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ʈɽʐɽʅʀɽ 

ʦ ʧʨʦʚʝʜʝʥʠʠ 

28.02.2018 ʛ. 

XV ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʢʦʥʢʫʨʩʘ 

 

çʃʋʏʐɸʗ ʅɸʋʏʅɸʗ ʉʊɸʊʔʗ 2018è 

 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʧʨʦʚʝʜʝʥʠʷ 

ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ 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 
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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 

ʢ.ʵ.ʥ. ɻʫʣʷʝʚ ɻ.ʖ. 
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Ã´º 58.085 

²»¸Ï½¸µ Ä¸Â¾³¾À¼¾½¾² ¸ Ã³»µ²¾´¾² ½° 
¿À¸À¾ÁÂ ±¸¾¼°ÁÁË ̧  Á¸½Âµ· 
±¸¾»¾³¸ÇµÁº¸ °ºÂ¸²½ËÅ ²µÉµÁÂ² 
º°»µ½´Ã»Ë »µº°ÀÁÂ²µ½½¾¹ (CALENDULA 
OFFICINALIS L.) 

 ʠ.ʦ.ʜʦʮʝʥʪʘ, 

ʜʦʮʝʥʪ, 

ץ ס װ ץ
ʤʘʛʠʩʪʨʘʥʪ 

ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
 

ɹʦʦʧʫʙʯʡʸ: ʂʫʣʴʪʠʚʠʨʦʚʘʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʪʢʘʥʝʡ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʨʘʩʪʝʥʠʷ Calendula officinalis L. 
(ʢʘʣʝʥʜʫʣʘ ʣʝʢʘʨʩʪʚʝʥʥʘʷ) ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʘʣʣʫʩʦʛʝʥʝʟʘ, ʧʫʪʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʫʩʣʦʚʠʡ 
ʠʭ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʘ ʢʘʣʣʫʩʥʘʷ ʢʫʣʴʪʫʨʘ, ʩʦʜʝʨʞʘʱʘʷ ʚʪʦʨʠʯʥʳʝ ʤʝʪʘʙʦʣʠʪʳ  ʬʣʘʚʦʥʦʠʜ-
ʥʦʡ ʧʨʠʨʦʜʳ, ʦʧʨʝʜʝʣʝʥ ʬʠʪʦʛʦʨʤʦʥʘʣʴʥʳʡ ʙʘʣʘʥʩ ʜʣʷ ʨʦʩʪʘ ʠ ʧʨʦʜʫʮʠʨʦʚʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠ-
ʪʦʚ, ʥʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ ʄʫʨʘʩʠʛʝ - ʉʢʫʛʝ (MS) ʜʦʧʦʣʥʝʥʥʦʡ 1,5 ʤʛ/ʣ 2,4 ï D ʠ 1,0 
ʤʛ/ʣ ʢʠʥʝʪʠʥʘ ʠ 3 % ʩʦʜʝʨʞʘʥʠʝʤ ʩʘʭʘʨʦʟʳ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʧʠʪʘʪʝʣʴʥʘʷ ʩʨʝʜʘ MS, ʬʠʪʦʛʦʨʤʦʥʳ, ʢʘʣʣʫʩʥʘʷ ʢʫʣʴʪʫʨʘ, ʦʧʪʠʤʠʟʘʮʠʷ, ʢʫʣʴʪʠʚʠ-
ʨʦʚʘʥʠʝ, 2,4-ʜʠʭʣʦʨʬʝʥʦʢʩʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (2,4-ɼ), 6-ʬʫʨʬʫʨʠʣʘʤʠʥʦʧʫʨʠʥ (ʢʠʥʝʪʠʥ). 
 
INFLUENCE OF PHYTOHORMONES AND CARBOHYDRATES ON BIOMASS GROWTH AND SYNTHESIS 

OF BIOLOGICALLY ACTIVE SUBSTANCES OF CALENDULA MEDICINAL (CALENDULA 
OFFICINALIS L.) 

 
Kenzhetaev Rakhimbek Rapikovich, 

Britko Valery Vladimirovich,  
Rakymgali Rymgul Zhanbolatkyzy 

 
Abstract: The cultivation of isolated tissues of the medicinal plant Calendula officinalis L. (calendula offici-
nalis) based on the study of the process of callusogenesis, ways of optimization of their culture conditions. Ob-
tained callus culture containing secondary metabolites of flavonoid nature, determined phytohormonal balance 
for growth and production of secondary metabolites, on a modified nutrient medium Murasige - Skoog (MS) 
supplemented with 1.5 mg/l 2,4 ï D and 1.0 mg/l kinetin and 3 % sucrose. 
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Key words: MS nutrients, plant hormones, callus culture, optimization, cultivation, 2,4-dichlorophenoxyacetic 
acid (2,4-D), 6-furfurylaminopurine (kinetin). 

 
ʂʘʣʣʫʩʥʳʝ ʢʣʘʩʪʝʨʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʜʦʣʞʥʳ ʚʳʜʝʨʞʘʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ʢʘʢ ʩ ʜʠʢʦ-

ʨʘʩʪʫʱʠʤʠ, ʪʘʢ ʠ ʩ ʢʫʣʴʪʫʨʥʳʤʠ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ, ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʘʩʪʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʩ ʤʠʢʨʦʙʠʦʣʦʛʠ-
ʯʝʩʢʠʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʨʘʩʪʠʪʝʣʴʥʳʤ ʩʳʨʴʝʤ 
ʢʣʝʪʦʯʥʳʝ ʢʫʣʴʪʫʨʳ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ:  

-ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʢʣʠʤʘʪ, ʩʝʟʦʥ, ʧʦʛʦʜʘ, ʧʦʯ-
ʚʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʚʨʝʜʠʪʝʣʠ); 

-ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʚʳʭʦʜ ʠ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʪʘ, ʙʣʘʛʦʜʘʨʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ ʫʩʣʦʚʠʡ 
ʚʳʨʘʱʠʚʘʥʠʷ; 

-ɻ ʢʦʥʦʤʠʷ ʧʦʩʝʚʥʳʭ ʧʣʦʱʘʜʝʡ. 
ʋʯʠʪʳʚʘʷ, ʯʪʦ ʪʦʣʴʢʦ ʨʘʩʪʝʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʥʦʛʠʭ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʘʞʥʳʭ ʚʝʱʝʩʪʚ, ʘ 

ʟʘʧʘʩʳ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʠʨʦʜʝ ʠʩʪʦʱʘʶʪʩʷ, ʥʝʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʤʝʩʪʦ ʢʣʝʪʦʯʥʳʭ ʪʝʭʥʦʣʦ-
ʛʠʡ ʚ ʙʫʜʫʱʝʤ. ʇʝʨʝʭʦʜ ʦʪ ʥʘʫʯʥʳʭ ʨʘʟʨʘʙʦʪʦʢ ʢ ʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʦʣʫʯʝʥʠʶ ʧʨʦʜʫʢʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʢʣʝʪʦʯʥʳʭ ʢʫʣʴʪʫʨ ʪʦʣʴʢʦ ʥʘʯʠʥʘʝʪʩʷ. 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʚ ʩʦʟʜʘʥʠʠ ʚʳʩʦʢʦʨʝʥʪʘʙʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ ʬʫʥʜʘ-
ʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦ ʛʝʥʝʪʠʯʝʩʢʦʡ, ʙʠʦʭʠʤʠʯʝʩʢʦʡ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ ʚʪʦʨʠʯʥʦʛʦ ʤʝʪʘʙʦ-
ʣʠʟʤʘ ʚ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʝ. ɺʦʟʤʦʞʥʳʝ ʬʫʥʢʮʠʠ ʚʪʦʨʠʯʥʳʭ ʚʝʱʝʩʪʚ ʚ ʠʥʪʘʢʪʥʦʤ ʨʘʩʪʝʥʠʠ ʜʦ ʢʦʥʮʘ 
ʥʝ ʠʟʫʯʝʥʳ, ʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟ ʥʠʭ ʦʩʥʦʚʥʦʡ ʬʫʥʢʮʠʝʡ ʷʚʣʷʝʪʩʷ ʟʘʱʠʪʘ ʨʘʩʪʝʥʠʡ ʦʪ ʨʘʟʣʠʯʥʳʭ 
ʩʪʨʝʩʩʦʚʳʭ ʬʘʢʪʦʨʦʚ, ʪʦ ʝʩʪʴ ʦʥʠ ʠʛʨʘʶʪ ʨʝʛʫʣʷʪʦʨʥʫʶ ʨʦʣʴ, ʦʙʝʩʧʝʯʠʚʘʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʦʨʛʘ-
ʥʠʟʤʘ. ʂʣʝʪʢʠ ʚ ʫʩʣʦʚʠʷʭ in vitro ï ʵʪʦ ʥʦʚʦʝ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩʦʟʜʘʥʥʘʷ ʙʠʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ, 
ʦʩʦʙʝʥʥʦʩʪʠ ʢʦʪʦʨʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʫʥʢʮʠʠ ʚʪʦʨʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʠ, ʝʱʝ ʤʘʣʦ ʠʟʫʯʝʥʳ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʠʥʦʛʜʘ ʫ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʤ ʦʙʤʝʥʝ ʧʦʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʝ 
ʜʣʷ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʠ ʨʘʥʥʠʭ ʛʨʫʧʧ ʨʘʩʪʝʥʠʡ ʠʣʠ ʶʚʝʥʠʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʷ. ʅʝʜʦʩʪʘʪʦʢ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʥʘʥʠʡ ʦʯʝʥʴ ʪʦʨʤʦʟʠʪ ʨʘʟʚʠʪʠʝ ʪʝʭʥʦʣʦʛʠʠ ʢʫʣʴʪʠʚʠʨʫʝʤʳʭ ʢʣʝʪʦʢ [1]. 

ʃʝʯʝʙʥʳʝ ʩʚʦʡʩʪʚʘ ʢʘʣʝʥʜʫʣʳ ʦʙʫʩʣʦʚʣʝʥʳ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʬʣʘʚʦʥʦʠʜʦʚ, ʢʦʪʦʨʳʝ ʦʪʥʦ-
ʩʷʪʩʷ ʢ ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʣʘʩʩʦʚ ʧʨʠʨʦʜʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [2-5].   

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʚ ʠʟʫʯʝʥʠʠ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʨʘʩʪʝʥʠʡ çin vitroè 
ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ, ʘ ʟʘʪʝʤ  ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ 
ʙʠʦʩʠʥʪʝʟʫ ʠʩʢʦʤʳʭ ʚʝʱʝʩʪʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʦʚ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʡ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 
ʩʦʩʪʘʚʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʭ ʩʪʘʥʜʘʨʪʥʳʭ ʩʨʝʜ ʧʦ ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ, ʐʝʥʢʫ-ʍʠʣʴʜʝʥʙʨʘʜʫ, ɻʘʤʙʦʨʛʫ-
ʕʚʝʣʝʛʫ ʠ ʋʘʡʪʫ. ɺ ʢʘʯʝʩʪʚʝ ʵʢʩʧʣʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʝʤʷʜʦʣʴʥʳʝ ʣʠʩʪʴʷ ʘʩʝʧʪʠʯʝʩʢʠʭ ʧʨʦʨʦʩʪʢʦʚ ʠ 
ʠʩʩʣʝʜʦʚʘʣʠ ʩʧʦʩʦʙʥʦʩʪʴ ʠʭ ʢ ʢʘʣʣʫʩʦʛʝʥʝʟʫ (ʨʠʩ.1). ɺ ʢʘʯʝʩʪʚʝ ʬʠʪʦʛʦʨʤʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 2,4-ɼ 1 
ʤʛ/ʣ ʠ ɹɸʇ 0,1 ʤʛ/ʣ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʦʚ (ʨʠʩ.2) ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦʡ ʜʣʷ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ 
ʢʘʣʝʥʜʫʣʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʩʨʝʜʘ ʄʫʨʘʩʠʛʝ ï ʉʢʫʛʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 
ʚʳʷʚʣʝʥʠʶ ʚʣʠʷʥʠʷ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦ ʩʨʝʜʦʡ ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ. 

ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʩʨʘʚʥʠʪʝʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʢʘʣʣʫʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 
ʵʢʩʧʣʘʥʪʦʚ Calendula officinalis L. ʕʢʩʧʣʘʥʪʳ ʠʟ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʦʚ (ʣʠʩʪʦʚʳʝ ʧʣʘʩʪʠʥʢʠ, ʯʝʨʝʰʦʢ ʣʠ-
ʩʪʘ, ʚʝʨʭʫʱʝʯʥʘʷ ʧʦʯʢʘ) ʢʫʣʴʪʠʚʠʨʦʚʘʣʠ ʥʘ ʩʨʝʜʝ ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2,0 ʤʛ/ʣ 2,4-ɼ ʠ 0,5 
ʤʛ/ʣ ʢʠʥʝʪʠʥʘ. ʕʢʩʧʣʘʥʪʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʝ, ʚ ʪʝʤʥʦʪʝ ʧʨʠ 280ʉ [2]. ɺ ʪʘʙʣʠʮʝ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʢʘʣʣʫʩʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʘʥʪʦʚ.  

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ.1), ʚʩʝ ʦʨʛʘʥʳ ʨʘʩʪʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʘʟʣʠʯʥʦʡ ʢʘʣʣʫʩʦ-
ʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʘʷ ʠʥʜʫʢʮʠʷ ʧʨʦʮʝʩʩʘ ʢʘʣʣʫʩʦʛʝʥʝʟʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʫ 
ʵʢʩʧʣʘʥʪʦʚ ʯʝʨʝʰʢʘ ʣʠʩʪʘ ʠ ʚʝʨʭʫʰʝʯʥʦʡ ʧʦʯʢʠ, ʫ ʢʦʪʦʨʳʭ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʞʝ ʥʝʜʝʣʠ ʢʫʣʴʪʠʚʠʨʦʚʘ-
ʥʠʷ ʢʘʣʣʫʩʦʦʙʨʘʟʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʩʪʠʛʣʘ 24,6 ʠ 80% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʚ ʪʝʯʝʥʠʝ 
28 ʩʫʪʦʢ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʣʦʩʴ 100%-ʥʦʝ ʢʘʣʣʫʩʦʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʩʣʝʜʫʝʪ ʦʩʦ-
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ʙʦ ʚʳʜʝʣʠʪʴ ʵʢʩʧʣʘʥʪʳ ʚʝʨʭʫʰʝʯʥʦʡ ʧʦʯʢʠ, ʫ ʢʦʪʦʨʳʭ 100% ʦʙʨʘʟʦʚʘʥʠʝ ʢʘʣʣʫʩʦʚ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʝ-
ʯʝʥʠʝ 14 ʩʫʪʦʢ. 

 

 
 
ʉʡʪ. 1. ɻʤʡʸʦʡʞ ʩʙʠʤʡʰʦʴʮ ʪʩʞʝ ʦʙ ʣʙʤʤʬʪʧʜʞʦʞʠ ʪʞʥʸʝʧʤʵʦʴʮ ʤʡʪʫʵʞʛ ʣʙʤʞʦʝʬʤʴ 
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ʊʩʙʛʦʡʫʞʤʵʦʙʸ ʣʙʤʤʬʪʧʧʚʩʙʠʬʷʲʙʸ ʪʨʧʪʧʚʦʧʪʫʵ ʶʣʪʨʤʙʦʫʧʛ ʡʠ ʩʙʠʤʡʰʦʴʮ ʧʩʜʙʦʧʛ ʛ (%) 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʢʫʣʴ-
ʪʠʚʠʨʦʚʘʥʠʷ, ʩʫʪʢʠ 

ɺʝʨʭʥʷʷ 
ʯʘʩʪʴ 
ʣʠʩʪʘ 

ʉʨʝʜʥʷʷ 
ʯʘʩʪʴ ʣʠʩʪʘ 

ʆʩʥʦʚʘʥʠʷ 
ʣʠʩʪʘ 

ʏʝʨʝʰʦʢ 
ʣʠʩʪʘ 

ɺʝʨʭʫʰʝʯʥʘʷ 
ʧʦʯʢʘ 

7 4,1 3,7 1,0 30 80,0 

14 50,0 44,4 85,0 60 90 

21 83,3 81,5 93,0 95 100 

28 91,7 88,9 95,0 100 100 

 
ʇʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʧʨʠʨʦʩʪʘ ʙʠʦʤʘʩʩʳ ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʝʡ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʘʥʪʦʚ (ʣʠ-

ʩʪʦʚʳʝ ʧʣʘʩʪʠʥʢʠ, ʯʝʨʝʰʦʢ ʣʠʩʪʘ, ʚʝʨʭʫʰʝʯʥʘʷ ʧʦʯʢʘ). ɼʣʷ ʢʘʣʣʫʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʨʝʜʘ 
ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 2,0 ʤʛ/ʣ 2,4-ɼ ʠ 0,5 ʤʛ/ʣ ʢʠʥʝʪʠʥʘ. ʇʦʩʘʜʢʫ ʚʝʣʠ ʢʘʣʣʫʩʘʤʠ ʦʜʠʥʘʢʦʚʦ-
ʛʦ ʚʝʩʘ. ʂʦʥʪʨʦʣʴ ʧʨʠʨʦʩʪʘ ʧʨʦʚʦʜʠʣʠ ʢʘʞʜʳʝ 5 ʩʫʪʦʢ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʜʠʥʘʤʠʢʝ 
ʨʦʩʪʘ ʢʘʣʣʫʩʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʣʘʥʪʦʚ (ʨʠʩ.3). 

 

 
 

ʉʡʪ. 3. ʀʙʛʡʪʡʥʧʪʫʵ ʨʩʡʩʧʪʫʙ ʚʡʧʥʙʪʪʴ ʧʫ ʨʩʧʡʪʮʧʟʝʞʦʡʸ ʶʣʪʨʤʙʦʫʙ 
 
ʇʨʠ ʧʦʜʙʦʨʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ ʪʢʘʥʝʡ ʠʛʨʘʝʪ ʥʘʣʠ-

ʯʠʝ ʬʠʪʦʛʦʨʤʦʥʦʚ ʛʨʫʧʧ ʘʫʢʩʠʥʦʚ ʠ ʮʠʪʦʢʠʥʠʥʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʫʢʩʠʥʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʝʛʦ ʩʠʥʪʝʪʠʯʝ-
ʩʢʠʡ ʘʥʘʣʦʛ -2,4-ʜʠʭʣʦʨʬʝʥʦʢʩʠʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ (2,4-ɼ), ʘ ʚʤʝʩʪʦ ʮʠʪʦʢʠʥʠʥʘ 6-ʬʫʨʬʫʨʠʣʘʤʠʥʦʧʫʨʠʥ 
(ʢʠʥʝʪʠʥ). 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ 2,4-ɼ ʥʘ ʧʨʠʨʦʩʪ ʙʠʦʤʘʩʩʳ ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʝʡ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʦʜʥʦʬʘʢ-
ʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʆʧʳʪ ʧʦʩʪʘʚʣʝʥ ʩ ʧʝʨʚʠʯʥʳʤʠ ʢʘʣʣʫʩʘʤʠ. ʇʦʩʘʜʢʫ ʚʝʣʠ ʢʘʣʣʫʩʘʤʠ ʦʜʠʥʘʢʦʚʦʛʦ 
ʚʝʩʘ ʥʘ ʩʨʝʜʫ ʄʫʨʘʩʠʛʝ-ʉʢʫʛʘ, ʩʦʜʝʨʞʘʱʫʶ 0,1 ʤʛ/ʣ 2,4-ɼ. ʂʦʥʮʝʥʪʨʘʮʠʷ 2,4-ɼ ʚ ʩʨʝʜʝ ʠʟʤʝʥʷʣʘʩʴ ʦʪ 
0,5 ʜʦ 2,0 ʤʛ/ʣ (ʨʠʩ. 4). 

ʅʘ ʩʨʝʜʝ ʄS ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 2,4-ɼ ʠʜʝʪ ʨʦʩʪ ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʝʡ ʠ ʦʙʨʘʟʫʶʪʩʷ ʤʦʨʬʦʛʝʥʥʳʝ 
ʢʘʣʣʫʩʳ, ʘ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 2,4-ɼ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʩʥʦʚʥʦʤ ʨʳʭʣʳʭ ʢʘʣʣʫʩʦʚ. ʇʨʠ 
ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʨʝʜʝ ʦʪ 1,0 ʜʦ 2,0 ʤʛ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʨʦʩʪʘ ʢʘʣʣʫ-
ʩʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 2,4-ɼ ʚ ʩʨʝʜʝ ʜʣʷ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ ʪʢʘʥʝʡ-
1,0 ʤʛ/ʣ. 
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ʉʡʪ. 4. ɻʤʡʸʦʡʞ 2,4-ɽ ʦʙ ʨʩʡʩʧʪʫ ʚʡʧʥʙʪʪʴ 
 
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʠʥʝʪʠʥʘ ʥʘ ʧʨʠʨʦʩʪ ʢʘʣʣʫʩʥʦʡ ʙʠʦʤʘʩʩʳ ʪʘʢʞʝ ʙʳʣ ʧʦʩʪʘʚʣʝʥ ʦʜʥʦ-

ʬʘʢʪʦʨʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʥʘ ʩʨʝʜʝ ʄS, ʩʦʜʝʨʞʘʱʝʡ ʦʪ 0 ʜʦ 1,0 ʤʛ/ʣ ʢʠʥʝʪʠʥʘ (ʨʠʩ.5). 
 

 
 

ʉʡʪ. 5. ɻʤʡʸʦʡʞ ʣʡʦʞʫʡʦʙ ʦʙ ʨʩʡʩʧʪʫ ʚʡʧʥʙʪʪʴ ʣʙʤʤʬʪʦʴʮ ʫʣʙʦʞʢ 
 
ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʥʝʪʠʥʘ ʚ ʩʨʝʜʝ ʦʪ 0 ʜʦ 0,4 ʤʛ/ʣ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʩʳ 

ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʝʡ, ʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪ 0,5 ʜʦ 2,0 ʤʛ/ʣ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʘʚʣʝ-
ʥʠʝ ʨʦʩʪʘ ʢʘʣʣʫʩʦʚ. ɺʳʷʚʣʝʥʦ ʜʦʩʪʦʚʝʨʥʦʝ  ʨʘʟʣʠʯʠʝ ʧʦ ʨʦʩʪʫ ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʝʡ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ 0 ʠ 
0,5 ʤʛ/ʣ; 0,5 ʠ 2,0ʤʛ/ʣ ʢʠʥʝʪʠʥʘ  ʚ ʩʨʝʜʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʠʣʫʯʰʝʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʥʝʪʠʥʘ ʜʣʷ ʨʦʩʪʘ 
ʢʫʣʴʪʫʨʳ ʪʢʘʥʠ ʢʘʣʝʥʜʫʣʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʷʚʣʷʝʪʩʷ 0,5 ʤʛ/ʣ. 

ʀʟʫʯʠʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʬʠʪʦʛʦʨʤʦʥʘ, ʥʘʤ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥ-
ʮʝʥʪʨʘʮʠʶ ʜʣʷ ʨʦʩʪʘ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʜʣʷ ʜʝʣʝʥʠʷ ʢʣʝʪʦʢ ʷʚ-
ʣʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʘʫʢʩʠʥʦʚ ʠ ʮʠʪʦʢʠʥʠʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʫʪʦʯʥʠʪʴ, ʩʦʭʨʘʥʷʝʪʩʷ ʣʠ 
ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʬʠʪʦʛʦʨʤʦʥʦʚ ʥʘ ʨʦʩʪ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ ʧʨʠ ʚʥʝʩʝʥʠʠ ʚ ʧʠʪʘʪʝʣʴʥʫʶ ʩʨʝʜʫ ʨʘ-
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ʥʝʝ ʦʧʨʝʜʝʣʸʥʥʳʭ ʥʘʤʠ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 2,4 ïɼ ʠ ʢʠʥʝʪʠʥʘ. ʇʦʵʪʦʤʫ ʤʳ ʧʨʦʚʝʣʠ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʥʘ ʨʦʩʪ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ ʩʦʚʦʢʫʧʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʫʢʩʠʥʦʚ ʠ 
ʮʠʪʦʢʠʥʠʥʦʚ. 

