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ʋɼʂ 004.94  

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɽ ʇʈʆɽʂʊʀʈʆɺɸʅʀɽ ʈɽʎɽʇʊʋʈ 
ʇʀʑɽɺʓʍ ʇʈʆɼʋʂʊʆɺ 

ɼ.ɸ. ʉʝʣʠʚʘʥʦʚʘ, ʌ.ɸ. ʇʦʧʦʚ,  ʄ.ʅ. ʐʢʦʣʴʥʠʢʦʚʘ, ʅ.ʖ. ɸʥʫʬʨʠʝʚʘ 
ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè 
 
ɺ ʨʘʙʦʪʝ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ ʨʝʮʝʧʪʫʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

ʥʘ ʧʨʠʤʝʨʝ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ; ʚʳʷʚʣʝʥʘ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘ-
ʥʠʠ ʨʝʮʝʧʪʫʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ; ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ, ʬʦʨʤʠʨʫʶʱʝʡ 

ʨʝʮʝʧʪʫʨʫ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʙʝʟʘʣʢʦʛʦʣʴʥʦʛʦ ʥʘʧʠʪʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʧʨʦʜʫʢʪ ʧʠʪʘʥʠʷ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʮʝʧʪʫʨ, ʤʝʪʦʜʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ 

ʨʝʮʝʧʪʫʨ, ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʫʨʳ. 

 

ɺɺɽɼɽʅʀɽ 

ʆʙʝʩʧʝʯʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʝʡ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʤʠ 

ʧʨʦʜʫʢʪʘʤʠ ʧʠʪʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ 

ʩʦʮʠʘʣʴʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ, ʨʝʰʘʝʤʳʭ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʇʦʧʫʣʷʨʠʟʘʮʠʷ ʟʜʦʨʦʚʦʛʦ ʦʙʨʘʟʘ ʞʠʟʥʠ ʤʦʪʠʚʠʨʫ-

ʝʪ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʝʥʷʪʴ ʧʨʠʚʳʯʥʳʡ ʨʘʮʠʦʥ ʧʠʪʘʥʠʷ ʠ 

ʚʢʣʶʯʘʪʴ ʧʨʦʜʫʢʪʳ, ʩʦʜʝʨʞʘʱʠʝ ʥʘʪʫʨʘʣʴʥʳʝ ʠʥʛʨʝ-

ʜʠʝʥʪʳ, ʧʦʣʝʟʥʳʝ ʜʣʷ ʟʜʦʨʦʚʴʷ, ʘ ʪʘʢʞʝ ʧʨʦʜʫʢʪʳ ʩ 

ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʠʨʦʚ, ʪʨʘʥʩʠʟʦʤʝʨʦʚ ʥʝʥʘʩʳ-

ʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʠʢʨʦʥʫʪʨʠ-
ʝʥʪʘʤʠ, ʪ.ʝ. ʪʝ ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ 

ʥʘʟʳʚʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ. 

ʇʨʦʜʚʠʞʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ 

(ʌʇʇ) ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʦʟʜʦʨʦʚʣʝ-

ʥʠʝ ʥʘʩʝʣʝʥʠʷ ʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ [1]. ʇʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ, ʥʘ ʩʝʛʦ-

ʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʠʟʚʦʜʩʪʚʦ ʌʇʇ ï ʥʘʠʙʦʣʝʝ ʜʠʥʘ-

ʤʠʯʥʦ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʦʪʨʘʩʣʴ ʧʠʱʝʚʦʡ ʠʥʜʫʩʪʨʠʠ, 

ʧʦ ʧʨʦʛʥʦʟʘʤ ʥʘ ʧʝʨʠʦʜ ʜʦ 2020 ʛ. ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʧʠʪʘʥʠʝ ʩʦʩʪʘʚʠʪ ʜʦ 60% ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʤʠʨʦʚʦʛʦ 
ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ [2]. ʇʦ ʵʪʦʡ ʧʨʠ-

ʯʠʥʝ ʚʥʝʜʨʝʥʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʨʝʮʝʧʪʫʨ ʌʇʇ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚ-

ʣʝʥʠʡ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʬʝʨʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʥʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ.  

ʆʧʪʠʤʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʠʥʛʨʝʜʠʝʥʪʦʚ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʩʦ-

ʩʪʘʚʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. ɹʘʟʘ 

ʩʳʨʴʷ ʩʦʚʨʝʤʝʥʥʦʡ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʩʦʩʪʦ-

ʠʪ ʠʟ ʪʳʩʷʯ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʩʚʦʠ ʦʩʦʙʝʥʥʦ-

ʩʪʠ ʠ  ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ, ʬʠʟʠʯʝ-

ʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʘʤ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦʡ ʤʝʨʝ ʫʧʨʦʩʪʠʪʴ ʧʨʦʮʝʩʩ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʦ-

ʩʪʘʚʘ ʠ ʨʝʮʝʧʪʫʨ. 

ʉʚʦʝʚʨʝʤʝʥʥʦ ʦʪʩʣʝʞʠʚʘʪʴ ʘʢʪʫʘʣʠʟʘʮʠʶ ʚʠʜʦʚ ʠ 

ʩʚʦʡʩʪʚ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, ʩʤʝʥʫ ʧʨʝʜʧʦʯʪʝʥʠʡ 

ʧʦʪʨʝʙʠʪʝʣʝʡ, ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʧʨʦʜʫʢʪʳ ʩ ʟʘʨʘʥʝʝ 

ʦʧʨʝʜʝʣʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʧʠʱʝʚʦʡ ʮʝʥ-

ʥʦʩʪʴʶ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴʶ ʧʦʟʚʦʣʠʪ 

ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʥʦʛʦʢʦʤ-

ʧʦʥʝʥʪʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʪʘʥʠʷ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ 

ʬʦʨʤʘʣʴʥʦ ʦʧʠʩʘʪʴ ʣʦʛʠʢʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʜʝʣʴʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ, ʜʣʷ ʯʝʛʦ ʦʧʪʠʤʘʣʴʥʦ ʙʫʜʝʪ ʩʤʦ-

ʜʝʣʠʨʦʚʘʪʴ ʠʤʠʪʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ, ʢʦʥʝʯʥʦʡ ʬʦʨʤʦʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʠʣʠ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤ-

ʧʣʝʢʩ. ɺ ʵʪʦʤ ʘʩʧʝʢʪʝ ʩʫʱʥʦʩʪʴ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʚ ʢʦʥʪʝʢʩʪʝ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʣʛʦʨʠʪʤʠʯʝ-

ʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʚʳʨʘʞʝʥʦ ʚ ʩʣʝ-

ʜʫʶʱʠʭ ʦʩʥʦʚʥʳʭ ʬʘʟʘʭ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩ-

ʩʦʚ ʠ ʧʦʜʧʨʦʮʝʩʩʦʚ ʩʠʩʪʝʤʳ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʩʦʚʦʢʫʧ-

ʥʦʩʪʠ ʯʘʩʪʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʭ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʠ ʠʩʧʦʣʴ-

ʟʫʝʤʦʛʦ ʬʦʨʤʘʣʠʟʤʘ ʠ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʤʘʪʝʤʘʪʠʯʝ-

ʩʢʦʡ ʤʦʜʝʣʴʶ ʩʠʩʪʝʤʳ. 

2. ʈʘʟʨʘʙʦʪʢʘ ʘʣʛʦʨʠʪʤʦʚ, ʠʤʠʪʠʨʫʶʱʠʭ ʧʨʦʮʝʩ-

ʩʳ, ʦʧʠʩʳʚʘʝʤʳʭ ʯʘʩʪʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝ-

ʣʷʤʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʙʱʝʛʦ ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʘʣʛʦ-

ʨʠʪʤʘ: ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʦʛʠʢʦʡ ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʭ ʩʚʷʟʝʡ ʧʨʦʮʝʩʩʦʚ ʠ 

ʧʦʜʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʝʘʣʴʥʦʡ ʩʠʩʪʝʤʝ, 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʭ ʘʣʛʦʨʠʪʤʦʚ. 

3. ʈʝʘʣʠʟʘʮʠʷ ʥʘ ʕɺʄ ʧʨʦʛʨʘʤʤʳ ʠʤʠʪʘʮʠʠ ʠ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʝʝ ʦʪ-

ʣʘʜʢʘ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ï 

ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʥʝʦʙʭʦʜʠʤʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʨʝʰʝʥʠʷ 



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 
 

6 ˉ 3 (19) Å ʩʝʥʪʷʙʨʴ 2017  

ʟʘʜʘʯ ʦʧʪʠʤʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʩʚʦʡʩʪʚ ʧʠʱʝʚʦʛʦ ʧʨʦ-
ʜʫʢʪʘ ï ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ ʠ ʬʠʟʠ-

ʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ï ʧʦ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ ʠ 

ʦʛʨʘʥʠʯʝʥʠʷʤ ʥʘ ʢʘʞʜʦʤ ʵʪʘʧʝ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ (ʀʉ) 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʩʩʦʨʪʠʤʝʥʪʘ ʌʇʇ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪ. 

ɼʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʡ ʠʟ ʦʧʪʠʤʘʣʴʥʳʭ ʬʦʨʤ ʧʨʦ-

ʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʧʦʪʨʝʙʥʦ-

ʩʪʠ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʚʝʱʝʩʪʚʘʭ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʙʝʟʘʣʢʦ-

ʛʦʣʴʥʳʝ ʥʘʧʠʪʢʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʩʳʨʴʷ ï 
ʙʘʣʴʟʘʤʳ, ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʨʦʧʳ, ʚʟʚʘʨʳ ʠ ʜʨ. 

[3], ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʳʭ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʩʠh-

ʨʷʝʪʩʷ ʚ ʤʥʦʞʝʩʪʚʝ ʨʝʛʠʦʥʦʚ ʈʦʩʩʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ 

ɸʣʪʘʡʩʢʦʤ ʢʨʘʝ, ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʟʥʘ-

ʯʝʥʠʝ ʠ ʩʦʮʠʘʣʴʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʢʘʢ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʤ, 

ʪʘʢ ʠ ʥʘ ʬʝʜʝʨʘʣʴʥʦʤ ʫʨʦʚʥʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʟʘʜʘʯʘ 

ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʤʥʦ-

ʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʧʠʪʢʦʚ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʩʳʨʴʷ ʧʫʪʝʤ ʛʨʘʤʦʪʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʨʝʮʝʧʪʫʨ ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ, ʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʝ ʨʝʰʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ.  

ʅʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʟʨʘʙʦʪʘʥ ʘʣ-
ʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʙʝʟʘʣʢʦ-

ʛʦʣʴʥʦʛʦ ʥʘʧʠʪʢʘ (ʨʠʩ. 1), ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʧʦʣʦʞʝʥ 

ʘʣʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʝʜ-

ʣʦʞʝʥʥʳʡ ʘʚʪʦʨʘʤʠ ʚ [4]. 

ʇʨʠʤʝʥʝʥʠʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʫʨ ʤʥʦʛʦʢʦʤ-

ʧʦʥʝʥʪʥʳʭ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʦʙʱʝʛʦ ʠ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʚʦʟʤʦʞʥʦ ʥʘ ʧʨʘʢʪʠʢʝ ʩ ʨʝʰʝ-

ʥʠʝʤ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʧʦ ʚʳʙʨʘʥʥʳʤ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤ, ʥʘʧʨʠʤʝʨ, ʭʠʤʠʯʝʩʢʦʤʫ, ʤʠʥʝʨʘʣʴʥʦʤʫ, ʚʠ-

ʪʘʤʠʥʥʦʤʫ ʩʦʩʪʘʚʘʤ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʮʝʥʥʦʩʪʠ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʀʉ ʧʨʦ-
ʝʢʪʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʫʨ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʩʧʝʮʠʘʣʠ-

ʩʪʦʚ ʚ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʜʫʢ-

ʪʦʚ ʧʠʪʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʙʝʟʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ. 

ɸʣʛʦʨʠʪʤ ʝʝ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʜʨʫʛʠʭ ʚʠʜʦʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʨʝʮʝʧʪʫʨ ʌʇʇ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ, ʯʪʦ ʥʦʚʳʝ ʩʦʯʝʪʘʥʠʷ ʩʳʨʴʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʠʱʝʚʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ 

(ʌʇʀ), ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʢʦʪʦʨʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʧʨʦʷʚʣʷʝʤʳʭ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʤʠ ʠʥʛʨʝʜʠʝʥʪʘʤʠ ʨʝʮʝʧʪʫʨʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, 

ʨʝʮʝʧʪʫʨʘ ʢʘʞʜʦʛʦ ʚʥʦʚʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ 
ʧʠʪʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ, 

ʜʦʣʞʥʘ ʧʦʜʙʠʨʘʪʴʩʷ ʩ ʫʯʝʪʦʤ ʩʣʝʜʫʶʱʠʭ ʪʨʝʙʦʚʘʥʠʡ: 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟ-

ʨʘʙʘʪʳʚʘʝʤʦʛʦ ʌʇʇ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʸʪʦʤ 

ʚʩʝʭ  ʧʨʠʩʫʱʠʭ ʚʭʦʜʷʱʠʤ ʚ ʝʛʦ ʩʦʩʪʘʚ ʌʇʀ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ; 

- ʥʘ ʩʪʘʜʠʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʫʨ ʌʇʇ ʩʣʝʜʫ-

ʝʪ ʠʟʙʝʛʘʪʴ ʠʭ ʥʝʦʙʦʩʥʦʚʘʥʥʦʡ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦ-

ʩʪʠ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʚ ʩʦʩʪʘʚ ʌʇʀ-

ʜʫʙʣʝʨʦʚ; 

- ʚʘʞʥʦ ʫʯʠʪʳʚʘʪʴ ʘʜʜʠʪʠʚʥʦʝ, ʩʠʥʝʨʛʠʯʝʩʢʦʝ ʠʣʠ 

ʘʥʪʘʛʦʥʠʩʪʠʯʝʩʢʦʝ ʩʦʯʝʪʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʭʠʤʠʯʝ-

ʩʢʦʛʦ ʩʦʩʪʘʚʘ ʌʇʀ ʤʝʞʜʫ ʩʦʙʦʡ ʠ/ʠʣʠ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʨʝʮʝʧʪʫʨʳ; 

- ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʣʶʜʘʪʴ ʜʦʟʠʨʦʚʘʥʠʝ ʌʇʀ ʥʘ ʦʩ-

ʥʦʚʝ ʩʫʪʦʯʥʦʡ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʧʦʪʨʝʙʥʦʩʪʠ ʜʣʷ 

ʚʟʨʦʩʣʳʭ ʩ ʫʯʝʪʦʤ ʧʦʣʘ, ʚʦʟʨʘʩʪʘ, ʫʨʦʚʥʷ ʬʠʟʠʯʝʩʢʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʠ ʜʝʪʝʡ; 

- ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʌʇʇ ʜʦʣʞʥʘ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʩʦʭʨʘʥʷʪʴ ʚʝʱʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʬʫʥʢ-

ʮʠʶ ʌʇʀ. 

 

ʈʠʩ. 1. ɸʣʛʦʨʠʪʤ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʝʮʝʧʪʫʨʳ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʙʝʟʘʣʢʦʛʦʣʴʥʦʛʦ ʥʘʧʠʪʢʘ  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʨʘʟʨʘʙʦʪʘʪʴ ʀʉ, ʨʘʙʦʪʘʶʱʫʶ ʩ ʙʘʟʦʡ ʜʘʥʥʳʭ (ɹɼ) 

ʤʝʩʪʥʳʭ ʨʘʩʪʠʪʝʣʴʥʳʭ ʩʳʨʴʝʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʬʦʨ-

ʤʠʨʫʶʱʫʶ ʨʝʮʝʧʪʫʨʳ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʙʝʟʘʣʢʦ-

ʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɸʣ-

ʛʦʨʠʪʤ ʨʘʙʦʪʳ ʀʉ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʨʝʮʝʧ-
ʪʫʨʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʚ ʦʙʦʙ-

ʱʝʥʥʦʤ ʚʠʜʝ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 
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ʈʠʩ. 2.  ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʣʴ-

ʟʦʚʘʪʝʣʝʤ 

ʎʝʣʴʶ ʨʘʟʨʘʙʦʪʢʠ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ: 

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʧʦʜʙʦʨʘ ʦʩʥʦʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘ-

ʪʝʣʴʥʳʭ ʠʥʛʨʝʜʠʝʥʪʦʚ ʩ ʫʯʝʪʦʤ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ, ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 
ʩʚʦʡʩʪʚ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʠʥ-

ʛʨʝʜʠʝʥʪʦʚ ʢʘʢ ʚ ʧʨʦʜʫʢʪʝ, ʪʘʢ ʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʮʝʩʩʝ;  

- ʘʚʪʦʤʘʪʠʟʘʮʠʷ ʨʘʩʯʸʪʘ ʨʝʮʝʧʪʫʨ ʠ ʦʬʦʨʤʣʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡ ʜʦʢʫʤʝʥʪʘʮʠʠ; 

- ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʥʘʧʠʪʢʦʚ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. 
 

ɿɸʂʃʖʏɽʅʀɽ 

ʇʨʦʠʟʚʦʜʩʪʚʦ ʌʇʇ ʠʤʝʝʪ ʜʣʷ ʈʌ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʝʚʨʦʧʝʡʩʢʠʭ ʩʪʨʘʥ, ʚʘʞʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: ʙʦʣʴʰʦʝ  

ʤʥʦʛʦʦʙʨʘʟʠʝ ʚʠʜʦʚ ʜʠʢʦʨʘʩʪʫʱʠʭ ʠ ʦʛʨʦʤʥʳʝ ʪʦ-

ʚʘʨʥʳʝ ʠ  ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʙʝʩʯʠʩʣʝʥʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝ ʌʇʇ, ʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʘ ʠʥʥʦʚʘʮʠʦʥ-

ʥʳʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʠʪ ʧʦʜʦʡʪʠ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝ-

ʤʳ ʧʦ ʩʦʟʜʘʥʠʶ ʌʇʇ, ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠ 

ʰʠʨʦʢʦʤʫ ʧʨʠʤʝʥʝʥʠʶ ʠʭ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʧʨʘʢʪʠʢʝ 

ʧʠʪʘʥʠʷ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʜ-

ʜʝʨʞʢʘ ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʟʘʛʦʪʦʚʢʝ, ʧʝʨʝʨʘʙʦʪʢʝ ʠ ʨʝʘ-
ʣʠʟʘʮʠʠ ʌʇʇ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʟ ʜʠʢʦʨʘʩʪʫʱʝʛʦ 

ʩʳʨʴʷ ʧʦʟʚʦʣʠʪ ʈʦʩʩʠʠ ʦʩʚʦʠʪʴ ʠ ʧʨʦʯʥʦ ʟʘʥʷʪʴ ʩʚʦʶ 

ʥʠʰʫ ʥʘ ʤʠʨʦʚʦʤ ʨʳʥʢʝ ʌʇʇ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʤʩʷ 

ʚʳʨʘʞʝʥʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʢ ʨʦʩʪʫ ʧʦ ʦʙʲʝʤʘʤ ʧʨʦʜʘʞ, 

ʩʪʘʚ ʦʜʥʦʡ ʠʟ ʩʪʘʪʝʡ ʩʪʘʙʠʣʴʥʦʛʦ ʧʦʧʦʣʥʝʥʠʷ ʛʦʩʫ-

ʜʘʨʩʪʚʝʥʥʦʛʦ ʙʶʜʞʝʪʘ. 

