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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

5.04.2020 ʛ. 

ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʢʦʥʢʫʨʩʘ 

 

çʂʆʅʂʋʈʉ ʃʋʏʐʀʍ ʉʊʋɼɽʅʏɽʉʂʀʍ ʈɸɹʆʊè 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʢʦʥʢʫʨʩʦʚ 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʘ ʥʘʫʯʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ çʅʘʫʢʘ ʠ ʇʨʦʩʚʝʱʝʥʠʝè 

 

1. ʎʝʣʴ ʢʦʥʢʫʨʩʘ ï ʩʦʜʝʡʩʪʚʠʝ ʠʥʪʝʛʨʘʮʠʠ ʨʦʩʩʠʡʩʢʦʡ ʥʘʫʢʠ ʚ ʤʠʨʦʚʦʝ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦʝ 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 ʫʧʨʘʚʣʝʥʠʷ 

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 



10 ǩǭǬǩǲǯǰ ǪǲǶǷǧǴ ǰǱǲǣǤǬǶǤǰǩǧǴ ǯǟǠǭǱ 

 

ǡȐȄȏȍȐȐȇȈȐȉȇȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ |  ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

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  ʜ.ʶ.ʥ., ʧʨʦʬʝʩʩʦʨ, ʜʝʢʘʥ ʬʘʢʫʣʴʪʝʪʘ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʩʫʜʝʙʥʦʡ ʩʠʩʪʝʤʳ ʋʨʘʣʴʩʢʦʛʦ ʬʠʣʠʘʣʘ ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʨʘʚʦʩʫʜʠʷè 

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 ʘʛʨʘʨʥʳʡ 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 

ʢ.ʵ.ʥ. ɻʫʣʷʝʚ ɻ.ʖ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʩʬʝʨʘʭ ʭʠʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ. ʅʦ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʵʪʦ ʩʳʨʴʝ ʥʝ ʪʘʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ, ʭʦʪʷ ʠʤʝʝʪʩʷ ʤʥʦʞʝʩʪʚʦ 
ʨʘʟʨʘʙʦʪʦʢ ʩ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʠʤʝʥʥʦ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ. ʀʟ ʣʠʪʝʨʘʪʫʨʳ ʥʘʤ ʠʟʚʝʩʪʥʦ ʦʙ ʘʥʪʠʩʝʧ-
ʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʵʪʦʡ ʢʠʩʣʦʪʳ, ʪʘʢʞʝ ʦʥʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʛʠʜʨʦʬʦʙʥʦʡ ʩʨʝʜʳ ʚ ʩʠʩʪʝʤʘʭ 
ʧʨʦʣʦʥʛʘʮʠʠ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʦʝ ʩʳʨʴʝ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-
ʥʝʥʠʝ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʜʨʦʙʥʝʝ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʚʢʣʶʯʘʷ ʩʪʨʫʢʪʫʨʫ, ʬʠʟʠʯʝ-
ʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʧʦʣʫʯʝʥʠʝ ʠ ʧʨʠʤʝʥʝʥʠʝ. 

ʉʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ʬʦʨʤʫʣʘ - ʅʆʆʉ(ʉʅ2)8ʉʆʆʅ) ʷʚʣʷʝʪʩʷ ʜʚʫʭʦʩʥʦʚʥʦʡ ʧʨʝʜʝʣʴʥʦʡ ʢʘʨ-
ʙʦʥʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʧʦ-ʜʨʫʛʦʤʫ ʝʸ ʝʱʝ ʥʘʟʳʚʘʶʪ ʜʝʢʘʥʜʠʦʚʘʷ ʢʠʩʣʦʪʘ, 1,8-ʦʢʪʘʥ-ʜʠʢʘʨʙʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. 
ʉʦʣʠ ʠ ʵʬʠʨʳ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʥʘʟʳʚʘʶʪʩʷ ʩʝʙʘʮʠʥʘʪʘʤʠ [1]. 

ʉʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ. 
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ʇʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʦʙʨʘʟʫʝʪʩʷ 1,10-ʜʝʢʘʥʜʠʦʣ; ʧʨʠ ʜʝʡʩʪʚʠʠ ɺr2 ʥʘ ʩʝʙʘʮʠʥʘʪ 
ʩʝʨʝʙʨʘ - 1,8-ʜʠʙʨʦʤʦʢʪʘʥ; ʧʨʠ ʜʝʛʠʜʨʘʪʘʮʠʠ ʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ ʠʣʠ ʜʠʘʤʠʜʘ - ʩʝʙʘʮʠʥʦʜʠʥʠʪʨʠʣ. ɽʩ-
ʣʠ ʥʘʛʨʝʚʘʪʴ ʩʝʙʘʮʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʩ ʫʢʩʫʩʥʳʤ ʘʥʛʠʜʨʠʜʦʤ, ʪʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʫʩʪʦʡʯʠʚʳʡ ʧʦʣʠʤʝʨ-
ʥʳʡ ʘʥʛʠʜʨʠʜ, ʢʦʪʦʨʳʡ ʦʪʱʝʧʣʷʝʪ ʉʆ2 ʠ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʮʠʢʣʦʥʦʥʘʥʦʥ. ʆʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 
ʩʚʦʡʩʪʚʘ ʦʪʨʘʞʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 
ʋʙʚʤʡʯʙ 1  

ʍʡʠʡʣʧ-ʮʡʥʡʰʞʪʣʡʞ ʪʛʧʢʪʫʛʙ ʪʞʚʙʯʡʦʧʛʧʢ ʣʡʪʤʧʫʴ 

ʎʚʝʪ ʙʝʩʮʚʝʪʥʳʡ 

ʌʠʟ.ʩʦʩʪʦʷʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʭʦʨʦʰʦ ʚ ʩʧʠʨʪʝ, ʵʬʠʨʝ; ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʙʝʥ-
ʟʦʣʝ 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 134,5 Áʉ 

ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ 294,5 Áʉ ʧʨʠ 13,3 ʢʇʘ (100 ʤʤ ʨʪ. ʩʪ.) 

ʇʣʦʪʥʦʩʪʴ 1207 ʢʛ/ʤ3 

ʄʦʣʷʨʥʘʷ ʤʘʩʩʘ 202,25 ʛ/ʤʦʣʴ 

ʊʝʤʧʝʨʘʪʫʨʘ ʨʘʟʣʦʞʝʥʠʷ 280ð300 ÁC 

ʊʝʤʧʝʨʘʪʫʨʘ ʩʘʤʦʚʦʩʧʣʘʤʝʥʝʥʠʷ 332 ÁC 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 
 

0,1 ʛ/100 ʛ (15 ÁC); 
2 ʛ/100 ʛ (100 ÁC) 

 
ɺʧʝʨʚʳʝ ʩʝʙʘʮʠʥʦʚʫʶ ʢʠʩʣʦʪʫ ʧʦʣʫʯʠʣʠ ʝʱʸ ʚ 1802 ʛ. ʧʨʠ ʩʫʭʦʡ ʧʝʨʝʛʦʥʢʝ ʩʚʠʥʦʛʦ ʞʠʨʘ. ʉʝʡʯʘʩ 

ʞʝ ʝʸ ʧʦʣʫʯʘʶʪ ʠʟ ʧʨʦʜʫʢʪʦʚ ʱʝʣʦʯʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ, ʵʣʝʢʪʨʦʣʠʟʦʤ ʩʦʣʝʡ ʤʦʥʦ-
ʵʬʠʨʦʚ ʘʜʠʧʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʨʫʛʠʤʠ ʩʧʦʩʦʙʘʤʠ.  

ɺ ʧʨʦʤʳʰʣʝʥʥʦʤ ʤʝʪʦʜʝ ʧʦʣʫʯʝʥʠʷ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʢʘʩʪʦʨʦʚʦʝ 
ʤʘʩʣʦ. ʊʝʭʥʦʣʦʛʠʷ ʩʣʝʜʫʶʱʘʷ: ʥʘʛʨʝʚʘʷ ʤʘʩʣʦ ʩ ʚʦʜʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 200-225 Áʉ ʠ ʜʘʚʣʝʥʠʠ 1,8-2,5 
ʄʧʘ, ʧʦʣʫʯʘʶʪ ʛʣʠʮʝʨʠʥ ʠ ʩʤʝʩʴ ʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʦʪʦʨʦʡ (80-85%) ʩʦʩʪʘʚʣʷʝʪ ʨʠ-
ʮʠʥʦʣʝʚʘʷ ʢʠʩʣʦʪʘ. ɼʘʣʝʝ ʩ ʧʦʤʦʱʴʶ ʱʸʣʦʯʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ ʨʠʮʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ  ʧʨʠ ʪʝʤ-
ʧʝʨʘʪʫʨʝ 250 ÁC. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ  ʩʝʙʘʮʠʥʘʪ ʥʘʪʨʠʷ, ʢʦʪʦʨʳʡ ʦʤʳʣʷʶʪ  ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʠʩʣʦ-
ʪʘʤʠ ʠ ʧʦʣʫʯʘʶʪ ʩʝʙʘʮʠʥʦʚʫʶ ʢʠʩʣʦʪʫ (ʚʳʭʦʜ ð 35-40 % ʚ ʨʘʩʯʸʪʝ ʥʘ ʢʘʩʪʦʨʦʚʦʝ ʤʘʩʣʦ).  

ʂʘʢ ʚʠʜʠʤ, ʠʤʝʥʥʦ ʢʘʩʪʦʨʦʚʦʝ ʤʘʩʣʦ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʡ ʢʠʩʣʦʪʳ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʫʶ ʮʝʥʫ ʜʘʥʥʦʛʦ ʩʳʨʴʷ ʠ ʝʛʦ ʜʦʩʪʫʧʥʦʩʪʴ, ʯʪʦ ʥʝʩʦʤʥʝʥʥʦ ʷʚ-
ʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʜʣʷ ʩʠʥʪʝʟʘ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʂʦʥʝʯʥʦ ʞʝ, ʝʩʪʴ ʠ ʩʧʦʩʦʙʳ ʧʦʣʫʯʝʥʠʷ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 
ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʦʜʥʦʡ ʢʦʥʜʝʥʩʘʮʠʠ ʤʦʥʦʤʝʪʠʣʘʜʠ-
ʧʠʥʘʪʘ ʜʦ ʜʠʤʝʪʠʣʩʝʙʘʮʠʥʘʪʘ, ʘ ʧʦʩʣʝ ʧʨʦʚʦʜʷʪ ʛʠʜʨʦʣʠʟ ʜʠʵʬʠʨʘ. 

ʈʝʘʢʮʠʷ ʧʨʦʭʦʜʠʪ ʚ ʤʝʪʘʥʦʣʝ ʥʘ ɻ ʣʝʢʪʨʦʜʘʭ ʠʟ ʧʣʘʪʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʪʘʥʘ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʪʦ-
ʢʘ 600ð1500 ɸ/ʤĮ, ʪʝʤʧʝʨʘʪʫʨʝ 45-55 ÁC. ɻʠʜʨʦʣʠʟ ʜʠʵʬʠʨʘ ʧʨʦʚʦʜʷʪ ʚ ʠʟʙʳʪʢʝ ʚʦʜʳ (ʪʝʤʧʝʨʘʪʫʨʘ 
220ð240 ÁC; ʜʘʚʣʝʥʠʝ 3,9-4,9 ʄʇʘ). ɺʳʭʦʜ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʣʷʝʪ 70-75 %, 
ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʳʭʦʜ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʜʘʥʥʦʛʦ ʩʳʨʴʷ ʠʟ ʢʘʩʪʦʨʦʚʦʛʦ ʤʘʩʣʘ (35-40 % ) [2]. 

ʉʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʩʬʝʨʘ ʝʸ ʧʨʠʤʝʥʝʥʠʷ ʜʦʚʦʣʴʥʦ 
ʰʠʨʦʢʘ: ʦʪ ʢʣʝʝʚ ʠ ʩʤʦʣ ʜʦ ʢʦʩʤʝʪʠʢʠ ʠ ʘʥʪʠʩʝʧʪʠʢʦʚ.  ɺ ʯʘʩʪʥʦʩʪʠ, ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʠʛʝʢʩʘʤʝʪʠʣʝʥʩʝʙʘʮʠʥʘʤʠʜʘ (ʥʘʡʣʦʥ-1,6), ʧʦʣʠʵʬʠʨʥʳʭ ʚʦʣʦʢʦʥ ʠ ʢʣʝʝʚ, ʚ ʢʘʯʝ-
ʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʘʣʢʠʜʥʳʭ ʩʤʦʣ, ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʢʦʩʤʝʪʠʢʠ, ʘʥʪʠʩʝʧ-
ʪʠʢʦʚ, ʩʚʝʯʝʡ, ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʥʝʡʥʳʭ ʧʦʣʠʵʬʠʨʦʚ. 

ʕʬʠʨʳ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʪʘʢʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʅʘʧʨʠʤʝʨ, ʜʠʙʫʪʠʣ- ʠ 
ʜʠʦʢʪʠʣʩʝʙʘʮʠʥʘʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ ʇɺʍ. ɼʠ(2-ɻ ʪʠʣʛʝʢʩʠʣ)ʩʝʙʘʮʠʥʘʪ ʚʭʦʜʠʪ 
ʚ ʩʦʩʪʘʚ ʤʘʩʝʣ ʠ ʩʤʘʟʦʢ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [3]. 

ʏʪʦ ʞʝ ʢʘʩʘʝʤʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʳʥʢʘ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʪʦ ʥʝʩʦʤʥʝʥʥʦ ʥʫʞʥʦ ʦʪʤʝʪʠʪʴ ʝʛʦ 
ʨʦʩʪ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʢʦʥʩʘʣʪʠʥʛʦʚʦʡ ʢʦʤʧʘʥʠʠ Express Wire ʚ ʪʝʯʝʥʠʝ ʧʷʪʠ ʣʝʪ ʩ 2020 ʛʦʜʘ ʦʞʠʜʘʝʪʩʷ 
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ʧʨʠʨʦʩʪ ʚ 4,4%. ɺ 2023 ʛʦʜʫ ʨʳʥʦʢ ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ 870 ʤʣʥ. ʜʣʨ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ 2017 ʛʦʜʫ ʦʥ ʩʦ-
ʩʪʘʚʣʷʣ 670 ʤʣʥ. ʜʣʨ. 

ʂʣʶʯʝʚʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ: 
1. Arkema (ʌʨʘʥʮʠʷ) 
2. Sebacic India Limited (ʀʥʜʠʷ) 
3. Hokoku (ʗʧʦʥʠʷ) 
4. OPW Ingredients (ɻʝʨʤʘʥʠʷ) 
5. Hengshui Jinghua Chemical (ʂʠʪʘʡ) 
6. Tongliao Xinghe Chemical (ʂʠʪʘʡ) 
7. Tianxing Biotechnology (ʂʠʪʘʡ) 
8. Verdezyne (ʉʐɸ) 
9. Shipra Agrichem Pvt Ltd (ʀʥʜʠʷ) 
10. Jiangsu Zhongzheng (ʂʠʪʘʡ) 
11. Siqiang (ʂʠʪʘʡ) 
12. Cap chem (ʌʨʘʥʮʠʷ) 
ʂʘʢ ʚʠʜʠʤ, ʚ ɽʚʨʦʧʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʟʚʠʪʦ ʚʦ ʌʨʘʥʮʠʠ ʠ ɻʝʨʤʘʥʠʠ. ʊʘʢʞʝ 

ʝʩʪʴ ʢʨʫʧʥʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚ ʗʧʦʥʠʠ ʠ ʉʐɸ. ʅʦ ʂʠʪʘʡ ï ʩʘʤʳʡ ʙʦʣʴʰʦʡ ʧʦʪʨʝʙʠʪʝʣʴ ʠ ʧʨʦʠʟʚʦʜʠ-
ʪʝʣʴ ʉʂ ʚ ʤʠʨʝ, ʫ ʥʠʭ ʙʦʣʴʰʝ ʚʩʝʛʦ ʢʨʫʧʥʳʭ ʟʘʚʦʜʦʚ, ʧʨʦʠʟʚʦʜʷʱʠʭ ʜʘʥʥʫʶ ʢʠʩʣʦʪʫ. ʂʠʪʘʡʩʢʠʡ ʩʝʛ-
ʤʝʥʪ ʨʳʥʢʘ ʩʦʩʪʘʚʣʷʝʪ 40% ʦʪ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʀʭ ʪʝʭʥʦʣʦʛʠʠ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ ʟʨʝʣʳʤʠ ʠ ʥʠʟʢʠʤʠ ʧʦ ʩʪʦʠʤʦʩʪʠ. ʀʥʜʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ ʧʦ-
ʩʪʘʚʱʠʢʦʤ ʜʘʥʥʦʛʦ ʩʳʨʴʷ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʥʘ ʚʪʦʨʦʤ ʤʝʩʪʝ ʧʦʩʣʝ ʂʠʪʘʷ [4]. 

ʄʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚ ʦʙʣʘʩʪʠ ʬʘʨʤʘʮʝʚʪʠʢʠ ʦʙʨʘʱʘʶʪ ʚʥʠʤʘʥʠʝ ʥʘ ʩʝʙʘʮʠʥʦʚʫʶ ʢʠʩʣʦʪʫ, 
ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʟʘʧʘʪʝʥʪʦʚʘʥʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʠʞʝ.  

ʇʘʪʝʥʪ çʀʥʲʝʮʠʨʫʝʤʳʝ ʢʦʤʧʦʟʠʮʠʠ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢ-
ʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷè ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʈ. ʉʫʚʘ ʠ ʁ. ʄʫʨʪʠ ʠʟ ʉʐɸ. ʀʭ ʢʦʤʧʦʟʠʮʠʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦ-
ʚʘʪʴʩʷ ʜʣʷ ʧʨʦʣʦʥʛʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ ʪʦʢʩʠʯʥʦʩʪʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢ-
ʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʤʧʦʟʠʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʦʣʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʣʠʧʦ-
ʬʠʣʴʥʳʤ ʧʨʦʪʠʚʦʠʦʥʦʤ (ʠʦʥʥʦʡ ʬʦʨʤʦʡ ʞʠʨʦʨʘʩʪʚʦʨʠʤʦʡ ʤʦʣʝʢʫʣʳ) ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝ-
ʤʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʊʘʢʘʷ ʢʦʤʧʦʟʠʮʠʷ ʤʦʞʝʪ ʚʚʦʜʠʪʴʩʷ ʚ ʦʨʛʘʥʠʟʤ ʧʦʩʨʝʜʩʪʚʦʤ ʠʥʲʝʢʮʠʠ.  

ʉʦʩʪʘʚʳ ʩ ʭʦʨʦʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʦʨʛʘʥʠʟʤʝ ʦʙʳʯʥʦ ʙʳʩʪʨʦ ʚʩʘʩʳʚʘʶʪʩʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʚʝʱʝʩʪʚʘ ʚ ʢʨʦʚʠ ʨʝʟʢʦ ʧʦʚʳʰʘʝʪʩʷ. ʅʘ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʦʩʪʝʧʝʥʥʦ ʚʳʩʚʦʙʦʞʜʘʪʴ 
ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʧʨʠ ʠʥʲʝʢʮʠʠ ʤʣʝʢʦʧʠʪʘʶʱʝʤʫ 
ʯʘʩʪʴ ʢʦʤʧʦʟʠʮʠʠ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ, ʦʙʨʘʟʫʷ ʣʝʢʘʨʩʪʚʝʥʥʦʝ ʜʝʧʦ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʟʘʤʝʜʣʝʥ-
ʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʚʚʝʜʝʥʠʝ ʜʦʟʳ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʧʝʨʠʦʜ 
ʚʨʝʤʝʥʠ ʜʦ 15 ʩʫʪʦʢ ʠ ʜʦʣʴʰʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʘʥʪʠʙʠʦʪʠ-
ʢʠ: ʪʠʣʤʠʢʦʟʠʥ, ʦʢʩʠʪʝʪʨʘʮʠʢʣʠʥ, ʩʪʨʝʧʪʦʤʠʮʠʥ, ʛʝʥʪʘʤʠʮʠʥ; ʙʝʪʘ-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʳ: ʤʝʪʦʧʨʦʣʦʣ; ʘʥʝ-
ʩʪʝʪʠʢʠ: ʜʠʙʫʢʘʠʥ, ʙʫʧʠʚʘʢʘʠʥ, ʙʝʥʟʦʢʘʠʥ, ʪʝʪʨʘʢʘʠʥ ʠʣʠ ʣʶʙʦʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʝ ʩʦʝʜʠʥʝ-
ʥʠʝ ʩ ʧʦʜʭʦʜʷʱʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʠ ʧʦʜʭʦʜʷʱʠʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʣʠʧʦʬʠʣʴʥʦʛʦ ʧʨʦʪʠʚʦʠʦʥʘ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʥʘʩʳʱʝʥʥʘʷ ʠʣʠ ʥʝʥʘʩʳʱʝʥʥʘʷ ʞʠʨʥʘʷ 
ʢʠʩʣʦʪʘ ʩ ʯʠʩʣʦʤ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʦʪ 8 ʜʦ 22. ʄʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʥʘʧʨʠʤʝʨ, ʜʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦʪʳ, 
ʪʘʢʠʝ ʢʘʢ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʧʦʣʠʤʝʨʥʳʝ ʢʠʩʣʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʣʠʧʦʬʠʣʴʥʳʝ ʧʦʣʠʢʘʨʙʦʥʦʚʳʝ ʢʠʩʣʦ-
ʪʳ, ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ, ʪʘʢʠʝ ʢʘʢ ʙʝʥʟʦʡʥʘʷ ʢʠʩʣʦʪʘ.  

ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʳʡ ʥʦʩʠʪʝʣʴ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʥʝ ʪʦʢʩʠʯʥʳʡ ʠ ʨʘʩʪʚʦʨʠʤʳʡ 
ʚ ʚʦʜʝ ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʠʨʨʦʣʠʜʦʥ, ʧʦʣʠʵʪʠʣʝʥʛʣʠʢʦʣʴ, 
ʧʨʦʧʠʣʝʥʛʣʠʢʦʣʴ, ʛʣʠʮʝʨʠʥʬʦʨʤʘʣʴ, ʵʪʘʥʦʣ, ʜʠʤʝʪʠʣʩʫʣʴʬʦʢʩʠʜ, ʪʝʪʨʘʛʠʜʨʦʬʫʨʬʫʨʠʣʦʚʳʡ ʩʧʠʨʪ, 
ʪʨʠʘʮʝʪʠʥ. 

