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ɸʛʨʦʠʥʞʝʥʝʨʠʷ 

 

ʋɼʂ 636.06 

 

ʇʆʃʋʏɽʅʀɽ ʂʆʈʈɽʃʗʎʀʆʅʅʓʍ ɿɸɺʀʉʀʄʆʉʊɽʁ  

ʏɸʉʊʆʊ ʇʋʃʔʉɸ ɾʀɺʆʊʅʆɻʆ ʇʆʉʃɽ ʉʅʗʊʀʗ ʅɸɻʈʋɿʆʂ 

 

ʄ.ʖ. ɸʬʘʥʘʩʴʝʚ, ʀ.ɽ. ʂʫʱʝʚ, ɸ.ʄ. ɸʬʘʥʘʩʴʝʚ 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ ʞʠʚʦʪʥʦʛʦ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ ʩʧʦʩʦʙʥʦ 

ʧʦʢʘʟʘʪʴ ʝʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʩʧʦʩʦʙʣʝʥʥʦʩʪʴ ʝʛʦ ʢ  ʨʘʟʣʠʯʥʳʤ 

ʚʠʜʘʤ ʨʘʙʦʪ. ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʝʩʪʠ ʨʘʟʙʨʘʢʦʚʢʫ ʩʪʘʜʘ 

ʥʘ ʨʘʥʥʠʭ ʵʪʘʧʘʭ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʦʩʪʘʚʠʪʴ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʧʦ ʧʨʦʠʟʚʦʜ-

ʩʪʚʝʥʥʳʤ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʞʠʚʦʪʥʳʭ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʦʧʳʪʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʳʯʢʠ ʚ ʆʇʍ çʉʪʝʥʴ-

ʢʠʥʦè ʈʷʟʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʚʦʟʨʘʩʪʝ ʦʪ 2 ʜʦ  7 ʤʝʩʷʮʝʚ, ʢʦʪʦʨʳʝ ʚ ʢʘʯʝʩʪʚʝ  ʬʠ-

ʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʧʨʝʦʜʦʣʝʚʘʣʠ ʨʘʩʩʪʦʷʥʠʷ 50 ʤ ʩʦ ʩʢʦʨʦʩʪʷʤʠ ʦʪ 2,0 ʜʦ 

3,5 ʤ/ʩ. ɺ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʯʘʩʪʦʪʘ ʫʜʘʨʦʚ ʧʫʣʴʩʘ ʞʠʚʦʪʥʳʭ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 78 ʜʦ 

80 ʫʜʘʨʦʚ ʚ ʤʠʥʫʪʫ (ʩʨʝʜʥʷʷ 1,366 ɻʮ). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʥʘʡʜʝʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ ɜ ʦʪ ʚʨʝʤʝʥʠ t ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ.  

ʊʘʢ, ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ ʙʳʯʢʘ ʧʦ ʢʣʠʯʢʝ ʄʘʣʳʰ ʚ 

ʚʦʟʨʘʩʪʝ 2 ʤʝʩʷʮʘ (ʠʩʢʫʩʩʪʚʝʥʥʦʝ ʚʩʢʘʨʤʣʠʚʘʥʠʝ ʩ ʚʦʟʨʘʩʪʘ 10 ʜʥʝʡ) ʧʦʩʣʝ ʙʝʛʘ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 ï ʀʟʤʝʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘ ʙʳʯʢʘ ʄʘʣʳʰ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ 

ɺʨʝʤʷ 

(t), ʩ 
15 30 45 60 75 90 105 120 135 

ʏʘʩʪʦʪʘ 

(ɜ), ɻʮ 
2,53 2,20 1,67 1,67 1,67 1,67 1,53 1,40 1,33 

 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʫʙʳʚʘʶʱʫʶ ʬʫʥʢʮʠʶ. ɼʣʷ ʦʙ-

ʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜ-

ʨʘʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʚʦʟʴʤʝʤ ʧʦʢʘʟʘʪʝʣʴʥʫʶ ʫʙʳʚʘʶʱʫʶ 

ʬʫʥʢʮʠʶ ʚʠʜʘ (1):  

 

                                                        (1) 

 

ʛʜʝ Ŭ ʠ ɓ ï ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʦʜʣʝʞʘʱʠʝ ʦʧʨʝʜʝʣʝʥʠʶ. 

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʝʨʜʮʝʙʠʝʥʠʷ ʙʳʯʢʘ ʧʦ ʢʣʠʯʢʝ çʄʘʣʳʰè, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ (2): 

 

                                (2) 
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ɺʳʙʝʨʝʤ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ t0ɜ ʠ ʥʘʥʝʩʝʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪ-

ʥʳʝ ʪʦʯʢʠ (t, ɜ) (ʪʘʙʣ. 2, ʨʠʩ. 1). 

 

ʊʘʙʣʠʮʘ 2. ʈʘʩʭʦʞʜʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʤʧʠʨʠʯʝʩʢʠʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ  

ʩʝʨʜʮʝʙʠʝʥʠʷ ʙʳʯʢʘ ʧʦ ʢʣʠʯʢʝ ʄʘʣʳʰ 

ɺʨʝʤʷ 

(t), ʩ 

ʕʤʧʠʨʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ  

ʩʝʨʜʮʝʙʠʝʥʠʷ, ɻʮ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ  

ʩʝʨʜʮʝʙʠʝʥʠʷ, ɻʮ 
ʈʘʩʭʦʞʜʝʥʠʝ, % 

15 2,53 2,24 11,46 

30 2,20 2,09 5,00 

45 1,67 1,95 -16,67 

60 1,67 1,82 -8,98 

75 1,67 1,70 -1,80 

90 1,67 1,59 4,79 

105 1,53 1,48 2,61 

120 1,40 1,39 3,57 

135 1,33 1,30 2,25 

ʉʨʝʜʥʝʝ ʨʘʩʭʦʞʜʝʥʠʝ ʯʘʩʪʦʪ, % 2,14 

 

ɜ, ɻʮ 

t,ʩ 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ʋɼʂ 631.372.316.22 

 

ʕʅɽʈɻʆʉɹɽʈɽɻɸʖʑʀɽ ʊɽʍʅʆʃʆɻʀʀ  

ɼʃʗ ɺʆɿɼɽʃʓɺɸʅʀʗ ʍʃʆʇʏɸʊʅʀʂɸ 

 

ɹ.ʈ. ɸʭʤʘʜʦʚ, ɼ.ʍ. ʄʠʨʘʢʠʣʦʚ 

ʊɸʋ ʠʤ. ʐ. ʐʦʪʝʤʫʨ, ʛ. ɼʫʰʘʥʙʝ, ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ 

 

ʉ ʨʘʟʚʠʪʠʝʤ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʬʦʨʤ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ, ʵʥʝʨʛʦ-

ʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʚʳʩʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠ-

ʟʠʪʴ ʪʨʫʜʦʸʤʢʦʩʪʴ. 

ʉʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʦʪʨʘʩʣʝʡ ʵʢʦʥʦʤʠʢʠ ʊʘ-

ʜʞʠʢʠʩʪʘʥ, ʛʜʝ ɺɺʇ ʩʦʩʪʘʚʣʷʝʪ 22 %, ʟʘʥʷʪʦʩʪʴ ʠ ʧʦʯʪʠ ʪʨʝʪʴ ʵʢʩʧʦʨʪʘ ï 66 %. 

ɹʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʫ ʟʘʥʠʤʘʶʪ ʛʦʨʥʳʝ ʤʘʩʩʠʚʳ, ʠ ʪʦʣʴʢʦ 

7 % ʧʘʭʦʪʥʳʤʠ ʧʣʦʱʘʜʷʤʠ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʦʨʦʰʘʝʤʳʝ. ɹʣʘʛʦʧʨʠ-

ʷʪʥʳʡ ʢʣʠʤʘʪ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʩʪʚʫ ʤʥʦʛʠʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʗʨʦʚʘʷ ʧʰʝʥʠʮʘ, ʭʣʦʧʦʢ ʠ ʧʰʝʥʠʮʘ ʟʘʥʠʤʘʶʪ ʙʦʣʝʝ 60% 

ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ ʩʪʨʘʥʳ.  

ʉʪʨʫʢʪʫʨʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʪɹʫʨ 

ʤʝʥʷʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʧʷʪʠʣʝʪʠʷ: ʚ ʬʠʟʠʯʝʩʢʦʤ ʚʳʧʫʩʢʝ ʩ 

2010 ʛʦʜʘ ʜʦʣʷ ʭʣʦʧʢʘ ʩʥʠʟʠʣʘʩʴ ʥʘ 2,2 ʮ/ʛʘ ʠ ʬʨʫʢʪʦʚ ʥʘ 3,5 ʮ/ʛʘ, ʘ ʩʙʦʨ ʟʝʨʥʘ, 

ʦʚʦɦ ʝʡ ʠ ʢʦʨʤʦʚʦʡ ʢʫʢʫʨʫʟʳ ʚʳʨʦʩʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ. ʆʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ 

ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʷʚʣʷʝʪʩʷ ʭʣʦʧʦʢ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʦʪʦʨʦʛʦ ʚ 2015 ʛʦʜʫ ʟʘʥʠ-

ʤʘʣʦ 21 % ʚʩʝʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʫʛʦʜʠʡ. ʕʢʩʧʦʨʪ ʭʣʦʧʢʘ ʚ 2015 ʛʦʜʫ ʩʦ-

ʩʪʘʚʣʷʣ 16,22 % ʠ ʷʚʣʷʣʩʷ ʚʪʦʨʳʤ ʧʦ ʚʘʞʥʦʩʪʠ ʧʨʦʜʫʢʪʦʤ ʧʦʩʣʝ ʘʣʶʤʠʥʠʷ.  

ɺ ʩʚʷʟʠ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʵʥʝʨʛʦʚʦʦʨʫʞʝʥʥʦʩʪʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʨʝʩ-

ʧʫʙʣʠʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʦʱʫʱʘʝʪʩʷ ʥʝʭʚʘʪʢʘ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ, ʧʦʩʝʚʥʳʭ ʠ 

ʫʙʦʨʦʯʥʳʭ ʤʘʰʠʥ ʠ ʜʨʫʛʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ. ʇʦʵʪʦʤʫ, ʫʯʝʥʳʝ ʨʝʩʧʫʙ-

ʣʠʢʠ ʚʝʜʫʪ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʠ ʩʦʟʜʘʥʠʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʘʰʠʥ, ʚʳʧʦʣʥʷʶʱʠʭ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

ʉʦʚʤʝʱʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ 

ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʨʠʦʨʠʪʝʪʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʟʝʤʣʝʜʝʣʠʠ. 

ʇʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʧʨʦʮʝʩʩʝ ï ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʝ ʭʣʦʧʯʘʪʥʠʢʘ, 

ʩʥʠʞʘʶʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ 

ʪʨʘʢʪʦʨʦʚ, ʫʤʝʥʴʰʝʥʠʶ ʫʜʝʣʴʥʦʡ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʠ ʠ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʥʘ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ; ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʩ 

ʫʯʝʪʦʤ ʩʦʢʨʘʱʝʥʠʷ ʧʨʦʭʦʜʦʚ; ʩʦʭʨʘʥʷʝʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʝ ʧʣʦʜʦʨʦʜʠʝ ʠ ʧʦʚʳʰʘ-

ʝʪʩʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʦʙʨʘʙʘʪʳʚʘʝʤʳʭ ʟʝʤʝʣʴ.  

ʇʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʠ ʘʛʨʝʛʘʪʦʚ, ʚʳʧʦʣʥʷʶʱʠʭ ʟʘ ʦʜʠʥ 

ʧʨʦʭʦʜ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʪʨʫʜʘ 

ʥʘ 30 ï 50 %, ʨʘʩʭʦʜ ʪʦʧʣʠʚʦ ʥʘ 10 ï 30 %, ʫʜʝʣʴʥʫʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʥʘ 20 ï 
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25 % ʠ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡ ʦʪʜʝʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʥʘ 10 ï 

50 % [3]. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʠ ʟʘʱʠʱʝʥ ʧʘʪʝʥʪʦʤ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʢʦʤʙʠ-

ʥʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʘ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ. ʉʧʦʩʦʙ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʧʦʩʝʚʘ ʩʝʤʷʥ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ ʚʢʣʶʯʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʩʧʣʦʰʥʦʡ ʢʫʣʴʪʠʚʘʮʠʠ 

ʧʦʯʚʳ, ʬʨʝʟʝʨʦʚʘʥʠʝ, ʨʘʟʨʘʚʥʠʚʘʥʠʝ, ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʧʦʩʝʚʘ 

ʩʝʤʷʥ, ʥʘʥʝʩʝʥʠʝ ʛʝʨʙʠʮʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʝʚʘ ʠ ʥʘʨʝʟʢʠ ʧʦʣʠʚʥʳʭ ʙʦ-

ʨʦʟʜ. ɼʘʥʥʳʝ ʩʧʦʩʦʙʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʪʘʣ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʦʡ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝ-ʧʦʩʝʚʥʦʡ ʤʘʰʠʥʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʨʝʘʣʠʟʘʮʠʠ 

ʩʧʦʩʦʙʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʤʙʠʥʠ-

ʨʦʚʘʥʥʦʛʦ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝ-ʧʦʩʝʚʥʦʛʦ ʘʛʨʝʛʘʪʘ ʄʊɿ-82.1+ʂʄ-2.4 çʂʠʰʦ-

ʚʘʨʟè ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʦʪ 0,90 ʜʦ 1,97 ʤ/ʩ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʦ ʥʘ ʝʜʠʥʠʮʫ ʚʳʧʦʣʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, 

ʚʥʝʩʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʩʝʚʘ ʭʣʦʧʯʘʪʥʠʢʘ ʩʥʠʞʘʝʪʩʷ ʩ 16,84 ʜʦ 

7,67 ʢʛ/ʛʘ, ʪ.ʝ. ʥʘ 54 %.  

ʇʨʝʠʤʫʱʝʩʪʚʦʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʘʰʠʥʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʧʣʦʰʥʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʧʦʯʚʳ ʩ ʚʥʝʩʝʥʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʧʦʩʝʚʘ ʩʝʤʷʥ ʧʨʦʧʘʥhʳʭ 

ʢʫʣʴʪʫʨ, ʚʥʝʩʝʥʠʷ ʛʝʨʙʠʮʠʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʝʚʘ ʠ ʥʘʨʝʟʢʘ ʧʦʣʠʚʥʳʭ ʙʦ-

ʨʦʟʜ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʘʛʨʝʛʘʪʘ. ʄʠʥʝʨʘʣʴʥʳʝ ʫʜʦʙ-

ʨʝʥʠʷ ʚʥʦʩʷʪʩʷ ʧʝʨʝʜʥʠʤʠ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʠʞʝ ʫʨʦʚʥʷ ʨʘʙʦʪʳ ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʝʡ ʬʨʝʟʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʤʷʥ ʭʣʦʧʯʘʪʥʠʢʘ, ʯʪʦ ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘ-

ʯʝʥʠʷ ʜʣʷ ʫʜʦʙʩʪʚʘ ʚ ʫʩʚʦʝʥʠʠ ʨʘʩʪʝʥʠʷʤʠ, ʠʭ ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʘʮʠʷ ʵʥʝʨʛʦʩʙʝʨʝʛʘʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʚʦʟʜʝʣʳ-

ʚʘʥʠʠ ʭʣʦʧʯʘʪʥʠʢʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤ, ʪʝʤ ʩʘʤʳʤ ʧʦʟʚʦʣʠʪ 

ʫʚʝʣʠʯʠʪʴ ʧʣʦʱʘʜʠ ʧʦʩʝʚʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʦʞʘʡʥʦʩʪʴ ʭʣʦʧʯʘʪʥʠʢʘ, ʢʦʪʦ-

ʨʳʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʨʘʟʚʠʪʠʝ ʣʝʛʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʵʢʩʧʦʨʪʘ 

ʧʨʦʜʫʢʪʘ, ʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʘʪ ʥʘʩʝʣʝʥʠʝ ʨʝʩʧʫʙʣʠʢʠ ʜʦʧʦʣʥʠʪʝʣʥɹʳʤʠ ʨʘʙʦʯʠʤʠ 

ʤʝʩʪʘʤʠ.  
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4. ɼʞʘʙʙʦʨʦʚ ʅ.ʀ. ʆʩʥʦʚʳ ʪʦʧʣʠʚʦ ï ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʧʨʦʛʥʦ-

ʟʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʦʙʠʣʴʥʳʭ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʘʛ-

ʨʝʛʘʪʦʚ: ʘʚʪʦʨʝʬ. ʜʠʩ. é ʜ-ʨʘ ʪʝʭʥ. ʥʘʫʢ. ʉʇʙ. ï ʇʫʰʢʠʥ, 1998. 38 ʩ. 
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ʀ.ʐ. ɹʝʨʝʞʥʘʷ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʇʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʦʪʨʘʩʣʝʡ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ. ʕʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʪʝʤ, ʯʪʦ ʄʦ-

ʣʦʯʥʦ-ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʡ ʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʘʩʣʷʤʠ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ: 

ʩʝʣʴʩʢʠʤ ʭʦʟʷʡʩʪʚʦʤ, ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ, ʪʨʘʥʩʧʦʨʪʦʤ, ʪʦʨʛʦʚʣʝʡ ʠ ʜʨ.  

ʄʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʤʦʣʦʢʘ ʠ ʤʦʣʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʧʨʠʤʝʥʷʝʤʘʷ ʥʘ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦ-

ʱʴʶ ʬʠʣʴʪʨʦʚ, ʮʝʥʪʨʠʬʫʛ, ʩʝʧʘʨʘʪʦʨʦʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʛʦʤʦʛʝʥʠʟʘʪʦ-

ʨʦʚ ʠ ʤʝʤʙʨʘʥʥʳʭ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʘʧʧʘʨʘʪʦʚ [1]. 

ʉʦʚʨʝʤʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʧʨʠʤʝʥʷʝʤʦʝ ʚ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰ-

ʣʝʥʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʦʤʦʛʝʥʠʟʘʪʦʨʳ ʤʦʣʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ, ʤʥʦʞʝʩʪʚʦʤ ʩʚʷʟʝʡ ʠ ʚʟʘʠʤʦʩʚʷʟʝʡ, ʟʥʘʯʠʪʝʣʴʥʳʤ ʦʙʲʝʤʦʤ 

ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ [2]. ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʥʘʟʳʚʘʶʪ ʩʣʦʞʥʳʤʠ, ʙʦʣʴ-

ʰʠʤʠ ʠʣʠ ʩʠʩʪʝʤʘʤʠ ʩʦ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʩʚʷʟʴ ʤʝʞʜʫ ʝʝ ʵʣʝʤʝʥʪʘʤʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʣʠʷʝʪ ʥʘ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ [3]. ʇʨʠ ʘʥʘʣʠʟʝ ʠ ʧʨʠ ʩʠʥʪʝʟʝ ʩʠʩʪʝʤ 

ʨʘʟʥʦʛʦ ʪʠʧʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʷʟʘʪʝʣʴʥʦ ʫʯʠʪʳʚʘʪʴ ʚʘʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʩʠʩʪʝʤʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʢʘʢ ʨʘʟ ʠ ʩʦʩʪʦʠʪ ʚ 

ʚʳʙʦʨʝ ʩʪʨʫʢʪʫʨʳ ʤʦʜʝʣʠ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʩʠʩʪʝʤʳ. ɼʣʷ ʵʪʦʛʦ ʛʦʤʦʛʝʥʠʟʘ-

ʪʦʨ ʨʘʟʙʠʣʠ ʥʘ ʦʩʥʦʚʥʳʝ ʧʦʜʩʠʩʪʝʤʳ, ʘ ʠʤʝʥʥʦ: ʩʪʘʥʠʥʘ ʩ ʧʨʠʚʦʜʦʤ; ʢʨʠʚʦ-

ʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʩ ʩʠʩʪʝʤʦʡ ʩʤʘʟʢʠ ʠ ʦʭʣʘʞʜʝʥʠʷ; ʧʣʫʥʞʝʨʥʳʡ 

ʙʣʦʢ; ʤʘʥʦʤʝʪʨʠʯʝʩʢʘʷ ʛʦʣʦʚʢʘ; ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʢʣʘʧʘʥ; ʛʦʤʦʛʝʥʠʟʠʨʫʶ-

ʱʘʷ ʛʦʣʦʚʢʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʘʛʨʝʛʘʪʘ ʠ ʚʟʘ-

ʠʤʦʜʝʡʩʪʚʠʝ ʝʛʦ ʦʩʥʦʚʥʳʭ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʚʠʩʠʤʦ-

ʩʪʠ. ʉʪʘʥʠʥʘ ʩʦʜʝʨʞʠʪ ʧʨʠʚʦʜ, ʢʦʪʦʨʳʡ ʩ ʧʦʤʦʱʴʶ ʢʣʠʥʦʨʝʤʝʥʥʦʡ ʧʝʨʝʜʘʯʠ 

ʧʨʠʚʦʜʠʪ ʚ ʜʚʠʞʝʥʠʝ ʢʨʠʚʦʰʠʧʥʦ-ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ. ʂʨʠʚʦʰʠʧʥʦ-

ʰʘʪʫʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʦʙʨʘʟʫʝʪ ʚʨʘʱʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʣʫʥʞʝʨʦʚ ʧʣʫʥʞʝʨʥʦʛʦ ʙʣʦʢʘ. ʇʣʫʥʞʝʨʳ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʝʨʝʤʝɦ ʘʶʪ ʧʨʦʜʫʢʪ ʚ ʛʦʤʦʛʝʥʠʟʠʨʫʶʱʫʶ ʛʦʣʦʚʢʫ. ʇʣʫʥʞʝʨʥʳʡ ʙʣʦʢ 

ʦʪʚʝʯʘʝʪ ʟʘ ʧʦʜʜʝʨʞʢʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʜʫʢʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʛʦ-

ʤʦʛʝʥʠʟʠʨʫʶʱʫʶ ʛʦʣʦʚʢʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʧʝʥʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ, 

ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʧʨʦʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ ʤʘʥʦʤʝʪʨʠʯʝʩʢʦʡ ʛʦʣʦʚʢʠ ʠ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʢʣʘʧʘʥʘ. ɺʩʝ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʥʘʤ ʚʳʜʝʣʠʪʴ ʧʦʜʩʠʩʪʝʤʫ, 

ʠʤʝʶʱʫʶ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʙʦʪʫ ʚʩʝʛʦ ʘʛʨʝʛʘʪʘ ʚ ʮʝʣʦʤ, ʘ ʠʤʝʥʥʦ ï 

ʧʣʫʥʞʝʨʥʳʡ ʙʣʦʢ. 

ɼʘʣʝʝ ʧʨʦʠʟʚʝʣʠ ʜʝʪʘʣʴʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʧʦʜʩʠʩʪʝʤʳ ʧʣʫʥʞʝʨʥʦʛʦ ʙʣʦʢʘ. ʇʣʫʥʞʝʨʥʳʡ ʙʣʦʢ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ: ʤʝʭʘʥʠʟʤ 
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ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʣʫʥʞʝʨʘ, ʙʣʦʢ, ʧʨʠʩʦʝʜʠʥʠʪʝʣʴʥʳʡ ʰʪʫʮʝʨ, ʧʣʫʥʞʝʨʳ, ʢʦʤ-

ʧʣʝʢʪ ʤʘʥʞʝʪʥʳʭ ʫʧʣʦʪʥʝʥʠʡ, ʥʘʞʠʤʥʳʝ ʢʦʣʴʮʘ, ʛʘʡʢʠ, ʥʠʞʥʠʝ, ʚʝʨʭʥʠʝ ʠ ʧʝ-

ʨʝʜʥʠʝ ʢʨʳʰʢʠ, ʚʩʘʩʳʚʘʶʱʠʝ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ, ʩʝʜʣʘ ʢʣʘʧʘʥʦʚ, ʧʨʦ-

ʢʣʘʜʢʠ, ʚʪʫʣʢʠ, ʧʨʫʞʠʥʳ, ʢʣʘʧʘʥ. ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʧʣʫʥ-

ʞʝʨʥʦʛʦ ʙʣʦʢʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʫʟʣʘ, ʘ ʠʤʝʥʥʦ, ʤʝʭʘʥʠʟʤ ʛʝʨʤʝ-

ʪʠʟʘʮʠʠ ʧʣʫʥʞʝʨʘ ʠ ʚʩʘʩʳʚʘʶʱʠʝ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ. ʋʟʝʣ, ʩʦʜʝʨʞʘ-

ʱʠʡ ʚʩʘʩʳʚʘʶʱʠʝ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʢʣʘʧʘʥʳ, ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥ ʦʪʢʘʟʫ, ʪʘʢ 

ʢʘʢ ʜʝʪʘʣʠ, ʚʭʦʜʷʱʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʦʚʝʨʰʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ 

ʦʩʝʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ ʠʟʥʦʩʘ. ɺ 

ʵʪʦ ʞʝ ʚʨʝʤʷ ʫʟʝʣ ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʣʫʥʞʝʨʘ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥ ʠʟʥʦʩʫ ʠʟ-ʟʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʦʩʝʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʧʣʫʥʞʝʨʘ ʚ ʢʦʤʧʣʝʢʪʝ ʫʧʣʦʪʥʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ - ʥʝ-

ʩʤʦʪʨʷ ʥʘ ʚʩʶ ʩʣʦʞʥʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ, ʘ ʪʘʢʞʝ ʥʘ ʥʘʣʠʯʠʝ 

ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʦʜʩʠʩʪʝʤ ʜʘʥʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʢʨʠʪʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ çʧʣʫʥʞʝʨ-ʫʧʣʦʪʥʝʥʠʝè, ʪʘʢ ʢʘʢ ʜʘʞʝ ʤʠʥʠʤʘʣʴʥʳʡ 

ʠʟʥʦʩ ʣʶʙʦʡ ʜʝʪʘʣʠ, ʚʭʦʜʷʱʝʡ ʚ ʫʢʘʟʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʚʣʠʷʝʪ ʥʘ ʨʘʙʦʪʫ 

ʚʩʝʛʦ ʘʛʨʝʛʘʪʘ. 
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4. ʇʘʩʪʫʭʦʚ ɸ.ɻ., ʐʘʨʘʷ ʆ.ɸ., ɹʝʨʝʞʥʘʷ ʀ.ʐ. 3D ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʟʣʦʚ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ // ɼʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ï ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʤʫ ʧʨʦʠʟ-

ʚʦʜʩʪʚʫ: ʤʘʪʝʨʠʘʣʳ LV ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʏʝʣʷ-

ʙʠʥʩʢ: ʌɻɹʆʋ ɺʆ ʖʞʥʦ-ʫʨʘʣʴʩʢʠʡ ɻɸʋ, 2016. ʏ. IV. ʉ. 110 ï 113. 

5. ɺʦʜʦʣʘʟʩʢʘʷ ʅ.ɺ., ʄʠʥʘʩʷʥ ɸ.ɻ., ʅʘʩʝʜʢʠʥ ɻ.ʀ. ʂ ʚʦʧʨʦʩʫ ʫʚʝʣʠʯʝʥʠʷ 

ʩʨʦʢʘ ʩʣʫʞʙʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ɸʇʂ  // ʇʨʦʙʣʝʤʳ 

ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ: ʤʘʪʝʨʠʘʣʳ XIX ʄʝʞ-

ʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ɹʝʣʛʦʨʦʜ: ʌɻɹʆʋ ɺʆ ɹʝʣ-

ʛʦʨʦʜʩʢʠʡ ɻɸʋ, 2015. ʉ. 24ï25. 

6. ʇʘʩʪʫʭʦʚ ɸ.ɻ. ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʙʦʨʦʯʥʳʭ ʝʜʠʥʠʮ ʧʦ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤ ʧʘʨʘʤʝʪʨʘʤ // ɺʩʝ ʤʘʪʝʨʠʘʣʳ. ʕʥʮʠʢʣʦʧʝʜʠʯʝʩʢʠʡ ʩʧʨʘʚʦʯʥʠʢ. ʅʘʫʢʘ ʠ 

ʪʝʭʥʦʣʦʛʠʠ. ʄ., 2014. ̄  3. ʉ. 9ï16. 
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http://elibrary.ru/item.asp?id=26418382
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ʋɼʂ 631.3:018 

 

ʆ ʅɽʆɹʍʆɼʀʄʆʉʊʀ ʇʆʉʊʇʈʆɼɸɾʅʆɻʆ ʉʆʇʈʆɺʆɾɼɽʅʀʗ  

ʊɽʍʅʀʂʀ ʇʈʆʀɿɺʆɼʀʊɽʃɽʄ (ɼʀʃɽʈʆʄ)  

 

ɸ.ɺ. ɹʦʥʜʘʨʝʚ
1
, ɸ.ɸ. ɹʝʣʦʢʦʙʳʣʴʩʢʠʡ

2
 

1
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, 

2
ʆʆʆ çɻʨʝʛʫʘʨ-ɹʝʩʩʦʥ ɺʦʩʪʦʢè, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤ ʩʪʘʥʜʘʨʪʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘ-

ʮʠʠ [1] ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʠʩʧʳʪʘʥʠʡ ʜʣʷ ʦʧʳʪʥʳʭ ʦʙ-

ʨʘʟʮʦʚ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ: 

ï ʧʨʠʝʤʦʯʥʳʝ; 

ï ʢʚʘʣʠʬʠʢʘʮʠʦʥʥʳʝ; 

ï ʪʠʧʦʚʳʝ; 

ï ʧʝʨʠʦʜʠʯʝʩʢʠʝ; 

ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ. 

ʋʢʘʟʘʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʦʭʦʜʷʪ ʦʧʳʪʥʳʝ ʦʙʨʘʟʮʳ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ 

ʪʝʭʥʠʢʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʝʭʥʠʯʝʩʢʦʤʫ ʟʘʜʘʥʠʶ ʠʣʠ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ, 

ʥʦʨʤʘʪʠʚʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʝʡ. 

ʆʜʥʘʢʦ, ʠʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʤʠ ʣʘʙʦʨʘʪʦʨʠʷʤʠ, ʄʀʉ, 

ʎʄʀʉ ʠ ʜʨʫʛʠʤʠ ʘʢʢʨʝʜʠʪʦʚʘʥʥʳʤʠ ʫʯʨʝʞʜʝʥʠʷʤʠ, ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʚʳ-

ʩʦʢʦʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ, ʝʩʪʝʩʪʚʝʥʥʦ 

ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʦʪʢʘʟʦʚ ʚʩʣʝʜʩʪʚʠʝ ʥʝʪʦʯʥʦʩʪʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʪʝʭʥʠʢʠ [2, 3]. 

ʇʦʩʣʝ ʫʩʧʝʰʥʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʧʨʦʚʝʨʢʠ ʪʝʭʥʠʢʘ ʧʦʩʪʫʧʘʝʪ 

ʚ ʭʦʟʷʡʩʪʚʘ, ʛʜʝ ʥʝ ʚʩʝ ʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʇʦʵʪʦʤʫ ʦʩʪʨʦ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʫʯʝʥʠʷ 

ʘʛʨʦʥʦʤʦʚ, ʠʥʞʝʥʝʨʦʚ ʠ ʤʝʭʘʥʠʟʘʪʦʨʦʚ ʪʦʥʢʦʩʪʷʤ ʨʘʙʦʪʳ ʩ ʪʝʭʥʠʢʦʡ. 

ʆʧʳʪ ʨʘʙʦʪʳ ʧʨʝʜʧʨʠʷʪʠʡ-ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭ-

ʥʠʢʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚʦ ʠʟʙʝʞʘʥʠʝ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʨʝʘʣʠʟʫʝʤʦʡ 

ʪʝʭʥʠʢʠ, ʧʦʷʚʣʝʥʠʷ ʦʪʢʘʟʦʚ, ʪʨʝʙʫʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʙʫʯʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʠ-

ʢʦʚ, ʥʦ ʠ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥʪʨʦʣʴ. ʂʨʦʤʝ ʪʦʛʦ, ʫʢʘʟʘʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦʟʚʦʣʷ-

ʶʪ ʦʨʛʘʥʠʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʫʶ ʦʙʨʘʪʥʫʶ ʩʚʷʟʴ çʧʦʪʨʝʙʠʪʝʣʴ-

ʧʨʦʠʟʚʦʜʠʪʝʣʴè, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʶʱʫʶ ʨʝʰʝʥʠʝ ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʦʚ ʤʦ-

ʜʝʨʥʠʟʘʮʠʠ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʝʡ ʪʝʭʥʠʢʠ, ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ʨʦʩʩʠʡʩʢʠʡ ʨʳ-

ʥʦʢ [4ï8]. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ɻʆʉʊ ʈ 54783-2011 ʀʩʧʳʪʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʆʩ-

ʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠ.̫ 

2. ʉʣʦʙʦʜʶʢ ɸ.ʇ. ʆʙʦʩʥʦʚʘʥʠʝ ʩʭʝʤʳ ʢʨʝʧʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʝ̫ ʣʢʠ 

// ʄʘʪʝʨʠʘʣʳ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ: ʚ 2 ʯʘ-

ʩʪʷʭ. ʄʘʡʩʢʠʡ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɹʝʣʛʦʨʦʜʩʢʦʡ ɻʉʍɸ, 2012. ʉ. 110. 
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3. ʉʣʦʙʦʜʶʢ ɸ.ʇ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʧʨʦʝʢʪʠ-

ʨʦʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ // ʄʘʪʝʨʠʘʣʳ XVIII ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʄʘʡʩʢʠʡ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɹʝʣʛʦʨʦʜʩʢʦʛʦ 

ɻɸʋ, 2014. ʉ. 196.  

4. ʉʣʦʙʦʜʶʢ ɸ.ʇ. ʇʨʝʜʦʪʚʨʘʱʝʥʠʝ ʨʘʟʨʫʰʝʥʠʷ ʫʧʨʫʛʦʡ ʩʪʦʡʢʠ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʜʠʩʢʘʪʦʨʘ // ʀʥʥʦʚʘʮʠʠ ʚ ɸʇʂ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. 2014. ̄  2. 

ʉ. 26ï40.  

5. ʉʣʦʙʦʜʶʢ ɸ.ʇ., ɹʝʣʦʢʦʙʳʣʴʩʢʠʡ ɺ.ɸ. ɺʳʷʚʣʝʥʠʝ ʧʨʠʯʠʥʳ ʦʪʢʘʟʦʚ 

ʩʠʣʦʚʦʡ ʩʭʝʤʳ ʤʘʰʠʥʳ ʄɺʉ-3 // ʄʘʪʝʨʠʘʣʳ XX ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ʄʘʡʩʢʠʡ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɹʝʣʛʦʨʦʜʩʢʦʛʦ ɻɸʋ, 

2016. ʉ. 96ï97. 

6. ʅʦʚʠʮʢʠʡ ɸ.ʉ., ʉʪʨʝʙʢʦʚ ʉ.ɺ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʡ ʪʝʭʥʠʯʝ-

ʩʢʦʛʦ ʩʝʨʚʠʩʘ. ɹʝʣʛʦʨʦʜ: ʀʟʜ-ʚʦ ɹʝʣʛʦʨʦʜʩʢʦʛʦ ɻɸʋ, 2016. 212 ʩ. 

7. ʈʘʟʚʠʪʠʝ ʩʠʩʪʝʤʳ ʤʝʞʩʝʟʦʥʥʦʛʦ ʭʨʘʥʝʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʤʘ-

ʰʠʥ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʠ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ / ʅ.ɺ. ɹʳʰʦʚ ʠ ʜʨ. ʈʷʟʘʥʴ: 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, 2016. 112 ʩ. 

8. ʇʝʨʩʧʝʢʪʠʚʳ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʭʨʘʥʝʥʠʝʤ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʤʘʰʠʥ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ / ʅ.ɺ. ɹʳʰʦʚ ʠ ʜʨ. ʈʷʟʘʥʴ: ʌɻɹʆʋ ɺʆ 

ʈɻɸʊʋ, 2016. 95 ʩ. 
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ʋɼʂ 631.2.02:62-77  

 

ʇʆʃʋʏɽʅʀɽ ʇʆʂʈʓʊʀʁ ʉ ɿɸɼɸʅʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ  

ʇʈʀ ɺʆʉʉʊɸʅʆɺʃɽʅʀʀ ɼɽʊɸʃɽʁ 

 

ɸ.ɺ. ɹʦʥʜʘʨʝʚ
1
, ʀ.ɺ. ʎʳʧʢʠʥʘ

1
, ɹ.ʉ. ɿʜʘʥʦʚʠʯ

2
 

1
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, 

2
ʆʆʆ çʖʧʠʪʝʨ 9è, ʛ. ɹʝʣʛʦʨʦʜ, ʈʦʩʩʠʷ 

 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʛʣʫʙʦʢʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʯʠʥ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʪʢʘʟʘ ʫʟʣʘ, ʫʩʣʦʚʠʡ ʨʘʙʦʪʳ ʜʝʪʘʣʠ, 

ʤʘʪʝʨʠʘʣʘ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ [1]. ʇʨʘʚʠʣʴʥʳʡ ʧʦʜʙʦʨ ʩʧʦʩʦʙʦʚ ʠ 

ʩʨʝʜʩʪʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʠʪʴ ʜʝʪʘʣʴ ʩ ʦʞʠʜʘʝʤʳʤ 

80 % ʨʝʩʫʨʩʦʤ, ʥʦ ʠ ʫʣʫʯʰʠʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʦʚʦʡ ʜʝʪʘʣʴʶ. 

ʋʢʘʟʘʥʥʘʷ ʢʦʣʣʠʟʠʷ ʚʦʟʥʠʢʘʝʪ ʚ ʩʚʷʟʠ ʩ ʧʝʨʩʦʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʦʜʭʦʜʦʤ ʢ 

ʢʘʞʜʦʤʫ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʤʫ ʵʣʝʤʝʥʪʫ, ʯʪʦ ʚʝʩʴʤʘ ʩʣʦʞʥʦ ʜʦʩʪʠʯʴ ʚ ʩʝʨʠʡ-

ʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʛʜʝ ʚʦ ʛʣʘʚʫ ʫʛʣʘ ʩʪʘʚʠʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʡ ʨʝʩʫʨʩ, ʢ ʪʦʤʫ ʞʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʝʨʠʡʥʦʛʦ (ʤʘʩʩʦʚʦʛʦ) ʧʨʦ-

ʠʟʚʦʜʩʪʚʘ ʧʨʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʩʳʨʴʝʤ ʚʳʩʪʫʧʘʝʪ ʥʝ ʟʘʛʦʪʦʚʢʘ (ʧʦʣʫʬʘʙʨʠʢʘʪ), 

ʘ ʫʞʝ ʛʦʪʦʚʘʷ ʜʝʪʘʣʴ, ʥʘ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʥʘʨʘʩʪʠʪʴ ʚʩʝʛʦ ʣʠʰʴ ʦʪ ʥʝ-

ʩʢʦʣʴʢʠʭ ʩʦʪʳʭ ʜʦ ʤʠʣʣʠʤʝʪʨʘ [2, 3, 4, 7, 8]. 

ʊʘʢ, ʥʘ ʙʘʟʝ ʣʘʙʦʨʘʪʦʨʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʟʥʦʰʝʥʥʳʭ ʜʝʪʘʣʝʡ ʋʅʀʎ 

çɸʛʨʦʪʝʭʥʦʧʘʨʢè ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ ʧʨʦʚʦʜʷʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ 

ʚʣʠʷʥʠʶ ʩʧʦʩʦʙʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘ ʨʝʩʫʨʩ ʜʝʪʘʣʝʡ, ʧʨʠʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʧʝ-

ʨʝʜʦʚʳʝ ʤʝʪʦʜʳ ʨʝʤʦʥʪʘ ï ʵʣʝʢʪʨʦʠʩʢʨʦʚʫʶ ʦʙʨʘʙʦʪʢʫ (ʫʩʪʘʥʦʚʢʦʡ ɹʀɻ-4), 

ʥʘʧʳʣʝʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ (ɼʠʤʝʪ-405), ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʫʶ ʦʙ-

ʨʘʙʦʪʢʫ ʜʝʪʘʣʝʡ (ʕʄʆ-ʉʪʘʥʜʘʨʪ) [5, 6]. 

ʂʘʞʜʳʡ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʚʠʜʝ 

ʫʣʫʯʰʠʪʴ ʩʚʦʡʩʪʚʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʤʦʡ ʜʝʪʘʣʠ, ʥʦ ʥʘʠʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʚʠʜʠʪʩʷ ʠʭ ʩʦʚʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ. ʅʘʧʨʠʤʝʨ, ʚʩʝʤ ʠʟʚʝʩʪ-

ʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʚʝʨʜʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʟʘʢʘʣʢʘ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʫʛʣʝʨʦʜʠʩʪʫʶ ʩʪʘʣʴ 

(ʥʝ ʙʝʨʝʤ ʚ ʨʘʩʯʝʪ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʢʦ-ʪʝʨʤʠʯʝʩʢʠʝ ʩʧʦʩʦʙʳ). ʆʜʥʘʢʦ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦ ʜʝʪʘʣʝʡ ʠʟ ʜʦʨʦʛʠʭ ʩʪʘʣʝʡ ʥʝ ʚʩʝʛʜʘ ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʩʦ-

ʟʜʘʪʴ ʫʧʨʦʯʥʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʤʳ ʤʦʞʝʤ ʢʦʤʙʠʥʘʮʠʝʡ ʧʫʪʝʤ 

ʥʘʩʳʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʜʝʪʘʣʠ ʫʛʣʝʨʦʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʠʩʢʨʦʚʦʡ ʦʙ-

ʨʘʙʦʪʢʠ (ʵʣʝʢʪʨʦʜ ï ʫʛʦʣʴʥʳʡ ʩʪʝʨʞʝʥʴ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ ʥʘ 

ʫʩʪʘʥʦʚʢʝ ʕʄʆ-ʉʪʘʥʜʘʨʪ [7]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʠʩʳʚʘʝʤʳʤ ʢʦʤʙʠʥʘʮʠʷʤ ʧʨʦ-

ʜʦʣʞʘʶʪʩʷ. 
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ɺ.ɺ. ɹʦʮʤʘʥ
1
, ɽ.ɼ. ɼʴʷʢʦʚ

2
 

1
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, 

2
ʍʅʋɻʍ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʘʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʩʘ-

ʤʦʥʝʩʫʱʠʭ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʜʦʚ (ʉʀʇ), ʢʦʪʦʨʳʝ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʠʚʦʜʷʪʩʷ 

ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ [1, 2], ʧʦʜʪʚʝʨʞʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʚ ʧʨʦʮʝʩʩʝ ʤʥʦʛʦʣʝʪʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʘʥʥʳʭ ʧʨʦʚʦʜʦʚ. ʆʜʥʘʢʦ ʨʷʜ ʧʨʦ-

ʙʣʝʤ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʚʥʝʜʨʝʥʠʷ ʉʀʇ, ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, 

ʯʪʦ ʦʪʤʝʯʝʥʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʨʝʘʣʠʟʫʶʪʩʷ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ. ʉʚʷʟʘʥʦ ʵʪʦ, ʩ 

ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʧʨʠʷʪʠʷʤʠ-ʠʟʛʦʪʦʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯ-

ʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʭ ʧʨʦʚʦʜʦʚ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʋʩʪʘʥʦʚʠʪʴ ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʦʪʣʠʯʠʷ ʚ ʠʩʧʦʣʴʟʫʝ-

ʤʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʚʦʜʦʚ ʉʀʇ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʠʭ ʚʣʠʷ-

ʥʠʷ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʩʝʪʝʡ ʥʘʧʨʷʞʝʥʠʝʤ ʜʦ 

1 ʢɺ. 

ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʐʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʧʦʣʫʯʠʣʠ ʩʘʤʦʥʝʩʫʱʠʝ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʧʨʦʚʦʜʘ ʤʘʨʦʢ ʉʀʇ-2 ʠ ʉʀʇ-4. 

ɼʘʥʥʳʝ ʤʘʨʢʠ ʧʨʦʚʦʜʦʚ ʚʳʧʫʩʢʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʝʜʧʨʠʷʪʠʷʤʠ. ʊʘʢ, ʥʘʧʨʠ-

ʤʝʨ, ʇɸʆ çʟʘʚʦʜ ʖʞʢʘʙʝʣʴè  ʧʨʦʠʟʚʦʜʠʪ ʉʀʇ-4 ʩ ʠʟʦʣʷʮʠʝʡ ʠʟ ʪʝʨʤʦʧʣʘ-

ʩʪʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʘ ɿɸʆ çʟʘʚʦʜ ʃʶʜʠʥʦʚʦʢʘʙʝʣʴè ʠʟʛʦʪʘʚʣʠʚʘʝʪ ʪʫ ʞʝ 

ʤʘʨʢʫ ʧʨʦʚʦʜʘ, ʥʦ ʩ ʠʟʦʣʷʮʠʝʡ ʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ. 

ɼʦʧʫʩʪʠʤʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʢʦʚʝʜʫʱʝʡ ʞʠʣʳ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʟʦʣʷʮʠʠ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ, ʩʦʩʪʘʚʣʷʝʪ 70
ʦ
ʉ, ʘ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʠʟʦʣʷʮʠʠ ʠʟ ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ï 90
ʦ
ʉ. ʇʨʠʤʝʥʝʥʠʝ ʉʀʇ-4 ʩ ʠʟʦʣʷʮʠ-

ʝʡ ʠʟ ʪʝʨʤʦʧʣʘʩʪʠʯʥʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʚʤʝʩʪʦ ʩʰʠʪʦʛʦ ʧʦʣʠʵʪʠʣʝʥʘ ʠʟʤʝʥʠʪ ʨʘ-

ʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʦʡ ʣʠʥʠʠ [3]. 

ʇʨʦʙʣʝʤʘ ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ ʩ ʧʨʦʚʦʜʘʤʠ ʉʀʇ-2, ʚ ʢʦʪʦʨʳʭ ʥʝʩʫʱʘʷ ʥʫʣʝ-

ʚʘʷ ʞʠʣʘ ʤʦʞʝʪ ʠʤʝʪʴ ʩʝʨʜʝʯʥʠʢ, ʚʳʧʦʣʥʝʥʥʳʡ ʢʘʢ ʠʟ ʩʪʘʣʴʥʦʡ ʧʨʦʚʦʣʦʢʠ, ʪʘʢ 

ʠ ʠʟ ʘʣʶʤʠʥʠʝʚʦʛʦ ʩʧʣʘʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʘ ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝ-

ʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ, ʠʟʤʝʥʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʣʠʥʠʠ [4]. 

ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʅʝʢʦʪʦ-

ʨʳʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʚʳʧʫʩʢʘʶʪ ʩʘʤʦʥʝʩʫʱʠʝ ʧʨʦʚʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʦʙ-

ʩʪʚʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʫʩʣʦʚʠʷʤ. 

ɺʳʚʦʜʳ. ʇʨʠʚʝʜʝʥʥʳʝ ʧʨʠʤʝʨʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʯʠʥʘʷ ʩʦ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʘʜʘʥʠʷ, ʟʘʢʘʟʯʠʢʫ ʩʣʝʜʫʝʪ ʯʸʪʢʦ ʫʢʘʟʳʚʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷ, ʢʦʪʦʨʳʤ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʣʠʥʠʷ. ʀʤʝʷ ʪʘʢʫʶ ʠʥ-

ʬʦʨʤʘʮʠʶ, ʧʨʦʝʢʪʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʩʧʝʮʠʬʠʢʘʮʠʠ ʩʤʦʞʝʪ ʫʢʘʟʘʪʴ ʢʦʥʢʨʝʪʥʳʝ 

ʤʘʨʢʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʠʟʜʝʣʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʢʘʟʘʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. 
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ʉʭʦʜʥʳʝ ʧʨʦʙʣʝʤʳ ʚʦʟʥʠʢʘʶʪ ʠ ʥʘ ʜʨʫʛʠʭ ʩʪʘʜʠʷʭ ʚʥʝʜʨʝʥʠʷ ʉʀʇ. ʉʦ-

ʛʣʘʩʦʚʘʥʥʘʷ ʨʘʙʦʪʘ ʧʨʦʝʢʪʥʳʭ, ʤʦʥʪʘʞʥʳʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 

ʧʦʟʚʦʣʠʪ ʫʩʪʨʘʥʠʪʴ ʵʪʠ ʧʨʦʙʣʝʤʳ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠʟʦʚʘʪʴ ʪʝ ʧʨʝʠʤʫʱʝ-

ʩʪʚʘ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʦʟʜʫʰʥʳʝ ʣʠʥʠʠ ʩ ʉʀʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʥʠʷʤʠ, ʚʳ-

ʧʦʣʥʝʥʥʳʤʠ ʥʝʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʧʨʦʚʦʜʘʤʠ. 
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3. ʄʝʣʴʥʠʢʦʚ ʄ.ɸ. ʕʣʝʢʪʨʦʩʥʘʙʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ: 
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ʉɺɽʊʆɼʀʆɼʅʓɽ ʉɺɽʊʀʃʔʅʀʂʀ ʀ ʕʂʆʅʆʄʀʗ ʕʃɽʂʊʈʆʕʅɽʈɻʀʀ 

 

ɺ.ɺ. ɹʦʮʤʘʥ, ʖ.ʅ. ʋʣʴʷʥʮʝʚ, ʀ.ʉ. ɻʨʠʛʦʨʴʷʥ, ʈ.ɺ. ʐʘʭʙʘʟʷʥ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʘʥʘʣʠʟ ʧʦʩʣʝʜʥʠʭ ʜʦʩʪʠʞʝʥʠʡ. ʈʝʢʦʤʝʥʜʫʝʤʳʝ 

ʜʝʡʩʪʚʫʶʱʠʤʠ ʥʦʨʤʘʤʠ [1], ʨʝʞʠʤʳ ʜʠʥʘʤʠʯʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʧʦʤʝʱʝʥʠʡ ʜʣʷ 

ʥʘʧʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʮʳʧʣʷʪ-ʙʨʦʡʣʝʨʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦ-

ʵʥʝʨʛʠʠ ʠ ʧʦʟʚʦʣʷʶʪ ʫʧʨʘʚʣʷʪʴ ʨʦʩʪʦʤ ʠ ʨʘʟʚʠʪʠʝʤ ʧʪʠʮʳ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʵʪʠ 

ʨʝʞʠʤʳ ʧʨʝʜʲʷʚʣʷʶʪ ʧʦʚʳʰʝʥʥʳʝ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʵʬ-

ʬʠʮʠʝʥʪʫ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʜʠʩʢʨʝʪʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ 

ʦʩʚʝʱʝʥʥʦʩʪʠ ʩʦʠʟʤʝʨʠʤʘ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʦʩʚʝʱʝʥʥʦʩʪʠ ʜʦʧʫʩʢʘʝʤʦʡ 

ʥʦʨʤʘʤʠ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʧʨʝʜʝʣʠʪʴ ʩʚʝʪʦʪʝʭʥʠʯʝʩʢʠʝ ʧʨʠʙʦʨʳ, ʥʘ ʙʘʟʝ ʢʦ-

ʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʘ ʦʩʚʝʪʠʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʪʠʯʥʠʢʘ ʥʘʧʦʣʴʥʦʛʦ ʩʦ-

ʜʝʨʞʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʥʝ-

ʨʘʚʥʦʤʝʨʥʦʩʪʴʶ. 

ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʣʘʩʩʠʯʝʩʢʠʡ ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ï ʫʩʪʘʥʦʚʢʘ ʥʘ ʦʩʥʦʚʝ çʩʚʝʪʷʱʠʭ ʣʠʥʠʡè ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʰʘʛʦʤ ʨʘʩʧʦ-

ʣʦʞʝʥʠʷ ʩʚʝʪʠʣʴʥʠʢʦʚ ʚ ʥʘʯʘʣʝ ʠ ʢʦʥʮʝ ʢʘʞʜʦʡ ʣʠʥʠʠ [2], ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝ-

ʰʝʥ ʥʘ ʙʘʟʝ ʩʚʝʪʠʣʴʥʠʢʦʚ ʩ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʣʘʤʧʘʤʠ. ɺʳʩʦʢʘʷ ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʥʝ ʧʦʟʚʦʣʷ-

ʝʪ ʩʦʟʜʘʪʴ çʩʚʝʪʷʱʫʶ ʣʠʥʠʶè, ʨʘʟʨʳʚʳ ʤʝʞʜʫ ʩʚʝʪʠʣʴʥʠʢʘʤʠ ʚ ʢʦʪʦʨʦʡ ʥʝ 

ʧʨʝʚʳʰʘʣʠ ʙʳ ʧʦʣʦʚʠʥʳ ʚʳʩʦʪʳ ʧʦʜʚʝʩʘ ʣʠʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʨʘʚʥʦʤʝʨʥʦ-

ʩʪʠ ʦʩʚʝʱʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʥʘ 9 ï 10 % ʭʫʞʝ, ʯʝʤ ʚ ʫʩʪʘʥʦʚʢʝ ʩʦ 

ʩʚʝʪʠʣʴʥʠʢʘʤʠ ʩ ʢʨʫʛʣʦʩʠʤʤʝʪʨʠʯʥʦʡ ʢʨʠʚʦʡ ʩʠʣʳ ʩʚʝʪʘ. 

ʅʝ ʫʜʘʝʪʩʷ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʠ ʥʘ ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʳʭ ʩʚʝʪʦʜʠ-

ʦʜʥʳʭ ʩʚʝʪʠʣʴʥʠʢʦʚ ʪʠʧʘ GL36-D-016N / GL36-D-008N ï ʚʝʣʠʢʘ ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʧʦʪʦʢʘ. 

ʈʘʮʠʦʥʘʣʴʥʳʤ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʨʥʠ-

ʟʠʨʦʚʘʥʥʳʭ (ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʜʠʦʜʘʤʠ) ʣʝʥʪ 

ʪʠʧʘ Led Ribbon, ʠʤʝʶʱʠʭ ʩʪʝʧʝʥʴ ʟʘʱʠʪʳ IP67. ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʚʝ-

ʪʦʚʘʷ ʦʪʜʘʯʘ ʩʚʝʪʦʜʠʦʜʦʚ ʧʨʝʚʳʰʘʝʪ ʚ 1,5 ʨʘʟʘ ʩʚʝʪʦʚʫʶ ʦʪʜʘʯʫ ʣʶʤʠʥʝʩʮʝʥʪ-

ʥʳʭ ʣʘʤʧ ʥʠʟʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʪʦ ʵʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʥʘ 

ʦʩʚʝʱʝʥʠʝ ʧʪʠʯʥʠʢʘ ʧʦʨʷʜʢʘ 30 %, ʥʦ ʧʦʪʝʨʠ ʚ ʦʩʚʝʪʠʪʝʣʴʥʦʡ ʩʝʪʠ ʚʦʟʨʘʩʪʘʶʪ, 

ʧʦ ʥʘʰʠʤ ʧʦʜʩʯʝʪʘʤ ʥʘ 25 ï 27 % (ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʠʪʘʥʠʷ). ʂʨʦʤʝ 

ʪʦʛʦ, ʩʚʝʪʦʜʠʦʜʥʘʷ ʣʝʥʪʘ ʜʦʣʞʥʘ ʟʘʧʠʪʳʚʘʪʴʩʷ ʦʪ ʙʣʦʢʘ ʧʠʪʘʥʠʷ ʩ ʜʚʫʭ ʩʪʦʨʦʥ, 

ʘ ʵʪʦ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʦʚʦʜʘ ʩʝʯʝʥʠʝʤ 2,5 ʤʤ
2
, ʧʨʦʣʦʞʝʥʥʳʭ ʚʜʦʣʴ ʚʩʝʡ 

çʩʚʝʪʷʱʝʡ ʣʠʥʠʠè. ɺʦʟʤʦʞʥʦ, ʩʨʦʢ ʩʣʫʞʙʳ ʩʚʝʪʦʜʠʦʜʦʚ ʠ ʩʦʩʪʘʚʣʷʝʪ 100 ʪʳʩ. 

ʯʘʩʦʚ, ʥʦ ʤʘʢʩʠʤʘʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʩʢʦʨʝʛʫʣʠʨʫʶʱʠʭ ʘʧʧʘ-

ʨʘʪʦʚ ʜʣʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʣʘʤʧ ʥʝ ʧʨʝʚʳʰʘʝʪ 40 ï 45 ʪʳʩ. ʯʘʩʦʚ, ʘ ʘʧʧʘʨʘʪʳ 

ʜʣʷ ʩʚʝʪʦʜʠʦʜʦʚ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʠʟ ʪʘʢʠʭ ʞʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ. 
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ɺʳʚʦʜʳ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʩʚʝʪʦʜʠʦʜʥʳʭ ʣʝʥʪ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʩʦ-

ʚʨʝʤʝʥʥʳʭ ʨʝʞʠʤʦʚ ʦʩʚʝʱʝʥʠʷ ʧʪʠʯʥʠʢʦʚ ʥʘʧʦʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʫʯʠʪʴ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʵʢʦʥʦʤʠʶ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩ ʥʘʰʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʥʝ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʆʜʥʘʢʦ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʪʠʮʳ ʟʘ ʩʯʝʪ 

ʫʤʝʥʴʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʦʩʚʝʱʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʠ ʥʦʨʤʘʪʠʚʥʳʝ ʟʥʘʯʝʥʠʷ ʦʩʚʝʱʝʥʥʦʩʪʠ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʝ 

ʅʦʨʤʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʪʠʮʝʚʦʜʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ [3]. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ʋɼʂ 636.621.472.001 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʆʊɹʈɸʂʆɺʂʀ ɼɽʌɽʂʊʅʆʁ ɻʈɽʅʓ 

ʉ ʈɸɿʈɸɹʆʊʂʆʁ ʊɽʍʅʀʏɽʉʂʀʍ ʉʈɽɼʉʊɺ 

 

ɺ.ʉ. ɹʫʨʣʘʢʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʇʨʦʮʝʩʩ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʯʠʱʝʥʠʷ ʛʨʝʥʳ (ʷʠʮ ʰʝʣʢʦʧʨʷʜʘ) ʦʪ ʨʘʟʣʠʯ-

ʥʳʭ ʧʨʠʤʝʩʝʡ, ʧʦʛʠʙʰʝʡ, ʚʳʩʦʭʰʝʡ ʠ ʥʘʯʠʥʘʶʱʝʡ ʚʳʩʳʭʘʪʴ ʛʨʝʥʳ. ʇʨʦʮʝʩʩ 

ʦʩʥʦʚʘʥ ʥʘ ʨʘʟʣʠʯʠʠ ʚ ʧʣʦʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʡ ʛʨʝʥʳ ʠ ʜʝʬʝʢʪʥʦʡ, ʘ ʪʘʢ ʞʝ ʧʨʠ-

ʤʝʩʝʡ. ɻʨʝʥʘ ʟʘʤʘʯʠʚʘʝʪʩʷ ʚ ʚʦʜʝ ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʦʪʤʳʚʘʝʪʩʷ 

ʦʪ ʤʝʣʢʠʭ ʧʨʠʤʝʩʝʡ ʠ ʧʳʣʠ, ʨʘʩʢʣʝʠʚʘʶʪʩʷ ʢʦʤʦʯʢʠ ʠʟ ʩʣʠʧʰʠʭʩʷ ʛʨʝʥʠʥʦʢ. 

ɿʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪʩʪʘʠʚʘʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʛʨʝʥʘ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ 

(ʦʢʦʣʦ 1,08) ʚʳʰʝ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ (1,00), ʦʩʝʜʘʝʪ ʥʘ ʜʥʦ ʝʤʢʦʩʪʠ, ʘ ʧʨʠʤʝʩʠ ʠ 

ʚʳʩʦʭʰʘʷ ʛʨʝʥʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʥʠʞʝ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʚʩʧʣʳʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʛʨʝʥʳ ʚ ʨʘʩʪʚʦʨʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ (15 % ʨ-ʨ) ʧʨʦʠʟʚʦʜʷʪʩʷ ʪʝ 

ʞʝ ʦʧʝʨʘʮʠʠ. ʆʜʥʘʢʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʘ (ʦʢʦʣʦ 1,10) ʚʳʰʝ 

ʧʣʦʪʥʦʩʪʠ ʛʨʝʥʳ, ʧʨʠ ʦʪʩʪʘʠʚʘʥʠʠ ʧʦʩʣʝʜʥʷʷ ʚʩʧʣʳʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʞʠʜʢʦ-

ʩʪʠ, ʘ ʧʦʛʠʙʰʘʷ, ʥʘʯʠʥʘʶʱʘʷ ʚʳʩʳʭʘʪʴ ʛʨʝʥʘ, ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʚʳʰʝ ʧʣʦʪ-

ʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʦʩʝʜʘʝʪ ʥʘ ʜʥʦ ʝʤʢʦʩʪʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʚ ʛʨʝʥʦʧʨʦʠʟʚʦʜʩʪʚʝ ʤʦʡʢʘ ʛʨʝʥʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʫʯʥʳʤ ʩʧʦʩʦʙʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʩʫʱʝʩʪʚʫ-

ʶʱʠʡ ʧʨʦʮʝʩʩ ʦʪʙʨʘʢʦʚʢʠ ʜʝʬʝʢʪʥʦʡ ʛʨʝʥʳ (ʧʦ ʜʘʥʥʳʤ ɻʝʦʨʛʠʝʚʩʢʦʛʦ ʛʨʝ-

ʥʘʞʥʦʛʦ ʟʘʚʦʜʘ, ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ). 

ʆʧʨʝʜʝʣʷʣʠʩʴ ʪʘʢʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʦʞʠʚʣʷʝʤʦʩʪʴ ʛʨʝʥʳ, ʦʩʪʘʪʢʠ ʥʝʢʦʥ-

ʜʠʮʠʦʥʥʦʡ ʛʨʝʥʳ (ʢʦʤʦʯʢʠ, ʧʦʩʪʦʨʦʥʥʠʝ ʧʨʠʤʝʩʠ, ʚʳʩʦʭʰʘʷ, ʥʘʯʠʥʘʶʱʘʷ ʚʳ-

ʩʳʭʘʪʴ ʠ ʥʝʦʧʣʦʜʦʪʚʦʨʝʥʥʘʷ ʛʨʝʥʘ ʠ ʜʨ.). ʇʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴ-

ʥʦʩʪʠ ʨʫʯʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʛʨʝʥʳ ʚ ʞʠʜʢʦʩʪʠ, ʧʘʨʘʤʝʪʨʳ ʧʨʠʤʝʥʷʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ. ʀʩʩʣʝ-

ʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʝʨʠʦʜ ʤʦʡʢʠ ʛʨʝʥʳ ʚ ʮʝʭʘʭ ʛʨʝʥʘʞʥʦʛʦ ʟʘʚʦʜʘ.  

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ, ʠʟʛʦʪʦʚʣʝʥʘ ʠ ʠʩʧʳʪʘʥʘ ʚ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʤʘʰʠʥʳ ʜʣʷ ʦʪʙʨʘʢʦʚʢʠ ʜʝʬʝʢʪʥʦʡ ʛʨʝʥʳ ʚ ʞʠʜʢʦʩʪʠ, ʩ ʩʠʩʪʝʤʦʡ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʠ ʵʣʝʢʪʨʦʩʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʦʪʙʨʘʢʦʚʢʫ 

ʛʨʝʥʳ, ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʪʘʢ ʠ ʚ ʚʦʜʝ. ʇʨʠ ʦʪʙʨʘʢʦʚʢʝ ʛʨʝʥʳ ʚ 

ʨʘʩʪʚʦʨʝ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ ʨʘʙʦʪʘ ʫʩʪʨʦʡʩʪʚʘ ʧʨʦʪʝʢʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ 

ʙʫʥʢʝʨ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ʛʨʝʥʘ. ʇʨʠ ʚʢʣʶʯʝʥʠʠ ʢʥʦʧʢʠ ʇ-2ʂ ʩʨʘʙʘʪʳʚʘʝʪ ʤʘʛʥʠʪ-

ʥʳʡ ʧʫʩʢʘʪʝʣʴ 2ʂ, ʯʝʨʝʟ ʢʦʥʪʘʢʪʳ ʢʦʪʦʨʦʛʦ ʚʢʣʶʯʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ 1ɼ ʵʣʝʢʪʨʦ-

ʥʘʩʦʩʘ, ʢʦʪʦʨʳʡ ʧʝʨʝʢʘʯʠʚʘʝʪ ʨʘʩʪʚʦʨ ʠʟ ʙʘʢʘ ʚ ʙʫʥʢʝʨ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ. ʉʪʨʫʷ 

ʞʠʜʢʦʩʪʠ ʠ ʘʢʪʠʚʘʪʦʨ ʩ ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʤ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʩʢʣʝʠʚʘʥʠʶ ʠʤʝʶ-

ʱʠʭʩʷ ʢʦʤʦʯʢʦʚ ʛʨʝʥʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ 

ʙʫʥʢʝʨʝ ʨʝʛʫʣʷʪʦʨ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʣʝ ʚʦʟʜʝʡʩʪʚʫʝʪ ʥʘ ʢʦʥʪʘʢʪʳ (ʂʇ-1,ʂʇ-2), 

ʯʝʨʝʟ ʨʘʟʦʤʢʥʫʚʰʠʝʩʷ ʢʦʥʪʘʢʪʳ ʂʇ-1 ʨʘʟʤʳʢʘʝʪʩʷ ʮʝʧʴ ʜʚʠʛʘʪʝʣʷ(1ɼ), ʪ.ʝ. ʚʳ-
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ʢʣʶʯʘʝʪʩʷ ʥʘʩʦʩ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʯʝʨʝʟ ʟʘʤʢʥʫʚʰʠʝʩʷ ʢʦʥʪʘʢʪʳ ʂʇ-2 ʠ  ʢʦʥʪʘʢ-

ʪʳ ʨʝʣʝ ʈʇ-3 ʚʢʣʶʯʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ 2ɼ ʧʨʦʛʨʘʤʤʥʦʛʦ ʨʝʣʝ. ɺ ʙʫʥʢʝʨʝ ʥʘʯʠʥʘ-

ʝʪʩʷ ʧʨʦʮʝʩʩ ʨʘʟʜʝʣʝʥʠʷ ʛʨʝʥʳ ʧʦ ʫʜʝʣʴʥʦʤʫ ʚʝʩʫ. ɹʨʘʢ, ʢʘʢ ʙʦʣʝʝ ʧʣʦʪʥʳʡ, 

ʦʩʝʜʘʝʪ ʥʘ ʜʥʝ ʙʫʥʢʝʨʘ, ʘ ʥʦʨʤʘʣʴʥʘʷ ʛʨʝʥʘ ʩʦʙʠʨʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʚʦ-

ʨʘ. ʇʨʠʤʝʨʥʦ ʯʝʨʝʟ ʧʷʪʴ ʤʠʥʫʪ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʣʝ ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʈ-5 ʚʢʣʶʯʘʝʪ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʢʦʪʦʨʳʡ ʦʪʢʨʳʚʘʝʪ ʢʨʘʥ, ʠ ʨʘʩʪʚʦʨ ʚʤʝʩʪʝ ʩ ʙʨʘʢʦʤ, ʥʘʭʦʜʷ-

ʱʠʤʩʷ ʥʘ ʜʥʝ ʙʫʥʢʝʨʘ, ʩʣʠʚʘʝʪʩʷ ʯʝʨʝʟ ʛʠʙʢʠʡ ʰʣʘʥʛ ʠ ʥʘʢʦʥʝʯʥʠʢ ʚ ʬʠʣʴʪʨʫ-

ʶʱʠʡ ʷʱʠʢ. ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʣʝ ʯʝʨʝʟ ʢʦʥʪʘʢʪ ʈ-6 ʚʢʣʶʯʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪ, ʢʦ-

ʪʦʨʳʡ ʯʝʨʝʟ ʧʘʣʝʮ ʠ ʧʦʣʟʫʥ ʧʝʨʝʙʨʘʩʳʚʘʝʪ ʥʘʢʦʥʝʯʥʠʢ ʠʟ ʩʝʪʯʘʪʦʛʦ ʷʱʠʢʘ ʩ 

ʦʯʠʱʝʥʥʦʡ ʧʨʦʜʫʢʮʠʝʡ ʚ ʷʱʠʢ ʩ ʙʨʘʢʦʤ.  ʋʩʪʨʦʡʩʪʚʦ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʪʨʝʭʬʘʟ-

ʥʦʡ ʩʝʪʠ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ (380ɺ). ʄʦʪʦʨʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ ʨʝʣʝ ʚʨʝʤʝʥʠ ʚʢʣʶ-

ʯʘʝʪ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝ-

ʤʝʥʠ ʨʷʜ ʤʝʭʘʥʠʟʤʦʚ ʫʩʪʨʦʡʩʪʚʘ. ʇʨʦʛʨʘʤʤʥʦʝ ʨʝʣʝ ʚʨʝʤʝʥʠ ʠʤʝʝʪ ʜʚʠʛʘʪʝʣʴ 

2ɼ, ʚʨʘʱʘʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʙʘʨʘʙʘʥ ʩ ʢʦʥʪʘʢʪʘʤʠ ʈ-1, ʈ-2, ʈ-3, ʈ-4, ʈ-5, ʈ-6. 

ʅʘ ʩʭʝʤʝ ʠʤʝʝʪʩʷ ʨʷʜ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʨʝʣʝ ʩ ʢʦʥʪʘʢʪʘʤʠ ʈʇ-1, ʈʇ-2, ʈʇ-3, 

ʈʧ-4, ʈʇ-5, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʫʩʢʘʪʝʣʠ ʩ ʩʠʩʪʝʤʦʡ ʢʦʥʪʘʢʪʦʚ 1ʂ, 2ʂ; ʢʥʦʧʦʯ-

ʥʳʤ ʧʫʩʢʦʤ ʇ-1ʂ, ʉ1 ʠ ʇ-2ʂ, ʉ2. ɺ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʫʩʪʨʦʡʩʪʚʘ, ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ, ʚʭʦʜʷʪ ʣʘʤʧʦʯʢʠ: ʃ1 ï ʩʝʪʴ, ʃ2 ï ʨʘʙʦʪʘ ʥʘʩʦʩʘ, ʃ3 ï ʦʪʩʪʘʠʚʘʥʠʝ, ʃ4 ï 

ʩʣʠʚ, ʃ5 ï ʨʫʯʥʘʷ ʧʨʦʤʳʚʢʘ ʠ ʩʠʣʦʚʦʡ ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʊʈ-220/12. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʥʘʜʝʞʥʦʩʪʠ, ʠʩʢʣʶʯʝʥʠʷ ʥʝʜʦʩʪʘʪʢʦʚ ʧʨʦ-

ʛʨʘʤʤʥʦ-ʢʦʥʪʘʢʪʥʦʡ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʘʰʠʥʳ, ʙʳʣ ʨʘʟʨʘ-

ʙʦʪʘʥ ʠ ʠʩʩʣʝʜʦʚʘʥ ʵʣʝʢʪʨʦʥʥʳʡ ʙʣʦʢ ʘʚʪʦʤʘʪʠʢʠ ʥʘ ʫʩʠʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʀʟ ʫʩʠʣʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʳʙʨʘʥʳ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʪʨʠʦʜʳ-

ʪʨʘʥʟʠʩʪʦʨʳ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ. ʇʦʩʪʨʦʝʥʥʳʝ ʥʘ ʪʨʘʥʟʠʩʪʦʨʘʭ ʨʝʣʝ 

ʚʨʝʤʝʥʠ ʪʨʝʙʫʶʪ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʨʝʣʝ ʩ ʥʝʙʦʣʴʰʠʤ ʪʦʢʦʤ ʩʨʘʙʘʪʳʚʘʥʠʷ (20-

40 ʤʘ). ʇʦʚʳʰʝʥʠʝ ʞʝ ʥʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʙʣʦʢʦʚ ʘʚʪʦʤʘʪʠʢʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 

ʤʘʰʠʥ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʨʝʣʝ ʪʠʧʘ ʇʕ ʠʣʠ ʄʂʋ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʱʥʳʤʠ 

ʛʨʫʧʧʘʤʠ ʢʦʥʪʘʢʪʦʚ, ʦʜʥʘʢʦ, ʩ ʙʦʣʴʰʠʤ ʪʦʢʦʤ ʩʨʘʙʘʪʳʚʘʥʠʷ (80-300 ʤʘ). ɼʣʷ 

ʩʦʚʤʝʱʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʳ ʩ ʪʠʧʦʚʳʤʠ ʨʝʣʝ. 