ʈʦʩʪ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ ʥʘ ʜʘʥʥʦʡ ʩʨʝʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʦʩʪʘ ʧʨʠ ʨʘʟʜʝʣʴ-
ʥʦʤ ʚʥʝʩʝʥʠʠ 2,4-ɼ ʠ ʢʠʥʝʪʠʥʘ ʠ ʫʞʝ ʥʘ 5-ʦʡ ʥʝʜʝʣʝ ʈʀ ʜʦʩʪʠʛʘʝʪ ʩʚʦʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 16 (ʨʠʩ. 
6). ɼʘʣʝʝ, ʧʦʩʣʝ 6-ʪʠ ʥʝʜʝʣʴ ʢʫʣʴʪʠʚʠʨʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚ ʨʦʩʪʝ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʠ ʥʝ 
ʥʘʙʣʶʜʘʝʪʩʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1 ʤʛ/ʣ 
2,4-ɼ ʠ 0,5ʤʛ/ʣ ʢʠʥʝʪʠʥʘ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ ʪʢʘʥʠ Calendula officinalis L. 

 

 
ʉʡʪ. 6. ɽʡʦʙʥʡʣʙ ʩʧʪʫʙ ʣʙʤʤʬʪʦʧʢ ʫʣʙʦʡ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ 

ʩ ʧʦʣʫʯʝʥʥʦʡ ʢʘʣʣʫʩʥʦʡ ʪʢʘʥʴʶ   Calendula officinalis L. 
ɻʴʛʧʝʴ.  
- ʈʝʟʫʣʴʪʘʪʳ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʴʰʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʙʠʦ-

ʤʘʩʩʳ ʢʘʣʣʫʩʥʳʭ ʪʢʘʥʝʡ ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʝʡ ʣʠʩʪʘ, ʧʨʝʚʳʰʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʠʟ ʪʢʘʥʝʡ, 
ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʯʝʨʝʰʢʘ ʠ ʚʝʨʭʫʰʝʯʥʦʡ ʧʦʯʢʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʣʫʯʰʠʤ ʦʨʛʘʥʦʤ ʜʣʷ ʢʘʣʣʫʩʦʦʙʨʘʟʦ-
ʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʣʠʩʪʴʷ. 

- ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʨʝʜʘ ʄʫʨʘʩʠʛʝ ʠ ʉʢʫʛʘ, ʩ ʜʦʙʘʚʣʝʥʠʝʤ 1,5 ʤʛ/ʣ. 2,4 ïɼ ʠ 1,0 ʤʛ/ʣ. ʢʠʥʝʪʠʥʘ 
ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʦʡ ʜʣʷ ʨʦʩʪʘ ʢʫʣʴʪʫʨʳ ʪʢʘʥʠ ʢʘʣʝʥʜʫʣʳ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʦʜʝʨʞʘʱʝʡ ʙʠʦʣʦʛʠʯʝʩʢʠ 
ʘʢʪʠʚʥʳʝ ʬʣʘʚʦʥʦʠʜʳ. 
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ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ 

ʩʪʫʜʝʥʪʳ 
ʌʠʣʠʘʣ ʌɻɹʆʋ ɺʆ çʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ʆʜʥʦʡ ʠʟ ʪʝʥʜʝʥʮʠʡ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʦʤʘʰʠʥʦʩʪʨʦʝʥʠʠ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦ-
ʢʦʯʘʩʪʦʪʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʚʠʛʘʪʝʣʝʡ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʊʘʢʠʝ ʤʘʰʠʥʳ ʠʤʝʶʪ ʤʝʥʴʰʠʝ ʛʘʙʘʨʠʪʳ ʠ 
ʤʝʥʴʰʫʶ ʩʪʦʠʤʦʩʪʴ ʜʘʞʝ ʧʨʠ ʫʩʣʦʚʠʠ ʧʠʪʘʥʠʷ ʦʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʯʘʩʪʦʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ. ʆʜʥʘʢʦ ʚ 
ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩ-
ʧʦʣʴʟʦʚʘʪʴ ʫʞʝ ʚʳʧʫʩʢʘʶʱʠʝʩʷ ʩʝʨʠʡʥʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʠ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ, ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʠ 
ʩʪʦʠʤʦʩʪʠ ʧʨʠ ʧʠʪʘʥʠʠ ʠʭ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦʪʦʡ. ʀʩʩʣʝʜʦʚʘʥ ʨʷʜ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʘʩʠʥʭʨʦʥʥʳʭ 
ʜʚʠʛʘʪʝʣʝʡ ʩʝʨʠʠ ɸʀʈ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʫʩʣʦʚʠʷʭ ʧʠʪʘʥʠʷ ʧʦʚʳʰʝʥʥʦʡ ʯʘʩʪʦ-
ʪʦʡ ʨʘʩʯʝʪʥʦʛʦ ʥʦʤʠʥʘʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ ʬʘʟ 
ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ. ʇʨʦʠʟʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ ʧʣʘʥʠʨʫʝʤʦʡ ʩʪʦʠʤʦʩʪʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʭ ʵʣʝʢʪʨʦʜʚʠʛʘ-
ʪʝʣʝʡ ʩʝʨʠʠ ɸʀʈ ʩ ʨʷʜʦʤ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʭ ʘʥʘʣʦʛʦʚ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʘʩʠʥʭʨʦʥʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʦʙʤʦʪʢʘ ʩʪʘʪʦʨʘ, ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ, ʯʘʩʪʦʪʘ 
ʚʨʘʱʝʥʠʷ, ʚʦʣʴʪ-ʯʘʩʪʦʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. 
 

MODERNIZATION OF THE SYSTEM OF FREQUENCY-REGULATED ELECTRIC DRIVE WITH AN 
ASYNCHRONOUS MOTOR WITH THE PURPOSE OF INCREASE TECHNICAL AND ECONOMIC 
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Abstract: One of the trends in modern electric motor building is the use of high-frequency electric motors. 
Such motors have smaller dimensions and lower cost, even if powered by a special frequency converter. 
However, under the conditions of using a frequency-controlled asynchronous electric drive, it is possible to use 
the already produced serially electric motors of lower power, speed and cost when fed at an increased fre-
quency. A number of serially produced asynchronous motors of the AIR series were investigated to determine 
their characteristics in conditions of feeding with an increased frequency of the rated rated voltage with a mul-
tiple increase in the number of parallel branches of the phases of the stator winding. A comparison of the 
planned cost of the modernized electric motors of the AIR series with a number of commercially available ana-
logues is made. 
Keywords: asynchronous motor, stator winding, number of parallel branches, speed, volt-frequency charac-
teristic. 

 
ʏʘʩʪʦʪʥʦ ʨʝʛʫʣʠʨʫʝʤʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ (ʏʈʕ) ʩ ʘʩʠʥʭʨʦʥʥʳʤʠ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʤʠ ʵʣʝʢʪʨʦ-

ʜʚʠʛʘʪʝʣʷʤʠ (ʕɼ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʝʦʙ-
ʨʘʟʦʚʘʪʝʣʠ ʯʘʩʪʦʪʳ (ʇʏ) ʠʤʝʶʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʜʦ 600ɻʮ ʠ ʨʝʘʣʠʟʘʮʠʶ 
ʬʫʥʢʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʦʣʴʪ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ (ɺʏʍ) ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ 
ʠ ʵʣʝʢʪʨʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʚʦʜʘ [1].  

   ɼʘʥʥʳʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʦʪʨʝʪʴ ʨʝʘʣʠʟʘʮʠʶ ʏʈʕ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʠ 
ʫʧʨʘʚʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʝʤ ʟʘ ʩʯʝʪ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʚ ʩʭʝʤʫ ʧʦʜʢʣʶʯʝʥʠʷ ʩʝʢʮʠʦʥʥʳʭ ʛʨʫʧʧ ʬʘʟ ʦʙ-
ʤʦʪʢʠ ʩʪʘʪʦʨʘ (ʆʉ) ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʤʥʦʛʦʧʦʣʶʩʥʦʛʦ ʘʩʠʥʭʨʦʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ (ɸɼ), ʧʦʚʳʰʘʷ ʪʝʤ 
ʩʘʤʳʤ ʝʛʦ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʠ ʤʦʱʥʦʩʪʴ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʕɼ ʰʠʨʦʢʦ ʧʨʠʤʝ-
ʥʷʝʤʦʡ ʩʝʨʠʠ ɸʀʈ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʪʦʨʳʭ ʚ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʣʶʩʥʦʩʪʠ ʦʙʤʦʪʢʠ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦʜ-
ʰʠʧʥʠʢʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ (ʏɺ) ʥʝ ʤʝʥʝʝ 3000 ʦʙ/ʤʠʥ  [2] ʠ ʜʘʥʥʘʷ ʚʝʣʠʯʠʥʘ ʚ ʨʘʙʦ-
ʪʝ ʙʫʜʝʪ ʩʯʠʪʘʪʴʩʷ ʧʨʝʜʝʣʴʥʦʡ ʥʦʤʠʥʘʣʴʥʦʡ ʩʠʥʭʨʦʥʥʦʡ ʏɺ ʜʣʷ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ. 

ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ f1 ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʠʥʭʨʦʥʥʘʷ ʏɺ ʜʚʠʛʘʪʝʣʷ n ʠ 
ʕɼʉ ʚ ʚʠʪʢʘʭ ʩʝʢʮʠʦʥʥʳʭ ʛʨʫʧʧ ʬʘʟʳ ʆʉ Eʉɻ [3]: 

p

f
n

1
= ,    m

kWfE ʌ2
ʆɹ1ʉɻ1ʉɻ

p= ,     (1, 2) 

ʛʜʝ p ï ʯʠʩʣʦ ʧʘʨ ʧʦʣʶʩʦʚ ʥʘ ʬʘʟʫ, Wʉɻ ï ʯʠʩʣʦ ʚʠʪʢʦʚ ʚ ʩʝʢʮʠʦʥʥʦʡ ʛʨʫʧʧʝ, kʆɹ1 ï ʦʙʤʦʪʦʯʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʩʪʘʪʦʨʘ, ʌm ï ʘʤʧʣʠʪʫʜʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʪʦʢʘ. ʇʨʝʥʝʙʨʝʛʘʷ ʧʘʜʝʥʠʝʤ 
ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʦʙʤʦʪʢʠ ʠ ʩʯʠʪʘʷ Eʉɻ å Uʉɻ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʟʥʘʯʝʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʥʝʦʙ-
ʭʦʜʠʤʦ ʩʦʙʣʶʜʝʥʠʝ ʫʩʣʦʚʠʷ: 

const
kWf

U
m

=º

ʆɹ1ʉɻ1

ʉɻ

2
ʌ

p
,     (3) 

ʛʜʝ Uʉɻ ï ʥʘʧʨʷʞʝʥʠʝ, ʧʨʠʢʣʘʜʳʚʘʝʤʦʝ ʢ ʦʜʥʦʡ ʩʝʢʮʠʦʥʥʦʡ ʛʨʫʧʧʝ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦ-
ʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ (ʏʇɺ) ʦʙʤʦʪʢʠ a ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ f1, ʧʦʩʢʦʣʴ-
ʢʫ: 

ʩʣ

1ʌ

ʉɻ
pn

aU
U = ,       (4) 

ʛʜʝ Uʌ1 ï ʥʘʧʨʷʞʝʥʠʝ ʬʘʟʳ ʩʪʘʪʦʨʘ, nʩʣ - ʯʠʩʣʦ ʩʣʦʸʚ ʆʉ. ʇʦʩʢʦʣʴʢʫ ʚ ʜʚʠʛʘʪʝʣʷʭ ʩʝʨʠʠ ɸʀʈ 
ʪʦʣʱʠʥʘ ʧʘʟʦʚʦʡ ʠʟʦʣʷʮʠʠ ʠ ʠʟʦʣʷʮʠʠ ʦʙʤʦʪʦʯʥʳʭ ʧʨʦʚʦʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʜʠʘʧʘʟʦʥʘ 
ʚʳʩʦʪ ʚʨʘʱʝʥʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʜʣʷ  ʤʘʰʠʥ ʩ ʨʘʟʣʠʯʥʳʤ ʏʇɺ [2], ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʨʘʟʫʶʱʝʝʩʷ 
ʧʨʝʚʳʰʝʥʠʝ ʤʝʞʚʠʪʢʦʚʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʝ ʚʳʟʳʚʘʝʪ ʝʸ ʧʨʦʙʦʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʚ ʦʙʤʦʪʢʝ ʩ ʘ = 1 
ʩʦʝʜʠʥʝʥʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʩʝʢʮʠʦʥʥʳʝ ʛʨʫʧʧʳ ʚ ʣʦʙʦʚʳʭ ʯʘʩʪʷʭ ʧʝʨʝʩʦʝʜʠʥʠʪʴ ʥʘ ʙʦʣʴʰʝʝ ʏʇɺ 
(ʚ ʧʨʝʜʝʣʘʭ ʜʦʧʫʩʪʠʤʦʛʦ) ʠ ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʧʠʪʘʶʱʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚ ʢʨʘʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ, ʪʦ 
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ʦʙʱʘʷ ʕɼʉ ʠ ʥʝʦʙʭʦʜʠʤʦʝ ʥʦʤʠʥʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʬʘʟʳ ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 
ʈʝʘʣʠʟʘʮʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʇʏ ʬʫʥʢʮʠʠ ʩʚʦʙʦʜʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ɺʏʍ ʧʦʟʚʦʣʷʝʪ ʚ ʜʠʘʧʘʟʦʥʝ f1 Ò 

f1ʥʦʤ ʥʘʩʪʨʘʠʚʘʪʴ ʣʶʙʫʶ ʧʨʦʛʨʘʤʤʠʨʫʝʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ U1/f1, ʧʨʠʯʝʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʦʜʝʨʥʠ-
ʟʘʮʠʠ ʏʈʕ ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʯʠʩʣʦ ʨʘʟ, ʢʨʘʪʥʦʝ ʫʚʝ-
ʣʠʯʝʥʠʶ ʏʇɺ, ʘ ʧʘʨʘʤʝʪʨʳ IR-ʢʦʤʧʝʥʩʘʮʠʠ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʚ ʬʫʥʢʮʠʠ ʘʚʪʦʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝ-
ʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʚʠʛʘʪʝʣʷ [4]. 

ʇʨʠʤʝʨ ʧʝʨʝʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʏʇɺ ʚ ʬʘʟʝ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʨʘʙʦʪʫ ʩ ʠʟʤʝʥʝʥʥʦʡ ɺʏʍ 
ʥʘ ʧʨʠʤʝʨʝ ɸɼ ɸʀʈ160S6 ʧʨʠ ʝʛʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘ ʏɺ n = 3000 ʦʙ/ʤʠʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʘʨʘʤʝʪʨʘʤʠ 
ʝʛʦ ʆʉ [2] ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.1. 

 

 
 

ʉʡʪ. 1. ʊʮʞʥʙ ʨʞʩʞʪʧʞʝʡʦʞʦʡʸ ʪʞʣʯʡʧʦʦʴʮ ʜʩʬʨʨ ʭʙʠʴ ʧʚʥʧʫʣʡ ʪʫʙʫʧʩʙ 
  
ʊʘʢ ʢʘʢ ʩʝʯʝʥʠʝ ʧʨʦʚʦʜʥʠʢʦʚ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʚ ʤʦʜʝʨʥʠʟʠʨʫʝʤʳʭ ɸɼ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʦʧʫʩʪʠʤʦʡ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʘ ʦʙʱʠʡ ʪʦʢ ʬʘʟʳ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 1, ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʏʇɺ, 
ʥʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʤʘʰʠʥʳ Pʥʦʤ ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʚ ʢʨʘʪʥʦʝ ʯʠʩʣʦ ʨʘʟ. ɼʦʧʫʩʪʠʤʦʩʪʴ ʪʘʢʦʛʦ 
ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʝ [5]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʰʠʨʝʥʥʳʭ ʠʩʭʦʜ-
ʥʳʭ ʜʘʥʥʳʭ [2] ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦ ʩʭʝʤʥʳʤ ʤʦʜʝʣʷʤ ɸɼ ʩ ʂɿ-ʨʦʪʦʨʦʤ, ʙʘʟʠ-
ʨʫʶʱʘʷʩʷ ʥʘ ʤʝʪʦʜʠʢʝ [6]. ʄʦʜʝʣʠʨʦʚʘʣʘʩʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʤʦʜʝʨʥʠʟʘʮʠʷ ʩʭʝʤʳ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ 
ɸɼ ɸʀʈ160S6 ʩ ʠʟʤʝʥʝʥʠʝʤ Pʥʦʤ = 11 ʢɺʪ ʜʦ Pôʥʦʤ = 33 ʢɺʪ ʠ ʢʨʘʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʩʠʥʭʨʦʥʥʦʡ ʏɺ ʩ n = 
1000 ʦʙ/ʤʠʥ ʧʨʠ f1 = 50 ɻʮ ʜʦ nô = 3000 ʦʙ/ʤʠʥ ʧʨʠ f1ô= 150 ɻʮ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʏʇɺ ʩ a = 1 ʜʦ aô=3. ɺʳʷʚ-
ʣʝʥʥʳʡ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʧʝʨʝʛʨʝʚ ʦʙʤʦʪʦʢ ʢʦʤʧʝʥʩʠʨʦʚʘʣʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘ-
ʜʠ ʦʭʣʘʞʜʘʶʱʠʭ ʨʝʙʝʨ ʚ 2 ʨʘʟʘ ʟʘ ʩʯʝʪ ʧʨʠʩʪʨʦʝʥʥʳʭ ʨʘʜʠʘʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʘʙʦʯʠʭ ʭʘʨʘʢ-
ʪʝʨʠʩʪʠʢ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ ʜʚʠʛʘʪʝʣʝʤ ɸʀʈ160S6 ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʘ ʪʘʢʞʝ ʩ ʘʥʘʣʦʛʘʤʠ ɸɼ ʩ 
ʩʠʥʭʨʦʥʥʦʡ ʏɺ n = 3000 ʦʙ/ʤʠʥ ʠ ʙʣʠʟʢʦʡ ʢ ʨʘʩʯʝʪʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 1. 

ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʪʘʙʣ. 1, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʡ ɸɼ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪ-
ʨʦʚ ɺʏʍ ʇʏ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʥʦʤʠʥʘʣʴʥʳʡ ʂʇɼ ɖʥʦʤ ʠ ʂʇɼ ʧʨʠ ʟʘʛʨʫʟʢʝ 50% ɖ0,5 (ʷʚʣʷʶʱʝʡʩʷ 
ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʧʨʠ ʨʘʙʦʪʝ ʏʈʕ), ʯʝʤ ʜʚʠʛʘʪʝʣʴ ʜʦ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠ ʘʥʘʣʦʛʠ (ʫʚʝʣʠʯʝʥʠʝ ʂʇɼ ʥʘ 
3%). ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʥʦʤʠʥʘʣʴʥʦʛʦ ʩʢʦʣʴʞʝʥʠʷ sʥʦʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ ʪʝʧʣʦʚʳʭ 
ʧʦʪʝʨʴ. ʊʘʢʞʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʦʛʘʤʠ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʩʠʥʭʨʦʥʥʦʡ ʏɺ, ɸʀʈ160S6ʇʏ150 ʠʤʝʝʪ 
ʤʝʥʴʰʠʝ ʤʘʩʩʦ-ʛʘʙʘʨʠʪʥʳʝ ʧʦʢʘʟʘʪʝʣʠ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʦʙʱʝʡ ʤʘʩʩʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʠ ʙʳʩʪ-
ʨʦʜʝʡʩʪʚʠʷ ʏʈʕ. 
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ʋʙʚʤʡʯʙ 1 
ʊʩʙʛʦʞʦʡʞ ʫʞʮʦʡʰʞʪʣʡʮ ʨʙʩʙʥʞʫʩʧʛ ɹɽ ʝʧ ʡ ʨʧʪʤʞ ʥʧʝʞʩʦʡʠʙʯʡʡ 
ʧʚʥʧʫʣʡ ʪʫʙʫʧʩʙ, ʙ ʫʙʣʟʞ ʪ ʙʦʙʤʧʜʙʥʡ ʪʞʩʡʢʦʧ ʛʴʨʬʪʣʙʞʥʴʮ ʥʙʱʡʦ  

ʊʝʭʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɸʀʈ160S6 
ɸʀʈ160S6 
ʇʏ150 

ɸʀʈ180ʄ2 ɸʀʈ200ʄ2 

ʏʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʝʪʚʝʡ a, ʰʪ 1 3 2 2 

ʏʘʩʪʦʪʘ ʩʝʪʠ f1, ɻʮ 50 150 50 50 

ʅʦʤʠʥʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ Pʥʦʤ, ʢɺʪ 11 33 30 37 

ʅʦʤʠʥʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ, ʩ-1 970 2967 2950 2950 

ʅʦʤʠʥʘʣʴʥʦʝ ʩʢʦʣʴʞʝʥʠʝ sʥʦʤ, ʦ.ʝ. 0,03 0,011 0,017 0,017 

ʅʦʤʠʥʘʣʴʥʳʡ ʂʇɼ ɖʥʦʤ, ʦ.ʝ. 0,875 0,944 0,914 0,915 

ʂʇɼ ʧʨʠ ʟʘʛʨʫʟʢʝ 50% ɖ0,5, ʦ.ʝ. 0,89 0,94 0,91 0,91 

ʅʦʤʠʥʘʣʴʥʳʡ cosűʥʦʤ, ʦ.ʝ. 0,82 0,76 0,9 0,88 

ʄʘʩʩʘ G, ʢʛ 116 118 170 230 

ʄʦʤʝʥʪ ʠʥʝʨʮʠʠ, ʢʛȚʤ2 0,05 0,05 0,07 0,14 

ʉʪʦʠʤʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ, ʪ.ʨʫʙ 26,7 40,0 41,3 51,8 

ʇʝʨʠʤʝʪʨ ʨʝʙʝʨ ʩʪʘʥʠʥʳ, ʤ 0,32 0,64 - - 

ʊʝʤʧʝʨʘʪʫʨʘ ʦʙʤʦʪʦʢ (ʢʣʘʩʩ F), ÁC 135 142 - - 

 
ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʤʦʜʝʨʥʠʟʘʮʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʠʟʢʠʡ cosű, ʯʪʦ ʤʝʥʝʝ ʧʨʠʦʨʠʪʝʪʥʦ, ʯʝʤ ʙʦʣʝʝ ʚʳ-

ʩʦʢʠʡ ʂʇɼ [6], ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʡ ʧʝʨʝʛʨʝʚ ʤʘʰʠʥʳ, ʪʨʝʙʫʶʱʠʡ ʫʚʝʣʠʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʭʣʘ-
ʞʜʝʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʚʦʜʠʤʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʝʪʦʜ ʦʮʝʥʢʠ ʟʘʪʨʘʪ ʧʨʠ 
ʢʘʧʠʪʘʣʴʥʦʤ ʨʝʤʦʥʪʝ ɸɼ [7]. ʉʪʦʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʩʭʦʜʷ ʠʟ ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʝʨʝʯʥʷ 
ʪʨʝʙʫʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ [8], ʘ ʪʘʢʞʝ ʙʘʟʦʚʦʡ ʩʪʦʠʤʦʩʪʠ ʫʩʣʫʛ ʧʦ ʢʘʧʠʪʘʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʬʠʨʤʘʤʠ-ʧʦʜʨʷʜʯʠʢʘʤʠ, ʩ ʫʯʝʪʦʤ ʨʘʩʯʝʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʦʧʨʝ-
ʜʝʣʷʶʱʠʭ ʦʙʲʝʤ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ [9, 10]. ɹʘʟʦʚʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʣʫʛ ʩ ʫʯʝʪʦʤ ʅɼʉ 18% ʩʦʩʪʘʚʣʷʝʪ, 
ʢʘʢ ʧʨʘʚʠʣʦ K1 = 0,8...0,9 ʦʪ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʘ ʨʝʤʦʥʪ ʙʝʟ ʩʤʝʥʳ ʦʙʤʦʪʦʢ ʫ 
ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʜʨʷʜʯʠʢʦʚ ʩʦʩʪʘʚʣʷʣ ʂ2 = 0,3; ʢʦʵʬʬʠʮʠʝʥʪ ʥʘ ʧʨʦʚʝʜʝʥʠʝ ʤʦʜʝʨʥʠʟʘʮʠʠ ï ʂ3 = 1,3; 
ʩʪʦʠʤʦʩʪʴ ʜʝʬʝʢʪʦʚʢʠ ï ʂ4 = 1,1. ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʧʦ ʫʣʫʯʰʝʥʠʶ ʦʭʣʘʞʜʝʥʠʷ ʵʣʝʢ-
ʪʨʦʜʚʠʛʘʪʝʣʷ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʦʨʦʙʢʠ ʚʳʚʦʜʦʚ ʫʯʠʪʳʚʘʣʘʩʴ ʜʦʙʘʚʦʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
ï ʂ5 = 0,15...0,2.  