ɽʩʣʠ ʚʘʨʴʠʨʦʚʘʪʴ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʨʦʪʠʚʦʠʦʥʘ, ʪʦ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 
ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʘʧʨʠʤʝʨ, ʩʦʣʠ ʣʘʫʨʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʪʠʣʤʠʢʦʟʠ-
ʥʘ ʦʙʳʯʥʦ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʜʝʢʘʥʦʘʪʳ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʦʣʠ 
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ʚ ʩʦʩʪʘʚʝ ʦʙʳʯʥʦ ʧʨʠʚʦʜʷʪ ʢ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʢʦʨʦʩʪʷʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ. ɼʝʢʘʥʦʘʪ ʪʠʣʤʠʢʦʟʠʥʘ ʚʳʩʚʦ-
ʙʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʤʝʜʣʝʥʥʦ ʠʟ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ 60% ʞʠʨʥʦʢʠʩʣʦʡ ʩʦʣʠ ʪʠʣʤʠʢʦʟʠʥʘ, ʯʝʤ ʠʟ ʩʦ-
ʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ 30% ʞʠʨʥʦʢʠʩʣʦʡ ʩʦʣʠ ʪʠʣʤʠʢʦʟʠʥʘ (ʨʠʩ.1). ʉʭʦʜʥʳʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʦʙʲʷʩʥʷʝʪʩʷ 
ʟʜʝʩʴ, ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʚʨʝʤʝʥʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʜʦ ʪʨʝʙʫʝʤʦʛʦ 
ʟʥʘʯʝʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʫʧʨʘʚʣʝʥʠʝ ʜʨʫʛʠʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʚʳʙʦʨ ʣʠʧʦʬʠʣʴʥʦʛʦ ʧʨʦ-
ʪʠʚʦʠʦʥʘ, ʚʳʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʣʠ ʠ ʜʨʫʛʠʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʞʝʣʘʪʝʣʴ-
ʥʳʤ ʜʣʷ ʩʦʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʦʣʷʨʥʦʤ ʦʪʥʦʰʝʥʠʠ ʟʘʨʷʞʝʥʥʳʭ ʛʨʫʧʧ. 
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ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʘ ʮʝʧʠ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʥʢʨʝʪʥʳʝ ʩʦʯʝʪʘʥʠʷ ʞʠʨʥʳʭ ʢʠʩ-
ʣʦʪ, ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʩʦʩʪʘʚʝ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʣʠʧʦʬʠʣʴʥʦʛʦ ʧʨʦ-
ʪʠʚʦʠʦʥʘ ʠ ʚʳʙʦʨ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠ ʧʨʠʝʤʣʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʣʠʷʶʪ ʥʘ ʢʠʥʝʪʠʢʫ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 
ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʢʠʥʝʪʠʢʦʡ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʘʢ-
ʪʠʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ (ʨʠʩ.2) [5].  

ʋʯʝʥʳʝ ʠʟ ʉʐɸ ʨʘʟʨʘʙʦʪʘʣʠ ʝʱʸ ʦʜʥʫ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʫʶ ʢʦʤʧʦʟʠʮʠʶ ʩ ʦʢʪʨʝʦʪʠʜʦʤ ʠ ʩʧʦʩʦʙʳ 
ʝʸ ʜʦʩʪʘʚʢʠ ʚ ʦʨʛʘʥʠʟʤ. ɼʘʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʩʧʝʥʟʠʶ ʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫ-
ʱʝʛʦ ʠʟʦʙʨʝʪʝʥʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʧʨʠʝʤʘ ʚʥʫʪʨʴ. ʉʫʩʧʝʥʟʠʷ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ ʛʠʜʨʦʬʦʙʥʦʡ ʩʨʝʜʳ 
ʠ ʪʚʝʨʜʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʘʷ ʩʦʜʝʨʞʠʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʪʨʝʦʪʠʜʘ, ʢʘʢ ʤʠʥʠ-
ʤʫʤ ʦʜʥʫ ʩʦʣʴ ʞʠʨʥʦʡ ʢʠʩʣʦʪʳ ʩ ʜʣʠʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʦʪ 6 ʜʦ 14 ʘʪʦʤʦʚ ʠ ʬʦʨʤʠʨʫʶʱʠʡ ʤʘʪʨʠʮʫ 
ʧʦʣʠʤʝʨ. ʃʝʢʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ ʤʦʞʝʪ ʙʳʪʴ ʫʧʘʢʦʚʘʥʘ ʚ ʢʘʧʩʫʣʳ, ʧʦʢʨʳʪʳʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʫʨʦʚʥʶ 
ʨʅ ʦʙʦʣʦʯʢʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʧʩʫʣʳ ʤʦʞʥʦ ʜʦʩʪʘʚʣʷʪʴ ʚ ʢʠʰʝʯʥʠʢ, ʘ ʦʪʪʫʜʘ ʚ ʢʨʦʚʴ, ʩ ʚʳʩʦʢʦʡ ʙʠʦ-
ʜʦʩʪʫʧʥʦʩʪʴʶ. ʉʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʟʜʝʩʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʠʜʨʦʬʦʙʥʦʡ ʩʨʝʜʳ, ʯʪʦʙʳ ʜʦʩʪʘ-
ʚʠʪʴ ʣʝʢʘʨʩʪʚʦ ʚ ʥʫʞʥʫʶ ʪʦʯʢʫ. 

ʈʘʩʩʤʦʪʨʝʚ ʜʘʥʥʳʝ ʧʘʪʝʥʪʳ, ʚʠʜʠʤ, ʯʪʦ ʩʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 
ʬʘʨʤʘʮʝʚʪʠʢʝ, ʘ ʠʤʝʥʥʦ ï ʚ ʩʠʩʪʝʤʘʭ ʧʨʦʣʦʥʛʠʨʦʚʘʥʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʆʥʘ ʚʳʩʪʫ-
ʧʘʝʪ ʚ ʨʦʣʠ ʛʠʜʨʦʬʦʙʥʦʡ ʩʨʝʜʳ ʜʣʷ ʪʚʝʨʜʦʡ ʯʘʩʪʠ ʢʦʤʧʦʟʠʮʠʠ, ʣʠʙʦ ʚ ʢʘʯʝʩʪʚʝ ʣʠʧʦʬʠʣʴʥʦʛʦ ʧʨʦʪʠ-
ʚʦʠʦʥʘ, ʩʚʷʟʳʚʘʶʱʝʛʦʩʷ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʉʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚ 
ʦʨʛʘʥʠʟʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʨʘʙʦʪʘʶʪ ʢʘʢ ʯʝʨʝʟ ʠʥʲʝʢʮʠʠ, ʪʘʢ ʠ ʧʝʨʦʨʘʣʴʥʦ.  

ʉʝʙʘʮʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʦʙʣʘʜʘʝʪ ʤʥʦʞʝʩʪʚʦʤ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 
ʝʸ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʦ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ ʦʥʘ ʥʝ ʪʘʢ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ. ʍʦʪʷ ʫ ʥʝʸ ʝʩʪʴ ʩʚʦʡ-
ʩʪʚʘ, ʧʨʠʤʝʥʠʤʳʝ ʜʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ, ʥʘʧʨʠʤʝʨ, ʘʥʪʠʩʝʧʪʠʯʝʩʢʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 
ʚʥʝʜʨʷʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʙʘʮʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 
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   ɹʦʦʧʫʙʯʡʸ. ʇʨʠʩʫʪʩʪʚʠʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʣʘʩʪʠʢʘ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʝʡʰʝʡ ʧʨʦʙʣʝʤʦʡ ʩʦʚʨʝʤʝʥʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ 
ʚʦʧʨʦʩʦʚ ʧʠʱʝʚʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʯʸʪʢʠʭ ʤʝʪʦʜʠʢ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʪʘʢʠʭ 
ʯʘʩʪʠʮ, ʥʠ ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʦʪ ʥʠʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ.  
   ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ɼʠʥʘʤʠʯʝʩʢʦʛʦ ʃʘʟʝʨʥʦʛʦ ʉʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ (ɼʃʉʈ) ʙʳ-
ʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʩʪʠʢʘ ʠʟ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ ʧʨʠ ʠʭ ʟʘʚʘʨʠʚʘʥʠʠ ʚ ʢʠʧʷʪʢʝ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʘʢʝʪʠʢʦʚ ʚʳʜʝʣʷʶʪ ʚ ʚʦʜʫ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝ-
ʩʪʚʦ ʪʘʢʠʭ ʥʘʥʦʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦ ʯʘʩʪʠʮʫ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʨʘʟʤʝʨʘ ʚʳʜʝʣʷʶʪʩʷ ʩʦʪʥʠ ʤʠʣ-
ʣʠʦʥʦʚ ʥʘʥʦʯʘʩʪʠʮ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ɼʠʥʘʤʠʯʝʩʢʦʝ ʃʘʟʝʨʥʦʝ ʉʚʝʪʦʨʘʩʩʝʠʚʘʥʠʝ, ʤʠʢʨʦʧʣʘʩʪʠʢ, ʥʘʥʦʯʘʩʪʠʮʳ, ʯʘʡʥʳʝ 
ʧʘʢʝʪʠʢʠ 
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Abstract:The presence of microscopic particles of plastic in food is currently an urgent problem in the modern 
food industry and one of the main issues of food safety. However, there are no clear methods for the 
determination of such particles, nor methods for cleaning food products from them. 
In the present work, for the first time, the method of Dynamic Laser Light Scattering (DLSR) was used to 
determine the plastic nanoparticles from tea bags when they were boiled in boiling water. It has been 
established that some of the studied samples of sachets release a huge amount of such nanoparticles into 
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water. Moreover, hundreds of millions of nanoparticles are released per microscopic particle. 
Keywords: Dynamic Laser Light Scattering, microplastic, nanoparticles, tea bags. 

 
ɻʛʞʝʞʦʡʞ 

ʅʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ ʟʘ ʪʨʠ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʷ ʙʳʣʘ ʟʘʛʨʷʟʥʝʥʘ 
ʤʝʜʣʝʥʥʦ ʨʘʟʣʘʛʘʶʱʠʤʠʩʷ ʦʙʲʝʢʪʘʤʠ ʠʟ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʧʣʘʩʪʠʢʘ). ʆʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʠʟʜʝʣʠʡ ʠʟ ʧʦʣʠʵʪʠʣʝʥʘ, ʧʦʣʠʧʨʦʧʠʣʝʥʘ, ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ ʠ ʜʨʫʛʠʭ ʧʣʘʩʪʠʢʦʚ ʚʳʙʨʘʩʳʚʘʝʪʩʷ 
ʣʶʜʴʤʠ ʢʘʞʜʳʡ ʜʝʥʴ. ʋʢʘʟʘʥʥʳʝ ʧʦʣʠʤʝʨʳ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʫʧʘʢʦʚʢʠ ʜʣʷ 
ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ, ʥʦ ʠʟ ʥʠʭ ʪʘʢʞʝ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʦʜʥʦʨʘʟʦʚʫʶ ʧʦʩʫʜʫ, ʧʘʢʝʪʳ, ʠʛʨʫʰʢʠ, ʩʦʣʦʤʝʥʥʳʝ 
ʪʨʫʙʢʠ ʠ ʜʨʫʛʠʝ ʙʳʪʦʚʳʝ ʠʟʜʝʣʠʷ. ɹʫʜʫʯʠ ʚʳʙʨʦʰʝʥʥʳʤʠ ʧʦʩʣʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʦʥʠ ʤʝʜʣʝʥʥʦ ʨʘʟʣʘ-
ʛʘʶʪʩʷ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʦʙʨʘʟʫʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʦʧʘʜʘʪʴ ʚ ʚʦʜʫ, ʧʦʯ-
ʚʫ, ʞʠʚʳʝ ʦʨʛʘʥʠʟʤʳ, ʘ ʟʥʘʯʠʪ ï ʠ ʚ ʧʠʱʝʚʳʝ ʧʨʦʜʫʢʪʳ [1]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʦʧʨʦʩ ʦ ʧʝʨʝʨʘʙʦʪʢʝ ʧʣʘʩʪʠʢʘ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʨʝʰʸʥ, ʘ ʨʘʟʣʘʛʘʶʱʠʝʩʷ ʧʣʘʩʪʠ-
ʢʦʚʳʝ ʦʙʲʝʢʪʳ ʥʘʭʦʜʷʪʩʷ ʧʦʚʩʶʜʫ ʚʦʢʨʫʛ, ʢʨʘʡʥʝ ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʦʧʨʦʩʘ ʦ ʥʘʣʠʯʠʠ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʧʣʘʩʪʤʘʩʩ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ, ʦʙ ʠʭ ʨʘʟʤʝʨʘʭ ʠ ʢʦʣʠʯʝʩʪʚʝ. ʆʜʥʘʢʦ ʜʦ 
ʥʘʩʪʦʷʱʝʛʦ ʤʦʤʝʥʪʘ ʨʘʟʤʝʨ ʪʘʢʠʭ ʯʘʩʪʠʮ, ʠʭ ʧʣʦʪʥʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʜʟʝʪʘ-ʧʦʪʝʥʮʠʘʣ ʚ 
ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʩʝʨʴʸʟʥʦʤʫ ʥʘʫʯʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣo ʠʟʫʯʝʥʦ ʚʳʜʝʣʝʥʠʝ ʤʠʢʨʦ  ʠ ʥʘʥʦ ʧʣʘʩʪʠʢʘ ʠʟ ʯʘʡʥʳʭ ʧʘʢʝ-
ʪʠʢʦʚ ʧʨʠ ʠʭ ʟʘʚʘʨʠʚʘʥʠʠ ʚ ʨʘʤʢʘʭ ʧʨʦʚʦʜʠʤʦʛʦ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʨʘʟ-
ʣʠʯʥʳʭ ʧʦʩʪʦʨʦʥʥʠʭ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ.  