ʉʇʀʉʆʂ ʀʉʇʆʃʔɿʆɺɸʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

1. ʐʢʦʣʴʥʠʢʦʚʘ ʄ.ʅ., ʅʘʫʤʦʚʘ ɼ.ɸ. ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʠʥ-
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Abstract - In the urgency of the innovative methods of developing formulations of functional foods on the example of soft drinks; 

revealed the importance of the application of mathematical modeling for the design of formulations of functional foods; the algorithm 
of the information system, forming a multi-component formulation of soft drink a functional purpose. 

 
Index terms: functional food, computer modeling recipes, recipe development methodology, automation of the design process of 

the formulation. 
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ʋɼʂ 620.1.08 

ʉʀʉʊɽʄɸ ʋʇʈɸɺʃɽʅʀʗ ɼʃʗ ʈɽɸʃʀɿɸʎʀʀ 
ʄʅʆɻʆʊʆʏɽʏʅʆʁ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ʉɺɸʈʂʀ 

ɺ.ʅ. ʍʤʝʣʸʚ, ɸ.ʅ. ʉʣʠʚʠʥ, ɸ.ɼ. ɸʙʨʘʤʦʚ, ɺ.ɸ. ʅʝʩʪʝʨʦʚ 
ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʤʥʦʛʦʪʦʯʝʯʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ (ʋɿ) 
ʩʚʘʨʢʠ ʠʟʜʝʣʠʡ ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ. ʈʝʘʣʠʟʦʚʘʥʥʘʷ ʥʘ ʧʨʘʢʪʠʢʝ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʣʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʧʦʜʜʝʨʞʘʥʠʝ 
ʨʘʙʦʯʝʡ ʯʘʩʪʦʪʳ ʛʝʥʝʨʘʪʦʨʘ ʧʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʯʝʪʳʨʴʤʷ 
ʨʘʙʦʯʠʤʠ ʦʢʦʥʯʘʥʠʷʤʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ ʘʤʧʣʠʪʫʜʳ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʢʘʞʜʳʤ ʠʟ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʈʘʙʦʪʘ ʩʦʟʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʚ 
ʩʦʩʪʘʚʝ ʘʧʧʘʨʘʪʦʚ ʜʣʷ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʢʘʯʝʩʪʚʝʥʥʳʭ, ʛʝʨʤʝʪʠʯʥʳʭ, ʥʝʨʘʟʲʸʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʬʦʨʤʠʨʫʝʤʳʭ ʩʚʘʨʥʳʭ ʰʚʦʚ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʚʘʨʢʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʧʧʘʨʘʪ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʘʧʧʘʨʘʪ, ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʣʠʤʝʨʥʳʡ ʤʘʪʝʨʠʘʣ, ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ 
ʩʚʘʨʢʘ, ʟʘʢʣʸʧʢʘ, ʤʝʤʙʨʘʥʘ, ʩʯʸʪʯʠʢ ʛʘʟʘ. 

 

ɺɺɽɼɽʅʀɽ 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʧʦ-

ʣʠʤʝʨʥʳʭ ʪʝʨʤʦʧʣʘʩʪʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʦ ʧʨʠʤʝ-
ʥʷʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʝʜʠʥʝʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʜʝʪʘʣʝʡ 

(ʵʣʝʤʝʥʪʦʚ) ʠʟʜʝʣʠʷ ʜʨʫʛ ʩ ʜʨʫʛʦʤ [1,2]. ʆʜʥʠʤ ʠʟ 

ʩʧʦʩʦʙʦʚ ʩʦʝʜʠʥʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʣʸʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘ ʩʯʸʪ ʨʘʩ-

ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʠʪʝʣʴʥʳʭ ʰʪʳʨʴʢʦʚ (ʨʠʩ. 1) [3]. 

 
ʈʠʩ. 1. ʀʟʜʝʣʠʝ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʨʘʟʲʸʤʥʳʤʠ ʟʘʢʣʸʧʦʯʥʳʤʠ 

ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʇʨʠ ʵʪʦʤ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʣʸʧʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʋɿ ʩʚʘʨʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ 

ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʝ ʥʘʜʸʞʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʩ ʚʳʩʦ-
ʢʦʡ ʩʢʦʨʦʩʪʴʶ (ʦʪ 0,3 ʜʦ 5 ʩʝʢʫʥʜ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʤʝʨʦʚ ʩʦʝʜʠʥʝʥʠʷ) ʙʝʟ ʧʨʠ-

ʤʝʥʝʥʠʷ ʢʣʝʝʚ. ɺʳʜʝʣʝʥʠʝ ʵʥʝʨʛʠʠ ʋɿ ʢʦʣʝʙʘʥʠʡ ʚ 

ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʝʧʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 
ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʩʸʤ ʦʙʲʸʤʝ ʨʘʩʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘ-

ʣʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʧʝʨʝʭʦʜʫ ʤʘʪʝʨʠ-

ʘʣʘ ʚ ʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʢʘʯʝʩʪʚʝʥ-

ʥʦʛʦ ʟʘʢʣʝʧʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʩ ʵʩʪʝʪʠʯʝʩʢʠʤ ʚʥʝʰ-

ʥʠʤ ʚʠʜʦʤ. 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʠʟʜʝʣʠʡ ʠʟ ʪʝʨʤʦʧʣʘʩʪʦʚ 

ʠʤʝʶʪʩʷ ʪʘʢʠʝ, ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠ-

ʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥ-

ʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʢʣʝʧʦʯʥʦʛʦ ʪʠʧʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʨʷʜʦʤ ʧʨʝʜʧʨʠʷʪʠʡ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦ ʯʝʪʳʨʸʭ ʟʘʢʣʸʧʦʯʥʳʭ ʩʦ-
ʝʜʠʥʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʷʨʢʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʩʙʦʨʢʠ ʥʝʩʢʦʣʴʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʤʝʤʙʨʘʥʫ, 

ʢʦʪʦʨʘʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʩʯʸʪʯʠʢʘ ʚ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ (ʨʠʩ.1). ʇʨʠ ʵʪʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʦʙʝʩʧʝʯʝʥʠʷ ʯʝʪʳʨʸʭ ʛʝʨʤʝʪʠʯʥʳʭ ʟʘʢʣʸʧʦʯʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʨʘʩʧʣʘʚʣʷʝʤʦʛʦ ʰʪʳʨʴʢʘ ʟʘʢʣʸʧʢʠ ʩ ʤʝʤ-

ʙʨʘʥʦʡ ʠʟ ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʥʝ 

ʧʦʜʜʘʸʪʩʷ ʨʘʩʧʣʘʚʣʝʥʠʶ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʪʝʧʣʦʚʦʡ 

ʵʥʝʨʛʠʠ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ.  

ʇʦʵʪʦʤʫ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʛʝʨʤʝ-

ʪʠʯʥʦʛʦ ʟʘʢʣʝʧʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʪʘʢʠʭ ʠʟʜʝʣʠʷʭ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʯʥʦʩʪʴ, 
ʢʘʯʝʩʪʚʦ ʠ ʥʘʜʸʞʥʦʩʪʴ ʙʫʜʫʱʝʛʦ ʠʟʜʝʣʠʷ. ʇʨʠ ʵʪʦʤ, 

ʧʨʦʮʝʩʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʚʘʨʢʠ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʦʧʨʦ-

ʪʝʢʘʶʱʠʤ ʧʨʦʮʝʩʩʦʤ, ʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘʢʣʸʧʦʯʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʚʨʝʤʷ ʦʪ 1 ʜʦ 3 ʩʝʢʫʥʜ.  

ɿʘ ʵʪʦ ʚʨʝʤʷ ʜʦʣʞʥʦ ʧʨʦʠʩʭʦʜʠʪʴ ʠʟʤʝʥʝʥʠʝ 

ʩʚʦʡʩʪʚ ʨʘʩʧʣʘʚʣʷʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʟʤʷʛʯʝʥʠʝ, ʨʘʩ-

ʧʣʘʚʣʝʥʠʝ ʰʪʳʨʴʢʘ, ʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʦʩʘʜʢʘ ʩʚʘʨʦʯ-

ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʘ 3-5 ʤʤ ʟʘ ʩʯʸʪ ʩʪʘʪʠʯʝʩʢʦʛʦ ʫʩʠ-

ʣʠʷ ʧʨʠʞʠʤʘ ʩʚʘʨʦʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ. ʈʘʩʧʣʘʚʣʝʥʠʝ 

ʠ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ ʰʪʳʨʴʢʘ ʚʣʠʷʝʪ ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʧʣʦʱʘʜʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ 
ʩʚʘʨʦʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʯʝʨʝʟ ʢʦʪʦ-
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ʨʳʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʚʦʜ ʋɿ ʵʥʝʨʛʠʠ. ʇʨʠ ʵʪʦʤ, ʚʝʣʠ-
ʯʠʥʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʢʘʩʘʥʠʷ ʩʚʘʨʦʯ-

ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʚ ʤʦ-

ʤʝʥʪ ʧʦʣʥʦʛʦ ʨʘʩʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʰʪʳʨʴʢʘ. ʇʨʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʱʘʜʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʧʨʦ-

ʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʳʜʝʣʷʝʤʦʡ ʵʥʝʨʛʠʠ, 

ʠ ʟʘʢʣʸʧʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʤʦʞʝʪ ʥʝ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʰʪʳʨʴʢʘ ʠ ʫʚʝ-

ʣʠʯʝʥʠʷ ʧʣʦʱʘʜʠ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ, ʚʣʠʷʥʠʝ 

ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʚʘʨʦʯʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʠʟʤʝʥʷʝʪ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ ʢʦʣʝʙʘʪʝʣʴʥʦʡ 
ʩʠʩʪʝʤʳ ʠ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʳʭ ʠʥʩʪʨʫ-

ʤʝʥʪʦʚ ʩʪʘʥʦʚʠʪʴʩʷ ʤʝʥʴʰʝ, ʯʪʦ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʚʳʜʝʣʷʝʤʦʡ ʚ ʟʦʥʝ ʩʚʘʨʢʠ ʵʥʝʨ-

ʛʠʠ. ʇʦ ʵʪʦʤʫ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʪʳʨʸʭ ʦʜʠʥʘʢʦ-

ʚʳʭ, ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʛʝʨʤʝʪʠʯʥʳʭ ʟʘʢʣʝʧʦʯʥʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦ ʜʦʟʠʨʦʚʘʥ-

ʥʦʝ ʚʳʜʝʣʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʠ ʦʙʝʩʧʝʯʠʪʴ 

ʙʳʩʪʨʦʝ ʫʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪʦʡ ʘʧʧʘʨʘʪʘ ʚ ʧʨʦʮʝʩʩʝ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʦʡ ʩʚʘʨʢʠ ʟʘ ʜʦʣʠ ʩʝʢʫʥʜʳ [4,5].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʚ 

ʩʦʩʪʘʚʝ ʋɿ ʦʙʦʨʫʜʦʚʘʥʠʠ ʜʦʣʞʥʘ ʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʘ 

ʫʧʨʘʚʣʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʝʘʣʠʟʘʮʠʶ ʩʣʝʜʫʶʱʠʭ 
ʬʫʥʢʮʠʡ ʦʙʦʨʫʜʦʚʘʥʠʷ: 

1. ʇʦʠʩʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʢʦ-

ʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (ʋɿʂʉ) ʩ ʯʝʪʳʨʴʤʷ ʩʚʘʨʦʯʥʳʤʠ 

ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʠ ʟʘʧʫʩʢʝ ʘʧʧʘʨʘʪʘ ʠ ʬʘʟʦʚʫʶ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʫʶ ʧʦʜʩʪʨʦʡʢʫ ʯʘʩʪʦʪʳ (ʌɸʇʏ) ʚ ʧʨʦʮʝʩ-

ʩʝ ʩʚʘʨʢʠ ʧʨʠ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʤʝʭʘʥʠʯʝ-

ʩʢʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʩʠʩʪʝʤʳ.  

2. ʉʪʘʙʠʣʠʟʘʮʠʶ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʩʚʘʨʢʠ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʝʝ ʠʟʤʝʥʝʥʠʷʭ ʩʦ ʩʢʦʨʦ-

ʩʪʴʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ ʩʢʦʨʦʩʪʴ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʰʚʘ (ʜʦʣʠ ʩʝʢʫʥʜʳ). 
3. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʦʤ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʚ ʧʨʦʮʝʩ-

ʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʝʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʝʜʣʦʞʝ-

ʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.  

ɼʣʷ ʫʧʨʘʚʣʝʥʠʷ ʘʧʧʘʨʘʪʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨ Atmega48ï20PU, ʢʦʪʦʨʳʡ ʧʦʜʢʣʶʯʘʝʪʩʷ 

ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʩʭʝʤʝ, ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝ-

ʣʝʤ. ɼʣʷ ʪʘʢʪʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʚʘʨʮʝʚʳʡ ʨʝʟʦ-

ʥʘʪʦʨ, ʨʘʙʦʪʘʶʱʠʡ ʥʘ ʯʘʩʪʦʪʝ 20 ʄɻʮ. ʇʨʠʤʝʥʷʝʪʩʷ 

ʬʠʣʴʪʨʫʶʱʘʷ ʮʝʧʴ ʧʠʪʘʥʠʷ ʩ LC ï ʬʠʣʴʪʨʦʤ ʜʣʷ ʧʦ-
ʜʘʚʣʝʥʠʷ ʧʦʤʝʭ ʧʦ ʮʝʧʠ ʧʠʪʘʥʠʷ ʠ ʨʝʟʠʩʪʦʨ ʜʣʷ ʫʩʪʘ-

ʥʦʚʣʝʥʠʷ ʫʨʦʚʥʷ ʥʘʧʨʷʞʝʥʠʷ ʟʘʱʠʪʳ. ʇʦ ʮʝʧʠ ɸʎʇ 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʦʧʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʪʦʞʝ ʠʩʧʦʣʴ-

ʟʫʝʪʩʷ LC ï ʬʠʣʴʪʨ. ʄʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʫʧʨʘʚʣʷʝʪ ʨʘ-

ʙʦʪʦʡ ɻʋʅ, ʯʦʧʧʝʨʥʳʤ ʨʝʛʫʣʷʪʦʨʦʤ, ʧʦʣʫʯʘʝʪ ʠʥ-

ʬʦʨʤʘʮʠʶ ʦʪ ʢʦʤʧʘʨʘʪʦʨʘ, ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʩʠʛʥʘʣʘ 

ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ, ʘʤʧʣʠʪʫʜʫ ʠ ʬʘʟʫ ʧʦʣʥʦʛʦ ʪʦʢʘ, ʩʠʛ-
ʥʘʣ ʦʪ ɻʋʅ ʦ ʬʘʟʝ ʩʠʛʥʘʣʘ [7]. 

 
ʈʠʩ. 2. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ 

ɺ ʪʘʙʣ. 1 ʧʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ 

ʠ ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʛʥʘʣʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ. 

ʊʘʙʣ. 1. ʂʦʥʪʨʦʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʋɿ ʘʧʧʘʨʘʪʘ 

ʇʘʨʘʤʝʪʨ ʊʠʧ ʩʠʛʥʘʣʘ 

ɺʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ɸʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ɸʥʘʣʦʛʦʚʳʡ 

ʌʘʟʘ ʩʠʛʥʘʣʘ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʎʠʬʨʦʚʦʡ 

ʌʘʟʘ ʩʠʛʥʘʣʘ ʦʧʦʨʥʦʡ ʯʘʩʪʦʪʳ ʎʠʬʨʦʚʦʡ 

ʋʨʦʚʝʥʴ ʟʘʱʠʪʳ ɸʥʘʣʦʛʦʚʳʡ 

ɺʳʭʦʜʥʳʝ ʚʝʣʠʯʠʥʳ 

ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʭʦʜʝ ʧʦʣʫʤʦʩʪʦʚʦʡ ʩʭʝʤʳ ʐʀʄ ʩʠʛʥʘʣ 

ʏʘʩʪʦʪʘ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʛʝʥʝʨʘʪʦʨʘ ʦʧʦʨʥʦʡ 

ʯʘʩʪʦʪʳ 

ʐʀʄ ʩʠʛʥʘʣ 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʝʣʠʯʠʥʳ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ ʦʙ-

ʨʘʪʥʦʡ ʩʚʷʟʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ 

ʨʠʩ. 3. 

 
ʈʠʩ. 3. ʉʭʝʤʘ ʢʦʥʪʨʦʣʷ ʘʤʧʣʠʪʫʜʳ ʩʠʛʥʘʣʘ 

ʇʦʠʩʢ ʠ ʫʜʝʨʞʘʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʚʘʞʥʳʭ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʋɿ 

ʘʧʧʘʨʘʪʘ. ʊʘʢ ʢʘʢ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʯʘʩʪʦʪʝ, ʜʘʞʝ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʝʡʩʷ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ 

ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʦʚʳʰʘʝʪʩʷ ʥʘʛʨʫʟʢʘ ʥʘ 

ʵʣʝʢʪʨʦʥʠʢʫ ʘʧʧʘʨʘʪʘ, ʠ ʧʦʷʚʣʷʝʪʩʷ ʨʠʩʢ ʚʳʭʦʜʘ ʠʟ 
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ʩʪʨʦʷ ʵʣʝʢʪʨʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʣʦʚʦʡ ʯʘʩʪʠ ʘʧʧʘ-
ʨʘʪʘ [6]. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʦʠʩʢʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠ 

ʫʧʨʘʚʣʝʥʠʷ ɸʇʏ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʧʨʘʚʣʝʥʠʝ ʟʘʜʘʶʱʠʤ ʛʝʥʝʨʘʪʦʨʦʤ, ʫʧʨʘʚʣʷʝʤʳʤ 

ʥʘʧʨʷʞʝʥʠʝʤ (ɻʋʅ) ʩ ʧʦʤʦʱʴʶ ʐʀʄ-ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

[8]. ʈʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦ ʯʘʩʪʦʪʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʧʨʦ-

ʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʝʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʦ ʘʣ-

ʛʦʨʠʪʤʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʤʫ ʥʘ ʨʠʩ. 4.  

 
ʈʠʩ. 4. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʧʨʠ ʧʦʠʩʢʝ ʠ 

ʌɸʇʏ 

ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʦʩʢʦʨʦʩʪ-

ʥʦʝ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʧʦ ʥʘʧʨʷʞʝʥʠʶ, ʠ ʩʪʘʙʠʣʠʟʘʮʠʶ 
ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʩʚʘʨʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʩʚʘʨʢʠ ʩ ʧʦʤʦʱʴʶ ʯʦʧʧʝʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 

ʥʘʧʨʷʞʝʥʠʷ. ʅʘ ʨʠʩ. 5 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʯʦʧʧʝʨʥʦ-

ʛʦ ʨʝʛʫʣʷʪʦʨʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦ ʘʤ-

ʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʩʥʦʚʥʘʷ 

ʦʩʦʙʝʥʥʦʩʪʴ ʯʦʧʧʝʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʐʀʄ ï ʩʠʛʥʘʣʘ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ. ʅʘʯʘʣʴʥʘʷ ʘʤʧʣʠ-

ʪʫʜʘ ʧʫʣʴʩʘʮʠʡ ʥʘ ʚʳʭʦʜʝ ʯʦʧʧʝʨʥʦʡ ʩʭʝʤʳ ʥʘ ʧʦʨʷ-

ʜʦʢ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜʳ ʧʫʣʴʩʘʮʠʡ ʥʘ ʚʳʭʦʜʝ ʪʠʨʠ-

ʩʪʦʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ.  

