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ʊʦʤ II  

 
Ⱦɜɟɐɧ XVIII  ȸɑɒɐɟəɌɜɚɐəɚɏɚ ɝɔɘɛɚɓɔɟɘɌ ɔɘɑəɔ ɌɖɌɐɑɘɔɖɌ  
ȸ.Ȭ. ȿɝɚɎɌ ɝɞɟɐɑəɞɚɎ ɔ ɘɚɗɚɐɧɡ ɟɣɬəɧɡ, ɛɚɝɎɫɥɑəəɚɏɚ  

115-ɗɑɞɔɪ ɝɚ ɐəɫ ɜɚɒɐɑəɔɫ ɌɖɌɐɑɘɔɖɌ  ȬɖɌɐɑɘɔɔ əɌɟɖ ȽȽȽȼ, 
ɛɜɚɠɑɝɝɚɜɌ ȶ.ȴ. ȽɌɞɛɌɑɎɌ,  

120-ɗɑɞɔɪ ɝɚ ɐəɫ ɜɚɒɐɑəɔɫ ɣɗɑəɌ-ɖɚɜɜɑɝɛɚəɐɑəɞɌ ȬɖɌɐɑɘɔɔ əɌɟɖ ȽȽȽȼ, 
ɛɜɚɠɑɝɝɚɜɌ ɀ.ȹ. ɄɌɡɚɎɌ 
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ʇʈɽɼʀʉʃʆɺʀɽ 

7 ï 11 ʘʧʨʝʣʷ 2014 ʛ. ʚ ʅʘʮʠʦʥʘʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ 

(ʊʇʋ) ʥʘ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʀʇʈ) ʩʦʩʪʦʷʣʩʷ ɺʦʩʝʤʥʘʜʮʘʪʳʡ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʳʡ 

ʩʠʤʧʦʟʠʫʤ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ɸ. ʋʩʦʚʘ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨè, 

ʧʦʩʚʷʱʝʥʥʳʡ 115-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʠ 120-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʯʣʝʥʘ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ ʧʨʦʬʝʩʩʦʨʘ ʌ.ʀ. ʐʘʭʦʚʘ.  

ʆʨʛʘʥʠʟʘʮʠʷ ʠ ʧʨʦʚʝʜʝʥʠʝ ɺʦʩʝʤʥʘʜʮʘʪʳʡ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʥʘʫʯʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ çʇʨʦʙʣʝʤʳ 

ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨè ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʧʨʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʌ (ʈʦʩʥʘʫʢʘ), ʌʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʙʳʣʘ ʧʦʨʫʯʝʥʘ ʀʥʩʪʠʪʫʪʫ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʀʇʈ ʊʇʋ) ʢʘʢ ʧʨʠʟʥʘʥʠʝ ʟʘʩʣʫʛ 

ʀʇʈ ʊʇʋ, ʩʪʘʨʝʡʰʝʛʦ ʚʳʩʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʯʝʙʥʦʛʦ ʟʘʚʝʜʝʥʠʷ, ʚ ʧʦʜʛʦʪʦʚʢʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʜʨʦʚ ʠ ʚʳʩʦʢʠʭ 

ʜʦʩʪʠʞʝʥʠʡ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ 2014 ʛ. ʦʪʤʝʪʠʣ ʩʚʦʝ 113-ʣʝʪʠʝ. ʆʥ ʙʳʣ 

ʦʩʥʦʚʘʥ ʚ 1901 ʛ. ɺ.ɸ. ʆʙʨʫʯʝʚʳʤ ï ʧʝʨʚʳʤ ʰʪʘʪʥʳʤ ʛʝʦʣʦʛʦʤ ʉʠʙʠʨʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʚʰʠʤ ʘʢʘʜʝʤʠʢʦʤ ɸʅ 

ʉʉʉʈ, ɻʝʨʦʝʤ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʊʨʫʜʘ, ʧʝʨʚʳʤ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʣʘʫʨʝʘʪʦʤ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ. 

ʀʇʈ (ʛʦʨʥʦʝ ʦʪʜʝʣʝʥʠʝ ʊʊʀ) ʷʚʣʷʝʪʩʷ ʨʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʥʘʫʢʠ ʚ ʘʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ. ʉʦʟʜʘʥʥʘʷ ɺ.ɸ. ʆʙʨʫʯʝʚʳʤ ʠ ʄ. ɸ. ʋʩʦʚʳʤ ʉʠʙʠʨʩʢʘʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ 

ʰʢʦʣʘ ʩʳʛʨʘʣʘ ʠ ʩʝʛʦʜʥʷ ʧʨʦʜʦʣʞʘʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʪʢʨʳʪʠʠ, ʠʟʫʯʝʥʠʠ ʠ ʦʩʚʦʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦ-

ʩʨrʴʝʚʳʭ ʨʝʩʫʨʩʦʚ ʥʝ ʪʦʣʴʢʦ ʉʠʙʠʨʠ, ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʥʘʰʝʡ ʩʪʨʘʥʳ, ʥʦ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. 

ʉʨʝʜʠ ʚʳʧʫʩʢʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ï ʮʝʣʘʷ ʧʣʝʷʜʘ ʚʳʜʘʶʱʠʭʩʷ ʫʯʝʥʳʭ, ʠʥʞʝʥʝʨʦʚ ʠ ʦʨʛʘʥʠʟʘʪʦʨʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʄ.ɸ. ʋʩʦʚ ï ʫʯʝʥʠʢ ʠ ʧʝʨʚʳʡ ʘʩʧʠʨʘʥʪ ɺ.ɸ. ʆʙʨʫʯʝʚʘ, ʧʝʨʚʳʡ ʠʟ ʯʠʩʣʘ ʚʳʧʫʩʢʥʠʢʦʚ 

ʠʥʩʪʠʪʫʪʘ (ɻʈʌ, ʅɻʌ, ʀɻʅɼ, ʀʇʈ) ï ʧʨʦʬʝʩʩʦʨ ʠ ʧʝʨʚʳʡ ʠʟ ʩʠʙʠʨʷʢʦʚ ï ʘʢʘʜʝʤʠʢ, ʩ ʠʤʝʥʝʤ ʢʦʪʦʨʦʛʦ ʩʚʷʟʘʥʦ 

ʩʪʘʥʦʚʣʝʥʠʝ ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʠʙʠʨʠ ʠ ʧʝʨʚʝʥʮʘ ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ï ʉʠʙʛʝʦʣʢʦʤʘ; 

ʘʢʘʜʝʤʠʢ ʂ.ʀ. ʉʘʪʧʘʝʚ ï ʦʨʛʘʥʠʟʘʪʦʨ ʠ ʧʝʨʚʳʡ ʧʨʝʟʠʜʝʥʪ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʘʟʘʭʩʪʘʥʘ; ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ʋʨʚʘʥʮʝʚ, 

ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʴ ʫʥʠʢʘʣʴʥʦʛʦ ʅʦʨʠʣʴʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʝʛʠʦʥʘ; ʧʨʦʬʝʩʩʦʨ ʄ.ʂ. ʂʦʨʦʚʠʥ, ʧʝʨʚʳʤ ʫʢʘʟʘʚʰʝʡ ʥʘ 

ʧʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. ʀʟ ʧʦʯʪʠ 35 ʪʳʩʷʯ ʚʳʧʫʩʢʥʠʢʦʚ ʠʥʩʪʠʪʫʪʘ 

(ʬʘʢʫʣʴʪʝʪʘ) ʙʦʣʝʝ 450 ʩʪʘʣʠ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, 1-ʃʘʫʨʝʘʪʦʤ 

ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ, 50 ï ʃʘʫʨʝʘʪʘʤʠ ʃʝʥʠʥʩʢʦʡ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʡ, ʙʦʣʝʝ 250 ï ʜʦʢʪʦʨʘʤʠ ʠ ʙʦʣʝʝ 

1600 ʢʘʥʜʠʜʘʪʘʤʠ ʥʘʫʢ. ʀʟ ʩʪʝʥ ʀʇʈ ʚʳʰʣʦ 15 ʘʢʘʜʝʤʠʢʦʚ ʠ ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʉʉʉʈ 

(ʈɸʅ), 5 ɻʝʨʦʝʚ ʉʦʮʠʘʣʠʩʪʠʯʝʩʢʦʛʦ ʊʨʫʜʘ. 

ʉʝʛʦʜʥʷ ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧʥʳʡ ʫʯʝʙʥʳʡ (ʦʢʦʣʦ 4500 

ʩʪʫʜʝʥʪʦʚ) ʠ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ, ʧʦʠʩʢʦʚ, ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʦʣʦʛʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʠ ʝʛʦ ʧʝʨʝʨʘʙʦʪʢʠ, ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ, 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʆʥ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 16 ʢʘʬʝʜʨ; ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ; ʜʚʘ 

ʀʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʎʝʥʪʨʘ (çʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʥʝʬʪʠ ʠ ʛʘʟʘè ʠ çʋʨʘʥʦʚʘʷ 

ʛʝʦʣʦʛʠʷè), 9 ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʎʝʥʪʨʦʚ ʠ ʀʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʎʝʥʪʨʦʚ, 24 

ʥʘʫʯʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ; 3 ʤʫʟʝʷ: ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ, ʢʘʙʠʥʝʪ-ʤʫʟʝʡ ʘʢʘʜʝʤʠʢʦʚ ɺ.ɸ. 

ʆʙʨʫʯʝʚʘ ʠ ʄ.ɸ. ʋʩʦʚʘ. ɺ ʀʇʈ ʨʘʙʦʪʘʶʪ ʙʦʣʝʝ 357 ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 7 ï ʘʢʘʜʝʤʠʢʠ ʈɸʅ, 28 

ʘʢʘʜʝʤʠʢʦʚ ʠ ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ʦʙʱʝʩʪʚʝʥʥʳʭ ʘʢʘʜʝʤʠʡ, 57 ʜʦʢʪʦʨʦʚ ʠ 160 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ. ʀʥʩʪʠʪʫʪ 

ʚʝʜʝʪ ʧʦʜʛʦʪʦʚʢʫ ʢʘʥʜʠʜʘʪʦʚ ʠ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʧʦ 33 ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. 

ʉ ʤʦʤʝʥʪʘ ʦʩʥʦʚʘʥʠʷ ʚ ʀʇʈ (ɻʈʌ, ʅɻʌ, ʀɻʅɼ) ʊʇʋ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʝʜʠʥʩʪʚʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʳ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠ ʧʨʠʢʣʘʜʥʳʤ ʥʘʫʢʘʤ ï ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʦʟʜʘʚʘʣʠʩʴ ʠ ʨʘʟʚʠʚʘʣʠʩʴ ʙʦʛʘʪʳʝ ʪʨʘʜʠʮʠʠ ʅʀʈʉ, ʙʝʨʝʞʥʦ ʩʦʭʨʘʥʷʝʤʳʝ ʠ 

ʨʘʟʚʠʚʘʝʤʳʝ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. 

ʉʠʤʧʦʟʠʫʤ ʨʘʙʦʪʘʣ ʧʦ 21 ʩʝʢʮʠʠ ʠ ʂʨʫʛʣʦʤʫ ʩʪʦʣʫ: 1. ʇʘʣʝʦʥʪʦʣʦʛʠʷ, ʩʪʨʘʪʠʛʨʘʬʠʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ 

ʛʝʦʣʦʛʠʷ; 2. ʄʠʥʝʨʘʣʦʛʠʷ, ʛʝʦʭʠʤʠʷ ʠ ʧʝʪʨʦʛʨʘʬʠʷ; 3. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ 

ʛʝʦʣʦʛʠʠ; 4.  ɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ; 5. ɻʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ɿʝʤʣʠ, ʧʦʠʩʢʦʚ ʠ 

ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; 

6. ɻʠʜʨʦʛʝʦʣʦʛʠʷ ʠ ʠʥʞʝʥʝʨʥʘʷ ʛʝʦʣʦʛʠʷ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ; 7. 

ɻʠʜʨʦʛʝʦʭʠʤʠʷ ʠ ʛʠʜʨʦʛʝʦʵʢʦʣʦʛʠʷ ɿʝʤʣʠ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʠʜʨʦʛʝʦʵʢʦʣʦʛʠʠ; 8. 

ʂʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʳ. ʈʝʟʫʣʴʪʘʪʳ. ʇʝʨʩʧʝʢʪʠʚʳ; 9. ɿʝʤʣʝʫʩʪʨʦʡʩʪʚʦ: ʥʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘ; 

10. ʂʦʤʧʣʝʢʩʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ; 11. ɻʝʦʵʢʦʣʦʛʠʷ, ʦʭʨʘʥʘ ʠ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʝʦʵʢʦʣʦʛʠʠ; 11.1 ʧʦʜʩʝʢʮʠʷ. ɻʝʦʵʢʦʣʦʛʠʷ, ʦʭʨʘʥʘ ʠ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; 

11. 2 ʧʦʜʩʝʢʮʠʷ. ʆʙʱʠʝ ʧʨʦʙʣʝʤʳ ʵʢʦʣʦʛʠʠ, ʙʠʦʣʦʛʠʠ ʠ ʛʝʦʛʨʘʬʠʠ; 12.ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; 13. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ; 13. 1 ʧʦʜʩʝʢʮʠʷ. ʇʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʠ ʛʘʟʘ; 13. 2 ʧʦʜʩʝʢʮʠʷ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ 

ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ; 13. 3 ʧʦʜʩʝʢʮʠʷ. ʇʝʨʝʨʘʙʦʪʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ; 14. ʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʘ ʙʫʨʝʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ; 15. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʘ ʨʘʟʚʝʜʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; 16. ɻʦʨʥʦʝ ʜʝʣʦ. ʈʘʟʨʘʙʦʪʢʘ ʨʫʜʥʳʭ ʠ ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; 

17. ʉʦʚʨʝʤʝʥʥʘʷ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʘʷ ʪʝʭʥʠʢʘ ʠ ʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ; 18. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʘ 

ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʛʘʟʦʭʨʘʥʠʣʠʱ; 19. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ; 20. 

ʕʢʦʥʦʤʠʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɻʦʨʥʦʝ ʧʨʘʚʦ; 21. ɻʝʦʣʦʛʠʷ, ʛʦʨʥʦʝ ʠ ʥʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦ 

(ʜʦʢʣʘʜʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ ʥʝʤʝʮʢʦʤ ʷʟʳʢʘʭ); 21. 1 ʧʦʜʩʝʢʮʠʷ. ɼʦʢʣʘʜʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʝ; 21. 2 ʧʦʜʩʝʢʮʠʷ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɼʦʢʣʘʜʳ ʥʘ ʥʝʤʝʮʢʦʤ ʷʟʳʢʝ; 22. ʂʨʫʛʣʳʡ ʩʪʦʣ ʧʦ ʪʝʤʝ: çʄʦʣʦʜʝʞʥʳʝ ʥʘʫʯʥʳʝ ʦʙʲʝʜʠʥʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ. 

ʇʨʦʙʣʝʤʳ. ʇʝʨʩʧʝʢʪʠʚʳè. 

ɺʦʩʝʤʥʘʜʮʘʪʳʡ ʉʠʤʧʦʟʠʫʤ ʧʨʦʚʝʜʝʥ ʧʨʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ, ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʧʨʦʝʢʪ ˉ 14-05-

06-802 ʤʦʙ ʛ), ʩ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝʤ ʥʘ ʦʙʱʫʶ ʩʫʤʤʫ 250 ʪʳʩ. ʨʫʙʣʝʡ. 

ɿʘʷʚʢʠ ʜʣʷ ʫʯʘʩʪʠʷ ʚ ʩʠʤʧʦʟʠʫʤʝ ʧʦʜʘʣʠ 1195 ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʈʦʩʩʠʠ, ʙʣʠʞʥʝʛʦ ʠ 

ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʠʣʠ 970 ʜʦʢʣʘʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ 293 ʜʦʢʣʘʜʘ ʟʘʷʚʠʣʠ ʠʥʦʛʦʨʦʜʥʠʝ 

ʫʯʘʩʪʥʠʢʠ. ʕʪʦ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʜʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ - 32 ʫʯʘʩʪʥʠʢʘ ʠʟ 16 ɺʋɿʦʚ, ʥʘʫʯʥʳʭ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 12 ʛʦʨʦʜʦʚ. ʉʪʨʘʥʳ ʉʅɻ ʧʨʝʜʩʪʘʚʠʣʠ 58 ʫʯʘʩʪʥʠʢʦʚ ʠʟ 30 ɺʋɿʦʚ, ʥʘʫʯʥʳʭ 

ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ 20 ʛʦʨʦʜʦʚ. ʈʦʩʩʠʷ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 206 ʠʥʦʛʦʨʦʜʥʠʤʠ ʫʯʘʩʪʥʠʢʘʤʠ 

ʠʟ 78 ɺʋɿʦʚ, ʥʘʫʯʥʳʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, 48 ʛʦʨʦʜʦʚ. ʊʦʤʠʯʠ ʧʨʝʜʩʪʘʚʠʣʠ 677 ʜʦʢʣʘʜʦʚ. ʉ 

ʜʦʢʣʘʜʘʤʠ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ ʥʝʤʝʮʢʦʤ ʷʟʳʢʘʭ ʚʳʩʪʫʧʠʣʦ 73 ʯʝʣʦʚʝʢʘ. 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʠʤʧʦʟʠʫʤʘ ʥʘ ʟʘʩʝʜʘʥʠʷʭ 21 ʩʝʢʮʠʠ ʠ ʂʨʫʛʣʦʛʦ ʩʪʦʣʘ, ʠʟ 970 ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʜʦʢʣʘʜʦʚ ʙʳʣʦ ʟʘʩʣʫʰʘʥʦ 827 ʜʦʢʣʘʜʦʚ (ʠʟ ʊʇʋ ï 677). ʉʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ï 143. 

ɸʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʩʠʤʧʦʟʠʫʤʘ ʧʨʠʥʷʣʠ ʠʥʦʛʦʨʦʜʥʠʝ ʫʯʘʩʪʥʠʢʠ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʠʣʠ ʩʦ 150 

ʜʦʢʣʘʜʘʤʠ.  
ʉʪʘʪʫʩ ʫʯʘʩʪʥʠʢʦʚ ʩʠʤʧʦʟʠʫʤʘ, ʠʟ ʧʨʝʜʩʪʘʚʠʚʰʠʭ 970 ʜʦʢʣʘʜʦʚ, ʩʣʝʜʫʶʱʠʡ: ʩʪʫʜʝʥʪʦʚ ï 655, 

ʘʩʧʠʨʘʥʪʦʚ ï 180, ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ï 82, ʠʥʞʝʥʝʨʦʚ ï 30, ʤʦʣʦʜʳʭ       ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ï 18, 

ʰʢʦʣʴʥʠʢʦʚ - 5.  
ʇʦ ʦʪʨʘʩʣʝʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʫʯʘʩʪʥʠʢʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʠʟ ɺʋɿʦʚ ï 607, ʠʟ 

ʈɸʅ ï 22, ʅɸʅ ï 8, ʠʟ ʦʪʨʘʩʣʝʚʳʭ ʅʀʀ ï 18, ʠʟ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ï 10, ʠʟ ʰʢʦʣ ï 5. 

ʀʟ 827 ʟʘʩʣʫʰʘʥʥʳʭ ʜʦʢʣʘʜʦʚ (ʠʟ ʊʇʋ - 677) ʜʦʢʣʘʜʳ ʩʪʫʜʝʥʪʦʚ ʠ ʤʘʛʠʩʪʨʘʥʪʦʚ ʩʦʩʪʘʚʠʣʠ ï 547 (ʠʟ 

ʊʇʋ ï 490), ʜʦʢʣʘʜʳ ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ï 130 (ʠʟ ʊʇʋ ï 80) ʠ 5 ʰʢʦʣʴʥʠʢʦʚ. ɿʘʩʝʜʘʥʠʷ 

ʩʠʤʧʦʟʠʫʤʘ ʧʦ 21 ʩʝʢʮʠʠ ʚ ʪʝʯʝʥʠʝ 4-ʭ ʜʥʝʡ ʧʦʩʝʪʠʣʦ 2010 ʯʝʣʦʚʝʢ. 

ʅʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʜʦʢʣʘʜʦʚ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʩʝʢʮʠʷʭ: çɻʝʦʵʢʦʣʦʛʠʷ, ʦʭʨʘʥʘ ʠ ʟʘʱʠʪʘ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɻʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʝʦʵʢʦʣʦʛʠʠè - 78 ʜʦʢʣʘʜʦʚ, 89 ʘʚʪʦʨʦʚ; çʉʦʚʨʝʤʝʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ ʦʩʚʦʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷè - 83 ʜʦʢʣʘʜʘ, 149 

ʘʚʪʦʨʦʚ; çɻʝʦʣʦʛʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ.è - 70 

ʜʦʢʣʘʜʦʚ, 81 ʘʚʪʦʨʘ.  

ɼʘʣʴʥʝʝ ʟʘʨʫʙʝʞʴʝ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 32 ʜʦʢʣʘʜʘʤʠ ʠʟ 9 ʩʪʨʘʥ: ɻʝʨʤʘʥʠʠ, ʌʨʘʥʮʠʠ, ʂʠʪʘʷ, 

ʀʪʘʣʠʠ, ʇʦʣʴʰʠ, ʕʢʚʘʜʦʨʘ, ʀʨʘʢʘ, ɺʴʝʪʥʘʤʘ ʠ ʄʦʥʛʦʣʠʠ.  

ɹʣʠʞʥʝʝ ʟʘʨʫʙʝʞʴʝ (ʩʪʨʘʥʳ ʉʅɻ) ʧʨʝʜʩʪʘʚʠʣʠ 58 ʜʦʢʣʘʜʦʚ ʠʟ 9 ʩʪʨʘʥ: ʠʟ ʅʘʮʠʦʥʘʣʴʥʳʭ ɸʢʘʜʝʤʠʡ 

ʥʘʫʢ ʠ ʚʫʟʦʚ ʋʢʨʘʠʥʳ, ɹʝʣʦʨʫʩʩʠʠ, ʂʘʟʘʭʩʪʘʥʘ, ʃʘʪʚʠʠ, ɸʟʝʨʙʘʡʜʞʘʥʘ, ɸʨʤʝʥʠʠ, ʋʟʙʝʢʠʩʪʘʥʘ, ʂʠʨʛʠʟʠʠ, 

ʊʘʜʞʠʢʠʩʪʘʥʘ. 

ɻʝʦʛʨʘʬʠʷ ʫʯʘʩʪʥʠʢʦʚ ʩʠʤʧʦʟʠʫʤʘ ʦʙʰʠʨʥʘ. ʋʯʘʩʪʥʠʢʘʤʠ ʩʠʤʧʦʟʠʫʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʘʢʘʜʝʤʠʯʝʩʢʠʭ ʠ ʦʪʨʘʩʣʝʚʳʭ ʠʥʩʪʠʪʫʪʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ: 

ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉʝʨʛʦ-ʆʨʜʞʦʥʠʢʠʜʟʝ (ʛ. ʄʦʩʢʚʘ), 

ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʄʦʩʢʚʘ), ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ. ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʈʦʩʩʠʡʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ (ʛ. ʄʦʩʢʚʘ), ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʄʦʩʢʚʘ), ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦ - 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ ʠ ʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʛ. ʄʦʩʢʚʘ), ʆʆʆ çɻʘʟʧʨʦʤ ɺʅʀʀɻɸɿè (ʛ. 

ʄʦʩʢʚʘ), ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ. ʄ. ɻʫʙʢʠʥʘ (ʛ. ʄʦʩʢʚʘ), ʀʥʩʪʠʪʫʪ 

ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʢʨʠʩʘʣʦʛʨʬʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʈɸʅ (ʛ. ʄʦʩʢʚʘ), ʀʥʩʪʠʪʫʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʤʠʥʝʨʘʣʦʛʠʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʄʦʩʢʚʘ), ʅʝʬʪʷʥʦʡ ʢʦʤʧʘʥʠʠ çʐʣʶʤʙʝʨʞʝ ʃʦʜʞʝʣʢʦè ʀʧʂ (ʛ. 

ʄʦʩʢʚʘ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çɻʦʨʥʳʡè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʉʘʥʢʪ 

ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʣʝʩʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉ. ʄ. ʂʠʨʦʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʉʘʡʛʦʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: (ʛ. ʉʘʡʛʦʥ, ɺʴʝʪʥʘʤ), ʀʥʩʪʠʪʫʪʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ       (ʛ. ɼʨʝʟʜʝʥ, ɻʝʨʤʘʥʠʷ), ʂʝʤʙʨʠʜʞʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʝʤʙʨʠʜʞ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʘ ʐʝʬʬʠʣʜʘ (ʛ. ʐʝʬʬʠʣʜ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʈʠʤ, ʀʪʘʣʠʷ), ʆʆʆ çɹʠʪʪʝʨ-ʌʝʣʴʜè (ʛ. ʌʨʘʡʙʝʨʛ, 

ɻʝʨʤʘʥʠʷ), ʂʠʪʘʡʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʋʭʘʥʴ), ʋʥʠʚʝʨʩʠʪʝʪʘ ɺʨʦʮʣʘʚʘ (ʛ. ɺʨʦʮʣʘʚ, ʇʦʣʴʰʘ), 

ʋʥʠʚʝʨʩʠʪʝʪʘ ʛ. ʄʘʥʭʝʡʤʘ (ʛ. ʄʘʥʭʝʡʤ, ɻʝʨʤʘʥʠʷ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ    (ʛ. ʍʘʥʦʡ, ɺʴʝʪʥʘʤ), 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʄʦʥʛʦʣʠʠ (ʛ. ʋʣʘʥ-ɹʘʪʦʨ, ʄʦʥʛʦʣʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʘ ʇʘʨʠʞ-II (ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ), 

ʋʥʠʚʝʨʩʠʪʝʪʘ ʇʘʨʠʞ-11 (ʛ. ʆʨʩʝʡ, ʌʨʘʥʮʠʷ), ʋʥʠʚʝʨʩʠʪʝʪʘ ʍʘʥʦʚʝʨʘ (ʛ. ʍʘʥʦʚʝʨ, ɻʝʨʤʘʥʠʷ), ʏʝʰʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ             (ʛ. ʇʨʘʛʘ, ʏʝʭʠʷ), ʃʫʢʦʡʣ ʄʠʜ-ʀʩʪ ʃʜʪ (ʛ. ɹʘʩʨʘ, ʀʨʘʢ), ɼʦʨʪʤʫʥʜʩʢʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɼʦʨʪʤʫʥʜ, ɻʝʨʤʘʥʠʷ), ɼʝʧʘʨʪʘʤʝʥʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ (ʛ. ʍʘʥʦʡ, ɺʴʝʪʥʘʤ), 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʆʣʝʩʷ 

ɻʦʥʯʘʨʘ (ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ), ɻʦʤʝʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʌʨʘʥʮʠʩʢʦ ʉʢʦʨʠʥʳ (ʛ. 

ɻʦʤʝʣʴ, ɹʝʣʦʨʫʩʩʠʷ), ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ (ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), 

ʊʘʜʞʠʢʠʩʪʘʥʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɼʫʰʘʥʙʝ, ʊʘʜʞʠʢʠʩʪʘʥ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. 

ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ (ʛ. ʊʘʢʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤ. ʂ. ʀ. ʉʘʪʧʘʝʚʘ (ʛ. ɸʣʤʘʪʳ, 

ʂʘʟʘʭʪʘʥ), ɺʦʩʪʦʯʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɼ. ʉʝʨʠʢʙʘʝʚʘ (ʛ. ʋʩʪʴ-

ʂʘʤʝʥʦʛʦʨʩʢ, ʂʘʟʘʭʩʪʘʥ), ʊʘʰʢʝʥʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɸʙʫ ʈʘʡʭʦʥʘ ɹʠʨʫʥʠ 

(ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), ʀʥʩʪʠʪʫʪ ʨʘʜʠʘʮʠʦʥʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʵʢʦʣʦʛʠʠ (ʛ. ʂʫʨʯʘʪʦʚʘ, ʂʘʟʘʭʩʪʘʥ), ʀʚʘʥʦ-

ʌʨʘʥʢʦʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʛ. ʀʚʘʥʦ-ʌʨʘʥʢʦʚʩʢ, ʋʢʨʘʠʥʘ), 
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ɸʟʝʨʙʘʡʜʞʘʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʥʝʬʪʷʥʦʡ ʘʢʘʜʝʤʠʠ (ʛ. ɹʘʢʫ, ɸʟʝʨʙʘʡʜʞʘʥ), ɹʝʣʦʨʫʩʩʢʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʝʬʪʠ çɹʝʣ ʅʀʇʀ ʥʝʬʪʴè (ʛ. ɻʦʤʝʣʴ, ɹʝʣʦʨʫʩʩʠʷ), ʎʝʥʪʨ ʥʘʫʢ ʦ 

ɿʝʤʣʝ, ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʦʙʦʛʘʱʝʥʠʝ ʅɸʅ (ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ), ʂʘʩʧʠʡʩʢʦʛʦ ʦʙʱʝʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. 

ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ), ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, (ʛ. ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ), 

ʊʘʨʘʟʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ. ʍ. ɼʫʣʘʪʠ (ʛ. ʊʘʨʘʟ, ʂʘʟʘʭʩʪʘʥ), ʆʜʝʩʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʀ. ʀ. ʄʝʯʥʠʢʦʚʘ (ʛ. ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ), ʃʘʪʚʠʡʩʢʦʛʦ ʮʝʥʪʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʛʝʦʣʦʛʠʠ ʠ 

ʤʝʪʝʦʨʦʣʦʛʠʠ (ʛ. ʈʠʛʘ, ʃʘʪʚʠʷ), ʀʥʩʪʠʪʫʪʘ ʥʦʦʩʬʝʨʳ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʎʝʥʪʨʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʪʝʭʥʦʣʦʛʠʡ (ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ), ʃʘʪʚʠʡʩʢʦʛʦ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɽʣʛʘʚʘ, ʃʘʪʚʠʷ), 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʘʛʨʘʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸʨʤʝʥʠʠ (ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ). ɹʝʣʦʨʫʩʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʡ ʘʢʘʜʝʤʠʠ (ʛ. ɻʦʨʢʠ, ɹʝʣʦʨʫʩʩʠʷ), ʀʥʩʪʠʪʫʪ ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ ʅɸʅ (ʛ. 

ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʤʠʪʝʪʘ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʳʤ 

ʨʝʩʫʨʩʘʤ (ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), ʆʰʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʆʰ, ʂʘʟʘʭʩʪʘʥ), ʆʆʆ çʄɸʊɽʂè (ʛ. 