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʩʪʦʠʤʦʩʪʴ ʤʦʜʝʨʥʠʟʠʨʫʝʤʦʛʦ ʜʚʠʛʘʪʝʣʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʩʪʦʨʦʥʥʠʤʠ ʦʨ-
ʛʘʥʠʟʘʮʠʷʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʥʘʯʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪʫ: 

K = 1+K1Ț K2 ȚK3 ȚK4 +K5 å 1,5...1,6.     (5) 
ʉʪʦʠʤʦʩʪʴ ɸʀʈ160S6ʇʏ150, ʫʢʘʟʘʥʥʘʷ ʚ ʪʘʙʣ. 1 ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ K = 1,5, ʷʚʣʷʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʡ ʩ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʨʘʙʦʪ.  
ɺ ʩʣʫʯʘʝ ʚʳʧʦʣʥʝʥʠʷ ʤʦʜʝʨʥʠʟʘʮʠʠ ʥʘ ʩʦʙʩʪʚʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʪʦʠʤʦʩʪʴ ʨʘʙʦʪ ʩʥʠʞʘʝʪʩʷ 

ʢʘʢ ʤʠʥʠʤʫʤ ʥʘ ʚʝʣʠʯʠʥʫ ʅɼʉ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʫ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ, ʨʘʚʥʫʶ 1,5Ñ0,1 ʦʪ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʦʠʤʦʩʪʠ ɸɼ, ʧʦʜʚʝʨʛʘʝʤʳʭ ʤʦʜʝʨʥʠʟʘʮʠʠ.  

ʇʦʩʢʦʣʴʢʫ ʇʏ ʠ ʵʣʝʤʝʥʪʳ ʩʠʣʦʚʦʡ ʮʝʧʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʥʝ ʤʝʥʷʶʪʩʷ, ʠʭ ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʚ ʨʘʟ-
ʥʦʩʪʥʦʡ ʦʮʝʥʢʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ. ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʪʦʠʤʦʩʪʝʡ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳʭ ʚ 
ʏʈʕ ɸɼ ʩʝʨʠʠ ɸʀʈ ʩ 2p=2 ʢ ʩʪʦʠʤʦʩʪʠ ʤʘʰʠʥ ʪʦʡ ʞʝ ʩʝʨʠʠ c ʙʦʣʴʰʠʤʠ 2p ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ 
ʤʦʱʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʧʦʜʚʝʨʛʥʫʪʴ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2. ʇʨʝʜʝʣʴʥʘʷ ʜʦ-
ʩʪʠʛʘʝʤʘʷ ʤʦʱʥʦʩʪʴ 160 ʢɺʪ ʚ ʧʨʦʚʝʜʝʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʦʛʨʘʥʠʯʝʥʘ ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʬʠʨʤ-
ʧʦʜʨʷʜʯʠʢʦʚ, ʥʝʦʢʘʟʳʚʘʶʱʠʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʫʩʣʫʛ ʧʦ ʨʝʤʦʥʪʫ ʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ɸɼ ʩ ʞʝʩʪʢʠʤʠ ʆʉ [9, 10].  
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ʉʡʪ. 2. ʊʧʧʫʦʧʱʞʦʡʞ ʪʫʧʡʥʧʪʫʡ ɹɽ ʪʞʩʡʡ ɹʁʉ, ʨʩʡʥʞʦʸʞʥʴʮ ʛ ʐʉʖ, ʣ 
ʪʫʧʡʥʧʪʫʡ ʥʙʱʡʦ ʫʧʢ ʟʞ ʪʞʩʡʡ ʥʞʦʵʱʞʢ ʥʧʲʦʧʪʫʡ ʡ ʰʙʪʫʧʫʴ ʛʩʙʲʞʦʡʸ 

ʝʧ ʥʧʝʞʩʦʡʠʙʯʡʡ ʧʚʥʧʫʣʡ ʪʫʙʫʧʩʙ ʡ ʪʡʪʫʞʥʴ ʧʮʤʙʟʝʞʦʡʸ ʛ 
ʠʙʛʡʪʡʥʧʪʫʡ ʧʫ ʛʞʤʡʰʡʦʴ ʫʩʞʚʬʞʥʧʢ ʥʧʲʦʧʪʫʡ ʶʤʞʣʫʩʧʨʩʡʛʧʝʙ 

 
ʈʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʝʥʠʷ ʩʪʦʠʤʦʩʪʠ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʦ ʨʘʩʩʤʦʪʨʝʥʥʦʤʫ ʨʷʜʫ ɸɼ ʩʝ-

ʨʠʠ ɸʀʈ ʧʨʠ ʧʨʠʚʣʝʯʝʥʠʠ ʧʦʜʨʷʜʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʚʳʷʚʠʣʠ ʦʙʱʝʝ ʩʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ ʩʠʩʪʝʤʳ ʏʈʕ 
ʏɺ n å 3000 ʦʙ/ʤʠʥ ʧʨʠ ʨʘʩʯʝʪʥʦʡ ʤʦʱʥʦʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ Pʥʦʤ Ó 11 ʢɺʪ ʧʨʠ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʚʠʛʘʪʝ-
ʣʝʡ ʤʝʥʴʰʝʡ ʤʦʱʥʦʩʪʠ ʩ 2ʨ = 4 ʠ 2ʨ = 6. ʄʦʜʝʨʥʠʟʘʮʠʷ ɸɼ ʩ 2ʨ = 8 ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʘ ʠ ʘʢʪʫʘʣʴʥʘ 
ʪʦʣʴʢʦ ʚ ʜʠʘʧʘʟʦʥʝ 37ï75 ʢɺʪ. ʇʨʝʜʧʨʠʷʪʠʷ ʩ ʥʘʣʘʞʝʥʥʳʤ ʨʝʤʦʥʪʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝ-
ʣʝʡ ʤʦʛʫʪ ʧʨʦʚʝʩʪʠ ʩʪʦʠʤʦʩʪʥʫʶ ʦʮʝʥʢʫ ʤʦʜʝʨʥʠʟʘʮʠʠ, ʠʩʭʦʜʷ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʧʨʝʜʣʦ-
ʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ, ʚ ʪ.ʯ. ʠ ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʤʦʱʥʦʩʪʝʡ Pʥʦʤ > 160 ʢɺʪ, ʪʘʢʞʝ ʧʨʝʪʝʥʜʫʶʱʠʤ ʥʘ ʨʝʥʪʘ-
ʙʝʣʴʥʦʩʪʴ ʧʦ ʦʙʱʠʤ ʢʘʧʠʪʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ɸɼ ɸʀʈ160S6ʇʏ150 ʤʦʱʥʦʩʪʴʶ Pʥʦʤ = 33 ʢɺʪ, ʠʤʝʶʱʠʡ ʪʝʭʥʠ-
ʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣ. 1, ʥʘʭʦʜʠʪʩʷ ʙʣʠʟʢʦ ʢ ʛʨʘʥʠʮʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʤʦʜʝʨʥʠʟʘ-
ʮʠʠ ʧʦ ʢʘʧʠʪʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ, ʦʜʥʘʢʦ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʛʦ ʂʇɼ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʤʳ-
ʤʠ ʚ ʏʈʕ ʘʥʘʣʦʛʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʠʟʜʝʨʞʝʢ ȹʀ ʥʘ ʧʦʪʨʝʙʣʝʥʥʫʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʚ ʪʝʯʝʥʠʝ 
ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʨʦʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ Tɻ ʢʩʧ = 40000 ʯʘʩʦʚ [2] ʧʨʠ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʘʛʨʫʟʢʝ 50% ɓ = 0,5 
[4] ʠ ʩʪʦʠʤʦʩʪʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʧʦ ʦʜʥʦʩʪʘʚʦʯʥʦʤʫ ʪʘʨʠʬʫ ʜʣʷ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ C = 7 ʨʫʙ/ʢɺʪȚʯ ʚ 
ʨʘʟʤʝʨʝ: 
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ʆʧʝʨʘʮʠʷ ʟʘʭʦʣʘʞʠʚʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʦʚʦʜʠʪʩʷ ʩʨʘʟʫ ʧʦʩʣʝ ʦʧʝʨʘʮʠʠ çʛʘʟʦʧʦʜʛʦʪʦʚʢʘè. ʇʝʨʝʜ 

ʚʳʧʦʣʥʝʥʠʝʤ ʟʘʭʦʣʘʞʠʚʘʥʠʷ ʧʨʠʤʝʩʠ ʥʘʭʦʜʷʪʩʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʚʠʜʝ ʚ ʨʝʟʝʨʚʫʘʨʝ. ʆʙʳʯʥʦ ʠʭ ʤʘʩʩʘ 
ʠʟʚʝʩʪʥʘ [1, ʩ. 52]. ɿʘʭʦʣʘʞʠʚʘʥʠʝ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʘʢʞʝ 
ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ, ʧʨʠʯʝʤ ʵʪʠ ʧʨʠʤʝʩʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ, ʪʘʢ ʠ ʚʦ ʚʟʚʝʩʠ. 
ɺʩʣʝʜʩʪʚʠʝ ʠʩʧʘʨʝʥʠʷ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚʩʝ ʧʨʠʤʝʩʠ ʧʝʨʝʭʦʜʷʪ ʚ ʦʩʘʜʦʢ [2, ʩ. 110]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʠʤʝʩʝʡ ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ ʧʨʠ ʝʛʦ ʟʘʧʦʣʥʝʥʠʠ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢʫʶ ʪʝʤʧʝʨʘʪʫ-
ʨʫ ʠʤʝʝʪ ʚʭʦʜʥʦʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ [3, ʩ. 13], ʝʩʪʴ ʣʠ ʢʨʠʦʛʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʚ ʵʣʝʤʝʥʪʝ ʠ ʢʘʢʫʶ ʦʥʘ ʠʤʝʝʪ 
ʪʝʤʧʝʨʘʪʫʨʫ.  

ʇʨʠ ʩʣʠʚʝ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʠʤʝʩʠ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ ʚʠʜʝ ʠ ʚʦ ʚʟʚʝʩʠ ʧʦʢʠʜʘʶʪ ʵʣʝʤʝʥʪ 
ʚʤʝʩʪʝ ʩʦ ʩʣʠʚʘʝʤʦʡ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʴʶ [4, ʩ. 180], ʘ ʯʘʩʪʴ ʧʨʠʤʝʩʠ ʚʦ ʚʟʚʝʩʠ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʘʜʦʢ. 

ɺ ʧʨʦʮʝʩʩʝ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʢʨʠʦʛʝʥʥʘʷ ʞʠʜʢʦʩʪʴ, ʩʦʜʝʨʞʘʱʘʷ ʧʨʠʤʝʩʠ ʚ ʨʘʩʪʚʦ-
ʨʝʥʥʦʤ ʚʠʜʝ ʠ ʚʦ ʚʟʚʝʩʠ ʧʦʩʪʫʧʘʝʪ ʚʦ ʚʥʝʰʥʠʡ ʦʭʣʘʜʠʪʝʣʴ, ʛʜʝ ʠʟ-ʟʘ ʝʝ ʦʭʣʘʞʜʝʥʠʷ ʯʘʩʪʴ ʧʨʠʤʝʩʝʡ 
ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʠ ʦʩʘʞʜʘʝʪʩʷ [5, ʩ. 313]. ʆʭʣʘʞʜʝʥʥʘʷ ʞʠʜʢʦʩʪʴ ʚʥʦʚʴ ʧʦʩʪʫʧʘʝʪ ʚ ʵʣʝʤʝʥʪ, ʛʜʝ ʠʟ-ʟʘ 
ʦʭʣʘʞʜʝʥʠʷ ʪʝʧʣʦʡ ʯʘʩʪʠ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʩʘʞʜʝʥʠʝ ʚʟʚʝʩʠ ʚ ʵʣʝʤʝʥʪʝ. 

ʀʩʧʘʨʠʪʝʣʴʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʚ ʩʘʤʦʤ ʨʝʟʝʨʚʫʘʨʝ ʧʨʠ ʩʙʨʦʩʝ 
ʜʘʚʣʝʥʠʷ ʚ ʧʘʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠʣʠ ʦʪʢʘʯʢʝ ʧʘʨʦʚ. ʆʭʣʘʞʜʝʥʠʝ ʞʠʜʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʝʝ ʠʩ-
ʧʘʨʝʥʠʷ [6, ʩ. 127]. ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʝʡ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠ ʵʪʦʤ ʧʦʚʳʰʘʝʪʩʷ ʠ ʧʨʠ ʧʨʝʚʳʰʝʥʠʠ ʫʨʦʚʥʷ 
ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʟʚʝʩʠ ʠ ʝʝ ʦʩʘʞʜʝʥʠʝ ʥʘ ʩʪʝʥʢʠ ʵʣʝʤʝʥʪʘ. 
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ʆʪʦʛʨʝʚ ʵʣʝʤʝʥʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʚʦʟʛʦʥʢʠ ʧʨʠʤʝʩʝʡ ʚ ʦʩʘʜʢʝ. ʗʩʥʦ, ʯʪʦ ʧʨʝʞʜʝʚʨʝʤʝʥ-
ʥʳʝ ʦʪʦʛʨʝʚʳ ʚʝʜʫʪ ʢ ʧʝʨʝʨʘʩʭʦʜʫ ʢʨʠʦʛʝʥʥʳʭ ʞʠʜʢʦʩʪʝʡ, ʘ ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʝ ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʙʝʟ-
ʦʧʘʩʥʦʩʪʠ [7, ʩ.50]. 

ʈʘʩʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʪʦʣʱʠʥʳ ʦʩʘʜʢʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʦʩʘʞʜʝʥʠʝʤ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʚʟʚʝʩʠ ʚ 
ʩʬʝʨʠʯʝʩʢʦʤ ʨʝʟʝʨʚʫʘʨʝ [8, ʩ. 180]. 

ʇʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʯʘʩʪʠʮ ʥʘ ʜʥʦ ʨʝʟʝʨʚʫʘʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

)4( 22 HRS -=p . 

ʏʪʦʙʳ ʥʘʡʪʠ d, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ, ʯʝʤʫ ʨʘʚʝʥ ʦʙʲʝʤ ʯʘʩʪʠ ʨʝʟʝʨʚʫʘʨʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʞʠʜʢʦ-
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ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʣʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʢʘʯʝʩʪʚʦ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ 
ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʩʪʝʥʦʢ ʨʝʟʝʨʚʫʘʨʘ [10, ʩ. 97], ʫʚʝʣʠʯʠʚʘ-

ʷʩʴ ʢ ʥʠʞʥʝʡ ʪʦʯʢʝ ʩʝʯʝʥʠʷ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʥʠʤʘʝʪ ʚ ʦʙʣʘʩʪʠ eM .  

Cʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ. ʇʦʩʣʝ 10º  ʯʘʩʦʚ ʦʥʘ ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝ-
ʩʢʠ ʧʦʩʪʦʷʥʥʦʡ, ʭʦʪʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʨʝʟʝʨʚʫʘʨʘ, ʚ ʥʘʯʘʣʴʥʳʡ 
ʧʝʨʠʦʜ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʘ [11, ʩ. 174]. ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚʦ ʚʟʚʝʩʠ 
ʧʨʝʦʙʣʘʜʘʶʪ ʯʘʩʪʠʮʳ ʧʦ ʨʘʟʤʝʨʘʤ, ʥʝʧʨʝʚʳʰʘʶʱʠʝ ʩʨʝʜʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴ-
ʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʚʝʢʪʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʢʦʨʷʝʪ ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ [12, ʩ. 81]. 

ʇʦʣʫʯʝʥʥʳʡ ʧʨʦʬʠʣʴ ʦʩʘʜʢʘ (ʨʠʩ. 1) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʥʠʞʥʝʡ ʪʦʯʢʝ ʩʝʯʝʥʠʷ ʪʦʣʱʠʥʘ ʦʩʘʜʢʘ 
ʧʨʝʚʳʰʘʝʪ ʩʨʝʜʥʶʶ, ʙʦʣʝʝ ʯʝʤ ʥʘ 30 %. 
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c) 

 

d) 

 
 
ʉʡʪ. 1. ʈʧʤʸ ʧʫʦʧʪʡʫʞʤʵʦʧʢ ʥʙʪʪʧʛʧʢ ʣʧʦʯʞʦʫʩʙʯʡʡ ʛ ʩʙʠʤʡʰʦʴʞ ʥʧʥʞʦʫʴ ʛʩʞʥʞʦʡ, (ʰ): 

 ʙ) t=1; b) t=6; c) t=12; d) t=24 
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʦʪʚʝʨʞʜʝʥʥʦʛʦ ʘʟʦʪʘ ʚ 

ʞʠʜʢʦʤ ʚʦʜʦʨʦʜʝ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ ʨʝʟʝʨʚʫʘʨʝ ʈʉ/1400. ʀʩʭʦʜʥʳʝ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ: ʤ 7R= ; 

ʤ H 11= ; ʤ l  6103,1 -Ö= ; ʩʤ D /1033,1 25-Ö= ; 
3/1026 ʤʢʛ ʢ=r ; 

3/250 ʤʢʛ ʦ=r ; 

3/68 ʤʢʛ  =r ; ʩʤ /1071,1 27-Ö=n ; 1=nk . ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʪʚʝʨʜʦʡ ʬʘʟʳ ʥm  ʚ ʞʠʜʢʦʩʪʠ ʧʨʠʥʠʤʘʣʠʩʴ 
4102 -Ö ; 

4102,2 -Ö ; 
4100,3 -Ö  ʤʘʩʩ. ʜʦʣʝʡ [13, ʩ. 94].  

ʇʦʣʝ ʤʘʩʩʦʚʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ [14, ʩ. 75] 
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ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʨʝʜʥʶʶ ʤʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʪʚʝʨʜʦʡ ʬʘʟʳ [15, ʩ. 129]:  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʪʦʢʠ ʧʨʠʤʝʩʝʡ [16, ʩ. 90], ʧʦʜʣʝ-
ʞʘʠɦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʶ: ʧʝʨʝʭʦʜ ʧʨʠʤʝʩʝʡ ʠʟ ʦʩʘʜʢʘ ʠ ʠʟ ʚʟʚʝʩʠ ʚ ʨʘʩʪʚʦʨ (ʨʘʩʪʚʦʨʝʥʠʝ ʧʨʠʤʝʩʝʡ); 
ʧʝʨʝʤʝʭʦʜ ʧʨʠʤʝʩʝʡ ʠʟ ʨʘʩʪʚʦʨʘ ʚʦ ʚʟʚʝʩʴ ʠ ʦʩʘʜʦʢ (ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠʤʝʩʝʡ); ʦʙʨʘʟʦʚʘʥʠʝ ʦʩʘʜʢʘ 
ʧʨʠʤʝʩʝʡ ʠʟ ʚʟʚʝʩʠ (ʦʩʘʞʜʝʥʠʝ ʧʨʠʤʝʩʝʡ); ʫʜʘʣʝʥʠʝ ʛʘʟʦʦʙʨʘʟʥʳʭ ʧʨʠʤʝʩʝʡ ʠʟ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʦʚ 
(ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʤʝʩʠ ʛʘʟʦʚ). ɿʘʜʘʯʘ ʢʦʥʪʨʦʣʷ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʝʩʝʡ ʚ ʢʨʠʦʛʝʥʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ ʩʦʩʪʦ-
ʠʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʦʯʠʩʪʢʫ ʵʣʝʤʝʥʪʘ [17, ʩ. 39]. 

ʄʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʣʱʠʥʳ ʦʩʘʜʢʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
1. ʇʦ ʧʨʠʙʦʨʘʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʞʠʜʢʦʩʪʠ ʠ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʤʝʩʝʡ ʚ ʨʘʩ-

ʪʚʦʨʝ ʠ ʚʦ ʚʟʚʝʩʠ ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʘ ʦʭʣʘʞʜʝʥʠʷ ʥT , ʥC  ʠ ʧʦ ʝʛʦ ʦʢʦʥʯʘʥʠʠ kT , kC . 

2. ʇʦ ʬʦʨʤʫʣʝ  [18, ʩ. 68]. 

CTBTAS +-= -1lg ,    

ʚʳʯʠʩʣʷʝʪʩʷ ʧʨʝʜʝʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʨʠʤʝʩʝʡ ʥS  ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʠ ʚ ʢʦʥʮʝ ʧʨʦʮʝʩʩʘ ʦʩʘ-

ʞʜʝʥʠʷ kS , A, B, C  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʪʘʙʣ. 1. 

 
ʋʙʚʤʡʯʙ 1 

ʂʦʤʧʦʥʝʥʪ A B , K  C , 
1-K  

ɸʟʦʪ 0,473 154 3,64 10-3 

ʂʠʩʣʦʨʦʜ 1,174; 0,969 234,2; 229,3 3,22 10-3 

 

ʇʨʠʤʝʯʘʥʠʝ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʜʣʷ ʘʟʦʪʘ KTK 3314 ¢¢ ; ʚ ʩʣʫʯʘʝ ʢʠʩʣʦʨʦʜʘ ʟʥʘʯʝ-

ʥʠʷ A ʠ B ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʜʚʫʭ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ KTK 9,2314 ¢¢  ʠ 

KTK 339,23 ¢¢  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

3. ɺʳʯʠʩʣʷʝʤ ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʭʣʘʞʜʝʥʠʷ [19, ʩ. 70]. 

( )kʥ
H

SSC -=D r
m

m

2

,    

ʛʜʝ m - ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʚʝʱʝʩʪʚʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʤʠʢʨʦʧʨʠʤʝʩʴʶ, 

3/70 ʤʢʛ =r  - ʧʣʦʪʥʦʩʪʴ ʞʠʜʢʦʛʦ ʚʦʜʦʨʦʜʘ. 

4. ʌʘʢʪʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʠ ʚʦ ʚʟʚʝʩʠ ʩʦʩʪʘʚʣʷʝʪ 

k
H

ʢʚ SʉC r
m

m

2

-= ;    

ʚ ʦʩʘʜʢʝ 

kʉʉʉ -D=0      

5. ʄʘʩʩʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚC  ʧʨʠʥʠʤʘʝʪʩʷ ʟʘ ʠʩʭʦʜʥʫʶ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʘʜʢʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʜʣʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʮʠʣʠʥʜʨʘ ʠ ʩʬʝʨʳ [20, ʩ. 
114].. 

ʈʝʟʫʣʴʪʘʪʘʤʠ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ 

ddd += )(max0 kt ,    

ʛʜʝ d - ʪʦʣʱʠʥʘ ʦʩʘʜʢʘ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʚʟʚʝʩʠ ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ ʜʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 0C  
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6. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʃʇʈ ʧʨʠʥʠʤʘʝʪ ʨʝʰʝʥʠʝ ʦ ʜʘʣʴʥʝʡʰʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʨʝ-
ʟʝʨʚʫʘʨʘ ʧʨʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʨʠʦʛʝʥʥʦʡ ʩʠʩʪʝʤʳ [21, ʩ. 178].. 

5. ʄʘʩʩʦʚʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚC  ʧʨʠʥʠʤʘʝʤ ʟʘ ʠʩʭʦʜʥʫʶ ʧʨʠ ʨʘʩʯʝʪʝ ʜʠʥʘʤʠʢʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʦʩʘʜʢʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʜʣʷ ʨʝʟʝʨʚʫʘʨʘ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ [22, ʩ. 127]. 
ʉʨʘʚʥʠʚ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩ ʜʦʧʫʩʪʠʤʳʤ [23, ʩ. 15]., ʩ ʫʯʝʪʦʤ ʧʦʪʨʝʙʣʝʥʠʷ ʢʨʠʦʛʝʥʥʦʡ ʞʠʜ-

ʢʦʩʪʠ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ, ʃʇʈ ʤʦʞʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 
ʝʩʪʴ ʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʯʠʩʪʢʝ ʨʝʟʝʨʚʫʘʨʘ ʦʪ ʧʨʠʤʝʩʝʡ, ʠʣʠ ʥʝʪ ʪʘʢʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

 
ʊʨʡʪʧʣ ʤʡʫʞʩʙʫʬʩʴ 

 
1. ʅʠʢʫʣʠʥ ɼ.ɸ., ʉʘʬʦʥʦʚʘ ʖ.ɸ. ɿʘʜʘʯʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ // ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʟʘʜʘʯʘʭ ʫʧʨʘʚʣʝʥʠʷ, ʘʚʪʦʤʘʪʠʢʠ ʠ ʦʙʨʘʙʦʪʢʠ ʠʥ-
ʬʦʨʤʘʮʠʠ. ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 
ʆʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ ʀ.ɺ. ʇʦʮʝʙʥʝʚʘ. -2017. -ʉ. 50-55. 

2. ʉʘʬʦʥʦʚʘ ʖ.ɸ., ɸʚʩʝʝʚʘ ʆ.ɺ., ʏʝʨʥʷʝʚʘ ʉ.ʅ. ʉʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʤʥʦʛʦʵʪʘʧʥʦʛʦ 
ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʤʠ ʩʪʘʜʠʷʤʠ // ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʚ ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦ-
ʣʦʛʠʷʭ - ʄʄʊʊ. -2016.- ̄  6 (88). -ʉ. 109-111. 

3. ʉʳʩʦʝʚ ɼ.ɺ., ʉʳʩʦʝʚʘ ʅ.ɺ., ʃʝʤʝʰʢʠʥ ɸ.ɺ. ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʫʥʢʮʠʦʥʠʨʦ-
ʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ // ʉʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. -2007. -ʊ. 30. -̄  
4. -ʉ. 12-14. 

4. ʈʷʞʩʢʠʭ ɺ.ʀ., ʂʦʚʘʣʝʚʘ ɽ.ʅ. ɼʠʬʬʫʟʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʩʨʝʜʳ ʥʘ ʦʭʣʘʞʜʘʝʤʦʡ ʤʝʞʬʘʟʥʦʡ ʛʨʘ-
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ʪʝʪʘ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, - 2012. - ʉ. 127. 
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ʢ.ʪ.ʥ., ʜʦʮʝʥʪ 

ɸʩʧʠʨʘʥʪ 
ʌɻɹʆʋ ɺʆ çɼʘʛʝʩʪʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʙʦʨʘ ʩʦʩʪʘʚʘ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷ-
ʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʙʝʟʦʙʞʠʛʦʚʦʤ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʚʷʞʫʱʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪʭʦʜʦʚ ʧʠʣʝʥʠʷ 
ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʢʘʤʥʷ. ʇʨʠʚʝʜʝʥʳ ʪʘʢʞʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝ-
ʜʫʝʤʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ʚʦʜʦʪʚʝʨʜʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʚʨʝ-
ʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʚʝʣʠʯʠʥʳ ʧʨʠʛʨʫʟʘ ʠ ʨʝʞʠʤʘ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʚʷʞʫʱʝʝ, ʙʝʟʦʙʞʠʛʦʚʦʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʚʷʞʫʱʝʝ, ʞʘʨʦʩʪʦʡʢʠʡ ʧʝʨʣʠʪʦʚʳʡ ʪʝʧʣʦ-
ʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʩʠʣʠʢʘʪ-ʛʣʳʙʘ, ʙʝʟʚʦʜʥʳʡ ʩʠʣʠʢʘʪ ʥʘʪʨʠʷ. 
 

ENERGY EFFICIENT TECHNOLOGY AND PROPERTIES OF HEAT-RESISTANT PERLITE THERMAL 
INSULATION MATERIAL USING NON-FIRED COMPOSITE BINDER 

 
Manturov Z.A., 
Karsakova S.Z. 

 
Abstract: The paper presents the results of the selection of the composition of heat-resistant perlite insulating 
material on the non-fired composite binder with the use of wastes of the sawing of limestone. Dependences of 
compressive strength and average density of the studied heat-resistant perlite heat-insulating material on the 
water-solid ratio, mixing time, the size of the preload and the heat treatment regime are also given. 
Keywords: astringent, fire-free composite binder, heat-resistant perlite thermal insulation material, silicate, 
anhydrous sodium silicate. 

 
ʆʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʧʦ-

ʪʝʨʴ ʪʝʧʣʘ ʯʝʨʝʟ ʦʛʨʘʞʜʘʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʟʜʘʥʠʡ, ʩʦʦʨʫʞʝʥʠʡ, ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʧ-
ʣʦʚʳʭ ʩʝʪʝʡ, ʢʦʪʦʨʦʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʧʣʦʠʟʦʣʷʮʠ-
ʦʥʥʳʭ ʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦ-ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ɺʳʩʦʢʘʷ ʵʥʝʨʛʦʝʤʢʦʩʪʴ ʪʨʘʜʠʮʠʦʥʥʳʭ ʦʙʞʠʛʦʚʳʭ ʞʘʨʦʩʪʦʡʢʠʭ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʜʠʢʪʫʶʪ ʦʩʪʨʫʶ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʞʘʨʦʩʪʦʡʢʠʭ ʪʝʧʣʦʠʟʦ-
ʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʝʟʦʙʞʠʛʦʚʳʭ, ʜʣʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠʟʦʣʷʮʠʠ ʪʝʧʣʦʚʳʭ 
ʘʛʨʝʛʘʪʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʧʦ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʥʘʫʢʦʝʤʢʠʤ ʪʝʭʥʦʣʦʛʠʷʤ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʥʦʛʦʣʝʪʥʠʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ 
ɼʘʛʝʩʪʘʥʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʙʝʟʚʦʜʥʳʭ ʩʠʣʠʢʘʪ-
ʥʘʪʨʠʝʚʳʭ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʚʷʞʫʱʠʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʞʘʨʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ 
ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ [1ï4]. 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʧʦʜʙʦʨʫ 
ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʟʦʙʞʠʛʦʚʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʣʫ-
ʯʘʝʤʦʛʦ ʧʦ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʩʥʦʚʝ ʟʘʧʦʣʥʠʪʝʣʷ ʠʟ ʚʩʧʫʯʝʥʥʦʛʦ ʧʝʨʣʠʪʘ ʠ ʢʦʤʧʦʟʠ-
ʮʠʦʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠʟ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ɺ ʢʘʯʝʩʪʚʝ ʚʷʞʫʱʝʛʦ ʥʘʤʠ ʧʨʠʥʷʪʦ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʝ ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʚʷʞʫʱʝʝ, ʩʦʩʪʦʷʱʝʝ ʠʟ 
ʪʦʥʢʦʤʦʣʦʪʳʭ: ʦʪʭʦʜʘ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʘ, ʚʩʧʫʯʝʥʥʦʛʦ ʧʝʨʣʠʪʘ ʠ ʙʝʟʚʦʜʥʦʛʦ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (ʩʠʣʠ-
ʢʘʪ-ʛʣʳʙʘ).  

ʅʘʰʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʦ ʠ ʪʝʭʥʠʯʝʩʢʠ ʧʨʦʱʝ 
ʧʝʨʝʤʝʰʠʚʘʪʴ ʧʝʨʣʠʪʦʚʳʡ ʟʘʧʦʣʥʠʪʝʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʧʳʣʝʚʠʜʥʫʶ ʬʨʘʢʮʠʶ ʚ ʧʨʝʜʝʣʘʭ 9% ʦʪ ʝʛʦ 
ʤʘʩʩʳ, ʩ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʩʦʚʤʝʩʪʥʦ ʤʦʣʦʪʦʡ ʩʤʝʩʴʶ ʠʟ ʦʪʭʦʜʦʚ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʢʘʤʥʷ ʠ 
ʙʝʟʚʦʜʥʦʛʦ ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʳ ʛʦʪʦʚʠʣʠ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʝ 
ʢʦʤʧʦʟʠʮʠʦʥʥʦʝ ʚʷʞʫʱʝʝ ʠʟ ʩʦʚʤʝʩʪʥʦ ʤʦʣʦʪʳʭ ʦʪʭʦʜʘ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʢʘʤʥʷ ʠ ʙʝʟʚʦʜʥʦʛʦ 
ʩʠʣʠʢʘʪʘ ʥʘʪʨʠʷ (ʩʠʣʠʢʘʪ-ʛʣʳʙʳ) ʜʦ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2500-3000 ʩʤ2/ʛ, ʘ ʪʨʝʪʠʡ ʢʦʤʧʦʥʝʥʪ (ʚʩʧʫ-
ʯʝʥʥʳʡ ʧʝʨʣʠʪ) ʫʯʠʪʳʚʘʣʠ ʠʟ ʝʛʦ ʥʘʣʠʯʠʷ ʚ ʧʝʨʣʠʪʦʚʦʤ ʟʘʧʦʣʥʠʪʝʣʝ ʚ ʚʠʜʝ ʧʳʣʝʚʠʜʥʳʭ ʯʘʩʪʠʮ (ʦʢʦ-
ʣʦ 9%).  

ʇʦʜʙʦʨ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʙʝʟʦʙʞʠʛʦʚʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘ-
ʪʝʨʠʘʣʘ ʧʨʦʚʦʜʠʣʩʷ ʥʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʠʤʧʣʝʢʩ-ʨʝʰʝʪʯʘʪʦʛʦ ʤʝʪʦʜʘ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ [5ï6] ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɺʄ.  

ɿʘ ʥʝʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʥʘʤʠ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʩʦʩʪʘʚʝ ʩʳʨʴʝʚʦʡ ʩʤʝʩʠ, 
%: ʍ1 ï ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʦʪʦʡ ʩʠʣʠʢʘʪ-ʛʣʳʙʳ; ʍ2 ï ʩʦʜʝʨʞʘʥʠʝ ʤʦʣʦʪʦʛʦ ʦʪʭʦʜʘ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ 
ʢʘʤʥʷ; ʍ3 ï ʩʦʜʝʨʞʘʥʠʝ ʧʝʨʣʠʪʦʚʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ, ʚʢʣʶʯʘʶʱʝʛʦ 9% ʚʳʣʝʚʠʜʥʦʛʦ ʚʩʧʫʯʝʥʥʦʛʦ ʧʝʨʣʠʪʘ. 
ʀʩʩʣʝʜʫʝʤʳʝ ʩʚʦʡʩʪʚʘ: Y1 ï ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ; Y2 ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3.  

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʦʚ ʦʙʨʘʟʮʳ ʨʘʟʤʝʨʦʤ 10Ĭ10Ĭ10 ʩʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʪʘʚʦʚ (ʪʘʙʣ. 1) 
ʬʦʨʤʦʚʘʣʠ ʚʠʙʨʠʨʦʚʘʥʠʝʤ ʩ ʧʨʠʛʨʫʟʦʤ (0,005 ʄʇʘ) ʠ ʧʦʜʚʝʨʛʘʣʠ ʜʚʫʭʩʪʫʧʝʥʯʘʪʦʡ ʩʫʰʢʝ ʧʨʠ ʪʝʤʧʝ-
ʨʘʪʫʨʘʭ 90Áʉ ʠ 180Áʉ. ʅʘʤʠ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʝ ʚʩʷ ʦʙʣʘʩʪʴ ʬʘʢʪʦʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʝʛʦ ʣʦʢʘʣʴʥʳʡ 
ʫʯʘʩʪʦʢ ʚ ʚʠʜʝ ʪʨʝʫʛʦʣʴʥʠʢʘ ʩ ʚʝʨʰʠʥʘʤʠ: Z1 (16; 84; 0), Z2 (8; 63; 29), Z3 (8; 43; 50), ʢʦʪʦʨʳʡ ʙʳʣ ʚʳʷʚ-
ʣʝʥ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʦʨʠʝʥʪʠʨʦʚʦʯʥʳʭ ʦʧʳʪʦʚ ʥʘ ʢʦʤʧʦʟʠʮʠʦʥʥʦʤ ʚʷʞʫʱʝʤ ʦʧʪʠʤʘʣʴ-
ʥʦʛʦ ʩʦʩʪʘʚʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ  ʜʣʷ Y1 (ʧʨʦʯʥʦʩʪʴ 
ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ) ʠ Y2 (ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3) ʦʢʘʟʘʣʠʩʴ ʘʜʝʢʚʘʪʥʳʤʠ, ʪ.ʢ. ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʉʪʴʶ-
ʜʝʥʪʘ, ʚʳʯʠʩʣʝʥʥʳʝ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ, ʦʢʘʟʘʣʠʩʴ ʤʝʥʴʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ tʪʘʙ = 2,45, ʦʧʨʝʜʝ-
ʣʝʥʥʦʛʦ ʜʣʷ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ Nʩʚ=6 (ʯʠʩʣʦ ʧʘʨʘʣʣʝʣʴʥʳʭ ʦʧʳʪʦʚ ʨʘʚʥʦ ʜʚʫʤ ʚʦ ʚʩʝʭ 6 ʵʢʩʧʝ-
ʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʢʘʭ) ʠ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ Ŭ=0,05. ʉ ʧʦʤʦʱʴʶ ʧʦʣʫʯʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʧʨʠ 
ʫʩʣʦʚʠʠ Z1 + Z2 + Z3=1, ʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɺʄ ʚʳʯʠʩʣʷʣʠ ʟʥʘʯʝʥʠʷ ʩʚʦʡʩʪʚ Y1, Y2 ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ 
ʩʪʨʦʠʣʠ ʪʨʝʫʛʦʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ çʩʦʩʪʘʚïʩʚʦʡʩʪʚʦè, ʢʦʪʦʨʳʝ ʚ ʩʚʷʟʠ ʩ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʦʙʲʝʤʘ ʟʜʝʩʴ 
ʥʝ ʧʨʠʚʦʜʷʪʩʷ. 

ʍʦʪʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʩʝʚʜʦʢʦʤʧʦʥʝʥʪʦʚ Zi, ʫʧʨʦʱʘʝʪ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʣʦʢʘʣʴ-
ʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʝʫʛʦʣʴʥʳʭ ʜʠʘʛʨʘʤʤ, ʦʜʥʘʢʦ ʪʘʢʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʫʜʦʙʥʳ ʜʣʷ ʦʧʝʨʘʪʠʚʥʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 
ʨʘʩʯʝʪʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʝʨʝʚʦʜʘ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʚ ʫʨʘʚʥʝʥʠʷ ʚ ʥʘʪʫʨʘʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʍi ʤʳ ʠʩ-
ʧʦʣʴʟʦʚʘʣʠ ʬʦʨʤʫʣʳ ʧʝʨʝʚʦʜʘ ʢʦʦʨʜʠʥʘʪ ʠʟ ʦʜʥʦʡ ʘʬʬʠʥʥʦʡ ʩʠʩʪʝʤʳ ʚ ʜʨʫʛʫʶ [5ï6].  
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ʋʙʚʤʡʯʙ 1 
ʅʙʫʩʡʯʙ ʨʤʙʦʡʩʧʛʙʦʡʸ ʡ ʩʞʠʬʤʵʫʙʫʴ ʧʨʴʫʧʛ 

ʰʠʬʨ 
ʩʦʩʪʘʚʘ 

ʇʩʝʚʜʦʢʦʦʨʜʠʥʘʪʳ ɼʝʡʩʪʚʠʪʝʣʴʥʳʝ 
ʢʦʦʨʜʠʥʘʪʳ 

ʆʪʭʦʜ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷ-
ʢʦʚʦʛʦ ʢʘʤʥʷ 

Z1 Z2 Z3 ʍ1 ʍ2 ʍ3 Y1 Y2 

Y1 1,0 0 0 16,0 84,0 0 15,3 2332 

Y2 0 1,0 0 8,0 63,0 29,0 2,3 962 

Y3 0 0 1,0 8,0 42,0 50,0 0,9 554 

Y12 0,5 0,5 0 11,5 4,5 15,0 5,7 1312 

Y13 0,5 0 0,5 12,0 63,0 25,0 1,1 802 

Y23 0 0,5 0,5 8,0 52,5 39,5 3,3 875 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʤʠ ʚʳʙʨʘʥ ʨʘʮʠʦʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʙʝʟʦʙʞʠʛʦʚʦʛʦ ʞʘ-

ʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ 1,0 ʄʇʘ ʧʨʠ ʩʨʝʜʥʝʡ 
ʧʣʦʪʥʦʩʪʠ 400 ʢʛ/ʤ3 ʠ ʨʘʩʭʦʜʦʤ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 1 ʤ3: ʟʘʧʦʣʥʠʪʝʣʴ ʬʨ. 2-5 ʤʤ ʠʟ ʚʩʧʫʯʝʥʥʦʛʦ ʧʝʨʣʠʪʘ (ʚ 
ʪʦʤ ʯʠʩʣʝ 9% ʧʳʣʝʚʠʜʥʘʷ ʬʨʘʢʮʠʷ) ï 270ʢʛ; ʪʦʥʢʦʤʦʣʦʪʳʡ ʦʪʭʦʜ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʢʘʤʥʷ ï 
236ʢʛ; ʪʦʥʢʦʤʦʣʦʪʘʷ ʩʠʣʠʢʘʪ-ʛʣʳʙʘ ï 44ʢʛ. 

ɼʘʣʝʝ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʥʘʤʠ ʩʦʩʪʘʚʘ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪ 
ʚʦʜʦʪʚʝʨʜʦʛʦ ʦʪʥʦʰʝʥʠʷ (ɺ/ʊ). ʆʙʨʘʟʮʳ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʩ ʫʢʣʘʜʢʦʡ ʩʤʝʩʠ ʚ ʬʦʨʤʫ ʚʨʫʯʥʫʶ, ʬʦʨ-
ʤʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʚʠʙʨʠʨʦʚʘʥʠʷ ʩ ʧʨʠʛʨʫʟʦʤ 0,005 ʄʇʘ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʠ ʯʘʩʪʦ-
ʪʦʡ 50 ɻʮ.  

ʉʫʰʢʫ ʦʪʬʦʨʤʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʨʝʞʠʤʫ: ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90Áʉ ï 1 ʯ; 
ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï 2,5 ʯ; ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 180Áʉ ʠ ʚʳʜʝʨʞʢʘ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘ-
ʪʫʨʝ ï 4ʯ; ʦʩʪʳʚʘʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʝ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʦʯʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʧ-
ʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪ ɺ/ʊ. ʅʘ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʯʥʦ-
ʩʪʠ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʩ ʨʦʩʪʦʤ ɺ/ʊ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʘ ʟʘʪʝʤ ʠʭ ʫʤʝʥʴʰʝʥʠʝ.  

ʅʘ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʣʝʚʫʶ ʯʘʩʪʴ ʢʨʠʚʳʭ, ʛʜʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦʩʪʝ-
ʧʝʥʥʦ ʨʘʩʪʫʪ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʜʦʫʧʣʦʪʥʝʥʥʦʩʪʴʶ ʩʤʝʩʝʡ, ʘ ʵʢʩʪʨʝʤʫʤ ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 
ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʤʝʥʴʰʝʡ ʧʦʨʠʩʪʦʩʪʠ. ʇʨʘʚʘʷ ʯʘʩʪʴ ʢʨʠʚʳʭ ʥʘ ʵʪʠʭ ʛʨʘʬʠʢʘʭ: ʧʦʩʪʝʧʝʥʥʳʡ ʩʧʘʜ 
ʧʨʦʯʥʦʩʪʠ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʧʦ ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ɺ/ʊ ʦʪʥʦʰʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʨʠʯʠʥʝ ʠʟʙʳʪʢʘ 
ʚʦʜʳ ʟʘʪʚʦʨʝʥʠʷ. ʉʤʝʩʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʨʘʩʩʣʘʠʚʘʶʪʩʷ ʠ ʚʳʞʠʤʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 
ʠʟʙʳʪʦʯʥʘʷ ʚʦʜʘ. ɺʩʝ ʵʪʦ, ʝʩʪʝʩʪʚʝʥʥʦ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʦʨʠʩʪʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ. ʆʧ-
ʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɺ/ʊ ʦʪʥʦʰʝʥʠʷ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦ-
ʣʦ 0,8. 

ɼʣʷ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ (ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ) ʬʦʨʤʦʚʦʯʥʳʝ 
ʤʘʩʩʳ ʛʦʪʦʚʠʣʠ ʚ ʣʦʧʘʩʪʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʝʰʘʣʢʝ ʝʤʢʦʩʪʴʶ 25ʣ. ʂʘʯʝʩʪʚʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ (ʦʜʥʦ-
ʨʦʜʥʦʩʪʴ ʩʤʝʩʠ) ʦʮʝʥʠʚʘʣʠ ʢʦʩʚʝʥʥʦ ʧʦ ʨʘʟʙʨʦʩʫ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʧʨʦʯ-
ʥʦʩʪʠ ʥʘ ʩʞʘʪʠʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʩʫʰʢʠ.  

ɿʘʛʨʫʟʢʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʤʝʩʠ ʚ ʤʝʰʘʣʢʫ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʥʘʯʘʣʝ ʟʘʛʨʫʞʘʣʠ 
ʪʨʝʙʫʝʤʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʣʠʪʦʚʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʬʨ. 2ï5 ʤʤ, ʚ ʢʦʪʦʨʦʤ ʩʦʜʝʨʞʘʣʦʩʴ 9% ʧʝʨʣʠʪʦʚʦʡ 
ʧʳʣʠ, ʘ ʟʘʪʝʤ ʧʦʜʘʚʘʣʠ ʩʦʚʤʝʩʪʥʦ ʤʦʣʦʪʳʝ ʦʪʭʦʜʳ ʧʠʣʝʥʠʷ ʠʟʚʝʩʪʥʷʢʦʚʦʛʦ ʢʘʤʥʷ ʠ ʩʠʣʠʢʘʪ ʛʣʳʙʫ. 

ɺʥʘʯʘʣʝ ʩʫʭʫʶ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2-3 ʤʠʥ, ʘ ʟʘʪʝʤ ï ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
ʧʦʩʪʝʧʝʥʥʦ ʧʦʜʣʠʚʘʣʠ ʚʦʜʫ ʟʘʪʚʦʨʝʥʠʷ. ʆʙʱʝʝ ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʠʟʤʝʥʷʣʠ  ʦʪ 2 ʜʦ 12 ʤʠʥ ʩ ʠʥ-
ʪʝʨʚʘʣʘʤʠ ʧʦ 2 ʤʠʥ. 