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʭʝʤʝ ʯʦʧʧʝʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ 
ʝʤʢʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʩʦʩʪʘʚʣʷʝʪ 3 ʝʜʠʥʠ-

ʮʳ ʤʠʢʨʦʬʘʨʘʜʳ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʡ ʝʤʢʦʩʪʠ 

ʫʩʢʦʨʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ 

ʩʭʝʤʳ ʥʘ ʧʦʨʷʜʦʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʨʠʩʪʦʨʥʳʤʠ 

ʩʭʝʤʘʤʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ 
ʪʘʢʦʡ ʩʭʝʤʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʪʴ 

ʩʪʘʙʠʣʴʥʫʶ ʘʤʧʣʠʪʫʜʫ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʩʚʘʨʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ 

ʵʥʝʨʛʠʠ ʋɿ ʢʦʣʝʙʘʥʠʡ ʧʨʠ ʚʣʠʷʥʠʠ ʠʟʤʝʥʷʶʱʝʡʩʷ 

ʥʘʛʨʫʟʢʠ. 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʯʦʧʧʝʨʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʷʞʝʥʠʷ 

ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʟʘ ʩʯʸʪ 

ʫʚʝʣʠʯʝʥʠʷ ʥʘʛʨʫʟʢʠ ʥʘ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʦʯ-

ʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʜʜʝʨʞʠʚʘʝʪ 

ʩʪʘʙʠʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʟʘ ʩʯʸʪ 
ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ (ʟʘ ʜʦʣʠ 

ʩʝʢʫʥʜʳ) [9]. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʙʳ-

ʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʚ ʘʧʧʘʨʘʪʝ ʤʥʦʛʦʪʦʯʝʯʥʦʡ ʩʚʘʨʢʠ 

ʤʝʤʙʨʘʥ ʜʣʷ ʛʘʟʦʚʦʛʦ ʩʯʸʪʯʠʢʘ (ʨʠʩ. 6). 

 
1 ï ʤʥʦʛʦʨʝʞʠʤʥʳʡ ʮʠʬʨʦʚʦʡ ʠʥʜʠʢʘʪʦʨ; 2 ï ʩʪʨʝʣʦʯʥʳʡ ʠʥʜʠʢʘ-

ʪʦʨ çʈɸɹʆʏɽɽ ɼɸɺʃɽʅʀɽè; 3 ï ʨʝʛʫʣʷʪʦʨ çʋʉʊɸʅʆɺʂɸ ɼɸɺ-

ʃɽʅʀʗè; 4 ï ʩʝʪʝʚʦʡ ʚʳʢʣʶʯʘʪʝʣʴ çʉɽʊʔè; 5 ï ʨʘʟʲʝʤ ʧʠʪʘʥʠʷ; 

6 ï ʜʝʨʞʘʪʝʣʠ ʧʨʝʜʦʭʨʘʥʠʪʝʣʝʡ; 7 ï ʦʩʥʦʚʘʥʠʝ; 8 ï ʣʦʞʝʤʝʥʪ; 

9 ï ʩʪʦʡʢʘ; 10 ï ʧʨʠʞʠʤʥʘʷ ʧʣʘʥʢʘ; 11 ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʫʣʴ-

ʪʨʘʟʚʫʢʦʚʘʷ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ; 12 ï ʟʘʱʠʪʥʳʡ ʢʦʞʫʭ 13 ï 

ʢʥʦʧʢʘ çʇʋʉʂ/ʉʊʆʇè; 14 ï ʩʪʨʝʣʦʯʥʳʡ ʠʥʜʠʢʘʪʦʨ çɼɸɺʃɽʅʀɽ 

ʇʅɽɺʄʆʉɽʊʀè; 15 ï ʢʣʘʧʘʥ ʘʚʘʨʠʡʥʦʛʦ ʩʙʨʦʩʘ ʜʘʚʣʝʥʠʷ çʉɹʈʆʉ 

ɼɸɺʃɽʅʀʗè; 16 ï ʚʝʥʪʠʣʷʪʦʨ; 17 ï ʨʘʟʲʝʤ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʝʜʘ-

ʣʠ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʘʧʫʩʢʘ çʇɽɼɸʃʔ ɿɸʇʋʉʂɸè; 18 ï ʰʪʫʮʝʨ 

ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʧʥʝʚʤʦʩʝʪʠ; 19 ï ʣʶʯʦʢ ʜʣʷ ʤʦʥʪʘʞʘ/ʜʝʤʦʥʪʘʞʘ 

ʬʠʣʴʪʨʘ ʪʦʥʢʦʡ ʦʯʠʩʪʢʠ ʚʦʟʜʫʭʘ 

ʈʠʩ. 6. ɸʧʧʘʨʘʪ ʜʣʷ ʤʥʦʛʦʪʦʯʝʯʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʩʚʘʨʢʠ 

ʟʘʢʣʸʧʦʢ (ʚʠʜ ʩʣʝʚʘ) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʢʨʝʧʣʝʥ ʣʦʞʝʤʝʥʪ ʜʣʷ ʫʢʣʘʜʢʠ ʚ 

ʥʝʛʦ ʩʚʘʨʠʚʘʝʤʳʭ ʠʟʜʝʣʠʡ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 
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ʩʤʝʥʥʳʝ ʩʚʘʨʦʯʥʳʝ ʠʥʩʪʨʫʤʝʥʪʳ ʠ ʣʦʞʝʤʝʥʪ ʦʪʨʝʛʫ-
ʣʠʨʦʚʘʥʳ ʜʣʷ ʩʚʘʨʢʠ ʠʟʜʝʣʠʡ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʮʝʥʪʨʦʚʢʘ, ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦ-

ʩʪʝʡ ʚʩʝʭ ʯʝʪʳʨʸʭ ʩʚʘʨʦʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ, ʯʪʦ ʧʦʟ-

ʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʠʭ ʫʩʘʜʢʫ ʥʘ ʦʜʠʥʘʢʦʚʫʶ ʛʣʫʙʠ-

ʥʫ. ʇʨʠ ʵʪʦʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʜʠʥʘʢʦ-

ʚʳʭ ʧʦ ʬʦʨʤʝ ʠ ʨʘʟʤʝʨʘʤ ʟʘʢʣʸʧʦʢ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʩʚʘʨʢʠ ʩʦʝʜʠʥʷʝʤʳʝ 

ʵʣʝʤʝʥʪʳ ʠʟʜʝʣʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʫʣʦʞʝʥʳ ʥʘ ʣʦʞʝ-

ʤʝʥʪ (ʨʠʩ. 7).  

ʈʠʩ. 7. ʉʚʘʨʠʚʘʝʤʳʝ ʠʟʜʝʣʠʷ ʥʘ ʣʦʞʝʤʝʥʪʝ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʮʝʩʩʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʢʣʝʧʦʢ  

ʇʦʩʣʝ ʵʪʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 3-4 
ʘʪʤ., ʥʘ ʤʥʦʛʦʨʝʞʠʤʥʦʤ ʮʠʬʨʦʚʦʤ ʠʥʜʠʢʘʪʦʨʝ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʫʨʦʚʝʥʴ ʤʦʱʥʦʩʪʠ 100 % (ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʡ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ 75-80 ʤʢʤ), ʚʨʝʤʷ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚʨʝʤʷ ʫʜʝʨʞʘʥʠʷ. ʇʦʩʣʝ ʯʝʛʦ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʟʘʧʫʩʢ ʘʧʧʘʨʘʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʋɿ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʯʝʪʳʨʸʭ ʟʘʢʣʸʧʦʢ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʠʩʪʝʯʝʥʠʠ ʚʨʝʤʝʥʠ, ʫʩʪʘʥʦʚʣʝʥʥʦ-

ʛʦ ʥʘ ʪʘʡʤʝʨʝ ʠ ʜʦ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʛʦ ʜʦʩʪʠʞʝʥʠʶ ʦʧʨʝʜʝʣʸʥʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘ-

ʟʦʨʘ ʤʝʞʜʫ ʩʚʘʨʦʯʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʘʧʧʘʨʘʪʘ ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠʟʜʝʣʠʡ. ɺʨʝʤʷ ʫʜʝʨʞʘʥʠʷ ʚ 
ʩʞʘʪʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʝʨʚʠʯʥʦʛʦ ʦʩʪʳ-

ʚʘʥʠʷ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʢʣʸʧʦʢ ʩʦ-

ʩʪʘʚʣʷʝʪ 0,2 ʩʝʢʫʥʜʳ.  

ʇʦ ʦʢʦʥʯʘʥʠʠ ʧʨʦʮʝʩʩʘ ʦʩʘʜʢʠ ʩʚʘʨʦʯʥʳʝ ʠʥʩʪʨʫ-

ʤʝʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʦʪʚʦʜʷʪʩʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚʳʝʤʢʘ ʛʦʪʦʚʦʛʦ ʠʟʜʝʣʠʷ ʠʟ ʣʦʞʝʤʝʥʪʘ. 

ɺ ʪʝʯʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡ-

ʰʝʝ ʦʩʪʳʚʘʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʬʦʨʤʠʨʦʚʘʥ-

ʥʳʭ ʟʘʢʣʸʧʦʢ, ʧʦʵʪʦʤʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ 

ʧʨʦʚʝʨʢʫ ʢʘʯʝʩʪʚʘ ʠʣʠ ʧʨʦʯʥʦʩʪʠ ʛʦʪʦʚʳʭ ʠʟʜʝʣʠʡ 

ʯʝʨʝʟ 15-20 ʤʠʥʫʪ ʧʦʩʣʝ ʩʚʘʨʢʠ. 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʜʨʫʛʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʬʦʨʤʠʨʫʝʤʳʭ ʟʘʢʣʸʧʦʢ ʠʟʜʝʣʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʢʦ-

ʤʝʥʜʫʝʪʩʷ ʧʦʜʦʙʨʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʧʨʦʮʝʩʩʘ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʫʨʦʚʥʷ ʤʦʱʥʦʩʪʠ, ʨʘʙʦʯʝʛʦ ʜʘʚʣʝʥʠʷ 

ʜʣʷ ʧʨʠʞʠʤʘ ʩʚʘʨʦʯʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ [11]. ʇʨʠ ʵʪʦʤ 

ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʘʣʠʯʠʝ ʜʝʩʪʨʫʢʮʠʠ ʥʘ ʚʥʝʰ-
ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʢʣʸʧʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʯʨʝʟ-

ʤʝʨʥʦʤ ʚʳʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʠ ʪʨʝʙʫʝʪ ʫʤʝʥʴʰʝʥʠʷ 

ʚʨʝʤʝʥʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʫʨʦʚʥʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝ-

ʙʘʥʠʡ ʩʚʘʨʦʯʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʤʦʱʥʦʩʪʠ.  

ʅʘ ʨʠʩ. 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʘʨʝʥʥʳʝ ʠʟʜʝʣʠʷ ʩ ʟʘ-

ʢʣʸʧʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʥʝʚʝʨʥʦ ʚʳʙʨʘʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʢʦ-

ʣʠʯʝʩʪʚʦ ʚʳʜʝʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʋɿ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʚʦ-

ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʘʧʣʳʚʦʚ ʠ ʠʟʣʠʰʢʦʚ ʧʦʣʠʤʝʨʥʦ-

ʛʦ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʨʠ ʵʪʦʤ ʥʝ ʚʝʩʴ 

ʦʙʲʝʤ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʰʪʳʨʴʢʘ ʟʘʢʣʸʧʢʠ ʧʝ-
ʨʝʭʦʜʠʪ ʚ ʪʝʢʫʯʝʝ ʩʦʩʪʦʷʥʠʝ, ʪʦ ʝʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʥʝ-

ʜʦʩʪʘʪʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʋɿ ʵʥʝʨʛʠʠ [10].  

 

 
ʈʠʩ.8. ʆʙʨʘʟʮʳ ʠʟʜʝʣʠʡ ʩ ʟʘʢʣʸʧʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʠʤʝʶʱʠʤʠ ʥʘʧʣʳʚʳ ʥʘ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʋɿ ʵʥʝʨʛʠʠ, ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘ-

ʥʠʡ ʠʣʠ ʚʨʝʤʝʥʠ ʩʚʘʨʢʠ ʢʦʣʠʯʝʩʪʚʦ ʋɿ ʵʥʝʨʛʠʠ ʩʪʘ-

ʥʦʚʠʪʩʷ ʙʦʣʴʰʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʨʘʩ-

ʧʣʘʚʣʝʥʠʶ ʦʙʲʸʤʘ ʧʦʣʠʤʝʨʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʘ ʨʠʩ. 9 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʨʘʟʮʳ ʠʟʜʝʣʠʡ ʩ ʟʘʢʣʸʧʦʯʥʳʤʠ ʩʦ-

ʝʜʠʥʝʥʠʷʤʠ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ. 

 
ʈʠʩ.9. ʆʙʨʘʟʮʳ ʠʟʜʝʣʠʡ ʩ ʟʘʢʣʸʧʦʯʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ 

ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ 

ʅʘ ʨʠʩ. 9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʝ ʨʘʚʥʦʤʝʨʥʳʭ 

ʰʣʷʧʢʠ ʟʘʢʣʝʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʙʝʟ ʥʘʧʣʳʚʦʚ. ʇʨʦ-

ʚʝʨʢʘ ʢʘʯʝʩʪʚʘ ʠʟʜʝʣʠʡ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚʨʫʯʥʫʶ, ʧʨʠ 

ʵʪʦʤ ʧʨʦʯʥʦʩʪʴ ʧʨʦʚʝʨʷʣʘʩʴ ʧʨʠ ʧʨʠʢʣʘʜʳʚʘʥʠʠ ʩʠʣʳ 

ʠ ʨʘʩʪʷʞʝʥʠʠ ʦʙʨʘʟʮʦʚ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. 
ɻʝʨʤʝʪʠʯʥʦʩʪʴ ʠʟʜʝʣʠʡ ʚ ʟʦʥʝ ʨʘʩʧʣʘʚʣʝʥʠʷ ʰʪʳʨʴ-

ʢʦʚ ʧʨʦʚʝʨʷʣʘʩʴ ʚʠʟʫʘʣʴʥʦ, ʧʨʠ ʵʪʦʤ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦ-

ʨʦʥʳ ʤʝʤʙʨʘʥʳ ʚʠʟʫʘʣʴʥʦ ʚʠʜʝʥ ʢʦʣʴʮʝʚʦʡ ʦʪʧʝʯʘʪʦʢ 

ʨʝʘʢʪʦʧʣʘʩʪʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʝʤʙʨʘʥʳ ʚʦʢʨʫʛ 

ʰʪʳʨʴʢʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʟʘʢʣʸʧʦʢ. 

ʉʦʟʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʝʘʣʠ-

ʟʦʚʘʥʥʘʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ ʤʥʦʛʦʪʦʯʝʯʥʦʡ 

ʩʚʘʨʢʠ ʤʝʤʙʨʘʥ ʜʣʷ ʛʘʟʦʚʦʛʦ ʩʯʸʪʯʠʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʪʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ, ʧʨʝʜʩʪʘʚʣʝʥ-
ʥʳʝ ʚ ʪʘʙʣ. 2. 

ʊʘʙʣ. 2. ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʧʧʘʨʘʪʘ 

ʇʘʨʘʤʝʪʨ ʊʠʧ ʩʠʛʥʘʣʘ 

ʄʦʱʥʦʩʪʴ 400 ɺɸ 

ʇʠʪʘʥʠʝ ʦʪ ʩʝʪʠ 220 ɺ 

ɸʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ 20-80 ʤʢʤ 

ɺʨʝʤʷ ʥʝʧʨʝʨʳʚʥʦʡ ʨʘʙʦʪʳ 8 ʯ 

ʂʦʣʝʙʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ Ï70Ĭ140 ʤʤ 

ʊʦʣʱʠʥʘ ʩʚʘʨʠʚʘʝʤʳʭ ʣʠʩʪʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ 0,1 ï 7 ʤʤ 

ɺʨʝʤʷ ʩʚʘʨʢʠ 4-ʭ ʟʘʢʣʸʧʦʢ 1-2,5 ʩʝʢ 

ʏʘʩʪʦʪʘ  22 ʢɻʮ 

ɺʝʣʠʯʠʥʘ ʟʘʟʦʨʘ 100-2000 ʤʢʤ 

ʈʘʟʤʝʨ ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘʢʣʸʧʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Ï 7-8 ʤʤ 

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʋɿ ʘʧʧʘʨʘʪʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʪʦʯʝʯʥʦʛʦ ʟʘ-

ʢʣʝʧʦʯʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ. ʇʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚ-

ʣʝʥʠʷ ʦʙʝʩʧʝʯʠʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 4 

ʥʝʟʘʚʠʩʠʤʳʭ ʟʘʢʣʝʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʙʦʨʢʝ 

ʤʝʤʙʨʘʥʳ ʩʯʸʪʯʠʢʘ ʜʣʷ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

ʉʧʨʦʝʢʪʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ 

ʦʙʝʩʧʝʯʠʪʴ ʚ ʋɿ ʘʧʧʘʨʘʪʝ ʩʣʝʜʫʶʱʠʝ ʬʫʥʢʮʠʠ:  

1. ʇʦʠʩʢ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʋɿʂʉ ʩʦ ʩʚʘʨʦʯʥʳ-

ʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʧʨʠ ʟʘʧʫʩʢʝ ʘʧʧʘʨʘʪʘ, ʧʝʨʝʩʪʨʦʡʢʫ 
ʯʘʩʪʦʪʳ ʚ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʘ ʦʪ 18,5 ʢɻʮ ʜʦ 

21,5 ʢɻʮ, ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʧʦʜʩʪʨʦʡʢʫ ʠ ʨʘʙʦʪʫ ʘʧʧʘ-

ʨʘʪʘ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚ ʟʘ-

ʜʘʥʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

2. ʉʪʘʙʠʣʠʟʘʮʠʶ, ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ, ʘʤʧʣʠʪʫʜʫ 

ʢʦʣʝʙʘʥʠʡ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʘʨʦʯʥʦʛʦ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʥʘ ʫʨʦʚʥʝ ʥʝ ʤʝʥʝʝ 80 ʤʢʤ ʩ ʚʳʩʦʢʦʡ ʩʢʦʨʦ-

ʩʪʴʶ (ʜʦʣʠ ʩʝʢʫʥʜʳ). 

3. ʋʩʪʘʥʦʚʢʫ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʪʦʯʥʦʛʦ ʬʠʢʩʠʨʦ-

ʚʘʥʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʩʚʘʨʦʯʥʳʤʠ ʠʥʩʪʨʫʤʝʥʪʘʤʠ ʠ 

ʠʟʜʝʣʠʝʤ 100-2000 ʤʢʤ. 

4. ʆʙʝʩʧʝʯʝʥʠʝ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʩʚʘʨʢʠ ʯʝʪʳʨʸʭ ʥʝ-
ʟʘʚʠʩʠʤʳʭ ʟʘʢʣʸʧʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʠʘʤʝʪʨʦʤ 7-

8 ʤʤ ʟʘ ʚʨʝʤʷ 1-2,5 ʩʝʢʫʥʜʳ. 

ʋɿ ʘʧʧʘʨʘʪ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʚ 1000 ɺʪ ʠ ʘʤʧʣʠʪʫʜʝ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʧʨʦʮʝʩʩʝ ʩʚʘʨʢʠ ʚ ʧʨʝʜʝʣʘʭ 

20-80 ʤʢʤ ʦʙʝʩʧʝʯʠʣ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʟʘ ʚʨʝʤʷ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 2 ʩʝʢ. 

 ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʳʪʘʥʠʷ ʘʧʧʘʨʘʪʘ 

ʧʦʟʚʦʣʠʣʠ ʧʦʜʪʚʝʨʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʧʨʠʤʝʥʝ-

ʥʠʷ ʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 
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CONTROL SYSTEM FOR REALIZATION OF MULTIPOINT 
ULTRASONIC WELDING 

V.N. Khmelev, A.N. Slivin, A.D. Abramov, V.A. Nesterov  
Biysk Technological Institute (branch) of the AltSTU 

In article results of creation of management system by the device for multipoint ultrasonic (US) welding of products from 
thermoplastics are provided. The management system realized in practice provided automatic maintenance of operating frequency of 
the generator in case of all possible changes of natural frequency of a vibrating system with four working terminations and stabilizing 
of amplitude of BONDS of influence to each of tools. Operation of the created system as a part of devices for simultaneous formation 
of several qualitative, airtight, permanent connections allows to increase quality of the created welded seams in case of essential 
increase in speed of welding. 

Index terms: device, ultrasonic device, control system, polymeric material, ultrasonic welding, rivet, membrane, gas counter. 
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ʋɼʂ 534.321.9(045) 

ɺʓʗɺʃɽʅʀɽ ʆʇʊʀʄɸʃʔʅʓʍ ʈɽɾʀʄʆɺ 
ʋʃʔʊʈɸɿɺʋʂʆɺʆɻʆ ʀʄʇʋʃʔʉʅʆɻʆ ɺʆɿɼɽʁʉʊɺʀʗ ɼʃʗ 

ʂʆɸɻʋʃʗʎʀʀ ɺ ɾʀɼʂʆɼʀʉʇɽʈʉʅʓʍ ʉʈɽɼɸʍ 

ɺ.ʅ. ʍʤʝʣʸʚ, ʈ.ʅ. ɻʦʣʳʭ, ɸ.ɺ. ʐʘʣʫʥʦʚ, ɻ.ɸ. ɹʦʙʨʦʚʘ, ʈ.ɺ. ɹʘʨʩʫʢʦʚ, ɺ.ɸ. ʐʘʢʫʨʘ, 

ɽ.ɺ. ʀʣʴʯʝʥʢʦ 
ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ɸʣʪɻʊʋ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘ, ɹʠʡʩʢ 

ɸʥʥʦʪʘʮʠʷ ï ɺ ʩʪʘʪʴʝ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʭ 
ʩʨʝʜ. ʆʩʥʦʚʦʡ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʩʣʫʞʠʪ ʤʦʜʝʣʴ ʢʦʘʛʫʣʷʮʠʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 
(ʋɿ) ʠʤʧʫʣʴʩʦʚ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʤʧʫʣʴʩʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ.  
ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʋɿ ʠʤʧʫʣʴʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʢʦʘʛʫʣʷʮʠʷ, ʢʘʚʠʪʘʮʠʷ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʝ ʩʠʩʪʝʤʳ. 

 

ɺɺɽɼɽʅʀɽ 

ʆʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʭ ʩʠ-

ʩʪʝʤ ʩʦ ʚʟʚʝʰʝʥʥʳʤʠ ʪʚʸʨʜʳʤʠ ʚʝʱʝʩʪʚʘʤʠ (ʙʫʨʦʚʳʝ 

ʨʘʩʪʚʦʨʳ, ʨʘʩʪʠʪʝʣʴʥʳʝ ʵʢʩʪʨʘʢʪʳ, ʧʣʦʜʦʚʦ-ʷʛʦʜʥʳʝ 

ʥʘʧʠʪʢʠ ʠ ʪ. ʜ.) ʩʦʧʨʦʚʦʞʜʘʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʦʮʝʩʩʦʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʥʝʬʪʷʥʳʭ, ʭʠʤʠʢʦ- ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝ-
ʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʪʨʝʙʫʝʤʦʛʦ ʢʘʯʝʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʪʦʠʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚ ʦʪʜʝʣʝʥʠʠ ʪʚʸʨʜʦʡ ʬʘʟʳ ʞʠʜʢʦʜʠʩʧʝʨʩʥʦʡ 

ʩʠʩʪʝʤʳ ʦʪ ʥʝʩʫʱʝʡ. ʉʨʦʢʠ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʘʞʜʝʥʠʷ 

ʚʟʚʝʰʝʥʥʳʭ ʚʝʱʝʩʪʚ ʠʣʠ ʠʭ ʦʪʜʝʣʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʬʠʣʴʪʨʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʥʘʧʨʠʤʝʨ, ʙʝʥʪʦʥʠʪʘ) 

ʠʥʦʛʜʘ ʥʘʩʪʦʣʴʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳ (ʚʧʣʦʪʴ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ) [1ï2], ʯʪʦ ʥʠ ʦ ʢʘʢʦʤ ʤʘʩʰʪʘʙʥʦʤ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʧʨʦʜʫʢʮʠʠ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʠ ʨʝʯʠ. ʅʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʧʦʩʦʙʦʚ ʦʯʠʩʪʢʠ ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʭ ʩʨʝʜ ʦʪ ʚʟʚʝʰʝʥ-
ʥʳʭ ʯʘʩʪʠʮ ʦʙʫʩʣʦʚʣʝʥʘ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʧʦʩʣʝʜʥʠʭ 

(ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʙʦʣʝʝ 10 ʤʢʤ). 

ʆʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʜʝʣʝʥʠʷ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜ-

ʢʦʩʪʠ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ ʠʭ ʫʢʨʫʧʥʝʥʠʝ (ʢʦʘʛʫʣʷʮʠʷ) 

[2] ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ (ʋɿ) ʢʦʣʝʙʘʥʠʡ. 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ [3, 4], 

ʧʨʠʚʦʜʷʱʝʡ ʢ ʚʪʦʨʠʯʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʦʙʨʘʟʫʶʱʠʭ-

ʩʷ ʘʛʣʦʤʝʨʘʪʦʚ, ʪʨʝʙʫʝʪ ʩʠʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʋɿ ʢʦʣʝʙʘʥʠʡ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʤʘʣʦʚʷʟʢʠʭ 

ʞʠʜʢʦʩʪʝʡ ʟʥʘʯʝʥʠʷʤʠ ʥʝ ʙʦʣʝʝ 0,5 ɺʪ/ʩʤ2), ʯʪʦ ʪʝʤ 

ʩʘʤʳʤ ʦʛʨʘʥʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ. 
ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ 

ʦʨʛʘʥʠʟʘʮʠʠ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʚʝʣʠʯʠʪʴ 

ʘʢʫʩʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ, ʚʚʦʜʠʤʫʶ ʚ ʞʠʜʢʦʩʪʴ, ʥʝ ʜʦ-

ʧʫʩʢʘʷ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ. 

ʆʜʠʥ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʚʚʦʜʠʤʦʡ ʋɿ ʵʥʝʨʛʠʠ ʚ ʜʦʢʘ-

ʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ï ʋɿ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʚʠʜʝ ʚʦʣʥʦ-

ʚʳʭ ʧʘʢʝʪʦʚ ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ (ʨʠʩʫʥʦʢ 1) 

0,5é10 ʤʩ, ʤʝʥʴʰʝʡ ʧʝʨʠʦʜʘ ʠʭ ʩʣʝʜʦʚʘʥʠʷ 1é20 ʤʩ 

(ʢʦʨʦʪʢʠʭ ʠʤʧʫʣʴʩʦʚ). 

 
ʈʠʩ.1. ʌʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʚʠʪʘʮʠʦʥʥʳʝ ʷʜʨʘ ʟʘ ʚʨʝʤʷ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʥʝ ʫʩʧʝʚʘʶʪ ʚʳʨʘʩʪʠ ʩ 

ʥʘʯʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ 10-8é10-7 ʤ, ʜʦ ʨʘʟʤʝʨʦʚ 10-6 ʤʢʤ 

ʠ ʙʦʣʝʝ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʢʘʚʠʪʘʮʠʦʥʥʦ-

ʛʦ ʨʝʞʠʤʘ [5].  ʊʝʤ ʩʘʤʳʤ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʠʥ-

ʪʝʥʩʠʚʥʦʩʪʴ ʋɿ ʢʦʣʝʙʘʥʠʡ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʦʜʜʝʨʞʠʚʘ-

ʝʪʩʷ ʫʩʪʦʡʯʠʚʳʡ ʜʦʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, ʫʚʝʣʠʯʠ-
ʚʘʝʪʩʷ. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʪʘʢʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ 

ʤʦʞʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ ʞʠʜʢʦ-

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʨʝʨʳʚʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʫʚʝʣʠʯʝʥʠʝ ʧʦʨʦʛʦʚʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ, ʜʨʫʛʠʤ ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʢʚʘʞʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ (ʦʪʥʦʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢ ʧʝʨʠʦʜʫ ʩʣʝʜʦ-

ʚʘʥʠʷ). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ 

ʋɿ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʨʷ-

ʜʫ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ ʝʛʦ ʩʢʚʘʞʥʦʩʪʠ. ʇʦ-
ʵʪʦʤʫ ʟʘʜʘʯʘ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʋɿ 

ʠʤʧʫʣʴʩʘ (ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʜʣʠʪʝʣʴʥʦʩʪʠ ʠ ʧʝʨʠʦʜʫ 

ʩʣʝʜʦʚʘʥʠʷ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʷʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ. 
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16 ˉ 3 (19) Å ʩʝʥʪʷʙʨʴ 2017  

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʘ 

ʤʦʜʝʣʴ ʢʦʘʛʫʣʷʮʠʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ 
ʧʨʠ ʋɿ ʠʤʧʫʣʴʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʄʦʜʝʣʴ ʢʦʘʛʫʣʷʮʠʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋɿ ʠʤʧʫʣʴʩʦʚ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘ-

ʩʪʝʡ: 

1) ʘʥʘʣʠʟ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʦʜʳ-

ʰʝʡ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴ-

ʩʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʧʝʨʠʦʜ ʩʣʝʜʦʚʘ-

ʥʠʷ), ʨʝʘʣʠʟʫʶʱʠʭ ʜʦʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ ʠ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ  

ʚʚʦʜʠʤʦʡ ʋɿ ʵʥʝʨʛʠʠ; 

2) ʘʥʘʣʠʟ ʩʙʣʠʞʝʥʠʷ ʠ ʫʢʨʫʧʥʝʥʠʷ ʯʘʩʪʠʮ (ʢʦʘʛʫ-

ʣʷʮʠʠ) ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʵʚʦʣʶʮʠʠ ʠʭ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦ-
ʩʪʘʚʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʋɿ ʠʤ-

ʧʫʣʴʩʦʚ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʦʧʪʠʤʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʦ-

ʜʳʰʝʡ ʧʨʦʥʠʢʥʦʚʝʥʠʝ ʛʘʟʘ, ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ ʞʠʜʢʦ-

ʩʪʠ, ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ʢʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʦʜʳ-

ʰʝʡ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʜʠʬʬʫʟʠʠ [5] (1). 
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ʛʜʝ m ï ʤʘʩʩʘ ʛʘʟʘ ʚʥʫʪʨʠ ʧʫʟʳʨʴʢʘ, ʢʛ; D ï ʢʦʵʬʬʠ-

ʮʠʝʥʪ ʧʨʷʤʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʛʘʟʘ ʚ ʞʠʜʢʦ-

ʩʪʠ, ʤ2/ʩ; Dr ï ʢʦʵʬʬʠʮʠʝʥʪ ʦʙʨʘʪʥʦʡ ʜʠʬʬʫʟʠʠ ʨʘʩ-

ʪʚʦʨʸʥʥʦʛʦ ʛʘʟʘ ʚ ʞʠʜʢʦʩʪʠ, ʤ2/ʩ; R0 ï ʨʘʜʠʫʩ ʢʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʟʘʨʦʜʳʰʘ, ʤ; pm ï ʘʤʧʣʠʪʫʜʘ ʟʚʫʢʦʚʦʛʦ ʜʘʚ-

ʣʝʥʠʷ ʚ ʞʠʜʢʦʩʪʠ, ʇʘ; p0 ï ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʞʠʜʢʦʩʪʠ; ɤ ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟ-

ʜʝʡʩʪʚʠʷ,  ʩ-1; ɤ0 ï ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʢʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʧʫʟʳʨʴʢʘ,  ʩ-1; Kc ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʫʟʳʨʴʢʘ, ʨʘʚʥʳʡ 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʝ (1) ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ 

(2) ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʟʘʨʦʜʳʰʘ, ʜʦʩʪʠʛʘʝ-

ʤʦʛʦ ʟʘ ʚʨʝʤʷ ʜʝʡʩʪʚʠʷ ʠʤʧʫʣʴʩʘ: 
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ɺʦʟʤʦʞʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʘʚʠʪʘʮʠʠ ʧʨʠ ʜʘʥ-

ʥʦʤ ʨʘʟʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ 

ʂʠʨʢʚʫʜʘ-ɹʝʪʝ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʦʪʥʦʰʝʥʠʝ (2) 

ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʨʝʜʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʋɿ 
ʠʤʧʫʣʴʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʦʢʘʚʠʪʘʮʠʦʥʥʳʡ ʨʝʞʠʤ, 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ. ʅʝʠʟʚʝʩʪ-

ʥʘʷ ʚʝʣʠʯʠʥʘ 0
DC  (ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ D ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ C0 ʛʘʟʘ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʦʩʚʝʥʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

[5]. 
ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʝʣʴʥʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʋɿ ʠʤʧʫʣʴʩʘ ʦʪ ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʚʷʟʢʦʩʪʝʡ ʥʝʩʫʱʠʭ ʬʘʟ ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʭ 

ʩʠʩʪʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʣʣʶʩʪʨʠʨʫʶʪ 

ʤʝʭʘʥʠʟʤ ʫʚʝʣʠʯʝʥʠʷ ʚʚʦʜʠʤʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʚʦʟʜʝʡ-

ʩʪʚʠʠ ʋɿ ʠʤʧʫʣʴʩʘʤʠ ʢʦʥʝʯʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ. ʊʘʢ 

ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʜʦ ʟʥʘʯʝʥʠʷ ʤʝ-

ʥʝʝ 3 ʤʩ ʧʨʠʚʦʜʠʪ ʙʦʣʝʝ ʯʝʤ ʢ 2-ʢʨʘʪʥʦʤʫ ʚʦʟʨʘʩʪʘ-

ʥʠʶ ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʰʠʨʦ-

ʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʷʟʢʦʩʪʝʡ ʥʝʩʫʱʝʡ ʞʠʜʢʦʩʪʠ. 

 
ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʋɿ ʠʤʧʫʣʴʩʘ ʦʪ 

ʝʛʦ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʷʟʢʦʩʪʷʭ ʥʝʩʫʱʝʡ ʞʠʜʢʦʡ 

ʬʘʟʳ 

 
ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʡ ʚʚʦʜʠʤʦʡ ʋɿ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʚʷʟʢʦʩʪʷʭ ʞʠʜʢʦʩʪʠ 

ʆʜʥʘʢʦ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʜʦʢʘʚʠʪʘ-
ʮʠʦʥʥʦʛʦ ʨʝʞʠʤʘ ʥʘʨʷʜʫ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʠʤʧʫʣʴʩʘ 

ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʛʨʘʥʠʯʠʚʘʪʴ ʧʝʨʠʦʜ ʠʭ ʩʣʝʜʦʚʘ-

ʥʠʷ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ 

ʚʳʙʠʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ 

ʢʘʞʜʦʛʦ ʠʤʧʫʣʴʩʘ ʠ ʜʦ ʥʘʯʘʣʘ ʩʣʝʜʫʶʱʝʛʦ ʨʘʜʠʫʩ 

ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʦʜʳʰʘ ʫʩʧʝʚʘʣ çʚʦʩʩʪʘʥʦʚʠʪʴʩʷè 

ʜʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ (ʪ.ʝ. ʫʜʦʚʣʝʪʚʦʨʷʣ ʫʩʣʦ-

ʚʠʶ () ()0
00

RTR = ; ʛʜʝ T ï ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʠʤ-

ʧʫʣʴʩʦʚ). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, ʫʚʝʣʠʯʝʥʠʝ ʨʘʜʠʫʩʘ 
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ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʦʜʳʰʘ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪ ʣʘʚʠʥʦ-
ʦʙʨʘʟʥʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʠ, 

ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʚʦʟʥʠʢʥʝʪ ʢʘʚʠʪʘʮʠʷ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʠʦʜʘ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʦʣʫ-

ʯʝʥʦ ʚʳʨʘʞʝʥʠʝ (3): 
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ʆʪʩʶʜʘ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʨʝʜʥʝʡ ʚʚʦʜʠʤʦʡ ʋɿ ʤʦʱʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʷ: 
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ʛʜʝ I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʋɿ ʠʤʧʫʣʴʩʘ, ɺʪ/ʤ
2
. 

ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ  ʩʨʝʜʥʝʡ 

ʚʚʦʜʠʤʦʡ ʋɿ ʤʦʱʥʦʩʪʠ ʥʘ ʝʜʠʥʠʮʫ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʠʟʣʫʯʘʪʝʣʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3. 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠ-
ʩʫʥʦʢ 3), ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ ʧʦʟʚʦʣʷ-

ʝʪ ʫʚʝʣʠʯʠʪʴ ʚʚʦʜʠʤʫʶ ʋɿ ʵʥʝʨʛʠʶ ʜʦ 1,5 ʨʘʟ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ 

ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʘʷ ʚʚʦʜʠʤʘʷ ʋɿ ʵʥʝʨʛʠʷ ʤʘʢʩʠ-

ʤʘʣʴʥʘ.  ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʚʚʦʜʠʤʦʡ ʵʥʝʨ-

ʛʠʠ ʚ ʜʦʢʘʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤ-

ʧʫʣʴʩʘ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 3 ʤʩ. ʇʨʠ ʵʪʦʤ ʜʣʷ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʚʷʟʢʠʭ ʞʠʜʢʦʩʪʝʡ ʦʧʪʠʤʘʣʴʥʘʷ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʤʝʥʴʰʝ, ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʧʨʝʧʷʪʩʪʚʫʝʪ 
ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʢʘʚʠʪʘʮʠʠ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʦʨʦʛʦʚʫʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʘʭ 2, 3, ʧʦʣʫʯʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ  ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʋɿ ʠʤʧʫʣʴʩʘ (ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʜʣʠʪʝʣʴʥʦ-

ʩʪʠ ʠ ʧʝʨʠʦʜʘ ʩʣʝʜʦʚʘʥʠʷ), ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʚʝʜʝʥʠʝ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʋɿ ʵʥʝʨʛʠʠ ʚ ʜʦʢʘʚʠʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ 

ʚ ʞʠʜʢʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʚʷʟʢʦʩʪʠ (ʨʠʩʫʥʦʢ 4). 

 

   

ʘ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʙ) ʜʣʠʪʝʣʴʥʦʩʪʴ ʚ) ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ 
ʈʠʩ. 4. ɿʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠʤʧʫʣʴʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʚʦʜʠʤʫʶ ʋɿ ʵʥʝʨʛʠʶ 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʘʛʫʣʷʮʠʠ ʜʠʩʧʝʨʩʥʳʭ 

ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʠʤʧʫʣʴʩ-
ʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʘʛʫʣʷʮʠʠ ʪʚʸʨʜʳʭ ʯʘʩʪʠʮ ʧʨʠ 

ʋɿ ʚʦʟʜʝʡʩʪʚʠʠ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʠʣʠ ʠʤʧʫʣʴʩʥʦʤ ʨʝ-

ʞʠʤʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʚʦʣʶʮʠʝʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʩ 

ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ʀʟʚʝʩʪʥʦ ʠ ʧʦʜʪʚʝʨʞʜʝʥʦ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʋɿ ʢʦʣʝʙʘʥʠʡ ʠʟ-

ʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠ-

ʝʤ ʉʤʦʣʫʭʦʚʩʢʦʛʦ [6]: 
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ʛʜʝ nk ï ʩʯʸʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘʩʪʠʮ, ʠʤʝʶʱʠʭ ʨʘʟ-

ʤʝʨ 
3

0
kd (d0 ï ʨʘʟʤʝʨ ʥʘʠʤʝʥʴʰʝʡ ʯʘʩʪʠʮʳ, ʤ), ʤ

-3; 

ki ,
b  ï ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ ʩ ʨʘʟʤʝʨʘʤʠ 

3

0
id  ʠ 

3

0
kd , ʤ

3
/ʩ. 