ʂʠʝʚ, ʋʢʨʘʠʥʘ), ʂʳʨʛʠʟʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʈʘʟʟʘʢʦʚʘ (ʛ. ɹʠʰʢʝʢ, 

ʂʳʨʛʳʟʩʪʘʥ), ɼʦʥʝʮʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ      (ʛ. ɼʦʥʝʮʢ, ʋʢʨʘʠʥʘ), ʂʘʟʘʭʩʢʦʛʦ 

ʘʛʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʉʘʡʬʫʣʣʠʥʘ (ʛ. ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʋʟʙʝʢʠʩʪʘʥʘ ʠʤ. ʄʠʨʟʦ ʋʣʫʪʢʘ (ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʋʟʙʝʢʠʩʪʘʥʘ (ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ), ʂʘʟʘʭʩʢʠʡ ʅʀʀ ʵʢʦʣʦʛʠʠ ʠ ʢʣʠʤʘʪʘ (ʛ. ɸʩʪʘʥʘ), 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʦʨʫʩʩʠʠ (ʛ. ʄʠʥʩʢ, ɹʝʣʦʨʫʩʩʠʷ), ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ɸʨʤʝʥʠʠ (ʛ. ɽʨʝʚʘʥ, ɸʨʤʝʥʠʷ), ʀʥʩʪʠʪʫʪʘ 

ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʋʢʨʘʠʥʳ (ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ), ɿʘʧʘʜʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʠʡ 

ʠʥʞʝʥʝʨʥʦ ï ʛʫʤʘʥʠʪʘʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʋʨʘʣʴʩʢ), ʈʫʜʥʠʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʛ. ʈʫʜʥʳʡ, 

ʂʘʟʘʭʩʪʘʥ), ʂʘʟʘʭʩʢʠʡ ʅʀʀ ʨʘʜʠʘʮʠʦʥʥʦʡ ʤʝʜʠʮʠʥʳ ʠ ʵʢʦʣʦʛʠʠ (ʛ. ʉʝʤʝʡ, ʂʘʟʘʭʩʪʘʥ), ʇʘʚʣʦʜʘʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʇʘʚʣʦʜʘʨ, ʂʘʟʘʭʩʪʘʥ), ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʩʝʡʩʤʦʣʦʛʠʠ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʄʦʣʜʦʚʳ (ʂʠʰʠʥʝʚ), ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʠ ʜʝʣʘ ʠ ʛʦʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ (ʛ. ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ), 

ɸʥʛʘʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʝʭʥʠʯʝʩʢʦʡ ʘʢʘʜʝʤʠʠ (ʛ. ɸʥʛʘʨʩʢ), ɸʨʤʘʚʠʨʩʢʦʛʦ ʤʝʭʘʥʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ (ʬʠʣʠʘʣʘ ʂʫʙʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) (ʛ. ɸʨʤʘʚʠʨ), ɹʘʡʢʘʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ (ʛ. ʋʣʘʥ-ʋʜʵ), ɹʝʣʛʦʨʦʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɹʝʣʛʦʨʦʜ), ɺʦʣʛʦʛʨʘʜʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, (ʛ. ɺʦʣʛʦʛʨʘʜ), ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɺʦʨʦʥʝʞ), ʅʀʀ ʵʢʦʣʦʛʠʠ ʉʝʚʝʨʘ 

(ʛ. ʗʢʫʪʩʢ), ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɼɺʆ ʈɸʅ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ), ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ), ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, (ʛ. ʏʠʪʘ), 

ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ (ʛ. ɹʘʨʥʘʫʣ), ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʠʤ. 

ɸʢʘʜʝʤʠʢʘ ɸ.ʅ. ɿʘʚʘʨʠʮʢʦʛʦ ʋʨʆ ʈɸʅ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ), ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʝ ʦʪʜʝʣʝʥʠʝ ʈɸʅ (ʛ. ʍʘʙʘʨʦʚʩʢ), 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʋʬʠʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ 

ʈɸʅ (ʛ. ʋʬʘ), ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɺʣʘʜʠʢʘʚʢʘʟ), ɸʩʪʨʘʭʘʥʩʢʦʛʦ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠ ʧʨʦʝʢʪʥʦʛʦ ʠʥʩʪʠʪʫʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ (ʛ. ɸʩʪʨʘʭʘʥʴ), ʀʥʩʪʠʪʫʪʘ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. 

ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ (ʛ. ʀʨʢʫʪʩʢ), ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ ɼɺʆ ʈɸʅ (ʛ. ʍʘʙʘʨʦʚʩʢ), ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ 

ʦʢʝʘʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ɺ. ʀ. ʀʣʴʠʯʝʚʘ ɼɺʆ ʈɸʅ    (ʛ. ɺʣʘʜʠʚʦʩʪʦʢ), ʀʥʩʪʠʪʫʪʘ ʛʦʨʥʦʛʦ ʜʝʣʘ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ  (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʀʥʩʪʠʪʫʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ɼɺʆ ʈɸʅ (ʛ. ɹʠʨʦʙʠʜʞʘʥ), ʀʥʩʪʠʪʫʪʘ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ ʠʤ ʇ.ʀ. ʄʝʣʴʥʠʢʦʚʘ ʉʠʙʠʨʩʢʦʛʦ 

ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ ʗʢʫʪʩʢ), ʀʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʦʛʠʠ ʋʨʆ ʈɸʅ (ʛ. ʄʠʘʩʩ), ʀʥʩʪʠʪʫʪʘ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʉʆ ʈɸʅ ʠʤ. ɸ.ɸ. ʊʨʦʬʠʤʫʢʘ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʀʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʠ 

ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ɸ.ɽ. ɸʨʙʫʟʦʚʘ ʂʘʟʘʥʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ (ʛ. ʂʘʟʘʥʴ), ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ (ʛ. ɸʧʘʪʠʪʳ), ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ (ʛ. ʗʢʫʪʩʢ), ʀʨʢʫʪʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʀʨʢʫʪʩʢ), ʂʘʟʘʥʩʢʦʛʦ (ʇʨʠʚʦʣʞʩʢʦʛʦ) ʌʝʜʝʨʘʣʴʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʘʟʘʥʴ), ɹʘʰʢʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʋʬʘ), ʂʘʟʘʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʘʟʘʥʴ), ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʝʤʝʨʦʚʦ), ʉʝʚʝʨʦ ï 

ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʉʘʚʨʦʧʦʣʴ), ʆʆʆ ʂʨʘʩʥʦʷʨʩʢ ʅʀʇʀʥʝʬʪʴ (ʛ. ʂʨʘʩʥʦʷʨʩʢ), 

ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ɻ.ʀ. ʅʦʩʦʚʘ (ʛ. ʄʘʛʥʠʪʦʛʦʨʩʢ), ʅʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ çɸʃʈʆʉɸè (ʛ. ʄʠʨʥʳʡ), ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ 

ʮʝʥʪʨʘ çʅʝʜʨʘè (ʛ. ʗʨʦʩʣʘʚʣʴ), ʅʘʮʠʦʥʘʣʴʥʦ ʩʩʣʝʜʦʚʘʪʝʣʩʢʠʡ ʉʘʨʘʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. 

ʄ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ (ʛ. ʉʘʨʘʪʦʚ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʀʨʢʫʪʩʢ), ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çɻʦʨʥʳʡè       (ʛ. 

ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʅʦʚʦʢʫʟʥʝʮʢʦʛʦ ʬʠʣʠʘʣʘ ʂʝʤʝʨʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʦʚʦʢʫʟʥʝʮʢ), 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʅʦʚʦʩʠʙʠʨʩʢ), 

ʅʦʚʦʯʝʨʢʘʩʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʤʝʣʠʦʨʘʪʠʚʥʦʡ ʘʢʘʜʝʤʠʠ (ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ), ʇʝʨʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʇʝʨʤʴ), ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʇʝʨʤʴ), ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʉʘʤʘʨʘ), ʉʘʭʘʣʠʥʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʖʞʥʦ-ʉʘʭʘʣʠʥʩʢ), ʅʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʡ ʮʝʥʪʨ ʧʦ ʩʚʝʨʭʛʣʫʙʦʢʦʤʫ 

ʙʫʨʝʥʠʶ ʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʟʫʯʝʥʠʶ ʥʝʜʨ ɿʝʤʣʠ (ʛ. ʗʨʦʩʣʘʚʣʴ), ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ (ʛ. ʗʢʫʪʩʢ), ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ)         (ʛ. ɺʣʘʜʠʢʘʚʢʘʟ), ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʵʢʦʣʦʛʠʠ ʠ ʢʨʠʦʣʦʛʠʠ ʉʆ 

ʈɸʅ (ʛ. ʏʠʪʘ), ʉʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʅʦʚʦʢʫʟʥʝʮʢ), ʉʠʙʠʨʩʢʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʂʨʘʩʥʦʷʨʩʢ), ʀʥʩʪʠʪʫʪʘ ʚʫʣʢʘʥʦʣʦʛʠʠ ɼɺʆ ʈɸʅ (ʛ. ʇʝʪʨʦʧʘʚʣʦʚʩʢ-ʂʘʤʯʘʪʩʢʠʡ), 

ʀʥʩʪʠʪʫʪʘ ɿʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ     (ʛ. ʀʨʢʫʪʩʢ), ʀʥʩʪʠʪʫʪʘ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ɼɺʆ ʈɸʅ (ʛ. ʖʞʥʦ-
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ʉʘʭʘʣʠʥʩʢ), ʉʳʢʪʳʚʢʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʉʳʢʪʳʚʢʘʨ), ʊʶʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʊʶʤʝʥʴ), ʋʨʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ), 

ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʋʬʘ), ʋʭʪʠʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, (ʛ. ʋʭʪʘ, ʈʝʩʧʫʙʣʠʢʘ ʂʦʤʠ), ʌɻʋʇ çʎʅʀʀʛʝʦʣʥʝʨʫʜè (ʛ. ʂʘʟʘʥʴ), ʌʠʣʠʘʣʘ ʆɸʆ 

çʊʅʂ-ɺʈ ʄʝʥʝʜʞʤʝʥʪè (ʛ. ʊʶʤʝʥʴ), ʌʠʣʠʘʣʘ ʊʶʤʝʥʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ʛ. ʅʝʬʪʝʶʛʘʥʩʢ), ɸʤʫʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ɹʣʘʛʦʚʝʱʝʥʩʢ), ʎʝʥʪʨʘʣʴʥʦʛʦ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʛ. ʂʘʟʘʥʴ), ʖʛʦʨʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʍʘʥʪʳ-ʄʘʥʩʠʡʩʢ), ʖʞʥʦ-ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ʀ. ʇʣʘʪʦʚʘ (ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ), ʖʞʥʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), ʖʞʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ), ʇʝʨʤʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʠʤ. 

ʘʢʘʜʝʤʠʢʘ ɼ.ʅ. ʇʨʷʥʠʰʥʠʢʦʚʘ (ʛ. ʇʝʨʤʴ), ʖʨʛʠʥʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ-ʬʠʣʠʘʣʘ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʖʨʛʘ), ʆɸʆ çɹʦʨʦʚʠʯʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ ʦʛʥʝʫʧʦʨʦʚè (ʛ. ɹʦʨʦʚʠʯʠ), ʉʠʙʠʨʩʢʘʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ʆʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʆʤʩʢ), ɸʤʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɼɺʆ ʈɸʅ (ʛ. 

ɹʣʘʛʦʚʝʱʝʥʩʢ), ʅʝʬʪʝʶʛʘʥʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʛ. ʅʝʬʪʝʶʛʘʥʩʢ), ʀʥʩʪʠʪʫʪʘ ɺʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʉʆ ʈɸʅ (ʛ. ɹʘʨʥʘʫʣ), ʂʨʘʩʥʦʷʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʠʤ. ɺ.ʇ. ɸʩʪʘʬʴʚʘ (ʛ. 

ʂʨʘʩʥʦʷʨʩʢ), ʆʆʆ çɻʝʦʂʦʤʧʘʥʠè (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ), ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʠʡ ʬʠʣʠʘʣ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ 

ʧʨʘʚʦʩʫʜʠʷ (ʛ. ʊʦʤʩʢ), ʆʆʆ çɻʝʦʧʨʦʛʥʦʟè (ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ), ʆʆʆ çɿʋʄʂ- ʀʥʞʠʥʠʨʠʥʛè, (ʛ.ʇʝʨʤʴ), ʆʆʆ 

çʈʅ-ʂʨʘʩʥʦʷʨʩʅʀʇʀʥʝʬʪʴè, (ʛ. ʂʨʘʩʥʦʷʨʩʢ), ɿɸʆ çʇʨʦʤʫʛʣʝʧʨʦʝʢʪè,  (ʛ. ʅʦʚʦʢʫʟʥʝʮʢ), ɿɸʆ çɺʦʣʛʦʛʨʘʜ 

ʅʀʇʀʥʝʬʪʴè, (ʛ. ɺʦʣʛʦʛʨʘʜ), ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. 

ʊʦʤʩʢ), ʆʆʆ çʕʢʦʊʝʭè (ʛ. ʊʦʤʩʢ), ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè ɺʅʂ (ʛ. ʊʦʤʩʢ), ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʘʨʭʠʪʝʢʪʫʨʥʦ-ʩʪʨʦʠʪʝʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʊʦʤʩʢ), ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛ. ʊʦʤʩʢ),  ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ (ʛ. ʊʦʤʩʢ), ʊʦʤʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

ʫʧʨʘʚʣʝʥʠʷ ʠ ʨʘʜʠʦʪʝʭʥʠʢʠ (ʛ.ʊʦʤʩʢ), ʀʥʩʪʠʪʫʪ ʤʦʥʠʪʦʨʠʥʛʘ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʛ. ʊʦʤʩʢ), 

ɻʅʋʂ ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʩʝʣʴʩʢʦʛʦ ʭʦʟʷʡʩʪʚʘ ʠ ʪʦʨʬʘ (ʛ. ʊʦʤʩʢ), ʀʥʥʦʚʘʮʠʦʥʥʦ-

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʎʝʥʪʨ ʉʠʙʠʨʩʢʦʛʦ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤ. ʘʢʘʜʝʤʠʢʘ ɺ.ɼ. ʂʫʟʥʝʮʦʚʘ. 

ʈʘʙʦʪʘ ʩʠʤʧʦʟʠʫʤʘ ʰʣʘ ʚ ʪʝʯʝʥʠʝ ʯʝʪʳʨʝʭ ʜʥʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦ 21 ʩʝʢʮʠʠ ʠ çʂʨʫʛʣʦʤʫ ʩʪʦʣʫè. 

ʋʥʠʢʘʣʴʥʦʩʪʴ ʵʪʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥ ʧʨʦʭʦʜʠʣ ʧʦ ʚʩʝʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʥʘʫʯʥʳʤ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ, ʧʦ ʤʝʪʦʜʘʤ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʚʩʝʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʪʝʭʥʠʢʠ ʨʘʟʚʝʜʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʜʦʙʳʯʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʚʢʣʶʯʘʷ 

ʢʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʛʝʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ ʧʦ ʵʢʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʙʣʝʤʘʤ ʠ ʢʦʤʧʣʝʢʩʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʧʦ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʫ, ʧʨʠʨʦʜʦʨʝʩʫʨʩʥʦʤʫ ʧʨʘʚʫ 

ʠ ʵʢʦʥʦʤʠʢʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʋʯʘʩʪʚʦʚʘʣʠ ʚ ʩʠʤʧʦʟʠʫʤʝ ʣʫʯʰʠʝ ʩʪʫʜʝʥʪʳ ʠ ʤʦʣʦʜʳʝ ʥʘʫʯʥʳʝ ʢʘʜʨʳ 

ʈʦʩʩʠʠ ʠ ʩʪʨʘʥ ʉʅɻ, ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ɼʘʣʴʥʝʛʦ ʟʘʨʫʙʝʞʴʷ. ʅʘ ʩʠʤʧʦʟʠʫʤʝ ʚ ʜʦʢʣʘʜʘʭ ʦʩʚʝʱʘʣʠʩʴ 

ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʡ; ʨʝʟʫʣʴʪʘʪʳ ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; 

ʜʦʩʪʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʛʝʦʣʦʛʠʠ, ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʠ ʛʝʦʵʢʦʣʦʛʠʠ; 

ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʦʙʟʦʨʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʣʠʯʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʙʣʝʤʘʤ ʠ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ʊʝʤʘʪʠʢʘ ʜʦʢʣʘʜʦʚ ʦʭʚʘʪʳʚʘʝʪ ʚʘʞʥʝʡʰʠʝ ʧʨʦʙʣʝʤʳ ʠ ʥʦʚʝʡʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʠ, 

ʧʘʣʝʦʥʪʦʣʦʛʠʠ, ʪʝʢʪʦʥʠʢʠ, ʠʩʪʦʨʠʯʝʩʢʦʡ ʠ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ, ʧʝʪʨʦʛʨʘʬʠʠ, 

ʣʠʪʦʣʦʛʠʠ, ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʤʝʪʘʣʣʦʛʝʥʠʠ, ʛʠʜʨʦʛʝʦʣʦʛʠʠ ʠ ʠʥʞʝʥʝʨʥʦʡ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ, ʥʝʬʪʷʥʦʡ 

ʛʝʦʣʦʛʠʠ, ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʚ ʛʝʦʣʦʛʠʠ, ʢʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʝʭʥʠʢʝ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʜʦʙʳʯʠ, 

ʪʨʘʥʩʧʦʨʪʘ ʠ ʭʨʘʥʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ, ʛʦʨʥʦʛʦ ʜʝʣʘ, ʛʝʦʵʢʦʣʦʛʠʠ, ʛʠʜʨʦʛʝʦʵʢʦʣʦʛʠʠ, ʦʭʨʘʥʳ ʠ 

ʠʥʞʝʥʝʨʥʦʡ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, 

ʛʦʨʥʦʛʦ ʠ ʧʨʠʨʦʜʦʨʝʩʫʨʩʥʦʛʦ ʧʨʘʚʘ, ʘ ʪʘʢʞʝ ʧʨʦʙʣʝʤʳ ʵʢʦʥʦʤʠʢʠ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈʦʩʩʠʠ ʠ 

ʩʪʨʘʥ ʉʅɻ. ɼʣʷ ʫʯʘʩʪʥʠʢʦʚ, ʜʝʣʘʚʰʠʭ ʜʦʢʣʘʜʳ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ ʥʝʤʝʮʢʦʤ ʷʟʳʢʘʭ, ʨʘʙʦʪʘʣʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʝʢʮʠʷ. 

XVIII ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʩʠʤʧʦʟʠʫʤ ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʢʨʳʣ ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸ.ʖ. ɼʤʠʪʨʠʝʚ ʠ ʧʨʦʨʝʢʪʦʨ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɸ.ʂ. ʄʘʟʫʨʦʚ. ʇʝʨʝʜ ʫʯʘʩʪʥʠʢʘʤʠ 

ʩʠʤʧʦʟʠʫʤʘ ʥʘ ʦʪʢʨʳʪʠʠ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʚʳʩʪʫʧʠʣʠ ʚʝʜʫʱʠʝ ʫʯʝʥʳʝ, ʧʨʦʬʝʩʩʦʨʘ, ʢʦʪʦʨʳʝ ʦʩʚʝʪʠʣʠ ʧʨʦʙʣʝʤʳ ʠ 

ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʚ XXI ʚʝʢʝ ʧʦ ʢʘʞʜʦʤʫ ʠʟ 21-ʛʦ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʩʝʢʮʠʡ. ɼʦʢʣʘʜʳ ʫʯʝʥʳʭ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʜʘʥʥʦʤ ʩʙʦʨʥʠʢʝ. 

ʅʘʫʯʥʳʡ ʫʨʦʚʝʥʴ ʜʦʢʣʘʜʦʚ ʦʯʝʥʴ ʚʳʩʦʢ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʦʪʣʠʯʘʶʪʩʷ ʥʦʚʠʟʥʦʡ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴʶ 

ʠʜʝʡ, ʘ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʦʪʢʨʳʪʠʷ. ɼʦʣʦʞʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʣʫʯʰʠʭ 

ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳ, ʦʪʨʘʞʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʢ ʚ ʦʙʣʘʩʪʠ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʢ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʤʝʶʪ ʠ ʚʘʞʥʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʠ ʧʨʠ 

ʜʘʣʴʥʝʡʰʝʡ ʥʘʫʯʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʤʥʦʛʠʝ ʠʟ ʥʠʭ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʠʩʩʝʨʪʘʮʠʡ ʥʘ ʩʦʠʩʢʘʥʠʝ 

ʫʯʝʥʳʭ ʩʪʝʧʝʥʝʡ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ. ʄʥʦʛʠʝ ʜʦʢʣʘʜʳ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʭʦʟʜʦʛʦʚʦʨʥʳʭ ʅʀʈ, 

ʛʦʩʙʶʜʞʝʪʥʳʭ ʅʀʈ, ʚʳʧʦʣʥʷʝʤʳʭ ʧʦ ʛʨʘʥʪʘʤ, ʥʘʫʯʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʈʦʩʩʠʡʩʢʦʛʦ, ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ ʦʙʣʘʩʪʥʦʛʦ 

ʫʨʦʚʥʝʡ, ʨʝʟʫʣʴʪʘʪʳ ʤʥʦʛʠʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦ ʨʷʜʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʠʤʝʶʪ ʧʘʪʝʥʪʳ ʠ ʣʠʮʝʥʟʠʠ. 
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ʇʨʝʜʠʩʣʦʚʠʝ 

ɸʚʪʦʨʳ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʥʘ XVIII ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʇʨʦʙʣʝʤʳ 

ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨè ï 2014 ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚʣʘʜʝʥʠʝ ʩʘʤʳʤʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺ ʨʘʤʢʘʭ XVIII ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʠʤ. ʘʢʘʜʝʤʠʢʘ ʄ. ɸ. ʋʩʦʚʘ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʪʨʠ ʚʳʩʪʘʚʢʠ:  

ɺʳʩʪʘʚʢʘ ʠʩʪʦʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ: çʂ 115-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ʘʢʘʜʝʤʠʢʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ, 

ʩʦʟʜʘʪʝʣʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʂʘʟʘʭʩʢʦʡ ʉʉʈ, ʧʨʦʬʝʩʩʦʨʘ, ʚʳʧʫʩʢʥʠʢʘ ʊʇʋ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʠ ʢ 120-ʣʝʪʠʶ ʩʦ ʜʥʷ 

ʨʦʞʜʝʥʠʷ ʯʣʝʥʘ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ ʧʨʦʬʝʩʩʦʨʘ ʌ.ʀ. ʐʘʭʦʚʘ, ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘ ʠ ʩʦʟʜʘʪʝʣʷ 

ʢʘʬʝʜʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʊʇʋè. 

ɺʳʩʪʘʚʢʘ çʅʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʫʯʝʥʳʭ ʠ ʚʳʧʫʩʢʥʠʢʦʚ ʀʇʈ ʊʇʋ ʧʦ ʩʦʟʜʘʥʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ 

ʙʘʟʳ ʩʪʨʘʥʳè (1901 ï 2014 ʛʛ.) 

ɺʳʩʪʘʚʢʘ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʀʇʈ ʊʇʋ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʩʚʦʝʥʠʠ ʥʝʜʨ ɿʝʤʣʠ (1901-2014 ʛ.ʛ.) 

ɺʦ ʚʨʝʤʷ ʨʘʙʦʪʳ XVIII ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʢʦʥʢʫʨʩ ʣʫʯʰʠʭ ʥʘʫʯʥʳʭ ʜʦʢʣʘʜʦʚ. 

ʃʘʫʨʝʘʪʳ ʢʦʥʢʫʨʩʘ ʣʫʯʰʠʭ ʜʦʢʣʘʜʦʚ ʧʦ ʚʩʝʤ 21 ʥʘʫʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ (ʩʝʢʮʠʷʤ) ʥʘʛʨʘʞʜʝʥʳ ʜʠʧʣʦʤʘʤʠ ʠ 

ʧʨʠʟʘʤʠ. ɺʩʝʤ ʫʯʘʩʪʥʠʢʘʤ ʩʠʤʧʦʟʠʫʤʘ ʙʳʣʠ ʚʳʜʘʥʳ ʩʝʨʪʠʬʠʢʘʪʳ. ʅʘʛʨʘʞʜʝʥʠʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ 

ʪʦʨʞʝʩʪʚʝʥʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʢʫʣʴʪʫʨʥʦʤ ʮʝʥʪʨʝ ʊʇʋ, ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʧʨʘʟʜʥʠʯʥʳʡ ʢʦʥʮʝʨʪ. 

ɼʣʷ ʫʯʘʩʪʥʠʢʦʚ ʩʠʤʧʦʟʠʫʤʘ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʵʢʩʢʫʨʩʠʠ: ʚ ʤʫʟʝʡ ʠʩʪʦʨʠʠ ʊʇʋ, ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 

ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʠ, ʚ ʥʘʫʯʥʳʝ ʠ ʫʯʝʙʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʊʇʋ, ʧʦ ʛʦʨʦʜʫ ʊʦʤʩʢʫ, ʚ ʉʠʙʠʨʩʢʠʡ 

ʙʦʪʘʥʠʯʝʩʢʠʡ ʩʘʜ, ʚ ʩʦʚʨʝʤʝʥʥʦʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʢʝʨʥʦʭʨʘʥʠʣʠʱʝ ʩ ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ; ʚ 

ʢʘʙʠʥʝʪ-ʤʫʟʝʡ ʘʢʘʜʝʤʠʢʦʚ ɺ.ɸ.ʆʙʨʫʯʝʚʘ ʠ ʄ.ɸ.ʋʩʦʚʘ, ʚ ʎʝʥʪʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ Heriot-Watt ʥʘ ʙʘʟʝ ʕʜʠʥʙʫʨʛʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʚ ʀʥʥʦʚʘʮʠʦʥʥʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʎʝʥʪʨ çʋʨʘʥʦʚʘʷ ʛʝʦʣʦʛʠʷè, ʚ ʀʥʥʦʚʘʮʠʦʥʥʳʡ 

ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʎʝʥʪʨ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʚ 

ʙʠʙʣʠʦʪʝʢʫ ʊʇʋ, ʚ ɺʳʩʪʘʚʦʯʥʳʡ ʎʝʥʪʨ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʊʇʋ.  

ɺ ʨʘʤʢʘʭ XVIII  ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ çʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨè ʙʳʣ 

ʧʨʦʚʝʜʝʥ ʦʪʙʦʨʦʯʥʳʡ ʪʫʨ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ ʢʦʥʢʫʨʩʘ ʛʨʘʥʪʦʚ çʋ.ʄ.ʅ.ʀ.ʂ.è ʌʦʥʜʘ ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ 

ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʷ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ ʚ ʥʦʤʠʥʘʮʠʠ çɿʘ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʦʙʣʘʜʘʶʱʠʝ 

ʥʦʚʠʟʥʦʡ ʠ ʩʨʝʜʥʝʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ (ʜʦ 6-8 ʣʝʪ) ʠʭ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠè. ɼʣʷ ʫʯʘʩʪʠʷ ʚ 

ʢʦʥʢʫʨʩʝ ʛʨʘʥʪʦʚ çʋ.ʄ.ʅ.ʀ.ʂ.è ʥʘ I-ʪʫʨ ʙʳʣʦ ʧʦʜʘʥʦ ʠ ʨʘʩʩʤʦʪʨʝʥʦ 50 ʟʘʷʚʦʢ ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ. ɼʣʷ 

ʫʯʘʩʪʠʷ ʚʦ II  ʦʪʙʦʨʦʯʥʦʤ ʪʫʨʝ ʵʢʩʧʝʨʪʘʤʠ ʥʘ ʩʝʢʮʠʷʭ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 15 ʧʨʦʝʢʪʦʚ. 

ʂʦʥʢʫʨʩʥʳʝ ʢʦʤʠʩʩʠʠ ʩʝʢʮʠʡ ʩʠʤʧʦʟʠʫʤʘ ʨʝʢʦʤʝʥʜʦʚʘʣʠ ʣʫʯʰʠʝ ʜʦʢʣʘʜʳ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ ʚ ʞʫʨʥʘʣʝ 

çʀʟʚʝʩʪʠʷ ʊʇʋè (ɺɸʂʦʚʩʢʦʤ ʞʫʨʥʘʣʝ). 

ʇʦ ʠʪʦʛʘʤ ʩʠʤʧʦʟʠʫʤʘ ʣʫʯʰʠʝ 50 ʩʪʘʪʝʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʤ 

ʚʳʧʫʩʢʝ ʞʫʨʥʘʣʘ, ʠʥʜʝʢʩʠʨʫʝʤʦʤ SCOPUS çʅʘʫʢʠ ʦ ɿʝʤʣʝ ʠ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʩʦʛʣʘʰʝʥʠʝʤ ˉ 39 ʦʪ 27.01.2014 ʛ. ʩ ʠʟʜʘʪʝʣʴʩʪʚʦʤ ʀʥʩʪʠʪʫʪʘ ʌʠʟʠʢʠ, ʊʝʤʧʣ ʩʸʢʫʩ, ʊʝʤʧʣ ʋʵʡ, 

ɹʨʠʩʪʦʣʴ (ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ).  

ɼʦʣʦʞʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝʨʝʜʢʦ ʥʝʩʫʪ ʥʦʚʳʝ ʥʘʫʯʥʳʝ ʠʜʝʠ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ 

ʟʥʘʯʠʤʦʩʪʴ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʣʘʩʪʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʝʨʩʦʥʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʝʭʥʠʢʠ, ʘ ʪʘʢʞʝ ʥʦʚʝʡʰʘʷ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʘʷ ʛʝʦʬʠʟʠʯʝʩʢʘʷ ʘʧʧʘʨʘʪʫʨʘ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʫʯʘʩʪʥʠʢʘʤʠ ʩʠʤʧʦʟʠʫʤʘ. ʅʘ ʩʝʢʮʠʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʨʘʙʦʪʢʠ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʧʫʪʥʠʢʦʚʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʤʦʨʩʢʦʡ ʛʨʘʚʠʤʝʪʨʠʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʰʝʣʴʬʦʚʦʡ ʟʦʥʳ, ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ 

ʤʝʪʦʜʠʢʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʨʠ ʧʦʠʩʢʘʭ ʠ ʨʘʟʚʝʜʢʠ ʨʫʜʥʳʭ 

ʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ/ ʢʘʢ ʥʘʟʝʤʥʳʤʠ, ʪʘʢ ʠ ʩʢʚʘʞʠʥʥʳʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ ʥʦʚʝʡʰʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ (ʄʂʕ) ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ ʚ ʦʙʩʘʞʝʥʥʳʭ ʩʢʚʘʞʠʥʘʭ, ʘʪʦʤʥʦ-ʵʤʠʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʥʦʡ ʧʣʘʟʤʝʥʥʳʡ, ʤʝʪʦʜ 

ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʠ ʪ.ʧ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ʀ.ɺ. ʇʘʨʫʙʝʥʢʦ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘ ʪʝʤʫ çɻʝʦʬʠʟʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ɹʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ ɹʘʞʝʥʦʚʩʢʘʷ 

ʩʚʠʪʘ ʷʚʣʷʝʪʩʷ ʢʦʣʣʝʢʪʦʨʦʤ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʠʧʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʥʦʚʳʭ ʟʘʣʝʞʝʡ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʝʸ ʧʨʝʜʝʣʘʭ, ʯʪʦ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʧʦ-ʥʦʚʦʤʫ ʚʟʛʣʷʥʫʪʴ ʥʘ ʥʝʬʪʷʥʦʡ ʧʦʪʝʥʮʠʘʣ ʪʝʨʨʠʪʦʨʠʡ, ʛʜʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ɹʘʞʝʥʦʚʩʢʘʷ ʩʚʠʪʘ. ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ. 

ʇʨʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʘʪʦʤʥʘʷ ʘʙʩʦʨʙʮʠʷ, ʥʝʡʪʨʦʥʥʘʷ ʘʢʪʠʚʘʮʠʷ, ʵʤʠʩʩʠʦʥʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʤʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʠʤʧʫʣʴʩʥʦʤ ʦʧʪʠʯʝʩʢʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʝ, ʧʦʣʫʯʝʥʠʝ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩʪʝʢʦʣ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʧʦʭʠʤʠʟʤʘ ʤʠʥʝʨʘʣʦʚ, ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ, 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʤʦʜʝʣʠʨʦʚʘʥʠʝ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʤʝʪʦʜʠʢʘʤ ʄ.ɹ. ɹʫʢʘʪʳ, ʠʟʦʪʨʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʷ 

ʦʙʦʛʘʪʠʤʦʩʪʠ ʢʚʘʨʮʠʪʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʘʵʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʘ ʦʩʥʦʚʝ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʵʣʝʢʪʨʦʥʥʳʡ, ʢʨʠʩʪʘʣʣʦʦʧʪʠʯʝʩʢʠʡ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟʳ, ʤʝʪʦʜ 

ʦʩʢʦʣʦʯʥʦʡ f-ʨʘʜʠʦʛʨʘʬʠʠ, ʦʨʠʛʠʥʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʢʝʨʦʛʝʥʘ ʪʠʧʘ-ʇ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʷʜʝʨʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʥʘʣʠʪʠʢʠ ʧʦʨʦʜ, ʤʝʪʦʜʠʢʠ ʚʳʷʚʣʝʥʠʷ ʟʦʥ ʬʣʶʠʜʦʤʠʛʨʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʧʦʨʦʜ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ, ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ çHydroGeoè, ʩʢʘʥʠʨʫʶʱʠʝ ʵʣʝʢʪʨʦʥʥʳʝ 

ʤʠʢʨʦʩʢʦʧʳ, ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʳ, ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʤʠʥʝʨʘʣʦʚ ʠ ʭʨʦʤʦʬʦʨʦʚ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʠʥʝʨʘʣʘʭ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʘʜʩʦʨʙʮʠʦʥʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪʜʝʣʴʥʳʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʘ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʮʝʣʷʭ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ ʠʟʚʣʝʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ, ʤʝʪʦʜ 

ʢʨʠʦʤʝʪʨʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ, Ar-ʤʝʪʦʜ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʦʪʣʦʞʝʥʠʡ ʠ ʤʝʪʦʜ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʦʮʝʥʢʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ, ʤʠʢʨʦʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʢʨʠʦʪʝʨʤʦʩʪʦʣʠʢʘ 

THMSG-600 (Linkam) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʤʝʪʦʜ ʥʘʪʷʞʥʦʛʦ ʩʧʣʘʡʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ 

ArcGis, ʛʝʦʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʜʠʩʪʘʥʮʠʦʥʥʳʤʠ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ, ʩʪʨʫʢʪʫʨʥʦ-

ʛʠʜʨʦʛʝʦʣʦʛʠʯʠʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʚ ʪʦʧʘʟʘ ʜʣʷ 

ʧʨʦʛʥʦʟʥʳʭ ʮʝʣʝʡ, ʪʨʝʭʤʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʤʝʪʦʜʳ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʜʝʰʠʬʨʦʚʘʥʠʝ ʢʦʩʤʦ ï ʠ 

ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʠ ʜʨ. ʇʨʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʣʠʩʴ ʫʥʠʢʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʷʜʝʨʥʦʛʦ ʨʝʘʢʪʦʨʘ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ 

ʦʪʨʘʞʝʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʪʝʨʨʠʪʦʨʠʡ ʠ ʦʪʨʘʞʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʙʠʦʛʝʦʭʠʤʠʠ ʜʣʷ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʟʘʛʨʷʟʥʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʙʘʟʘʣʴʪʦʠʜʘʭ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʘ ʨʘʩʰʠʬʨʦʚʘʥʘ 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʵʪʠ ʜʘʥʥʳʝ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʦʠʩʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʦʚ ʧʨʠʚʝʜʝʥʳ 

ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʨʘʥʘ ʠ ʨʫʜʥʳʭ ʪʝʣ. ɺʧʝʨʚʳʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ 

ʤʝʪʦʜʠʢʘ ʨʘʟʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʜʠʝʚʳʭ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʫʨʘʥʦʚʳʭ ʦʨʝʦʣʦʚ ʚʥʫʪʨʠ ʦʜʥʦʛʦ ʨʫʜʥʦʛʦ ʪʝʣʘ. ɺʩʝ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʛʨʘʤʦʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʩʪʘʥʦʚʢʝ ʧʦʠʩʢʦʚʦ-ʧʨʦʛʥʦʟʥʳʭ ʨʘʙʦʪ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ɸʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʨʫʜʥʳʭ ʧʦʣʝʡ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʨʘʥʘ, ʟʦʣʦʪʘ, ʞʝʣʝʟʘ, ʘ ʪʘʢʞʝ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʠʥʝʨʘʣʦʛʠʠ ʫʨʘʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

çʀʥʢʘʡè, ʧʨʦʚʝʜʝʥʦ ʬʘʮʠʘʣʴʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ɹʘʢʯʘʨʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɸʚʪʦʨʘʤʠ ʜʘʥʳ ʥʦʚʳʝ 

ʜʘʥʥʳʝ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʨʘʥʘʪʦʚ, ʙʠʦʪʠʪʦʚ, ʪʫʨʤʘʣʠʥʦʚ ʠʟ ʛʨʘʥʠʪʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʨʝʜʢʦʤʝʪʘʣʴʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ɺ ʯʘʩʪʠ ʜʦʢʣʘʜʦʚ ʦʩʚʝʱʝʥʳ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʦʚ ʧʨʠʚʝʜʝʥʳ ʩʧʦʩʦʙʳ ʜʝʛʘʟʘʮʠʠ ʤʝʪʘʥʘ ʚ ʫʛʦʣʴʥʳʭ ʰʘʭʪʘʭ, 

ʯʪʦ ʩʥʠʞʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʠʩʢʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʰʘʭʪʘʭ ʂʫʟʙʘʩʩʘ. ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ 

ʛʨʘʤʦʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ.  

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣ ʜʦʢʣʘʜ ʈ.ʈ. ʍʘʟʠʝʚʘ, ʕ.ʀ. ʌʘʭʨʫʪʜʠʥʦʚʘ, ʘʩʧʠʨʘʥʪʦʚ ʂʘʟʘʥʩʢʦʛʦ 

(ʇʨʠʚʦʣʞʩʢʦʛʦ) ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘ ʪʝʤʫ çʃʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʝʨʤʩʢʠʭ ʠ 

ʚʝʨʭʥʝʢʘʤʝʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘè. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʷʚʠʣʠʩʴ ʧʝʨʤʩʢʠʝ ʦʪʣʦʞʝʥʠʷ (ʩʢʚʘʞʠʥʳ 158-ʊ, 85-ʊ, 93-ʊ), ʢʘʢ ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ ʠʟʫʯʘʝʤʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʚ ʈʦʩʩʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʪʘʨʩʪʘʥ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʠʩʪʦʨʠʝʡ ʩʪʨʘʪʠʛʨʘʬʠʠ, ʪʘʢ ʠ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʩʪʫʧʘʶʱʠʭ ʨʝʟʝʨʚʫʘʨʘʤʠ ʧʨʠʨʦʜʥʳʭ ʙʠʪʫʤʦʚ ʠ ʜʨʫʛʠʭ 

ʥʝʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦ ʜʘʥʥʳʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʚʘʨʠʘʮʠʡ ʩʦʜʝʨʞʘʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʪʥʦʰʝʥʠʡ ʧʦ ʨʘʟʨʝʟʘʤ. ʃʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʦʢʘʟʘʣʠʩʴ ʩʦʛʣʘʩʦʚʘʥʥʳʤʠ ʩ ʭʝʤʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʛʨʘʥʠʮʘʤʠ, ʚʳʜʝʣʝʥʥʳʤʠ ʧʦ ʢʨʠʚʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɺʳʜʝʣʝʥʠʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʮʠʢʣʦʚ ʚ ʨʘʟʨʝʟʘʭ ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʭʝʤʦʛʝʥʥʳʭ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʧʦ ʜʘʥʥʳʤ ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ. ɺ 

ʭʦʜʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʣʠʪʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʠ ʮʠʢʣʠʟʘʮʠʷ ʥʠʞʥʝʧʝʨʤʩʢʠʭ 

ʨʘʟʨʝʟʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʦʥʘ ʖʞʥʦ-ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ. ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʜʦʢʣʘʜ ɸ. ɺ. 

ʆʱʝʧʢʦʚʦʡ, (ʤʘʛʠʩʪʨʘʥʪ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ), ʚʳʩʪʫʧʠʚʰʘʷ ʩ ʜʦʢʣʘʜʦʤ çʇʨʠʤʝʥʝʥʠʝ 

ʤʦʜʝʣʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʦʟ. ɹʘʡʢʘʣè. ɼʦʥʥʳʝ ʦʩʘʜʢʠ 

ʦʟʝʨʘ ɹʘʡʢʘʣ ʭʨʘʥʷʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ɸʟʠʠ ʚ ʢʘʡʥʦʟʦʝ. ʋʩʧʝʰʥʳʝ 

ʨʘʙʦʪʳ ʧʦ ʧʨʦʝʢʪʫ çɹʘʡʢʘʣ ɹʫʨʝʥʠʝè ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʢʝʨʥʳ ʙʘʡʢʘʣʴʩʢʠʭ ʦʩʘʜʢʦʚ ʜʦ 600-ʤʝʪʨʦʚʦʡ ʛʣʫʙʠʥʳ. 

ʇʦ ʙʠʦʛʝʥʥʦʤʫ ʢʨʝʤʥʝʟʝʤʫ, ʩʦʜʝʨʞʘʱʝʤʫʩʷ ʚ ʜʦʥʥʳʭ ʦʩʘʜʢʘʭ, ʚʳʷʚʣʷʶʪʩʷ ʮʠʢʣʳ çʧʦʪʝʧʣʝʥʠʝ-ʧʦʭʦʣʦʜʘʥʠʝè, 

ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʤʦʨʩʢʦʡ ʠʟʦʪʦʧʥʦʡ ʢʨʠʚʦʡ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʜʘʪʴ 

ʵʢʩʧʨʝʩʩʥʫʶ ʦʮʝʥʢʫ ʩʦʦʪʥʦʰʝʥʠʶ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʦʢʘʟʳʚʘʶʱʫʶ ʩʦʦʪʥʦʰʝʥʠʝ ʠʣʣʠʪ-ʩʤʝʢʪʠʪ) ʠ 

ʩʦʜʝʨʞʘʥʠʶ ʥʝʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ 

ʚʦʜʦʩʙʦʨʥʦʤ ʙʘʩʩʝʡʥʝ, ʦʩʥʦʚʳʚʘʷʩʴ ʪʦʣʴʢʦ ʥʘ ʜʘʥʥʳʭ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. ʇʨʦʚʝʨʢʘ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥʘ ʥʘ ʜʨʫʛʠʭ ʛʦʨʠʟʦʥʪʘʭ ʙʘʡʢʘʣʴʩʢʠʭ ʩʢʚʘʞʠʥ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ʄ.ɸ. ʈʫʜʤʠʥʘ 

(ʘʩʧʠʨʘʥʪ  ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ), ʥʘ ʪʝʤʫ çʌʘʮʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ɹʘʢʯʘʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷè. ɺ 

ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʝʪʘʣʴʥʦʛʦ ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʤʘʩʰʪʘʙʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠ ʧʦʤʦʱʠ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʢʦʣʦʥʦʢ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ, ʘ ʪʘʢʞʝ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩ ʠʟʫʯʝʥʠʝʤ ʥʘ ʈʌɸ, ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʀʟ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ 

ʠʥʪʝʨʝʩʝʥ ʜʦʢʣʘʜ ɹʘʪʩʫʫʨʴ ɾʘʚʟʤʘʘ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘ ʪʝʤʫ çɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʠʭ ʨʫʜʦʥʦʩʥʦʩʪʠ ʶʞʥʦʡ ʯʘʩʪʠ ʄʦʥʛʦʣʠʠè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 
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ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ  ʯʝʪʳʨʝʭ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ ʄʦʥʛʦʣʠʠ, ʠʭ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʠ ʧʝʨʝʩʯʝʪ ʧʨʠ ʧʦʤʦʱʠ 

ʤʘʪʝʤʘʪʠʯʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʠʭ ʦʙʱʥʦʩʪʠ ʚ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʠ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʥʘ ʩʝʢʮʠʷʭ 2 ʠ 3. 

ʇʨʠ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʤʝʪʦʜʳ ʠ 

ʤʝʪʦʜʠʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʘ ʪʘʢʞʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ɺʈʆɺ (ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ) ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʜ, ʧʨʠʤʝʥʝʥʦ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʳ 

(ʧʨʠʤʝʥʝʥʠʝ ʄʈ3-ʧʣʝʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʫʩʪʨʦʡʩʪʚʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠ ʭʨʘʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ), ʠʩʧʦʣʴʟʦʚʘʥ 

ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʧʨʠ ʦʮʝʥʢʝ ʢʣʠʤʘʪʦ-ʢʫʨʦʨʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʬʘʢʪʦʨʦʚ ʠʥʞʝʥʝʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʷʜ ʜʦʢʣʘʜʦʚ ʧʦʩʚʷʱʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʶ ʤʥʦʛʦʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤ ʧʨʠ ʦʩʚʦʝʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʟʦʥʝ ʢʨʠʦʣʠʪʦʟʦʥʳ, ʧʨʦʚʝʜʝʥʦ ʪʘʢʞʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʧʣʦʪʥʝʥʠʷ 

ʛʨʫʥʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ ʩʦʦʨʫʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʨʦʛʥʦʟʘ ʦʩʝʜʘʥʠʷ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʢʨʦʙʠʦʣʦʛʠʠ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʝʡʰʠʝ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʦʜʫʢʪʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ (Abagus, Plaxis, ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ ʛʠʜʨʦʛʝʦʣʦʛʠʠ), 

ʢʚʘʣʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʜʣʷ ʦʮʝʥʢʠ ʬʘʢʪʦʨʦʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ, 

ʨʦʪʘʮʠʦʥʥʘʷ ʜʠʥʘʤʠʢʘ ʢʘʢ ʧʨʠʨʦʜʥʳʡ ʬʘʢʪʦʨ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʥʪʠʯʝʩʢʦʛʦ 

ʚʦʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʤʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʘʪʦʤʥʦ ï ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ 

ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ, ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ ʠ ʜʨ. ʅʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ɽ. ɸ. ʉʦʣʜʘʪʦʚʦʡ (ʘʩʧʠʨʘʥʪ  

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ), 

ʧʨʝʜʩʪʘʚʠʚʰʝʡ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʘ ʚ 

ʧʨʠʨʦʜʥʳʭ ʚʦʜʘʭ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ ʦʟ. ʇʦʷʥʭʫ (ʂʠʪʘʡ). ɸʚʪʦʨʦʤ ʚʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʟʦʪʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʝʜʝʥ ʦʙʦʙʱʝʥʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʧʦʩʪʫʧʣʝʥʠʷ ʘʟʦʪʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ. ʀʟ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʠʥʪʝʨʝʩʝʥ 

ʜʦʢʣʘʜ ʉ.ɺ. ʃʷʧʫʥʦʚʘ (ʤʘʛʠʩʪʨʘʥʪ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ) ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʧʦʜʨʦʙʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʚʦʜ ɹʘʡʢʠʪʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. 

ʅʝʙʝʟʳʥʪʝʨʝʩʥʳʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʚʝʜʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ ʦʩʥʦʚʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚʦʜʳ ʠʟʫʯʘʝʤʦʡ ʘʥʪʝʢʣʠʟʳ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʳ ʛʨʫʧʧʳ ʚʦʜ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʠʭ ʛʝʥʝʟʠʩ. ɺ 

ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʡʦʥʝ ʫʩʪʘʥʦʚʣʝʥ ʩʣʦʞʥʳʡ ʪʠʧ ʚʝʨʪʠʢʘʣʴʥʦʡ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ: ʚ ʩʦʣʝʥʦʩʥʦʡ 

ʬʦʨʤʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥ ʪʨʝʥʜ ʨʦʩʪʘ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʛʣʫʙʠʥʦʡ, ʚ ʥʘʜʩʦʣʝʚʦʡ ʠ ʧʦʜʩʦʣʝʚʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ 

ʚʳʷʚʣʝʥʦ. ɺʳʷʚʣʝʥʦ 5 ʭʠʤʠʯʝʩʢʠʭ ʪʠʧʦʚ ʨʘʩʩʦʣʦʚ: ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ, ʭʣʦʨʠʜʥʳʡ ʢʘʣʴʮʠʝʚʳʡ, ʭʣʦʨʠʜʥʳʡ 

ʢʘʣʴʮʠʡ-ʥʘʪʨʠʝʚʳʡ, ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʡ-ʢʘʣʴʮʠʝʚʳʡ ʠ ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʡ-ʤʘʛʥʠʝʚʳʡ. ɺ ʥʘʜʩʦʣʝʚʦʡ ʬʦʨʤʘʮʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ ʪʠʧ ʚʦʜ, ʚ ʩʦʣʝʥʦʩʥʦʡ ï ʭʣʦʨʠʜʥʳʡ ʥʘʪʨʠʝʚʳʡ, ʭʣʦʨʠʜʥʳʡ ʢʘʣʴʮʠʝʚʳʡ, 

ʭʣʦʨʠʜʥʳʡ ʢʘʣʴʮʠʡ-ʥʘʪʨʠʝʚʳʡ, ʚ ʧʦʜʩʦʣʝʚʦʡ ʬʦʨʤʘʮʠʠ ʚʳʷʚʣʝʥʳ ʚʩʝ 5 ʪʠʧʦʚ ʚʦʜ. ʇʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ 

ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʘʜʩʦʣʝʚʦʡ ʬʦʨʤʘʮʠʠ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʩʦʣʘʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ, ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ 

ʨʘʩʩʦʣʳ ʩʦʣʝʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ ʠʤʝʶʪ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ, ʚʦʜʳ ʧʦʜʩʦʣʝʚʦʡ ʬʦʨʤʘʮʠʠ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʦʜʳ ʩʤʝʰʘʥʥʦʛʦ ʛʝʥʝʟʠʩʘ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʨʘʙʦʪʘ ɸ.ɺ. ʐʝʩʪʘʢʦʚʦʡ, 

(ʤʘʛʠʩʪʨʘʥʪ  ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ) ʧʨʝʜʩʪʘʚʠʚʰʝʡ ʜʦʢʣʘʜ, ʩʚʷʟʘʥʥʳʡ ʩ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʛʣʝʢʠʩʣʳʭ 

ʭʦʣʦʜʥʳʭ ʠ ʪʝʨʤʘʣʴʥʳʭ ʚʦʜ ʧʨʠʨʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʏʦʡʛʘʥ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʚʦʜ, ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʦʛʠ 

ʠʟʫʯʘʝʤʳʭ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʥʠʭ ʫʛʣʝʢʠʩʣʦʪʳ. ɼʦʢʣʘʜ ʙʳʣ ʩʜʝʣʘʥ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʫʨʦʚʥʝ, ʦʪʨʘʞʘʣ 

ʵʨʫʜʠʨʦʚʘʥʥʦʩʪʴ ʘʚʪʦʨʘ ʧʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚʦʧʨʦʩʫ.ʀʥʪʝʨʝʩʥʳ ʠ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʠ ʨʘʟʚʝʜʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Eclipse ʐʣʶʤʙʝʨʞʝ ʠ ʜʨʫʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ (ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʪʨʝʭʤʝʨʥʦʡ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʜʣʷ ʦʮʝʥʢʠ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ 

ʧʦʣʦʞʝʥʠʷ ʚʦʜʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʜʣʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʠ ʪ.ʜ.), ʚ ʪʦʤ ʯʠʩʣʝ ʥʦʚʝʡʰʝʝ 

ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ CENEX, W-Seis, GeoSeism, SURFER ʠ GridMaster, ʧʦʟʚʦʣʷʶʱʠʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʩʤʦʩʥʠʤʢʠ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʣʦʚʫʰʝʢ ʥʝʬʪʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʠ ʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ 

ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʦʚʘʥʳ ʭʨʦʤʘʪʦʛʨʘʬʠʷ ʠ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʘʪʦʤʥʦ-ʘʜʩʦʨʙʮʠʦʥʥʳʡ 

ʘʥʘʣʠʟ, ʛʘʟʦʚʘʷ ʭʨʦʤʘʪʦʛʨʘʬʠʷ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʣʶʤʠʥʝʩʮʝʥʪʥʘʷ 

ʤʠʢʨʦʩʢʦʧʠʷ, ʨʪʫʪʥʘʷ ʧʦʨʦʤʝʪʨʠʷ ʠ ʜʨ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʧʦʚʝʜʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʤʝʪʦʜʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʧʘʣʝʦʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʨʘʟʚʠʪʠʷ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʤʝʪʦʜʳ - ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʛʨʫʥʪʦʚ ʧʨʠ ʧʦʠʩʢʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ, ʟʘʨʫʙʝʞʥʳʝ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠʩʪʦʨʠʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʧʨʦʛʥʦʟʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʠ ʩʪʫʜʝʥʪʘʤʠ ʜʦʢʣʘʜʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ, ɼʥʝʧʨʦʚʦ-ʇʨʠʥʷʪʩʢʦʡ, ʇʨʠʢʘʩʧʠʡʩʢʦʡ, ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ, ʘʢʚʘʪʦʨʠʠ 

ʩʝʚʝʨʥʳʭ ʤʦʨʝʡ ʠ ʜʨʫʛʠʭ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʡ. ɸʚʪʦʨʘʤʠ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʧʝʨʩʧʝʢʪʠʚ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ï ʚʦʩʪʦʢʘ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʘʢʚʘʪʦʨʠʡ ʩʝʚʝʨʥʳʭ ʤʦʨʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɸʨʢʪʠʯʝʩʢʦʛʦ ʰʝʣʴʬʘ (ɹʘʨʝʥʮʝʚʘ ʤʦʨʷ, ʂʘʨʩʢʦʛʦ ʤʦʨʷ ʠ ʤʦʨʷ ʃʘʧʪʝʚʳʭ) ʠ ʛʣʫʙʦʢʦʧʦʛʨʫʞʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ʈ.ʀ. ʉʘʬʠʥʘ, ʠʥʞʝʥʝʨʘ ʉʠʙʠʨʩʢʦʛʦ 

ʥʘʫʯʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʮʝʥʪʨʘ, (ʛ. ʊʶʤʝʥʴ), ʜʦʢʣʘʜ çʇʝʨʩʧʝʢʪʠʚʳ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ɺʝʨʭʦʨʝʯʝʥʩʢʦʡ ʟʦʥʳ ʥʘ ʶʛʝ 

ʗʤʘʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʟʘʣʝʞʝʡ ʥʘ ɺʝʨʭʦʨʝʯʝʥʩʢʦʡ ʧʣʦʱʘʜʠ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʙʫʨʝʥʠʷ ʠ 

ʠʩʧʳʪʘʥʠʷ ʩʢʚ. 7-ʢʧ ʠ 32-ʧʨ ʦʪʨʠʩʦʚʘʥ ʢʦʥʪʫʨ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʟʘʣʝʞʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʘʣʝʦʟʦʷ ʠ ʘʣʴʙʘ, 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʪʘ ʟʘʣʝʞʠ ʥʝʬʪʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ɺʝʨʭʦʨʝʯʝʥʩʢʘʷ ʟʦʥʘ ï ʥʝʢʦʪʦʨʳʡ ʘʥʘʣʦʛ ʥʝʦʢʦʤʩʢʠʤ ʟʘʣʝʞʘʤ 

ʙʠʪʫʤʠʥʦʟʥʳʭ ʧʝʩʢʦʚ ʚ ʂʘʥʘʜʝ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʧʦʚʳʰʘʝʪ ʠʥʪʝʨʝʩ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ ʥʝʬʪʝʥʦʩʥʦʩʪʠ 

ʨʘʡʦʥʘ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʷʤʳʝ ʧʨʠʟʥʘʢʠ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʷʚʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʚʰʠʝ ʟʜʝʩʴ ʧʨʦʮʝʩʩʳ 

ʨʝʛʠʦʥʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʠʟ ʤʝʟʦʟʦʡʩʢʠʭ ʧʨʦʛʠʙʦʚ ʚʚʝʨʭ ʧʦ ʚʦʩʩʪʘʥʠʶ ʧʣʘʩʪʦʚ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʠʤʝʣʠ ʤʝʩʪʦ ʠ 

ʚ ʟʦʥʘʭ ʚʳʢʣʠʥʠʚʘʥʠʷ ʧʨʦʥʠʮʘʝʤʳʭ ʪʦʣʱ ʥʘ ʧʫʪʠ ʠʭ ʤʠʛʨʘʮʠʠ. ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʜʦʢʣʘʜ ɸ.ɸ. ʂʦʯʥʝʚʘ, ʩʪʫʜʝʥʪʘ 

ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, (ʛ. ʇʝʨʤʴ), ʧʦ ʪʝʤʝ: 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʛʦʨʥʳʭ ʧʦʨʦʜ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠè. ɺ ʜʦʢʣʘʜʝ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ, ʋʟʙʝʢʠʩʪʘʥʘ ʠ ʀʨʘʢʘ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʫʩʪʦʪʥʦ-ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʝʨʨʠʛʝʥʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʦʣʝʥʦʩʥʳʭ ʧʦʨʦʜ, 

ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʤʦʛʨʘʬʠʷ ʢʝʨʥʘ ï ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʧʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ ʨʝʰʘʪʴ ʦʛʨʦʤʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʠʢʣʘʜʥʳʭ 

ʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯ. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʨʘʙʦʪʳ. 

ʇʦ ʥʘʫʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʨʝʛʠʦʥʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠ, ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʘʚʪʦʨʘʤʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʥʦʚʝʡʰʠʝ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ɻʀʉ-ʪʝʭʥʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʦʚʝʡʰʠʝ ʧʨʦʛʨʘʤʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʦʙʨʘʙʘʪʳʚʘʪʴ ʘʵʨʦʬʦʪʦ- ʠ ʢʦʩʤʦʩʥʠʤʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʨʦʛʥʦʟʦʤ. ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʣʘʩʪʝʨʥʳʡ ʤʝʪʦʜ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʯʝʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʤʝʪʦʜʳ ʵʣʝʢʪʨʦʥʥʦ-ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ), ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, 

ʤʝʪʦʜ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʘʥʘʣʠʟ ʘʵʨʦʬʦʪʦʩʥʠʤʢʦʚ ʠ 

ʢʦʩʤʦʩʥʠʤʢʦʚ. ɺ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ 

ʩʠʤʤʝʪʨʠʠ ʇʴʝʨʘ-ʂʶʨʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʨʤ ʠ ʫʩʣʦʚʠʡ ʦʙʠʪʘʥʠʷ ʦʪʨʷʜʘ ʬʫʟʫʣʠʥʠʜ ʠ ʪ.ʜ. ɺ ʨʘʙʦʪʘʭ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚ ʧʦʨʦʜ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʡ ʙʘʟʝ ʉʆ ʈɸʅ ʠ 

ʄʶʥʩʪʝʨʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ, ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʨʝʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʪ.ʜ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʜʥʘ ʠʟ ʣʫʯʰʠʭ ʨʘʙʦʪ ï ʉ.ɺ. 

ʄʝʞʝʣʦʚʩʢʦʡ,(ʘʩʧʠʨʘʥʪʘ ʀʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʈɸʅ, ʛ. 

ʄʦʩʢʚʘ) ʚ ʢʦʪʦʨʦʤ ʜʘʥʘ ʩʦʙʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʚʦʟʨʘʩʪʘ ʠ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʭ 

ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ ʦʜʥʦʛʦ ʠʟ ʨʘʡʦʥʦʚ ʂʦʣʴʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʥʘ ʦʩʥʦʚʝ ʘʚʪʦʨʩʢʦʛʦ ʧʦʜʭʦʜʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʧʝʪʨʦʪʠʧʦʚ ʧʦ ʭʨʦʤʦʚʳʤ ʰʧʠʥʝʣʷʤ. ɸʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʘʤʳʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ 

ʣʘʙʦʨʘʪʦʨʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʨʘʙʦʪʳ ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʦʛʦ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ (ʛ.ʗʢʫʪʩʢ) ɻ.ʇ. ʅʦʚʛʦʨʦʜʦʚʘ, ʄ.ʖ. ʏʝʧʨʘʩʦʚʘ ʠ ʉ.ɽ. ɻʨʠʛʦʨʴʝʚʘ 

ʧʦ ʪʝʤʝ: çʅʦʚʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʖʥʥʶʛʝʥ ʚ ʙʘʩʩʝʡʥʝ ʨʝʢʠ ʗʥʳè,  ʢʦʪʦʨʳʝ 

ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʚ ʙʘʩʩʝʡʥʝ ʨ.ʗʥʳ ʥʝ ʪʦʣʴʢʦ ʩʢʝʣʝʪʥʳʝ ʦʩʪʘʥʢʠ, ʥʦ ʠ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʪʫʰ ʤʘʤʦʥʪʦʚ, 

ʰʝʨʩʪʠʩʪʳʭ ʥʦʩʦʨʦʛʦʚ ʠ ʜʨʫʛʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʳʤʝʨʰʠʭ ʞʠʚʦʪʥʳʭ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʨʘʥʥʝ-ʥʝʦʧʣʝʩʪʦʮʝʥʦʚʦ-

ʛʦʣʦʮʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʍʦʨʦʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʠ ʰʝʨʩʪʠ ʞʠʚʦʪʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʦʡ ʗʢʫʪʠʠ. ʊʘʢʘʷ ʠʩʢʣʶʯʠʪʝʣʴʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʦʩʪʘʥʢʦʚ ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʣʦʥʠʨʦʚʘʥʠʷ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚʳʤʝʨʰʠʭ ʞʠʚʦʪʥʳʭ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʡ. ʀʥʪʝʨʝʩʥʳ ʧʨʝʜʣʦʞʝʥʠʷ ʥʦʚʦʡ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʚ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʠ ʚ ʜʘʣʴʥʝʡʰʠʭ ʚʦʧʨʦʩʘʭ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʬʣʦʨʳ ʠ ʤʠʢʨʦʬʘʫʥʳ, 

ʠʟʣʦʞʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ɸ.ʀ. ɻʫʮ, ʩʪʫʜʝʥʪʘ ɻʦʤʝʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳ 

ʠʟ ɹʝʣʦʨʫʩʩʠʠ. ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɺ ʩʝʢʮʠʠ çʂʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʄʝʪʦʜʳ, ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʩʧʝʢʪʠʚʳè ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʦʢʣʘʜʳ ʘʢʪʫʘʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʥʘ ʨʝʰʝʥʠʷ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ, 

ʛʝʦʭʠʤʠʠ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʜʠʩʪʘʥʮʠʦʥʥʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ ɿʝʤʣʠ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ 

ʦʪʨʘʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ, ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ, ʥʦʚʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʪʝʨʨʠʪʦʨʠʡ, ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʩʦʣʷʥʳʭ ʨʫʜʥʠʢʦʚ, ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. 

ɸʚʪʦʨʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ: 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʘʧʨʷʞʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ, ʣʠʥʝʘʤʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʤʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ, 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʝʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʘʩʪʚʦʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ. ʈʘʙʦʪʫ ʩʝʢʮʠʡ ʦʪʢʨʳʣ ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ 

ʢʘʬʝʜʨʳ ʦʙʱʝʡ ʛʝʦʣʦʛʠʠ ʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʀʇʈ ʊʇʋ ɸ.ɸ. ʇʦʮʝʣʫʝʚ ʩ ʠʥʪʝʨʝʩʥʳʤ ʦʙʟʦʨʥʳʤ ʜʦʢʣʘʜʦʤ 

çɼʠʩʪʘʥʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʥʝʦʪʲʝʤʣʠʤʘʷ ʯʘʩʪʴ ʩʦʚʨʝʤʝʥʥʦʛʦ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʧʨʦʮʝʩʩʘè. ɸʢʪʫʘʣʴʥʦʝ 

ʠ ʠʥʪʝʨʝʩʥʦʝ ʩʦʦʙʱʝʥʠʝ ʩʜʝʣʘʣʠ ʜʦʮʝʥʪ ʀʇʈ ʊʇʋ ɺ.ɻ. ɾʠʜʢʦʚ ʧʦ ʪʝʤʝ: çʂʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʠ ʧʦʠʩʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚè ʠ ʜʦʮʝʥʪ ʊʇʋ ʖ.ʉ. ɸʥʘʥʴʝʚ: çʈʫʜʥʳʝ ʧʦʣʷ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʮʚʝʪʥʳʭ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʎʝʥʪʨʘʣʴʥʦʡ ɸʟʠʠ ʚ ʤʘʪʝʨʠʘʣʘʭ ʩʦʚʨʝʤʝʥʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢè. ʉ ʠʥʪʝʨʝʩʥʳʤ ʜʦʢʣʘʜʦʤ ʚʳʩʪʫʧʠʣʠ ʤʘʛʠʩʪʨʘʥʪʳ ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʉʪʘʚʨʦʧʦʣʴ) ʈ.ʀ. ʀʩʤʘʠʣʦʚ ʠ ʊ.ɺ. ʃʦʛʚʠʥʦʚʘ ʧʦ ʪʝʤʝ: çɼʠʩʪʘʥʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʢʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʣʘʪʬʦʨʤ, ʦʨʦʛʝʥʥʳʭ ʠ ʩʢʣʘʜʯʘʪʳʭ ʩʠʩʪʝʤ (ʥʘ ʧʨʠʤʝʨʝ ʂʘʚʢʘʟʘ ʠ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳè. ɸ 

ʪʘʢʞʝ ʜʦʮʝʥʪ ɼ.ɺ. ʄʦʟʝʨ ʠ ʤʘʛʠʩʪʨʘʥʪʳ ɸ.ʉ. ʊʫʷʢʙʘʡ ʠ ʅ.ʀ. ɻʝʡ (ʂʘʨʘʛʘʥʜʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʂʘʟʘʭʩʪʘʥ) ʧʦ ʪʝʤʝ: çɼʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ ʂʘʨʘʛʘʥʜʳ ʥʘ ʦʩʥʦʚʝ 
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ʇʨʝʜʠʩʣʦʚʠʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʜʘʨʥʳʭ ʜʘʥʥʳʭ ʩʦ ʩʧʫʪʥʠʢʘ ENVISATè ʀʥʪʝʨʝʩʥʘ ʨʘʙʦʪʘ ʠ ʘʩʧʠʨʘʥʪʘ ʍʘʩʩʘʥ ʄʘʭʤʫʜ ɻʦʤʘʘ 

ʀʙʨʘʛʠʤʘ (ʉʘʨʘʪʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʅ.ɻ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ) çɺʦʟʜʝʡʩʪʚʠʝ ʠʟʤʝʥʝʥʠʡ 

ʥʝʢʦʪʦʨʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷè. ʀʥʪʝʨʝʩ ʚʳʟʳʚʘʣ ʠ ʮʝʣʳʡ ʨʷʜ 

ʜʨʫʛʠʭ ʜʦʢʣʘʜʦʚ. 