ʈʘʟʤʝʨ ʦʙʨʘʟʮʦʚ ʙʳʣ ʧʨʠʥʷʪ 10x10x10 ʩʤ, ʬʦʨʤʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʠʙʨʠʨʦʚʘʥʠʝʤ 
ʩ ʧʨʠʛʨʫʟʦʤ (0,005 ʄʇʘ). ʊʚʝʨʜʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʧʦ ʨʝʞʠʤʫ ʩʫʰʢʠ, ʧʨʠʚʝʜʝʥʥʦʤʫ ʥʘʤʠ ʚʳʰʝ. 
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ʉʡʪ. 1. ʀʙʛʡʪʡʥʧʪʫʵ ʨʩʧʰʦʧʪʫʡ ʦʙ ʪʟʙʫʡʞ ʡ ʪʩʞʝʦʞʢ ʨʤʧʫʦʧʪʫʡ ʡʪʪʤʞʝʬʞʥʧʜʧ ʥʙʫʞʩʡʙʤʙ  

ʧʫ ʛʧʝʧʫʛʞʩʝʧʜʧ ʧʫʦʧʱʞʦʡʸ 
 

 
ʉʡʪ. 2. ʀʙʛʡʪʡʥʧʪʫʵ ʨʩʧʰʦʧʪʫʡ ʨʩʡ ʪʟʙʫʡʡ ʡ ʪʩʞʝʦʞʢ ʨʤʧʫʦʧʪʫʡ ʫʞʨʤʧʡʠʧʤʸʯʡʧʦʦʧʜʧ ʥʙʫʞʩʡʙʤʙ 

ʧʫ ʛʩʞʥʞʦʡ ʨʞʩʞʥʞʱʡʛʙʦʡʸ 
 
ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ (ʩʤ. ʨʠʩ.2.), ʯʪʦ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝ-

ʰʠʚʘʥʠʷ ʚʥʘʯʘʣʝ ʦʪʤʝʯʘʝʪʩʷ ʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝ-
ʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʶ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ. ʊʘ-
ʢʦʡ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʡ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʩʤʝʩʴ ʥʝʦʜʥʦʨʦʜ-
ʥʘ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʚʝʨʭ ʦʧʪʠʤʘʣʴʥʦʛʦ 
ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʧʝʨʣʠʪʦʚʦʛʦ ʟʘʧʦʣʥʠʪʝʣʷ ʠ ʫʚʝʣʠʯʝʥʠʶ ʦʙʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʯʘ-
ʩʪʠʮ. ʏʘʩʪʠʮʳ ʚʷʞʫʱʝʛʦ ʠ ʟʘʧʦʣʥʠʪʝʣʷ ʧʨʠ ʵʪʦʤ ʧʦʢʨʳʚʘʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʤ ʩʣʦʝʤ ʚʦʜʷʥʦʡ ʦʙʦʣʦʯʢʠ, 
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ɺʦʜʦʪʚʝʨʜʦʝ ʦʪʥʦʰʝʥʠʝ ɺ/ʊ, ʜ.ʝ. 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 
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ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʤʠʥ 

ʇʨʦʯʥʦʩʪʴ ʧʨʠ ʩʞʘʪʠʠ, ʄʇʘ ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 
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ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʫʜʦʙʦʫʢʣʘʜʳʚʘʝʤʦʩʪʠ ʩʤʝʩʠ. 
ʆʧʪʠʤʘʣʴʥʦʝ ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʘʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ. 2 ʟʘʚʠʩʠʤʦ-

ʩʪʝʡ,  ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 6-8 ʤʠʥ. ɹʦʣʝʝ ʫʟʢʠʝ ʧʨʝʜʝʣʳ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʪʘʢ ʢʘʢ 
ʢʦʣʝʙʘʥʠʷ ʚ ʪʫ ʠʣʠ ʠʥʫʶ ʩʪʦʨʦʥʫ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ ʥʝ ʦʢʘʟʳʚʘʶʪ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ 
ʩʚʦʡʩʪʚʘʤʠ ʠ ʧʦʢʘʟʘʪʝʣʝʤ ʬʦʨʤʫʝʤʦʩʪʠ (ʞʝʩʪʢʦʩʪʴ, ʧʦʜʚʠʞʥʦʩʪʴ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ), ʥʝʦʙʭʦ-
ʜʠʤʳ ʩʚʦʡ ʢʦʥʢʨʝʪʥʳʡ ʩʧʦʩʦʙ ʠ ʨʝʞʠʤ ʫʧʣʦʪʥʝʥʠʷ. ʊʦʣʴʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʬʦʨʤʠʨʦʚʘ-
ʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ ʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʧʦʩʦʙʘ ʠ ʨʝʞʠʤʘ ʫʧʣʦʪʥʝʥʠʷ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠʛʨʫʟʘ ʚʝʣʠʯʠʥʫ ʫʩʠʣʠʷ ʤʝʥʷʣʠ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,002 
ʜʦ 0,02 ʄʇʘ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʩʪʨʫʢʪʫʨʝ ʩ ʤʝʥʴʰʠʤʠ ʚʥʫʪʨʝʥʥʠ-
ʤʠ ʥʘʧʨʷʞʝʥʠʷʤʠ ʠ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ 
ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʩʠʣʠʷ ʧʨʠʛʨʫʟʘ ʦʢʦʣʦ 0,005 ʄʇʘ, ʢʦʪʦʨʳʡ ʧʨʠʥʷʪ ʥʘʤʠ ʟʘ ʦʧʪʠʤʘʣʴʥʳʡ.  

ɺʘʞʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʠʣʠʢʘʪ-
ʥʘʪʨʠʝʚʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʚʷʞʫʱʝʛʦ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ, ʷʚʣʷʝʪʩʷ ʪʘʢʞʝ ʪʝʧʣʦʚʘʷ ʦʙʨʘʙʦʪ-
ʢʘ. ʎʝʣʴ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ - ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʣʥʦʛʦ ʨʘʩʪʚʦʨʝʥʠʷ ʟʝʨʝʥ ʩʠʣʠʢʘʪ-ʛʣʳʙʳ ʠ ʩʦʟʜʘʥʠʝ ʟʘ 
ʩʯʝʪ ʵʪʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚʷʞʫʱʝʛʦ ʠ ʟʘʧʦʣʥʠʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʩʪʚʦʨʝ-
ʥʠʝ ʟʝʨʝʥ ʩʠʣʠʢʘʪ-ʛʣʳʙʳ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 90Áʉ. ʇʨʠ ʧʦʜʲʝʤʝ ʞʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 180Áʉ 
ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʯʪʠ ʧʦʣʥʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʠ ʫʧʨʦʯʥʷʶʪʩʷ ʢʦʥʪʘʢʪʳ. 

ʆʙʱʝʝ ʚʨʝʤʷ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʥʘʤʠ ʟʘʜʘʥʦ ʚ ʧʨʝʜʝʣʘʭ 8 ʯ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 
ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʥʦ-ɻ ʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʠ ʫʜʝʣʴʥʦʛʦ ʩʲʝʤʘ ʛʦʪʦʚʦʡ ʧʨʦʜʫʢʮʠʠ ʩ ʪʝʧʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ 
(ʩʤ. ʪʘʙʣ.2). 

 
ʋʙʚʤʡʯʙ 2 

ʉʞʟʡʥʴ ʫʞʨʤʧʛʧʢ ʧʚʩʙʚʧʫʣʡ 

ˉ ʨʝ-
ʞʠʤʘ 

 ʇʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ, ʯʘʩ 

ʇʦʜʲʝʤ 
ʪʝʤʧʝʨʘʪʫʨʳ 
ʜʦ 90Áʉ 

ɺʳʜʝʨʞʢʘ 
ʧʨʠ 90Áʉ 

ʇʦʜʲʝʤ ʪʝʤ-
ʧʝʨʘʪʫʨʳ ʜʦ 
180Áʉ 

ɺʳʜʝʨʞʢʘ 
ʧʨʠ 180Áʉ 

ʆʭʣʘʞʜʝʥʠʝ ʇʨʦʯʥʦʩʪʴ ʥʘ 
ʩʞʘʪʠʝ, ʄʇʘ 

1 1,0 1,5 1,0 4,5 ʝʩʪʝʩʪʚʝʥʥʦʝ 0,63 

2 1,0 2,5 0,5 4,0 ʝʩʪʝʩʪʚʝʥʥʦʝ 1,15 

3 1,0 2,0 1,0 4,0 ʝʩʪʝʩʪʚʝʥʥʦʝ 0,85 

4 1,0 3,0 1,0 3,0 ʝʩʪʝʩʪʚʝʥʥʦʝ 0,54 

 
ʀʟ ʜʘʥʥʳʭ ʪʘʙʣ.2 ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ ʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʨʝʞʠʤ. ʆʥ ʠ ʧʨʠʥʷʪ ʥʘʤʠ ʧʨʠ ʧʦʩʣʝ-

ʜʫʶʱʝʤ ʠʟʛʦʪʦʚʣʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠ ʠʟʜʝʣʠʡ. 
ʅʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʨʫʧʥʦʨʘʟʤʝʨʥʳʭ ʙʣʦʢʦʚ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʠ ʤʘʩʰʪʘʙʥʳʡ ʬʘʢ-

ʪʦʨ. ʈʝʞʠʤ ʩʫʰʢʠ ʠ ʚʳʜʝʨʞʢʘ ʧʨʠ 90-95Á ʠ 180-200Áʉ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘ-
ʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʠʣʠʢʘʪ-ʛʣʳʙʳ ʠ ʟʘʢʨʝʧʣʝʥʠʷ ʢʣʝʝʚʳʭ ʢʦʥʪʘʢʪʦʚ ʟʘ ʩʯʝʪ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʩʠʩʪʝʤʳ ʠ 
ʧʦʚʳʰʝʥʠʷ ʢʦʛʝʟʠʦʥʥʦʡ ʧʨʦʯʥʦʩʪʠ ʩʠʣʠʢʘʪ-ʥʘʪʨʠʷ, ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʪʦʣʱʠʥʳ ʠʟʜʝʣʠʡ. ɼʣʷ ʪʝʧʣʦ-
ʠʟʦʣʷʮʠʦʥʥʳʭ ʧʝʨʣʠʪʦʚʳʭ ʧʣʠʪ ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ʥʝ ʙʫʜʝʪ ʩʠʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ, ʪ.ʢ. ʪʦʣʱʠʥʘ ʧʣʠʪ 
(500x300x100 ʤʤ) ʩʦʠʟʤʝʨʠʤʘ ʩ ʪʦʣʱʠʥʦʡ ʦʙʨʘʟʮʦʚ (100ʭ100ʭ100 ʤʤ). 

ʇʦʜʥʷʪʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦ 800Áʉ ʧʨʠʚʦʜʠʪ ʢ 
ʥʝʙʦʣʴʰʠʤ ʜʦʧʫʩʪʠʤʳʤ ʫʩʘʜʢʘʤ, ʧʨʦʯʥʦʩʪʴ ʥʘ ʩʞʘʪʠʝ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 
ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ ʜʦ 800Áʉ ʧʨʦʠʩʭʦʜʷʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʯʥʦ-
ʛʦ ʢʘʨʢʘʩʘ ʠʟ ʟʘʧʦʣʥʠʪʝʣʷ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʚʷʞʫʱʠʤ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫ-
ʨʳ ʦʙʞʠʛʘ ʙʦʣʝʝ 900Áʉ ʧʨʦʠʩʭʦʜʠʪ ʫʩʘʜʢʘ ʥʘ 6-10%. ɼʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʨʠʤʝʥʝʥʠʷ ʠʩʩʣʝʜʫʝ-
ʤʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʤʠ ʧʨʠʥʷʪ 800Áʉ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʞʘʨʦʩʪʦʡʢʠʡ ʧʝʨʣʠʪʦʚʳʡ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʩ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʞʘʪʠʝ 1.0 
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ʄʇʘ ʠ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴ 400 ʢʛ/ʤ3 ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 800Áʉ, ʧʦʣʫʯʘʝ-
ʤʳʡ ʧʦ ʙʝʟʦʙʞʠʛʦʚʦʡ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʮʠʦʥʘʣʴʥʳʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʚʦʜʦʪʚʝʨʜʦʝ ʦʪʥʦʰʝʥʠʝ ɺ/ʊ=0,8; ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 6-8 
ʤʠʥ; ʚʝʣʠʯʠʥʘ ʫʩʠʣʠʷ ʧʨʠʛʨʫʟʘ 0,005 ʄʇʘ ʠ ʨʝʞʠʤ ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ï ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 90Áʉ 
ï 1,0ʯ; ʚʳʜʝʨʞʢʘ ʧʨʠ 90Áʉ ï 2,5ʯ; ʧʦʜʲʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 200Áʉ ï 0,5ʯ; ʚʳʜʝʨʞʢʘ ʧʨʠ 90Áʉ ï 4,0ʯ; 
ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. 

ʆʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ-
ʥʦʛʦ ʞʘʨʦʩʪʦʡʢʦʛʦ ʧʝʨʣʠʪʦʚʦʛʦ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʦʚʝʜʝʥʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʫʶʱʝʛʦ 
ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʮʝʭʘ ʆʆʆ çʆʧʳʪʥʦʝ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝè. 
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ʉʪʫʜʝʥʪ 
ʀʥʩʪʠʪʫʪ ʪʝʭʥʦʣʦʛʠʡ (ʬʠʣʠʘʣ) ɼɻʊʋ ʚ ʛ. ɺʦʣʛʦʜʦʥʩʢʝ 

ɸʩʩʠʩʪʝʥʪ ʢʘʬʝʜʨʳ ʛʦʨʦʜʩʢʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʭʦʟʷʡʩʪʚʘ 
ɸʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳ ɼɻʊʋ 

 

ɹʦʦʧʫʙʯʡʸ: ɺ ʩʪʘʪʴʝ ʦʧʠʩʘʥʦ ʟʥʘʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʦʙʣʘʩʪʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʫʙʲʝʢ-
ʪʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʪʘʧʳ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʠ-
ʣʳʭ ʬʦʥʜʦʚ ʠ ʦʧʠʩʘʥʳ ʧʨʠʥʮʠʧʳ ʵʬʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʢʘʟʘʪʴ ʥʝʟʘʤʝʥʠ-
ʤʦʩʪʴ ʜʘʥʥʦʛʦ ʚʠʜʘ ʘʥʘʣʠʟʘ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʨʘʤʦʪʥʦʡ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʫʧʨʘʚʣʝʥʯʝʩʢʦʡ ʧʦʣʠʪʠʢʠ ʚ 
ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʝ.  
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ, ʵʢʦʥʦʤʠʢʘ, ʨʝʢʦʥʩʪʨʫʢʮʠʷ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʚʟʘʠʤʦʟʘʚʠ-
ʩʠʤʦʩʪʴ. 
 
ROLE AND VALUE OF THE ECONOMIC ANALYSIS IN RECONSTRUCTION OF URBAN DEVELOPMENT 

 
Voronkov Dmitry Evgenevich 

 
Abstract: In article the value of the economic analysis in the field of town planning of territorial subjects of the 
Russian Federation is described. Stages of carrying out this analysis at reconstruction of housing stocks are 
presented and the principles of the effective analysis are described. An attempt to show indispensability of this 
type of the analysis when carrying out competent and effective administrative policy in town planning is made.  
Key words: town planning, economy, reconstruction, economic analysis, interdependence. 

 
ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ, ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʚʩʝʤʠ ʫʨʦʚʥʷʤʠ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʚʣʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʩʫʙʲʝʢʪʦʚ ʈʌ.  
ʊʝʨʨʠʪʦʨʠʘʣʴʥʦʝ ʧʣʘʥʠʨʦʚʘʥʠʝ - ʵʪʦ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʡ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʦʥ 

ʜʣʷ ʟʘʩʪʨʦʡʢʠ ʦʙʲʝʢʪʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʥʫʞʜ, ʟʦʥ ʩ ʦʩʦʙʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦʣʴʟʦʚʘʥʠʷ ʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʟʦʥ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʦʢʫʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʳ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʠ ʛʨʘʥʠʮʳ.  

ɺʘʞʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʦʡ ʛʝʥʝʨʘʣʴʥʦʡ ʩʭʝʤʳ ʨʘʩʩʝʣʝʥʠʷ, ʢʦʪʦʨʘʷ 
ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʧʣʘʥʠʨʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʈʌ [1, ʩ. 88]. 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʣʶʙʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ, ʷʚʣʷʝʪʩʷ 
ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʘʢʪʫʘʣʴʥʫʶ ʠ ʜʦʩʪʦʚʝʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ 
ʩʦʩʪʦʷʥʠʠ ʩʫʙʲʝʢʪʘ ʈʌ. ɺ ʢʘʯʝʩʪʚʝ ʵʪʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚʳʩʪʫʧʘʶʪ ʩʚʝʜʝʥʠʷ ʦʙ ʵʢʦʥʦʤʠʢʠ, 
ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʭʦʜʝ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦʛʦ ʠ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ 
ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʀʤʝʥʥʦ ʵʪʦʪ ʚʠʜ ʘʥʘʣʠʟʘ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 
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ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʟʘʩʪʨʦʡʢʠ ʠ ʧʣʘʥʠʨʦʚʘʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʦʭʦʜʳ ʠ ʚʳʛʦʜʳ ʦʪ 
ʨʝʘʣʠʟʘʮʠʠ ʧʣʘʥʦʚ ʟʘʩʪʨʦʡʢʠ, ʩ ʜʨʫʛʦʡ.  

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʧʨʦʩʪʳʤ ʷʟʳʢʦʤ, ʪʦ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ - ʵʪʦ ʟʘʩʪʨʦʡʢʘ ʛʦʨʦʜʦʚ ʠʣʠ 
ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʞʠʣʠʱʥʳʭ ʦʙʲʝʢʪʦʚ. ʅʦ, ʚ ʩʫʱʥʦʩʪʠ, ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʦ - ʵʪʦ ʩʣʦʞʥʘʷ 
ʪʚʦʨʯʝʩʢʘʷ ʨʘʙʦʪʘ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʘʷ ʨʝʰʝʥʠʝ ʩʘʥʠʪʘʨʥʦ-ʛʠʛʠʝʥʠʯʝʩʢʠʭ, ʩʦʮʠʘʣʴʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, 
ʘʨʭʠʪʝʢʪʫʨʥʦ-ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʠ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ. 

ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʠʣʠ ʦʙʥʦʚʣʝʥʠʝ ʞʠʣʠʱʥʳʭ ʦʙʲʝʢʪʦʚ - ʵʪʦ ʛʣʘʚʥʳʡ ʤʝʪʦʜ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 
ʙʦʣʴʰʠʥʩʪʚʘ ʨʦʩʩʠʡʩʢʠʭ ʛʦʨʦʜʦʚ. ʀʤʝʥʥʦ ʦʥ ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʧʦʣʠʪʠʢʠ 
ʣʶʙʦʡ ʩʪʨʘʥʳ. 

ʇʨʝʞʜʝ, ʯʝʤ ʛʦʚʦʨʠʪʴ ʦ ʨʦʣʠ ʠ ʟʥʘʯʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʠʱʥʳʭ 
ʦʙʲʝʢʪʦʚ, ʜʘʚʘʡʪʝ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʠʤʝʥʥʦ ʧʦʥʠʤʘʝʪʩʷ ʧʦʜ ʜʘʥʥʳʤ ʚʠʜʦʤ ʘʥʘʣʠʟʘ. 

ɻʨʠʱʝʥʢʦ ʆ.ɺ. ʚʳʜʚʠʛʘʝʪ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ - ʜʘʥʥʳʡ ʘʥʘʣʠʟ ʢʘʢ 
ʥʘʫʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩʧʝʮʠʘʣʴʥʳʭ ʟʥʘʥʠʡ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʟʘʢʦʥʘʭ ʨʘʟʚʠʪʠʷ ʠ 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ ʠ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʟʥʘʥʠʝ ʤʝʪʦʜʦʣʦʛʠʠ ʦʮʝʥʢʠ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ 
ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ [2, ʩ. 13]. 

ʇʦ ʉʘʬʦʥʦʚʫ ɸ.ɸ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ - ʧʨʦʮʝʩʩ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ ʚʳʷʚʣʝʥʠʝ ʬʘʢʪʦʨʦʚ ʠ 
ʧʨʠʯʠʥ, ʠʭ ʦʙʫʩʣʦʚʠʚʰʠʭ, ʠʟʫʯʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʪʝʢʫʱʠʭ ʠ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʘʥʦʚ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʧʦ ʠʪʦʛʘʤ ʢʘʢʦʡ-ʣʠʙʦ ʜʝʷʪʝʣʴʥʦʩʪʠ [3, ʩ. 21]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ - ʵʪʦ ʦʩʥʦʚʘ ʜʣʷ ʣʶʙʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʪʩʣʝʞʠʚʘʪʴ ʩʦʙʣʶʜʝʥʠʝ ʚʩʝʭ 
ʥʝʦʙʭʦʜʠʤʳʭ ʥʦʨʤʘʪʠʚʦʚ ʠ ʠʩʢʘʪʴ ʥʦʚʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʧʫʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʨʝʩʫʨʩʦʚ. 

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʠʱʥʳʭ ʬʦʥʜʦʚ ʩʫʙʲʝʢʪʦʚ ʈʌ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ 
ʵʪʘʧʳ [4, ʩ. 291]: 

1...ʌʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯ ʠ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʧʦ 
ʙʘʣʘʥʩʫ ʧʣʦʱʘʜʝʡ ʥʝʜʚʠʞʠʤʦʩʪʠ. 

2...ɸʥʘʣʠʟ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʦ ʠʤʝʶʱʠʤʩʷ ʜʘʥʥʳʤ: ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ, ʨʳʥʦʯʥʘʷ 
ʩʠʪʫʘʮʠʷ.  

3...ʂʦʤʧʣʝʢʩʥʳʡ ʠ ʛʣʫʙʦʢʠʡ ʘʥʘʣʠʟ ʦʙʲʝʢʪʘ ʨʝʢʦʥʩʪʨʫʢʮʠʠ: 
--ʘʥʘʣʠʟ ʢʘʩʩʦʚʳʭ ʦʧʝʨʘʮʠʡ; 
--ʘʥʘʣʠʟ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʝʢʪʘ. 
ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʛʦʨʦʜʩʢʠʭ ʟʘʩʪʨʦʝʢ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʨʘʚʠʣʴʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʝʛʦ ʧʨʦʚʝʜʝʥʠʷ.  
ʇʨʝʞʜʝ ʚʩʝʛʦ, ʞʠʣʠʱʥʳʝ ʬʦʥʜʳ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʦʪʦʨʳʤ ʧʣʘʥʠʨʫʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ 

ʨʝʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʜʝʣʷʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʛʨʫʧʧ: 
--ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ; 
--ʪʨʝʙʫʶʱʠʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ; 
--ʪʨʝʙʫʶʱʠʝ ʩʣʦʞʥʳʭ ʨʝʢʦʥʩʪʨʫʠʨʫʶʱʠʭ ʨʘʙʦʪ ʠ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ; 
--ʥʝ ʧʦʜʣʝʞʘʱʠʝ ʦʙʥʦʚʣʝʥʠʶ. 
 ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʞʜʦʡ ʚʳʜʝʣʝʥʥʦʡ ʛʨʫʧʧʝ ʞʠʣʠʱʥʳʭ ʬʦʥʜʦʚ ʙʫʜʝʪ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ, ʥʦ ʚ ʥʸʤ ʦʙʷʟʘʪʝʣʴʥʦ ʙʫʜʫʪ ʧʨʦʩʣʝʞʠʚʘʪʴʩʷ ʦʙʱʠʝ ʧʨʠʥʮʠʧʳ [5, ʩ. 213]: 
1...ʉʠʩʪʝʤʥʦʩʪʴ - ʪʦ ʝʩʪʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʷʚʣʝʥʠʷ ʠʣʠ ʧʨʦʮʝʩʩʘ ʢʘʢ ʟʚʝʥʘ 

ʢʨʫʧʥʦʡ ʩʠʩʪʝʤʳ.  
2...ʂʦʤʧʣʝʢʩʥʦʩʪʴ - ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʜʦʣʞʝʥ ʫʛʣʫʙʣʝʥʥʦ ʠ 

ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʪʴ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ, ʫʯʠʪʳʚʘʷ ʠ ʚʟʘʠʤʦʩʚʷʟʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ 
ʠʟʫʯʘʝʤʳʤʠ ʦʙʲʝʢʪʘʤʠ. 

3...ʈʝʛʫʣʷʨʥʦʩʪʴ - ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʠʦʜ ʧʨʦʚʝʜʝʥʠʷ ʘʥʘʣʠʟʘ. ʇʝʨʠʦʜ ʙʳʚʘʝʪ ʨʘʟʥʳʡ, ʪʘʢ ʢʘʢ ʜʣʷ 
ʦʜʥʠʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ ʥʫʞʥʦ ʧʨʦʚʦʜʠʪʴ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʙʣʶʜʝʥʠʝ, ʪʦ ʝʩʪʴ ʤʦʥʠʪʦʨʠʥʛ, ʘ ʜʣʷ 
ʜʨʫʛʠʭ ï ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʢʘʢʠʤʠ-ʣʠʙʦ ʬʘʢʪʦʨʘʤʠ. 
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4...ʂʦʥʢʨʝʪʥʦʩʪʴ - ʦʪʨʘʞʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʚʝʜʝʥʠʷ. ʂʦʥʢʨʝʪʥʳʡ ʘʥʘʣʠʟ ʜʦʣʞʝʥ 
ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʜʘʥʥʳʭ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʦʙʲʝʢʪʫ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʩʦʧʦʩʪʘʚʠʤʳʤʠ 
ʠʣʠ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʤʠ. 

