥʝʡʨʦʥʦʚ ʥʝʨʝʛʫʣʷʨʝʥ, ʦʜʥʘʢʦ ʧʨʠʩʫʪ-
ʩʪʚʫʝʪ ʙʘʟʦʚʳʡ ʚʠʜ ʘʢʪʠʚʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʤʧʘʪʠʯʝʩʢʠʤ ʥʝʡʨʦʥʘʤ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦ-
ʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʧʝʨʚʳʡ- ʢʘʨʜʠʘʣʴʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʚʪʦʨʦʡ- ʨʝʩʧʠʨʘʪʦʨʥʘʷ ʤʦʜʫʣʷʮʠʷ, 
ʪʨʝʪʠʡ- ʤʝʜʣʝʥʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʚʦʟʥʠʢʘʶʱʘʷ ʯʝʨʝʟ ʢʘʞʜʳʝ 3-4 ʤʠʥʫʪʳ. ʊʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʘʨʘ-
ʩʠʤʧʘʪʠʯʝʩʢʠʭ ʥʝʡʨʦʥʦʚ, ʩʥʘʙʞʘʶʱʠʭ ʩʝʨʜʮʝ, ʧʨʦʚʦʜʠʪ ʧʦʪʦʢ ʪʦʥʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ, ʩʦʧʨʦʚʦʞʜʘʶ-
ʱʠʡʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʦʩʚʦʙʦʞʜʝʥʠʝʤ ʤʝʜʠʘʪʦʨʘ ʚ ʪʝʨʤʠʥʘʣʷʭ ʢʘʨʜʠʘʣʴʥʳʭ ʢʣʝʪʦʢ. ʄʝʪʘʩʠʤʧʘʪʠʯʝ-
ʩʢʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʥʝʟʘʚʠʩʠʤʦʡ ʨʝʬʣʝʢʪʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦ-
ʩʪʠ.[1] ʊʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳʤ ʧʨʦʮʝʩʩʦʤ. ɺʩʝ ʪʨʠ ʯʘʩʪʠ ʘʚʪʦʥʦʤʥʦʡ 
ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚ ʮʝʣʦʤ, ʠʤʝʷ ʨʘʟʥʳʝ ʩʪʝʧʝʥʠ 
ʘʢʪʠʚʥʦʩʪʠ ʢʘʞʜʦʡ ʯʘʩʪʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ.[12, ʩ. 16] 

ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʎʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ 
ʠʟ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʚʝʩʴʤʘ ʣʦʢʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʤʘʣʝʡʰʠʝ ʚʠʙʨʦ-
ʢʦʣʝʙʘʥʠʷ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʢʨʦʚʦʦʙʨʘʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʟʥʘʯʠʤʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 
ʧʦʣʷ ʤʦʟʛʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʢʘ ʟʥʘʥʠʡ ʧʦ ʵʪʦʡ ʪʝʤʝ. ʅʝʜʘʚʥʦ ʫʯʝʥʳʤʠ ʙʳʣʦ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʚʳʰʝʧʝʨʝ-
ʯʠʩʣʝʥʥʳʝ ʩʚʦʙʦʜʥʳʝ ʰʫʤʳ/ʢʦʣʝʙʘʥʠʷ ʩʦʩʪʘʚʣʷʶʪ ʧʦʥʷʪʠʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʟʜʘʚʘʷ ʚʠʙʨʘʮʠʦʥ-
ʥʳʡ ʧʦʪʦʢ ʚʦʣʥ. ʄʦʟʛʦʚʳʝ ʚʦʣʥʳ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʠʟ 
ʤʘʩʩ ʥʝʡʨʦʥʦʚ, ʩʦʦʙʱʘʶʱʠʭʩʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʂʦʛʜʘ ʜʦʤʠʥʠʨʫʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʦʟʛʦʚʳʝ ʚʦʣʥʳ, ʯʝ-
ʣʦʚʝʢ ʯʫʚʩʪʚʫʝʪ ʫʩʪʘʣʦʩʪʴ, ʚʷʣʦʩʪʴ, ʤʝʯʪʘʪʝʣʴʥʦʩʪʴ.[6, ʩ. 17] ʇʨʝʦʙʣʘʜʘʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʤʦʟʛʦ-
ʚʳʭ ʚʦʣʥ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʯʫʚʩʪʚʦ ʩʪʨʘʥʥʦʩʪʠ ʠ ʚʟʚʦʣʥʦʚʘʥʥʦʩʪʠ. ʄʦʟʛʦʚʳʝ ʚʦʣʥʳ ʠʟʤʝʨʷʶʪʩʷ ʚ ɻʝʨ-
ʮʘʭ ʠ ʠʤʝʶʪ ʰʝʩʪʴ ʛʨʫʧʧ. ʀʂ-ʥʠʟʢʠʝ ʚʦʣʥʳ ( ʤʝʥʴʰʝ 0,5 ɻʎ), ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʨʠʪʤʘʭ ʢʦʨʳ ʛʦ-
ʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʧʨʠʥʠʤʘʶʪ ʦʩʥʦʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʤʦʟʛʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʠ ʩʝʪʝʚʳʭ ʬʫʥʢʮʠʷʭ. ɼʝʣʴʪʘ 
ʚʦʣʥʳ ( ʦʪ 0.5 ʜʦ 3 ɻʎ), ʛʝʥʝʨʠʨʫʝʤʳʝ ʚ ʛʣʫʙʦʢʦʤ ʧʦʢʦʝ, ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʶʪ ʚʥʝʰʥʠʝ ʨʘʟʜʨʘʞʠʪʝʣʠ, 
ʪʝʤ ʩʘʤʳʤ ʩʪʠʤʫʣʠʨʫʶʪ ʨʝʛʝʥʝʨʘʮʠʶ ʠ ʠʩʮʝʣʝʥʠʝ ʦʨʛʘʥʠʟʤʘ. ɼʨʫʛʘʷ ʛʨʫʧʧʘ ʚʦʣʥ- ʊʝʪʘ ʚʦʣʥʳ (ʦʪ 3 ʜʦ 
8 ɻʎ), ʯʘʱʝ ʚʩʝʛʦ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚʦ ʩʥʝ, ʥʦ ʪʘʢʞʝ ʜʦʤʠʥʠʨʫʶʪ ʚ ʛʣʫʙʦʢʦʡ ʤʝʜʠʪʘʮʠʠ. ɼʘʥʥʳʝ ʚʦʣʥʳ 
ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʧʫʪʴ ʢ ʦʙʫʯʝʥʠʶ ʠ ʧʘʤʷʪʠ, ʦʙʦʩʪʨʷʶʪ ʠʥʪʫʠʮʠʶ ʠ ʷʨʢʠʝ ʦʙʨʘʟʳ. ɸʣʴʬʘ ʤʦʟʛʦʚʳʝ ʚʦʣʥʳ 
(ʦʪ 8 ʜʦ 12 ɻʎ) ʜʦʤʠʥʠʨʫʝʪ ʚʦ ʚʨʝʤʷ ʩʣʘʙʦ ʪʝʢʫʱʠʭ ʤʳʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʤʦʛʘʶʪ ʦʙʱʝʡ ʫʤ-
ʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʙʫʞʜʝʥʠʶ, ʠʥʪʝʛʨʘʮʠʠ ʫʤʘ. ɹʝʪʘ ʚʦʣʥʳ (ʦʪ 12 ʜʦ 38 ɻʎ) ʜʦʤʠ-
ʥʠʨʫʝʪ ʚ ʥʘʰʝʤ ʥʦʨʤʘʣʴʥʦʤ ʙʦʜʨʩʪʚʫʶʱʝʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʛʜʘ ʚʥʠʤʘʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʟʥʘʚʘʪʝʣʴ-
ʥʳʝ ʟʘʜʘʯʠ. ʆʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʫʤʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴ-
ʥʦʩʪʠ. ʂ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʝ ʚʦʣʥ ʦʪʥʦʩʷʪ ɻʘʤʤʘ ʚʦʣʥʳ (ʦʪ 38 ʜʦ 42 ɻʎ), ʦʥʠ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʙʳʩʪʨʳ-
ʤʠ ʠʟ ʚʩʝʭ ʤʦʟʛʦʚʳʭ ʚʦʣʥ. ɼʘʥʥʳʝ ʚʦʣʥʳ ʩʚʷʟʘʥʳ ʩ ʦʙʨʘʙʦʪʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ ʛʦ-
ʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʤʛʥʦʚʝʥʥʦ ʧʝʨʝʜʘʚʘʷ ʠʥʬʦʨʤʘʮʠʶ.[7] [12, ʩ.8] ʊʝʤ ʩʘʤʳʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʢʘʞʜʘʷ ʤʦʟ-
ʛʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʛʝʥʝʨʠʨʫʝʪ ʚʦʣʥʳ ʨʘʟʣʠʯʥʦʡ ʯʘʩʪʦʪʳ ʚʥʫʪʨʠ ʎʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʛʦʣʦʚʥʦʡ ʤʦʟʛ ʠʟʣʫʯʘʝʪ ʰʫʤʳ: ʵʣʝʢʪʨʦ ʠ 
ʚʠʙʨʦ ʢʦʣʝʙʘʥʠʷ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʢʦʪʦʨʳʝ  ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʧʦʥʷʪʠʝ ñʚʳʟʚʘʥʥʘʷ ʦʩʮʠʣ-
ʣʷʮʠʷò . ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʫʨʦʚʥʝ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʟʚʘʥʥʘʷ ʦʩʮʠʣʣʷʮʠʷ ʠ 
ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʠʟʚʥʝ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʤʝʥʷʷ ʥʦʨʤʘʣʴʥʫʶ ʯʘ-
ʩʪʦʪʫ ʚʦʣʥ ʚʥʫʪʨʠ ʥʘ ʯʘʩʪʦʪʫ ʠʟʣʫʯʘʝʤʳʭ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪ, ʦʧʠ-
ʩʳʚʘʶʱʠʭ ʜʘʥʥʦʝ ʚʣʠʷʥʠʝ. 

ʄʝʪʦʜʳ ʩʪʠʤʫʣʷʮʠʠ ʤʦʟʛʘ ʚʘʞʥʳ ʢʘʢ ʜʣʷ ʙʘʟʦʚʳʭ, ʪʘʢ ʠ ʜʣʷ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʦʣʴ-
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ʰʠʥʩʪʚʦ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩʪʠʤʫʣʷʮʠʠ ʤʦʟʛʘ ʠʤʝʶʪ ʥʠʟʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʨʝʰʝʥʠʝ ʠʣʠ ʚʣʝʢʫʪ 
ʟʘ ʩʦʙʦʡ ʠʥʚʘʟʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. ʋʣʴʪʨʘʟʚʫʢ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʬʦʢʫʩʠʨʦʚʢʠ ( LIFU), ʧʦ-
ʚʠʜʠʤʦʤʫ, ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʢʘʥʜʠʜʘʪʦʤ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʢʘʟʳ-
ʚʘʝʪ ʧʦʟʠʪʠʚʥʳʝ ʚʣʠʷʥʠʝ ʥʘ ʤʦʟʛʦʚʳʝ ʚʦʣʥʳ ʩ ʧʦʤʦʱʴʶ ʪʘʨʛʝʪʠʨʦʚʘʥʠʷ, ʧʦʚʳʰʘʷ ʠʣʠ ʧʦʥʠʞʘʷ ʠʭ 
ʯʘʩʪʦʪʫ, ʪʝʤ ʩʘʤʳʤ ʜʦʚʦʜʷ ʜʦ ʥʦʨʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ. ɺ 2008 ʛʦʜʫ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ LIFU ʤʦʞʝʪ 
ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʩʠʥʘʧʪʠʯʝʩʢʠʝ ʪʨʘʥʩʤʠʩʩʠʠ. ʇʦʟʞʝ ʯʝʨʝʟ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʤʘʛʥʠʪʥʦ-
ʨʝʟʦʥʘʥʩʥʫʶ ʪʦʤʦʛʨʘʬʠʶ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʚʦʟʙʫʞʜʘʪʴ ʠʣʠ ʠʥʛʠʙʠ-
ʨʦʚʘʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʦʨʝ, ʥʦ ʪʘʢʞʝ ʚʳʟʳʚʘʪʴ ʚʠʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʩʠʛʥʘʣʘ, ʟʘʚʠ-
ʩʷʱʝʛʦ ʦʪ ʫʨʦʚʥʷ ʦʢʩʠʛʝʥʘʮʠʠ ʢʨʦʚʠ. ʆʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʥʘ ʪʢʘʥʠ ʤʦʞʥʦ ʨʘʟ-
ʜʝʣʠʪʴ ʥʘ ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʥʝʪʝʧʣʦʚʳʝ. ɼʦʤʠʥʠʨʫʶʱʠʝ ʵʬʬʝʢʪʳ ʫʣʴʪʨʘʟʚʫʢʘ ʚʳʩʦʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 
ʣʝʞʘʪ ʚ ʪʝʧʣʦʚʦʡ ʯʘʩʪʠ ʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʪʴ ʚʦʟʙʫʜʠʤʦʩʪʴ ʥʝʡʨʦʥʦʚ ʧʨʠ ʦʯʝʥʴ ʚʳʩʦʢʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʷʭ, 
ʦʥ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʩʠʥʘʧʪʠʯʝʩʢʫʶ ʧʝʨʝʜʘʯʫ, ʛʦʤʦʛʝʥʠʟʘʮʠʶ ʪʢʘʥʝʡ, ʜʝʥʘʪʫʨʘʮʠʶ ʙʝʣʢʘ ʠ ʬʨʘʛʤʝʥ-
ʪʘʮʠʶ ɼʅʂ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʧʦʜʘʚʣʝʥʠʝ ʠʣʠ ʘʢʪʠʚʘʮʠʶ ʥʝʡʨʦʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ.[11] ɼʨʫ-
ʛʠʤʠ ʦʩʥʦʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʚʦʣʥ ʷʚʣʷʶʪʩʷ ʩʠʣʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʚʦʟʥʠʢʘʶ-
ʱʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʤʧʫʣʴʩʘ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʦʪ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʢ ʤʝʜʠʫʤʫ. ʕʪʠ ʨʘʜʠʘʮʠʦʥ-
ʥʳʝ ʩʠʣʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʠʟʚʦʜʩʪʚʦ  ʢʨʫʪʷʱʝʛʦ ʤʦʤʝʥʪʘ ʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙ-
ʥʳʝ ʚʳʪʝʩʥʷʪʴ ʥʝʙʦʣʴʰʠʝ ʠʦʥʳ, ʤʦʣʝʢʫʣʳ ʠ ʦʨʛʘʥʝʣʣʳ ʠʣʠ ʠʥʜʫʮʠʨʦʚʘʪʴ ʜʚʠʞʝʥʠʝ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʠ 
ʚʦʢʨʫʛ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ. ʊʝʤ ʩʘʤʳʤ, ʥʘ ʧʝʨʚʦʤ ʧʨʠʤʝʨʝ ʚʠʜʥʦ, ʯʪʦ ʪʝʨʘʧʠʷ ʩ ʚʦʣʥʘʤʠ ʫʣʴʪʨʘʟʚʫʢʦ-
ʚʦʡ ʯʘʩʪʦʪʳ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʝʪ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʥʝʡʨʦʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. [5] 

ɼʨʫʛʠʤ ʧʨʠʤʝʨʦʤ ʚʳʩʪʫʧʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʪʝʨʘʧʠʷ, ʛʜʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʚʦʣʥʳ ʦʢʘ-
ʟʳʚʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʤʷʪʴ ʚʦ ʚʨʝʤʷ ʛʣʫʙʦʢʦʛʦ ʩʥʘ. ɺ ʜʘʥʥʦʡ ʪʝʨʘʧʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʮʚʝʪʥʦʡ ʟʚʫʢ/ʰʫʤ, ʩʠʥʭʨʦʥʠʟʦʚʘʥʥʳʡ ʩ ʤʦʟʛʦʚʳʤʠ ʚʦʣʥʘʤʠ. ʄʘʣʝʡʰʠʤ ʦʙʨʘʟʦʤ ʢʘʞʜʳʡ ʟʚʫʢʦʚʦʡ ʮʚʝʪ 
ʚʣʠʷʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʯʝʣʦʚʝʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʭʘʨʘʢʪʝʨʦʤ ʰʫʤʘ ʠ ʯʘʩʪʦ-
ʪʦʡ ʝʛʦ ʚʦʣʥʳ. ʈʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʮʚʝʪʦʚʦʛʦ ʰʫʤʘ ʥʘ ʧʨʠʤʝʨʝ ʨʦʟʦʚʦʛʦ ʟʚʫʢʘ. ɺ ʤʘʨʪʝ 2017 ʛʦʜʘ 
ʦʢʦʥʯʘʪʝʣʴʥʦ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʵʬʬʝʢʪʳ ʜʘʥʥʦʛʦ ʰʫʤʘ ʥʘ ʫʣʫʯʰʝʥʠʝ ʧʘʤʷʪʠ ʣʶʜʝʡ ʦʪ 
60 ʣʝʪ ʚ ʩʦʩʪʦʷʥʠʠ ʛʣʫʙʦʢʦʛʦ ʩʥʘ. ʇʦʩʣʝ ʧʝʨʚʦʡ ʞʝ ʥʦʯʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ ʙʳʣʠ ʫʣʫʯʰʝ-
ʥʳ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʫ ʚʩʝʭ ʠʩʧʳʪʫʝʤʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤ ʪʝʩʪʦʤ. ʇʦ ʠʪʦʛʘʤ ʧʨʦʚʝ-
ʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʧʘʤʷʪʠ ʚʦʟʨʦʩ ʚ 3 ʨʘʟʘ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʠʩʧʳʪʫʝʤʳʭ. ʊʝʤ ʩʘ-
ʤʳʤ ʚʠʜʥʦ, ʯʪʦ ʜʘʞʝ ʪʘʢʘʷ ʧʨʠʤʠʪʠʚʥʘʷ ʪʝʨʘʧʠʷ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʧʘʤʷʪʴ ʯʝʣʦʚʝʢʘ, ʜʘʞʝ ʧʦʞʠʣʦʛʦ ʚʦʟʨʘʩʪʘ.[8] [5] ʈʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʙʠʥʘʫ-
ʨʘʣʴʥʦʛʦ ʨʠʪʤʘ ʚʦ ʚʨʝʤʷ ʛʣʫʙʦʢʦʛʦ ʩʥʘ, ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʝʦʨʠʶ ʧʦʟʠʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʰʫʤʦ-
ʚʳʭ ʚʦʣʥ ʠʟʚʥʝ ʥʘ ʤʦʟʛʦʚʳʝ ʚʦʣʥʳ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʧʘʤʷʪʴ, ʬʦʢʫʩʠʨʦʚʢʫ ʠ ʫʣʫʯʰʝʥʠʝ ʤʦʟʛʦʚʦʡ 
ʘʢʪʠʚʥʦʩʪʠ ʚ ʮʝʣʦʤ. ʊʘʢʞʝ ʢʘʢ ʠ ʚ ʚʳʰʝʦʧʠʩʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʣʶʜʠ ʧʦʜʜʘʚʘʣʠʩʴ ʟʚʫʢʦʚʦʤʫ ʠʟʣʫʯʝ-
ʥʠʶ ʚ ʩʦʩʪʦʷʥʠʠ ʛʣʫʙʦʢʦʛʦ ʩʥʘ, ʦʜʥʘʢʦ, ʚ ʨʷʜʝ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʯʘʩʪʦʪʘ ʙʠʥʘʫʨʘʣʴʥʳʭ ʨʠʪʤʦʚ 
ʚʘʨʴʠʨʦʚʘʣʘʩʴ, ʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʩʧʳʪʫʝʤʳʝ ʨʘʟʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʨʝʟʫʣʴʪʘ-
ʪʠʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩʪʘʣʦ ʚʣʠʷʥʠʝ ʘʣʴʬʘ ʚʦʣʥ (7,5-12ɻʮ). ɼʣʠʪʝʣʴʥʳʡ ʩʝʘʥʩ ʩʪʠʤʫʣʷʮʠʠ ʙʠʥʘʫ-
ʨʘʣʴʥʳʤ ʨʠʪʤʦʤ(10,2ɻʮ) ʠʣʣʶʩʪʨʠʨʫʝʪ ʫʣʫʯʰʝʥʠʝ ʧʦʣʦʞʝʥʠʷ ʠʩʧʳʪʫʝʤʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʘʪʨʠʮ ʠ ʚ 
ʩʫʙʪʝʩʪʘʭ ʩʣʫʭʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʘʤʷʪʠ. ʊʝʨʘʧʠʷ ʪʨʠʜʮʘʪʠ ʤʠʥʫʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʘʩʪʦʪʦʡ 7 ɻʮ 
ʧʨʠʚʝʣʦ ʢ ʠʟʤʝʥʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ: ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ 
ʫʭʫʜʰʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ RAVLT.[6, ʩ. 9] [1] [14]ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʬʘʢʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʚʦʣʥ ʨʘʟʥʦʡ ʯʘʩʪʦʪʳ ʠʟʚʥʝ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʟʛʘ ʧʦʩʨʝʜ-
ʩʪʚʦʤ ʠʭ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʩ ʤʦʟʛʦʚʳʤʠ ʚʦʣʥʘʤʠ. ɺʣʠʷʥʠʝ, ʦʢʘʟʳʚʘʶʱʠʝʩʷ ʚʥʝʰʥʠʤʠ ʰʫʤʘʤʠ, ʥʝʩʝʪ 
ʧʦʟʠʪʠʚʥʳʡ ʠʣʠ ʞʝ ʥʝʛʘʪʠʚʥʳʡ ʭʘʨʘʢʪʝʨ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʳ ʟʚʫʢʦʚʳʭ ʚʦʣʥ. 

ɽʱʝ ʦʜʥʠʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʚʣʠʷʥʠʷ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʟʛʘ, ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ ʦʨʛʘʥʠʟʤ 
ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘʜ ʘʤʝʨʠʢʘʥʩʢʠʤʠ ʩʦʣʜʘʪʘʤʠ. ɺ 60-ʭ ʛʦʜʘʭ ʍʍ ʚʝʢʘ 
ʥʘʯʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘʜ ʚʦʝʥʥʳʤʠ ʩ ʮʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʢʦʥʪʨʦʣʷ ʩʦʟʥʘʥʠʷ 
ʯʝʣʦʚʝʢʘ ʠ ʩʦʟʜʘʥʠʷ çʩʚʝʨʭʯʝʣʦʚʝʢʘè. ɼʘʥʥʳʝ, ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʠ ʟʘʩʝʢʨʝʯʝʥʳ, ʠ ʣʠʰʴ 
ʚ 1992 ʛʦʜʫ ʩʦʚʝʨʰʠʣʠʩʴ ʧʝʨʚʳʝ ʧʦʧʳʪʢʠ ʧʦʠʩʢʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʵʪʦʡ ʪʝʤʝ. ʆʜʥʠʤ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 
ʙʳʣʦ ʩʦʟʜʘʥʠʝ ʟʚʫʢʦʚʦʛʦ ʣʫʯʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʩʦʟʥʘʥʠʷ. ʉʦʣʜʘʪʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʟʣʫʯʝ-
ʥʠʶ ʦʪ ʘʣʴʬʘ ʜʦ ʪʝʪʘ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʩ ʮʝʣʴʶ ʧʦʜʘʚʣʝʥʠʷ ʩʪʨʘʭʘ ʠ ʙʦʣʠ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ 
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ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʥʘ ʯʘʩʪʦʪʘʭ 18,9 ɻʮ, 0,3 ɻʮ, 9 ɻʮ. ʊʦ ʝʩʪʴ ʚʦʣʥʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʫʤ-
ʩʪʚʝʥʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ.  ʇʦ ʥʝʢʦʪʦʨʳʤ ʜʘʥʥʳʤ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠʤʝʣʠ ʫʩʧʝʭ ʚ ʧʨʦʚʝʜʝʥʠʠ. [3] [10, ʩ. 
21] 

ʀʟʫʯʠʚ ʪʝʦʨʠʶ ʧʦ ʪʝʤʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʟʛʘ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʤʦʞ-
ʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ ʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʤʦʟʛʘ ʠ ʚʣʠʷʥʠʠ ʨʘʟʥʦʯʘ-
ʩʪʦʪʥʳʭ ʟʚʫʢʦʚʳʭ ʚʦʣʥ ʠʟʚʥʝ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ. ɸʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝ-
ʧʨʝʨʳʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʵʣʝʢʪʨʦ ʠ ʚʠʙʨʦ ʢʦʣʝʙʘʥʠʡ ʥʘ ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʞʝʥʳ 
ʚʥʝʰʥʠʤ ʨʘʟʜʨʘʞʠʪʝʣʷʤ. ɿʚʫʢʦʚʳʝ ʚʦʣʥʳ ʠʟʚʥʝ ʩʧʦʩʦʙʥʳ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʯʝʣʦʚʝʯʝʩʢʠʡ ʦʨʛʘʥʠʟʤ 
ʢʘʢ ʧʦʟʠʪʠʚʥʦ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʦ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʚʦʜʠʪʴ ʢ ʣʝʪʘʣʴʥʦʤʫ ʠʩʭʦʜʫ. ʄʝʪʦʜʳ ʪʝʨʘ-
ʧʠʠ çʟʚʫʢʦʤè ʠ ʚ ʮʝʣʦʤ ʧʦʥʷʪʠʝ çʘʢʫʩʪʠʯʝʩʢʦʝ ʧʦʣʝ ʤʦʟʛʘè ʪʦʣʴʢʦ ʥʘʯʘʣʦ ʩʚʦʝ ʨʘʟʚʠʪʠʝ, ʥʦ ʫʞʝ ʧʦʣʫ-
ʯʠʣʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʝʡʨʦʙʠʦʣʦʛʠʠ ʠ ʥʝʡʨʦʤʝʜʠʮʠʥʳ.  
 

ʊʨʡʪʧʣ  ʤʡʫʞʩʙʫʬʩʴ 
 

1. ɹʝʣʣʝʩʠ ʄʠʰʝʣʴ. ñEnhancement of Sleep Slow Waves: Underlying Mechanisms and Practical 
Consequences.ò// Frontiers in Systems Neuroscience, Frontiers Media S.A.,28 ʆʢʪ 2014, 
www.ncbi.nlm.nih.gov/pmc/articles/PMC4211398/. 

2. ɺʘʡʪ ɼ A. ñChannel Noise in Neurons.ò Trends in Neurosciences., U.S. National Library of Medi-
cine, Maʨ. 2000, www.ncbi.nlm.nih.gov/pubmed/10675918. 

3. ɺʦʣ ɼʞʫʜʠ ñMilitary use of silent sound-Mind control weaponsò,Nexus ʯʘʩʪʴ 5, 
ʆʢʪʷʙʨʴ/ʅʦʷʙʨʴ1998 http://www.bibliotecapleyades.net/ciencia/ciencia_nonlethalweapons03.htm 

4. ɼʝʩʪʝʢʩʝ ɸʣʘʥ ñSpringer.ò Neuronal Noise. ʌʨʘʥʮʠʷ, 2012 
5. ʂʝʥʴʝʥ ʊʦʤ. ñReport on Sound Healing.ò Acoustic Brain Research, ʅʴʶ ʁʦʨʢ, 2001 

http://naadyogacouncil.com/wp-content/uploads/2014/03/ReportSoundHealing.pdf 
6. ʂʨʘʫʩ ɼʞʘʢʫʙ. ñSoutezni Text.ò The effect of binaural beats on working memory capacity, ɹʨʥʦ, 

2015  https://sleepshepherd.com/wp-content/uploads/2016/02/Binaural-Beats-Affect-Working-Memory-
Capacity.pdf 

7. ʅʝʠʟʚʝʩʪʥʳʡ ñWhat Are Brainwaves?ò What Are Brainwaves ? Types of Brain Waves | EEG Sen-
sor and Brain Wave, UK, www.brainworksneurotherapy.com/what-are-brainwaves. 

8. ʇʦʣ Mʘʨʣʘ. ñNorthwestern Now.ò Sound Waves Enhance Deep Sleep and Memory, ɸʧʨʝʣʴ2017 
news.northwestern.edu/stories/2017/april/pink-noise-sound-enhance-deep-sleep-memory/. 

9. ʇʫʣ ʗʥ ñThermal Noise Tutorialò  http://www.radio-electronics.com/info/rf-technology-
design/noise/thermal-johnson-nyquist-basics-tutorial.php 

10. ʈʘʡʩ ɺʘʣʝʨʠ. ñArmy Research Laboratory.ò Human Factors Feedback: Brain Acoustic Monitor. 
ʌʝʚ 2012 

11. ʈʝʟʘʷʪ ʀʪʘʥ, ʊʫʩʪʘʥʠ ʀʤʘʥ ɻʭʦʥʜʨʘʪʠ. ñA review on brain stimulation using low intensity focused 
ultrasoundòBasic Clin Neurosci, ʀʶʣʴ 2016.- 187-194 ʩ. 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981830/ 

12. ʊʩʫʙʘʢʘʚʘ ʊʘʢʫʰʠ. ñNeurologia medico-chirurgica.ò Far-field Responses of Acoustic Brain Stem 
Potentials in the Thalamus and the Subthalamic Area. ʊʦʢʠʦ, 1978. 

13. ʌʘʠʩʘʣ A. Aʣʜʦ, et al. ñNoise in the Nervous System.òNature Reviews. Neuroscience, U.S. Na-
tional Library of Medicine, Aʧʨ. 2008, www.ncbi.nlm.nih.gov/pmc/articles/PMC2631351/. 

14. ʏʘʥ ɸʤʘʥʜʘ ʃ. ñSounds Synced With Brain Waves Could Help Enhance Memory During Sleep, 
Study Suggests.òThe Huffington Post, TheHuffingtonPost.com, 22 ɸʧʨ.2013, 
www.huffingtonpost.com/2013/04/22/sounds-memory-sleep-synchronized-brainwaves_n_3086978.html. 