ɺ ʩʝʢʮʠʠ çɿʝʤʣʝʫʩʪʨʦʡʩʪʚʦ. ʅʘʫʢʘ ʠ ʧʨʘʢʪʠʢʘè ʜʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʩʪʫʜʝʥʪʘʤʠ ʠ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ 

ʥʘ ʚʳʩʦʢʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ 

ʦʙʣʘʩʪʠ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ, ʛʝʦʜʝʟʠʠ, ʢʘʨʪʦʛʨʘʬʠʠ, ʛʝʦʵʢʦʣʦʛʠʠ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ 

ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʦʢʣʘʜʳ ʠʤʝʶʪ ʥʝʩʦʤʥʝʥʥʫʶ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ. ʆʥʠ ʦʪʨʘʞʘʶʪ ʨʝʟʫʣʴʪʘʪʳ 

ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʟʝʤʝʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʳʭ ʩʨʝʜ ʠ ʧʨʝʜʣʦʞʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʦʚ ʧʦʩʚʷʱʝʥʘ ʧʨʦʚʝʜʝʥʠʶ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ 

ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ, ʚ ʨʘʡʦʥʘʭ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʠ ʩʦʟʜʘʥʠʠ ʦʩʦʙʳʭ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʦʥ ʨʘʟʚʠʪʠʷ ʪʫʨʠʟʤʘ. ʏʘʩʪʴ ʜʦʢʣʘʜʦʚ ʧʦʩʚʷʱʝʥʘ ʩʪʘʥʦʚʣʝʥʠʶ ʟʝʤʝʣʴʥʦ-ʠʤʫʱʝʩʪʚʝʥʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʠ ʠʭ ʟʥʘʯʝʥʠʶ ʧʨʠ ʚʝʜʝʥʠʠ ʟʝʤʣʝʫʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠ ʥʘ ʧʨʠʤʝʥʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɺ 2014 ʛ. ʨʘʙʦʪʫ ʩʝʢʮʠʠ ʦʪʢʨʳʣ ʧʣʝʥʘʨʥʳʡ ʜʦʢʣʘʜ ʧʨʦʬʝʩʩʦʨʘ ʃʘʪʚʠʡʩʢʦʛʦ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ɺ.ɿ. ɹʘʫʤʘʥʝ (ʃʘʪʚʠʷ), ʢʦʪʦʨʘʷ ʦʩʚʷʪʠʣʘ ʩʠʪʫʘʮʠʶ ʚ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʝ ʚ 

ʩʪʨʘʥʘʭ ɹʘʣʪʠʠ. ʇʣʝʥʘʨʥʳʡ ʜʦʢʣʘʜ ʧʨʦʬʝʩʩʦʨʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ ʆ.ɸ. ʇʘʩʴʢʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʣ ʠʩʪʦʨʠʶ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʚ ʈʦʩʩʠʠ. ɸʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʨʘʙʦʪʝ ʩʝʢʮʠʠ 

ʧʨʠʥʷʣʘ ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɼʘʣʴʥʝʚʦʩʪʦʯʥʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈɸʅ ʀʥʩʪʠʪʫʪʘ ʚʦʜʥʳʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ (ʛ. ʍʘʙʘʨʦʚʩʢ) ɻ.ɺ. ʍʘʨʠʪʦʥʦʚʘ. ɺ ʝʸ ʜʦʢʣʘʜʝ çʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʧʦʯʚè ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʠʥʬʦʨʤʘʮʠʷ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʘʥʛʣʦʷʟʳʯʥʳʝ ʩʣʘʡʜʳ, ʥʘ ʢʦʥʢʨʝʪʥʳʭ 

ʧʨʠʤʝʨʘʭ ʨʘʟʲʷʩʥʝʥ ʘʣʛʦʨʠʪʤ ʚʳʩʪʨʘʠʚʘʥʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʜʦʢʣʘʜʳ ʫʯʘʩʪʥʠʢʦʚ 

ʚʳʟʚʘʣʠ ʘʢʪʠʚʥʦʝ ʦʙʩʫʞʜʝʥʠʝ. ɺʳʩʪʫʧʘʶʱʠʤ ʟʘʜʘʚʘʣʠ ʥʝ ʤʝʥʝʝ ʜʝʩʷʪʢʘ ʚʦʧʨʦʩʦʚ ʠ ʧʨʝʜʣʦʞʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ 

ʩ ʨʘʟʥʳʭ ʩʪʦʨʦʥ ʦʙʩʫʜʠʪʴ ʧʨʦʙʣʝʤʫ ʠ ʫʚʠʜʝʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʆʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ 

ʜʦʢʣʘʜʦʚ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʜʦʢʣʘʜ ɸ.ɺ. ɸʣʠʬʝʨʦʚʦʡ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: çʉʦʩʪʦʷʥʠʝ ʟʝʤʝʣʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ ʥʘ ʧʨʠʤʝʨʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠè. ʀʥʪʝʨʝʩʥʳ 

ʪʘʢʞʝ ʜʦʢʣʘʜʳ ʃ.ɺ. ɹʘʙʠʥʦʚʠʯ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: çʌʦʨʤʠʨʦʚʘʥʠʝ ʟʝʤʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʪʨʦʝʥʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠè, ɸ.ɺ. ʏʝʨʥʦʚʘ (ʉʠʙʠʨʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʜʝʟʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ (ʛ.ʅʦʚʦʩʠʙʠʨʩʢ) ʧʦ ʪʝʤʝ: çʆ 

ʚʦʟʤʦʞʥʦʩʪʷʭ ʩʦʟʜʘʥʠʷ ʠ ʚʝʜʝʥʠʷ ʪʨʝʭʤʝʨʥʦʛʦ ʢʘʜʘʩʪʨʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʈʦʩʩʠʠè. ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʥʘ ʜʘʥʥʦʡ ʩʝʢʮʠʠ. 

ɺ ʦʙʣʘʩʪʠ ʧʨʦʙʣʝʤ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʝʡʰʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ECLIPSE 100, GeoQuest, Petrel, Temp 

Test, MS ʆffice, Pipe-Sim; ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʩʢʚʘʞʠʥʝ ʤʝʞʜʫ 

ʪʨʝʭʬʘʟʥʳʤ ʬʣʶʠʜʦʤ ʠ ʧʦʛʨʫʞʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ. ɸʚʪʦʨʘʤʠ ʧʨʠʤʝʥʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʠ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ 

ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʟʘʤʝʨʟʘʥʠʷ ʧʝʨʝʧʫʩʢʥʳʭ ʢʣʘʧʘʥʦʚ ʧʨʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʭ ʩʧʦʩʦʙʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥ. ʀʩʧʦʣʴʟʦʚʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ ʚʳʩʦʢʦʦʙʚʦʜʥʳʭ 

ʩʢʚʘʞʠʥ, ʦʨʠʛʠʥʘʣʴʥʳʡ ʤʝʪʦʜ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, 

ʧʨʠʤʝʥʝʥ ʚʠʙʨʘʮʠʦʥʥʦʡ ʤʝʪʦʜ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʚʦʡʩʪʚ ʥʝʬʪʷʥʳʭ ʩʠʩʪʝʤ ʚ ʦʙʣʘʩʪʠ ʚʦʜʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʘ, 

ʤʝʪʦʜ ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ ʥʝʡʪʨʦʥʥʦʛʦ ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʜʨ. ʄʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ ʚ ʧʣʘʩʪʝ, ʧʨʦʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ 

ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ, ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʘʣʛʦʨʠʪʤʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʧʨʦʛʨʘʤʤʥʳʝ 

ʩʨʝʜʩʪʚʘ ʜʣʷ ʪʨʝʭʤʝʨʥʦʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (Eclipse 

100t, GeoQuest, Petrel, Tempes). ʂʨʦʤʝ ʪʦʛʦ, ʫʯʘʩʪʥʠʢʘʤʠ ʩʠʤʧʦʟʠʫʤʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʭʘʥʠʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʣʠʬʪʘ ʩʢʚʘʞʠʥʳ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʦʚʤʝʩʪʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʛʘʟʦʚʦʡ ʰʘʧʢʠ ʠ ʦʪʦʨʦʯʢʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ; 

ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʘʪʝʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩ ʘʥʘʣʠʟʦʤ ʨʠʩʢʦʚ ʠ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ; ʦʨʠʛʠʥʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʨʦʮʝʩʩʦʚ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʨʘʟʣʠʯʥʳʤʠ ʢʦʤʧʦʟʠʮʠʷʤʠ ʠʟ ʨʝʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ. ɺ ʨʘʙʦʪʘʭ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ, ʧʨʦʚʝʜʝʥʳ ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ 

ʠʩʧʳʪʘʥʠʷ ʥʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʥʘ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʄʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʧʨʝʜʣʦʞʝʥʳ 

ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʦʨʠʛʠʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʧʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʥʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʧʨʠ ʥʘʣʠʯʠʠ ʦʩʣʦʞʥʝʥʠʡ ʚʳʟʚʘʥʥʳʭ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʦ 

ʦʩʣʦʞʥʷʶʱʝʝ ʜʦʙʳʯʫ ʥʝʬʪʠ ʪʝʧʣʦʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʫʟʣʦʚ ʫʩʪʘʥʦʚʢʠ 

ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʚʳʭʦʜʫ ʠʟ ʩʪʨʦʷ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ 

ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ. ʇʦʩʪʨʦʝʥʘ ʬʠʟʠʯʝʩʢʘʷ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚʳʥʫʞʜʝʥʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦʦʙʤʝʥʘ 

ʤʝʞʜʫ ʪʨʝʭʬʘʟʥʳʤ ʧʦʪʦʢʦʤ ʬʣʶʠʜʘ ʠ ʧʦʛʨʫʞʥʳʤ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚʘʭ ʬʣʶʠʜʘ 

(ʧʣʦʪʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ, ʛʘʟʦʥʘʩʳʱʝʥʥʦʩʪʠ, ʦʙʚʦʜʥʝʥʥʦʩʪʠ) ʠ ʧʘʨʘʤʝʪʨʘʭ ʧʦʛʨʫʞʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʛʘʙʘʨʠʪʥʳʭ 

ʨʘʟʤʝʨʦʚ ʜʚʠʛʘʪʝʣʷ, ʤʦʱʥʦʩʪʠ, ʜʠʘʤʝʪʨʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʠ ʜʨ.). ɸʢʪʫʘʣʴʥʦʩʪʴ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʦʙʫʩʣʦʚʣʝʥʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʩʷ ʦʪʢʘʟʦʤ ʜʚʠʛʘʪʝʣʷ ʠ ʢʘʙʝʣʴʥʳʭ ʣʠʥʠʡ ʧʦ ʧʨʠʯʠʥʝ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ (ʵʤʫʣʴʩʠʡ) ʚʥʫʪʨʠ ʧʣʘʩʪʘ ʤʦʞʝʪ ʙʣʘʛʦʧʨʠʷʪʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʧʦʜʚʠʞʥʦʩʪʠ 

ʠʩʭʦʜʥʦʡ ʥʝʬʪʠ, ʪʝʤ ʩʘʤʳʤ, ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʜʝʙʠʪ. ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʘ ʚʳʩʦʢʦʚʷʟʢʘʷ ʥʝʬʪʴ ʋʩʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɼʘʥʥʘʷ ʥʝʬʪʴ ʩʦʜʝʨʞʠʪ ʚʳʩʦʢʠʡ ʧʨʦʮʝʥʪ ʩʤʦʣ ʠ ʘʩʬʘʣʴʪʝʥʦʚ (ʧʨʠʨʦʜʥʳʭ ʵʤʫʣʴʛʘʪʦʨʦʚ), ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʫʩʪʦʡʯʠʚʳʝ ʚʦ ʚʨʝʤʝʥʠ ʵʤʫʣʴʩʠʠ. ʄʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʳʝ ʤʝʪʦʜʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʮʝʩʩʦʚ ʦʪʣʦʞʝʥʠʷ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ ʠ ʧʦʜʙʦʨʘ ʠʥʛʠʙʠʪʦʨʦʚ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʵʪʠʤ ʷʚʣʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʦʨʠʛʠʥʘʣʴʥʳʝ ʩʧʦʩʦʙʳ ʠ ʪʝʭʥʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʧʝʨʘʪʠʚʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. ʃʫʯʰʠʝ ʜʦʢʣʘʜʳ ʩʦʜʝʨʞʘʪ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ: 1) 

ʫʚʝʣʠʯʝʥʠʝ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ ʨʘʜʠʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʤʝʪʦʜʦʤ 

ʛʣʫʙʦʢʦʡ ʛʠʜʨʦʧʝʨʬʦʨʘʮʠʠ ʛʦʨʥʳʭ ʧʦʨʦʜ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʠʩʣʦʪʥʳʤ ʛʠʜʨʦʨʘʟʨʳʚʦʤ ʧʣʘʩʪʦʚ; 2) ʧʨʦʙʣʝʤʳ 

ʘʜʘʧʪʘʮʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢ ʨʝʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʦʥʢʨʝʪʥʳʭ ʟʘʣʝʞʝʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; 3) 

ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʩʢʚʘʞʠʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ (ʟʘʨʝʟʢʘ ʙʦʢʦʚʳʭ 

ʩʪʚʦʣʦʚ, ʫʧʨʘʚʣʷʝʤʦʝ ʙʫʨʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʩʦʚʤʝʩʪʥʘʷ ʨʘʟʨʘʙʦʪʢʘ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʠ ʜʨ.; 4) ʧʨʦʙʣʝʤʳ 

ʧʦʚʳʰʝʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ; 5) ʚʦʧʨʦʩʳ 

ʢʦʥʚʝʨʩʠʠ ʧʦʧʫʪʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ ʚ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʙʝʥʟʠʥʳ ʥʘ ʮʝʦʣʠʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ; 6) ʚʣʠʷʥʠʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ ʦʙʣʫʯʝʥʠʷ ʮʝʦʣʠʪʥʳʭ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʥʘ ʚʳʭʦʜ ʠ 

ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɺ ʦʜʥʦʤ ʠʟ ʣʫʯʰʠʭ ʜʦʢʣʘʜʦʚ ɻʦʨʰʢʦʚʘ ɸ.ʄ., ʘʩʧʠʨʘʥʪʘ ʀʇʈ 

ʊʇʋ -  ʧʦ ʪʝʤʝ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʧʨʠʩʘʜʢʠ ʉ-5ɸ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʬʪʷʥʳʭ ʘʩʬʘʣʴʪʝʥʦʚ 

ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠè. ɸʚʪʦʨʦʤ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʥʝʬʪʴ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʜʠʩʧʝʨʩʥʫʶ ʩʠʩʪʝʤʫ ʠʣʠ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʩʪʚʦʨ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʦʚ ʘʩʩʦʮʠʘʪʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʘʷ ʥʝʟʘʚʠʩʠʤʘʷ ʧʝʨʝʤʝʥʥʘʷ ï ʜʠʩʧʝʨʩʥʦʩʪʴ, ʢʦʪʦʨʘʷ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʟʤʝʨʫ ʯʘʩʪʠʮ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ ʢʦʣʣʦʠʜʥʦ-

ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʘʩʩʦʮʠʘʪʦʚ ʚ ʫʣʴʪʨʘʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ ʠ ʤʠʢʨʦʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʠʩʪʝʤʘʭ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʵʪʦʛʦ ʤʝʪʦʜʦʚ ʦʙʳʯʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʟʘʪʨʫʜʥʝʥʦ ʠʟ-ʟʘ ʥʠʟʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʧʨʠʙʦʨʦʚ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ï ʤʝʪʦʜ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʎʝʣʴ ʨʘʙʦʪʳ ï 

ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʚ ʤʦʜʝʣʴʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ (ʟʦʣʴ ʛʠʜʨʘʪʘ ʦʢʠʩʠ 

ʞʝʣʝʟʘ ʠ ʟʦʣʴ ʩʝʨʳ) ʥʘ ʧʨʠʙʦʨʝ PhotoCor Complex, ʩ ʜʘʣʴʥʝʡʰʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʘʩʩʦʮʠʘʪʦʚ 

ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʥʝʬʪʠ. ʋʯʘʩʪʥʠʢʘʤʠ ʩʠʤʧʦʟʠʫʤʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʩʝʜʠʤʝʥʪʘʮʠʠ, ʚʦʣʦʢʦʥʥʦ-ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʛʝʦʪʝʭʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʝʪʦʜ 

ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʤʧʫʣʴʩʥʦʛʦ, ʥʝʡʪʨʦʥʥʦʛʦ, ʛʘʤʤʘ-ʢʘʨʦʪʘʞʘ ʠ ʜʨ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ 

ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ ʥʦʚʳʝ ʤʦʜʝʣʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ, ʥʦʚʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʦʜʙʦʨʘ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʩʦʟʜʘʥʠʶ 

ʦʧʪʠʤʘʣʴʥʳʭ ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ 

ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. ʆʜʥʠʤ ʠʟ ʠʥʪʝʨʝʩʥʳʭ ʜʦʢʣʘʜʦʚ ʷʚʣʷʝʪʩʷ ʜʦʢʣʘʜ ɼʦʥʛ ɺʘʥ ʍʦʘʥʛ, 

ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ  ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜʦʢʣʘʜ ʥʘ ʪʝʤʫ ñʇʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʥʝʬʪʷʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ çɹʝʣʳʡ ʊʠʛʨè (ɺʴʝʪʥʘʤ)ò, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʳ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ 

ʩ ʧʦʤʦʱʴʶ: 1. ʫʚʝʣʠʯʝʥʠʷ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʦʜʲʝʤʥʠʢʘ; 2. ʩʥʠʞʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ. 

ʀʥʪʝʨʝʩʝʥ ʜʦʢʣʘʜ ʩʪʫʜʝʥʪʘ ʊʇʋ ɻ.ʊ. ɿʷʪʝʢʦʚʘ çʇʝʨʩʧʝʢʪʠʚʳ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʜʦʙʳʯʠ ʥʝʬʪʠè. 

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɺ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʫʨʝʥʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʠ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʠ ʨʘʟʚʝʜʢʠ ʄʇʀ 

ʧʨʠʤʝʥʷʣʩʷ ʚʝʩʴ ʘʨʩʝʥʘʣ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ: ʪʦʥʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ (ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʵʤʠʩʩʠʷ, 

ʜʦʟʠʨʦʚʘʥʥʦʝ ʨʘʜʠʘʮʠʦʥʥʦʝ ʦʙʣʫʯʝʥʠʝ), ʩʦʚʨʝʤʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʘʥʘʣʠʟʦʚ ʥʘ ʕɺʄ, 

ʚʳʷʚʣʝʥʘ ʥʦʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʦʛʦ ʧʦʣʠʚʠʥʠʣʧʠʨʨʦʣʠʜʦʥʘ ʚ ʢʘʯʝʩʪʚʝ ʜʦʙʘʚʦʢ ʚ 

ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʠʤʝʶʱʠʭ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʠ ʨʘʚʥʳʝ ʘʜʛʝʟʠʡʥʳʝ ʩʚʦʡʩʪʚʘ, 

ʠʟʤʝʨʝʥʠʝ ʪʝʨʤʦ-ʕɼʉ ʚ ʪʚʝʨʜʦʩʧʣʘʚʥʦʤ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʤ ʠʥʩʪʨʫʤʝʥʪʝ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʦʚ, ʪʝʥʟʦʤʝʪʨʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʨʝʞʠʤʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ ʩ ʚʳʜʘʯʝʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʢʦʤʧʴʶʪʝʨ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʠʢʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʤʧʫʣʴʩʥʦʛʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʪʦʢʘ, ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʥʘ ʛʨʘʥʠʮʝ ʛʦʨʥʘʷ ʧʦʨʦʜʘïʨʝʞʫʱʠʡ ʠʥʩʪʨʫʤʝʥʪ ʠ ʜʨ. ʄʦʣʦʜʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʪʘʢʠʭ, ʢʘʢ çɸʚʪʦʢʘʜè, çʂʦʤʧʘʩè, ʧʨʦʛʨʘʤʤʳ ʨʘʩʯʝʪʘ ʧʨʦʯʥʦʩʪʠ ʠʟʜʝʣʠʡ ʤʝʪʦʜʦʤ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ çAnsysè, ʧʨʦʛʨʘʤʤʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʦʙʨʘʟʮʦʚ 

ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ, ʥʘʧʨʠʤʝʨ çStatisticaè. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʦʤʧʣʝʢʩʳ ʩʦʚʨʝʤʝʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʥʘʧʨʠʤʝʨ, ʢʦʤʧʣʝʢʩ ʢʦʥʪʨʦʣʷ ʩʚʦʡʩʪʚ 

ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ çOFITEè. ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʠʟʘʮʠʠ ʧʦʨʦʜʳ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʠʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʧʨʠʤʝʥʷʣʩʷ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʚ ʊʇʋ ʥʦʚʳʡ ʤʝʪʦʜ ʟʘʧʠʩʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʪʦʢʦʚ, ʧʨʦʪʝʢʘʶʱʠʭ ʯʝʨʝʟ ʙʫʨʠʣʴʥʫʶ ʢʦʣʦʥʥʫ. ʉʪʫʜʝʥʪʳ ʊʇʋ ʩʧʨʦʝʢʪʠʨʦʚʘʣʠ ʠ ʩʦʟʜʘʣʠ ʣʘʙʦʨʘʪʦʨʥʫʶ 
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ʫʩʪʘʥʦʚʢʫ ʩ ʢʦʤʧʴʶʪʝʨʠʟʠʨʦʚʘʥʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʙʳʣʦ 

ʫʜʝʣʝʥʦ ʙʫʨʦʚʳʤ ʧʨʦʤʳʚʦʯʥʳʤ ʠ ʪʘʤʧʦʥʘʞʥʳʤ ʨʘʩʪʚʦʨʘʤ, ʧʨʦʙʣʝʤʘʤ ʧʨʦʬʠʣʘʢʪʠʢʠ ʠ ʣʠʢʚʠʜʘʮʠʠ ʦʩʣʦʞʥʝʥʠʡ 

ʠ ʘʚʘʨʠʡ ʚ ʙʫʨʝʥʠʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʙʫʨʝʥʠʷ ʧʫʪʝʤ ʢʦʥʪʨʦʣʷ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʉʪʫʜʝʥʪʘʤʠ ʢʘʬʝʜʨʳ ʙʫʨʝʥʠʷ ʀʇʈ ʊʇʋ 

ʧʦʜʛʦʪʦʚʣʝʥ ʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʦʪʨʘʙʦʪʢʠ ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʙʫʨʝʥʠʷ ï 

ʛʠʜʨʦ-ʤʦʥʠʪʦʨʦ-ʘʙʨʘʟʠʚʥʦʛʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʜʨʦʤʦʥʠʪʦʨʥʦʛʦ ʜʦʣʦʪʘ ʵʞʝʢʪʦʨʥʦʛʦ ʪʠʧʘ. ʀʤʠ ʨʘʟʨʘʙʦʪʘʥʳ 

ʪʘʢʞʝ ʫʥʠʢʘʣʴʥʳʝ ʤʝʪʦʜʠʢʠ ʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʩʪʝʥʜʳ, ʥʘʧʨʠʤʝʨ, ʫʩʪʘʥʦʚʢʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʚʘʪʴ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʙʫʨʝʥʠʷ ʠ ʢʨʝʧʣʝʥʠʷ ʩʢʚʘʞʠʥ, ʥʘ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ ʚ ʫʩʣʦʚʠʷʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʩʢʚʘʞʠʥ ʠ ʫʥʠʢʘʣʴʥʳʡ ʩʪʝʥʜ ʜʣʷ ʛʠʜʨʦʘʙʨʘʟʠʚʥʦʛʦ ʙʫʨʝʥʠʷ ʩ ʮʠʨʢʫʣʷʮʠʝʡ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʘʙʨʘʟʠʚʥʦʛʦ 

ʧʦʨʦʰʢʘ ʨʵʣʠʪʘ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ, ʣʠʙʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʙʫʨʦʚʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠʜʝʡ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʥʝ ʠʤʝʶʱʠʭ ʘʥʘʣʦʛʦʚ ʚ ʙʫʨʦʚʦʡ ʧʨʘʢʪʠʢʝ. ʊʘʢ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʨʘʟʨʘʙʦʪʘʥʥʫʶ 

ʩʪʫʜʝʥʪʘʤʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚ ʙʫʨʦʚʦʡ ʤʝʭʘʥʠʢʝ. ɺ ʨʷʜʝ ʜʦʢʣʘʜʦʚ ʠʟʣʘʛʘʣʩʷ ʭʦʜ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ. 

ʅʝʢʦʪʦʨʳʝ ʨʘʟʨʘʙʦʪʢʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʟʘʩʣʫʞʠʚʘʶʪ ʧʘʪʝʥʪ ʠʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʥʘ ʧʦʣʝʟʥʫʶ ʤʦʜʝʣʴ.  

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʚʳʟʚʘʣ ʜʦʢʣʘʜ ɼ.ʅ. ʄʝʟʝʥʮʝʚʘ, ʚʝʜʫʱʝʛʦ ʠʥʞʝʥʝʨʘ ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè, ʥʘ 

ʪʝʤʫ çʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʡ ʛʣʫʰʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʢʦʥʪʨʦʣʝʤ ʧʦʛʣʦʱʝʥʠʷ 

ʞʠʜʢʦʩʪʠè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʥʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʝʨʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʣʦʢʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʩʥʠʞʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʣʘʩʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʙʣʦʢʠʨʫʶʱʠʤ ʩʦʩʪʘʚʦʤ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʚʳʧʦʣʥʝʥ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʚʳʙʦʨʘ ʨʝʮʝʧʪʫʨ  ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ. ʅʘ 

ʧʨʠʤʝʨʝ ʥʝʩʢʦʣʴʢʠʭ ʠʟʚʝʩʪʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʞʠʜʢʦʩʪʴʶ ʛʣʫʰʝʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʙʣʦʢʠʨʫʶʱʠʭ ʩʦʩʪʘʚʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ (ɓi=0,6 ʜ.ʝʜ.) ʩʨʝʜʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʦʩʪʘʚʦʚ ʦʙʣʘʜʘʝʪ çFloThruè (ʧʨʦʠʟʚʦʜʩʪʚʘ 

çMI-Swacoè). ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʜʦʢʣʘʜ ɺ.ʉ. ʃʝʩʠʥʘ, ɽ.ʀ. ʈʳʯʢʦʚʘ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʜʦʢʣʘʜ ʥʘ ʪʝʤʫ çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʨʝʥʠʷ ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʦʨʦʜʘʭè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʝʥʠʷ ʚ ʘʥʠʟʦʪʨʦʧʥʳʭ 

ʧʦʨʦʜʘʭ. ʂʣʶʯʝʚʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʪʨʝʥʠʝ ʤʝʞʜʫ ʯʘʩʪʠʮʘʤʠ 

ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʚ ʷʜʨʝ ʩʞʘʪʠʷ (ʧʨʠ ʚʜʘʚʣʠʚʘʥʠʠ ʚ ʥʝʝ ʠʥʜʝʥʪʦʨʘ) ʷʚʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʨʦʮʝʩʩʘ 

ʨʘʟʨʫʰʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʪʨʠʙʦʤʝʪʨʝ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʠʟʦʪʨʦʧʠʷ ʚ ʛʦʨʥʦʡ ʧʦʨʦʜʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʪʨʝʥʠʝ. ʇʨʠ ʵʪʦʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʢʦʥʫʩ 

ʪʨʝʥʠʷ ʩ ʦʢʨʫʞʥʦʩʪʴʶ ʚ ʦʩʥʦʚʘʥʠʠ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʢʦʥʫʩʦʠʜ ʩ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʩʥʦʚʘʥʠʝʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʜʠʣʠ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʟʨʫʰʝʥʠʷ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʯʝʨʝʟ ʫʧʨʘʚʣʝʥʠʝ ʪʨʝʥʠʝʤ ʚ 

ʦʙʣʘʩʪʠ ʨʘʟʨʫʰʝʥʠʷ. 