 
ʄʡʫʞʩʙʫʬʩʦʴʢ ʧʚʠʧʩ 

ʆʜʥʠʤ ʠʟ ʥʝʠʟʙʝʞʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʣʘʩʪʠʢʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʷʚʣʷʝʪʩʷ ʧʦʧʘ-
ʜʘʥʠʝ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʚ ʧʠʱʫ, ʢʦʪʦʨʫʶ ʫʧʦʪʨʝʙʣʷʝʪ ʯʝʣʦʚʝʢ. ʀʩʩʣʝʜʫʷ ʵʪʦʪ ʚʦʧʨʦʩ, ʫʯʝʥʳʝ ʚʳ-
ʷʩʥʠʣʠ, ʢʘʢ ʧʣʘʩʪʠʢ ʧʨʦʜʚʠʛʘʝʪʩʷ ʧʦ ʧʠʱʝʚʦʡ ʮʝʧʦʯʢʝ ʦʪ ʧʣʘʥʢʪʦʥʘ ʜʦ ʯʝʣʦʚʝʢʘ [2]. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʦʙʳʯʥʘʷ ʧʦʚʘʨʝʥʥʘʷ ʩʦʣʴ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨʥʦ 0,005 ʤʠʢʨʦʛʨʘʤʤʘ ʧʣʘʩʪʠʢʘ ʥʘ ʛʨʘʤʤ [3]. ʊʝʧʝʨʴ 
ʥʘʡʜʝʥ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʤʠʢʨʦʧʣʘʩʪʠʢʦʚʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ: ʯʘʡʥʳʝ ʧʘʢʝʪʠʢʠ. ɿʘʚʘʨʝʥʥʳʡ ʩ ʠʭ ʧʦʤʦʱʴʶ 
ʥʘʧʠʪʦʢ ʩʦʜʝʨʞʠʪ ʚ ʪʳʩʷʯʠ ʨʘʟ ʙʦʣʴʰʝ ʧʣʘʩʪʠʢʘ, ʯʝʤ ʩʦʣʴ ʠ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ [4]. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʩʪʘʣʦ 
ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʬʘʩʦʚʢʠ ʧʘʢʝʪʠʨʦʚʘʥʥʦʛʦ ʯʘʷ: ʤʥʦʛʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʪʝʧʝʨʴ ʠʩʧʦʣʴʟʫʶʪ ʥʝ ʙʫ-
ʤʘʛʫ, ʘ ʪʝʨʤʦʧʣʘʩʪʠʢ ʠ ʜʨʫʛʠʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ. ʕʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʨʦʢ ʭʨʘʥʝʥʠʷ ʯʘʷ ʠ ʣʫʯʰʝ 
ʫʜʝʨʞʠʚʘʝʪ ʬʦʨʤʫ ʧʘʢʝʪʠʢʘ, ʘ ʦ ʚʨʝʜʝ ʟʜʦʨʦʚʴʶ ʨʘʥʝʝ ʥʠʢʪʦ ʥʝ ʟʘʜʫʤʳʚʘʣʩʷ, ʧʦʢʘ ʝʛʦ ʥʘʛʣʷʜʥʦ 
ʥʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʫʯʝʥʳʝ ʠʟ ʢʘʥʘʜʩʢʦʛʦ ʋʥʠʚʝʨʩʠʪʝʪʘ ʄʘʢɻʠʣʣʘ [4].  ʂʫʧʠʚ ʚ ʤʘʛʘʟʠʥʘʭ ʄʦʥʨʝʘ-
ʣʷ ʯʝʪʳʨʝ ʚʠʜʘ ʧʘʢʝʪʠʨʦʚʘʥʥʦʛʦ ʯʘʷ, ʦʥʠ ʫʜʘʣʠʣʠ ʚʩʶ ʟʘʚʘʨʢʫ, ʘ ʟʘʪʝʤ ʥʘ ʧʷʪʴ ʤʠʥʫʪ ʧʦʤʝʩʪʠʣʠ ʧʫ-
ʩʪʳʝ ʧʘʢʝʪʠʢʠ ʚ ʢʠʧʷʪʦʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 95 ÁC. ʇʦʣʫʯʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʙʳʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʧʦʜ 
ʤʠʢʨʦʩʢʦʧʦʤ, ʠ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʷʪʠʤʠʥʫʪʥʳʡ ʢʦʥʪʘʢʪ ʧʘʢʝʪʠʢʘ ʩ ʛʦʨʷʯʝʡ ʚʦʜʦʡ ʥʘʩʳʱʘʝʪ ʝʝ ʤʠʣʣʠʘʨ-
ʜʘʤʠ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ.  

 
ʅʙʫʞʩʡʙʤʴ ʡ ʥʞʫʧʝʴ 

ʉʘʤʳʤ ʠʥʬʦʨʤʘʪʠʚʥʳʤ ʠ ʙʳʩʪʨʳʤ ʩʧʦʩʦʙʦʤ ʠʟʫʯʝʥʠʷ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʚ ʨʘʩʪʚʦʨʘʭ ʢ ʥʘʩʪʦ-
ʷʱʝʤʫ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ɼʠʥʘʤʠʯʝʩʢʦʛʦ ʃʘʟʝʨʥʦʛʦ ʉʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ (ɼʃʉ ʠʣʠ Dynamic Light 
Scattering ï DLS), ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʪʠʯʝʩʢʠ ʠʟʤʝʨʷʪʴ ʨʘʟʤʝʨ ʯʘʩʪʠʮ (ʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʨʘʜʠʫʩ), 
ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʙʨʦʫʥʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ [5]. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʣʘʟʝʨʥʳʡ ʣʫʯ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʨʘʩ-
ʪʚʦʨ ʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʜʚʠʞʫʱʠʤʠʩʷ ʯʘʩʪʠʮʘʤʠ [6]. ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʩʩʝʠʚʘʥʠʷ ʣʘʟʝʨʥʦ-
ʛʦ ʣʫʯʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʨʘʟʤʝʨ ʯʘʩʪʠʮ [7]. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʤʝʪʦʜ ʃɼʉʈ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʜʘʥ-
ʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʘʢ ʩʘʤʳʡ ʫʜʦʙʥʳʡ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʡ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʥʘʤʠ ʮʝʣʝʡ. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʥʝʝ ʥʘʤʠ ʠʤʝʥʥʦ ʵʪʠʤ ʤʝʪʦʜʦʤ ʫʞʝ ʙʳʣʠ ʫʩʧʝʰʥʦ ʠʟʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ, ʚʭʦʜʷ-
ʱʠʝ ʚ ʩʦʩʪʘʚ ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ [8]  ʠ ʜʘʞʝ ʚ ʩʦʩʪʘʚ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʢʨʝʤʦʚ [9,10]. ʋʢʘʟʘʥʥʳʤ ʤʝʪʦ-
ʜʦʤ ʙʳʣ ʪʘʢʞʝ ʠʟʤʝʨʝʥ ʨʘʟʤʝʨ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʤʷʢʦʪʠ ʚ ʩʦʢʘʭ [11]. ɺʧʝʨʚʳʝ ʥʘʥʦʯʘʩʪʠʮʳ 
ʧʣʘʩʪʠʢʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʘʤʠ ʚ ʥʝʢʦʪʦʨʳʭ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʘʭ [12]. 
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ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʪʘʥʜʘʨʪʥʳʝ ʙʫ-
ʤʘʞʥʳʝ ʯʘʡʥʳʝ ʧʘʢʝʪʠʢʠ, ʢʦʪʦʨʳʝ ʣʝʛʢʦ ʜʦʩʪʫʧʥʳ ʜʣʷ ʚʩʝʦʙʱʝʛʦ ʫʧʦʪʨʝʙʣʝʥʠʷ. 

 
ʉʞʠʬʤʵʫʙʫʴ ʡ ʡʮ ʧʚʪʬʟʝʞʦʡʞ 

ʏʘʡʥʘʷ ʟʘʚʘʨʢʘ ʙʳʣʘ ʫʜʘʣʝʥʘ ʠʟ ʧʘʢʝʪʠʢʦʚ ʧʨʠ ʠʭ ʚʩʢʨʳʪʠʠ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʘʢʝʪʠʢʠ ʧʦʤʝʱʘʣʠʩʴ ʚ 
ʢʨʫʞʢʠ ʠ ʟʘʣʠʚʘʣʠʩʴ ʢʠʧʷʪʢʦʤ ʠʟ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ. ɺ ʢʶʚʝʪʫ ʧʨʠʙʦʨʘ ʧʦʤʝʱʘʣʠʩʴ ʦʙʨʘʟʮʳ 
ʢʘʞʜʦʡ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ. 

ʅʠ ʚ ʦʜʥʦʤ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʢʘʢʠʭ-ʣʠʙʦ ʯʘʩʪʠʮ ʧʣʘʩʪʠʢʘ ʩ ʫʢʘʟʘʥʥʳ-
ʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʈʠʩʫʥʦʢ 3): 

 
 

ʘ)   ʙ)   
 
 

ʚ)  
ʉʡʪ.  3. ʉʞʠʬʤʵʫʙʫʴ ʧʨʩʞʝʞʤʞʦʡʸ ʩʙʠʥʞʩʙ ʦʙʦʧʰʙʪʫʡʯ, ʛʴʝʞʤʡʛʱʡʮʪʸ ʡʠ ʰʙʢʦʴʮ ʨʙʣʞʫʡ-

ʣʧʛ ʨʩʡ ʠʙʛʙʩʡʛʙʦʡʡ: 
 ʙ) ʰʙʢ çɹʮʥʙʝè, ʚ) ʰʙʢ çɼʩʡʦʭʡʤʝè, ʛ) ʰʙʢ çʋʞʪʪè 

 
ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʨʠʩʫʥʢʝ ʤʳ ʤʦʞʝʤ ʚʠʜʝʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʪʨʸʭ ʩʣʫʯʘʷʭ ʥʘʡʜʝʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʥʘʥʦ ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʚ ʦʙʨʘʟʮʘʭ ʨʘʚʥʘ ʥʫʣʶ. 
ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʜʘʚʘʣ ʥʘʤ ʧʦʣʥʦʡ ʢʘʨʪʠʥʳ ʧʨʦʠʩʭʦʜʷʱʝʛʦ ʠ ʚʩʪʫʧʘʣ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʨʘ-

ʙʦʪʦʡ [4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʳ ʧʨʦʚʝʣʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʧʣʦʩʢʠʭ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʙʫ-
ʤʘʛʠ, ʥʦ ʠ ʧʘʢʝʪʠʢʦʚ ʚ ʬʦʨʤʝ ʧʠʨʘʤʠʜʦʢ, ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʳʭ ʷʚʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʙʫʤʘʞʥʦʛʦ (ʈʠʩʫʥʦʢ 4): 

ʇʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʞʠʜʢʦʩʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʟʘʚʘʨʠʚʘʥʠʠ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʧʘʢʝʪʠʢʦʚ 
ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʧʨʠʙʦʨ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚ ʦʙʨʘʟʮʘʭ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʩʚʦʙʦʜʥʦ ʜʚʠʛʘʶʱʠʭʩʷ ʯʘʩʪʠʮ ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʝʥʴʢʦʛʦ ʨʘʟʤʝʨʘ ï ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 1 ʥʤ (ʈʠʩʫʥʦʢ 5): 
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ʘ) ʙ)  

ʚ) ʛ)  
 

ʉʡʪ. 5. ʉʞʠʬʤʵʫʙʫʴ ʧʨʩʞʝʞʤʞʦʡʸ ʩʙʠʥʞʩʙ ʦʙʦʧʰʙʪʫʡʯ ʛ ʛʧʝʞ ʨʧʪʤʞ ʠʙʛʙʩʡʛʙʦʡʸ  
ʨʡʩʙʥʡʝʙʤʵʦʴʮ ʰʙʢʦʴʮ ʨʙʣʞʫʡʣʧʛ: 
 ʙ) ʜʡʪʫʧʜʩʙʥʥʙ ð h ʙʢ çɼʩʡʦʭʡʤʝè, 

 ʚ) ʫʙʚʤʡʯʙ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʦʙʦʧʰʙʪʫʡʯ ʨʧ ʩʙʠʥʞʩʙʥ ð h ʙʢ çɼʩʡʦʭʡʤʝè. 
ʛ) ʜʡʪʫʧʜʩʙʥʥʙ ð h ʙʢ çʄʡʨʫʧʦè, 

 ʜ) ʫʙʚʤʡʯʙ ʩʙʪʨʩʞʝʞʤʞʦʡʸ ʦʙʦʧʰʙʪʫʡʯ ʨʧ ʩʙʠʥʞʩʙʥ ð h ʙʢ çʄʡʨʫʧʦè. 
 
ʈʘʩʩʤʦʪʨʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ. 
ʅʞʝʡʙʦʦʴʢ ʝʡʙʥʞʫʩ ʯʘʩʪʠʮ dM, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ, ʨʘʚʝʥ 1,07 ʠ 1,08 ʥʤ. ʕʪʦ ʟʥʘʯʠʪ, 

ʨʦʚʥʦ ʧʦʣʦʚʠʥʘ ʯʘʩʪʠʮ ʚ ʩʫʩʧʝʥʟʠʠ ʤʝʥʴʰʝ ʵʪʦ ʚʝʣʠʯʠʥʳ ʠ ʨʦʚʥʦ ʧʦʣʦʚʠʥʘ ï ʙʦʣʴʰʝ ʝʸ. ʇʦʛʨʝʰʥʦʩʪʴ 
ʠʟʤʝʨʝʥʠʷ ʜʠʘʤʝʪʨʘ ʧʨʠʙʦʨʦʤ ʩʦʩʪʘʚʣʷʝʪ 20%, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʙʝ ʮʠʬʨʳ ʨʘʚʥʳʤʠ 1,1 ʥʤ. 
ʊʩʞʝʦʞʰʡʪʤʧʛʧʢ ʝʡʙʥʞʫʩ dN  ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʪʘʢ ʞʝ ʨʘʚʝʥ 1,1 ʥʤ. ʉʘʤʳʤʠ ʩʙʪʨʩʧʪʫʩʙʦʹʦʦʴʥʡ ʚ 
ʩʫʩʧʝʥʟʠʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʮʳ ʪʘʢʞʝ ʩ dC = 1,1 ʥʤ (72% ʠ 65% ʦʪ ʚʩʝʭ ʯʘʩʪʠʮ). ʊʩʞʝʦʞʛʞʪʧʛʧʢ ʝʡʙʥʞʫʩ 
dV ʨʘʚʝʥ 1,55 ʥʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʠ 1,1 ʥʤ ï ʚʦ ʚʪʦʨʦʤ. 

ʉʨʝʜʥʷʷ ʥʧʤʸʩʦʙʸ ʥʙʪʪʙ ʥʘʥʦʯʘʩʪʠʮʳ, ʧʦʩʯʠʪʘʥʥʘʷ ʧʨʠʙʦʨʦʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʃɼʉʈ, M = 
627 ʠ 414 ʛ/ʤʦʣʴ. 

ʇʦ ʬʦʨʤʫʣʝ ʄ = ɟĿNAĿ(ˊ/6)Ŀd3 ʤʦʞʥʦ ʥʘʡʪʠ ʨʤʧʫʦʧʪʫʵ ʥʘʥʦʯʘʩʪʠʮ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʘʤʝʪʨʘ, ʢʘʢ ʤʳ 
ʵʪʦ ʜʝʣʘʣʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ, ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʜʠʘʤʝʪʨ dV, ʪ.ʢ. 
ʚʢʣʘʜ ʩʘʤʳʭ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚ ʤʦʣʷʨʥʫʶ ʤʘʩʩʫ ʤʘʢʩʠʤʘʣʴʥʳʡ. ʊʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʙʫʜʝʪ ʨʘʚʥʘ ɟ =  0,54 ʠ 
0,99 ʛ/ʩʤ3 ʄʦʞʥʦ ʩʨʘʚʥʠʪʴ ʵʪʠ ʮʠʬʨʳ ʩ ʧʣʦʪʥʦʩʪʴʶ ʦʙʳʯʥʦʛʦ ʧʦʣʠʧʨʦʧʠʣʝʥʘ (ʇʇ) ʚ 0,95 ʛ/ʩʤ3, ʧʦʣʠ-
ʵʪʠʣʝʥʘ (ʇʕ) ʚ 0,91-0.96 ʛ/ʩʤ3 ʠʣʠ ʧʦʣʠʵʪʠʣʝʥʪʝʨʝʬʪʘʣʘʪʘ (ʇʕʊ) ʚ 1,38 ʛ/ʩʤ3 [12].  ɺʠʜʥʦ, ʯʪʦ ʧʣʦʪ-
ʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʚʦ ʚʪʦʨʦʤ ʦʙʨʘʟʮʝ ʙʣʠʟʢʘ ʢ ʧʣʦʪʥʦʩʪʠ ʧʦʣʠʤʝʨʦʚ. ɺ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʚʝʣʠʯʠʥʘ ʧʣʦʪ-
ʥʦʩʪʴ ʧʦʣʫʯʠʣʘʩʴ ʵʢʩʪʨʝʤʘʣʴʥʦ ʤʘʣʝʥʴʢʦʡ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʥʝʚʝʩʦʚʦʡ ʜʠʘʤʝʪʨ ʚ 2 ʥʤ ʚ 1,5 ʨʘʟʘ 
ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʝʯʠʩʣʦʚʦʡ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʪʦʡ ʧʨʠʯʠʥʝ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʫʩʧʝʥʟʠʠ ʦʙʥʘʨʫ-
ʞʠʚʘʶʪʩʷ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʨʘʟʤʝʨʫ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ: ʚ ʦʙʣʘʩʪʠ 1.1-2.2 ʥʤ 
ʥʘʭʦʜʷʪʩʷ 99,99% ʯʘʩʪʠʮ. ʅʦ 0.01% ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʩʦʩʪʘʚʣʷʶʪ ʯʘʩʪʠʮʳ ʚ 6,5 ʤʢʤ, ʪ.ʝ. ʥʝ ʥʘʥʦʯʘʩʪʠ-
ʮʳ, ʘ ʤʠʢʨʦʧʣʘʩʪʠʢ. ɺʦ ʚʪʦʨʦʤ ʦʙʨʘʟʮʝ ʚʩʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʜʠʘʤʝʪʨ ʦʪ 1,1 ʜʦ 2,7 ʥʤ. ʀ 
ʥʠʢʘʢʠʭ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʥʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ. 



22 ǩǭǬǩǲǯǰ ǪǲǶǷǧǴ ǰǱǲǣǤǬǶǤǰǩǧǴ ǯǟǠǭǱ 

 

ǡȐȄȏȍȐȐȇȈȐȉȇȈ ȌǿȒȖȌȍ-ȇȐȐȊȄȃȍȁǿȑȄȊțȐȉȇȈ ȉȍȌȉȒȏȐ |  ǫǵǬǰ ©Ǭǟǲǩǟ ǧ ǮǯǭǰǡǤǸǤǬǧǤ¹ 

ɼʟʝʪʘ ʧʦʪʝʥʮʠʘʣ ʥʘʥʦʯʘʩʪʠʮ ʚ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʨʘʚʝʥ 36, ʘ ʚʦ ʚʪʦʨʦʤ ï 37 ʤɺ. ʆʙʲʝʤʥʦʝ ʩʦʜʝʨ-
ʞʘʥʠʝ ʥʘʥʦʯʘʩʪʠʮ: 2,44Ț10-3 ʠ 2,25Ț10-3 %. 

ʇʨʦʪʠʚʦʨʝʯʠʝ ʧʦʣʫʯʝʥʥʳʭ ʥʘʤʠ ʜʘʥʥʳʭ ʩ ʨʘʙʦʪʦʡ [4] ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʪʝʤ, ʯʪʦ ʠʩʩʣʝʜʦ-
ʚʘʥʠʝ ʤʠʢʨʦʧʣʘʩʪʠʢʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʨʘʙʦʪʝ [4] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʣʝʢʪʨʦʥʥʳʡ 
ʤʠʢʨʦʩʢʦʧ, ʧʨʝʜʝʣʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʜʣʷ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ 100 ʥʤ, ʪ.ʝ. ʦʥ ʥʝ ʩʧʦʩʦʙʝʥ ʫʚʠʜʝʪʴ ʠʩʪʠʥ-
ʥʳʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʪ 1 ʜʦ 100 ʥʤ. ɺ ʥʘʰʝʤ ʤʝʪʦʜʝ ʃʘʟʝʨʥʦʛʦ ɼʠʥʘʤʠʯʝʩʢʦʛʦ ʉʚʝʪʦʨʘʩʩʝʠʚʘʥʠʷ ʜʝʪʝʢ-
ʪʠʨʫʶʪʩʷ ʩʘʤʳʝ ʧʦʜʚʠʞʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ ʚʥʦʩʷʪ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ɹʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ, ʘ 
ʟʥʘʯʠʪ ï ʠ ʚ ʩʚʝʪʦʨʘʩʩʝʠʚʘʥʠʝ. ʅʘʥʦʯʘʩʪʠʮ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʠʟ ʧʣʘʩʪʠʢʦʚʳʭ ʧʘʢʝʪʠʢʦʚ ʧʨʠ ʠʭ ʟʘʚʘʨʠ-
ʚʘʥʠʠ, ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʆʥʦ ʥʘ ʤʥʦʛʦ ʧʨʝʚʳʰʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ, ʜʠʘʤʝʪʨ ʢʦ-
ʪʦʨʦʛʦ ʦʪ 1 ʜʦ 10 ʤʢʤ. ʏʠʩʣʦ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ, ʫʢʘʟʘʥʥʦʝ ʘʚʪʦʨʘʤʠ [4], ʨʘʚʥʦ 11,6 ʤʣʨʜ. ʠʟ ʦʜʥʦʛʦ 
ʧʘʢʝʪʠʢʘ. ʅʘʡʜʝʥʥʘʷ ʥʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʘʥʦʯʘʩʪʠʮ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦ-
ʣʫʯʝʥʥʦʡ ʩʫʩʧʝʥʟʠʠ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʣʷ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʶʪ 22,2 ʤʛ/ʣ, ʯʪʦ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ 3,2Ț1019 ʯʘʩʪʠʮ ʚ ʣʠʪʨʝ. ʊ.ʢ. ʦʙʲʸʤ ʚʦʜʳ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʡ ʥʘʤʠ ʜʣʷ ʟʘʚʘʨʠʚʘʥʠʷ ʧʘʢʝʪʠ-
ʢʦʚ, ʙʳʣ ʨʘʚʝʥ ʦʙʲʸʤʫ ʦʙʳʯʥʦʡ ʯʘʰʢʠ ʜʣʷ ʯʘʷ (245 ʤʣ), ʪʦ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʦʜʠʥ ʯʘʡʥʳʡ ʧʘʢʝʪʠʢ ʧʨʠ 
ʟʘʚʘʨʠʚʘʥʠʠ ʚʳʜʝʣʠʣ 7,9Ț1018 ʥʘʥʦʯʘʩʪʠʮ. ʕʪʦ ʯʠʩʣʦ ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ ʤʠʢʨʦʯʘʩʪʠʮ ʚ 680 ʤʠʣʣʠʦʥʦʚ 
ʨʘʟ! ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʘʥʘʣʠʟʘʪʦʨ ʥʘʥʦʯʘʩʪʠʮ ʠ çʥʝ ʟʘʤʝʪʠʣè ʯʘʩʪʠʮʳ ʤʠʢʨʦʧʣʘʩʪʠʢʘ, ʯʠʩʣʦ ʢʦʪʦʨʳʭ 
ʩʦʩʪʘʚʣʷʝʪ 1,5Ț10-7 %. ʇʨʠ ʵʪʦʤ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʧʝʨʚʦʤ ʦʙʨʘʟʮʝ ʤʠʢʨʦʧʣʘʩʪʠʢ ʚʩʸ-ʪʘʢʠ ʙʳʣ ʜʝʪʝʢʪʠʨʦ-
ʚʘʥ ʧʨʠʙʦʨʦʤ ʥʘ ʩʘʤʦʡ ʛʨʘʥʠʮʝ ʧʨʝʜʝʣʘ ʦʙʥʘʨʫʞʝʥʠʷ ï ʚ 0.01%. ʀ ʤʠʢʨʦʧʣʘʩʪʠʢ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʜʘ-
ʞʝ ʩʜʝʣʘʣ ʩʚʦʡ ʚʢʣʘʜ ʚ ʩʨʝʜʥʶʶ ʤʘʩʩʫ ʠ ʜʠʘʤʝʪʨ ʚʩʝʭ ʦʙʥʘʨʫʞʝʥʥʳʭ ʤʠʢʨʦʯʘʩʪʠʮ. 