É ʗ.ʆ. ʇʦʤʦʛʦʚ, 2017 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4211398/
http://www.bibliotecapleyades.net/ciencia/ciencia_nonlethalweapons03.htm
http://naadyogacouncil.com/wp-content/uploads/2014/03/ReportSoundHealing.pdf
https://sleepshepherd.com/wp-content/uploads/2016/02/Binaural-Beats-Affect-Working-Memory-Capacity.pdf
https://sleepshepherd.com/wp-content/uploads/2016/02/Binaural-Beats-Affect-Working-Memory-Capacity.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981830/
http://www.huffingtonpost.com/2013/04/22/sounds-memory-sleep-synchronized-brainwaves_n_3086978.html


30 »ãçèÐï áâãÔÕÝçÕáÚÐï áâÐâìï 2017 

 

ÜÕÖÔãÝÐàÞÔÝëÙ ÝÐãçÝÞ-ßàÐÚâØçÕáÚØÙ ÚÞÝÚãàá  | ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

 

 

 

âÕåÝØçÕáÚØÕ ÝÐãÚØ 

  



»ãçèÐï áâãÔÕÝçÕáÚÐï áâÐâìï 2017 31 

 

www.naukaip.ru 

Ã´º  692.232  

ÁÀ°²½µ½¸µ ²°À¸°½Â¾² º¾½ÁÂÀÃºÂ¸²½ËÅ 
ÀµÈµ½¸¹ ¾³À°¶´°ÎÉ¸Å º¾½ÁÂÀÃºÆ¸¹ 
°´¼¸½¸ÁÂÀ°Â¸²½¾³¾ ·´°½¸Ï  

ʤʘʛʠʩʪʨʘʥʪ 
 ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ, 

ʤʘʛʠʩʪʨʘʥʪ 
 ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ. 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʇʪʡʨʧʛʙ ʇʣʪʙʦʙ ʆʡʣʧʤʙʞʛʦʙ, 

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

 ʫʥʠʚʝʨʩʠʪʝʪ (ʅʇʀ) ʠʤʝʥʠ ʄ.ʀ. ʇʣʘʪʦʚʘ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʚʳʧʦʣʥʝʥʦ ʚʘʨʠʘʥʪʥʦʝ ʩʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʘ ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ  ʘʜʤʠʥʠ-
ʩʪʨʘʪʠʚʥʦʛʦ ʟʜʘʥʠʷ ʚ ʛ. ʅʦʚʦʨʦʩʩʠʡʩʢ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ, ʦʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʧʨʠʥʷʪʦʛʦ ʚʘʨʠʘʥʪʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʨʘʩʯʝʪ, ʚʘʨʠʘʥʪʥʦʝ ʩʨʘʚʥʝʥʠʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ, ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʝ 
ʧʦʢʘʟʘʪʝʣʠ. 
 

COMPARISON OF VARIANTS OF CONSTRUCTIVE SOLUTIONS OF FENCING CONSTRUCTIONS  
OF THE ADMINISTRATIVE BUILDING 

 
Belyaev Vladislav Ivanovich, 

Selimov Fatullah Abduselimovich 
 
Abstract: the article presets the results of variant comparison of the calculation of the enclosing structures of 
the administrative building in Novorossiysk, also it is the base of conclusions, which were made, the choice of 
the accepted variant is justified. 
Key words: calculation, variant comparison, constructive solutions, technical and economic indicators. 

 
ʇʨʦʝʢʪʠʨʫʝʤʦʝ ʟʜʘʥʠʝ ï ʯʝʪʳʨʝʭʵʪʘʞʥʦʝ ʩ ʮʦʢʦʣʴʥʳʤ ʵʪʘʞʦʤ ʧʦʜ ʯʘʩʪʴʶ ʟʜʘʥʠʷ. ɿʜʘʥʠʝ ʠʤʝʝʪ 

çɻè - ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʚ ʧʣʘʥʝ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʘ ʦʙʲʝʤʘ -  ʦʩʥʦʚʥʦʛʦ, ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʚ ʧʣʘʥʝ  
ʯʝʪʳʨʝʭʵʪʘʞʥʦʛʦ  ʩ ʮʦʢʦʣʝʤ ʠ ʧʨʠʩʪʨʦʝʥʥʦʛʦ ʪʨʝʭʵʪʘʞʥʦʛʦ ʘʪʨʠʫʤʘ ʩ ʟʝʥʠʪʥʳʤ ʬʦʥʘʨʝʤ. 

ʅʘ ʧʨʠʥʷʪʠʝ ʨʝʰʝʥʠʝ ʧʦ ʘʨʭʠʪʝʢʪʫʨʥʦ ï ʧʣʘʥʠʨʦʚʦʯʥʦʤʫ ʦʙʣʠʢʫ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ ʧʦʚʣʠʷʣ 
ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʬʘʢʪʦʨʦʚ: 

- ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʝ ʟʘʩʪʨʘʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ; 
-  ʘʨʭʠʪʝʢʪʫʨʥʳʡ ʦʙʣʠʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʟʘʩʪʨʦʡʢʠ ʧʣʦʱʘʜʠ; 
- ʫʯʝʪ ʩʦʭʨʘʥʝʥʠʷ ʟʝʣʝʥʳʭ ʥʘʩʘʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʦʪʚʝʜʝʥʥʦʤ ʫʯʘʩʪʢʝ; 
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-  ʫʧʨʦʱʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ  ʩʝʡʩʤʦʩʪʦʡʢʦʩʪʠ ʟʜʘʥʠʷ; 
- ʵʢʦʥʦʤʠʷ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʥʘ ʫʤʝʥʴʰʝʥʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ  ʥʘʨʫʞʥʳʭ ʩʪʝʥ ʠ ʬʫʥʜʘ-

ʤʝʥʪʦʚ; 
ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʟʜʘʥʠʷ: 
- ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʜʘʤʝʥʪʦʚ ʧʨʠʥʷʪʘ ʤʦʥʦʣʠʪʥʘʷ ʞʝʣʝʟʦʙʝʪʦʥʥʘʷ ʧʣʠʪʘ; 
- ʧʝʨʝʢʨʳʪʠʷ ʠ ʧʦʢʨʳʪʠʝ ʧʨʠʥʷʪʳ ʞʝʣʝʟʦʙʝʪʦʥʥʳʝ  ʤʦʥʦʣʠʪʥʳʝ; 
- ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʪʝʥ ï ʢʘʨʢʘʩ  ʩʦ ʰʪʫʯʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ; 
- ʧʝʨʝʛʦʨʦʜʢʠ -  ʛʠʧʩʦʢʘʨʪʦʥʥʳʝ. 
ɸʨʭʠʪʝʢʪʫʨʥʦʝ ʨʝʰʝʥʠʝ ʬʘʩʘʜʘ ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ  ʚʳʧʦʣʥʝʥʦ ʩʪʨʦʛʦ ʠ ʣʘʢʦʥʠʯʥʦ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ  ʩ ʝʛʦ ʥʘʟʥʘʯʝʥʠʝʤ ʠ ʚ ʛʘʨʤʦʥʠʠ  ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʠ ʩʣʦʞʠʚʰʝʡʩʷ ʟʘʩʪʨʦʡʢʦʡ [1].  
ɺ ʥʘʨʫʞʥʦʡ ʦʪʜʝʣʢʝ ʩʪʝʥ  ʧʨʦʝʢʪʠʨʫʝʤʦʛʦ ʟʜʘʥʠʷ  ʧʨʠʤʝʥʝʥʘ ʥʘʚʝʩʥʘʷ ʚʝʥʪʠʣʠʨʫʝʤʘʷ ʩʠʩʪʝʤʘ  

ʩ ʦʙʣʠʮʦʚʢʦʡ ʢʦʤʧʦʟʠʮʠʦʥʥʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʧʘʥʝʣʴʶ.  
ʃʝʩʪʥʠʮʳ ʚʭʦʜʦʚ  ʚ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʦʝ ʟʜʘʥʠʝ  - ʩʪʫʧʝʥʠ ʠ ʣʝʩʪʥʠʯʥʳʝ ʧʣʦʱʘʜʢʠ ï ʧʨʠʥʷʪʦ ʦʙ-

ʣʠʮʝʚʘʪʴ ʙʘʟʘʣʴʪʦʚʳʤʠ ʧʣʠʪʘʤʠ ʩʚʝʪʣʦ ï ʩʝʨʦʛʦ ʮʚʝʪʘ. 
ʌʦʥʘʨʴ  - ʘʣʶʤʠʥʠʝʚʳʝ ʧʨʦʬʠʣʴʥʳʝ ʩʠʩʪʝʤʳ.  
ʆʢʦʥʥʳʝ ʙʣʦʢʠ, ʚʠʪʨʘʞʠ ʧʨʠʤʝʥʝʥʳ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ  ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟ ʤʝʪʘʣʣʦʧʣʘʩʪʠʢʦʚʳʭ 

ʧʨʦʬʠʣʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ɻʝʨʤʘʥʠʠ. ʎʚʝʪ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʥʥʳʭ ʙʣʦʢʦʚ ï ʙʝʣʳʡ. ʆʩʪʝʢʣʝʥʠʝ 
ʦʢʦʥʥʳʭ ʧʨʦʝʤʦʚ  ʧʨʝʜʣʦʞʝʥʦ ʚ ʧʨʦʝʢʪʝ  ʚʳʧʦʣʥʠʪʴ ʟʝʨʢʘʣʴʥʳʤ  ʪʦʥʠʨʦʚʘʥʥʳʤ ʩʪʝʢʣʦʧʘʢʝʪʘʤʠ.  

ɼʣʷ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʨʘʚʥʝʥʠʷ ʧʨʠʥʠʤʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ 
ʦʛʨʘʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʟʜʘʥʠʷ: 

1. ʉʪʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ: ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ ʬʘʢʪʫʨʥʘʷ ʰʪʫʢʘʪʫʨʢʘ çɹʦʚʘʣʠʪè, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ 
ï 60 ʤʤ, ʢʝʨʘʤʟʠʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ 200ʭ200ʭ400 ʤʤ, ʰʪʫʢʘʪʫʨʢʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩ ʚʥʫʪ-
ʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 20 ʤʤ. (ʨʠʩ. 1). 

 

 
 

ʉʡʪ. 1. ʈʞʩʛʴʢ ʛʙʩʡʙʦʫ ʣʧʦʪʫʩʬʣʫʡʛʦʧʜʧ ʩʞʱʞʦʡʸ 
 

2. ʉʪʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ: ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ ʦʙʣʠʮʦʚʢʘ ʣʠʮʝʚʳʤ ʢʝʨʘʤʠʯʝʩʢʠʤ ʢʠʨʧʠʯʦʤ 120 
ʤʤ, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ï 60 ʤʤ, ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ 250 ʤʤ, ʰʪʫʢʘʪʫʨʢʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ 
ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 20 ʤʤ (ʨʠʩ. 2). 
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ʉʡʪ. 2. ɻʫʧʩʧʢ ʛʙʩʡʙʦʫ ʣʧʦʪʫʩʬʣʫʡʛʦʧʜʧ ʩʞʱʞʦʡʸ 
 

3. ʉʪʝʥʳ ʤʥʦʛʦʩʣʦʡʥʳʝ: ʩ ʥʘʨʫʞʥʦʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥ ʰʪʫʢʘʪʫʨʢʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩ-
ʪʚʦʨʦʤ 20 ʤʤ, ʢʝʨʘʤʠʯʝʩʢʠʡ ʢʠʨʧʠʯ ʩ ʫʪʝʧʣʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚʘʪʥʳʤʠ ʧʣʠʪʘʤʠ ʦʙʱʝʡ ʪʦʣʱʠʥʦʡ 510ʤʤ 
(ʨʠʩ. 3). 
 

 
 

ʉʡʪ. 3. ʋʩʞʫʡʢ ʛʙʩʡʙʦʫ ʣʧʦʪʫʩʬʣʫʡʛʦʧʜʧ ʩʞʱʞʦʡʸ 
 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʩʪʝʥ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʧʦʣʥʝʥ  ʪʝʧʣʦʪʝʭʥʠʯʝʩʢʠʡ ʨʘʩʯʝʪ [2,3]. 
ɹʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʤʳ ʨʘʙʦʪ, ʨʘʩʭʦʜʳ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʨʫʜʦʝʤʢʦʩʪʴ ʠ ʩʤʝʪʥʘʷ 

ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʘʨʠʘʥʪʦʚ. 
ʉʪʨʦʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʟʜʘʥʠʷ  -  21419 ʤ3; 
ʆʙʱʘʷ ʧʣʦʱʘʜʴ  -   3407 ʤ2. 
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ɼʣʷ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʚʘʨʠʘʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʚ ʨʘʤʢʘʭ ʤʝʪʦʜʠʢʠ ʧʨʠ-
ʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʫʤʤʘʨʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʧʦ ʬʦʨʤʫʣʝ (1): 

ʕ ʦʙʱ  = ʕ ʧʟ + ʕ  ɻ+ ʕ ʪ  ;                (1) 
ʛʜʝ: 
ʕ ʧʟ  - ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʟʘ ʩʯʝʪ ʨʘʟʥʦʩʪʠ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʪʨʘʪ ʩʨʘʚʥʠʚʘʝʤʳʭ 

ʚʘʨʠʘʥʪʦʚ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ; 
ʕ ɻ    - ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʩʬʝʨʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʟʜʘʥʠʷ ʟʘ ʧʝʨʠʦʜ ʩʣʫʞʙʳ ʚʳ-

ʙʠʨʘʝʤʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ; 
ʕ ʪ  - ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʪʨʦʠ-

ʪʝʣʴʩʪʚʘ ʟʜʘʥʠʷ. 
ʇʨʠ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ ʠ ʫʯʝʪʘ ʚʩʝʭ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʧʨʦʝʢʪʠʨʦ-

ʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: 
- ʥʘʠʙʦʣʴʰʠʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠʤʝʝʪ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ ï ʩʪʝʥʳ 

ʤʥʦʛʦʩʣʦʡʥʳʝ: ʩ ʥʘʨʫʞʥʦʡ ʩʪʦʨʦʥʳ ʬʘʢʪʫʨʥʘʷ ʰʪʫʢʘʪʫʨʢʘ çɹʦʚʘʣʠʪè, ʧʝʥʦʧʦʣʠʩʪʠʨʦʣ ï 60 ʤʤ, ʢʝʨʘʤ-
ʟʠʪʦʙʝʪʦʥʥʳʝ ʙʣʦʢʠ 200ʭ200ʭ400 ʤʤ, ʰʪʫʢʘʪʫʨʢʘ ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʤ ʨʘʩʪʚʦʨʦʤ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ 
20 ʤʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʦʛʦ ʟʜʘʥʠʷ ʧʨʠʥʠʤʘʝʤ ʧʝʨʚʳʡ 
ʚʘʨʠʘʥʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ.  
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ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʧʠʩʘʥʘ ʠʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʦ ʚʨʘʱʘʶ-
ʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ çd-qè, ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʙʣʦʢʦʚ ʧʘʢʝʪʘ MATLAB ʙʠʙʣʠʦʪʝʢ SIMULINK ʠ 
SIMPOWERSYSTEMS., ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ ʧʝʨʝʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ 
ʩʢʦʨʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʤʠʪʘʮʠʦʥʥʘʷ, ʤʦʜʝʣʴ, ʚʝʥʪʠʣʴʥʳʡ, ʵʣʝʢʪʨʦʧʨʠʚʦʜ, ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ, MatLab, 
Simulink, SimPowerSystems. 
 

DEVELOPMENT OF SIMULATION MODEL OF BRUSHLESS DRIVE IN A ROTATING COORDINATE 
SYSTEM "D-Q" ON THE BASIS OF THE MATLAB LIBRARIES SIMULINK AND SIMPOWERSYSTEMS 

 
Kormakov, Andrey A., 

Poltev, Vadim A., 
Burtseva, Ekaterina A 

 
Abstract: this article describes a simulation model of brushless drive in a rotating coordinate system "d-q", 
considered a number of blocks of MATLAB SIMULINK and the SIMPOWERSYSTEMS libraries., the obtained 
graphs of the transient characteristics of electromagnetic torque and speed of the drive. 
Keywords: simulation, model, valve, electric, coordinate system, MatLab, Simulink, SimPowerSystems. 

 
ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʥʘʜʸʞʥʦʩʪʠ ʠ ʭʦʨʦʰʝʡ ʫʧʨʘʚʣʷʝʤʦʩʪʠ, ʚʝʥʪʠʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʨʠʤʝʥʷʶʪʩʷ ʚ 

ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ: ʚ ʩʪʘʥʢʘʭ ʩ ʯʠʩʣʦʚʳʤ ʧʨʦʛʨʘʤʤʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘ-
ʥʠʷ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ, ʨʦʙʦʪʘʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʨʘʢʝʪʘʭ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚʝʥʪʠʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ 
ʥʘʰʣʠ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʩʪʝʤʘʭ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʩ ʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠ ʚʳ-
ʩʦʢʠʤ ʪʝʤʧʦʤ ʧʫʩʢʦʚ, ʦʩʪʘʥʦʚʦʢ ʠ ʨʝʚʝʨʩʘ [1-3]; ʘʚʠʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʝ, ʘʚʪʦʤʦʙʠʣʴʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝ-
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ʥʠʠ, ʙʠʦʤʝʜʠʮʠʥʩʢʦʡ ʘʧʧʘʨʘʪʫʨʝ, ʙʳʪʦʚʦʡ ʪʝʭʥʠʢʝ. ʇʦʵʪʦʤʫ ʚʝʥʪʠʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦ-
ʙʳʡ ʠʥʪʝʨʝʩ ʜʣʷ ʦʙʫʯʝʥʠʷ, ʠʟʫʯʝʥʠʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ ʧʘʢʝʪʘ ʤʘʪʝʤʘʪʠʯʝ-
ʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ MatLab, ʩʧʦʩʦʙʩʪʚʫʝʪ ʪʘʢ ʞʝ ʠʟʫʯʝʥʠʶ ʙʠʙʣʠʦʪʝʢ Simulink ʠ SimPowerSystens. 
ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ ʠ 
ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ.  

ʀʤʠʪʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʥʘ ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ. 1. 
 

 
ʉʡʪ.1. ʊʫʩʬʣʫʬʩʦʙʸ ʪʮʞʥʙ ɻʖʈ ʛʧ ʛʩʙʲʙʷʲʞʢʪʸ ʪʡʪʫʞʥʞ ʣʧʧʩʝʡʦʙʫ çd-qè 

 
ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʚʦ ʚʨʘʱʘʶʱʝʡʩʷ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ çd-qè, 

ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 1 [1], ʩʦʜʝʨʞʠʪ ʙʣʦʢʠ ʩʫʤʤʠʨʦʚʘʥʠʷ (1,2,10), ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛ-
ʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ (3,6), ʫʩʠʣʝʥʠʷ (4,5), ʫʤʥʦʞʝʥʠʷ (7,8), ʙʣʦʢ 9, ʦʧʨʝʜʝʣʷʶ-
ʱʠʡ ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʠʥʪʝʛʨʘʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʩʥʦʚʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʤʝʭʘʥʠʢʠ 
ʧʨʠʚʦʜʘ. 

ʅʘ ʙʘʟʝ ʧʘʢʝʪʘ MATLAB ʙʠʙʣʠʦʪʝʢ SIMULINK ʠ SIMPOWERSYSTEMS [4] ʨʘʟʨʘʙʦʪʘʥʘ ʠʤʠʪʘʮʠ-
ʦʥʥʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  

ɹʣʦʢʠ 1,2 ʪʠʧʘ çStepè ʛʝʥʝʨʘʪʦʨ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ, ʟʘʜʘʝʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ 
ʥʘ ʩʠʩʪʝʤʫ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʟʘʜʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ. ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 
ʙʣʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘʷ ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ ʩʪʘʪʦʨʘ ʧʦ ʦʩʠ çdè (Ud), ʩʦʦʪ-
ʚʝʪʩʪʚʝʥʥʦ ʧʦ ʦʩʠ çqè (Uq). 

ɹʣʦʢʠ 3, 4, 5 ʪʠʧʘ çStepè ʛʝʥʝʨʘʪʦʨ ʩʪʫʧʝʥʯʘʪʦʛʦ ʩʠʛʥʘʣʘ, ʟʘʜʘʝʪ ʥʘʯʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚʦʟʜʝʡ-
ʩʪʚʠʷ ʥʘ ʩʠʩʪʝʤʫ. ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʢʦʪʦʨʦʛʦ ʟʘʜʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦ. ɿʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʚʳʭʦʜʥʦʛʦ 

ʩʠʛʥʘʣʘ ʙʣʦʢʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʨʘʚʥʘʷ ʤʦʤʝʥʪʫ ʥʘʛʨʫʟʢʠ 
cM . ʥʘ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ ʦʪ 6 

ʩʝʢ. ʜʦ 10 ʩʝʢ., ʦʪ 10 ʩʝʢ. ʜʦ 14 ʩʝʢ., ʦʪ 14 ʩʝʢ. ʜʦ 20 ʩʝʢ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ɹʣʦʢ 6, 7, 8, 16 ʪʠʧʘ çSumè ʙʣʦʢ ʷʚʣʷʝʪʩʷ ʩʫʤʤʘʪʦʨʦʤ ʚʳʧʦʣʥʷʶʱʠʡ ʦʧʝʨʘʮʠʶ ʘʣʛʝʙʨʘʠʯʝʩʢʦʛʦ 

ʩʣʦʞʝʥʠʷ ʩʠʛʥʘʣʦʚ ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʙʣʦʢʦʚ. 
ɹʣʦʢʠ 9, 10 ʪʠʧʘ çGainè ʙʣʦʢ ʷʚʣʷʝʪʩʷ ʫʩʠʣʠʪʝʣʝʤ, ʚʳʧʦʣʥʷʝʪ ʫʤʥʦʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ (sT ). 

ɹʣʦʢʠ 11, 14 ʪʠʧʘ çTransfer Fcnè ʙʣʦʢ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʧʝʨʝʜʘʪʦʯʥʫʶ ʬʫʥʢʮʠʶ ʚʠʜʘ 
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, ʛʜʝ sT  ī ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʝʜʠʥʠʮʘʭ. 
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ʉʡʪ. 2. ʁʥʡʫʙʯʡʧʦʦʙʸ ʥʧʝʞʤʵ ʛʞʦʫʡʤʵʦʧʜʧ ʶʤʞʣʫʩʧʨʩʡʛʧʝʙ ʛʧ ʛʩʙʲʙʷʲʞʢʪʸ ʪʡʪʫʞʥʞ 

 ʣʧʧʩʝʡʦʙʫ çd-qè 
 

 
ʉʡʪ. 3. ʈʞʩʞʮʧʝʦʴʞ ʮʙʩʙʣʫʞʩʡʪʫʡʣʡ 

 
ɹʣʦʢʠ 12, 13 ʪʠʧʘ çProductè ʙʣʦʢʠ ʫʤʥʦʞʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʝ ʦʧʝʨʘʮʠʶ ʧʦʵʣʝʤʝʥʪʥʦʛʦ ʧʝʨʝ-

ʤʥʦʞʝʥʠʷ ʚʭʦʜʥʳʭ ʚʝʣʠʯʠʥ ʩ ʙʣʦʢʘ 14 ʠ 15, ʠ ʩ ʙʣʦʢʘ11 ʠ 15 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ɹʣʦʢ 15 ʪʠʧʘ çGainè ʙʣʦʢ ʷʚʣʷʝʪʩʷ ʫʩʠʣʠʪʝʣʝʤ, ʚʳʧʦʣʥʷʝʪ ʫʤʥʦʞʝʥʠʝ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʯʠʩ-

ʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 
ʇp . 

ɹʣʦʢ 17 ʪʠʧʘ çTransfer Fcnè ʙʣʦʢ, ʤʦʜʝʣʠʨʫʶʱʠʡ ʠʥʪʝʛʨʘʪʦʨ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʩʥʦʚʥʦʤʫ ʫʨʘʚ-
ʥʝʥʠʶ ʤʝʭʘʥʠʢʠ ʧʨʠʚʦʜʘ. 

ɹʣʦʢ 18, 19, 20 ʪʠʧʘ çSlider Gainè ʙʣʦʢ ʷʚʣʷʝʪʩʷ ʧʦʣʟʫʥʢʦʚʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ 
ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʩʠʣʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ, ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʤʘʩʰʪʘʙʠʨʫʶʱʝʛʦ ʫʩʠʣʠ-
ʪʝʣʷ ʩʢʦʨʦʩʪʠ ʚʘʣʘ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦ-
ʜʚʠʛʘʪʝʣʷ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ (ʄʅ) ʠ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɹʣʦʢ 21 ʪʠʧʘ çMuxè ʄʫʣʴʪʠʧʣʝʢʩʦʨ (ʩʤʝʩʠʪʝʣʴ), ʦʙʲʝʜʠʥʷʝʪ ʚʭʦʜʥʳʝ ʩʠʛʥʘʣʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 
ʙʳʪʴ ʩʢʘʣʷʨʥʳʤʠ ʠ (ʠʣʠ) ʚʝʢʪʦʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʅʘ ʧʝʨʚʳʡ ʚʭʦʜ ʙʣʦʢʘ ʧʦʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦ-
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ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʄɼ ʩ ʫʯʝʪʦʤ ʥʘʛʨʫʟʢʠ (MH), ʥʘ ʚʪʦʨʦʡ ʚʭʦʜ ʧʦʜʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
ʤʦʤʝʥʪʘ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ, ʙʣʦʢ ʦʙʲʝʜʠʥʷʝʪ ʠ ʚʳʚʦʜʠʪ ʥʘ ʦʩʮʠʣʣʦʛʨʘʬ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʩʮʠʣʣʦ-
ʛʨʘʤʤʳ. 

ɹʣʦʢ 22 ʪʠʧʘ çScopeè ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠʨʫʶʱʠʡ ʬʫʥʢʮʠʠ ʦʩʮʠʣʣʦʛʨʘʬʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 
ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʩʠʩʪʝʤʳ ʚ ʬʫʥʢʮʠʠ ʚʨʝʤʝʥʠ. ɹʣʦʢ 
ʧʦʟʚʦʣʷʝʪ ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ 
ʭʦʣʦʩʪʦʤ ʭʦʜʫ ʠ ʧʦʜ ʥʘʛʨʫʟʢʦʡ ʚ ʧʨʦʮʝʩʩʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʅʘ ʨʠʩʫʥʢʝ 3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ: ʦʪ 0 ʜʦ 6 ʩʝʢ. ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʥʘ ʭʦ-
ʣʦʩʪʦʤ ʭʦʜʫ; ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠ ʦʪ 6 ʜʦ 20 ʩʝʢ. ʦʪʦʙʨʘʞʝʥʘ ʨʘʙʦʪʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʧʦʜ ʥʘʛʨʫʟ-
ʢʦʡ, ʘ  ʠʤʝʥʥʦ: çʤʦʤʝʥʪ 1è (ʩ 6 ʜʦ 10 ʩʝʢ.) ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʧʦʜ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, çʤʦʤʝʥʪ 2è (ʩ 
10 ʜʦ 14 ʩʝʢ.) ʨʘʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʧʦʜ ʜʚʦʡʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ, çʤʦʤʝʥʪ 3è (ʩ 14 ʜʦ 20 ʩʝʢ.) ʨʘ-
ʙʦʪʘ ʜʚʠʛʘʪʝʣʷ ʧʦʜ ʪʨʦʡʥʦʡ ʤʠʥʠʤʘʣʴʥʦʡ ʥʘʛʨʫʟʢʦʡ. ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʦʩʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʨʝʤʝʥʠ ʧʝʨʝ-
ʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʚʝʨʪʠʢʘʣʴʥʘʷ ʦʩʴ ʦʪʦʙʨʘʞʘʝʪ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʤʦ-
ʤʝʥʪ. ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t=6 ʩʝʢ. ʙʳʣ ʜʦʙʘʚʣʝʥ ʤʦʤʝʥʪ  ʥʘʛʨʫʟʢʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʟʤʝʥʠʣʘʩʴ ʩʢʦʨʦʩʪʴ 
ʚʘʣʘ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʙʘʢʘʣʘʚʨʦʚ ʧʦ 
ʥʘʧʨʘʚʣʝʥʠʶ 15.03.06 ʄʝʭʘʪʨʦʥʠʢʘ ʠ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʠʚʦʜ-
ʥʳʭ ʩʠʩʪʝʤ ʚ ʜʠʩʮʠʧʣʠʥʝ çʕʣʝʢʪʨʦʧʨʠʚʦʜʳ ʤʝʭʘʪʨʦʥʥʳʭ ʠ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚè, ʘ ʪʘʢʞʝ 
ʠʟʫʯʝʥʠʝ ʙʠʙʣʠʦʪʝʢ SIMULINK ʧʘʢʝʪʘ MATLAB. ɼʘʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʤʦʞʝʪ ʪʘʢʞʝ ʷʚʣʷʪʴʩʷ ʦʩʥʦʚʦʡ ʜʣʷ 
ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ ʠ ʘʣʛʦʨʠʪʤʦʚ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʨʘʙʦʪʳ ʜʣʷ ʣʠʥʝʡʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠ-
ʩʪʝʤ [5-9], ʠ ʥʝʣʠʥʝʡʥʳʭ [10-13] ʧʘʨʘʤʝʪʨʦʚ ʚʝʥʪʠʣʴʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ.  
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ɹʦʦʧʫʙʯʡʸ: ʉʪʘʣʴʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʨʝʟʝʨʚʫʘʨʳ (ʈɺʉ) ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʩʪʘʶʪʩʷ ʦʜʥʠʤʠ 
ʠʟ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʩʠʩʪʝʤʝ ʤʘʛʠʩʪʨʘʣʴʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ. ɺ ʧʨʦ-
ʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ, ʩʥʠʞʘʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ ʨʝʟʝʨʚʫʘ-
ʨʦʚ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʚʘʨʠʷʤ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ ʦʩʪʘ-
ʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʟʝʨʚʫʘʨʘ ʈɺʉʇ-5000 ʩ ʜʝʬʝʢʪʦʤ ʪʠʧʘ çʪʨʝʱʠʥʘè ʩ ʫʯʝʪʦʤ ʝʛʦ ʨʘʟʤʝʨʘ, ʨʘʩʧʦʣʦʞʝ-
ʥʠʷ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʧʨʠ ʧʦʤʦʱʠ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʩʪʘʣʴʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʨʝʟʝʨʚʫʘʨ, ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ 
ʩʦʩʪʦʷʥʠʝ, ʦʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ, ʙʝʟʦʧʘʩʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ, ʜʝʬʝʢʪ, ʪʨʝʱʠʥʘ, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
 

EVALUATION OF STRESS-STRAIN STATE OF STEEL CYLINDRICAL TANK WITH CRACK DEFECT 
 

Dmitriyeva Alyona Sergeevna, 
Samigullin Gafur Halafovich,  

Lyagova Anastasiya Andreevna 
 

Abstract: Steel vertical tanks (RVS) for oil and petroleum products are among the most dangerous objects in 
the system of main pipeline transport of oil. Different defects may appear during operation of the tanks. De-
fects reduce the reliability of the tank and lead to accidents of varying severity. The work is devoted to solving 
the problem of the safety operation of steel vertical cylindrical tanks by the example of the analysis of residual 
life of tank RVSP-5000 with a defect the "crack" with allowance for its size, location in the tank structure and 
operating loads, using finite element modeling. 
Key words: Steel Vertical Cylindrical Tank, Stress-strain State, Residual life, Safe Operation, Operational De-
fect, Crack, Finite Element Method 

 
ʈʝʟʝʨʚʫʘʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʦʧʘʩʥʦʩʪʠ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʘʚʘʨʠʠ ʤʦʛʫʪ ʥʘʥʝʩʪʠ ʚʨʝʜ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ,  ʧʝʨʩʦʥʘʣʫ ʧʨʝʜʧʨʠʷʪʠʷ, ʧʨʠʣʝʛʘʶʱʠʤ 
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ʩʦʦʨʫʞʝʥʠʷʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʜʦʩʪʠʛʥʫʪʳʡ ʦʧʳʪ ʚ ʨʝʟʝʨʚʫʘʨʦ-
ʩʪʨʦʝʥʠʠ, ʘʚʘʨʠʠ ʥʘ ʜʘʥʥʳʭ ʦʙʲʝʢʪʘʭ ʩʪʘʥʦʚʷʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚʣʝʥʠʝʤ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʨʝʟʝʨʚʫʘʨʥʦʛʦ ʧʘʨʢʘ ʈʦʩʩʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʨʧʘʣʘ ʩʚʦʡ ʥʘʟʥʘʯʝʥʥʳʡ ʨʝʩʫʨʩ ʵʢʩ-
ʧʣʫʘʪʘʮʠʠ ʠʣʠ ʠʤʝʝʪ ʜʝʬʝʢʪʳ ʥʝ ʜʦʧʫʩʪʠʤʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 
[1].  