 ʇʨʘʢʪʠʯʝʩʢʠʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʠʤʝʝʪ ʜʦʢʣʘʜ ɽ.ɼ. ʀʩʘʝʚʘ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʪʝʤʝ: çʀʩʩʣʝʜʦʚʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʰʘʨʦʩʪʨʫʡʥʦʤ ʙʫʨʝʥʠʠ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠè, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʰʘʨʦʩʪʨʫʡʥʦʤ ʙʫʨʝʥʠʠ ʤʝʪʦʜʦʤ 

ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʦʡ ʚʠʜʝʦʩʲʝʤʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʧʨʦʮʝʩʩʘʭ ʜʚʠʞʝʥʠʷ 

ʰʘʨʦʚ ʠ ʰʣʘʤʘ ʧʨʠ ʨʘʙʦʪʝ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ. ʋʩʪʘʥʦʚʣʝʥʳ ʧʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ 

ʙʫʨʝʥʠʷ ʩʥʘʨʷʜʦʤ ʠ ʧʨʝʜʣʦʞʝʥʳ ʩʧʦʩʦʙʳ ʠʭ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ. ʀʩʩʣʝʜʦʚʘʥʘ ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʰʘʨʦʚ ʚ 

ʢʘʤʝʨʝ ʩʤʝʰʝʥʠʷ. ʅʦʚʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʦʪʚʝʪʠʪʴ ʥʘ ʤʥʦʞʝʩʪʚʦ ʚʦʧʨʦʩʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʮʝʩʩʘ ʠ ʥʘʤʝʪʠʪʴ ʥʘʧʨʘʚʣʝʥʠʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʙʫʨʦʚʦʛʦ ʩʥʘʨʷʜʘ ʠ ʢʨʠʪʝʨʠʠ 

ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʙʫʨʝʥʠʷ. ʅʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʶʪ ʜʦʢʣʘʜʳ ʠ ʜʨʫʛʠʭ ʫʯʘʩʪʥʠʢʦʚ 

ʩʝʢʮʠʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʦʧʨʦʩʦʚ ʧʦ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʫʯʘʩʪʥʠʢʘʤʠ ʩʠʤʧʦʟʠʫʤʘ ʧʨʝʜʣʦʞʝʥʦ ʧʨʠʤʝʥʝʥʠʝ ʫʜʘʨʥʦ-ʚʦʣʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʤʘʣʦʜʝʙʠʪʥʳʭ ʠ ʨʝʥʪʘʙʝʣʴʥʳʭ 

ʩʢʚʘʞʠʥʘʭ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʝʡʰʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʠʩʢʦʚʦʡ ʩʠʩʪʝʤʳ 

ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʧʨʠʤʝʥʝʥʠʝ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ ʢʦʣʣʝʢʪʦʨʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʩʪʘʥʦʚʢʠ ʩ ʛʠʙʢʠʤʠ ʪʨʫʙʘʤʠ, ʯʪʦ ʜʦʣʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʨʠʪʦʢʘ ʥʝʬʪʠ; ʧʦʢʘʟʘʥʘ 

ʫʥʠʢʘʣʴʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʨʮʝʚʳʭ ʫʧʣʦʪʥʠʪʝʣʝʡ ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ ʠ ʪ.ʜ.; ʙʳʣʠ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʚʥʝʜʨʝʥʠʶ ʫʜʘʨʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʧʨʦʜʫʢʪʠʚʥʫʶ ʟʦʥʫ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʧʣʘʩʪʘ, ʯʪʦ ʚʜʚʦʝ ʧʦʚʳʰʘʝʪ ʥʝʬʪʝʦʪʜʘʯʫ; ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʫʨʦʚʥʷ ʞʠʜʢʦʩʪʠ ʚ ʤʝʞʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʤʝʪʦʜʘʤʠ ʵʭʦʤʝʪʨʠʠ; 

ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʤʦʜʝʣʴ ʫʯʝʪʘ, ʢʦʥʪʨʦʣʷ ʠ ʘʥʘʣʠʟʘ ʥʘʜʝʞʥʦʩʪʠ ʧʦʜʟʝʤʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʋʕʎʅ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ ʦʧʝʨʘʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʠ ʩʥʠʟʠʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʜʦʙʳʯʠ ʥʝʬʪʠ; ʫʯʘʩʪʥʠʢʘʤʠ ʩʠʤʧʦʟʠʫʤʘ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʩʝʣʝʢʪʠʚʥʦʛʦ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʠʙʢʠʭ ʥʝʧʨʝʨʳʚʥʳʭ ʪʨʫʙ ʠ ʪ.ʜ. ʠ 

ʪ.ʧ. ɼʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʦʢʣʘʜʳ ʠʤʝʶʪ 

ʥʝʩʦʤʥʝʥʥʫʶ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ (ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ). ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ ʆ.ʃ. ɹʫʣʛʘʢʦʚʦʡ ʤʘʛʠʩʪʨʘʥʪʘ ʀʥʩʪʠʪʫʪʘ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

çʇʨʠʤʝʥʝʥʠʝ ʚʦʟʜʫʰʥʦ-ʩʫʭʦʛʦ ʠ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʦʛʦ ʪʦʨʬʘ ʧʨʠ ʩʦʨʙʮʠʠ ʠ ʫʪʠʣʠʟʘʮʠʠ ʘʚʘʨʠʡʥʦʛʦ ʨʘʟʣʠʚʘ 

ʪʦʚʘʨʥʦʡ ʥʝʬʪʠ ʅʶʨʦʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠè.ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʧʨʠʤʝʥʝʥʠʷ ʩʦʨʙʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʟʣʠʚʘ, ʪʘʢʠʭ ʢʘʢ ʥʘ ʧʦʯʚʝ, ʥʘ ʪʚʝʨʜʦʡ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜʦʝʤʦʚ. ʇʨʠʚʝʜʝʥ ʰʠʨʦʢʠʡ ʦʙʟʦʨ ʠ ʜʝʪʘʣʴʥʦʝ 

ʩʨʘʚʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʩʦʨʙʝʥʪʦʚ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʘʥʘʣʦʛʘʤʠ. ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ. 

ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʜʦʢʣʘʜʳ ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʖ.ʈ. ɻʘʣʠʝʚʦʡ çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʠʟʦʣʷʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʦʣʠʵʬʠʨʥʳʤʠ ʣʝʥʪʦʯʥʳʤʠ ʧʦʢʨʳʪʠʷʤʠ ʩ ʜʚʫʭʩʪʦʨʦʥʥʠʤ ʣʠʧʢʠʤ ʩʣʦʝʤè, ʠ ɸ.ɸ. ʉʫʭʦʚʘ, 

ʩʪʫʜʝʥʪʘ ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ: çʄʦʙʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʜʣʷ 

ʤʝʭʘʥʠʟʘʮʠʠ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʢʘʧʠʪʘʣʴʥʦʤ ʠ ʪʝʢʫʱʝʤ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥè. ʀʥʪʝʨʝʩ ʚʳʟʚʘʣ 

ʜʦʢʣʘʜ ɼ.ɸ. ʂʘʟʘʥʮʝʚʘ ʠ ʜʦʮʝʥʪʘ ʄ.ʉ. ʉʘʣʪʳʤʘʢʦʚʘ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʚ 

ʩʨʝʜʝ FLOWMASTER ʄ7è. ʀʥʪʝʨʝʩʥʳ ʠ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʡ ʩʝʢʮʠʠ. 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʢʘ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ ʠ ʥʝʬʪʝʛʘʟʦʭʨʘʥʠʣʠʱè 

ʫʯʘʩʪʥʠʢʠ ʩʠʤʧʦʟʠʫʤʘ ʚ ʩʚʦʠʭ ʩʦʦʙʱʝʥʠʷʭ ʦʪʨʘʞʘʶʪ ʨʝʰʝʥʠʷ ʘʢʪʫʘʣʴʥʳʭ ʩʝʛʦʜʥʷ ʟʘʜʘʯ, ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʆɸʆ 

çʎʝʥʪʨʩʠʙʥʝʬʪʝʧʨʦʚʦʜè, ʆɸʆ çɸʂ çʊʨʘʥʩʥʝʬʪʴè. ʅʘʫʯʥʳʝ ʠʜʝʠ ʠ ʠʥʞʝʥʝʨʥʳʝ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʧʦʟʚʦʣʷʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʚ ʢʘʯʝʩʪʚʝ ʵʢʩʧʨʝʩʩ-ʤʝʪʦʜʦʚ ʦʮʝʥʢʠ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʥʘʩʦʩʥʦ-ʩʠʣʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺ ʩʚʦʠʭ ʨʘʩʯʝʪʘʭ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʥʘʫʯʥʳʝ 

ʠʜʝʠ, ʫʯʘʩʪʥʠʢʠ ʩʠʤʧʦʟʠʫʤʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʙʱʠʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʨʘʟʤʝʨʥʦʩʪʝʡ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʝʥʠʡ, ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʤʝʪʦʜ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʌʫʨʴʝ, ʯʘʩʪʴ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ 

ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʤʠ ʨʘʟʨʘʙʦʪʢʘʤʠ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʚʥʫʪʨʠʪʨʫʙʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ 

ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ. ʀʟʫʯʝʥʳ ʧʨʠʟʥʘʢʠ ʦʩʦʙʦ ʦʧʘʩʥʦʛʦ ʚʠʜʘ ʨʘʟʨʫʰʝʥʠʡ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ ï 

ʢʦʨʨʦʟʠʦʥʥʦʝ ʨʘʩʪʨʝʩʢʠʚʘʥʠʝ ʩʦ ʩʪʦʨʦʥʳ ʚʥʝʰʥʝʡ ʢʘʪʦʜʥʦʟʘʱʠʱʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ 

ʦʙʥʘʨʫʞʝʥʠʷ, ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʩʪʝʥʦʢ ʪʨʫʙ ʥʝʬʪʝʛʘʟʦʧʨʦʚʦʜʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʫʜʘʣʦʩʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʤʦʥʪʘʞʥʳʭ ʰʚʦʚ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʩʪʘʣʴʥʦʛʦ ʨʝʟʝʨʚʫʘʨʘ (ʈɺʉ) ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ ANSYÈ Workbench Simklation, ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ ʤʘʰʠʥ ʉʪʠʨʣʠʥʛʘ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʦʪ ʠʩʧʘʨʝʥʠʷ ʧʨʠ 

ʭʨʘʥʝʥʠʠ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʨʝʟʝʨʚʫʘʨʘʭ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ 

ʤʝʪʦʜʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ. 

ʊʘʢ, ʚ ʨʘʙʦʪʝ ɸ.ɺ. ɽʨʤʦʣʘʝʚʦʡ, ʩʪʫʜʝʥʪʢʠ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʙʦʩʥʦʚʘʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʘʩʧʦʨʪʠʟʘʮʠʠ ʫʟʣʦʚ ʠʟʤʝʨʝʥʠʡ ʨʘʩʭʦʜʘ ʛʘʟʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʜʣʦʞʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʚʷʟʘʪʴ 

ʜʚʝ ʙʘʟʳ ʜʘʥʥʳʭ çʀʥʬʦʪʝʭè ʠ çʋʆʈʆ ʄʀʂʉè ʠ ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʘʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤ. ʇʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʜʦʢʣʘʜ ɺ.ɸ. ʌʘʝʨʤʘʥʘ, ʩʪʫʜʝʥʪʘ ʠ ɸ.ɻ. 

ʏʝʨʝʤʥʦʚʘ ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʂʠʙʝʨʥʝʪʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʇʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʧʦʠʩʢʘ 

ʫʪʝʯʝʢ ʚ ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʤʝʪʦʜʦʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠè, ʚ ʢʦʪʦʨʦʤ ʧʦʢʘʟʘʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ. ʇʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦʪʥʦ-

ʚʨʝʤʝʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʪʝʥʮʠʘʣʴʥʦ ʩʧʦʩʦʙʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʪʝʯʝʡ ʚ 

ʥʝʬʪʝʧʨʦʚʦʜʘʭ ʤʝʪʦʜʦʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʠ ʟʘ ʩʯʝʪ ʯʘʩʪʠʯʥʦʛʦ ʫʩʪʨʘʥʝʥʠʷ ʝʛʦ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʦʜʥʦʡ ʛʨʘʬʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ (ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʦʪʥʦ-ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ), ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʛʣʷʜʥʳʤ ʠ ʫʧʨʦʱʘʝʪ 

ʨʘʙʦʪʫ ʦʧʝʨʘʪʦʨʘ. ʀʥʪʝʨʝʩ ʚʳʟʚʘʣʠ ʪʘʢʞʝ ʜʦʢʣʘʜʳ ɸ.ɸ. ʉʠʥʶʛʠʥʘ, ʘʩʧʠʨʘʥʪʘ ʠ ɸ.ʉ. ʗʜʳʢʠʥʘ, ʩʪʫʜʝʥʪʘ 

ʉʘʤʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: çʆʧʪʠʤʠʟʘʮʠʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʧʠʨʘʣʴʥʦʛʦ ʙʘʥʜʘʞʘ ʚ 

Ansysè ʠ ɸ.ʉ. ɻʘʨʝʝʚʘ, ʩʪʫʜʝʥʪʘ ʋʬʠʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: 

çʂʘʧʠʪʘʣʴʥʳʡ ʨʝʤʦʥʪ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʥʝʬʪʝʧʨʦʚʦʜʦʚ ʧʨʠ ʧʦʤʦʱʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʧʦʜʲʝʤʥʠʢʘè. ʅʘʫʯʥʦʝ ʠ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʜʘʥʥʦʡ ʩʝʢʮʠʠ.  

ʅʘ ʩʝʢʮʠʠ ʛʦʨʥʦʛʦ ʜʝʣʘ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʧʨʝʜʣʦʞʝʥ ʦʨʠʛʠʥʘʣʴʥʳʡ ʩʧʦʩʦʙ ʟʘʱʠʪʳ ʦʪ ʨʘʟʨʫʰʝʥʠʷ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʢʨʝʧʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʛʦʨʥʳʭ ʫʜʘʨʦʚ. ɺ ʦʜʥʦʡ ʠʟ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʜʘʥʘ ʥʦʚʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ 

ʫʩʪʨʦʡʩʪʚʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʥʝʨʮʠʦʥʥʳʭ ʩʠʣ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʢʨʝʧʠ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʥʝ ʠʤʝʝʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʤʠʨʦʚʳʭ ʘʥʘʣʦʛʦʚ. ʄʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ 

ʦʧʪʠʤʘʣʴʥʘʷ ʢʠʥʝʤʘʪʠʢʘ ʵʣʝʤʝʥʪʦʚ ʚʠʥʪʦʧʨʦʭʦʜʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʟʨʫʰʘʪʴ ʧʦʨʦʜʫ ʥʘ ʟʘʙʦʝ ʩ 

ʤʠʥʠʤʘʣʴʥʳʤʠ ʟʘʪʨʘʪʘʤʠ ʵʥʝʨʛʠʠ, ʜʘʥʳ ʨʘʩʯʝʪʳ ʘʥʢʝʨʥʦʛʦ ʢʨʝʧʣʝʥʠʷ ʧʨʠ ʧʨʦʭʦʜʢʝ ʛʦʨʥʦ-ʨʘʟʚʝʜʦʯʥʳʭ 

ʚʳʨʘʙʦʪʦʢ, ʩʦʩʪʘʚʣʝʥʳ ʠ ʨʝʰʝʥʳ ʫʨʘʚʥʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʧʨʝʜʣʦʞʝʥ ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʢʨʦʚʣʠ ʠ 

ʙʣʦʢʦʚ ʛʦʨʥʦʡ ʚʳʨʘʙʦʪʢʠ ʦʜʥʦʡ ʠʟ ʰʘʭʪ ʂʫʟʙʘʩʩʘ; ʨʘʩʩʤʦʪʨʝʥʳ ʩʧʦʩʦʙʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʚʨʝʜʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʤʦʤʝʥʪʘ, ʠʟʛʠʙʘʶʱʝʛʦ ʰʪʘʥʛʫ ʧʨʠ ʙʫʨʝʥʠʠ ʰʧʫʨʦʚ ʠ ʩʢʚʘʞʠʥ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟ ʫʩʪʘʣʦʩʪʥʫʶ ʚʳʥʦʩʣʠʚʦʩʪʴ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʪ.ʜ. ɺ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʧʦ ʛʦʨʥʦʤʫ ʜʝʣʫ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʤʝʪʦʜʳ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʠ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʳ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʪ.ʧ. ʄʦʣʦʜʳʤʠ 

ʫʯʝʥʳʤʠ ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʠʟʫʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʘʩʩʠʚʘ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʫʧʨʘʚʣʝʥʠʷ ʤʦʙʠʣʴʥʳʤʠ (ʩʘʤʦʭʦʜʥʳʤʠ) ʤʘʰʠʥʘʤʠ, ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʨʘʟʚʠʪʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʪʝʭʥʠʢʠ (ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ, ʙʦʨʪʦʚʳʝ ʪʝʣʝʢʘʤʝʨʳ, ʩʠʩʪʝʤʳ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʟʨʝʥʠʷ ʠ ʘʚʪʦʥʦʤʥʦʡ ʥʘʚʠʛʘʮʠʠ, ʵʣʝʤʝʥʪʳ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʦʙʲʝʜʠʥʝʥʠʝ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʤʘʰʠʥ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʝʪʴʶ). ɺ ʭʦʜʝ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʛʦʨʥʦʛʦ ʜʝʣʘ 

ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʝʛʦʜʥʷ ʵʣʝʤʝʥʪʳ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ. ʀ ʵʪʦ ʦʪʨʘʞʝʥʦ ʚ ʜʦʢʣʘʜʘʭ ʤʦʣʦʜʳʭ 
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ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɼʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʠ ʥʝʩʦʤʥʝʥʥʦ ʠʤʝʶʪ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ. 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʛʦʨʥʦʛʦ ʜʝʣʘ ʠ ʨʘʟʨʘʙʦʪʢʝ ʪʚʝʨʜʳʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ɼʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʧʨʦʛʨʝʩʩʠʚʥʦʡ 

ʤʥʦʛʦʟʘʙʦʡʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʨʠ ʜʝʪʘʣʴʥʦʡ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʨʘʟʚʝʜʢʝ, ʙʘʟʠʨʫʶʱʠʭʩʷ ʥʘ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʥʦʛʦʟʘʙʦʡʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʭʦʜʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʧʝʨʝʜʦʚʳʭ 

ʬʦʨʤ ʦʨʛʘʥʠʟʘʮʠʠ ʪʨʫʜʘ. ʈʘʩʰʠʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠ ʫʛʣʫʙʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʢʠ, ʪʝʭʥʦʣʦʛʠʠ ʠ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʠʷ ʛʦʨʥʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʚʳʨʘʙʦʪʦʢ ʚ ʉʠʙʠʨʠ. ʏʘʩʪʴ ʜʦʢʣʘʜʦʚ ʧʦʩʚʷʱʝʥʘ ʘʥʘʣʠʟʫ ʠ 

ʠʟʫʯʝʥʠʶ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʝʨʝʨʘʙʦʪʢʠ ʪʦʨʬʷʥʦʛʦ ʩʳʨʴʷ, ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ ʩʦʣʷʥʳʭ ʧʦʨʦʜ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʙʦʪʳ ʨʘʙʦʯʠʭ ʢʦʣʝʩ ʢʨʫʧʥʳʭ ʰʘʭʪʥʳʭ ʦʩʝʚʳʭ ʚʝʥʪʠʣʷʪʦʨʦʚ, ʧʦʩʚʷʱʝʥʘ 

ʠʟʫʯʝʥʠʶ ʧʦʜʦʛʨʝʚʘ ʚ ʰʘʭʪʥʳʭ ʢʘʣʦʨʠʬʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ʎʳʛʘʥʢʦʚʦʡ ʄ.ɺ., ʘʩʧʠʨʘʥʪʘ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: 

ñʄʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʠʤʧʫʣʴʩʥʦʡ ʩʠʩʪʝʤʳ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʘʨʘʤʝʪʨʘʭñ. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ  ʨʘʟʨʘʙʦʪʢʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʛʠʜʨʦʠʤʧʫʣʴʩʥʦʛʦ ʙʝʟʙʦʡʢʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʚʭʦʜʷʱʝʛʦ ʚ 

ʩʦʩʪʘʚ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʠʤʧʫʣʴʩʘ. ɼʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʚ ʩʚʷʟʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʤʦʞʝʪ 

ʠʟʤʝʥʷʪʴ ʧʘʨʘʤʝʪʨʳ ʬʦʨʤʠʨʫʶʱʝʛʦʩʷ ʠʤʧʫʣʴʩʘ, ʟʘ ʩʯʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʢʦʥʩʪʨʫʢʮʠʠ. ɹʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ɼ.ʖ.ʉʝʜʥʝʚʘ, ʘʩʧʠʨʘʥʪʘ ʇʝʨʤʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: ñʆ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʠʯʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʠ  ʛʦʨʥʳʭ 

ʚʳʨʘʙʦʪʦʢ ʫʢʣʦʥʥʳʭ ʙʣʦʢʦʚ ʥʝʬʪʝʰʘʭʪ ʗʨʝʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʦʮʝʩʩʘ ʜʦʙʳʯʠñ. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʨʤʦʰʘʭʪʥʳʡ ʩʧʦʩʦʙ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʆʩʥʦʚʥʦʝ ʥʦʚʦʚʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ 

ʩʧʦʩʦʙʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʚ ʩʠʩʪʝʤʝ ʨʘʟʨʘʙʦʪʢʠ ʪʝʨʤʦʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʧʦʜʩʠʩʪʝʤʳ, ʮʝʣʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʯʘʩʪʠʯʥʦʡ 

ʪʝʧʣʦʠʟʦʣʷʮʠʠ ʚ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʢʘʭ ʧʦʟʚʦʣʠʪ ʫʤʝʥʴʰʠʪʴ ʪʝʧʣʦʦʪʜʘʯʫ ʚ ʚʦʟʜʫʰʥʫʶ ʩʪʨʫʶ, ʫʣʫʯʰʠʪʴ ʫʩʣʦʚʠʷ 

ʪʨʫʜʘ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ ʧʫʪʝʤ ʩʜʝʨʞʠʚʘʥʠʷ ʪʝʧʣʦʚʦʛʦ 

ʬʨʦʥʪʘ. ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʜʦʢʣʘʜ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʊ.ʈ. ʄʠʬʪʘʭʦʚʘ, ʩʪʫʜʝʥʪʘ ʇʝʨʤʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʪʝʤʝ: ñʉʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ 

ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʰʘʭʪʥʳʭ ʢʘʣʦʨʠʬʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭñ, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʣʷ 

ʧʦʚʳʰʝʥʠʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʦ ʧʝʨʠʤʝʪʨʫ ʢʘʣʦʨʠʬʝʨʥʦʛʦ ʢʘʥʘʣʘ ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʟʤʝʱʘʪʴ 

ʪʝʨʤʦʩʪʝʢʣʦ, ʫ ʢʦʪʦʨʦʛʦ ʩʦ ʩʪʦʨʦʥʳ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʢʘʣʦʨʠʬʝʨʥʦʤʫ ʢʘʥʘʣʫ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʪʝʧʣʦʧʦʪʝʨʠ, ʘ ʩ ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ ʢʘʥʘʣʘ ï ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘʛʨʝʚ ʚʦʟʜʫʭʘ.  ɼʘʥʥʦʝ ʚʚʝʜʝʥʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʠʥʪʝʥʩʠʬʠʢʘʮʠʶ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʚʦʟʜʫʭʦʧʦʜʛʦʪʦʚʢʠ, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʥʘ ʨʘʙʦʪʫ ʐʂʋ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ. ʀʥʪʝʨʝʩ ʚʳʟʚʘʣ ʜʦʢʣʘʜ 

ɼ.ʉ. ʇʣʦʪʥʠʢʦʚʘ, ʩʪʫʜʝʥʪʘ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ.ʏʠʪʘ) ʧʦ ʪʝʤʝ: ñʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʧʦʩʦʙʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʫʛʣʝʡ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚñ. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʫʛʣʝʡ, ʢʦʪʦʨʳʝ ʙʳ 

ʦʙʝʩʧʝʯʠʚʘʣʠ ʥʝ ʪʦʣʴʢʦ ʧʦʣʥʦʪʫ ʠʟʚʣʝʯʝʥʠʷ ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ ʠʟ ʥʝʜʨ, ʥʦ ʠ ʦʙʝʩʧʝʯʠʚʘʣʠ ʨʘʜʠʘʮʠʦʥʥʫʶ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʫʛʦʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʫʛʣʝʡ ʥʘ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʨʦʚʦʜʠʣʠʩʴ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: 

ʛʘʤʤʘ-ʦʧʨʦʙʦʚʘʥʠʝ ʫʛʣʝʡ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ, ʚ ʰʪʘʙʝʣʷʭ ʠ ʚ ʧʨʦʙʘʭ ʫʛʣʷ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʛʘʤʤʘ-ʩʧʝʢʪʨʦʤʝʪʨʘ. ɺ ʧʨʦʮʝʩʩʝ ʧʨʦʚʦʜʠʤʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʦ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʚ ʫʛʣʷʭ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʋʨʪʫʡʩʢʠʝ ʫʛʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʦʜʝʨʞʘʥʠʡ ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʟʣʠʯʥʳʤ ʠʭ ʚʢʣʘʜʦʤ ʚ 

ʩʫʤʤʘʨʥʫʶ ʫʜʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʫʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʅʘ ʩʝʢʮʠʠ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘè ʜʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʚʳʩʦʢʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʥʘʫʯʥʦʤ ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʛʠʜʨʦʛʘʟʦʜʠʥʘʤʠʢʠ, ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʩʠʩʪʝʤʘʭ (ʪʨʫʙʘʭ ʠ ʢʘʥʘʣʘʭ), 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʧʦʪʦʢʦʚ, ʨʝʦʣʦʛʠʠ 

ʚʷʟʢʠʭ ʩʨʝʜ ʠ ʪʝʧʣʦʬʠʟʠʢʠ. ɺ 2014 ʛ. ʨʘʙʦʪʫ ʩʝʢʮʠʠ ʦʪʢʨʳʣ ʧʣʝʥʘʨʥʳʤʠ ʜʦʢʣʘʜʘʤʠ ʜ. ʬ.-ʤ. ʥ., ʧʨʦʬʝʩʩʦʨ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʉ.ʅ. ʍʘʨʣʘʤʦʚ. ʇʨʦʬʝʩʩʦʨ ʉ. ʅ. 

ʍʘʨʣʘʤʦʚ, ʧʦʜʨʦʙʥʦ ʦʩʚʝʪʠʣ ʩʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʳʝ ʤʦʜʝʣʠ ʚ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ ʠ ʪʨʘʥʩʧʦʨʪʘ ʚʷʟʢʠʭ ʩʨʝʜ: ʠʩʪʦʨʠʶ, ʜʦʩʪʠʞʝʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. ɺ 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʫʯʘʩʪʥʠʢʦʚ ʦʪʨʘʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ ʥʦʚʳʝ ʤʝʪʦʜʠʢʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ, ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ, ʪʝʧʣʘ ʠ 

ʤʘʩʩʳ ʚ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʩʨʝʜʘʭ ʚ ʫʩʣʦʚʠʷʭ ʥʘʣʠʯʠʷ ʠ ʦʪʩʫʪʩʪʚʠʷ ʜʝʡʩʪʚʠʷ ʚʥʝʰʥʠʭ ʩʠʣ (ʟʘʢʨʫʪʢʘ, 

ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ, ʩʠʣ ʪʷʞʝʩʪʠ ʠ ʪ.ʜ.), ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʚʠʞʝʥʠʡ ʩʣʦʞʥʳʭ ʩʨʝʜ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʩʤʝʩʝʡ ʚ ʫʩʣʦʚʠʷʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʨʝʜ. ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ 

ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ (ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ) ʚ ʠʥʝʨʪʥʳʭ ʠ ʭʠʤʠʯʝʩʢʠ ʨʝʘʛʠʨʫʶʱʠʭ ʧʦʪʦʢʘʭ ʞʠʜʢʦʩʪʝʡ, ʘʥʘʣʠʟʫ ʩʪʨʫʢʪʫʨʳ ʜʚʠʞʝʥʠʷ 

ʬʘʟ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʦʚ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʩʭʝʤʳ ʨʘʩʯʝʪʘ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʧʨʠʩʪʝʥʦʯʥʳʭ 

ʘʥʠʟʦʪʨʦʧʥʳʭ ʧʦʪʦʢʦʚ. ʇʨʠʚʝʜʝʥʳ ʧʦʜʭʦʜʳ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʘ ʪʨʘʥʩʧʦʨʪʘ 

ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʚ ʩʚʝʪʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʘ ʪʘʢʞʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ 
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ʉʝʚʝʨʘ. ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʠ ʠʟʫʯʘʪʴ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʦʚ ʪʨʘʥʩʧʦʨʪʘ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʘ ʪʘʢʞʝ ʟʘʢʣʘʜʳʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʦ 

ʧʦʜʛʦʪʦʚʢʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʢ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ 

ʧʨʠʢʣʘʜʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʠ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʦʧʠʨʘʝʪʩʷ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʘʚʪʦʨʩʢʠʤʠ ʜʘʥʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʜʠʬʬʫʟʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʇʨʝʜʣʘʛʘʶʪʩʷ ʢʨʠʪʝʨʠʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦʪʝʨʴ ʥʘ ʪʨʝʥʠʝ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥ ʧʨʠ 

ʩʣʦʞʥʦʤ ʜʚʠʞʝʥʠʠ ʩʤʝʩʝʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜʠʢʠ ʪʘʢʠʝ ʢʘʢ: ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʯʝʥʠʡ ʩʤʝʩʝʡ ʚ ʨʘʤʢʘʭ ʧʦʜʭʦʜʦʚ ï RANS, LES ʠ 

Hybrid models, visualization, LDV Systems, photo-video technics; ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʤʢʘʭ ʥʠʟʢʦʨʝʡʥʦʣʴʜʩʦʚʳʭ ʪʝʯʝʥʠʡ ʠ ʩ ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ ʨʝʦʣʦʛʠʝʡ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʘʚʪʦʨʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʢʦʤʧʣʝʢʩʥʦʤʫ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʠʤʧʫʣʴʩʘ, ʪʝʧʣʘ ʠ ʤʘʩʩʳ ʚ ʨʝʦʣʦʛʠʯʝʩʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʨʠʚʣʝʯʝʥʠʠ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʪʝʦʨʠʡ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʜʘʥʥʳʭ ʙʝʩʢʦʥʪʘʢʪʥʳʭ ʩʨʝʜʩʪʚ ʨʝʛʠʩʪʨʘʮʠʠ 

ʠʟʤʝʥʝʥʠʡ ʧʫʣʴʩʘʮʠʦʥʥʳʭ ʧʦʣʝʡ ʩʢʦʨʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʢ ʚ ʛʦʤʦʛʝʥʥʳʭ, ʪʘʢ ʠ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʩʨʝʜʘʭ. ɺ ʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʣʦʞʥʳʭ ʧʨʦʮʝʩʩʦʚ ʪʝʯʝʥʠʷ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ 

ʚʳʜʝʣʷʶʪʩʷ ʵʬʬʝʢʪʠʚʥʳʝ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʫʶʱʠʝ ʘʣʛʦʨʠʪʤʳ ʩʦ ʩʢʚʦʟʥʳʤ ʨʘʩʯʝʪʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʯʝʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʦ ʩʪʝʥʢʠ, ʚʢʣʶʯʘʷ ʣʘʤʠʥʘʨʥʳʡ ʧʦʜʩʣʦʡ ʠ ʙʫʬʝʨʥʫʶ ʟʦʥʫ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʠ ʪʝʧʣʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʩʤʝʩʝʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ ʪʝʧʣʦʚʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʨʝʜ, ʧʨʠ ʜʝʡʩʪʚʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʠ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴʥʳʭ ʥʘʛʨʫʟʦʢ ʥʘ ʪʨʫʙʦʧʨʦʚʦʜʳ, 

ʧʨʦʣʦʞʝʥʥʳʭ ʥʘ ʤʝʩʪʥʦʩʪʠ ʩʦ ʩʣʦʞʥʳʤ ʨʝʣʴʝʬʦʤ ʠ ʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʛʥʦʟ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʝʥʳ ʧʦ 

ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤ ʤʦʜʝʣʷʤ ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ, ʦʧʠʨʘʶʱʠʭʩʷ ʥʘ ʧʦʣʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʃʦʷ 

ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʧʦʣʥʦʛʦ ʪʝʥʟʦʨʘ ʥʘʧʨʷʞʝʥʠʡ ʈʝʡʥʦʣʴʜʩʘ, ʫʜʝʣʴʥʳʭ ʩʢʘʣʷʨʥʳʭ ʧʦʪʦʢʦʚ ʪʝʧʣʘ ʠ ʤʘʩʩʳ. ɺʩʝ 

ʤʝʪʦʜʠʢʠ ʦʨʠʛʠʥʘʣʴʥʳ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʧʨʘʢʪʠʢʝ ʧʨʠʢʣʘʜʥʳʭ ʨʘʩʯʝʪʦʚ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʪʝʧʣʦʤʘʩʩʦʦʙʤʝʥʘ ʠʟ-ʟʘ ʩʣʘʙʦʡ ʘʧʨʦʙʠʨʦʚʘʥʥʦʩʪʠ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ. ɺ ʨʷʜʝ ʜʦʢʣʘʜʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʩʭʝʤʳ ʨʘʩʯʝʪʘ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʘʣʛʦʨʠʪʤʳ ʨʘʩʯʝʪʘ ʧʨʠʩʪʝʥʦʯʥʳʭ ʧʦʪʦʢʦʚ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʜʝʬʦʨʤʘʮʠʡ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ  ʘʧʨʦʙʘʮʠʠ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʘʢʪʠʢʝ ʧʨʠʢʣʘʜʥʳʭ ʨʘʩʯʝʪʦʚ ʤʦʜʝʣʠ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʤʘʪʝʨʠʘʣʦʤ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʤ ʙʦʣʴʰʠʝ 

ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʦʜʝʣʝʡ ʠ ʤʝʪʦʜʦʚ ʚ ʨʘʩʯʝʪʘʭ ʩʣʦʞʥʳʭ ʩʦʧʨʷʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʧʨʠʨʦʜʝ ʠ ʪʝʭʥʠʢʝ. ʆʜʥʦʡ ʠʭ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʜʦʢʣʘʜ ʈ.ɸ. ɸʣʴʛʠʥʦʚʘ, 

ʠʥʞʝʥʝʨʘ 1 ʢʘʪʝʛʦʨʠʠ ʆɸʆ ñʊʦʤʩʢʅʀʇʀʅʝʬʪʴò ʧʦ ʪʝʤʝ: ñʆʩʦʙʝʥʥʦʩʪʠ ʨʘʟʜʝʣʝʥʠʷ ʪʫʨʙʫʣʝʥʪʥʦʛʦ ʧʦʪʦʢʘ ʚ 

ʫʟʣʘʭ ʠ ʩʦʯʣʝʥʝʥʠʷʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚò ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʜʝʥʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʯʠʩʣʝʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʡ ʩʪʨʫʢʪʫʨʳ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʨʝʜ ʚ ʦʙʣʘʩʪʷʭ ʩʣʠʷʥʠʷ ʠ ʨʘʟʜʝʣʝʥʠʷ ʧʦʪʦʢʘ. ʇʨʠʚʝʜʝʥʳ 

ʨʝʢʦʤʝʥʜʘʮʠʠ  ʧʦ ʧʨʦʛʥʦʟʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʨʝʥʠʷ ʠ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ʵʥʝʨʛʦʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʘʭ. ʂʨʦʤʝ ʵʪʦʛʦ 

ʠʥʪʝʨʝʩʝʥ ʠ ʚʪʦʨʦʡ ʜʦʢʣʘʜ ʈ.ɸ. ɸʣʴʛʠʥʦʚʘ: çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʜʠʵʣʝʢʪʨʦʬʦʨʝʟʘ ʢʘʢ 

ʩʧʦʩʦʙʘ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʵʣʝʢʪʨʦʢʦʘʣʝʩʮʝʥʮʠʠ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡè. ʀʟ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʠʥʪʝʨʝʩʝʥ 

ʜʦʢʣʘʜ ʈ.ɻ. ɸʬʘʥʘʩʴʝʚʘ, ʩʪʫʜʝʥʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʧʦ ʪʝʤʝ: ñʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʅɼʉ ʫʯʘʩʪʢʘ ʛʘʟʦʧʨʦʚʦʜʘ ʩ ʘʙʨʘʟʠʚʥʳʤ ʠʟʥʦʩʦʤ ʜʥʘ ʚʩʣʝʜʩʪʚʠʠ 

ʥʘʣʠʯʠʷ ʚ ʧʦʪʦʢʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡò. ɸʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʳ ʩʚʝʜʝʥʠʷ ʦ ʢʦʤʧʣʝʢʩʥʦʤ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʠ ʯʠʩʣʝʥʥʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʘʙʨʘʟʠʚʥʦʛʦ ʠʟʥʦʩʘ ʩ ʫʯʝʪʦʤ ʧʨʠʤʝʩʝʡ ʠ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʜʭʦʜʳ ʢ ʜʝʪʘʣʴʥʦʤʫ ʧʨʦʛʥʦʟʫ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʊʇ, ʦʧʨʝʜʝʣʝʥʳ 

ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʅɼʉ ʛʘʟʦʧʨʦʚʦʜʘ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʘʢʞʝ ʜʦʢʣʘʜ 

ʩʪʫʜʝʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʅ.ʉ.  ʂʫʜʝʣʠʥʘ ʠ ʇ.ʆ.ɼʝʜʝʝʚʘ çʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʪʝʥʢʝ 

ʪʨʫʙʦʧʨʦʚʦʜʘè. ʀʥʪʝʨʝʩʥʳ, ʦʩʦʙʝʥʥʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ.  