ʈʘʩʩʯʠʪʳʚʘʣʠ ʮʝʧʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʝʞʠʤ ʨʘʙʦʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʠ-

ʟʘʮʠʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʷʯʝʡʢʠ ʨʝʣʝ ʚʨʝʤʝʥʠ, ʢʘʢ ʦʩʥʦʚʘ 

ʙʣʦʢʘ ʘʚʪʦʤʘʪʠʢʠ. ɺʨʝʤʷ ʚʳʜʝʨʞʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʨʝʣʝ ʚʨʝʤʝʥʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʤʢʦʩʪʠ ʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʫʟʣʝ ʘʚʪʦʤʘʪʠʢʠ ʤʘʰʠʥʳ ʚʦʩʝʤʴ ʘʥʘʣʦʛʠʯʥʳʭ ʷʯʝʝʢ ʨʝʣʝ 

ʚʨʝʤʝʥʠ, ʧʦʣʫʯʘʶʱʠʭ ʧʠʪʘʥʠʝ 24 ʚ ʯʝʨʝʟ ʩʪʘʙʠʣʠʟʘʪʦʨ, ʩʦʙʨʘʥʥʳʡ ʥʘ ʪʨʘʥʟʠ-

ʩʪʦpax. ʉʭʝʤʘ ʟʘʧʫʩʢʘʝʪʩʷ ʚ ʨʘʙʦʪʫ ʢʥʦʧʢʦʡ ʂʥ  ʠ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʨʝʣʝ ʠ ʤʘʛʥʠʪ-

ʥʦʛʦ ʧʫʩʢʘʪʝʣʷ ʨʝʣʝ ʚʨʝʤʝʥʠ (ʧʝʨʚʦʝ) ʧʦʜʢʣʶʯʘʝʪ ʜʚʠʛʘʪʝʣʴ ʥʘʩʦʩʘ ʕɼ 1. ɿʘʪʝʤ 

ʦʪʢʣʶʯʘʝʪʩʷ ʜʚʠʛʘʪʝʣʴ ʥʘʩʦʩʘ ʕɼ 1 ʠ ʧʦʜʢʣʶʯʘʝʪʩʷ ʢ ʙʘʟʦʚʦʡ ʮʝʧʠ ʚʪʦʨʦʝ ʨʝʣʝ 

ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʚʢʣʶʯʘʝʪ ʜʚʠʛʘʪʝʣʴ ʘʢʪʠʚʘʪʦʨʘ ʕɼ 2 ʠ ʩʣʝʜʫʶʱʝʝ ʨʝʣʝ ʚʨʝ-

ʤʝʥʠ ʠ ʜʘʣʝʝ ʢʦ ʚʩʝʤ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʦʨʛʘʥʘʤ ʤʘʰʠʥʳ. 
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ɺʚʝʜʝʥʠʝ. ʇʯʝʣʠʥʘʷ ʧʝʨʛʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʧʠʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʧʨʦʜʫʢʪʘ ʩʦʟʜʘʥ ʮʝʣʳʡ ʨʷʜ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ 

ʜʦʙʘʚʦʢ ʢ ʧʠʪʘʥʠʶ, ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʠʢʠ ʣʝʯʝʥʠʷ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ [1, 14]. 

ʇʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʛʠ ʠʟ ʩʦʪʦʚ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʷʚʣʷʶʪʩʷ ʨʫʯʥʳʤʠ, ʧʨʦʜʫʢʪ, ʠʟʚʣʝʢʘʝʤʳʡ ʠʟ ʩʦʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ 

ʧʯʝʣʦʚʦʜʯʝʩʢʦʛʦ ʠʥʚʝʥʪʘʨʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ, ʩʠʣʴʥʦ ʟʘʛʨʷʟ-

ʥʝʥ ʚʦʩʢʦʤ ʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʦʙʦʣʦʯʢʘʤʠ [1, 2, 11]. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣ ʨʘʟʨʘʙʦ-

ʪʘʥ ʨʷʜ ʩʧʦʩʦʙʦʚ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʛʠ ʠʟ ʩʦʪʦʚ [7, 9, 10], ʘ ʪʘʢʞʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ [5, 8, 13]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʩʨʝʜʩʪʚ ʤʝʭʘʥʠʟʘʮʠʠ ʧʦʟʚʦʣʷʝʪ ʤʥʦʛʦʢʨʘʪʥʦ ʩʥʠʟʠʪʴ ʫʜʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʪʨʫʜʘ (ʥʘ ʝʜʠʥʠʮʫ ʧʦʣʫʯʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ), ʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʥʦʛʦ-

ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤʳ ʟʘʛʦʪʦʚʢʝ ʧʝʨʛʠ ʚ ʫʩʣʦʚʠʷʭ ʧʯʝʣʦʚʦʜʯʝʩʢʦʡ ʧʘʩʝʢʠ 

[3, 4]. ɺʳʧʦʣʥʷʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʛʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʧʫʪʝʤ ʦʯʠʩʪʢʠ ʛʨʘʥʫʣ ʧʝʨʛʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ (ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ) [6]. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʦʧʝʨʘʮʠʡ ʠʟʚʣʝʯʝʥʠʷ ʧʝʨʛʠ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʩʦʪʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʰʪʠʬʪʦʚʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʤʝʣʴʯʘʶʱʠʡ ʘʧʧʘʨʘʪ ʜʣʷ ʦʯʠʩʪʢʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʚʣʝʯʝʥʥʳʭ ʠʟ ʩʦʪ ʛʨʘʥʫʣ. ʀʟʤʝʣʴʯʝʥʠʝ ʠ ʦʯʠʩʪʢʘ ʦʩʫʱʝʩʪʚ-

ʣʷʶʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʢʘʤʝʨʝ, ʜʥʦ ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʦ ʚ ʚʠʜʝ ʨʝʰʝʪʘ, ʚʥʫʪ-

ʨʠ ʨʘʙʦʯʝʡ ʢʘʤʝʨʳ ʚʝʨʪʠʢʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥ ʨʘʙʦʯʠʡ ʚʘʣ, ʩʥʘʙʞʸʥʥʳʡ ʪʨʝʤʷ 

ʰʪʠʬʪʘʤʠ, ʟʘʢʨʝʧʣʝʥʥʳʤʠ ʧʦʜ ʫʛʣʦʤ 120Á
 
ʧʦ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʚʘʣʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 1150é1200 ʦʙ./ʤʠʥ., ʘ ʧʨʠ 

ʦʯʠʩʪʢʠ ʤʘʩʩʳ ʛʨʘʥʫʣ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʧʦʥʠʞʘʝʪʩʷ ʜʦ 100 ʦʙ./ʤʠʥ. [2, 

12]. ɺʨʘʱʝʥʠʝ ʰʪʠʬʪʦʚ ʚʥʫʪʨʠ ʤʘʩʩʳ ʛʨʘʥʫʣ ʩ ʧʦʥʠʞʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʥʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʠʟʤʝʣʴʯʝʥʠʶ ʛʨʘʥʫʣ, ʘ ʘʢʪʠʚʥʦ ʠʭ ʧʝʨʝʤʝʰʠʚʘʝʪ. ʄʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡ-

ʩʪʚʠʝ ʢʦʤʦʯʢʦʚ ʧʝʨʛʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫh ʝʥʠʶ ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʙʦʣʦʯʝʢ, ʢʦʪʦʨʳʝ ʦʪʩʣʘʠʚʘʶʪʩʷ ʠ ʫʜʘʣʷʶʪʩʷ ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ ʤʝʭʘʥʠʟʠʨʦ-

ʚʘʥʥʳʭ ʦʧʝʨʘʮʠʷʭ. 

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ ʛʨʘʥʫʣ ʧʝʨʛʠ ʦʪ ʦʙʦʣʦʯʝʢ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʨʘʙʦʯʫʶ ʢʘʤʝʨʫ ʟʘʛʨʫʞʘʶʪ ʥʘʚʝʩʢʫ ʥʝʦʯʠʱʝʥʥʳʭ ʧʝʨʛʦ-

ʚʳʭ ʛʨʘʥʫʣ ʤʘʩʩʦʡ 200Ñ10 ʛ, ʚʣʘʞʥʦʩʪʴʶ 13ï15 % (ɻʆʉʊ 31776-2012), ʦʭʣʘ-

ʞʜʝʥʥʳʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ -5é-15Áʉ. ʇʨʠ ʟʘʛʨʫʟʢʝ ʥʘʚʝʩʢʠ ʧʝʨʛʠ ʚ ʨʘʙʦʪʘʶʱʫʶ 

ʫʩʪʘʥʦʚʢʫ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʰʝʪʘ ʦʙʨʘʟʫʝʪʩʷ ʩʣʦʡ ʚʳʩʦʪʦʡ ʦʢʦʣʦ 25 ʤʤ, ʧʨʠ 

ʵʪʦʤ ʥʠʞʥʠʡ ʰʪʠʬʪ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʧʦʛʨʫʞʝʥ ʚ ʩʣʦʡ. ʕʪʠʤ ʜʦʩʪʠʛʘʝʪ-

ʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʚ ʜʚʠʞʝʥʠʝ ʚʩʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʡ ʤʘʩʩʳ. ʏʘʩʪʦʪʘ 
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ʚʨʘʱʝʥʠʷ ʚʘʣʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ 140 ʦʙ./ʤʠʥ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʩʣʦʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʚʨʘʱʘʶʱʝʛʦʩʷ ʰʪʠʬʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʪʨʝʥʠʝ ʦ ʧʝʨʬʦʨʠʨʦʚʘʥʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʰʝʪʘ, ʘ ʪʘʢʞʝ ʦ ʩʦʩʝʜʥʠʝ ʛʨʘʥʫʣʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ, ʢʦʪʦʨʳʝ ʧʨʦʩʝʠʚʘʶʪʩʷ ʯʝʨʝʟ ʧʨʦʜʦʣʛʦʚʘʪʳʝ ʦʪʚʝʨʩʪʠʷ. 

ʆʧʳʪʳ ʧʨʦʚʦʜʠʣʠ ʚ ʧʷʪʠ ʢʦʥʪʨʦʣʴʥʳʭ ʪʦʯʢʘʭ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ (ʠʩʩʣʝʜʫʝʤʦʛʦ ʬʘʢʪʦʨʘ): 60, 

120, 180, 240, 300 ʩ. ʇʦʚʪʦʨʥʦʩʪʴ ʦʧʳʪʘ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʘʚʥʷʣʘʩʴ 5. 

ʂʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ ï ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʮʝʣʳʭ ʧʝʨʛʦʚʳʭ ʛʨʘʥʫʣ, 

ʦʯʠʱʝʥʥʳʭ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ʚ ʦʙʱʝʡ ʤʘʩʩʝ ʥʘʚʝʩʢʠ (1): 

100,ʦ

ʥ

m
W

m
= Ö                                                      (1) 

ʛʜʝ W ï ʧʨʦʮʝʥʪ ʦʯʠʱʝʥʥʳʭ ʛʨʘʥʫʣ (ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ), %. 

mʦ ï ʤʘʩʩʘ ʛʨʘʥʫʣ, ʦʩʚʦʙʦʞʜʝʥʥʳʭ ʦʪ ʦʙʦʣʦʯʝʢ, ʛ; 

mʥ ï ʦʙʱʘʷ ʤʘʩʩʘ ʥʘʚʝʩʢʠ, ʛ. 

ʈʝʛʨʝʩʩʠʦʥʥʘʷ ʤʦʜʝʣʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʤʘʩʩʦʚʳʡ ʚʳʭʦʜ ʦʯʠʱʝʥʥʳʭ ʦʪ ʢʦ-

ʢʦʥʦʚ ʧʝʨʛʦʚʳʭ ʛʨʘʥʫʣ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ (2):  
2(t) 22.56 0.46 0.00085 ,W t t= + Ö - Ö                                (2) 

ʛʜʝ t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʦʯʠʩʪʢʠ, ʩ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʜʝʪʝʨʤʠʥʘʮʠʠ R
2
 = 0,988 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʜʦʣʝ ʦʙʲʷʩʥʝʥʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚ ʦʙʱʝʡ ʚʘʨʠʘʮʠʠ ʧʘʨʘʤʝʪʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦ-

ʢʦʤ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʥʦʡ ʨʝʛʨʝʩ-

ʩʠʦʥʥʦʡ ʤʦʜʝʣʴʶ. 

ɸʥʘʣʠʟ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦ-

ʜʳ: 1) ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʚʘʣʘ ʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʝʰʝʪʘ ʜʦ ʥʠʞʥʝʡ ʧʣʦʩʢʦʩʪʠ ʚʪʫʣʢʠ ʬʠʢʩʘʮʠʠ ʰʪʠʬʪʘ ʧʨʦʮʝʥʪ 

ʚʳʭʦʜʘ ʮʝʣʳʭ ʧʝʨʛʦʚʳʭ ʛʨʘʥʫʣ, ʦʯʠʱʝʥʥʳʭ ʦʪ ʦʨʛʘʥʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ, ʫʚʝʣʠ-

ʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ; 2) ʧʦ ʠʩʪʝʯʝʥʠʠ 4,0ï

4,5 ʤʠʥʫʪ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʝʜʝʣ ʦʧʪʠʤʠʟʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ 83ï86 % ʮʝʣʳʭ ʦʯʠʱʝʥʥʳʭ ʛʨʘʥʫʣ ʚ ʦʙʱʝʡ ʤʘʩʩʝ; 3) ʜʘʣʴ-

ʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʢʨʠʪʝʨʠʷ 

ʦʧʪʠʤʠʟʘʮʠʠ, ʘ, ʥʘʧʨʦʪʠʚ, ʚʝʜʝʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʝʛʦ ʩʥʠʞʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʯʨʝʟ-

ʤʝʨʥʦʛʦ ʠʩʪʠʨʘʥʠʷ ʛʨʘʥʫʣ ʠ ʠʭ ʟʘʣʠʧʘʥʠʷ ʚ ʦʪʚʝʨʩʪʠʷʭ ʨʝʰʝʪʘ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ʋɼʂ 631.171: 621.31: 633/635 

 

ʈɽɻʈɽʉʉʀʆʅʅʓʁ ɸʅɸʃʀɿ ɺʃʀʗʅʀʗ ʂʆʅɽʏʅʆʁ ʊɽʄʇɽʈɸʊʋʈʓ  

ʀ ʉʂʆʈʆʉʊʀ ʉɺʏ-ʅɸɻʈɽɺɸ ʅɸ ɺʉʍʆɾɽʉʊʔ ʉɽʄʗʅ ʃʖʇʀʅɸ 

 

ʉ.ɺ. ɺʝʥʜʠʥ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ (ʕʄʇ ʉɺʏ) ʚ ʧʨʦʮʝʩʩʘʭ ʧʦʜʛʦʪʦʚʢʠ ʢ ʧʦʩʝʚʫ ʠ 

ʜʣʷ ʙʦʨʴʙʳ ʩ ʙʦʣʝʟʥʷʤʠ ʠ ʚʨʝʜʠʪʝʣʷʤʠ ʩʝʤʷʥ [1ï15]. ʆʜʥʦʡ ʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʘʣʠʟʘʮʠʠ ʉɺʏ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʵʬʬʝʢʪʘ ʦʙ-

ʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʦʛʦʝ ʩʦʙʣʶʜʝʥʠʝ ʚʝʣʠʯʠʥʳ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʢʫʣʴʪʫʨ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ 

ʛʨʘʥʠʯʥʳʭ ʠ ʦʧʪʠʤʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʉɺʏ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʝʛʨʝʩʩʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ 

ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʨʘʙʦʪʝ [16] ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʉɺʏ 

ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʵʢʩʧʦʟʠʮʠʠ ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʣʶʧʠʥʘ. 

ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʧʨʝʜʧʦʩʝʚʥʦʡ ʉɺʏ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʣʶʧʠʥʘ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʚʦʟʜʝʡʩʪʚʫ-

ʶʱʠʭ ʬʘʢʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʦʥʝʯʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʢʦʨʦʩʪʴ ʉɺʏ ʥʘʛʨʝ-

ʚʘ. ʉɺʏ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝ-

ʥʠʷ ʩ ʉɺʏ ʤʦʱʥʦʩʪʴʶ 0,5 ʢɺʪ ʠ ʯʘʩʪʦʪʦʡ ʠʟʣʫʯʝʥʠʷ 2450Ñ50 ʄɻʮ. ʀʥʪʝʨʚʘʣ 

ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʦʟʜʝʡʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʧʦ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʉɺʏ ʥʘʛʨʝ-

ʚʘ ʩʦʩʪʘʚʣʷʣ ʦʪ 34 ʜʦ 54
ʦ
ʉ, ʘ ʧʦ ʩʢʦʨʦʩʪʠ ʉɺʏ ʥʘʛʨʝʚʘ ï ʦʪ 0,34 ʜʦ 0,59

ʦ
ʉ/ʩ. 

ʂʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʩʣʫʞʠʣʘ ʚʩʭʦʞʝʩʪʴ 

ʩʝʤʷʥ (%). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ ʧʦʢʘʟʘʪʝʣʝʡ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʧʦʣʫʯʝʥʦ ʨʝʛʨʝʩʩʠ-

ʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʣʠʷʥʠʷ ʢʦʥʝʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʉɺʏ ʥʘʛʨʝʚʘ (ʍ1) ʠ ʩʢʦʨʦʩʪʠ 

ʉɺʏ ʥʘʛʨʝʚʘ (ʍ2) ʥʘ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʣʶʧʠʥʘ (Y). ʋʨʘʚʥʝʥʠʝ ʚ ʥʘʪʫʨʘʣʴʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʠʤʝʝʪ ʚʠʜ (1): 

Y = B0 + B1 X1 + B2 X2 + B12 X1 X2,                                     (1) 

ʛʜʝ B0 = 77,22; B1 = 0,18; B2 = 12,49; B12 = -0,22. 

ɸʥʘʣʠʟ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ ʣʠʥʠʠ ʫʨʦʚʥʷ ʜʣʷ ʨʝʘʣʠ-

ʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʦʚ ʉɺʏ ʦʙʨʘʙʦʪʢʠ. ʇʨʠ ʉɺʏ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ  ʩ ʫʚʝʣʠ-

ʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʥʘʛʨʝʚʘ ʦʪ 0,34 ʜʦ 0,59
ʦ
ʉ/ʩ ʢʦʥʝʯʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʛʨʝʚʘ 

ʩʣʝʜʫʝʪ ʩʥʠʞʘʪʴ ʩ 52,5 ʜʦ 48,0
ʦ
ʉ. ʇʨʠ ʵʪʦʤ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʣʶʧʠʥʘ ʩʦʩʪʘʚʣʝ̫ʪ 

87,5 ï 88,0 % ʧʨʠ 86% ʥʘ ʢʦʥʪʨʦʣʝ (ʩʝʤʝʥʘ ʙʝʟ ʦʙʨʘʙʦʪʢʠ). ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʉɺʏ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʣʶʧʠʥʘ 

ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʧʘʨʘʤʝʪʨʘʤ. 
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ʊʈɽɹʆɺɸʅʀʗ ʂ ʕʃɽʂʊʈʆʆɹʆʈʋɼʆɺɸʅʀʖ ɹʀʆɻɸɿʆɺʆɻʆ ʈɽɸʂʊʆʈɸ 

 

ʉ.ɺ. ɺʝʥʜʠʥ, ɸ.ʖ. ʄʘʤʦʥʪʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʄʥʦʛʦʢʘʤʝʨʥʳʡ ʙʠʦʛʘʟʦʚʳʡ ʨʝʘʢʪʦʨ ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʛʨʫʟʢʠ ʩʳʨʴʷ 

(ʄɹʈʅɿʉ) ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʠʦʛʘʟʘ, ʪʘʢ ʢʘʢ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʘʢʪʦʨʘ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʧʦʣʥʳʡ ʮʠʢʣ 

ʘʥʘʵʨʦʙʥʦʛʦ ʩʙʨʘʞʠʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʣʶʙʳʭ ʫʜʦʙʥʳʭ ʫʩʣʦʚʠʷʭ ʧʝʨʝʤʝʰʠ-

ʚʘʥʠʷ ʠ ʦʙʦʛʨʝʚʘ. ʀʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʳʭʦʜʘ ʙʠʦ-

ʛʘʟʘ ʧʨʠ ʨʘʥʥʝʤ ʠ ʧʦʟʜʥʝʤ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠʣʠ ʧʨʠ ʱʘʜʷʱʝʤ ʠ 

ʢʨʠʪʠʯʝʩʢʦʤ ʦʙʦʛʨʝʚʝ. ʇʦʣʴʟʦʚʘʪʝʣʶ ʄɹʈʅɿʉ ʧʨʝʜʦʩʪʘʚʣʷʝʪʩʷ ʚʳʙʨʘʪʴ ʢʘʢ 

ʤʝʟʦʬʠʣʴʥʳʡ, ʪʘʢ ʠ ʪʝʨʤʦʬʠʣʴʥʳʡ ʠʣʠ ʩʤʝʰʘʥʥʳʡ ʨʝʞʠʤ. ʊʘʢʞʝ ʄɹʈʅɿʉ ï 

ʠʜʝʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʥʘʙʣʶʜʝ-

ʥʠʶ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʥʘʛʨʝʚʘ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʙʨʘʞʠʚʘʝʤʦʡ ʙʠʦʤʘʩ-

ʩʳ ʚ ʭʦʜʝ ʜʚʠʞʝʥʠʷ ʦʪ ʢʘʤʝʨʳ ʢ ʢʘʤʝʨʝ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠ ʠʥʪʝʛʨʘʮʠʠ ʚ ʄɹʈʅɿʉ 

ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ 

ʥʘʛʨʝʚʘʪʴ ʠ ʧʝʨʝʤʝʰʠʚʘʪʴ ʩʙʨʘʞʠʚʘʝʤʫʶ ʙʠʦʤʘʩʩʫ ʦʪ ʝʝ ʧʦʩʪʫʧʣʝʥʠʷ ʜʦ ʩʣʠʚʘ 

ʫʜʦʙʨʝʥʠʡ, ʥʦ ʠ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʩʙʨʘ-

ʞʠʚʘʥʠʷ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʙʘʟʝ ʤʠʢʨʦ-

ʢʦʥʪʨʦʣʣʝʨʦʚ, ʫʧʨʘʚʣʷʶʱʠʤʠ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʝʤ, ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʩ ʧʨʝʜ-

ʣʦʞʝʥʥʳʤ ʙʠʦʛʘʟʦʚʳʤ ʨʝʘʢʪʦʨʦʤ ʧʨʠ ʟʘʜʘʥʥʳʭ ʧʘʨʘʤʝʪʨʘʭ. ʇʨʝʜʣʦʞʝʥʳ ʚʘʨʠ-

ʘʥʪʳ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ, ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʠʦ-

ʤʘʩʩʳ, ʧʦʜʭʦʜʷʱʠʝ ʧʦʜ ʫʩʣʦʚʠʷ ʧʣʦʪʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ. ɼʘʥʘ ʩʭʝʤʘ ʢʦʤʤʫʪʘʮʠʠ ʫʩʪʨʦʡʩʪʚ ʠ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʘ ʩ ʚʳʙʦʨʦʤ ʧʨʝʜ-

ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʙʦʛʨʝʚʘ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʣʝʥʦ ʦʙʦʩʥʦʚʘʥʠʝ ʵʢʦʥʦʤʠʠ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʚʳʭʦʜʘ ʙʠʦʛʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʨʝʘʢʪʦʨʦʤ ʩ 

ʦʜʠʥʘʨʥʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʝʰʘʣʢʦʡ, ʘ ʪʘʢʞʝ ʫʢʘʟʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʶ ʠ ʚʳʙʦʨʫ ʪʠʧʘ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʙʠʦʛʘʟʦʚʳʭ ʨʝʘʢʪʦʨʦʚ.  
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ʋɼʂ 631.171 

 

ʆʉʆɹɽʅʅʆʉʊʀ ʇʆɼɻʆʊʆɺʂʀ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʁ ʊɽʍʅʀʂʀ 

ʂ ʇʆʃɽɺʓʄ ʈɸɹʆʊɸʄ ɺ ʉʆɺʈɽʄɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 
 

ɸ.ɺ. ɺʝʨʥʠʛʦʨ, ɸ.ʃ. ɹʦʣʦʪʢʠʥ 

ʌɻɹʆʋ ɺʆ ʉʤʦʣʝʥʩʢʘʷ ɻʉʍɸ ʛ. ʉʤʦʣʝʥʩʢ, ʈʦʩʩʠʷ 

 

ʇʨʠ ʨʘʙʦʪʝ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʠʟ-ʟʘ ʥʝʜʦ-

ʩʪʘʪʦʯʥʦʡ ʠʭ ʥʘʜʝʞʥʦʩʪʠ ʟʘ ʚʝʩʴ ʩʨʦʢ ʩʣʫʞʙʳ ʩ ʥʘʯʘʣʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʦʞʝʪ 

ʚʦʟʥʠʢʥʫʪʴ ʧʦʪʦʢ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ 

ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʦʪʢʘʟʦʚ ʠ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʙʳʣʘ ʧʨʝʜʫʧʨʝʞʜʝʥʘ, ʪ.ʝ. ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʠʟʜʝʣʠʷ ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʜʦ ʥʘʩʪʫʧʣʝʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʠʣʠ ʦʪʢʘʟʘ [1]. ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʈʦʩʩʠʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʠʩʪʝʤʘ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ ʪʝʭʥʠʢʠ ʠ ʝʝ ʨʝʤʦʥʪʘ ʚ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʮʝʥʪʨʘʭ ʧʦ ʨʝʤʦʥʪʫ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʠ ʤʘʰʠʥ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʚʳ-

ʧʦʣʥʷʝʪʩʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʨʘʙʦʯʠʤʠ ʥʘ ʩʝʨʚʠʩʥʳʭ ʮʝʥʪʨʘʭ ʠʣʠ ʚʳʝʟʜ-

ʥʳʤʠ ʙʨʠʛʘʜʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʤʝʩʪʫ ʩʪʦʷʥʢʠ (ʭʨʘʥʝʥʠʷ) ʪʝʭʥʠʢʠ [2]. ʊʘ-

ʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: 

ï ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʦʙʩʣʫʞʠʚʘʥʠʶ ʠ ʨʝʤʦʥʪʫ; 

ï ʥʘʣʠʯʠʝ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʝʡ; 

ï ʛʘʨʘʥʪʠʡʥʳʝ ʩʨʦʢʠ ʥʘ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʙʦʪʳ; 

ï ʩʨʦʢʠ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʚʳʩʦʢʘʷ ʥʘʜʝʞʥʦʩʪʴ. 

ʂʨʦʤʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʨʝʤʦʥʪʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʜʘʥʥʦʝ 

ʧʨʝʜʧʨʠʷʪʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪ: 

ï ʧʨʦʜʘʞʫ ʩʝʣʴʭʦʟʪʝʭʥʠʢʠ; 

ï ʧʨʦʜʘʞʫ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ; 

ï ʧʨʦʢʘʪ ʥʝʢʦʪʦʨʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ; 

ï ʧʨʦʜʘʞʫ ʤʘʩʣʘ, ʩʤʘʟʦʢ, ʩʧʝʮʠʘʣʴʥʳʭ ʞʠʜʢʦʩʪʝʡ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ɸʊʊ. 

ʀʟʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʨʦʢ ʩʣʫʞʙʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠ ʩ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʧʨʦ-

ʚʦʜʠʪʴ ʚʝʩʝʥʥʠʝ ʠ ʦʩʝʥʥʠʝ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ, ʪʘʢ ʞʝ ʵʢʦʥʦʤʠʪʴ ɻʉʄ. 
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ʄʆɼɽʃʀ ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʓʊɸʅʀʁ 

ʉɹʆʈʆʏʅʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

 

ʅ.ɺ. ɺʦʜʦʣʘʟʩʢʘʷ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʢʦʥʩʪʨʫʢʮʠʷʭ ʤʘ-

ʰʠʥ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ ʨʝʟʴʙʦʚʳʝ 

ʩʦʝʜʠʥʝʥʠʷ [1, 2]. ʂ ʯʠʩʣʫ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʩʙʦʨʢʠ, 

ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʙʦʨʦʯʥʦʛʦ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʛʘʡʢʦʚʝʨʪʦʚ [3]. ʅʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ, ʫʜʝʣʷʝʤʦʝ 

ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʨʘʩʯʝʪʘ ʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, 

ʵʥʝʨʛʠʠ ʝʜʠʥʠʯʥʦʛʦ ʫʜʘʨʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʥʝʦʙʭʦʜʠʤʳʭ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʧʦʢʘʟʘʪʝʣʝʡ [4, 5]. ʇʦʵʪʦʤʫ ʠʟʫʯʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʙʦʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘ 

ʩʧʝʮʠʘʣʴʥʳʭ ʤʦʜʝʣʷʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʟʨʘʙʦʪʢʘ ʫʜʘʨʥʳʭ ʛʘʡʢʦʚʝʨʪʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʧʨʦ-

ʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʠʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʜʦʣʛʦʚʝʯʥʦʩʪʴ 

ʠ ʥʘʜʝʞʥʦʩʪʴ [6, 7]. ʊʘʢʠʝ ʠʩʧʳʪʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ 

ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʥʦ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʨʘʙʦʪʳ, ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʤʠ ʢʘʢ ʚʳʩʦʢʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʠ ʭʠ-

ʤʠʯʝʩʢʘʷ ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʨʝʜʳ [8, 9, 10]. ʀʩʧʳʪʘʥʠʷ ʛʘʡʢʦʚʝʨʪʦʚ ʚ ʫʜʘʨʥʦʤ ʨʝ-

ʞʠʤʝ ʥʘ ʨʝʘʣʴʥʳʭ ʨʝʟʴʙʦʚʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʣʥʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝ-

ʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʫʩʣʦʚʠʡ [11, 12]. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʶʪ ʪʨʫʜʥʦʩʪʠ, 

ʩʚʷʟʘʥʥʳʝ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ ʠʩʧʳʪʘʥʠʡ ʠ ʚʳʩʦʢʦʡ ʩʪʦʠ-

ʤʦʩʪʴʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʝʟʴʙʦʚʳʭ ʜʝʪʘʣʝʡ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʴʶ ʟʘʤʝʥʳ ʵʪʠʭ ʜʝʪʘʣʝʡ ʠʟ-ʟʘ ʠʭ ʚʳʭʦʜʘ ʠʟ ʩʪʨʦʷ ʧʨʠ ʧʦʚʪʦʨʥʳʭ ʟʘʪʷʞ-

ʢʘʭ [13]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʦʧʦʩʪʘʚʠʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ 

ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ [14], ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦ-

ʚʘʥʠʷ ʫʜʘʨʥʳʭ ʛʘʡʢʦʚʝʨʪʦʚ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʝʥʜʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʠʤʠʪʘʪʦʨ 

ʨʝʟʴʙʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʚʦʩʧʨʠʥʠʤʘʶʱʠʡ ʫʜʘʨʥʳʝ ʥʘʛʨʫʞʝʥʠʷ ʦʪ ʠʩʧʳʪʳʚʘʝ-

ʤʦʛʦ ʛʘʡʢʦʚʝʨʪʘ. ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨʳ ʠʤʠʪʘʪʦʨʘ ʜʦʣʞʥʳ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʩʪʘ-

ʪʦʯʥʫʶ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʠʤʠʪʠʨʫʝʤʦʛʦ ʨʝʟɹ-

ʙʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʙʳʣʦ ʚʳʙʨʘʥʦ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʝ ʨʝʟʙɹʦʚʦʝ 

ʩʦʝʜʠʥʝʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʢʦʪʦʨʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʟʤʝʨʥʦʛʦ ʨʷʜʘ ʛʘʡʢʦʚʝʨʪʦʚ.  

ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʝʣʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʨʘʩʯʝʪʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʫʧʨʫʛʦ-ʬʨʠʢʮʠʦʥʥʦʛʦ ʩʪʝʥʜʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʚʳ-

ʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʳʪʘʥʠʡ ʩʙʦʨʦʯʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ɸ.ʉ. ɺʦʣʝʛʦʚ 

ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʘʷ ɻʉʍɸ, ʛ. ʇʝʨʤʴ, ʇʝʨʤʩʢʠʡ ʢʨʘʡ, ʈʦʩʩʠʷ 

 

ʈʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʤʦʜʝʣʴ ʩʝʷʣʢʠ ʪʦʯʥʦʛʦ ʚʳʩʝʚʘ ʩ ʚʳʭʦʜʥʳʤʠ ʚʦʟʤʫʱʝ-

ʥʠʷʤʠ ʚ ʚʠʜʝ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷ Z (t) ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ɟ (t), ʧʦ ʢʦʪʦʨʦʡ ʧʝʨʝʢʘʪʳʚʘʝʪʩʷ ʦʧʦʨʥʦ-

ʧʨʠʚʦʜʥʦʝ ʢʦʣʝʩʦ ʩʝʷʣʢʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʳʭʦʜʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʤʦʜʝʣʠ ʙʳʣ ʧʨʠʥʷʪ 

ʧʨʦʮʝʩʩ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ ʚ ʨʷʜʢʝ l (t). ʇʨʠ ʵʪʦʤ ʩʝʷʣ-

ʢʘ ʙʳʣʘ ʨʘʟʙʠʪʘ ʥʘ ʪʨʠ ʟʚʝʥʘ: ʟʚʝʥʦ 1 ï ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʝ ʢʦʣʝʩʦ; ʟʚʝʥʦ 2 ï ʤʝ-

ʭʘʥʠʟʤ ʧʨʠʚʦʜʘ  ʚʳʩʝʚʘʶʱʝʛʦ ʙʘʨʘʙʘʥʘ; ʟʚʝʥʦ 3, ʫʯʠʪʳʚʘʶʱʝʝ ʧʝʨʝʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʩʝʤʷʥ ʧʨʠ ʦʪʨʳʚʝ ʠʭ ʦʪ ʙʘʨʘʙʘʥʘ ʜʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʚ ʧʦʯʚʝ. 

ʇʨʠ ʩʢʦʣʴʞʝʥʠʠ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ ʩʝʷʣʢʠ Ů (t)  ʠ ʟʘ ʩʯʝʪ ʚʥʫʪ-

ʨʝʥʥʠʭ ʧʦʤʝʭ ʚ ʤʝʭʘʥʠʟʤʝ ʧʨʠʚʦʜʘ ʚʳʩʝʚʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ, ʚʳʩʝʚʘʶʱʠʡ ʙʘʨʘ-

ʙʘʥ ʚʨʘʱʘʝʪʩʷ ʩ ʧʝʨʝʤʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ɤʙ (t), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʧʦ-

ʜʘʯʝ ʩʝʤʷʥ ʚ ʩʦʰʥʠʢ. ʅʘʨʫʰʝʥʠʝ ʨʠʪʤʠʯʥʦʩʪʠ ʧʦʜʘʯʠ ʩʝʤʷʥ, ʨʘʩʢʘʪʳʚʘʥʠʝ ʠʭ 

ʚ ʙʦʨʦʟʜʝ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ ʦʧʨʝʜʝʣʷʶʪ ʩʣʫʯʘʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʝʤʷʥ ʥʘ ʜʥʝ 

ʙʦʨʦʟʜʳ, ʢʦʪʦʨʦʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠʟʤʝʥʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ 

ʤʝʞʜʫ ʩʝʤʝʥʘʤʠ l (t). 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʝʨʦʚʥʦʩʪʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʦʣʷ Z (t) ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʯʚʳ ɟ (t) ʥʘ ʧʨʦ-

ʮʝʩʩ ʩʢʦʣʴʞʝʥʠʷ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʛʦ ʢʦʣʝʩʘ Ů (t) ʟʚʝʥʘ 1 ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝ-

ʩʢʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʦʩʫʱʝʩʪʚʠʪʴ ʥʝʚʦʟʤʦʞʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʤʝʞʜʫ ʚʭʦʜʥʳʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ  ʠ ʚʳʭʦʜʥʳʤ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʩ-

ʧʦʣʴʟʫʷ ʤʝʪʦʜ ʠʜʝʥʪʠʬʠʢʘʮʠʠ [1]. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʝʨʘʪʦʨʦʚ ʩʠʩʪʝʤʳ ʙʳʣʦ 

ʠʩʧʦʣʴʟʦʚʘʥʦ ʚʳʨʘʞʝʥʠʝ (1): 

Sy(ɤ)=[A(ɤ)]
2 
*Sx(ɤ),                                                 (1) 

ʛʜʝ [A(ɤ)]
2
 ï ʢʚʘʜʨʘʪ ʤʦʜʫʣʷ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ; 

Sx(ɤ) ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ; 

Sy(ɤ) ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʳʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʠʩʭʦʜʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʧʝ-

ʨʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʠʩʪʝʤʫ [2]. 

ʇʝʨʝʜʘʪʦʯʥʳʝ ʬʫʥʢʮʠʠ ʟʚʝʥʘ 1 ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ  Z (t)  - Ů (t) ʧʦʣʫʯʝʥʘ ʚ 

ʚʠʜʝ (2):  

W1 (S) =                                                     (2)  

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ T0=0,311ʩ, T1=0,392ʩ, T2=0,650ʩ, K=0,421.  

ʇʦ ʢʘʥʘʣʫ ɟ (t) - Ů (t) ï ʚ ʚʠʜʝ (3): 

W1 (S)=                                                  (3) 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ T0=0,291ʩ, T3=0,466ʩ, T4=0,531ʩ, K=0,381. 
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ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʪʦʨʦʛʦ ʟʚʝʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʘʥʘʣʠʪʠʯʝʩʢʠ, ʢʘʢ 

ʤʦʜʝʣʴ ʢʦʣʝʙʘʥʠʡ ʚʳʩʝʚʘʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ʄʝʭʘʥʠʟʤ ʧʨʠʚʦʜʘ ʩʝʷʣʢʠ ʪʦʯʥʦʛʦ 

ʚʳʩʝʚʘ ʩʦʩʪʦʠʪ ʠʟ ʮʝʧʥʳʭ ʧʝʨʝʜʘʯ. ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʚ ʵʪʦʤ ʤʝʭʘʥʠʟʤʝ ʚʦʟʥʠ-

ʢʘʶʪ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʚʨʘʱʝʥʠʶ ʚʳʩʝʚʘʶʱʝʛʦ 

ʙʘʨʘʙʘʥʘ. 

ʇʨʝʥʝʙʨʝʛʘʷ ʫʧʨʫʛʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʟʚʝʥʴʝʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʫʶ ʩʠʩʪʝʤʫ 

ʦʪʥʝʩʣʠ ʢ ʩʠʩʪʝʤʘʤ ʩ ʦʜʥʦʡ ʩʪʝʧʝʥʴʶ ʩʚʦʙʦʜʳ. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʙ-

ʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠʥʷʪʴ ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʳʩʝʚʘʶʱʝʛʦ ʙʘʨʘʙʘʥʘ, ʪʦ ʧʦʚʝʜʝ-

ʥʠʝ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ ʚʪʦʨʦʛʦ 

ʨʦʜʘ (4): 

                                                   (4) 

ʛʜʝ ʊ ï ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʩʠʩʪʝʤʳ; 

 - ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʚʳʩʝʚʘʶʱʝʛʦ ʙʘʨʘʙʘʥʘ; 

ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʳʩʝʚʘʶʱʝʛʦ ʙʘʨʘʙʘʥʘ; 

QŬ ï ʦʙʦʙʱʝʥʥʘʷ ʩʠʣʘ. 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ (4) ʠʟʚʝʩʪʥʳʤ ʩʧʦʩʦʙʦʤ [3] ʙʳʣʘ ʧʦʣʫ-

ʯʝʥʘ ʧʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʚʝʥʘ 2 ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (5): 

W2(S)=                                                     (5) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʪʦʨʦʡ ʨʘʚʥʳ T5=0,84ʩ, T6=0,95ʩ, K2=0,71. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʝʨʘʪʦʨʘ ʟʚʝʥʘ 3 ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʠʟʚʝʩʪʥʦʝ ʩʦʦʪ-

ʥʦʰʝʥʠʝ (1). 

ʇʝʨʝʜʘʪʦʯʥʘʷ ʬʫʥʢʮʠʷ ʟʚʝʥʘ 3 ʧʦʣʫʯʝʥʘ ʚ ʚʠʜʝ (6): 

W3 (S) =                                                    (6) 

ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ T0=0,651ʩ, T7=0,234ʩ, T8=0,171ʩ, K=0,144. 

ɸʥʘʣʠʟ ʧʦʩʪʦʷʥʥʳʭ ʚʨʝʤʝʥʠ ʧʝʨʝʜʘʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ʟʚʝʥʴʝʚ 1,2,3 ʧʦʢʘ-

ʟʳʚʘʝʪ, ʯʪʦ ʦʧʦʨʥʦ-ʧʨʠʚʦʜʥʦʝ ʢʦʣʝʩʦ ʩʝʷʣʢʠ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪ ʚʭʦʜʥʦʡ ʧʨʦʮʝʩʩ, 

ʢʘʢ ʢʦʣʝʙʘʪʝʣʴʥʦʝ ʟʚʝʥʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʝʷʣʢʠ ʢʦʣʝʙʘʥʠʷ 

ʟʚʝʥʴʝʚ 1,3 ʫʤʝʥʴʰʘʶʪʩʷ, ʢʦʣʝʙʘʥʠʷ ʟʚʝʥʘ 2 ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ʩʪʚʘ. ʄ.: ʕʥʝʨʛʠʷ, 1975. 173ʩ. 
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ʊɽʆʈɽʊʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ 

ʀɿʄɽʃʔʏʀʊɽʃʗ ʉʊɽɹɽʃʔʏɸʊʓʍ ʂʆʈʄʆɺ  

ʉ ʐɸʈʅʀʈʅʆ ʇʆɼɺɽʐɽʅʅʓʄʀ ʂʆʄɹʀʅʀʈʆɺɸʅʅʓʄʀ ʅʆɾɸʄʀ 

 

ʉ.ʌ. ɺʦʣʴʚʘʢ
1
, ɼ.ʅ. ɹʘʭʘʨʝʚ

2
, ɸ.ɸ. ɺʝʨʪʠʡ

3
 

1
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, 

2
ʉʇʙ ɻɹʇʆʋ çʅʄʊè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 

3
ɻʆʋ ʉʇʆ ʃʅʈ çʂʨʘʩʥʦʣʫʯʩʢʠʡ ʛʦʨʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʣʣʝʜʞè,  

ʛ. ʂʨʘʩʥʳʡ ʃʫʯ, ʃʅʈ 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʚʳʧʫʩʢʘʝʤʳʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴʶ ʨʘʟʣʠʯʥʳʭ ʤʘʰʠʥ ʠ ʘʛʨʝ-

ʛʘʪʦʚ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʫʙʳʭ ʢʦʨʤʦʚ ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʦʡ 

ʟʦʦʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʵʥʝʨ-

ʛʦʸʤʢʦʩʪʴ ʠ ʤʘʪʝʨʠʘʣʦʸʤʢʦʩʪʴ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ 

ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʥʝ ʫʜʦʙʥʳ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʜʸʞʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʅʠʟʢʘʷ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʥʝ ʧʦʟʚʦʣʷʝʪ ʰʠ-

ʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʛʨʫʙʳʭ ʢʦʨʤʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʧʨʦʯʥʳʤ 

ʩʪʝʙʣʝʤ (ʥʘʧʨʠʤʝʨ, ʢʫʢʫʨʫʟʘ, ʩʘʭʘʨʥʦʝ ʩʦʨʛʦ, ʩʦʨʛʦ-ʩʫʜʘʥʢʦʚʳʡ ʛʠʙʨʠʜ ʠ ʪ.ʜ.) 

[1ï5]. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʠʟʤʝʣʴʯʠʪʝʣʝʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ, 

ʯʪʦ ʜʝʣʘʝʪ ʥʝʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʤʘʰʠʥ ʚ ʣʠʯʥʳʭ ʧʦʜʩʦʙ-

ʥʳʭ ʠ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠʟʤʝʣʴʯʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʙʳ 

ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʧʨʦʮʝʩʩʘ ʠ ʢʘʯʝʩʪʚʫ ʨʘʙʦʪʳ ʧʦʜʭʦʜʠʣ 

ʙʳ ʜʣʷ ʬʝʨʤ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ, ʬʝʨʤʝʨʩʢʠʭ ʠ ʢʦʣʣʝʢʪʠʚʥʳʭ ʭʦʟʷʡʩʪʚ ʷʚʣʷʝʪ-

ʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʪʨʝʙʫʶʱʝʡ ʥʘʫʯʥʦʛʦ ʧʦʜʭʦʜʘ ʠ ʪʱʘʪʝʣʴʥʦʛʦ 

ʦʙʦʩʥʦʚʘʥʠʷ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʜʚʠʥʫʪʦʡ ʥʘʤʠ ʛʠʧʦʪʝʟʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ 

ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʫʙʳʭ ʢʦʨʤʦʚ ʩ ʧʨʦʯʥʳʤ ʩʪʝʙʣʝʤ (ʥʘʧʨʠʤʝʨ, ʢʫʢʫʨʫʟʘ, ʩʘʭʘʨʥʦʝ 

ʩʦʨʛʦ, ʩʦʨʛʦ-ʩʫʜʘʥʢʦʚʳʡ ʛʠʙʨʠʜ ʠ ʪ.ʜ.) ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘ-

ʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʙʣʠ 

ʠ ʠʭ ʩʢʦʣʴʟʷʱʝʝ ʨʝʟʘʥʠʝ ʰʘʨʥʠʨʥʦ ʧʦʜʚʝʰʝʥʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʥʦʞʘ-

ʤʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘʤʠ ʧʨʝʜʣʦʞʝʥ ʙʘʨʘʙʘʥ ʩ ʰʘʨʥʠʨʥʦ ʧʦʜʚʝ-

ʰʝʥʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʥʦʞʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʢʣʠʥʦ-

ʚʠʜʥʳʝ ʠ ʧʦʧʝʨʝʯʥʳʝ ʩʝʨʧʦʚʠʜʥʳʝ ʣʝʟʚʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʜʚʘ ʷʨʫʩʘ. ʇʨʠ 

ʵʪʦʤ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʤʝʱʝʥʠʝ ʩʧʦʩʦʙʘ ʨʝʟʘʥʠʷ ʧʫʘʥʩʦʥʦʤ 

(ʨʫʙʢʘ) ʠ ʨʝʟʘʥʠʝ ʩʦ ʩʢʦʣʴʞʝʥʠʝʤ. 

ʇʨʠ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʥʝʠʟʤʝʣʴʯʸʥʥʳʝ ʩʪʝʙʣʠ, ʧʝʨʝ-

ʤʝʱʘʷʩʴ ʧʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʪʨʘʥʩʧʦʨʪʸʨʫ, ʩʞʠʤʘʶʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʞʠʤ-

ʥʦʛʦ ʪʨʘʥʩʧʦʨʪʸʨʘ ʠ ʚ ʩʧʨʝʩʩʦʚʘʥʥʦʤ ʚʠʜʝ ʧʦʜʘʶʪʩʷ ʚ ʠʟʤʝʣʴʯʘʶʱʠʡ ʘʧʧʘʨʘʪ, 

ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʧʦʨʥʦʝ ʨʝʟʘʥʠʝ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʢʣʠʥʦʚʠʜʥʳʝ ʣʝʟʚʠʷ ʨʘʩ-

ʱʝʧʣʷʶʪ ʯʘʩʪʴ ʩʪʝʙʣʝʡ ʚ ʧʨʦʜʦʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʠ ʵʪʦʤ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʝ 
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ʥʦʞʠ ʪʝʨʷʶʪ ʩʢʦʨʦʩʪʴ, ʥʦ ʫʩʣʦʚʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʩʢʦʣʴʟʷʱʝʛʦ ʨʝʟʘʥʠʷ ʧʦ-

ʧʝʨʝʯʥʳʤʠ ʩʝʨʧʦʚʠʜʥʳʤʠ ʣʝʟʚʠʷʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ. ʕʪʦ ʚ ʮʝʣʦʤ ʧʨʝʜʦʧʨʝʜʝ-

ʣʷʝʪ ʩʥʠʞʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʩʣʦʷ. ʍʦʪʷ ʫʜʘʨʥʦʝ ʜʝʡʩʪʚʠʝ (ʨʫʙʢʘ) ʯʘ-

ʩʪʠʯʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʦʪʩʝʢʘʝʤʳʝ ʯʘʩʪʠʮʳ ʩʪʝʙʣʷ ʨʘʩʱʝʧʣʷʶʪʩʷ ʥʘ ʢʫʩʢʠ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʨʘʟʨʳʚʘ ʘʨʤʠʨʫʶʱʠʭ ʧʨʦʞʠʣʦʢ ʩʪʝʙʣʷ. ʀʟʤʝʣʴʯʸʥʥʳʝ ʯʘʩʪʠʯʢʠ ʩʪʝʙ-

ʣʝʡ ʚʦʟʜʫʰʥʳʤ ʧʦʪʦʢʦʤ ʚʳʚʦʜʷʪʩʷ ʯʝʨʝʟ ʚʳʛʨʫʟʥʫʶ ʛʦʨʣʦʚʠʥʫ, ʛʜʝ ʫʩʪʘʥʦʚʣʝ-

ʥʦ ʨʝʰʝʪʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʥʝʜʦʧʫʩʪʠʤʦ ʜʣʠʥʥʳʝ ʯʘʩʪʠʯʢʠ ʩʪʝʙʣʝʡ ʦʪʧʨʘʚʠʪʴ ʥʘ 

ʜʦʠʟʤʝʣʴʯʝʥʠʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʝʙʣʝʡ ʧʨʝʜʣʦʞʝʥʥʳʤ ʨʘʙʦʯʠʤ 

ʦʨʛʘʥʦʤ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʱʝʧʣʝʥʠʝ ʦʪʩʝʢʘʝʤʳʭ ʯʘʩʪʠʮ ʥʘ ʯʘʩʪʠ. ʆʧʨʝʜʝʣʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʱʝʧʣʝʥʠʷ ʦʪʩʝʢʘʝʤʳʭ ʯʘʩʪʠʮ ʥʘ ʯʘʩʪʠ ʧʦʟʚʦʣʠʣʦ ʙʦʣʝʝ 

ʪʦʯʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʝʙʣʝʡ ʠ ʨʘʟʨʘʙʦʪʘʪʴ 

ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. ɸʥʘʣʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʥʦʚʦʛʦ ʠʟʤʝʣʴʯʠʪʝʣʷ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʝʛʦ ʨʘʙʦʯʝʛʦ 

ʦʨʛʘʥʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 

921 ʢʛ/ʯ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 990ï1030 ʦʙ./ʤʠʥ. ʇʦʚʳʰʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʚʳʰʝ 990 ʦʙ./ʤʠʥ. ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʟ-ʟʘ ʥʝʵʬʬʝʢʪʠʚʥʦʡ ʨʘ-

ʙʦʪʳ ʥʦʞʝʡ ʚʪʦʨʦʛʦ ʷʨʫʩʘ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʘʙʠʚʘʥʠʶ ʠʟ-

ʤʝʣʴʯʘʶʱʝʛʦ ʘʧʧʘʨʘʪʘ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠʟʤʝʣʴʯʠʪʝʣʷ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʛʨʫʙʳʭ 

ʢʦʨʤʦʚ ʩ ʧʨʦʯʥʳʤ ʩʪʝʙʣʝʤ ʤʦʞʥʦ ʧʫʪʸʤ ʧʨʠʤʝʥʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʫʜʘʨʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʪʝʙʣʠ ʠ ʠʭ ʩʢʦʣʴʟʷʱʝʝ ʨʝ-

ʟʘʥʠʝ ʰʘʨʥʠʨʥʦ ʧʦʜʚʝʰʝʥʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʥʦʞʘʤʠ.  
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ʈʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʬ-

ʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʢʦʨʤʦʚ. 

ʀʟʤʝʣʴʯʠʪʝʣʠ ʛʨʫʙʳʭ ʩʪʝʙʝʣʴʯʘʪʳʭ ʢʦʨʤʦʚ ʩʨʝʜʠ ʢʦʨʤʦʧʨʠʛʦʪʦʚʠʪʝʣʴʥʳʭ 

ʤʘʰʠʥ ʜʣʷ ʂʈʉ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʵʬʬʝʢʪʠʚ-

ʥʳʡ ʠʟʤʝʣʴʯʠʪʝʣʴ ʜʦʣʞʝʥ ʢʘʯʝʩʪʚʝʥʥʦ ʠʟʤʝʣʴʯʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦ ʤʝʭʘʥʠʢʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚʠʜʳ ʠ ʩʦʨʪʘ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʬʬʝʢʪʠʚʥʳʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ. ɺ ʨʘʙʦʪʝ [1] ʥʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦ-

ʞʝʥʘ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʠʟʤʝʣʴʯʠʪʝʣʷ ʛʨʫʙʳʭ ʩʪʝ-

ʙʝʣʴʯʘʪʳʭ ʢʦʨʤʦʚ ʠ ʦʧʠʩʘʥ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʥʦʚʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘʤ ʩ ʰʘʨ-

ʥʠʨʥʦ ʧʦʜʚʝʰʝʥʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ ʥʦʞʘʤʠ. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʥʦʚʳʤ ʨʘ-

ʙʦʯʠʤ ʦʨʛʘʥʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʘʙʦʪʳ [1] ʠ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʙʦʪʘʭ ʠʟ-

ʚʝʩʪʥʳʭ ʫʯʸʥʳʭ ʅ.ɽ. ʈʝʟʥʠʢʘ [2, 3], ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ [4] ʠ ʜʨ. 

ʉʫʱʝʩʪʚʝʥʥʦʡ ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʛʨʫʙʳʭ ʩʪʝ-

ʙʝʣʴʯʘʪʳʭ ʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʘ. ʉʪʝʙʝʣʴ ʚʳʧʦʣʥʷʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚ-

ʥʳʝ ʬʫʥʢʮʠʠ: ʥʝʩʸʪ ʥʘ ʩʝʙʝ ʤʘʩʩʫ ʨʘʩʪʝʥʠʷ, ʦʢʘʟʳʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʪʘʪʠʯʝ-

ʩʢʠʤ ʠ ʜʠʥʘʤʠʯʝʩʢʠʤ ʥʘʛʨʫʟʢʘʤ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʣʠʩʪʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚʦʜʦʡ ʠ 

ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ ʤʠʥʝʨʘʣʴʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ, ʥʘʢʘʧʣʠʚʘʝʪ ʟʘʧʘʩʳ ʧʠʪʘ-

ʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ. ʋ ʨʘʟʥʳʭ ʨʘʩʪʝʥʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʪʝ ʠʣʠ ʠʥʳʝ ʬʫʥʢʮʠʠ ʨʘʟʚʠʪʳ ʚ ʙʦʣʴʰʝʡ ʠʣʠ 

ʤʝʥʴʰʝʡ ʤʝʨʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʟ-ʟʘ ʤʥʦʞʝʩʪʚʘ ʠʭ ʢʦʤʙʠʥʘʮʠʡ ʠʤʝʶʪʩʷ ʨʘʟ-

ʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʪʨʦʝʥʠʶ ʩʪʝʙʣʠ [5]. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʫʩʨʝʜʥʸʥʥʫʶ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʩʪʝʙʣʷ. ʉʪʦʠʪ ʦʪ-

ʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʝʙʝʣʴʥʳʭ ʢʦʨʤʦʚʳʭ ʨʘʩʪʝʥʠʡ ʜʣʷ ʂʈʉ ʧʨʠʩʫʪ-

ʩʪʚʫʝʪ ʘʨʤʘʪʫʨʥʘʷ ʪʢʘʥʴ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʩʢʣʝʨʝʥʭʠʤʘ [5].  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʩʪʨʦʝʥʠʝ ʩʪʝʙʣʝʡ ʢʦʨʤʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʂʈʉ, ʥʘʤʠ 

ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʪʝʙʝʣʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʮʠʣʠʥʜʨ, ʚʳ-

ʧʦʣʥʝʥʥʳʡ ʠʟ ʦʜʥʦʨʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʝʨʠʬʝʨʠʷ ʢʦʪʦʨʦʛʦ ʘʨʤʠʨʦʚʘʥʘ ʙʦʣʝʝ 

ʧʨʦʯʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚʳʜʚʠʥʫʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʘʙʩʦʣʶʪʥʫʶ ʜʝʬʦʨʤʘʮʠʶ 

ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʩʣʦʷ ʩʪʝʙʣʷ, ʚʳʟʳʚʘʶʱʫʶ ʧʦʷʚʣʝʥʠʝ ʨʘʟʨʝʟʘ, ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʩʦʛʣʘʩʥʦ ʠʟʚʝʩʪʥʦʡ ʪʝʦʨʠʠ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɺ.ʇ. ɻʦʨʷʯʢʠʥʳʤ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʪʝʦʨʠʡ ʅ.ɽ. ʈʝʟʥʠʢʘ ʠ ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ ʥʘʤʠ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ ʩʪʝʙʝʣʴʯʘ-

ʪʳʭ ʢʦʨʤʦʚ ʠʟʤʝʣʴʯʠʪʝʣʝʤ ʩ ʰʘʨʥʠʨʥʦ ʧʦʜʚʝʰʝʥʥʳʤʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤʠ 

ʥʦʞʘʤʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʜʠʘʧʘʟʦʥʝ 

ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 950ï1030 ʦʙ./ʤʠʥ. ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʨʝʞʠʤ ʤʠ-

ʥʠʤʘʣʴʥʳʭ ʟʘʪʨʘʪ ʤʦʱʥʦʩʪʠ ʥʘ ʠʟʤʝʣʴʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ 1,01ï1,1 ʢɺʪ. 

ɺ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦʛʦ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʟʘʪʨʘʪʳ ʤʦʱʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪ 

ʤʠʥʠʤʫʤʘ ʧʨʠ ʯʘʩʪʦʪʝ 990 ʦʙ./ʤʠʥ. ʇʨʠ ʜʘʥʥʦʡ ʯʘʩʪʦʪʝ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʥʝʦʙ-

ʭʦʜʠʤʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ʨʫʙʢʦʡ ʠ ʩʢʦʣʴʟʷʱʠʤ ʨʝʟʘʥʠʝʤ, ʣʝʟʚʠʝ ʥʦʞʘ ʟʘʛʨʫʞʝʥʦ 

ʨʘʮʠʦʥʘʣʴʥʦ, ʘ ʪʘʢʞʝ ʤʠʥʠʤʘʣʴʥʳ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʩʠʣ ʪʨʝʥʠʷ ʤʘʪʝʨʠʘʣʘ 

ʩʪʝʙʣʷ ʦ ʪʳʣʴʥʫʶ ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ ʯʘʩʪʴ ʣʝʟʚʠʷ ʠ ʦ ʝʛʦ ʨʝʞʫʱʫʶ ʢʨʦʤʢʫ. 

ʇʦʣʫʯʝʥʥʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ 

ʥʦʨʤʘʣʴʥʦ ʜʝʡʩʪʚʫʶʱʫʶ ʩʠʣʫ ʥʦʞʝʡ ʠ ʨʘʩʩʯʠʪʘʪʴ ʠʭ ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʠ 

ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʬʦʨʤʘ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʩʪʝʙʣʷ, ʦʪʩʝʢʘʝʤʫʶ 

ʥʦʞʘʤʠ, ʣʝʟʚʠʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʚ ʬʦʨʤʝ ʫʯʘʩʪʢʘ ʩʧʠʨʘʣʠ ɸʨʭʠʤʝʜʘ.  

ɺ ʨʘʮʠʦʥʘʣʴʥʦʤ ʨʝʞʠʤʝ ʠʟʤʝʣʴʯʝʥʠʷ ʤʦʱʥʦʩʪʴ, ʧʦʪʨʝʙʥʘʷ ʥʘ ʭʦʣʦʩʪʦʡ 

ʭʦʜ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʩʦʩʪʘʚʠʪ 0,331 ʢɺʪ, ʥʝʦʙʭʦʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʵʣʝʢʪʨʦʜʚʠʛʘ-

ʪʝʣʷ ʩ ʫʯʸʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʝʦʜʦʣʝʥʠʷ ʠʥʝʨʮʠʠ ʧʨʠ ʧʫʩʢʝ ʩʦʩʪʘʚʠʪ 1,61 ʢɺʪ. 

ɼʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʨʘ-

ʙʦʯʝʛʦ ʦʨʛʘʥʘ ʜʣʷ ʠʟʤʝʣʴʯʝʥʠʷ ʩʪʝʙʝʣʴʯʘʪʳʭ ʢʦʨʤʦʚ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʜʘʣɹ-

ʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ʋɼʂ 631.861 

 

ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʆʎɽʅʂɸ ʊɽʍʅʆʃʆɻʀʁ ʋʊʀʃʀɿɸʎʀʀ 

ʆʊʍʆɼʆɺ ɾʀɺʆʊʅʆɺʆɼʉʊɺɸ 

 

ʉ.ʌ. ɺʦʣʴʚʘʢ
1
, ʄ.ɺ. ɺʦʣʴʚʘʢ

1
, ɸ.ɼ. ɺʦʣʦʰʠʥ

2
 

1
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, 

2
ɻʆʋ ɺʇʆ ʃʅʋ ʠʤ. ɺ. ɼʘʣʷ, ʛ. ʃʫʛʘʥʩʢ, ʃʅʈ 

 

ʈʘʟʚʠʪʠʝ ʦʪʨʘʩʣʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʣʝʯʸʪ ʟʘ ʩʦʙʦʡ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ (ʙʠʦʤʘʩʩʳ) ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ: ʥʘʚʦʟʘ 

ʢʨʫʧʥʦʛʦ ʨʦʛʘʪʦʛʦ ʩʢʦʪʘ, ʩʚʠʥʝʡ, ʧʪʠʮʳ, ʟʝʣʸʥʦʡ ʤʘʩʩʳ, ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪ-

ʢʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʫʪʠʣʠʟʘʮʠʶ ʙʠʦʤʘʩʩʳ ʠ 

ʨʠʩʢʦʚ ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ: ʵʚʪʨʦʬʠʢʘʮʠʠ ʚʦʜʦʸ-

ʤʦʚ, ʚʳʙʨʦʩʫ ʚ ʘʪʤʦʩʬʝʨʫ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʘʟʦʪʘ, ʘʤʤʠʘʢʘ, ʩʝʨʦʚʦʜʦʨʦʜʘ, ʥʘʢʦʧ-

ʣʝʥʠʶ ʙʦʣʝʟʥʝʪʚʦʨʥʳʭ ʙʘʢʪʝʨʠʡ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ.  

ʊʨʘʜʠʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʠ ʩʧʦʩʦʙʘʤʠ ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʥʦʡ ʤʘʩʩʳ 

ʷʚʣʷʶʪʩʷ: ʧʝʨʝʚʘʣʦʯʥʘʷ, ʢʦʤʧʦʩʪʠʨʦʚʘʥʠʝ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝ-

ʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʤʝʭʘʥʠʯʝʩʢʦʝ ʦʙʝʟʚʦʞʠʚʘʥʠʝ, ʪʝʨʤʠʯʝʩʢʘʷ ʩʫʰʢʘ, ʧʝʨʝʨʘʙʦʪʢʘ 

ʣʠʯʠʥʢʘʤʠ ʤʫʭ ʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʘʤʠ. ʀʭ ʦʩʥʦʚʥʳʝ ʥʝʜʦʩʪʘʪʢʠ: ʚʳʩʦʢʘʷ ʵʥʝʨ-

ʛʦʸʤʢʦʩʪʴ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʘʪʤʦʩʬʝʨʫ 

ʠ ʛʨʫʥʪʦʚʳʝ ʚʦʜʳ, ʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʙʫʨʪʦʚ ʠ ʣʘʛʫʥ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʠ ʭʨʘʥʝʥʠʷ 

ʥʘʚʦʟʘ, ʙʦʣʴʰʠʝ ʩʘʥʠʪʘʨʥʳʝ ʟʦʥʳ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʝ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʙʠʦʤʘʩʩʳ, 

ʥʘʧʨʠʤʝʨ, ʘʥʘʵʨʦʙʥʘʷ ʬʝʨʤʝʥʪʘʮʠʷ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʙʠʦʛʘʟʘ, 

ʧʦʟʚʦʣʷʶʪ ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ, ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʦʢʨʫʞʘ-

ʶʱʫʶ ʩʨʝʜʫ, ʩʦʜʝʨʞʘʥʠʝ ʧʘʪʦʛʝʥʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʫʤʝʥʴʰʠʪʴ ʧʣʦʱʘʜʴ 

ʥʘʚʦʟʥʳʭ ʧʣʦʱʘʜʦʢ, ʫʥʠʯʪʦʞʠʪʴ ʩʝʤʝʥʘ ʩʦʨʥʷʢʦʚ ʠ ʧʦʚʳʩʠʪʴ ʢʘʯʝʩʪʚʦ ʧʦʣʫ-

ʯʝʥʥʳʭ ʫʜʦʙʨʝʥʠʡ. 

ʕʥʝʨʛʝʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʠʦʤʘʩʩʳ ʧʦʟʚʦʣʷʝʪ, ʢʨʦʤʝ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, 

ʚʳʨʘʙʘʪʳʚʘʪʴ ʝʱʸ ʠ ʪʝʧʣʦʚʫʶ ʵʥʝʨʛʠʶ, ʘ ʪʘʢʞʝ ʞʠʜʢʠʝ (ʙʠʦʜʠʟʝʣʴ ʠ ʙʠʦʵʪʘ-

ʥʦʣ) ʠ ʛʘʟʦʦʙʨʘʟʥʳʝ (ʙʠʦʛʘʟ) ʪʦʧʣʠʚʘ. ʇʨʠ ʵʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʝʧʣʘ ʠʟ ʙʠʦʤʘʩ-

ʩʳ ʷʚʣʷʝʪʩʷ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʨʦʛʦʛʦ ʠʤʧʦʨʪ-

ʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɺʳʙʦʨ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʩʧʦʩʦʙʘ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ ʚ ʟʥʘ-

ʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʦʸʤʢʦʩʪʠ ʚʳʙʨʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʥʝʜ-

ʨʝʥʠʷ ʚ ʧʨʘʢʪʠʢʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ, ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʭ 

ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ, ʘ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʧʦʟʚʦ-

ʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘʙʘ-

ʪʳʚʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ ʫʪʠʣʠʟʘʮʠʠ ʠ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʧʦʣʥʫʶ 

ʠ ʦʙʲʝʢʪʠʚʥʫʶ ʢʘʨʪʠʥʫ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʩʧʦʩʦʙʘ. 
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ʋɼʂ 631.362 

 

ʊɽʍʅʆʃʆɻʀʗ, ʄɸʐʀʅʓ ʀ ʆɹʆʈʋɼʆɺɸʅʀɽ  

ɼʃʗ ʇʆɼɻʆʊʆɺʂʀ ʉɽʄʗʅ ɺ ʋʉʃʆɺʀʗʍ 

ɿɸʇɸɼʅʆɻʆ ʀ ʉʈɽɼʅɽʋʈɸʃʔʉʂʆɻʆ ʈɽɻʀʆʅʆɺ ʈʆʉʉʀʀ 

 

ɺ.ɼ. ɻʘʣʢʠʥ, ɸ.ɼ. ɻʘʣʢʠʥ 

ʌɻɹʆʋ ɺʆ ʇʝʨʤʩʢʘʷ ɻʉʍɸ, ʛ. ʇʝʨʤʴ, ʈʦʩʩʠʷ 

 

ʉʪʨʫʢʪʫʨʥʘʷ ʤʦʜʝʣʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʤʙʘʡʥʦʚʦ-

ʛʦ ʚʦʨʦʭʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʜʚʫʭ ʙʣʦʢʦʚ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ 

ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʧʦʜʛʦʪʦʚʢʫ ʩʝʤʝʥʥʦʛʦ ʚʦʨʦʭʘ ʢ ʩʫʰʢʝ ʠ 

ʝʛʦ ʩʫʰʢʫ, ʘ ʚʪʦʨʦʡ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʦ ʚʳʜʝʣʝʥʠʶ ʧʦʩʝʚʥʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʠʟ ʚʳʩʫʰʝʥʥʦʡ ʩʝʤʝʥʥʦʡ ʬʨʘʢʮʠʠ.  

ʉʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʙʫʜʝʪ ʪʘʢʘʷ ʪʝʭʥʦʣʦ-

ʛʠʷ ʧʦʩʣʝʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʧʦʪʦʯʥʳʭ ʣʠʥʠʡ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʠʣʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʥʘʠʤʝʥʴʰʠʝ ʧʦʪʝʨʠ ʩʝ-

ʤʷʥ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ ʚ ʦʪʭʦʜʳ, ʙʦʣʝʝ ʥʠʟʢʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʠ ʧʨʠʚʝʜʝʥʥʳʝ 

ʠʟʜʝʨʞʢʠ ʧʨʠ ʚʝʨʦʷʪʥʦʩʪʠ ʩʦʭʨʘʥʝʥʠʷ ʧʦʣʷ ʜʦʧʫʩʢʘ ʥʘ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʩʝ-

ʤʷʥ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʩʪʘʥʜʘʨʪʦʤ, ʥʝ ʤʝʥʝʝ 0,9. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ [1], ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʦʧʝʨʘʮʠʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ 

ʠ ʩʫʰʢʠ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ. ʈʘʩʯʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʣʷ ʩʫʰʠʣʢʠ ʩ ʧʘʩʧʦʨʪʥʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 16 ʧʣ. ʪ/ʯ ʥʘ ʦʙʨʘʙʦʪʢʝ ʧʰʝʥʠʮʳ ʚ ʜʠʘʧʘʟʦʥʝ ʚʣʘʞʥʦʩʪʠ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦʭʘ ʦʪ 20 ʜʦ 50 % ʠ ʩʪʝʧʝʥʠ ʦʪʜʝʣʝʥʠʷ 

ʚʳʩʦʢʦʚʣʘʞʥʳʭ ʧʨʠʤʝʩʝʡ ʜʦ ʩʫʰʢʠ 0,10 é 0,75, ʧʦʟʚʦʣʠʣʠ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʧʦʣʥʦʪʳ ʚʳʜʝʣʝʥʠʷ ʧʨʠʤʝʩʝʡ, ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

ʩʫʰʠʣʦʢ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʚ 1,28 ʨʘʟʘ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʠ ʢ ʩʦʢʨʘʱʝʥʠʶ ʟʘʪʨʘʪ 

ʵʥʝʨʛʠʠ ʥʘ ʩʫʰʢʫ ʩʝʤʷʥ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʜʚʫʭʩʪʘʜʠʡʥʘʷ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʯʠʩʪʢʘ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʜʚʫʭʵʪʘʧʥʘʷ ʝʛʦ ʩʫʰʢʘ, ʠ ʬʨʘʢ-

ʮʠʦʥʥʘʷ ʦʯʠʩʪʢʘ ʚʳʩʫʰʝʥʥʳʭ ʩʝʤʷʥ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʦʧʝʨʘʮʠʡ ʟʦʥʘʣʴʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟ-

ʨʘʙʦʪʘʥ ʘʛʨʝʛʘʪ, ʚʢʣʶʯʘʶʱʠʡ ʘʵʨʠʨʫʝʤʳʡ ʧʨʠʝʤʥʠʢ ʚʣʘʞʥʦʛʦ ʟʝʨʥʦʚʦʛʦ ʚʦʨʦ-

ʭʘ, ʤʘʰʠʥʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʯʠʩʪʢʠ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤ ʨʝʰʝʪʦʤ, ʨʘʟʜʝʣʷʶ-

ʱʠʤ ʟʝʨʥʦʚʦʡ ʚʦʨʦʭ ʥʘ ʩʝʤʝʥʥʫʶ ʠ ʬʫʨʘʞʥʫʶ ʬʨʘʢʮʠʠ, ʢʦʣʦʥʢʦʚʫʶ ʟʝʨʥʦʩʫ-

ʰʠʣʢʫ ʩʦʪʦʚʦʛʦ ʪʠʧʘ ʜʣʷ ʩʫʰʢʠ ʩʝʤʝʥʥʦʡ ʬʨʘʢʮʠʠ. ʌʫʨʘʞʥʘʷ ʬʨʘʢʮʠʷ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʩʫʰʝʥʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʢʦʥʩʝʨʚʠʨʦ-

ʚʘʥʠʝ ʠʣʠ ʥʘ ʵʢʩʪʨʫʜʠʨʦʚʘʥʠʝ [2]. 

ʉʦʚʤʝʩʪʥʦ ʩ ɻʅʋ çɺʩʝʨʦʩʩʠʡʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʝʭʘʥʠʟʘʮʠʠè, ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʧʨʦʚʝʜʝʥʘ ʦʧʳʪʥʘʷ ʧʨʦʚʝʨʢʘ ʚʘʨʠʘʥʪʘ ʜʚʫʭʵʪʘʧʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʫʰʢʠ ʩʝʤʷʥ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʚʫʭʵʪʘʧʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʫʰʢʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʰʠʣʢʠ ʉʦʉʉ-4 ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʡ ʪʦʧʢʠ, ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ 21ï25 %. 
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ʈʝʟʫʣʴʪʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʪʦʨʦʛʦ ʙʣʦʢʘ ʦʧʝʨʘʮʠʡ ʷʚʠʣʘʩʴ ʨʘʟʨʘʙʦʪʢʘ 

ʬʨʘʢʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʝʤʷʥ ʦʪ ʪʨʫʜʥʦʦʪʜʝʣʠʤʳʭ ʧʨʠʤʝʩʝʡ, 

ʥʘʧʨʠʤʝʨ, ʦʪ ʯʣʝʥʠʢʦʚ ʨʝʜʴʢʠ ʜʠʢʦʡ, ʦʚʩʶʛʘ. ʉʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʠ, ʧʝʨʚʘʷ ʩʪʘ-

ʜʠʷ ʦʯʠʩʪʢʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʚʠʙʨʦʦʞʠʞʝʥʥʦʤ ʩʣʦʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʟʜʝʣʝ-

ʥʠʝʤ ʥʘ ʜʚʝ ʬʨʘʢʮʠʠ ʨʝʰʝʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʜʠʘʤʝʪʨ ʦʪʚʝʨʩʪʠʡ ʢʦʪʦʨʦʡ 

ʙʦʣʴʰʝ ʰʠʨʠʥʳ ʩʝʤʷʥ ʦʩʥʦʚʥʦʡ ʢʫʣʴʪʫʨʳ, ʥʦ ʤʝʥʴʰʝ ʠʭ ʜʣʠʥʳ. ʆʜʥʘ ʠʟ ʬʨʘʢ-

ʮʠʡ ʩ ʜʦʧʫʩʢʘʝʤʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʧʦʩʝʚʥʳʭ ʢʘʯʝʩʪʚ ʩʝʤʷʥ ʥʝ ʧʦʩʪʫʧʘʝʪ, ʧʦʩʣʝ 

ʦʯʠʩʪʢʠ ʚ ʪʨʠʝʨʘʭ, ʥʘ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʳʡ ʩʪʦʣ ʠʣʠ ʚʠʙʨʦʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨ 

(ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʙʫʥʢʝʨ ʛʦʪʦʚʳʭ ʩʝʤʷʥ), ʘ ʚʪʦʨʘʷ ï ʧʨʦʭʦʜʠʪ ʦʢʦʥʯʘʪʝʣʴʥʫʶ 

ʦʯʠʩʪʢʫ ï ʩʦʨʪʠʨʦʚʘʥʠʝ ʥʘ ʵʪʦʤ ʨʘʙʦʯʝʤ ʦʨʛʘʥʝ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ 

ʦʯʠʩʪʢʠ ʚʳʩʫʰʝʥʥʳʭ ʩʝʤʷʥ ʨʘʟʨʘʙʦʪʘʥʳ ʩʝʤʷʦʯʠʩʪʠʪʝʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʧʫʩʢʘʝʤʳʭ ʠ ʩʦʟʜʘʥʥʳʭ ʤʘʰʠʥ. ɼʣʷ ʧʦʪʦʯʥʦʡ ʣʠʥʠʠ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʥɹʦʩʪʴʶ 2,5 ʪ/ʯ ʨʘʟʨʘʙʦʪʘʥ ʚʠʙʨʦʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨ ʩ ʧʨʷʤʦʪʦʯʥʦʡ ʜʝʢʦʡ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1,0 ʪ/ʯ. ɼʣʷ ʣʠʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 5,0 ʪ/ʯ ʤʦʜʝʨʥʠ-

ʟʠʨʦʚʘʥʘ ʤʘʰʠʥʘ ʉɺʋ-5ɸ, ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʬʨʘʢʮʠʦʥʥʫʶ ʦʯʠʩʪʢʫ ʩʝ-

ʤʷʥ ʠ ʚʠʙʨʦʧʥʝʚʤʦʩʝʧʘʨʘʪʦʨ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 2,5 ʪ/ʯ [3]. ɼʣʷ ʣʠʥʠʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 10 ʪ/ʯ ʩʦʟʜʘʥʘ ʚʦʟʜʫʰʥʦ-ʨʝʰʝʪʥʘʷ ʤʘʰʠʥʘ ʥʘ ʙʘʟʝ ʫʟʣʦʚ 

ɿɺʉ-20ɸ. ʆʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʫʶ ʧʝʨʚʠʯʥʫʶ ʠ ʚʪʦʨʠʯʥʫʶ 

ʦʯʠʩʪʢʫ ʩʝʤʷʥ. ʊʝʭʥʦʣʦʛʠʷ ʠ ʤʘʰʠʥʳ ʜʣʷ ʦʩʥʦʚʥʦʡ ʦʯʠʩʪʢʠ ʩʝʤʷʥ ʧʦʟʚʦʣʷʶʪ 

ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ʩʝʤʷʥ ʚ ʦʪʭʦʜʳ ʙʦʣʝʝ ʯʝʤ ʚ 1,5 ʨʘʟʘ ʠ ʩʦʢʨʘʪʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨ-

ʛʠʠ ʟʘ ʩʯʝʪ ʦʙʨʘʙʦʪʢʠ ʥʘ ʧʥʝʚʤʦʩʦʨʪʠʨʦʚʘʣʴʥʦʤ ʩʪʦʣʝ ʧʨʠʤʝʨʥʦ ʧʦʣʦʚʠʥʳ ʩʝ-

ʤʷʥ.  