ɺʭʦʜʷʱʘʷ ʚ ʫʨʘʚʥʝʥʠʝ (5) ʚʝʨʦʷʪʥʦʩʪʴ ʩʪʦʣʢʥʦʚʝ-

ʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʤʫ ʚʳʨʘʞʝʥʠʶ 

(6): 
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ʛʜʝ di, dj ï ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ, ʤ; Hi ,j ï ʤʦʜʫʣʴ ʨʘʟʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʚʣʝʯʝʥʠʷ ʯʘʩʪʠʮ ʚ ʋɿ 

ʧʦʣʝ; Ű ï ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ, ʩ; T ï ʧʝʨʠʦʜ ʩʣʝʜʦ-

ʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ, ʩ;              I0 ï ʦʧʦʨʥʘʷ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ, ʨʘʚʥʘʷ 1 ɺʪ/ʩʤ2;  f21 ï ʩʠʣʘ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʯʘʩʪʠʮ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 

1 ɺʪ/ʩʤ2; I ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʋɿ ʢʦʣʝʙʘʥʠʡ, ɺʪ/ʩʤ2;         
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ɺʷʟʢʦʩʪʴ ʥʝʩʫʱʝʡ 
ʞʠʜʢʦʩʪʠ, ʤʇʘĀʩ 



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 
 

18 ˉ 3 (19) Å ʩʝʥʪʷʙʨʴ 2017  

ɟc ï ʚʦʣʥʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʞʠʜʢʦʩʪʠ, ʇʘĀʩ/ʤ; ɛ ï 
ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, ʇʘĀʩ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʷ (5) ʠ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʝ-

ʨʦ̫ʪʥʦʩʪʠ ʩʪʦʣʢʥʦʚʝʥʠʷ (6) ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʚʨʝʤʝʥʠ ʢʦʘʛʫʣʷʮʠʠ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʯʘ-

ʩʪʠʮ ʠ ʚʷʟʢʦʩʪʠ ʥʝʩʫʱʝʡ ʞʠʜʢʦʩʪʠ ʜʣʷ ʩʣʫʯʘʝʚ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ 

(ʨʠʩʫʥʢʠ 5, 6). 

ʇʦʜ ʚʨʝʤʝʥʝʤ ʢʦʘʛʫʣʷʮʠʠ ʧʦʥʠʤʘʝʪʩʷ ʚʨʝʤʷ, ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʢʦʪʦʨʦʛʦ ʩʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʯʘ-

ʩʪʠʮ ä
¤

=

=

1

)()(

i

i
tntn  ʧʘʜʘʝʪ ʜʦ ʟʥʘʯʝʥʠʷ 0,1 ʦʪ ʧʝʨʚʦ-

ʥʘʯʘʣʴʥʦʡ )0(1,0 n . ɺʦ ʚʩʝʭ ʨʘʩʯʸʪʘʭ ʯʘʩʪʦʪʘ ʋɿ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 22 ʢɻʮ, ʘ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠ ʧʝʨʠʦʜ ʩʣʝʜʦʚʘʥʠʷ ʠʤʧʫʣʴʩʦʚ 

ʚʳʙʠʨʘʣʠʩʴ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʚʷʟʢʦʩʪʠ ʞʠʜ-

ʢʦʡ ʬʘʟʳ (ʩʤ. ʨʠʩʫʥʦʢ 4). 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʢʦʘʛʫʣʷʮʠʠ ʦʪ ʨʘʟ-

ʤʝʨʘ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʠ ʠʤ-

ʧʫʣʴʩʥʦʤ ʋɿ ʚʦʟʜʝʡʩʪʚʠʠ 

 
ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥʠ ʢʦʘʛʫʣʷʮʠʠ ʦʪ ʚʷʟ-

ʢʦʩʪʠ ʥʝʩʫʱʝʡ ʞʠʜʢʦʩʪʠ ʧʨʠ ʥʝʧʨʝʨʳʚʥʦʤ ʠ 

ʠʤʧʫʣʴʩʥʦʤ ʋɿ ʚʦʟʜʝʡʩʪʚʠʠ 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʜʦ-

ʩʪʠʞʠʤʳʡ ʵʬʬʝʢʪ ʦʪ ʋɿ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 
ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʠʩʭʦʜʥʳʭ ʯʘʩʪʠʮ, ʠ ʢʦʘʛʫ-

ʣʷʮʠʷ ʚ ʞʠʜʢʦʩʪʠ ʩ ʚʷʟʢʦʩʪʴʶ 1 ʤʇʘĀʩ, ʫʩʢʦʨʷʝʪʩʷ ʥʘ 

17é19% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʦʟʜʝʡʩʪʚʠʝʤ ʚ ʥʝʧʨʝʨʳʚ-

ʥʦʤ ʨʝʞʠʤʝ. ʆʜʥʘʢʦ ʜʦʩʪʠʞʠʤʳʡ ʵʬʬʝʢʪ ʦʪ ʧʨʠʤʝ-

ʥʝʥʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʪʝʤ ʚʳʰʝ, ʯʝʤ ʙʦʣʴ-

ʰʝ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʚ ʞʠʜʢʦʩʪʠ ʩ ʚʷʟʢʦ-

ʩʪʴʶ 100 ʤʇʘĀʩ ʢʦʘʛʫʣʷʮʠʷ ʯʘʩʪʠʮ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ 

ʋɿ ʚʦʟʜʝʡʩʪʚʠʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 1,5 ʨʘʟ ʵʬʬʝʢʪʠʚʥʝʝ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ.  

ɿɸʂʃʖʏɽʅʀɽ 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʚʳʙʦʨʘ ʨʝʞʠ-

ʤʦʚ ʨʘʙʦʪʳ ʋɿ ʠʤʧʫʣʴʩʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʝʘʣʠʟʫ-

ʶʱʝʛʦ ʵʬʬʝʢʪʠʚʥʫʶ ʢʦʘʛʫʣʷʮʠʶ ʞʠʜʢʦʜʠʩʧʝʨʩʥʳʭ 
ʩʠʩʪʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜ-

ʜʝʨʞʢʝ ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʚ ʨʘʤʢʘʭ ʥʘʫʯʥʦʛʦ 

ʧʨʦʝʢʪʘ  ʄʂ-4515.2016.8. 
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REVEALING OF OPTIMUM MODES OF ULTRASONIC PULSE 
IMPACT FOR COAGULATION IN ENVIRONMENTS 

V. N. Khmelev, R.N. Golyh, A. V. Shalunov, A. G. Bobrov, R. V. Barsukov, A. V. Shakura, 

E. V. Ilchenko  
Biysk technological Institute (branch) Altai state technical University. I. I. Polzunov, Biysk 

Abstract - The article proposed a method of ultrasonic pulse impact for the processing of multicomponent liquid-dispersed media. 
The basis of this method is the model of coagulation of solid particles in a fluid under the influence of ultrasonic of ultrasonic pulses. 
The solution of the model allows to determine the optimal pulse parameters on the basis of which is determined by the effectiveness 
of coagulation of dispersed particles in a liquid medium at ultrasonic impulse action. The obtained results are the basis for the design 
and selection of modes of operation an ultrasonic pulse equipment. 

Index terms: ultrasound, coagulation, cavitation, intensity, multicomponent liquid-dispersed system. 
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ʋɼʂ 665.335.1:543.637.4 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɽʈʄʆʉʊɸɹʀʃʔʅʆʉʊʀ ʆɹʃɽʇʀʍʆɺʆɻʆ 
ʄɸʉʃɸ 

ʊ.ɸ. ɹʦʣʜʳʨʝʚʘ
1
, ɸ.ʃ. ɺʝʨʝʱʘʛʠʥ

1
, ʅ.ɺ. ɻʦʨʝʤʳʢʠʥʘ

2 

1 ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ, ʛ. ɹʠʡʩʢ 
2 ɿɸʆ çɸʣʪʘʡʚʠʪʘʤʠʥʳè, ʛ. ɹʠʡʩʢ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʨʘʩʩʤʦʪʨʝʥʘ ʜʠʥʘʤʠʢʘ ʦʢʠʩʣʝʥʠʷ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʤʝʪʦʜʦʤ ʫʩʢʦʨʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʊʘʢ ʢʘʢ ʨʘʩʪʠ-
ʪʝʣʴʥʳʝ ʤʘʩʣʘ, ʩʦʜʝʨʞʘʱʠʝ ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʤʦʛʫʪ ʣʝʛʢʦ ʦʢʠʩʣʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ. ʎʝʣʴ ʨʘʙʦʪʳ ï 
ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ ʝʛʦ ʢʘʯʝʩʪʚʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝ-
ʥʠʷ. ɺ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʢʦʥʪʨʦʣʠʨʦʚʘʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʢʠʩʣʦʪʥʦʛʦ ʠ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʝʣ. ɼʘʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʷʚ-

ʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ çʠʥʜʠʢʘʪʦʨʦʚè ʢʘʯʝʩʪʚʘ ʩʦʛʣʘʩʥʦ ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘ-
ʙʦʪʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠ, ʪʘʢʞʝ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʥʳʭ ʦʙʨʘʟʮʦʚ 
ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʩ ʜʨʫʛʠʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʘʩʣʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʣʴʥʷʥʦʝ ʠ ʢʝʜʨʦʚʦʝ. ʇʦʣʫʯʝʥʥʘʷ ʜʠʥʘʤʠʢʘ ʦʢʠʩʣʝʥʠʷ 
ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʧʦʢʘʟʳʚʘʝʪ ʥʘʨʘʩʪʘʥʠʝ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ. ʉ ʧʦʤʦʱʴʶ ʧʨʠʚʝʜʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ 
ʦʮʝʥʠʪʴ ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʚ ʧʠʱʝʚʳʭ, ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʠ ʣʝʯʝʙʥʳʭ ʮʝʣʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʣʝʧʠʭʦʚʦʝ ʤʘʩʣʦ, ʥʝʥʘʩʳʱʝʥʥʳʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ, ʢʠʩʣʦʪʥʦʝ ʠ ʧʝʨʝʢʠʩʥʦʝ ʯʠʩʣʘ. 

 

ɺɺɽɼɽʅʀɽ 

ʆʙʣʝʧʠʭʦʚʦʝ ʤʘʩʣʦ ï ʮʝʥʥʝʡʰʠʡ ʧʨʦʜʫʢʪ, ʠʩʧʦʣʴ-

ʟʫʶʱʠʡʩʷ ʚ ʣʝʯʝʙʥʳʭ ʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ. ʆʥʦ 

ʙʦʛʘʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ 

ʛʣʠʮʝʨʠʜʘʤʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ [1]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʜʘʥʥʳʭ ʢʠʩʣʦʪ ʚ ʩʦʩʪʘʚʝ 

ʪʨʠʛʣʠʮʝʨʠʜʦʚ ʩʫʱʝʩʪʚʫʝʪ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʤʘʩʝʣ.[2]. 

ʉʦʛʣʘʩʥʦ ʝʝ ʜʘʥʥʳʤ ʤʘʩʣʘ ʧʦʜʨʘʟʜʝʣʷʶʪ-

ʩ.̫ʥʘ.ʰʝʩʪʴ.ʛʨʫʧʧ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ  

ɻʨʫʧʧʘ 
ʆʪʣʠʯʠʪʝʣʴʥʘʷ ʦʩʦ-

ʙʝʥʥʦʩʪʴ 
ʇʨʝʜʩʪʘʚʠʪʝʣʠ 

ɻʨʫʧʧʘ ʣʘʫʨʠʥʦ-

ʚʦʡ ʢʠʩʣʦʪʳ 

ʄʘʩʣʘ ʩʦʜʝʨʞʘʪ 

ʣʘʫʨʠʥʦʚʫʶ ʢʠʩʣʦʪʫ. 

ʂʦʢʦʩʦʚʦʝ ʠ ʧʘʣʴ-

ʤʦʷʜʨʦʚʦʝ ʤʘʩʣʘ. 

ɻʨʫʧʧʘ ʧʘʣʴʤʠ-

ʪʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʘʣʴʤʠʪʠʥʦʚʦʡ ʢʠʩ-

ʣʦʪʳ. 

ʇʘʣʴʤʦʚʦʝ, ʭʣʦʧ-

ʢʦʚʦʝ, ʤʘʩʣʦ ʢʘʢʘʦ 

ɻʨʫʧʧʘ ʦʣʝʠʥʦ-

ʚʦʡ ʢʠʩʣʦʪʳ 

ʅʘʠʙʦʣʴʰʝʝ ʩʦʜʝʨ-

ʞʘʥʠʝ ʦʣʝʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ ʄʘʩʣʘ ʭʘ-

ʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦ-

ʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʣʝʠʥʦʚʦʡ ʠ ʣʠʥʦʣʝ-

ʚʦʡ (ɤ-6) ʢʠʩʣʦʪ. 

ʆʣʠʚʢʦʚʦʝ, ʧʦʜ-

ʩʦʣʥʝʯʥʦʝ ʚʳʩʦʢʦ-

ʦʣʝʠʥʦʚʦʝ, ʘʙʨʠʢʦ-

ʩʦʚʦʝ, ʘʨʘʭʠʩʦʚʦʝ, 

ʘʚʦʢʘʜʦ, ʩʘʬʣʦʨʦ-

ʚʦʝ, ʬʠʩʪʘʰʢʦʚʦʝ, 

ʧʝʨʩʠʢʦʚʦʝ ʤʘʩʣʘ. 

ɻʨʫʧʧʘ ʣʠʥʦʣʝ-

ʚʦʡ ʢʠʩʣʦʪʳ 

 

ɺ ʩʦʩʪʘʚʝ ʤʘʩʝʣ ʧʨʝ-

ʦʙʣʘʜʘʝʪ ʣʠʥʦʣʝʚʘʷ 

(ɤ-6)  

ʢʠʩʣʦʪʘ. 

ɸʨʙʫʟʥʦʝ, ʧʦʜʩʦʣ-

ʥʝʯʥʦʝ, ʢʫʢʫʨʫʟ-

ʥʦʝ,  

ʢʦʥʦʧʣʷʥʦʝ,  ʪʳʢ-

ʚʝʥʥʦʝ, ʢʝʜʨʦʚʦʝ, 

ʪʦʤʘʪʥʦʝ ʤʘʩʣʘ, 

ʤʘʩʣʦ ʟʘʨʦʜʳʰʝʡ 

ʧʰʝʥʠʮʳ, ʤʘʩʣʦ 

ʚʠʥʦʛʨʘʜʥʳʭ  

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

  ʢʦʩʪʦʯʝʢ. 

ɻʨʫʧʧʘ ʣʠʥʦʣʝ-

ʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʄʘʩʣʘ ʩ ʧʦʚʳʰʝʥ-

ʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Ŭ-

ʣʠʥʦʣʝʥʦʚʦʡ (ɤ-3) 

ʢʠʩʣʦʪʳ. 

ʃʴʥʷʥʦʝ, ʥʠʟʢʦ-

ʵʨʫʢʦʚʦʝ ʨʘʧʩʦʚʦʝ, 

ʨʳʞʠʢʦʚʦʝ, ʛʦʨ-

ʯʠʯʥʦʝ, ʩʫʨʝʧʥʦʝ, 

ʧʰʝʥʠʯʥʦʝ, ʩʦʝʚʦʝ, 

ʤʘʩʣʦ ʰʠʧʦʚʥʠʢʘ. 

ɻʨʫʧʧʘ ʵʨʫʢʦʚʦʡ 

ʢʠʩʣʦʪʳ 

ʄʘʩʣʘ ʩʦʜʝʨʞʘʪ 

ʵʨʫʢʦʚʫʶ ʢʠʩʣʦʪʫ. 

ʈʘʧʩʦʚʦʝ ʚʳʩʦʢʦ-

ʵʨʫʢʦʚʦʝ, ʛʦʨʯʠʯ-

ʥʦʝ, ʩʫʨʝʧʥʦʝ ʤʘʩ-

ʣʘ. 

ɸʥʘʣʠʟʠʨʫʷ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʚ ʪʘʙʣʠʮʝ 1, ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʤʘʩʣʘ ʦʣʝʠʥʦʚʦ-ʣʠʥʦʣʝʚʦʡ, ʣʠʥʦ-

ʣʝʚʦʡ ʠ ʣʠʥʦʣʝʥʦʚʦʡ ʛʨʫʧʧ ʩʦʜʝʨʞʘʪ ʚ ʙʦʣʴʰʠʭ ʢʦ-

ʣʠʯʝʩʪʚʘʭ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʨʷʜʘ ɤ-3 ʠ ɤ-6, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʛʨʫʧʧʘʤʠ ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ 

ʢʠʩʣʦʪ. ʃʠʥʦʣʝʚʘʷ, ʣʠʥʦʣʝʥʦʚʘʷ ʠ ʘʨʘʭʠʜʦʥʦʚʘʷ ʞʠʨ-

ʥʳʝ ʢʠʩʣʦʪʳ ʷʚʣʷʶʪʩʷ ʥʝʟʘʤʝʥʠʤʳʤʠ ʠ ʠʭ ʧʦʪʨʝʙ-

ʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʫʜʦʚʣʝʪʚʦʨʝʥʘ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʧʠʱʠ.  
ʆʙʣʝʧʠʭʦʚʦʝ ʤʘʩʣʦ ʩʦʜʝʨʞʠʪ ɤ-3 ʠ ɤ-6 ʞʠʨʥʳʝ 

ʢʠʩʣʦʪʳ, ʧʦʵʪʦʤʫ ʙʫʜʝʤ ʩʨʘʚʥʠʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ ʩ ʣʴʥʷʥʳʤ ʠ ʢʝʜʨʦʚʳʤ ʤʘʩʣʘʤʠ ʠʟ ʣʠʥʦʣʝ-

ʥʦʚʦʡ ʠ ʣʠʥʦʣʝʚʦʡ ʛʨʫʧʧ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʅʦ ʧʨʝʦʙ-

ʣʘʜʘʶʪ ʚ ʤʘʩʣʝ ʪʘʢʠʝ ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʢʘʢ ʧʘʣʴʤʠʪʠ-

ʥʦʚʘʷ ʠ ʧʘʣʴʤʠʪʦʣʝʠʥʦʚʘʷ, ʠʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʦʙʣʝʧʠ-

ʭʦʚʦʝ ʤʘʩʣʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʛʨʫʧʧʝ ʧʘʣʴʤʠʪʠʥʦʚʦʡ 

ʢʠʩʣʦʪʳ. 