ɺ ʥʘʧʨʘʚʣʝʥʠʠ çʇʝʨʝʨʘʙʦʪʢʘ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷè ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ 

ʥʦʚʳʝ ʤʝʪʦʜʳ: ʩʦʚʨʝʤʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ: ʀʂ-ʌʫʨʴʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ 

Shimadzu XRD-6000, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʨʤʦʘʥʘʣʠʟ ʥʘ ʧʨʠʙʦʨʝ ʩʠʥʭʨʦʥʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ NETZSCH 

STA 409 (ɻʝʨʤʘʥʠʷ), ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

VEGAII LMU (ʏʝʭʠʷ) ʩ ʩʠʩʪʝʤʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʛʦ ʩ 

VEGAII LMU, Oxford INGA Energy 350; ʢʠʩʣʦʪʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠʟʫʯʝʥʳ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ: 

ʪʝʨʤʦʜʝʩʦʨʙʮʠʦʥʥʘʷ ʠ ʧʨʦʪʦʯʥʳʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ ʩ ʨʘʟʣʠʯʥʳʤ ʦʙʲʝʤʦʤ 

ʨʝʘʢʪʦʨʦʚ; ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, ʘ ʪʘʢʞʝ 

ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ɹʕʊ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 13ʉ, ʤʝʪʦʜ ɻʍ-

ʄʉ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʗʄʈ 13ʉ, 1ʅ, ʀʂ, ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ 

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʛʘʟʦʚʦʡ ʭʨʦʤʘʛʨʘʬʠʠ, ʤʝʪʦʜ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʠ ʜʨ. ʃʫʯʰʠʝ ʜʦʢʣʘʜʳ ʩʦʜʝʨʞʘʪ 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ: 1) ʫʪʠʣʠʟʘʮʠʷ ʠ ʛʣʫʙʦʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦʧʫʪʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ (ʇʅɻ) ʥʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʚ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ çʩʫʭʦʡ 

ʛʘʟè; 2) ʫʛʣʝʢʠʩʣʦʪʥʘʷ ʢʦʥʚʝʨʩʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʩʠʥʪʝʟ-ʛʘʟ ʥʘ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʥʠʢʝʣʷ ʠ ʘʣʶʤʠʥʠʷ; 3) 

ʧʝʨʝʨʘʙʦʪʢʘ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʛʘʟʦʚʳʭ ʢʦʥʜʝʥʩʘʪʦʚ ʠ ʥʝʬʪʠ ʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 
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ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʚ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʙʝʥʟʠʥʳ ʤʘʨʦʢ çɽʚʨʦï4 ʠ 5è; 4) ʧʦʣʫʯʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʟ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʧʠʨʦʣʠʟʘ; 5) ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ, ʛʘʟʘ ʠ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠ ʟʘʚʦʜʩʢʦʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʦʙʝʩʩʦʣʠʚʘʥʠʝ, ʦʙʝʟʚʦʞʠʚʘʥʠʝ, ʢʘʧʣʝʦʙʨʘʟʦʚʘʥʠʝ, ʩʝʧʘʨʘʮʠʷ, 

ʨʝʢʪʠʬʠʢʘʮʠʷ, ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʨʠʬʦʨʤʠʥʛ, ʠʟʦʤʝʨʠʟʘʮʠʷ, ʜʝʛʠʜʨʠʨʦʚʘʥʠʝ, ʛʠʜʨʠʨʦʚʘʥʠʝ, ʘʣʢʠʣʠʨʦʚʘʥʠʝ); 6) 

ʦʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʪʷʞʝʣʦʡ ʩʤʦʣʳ ʧʠʨʦʣʠʟʘ ʚ ʮʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ 

ʧʨʦʜʫʢʪʳ, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʷ 2-ʵʪʠʣʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʢʘʢ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ. 7) ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʨʥʠʟʘʮʠʠ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ; 8) ʧʦʢʘʟʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʦʜʫʢʪʳ ʩ ʚʳʩʦʢʦʡ ʜʦʙʘʚʣʝʥʥʦʡ ʩʪʦʠʤʦʩʪʴʶ ï ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ ʠ 

ʜʦʙʘʚʢʠ ʢ ʥʠʤ, ʧʦʣʫʬʘʙʨʠʢʘʪʳ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʤʦʶʱʠʭ ʩʨʝʜʩʪʚ ï ʣʠʥʝʡʥʳʝ ʘʣʢʠʣʙʝʥʟʦʣʳ, ʪʷʞʝʣʘʷ ʩʤʦʣʘ 

ʧʠʨʦʣʠʟʘ ï ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʘʞ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, 2-ʵʪʠʣʛʝʢʩʘʥʦʚʦʡ ʢʠʩʣʦʪʳ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʠʢʢʘʪʠʚʦʚ, ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʦʣʦʚʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʩʦʣʝʡ ʤʝʪʘʣʣʦʚ, ʩʣʫʞʘʱʠʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʚʘʪʴ 

ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʛʘʟʦʧʨʦʤʳʩʣʦʚʦʡ ʦʪʨʘʩʣʠ, ʘ ʪʘʢʞʝ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ ʥʝʬʪʝʭʠʤʠʠ. 

ɼʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ 

ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʮʝʦʣʠʪʥʦʛʦ ʢʘʪʘʣʠʟʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʥʝʬʪʝ - ʠ ʛʘʟʦʭʠʤʠʠ, 

ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦ ʣʝʛʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ: ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʦʧʫʪʥʳʭ 

ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ ʠ ʛʘʟʦʚʳʭ ʢʦʥʜʝʥʩʘʪʦʚ, ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʜʣʷ ʩʠʥʪʝʟʘ 

ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʨʘʩʩʤʦʪʨʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʨʘʟʣʠʯʥʳʭ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʤʠʢʨʦʧʦʨʠʩʪʳʭ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʪʠʧʘ ZSM-5, ʘ 

ʪʘʢʞʝ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʣʝʛʢʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ: ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʦʚ, ʛʘʟʦʚʳʭ 

ʢʦʥʜʝʥʩʘʪʦʚ ʚ ʥʠʟʰʠʝ ʦʣʝʬʠʥʳ, ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʙʝʥʟʠʥʳ, ʯʪʦ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ 

ʥʘʫʯʥʦʝ, ʥʦ ʠ ʙʦʣʴʰʦʝ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ, ʦʩʦʙʝʥʥʦ ʜʣʷ ʥʝʬʪʝ- ʠ ʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʨʝʛʠʦʥʦʚ ʜʣʷ ʨʝʰʝʥʠʷ 

ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ, ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʘʟʚʠʪʠʷ. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʧʨʝʚʨʘʱʝʥʠʶ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚ ʠ ʧʦʧʫʪʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ C3-C4 ʥʘ ʮʝʦʣʠʪʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷʤʠ Mo ʠ W. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ 

ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʡ Mo ʠ W ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʚʳʭʦʜʘ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʙʝʥʟʠʥʦʚ ʠʟ ʛʘʟʦʚʦʛʦ 

ʢʦʥʜʝʥʩʘʪʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʛʘʟʦʦʙʨʘʟʥʳʭ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʈʘʩʩʤʦʪʨʝʥʳ ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʵʪʠʭ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɼʨʫʛʘʷ ʯʘʩʪʴ ʜʦʢʣʘʜʦʚ ʙʳʣʘ ʧʦʩʚʷʱʝʥʘ ʥʦʚʳʤ ʩʧʦʩʦʙʘʤ ʠ ʧʨʦʮʝʩʩʘʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʧʠʨʦʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʠ ʧʦʣʫʯʝʥʠʶ ʥʘ ʠʭ ʦʩʥʦʚʝ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʜʠʬʠʢʘʮʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʢʦʤʧʣʝʢʩʦʤ 

ʣɻʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ ʦʢʠʩʣʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ. ɺ ʨʷʜʝ ʜʦʢʣʘʜʦʚ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʝ ʩʧʦʩʦʙʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ: ʙʠʦʩʧʠʨʪʦʚ, ʙʠʦʤʘʩʝʣ ʠ ʜʨʫʛʠʭ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʤʦʪʦʨʥʳʝ 

ʪʦʧʣʠʚʘ ʠ ʜʨʫʛʠʝ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ (ʀʥʩʪʠʪʫʪ ʪʝʭʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʊʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʛ. ɼʨʝʟʜʝʥ, 

ɻʝʨʤʘʥʠʷ). ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʩʪʘʚʘ ʪʷʞʝʣʳʭ ʬʨʘʢʮʠʡ 

ʥʝʬʪʠ, ʧʦ ʧʨʝʚʨʘʱʝʥʠʶ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʙʠʪʫʤʘ (ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ 

ʈɸʅ, ʛ. ʊʦʤʩʢ), ʘ ʪʘʢʞʝ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʧʣʝʥʢʦʦʙʨʘʟʫʶʱʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ (ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ). ɺʩʝ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʫʯʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʦʚʝʡʰʠʭ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ʆʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʜʦʢʣʘʜʦʚ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʷʚʣʷʝʪʩʷ ʜʦʢʣʘʜ  

ʀ.ʉ. ʍʦʤʷʢʦʚʘ, ʘʩʧʠʨʘʥʪʘ, ʠ ɸ.ʀ. ʊʘʪʘʨʢʠʥʦʡ, ʤʘʛʠʩʪʨʘʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦ ʪʝʤʝ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʥʘ ʮʝʦʣʠʪʘʭ ʪʠʧʘ MFI, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷʤʠè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʫʥʠʢʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʮʝʦʣʠʪʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷʤʠ ʚʦʣʴʬʨʘʤʘ, 

ʤʦʣʠʙʜʝʥʘ ʠ ʚʠʩʤʫʪʘ, ʚ ʧʨʦʮʝʩʩʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚ ʚ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʝ ʙʝʥʟʠʥʳ ʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ ʤʝʪʦʜʘ ʪʝʨʤʦʜʝʩʦʨʙʮʠʠ ʘʤʤʠʘʢʘ. ʀʥʪʝʨʝʩ ʚʳʟʚʘʣ ʪʘʢʞʝ ʜʦʢʣʘʜ: ɸ.ʅ. ʂʦʰʝʚʘʨʦʚʦʡ ʠ 

ʖ.ɸ. ʍʨʘʤʮʦʚʦʡ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʕʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʥʘ ʦʩʥʦʚʝ ʬʨʘʢʮʠʠ ʉ9è. 

ɸʚʪʦʨʘʤʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʥʘ ʦʩʥʦʚʝ ʘʣʠʬʘʪʠʯʝʩʢʦʡ ʉ5 ʠ ʰʠʨʦʢʦʡ 

ʬʨʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ. ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʜʦʢʣʘʜʳ: ʃ.ʃ. ʂʦʨʦʙʠʮʳʥʦʡ, ɸ.ɸ. ʉʪʝʧʘʥʦʚʘ, 

ɺ.ɺ. ʂʦʟʣʦʚʘ, ɸ.ɺ. ɺʦʩʤʝʨʠʢʦʚʘ, ʩʦʪʨʫʜʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ ʛ. ʊʦʤʩʢ: çʅʝʦʢʠʩʣʠʪʝʣʴʥʘʷ 

ʢʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ ʥʘ ʄʦ-ʩʦʜʝʨʞʘʱʠʭ ʮʝʦʣʠʪʘʭè, ʘ ʪʘʢʞʝ ɺ.ʀ. ɽʨʦʬʝʝʚʘ, ɸ.ʀ. ʊʘʪʘʨʢʠʥʦʡ, ʀ.ʉ. ʍʦʤʷʢʦʚʘ, ʊ.ʅ. 

ɺʦʣʛʠʥʦʡ, ʩʦʪʨʫʜʥʠʢʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: 

çʇʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʭ ʙʝʥʟʠʥʦʚ ʠʟ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚ ʥʘ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʘʭ MFI, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʛʝʪʝʨʦʧʦʣʠʩʦʝʜʠʥʝʥʠʷʤʠ W ʠ Moè. ʀʥʪʝʨʝʩʥʳ ʪʘʢʞʝ ʜʦʢʣʘʜʳ: ɼ.ʉ. ʂʦʨʥʝʝʚʘ, ʤʘʛʠʩʪʨʘʥʪʘ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 
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ʥʘ ʪʝʤʫ: çʊʝʨʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʪʷʞʝʣʳʭ ʥʝʬʪʷʥʳʭ ʩʠʩʪʝʤ ʠ ʦʮʝʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʠʭ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʇʄʈè, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʘʥʥʳʝ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʘʚʪʦʨʘ ʧʦ ʚʣʠʷʥʠʶ ʩʦʩʪʘʚʘ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʛʦ ʩʳʨʴʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʪʝʨʤʦʣʠʟʘ 

ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʜʦʢʣʘʜ ɸ.ɸ. ʂʨʫʪʝʷ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʇʦʜʙʦʨ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʛʠʙʠʪʦʨʦʚ ʩʦʣʝʦʪʣʦʞʝʥʠʡ ʜʣʷ ʜʚʫʭ ʥʝʬʪʝʡ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘè. ʀʥʪʝʨʝʩʥʳʝ ʨʘʙʦʪʳ ʧʨʝʜʩʪʘʚʠʣʠ: ʅ.ʉ. 

ɹʝʣʠʥʩʢʘʷ, ʘʩʧʠʨʘʥʪ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ çʂʦʤʧʴʶʪʝʨʥʘʷ ʤʦʜʝʣʠʨʫʶʱʘʷ ʩʠʩʪʝʤʘ ʧʨʦʮʝʩʩʘ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ 

ʜʝʧʘʨʘʬʠʥʠʟʘʮʠʠ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚè ʠ ʄ.ɺ. ʄʘʡʣʠʥ, ʩʪʫʜʝʥʪ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ʤʝʪʦʜʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè. ʀʥʪʝʨʝʩʥʳ ʠ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ. 

ʇʦ ʥʘʧʨʘʚʣʝʥʠʶ çʉʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʜʛʦʪʦʚʢʠ, ʦʩʚʦʝʥʠʷ ʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷè 

ʜʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ 

ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ 

ʦʪʨʘʞʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʦʙʦʛʘʱʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʪʝʭʥʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʦʪʭʦʜʦʚ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʟʜʘʥʠʶ ʚʦʜʦʩʪʦʡʢʠʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʜʠʦʧʩʠʜʦʚʦʛʦ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʛʦ ʩʳʨʴʷ, ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ 

ʧʦʛʣʦʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʛʣʠʥ ʠ ʘʢʪʠʚʘʮʠʠ ʙʝʥʪʦʥʠʪʦʚ ʠʦʥʘʤʠ ʥʘʪʨʠʷ, ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʚ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʛʣʫʙʦʢʦʡ ʢʦʥʚʝʨʩʠʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʦʙʣʘʩʪʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ 

ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʩʠʥʪʝʟʘ ʥʘ ʧʝʨʝʤʝʥʥʦʤ ʪʦʢʝ, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʝ ʩʚʦʡʩʪʚ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʝʣʷ ʛʠʜʨʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ 

ʢʦʥʪʨʦʣʷ ʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʦʚ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʧʨʠʨʦʜʥʳʝ ʨʘʩʩʦʣʳ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʥʘ ʦʩʥʦʚʝ ʦʪʭʦʜʦʚ ʦʙʝʟʞʝʣʝʟʠʚʘʥʠʷ ʚʦʜʳ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʦʯʠʩʪʢʠ 

ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʘʩʝʣ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʟʦʣʳ ʫʛʣʝʡ ʂʫʟʙʘʩʩʘ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʚʝʜʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʦʜʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʥʦʚʝʡʰʠʝ ʤʝʪʦʜʳ ʠ ʤʝʪʦʜʠʢʠ: 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, 

ʢʦʥʜʫʢʪʦʤʝʪʨʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʫʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʤʝʪʦʜʫ ɹʕʊ, ʭʠʤʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʠ ʜʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠʤʝʝʪ ʜʦʢʣʘʜ ʀ.ɸ. ʂʦʨʦʣʝʚʘ, ʘʩʧʠʨʘʥʪʘ ʂʫʟʙʘʩʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʊ.ʌ. ɻʦʨʙʘʯʝʚʘ, (ʛ. ʂʝʤʝʨʦʚʦ), ʧʦ ʪʝʤʝ çʇʨʝʜʧʨʦʝʢʪʥʘʷ 

ʨʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʛʘʱʝʥʠʷ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷè.ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʙʦʛʘʱʝʥʠʷ ʫʛʣʷ, 

ʨʝʘʣʠʟʦʚʘʥʥʘʷ ʚ ʚʠʜʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʦʩʣʝ ʟʘʧʫʩʢʘ ʬʘʙʨʠʢʠ ʜʣʷ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʳʧʫʩʢʘʝʤʦʡ ʪʦʚʘʨʥʦʡ 

ʧʨʦʜʫʢʮʠʠ. ʀʟʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʦʙʦʛʘʪʠʪʝʣʴʥʳʭ ʬʘʙʨʠʢ ʠ ʚʳʧʦʣʥʝʥʠʶ ʧʨʝʜʧʨʦʝʢʪʥʳʭ 

ʧʨʦʨʘʙʦʪʦʢ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʦʝʢʪʥʳʭ ʦʨʛʘʥʠʟʘʮʠʷʭ ʂʫʟʙʘʩʩʘ. ʀʤʝʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʧʳʪ ʚʥʝʜʨʝʥʠʷ ʜʘʥʥʦʡ 

ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʜʝʥʠʷ ʧʨʝʜʧʨʦʝʢʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ɿɸʆ çʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ 

çʂʫʟʙʘʩʩʧʨʦʝʢʪè ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʧʨʦʝʢʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʦʙʦʛʘʪʠʪʝʣʴʥʦʛʦ ʤʦʜʫʣʷ ʰʘʭʪʳ 

çʊʘʣʜʠʥʩʢʘʷ ɿʘʧʘʜʥʘʷ 1è ʆɸʆ çʉʋʕʂ-ʂʫʟʙʘʩʩè, ʘ ʪʘʢʞʝ ʧʨʠ ʨʘʙʦʪʝ ʥʘʜ ʜʨʫʛʠʤʠ ʧʨʦʝʢʪʘʤʠ. ʉʨʝʜʠ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ɸ.ʄ. ɽʞʦʚʘ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘ ʪʝʤʫ: çʆʙʦʛʘʱʝʥʠʝ ʞʝʣʝʟʥʦʡ 

ʨʫʜʳ ɹʘʢʯʘʨʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʪʦʜʦʤ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠè. ɺ ʜʦʢʣʘʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʫʜʳ ɹʘʢʯʘʨʩʢʦʛʦ ʞʝʣʝʟʦʨʫʜʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʪʦʙʨʘʥʥʦʡ ʤʝʪʦʜʦʤ 

ʩʢʚʘʞʠʥʥʦʡ ʛʠʜʨʦʜʦʙʳʯʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʭʦʜ ʢʦʥʮʝʥʪʨʘʪʘ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʨʫʜʳ ʤʝʪʦʜʦʤ ʩʫʭʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʝʧʘʨʘʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʣʘʩʩʦʤ ʢʨʫʧʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ: ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʘʛʥʠʪʥʳʭ 

ʯʘʩʪʠʮ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʬʨʘʢʮʠʠ (ʦʪ 0,25 ʜʦ 0,5 ʤʤ); ʨʘʟʜʝʣʝʥʠʝ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʡ ʩʠʣʘʝ ʪʦʢʘ ʚ ʦʙʤʦʪʢʝ ʩʝʧʘʨʘʪʦʨʘ (ʥʝ ʙʦʣʝʝ 6 A). ʇʨʦʚʝʜʝʥʠʝ ʧʝʨʝʯʠʩʪʥʳʭ ʩʪʘʜʠʡ 

ʧʦʟʚʦʣʷʝʪ ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ. ʆʜʥʘʢʦ, ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʮʠʢʣʘ ʨʘʟʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ ʢʦʥʮʝʥʪʨʘʪʝ 

(CFe > 60%) ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʜʦʤʝʥʥʳʭ ʧʨʦʮʝʩʩʘʭ.ʀʥʪʝʨʝʩʥʳ ʠ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʧʦ ʜʘʥʥʦʤʫ ʥʘʫʯʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ɺ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʦʤʧʣʝʢʩʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʩʳʨʴʷ, ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʤʝʥʷʣʠʩʴ ʪʘʢʠʝ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʘʢ ʨʝʥʪʛʝʥʦʬʣʶʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, 

ʵʣʝʢʪʨʦʥʥʘʷ ʩʢʘʥʠʨʫʶʱʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʢʦʤʧʣʝʢʩʥʳʡ ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ, 

ʨʝʥʪʛʝʥʦʬʘʟʥʳʡ ʘʥʘʣʠʟ ɼʊɸ, ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ, ʤʝʪʦʜ 

ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ, ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʠʥʚʝʨʩʠʦʥʥʘʷ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ʠ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ, ʜʠʣʘʪʦʤʝʪʨʠʷ, ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʠʥʬʨʘʢʨʘʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠ ʜʨ. ɼʦʢʣʘʜʳ ʩʝʢʮʠʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʩʦʚʨʝʤʝʥʥʦʤ 

ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤʠ 

ʘʚʪʦʨʘʤʠ ʠ ʠʭ ʥʘʫʯʥʳʤʠ ʨʫʢʦʚʦʜʠʪʝʣʷʤʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʈʦʩʩʠʠ, ʘ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʩ ʮʝʣʴʶ ʟʘʤʝʥʳ ʠʤʠ ʧʨʠʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɺ 
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ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʠ ʪʝʭʥʦʣʦʛʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʢʠʩʣʦʪʦʫʧʦʨʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʠʟʜʝʣʠʡ, ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʛʨʘʞʜʘʥʩʢʦʛʦ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʝ 

ʧʨʦʧʘʥʪʳ ʜʣʷ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ, ʧʠʛʤʝʥʪʳ ʠ ʙʝʪʦʥʳ ʩ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʩʚʦʡʩʪʚ. ʐʠʨʦʢʦ 

ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʫʪʠʣʠʟʘʮʠʠ ʟʦʣ ʊʕʉ, ʘ ʪʘʢʞʝ ʜʦʤʝʥʥʳʭ ʰʣʘʢʦʚ, ʰʣʘʢʦʚ ʯʸʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʜʨʫʛʠʝ 

ʦʪʭʦʜʳ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʨʝʰʘʪʴ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ 

ʫʜʝʣʝʥʦ ʧʨʦʙʣʝʤʘʤ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʫʨʦʚʳʤʠ 

ʢʣʠʤʘʪʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʈʦʩʩʠʷ ʚʳʥʫʞʜʝʥʘ ʨʘʩʭʦʜʦʚʘʪʴ ʦʛʨʦʤʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ ʥʘ ʦʪʦʧʣʝʥʠʝ 

ʟʜʘʥʠʡ ʠ ʩʦʦʨʫʞʝʥʠʡ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʧʨʦʙʣʝʤʘ ʩʚʷʟʘʥʘ ʩ ʥʝʚʳʩʦʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʤ ʘʩʩʦʨʪʠʤʝʥʪʦʤ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʧʨʠ ʪʝʧʣʦʚʦʡ ʠʟʦʣʷʮʠʠ ʪʝʧʣʦʛʝʥʝʨʠʨʫʶʱʠʭ 

ʫʩʪʘʥʦʚʦʢ, ʪʝʧʣʦʚʳʭ ʤʘʛʠʩʪʨʘʣʝʡ ʠ ʦʙʲʝʢʪʦʚ ʪʝʧʣʦʩʥʘʙʞʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʠʷ ʧʝʥʦʩʪʝʢʣʘ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʛʦ ʩʳʨʴʷ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʛʦ ʠʟʚʝʩʪʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʛʝʥʥʳʭ ʦʪʭʦʜʦʚ 

ʩ ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʦʩʥʦʚʦʡ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʚʘʨʢʠ ʩʪʝʢʣʘ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ 

ʧʝʥʦʩʪʝʢʣʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʵʥʝʨʛʦʟʘʪʨʘʪʘʭ. ʄʦʣʦʜʳʤʠ ʫʯʘʩʪʥʠʢʘʤʠ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʠʜʦʚ ʢʝʨʘʤʠʢʠ ʠ ʩʠʣʠʢʘʪʥʳʭ ʩʪʨʦʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʝʢʣʦʠʟʜʝʣʠʡ, ʘ ʪʘʢʞʝ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʝʜʣʦʞʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʥʝʢʦʪʦʨʳʭ ʠʟʜʝʣʠʡ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʘʚʪʦʨʘʤʠ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʧʦʟʚʦʣʷʶʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʪʝʭʥʦʛʝʥʥʦʛʦ ʩʳʨʴʷ ʉʠʙʠʨʩʢʦʛʦ ʠ ʋʨʘʣʴʩʢʦʛʦ ʨʝʛʠʦʥʦʚ ʨʘʩʰʠʨʠʪʴ 

ʥʦʤʝʥʢʣʘʪʫʨʫ ʠʟʜʝʣʠʡ. ʊʘʢ, ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʘʫʯʥʘʷ ʨʘʙʦʪʘ ʃ.ʇ. ɻʦʚʦʨʦʚʦʡ, ʘʩʧʠʨʘʥʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘ ʪʝʤʫ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʭʠʤʠʢʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʚʝʜʝʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʫʥʠʪʘ ʀʦʚʩʢʦʛʦ (ʂʳʪʣʳʤʩʢʦʛʦ) ʤʝʩʪʦʨʦʞʜʝʥʠʷè. ɺ 

ʜʦʢʣʘʜʝ ʘʚʪʦʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʫʥʠʪʦʚʳʭ ʧʦʨʦʜ ʀʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʋʨʘʣʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ 

(ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʠ ʪʝʨʤʠʯʝʩʢʠʡ (ʊɻɸ/ɼʉʂ/ɼʊɸ) ʘʥʘʣʠʟʳ). ʇʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ, 

ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʙʳ ʠʦʚʩʢʦʛʦ ʜʫʥʠʪʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 600 ʜʦ 1500Áʉ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ, ʠʤʝʶʪ ʧʝʨʩʧʝʢʪʠʚʫ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʨʘʩʢʣʠʥʠʚʘʶʱʠʭ ʘʛʝʥʪʦʚ (ʧʨʦʧʘʥʪʦʚ), ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʝʬʪʝʜʦʙʳʯʠ ʥʘ 

ʦʩʥʦʚʝ ʀʦʚʩʢʦʛʦ ʜʫʥʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʪʦʠʤʦʩʪʴ 

ʧʨʦʧʘʥʪʦʚ ʟʘ ʩʯʝʪ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʧʝʨʘʮʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʪʝʨʤʦʧʦʜʛʦʪʦʚʢʠ. ʀʟ 

ʩʪʫʜʝʥʯʝʩʢʠʭ ʜʦʢʣʘʜʦʚ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʨʘʙʦʪʘ ɼ.ɸ. ʇʘʰʢʦʚʘ, ʤʘʛʠʩʪʨʘʥʪʘ  ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʉʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʧʝʢʘʥʠʷ ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʭʥʠʢʠè. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʜʚʫʭ ʚʠʜʦʚ ʩʚʠʥʮʦʚʦʙʦʨʦʩʠʣʠʢʘʪʥʳʭ ʩʪʝʢʦʣ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʦʚ (ʉʊ1 ʠ ʉʊ2), ʚʳʙʦʨ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʨʦʛʨʘʤʤʳ çSciGlassè. ʅʘ ʧʨʠʤʝʨʝ ʜʘʥʥʳʭ ʢʦʤʧʦʟʠʮʠʡ ʨʘʩʩʤʦʪʨʝʥʳ 

ʦʩʦʙʝʥʥʦʩʪʠ ʩʧʝʢʘʥʠʷ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʭ ʢʦʤʧʦʟʠʪʦʚ. ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʜʦʢʣʘʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ 

ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʧʦʜʦʙʨʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʠʙʦʣʝʝ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ LTCC-ʢʝʨʘʤʠʢʠ 

ʷʚʣʷʶʪʩʷ ʩʪʝʢʣʦʢʝʨʘʤʠʯʝʩʢʠʝ ʢʦʤʧʦʟʠʪʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 50% ʢʦʤʧʦʥʝʥʪʘ ʉʊ1, ʦʙʦʞʞʝʥʥʳʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

900Áʉ, ʪʘʢ ʢʘʢ ʠʭ ʩʪʝʧʝʥʴ ʩʧʝʢʘʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʪʠʤʘʣʴʥʳ, ʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 950Áʉ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʜʝʣʠʡ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʢʝʨʘʤʠʢʠ ʧʦʣʥʦʛʦ ʮʠʢʣʘ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʥʘ ʜʘʥʥʦʡ ʩʝʢʮʠʠ. 