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʜʝʬʝʢʪʳ, ʩʥʠʞʘʶʱʠʝ ʥʘʜʝʞʥʦʩʪʴ 
ʨʝʟʝʨʚʫʘʨʦʚ ʠ ʧʨʠʚʦʜʷʱʠʝ ʢ ʘʚʘʨʠʷʤ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʧʘʩʥʦʩʪʠ.  ʆʧʘʩʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʚʘ-
ʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʦʮʝʥʠʚʘʝʪʩʷ ʪʷʞʝʩʪʴʶ ʧʨʠʯʠʥʷʝʤʦʛʦ ʫʱʝʨʙʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʧʨʦʷʚʣʷ-
ʝʪʩʷ ʘʚʘʨʠʷ: ʚ ʚʠʜʝ ʚʟʨʳʚʦʚ ʠ ʧʦʞʘʨʦʚ ʦʪ ʨʘʟʣʠʚʰʝʛʦʩʷ ʥʝʬʪʝʧʨʦʜʫʢʪʘ, ʚ ʚʠʜʝ ʭʨʫʧʢʠʭ ʨʘʟʨʫʰʝʥʠʡ 
ʠʣʠ ʣʦʢʘʣʴʥʳʭ ʦʪʢʘʟʦʚ ʨʝʟʝʨʚʫʘʨʦʚ. ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʘʚʘʨʠʠ ʈɺʉ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦ-
ʧʨʦʚʦʞʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʦʪʨʘʚʣʝʥʠʝʤ ʤʝʩʪʥʦʩʪʠ ʠ ʛʠʙʝʣʴʶ ʣʶʜʝʡ [2]. 
ʆʙʱʠʡ ʤʘʪʝʨʠʘʣʴʥʳʡ ʫʱʝʨʙ ʧʨʝʚʳʰʘʝʪ ʧʝʨʚʠʯʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʨʝʟʝʨʚʫʘʨʦʚ. ʕʪʦ ʷʚʣʷʝʪ-
ʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʦʩʥʦʚʘʥʠʡ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʦʙʣʝʤʘ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʟʝʨ-
ʚʫʘʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. ɸ ʪʘʢ ʞʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʦʚ 
ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʦʧʘʩʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʚʦ ʚʨʝʤʷ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʨʝʟʝʨʚʫʘʨʘ ʜʝʬʝʢʪʦʚ, 
ʦʮʝʥʢʠ ʥʘʧʨʷʞʝʥʥʦʛʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʝʟʝʨʚʫʘʨʦʚ ʩ ʜʝʬʝʢ-
ʪʘʤʠ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʦʢʦʚ ʠ ʫʩʣʦʚʠʡ ʚʦʟʤʦʞʥʦʡ ʙʝʟʘʚʘʨʠʡʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʥʝʤʘʣʦ ʨʘʙʦʪ ʧʦ ʧʨʦʙʣʝʤʝ ʘʥʘʣʠʟʘ ʥʘʧʨʷʞʝʥʥʦ-
ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʅɼʉ) ʨʝʟʝʨʚʫʘʨʦʚ [3]. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʘʚʪʦʨʳ 
ʜʘʥʥʳʭ ʨʘʙʦʪ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʨʘʩʯʝʪʘ ʅɼʉ ʨʝʟʝʨʚʫʘʨʦʚ, ʢʦʪʦ-
ʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʴʥʦ ʦʮʝʥʠʚʘʪʴ ʨʝʩʫʨʩ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʈɺʉ. ʉʚʷʟʘʥʦ ʵʪʦ ʩ ʪʝʤ, ʯʪʦ ʨʘʩʯʝʪʳ 
ʅɼʉ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦ ʥʦʨʤʘʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ [4-8] ʥʝ ʫʯʠʪʳʚʘʶʪ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʈɺʉ, 
ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚʥʝʰʥʠʝ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʥʘʣʠʯʠʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʝʬʝʢʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʦʜʷʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʟʝʨʚʫʘʨʦʚ 
ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʝʬʝʢʪʘʤʠ, ʧʨʝʜʣʘʛʘʶʪʩʷ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʅɼʉ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʉʘʤʳʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʠʟ ʥʠʭ ï ʧʨʦʛʨʘʤʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ 
ʨʘʩʯʝʪ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʦʨʨʝʢʪ-
ʥʝr ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʯʥʦʩʪʥʳʭ ʨʘʩʯʝʪʦʚ ʨʝʟʝʨʚʫʘʨʘ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʈɺʉ, ʧʨʠʙʣʠʞʝʥ-
ʥʦʡ ʢ ʨʝʘʣʴʥʦʡ, ʟʘʜʘʥʠʠ ʚʩʝʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʥʘʛʨʫʟʦʢ ʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʟʣʦʚ ʩʝʪʢʠ ʨʘʟ-
ʙʠʝʥʠʷ. 

ʈʧʪʫʙʦʧʛʣʙ ʠʙʝʙʰʡ. ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʘ ʷʚʣʷʝʪʩʷ 
ʜʝʬʝʢʪ ʪʠʧʘ çʪʨʝʱʠʥʘè [9]. ʍʨʫʧʢʠʝ ʨʘʟʨʫʰʝʥʠʷ ʦʙʲʝʢʪʦʚ ʥʝʬʪʷʥʦʡ ʠ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩ ʢʘ-
ʪʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʧʨʦʠʩʭʦʜʷʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʪʨʝʱʠʥʳ ʚ ʤʝʪʘʣʣʦ-
ʢʦʥʩʪʨʫʢʮʠʠ. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʪʘʣʴʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ 
ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠʟ-ʟʘ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ ʠ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʤʝʪʘʣʣʘ. 
ʋʩʪʘʣʦʩʪʥʳʝ ʪʨʝʱʠʥʳ ʧʦʷʚʣʷʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ ʚ ʤʝʩʪʘʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʧʨʷ-
ʞʝʥʠʡ.  

ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʈɼ 153-112-017-97 [4] ʧʦ ʧʘʨʘʤʝʪ-
ʨʘʤ ʤʘʣʦʮʠʢʣʦʚʦʡ ʫʩʪʘʣʦʩʪʠ ʤʝʪʘʣʣʘ. ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʣʝʞʠʪ ʫʨʘʚʥʝʥʠʝ ʇʵʨʠʩʘ, ʢʦʪʦʨʦʝ 
ʩʚʷʟʳʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʦʧʦʜʦʙʥʦʛʦ ʜʝʬʝʢʪʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ): 

.ndb
ʉ ʂ

dN
= ÖD

 
(1) 

ɿʜʝʩʴ ʉ ʠ n ï ɻ ʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ,  
db/dN ï ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʪʨʝʱʠʥʳ, 
 N ï ʯʠʩʣʦ ʮʠʢʣʦʚ 
æK=Kmax-Kmin ï ʨʘʟʤʘʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʟʘ ʦʜʠʥ ʮʠʢʣ ʥʘʛʨʫʞʝʥʠʷ, 

ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʬʦʨʤʫʣʝ: 

,IK Y bs pD = ÖD Ö
 

(2) 

ʛʜʝ  æů=ůmax-ůmin ï ʨʘʟʤʘʭ ʜʝʡʩʪʚʫʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ; 
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YI  ï ʂ-ʪʘʨʠʨʦʚʦʯʥʘʷ ʬʫʥʢʮʠʷ, ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʛʝʦʤʝʪʨʠʠ ʪʝʣʘ, ʧʘʨʘ-
ʤʝʪʨʦʚ ʪʨʝʱʠʥʳ ʠ ʫʩʣʦʚʠʡ ʥʘʛʨʫʞʝʥʠʷ; 

b ï ʛʣʫʙʠʥʘ ʪʨʝʱʠʥʳ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ (ʂʀʅ) ï ʵʪʦ ʧʘʨʘʤʝʪʨ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʧʨʷ-

ʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʚʝʨʰʠʥʝ ʪʨʝʱʠʥʳ ʠ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʛʝʦʤʝʪʨʠʠ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʨʘʟʤʝʨʦʚ ʪʨʝʱʠʥʳ. ɼʣʷ ʨʘʩʯʝʪʘ ʂʀʅ ʪʨʝʱʠʥ ʚ ʧʨʦʩʪʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ, 
ʥʘʧʨʠʤʝʨ, ʮʠʣʠʥʜʨʘʭ ʠʣʠ ʧʣʘʩʪʠʥʘʭ, ʩʫʱʝʩʪʚʫʶʪ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʩʧʨʘ-
ʚʦʯʥʠʢʝ ʖ. ʄʫʨʘʢʘʤʠ çʉʧʨʘʚʦʯʥʠʢ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡè. ʆʜʥʘʢʦ ʜʣʷ ʪʨʝ-
ʱʠʥ ʚ ʥʠʞʥʠʭ ʧʦʷʩʘʭ ʨʝʟʝʨʚʫʘʨʦʚ ʚʙʣʠʟʠ ʧʨʠʝʤʦ-ʨʘʟʜʘʪʦʯʥʳʭ ʧʘʪʨʫʙʢʦʚ ʠ ʫʪʦʨʥʦʛʦ ʫʟʣʘ ʪʘʢʠʝ ʬʦʨ-
ʤʫʣʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʢʦʨʨʝʢʪʥʦ. ʇʨʝʜʩʪʘʚʠʤ ʨʘʩʯʝʪ ʂʀʅ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʇʂ ANSYS ʥʘ ʦʩʥʦʚʝ 
ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʨʝʟʝʨʚʫʘʨʘ ʈɺʉʇ-5000 ʩ ʫʯʝʪʦʤ ʨʘʟʤʝʨʘ ʪʨʝʱʠʥʳ, ʝʝ 
ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ. ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʘʢ ʞʝ ʚʳʧʦʣʥʠʤ ʘʥʘ-
ʣʠʟ ʂʀʅ ʚʝʨʪʠʢʘʣʴʥʦʡ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʪʨʝʱʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ 
ʨʝʟʝʨʚʫʘʨʘ, ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʨʘʟʤʝʨʘ ʜʝʬʝʢʪʘ.  

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʨʝʟʝʨʚʫʘʨ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʭʨʘʥʝʥʠʷ ʘʚʪʦʙʝʥʟʠʥʘ, ʚʳʧʦʣʥʝʥ ʠʟ ʩʪʘʣʠ ʉʪ3ʩʧ 
(ůŰ=245 ʄʇʘ, ůʚ=370 ʄʇʘ).  ɺʠʟʫʘʣʴʥʦ-ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʨʝʟʝʨʚʫʘʨʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʧʦ-
ʷʩʝ ʨʝʟʝʨʚʫʘʨʘ ʠʤʝʝʪʩʷ ʪʨʝʱʠʥʘ ʩ ʨʘʟʤʝʨʘʤʠ: ʛʣʫʙʠʥʘ ï 2 ʤʤ, ʜʣʠʥʘ ï 10 ʤʤ. ʅʘʧʨʘʚʣʝʥʠʝ ʠ ʨʘʩʧʦ-
ʣʦʞʝʥʠʝ ʪʨʝʱʠʥʳ (ʩ ʚʥʪʫʨʝʥʥʝʡ ʠʣʠ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ) ʥʝ ʠʟʚʝʩʪʥʳ. 

ʉʞʙʤʡʠʙʯʡʸ ʠʙʝʙʰʡ. ʈʘʩʯʝʪ ʅɼʉ ʚ ʇʂ Ansys ʧʨʦʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʦʟʜʘʝʪʩʷ ʤʘʪʝʤʘ-
ʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʚʢʣʶʯʘʶʱʘʷ ʧʦʩʪʨʦʝʥʠʝ ʝʛʦ ʛʝʦʤʝʪʨʠʠ, ʟʘʜʘʥʠʝ ʤʘʪʝʨʠʘʣʘ 
ʠʟʛʦʪʦʚʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʘ, ʨʘʟʙʠʝʥʠʝ ʤʦʜʝʣʠ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʡ ʩʝʪʢʦʡ, 
ʟʘʜʘʥʠʝ ʥʘʛʨʫʟʦʢ ʠ ʜʘʚʣʝʥʠʡ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʚʳʙʦʨ ʚʳʭʦʜʥʳʭ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʛʝʦʤʝʪʨʠʠ ʤʦ-
ʜʝʣʠ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʦʜʥʘ ʯʝʪʚʝʨʪʴ ʨʝʟʝʨʚʫʘʨʘ ʩ ʜʚʫʤʷ ʧʨʠʝʤʦʨʘʟʜʘʪʦʯʥʳʤʠ ʧʘʪʨʫʙʢʘʤʠ ʩ ʫʩʠʣʠʚʘ-
ʶʱʠʤ ʣʠʩʪʦʤ ʠ ʦʙʝʯʘʡʢʦʡ (ʨʠʩ.1).  

 

 
 

ʉʡʪ.1. ʅʧʝʞʤʵ ʩʞʠʞʩʛʬʙʩʙ ʉɻʊʈ-5000 
 

ʊʘʢ, ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ: ʦʙʱʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʝʟʝʨʚʫʘʨʘ, ʥʦʤʠ-
ʥʘʣʴʥʳʝ ʢʦʣʴʮʝʚʳʝ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ.2) ʠ ʧʨʦʜʦʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ, 
ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʧʝʨʚʦʤ ʧʦʷʩʝ ʨʝʟʝʨʚʫʘʨʘ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʘʪʨʫʙ-
ʢʦʚ. 

ɿʘʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦʩʪʨʦʝʥʠʝ ʜʝʬʝʢʪʘ çʪʨʝʱʠʥʘè. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʮʝʣʝʩʦʦʙʨʘʟ-
ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ ʧʦʜʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʩʝʪʢʫ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚ 
ʦʪʜʝʣʴʥʦʡ ʦʙʣʘʩʪʠ ʤʦʜʝʣʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʄʂʕ ʜʣʷ ʦʧʠʩʘʥʠʷ 
ʨʦʩʪʘ ʪʨʝʱʠʥʳ ʦʙʳʯʥʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʧʝʨʘʪʠʚʥʫʶ ʧʝʨʝʩʪʨʦʡʢʫ ʢʦʥʝʯʥʦ-ɻ ʣʝʤʝʥʪʥʦʡ ʩʝʪʢʠ ʧʦ ʤʝʨʝ 
ʨʘʟʚʠʪʠʷ ʪʨʝʱʠʥʳ. ʆʩʥʦʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦʜʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ 
ʪʦʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚ ʣʦʢʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʥʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʘʨʠ-
ʘʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚ ʚʳʙʨʘʥʥʦʡ ʦʙʣʘʩʪʠ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʧʦʜʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝ-
ʥʦʩʝ ʨʝʟʫʣʴʪʘʪʦʚ (ʧʝʨʝʤʝʱʝʥʠʡ), ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʩʯʝʪʘ ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʚ ʤʝʩʪʘʭ ʨʘʟʤʝʱʝʥʠʷ ʛʨʘʥʠʮ 
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ʧʦʜʤʦʜʝʣʠ ʥʘ ʫʟʣʳ ʧʦʜʤʦʜʝʣʠ ʩ ʙʦʣʝʝ ʤʝʣʢʦʡ ʩʝʪʢʦʡ. ɺ ʇʂ Ansys ʜʣʷ ʠʥʪʝʨʧʦʣʷʮʠʠ ʧʝʨʝʤʝʱʝʥʠʡ ʠʟ 
ʧʦʣʥʦʡ ʤʦʜʝʣʠ ʚ ʧʦʜʤʦʜʝʣʴ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʶ çStructural DOFè ʩ ʫʢʘʟʘʥʠʝʤ ʪʠʧʘ 
ʧʦʜʤʦʜʝʣʠʨʦʚʘʥʠʷ shell-solid [10].  

 

 
 

ʉʡʪ.2. ʃʧʤʵʯʞʛʴʞ ʦʙʨʩʸʟʞʦʡʸ ʛ ʪʫʞʦʣʞ ʩʞʠʞʩʛʬʙʩʙ ʉɻʊʈ-5000 
 

ʇʦʩʣʝ ʨʘʩʯʝʪʘ ʅɼʉ ʤʦʜʝʣʠ ʨʝʟʝʨʚʫʘʨʘ, ʙʳʣʘ ʩʦʟʜʘʥʘ ʢʦʧʠʷ ʛʝʦʤʝʪʨʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʟʝʨʚʫʘʨʘ, 
ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʧʦʜʤʦʜʝʣʴ, ʧʣʘʩʪʠʥʘ 400Ĭ400Ĭ9,4 ʤʤ, çʚʳʨʝʟʘʥʥʘʷè ʠʟ ʧʝʨʚʦʛʦ ʧʦʷʩʘ ʨʝʟʝʨ-
ʚʫʘʨʘ ʤʝʞʜʫ ʧʘʪʨʫʙʢʘʤʠ. ʅʘ ʧʦʜʤʦʜʝʣʴ ʪʘʢ ʞʝ ʙʳʣʠ ʧʨʠʣʦʞʝʥʳ ʥʘʛʨʫʟʢʠ, ʢʦʪʦʨʳʝ ʠʩʧʳʪʳʚʘʝʪ ʨʘʩ-
ʯʝʪʥʘʷ ʦʙʣʘʩʪʴ ʚ ʧʦʣʥʦʡ ʤʦʜʝʣʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʪʨʝʱʠʥʳ ʚ ʇʂ Ansys WB ʠʤʝʝʪʩʷ ʠʥʩʪʨʫʤʝʥʪ 
çFracture-Crackè, ʢʦʪʦʨʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʦʟʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʧʦʣʫʵʣʣʠʧʪʠʯʝʩʢʠʝ ʪʨʝʱʠʥʳ ʪʨʝʙʫʝ-
ʤʦʛʦ ʨʘʟʤʝʨʘ. 

ɿʘʜʘʯʘ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʩ ʫʚʝʣʠʯʝʥʠ-
ʝʤ ʛʣʫʙʠʥʳ ʪʨʝʱʠʥʳ, ʚʘʨʴʠʨʫʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʨʝʱʠʥʳ: ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩ ʚʥʝʰʥʝʡ ʠ 
ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥ ʩʪʝʥʢʠ ʨʝʟʝʨʚʫʘʨʘ (ʨʠʩ.3). ʀʟʥʘʯʘʣʴʥʳʝ ʨʘʟʤʝʨʳ ʪʨʝʱʠʥʳ: ʛʣʫʙʠʥʘ ï 2 ʤʤ, ʜʣʠʥʘ 
10 ʤʤ. ʈʦʩʪ ʪʨʝʱʠʥʳ ʚʳʧʦʣʥʷʝʤ ʩ ʰʘʛʦʤ 1 ʤʤ ʜʦ ʛʣʫʙʠʥʳ, ʨʘʚʥʦʡ 7 ʤʤ, ʧʨʠ ʵʪʦʤ ʜʣʠʥʘ ʪʨʝʱʠʥʳ ʩ 
ʢʘʞʜʳʤ ʰʘʛʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ.  

 

 
 

ʉʡʪ.3. ʅʧʝʞʤʵ ʛʞʩʫʡʣʙʤʵʦʧʢ ʫʩʞʲʡʦʴ 
 

ʏʪʦʙʳ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʧʨʷʞʝ-
ʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ çSparse Solveè. ɺ ʤʝʥʶ çSolution-Fracture Tool-SIFè ʙʫʜʝʪ ʟʘʜʘʥ ʚʳ-
ʚʦʜ ʟʥʘʯʝʥʠʡ ʂʀʅ.  

ʄʦʜʝʣʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʝʱʠʥʳ ʛʣʫʙʠʥʦʡ L=2 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ ʩʪʝʥʢʠ ʨʝ-
ʟʝʨʚʫʘʨʘ, ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʀʅ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʉʡʪ. 4. ʉʙʪʨʩʞʝʞʤʞʦʡʞ ʃʁʆ ʛ ʛʞʩʫʡʣʙʤʵʦʧʢ ʫʩʞʲʡʦʞ, ʩʙʪʨʧʤʧʟʞʦʦʧʢ ʦʙ ʛʦʞʱʦʞʢ ʪʫʧʩʧʦʞ 
ʩʞʠʞʩʛʬʙʩʙ 

 
ʉʞʠʬʤʵʫʙʫʴ ʩʙʪʰʞʫʙ. ɿʥʘʯʝʥʠʷ ʂʀʅ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʮʠʡ ʨʘʟʤʝʨʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʪʨʝʱʠʥʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
 

ʋʙʚʤʡʯʙ 1  
ʀʦʙʰʞʦʡʸ ʃʁʆ ʥʧʝʞʤʞʢ ʫʩʞʲʡʦ 

ɻʣʫʙʠʥʘ L, 
ʤʤ 

max,Iʂ ʄʇʘ ʤD Ö
 

ʉʪʦʨʦʥʘ ʨʝʟʝʨʚʫʘʨʘ 

ɺʥʝʰʥʷʷ ɺʥʫʪʨʝʥʥʷʷ 

ʇʦʣʦʞʝʥʠʝ ʪʨʝʱʠʥʳ 

ɺʝʨʪʠʢʘʣʴʥʦʝ ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ɺʝʨʪʠʢʘʣʴʥʦʝ ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ 

2 25,354  22,243 26,800 21,584 

3 26,907 22,551 28,192 21,872 

4 28,132 22,900 29,342 22,148 

5 29,441 23,189 30,258 22,346 

6 31,134 23,467 31,255 22,481 

7 31,909 23,614 31,983 22,619 

 
ʆʮʝʥʠʚʘʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʪʨʝʱʠʥʳ ʂʀʅ 

ʚʦʟʨʘʩʪʘʝʪ. ɺ ʮʝʣʦʤ, ʟʥʘʯʝʥʠʷ ʂʀʅ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʝʱʠʥ ʙʦʣʴʰʝ, ʯʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ. ʅʘʠʙʦʣʴʰʠʝ 
ʟʥʘʯʝʥʠʷ ʂʀʅ ʥʘʙʣʶʜʘʶʪʩʷ ʫ ʚʝʨʪʠʢʘʣʴʥʳʭ ʪʨʝʱʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʨʝʟʝʨʚʫʘ-
ʨʘ. 

ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʟʝʨʚʫʘʨʘ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ 
ʣʘʚʠʥʦʦʙʨʘʟʥʦʡ ʪʨʝʱʠʥʳ  ʧʦ  ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʂʀʅ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ 
ʢʠʥʝʪʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ ʮʠʢʣʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʩʪʘʣʝʡ [11] ʠ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʪʨʝʱʠʥ ʛʣʫʙʠʥʦʡ 2 ʤʤ ʠ ʜʣʠʥʦʡ 10 ʤʤ.  

 
ʋʙʚʤʡʯʙ 2 

ʇʪʫʙʫʧʰʦʴʢ ʩʞʪʬʩʪ ʩʞʠʞʩʛʬʙʩʙ ʉɻʊʈ-5000 

ʉʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʂʀʅ 
ʉʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ, 
æʂ= 24,2 ʄʇʘĀʤ1/2 

ʄʂʕ, 
ʚʝʨʪʠʢʘʣʴʥʘʷ ʪʨʝʱʠʥʘ, 
æʂ= 26,8 ʄʇʘĀʤ1/2 

ʄʂʕ, 
ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʪʨʝʱʠ-

ʥʘ, 
æʂ= 21,58 ʄʇʘĀʤ1/2 

ʆʩʪʘʪʦʯʥʳʡ ʨʝʩʫʨʩ ʊ, ʣʝʪ 5,5 4,4 6,3 

 
ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʦʙʦʩʥʦʚʳʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʥʦʛʦ ʂʀʅ ʜʣʷ ʪʨʝʱʠʥʳ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʩʪʝʥʢʝ ʨʝʟʝʨʚʫʘʨʘ, ʪʘʢ ʢʘʢ ʜʘʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʝʣʠʯʠʥʫ 
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ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʟʝʨʚʫʘʨʘ. ɿʥʘʷ ʢʦʥʢʨʝʪʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʨʝʱʠʥʳ ʚ ʩʪʝʥʢʝ ʨʝ-
ʟʝʨʚʫʘʨʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʦʩʪʘʪʦʯʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚ 
ʙʦʣʴʰʫʶ ʠʣʠ ʤʝʥʴʰʫʶ ʩʪʦʨʦʥʫ ʦʪ ʚʝʣʠʯʠʥʳ, ʥʘʡʜʝʥʥʦʡ ʙʝʟ ʫʯʝʪʘ ʣʦʢʘʮʠʠ ʪʨʝʱʠʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʯʝʪ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʨʝʟʝʨʚʫʘʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʇʂ ANSYS ʧʦʟʚʦʣʷʝʪ 
ʢʦʨʨʝʢʪʥʦ ʦʮʝʥʠʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʨʝʟʝʨʚʫʘʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʠ 
ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʜʝʬʝʢʪʘ ʪʠʧʘ çʪʨʝʱʠʥʘè ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʠʡ ʙʝʟʘʚʘʨʠʡʥʳʡ 
ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʊʝʢʫʱʝʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ ʊʅʇ ʥʘ ʬʦʥʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʰʠʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʦʚʳʭ ʤʦʱʥʦʩʪʝʡ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: 
http://transnefteproduct.transneft.ru/press/news/?print=1&id=2437 

2. ʍʨʦʥʠʢʘ ʘʚʘʨʠʡ// ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʞʫʨʥʘʣ çɹʝʟʦʧʘʩʥʦʩʪʴ ʪʨʫʜʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦ-
ʩʪʠè. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.btpnadzor.ru/ru 

3. ɻʘʡʩʠʥ ʕ.ʐ., ɻʘʡʩʠʥ ʄ.ʐ. ʉʦʚʨʝʤʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʝʨ-
ʚʫʘʨʦʚ ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ // ʊʨʘʥʩʧʦʨʪ ʠ ʭʨʘʥʝʥʠʝ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. 2016. ˉ2. URL: 
http://cyberleninka.ru/article/n/sovremennoe-sostoyanie-problem-obespecheniya-nadezhnosti-rezervuarov-
dlya-nefti-i-nefteproduktov. 

4. ʈɼ 153-112-017-97 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʜʠʘʛʥʦʩʪʠʢʝ ʠ ʦʮʝʥʢʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. ï ʋʬʘ: ɿɸʆ çʅʝʬʪʝʤʦʥʪʘʞʜʠʘʛʥʦʩʪʠʢʘè, 1997. ï C. 70.  

5. ʈɼ 25.160.10-ʂʊʅ-050-06 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩʚʘʨʢʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʝʤʦʥʪʝ 
ʩʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ. - ʄ.: ʆɸʆ çɸʂ çʊʨʘʥʩʥʝʬʪʴè, 2005. ï C. 259. 

6. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ 
ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ï ʄ: ɿɸʆ çʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʙʣʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠè, 2013. ï C. 240. 

7. ʈɼ-23.020.00.-ʂʊʅ-296-07 ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʦʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ ʆɸʆ 
çɸʂ çʊʨʘʥʩʥʝʬʪʴè.- ɺʚʝʜ. 2007-11-02. ʄ.: ʊʨʘʥʩʥʝʬʪʴ, 2007 ï C. 135. 

8. ʈɼ 08-95-95 ʇʦʣʦʞʝʥʠʝ ʦ ʩʠʩʪʝʤʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʷ ʩʚʘʨʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ 
ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ï ɺʚʝʜ. 1995-09-01.: ɸʆ çɺʅʀʀʤʦʥ-
ʪʘʞʩʧʝʮʩʪʨʦʡè, 2013 ï ʉ. 19. 