ʉ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʠʯʝʩʢʦʡ ʦʩʥʘʱʝʥʥʦʩʪʠ ʧʫʥʢʪʦʚ ʧʦʩʣʝ-

ʫʙʦʨʦʯʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʝʨʥʘ ʠ ʩʝʤʷʥ ɿʘʧʘʜʥʦʛʦ ʠ ʉʨʝʜʥʝʫʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʦʚ 

ʈʦʩʩʠʠ ʆʆʆ çʊʝʭʥʦʛʨʘʜè ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʚʳʧʫʩʢʘʝʪ ʦʧʳʪʥʳʝ ʧʘʨʪʠʠ ʘʵʨʠʨʫʝ-

ʤʳʭ ʧʨʠʝʤʥʠʢʦʚ ʚʣʘʞʥʦʛʦ ʢʦʤʙʘʡʥʦʚʦʛʦ ʚʦʨʦʭʘ, ʤʘʰʠʥʳ ʩ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ 

ʨʝʰʝʪʘʤʠ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʟʝʨʥʘ, ʜʠʩʢʦʚʳʝ ʪʨʠʝʨʳ, 

ʢʦʣʦʥʢʦʚʳʝ ʟʝʨʥʦʩʫʰʠʣʢʠ ʩʦʪʦʚʦʛʦ ʪʠʧʘ, ʙʫʥʢʝʨʳ ʜʣʷ ʭʨʘʥʝʥʠʷ ʟʝʨʥʘ. 
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ʉʆʃʅʎɽʂɸʊʓ ï ʅʆɺʓʁ, ʕʂʆʅʆʄʀʏʅʓʁ ɺʀɼ ʊʈɸʅʉʇʆʈʊɸ 

ɼʃʗ ʉɽʃʔʉʂʀʍ ɾʀʊɽʃɽʁ 

 

ɺ.ʉ. ɻʘʣʫʱʘʢ, ɸ.ɻ. ʉʦʰʠʥʦʚ, ʊ.ʖ.ʉʫʭʦʨʫʯʢʠʥʘ  

ʂʘʤʳʰʠʥʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ (ʬʠʣʠʘʣ) ʌɻɹʆʋ ɺʆ ɺʦʣʛɻʊʋ,  

ʛ. ʂʘʤʳʰʠʥ, ɺʦʣʛʦʛʨʘʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺʚʝʜʝʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʨʦʩʪʦʤ ʩʪʦʠʤʦʩʪʠ ʤʦʪʦʨʥʦʛʦ ʪʦʧʣʠʚʘ 

ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ ʠ ʟʘʛʨʷʟʥʝʥʠʝʤ ʘʪʤʦʩʬʝʨʳ ʚʨʝʜʥʳʤ ʚʳ-

ʙʨʦʩʘʤʠ ʠʭ ʚʳʭʣʦʧʥʳʭ ʛʘʟʦʚ, ʚʦ ʚʩʸʤ ʤʠʨʝ ʚʝʜʫʪʩʷ ʧʦʠʩʢʠ ʥʦʚʳʭ ʵʥʝʨʛʦʵʬ-

ʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʪʨʘʥʩʧʦʨʪʝ. ʅʘʠʙʦʣʝʝ ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ (ʵʣʝʢʪʨʦʧʦʝʟʜʘ, ʪʨʦʣʣʝʡʙʫʩ, ʪʨʘʤʚʘʡ). 

ʆʜʥʘʢʦ, ʚʦ ʧʝʨʚʳʭ, ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʚʠʜʦʚ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʩʝʣʝ ʥʝ ʧʨʘʢʪʠʢʫʝʪ-

ʩʷ, ʘ ʚʦ ʚʪʦʨʳʭ, ʵʪʦʪ ʚʠʜ ʪʨʘʥʩʧʦʨʪʘ ʬʦʨʤʘʣʴʥʦ ʥʝ ʨʝʰʘʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʧʨʦ-

ʙʣʝʤʫ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦʩʬʝʨʳ ʪʘʢ ʢʘʢ ʚʳʙʨʦʩʳ ʧʨʦʩʪʦ ʚʳʥʝʩʝʥʳ ʠʟ ʩʝʣʠʪʘ-

ʙʝʣʴʥʳʭ ʟʦʥ ʚ ʧʨʦʤʳʰʣʝʥʥʳʝ ʟʦʥʳ ʪʝʧʣʦʚʦʡ ʠʣʠ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. 

ʂʘʨʜʠʥʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʠʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠ-

ʩʪʦʛʦ ʵʢʦʥʦʤʠʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʘ ʙʝʩʪʦʧʣʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ- ʩʦʣʥʝʯʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [1]. 

ʈʘʟʨʘʙʦʪʢʘ. ɿʘʜʘʯʝʡ ʨʘʟʚʠʪʠʷ ʩʦʣʥʝʯʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʠʥʠʮʠʘʪʠʚʥʘʷ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʟ ʂʘʤʳʰʠʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥ-

ʩʪʠʪʫʪʘ ʟʘʥʷʪʘ ʩ 2007 ʛʦʜʘ. ʇʨʠʦʨʠʪʝʪʥʦʩʪʴ ʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʵʪʦʡ ʨʘʙʦʪʳ ʧʦʜ-

ʪʚʝʨʞʜʝʥʘ ʧʦʣʫʯʝʥʥʳʤ ʠʤʠ ʧʘʪʝʥʪʦʤ ʈʌ [2]. ʀʩʧʦʣʴʟʫʷ ʧʝʨʝʜʦʚʳʝ ʨʘʟʨʘʙʦʪʢʠ 

ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʧʨʠʚʦʜʘ ʠ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʣʦʙʘʡʢʦʚ, ʙʳʣ ʩʦʟʜʘʥ ʩʦʣʥʝʯʥʳʡ 

ʵʣʝʢʪʨʦʚʝʣʩʠʧʝʜ-ʩʦʣʥʮʝʢʘʪ, ʢʘʢ ʚ ʛʨʫʟʦʚʦʤ , ʪʘʢ ʠ ʚ ʣʝʛʢʦʚʦʤ ʠʩʧʦʣʥʝʥʠʠ [3]. 

ɻʨʫʟʦʚʦʡ ʚʘʨʠʘʥʪ ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ʩʦʣʥʝʯʥʳʡ ʚʝʣʦʩʠʧʝʜ çɼʘʯʥʠʢè (ʉɺ 

çɼɸʏʅʀʂè) ʠ ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʜʥʘʟʥʘʯʘʣʩʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʝʥʩʠʦʥʝʨʘʤʠ 

ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʘʛʨʘʨʥʳʭ ʨʘʙʦʪ ʥʘ ʜʘʯʥʦʤ ʫʯʘʩʪʢʝ. ʕʪʦʪ ʞʝ ʩʦʣʥʮʝʢʘʪ ʘʧʨʦ-

ʙʠʨʦʚʘʣʩʷ ʠ ʩʝʣʴʩʢʠʤʠ ʞʠʪʝʣʷʤʠ ʢʘʢ ʧʦʚʩʝʜʥʝʚʥʳʡ ʪʨʘʥʩʧʦʨʪ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʉɺ çɼʘʯʥʠʢè ʪʘʢʦʚʳ: 

¶ ʂʦʣʸʩʥʘʷ ʬʦʨʤʫʣʘ ï ʪʨʸʭʢʦʣʸʩʥʳʡ, ʫʧʨʘʚʣʷʝʤʦʝ ʧʝʨʝʜʥʝʝ ʢʦʣʝʩʦ. 

¶ ʉʠʣʦʚʦʡ ʧʨʠʚʦʜ ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ: ʘʩʠʥʭʨʦʥʥʳʡ ʵʣʝʢʪʨʦʧʨʠʚʦʜ 

ʥʘ ʧʝʨʝʜʥʝʝ ʢʦʣʝʩʦ ʤʦʱʥʦʩʪʴʶ 1 ʢɺʪ, ʧʝʜʘʣʴʥʳʡ ʧʨʠʚʦʜ ʥʘ ʟʘʜʥʝʝ 

ʧʨʘʚʦʝ ʢʦʣʝʩʦ 10 ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʜʘʯʠ. 

¶ ʀʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ ï ʩʦʣʥʝʯʥʘʷ ʙʘʪʘʨʝʷ ʤʦʱʥʦʩʪʴʶ 300 ɺʪ. 

¶ ʅʘʧʨʷʞʝʥʠʝ ʙʦʨʪʦʚʦʡ ʩʝʪʠ ς 48ɺ, ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. 

¶ ɼʘʣʴʥʦʩʪʴ ʭʦʜʘ ς ʚ ʩʦʣʥʝʯʥʳʡ ʜʝʥʴ120 ʢʤ, ʚ ʜʦʞʜʴ ʠ ʥʦʯʴʶ 60 ʢʤ. 

¶ ʄʘʩʩʘ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ ς 50 ʢʛ. 

¶ ɻʘʙʘʨʠʪʳ: ʜʣʠʥʘ,ʰʠʨʠʥʘ,ʚʳʩʦʪʘ ς 2,2Ĭ0,8Ĭ1,8 ʤ 

¶ ʇʦʣʥʘʷ ʤʘʩʩʘ ʚ ʩʥʘʨʷʞʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʚʦʜʠʪʝʣʝʤ ς 220 ʢʛ. 

ʀʩʧʳʪʘʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʉɺ çɼɸʏʅʀʂè ʪʝʩʪʠʨʦʚʘʣʩʷ 

ʥʘ ʛʦʨʦʜʩʢʠʭ ʜʦʨʦʛʘʭ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʦʙʱʝʤ ʪʨʘʥʩʧʦʨʪʥʦʤ ʧʦʪʦʢʝ. ʂʦʥ-
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ʪʨʦʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 12 ʠʶʥʷ 2015 ʛʦʜʘ. 

ʀʩʧʳʪʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʦʙʱʝʛʦʨʦʜʩʢʠʤ ʤʠʪʠʥʛʦʤ ï ʪʘʢ ʚʝʣʠʢ ʙʳʣ ʠʥʪʝʨʝʩ 

ʥʘʩʝʣʝʥʠʷ ʢ ʥʦʚʦʤʫ ʚʠʜʫ ʪʨʘʥʩʧʦʨʪʘ. ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʛʨʫʧʧʘ ʩʦʩʪʘʚʠʣʘ 22 ʯʝʣʦ-

ʚʝʢʘ ʠ ʪʨʝʤʷ ʧʠʣʦʪʘʤʠ ʩʦʣʥʮʝʢʘʪʘ. ʉʪʘʨʪʦʚʘʚ ʚ 9 ʯʘʩʦʚ ʫʪʨʘ ʠʟ ʛ. ʂʘʤʳʰʠʥʘ 

ʩʦʣʥʮʝʢʘʪ ʧʨʦʰʝʣ ʩ ʦʜʥʦʡ ʦʩʪʘʥʦʚʢʦʡ ʥʘ ʦʙʝʜ 130 ʢʤ ʜʦ ʩʝʣʘ ʉʦʣʦʜʯʘ ʆʣʴʭʦʚ-

ʩʢʦʛʦ ʨʘʡʦʥʘ, ɺʦʣʛʦʛʨʘʜʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 9 ʯ, ʧʦʢʘʟʘʚ ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ 15 ʢʤ/ʯ. ʄʘʢʩʠʤʘʣʴʥʦ ʨʘʟʚʠʚʘʝʤʘʷ ʩʢʦʨʦʩʪʴ ʥʘ ʤʘʨʰʨʫʪʝ 35 ʢʤ/ʯ.  

ɼʘʣʴʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʙʦʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʘʢʪʠʚʥʦ ʧʨʦʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʚʦʧʨʦʩ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʩʦʣʥʮʝʢʘʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʨʤr [4]. ʇʣʘʥʠʨʫʝʪʩʷ ʪʘʢ ʞʝ ʧʦʩʪʨʦʠʪʴ ʨʦʩʩʠʡʩʢʠʡ ʟʘʚʦʜ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ 

ʩʦʣʥʮʝʢʘʪʦʚ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʪʬʝʣʷ ʟʘʢʘʟʘʚ ʥʘʤʝʯʝʥʘ ʜʝʤʦʥʩʪʨʘʮʠʷ 

ʩʦʣʥʮʝʢʘʪʦʚ ʥʘ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʚʳʩʪʘʚʢʘʭ. ʅʘ 2018 ʛʦʜ ʩʦʚ-

ʤʝʩʪʥʦ ɺʆ ʈʫʩʩʢʦʛʦ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʱʝʩʪʚʘ ʥʘʤʝʯʝʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʢʨʫʛʦ-

ʩʚʝʪʥʦʝ ʧʫʪʝʰʝʩʪʚʠʝ ʥʘ ʪʨʸʭ ʩʦʣʥʮʝʢʘʪʘʭ ʥʘʰʝʡ ʨʘʟʨʘʙʦʪʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʙʦʩʥʦʚʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʣʥʝʯʥʦʛʦ ʵʣʝʢ-

ʪʨʦʪʨʘʥʩʧʦʨʪʘ ʚ ʈʦʩʩʠʠ. 

ʈʘʟʨʘʙʦʪʘʥ ʵʢʦʥʦʤʠʯʥʳʡ ʛʨʫʟʦʚʦʡ ʪʨʘʥʩʧʦʨʪ ʜʣʷ ʜʘʯʥʠʢʦʚ ʠ ʩʝʣʴʩʢʦʛʦ 

ʥʘʩʝʣʝʥʠʷ. 

ɻʨʫʟʦʚʦʡ ʩʦʣʥʮʝʢʘʪ ʠʤʝʝʪ ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ 120 ʢʤ, ʩʢʦʨʦʩʪʴ ʜʦ 35 ʢʤ/ʯ, 

ʤʦʞʝʪ ʧʝʨʝʚʦʟʠʪʴ ʛʨʫʟ ʜʦ 50 ʢʛ. ɺ ʜʦʞʜʴ ʠ ʥʦʯʴʶ ʜʘʣʴʥʦʩʪʴ ʭʦʜʘ 60 ʢʤ. 
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ʄʆʃʆʊʂʆɺʆʁ ɼʈʆɹʀʃʂʀ 

 

ɼ.ɸ. ɻʦʨʦʭʦʚʠʢ  

ʍʅʊʋʉʍ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ  

 

ʉʫʱʝʩʪʚʫʶʱʝʝ ʥʘʩʪʦʷʱʝʝ ʩʪʨʦʠʪʩʷ ʥʘ ʫʩʣʦʚʠʷʭ ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʠ, 

ʢʦʪʦʨʘʷ ʪʨʝʙʫʝʪ ʦʪ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʜʝ-

ʰʝʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʙʝʟ ʩʥʠʞʝʥʠʷ ʝʝ ʢʘʯʝʩʪʚʘ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ 

ʧʦʜʛʦʪʦʚʢʠ ʟʝʨʥʦʚʳʭ ʢʦʨʤʦʚ ʢ ʩʢʘʨʤʣʠʚʘʥʠʶ ʷʚʣʷʝʪʩʷ ʠʭ ʠʟʤʝʣʴʯʝʥʠʷ [1]. ʇʨʠ 

ʠʟʤʝʣʴʯʝʥʠʠ ʟʝʨʥʘ ʨʘʟʨʫʰʘʝʪʩʷ ʝʛʦ ʪʚʝʨʜʘʷ ʦʙʦʣʦʯʢʘ, ʧʦʚʳʰʘʝʪʩʷ ʜʦʩʪʫʧʥʦʩʪʴ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʜʝʡʩʪʚʠʷ ʞʝʣʫʜʦʯʥʳʭ ʩʦʢʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʙʦʣʝʝ ʧʦʣʥʦʝ 

ʫʩʚʦʝʥʠʝ ʵʥʝʨʛʠʠ ʢʦʨʤʘ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ 

ʧʪʠʮʳ. ʀʟʤʝʣʴʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʵʥʝʨʛʦʝʤʢʦʡ ʦʧʝʨʘʮʠʝʡ ʠ ʟʘʥʠʤʘʝʪ 

ʦʢʦʣʦ 50 % ʦʪ ʦʙʱʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʢʦʤʙʠʢʦʨʤʦʚ. 

ʕʥʝʨʛʦʝʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʦʨʤʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞ-

ʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʠ 

ʧʪʠʮʝʚʦʜʩʪʚʘ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ. 

ʇʦʜʛʦʪʦʚʢʘ ʬʫʨʘʞʥʦʛʦ ʟʝʨʥʘ ʜʣʷ ʩʢʘʨʤʣʠʚʘʥʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ 

ʞʠʚʦʪʥʳʤ ʚ ʪʝʯʝʥʠʝ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʧʝʨʠʦʜʘ ʨʘʟʚʠʚʘʣʘʩʴ, ʚʠʜʦʠʟʤʝʥʷʣʘʩʴ ʠ ʩʦ-

ʚʝʨʰʝʥʩʪʚʦʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʤʠ ʠ ʩʦʮʠʘʣʴʥʳʤʠ ʥʘʧʨʘʚ-

ʣʝʥʠʷʤʠ ʨʘʟʚʠʪʠʷ ʦʙʱʝʩʪʚʘ. ʇʨʠʦʨʠʪʝʪ ʚ ʨʘʟʚʠʪʠʠ ʠ ʩʪʘʥʦʚʣʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠʟʤʝʣʴʯʝʥʠʷ ʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠʥʘʜʣʝʞʠʪ ʟʝʨ-

ʥʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʝʨʚʳʤ ʩʧʦʩʦʙʦʤ ʨʘʟʨʫʰʝʥʠʷ (ʠʟ-

ʤʝʣʴʯʝʥʠʷ) ʟʝʨʥʘ ʙʳʣ ʩʞʘʪʳʡ ʫʜʘʨ, ʘ ʧʝʨʚʳʤ ʘʧʧʘʨʘʪʦʤ ʠʟʤʝʣʴʯʝʥʠʷ - ʢʘʤʝʥ-

ʥʘʷ, ʘ ʟʘʪʝʤ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʩʪʫʧʢʘ. ʀʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʦʙʨʘʙʦʪʢʠ ʢʘʤʥʷ ʚ 

XII ʚ. ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʧʦʷʚʣʝʥʠʶ ʞʝʨʥʦʚʳʭ ʤʝʣʴʥʠʮ, ʚ ʢʦʪʦʨʳʭ ʙʳʣ ʨʝʘʣʠʟʦ-

ʚʘʥ ʥʦʚʳʡ ʩʧʦʩʦʙ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʘ ï ʩʞʘʪʠʝ ʠ ʩʤʝʱʝʥʠʝ. ʀʟʤʝʣʴʯʝʥʠʝʤ 

ʥʘʟʳʚʘʶʪ ʧʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʤ ʚʥʫʪʨʝʥʥʝʤ 

ʥʘʧʨʷʞʝʥʠʠ, ʢʦʪʦʨʦʝ ʩʦʟʜʘʝʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʘʢʦʡ-ʣʠʙʦ ʥʘʛʨʫʟʢʠ ʠ ʧʨʝʚʳʰʘʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ [4]. 

ʀʟʚʝʩʪʥʳʝ ʥʳʥʝ ʩʧʦʩʦʙʳ ʠʟʤʝʣʴʯʝʥʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʦʟʜʫʰʥʦʡ ʠʣʠ 

ʚʦʜʥʦʡ ʩʨʝʜʝ [2]. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʟʜʫʭ 

ʚ ʯʘʩʪʥʦʩʪʠ ʠʥʝʨʪʥʳʝ ʛʘʟʳ. ɺʦʜʥʘʷ ʩʨʝʜʘ ʷʚʣʷʝʪʩʷ ʚʦʜʦʡ ʠʣʠ ʣʶʙʦʡ ʜʨʫʛʦʡ ʥʝ-

ʨʘʩʪʚʦʨʠʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʛʨʷʟʥʷʝʪ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ: 

ʩʧʠʨʪ, ʞʠʜʢʠʡ ʘʟʦʪ, ʪʦʣʫʦʣ, ʢʩʠʣʦʣ ʠ ʪʘʢ ʜʘʣʝʝ. ʄʦʢʨʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠʤʝʝʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʫʭʠʤ: ʠʤʝʝʪ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʯʘʩʪʠʮ ʚ ʨʘʙʦʯʝʤ ʦʙʲʝʤʝ; ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʶ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ; ʦʪʩʫʪʩʪʚʠʝ ʘʛʨʝʛʘʮʠʠ, ʚʳʜʝʣʝʥʠʝ ʧʳʣʠ, ʩʘʤʦʚʦʟʛʦʨʘʥʠʷ ʠ ʚʟʨʳʚʘ. ʆʜʥʘ-

ʢʦ ʧʨʠʤʝʥʝʥʠʝ ʚʦʜʳ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʦʯʠʩʪʢʦʡ ʩʥʠʞʘ-

ʶʪ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʮʝʩʩʘ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠ ʧʦʣʥʦʩʪʴʶ 

ʠʩʢʣʶʯʘʶʪ ʝʛʦ ʨʝʘʣʠʟʘʮʠʶ. 
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ʉʫʭʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʦʪʜʝʣʝʥʠʷ ʠʟʤʝʣʴʯʝʥʥʦʛʦ ʧʨʦ-

ʜʫʢʪʘ ʦʪ ʚʦʟʜʫʭʘ ʠʣʠ ʛʘʟʘ, ʧʦʟʚʦʣʷʝʪ ʩʦʯʝʪʘʪʴ ʚ ʦʜʥʦʤ ʘʧʧʘʨʘʪʝ ʧʨʦʮʝʩʩʳ ʠʟ-

ʤʝʣʴʯʝʥʠʷ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʫʰʢʠ. ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, 

ʦʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʷʚʣʷʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʘʪʨʘʪʳ 

ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʤʝʣʴʯʝʥʥʳʡ ʧʨʦʜʫʢʪ ʥʝ ʩʚʦʝʚʨʝʤʝʥʥʦ 

ʚʳʚʦʜʠʪʩʷ ʩ ʢʘʤʝʨʳ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʧʦʜʣʝʞʠʪ ʤʥʦʛʦʢʨʘʪʥʦʤʫ ʫʜʘʨʫ, ʚ ʨʝʟʫʣʴʪʘ-

ʪʝ ʯʝʛʦ ʚʦʟʥʠʢʘʝʪ ʚʪʦʨʦʡ ʥʝʜʦʩʪʘʪʦʢ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ï ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ.  

ʊʨʝʪʴʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʣʦʪʢʦʚʳʭ ʜʨʦʙʠʣʦʢ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ ʠ ʥʝ-

ʨʘʚʥʦʤʝʨʥʳʡ ʠʟʥʦʩ ʤʦʣʦʪʢʦʚ ʠ ʩʠʪ ʜʨʦʙʠʣʦʢ[3]. ɸʥʘʣʠʟʠʨʫʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 

ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ ʟʝʨʥʦʚʳʭ ʢʦʨʤʦʚ ʚ ʤʦʣʦʪʢʦʚʦʡ ʜʨʦʙʠʣʢʝ, ʥʝʩʚʦʝʚʨʝʤʝʥ-

ʥʦʝ ʫʜʘʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠʟʤʝʣʴʯʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʧʦ ʧʨʠʯʠʥʝ ʪʦʛʦ, ʯʪʦ ʧʦʩʣʝ 

ʫʜʘʨʘ ʠʟʤʝʣʴʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʧʨʦʜʦʣʞʘʶʪ ʜʚʠʛʘʪʴʩʷ ʧʦ ʢʘʩʘʪʝʣʴʥʦʡ ʢʨʫʛʘ, 

ʦʧʠʩʳʚʘʝʪʩʷ ʪʨʘʝʢʪʦʨʠʝʡ ʜʚʠʞʝʥʠʷ ʤʦʣʦʪʢʘ. ʋʜʘʣʝʥʠʝ ʯʘʩʪʠʮ ʧʨʦʜʫʢʪʦʚ ʠʟ-

ʤʝʣʴʯʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʨʘʟʨʝʞʝʥʠʷ ʚ ʟʦʥʝ ʩ ʨʝʰʝ-

ʪʦʤ. ʉ ʮʝʣʴʶ ʫʩʪʨʘʥʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʜʨʦʙʠʣʢʠ ʥʘʤʠ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʥʦʚʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʝʰʝʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʪʚʝʨʩʪʠʷ ʚʳʧʦʣʥʝʥʳ ʧʦʜ ʫʛʣʦʤ ʢ 

ʢʘʩʘʪʝʣʴʥʦʡ, ʧʨʦʚʝʜʝʥʥʦʡ ʚ ʪʦʯʢʝ ʮʝʥʪʨʘ ʨʘʜʠʫʩʘ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʘ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʯʘʩʪʠʮʳ ʟʝʨʥʘ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʨʠʩʫʥʢʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʠʥʝʨʮʠʠ ʧʦʩʣʝ ʫʜʘʨʘ ʙʫʜʫʪ ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʷ ʨʝʰʝʪʘ, ʯʪʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʨʦʮʝʩʩ ʠʟʤʝʣʴʯʝʥʠʷ, ʪʘʢ ʠ 

ʫʣʫʯʰʠʪʩʷ ʢʘʯʝʩʪʚʦ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. 
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ɼʀɿɽʃʔʅʆɻʆ ʊʆʇʃʀɺɸ 

 

ɸ.ʉ. ɾʠʣʴʮʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʆʩʥʦʚʥʳʤ ʩʳʨʴʝʚʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʪʦʧʣʠʚ, ʷʚʣʷʝʪʩʷ ʥʝʬʪʴ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝ ʦʜʥʦ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʘ ʩʤʝʩʴ ʥʝʩʢʦʣʴʢʠʭ ʪr -

ʩʷʯ ʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʦʣʫʯʘʝʤʳʝ ʠʟ ʥʝʸ ʥʝʬʪʝʧʨʦʜʫʢʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʵʢʩʧʣʫ-

ʘʪʘʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʦʪ ʢʘʯʝʩʪʚʘ ʢʦʪʦʨʳʭ ʟʘʚʠʩʷʪ ʢʘʢ ʥʘʜʝʞʥʦʩʪʴ, ʤʦʪʦʨʝ-

ʩʫʨʩ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʨʘʙʦʪʳ ʪʝʭʥʠʢʠ, ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʠ ʩʥʠʞʝʥʠʝ ʪʦʢʩʠʯ-

ʥʦʩʪʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʛʘʟʦʚ [1, 2]. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʝʜʠʥʝʥʠʡ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ 

ʥʝʬʪʠ, ï ʵʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ, ʢʦʪʦʨʳʝ 

ʥʘʟʳʚʘʶʪʩʷ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ. ɺʩʝ ʵʪʠ ʩʦʝʜʠʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʝʡ ʩʦʙ-

ʩʪʚʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʠʧʝʥʠʷ ʠ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʩʘʤʦʝ ʧʦʣʝʟʥʦʝ ʬʠʟʠʯʝ-

ʩʢʦʝ ʩʚʦʡʩʪʚʦ ʥʝʬʪʠ, ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦ-

ʩʪʠ, ʢʦʪʦʨʦʝ ʧʦʤʦʛʘʝʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʠʪ 

ʜʘʥʥʘʷ ʥʝʬʪʴ. ʂʘʢ ʧʨʘʚʠʣʦ, ʯʝʤ ʙʦʣʴʰʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʩʦʝʜʠʥʝʥʠʠ, ʪʝʤ 

ʚʳʰʝ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʧʦʤʦʱʴ ʧʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴ-

ʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʦʢʘʟʳʚʘʝʪ ʚʩʝʩʪʦʨʦʥʥʷʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʬʪʝʡ. [3, 4]. ɺ ʥʘʩʪʦ-

ʷʱʝʝ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʢʣʘʩʩʠʬʠʢʘʮʠʡ: ʭʠʤʠʯʝʩʢʘʷ, 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ (ʧʨʦʤʳʰʣʝʥʥʘʷ, ʪʦʚʘʨʥʘʷ). ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ 

ʚʚʝʜʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʬʪʝʡ (ɻʆʉʊ 912-66), ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʢʦʪʦʨʦʡ ʦʥʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ 3 ʪʠʧʘ:- ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʝʨʳ ʠ ʩʝʨʥʠʩʪʳʭ ʩʦ-

ʝʜʠʥʝʥʠʡ, ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʧʘʨʘʬʠʥʦʚ ʠ ʠʥʜʝʢʩʫ ʚʷʟʢʦʩʪʠ. ʇʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʩʦʜʝʨʞʘʥʠʶ ʧʘʨʘʬʠʥʦʚ ʥʝʬʪʠ ʙʳʚʘʶʪ:  

ï ʤʘʣʦʧʘʨʘʬʠʥʠʩʪʳʝ ï ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʘ ʥʝ ʙʦʣʝʝ 1,50 % ʤʘʩʩ.; 

ï ʧʘʨʘʬʠʥʠʩʪʳʝ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʘ 1,51 % ʤʘʩʩ.; 

ï ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʳʝ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʘ ʙʦʣʝʝ 6,00 % ʤʘʩʩ. 

ɸʥʘʣʠʟ ʧʨʦʙ ʪʦʧʣʠʚ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʘʙʦʪʳ ʘʚʪʦʪʨʘʢʪʦʨʥʦʡ ʪʝʭʥʠʢʠ ʚ 

ɸʇʂ ʧʦʢʘʟʘʣ [5, 6], ʯʪʦ ʦʢʦʣʦ 25 % ʙʝʥʟʠʥʦʚ ʥʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʯʝʩʪʚʘ 

ʠ 30 % ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʥʝ ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ 

ʩʚʦʡʩʪʚʘʤ. ʂʘʢ ʦʪʤʝʯʘʝʪʩʷ ʚ ʨʘʙʦʪʘʭ [1, 2] ʚʨʝʜʥʳʝ ʧʨʠʤʝʩʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʘʨʘ-

ʬʠʥ ʠ ʩʝʨʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʝʛʦʨʠʠ ʥʝʬʪʠ, ʩʦʜʝʨʞʘʪʩʷ ʚ ʥʝʡ ʥʝ ʚ ʚʠʜʝ ʵʣʝ-

ʤʝʥʪʘʨʥʦʡ ʩʝʨʳ ʠ ʧʘʨʘʬʠʥʘ, ʘ ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʠ ʭʠʤʠ-

ʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʤʦʣʝʢʫʣʦʡ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʫʛʣʝʚʦʜʦʨʦʜʘ ʠ ʩʦʝʜʠʥʝʥʠʷ ʪʘʢʦʛʦ 

ʪʠʧʘ ʥʝ ʪʘʢ ʣʝʛʢʦ ʦʪʜʝʣʠʪʴ ʦʪ ʩʦʝʜʠʥʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʪʦʣʴʢʦ ʠʟ ʫʛʣʝʨʦʜʘ ʠ ʚʦ-

ʜʦʨʦʜʘ. ʂʦʣʠʯʝʩʪʚʦ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʚʝʩʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʦʩʪʘʚʝ ʥʝʬʪʠ. ʇʨʠ ʧʝʨʝʛʦʥʢʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʪʠʧʘ ʥʝʬʪʠ, 

ʧʦʣʫʯʘʝʤʳʝ ʠʟ ʥʝʸ ʬʨʘʢʮʠʠ ʙʫʜʫʪ ʠʤʝʪʴ ʧʦʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʤʝʩʝʡ, ʪʦ ʝʩʪʴ ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʵʪʦʡ ʬʨʘʢʮʠʠ ʙʫʜʫʪ ʠʤʝʪʴ 
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ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʝʡ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʦʣʝʝ ʥʠʟʢʫʶ ʪʝʤʧʝʨʘ-

ʪʫʨʫ ʢʠʧʝʥʠʷ. 

ɺ ʩʦʩʪʘʚ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʚʭʦʜʷʪ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʘʨʘʬʠʥʦʚʳʝ 

ʫʛʣʝʚʦʜʦʨʦʜʳ ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʪʠ ʫʛʣʝʚʦ-

ʜʦʨʦʜʳ ʚʳʧʘʜʘʶʪ ʠʟ ʪʦʧʣʠʚʘ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ [6, 7] ʠ ʪʦʧ-

ʣʠʚʦ ʤʫʪʥʝʝʪ. ɺʦʟʥʠʢʘʝʪ ʦʧʘʩʥʦʩʪʴ ʟʘʙʠʚʢʠ ʪʦʧʣʠʚʥʳʭ ʬʠʣʴʪʨʦʚ ʢʨʠʩʪʘʣʣʘʤʠ 

ʧʘʨʘʬʠʥʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʭʣʘʞʜʝʥʠʠ ʧʦʤʫʪʥʝʚʰʝʛʦ ʪʦʧʣʠʚʘ ʢʨʠʩʪʘʣʣʳ 

ʧʘʨʘʬʠʥʦʚ ʩʨʘʱʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʦʙʨʘʟʫʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʨʝʰʝʪʢʫ, ʠ 

ʪʦʧʣʠʚʦ ʪʝʨʷʝʪ ʪʝʢʫʯʝʩʪʴ. 

ɼʠʟʝʣʴʥʦʝ ʪʦʧʣʠʚʦ, ʧʦʣʫʯʝʥʥʦʝ ʠʟ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ ʙʫʜʝʪ ʩʦ-

ʜʝʨʞʘʪʴ ʚ ʙʦʣʝʝ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʘʨʘʬʠʥʦʚ ʥʝʦʙʭʦʜʠʤʦ ʦʙʣʝʛʯʠʪʴ ʝʛʦ ʬʨʘʢʮʠʦʥʥʳʡ 

ʩʦʩʪʘʚ ʧʫʪʝʤ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʥʮʘ ʢʠʧʝʥʠʷ. 
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ʂ.ɺ. ʂʘʟʘʢʦʚ 
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺʦ ʚʩʝʤ ʤʠʨʝ ʠʱʫʪ ʧʫʪʠ ʩʥʠʞʝʥʠʷ ʟʘʪʨʘʪ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ ʚʳʰʣʠ ʥʘ ʫʨʦʚʝʥʴ ʢʦʛʜʘ ʠʭ ʚʥʝʜʨʷʶʪ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʝʣʴ-

ʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʋʞʝ ʩʦʟʜʘʥʳ ʧʨʦʪʦʪʠʧʳ ʪʨʘʢʪʦʨʦʚ, ʦʩʥʘʱʝʥʥʳʝ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʥʩʤʠʩʩʠʝʡ ʠ ʛʠʙʨʠʜʥʳʤ ʜʚʠʛʘʪʝʣʝʤ. 

ʉ ʤʦʤʝʥʪʘ ʠʟʦʙʨʝʪʝʥʠʷ ʜʚʠʛʘʪʝʣʷ ʆʪʪʦ ʚʝʜʫʪʩʷ ʨʘʙʦʪʳ ʧʦ ʩʥʠʞʝʥʠʶ 

ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʚʨʝʜʥʳʭ ʚʳʙʨʦʩʦʚ; ʧʦʚʳʰʝʥʠʶ ʂʇɼ, ʣʠʪʨʦʚʦʡ 

ʤʦʱʥʦʩʪʠ ɼɺʉ ʠ ʪ.ʜ. [1]. ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʦ-

ʜʦʣʞʘʶʪ ʩʤʦʪʨʝʪʴ ʥʘ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʩʠʣʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʘʢ ʥʘ ʚʘʨʠʘʥʪ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʠʟʝʣʴʥʦ-ʵʣʝʢʪʨʠʯʝʩʢʭ ʛʠʙʨʠʜʦʚ [2].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ, ʯʝʪʳʨʝ ʧʨʠʤʝʨʘ ʥʦʚʝʡʰʠʭ ʛʠʙʨʠʜ-

ʥʳʭ ʪʨʘʢʪʦʨʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʩʝʛʦʜʥʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʨʘʢʪʦʨʳ John Deere 

7030 Series E-Premium, ʦʧʨʳʩʢʠʚʘʪʝʣʴ AGCO RoGator E, ʪʨʘʢʪʦʨ Belarus Tractor 

International 3023, ʠ ʨʘʟʙʨʘʩʳʚʘʪʝʣʴ ʫʜʦʙʨʝʥʠʡ Rauch EDR. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ 

ʠʩʧʳʪʘʥʠʷ ʤʘʰʠʥ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ ʜʦʩʪʠʛʘʝʪ 25 % ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʠʟʝʣʴʥʳʤʠ ʤʘʰʠʥʘʤʠ. ʋʯʸʥʳʝ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʛʦ ʘʛʨʦʠʥʞʝʥʝʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɺ.ʇ. ɻʦʨʷʯʢʠʥʘ ʚʝʜʫʪ ʨʘʟʨʘʙʦʪʢʠ 

ʪʨʘʢʪʦʨʘ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʵʥʝʨʛʦʫʩʪʘʥʦʚʢʦʡ. 

ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʠʙʨʠʜʥʳʭ ʪʨʘʢʪʦʨʦʚ: ʵʢʦʥʦʤʠʷ ʪʦʧʣʠʚʘ, ʥʝ 

ʦʪʨʘʚʣʷʷ ʧʨʠ ʵʪʦʤ ʚʦʟʜʫʭ ʙʝʟ ʦʧʫʩʪʦʰʝʥʠʷ ʟʝʤʥʳʭ ʥʝʜʨ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʘʪʤʦ-

ʩʬʝʨʳ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʰʫʤʘ, ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʚ ʦʙʩʣʫʞʠʚʘ-

ʥʠʠ, ʘ ʦʩʥʦʚʥʳʝ ʫʟʣʳ ʧʨʦʩʣʫʞʘʪ ʜʦʣʴʰʝ ʙʝʟ ʟʘʤʝʥʳ, ʝʩʣʠ ʥʘ ʬʝʨʤʝ ʩʣʫʯʠʪʴʩʷ 

ʦʪʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʛʠʙʨʠʜʥʳʡ ʪʨʘʢʪʦʨ ʤʦʞʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ ʧʝʨʝ-

ʜʚʠʞʥʫʶ ʵʣʝʢʪʨʦʩʪʘʥʮʠʶ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʦʡ ʬʝʨʤʳ. 

ʇʨʠ ʧʦʷʚʣʝʥʠʠ ʠʟʣʠʰʢʦʚ ʤʦʱʥʦʩʪʠ (ʨʘʙʦʪʘ ɼɺʉ ʥʘ ʭʦʣʦʩʪʦʤ ʭʦʜʫ, ʜʚʠʞʝʥʠʝ 

ʥʘ ʩʧʫʩʢʝ, ʠ ʪ.ʜ.) ʤʝʭʘʥʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʠ ʩʢʘʧ-

ʣʠʚʘʝʪʩʷ ʚ ʤʦʜʫʣʝ-ʥʘʢʦʧʠʪʝʣʝ. 

ɺ ʤʠʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʘʚʪʦʤʦʙʠʣʝʡ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʜʠʣʝʤʤʘ, ʩʚʷ-

ʟʘʥʥʘʷ ʩ ʚʝʩʦʤ ʙʘʪʘʨʝʡ, ʚʨʝʤʝʥʝʤ ʠʭ ʘʚʪʦʥʦʤʥʦʡ ʨʘʙʦʪʳ. 
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ʋɼʂ 536.24 

 

ʈɸʉʏɽʊ ʇɸʈɸʄɽʊʈʆɺ ʉɺʏ-ʂɸʄɽʈʓ ʐʅɽʂʆɺʆɻʆ ʊʀʇɸ 

ɼʃʗ ʆɹʈɸɹʆʊʂʀ ʉɽʄʗʅ 

 

ʀ.ɺ. ʂʘʧʠʥʫʩ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ. ʈʦʩʩʠʷ 

 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʵʥʝʨʛʠʝʡ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʚʝʨʭʚʳʩʦʢʦʡ ʯʘʩʪʦʪʳ ʕʄʇ ʉɺʏ ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʧʦʟ-

ʚʦʣʠʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ, ʥʦ ʪʘʢ ʞʝ ʧʦʟʚʦʣʷʝʪ 

ʩʥʠʟʠʪʴ ʵʥʝʨʛʦʸʤʢʦʩʪʴ ʧʨʦʮʝʩʩʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʪʨʝʙʫʝʤʫʶ ʩʪʝʧʝʥʴ ʦʙʝʟʟʘʨʘʞʠ-

ʚʘʥʠʷ ʧʦʩʝʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʝʜʧʦʩʝʚʥʫʶ ʩʪʠʤʫʣʷʮʠʶ [1ï16]. 

ɼʣʷ ʉɺʏ-ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʥʩʪʨʫʢʮʠʷ ʫʩʪʘʥʦʚʢʠ, ʢʦʪʦʨʘʷ 

ʚʳʧʦʣʥʝʥʘ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʠʣʠʥʜʨʦʚ. ɺʥʫʪ-

ʨʠ ʮʠʣʠʥʜʨʦʚ ʫʩʪʘʥʦʚʣʝʥ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʰʥʝʢ. 

ʇʨʠʥʮʠʧ ʨʘʙʦʪʳ ʫʩʪʘʥʦʚʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣ, ʧʨʦʭʦʜʷ ʧʦ 

ʪʨʫʙʘʤ ʫʩʪʘʥʦʚʢʠ, ʧʦʧʘʜʘʝʪ ʚ ʉɺʏ-ʢʘʤʝʨʫ, ʛʜʝ ʧʦʣʫʯʘʷ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʟʫ ʦʙ-

ʣʫʯʝʥʠʷ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦ ʢʘʤʝʨʝ ʧʨʠ ʧʦʤʦʱʠ ʰʥʝʢʘ ʢ ʦʪʚʦʜʷʱʝʡ ʪʨʫʙʝ, 

ʛʜʝ ʥʘ ʚʳʭʦʜʝ ʫʞʝ ʦʙʣʫʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʶʪ ʬʘʩʦʚʢʠ ʠ ʜʘʣʴʥʝʡʰʝʡ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ. 

ʇʨʝʜʣʦʞʝʥʘ ʨʘʩʯʝʪʥʘʷ ʤʦʜʝʣʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʉɺʏ-ʢʘʤʝʨʳ, ʢʦʪʦʨʦʡ ʫʯʠʪʳʚʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʘʨʘʤʝʪʨʳ ʉɺʏ-

ʚʦʟʜʝʡʩʪʚʠʷ (ʉɺʏ-ʜʦʟʘ ʦʙʨʘʙʦʪʢʠ, ʫʜʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʚʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ), ʘ 

ʪʘʢʞʝ ʧʘʨʘʤʝʪʨʳ ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʰʥʝʢʦʚʦʛʦ ʧʠʪʘʪʝʣʷ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʜʣʠʥʝ ʰʥʝʢʘ 1 ʤ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʟʳ 

60 ʢɼʞ/ʢʛ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʦʪ 0,5 ʜʦ 5,0 ʢɺʪ/ʢʛ 

ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 0,01 ʜʦ 0,05 ʦʙ./ʤʠʥ. ʂʨʦʤʝ ʪʦʛʦ ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʜʦʟʳ ʦʙʨʘʙʦʪʢʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʰʥʝʢʘ 

ʚʦʟʨʘʩʪʘʝʪ ʝʛʦ ʜʣʠʥʘ. 

ɺ ʮʝʣʦʤ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʡ ʫʜʝʣʴʥʦʡ ʤʦʱʥʦʩʪʠ ʉɺʏ-

ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʥʫʞʥʘ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʝʤʷʥ ʯʝʨʝʟ ʢʘʤʝʨʫ, 

ʪʘʢ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʯʝʤ ʜʣʠʥʥʝʝ ʰʥʝʢ, ʪʝʤ ʙʦʣʴʰʝ ʦʙʦʨʦʪʦʚ ʝʤʫ ʥʫʞʥʦ ʩʜʝ-

ʣʘʪʴ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ. 
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ʉʋʐʂɸ ʉɺɽʂʃʆɺʀʏʅʆɻʆ ɾʆʄɸ ɺ ɺʀɹʈʆʂʀʇʗʑɽʄ ʉʃʆɽ 

 

ɸ.ʉ. ʂʦʣʝʩʥʠʢʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʇʨʦʮʝʩʩ ʩʫʰʢʠ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʚʝʱʝʩʪʚ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚʣʘʛʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʫʰʠʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʩʧʘʨʝʥʠʝ ʚʦ-

ʜʳ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʘ, ʠ ʧʦʜʚʝʨʛʘʝʤʳʡ ʩʫʰʢʝ ʞʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʧʨʠʦʙʨʝʪʘʝʪ ʥʦʚʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʩʫʰʠʣʴʥʦʛʦ ʘʛʝʥʪʘ ʚʳʩʪʫʧʘʶʪ ʨʘʟʦʛʨʝʪʳʡ ʚʦʟʜʫʭ, ʧʘʨ, ʪʦʧʦʯʥʳʡ ʛʘʟ, ʢʦ-

ʪʦʨʳʝ ʩʦʙʠʨʘʶʪ ʚʣʘʛʫ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʞʦʤʘ. ʅʘʩʳʱʝʥʥʳʡ ʚʦʜʷʥʳʤʠ ʧʘʨʘʤʠ 

ʩʫʰʠʣʴʥʳʡ ʘʛʝʥʪ ʫʜʘʣʷʝʪʩʷ ʠʟ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ. 

ʉʫʰʢʘ ʞʦʤʘ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʠʪʴ ʤʥʦʛʠʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʘ, 

ʨʘʩʰʠʨʠʚ ʜʠʘʧʘʟʦʥ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ [1]. 

ɺʳʩʫʰʠʚʘʥʠʝ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ ʠʛʨʘʝʪ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ ʥʘʨʦʜʥʦʤ ʭʦ-

ʟʷʡʩʪʚʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʛʜʝ ʩʫʰʢʘ ʞʦʤʘ ʠ ʜʨʫʛʠʭ ʧʨʦ-

ʜʫʢʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʨʦʮʝʩʩ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶ-

ʙʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [2]. 

ʄʝʪʦʜʠʢʘ ʚʳʩʫʰʠʚʘʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʚʝʢʣʦʩʘʭʘʨʥʦʤ ʧʨʦʠʟ-

ʚʦʜʩʪʚʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʘʭʘʨʘ-ʧʝʩʢʘ, ʩʘʭʘʨʘ-ʨʘʬʠʥʘʜʘ, ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ, 

ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ, ʩʫʰʢʘ ʞʦʤʘ. ʉʧʠʨʪʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʩʫ-

ʰʠʚʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʪʭʦʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ï ʙʘʨʜʘ, ʧʠʱʝ-

ʚʳʭ ʠ ʢʦʨʤʦʚʳʭ ʜʨʦʞʞʝʡ. ɺ ʧʠʚʦʚʘʨʝʥʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʥʝʚʦʟʤʦʞʥʦ ʦʙʦʡʪʠʩʴ 

ʙʝʟ ʩʫʰʢʠ ʩʦʣʦʜʘ ʠ ʜʨʫʛʠʭ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺʳʩʫʰʠʚʘʥʠʶ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʢʨʘʭʤʘʣ ʚ ʢʨʘʭʤʘʣʦʧʘʪʦʯʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʉʛʫʱʝʥʥʦʝ ʤʦʣʦʢʦ, ʩʫʭʠʝ ʦʚʦʱʠ ʠ 

ʬʨʫʢʪʳ, ʩʫʭʘʨʠ ʚ ʭʣʝʙʦʧʝʢʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ï ʪʘʢʞʝ ʵʪʘʧ ʩʫʰʢʠ ʚ ʧʨʦʮʝʩʩʝ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʥʝʦʙʭʦʜʠʤʦʝ ʢʘʯʝʩʪʚʦ ʛʦʪʦʚʦʛʦ 

ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʧʨʠʤʝʥʷʝʪʩʷ ʚʳʩʫʰʠʚʘʥʠʝ ʤʘʢʘʨʦʥʥʳʭ ʠʟʜʝʣʠʡ, ʩʫʭʦ-

ʬʨʫʢʪʦʚ, ʧʘʩʪʠʣʳ [3]. 

ɼʣʷ ʩʫʰʢʠ ʞʦʤʘ ʧʠʱʝʚʳʭ ʚʝʱʝʩʪʚ, ʢʦʥʝʯʥʳʭ ʛʦʪʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʤʥʦʞʝʩʪʚʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʦʙʝʟʚʦʞʠ-

ʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʧʦʧʫʣʷʨʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʩʫʰʢʠ ʟʘ ʩʯʝʪ ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʠʝʤʣʝʤʦʛʦ ʢʦʥʝʯʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ 

ʷʚʣʷʝʪʩʷ ʚʳʩʫʰʠʚʘʥʠʝ ʚ ʚʠʙʨʦʢʠʧʷʱʝʤ ʩʣʦʝ [4]. 

ʄʝʪʦʜʠʢʘ çʢʠʧʷʱʝʛʦ ʩʣʦʷè ʟʥʘʢʦʤʘ ʯʝʣʦʚʝʢʫ ʫʞʝ ʙʦʣʝʝ 400 ʣʝʪ. ʕʪʘ ʪʝʭ-

ʥʦʣʦʛʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʧʦʤʦʱʠ 

ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʥʠʭ ʧʦʜʦʛʨʝʪʦʛʦ ʚʦʟʜʫʭʘ. ʉʘʤ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 

ʦʯʝʥʴ ʧʦʭʦʞ ʥʘ ʢʠʧʝʥʠʝ ʞʠʜʢʦʩʪʠ. ʇʨʠ ʧʦʤʦʱʠ çʢʠʧʷʱʝʛʦè ʩʣʦʷ ʚʳʩʫʰʠʚʘʣʠ 

ʟʝʨʥʦʚʳʝ, ʩʘʭʘʨ, ʧʝʩʦʢ, ʫʛʦʣʴ [5]. 

ʅʦ ʧʨʦʮʝʩʩ ʩʪʘʥʦʚʠʪʩʷ ʝʱʝ ʙʦʣʝʝ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤ, ʝʩʣʠ ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʙʨʦʢʠʧʷʱʝʤ ʩʣʦʝ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʳʧʫʯʠʭ 

http://www.prosushka.ru/49-raschyoty-apparatov-kipyashhego-sloya.html


 

47 

 

ʤʘʪʝʨʠʘʣʦʚ, ʞʦʤʘ, ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʟʘ ʩʯʝʪ ʬʠʣʴʪʨʘʮʠʠ ʛʘʟʘ 

ʠʣʠ ʚʣʘʛʠ, ʘ ʧʨʠ ʧʦʤʦʱʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʠʙʨʘʮʠʦʥʥʳʭ ʚʦʟʜʝʡ-

ʩʪʚʠʡ ʥʘ ʚʳʩʫʰʠʚʘʝʤʳʡ ʤʘʪʝʨʠʘʣ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʤʦʞʥʦ ʩʦʟʜʘʪʴ ʣʶʙʫʶ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʣʠ ʛʘʟʘ, ʩʫʰʢʫ ʞʦʤʘ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʙʝʟ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʛʘʟʘ ʧʦʜ ʩʣʦʡ ʠ, ʜʘʞʝ, ʚ ʚʘʢʫʫʤʝ. 

ʉʫʰʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩʫʰʢʫ ʞʦʤʘ ʚ ʚʠʙʨʦʢʠ-

ʧʷʱʝʤ ʩʣʦʝ, ʦʙʨʘʟʫʶʪ ʧʩʝʚʜʦʩʞʠʞʝʥʥʳʡ ʩʣʦʡ ʟʘ ʩʯʝʪ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʜ ʥʘʧʦ-

ʨʦʤ ʪʝʧʣʦʥʦʩʠʪʝʣʷ ʯʝʨʝʟ ʦʧʦʨʥʫʶ ʨʝʰʸʪʢʫ ʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʚʠʙʨʘʮʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʦʜʥʦʨʦʜʥʦʤ ʚʠʙʨʦʢʠʧʷʱʝʤ ʩʣʦʝ ʠʩʪʠʨʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ 

ʯʘʩʪʠʮ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʪʦʤʫ ʯʪʦ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ, 

ʥʘʧʨʠʤʝʨ, ʞʦʤʘ, ʚ ʪʘʢʦʤ ʩʣʦʝ ʧʝʨʝʜʚʠʛʘʶʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ. ʊʘʢʦʝ 

ʜʚʠʞʝʥʠʝ ʚʠʙʨʦʢʠʧʷʱʝʛʦ ʩʣʦʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʧʦʣʥʦʛʦ ʚʳʪʝʩ-

ʥʝʥʠʷ. ʅʘ ʢʨʫʧʥʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭ ʵʪʦʪ ʧʨʠʥʮʠʧ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʪʴ ʧʝʨʝʢʨʸʩʪ-

ʥʳʡ ʪʦʢ ʩ ʧʦʜʘʯʝʡ ʛʘʟʘ ʥʘ ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʠ. ʊʝʧʣʦ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʟʣʫ-

ʯʘʝʪʩʷ ʥʘʛʨʝʚʘʪʝʣʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʚ ʚʠʙʨʦʢʠʧʷʱʝʤ ʩʣʦʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʰʢʘ ʞʦʤʘ ʚ ʚʠʙʨʦʢʠʧʷʱʝʤ ʩʣʦʝ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ, 

ʨʝʟʫʣʴʪʘʪʠʚʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʦ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʯʠʩʪʦ-

ʪʳ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴ ʵʪʦʪ ʤʝʪʦʜ 

ʚ ʚʠʙʨʘʮʠʦʥʥʳʭ ʩʫʰʠʣʢʘʭ ʠ ʧʝʯʘʭ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ ʧʠʱʝʚʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʈɽɿʋʃʔʊɸʊʓ ʇʈʆʀɿɺʆɼʉʊɺɽʅʅʓʍ ʀʉʇʓʊɸʅʀʁ  

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓʍ ʂʋʃʔʊʀɺɸʊʆʈʅʓʍ ʃɸʇ 

 

ɸ.ʅ. ʄʘʢʘʨʝʥʢʦ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʉʦʛʣʘʩʥʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘʧʣʘʚʢʘ 

20 ʩʪʨʝʣʴʯʘʪʳʭ ʜʣʷ ʢʫʣʴʪʠʚʘʪʦʨʘ ʂʐʋ-12-01, ʤʝʪʦʜʦʤ ʘʨʤʠʨʫʶʱʝʡ ʥʘʧʣʘʚʢʠ 

[1] ʚ ʫʩʣʦʚʠʷʭ ʮʝʥʪʨʘʣʴʥʦʡ ʨʝʤʦʥʪʥʦʡ ʤʘʩʪʝʨʩʢʦʡ ʢʦʣʭʦʟʘ ʠʤʝʥʠ ɻʦʨʠʥʘ. 

ʇʨʦʚʝʜʝʥʳ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʩʧʳʪʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʡ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʧʦ ʙʝʟʦʪʢʘʟʥʦʩʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʣʘʧʳ ʧʨʝʚʦʩʭʦʜʷʪ ʩʝʨʠʡʥʳʝ ʧʦ-

ʯʪʠ ʚ 2 ʨʘʟʘ (ʧʨʠʛʦʜʥʳʭ ʢ ʜʘʣʴʥʝʡʰʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʩʪʘʣʦʩʴ: ʩʝʨʠʡʥʳʭ ï 

40 %, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ï 70 %); 

ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʧʦ ʤʘʩʩʝ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʣʘʧ 145 ʛ, ʫ ʩʝʨʠʡ-

ʥʳʭ 236 ʛ, ʯʪʦ ʚ 1,6 ʨʘʟʘ ʚʳʰʝ; 

ï ʤʠʥʠʤʘʣʴʥʳʡ ʠʟʥʦʩ ʧʦ ʤʘʩʩʝ 35 ʛ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʪʠʚ 92 ʛ ʫ 

ʩʝʨʠʡʥʳʭ, ʯʪʦ ʚ 2,6 ʨʘʟʘ ʤʝʥʴʰʝ; 

ï ʩʨʝʜʥʠʡ ʠʟʥʦʩ ʧʦ ʤʘʩʩʝ 83,143 ʛ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʪʠʚ 139,75 ʛ ʫ 

ʩʝʨʠʡʥʳʭ, ʯʪʦ ʤʝʥʴʰʝ ʚ 1,68 ʨʘʟʘ; 

ï ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ: 

ʠʟʥʦʩ ʣʝʚʦʛʦ ʢʨʳʣʘ ï ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʣʘʧ ʥʠʞʝ ʚ 1,43 ʨʘʟʘ; 

ʠʟʥʦʩ ʧʨʘʚʦʛʦ ʢʨʳʣʘ ï ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʣʘʧ ʥʠʞʝ ʚ 1,68 ʨʘʟʘ; 

ʠʟʥʦʩ ʥʦʩʢʘ (ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʥʦʩʢʘ ʜʦ ʧʝʨʚʦʛʦ ʦʪʚʝʨʩʪʠʷ) ï ʫ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʣʘʧ ʥʠʞʝ ʚ 1,13 ʨʘʟ; 

ʠʟʥʦʩ ʥʦʩʢʘ (ʧʦ ʪʦʣʱʠʥʝ ʥʦʩʢʘ) ï ʥʠʞʝ ʚ 2,16 ʨʘʟʘ. 

ʊʦ ʝʩʪʴ ʚ ʩʨʝʜʥʝʤ ʧʦʢʘʟʘʪʝʣʠ ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ ʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʣʘʧ 

ʥʠʞʝ ʚ 1,6 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʳʤʠ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʢʘʟʘʪʝʣʠ ʠʟʥʦʩʘ ʧʦ ʤʘʩʩʝ (ʛ) ʠ ʧʦʢʘʟʘʪʝʣʠ 

ʣʠʥʝʡʥʦʛʦ ʠʟʥʦʩʘ (ʤʤ) ʬʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝ ʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ ʥʘʥʝʩʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʢʫʣʴʪʠʚʘʪʦʨʥʳʭ ʣʘʧ [2]. ʇʨʠ ʵʪʦʤ ʥʘʨʘʙʦʪʢʘ ʥʘ ʦʜʥʫ 

ʣʘʧʫ ʫʚʝʣʠʯʠʣʘʩʴ ʚ 1,75 ʨʘʟʘ. 

ʇʨʝʜʣʘʛʘʝʤʳʡ ʩʧʦʩʦʙ ʤʦʜʝʨʥʠʟʘʮʠʠ ʜʦʩʪʫʧʝʥ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʫʩʣʦʚʠ̫ ʭ 

ʎʈʄ ʢʦʣʭʦʟʘ ʠʤʝʥʠ ɻʦʨʠʥʘ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʢʘʢʦʝ-ʣʠʙʦ ʦʙʦʨʫʜʦ-

ʚʘʥʠʝ. ʉʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʧʦʢʨʳʪʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʠ ʥʘ 

ʜʨʫʛʠʭ ʨʘʙʦʯʠʭ ʦʨʛʘʥʘʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ 

ʫʯʠʪʳʚʘʪʴ ʬʦʨʤʫ ʠ ʪʠʧ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʭʘʨʘʢʪʝʨ ʠ ʫʩʣʦʚʠʷ ʝʛʦ ʨʘʙʦʪʳ, ʤʘʪʝ-

ʨʠʘʣ ʠʟ ʢʦʪʦʨʦʛʦ ʦʥ ʠʟʛʦʪʦʚʣʝʥ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʥʘʥʝ-

ʩʝʥʠʷ, ʠ ʝʝ ʨʝʞʠʤʳ. 
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ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʨʦʰʝʥʠʷ ʧʦʯʚʳ ʩʪʨʝʣʴʯʘʪʦʡ ʣʘʧʦʡ ʠ ʝʝ 

ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʛʝʦʤʝʪʨʠʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʘʨʤʠʨʫʶ-

ʱʝʡ ʥʘʧʣʘʚʢʦʡ / ɸ.ɺ. ɹʦʥʜʘʨʝʚ ʠ ʜʨ. ʄ.; ɹʝʣʛʦʨʦʜ: ʆɸʆ çʎʝʥʪʨʘʣʴʥʳʡ ʢʦʣʣʝʢ-

ʪʦʨ ʙʠʙʣʠʦʪʝʢ çɹʀɹʂʆʄè, 2015. 149 ʩ. 

2. ʄʘʢʘʨʝʥʢʦ ɸ.ʅ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʧʦʯʚʦʦʙʨʘ-

ʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʫʛʣʘʤʠ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ // ɸʢʪʫʘʣʴ-

ʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ XXI ʚʝʢʘ: ʪʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ. ɺʦʨʦ-

ʥʝʞ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɺʦʨʦʥʝʞʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ, 

2014. ʊ. 2. ̄  5-3. ʉ. 236ï240. 
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http://elibrary.ru/contents.asp?issueid=1359374&selid=22778830
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ʇʈʀʄɽʅɽʅʀɽ ʂʋʃʔʊʀɺɸʊʆʈʅʆʁ ʃɸʇʓ  

ʉ ʂʈʀɺʆʃʀʅɽʁʅʆʁ ʈɸɹʆʏɽʁ ʇʆɺɽʈʍʅʆʉʊʔʖ 

 

ʀ.ɺ. ʄʘʨʪʳʥʦʚʘ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺʦ ʤʥʦʛʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʙʦʡ ʩʠʩʪʝʤʳ ʟʝʤʣʝʜʝʣʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙ-

ʨʘʙʦʪʢʦʡ ʧʦʯʚʳ. ʀʟ ʚʩʝʛʦ ʦʙʲʝʤʘ ʟʘʪʨʘʪ ʧʨʠ ʚʦʟʜʝʣʳʚʘʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʳʭ ʢʫʣʴʪʫʨ ʥʘ ʥʝʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘʠʙʦʣʴʰʘʷ ʜʦʣʷ. 

ɼʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʦʯʚʳ ʧʦʜ ʧʦʩʝʚ ʝʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʣʴʯʠʪʴ ʥʘ ʤʝʣʢʠʝ 

ʬʨʘʢʮʠʠ, ʫʧʣʦʪʥʠʪʴ ʜʦ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʚʳʨʦʚʥʷʪʴ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʉʘʤʦʡ ʩʣʦʞʥʦʡ ʠ ʵʥʝʨʛʦʝʤʢʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʠʟʤʝʣʴʯʝʥʠʝ ʧʦʯʚʳ. 

ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ, ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʭ ʩʪʨʝʣʴʯʘʪʳʭ ʣʘʧ ʩ ʧʣʦʩʢʠʤʠ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʨʘʙʦʯʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ 

ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʨʳʭʣʝʥʠʝ ʠ ʢʨʦʰʝʥʠʝ ʧʦʯʚʳ: ʢʨʳʣʴʷ ʣʘʧ, ʚ ʦʩʥʦʚʫ 

ʨʘʙʦʪʳ ʢʦʪʦʨʳʭ ʟʘʣʦʞʝʥ ʪʨʸʭʛʨʘʥʥʳʡ ʢʣʠʥ, ʚʦʟʜʝʡʩʪʚʫʶʪ ʥʘ ʦʙʨʘʙʘʪʳʚʘʝʤʫʶ 

ʧʦʯʚʫ ʦʜʥʦʪʠʧʥʦ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʨʝʣʴʯʘʪʦʡ ʣʘʧʳ ʨʘʙʦʯʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ, ʢʦʪʦʨʦʡ ʚʳʧʦʣʥʝʥʘ ʢʨʠʚʦʣʠʥʝʡʥʦʡ ʥʝʟʘʢʦʥʦʤʝʨʥʦʡ ʬʦʨʤʳ, ʙʫʜʝʪ 

ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦ. ʌʦʨʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʩʥʠʞʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʘ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʩʥʠʞʝʥʠʷ 

ʫʩʠʣʠʷ ʨʝʟʘʥʠʷ ʧʦʯʚʳ. ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʛʦʨʠʟʦʥ-

ʪʘʣʴʥʳʭ ʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʝʯʝʥʠʡ ʥʝʟʘʢʦʥʦʤʝʨʥʦʡ ʬʦʨʤʳ. 

ɺ ʦʩʥʦʚʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʣʦʞʝʥʳ ʠʤʝʶʱʠʝʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʝ ʩʚʷʟʴ ʤʝʞʜʫ ʬʦʨʤʦʡ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

(ʜʝʬʦʨʤʘʪʦʨʘ) ʠ ʢʘʯʝʩʪʚʦʤ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʝʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚ-

ʣʷʶʱʝʡ. ʇʨʘʚʠʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʢʦ-

ʣʠʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʨʦʜʥʳʭ ʬʦʨʤ, ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ ʚ ʜʦʚʦʣʴʥʦ ʧʣʦʪ-

ʥʳʭ ʩʨʝʜʘʭ (ʧʦʯʚʘ, ʚʦʜʘ, ʚʦʟʜʫʭ) ʠ ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʠʤʝʶʱʠʭ ʥʘʠʤʝʥʴ-

ʰʝʝ ʣʦʙʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʝʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʤʝʥʷʷ ʢʫʣʴ-

ʪʠʚʘʪʦʨʥʫʶ ʣʘʧʫ ʪʘʢʦʡ ʬʦʨʤʳ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʩʥʠʞʝʥʠʷ ʪʷʛʦʚʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ [1]. 
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ʇʈʀ ɺʓʈɸʑʀɺɸʅʀʀ ɿɽʈʅʆɺʓʍ 

 

ɸ.ɺ. ʄʘʯʢʘʨʠʥ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʬʠʢʘʮʠʝʡ ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʨʘʟʚʠʪʠʝʤ ʙʠʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʧʦʜʭʦʜʘ ʢ ʚʦʟʜʝʣʳʚʘʥʠʶ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʚ ʪʝʭʥʦʣʦʛʠʠ ʧʦʩʝʚʘ ʥʘ ʧʝʨʚʳʡ 

ʧʣʘʥ ʚʳʜʚʠʥʫʣʠʩʴ ʚʦʧʨʦʩʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʩʝʚʘ. ɸ ʠʤʝʥʥʦ ï ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʩʝʤʷʥ ʧʦ ʧʣʦʱʘʜʠ ʠ ʛʣʫʙʠʥʝ, ʩʦ-

ʟʜʘʥʠʝ ʧʣʦʪʥʦʛʦ ʩʝʤʝʥʥʦʛʦ ʣʦʞʘ. ɼʦʙʠʪʴʩʷ ʵʪʦʛʦ ʠ, ʛʣʘʚʥʦʝ, ʩʦʟʜʘʪʴ ʙʣʘʛʦʧʨʠ-

ʷʪʥʳʝ ʫʩʣʦʚʠʷ ʨʦʩʪʘ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦʡ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʯʚʳ. ɹʘʟʠʨʫʶʱʘʷʩʷ ʥʘ ʦʙʦʨʘʯʠʚʘʥʠʠ ʧʘ-

ʭʦʪʥʦʛʦ ʩʣʦʷ ʠʥʪʝʥʩʠʚʥʘʷ ʩʠʩʪʝʤʘ ʦʙʨʘʙʦʪʢʠ ʩʦ ʚʨʝʤʝʥʝʤ ʧʝʨʝʩʪʘʣʘ ʦʪʚʝʯʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʪʠʚʦʵʨʦʟʠʡʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ [1, 2].  

ɺ ʧʨʦʪʠʚʦʚʝʩ ʜʝʡʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ ʟʝʤʣʝʜʝʣʠʷ ʫʯʝʥʳʝ ʠ ʧʨʘʢʪʠʢʠ ʧʨʝʜ-

ʣʦʞʠʣʠ ʤʠʥʠʤʘʣʴʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ. ʆʩʥʦʚʘʥʥʘʷ ʥʘ ʫʤʝʥʴʰʝ-

ʥʠʠ ʛʣʫʙʠʥʳ ʠ ʢʦʣʠʯʝʩʪʚʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ, ʥʦʚʘʷ ʩʠʩʪʝʤʘ ʧʨʝʜʫʩʤʘʪ-

ʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʧʣʦʩʢʦʨʝʟʥʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʦʨʫʜʠʡ ʠ ʩʧʦʩʦʙʩʪʚʫ-

ʝʪ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʦʩʘʜʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʟʘʩʫʰʣʠʚʳʭ ʨʘʡʦʥʘʭ, 

ʫʤʝʥʴʰʝʥʠʶ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʫʤʫʩʘ, ʩʥʠʞʝʥʠʶ ʵʥʝʨʛʦʟʘʪʨʘʪ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ 

ʠʪʦʛʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʧʦʯʚʦʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʦʪ ʚʦʜʥʦʡ ʠ ʚʝʪʨʦʚʦʡ ʵʨʦ-

ʟʠʠ. ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʨʫʜʘ ʙʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ 

ʰʠʨʦʢʦʟʘʭʚʘʪʥʳʭ ʤʘʰʠʥ ʠ ʦʨʫʜʠʡ ʠ ʥʘʤʥʦʛʦ ʚʦʟʨʘʩʪʘʝʪ ʤʦʙʠʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ: ʩʢʘʟʳʚʘʝʪʩʷ ʬʘʢʪʦʨ ʚʨʝʤʝʥʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʦʩ-

ʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ 

ʥʘ ʩʥʠʞʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʯʠʩʣʘ ʠ ʛʣʫʙʠʥʳ ʦʙʨʘ-

ʙʦʪʢʠ, ʩʦʚʤʝʱʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʠ ʚʥʝʩʝʥʠʷ ʭʠʤʠʢʘʪʦʚ ʚ ʦʜʥʦʤ ʘʛ-

ʨʝʛʘʪʝ. ʕʪʦ ʦʙʨʘʙʦʪʢʘ, ʩʝʚ, ʚʥʝʩʝʥʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʛʝʨʙʠʮʠʜʦʚ. ʂʦʤʙʠʥʠʨʦʚʘʥ-

ʥʳʝ ʤʘʰʠʥʳ, ʢʦʪʦʨʳʝ ʟʘ ʦʜʠʥ ʧʨʦʭʦʜ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʜʛʦʪʦʚʢʫ ʩʝʤʝʥʥʦʛʦ ʣʦ-

ʞʘ ʠ ʧʦʩʝʚ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʚʥʝʩʝʥʠʝʤ ʚ ʧʦʯʚʫ ʫʜʦʙʨʝʥʠʡ ʠ ʛʝʨʙʠʮʠʜʦʚ, ʧʨʠ-

ʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʝʷʣʢʘʤʠ ʧʨʷʤʦʛʦ ʧʦʩʝʚʘ [1].  

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʩʝʷʣʢʠ ʩ ʜʠʩʢʦʚʳʤʠ ʩʦʰʥʠʢʘʤʠ. 

ʆʥʠ ʠʤʝʶʪ ʥʝʙʦʣʴʰʦʝ ʪʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʝʩʴʤʘ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʘʙʦ-

ʪʘʶʪ ʥʘ ʧʣʦʭʦ ʦʙʨʘʙʦʪʘʥʥʦʡ, ʪʘʢʞʝ ʢʦʤʢʦʚʘʪʦʡ, ʛʣʳʙʠʩʪʦʡ ʠ ʙʦʛʘʪʦʡ ʢʦʨʥʝ-

ʚʳʤʠ ʦʩʪʘʪʢʘʤʠ ʧʦʯʚʝ [1].  