ʅʘ ʩʝʢʮʠʠ çɻʝʦʵʢʦʣʦʛʠʷ, ʦʭʨʘʥʘ ʠ ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè ʘʢʪʫʘʣʴʥʦʩʪʴ ʜʦʢʣʘʜʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ 

ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ, ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʡ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʛʝʦʵʢʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ, ʙʠʦʛʝʦʭʠʤʠʠ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ ʠ ʟʘʱʠʪʳ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʩʦʙʩʪʚʝʥʥʦ ʩʘʤʠʤʠ ʘʚʪʦʨʘʤʠ ʥʦʚʳʝ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʚʦʩʧʦʣʥʷʝʪ ʧʨʦʙʝʣʳ ʚ ʨʝʰʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ 

ʧʨʦʙʣʝʤʳ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʪʷʞʸʣʳʭ ʤʝʪʘʣʣʦʚ ʚ ʧʳʣʝʘʵʨʦʟʦʣʷʭ 

ʛ. ʊʦʤʩʢʘ ʠ ʨʘʡʦʥʦʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʟʦʣʴʥʦʤ ʦʩʪʘʪʢʝ ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʩʚʠʥʴʠ 

ʜʦʤʘʰʥʝʡ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʮʝʣʷʭ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʦʟʜʦʨʦʚʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʦʚ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ 

ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ʇʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʘʧʨʦʙʘʮʠʠ 

ʥʘʢʠʧʠ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʢʘʯʝʩʪʚʘ ʧʠʪʴʝʚʳʭ ʚʦʜ ʠ ʚʟʘʠʤʦʩʚʷʟʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 

ʧʠʪʴʝʚʳʭ ʚʦʜ, ʠʟ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʦʪʣʦʞʝʥʠʷ. ʊʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʢʣʘʜʳ ʧʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʤʫʩʷ 

ʥʘʧʨʘʚʣʝʥʠʶ ï çʟʝʣʸʥʦʡ ʭʠʤʠʠè: ʥʘ ʧʨʠʤʝʨʝ ʧʨʦʮʝʩʩʦʚ ʵʧʦʢʩʠʜʠʨʦʚʘʥʠʷ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʧʨʠʥʮʠʧʦʚ çʟʝʣʸʥʦʡ ʭʠʤʠʠè. ɸʢʪʠʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʡ 

ʨʘʟʣʠʯʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩ ʮʝʣʴʶ ʠʭ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ. ɺʩʸ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʛʨʘʤʦʪʥʦ 

ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ 

ʨʝʩʫʨʩʳ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠ ʦʭʨʘʥʳ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʤʦʣʦʜʳʤʠ 

ʫʯʝʥʳʤʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, ʢʘʢ ʤʝʪʦʜ ʦʩʢʦʣʦʯʥʦʡ f-ʨʘʜʠʦʛʨʘʬʠʠ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-

ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʀʅɸɸ), ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ-ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ISP), 

ʤʝʪʦʜʳ ʛʘʤʤʘ ʠ ʘʣʴʬʘ - ʩʧʝʢʪʨʦʤʝʪʨʠʠ, ʤʝʪʦʜ ʣʘʟʝʨʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʤʝʪʦʜʦʚ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʨʝʥʪʛʝʥʦ-ʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ, ʢʘʪʦʜʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʙʠʦʪʝʩʪʠʨʦʚʘʥʠʝ, 

ʧʦʪʝʥʮʠʦʤʝʪʨʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʘʪʦʤʥʘʷ ʘʜʩʦʨʙʮʠʷ, ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ 

ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ ʠ ʜʨ. ɺ ʨʘʙʦʪʝ ʤʦʣʦʜʳʭ ʫʯʘʩʪʥʠʢʦʚ ʩʠʤʧʦʟʠʫʤʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʦʚʘʥ ʩʦʚʨʝʤʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʧʨʠʤʝʥʝʥʠʷ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʵʢʦʣʦʛʠʯʝʩʢʦʤ ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʚʦʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ʧʨʝʜʣʦʞʝʥʳ ʠ ʥʦʚʳʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʤʝʪʦʜʳ ʚ 

ʦʙʣʘʩʪʠ ʛʝʦʵʢʦʣʦʛʠʠ, ʨʘʜʠʦʵʢʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ, ʙʠʦʛʝʦʭʠʤʠʠ, ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ ʠ 

ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʣʦʞʝʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʦʚʝʜʝʥʠʷ ʙʨʦʤʘ, ʢʘʢ ʵʣʝʤʝʥʪʘ-ʠʥʜʠʢʘʪʦʨʘ 

ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʨʘʟʣʠʯʥʳʝ ʩʨʝʜʳ; ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʨʦʛʨʘʤʤ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ; ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʦʪʚʘʣʦʚ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ 

ʧʦʯʚʫ; ʧʨʝʜʣʦʞʝʥʘ ʦʨʛʘʥʠʟʘʮʠʷ ʨʘʙʦʪʳ ʧʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʘʚʪʦʨʘʤʠ ʧʨʦʛʨʘʤʤʝ ʨʘʜʠʦʵʢʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʦʥʠʪʦʨʠʥʛʘ ʚ ʨʘʡʦʥʘʭ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ. ʄʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʙʳʣʠ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʳ ʠʪʦʛʠ ʨʘʟʨʘʙʦʪʢʠ 

ʥʦʚʦʛʦ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʠʦʪʳ ʧʨʠ ʠʥʜʝʢʩʘʮʠʠ 

ʢʘʯʝʩʪʚʘ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ; ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʠʜʝʠ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʦʪʭʦʜʦʚ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʥʦʚʳʝ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ ʢ ʨʘʟʨʘʙʦʪʢʝ ʦʯʠʩʪʥʳʭ ʩʦʦʨʫʞʝʥʠʡ; ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ ʩʦʩʪʘʚʦʚ ʠʩʭʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʧʨʠ ʫʪʠʣʠʟʘʮʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʦʪʭʦʜʦʚ; ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ ʚʳʩʦʢʦʘʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʢʘʢ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʦʯʠʩʪʢʠ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʪʦʢʦʚ; 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʙʠʦʮʝʥʦʟʘ ʩ ʧʦʤʦʱʴʶ ʋʌ- ʠ ʀʂ-ʠʟʣʫʯʝʥʠʡ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʝʟʚʨʝʞʠʚʘʥʠʷ ʦʪʭʦʜʦʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʜʣʷ ʦʮʝʥʢʠ ʛʝʦʪʝʭʥʠʯʝʩʢʦʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʦʧʦʣʟʥʝʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʪ.ʜ. ʠ ʪ.ʧ. ɺʩʷ ʪʝʤʘʪʠʢʘ ʥʘʫʯʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʜʦʢʣʘʜʦʚ ʥʘ ʩʝʢʮʠʠ 

ʧʨʦʭʦʜʠʣʘ ʧʦ ʯʝʪʳʨʝʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: 1) ʦʙʱʠʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʪʝʨʨʠʪʦʨʠʡ; 2) ʦʙʱʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʙʣʝʤʳ ʠ ʙʠʦʪʝʭʥʦʣʦʛʠʠ; 3) ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ; 4) ʨʘʜʠʦʵʢʦʣʦʛʠʷ; 5) ʦʭʨʘʥʘ ʠ ʠʥʞʝʥʝʨʥʘʷ 

ʟʘʱʠʪʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʦʪʨʘʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʦʙʩʪʚʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʘʚʪʦʨʦʚ ʧʦ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʠ ʦʮʝʥʢʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʨʠʩʢʦʚ, ʯʪʦ 

ʚʦʩʧʦʣʥʷʝʪ ʧʨʦʙʝʣ ʚ ʨʝʰʝʥʠʠ ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ, ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʨʝʜʢʠʭ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʳʣʝʘʵʨʦʟʦʣʴʥʳʭ ʚʳʧʘʜʝʥʠʷʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʛ. ʋʩʪʴ-ʂʘʤʝʥʝʛʦʨʩʢʘ (ʈʝʩʧʫʙʣʠʢʘ ʂʘʟʘʭʩʪʘʥ) ʠ ʨʘʡʦʥʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʦʚʳʝ ʜʘʥʥʳʝ, ʦʪʨʘʞʘʶʱʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʯʚ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʟʦʥʳ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʦʣʠʛʦʥʘ ʊɹʆ. ʏʘʩʪʴ ʜʦʢʣʘʜʦʚ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ, ʧʨʦʞʠʚʘʶʱʝʛʦ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ, ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʚʦʣʦʩʘʭ ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʧʨʦʙ, ʧʨʝʜʣʦʞʝʥʳ ʨʝʛʠʦʥʘʣʴʥʳʝ ʥʦʨʤʘʪʠʚʳ 

ʧʦ ʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ ʚʦʣʦʩ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ɹʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʜʦʢʣʘʜ ʚ ʨʘʤʢʘʭ ʥʦʚʦʛʦ ʥʘʫʯʥʦʛʦ 

ʥʘʧʨʘʚʣʝʥʠʷ çʤʝʜʠʮʠʥʩʢʘʷ ʛʝʦʣʦʛʠʷè, ʚ ʢʦʪʦʨʦʤ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʟʘʙʦʣʝʚʘʥʠʷ 

ʩʘʨʢʦʠʜʦʟʦʤ ʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, ʠʤʝʝʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʣʝʯʝʥʠʠ ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɺʩʝ 

ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʛʨʘʤʦʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʠ 

ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʟʥʘʯʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʨʠʛʠʥʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʶʱʝʤʫʩʷ ʥʘʧʨʘʚʣʝʥʠʶ ï ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʠ 

ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ï ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʘʢʦʛʦ ʨʦʜʘ ʜʘʥʥʳʭ ʚ ʦʮʝʥʢʝ ʜʠʥʘʤʠʢʠ ʧʦʩʪʫʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ɺʩʝ ʚʳʰʝʠʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʛʨʘʤʦʪʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʤ ʤʝʨʦʧʨʠʷʪʠʷʤ ʠ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʨʦʜʥʳʝ ʨʝʩʫʨʩʳ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ: ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʡ ʥʝʡʪʨʦʥʥʦ-ʘʢʪʠʚʘʮʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʀʅɸɸ), ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ ʧʣʘʟʤʦʡ (ICP-MS), ʵʤʠʩʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩ ʠʥʜʫʢʪʠʚʥʦ ʩʚʷʟʘʥʥʦʡ 

ʧʣʘʟʤʦʡ, ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ, ʘʪʦʤʥʘʷ ʘʜʩʦʨʙʮʠʷ ʠ ʜʨʫʛʠʝ. 

ʅʘʫʯʥʳʡ ʠ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʢʣʘʜ ɸ.ʈ. ʗʣʘʣʪʜʠʥʦʚʦʡ, ʘʩʧʠʨʘʥʪʘ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʧʦ ʪʝʤʝ: çɹʠʦʣʦʛʠʯʝʩʢʦʝ ʧʦʛʣʦʱʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè (ʥʘ ʧʨʠʤʝʨʝ ʪʦʧʦʣʷ 

ʯʝʨʥʦʛʦ, ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢ (ʂʘʟʘʭʩʪʘʥ)è. ɺ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦʙ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ 

ʣʠʩʪʴʝʚ ʪʦʧʦʣʷ ʯʝʨʥʦʛʦ ʢʘʢ ʠʥʜʠʢʘʪʦʨʘ ʩʦʩʪʦʷʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʛ. ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʝ (ʂʘʟʘʭʩʪʘʥ). 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʧʨʠʚʝʜʝʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʨʘʟʣʠʯʥʦʡ 

ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʥʘ ʘʢʢʫʤʫʣʷʮʠʶ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ çʧʦʯʚʘ-ʨʘʩʪʝʥʠʝè. ʀʟ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ 

ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʘ ʨʘʙʦʪʘ ɸ.ʉ. ʄʠʨʦʥʦʚʦʡ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʀʟʫʯʝʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ 

ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ (Pinus sylvestris) ɹʘʨʛʫʟʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʠè. ɺ ʜʦʢʣʘʜʝ 

ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʛʦʜʠʯʥʳʭ ʢʦʣʝʮ ʩʦʩʥʳ ʦʙʳʢʥʦʚʝʥʥʦʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʘʡʢʘʣʴʩʢʦʡ ʧʨʠʨʦʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ 

ʙʠʦʛʝʦʭʠʤʠʠ ï ʜʝʥʜʨʦʭʨʦʥʦʣʦʛʠʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʜʠʥʘʤʠʢʫ 

ʧʦʩʪʫʧʣʝʥʠʷ ʠ ʥʘʢʦʧʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʛʦʜʠʯʥʳʭ ʢʦʣʴʮʘʭ ʜʝʨʝʚʴʝʚ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʨʦʮʝʩʩ çʤʝʪʘʣʣʠʟʘʮʠʠ 

ʙʠʦʩʬʝʨʳè ʥʘʭʦʜʠʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʠ ʚ ʛʦʜʠʯʥʳʭ ʢʦʣʴʮʘʭ ʜʝʨʝʚʴʝʚ. ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʜʦʢʣʘʜ ʩʪʫʜʝʥʪʦʚ ʅ.ʀ. 

ɹʦʛʦʤʦʣʦʚʘ, ʇ.ɼ. ɹʫʜʘʛʦʚʘ (ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʉʪʘʚʨʦʧʦʣʴ) ʧʦ ʪʝʤʝ: çʄʝʪʦʜʠʢʘ 
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ʧʨʦʛʥʦʟʘ ʠ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʘʥʦʤʘʣʴʥʳʭ ʨʝʯʥʳʭ ʚʦʣʥ ʠ ʧʨʦʮʝʩʩʦʚ ʟʘʪʦʧʣʝʥʠʷ (ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʩʠʪʫʘʮʠʡ ʚ 

ʩʪʘʥʠʮʝ ʅʦʚʦʤʘʨʴʝʚʩʢʦʡ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʢʨʘʷ ʠ ʛ.ʂʨʳʤʩʢʘ ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ)è ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʜʦʢʣʘʜ ɸ.ɺ. ʊʘʣʦʚʩʢʦʡ,  ʜʦʮʝʥʪʘ, ɽ.ɸ. ʌʠʣʠʤʦʥʝʥʢʦ, ʘʩʧʠʨʘʥʪʘ, ɽ.ɽ. ʃʷʧʠʥʦʡ, ʩʪʫʜʝʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʊʦʢʩʠʯʥʳʝ 

ʵʣʝʤʝʥʪʳ (As, Se, Cd, Hg, Pb) ʠ ʠʭ ʤʠʥʝʨʘʣʴʥʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʥʝʛʦʚʦʤ ʧʦʢʨʦʚʝ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʛ.ʊʦʤʩʢʘè, ʘ ʪʘʢʞʝ ʜʦʢʣʘʜ ʄ.ʄ. ɺʘʩʠʣʴʝʚʘ, ʩʪʫʜʝʥʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: çʀʩʩʣʝʜʦʚʘʥʠʝ ʩʦʨʙʮʠʦʥʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʤʝʪʘʣʣʦʚ ʜʣʷ ʦʯʠʩʪʢʠ ʚʦʜʥʳʭ ʩʨʝʜ ʦʪ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʟʘʛʨʷʟʥʝʥʠʷè. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʪʘʢʞʝ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ. 

ʅʘ ʩʝʢʮʠʠ çʕʢʦʥʦʤʠʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. ɻʦʨʥʦʝ ʧʨʘʚʦè ʜʦʢʣʘʜʳ ʚʳʧʦʣʥʝʥʳ ʥʘ 

ʚʳʩʦʢʦʤ ʥʘʫʯʥʦʤ ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʦʠʪ ʚ ʨʝʰʝʥʠʠ ʥʘʫʯʥʳʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʦʙʣʝʤ ʚ ʦʙʣʘʩʪʠ ʵʢʦʥʦʤʠʢʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʵʢʦʥʦʤʠʢʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʠ ʛʦʨʥʦʛʦ ʧʨʘʚʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʦʢʣʘʜʳ ʠʤʝʶʪ ʥʝʩʦʤʥʝʥʥʫʶ ʥʘʫʯʥʫʶ ʥʦʚʠʟʥʫ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

ʧʦʢʘʟʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ 

ʵʥʝʨʛʦʝʤʢʠʭ ʦʪʨʘʩʣʝʡ ʊʕʂ; ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʦʧʪʠʤʠʟʘʮʠʠ ʬʦʥʜʘ ʩʢʚʘʞʠʥ ʩ ʤʝʪʦʜʠʢʦʡ ʦʮʝʥʢʠ 

ʨʘʙʦʪʳ ʬʦʥʜʘ ʙʝʟʜʝʡʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ, ʧʦʟʚʦʣʷʶʱʠʭ ʵʬʬʝʢʪʠʚʥʦ ʫʧʨʘʚʣʷʪʴ ʧʨʦʙʣʝʤʥʳʤ ʬʦʥʜʦʤ ʩʢʚʘʞʠʥ; 

ʥʦʚʳʝ ʠʜʝʠ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʭʥʠʢʦ-ʚʥʝʜʨʝʥʯʝʩʢʠʭ ʟʦʥ ʜʣʷ ʈʦʩʩʠʠ, ʧʨʘʢʪʠʢʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʨʦʧʦʣʴʨʝʛʠʦʥʦʚ ʚ 

ɻʝʨʤʘʥʠʠ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʘʭ ʙʳʣ ʧʨʦʚʝʜʝʥ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʠʩʪʦʱʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʦʙʦʩʥʦʚʘʥ ʢʨʠʪʝʨʠʡ ʩʨʘʚʥʝʥʠʷ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ï ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʘʷ ʤʝʪʦʜʠʢʘ ʠʭ ʦʮʝʥʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʪʦʛʦ ʢʨʠʪʝʨʠʷ, ʚʳʜʝʣʝʥʳ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʘʩʧʝʢʪʳ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʠ ʜʘʥʘ ʦʮʝʥʢʘ ʠʭ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʳ 

ʧʨʦʙʣʝʤʳ ʤʫʣʴʪʠʢʫʣʴʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ ʚ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʠ ʧʨʦʙʣʝʤʳ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ 

ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ, ʠʩʩʣʝʜʦʚʘʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ CVP-ʘʥʘʣʠʟʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʢʦʤʧʘʥʠʠ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʜʦʢʣʘʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʧʦ ʦʮʝʥʢʝ ʥʘʣʠʯʠʷ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʥʝʬʪʷʥʦʡ ʧʨʦʚʠʥʮʠʠ, ʤʘʩʰʪʘʙ ʠʭ ʦʩʚʦʝʥʠʷ. ʆʟʚʫʯʝʥʳ ʧʨʦʙʣʝʤʳ 

ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ: ʜʘʥʘ ʫʧʨʘʚʣʝʥʯʝʩʢʘʷ ʦʮʝʥʢʘ ʦʨʛʘʥʠʟʘʮʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʝʨʝʟ 

ʘʫʪʩʦʨʩʠʥʛ, ʦʧʪʠʤʠʟʘʮʠʠ ʢʘʧʠʪʘʣʘ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʤʧʘʥʠʡ. ʉʨʝʜʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ ʥʘʠʙʦʣʴʰʠʡ 

ʠʥʪʝʨʝʩ ʠ ʟʥʘʯʠʤʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʘʙʦʪʳ, ʧʦʩʚʷʱʸʥʥʳʝ ʧʨʦʙʣʝʤʘʤ: 

ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʪʨʘʩʣʠ ʠ ʵʥʝʨʛʦʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʦʥʦʤʠʢʠ ʈʦʩʩʠʠ ʚ ʮʝʣʦʤ; ʠʟʫʯʝʥʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʦʧʳʪʘ ʜʨʫʛʠʭ ʛʦʩʫʜʘʨʩʪʚ ʠ ʨʘʟʚʠʪʠʷ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʈʦʩʩʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʩʬʝʨʝ; 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʠ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ; ʧʦʠʩʢʘ ʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ; ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʫʧʨʘʚʣʝʥʠʷ ʬʠʥʘʥʩʦʚʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ-

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʥʦʚʳʭ ʠʜʝʡ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ, ʧʦʩʚʷʱʸʥʥʳʭ: ʢʦʥʩʦʣʠʜʘʮʠʠ ʬʠʥʘʥʩʦʚʦʡ ʦʪʯʸʪʥʦʩʪʠ; ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ 

ʤʝʪʦʜʘʤ ʨʘʩʯʸʪʘ ʘʚʘʨʠʡʥʳʭ ʩʠʪʫʘʮʠʡ ʠ ʩʪʨʘʭʦʚʳʭ ʚʟʥʦʩʦʚ ʥʘ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ; ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʠ 

ʨʳʥʢʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ; ʧʨʠʤʝʥʝʥʠʷ ʤʦʪʠʚʘʮʠʦʥʥʳʭ ʬʘʢʪʦʨʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʣʘʩʪʝʨʦʚ ʚ 

ʵʢʦʥʦʤʠʢʝ; ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʢʘʧʠʪʘʣʘ; ʨʘʩʯʸʪʘ ʧʣʘʪʝʞʝʡ ʟʘ ʥʝʛʘʪʠʚʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʢʨʫʞʘʶʱʫʶ 

ʩʨʝʜʫ; ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʠʥʚʝʩʪʦʨʦʚ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʠ ʜʨ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʢʣʘʜʯʠʢʘʤʠ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ: 

- ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʬʦʨʤʘʣʴʥʦ-ʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ ʪ.ʯ. ʤʝʪʦʜʳ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʙʦʙʱʝʥʠʷ, 

ʠʥʜʫʢʪʠʚʥʳʡ ʠ ʜʝʜʫʢʪʠʚʥʳʡ ʤʝʪʦʜʳ, ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʧʦʥʷʪʠʡ ʠ ʘʨʛʫʤʝʥʪʘʮʠʷ; ʦʙʱʝʥʘʫʯʥʳʝ ʤʝʪʦʜʳ, ʚ ʪ.ʯ. 

ʥʘʙʣʶʜʝʥʠʷ, ʵʢʩʧʝʨʠʤʝʥʪʠʨʦʚʘʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʠ ʩʨʘʚʥʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ ʩʠʥʪʝʟʘ; ʘ ʪʘʢʞʝ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʚ 

ʪ.ʯ. ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʦʚʝʜʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʩʦʮʠʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʠ ʘʥʢʝʪʠʨʦʚʘʥʠʷ ʠ ʜʨ. 

- ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʨʠʩʢʦʚ; ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠʥʚʝʩʪʠʮʠʡ; 

ʬʠʥʘʥʩʦʚʦʛʦ ʘʥʘʣʠʟʘ; ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ; ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʫʜʠʪʘ; ʢʦʥʩʦʣʠʜʘʮʠʠ ʬʠʥʘʥʩʦʚʦʡ 

ʦʪʯʸʪʥʦʩʪʠ; ʨʝʡʪʠʥʛʦʚʦʡ ʦʮʝʥʢʠ; ʦʧʪʠʤʠʟʘʮʠʠ ʩʪʨʫʢʪʫʨʳ ʢʘʧʠʪʘʣʘ; ʨʘʩʯʸʪʘ ʧʣʘʪʝʞʝʡ ʟʘ ʟʘʛʨʷʟʥʝʥʠʝ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʜʨ. 

ʀʥʪʝʨʝʩʥʳʤ ʜʦʢʣʘʜʦʤ ʚ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʷʚʣʷʝʪʩʷ ʜʦʢʣʘʜ ɸ.ɺ. ʉʠʟʦʚʘ, ʘʩʧʠʨʘʥʪʘ ʀʥʩʪʠʪʫʪʘ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: 

çʉʫʧʝʨʚʘʡʟʠʥʛ ʢʘʢ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪ, ʫʩʣʫʛè. ɺ ʜʦʢʣʘʜʝ ʙʳʣʦ ʫʢʘʟʘʥʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʩʪʦʨʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʫʧʝʨʚʘʡʟʠʥʛʦʚʳʭ ʫʩʣʫʛ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʧʝʨʚʘʡʟʝʨʘ, ʦʩʥʦʚʥʳʝ ʮʝʣʠ ʠ ʟʘʜʘʯʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʧʝʨʚʘʡʟʝʨʘ, ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʥʦʨʤʘʪʠʚʥʦʡ ʧʨʘʚʦʚʦʡ ʙʘʟʳ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʫʧʝʨʚʘʡʟʝʨʘ, ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʦʛʦʚʦʨʘ ʥʘ ʦʢʘʟʘʥʠʝ 

ʩʫʧʨʝʚʘʡʟʠʥʛʦʚʳʭ ʫʩʣʫʛ. ʅʦʚʠʟʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʜʦʢʣʘʜʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʨʘʟʚʠʪʠʠ ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʟʘʮʠʠ 

ʩʫʧʝʨʚʘʡʟʠʥʛʘ. ʀʟ ʩʪʫʜʝʥʯʝʩʢʠʭ ʨʘʙʦʪ ʠʥʪʝʨʝʩʥʳ ʜʦʢʣʘʜʳ ʌʘʤ ɺʫ ɸʥʴ ʠ ʌʘʤ ʊʴʝʥʛ ʊʘʥʛ, ʩʪʫʜʝʥʪʦʚ ʀʥʩʪʠʪʫʪʘ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: 

çʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʨʫʧʧʳ çPETROVIETNAMèè ɺ ʜʦʢʣʘʜʝ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ ʘʥʘʣʠʟ 

ʩʪʨʫʢʪʫʨʳ ʥʝʬʪʝʛʘʟʦʚʦʡ ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ çPETROVIETNAMè, ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʡ 

ʛʨʫʧʧʳ ʢʦʤʧʘʥʠʡ çPETROVIETNAMè, ʧʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʩʪʨʫʢʪʫʨʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ ʢʦʤʧʘʥʠʠ, ʧʦ 

ʚʠʜʘʤ ʜʦʙʳʚʘʝʤʳʭ, ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʳʭ ʨʝʩʫʨʩʦʚ, ʨʳʥʢʫ ʠʭ ʩʙʳʪʘ. ʊʘʢʞʝ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ 

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʪʝʣʴʥʦʩʪʠ ʢʦʤʧʘʥʠʠ ʧʦ ʜʦʙʳʯʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ. ɼʘʥʘ ʦʮʝʥʢʘ 

ʧʝʨʩʧʝʢʪʠʚ ʨʘʟʚʠʪʠʷ ʢʦʤʧʘʥʠʠ ʚ ʨʝʛʠʦʥʝ ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. ʀʥʪʝʨʝʩ ʚʳʟʚʘʣ ʜʦʢʣʘʜ ɼ.ʉ. 
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ʈʦʞʢʦʚʦʡ ʠ ʀ.ɸ. ʍʘʜʢʝʚʠʯ, ʤʘʛʠʩʪʨʘʥʪʦʚ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʧʦ ʪʝʤʝ: çʕʢʦʥʦʤʠʯʝʩʢʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʦʨʙʝʥʪʦʚ ʥʘ 

ʦʩʥʦʚʝ ʪʦʨʬʦʚ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠè ʀʥʪʝʨʝʩʥʳ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 

ɻʣʘʚʥʳʤʠ ʨʘʙʦʯʠʤʠ ʷʟʳʢʘʤʠ ʥʘ ʩʠʤʧʦʟʠʫʤʝ ʙʳʣʠ ʨʫʩʩʢʠʡ, ʘʥʛʣʠʡʩʢʠʡ ʠ ʥʝʤʝʮʢʠʡ. ʇʦʩʢʦʣʴʢʫ ʯʘʩʪʴ 

ʜʦʢʣʘʜʦʚ ʫʯʘʩʪʥʠʢʘʤʠ ʜʝʣʘʣʘʩʴ ʥʘ ʘʥʛʣʠʡʩʢʦʤ ʠ ʥʝʤʝʮʢʦʤ ʷʟʳʢʘʭ, ʪʦ ʜʣʷ ʥʠʭ ʨʘʙʦʪʘʣʘ ʩʧʝʮʠʘʣʴʥʘʷ ʩʝʢʮʠʷ ï 

çɻʝʦʣʦʛʠʷ ʠ ʥʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦè ʩ ʜʚʫʤʷ ʧʦʜʩʝʢʮʠʷʤʠ, ʥʘ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ 82 ʜʦʢʣʘʜʘ 93 ʘʚʪʦʨʦʚ. ʅʘ 

ʦʪʢʨʳʪʠʠ ʜʘʥʥʦʡ ʩʝʢʮʠʠ ʚʳʩʪʫʧʠʣ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ɹʨʠʪʘʥʩʢʦʛʦ ʉʦʚʝʪʘ ï Harriot-Watt University. ʋʯʘʩʪʥʠʢʠ 

ʩʠʤʧʦʟʠʫʤʘ ʧʨʝʜʩʪʘʚʠʣʠ ʜʦʢʣʘʜʳ ʥʘ ʘʢʪʫʘʣʴʥʳʝ ʪʝʤʳ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ, ʜʦʣʦʞʠʚ 

ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘ ʪʘʢʞʝ ʜʘʣʠ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʥʦʚʝʡʰʠʤ ʪʝʭʥʦʣʦʛʠʷʤ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʤ ʜʝʣʝ, ʧʦʣʫʯʝʥʥʫʶ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʘʫʯʥʦʡ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠ ʣʠʪʝʨʘʪʫʨʳ ʥʘ ʥʝʤʝʮʢʦʤ 

ʷʟʳʢʝ. ʇʦʤʠʤʦ ʨʦʩʩʠʡʩʢʠʭ ʫʯʘʩʪʥʠʢʦʚ ʩ ʜʦʢʣʘʜʘʤʠ ʚʳʩʪʫʧʠʣʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʘʨʫʙʝʞʴʷ ï ʠʟ ʀʥʜʦʥʝʟʠʠ, 

ɺʴʝʪʥʘʤʘ, ɻʝʨʤʘʥʠʠ, ɸʥʛʣʠʠ. ɺ ʩʦʩʪʘʚʝ ʢʦʥʢʫʨʩʥʦʡ ʢʦʤʠʩʩʠʠ ʩʝʢʮʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣʠ ʩʧʝʮʠʘʣʠʩʪʳ, ʩʚʦʙʦʜʥʦ 

ʚʣʘʜʝʶʱʠʝ ʘʥʛʣʠʡʩʢʠʤ ʠ ʥʝʤʝʮʢʠʤ ʷʟʳʢʘʤʠ. ʆʥʠ ʦʪʤʝʪʠʣʠ, ʯʪʦ ʣʫʯʰʠʝ ʜʦʢʣʘʜʳ ʩʦʜʝʨʞʘʪ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʘʢʝʪʦʚ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʧʝʮʠʬʠʢʦʡ ʦʙʲʝʢʪʦʚ ʠʣʠ ʩʪʘʜʠʡ ʧʨʦʮʝʩʩʦʚ, ʧʦʜʚʝʨʛʘʶʱʠʭʩʷ ʘʥʘʣʠʟʫ. ɺ ʜʦʢʣʘʜʘʭ ʧʦ ʛʝʦʵʢʦʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ, 

ʙʠʦʛʝʦʭʠʤʠʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ, ʦʭʨʘʥʳ ʠ ʟʘʱʠʪʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʦʪʨʘʞʝʥʳ ʘʚʪʦʨʩʢʠʝ 

ʤʝʪʦʜʠʢʠ ʦʮʝʥʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʡ, ʯʪʦ ʚʦʩʧʦʣʥʷʝʪ ʧʨʦʙʣʝʤʳ ʚ ʨʝʰʝʥʠʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʧʨʦʙʣʝʤʳ ʦʙʲʝʢʪʠʚʥʦʡ ʠ ʧʦʣʥʦʡ ʦʮʝʥʢʠ ʫʨʦʚʥʷ ʟʘʛʨʷʟʥʝʥʠʷ ʫʨʙʘʥʠʟʠʨʦʚʘʥʥʳʭ, 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʭ ʠ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. ʇʦʣʫʯʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʨʪʫʪʠ ʚ 

ʧʳʣʝʘʵʨʦʟʦʣʷʭ ʠ ʧʦʯʚʘʭ, ʪʘʣʦʡ ʚʦʜʳ ʛʛ. ʊʦʤʩʢʘ ʠ ʛ.ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʘ(ʂʘʟʘʭʩʪʘʥ). ɺ ʥʝʢʦʪʦʨʳʭ ʜʦʢʣʘʜʘʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʨʛʘʥʘʭ 

ʠ ʪʢʘʥʷʭ ʯʝʣʦʚʝʢʘ, ʧʨʦʞʠʚʘʶʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʣʘʥʜʰʘʬʪʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʛʝʥʥʦ-ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ ʈʦʩʩʠʠ ʠ ʌʨʘʥʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʧʨʠ ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʚ ʮʝʣʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʙʦʣʝʚʘʝʤʦʩʪʠ ʠ ʦʟʜʦʨʦʚʣʝʥʠʷ ʥʘʩʝʣʝʥʠʷ. ɺ ʜʨʫʛʦʡ ʯʘʩʪʠ ʜʦʢʣʘʜʦʚ 

ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʩʧʦʩʦʙʳ ʩʥʠʞʝʥʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʙʲʝʢʪʳ ʦʢʨʫʞʘʶʱʝʡ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʳ. ɺ 

ʜʦʢʣʘʜʘʭ ʧʦ ʪʝʤʘʪʠʢʝ ʟʝʤʣʝʫʩʪʨʦʡʩʪʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʢʘʜʘʩʪʨʦʚʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʨʝʩʫʨʩʦʚ 

ʠ ʟʝʤʝʣʴʥʳʭ ʧʦʣʦʩ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʘʯʝʩʪʚʘ ʟʝʤʝʣʴʥʳʭ ʫʛʦʜʠʡ, ʜʘʥ ʘʥʘʣʠʟ ʧʨʘʚʦʚʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ 

ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʚʩʝʭ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʟʥʘʯʠʤʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʧʨʦʙ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɺ ʩʬʝʨʝ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʦʝʢʪʳ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʩʙʦʨʘ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ, ʘ ʪʘʢʞʝ ʚʳʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʩʦʙʳʭ ʪʠʧʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʇʨʝʜʣʦʞʝʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʢʘʚʝʨʥʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʨʫʰʝʥʠʝ 

ʫʩʪʴʝʚʦʡ ʟʦʥʳ, ʦʩʳʧʝʡ ʠ ʦʙʚʘʣʦʚ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʚ ʫʩʣʦʚʠʷʭ ʤʥʦʛʦʣʝʪʥʝʡ ʤʝʨʟʣʦʪʳ, ʨʘʟʨʘʙʦʪʘʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʜʣʷ ʙʫʨʦʚʳʭ ʧʨʦʤʳʚʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʝʜʠʥʦʚʨʝʤʝʥʥʦʝ ʩʦʙʣʶʜʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʠʪ ʠʟʙʝʞʘʪʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʨʫʛʘ ʧʨʦʙʣʝʤ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʩʫʨʦʚʳʤ ʢʣʠʤʘʪʦʤ ʠ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʬʝʨʝ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʚʳʩʠʪʴ ʥʘʜʝʞʥʦʩʪʴ 

ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʧʝʮʠʬʠʢʘʮʠʡ ʧʦ ʩʦʦʨʫʞʝʥʠʷʤ ʧʦʜʦʙʥʦʛʦ ʪʠʧʘ ʚ ʈʦʩʩʠʠ ʠ 

ʂʘʥʘʜʝ. ʅʝʢʦʪʦʨʳʝ ʜʦʢʣʘʜʳ ʥʦʩʷʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʢʨʦʧʦʪʣʠʚʦʡ ʨʘʙʦʪʳ ʩ 

ʦʙʨʘʟʮʘʤʠ ʧʦʨʦʜ ʠ ʦʢʘʤʝʥʝʣʦʩʪʝʡ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʟʥʘʯʠʤʳʭ ʜʣʷ ʧʘʣʝʦʥʪʦʣʦʛʠʠ. 