9. ʉʘʬʠʥʘ ʀ. ʉ., ʂʘʫʟʦʚʘ ʇ. ɸ., ɻʫʱʠʥ ɼ. ɸ. ʆʮʝʥʢʘ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʝʟʝʨʚʫʘʨʦʚ ʚʝʨʪʠ-
ʢʘʣʴʥʳʭ ʩʪʘʣʴʥʳʭ// ʊʝʭʅʘʜʟʦʨ ï 2016 ï ̄ 3. ʈʝʞʠʤ ʜʦʩʪʫʧʘ: http://www.strategnk.ru/section/148/ 

10. ɻʝʨʘʩʠʤʝʥʢʦ ɸ.ɸ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ ʩʪʘʣʴʥʳʭ ʨʝʟʝʨʚʫʘʨʦʚ ʧʦ ʧʘʨʘʤʝʪ-
ʨʘʤ ʮʠʢʣʠʯʝʩʢʦʡ ʪʨʝʱʠʥʦʩʪʦʡʢʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʜʚʫʭʦʩʥʦʛʦ ʥʘʛʨʫʞʝʥʠʷ: ʜʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝ-
ʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ/ ɻʝʨʘʩʠʤʝʥʢʦ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ. ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2014. 
ï 159 ʩ.  

11. ʇʫʩʪʦʚʦʡ ɺ.ʅ. ʄʝʪʘʣʣʦʢʦʥʩʪʨʫʢʮʠʠ ʛʨʫʟʦʧʦʜʲʝʤʥʳʭ ʤʘʰʠʥ. ʈʘʟʨʫʰʝʥʠʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ 
ʦʩʪʘʪʦʯʥʦʛʦ ʨʝʩʫʨʩʘ. ï ʄ.: ʊʨʘʥʩʧʦʨʪ, 1992. ï 256 ʩ. 

É ɸ. ʉ. ɼʤʠʪʨʠʝʚʘ, ɻ. ʍ. ʉʘʤʠʛʫʣʣʠʥ, ɸ. ɸ. ʃʷʛʦʚʘ, 2017 

  

http://transnefteproduct.transneft.ru/press/news/?print=1&id=2437
http://cyberleninka.ru/article/n/sovremennoe-sostoyanie-problem-obespecheniya-nadezhnosti-rezervuarov-dlya-nefti-i-nefteproduktov
http://cyberleninka.ru/article/n/sovremennoe-sostoyanie-problem-obespecheniya-nadezhnosti-rezervuarov-dlya-nefti-i-nefteproduktov
http://www.strategnk.ru/section/148/


46 »ãçèÐï áâãÔÕÝçÕáÚÐï áâÐâìï 2017 

 

ÜÕÖÔãÝÐàÞÔÝëÙ ÝÐãçÝÞ-ßàÐÚâØçÕáÚØÙ ÚÞÝÚãàá  | ¼Æ½Á ¦½°Ãº° ¸ ¿À¾Á²µÉµ½¸µ« 

Ã´º 672.1 

º ²¾¿À¾ÁÃ ¾± ÃÁÂ°»¾ÁÂ½¾¹ ¿À¾Ç½¾ÁÂ¸ 
¼µÂ°»»¾² 

ʉʪʫʜʝʥʪ 
ʌɻɹʆʋ ɺʆ çʀʚʘʥʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʅʙʤʧʛʙ ʁʩʡʦʙ ɻʡʣʫʧʩʧʛʦʙ 
ʢ.ʵ.ʥ., ʜʦʮʝʥʪ 

ʌɻɹʆʋ ɺʆ çʈʕʋ ʠʤ.ɻ.ɺ. ʇʣʝʭʘʥʦʚʘè ʀʚʘʥʦʚʩʢʠʡ ʬʠʣʠʘʣ 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʝ-
ʪʘʣʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʳʷʚʣʝʥʘ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʫʧʨʦʯʥʝʥʠʝʤ ʠ ʫʩʪʘʣʦʩʪʥʳʤ ʨʘʟʨʫ-
ʰʝʥʠʝʤ ï ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʇʨʝʜʣʦʞʝ-
ʥʳ ʤʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʚʣʠʷʶʱʠʝ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʦʪʝʯʝ-
ʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʚ ʦʪʨʘʩʣʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʤʝʪʘʣʣʳ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʤʝʪʦʜʳ ʫʧʨʦʯʥʝʥʠʷ, ʠʤ-
ʧʦʨʪʦʟʘʤʝʱʝʥʠʝ,ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 
 

TO THE QUESTION OF THE GROSS STRENGTH OF METALS 
 

Malov Mikhail Sergeevich 
 

Abstract: The article presents the results of research in the field of technological properties of metals, includ-
ing the relationship between surface hardening and fatigue failure - significant operational factors of engineer-
ing products. Methods of surface hardening of metals, affecting the improvement of the quality of domestic 
machinery production, are proposed, which is of great importance in the conditions of import substitution in the 
industry. 
Key words: mechanical engineering, metals, operational properties, hardening methods, import substitution, 
competitiveness 

 
ɺ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʳʭ ʦʪʥʦʰʝʥʠʡ, ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʧʨʝʜʝ-

ʣʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʫʩʧʝʰʥʦʩʪʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ɺʳʩʦʢʠʝ ʧʨʦʯʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ, ʢʦʪʦʨʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʘʙʦʪʳ ʧʨʦʠʟʚʦʜʠʪʝʣʷ, ʥʦ ʠ ʥʘ 
ʧʨʠʙʳʣʠ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
çʨʦʜʠʪʝʣʝʤè ʠʭ ʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ɺ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʧʨʦʠʟʦʰʣʦ ʤʥʦʛʦ ʪʨʘʛʝʜʠʡ ʠʟ-ʟʘ ʥʝ 
ʫʯʝʪʘ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ, ʪʘʢ ʥʘʧʨʠʤʝʨ ʚ 1842 ʛʦʜʫ ʧʨʦʠʟʦʰʣʘ ʢʨʫʧʥʝʡʰʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ ʢʘʪʘʩʪʨʦʬʘ, 
ʫʥʝʩʰʘʷ ʞʠʟʥʠ 55 ʯʝʣʦʚʝʢ. ɼʘ ʠ ʚ ʥʘʰʝ ʚʨʝʤʷ ʵʪʘ ʧʨʦʙʣʝʤʘ ʘʢʪʫʘʣʴʥʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚʩʧʦʤʥʠʤ, ʯʪʦ ʚ 
2009 ʛʦʜʫ ʧʨʦʠʟʦʰʣʘ ʦʜʥʘ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʘʚʘʨʠʡ ʥʘ ʉʘʷʥʦ-ʐʫʰʝʥʩʢʦʡ ɻʕʉ, ʥʘʥʝʩʰʘʷ ʥʝ ʪʦʣʴʢʦ ʦʛʨʦʤ-
ʥʳʡ ʚʨʝʜ ʵʢʦʣʦʛʠʠ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʥʦ ʠ ʫʥʝʩʰʘʷ ʞʠʟʥʠ ʩʝʤʠʜʝʩʷʪʠ ʧʷʪʠ ʯʝʣʦʚʝʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʧʨʦʚʝʜʸʥʥʦʛʦ ʨʘʩʩʣʝʜʦʚʘʥʠʷ ʈʦʩʪʝʭʥʘʜʟʦʨ ʈʌ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʧʨʠʯʠʥʦʡ ʘʚʘʨʠʠ ʥʘʟʚʘʣ ʨʘʟʨʫʰʝ-
ʥʠʝ h ʧʠʣʝʢ ʢʨʝʧʣʝʥʠʷ ʢʨʳʰʢʠ ʪʫʨʙʠʥʳ ʛʠʜʨʦʘʛʨʝʛʘʪʘ, ʚʳʟʚʘʥʥʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʠʥʘʤʠʯʝʩʢʠʤʠ 
ʥʘʛʨʫʟʢʘʤʠ ʧʝʨʝʤʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʦʤʫ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʫʩʪʘʣʦʩʪʥʳʭ ʧʦ-
ʚʨʝʞʜʝʥʠʡ ʫʟʣʦʚ ʢʨʝʧʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʨʳʚʫ ʢʨʳʰʢʠ ʠ ʟʘʪʦʧʣʝʥʠʶ ʤʘʰʠʥʥʦʛʦ ʟʘʣʘ ʩʪʘʥʮʠʠ. 
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ʀʟʫʯʝʥʠʝʤ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ, ʝʸ ʩʚʦʡʩʪʚ ʠ ʤʝʪʦʜʦʚ ʙʦʨʴʙʳ ʟʘʥʠʤʘʣʠʩʴ ʢʘʢ ʟʘʨʫʙʝʞʥʳʝ, 
ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʠʥʞʝʥʝʨʘ ʠ ʫʯʸʥʳʝ: ɺʠʣʴʛʝʣʴʤ ɸʣʴʙʝʨʪ, ɾ.-ɺ. ʇʦʥʩʝʣʝ, ɸ. ɺʸʣʣʝʨ, ʃ. ʐʧʘʥʛʝʥ-
ʙʝʨʛ, ʇ. ʇʵʨʠʩ, ʄ. ɻʦʤʝʩ, ɻ.ɼʞʝʡʤʩ, ɼ. ɻʘʣʴʪʦʥ ʌ. ʉ. ʗʩʠʥʩʢʠʡ ʠ ʜʨ. ʆʥʠ ʦʧʨʝʜʝʣʠʣʠ ʦʩʥʦʚʥʫʶ ʢʣʘʩʩʠ-
ʬʠʢʘʮʠʶ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʛʨʫʟʦʢ, ʨʘʟʨʘʙʦʪʘʣʠ ʙʘʟʦʚʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ. 

ɺʘʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ ʚʦʧʨʦʩʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʰʝʥʠʝʤ ʢʦʥʢʫʨʝʥʪʦ-
ʩʧʦʩʦʙʥʦʩʪʠ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ, ʥʦ ʠ ʦʙʝʩ-
ʧʝʯʝʥʠʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʣʶʜʝʡ. 

ʋʩʪʘʣʦʩʪʴʶ ʤʘʪʝʨʠʘʣʘ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ, ʧʦ-
ʚʨʝʞʜʝʥʠʡ, ʧʨʠʚʦʜʷʱʠʭ ʚ ʜʘʣʴʥʝʡʰʝʤ ʢ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʮʘ [9]. ʈʘʩʩʤʦʪʨʠʤ ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ 
ʫʩʪʘʣʦʩʪʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʆʥʠ ʧʨʠʚʝʜʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʘʥʥʦʡ ʬʦʨʤʫʣʦʡ (1). 

                              „ ˑ ˗ᶻ˙ ᶻ˚
,                                           (1) 

ɺ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʩ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʥʪʝʨʝʩʫʶʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʂů ʠ ɓʥů.,  

ʂʦʵʬʬʠʮʠʝʥʪ  ʂů ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʥʠʞʝʥʠʝ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʳ ʧʦ ʩ ʨʘʚʥʝʥʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ ʟʘ 
ʩʯʝʪ ʥʘʣʠʯʠʷ ʤʝʩʪʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (2): 

                 ̠ ρ ήz ˗ ρ,                                                   (2) 

ʛʜʝ q -  ʢʦʵʬʬʠʮʠʝʥʪ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʢ ʤʝʩʪʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤ.  
ʂʦʵʬʬʠʮʠʝʥʪ  ʂů ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʧʨʝʜʝʣʘ ʧʨʦʯʥʦʩʪʠ [1]. ʀʟ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʯʪʦ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʙʦ-
ʪʘʶʱʠʭ ʧʨʠ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʦʜʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʪʚʝʨʜʳʝ 
ʤʘʪʝʨʠʘʣʳ.  

ʂʦʵʬʬʠʮʠʝʥʪ ɓʥů ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘʭʦʜʠʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʧʨʝʜʝʣʘ ʚʳ-
ʥʦʩʣʠʚʦʩʪʠ ʜʣʷ ʠʜʝʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʧʨʝʜʝʣʫ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʘ [10].  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʧʨʝʜʝʣʘ ʚʳʥʦʩʣʠʚʦʩʪʠ ʦʙʨʘʟʮʘ ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 
ʫʧʨʦʯʥʝʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ: 

1. ʄʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʙʳʩʪʨʦʤ ʥʘʛʨʝʚʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʤʝ-
ʪʘʣʣʘ (ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ ʦʭʣʘʞʜʝʥʠʝʤ ʧʫʪʝʤ ʦʪʚʦʜʘ ʪʝʧʣʘ ʚ ʦʩ-
ʥʦʚʥʦʡ ʦʙʲʝʤ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʭʦʣʦʜʥʳʤ. ʅʝʦʙʭʦʜʠʤʳʡ ʫʨʦʚʝʥʴ ʪʝʤʧʝʨʘʪʫʨʳ 
ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʥʘʛʨʝʚʦʤ ʚ ʠʥʜʫʢʮʠʦʥʥʦʡ ʧʝʯʠ), ʥʦ ʦʯʝʥʴ ʯʘʩʪʦ ʵʪʠ ʤʝʪʦʜʳ 
ʷʚʣʷʶʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʨʝʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟ-ʟʘ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘ. ʏʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴ-
ʟʫʶʪ ʦʙʨʘʙʦʪʢʫ ʙʝʟ ʦʧʣʘʚʣʝʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ Ra=0,16-1,25ʤʢʤ. ɻʣʫʙʠʥʘ 
ʫʧʨʦʯʥʷʝʤʦʛʦ ʩʣʦʷ ʤʝʪʘʣʣʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʜʦʧʫʩʪʠʤʦʛʦ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ [6]. 

2. ʇʣʘʟʤʝʥʥʘʷ ʟʘʢʘʣʢʘ. ʌʠʟʠʢʘ ʧʨʦʮʝʩʩʘ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʥʘʠʙʳʩʪʨʝʡʰʝʤ ʤʝʩʪʥʦʤ ʥʘʛʨʝʚʝ ʧʣʘʟ-
ʤʝʥʥʦʡ ʜʫʛʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠʟʜʝʣʠʷ ʜʦ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʙʳʩʪʨʦʝ ʝʛʦ ʦʭʣʘʞʜʝʥʠʝ ʩ ʟʘʢʨʠ-
ʪʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʧʣʦʦʪʚʦʜʘ ʚʦ ʚʥʫʪʨʝʥʥʠʝ ʩʣʦʠ ʤʘʪʝʨʠʘʣʘ. ʈʝʟʫʣʴʪʘʪʦʤ ʧʨʦʚʝʜʝʥ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ: ʧʦʚʳʰʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʩʣʝʜʩʪʚʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʮʠʬʠ-
ʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʤʝʪʘʣʣʘ. ʇʦʣʦʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ ʧʨʦʚʝʜʝʥʥʳʭ çʧʨʦʮʝʜʫʨè 
ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʢʠʭ ʢʘʢ: ʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʩʦʧʨʦ-
ʪʠʚʣʝʥʠʝ ʨʘʟʨʫʰʝʥʠʶ.  

3. ʄʝʪʦʜ ʘʟʦʪʠʨʦʚʘʥʠʷ (ʧʨʦʮʝʩʩ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ). ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʩʳʱʝʥʠʠ 
ʘʟʦʪʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʩʧʣʘʚʦʚ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʘʟʦʪʠʨʫʶʱʝʡ ʩʨʝʜʝ. ʇʦʚʝʨʭʥʦʩʪ-
ʥʳʡ ʩʣʦʡ ʠʟʜʝʣʠʷ, ʥʘʩʳʱʝʥʥʳʡ ʘʟʦʪʦʤ, ʠʤʝʝʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʸʥʥʳʝ ʥʠʪʨʠʜʳ ʠ ʧʨʠʦʙʨʝʪʘʝʪ 
ʧʦʚʳʰʝʥʥʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʠ ʚʳʩʦʯʘʡʰʫʶ ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ. ʇʦ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʘʟʦʪʠʨʦʚʘ-
ʥʠʝ ʫʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʙʦʨʠʨʦʚʘʥʠʶ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʝʚʦʩʭʦʜʷ ʮʝʤʝʥʪʘʮʠʶ ʠ ʥʠʪʨʦʮʝʤʝʥʪʘʮʠʶ. 

4. ɻʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʥʘʛʨʝʚʘ,  ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʥʦʩʘ ʢʦʥʜʝʥʩʠʨʦ-
ʚʘʥʥʳʭ ʯʘʩʪʠʮ ʨʘʩʧʳʣʷʝʤʦʛʦ  ʤʘʪʝʨʠʘʣʘ ʛʘʟʦʚʳʤ ʠʣʠ ʧʣʘʟʤʝʥʥʳʤ ʧʦʪʦʢʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ 
ʧʦʜʣʦʞʢʝ ʩʣʦʷ ʥʫʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ (ɻʊʅ) ʦʙʲʝʜʠ-
ʥʷʶʪ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʝ ʛʘʟʦʧʣʘʤʝʥʥʦʝ ʥʘʧʳʣʝ-
ʥʠʝ, ʜʝʪʦʥʘʮʠʦʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʧʣʘʟʤʝʥʥʦʝ ʥʘʧʳʣʝʥʠʝ, ʥʘʧʳʣʝʥʠʝ ʩ ʦʧʣʘʚʣʝʥʠʝʤ, ʵʣʝʢʪʨʦʜʫʛʦ-
ʚʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʘʷ ʵʣʝʢʪʨʦʜʫʛʦʚʘʷ ʤʝʪʘʣʣʠʟʘʮʠʷ [8]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 
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ʇʦ ʩʚʦʝʡ ʩʫʪʠ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʝ ʥʘʧʳʣʝʥʠʝ ʦʯʝʥʴ ʧʦʭʦʞʝ ʥʘ ʩʚʘʨʢʫ, ʦʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʬʫʥʢ-
ʮʠʦʥʘʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ ʧʝʨʝʥʦʩʠʤʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʎʝʣʴ ʩʚʘʨʢʠ  - ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʩʦʦʨʫʞʝʥʠʡ, ʘ ʮʝʣʴ ʛʘʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʥʘʧʳʣʝʥʠʷ - ʵʪʦ ʟʘʱʠʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʢʦʨʨʦʟʠʠ, ʠʟ-
ʥʦʩʘ ʠ ʪ. ʜ. 

 
ʋʙʚʤʡʯʙ 1 

 ʅʞʫʧʝʴ ʜʙʠʧʫʞʩʥʡʰʞʪʣʧʜʧ ʦʙʨʴʤʞʦʡʸ 

ˉ ʧ/ʧ ʅʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʝʪʦʜʘ 

1 ɼʝʪʦʥʘʮʠʦʥʥʦʝ 
ʥʘʧʳʣʝʥʠʝ 

ɺ ʦʩʥʦʚʝ ʣʝʞʠʪ ʧʨʠʥʮʠʧ ʥʘʛʨʝʚʘ ʥʘʧʳʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʙʳʯʥʦ 
ʧʦʨʦʰʢʘ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʝʛʦ ʫʩʢʦʨʝʥʠʝʤ ʠ ʧʝʨʝʥʦʩʦʤ ʥʘ ʥʘʧʳʣʷʝ-
ʤʫʶ ʜʝʪʘʣʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʜʫʢʪʦʚ ʜʝʪʦʥʘʮʠʠ. 

2 ʇʣʘʟʤʝʥʥʦʝ ʥʘʧʳ-
ʣʝʥʠʝ 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 
ʧʣʘʟʤʝʥʥʫʶ ʩʪʨʫʶ ʧʦʜʘʸʪʩʷ ʨʘʩʧʳʣʷʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʥʘʛʨʝ-
ʚʘʝʪʩʷ, ʧʣʘʚʠʪʩʷ ʠ ʚ ʚʠʜʝ ʜʚʫʭʬʘʟʥʦʛʦ ʧʦʪʦʢʘ ʥʘʧʨʘʚʣʷʝʪʩʷ ʥʘ ʧʦʜ-
ʣʦʞʢʫ [5]. ʇʨʠ ʫʜʘʨʝ ʠ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʯʘ-
ʩʪʠʮ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʩʥʦʚʳ ʠʣʠ ʥʘʧʳʣʷʝʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʬʦʨʤʠ-
ʨʦʚʘʥʠʝ ʧʦʢʨʳʪʠʷ [4]. 

3 ʅʘʧʳʣʝʥʠʝ ʩ 
ʦʧʣʘʚʣʝʥʠʝʤ 

ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʥʘʧʳʣʝʥʠʠ ʩʘʤʦʬʣʶʩʫʶʱʠʭʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦ-
ʨʦʰʢʦʚ ʫʩʪʘʥʦʚʢʘʤʠ ʛʘʟʦʧʦʨʦʰʢʦʚʦʛʦ ʥʘʧʳʣʝʥʠʷ. ɺʳʜʝʨʞʢʘ ʤʝʪʘʣʣʘ 
ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʧʣʘʚʣʝʥʠʷ 1050-1080 ÁC ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1-2 
ʤʠʥ. ʂʨʦʤʝ ʬʣʶʩʦʚʘʥʠʷ, ʧʨʠ ʦʧʣʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ 
ʠʟʥʦʩʦʩʪʦʡʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʣʷʶʪ ʙʦʨʠʜʥʳʝ ʠ 
ʢʘʨʙʠʜʥʳʝ ʬʘʟʳ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ [7]. 

 
ʇʦʥʷʪʠʝ çʫʩʪʘʣʦʩʪʠè ʚ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚʢʣʶʯʘʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʷʚʣʝʥʠʡ 

ʦʪʩʨʦʯʝʥʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [2]. ʄʥʦʛʠʝ 
ʢʦʤʧʦʥʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʩʦʜʝʨʞʘʪ ʵʣʝʤʝʥʪʳ, ʧʦʜʚʝʨʛʘʶʱʠʝʩʷ ʮʠʢʣʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ, ʢʦʪʦʨʳʝ ʧʨʠ-
ʚʦʜʷʪ ʢ ʧʦʷʚʣʝʥʠʶ ʮʠʢʣʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʦʪʢʘʟʫ ʤʝʭʘʥʠʟʤʦʚ ʧʦ ʧʨʠʯʠʥʝ 
ʫʩʪʘʣʦʩʪʠ. ʀʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʦʢʦʣʦ 95% ʚʩʝʭ ʨʘʟʨʫʰʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʡ ʠ ʢʘʢ 
ʩʣʝʜʩʪʚʠʝ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʩʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ çʫʩʪʘʣʦʩʪʠ ʤʝʭʘʥʠʟʤʦʚè. 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʢʘ ʥʘ ʨʘʙʦʯʝʤ ʤʝʩʪʝ. 
ʀʩʪʦʨʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʢʘʟʳʚʘʣʘ, ʯʪʦ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʨʘʩʯʝʪʘʤʠ çʫʩʪʘʣʦʩʪʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷè ʦʙʦʨʫ-
ʜʦʚʘʥʠʷ ʠʣʠ ʧʦʤʝʱʝʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʯʝʣʦʚʝʯʝʩʢʠʤ ʞʝʨʪʚʘʤ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠ-
ʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺʘʞʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʢʠ ʷʚʣʷʝʪʩʷ ʪʦʣʯʢʦʤ ʢ ʨʘʟʚʠʪʠʶ ʪʘʢʠʭ ʥʘʫʯʥʳʭ 
ʥʘʧʨʘʚʣʝʥʠʡ, ʢʘʢ ʤʝʭʘʥʠʢʘ, ʜʝʪʘʣʠ ʤʘʰʠʥ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʰʠʨʦʢʦʤʫ 
ʚʥʝʜʨʝʥʠʶ ʥʘʫʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʘʢʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʜʣʷ ʥʫʞʜ ʦʙʱʝʩʪʚʘ [3].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ: 
1. ɼʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʝ ʚʩʝʛʜʘ ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʧʦʜʙʠʨʘʪʴ ʥʘʠʙʦʣʝʝ ʪʚʝʨʜʳʝ ʤʘʪʝʨʠʘʣʳ. 
2. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʢʝ ʜʦʣʛʦʚʝʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 
3. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʢʝ ʥʝʩʫʱʠʭ ʜʝʪʘʣʝʡ ʥʝʦʙʭʦʜʠʤʦ ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷ-

ʞʝʥʠʡ ʠ ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʚʝʨʭʥʦʩʪʠ. 
4. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʪʨʫʜʘ ʠ ʩʥʠʞʝʥʠʷ ʪʨʘʚʤʘʪʠʟʤʘ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʠ ʜʨʫʛʠʭ 

ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ ʧʨʦʜʫʢ-
ʮʠʠ  ʩʦʩʨʝʜʦʪʦʯʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʩʯʝʪʘʭ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʦʚ, ʜʝʪʘʣʝʡ, ʤʝʭʘʥʠʟʤʦʚ, ʘ 
ʚ ʪʝʭʥʦʣʦʛʠʠ ʠʭ ʩʦʟʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ. 
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ANALYSIS AND SOLVING THE PROBLEM OF REDUCED WASTE WATER TREATMENT  
OF ELECTROCHEMICAL PLANTS 

 
Gulyaeva Emilia Yurevna 

 
Abstract: The article contains an analysis of the influence of various methods on reducing the amount of 
waste water in electrochemical production. Ways to reduce the volume of wastewater are indicated. Ad-
vantages and disadvantages of existing wastewater treatment systems are indicated. A program for calculat-
ing the concentration of metal in a process solution is given. 
Keywords: Electrochemical production, waste water, electroplating, metal ions, purification systems 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʧʨʦʙʣʝʤʘ ʩʦʢʨʘʱʝʥʠʷ ʩʪʦʯʥʳʭ ʚʦʜ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟ-

ʚʦʜʩʪʚ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʨʘʙʦʪʦʢ ʚ  ʦʙʣʘʩʪʠ ʦʯʠʩʪʢʠ ʩʪʦʢʦʚ, ʧʨʝʜʧʨʠʷʪʠʷ ʥʝ ʩʧʝ-
ʰʘʪ ʠʭ ʚʥʝʜʨʷʪʴ. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʯʠʥʳ, ʪʦʨʤʦʟʷʱʠʝ  ʵʪʦʪ ʚʘʞʥʳʡ ʧʨʦʮʝʩʩ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ  ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝ ʧʨʦʩʪʦ ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ 
ʩʪʦʢʦʚ, ʥʦ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ [1, ʩ.60]. ʇʨʠʯʝʤ, ʩʪʦʢʠ ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʠʝ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʢʠʩʣʦʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʢʣʶʯʝʥʠʡ. ɹʦʣʴʰʦʡ ʦʙʲʝʤ 
ʩʪʦʢʦʚ ʦʙʨʘʟʫʝʪʩʷ ʥʘ ʩʪʘʜʠʷʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʦʤʳʚʦʢ. ʉʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʛʣʘʤʝʥʪʫ 
ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʠʭ ʤʦʞʝʪ ʙʳʪʴ ʦʪ 8 ʜʦ 14. ʇʨʦʤʳʚʢʠ ʤʦʛʫʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʭʦʣʦʜʥʦʡ ʠ ʛʦʨʷʯʝʡ 
ʚʦʜʦʡ. ʉʦʩʪʘʚ ʩʪʦʢʦʚ ʩʝʨʴʝʟʥʦ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʚʦʜʠʤʦʡ ʦʧʝʨʘʮʠʠ. ʊʘʢ, ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ 
ʦʙʝʟʞʠʨʠʚʘʥʠʷ ʭʘʨʘʢʪʝʨ ʩʪʦʢʦʚ ï ʱʝʣʦʯʥʦʡ, ʘ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʠʣʠ ʪʨʘʚʣʝʥʠʷ ï ʢʠʩʣʳʡ. ʇʨʦʚʝʜʝʥʠʝ 
ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʪʘʢʠʭ ʢʘʢ ʥʘʥʝʩʝʥʠʝ ʛʘʣʴʚʘʥʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚ-
ʣʝʥʠʶ ʚ ʧʨʦʤʳʚʦʯʥʳʭ ʩʪʦʯʥʳʭ ʚʦʜʘʭ ʢʘʪʠʦʥʦʚ ʤʝʪʘʣʣʦʚ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʝʜʲ-
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ʷʚʣʷʝʪ ʚʩʸ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʛʘʣʴʚʘʥʠʯʝʩʢʠʤ ʧʦʢʨʳʪʠʷʤ, ʘ ʵʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʝ ʦʜʥʦʛʦ ʤʝʪʘʣʣʘ, ʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʩʪʦʯʥʳʭ ʚʦʜʘʭ 
ʟʘʤʝʪʥʦ ʨʘʩʰʠʨʷʝʪʩʷ çʘʩʩʦʨʪʠʤʝʥʪè ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ. ʆʯʝʥʴ ʯʘʩʪʦ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʘʷ ʧʨʦʤʳʰʣʝʥ-
ʥʦʩʪʴ ʠʩʧʦʣʴʟʫʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʵʣʝʢʪʨʦʣʠʪʳ, ʜʝʣʘʝʪʩʷ ʵʪʦ ʩ ʮʝʣʴʶ ʧʦʣʫʯʠʪʴ ʨʘʚʥʦ-
ʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʭʦʨʦʰʠʝ ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʘʯʝʩʪʚʘ (ʟʝʨ-
ʢʘʣʴʥʳʡ ʙʣʝʩʢ ʠ ʪ.ʜ.). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʢʪʨʦʣʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʩʪʦʢʘʭ ʙʦʣʴ-
ʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʞʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ʂ ʧʨʠʤʝʨʫ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʚ ʥʝ-
ʢʦʪʦʨʳʭ ʵʣʝʢʪʨʦʣʠʪʘʭ ʠʩʧʦʣʴʟʫʶʪ ʊʨʠʣʦʥ ɹ, ʚʝʱʝʩʪʚʦ, ʩʧʦʩʦʙʥʦʝ ʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʦʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 
ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ɽʩʣʠ ʤʳ ʟʘʭʦʪʠʤ ʠʟʚʣʝʯʴ ʠʟ ʩʪʦʢʦʚ ʮʝʥʥʳʡ ʤʝʪʘʣʣ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ 
ʪʨʠʣʦʥʘʪʥʦʤ ʢʦʤʧʣʝʢʩʝ, ʪʦ ʧʨʠʜʸʪʩʷ ʟʘʪʨʘʪʠʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʠ ʧʦʣʥʦʩʪʴʶ ʤʳ 
ʚʩʸ ʨʘʚʥʦ ʤʝʪʘʣʣ ʥʝ ʠʟʚʣʝʯʸʤ.  