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʄʘʯʢʘʨʠʥ ɸ.ɺ. ʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʳʨʘʱʠʚʘʥʠʷ ʟʝʨʥʦʚʳʭ ʩ 
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ʊ.ɺ. ʄʝʥʴʰʦʚʘ, ɺ.ʄ. ʇʘʱʝʥʢʦ, ʆ. ʅ. ʇʳʣʘʝʚʘ 

ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ, ʛ. ʈʷʟʘʥʴ, ʈʦʩʩʠʷ 

 

ɿʝʨʥʦʚʳʝ ʢʫʣʴʪʫʨʳ ʧʦʣʴʟʫʶʪʩʷ ʙʦʣʴʰʠʤ ʩʧʨʦʩʦʤ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʠ ʚʥʝʰ-

ʥʝʤ ʨʳʥʢʝ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ ʷʚ-

ʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦʫʨʦʞʘʡʥʳʭ ʩʦʨʪʦʚ ʨʘʩʪʝʥʠʡ, ʫʩʪʦʡʯʠʚʳʭ ʢ ʥʝʙʣʘʛʦ-

ʧʨʠ̫ʪʥʳʤ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʠ ʚʦʟʙʫʜʠʪʝʣʷʤ ʙʦʣʝʟʥʝʡ. ʆʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝ-

ʪʘʝʪ ʢʘʯʝʩʪʚʦ ʧʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʩʝʤʷʥ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ [1, 2]. 

ʅʘ ʢʘʬʝʜʨʝ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ ʠ ʬʠʟʠʢʠ ʌɻɹʆʋ ɺʆ ʈɻɸʊʋ ʩʦʚʤʝʩʪʥʦ ʩ 

ɻʅʋ ɺʅʀʀʄʉ ʈʦʩʩʝʣʴʭʦʟʘʢʘʜʝʤʠʠ ʨʘʟʨʘʙʦʪʘʥ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʡ ʤʝʪʦʜ, ʘ 

ʪʘʢʞʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ ʠ ʵʥʝʨʛʠʠ ʨʦʩʪʘ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʙʳʣʦ ʩʦʙʨʘʥʦ ʥʘ ʙʘʟʝ ʤʘʩʪʝʨʩʢʠʭ ɻʅʋ ɺʅʀʄʉ ʈʦʩʩʝʣʴ-

ʭʦʟʘʢʘʜʝʤʠʠ ʛ. ʈʷʟʘʥʠ, ʛʜʝ ʠ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ 

ʥʘ ʙʘʟʝ ʨʘʟʙʨʘʩʳʚʘʪʝʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʃ-116, ʢʦʪʦʨʳʡ ʙʳʣ ʘʛʨʝʛʘʪʠ-

ʨʦʚʘʥ ʩ ʪʨʘʢʪʦʨʦʤ ʄʊɿ 82.  

 ʋʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ ʩ ʜʦʟʘʪʦʨʦʤ ʠ ʫʜʘʨʥʳʡ ʤʝʭʘ-

ʥʠʟʤ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʨʘʟʙʨʘʩʳʚʘʶʱʠʡ ʜʠʩʢ ʩ ʨʘʜʠʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʚʝʨʪʠʢʘʣʴʥʦʤ ʚʘʣʫ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ.  

ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɿʝʨʥʦʚʘʷ ʤʘʩʩʘ ʧʦʩʪʫʧʘʝʪ ʚ 

ʟʘʛʨʫʟʦʯʥʳʡ ʙʫʥʢʝʨ ʩ ʜʦʟʘʪʦʨʦʤ. ʏʝʨʝʟ ʜʦʟʘʪʦʨ ʧʨʦʭʦʜʠʪ ʟʘʜʘʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʟʝʨʥʦʚʦʡ ʤʘʩʩʳ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʵʪʦʤ ʧʦ-

ʪʦʢ ʟʝʨʥʘ ʩʫʞʘʝʪʩʷ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʚ ʩʝʨʝʜʠʥʫ ʨʘʟʙʨʘʩʳʚʘʶʱʝʛʦ ʜʠʩʢʘ. ʇʨʠ 

ʚʨʘʱʝʥʠʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʚʘʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ʨʘʜʠʘʣʴʥʳʝ 

ʧʣʘʩʪʠʥʳ ʥʘʧʨʘʚʣʷʶʪ ʟʝʨʥʦ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ ʯʝʨʝʟ ʱʝʣʝʚʳʝ ʦʪ-

ʚʝʨʩʪʠʷ. ʇʦʩʣʝ ʫʜʘʨʘ ʠ ʦʪʨʘʞʝʥʠʷ ʦʪ ʦʪʨʘʞʘʪʝʣʷ, ʟʝʨʥʦʚʘʷ ʤʘʩʩʘ ʠʩʧʳʪʳʚʘʝʪ 

ʚʪʦʨʠʯʥʦʝ ʦʪʨʘʞʝʥʠʝ ʦʪ ʩʬʝʨʠʯʝʩʢʠʭ ʧʣʘʩʪʠʥ, ʧʦʧʘʜʘʝʪ ʚ ʩʙʦʨʥʠʢ ʟʝʨʥʘ ʠ ʚʳ-

ʚʦʜʠʪʩʷ ʠʟ ʫʩʪʘʥʦʚʢʠ ʧʦ ʚʳʚʦʜʷʱʝʤʫ ʢʘʥʘʣʫ. 

ʀʩʩʣʝʜʦʚʘʥʠʷʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʢʨʦʪʨʝʱʠʥ ʠ 

ʜʝʬʦʨʤʘʮʠʶ ʟʝʨʥʘ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʟʘ ʩʯʝʪ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʫʜʘʨʝʥʠʷ 

ʟʝʨʥʘ ʦʙ ʦʪʨʘʞʘʪʝʣʴ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʚ ʠʥʪʝʨʚʘʣʝ ʜʦ 6 ï 8 ʤ/ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʬʦʨʤʠʨʫʶʪʩʷ ʤʠʢʨʦʪʨʝʱʠʥʳ ʚ ʩʝʤʝʥʥʦʡ ʦʙʦʣʦʯʢʝ, ʧʨʠ ʩʢʦ-

ʨʦʩʪʷʭ ʜʦ 20 ʤ/ʩ ʤʠʢʨʦʪʨʝʱʠʥʳ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚʦʟʥʠʢʘʶʪ ʚ ʦʙʲʝʤʝ ʵʥ-

ʜʦʩʧʝʨʤʘ. ʇʨʠ ʵʪʦʤ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʜʦ 20 ʤ/ʩ ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʦ-

ʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʩʭʦʞʝʩʪʠ ʠ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ[3]. 

ɹʳʣʠ ʠʟʤʝʨʝʥʘ ʜʣʠʥʘ ʧʨʦʨʦʩʪʢʦʚ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʩʦʨʪʘ ʄʦʩʢʦʚʩʢʘʷ-39 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʦʫʜʘʨʝʥʠʷ ʩʝʤʷʥ ʩ ʦʪʨʘʞʘʪʝʣʝʤ ʠ ʩʦʩʪʦʷʥʠʝʤ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʦʪʨʘʞʘʪʝʣʷ. ʉʦʫʜʘʨʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦʜ ʫʛʣʦʤ 45
0
. 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ ɹʦʨʝʣʣʠ ï ɾʶʨʝʥʘ, ʯʝʤ ʤʝʥʴʰʝ d ʢʘʧʠʣʣʷʨʘ, ʪʝʤ ʚʳ-

ʰʝ ʝʛʦ ʚʩʘʩʳʚʘʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʪ.ʝ. ʥʘʠʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 
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ʤʠʢʨʦʪʨʝʱʠʥ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤʠ ʜʠʘʤʝʪʨʘ-

ʤʠ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʩʦʫʜʘʨʝʥʠʡ ʥʝ ʙʦʣʝʝ 6 ʤ/ʩ. 

ʇʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʠ ʵʥʝʨʛʠʠ ʧʨʦʨʘʩʪʘʥʠʷ ʄʦʩʢʦʚʩʢʘʷ-39 ʧʨʝʜʩʪʘʚʣʷʝʪ-

ʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʘʜʘʧʪʝʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʩʢʦʨʦʩʪʴ ʫʜʘʨʝʥʠʷ ʟʝʨʥʘ ʦ ʤʝʪʘʣ-

ʣʠʯʝʩʢʠʡ ʦʪʨʘʞʘʪʝʣʴ ʧʨʠʤʝʨʥʦ 6 ʤ/ʩ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʟʝʨʥʦʚʘʷ ʤʘʩʩʘ, ʧʨʦ-

ʧʫʱʝʥʥʘʷ ʯʝʨʝʟ ʘʜʘʧʪʝʨ, ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʤʝʜʣʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʩʝʚʘ, ʘ 

ʩʘʤ ʘʜʘʧʪʝʨ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩʦʚʤʝʩʪʥʦ ʚ ʢʦʤʧʣʝʢʪʝ ʩ ʧʦʩʝʚʥʳʤʠ ʘʛʨʝʛʘʪʘʤʠ. 

ʈʝʛʫʣʠʨʫʷ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʟʝʨʥʘʭ ʧʝʨʝʜ ʧʦʩʝʚʦʤ ʤʦʞʥʦ ʧʦ-

ʚʳʩʠʪʴ ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʠ ʵʥʝʨʛʠʶ ʨʦʩʪʘ. ʇʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʢʨʦʪʨʝʱʠʥ ʛʣʫ-

ʙʠʥʦʡ ʦʪ 0,03 ʜʦ 0,97 ʤʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʣʱʠʥʝ ʧʣʦʜʦʚʦʡ ʠ ʩʝʤʝʥʥʦʡ ʦʙʦ-

ʣʦʯʝʢ, ʩʢʦʨʦʩʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʜʳ ʢ ʢʣʝʪʢʘʤ ʘʣʝʡʨʦʥʦʚʦʛʦ ʩʣʦʷ ʠ ʟʘʨʦʜʳʰʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʚʣʝʯʝʪ ʠ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʥʘʨʘʩʪʘʥʠʷ ʛʨʘʜʠʝʥʪʘ ʚʣʘʞ-

ʥʦʩʪʠ, ʨʘʟʨʳʭʣʝʥʠʝ ʵʥʜʦʩʧʝʨʤʘ. ɸʢʪʠʚʠʨʫʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʙʠʦʭʠʤʠʯʝʩʢʠʝ 

ʩʪʘʨʪʦʚʳʝ ʧʨʦʮʝʩʩʳ, ʪʝʤ ʩʘʤʳʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʨʘʩʪʘʥʠʷ 

ʩʝʤʷʥ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʟʘʩʫʰʣʠʚʳʝ ʛʦʜʳ, ʢʦʛʜʘ ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ 

ʧʦʯʚʝ ʢʨʘʡʥʝ ʥʠʟʢʦ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ï ʛʣʦʙʘʣʴ-

ʥʦʝ ʧʦʪʝʧʣʝʥʠʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʧʨʠʚʝʜʝʪ ʢ ʜʝʬʠ-

ʮʠʪʫ ʚʣʘʛʠ, ʢʦʪʦʨʳʡ ʩʦ ʚʨʝʤʝʥʝʤ ʙʫʜʝʪ ʪʦʣʴʢʦ ʫʩʠʣʠʚʘʪʴʩʷ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʩʢʘʞʝʪʩʷ ʥʘ ʩʥʠʞʝʥʠʠ ʚʩʭʦʞʝʩʪʠ ʟʝʨʥʦʚʳʭ ʢʫʣʴʪʫʨ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʰʝʥʠʮʳ, 

ʫʤʝʥʴʰʝʥʠʝʤ ʫʨʦʞʘʡʥʦʩʪʠ, ʩ ʫʛʨʦʟʦʡ ʧʨʦʜʦʚʦʣʴʩʪʚʝʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʩʪʨʘ-

ʥʳ.  

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʇʘʱʝʥʢʦ ɺ.ʄ., ʇʳʣʘʝʚʘ ʆ.ʅ., ʄʝʥʴʰʦʚʘ ʊ.ɺ. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʫʥʠʯʪʦ-

ʞʝʥʠʷ ʘʤʙʘʨʥʳʭ ʚʨʝʜʠʪʝʣʝʡ ʟʝʨʥʘ // ʉʝʣʴʩʢʠʡ ʤʝʭʘʥʠʟʘʪʦʨ. 2013. ˉ 5. ʉ. 22ï

23. 

2. ʄʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʚʩʭʦʞʝʩʪʠ ʩʝʤʷʥ / ɺ.ʄ. ʇʘʱʝʥʢʦ ʠ ʜʨ. // ɺʝʩʪʥʠʢ 

ʈɻɸʊʋ. 2013. ˉ 2. ʉ. 69ï73. 

3. ʇʘʱʝʥʢʦ ɺ.ʄ., ʇʳʣʘʝʚʘ ʆ.ʅ., ʄʝʥʴʰʦʚʘ ʊ.ɺ. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʤʝʭʘʥʠ-

ʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʝʨʥʦʚʫʶ ʤʘʩʩʫ // ɺʝʩʪʥʠʢ ʈʷʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥ-

ʥʦʡʛʦ ʘʛʨʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʇ.ɸ. ʂʦʩʪʳʯʝʚʘ. 2015. 

ˉ 4 (28). ʉ. 95ï100. 



 

55 

 

ʋɼʂ 621.926.3-001.24-001.6 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʌɸʂʊʆʈʆɺ ʇʆɺʓʐɽʅʀʗ ʀɿʅʆʉʆʉʊʆʁʂʆʉʊʀ 

ɼɽʊɸʃɽʁ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʆɹʆʈʋɼʆɺɸʅʀʗ 

 

ɸ.ɻ. ʄʠʥʘʩʷʥ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʘʛʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʨʘʙʦʪʘʝʪ ʚ ʚʝʩʴʤʘ ʪʷʞʝʣʳʭ ʩʠʣʦ-

ʚʳʭ, ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠ ʩʢʦʨʦʩʪʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ [1, 

2, 3]. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʠʭ ʩʣʫʞʙʳ, ʪ.ʝ. ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʠ ʨʝʤʦʥʪʦʧʨʠʛʦʜʥʦ-

ʩʪʠ [4, 5]. ʉʨʝʜʠ ʪʘʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʝʩʩ ʚʘʣʢʦʚʳʝ ʠʟʤʝʣʴ-

ʯʠʪʝʣʠ (ʇɺʀ), ʚ ʢʦʪʦʨʳʭ ʨʘʙʦʯʠʝ ʦʨʛʘʥʳ ʨʘʙʦʪʘʶʪ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝ-

ʥʠʡ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʚʳʩʦʢʦ-ʘʙʨʘʟʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [6, 7, 8]. ʇʨʠ ʵʪʦʤ ʚʦʧʨʦʩ 

ʦ ʚʳʙʦʨʝ ʠʟʥʦʩʦʩʪʦʡʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʚʘʣʢʦʚ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʘʢʪʫʘʣʴʥʳʤ 

ʠ ʩʣʦʞʥʳʤ, ʪʘʢ ʢʘʢ ʥʝʦʙʭʦʜʠʤʳ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʦʙ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʤʘʪʝ-

ʨʠʘʣʦʚ ʠ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʠʢʠ ʝʝ ʦʮʝʥʢʠ. ʆʜʥʘʢʦ, ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫ-

ʯʘʝ ʚʳʙʦʨ ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʇɺʀ ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʙʝʟ ʠʥʞʝʥʝʨʥʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʯʝʪʘ ʠʭ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ ʫʯʠʪʳʚʘʣʠʩʴ ʙʳ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʦʚ ʪʨʫʱʝʡʩʷ ʧʘʨʳ, ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʫʟʣʘ ʪʨʝʥʠʷ 

(ʥʘʛʨʫʟʢʘ, ʩʢʦʨʦʩʪʴ), ʘ ʪʘʢʞʝ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʥʘʰʠʚʘʝʤʳʭ ʜʝʪʘ-

ʣʝʡ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [9, 10, 11, 12], ʘʙʨʘʟʠʚʥʳʡ ʠʟ-

ʥʦʩ ʪʷʞʝʣʦ ʥʘʛʨʫʞʝʥʥʳʭ ʩʦʧʨʷʞʝʥʠʡ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʠʪʩʷ ʇɺʀ, ʩʚʷʟʘʥ ʩ ʠʥ-

ʪʝʥʩʠʚʥʳʤ ʜʨʦʙʣʝʥʠʝʤ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ. ɿʘʜʘʯʫ ʦʮʝʥʢʠ ʠʟʥʦʩʘ ʚʘʣʢʦʚ ʇɺʀ 

ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʜʝʡʩʪʚʠʷ, ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʦʜʥʦʡ ʯʘʩʪʠʮʝʡ ʠʟʤʝʣʴ-

ʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʠ ʩʫʤʤʠʨʦʚʘʥʠʶ ʵʪʠʭ ʥʝʟʘʚʠʩʠʤʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʥʘʰʠʚʘʥʠʷ ʚʘʣʢʦʚ ʇɺʀ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʤʝʭʘ-

ʥʠʟʤʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʥʳʭ ʯʘʩʪʠʮ ʠʟʤʝʣʴʯʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʨʘʙʦʯʠʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚʘʣʢʦʚ: 

ï ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʤʝʞʚʘʣʢʦʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠ, 

ʥʝ ʨʘʟʨʫʰʘʷʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ, ʧʨʦʠʟʚʦʜʠʪ ʠʟʥʦʩ.  

ï ʠʟʤʝʣʴʯʘʝʤʳʡ ʤʘʪʝʨʠʘʣ, ʠʩʧʳʪʳʚʘʷ ʜʝʡʩʪʚʠʷ ʚʦʟʨʘʩʪʘʶʱʠʭ ʥʦʨʤʘʣʴ-

ʥʳʭ ʩʠʣ (ʧʨʠ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʘʣʢʘʭ), ʜʨʦʙʠʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ 

ʚʥʝʜʨʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʯʘʩʪʠʮʳ ʧʨʦʭʦʜʷʪ ʟʦʥʫ ʢʦʥʪʘʢʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʦʮʝʥʦʯʥʳʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʩʚʦʝʦʙʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʵʣʝʤʝʥʪʦʚ ʧʘʨ ʪʨʝʥʠʷ ʢʘʯʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʩʫ-

ʱʝʩʪʚʣʝʥʠʶ ʚʪʦʨʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʟʥʦʩʘ. ʆʩʦʙʝʥʥʦʩʪʴ ʨʘʩʯʝʪʘ ʚʘʣʢʦʚ ʇɺʀ ʥʘ 

ʠʟʥʦʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʙʨʘʟʠʚʥʦʡ ʯʘ-

ʩʪʠʮʳ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʚʘʣʢʦʚ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʯʠʩʣʘ, ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ 

ʨʘʟʤʝʨʦʚ ʜʨʫʛʠʭ ʯʘʩʪʠʮ, ʦʪʧʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ çʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠè, ʩʦʟʜʘʥʥʦʡ ʘʙʨʘʟʠʚʥʳʤʠ ʯʘʩʪʠʮʘʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥ-
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ʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʨʘʙʦʪʘʶʱʝʛʦ ʚ ʘʛ-

ʨʘʨʥʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ, ʛʦʨʥʦʡ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʟʥʦʩ ʧʦ-

ʚʝʨʭʥʦʩʪʝʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʠʟ-ʟʘ ʧʦʚʪʦʨʥʳʭ ʫʧʨʫʛʠʭ ʠ ʧʣʘʩʪʠ-

ʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. 
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ʇʆʉɽɺʅɸʗ ʉɽʂʎʀʗ 

 

ɺ.ɸ. ʄʠʭʘʡʣʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʉʝʢʮʠʷ ʩʝʷʣʢʠ ʜʣʷ ʧʦʩʝʚʘ ʪʝʭʥʠʯʝʩʢʠʭ ʢʫʣʴʪʫʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʙʫʥʢʝʨʦʚ: 

ʩʝʤʝʥʥʦʛʦ ʠ ʪʫʢʦʚʦʛʦ [1, 2, 3]. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʘʞʜʦʛʦ ʙʫʥʢʝʨʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʚʳʩʝʚʘʶʱʠʝ ʘʧʧʘʨʘʪʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʜʣʷ ʩʝʤʷʥ ʠ ʪʫʢʦʚ. ʊʫʢʦʚʳʩʝʚʘʶʱʠʡ 

ʘʧʧʘʨʘʪ ʧʨʠ ʧʦʤʦʱʠ ʪʫʢʦʧʨʦʚʦʜʘ ʩʦʝʜʠʥʝʥ ʩ ʧʦʨʮʠʦʥʥʳʤ ʜʝʣʠʪʝʣʝʤ ʤʠʥʝ-

ʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʪʦʡʢʫ-ʪʫʢʦʧʨʦʚʦʜ 

ʪʫʢʦʚʦʛʦ ʩʦʰʥʠʢʘ [4, 5]. 

ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʳ 

ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʦʨʮʠʦʥʥʦʛʦ ʜʝʣʠʪʝʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʪʦʡʢʠ-

ʪʫʢʦʧʨʦʚʦʜʘ [6]. ʃʦʧʘʪʢʘ ʧʦʨʮʠʦʥʥʦʛʦ ʜʝʣʠʪʝʣʷ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʠʟʛʦ-

ʪʘʚʣʠʚʘʝʪʩʷ ʠʟ ʩʪʘʣʴʥʦʡ ʭʦʣʦʜʥʦʢʦʚʘʥʦʡ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʡ ʣʝʥʪʳ (ɻʆʉʊ 

21996 ï 76), ʰʠʨʠʥʘ ʣʦʧʘʪʢʠ b = 10
-2
 ʤ, ʝʸ ʪʦʣʱʠʥʘ s = 1,3Ĭ10

-4
 ʤ, ʚʩrʦʪʘ ʫʧʦʨʘ, 

ʦʪʢʣʦʥʷʶʱʝʛʦ ʢʦʥʝʮ ʣʦʧʘʪʢʠ ʋ = 0,014 ʤ [7].  

ʇʨʠ ʩʨʝʜʥʝʤ ʧʦʧʝʨʝʯʥʦʤ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ ʫʜʦʙʨʝʥʠʡ d = 2,53Ŀ10-3 ʤ ʠ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤ ʠʭ ʦʪʢʣʦʥʝʥʠʠ ů = 1,24Ŀ10
-3
 ʤ ʰʠʨʠʥʘ ʩʝʯʝʥʠʷ ʧʦʨʮʠʦʥʥʦ-

ʛʦ ʜʝʣʠʪʝʣʷ (ɺ), ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʰʠʨʠʥʘ ʧʦʣʦʩʪʠ ʩʪʦʡʢʠ-ʪʫʢʦʧʨʦʚʦʜʘ (ʩ), 

ʨʘʚʥʳ: ɺ = ʩ = 0,011 ʤ.  

ʉ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʡ ʜʣʠʥʳ ʣʦʧʘʪʢʠ ʇɼʄʋ ʜʣʠʥʘ ʧʦʣʦʩʪʠ ʩʝʯʝʥʠʷ ʩʪʦʡ-

ʢʠ-ʪʫʢʦʧʨʦʚʦʜʘ ʨʘʚʥʘ: Lʩ = 0,029 ʤ. 

ɺʝʣʠʯʠʥʘ ʩʤʝʱʝʥʠʷ ʦʯʘʛʘ ʫʜʦʙʨʝʥʠʡ ʚʥʠʟ ʧʦ ʱʝʣʠ (ȹh), ʘ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʠ ʧʨʠʨʘʱʝʥʠʝ ʜʣʠʥʳ ʱʝʣʝʦʙʨʘʟʦʚʘʪʝʣʷ (ȹʑ), ʨʘʚʥʦ: ȹh = ȹʑ = 0,022 ʤ.  

ʇʨʠ ʚʳʩʦʪʝ ʦʯʘʛʘ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʅ = 0,08 ʤ ʜʣʠʥʘ ʱʝʣʝʦʙʨʘ-

ʟʦʚʘʪʝʣʷ ʨʘʚʥʘ Lʩ = 0,1 ʤ, ʘ ʫʛʦʣ ʥʘʢʣʦʥʘ ʨʘʙʦʯʝʡ ʢʨʦʤʢʠ ʩʪʦʡʢʠ-ʪʫʢʦʧʨʦʚʦʜʘ ɔ 

= 20Ü. 
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ɺ.ɸ. ʄʠʭʘʡʣʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 
 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʘʚʪʦʤʦʙʠʣʝʡ ʚ ʪʷʞʝʣʳʭ ʜʦʨʦʞʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʯʘʩʪʳʭ 

ʧʝʨʝʛʨʫʟʘʭ ʥʝʨʝʜʢʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʘʟʘʤ ʘʚʪʦʤʦʙʠʣʝʡ ʚʩʣʝʜʩʪʚʠʝ ʧʦʣʦʤʢʠ ʟʘʜ-

ʥʠʭ ʠ ʧʝʨʝʜʥʠʭ ʨʝʩʩʦʨ [1, 2]. ʇʦʵʪʦʤʫ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʧʦ ʟʘʤʝʥʝ 

ʨʝʩʩʦʨ, ʟʘʪʨʘʯʠʚʘʶʪʩʷ ʙʦʣʴʰʠʝ ʬʠʟʠʯʝʩʢʠʝ ʫʩʠʣʠʷ ʠ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ [3, 4]. 

ɼʣʷ ʟʘʜʥʠʭ ʨʝʩʩʦʨ ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʘʚʪʦʙʫʩʦʚ ʧʨʠ ʩʠʤʤʝʪʨʠʯʥʦʤ ʢʨʝʧʣʝ-

ʥʠʠ ʚ 2-ʭ ʪʦʯʢʘʭ ʩ ʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩʳ ʨʝʩʩʦʨʳ ʥʘ ʦʧʦʨʘʭ ʟʘ-

ʭʚʘʪʘ ʩ ʧʦʜʭʦʜʦʤ ʩʙʦʢʫ ʢ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʨʝʩʩʦʨʳ ʧʨʠ ʩʥʷʪʳʭ ʢʦʣʝʩʘʭ [5]. ʉʧʦ-

ʩʦʙ ʢʨʝʧʣʝʥʠʷ ʨʝʩʩʦʨʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʝʝ ʩʥʷʪʠʷ ʠ ʫʩʪʘʥʦʚʢʠ. 

ɺ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʧʨʠ ʧʦʤʦʱʠ ʩʪʨʝʤʷʥʦʢ ʨʝʩʩʦʨʘ ʟʘʢʨʝʧʣʝʥʘ ʥʘ ʦʩʠ ʙʘʣʘʥʩʠʨʘ, ʘ 

ʢʦʥʮʘʤʠ ʦʧʠʨʘʝʪʩʷ ʩʚʦʙʦʜʥʦ ʥʘ ʙʘʣʢʠ ʤʦʩʪʦʚ. ʉʥʠʤʘʝʤ ʨʝʩʩʦʨʫ ʧʨʠ ʩʥʷʪʳʭ 

ʢʦʣʝʩʘʭ [6]. ʆʩʥʦʚʦʡ ʟʘʭʚʘʪʘ ʪʘʢʞʝ ʙʫʜʝʪ ʧʣʘʥʢʘ ʛʘʡʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʧʨʝʜʣʘʛʘʝʤ 

ʩʤʦʥʪʠʨʦʚʘʪʴ ʨʘʟʜʚʠʞʥʳʝ ʨʳʯʘʛʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʘʟʚʦʜʘ ʠʭ ʥʘ ʥʝʦʙʭʦʜʠʤʫʶ 

ʚʝʣʠʯʠʥʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʱʝʥʠʷ ʩʪʷʞʥʳʭ ʭʦʤʫʪʠʢʦʚ ʠ ʬʦʨʤʳ ʢʦʨʝʥʥʦʛʦ 

ʣʠʩʪʘ. ɼʣʷ ʧʨʠʞʘʪʠʷ ʨʝʩʩʦʨʳ ʢ ʫʧʦʨʘʤ ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʶ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʣʦʚʦʡ 

ʚʠʥʪ ʩ ʧʨʠʚʦʜʦʤ ʯʝʨʝʟ ʨʫʢʦʷʪʢʫ. ʅʘ ʢʦʥʮʝ ʚʠʥʪʘ  ʧʨʝʜʣʘʛʘʝʤ ʥʘ ʰʘʨʥʠʨʥʦʡ 

ʦʧʦʨʝ ʫʩʪʘʥʦʚʠʪʴ ʦʧʦʨʥʳʡ ʧʦʜʧʷʪʥʠʢ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʡ ʧʣʦʱʘʜʠ 

ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʟʘʢʨʝʧʣʝʥʠʠ (ʟʘʞʠʤʝ) ʨʝʩʩʦʨʳ ʚ ʟʘʭʚʘʪʝ. ʊʘʢ ʢʘʢ ʚ 

ʟʘʜʥʝʡ ʨʝʩʩʦʨʝ 3-ʭ ʦʩʥʦʛʦ ʘʚʪʦʤʦʙʠʣʷ ʠʤʝʝʪʩʷ ʮʝʥʪʨʘʣʴʥʳʡ ʩʪʷʞʥʦʡ ʙʦʣʪ, ʪʦ ʩ 

ʫʯʝʪʦʤ ʵʪʦʛʦ ʚ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʧʷʪʥʠʢʘ ʧʨʝʜʣʘʛʘʶ ʧʨʝʜʫʩʤʦʪʨʝʪʴ 

ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʨʦʭʦʜʘ ʛʦʣʦʚʢʠ ʙʦʣʪʘ. ɼʠʘʤʝʪʨ ʠ ʛʣʫʙʠʥʘ ʦʪʚʝʨ-

ʩʪʠʷ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʜʠʘʤʝʪʨʫ ʠ ʚʳʩʦʪʝ ʛʦʣʦʚʢʠ ʙʦʣʪʘ (ʠʣʠ ʙʦʣʴʰʝ). 

ɼʣʠʥʘ ʫʧʦʨʥʳʭ ʨʳʯʘʛʦʚ ʙʫʜʝʪ ʚʳʙʨʘʥʘ ʩ ʫʯʝʪʦʤ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʣʱʠʥʳ ʨʝʩ-

ʩʦʨʳ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ, ʨʘʟʤʝʨʦʚ ʧʦʜʧʷʪʥʠʢʘ ʠ ʨʘʙʦʯʝʛʦ ʭʦʜʘ ʚʠʥʪʘ. 
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ʅ.ɺ. ʅʝʩʪʝʨʦʚʘ, ɸ.ʉ. ɻʘʣʝʞʝʥʢʦ, ɸ.ʅ. ʄʘʥʫʡʣʝʥʢʦ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ ʚ ʘʛʨʦ-

ʧʨʦʤʳʰʣʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ  ʈʦʩʩʠʠ ʥʫʞʜʘʝʪʩʷ ʚ ʥʦʚʘʪʦʨʩʢʠʭ ʧʦʜʭʦʜʘʭ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʥʫʪʨʠʨʦʩʩʠʡʩʢʦʛʦ ʢʨʠʟʠʩʘ 90-ʭ ʛʦʜʦʚ XX ʚʝʢʘ, ʥʳʥʝʰʥʠʡ 

ʤʠʨʦʚʦʡ ʢʨʠʟʠʩ ʜʣʷ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʥʝ ʪʘʢ 

ʬʘʪʘʣʝʥ ʠ ʦʧʘʩʝʥ. ʂʨʠʟʠʩ ʨʘʩʢʨʳʣ ʚʩʝ ʩʪʘʨʳʝ ʧʨʦʙʣʝʤʳ ʨʦʩʩʠʡʩʢʦʛʦ ʘʛʨʦʧʨʦ-

ʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪ ʪʝʭʥʠʯʝʩʢʦʡ ʥʝʨʘʟʚʠʪʦʩʪʠ ʠ ʦʪʩʪʘʣʦʩʪʠ ʜʦ ʛʣʦʙʘʣʴ-

ʥʳʭ ʧʨʦʙʣʝʤ ʩʦʮʠʘʣʴʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. ʇʨʦʛʨʝʩʩ ʚ ʤʦ-

ʣʝʢʫʣʷʨʥʦʡ ʙʠʦʣʦʛʠʠ, ʛʝʥʝʪʠʢʝ, ʙʠʦʪʝʭʥʦʣʦʛʠʠ ʠ ʩʝʣʝʢʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ  ɸʇʂ 

ʚ ʚʠʜʝ çʙʘʟʦʚʳʭè ʦʪʨʘʩʣʝʡ ʙʫʜʫʱʝʛʦ ʥʦʚʝʡʰʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʷ. ʇʦ-

ʵʪʦʤʫ ʚʘʞʥʦ ʥʝ ʫʧʫʩʪʠʪʴ ʰʘʥʩ ʧʝʨʝʡʪʠ ʢ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʨʘʟʚʠʪʠʷ ʘʛ-

ʨʦʧʨʦʤʳʰʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʦʝ ʷʚʣʝʥʠʝ, ʢʘʢ ʢʨʠʟʠʩ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʈʦʩʩʠʠ ʠʩʪʦʨʠʯʝʩʢʠʡ ʰʘʥʩ, 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʧʝʨʝʛʨʫʧʧʠʨʦʚʘʚ ʩʠʣʳ ʠ ʩʨʝʜʩʪʚʘ, ʚʪʠʩʥʫʪʴʩʷ ʚ ʥʦʚʫʶ ʚʦʣʥʫ 

ʢʦʥʜʨʘʪʴʝʚʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ. ɼʘʥʥʳʝ ʮʠʢʣʳ ʩʤʝʥʷʶʱʠʭʩʷ ʧʦʜʲ-

ʸʤʦʚ ʠ ʩʧʘʜʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴʶ 48ï

55 ʣʝʪ. ɺ ʪʦ ʚʨʝʤʷ ʧʦʢʘ ʵʢʦʥʦʤʠʢʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʫʨʙʫʣʝʥʪʥʦʡ ʩʪʘʜʠʠ ʩʤʝʥʳ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʤʘʮʠʡ, ʠ ʚʦʟʤʦʞʥʳʝ ʠʥʚʝʩʪʦʨʳ ʝʱʝ ʥʝ ʚʠʜʷʪ ʯʝʪʢʠʭ ʛʨʘ-

ʥʠʮ ʥʦʚʦʛʦ ʫʢʣʘʜʘ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʳʝ ʧʨʦʛʥʦʟʳ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʦʙʷʟʘʥʳ ʧʦʩʪʦʷʥʥʦ ʧʦʜʚʝʨʛʘʪʴʩʷ ʫʪʦʯʥʝʥʠʶ, ʙʝʨʷ ʚʦ ʚʥʠʤʘʥʠʝ ʪʝ ʠʣʠ ʠʥʳʝ ʩʦ-

ʙʳʪʠʷ, ʩʣʫʯʘʶʱʠʝʩʷ, ʢʘʢ ʚ ʤʠʨʦʚʦʡ, ʪʘʢ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʜʝʷ-

ʪʝʣʴʥʦʩʪʠ [1].  

ʋʜʘʯʥʦʝ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʦʧʠʨʘʝʪʩʷ 

ʥʘ ʚʝʩʦʤʫʶ ʧʦʜʜʝʨʞʢʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʦʨʛʘʥʦʚ ʠ ʝʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʝ. ʀʩʭʦʜʷ 

ʠʟ ʧʨʝʜʦʩʪʘʚʣʝʥʥʦʛʦ ʦʧʳʪʘ, ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʘʥ, ʩʣʝʜʫʝʪ, ʯʪʦ ʠʥʥʦʚʘ-

ʮʠʦʥʥʦʝ ʨʘʟʚʠʪʠʝ ʧʦʢʘʟʳʚʘʝʪ ʩʝʙʷ  ʚ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʳʨʘʙʦʪʘʥʥʦʡ ʠʥʩʪʠʪʫʮʠʦ-

ʥʘʣʴʥʦʡ ʩʨʝʜʝ ʠ ʚ ʛʨʘʥʠʮʘʭ ʛʣʦʙʘʣʴʥʳʭ ʮʝʣʝʚʳʭ ʧʨʦʛʨʘʤʤ. ʌʫʥʢʮʠʠ ʠ ʨʦʣʴ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʦʨʛʘʥʘ ʷʩʥʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʪʩʷ ʧʦ ʨʝʩʫʨʩʥʦʡ ʠ ʦʨʛʘʥʠʟʘʮʠ-

ʦʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʦʙʩʪʘʥʦʚʢʝ, ʯʘʩʪʥʳʡ ʙʠʟʥʝʩ ʤʦʞʝʪ ʧʦʤʦ-

ʛʘʪʴ ʩʦʙʩʪʚʝʥʥʳʤ ʫʯʘʩʪʠʝʤ, ʦʩʫʱʝʩʪʚʣʝʥʠʶ ʩʤʝʣʳʭ ʠ ʚʝʩʴʤʘ ʥʝʦʨʜʠʥʘʨʥʳʭ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ [2]. ʆʜʥʠʤʠ ʠʟ ʪʘʢʠʭ ʧʨʦʝʢʪʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʪʨʘ-

ʜʠʮʠʦʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʝ ʥʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ɸʇʂ, ʥʦ 

ʠʤʝʶʪ ʚʝʩʦʤʳʡ ʧʦʪʝʥʮʠʘʣ. ʇʨʠʯʝʤ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ, ʢʘʢ ʧʦʙʦʯʥʘʷ ʧʨʦ-

ʜʫʢʮʠʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʠ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ [3]. 

ʏʪʦʙʳ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʠ ʩʦʮʠʘʣʴʥʫʶ ʠʥʬʨʘʩʪʨʫʢ-

ʪʫʨʳ ʥʘ ʫʨʦʚʥʝ ʩ ʙʶʜʞʝʪʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ, ʯʘʱʝ ʚʩʝʛʦ, ʙʫʜʫʪ ʥʝʦʙʭʦʜʠʤʳ 
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ʯʘʩʪʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚʥʫʰʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ, ʢ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʤʘʪʝʨʠʘʣʴ-

ʥʳʝ ʩʨʝʜʩʪʚʘ ʭʦʣʜʠʥʛʦʚ ʠ ʢʦʤʧʘʥʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʩʚʦʶ ʭʦʟʷʡʩʪʚʝʥʥʫʶ ʜʝ-

ʷʪʝʣʴʥʦʩʪʴ ʥʘ ʦʪʚʝʜʝʥʥʦʡ ʠʤ ʪʝʨʨʠʪʦʨʠʠ. ɼʘʥʥʘʷ ʧʘʨʘʜʠʛʤʘ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪʘ 

ʚʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ  ʣʴʛʦʪ ʥʘ ʢʨʝʜʠʪʦʚʘʥʠʝ ʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʝ ʜʘʥʥʳʭ 

ʧʨʝʜʧʨʠʪ̫ʠʡ ɸʇʂ, ʜʦʭʦʜʷ ʜʦ ʪʘʢʠʭ ʤʝʨ, ʢʘʢ ʚʨʝʤʝʥʥʦʝ ʦʪʩʪʨʘʥʝʥʠʝ ʦʪ ʫʧʣʘʪʳ 

ʥʘʣʦʛʦʚʳʭ ʧʦʰʣʠʥ ʥʘ ʧʨʠʙʳʣʴ,  ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ çʥʦʨʤʠʨʦʚʘʥʥʳʝè  ʠʥʚʝʩʪʠ-

ʮʠʠ ʚ ʨʘʟʚʠʪʠʝ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ ʠ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ [4ï10]. ʈʘʟʚʠʪʠʝ ʩʮʝ-

ʥʘʨʠʷ ʢʨʠʟʠʩʘ ʚ ɸʇʂ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʠʜʷʪʩʷ ʩʤʫʪʥʦ ʠ ʜʦʚʦʣʴʥʦ ʥʝʧʨʝʜʩʢʘ-

ʟʫʝʤʦ, ʙʫʜʫʱʝʝ ʵʪʦʛʦ ʩʮʝʥʘʨʠʷ ʙʫʜʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴʩʷ ʧʦʩʣʝʜʫʶʱʠʤ  ʨʘʟʚʠʪʠ-

ʝʤ ʩʦʙʳʪʠʡ, ʢʘʢ ʚ ʈʦʩʩʠʡʩʢʦʡ, ʪʘʢ ʠ ʤʠʨʦʚʦʡ ʵʢʦʥʦʤʠʢʘʭ ʠ ʠʥʥʦʚʘʮʠʷʭ ʘʛʨʘʨ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʦ ʚʩʝʤʠ ʚʩʧʣʳʚʘʶʱʠʤʠ ʨʠʩʢʘʤʠ ʠ ʫʛʨʦʟʘʤʠ. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʵʪʦʛʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʥʥʦʚʘʮʠʦʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʧʨʦʷʚʣʷʝʪ ʩʝʙʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ, ʘ ʤʦʞʝʪ ʜʘʞʝ ʠ 

ʝʜʠʥʩʪʚʝʥʥʳʤ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʜʦʙʠʪʴʩʷ ʫʩʪʦʡʯʠʚʦʡ  ʰʠʨʦʢʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ ʦʨʠʝʥʪʠʨʦʚ ʨʘʟʚʠʪʠʷ ʘʛʨʘʨʥʦʛʦ ʩʝʢ-

ʪʦʨʘ ʜʦ 2022 ʛ. 
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ʉʆɺʈɽʄɽʅʅʓɽ ʄɸʊɽʈʀɸʃʓ ɼʃʗ ʀɿɻʆʊʆɺʃɽʅʀʗ 

ʃɽɿɺʀʁʅʆɻʆ ʀʅʉʊʈʋʄɽʅʊɸ 

 

ɸ.ʉ. ʅʦʚʠʮʢʠʡ 

ʌʂɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʦʙʲʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʜʣʷ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʧʦʪʨʝʙʣʷʝʤʳʭ ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠ-

ʤʠ ʧʨʦʠʟʚʦʜʩʪʚʘʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥ, ʩʠʣʴʥʦ ʠʟʤʝʥʠʣʩʷ. ʇʨʘʢ-

ʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʫʛʣʝʨʦʜʠʩʪʳʝ ʠ ʣʝʛʠʨʦ-

ʚʘʥʥʳʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʩʪʘʣʠ. ɿʘʤʝʪʥʦ ʩʥʠʟʠʣʦʩʴ ʧʦʪʨʝʙʣʝʥʠʝ ʙʳʩʪʨʦʨʝ-

ʞʫʱʠʭ ʩʪʘʣʝʡ ʩ 65...70 % ʜʦ 35...40 %, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ, ʦʙʲʝʤʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʫʚʝʣʠʯʠʣʠʩʴ ʩ 30 ʜʦ 55 %, ʘ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʠ ʩʚʝʨʭʪʚʸʨ-

ʜʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 1 ʜʦ 10 % [1]. 

ʀʟ ʙʳʩʪʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ ʥʘʠʣʫʯʰʠʝ ʧʦʢʘʟʘʪʝʣʠ, ʢʘʢ ʧʦ ʧʨʦʯʥʦʩʪʠ, ʪʘʢ 

ʠ ʧʦ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʠʤʝʶʪ ʤʘʪʝʨʠʘʣʳ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʠʨʦʚʘʪʴ ʟʘʛʦʪʦʚʢʫ, ʤʘʢʩʠʤʘʣʴʥʦ 

ʙʣʠʟʢʫʶ ʧʦ ʬʦʨʤʝ ʢ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʬʦʨʤʝ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ [2]. 

ʉʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʦʨʦʛʠʭ 

ʢʝʨʤʝʪʦʚ (ʙʝʟʚʦʣʴʬʨʘʤʦʚʳʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ), ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʝ ʫʩʪʫ-

ʧʘʶʪ, ʘ ʠʥʦʛʜʘ ʠ ʧʨʝʚʦʩʭʦʜʷʪ ʧʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʪʨʘʜʠʮʠ-

ʦʥʥʳʝ ʚʦʣʴʬʨʘʤʩʦʜʝʨʞʘʱʠʝ ʪʚʝʨʜʳʝ ʩʧʣʘʚʳ. ɺ ʗʧʦʥʠʠ ʜʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʝʨʤʝʪʦʚ ʜʦʭʦʜʠʪ ʜʦ 40 % ʦʪ ʦʙʲʝʤʘ ʪʚʝʨʜʦʩʧʣʘʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. ʅʝʩʦʤʥʝʥ-

ʥʦ, ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʦʩʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʝʨʤʝʪʦʚ ʠ ʚ ʨʦʩʩʠʡ-

ʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [3]. 

ʇʦʷʚʠʣʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʪʠʧ ʫʣʴʪʨʘʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʪʚʝʨʜʳʭ 

ʩʧʣʘʚʦʚ ʩ ʫʥʠʢʘʣʴʥʦʡ ʠʟʛʠʙʥʦʡ ʧʨʦʯʥʦʩʪʴʶ, ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʧʨʦʯʥʦʩʪʴʶ ʙʳʩʪ-

ʨʦʨʝʞʫʱʠʭ ʩʪʘʣʝʡ. ɺʳʧʫʩʢ ʟʘʛʦʪʦʚʦʢ ʪʘʢʠʭ ʪʚʝʨʜʳʭ ʩʧʣʘʚʦʚ ʚ ʚʠʜʝ ʩʪʝʨʞʥʝʡ 

ʨʘʟʣʠʯʥʦʛʦ ʜʠʘʤʝʪʨʘ ʧʨʠʚʦʜʠʪ ʢ ʪʝʥʜʝʥʮʠʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʢʦʥʮʝ-

ʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʳʭ ʰʣʠʬʦʚʘʣʴʥʳʭ ʩʪʘʥʢʦʚ ʩ ʏʇʋ [4, 5]. 

ʀʟ ʨʝʞʫʱʠʭ ʢʝʨʘʤʠʢ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʝʨʘʤʠʢʠ, 

ʫʧʨʦʯʥʝʥʥʳʝ ʥʠʪʝʚʠʜʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʠʘʣʦʥʳ [6]. 

ʀʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʦʷʚʣʝʥʠʝ ʧʦʣʠʢʨʠʩʪʘʣ-

ʣʠʯʝʩʢʠʭ ʘʣʤʘʟʥʳʭ ʣʝʟʚʠʡʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʥʦʚʦʛʦ ʪʠʧʘ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʘʨʦʬʘʟʥʦʛʦ ʦʩʘʞʜʝʥʠʷ (CVD-diamond). ɺ ʙʣʠʞʘʡʰʝʝ 

ʚʨʝʤʷ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʧʦʷʚʣʝʥʠʷ ʥʘ ʨʳʥʢʝ ʠʥʩʪʨʫʤʝʥʪʘ ʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝ-

ʩʢʦʛʦ ʘʣʤʘʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʚ ʥʝʩʢʦʣʴ-

ʢʦ ʨʘʟ ʩʥʠʟʠʪʴ ʮʝʥʳ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʣʝʟʚʠʡʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʠʥʩʪʨʫʤʝʥʪʦʤ ʥʘ ʦʩʥʦʚʝ ʧʨʠʨʦʜʥʳʭ ʘʣʤʘʟʦʚ ʠ ʘʣʤʘʟʘʤʠ, ʧʦʣʫʯʘʝʤʳʤʠ 

ʧʦ ʪʨʘʜʠʮʠʦʥʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʩʠʥʪʝʟʘ [1, 3, 7, 8]. 

ʉ ʩʦʞʘʣʝʥʠʝʤ ʧʨʠʭʦʜʠʪʩʷ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʠʥʩʪʨʫʤʝʥ-
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ʪʘʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʫʪʝʨʷʣʘ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʥʦʛʠʝ ʤʘʨʢʠ ʠʥʩʪʨʫʤʝʥ-

ʪʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʠʝ ʩʝʙʷ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʧʫʩʢʘʪʴʩʷ ʧʝʨʝʩʪʘʣʠ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪ-

ʥʦ ʚ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʝʞʫʱʝʡ ʢʝʨʘʤʠʢʠ ʠ ʩʚʝʨʭʪʚʝʨʜʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʠʟʥʦʩʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʣʝʟʚʠʡ-

ʥʦʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʘʶʱʠʝ ʩʪʦʡʢʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠʣʠ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ, ʦʜʥʘʢʦ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʪʠʧʦʚ ʧʦʢʨʳʪʠʡ ʠ ʨʘʩʰʠ-

ʨʝʥʠʝ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦʡ ʤʠʨʦʚʦʡ ʪʝʥʜʝʥʮʠʝʡ ʫʣʫʯʰʝʥʠʷ 

ʩʚʦʡʩʪʚ ʨʝʞʫʱʝʛʦ ʣʝʟʚʠʡʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʇʨʦʠʟʚʦʜʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ / 

ɸ.ɸ. ɹʦʨʠʩʦʚ ʠ ʜʨ. ʄ.: ʀʟʜʘʪʝʣʴʩʪʚʦ çʀʊʆè, 2011. 104 ʩ. 

2. ʉʪʨʝʙʢʦʚ ʉ.ɺ. ʉʪʨʘʪʝʛʠʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʨʘʚʥʦʛʦ ʨʝʩʫʨʩʘ // ʇʨʦʙʣʝʤʳ ʩʝʣʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʩʦ-

ʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ: ʤʘʪʝʨʠʘʣʳ IV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. 2000. ʉ. 258ς259.  

3. ʅʘʫʯʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʂʠʙʝʨʃʝʥʠʥʢʘ [ʕʣʝʢʪʨʦʥʥʘʷ ʙʠʙʣʠʦʪʝʢʘ]. URL: 

http://cyberleninka.ru/article/n/instrumentalnye-materialy-dlya-izgotovleniya-lezviyn 

yh-instrumentov#ixzz4dmSqYaQh. 

4. ʉʪʨʝʙʢʦʚ ʉ.ɺ., ʉʣʦʙʦʜʶʢ ɸ.ʇ., ɹʦʥʜʘʨʝʚ ɸ.ɺ. ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤ-

ʧʣʝʢʪʫʶʱʠʭ ʠʤʧʦʨʪʥʦʡ ʪʝʭʥʠʢʠ // ʊʨʫʜʳ ɻʆʉʅʀʊʀ. 2010. ʊ. 105. ʉ. 262ς267.  

5. ʀʥʩʪʨʫʤʝʥʪʳ ʠʟ ʩʚʝʨʭʪʚʝʨʜʳʭ ʤʘʪʝʨʠʘʣʦʚ / ʇʦʜ ʨʝʜ. ʅ.ɺ. ʅʦʚʠʢʦʚʘ. 

ʄ: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2005. 555 ʩ. 

6. ɻʨʠʛʦʨʴʝʚ ʉ.ʅ., ʊʘʙʘʢʦʚ ɺ.ʇ., ɺʦʣʦʩʦʚʘ ʄ.ɸ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦ-

ʜʳ ʧʦʚʳʰʝʥʠʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʢʦʥʪʘʢʪʥʳʭ ʧʣʦʱʘʜʦʢ ʨʝʞʫʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ. 

ʉʪʘʨʳʡ ʆʩʢʦʣ: ʊʅʊ, 2011. 378 ʩ. 

7. ʀʥʩʪʨʫʤʝʥʪ ʜʣʷ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʨʝ-

ʟʘʥʠʷ / ɺ.ʅ. ɸʥʜʨʝʝʚ ʠ ʜʨ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 2010. 480 ʩ. 

8. ʏʫʨʠʣʦʚ ɼ.ɻ., ʇʦʣʠʱʫʢ ʉ.ɼ., ɻʦʨʦʭʦʚʘ ʄ.ʅ. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥ-

ʥʦʩʪʠ ʵʣʝʢʪʨʦ-ʠʩʢʨʦʚʦʛʦ ʫʧʨʦʯʥʝʥʠʷ // ɺʝʩʪʥʠʢ ʈɻɸʊʋ. 2012. ̄  1. ʉ. 38ï43. 



 

64 

 

ʋɼʂ 631.3-049.7 

 

ɸʅɸʃʀɿ ʇʋʊɽʁ ʈɸɿɺʀʊʀʗ ʈɽʄʆʅʊʅʆ-ʆɹʉʃʋɾʀɺɸʖʑɽʁ ɹɸɿʓ ɸʇʂ 

 

ɺ.ɻ. ʆʩʠʧʷʥ, ɸ.ʈ. ʋʩʤʘʥʦʚ 

ʌɻɹʆʋ ɺʆ ʉʤʦʣʝʥʩʢʘʷ ɻʉʍɸ, ʛ. ʉʤʦʣʝʥʩʢ, ʈʦʩʩʠʷ 

 

ɸʛʨʦʧʨʦʤʳʰʣʝʥʥʳʡ ʢʦʤʧʣʝʢʩ (ɸʇʂ) ʷʚʣʷʝʪʩʷ ʤʝʞʦʪʨʘʩʣʝʚʳʤ ʦʙʲʝʜʠ-

ʥʝʥʠʝʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ ʩʝʙʷ ʨʷʜ ʦʪʨʘʩʣʝʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʠ 

ʧʝʨʝʨʘʙʦʪʢʫ (ʧʝʨʚʠʯʥʫʶ) ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʕʪʦ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʦʪʨʘʩʣʝʡ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʩ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʦʤ. 

ɺ ɸʇʂ ʩʣʝʜʫʝʪ ʨʘʩʩʤʦʪʨʝʪʴ ʯʝʪʳʨʝ ʙʦʣʴʰʠʝ ʩʬʝʨʳ ʜʝʷʪʝʣʴʥʦʩʪʠ: 

1-ʩʦʙʩʪʚʝʥʥʦ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ (ʦʩʥʦʚʘ ɸʇʂ), ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʦ, ʞʠʚʦʪ-

ʥʦʚʦʜʩʪʚʦ; 

2-ʦʪʨʘʩʣʠ ʠ ʩʣʫʞʙʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ ʩʨʝʜʩʪʚʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʤʘʪʝʨʠʘʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ: ʪʨʘʢʪʦʨʥʦʝ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʝ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ, ʭʠʤʠʢʘʪʦʚ ʠ ʜʨ. 

3-ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʝ ʦʪʨʘʩʣʠ (ʧʠʱʝʚʘʷ, ʣʸʛʢʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ); 

4-ʠʥʬʨʘʩʪʨʫʢʪʫʨʥʘʷ ʩʬʝʨʘ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʟʘʛʦʪʦʚʢʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ, ʭʨʘʥʝʥʠʝʤ, ʪʦʨʛʦʚʣʝʡ ʧʦʪʨʝʙʠʪʝʣʴʩʢʠʤʠ 

ʪʦʚʘʨʘʤʠ, ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʜʨʦʚ ʜʣʷ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʚ ʦʪ-

ʨʘʩʣʷʭ ɸʇʂ. 

ʆʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʨʘʟʚʠʪʠʷ ɸʇʂ ʚ ʮʝʣʦʤ ʷʚʣʷʝʪʩʷ ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʨʝʤʦʥʪʥʦ-ʦʙʩʣʫʞʠʚʘʶʱʝʡ ʙʘʟʳ (ʈʆɹ) ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦ-

ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦʚʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʨʝʟʢʦʝ ʫʣʫʯʰʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʧʣʦʱʘʜʝʡ ʠ ʦʩʥʦʚʥʳʭ 

ʬʦʥʜʦʚ, ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʨʝʤʦʥʪʘ ʤʘʰʠʥ 

ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʠ ʟʘʜʘʯʠ ʜʦʣʞʥʳ ʣʝʞʘʪʴ ʚ ʦʩʥʦʚʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʝʢʦʥ-

ʩʪʨʫʢʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʤʦʥʪʥʳʭ ʩʣʫʞʙ ʠ ʧʨʝʜʧʨʠʷʪʠʡ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ  ʩʣʦʞʥʳʡ ʨʝʤʦʥʪ ʠ ʥʝʢʦʪʦʨʳʝ ʚʠʜʳ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙ-

ʩʣʫʞʠʚʘʥʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ, 

ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʨʝʤʦʥʪʥʳʭ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʭ ʨʘʙʦʪ (75 % ʠ ʙʦʣʝʝ) ʧʨʠʭʦʜʠʪʩʷ 

ʥʘ ʨʝʤʦʥʪʥʳʝ ʩʣʫʞʙʳ ʩʘʤʠʭ ʭʦʟʷʡʩʪʚ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʴ ʨʘʟʚʠʪʠʷ ʩʦʙʩʪʚʝʥʥʦʡ ʨʝʤʦʥʪʥʦʡ ʙʘʟʳ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ. 

ʉʣʝʜʫʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ ʈʆɹ ɸʇʂ: ʦʨʛʘʥʠ-

ʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ.  

ʆʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ: 

ï ʦʧʪʠʤʠʟʘʮʠʶ ʩʪʨʫʢʪʫʨ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ; 

ï ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ ʠ ʦʙʥʦʚʣʝʥʠʝ ʄʊʇ; ʚ ʵʪʠ ʧʫʥʢʪʳ 

ʩʣʝʜʫʝʪ ʚʢʣʶʯʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ï ʩʦʟʜʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʳʭ ʙʘʟ 

ʜʘʥʥʳʭ ʧʦ ʩʦʩʪʦʷʥʠʶ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ï ʧʦ ʚʩʝʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ; 

https://ru.wikipedia.org/wiki/%D0%9E%D1%82%D1%80%D0%B0%D1%81%D0%BB%D1%8C_%D1%8D%D0%BA%D0%BE%D0%BD%D0%BE%D0%BC%D0%B8%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%BB%D1%8C%D1%81%D0%BA%D0%BE%D0%B5_%D1%85%D0%BE%D0%B7%D1%8F%D0%B9%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D0%B5%D0%BD%D0%B8%D0%B5%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B2%D0%BE%D1%82%D0%BD%D0%BE%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%96%D0%B8%D0%B2%D0%BE%D1%82%D0%BD%D0%BE%D0%B2%D0%BE%D0%B4%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%88%D0%B8%D0%BD%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9B%D1%91%D0%B3%D0%BA%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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ï ʨʘʮʠʦʥʘʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʄʊʇ; ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ ʵʪʦʤʫ ʧʫʥʢʪʫ 

ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʘʢʞʝ ʧʨʠʤʝʥʝʥʠʝ ʩʠʩʪʝʤʳ ʪʦʯʥʦʛʦ ʟʝʤʣʝʜʝʣʠʷ.  

ï ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʢʘʜʨʦʚ. 

ï ʦʙʲʝʜʠʥʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʙʣʠʟʢʦ ʨʘʩ-

ʧʦʣʦʞʝʥʥʳʭ ʩʝʣʴʭʦʟʧʨʝʜʧʨʠʷʪʠʡ ʚ ʧʣʘʥʝ ʩʦʟʜʘʥʠʷ ʦʙʱʠʭ ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠ-

ʷʪʠʡ (ʄʊʉ, ʎʈʄ, ʄʆʅ). 

ʀʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʈʆɹ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʜʦ-

ʩʪʠʞʝʥʠʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ, ʠʥʞʝʥʝʨʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʥʘʫʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʜʧʦʣʘʛʘʝʪ: 

ï ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʤʝʶʱʠʭʩʷ ʠ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ; 

ï ʨʘʟʨʘʙʦʪʢʫ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʤʝʭʘʥʠʟʤʦʚ ʠ ʤʘʰʠʥ;  

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ,  

ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʠ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʪʝʥʜʦʚ; 

ï ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʨʝʤʦʥʪʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʠ ʠʥʩʪʨʫʤʝʥʪʘʨʠʷ, ʙʦʣʝʝ ʪʦʯʥʳʭ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʧʨʠʙʦʨʦʚ ʠ ʪ.ʜ. 

ʉʣʝʜʫʝʪ, ʢʦʥʝʯʥʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʦʯʝʚʠʜʥʘʷ ʚʥʫʪʨʝʥʥʷʷ ʚʟʘʠ-

ʤʦʩʚʷʟʴ (ʚʟʘʠʤʦʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ) ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʫʥʢʪʦʚ (ʜʘʣʝʢʦ ʥʝ ʚʩʝʦʙʲ-

ʝʤʣʶʱʠʭ) ʨʘʟʚʠʪʠʷ ʈʆɹ. ʊʘʢ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʙʦʣʝʝ ʧʨʦʯʥʳʭ, 

ʙʦʣʝʝ ʣʝʛʢʠʭ, ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ, ʥʘʥʦʧʨʠʩʘʜʦʢ ʚ ʪʦʧʣʠʚʥʦ-ʩʤʘʟʦʯʥʳʝ ʤʘ-

ʪʝʨʠʘʣʳ ʠ ʜʨ.) ʧʦʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʦʥ-

ʩʪʨʫʢʮʠʡ ʢʘʢ ʚʩʝʚʦʟʤʦʞʥʳʭ ʤʘʰʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ, ʪʘʢ ʠ ʨʝʤʦʥʪʥʦ-

ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʘ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʵʣʝʢʪʨʦʥʠʢʠ, ʥʝʩʦ-

ʤʥʝʥʥʦ, ʧʦʟʚʦʣʷʪ ʩʦʟʜʘʪʴ ʙʦʣʝʝ çʙʳʩʪʨʳʝè ʠ ʪʦʯʥʳʝ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʧʨʦ-

ʛʨʘʤʤʳ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʫʩʪʨʦʡʩʪʚʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʚ ʉʤʦʣʝʥʩʢʦʡ ɻʉʍɸ ʧʨʦʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʧʦ 

ʦʮʝʥʢʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʦʙʲʝʜʠʥʝʥʠʷ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʩʝʣʴ-

ʭʦʟʧʨʝʜʧʨʠʷʪʠʡ, ʘ ʪʘʢʞʝ ï ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʧʦʨʦʰʢʦʚ. 
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, ɺ.ʇ. ɼʠʤʠʪʨʦʚ

2
, ɽ.ʄ. ɿʫʙʨʠʣʠʥʘ
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1
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ, 

2
ɼɻʊʋ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

 

ɺʥʝʜʨʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʘʛʨʦʪʝʭʥʦʣʦʛʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʦʜʫʢʮʠʦʥʥʳʤ 

ʧʨʦʮʝʩʩʦʤ ʩ ʮʝʣʴʶ ʜʦʩʪʠʞʝʥʠʷ ʚʳʩʦʢʦʡ ʫʨʦʞʘʡʥʦʩʪʠ, ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʧʨʠ ʦʙʝʩʧʝʯʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʙʘʟʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɼʘʥʥʳʡ ʪʝʟʠʩ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʟʘʪʨʘʪʳ ʤʘʪʝʨʠʘʣʴʥʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʩʝʣʴʭʦʟʧʨʦʜʫʢʮʠʠ ʚ ʈʦʩʩʠʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 70 %, ʯʪʦ ʚʳʰʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚʳʩʦʢʦʨʘʟʚʠʪʳʭ 

ʵʢʦʥʦʤʠʢ ʩʪʨʘʥ. ʂʨʦʤʝ ʪʦʛʦ, ʩʚʳʰʝ 70 % ʠʤʝʶʱʠʭʩʷ ʚ ʩʪʨʘʥʝ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʘʭʦʜʠʪʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʘʤʦʨʪʠʟʘʮʠʦʥʥʳʭ ʩʨʦʢʦʚ 

ʠ ʪʨʝʙʫʝʪ ʧʦʚʳʰʝʥʥʳʭ ʟʘʪʨʘʪ ʥʘ ʠʭ ʩʦʜʝʨʞʘʥʠʝ. ɽʞʝʛʦʜʥʳʝ ʟʘʪʨʘʪʳ ʜʝʥʝʞʥʳʭ 

ʩʨʝʜʩʪʚ ʥʘ ʨʝʤʦʥʪ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʝʚʳʰʘʶʪ 60 ʤʣʨʜ ʨʫʙ., ʥʘ ʟʘʢʫʧʢʫ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʨʘʩʭʦʜʫʝʪʩʷ ʙʦʣʝʝ 30 ʤʣʨʜ ʨʫʙ., ʧʨʠ ʵʪʦʤ ʧʝʨʝʜ ʢʘʞʜʳʤ 

ʩʝʟʦʥʦʤ ʨʝʤʦʥʪʫ ʧʦʜʚʝʨʛʘʝʪʩʷ 60é65 % ʧʘʨʢʘ ʪʨʘʢʪʦʨʦʚ ʠ ʢʦʤʙʘʡʥʦʚ, ʙʦʣʝʝ 

70% ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʠ ʧʦʩʝʚʥʳʭ ʤʘʰʠʥ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʝʜʫʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʠ ʤʘʰʠʥ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʚʢʫ ʤʘʰʠʥ, ʧʨʝʜʧʨʦʜʘʞʥʫʶ ʧʦʜʛʦʪʦʚʢʫ, ʵʬʬʝʢʪʠʚʥʫʶ 

ʧʦʜʛʦʪʦʚʢʫ ʧʝʨʩʦʥʘʣʘ, ʧʦʩʣʝʧʨʦʜʘʞʥʳʡ ʩʝʨʚʠʩ, ʚʢʣʶʯʘʶʱʠʡ ʪʝʭʥʠʯʝʩʢʦʝ 

ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ ʚ ʛʘʨʘʥʪʠʡʥʳʡ ʠ ʧʦʩʣʝʛʘʨʘʥʪʠʡʥʳʡ ʧʝʨʠʦʜʳ, ʧʦʩʪʘʚʢʫ 

ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ ʠ ʟʘʙʦʪʫ ʦ ʧʦʜʝʨʞʘʥʥʦʡ ʪʝʭʥʠʢʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʣʘʥʠʨʦʚʘʪʴ ʠ 

ʨʝʘʣʠʟʦʚʳʚʘʪʴ ʧʨʘʚʠʣʴʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʪʝʭʥʠʢʠ ʫ ʧʦʪʨʝʙʠʪʝʣʷ, 

ʠ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʪʨʫʜʦʝʤʢʦʩʪʠ ʨʘʙʦʪ ʠ ʥʝʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʟʘʪʨʘʪ [1]. 

ʆʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ ʩʝʪʠ 

ʧʨʝʜʧʨʠʷʪʠʡ ʧʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤʫ ʨʝʤʦʥʪʫ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ, ʘʛʨʝʛʘʪʦʚ ʠ 

ʤʘʰʠʥ ʩ ʩʦʟʜʘʥʠʝʤ ʨʝʤʬʦʥʜʘ ʠ ʨʳʥʢʘ ʧʦʜʝʨʞʘʥʥʦʡ ʪʝʭʥʠʢʠ. ʇʨʠ ʵʪʦʤ 

ʢʘʯʝʩʪʚʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʜʝʪʘʣʝʡ, ʫʟʣʦʚ ʠ ʘʛʨʝʛʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʨʦʚʝʥʴ 

100 % ʜʦʨʝʤʦʥʪʥʦʛʦ ʨʝʩʫʨʩʘ ʧʨʠ ʩʪʦʠʤʦʩʪʠ ʥʝ ʚʳʰʝ 50é70 % ʥʦʚʦʛʦ ʠʟʜʝʣʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʜʣʷ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ, ʠ ʜʣʷ ʧʦʪʨʝʙʠʪʝʣʝʡ ʤʘʰʠʥ ʠ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ, ʚʦʧʨʦʩʳ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʯʝʩʪʚʘ 

ʠʟʛʦʪʦʚʣʝʥʠʷ, ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʘʰʠʥ, ʘ ʪʘʢʞʝ ʠʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʝʨʚʠʩʘ ʩ ʫʯʝʪʦʤ 

ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ, ʷʚʣʷʶʪʩʷ ʞʠʟʥʝʥʥʦ ʚʘʞʥʳʤʠ [2]. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʥʝʦʙʭʦʜʠʤʦ ʵʬʬʝʢʪʠʚʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ ʚʦ ʚʩʝʭ ʩʬʝʨʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʷʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ, 
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ʥʘʧʨʠʤʝʨ, ʧʨʠ ʤʘʨʢʝʪʠʥʛʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʨʘʟʨʘʙʦʪʢʘʭ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʟʜʝʣʠʡ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʟʘʢʫʧʢʘʭ, 

ʫʧʨʘʚʣʝʥʠʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤʠ ʩ ʧʦʩʪʘʚʱʠʢʘʤʠ, ʧʨʦʠʟʚʦʜʩʪʚʝ, ʧʨʦʜʘʞʘʭ ʠ 

ʧʦʩʣʝʧʨʦʜʘʞʥʦʤ ʦʙʩʣʫʞʠʚʘʥʠʠ, ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʬʠʥʘʥʩʦʚʦʛʦ ʢʦʥʪʨʦʣʷ, 

ʫʧʨʘʚʣʝʥʠʠ ʧʝʨʩʦʥʘʣʦʤ, ʦʙʫʯʝʥʠʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʝ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʩʝʦʙʱʠʡ 

ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʧʦʪʨʝʙʠʪʝʣʷ [3, 4, 5, 6]. 

ɺ ʦʩʥʦʚʫ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʟʘʣʦʞʝʥʳ ʙʘʟʦʚʳʝ ʧʨʠʥʮʠʧʳ ʦʙʝʩʧʝʯʝʥʠʷ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʠ ʫʩʣʫʛ: 1) ʩʠʩʪʝʤʥʳʡ ʧʦʜʭʦʜ; 2) ʨʝʘʣʠʟʘʮʠʷ ʩʠʩʪʝʤʳ 

çʯʝʣʦʚʝʢ ï ʤʘʪʝʨʠʘʣʳ ï ʪʝʭʥʦʣʦʛʠʠ ï ʦʙʦʨʫʜʦʚʘʥʠʝè; 3) ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʪʨʝʤʣʝʥʠʝ ʢ ʧʦʚʳʰʝʥʠʶ ʢʘʯʝʩʪʚʘ; 4) ʪʦʪʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝʩʪʚʦʤ; 

5) ʥʝʧʨʝʨʳʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʡ; 6) ʦʧʝʨʝʞʘʶʱʘʷ ʧʦʜʛʦʪʦʚʢʘ ʠ 

ʧʝʨʝʧʦʜʛʦʪʦʚʢʘ ʢʘʜʨʦʚ; 7) ʩʧʣʦʯʝʥʥʦʩʪʴ ʠ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʢʦʣʣʝʢʪʠʚʘ; 

8) ʥʘʜʝʞʥʘʷ ʨʘʙʦʪʘ ʧʦʩʪʘʚʱʠʢʦʚ ï ç0è ʦʰʠʙʦʢ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʪʝʥʜʝʥʮʠʝʡ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʘʨʫʙʝʞʥʦʛʦ ʠ 

ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʘʚʪʦʪʨʘʢʪʦʨʥʦʛʦ ʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʦʢʨʘʱʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ ʚʥʝʜʨʝʥʠʝ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʥʦʚʰʝʩʪʚ, ʚʦʧʨʝʢʠ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʟʘʪʨʘʪʘʤ ʩʨʝʜʩʪʚ ʥʘ ʦʧʳʪʥʦ-ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ. ɼʦʩʪʠʞʝʥʠʝ 

ʜʘʥʥʦʡ ʩʪʫʧʝʥʠ ʨʘʟʚʠʪʠʷ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʫʩʢ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʡ 

ʪʝʭʥʠʢʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʠ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ. 
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ɹɽɻʋʑɸʗ ɺʆʃʅɸ ʂɸʂ ʌɸʂʊʆʈ ʉɹʀɺɸʅʀʗ ʉʃʀɺʆʏʅʆɻʆ ʄɸʉʃɸ 

 

ʖ.ɺ. ʇʦʣʳʚʷʥʳʡ 

ʌɻɹʆʋ ɺʆ ʇʝʥʟʝʥʩʢʠʡ ɻɸʋ, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

 

ʂʘʟʘʣʦʩʴ ʙʳ, ʚʦʣʥʳ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʭʦʨʦʰʦ ʠʟʫ-

ʯʝʥʥʳʤ ʷʚʣʝʥʠʝʤ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʢʦʣʝʙʘʥʠʝ ʯʘʩʪʠʮ, 

ʥʝ ʩʚʷʟʘʥʥʦʝ ʩ ʧʝʨʝʥʦʩʦʤ ʚʝʱʝʩʪʚʘ. ɹʝʛʫʱʘʷ ʚʦʣʥʘ, ʦ ʢʦʪʦʨʦʡ ʠʜʝʪ ʨʝʯʴ, ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʙʣʘʛʦʜʘʨʷ ʩʧʦʩʦʙʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ ʜʝʬʦʨʤʠʨʦʚʘʪʴʩʷ. ɺʦʣʥʳ 

ʜʝʬʦʨʤʘʮʠʠ ʢʘʢ ʚʠʜ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʜʚʠʞʝʥʠʡ ʪʚʝʨʜʳʭ ʠ ʞʠʜʢʠʭ ʪʝʣ ʟʘʥʠ-

ʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ ʰʠʨʦʢʦʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʠ ʜʦ-

ʩʪʫʧʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʶ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ 

ʜʚʠʞʝʥʠʡ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʷʚʣʝʥʠʡ.  

ɹʝʛʫʱʘʷ ʚʦʣʥʘ ʜʝʬʦʨʤʘʮʠʠ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʡ 

ʩʠʣʳ, ʚ ʨʦʣʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʡ ʨʘʙʦʯʠʡ 

ʦʨʛʘʥ ʩ ʪʨʝʤʷ ʣʦʧʘʩʪʷʤʠ [1ï3]. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʣʥʳ ʟʘʜʘʝʪʩʷ ʩʢʦʨʦʩʪʴʶ 

ʨʦʪʦʨʘ. ɼʚʠʞʝʥʠʝ ʚʦʣʥʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ. 

ʇʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʩʣʠʚʢʠ ʘʢʪʠʚʥʦ ʧʝ-

ʨʝʤʝʰʠʚʘʶʪʩʷ [1ï4] (ʨʠʩ. 1), ʦʙʨʘʟʫʷ ʪʨʠ ʧʦʪʦʢʘ ʚʦʣʥʳ.  