5...ʆʙʲʝʢʪʠʚʥʦʩʪʴ - ʪʦ ʝʩʪʴ ʥʘʣʠʯʠʝ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʳ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 
6...ʅʘʫʯʥʦʩʪʴ. ɼʦʣʞʥʘ ʙʳʪʴ ʨʘʩʢʨʳʪʘ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʫʱʥʦʩʪʴ ʠʟʫʯʘʝʤʳʭ ʜʘʥʥʳʭ, ʘ ʪʘʢ ʞʝ 

ʧʨʠʚʝʜʝʥʘ ʠʭ ʧʨʘʚʠʣʴʥʘʷ ʦʮʝʥʢʘ ʠ ʦʪʨʘʞʝʥʳ ʪʝʤʧʳ ʠ ʪʝʥʜʝʥʮʠʠ ʠʭ ʠʟʤʝʥʝʥʠʡ. 
7...ɼʝʡʩʪʚʝʥʥʦʩʪʴ - ʯʪʦʙʳ ʘʥʘʣʠʟ ʤʦʞʥʦ ʙʳʣʦ ʩʯʠʪʘʪʴ ʜʝʡʩʪʚʝʥʥʳʤ, ʚ ʝʛʦ ʨʝʟʫʣʴʪʘʪʘʭ ʜʦʣʞʥʳ 

ʙʳʪʴ ʜʘʥʳ ʦʪʚʝʪʳ ʥʘ ʪʘʢʠʝ ʚʦʧʨʦʩʳ, ʢʘʢ:  
ʘ)..ʢʘʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʠ ʤʦʞʥʦ ʣʠ ʝʛʦ ʜʦʩʪʠʯʴ 

ʚʦʦʙʱʝ?  
ʙ)..ʢʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʦʛʫʪ ʧʨʦʠʟʦʡʪʠ ʠ ʢʘʢ ʠʭ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʦʪʦʚʦʛʦ ʨʝʟʫʣʴʪʘʪʘ? 
8...ʕʢʦʥʦʤʠʯʥʦʩʪʴ - ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʜʦʣʞʝʥ ʙʳʪʴ ʩʦʠʟʤʝʨʠʤ ʟʘʪʨʘʯʝʥʥʦʡ ʨʘʙʦʪʝ, ʠʥʘʯʝ 

ʝʛʦ ʚʳʧʦʣʥʝʥʠʝ - ʥʝʨʘʮʠʦʥʘʣʴʥʦ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʬʦʨʤʠʨʫʝʪʩʷ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʪʘʢ ʠ ʥʝʛʘʪʠʚʥʳʭ. ʀ ʠʤʝʥʥʦ ʛʣʫʙʦʢʠʡ ʠ 
ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ, ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʪʝʭʥʠʢʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʥʦʚʳʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ.  

 ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʭʘʨʘʢʪʝʨ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʞʠʣʠʱʥʳʭ ʦʙʲʝʢʪʦʚ, ʝʸ ʤʘʩʰʪʘʙʳ ʠ 
ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʦ-ɻ ʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 
ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʮʝʣʝʡ, ʟʘʜʘʯ ʠ ʧʣʘʥʘ ʤʝʨʦʧʨʠʷʪʠʡ ʥʘ ʧʝʨʩʧʝʢʪʠʚʫ ʠ 
ʫʯʠʪʳʚʘʪʴ ʚ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʩʪʨʘʪʝʛʠʷ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ 
ʦʜʥʦʡ ʙʦʣʴʰʦʡ ʩʠʩʪʝʤʥʦʡ ʟʘʜʘʯʝʡ, ʫʯʠʪʳʚʘʶʱʝʡ ʩʦʮʠʘʣʴʥʳʝ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʳʝ 
ʢʨʠʪʝʨʠʠ. 

 ʀʤʝʥʥʦ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʨʘʚʠʣʴʥʫʶ ʫʧʨʘʚʣʝʥʯʝʩʢʫʶ ʧʦʣʠʪʠʢʫ ʚ 
ʦʙʣʘʩʪʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʠ ʚʝʩʪʠ ʢʦʥʪʨʦʣʴ ʥʘʜ ʚʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ ʚ ʥʝʡ [6, ʩ. 
217].   

ɽʱʸ ʦʜʥʠʤ ʟʥʘʯʠʤʳʤ ʵʬʬʝʢʪʦʤ ʜʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʩʪʫʧʘʝʪ ʪʦ, ʯʪʦ ʦʥ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʠ 
ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʷʚʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʧʨʦʙʣʝʤʫ ʫ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʩʫʙʲʝʢʪʘ. ʇʨʠ ʙʦʣʴʰʦʤ ʠ 
ʥʝʦʙʨʘʙʦʪʘʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʜʘʥʥʳʭ ʦʯʝʥʴ ʪʨʫʜʥʦ ʥʘʡʪʠ ʠʤʝʥʥʦ ʪʦʪ ʫʯʘʩʪʦʢ, ʥʘ ʢʦʪʦʨʦʤ ʧʨʦʠʟʦʰʝʣ 
çʩʙʦʡè. ʀ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʜʭʦʜʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, 
ʥʘʧʨʠʤʝʨ, ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ, ʢʦʪʦʨʳʡ ʧʦʤʦʛʘʝʪ ʧʦʥʷʪʴ, ʢʘʢʦʡ ʠʟ ʬʘʢʪʦʨʦʚ ʧʦʚʣʠʷʣ ʥʘ ʨʝʟʫʣʴʪʘʪ. 

ʇʨʦʮʝʩʩ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʝ ʦʙʭʦʜʠʪʩʷ ʙʝʟ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺʝʜʴ ʝʩʣʠ ʝʩʪʴ ʠʟʫʯʝʥʥʘʷ 
ʠʥʬʦʨʤʘʮʠʷ, ʫʢʘʟʘʥʦ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʪ ʠʣʠ ʠʥʦʡ ʧʨʦʮʝʩʩ ʚ ʧʨʦʰʣʦʤ, ʥʘʩʪʦʷʱʝʤ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʳ ʝʸ 
ʪʝʥʜʝʥʮʠʠ ʨʘʟʚʠʪʠʷ ʥʘ ʙʫʜʫʱʠʝ ʧʝʨʠʦʜʳ, ʪʦ ʙʝʟ ʪʨʫʜʘ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʨʘʮʠʦʥʘʣʴʥʳʡ ʠ ʦʧʪʠʤʘʣʴʥʳʡ 
ʧʣʘʥ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʠ ʨʦʣʴ 
ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʙʲʝʢʪʦʚ ʈʌ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, 
ʦʯʝʥʴ ʙʦʣʴʰʠʝ ʠ ʨʘʟʥʦʩʪʦʨʦʥʥʠʝ. ʀʤʝʥʥʦ ʵʪʦʪ ʘʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʨʘʚʠʣʴʥʫʶ ʧʦʣʠʪʠʢʫ ʧʦ 
ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʮʝʩʩʘʤʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʥʦʚʣʝʥʠʷ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʦʙʨʘʙʘʪʳʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʠ 
ʦʪʙʨʘʩʳʚʘʪʴ ʪʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ çʥʝ ʩʪʦʣʴ ʚʘʞʥʳʤè ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʘʞʜʳʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ 
ʧʨʦʪʝʢʘʝʪ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʩʪʨʦʠʪʴ ʧʣʘʥʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 
ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ.  
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ʘʩʧʠʨʘʥʪ  
 ʌɻɹʆʋ ɺʆ ʆʤʩʢʠʡ ɻɸʋ 

 

ɹʦʦʧʫʙʯʡʸ: ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʣʝʚʦʤ ʦʧʳʪʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʫʣʫʯʰʝʥʠʠ 
ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʭʦʪʥʦʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ. ɿʘ ʧʝʨʠʦʜ 
ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʛʦʜ ʝʛʦ ʚʥʝʩʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʨʛʘʥʠʯʝ-
ʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʠ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʥʘ 33%. ɺ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ ʧʦʯʚʳ ʦʪʤʝʯʝʥʦ ʚʦʟʨʘʩʪʘʥʠʝ ʜʦʣʠ 
ɻʂ, ʚ ʪ.ʯ. ʩʚʦʙʦʜʥʳʭ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʧʦʯʚʘ, ʦʨʛʘʥʠʯʝʩʢʦʝ ʫʜʦʙʨʝʥʠʝ, ʛʫʤʫʩ, ʩʚʠʥʦʡ ʥʘʚʦʟ, ʬʨʘʢʮʠ-
ʦʥʥʦ-ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ.  
 

INFLUENCE OF PIG MANURE ON THE FRACTIONAL AND GROUP COMPOSITION OF HUMUS IN 
ARABLE MEADOW-CHERNOZEM SOIL OF THE SOUTHERN FOREST-STEPPE OF OMSK PRIIRTYSHIE 
 

Zhanna Leonidovna Alekseeva 
 
Abstract: The results of the studies obtained in the field experience indicate an improvement in the humus 
state of arable meadow-ʩhernozem as a result of the use of pig manure. During the period of action of organic 
fertilizer in the year of its introduction there was an increase in the organic carbon content in the soil and hu-
mus reserves by 33%. In the composition of soil humus observed increase in the share of ha, including free. 
Keywords: meadow-chernozem soil, organic fertilizer, humus, pig manure, fractional-group composition. 

 
ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʣʦʜʦʨʦʜʠʷ ʚʘʞʥʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ. 

ʆʥʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚʳ ʢ ʚʥʝʰʥʠʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. ʉ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ 
ʟʘʧʘʩʳ ʘʟʦʪʘ, ʬʦʩʬʦʨʘ, ʩʝʨʳ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ [1, c. 30]. 

ʇʦʵʪʦʤʫ, ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚ ʠ ʝʛʦ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʛʫʤʫʩʘ ʩʯʠ-
ʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʧʨʦʙʣʝʤ ʚ ʟʝʤʣʝʜʝʣʠʠ.  ɼʣʷ ʝʝ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʘʷ ʨʦʣʴ ʦʪʚʦʜʠʪʩʷ ʧʨʠʤʝʥʝ-
ʥʠʶ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʚ ʢʦʣʠʯʝʩʪʚʘʭ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʙʝʟʜʝʬʠ-
ʮʠʪʥʦʛʦ ʙʘʣʘʥʩʘ ʛʫʤʫʩʘ ʚ ʧʦʯʚʘʭ [2, c. 23].  

ʀʟ ʚʩʝʭ ʚʠʜʦʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ ʟʥʘʯʠʤʦʩʪʠ ʟʘʥʠʤʘʝʪ ʥʘʚʦʟ. ɽʛʦ ʚʳʩʦʢʘʷ 
ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʢʘʟʘʥʘ ʤʥʦʛʦʚʝʢʦʚʦʡ ʠʩʪʦʨʠʝʡ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟ-
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ʥʦʩʪʦʨʦʥʥʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʧʦʯʚʫ ʠ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 
ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʚʦʟʘ ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙ-

ʨʝʥʠʷ ʦʙʳʯʥʦ ʚʦʧʨʦʩʦʚ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʂ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʚʦʟʘ ʩʚʠʥʝʡ ʚ ʢʘʯʝʩʪʚʝ ʫʜʦʙʨʝʥʠʷ ʦʪʥʦʰʝ-
ʥʠʝ ʥʘʩʪʦʨʦʞʝʥʥʦʝ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʨʘʙʦʪʳ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʧʦʜʪʚʝʨʞʜʘʶʪ 
ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʚ ʢʘʯʝʩʪʚʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʫʜʦʙʨʝʥʠʷ [3, c. 5].  ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʦʧʦʣʥʷʝʪʩʷ ʟʘʧʘʩ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʧʠʪʘʪʝʣɹ-
ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʯʚʝ, ʫʣʫʯʰʘʝʪʩʷ ʢʨʫʛʦʚʦʨʦʪ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʩʪʠʤʫʣʠʨʫʝʪʩʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 
ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʧʦʯʚʳ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʢʠʩʣʦʪʳ ʠ ʨʘʟʣʠʯʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʠʩʣʦʪ, 
ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʯʘʩʪʴʶ ʧʦʯʚʳ. ʂʨʦʤʝ ʪʦʛʦ, ʦʨʛʘʥʠʯʝʩʢʠʝ ʫʜʦʙʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʩʚʠ-
ʥʦʛʦ ʥʘʚʦʟʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ, ʝʝ ʧʦʛʣʦʪʠʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, 
ʙʫʬʝʨʥʦʩʪʴ ʠ ʜʨʫʛʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʣʦʜʦʨʦʜʠʝ [4, c. 2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ ʩʨʝʜʠ ʧʨʠʤʝʥʷʝʤʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʝʦʙʣʘʜʘʝʪ 
ʩʚʠʥʦʡ ʥʘʚʦʟ. ɺ ʨʝʛʠʦʥʝ ʧʨʦʠʟʚʦʜʷʪ ʩʚʠʥʠʥʫ ʙʦʣʝʝ 20 ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: ʆɸʆ çʆʤ-
ʩʢʠʡ ʙʝʢʦʥè, ʆʆʆ çʈʋʉʂʆʄ-ɸʛʨʦè, ʆʆʆ çʊʠʪʘʥ-ɸʛʨʦè, ɿɸʆ ʇʂ çʆʐɸè, ʆʆʆ çɸʛʨʦʢʦʤʧʣʝʢʩ ʋʜʘʨ-
ʥʳʡè, ʂʌʍ çʃʶʬʪè ʠ ʜʨ.  

ɺ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʠ ʚʳʩʦʢʠʭ ʮʝʥ ʥʘ  ʤʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙʨʝʥʠʷ, ʩʚʠʥʦʡ ʥʘʚʦʟ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ 
ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʧʦʚʳʰʝʥʠʷ ʧʣʦʜʦʨʦʜʠʷ ʧʘʭʦʪʥʳʭ ʧʦʯʚ ʆʤʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚʦʟʥʠʢʘʝʪ 
ʚʦʧʨʦʩ ʦʙ ʫʪʠʣʠʟʘʮʠʠ ʠ ʛʨʘʤʦʪʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʚ ʟʝʤʣʝʜʝʣʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʧʦ ʚʣʠʷʥʠʶ ʵʪʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ ʧʣʦʜʦʨʦʜʠʝ ʧʦʯʚ ʚ ʦʙʣʘʩʪʠ ʧʨʦʚʝʜʝʥʦ ʥʝʤʥʦʛʦ 
[5, c. 6, 6, ʩ. 250]. 

ɻʫʤʫʩ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʪʚʝʨʜʦʡ ʬʘʟʳ ʧʦʯʚʳ, ʦʧʨʝʜʝʣʷʝʪ ʝʝ 
ʢʘʯʝʩʪʚʦ ʠ ʧʣʦʜʦʨʦʜʠʝ. ʇʦʵʪʦʤʫ, ʮʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʡ 
ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ ʧʘʭʦʪʥʦʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʧʦʯʚʳ ʤʘʣʦʛʦ ʦʧʳʪʥʦʛʦ 
ʧʦʣʷ ʆʤʩʢʦʛʦ ɻɸʋ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʘʩʴ ʧʘʭʦʪʥʘʷ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʧʦʯʚʘ ʚ ʫʩʣʦʚʠʷʭ ʜʝʡʩʪʚʠʷ ʩʚʠ-
ʥʦʛʦ ʥʘʚʦʟʘ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʘʣʦʤ ʦʧʳʪʥʦʤ ʧʦʣʝ ʆʤʩʢʦʛʦ ɻɸʋ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ ʚʪʦʨʦʡ 
ʪʝʨʨʘʩʝ ʨʝʢʠ ʀʨʪʳʰ, ʩʣʦʞʝʥʥʦʡ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ 
ʧʨʝʜʩʪʘʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʦʯʝʥʴ ʤʘʣʦʤʦʱʥʳʭ ʠ ʤʘʣʦʤʦʱʥʳʭ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʳʭ ʧʦʯʚ. 

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ ʦʧʳʪʥʦʛʦ ʫʯʘʩʪʢʘ ʙʳʣ ʟʘʣʦʞʝʥ ʧʦʯʚʝʥʥʳʡ ʨʘʟʨʝʟ, ʦʧʠ-
ʩʘʥʠʝ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʠʞʝ. 

ɺʩʢʠʧʘʝʪ ʦʪ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʛʣʫʙʠʥʳ 42 ʩʤ 
ʆʛʣʝʝʥʠʷ ʥʝʪ ʜʦ 157 ʩʤ 

ʩʤ

ɸʧʘʭ

160-
       ɻʫʤʫʩʦʚʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ, ʩʝʨʳʡ, ʛʣʳʙʠʩʪʦ-ʢʦʤʢʦʚʘʪʳʡ,  

                      ʦʜʥʦʨʦʜʥʳʡ, ʨʝʜʢʠʝ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ,  
                      ʧʝʨʝʭʦʜ ʚ ʛʦʨʠʟʦʥʪ ɺ1 ̫ ʩʥʳʡ. 

ʩʤ

ɺ

4216

1

-
     ʇʝʨʝʭʦʜʥʳʡ, ʧʳʣʝʚʘʪʦ-ʛʣʳʙʠʩʪʦ-ʢʦʤʢʦʚʘʪʳʡ, ʙʫʨʳʡ ʩ  

                     ʩʝʨʳʤʠ ʧʷʪʥʘʤʠ, ʥʝʦʜʥʦʨʦʜʥʳʡ, ʨʝʜʢʠʝ ʢʦʨʥʠ ʨʘʩʪʝʥʠʡ,  
                     ʩʨʝʜʥʝʩʫʛʣʠʥʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʚ ʛʦʨʠʟʦʥʪ ɺ2ʢ ̫ ʩʥʳʡ. 

ʩʤ

ɺʢ

7142

2

-
    ʇʝʨʝʭʦʜʥʳʡ, ʢʦʤʢʦʚʘʪʦ-ʧʳʣʝʚʘʪʳʡ, ʙʫʨʳʡ, ʦʜʥʦʨʦʜʥʳʡ, 

                     CaCo3 ʚ ʬʦʨʤʝ ʧʨʦʧʠʪʢʠ, ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʚ  
                     ʛʦʨʠʟʦʥʪ ɺ3ʢ ʧʦʩʪʝʧʝʥʥʳʡ ʧʦ ʮʚʝʪʫ, ʨʝʟʢʠʡ ʧʦ  
                     ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. 

ʩʤ

ɺʂ

11171

3

-
        

ʇʝʨʝʭʦʜʥʳʡ, ʧʳʣʝʚʘʪʦ -ʛʣʳʙʠʩʪʦ-ʢʦʤʢʦʚʘʪʳʡ, ʩʚʝʪʣʦ-ʙʫʨʳʡ, 

                     ʦʜʥʦʨʦʜʥʳʡ, CaCo3 ʚ ʬʦʨʤʝ ʧʨʦʧʠʪʢʠ, ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ,  
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                     ʧʝʨʝʭʦʜ ʚ ʛʦʨʠʟʦʥʪ ʉʢ ʧʦʩʪʝʧʝʥʥʳʡ. 

ʩʤ

ʉʢ

157111-
    ɻʦʨʠʟʦʥʪ ʧʦʯʚʦʦʙʨʘʟʫʶʱʝʡ ʧʦʨʦʜʳ, ʙʫʨʦʛʦ ʮʚʝʪʘ, ʛʣʳʙʠʩʪʦ-  

                       ʢʦʤʢʦʚʘʪʳʡ, ʦʜʥʦʨʦʜʥʳʡ ʧʦ ʦʢʨʘʩʢʝ, CaCʆ3 ʬʦʨʤʝ ʧʨʦʧʠʪʢʠ,  
                     ʪʷʞʝʣʦʩʫʛʣʠʥʠʩʪʳʡ. 
ʅʘʟʚʘʥʠʝ: ʃʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʘʷ ʦʯʝʥʴ ʤʘʣʦʤʦʱʥʘʷ ʩʣʘʙʦʛʫʤʫʩʠʨʦʚʘʥʘʷ ʣʝʛʢʦʩʫʛʣʠʥʠʩʪʘʷ ʧʦʯʚʘ. 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʯʚ ʈʦʩʩʠʠ 2004 ʛ. ʘʛʨʦʯʝʨʥʦʟʝʤ ʢʚʘʟʠʛʣʝʝʚʳʡ. ʇʦʯʚʘ ʷʚʣʷʝʪʩʷ ʵʨʦʜʠʨʦʚʘʥʥʦʡ, 
ʪ.ʢ. ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤ ʧʣʦʩʢʦʩʪʥʦʛʦ ʩʤʳʚʘ ʚʦ ʚʨʝʤʷ ʪʘʷʥʠʷ ʩʥʝʛʘ ʠ ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʦʚ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʝʚʦʤ ʦʧʳʪʝ ʩ ʷʨʦʚʦʡ ʧʰʝʥʠʮʝʡ ʩʦʨʪʘ çʕʣʝʤʝʥʪ 22è, ʟʘʣʦʞʝʥʥʦʤ 
ʚ 2016 ʛ.  ʉʭʝʤʘ ʦʧʳʪʘ ʙʳʣʘ ʩʣʝʜʫʶʱʝʡ: 

1. ʂʦʥʪʨʦʣʴ 
2. ɼʦʟʘ ʥʘʚʦʟʘ 20 ʪ/ʛʘ 
3. ɼʦʟʘ ʥʘʚʦʟʘ 30 ʪ/ʛʘ 
4. ɼʦʟʘ ʥʘʚʦʟʘ  40 ʪ/ʛʘ 
5. ɼʦʟʘ ʥʘʚʦʟʘ  50 ʪ/ʛʘ 
6. ɼʦʟʘ ʥʘʚʦʟʘ  60 ʪ/ʛʘ 
ɺ ʦʧʳʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠ  ʪʚʝʨʜʫʶ ʬʨʘʢʮʠʶ ʥʘʚʦʟʘ ʩʚʠʥʦʚʦʜʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʆʆʆ çʈʋʉʂʆʄ-

ɸʛʨʦè (ʂʦʨʤʠʣʦʚʩʢʠʡ ʨʘʡʦʥ,  ʜ. ʉʦʩʥʦʚʢʘ). ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ ʚ ʥʘʚʦʟʝ ʩʦʩʪʘʚ-
ʣʷʣʦ: N ï 0,57 %, P ï 1,08 %, K ï 0,21 %. ʅʘʚʦʟ ʚʥʦʩʠʣʠ ʚʝʩʥʦʡ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʠ ʟʘʜʝʣʳʚʘʣʠ ʚ ʩʣʦʡ 0-
20 ʩʤ. ʇʦʚʪʦʨʥʦʩʪʴ 3-ʭ ʢʨʘʪʥʘʷ. 

ʇʦʯʚʝʥʥʳʝ ʧʨʦʙʳ ʦʪʙʠʨʘʣʠ ʧʦʩʣʝ ʫʙʦʨʢʠ ʷʨʦʚʦʡ ʧʰʝʥʠʮʳ ʚ ʚʘʨʠʘʥʪʘʭ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʠ ʤʘʢʩʠ-
ʤʘʣʴʥʦʡ ʜʦʟʘʤʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ. ɺ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

 ï ʩʦʜʝʨʞʘʥʠʝ ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʧʦ ʀ.ɺ. ʊʶʨʠʥʫ ʚ ʤʦʜʠʬʠʢʘʮʠʠ ɺ.ʅ. ʉʠʤʘʢʦʚʘ ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ 
ɹ.ʀ. ʅʠʢʠʪʠʥʘ; 

 ï ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʠ ʬʨʘʢʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʛʫʤʫʩʘ ʧʦ ʩʭʝʤʝ ʀ.ɺ. ʊʶʨʠʥʘ ʚ ʤʦʜʠʬʠʢʘʮʠʠ 
ɺ.ɺ. ʇʦʥʦʤʘʨʝʚʦʡ ʠ ʊ.ɸ. ʇʣʦʪʥʠʢʦʚʦʡ. 

ɻʫʤʫʩʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʦʯʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʷʜʦʤ ʧʦʢʘʟʘʪʝʣʝʡ: ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʟʘʧʘʩʘʤʠ ʛʫʤʫʩʘ, 
ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʧʨʦʬʠʣʶ.  

ɺ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘʤʠ ʠʟʫʯʘʣʦʩʴ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ, ʝʛʦ ʟʘʧʘʩʳ ʠ ʢʘʯʝ-
ʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʙʳʣʦ 
ʦʯʝʥʴ ʥʠʟʢʠʤ ʠ ʩʦʩʪʘʚʠʣʦ 2,0 %. ʇʨʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʯʚʳ ʙʘʣʘʥʩ ʛʫʤʫʩʘ ʠʟʤʝ-
ʥʷʝʪʩʷ. ʊʘʢ ʢʘʢ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʯʚʳ ʨʘʩʭʦʜʫʝʪʩʷ ʥʘ ʤʠʥʝʨʘʣʠʟʘʮʠʶ, ʟʘ 
ʩʯʝʪ ʢʦʪʦʨʦʡ ʨʘʩʪʝʥʠʷ ʧʦʛʣʦʱʘʶʪ ʜʦʩʪʫʧʥʳʝ ʬʦʨʤʳ ʘʟʦʪʘ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʦʚ ʧʠʪʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 
ʢʦʣʠʯʝʩʪʚʦ ʛʫʤʫʩʘ ʚ ʧʘʭʦʪʥʳʭ ʧʦʯʚʘʭ ʟʘʢʦʥʦʤʝʨʥʦ ʩʥʠʞʘʝʪʩʷ. ʊʘʢ ʞʝ ʧʦʪʝʨʠ ʛʫʤʫʩʘ ʧʘʭʦʪʥʦʡ ʣʫʛʦʚʦ-
ʯʝʨʥʦʟʝʤʥʦʡ ʧʦʯʚʳ ʦʧʳʪʥʦʛʦ ʧʦʣʷ ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʧʨʦʮʝʩʩʦʚ ʵʨʦʟʠʠ ʠ ʜʝʬʣʷʮʠʠ ʠ ʣʝʛʢʠʤ ʛʨʘʥʫ-
ʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ.  

 ɺʥʝʩʝʥʠʝ ʚ ʧʦʯʚʫ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʫʚʝʣʠʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʦʨ-
ʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʦʟʝ ʫʜʦʙʨʝʥʠʷ (ʨʠʩ. 1). ʉʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ 
(2,67 %) ʦʪʤʝʯʝʥʦ ʚ ʚʘʨʠʘʥʪʝ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ï 60 ʪ/ʛʘ.   

ɿʘʧʘʩʳ ʛʫʤʫʩʘ ʚ ʧʦʯʚʝ ʥʘ ʢʦʥʪʨʦʣʝ ʦʮʝʥʠʚʘʣʠʩʴ ʢʘʢ ʦʯʝʥʴ ʥʠʟʢʠʝ (48,0 ʪ/ʛʘ). ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʚʥʝ-
ʩʝʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʦʥʠ ʚʦʟʨʦʩʣʠ ʜʦ 51,4 ʠ 64,1 ʪ/ʛʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʉʡʪ. 1. ʊʧʝʞʩʟʙʦʡʞ ʜʬʥʬʪʙ ʡ ʧʩʜʙʦʡʰʞʪʣʧʜʧ ʬʜʤʞʩʧʝʙ ʛ ʪʤʧʞ 0-20 ʪʥ ʤʬʜʧʛʧ- 
ʰʞʩʦʧʠʞʥʦʧʢ ʨʧʰʛʴ ʥʙʤʧʜʧ ʧʨʴʫʦʧʜʧ ʨʧʤʸ ʇʥʪʣʧʜʧ ɼɹʌ, 2016 ʜ. 

 
ʇʦʢʘʟʘʪʝʣʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʛʫʤʫʩʘ, ʥʦ ʠ ʝʛʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ [7, c. 138]. 
ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʛʫʤʫʩʘ, ʷʚʣʷʷʩʴ ʬʫʥʢʮʠʝʡ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʧʦʯʚ, ʦʪʨʘʞʘʝʪ ʩʧʝʮʠʬʠ-

ʢʫ ʧʨʦʮʝʩʩʘ ʛʫʤʠʬʠʢʘʮʠʠ ʚ ʧʦʯʚʘʭ. ʅʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʣʠʯʠʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 
ʩʦʩʪʘʚʘ ʛʫʤʫʩʘ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʛʨʫʧʧʦʚʦʡ, ʥʦ ʠ ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠ-
ʝʤ ʛʫʤʫʩʦʚʳʭ ʚʝʱʝʩʪʚ ʧʦ ʬʦʨʤʘʤ ʠʭ ʩʚʷʟʠ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [8, c. 39]. 

ɼʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʬʨʘʢʮʠʦʥʥʦ-ʛʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʧʘʭʦʪʥʦʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʧʦʯʚʳ ʚ 
ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʪʚʝʨʜʦʡ ʬʨʘʢʮʠʠ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 2. 

 

 
 

ʉʡʪ. 2. ʍʩʙʣʯʡʧʦʦʧ-ʜʩʬʨʨʧʛʧʢ ʪʧʪʫʙʛ ʜʬʥʬʪʙ ʪʤʧʸ 0-20 ʪʥ ʤʬʜʧʛʧ-h ʞʩʦʧʠʞʥʦʧʢ ʨʧʰʛʴ ʥʙʤʧʜʧ 
ʧʨʴʫʦʧʜʧ ʨʧʤʸ ʇʥʪʣʧʜʧ ɼɹʌ, 2016 ʜ.  

 
ɺ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ ʧʦʯʚʳ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʧʨʝʦʙʣʘʜʘʣʠ ɻʂ, ʥʘ ʜʦʣʶ ʢʦʪʦʨʳʭ ʧʨʠʭʦʜʠʣʦʩʴ 

ʙʦʣʝʝ 50 % ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʣʘ ʬʨʘʢʮʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ɻʂ2), 
ʩʚʷʟʘʥʥʘʷ ʩ ʢʘʣʴʮʠʝʤ (30,76 %  ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ ʠ 57,1 % ʦʙʱʝʡ ʩʫʤʤʳ ɻʂ). ɼʦʣʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, 
ʧʨʦʯʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʠ ʫʩʪʦʡʯʠʚʳʤʠ ʧʦʣʫʪʦʨʥʳʤʠ ʦʢʩʠʜʘʤʠ (ɻʂ3) ʙʳʣʘ ʤʝʥʴ-
ʰʝ ʠ ʩʦʩʪʘʚʠʣʘ 15,7 % ʦʪ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʫʛʣʝʨʦʜʘ. ʅʘ ʜʦʣʶ ʬʨʘʢʮʠʠ ɻʂ 1 (ʩʚʦʙʦʜʥʘʷ ʠ ʩʚʷʟʘʥʥʘʷ 
ʩ ʧʦʜʚʠʞʥʳʤʠ ʧʦʣʫʪʦʨʥʳʤʠ ʦʢʩʠʜʘʤʠ) ʧʨʠʭʦʜʠʣʦʩʴ 7,4 % ʫʛʣʝʨʦʜʘ. ʆʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʠʪʘ-
ʥʠʠ ʨʘʩʪʝʥʠʡ.  

ʉʫʤʤʘ ʬʨʘʢʮʠʡ ʬʫʣʴʚʦʢʠʩʣʦʪ ʚ ʧʦʯʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʩʪʘʚʠʣʘ 32,8 % ʦʙʱʝʛʦ ʫʛʣʝʨʦʜʘ 
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ʧʦʯʚʳ. ʉʦʜʝʨʞʘʥʠʝ çʘʛʨʝʩʩʠʚʥʳʭè ʬʫʣʴʚʦʢʠʩʣʦʪ (ʌʂ1ʘ) ʟʘʥʠʤʘʣʦ 14,7 % ʦʙʱʝʡ ʩʫʤʤʳ ʬʫʣʴʚʦʢʠʩ-
ʣʦʪ. ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʣʴʥʳʭ ʬʨʘʢʮʠʡ ʵʪʦʡ ʛʨʫʧʧʳ ʢʠʩʣʦʪ ʙʳʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʳʤʠ. 

ɼʝʡʩʪʚʠʝ ʩʚʠʥʦʛʦ ʥʘʚʦʟʘ ʚ ʪʝʯʝʥʠʝ ʚʝʛʝʪʘʮʠʦʥʥʦʛʦ ʧʝʨʠʦʜʘ ʚʳʟʚʘʣʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 
ʬʨʘʢʮʠʦʥʥʦ-ʛʨʫʧʧʦʚʦʛʦ ʩʦʩʪʘʚʘ ʛʫʤʫʩʘ ʧʦʯʚʳ. ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʫʜʦʙʨʝʥʠʝʤ ʫʚʝʣʠʯʠʣʦʩʴ 
ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ, ʩʨʝʜʠ ʥʠʭ ʧʦʢʘʟʘʪʝʣʴ ʜʦʣʠ ʩʚʦʙʦʜʥʳʭ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ ʚʦʟ-
ʨʘʩʪʘʣ ʥʘ 73-97 % ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʠ ʜʦʩʪʠʛ 22,6 % ʦʪ ʠʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʊʘʢʞʝ ʥʘʙʣʶ-
ʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʨʘʢʮʠʠ ɻʂ3, ʥʦ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ï ʥʘ 18-46 %. 

ʅʝʢʦʪʦʨʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʩʦʩʪʘʚʝ ʬʫʣʴʚʦʢʠʩʣʦʪ ʧʦʯʚʳ ʚ ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʥʘʚʦ-
ʟʘ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʬʨʘʢʮʠʡ ʌʂ1 ʠ ʌʂ3 ʠ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʌʂ, ʩʚʷʟʘʥʥʳʭ ʩ 
ʬʨʘʢʮʠʝʡ ɻʂ2 (ʪ.ʝ. ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʣʴʮʠʝʤ). ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʘ ʌʂ ʚ ʧʦʯʚʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʥʘʚʦʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʣʦʩʴ. 

ʉʪʝʧʝʥʴ ʛʫʤʠʬʠʢʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ ʦʧʳʪʘ ʦʯʝʥʴ ʚʳʩʦʢʘʷ. ʕʪʦʪ 
ʧʦʢʘʟʘʪʝʣʴ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʝʥ, ʪ.ʢ. ʛʫʤʠʬʠʮʠʨʦʚʘʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʛʫʤʠʥʦʚʳ-
ʤʠ ʢʠʩʣʦʪʘʤʠ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʉʛʢ:ʉʬʢ ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʩʦʩʪʘʚʠʣʦ ï 1,64. ɺ ʚʘʨʠʘʥʪʘʭ ʩ ʚʥʝʩʝʥʠʝʤ ʩʚʠ-
ʥʦʛʦ ʥʘʚʦʟʘ ʦʪʤʝʯʘʣʦʩʴ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʉʛʢ:ʉʬʢ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ï 2,15-2,75. ɺ ʨʝʟʫʣʴ-
ʪʘʪʝ ʯʝʛʦ ʧʨʦʠʟʦʰʣʦ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ ʛʫʤʫʩʘ ʦʪ ʬʫʣʴʚʘʪʥʦ-ʛʫʤʘʪʥʦʛʦ ʜʦ ʛʫʤʘʪʥʦʛʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʧʦʣʝʚʦʤ ʦʧʳʪʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 
ʫʣʫʯʰʝʥʠʠ ʛʫʤʫʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʘʭʦʪʥʦʡ ʣʫʛʦʚʦ-ʯʝʨʥʦʟʝʤʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʠʥʦʛʦ ʥʘʚʦ-
ʟʘ. ɿʘ ʧʝʨʠʦʜ ʜʝʡʩʪʚʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʚ ʛʦʜ ʝʛʦ ʚʥʝʩʝʥʠʷ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨ-
ʞʘʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʚ ʧʦʯʚʝ ʠ ʟʘʧʘʩʦʚ ʛʫʤʫʩʘ ʥʘ 33%. ɺ ʩʦʩʪʘʚʝ ʛʫʤʫʩʘ ʧʦʯʚʳ ʦʪʤʝʯʝʥʦ ʚʦʟ-
ʨʘʩʪʘʥʠʝ ʜʦʣʠ ɻʂ, ʚ ʪ.ʯ. ʩʚʦʙʦʜʥʳʭ. 
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ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʚʦʝʥʥʦ-ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʄʊʆ ɺʉ ʈʌ 
 

ɹʦʦʧʫʙʯʡʸ: ʉʪʘʪʴʷ ʧʦʩʚʷʱʝʥʘ ʠʩʪʦʨʠʠ ʩʦʟʜʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʠʥʚʝʥʪʘʨʥʳʭ ʥʘʧʣʘʚʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞ-
ʥʳʭ ʤʦʩʪʦʚ, ʠʭ ʨʦʣʠ ʚ ʟʘʜʘʯʝ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ, ʧʦʚʳ-
ʰʝʥʠʶ ʞʠʚʫʯʝʩʪʠ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʧʝʨʝʚʦʟʦʢ. 
ʃʤʷʰʞʛʴʞ ʪʤʧʛʙ: ʥʘʧʣʘʚʥʦʡ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʤʦʩʪ; ʧʦʥʪʦʥ; ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. 
 

THE STORY OF THE CREATION OF THE INVENTORY OF PONTOON RAILROAD BRIDGES 
 

Zavalnyuk Sergey Ivanovich, 
Rybicki Vladimir A. 

 
Abstract: the Article is devoted to the history of the creation and development of inventory surfaced railway 
bridges, their role in one of the tasks of the development of transport communications, improving the surviva-
bility of communication routes and transportation. 
Key words: floating railway bridge; pontoon; capacity. 

 
ʉʘʤʦʡ ʩʣʦʞʥʦʡ ʠ ʪʨʫʜʦʸʤʢʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʚ ʢʨʠʟʠʩʥʳʭ ʩʠʪʫʘʮʠʷʭ ʥʘ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʤ ʪʨʘʥʩʧʦʨʪʝ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʙʦʣʴʰʠʭ ʠ ʚʥʝʢʣʘʩʩʥʳʭ ʤʦʩʪʦʚ ʯʝʨʝʟ ʢʨʫʧʥʳʝ 
ʚʦʜʥʳʝ ʧʨʝʛʨʘʜʳ, ʪʘʢʠʝ ʥʘʧʨʠʤʝʨ ʢʘʢ ʨʝʢʠ ɺʦʣʛʘ, ʆʙʴ, ɽʥʠʩʝʡ, ɸʤʫʨ ʠ ʜʨʫʛʠʝ. ʈʘʟʨʫʰʝʥʠʝ ʤʦʩʪʦʚ 
ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʝʥʥʳʭ ʜʝʡʩʪʚʠʡ, ʥʦ ʠ ʚ ʤʠʨʥʦʝ ʚʨʝʤʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʨʝʟʚʳʯʘʡʥʳʭ 
ʩʠʪʫʘʮʠʡ. ʇʨʠʤʝʨ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʤʦʩʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʤʳʚʘ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 
ʦʧʦʨʳ ʯʝʨʝʟ ʨʝʢʫ ɸʙʘʢʘʥ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 1 [1]. 

 
 

ʉʡʪ. 1. ʉʙʠʩʬʱʞʦʡʞ ʟʞʤʞʠʦʧʝʧʩʧʟʦʧʜʧ ʥʧʪʫʙ ʛ ʩʞʠʬʤʵʫʙʫʞ ʨʧʝʥʴʛʙ ʧʨʧʩʴ 
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ʅʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʩʢʦʨʝʡʰʝʛʦ ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʧʦʝʟʜʦʚ ʯʝʨʝʟ ʚʦʜʥʫʶ 
ʧʨʝʛʨʘʜʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ ʥʘʚʝʜʝʥʠʝ ʥʘʧʣʘʚʥʦʛʦ ʤʦʩʪʘ ʠʟ ʠʥʚʝʥʪʘʨʥʦʛʦ ʠʤʫʱʝʩʪʚʘ ʞʝ-
ʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢ (ʅɾʄ-56, ʄʃɾ-ɺʌ-ɺʊ). 

ʀʩʪʦʨʠʷ ʩʦʟʜʘʥʠʷ ʠʥʚʝʥʪʘʨʥʳʭ ʥʘʧʣʘʚʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʦʪ ʩʧʝ-
ʮʠʘʣʴʥʦʛʦ ʧʦʥʪʦʥʥʦʛʦ ʧʘʨʢʘ ʉʇ-19, ʧʨʠʥʷʪʦʛʦ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʠʥʞʝʥʝʨʥʳʤʠ ʚʦʡʩʢʘʤʠ ʚ 1939 ʛ. ʇʦ ʤʦ-
ʩʪʫ ʤʦʛʣʠ ʧʝʨʝʧʨʘʚʣʷʪʴʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʦʜʚʠʞʥʦʡ ʩʦʩʪʘʚ (ʧʘʨʦʚʦʟ ʩʝʨʠʠ ʆʚ ʠ ʚʘʛʦʥʳ ʩ ʧʦʛʦʥʥʦʡ 
ʥʘʛʨʫʟʢʦʡ ʥʝ ʙʦʣʝʝ 6 ʪʩ/ʤ). ʉʇ-19 ʩʪʘʣ ʧʝʨʚʳʤ ʚ ʤʠʨʝ ʩʘʤʦʭʦʜʥʳʤ ʧʦʥʪʦʥʥʳʤ ʧʘʨʢʦʤ. ʆʥ ʧʨʝʜʥʘʟʥʘ-
ʯʘʣʩʷ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʢʨʫʧʥʳʭ ʚʦʜʥʳʭ ʧʨʝʛʨʘʜʘʭ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʚʝʪʨʦʚʳʤ ʚʦʣʥʝʥʠʝʤ ʠ ʚʳʩʦʢʠ-
ʤʠ ʩʢʦʨʦʩʪʷʤʠ ʪʝʯʝʥʠʷ, ʠʩʢʣʶʯʘʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʥʠʭ ʜʨʫʛʠʭ ʧʘʨʢʦʚ. ʀʟ ʤʘʪʝʨʠ-
ʘʣʴʥʦʡ ʯʘʩʪʠ ʧʦʥʪʦʥʥʦʛʦ ʧʘʨʢʘ ʩʦʙʠʨʘʣʠʩʴ ʥʘʧʣʘʚʥʳʝ ʤʦʩʪʳ ʠ ʧʝʨʝʚʦʟʥʳʝ ʧʘʨʦʤʳ, ʛʨʫʟʦʧʦʜʲʸʤʥʦ-
ʩʪʴʶ ʦʪ 30 ʜʦ 180 ʪʩ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʧʝʨʝʧʨʘʚʳ ʣʦʢʦʤʦʪʠʚʦʚ ʠ ʩʧʣʦʪʦʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʘʛʦʥʦʚ. 
ʆʩʥʦʚʫ ʧʘʨʢʘ ʩʦʩʪʘʚʣʷʣʠ ʤʦʪʦʨʠʟʦʚʘʥʥʳʝ ʧʦʥʪʦʥʳ (ʨʠʩ. 2), ʜʣʠʥʦʡ 19,3 ʤ, ʩʥʘʙʞʸʥʥʳʝ ʜʚʫʤʷ ʜʚʠʛʘ-
ʪʝʣʷʤʠ, ʤʦʱʥʦʩʪʴʶ ʧʦ 135 ʣ.ʩ. ʢʘʞʜʳʡ [2, 3]. ɺ ʢʦʤʧʣʝʢʪ ʧʘʨʢʘ ʚʭʦʜʠʣʠ 122 ʩʘʤʦʭʦʜʥʳʭ ʧʦʥʪʦʥʘ-
ʢʘʪʝʨʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ 120 ʧʨʦʣʸʪʥʳʭ ʩʪʨʦʝʥʠʡ. 

 

 
 

ʉʡʪ. 2.  ʈʧʦʫʧʦ ʪʨʞʯʡʙʤʵʦʧʜʧ ʨʧʦʫʧʦʦʧʜʧ ʨʙʩʣʙ ʡʦʟʞʦʞʩʦʴʮ ʛʧʢʪʣ ʊʈ-19 
 

ɼʣʷ ʩʙʦʨʢʠ ʤʦʩʪʦʚ ʠ ʧʘʨʦʤʦʚ ʩʣʫʞʠʣ ʦʜʠʥ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʢʨʘʥ ʠʟ ʩʦʩʪʘʚʘ ʧʘʨʢʘ. ʀʟ-ʟʘ ʙʦʣʴ-
ʰʠʭ ʛʘʙʘʨʠʪʦʚ ʵʣʝʤʝʥʪʳ ʧʘʨʢʘ ʧʝʨʝʚʦʟʠʣʠʩʴ ʧʦ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ. ʇʨʦʣʸʪʥʳʝ ʩʪʨʦʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘ-
ʣʠʩʴ ʧʦʧʝʨʸʢ ʢʘʪʝʨʘ (ʥʘ ʧʦʚʳʰʝʥʥʳʝ ʙʦʨʪʘ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ) ʠ ʩʣʫʞʠʣʠ ʧʨʦʝʟʞʝʡ ʯʘʩʪʴʶ ʤʦʩʪʦʚ ʠ ʧʘ-
ʨʦʤʦʚ. ʇʨʦʣʸʪʥʦʝ ʩʪʨʦʝʥʠʝ ʩʦʩʪʦʷʣʦ ʠʟ ʰʝʩʪʠ ʧʦʧʘʨʥʦ ʩʦʝʜʠʥʸʥʥʳʭ ʚ ʙʣʦʢʠ ʜʚʫʪʘʚʨʦʚʳʭ ʙʘʣʦʢ ˉ 60. 
ʇʦ ʦʩʠ ʩʦʚʤʝʱʸʥʥʦʡ ʧʨʦʝʟʞʝʡ ʯʘʩʪʠ, ʰʠʨʠʥʦʡ 6,3 ʤ, ʫʢʣʘʜʳʚʘʣʩʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʫʪʴ. ʅʘʚʝʜʝʥʠʝ 
ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʘʨʢʘ ʉʇ-19 ʦʙʝʩʧʝʯʠʚʘʣʠ 576 ʧʦʥʪʦʥʸʨʦʚ. ɺ ʛʦʜʳ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʧʘʨʢ 
ʤʥʦʛʦʢʨʘʪʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʩʪʨʦʡʩʪʚʘ ʧʘʨʦʤʥʳʭ ʧʝʨʝʧʨʘʚ ʠ ʥʘʚʝʜʝʥʠʷ ʥʘʧʣʘʚʥʳʭ ʞʝʣʝʟʥʦʜʦ-
ʨʦʞʥʳʭ ʤʦʩʪʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʙʝʨʝʛʦʚʳʭ ʵʩʪʘʢʘʜ, ʪʝʤʧ ʥʘʚʝʜʝʥʠʷ ʤʦʩʪʘ ʠʟ ʉʇ-19 ʜʦ-
ʩʪʠʛʘʣ 129 ʤ/ʩʫʪ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʧʘʨʢʘ ʷʚʣʷʣʦʩʴ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʝʛʦ ʧʝʨʝʚʦʟʢʝ ʪʦʣʴʢʦ ʧʦ 
ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʝ, ʯʪʦ ʵʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʧʦʜʚʠʞʥʦʩʪʴ ʧʘʨʢʘ ʠ ʤʘʥʸʚʨʝʥʥʦʩʪʴ. ʉʙʦʨʢʘ ʤʦʩʪʦʚ ʠ 
ʧʘʨʦʤʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʨʘʥʘʤʠ ʙʦʣʴʰʦʡ ʛʨʫʟʦʧʦʜʲʸʤʥʦʩʪʠ (ʤʘʩʩʘ ʧʦʥʪʦʥʘ ð ʦʢʦʣʦ 1600 ʢʛ). ɿʘ ʛʦ-
ʜʳ ʚʦʡʥʳ ʚʳʧʫʱʝʥʦ 204 ʧʘʨʢʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʪʘʭ ʧʦʥʪʦʥʳ ʨʘʩʯʣʝʥʠʣʠ ʥʘ ʪʨʠ ʯʘʩʪʠ. ʕʪʦ ʨʝʰʝ-
ʥʠʝ ʚ ʧʦʩʣʝʜʫʶʱʝʤ ʙʳʣʦ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʧʦʩʣʝʚʦʝʥʥʳʭ ʧʦʥʪʦʥʥʳʭ ʧʘʨʢʘʭ ʠʥʞʝʥʝʨʥʳʭ ʠ ʞʝʣʝʟʥʦʜʦ-
ʨʦʞʥʳʭ ʚʦʡʩʢ ʇʇʉ ʠ ʅɾʄ-56 [2, 4]. 