ʆʜʥʘʢʦ, ʛʣʘʚʥʳʤ ʚʳʚʦʜʦʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 1,1-2 ʥʤ ʚʳʜʝʣʷʝʪʩʷ ʚ 
ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ. 

ʅʝʦʞʠʜʘʥʥʳʤ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʪʦ, ʯʪʦ ʥʘʥʦʯʘʩʪʠʮʳ. ʚʳʜʝʣʷʶʱʠʝʩʷ ʧʨʠ ʟʘʚʘʨʠʚʘʥʠʠ ʧʠʨʘʤʠ-
ʜʘʣʴʥʳʭ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ, ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʧʦ ʨʘʟʤʝʨʘʤ ʩ ʪʝʤʠ ʦʙʲʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʥʘ-
ʨʫʞʝʥʳ ʥʘʤʠ ʨʘʥʝʝ ʚ ʂʦʣʘ ʠ ʇʝʧʩʠ ʂʦʣʝ [13]. ʀʭ ʜʠʘʤʝʪʨ ʪʘʢʞʝ ʣʝʞʘʣ ʚ ʦʙʣʘʩʪʠ 1,1-2 ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪ-
ʩʪʚʫʝʪ ʧʦ ʦʙʲʸʤʫ 200-300 ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ. ʇʣʦʪʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʣʷʣʘ 0.8-0.9 ʛ/ʩʤ3. ʅʦ ʧʦ ʩʚʦʝʡ ʢʦʥʮʝʥ-
ʪʨʘʮʠʠ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʣʠ ʥʘʥʦʯʘʩʪʠʮʘʤ ʠʟ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ: ʠʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʦʣʝʝ 
0,9 ʤʛ/ ʠ 14Ŀ1017 ʯʘʩʪʠʮ ʚ ʣʠʪʨʝ ï ʪ.ʝ. ʚ 23 ʨʘʟʘ ʤʝʥʴʰʝ ʠ ʧʦ ʤʘʩʩʝ, ʠ ʧʦ ʢʦʣʠʯʝʩʪʚʫ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʚ ʥʘʧʠʪʢʘʭ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦʚʝʨʰʝʥʥʦ ʠʜʝʥ-
ʪʠʯʥʳ ʪʝʤ, ʯʪʦ ʚʳʜʝʣʷʶʪʩʷ ʠʟ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ. ʆʜʥʘʢʦ ʧʣʘʩʪʠʢ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ 
ʧʦʜʚʝʨʛʘʝʪʩʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʛʦʨʷʯʝʡ ʚʦʜʦʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʯʠʩʣʦ ʚʳʜʝʣʠʚʰʠʭʩʷ ʠʟ ʥʝʛʦ ʯʘʩʪʠʮ 
ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 23 ʨʘʟʘ ʙʦʣʴʰʝ. 

 
ɻʴʛʧʝʴ: 

1.   ɺʧʝʨʚʳʝ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ ʘʥʘʣʠʟʘʪʦʨʘ ʥʘʥʦʯʘʩʪʠʮ çZetatracè ʦʧʨʝʜʝʣʝʥʦ ʥʘʣʠʯʠʝ 
ʚʟʚʝʰʝʥʥʳʭ ʤʠʢʨʦ ʠ ʥʘʥʦ ʯʘʩʪʠʮ ʚ ʚʦʜʝ, ʧʦʣʫʯʝʥʥʦʡ ʧʨʠ ʟʘʚʘʨʠʚʘʥʠʠ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ ʚ ʢʠʧʷʪʢʝ.  

2. ʅʠ ʚ ʦʜʥʦʤ ʠʟ ʪʨʸʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʘʢʝʪʠʢʦʚ, ʩʜʝʣʘʥʥʳʭ ʠʟ ʙʫʤʘʛʠ, ʚʳʜʝʣʠʚʰʠʝʩʷ 
ʥʘʥʦ ʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 

3. ʀʟ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ ʧʠʨʘʤʠʜʘʣʴʥʦʡ ʬʦʨʤʳ ʚʳʜʝʣʷʝʪʩʷ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʥʦʯʘʩʪʠʮ 
ʜʠʘʤʝʪʨʦʤ ʦʪ 1 ʜʦ 2 ʥʤ. 

4. ʏʠʩʣʦ ʥʘʥʦʯʘʩʪʠʮ ʧʣʘʩʪʠʢʘ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʠʟ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ, ʚ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʨʘʟ ʧʨʝ-
ʚʦʩʭʦʜʠʪ ʯʠʩʣʦ ʯʘʩʪʠʮ ʤʠʢʨʦʧʣʘʩʪʠʢʘ. 

5. ʇʦ ʨʘʟʤʝʨʘʤ ʥʘʥʦʯʘʩʪʠʮʳ ʠʟ ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʯʘʡʥʳʭ ʧʘʢʝʪʠʢʦʚ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʦʙʲ-
ʝʢʪʘʤʠ, ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʨʘʥʝʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʩʠʣʴʥʦʛʘʟʠʨʦʚʘʥʥʳʭ 
ʥʘʧʠʪʢʦʚ. 

6. ʏʠʩʣʦ ʥʘʥʦʯʘʩʪʠʮ, ʚʳʜʝʣʷʶʱʠʭʩʷ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʠʨʘʤʠʜʘʣʴʥʳʝ ʯʘʡʥʳʝ 
ʧʘʢʝʪʠʢʠ, ʥʝ ʤʝʥʝʝ ʯʝʤ ʚ 23 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʯʠʩʣʦ ʪʘʢʠʭ ʞʝ ʥʘʥʦʯʘʩʪʠʮ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʥʘʧʠʪʢʘʭ. 
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ʅʦʚʦʯʝʨʢʘʩʩʢʠʡ ʠʥʞʝʥʝʨʥʦ-ʤʝʣʠʦʨʘʪʠʚʥʳʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʂ. ʂʦʨʪʫʥʦʚʘ 
ʌɻɹʆʋ ɺʆ ɼʦʥʩʢʦʡ ɻɸʋ, ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 

 

ɹʦʦʧʫʙʯʡʸ: ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʷ ʝʩʪʝʩʪʚʝʥʥʦ-ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ, ʙʠʦʪʦʧ ʠ ʜʨʝ-
ʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʧʪʠʮʳ. ʆʧʨʝʜʝʣʝʥʘ ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʨʥʠʪʦ-
ʬʘʫʥʳ ʅʦʚʦʯʝʨʢʘʩʩʢʘ, ʝʝ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʛʦʨʦʜʘ. ʊʘʢʞʝ, ʢ 
ʩʪʘʪʴʝ ʦʧʠʩʳʚʘʶʪʩʷ ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʦʨʦʜʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʫʨʦʯʝʥ-
ʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʚʠʜʦʚ ʧʪʠʮ ʢ ʪʝʤ ʠʣʠ ʠʥʳʤ ʙʠʦʪʦʧʘʤ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʦʨʥʠʪʦʬʘʫʥʘ, ʧʪʠʮʳ, ʛʦʨʦʜʩʢʠʝ ʥʘʩʘʞʜʝʥʠʷ, ʵʢʦʩʠʩʪʝʤʘ, ʙʠʦʪʦʧ, ʜʨʝʚʝʩʥʦ-
ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʧʪʠʮʳ, ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʝ  
ʪʝʨʨʠʪʦʨʠʠ. 
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Abstract: this article discusses the concept of natural environment, ecotone and çtree-shrub birdsè. The gen-
eral characteristic of the biological diversity of the ornitofauna of Novocherkassk, its possible impact on 
changes in the ecological situation of the city is determined. Also, the article describes the climatic conditions 
of the studied city. 
Keywords: ornitofauna, birds, urban plantations, ecosystem, biotope, ecotone, tree-shrub birds, natural com-
ponents, ecological situation, urban areas, urban environment. 

 
ʉʦʟʜʘʚʘʝʤʳʝ ʦʙʱʝʩʪʚʦʤ ʛʦʨʦʜʩʢʠʝ ʥʘʩʘʞʜʝʥʠʷ ʠʤʠʪʠʨʫʶʪ ʝʩʪʝʩʪʚʝʥʥʫʶ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ ʜʣʷ 

ʧʪʠʮ, ʢʦʪʦʨʳʝ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʩʧʦʩʦʙʥʳ ʚʣʠʷʪʴ ʥʘ ʜʨʝʚʝʩʥʦ-
ʢʫʩʪʘʨʥʠʢʦʚʫʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴ ʛʦʨʦʜʘ. ɹʣʘʛʦʜʘʨʷ ʟʝʣʝʥʳʤ ʥʘʩʘʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦ ʩʦʭʨʘʥʝʥʠʝ ʚʠʜʦʚʦʛʦ 
ʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʝʤʝʡʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ (ʛʦʨʦʜʩʢʠʝ ʥʘʩʘʞʜʝʥʠʷ) ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ 
çʚʪʦʨʠʯʥʦʡè ʣʝʩʥʦʡ ʵʢʦʩʠʩʪʝʤʳ [6, ʩ. 197]. 