ʕʪʠ ʥʝʥʘʩʳʱʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʤʦʛʫʪ ʦʢʠʩʣʷʪʴʩʷ 

ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ. ʆʢʠʩʣʝʥʠʝ ʤʘʩʣʘ ʷʚʣʷʝʪʩʷ ʘʚʪʦ-

ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ, ʦʙʨʘʟʫʶʱʝʡ ʛʠʜʨʦʧʝʨʦʢ-
ʩʠʜʳ ʠʟ ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʮʠʣʛʣʠʮʝʨʠʥʦʚ. ʆʢʠʩʣʝʥʠʝ 

ʧʦʣʠʥʝʥʘʩʳʱʝʥʥʳʭ ʧʠʱʝʚʳʭ ʣʠʧʠʜʦʚ ʯʘʩʪʦ ʚʣʠʷʝʪ 

ʥʘ ʨʘʟʚʠʪʠʝ ʥʝʧʨʠʷʪʥʳʭ ʚʢʫʩʦʚ ʠ ʟʘʧʘʭʦʚ, ʭʘʨʘʢʪʝʨ-

ʥʳʭ ʜʣʷ ʧʨʦʛʦʨʢʣʳʭ ʞʠʨʦʚ ʠ ʤʘʩʝʣ, ʘ ʪʘʢʞʝ ʜʝʛʨʘʜʘ-

ʮʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʧʠʪʘʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ [3].  

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʨʯʠ ʤʘʩʝʣ ʧʨʠʤʝʥʷʶʪ ʪʘ-

ʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʧʨʦʜʫʚʘʥʠʝ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʠ ʭʨʘʥʝ-

ʥʠʝ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦ-

ʧʫʣʷʨʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʠʣʠ ʥʘʪʫʨʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [4]. 
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22 ˉ 3 (19) Å ʩʝʥʪʷʙʨʴ 2017  

ʍʦʪʷ ʵʪʠ ʠ ʤʘʩʣʘ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ ʫʩʪʦʡʯʠʚʳʤʠ ʠʟ-
ʟʘ ʩʚʦʝʛʦ ʞʠʨʥʦʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʠ 

ʙʦʛʘʪʳ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʢʦʪʦ-

ʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʚʳʩʦʢʫʶ ʮʝʥʥʦʩʪʴ ʜʣʷ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʚ ʧʠʱʝʚʳʭ, ʣʝʯʝʙʥʳʭ ʠʣʠ ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʮʝʣʷʭ.  

ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚ 

ʘʵʨʦʙʥʳʭ ʦʨʛʘʥʠʟʤʘʭ ʦʙʨʘʟʫʶʪʩʷ 

ʨʝʘʢʮʠʦʥʥʦʩʧʦʩʦʙʥʳʝ ʚʠʜʳ ʢʠʩʣʦʨʦʜʘ, ʪʘʢʠʝ ʢʘʢ 

ʩʫʧʝʨʦʢʩʠʜʥʳʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ (ʆ2
-), ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ (H2O2) ʠ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʨʘʜʠʢʘʣʳ (OH-). 

ʆʥʠ ʦʯʝʥʴ ʪʦʢʩʠʯʥʳ ʠ ʘʢʪʠʚʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʝʨʴʝʟʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ (ʤʝʤʙʨʘʥ) 
ʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɺʩʣʝʜʩʪʚʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘʥʦʩʠʪʩʷ ʢʦʣʦʩʩʘʣʴʥʳʡ ʚʨʝʜ ʦʨʛʘʥʠʟʤʫ, 

ʧʝʨʝʨʘʩʪʘʶʱʠʡ ʚ ʩʣʝʜʫʶʱʠʝ ʙʦʣʝʟʥʠ: ʨʘʢ, ʜʠʘʙʝʪ, 

ʘʪʝʨʦʩʢʣʝʨʦʟ, ʮʠʨʨʦʟ ʧʝʯʝʥʠ ʠ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʩʪʘʨʝʥʠʷ [5]. 

ʆʉʅʆɺʅɸʗ ʏɸʉʊʔ 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʢʦʥʮʝʥʪʨʘʪʳ ʦʙ-

ʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʤ ʛʠʜ-

ʨʦʣʠʟʦʤ. ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦ-

ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ, ʢʦʪʦʨʘʷ ʚʣʠʷʝʪ ʥʘ 

ʝʛʦ ʢʘʯʝʩʪʚʦ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʫʩʢʦ-

ʨʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʨʞʠʚʘʥʠʠ 

ʠʩʧʳʪʫʝʤʦʛʦ ʤʘʩʣʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʚʳʰʘʶʱʠʭ 
ʪʝʤʧʝʨʘʪʫʨʫ ʝʛʦ ʭʨʘʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʱʝʥʠʷ [6]. 

ɺ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʠʪʨʠʤʝʪʨʠʯʝ-

ʩʢʠʤ ʤʝʪʦʜʦʤ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʢʘʢ 

ʢʠʩʣʦʪʥʦʝ ʠ ʧʝʨʝʢʠʩʥʦʝ ʯʠʩʣʘ ʩʦʛʣʘʩʥʦ 

ʆʌʉ.1.2.3.0004.15 ʠ ʆʌʉ.1.2.3.0007.15 ʩʦʦʪʚʝʪʩʪʚʝʥ-

ʥʦ [7,8]. 

ʉ ʧʦʤʦʱʴʶ ʨʝʘʣʠʟʘʮʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘ-

ʪʳ.  

ɹʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ 

ʯʠʩʣʘ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35 Üʉ ʫ 

ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ. ʕʪʠ ʦʙʨʘʟʮʳ ʭʘ-
ʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʚʳʩʦʢʠʤʠ ʢʠʩʣʦʪʥʳʤʠ ʯʠʩʣʘʤʠ. ʇʦ-

ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ 

ʥʘ ʨʠʩʫʥʢʝ 1. 

ʘ ï ʦʙʨʘʟʝʮ 240216; ʙ ï ʦʙʨʘʟʝʮ 051216 

ʈʠʩ. 1. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʠʩʧʳʪʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ 

ʥʝʜʝʣʴ ʠʜʝʪ ʥʘʨʘʩʪʘʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ, ʘ ʚ 

ʧʦʩʣʝʜʫʶʱʠʝ ʥʝʜʝʣʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ.  

ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʣʠʪʝʨʘʪʫʨ-

ʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʢʝʜʨʦʚʦʛʦ ʠ ʣʴʥʷʥʦʛʦ ʤʘʩʝʣ [9] 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2. 

 ʘ ï ʣʴʥʷʥʦʝ ʤʘʩʣʦ; ʙ ï ʢʝʜʨʦʚʦʝ ʤʘʩʣʦ 

ʈʠʩ. 2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʩʝʣ 

ɼʘʣʝʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʝ-

ʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

35 Üʉ ʫ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʥʘ ʨʠ-

ʩʫʥʢʝ 3. 
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ʈʠʩ. 3. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʠʩʧʳʪʫʝʤʳʭ 

ʦʙʨʘʟʮʦʚ 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ 

ʠʜʝʪ ʥʝʧʨʝʨʳʚʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ. ʇʦ-
ʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʣʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥ-

ʥʳʤʠ [9], ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢ 

ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʫ ʢʝʜʨʦʚʦʛʦ ʠ ʣʴʥʷʥʦʛʦ 

ʤʘʩʝʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 4. 
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 ʘ ï ʣʴʥʷʥʦʝ ʤʘʩʣʦ; ʙ ï ʢʝʜʨʦʚʦʝ ʤʘʩʣʦ 

ʈʠʩ. 4. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʩʝʣ 

ʉʦʛʣʘʩʥʦ ʚʩʝʤ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʛʨʘʬʠʢʘʤ, ʤʳ 
ʚʠʜʠʤ, ʯʪʦ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʛʦ ʠ ʧʝʨʝ-

ʢʠʩʥʦʛʦ ʯʠʩʝʣ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʩʭʦʞʘ ʩ ʪʘʢʠʤʠ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʘʩʣʘʤʠ, ʢʘʢ ʢʝʜʨʦʚʦʝ ʠ ʣʴʥʷʥʦʝ, ʵʪʦ 

ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʩʦʩʪʘʚʝ ʦʜʠʥʘʢʦʚʳʭ ʛʨʫʧʧ 

ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʤʘʩʝʣ.   

ɿɸʂʃʖʏɽʅʀɽ 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦ-

ʚʝʜʝʥʠʠ ʤʝʪʦʜʘ ʫʩʢʦʨʝʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ 

ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʝʜʫʶʱʝʝ. 

ɺʦ-ʧʝʨʚʳʭ, ʜʠʥʘʤʠʢʘ ʢʠʩʣʦʪʥʦʛʦ ʯʠʩʣʘ ʫ ʜʚʫʭ ʠʩ-

ʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʩʥʘʯʘʣʘ ʥʘʨʘʩʪʘʝʪ ʚ ʪʝʯʝʥʠʝ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʧʦʪʦʤ ʥʘʩʪʫʧʘʝʪ ʭʠʤʠʯʝ-

ʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ, ʠ ʜʘʣʝʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʵʢʩʧʝ-
ʨʠʤʝʥʪʘ ʦʥʦ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ. ʊʘʢʞʝ ʙʳʣ ʧʨʦʚʝ-

ʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ  ʤʘʩʣʘʤʠ 

ʪʘʢʠʤʠ, ʢʘʢ ʣʴʥʷʥʦʝ ʠ ʢʝʜʨʦʚʦʝ ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨ-

ʥʳʤ ʜʘʥʥʳʤ. ʊʘʢʞʝ ʙʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʢʠʩʣʦʪʥʦʝ 

ʯʠʩʣʦ ʧʨʠʥʠʤʘʝʪ ʨʘʚʥʦʚʝʩʥʦʝ ʟʥʘʯʝʥʠʝ. 

ɺʦ-ʚʪʦʨʳʭ, ʜʠʥʘʤʠʢʘ ʧʝʨʝʢʠʩʥʦʛʦ ʯʠʩʣʘ ʫ ʜʚʫʭ 

ʠʩʧʳʪʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʦʙʣʝʧʠʭʦʚʦʛʦ ʤʘʩʣʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʦʥʦ ʥʝʧʨʝʨʳʚʥʦ ʥʘʨʘʩʪʘʝʪ ʚ 

ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʇʦ ʜʘʥʥʦʤʫ ʧʦʢʘʟʘʪʝʣʶ 

ʪʘʢʞʝ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩ ʢʝʜʨʦ-

ʚʳʤ ʠ ʣʴʥʷʥʳʤ ʤʘʩʣʘʤʠ ʙʳʣʦ ʟʘʤʝʯʝʥʦ ʘʢʪʠʚʥʦʝ 
ʥʘʢʦʧʣʝʥʠʝ ʠ ʥʘʨʘʩʪʘʥʠʝ ʧʝʨʝʢʠʩʝʡ.  

ɺ-ʪʨʝʪʴʠʭ, ʚ ʦʙʣʝʧʠʭʦʚʦʤ, ʣʴʥʷʥʦʤ ʠ ʢʝʜʨʦʚʦʤ 

ʤʘʩʣʘʭ ʧʨʦʠʩʭʦʜʠʪ ʤʦʤʝʥʪ ʥʘʢʦʧʣʝʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝ-

ʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, 

ʘ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʢʠʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 
ʨʘʩʪʝʪ ʥʝʧʨʝʨʳʚʥʦ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʫʩʪʦʡʯʠ-

ʚʦʩʪʴʶ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʚʩʝʤ 

ʚʳʰʝʠʟʣʦʞʝʥʥʳʤ ʚʳʚʦʜʘʤ ʦʢʠʩʣʝʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʤʘʩʝʣ ʧʨʦʠʩʭʦʜʠʪ ʧʦ-ʨʘʟʥʦʤʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦ-

ʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʢʘʯʝʩʪʚʦ ʠ ʙʝʟ-

ʦʧʘʩʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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RESEARCH OF THERMOSTABILITY OF SEA-BUCKTHORN OIL  
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Abstract ï In this paper, the dynamics of oxidation of sea buckthorn oil by the method of accelerated storage is considered. Since 
vegetable oils containing unsaturated fatty acids can easily oxidize during storage. The aim of the work is to determine the thermal 
stability of sea buckthorn oil, which affects its quality and the possibility of further use. During the whole experiment, the parameters 
of the acid and peroxide numbers were monitored. These indicators are one of the main "indicators" of quality in accordance with 
regulatory documentation. The results of the experiment were processed and presented graphically, and a comparative analysis of the 
obtained results of prototypes of sea-buckthorn oil with other vegetable oils, such as linseed and cedar, was made. The obtained dy-
namics of oxidation of sea buckthorn oil shows the growth of oxidation products in time. With the help of these results it is possible 
to evaluate the duration of use of sea buckthorn oil for food, cosmetic and medicinal purposes.Index terms: neural network coordi-
nates of the seat of fire, activation function, multipoint electro-optical system. 

Index terms: sea buckthorn oil, unsaturated fatty acids, acid and peroxide numbers. 
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ɺ.ʅ. ʍʤʝʣʸʚ, ɸ.ɺ. ʐʘʣʫʥʦʚ, ɺ.ɸ. ʅʝʩʪʝʨʦʚ, ʈ.ʅ. ɻʦʣʳʭ 
ɹʠʡʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ çɸʣʪʘʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʀ.ʀ. ʇʦʣʟʫʥʦʚʘè, ɹʠʡʩʢ 

ɺ ʩʪʘʪʴʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʦʟʜʘʥʠʝ ʜʠʩʢʦʚʳʭ ʠʟʣʫʯʘʪʝʣʝʡ ʜʣʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ 
ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʛʘʟʦʚʳʝ ʩʨʝʜʳ. ɹʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʪʦʯʥʠʢʦʚ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʩ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʤʠ, ʩʦʚʝʨʰʘʶʱʠʤʠ ʧʨʦʜʦʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʧʨʝʦʙʨʘ-
ʟʫʝʤʳʝ ʚ ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʜʠʩʢʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʛʘʟʦʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ 
ʯʘʩʪʦʪʘʭ ʙʦʣʝʝ 20 ʢɻʮ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ ʙʦʣʝʝ 140 ʜɹ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʫʣʴʪʨʘʟʚʫʢ, ʜʠʩʢʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ, ʛʘʟʦʜʠʩʧʝʨʩʥʘʷ ʩʨʝʜʘ, ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ, ʢʦʣʝʙʘʥʠʷ, ʩʫʰʢʘ, 
ʨʘʩʧʳʣʝʥʠʝ, ʢʦʘʛʫʣʷʮʠʷ, ʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ, ʧʝʥʦʛʘʰʝʥʠʝ 

 

ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ (ʋɿ) ʪʝʭʥʦʣʦ-

ʛʠʠ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩ-

ʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɺʦʟʜʝʡʩʪʚʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʣʫʞʠʪ ʦʩʥʦʚʦʡ 

ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʚʦʡʩʪʚ ʠʟʚʝʩʪʥʳʭ ʚʝʱʝʩʪʚ ʠ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ [1-8]. ʅʘʠʙʦʣʴʰʝʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʦ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ ʢʘʚʠʪʘʮʠʦʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʞʠʜ-

ʢʠʭ ʩʨʝʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʝ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʪʘʢʠʭ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʢ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ, 
ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ, ʵʢʩʪʨʘʢʮʠʷ, ʦʯʠʩʪʢʘ ʠ ʪ.ʜ. ʇʨʠ ʵʪʦʤ 

ʚʚʝʜʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʚʳʩʦʢʦʡ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ (ʙʦʣʝʝ 3é10 ɺʪ/ʩʤ2) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʚ ʞʠʜʢʠʝ ʠ ʞʠʜʢʦ ï ʜʠʩʧʝʨʩʥʳʝ ʩʨʝʜʳ [1-

3].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʋɿ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘʯʠʥʘʶʪ ʧʨʠ-

ʤʝʥʷʪʴ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʦʚʳʭ ʩʨʝ-

ʜʘʭ. ʊʘʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʫʣʘʚʣʠʚʘʥʠʷ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʦʯʠʩʪʢʠ ʛʘʟʦʚ ʟʘ ʩʯʝʪ ʢʦʘʛʫʣʷʮʠʠ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ 

ʯʘʩʪʠʮ, ʫʜʘʣʝʥʠʝ ʧʝʥ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʫʧʘʢʦʚʢʝ 

ʧʝʥʷʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ [1, 4-13]. ʂʨʦʤʝ ʪʦʛʦ, ʋɿ ʚʦʟʜʝʡ-
ʩʪʚʠʝ ʥʘ ʤʘʪʝʨʠʘʣʳ ʠ ʦʙʲʝʢʪʳ ʚ ʛʘʟʘʭ, ʫʩʢʦʨʷʝʪʩʷ ʧʨʦ-

ʮʝʩʩ ʩʫʰʢʠ ʣʝʛʢʦʦʢʠʩʣʷʝʤʳʭ ʚʝʱʝʩʪʚ, ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʠ ʥʘʥʝʩʝʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʢʨʳʪʠʡ ʠ ʜʘʞʝ 

ʣʝʯʠʪ ʯʝʣʦʚʝʢʘ [14]. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʧʦʪʨʝʙʥʦʩʪʴ, ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʠʥʪʝʥ-

ʩʠʬʠʮʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ  ʠʤʝʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʠ ʫʣʴʪʨʘ-

ʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʛʘ-

ʟʦʩʪʨʫʡʥʳʝ ʠʟʣʫʯʘʪʝʣʠ, ʜʠʥʘʤʠʯʝʩʢʠʝ ʩʠʨʝʥʳ, ʵʣʝʢ-

ʪʨʦʘʢʫʩʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʪʠʧʘ) ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, 

ʯʘʩʪʦʪʫ ʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ. ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʋɿ 

ʠʟʣʫʯʘʪʝʣʝʡ ʜʣʷ ʛʘʟʦʚʳʭ ʩʨʝʜ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ 

ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦ-

ʚʫʶ ʢʦʣʝʙʘʪʝʣʴʥʫʶ ʩʠʩʪʝʤʫ (ʋɿʂʉ) ʥʘ ʦʩʥʦʚʝ ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ [15], ʚ ʢʦʪʦʨʦʡ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ ʘʢʫʩʪʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ 

ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ (ʙʦʣʝʝ 130 ʜɹ) 
ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʟʣʫʯʘʪʝʣʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʚʠʜʝ ʠʟʛʠʙ-

ʥʦ-ʢʦʣʝʙʣʶʱʠʭʩʷ ʤʝʤʙʨʘʥ ʠʣʠ ʜʠʩʢʦʚ [16-19]. 

ʇʦʩʢʦʣʴʢʫ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʪʘʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ʤʦʛʫʪ ʙʳʪʴ ʤʥʦʛʦ ʙʦʣʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ ʋɿ ʢʦʣʝʙʘʥʠʡ 

ʚ ʤʘʪʝʨʠʘʣʝ ʜʠʩʢʘ, ʚʦʟʥʠʢʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ, ʟʘ ʩʯʝʪ 

ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʝʮʠʘʣʴʥʦʡ ʬʦʨ-

ʤʳ, ʥʘʧʨʘʚʣʷʪʴ ʋɿ ʢʦʣʝʙʘʥʠʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʦʥʳ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠʣʠ ʬʦʢʫʩʠʨʦʚʘʪʴ ʥʘ ʦʙʲʝʢʪʘʭ ʚʦʟʜʝʡ-

ʩʪʚʠʷ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʪʴ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʋɿ ʢʦʣʝʙʘʥʠʡ, ʨʝʘʣʠʟʫʷ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ 

ʚʦʟʜʝʡʩʪʚʠʷ: - ʢʦʥʪʘʢʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʠ ʨʘʟʤʝʱʝ-
ʥʠʠ ʦʙʲʝʢʪʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʠʟʣʫʯʘʶʱʝʡ ʧʦʚʝʨʭʥʦ-

ʩʪʠ; - ʙʝʩʢʦʥʪʘʢʪʥʦʝ, ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʨʦʚʥʝʤ ʟʚʫʢʦ-

ʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʙʲʝʤʝ; - ʬʦʢʫʩʠʨʫ-

ʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʤʘʣʦʡ ʦʙ-

ʣʘʩʪʠ. 