ɹʝʟʫʩʣʦʚʥʦ, ʜʝʡʩʪʚʫʶʱʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʡʯʘʩ ʩʚʦʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ 
ʩʪʦʢʠ ʥʘʧʨʷʤʫʶ ʥʝ ʩʙʨʘʩʳʚʘʶʪ ʥʘ ʛʦʨʦʜʩʢʠʝ ʦʯʠʩʪʥʳʝ ʩʪʘʥʮʠʠ. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ 
ʦʯʠʩʪʢʫ ʩʪʦʯʥʳʭ ʚʦʜ. ʏʘʱʝ ʚʩʝʛʦ ʪʘʢʘʷ ʦʯʠʩʪʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʠʤʝʥʝʥʠʠ ʨʝʘʛʝʥʪʥʦʛʦ ʤʝʪʦʜʘ. ʉʫʪʴ 
ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʚʦʜʝ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʘʣʣʦʚ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʪʦʢʘʭ ʚ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ 
ʧʨʠ ʧʦʤʦʱʠ çʠʟʚʝʩʪʢʦʚʦʛʦ ʤʦʣʦʢʘè. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʩʘʞʜʝʥʠʷ ʦʩʘʜʦʢ  ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪ ʠ ʚʳʚʦ-
ʟʷʪ ʥʘ ʧʦʣʠʛʦʥ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ, ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʨʘʟʙʠʨʘʷʩʴ ʚ ʪʦʤ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʤʝʪʘʣʣʳ ʠ ʚ ʢʘʢʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʧʝʨʝʰʣʠ ʚ ʰʣʘʤ. ɸ ʤʝʞʜʫ ʪʝʤ, ʚ ʦʩʘʜʢʝ ʥʘʭʦʜʷʪʩʷ ʮʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʨʘʩʪʚʦʨʦʚ (ʤʝʪʘʣʣʳ), ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʝʨʥʫʪʴ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. ʆʜʥʘʢʦ, ʩ ʵʢʦʥʦʤʠʯʝ-
ʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʠʟʚʣʝʯʝʥʠʝ ʤʝʪʘʣʣʦʚ ʠʟ ʦʩʘʜʢʘ ʧʦʩʣʝ ʨʝʘʛʝʥʪʥʦʡ ʦʯʠʩʪʢʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʦʧʨʘʚ-
ʜʘʥʥʦ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʩʘʜʦʢ çʚʳʙʨʘʩʳʚʘʶʪè, ʘ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ ʠʩʧʦʣʴ-
ʟʫʶʪ ʥʦʚʳʝ ʨʝʘʢʪʠʚʳ. ɼʘʞʝ çʦʯʠʱʝʥʥʘʷè ʪʘʢʠʤ ʤʝʪʦʜʦʤ ʚʦʜʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʪʝʭʥʦʣʦ-
ʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ, ʪʘʢ ʢʘʢ ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʦʣʝʩʦʜʝʨʞʘʥʠʝ. ɽʸ ʧʨʦʩʪʦ ʩʙʨʘʩʳʚʘʶʪ ʥʘ ʛʦʨʦʜʩʢʠʝ ʦʯʠʩʪ-
ʥʳʝ ʩʦʦʨʫʞʝʥʠʷ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʨʝʘʛʝʥʪʥʦʡ ʦʯʠʩʪʢʠ ʩʚʷʟʘʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʩ ʝʸ ʜʝʰʝʚʠʟ-
ʥʦʡ. ʀʤʝʥʥʦ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʜʧʨʠʷʪʠʷ çʟʘʢʨʳʚʘʪʴ ʛʣʘʟʘè ʥʘ ʵʢʦʣʦʛʠʯʝ-
ʩʢʠʝ ʧʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʳʚʦʟ ʰʣʘʤʘ, ʩʙʨʦʩ ʥʝʜʦʦʯʠʱʝʥʥʦʡ ʚʦʜʳ ʠ ʪ.ʜ. 

ʂʦʥʝʯʥʦ, ʢʨʦʤʝ ʨʝʘʛʝʥʪʥʦʡ ʦʯʠʩʪʢʠ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ, ʢ ʧʨʠʤʝʨʫ, ʘʜʩʦʨʙʮʠʦʥʥʘʷ. ʅʦ ʧʨʦʙʣʝ-
ʤʘ ʚ ʪʦʤ, ʯʪʦ ʩʪʦʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʮʝʭʦʚ ʷʚʣʷʶʪʩʷ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʤʠ ʠ ʘʜʩʦʨʙʝʥʪ ʙʳʩʪʨʦ çʟʘ-
ʙʠʚʘʝʪʩʷè ʠ ʝʛʦ ʥʘʜʦ ʤʝʥʷʪʴ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʩʪʦʠʤʦʩʪʠ ʤʝʤ-
ʙʨʘʥ ʠ ʠʭ ʥʝʜʦʣʛʦʚʝʯʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ʵʣʝʢʪʨʦʜʠʘʣʠʟʥʦʡ  ʦʯʠʩʪʢʠ ʩʣʠʰʢʦʤ ʜʦʨʦʛʦʩʪʦʷ-
ʱʠ ʠ ʪʘʢʞʝ ʪʨʝʙʫʶʪ ʫʪʠʣʠʟʘʮʠʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʰʣʘʤʘ.  

ɺʳʭʦʜʦʤ ʠʟ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʩʦʟʜʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦ 
ʚʦʟʤʦʞʥʦʛʦ ʟʘʤʢʥʫʪʦʛʦ ʚʦʜʦʦʙʦʨʦʪʥʦʛʦ ʮʠʢʣʘ ʥʘ ʢʦʥʢʨʝʪʥʦʡ ʛʘʣʴʚʘʥʠʯʝʩʢʦʡ ʣʠʥʠʠ. ʉʦʢʨʘʱʝʥʠʝ ʩʪʦ-
ʢʦʚ ʚʦʟʤʦʞʥʦ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚʘʥʥ-ʫʣʦʚʠʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʟʤʝʥʝʥʥʦʛʦ ʤʘʨʰʨʫʪʘ ʧʨʦʤʳʚ-
ʢʠ ʜʝʪʘʣʝʡ. ʉʫʪʴ ʨʘʙʦʪʳ ʘʚʪʦʦʧʝʨʘʪʦʨʘ ʧʨʠ ʠʟʤʝʥʝʥʥʦʤ ʤʘʨʰʨʫʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʜʝʪʘʣʝʡ ʧʦ ʨʘʙʦʯʠʤ 
ʚʘʥʥʘʤ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʚ ʦʜʥʦʡ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʤʳʚʦʯʥʳʭ ʚʘʥʥʘʭ ʥʘʢʦʧʠʪʴ ʢʘʢ ʤʦʞʥʦ 
ʙʦʣʴʰʝ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʠ, ʟʘʪʝʤ, ʦʙʨʘʟʦʚʘʚʰʠʤʩʷ ʨʘʩʪʚʦʨʦʤ (ʘ ʧʦ ʩʦʩʪʘʚʫ ʦʥ ʙʫʜʝʪ ʠʜʝʥʪʠʯʝʥ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʤʫ) ʦʩʫʱʝʩʪʚʣʷʪʴ ʜʦʣʠʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʚʘʥʥʳ, ʠʟ ʢʦʪʦʨʦʡ ʦʥ ʠ ʙʳʣ ʚʳʥʝʩʝʥ ʥʘ ʧʦʚʝʨʭʥʦ-
ʩʪʠ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʜʝʪʘʣʝʡ. ʇʨʠʤʝʥʝʥʠʝ ʢʘʩʢʘʜʥʳʭ ʚʘʥʥ ʧʨʦʤʳʚʢʠ ʪʘʢʞʝ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦ-
ʢʦʚ, ʟʘ ʩʯʝʪ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ (ʧʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ) ʧʝʨʝʣʠʚʘ ʧʨʦʤʳʚʥʳʭ ʚʦʜ ʠʟ ʦʜʥʦʡ ʚʘʥʥʳ ʚ ʜʨʫ-
ʛʫʶ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʧʦʜʙʦʨʘ ʤʘʨʰʨʫʪʘ ʜʚʠʞʝʥʠʷ ʘʚʪʦʦʧʝʨʘʪʦʨʘ ʧʨʝʜʣʘʛʘʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʘʰʫ ʘʚʪʦʨ-
ʩʢʫʶ ʧʨʦʛʨʘʤʤʫ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ. ʇʨʦ-
ʛʨʘʤʤʘ "ɺʣʠʷʥʠʝ ʤʘʨʰʨʫʪʘ ʘʚʪʦʦʧʝʨʘʪʦʨʘ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʜʳ ʚ ʫʣʦʚʠʪʝʣʝ " ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʢʦʣʠ-
ʯʝʩʪʚʦ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʫʣʦʚʠʪʝʣʝ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʠ ʥʘ ʣʶʙʦʡ ʩʪʘʜʠʠ ʚʳʧʦʣʥʝʥʠʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʝʥʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘʥʝʩʝʥʠʷ ʧʦʢʨʳʪʠʡ. ʇʨʦʛʨʘʤʤʘ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ-
ʩʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʶʙʳʭ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ. ɺ ʩʣʫʯʘʝ ʨʘʩʯʝʪʘ 
ʦʨʛʘʥʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʵʣʝʢʪʨʦʣʠʪʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʘʜʩʦʨʙʮʠʠ 
(ʨʠʩ.1). 
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ʉʡʪ. 1. ʉʞʠʬʤʵʫʙʫʴ ʩʙʪʰʞʫʙ ʨʩʡ ʫʩʙʝʡʯʡʧʦʦʧʥ ʝʛʡʟʞʦʡʡ ʙʛʫʧʧʨʞʩʙʫʧʩʙ ʦʙ 503 ʰʙʪʬ 
 ʩʙʚʧʫʴ ʛʙʦʦʴ ʬʤʙʛʤʡʛʙʦʡʸ 

 
ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʫʶ ʧʨʦʛʨʘʤʤʫ ʤʦʞʥʦ: 
- ʦʧʨʝʜʝʣʠʪʴ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʚ ʚʘʥʥʝ ʫʣʘʚʣʠʚʘ-

ʥʠʷ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʰʨʫʪʘ ʘʚʪʦʦʧʝʨʘʪʦʨʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ;  

- ʦʧʨʝʜʝʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʚʘʥʥʳ ʫʣʘʚʣʠʚʘʥʠʷ, ʢʘʢ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʝʸ ʨʘʙʦʪʳ, ʪʘʢ ʠ ʥʘ 
ʣʶʙʦʤ ʵʪʘʧʝ ʨʘʙʦʪʳ ʚʘʥʥʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʫʣʦʚʠʪʝʣʴ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʠʟʤʝʥʝʥʥʦʤ ʨʝʞʠʤʝ ʨʘ-
ʙʦʪʳ ʘʚʪʦʦʧʝʨʘʪʦʨʘ, ʘ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʢʦʥ-
ʩʪʨʫʢʮʠʠ ʚʘʥʥ ʧʨʦʤʳʚʢʠ (ʜʚʫʭʢʘʩʢʘʜʥʳʝ, ʪʨʝʭʢʘʩʢʘʜʥʳʝ ʠ ʜʨ.) [2, ʩ.501].  

ʉ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʣʦʚʠʪʝʣʷ ʤʦʞʥʦ ʧʨʝʜʫʩʤʦʪʨʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟ-
ʚʣʝʯʝʥʠʷ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʦʙʲʝʤʘ ʨʘʩʪʚʦʨʘ. ɿʜʝʩʴ ʙʫʜʫʪ ʫʤʝʩʪʥʳʤʠ ʧʦʛʨʫʞʥʳʝ ʤʦʜʫʣʠ ʦʯʠʩʪ-
ʢʠ. ʀʩʧʦʣʴʟʫʷ ʤʝʤʙʨʘʥʥʳʝ ʠʣʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʤʠʥʠʤʫʤʫ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʟʘʛʨʷʟʥʠʪʝʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʩʦʢʨʘʱʝʥʠʷ ʩʪʦʢʦʚ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘʜʦ 
ʨʝʰʘʪʴ ʢʦʤʧʣʝʢʩʥʦ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʢʫʧʝʨʘʮʠʠ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʦʢʨʘʱʝʥʠʝʤ 
ʚʦʜʦʧʦʪʨʝʙʣʝʥʠʷ ʥʘ ʢʘʞʜʦʡ ʠʟ ʩʪʘʜʠʡ. ʅʝʣʴʟʷ ʜʦʧʫʩʢʘʪʴ ʩʤʝʰʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦ-
ʪʦʢʦʚ ʦʪ ʨʘʟʥʳʭ ʦʧʝʨʘʮʠʡ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʟʘʪʨʫʜʥʷʝʪ ʠʭ ʦʯʠʩʪʢʫ, ʥʦ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʚʦʟʚʨʘʪʘ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʠʢʣ. 
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Ã´º 517.51 

°ÝÐÛØ× ßÕàÕÜÕÝÝÞÙ íÛÕÚâàØçÕáÚÞÙ 
æÕßØ á ØáßÞÛì×ÞÒÐÝØÕÜ ÚÞÜßÛÕÚáÝëå 
çØáÕÛ 

ʉʪʫʜʝʥʪ 
ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ  

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ɾʩʬʤʙʦʧʛʙ ɹʢʟʙʦ ɾʩʬʤʙʦʧʛʦʙ,  

ʜʦʢʪʦʨ PhD, ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
ʅʬʮʙʥʞʝʧʛʙ ʉʙʬʱʙʦ ʇʩʙʠʜʙʤʡʞʛʦʙ 

ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 
 

ɹʦʦʧʫʙʯʡʸ: ʇʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ - ʵʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʢʦʪʦʨʳʡ ʧʝʨʠʦʜʠʯʝʩʢʠʡ 
ʤʝʥʷʝʪ ʩʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʟʥʘʯʝʥʠʝ. ɸ ʚ ʪʝʭʥʠʢʝ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʪʦʢ 
ʫ ʢʦʪʦʨʦʛʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʩʠʣʳ ʪʦʢʘ ʠ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʝʯʝʥʠʡ ʮʝʣʦʛʦ ʧʝʨʠʦʜʘ ʨʘʚʥʦ ʥʫʣʶ. ɺ 
ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʠʙʦʨʘʭ ʩʚʷʟʠ (ʨʘʜʠʦ, ʪʝʣʝʚʠʟʦʨ, ʪʝʣʝʬʦʥ 
ʠ ʪ.ʜ). ɸ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ 
ʛʦʨʘʟʜʦ ʫʧʨʦʱʘʝʪ ʚʳʯʠʩʣʝʥʠʷ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʝʨʝʤʝʥʥʳʡ ʪʦʢ, ʘʤʧʣʠʪʫʜʘ, ʬʘʟʘ, ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ, ʵʣʝʢʪʨʠʯʝ-
ʩʢʠʡ ʪʦʢ. 
 

ANALYSIS OF THE VARIABLE ELECTRIC CHAIN WITH THE USE OF INTEGRATED NUMBERS 
 
Abstract: Alternating current, in a broad sense - is an electric current that changes periodically its direction 
and meaning. And in engineering, alternating current is defined as a periodic current in which the average val-
ue of the current and voltage in the currents of the whole period is zero. As an example, alternating current is 
widely used in communication devices (radio, television, telephone, etc.). And the use of complex variable 
functions in such kind of electrical circuits makes calculations much easier. 
Key words: ɸlternating current, amplitude, phase, complex variable function, electric current. 

 
ʄʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ, ʩʠʥʫʩʦʠʜʘʣʴʥʦ ʠʟʤʝʥʷʶʱʝʡʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ[1]: 
 

.)(sin)sin( ù
ú

ø
é
ê

è
+=+=
w

y
wyw tAtAa

mm
(1.1) 

 

ʛʜʝ -mA ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʣʠ ʘʤʧʣʠʪʫʜʘ;  -+ywt ʬʘʟʘ (ʬʘʟʦʚʳʡ ʫʛʦʣ); -y ʥʘʯʘʣʴʥʘʷ 

ʬʘʟʘ (ʥʘʯʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʫʛʦʣ); -
w

y
ʥʘʯʘʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ; -w ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ; 

ʇʝʨʠʦʜ ʊ, ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ wʠ ʯʘʩʪʦʪʘ f ʩʚʷʟʘʥʳ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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;
2

2
T

f
p

pw ==
    

(1.2)
 

 

.
1

T
f =      (1.3) 

 
ʅʘ ʨʠʩʫʥʢʝ (1.1 , ʘ) ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʩʠʥʫʩʦʠʜʳ, ʘ ʥʘ ʨʠʩʫʥʢʝ (1.1, ʙ) ʧʦʢʘʟʘʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʝʤʫ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʪ.ʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʬʫʥʢʮʠʡ ʚ ʚʠʜʝ 
ʚʨʘʱʘʶʱʝʛʦʩʷ ʚʝʢʪʦʨʘ.  

 
 
1.1-ʩʫʨʝʪ 
 
 
ʇʦʵʪʦʤʫ ʣʶʙʘʷ ʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ (ʪʦʢ, ʥʘʧʨʷʞʝʥʠʝ, ʵ.ʜ.ʩ) ʤʦʞʝʪ ʙʳʪʴ ʠʟʦʙʨʘʞʝʥʘ 

ʚʝʢʪʦʨʦʤ. 
ʉʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʫʥʢʮʠʷ  ʠʟʦʙʨʘʞʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤ ʯʠʩʣʦʤ. ɽʩʣʠ ʦʩʠ ʢʦʦʨʜʠʥʘʪ ʚʝʢʪʦʨʥʦʡ 

ʜʠʘʛʨʘʤʤʳ (1.1-ʩʫʨʝʪ,ʙ) ʩʯʠʪʘʪʴ ʦʩʷʤʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚʝʢʪʦʨ  
mA
­

 
 ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʢʦʤʧʣʝʢʩʥʫʶ ʬʫʥʢʮʠʶ 
¶

ʪ
ɸ (1.1-ʩʫʨʝʪ,ʚ).  

ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʬʦʨʤʘ ʟʘʧʠʩʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ:  
 

.
mmʪ

AjAɸ ¡¡+¡=
¶

    (1.4) 

 
ʇʝʨʝʭʦʜ ʦʪ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʬʦʨʤʳ ʢ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  
 

( ) ( );
22

mmm AAA ¡¡+¡=

   

(1.5)  

 

m

m

A

A
arctg

¡

¡¡
=y  

 
ʇʦʢʘʟʘʪʝʣʴʥʘʷ ʬʦʨʤʘ: 
 

.yjmʪ eAɸ =
¶

     (1.6) 
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ʛʜʝ 
.sincos aaa je j °=°

 

 
ʊʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʘʷ ʬʦʨʤʘ: 
 

.sincos yy
mmʪ

jAAɸ +=
¶

 
(1.7) 

 
ɸʣʛʝʙʨʘʠʯʝʩʢʘʷ ʬʦʨʤʘ ʫʜʦʙʥʘ ʧʨʠ ʩʣʦʞʝʥʠʡ ʠ ʚʳʯʠʪʘʥʠʡ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʘ ʧʦʢʘʟʘʪʝʣʴʥʘʷ ï 

ʧʨʠ ʫʤʥʦʞʝʥʠʡ, ʜʝʣʝʥʠʡ, ʚʦʟʚʝʜʝʥʠʡ ʚ ʩʪʝʧʝʥʴ, ʠʟʚʣʝʯʝʥʠʡ ʢʦʨʥʷ. 
ɼʣʷ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʦʨʤʫʣʳ: 
 

.sin;cos yy
mmmm

AAAA =¡¡=¡    (1.8)
 

 

ʂʦʤʧʣʝʢʩʥʦʝ ʯʠʩʣʦ 
yjAeAjAA -=¡¡-¡=*

 ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʤ ʯʠʩʣʫ 

yj

ʪ
AeAjAɸ -

¶

=¡¡+¡=  . ʇʨʦʠʟʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʝʥʥʳʭ ʯʠʩʝʣ ʵʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, 

ʨʘʚʥʦʝ ʢʚʘʜʨʘʪʫ ʠʭ ʤʦʜʫʣʷ 
 

.2* AAɸ =Ö
¶

      (1.9) 

 
ɼʝʡʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʢʦʤʧʣʝʢʩʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʨʘʚʝʥʩʪʚʦʤ 

2

¶

¶

= ʪ
ɸ

ɸ .        (1.10) 

 
ʊʝʧʝʨʴ ʨʘʩʤʦʪʨʠʤ ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʘ ʧʨʠʤʝʨʝ. 
ʅʘ ʨʠʩʫʥʢʝ1.2 ʜʘʥʘ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ. ʈʘʩʯʠʪʘʪʴ ʤʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʝʪʦʜʘ. 
 

 
 
 
 
 
 
 

1.2-ʩʫʨʝʪ 
ɿʘʜʘʥʳ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ:   

ʤʢʌCRʤɻʥLʤɻʥLRRʤɻʥLBU 700,8,10,14,8,6,18,127 3231312 =W===W=W===  

 
 
 
 

ʈʝʰʝʥʠʝ: ʉʥʘʯʘʣʦ ʥʫʞʥʦ ʧʝʨʝʚʝʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʚʠʜ. 
ʆʧʨʝʜʝʣʷʝʤ ʨʝʘʢʪʠʚʥʳʝ ʠ ʘʢʪʠʚʥʳʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ [2]. 

W=ÖÖ=Ö= 4,42
111

LfLX
L

pw , 

;7,52
222

W=ÖÖ=Ö= LfLX
L

pw  

I I
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W=ÖÖ=Ö= 14,32
313

LfLX
L

pw , 

     W=
ÖÖ

=
Ö

= 5,4
2

11

33

3 CfC
X

C
pw

. 

ʇʝʨʝʚʦʜʠʤ ʚ ʢʦʤʧʣʝʢʩʥʳʡ ʚʠʜ [2].  

111 LjXRZ +=   

222 LjXRZ +=  

)(
3133 CL XXjRZ -Ö+=  

ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ 

4,461 Ö+= jZ  

7,582 Ö+= jZ  

36,18)5,414,3(83 Ö-=-Ö+= jjZ . 

ʆʙʱʝʝ ʩʦʧʨʘʪʠʚʣʝʥʠʝ ʮʝʧʠ ʦʙʱ
Z  

32

32

1
ZZ

ZZ
ZZʦʙʱ

+

Ö
+=  

ʦʙʱ
Z ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ 

02696,11 ÖÖ= j

ʦʙʱ eZ . 

ʀʩʧʦʣʴʟʫʝʤ  2-ʦʡ ʟʘʢʦʥ ʂʠʨʭʛʦʬʘ ʧʦ 1-ʤʫ ʢʦʥʪʫʨʫ  [2] : 

Ý=++-
¶¶¶

01 abUUU  

 
¶¶¶¶¶¶

Ö-=-= 111 ZIUUUUab  

ʊʝʧʝʨʴ ʥʫʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʦʢʠ 321 ,,
¶¶¶

III  

 
¶

¶
¶

=

ʞZ

U
I 1

 

¶

¶
¶

=

2

2

Z

U
I ab

 

 

¶

¶
¶

=

3

3

Z

U
I ab  

 
ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ  
 

0

0

0

26

26

0

1 62,10
96,11

127 Ö-

Ö

Ö¶

Ö=
Ö

Ö
= j

j

j

e
e

e
I  

 

0

0

0

26,51

5,35

76,15

2 22,5
8,9

19,51 Ö-

Ö

Ö-¶

Ö=
Ö

Ö
= j

j

j

e
e

e
I  
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0

0

0

16,6

6,9

76,15

3 31,6
11,8

19,51 Ö-

Ö-

Ö-¶

Ö=
Ö

Ö
= j

j

j

e
e

e
I  

 

ʅʘʭʦʜʠʤ  ʥʘʧʨʷʞʝʥʠʷ 
¶

abU  

 

01 =++-
¶¶¶

abUUU  

 
¶¶¶¶¶¶

Ö-=-= 111 ZIUUUU ab  

 
ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ 
 

)548,2002,28932,4118,57(127)4,46()67,453,9(127 +Ö-Ö+-=Ö+ÖÖ--=
¶

jjjjUab  

ʠʣʠ 

912,13271,9 Ö-=
¶

jU ab
 

 
ʚ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʬʦʨʤʝ 
 

076,1519,1 Ö-
¶

Ö= j
ab eU  

 
ʄʛʥʦʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʦʢʦʚ ʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʯʠʩʣʝʥʥʦʤ ʚʠʜʝ ʦʧʨʝʜʝʣʷʝʤ ʧʦ ʬʦʨʤʫʣʝ 3.3  
 

)26314sin(02,15 0

1 -Ö= ti ,    

 

),26,51314sin(38,7 0

2
-Ö= ti  

 

)16,6314sin(92,8 0

3
-Ö= ti , 

 

)314sin(6,179 tu Ö= , 

 

)76,15314sin(39,72 0-Ö= tu
ab

. 

ʀʙʣʤʷʰʞʦʡʞ: ʄʳ ʨʘʩʤʦʪʨʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʮʝʧʷʭ 
ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ, ʠ ʫʙʝʜʠʣʠʩʴ ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʫʧʨʦʱʘʝʪ ʨʘʩʯʝʪʳ.  

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ: ʊʝʦʨʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 
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ʉʪʫʜʝʥʪ 
ʌɻɹʆʋ ɺʆ "ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ"  

ʢ.ʪ.ʥ., ʜʦʮʝʥʪ,  
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ, ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ,  

ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʩʠʩʪʝʤʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 
 ʌɻɹʆʋ ɺʆ "ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

 (ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ)",  
ʜʦʮʝʥʪ ʢʘʬʝʜʨʳ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʠʩʪʝʤ ʙʝʟʦʧʘʩʥʦʩʪʠ,  

ʌɻɹʆʋ ɺʆ "ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ" 
 

ɹʦʦʧʫʙʯʡʸ: ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʙʦʣʝʝ ʯʝʤ 150 ʩʪʨʘʥʘʭ ʤʠʨʘ ʠʥʪʝʨʥʝʪ ʥʘʩʯʠʪʳʚʘʝʪ ʦʢʦʣʦ 15 ʤʠʣʣʠ-
ʦʥʦʚ ʘʙʦʥʝʥʪʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ 7-10% ʝʞʝʤʝʩʷʯʥʦ. ʀʥʪʝʨʥʝʪ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʴ 
ʨʘʟʣʠʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʩ ʧʦʤʦʱʴʶ  ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʝʪʝʡ. ʇʦʩʣʝ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʠʥʪʝʨ-
ʥʝʪʫ ʪʝʣʝʬʦʥʦʚ ʠ ʢʦʤʧʴʶʪʝʨʦʚ, ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ,  ʩʪʘʣʘ 
ʠʜʝʷ ʧʦʜʢʣʶʯʝʥʠʷ ʢ ʩʝʪʠ ʠ ʜʨʫʛʠʭ ʧʦʚʩʝʜʥʝʚʥʳʭ ʫʩʪʨʦʡʩʪʚ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʵʪʘʧʳ ʨʘʟʚʠʪʠʷ ʢʦʥʮʝʧ-
ʮʠʠ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ ï ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʠʥʪʝʨʥʝʪ ʚʝʱʝʡ, IoT, ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʡ, ʫʤʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʛʘʜʞʝʪʳ 
 

STAGES OF THE DEVELOPMENT OF THE INTERNET OF THINGS 
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Abstract: Currently in more than 150 countries of the world the Internet has about 15 million subscribers. The 
Internet provides communication between different institutions with each other through information networks. 
This article will deal with  the stages of the concept development Internet of Things. 
Keywords: Internet of things, IoT, technology development, smart devices, gadgets 

 
ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ (Internet of Things, IoT) ð ʵʪʦ ʨʘʟʣʠʯʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʚ ʩʝʪʴ, ʠʩ-

ʧʦʣʴʟʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʠ ʜʘʪʯʠʢʠ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʜʨʫʛ ʩ ʜʨʫ-
ʛʦʤ, ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʦʥʠ ʧʦʣʫʯʘʶʪ ʠʥʬʦʨʤʘʮʠʶ ʠ ʦʙʤʝʥʠʚʘʶʪʩʷ ʝʶ. ʊʝʭʥʦʣʦʛʠʷ IoT ʦʪʢʨʳʚʘʝʪ ʧʦʣʴ-
ʟʦʚʘʪʝʣʷʤ ʥʦʚʝʡʰʠʝ ʙʝʟʛʨʘʥʠʯʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ð ʥʘʯʠʥʘʷ ʩ ʠʥʪʝʨʥʝʪ-ʧʦʜʢʣʶʯʝʥʠʷ ʚʝʱʝʡ ʚ ʜʦʤʝ 
ʠʣʠ ʥʘ ʨʘʙʦʪʝ ʠ ʟʘʢʘʥʯʠʚʘʷ ʦʛʨʦʤʥʳʤ ʤʠʨʦʤ ʨʘʟʚʣʝʯʝʥʠʡ. 