ʎʅʀʀ ʅʂʇʉ ʚ 1942 ï 1943 ʛʛ. ʨʘʟʨʘʙʦʪʘʣ ʧʨʦʝʢʪ ʫʧʨʦʱʸʥʥʦʛʦ ʧʦʥʪʦʥʥʦʛʦ ʧʘʨʢʘ ʥʘ ʦʪʢʨʳʪʳʭ 
ʩʪʘʣʴʥʳʭ ʧʦʥʪʦʥʘʭ. ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʥʝ ʠʟʛʦʪʘʚʣʠʚʘʣʘʩʴ, ʪ.ʢ. ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʚʦʡʩʢʘ ʢ ʩʝʨʝʜʠʥʝ 
ʚʦʡʥʳ ʩʤʦʛʣʠ ʜʦʩʪʠʯʴ ʪʨʝʙʫʝʤʳʭ ʪʝʤʧʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʩʪʦʚ ʥʘ ʞʸʩʪʢʠʭ ʦʧʦʨʘʭ. ʂ ʪʦʤʫ ʞʝ, ʤʝʪʘʣʣ 
ʚʦ ʚʨʝʤʷ ʚʦʡʥʳ ʙʳʣ ʦʩʪʨʦʜʝʬʠʮʠʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ (1946 ʛ.) ʠʥʞʝʥʝʨʥʳʝ ʚʦʡʩʢʘ ʧʨʠʩʪʫʧʠʣʠ ʢ ʩʦʟʜʘʥʠʶ 
ʪʷʞʸʣʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʘʨʢʘ ʇʇʉ (ʧʦʥʪʦʥʥʳʡ ʧʘʨʢ ʩʧʝʮʠʘʣʴʥʳʡ). ʂʘʢ ʠ ʜʦʚʦʝʥʥʳʡ ʉʇ-19, ʧʨʦʝʢʪʠ-
ʨʫʝʤʳʡ ʧʘʨʢ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʩʪʦʚʳʭ ʠ ʧʘʨʦʤʥʳʭ ʧʝʨʝʧʨʘʚ ʙʦʣʴʰʦʡ ʧʨʦʧʫʩʢʥʦʡ 
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ʩʧʦʩʦʙʥʦʩʪʠ ʯʝʨʝʟ ʰʠʨʦʢʠʝ ʚʦʜʥʳʝ ʧʨʝʛʨʘʜʳ. ʄʦʩʪ ʜʦʣʞʝʥ ʙʳʣ ʧʨʦʧʫʩʢʘʪʴ ʚʩʶ ʠʤʝʶʱʫʶʩʷ ʥʘ ʪʦʪ 
ʤʦʤʝʥʪ ʚ ʉʦʚʝʪʩʢʦʡ ɸʨʤʠʠ ʢʦʣʸʩʥʫʶ ʠ ʛʫʩʝʥʠʯʥʫʶ ʪʝʭʥʠʢʫ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ ʩʦʩʪʘʚʳ [5, 6, 7]. 
ʂʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʠ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʥʘ ʅʘʚʘʰʠʥʩʢʦʤ ʩʫʜʦʩʪʨʦʠʪʝʣʴʥʦʤ ʟʘʚʦʜʝ. 
ʇʨʦʝʢʪʠʨʦʚʘʥʠʝʤ ʨʫʢʦʚʦʜʠʣʠ ʛʣʘʚʥʳʡ ʢʦʥʩʪʨʫʢʪʦʨ ʟʘʚʦʜʘ ʄ.ʅ. ɹʫʨʜʘʩʦʚ ʠ ʚʝʜʫʱʠʡ ʢʦʥʩʪʨʫʢʪʦʨ 
ʄ.ʀ. ʑʫʢʠʥ. ɸʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʧʨʠʥʠʤʘʣʠ ʚʦʝʥʥʳʝ ʠʥʞʝʥʝʨʳ ɺ.ʀ. ɸʩʝʝʚ, ɺ.ʉ. ʆʩʠʧʦʚ, ɸ.ɺ. ʂʘʨʧʦʚ ʠ 
ʀ.ɺ. ɹʦʨʠʩʦʚ. 

ʂʦʥʩʪʨʫʢʪʠʚʥʦ ʧʘʨʢ ʇʇʉ ʚʳʧʦʣʥʝʥ ʚ ʚʠʜʝ ʤʦʩʪʘ (ʧʘʨʦʤʘ) ʥʘ ʦʪʜʝʣʴʥʳʭ ʧʣʘʚʫʯʠʭ ʦʧʦʨʘʭ (ʢʘʪʝ-
ʨʘʭ) ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʦʙʚʦʜʘʤʠ ʚ ʥʦʩʦʚʦʡ (ʨʠʩ. 3) [6] ʠ ʢʦʨʤʦʚʦʡ ʦʢʦʥʝʯʥʦʩʪʷʭ. 

 

 
 

ʉʡʪ. 3.  ʆʧʪʧʛʴʞ ʧʚʛʧʝʴ ʣʙʫʞʩʙ ʈʈʊ 
 

ʆʙʚʦʜʳ ʧʣʘʚʫʯʠʭ ʦʧʦʨ ʠ ʠʭ ʫʚʝʣʠʯʝʥʥʘʷ ʜʣʠʥʘ ʦʙʝʩʧʝʯʠʣʠ ʤʦʩʪʘʤ ʠ ʧʘʨʦʤʘʤ ʚʳʩʦʢʫʶ ʛʠʜʨʦʜʠ-
ʥʘʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʪʝʯʝʥʠʷ ʠ ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʘ-
ʨʦʤʦʚ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʜʳ 17,4 ʢʤ/ʯ ð ʧʦʨʦʞʥʠʤʠ ʠ 12,5 ʢʤ/ʯ ð ʩ ʛʨʫʟʦʤ). ʇʣʘʚʫʯʠʝ ʦʧʦʨʳ ð ʰʝʩʪʠ-
ʩʝʢʮʠʦʥʥʳʝ ʨʘʟʙʦʨʥʳʝ ʢʘʪʝʨʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʠʪ ʠʟ ʥʦʩʦʚʦʡ, ʯʝʪʳʨʝʭ ʩʨʝʜʥʠʭ ʠ ʢʦʨʤʦʚʦʡ 
ʩʝʢʮʠʡ. ʇʨʠ ʩʙʦʨʢʝ ʩʦʝʜʠʥʷʣʠʩʴ ʙʳʩʪʨʦʩʤʳʢʘʶʱʠʤʠʩʷ ʩʮʝʧʥʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʉʦʝʜʠʥʝʥʠʝ ʢʦʨʤʦ-
ʚʦʡ ʠ ʩʨʝʜʥʝʡ ʩʝʢʮʠʡ ʙʳʣʦ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʰʘʨʥʠʨʥʦʝ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʩʦʭʨʘʥʷʪʴ ʧʦʩʪʦʷʥʥʦʝ ʟʘʛʣʫʙʣʝ-
ʥʠʝ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. ʉʠʣʦʚʘʷ ʫʩʪʘʥʦʚʢʘ ʢʘʪʝʨʘ ʨʘʟʤʝʱʘʣʘʩʴ ʚ ʢʦʨʤʦʚʦʡ ʩʝʢʮʠʠ, ʪʘʤ ʞʝ ʙʳʣʘ ʩʤʦʥʪʠ-
ʨʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʠʥʪʦʤʦʪʦʨʥʦʡ ʛʨʫʧʧʦʡ. ʇʦ ʜʣʠʥʝ ʤʦʩʪʘ (ʧʘʨʦʤʘ) ʩʝʢʮʠ-
ʦʥʥʳʝ ʢʘʪʝʨʘ ʩʦʝʜʠʥʷʣʠʩʴ ʧʨʦʣʸʪʥʳʤ ʩʪʨʦʝʥʠʝʤ ʚ ʚʠʜʝ ʬʝʨʤ, ʩʦʙʠʨʘʝʤʳʭ ʠʟ ʦʪʜʝʣʴʥʳʭ ʩʝʢʮʠʡ ʩ 
ʙʳʩʪʨʦʩʤʳʢʘʝʤʳʤʠ ʩʪʳʢʦʚʳʤʠ ʫʩʪʨʦʡʩʪʚʘʤʠ. ʇʦʚʝʨʭ ʬʝʨʤ ʢʨʝʧʠʣʠʩʴ ʥʘʩʪʠʣʦʯʥʳʝ ʱʠʪʳ ʠʣʠ ʨʝʣʴ-
ʩʳ. 

ʄʘʪʝʨʠʘʣʴʥʘʷ ʯʘʩʪʴ ʧʝʨʝʚʦʟʠʣʘʩʴ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ ʚʳʩʦʢʦʡ ʧʨʦʭʦʜʠʤʦʩʪʠ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤʠ 
ʧʣʘʪʬʦʨʤʘʤʠ. ʇʘʨʢ ʇʇʉ ʠʤʝʣ ʩʣʦʞʥʫʶ ʢʦʤʧʣʝʢʪʘʮʠʶ. ɺ ʢʦʤʧʣʝʢʪ ʚʭʦʜʠʣʠ: ʥʦʩʦʚʳʝ, ʩʨʝʜʥʠʝ ʠ ʢʦʨ-
ʤʦʚʳʝ ʩʝʢʮʠʠ ʢʘʪʝʨʦʚ, ʩʝʢʮʠʠ ʬʝʨʤ, ʧʦʧʝʨʝʯʥʳʝ ʙʘʣʢʠ, ʥʘʩʪʠʣʦʯʥʳʝ ʱʠʪʳ ʠ ʧʦʜʨʝʣʴʩʦʚʳʝ ʙʘʣʢʠ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʦʤʧʣʝʢʪʝ ʙʳʣʠ: ʩʢʦʨʦʩʪʥʦʡ ʢʘʪʝʨ, ʙʫʢʩʠʨʥʦ-ʤʦʪʦʨʥʳʝ ʢʘʪʝʨʘ, ʘʚʪʦʤʦʙʠʣʴʥʳʝ ʢʨʘʥʳ, 
ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ɿʀʇ. ʉʙʦʨʢʘ ʤʦʩʪʘ ʠʟ ʧʦʣʥʦʛʦ ʢʦʤʧʣʝʢʪʘ ʧʘʨʢʘ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 
ʨʘʩʯʸʪʦʤ ʧʦʥʪʦʥʸʨʦʚ, ʯʠʩʣʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 700 ʯʝʣ. ʇʇʉ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʣʩʷ ʥʘ ʘʚʪʦʤʦʙʠʣʷʭ, ʛʨʫʟʠʣʩʷ, 
ʨʘʟʛʨʫʞʘʣʩʷ ʩ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʩʦʙʠʨʘʣʩʷ ʧʦʥʪʦʥʝʨʘʤʠ ʠ ʚʦʜʠʪʝʣʷʤʠ ʚ ʧʘʨʦʤʳ ʠ ʥʘʧʣʘʚʥʳʝ ʤʦʩʪʳ (ʚ 
ʪʦʤ ʯʠʩʣʝ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʝ) ʩ ʧʦʤʦʱʴʶ ʣʝʙʸʜʦʢ ʘʚʪʦʤʦʙʠʣʝʡ, ʩʠʩʪʝʤ ʩʪʘʣʴʥʳʭ ʪʨʦʩʦʚ ʠ ʨʦʣʴʛʘʥ-
ʛʦʚ. 

ʇʇʉ ʫʩʧʝʰʥʦ ʧʨʦʰʸʣ ʟʘʚʦʜʩʢʠʝ ʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ɿʘʚʦʜʩʢʠʝ ʠʩʧʳʪʘʥʠʷ ʰʣʠ ʚʝʩ-
ʥʦʡ ʚ ʘʢʚʘʪʦʨʠʠ ʟʘʚʦʜʩʢʦʛʦ ʟʘʪʦʥʘ, ʚ ʣʝʪʥʝʝ ð ʥʘ ʩʪʘʨʠʮʝ ʆʢʠ ʥʝʜʘʣʝʢʦ ʦʪ ʄʫʨʦʤʘ (ʨʠʩ. 4 [6]). ɻʦʩʫ-
ʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ɼʥʝʧʨʝ ʚ ʨʘʡʦʥʝ ʍʝʨʩʦʥʘ. ʊʘʤ ʙʳʣ ʥʘʚʝʜʸʥ ʞʝʣʝʟʥʦʜʦʨʦʞ-
ʥʳʡ ʤʦʩʪ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʨʘʟʨʫʰʝʥʥʳʤ ʤʦʩʪʦʤ. ʇʦ ʥʘʚʝʜʸʥʥʦʤʫ ʤʦʩʪʫ ʙʳʣʦ ʧʨʦʧʫʱʝʥʦ ʙʦʣʴʰʦʝ ʢʦ-
ʣʠʯʝʩʪʚʦ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʵʰʝʣʦʥʦʚ ʩ ʛʨʫʟʦʤ. ʊʘʢʞʝ ʙʳʣʠ ʩʦʙʨʘʥʳ ʩʘʤʦʭʦʜʥʳʝ ʧʘʨʦʤʳ, ʥʘ ʥʠʭ ʧʝ-
ʨʝʧʨʘʚʣʷʣʠ ʪʷʞʸʣʳʝ ʪʘʥʢʠ ʠ ʜʨʫʛʫʶ ʪʝʭʥʠʢʫ. ʇʘʨʘʣʣʝʣʴʥʦ ʰʣʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʇʇʉ ʥʘ 
ɸʤʫʨʝ ʚ ʨʘʡʦʥʝ ʍʘʙʘʨʦʚʩʢʘ. ʉʦʟʜʘʥʥʳʡ ʩʧʝʮʠʘʣʴʥʳʡ ʧʦʥʪʦʥʥʳʡ ʧʘʨʢ ʧʦ ʩʚʦʝʤʫ ʧʨʠʥʮʠʧʠʘʣʴʥʦʤʫ 
ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʨʝʰʝʥʠʶ ʠ ʪʝʭʥʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʠʤʝʣ ʘʥʘʣʦʛʦʚ ʚ ʤʠʨʝ. 
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ʉʡʪ. 4.  ʁʪʨʴʫʙʦʡʸ ʦʙʨʤʙʛʦʧʜʧ ʥʧʪʫʙ ʡ ʨʙʩʧʥʙ ʡʠ ʡʥʬʲʞʪʫʛʙ ʈʈʊ 
 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʰʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʘʨʢ ʇʇʉ (ʜʣʷ ʘʚʪʦʜʦʨʦʞʥʦʡ ʠ ʞʝʣʝʟʥʦʜʦ-
ʨʦʞʥʦʡ ʥʘʛʨʫʟʦʢ) ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʧʨʠʥʷʪ ʥʝ ʙʳʣ. ʇʨʠʯʠʥʘ ʚ ʪʦʤ, ʯʪʦ ʢʦʤʧʣʝʢʪ ʤʦʩʪʘ ʧʦʣʫʯʠʣʩʷ ʠʟʣʠʰʥʝ 
ʛʨʦʤʦʟʜʢʠʤ, ʪ.ʢ. ʠʤʝʣ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʨʦʝʟʜʘ, ʢʦʪʦ-
ʨʳʝ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʥʞʝʥʝʨʥʳʤʠ ʚʦʡʩʢʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʯʝʤ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʩʦʟʜʘʥʠʠ ʥʘ 
ʙʘʟʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʥʪʦʥʥʦʛʦ ʧʘʨʢʘ ʜʚʫʭ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ 
ʠʥʞʝʥʝʨʥʳʭ ʚʦʡʩʢ. ɽʤʫ ʙʳʣʦ ʩʦʭʨʘʥʝʥʦ ʥʘʟʚʘʥʠʝ ʧʨʦʪʦʪʠʧʘ ð ʇʇʉ (ʧʨʠʥʷʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʚ 1957 ʛ.). 
ʇʦʥʪʦʥʥʳʡ ʧʘʨʢ ʜʣʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʅɾʄ-56 ʠ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʙʳʣ ʧʨʠʥʷʪ 
ʛʦʜʦʤ ʨʘʥʝʝ ʚ 1956 ʛ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʇʇʉ ʙʳʣ ʟʘʤʝʥʸʥ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʳʤ ʧʘʨʢʦʤ ð ʇʇʉ-84 [8]. 
ʇʘʨʢʠ ʇʇʉ ʩʪʦʷʣʠ ʥʘ ʚʦʦʨʫʞʝʥʠʠ ʧʦʥʪʦʥʥʦ-ʤʦʩʪʦʚʳʭ ʧʦʣʢʦʚ. ʇʨʠʤʝʨ ʧʨʠʤʝʥʝʥʠʷ ʇʇʉ ʥʘ ʚʦʡʩʢʦʚʳʭ 
ʫʯʝʥʠʷʭ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5 [9, 10]. 

 

 
 

ʉʡʪ. 5.  ʈʩʡʥʞʦʞʦʡʞ ʥʧʪʫʙ ʡʠ ʡʥʬʲʞʪʫʛʙ ʈʈʊ ʦʙ ʛʧʢʪʣʧʛʧʥ ʬʰʞʦʡʡ 
 

ʄʦʩʪʳ ʠʟ ʠʤʫʱʝʩʪʚʘ ʅɾʄ-56 ʠʤʝʶʪ ʨʘʟʜʝʣʴʥʳʝ ʘʚʪʦʤʦʙʠʣʴʥʳʡ ʠ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ ʧʨʦʝʟʜʳ. 
ʉʝʢʮʠʠ ʧʦʥʪʦʥʦʚ ʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʠʭ ʧʝʨʝʚʦʟʢʫ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʤ ʠ ʘʚʪʦʤʦʙʠʣʴʥʳʤ ʪʨʘʥʩʧʦʨʪʦʤ ʚ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʛʘʙʘʨʠʪʘʭ. ʄʦʩʪ ʦʙʝʩʧʝʯʠʚʘʝʪ 
ʧʨʦʧʫʩʢ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʜʚʠʞʝʥʠʝʤ ʘʚʪʦʤʦʙʠʣʝʡ. ʇʨʦʧʫʩʢ ʧʦ 
ʥʘʧʣʘʚʥʦʤʫ ʤʦʩʪʫ ʠʟ ʪʘʙʝʣʴʥʦʛʦ ʠʤʫʱʝʩʪʚʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢ ʅɾʄ-56 ʦʜʥʦʚʨʝʤʝʥʥʦ ʞʝʣʝʟʥʦ-
ʜʦʨʦʞʥʦʡ ʠ ʘʚʪʦʜʦʨʦʞʥʦʡ ʥʘʛʨʫʟʢʠ ʧʦ ʚʨʝʤʷ ʫʯʝʥʠʷ çɼʥʝʧʨ-67è ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 6 [11]. 

 



»ÃÇÈ°Ï ½°ÃÇ½°Ï ÁÂ°ÂÌÏ 2018 51 

 

www.naukaip.ru 

 
 

ʉʡʪ. 6. ʇʝʦʧʛʩʞʥʞʦʦʴʢ ʨʩʧʨʬʪʣ ʨʧ ʦʙʨʤʙʛʦʧʥʬ ʥʧʪʫʬ ʨʧʞʠʝʙ ʡ ʙʛʫʧʥʧʚʡʤʵʦʧʢ 
 ʣʧʤʧʦʦʴ ʦʙ ʬʰʞʦʡʡ çɽʦʞʨʩ-67è 

 
ʂ ʩʝʨʝʜʠʥʝ 70-ʭ ʛʛ. ʫ ʵʪʦʛʦ ʧʦʥʪʦʥʥʦʛʦ ʧʘʨʢʘ ʥʘʢʦʧʠʣʩʷ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʚ ʷʚʠʣʦʩʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʅɾʄ-56 ʦʙʨʘʱʘʶʱʠʤʩʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʝʟʜʥʳʤ ʥʘʛʨʫʟʢʘʤ. 
ʇʦʵʪʦʤʫ ʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢʘʭ ʧʦʩʪʦʷʥʥʦ ʚʝʣʘʩʴ ʨʘʙʦʪʘ ʧʦ ʧʦʠʩʢʫ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ 
ʥʘʧʣʘʚʥʦʛʦ ʤʦʩʪʘ. ʅʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʧʝʨʝʜʦʚʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʣʘʚʥʦʡ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʡ ʞʝʣʝʟʥʦʜʦʨʦʞ-
ʥʳʡ ʤʦʩʪ-ʣʝʥʪʘ ʄʃɾ-ɺʌ-ɺʊ. ʄʦʩʪ ʤʦʞʝʪ ʧʦʦʯʝʨʸʜʥʦ ʧʨʦʧʫʩʢʘʪʴ ʦʙʨʘʱʘʶʱʫʶʩʷ ʠ ʧʝʨʩʧʝʢʪʠʚʥʫʶ, ʢʘʢ 
ʞʝʣʝʟʥʦʜʦʨʦʞʥʫʶ, ʪʘʢ ʠ ʘʚʪʦʜʦʨʦʞʥʫʶ ʥʘʛʨʫʟʢʫ. 

ʄʦʩʪ-ʣʝʥʪʘ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʡ (ʄʃɾ), ʢʘʢ ʠ ʚ ʩʚʦʸ ʚʨʝʤʷ ʇʇʉ, ʬʘʢʪʠʯʝʩʢʠ ʩʦʟʜʘʚʘʣʩʷ ʜʚʘʞʜʳ. 
ɺ 1986 ʛ. ʥʘ ʨʝʢʝ ɼʝʩʥʝ ʫ ʏʝʨʥʠʛʦʚʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʫʩʧʝʰʥʳʝ ʤʝʞʚʝʜʦʤʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʦʚʦʛʦ 
ʥʘʧʣʘʚʥʦʛʦ ʤʦʩʪʘ, ʧʦ ʥʝʤʫ ʧʨʦʧʫʱʝʥʘ ʨʘʩʯʸʪʥʘʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʘʷ (8,3 ʪʩ/ʤ) ʠ ʘʚʪʦʜʦʨʦʞʥʘʷ ʥʘʛʨʫʟʢʘ. 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʢʦʨʨʝʢʪʠʨʦʚʢʝ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʤʦʩʪ ʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 
ʛʦʣʦʚʥʦʛʦ ʦʙʨʘʟʮʘ. ɸ ʚ 1987 ʛ., ʚ ʩʚʷʟʠ ʩ ʚʦʟʨʦʩʰʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʄʇʉ ʢ ʧʦʝʟʜʥʳʤ ʥʘʛʨʫʟʢʘʤ (10,6 
ʪʩ/ʤ), ʥʘʯʘʣʦʩʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʤʦʩʪʘ-ʣʝʥʪʳ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ɺ 2005 ʛ. ʤʦʩʪ ʧʨʦʰʸʣ ʛʦʩʫʜʘʨʩʪʚʝʥ-
ʥʳʝ ʠʩʧʳʪʘʥʠʷ ʠ ʙʳʣ ʧʨʠʥʷʪ ʥʘ ʚʦʦʨʫʞʝʥʠʝ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢ. ɿʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʝʢʪʘ ʤʦʩʪʘ 
(ʨʠʩ. 7) ʛʣʘʚʥʦʤʫ ʠʥʞʝʥʝʨʫ ʧʨʦʝʢʪʘ ɽʬʠʤʢʠʥʫ ʉ.ɺ. ʧʨʠʩʫʞʜʝʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʨʝʤʠʷ ʚ ʦʙʣʘʩʪʠ 
ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ [13]. 

 

 
 

ʉʡʪ. 7. ʆʙʨʤʙʛʦʧʢ ʬʦʡʭʡʯʡʩʧʛʙʦʦʴʢ ʟʞʤʞʠʦʧʝʧʩʧʟʦʴʢ ʥʧʪʫ-ʤʞʦʫʙ ʅʄɿ-ɻʍ-ɻʋ 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʠʥʚʝʥʪʘʨʥʳʭ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʤʦʩʪʦʚ ʧʦʜʪʚʝʨʜʠʣʘ 
ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʦʩʥʘʱʝʥʠʷ ʞʝʣʝʟʥʦʜʦʨʦʞʥʳʭ ʚʦʡʩʢ ʠ ʩʧʝʮʠʘʣʴʥʳʭ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʬʦʨʤʠʨʦʚʘʥʠʡ ʠʥʚʝʥʪʘʨʥʳʤʠ ʤʦʩʪʦʚʳʤʠ ʢʦʥʩʪʨʫʢʮʠʷʤʠ. 














































































































































































































































































