ʀʩʩʣʝʜʫʝʤʳʡ ʛʦʨʦʜ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʧʨʠʚʣʝʢʘʶʱʠʭ ʧʪʠʮ ʜʣʷ ʛʥʝʟʜʦʚʘʥʠʷ. ʆʜʥʘ-
ʢʦ, çʚʪʦʨʠʯʥʘʷè ʣʝʩʥʘʷ ʵʢʦʩʠʩʪʝʤʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ, ʦʪʥʦ-
ʩʷʱʠʤʩʷ ʢ ʛʨʫʧʧʝ çʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʝ ʧʪʠʮʳè. ʊʘʢ, ʥʘʙʣʶʜʝʥʠʷ ʚ ʛʦʨʦʜʩʢʠʭ ʥʘʩʘʞʜʝʥʠʷ ʧʦʟʚʦ-
ʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʪʠʮ, ʘ ʪʘʢʞʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ (ʚ ʯʘʩʪʥʦ-
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ʩʪʠ ʪʝʭ, ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʟʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ) ʚ ʧʝʨʠʦʜ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʥʠʪʦʬʘʫʥʳ ʥʘ ʫʨ-
ʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʫʜʫʪ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʧʨʦʛʥʦʟʘ 
ʠʟʤʝʥʝʥʠʡ ʩʨʝʜʳ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʦʜ ʚʣʠʷʥʠʝ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ [4].  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʠʟʫʯʠʪʴ ʨʘʟʥʦʦʙʨʘʟʠʝ ʦʪʜʝʣʴʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ ʇʪʠʮ 
ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʅʦʚʦʯʝʨʢʘʩʩʢʘ. 

ʅʦʚʦʯʝʨʢʘʩʩʢ ï ʩʦʚʨʝʤʝʥʥʳʡ ʛʦʨʦʜ, ʚ ʢʦʪʦʨʦʤ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʦʞʥʘʷ ʠ ʦʪʢʨʳʪʘʷ ʠʩʢʫʩʩʪʚʝʥʥʦ-
ʝʩʪʝʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʦʱʫʪʠʤʳʤ ʬʘʢ-
ʪʦʨʦʤ, ʚʦʟʜʝʡʩʪʚʫʶʱʠʤ ʥʘ ʧʨʠʨʦʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠ ʯʝʣʦʚʝʯʝʩʢʫʶ ʞʠʟʥʴ (ʨʠʩ. 1). 

 

 
ʉʡʪ. 1. ɼʞʧʜʩʙʭʡʰʞʪʣʧʞ ʩʙʪʨʧʤʧʟʞʦʡʞ ʡʪʪʤʞʝʬʞʥʧʜʧ ʜʧʩʧʝʙ 

 
ʊʘʢ, ʨʘʟʣʠʯʘʶʪ ʤʠʢʨʦ- ʠ ʤʘʢʨʦ- ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʦʜʘ. ɺʦʪ ʫʞʝ ʜʦʣʛʠʝ ʛʦʜʳ ʠʟ-ʟʘ 

ʧʣʦʪʥʦʡ ʠ ʘʢʪʠʚʥʦʡ ʟʘʩʪʨʦʡʢʠ (ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʞʠʣʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʤʠʢʨʦʨʘʡʦʥʘʭ, ʦʪʢʨʳʪʠʝ ʚ ʇʝʨʚʦ-
ʤʘʡʩʢʦʡ ʨʘʡʦʥʝ ʢʨʫʧʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ) ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʮʝʩʩ ʨʝʟʢʦʝ 
ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʦʠʟʨʘʩʪʘʶʱʝʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʉʚʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʦʢʘʟʳʚʘʶʪ ʠ 
ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ (ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʥʘ 1-2Áʉ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʩʝʟʦʥʥʦ 
ʚʳʜʘʶʱʠʭ ʦʩʘʜʢʦʚ, ʣʠʚʥʝʚʳʭ ʜʦʞʜʝʡ ʠ ʢʦʣʠʯʝʩʪʚʘ ʩʦʣʥʝʯʥʦʡ ʨʘʜʠʘʮʠʠ, ʧʦʚʳʰʝʥʠʝ ʧʦʚʪʦʨʷʝʤʦʩʪʠ 
ʦʙʨʘʟʦʚʘʥʠʝ ʪʫʤʘʥʦʚ ʚ ʟʠʤʥʝʝ ʚʨʝʤʷ). ʆʩʦʙʳʡ ʚʢʣʘʜ ʚ ʠʟʤʝʥʝʥʠʝ ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʦʢʨʫʞʘʶʱʝʡ 
ʩʨʝʜʳ ʚʥʦʩʷʪ ʧʨʦʤʳʰʣʝʥʥʳʝ ʧʨʝʜʧʨʠʷʪʠʷ (ʢʨʫʧʥʳʝ ʦʙʲʝʢʪʳ, ʦʪʥʦʩʷʱʠʝ ʢ I ʠ II ʢʣʘʩʩʫ ʦʧʘʩʥʦʩʪʠ ʧʨʦ-
ʠʟʚʦʜʩʪʚʘ) ʠ ʪʨʘʥʩʧʦʨʪ ʛʦʨʦʜʘ (ʛʦʨʦʜ ʨʘʩʧʦʣʦʞʝʥ ʚ 45 ʢʤ ʦʪ ʈʦʩʪʦʚʘ-ʥʘ-ɼʦʥʫ, ʚʙʣʠʟʠ ʛʦʨʦʜʘ ʧʨʦʣʦʞʝ-
ʥʘ ʬʝʜʝʨʘʣʴʥʘʷ ʪʨʘʩʩʘ çʄ4è, ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪ ʜʦʥʩʢʦʡ ʨʝʛʠʦʥ ʩ ʜʨʫʛʠʤʠ ʩʫʙʲʝʢʪʘʤʠ ʈʌ). 

ʉʦʯʝʪʘʷ ʚ ʩʝʙʝ ʨʝʟʢʠʝ ʢʦʥʪʨʘʩʪʳ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʩʣʦʞʠʚʰʘʷʩʷ ʧʨʠʨʦʜʥʘʷ ʩʨʝʜʘ 
ʷʚʣʷʝʪʩʷ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʧʪʠʮ, ʧʦʩʢʦʣʴʢʫ ʛʦʨʦʜ ʦʙʣʘʜʘʝʪ ʨʘʟʣʠʯʥʳʤʠ ʵʢʦʪʦʥʘ-
ʤʠ (ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʟʦʥʳ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʙʠʦʪʦʧʘʤʠ), ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʣʝʩʦʧʘʨ-
ʢʘʤʠ (ʨʦʱʘ çʂʨʘʩʥʘʷ ʚʝʩʥʘè) ʠ ʛʦʨʦʜʩʢʠʤʠ ʧʘʨʢʘʤʠ (ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ ʧʘʨʢ), ʤʝʞʜʫ ʧʦʡʤʘʤʠ ʨʝʢ (ʨʝʢʠ 
çʊʫʟʣʦʚè ʠ çɸʢʩʘʡè) ʠ ʛʦʨʦʜʩʢʠʤʠ ʚʦʜʦʸʤʘʤʠ. ɺ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʫʯʝʥʳ ʚʦʟʤʦʞʥʳʝ 
ʤʝʩʪʘ ʤʘʩʩʦʚʦʛʦ ʩʢʦʧʣʝʥʠʷ ʠʣʠ ʞʝ ʦʜʠʥʦʯʥʳʭ ʧʦʷʚʣʝʥʠʡ ʧʪʠʮ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ, ʦʙʠʪʘʶʱʠʭ ʚ ʈʦʩʪʦʚ-
ʩʢʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 2). ɹʦʣʝʝ ʧʦʜʨʦʙʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʤʠʛʨʘʮʠʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʦ ʤʝʩʪʘʭ ʚʩʪʨʝʯʘʝʤʦʩʪʠ) 
ʥʘʙʣʶʜʘʝʤʳʭ ʚʠʜʦʚ ʚ ʛʦʨʦʜʝ ʦʧʠʩʘʥʘ ʚ ʪʘʙʣʠʮʝ 1. 

ʉʘʤʘʷ ʜʠʥʘʤʠʯʥʘʷ ʯʘʩʪʴ ʛʦʨʦʜʩʢʦʡ ʦʨʥʠʪʦʬʘʫʥʳ ʅʦʚʦʯʝʨʢʘʩʩʢʘ ï ʦʪʢʨʳʪʦʛʥʝʟʜʷʱʠʝʩʷ ʧʪʠʮʳ. 
ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʨʦʣʴ ʧʪʠʮ ʚ ʛʦʨʦʜʩʢʦʡ ʵʢʦʩʠʩʪʝʤʝ ʤʥʦʛʦʛʨʘʥʥʘ ʠ ʯʝʪʢʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʝʝ ʦʩʦʙʝʥʥʦʩʪʷ-
ʤʠ [3, ʩ.45]. 
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ʉʡʪ. 2.  ɹʩʞʙʤ ʩʙʪʨʩʧʪʫʩʙʦʞʦʡʸ ʨʫʡʯ ʛ ʰʞʩʫʞ ʡʪʪʤʞʝʬʞʥʧʜʧ ʜʧʩʧʝʙ 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʦʨʦʜʦʚ, ʢʦʪʦʨʳʝ ʣʠʰʝʥʳ ʧʪʠʯʴʝʛʦ ʥʘʩʝʣʝʥʠʷ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʧʝʥʠ ʨʦʩʪʘ ʠ ʨʘʟ-

ʚʠʪʠʷ) ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʥʝʪ. ʇʪʠʮʳ ï ʚʘʞʥʝʡʰʝʝ ʟʚʝʥʦ ʛʦʨʦʜʩʢʦʡ ʵʢʦʩʠʩʪʝʤʳ [5, ʩ. 10]. 
ʉʦʩʪʘʚ ʧʪʠʯʴʝʛʦ ʥʘʩʝʣʝʥʠʷ ʣʶʙʦʛʦ ʣʘʥʜʰʘʬʪʘ ʥʠʢʦʛʜʘ ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʥʝʧʦʜʚʠʞʥʦʩʪʠ 

ʠʣʠ ʢʘʢʦʛʦ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʥ ʚʩʝʛʜʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʕʪʦ ʚ ʧʦʣ-
ʥʦʡ ʤʝʨʝ ʦʪʥʦʩʠʪʩʷ ʠ ʢ ʛʦʨʦʜʩʢʦʤʫ ʣʘʥʜʰʘʬʪʫ ʅʦʚʦʯʝʨʢʘʩʩʢʘ, ʧʦʩʢʦʣʴʢʫ ʚ ʛʦʨʦʜʝ ʧʨʦʚʦʜʷʪʩʷ ʦʟʝʣʝ-
ʥʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦ ʩʧʦʩʦʙʩʪʚʫʶʪ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʦʡ ʵʢʦʩʠʩʪʝʤʳ. ʊʘʢ, 
ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʦʙʱʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʣʠʢʝ ʛʦʨʦʜʘ ʠ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ. ʀʤʝʥʥʦ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʩʣʫ-
ʞʘʪ ʦʩʥʦʚʥʳʤʠ ʠʥʜʠʢʘʪʦʨʘʤʠ ʧʪʠʯʴʝʛʦ ʥʘʩʝʣʝʥʠʷ ʛʦʨʦʜʘ [2, ʩ. 80].  

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʟʥʦʦʙʨʘʟʠʶ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʧʪʠʮ ʚ ʛʦʨʦʜʩʢʠʭ ʥʘʩʘʞʜʝʥʠʷʭ 
ʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʦʨʦʜʘ. ʀʩ-
ʧʦʣʴʟʦʚʘʥʠʝ ʚʠʜʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʙʠʦʠʥʜʠʢʘʮʠʠ ʛʦʨʦʜʩʢʦʡ ʩʨʝʜʳ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʦ (ʚ 
ʫʩʣʦʚʠʷʭ ʅʦʚʦʯʝʨʢʘʩʩʢʘ, ʚ ʯʘʩʪʥʦʩʪʠ), ʥʦ ʧʦʣʝʟʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʯʝʚʠʜʥʳ. 

ʕʩʪʝʪʠʯʝʩʢʦʝ, ʧʦʟʥʘʚʘʪʝʣʴʥʦʝ ʠ ʚʦʩʧʠʪʘʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʪʠʮ ʜʣʷ ʞʠʪʝʣʝʡ ʅʦʚʦʯʝʨʢʘʩʩʢʘ ʥʝ 
ʤʝʥʝʝ ʚʘʞʥʦ. ʕʪʦ ʠʩʪʦʯʥʠʢ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʤʦʮʠʡ ʜʣʷ ʣʶʜʝʡ, ʯʴʷ ʧʦʚʩʝʜʥʝʚʥʘʷ ʞʠʟʥʴ ʫʜʘʣʝʥʘ ʦʪ 
ʧʨʠʨʦʜʳ; ʧʪʠʮʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʥʘʛʣʷʜʥʳʡ ʠ ʫʜʦʙʥʳʡ ʦʙʲʝʢʪ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʩʧʠʪʘʥʠʷ ʠ 
ʦʙʨʘʟʦʚʘʥʠʷ. 
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ʋʙʚʤʡʯʙ 1 
ɽʙʦʦʴʞ ʧ ʥʡʜʩʙʯʡʡ ʨʫʡʯ ʛ ʰʞʩʫʞ ʜʧʩʧʝʙ 

ˉ  

ʧ/

ʧ 

ɺʠʜ 

ɿʝʣʝʥʳʝ ʥʘʩʘʞʜʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʚʝʜʝʥʳ ʥʘʙʣʶʜʝʥʠʷ 
ʇʘʨʢ 
ʦʪʜʳ-

ʭʘ ʥʘ 

ʫʣ. 
ʄʘʮʦ-

ʪ r

ʇʘʨʢ 

ʅʕɺɿʘ 
ʚ ʤʢʨ. 

ʉʦʮʛʦ-

ʨʦʜ 

ɸʛʨʦ-
ʣʝʩ 

ʚ ʤʢʨ. 

ʄʦʣʦ-
ʜʝʞ-

ʥʳʡ 

ʇʦʡ-

ʤʘ ʨ. 

ɸʢ-
ʩʘʡ 

ʇʦʡ-

ʤʘ ʨ. 

ʊʫʟ-
ʣʦʚ 

ʉʢʚʝʨ  

ʥʘ 
ʊʨʦʠʮ-

ʢʦʤ 

ʢʨʫʛʫ 

ɸʣʝʢ-

ʩʘʥʜ- 

ʨʦʚʩʢʠʡ 
ʧʘʨʢ 

ʉʢʚʝʨ 

ʥʘ 
ʧʣ. 

ʉʦʙʦʨ-

ʥʘʷ 

ʉʢʚʝʨ 

ʥʘ 
ʧʣ. 

ʃʝʚ-

ʩʢʠ 

ʉʢʚʝʨ  

ʥʘ 
ʧʣ.  

ʏʘʧʘʝ-

ʚʘ 

ʈʦʱʘ 

çʂʨʘʩ-

ʥʘʷ 
ʚʝʩʥʘè 

1 

ɹʝʣʘʷ ʪʨʷʩʦ-

ʛʫʟʢʘ/ 

Motacilla 

alba 

+ + + + - - - - - - - 

2 

ɹʦʣʴʰʘʷ ʩʠ-

ʥʠʮʘ /  

Parus major 
- - + - - - - + - - + 

3 

ɻʘʣʢʘ/ 

Coloeus 

monedula 
- - + - - + + + - - + 

4 

ɻʦʨʦʜʩʢʘʷ 

ʣʘʩʪʦʯʢʘ/ 

Delichon 

urbicum 

- - - - - + - + + + - 

5 

ɼʷʪʝʣ ʩʨʝʜ-

ʥʠʡ-ʧʝʩʪʨʳʡ/ 

Picoides 

minor 

- + + - - - + - - - + 

6 

ʂʫʢʫʰʢʘ 

ʦʙʳʢʥʦʚʝʥ-

ʥʘʷ/ 

Cuculus 

canorus 

- + + - - - - - - - + 

7 

ʇʦʣʝʚʦʡ ʚʦ-

ʨʦʙʝʡ/ 

Passer 

montanus 

+ + + + + + + + + + + 

8 

ʇʦʣʝʚʦʡ ʞʘ-

ʚʦʨʦʥʦʢ/ 

Alauda 

arvensis 

- - + - - - - - - - + 

9 

ʉʝʨʘʷ ʚʦʨʦ-

ʥʘ/ 

Corvus cornix 
+ - - - - + + + + + - 

10 

ʉʠʟʳʡ ʛʦ-

ʣʫʙʴ/ 

Columba livia 
+ + - - - + + + + + - 

11 

ʉʢʚʦʨʝʮ 

ʦʙʳʢʥʦʚʝʥ-

ʥʳʡ/ 

Sturnus 

vulgaris 

+ + + - - - + - - - + 

12 

ʉʳʯ ʜʦʤʦ-

ʚʦʡ/ 

Athene noctua 
- + + - - - + + - + + 

13 

ʏʝʨʥʳʡ 

ʩʪʨʠʞ/ 

Apus apus 
+ + - - - - + + - - + 
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ɻʦʨʦʜ ʠʤʝʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʣʝʢʘʶʪ ʧʪʠʮ ï ʥʘʣʠʯʠʝ ʢʦʨʤʘ ʠ ʟʘʱʠ-
ʱʝʥʥʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʠʦʜ ʛʥʝʟʜʦʚʘʥʠʷ. ɻʦʨʦʜʩʢʠʝ ʙʠʦʪʦʧʳ ʅʦʚʦʯʝʨʢʘʩʩʢʘ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳ 
ʜʣʷ ʚʠʜʦʚ, ʜʦʙʳʚʘʶʱʠʭ ʢʦʨʤ ʥʘ ʟʝʤʣʝ ʠ ʚ ʚʝʪʚʷʭ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʭ ʧʦʨʦʜ, ʧʨʠʯʝʤ ʟʥʘʯʠʪʝʣʴʥʘʷ 
ʠʭ ʯʘʩʪʴ ï ʧʠʪʘʶʱʠʝʩʷ ʙʝʩʧʦʟʚʦʥʦʯʥʳʤʠ. ɻʦʨʦʜʩʢʠʝ ʥʘʩʘʞʜʝʥʠʷ ʩʣʫʞʘʪ ʩʚʦʝʦʙʨʘʟʥʳʤʠ ʦʩʪʨʦʚʢʘʤʠ, ʚ 
ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʚʠʜʦʚʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʪʠʮ ʚ ʫʩʣʦʚʠʷʭ ʩʠʣʴʥʦʡ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ, 
ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʠʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʜʨʝʚʝʩʥʦ-ʢʫʩʪʘʨʥʠʢʦʚʳʤʠ ʥʘʩʘʞʜʝʥʠʷʤʠ.  

ɺ ʩʠʩʪʝʤʝ ʛʦʨʦʜʩʢʠʭ ʙʠʦʪʦʧʦʚ ʛʦʨʦʜʩʢʠʝ ʥʘʩʘʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʛʥʝʟʜʦʧʨʠʛʦʜʥʳʤʠ ʙʠʦʪʦʧʘʤʠ 
ʚʥʫʪʨʠ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʅʦʚʦʯʝʨʢʘʩʩʢʘ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʪʠʮʳ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʘʥ-
ʪʨʦʧʦʛʝʥʥʳʭ ʫʩʣʦʚʠʡ ʦʩʚʘʠʚʘʶʪ ʘʥʘʣʦʛʠ ʧʨʠʨʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʠ ʟʝʣʝʥʳʝ ʪʝʨʨʠʪʦʨʠʠ ʚʳʧʦʣʥʷʶʪ 
ʬʫʥʢʮʠʶ ʵʪʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ [1, ʩ. 117]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʰʠʨʝʥʠʝ ʧʣʦʱʘʜʝʡ ʧʘʨʢʦʚ, ʩʢʚʝʨʦʚ, ʙʫʣʴʚʘʨʦʚ ʚ ʅʦʚʦʯʝʨʢʘʩʩʢʝ ʧʦʟʚʦʣʠʪ 
ʦʙʦʛʘʪʠʪʴ ʚʠʜʦʚʦʡ ʩʦʩʪʘʚ ʠ ʩʦʟʜʘʩʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʙʠʪʘʥʠʷ ʤʥʦʛʠʭ ʚʠʜʦʚ ʧʪʠʮ ʚ ʫʩʣʦʚʠ-
ʷʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
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ǲǣǩ 300 

AN ADVANCED METHOD OF PERMEABILITY 
PREDICTION  

ǴǿȀǿȏȍȁ ǡǿȐȇȊȇȈ ǟȊȄȉȐȄȄȁȇȖ 
ʉʪʫʜʝʥʪ 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʖʜʘʰʢʠʥʘ ɺʘʣʝʥʪʠʥʘ ɺʣʘʜʠʤʠʨʦʚʥʘ 
ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʌɻɹʆʋ ɺʆ çʊʶʤʝʥʩʢʠʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʜʘʥʳ ʦʩʥʦʚʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʇʨʝʜʣʦʞʝʥ ʘʣʛʦʨʠʪʤ 
ʨʘʩʯʸʪʘ ʧʦʨʠʩʪʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʚʘʞʥʦʩʪʴ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʦʨʥʳʭ 
ʧʦʨʦʜ. ʂʨʦʤʝ ʵʪʦʛʦ ʘʚʪʦʨ ʦʧʠʩʳʚʘʝʪ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʡ ʤʝʪʦʜ ʧʨʝʜʩʢʘʟʘʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦ-
ʩʪʳʤ ʷʟʳʢʦʤ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʦʨʠʩʪʦʩʪʴ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʤʦʜʝʣʠ ʊʠʤʫʨʘ, ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥ.  

 
ʌʊʇɻɾʉʑɾʆʊʋɻʇɻɹʆʆʔʂ ʅɾʋʇɽ ʈʉʇɼʆʇʀʁʉʇɻɹʆʁʘ ʈʉʇʆʁʏɹɾʅʇʊʋʁ 
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Abstract: The paper provides basic information about rocks permeability. An algorithm for calculating the po-
rosity of rocks has been proposed. The importance of predicting rock permeability has been analyzed. In addi-
tion, the author describes an improved method for predicting permeability in simple language. 
Key words: porosity, permeability by Timur model, well research methods 

 
Introduction 

Permeability is one of the most important property of rock for geophysicists. It tires up all parameters of 
reservoir rock.  

Permeability is an ability of the rock to pass through the fluids. A practical unit for permeability is the 
darcy (d), or more commonly the millidarcy (md) (1 darcy å 10ī12m2) [1] 

Knowledge of the coefficient of permeability is necessary for the solving these tasks: 
1. The identification of productive reservoir rocks that contain oil, gas and water; the calculation of oil 

and gas reserves in the deposits and the preparation of a project for their development; 
2. Assessment of the suitability of the reservoir rocks for their use in underground gas storage; 
3. The choice of a method of intensification of production and an increase in the oil recovery coefficient; 
4. Identification of the type of dependences of the permeability coefficient on the values characterizing 

the composition of the rocks and their physical properties. 
Method description 

It is known that you can not predict permeability of the rock using the information only about porosity. A 
wide ranch of the permeability numbers corresponds to a constant porosity value. It becomes obvious that an 
accurate prediction of the permeability requires involvement of some additional parameters [2]. 
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ʉʡʪ. 1. Dependence of permeability on porosity 

 
Everything points to the fact of the advanced model necessity, that describes permeability behavior 

more flexibly. There are lots of empirical permeability models. The most interesting of them is Timur model, 
because it tires up permeability with porosity and irreducible water saturation. 

 
ʉʡʪ. 2. Different empirical permeability models 
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ʉʡʪ. 3. The illustration of the Timur model 

 
The information about porosity could be obtained from the density log and irreducible water saturation can 

be obtained from the resistivity log. All of that permit to achieve more accurate prediction of the permeability [4]. 
 

 
ʉʡʪ. 4. Comparison of Timur model with Phi based permeability prediction 

 
Conclusion 

Thus, knowledge of the permeability of the rock is very important. It connects all the most important fil-
tration-capacitive properties of the rock, that is why it is necessary to predict it properly. And important to know 
that consideration of additional parameters (describing rock pore structure) helps to predict permeability with 
improved accuracy.  
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