ʇʝʨʚʳʡ ʧʦʪʦʢ ʚʦʣʥʳ, ʦʛʠʙʘʶʱʠʡ ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʧʨʦʬʠʣʷ ʨʦʪʦʨʥʦ-

ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʚʳʪʝʩʥʷʝʪ ʩʣʠʚʢʠ ʚ ʪʦʣʱʫ ʧʦʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʚʦʣʥʦʚʦʛʦ ʜʚʠʞʝʥʠʷ ʧʝʨʚʦʛʦ ʧʦʪʦʢʘ ʦʙʨʘʟʫʝʪʩʷ ʚʪʦʨʦʡ ʧʦʪʦʢ 

ʚʦʣʥʳ, ʧʨʦʤʝʞʫʪʦʯʥʳʡ, ʢʦʪʦʨʳʡ ʧʦʜʧʠʪʳʚʘʝʪ ʪʨʝʪʠʡ ʧʦʪʦʢ ʚʦʣʥʳ. ʊʨʝʪʠʡ ʧʦ-

ʪʦʢ ʚʦʣʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʦʪʢʘʯʠ-

ʚʘʝʪ ʩʙʠʚʘʝʤʳʝ ʩʣʠʚʢʠ ʥʘʟʘʜ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʦʙʨʘʟʫʝʪʩʷ ʙʝʛʫʱʘʷ ʚʦʣʥʘ, ʢʦʪʦʨʘʷ 

ʩʦʙʩʪʚʝʥʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʙʝʣʢʦʚʦʡ ʦʙʦʣʦʯʢʠ ʯʘʩʪʠʮ ʞʠʨʘ ʠ ʠʭ 

ʩʣʠʧʘʥʠʶ, ʪ. ʝ. ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʘʩʣʷʥʦʛʦ ʟʝʨʥʘ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʧʦ ʧʨʦʬʠʣʶ 

ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

1 ï ʧʝʨʚʳʡ ʧʦʪʦʢ ʚʦʣʥʳ; 2 ï ʚʪʦʨʦʡ ʧʦʪʦʢ ʚʦʣʥʳ; 3 ï ʪʨʝʪʠʡ ʧʦʪʦʢ ʚʦʣ-

ʥʳ; ɤ ï ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʤʝʭʘʥʠʟʤʘ ʩʙʠʚʘʥʠʷ 
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ɹʝʛʫʱʘʷ ʚʦʣʥʘ [1, 4] ʟʘʩʪʘʚʣʷʝʪ ʜʚʠʛʘʪʴʩʷ ʩʣʦʡ ʩʣʠʚʦʢ ʧʦ ʦʙʨʘʟʫʶʱʝʡ ʨʦ-

ʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ. ʉ ʨʦʩʪʦʤ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʩʣʠʚʦʢ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʥʘ ʠʭ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʙʝʛʫʱʝʡ ʚʦʣʥʳ ʠ ʩʣʠʚʦʢ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʘ ʩʙʠʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʱʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴ-

ʰʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʚʨʘʱʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʩʙʠʚʘʥʠʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʇʘʨʬʝʥʦʚ ɺ.ʉ., ʗʰʠʥ ɸ.ɺ., ʇʦʣʳʚʷʥʳʡ ʖ.ɺ. ʄʘʩʣʦʠʟʛʦʪʦʚʠʪʝʣʴ ʜʣʷ 

ʭʦʟʷʡʩʪʚ ʩ ʥʝʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ // ʊʝʭʥʠʢʘ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ. 

2013. ˉ 6. ʉ. 30ï31. 

2. ʇʘʨʬʝʥʦʚ ɺ.ʉ., ʗʰʠʥ ɸ.ɺ., ʇʦʣʳʚʷʥʳʡ ʖ.ɺ. ʋʩʪʨʦʡʩʪʚʦ ʜʣʷ ʠʟʛʦʪʦʚ-

ʣʝʥʠʷ ʩʣʠʚʦʯʥʦʛʦ ʤʘʩʣʘ // XXI ʚʝʢ: ʠʪʦʛʠ ʧʨʦʰʣʦʛʦ ʠ ʧʨʦʙʣʝʤʳ ʥʘʩʪʦʷʱʝʛʦ 

ʧʣʶʩ. ʇʝʥʟʘ: ʀʟʜ-ʚʦ ʇʝʥʟ. ʛʦʩ. ʪʝʭʥʦʣ. ʫʥ-ʪʘ, 2014. ˉ 6(22). ʉ. 177ï180. 

3. ʇʘʨʬʝʥʦʚ ɺ.ʉ., ʗʰʠʥ ɸ.ɺ., ʇʦʣʳʚʷʥʳʡ ʖ.ɺ. ʆʙʦʩʥʦʚʘʥʠʝ ʢʦʥʩʪʨʫʢ-

ʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʣʥʦʦʙʨʘʟʥʦʛʦ ʨʦʪʦʨʘ ʤʘʩʣʦʠʟʛʦʪʦʚʠʪʝʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʜʝʡʩʪʚʠʷ // ʅʠʚʘ ʇʦʚʦʣʞʴʷ. 2014. ˉ 4 (33). ʉ. 95ï102. 

4. ɼʦʙʨʦʣʶʙʦʚ ɸ.ʀ. ɹʝʛʫʱʠʝ ʚʦʣʥʳ ʜʝʬʦʨʤʘʮʠʠ. 2-ʝ ʠʟʜ., ʠʩʧʨ. ʄ.: ɽʜʠ-

ʪʦʨʠʘʣ ʋʈʉʉ, 2003. 144 ʩ. 
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ʂ ʆɹʆʉʅʆɺɸʅʀʖ ʌʆʈʄʓ ʇʆʇɽʈɽʏʅʆɻʆ ʉɽʏɽʅʀʗ 

ʈʆʊʆʈʅʆ-ʃʆʇɸʉʊʅʆɻʆ ʈɸɹʆʏɽɻʆ ʆʈɻɸʅɸ ʉ ʊʈɽʄʗ ʃʆʇɸʉʊʗʄʀ 

 

ʖ.ɺ. ʇʦʣʳʚʷʥʳʡ 

ʌɻɹʆʋ ɺʆ ʇʝʥʟʝʥʩʢʠʡ ɻɸʋ, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

 

ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʡ ʨʘʙʦʯʠʡ ʦʨʛʘʥ ʤʘʩʣʦʠʟʛʦʪʦʚʠʪʝʣʷ ʧʝ-

ʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ [1ï3] ʚʦʚʣʝʢʘʝʪ ʩʙʠʚʘʝʤʳʝ ʩʣʠʚʢʠ ʚ ʩʣʦʞʥʦʝ ʚʦʣʥʦʦʙ-

ʨʘʟʥʦʝ ʜʚʠʞʝʥʠʝ. ɿʘʜʘʜʠʤʩʷ ʫʨʘʚʥʝʥʠʝʤ ʩʠʥʫʩʦʠʜʳ [3] ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʧʝʨʝʯ-

ʥʦʛʦ ʩʝʯʝʥʠʷ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨ-

ʜʠʥʘʪ (1): 

,                                          (1) 

ʛʜʝ A ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʜʚʠʛ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Oy, ʤ;B ï ʧʦ-

ʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʘʩʪʷʞʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Oy, ʤ; 

 ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʨʘʩʪʷʞʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Ox, ʤ; 

C ï ʧʦʩʪʦʷʥʥʘʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʜʚʠʛ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Ox, ʤ; 

 ï ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʨʘʜ.  

ɺʝʣʠʯʠʥʳ A, B, k, C,  ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʤ ʨʘʚʥʳʤʠ ʥʫʣʶ [3]. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʛʨʘʬʠʢ ʩʠʥʫʩʦʠʜʳ ʩʦʛʣʘʩʥʦ ʚʳʨʘʞʝʥʠʷ (1) ʚ ʜʝʢʘʨʪʦʚʦʡ 

ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 
ʈʠʩ. 1. ɻʨʘʬʠʢ ʩʠʥʫʩʦʠʜʳ ʚ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ 

 

ɿʘʜʘʜʠʤʩʷ ʫʨʘʚʥʝʥʠʝʤ ʦʢʨʫʞʥʦʩʪʠ [3] ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʬʠʣʷ ʨʦʪʦʨʥʦ-

ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʢʘʢ ʩʠʥʫʩʦʠʜʳ ʥʘ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʦʤ R ʚ ʧʦʣʷʨ-

ʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ (ʨʠʩ. 2) (2): 

x
2
 + y

2
 = R

2
                                                      (2) 

ʛʜʝ x ï ʢʦʦʨʜʠʥʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Ox, ʤ; 

y ï ʢʦʦʨʜʠʥʘʪʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Oy, ʤ.  

ʂʦʦʨʜʠʥʘʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʝʨʝʤʝʱʝʥʠʝ ʛʨʘʬʠʢʘ ʧʦ ʦʩʠ Ox ʠ Oy (3): 
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ʈʠʩ. 2. ʉʭʝʤʘ ʜʣʷ ʚʳʚʦʜʘ ʚʳʨʘʞʝʥʠʷ 

 

x =                                                    (3) 

                                                              y = , 
 

ʛʜʝ  ʨʘʜʠʫʩ-ʚʝʢʪʦʨ, ʧʨʦʚʝʜʝʥʥʳʡ ʠʟ ʮʝʥʪʨʘ ʦʢʨʫʞʥʦʩʪʠ ʚ ʨʘʩʩʤʘʪʨʠ-

ʚʘʝʤʫʶ ʪʦʯʢʫ ʦʢʨʫʞʥʦʩʪʠ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ (2) ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷ (3) ʧʨʠʤʝʪ ʚʠʜ (4): 

=R
2
                                       (4) 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʦʢʨʫʞʥʦʩʪʠ ʩ ʮʝʥʪʨʦʤ  

ʚ ʥʘʯʘʣʝ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ [1, 3] (5): 

=  ,      (5) 

ʛʜʝ ʨd  ï ʜʠʘʤʝʪʨ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʧʦ ʜʝʣʠʪʝʣʴʥʦʡ 

ʦʢʨʫʞʥʦʩʪʠ ʟʘʤʢʥʫʪʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʨʦʪʦʨʥʦ-ʣʦʧʘʩʪʥʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ 

ʚ ʚʠʜʝ ʟʘʤʢʥʫʪʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʧʨʦʬʠʣʷ, ʩʨʝʜʥʝʡ ʣʠʥʠʝʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪ-

ʩʷ ʦʢʨʫʞʥʦʩʪʴ, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʡ (1) ʠ (5) ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʧʦʣʷʨʥʦʡ ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʫʨʘʚʥʝʥʠʝʤ (6): 

  + A      (6) 

ʛʜʝ r ï ʨʘʜʠʘʣʴʥʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʤ; 

ɸ ï ʘʤʧʣʠʪʫʜʘ ʩʠʥʫʩʦʠʜʳ, ʤ; 

k  ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʠʦʜʦʚ ʩʠʥʫʩʦʠʜʳ; 

j ï ʫʛʣʦʚʘʷ ʢʦʦʨʜʠʥʘʪʘ, ʨʘʜ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ʇɽʈʉʇɽʂʊʀɺʅʓʁ ʉʇʆʉʆɹ ʋɹʆʈʂʀ, ʇɽʈɽʈɸɹʆʊʂʀ ʅɸɺʆɿɸ 

ʀ ɺʅɽʉɽʅʀʗ ɾʀɼʂʀʍ ʆʈɻɸʅʀʏɽʉʂʀʍ ʋɼʆɹʈɽʅʀʁ ɺ ʇʆʏɺʋ 

 

ʂ.ʅ. ʇʫʪʠʝʥʢʦ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʅʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤʘʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʩʪʝʤʳ ʩʦʜʝʨʞʘʥʠʷ ʞʠ-

ʚʦʪʥʳʭ ʠ ʪʝʭʥʦʣʦʛʠʠ ʫʜʘʣʝʥʠʷ ʥʘʚʦʟʘ ʠʟ ʧʦʤʝʱʝʥʠʡ ʤʦʞʝʪ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʦʜ-

ʩʪʠʣʦʯʥʳʡ ʥʘʚʦʟ ʚʣʘʞʥʦʩʪʴʶ ʜʦ 85 %, ʙʝʩʧʦʜʩʪʠʣʦʯʥʳʡ (ʧʦʣʫʞʠʜʢʠʡ) ï ʜʦ 

92 %, ʞʠʜʢʠʡ ï ʜʦ 97 % ʠ ʥʘʚʦʟʥʳʝ ʩʪʦʢʠ ʚʣʘʞʥʦʩʪʴʶ ʙʦʣʝʝ 97 %.  

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʫʜʦʙʨʠʪʝʣʴʥʘʷ ʮʝʥʥʦʩʪʴ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʚʠʜʘ, ʢʦʣʠʯʝʩʪʚʘ, ʩʦʩʪʘʚʘ ʠ ʩʚʦʡʩʪʚ ʧʨʠʤʝʥʷ-

ʝʤʳʭ ʧʦʜʩʪʠʣʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʉʚʦʡʩʪʚʘ ʙʝʩʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ï 

ʝʛʦ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 85ï92 %. 

ʅʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤʘʭ ʩʢʘʧʣʠʚʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʘʚʦʟʘ, 

ʥʘ ʫʙʦʨʢʫ ʢʦʪʦʨʦʛʦ ʪʨʝʙʫʝʪʩʷ 20ï30 % ʦʙʱʠʭ ʪʨʫʜʦʚʳʭ ʟʘʪʨʘʪ. ʀʟ ʧʦʤʝʱʝʥʠʡ 

ʥʘʚʦʟ ʤʦʞʝʪ ʙʳʪʴ ʫʜʘʣʝʥ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʤʠ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʤʠ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

ʉʫʱʝʩʪʚʫʶʱʠʝ ʩʧʦʩʦʙʳ ʫʙʦʨʢʠ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʥʘʚʦʟʘ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʦʚʨʝʤʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ. ʅʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʠʩʪʝʤʘ 

ʫʜʘʣʝʥʠʷ ʧʦʜʩʪʠʣʦʯʥʦʛʦ ʥʘʚʦʟʘ [1]. ɿʘʜʘʯʝʡ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʩʠʩʪʝʤʳ, ʷʚ-

ʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ, ʘ ʪʘʢʞʝ ʚʥʝʜʨʝʥʠʝ ʵʬ-

ʬʝʢʪʠʚʥʦʡ ʩʠʩʪʝʤʳ ʟʘʛʨʫʟʢʠ ʠ ʚʳʛʨʫʟʢʠ ʥʘʚʦʟʘ, ʩʦʟʜʘʥʠʝ ʢʦʤʬʦʨʪʥʳʭ ʫʩʣʦʚʠʡ 

ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʬʝʨʤʝ. 

ʊʘʢ ʞʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʠʩʪʝʤʘ ʫʜʘʣʝʥʠʷ, ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʞʠʜʢʦ-

ʛʦ ʥʘʚʦʟʘ, ʢʦʪʦʨʘʷ ʧʦʚʳʰʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘʚʦʟʘ, ʘ ʪʘʢʞʝ ʧʦʟ-

ʚʦʣʷʝʪ ʚʥʝʜʨʠʪʴ ʜʝʡʩʪʚʝʥʥʫʶ ʩʠʩʪʝʤʫ ʚʳʛʨʫʟʢʠ ʥʘʚʦʟʘ, ʧʦʣʫʯʝʥʠʷ ʙʠʦʛʘʟʘ, ʧʦ-

ʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ, ʫʣʫʯʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʦʙʩʪʘ-

ʥʦʚʢʠ ʥʘ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʡ ʬʝʨʤʝ ʠ ʢʦʤʧʣʝʢʩʝ ʚ ʮʝʣʦʤ [2]. 

ɼʣʷ ʚʥʝʩʝʥʠʷ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʢʦʤʙʠʥʠʨʦ-

ʚʘʥʥʳʡ ʘʛʨʝʛʘʪ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʷ ʞʠʜʢʠʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʫʜʦʙʨʝ-

ʥʠʡ. ʆʥ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʤʘʰʠʥ ʚ ʩʠʩʪʝʤʝ ʦʩʥʦʚʥʦʡ ʠ ʧʨʝʜʧʦ-

ʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʧʦ ʵʥʝʨʛʦ- ʠ ʨʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʦʜ 

ʟʝʨʥʦʚʳʝ, ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʢʦʨʤʦʚʳʝ ʢʫʣʴʪʫʨʳ, ʠ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʥʝʩʝʥʠʷ ʦʨ-

ʛʘʥʠʯʝʩʢʦʛʦ ʫʜʦʙʨʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʫʶ ʛʣʫʙʠʥʫ ʠ ʣʫʯʰʝʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩ ʧʦʯ-

ʚʦʡ [3]. 

ɽʛʦ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʚ ʟʝʤ-

ʣʝʜʝʣʠʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʚʥʝʩʝʥʠʷ ʞʠʜʢʠʭ ʦʨʛʘʥʠ-

ʯʝʩʢʠʭ ʫʜʦʙʨʝʥʠʡ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʉʀʃʆɺʓʍ ʀ ʂʀʅɽʄɸʊʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ  

ɼɺʀɾʀʊɽʃʗ ʉ ʈɽɿʀʅʆɸʈʄʀʈʆɺɸʅʅʓʄʀ ɻʋʉɽʅʀʎɸʄʀ  

ʇʈʀ ɹɸʃʃɸʉʊʀʈʆɺʂɽ ʊʈɸʂʊʆʈɸ 

 

ʄ.ʀ. ʈʦʤʘʥʯʝʥʢʦ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɹʘʣʣʘʩʪʠʨʦʚʢʘ ʪʨʘʢʪʦʨʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʛʨʫʟʘʤʠ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʩʠʣʦʚʳʝ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʠʪʝʣʷ ʩ ʨʝʟʠʥʦʘʨʤʠʨʦ-

ʚʘʥʥʳʤʠ ʛʫʩʝʥʠʮʘʤʠ (ɼʈɸɻ). ʇʨʠ ʩʤʝʱʝʥʠʠ ʮʝʥʪʨʘ ʪʷʞʝʩʪʠ ʪʨʘʢʪʦʨʘ ʵʧʶʨʳ 

ʥʦʨʤʘʣʴʥʳʭ (ʚʝʨʪʠʢʘʣʴʥʳʭ) ʜʘʚʣʝʥʠʡ ɼʈɸɻ ʥʘ ʦʧʦʨʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʛʫʪ ʧʨʠ-

ʥʠʤʘʪʴ ʨʘʟʣʠʯʥʫʶ ʨʘʩʯʝʪʥʫʶ ʬʦʨʤʫ ð ʧʨʷʤʦʫʛʦʣʴʥʫʶ, ʪʨʘʧʝʮʠʝʚʠʜʥʫʶ, ʪʨʝ-

ʫʛʦʣʴʥʫʶ [1, 2, 3, 4, 5]. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ɼʈɸɻ ʩ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʚʘʞ-

ʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʚʳʩʪʫʧʘʶʪ ʨʝʘʣʠʟʫʝʤʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʮʝʧʣʝʥʠʷ ʠ ʙʫʢ-

ʩʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʤʝʨʥʦ-ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɼʈɸɻ [6]. ʇʨʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ɼʈɸɻ ʚ ʪʷʛʦʚʦʤ ʨʝʞʠʤʝ ʫʩʪʘʥʦʚʣʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʘʥʘʣʦʛʠʠ 

ʩ ʢʦʣʝʩʥʳʤ ʜʚʠʞʠʪʝʣʝʤ ʪʨʘʢʪʦʨʘ [7].  

ʇʨʦʜʦʣʴʥʘʷ ʨʝʘʢʮʠʷ ʚ ʧʣʦʩʢʦʩʪʠ ʢʦʥʪʘʢʪʥʦʡ ʧʣʦʱʘʜʢʠ ʜʚʠʞʠʪʝʣʷ ʩ ʨʝ-

ʟʠʥʦʘʨʤʠʨʦʚʘʥʥʳʤʠ ʛʫʩʝʥʠʮʘʤʠ (ʂʇ ɼʈɸɻ) ʥʘ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ Rx, ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʟʘʚʠʩʠʤʦʩʪʷʤʠ [7], ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (1ï5): 

Rx = Rx ʙʫʢʩ + Rx ʧʦʢ,                                                (1) 

Rx ʙʫʢʩ = Rz ʙʫʢʩ  ɛʩʮ ʙʫʢʩ,                                             (2) 

Rx ʧʦʢ = Rz ʧʦʢ  ɛʩʮ ʧʦʢ,                                                (3) 

Rz ʙʫʢʩ = Gʜʨʘʛ  f ʙʫʢʩ,                                                (4) 

Rz ʧʦʢ = Gʜʨʘʛ  ï Rz ʙʫʢʩ,                                              (5) 

ʛʜʝ  Rx ʙʫʢʩ, Rʭ ʧʦʢ ï ʧʨʦʜʦʣʴʥʘʷ ʩʠʣʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʝ ʙʫʢʩʦʚʘʥʠʷ ʠ 

ʥʘ ʫʯʘʩʪʢʝ ʧʦʢʦʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ;  

Rz ʙʫʢʩ, Rz ʧʦʢ ï ʥʦʨʤʘʣʴʥʘʷ ʨʝʘʢʮʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʫʯʘʩʪʢʝ ʙʫʢʩʦʚʘʥʠʷ ʠ ʥʘ 

ʫʯʘʩʪʢʝ ʧʦʢʦʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ; 

Gʜʨʘʛ ï ʥʦʨʤʘʣʴʥʘʷ (ʚʝʨʪʠʢʘʣʴʥʘʷ) ʥʘʛʨʫʟʢʘ ʥʘ ɼʈɸɻ;  

ɛʩʮ ʙʫʢʩ, ɛʩʮ ʧʦʢ ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 

ʫʯʘʩʪʢʝ ʙʫʢʩʦʚʘʥʠʷ ʠ ʥʘ ʫʯʘʩʪʢʝ ʧʦʢʦʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ; 

fʙʫʢʩ ï ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʱʘʜʴ ʵʧʶʨʳ ʫʜʝʣʴʥʳʭ ʥʦʨʤʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʥʘ ʫʯʘʩʪʢʝ 

ʙʫʢʩʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ.  

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ ʥʘ ʫʯʘʩʪʢʝ ʙʫʢʩʦʚʘʥʠʷ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʦ ʫʙʳʚʘʶʱʝʡ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʘʣʴ-

ʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʫʯʘʩʪʢʝ ʙʫʢʩʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ. ʆʥ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 

ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʧʦʢʦʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ ʥʘ ʦʧʦʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʫʢʩʦʚʘʥʠʷ ɼʈɸɻ, ʜʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ʢʦʵʬʬʠʮʠ-

ʝʥʪʫ ʪʨʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ ʧʨʠ ʧʦʣʥʦʤ ʙʫʢʩʦʚʘʥʠʠ ɼʈɸɻ. 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʮʝʧʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʧʦʢʦʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ ʦʧʨʝʜʝʣʷ-



 

75 

 

ʝʪʩʷ ʧʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʵʣʣʠʧʩʦʚʠʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʦʨʤʘʣʴ-

ʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʫʯʘʩʪʢʝ ʙʫʢʩʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ. ʆʥ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 

ʥʫʣʷ, ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʙʫʢʩʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ, ʜʦ ʟʥʘʯʝʥʠʷ, ʨʘʚʥʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʫ ʪʨʝʥʠʷ ʧʦʢʦʷ ʵʣʝʤʝʥʪʦʚ ʂʇ ɼʈɸɻ ʥʘ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚ ʤʦ-

ʤʝʥʪ ʧʝʨʝʭʦʜʘ ʢ ʧʦʣʥʦʤʫ ʙʫʢʩʦʚʘʥʠʶ, ʢʦʛʜʘ ʧʦʩʣʝʜʥʠʡ ʢʨʘʡʥʠʡ ʟʘʜʥʠʡ ʵʣʝ-

ʤʝʥʪ ʂʇ ɼʈɸɻ ʝʱʝ ʧʨʦʜʦʣʞʘʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ. 

ʋʩʣʦʚʥʳʡ ʨʘʜʠʫʩ ʢʘʯʝʥʠʷ ɼʈɸɻ ʚ ʪʷʛʦʚʦʤ ʨʝʞʠʤʝ (6): 

rʢ ʜʨʘʛ = rʢʩ ʜʨʘʛ (1 ï ŭʜʨʘʛ),                                          (6) 

ʛʜʝ rʢʩ ʜʨʘʛ ï ʫʩʣʦʚʥʳʡ ʨʘʜʠʫʩ ʢʘʯʝʥʠʷ ɼʈɸɻ ʚ ʩʚʦʙʦʜʥʦʤ ʨʝʞʠʤʝ;  

ŭʜʨʘʛ ï ʢʦɻ ʬʬʠʮʠʝʥʪ ʙʫʢʩʦʚʘʥʠʷ ɼʈɸɻ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (7): 

ŭʜʨʘʛ = Ŭʢʧ ŭʙʫʢʩ / [4 ́
2 
(1 ï ŭʙʫʢʩ) + Ŭʢʧ

2
 ŭʙʫʢʩ]

 0,5
,                 (7) 

ʛʜʝ Ŭʢʧ ï ʮʝʥʪʨʘʣʴʥʳʡ ʫʛʦʣ ʂʇ ɼʈɸɻ ʥʘ ʦʧʦʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝ-

ʤʳʡ  ʫʛʣʦʤ ʤʝʞʜʫ ʜʚʫʤʷ ʣʫʯʘʤʠ, ʠʩʭʦʜʷʱʠʤʠ ʠʟ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴ-

ʥʦʡ ʦʩʝʚʦʡ ʣʠʥʠʠ ʚʝʜʫʱʝʛʦ ʟʫʙʯʘʪʦʛʦ ʢʦʣʝʩʘ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʘ (ʫʩʣʦʚʥʦʛʦ ʩʪʘʪʠ-

ʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ), ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʠʟ ʮʝʥʪʨʘ ʂʇ ɼʈɸɻ, ʠ ʧʨʦʭʦʜʷʱʠʤʠ ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ ʯʝʨʝʟ ʢʨʘʡʥʶʶ ʟʘʜʥʶʶ ʠ ʢʨʘʡʥʶʶ ʧʝʨʝʜʥʶʶ ʪʦʯʢʠ ʂʇ ɼʈɸɻ.  

ʇʨʠʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ  

ʩʠʣʦʚʳʭ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ɼʈɸɻ ʧʨʠ ʙʘʣʣʘʩʪʠʨʦʚʢʝ ʪʨʘʢʪʦʨʘ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʙʘʣʣʘʩʪʥʳʭ ʛʨʫʟʦʚ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʴʥʦʡ ʩʠʣʳ ʪʷʛʠ ʠ ʜʦʧʫʩʢʘʝʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʙʫʢʩʦʚʘʥʠʷ. 
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ʆɹʒɽʄʅʆɽ ɼʆɿʀʈʆɺɸʅʀɽ: ɿɸ ʀ ʇʈʆʊʀɺ 

 

ɸ.ʄ. ʈʫʩʘʣʝʚ 

ʍʅʊʋʉʍ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ 

 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʜʦʟʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʝʥ ʩ ʜʨʝʚʥʠʭ ʚʨʝʤʝʥ ʠ ʧʨʠ-

ʤʝʥʷʣʩʷ ʝʱʝ ʚ ʜʨʝʚʥʝʤ ɽʛʠʧʪʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʙʘʣʴʟʘʤʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ 

ʤʝʪʦʜʦʤ ʦʪʤʝʨʠʚʘʥʠʷ ʥʫʞʥʳʭ ʧʦʨʮʠʡ ï ʜʦʟ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʚʨʝ-

ʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʣʦʚʘ çʜʦʟʘè ʥʝʩʢʦʣʴʢʦ ʰʠʨʝ: ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʯʝʛʦ-

ʥʠʙʫʜʴ; ʪʦʯʥʘʷ ʤʝʨʘ ʚʝʱʝʩʪʚʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʩʤʝʩʠ. 

ʇʦʜ ʜʦʟʠʨʦʚʘʥʠʝʤ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʪʘʢʦʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʭʦʜʷʱʠʡʩʷ ʤʘʪʝʨʠʘʣ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʜʦʟʳ 

ʠʣʠ ʧʦʪʦʢ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ɺʝʣʠʯʠʥʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶ-

ʱʝʡ ʧʨʦʮʝʩʩ ʜʦʟʠʨʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʨʘʩʭʦʜ ʜʦʟʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʦʙʲʝʤʥʳʡ 

ʠʣʠ ʤʘʩʩʦʚʳʡ) [1]. ɿʥʘʯʝʥʠʝ ʨʘʩʭʦʜʘ, ʢʦʪʦʨʳʡ ʩʪʨʝʤʷʪʩʷ ʧʦʜʜʝʨʞʘʪʴ, ʥʘʟʳʚʘ-

ʝʪʩʷ ʟʘʜʘʥʥʳʤ ʨʘʩʭʦʜʦʤ, ʟʥʘʯʝʥʠʷ ʨʘʩʭʦʜʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝ-

ʥʠ ï ʤʛʥʦʚʝʥʥʳʤ ʨʘʩʭʦʜʦʤ. 

ɺ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʳ ʜʚʘ ʩʧʦʩʦʙʘ ʜʦʟʠʨʦʚʘʥʠʷ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ: ʦʙʲ-

ʝʤʥʳʡ ʠ ʚʝʩʦʚʦʡ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʧʦʨʮʠʦʥʥʳʤ ʠʣʠ ʥʝʧʨʝʨʳʚ-

ʥʳʤ. ʆʙʲʝʤʥʳʡ ʩʧʦʩʦʙ ʜʦʟʠʨʦʚʘʥʠʷ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʩʪʨʦʡʩʪʚ ʦʙʲ-

ʝʤʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʘ ʚʝʩʦʚʦʡ ï ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʩʦʚʳʭ ʫʩʪʨʦʡʩʪʚ. ɺ ʦʪʜʝʣʴ-

ʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʩʤʝʰʘʥʥʳʡ ʩʧʦʩʦʙ ï ʦʙʲʝʤʥʦ-ʚʝʩʦʚʦʡ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʧʦʨʮʠʷ ʦʪʤʝʨʠʚʘʝʪʩʷ ʧʦ ʦʙʲʝʤʫ, ʘ ʟʘʪʝʤ ʝʝ ʤʘʩʩʘ ʥʘ ʚʝʩʦʚʦʤ ʫʩʪʨʦʡʩʪʚʝ ʜʦʚʦ-

ʜʠʪʩʷ ʜʦ ʟʘʜʘʥʥʦʡ [2]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʜʦʟʠʨʦʚʘʥʠʝ 

ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, 

ʧʠʱʝʚʦʡ, ʢʦʤʙʠʢʦʨʤʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ, ʘ ʪʘʢʞʝ ʚ ʩʝʣʴʩʢʦʤ ʭʦʟʷʡʩʪʚʝ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʦʣʥʦʮʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʩʤʝʩʝʡ, ʘ ʪʘʢʞʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʦʤʙʠ-

ʢʦʨʤʦʚ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʚ ʤʝʞʭʦʟʷʡʩʪʚʝʥʥʳʭ ʠ ʧʨʠʬʝʨʤʩʢʠʭ ʮʝʭʘʭ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʨʤʦʚʳʭ ʨʝʩʫʨʩʦʚ, ʧʦʢʫʧʥʳʭ ɹɺɼ ʠ ʧʨʝʤʠʢʩʦʚ 

[3]. ʋʩʪʨʦʡʩʪʚʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʳʜʘʯʠ ʜʦʟʳ ʠʣʠ ʧʦʪʦʢʘ ʩʳʧʫʯʝʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʩ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʟʳʚʘʶʪʩʷ ʜʦʟʘʪʦʨʘʤʠ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʦʟʠʨʦʚʘʥʠʷ ʩʦʟʜʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʟʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʣʠʯʘʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʧʨʠʟʥʘʢʦʚ ʢʦʥ-

ʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʘ ʩʘʤʦ ʥʘʟʚʘʥʠʝ ʜʦʟʘʪʦʨʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ 

ʠʩʧʦʣʥʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ, ʥʘʧʨʠʤʝʨ: ʙʘʨʘʙʘʥʥʳʡ, ʰʥʝʢʦʚʳʡ, ʣʝʥʪʦʯʥʳʡ ʠ 

ʪ. ʜ.  

ʇʦ ʭʘʨʘʢʪʝʨʫ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʚ ʧʨʘʢʪʠʢʝ 

ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʟʘʪʦʨʦʚ: ʙʝʟ ʜʚʠʞʫʱʝʛʦʩʷ ʨʘʙʦʯʝʛʦ ʦʨ-

ʛʘʥʘ ï ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ, ʘʵʨʘʮʠʦʥʥʳʝ; ʩ ʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨ-

ʛʘʥʘ ï ʙʘʨʘʙʘʥʥʳʝ, ʰʥʝʢʦʚʳʝ, ʪʘʨʝʣʴʯʘʪʳʝ, ʜʠʩʢʦʚʳʝ, ʩʧʠʨʘʣʴʥʳʝ, ʨʦʪʘʮʠʦʥ-

ʥʳʝ, ʣʦʧʘʩʪʥʳʝ; ʩ ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ï ʣʝʥʪʦʯʥʳʝ, 
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ʧʣʘʩʪʠʥʯʘʪʳʝ, ʮʝʧʥʳʝ, ʩʢʨʝʙʢʦʚʳʝ, ʪʨʦʩʦʚʦ-ʰʘʡʙʦʚʳʝ; ʩ ʚʦʟʚʨʘʪʥʦï

ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ï ʢʘʨʝʪʦʯʥʳʝ, ʧʦʜʚʝʩʥʳʝ, ʚʩʪʨʷ-

ʭʠʚʘʶʱʠʝ, ʚʠʙʨʘʮʠʦʥʥʳʝ; ʩ ʚʦʟʚʨʘʪʥʦïʚʨʘʱʘʪʝʣʴʥʳʤ ʜʚʠʞʝʥʠʝʤ ʨʘʙʦʯʝʛʦ ʦʨ-

ʛʘʥʘ  ï ʨʝʰʝʪʥʳʝ, ʤʘʷʪʥʠʢʦʚʳʝ ʠ ʜʨ. 

ʊʘʢʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʟʘʪʦʨʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪʩʷ ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ ʪʝʤ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʩʳʧʫʯʠʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʧʦ ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʂ ʥʠʤ ʦʪʥʦʩʷʪ-

ʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʚʣʘʞʥʦʩʪʴ, ʥʘʩʳʧʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ, ʩʳ-

ʧʫʯʝʩʪʴ ʠ ʨʷʜ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ.  

ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʚʝʩʦʚʦʛʦ ʩʧʦʩʦʙʘ ʜʦʟʠʨʦʚʘʥʠʷ ʪʦʯʥʦʩʪʴ ʦʪʤʝʨʷʥʥʳʭ ʜʦʟ 

ʩʳʧʫʯʝʛʦ ʤʘʪʝʨʠʘʣʘ ʚʳʰʝ, ʯʝʤ ʧʨʠ ʦʙʲʝʤʥʦʤ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝ-

ʥʷʝʪʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ, ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ, ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ, ʪ.ʝ. ʚ ʪʝʭ 

ʦʪʨʘʩʣʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʛʜʝ ʦʯʝʥʴ ʚʘʞʥʦ ʢʦʣʠʯʝʩʪʚʦ ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʦʛʦ ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʷ ʭʨʘʥʝʥʠʷ ʩ ʮʝʣʴʶ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʚʣʠʷʥʠʷ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʆʜʥʘʢʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʣʘʞʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʘʩʩʘ ʝʛʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʜʦ-

ʟʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʚʝʩʦʚʳʭ ʜʦʟʘʭ. ʆʙʲʝʤ ʞʝ ʩʳʧʫʯʝʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʧʦʣʥʦʨʘʮʠʦʥʥʳʭ 

ʢʦʨʤʦʚʳʭ ʩʤʝʩʝʡ ʜʣʷ ʞʠʚʦʪʥʳʭ ʠ ʧʪʠʮʳ ʮʝʣʝʩʦʦʙʨʘʟʥʝʡ ʧʨʠʤʝʥʷʪʴ ʦʙʲʝʤʥʦʝ 

ʜʦʟʠʨʦʚʘʥʠʝ.  
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ɼʀʉʂʆɺʓʍ ʈɸɹʆʏʀʍ ʆʈɻɸʅʆɺ 

 

ɸ.ɺ. ʈʳʞʢʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʜʠʩʢʦʚʳʭ ʧʦʯʚʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʤʘʰʠʥʘʭ ʧʨʠʤʝʥʷʶʪ 

ʜʠʩʢʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʢʨʠʚʠʟʥʦʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʠʭ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ. ʝ. 

ʩʬʝʨʠʯʝʩʢʠʝ ʩʝʛʤʝʥʪʳ. ɼʠʩʢʠ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʩʦ ʩʧʣʦʰʥʳʤ ʠ ʚʳʨʝʟʥʳʤ ʣʝʟʚʠ-

ʝʤ, ʧʨʠʯʝʤ ʬʦʨʤʳ ʚʳʨʝʟʦʚ ʤʦʛʫʪ ʙʳʪʴ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ. 

ʊʷʛʦʚʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʠʩʢʦʚʳʭ ʙʦʨʦʥ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʫʛʣʘ ʘʪʘʢʠ, 

ʛʣʫʙʠʥʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʙʦʯʠʭ ʦʨʛʘ-

ʥʦʚ ʠ ʬʦʨʤʳ ʚʳʨʝʟʦʚ ʜʠʩʢʦʚ. ʇʨʠ ʘʛʨʝʛʘʪʠʨʦʚʘʥʠʠ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʜʠʩʢʦʚʳʭ ʙʦʨʦʥ (ʩ ʜʠʩʢʘʤʠ ʨʘʚʥʦʛʦ ʜʠʘʤʝʪʨʘ, ʥʦ ʨʘʟʥʳʤʠ ʧʦ ʬʦʨʤʝ ʚʳʨʝ-

ʟʦʚ, ʩ ʚʳʩʪʘʚʣʝʥʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʜʠʩʢʦʚ ʥʘ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʫʛʦʣ ʘʪʘʢʠ) ʩ ʪʨʘʢʪʦ-

ʨʘʤʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ, ʪʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʦʛʦ ʘʛʨʝʛʘʪʘ ʙʫʜʝʪ ʙʦʣʴʰʝ, ʛʜʝ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʠʩʢʠ ʩ ʪʘʢʦʡ ʬʦʨʤʦʡ ʚʳʨʝʟʦʚ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʘʥʠʷ ʧʦʯʚʳ. ʄʥʦʛʦ ʫʯʝʥʳʭ ʨʘʙʦʪʘʣʠ ʥʘʜ ʧʨʦʙʣʝʤʦʡ ʫʤʝʥʴʰʝ-

ʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʠʩʢʦʚ, ʨʘʟʨʘʙʘʪʳʚʘʷ  ʩʘʤʳʝ ʨʘʟʥʳʝ ʬʦʨʤʳ ʚʳʨʝʟʦʚ. ɻ-

ʦʙʨʘʟʥʳʝ ʚʳʨʝʟʳ ʨʘʟʨʘʙʦʪʘʥʳ ʊ.ɻ. ɹʦʪʦʚʳʤ ʠ ʖ.ʀ. ʂʫʟʥʝʮʦʚʳʤ, V-ʦʙʨʘʟʥʳʝ 

ʚʳʨʝʟʳ ï ɸ.ʂ. ʂʠʨʠʯʝʥʢʦ ʠ ʂ.ɸ. ʉʦʭʪʦʤ, ʨʠʬʣʝʥʳʡ ʜʠʩʢ ʩ V-ʦʙʨʘʟʥʳʤʠ ʚʳʨʝ-

ʟʘʤʠ ʠʩʩʣʝʜʦʚʘʣ ɽ.ʌ. ʄʠʪʠʥ. ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʩ-

ʢʦʚʳʭ ʙʦʨʦʥ ʠ ʜʠʩʢʦʚ ʚʥʝʩ ɺ.ʌ. ʉʪʨʝʣʴʙʠʮʢʠʡ. ʅʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʥʘʰʣʠ ʜʠʩʢʠ ʩ ʪʨʘʧʝʮʝʠʜʘʣʴʥʳʤʠ ʚʳʨʝʟʘʤʠ. ʅʘ ɹʝʣʛʦʨʦʜʩʢʦʤ ʟʘʚʦʜʝ 

çɹʝʣʘʛʨʦʤʘʰ-ʩʝʨʚʠʩè ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʬʨʘʥʮʫʟʩʢʦʡ ʬʠʨʤʳ çʂʠʚʦʥʴè ʚʳʧʫʱʝʥʘ 

ʪʷʞʝʣʘʷ ʜʠʩʢʦʚʘʷ ʙʦʨʦʥʘ ɹɼʊ-6 ʇʈ ʩ ʨʘʙʦʯʠʤʠ ʦʨʛʘʥʘʤʠ ʥʦʚʦʡ ʬʦʨʤʳ. ɼʠʩʢʠ 

ʚʳʧʦʣʥʝʥʳ ʩʬʝʨʠʯʝʩʢʠʤʠ ʩ V-ʦʙʨʘʟʥʳʤʠ ʚʳʨʝʟʘʤʠ ʠ ʟʫʙʴʷʤʠ, ʧʨʠʯʝʤ ʨʝʞʫ-

ʱʠʝ ʢʨʦʤʢʠ ʟʫʙʴʝʚ ʠʩʧʦʣʥʝʥʳ ʧʦ ʜʫʛʘʤ ʦʢʨʫʞʥʦʩʪʝʡ. ɺʩʝ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ 

ʜʠʩʢʠ ʭʦʨʦʰʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʦ ʠʤʝʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʝʟʘʥʠʶ ʧʦʯʚʳ. ʉ ʮʝʣʴʶ ʩʥʠʞʝʥʠʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʨʝʟʘʥʠʶ ʧʦʯʚʳ ʙʳʣʠ ʧʨʝʜ-

ʣʦʞʝʥʳ ʜʠʩʢʠ, ʟʫʙʴʷ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʝʥʳ ʧʦ ʬʦʨʤʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ. 

ɺʳʙʦʨ ʪʘʢʦʡ ʬʦʨʤʳ ʚʳʨʝʟʦʚ ʜʠʩʢʘ ʦʙʫʩʣʦʚʣʝʥ ʪʝʤ, ʯʪʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʘʷ 

ʩʧʠʨʘʣʴ ʦʙʣʘʜʘʝʪ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʵʪʘ ʩʧʠʨʘʣʴ ʧʝʨʝʩʝʢʘʝʪ ʧʦʣʷʨʥʳʝ ʨʘʜʠʫʩʳ 

ʚʩʝʭ ʩʚʦʠʭ ʪʦʯʝʢ ʧʦʜ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʫʛʣʦʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʦʣ ʨʝʟʘʥʠʷ ʜʠʩ-

ʢʦʚʦʛʦ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʘ ʟʥʘʯʠʪ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʝʟʘʥʠʶ ʧʦʯʚʳ ʵʪʠʤ ʜʠʩʢʦʤ ʙʫʜʝʪ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʜʨʫʛʠʭ ʘʥʘʣʦʛʦʚ. ʇʨʠʤʝʥʝʥʠʝ 

ʜʠʩʢʦʚ ʩ ʟʫʙʴʷʤʠ, ʚʳʧʦʣʥʝʥʥʳʤʠ ʧʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ ʩʧʠʨʘʣʠ ʥʘ ʜʠʩʢʦʚʳʭ 

ʙʦʨʦʥʘʭ ʫʤʝʥʴʰʠʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʝʨʝʜʚʠʞʝʥʠʶ ʘʛʨʝʛʘʪʘ ʥʘ 15 %. 
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ʇʈɽɼʇʆʉɽɺʅɸʗ ʆɹʈɸɹʆʊʂɸ ʉɽʄʗʅ ɺ ʄɸɻʅʀʊʅʆʄ ʇʆʃɽ 

 

ɺ.ɺ. ʉʘʚʯʝʥʢʦ, ɸ.ʖ. ʉʠʥʷʚʩʢʠʡ 

ʅʋɹʀʇ, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ʇʨʝʜʧʦʩʝʚʥʘʷ ʦʙʨʘʙʦʪʢʘ ʩʝʤʷʥ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ï ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ, 

ʧʦʟʚʦʣʷʶʱʠʡ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʧʦʚʳʩʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʫʤʝʥʴʰʠʪʴ ʟʘʙʦʣʝʚʘʝʤʦʩʪʴ ʨʘʩʪʝʥʠʡ ʠ ʫʣʫʯ-

ʰʠʪʴ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ.  

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʥʝʦʙʭʦʜʠʤʦ ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦ-

ʣʷ ʥʘ ʩʝʤʝʥʘ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ, ʦʧʨʝʜʝʣʠʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚ-

ʥʳʝ ʨʝʞʠʤʳ ʠʭ ʦʙʨʘʙʦʪʢʠ ʠ ʧʘʨʘʤʝʪʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʠ ʙʠʦ-

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʢʣʝʪʢʘʭ ʨʘʩʪʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʪʠ-

ʤʫʣʷʮʠʠ ʩʝʤʷʥ, ʨʦʩʪʘ ʠ ʨʘʟʚʠʪʠʷ ʨʘʩʪʝʥʠʡ [1]. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʦʣʝʡ ʠ 

ʢʠʩʣʦʪ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʨʅ ʠ ʦʢʠʩ-

ʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʘʩʪʠʪʝʣʴʥʦʡ ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʙʠʦʧʦ-

ʪʝʥʮʠʘʣʘ. 

ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʚʳʰʘʝʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ 

ʫʩʢʦʨʷʝʪ ʜʠʬʬʫʟʠʶ ʤʦʣʝʢʫʣ ʠ ʠʦʥʦʚ [2]. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʦ-

ʜʦʧʦʛʣʦʱʝʥʠʝ ʩʝʤʷʥ ʠ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ ʤʦʣʝʢʫʣ ʢʠʩʣʦʨʦʜʘ ʯʝʨʝʟ ʢʣʝʪʦʯʥʫʶ 

ʤʝʤʙʨʘʥʫ. ʇʦʚʳʰʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʠʩʣʦʨʦʜʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʜʘʚʣʷʝʪʩʷ 

ʧʨʦʮʝʩʩ ʩʧʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʬʠʪʦʧʘʪʦʛʝʥʥʳʭ ʛʨʠʙʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝ-

ʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʨʘʩʪʝʥʠʡ.  

ʇʨʠ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʃʦʨʝʥʮʘ ʫʩʠʣʠʚʘʝʪ-

ʩʷ ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʨʘʩʪʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʫʧʠʚʰʠʭ ʚ ʢʣʝʪʢʫ [3].  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʳʨʘʞʝʥʠʡ, ʩʚʷʟʳʚʘʶʱʠʭ ʠʟ-

ʤʝʥʝʥʠʝ ʨʅ, ʙʠʦʧʦʪʝʥʮʠʘʣʘ, ʚʦʜʦʧʦʛʣʦʱʝʥʠʷ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ ʠ 

ʠʦʥʦʚ ʚ ʢʣʝʪʢʝ ʨʘʩʪʝʥʠʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩ-

ʥʦʚʥʳʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʷʚ-

ʣʷʶʪʩʷ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʠ ʝʝ ʛʨʘʜʠʝʥʪ, ʘ ʪʘʢʞʝ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʝʤʷʥ. 

ʀʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩʝʤʷʥ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʢʚʘʜʨʘʪʘ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ ʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʣʫʯʰʘʶʪʩʷ ʧʦʩʝʚʥʳʝ ʢʘʯʝʩʪʚʘ ʩʝʤʷʥ 

(ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ, ʚʩʭʦʞʝʩʪʴ), ʙʠʦʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʩʪʝʥʠʡ, ʘ ʪʘʢ-

ʞʝ ʫʨʦʞʘʡʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʵʥʝʨʛʠʶ ʧʨʦʨʘʩʪʘʥʠʷ ʠ 

ʚʩʭʦʞʝʩʪʴ ʩʝʤʷʥ ʧʰʝʥʠʮʳ ʩʦʨʪʘ çʅʘʪʘʣʢʘè, ʷʯʤʝʥʷ ʩʦʨʪʘ çʉʦʣʥʮʝʜʘʨè, ʩʚʝʢʣʳ 
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ʩʦʨʪʘ çɼʝʪʨʦʡʪè, ʢʘʙʘʯʢʘ ʩʦʨʪʘ çɹʝʣʦʧʣʦʜʥʳʡè, ʦʛʫʨʮʘ ʩʦʨʪʘ çʉʢʚʠʨʩʢʠʡè 

ʥʘʠʙʦʣʴʰʝʝ ʠʭ ʟʥʘʯʝʥʠʝ ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 0,065 ʊʣ ʠ ʩʢʦ-

ʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʝʤʷʥ 0,4 ʤ/ʩ. ʕʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʩʝʤʷʥ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ ʥʘ 25 ï 40 %, ʘ ʚʩʭʦʞʝʩʪʴ ï ʥʘ 30 ï 35 %. ʇʨʠ ʤʘʛʥʠʪ-

ʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʨʝʚʳʰʘʶʱʝʡ 0,115 ʊʣ, ʵʥʝʨʛʠʷ ʧʨʦʨʘʩʪʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʥʝʩʫ-

ʱʝʩʪʚʝʥʥʦ.  

ɺʦ ʚʩʝʭ ʦʧʳʪʘʭ ʵʬʬʝʢʪ ʤʘʛʥʠʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʟʘʚʠʩʝʣ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝ-

ʥʠʷ ʩʝʤʷʥ. ʆʜʥʘʢʦ ʚ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ 0,4 ï 0,8 ʤ/ʩ ʦʥʘ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʩʫ-

ʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʯʝʤ ʤʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦ ʠʟʤʝʥʝʥʠʶ ʙʠʦʧʦʪʝʥʮʠʘʣʘ ʨʘʩʪʝʥʠʡ ʤʦʞʥʦ ʦʧʨʝʜʝ-

ʣʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ 

ʢʫʣʴʪʫʨ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʙʠʦʧʦʪʝʥʮʠʘʣʘ ʨʘʩʪʝʥʠʡ ʠʦʥʦʤʝʨʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ 

ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʚ ʚʠʜʝ ʧʣʘʪʠʥʦʚʦʡ ʧʣʘʩʪʠʥʳ ʩ ʟʘʦʩʪʨʝʥʥʳʤ ʢʦʥʮʦʤ, 

ʢʦʪʦʨʳʡ ʚʚʦʜʠʪʩʷ ʚ ʨʦʩʪʦʢ ʧʨʦʨʦʩʰʝʛʦ ʩʝʤʝʥʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʭʣʦʨʩʝʨʝʙʨʷʥʳʡ ʵʣʝʢʪʨʦʜ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʜʣʷ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʩʝʤʷʥ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʩʦʟʜʘʝʪʩʷ ʯʝʪʳʨʴʤʷ ʧʘʨʘʤʠ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ ʠʟ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʦʤʧʦʟʠʪʘ NdFeB, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʜ ʠ ʧʦʜ ʣʝʥʪʦʡ ʪʨʘʥʩʧʦʨʪʝʨʘ 

ʩ ʧʝʨʝʤʝʥʥʦʡ ʧʦʣʷʨʥʦʩʪʴʶ. ʄʘʛʥʠʪʥʘʷ ʠʥʜʫʢʮʠʷ ʨʝʛʫʣʠʨʫʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ ʚ ʧʨʝʜʝʣʘʭ 0 ï 0,5 ʊʣ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʨʘʥʩ-

ʧʦʨʪʝʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0 ï 1,0 ʤ/ʩ ʧʨʠ ʧʦʤʦʱʠ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʯʘ-

ʩʪʦʪʳ.  

ʅʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠ ʧʨʝʜʧʦʩʝʚʥʦʡ ʦʙʨʘʙʦʪʢʝ ʩʝʤʷʥ ʚ ʤʘʛʥʠʪʥʦʤ 

ʧʦʣʝ ʧʦʣʫʯʝʥʳ ʧʨʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 0,065 ʊʣ, ʯʝʪʳʨʝʭʢʨʘʪʥʦʤ ʧʝʨʝʤʘʛʥʠ-

ʯʠʚʘʥʠʠ ʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 0,4 ʤ/ʩ. ʇʨʠ ʪʘʢʦʤ ʨʝʞʠʤʝ ʦʙʨʘʙʦʪʢʠ ʫʨʦʞʘʡ-

ʥʦʩʪʴ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ ʚ ʩʨʝʜʥʝʤ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 20 ï 25 % ʠ 

ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʨʦʜʫʢʮʠʠ. 
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ʆɹʆʉʅʆɺɸʅʀɽ ʇɸʈɸʄɽʊʈʆɺ ɼʈʆɹʀʃʂʀ ɼʃʗ ʀɿʄɽʃʔʏɽʅʀʗ  

ʇʈʆʈʆʑɽʅʅʆɻʆ ɿɽʈʅɸ ʅɸ ɺʀʊɸʄʀʅʅʓʁ ʂʆʈʄ ɾʀɺʆʊʅʓʄ 

 

ʖ.ɺ. ʉʘʝʥʢʦ  

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟʚʳʛʫʣʴʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠ-

ʥʝʡ ʠ ʩʢʘʨʤʣʠʚʘʥʠʠ ʠʤ ʢʦʤʙʠʢʦʨʤʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ 

ʙʝʣʢʝ, ʧʠʪʘʪʝʣʴʥʳʭ, ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʚʠʪʘʤʠʥʘʭ [1]. ɼʝʬʠʮʠʪ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʥʷʢʘ, ʘ ʫ ʚʟʨʦʩʣʳʭ ʩʚʠʥʦʤʘʪʦʢ 

ʥʘʨʫʰʘʶʪʩʷ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢ-

ʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ. ɺ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʧʨʦʠʟ-

ʚʦʜʩʪʚʦʤ ʚʠʪʘʤʠʥʥʦʡ ʪʨʘʚʷʥʦʡ ʤʫʢʠ ʭʦʟʷʡʩʪʚʘ ʥʝ ʟʘʥʠʤʘʶʪʩʷ. 

ʆʜʥʠʤ ʠʟ ʧʨʦʩʪʳʭ ʠ ʜʦʩʪʫʧʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʚʠʪʘʤʠʥʥʦʡ ʧʦʣʥʦ-

ʮʝʥʥʦʩʪʠ ʨʘʮʠʦʥʦʚ ʞʠʚʦʪʥʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʢʘʨʤʣʠʚʘʥʠʝ ʧʨʦʨʦʱʝʥʥʦʛʦ ʟʝʨʥʘ 

ʷʯʤʝʥʷ [2]. 

ɼʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʢʦʤʙʠʢʦʨʤʝ ʧʨʦʨʦʱʝʥʥʦʛʦ ʟʝʨʥʘ ʧʦ-

ʩʣʝʜʥʝʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʣʴʯʘʪʴ ʜʦ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 1,2ï1,4 ʤʤ. ʇʨʦʨʦʱʝʥʥʦʝ 

ʚʳʩʫʰʝʥʥʦʝ ʟʝʨʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʩʩʫ ʠʟ ʟʝʨʥʘ ʠ ʨʦʩʪʢʦʚ ʠ ʢʦʨʝʰʢʦʚ. 

ʇʦʵʪʦʤʫ ʤʘʩʩʘ ʧʦʣʫʯʘʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʡ. ɿʝʨʥʦ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʤʘʩʩʫ ʠ ʠʤʝʝʪ 

ʬʦʨʤʫ ʵʣʣʠʧʩʘ, ʘ ʨʦʩʪʦʢ ʤʝʥʴʰʫʶ ʤʘʩʩʫ ʠ ʠʤʝʝʪ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʨʘʚʥʦʤʝʨʥʦ ʠʟʤʝʣʴʯʠʪʴ ʤʘʩʩʫ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʣʴʯʘʶʱʠʭ ʘʧʧʘʨʘʪʦʚ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʪʠʧʘʤʠ ʠʟʤʝʣʴʯʠʪʝʣʝʡ. 

ɸʧʧʘʨʘʪ ʧʝʨʚʠʯʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ [3] ʚʳʧʦʣʥʝʥ ʜʣʷ ʜʨʦʙʣʝʥʠʷ ʠ ʨʝʟʘʥʠʷ ʟʝʨʥʘ 

ʚ ʥʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʤʦʣʦʪʢʠ ʠ ʥʦʞʠ, ʘʧʧʘʨʘʪ ʚʪʦʨʠʯʥʦʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʝʜʥʘ-

ʟʥʘʯʝʥ ʜʣʷ ʨʝʟʘʥʠʷ ʨʦʩʪʢʦʚ ʠ ʢʦʨʝʰʢʦʚ ʚ ʥʝʤ ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʞʠ.  

ɺʳʷʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʨʦʱʝʥʥʦʛʦ ʟʝʨʥʘ ʦʪ ʫʛ-

ʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʦʞʘ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝ-

ʥʠʝʤ ʩʪʝʧʝʥʠ ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʨʦʱʝʥʥʦʛʦ ʟʝʨʥʘ ʩ 8 ʜʦ 21,33 ʝʜʠʥʠʮ ʫʛʣʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʥʦʞʝʡ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʨʝʟʘʥʠʝ ʤʘʪʝʨʠʘʣʘ ʚʦʟʨʘʩʪʘʝʪ ʩ 157,35 ʜʦ 

191,42 ʩ
-1
. ʕʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʚʳʙʦʨʝ ʨʘʟʤʝʨʦʚ ʥʦʞʝʡ ʠ ʠʭ ʧʨʠʚʦʜʘ. 

ʈʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʠ ʥʘʯʘʣʴʥʦʡ ʜʣʠʥʝ ʨʦʩʪʢʘ ʧʨʦʨʦʱʝʥʥʦʛʦ ʟʝʨʥʘ 

0,0032 ʤ, ʩ ʠʟʤʝʣʴʯʝʥʠʝʤ ʜʦ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 0,0015 ʤ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʥʦʞʘ 

ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ɤ=191,42 ʩ
-1
. 

ʉʢʘʨʤʣʠʚʘʥʠʝ ʧʨʦʨʦʱʝʥʥʦʛʦ ʟʝʨʥʘ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ ʩʦʭʨʘʥʥʦʩʪʴ ʧʦ-

ʛʦʣʦʚʴʷ ʥʘ 6,7%, ʦʙʝʩʧʝʯʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʩʫʪʦʯʥʳʭ ʧʨʠʚʝʩʦʚ ʥʘ 8,3% ʠ 

ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ ʧʨʠ ʧʨʦʤʳʰ-

ʣʝʥʥʳʭ ʩʧʦʩʦʙʘʭ ʚʳʨʘʱʠʚʘʥʠʷ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʇʦʭʦʜʥʷ ɻ.ʉ. ʉʚʠʥʦʚʦʜʩʪʚʦ ʠ ʪʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʚʠʥʠʥʳ: 
ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʧʨʦʬʝʩʩʦʨʘ ɻ.ʉ. ʇʦʭʦʜʥʠ (ʉʧʝʮʠʘʣʴ-
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ʥʳʡ ʚʳʧʫʩʢ ˉ 2: ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʨʘʱʝʥʥʦʛʦ ʟʝʨʥʘ ʚ ʨʘʮʠʦʥʘʭ ʩʚʠʥʝʡ). ɹʝʣ-

ʛʦʨʦʜ, 2009. 68 ʩ. 

2. ʇʦʥʝʜʝʣʴʯʝʥʢʦ ʄ.ʅ., ʇʦʭʦʜʥʷ ɻ.ʉ., ɻʫʜʳʤʝʥʢʦ ɺ.ʀ. ʈʘʮʠʦʥʘʣʴʥʳʝ 

ʩʧʦʩʦʙʳ ʟʘʛʦʪʦʚʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʨʤʦʚ. ɹʝʣʛʦʨʦʜ: ɺʝʟʝʣʠʮʘ, 2007. 364 ʩ. 

3. ɼʨʦʙʠʣʢʘ ʧʨʦʨʦʱʝʥʥʦʛʦ ʚʳʩʫʰʝʥʥʦʛʦ ʟʝʨʥʘ: ʧʘʪʝʥʪ RU 2493918 C1 

B02C13/02   (2006.01) / ʉ.ɸ. ɹʫʣʘʚʠʥ ʠ ʜʨ.; ʟʘʷʚʣ. 29.03.2012; ʦʧʫʙʣ. 27.09.2013, 

ɹʁ ʣ. ˉ 27. 
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ʋɼʂ 631.331 

 

ʇʆʉɽɺʅʓɽ ʄɸʐʀʅʓ ɼʃʗ ʇʈʆʇɸʐʅʓʍ ʂʋʃʔʊʋʈ 

 

ɸ.ɺ. ʉʘʭʥʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʈʦʩʩʠʠ ʧʨʠ ʧʦʩʝʚʝ ʧʨʦʧʘʰʥʳʭ ʢʫʣʴʪʫʨ ʠʩʧʦʣʴʟʫʶʪ-

ʩʷ ʩʝʷʣʢʠ ʢʘʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ, ʪʘʢ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʝʩʪʴ ʤʦʜʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʥʦʩʠʪʴ ʫʜʦʙʨʝʥʠʷ ʧʨʠ ʧʦʩʝʚʝ ʩʝʤʷʥ [1, 2, 3, 4, 5]. 

ʇʨʠʤʝʨʘʤʠ ʩʝʷʣʦʢ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʠ ʟʘʨʫʙʝʞʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʟʚʦʣʷ-

ʶʱʠʭ ʚʥʦʩʷʱʠʭ ʧʨʠ ʧʦʩʝʚʝ ʫʜʦʙʨʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʝʷʣʢʠ ʉʉʊ ï 12 ɺ, çʈʀʊʄ-

24ʊè, ʋʇʉ-12, ʉʊɺʊ-12/8ʄ, ʘ ʪʘʢ ʞʝ ʩʝʷʣʢʠ ʬʠʨʤʳ Kuhn, OPTIMA, Monosem 

ʠ ʜʨ.  

ʇʨʠ ʰʪʫʯʥʦʤ ʧʦʩʝʚʝ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʩʝʷʣʢʘʤʠ ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʨʘʟʥʠʮʘ ʚ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʘʛʨʝʛʘʪʘ ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʚʳʩʝʚʘʝ-

ʤʳʭ ʩʝʤʷʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʩʝʤʷʥ ʚ ʨʷʜʢʝ ʠ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʞʘʡʥʦʩʪʠ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʚʝʣʠʯʠʪʴ ʫʨʦʞʘʡʥʦʩʪʴ, 

ʩʪʘʚʠʪʩʷ ʟʘʜʘʯʘ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʚʳʩʝʚʘ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʥʘʯʘʣʴʥʦʡ 

ʦʢʨʫʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʣʝʪʘ ʩʝʤʷʥ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʣʦʞʠʪʴ ʢʦʥʩʪʨʫʢ-

ʮʠʶ ʧʦʩʝʚʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʩʝʚ ʰʪʫʯʥʳʤ ʠ ʛʥʝʟʜʦ-

ʚʳʤ ʩʧʦʩʦʙʦʤ. 

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥ ʩʧʦʩʦʙ ʩʢʦʨʦʩʪʥʦʛʦ ʧʦʩʝʚʘ 

ʩʝʤʷʥ ʠ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʢʦʨʧʫʩʘ ʚ ʢʦʪʦʨʦʤ ʫʩʪʘ-

ʥʦʚʣʝʥ ʜʠʩʢ, ʧʨʠ ʯʝʤ, ʚ ʜʠʩʢʝ ʚʳʧʦʣʥʝʥʳ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ ʠ ʥʘʧʨʘʚʣʷʶ-

ʱʘʷ ʧʨʦʨʝʟʴ. 

ɼʠʩʢ ʞʝʩʪʢʦ ʧʨʠʢʨʝʧʣʝʥ ʢ ʚʘʣʫ, ʢʦʪʦʨʳʡ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʨʘʱʝʥʠʷ 

ʜʠʩʢʘ ʚ ʢʦʨʧʫʩʝ. ʇʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʝ ʜʠʩʢʘ ʫʩʪʘʥʦʚʣʝʥʘ ʥʝʧʦʜʚʠʞʥʦ ʦʛʨʘ-

ʥʠʯʠʪʝʣʴʥʘʷ ʧʣʘʩʪʠʥʘ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʠʣʠ ʩ ʦʜʥʠʤ ʚʳʪʘʣʢʠʚʘʪʝʣʝʤ, ʢʦʪʦʨʘʷ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʠʩʪʝʯʝʥʠʝ ʩʝʤʷʥ ʠʟ ʩʝʤʷʧʨʦʚʦʜʘ, ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʢʦʨʧʫʩʫ. ʉ 

ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ ʢ ʢʦʨʧʫʩʫ ʧʨʠʢʨʝʧʣʝʥ ʩʤʝʥʥʳʡ ʩʦʰʥʠʢ [5, 6]. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʩʝʚʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʠ 

ʜʚʠʞʝʥʠʠ ʩʤʝʥʥʦʛʦ ʩʦʰʥʠʢʘ ʚ ʧʦʯʚʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʤʝʥʥʦʛʦ ʣʦ-

ʞʘ ʚ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ. ʇʨʠ ʵʪʦʤ ʚʨʘʱʘʶʪ ʜʠʩʢ ʯʝʨʝʟ ʚʘʣ. ʉʝʤʝʥʘ, 

ʟʘʛʨʫʞʝʥʥʳʝ ʚ ʙʫʥʢʝʨ, ʧʦʩʪʫʧʘʶʪ ʯʝʨʝʟ ʩʝʤʷʧʨʦʚʦʜ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ 

ʜʠʩʢʘ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʦʪ ʧʨʦʩʳʧʘʥʠʷ ʥʘ ʧʦʯʚʫ ʢʦʨʧʫʩʦʤ, ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ 

ʧʣʘʩʪʠʥʦʡ ʠ ʩʝʤʷʧʨʦʚʦʜʦʤ. ʇʨʠ ʚʨʘʱʝʥʠʠ ʜʠʩʢʘ ʩʝʤʝʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʮʝʥ-

ʪʨʦʙʝʞʥʦʡ ʩʠʣʳ ʟʘʧʦʣʥʷʶʪ ʩʢʚʦʟʥʳʝ ʦʪʚʝʨʩʪʠʷ ʚ ʜʠʩʢʝ ʠ ʧʦʩʪʫʧʘʶʪ ʢ ʤʝʩʪʫ 

ʚʳʛʨʫʟʢʠ ï ʥʠʞʥʝʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʛʜʝ ʚʳʧʘʜʘʶʪ ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʦʝ ʩʝʤʝʥʥʦʝ 

ʣʦʞʝ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʥʦʛʣʫʙʠʥʥʦʛʦ ʛʥʝʟʜʦʚʦʛʦ ʧʦʩʝʚʘ ʩʝʤʷʥ ʠʩʧʦʣʴʟʫ-

ʶʪ ʩʤʝʥʥʳʡ ʩʦʰʥʠʢ, ʜʠʩʢ ʠ ʦʛʨʘʥʠʯʠʪʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʩ ʪʨʝʤʷ ʠʣʠ ʙʦʣʝʝ ʚʳ-

ʪʘʣʢʠʚʘʪʝʣʷʤʠ.  
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ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʦʩʝʚʘ ʛʥʝʟʜʦʚʳʤ ʩʧʦʩʦʙʦʤ ʥʘ ʦʜʥʫ ʛʣʫʙʠʥʫ ʠʩʧʦʣʴ-

ʟʫʶʪ ʩʤʝʥʥʳʡ ʩʦʰʥʠʢ, ʜʠʩʢ ʠ ʦʛʨʘʥʠʯʠʪʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʩ ʪʨʝʤʷ ʠʣʠ ʙʦʣʝʝ 

ʚʳʪʘʣʢʠʚʘʪʝʣʷʤʠ. 

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʜʥʦʩʝʤʷʥʥʦʛʦ ʧʦʩʝʚʘ ʠʩʧʦʣʴʟʫʶʪ ʩʤʝʥʥʳʡ ʩʦʰʥʠʢ, 

ʜʠʩʢ, ʠ ʦʛʨʘʥʠʯʠʪʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʩ ʦʜʥʠʤ ʚʳʪʘʣʢʠʚʘʪʝʣʝʤ. 

ʇʨʝʜʣʦʞʝʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʩʝʚʘ ʦʙʝʩʧʝʯʠʪ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʩʝʤʷʥ ʚʜʦʣʴ ʨʷʜʢʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʪ ʜʨʫʞʥʳʝ ʚʩʭʦʜʳ ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʠ-

ʙʘʚʢʫ ʫʨʦʞʘʷ. 
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ʈɸɿʒɽʄʅʓʁ ɿɸʑʀʊʅʓʁ ʏɽʍʆʃ 

 

ɸ.ɺ. ʉʘʭʥʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɼʦʣʛʦʚʝʯʥʦʩʪʴ ʰʘʨʥʠʨʦʚ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʧʨʘʚʠʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʘʚʪʦʤʦʙʠʣʷ ʚʳʩʦʢʘʷ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʤ 

ʢʦʥʩʪʨʫʢʮʠʠ ʐʈʋʉʦʚ, ʪʦʯʥʦʩʪʴʶ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ, ʧʦʜʙʦʨʦʤ 

ʫʣʫʯʰʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʤʝʥʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʩʤʘʟʢʠ ʠ ʭʦʨʦʰʝʡ 

ʛʝʨʤʝʪʠʯʥʦʩʪʴʶ ʰʘʨʥʠʨʦʚ. ʉʣʘʙʳʤ ʤʝʩʪʦʤ ʰʘʨʥʠʨʦʚ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ 

ʩʢʦʨʦʩʪʝʡ ʷʚʣʷʝʪʩʷ ʨʝʟʠʥʦʚʳʡ ʛʦʬʨʠʨʦʚʘʥʥʳʡ ʯʝʭʦʣ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʛʝʨʤʝʪʠʟʘʮʠʠ ʧʦʣʦʩʪʠ ʰʘʨʥʠʨʘ [1, 2, 3]. ʇʨʠ ʝʛʦ ʨʘʟʨʫʰʝʥʠʠ ʚ ʰʘʨʥʠʨ 

ʧʦʩʪʫʧʘʶʪ ʟʘʛʨʷʟʝʥʠʷ, ʯʪʦ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪ ʝʛʦ ʨʝʩʫʨʩ.  

ʉʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʘ ʧʦ ʟʘʤʝʥʝ ʨʝʟʠʥʦʚʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʯʝʭʣʘ ʦʯʝʥʴ 

ʚʳʩʦʢʘ, ʠ ʯʘʱʝ ʚʩʝʛʦ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʥʷʪʠʝ ʧʨʠʚʦʜʘ ʩ ʘʚʪʦʤʦʙʠʣʷ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʝʛʦ ʨʘʟʙʦʨʢʦʡ. 

ʇʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʲʝʤʥʳʡ ʟʘʱʠʪʥʳʡ ʯʝʭʦʣ [4, 5, 6], ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʚʦʟʦʙʥʦʚʣʝʥʠʷ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʰʘʨʥʠʨʦʚ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 

ʘʚʪʦʤʦʙʠʣʝʡ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʥʷʪʠʷ ʧʨʠʚʦʜʘ ʩ ʘʚʪʦʤʦʙʠʣʷ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʩʦʢʨʘʪʠʪ ʚʨʝʤʷ ʧʨʝʙʳʚʘʥʠʷ ʤʘʰʠʥʳ ʚ ʨʝʤʦʥʪʝ ʠ ʩʪʦʠʤʦʩʪʴ ʨʝʤʦʥʪʥʳʭ 

ʨʘʙʦʪ.  

ʈʘʟʲʝʤʥʳʡ ʟʘʱʠʪʥʳʡ ʯʝʭʦʣ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ, ʛʥʝʟʜʦʚʦʡ ʯʘʩʪʠ, 

ʰʪʳʨʝʚʦʡ ʯʘʩʪʠ, ʤʦʥʪʘʞʥʦʛʦ ʫʧʦʨʘ ʛʥʝʟʜʦʚʦʡ ʯʘʩʪʠ, ʤʦʥʪʘʞʥʦʛʦ ʫʧʦʨʘ 

ʰʪʳʨʝʚʦʡ ʯʘʩʪʠ. ɼʣʷ ʬʠʢʩʘʮʠʠ ʨʘʟʲʸʤʥʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʯʝʭʣʘ ʚ ʤʘʰʠʥʝ 

(ʤʝʭʘʥʠʟʤʝ) ʚ ʪʦʨʮʝʚʳʭ ʯʘʩʪʷʭ ʢʦʨʧʫʩʘ ʨʘʟʲʸʤʥʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʯʝʭʣʘ 

ʚʳʧʦʣʥʝʥʳ ʧʦʩʘʜʦʯʥʳʝ ʤʝʩʪʘ ʜʣʷ ʭʦʤʫʪʦʚ.  

ʇʝʨʝʜ ʫʩʪʘʥʦʚʢʦʡ ʨʘʟʲʸʤʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʛʦʬʨʠʨʦʚʘʥʥʦʛʦ ʯʝʭʣʘ 

ʜʝʤʦʥʪʠʨʫʶʪ ʩʪʘʨʳʡ ʟʘʱʠʪʥʳʡ ʛʦʬʨʠʨʦʚʘʥʥʳʡ ʯʝʭʦʣ ʣʶʙʳʤ ʠʟʚʝʩʪʥʳʤ 

ʩʧʦʩʦʙʦʤ ʙʝʟ ʩʥʷʪʠʷ ʠ  ʨʘʟʙʦʨʢʠ ʫʟʣʘ ʧʦʜʨʫʯʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ.  

ʆʯʠʱʘʶʪ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ ʠ ʦʙʝʟʞʠʨʠʚʘʶʪ ʩʦʧʨʷʞʝʥʠʝ [3, 4, 5, 6, 7, 8]. 

ʈʘʟʛʠʙʘʶʪ ʨʘʟʲʸʤʥʳʡ ʟʘʱʠʪʥʳʡ ʛʦʬʨʠʨʦʚʘʥʥʳʡ ʯʝʭʦʣ ʠ ʦʭʚʘʪʳʚʘʶʪ ʠʤ 

ʟʘʱʠʱʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʥʝʟʜʦʚʦʡ ʯʘʩʪʠ ʥʘʥʦʩʷʪ 

ʢʣʝʡ, ʟʘʪʝʤ ʛʥʝʟʜʦʚʫʶ ʯʘʩʪʴ ʩʢʨʝʧʣʷʶʪ ʩʦ ʰʪʳʨʝʚʦʡ ʯʘʩʪʴʶ. ʉʢʨʝʧʣʝʥʠʝ 

ʚr ʧʦʣʥʷʶʪ ʤʦʥʪʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʯʝʨʝʟ ʤʦʥʪʘʞʥʳʝ ʫʧʦʨʳ ʛʥʝʟʜʦʚʦʡ ʠ 

ʰʪʳʨʝʚʦʡ ʯʘʩʪʠ.  ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʚʳʩʳʭʘʥʠʷ ʢʣʝʷ ʚ ʨʘʟʲʸʤʥʳʡ ʟʘʱʠʪʥʳʡ 

ʛʦʬʨʠʨʦʚʘʥʥʳʡ ʯʝʭʦʣ, ʫʢʣʘʜʳʚʘʶʪ ʩʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ 

ʨʘʟʲʸʤʥʳʡ ʟʘʱʠʪʥʳʡ ʯʝʭʦʣ ʥʘ ʧʦʩʘʜʦʯʥʳʝ ʤʝʩʪʘ ʨʝʤʦʥʪʠʨʫʝʤʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʤʘʰʠʥʳ. ɿʘʪʝʤ ʬʠʢʩʠʨʫʶʪ ʨʘʟʲʸʤʥʳʡ ʟʘʱʠʪʥʳʡ ʯʝʭʦʣ ʜʚʫʤʷ ʭʦʤʫʪʘʤʠ. 