ɺ 1982 ʛʦʜʫ ʚʧʝʨʚʳʝ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʢʦʥʮʝʧʮʠʷ ʩʝʪʝʚʳʭ çʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚè. ʆʜʥʠʤ ʠ ʧʝʨʚʳʭ 
çʚʝʱʝʡè ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʠ, ʩʪʘʣ ʘʚʪʦʤʘʪ ʧʦ ʧʨʦʜʘʞʝ ʂʦʢʘ-ʢʦʣʳ, ʢʦʪʦʨʳʡ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʚ ʋʥʠ-
ʚʝʨʩʠʪʝʪʝ ʂʘʨʥʝʛʠ-ʄʝʣʣʦʥ (ʰʪʘʪ ʇʝʥʩʠʣʴʚʘʥʠʷ, ʉʐɸ). ʆʥ ʪʨʘʥʩʣʠʨʦʚʘʣ ʠʥʬʦʨʤʘʮʠʶ ʦ ʪʝʤʧʝʨʘʪʫʨʝ 
ʛʘʟʠʨʦʚʢʠ, ʩʢʦʣʴʢʦ ʙʫʪʳʣʦʢ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ʘʚʪʦʤʘʪʝ ʠ ʥʘʩʢʦʣʴʢʦ ʜʦʣʛʦ ʦʥʠ ʩʪʦʷʪ. 

ʉ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʠʝ ʚʩʝ ʯʘʱʝ ʩʪʘʣʠ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʠʜʝʝ ʩʦʟʜʘʥʠʷ ʚʳ-
ʯʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʨʝʰʘʪʴ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥ-
ʬʦʨʤʘʮʠʦʥʥʳʡ ʦʙʤʝʥ ʙʝʟ ʚʤʝʰʘʪʝʣʴʩʪʚʘ ʯʝʣʦʚʝʢʘ. ʉ ʥʘʯʘʣʘ 19-ʦʛʦ ʚʝʢʘ ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ï
  ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ. ʕʪʦ ʢʘʩʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʥʦ ʠ ʙʳʪʦʚʦʡ ʞʠʟʥʠ ʯʝʣʦʚʝʢʘ. 

https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D0%BD%D1%81%D0%B8%D0%BB%D1%8C%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%A8%D0%90
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ɺ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ ʨʫʢʦʚʦʜʠʪʝʣʴ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʚ ʢʦʤʧʘʥʠʠ Xerox PARC ʄʘʨʢ 
ɺʝʡʟʝʨ, ʧʨʝʜʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ ʧʦʚʩʝʤʝʩʪʥʦʛʦ ʢʦʤʧʴʶʪʠʥʛʘ. ɺʝʡʟʝʨ ʩʯʠʪʘʣ, ʯʪʦ ʢʦʤʧʴʶʪʝʨʳ ʜʦʣʞʥʳ 
ʠʤʝʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʩʦʙʦʡ  ʠ ʥʝʟʘʤʝʪʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʨʝʰʘʪʴ ʧʦʚʩʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ.  ɺ 1991 ʛʦʜʫ ʚ 
ʩʚʦʝʡ ʩʪʘʪʴʝ çʂʦʤʧʴʶʪʝʨ 21-ʛʦ ʚʝʢʘè ʫʯʝʥʳʡ ʧʨʦʛʥʦʟʠʨʦʚʘʣ ʧʦʷʚʣʝʥʠʝ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

ɺ 1994  ʛʦʜʫ ʠʥʞʝʥʝʨ ʈʝʟʘ ʈʘʜʞʠ ʚ ʩʪʘʪʴʝ ʜʣʷ ʠʟʜʘʥʠʷ IEEE Spectrum ʩʢʘʟʘʣ ʦ ʩʦʝʜʠʥʝʥʠʠ, ʚ ʢʦ-
ʪʦʨʦʤ ʧʘʢʝʪʳ ʜʘʥʥʳʭ, ʠʤʝʶʱʠʝ ʥʝʙʦʣʴʰʦʡ  ʦʙʲʸʤ, ʤʦʛʣʠ ʙʳ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʫʟʣʘʭ ʩʝʪʠ ï  ʵʪʦ 
ʧʦʟʚʦʣʠʣʦ ʙʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʠ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʙʳʪʦʚʳʝ,  ʪʘʢ ʠ ʧʨʦʤʳʰ-
ʣʝʥʥʳʝ.  

ʊʦʛʜʘ ʦʜʥʠ ʠʟ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ Microsoft ʠ Novell ʧʦʣʦʞʠʣʠ ʥʘʯʘʣʦ ʨʘʟʨʘʙʦʪʦʢ 
ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʬʝʨʝ ʠʥʪʝʨʥʝʪʘ ʚʝʱʝʡ. 

1999 ʛʦʜʫ ʥʘ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʬʦʨʫʤʝ ʚ ɼʘʚʦʩʝ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʧʦʥʷʪʠʷ çʀʥʪʝʨʥʝʪ ʚʝʱʝʡè ʩʪʘʣʦ ʚʳʩʪʫʧʣʝʥʠʝ ʫʯʝʥʦʛʦ ʧʦ ʠʤʝʥʠ ɹʘʣʣ ɼʞʦʡ. ʆʜʠʥ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ Sun 
Microsystems ʧʨʝʜʩʪʘʚʠʣ ʪʘʤ ʩʚʦʶ ʨʘʟʨʘʙʦʪʢʫ, ʥʘʟʳʚʘʝʤʫʶ ʢʦʥʮʝʧʮʠʝʡ çʐʝʩʪʠ ʚʝʙʦʚè.    

ɹʘʣʣ ɼʞʦʡ ʚʳʜʝʣʠʣ ʯʝʪʳʨʝ ʚʠʜʘ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʥʝʪʘ. ʇʝʨʚʳʡ ʦʥ ʥʘʟʚʘʣ  çʠʥʪʝʨʥʝʪ 
ʟʜʝʩʴ ʠ ʩʝʡʯʘʩè ï  ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʯʝʣʦʚʝʢ ʥʝʧʨʝʨʳʚʥʦ ʥʦʩʠʪ ʩ ʩʦʙʦʡ, ʚʩʝʛʜʘ ʦʙʣʘʜʘʝʪ ʜʦʩʪʫʧʦʤ ʢ 
ʩʝʪʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ (ʦʯʝʚʠʜʥʘʷ ʤʦʜʝʣʴ 4G, LTE); ʠʣʠ çʩʪʨʘʥʥʳʡ ʠʥʪʝʨʥʝʪè, ʜʦʩʪʫʧ ʚ 
ʢʦʪʦʨʳʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʙʳ ʩ ʧʦʤʦʱʴʶ ʛʦʣʦʩʘ, ʢʦʤʘʥʜʫʷ ʩʚʦʠʤ ʘʚʪʦʤʦʙʠʣʝʤ ʠʣʠ ʦʪʜʘʚʘʷ ʨʘʩʧʦʨʷʞʝ-
ʥʠʷ ʜʨʫʛʦʤʫ ʛʦʣʦʩʦʚʦʤʫ ʧʦʤʦʱʥʠʢʫ. ʊʘʢ ʞʝ ʩʨʝʜʠ ʵʪʠʭ ʪʠʧʦʚ ɼʞʦʡ ʦʙʦʟʥʘʯʠʣ ʜʚʘ, ʥʝ ʢʘʩʘʶʱʠʭʩʷ 
ʥʘʧʨʷʤʫʶ ʯʝʣʦʚʝʢʘ, ʦʥ ʥʘʟʚʘʣ ʠʭ çB2Bè ʠ çD2Dè. ʉʦʝʜʠʥʝʥʠʝ çB2Bè (business-to-business) ʥʝ ʦʙʣʘʜʘ-
ʣʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʙʳ ʜʣʷ ʩʚʷʟʠ ʙʠʟʥʝʩ-ʤʘʰʠʥ ʚ ʦʨʛʘʥʠʟʘʮʠʷʭ. 
ʉʦʝʜʠʥʝʥʠʝ ʚʪʦʨʦʛʦ ʪʠʧʘ çD2Dè ï ʦʙʲʝʜʠʥʷʣʦ ʙʳ ʫʩʪʨʦʡʩʪʚʘ ʠʟ ʨʘʟʥʳʭ ʦʙʣʘʩʪʝʡ, ʧʦʤʦʛʘʣʦ ʘʚʪʦʤʘʪʠ-
ʟʘʮʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʜʦʤʦʚ, ʛʦʨʦʜʦʚ, ʠ ʧʦʤʦʛʘʣʦ ʙʳ ʫʚʝʣʠʯʠʚʘʪʴ çʠʥʪʝʣ-
ʣʝʢʪʫʘʣʴʥʳʡ ʫʨʦʚʝʥʴè ʛʘʜʞʝʪʦʚ.  

ɺ ʧʝʨʠʦʜ ʩ 1980-ʛʦ ʧʦ 1990-ʡ ʛʦʜ ʤʳʩʣʴ ʦ ʩʦʝʜʠʥʝʥʠʷʭ ʤʝʞʜʫ ʤʘʰʠʥʘʤʠ ʠ ʠʥʪʝʨʥʝʪʦʤ, ʢʦʪʦʨʳʡ 
ʙʳ ʤʦʛ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʟʘʤʝʪʥʦ ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʷ ʠ ʜʘʚʘʣ ʙʳ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʤʫʥʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʦʷʚʣʷʣʘʩʴ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ, ʧʨʦʮʝʩʩʘʭ, ʧʨʦʝʢʪʘʭ ʠ ʩʪʘʪʴʷʭ.  

ʃʠʰʴ ʚ 1999 ʛʦʜʫ ʂʝʚʠʥ ʕʰʪʦʥ ï  ʥʘʯʠʥʘʶʱʠʡ ʨʘʟʨʘʙʦʪʯʠʢ RFID, ʧʨʝʜʩʪʘʚʠʣ ʨʫʢʦʚʦʜʩʪʚʫ ʢʦʤ-
ʧʘʥʠʠ Procter&Gamble ʩʚʦʶ ʧʨʝʟʝʥʪʘʮʠʶ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʀʥʪʝʨʥʝʪ ʚʝʱʝʡè. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʘʣʩʷ 
ʥʦʚʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʚ ʩʬʝʨʝ çʫʤʥʳʭ ʫʩʪʨʦʡʩʪʚè. 
 

ʋʙʚʤʡʯʙ 1 
ʊʨʧʪʧʚʴ ʩʞʙʤʡʠʙʯʡʡ ʁʦʫʞʩʦʞʫʙ ʛʞʲʞʢ ʛ ʩʙʠʤʡʰʦʴʮ ʧʫʩʙʪʤʸʮ 

ʆʪʨʘʩʣʴ ʈʝʘʣʠʟʘʮʠʷ ʆʪʨʘʩʣʴ ʈʝʘʣʠʟʘʮʠʷ 

ʊʨʘʥʩʧʦʨʪ ʕʣʝʢʪʨʦʤʦʙʠʣʠ, ʙʝʩʧʠ-
ʣʦʪʥʳʡ ʪʨʘʥʩʧʦʨʪ, çʫʤ-
ʥʳʝè ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʨʝʜ-
ʩʪʚʘ 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ çʋʤʥʦʝè ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ, ɻ ʣʝʢʪʨʦʥʥʳʡ 
ʤʦʥʠʪʦʨʠʥʛ, ʫʧʨʘʚʣʝʥʠʝ ʩ/ʭ 
ʨʘʙʦʪʘʤʠ 

ʕʥʝʨʛʝʪʠʢʘ çʋʤʥʦʝè ʧʦʪʨʝʙʣʝʥʠʝ, 
ʚʦʟʦʙʥʦʚʣʷʝʤʘʷ ɻ ʥʝʨʛʝ-
ʪʠʢʘ, ʩʠʩʪʝʤʳ ʭʨʘʥʝʥʠʷ 
ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ 

ʇʨʦʜʘʞʠ ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ, 
ʩʢʚʦʟʥʳʝ ʩʠʩʪʝʤʳ ɻ ʣʝʢʪʨʦʥ-
ʥʳʭ ʟʘʢʫʧʦʢ ʠ ʣʦʛʠʩʪʠʢʠ 

ʇʨʦʤʳʰʣʝʥʥʦʩʪʴ ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜ-
ʩʪʚʘ, ʧʨʦʤʳʰʣʝʥʥʘʷ 
ʵʣʝʢʪʨʦʥʠʢʘ, ʩʠʩʪʝʤʳ 
ʩʢʚʦʟʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ɾʂʍ ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʫʯʝʪ, 
çʫʤʥʳʝè ɾʂʍ-ʩʝʪʠ 

ʆʙʣʘʯʥʳʝ ʚʳʯʠʩ-
ʣʝʥʠʷ 

Big data, ʜʘʪʘ-ʮʝʥʪʨ, ʠʩ-
ʢʫʩʩʪʚʝʥʥʳʡ ʠʥʪʝʣʣʝʢʪ 

ʇʦʪʨʝʙʠʪʝʣʴʩʢʘʷ 
ʵʣʝʢʪʨʦʥʠʢʘ 

çʋʤʥʳʡè ʜʦʤ, ʩʤʘʨʪ-
ʫʩʪʨʦʡʩʪʚʘ, ɻ ʣʝʢʪʨʦʥʥʘʷ 
ʢʦʤʤʝʨʮʠʷ, ʮʠʬʨʦʚʳʝ ʙʘʥ-
ʢʦʚʩʢʠʝ ʫʩʣʫʛʠ 
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 ɺ ʥʘʯʘʣʝ 2000-ʭ ʛʦʜʦʚ ʠʜʝʷ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ, ʚʢʣʶʯʘʚʰʘʷ ʚ ʩʝʙʷ ʨʘʟʣʠʯʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʠ 
ʫʩʪʨʦʡʩʪʚ, ʥʘʯʠʥʘʷ ʦʪ RFID-ʤʝʪʦʢ, ʟʘʢʘʥʯʠʚʘʷ ʘʚʪʦʤʘʪʠʟʘʮʠʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʫʤʥʳʝ ʛʦʨʦʜʘ, 
ʦʯʝʥʴ ʙʳʩʪʨʦ ʥʘʯʘʣʘ ʥʘʙʠʨʘʪʴ ʧʦʧʫʣʷʨʥʦʩʪʴ. ʄʥʦʛʠʝ ʢʨʫʧʥʳʝ ʢʦʤʧʘʥʠʠ ʜʦʙʘʚʠʣʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʬʝʨʝ 
IoT ʚ ʦʙʣʘʩʪʴ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʟʚʝʩʪʥʳʡ ʘʤʝʨʠʢʘʥʩʢʠʡ ʞʫʨʥʘʣ Scientific American ʦʧʫʙʣʠʢʦʚʘʣ 
ʩʪʘʪʴʶ ʦ ʪʦʤ, ʢʘʢ ʫʤʥʘʷ ʙʳʪʦʚʘʷ ʪʝʭʥʠʢʘ ʠ ʜʨʫʛʠʝ ʥʦʚʳʝ ʛʘʜʞʝʪʳ ʤʦʛʫʪ ʠʟʤʝʥʠʪʴ ʥʘʰʫ ʧʨʠʚʳʯʥʫʶ 
ʞʠʟʥʴ. ɼʨʫʛ ʟʘ ʜʨʫʛʦʤ ʥʘʯʘʣʠ ʧʨʦʚʦʜʠʪʴʩʷ ʢʦʥʬʝʨʝʥʮʠʠ, ʬʦʨʫʤʳ, ʢʨʫʛʣʳʝ ʩʪʦʣʳ, ʧʦʩʚʷʱʝʥʥʳʝ ʀʥ-
ʪʝʨʥʝʪʫ ʚʝʱʝʡ. 

ʂ ʢʦʥʮʫ 2000-ʭ ʛʦʜʦʚ ʯʠʩʣʦ ʫʩʪʨʦʡʩʪʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʩʝʪʠ, ʧʨʝʚʟʦʰʣʦ ʯʠʩʣʝʥʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ 
ɿʝʤʣʠ, ʵʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʢʦʥʮʝʧʮʠʷ ʩʦʚʝʨʰʝʥʥʦ ʪʦʯʥʦ ʙʫʜʝʪ ʨʘʟʚʠʚʘʪʴʩʷ ʠ ʦʪʢʨʳʚʘʪʴ ʥʦʚʳʝ ʚʦʟʤʦʞ-
ʥʦʩʪʠ. 

ɺ ʩʦʚʨʝʤʝʥʥʦʝ ʚʨʝʤʷ ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʩʪʘʣ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʞʠʟʥʠ ʤʥʦʞʝʩʪʚʘ ʣʶʜʝʡ ʧʦ 
ʚʩʝʤʫ ʤʠʨʫ. ʏʝʣʦʚʝʢ ʩʤʦʛ ʚʥʝʜʨʠʪʴ ʚ ʨʘʟʣʠʯʥʳʝ ʧʨʠʚʳʯʥʳʝ ʞʠʟʥʝʥʥʳʝ ʩʬʝʨʳ ʩʝʪʝʚʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫ-
ʨʫ, ʚʥʝʜʨʠʪʴ ʥʦʚʳʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʫʩʪʨʦʡʩʪʚʘ, ʯʪʦ ʧʦʤʦʛʣʦ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʤʥʦʞʝʩʪʚʦʤ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ 
ʜʦ ʵʪʦʛʦ ʥʫʞʥʦ ʙʳʣʦ ʨʝʰʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ.   

ʆʩʥʦʚʥʳʝ ʦʪʨʘʩʣʠ ʠ ʩʧʦʩʦʙʳ ʨʝʘʣʠʟʘʮʠʠ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ (ʪʘʙʣ. 1). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʧʨʦʛʥʦʟʦʚ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ, ʩʝʪʝʚʳʭ ʫʩʪʨʦʡʩʪʚ (ʘʚʪʦʤʦʙʠ-
ʣʝʡ, ʨʝʰʝʥʠʡ ʚ ʩʬʝʨʝ ʫʤʥʦʛʦ ʜʦʤʘ, ʛʦʨʦʜʘ, ʙʳʪʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʬʠʪʥʝʩʩ-ʪʨʝʢʝʨʦʚ ʠ ʜʨ.) ʙʫʜʝʪ ʩʪʘʥʦ-
ʚʠʪʴʩʷ ʚʩʝ ʙʦʣʴʰʝ ʠ ʙʦʣʴʰʝ. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ, ʙʫʜʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠ ʢʦʥʮʝʧʮʠʷ çʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡè. 
ɼʘʞʝ ʩʝʡʯʘʩ, ʫʞʝ ʧʦʯʪʠ 20 ʣʝʪ ʧʦʩʣʝ ʨʦʞʜʝʥʠʷ IoT, ʀʥʪʝʨʥʝʪ ʚʝʱʝʡ ʟʘʥʷʣ ʣʠʜʠʨʫʶʱʠʝ ʧʦʟʠʮʠʠ ʚ ʚʳ-
ʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʷʭ.  

ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʢ 2020 ʛʦʜʫ ʩʪʦʠʤʦʩʪʴ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʀʥʪʝʨʥʝʪʘ ʚʝʱʝʡ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 
$7,2 ʪʨʣʥ, ʘ ʯʠʩʣʦ ʧʦʜʢʣʶʯʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚʦʟʨʘʩʪʝʪ ʜʦ 25 ʤʣʨʜ, ʠ ʵʪʦ ʙʝʟ ʫʯʝʪʘ ʩʤʘʨʪʬʦʥʦʚ, ʥʦʫʪʙʫ-
ʢʦʚ ʠ ʧʣʘʥʰʝʪʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ. 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ, ʛʨʘʥʴ ʤʝʞʜʫ ʀʥʪʝʨʥʝʪʦʤ ʚʝʱʝʡ ʠ ʧʨʦʩʪʦ ʀʥʪʝʨʥʝʪʦʤ ʩʦʪʨʝʪʩʷ 
ʠ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʙʦʣʝʝ ʛʣʦʙʘʣʴʥʫʶ ʢʦʥʮʝʧʮʠʶ. ʇʨʝʜʧʦʣʦʞʠʤ, ʧʦʷʚʠʪʩʷ ʩʝʪʝʚʦʡ ʩʪʘʥʜʘʨʪ, ʢʦʪʦʨʳʡ ʩʪʘ-
ʥʝʪ ʫʥʠʚʝʨʩʘʣʴʥʳʤ: çInternet of Everythingè ï ʀʥʪʝʨʥʝʪ ʚʩʝʛʦ. 
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                                                                                            ʤʘʛʠʩʪʨʘʥʪ 
ʌɻɹʆʋ ɺʇʆ çʇʝʨʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʈʧʤʴʦʧʛ ʅʙʫʛʞʢ ʍʞʝʧʩʧʛʡʰ 
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ʋʨʘʣ ï ʢʣʶʯʝʚʦʡ ʨʝʛʠʦʥ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ, ʚ ʥʝʜʨʘʭ ʢʦʪʦʨʦʛʦ ʢʦʚʘʣʘʩʴ ʧʦʙʝʜʘ ʚ ɺʝʣʠʢʦʡ 
ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʝ. ɽʱʝ ʩ ʢʦʥʮʘ 1930-ʭ ʛʦʜʦʚ ʪʘʤ ʧʨʦʚʦʜʠʣʘʩʴ ʩʝʨʴʝʟʥʘʷ ʨʘʙʦʪʘ ʧʦ ʤʦʜʝʨʥʠʟʘʮʠʠ 
ʫʞʝ ʥʘʣʠʯʝʩʪʚʫʶʱʝʛʦ ʙʦʝʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʥʝʤʝʮʢʦʛʦ ʦʧʳʪʘ. ʉ ʢʦʥʮʘ 1939 ʛʦʜʘ ʙʳʣʘ 
ʩʝʨʴʝʟʥʦ ʫʚʝʣʠʯʝʥʘ ʤʦʱʥʦʩʪʴ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʏʫʩʦʚʩʢʦʛʦ, 
ɿʣʘʪʦʫʩʪʦʚʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʟʘʚʦʜʦʚ, ʋʨʘʣʴʩʢʦʛʦ ʘʣʶʤʠʥʠʝʚʦʛʦ (ʂʘʤʝʥʩʢ-ʋʨʘʣʴʩʢʠʡ) ʠ 
ʉʦʣʠʢʘʤʩʢʦʛʦ ʤʘʛʥʠʝʚʦʛʦ ʟʘʚʦʜʦʚ, ʢʦʤʙʠʥʘʪʘ "ʖʞʫʨʘʣʥʠʢʝʣʴ"(ʆʨʩʢ)[1,c.20,21,25]. ʆʜʥʘʢʦ, ʢʘʢ 
ʟʘʤʝʯʘʝʪ ʧʝʨʤʩʢʠʡ ʢʨʘʝʚʝʜ ɺ. ʌ. ɻʣʘʜʳʰʝʚ, ʚ ʪʝ ʛʦʜʳ ʋʨʘʣ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʩʦʚʝʪʩʢʠʤ 
ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʢʘʢ ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʨʝʛʠʦʥ. ɺ ʩʚʦʝʡ ʢʥʠʛʝ çʅʘʩ ʤʦʞʥʦ ʨʘʩʧʦʟʥʘʪʴ ʠʟʜʘʣʝʢʘè, 
ʘʚʪʦʨ ʚʳʩʢʘʟʳʚʘʝʪ ʩʚʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʧʨʠʯʠʥʘʭ ʪʘʢʦʛʦ ʧʝʨʝʥʦʩʘ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʢ ʛʨʘʥʠʮʘʤ 
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ʤʝʨʘʤʠ ʩʦʚʝʪʩʢʦʛʦ ʧʨʘʚʠʪʝʣʴʩʪʚʘ, ʥʘʮʝʣʝʥʥʳʤʠ ʥʘ ʦʪʨʘʞʝʥʠʝ ʠʣʠ ʜʘʞʝ ʘʢʪʠʚʥʦʝ ʫʧʨʝʞʜʝʥʠʝ 
ʚʦʟʤʦʞʥʦʡ ʘʛʨʝʩʩʠʠ ʚ ʩʚʦʡ ʘʜʨʝʩ ʠ, ʯʪʦ ʚʳʪʝʢʘʝʪ ʠʟ ʵʪʦʛʦ, ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʩʥʘʙʞʝʥʠʷ 
ʘʨʤʠʠ[2,c.15]. ʋʨʘʣ ʞʝ ʨʘʩʩʤʘʪʨʠʚʘʣʩʷ ʚ 1939-1941 ʛʦʜʘʭ ʢʘʢ ʧʣʘʮʜʘʨʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʠʥʥʦʚʘʮʠʡ, ʧʨʦʚʝʨʢʠ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 
ʩʭʝʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦ ʚʦʩʧʦʤʠʥʘʥʠʷʤ ʨʘʙʦʪʥʠʢʦʚ ʟʘʚʦʜʘ ˉ19 ʠʤ. ʉʪʘʣʠʥʘ (ʥʳʥʝ ʇʝʨʤʩʢʠʡ 
ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ), ʚ ʘʧʨʝʣʝ 1941 ʛʦʜʘ ʚ ʨʘʤʢʘʭ ʚʠʟʠʪʘ ʥʝʤʝʮʢʦʡ ʢʦʤʠʩʩʠʠ, ʩʧʝʮʠʘʣʠʩʪʘʤ ʠʟ 
ɻʝʨʤʘʥʠʠ ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʘʚʠʘʤʦʪʦʨ ʄ-82, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ɸ.ɼ. 
ʐʚʝʮʦʚʳʤ ʩ ʚʥʝʜʨʝʥʠʝʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ ʥʝʤʝʮʢʦʛʦ ʘʥʘʣʦʛʘ ï ʜʚʠʛʘʪʝʣʷ ɹʄɺ-801. 
ʀʩʧʳʪʘʪʝʣʴʥʳʡ ʮʝʭ ʟʘʚʦʜʘ ˉ19 ʠʤ. ʉʪʘʣʠʥʘ ʙʳʣ ʩʝʢʨʝʪʥʳʤ ʦʙʲʝʢʪʦʤ ʠ ʜʘʞʝ ʩʧʝʮʠʘʣʴʥʦ 
ʟʘʤʘʩʢʠʨʦʚʘʥ ʧʦʜ ʩʪʨʦʡʢʫ ʠ ʧʨʠʢʨʳʪ ʩʪʨʦʡʤʘʪʝʨʠʘʣʘʤʠ[3,c.134].   

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʨʘʣʴʩʢʠʭ (ʚ ʯʘʩʪʥʦʩʪʠ, ʀʞʝʚʩʢʦʛʦ, ɿʣʘʪʦʫʩʪʦʚʩʢʦʛʦ, ʏʝʣʷʙʠʥʩʢʦʛʦ, ʋʬʠʤʩʢʦʛʦ, 
ʂʠʨʦʚʛʨʘʜʩʢʦʛʦ ʠ ʄʦʣʦʪʦʚʩʢʦʛʦ (ʥʳʥʝ - ʇʝʨʤʩʢʦʛʦ)) ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʳʭ ʟʘʚʦʜʦʚ ʢʘʨʙʶʨʘʪʦʨʘʤʠ ʠ 
ʚʳʩʦʢʦʪʦʯʥʳʤʠ ʢʦʤʧʣʝʢʪʫʶʱʠʤʠ ʚ 1939 ʛʦʜʫ ʥʘ ʙʘʟʝ ʥʦʚʳʭ ʥʝʤʝʮʢʠʭ ʩʪʘʥʢʦʚ ʬʠʨʤʳ çɹʝʨʣʠʥʛʝʨè ʚ 
ʄʦʩʢʚʝ ʙʳʣʦ ʦʨʛʘʥʠʟʦʚʘʥʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʘ ʟʘʚʦʜʝ 33-ʙʠʩ. ɼʦ 1940 ʛʦʜʘ ʢʘʨʙʶʨʘʪʦʨʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ 
ʙʳʣʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʄʦʩʢʚʝ, ʦʜʥʘʢʦ ʚʩʢʦʨʝ ʟʘʚʦʜ ʧʦʣʫʯʠʣ ʩʚʦʡ ʩʦʙʩʪʚʝʥʥʳʡ 
ʥʦʤʝʨ 339, ʠ  ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʣ ʧʝʨʝʦʙʦʨʫʜʦʚʘʥ ʚ ʛʦʨʦʜʝ ʇʝʨʤʴ (ʪʦʛʜʘ - ʄʦʣʦʪʦʚ) ʜʣʷ ʚʳʧʫʩʢʘ 
ʢʘʨʙʶʨʘʪʦʨʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʝʨʤʩʢʠʤʠ ʢʦʥʩʪʨʫʢʪʦʨʘʤʠ [4,ʌ.105.ʆʧ.7.ɼ.362.ʃ. 20]. 

ɺ ʛʦʜʳ ʚʦʡʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʘʚʠʘʮʠʦʥʥʳʭ ʢʘʨʙʶʨʘʪʦʨʦʚ ʙʳʣʦ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ 
ʄʦʣʦʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ. ɹʦʣʴʰʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʥʝʤʝʮʢʦʡ ʪʝʭʥʠʢʝ ʚʦʟʥʠʢʣʘ ʥʘ ʋʨʘʣʝ 
ʝʱʝ ʠ ʧʦʪʦʤʫ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʙʦʨʴʙʳ ʩ ʪʨʦʮʢʠʩʪʘʤʠ ʚ 1937-1938 ʛʦʜʘʭ ʪʝʭʥʠʯʝʩʢʠʡ ʠ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʡ ʘʧʧʘʨʘʪ ʫʨʘʣʴʩʢʠʭ ʟʘʚʦʜʦʚ ʧʦʩʪʨʘʜʘʣ ʙʦʣʴʰʝ ʯʝʤ ʥʘ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ. 
ʂ ʧʨʠʤʝʨʫ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʇʝʨʤʩʢʦʛʦ ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ ʫʞʝ ʢ 1938 ʛʦʜʫ ʙʳʣʦ ʵʢʚʠʚʘʣʝʥʪʥʦ 
73% ʦʪ ʧʣʘʥʘ ʟʘ ʧʨʦʰʣʳʡ ʛʦʜ, ʘ ʧʨʦʠʟʚʦʜʠʤʘʷ ʧʨʦʜʫʢʮʠʷ ʚʳʧʫʩʢʘʣʘʩʴ ʩ ʫʜʦʨʦʞʘʥʠʝʤ ʥʘ 8,2%. 
ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʧʦʜʦʙʥʳʡ ʩʨʳʚ ʧʨʦʠʟʦʰʝʣ ʩʨʘʟʫ ʚʦ ʚʨʝʤʷ ʥʘʯʘʣʘ ʪʨʝʪʴʝʡ ʧʷʪʠʣʝʪʢʠ, 
ʫʯʠʪʳʚʘʷ ʚʩʶ ʩʝʨʴʝʟʥʦʩʪʴ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʢ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʜʫʢʮʠʠ ʠ ʥʘʤʝʨʝʥʥʦ 
ʟʘʚʳʰʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʝʭ ʣʝʪ, ʥʝʩʣʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʧʣʘʯʝʚʥʦ ʚʳʛʣʷʜʝʣʘ 
ʢʘʨʪʠʥʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ. ʊʨʝʙʦʚʘʣʠʩʴ ʥʦʚʳʝ ʩʪʘʥʢʠ, ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʥʘʯʘʪʴ ʩʢʦʨʝʡʰʫʶ 
ʧʝʨʝʢʚʘʣʠʬʠʢʘʮʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʢʘʜʨʦʚ, ʧʦʜʛʦʪʦʚʠʪʴ ʥʦʚʳʡ ʨʝʟʝʨʚ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʥʞʝʥʝʨʦʚ, ʥʘʯʘʪʴ 
ʤʦʜʝʨʥʠʟʘʮʠʶ ʮʝʣʳʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʣʠʥʠʡ ʠ ʫʩʧʝʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʧʣʘʥʘ.         

ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʥʪʝʨʝʩʥʳʤ ʩʶʞʝʪ ʛʝʨʤʘʥʦ-ʩʦʚʝʪʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ 
ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʥʘ ʋʨʘʣʝ. ʇʦʩʣʝ ʧʨʠʭʦʜʘ ɻʠʪʣʝʨʘ ʢ ʚʣʘʩʪʠ, ʤʥʦʛʠʝ ʢʦʥʪʘʢʪʳ ʚ ʦʙʣʘʩʪʠ 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʙʳʣʠ ʧʦʨʚʘʥʳ, ʥʦ ʟʘʚʦʜʳ, ʘʢʪʠʚʥʦ ʬʠʥʘʥʩʠʨʫʝʤʳʝ ʚ ʧʨʦʰʣʦʤ ʥʝʤʝʮʢʠʤʠ ʬʠʨʤʘʤʠ, 
ʦʩʪʘʣʠʩʴ. ʕʪʦ ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ, ʏʝʣʷʙʠʥʩʢʠʡ ʪʨʘʢʪʦʨʥʳʡ ʟʘʚʦʜ, çʋʨʘʣʤʘʰè 
(ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʢʦʥʪʘʢʪʳ ʩ ʯʝʰʩʢʦʡ ʬʠʨʤʦʡ çʐʢʦʜʘè, ʚ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʣʦ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ ʥʝʤʝʮʢʠʭ 
ʩʧʝʮʠʘʣʠʩʪʦʚ, ʘ ʧʦʩʣʝ ʘʥʥʝʢʩʠʠ ɹʦʛʝʤʠʠ ʠ ʄʦʨʘʚʠʠ ʠ ʧʨʝʚʨʘʱʝʥʠʷ ʝʝ ʚ ʥʝʤʝʮʢʠʡ ʧʨʦʪʝʢʪʦʨʘʪ ʠ ʩ 
ʥʝʤʝʮʢʠʤ ʦʪʜʝʣʦʤ çʐʢʦʜʘè), ɻʦʨʴʢʦʚʩʢʠʡ ʘʚʪʦʟʘʚʦʜ ʠ ʇʝʨʤʩʢʠʡ ʘʚʠʘʤʦʪʦʨʥʳʡ ʟʘʚʦʜ. 25 ʠʶʣʷ 1937 ʛ. 
ʥʘʯʘʣʠʩʴ ʤʘʩʩʦʚʳʝ ʨʝʧʨʝʩʩʠʠ ʧʨʦʪʠʚ ʥʝʤʝʮʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʦʩʪʘʚʘʚʰʠʭʩʷ ʥʘ ʵʪʠʭ ʟʘʚʦʜʘʭ. ʅʘʨʢʦʤ ʅ. 
ɽʞʦʚ ʧʝʨʝʜʘʣ ʧʦ ʪʝʣʝʛʨʘʬʫ ʧʨʠʢʘʟ ˉ 00439, ʢʦʪʦʨʳʡ ʦʙʷʟʳʚʘʣ ʤʝʩʪʥʳʝ ʦʨʛʘʥʳ ʅʂɺɼ ʚ ʧʷʪʠʜʥʝʚʥʳʡ 
ʩʨʦʢ ʘʨʝʩʪʦʚʘʪʴ ʚʩʝʭ ʥʝʤʝʮʢʠʭ ʧʦʜʜʘʥʥʳʭ (ʥʝ ʠʩʢʣʶʯʘʷ ʠ ʧʦʣʠʪʠʯʝʩʢʠʭ ʤʠʛʨʘʥʪʦʚ), ʨʘʙʦʪʘʶʱʠʭ ʠʣʠ 
ʨʘʥʝʝ ʨʘʙʦʪʘʚʰʠʭ ʥʘ ʚʦʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʟʘʚʦʜʘʭ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʦʜʣʝʞʘʱʠʭ ʢ ʘʨʝʩʪʫ ʙʳʣʦ 
ʥʘʩʪʦʣʴʢʦ ʰʠʨʦʢʠʤ, ʯʪʦ ʧʦ ʬʘʢʪʫ ʧʨʠʚʝʣʦ ʢ ʧʦʣʥʦʤʫ ʦʩʚʦʙʦʞʜʝʥʠʶ ʧʨʝʜʧʨʠʷʪʠʡ ʦʪ ʥʝʤʝʮʢʠʭ 
ʩʧʝʮʠʘʣʠʩʪʦʚ. ʇʦ ʚʦʩʧʦʤʠʥʘʥʠʷʤ ʠʥʞʝʥʝʨʘ ɸ.ʇ. ʆʩʠʧʦʚʘ, ʩʦʚʝʪʩʢʠʝ ʢʦʥʩʪʨʫʢʪʦʨʳ ʥʝ ʜʦʧʫʩʢʘʣʠʩʴ ʢ 
ʪʝʭʥʠʯʝʩʢʠʤ ʠʥʩʪʨʫʢʮʠʷʤ ʥʝʤʝʮʢʠʭ ʤʦʥʪʝʨʦʚ: ç...ʀʥʩʪʨʫʢʮʠʠ ʬʠʨʤ ʩʪʘʨʘʣʠʩʴ ʦʪ ʥʘʩ ʩʢʨʳʪʴ ʠ ʥʠʢʦʤʫ 
ʥʝ ʧʦʢʘʟʳʚʘʪʴ. ʅʦ ʜʦʢʫʤʝʥʪʳ ʤʳ ʥʘʰʣʠ. ʄʳ, ʟʘʤʠʨʘʷ ʦʪ ʩʪʨʘʭʘ, ʧʝʨʝʧʠʩʳʚʘʣʠ ʮʠʬʨʳ, ʨʠʩʦʚʘʣʠ 
ʵʩʢʠʟʳ, ʧʦʢʨʳʚʘʣʠ ʬʦʨʤʫʣʷʨʳ ʚʦʩʢʦʚʢʦʡ, ʥʘʩʧʝʭ ʢʦʧʠʨʦʚʘʣʠ, ʜʨʦʞʘʣʠ ʨʫʢʠ, ʧʘʣʴʮʳ ʥʝ ʩʣʫʰʘʣʠʩʴ, 
ʢʘʨʘʥʜʘʰʠ ʣʦʤʘʣʠʩʴ. ʍʦʣʦʜʥʳʤ ʧʦʪʦʤ ʧʦʢʨʳʚʘʣʦʩʴ ʪʝʣʦ, ʢʦʛʜʘ ʩʣʳʰʘʣʠʩʴ ʚ ʢʦʨʠʜʦʨʝ ʧʦʩʪʦʨʦʥʥʠʝ 
ʰʘʛʠ. ʅʘʩ ʣʠʭʦʨʘʜʠʣʦ, ʥʦ ʩʚʦʝ "ʜʝʣʦ" ʤʳ ʜʦʚʝʣʠ ʜʦ ʢʦʥʮʘ. ʄʳ ʩʪʘʨʘʣʠʩʴ ʚʟʷʪʴ ʦʪ ʥʝʤʝʮʢʠʭ 
ʩʧʝʮʠʘʣʠʩʪʦʚ ʚʩʝ, ʯʪʦ ʪʦʣʴʢʦ ʤʦʞʥʦè[5,ʩ.394]. 

ʉ ʧʦʜʧʠʩʘʥʠʝʤ ʧʘʢʪʘ ʦ ʥʝʥʘʧʘʜʝʥʠʠ ʠ ʚʦʟʦʙʥʦʚʣʝʥʠʝʤ ʛʝʨʤʘʥʦ-ʩʦʚʝʪʩʢʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʧʦ 
ʚʩʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʚʦʟʦʙʥʦʚʠʣʘʩʴ ʠ ʨʝʮʝʧʮʠʷ ʥʝʤʝʮʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʦʙʦʨʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ 
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ʋʨʘʣʘ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʤʘʩʰʪʘʙʳ ʦʙʨʝʣʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʪʘʥʢʦʚ, ʘʛʨʝʛʘʪʦʚ. ɺ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ 
ʪʝʭʥʠʯʝʩʢʠʡ ʧʨʦʛʨʝʩʩ ʙʳʣ ʫʩʢʦʨʝʥ ʦʨʛʘʥʠʟʘʮʠʝʡ ʥʘ ʟʘʚʦʜʘʭ ʧʦʪʦʯʥʳʭ ʣʠʥʠʡ ʠ ʢʦʥʚʝʡʝʨʦʚ. ʅʘ ʟʘʚʦʜʝ 
ˉ98 (ʄʦʣʦʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ), ʚ ʆʩʦʙʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʙʶʨʦ ˉ6 ʅʂɺɼ ʟʘʥʠʤʘʣʩʷ ʧʨʦʝʢʪʥʳʤʠ 
ʨʘʟʨʘʙʦʪʢʘʤʠ ʙʘʣʣʠʩʪʠʪʥʳʭ ʧʦʨʦʭʦʚ çʦʪʝʮ ʧʦʨʦʭʘ ʜʣʷ ʂʨʘʩʥʦʡ ʘʨʤʠʠè ɸʣʝʢʩʘʥʜʨ ɹʘʢʘʝʚ. ʇʦ 
ʩʦʛʣʘʰʝʥʠʶ ʩ ɻʝʨʤʘʥʠʝʡ, ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʧʦʣʫʯʠʣ ʚʝʩʦʤʫʶ ʧʘʨʪʠʶ ʙʝʟʜʳʤʥʳʭ ʚʟʨʳʚʯʘʪʳʭ ʩʤʝʩʝʡ, 
ʧʦʩʪʘʚʣʷʝʤʳʭ ʬʠʨʤʦʡ çʍʫʙʝʨʪʫʩè ʩ ʢʦʪʦʨʳʤʠ ʠ ʨʘʙʦʪʘʣʦ ʙʶʨʦ ˉ6. ɺ ʵʪʦʡ ʰʘʨʘʰʢʝ ʟʘʚʦʜʘ ˉ98 ʦʥ 
ʙʳʣ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʛʨʫʧʧʳ, ʟʘʥʠʤʘʚʰʝʡʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʩʦʟʜʘʥʠʷ ʧʦʪʦʯʥʳʭ ʣʠʥʠʡ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʙʝʟʜʳʤʥʦʛʦ ʧʦʨʦʭʘ ʥʘ ʦʩʥʦʚʝ ʰʥʝʢ-ʧʨʝʩʩʦʚ. ɿʜʝʩʴ ʞʝ ɹʘʢʘʝʚ ʠ ʧʦʟʥʘʢʦʤʠʣʩʷ ʩ ɼʘʚʠʜʦʤ 
ɻʘʣʴʧʝʨʠʥʦʤ, ʦʩʫʞʜʝʥʥʳʤ ʠ ʦʪʙʳʚʘʚʰʠʤ ʥʘʢʘʟʘʥʠʝ ʟʜʝʩʴ ʝʱʝ ʩ 1938 ʛʦʜʘ. ɻʘʣʴʧʝʨʠʥ ʠ ɹʘʢʘʝʚ 
ʧʣʝʯʦʤ ʢ ʧʣʝʯʫ ʨʘʙʦʪʘʣʠ ʥʘʜ ʩʦʟʜʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʧʦʨʦʭʘ, ʩʧʦʩʦʙʥʦʛʦ 
ʚʳʜʘʚʘʪʴ ʤʝʥʴʰʠʡ ʧʦʢʘʟʘʪʝʣʴ ʜʫʣʴʥʦʛʦ ʨʘʟʙʨʦʩʘ. ɺ ʠʪʦʛʝ ʠʭ ʩʦʚʤʝʩʪʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʫʯʝʥʳʝ ʩʦʟʜʘʣʠ 
ʥʦʚʳʡ ʫʣʫʯʰʝʥʥʳʡ ʩʦʩʪʘʚ ʙʘʣʣʠʩʪʠʪʥʦʛʦ ʧʦʨʦʭʘ. ʉʨʝʜʠ ʫʩʧʝʭʦʚ ʆʊɹ ˉ6 ʙʳʣʘ ʠ ʩʠʩʪʝʤʘ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʰʥʝʢʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʢʝʪʥʳʭ ʟʘʨʷʜʦʚ, ʢʦʪʦʨʘʷ ʚ ʜʚʘ ʨʘʟʘ ʫʚʝʣʠʯʠʣʘ ʩʢʦʨʦʩʪʴ ʠʭ 
ʠʟʛʦʪʦʚʣʝʥʠʷ. ʀʤʝʥʥʦ ʵʪʦ ʜʘʣʦ ʛʚʘʨʜʝʡʩʢʦʤʫ ʨʝʘʢʪʠʚʥʦʤʫ ʤʠʥʦʤʝʪʫ ɹʄ-13 (çʂʘʪʶʰʘè) ʩʪʘʪʴ 
ʩʠʤʚʦʣʦʤ ʤʦʱʠ ʩʦʚʝʪʩʢʦʛʦ ʦʨʫʞʠʷ[6,c.15-16]. ɺ ʧʨʝʜʚʦʝʥʥʳʝ ʛʦʜʳ ʦʩʦʙʦ ʦʪʣʠʯʠʣʩʷ 
ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ ʠʤ. ʉʪʘʣʠʥʘ ʚ ʛʦʨʦʜʝ ʄʦʣʦʪʦʚ, ʛʜʝ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʦʙʦʚʘʥ 
ʤʦʪʦʨ ʚʦʟʜʫʰʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʩʠʩʪʝʤʳ ʐʚʝʮʦʚʘ (ʄ-63ʈ) ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʫʩʪʘʥʦʚʣʝʥ ʥʘ ʠʩʪʨʝʙʠʪʝʣʴ 
ʩʤʝʰʘʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʇʦʣʠʢʘʨʧʦʚ-38. ʇʦʣʠʢʘʨʧʦʚ ʙʳʣ ʧʝʨʚʳʤ ʠʩʪʨʝʙʠʪʝʣʝʤ ʩʤʝʰʘʥʥʦʡ 
ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʣʩʷ ʩ 1939 ʧʦ 1941 ʛʦʜ. ʇʦ ʩʚʦʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
ʦʥ ʙʳʣ ʥʘʤʥʦʛʦ ʙʳʩʪʨʝʝ ʀ-16 ʠ ʙʦʣʝʝ ʥʝʧʨʠʪʷʟʘʪʝʣʴʥʳʤ ʚ ʫʧʨʘʚʣʝʥʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ ʙʳʣ 
ʥʝʚʝʨʦʷʪʥʦ ʤʘʥʝʚʨʝʥʥʳʤ ʠ ʜʦʩʪʘʪʦʯʥʦ ʥʝʧʣʦʭʦ ʚʦʦʨʫʞʝʥ (2Ĭ20ʤʤ ʐɺɸʂ+2Ĭ7,62ʤʤ ʐʂɸʉ). ʉ 1938 
ʛʦʜʘ ʥʘʯʘʣʦʩʴ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ. ʋʞʝ ʚ ʧʝʨʚʳʭ ʇʦ-38 ʩʝʨʠʠ 1938ʛ. ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 
ʮʝʣʴʥʦʜʝʨʝʚʷʥʥʳʝ ʢʨʳʣʴʷ, ʘ ʚ ʩʝʨʠʠ 1939 ʛʦʜʘ - ʜʶʨʘʣʝʚʳʝ ʨʫʣʠ ʠʟ ʩʝʨʠʠ ʟʘʢʫʧʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 
ʜʦʛʦʚʦʨʫ ʩ ɻʝʨʤʘʥʠʝʡ, ʘ ʠʤʝʥʥʦ ʨʫʣʠ ʬʠʨʤʳ çɹʣʦʤ ʠ ʌʦʩʩè[7,c.453]. ɺ 1940 ʛʦʜʫ ʇʦ-38 ʚʦʦʨʫʞʘʣʠʩʴ 
ʚʤʝʩʪʦ ʜʚʫʭ 20-ʤʤ ʧʫʰʝʢ ʐɺɸʂ ï ʜʚʫʤʷ 23-ʤʤ ʧʫʰʢʘʤʠ ʊʘʫʙʠʥʘ ʄʇ-3, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʧʨʘʚʠʪʴ ʵʪʠ 
ʩʘʤʦʣʝʪʳ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʰʪʫʨʤʦʚʳʭ ʘʚʠʘʧʦʣʢʦʚ.  

ʋʨʘʣ ʚ ʧʨʝʜʚʦʝʥʥʳʝ ʛʦʜʳ ʦʩʪʘʚʘʣʩʷ ʦʜʥʠʤ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʘʨʪʠʣʣʝʨʠʠ ʚ ʉʦʚʝʪʩʢʦʤ 
ʉʦʶʟʝ ʠ ʠʤʝʥʥʦ ʥʘ ʜʦʣʶ ʝʛʦ ʟʘʚʦʜʦʚ ʧʨʠʭʦʜʠʣʠʩʴ ʩʘʤʳʝ ʧʨʦʨʳʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʢʦʥ-
ʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ ʩʨʝʜʩʪʚ ʧʦʜʜʝʨʞʢʠ. ʇʝʨʚʦʡ ʚ ʪʘʢʦʤ ʜʝʣʝ ʙʳʣʘ ʄʦʪʦʚʠʣʠʭʘ. ɺ 1939 ʛʦʜʫ ʥʘ ʄʦ-
ʪʦʚʠʣʠʭʠʥʩʢʠʭ ʟʘʚʦʜʘʭ ʫʞʝ ʧʨʦʭʦʜʠʣʘ ʧʨʦʚʝʨʢʫ ʠ ʚʦʡʩʢʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩʠʩʪʝʤʘ ʛʘʫʙʠʯʥʦʛʦ ʟʘʣʧʦʚʦʛʦ 
ʦʛʥʷ ʄ-30. ʀʥʞʝʥʝʨ ʇʝʪʨʦʚ ʧʨʠʜʫʤʘʣ ʦʨʠʛʠʥʘʣʴʥʦʝ ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʝ ʨʝʰʝʥʠʝ, ʧʦʟʘʠʤʩʪʚʦʚʘʥʥʦʝ  ʦʪ 
ʥʝʤʝʮʢʦʡ ʦʨʜʠʥʘʨʥʦʡ ʛʘʫʙʠʮʳ le.F.H.18 ʬʠʨʤʳ çʈʝʡʥʤʝʪʘʣʣè. ʆʥ ʥʘʣʦʞʠʣ ʥʘ ʣʘʬʝʪ ʩ ʨʘʟʜʚʠʞʥʳʤʠ 
ʩʪʘʥʠʥʘʤʠ ʰʥʝʡʜʝʨʦʚʩʢʠʡ ʩʪʚʦʣ ʦʙʨʘʟʮʘ 1910/30 ʛʛ. ʫʜʣʠʥʝʥʥʳʡ ʜʦ 22,7 ʢʘʣʠʙʨʘ ʩʦ ʰʥʝʡʜʝʨʦʚʩʢʠʤ 
ʧʦʨʰʥʝʚʳʤ ʟʘʪʚʦʨʦʤ. ɹʦʝʚʦʡ ʚʝʩ ʧʦʣʫʯʠʣʩʷ 2200 ʢʛ, ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ð 525 ʤ/ʩ, ʜʘʣʴʥʦʩʪʴ 
ʩʪʨʝʣʴʙʳ ð 11 800 ʤ, ʩʢʦʨʦʩʪʨʝʣʴʥʦʩʪʴ ð 5ï6 ʚʳʩʪʨ./ʤʠʥ, ʫʛʦʣ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʙʩʪʨʝʣʘ ð 50 ʛʨʘʜʫ-
ʩʦʚ. ʉ ʟʘʪʚʦʨʦʤ ʇʝʪʨʦʚ ʩʭʠʪʨʠʣ, ʥʦ ʟʘʪʦ ʦʙʦʰʝʣʩʷ ʙʝʟ ʜʫʣʴʥʦʛʦ ʪʦʨʤʦʟʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʦ-
ʧʨʝʞʥʝʤʫ ʩʯʠʪʘʣʦʩʴ ʥʝʧʨʠʝʤʣʝʤʳʤ[8,c.140]. ɼʘʥʥʘʷ ʛʘʫʙʠʯʥʘʷ ʩʠʩʪʝʤʘ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʥʘ ʩʝʨʠʡʥʦʝ 
ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ 1940 ʛʦʜʫ ʥʘ ʟʘʚʦʜʘʭ ˉ9, 92, 172 ʠ ʚʧʣʦʪʴ ʜʦ 1955 ʛʦʜʘ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʙʝʟ ʦʩʪʘʥʦʚʢʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʦʚʘʣʘ ʠ ʝʱʝ ʦʜʥʘ ʤʦʜʠʬʠʢʘʮʠʷ ʥʝʤʝʮʢʦʡ ʘʨʪʠʣʣʝʨʠʠ, ʢʦʪʦʨʫʶ ʦʩʚʦʠʣʠ ʩʦʚʝʪʩʢʠʝ 
ʠʥʞʝʥʝʨʳ ʥʘ ʋʨʘʣʝ. ʕʪʦ ʙʳʣʘ 152-ʤʤ ʜʠʚʠʟʠʦʥʥʘʷ ʛʘʫʙʠʮʘ ʦʙʨʘʟʮʘ 1938 ʛʦʜʘ. ɽʝ ʧʦʜ ʠʥʜʝʢʩʦʤ çʄ-
10è ʧʦʣʫʯʠʣʠ ʠʟ ʢʦʨʧʫʩʥʦʡ ʛʘʫʙʠʮʳ-ʧʫʰʢʠ ʄʃ-20, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʙʳʣʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʠʟ 
ʢʨʝʧʦʩʪʥʦʡ ʧʫʰʢʠ ʐʥʝʡʜʝʨʘ. ʆʥʘ ʪʘʢʞʝ ʦʙʥʦʚʣʷʣʘʩʴ ʧʦ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤ ʩʭʝʤʘʤ ʬʠʨʤʳ çʈʝʡʥʤʝ-
ʪʘʣʣè[9,c.128]. ʆʜʥʘʢʦ ʩʫʜʴʙʘ ʵʪʦʛʦ ʦʨʫʜʠʷ ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ ʙʣʝʩʪʷʱʝʡ: ʧʦ ʤʥʝʥʠʶ ʚʦʝʥʥʳʭ, ʦʨʫʜʠʝ 
ʧʦʣʫʯʠʣʦʩʴ ʩʣʠʰʢʦʤ ʪʷʞʝʣʳʤ ʜʣʷ ʜʠʚʠʟʠʦʥʥʦʡ ʘʨʪʠʣʣʝʨʠʠ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʤ ʜʣʷ ʢʦʨʧʫʩʥʦʡ. 
ʇʦʵʪʦʤʫ ʜʘʥʥʫʶ ʛʘʫʙʠʯʥʫʶ ʩʠʩʪʝʤʫ ʥʝ ʧʫʩʪʠʣʠ ʚ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. 

ʄʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ ˉ19 ʠʤ. ʉʪʘʣʠʥʘ ʪʘʢʞʝ ʠʤʝʣ ʜʝʣʦ ʩ ʥʝʤʝʮʢʠʤʠ ʪʘʥʢʦʚʳʤʠ 
ʜʚʠʛʘʪʝʣʷʤʠ. ɽʱʝ ʚʦ ʚʨʝʤʷ ɻʨʘʞʜʘʥʩʢʦʡ ʚʦʡʥʳ ʚ ʀʩʧʘʥʠʠ ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʧʨʦʷʚʠʣ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ 
ʥʝʤʝʮʢʠʤ ʪʨʦʬʝʡʥʳʤ ʜʚʠʛʘʪʝʣʷʤ Jumo, ʘ ʧʦʩʣʝ ʥʘʯʘʣʘ ʘʢʪʠʚʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʚ ʚʦʝʥʥʦʡ ʦʪʨʘʩʣʠ, 
ʟʘʧʨʦʩʠʣ ʩʨʘʟʫ ʮʝʣʫʶ ʣʠʥʠʶ ʵʪʠʭ ʤʦʪʦʨʦʚ, ʯʪʦʙʳ ʫʚʠʜʝʪʴ ʠʭ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ ʵʚʦʣʶʮʠʶ[10,c.134]. 
ɼʚʠʛʘʪʝʣʴ Jumo-205 ʩʪʘʣ ʧʨʦʦʙʨʘʟʦʤ ʜʠʟʝʣʷ 6ʊɼ, ʥʦ ʧʝʨʝʜ ʵʪʠʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ 
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ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʤʦʜʝʣʠ çʖʤʳè ï Jumo-4.  
ɿʝʥʠʪʥʘʷ ʘʨʪʠʣʣʝʨʠʷ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʧʨʝʪʝʨʧʝʚʘʣʘ ʚ 1939 ʛʦʜʫ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ. 