ʈɸɿʈɸɹʆʊʂɸ ʂʆʅʉʊʈʋʂʎʀʁ ɼʀʉʂʆɺʓʍ ʀɿʃʋʏɸ-
ʊɽʃɽʁ ʈɸɿʃʀʏʅʆɻʆ ʅɸɿʅɸʏɽʅʀʗ 

ʋɿʂʉ ʉ ʇʃʆʉʂʀʄ ɼʀʉʂʆɺʓʄ ʀɿʃʋʏɸʊɽʃɽʄ 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʚʠʜʦʚ ʚʦʟ-

ʜʝʡʩʪʚʠʷ ʥʝʦʙʭʦʜʠʤʳ ʨʘʟʣʠʯʥʳʝ ʧʦ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ-

ʣʫʯʘʪʝʣʠ. ʆʩʥʦʚʦʡ ʚʩʝʭ ʠʭ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʟʣʫʯʘʪʝʣʴ 

ʚ ʚʠʜʝ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ, ʩʦʝʜʠʥʝʥʥʦʛʦ ʩ ʵʣʝʢʪʨʦʘʢʫʩʪʠ-



ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 
 

26 ˉ 3 (19) Å ʩʝʥʪʷʙʨʴ 2017  

ʯʝʩʢʠʤ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ. ʕʩʢʠʟ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝ-

ʤʳ ʩ ʧʣʦʩʢʠʤ ʠʟʣʫʯʘʪʝʣʝʤ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

ʂʦʣʝʙʘʥʠʷ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʤʦʜʝ ʢʦʣʝʙʘʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʜʠʩʢʘ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʧʦʣʦʞʝʥʠʝʤ ʫʟʣʦʚʳʭ ʪʦʯʝʢ (ʣʠʥʠʡ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ 

ʢʦʪʦʨʳʭ ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ ʥʫʣʶ), ʘ ʪʘʢʞʝ 
ʩʦʙʩʪʚʝʥʥʦʡ ʯʘʩʪʦʪʦʡ. ʇʨʠ ʨʘʙʦʪʝ ʋɿ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫ-

ʯʘʪʝʣʷ ʥʘ ʠʟʛʠʙʥʦʡ ʤʦʜʝ ʨʘʟʣʠʯʥʳʝ ʦʙʣʘʩʪʠ ʜʠʩʢʘ ʠʟ-

ʣʫʯʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʭ ʬʘʟʘʭ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʝʢʦʪʦʨʳʝ ʦʙʣʘʩʪʠ ʢʦʣʝʙʣʶʪʩʷ ʩʠʥʬʘʟʥʦ ʢʦ-

ʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʝ, ʘ ʜʨʫʛʠʝ ï ʧʨʦʪʠʚʦʬʘʟʥʦ.  

  
1 ï ʜʠʩʢʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ; 2 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ; 3 ï ʵʣʝʢʪʨʦʘʢʫʩʪʠʯʝʩʢʠʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ;  

4 ï ʬʨʦʥʪʘʣʴʥʘʷ ʩʪʦʨʦʥʘ; 5 ï ʪʳʣʴʥʘʷ ʩʪʦʨʦʥʘ 

ʈʠʩ. 1. ʋɿʂʉ ʩ ʧʣʦʩʢʠʤ ʜʠʩʢʦʚʳʤ ʠʟʣʫʯʘʪʝʣʝʤ  

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʝʞʜʫ ʩʦʩʝʜʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʢʦ-

ʣʝʙʣʶʱʠʤʠʩʷ ʧʨʦʪʠʚʦʬʘʟʥʦ, ʥʘʭʦʜʷʪʩʷ ʦʙʣʘʩʪʠ, ʘʤ-

ʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʨʘʚʥʘ ʥʫʣʶ (ʦʙʣʘʩʪʠ ʥʘʟʳʚʘʝʤʳʝ 

çʥʫʣʷʤʠ ʢʦʣʝʙʘʥʠʡè). ʅʘ ʨʠʩʫʥʢʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʥʘ ʧʝʨʚʦʡ ʢʦʣʴʮʝʚʦʡ ʤʦʜʝ ʢʦ-

ʣʝʙʘʥʠʡ ʠʟʣʫʯʘʪʝʣʷ ʚ ʬʦʨʤʝ ʜʠʩʢʘ. çʅʫʣʠ ʢʦʣʝʙʘ-

ʥʠʡè ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʫʟʣʦʚʳʤʠ 

ʦʢʨʫʞʥʦʩʪʷʤʠ, ʘ ʥʦʤʝʨ ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫ-
ʝʪ ʢʦʣʠʯʝʩʪʚʫ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʢʦʣʝʙʣʶʱʠʝʩʷ ʟʦʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʤʝʞʜʫ ʫʟʣʦʚʳʤʠ 

ʦʢʨʫʞʥʦʩʪʷʤʠ ʥʘʟʳʚʘʶʪʩʷ ʢʦʣʴʮʝʚʳʤʠ ʦʙʣʘʩʪʷʤʠ, 

ʢʦʪʦʨʳʝ ʠʟʣʫʯʘʶʪ ʋɿ ʢʦʣʝʙʘʥʠʷ ʚ ʛʘʟʦʚʫʶ ʩʨʝʜʫ [16-

19]. 

 
1 ï ʫʟʣʦʚʘʷ ʦʢʨʫʞʥʦʩʪʴ (çʥʫʣʴ ʢʦʣʝʙʘʥʠʡè); 2 ï ʢʦʣʴʮʝʚʘʷ ʦʙʣʘʩʪʴ 

ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ ʧʝʨʚʦʡ ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ ʧʣʦʩ-

ʢʦʛʦ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ  

ʊʘʢʦʡ ʪʠʧ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ ʠʟʣʫʯʘʪʝʣʷ ʚ ʬʦʨʤʝ 

ʜʠʩʢʘ ʷʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʝʛʦ 

ʢʦʥʩʪʨʫʢʮʠʶ, ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʘʢʦ, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 

ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 100 ʤʤ, ʨʘʙʦ-
ʪʘʶʱʝʛʦ ʥʘ ʧʝʨʚʦʡ ʤʦʜʝ ʦʯʝʥʴ ʤʘʣʘ (ʤʝʥʝʝ 10 ʢɻʮ). 

ʂʦʣʝʙʘʥʠʷ ʪʘʢʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʫʨʦʚʥʝ ʟʚʫʢʦʚʦʛʦ, ʜʘʚ-

ʣʝʥʠʷ ʪʨʝʙʫʝʤʦʤ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʚ 

ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ (ʙʦʣʝʝ 130 ʜɹ), ʷʚʣʷʝʪʩʷ ʦʧʘʩʥʦʡ ʜʣʷ 

ʯʝʣʦʚʝʢʘ [20]. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʝ-

ʨʝʭʦʜʠʪʴ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʝ ʧʦʚʳʰʝʥʠʝ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠʟʣʫʯʘʪʝ-

ʣʷ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠʟʣʫʯʘʪʝʣʷ 

ʚ ʚʠʜʝ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʣʴʮʝʚʳʝ 

ʤʦʜʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪʘʭ ʙʫʜʫʪ ʠʤʝʪʴ ʚʠʜ, ʧʦʢʘ-

ʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʈʠʩ. 3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʝʙʘʥʠʡ 2-4-ʦʡ ʢʦʣʴʮʝʚʳʭ ʤʦʜ 

ʧʣʦʩʢʦʛʦ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ɿʘʚʠʩʠʤʦʩʪʴ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʦʪ ʦʩʥʦʚʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

(ʪʦʣʱʠʥʘ ʠ ʜʠʘʤʝʪʨ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (1): 

Ὢ ẗ     (1) 

ʛʜʝ f ð ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʠʟʣʫʯʘʪʝʣʷ, ɻʮ; d ï 

ʜʠʘʤʝʪʨ ʠʟʣʫʯʘʪʝʣʷ, ʤ;  

h ð ʪʦʣʱʠʥʘ ʜʠʩʢʘ, ʤ; E ð ʤʦʜʫʣʴ ʖʥʛʘ, ʇʘ; ɟ ð 

ʧʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3;  

ɛ ð ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ, n ï ʥʦʤʝʨ ʢʦʣʴʮʝʚʦʡ ʤʦ-
ʜʳ. (ɼʣʷ ʪʠʪʘʥʘ ɺʊ-1-0 E=112*109; ɟ = 4500 ʢʛ/ʤ3; 

ɛ=0,355;) 

ɼʣʷ ʧʨʠʤʝʨʘ, ʚ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʯʘ-

ʩʪʦʪ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ ʜʠʘʤʝʪ-

ʨʦʤ 300 ʤʤ, ʪʦʣʱʠʥʦʡ 5 ʤʤ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʢʦʣʝ-

ʙʘʥʠʡ. 

ʊʘʙʣ. 1. ʄʦʜʳ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ ʠ ʟʥʘʯʝʥʠʷ ʠʭ 

ʯʘʩʪʦʪ. 

ʅʦʤʝʨ ʤʦʜʳ ʏʘʩʪʦʪʘ, ɻʮ. 

1 537 

2 2151 

3 4839 

4 8604 

5 13443 

6 19358 

ʇʦʜʦʙʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠʟʣʫʯʘʪʝʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝ ʠʤʝʝʪ, ʧʦʩʢʦʣʴʢʫ ʦʙʣʘʜʘʝʪ ʨʷʜʦʤ ʩʫ-

ʱʝʩʪʚʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ: 

- ʥʘʣʠʯʠʝʤ ʚʳʨʦʞʜʝʥʥʳʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʠ ʙʦʣʴʰʦ-

ʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʦʜ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʯʘʩʪʦʪʳ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʢʦʣʴʮʝʚʦʡ 

ʤʦʜʳ ʤʝʥʝʝ ʯʝʤ ʥʘ 500 ɻʮ. ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ. ɼʘʥʥʳʝ ʤʦʜʳ ʠʩʢʣʶʯʘʶʪ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʠʟʣʫʯʝʥʠʷ ʋɿ ʢʦʣʝʙʘʥʠʡ ʟʘʜʘʥʥʦʡ 
ʯʘʩʪʦʪʳ ʠʟ-ʟʘ ʣʦʢʘʣʴʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʧʨʠʚʦʜʷʱʠʭ ʢ ʨʘʟʨʫʰʝʥʠʶ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʘ ʪʘʢ 

ʞʝ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝ-

ʙʘʥʠʡ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘʩʪʝʡ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘ 

ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 5), ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʟʣʫʯʝ-

ʥʠʷ ʧʝʨʠʬʝʨʠʡʥʳʭ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘʩʪʝʡ.  
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ʈʠʩ. 4. ʌʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʤʦʜ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʧʣʦʩʢʦʛʦ ʜʠʩ-

ʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʜʠʘʤʝʪʨʦʤ 300 ʤʤ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ 

ʢʦʣʴʮʝʚʳʭ ʤʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 6 

 
1 ï ʋʟʣʦʚʳʝ ʦʢʨʫʞʥʦʩʪʠ (çʥʫʣʠ ʢʦʣʝʙʘʥʠʡè);  

2 ï ʢʦʣʴʮʝʚʳʝ ʦʙʣʘʩʪʠ; 3 ï ʢʨʘʡʥʷʷ ʢʦʣʴʮʝʚʘʷ ʦʙʣʘʩʪʴ;  

4 ïʧʝʨʚʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙʣʘʩʪʴ 

ʈʠʩ. 5.ʌʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʧʣʦʩʢʦʛʦ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ (4-ʷ 

ʤʦʜʘ) 

 
ʈʠʩ. 6. ʈʘʩʧʨʝʜʝʣʝʥʠʷ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʧʦ ʜʠʘʤʝʪ-

ʨʘʣʴʥʦʡ ʣʠʥʠʠ ʧʣʦʩʢʦʛʦ ʠʟʣʫʯʘʪʝʣʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʥʘ ʢʦʣʴʮʝ-

ʚʳʭ ʤʦʜʘʭ ʢʦʣʝʙʘʥʠʡ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘʤ-

ʧʣʠʪʫʜʘ ʚ ʮʝʥʪʨʝ ʠʟʣʫʯʘʪʝʣʷ (ʧʝʨʚʘʷ ʮʝʥʪʨʘʣʴʥʘʷ ʦʙ-

ʣʘʩʪʴ ʚ ʚʠʜʝ ʜʠʩʢʘ) ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʘʤʧʣʠʪʫʜʘ 

ʢʦʣʝʙʘʥʠʡ ʩʣʝʜʫʶʱʠʭ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘʩʪʝʡ. ɼʣʷ ʠʟʣʫ-

ʯʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ 2ï6 ʤʦʜʘʭ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤ-

ʧʣʠʪʫʜʘ ʚ ʧʝʨʚʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʚ 2.5 ʨʘʟʘ ʚʳ-

ʰʝ, ʯʝʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʚʪʦʨʦʡ ʢʦʣʴʮʝʚʦʡ 
ʦʙʣʘʩʪʠ. 

ʆʙʲʷʩʥʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ 

ʤʦʞʥʦ ʨʦʩʪʦʤ ʞʝʩʪʢʦʩʪʠ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘʩʪʝʡ [21-24]. 

ʉʥʠʞʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʢʨʘʡʥʝʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʧʨʠ-

ʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ  ʘʤʧʣʠʪʫʜʘ ʢʨʘʡʥʝʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘ-

ʩʪʠ ʚʳʰʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʨʝʜʳʜʫʱʝʡ ʦʙ-

ʣʘʩʪʠ.  

ɼʀʉʂʆɺʓʁ ʀɿʃʋʏɸʊɽʃʔ ʉ ʇʃʆʉʂʆʁ ʌʈʆʅ-
ʊɸʃʔʅʆʁ ʇʆɺɽʈʍʅʆʉʊʔʖ ʀ ʂʆʈʈɽʂʊʀʈʋʖʑʀʄ 
ɸʄʇʃʀʊʋɼʓ ʉʊʋʇɽʅʏɸʊʓʄ ʇʈʆʌʀʃɽʄ ʊʓʃʔ-

ʅʆʁ ʉʊʆʈʆʅʓ 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʥʝʦʙʭʦʜʠ-

ʤʦ ʩʪʫʧʝʥʯʘʪʦ ʠʟʤʝʥʷʪʴ ʪʦʣʱʠʥʫ ʜʠʩʢʘ (ʨʠʩʫʥʦʢ 7), 

ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʘʤʧʣʠʪʫʜ 

ʢʦʣʝʙʘʥʠʡ ʨʘʟʣʠʯʥʳʭ ʢʦʣʴʮʝʚʳʭ ʫʯʘʩʪʢʦʚ ʠʟʣʫʯʘʪʝʣʷ. 

  
1 ï ʬʨʦʥʪʘʣʴʥʘʷ ʩʪʦʨʦʥʘ; 2 ï ʪʳʣʴʥʘʷ ʩʪʦʨʦʥʘ;  

3 ï ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʭʚʦʩʪʦʚʠʢ (ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ Dɹ) 

ʈʠʩ. 7. ʀʟʛʠʙʥʦ-ʢʦʣʝʙʣʶʱʠʡʩʷ ʜʠʩʢʦʚʳʡ ʠʟʣʫʯʘʪʝʣʴ ʩ ʧʣʦʩʢʦʡ 

ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʢʦʨʨʝʢʪʠʨʫʶʱʠʤ ʘʤʧʣʠʪʫʜʳ 

ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ 

ʊʘʢ ʢʘʢ ʠʟʣʫʯʘʪʝʣʴ ʢʦʣʝʙʣʝʪʩʷ ʠʟʛʠʙʥʦ, ʪʦ ʟʘ ʩʯʝʪ 

ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥʳ (h1 ï hN) ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʦʙʝʩ-

ʧʝʯʠʚʘʝʪʩʷ ʥʝʦʙʭʦʜʠʤʘʷ ʞʝʩʪʢʦʩʪʴ [22]. ʇʨʠ ʵʪʦʤ ʙʦ-

ʣʝʝ ʞʝʩʪʢʘʷ ʢʦʣʴʮʝʚʘʷ ʦʙʣʘʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʩ ʤʝʥʴʰʝʡ 

ʘʤʧʣʠʪʫʜʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʣʘʩʪʠ, ʦʙʣʘʜʘʶʱʝʡ 

ʤʝʥʴʰʝʡ ʞʝʩʪʢʦʩʪʴʶ, ʚʳʙʦʨ ʪʦʣʱʠʥ ʫʯʘʩʪʢʦʚ ʜʠʩʢʘ 
ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ.  

ɸ ʪʘʢ ʢʘʢ ʢʦʣʴʮʝʚʳʝ ʦʙʣʘʩʪʠ ʨʘʩʧʦʣʦʞʝʥʳ ʤʝʞʜʫ 

ʫʟʣʦʚʳʤʠ ʦʢʨʫʞʥʦʩʪʷʤʠ, ʪʦ, ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥ ʢʦʣʴ-

ʮʝʚʳʭ ʦʙʣʘʩʪʝʡ ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʟʦʥʘʭ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʠʭ ʫʟʣʦʚʳʤ ʦʢʨʫʞʥʦʩʪʷʤ (çʥʫʣʷʤ ʢʦʣʝʙʘʥʠʡè) ʥʘ 

ʜʠʘʤʝʪʨʘʭ D1ïDn-1 (ʨʠʩʫʥʦʢ 7). ʇʨʠ ʵʪʦʤ ʜʘʥʥʳʝ ʟʦʥʳ 

ʥʘʟʳʚʘʶʪʩʷ ʩʪʫʧʝʥʯʘʪʳʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʊʠʧʠʯʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ 

ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʢ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʦʡ ʢʦʣʝʙʘʥʠʡ 

ʣʶʙʦʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʠ ʝʝ ʪʦʣʱʠʥʦʡ ʥʦʩʠʪ ʩʣʦʞ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʪʦ ʙʳʣʦ 
ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʠʟʣʫʯʘʪʝʣʷ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʤʦʜʘʣʴʥʦʛʦ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢ ʧʣʦʩʢʦʤʫ ʜʠʩʢʦʚʦʤʫ ʠʟʣʫʯʘ-

ʪʝʣʶ ʙʳʣ ʜʦʙʘʚʣʝʥ ʢʦʣʴʮʝʚʦʡ ʚʳʩʪʫʧ, ʩʪʫʧʝʥʯʘʪʳʝ 

ʧʝʨʝʭʦʜʳ ʢʦʪʦʨʦʛʦ, ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʙʳʣʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʟʦʥʘʭ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ, ʧʨʠ ʵʪʦʤ 

ʧʝʨʝʜ ʢʘʞʜʳʤ ʤʦʜʝʣʴʥʳʤ ʨʘʩʯʝʪʦʤ ʠʟʤʝʥʷʣʘʩʴ ʪʦʣ-

ʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʚʳʩʪʫʧʘ. 

ʊʘʙʣ. 2. ʇʦʣʦʞʝʥʠʝ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʧʣʦʩʢʦʛʦ ʜʠʩʢʘ 
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ʅʦʤʝʨ ʤʦʜʳ ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʜʠʫʩ R/Rʠʟʣ. 

1 ʤʦʜʘ 0,7 - - - - - 

2 ʤʦʜʘ 0,4 0,86 - - - - 

3 ʤʦʜʘ 0,26 0,6 0,9 - - - 

4 ʤʦʜʘ 0,2 0,45 0,7 0,9 - - 
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ʖɾʅʆ-ʉʀɹʀʈʉʂʀʁ ʅɸʋʏʅʓʁ ɺɽʉʊʅʀʂ 
 

28 ˉ 3 (19) Å ʩʝʥʪʷʙʨʴ 2017  

5 ʤʦʜʘ 0,16 0,36 0,56 0,75 0,93 - 

6 ʤʦʜʘ 0,13 0,29 0,46 0,63 0,8 0,94 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ ʪʠʧʠʯʥʳʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴ-

ʮʝʚʦʡ ʦʙʣʘʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʢʦʣʴʮʝʚʦʛʦ ʚʳʩʪʫʧʘ ʧʨʠ 

ʪʦʣʱʠʥʝ ʜʠʩʢʘ 3 ʤʤ, 5 ʤʤ ʠ 10 ʤʤ.  