ʌʠʢʩʘʮʠʷ ʭʦʤʫʪʘʤʠ ʨʘʟʲʸʤʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʯʝʭʣʘ ʘʥʘʣʦʛʠʯʥʘ ʢʨʝʧʣʝʥʠʶ 

ʰʪʘʪʥʳʭ ʟʘʱʠʪʥʳʭ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʯʝʭʣʦʚ.  
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ʂʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʨʘʟʲʝʤʥʦʛʦ ʟʘʱʠʪʥʦʛʦ ʯʝʭʣʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʨʝʤʦʥʪʝ ʰʘʨʥʠʨʦʚ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʥʦ ʠ 

ʚ ʜʨʫʛʠʭ ʫʟʣʘʭ ʤʘʰʠʥ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʨʘʟʲʸʤʥʳʡ ʟʘʱʠʪʥʳʡ ʯʝʭʦʣ ʦʙʝʩʧʝʯʠʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʝʟ 

ʨʘʟʙʦʨʢʠ ʘʛʨʝʛʘʪʘ ʠ ʩʥʷʪʠʷ ʩʦʩʪʘʚʥʳʭ ʯʘʩʪʝʡ ʤʘʰʠʥ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

ʚʦʩʩʪʘʥʦʚʠʪʴ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ ʰʘʨʥʠʨʦʚ ʨʘʚʥʳʭ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ 
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ʆɹʆʉʅʆɺɸʅʀɽ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʉʍɽʄʓ  

ʇɸʈʂʀʅɻɸ ɼʃʗ ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅʆʁ ʊɽʍʅʀʂʀ 

 

ʅ.ʌ. ʉʢʫʨʷʪʠʥ, ɸ.ɺ. ɹʦʥʜʘʨʝʚ, ɸ.ʄ. ʅʠʬʝʜʦʚ 
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʩʚʷʟʠ ʩ ʩʝʟʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʚʳʧʦʣʥʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ, ʠʩʧʦʣʴʟʫʝʤʘʷ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʪʝʭʥʠʢʘ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʭʨʘʥʝʥʠʠ, ʘ ʧʨʠ 

ʥʝʧʨʘʚʠʣʴʥʦʤ ʭʨʘʥʝʥʠʠ ʩʨʦʢ ʝʸ ʩʣʫʞʙʳ ʤʦʞʝʪ ʩʦʢʨʘʪʠʪʴʩʷ ʥʘ 40 % [1]. 

ɺ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʪʢʨʳʪʳʡ, ʟʘʢʨʳʪʳʡ ʠ ʩʤʝʰʘʥʥʳʡ ʩʧʦʩʦʙʳ 

ʭʨʘʥʝʥʠʷ ʪʝʭʥʠʢʠ. ʇʨʠ ʟʘʢʨʳʪʦʤ ʩʧʦʩʦʙʝ (ʘʥʛʘʨʳ, ʩʢʣʘʜʳ ʠ ʜʨ.) ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʣʠʰʴ ʧʣʦʱʘʜʴ ʧʦʤʝʱʝʥʠʷ, ʘ ʥʝ ʚʝʩʴ ʦʙʲʝʤ, ʯʪʦ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʤ. 

ʀʟʚʝʩʪʝʥ ʨʷʜ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʩʭʝʤ ʧʘʨʢʠʥʛʦʚ ʜʣʷ ʧʘʨʢʦʚʢʠ ʘʚʪʦʤʦʙʠʣʝʡ 

[2, 3, 4, 5, 6], ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʧʦʜ ʨʘʟʤʝʱʝʥʠʝ ʤʦʙʠʣʴʥʦʡ 

ʠ ʧʨʠʮʝʧʥʦʡ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ. ʇʦʵʪʦʤʫ ʩ ʮʝʣʴʶ ʙʦʣʝʝ ʧʦʣʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʧʠʪʘʣʴʥʳʭ ʩʪʨʦʝʥʠʡ ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ (ʘʥʛʘʨʦʚ, 

ʩʢʣʘʜʦʚ), ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʮʝʧʥʫʶ ʠ ʥʘʚʝʩʥʫʶ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʫʶ ʪʝʭʥʠʢʫ 

ʭʨʘʥʠʪʴ ʥʘ ʚʪʦʨʦʤ ʫʨʦʚʥʝ, ʠʩʧʦʣʴʟʫʷ ʧʨʠ ʵʪʦʤ ʧʣʘʪʬʦʨʤʳ, ʫʧʨʘʚʣʷʝʤʳʝ ʯʝʪʳ-

ʨʝʭʟʚʝʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʬʘʩʘʜʥʳʝ ʩʪʝʥʳ ʧʘʨʢʠʥ-

ʛʘ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚʤʦʥʪʠʨʦʚʘʥʳ ʢʨʝʧʸʞʥʳʝ ʵʣʝʤʝʥʪʳ ʥʘ 

ʜʚʫʭ ʫʨʦʚʥʷʭ, ʢ ʢʦʪʦʨʳʤ ʰʘʨʥʠʨʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʟʘʢʨʝʧʣʝʥʳ ʙʘʣʢʠ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ, ʧʨʠʯʸʤ ʢ ʩʚʦʙʦʜʥʳʤ ʢʦʥʮʘʤ ʙʘʣʦʢ ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥʘ 

ʚʝʨʪʠʢʘʣʴʥʘʷ ʯʘʩʪʴ ɻ-ʦʙʨʘʟʥʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʰʘʨʥʠʨʥʦ ʧʨʠ-

ʢʨʝʧʣʸʥ ʢʣʘʧʘʥ. ʇʝʨʝʜʥʠʡ ʢʦʥʝʮ ʢʣʘʧʘʥʘ ʪʨʦʩʦʤ ʩʦʝʜʠʥʸʥ ʩ ʧʨʠʚʦʜʦʤ ʝʛʦ 

ʧʦʜʲʸʤʘ ʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ, ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʸʥʥʦʛʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ɻ-ʦʙʨʘʟʥʦʡ ʧʣʘʪʬʦʨʤʳ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʢ ʚʝʨʭʥʝʤʫ ʢʦʥʮʫ ʚʝʨʪʠʢʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ɻ-ʦʙʨʘʟʥʦʡ ʧʣʘʪʬʦʨʤʳ ʞʸʩʪʢʦ ʟʘʢʨʝʧʣʸʥ ʪʨʦʩ, ʩʦʝʜʠʥʸʥʥʳʡ ʩ ʧʨʠʚʦʜʦʤ ʝʸ 

ʧʦʜʲʸʤʘ, ʢʦʪʦʨʳʡ ʞʸʩʪʢʦ ʧʨʠʢʨʝʧʣʸʥ ʢ ʚʤʦʥʪʠʨʦʚʘʥʥʦʤʫ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʬʘ-

ʩʘʜʥʦʡ ʩʪʝʥʳ ʢʨʝʧʸʞʥʦʤʫ ʵʣʝʤʝʥʪʫ.  

ʅʘ ʧʝʨʚʳʡ ʷʨʫʩ ʚʜʦʣʴ ʬʘʩʘʜʥʦʡ ʩʪʝʥʳ ʧʘʨʢʠʥʛʘ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥ-

ʥʦʡ ʪʝʭʥʠʢʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʤʦʙʠʣʴʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ (ʪʨʘʢʪʦʨʳ), 

ʟʘʪʝʤ ʦʧʫʩʢʘʶʪ ʚ ʥʠʞʥʝʝ ʧʦʣʦʞʝʥʠʝ ɻ-ʦʙʨʘʟʥʳʝ ʧʣʘʪʬʦʨʤʳ, ʢʫʜʘ ʧʦʤʝʱʘʶʪ 

ʧʨʠʮʝʧʥʳʝ ʤʘʰʠʥʳ (ʩʝʷʣʢʠ). ɿʘʪʝʤ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʚʦʜʘ ʧʦʜʲʸʤʘ ɻ-ʦʙʨʘʟʥʦʡ 

ʧʣʘʪʬʦʨʤʳ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʜʲʸʤ ʧʨʠʮʝʧʥʦʡ ʤʘʰʠʥʳ (ʩʝʷʣʢʠ) ʥʘ ʚʪʦʨʦʡ ʫʨʦ-

ʚʝʥʴ. ɽʩʣʠ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʚ 

ʧʘʨʢʠʥʛʝ, ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʢʘʢ ʩʢʣʘʜʩʢʦʝ ʧʦʤʝʱʝʥʠʝ, ʩ ʵʪʦʡ ʮʝʣʴʶ ɻ- ʦʙʨʘʟʥʫʶ 

ʧʣʘʪʬʦʨʤʫ ʧʦʜʥʠʤʘʶʪ ʚʚʝʨʭ ʥʘ ʚʪʦʨʦʡ ʫʨʦʚʝʥʴ, ʪʘʢʞʝ ʧʦʜʥʠʤʘʶʪ ʚ ʚʝʨʪʠ-

ʢʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʢʣʘʧʘʥ. 

ʇʨʠʤʝʥʝʥʠʝ ʧʘʨʢʠʥʛʘ ʜʣʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʦʟʚʦʣʠʪ ʧʨʦ-

ʜʣʠʪʴ ʩʨʦʢ ʝʸ ʩʣʫʞʙʳ ʠ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʝʸ ʦʙʩʣʫʞʠʚʘʥʠʝ ʠ ʨʝʤʦʥʪ. 
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ɸ.ʇ. ʉʣʦʙʦʜʶʢ, ɸ.ʌ. ʄʘʟʥʝʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʝʩʪʠʮʠʜʦʚ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʩʦʨ-

ʥʷʢʦʚ, ʚʨʝʜʠʪʝʣʝʡ ʠ ʙʦʣʝʟʥʝʡ, ʘ ʪʘʢʞʝ ʚʥʝʩʝʥʠʝ ʞʠʜʢʠʭ ʫʜʦʙʨʝʥʠʡ ʠ ʩʪʠʤʫʣʷ-

ʪʦʨʦʚ ʨʦʩʪʘ ï ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʩʪʝʥʠʝʚʦʜʩʪʚʘ 

[1]. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʧʨʳʩʢʠʚʘʪʝʣʝʡ ʆʇ-2000 ʚ ʂʌʍ ʄʘʟʥʝʚ ʦʙʥʘʨʫ-

ʞʠʚʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʦʪʢʘʟʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʨʘʤʳ 

ʦʧʨʳʩʢʠʚʘʪʝʣʷ. ɼʘʥʥʳʝ ʦʪʢʘʟʳ ʫʩʪʨʘʥʷʶʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʭʦʟʷʡʩʪʚʘ, ʥʦ ʪʨʝʙʫʶʪ 

ʧʦʣʥʦʡ ʨʘʟʙʦʨʢʠ ʤʘʰʠʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʧʨʦʩʪʦʶ ʠ ʥʘʨʫʰʝʥʠʶ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʠʭ ʩʨʦʢʦʚ, ʘ, ʟʥʘʯʠʪ, ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʦʪʝʨʷʤ. 

ʋʩʪʨʘʥʝʥʠʝ ʧʨʠʯʠʥ ʨʘʟʨʫʰʝʥʠʷ ʨʘʤʳ ʠ ʨʘʟʨʘʙʦʪʢʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ 

ʢʦʥʩʪʨʫʢʮʠʠ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʤʘʰʠʥʳ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʨʝ-

ʤʦʥʪ ʠ  ʫʤʝʥʴʰʠʪʴ ʧʦʪʝʨʠ ʦʪ ʧʨʦʩʪʦʷ ʪʝʭʥʠʢʠ.  

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʤʳ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʆʇ-2000, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ ʠʟ ʰʚʝʣʣʝʨʘ 12ʇ, ʧʣʘʩʪʠʥ 

ʠ ʢʚʘʜʨʘʪʥʦʡ ʪʨʫʙʳ 100ʭ3.  

ʈʘʩʯʝʪ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʜʝʤ ʤʝʪʦʜʦʤ ʢʦʥʝʯ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʜʫʣʝ Structure 3D  ʧʘʢʝʪʘ APM WinMachine [2]. ʅʘ ʦʩʥʦʚʘ-

ʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʪʫʨʥʳʭ ʟʘʤʝʨʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ, ʥʘʤʠ 

ʚ ʤʦʜʫʣʝ Structure 3D ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʧʣʘʩʪʠʥʯʘʪʦ-ʩʪʝʨʞʥʝʚʘʷ ʢʦʥʝʯʥʦ-

ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ ʨʘʤʳ ʦʧʨʳʩʢʠʚʘʪʝʣʷ [3ï5]. ɹʳʣ ʚʳʧʦʣʥʝʥ ʩʪʘʪʠʯʝʩʢʠʡ ʨʘʩ-

ʯʝʪ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʝʥʦ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʪʦʨʦʛʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʥʩʪʨʫʢʮʠʷ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʟʘʧʘʩ ʩʪʘʪʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʝʡ-

ʩʪʚʫʶɦ ʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʠʞʝ ʧʨʝʜʝʣʘ ʪʝʢʫʯʝʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʪʦʡʢʠ ʚ 1,05 ʨʘʟʘ) 

ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʣʥʦʡ ʟʘʧʨʘʚʢʠ ʦʧʨʳʩʢʠʚʘʪʝʣʷ ʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʥʘʛʨʫʟʢʠ (ʫʩʢʦʨʝʥʠʠ 1g). ʊʘʢʞʝ ʚʳʷʚʣʝʥʘ ʧʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠʚʦʜʷʱʘʷ ʢ 

ʭʘʨʘʢʪʝʨʥʳʤ ʜʝʬʦʨʤʘʮʠʷʤ ʨʘʤʳ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʘ ʧʨʝʜʣʦʞʝʥʳ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ 

ʫʧʨʦʯʥʝʥʠʶ ʨʘʤʳ ʠ ʦʙʝʩʧʝʯʝʥʠʶ ʞʝʩʪʢʦʩʪʠ. 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʫʩʠʣʝʥʥʦʡ ʨʘʤʳ ʚ ʧʦʣʝʚʦʤ ʩʝʟʦʥʝ 2016 ʛ. ʧʦʢʘʟʘʣʘ ʦʪʩʫʪ-

ʩʪʚʠʝ ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʦʪʢʘʟʦʚ, ʘ ʟʥʘʯʠʪ, ʧʦʜʪʚʝʨʜʠʣʘ ʧʨʘʚʠʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥ-

ʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ɽ.ɺ. ʉʦʣʦʚʴʚy 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʟʛʦʪʦʚʣʝʥʠʝ (ʧʦʩʪʨʦʝʥʠʝ) ʬʠʟʠ-

ʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ (ʜʝʪʘʣʠ) ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʥʝʩʝʥʠʷ (ʜʦʙʘʚʣʝʥʠʷ, ʘʥʛʣ. ï 

çaddè) ʤʘʪʝʨʠʘʣʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʝʪʘʣʠ, 

ʟʘ ʩʯʸʪ ʫʜʘʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʟ ʤʘʩʩʠʚʘ ʟʘʛʦʪʦʚʢʠ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʜʠʪʠʚ-

ʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [1, 2, 3]: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʪʦʜʦʤ ʧʦʩʣʦʡʥʦʛʦ ʥʘʧʣʘʚʣʝʥʠʷ 

(FDM ʠʣʠ FFF); ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʦʨʤ ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʦʡ ʧʣʘʚʢʦʡ 

(EBFἬ); ʧʨʷʤʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ ʤʝʪʘʣʣʦʚ (DMLS); ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʧʣʘʚ-

ʢʘ (EBM); ʚʳʙʦʨʦʯʥʘʷ ʣʘʟʝʨʥʘʷ ʧʣʘʚʢʘ (SLM); ʚʳʙʦʨʦʯʥʦʝ ʪʝʧʣʦʚʦʝ ʩʧʝʢʘʥʠʝ 

(SHS); ʚʳʙʦʨʦʯʥʦʝ ʣʘʟʝʨʥʦʝ ʩʧʝʢʘʥʠʝ (SLS); ʩʪʨʫʡʥʘʷ ʪʨʝʭʤʝʨʥʘʷ ʧʝʯʘʪʴ 

(3DP); ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʙʲʝʢʪʦʚ ʤʝʪʦʜʦʤ ʣʘʤʠʥʠʨʦʚʘʥʠʷ (LOM); ʩʪʝʨʝʦʣʠʪʦʛʨʘ-

ʬʠʷ (SLA); ʮʠʬʨʦʚʘʷ ʩʚʝʪʦʜʠʦʜʥʘʷ ʧʨʦʝʢʮʠʷ (DLP). 

ʅʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʫʶ ʦʛʣʘʩʢʫ ʚʦʟʤʦʞʥʦʩʪʝʡ ʘʜʜʠʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʩʬʝʨʝ ʤʝʜʠʮʠʥʳ, ʢʨʘʡʥʝ ʨʝʜʢʦ ʫʧʦʤʠʥʘʝʪʩʷ ʦʙ ʠʭ ʧʦʣʴʟʝ ʠ ʧʝʨʩʧʝʢʪʠʚʘʭ ʚ ʧʦ-

ʤʦʱʠ ʞʠʚʦʪʥʳʤ. ɸ ʚʝʜʴ ʵʪʘ ʪʝʤʘ ʚʝʩʴʤʘ ʩʝʨʴʝʟʥʘ ʠ ʟʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ 

ʚʥʠʤʘʥʠʷ.  

ɺʧʝʨʚʳʝ ʚ ɸʚʩʪʨʘʣʠʠ (ʢʣʠʥʠʢʘ Southpaws Speciality) ʚ ʭʠʨʫʨʛʠʠ ʜʣʷ ʞʠ-

ʚʦʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʜʣʷ ʙʦʣʝʝ ʙʳʩʪʨʦʡ, ʪʦʯʥʦʡ ʜʠʘʛʥʦ-

ʩʪʠʢʠ ʠ ʭʠʨʫʨʛʠʠ [4]. ʇʨʠʦʙʨʝʪʝʥʥʳʡ ʜʦʢʪʦʨʦʤ ʏʘʨʣʴʟʦʤ ʂʫʥʮ ʚ ʢʣʠʥʠʢʫ 

Southpaws Speciality ʧʨʠʥʪʝʨ UPrint SE ʧʦʟʚʦʣʠʣ ʭʠʨʫʨʛʫ ʤʦʜʝʣʠʨʦʚʘʪʴ ʩʫʩʪʘ-

ʚʳ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʳ. 3D-ʧʨʠʥʪʝʨ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʣʝʟʥʳʤ ʠʥʩʪʨʫ-

ʤʝʥʪʦʤ ʜʣʷ ʦʮʝʥʢʠ ʤʝʪʦʜʦʚ ʫʜʘʣʝʥʠʷ ʦʧʫʭʦʣʠ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʘ ʜʣʷ ʭʠʨʫʨʛʠ-

ʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʥʘ ʢʦʩʪʠ ʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝʩʪʘʥʜʘʨʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʫ ʩʦ-

ʙʘʢ ʠ ʢʦʰʝʢ.   

ɼʝʡʜʨʘ ʂʫʠʥʥ-ɻʦʨʵʤ ʠʟ ʰʢʦʣʳ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʳ ʧʨʠ ʫʥʠʚʝʨʩʠ-

ʪʝʪʝ ʛʦʨʦʜʘ ʊʘʩʢʠʛʠ ʟʘʢʦʥʯʠʣʘ ʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ ʥʘ 3D-ʧʨʠʥʪʝʨʝ ʢʦʧʠʡ ʭʠ-

ʨʫʨʛʠʯʝʩʢʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʳ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʩʦʙʘʯʴʝʡ ʧʣʝʯʝʚʦʡ 

ʢʦʩʪʠ [5]. ɿʥʘʯʠʪʝʣʴʥʦʝ ʩʦʜʝʡʩʪʚʠʝ ʝʡ ʚ ʵʪʦʤ ʦʢʘʟʘʣʠ ʢʦʤʧʘʥʠʠ Direct 

Dimensions, ʧʨʝʜʦʩʪʘʚʠʚ ʚʦʟʤʦʞʥʦʩʪʴ ʣʘʟʝʨʥʦʛʦ ʩʢʘʥʠʨʦʚʘʥʠʷ ʧʨʝʜʤʝʪʦʚ, ʠ 

Xometry, ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠ ʦʩʫʱʝʩʪʚʠʣʘ ʧʝʯʘʪʴ ʢʦʩʪʠ ʠʟ ʥʝʡʣʦʥʘ ʠ 

ʧʣʘʩʪʠʥʳ ʠʟ ʘʣʶʤʠʥʠʷ. 3D-ʧʝʯʘʪʥʳʝ ʢʦʧʠʠ ʚʠʟʫʘʣʴʥʦ ʘʙʩʦʣʶʪʥʦ ʥʝ ʦʪʣʠʯʘʶʪ-

ʩʷ ʦʪ ʦʨʠʛʠʥʘʣʘ ʠ ʤʦʛʫʪ ʩʳʛʨʘʪʴ ʚʝʩʴʤʘ ʮʝʥʥʫʶ ʨʦʣʴ ʚ ʭʠʨʫʨʛʠʯʝʩʢʦʤ ʧʣʘʥʠ-

ʨʦʚʘʥʠʠ ʠ ʧʨʝʜʦʧʝʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʜʫʨʘʭ.  

ɺʧʝʨʚʳʝ ʚ ʤʠʨʝ ʜʣʷ ʛʦʣʫʙʦʛʦ ʧʦʧʫʛʘʷ ʘʨʘ ʧʦ ʠʤʝʥʠ ɻʠʛʠ ʚ ɹʨʘʟʠʣʠʠ ʠʟ-

ʛʦʪʦʚʠʣʠ ʪʠʪʘʥʦʚʳʡ ʢʣʶʚ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 3D-ʧʝʯʘʪʠ ʤʝʪʘʣʣʘʤʠ [6]. ʅʝʦʙʳʯʥʳʡ 

ʧʨʦʪʝʟ ʩʧʘʩ ʧʪʠʮʝ ʞʠʟʥʴ, ʚʝʜʴ ʙʝʟ ʢʣʶʚʘ ʘʨʘ ʥʝ ʤʦʛʫʪ ʧʦʣʥʦʮʝʥʥʦ ʧʠʪʘʪʴʩʷ. 

ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʦʧʫʛʘʷ ʛʨʫʧʧʘ ʚʝʪʝʨʠʥʘʨʦʚ ʚʤʝʩʪʝ ʩ ʵʢʩʧʝʨʪʘʤʠ ʧʦ 3D-ʧʝʯʘʪʠ 
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ʠʟ ʎʝʥʪʨʘ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ Renato Archer ʚ ʛ. ʂʘʤʧʠʥʘʩ (ɹʨʘʟʠʣʠʷ) 

ʨʘʟʨʘʙʦʪʘʣʘ ʤʦʜʝʣʴ ʧʨʦʪʝʟʘ. ʆʧʝʨʘʮʠʷ ʧʨʦʰʣʘ ʚ ʎʝʥʪʨʝ ʦʭʨʘʥʳ ʞʠʚʦʪʥʳʭ 

ʛ. ʉʘʥ-ʇʘʫʣʫ ï ʧʪʠʮʝ ʫʩʧʝʰʥʦ ʚʝʨʥʫʣʠ ʢʣʶʚ. 

ɺʦʟʤʦʞʥʦ ʩʘʤʦʝ ʢʨʫʧʥʦʝ ʞʠʚʦʪʥʦʝ ʚ ʤʠʨʝ ʩ 3D ʧʝʯʘʪʥʳʤ ʧʨʦʪʝʟʦʤ ʵʪʦ 

ʢʦʙʳʣʘ ʍʦʣʣʠ [7]. ʍʦʣʣʠ ï ʜʝʩʷʪʠʣʝʪʥʷʷ ʢʦʙʳʣʘ ʠʟ ɸʚʩʪʨʘʣʠʠ ʩʪʨʘʜʘʣʘ ʣʘʤʠ-

ʥʠʪʦʤ. ɺʝʪʝʨʠʥʘʨ ʃʶʢ ʋʵʣʣʩ-ʉʤʠʪ ʦʙʨʘʪʠʣʩʷ ʚ ɸʚʩʪʨʘʣʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ 

ʥʘʫʯʥʳʡ ʮʝʥʪʨ. ʈʝʙʷʪʘ ʠʟ ʮʝʥʪʨʘ ʩʤʦʛʣʠ ʨʘʩʧʝʯʘʪʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʪʠʪʘʥʦ-

ʚʳʝ ʧʦʜʢʦʚʳ ʜʣʷ ʙʝʛʦʚʦʡ ʣʦʰʘʜʠ, ʩʧʝʮʠʘʣʠʩʪʳ ʦʪʩʢʘʥʠʨʦʚʘʣʠ ʢʦʧʳʪʘ ʍʦʣʣʠ ʠ 

ʩʤʦʜʝʣʠʨʦʚʘʣʠ ñʦʙʫʚʴò, ʢʦʪʦʨʘʷ ʠʜʝʘʣʴʥʦ ʦʙʣʝʛʘʝʪ ʢʦʧʳʪʦ ʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩ-

ʧʨʝʜʝʣʷʣʦ ʥʘʛʨʫʟʢʫ. ɿʘʪʝʤ ʦʙʫʚʴ ʙʳʣʘ ʨʘʩʧʝʯʘʪʘʥʘ ʚ ʪʠʪʘʥʝ ʠ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ 

ʢʦʧʳʪʘ. ʅʦʚʘʷ ʦʙʫʚʴ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʠʣʘ ʙʦʣʠ ʍʦʣʣʠ ʠ ʧʦʟʚʦʣʠʣʘ ʥʝ ʪʦʣʴʢʦ 

ʩʪʦʷʪʴ, ʥʦ ʠ ʙʝʛʘʪʴ.  

ɸʜʜʠʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʚʝʪʝʨʠʥʘʨʥʦʡ ʤʝʜʠʮʠʥʝ ʧʦʟʚʦʣʷʪ ʚʨʘʯʘʤ 

ʪʱʘʪʝʣʴʥʦ ʠʟʫʯʘʪʴ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʧʝʨʘʮʠʠ ʟʘʨʘʥʝʝ, ʯʪʦʙ 

ʠʟʙʝʞʘʪʴ ʚʦʟʤʦʞʥʳʭ ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʦʰʠʙʦʢ, ʠʟʛʦʪʘʚʣʠʚʘʪʴ ʤʦ-

ʜʝʣʠ ʠʟ ʪʠʪʘʥʘ ʜʣʷ ʟʘʤʝʥʳ ʢʦʩʪʝʡ, ʠʤʧʣʘʥʪʘʪʳ ʠ ʪ.ʜ. ʀʟʛʦʪʦʚʣʝʥʥʳʝ 3D-ʤʦʜʝʣʠ 

ʥʝ ʪʦʣʴʢʦ ʥʝʩʫʪ ʧʦʣʴʟʫ ʞʠʚʦʪʥʳʤ, ʥʦ ʠ ʩʣʫʞʘʪ ʮʝʥʥʳʤ ʫʯʝʙʥʳʤ ʧʦʩʦʙʠʝʤ ʜʣʷ 

ʩʪʫʜʝʥʪʦʚ-ʚʝʪʝʨʠʥʘʨʦʚ. 
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʀʉʇʆʃʔɿʆɺɸʅʀʗ  

ʋʉʊʈʆʁʉʊɺ ɸʃʔʊɽʈʅɸʊʀɺʅʆʁ ʕʅɽʈɻɽʊʀʂʀ 

 

ʉ.ɺ. ʉʦʣʦʚʴʸʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʏʪʦ ʮʝʥʷʪ ʧʦʪʨʝʙʠʪʝʣʠ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ? ʅʘʜʝʞʥʦʩʪʴ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ, ʧʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʤʘʣʦ ʢʪʦ ʟʘʜʫʤʳʚʘʝʪʩʷ ʦʙ 

ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʝ ʚ ʥʘʰʝʤ (ʫʤʝʨʝʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ) ʢʣʠʤʘʪʝ. ɺ 

ʮʠʬʨʘʭ ʵʪʠ ʧʨʠʯʠʥʳ ʚʳʛʣʷʜʷʪ ʪʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʯʘʩʦʚ ʩʦʣʥʝʯʥʦʛʦ ʩʠʷʥʠʷ 

ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ ʣʠʰʴ 2300 ʯʘʩʦʚ ʚ ʛʦʜ, ʘ ʩʨʝʜʥʝʛʦʜʦʚʘʷ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʤʝʥʝʝ 

5 ʢʤ/ʯ [5]. ʅʦ ʚʩʝ ʞʝ ʝʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʤʦʤʝʥʪʳ ʠʟ-ʟʘ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʟʘʜʫ-

ʤʘʪʴʩʷ ʦ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. 

ɺʦ-ʧʝʨʚʳʭ, ʙʳʪʦʚʳʝ, ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ ʥʝ ʪʨʝʙʫʶʪ ʦʙ-

ʩʣʫʞʠʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ, ʧʦʵʪʦʤʫ ʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʦʣʥʦʩʪʴʶ ʘʚʪʦʥʦʤʥʳʤʠ, 

ʪ.ʝ. ʚʣʦʞʠʚ ʜʝʥʴʛʠ ʠ ʢʫʧʠʚ 2 ʢɺʪ ʚʝʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʫʩʪʘʥʦʚʢʫ, ʤʦʞʥʦ ʵʢʦ-

ʥʦʤʠʪʴ ʥʘ ʕʕ ʪʨʝʙʫʝʤʦʡ ʙʦʡʣʝʨʦʤ ʜʣʷ ʥʘʛʨʝʚʘ ʚʦʜʳ, ʘ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʩ ʘʢ-

ʢʫʤʫʣʷʪʦʨʘʤʠ ʤʦʛʫʪ ʥʘʢʦʧʠʪʴ ʵʥʝʨʛʠʠ ʜʣʷ ʦʩʚʝʱʝʥʠʷ ʚ ʚʝʯʝʨʥʝʝ ʚʨʝʤʷ [7, 8]. 

ɺʦ-ʚʪʦʨʳʭ, ʚ ʩʣʫʯʘʝ ʧʨʦʞʠʚʘʥʠʷ ʚ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʜʣʷ ʵʣʝʢʪʨʦʩʥʘʙʞʝ-

ʥʠʷ ʨʘʡʦʥʘʭ, ʵʪʦ ʤʦʞʝʪ ʜʘʞʝ ʩʪʘʪʴ ʩʧʘʩʝʥʠʝ, ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʜʘʥʥʳʝ ʠʩʪʦʯ-

ʥʠʢʠ ʥʝ ʪʨʝʙʫʶʪ ʪʦʧʣʠʚʘ [4, 9]. 

ɺ-ʪʨʝʪʴʠʭ, ʚʩʝ ʚʳʛʣʷʜʠʪ ʥʝ ʪʘʢ ʙʝʟʥʘʜʝʞʥʦ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ 

ʥʝ ʨʘʟʨʦʟʥʝʥʥʦ, ʘ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʠʭ. ʅʘʧʨʠʤʝʨ, ʞʘʨʢʠʝ ʩʦʣʥʝʯʥʳʝ ʜʥʠ ʦʙʳʯʥʦ 

ʙʝʟʚʝʪʨʝʥʥʳ ʠ, ʥʘʦʙʦʨʦʪ, ʚ ʧʘʩʤʫʨʥʫʶ ʧʦʛʦʜʫ ʩʢʦʨʦʩʪʴ ʚʝʪʨʘ ʤʦʞʝʪ ʩʠʣʴʥʦ 

ʧʦʜʥʠʤʘʪʴʩʷ, ʘ ʵʪʦ ʟʥʘʯʠʪ ï ʯʪʦ ʝʩʣʠ ʦʜʥʘ ʘʣʴʪʝʨʥʘʪʠʚʘ ʙʝʩʧʦʣʝʟʥʘ ï ʪʦ ʝʩʪʴ 

ʜʨʫʛʘʷ ʜʠʘʤʝʪʨʘʣʴʥʦ ʝʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʘʷ [6]. 

ɺ-ʯʝʪʚʝʨʪʳʭ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʥʠʤʘʪʴ ʪʦ, ʯʪʦ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʧʨʠʚʳʯʥʳʝ 

ʜʣʷ ʥʘʩ ʠʩʪʦʯʥʠʢʠ ʟʘʢʦʥʯʘʪʩʷ, ʪʘʢʦʡ ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ ʢʘʢ ʥʝʬʪʴ ʫʞʝ ʩ 

2005 ʛʦʜʘ ʠʜʝʪ ʥʘ ʫʙʳʣʴ. 

ʆʧʪʠʤʠʟʠʨʫʷ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʤʳ ʦʙʷʟʘʪʝʣʴʥʦ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʚʦʧʨʦʩʦʤ ʟʘ-

ʪʨʘʪ ʥʘ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʅʘʧʨʠʤʝʨ, ʛʝʣʠʢʦʣʣʝʢʪʦʨʳ ʠʟʛʦʪʘʚʣʠ-

ʚʘʶʪ ʠʟ ʤʝʜʠ, ʪ.ʝ. ʤʝʪʘʣʣʦʚ ʩ ʥʠʟʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ, ʥʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʣʫʯʰʝʛʦ ʚʘʨʠʘʥʪʘ ʜʣʷ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʪ, ʢʦʥʝʯʥʦ, ʠʭ ʤʦʞʥʦ ʟʘʤʝ-

ʥʠʪʴ ʥʘ ʩʧʣʘʚʳ ʠʣʠ ʤʝʪʘʣʣʳ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ ʠ ʧʦʞʝʨʪʚʦʚʘʪʴ ʜʦ-

ʩʪʫʧʥʦʩʪʴʶ. ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠ ʩ ʩʦʣʥʝʯʥʳʤʠ ʙʘʪʘʨʝʷʤʠ ʩʘʤʳʝ ʨʘʩʧʨʦ-

ʩʪʨʘʥʝʥʥʳʝ ʠ ʜʦʩʪʫʧʥʳʝ ï ʵʪʦ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ ʩ ʂʇɼ ʧʦ-

ʨʷʜʢʘ 10ï25 %, ʦʜʥʘʢʦ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʫʞʝ ʫʩʧʝʰʥʦ ʜʦʩʪʠʛʥʫʪʳ ʧʦ-

ʢʘʟʘʪʝʣʠ ʧʦʯʪʠ ʚ 45 %, ʥʦ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʟʜʝʩʴ ʫʞʝ ʥʝ ʢʨʝʤʥʠʝʚʳʡ (ʦʜʥʦʩʣʦʡ-

ʥʳʡ), ʘ ʪʨʝʭʩʣʦʡʥʳʡ ʬʦʪʦʵʣʝʤʝʥʪ (ʠʥʜʠʝʚʦ-ʛʘʣʠʡ-ʘʨʩʝʥʠʜʥʳʡ) [2, 3, 10]. 

ʋʣʫʯʰʝʥʠʝ ʵʢʩʪʝʥʩʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠʚʝʜʝʪ ʪʦʣʴʢʦ ʢ ʫʜʦʨʦʞʘʥʠʶ ʠ ʝʱʝ 

ʤʝʥʴʰʝʤʫ ʩʧʨʦʩʫ, ʪʘʢ ʢʘʢ ʙʫʜʝʪ ʚ ʜʚʘ, ʘ ʪʦ ʠ ʚ ʪʨʠ ʨʘʟʘ ʜʝʰʝʚʣʝ ʟʘʧʣʘʪʠʪʴ ʵʥʝʨ-

ʛʦʢʦʤʧʘʥʠʠ, ʯʝʤ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʪʦʪ ʞʝ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ. 
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ʂʘʢ ʧʦ-ʜʨʫʛʦʤʫ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ? ʂ ʧʨʠʤʝʨʫ, ʩʦʣʥʝʯʥʳʝ 

ʙʘʪʘʨʝʠ ʩʥʠʞʘʶʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʚʦʝʡ ʨʘʙʦʪʳ, ʝʩʣʠ ʚʳʥʫʞʜʝʥʳ ʨʘʙʦʪʘʪʴ ʚ ʨʝ-

ʞʠʤʝ ʧʝʨʝʛʨʝʚʘ, ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪ ʚʦʜʷʥʦʝ ʦʭʣʘʞʜʝʥʠʝ. ʊʘʢʞʝ 

ʧʨʦ ʩʦʣʥʝʯʥʳʝ ʙʘʪʘʨʝʠ ʩʧʨʘʚʝʜʣʠʚʦ ʩʣʝʜʫʶʱʝʝ ʚ ʩʣʫʯʘʝ ʟʘʪʝʤʥʝʥʠʷ ʤʦʜʫʣʷ ʦʥ 

ʥʝ ʪʦʣʴʢʦ ʧʝʨʝʩʪʘʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʕʕ, ʥʦ ʠ ʥʘʯʠʥʘʝʪ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʩʠʩʪʝʤʫ 

ʢʘʢ ʧʘʨʘʟʠʪʥʘʷ ʥʘʛʨʫʟʢʘ [1], ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ, 

ʧʦʜʢʣʶʯʘʪʴ ʚʩʝ ʤʦʜʫʣʠ ʧʦ ʙʘʡʧʘʩʫ. ɺʕʋ, ʜʣʷ ʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʤʦʞʥʦ 

ʩʥʘʙʞʘʪʴ ʩʠʩʪʝʤʦʡ ʦʨʠʝʥʪʠʨʦʚʘʥʠʷ ʧʨʦʪʠʚ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʪʨʘ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚ ʘʣʴʪʝʨʥʘ-

ʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʤʦʞʥʦ ʚʥʝʜʨʷʷ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ 

ʫʧʨʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʩʥʠʤʘʪʴ ʧʦʢʘʟʘʪʝʣʠ ʧʦ ʚʳʨʘʙʦʪʢʝ ʵʣʝʢ-

ʪʨʦʵʥʝʨʛʠʠ ʢʘʞʜʳʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ. 
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ɺʀɼʓ ʇʈʆʊʀɺʆʀɿʅʆʉʅʓʍ ʇʈʀʉɸɼʆʂ ʇʆ ʄɽʍɸʅʀɿʄʋ ɼɽʁʉʊɺʀʗ 

 

ʉ.ɺ. ʉʪʨʝʙʢʦʚ, ɺ.ʇ. ɺʝʪʨʦʚ  

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʧʨʠ ʛʨʘʥʠʯʥʦʤ ʪʨʝʥʠʠ ʚ ʩʤʘʟʦʯʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʚʚʦʜʷʪ ʧʨʦʪʠʚʦʠʟʥʦʩʥʳʝ ʧʨʠʩʘʜʢʠ. ʆʥʠ ʩʦʟʜʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʪʨʫʱʠʭʩʷ ʜʝʪʘʣʝʡ ʟʘʱʠʪʥʳʝ ʧʣʝʥʢʠ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʠʩʢʣʶʯʘʶʱʠʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʧʦʚʝʨʭʥʦʩʪʝʡ 

ʪʨʝʥʠʷ. ʕʪʠ ʧʣʝʥʢʠ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʠ, 

ʭʝʤʦʩʦʨʙʮʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʨʠʩʘʜʦʢ ʩ ʤʝʪʘʣʣʦʤ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʪʨʠʙʦʧʦʣʠʤʝʨʠʟʘʮʠʠ [1]. 

ʌʠʟʠʯʝʩʢʘʷ ʘʜʩʦʨʙʮʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʧʨʠʩʘʜʢʠ 

ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ ʩʠʣʘʤʠ ɺʘʥ-ʜʝʨ-ɺʘʣʴʩʘ. ʇʦʣʷʨʥʳʝ 

ʤʦʣʝʢʫʣʳ ʧʨʠʩʦʝʜʠʥʷʶʪʩʷ ʢ ʤʝʪʘʣʣʫ ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ, ʦʙʨʘʟʫʷ 

ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʡ ʠ ʛʠʙʢʠʡ çʚʦʨʩè. ʉʣʦʠ ʪʘʢʠʭ ʤʦʣʝʢʫʣ ʦʙʣʘʜʘʶʪ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʳʜʝʨʞʠʚʘʶʪ ʚʳʩʦʢʠʝ ʥʦʨʤʘʣʴʥʳʝ 

ʥʘʛʨʫʟʢʠ ʠ ʠʤʝʶʪ ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢ ʜʝʡʩʪʚʠʶ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʉʠʩʪʝʤʘ ʛʨʘʥʠʯʥʦʡ ʩʤʘʟʢʠ ʩ ʬʠʟʠʯʝʩʢʦʡ ʘʜʩʦʨʙʮʠʝʡ ʧʣʝʥʢʠ 

ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʦʩʢʦʣʴʢʫ ʥʘʛʨʝʚ ʚʳʟʳʚʘʝʪ ʜʝʩʦʨʙʮʠʶ, 

ʥʘʨʫʰʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʠ ʨʘʟʨʫʰʝʥʠʝ ʧʣʝʥʢʠ. 

ʍʝʤʦʩʦʨʙʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʤʦʣʝʢʫʣʳ ʧʨʠʩʘʜʢʠ ʫʜʝʨʞʠʚʘʶʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʷʟʷʤʠ, ʧʨʠʯʝʤ ʘʪʦʤʳ ʤʝʪʘʣʣʘ ʧʨʠ ʵʪʦʤ ʥʝ 

ʧʦʢʠʜʘʶʪ ʩʚʦʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ. ʊʘʢʠʝ ʧʣʝʥʢʠ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʧʨʦʯʥʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘ ʩʨʝʟ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ. ʍʠʤʠʯʝʩʢʠ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʝ ʧʣʝʥʢʠ ʦʙʣʘʜʘʶʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʩʤʘʟʳʚʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. 

ʄʝʞʜʫ ʪʚʝʨʜʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠ ʘʢʪʠʚʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʨʠʩʘʜʦʢ 

ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʧʨʠ ʵʪʦʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʙʤʝʥ 

ʚʘʣʝʥʪʥʳʤʠ ʵʣʝʢʪʨʦʥʘʤʠ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ (ʧʣʝʥʢʠ 

ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʝ ʤʘʣʦʡ ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʩʨʝʟ, ʥʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ). ʀʟʥʘʰʠʚʘʥʠʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ ʠʤʝʝʪ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦ, ʯʝʤ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʢʦʥʪʘʢʪʝ. ʈʘʟʜʝʣʷʷ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʵʪʠ 

ʩʣʦʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʢʦʥʪʘʢʪ ʠ ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʶʪ ʠʟʥʦʩ ʠ 

ʫʩʪʨʘʥʷʶʪ ʟʘʝʜʘʥʠʝ. 

ɿʘʱʠʪʥʳʝ ʧʣʝʥʢʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʠʛʦʜʥʳ ʜʣʷ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʦʢ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʢʦʨʦʩʪʝʡ ʩʢʦʣʴʞʝʥʠʷ, ʥʦ ʦʥʠ ʥʝ 

ʜʦʣʞʥʳ ʙʳʪʴ ʩʣʠʰʢʦʤ ʘʢʪʠʚʥʳʤʠ. ʍʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʧʨʠʩʘʜʢʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝʛʜʘ ʦʙʣʘʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʨʠ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʭʠʤʠʯʝʩʢʠ ʘʢʪʠʚʥʳʝ ʧʨʠʩʘʜʢʠ ʤʦʛʫʪ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʥʠʞʝʥʠʝ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ ʙʣʘʛʦʜʘʨʷ ʘʜʩʦʨʙʮʠʦʥʥʦʤʫ ʵʬʬʝʢʪʫ 
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(ʥʦ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʦʝ, ʯʝʤ ʇɸɺ), ʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʚʳʰʘʶʱʠʭ 

ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʟʣʦʞʝʥʠʷ ʧʨʠʩʘʜʢʠ, ʙʣʘʛʦʜʘʨʷ ʦʙʨʘʟʦʚʘʥʠʶ ʭʠʤʠʯʝʩʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʣʦʝʚ.  

ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʠʟʥʦʩʦʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʠʷ 

N 41. ʋʩʪʦʡʯʠʚʳʤ ʧʨʠʟʥʘʢʦʤ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʨʘʟʣʠʯʥʳʭ ʝʛʦ 

ʤʦʜʠʬʠʢʘʮʠʷʭ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʱʠʪʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʣʝʥʢʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʝʥʠʷ, ʦʙʣʘʜʘʶʱʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʭʦʜʥʦʡ ʩʤʘʟʦʯʥʦʡ ʩʨʝʜʳ 

ʨʘʟʣʠʯʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʥʠʞʘʪʴ ʪʨʝʥʠʝ ʠ ʫʤʝʥʴʰʘʪʴ ʠʟʥʦʩ [2]. 

ɽʱʝ ʦʜʥʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʫʯʝʥʠʷ ʧʨʦʯʥʳʭ, ʧʦʩʪʦʷʥʥʦ 

ʚʦʟʦʙʥʦʚʣʷʶʱʠʭʩʷ ʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʬʬʝʢʪʘ 

ʪʨʠʙʦʧʦʣʠʤʝʨʠʟʘʮʠʠ. ʆʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʠ ʪʨʝʥʠʠ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʦʯʥʳʭ ʟʘʱʠʪʥʳʭ ʧʦʣʠʤʝʨʥʳʭ ʧʣʝʥʦʢ ʠʟ ʚʚʦʜʠʤʳʭ ʚ 

ʩʤʘʟʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʥʦʤʝʨʦʚ ʠ ʦʣʠʛʦʤʝʨʦʚ [3]. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ɹʘʣʘʙʘʥʦʚ ɺ.ʀ. ɹʝʟʨʘʟʙʦʨʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʨʫʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ. ʄ.: 
ʄɻɸʋ, 1999. 72 ʩ. 

2. ɻʘʨʢʫʥʦʚ ɼ.ʅ. ʊʨʠʙʦʪʝʭʥʠʢʘ. ʄ.: ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1985.  424 ʩ. 

3. ʉʪʨʝʣʴʮʦʚ ɺ.ɺ., ʇʦʧʦʚ ɺ.ʅ., ʂʘʨʧʝʥʢʦʚ ɺ.ʌ. ʈʝʩʫʨʩʦʩʙʝʨʝʛʘʶʱʘʷ 

ʦʙʢʘʪʢʘ ʦʪʨʝʤʦʥʪʠʨʦʚʘʥʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. ʄ.: ʂʦʣʦʩ, 1995. 175 ʩ. 
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ʋɼʂ 629.113 

 

ʂ ʄɽʊʆɼʀʂɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺʃʀʗʅʀʗ ʊɺɽʈɼʆʉʊʀ,  

ʅɸɻʈʋɿʂʀ ʀ ʂʆʅʎɽʅʊʈɸʎʀʀ ʇʈʀʉɸɼʂʀ  

ʅɸ ʊʈʀɹʆʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʉʄɸɿʆʏʅʆʁ ʉʈɽɼʓ 

 

ʉ.ɺ. ʉʪʨʝʙʢʦʚ, ɺ.ʇ. ɺʝʪʨʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ, ʦʧʠʩʳʚʘʶʱʝʛʦ 

ʠʟʤʝʥʝʥʠʝ ʠʟʥʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʚʝʨʜʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʝʥʠʷ, ʥʘʛʨʫʟʢʠ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʠʚʦʠʟʥʦʩʥʦʡ ʧʨʠʩʘʜʢʠ ʥʝʦʙʭʦʜʠʤ ʘʢʪʠʚʥʳʡ ʪʨʝʭʬʘʢʪʦʨʥʳʡ 

ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʨʳ 

ʜʦʣʞʥʳ ʦʪʚʝʯʘʪʴ ʩʣʝʜʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ [1, 2]: 

ï ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʫʧʨʘʚʣʷʝʤʳʤʠ, ʪʦ ʝʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʜʘʚʘʪʴ ʬʘʢʪʦʨʫ ʣʶʙʦʡ ʫʨʦʚʝʥʴ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʠ 

ʩʪʨʦʛʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʦʧʳʪʘ; 

ï ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʥʦʟʥʘʯʥʳʤʠ, ʪʦ ʝʩʪʴ ʥʝ ʷʚʣʷʪʴʩʷ ʬʫʥʢʮʠʷʤʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ; 

ï ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʚʤʝʩʪʠʤʳʤʠ, ʪʦ ʝʩʪʴ ʢʘʞʜʳʡ ʬʘʢʪʦʨ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʣʶʙʦʤ ʟʘʨʘʥʝʝ ʦʧʨʝʜʝʣʝʥʥʦʤ ʫʨʦʚʥʝ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ; 

ï ʬʘʢʪʦʨʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʪʦ ʝʩʪʴ ʤʝʞʜʫ 

ʥʠʤʠ ʜʦʣʞʥʘ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʢʦʨʨʝʣʷʮʠʷ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʚ ʢʦʪʦʨʦʤ ʪʨʠ ʬʘʢʪʦʨʘ ʠʟʤʝʥʷʶʪʩʷ ʥʘ ʪʨʝʭ ʫʨʦʚʥʷʭ, 

ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʤ ʷʚʣʷʝʪʩʷ ʪʨʝʭʫʨʦʚʥʝʚʳʡ ʧʣʘʥ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ɹʦʢʩʘ-

ɹʝʥʢʠʥʘ. ʆʥ ʚʢʣʶʯʘʝʪ 15 ʦʧʳʪʦʚ, ʚʤʝʩʪʦ 27 ʧʨʠ ʧʦʣʥʦʤ ʬʘʢʪʦʨʥʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ. ʍʦʪʷ ʚʳʙʨʘʥʥʳʡ ʧʣʘʥ ʥʝ ʷʚʣʷʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʤ, ʦʥ ʙʦʣʝʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ, ʯʝʤ ʮʝʥʪʨʘʣʴʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ ʧʣʘʥʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ʆʥ 

ʥʝ ʪʨʝʙʫʝʪ ʫʩʪʘʥʦʚʢʫ ʬʘʢʪʦʨʦʚ ʚ ʟʚʝʟʜʥʳʭ ʧʣʝʯʘʭ, ʟʘ ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʚʳʙʨʘʥʥʳʤʠ ʧʨʝʜʝʣʘʤʠ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʨʠ ʧʦʩʪʘʥʦʚʢʝ ʪʘʢʦʛʦ ʨʦʜʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʊʨʝʭʫʨʦʚʥʝʚʳʡ ʧʣʘʥ 

ɹʦʢʩʘ-ɹʝʥʢʠʥʘ ʜʣʷ ʪʨʝʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʦʯʪʠ ʨʦʪʦʪʘʙʝʣʴʥʳʤ ʠ ʠʤʝʝʪ 

ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ (eD=0,879; 

eA=0,935; eQ=0,957; eE=0,739). 

ʆʙʣʘʩʪʴ ʚʘʨʴʠʨʦʚʘʥʠʷ ʪʚʝʨʜʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʣʠʢʘ 

ʚʳʙʠʨʘʣʘʩʴ ʚ ʜʠʘʧʘʟʦʥʝ 35é55 HRC ʩ ʰʘʛʦʤ 10 ʝʜʠʥʠʮ. ɺʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ 

ʪʚʝʨʜʦʩʪʠ ʨʘʙʦʯʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʤʠʥʘʣʴʥʦʡ ʪʚʝʨʜʦʩʪʠ ʰʝʝʢ 

ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ. ʅʠʞʥʝʝ ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʚʝʨʜʦʩʪʠ 

ʧʦʣʫʯʘʝʤʦʡ ʧʦʩʣʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʘʧʣʘʚʢʦʡ. 

ʅʘʛʨʫʟʢʫ ʠʟʤʝʥʷʣʠ ʚ ʜʠʘʧʘʟʦʥʝ 700é1000 ʅ ʩ ʰʘʛʦʤ 150 ʅ. ɺ ʢʘʯʝʩʪʚʝ 

ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʥʘʛʨʫʞʝʥʠʷ ʧʨʠʥʠʤʘʣʠ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʠʩʧʳʪʘʥʠʝ ʧʨʦʭʦʜʠʣʦ ʙʝʟ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʟʘʜʠʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʥʠʞʥʝʛʦ 
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ʧʨʝʜʝʣʘ ʥʘʛʨʫʞʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʝʥʠʝ ʥʘʛʨʫʟʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʘ ʚʨʝʤʷ 

ʠʩʧʳʪʘʥʠʷ ʥʘʙʣʶʜʘʣʩʷ ʠʟʥʦʩ, ʬʠʢʩʠʨʫʝʤʳʡ ʚʳʙʨʘʥʥʳʤ ʩʧʦʩʦʙʦʤ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʧʨʦʪʠʚʦʠʟʥʦʩʥʦʡ ʧʨʠʩʘʜʢʠ ʚ ʤʦʪʦʨʥʦʤ ʤʘʩʣʝ ʠʟʤʝʥʷʣʘʩʴ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1 % ʧʦ ʤʘʩʩʝ ʩ ʰʘʛʦʤ 0,5 %. ʅʠʞʥʝʝ ʟʥʘʯʝʥʠʝ ʜʠʘʧʘʟʦʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʧʳʪʘʥʠʶ ʥʘ ʯʠʩʪʦʤ ʪʦʚʘʨʥʦʤ ʤʘʩʣʝ. ɺʝʨʭʥʝʝ ʟʥʘʯʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ (ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʝʜʳʜʫʱʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ), ʧʨʠ ʢʦʪʦʨʦʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʣʴʥʝʡʰʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʩʥʠʞʝʥʠʝ ʠʟʥʦʩʘ ʧʨʠ ʝʝ ʫʚʝʣʠʯʝʥʠʠ. 

ɼʣʷ ʠʩʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʧʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʝʣʠ ʨʘʥʜʦʤʠʟʘʮʠʶ ʚʘʨʠʘʥʪʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʬʘʢʪʦʨʦʚ. ʇʨʠ 

ʧʦʤʦʱʠ ʪʘʙʣʠʮ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʯʠʩʝʣ, ʦʧʨʝʜʝʣʷʶʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʤʘʪʨʠʮʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʢʘʞʜʦʡ 

ʩʝʨʠʠ ʦʧʳʪʦʚ [3]. 
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ʂ ʆɹʆʉʅʆɺɸʅʀʖ ʂʆʅʉʊʈʋʂʎʀʀ ɼʆʀʃʔʅʆɻʆ ɸʇʇɸʈɸʊɸ 

ɺʓɾʀʄɸʖʑɽɻʆ ʇʈʀʅʎʀʇɸ ɼɽʁʉʊɺʀʗ 

 

ɺ.ʌ. ʋʞʠʢ, ɺ.ʀ. ɹʦʨʦʟʝʥʮʝʚ  

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɼʦʝʥʠʝ ʢʦʨʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʪʨʫʜʦʝʤʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʞʠʚʦʪʥʦʚʦʜ-

ʩʪʚʝ. ʉʣʦʞʥʦʩʪʴ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʦʝʥʠʷ ʠ 

ʧʦʣʥʦʪʘ ʚʳʜʘʠʚʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʨʝ-

ʬʣʝʢʪʦʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʞʠʚʦʪʥʦʛʦ ʠ ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʊʉʄɼ (ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ) ʚʣʠʷʶʪ ʥʝ ʪʦʣʴʢʦ ʪʝʭʥʠ-

ʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʦ ʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʢʘ-

ʟʘʪʝʣʠ, ʢʦʪʦʨʳʝ ʟʘʯʘʩʪʫʶ ʠʤʝʶʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʷ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʭ ʪʝʭʥʠʯʝ-

ʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [1]. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʤʘʰʠʥʥʦʛʦ 

ʜʦʝʥʠʷ ʠ ʤʦʨʬʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʚʳʤʝʥʠ ʢʦʨʦʚ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ 

ʟʘ ʨʫʙʝʞʦʤ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʤʝʥʷʝʤʳʝ ʜʦʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʧʨʝʜʲʷʚʣʷʝʤʳʤ ʢ 

ʤʘʰʠʥʥʦʤʫ ʜʦʝʥʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʣʥʦʪʳ ʚʳʜʘʠʚʘʥʠʷ, ʧʨʦʜʫʢ-

ʪʠʚʥʦʩʪʠ ʞʠʚʦʪʥʳʭ ʠ ʟʘʙʦʣʝʚʘʥʠʶ ʚʳʤʝʥʠ ʤʘʩʪʠʪʦʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʦʜʷʪ-

ʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʦʙʦʩʥʦʚʘʥʠʠ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʩʦʟʜʘʥʠʷ ʜʦʠʣʴ-

ʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʫʩʪʨʘʥʷʣʠ ʙʳ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ [2]. ʂʦʥ-

ʩʪʨʫʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʘʢʠʭ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʶʪ ʠʟʤʝʥʝʥʠʝ ʨʝ-

ʞʠʤʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ ʜʦʝʥʠʷ. ʅʦ ʵʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʩʣʦʞʥʝʥʠʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠ 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʩʥʠʞʘʝʪʩʷ ʥʘʜʝʞʥʦʩʪʴ, ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʟʘʪʨʘ-

ʪʳ ʠ ʟʘʯʘʩʪʫʶ ʚʳʟʳʚʘʶʪ ʥʝʫʜʦʙʩʪʚʦ ʧʨʠ ʥʘʜʝʚʘʥʠʠ ʠʭ ʥʘ ʜʦʣʠ ʚʳʤʝʥʠ ʢʦʨʦʚ. 

ʇʦʵʪʦʤʫ ʦʥʠ ʥʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʣʝʜʫʝʪ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ ʜʦʠʣʴʥʳʤ ʘʧʧʘʨʘʪʘʤ ʦʪʩʘʩʳʚʘʶʱʝʛʦ ʧʨʠʥʮʠ-

ʧʘ ʜʝʡʩʪʚʠʷ, ʚ ʩʠʣʫ ʠʭ ʧʨʦʩʪʦʪʳ ʠ ʥʘʜʝʞʥʦʩʪʠ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʠʤ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʥʝʜʦʩʪʘʪʢʠ: ʥʘʧʦʣʟʘʥʠʝ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʥʘ 

ʩʦʩʢʠ ʚʳʤʝʥʠ; ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʜʘʨʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʦʩʢʠ ʚʳʤʝʥʠ; ʨʘʙʦʪʘ ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ, ʥʝ ʠʟʤʝʥʷʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʦʝʥʠʷ ʨʝʞʠʤʘʤʠ [3]. ʉʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʦʪʚʝʯʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʠ ʞʠʚʦʪ-

ʥʳʭ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʠ ʪʨʝʙʫʝʪ ʩʚʦʝʛʦ ʨʘʟʨʝʰʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚ-

ʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ï ʩʦʟʜʘʥʠʝ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʚʳʞʠʤʘʶ-

ʱʝʤ ʧʨʠʥʮʠʧʝ ʜʝʡʩʪʚʠʷ. ʊʘʢ ʢʘʢ ʩʯʠʪʘʶʪ, ʯʪʦ ʦʥʠ ʥʘʠʙʦʣʝʝ ʧʨʠʙʣʠʞʝʥʳ ʢ 

ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʠʟʚʣʝʯʝʥʠʶ ʤʦʣʦʢʘ ʠʟ ʚʳʤʝʥʠ ʞʠʚʦʪʥʦʛʦ ʪʝʣʝʥʢʦʤ ʠ ʦʙʝʩʧʝʯʠ-

ʚʘʶʪ ʩʪʠʤʫʣʠʨʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʥʝʡʨʦʨʝʮʝʧʪʦʨʳ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ, ʩʧʦ-

ʩʦʙʩʪʚʫʶʱʠʝ ʙʳʩʪʨʦʤʫ ʠ ʧʦʣʥʦʤʫ ʚʳʚʝʜʝʥʠʶ ʤʦʣʦʢʘ [4]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʘ 

ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʠʟʚʝʩʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʦʙʣʘʩʪʠ ʩʦʟʜʘʥʠʷ ʜʦʠʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ ʚʳʞʠʤʘʶʱʝʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʪʝʭʥʠ-

ʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʟʘʢʣʶʯʘʶʱʝʝʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʞʘʪʠʷ ʩʦʩʢʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ-
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ʜʦʚʘʪʝʣʴʥʦ, ʠʤʠʪʠʨʫʷ ʨʫʯʥʦʝ ʜʦʝʥʠʷ. ʂʨʦʤʝ ʵʪʦʛʦ ʜʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ ʠʩʢʣʶʯʘ-

ʝʪ ʚʨʝʜʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʘʢʫʫʤʘ ʥʘ ʚʥʫʪʨʝʥʥʠʝ ʪʢʘʥʠ ʩʦʩʢʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʩʥʠ-

ʞʝʥʠʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ [5, 6]. ʇʨʝʜʣʘʛʘʝʤʳʡ ʜʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ 

ʩʦʜʝʨʞʠʪ ʜʦʠʣʴʥʳʡ ʩʪʘʢʘʥ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʢʨʝʧʣʝʥ ʢʦʨʧʫʩ ʩ ʧʦʨʰʥʷʤʠ, ʧʨʠʯʝʤ 

ʢʘʞʜʳʡ ʧʦʨʰʝʥʴ ʪʷʛʘʤʠ ʩʦʝʜʠʥʝʥ ʩ ʧʦʣʫʢʦʣʴʮʘʤʠ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʩʦʩ-

ʢʦʚʦʡ ʨʝʟʠʥʦʡ, ʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʦʧʠʨʘʝʪʩʷ ʥʘ ʚʩʪʘʚʢʫ. ʇʨʠʯʝʤ 

ʧʦʣʫʢʦʣʴʮʘ ʤʝʞʜʫ ʩʦʙʦʡ ʩʦʝʜʠʥʝʥʳ ʰʘʨʥʠʨʥʦ. ʇʦʨʰʥʠ ʚʳʧʦʣʥʝʥʳ ʩ ʢʦʣʴʮʝ-

ʚʦʡ ʧʨʦʪʦʯʢʦʡ, ʘ ʮʠʣʠʥʜʨʳ ʠʤʝʶʪ ʫʛʣʫʙʣʝʥʠʷ ʠ ʢʘʥʘʣʳ. ʇʦʜʩʦʩʢʦʚʘʷ ʢʘʤʝʨʘ ʠ 

ʤʝʞʩʪʝʥʥʘʷ ʢʘʤʝʨʘ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦʦʙʱʝʥʳ ʧʘʪʨʫʙʢʦʤ, ʧʨʠʯʝʤ ʚ ʚʦʨʦʥ-

ʢʝ ʚʳʧʦʣʥʝʥʦ ʢʘʣʠʙʨʦʚʘʥʥʦʝ ʦʪʚʝʨʩʪʠʝ. ʂʦʣʣʝʢʪʦʨ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʚʳʧʦʣ-

ʥʝʥ ʚ ʚʠʜʝ ʢʘʤʝʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʚʘʢʫʫʤʘ, ʧʝʨʝʤʝʥʥʦʛʦ ʚʘʢʫʫʤʘ ʠ ʨʘʩʧʨʝʜʝʣʠ-

ʪʝʣʴʥʦʡ ʢʘʤʝʨʳ, ʨʘʟʜʝʣʝʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʤʙʨʘʥʦʡ ʩ ʧʝʨʝʛʦʨʦʜʢʦʡ, ʩʦʜʝʨ-

ʞʘʱʝʡ ʢʘʣʠʙʨʦʚʘʥʥʦʝ ʦʪʚʝʨʩʪʠʝ. ɼʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ ʚʘʢʫʫʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʪʘʢʪ 

ʚʳʞʠʤʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʘʢʫʫʤ ʧʦʩʪʫʧʘʝʪ ʚ ʧʦʨʰʥʝʚʳʝ ʢʘʤʝʨʳ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʧʦʨʰʥʠ ʧʦʦʯʝʨʝʜʥʦ ʧʝʨʝʤʝʱʘʶʪʩʷ ʚʣʝʚʦ, ʫʚʣʝʢʘʷ ʪʷʛʘʤʠ ʧʦʣʫʢʦʣʴʮʘ, ʢʦʪʦʨʳʝ 

ʧʝʨʝʞʠʤʘʶʪ ʩʦʩʦʢ ʦʪ ʦʩʥʦʚʘʥʠʷ ʢ ʥʠʟʫ ʠ ʪʝʤ ʩʘʤʳʤ ʚʳʪʝʩʥʷʶʪ ʤʦʣʦʢʦ. ʇʨʠ 

ʧʦʩʪʫʧʣʝʥʠʠ ʚ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʫʶ ʢʘʤʝʨʫ ʢʦʣʣʝʢʪʦʨʘ ʦʪ ʧʫʣʴʩʘʪʦʨʘ ʘʪʤʦʩʬʝʨ-

ʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʪ ʦʪʜʳʭʘ ï ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʫʜʝʨʞʠʚʘʶʱʠʡ ʚʘʢʫʫʤ 

(ʫʜʝʨʞʠʚʘʝʪ ʜʦʠʣʴʥʳʡ ʩʪʘʢʘʥ ʥʘ ʚʳʤʝʥʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʬʠʥʢʪʝʨ ʩʦʩʢʘ ʟʘʢʨʳʪ). 

ʊʘʢʞʝ ʫʜʝʨʞʠʚʘʶʱʠʡ ʚʘʢʫʫʤ ʧʦʩʪʫʧʘʝʪ ʚ ʤʝʞʩʪʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʦʠʣʴʥʦʛʦ 

ʩʪʘʢʘʥʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʧʦʨʰʥʠ ʧʦʦʯʝʨʝʜʥʦ ʧʝʨʝʤʝɦ ʘʶʪʩʷ ʚ ʠʩʭʦʜʥʦʝ 

ʧʦʣʦʞʝʥʠʷ ʠ ʦʩʚʦʙʦʞʜʘʶʪ ʩʦʩʦʢ ʦʪ ʚʦʟʜʝʩʪʚʠʷ ʧʦʣʫʢʦʣʝʮ ʦʪ ʢʦʥʯʠʢʘ ʩʦʩʢʘ ʢ 

ʦʩʥʦʚʘʥʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘ-

ʨʘʪʘ ʚʳʞʠʤʘʶʱʝʛʦ ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ.  
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ʤʘʪʠʟʘʮʠʶ ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʬʝʨʤʝʨ-

ʩʢʠʭ ʠ ʣʠʯʥʳʭ ʧʦʜʩʦʙʥʳʭ ʭʦʟʷʡʩʪʚ ʥʝʵʬʬʝʢʪʠʚʥʦ ʚʩʣʝʜʩʪʚʠʝ ʥʝʤʥʦʛʦʯʠʩʣʝʥ-

ʥʦʩʪʠ ʩʪʘʜʘ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʠʭ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʜʘʞʝ ʜʣʷ ʤʦʥʪʘʞʘ ʬʨʘʛʤʝʥ-

ʪʘ (ʦʜʠʥ, ʜʚʘ ʩʪʘʥʢʘ) ʪʘʢʠʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʇʦʵʪʦʤʫ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʚʠʞʥʦʛʦ ʤʘʥʠʧʫʣʷ-

ʪʦʨʘ ʜʦʝʥʠʷ ʢʦʨʦʚ, ʥʘ ʙʘʟʝ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʦʛʦ ʘʛʨʝʛʘʪʘ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ 

ʜʦʝʥʠʷ ɸʀɼ-1 [1].  

ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʚʠʞʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʦʝʥʠʷ ʥʘ 

ʥʘʰ ʚʟʛʣʷʜ, ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ çʯʝʣʦʚʝʢ-ʤʘʰʠʥʘ-ʞʠʚʦʪʥʦʝè, ʦʩ-

ʥʦʚʥʳʤ ʟʚʝʥʦʤ ʷʚʣʷʝʪʩʷ ʯʝʣʦʚʝʢ, ʢʦʪʦʨʳʡ ʟʘʯʘʩʪʫʶ ʚ ʩʠʣʫ ʨʘʟʣʠʯʥʳʭ ʧʨʠʯʠʥ  

ʥʝ ʤʦʞʝʪ  ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ. ʈʘʙʦʪʘ ʦʧʝʨʘ-

ʪʦʨʘ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʨʝʬʣʝʢʩʘ ʤʦʣʦʢʦʦʪʜʘʯʠ ʚʦ 

ʚʨʝʤʷ ʜʦʝʥʠʷ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʫʩʪʨʘʥʝʥʠʝ ʧʨʠʯʠʥ, ʚʝʜʫʱʠʝ ʢ ʝʛʦ ʪʦʨʤʦʞʝʥʠʶ 

[2].  

ʈʘʙʦʯʠʡ ʧʨʦʮʝʩʩ ʧʝʨʝʜʚʠʞʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʦʝʥʠʷ ʢʦʨʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ 

ʥʘ ʢʦʥʪʨʦʣʝ ʠ ʫʧʨʘʚʣʝʥʠʝʤ ʧʨʦʮʝʩʩʦʤ ʜʦʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʤʦʣʦʢʦʦʪʜʘʯʠ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

ï ʚʳʧʦʣʥʝʥʠʝ ʤʘʰʠʥʥʦʛʦ ʜʦʜʘʠʚʘʥʠʷ, ʧʫʪʝʤ ʦʪʪʷʛʠʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴ-

ʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʢʘʞʜʦʡ ʜʦʣʠ ʚʳʤʝʥʠ; 

ï ʦʪʢʣʶʯʝʥʠʝ ʠ ʩʥʷʪʠʝ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʧʨʠ ʦʢʦʥʯʘʥʠʠ ʜʦʝʥʠʷ [3].   

ʈʘʟʨʘʙʦʪʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩʦʜʝʨʞʠʪ ʦʜʥʦʦʩʥʫʶ ʪʝʣʝʞʢʫ ʩ ʜʦʠʣʴʥʳʤ ʚʝʜ-

ʨʦʤ ʠ ʚʘʢʫʫʤʥʦʡ ʫʩʪʘʥʦʚʢʦʡ. ʂʨʳʰʢʘ  ʜʦʠʣʴʥʦʛʦ ʚʝʜʨʘ ʩʦʜʝʨʞʠʪ ʜʘʪʯʠʢ ʧʦʪʦ-

ʢʘ ʤʦʣʦʢʘ, ʢʦʪʦʨʳʡ ʩʦʝʜʠʥʝʥ ʤʦʣʦʯʥʳʤ ʰʣʘʥʛʦʤ ʩ ʢʦʣʣʝʢʪʦʨʦʤ ʜʦʠʣʴʥʦʛʦ ʘʧ-

ʧʘʨʘʪʘ. ʇʨʠʯʝʤ ʢʘʞʜʳʡ ʜʦʠʣʴʥʳʡ ʩʪʘʢʘʥ ʩʦʜʝʨʞʠʪ ʤʝʭʘʥʠʟʤʘ ʜʦʜʘʠʚʘʥʠʷ, ʚʳ-

ʧʦʣʥʝʥʥʳʡ ʚ ʚʠʜʝ ʩʠʣʴʬʦʥʘ, ʰʪʦʢʠ ʢʦʪʦʨʦʛʦ ʩʦʝʜʠʥʝʥʳ ʩ ʫʧʦʨʦʤ, ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʫʶʱʠʤ ʩ ʦʢʦʣʦʩʦʩʢʦʚʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʜʦʣʠ ʚʳʤʝʥʠ. ʂʦʣʣʝʢʪʦʨ ʜʦʠʣʥɹʦʛʦ 

ʘʧʧʘʨʘʪʘ ʩʦʝʜʠʥʝʥ ʩ ʜʝʨʞʘʪʝʣʝʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʚ ʚʠʜʝ ʯʝʪʳʨʸʭ ʰʘʨʥʠʨʥʦ ʩʦ-

ʝʜʠʥʝʥʥʳʭ ʩʝʢʪʦʨʦʚ ʠ  ʰʘʨʥʠʨʥʦ ʧʨʠʢʨʝʧʣʝʥ ʢ ʦʧʦʨʝ ʪʝʣʝʞʢʠ. ʏʝʨʝʟ ʩʝʢʪʦʨʘ 

ʧʨʦʭʦʜʠʪ ʰʥʫʨ,  ʩʦʝʜʠʥʝʥʥʳʡ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʩ ʧʦʩʣʝʜʥʠʤ ʩʝʢʪʦʨʦʤ, ʘ ʩ ʜʨʫ-

ʛʦʡ ʩ ʧʦʨʰʥʝʤ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ, ʧʨʠʢʨʝʧʣʝʥʥʦʛʦ ʢ ʢʦʨʧʫʩʫ ʪʝʣʝʞʢʠ.   