ʉʧʦʩʦʙʥʦʩʪʠ ʝʝ ʙʦʨʴʙʳ ʩ ʚʳʩʦʪʥʳʤʠ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʘʤʠ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤ 
ʥʘʧʨʘʚʣʝʥʠʝʤ, ʦʩʪʘʚʣʷʣʘ ʞʝʣʘʪʴ ʣʫʯʰʝʛʦ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʳʤʠ ʦʨʫʜʠʷʤʠ, ʢʦʪʦʨʳʤʠ ʨʘʩʧʦʣʘʛʘʣ ʉʉʉʈ ʢ 
ʪʦʤʫ ʚʨʝʤʝʥʠ, ʙʳʣʠ 76-ʤʤ ʧʫʰʢʠ ʦʙʨ. 1931 ʛ. ʠ ʦʙʨ. 1938 ʛ., ʩʦʟʜʘʥʥʳʝ ʥʘ ʙʘʟʝ ʛʝʨʤʘʥʩʢʠʭ ʧʫʰʝʢ ʬʠʨʤʳ 
çʈʝʡʥʤʝʪʘʣʣè. ɼʦʩʷʛʘʝʤʦʩʪʴ ʜʦ ʚʨʘʛʘ ʧʦ ʚʳʩʦʪʥʦʤʫ ʦʙʩʪʨʝʣʫ  ʦʩʪʘʚʘʣʘʩʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ. 
ʊʝʦʨʝʪʠʯʝʩʢʠ ʙʘʣʣʠʩʪʠʯʝʩʢʠʡ ʧʦʪʦʣʦʢ 76-ʤʤ ʟʝʥʠʪʥʳʭ ʧʫʰʝʢ ʜʦʩʪʠʛʘʣ 8 ʢʤ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʥʠ ʤʦʛʣʠ 
ʚʝʩʪʠ ʵʬʬʝʢʪʠʚʥʳʡ ʟʝʥʠʪʥʳʡ ʦʛʦʥʴ ʣʠʰʴ ʜʦ ʚʳʩʦʪ 6ð6,5 ʢʤ [12,c.167]. ʌʠʨʤʘ çʈʝʡʥʤʝʪʘʣʣè ʠʟʛʦʪʦʚʠʣʘ 
ʢ ʢʦʥʮʫ 30-ʭ ʜʚʘ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʘ 10,5-ʩʤ ʟʝʥʠʪʥʳʭ ʦʨʫʜʠʡ. ʇʫʰʢʘ ʧʦʜ ʥʦʤʝʥʢʣʘʪʫʨʥʳʤ ʠʤʝʥʝʤ 
çʠʟʜʝʣʠʝ 38è ʙʳʣʘ ʧʨʠʟʥʘʥʘ ʣʫʯʰʝʡ ʚ ɻʝʨʤʘʥʠʠ ʠ ʟʘʧʫʱʝʥʘ ʚ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ. ɺ ʠʩʪʦʨʠʶ ʦʥʘ 
ʚʦʰʣʘ ʧʦʜ ʠʤʝʥʝʤ ç10,5 crn ʈ1ʘʢ 38è. ʀʤʝʥʥʦ ʙʘʪʘʨʝʶ ɻ ʪʠʭ ʧʫʰʝʢ ʣʝʪʦʤ 1940 ʛʦʜʘ ʠ ʜʦʩʪʘʚʠʣʠ ʚ ʉʉʉʈ 
ʜʣʷ ʠʩʧʳʪʘʥʠʡ ʠ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʠʟʳʩʢʘʥʠʡ ʩ ʘʥʘʣʦʛʘʤʠ ʩʦʚʝʪʩʢʦʡ ʘʨʪʠʣʣʝʨʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʃ-6, 73ʂ ʠ ɹ-
34. ʇʫʰʢʠ ʙʳʣʠ ʩʥʘʙʞʝʥʳ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ, ʘʚʪʦʤʘʪʠʯʝʩʢʠʤʠ ʫʩʪʘʥʦʚʱʠʢʘʤʠ ʪʨʫʙʢʠ (ɸʋʊ), ʧʨʠʙʦʨʘʤʠ 
ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʝʣʴʙʦʡ (ʇʋʉ) ʠ ʤʦʙʠʣʴʥʳʤ ʛʝʥʝʨʘʪʦʨʦʤ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʤʦʱʥʦʩʪʴʶ 24 ʢɺʪ, 
ʨʘʙʦʪʘʚʰʠʤ ʦʪ ʙʝʥʟʠʥʦʚʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺ ʮʝʭʘʭ ʂʠʨʦʚʛʨʘʜʩʢʦʛʦ ʤʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʟʘʚʦʜʘ 
(ʄʦʣʦʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) ʰʣʠ ʨʘʙʦʪʳ ʥʘʜ ʙʘʣʣʠʩʪʠʢʦʡ ʠʤʧʦʨʪʥʳʭ ʧʫʰʝʢ ʠ ʢʫʯʥʦʩʪʴʶ ʩʥʘʨʷʜʦʚ[ 
13,ʌ.75.ʆʧ.3.ɼ.11.ʃ.3]. ʅʝʤʝʮʢʠʝ ʩʥʘʨʷʜʳ ʜʘʚʘʣʠ ʧʨʠ ʧʦʯʪʠ ʪʝʭ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʠ ʚʝʩʝ, ʯʪʦ ʩʦʚʝʪʩʢʠʝ 
ʦʙʨʘʟʮʳ, ʚ ʜʚʘ ʠʣʠ ʙʦʣʝʝ ʨʘʟ ʙʦʣʴʰʝ ʫʙʦʡʥʳʭ ʦʩʢʦʣʢʦʚ (ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʠʤʝʨʥʦ 700 ʛʝʨʤʘʥʩʢʠʭ ʥʘ 300 
ʦʪʝʯʝʩʪʚʝʥʥʳʭ). ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʙʦʪʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʩʪʘʥʦʚʱʠʢʘ ʚʟʨʳʚʘʪʝʣʷ ʠ ʦʪʤʝʯʝʥʘ ʝʛʦ 
ʙʝʩʧʝʨʝʙʦʡʥʦʩʪʴ ʠ ʪʦʯʥʦʩʪʴ[14,c.185]. ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʟʝʥʠʪʥʘʷ ʦʪʨʘʩʣʴ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʘ ʢ ʥʘʯʘʣʫ 
ʚʦʡʥʳ ʟʝʥʠʪʥʳʭ ʦʨʫʜʠʡ ʩ ʢʘʣʠʙʨʦʤ, ʧʨʝʚʦʩʭʦʜʷʱʠʤ 85 ʤʤ. ʀʩʢʣʶʯʝʥʠʷʤʠ ʙʳʣʠ ʣʠʰʴ ʩʦʶʟʥʠʯʝʩʢʠʝ 
ʧʦʩʪʘʚʢʠ ʧʦ ʣʝʥʜ-ʣʠʟʫ ʢʘʣʠʙʨʘ 95 ʠ 128 ʤʤ. ɺ ʩʚʦʠʭ ʤʝʤʫʘʨʘʭ ʉ.ʀ. ʇʝʪʫʭʦʚ ʠ ʀ.ɺ. ʐʝʩʪʦʚ ʧʠʰʫʪ: çʇʝʨʝʜ 
ʙʘʪʘʨʝʝʡ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʢʦʤʘʥʜʦʚʘʥʠʝʤ ɻɸʋ ʜʚʝ ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ ð ʩʦʜʝʡʩʪʚʦʚʘʪʴ ʇɺʆ ʄʦʩʢʦʚʩʢʦʡ 
ʟʦʥʳ ʚ ʦʪʨʘʞʝʥʠʠ ʥʘʣʝʪʦʚ ʩʘʤʦʣʝʪʦʚ ʧʨʦʪʠʚʥʠʢʘ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʚ ʙʦʝʚʳʭ ʫʩʣʦʚʠʷʭ ʪʘʢʪʠʢʦ-
ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʟʝʥʠʪʥʦʡ ʘʨʪʠʣʣʝʨʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʝʥʠʪʥʦʡ ʪʝʭʥʠʢʠè. ɹʦʝʚʦʡ ʩʣʫʞʙʦʡ 
ʙʘʪʘʨʝʠ ʨʫʢʦʚʦʜʠʣʠ ʦʬʠʮʝʨʳ ʧʦʣʠʛʦʥʘ ɽ.ɸ.ʇʘʥʯʝʥʢʦ, ʂ.ʅ.ʊʦʤʠʣʠʥ, ʇ.ɸ.ʂʫʨʦʯʢʠʥ, ʉ.ʅ. ʆʣʝʡʥʠʯʝʥʢʦ, 
ʠʥʞʝʥʝʨʥʳʝ ʨʘʙʦʪʳ ʦʙʝʩʧʝʯʠʚʘʣʠ ʦʬʠʮʝʨʳ ʅʀɿɸʇ ɺ.ɸ.ʂʘʣʘʯʝʚ, ɻ.ʀ.ʉʚʦʙʦʜʘ ʠ ʩʦʪʨʫʜʥʠʢ ʅʀʀ-9 
ʄ.ʃ.ʉʣʠʟʙʝʨʛ[15,c.98]. ɸʚʠʘʮʠʦʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʠʤʧʦʨʪʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʢʘʢ ʧʨʘʚʠʣʦ 
ʧʝʨʝʥʘʧʨʘʚʣʷʣʦʩʴ ʥʘ ʋʨʘʣ ʧʝʨʝʣʝʪʘʤʠ ï ʪʘʢ ʟʘʦʜʥʦ ʠ ʧʨʦʭʦʜʠʣʘ ʞʠʚʦʡ ʪʝʩʪ ʚ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ 
ʧʨʠʙʣʠʞʝʥʥʳʭ ʢ ʨʝʘʣʴʥʳʤ. ʈʷʜ ʧʨʝʜʧʨʠʷʪʠʡ ʛʦʨʦʜʘ ɻʦʨʴʢʠʡ ʟʘʥʠʤʘʣʠʩʴ ʨʘʟʙʦʨʢʦʡ ʥʝʤʝʮʢʠʭ 
ʜʚʠʛʘʪʝʣʝʡ çʖʤʦè. ʋʨʘʣʴʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʤʝʮʢʠʭ ʩʘʤʦʣʝʪʦʚ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʦʧʨʝʜʝʣʝʥʥʳʤ 
ʥʘʙʦʨʦʤ ʤʦʜʝʣʝʡ. ʂ ʥʠʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʪʥʦʩʠʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʡ ʛʝʨʤʘʥʩʢʠʡ ʠʤʧʦʨʪʥʳʡ ʩʘʤʦʣʝʪ, 
ʧʦʣʫʯʠʚʰʠʡ ʨʘʟʨʝʰʝʥʠʝ ʥʘ ʩʝʨʠʡʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʉʉʉʈ ʧʦʯʪʠ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʜʦʨʘʙʦʪʦʢ. ʕʪʦ ʙʳʣ 
FizelerR çʐʪʦʨʭè (ʚ ʩʦʚʝʪʩʢʦʡ ʥʦʤʝʥʢʣʘʪʫʨʝ çɸʠʩʪè), ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʣʩʷ ʚʳʛʦʜʥʝʡʰʠʤʠ ʧʦʣʝʪʥʳʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʤʝʣ ʜʣʠʥʫ ʨʘʟʙʝʛʘ ʚʩʝʛʦ ʣʠʰʴ ʚ 60 ʤʝʪʨʦʚ ʠ ʩʪʦʣʴʢʦ ʞʝ ʤʝʪʨʦʚ ʜʣʷ ʧʦʩʘʜʢʠ. 
ɹʣʘʛʦʜʘʨʷ ʪʝʭʥʦʣʦʛʠʠ çʩʚʝʨʭʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦè ʢʨʳʣʘ ʩ ʧʦʜʢʨʳʣʢʘʤʠ, ʟʘʢʨʳʣʢʘʤʠ, ʤʦʛʫʱʠʤʠ 
ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ ʧʦʜʢʨʳʣʦʢ, ʵʪʦʪ ʩʘʤʦʣʝʪ ʤʦʛ ʦʧʝʨʘʪʠʚʥʦ ʚʳʧʦʣʥʷʪʴ ʟʘʜʘʥʠʷ, ʙʳʩʪʨʦ ʚʟʣʝʪʘʪʴ ʠ 
ʧʨʠʟʝʤʣʷʪʴʩʷ, ʥʝ ʦʩʪʘʚʣʷʷ ʧʨʦʪʠʚʥʠʢʫ ʰʘʥʩʘ ʧʦʜʙʠʪʴ ʝʛʦ ʥʘ ʤʘʣʦʡ ʚʳʩʦʪʝ. ʕʣʝʤʝʥʪʳ çʐʪʦʨʭʘè ʙʳʣʠ 
ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ ʨʘʟʥʳʤ ʩʦʚʝʪʩʢʠʤ ʟʘʚʦʜʘʤ ʜʣʷ ʫʩʢʦʨʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʪʘʥʦʚʢʠ ʘʛʨʝʛʘʪʘ ʥʘ ʣʠʥʠʶ. 
ʄʦʪʦʨʦʩʪʨʦʠʪʝʣʴʥʳʡ ʟʘʚʦʜ ˉ 19 ʠʤʝʥʠ ʉʪʘʣʠʥʘ ʧʦʩʪʘʚʣʷʣ[16, ʌ.76.ʆʧ.3.ɼ.6.ʃ.10] ʜʣʷ ʥʝʛʦ ʜʚʠʛʘʪʝʣʠ 
Renault MV-6, ʘ ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ (ʏʝʣʷʙʠʥʩʢʘʷ ʦʙʣʘʩʪʴ) ʦʙʰʠʚʢʫ ʜʣʷ 
ʬʶʟʝʣʷʞʘ[17, ʌ.195.ʆʧ.3.ɼ.48.ʃ.4]. 

ʇʨʦʝʢʪʥʦʝ ʥʘʟʚʘʥʠʝ ʪʝʭʥʠʢʠ ʙʳʣʦ ʆʂɸ-38, ʥʦ ʯʘʱʝ ʝʝ ʥʘʟʳʚʘʣʠ çɸʠʩʪè. ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʜʚʠʛʘ-
ʪʝʣʴ çɸʨʛʫʩè ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣ ʟʘʤʝʥʝʥ ʥʘ Renault MV-6. ʆʧʳʪʥʳʡ ʵʢʟʝʤʧʣʷʨ ʫʚʠʜʝʣ ʩʚʝʪ ʚ 
1940 ʛʦʜʫ ʥʘ ʊʫʰʠʥʩʢʦʤ ʧʣʘʥʝʨʥʦʤ ʟʘʚʦʜʝ[18,c.78]. ʆʥ ʧʨʦʰʝʣ ʠʩʧʳʪʘʥʠʷ ʥʘ ʦʪʣʠʯʥʦ, ʠ ʙʳʣ ʨʝʢʦʤʝʥ-
ʜʦʚʘʥ ʢ ʧʨʠʥʷʪʠʶ ʥʘ ʚʦʦʨʫʞʝʥʠʝ, ʥʦ ʥʘʩʪʫʧʠʚʰʘʷ ʚʦʡʥʘ ʩʦʨʚʘʣʘ ʥʘʤʝʪʠʚʰʠʝʩʷ ʧʣʘʥʳ. ɺʦ ɺʪʦʨʦʡ ʤʠ-
ʨʦʚʦʡ çʐʪʦʨʭè ʦʪʣʠʯʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣ ʩʝʙʷ ʢʘʢ ʩʘʥʠʪʘʨʥʳʡ ʠ ʩʚʷʟʥʦʡ ʩʘʤʦʣʝʪ, ʥʝ ʨʘʟ ʧʨʦʩʣʘʚʠʚ-
ʰʠʩʴ ʚ ʠʩʪʦʨʠʠ. ʅʘ ʩʯʝʪʫ ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʠʛʘʥʪʦʚ ʋʨʘʣʘ ʙʳʣʠ ʩʦʪʥʠ ʥʘʠʤʝʥʦʚʘʥʠʡ ʠʟʫʯʝʥʥʦʡ ʪʝʭʥʠʢʠ. 
ʄʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ ʢʦʤʙʠʥʘʪʳ, ʦʩʥʘʱʝʥʥʳʝ ʥʝʤʝʮʢʠʤʠ ʩʪʘʥʢʘʤʠ ʬʠʨʤ çʈʝʡʥʤʝʪʘʣʣè ʠ çʂʨʫʧʧè ʩʤʦʛ-
ʣʠ ʫʚʝʣʠʯʠʪʴ ʚʳʧʫʩʢ ʩʪʨʘʪʝʛʠʯʝʩʢʠ ʚʘʞʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʜ ʚʦʡʥʦʡ ʠ ʚʥʝʩʣʠ ʩʚʦʡ ʚʢʣʘʜ ʚ ʧʦʙʝʜʫ ʥʘʜ 
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ʛʝʨʤʘʥʩʢʠʤ ʬʘʰʠʟʤʦʤ, ʧʨʝʜʦʪʚʨʘʪʠʣʠ ʥʘʚʠʩʘʶʱʠʡ ʥʘʜ ʩʪʨʘʥʦʡ ʩʪʨʘʰʥʳʡ ʨʘʟʛʨʦʤ ʣʝʪʘ 1941 ʛʦʜʘ, 
ʢʦʛʜʘ ʢʘʞʜʳʡ ʩʥʘʨʷʜ ʠ ʧʘʪʨʦʥ ʙʳʣʠ ʥʘ ʩʯʝʪʫ. ʏʝʨʝʟ ʨʫʢʠ ʫʨʘʣʴʩʢʠʭ ʠʥʞʝʥʝʨʦʚ ʧʨʦʭʦʜʠʣʠ ʪʘʢʠʝ ʤʘʨʢʠ 
ʩʘʤʦʣʝʪʦʚ ʢʘʢ ʅʝ-100, ʄʝ-109ɽ, ʄʝ-110ʉ, ʆʦ-215ɺ, HF-88ɸ-1, ɺ-133, ʈʃ-58ɺ ʠ ʈ-58ʉ. ɸʚʠʘʤʦʪʦʨ ʄ-82, 
ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʡ ʧʨʠ ʘʢʪʠʚʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʧʦʜʜʝʨʞʢʝ ʢʘʤʩʢʦʛʦ ɻʠʜʨʦʵʣʝʢʪʨʦʩʪʨʦʷ ɸ.ɼ. ʐʚʝʮʦʚʳʤ 
ʩ ʚʥʝʜʨʝʥʠʝʤ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʝʰʝʥʠʡ ʥʝʤʝʮʢʦʛʦ ʘʥʘʣʦʛʘ ï ʜʚʠʛʘʪʝʣʷ ɹʄɺ-801, ʙʳʣ ʚʧʝʨʚʳʝ ʠʩʧʳ-
ʪʘʥ ʚ ʥʝʜʨʘʭ ʵʢʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʮʝʭʘ ʟʘʚʦʜʘ ˉ19 ʠʤ. ʉʪʘʣʠʥʘ[19,ʌ.207 ʈ.ʆʧ.1.ɼ.98.ʃ.5]. ʅʝʤʝʮʢʠʝ 
ʜʚʠʛʘʪʝʣʠ ʩʝʨʠʠ çʖʤʦè ʨʘʟʙʠʨʘʣʠʩʴ ʥʘ ɻʦʨʴʢʦʚʩʢʠʭ ʟʘʚʦʜʘʭ, ʥʝʤʝʮʢʘʷ ʘʨʪʠʣʣʝʨʠʷ ʈ1ʘʢ 38 ʠʩʧʳʪʳ-
ʚʘʣʘʩʴ ʥʘ ɼʦʥʛʫʟʩʢʦʤ ʧʦʣʠʛʦʥʝ ʚ ʆʨʝʥʙʫʨʛʝ, çʋʨʘʣʤʘʰè ʘʢʪʠʚʥʦ ʩʦʪʨʫʜʥʠʯʘʣ ʩ ʟʘʚʦʜʘʤʠ çʐʢʦʜʘè ʠ ʚ 
ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʘʣ ʦʪ ʥʝʝ ʛʘʫʙʠʮʳ 210 ʠ 305-ʤʤ ʢʘʣʠʙʨʘ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʦʚʳʰʝʥʠʝ ʦʙʦʨʦʥʦ-
ʩʧʦʩʦʙʥʦʩʪʠ ʩʪʨʘʥʳ ʧʝʨʝʜ ʚʦʡʥʦʡ ʚʥʝʩʣʘ ʄʦʣʦʪʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʱʘʷ ʚʟʨʳʚʥʳʝ ʚʝʝɦ-
ʩʪʚʘ ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ çʍʫʙʝʨʪʫʩè, ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʩʧʝʭʠ ʠ ʤʦʜʠʬʠʢʘʮʠʠ 3,7ʩʤ ʧʨʦʪʠʚʦʪʘʥʢʦʚʦʡ 
ʧʫʰʢʠ ʬʠʨʤʳ çʈʝʥʤʝʪʘʣʣèï ʤʦʜʠʬʠʢʘʮʠʠ 45-ʤʤ ʦʨʫʜʠʷ ʦʙʨʘʟʮʘ 1937 ʛʦʜʘ. ɽʩʣʠ ʚ 1920-ʭ ʛʦʜʘʭ ʧʦ-
ʣʦʞʝʥʠʝ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʠ ɻʝʨʤʘʥʠʠ ʧʦʟʚʦʣʷʣʦ ʦʙʝʠʤ ʩʪʨʘʥʘʤ ʧʨʠʙʝʛʘʪʴ ʢ ʧʦʤʦʱʠ ʣʶʙʳʭ ʧʘʨʪʥʝ-
ʨʦʚ ʠ ʟʘʠʤʩʪʚʦʚʘʪʴ ʫ ʥʠʭ ʧʝʨʝʜʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ, ʩʚʦʙʦʜʥʦ ʚʥʝʜʨʷʷ ʠʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʪʦ ʚ 1939-1941 
ʛʛ. ʦʙʝ ʩʪʨʘʥʳ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʚ ʙʝʟʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʠ ʙʳʣʠ ʚʳʥʫʞʜʝʥʳ ʥʘʯʘʪʴ ʪʝʩʥʦʝ 
ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʧʨʠʣʘʛʘʷ ʚʩʝ ʫʩʠʣʠʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʠʟʚʣʝʯʴ ʠʟ ʩʦʚʤʝʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ 
ʥʘʠʙʦʣʴʰʠʝ ʚʳʛʦʜʳ. ʉʦʚʝʪʩʢʠʡ ʉʦʶʟ ʩʤʦʛ ʟʘ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ ʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦʯʪʠ ʩʦ ʚʩʝʡ ʩʪʝʨʞʥʝʚʦʡ 
ʙʘʟʦʡ ʥʝʤʝʮʢʦʡ ʚʦʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʟʘʣʦʞʠʪʴ ʚʥʫʪʨʠ ʩʪʨʘʥʳ ʤʦʱʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʬʫʥʜʘ-
ʤʝʥʪ ʨʦʩʪʘ ʠ ʦʧʝʨʘʪʠʚʥʦ ʦʪʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʦʚʳʝ ʚʝʷʥʠʷ ʛʝʨʤʘʥʩʢʦʡ ʠʥʜʫʩʪʨʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʧʘʜ-
ʥʳʝ ʦʙʣʘʩʪʠ ʉʉʉʈ ʟʘʥʠʤʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʳʧʫʩʢʦʤ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʰʠʨʦʢʦʛʦ ʚʦʝʥʥʦʛʦ ʧʦ-
ʪʨʝʙʣʝʥʠʷ, ʋʨʘʣ ï ʧʨʦʤʳʰʣʝʥʥʦʝ ʩʝʨʜʮʝ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ, ʧʨʦʠʟʚʦʜʠʣ ʚ 1939-1941 ʛʛ. 
ʥʝ ʤʝʥʝʝ ʮʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ï ʘ ʠʤʝʥʥʦ ʧʨʦʝʢʪʥʳʝ ʤʦʜʝʣʠ, ʤʦʜʠʬʠʢʘʮʠʠ ʦʨʫʜʠʡ, ʘʥʘʣʦʛʠ ʙʦʝʚʳʭ 
ʤʘʰʠʥ ʠ ʚʟʨʳʚʯʘʪʳʭ ʚʝʱʝʩʪʚ, ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʣ ʩ ʨʘʜʠʦʪʝʭʥʦʣʦʛʠʷʤʠ, ʟʝʥʠʪʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʦʛʥʷ, 
ʧʨʦʪʠʚʦʪʘʥʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠ ʛʘʫʙʠʯʥʦʡ ʘʨʪʠʣʣʝʨʠʝʡ. ɺʩʝ ʚʤʝʩʪʝ ʵʪʦ ʚʥʝʩʣʦ ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ 
ʦʢʦʥʯʘʪʝʣʴʥʫʶ ʧʦʙʝʜʫ ʥʘʜ ʛʝʨʤʘʥʩʢʠʤ ʬʘʰʠʟʤʦʤ.     
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ʉʪʫʜʝʥʪ 
ʌɻɹʆʋ ɺʆ çʉʨʝʜʥʝʨʫʩʩʢʠʡ  ʠʥʩʪʠʪʫʪ  ʫʧʨʘʚʣʝʥʠʷ ï  ʬʠʣʠʘʣ ʈɸʅʍʠɻʉ ʧʨʠ ʇʨʝʟʠʜʝʥʪʝ ʈʌè 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʍʧʥʡʦʙ ʅʙʩʡʸ ɼʞʦʦʙʝʡʞʛʦʙ 
 ʢʘʥʜʠʜʘʪ ʧʦʣʠʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʪʘʥʦʚʣʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʋʄɺɼ ʚ ʈʦʩʩʠʡʩʢʦʡ 
ʌʝʜʝʨʘʮʠʠ, ʜʝʣʘʝʪʩʷ ʛʣʫʙʦʢʠʡ ʫʢʣʦʥ ʥʘ ʠʩʪʦʨʠʢʦ-ʧʨʘʚʦʚʦʡ ʘʩʧʝʢʪ.  ɿʘʪʨʘʛʠʚʘʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ʈʦʩʩʠʡʩʢʦʡ ʧʦʣʠʮʠʠ (ʤʠʣʠʮʠʠ), ʧʫʪʠ ʝʝ ʩʪʘʥʦʚʣʝʥʠʷ, ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ, ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ. ɼʝʣʘʝʪ-
ʩʷ ʫʢʣʦʥ ʥʘ ʩʦʟʜʘʥʠʝ ʦʨʛʘʥʦʚ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ ʚ ʆʨʣʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʘ ʪʘʢ ʞʝ ʦʪʨʘʞʘʶʪʩʷ ʝʝ ʛʝʨʦʠ  ʠ 
ʥʘʯʘʣʴʥʠʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʋʄɺɼ, ʄɺɼ,  ʙʝʟʦʧʘʩʥʦʩʪʴ, ʟʘʱʠʪʘ ʧʨʘʚ ʠ ʩʚʦʙʦʜ ʯʝʣʦʚʝʢʘ ʠ ʛʨʘʞʜʘʥʠʥʘ.  

 
ʀʟʫʯʘʷ ʠʩʪʦʨʠʶ ʄɺɼ ʈʌ, ʥʝʚʦʣʴʥʦ ʧʦʨʘʞʘʝʰʴʩʷ ʪʦʤʫ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 215 ʣʝʪ ʦʥʦ ʥʘʭʦʜʠ-

ʣʦʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʝʦʨʛʘʥʠʟʘʮʠʠ.  
ʉʣʫʯʘʣʦʩʴ, ʥʝ ʟʘʢʦʥʯʠʚ ʦʜʥʦ ʜʝʣʦ, ʩʨʘʟʫ ʙʨʘʣʠʩʴ ʟʘ ʝʛʦ ʧʝʨʝʜʝʣʢʫ. ʆʩʪʘʣʠʩʴ ʥʝʟʘʚʝʨʰʝʥʥʳʤʠ 

ʇʝʪʨʦʚʩʢʠʝ, ɽʢʘʪʝʨʠʥʠʥʩʢʠʝ, ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʝ, ʉʪʦʣʳʧʠʥʩʢʠʝ ʨʝʬʦʨʤʳ. ɸ ʚʝʜʴ ʧʨʝʜʧʨʠʥʷʪʳʝ ɽʢʘʪʝ-
ʨʠʥʦʡ 2 ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ ʨʝʬʦʨʤʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʦʩʦʙʝʥʥʦ ʝʛʦ ʧʦʣʠʮʝʡʩʢʠʭ ʧʦʜʨʘʟ-
ʜʝʣʝʥʠʡ, ʙʳʣʠ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ. 

ʇʨʠʥʷʪʳʡ ʝʶ ʚ 1782 ʛʦʜʫ çʋʩʪʘʚ ʙʣʘʛʦʯʠʥʠʷè ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-h ʪʘʪʥʦʡ ʠ ʠʥʳʭ 
ʩʪʨʫʢʪʫʨ ʨʝʘʣʠʟʘʮʠʠ ʬʫʥʢʮʠʡ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʪʨʘʥʝ.  ʅʦ ʩʤʝʨʪʴ ʠʤʧʝʨʘʪʨʠʮʳ ʠ ʚʦʮʘʨʝʥʠʝ 
ʙʝʟʚʦʣʴʥʦʛʦ ʇʘʚʣʘ 1 ʥʝ ʜʘʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʧʝʨʚʳʤ ʨʦʩʪʢʘʤ ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʘʚʦʦʭʨʘʥʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ, 
ʟʘʜʫʤʘʥʥʦʡ ʧʦ ʝʚʨʦʧʝʡʩʢʦʤʫ ʦʙʨʘʟʮʫ. 

ɺ 1797 ʛʦʜʫ ʋʧʨʘʚʳ ʙʣʘʛʦʯʠʥʠʷ ʙʳʣʠ ʣʠʢʚʠʜʠʨʦʚʘʥʳ ʥʝʥʘʚʠʜʝʚʰʠʤ ʩʚʦʶ ʤʘʪʴ ʩʘʤʦʜʝʨʞʘʚʮʝʤ. 
ʀ ʪʦʣʴʢʦ ʧʨʠ ɸʣʝʢʩʘʥʜʨʝ 1 ʠʜʝʠ çʇʝʪʨʦʚʩʢʦ-ɽʢʘʪʝʨʠʥʝʥʩʢʠʭè  ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʥʫʪ-
ʨʝʥʥʠʤ ʜʝʣʘʤ, ʙʳʣʠ ʧʨʦʜʦʣʞʝʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʟʜʘʥʠʝʤ ʄɺɼ. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʥʷʪʳʭ ʜʦʢʫʤʝʥ-
ʪʦʚ ʩʪʘʣ ʫʢʘʟ ʦʪ 8 ʩʝʥʪʷʙʨʷ 1802 ʛʦʜʘ ʦʙ ʫʯʨʝʞʜʝʥʠʝ ʚʦʩʴʤʠ ʤʠʥʠʩʪʝʨʩʪʚ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʠʟ ʙʝʩ-
ʬʦʨʤʝʥʥʳʭ ʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʢʦʣʣʝʛʠʡ,  ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʩʦ ʚʨʝʤʝʥ ʇʝʪʨʘ ɺʝʣʠʢʦʛʦ [1, ʩ.11-17]. 

ʉʨʝʜʠ ʥʠʭ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʣʦ ʄʠʥʠʩʪʝʨʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ. ʊʦʛʜʘ, ʧʨʠʤʝʨʥʦ 215 ʣʝʪ 
ʥʘʟʘʜ, ʦʥʦ ʢʫʨʠʨʦʚʘʣʦ ʪʦʨʛʦʚʣʶ, ʪʨʘʥʩʧʦʨʪ, ʟʜʨʘʚʦʦʭʨʘʥʝʥʠʝ ʠ ʧʦʣʠʮʠʶ. ʈʘʙʦʪʘ ʤʠʥʠʩʪʝʨʩʪʚʘ ʙʳʣʘ 
ʦʞʠʚʣʝʥʘ, ʪʘʢ ʩʢʘʟʘʪʴ, çʥʦʚʦʡ ʢʨʦʚʴʶè: ʩʪʘʨʳʝ ʩʣʫʞʘʢʠ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʤʦʣʦʜʳʭ ʠ ʵʥʝʨʛʠʯʥʳʭ ʜʨʫ-
ʟʝʡ ʮʘʨʷ. ʂʘʢ ʧʨʠʥʷʪʦ ʩʝʡʯʘʩ ʛʦʚʦʨʠʪʴ: ʧʨʠʰʣʘ çʥʦʚʘʷ ʢʦʤʘʥʜʘè. ʇʝʨʚʳʤ ʤʠʥʠʩʪʨʦʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ 
ʩʪʘʣ ɺʠʢʪʦʨ ʂʦʯʫʙʝʡ, ʢʦʪʦʨʳʡ ʚʩʶ ʞʠʟʥʴ ʦʪʜʘʣ ʩʣʫʞʝʥʠʶ ʆʪʝʯʝʩʪʚʫ. ʂʩʪʘʪʠ, ʦʥ ʜʚʘʞʜʳ ʧʦʙʳʚʘʣ ʤʠ-
ʥʠʩʪʨʦʤ ʚʥʫʪʨʝʥʥʠʭ ʜʝʣ. 

 ʅʘ ʝʛʦ ʛʣʘʟʘʭ ʤʠʥʠʩʪʝʨʩʪʚʦ ʜʨʦʙʠʣʦʩʴ ʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʦʩʴ. ʇʨʠʯʝʤ, ʦʪʩʪʘʚʢʫ ʧʝʨʚʦʛʦ ʤʠʥʠ-
ʩʪʨʘ ʩʚʷʟʳʚʘʶʪ  ʩ ʪʘʢʦʡ ʧʦʢʘʟʘʪʝʣʴʥʦʡ ʠʩʪʦʨʠʝʡ: ʧʦʢʘ ʂʦʯʫʙʝʡ ʙʳʣ ʚ ʦʯʝʨʝʜʥʦʡ ʢʦʤʘʥʜʠʨʦʚʢʝ ʟʘ ʛʨʘ-
ʥʠʮʝʡ, ʝʛʦ ʧʦʣʠʪʠʯʝʩʢʠʤ ʧʨʦʪʠʚʥʠʢʘʤ ʫʜʘʣʦʩʴ ʩ ʙʣʘʛʦʩʣʦʚʣʝʥʠʷ ɸʣʝʢʩʘʥʜʨʘ 1, ʦʪʦʙʨʘʪʴ ʫ ʄɺɼ ʢʦʥ-
ʪʨʦʣʴ ʥʘʜ ʩʦʣʷʥʳʤ ʙʠʟʥʝʩʦʤ, ʪʦʛʜʘ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʦʭʦʜʥʳʭ. ʂʦʯʫʙʝʡ, ʫʟʥʘʚ ʧʨʦ ʵʪʦ, ʥʝʤʝʜʣʝʥʥʦ 














































































































































































































































































































