 
ʈʠʩ. 8. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴ-

ʮʝʚʦʛʦ ʚʳʩʪʫʧʘ ʦʪ ʝʛʦ ʪʦʣʱʠʥʳ ʧʨʠ ʨʘʟʥʳʭ ʪʦʣʱʠʥʘʭ ʙʘʟʦʚʦʛʦ 

ʜʠʩʢʘ 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʨʠʩʫʥʢʝ 8, ʫʚʝʣʠʯʝ-

ʥʠʝ ʪʦʣʱʠʥʳ ʢʦʣʴʮʝʚʦʛʦ ʚʳʩʪʫʧʘ ʩʥʠʞʘʝʪ ʘʤʧʣʠʪʫʜʫ 

ʢʦʣʝʙʘʥʠʡ ʜʘʥʥʦʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ, ʧʨʠ ʵʪʦʤ ʥʫʣʝ-

ʚʘʷ ʪʦʣʱʠʥʘ ʢʦʣʴʮʝʚʦʛʦ ʚʳʩʪʫʧʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʩ-

ʢʦʤʫ ʠʟʣʫʯʘʪʝʣʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ 
ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘ-

ʩʪʝʡ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

1. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ, ʧʦʢʘʟʘʥʥʳʤʠ 

ʥʘ ʨʠʩʫʥʢʝ 6, ʦʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪ-

ʥʦʩʠʪʝʣʴʥʳʭ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ k(I)=(ɸʢʦʣʴʮʦ(I)/ɸʮʝʥʪʨ) 

ʢʘʞʜʦʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʤʦʜʳ.  

2. ɺʳʙʠʨʘʪʴ ʢʦʣʴʮʝʚʫʶ ʦʙʣʘʩʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʘʤʧʣʠʪʫʜʳ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʤʫ ʫʩʣʦʚʠʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʴʮʝʚʘʷ 

ʦʙʣʘʩʪʴ ʩ ʥʦʤʝʨʦʤ, ʨʘʚʥʳʤ ʥʦʤʝʨʫ ʤʦʜʳ.  

3. ʆʧʨʝʜʝʣʷʪʴ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʘʤʧʣʠʪʫʜʳ ʚʳʙʨʘʥʥʦʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ (kmin = 
ɸʢʦʣʴʮʦ(min)/ɸʮʝʥʪʨ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʚʳʷʚʣʝʥʥʳʤʠ ʟʘʚʠ-

ʩʠʤʦʩʪʷʤʠ (ʈʠʩʫʥʦʢ 6).  

4. ɺʳʯʠʩʣʷʪʴ ʢʦʨʨʝʢʪʠʨʫʶʱʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʣʷ 

ʢʘʞʜʦʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ:  

n(I)=kmin/k(I).    (2) 

5. ɺʳʙʠʨʘʪʴ ʪʦʣʱʠʥʳ ʚʩʝʭ ʢʦʣʴʮʝʚʳʭ ʚʳʩʪʫʧʦʚ 

ʢʘʞʜʦʡ ʢʦʣʴʮʝʚʦʡ ʦʙʣʘʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʟʘʚʠʩʠʤʦ-

ʩʪʴʶ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 8, ʠ ʧʦʣʫʯʝʥʥʳʤʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘʤʠ n(i)  

6. ʇʦʩʣʝʜʫʶʱʘʷ, ʙʦʣʝʝ ʪʦʯʥʘʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʘʤ-

ʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘʩʪʝʡ ʜʠʩʢʦʚʦʛʦ ʠʟ-
ʣʫʯʘʪʝʣʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʘʣʴʥʦʛʦ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʠʟʣʫʯʘʪʝʣʷ ʩ ʮʝʣʴʶ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʘʤʧʣʠʪʫʜ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʘʤʧʣʠʪʫʜ 

ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ (ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʢʦʣʴ-

ʮʝʚʦʛʦ ʵʣʝʤʝʥʪʘ) ʟʘ ʩʯʝʪ ʥʘʣʦʞʝʥʠʷ ʬʦʨʤ ʢʦʣʝʙʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʦʜ. ɽʩʣʠ ʨʘʟʥʠʮʘ ʤʝʞʜʫ 

ʟʥʘʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʤʦʜʳ ʠ ʟʥʘʯʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʢʘʢʦʡ-ʣʠʙʦ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʤʦʜʳ ʙʦʣʝʝ 500 

ɻʮ, ʪʦ ʚʣʠʷʥʠʝ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʤʦʜʳ ʥʘ ʨʘʙʦʯʫʶ 

ʢʦʣʴʮʝʚʫʶ ʤʦʜʫ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ ʠ ʤʦʞʝʪ ʥʝ ʫʯʠ-

ʪʳʚʘʪʴʩʷ. ɽʩʣʠ ʯʘʩʪʦʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʥʝʝ ʯʝʤ ʥʘ 100 

ɻʮ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ 

ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ. ɽʩʣʠ ʯʘʩʪʦʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʦʪ 100 ɻʮ 

ʜʦ 500 ɻʮ ʚʦʟʤʦʞʥʦ ʯʘʩʪʠʯʥʦʝ ʥʘʣʦʞʝʥʠʝ ʦʜʥʦʡ ʬʦʨ-
ʤʳ ʢʦʣʝʙʘʥʠʡ ʥʘ ʜʨʫʛʫʶ, ʧʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʥʠ-

ʞʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʩʪʠ ʘʤʧʣʠʪʫʜ ʢʦʣʝʙʘʥʠʡ ʢʦʣʴʮʝʚʦʡ 

ʤʦʜʳ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, 

ʩʧʦʩʦʙʥʳʭ ʨʘʟʨʫʰʠʪʴ ʠʟʣʫʯʘʪʝʣʴ.  

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʦ-

ʜʦʙʥʳʭ ʵʬʬʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʯʘʩʪʦʪ 

ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʦʜ ʢʦʣʝʙʘʥʠʡ. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʯʘʩʪʦʪ 

ʚʳʧʦʣʥʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ.  

ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʨʘʙʦʯʝʡ ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ ʠ ʢʘʞ-

ʜʦʡ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʤʦʜʳ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʯʘʩʪʦʪʘʤʠ 

ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 500 ɻʮ. ʊʘʢ ʢʘʢ ʧʘʨʘʤʝʪʨʳ 

ʢʦʣʝʙʘʥʠʡ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʦʜ ʟʘʚʠʩʷʪ ʦʪ ʛʝʦʤʝʪʨʠ-
ʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʜʠʩʢʘ, ʚʳʷʚʣʷʶʪʩʷ ʚʣʠʷʶʱʠʝ ʬʘʢʪʦ-

ʨʳ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ). ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʢʘʢʦʡ-ʣʠʙʦ ʦʙʣʘʩʪʠ ʚʪʦʨʦʩʪʝ-

ʧʝʥʥʦʡ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʳʡ 

ʵʣʝʤʝʥʪ ʠʟʣʫʯʘʪʝʣʷ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʢʦʪʦʨʦʛʦ 

ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʶʪ ʥʘ ʯʘʩʪʦʪʫ ʘʥʘʣʠʟʠʨʫʝʤʦʡ 

ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʤʦʜʳ. ʀʟʤʝʥʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʚʳʷʚʣʝʥ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʮʠʷ ʯʘʩʪʦʪʳ ʚʪʦ-

ʨʦʩʪʝʧʝʥʥʦʡ ʤʦʜʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʠʮʳ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʯʘʩʪʦʪ ʨʘʙʦ-

ʯʝʡ ʢʦʣʴʮʝʚʦʡ ʤʦʜʳ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʤʦʜʳ.  
ʅʘ ʨʠʩʫʥʢʝ 9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʨʤʘ ʢʦʣʝʙʘʥʠʡ ʨʘʟʨʘ-

ʙʦʪʘʥʥʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ ʝʛʦ ʚʥʝʰʥʠʡ ʚʠʜ.  

 

 
ʈʠʩ. 9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʬʦʪʦ ʜʠʩʢʦʚʦʛʦ 

ʠʟʣʫʯʘʪʝʣʷ ʩ ʧʣʦʩʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʢʦʨʨʝʢʪʠ-

ʨʫʶʱʠʤ ʘʤʧʣʠʪʫʜʳ ʩʪʫʧʝʥʯʘʪʳʤ ʧʨʦʬʠʣʝʤ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʠʟʣʫʯʘʪʝʣʝʡ 

ʧʦʟʚʦʣʠʣʘ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʢʦʣʝʙʘʥʠʡ ʨʘʟ-

ʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʜʠʩʢʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʨʘʩʧʳʣʝʥʠʷ ʧʣʝʥʢʠ ʞʠʜʢʦʩʪʠ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʫʯʘʪʝ-

ʣʷ [1, 25]. 
ʆʜʥʘʢʦ, ʨʘʟʣʠʯʥʳʝ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʘʢʦʛʦ 

ʜʠʩʢʘ ʩʦʟʜʘʶʪ ʢʦʣʝʙʘʥʠʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʝʥʥʳʭ ʬʘʟʘʭ. 
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ʇʦʵʪʦʤʫ, ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʜʠʩʢʘ ʧʨʦʠʩʭʦ-

ʜʠʪ ʚʟʘʠʤʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ʠʟʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʫʯʘʩʪʢʦʚ ʠ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʟʚʫ-

ʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ.  

ɼʀʉʂʆɺʓʁ ʀɿʃʋʏɸʊɽʃʔ ʉ ʌɸɿʆɺʓʈɸɺʅʀ-
ɺɸʖʑɽʁ ʌʈʆʅʊɸʃʔʅʆʁ ʇʆɺɽʈʍʅʆʉʊʔʖ, ʌʆʈ-

ʄʀʈʋʖʑʀʁ ʇʃʆʉʂʋʖ ɺʆʃʅʋ 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʵʪʦʛʦ ʙʳʣʦ ʧʨʝʜ-

ʣʦʞʝʥʦ ʥʘ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʧʦʣʥʠʪʴ ʬʘʟʦ-

ʚʳʨʘʚʥʠʚʘʶʱʠʝ ʢʦʣʴʮʝʚʳʝ ʦʙʣʘʩʪʠ. ʉʭʝʤʘ ʪʘʢʦʛʦ ʠʟ-

ʣʫʯʘʪʝʣʷ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 10.  

 
1 ï ʬʨʦʥʪʘʣʴʥʘʷ ʩʪʦʨʦʥʘ; 2 ï ʪʳʣʴʥʘʷ ʩʪʦʨʦʥʘ;  

3 ï ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʭʚʦʩʪʦʚʠʢ (ʜʠʘʤʝʪʨ ʨʝʟʴʙʳ Dɹ) 

ʈʠʩ. 10. ʕʩʢʠʟ ʠʟʛʠʙʥʦ-ʢʦʣʝʙʣʶʱʝʛʦʩʷ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʩ 

ʬʘʟʦʚʳʨʘʚʥʠʚʘʶʱʝʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʬʦʨʤʠʨʫʶ-

ʱʝʛʦ ʧʣʦʩʢʫʶ ʚʦʣʥʫ 

ʇʨʠ ʵʪʦʤ ʩʪʫʧʝʥʯʘʪʳʝ ʧʝʨʝʭʦʜʳ ʚʳʧʦʣʥʷʶʪʩʷ ʚ 

ʟʦʥʘʭ ʫʟʣʦʚʳʭ ʦʢʨʫʞʥʦʩʪʝʡ ʥʘ ʜʠʘʤʝʪʨʘʭ D1ïDN-1 ʩ 

ʚʳʩʦʪʦʡ ʨʘʚʥʦʡ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʥʳ ʋɿ ʢʦʣʝʙʘʥʠʡ 

ʚ ʛʘʟʦʚʦʡ ʩʨʝʜʝ (İɚ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʣʫʯʝʥʠʝ ʩʦ 

ʚʩʝʭ ʢʦʣʴʮʝʚʳʭ ʦʙʣʘʩʪʝʡ ʙʫʜʝʪ ʫʞʝ ʥʝ ʢʦʤʧʝʥʩʠʨʦ-

ʚʘʪʴʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʩʢʣʘʜʳʚʘʪʴʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 
ʬʘʟʘ ʠʟʣʫʯʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʚʥʠʚʘʝʪʩʷ 

ʠ ʬʦʨʤʠʨʫʝʪʩʷ ʧʣʦʩʢʘʷ ʚʦʣʥʘ.  
ɺ ʵʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʪʘʢʞʝ ʢʘʢ ʚ ʩʣʫʯʘʝ ʩ ʠʟʣʫʯʘʪʝ-

ʣʝʤ ʩ ʧʣʦʩʢʦʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʚʳʨʘʚʥʠ-

ʚʘʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ 

ʛʝʦʤʝʪʨʠʠ ʪʳʣʴʥʦʡ ʩʪʦʨʦʥʳ (ʩʪʫʧʝʥʯʘʪʳʝ ʧʝʨʝʭʦʜʳ ʩ 

ʚʳʩʦʪʘʤʠ h1ïhN). ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʬʦʪʦ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫ-

ʯʘʪʝʣʷ ʩ ʬʘʟʦʚʳʨʘʚʥʠʚʘʶʱʝʡ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦ-

ʩʪʴʶ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʧʣʦʩʢʫʶ ʚʦʣʥʫ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʋɿ ʠʟʣʫʯʘʪʝʣʷ 
ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʢʦʘʛʫʣʷʮʠʠ, 

ʩʫʰʢʠ ʠ ʨʘʩʧʳʣʝʥʠʷ. ʇʨʠ ʫʩʪʘʥʦʚʢʝ ʦʪʨʘʞʘʶʱʝʡ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʘ ʥʝʙʦʣʴʰʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʠʟʣʫʯʘʪʝʣʷ 

ʚʦʟʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʪʦʷʯʝʡ ʚʦʣʥʳ, ʚʩʣʝʜʩʪʚʠʝ 

ʯʝʛʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʠʟʣʫʯʘʪʝʣʝʤ ʠ ʦʪʨʘʞʘʪʝʣʝʤ 

ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʮʝʩʩ ʢʦʘʛʫʣʷʮʠʠ ʚʳʩʦʢʦ-

ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ [1, 9-13].  

 

 
ʈʠʩ. 11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘ-

ʪʝʣʷ ʠ ʬʦʪʦ ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʩ ʬʘʟʦʚʳʨʘʚʥʠʚʘʶʱʝʡ ʬʨʦʥ-

ʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʌʆʂʋʉʀʈʋʖʑʀʁ ʋɿ ïɼʀʉʂʆɺʓʁ ʀɿʃʋʏɸʊɽʃʔ 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʫʨʦʚʝʥʴ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʝʥ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩʘ ʢʦʘʛʫʣʷʮʠʠ ʯʘ-

ʩʪʠʮ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʛʘʟʦʚʳʭ ʧʦʪʦʢʦʚ, ʨʘʟʨʫ-

ʰʝʥʠʷ ʧʝʥʳ) [1, 4-5 ,9-13] ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʋɿ-

ʠʟʣʫʯʘʪʝʣʷ, ʬʦʨʤʠʨʫʶʱʝʛʦ ʧʣʦʩʢʫʶ ʚʦʣʥʫ, ʘ ʧʦʚʳ-

ʰʝʥʠʠ ʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʚʝʨʦ-

ʷʪʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʜʠʩʢʘ.  

ʇʦʵʪʦʤʫ, ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʦʢʘʣʴʥʳʭ ʚʦʟʜʝʡ-
ʩʪʚʠʡ ʩ ʧʦʚʳʰʝʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ - ʬʦʢʫʩʠʨʦʚʢʘ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʟʘʜʘʚʘʝʤʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʬʘʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʠʩʢʠ ʩ ʢʦʣʴʮʝʚʳʤʠ ʬʘʟʦʩʜʚʠʛʘʶʱʠ-

ʤʠ ʦʙʣʘʩʪʷʤʠ ʥʘ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʠʤʝʨ 

ʧʨʦʬʠʣʷ ʬʨʦʥʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʬʦʢʫʩʠʨʫʶʱʝʛʦ 

ʜʠʩʢʦʚʦʛʦ ʠʟʣʫʯʘʪʝʣʷ ʠ ʧʨʠʥʮʠʧ ʝʛʦ ʨʘʙʦʪʳ ʧʦʢʘʟʘʥʳ 

ʥʘ ʨʠʩʫʥʢʝ 12. 

ʌʘʟʦʩʜʚʠʛʘʶʱʠʝ ʢʦʣʴʮʝʚʳʝ ʚʳʩʪʫʧʳ ʥʘ ʬʨʦʥʪʘʣʴ-

ʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʠʟʣʫʯʘʪʴ ʢʦʣʝʙʘʥʠʷ ʚ ʛʘ-
ʟʦʚʫʶ ʩʨʝʜʫ ʩʠʥʬʘʟʥʦ ʠ ʬʦʢʫʩʠʨʦʚʘʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʟʦʥʘʭ, ʪʝʤ ʩʘʤʳʤ ʫʚʝʣʠʯʠʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝ-

ʥʠʷ. ʀʟʤʝʥʝʥʠʝʤ ʚʳʩʦʪʳ ʬʘʟʦʩʜʚʠʛʘʶʱʠʭ ʢʦʣʴʮʝʚʳʭ 

ʚʳʩʪʫʧʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ 

ʠʟʣʫʯʝʥʠʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʦʢʫʩʠʨʦʚʢʫ ʢʦʣʝʙʘʥʠʡ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ.  

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʣʦʞʝʥʠʷ ʚʦʣʥ ʚ ʪʨʝʙʫʝʤʦʡ ʦʙʣʘ-
ʩʪʠ (ʪʦʯʢʘ ʬʦʢʫʩʘ) ʠ ʠʟʣʫʯʝʥʠʷ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʳʭ 

ʋɿ ʢʦʣʝʙʘʥʠʡ ʧʨʦʬʠʣʴ ʬʨʦʥʪʘʣʴʥʦʡ ʩʪʦʨʦʥʳ ʠʟʣʫʯʘ-

ʪʝʣʷ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ (ʚʳʩʦʪʳ HC1 ï HCN), 

ʯʪʦʙʳ ʢʘʞʜʘʷ ʪʦʯʢʘ ʢʦʣʝʙʣʶʱʝʡʩʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʣʫ-

ʯʘʣʘ ʚ ʚʦʟʜʫʰʥʫʶ ʩʨʝʜʫ ʘʢʫʩʪʠʯʝʩʢʫʶ ʚʦʣʥʫ, ʧʨʠ ʵʪʦʤ 

çʧʦʣʦʞʠʪʝʣʴʥʳʝè ʤʘʢʩʠʤʫʤʳ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʤʝʱʝ-

ʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ ʦʪ ʮʝʥ-

ʪʨʘ ʠʟʣʫʯʘʪʝʣʷ ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ: 
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,  (3)

 

ʛʜʝ n=0,2,4é, ɚ - ʜʣʠʥʘ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʚ ʚʦʟʜʫʭʝ, L ï 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʮʝʥʪʨʘ ʠʟʣʫʯʘʪʝʣʷ ʜʦ ʬʦʢʫʩʘ. 
ʀ çʦʪʨʠʮʘʪʝʣʴʥʳʝè ʤʘʢʩʠʤʫʤʳ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʬʦʨʤʫʣʝ: 










































































