ʇʝʨʝʜʚʠʞʥʦʡ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʦʝʥʠʷ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʧʝʨʘ-

ʪʦʨ ʧʦʜʚʦʟʠʪ ʫʩʪʨʦʡʩʪʚʦ ʤʝʞʜʫ ʜʚʫʭ ʨʷʜʦʤ ʩʪʦʷʱʠʭ ʢʦʨʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʜʘʪ-

ʯʠʢ ʧʦʪʦʢʘ ʚ ʩʪʘʨʪʦʚʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʥʘʜʝʚʘʝʪ ʜʦʠʣʴʥʳʝ ʩʪʘʢʘʥʳ ʥʘ ʚʳʤʷ ʞʠ-
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ʚʦʪʥʦʛʦ. ʅʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʜʦʝʥʠʷ. ʉʦʛʣʘʩʥʦ ʘʣʛʦʨʠʪʤʫ ʫʧʨʘʚʣʝʥʠʷ ʜʦʝʥʠʝʤ, 

ʧʨʠ ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʜʦ 500 ʤʣ/ʤʠʥ., ʜʘʪʯʠʢ ʧʦʪʦʢʘ ʤʦ-

ʣʦʢʘ ʦʙʝʩʧʝʯʠʚʘʝʪ  ʧʦʜʘʯʫ ʚʘʢʫʫʤʘ ʚ ʤʝʭʘʥʠʟʤ ʜʦʜʘʠʚʘʥʠʷ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ 

ʠ ʧʨʦʠʩʭʦʜʠʪ ʦʪʪʷʛʠʚʘʥʠʝ ʢʘʞʜʦʡ ʜʦʣʠ ʚʳʤʝʥʠ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʩ ʫʩʠʣʠʝʤ ʨʘʚ-

ʥʳʤ 7 ʅ, ʚ ʩʪʦʨʦʥʫ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ [4, 5]. ɽʩʣʠ ʧʨʠ ʵʪʦʤ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʪʦ ʜʦʜʘʠʚʘʥʠʝ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʜʦ 200 ʤʣ/ʤʠʥ., ʜʘʪʯʠʢ 

ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʦʪʢʣʶʯʘʝʪ ʚʘʢʫʫʤ ʦʪ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʠ ʧʦʜʘʝʪ ʚʘʢʫʫʤ ʚ 

ʧʥʝʚʤʦʮʠʣʠʥʜʨ. ʇʨʠ ʵʪʦʤ ʧʦʨʰʝʥʴ ʧʝʨʝʤʝʱʘʝʪʩʷ ʠ ʧʦʩʨʝʜʩʪʚʦʤ ʰʥʫʨʘ ʩʢʣʘ-

ʜʳʚʘʝʪ ʩʝʢʪʦʨʘ ʜʝʨʞʘʪʝʣʷ, ʪʝʤ ʩʘʤʳʤ ʦʩʫʱʝʩʪʚʣʷʝʪ ʩʥʷʪʠʷ ʠ ʚʳʚʦʜ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠʟ ʧʦʜ ʚʳʤʝʥʠ ʢʦʨʦʚʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʙʦʯʠʡ ʧʨʦ-

ʮʝʩʩ ʧʝʨʝʜʚʠʞʥʦʛʦ ʤʘʥʠʧʫʣʪ̫ʦʨʘ ʜʦʝʥʠʷ.  
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ʂ ʆɹʆʉʅʆɺɸʅʀʖ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʈɽɾʀʄʅʓʍ ʇɸʈɸʄɽʊʈʆɺ  

ʇʋʃʔʉɸʊʆʈɸ ɼʆʀʃʔʅʆɻʆ ɸʇʇɸʈɸʊɸ 

 

ɺ.ʌ. ʋʞʠʢ, ɼ.ʅ. ʂʣʸʩʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʅʘ ʨʘʟʚʠʪʠʝ ʧʨʦʮʝʩʩʘ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ ʢʦʨʦʚ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʘʜʘʧʪʠʚʥʳʭ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ [4, 6]. 

ʅʘ ʩʝʛʦʜʥʷ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʜʦʠʣʴʥʳʭ ʘʧʧʘ-

ʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʧʦ ʩʚʦʠʤ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʤʘʢʩʠʤʘʣʴʥʦ 

ʦʪʚʝʯʘʶʪ ʪʨʝʙʦʚʘʥʠʷʤ ʬʠʟʠʦʣʦʛʠʠ ʚʳʤʝʥʠ ʢʦʨʦʚ [1, 2, 3, 5]. 

ʅʘ ʙʘʟʝ ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʮʠʷ 

ʘʜʘʧʪʠʚʥʦʛʦ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʚ ʢʦʪʦʨʦʤ ʤʝʭʘʥʠʯʝʩʢʠʡ ʧʫʣʴʩʘʪʦʨ ʦʙʝʩʧʝʯʠ-

ʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʪʦʚ ʠ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ 

ʨʝʞʠʤʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʜʘʪ-

ʯʠʢʦʤ ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʚ ʚʠʜʝ ʤʦʣʦʢʦʣʦʚʫʰʢʠ. ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ʩ ʤʠʢʨʦʢʦʥʪʨʦʣʣʝʨʦʤ, ʢʦʪʦʨʳʡ ʥʘ ʦʩʥʦ-

ʚʘʥʠʠ ʜʘʥʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦʦʪʜʘʯʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʨʝʞʠʤ ʜʦʝʥʠʷ. ɿʘ 

ʩʯʝʪ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʟʤʝʥʷʶʪ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʪʘʢʪʦʚ, ʘ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚ ʢʦʨʧʫʩʝ ʧʫʣʴʩʘʪʦʨʘ ï ʯʘʩʪʦʪʫ ʧʫʣʴʩʘ-

ʮʠʡ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʫʣʴʩʘʪʦʨʘ 

ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ  

67000 ʜʦ 52000 ʇʘ ʠ ʠʟʤʝʥʝʥʠʠ ʜʠʘʤʝʪʨʘ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʦʪ 0,03 

ʜʦ 0,05 ʤ ʢʨʫʪʷʱʠʡ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0,045 

ʜʦ 0,107 ʅ*ʤ. 

ʇʨʠʥʷʚ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʫʣʴʩʘʪʦʨʘ ʚ ʢʘʤʝʨʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʷ, ʘ ʦʙʲʝʤ ʤʝʞʩʪʝʥʥʦʡ ʢʘ-

ʤʝʨʳ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ï ʧʦʩʪʦʷʥʥʳʡ, ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʜʣʠʥʳ ʚʘʢʫʫʤʥʦʛʦ ʢʘʥʘʣʘ ʦʪ 0,5 ʜʦ 1,3 ʤ ʠ ʠʟʤʝʥʝʥʠʠ ʝʛʦ ʜʠʘʤʝʪʨʘ ʦʪ 0,003 ʜʦ 

0,007 ʤ ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʪʘʢʪʘ ʩʞʘʪʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,004 

ʜʦ 0,322 ʩ, ʘ ʨʘʩʯʝʪʥʦʝ ʚʨʝʤʷ ʚʢʣʶʯʝʥʠʷ ʪʘʢʪʘ ʩʦʩʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ 0,005 ʜʦ 0,381 ʩ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʫʣʴ-

ʩʘʪʦʨʘ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ 

ʙʫʜʫʪ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʫʣʴʩʘʪʦʨʘ ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʟʘ 

ʩʯʝʪ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʪʘʢʪʦʚ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ, ʘ ʠʤʝʥʥʦ ʧʦʚʳʰʘʝʪ 

ʩʪʝʧʝʥʴ ʚʳʜʘʠʚʘʝʤʦʩʪʠ ʢʦʨʦʚ ʥʘ 3ς5 %. 
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ɼʆʀʃʔʅʓʁ ʉʊɸʂɸʅ ʉ ɺʆʃʅʆʆɹʈɸɿʅʓʄ ɺʆɿɼɽʁʉʊɺʀɽʄ ʅɸ ʉʆʉʆʂ 

 

ɺ.ʌ. ʋʞʠʢ, ʇ.ʖ. ʂʦʢʘʨʝʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʜʦʝʥʠʷ ʢʦʨʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʦʩʪʠ ʢʘʞʜʦʛʦ ʞʠʚʦʪʥʦʛʦ. ʀʥʦʛʜʘ ʢʘʞʝʪʩʷ, ʯʪʦ ʢʘʢ ʠ ʣʶʙʘʷ çʞʝʥʩʢʘʷ 

ʦʩʦʙʴè, ʢʦʨʦʚʘ ʩʘʤʘ ʥʝ ʧʦʥʠʤʘʝʪ ʯʪʦ ʝʡ ʥʫʞʥʦ,  ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʙʳʩʪʨʦʛʦ ʠ 

ʣʝʛʢʦʛʦ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ ʠʟ ʚʳʤʝʥʠ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʳ ʩʘʤʳʝ ʚʘʞʥʳʝ ʠ ʫʥʠ-

ʚʝʨʩʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʚʦʟʙʫʞʜʝʥʠʷ ʨʝʬʣʝʢʩʘ ʤʦʣʦʢʦʦʪʜʘʯʠ, ʢʦʪʦʨʳʭ ʥʫʞʥʦ 

ʧʨʠʜʝʨʞʠʚʘʪʴʩʷ ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʜʦʝʥʠʷ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠ-

ʚʘʪʴ ʠʜʝʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʧʦʩʦʙʘ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ ʠʟ ʩʦʩʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʨʝʜʩʪʚ ʠʤʠʪʠʨʫʶʱʠʭ ʧʨʦʮʝʩʩ ʩʦʩʘʥʠʷ ʚʳʤʝʥʠ ʪʝʣʝʥʢʦʤ, ʫ ʢʦʪʦʨʦʛʦ, ʙʝʟ ʩʦ-

ʤʥʝʥʠʷ, ʠʤʝʶʪʩʷ ʚʩʝ ʧʨʠʨʦʜʦʡ ʟʘʣʦʞʝʥʥʳʝ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʚʣʝʯʝʥʠʷ ʤʦʣʦʢʘ ʙʝʟ 

ʚʩʷʢʦʛʦ ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʟʜʦʨʦʚʴʝ ʩʚʦʝʡ ʢʦʨʤʠʣʠʮʳ. ɼʚʠʞʝʥʠʷ ʷʟʳʢʘ 

ʪʝʣʝʥʢʘ ʠ ʠʟʤʝʥʷʶʱʠʝʩʷ ʟʥʘʯʝʥʠʷ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʣʦʩʪʠ ʨʪʘ 

ʪʝʣʝʥʢʘ ʚʦ ʚʨʝʤʷ ʧʠʪʴʷ ʤʦʣʦʢʘ ʠʟ ʩʦʩʢʘ ʜʘʚʥʦ ʠʟʫʯʝʥʳ [1, 2]. ɿʘʣʦʞʠʪʴ ʚ ʦʩʥʦ-

ʚʫ ʨʘʙʦʪʳ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʜʝʡʩʪʚʠʷ, ʢʦʧʠʨʫʶʱʠʝ ʘʢʪ ʚʳʩʘʩʳʚʘʥʠʷ ʧʦʨʮʠʠ 

ʤʦʣʦʢʘ ʠʟ ʩʦʩʢʘ ʪʝʣʝʥʢʦʤ ï ʚʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ ʜʦʩʪʠʞʝʥʠʷ ʩʘʤʳʭ ʬʠʟʠʦʣʦ-

ʛʠʯʥʳʭ ʩʚʦʡʩʪʚ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦ ʚʨʝʤʷ ʧʦʠʩʢʘ ʢʦʥʩʪʨʫʢʮʠʠ 

ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʚʘʞʥʦʩʪʴ ʪʘʢʠʭ ʫʩʣʦʚʠʡ ʢʘʢ ʥʘʜʝʞʥʦʩʪʴ 

ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʫʧʨʦʱʝʥʥʦʩʪʴ ʤʝʭʘʥʠʟʤʘ, ʧʦʩʢʦʣʴʢʫ ʩʪʘʢʘʥʳ ʧʨʝʪʝʨʧʝʚʘʶʪ 

ʫʜʘʨʳ ʠ ʟʘʛʨʷʟʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʧʝʨʝʥʦʩʢʠ [3]. 

ɸʥʘʣʠʟ ʢʦʥʩʪʨʫʢʮʠʡ ʜʝʬʦʨʤʘʪʦʨʦʚ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʚʳʞʠʤʘʶʱʝʛʦ 

ʧʨʠʥʮʠʧʘ ʜʝʡʩʪʚʠʷ ʧʦʟʚʦʣʠʣ ʥʘʤ ʚʳʷʚʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ, ʘ 

ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʩʦʙʩʪʚʝʥʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ, ʚʢʣʶʯʘʶʱʫʶ ʚ ʩʝʙʷ ʥʘʠʙʦʣʝʝ ʫʜʘʯ-

ʥʳʝ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʨʝʰʝʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʳʤʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʘʢʪʠʨʫ-

ʶʱʠʤʠ ʩ ʩʦʩʢʦʚʦʡ ʪʨʫʙʢʦʡ, ʟʚʝʥʴʷʤʠ ʜʝʬʦʨʤʘʪʦʨʘ, ʠʤʠʪʠʨʫʶʱʠʤʠ ʚʦʣʥʦʦʙ-

ʨʘʟʥʦʝ ʜʚʠʞʝʥʠʝ ʷʟʳʢʘ ʪʝʣʝʥʢʘ, ʩʣʫʞʘʪ ʨʦʣʠʢʠ. ɺ ʥʘʰʝʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʚʠʞʝ-

ʥʠʝ ʨʦʣʠʢʦʚ ʚ ʪʘʢʪʝ ʚʳʞʠʤʘʥʠʷ ʠ ʚ ʪʘʢʪʝ ʦʪʜʳʭʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʘʟʳ ʥʘʧʨʘʚ-

ʣʷʶʱʠʭ, ʚ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ ʦʩʠ. ɺʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʧʝʨʝʤʝʱʝ-

ʥʠʝ ʜʝʬʦʨʤʘʪʦʨʘ ʦʩʫʱʝʩʪʚʣʷʝʪ ʧʥʝʚʤʦʮʠʣʠʥʜʨ, ʩʦʦʙʱʘʝʤʳʡ ʩ ʧʫʣʴʩʘʪʦʨʦʤ [5, 

6, 7]. 

ɼʘʥʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʨʦʣʠʢʦʚʦʛʦ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʚʳʞʠʤʘʶʱʝʛʦ ʧʨʠʥ-

ʮʠʧʘ ʜʝʡʩʪʚʠʷ ʧʨʝʜʝʣʴʥʦ ʧʨʦʩʪʘ, ʘ ʟʥʘʯʠʪ, ʥʝ ʧʦʪʨʝʙʫʝʪ ʚʳʩʦʢʠʭ ʟʘʪʨʘʪ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ ʦʙʣʘʜʘʝʪ ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʦʝʥʠʷ ʢʘʯʝʩʪʚʘʤʠ. 

ʊʨʝʙʫʝʤʦʝ ʟʥʘʯʝʥʠʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚ ʧʦʣʦʩʪʠ ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ 

ʚ ʪʘʢʪʝ ʚʳʞʠʤʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʧʝʨʝʤʝʥʥʳʭ ʚʝʣʠʯʠʥ, ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʥʘʰʝʛʦ ʜʦ-

ʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ, ʘ ʪʘʢʞʝ ʪʦʯʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʣʘ-

ʙʦʨʘʪʦʨʥʳʤʠ ʠʩʧʳʪʘʥʠʷʤʠ. 
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ɺ.ʌ. ʋʞʠʢ, ʉ.ʀ. ʅʝʢʠʧʝʣʦʚ 
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɼʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ 

ʢʦʨʦʚ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʜʘʧʪʠʚʥʦʛʦ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʙʣʘ-

ʜʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʜʦʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ, ʚʳʚʦʜʠʤʦʛʦ ʠʟ ʩʦʩʢʦʚ ʚʳʤʝʥʠ [1ï11]. ʕʪʦ ʚʳʟʚʘʥʦ ʚʦʟ-

ʤʦʞʥʦʩʪʴʶ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʩʢʘ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʚr ʩʦʢʦʛʦ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ ʜʦʠʣʴʥʦʛʦ ʩʪʘ-

ʢʘʥʘ ʢʘʢ ʜʦ ʧʨʠʧʫʩʢʘ ʤʦʣʦʢʘ, ʪʘʢ ʠ ʧʦ ʟʘʚʝʨʰʝʥʠʶ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʠʟ ʩʦʩʢʘ. 

ʕʪʘ ʦʧʘʩʥʦʩʪʴ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ, ʪʘʢ ʢʘʢ ʨʘʙʦʯʝʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʚ ʜʦʠʣʴʥʦʤ ʩʪʘʢʘʥʝ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʜʘʚʣʝʥʠʝ ʚ ʧʦʣʦʩʪʠ ʨʪʘ ʪʝʣʝʥʢʘ ʧʨʠ 

ʩʦʩʘʥʠʠ ʢʦʨʦʚʳ. ʇʦʵʪʦʤʫ ʚʦʧʨʦʩ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ,  ʦʙʣʘʜʘʶʱʝʛʦ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʴʶ ʤʦʣʦʢʦʚʳʚʝʜʝʥʠʷ ʧʨʠ ʙʝʟʚʨʝʜʥʦʤ 

ʧʥʝʚʤʦʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʦʣʦʯʥʫʶ ʞʝʣʝʟʫ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʩʚʦʝ-

ʚʨʝʤʝʥʥʦʛʦ ʩʥʷʪʠʷ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʚʳʤʝʥʠ ʢʦʨʦʚʳ, ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ.  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʟʤʝʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʜʦʝʥʠʷ ʢʦʨʦ-

ʚʳ ʨʝʘʣʠʟʦʚʘʥ ʚ ʨʦʙʦʪʘʭ ʜʣʷ ʜʦʝʥʠʷ ʢʦʨʦʚ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝ-

ʥʠʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦʝʥʠʷ, ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʧʫʣʴʩʘʪʦʨʘ ʠ 

ʩʥʷʪʠʝ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʧʦ ʢʘʞʜʦʡ ʜʦʣʝ ʚʳʤʝʥʠ ʢʦʨʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʆʥʠ 

ʧʦʣʫʯʠʣʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʦʣʦʯʥʦʡ ʦʪʨʘʩʣʠ. ʈʝʘʣʠʟʦ-

ʚʘʪʴ ʞʝ ʪʘʢʦʡ ʨʝʞʠʤ ʜʦʝʥʠʷ ʥʘ ʜʨʫʛʠʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʧʝʨʝ-

ʥʦʩʥʦʤ ʚʘʨʠʘʥʪʝ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦ ʩʙʦʨʦʤ ʤʦʣʦʢʘ ʚ ʤʦʣʦʢʦʧʨʦʚʦʜ ʠʣʠ 

ʜʦʠʣʴʥʦʝ ʚʝʜʨʦ ʚʝʩʴʤʘ ʩʣʦʞʥʦ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʥʘʤʠ ʧʝʨʝʥʦʩʥʦʡ ʤʘʥʠʧʫʣʷʪʦʨ 

ʜʣʷ ʜʦʝʥʠʷ ʢʦʨʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜ-

ʩʦʩʢʦʚʳʭ ʠ ʤʝʞʩʪʝʥʥʳʭ ʢʘʤʝʨʘʭ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʧʦ ʢʘʞʜʦʤʫ ʩʦʩʢʫ ʚ ʦʪ-

ʜʝʣʴʥʦʩʪʠ ʠ ʩʥʷʪʠʝ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩ ʚʳʤʝʥʠ ʢʦʨʦʚʳ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʜʦʝ-

ʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʩʦʩʢʘ (ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʥʠʞʝ ʟʘʜʘʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ, ʥʘʧʨʠʤʝʨ 50 ʤʣ/ʤʠʥ.) [10]. ʆʥ ʚʢʣʶʯʘʝʪ ʜʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ, ʩʦʩʪʦʷ-

ʱʠʡ ʠʟ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ, ʯʝʪʳʨʝʭʩʝʢʮʠʦʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ ʩ ʩʝʢʮʠʷʤʠ, ʢʦʪʦ-

ʨʳʝ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʙʲʝʜʠʥʝʥʳ ʤʦʣʦʢʦʧʨʠʝʤʥʦʡ ʢʘʤʝʨʦʡ, ʧʘʪʨʫʙʢʦʤ, ʧʝʨʝ-

ʢʨʳʚʘʝʤʳʤ ʢʣʘʧʘʥʦʤ, ʩʦʝʜʠʥʷʝʤʦʡ ʩ ʤʦʣʦʢʦʧʨʦʚʦʜʦʤ, ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʧʥʝʚʤʦʮʠʣʠʥʜʨʘ ʩʥʷʪʠʷ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʝʢʮʠʠ ʢʦʣʣʝʢʪʦ-

ʨʘ ʦʙʲʝʜʠʥʝʥʳ ʢʘʤʝʨʦʡ ʧʦʩʪʦʷʥʥʦʛʦ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʩʦʝʜʠʥʷʝ-

ʤʦʡ ʩ ʚʘʢʫʫʤʥʦʡ ʤʘʛʠʩʪʨʘʣʴʶ  ʜʦʠʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʂʘʞʜʘʷ ʩʝʢʮʠʷ ʢʦʣʣʝʢʪʦʨʘ 

ʘʚʪʦʥʦʤʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʠʟʤʝʥʝʥʠʝ ʚʘʢʫʫʤʥʦʛʦ ʨʝʞʠʤʘ ʜʦʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʦʥʘ ʩʦʜʝʨʞʠʪ ʨʝʛʫʣʷʪʦʨ ʚʘʢʫʫʤ-

ʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʫʧʨʘʚʣʷʝʤʳʡ ʜʘʪʯʠʢʦʤ ʧʦʪʦʢʘ ʤʦʣʦʢʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʤʘʥʠʧʫʣʷʪʦʨʘ ʜʣʷ ʜʦʝʥʠʷ ʢʦʨʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤ 

ʨʝʞʠʤʦʤ ʜʦʝʥʠʷ ʧʦ ʢʘʞʜʦʡ ʜʦʣʝ ʚʳʤʝʥʠ ʢʦʨʦʚʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʠʪ ʦʙʝʩ-
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ʧʝʯʠʪʴ ʱʘʜʷʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʦʣʦʯʥʫʶ ʞʝʣʝʟʫ. ʕʪʦ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ 

ʧʦʚʳʰʝʥʠʶ ʚʳʜʦʝʥʥʦʩʪʠ ʢʦʨʦʚ ʥʘ 3ï4 % ʠ ʩʥʠʞʝʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʳʤʝʥʠ 

ʢʦʨʦʚ ʤʘʩʪʠʪʦʤ ʚ 2,0 ï 2,5 ʨʘʟʘ.  
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ʋɼʂ 637.115 

 

ɼʆʀʃʔʅʓʁ ɸʇʇɸʈɸʊ ʉ ʏɽʊʓʈɽʍʂɸʄɽʈʅʓʄ ʇʋʃʔʉʆʂʆʃʃɽʂʊʆʈʆʄ 

 

ɺ.ʌ. ʋʞʠʢ, ɺ.ɺ. ʇʨʦʢʦʬʴʝʚ 
ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʝʜʝʪʩʷ ʩʝʣʝʢʮʠʦʥʥʳʡ ʦʪʙʦʨ 

ʢʦʨʦʚ, ʦʜʥʠʤ ʠʟ ʢʨʠʪʝʨʠʝʚ ʧʨʠʛʦʜʥʦʩʪʠ ʢ ʤʘʰʠʥʥʦʤʫ ʜʦʝʥʠʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪ-

ʩʷ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʜʦʣʝʡ ʚʳʤʝʥʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʟʘʥʠʤʘʝʪ ʜʝʩʷʪʠʣʝʪʠʷ, 

ʠ ʧʦʵʪʦʤʫ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʭʦʟʷʡʩʪʚʘʭ ʧʦʨʦʡ ʩʦʜʝʨʞʘʪʴʩʷ ʚʳʩʦʢʦʧʨʦ-

ʜʫʢʪʠʚʥʳʝ ʞʠʚʦʪʥʳʝ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʚʠʪʳʤʠ ʜʦʣʷʤʠ ʚʳʤʝʥʠ. ʄʘʰʠʥʥʦʝ 

ʜʦʝʥʠʝ ʢʦʨʦʚ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʟʚʠʪʳʤʠ ʜʦʣʷʤʠ ʚʳʤʝʥʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʘʟ-

ʚʠʪʠʶ ʟʘʙʦʣʝʚʘʥʠʷ ʤʘʩʪʠʪʦʤ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʮʝʩʩʝ ʜʦʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʭʦʣʦ-

ʩʪʦʝ ʜʦʝʥʠʝ ʦʜʥʠʭ ʠ ʥʝʜʦʜʦʡ ʜʨʫʛʠʭ ʩʦʩʢʦʚ. ʀʟʙʝʞʘʪʴ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʤʦʞʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʨʝʞʠʤʦʤ ʜʦʝʥʠʷ, ʢʦ-

ʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʤʦʣʦʢʦʦʪʜʘʯʠ ʫ ʞʠ-

ʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʤʦʛʘʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʦʨʛʘʥʠʟ-

ʤʘ. ʊʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʧʦʣʥʦʪʫ ʚʳʜʘʠʚʘʝʤʦʩʪʠ ʜʦʣʝʡ 

ʚʳʤʝʥʠ ʠ ʩʥʠʟʠʪʴ ʨʠʩʢ ʟʘʙʦʣʝʚʘʥʠʷ ʢʦʨʦʚ ʤʘʩʪʠʪʦʤ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʪʘʢʦ-

ʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚʝʩʴʤʘ ʮʝʣʝʩʦʦʙʨʘʟʥʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʠʟʤʝʥʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ï ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʜʦʝʥʠʷ, ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ʧʫʣʴʩʘʪʦʨʘ ʠ ʩʦʦʪ-

ʥʦʰʝʥʠʝ ʪʘʢʪʦʚ ʧʫʣʴʩʘʪʦʨʘ. ʊʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʝʞʠʤʘ ʜʦʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʶʪ ʢʘʢ 

ʚ ʮʝʣʦʤ ʧʦ ʚʳʤʝʥʠ, ʪʘʢ ʠ ʧʦ ʢʘʞʜʦʡ ʜʦʣʝ ʚʳʤʝʥʠ ʢʦʨʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʕʪʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʩʪʘʮʠʦʥʘʨʥʳʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɺ ʧʝʨʝ-

ʥʦʩʥʦʤ ʞʝ ʚʘʨʠʘʥʪʝ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʵʪʦ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʀ ʝʩʣʠ 

ʠʟʤʝʥʝʥʠʝ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦʝʥʠʷ, ʢʘʢ ʧʦ ʚʳʤʝʥʠ ʚ ʮʝʣʦʤ ʪʘʢ ʠ 

ʧʦ ʜʦʣʷʤ ʚʳʤʝʥʠ ʢʦʨʦʚ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ, ʚʳʚʦ-

ʜʠʤʦʛʦ ʠʟ ʚʳʤʝʥʠ, ʫʞʝ ʨʝʘʣʠʟʦʚʘʥʦ ʚ ʨʷʜʝ ʢʦʥʩʪʨʫʢʮʠʡ [1ï12], ʪʦ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʧʦ ʢʘʞʜʦʤʫ ʩʦʩʢʫ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʚ ʧʝʨʝʥʦʩʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʥʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʠ ʥʝ ʠʩʧʳʪʳʚʘʣʦʩʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʧʨʝʜʤʝʪ ʧʨʦʚʝʨʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʦʛʦ ʨʝ-

ʞʠʤʘ ʜʦʝʥʠʷ.  

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘʤʠ ʢʦʥʩʪʨʫʢʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ ʢʘʢ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦʝʥʠʷ, ʪʘʢ ʠ ʯʘ-

ʩʪʦʪʳ ʧʫʣʴʩʘʮʠʡ ʧʫʣʴʩʘʪʦʨʘ.  ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʠ ʯʝʪʳʨʝʭʢʘ-

ʤʝʨʥʦʛʦ ʧʫʣʴʩʦʢʦʣʣʝʢʪʦʨʘ. ʂʘʤʝʨʳ ʧʫʣʴʩʦʢʦʣʣʝʢʪʦʨʘ ʚʢʣʶʯʘʶʪ ʜʘʪʯʠʢ ʧʦʪʦʢʘ 

ʤʦʣʦʢʘ, ʨʝʛʫʣʷʪʦʨ  ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʩʦʩʢʦʚʦʡ ʢʘʤʝʨʝ, ʨʝʛʫ-

ʣʷʪʦʨ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʤʝʞʩʪʝʥʥʦʡ ʢʘʤʝʨʝ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ ʠ 

ʧʫʣʴʩʘʪʦʨ [10]. ʇʨʠʤʝʥʝʥʠʝ ʜʘʥʥʦʛʦ ʘʧʧʘʨʘʪʘ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝ-

ʥʠʶ ʚʜrʦʝʥʥʦʩʪʠ ʢʦʨʦʚ ʥʘ 3ï4 % ʠ ʩʥʠʞʝʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʳʤʝʥʠ ʢʦʨʦʚ 

ʤʘʩʪʠʪʦʤ ʚ 2,0 ï 2,5 ʨʘʟʘ. 
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ʂ ʉʆɿɼɸʅʀʖ ʈɸɿʈɸɺʅʀɺɸʖʑɽɻʆ ʋʉʊʈʆʁʉʊɺɸ 

 

ɺ.ʌ. ʋʞʠʢ, ɸ.ʅ. ʈʘʜʦʤʩʢʠʡ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʚʝʢʣʦʚʠʯʥʳʡ ʞʦʤ ʷʚʣʷʝʪʩʷ ʮʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʥʦ, ʥʝ 

ʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʜʘʣʝʢʦ ʥʝ ʚ ʧʦʣʥʦʤ ʦʙʲʝʤʝ [1].  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʩʝʤʴ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʚʝʢʣʦʚʠʯʥʦʛʦ ʞʦʤʘ [2, 3, 4, 5, 6, 7]: 

1. ʂʦʥʩʝʨʚʠʨʦʚʘʥʠʝ ʞʦʤʘ. 

2. ʉʫʰʢʘ, ʛʨʘʥʫʣʠʨʦʚʘʥʠʝ. 

3. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚ. 

4. ʋʪʠʣʠʟʘʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. 

5. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʝʢʪʠʥʘ. 

6. ʇʨʦʠʟʚʦʜʩʪʚʦ ʢʦʨʤʦʚʳʭ ʜʦʙʘʚʦʢ. 

7. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ ʪʝʭʥʦʣʦʛʠʡ ʚʩʣʝʜʩʪʚʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚʪʦ-

ʨʠʯʥʦʛʦ ʩʳʨʴʷ ʠ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʦʙʭʦʜʠʤʘ ʩʫʰʢʘ ʩʚʝʢʣʦʚʠʯ-

ʥʦʛʦ ʞʦʤʘ. ʉʫʱʝʩʪʚʫʶʱʝʝ ʟʘʛʨʫʟʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʩʫʰʠʣʴʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ ʢʦʥʚʝʡʝʨʥʦʛʦ ʪʠʧʘ ʩ ʢʘʩʢʘʜʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʣʝʥʪ [8] ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘ-

ʪʝʨʠʘʣʘ ʥʘ ʣʝʥʪʝ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʟʘʧʘʪʝʥʪʦʚʘʥʦ ʚʳʩʦʢʦʪʝʭ-

ʥʦʣʦʛʠʯʥʦʝ ʨʘʟʨʘʚʥʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ, ʢʦʪʦʨʦʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʘʛʨʫʟʢʫ ʩʳʨʦʛʦ 

ʞʦʤʘ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠ ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʣʦʷ ʚʣʘʞʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʧʦ ʚʳʩʦʪʝ ʠ ʰʠʨʠʥʝ ʣʝʥʪʳ ʚ ʢʦʥʚʝʡʝʨʥʳʭ ʩʫʰʠʣʢʘʭ [9]. 

ʈʘʟʨʘʚʥʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʇʨʦʜʫʢʪ ʟʘ-

ʛʨʫʞʘʶʪ ʚ ʙʫʥʢʝʨ-ʜʦʟʘʪʦʨ ʩ ʜʦʟʠʨʫʶʱʠʤ ʚʘʣʦʤ. ʇʦ ʣʝʥʪʝ ʢʦʥʚʝʡʝʨʘ ʧʨʦʜʫʢʪ 

ʧʦʜʘʶʪ ʢ ʨʘʟʨʘʚʥʠʚʘʶʱʝʤʫ ʚʘʣʫ ʜʣʷ ʨʘʟʨʘʚʥʠʚʘʥʠʷ. ʈʘʟʨʘʚʥʠʚʘʶʱʠʡ ʚʘʣ ʚʨʘ-

ʱʘʝʪʩʷ ʧʨʦʪʠʚ ʭʦʜʘ ʧʦʩʪʫʧʘʶʱʝʡ ʤʘʩʩʳ ʧʨʦʜʫʢʪʘ, ʧʦʵʪʦʤʫ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʥʝʤ ʧʘʣʴʮʳ ʦʪʙʨʘʩʳʚʘʶʪ ʣʠʰʥʠʡ ʩʣʦʡ ʧʨʦʜʫʢʪʘ, ʠ ʩʤʝʱʘʶʪ ʝʛʦ, ʪʘʢ ʢʘʢ ʨʘʟ-

ʨʘʚʥʠʚʘʶʱʠʡ ʚʘʣ ʫʩʪʘʥʦʚʣʝʥ ʧʦʜ ʫʛʣʦʤ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʣʝʥʪʳ ʢʦʥ-

ʚʝʡʝʨʘ, ʘ ʧʘʣʴʮʳ ʥʘ ʚʘʣʫ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʚʠʥʪʦʚʦʡ ʣʠʥʠʠ. ʉʤʝʱʝʥʠʝ ʣʠʰʥʝʛʦ 

ʩʣʦʷ ʧʨʦʜʫʢʪʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʪʦʨʦʥʫ ʢʦʥʮʝʚʦʡ ʣʦʧʘʪʢʠ, ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʵʣʝʢ-

ʪʨʦʧʨʠʚʦʜʦʤ ʤʦʪʦʨ-ʨʝʜʫʢʪʦʨʘ ʜʦʟʠʨʫʶʱʝʛʦ ʚʘʣʘ. ʇʨʠ ʢʦʥʪʘʢʪʝ ʧʨʦʜʫʢʪʘ ʩ 

ʢʦʥʮʝʚʦʡ ʣʦʧʘʪʢʦʡ ʜʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʩ ʙʫʥʢʝʨʘ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʢʦʥʪʘʢʪʘ ʥʘ ʢʦʥʮʝʚʫʶ ʣʦʧʘʪʢʫ ʧʨʦʜʫʢʪʦʤ, ʜʦʟʠʨʦʚʘʥʠʝ ʧʨʦʜʫʢʪʘ ʚʦʟʦʙ-

ʥʦʚʣʷʝʪʩʷ. ʈʘʟʨʘʚʥʠʚʘʶʱʠʡ ʚʘʣ ʦʯʠʱʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʯʠʩʪʠʢʘ ʚ ʤʦʤʝʥʪ ʩʢʨʳ-

ʪʠʷ ʧʘʣʴʮʝʚ, ʪʘʢ ʢʘʢ ʦʥʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. 

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ. ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʘʟʨʘʚʥʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʦʪʥʦ-

ʩʠʪʩʷ ʫʩʪʨʦʡʩʪʚʘʤ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʜʫʢʪʘ ʢ ʩʫʰʢʝ ʥʘ ʢʦʥʚʝʡʝʨʥʳʭ ʩʫʰʠʣʢʘʭ. 

ɼʘʥʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʣʦʷ ʥʘ ʣʝʥʪʝ 
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ʢʦʥʚʝʡʝʨʘ ʧʨʦʜʫʢʪʦʚ ʧʦʚʳʰʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʫʰʢʝ ʩʚʝʢʣʦʚʠʯ-

ʥʦʛʦ ʞʦʤʘ, ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʘ ʪʘʢ ʞʝ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺʳʚʦʜʳ. ʈʘʟʨʘʚʥʠʚʘʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ ʦʧʪʠʤʠʟʠʨʫʝʪ ʧʨʦʮʝʩʩ ʩʫʰʢʠ ʟʘ 

ʩʯʝʪ ʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʩʫʰʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʰʠʨʠʥʝ ʣʝʥʪʳ,  

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʫʰʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 
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ʋɼʂ 637.116.5 

 

ɸɼɸʇʊʀɺʅʓʁ ɼʆʀʃʔʅʓʁ ɸʇʇɸʈɸʊ ʉʆ ʉɹʆʈʆʄ ʄʆʃʆʂɸ  

ɺ ɼʆʀʃʔʅʆɽ ɺɽɼʈʆ 

 

ɺ.ʌ. ʋʞʠʢ, ɸ.ʀ. ʊʝʪʝʨʷʜʯʝʥʢʦ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ɺ ʩʚʦʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʠʤʝʥʷʝʤʦʝ ʜʦʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʢʦʨʦʚ 

ʩʥʘʙʞʝʥʦ ʵʣʝʤʝʥʪʘʤʠ ʘʚʪʦʤʘʪʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʫʧʨʘʚʣʷʪʴ  ʨʝʞʠʤʦʤ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʥʘ  ʤʦʣʦʯʥʫʶ ʞʝʣʝʟʫ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʚʳʚʦʜʠʤʦ-

ʛʦ ʠʟ ʚʳʤʝʥʠ ʤʦʣʦʢʘ. ʀʟʤʝʥʷʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ï ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʚ 

ʤʝʞʩʪʝʥʥʳʭ ʠ ʧʦʜʩʦʩʢʦʚʳʭ ʢʘʤʝʨʘʭ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ, ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ 

ʧʫʣʴʩʘʪʦʨʘ, ʩʦʦʪʥʦʰʝʥʠʝ ʪʘʢʪʦʚ ʩʦʩʘʥʠʷ ʠ ʩʞʘʪʠʷ [1ï9]. ʈʝʘʣʠʟʫʝʪʩʷ ʵʪʦ ʨʘʟ-

ʣʠʯʥʳʤʠ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ. ʊʘʢ, ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ ʠ ʩʦʦʪʥʦʰʝ-

ʥʠʝ ʪʘʢʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʧʫʣʴʩʘʪʦʨʳ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʜʘʥ-

ʥʦʛʦ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʤʝʤʙʨʘʥʥʳʝ 

ʨʝʛʫʣʷʪʦʨʳ.  

ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʘʜʘʧʪʠʚʥʦʛʦ 

ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦ ʩʙʦʨʦʤ ʤʦʣʦʢʘ ʚ ʜʦʠʣʴʥʦʝ ʚʝʜʨʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʧʦ-

ʣʦʩʪʠ ʜʦʠʣʴʥʦʛʦ ʚʝʜʨʘ, ʢ ʢʦʪʦʨʦʤʫ ʪʘʢʞʝ ʧʦʜʢʣʶʯʝʥ ʠ ʧʫʣʴʩʘʪʦʨ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ, ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʭʦʜʘ 

ʤʦʣʦʢʘ ʯʝʨʝʟ ʜʘʪʯʠʢ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʥʘ ʧʫʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ ʦʪ 

ʢʦʣʣʝʢʪʦʨʘ ʚ ʜʦʠʣʴʥʦʝ ʚʝʜʨʦ [6, 7]. ʀʟʤʝʥʝʥʠʝ ʚʘʢʫʫʤʥʦʛʦ ʨʝʞʠʤʘ ʚ ʧʦʣʦʩʪʠ 

ʜʦʠʣʴʥʦʛʦ ʚʝʜʨʘ, ʘ ʟʥʘʯʠʪ, ʠ ʚ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʘʭ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʤʝʞʜʫ ʜʦʠʣʴʥʳʤ ʚʝʜʨʦʤ ʠ ʚʘ-

ʢʫʫʤʧʨʦʚʦʜʦʤ ʜʦʠʣʥɹʦʡ ʫʩʪʘʥʦʚʢʠ.  

ɺ ʜʘʥʥʦʤ ʜʦʠʣʴʥʦʤ ʘʧʧʘʨʘʪʝ ʢʦʤʤʫʪʘʪʦʨ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʜʚʫʭʧʦʣʫʧʝʨʠʦʜʥʦʛʦ ʛʠʜʨʦʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʫʣʴʩʘʪʦʨʘ ʩʦʜʝʨʞʠʪ ʧʦʣʟʫʥ,  

ʩʦʚʝʨʰʘʶʱʠʡ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʨʫʙʢʠ 

ʧʫʣʴʩʘʪʦʨʘ, ʧʨʠʯʝʤ ʧʦʣʟʫʥ ʩʥʘʙʞʝʥ ʚʢʣʘʜʳʰʝʤ, ʧʝʨʝʤʝʱʘʝʤʳʤ ʧʥʝʚʤʦʮʠʣʠʥ-

ʜʨʦʤ. ɺʳʚʝʜʝʥʠʝ ʚʢʣʘʜʳʰʘ ʠʟ ʟʦʥʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʘʟʘ ʧʦʣʟʫʥʘ  ʩ ʧʘʟʘʤʠ ʦʩ-

ʥʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ ʩʦʩʘʥʠʷ, ʘ ʚʦʟʚʨʘʱʝʥʠʝ ʚ 

ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ï ʝʛʦ ʩʦʢʨʘʱʝʥʠʝ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʪʘʢʪʘ ʩʞʘʪʠʷ ʚ ʜʦʠʣʴʥʦʤ ʩʪʘʢʘʥʝ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʣʫʯʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʫʣʴʩʘʪʦʨʘ ʠ ʨʝʛʫʣʷʪʦʨʘ 

ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʠʭ  ʦʩʥʦʚ-

ʥʳʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦ-ʨʝʞʠʤʥʳʝ ʧʘʨʘʤʝʪʨʳ.  

ʇʨʠʤʝʥʝʥʠʝ ʘʜʘʧʪʠʚʥʦʛʦ ʣʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʩʦ ʩʙʦʨʦʤ ʤʦʣʦʢʘ ʚ ʜʦʠʣʴ-

ʥʦʝ ʚʝʜʨʦ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʱʘʜʷʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʤʦʣʦʯʥʫʶ ʞʝʣʝʟʫ. ʕʪʦ 

ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʦʚʳʰʝʥʠʶ ʚʳʜʦʝʥʥʦʩʪʠ ʢʦʨʦʚ ʥʘ 4ï5 % ʠ ʩʥʠʞʝʥʠʶ ʟʘ-

ʙʦʣʝʚʘʝʤʦʩʪʠ ʚʳʤʝʥʠ ʢʦʨʦʚ ʤʘʩʪʠʪʦʤ ʚ 3,0 ï 3,5 ʨʘʟʘ.  
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ʂ ʆɹʆʉʅʆɺɸʅʀʖ ʂʆʅʉʊʈʋʂʊʀɺʅʆ-ʈɽɾʀʄʅʓʍ ʇɸʈɸʄɽʊʈʆɺ 

ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʆɻʆ ʄʆɹʀʃʔʅʆɻʆ ɸɻʈɽɻɸʊɸ 

ɼʆɽʅʀʗ ʂʆʈʆɺ ɼʃʗ ʄɸʃʓʍ ʌɽʈʄ 

 

ɺ.ʌ. ʋʞʠʢ, ʖ.ʅ. ʋʣʴʷʥʮʝʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʈʦʩʪ ʦʙʲʝʤʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʨʦʜʫʢʮʠʠ ʤʦʣʦʯʥʦʛʦ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ ʚʦʟ-

ʤʦʞʝʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘ ʩʯʝʪ ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʚʝʜʫʱʘʷ ʨʦʣʴ ʧʨʠʥʘʜʣʝʞʠʪ ʘʚʪʦʤʘʪʠʟʘʮʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚʦʧʨʦʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʨʘʟʨʘ-

ʙʦʪʢʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚʥʝʜʨʷʝʤʳʭ ʚ ʬʝʨʤʝʨʩʢʠʝ ʭʦʟʷʡʩʪʚʘ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʤʦʣʦʢʘ, ʧʦʟʚʦʣʷʶʱʠʭ ʜʦʙʠʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʣʦʯʥʦʛʦ ʩʢʦʪʘ ʠ 

ʫʣʫʯʰʝʥʠʷ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʦʛʦ ʤʦʣʦʢʘ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʟʘʪʨʘʯʠʚʘʝʤʳʭ ʩʨʝʜʩʪʚ, ʚʨʝʤʝʥʠ ʠ ʪʨʫʜʘ, ʯʝʤʫ ʩʧʦʩʦʙ-

ʩʪʚʫʝʪ ʨʘʮʠʦʥʘʣʴʥʘʷ ʦʨʛʘʥʠʟʘʮʠʷ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ ʢʦʨʦʚ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ 

ʧʨʠ ʧʦʤʦʱʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʜʦʠʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ.  

ɽʩʣʠ ʩʦʚʨʝʤʝʥʥʦʝ ʬʝʨʤʝʨʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, ʜʝʨʞʠʪ ʭʦʪʷ ʙʳ ʜʝʩʷʪʦʢ ʢʦʨʦʚ, 

ʪʦ ʦʥʦ ʙʫʜʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʘʰʠʥʥʦʛʦ ʜʦʝʥʠʷ. ɼʦʠʪʴ ʢʦʨʦʚ ʠʥ-

ʜʠʚʠʜʫʘʣʴʥʳʤ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʜʦʠʣʴʥʳʤ ʘʛʨʝʛʘʪʦʤ ʤʦʞʥʦ ʚ ʠʥʜʠʚʠʜʫ-

ʘʣʴʥʳʭ ʠ ʚ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʩ ʧʦʛʦʣʦʚʴʝʤ ʜʦ 20 ʛʦʣʦʚ.  

ɼʦʡʢʘ ʢʦʨʦʚ ʚ ʙʦʣʴʰʠʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚʘʭ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʘʚʪʦʤʘ-

ʪʠʯʝʩʢʦʛʦ ʜʦʠʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʉʝʛʦʜʥʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ ʪʘ-

ʢʠʭ ʧʨʠʩʧʦʩʦʙʣʝʥʠʡ. ʆʥʠ ʤʦʛʫʪ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʩ ʚʠʜʫ, ʫ ʥʠʭ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʥʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʠ ʤʦʱʥʦʩʪʴ, ʘ ʪʘʢʞʝ ʠ ʨʘʟʣʠʯʥʘʷ ʮʝʥʦʚʘʷ ʢʘʪʝʛʦʨʠʷ. ʅʦ ʚʩʝ 

ʜʦʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʜʣʷ ʢʦʨʦʚ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʡ ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ. ʂʘʢ ʠ ʣʶ-

ʙʦʝ ʜʨʫʛʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʜʦʠʣʴʥʳʝ ʘʛʨʝʛʘʪʳ ʜʣʷ ʢʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʜʚʠʞ-

ʥʳʤʠ ʠ ʥʝ ʧʝʨʝʜʚʠʞʥʳʤʠ. ʇʝʨʚʳʡ ʪʠʧ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʧʦ ʬʝʨʤʝ. ʊʘʢʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʤʘʣʦʛʘʙʘʨʠʪʥʦʝ ʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʧʝʨʝʤʝ-

ʱʝʥʠʷ ʠʤʝʝʪ ʧʝʨʝʜʚʠʞʥʫʶ ʪʝʣʝʞʢʫ. ʆʥʦ ʦʪʣʠʯʥʦ ʧʦʜʭʦʜʠʪ ʢʘʢ ʜʣʷ ʤʘʣʝʥʴʢʠʭ, 

ʪʘʢ ʠ ʜʣʷ ʙʦʣʴʰʠʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ. 

ɼʣʷ ʜʦʝʥʠʷ ʢʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʬʝʨʤʝʨʩʢʠʭ ʭʦʟʷʡʩʪʚ ʠ ʯʘʩʪʥʳʭ ʧʦʜ-

ʚʦʨʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʘʛʨʝʛʘʪʦʚ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʝʥʠʷ ʢʦʨʦʚ [1, 2].  

ʅʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʝʜʣʘʛʘʝʤʳʭ ʘʛʨʝʛʘʪʦʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʦʝʥʠʷ ʢʦʨʦʚ, 

ʚʝʜʫʱʝʝ ʢ ʨʘʥʥʝʤʫ ʟʘʧʫʩʢʫ ʢʦʨʦʚ, ʠʭ ʟʘʙʦʣʝʚʘʥʠʷʤ, ʩʥʠʞʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʦʣʦ-

ʢʘ, ʪʨʝʙʫʝʪ ʨʘʟʚʠʪʠʷ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ. 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʤʦʙʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʜʦʝʥʠʷ ʢʦʨʦʚ 

ʜʣʷ ʤʘʣʳʭ ʬʝʨʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʚʘʢʫʫʤʥʳʤ ʨʝʞʠʤʦʤ ʜʦʝ-

ʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʤʦʣʦʢʘ ʧʦ ʢʘʞʜʦʡ ʜʦʣʝ ʚʳʤʝʥʠ ʠ 
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ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʨʫʯʥʦʛʦ ʪʨʫʜʘ. ʂʨʦʤʝ ʪʦʛʦ ʦʥ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʧʨʝʜʝ-

ʣʝʥʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʟʘʢʣʶʯʘʶʱʠʤʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 

¶ ʧʦʢʘʟʘʪʝʣʴ ʧʦʣʥʦʪʳ ʚʜrʘʠʚʘʥʠʷ; 

¶ ʩʢʦʨʦʩʪʴ ʚʳʜʘʠʚʘʥʠʷ; 

¶ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʚʳʜʘʠʚʘʥʠʷ; 

¶  ʦʪʩʫʪʩʪʚʠʝ ʬʘʢʪʦʚ ʩʦʩʢʘʣʴʟʳʚʘʥʠʷ ʩʪʘʢʘʥʦʚ ʩ ʩʦʩʢʦʚ; 

¶  ʤʘʰʠʥʥʦʝ ʜʦʜʘʠʚʘʥʠʝ ʧʦ ʢʘʞʜʦʡ ʜʦʣʝ ʚʳʤʝʥʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ; 

¶  ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ ʩʥʷʪʠʷ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ; 

¶  ʩʦʦʪʚʝʪʩʪʚʠʝ ʪʨʝʙʦʚʘʥʠʷʤ ʛʠʛʠʝʥʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʤʦʙʠʣʴʥʦʛʦ ʘʚʪʦʤʘʪʘ ʜʦʝʥʠʷ ʢʦʨʦʚ ʫʯʠʪʳʚʘʶʱʝʛʦ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʦʣʦʢʦʦʪʜʘʯʠ ʞʠʚʦʪʥʦʛʦ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʱʘʜʷʱʠʡ ʨʝʞʠʤ ʜʦ-

ʝʥʠʷ ʧʦ ʜʦʣʷʤ ʚʳʤʝʥʠ, ʤʘʰʠʥʥʦʝ ʜʦʜʘʠʚʘʥʠʝ, ʩʚʦʝʚʨʝʤʝʥʥʦʝ ʩʥʷʪʠʝ ʜʦʠʣʴʥʳʭ 

ʩʪʘʢʘʥʦʚ ʩ ʚʳʤʝʥʠ ʢʦʨʦʚʳ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʨʦʩʪʦʪʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠ ʥʘʜʝʞʥʦ-

ʩʪʴʶ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ  

1. ʋʞʠʢ ɺ.ʌ. ɸʜʘʧʪʠʚʥʦʝ ʜʦʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʊʝʦʨʠʷ ʠ ʨʘʩʯʝʪ. ɹʝʣ-

ʛʦʨʦʜ, 2009. 485 ʩ. 

2. ʋʞʠʢ ɺ.ʌ., ʂʦʢʘʨʝʚ ʇ.ʖ., ʇʠʛʦʨʝʚ ʀ.ʗ. ʆʙʦʩʥʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʚʳ-

ʞʠʤʘʶʱʝʛʦ ʜʦʠʣʴʥʦʛʦ ʩʪʘʢʘʥʘ // ɺʝʩʪʥʠʢ ʂʫʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʝʣʴʩʢʦʭʦ-

ʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ. 2014. ˉ 7  ʉ. 75ï77. 
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ʋɼʂ 62-69 

 

ʉʇʆʉʆɹ ʆʏʀʉʊʂʀ ʉʀʉʊɽʄʓ ɻʀɹʈʀɼʅʆʁ  

ʉʆʃʅɽʏʅʆʁ ɺʆɼʆʅɸɻʈɽɺɸʊɽʃʔʅʆʁ ʋʉʊɸʅʆɺʂʀ  

ʉ ʇʆʄʆʑʔʖ ʋʃʔʊʈɸɿɺʋʂɸ 

 

ʈ.ɺ. ʏʝʨʥʠʢʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʆʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʘ ʦʪʥʦʩʠʪʩʷ ʢ ʚʳʩʦʢʦʵʬʬʝʢ-

ʪʠʚʥʳʤ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʩʧʦʩʦʙʘʤ ʦʯʠʩʪʢʠ. ɼʦʩʪʦʠʥʩʪʚʘʤʠ ʵʪʦʛʦ ʩʧʦʩʦʙʘ 

ʷʚʣʷʶʪʩʷ: ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦ ʫʜʘʣʷʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʟʘʛʨʷʟ-

ʥʝʥʠʡ; ʩʧʦʩʦʙʥʦʩʪʴ ʦʯʠʱʘʪʴ ʜʝʪʘʣʠ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʠʤʝʶʱʠʝ ʪʨʫʜʥʦʜʦʩʪʫʧ-

ʥʳʝ ʧʦʣʦʩʪʠ ʠ ʢʘʥʘʣʳ; ʧʨʠʤʝʥʠʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ; ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʮʝʩʩʘ ʦʯʠʩʪʢʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ ʫʤʝʨʝʥʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ; ʧʨʦʩʪʦʪʘ ʤʝʭʘʥʠʟʘʮʠʠ ʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ. 

ʋʣʴʪʨʘʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ, 

ʦʢʘʟʳʚʘʶʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʯʠʱʘʝʤʦʡ ʜʝʪʘʣʠ ʜʘʚʣʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʢʘʚʠʪʘ-

ʮʧʦʥʥʳʤʠ ʷʚʣʝʥʠʷʤʠ. ʂʘʚʠʪʘʮʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʨʳʚʘʭ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡ-

ʩʪʚʠʝʤ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʧʫʟʳʨʴʢʦʚ (50ï500 ʤʢʤ). ʏʘʩʪʴ 

ʧʫʟʳʨʴʢʦʚ ʧʦʩʣʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ (20ï50 ʤʢʩ) ʟʘʭʣʦʧʳʚʘʝʪʩʷ, 

ʩʦʟʜʘʚʘʷ ʧʨʠ ʵʪʦʤ ʤʝʩʪʥʳʝ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʫʜʘʨʳ, ʜʦʩʪʠʛʘʶʱʠʝ ʜʘʚʣʝʥʠʷ ʚ 

ʩʦʪʥʠ ʘʪʤʦʩʬʝʨ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ ʟʘʛʨʷʟ-

ʥʝʥʠʡ. ɼʨʫʛʘʷ ʯʘʩʪʴ ʧʫʟʳʨʴʢʦʚ ʥʝ ʟʘʭʣʦʧʳʚʘʝʪʩʷ, ʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫ-

ʢʦʚʦʛʦ ʧʦʣʷ ʠʥʪʝʥʩʠʚʥʦ ʧʫʣʴʩʠʨʫʝʪ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝ-

ʩʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʩʧʦʩʦʙʩʪʚʫʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʦʯʠʩʪʢʠ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʟʘʛʨʷʟʥʝʥʠʷ (ʪʚʝʨʜʦʝ ʠʣʠ ʞʠʜʢʦʝ) ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʤʝʭʘʥʠʟʤ ʦʯʠʩʪʢʠ. ʊʘʢ, ʧʨʠ ʦʯʠʩʪʢʝ ʪʚʝʨʜʳʭ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʟʘ-

ʛʨʷʟʥʝʥʠʷ ʨʘʟʨʫʰʘʶʪʩʷ ʩʠʣʘʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʧʨʠ ʟʘʭʣʦʧʳʚʘʥʠʠ ʧʫʟʳʨʴʢʦʚ. 

ʇʨʠ ʦʯʠʩʪʢʝ ʚ ʨʘʩʪʚʦʨʠʪʝʣʝ ʠʣʠ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʨʘʩʪʚʦʨʠʤʳʭ ʠʣʠ ʚʷʟʢʠʭ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʷʚʣʷʝʪʩʷ ʮʠʨʢʫʣʷʮʠʷ ʞʠʜʢʦʩʪʠ, ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʢʦʪʦʨʦʡ ʠʛʨʘʝʪ ʥʝʟʘʭʣʦʧʳʚʘʶʱʠʝʩʷ, ʧʫʣʴʩʠʨʫʶʱʠʝ ʧʫʟʳʨʴʢʠ. ʆʩʥʦʚʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʧʨʦʮʝʩʩ ʦʯʠʩʪʢʠ, ʷʚʣʷʶʪʩʷ: ʯʘʩʪʦʪʘ ʠ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʚʦʡʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʯʠʱʘʶʱʝʡ ʞʠʜʢʦ-

ʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʯʠʱʘʝʤʳʭ ʜʝʪʘʣʝʡ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʧʦʣʝ. 

ɺʥʝʜʨʷʷ ʤʝʪʦʜ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʯʠʩʪʢʠ ʚ ʩʦʣʥʝʯʥʫʶ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʴʥʫʶ 

ʫʩʪʘʥʦʚʢʫ, ʜʦʙʘʚʠʚ ʩʠʩʪʝʤʫ ʬʠʣʴʪʨʘʮʠʠ, ʤʦʞʥʦ ʧʨʦʜʣʠʪʴ ʩʨʦʢ ʩʣʫʞʙʳ ʫʩʪʘ-

ʥʦʚʢʠ, ʧʦʚʳʩʠʪʴ ʝʝ ʪʝʧʣʦʦʪʜʘʯʫ ʥʝ ʟʘʛʨʷʟʥʷʷ ʧʨʠ ʵʪʦʤ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʊʝʪʝʣʴʤʠʥ ɺ.ɺ., ʗʟʝʚ ɺ.ɸ. ʌʠʟʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʪʨʘʜʠʮʠʦʥʥʦʡ ʠ ʘʣʴʪʝʨ-

ʥʘʪʠʚʥʦʡ ʵʥʝʨʛʝʪʠʢʠ: ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ɼʦʣʛʦʧʨʫʜʥʳʡ: ʀʥʪʝʣʣʝʢʪ, 2016. 176 ʩ. 

2. ʕʥʝʨʛʝʪʠʢʘ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ / ɺ.ɽ. ʌʦʨʪʦʚ, ʆ.ʉ. ʇʦʧʝʣʴ. ɼʦʣʛʦʧʨʫʜ-

ʥʳʡ: ʀʥʪʝʣʣʝʢʪ, 2011. 168 ʩ. 
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ʋɼʂ 631.171 

 

ʌʀɿʀʆʃʆɻʀʏɽʉʂʀ ɸɼɸʇʊʀɺʅʓʁ ɼʆʀʃʔʅʓʁ ɸʇʇɸʈɸʊ  

ʉ ʋʇʈɸɺʃʗɽʄʓʄ ʈɽɾʀʄʆʄ 

 

ʆ.ɸ. ʏʝʭʫʥʦʚ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʅʘ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʤʦʣʦʯʥʳʭ ʢʦʨʦʚ ʚʣʠʷʝʪ ʥʝ ʪʦʣʴʢʦ ʛʝʥʝʪʠ-

ʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʞʠʚʦʪʥʳʭ, ʥʦ ʠ ʧʨʠʤʝʥʷʝʤʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. ʆʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ ʧʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʥʘ ʜʦʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ, ʧʦʩʢʦʣʴʢʫ ʠʤʝʥʥʦ ʦʥʠ 

ʚʩʪʫʧʘʶʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʢʦʥʪʘʢʪ ʩ ʚʳʤʝʥʝʤ ʞʠʚʦʪʥʳʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʜʦʠʣʴʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʥʝ ʧʨʠʯʠʥʷʣʦ ʜʠʩʢʦʤʬʦʨʪʥʳʭ, ʘ 

ʠʥʦʛʜʘ ʠ ʚʨʝʜʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʝʦʙʭʦʜʠʤʦ ʩʪʨʝʤʠʪʴʩʷ ʢ ʩʦʟʜʘʥʠʶ ʜʦʠʣʴʥʳʭ 

ʘʧʧʘʨʘʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʞʠʚʦʪʥʳʭ. ʂ ʪʘʢʦʤʫ 

ʦʙʦʨʫʜʦʚʘʥʠʶ ʦʪʥʦʩʷʪʩʷ ʜʦʠʣʴʥʳʝ ʘʧʧʘʨʘʪʳ ʩ ʫʧʨʘʚʣʷʝʤʳʤ ʨʝʞʠʤʦʤ ʨʘʙʦʪʳ 

[1, 2]. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʚʳʧʫʩʢʘʝʪ ʙʦʣʴʰʦʡ ʤʦʜʝʣʴʥʳʡ ʨʷʜ ʜʦ-

ʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʧʦʩʦʙʥʳ ʠʟʤʝʥʷʪʴ ʚʝʣʠʯʠʥʫ ʚʘ-

ʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʩʦʩʢʦʚʳʭ ʢʘʤʝʨʘʭ ʩʪʘʢʘʥʦʚ, ʣʠʙʦ ʯʘʩʪʦʪʫ 

ʧʫʣʴʩʘʮʠʡ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʚ ʧʝʨʠʦʜ ʜʦʝʥʠʷ. ʋʧʨʘʚʣʝʥʠʝ ʠʟʤʝʥʝʥʠʝʤ ʵʪʠʭ ʧʘ-

ʨʘʤʝʪʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʘʚʪʦʤʘʪʠʯʝʩʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʠ ʚʳʚʝʜʝʥʠʷ ʤʦʣʦʢʘ ʠʟ ʚʳʤʝʥʠ [3]. 

ʆʧʳʪ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʠʟʤʝʥʷʶʱʠʭ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ 

ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ ʠ ʚʝʣʠʯʠʥʫ ʚʘʢʫʫʤʘ ʚ ʧʦʜʩʦʩʢʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʜʦʠʣʴʥʳʭ 

ʩʪʘʢʘʥʦʚ ʧʦʢʘʟʘʣ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ (ʨʦʩʪ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʢʦ-

ʨʦʚ ʥʘ 5...15 % ʠ ʩʥʠʞʝʥʠʝ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʚʳʤʝʥʠ ʤʘʩʪʠʪʦʤ ʥʘ 2...6 %). ʉʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʠʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ, ʩʧʦʩʦʙʥʳʭ ʠʟʤʝʥʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʘ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʘ ʠ ʪʝʤ ʩʘʤʳʤ ʙʳʪʴ ʘʜʘʧʪʠʚʥʳʤ ʢ ʞʠʚʦʪʥʳʤ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ 

ʜʝʥʴ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʧʫʩʢʘʶʪʩʷ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʩʪʨʫʢʪʠʚʥʘʷ ʩʭʝʤʘ ʜʦʠʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʧʦʟʚʦʣʷʶ-

ʱʝʛʦ ʧʨʦʠʟʚʦʜʠʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʦʤ ʜʦʝʥʠʷ (ʠʟʤʝʥʷʪʴ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ ʠ ʚʝʣʠʯʠʥʫ ʚʘʢʫʫʤʤʝʪʨʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʧʦʜʩʦʩʢʦʚʳʭ ʢʘʤʝʨʘʭ 

ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ ʠ ʯʘʩʪʦʪʫ ʧʫʣʴʩʘʮʠʡ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ) [4, 5]. ʇʨʠ ʠʥʪʝʥ-

ʩʠʚʥʦʩʪʠ ʤʦʣʦʢʦʦʪʜʘʯʠ ʤʝʥʝʝ 200 ʤʣ/ʤʠʥ. ʜʦʠʣʴʥʳʡ ʘʧʧʘʨʘʪ ʨʘʙʦʪʘʝʪ ʥʘ ʩʪʠ-

ʤʫʣʠʨʫʶʱʝʤ ʨʝʞʠʤʝ (ʚʝʣʠʯʠʥʘ ʚʘʢʫʫʤʘ ʚ ʧʦʜʩʦʩʢʦʚʳʭ ʢʘʤʝʨʘʭ ʜʦʠʣʴʥʳʭ ʩʪʘ-

ʢʘʥʦʚ 30...33 ʢʇʘ ʠ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ʩʦʩʢʦʚʦʡ ʨʝʟʠʥʳ 48...50 ʧʫʣʴʩʘʮʠʡ ʚ ʤʠ-

ʥʫʪʫ), ʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʝʯʝʥʠʷ ʤʦʣʦʢʘ ʙʦʣʝʝ 200 ʤʣ/ʤʠʥ. ʜʦʠʣʴʥʳʡ ʘʧ-

ʧʘʨʘʪ ʧʝʨʝʭʦʜʠʪ ʥʘ ʥʦʤʠʥʘʣʴʥʳʡ (ʦʩʥʦʚʥʦʡ) ʨʝʞʠʤ (ʚʝʣʠʯʠʥʘ ʚʘʢʫʫʤʘ ʚ ʧʦʜ-

ʩʦʩʢʦʚʳʭ ʢʘʤʝʨʘʭ ʜʦʠʣʴʥʳʭ ʩʪʘʢʘʥʦʚ 48...50 ʢʇʘ ʠ ʯʘʩʪʦʪʘ ʧʫʣʴʩʘʮʠʡ ʩʦʩʢʦʚʦʡ 

ʨʝʟʠʥʳ 55...60 ʧʫʣʴʩʘʮʠʡ ʚ ʤʠʥʫʪʫ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʜʦʠʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʧʦʟʚʦʣʠʪ ʦʙʝʩʧʝʯʠʪʴ ʙʝʨʝʞʥʦʝ ʦʪʥʦʰʝʥʠʝ ʢ ʩʦʩʢʫ ʚ ʥʘʯʘʣʝ ʜʦʝʥʠʷ, 

ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʥʝʞʥʦʡ ʩʪʠʤʫʣʷʮʠʠ ʤʦʣʦʢʦʦʪʜʘʯʠ, ʘ ʪʘʢʞʝ ʚʳʟʦʚʝʪ ʨʝʬʣʝʢʩ ʜʦ-
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ʜʘʠʚʘʥʠʷ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʜʦʝʥʠʷ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ 

ʚʳʤʝʥʠ ʢʦʨʦʚ ʤʘʩʪʠʪʦʤ ʠ ʨʦʩʪʫ ʤʦʣʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʦʪʘ. 
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ɺʃʀʗʅʀɽ ʊɽʄʇɽʈɸʊʋʈʓ ʊʆʇʃʀɺɸ  

ʅɸ ɻʀɼʈɸɺʃʀʏɽʉʂʋʖ ʇʃʆʊʅʆʉʊʔ ʈɸʉʇʓʃʀʊɽʃɽʁ  

ʌʆʈʉʋʅʆʂ ɼʀɿɽʃɽʁ 

 

ɺ.ɸ. ʏʫʛʫʥʦʚ 

ʌɻɹʆʋ ɺʆ ʇʝʥʟʝʥʩʢʠʡ ɻɸʋ, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

 

ʉʪʘʙʠʣʴʥʦʩʪʴ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʪʨʘʢʪʦʨʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʦʨʩʫʥʦʢ, ʟʘʚʠʩʠʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʪ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʧʨʝʮʠʟʠʦʥʥʦʡ ʧʘʨʳ ʠʛʣʘ-ʢʦʨʧʫʩ ʨʘʩʧʳʣʠʪʝʣʷ, ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʝʪʩʷ ʨʷ-

ʜʦʤ ʧʦʢʘʟʘʪʝʣʝʡ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ. 

ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʮʠʟʠʦʥʥʘʷ ʧʘʨʘ ʠʛʣʘ-ʢʦʨʧʫʩʘ ʨʘʩʧʳʣʠʪʝʣʷ 

ʥʘʛʨʝʚʘʝʪʩʷ ʢʘʢ ʚʩʣʝʜʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʠʭ ʛʦʨʷʯʠʭ ʮʠʣʠʥʜʨʦʚʳʭ ʛʘʟʦʚ, ʪʘʢ 

ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʨʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʜʝʪʘʣʝʡ ʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʷ ʛʦʨʷʯʝʛʦ ʪʦʧʣʠ-

ʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʪʝʧʣʦʚʫʶ. ʇʨʠ ʧʦ-

ʚr ʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʢʦʨʧʫʩʘ ʠ ʠʛʣʳ ʨʘʩʧʳʣʠ-

ʪʝʣʷ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʠʟʤʝʥʝʥʠʝ ʜʠʘʤʝʪʨʘʣʴʥʦʛʦ ʟʘʟʦʨʘ ʤʝʞʜʫ ʥʠʤʠ. ʆʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, 

ʚʣʠʷʶʱʠʭ ʥʘ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʳʣʠʪʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ, ʷʚʣʷʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʢ ʬʦʨʩʫʥʢʘʤ. 

ʎʝʣʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ï ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʧʳʣʠʪʝʣʝʡ ʙʝʩʰʪʠʬʪʦʚʳʭ ʬʦʨʩʫʥʦʢ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʘ ʨʘʟʨʘʙʦʪʘʥ-

ʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ. 1).  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ  

ʨʘʩʧʳʣʠʪʝʣʝʡ ʬʦʨʩʫʥʦʢ 

1 ï ʙʘʢ ʜʣʷ ʪʦʧʣʠʚʘ; 2 ï ʵʣʝʤʝʥʪ ʥʘʛʨʝʚʘʪʝʣʴʥʳʡ; 3 ï ʵʣʝʢʪʨʦʢʦʥʪʘʢʪʥʳʡ 

ʪʝʨʤʦʤʝʪʨ; 4 ï ʬʠʣʴʪʨ; 5 ï ʧʣʫʥʞʝʨʥʳʡ ʥʘʩʦʩ; 6 ï ʢʣʘʧʘʥʥʘʷ ʢʦʨʦʙʢʘ; 7 ï ʢʨʘ-

ʥʳ; 8 ï ʛʠʜʨʘʚʣʠʯʝʩʢʠʡ ʘʢʢʫʤʫʣʷʪʦʨ; 9 ï ʪʨʫʙʦʧʨʦʚʦʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ; 10 ï 

ʬʦʨʩʫʥʢʘ; 11 ï ʪʝʨʤʦʩʪʘʪ ʊʉ-24; 12 ï ʧʦʪʝʥʮʠʦʤʝʪʨ ʂʉʇ-4 
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ʊʝʨʤʦʩʪʘʪʦʤ 11 ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʥʫʞʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ ʚ ʢʦʨʧʫʩʝ 

ʬʦʨʩʫʥʢʠ. ʇʦʜʦʛʨʝʚ ʪʦʧʣʠʚʘ ʧʨʦʠʟʚʦʜʠʣʩʷ ʪʘʢʞʝ ʠ ʚ ʙʘʢʝ 1 ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ 2. ʊʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ ʟʘʤʝʨʷʣʘʩʴ ʦʢʦʣʦ 

ʠʩʧʳʪʫʝʤʦʛʦ ʨʘʩʧʳʣʠʪʝʣʷ, ʠ ʚ ʢʦʨʧʫʩʝ ʬʦʨʩʫʥʢʝ ʩ ʟʘʧʠʩʴʶ ʥʘ ʧʦʪʝʥʮʠʦʤʝʪʨ 

ʂʉʇ-4. ɿʘʧʠʩʳʚʘʣʘʩʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʛʦ ʚʦʟʜʫʭʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʪʦʧʣʠʚʘ ʚ ʬʦʨʩʫʥʢʝ 293, 303, 313, 323, 333, 343, 353 ʂ (20, 30, ... 80
0
ʉ). ʇʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ ʥʫʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʩʣʝ 10-ʤʠʥʫʪʥʦʡ ʚʳʜʝʨʞʢʠ, ʯʪʦʙʳ ʛʘʨʘʥʪʠ-

ʨʦʚʘʪʴ ʧʦʣʥʳʡ ʧʨʦʛʨʝʚ ʚʩʝʡ ʬʦʨʩʫʥʢʠ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʩʧʳʪʘʥʠʝ. ʀʩʧʳʪʘʥʠʶ 

ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʨʠʜʮʘʪʴ ʥʦʚʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ ʈɼ4Ĭ0,34 ʩ ʧʷʪʠʢʨʘʪʥʦʡ ʧʦ-

ʚʪʦʨʥʦʩʪʴʶ. ɿʘʪʝʤ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧ-

ʣʠʚʘ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʳʣʠʪʝʣʝʡ ʬʦʨʩʫʥʦʢ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ 
 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʦʧʣʠʚʘ ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʳʣʠʪʝʣʝʡ ʧʘʜʘʝʪ. ʊʘʢ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʦʪ 293 ʂ (20
0
ʉ) ʜʦ 353 ʂ (80

0
ʉ) ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ 

ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 62 %. ʕʪʦ ʩʚʷʟʘʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ ʪʝʤ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠʟʤʝʥʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ, ʘ ʠʤʝʥʥʦ, ʩʥʠ-

ʞʘʝʪʩʷ ʚʷʟʢʦʩʪʴ ʠ ʧʣʦʪʥʦʩʪʴ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢ ʫʤʝʥʴ-

ʰʝʥʠʶ ʮʠʢʣʦʚʦʡ ʧʦʜʘʯʠ ʠ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʟʘʚʦʜʘʭ ʠ 

ʨʝʤʦʥʪʥʳʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʳʣʠʪʝʣʝʡ ʥʝʦʙʭʦʜʠ-

ʤʦ ʧʨʦʚʝʨʷʪʴ ʥʘ ʧʨʠʙʦʨʘʭ ʠ ʩʪʝʥʜʘʭ, ʠʤʠʪʠʨʫʶʱʠʭ ʠʭ ʫʩʣʦʚʠʷ ʨʘʙʦʪʳ ʚ ʧʨʦ-

ʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʏʫʛʫʥʦʚ ɺ.ɸ. ɺʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʚ ʬʦʨʩʫʥʢʝ ʥʘ ʜʘʚʣʝʥʠʝ 

ʚʧʨʳʩʢʘ ʠ ʮʠʢʣʦʚʫʶ ʧʦʜʘʯʫ // ʀʟʚʝʩʪʠʷ ʉʘʤʘʨʩʢʦʡ ɻʉʍɸ. 2012. ˉ 3. ʉ. 38ï41. 
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ʂ ʄɽʊʆɼʀʂɽ ʋʉʂʆʈɽʅʅʓʍ ʀɿʅʆʉʅʓʍ ʀʉʇʓʊɸʅʀʁ  

ʈɸʉʇʓʃʀʊɽʃɽʁ ʌʆʈʉʋʅʆʂ ɼʀɿɽʃɽʁ 

 

ɺ.ɸ. ʏʫʛʫʥʦʚ 

ʌɻɹʆʋ ɺʆ ʇʝʥʟʝʥʩʢʠʡ ɻɸʋ, ʛ. ʇʝʥʟʘ, ʈʦʩʩʠʷ 

 

ʇʨʠ ʨʘʙʦʪʝ ʘʚʪʦʪʨʘʢʪʦʨʥʳʭ ʜʠʟʝʣʝʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʪʦʧʣʠʚʘ ʚ ʙʘʢʝ ʠ ʩʠʩʪʝʤʘʭ ʥʠʟʢʦʛʦ ʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʥʝ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦ-

ʷʥʥʦʡ, ʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ʇʦʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʪʦʧʣʠʚʘ, 

ʧʦʜʚʦʜʠʤʦʛʦ ʢ ʬʦʨʩʫʥʢʘʤ, ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʨʘʩʧʳʣʠʪʝʣʷ, ʧʦʚʳʰʘʝʪ 

ʘʛʨʝʩʩʠʚʥʦʩʪʴ ʩʝʨʳ ʠ ʝʸ ʩʦʝʜʠʥʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʪʦʧʣʠʚʝ, ʚʦʟʨʘʩʪʘʝʪ ʨʝʞʫ-

ʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʘʙʨʘʟʠʚʥʦʡ ʯʘʩʪʠʮʳ, ʪʘʢ ʢʘʢ ʦʙʦʣʦʯʢʘ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʪʦʧʣʠʚʝ, ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʟʤʷʛʯʘʝʪʩʷ, ʦʙʥʘʞʘʷ ʦʩʪʨʳʝ 

ʛʨʘʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʥʦʩ ʧʨʝʮʠʟʠʦʥʥʳʭ ʜʝʪʘʣʝʡ ʨʘʩʧʳʣʠʪʝ-

ʣʝʡ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʘʙʦʪʳ ʬʦʨʩʫʥʦʢ ʚ ʮʝʣʦʤ [1, 2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʠʟʥʦʩʘ ʠʛʣ ʨʘʩʧʳʣʠʪʝʣʝʡ ʙʝʩʰʪʠʬʪʦʚʳʭ ʬʦʨ-

ʩʫʥʦʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʪʦʧʣʠʚʘ ʠ ʥʘʣʠʯʠʷ ʚ ʪʦʧʣʠʚʝ ʘʙʨʘʟʠʚʥʦʡ 

ʧʳʣʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʘ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʠʟʥʘʰʠ-

ʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʫʩʢʦʨʝʥʥʳʝ ʠʟʥʦʩʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʠʩʧʦʣʴʟʫʷ ʤʝʪʦʜ ʦʪ-

ʧʝʯʘʪʢʦʚ. ʅʘʥʝʩʝʥʠʝ ʠ ʠʟʤʝʨʝʥʠʝ ʦʪʧʝʯʘʪʢʦʚ ʥʘ ʨʘʩʧʳʣʠʪʝʣʷʭ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3 ʩ ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʢ ʥʝʤʫ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝʤ (ʨʠʩ. 1). 

 
 

ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʠʩʧʦʩʦʙʣʝʥʠʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʦʪʧʝʯʘʪʢʦʚ ʥʘ ʠʛʣʘʭ ʨʘʩʧʳʣʠʪʝʣʝʡ 

1 ï ʦʩʥʦʚʘʥʠʝ; 2 ï ʢʦʨʧʫʩ; 3 ï ʥʘʧʨʘʚʣʷʶʱʘʷ; 4 ï ʨʘʤʢʘ; 5 ï ʬʠʢʩʘʪʦʨ; 6 ï 

ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʡ ʚʠʥʪ; 7 ï ʥʦʥʠʫʩ ʫʛʣʦʤʝʨʘ; 8 ï ʚʠʥʪ; 9 ï ʩʤʝʥʥʘʷ ʚʪʫʣʢʘ 
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ʇʨʠʩʧʦʩʦʙʣʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʦʩʥʦʚʘʥʠʷ 1,ʢʦʪʦʨʦʝ ʜʚʫʤʷ ʚʠʥʪʘʤʠ ʢʨʝʧʠʪʩʷ 

ʢ ʧʨʝʜʤʝʪʥʦʤʫ ʩʪʦʣʠʢʫ ʧʨʠʙʦʨʘ ʇʊʄ-3. ʅʘ ʦʩʥʦʚʘʥʠʠ ʢʨʝʧʠʪʩʷ ʢʦʨʧʫʩ 2, 

ʠʤʝʶʱʠʡ ʧʨʦʜʦʣʴʥʳʝ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʧʘʟʳ. ɺ ʧʘʟʘʭ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘʧʨʘʚʣʷʶ-

ʱʘʷ 3, ʥʘ ʢʦʪʦʨʦʡ ʟʘʢʨʝʧʣʝʥʘ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʨʘʤʢʘ 4 ʩ ʫʩʪʨʦʡʩʪʚʦʤ 5 ʜʣʷ ʫʩʪʘ-

ʥʦʚʢʠ ʠ ʬʠʢʩʘʮʠʠ ʨʘʩʧʳʣʠʪʝʣʷ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ. ʅʘʧʨʘʚʣʷʶʱʘʷ ʩ 

ʥʠʞʥʝʡ ʩʪʦʨʦʥʳ ʠʤʝʝʪ ʟʫʙʯʘʪʳʡ ʚʝʥʝʮ. ʇʝʨʝʤʝʱʝʥʠʝ ʥʘʧʨʘʚʣʷʶʱʝʡ ʚʤʝʩʪʝ ʩ 

ʨʘʤʢʦʡ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʥʝʡ ʨʘʩʧʳʣʠʪʝʣʝʤ ʧʦ ʧʘʟʘʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ-

ʩʨʝʜʩʪʚʦʤ ʟʫʙʯʘʪʦʛʦ ʟʘʮʝʧʣʝʥʠʷ ʤʠʢʨʦʤʝʪʨʠʯʝʩʢʠʤ ʚʠʥʪʦʤ 6 ʩ ʪʦʯʥʦʩʪʴʶ 

0,01 ʤʤ.  

ʅʘ ʪʦʨʮʝ ʨʘʤʢʠ ʥʝʧʦʜʚʠʞʥʦ ʟʘʢʨʝʧʣʝʥ ʥʦʥʠʫʩ ʫʛʣʦʤʝʨʘ 7, ʢʦʪʦʨʳʡ ʩ ʜʦ-

ʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʦʚʦʨʦʪ ʨʘʩʧʳʣʠʪʝʣʷ ʥʘ ʦʧʨʝʜʝ-

ʣʝʥʥʳʡ ʫʛʦʣ. ʌʠʢʩʘʮʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʨʘʩʧʳʣʠʪʝʣʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʠʥʪʦʤ 8. 

ʉʤʝʥʥʘʷ ʚʪʫʣʢʘ 9 ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʘʥʥʦʝ ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ ʜʣʷ ʥʘʥʝʩʝ-

ʥʠʷ ʦʪʧʝʯʘʪʢʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʙʝʩʰʪʠʬʪʦʚʳʭ ʨʘʩʧʳʣʠʪʝʣʝʡ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ʋɼʂ 621.785.532 

 

ʋʇʈʆʏʅɽʅʀɽ ʏʋɻʋʅɸ ʄɽʊʆɼʆʄ ʂɸʈɹʆʅʀʊʈɸʎʀʀ 

 

ʆ.ɸ. ʐʘʨʘʷ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʏʫʛʫʥ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʡʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʜʝʪʘʣʝʡ ʤʘʰʠʥ, ʚ ʥʝʫʧʨʦʯʥʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʚʦʟʨʦʩʰʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʦʚʳʰʝʥʠʝ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ ʯʫʛʫʥʘ, ʨʘʙʦʪʘʶʱʝʛʦ 

ʚ ʫʩʣʦʚʠʷʭ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦʡ [1]. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʫʧʨʦʯʥʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ ʢʘʨʙʦʥʠʪʨʘʮʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʥʘʩʳʱʝ-

ʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʡ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ ʠʟ ʥʝʷʜʦʚʠʪʳʭ ʨʘʩʧʣʘʚʦʚ ʮʠʘʥʦ-

ʚʦʢʠʩʣʳʭ ʩʦʣʝʡ. ʇʨʦʮʝʩʩ ʧʨʦʩʪ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʠ ʥʝ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ [2]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʙʨʘʟʮʳ ʠʟ ʩʝʨʦʛʦ ʠ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫ-

ʥʘ ʤʘʨʦʢ ʉʏ 25 ʠ ɺʏ 60, ʧʨʠʤʝʥʷʶʱʝʛʦʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʨʰʥʝʚʳʭ ʢʦʣʝʮ 

ʠ ʛʠʣʴʟ ʮʠʣʠʥʜʨʦʚ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ʂʘʨʙʦʥʠʪʨʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʚʘ-

ʨʠʘʮʠʷʤʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʚʨʝʤʝʥʠ, ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʦʮʝʩʩʘ ʜʣʷ ʢʘʞʜʦʡ ʤʘʨʢʠ ʯʫʛʫʥʘ. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʠ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦ-

ʧʝ çMETAVALè, ʤʠʢʨʦʜʶʨʦʤʝʪʨʠʯʝʩʢʠʡ ï ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3 ʧʨʠ ʥʘʛʨʫʟʢʝ 

0,1 ʢʛ; ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ï ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2, ʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʠʟʥʦʩʦ-

ʩʪʦʡʢʦʩʪʴ ï ʥʘ ʤʘʰʠʥʝ ʪʨʝʥʠʷ, ʠʤʠʪʠʨʫʶʱʝʡ ʨʘʙʦʪʫ ʧʘʨʳ çʛʠʣʴʟʘ ʮʠʣʠʥʜʨʘ ï 

ʧʦʨʰʥʝʚʦʝ ʢʦʣʴʮʦè. 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʢʘʨʙʦʥʠʪʨʘʮʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʫʛʫʥʘ ʬʦʨʤʠʨʫʝʪʩʷ 

ʩʣʦʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʥʝʪʨʘʚʷʱʝʛʦʩʷ ʢʘʨʙʦʥʠʪʨʠʜʥʦʛʦ ʩʣʦʷ ʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦ-

ʥʳ. ɻʣʫʙʠʥʘ ʢʘʨʙʦʥʠʪʨʠʜʥʦʛʦ ʩʣʦʷ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʥʘʩʳʱʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʙʨʘʙʦʪʢʠ; ʚ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʥʘ 

ʜʦʩʪʠʛʘʣʘ 15ï25 ʤʢʤ. ʆʧʪʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʩʣʦʷ (12ï15 ʤʢʤ) ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 570
0
ʉ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʚʳʜʝʨʞʢʠ ʜʣʷ ʚʳʩʦʢʦʧʨʦʯʥʦʛʦ ʯʫʛʫʥʘ 

3 ʯ, ʘ ʜʣʷ ʩʝʨʦʛʦ ʯʫʛʫʥʘ ï 5 ʯ. ɹʦʣʴʰʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʦʙʨʘʙʦʪʢʠ 

ʯʫʛʫʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʨʙʦʥʠʪʨʘʮʠʝʡ ʩʪʘʣʠ ʦʙʲʷʩʥʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʥʝʤ 

ʢʨʝʤʥʠʷ ʠ ʛʨʘʬʠʪʘ, ʢʦʪʦʨʳʝ ʧʨʝʧʷʪʩʪʚʫʶʪ ʥʘʩʳʱʝʥʠʶ ʘʟʦʪʦʤ ʠ ʫʛʣʝʨʦʜʦʤ.  

ʉʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʘʨʙʦʥʠʪʨʠ-

ʨʦʚʘʥʥʳʭ ʩʣʦʝʚ, ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ ʦʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦ ʫʨʦʚʥʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʩʭʦʜ-

ʥʦʤʫ ʩʦʩʪʦʷʥʠʶ. 

ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠʤʝʝʪ ʪʦʥʢʠʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʢʘʨʙʦʥʠʪʨʠʜʥʳʡ ʩʣʦʡ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʜʠʬʬʫʟʠʦʥʥʦʡ ʟʦʥʝ ʠ ʦʪ ʥʝʝ ʢ ʩʝʨʜʮʝ-

ʚʠʥʝ, ʟʥʘʯʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʧʣʘʚʥʦ ʠʣʠ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʨʢʠ 

ʯʫʛʫʥʘ. 



 

126 

 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʦʩʣʝ ʢʘʨʙʦʥʠʪʨʘʮʠʠʠ ʧʦ-

ʣʫʯʝʥʳ ʥʘ ʚʳʩʦʢʦʧʨʦʯʥʦʤ ʯʫʛʫʥʝ ʦʪ 22000 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʢʘʨʙʦʥʠʪʨʘ-

ʮʠʠ 550
0
ʉ ʠ ʚʳʜʝʨʞʢʝ ʚ ʪʝʯʝʥʠʝ 7 ʯ ʜʦ 24000 ʄʇʘ (570

0
ʉ, 9 ʯ). ʋ ʚʳʩʦʢʦʧʨʦʯ-

ʥʦʛʦ ʯʫʛʫʥʘ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦʝ ʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʦʪ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʢ ʩʝʨʜʮʝʚʠʥʝ. 

ʅʘ ʩʝʨʦʤ ʯʫʛʫʥʝ ʤʘʨʢʠ ʉʏ 25 ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʠ 16000 ʄʇʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʢʘʨʙʦʥʠʪʨʘʮʠʠ 

550ï560
0
ʉ ʠ ʚʨʝʤʝʥʠ ʚʳʜʝʨʞʢʠ 7 ʯ. ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʣʠ ʧʣʘʚʥʦʝ ʩʥʠʞʝʥʠʝ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ. 

ʌʘʟʦʚʳʡ ʘʥʘʣʠʟ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʚ ʧʦ-

ʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʠʜʝʥʪʠʯʥʳʭ ʬʘʟ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʘʨʦʢ ʯʫʛʫʥʘ. ʇʦʩʣʦʡʥʳʡ 

ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʠʟ ʯʫʛʫʥʘ ʤʘʨʢʠ ɺʏ 60, ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʧʨʠ 

570
0
ʉ ʚ ʪʝʯʝʥʠʝ 3 ʯ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʥʘ ʛʣʫʙʠʥʝ 5ʤʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʬʘʟʳ 

Fe2O3; Fe3O4; Fe2-3(N,C), ʥʘ ʛʣʫʙʠʥʝ ʦʪ 10 ʜʦ 25 ʤʢʤ ï ʬʘʟʳ Fe2-3(N,C); Fe3(N,C). 

ʉʨʘʚʥʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʥʦʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʜʠʩ-

ʢʨʝʪʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʥʘʛʨʫʟʢʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʟʥʦʩʘ 

ʣʠʪʦʛʦ ʯʫʛʫʥʘ ʩʦʩʪʘʚʠʣʘ 0,01 ʤʤ/ʯ, ʘ ʯʝʨʝʟ 8 ʯ ʠʩʧʳʪʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙ-

ʨʘʟʮʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʠʥʪʝʥʩʠʚʥʦʝ ʚʳʢʨʘʰʠʚʘʥʠʝ ʤʘʪʝʨʠʘʣʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʠʟʥʦʩʘ. ʇʝʨʠʦʜ ʧʨʠʨʘʙʦʪʢʠ ʦʙʣʝʛʯʘʝʪʩʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʥʘʣʠʯʠʷ ʪʦʥʯʘʡʰʝʛʦ ʦʢʠʩʥʦʛʦ ʩʣʦʷ (Fe2O3; Fe3O4) ʥʘ ʪʨʫʱʝʡʩʷ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʋʤʝʥʴʰʝʥʠʝ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʠʟʥʦʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʚʝʨʜʦʛʦ ʢʘʨʙʦ-

ʥʠʪʨʠʜʥʦʛʦ ʩʣʦʷ Fe2-3(N,C); Fe3(N,C), ʩʦʭʨʘʥʷʶʱʝʛʦ ʧʨʦʯʥʦʝ ʩʮʝʧʣʝʥʠʝ ʩ ʤʘʪ-

ʨʠʮʝʡ ʠ ʥʝ ʚʳʢʨʘʰʠʚʘʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 4 ï 5 ʯ. ɼʘʣʝʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʨʘʩʪʘʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʦʪʜʝʣʝʥʠʝʤ ʤʠʢʨʦʯʘʩʪʠʮ ʩ ʪʦʥʯʘʡʰʠʭ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ, ʧʨʠʚʦʜʷʱʝʝ 

ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʟʥʦʩʘ. ʆʜʥʘʢʦ, ʨʘʟʨʫʰʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʦʩʪʘʝʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʦʧʫʩʪʠʤʦʛʦ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʢʣʶʯʝʥʠʷ ʛʨʘʬʠʪʘ ʩʦʭʨʘ-

ʥʷʶʪʩʷ ʚ ʢʘʨʙʦʥʠʪʨʠʨʦʚʘʥʥʦʤ ʩʣʦʝ ʠ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʩʤʘʟʢʠ, 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʩʭʚʘʪʳʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʩ ʢʦʥʪʨʪʝʣʦʤ ʠ ʥʘʣʠʧʘʥʠʷ 

ʯʘʩʪʠʮ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ. ɺ ʩʨʝʜʥʝʤ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʢʘʨʙʦ-

ʥʠʪʨʠʨʦʚʘʥʥʦʛʦ ʯʫʛʫʥʘ ʧʦʚʳʰʘʝʪʩʷ ʚ 2,5 ï 3,0 ʨʘʟʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʪʳʤʠ 

ʦʙʨʘʟʮʘʤʠ. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 
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ɺ.ɸ. ʐʠʛʠʤʘʛʘ
1
, ʈ.ɸ. ʌʘʡʟʫʣʣʠʥ

2
 

1
ʍʅʊʋʉʍ, ʛ. ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ, 

2
ʌɻɹʅʋ ʋʜʤʫʨʪʩʢʠʡ ʅʀʀʉʍ, ʧ. ʇʝʨʚʦʤʘʡʩʢʠʡ, ʋʜʤʫʨʪʩʢʘʷ ʈʝʩʧʫʙʣʠʢʘ, ʈʦʩʩʠ ̫

 

ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʨʫʜʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʘ - 

ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ ʫʩʣʦʚʠʡ ʝʛʦ ʫʩʧʝʰʥʦʛʦ ʨʘʟʚʠʪʠʷ. ʂʦʨʤʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʨʷ-

ʜʫ ʩʘʤʳʭ ʟʘʪʨʘʪʥʳʭ ʠ ʪʨʫʜʦʝʤʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ, ʚ ʩʚʠʥʦʚʦʜ-

ʩʪʚʝ ʜʦ 60 % ʟʘʪʨʘʪ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʨʤʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʩʚʠʥʠʥʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʚʠʥʦʤʘʪʦʢ ʠ ʧʦ-

ʣʫʯʝʥʠʝ ʦʪ ʥʠʭ 2,2ï2,4 ʦʧʦʨʦʩʘ ʚ ʛʦʜ. ɺ ʪʝʯʝʥʠʝ ʨʝʧʨʦʜʫʢʪʠʚʥʦʛʦ ʮʠʢʣʘ ʩʚʠʥʦ-

ʤʘʪʢʠ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʥʢʘʭ. ʇʨʠʤʝ-

ʥʝʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʨʤʣʝʥʠʷ ʥʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʦʨʤʦʚʳʭ ʩʪʘʥʮʠʷʭ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʠʥʦʤʘʪʦʢ ʩʨʘʟʫ ʧʦʩʣʝ ʦʪʲʝʤʘ ʧʦʨʦʩʷʪ ʠ ʪʝʤ ʩʘʤʳʤ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʝʙʳʚʘʥʠʷ ʚ ʛʨʫʧʧʦʚʳʭ ʩʪʘʥʢʘʭ, ʤʠʥʫʷ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʩʪʘʥʢʘʭ ʚ ʭʦʣʦʩʪʦʡ ʠ ʫʩʣʦʚʥʦ ʩʫʧʦ-

ʨʦʩʥʳʡ ʧʝʨʠʦʜʳ. ʈʘʟʨʘʙʦʪʢʦʡ, ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʠ ʘʢʪʠʚʥʳʤ ʚʥʝʜʨʝʥʠʝʤ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʢʦʨʤʣʝʥʠʷ ʩʚʠʥʦʤʘʪʦʢ ʪʦʣʴʢʦ ʚ ɽʚʨʦʧʝ 

ʟʘʥʠʤʘʝʪʩʷ ʙʦʣʝʝ 20 ʬʠʨʤ, ʚʝʜʫʱʠʝ ʠʟ ʢʦʪʦʨʳʭ: çInsenteʩ B.V.è, çNʝdapAgriè, 

çBlessFeedSystemsè (ʅʠʜʝʨʣʘʥʜʳ), çBigDutchmanè, çWedaè, çMannebeckè, 

çSchulzè, çHuwegaè (ɻʝʨʤʘʥʠʷ), çAsservaè (ʌʨʘʥʮʠʷ), çSchauerè (ɸʚʩʪʨʠʷ), 

çSkiold-Echbergè (ɼʘʥʠʷ). ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ çNEDAP VELOSè, 

çNEDAP PORCODEè (ɻʦʣʣʘʥʜʠʷ) ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʬʬʝʢʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʢʦʨʤʣʝʥʠʝ ʩʫʧʦʨʦʩʥʳʭ ʩʚʠʥʦʤʘʪʦʢ ʠ ʨʝʤʦʥʪʥʦʛʦ ʤʦʣʦʜʥʷʢʘ, ʘ 

ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʭʦʪʳ. ʂʦʤʧʘʥʠʷ çNEDAPè ï ʤʠʨʦʚʦʡ ʣʠʜʝʨ ʚ ʦʙʣʘʩʪʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʩʚʠʥʦʚʦʜʩʪʚʘ. ɻʣʘʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʘʚʪʦʤʘ-

ʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʢʦʨʤʣʝʥʠʷ: ʠʩʢʣʶʯʝʥʠʝ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ, ʦʧʪʠ-

ʤʘʣʴʥʳʝ ʢʦʥʜʠʮʠʠ ʩʚʠʥʦʤʘʪʦʢ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʷ ʢʦʨʤʦʚ, ʧʦʚʳʰʝʥʠʝ ʢʦ-

ʣʠʯʝʩʪʚʘ ʦʧʦʨʦʩʦʚ, ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʩʚʠʥʦʤʘʪʦʢ ʚ ʦʭʦʪʝ, ʦʪʜʝʣʝʥʠʝ 

ʩʚʠʥʦʤʘʪʦʢ ʥʘ ʚʘʢʮʠʥʘʮʠʶ, ʦʧʦʨʦʩ ʠ ʪ.ʜ. [1, 2].  

ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʧʨʦʙʣʝʤʦʡ ʷʚʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦʝ ʢʦʨʤʣʝʥʠʝ 

ʩʚʠʥʝʡ ʥʘ ʦʪʢʦʨʤʝ. ʅʦ ʠ ʟʜʝʩʴ ʫʩʧʝʰʥʦ ʚʥʝʜʨʷʶʪʩʷ ʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ (ʩʪʘʥʮʠʠ) ʢʦʨʤʣʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʥʮʠʷ çTRISTARè 

(ʌʨʘʥʮʠʷ) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʪʢʦʨʤʘ ʩʚʠʥʝʡ (25ï130 ʢʛ) ʚ ʙʦʣʴʰʠʭ ʛʨʫʧʧʘʭ ʦʪ 

250 ʜʦ 350 ʞʠʚʦʪʥʳʭ ʧʨʠ ʞʠʜʢʦʤ ʢʦʨʤʣʝʥʠʠ ʠ ʜʦ 500 ʧʨʠ ʩʫʭʦʤ [1]. ɺʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ɽʉ ʩ ʨʘʟʚʠʪʳʤ ʩʚʠʥʦʚʦʜʩʪʚʦʤ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ ʦʪʢʦʨʤʘ. 

ɺʩʝ ʩʚʠʥʴʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʦʙʱʝʤ ʧʦʤʝʱʝʥʠʠ. ʂʘʞʜʦʝ ʞʠʚʦʪʥʦʝ ʩʥʘʙʞʝʥʦ ʨʘʜʠʦ-

ʯʘʩʪʦʪʥʳʤ ʠʜʝʥʪʠʬʠʢʘʪʦʨʦʤ RFID. ɼʣʷ ʢʦʨʤʣʝʥʠʷ ʦʥʦ ʜʦʣʞʥʦ ʧʨʦʡʪʠ ʯʝʨʝʟ ʘʚ-

ʪʦʤʘʪʠʯʝʩʢʠʝ ʩʝʣʝʢʮʠʦʥʥʳʝ ʚʦʨʦʪʘ, ʛʜʝ ʝʛʦ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʠ ʚʟʚʝʰʠʚʘʶʪ. ɼʘ-

ʣʝʝ ʞʠʚʦʪʥʦʝ ʥʘʧʨʘʚʣʷʝʪʩʷ ʯʝʨʝʟ ʜʨʫʛʠʝ ʩʝʣʝʢʮʠʦʥʥʳʝ ʚʦʨʦʪʘ ʣʠʙʦ ʚ ʟʦʥʫ ʢʦʨʤ-

ʣʝʥʠʷ ʢ ʩʚʦʙʦʜʥʦʡ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʡ ʢʦʨʤʦʩʪʘʥʮʠʠ, ʛʜʝ ʝʤʫ ʚʳʜʘʝʪʩʷ ʠʥʜʠ-
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ʚʠʜʫʘʣʴʥʳʡ ʨʘʮʠʦʥ ʧʦ ʤʝʪʢʝ RFID, ʣʠʙʦ ʚ ʟʦʥʫ ʦʪʛʨʫʟʢʠ, ʝʩʣʠ ʦʥʦ ʜʦʩʪʠʛʣʦ 

ʫʙʦʡʥʳʭ ʢʦʥʜʠʮʠʡ, ʣʠʙʦ ʦʙʨʘʪʥʦ ʚ ʦʙʱʫʶ ʟʦʥʫ, ʝʩʣʠ ʚʨʝʤʷ ʢʦʨʤʣʝʥʠʷ ʝʱʝ ʥʝ 

ʧʦʜʦʰʣʦ. ɺʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʜʚʠʞʝʥʠʷ ʞʠʚʦʪʥʳʭ ʫʧʨʘʚʣʷʶʪ-

ʩʷ ʮʝʥʪʨʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʠ ʤʝʩʪʥʳʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤ, ʧʨʦʮʝʩʩʦʨʘʤʠ.   

ʅʘʢʦʧʣʝʥʥʳʡ ʦʧʳʪ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠ-

ʩʪʝʤ ʥʘ ʧʣʝʤʝʥʥʳʭ ʠ ʨʝʧʨʦʜʫʢʪʦʨʥʳʭ ʩʚʠʥʦʬʝʨʤʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʤʠʢ-

ʨʦʧʨʦʮʝʩʩʦʨʥʘʷ ʪʝʭʥʠʢʘ, ʘʧʧʘʨʘʪʥʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ ʢʦʨʤʦʨʘʟʜʘʯʠ ʠ ʜʨʫʛʠʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ ʬʦʨʤʠʨʫʶʪ ʚʧʦʣʥʝ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʫʶ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʞʠʚʦʪʥʳʭ [3]. ɹʣʘʛʦʜʘ-

ʨʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʤ ʫʩʧʝʭʘʤ ʚ ʧʦʩʣʝʜʥʠʝ ʚʨʝʤʷ ʨʘʩʰʠʨʝʥʘ ʭʦ-

ʟʷʡʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʬʠʨʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝ ʪʦʣʴʢʦ ʥʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʳʭ ʬʝʨʤʘʭ ɿʘʧʘʜʥʦʡ, ʥʦ ʠ ʚ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʎʝʥʪʨʘʣʴʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ: ʏʝʭʠʠ, ɺʝʥʛʨʠʠ, ʇʦʣʴʰʠ, 

ʩʪʨʘʥ ɹʘʣʪʠʠ. ɿʘ ʧʦʩʣʝʜʥʠʝ 7 ʣʝʪ ʧʦʷʚʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʬʝʨʤ ʩ ʧʦʜʦʙʥʦʡ ʪʝʭʥʦ-

ʣʦʛʠʝʡ ʠ ʚ ʋʢʨʘʠʥʝ. ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʦʧʳʪ ʩʚʠʥʦʚʦʜʩʪʚʘ ʵʪʠʭ ʩʪʨʘʥ ʩʚʠʜʝʪʝʣʴ-

ʩʪʚʫʝʪ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʨʤʣʝʥʠʷ 

ʩʚʠʥʝʡ, ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʢʦʥʪʨʦʣʷ ʢʦʥʜʠʮʠʠ ʠ ʧʨʝʚʨʘʱʘʪʴ ʚʳʷʚʣʝʥʥʳʡ ʩʨʝʜ-

ʩʪʚʘʤʠ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʨʝʩʫʨʩ ʚ ʜʝʡʩʪʚʝʥʥʳʡ ʨʳʯʘʛ ʧʦʚʳʰʝ-

ʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʩʚʠʥʦʚʦʜʩʪʚʝ. ʈʝʘʣʠʟʘʮʠʷ ʵʪʦʛʦ ʨʝʩʫʨʩʘ 

ʨʘʮʠʦʥʘʣʴʥʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʧʣʝʤʝʥʥʳʭ ʠ ʨʝʧʨʦʜʫʢʪʦʨʥʳʭ ʬʝʨʤʘʭ, ʛʜʝ ʙʦʣʝʝ 

ʧʦʣʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʚʦʩʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʢʘʯʝʩʪʚ ʯʠ-

ʩʪʦʧʦʨʦʜʥʳʭ ʩʚʠʥʝʡ [1]. 

 

ʀʩʧʦʣʴʟʦʚʘʥʥʳʝ ʠʩʪʦʯʥʠʢʠ 

1. ʈʦʙʦʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʞʠʚʦʪʥʦʚʦʜʩʪʚʝ: ʫʯʝʙ. ʧʦʩʦʙʠʝ / 

ɸ.ɸ. ʅʘʫʤʝʥʢʦ ʠ ʜʨ. ʍʘʨʴʢʦʚ: ʄʽʩʴʢʜʨʫʢ, 2015. 170 ʩ. 

2. ESF ï Electronic Sow Feeding [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. URL: 

http://www.automatedproduction.com/en/apesf.php (ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 5.04.2017 ʛ.). 

3. ʏʝʨʥʦʠʚʘʥʦʚʘ ɺ.ʀ., ʌʝʜʦʨʝʥʢʦ ɺ.ʌ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ 

ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʝʚʦʦʨʫʞʝʥʠʷ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʚʠʥʦʚʦʜʯʝʩʢʠʭ ʬʝʨʤ ʠ 

ʢʦʤʧʣʝʢʩʦʚ. ʄ.: ʌɻʅʋ çʈʦʩʠʥʬʦʨʤʘʛʨʦʪʝʭè, 2006. 264 ʩ.  
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ʈɸʉʏɽʊ ʀ ʂʆʅʉʊʈʋʂʊʀɺʅʆɽ ʀʉʇʆʃʅɽʅʀɽ ɺɽʊʈʆɻɽʅɽʈɸʊʆʈɸ 

 

ʉ.ʅ. ʐʦʧʠʥʩʢʠʡ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʀʩʭʦʜʷ ʠʟ ʩʨʘʚʥʝʥʠʡ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʨʘʙʦʪʦʢ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʦʚ ʠ ʠʭ 

ʩʨʘʚʥʝʥʠʷ ʩ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʠʩʧʦʣʥʝʥʠʝʤ ʥʘʰʝʡ ʤʦʜʝʣʠ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚʳʚʦ-

ʜʳ, ʯʪʦ ʜʣʷ ʥʘʰʝʡ ʦʙʣʘʩʪʠ ʥʝʪ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʢʦʪʦʨʘʷ ʙʳ ʚʨʘʱʘʣʘʩʴ ʧʨʠ ʩʣʘ-

ʙʦʤ ʚʝʪʨʝ ʠ ʤʦʛʣʘ ʧʦʩʪʦʷʥʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʝʙʦʣʴʰʠʝ ʧʦ ʧʠʪʘʥʠʶ ʵʥʝʨʛʦʦʙʲ-

ʝʢʪʳ. ʇʨʝʜʣʘʛʘʝʤʘʷ ʥʘʤʠ ʢʦʥʩʪʨʫʢʮʠʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʠʩʧʦʣʥʝʥʠʷ. ʇʦʵʪʦʤʫ ʚʝʪʨʦʫʩʪʘʥʦʚʢʘ ʙʫʜʝʪ ʚʨʘʱʘʪʴʩʷ ʧʨʠ ʚʝʪʨʝ 3 ʤ/ʩ, 

ʠ ʜʘʥʥʫʶ ʤʦʜʝʣʴ ʷ ʩʯʠʪʘʶ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚ ʨʘʟʚʠʪʠʠ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʯʝʥʴ ʤʥʦʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚʝʪʨʦʫʩʪʘʥʦʚʦʢ. ʈʘʟʨʘ-

ʙʦʪʯʠʢʠ ʫʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʦʥʠ ʙʫʜʫʪ ʚʨʘʱʘʪʴʩʷ ʧʨʠ ʤʘʣʦʤ ʚʝʪʨʝ, ʥʦ ʵʪʦ ʥʝ ʪʘʢ, 

ʧʦʪʦʤʫ ʯʪʦ ʚʨʘʱʝʥʠʝ ʠʭ ʠʜʝʪ ʙʝʟ ʟʘʮʝʧʣʝʥʠʷ ʩ ʛʝʥʝʨʘʪʦʨʦʤ, ʪʦ ʝʩʪʴ ï ʙʝʟ 

ʥʘʛʨʫʟʢʠ. 

ɽʩʪʴ ʚʝʪʨʦʫʩʪʘʥʦʚʢʠ ʩ ʜʚʫʤʷ ʨʦʪʦʨʘʤʠ, ʥʦ ʧʨʠ ʠʭ ʧʨʠʤʝʥʝʥʠʠ ʘʢʮʝʥʪ ʜʝ-

ʣʘʝʪʩʷ ʥʘ ʫʤʝʥʴʰʝʥʠʝ ʰʫʤʘ ʠ ʚʠʙʨʘʮʠʠ, ʘ ʥʝ ʚʨʘʱʝʥʠʠ ʧʨʠ ʤʘʣʦʤ ʚʝʪʨʝ. 

ʇʦʩʢʦʣʴʢʫ ʚʝʪʝʨ ʷʚʣʷʝʪʩʷ ʚʝʯʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʵʥʝʨʛʠʠ, ʤʥʦʛʠʝ ʩʪʘʣʠ ʘʢ-

ʪʠʚʥʦ ʵʪʠʤ ʧʦʣʴʟʦʚʘʪʴʩʷ. ɿʘʯʝʤ ʧʣʘʪʠʪʴ ʟʘ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʝʩʣʠ ʝʛʦ ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. 

ʇʦʩʢʦʣʴʢʫ ʪʘʨʠʬʳ ʥʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʶ ʥʝʧʦʤʝʨʥʦ ʨʘʩʪʫʪ, ʧʦʩʪʘʚʠʪʴ ʫ ʩʝ-

ʙʷ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨ ï ʵʪʦ ʩʘʤʳʡ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʠʟʙʘʚʠʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʢʦʤʧʘʥʠʡ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʧʦʣʫʯʠʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʬʠʥʘʥʩʦʚʫʶ 

ʵʢʦʥʦʤʠʶ. ʋʩʪʘʥʦʚʢʘ ʚʝʪʨʦʚʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ ð ʫʜʦ-

ʚʦʣʴʩʪʚʠʝ ʥʝ ʩʘʤʦʝ ʜʝʰʸʚʦʝ. ʅʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʫʩʪʴ ʠ ʥʝ ʩʨʘʟʫ, ʥʦ ʩ ʣʠʭʚʦʡ 

ʦʧʨʘʚʜʘʝʪ ʜʝʥʝʞʥʳʝ ʚʣʦʞʝʥʠʷ ʠ ʚ ʠʪʦʛʝ ʦʢʘʞʝʪʩʷ ʙʝʩʧʨʦʠʛʨʳʰʥʳʤ. ʉʨʦʢʠ 

ʦʢʫʧʘʝʤʦʩʪʠ ʚʝʪʨʦʛʝʥʝʨʘʪʦʨʘ ʩʦʩʪʘʚʣʷʶʪ 5ï7 ʣʝʪ, ʘ ʧʨʦʩʣʫʞʠʪʴ ʜʘʥʥʘʷ ʫʩʪʘ-

ʥʦʚʢʘ ʤʦʞʝʪ ʙʝʟʦʪʢʘʟʥʦ 15 ʣʝʪ ʠ ʙʦʣʝʝ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʪʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʝʱʸ ʠ ʚ ʪʦʤ, ʯʪʦ ʚ 

ʩʣʫʯʘʝ ʥʝʧʦʛʦʜʳ ʠ ʧʦʨʳʚʠʩʪʦʛʦ ʚʝʪʨʘ, ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʚ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʳʭ ʦʙʲ-

ʝʢʪʘʭ ʠ ʞʠʣʳʭ ʜʦʤʘʭ ʤʦʞʝʪ ʥʘʜʦʣʛʦ ʧʨʦʧʘʜʘʪʴ. ɸ ʜʣʷ ʭʦʟʷʝʚ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʦʩʥʘʙʞʝʥʠʷ ʧʦʨʳʚʠʩʪʳʡ ʚʝʪʝʨ ʪʦʣʴʢʦ ʥʘ ʧʦʣʴʟʫ. ɺʝʪʨʦʫʩʪʘ-

ʥʦʚʢʘ ʧʨʦʜʦʣʞʘʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʩʥʘʙʞʘʷ ʠʤ ʥʝʦʙʭʦʜʠʤʳʝ ʦʙʲ-

ʝʢʪr ʠ ʜʦʤʘ. 
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ʈɸɿʈɸɹʆʊʂɸ ʉʊʈʋʂʊʋʈʅʆʁ ʉʍɽʄʓ ɹʃʆʂɸ ɺʓʂʃʖʏɽʅʀʗ ʉɺɽʊɸ  

ʉ ɺʈɽʄɽʅʅʆʁ ɿɸɼɽʈɾʂʆʁ 

 

ʄ.ɺ. ʑʝʨʙʘʪʶʢ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʷʚʣʷʝʪʩʷ ʜʝʬʠʮʠʪ 

ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʴ. ʇʨʠ ʵʪʦʤ ʚ ʙʳʪʦʚʦʤ ʧʦ-

ʪʨʝʙʣʝʥʠʠ ʯʝʣʦʚʝʢ ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ, ʧʦʵʪʦʤʫ ʥʫʞʥʦ 

ʩʪʨʝʤʠʪʴʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʙʳʣʦ ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ 

ʤʠʥʠʤʘʣʴʥʳʤ. 

ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʩʢʣʘʜʳʚʘʝʪʩʷ ʩʠʪʫʘʮʠʷ, ʢʦʛʜʘ ʚʳʢʣʶʯʘʪʝʣʴ ʩʚʝʪʘ ʥʘʭʦ-

ʜʠʪʩʷ ʚ ʥʝʫʜʦʙʥʦʤ ʤʝʩʪʝ, ʧʦʵʪʦʤʫ ʠʤ ʣʠʰʥʠʡ ʨʘʟ ʥʝ ʧʦʣʴʟʫʶʪʩʷ, ʦʩʪʘʚʣʷʷ 

ʚʢʣʶʯʝʥʥʳʤʠ ʧʨʠʙʦʨʳ ʦʩʚʝʱʝʥʠʷ ʚ ʧʦʤʝʱʝʥʠʠ, ʚ ʢʦʪʦʨʦʤ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʥʠʢʪʦ ʥʝ ʥʘʭʦʜʠʪʩʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʣʦʢʘ ʚʳ-

ʢʣʶʯʝʥʠʷ ʩʚʝʪʘ ʩ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʦʡ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʪʢʣʶʯʘʪʴ ʩʚʝʪ ʚ 

ʧʦʤʝʱʝʥʠʠ ʩ ʟʘʜʝʨʞʢʦʡ 30 ʩʝʢʫʥʜ ʧʦʩʣʝ ʥʘʞʘʪʠʷ ʥʘ ʢʣʘʚʠʰʫ ʚʳʢʣʶʯʘʪʝʣʷ. 

ɼʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʙʣʦʢʘ ʫʜʦʙʥʦ ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʩʚʝʪʘ ʚ ʙʦʣʴʰʠʭ ʢʦʤʥʘʪʘʭ, ʢʦ-

ʨʠʜʦʨʘʭ, ʩʢʣʘʜʘʭ [1]. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʚʦʟ-

ʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝ-

ʤʝʥʪʦʚ ʩʭʝʤʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ ʷʚʣʷʝʪʩʷ ʥʝʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤ, ʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʥʘʜʝʞʥʳʤ. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʜʘʥʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʪʨʦʡʩʪʚ: ʚ ʜʘʥ-

ʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʨʝʤʝʥʥʦʡ ʟʘʜʝʨʞʢʠ 

ʜʣʷ ʦʪʢʣʶʯʝʥʠʷ ʦʩʚʝʱʝʥʠʷ, ʦʪʩʫʪʩʪʚʫʶʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʨʝʣʝ ʜʣʷ ʢʦʤʤʫ-

ʪʘʮʠʠ ʮʝʧʠ ʦʩʚʝʱʝʥʠʷ, ʦʪʩʫʪʩʪʚʫʝʪ ʩʚʷʟʴ ʩ ʜʘʪʯʠʢʘʤʠ ʜʚʠʞʝʥʠʷ, ʜʘʪʯʠʢʘʤʠ ʦʪ-

ʢʨʳʪʠʷ ʜʚʝʨʠ ʠ ʧʨʦʯʠʤʠ ʘʥʘʣʦʛʠʯʥʳʤʠ ʜʘʪʯʠʢʘʤʠ; ʦʪʩʫʪʩʪʚʫʝʪ ʟʚʫʢʦʚʘʷ ʩʠʛ-

ʥʘʣʠʟʘʮʠʷ ʦʪʩʯʝʪʘ ʟʘʜʝʨʞʢʠ ʚʨʝʤʝʥʠ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ ʟʘʜʘʝʪʩʷ ʞʜʫʱʠʤ ʤʫʣʴ-

ʪʠʚʠʙʨʘʪʦʨʦʤ ʥʘ ʠʥʪʝʛʨʘʣʴʥʦʡ ʤʠʢʨʦʩʭʝʤʝ. 

ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʙʣʦʢʘ ʚʳʢʣʶʯʝʥʠʷ ʩʚʝʪʘ ʥʝʦʙʭʦʜʠ-

ʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʦʣʞʥʘ ʦʧʨʝʜʝʣʷʪʴ ʦʩʥʦʚʥʳʝ ʯʘʩʪʠ 

ʫʩʪʨʦʡʩʪʚʘ, ʠʭ ʥʘʟʥʘʯʝʥʠʝ, ʚʟʘʠʤʦʩʚʷʟʠ [2]. ɺ ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʚʭʦʜʷʪ 

ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʚʨʝʤʷʟʘʜʘʶʱʘʷ ʮʝʧʦʯʢʘ, ʫʩʠʣʠʪʝʣʴ, ʰʫʥʪʠʨʫʶʱʘʷ ʮʝʧʴ, 

ʚʳʧʨʷʤʠʪʝʣʴ, ʢʣʝʤʤʥʠʢ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʢʣʶʯʘʪʝʣʷ. 

ɺʨʝʤʷʟʘʜʘʶʱʠʝ RC-ʮʝʧʠ ï ʧʨʠʤʝʥʷʶʪ ʢʦʛʜʘ ʪʨʝʙʫʝʪʩʷ, ʯʪʦʙʳ ʚʨʝʤʷ 

ʨʘʟʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʙʳʣʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʚʨʝʤʝʥʠ ʝʛʦ ʟʘʨʷʜʘ [3]. ʅʘ ʧʨʘʢʪʠʢʝ 

ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʨʷʜʥʳʡ ʜʠʦʜ, ʚʢʣʶʯʝʥʥʳʡ ʧʘʨʘʣʣʝʣʴʥʦ ʨʝʟʠʩʪʦʨʫ. 

ʋʩʠʣʠʪʝʣʴ ï ʵʣʝʤʝʥʪ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ (ʠʣʠ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʢʦʥʪʨʦʣʷ), 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʫʩʠʣʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʦ ʫʨʦʚʥʷ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʩʨʘʙʘʪʳʚʘʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʭʘʥʠʟʤʘ (ʠʣʠ ʨʝʛʠʩʪʨʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ), ʟʘ 

ʩʯʸʪ ʵʥʝʨʛʠʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʠʣʠ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʜʨʫʛʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ. 
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ʇʘʨʘʣʣʝʣʴʥʘʷ (ʰʫʥʪʠʨʫʶʱʘʷ) ʮʝʧ ɹ ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʮʝʧʴ, ʢʦʤʧʦʥʝʥʪʳ 

ʢʦʪʦʨʦʡ ʩʦʝʜʠʥʝʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʚ ʮʝʧʠ ʜʝʣʠʪʩʷ ʤʝʞʜʫ 

ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʥʠʭ ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺʳʧʨʷʤʠʪʝʣʴ 

(ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ) ï ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ; ʤʝʭʘʥʠʯʝʩʢʦʝ, 

ʣɻʝʢʪʨʦʚʘʢʫʫʤʥʦʝ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʦʝ ʠʣʠ ʜʨʫʛʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ 

ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʝʤʝʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʧʦʩʪʦʷʥʥʳʡ 

ʚʳʭʦʜʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ [4]. 

ʂʣʝʤʤʥʘʷ ʢʦʣʦʜʢʘ ï ʵʣʝʢʪʨʦʫʩʪʘʥʦʚʦʯʥʦʝ ʠʟʜʝʣʠʝ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʝ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ.[5] ʇʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʘʨʫ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ 

ʩ ʫʟʣʘʤʠ ʢʨʝʧʣʝʥʠʷ ʢ ʥʠʤ ʧʨʦʚʦʜʦʚ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʨʧʫʩʝ. 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʳ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʙʣʦʢʘ, ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʜʠʘʛʥʦʩʪʠʢʠ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʫʩʪʨʦʡʩʪʚʘ 

ï ʧʨʦʩʪʦʪʘ, ʥʝʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʧʦʣʝʟʥʦʩʪʴ ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʧʦʪʨʝʙʠʪʝʣʷ. 
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The adequate and effective milking of highly productive cows consists in that it 

is most expedient to use the physiology reactions of organism, which are the basis of 

formation of milk and milk yield. Correct organization of the machine milking allows 

considerably to promote the labour productivity and get milk of high quality. 

The machine milking influences on the state of udder cows as follows: me-

chanical transfer of morbific microorganisms from one animal to other, reverse cur-

rent of milk in a milking vehicle and in milk pipe, damage of fabrics udder, especially 

in area of nipple and nipple channel. 

The state nipples udder of milch cows is an index organization milking routine 

and indicator of risk appearance infections. What more bacteria are on the tag of nip-

ple, the higher risk of skidding infection. Cracks and scratches dummies are places of 

reproduction bacteria. They can cause pain to the cow, forcing her to kick, more fre-

quent to become empty during milking and reduce milk yield [1]. 

The cracks of nipples arise up as a result of bad supervision after an udder. 

Elasticity of skin goes down at the raw and dirty bedding. The skin of nipples does 

not have oil-glands and that is why dries out easily, especially in windy and sultry 

days. Then there are an edema and sickliness of nipple, small cracks which become 

deeper and bleed appear, they are contaminated and encrust. On such conditions a 

cow is milked by dry not fully, mastitis develops for her [2, 3]. 

For a management technological processes on sucklings complexes are need 

the quantitative expressmethods of control after implementation of technological op-

erations which give a result real-time and provide possibility of rapid estimation of 

their influence on the organism milch cows. 

Deep knowledge of conformities to law of basic physiology functions of lactat-

ing organism is effective means in stimulation of the suckling productivity and, thus, 

in the increase the use genetic potential of animal. Without an account and descrip-

tion of regulator mechanisms which are the basis of lactational activity organism of 

animal, it is difficult to organize the regular, physiological reasonable shape of the 

use suckling cattle and obtain the further proof increase of the suckling productivity 

of animals [4]. 

An aim of work was development of innovative approach in determination of 

influence of the milking systems on udder milch cows. 

In practice of suckling stock-raising quite often run into braking of reflex milk 

yield, by the caused influence on a cow before the beginning or during milking of dif-

ferent stress factors. The inferior display of reflex milk yield can be caused by the 
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change of unconditioned reflex influence on a suckling gland is inadequate stimula-

tion, pain, or conditioned reflex is violation of milking stereotype. 

According to modern presentations and physiological proofs of presence in the 

gland of various receptors which perceive mechanical, thermal, chemical irritations, 

impulses from them arrive at a hypothalamus and other departments, including a cor-

tex. The these theoretical ground to examine some practical presentations taking into 

account loading on a receptor vehicle. 

The worked out classification of influence of the milking systems on the basis 

of innovative approach consists in the following: to ɯ class take include nipple at 

which clean, smooth skin, without discoloration, soft head, a white ring is assumed 

only as discoloration (allowed in a herd >70 ï 80 %, <60 % not permissible); ɯɯ class 

is visible signs from loading, but without breaks, salient and white nipple opening, 

discoloration on the skin of nipple (allowed in a herd 20 ï 30 %, >40 % not permissi-

ble); ɯɯɯ class is scabs, bloody damaged skin. Hard and dropsical head of nipple, elas-

ticity of fabric (allowed <3 %, not permissible >10 %). 

Thus, during development and evaluation of the system the sparing milking of 

cows it is necessary to take into account such signs not only, as the suckling produc-

tivity of milch herd, maintenance of somatic cages in milk, dynamics of milk yield, 

speed of spades milk yield and milking time, but also pay attention to the state of 

nipples udder taking into account their connection with other signs. 
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ɺ ʨʳʥʦʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʟʝʤʣʝʜʝ-
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ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʠʟʫʯʝʥʠʶ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʙʘʟʝ ɿɸʆ çʂʨʘʩʥʦʷʨʫʞʩʢʘʷ ʟʝʨʥʦʚʘʷ ʢʦʤʧʘʥʠʷè ʦʪʜʝʣʝʥʠʝ çʗʨʩʢʦʝè. 

ʋʨʦʞʘʡʥʦʩʪʴ ï ʵʪʦ ʢʘʯʝʩʪʚʝʥʥʳʡ, ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʦʪʦʨʳʡ ʟʘ-

ʚʠʩʠʪ ʦʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʘʢʪʦʨʦʚ. ɹʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʝʝ ʫʨʦʚʝʥʴ ʦʢʘʟʳʚʘʶʪ 

ʧʨʠʨʦʜʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ: ʢʘʯʝʩʪʚʦ ʠ ʩʦʩʪʘʚ ʧʦʯʚʳ, ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ, ʫʨʦʚʝʥʴ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ. ɹʦʣʴʰʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪ ʢʫʣʴʪʫʨʘ ʟʝʤʣʝʜʝʣʠʷ, ʘʛʨʦʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦ-

ʣʦʛʠʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʫʣʴʪʫʨ, ʫʜʦʙʨʝʥʠʝ ʧʦʯʚʳ, ʢʘʯʝʩʪʚʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʚʩʝʭ 

ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ ʩʞʘʪʳʝ ʩʨʦʢʠ ʠ ʜʨʫʛʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. 

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʫʨʦʞʘʡʥʦʩʪʴ ʢʫʢʫʨʫʟʳ ʟʥʘʯʠʪʝʣʴʥʦ ʟʘʚʠʩʝʣʘ ʦʪ 

ʠʟʫʯʘʝʤʳʭ ʚ ʦʧʳʪʝ ʬʘʢʪʦʨʦʚ. ʊʘʢ, ʥʘ ʢʦʥʪʨʦʣʴʥʦʤ ʚʘʨʠʘʥʪʝ, ʛʜʝ ʥʝ ʧʨʝʜʫʩʤʦʪ-

ʨʝʥʘ ʦʙʨʘʙʦʪʢʘ ʧʦʯʚʳ, ʨʘʩʪʝʥʠʷ ʢʫʢʫʨʫʟʳ ʬʦʨʤʠʨʦʚʘʣʠ ʫʨʦʞʘʡʥʦʩʪʴ ʥʘ ʫʨʦʚʥʝ 

51,6ï55,1 ʮ/ʛʘ ʟʝʨʥʘ. ʈʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʩʫ-

ʱʝʩʪʚʝʥʥʦʤʫ ʨʦʩʪʫ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʚ ʩʨʝʜʥʝʤ ʥʘ 7,1ï12,5 ʮ/ʛʘ. ʇʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ ʚʘʨʠʘʥʪʘʤ ʩ ʩʠʜʝʨʘʣʴʥʳʤʠ ʢʫʣʴʪʫʨʘʤʠ ʣʫʯʰʠʤ ʩʧʦʩʦʙʦʤ 

ʟʘʜʝʣʢʠ ʦʢʘʟʘʣʩʷ çʈʫʙʠʥè+ʇʃʅ, ʘ ʩʨʝʜʠ ʩʠʜʝʨʘʣʴʥʳʭ ʢʫʣʴʪʫʨ ʧʦ ʜʘʥʥʦʤʫ ʧʦ-

ʢʘʟʘʪʝʣʶ ʣʫʯʰʝʡ ʦʢʘʟʘʣʘʩʴ ʛʦʨʯʠʮʘ, ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʫʨʦʞʘʡ ʢʫʢʫʨʫʟʳ ʢʦʣʝʙʘʣʩʷ 

60,4-67,6. ʕʪʦ ʧʨʝʚʳʰʘʣʦ ʫʨʦʞʘʡ ʧʦ ʦʩʪʘʣʴʥʳʤ ʩʠʜʝʨʘʪʘʤ ʥʘ 4,2ï7,0 ʮ/ʛʘ 

(ʅʉʈ05=1,7). ʄʘʢʩʠʤʘʣʴʥʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʙʳʣʘ ʥʘ ʚʘʨʠʘʥʪʝ 

çʈʫʙʠʥè+ʇʃʅ ʧʦʩʣʝ ʛʦʨʯʠʮʳ ʠ ʩʦʩʪʘʚʠʣʘ ï 67,6 ʮ/ʛʘ. 
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ʋɼʂ 712.3/.7 

 

ʇʈʆɽʂʊ ʈɸɿɺʀʊʀʗ ʊɽʄɸʊʀʏɽʉʂʆɻʆ ʇɸʈʂɸ çʈʋʉʉʂʀʁ ʃɽʉè 

ʧ. ʄɸʁʉʂʀʁ ɹɽʃɻʆʈʆɼʉʂʆɻʆ ʈɸʁʆʅɸ 

 

ɸʣʴ ʉʘʡʜʠ ɸʭʤʝʜ ʌʘʣʠʭ ʐʘʤʫʭ, ɸ.ʄ. ʇʷʪʳʭ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ, ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʆʙʱʝʩʪʚʝʥʥʦ-ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʨʦʝʢʪ çʈʫʩʩʢʠʡ ʣʝʩè ʠʥʠʮʠʠʨʦʚʘʥ ʆʙ-

ʱʝʨʦʩʩʠʡʩʢʠʤ ʦʙʱʝʩʪʚʝʥʥʳʤ ʙʣʘʛʦʪʚʦʨʠʪʝʣʴʥʳʤ ʬʦʥʜʦʤ çʈʦʩʩʠʡʩʢʠʡ ʜʝʪ-

ʩʢʠʡ ʬʦʥʜè ʚ ʣʠʮʝ ʝʛʦ ʧʨʝʜʩʝʜʘʪʝʣʷ ʃʠʭʘʥʦʚʘ ɸʣʴʙʝʨʪʘ ɸʥʘʪʦʣʴʝʚʠʯʘ. ʕʪʦʪ 

ʧʨʦʝʢʪ, ʘ ʪʘʢ ʞʝ ʧʨʦʛʨʘʤʤʳ ç ɿʝʣʝʥʘʷ ʩʪʦʣʠʮʘè, ç500 ʧʘʨʢʦʚè ʠ ʜʨʫʛʠʝ ʤʝʨʦ-

ʧʨʠʷʪʠʷ ʚ ʦʙʣʘʩʪʠ ʩʘʜʦʚʦ-ʧʘʨʢʦʚʦʛʦ ʠ ʣʘʥʜʰʘʬʪʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʨʝʘʣʠʟʫʝ-

ʤʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʛʦʨʦʜʩʢʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʘʚʣʝʥ ʥʝ ʪʦʣʴʢʦ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʨʝʛʠʦʥʘ, ʥʦ ʠ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʥʘʩʝʣʝ-

ʥʠʷ. 

ʇʦʩʝʣʦʢ ʄʘʡʩʢʠʡ ɹʝʣʛʦʨʦʜʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʚʠʟʠʪʥʦʡ ʢʘʨʪʦʯʢʦʡ 

ʧʨʠ ʚʲʝʟʜʝ ʚ ɹʝʣʛʦʨʦʜ ʩʦ ʩʪʦʨʦʥʳ ʋʢʨʘʠʥʳ, ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʙʦʣʴʰʝ ʚʥʠ-

ʤʘʥʠʷ ʫʜʝʣʷʪʴ ʙʣʘʛʦʫʩʪʨʦʡʩʪʚʫ ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʪʘʢ ʞʝ ʨʘʟʚʠʪʠʶ ʩʠʩʪʝʤʳ 

ʦʟʝʣʝʥʝʥʠʷ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʥʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦ-

ʩʝʣʢʘ ʠ ʦʧʨʝʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʰʝ-

ʭʦʜʥʳʭ ʧʦʪʦʢʦʚ. ʊʘʢʞʝ ʥʘʤʠ ʦʙʩʣʝʜʦʚʘʥʘ ʩʠʩʪʝʤʘ ʦʟʝʣʝʥʝʥʠʷ ʧʦʩʝʣʢʘ, ʚʳʜʝʣʝ-

ʥʳ ʟʦʥʳ ʨʝʢʨʝʘʮʠʠ ʥʘʩʝʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʛʦʚʦʨʷʪ ʦʙ ʘʢʪʫʘʣʴʥʦʩʪʠ 

ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʦʟʝʣʝʥʝʥʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʟʦʥ ʦʪʜʳʭʘ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟ-

ʜʫʭʝ.  

ʇʘʨʢ çʈʫʩʩʢʠʡ ʣʝʩè ʧʦʩʚʷʱʝʥ ʪʚʦʨʯʝʩʪʚʫ ʚʝʣʠʢʠʭ ʨʫʩʩʢʠʭ ʧʠʩʘʪʝʣʝʡ.  

ɼʣʷ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʠʭ ʪʚʦʨʯʝʩʪʚʘ ʩʦʟʜʘʥʳ ʪʝʤʘʪʠʯʝʩʢʠʝ ʧʣʦʱʘʜʢʠ, ʦʬʦʨʤʣʝʥ-

ʥʳʝ ʪʝʥʝʚʦʡ ʩʢʫʣʴʧʪʫʨʦʡ ï ʧʨʦʬʠʣʷʤʠ ʧʦ ʤʦʪʠʚʘʤ ʛʝʨʦʝʚ ʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ. 

ʂʘʞʜʘʷ ʧʣʦʱʘʜʢʘ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʫʥʢʮʠʠ ʜʣʷ ʦʪʜʳʭʘ ʥʘʩʝʣʝʥʠʷ (ʪʠ-

ʭʠʡ ʦʪʜʳʭ, ʠʛʨʦʚʳʝ ʧʣʦʱʘʜʢʠ ʠ ʪ.ʜ.). ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʢʦʥʮʝʧʮʠʠ ʧʘʨʢʘ ʥʘʤʠ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʣʘʥʠʨʦʚʦʯʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʭʦʜʝ ʜʠʩʢʫʩʩʠʡ, ʘ 

ʪʘʢʞʝ ʧʦʩʣʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʦʥʮʝʧʮʠʡ ʥʘ ʟʘʩʝʜʘʥʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ɹʝʣʛʦʨʦʜ-

ʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʥʷʪ ʧʝʡʟʘʞʥʳʡ ʚʘʨʠʘʥʪ, ʢʦʪʦʨʳʡ ʤʠʥʠʤʠʟʠʨʫʝʪ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʧʣʘʥʠʨʦʚʢʫ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʥʘʩʘʞʜʝʥʠʡ, ʪʨʘʚʷʥʠ-

ʩʪʦʛʦ ʧʦʢʨʦʚʘ. ʀʟʚʠʣʠʩʪʳʝ ʜʦʨʦʞʢʠ ʙʣʘʛʦʧʨʠʷʪʥʦ ʚʣʠʷʶʪ ʥʘ ʩʘʤʦʯʫʚʩʪʚʠʝ ʧʦ-

ʩʝʪʠʪʝʣʝʡ, ʩʦʟʜʘʶʪ ʠʣʣʶʟʠʶ ʥʘʭʦʞʜʝʥʠʷ ʯʝʣʦʚʝʢʘ ʚ ʝʩʪʝʩʪʚʝʥʥʦʡ ʩʨʝʜʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʦʠʟʦʡʜʝʪ ʥʝ ʪʦʣʴʢʦ ʩʦʭʨʘʥʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʢʨʝʘʮʠʦʥʥʳʭ ʨʝ-

ʩʫʨʩʦʚ, ʥʦ ʠ ʠʭ ʤʦʜʝʨʥʠʟʘʮʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʝʢʨʝʘʮʠʦʥʥʦʡ 

ʥʘʛʨʫʟʢʠ.  

ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʪ ʫʨʦʯʠʱʝ ɼʦʣʛʝʥʴʢʦʝ ï ʩʤʝʰʘʥʥʦʝ 

ʥʘʩʘʞʜʝʥʠʝ ʧʦ ʩʢʣʦʥʘʤ ʙʘʣʢʠ, ʧʦ ʜʥʫ ʢʦʪʦʨʦʡ ʧʨʦʪʝʢʘʝʪ ʨʫʯʝʡ. ʀʤʝʶʪʩʷ ʨʦʜ-

ʥʠʢʠ. ʆʧʫʰʢʘ ʫʨʦʯʠʱʘ ʠ ʯʘʩʪʴ ʥʘʩʘʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʠʟʣʶʙʣʝʥʥʳʤʠ ʤʝʩʪʘʤʠ 

ʙʠʚʫʘʯʥʦʛʦ ʦʪʜʳʭʘ ʞʠʪʝʣʝʡ ʧʦʩʝʣʢʘ ʠ ʩʪʫʜʝʥʪʦʚ ʘʢʘʜʝʤʠʠ. ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʦʨ-

ʛʘʥʠʟʦʚʘʪʴ ʙʣʘʛʦʫʩʪʨʦʝʥʥʳʝ ʤʝʩʪʘ ʙʠʚʫʘʯʥʦʛʦ ʦʪʜʳʭʘ, ʨʘʟʙʠʪʴ ʜʦʨʦʞʢʠ ʩ 
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ʫʣʫʯʰʝʥʥʳʤ ʧʦʢʨʳʪʠʝʤ ʜʣʷ ʧʨʦʛʫʣʦʢ ʠ ʘʢʪʠʚʥʦʛʦ ʦʪʜʳʭʘ ʚ ʣʝʩʥʦʡ ʩʨʝʜʝ. ʊʘʢ-

ʞʝ ʥʝʦʙʭʦʜʠʤ ʢʘʧʪʘʞ ʨʦʜʥʠʢʦʚ ʠ ʦʙʫʩʪʨʦʡʩʪʚʦ ʣʝʩʥʦʡ ʥʘʙʝʨʝʞʥʦʡ ʩʪʘʨʦʛʦ 

ʧʨʫʜʘ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ï ʦʢʦʣʦ 28 ʛʘ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʛʝʥʝʨʘʣʴʥʦʛʦ ʧʣʘʥʘ, 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʥʘʤʠ ʨʘʟʨʘʙʦʪʘʥ ʜʝʥʜʨʦʧʣʘʥ ʦʟʝʣʝʥʝʥʠʷ ʟʦʥʳ ʪʝʤʘʪʠʯʝ-

ʩʢʠʭ ʢʦʤʧʦʟʠʮʠʡ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʪʴ ʨʘʙʦʪʳ ʧʦ ʩʦʟʜʘʥʠʶ 

ʥʘʩʘʞʜʝʥʠʡ ʧʘʨʢʘ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʨʝʚʝʩʥʳʭ ʢʫʨʪʠʥ ʠ ʤʘʩʩʠʚʦʚ ʤʳ ʧʨʝʜ-

ʣʘʛʘʝʤ ʚʳʩʘʜʢʫ ʩʪʘʥʜʘʨʪʥʳʭ ʩʘʞʝʥʮʝʚ ʦʩʥʦʚʥʳʭ ʣʝʩʦʦʙʨʘʟʫʶʱʠʭ ʧʦʨʦʜ ʚʦ-

ʢʨʫʛ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʨʦʥʠʨʦʚʘʥʥʳʭ ʧʣʦʜʦʚʳʭ ʜʝʨʝʚʴʝʚ. ʌʦʨʤʠʨʫʝʤʳʝ ʢʫʨʪʠ-

ʥʳ ʨʘʟʤʝʱʝʥʳ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʧʘʨʢʘ. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʵʪʠ ʢʫʨʪʠʥʳ 

ʦʙʝʩʧʝʯʘʪ ʟʘʢʨʳʪʳʡ ʪʠʧ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʥʘʩʘʞʜʝʥʠʡ ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ ʨʝʰʠʪʴ ʠ ʟʘʜʘʯʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʬʦʨʪʥʳʭ 

ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʜʣʷ ʧʦʩʝʪʠʪʝʣʝʡ ʧʘʨʢʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ 

ʦʟʝʣʝʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥ ʧʦʩʘʜʦʯʥʳʡ ʯʝʨʪʝʞ. 

ʊʝʤʘʪʠʯʝʩʢʠʝ ʧʣʦʱʘʜʢʠ, ʧʦʩʚʷʱʝʥʥʳʝ ʪʚʦʨʯʝʩʪʚʫ ʧʠʩʘʪʝʣʝʡ, ʦʬʦʨʤʣʷ-

ʶʪʩʷ ʮʚʝʪʥʠʢʘʤʠ ʠ ʣʘʥʜʰʘʬʪʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ. ʉʝʨʠʷ ʵʩʢʠʟʥʳʭ ʨʘʙʦʪ ʜʝ-

ʤʦʥʩʪʨʠʨʫʝʪ ʥʘʰʠ ʧʨʦʝʢʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʦʬʦʨʤʣʝʥʠʶ ʵʪʠʭ ʚʠʜʦʚʳʭ ʪʦ-

ʯʝʢ. ɸʩʩʦʨʪʠʤʝʥʪ ʨʘʩʪʝʥʠʡ ʨʘʩʰʠʨʝʥ ʟʘ ʩʯʝʪ ʚʠʜʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʯʠʩʣʫ 

ʥʘʠʙʦʣʝʝ ʜʝʢʦʨʘʪʠʚʥʳʭ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʯʪʝʥʘ ʠ ʪʨʝʙʦʚʘʪʝʣʴʥʦʩʪʴ ʵʪʦʛʦ ʘʩʩʦʨ-

ʪʠʤʝʥʪʘ ʢ ʫʩʣʦʚʠʷʤ ʧʨʦʠʟʨʘʩʪʘʥʠʷ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
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ɸɻʈʆɹʀʆʃʆɻʀʏɽʉʂʆɽ ʆɹʆʉʅʆɺɸʅʀɽ ɺʓʈɸʑʀɺɸʅʀʗ  

ʉɸʍɸʈʅʆʁ ʉɺɽʂʃʓ ʇʈʀ ʇʈʀʄɽʅɽʅʀʀ ʈɸɿʃʀʏʅʓʍ ʉʇʆʉʆɹʆɺ  

ʆɹʈɸɹʆʊʂʀ ʇʆʏɺʓ, ʉʀʉʊɽʄʓ ʋɼʆɹʈɽʅʀʁ ʀ ʍʀʄʀʏɽʉʂʆʁ  

ʄɽʃʀʆʈɸʎʀʀ ʅɸ ʏɽʈʅʆɿɽʄɽ ɺʓʑɽʃʆʏɽʅʅʆʄ  

ɺ ʋʉʃʆɺʀʗʍ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ʎʏʈ 

 

ɸ.ʉ. ɹʝʩʧʘʣʝʥʢʦ, ɸ.ɻ. ʉʪʫʧʘʢʦʚ, ʄ.ɸ. ʂʫʣʠʢʦʚʘ 

ʌɻɹʆʋ ɺʆ ɹʝʣʛʦʨʦʜʩʢʠʡ ɻɸʋ, ʧ. ʄʘʡʩʢʠʡ ɹʝʣʛʦʨʦʜʩʢʘʷ ʦʙʣ., ʈʦʩʩʠʷ 

 

ʉʘʭʘʨʥʘʷ ʩʚʝʢʣʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚ ʤʠʨʝ ʩʝʣʴʩʢʦʭʦʟʷʡ-

ʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. ʅʘ ʝʝ ʜʦʣʶ ʧʨʠʭʦʜʠʪʩʷ ʦʢʦʣʦ 1/3 ʤʠʨʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘ-

ʭʘʨʘ. ɺ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʩʚʝʢʣʦʩʝʷʥʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʣʦʩʴ ʥʘ ʧʣʦʱʘʜʠ 

ʦʢʦʣʦ 1 ʤʣʥ ʛʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʎʝʥʪʨʘʣʴʥʦ-ʏʝʨʥʦʟʝʤʥʦʤ ʨʝʛʠʦʥʝ ï ʙʦʣʝʝ 

410 ʪʳʩ. ʛʘ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʩʚʷʟʠ ʩ ʨʦʩʪʦʤ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʚʦʟʜʝʣʳʚʘʥʠʷ 

ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠ ʨʝʘʣʠʟʘʮʠʠ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚ-

ʥʳʭ ʛʠʙʨʠʜʦʚ ʩʫʱʝʩʪʚʫʝʪ ʥʘʩʪʦʷʪʝʣʴʥʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʛʣʘʚʥʳʭ ʬʘʢʪʦʨʦʚ ʧʦʚʳʰʝʥʠʷ ʫʨʦʞʘʡʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʘ ʩʘʭʘʨʥʦʡ 

ʩʚʝʢʣʳ [1ï9].  

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʟʫʯʠʪʴ ʠ ʥʘʫʯʥʦ 

ʦʙʦʩʥʦʚʘʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ, ʩʠʩʪʝʤʳ ʫʜʦʙʨʝʥʠʡ ʠ ʭʠ-

ʤʠʯʝʩʢʦʡ ʤʝʣʠʦʨʘʮʠʠ ʠ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʞʘʡʥʦʩʪʴ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʠ ʝʝ ʢʘʯʝ-

ʩʪʚʦ. ʇʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʆʧʳʪʥʦʡ ʩʪʘʥʮʠʠ ʂɺʉ, ʃʠʧʝʮ-

ʢʦʡ ʦʙʣʘʩʪʠ ʃʝʙʝʜʷʥʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʩ. ɼʦʢʪʦʨʦʚʦ. ʀʩʧʳʪʳʚʘʣʠ ʩʧʦʩʦʙʳ ʦʩʥʦʚ-

ʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ: ʚʩʧʘʰʢʫ, ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ, ʤʠʥʠʤʘʣʴʥʫʶ, ʘ ʪʘʢʞʝ 

ʜʝʡʩʪʚʠʝ ʫʜʦʙʨʝʥʠʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʤʝʣʠʦʨʘʮʠʠ. 

ɻʣʘʚʥʳʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʦʮʝʥʢʝ ʠʩʩʣʝʜʫʝ-

ʤʳʭ ʘʛʨʦʧʨʠʝʤʦʚ ʷʚʣʷʝʪʩʷ ʫʨʦʞʘʡʥʦʩʪʴ ʢʫʣʴʪʫʨ. ʉʨʘʚʥʠʚʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʘ-

ʭʘʨʥʦʡ ʩʚʝʢʣʳ ʧʦ ʨʘʟʣʠʯʥʳʤ ʩʧʦʩʦʙʘʤ ʦʩʥʦʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʯʚʳ ʠ ʜʦʟ ʫʜʦʙ-

ʨʝʥʠʡ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʚʘʨʠʘʥʪʦʚ ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʣʦ 

ʛʣʫʙʦʢʦʝ ʨʳʭʣʝʥʠʝ. ʉʘʤʘʷ ʚʳʩʦʢʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ ʥʘʙʣʶʜʘʣʘʩʴ 

ʧʨʠ ʚʥʝʩʝʥʠʠ ʩʨʝʜʥʝʡ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʦʟʦʡ ʘʟʦʪʘ ʚ ʩʦʩʪʘʚʝ ʧʦʣʥʦʛʦ ʤʠʥʝ-

ʨʘʣʴʥʦʛʦ ʫʜʦʙʨʝʥʠʷ ʙʝʟ ʚʥʝʩʝʥʠʷ ʜʝʬʝʢʘʪʘ ʥʘ ʬʦʥʝ ʛʣʫʙʦʢʦʛʦ ʨʳʭʣʝʥʠʷ ï ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ 53,4 ʠ 54,8 ʪ/ʛʘ. ɹʝʟ ʫʜʦʙʨʝʥʠʡ ʥʘʠʙʦʣʴʰʘʷ ʫʨʦʞʘʡʥʦʩʪʴ ʧʦʣʫʯʝʥʘ 

ʪʘʢʞʝ ʧʦ ʛʣʫʙʦʢʦʤʫ ʨʳʭʣʝʥʠʶ ï 46,5 ʪ/ʛʘ. ʉʦʚʤʝʩʪʥʦʝ ʚʥʝʩʝʥʠʝ ʜʝʬʝʢʘʪʘ ʠ ʤʠ-

ʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʦʙʝʩʧʝʯʠʣʦ ʤʝʥʴʰʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘ-

ʨʠʘʥʪʦʚ ʙʝʟ ʜʝʬʝʢʘʪʘ. ʇʨʝʚʳʰʝʥʠʝ ʧʦ ʚʩʧʘʰʢʝ ʩʦʩʪʘʚʠʣʦ 0,7 ʠ 9,9 ʪ/ʛʘ, ʧʦ ʙʝʟ-

ʦʪʚʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ 1,1 ʠ 6,6 ʪ/ʛʘ, ʧʦ ʤʝʣʢʦʡ 2,6 ʪ/ʛʘ ʧʨʠ ʅʉʈ=2,5 ʪ/ʛʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʫʜʦʙʨʝʥʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʛʣʫ-

ʙʦʢʠʤ ʨʳʭʣʝʥʠʝʤ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʠʙʘʚʢʫ ʫʨʦʞʘʡʥʦʩʪʠ, ʘ 

ʚʥʝʩʝʥʠʝ ʜʝʬʝʢʘʪʘ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚʳ. 
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