ʀʟ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʭ ʜʦʢʣʘʜʦʚ ʦʪʤʝʯʝʥ ʜʦʢʣʘʜ ɹ.ɺ. ʉʘʭʥʝʚʠʯʘ, ʤʘʛʠʩʪʨʘʥʪʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʥʘ ʪʝʤʫ çINCREASING 

THE EFFICIENCY OF TRADE GASOLINE BLENDING PROCESS USING COMPUTER MODELING SYSTEMè. ɺ 

ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʪʦʜʠʢʘ ʚʳʯʠʩʣʝʥʠʷ ʵʥʝʨʛʠʡ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʦʪ 

ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʦʪ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ 

ʙʦʣʝʝ ʪʦʯʥʫʶ, ʫʯʠʪʳʚʘʶʱʫʶ ʷʚʣʝʥʠʝ ʜʝʪʦʥʘʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ. ʀʥʪʝʨʝʩʝʥ ʪʘʢʞʝ ʜʦʢʣʘʜ ʄʆʅʂɸʄ ʄʆʅʂɸʄ ʃʝ ɻʨʘʥ ʂʣʦʚʠʩ, ʩʪʫʜʝʥʪʘ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʧʦ ʪʝʤʝ: çEXPERIMENTAL MODELING OF THE FLOW OF OIL-WATER EMULSIONS WITH POLYMER 

ADDITIVESè The article considers reduction of hydrodynamic resistance of turbulent flow of fluids being pumped  

through pipelines. Thus, this issue refers to a relevant in 21 century scientific research connected with energy 

conservation. The antiturbulent polymer-based additives are widely used at present for transport of dehydrated (single-

phase) oil through trunk pipeline, whereas there is no information about application of such additives for water-oil 

mixtures (two-phase system) through gathering pipelines. The laboratory investigations described in the article fill in this 

gap to some extent. ʀʥʪʝʨʝʩ ʚʳʟʚʘʣ ʪʘʢʞʝ ʜʦʢʣʘʜ ɸ.ʄ. ɻʦʨʰʢʦʚʘ, ʘʩʧʠʨʘʥʪʘ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ: çEffect of magnetic and ultrasound fields on process of petroleum 

asphaltenes aggregation in model systemè, ʚ ʢʦʪʦʨʦʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʯʠʩʣʝʥʠʝ ʵʥʝʨʛʠʡ ʜʠʩʩʦʮʠʘʮʠʠ ʤʦʣʝʢʫʣ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʳʭ ʙʝʥʟʠʥʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʦʪ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʘʛʥʠʪʥʳʭ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʧʦʣʝʡ. ʀʩʩʣʝʜʦʚʘʥʠʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʦʪ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʘʚʪʦʨʫ ʙʦʣʝʝ ʪʦʯʥʫʶ, ʫʯʠʪʳʚʘʶʱʫʶ 

ʷʚʣʝʥʠʝ ʜʝʪʦʥʘʮʠʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʨʘʩʯʝʪʘ ʦʢʪʘʥʦʚʳʭ ʯʠʩʝʣ ʜʣʷ ʧʨʦʮʝʩʩʘ ʢʦʤʧʘʫʥʜʠʨʦʚʘʥʠʷ ʪʦʚʘʨʥʳʭ 

ʙʝʥʟʠʥʦʚ. ɺ ʭʦʜʝ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʵʥʪʘʣʴʧʠʠ ʤʦʣʝʢʫʣ ʘʪʦʤʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʩʦʩʪʦʠʪ ʪʦʚʘʨʥʳʡ ʙʝʥʟʠʥ, ʧʨʠ ʩʪʘʥʜʘʨʪʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʝʤ ʣʝʛʯʝ 
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ʨʘʟʨʳʚʘʝʪʩʷ ʤʦʣʝʢʫʣʘ, ʪʝʤ ʤʝʥʴʰʝ ʦʢʪʘʥʦʚʦʝ ʯʠʩʣʦ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʛʣʝʚʦʜʦʨʦʜʳ, ʠʤʝʶʱʠʝ ʥʘʠʤʝʥʴʰʝʝ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʜʠʩʩʦʮʠʘʮʠʠ, ʦʙʣʘʜʘʶʪ ʥʘʠʤʝʥʴʰʝʡ ʜʝʪʦʥʘʮʠʦʥʥʦʡ ʩʪʦʡʢʦʩʪʴʶ. ʀʥʪʝʨʝʩʥʳ ʠ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʤʢʘʭ ʩʠʤʧʦʟʠʫʤʘ ʙʳʣ ʧʨʦʚʝʜʝʥ çʂʨʫʛʣʳʡ ʩʪʦʣè ʧʦ ʪʝʤʝ: çʄʦʣʦʜʝʞʥʳʝ ʥʘʫʯʥʳʝ 

ʦʙʲʝʜʠʥʝʥʠʷ. ɺʦʟʤʦʞʥʦʩʪʠ. ʇʨʦʙʣʝʤʳ. ʇʝʨʩʧʝʢʪʠʚʳè. ʇʨʦʙʣʝʤʳ, ʧʦʜʥʷʪʳʝ ʥʘ çʂʨʫʛʣʦʤ ʩʪʦʣʝè, ʘʢʪʫʘʣʴʥʳ ʜʣʷ 

ʨʘʟʚʠʪʠʷ ʠ ʙʫʜʫʱʝʛʦ ʈʦʩʩʠʠ, ʧʦʵʪʦʤʫ ʦʥʠ ʚʳʟʚʘʣʠ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʫ ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ. ʆʪʢʨʳʣ ʝʛʦ ʠ ʚʝʣ ʧʨʦʬʝʩʩʦʨ, ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ɻʝʦʵʢʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʧʨʦʬʝʩʩʦʨ ɽ.ɻ. ʗʟʠʢʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʜʦʢʣʘʜʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʥʘʫʯʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʠ 

ʜʦʣʦʞʝʥʳ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʠʤʝʶʱʠʤʠ ʙʦʣʴʰʦʡ ʦʧʳʪ ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ɹʦʣʴʰʦʡ 

ʠʥʪʝʨʝʩ ʚʳʟʚʘʣʠ ʧʦʯʪʠ ʚʩʝ ʧʨʦʯʠʪʘʥʥʳʝ ʜʦʢʣʘʜʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʩʝʪ ʙʦʣʴʰʫʶ ʠ ʠʥʪʝʨʝʩʥʫʶ ʠʥʬʦʨʤʘʮʠʶ 

ʜʦʢʣʘʜ ɽ.ʀ. ʂʦʨʦʪʢʦʚʦʡ, ʧʨʦʬʝʩʩʦʨʘ, ʟʘʤʝʩʪʠʪʝʣʷ ʜʠʨʝʢʪʦʨʘ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ: çʇʫʪʠ 

ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʚ ʚʫʟʘʭ ʈʦʩʩʠʠè ʀʥʪʝʨʝʩʝʥ ʜʦʢʣʘʜ ʠ ʧʦʜʥʷʪʳʝ ʚ ʥʝʤ ʧʨʦʙʣʝʤʳ ɽ.ɻ. ʗʟʠʢʦʚʘ, 

ʧʨʦʬʝʩʩʦʨʘ, ʟʘʚʝʜʫʶʱʝʛʦ ʢʘʬʝʜʨʦʡ ɻʕɻʍ ʀʇʈ ʊʇʋ: çʇʫʪʠ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷè. ʇʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʊʇʋ ɸ.ʂ, ʄʘʟʫʨʦʚ ʦʩʚʷʪʠʣ ʩʦʚʨʝʤʝʥʥʳʝ ʚʦʧʨʦʩʳ ʧʨʦʮʝʜʫʨʳ 

ʘʢʢʨʝʜʠʪʘʮʠʠ, ʩʝʨʪʠʬʠʢʘʮʠʠ ʠ ʣʠʮʝʥʟʠʨʦʚʘʥʠʷ ʛʝʦʥʘʫʢʠ ʚ ʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ. ɼʦʮʝʥʪ ʂ.ʅ. ʊʨʝʪʴʷʢʦʚ ʧʦʩʚʷʪʠʣ 

ʩʚʦʡ ʜʦʢʣʘʜ ʚʦʧʨʦʩʘʤ ʤʦʣʦʜʝʞʥʳʭ ʥʘʫʯʥʳʭ ʩʦʦʙʱʝʩʪʚ ʚ ʚʫʟʝ ʩʝʛʦʜʥʷ: ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ. ʀʥʪʝʨʝʩʥʳʡ 

ʜʦʢʣʘʜ ʩʜʝʣʘʣ ʃ.ʇ. ʈʠʭʚʘʥʦʚ, ʧʨʦʬʝʩʩʦʨ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʧʦʜʝʣʠʚʰʠʡʩʷ ʤʥʦʛʦʣʝʪʥʠʤ 40-

ʣʝʪʥʠʤ ʦʧʳʪʦʤ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʯʝʩʢʦʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ (ʉʅʀʃ) çʃʫʯè, ʦʩʥʦʚʘʥʥʦʡ 

ʠʤ ʝʱʝ ʚ ʘʩʧʠʨʘʥʪʩʢʠʝ ʛʦʜʳ 40 ʣʝʪ ʥʘʟʘʜ ʠ ʫʩʧʝʰʥʦ ʨʘʙʦʪʘʶʱʝʡ ʜʦ ʩʠʭ ʧʦʨ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ. ʆʥ 

ʧʦʜʯʝʨʢʥʫʣ ʦ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠ ʧʨʦʙʣʝʤʘʭ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʦʙʲʝʜʠʥʝʥʠʡ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʆ ʧʫʪʷʭ, 

ʥʘʧʨʘʚʣʝʥʠʷʭ ʠ ʧʨʦʙʣʝʤʘʭ ʨʘʟʚʠʪʠʷ ʤʦʣʦʜʝʞʥʦʡ ʥʘʫʢʠ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʚʫʟʝ, ʧʦʜʝʣʠʣʘʩʴ ʚ ʩʚʦʝʤ ʜʦʢʣʘʜʝ ʟʘʤ. 

ʥʘʯʘʣʴʥʠʢʘ ʥʘʫʯʥʦʛʦ ʦʪʜʝʣʘ ʀʇʈ ʊʇʋ, ʜʦʮʝʥʪ ɻ.ʄ. ʀʚʘʥʦʚʘ. ɹʦʣʴʰʫʶ ʜʠʩʢʫʩʩʠʶ ʚʳʟʚʘʣ ʜʦʢʣʘʜ ʘʩʩʠʩʪʝʥʪʘ 

ʀʇʈ, ʥʘʫʯʥʦʛʦ ʨʫʢʦʚʦʜʠʪʝʣʷ ʄʅʆ çʉʠʥʝʨʛʠʷè ɸ.ɺ. ɽʧʠʭʠʥʘ, ʧʦ ʪʝʤʝ:  çʂʪʦ ʥʘʤ ʥʫʞʝʥ: ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʩʧʝʮʠʘʣʠʩʪ, ʠʥʞʝʥʝʨ ʠʣʠ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ? ʂʦʛʦ ʛʦʪʦʚʠʪ ʚʫʟ ʩʝʛʦʜʥʷ?è. ʆʯʝʥʴ ʠʥʪʝʨʝʩʥʳʡ ʜʦʢʣʘʜ ʩʜʝʣʘʣʘ 

ʜʦʮʝʥʪ ʊ.ɸ. ɻʘʡʜʫʢʦʚʘ çʇʨʝʝʤʩʪʚʝʥʥʦʩʪʴ ʧʦʢʦʣʝʥʠʡ ʚ 50-ʣʝʪʥʠʡ ʶʙʠʣʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʤʦʣʦʜʝʞʥʦʛʦ ʥʘʫʯʥʦʛʦ 

ʦʙʲʝʜʠʥʝʥʠʷ çʌʘʢʝʣè ʀʇʈ ʊʇʋ. ɺʩʝʛʦ ʙʳʣʦ ʟʘʩʣʫʰʘʥʦ 20 ʜʦʢʣʘʜʦʚ. ʀʥʪʝʨʝʩʥʳ, ʘʢʪʫʘʣʴʥʳ ʠ ʜʨʫʛʠʝ ʜʦʢʣʘʜʳ 

ʂʨʫʛʣʦʛʦ ʩʪʦʣʘ. ʈʘʚʥʦʜʫʰʥʳʭ ʚʳʩʪʫʧʘʶʱʠʭ ʠ ʩʣʫʰʘʪʝʣʝʡ ʥʝ ʙʳʣʦ, ʜʠʩʢʫʩʩʠʠ ʚʝʣʠʩʴ ʦʞʠʚʣʝʥʦ ʠ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʦ. ʇʨʝʜʣʦʞʝʥʠʷ, ʚʳʨʘʙʦʪʘʥʥʳʝ ʥʘ çʂʨʫʛʣʦʤ ʩʪʦʣʝè ʙʳʣʦ ʨʝʰʝʥʦ ʜʦʚʝʩʪʠ ʜʦ ʨʫʢʦʚʦʜʩʪʚʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʩʠʤʧʦʟʠʫʤʘ ʥʘ ʩʝʢʮʠʷʭ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʩʨʝʜʩʪʚʘ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʥʘʫʯʥʳʭ ʨʘʙʦʪ: ʤʫʣʴʪʠʤʝʜʠʡʥʳʡ ʧʨʦʝʢʪʦʨ, ʢʦʤʧʴʶʪʝʨʥʳʡ ʧʨʦʝʢʪʦʨ, ʥʦʫʪʙʫʢ, ʛʨʘʬʦʧʨʦʝʢʪʦʨ, 

ʧʨʦʛʨʘʤʤʘ ʜʣʷ ʧʨʝʟʝʥʪʘʮʠʡ çPowerpointè, ʦʚʝʨʭʝʜ, ʧʨʦʝʢʪʦʨ çʇʦʣʠʣʶʢʩè, ʜʝʤʦʥʩʪʨʘʮʠʦʥʥʦʝ ʩʨʝʜʩʪʚʦ çʃʝʢʪʦʨ 

2000è, ʚʠʜʝʦʧʨʦʝʢʪʦʨʳ, ʜʠʘʧʨʦʝʢʪʦʨʳ, ʧʨʦʝʢʪʦʨ Nec 595VT, ʦʧʪʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ ʚ ʨʝʞʠʤʝ Power Point, 

ʠʥʪʝʨʘʢʪʠʚʥʘʷ ʜʦʩʢʘ Hitachi, ʚʠʜʝʦ-ʩʪʝʥʘ 3-D ʚʠʟʫʘʣʠʟʘʮʠʠ, ʧʣʘʟʤʝʥʥʳʡ ʵʢʨʘʥ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʜʝʤʦʥʩʪʨʘʮʠʠ ʩʘʤʳʝ ʧʦʩʣʝʜʥʠʝ ʚʝʨʩʠʠ ʧʦʧʫʣʷʨʥʦʛʦ ʧʘʢʝʪʘ ʧʨʦʛʨʘʤʤ MS Office, Corel Draw, Arc View, MapInfo 

ʠ ʜʨʫʛʠʭ ʥʦʚʝʡʰʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ. ʅʝʢʦʪʦʨʳʝ ʜʦʢʣʘʜʳ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʧʦʢʘʟʦʤ ʬʠʣʴʤʦʚ ʩʦʙʩʪʚʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ.  

ʋʯʠʪʳʚʘʷ ʬʠʥʘʥʩʦʚʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʩʪʨʘʥʝ, ʨʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʚ ʮʝʣʷʭ ʧʦʜʜʝʨʞʢʠ ʥʘʫʯʥʦʡ 

ʤʦʣʦʜʝʞʠ ʧʨʠʥʷʣʘ ʨʝʰʝʥʠʝ ʦʧʫʙʣʠʢʦʚʘʪʴ ʤʘʪʝʨʠʘʣʳ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʦʢʣʘʜʦʚ. ʂʨʠʪʝʨʠʝʤ ʦʪʙʦʨʘ 

ʩʣʫʞʠʣʠ ʣʠʰʴ ʩʦʜʝʨʞʘʥʠʝ ʜʦʢʣʘʜʦʚ, ʠʭ ʥʘʫʯʥʘʷ ʥʦʚʠʟʥʘ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʠ ʚʦʟʨʘʩʪ ʘʚʪʦʨʦʚ. 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʠʤʧʦʟʠʫʤʘ ʥʘʜʝʝʪʩʷ, ʯʪʦ ʧʫʙʣʠʢʫʝʤʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʪ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʳʤ 

ʯʠʪʘʪʝʣʷʤ ʧʦʣʫʯʠʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʫʨʦʚʥʝ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨ, 

ʚʳʧʦʣʥʷʝʤʳʭ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ, ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʤʦʣʦʜʳʤʠ ʘʚʪʦʨʘʤʠ ʠʜʝʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʚ ʩʚʦʝʡ 

ʥʘʫʯʥʦʡ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʫʙʣʠʢʘʮʠʷ ʪʨʫʜʦʚ ʢʘʞʜʦʡ ʩʝʢʮʠʠ ʦʪʢʨʳʚʘʝʪʩʷ 

ʧʨʦʙʣʝʤʥʳʤ ʜʦʢʣʘʜʦʤ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʢʘʞʜʦʡ ʢʦʥʢʨʝʪʥʦʡ ʩʝʢʮʠʠ. 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʯʠʪʘʝʪ, ʯʪʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʝ ʜʦʢʣʘʜʳ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʙʫʜʫʪ ʧʦʣʝʟʥʳ ʠ ʠʥʪʝʨʝʩʥʳ 

ʩʪʫʜʝʥʪʘʤ ʠ ʘʩʧʠʨʘʥʪʘʤ, ʚʝʜʫʱʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʳʭ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ ʩʠʤʧʦʟʠʫʤʘ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʨʝʢʪʦʨ ʊʇʋ, ʧʨʦʬʝʩʩʦʨ ʇ.ʉ. ʏʫʙʠʢ), ʨʫʢʦʚʦʜʩʪʚʫ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʊʇʋ (ʜʠʨʝʢʪʦʨ ʀʇʈ ʊʇʋ, ɸ.ʖ. ɼʤʠʪʨʠʝʚ), ʬʠʥʘʥʩʦʚʘʷ ʧʦʜʜʝʨʞʢʘ ʢʦʪʦʨʳʭ ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ 

ʧʨʦʚʝʜʝʥʠʶ ʩʠʤʧʦʟʠʫʤʘ ʠ ʧʫʙʣʠʢʘʮʠʠ ʜʘʥʥʦʛʦ ʩʙʦʨʥʠʢʘ. 

 
ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ XVIII ʩʠʤʧʦʟʠʫʤʘ, ʜʦʮʝʥʪ, ʢʘʥʜʠʜʘʪ ʛʝʦʣ.-ʤʠʥ.ʥʘʫʢ ï ɻ.ʄ. ʀʚʘʥʦʚʘ 

 

 

 



ʇʆʉɺʗʑɸɽʊʉʗ 
115-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ ɸʂɸɼɽʄʀʂɸ ʂ.ʀ. ʉɸʊʇɸɽɺɸ, 

 120-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ ʏʃɽʅɸïʂʆʈʈɽʉʇʆʅɼɽʅʊɸ ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʉʉʉʈ 
ʇʈʆʌɽʉʉʆʈɸ ʌ.ʅ. ʐɸʍʆɺɸ 

 

ʇʃɽʅɸʈʅʓɽ ɼʆʂʃɸɼʓ 

 
ʊʇʋ ï ʂʈʋʇʅʓʁ ʅɸʋʏʅʆ-ʆɹʈɸɿʆɺɸʊɽʃʔʅʓʁ ʎɽʅʊʈ: ɺʏɽʈɸ, ʉɽɻʆɼʅʗ, 

ɿɸɺʊʈɸ 
ʇ.ʉ. ʏʫʙʠʢ, ʧʨʦʬʝʩʩʦʨ, ʨʝʢʪʦʨ ʊʇʋ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 7 ʤʘʷ 2012 ʛ. ˉ 599 çʆ ʤʝʨʘʭ ʧʦ ʨʝʘʣʠʟʘʮʠʠ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʦʡ ʧʦʣʠʪʠʢʠ ʚ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠè ʇʨʘʚʠʪʝʣʴʩʪʚʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʧʦʨʫʯʘʝʪʩʷ ʦʙʝʩʧʝʯʠʪʴ:  

¶ ʨʘʟʨʘʙʦʪʢʫ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʜʦ ʢʦʥʮʘ ʦʢʪʷʙʨʷ 2012 ʛ. ʧʣʘʥʘ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ 

ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ.  

¶ ɺʭʦʞʜʝʥʠʝ ʢ 2020 ʛʦʜʫ ʥʝ ʤʝʥʝʝ ʧʷʪʠ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ 

ʧʝʨʚʫʶ ʩʦʪʥʶ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʦʛʣʘʩʥʦ ʤʠʨʦʚʦʤʫ ʨʝʡʪʠʥʛʫ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ.  

¶ ɺʦ ʠʩʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʋʢʘʟʘ ʇʨʝʟʠʜʝʥʪʘ ʇʨʘʚʠʪʝʣʴʩʪʚʦ ʈʦʩʩʠʡʩʢʦʡ 

ʌʝʜʝʨʘʮʠʠ  

¶ ʫʪʚʝʨʜʠʣʦ:  

¶ ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʦʪ 22 ʥʦʷʙʨʷ 2012 ʛ. ˉ 2148ʨ ï ʛʦʩʫʜʘʨʩʪʚʝʥʥʫʶ 

ʧʨʦʛʨʘʤʤʫ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ çʈʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʥʠʷè ʥʘ 2013-2020 ʛʦʜʳ. 

ʇʨʦʛʥʦʟʠʨʫʝʤʳʡ ʦʙʲʝʤ ʬʠʥʘʥʩʦʚʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʟʘ ʩʯʝʪ ʩʨʝʜʩʪʚ 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʩʦʩʪʘʚʠʪ ʦʢʦʣʦ 4 ʪʨʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ. ʇʨʠ ʵʪʦʤ ʝʞʝʛʦʜʥʳʝ 

ʟʘʪʨʘʪʳ ʙʶʜʞʝʪʘ ʚʦʟʨʘʩʪʫʪ ʩ 446 ʤʠʣʣʠʘʨʜʦʚ ʨʫʙʣʝʡ ʚ 2013 ʛ. ʜʦ 631 ʤʠʣʣʠʘʨʜʘ ʚ 

2020. ʂʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʡ ʙʶʜʞʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʝʨʠʦʜ ʜʦ 2015 ʛ. ʧʣʘʥʠʨʫʝʪʩʷ ʚ 

ʩʫʤʤʝ ʦʢʦʣʦ 8 ʪʨʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ, ʘ ʧʨʦʛʥʦʟ ʥʘ 2016 ʠ 2020 ʛ. ï ʩʚʳʰʝ 20 ʪʨʠʣʣʠʦʥʦʚ. 

ʅʘ ʧʦʜʜʝʨʞʢʫ ʧʨʦʛʨʘʤʤ ʨʘʟʚʠʪʠʷ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʧʨʘʚʠʪʴ 54,4 ʤʣʨʜ. ʨʫʙ.  

¶ ʈʘʩʧʦʨʷʞʝʥʠʝʤ ʦʪ 29 ʦʢʪʷʙʨʷ 2012 ʛ. ˉ 2006-ʨ - ʧʣʘʥ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʚʝʜʫʱʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ ʧʦʚʳʰʝʥʠʝ ʠʭ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʩʨʝʜʠ ʚʝʜʫʱʠʭ ʤʠʨʦʚʳʭ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦ ʧʦʜʛʦʪʦʚʢʝ ʛʣʦʙʘʣʴʥʦ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ (ʜʘʣʝʝ ʜʣʷ 

ʢʨʘʪʢʦʩʪʠ ï ʵʣʠʪʥʳʭ), ʩʦʟʜʘʶʱʠʭ ʠ ʚʥʝʜʨʷʶʱʠʭ ʫʥʠʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʧʨʦʜʫʢʪʳ. ʇʦʜʛʦʪʦʚʢʘ ʪʘʢʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʚʦʟʤʦʞʥʘ ʙʝʟ ʧʨʦʚʝʜʝʥʠʷ ʧʝʨʝʜʦʚʳʭ (ʧʨʦʨʳʚʥʳʭ) ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ʊʨʝʥʜʳ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʬʝʨʝ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʨʝʥʜʳ.  

ʄʠʨʦʚʳʝ ʪʨʝʥʜʳ:  

¶ ʛʣʦʙʘʣʠʟʘʮʠʷ ʨʳʥʢʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʪʨʫʜʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʩʪʫʱʘʷ ʢʦʥʢʫʨʝʥʮʠʷ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʚ ʙʦʨʴʙʝ ʟʘ ʨʳʥʢʠ ʥʘʫʯʥʳʭ ʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʠ ʧʨʠʟʥʘʥʠʝ ʢʦʤʧʝʪʝʥʮʠʡ ʚʳʧʫʩʢʥʠʢʦʚ;  

¶ ʧʨʘʛʤʘʪʠʟʘʮʠʷ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʦʨʠʝʥʪʘʮʠʷ ʠʭ ʥʘ ʟʘʧʨʦʩʳ ʵʢʦʥʦʤʠʢʠ ʠ ʦʙʱʝʩʪʚʘ: 

ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʨʘʙʦʪʦʜʘʪʝʣʷʤʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʯʝʥʠʷ, ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʥʝʟʘʚʠʩʠʤʳʭ 

ʮʝʥʪʨʦʚ, ʩʝʨʪʠʬʠʢʘʮʠʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʚʳʧʫʩʢʥʠʢʦʚ; ʢʦʨʧʦʨʘʪʠʚʥʳʡ ʟʘʢʘʟ ʥʘ ʧʦʜʛʦʪʦʚʢʫ 

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʦʤʘʥʜ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʧʨʠʦʨʠʪʝʟʘʮʠʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʨʳʥʢʘ ʠ ʜʨ.;  

¶ ʮʠʬʨʦʚʠʟʘʮʠʷ ʦʙʨʘʟʦʚʘʥʠʷ: ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʢʨʳʪʳʭ (ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʠʨʦʚʦʡ) 

ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʩʨʝʜ (ʆʀʆʉ), ʩʠʤʫʣʷʪʦʨʳ ʠ ʚʠʨʪʫʘʣʴʥʦʝ ʦʙʫʯʝʥʠʝ, ʧʝʨʩʦʥʘʣʠʟʘʮʠʷ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʪʨʘʝʢʪʦʨʠʡ, ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ ʠ ʜʨ.  

ʈʦʩʩʠʡʩʢʠʝ ʪʨʝʥʜʳ:  

¶ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʣʘʩʪʝʨʘ ʚʝʜʫʱʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ (ʄɻʋ, ʉʇʙɻʋ, ʬʝʜʝʨʘʣʴʥʳʝ ʠ ʥʘʮʠʦʥʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʫʥʠʚʝʨʩʠʪʝʪʳ);  

¶ ʫʩʠʣʝʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩ ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ ʠ ʥʘʫʢʦʡ:  

¶ ʨʝʟʢʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʢʦʥʢʫʨʝʥʪʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʩʪʦʣʠʯʥʳʭ (ʄʦʩʢʚʘ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ) ʚʫʟʦʚ 

ʚʩʣʝʜʩʪʚʠʝ  

¶ ʩʪʠʨʘʥʠʷ ʜʣʷ ʘʙʠʪʫʨʠʝʥʪʦʚ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʭ ʙʘʨʴʝʨʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʚʝʜʝʥʠʷ ɽɻʕ.  

ʇʝʨʝʯʠʩʣʝʥʥʳʝ ʚʳʰʝ ʪʨʝʥʜʳ ʦʧʨʝʜʝʣʷʶʪ ʦʩʥʦʚʥʳʝ ʚʳʟʦʚʳ, ʩʪʦʷʱʠʝ ʧʝʨʝʜ ʦʪʝʯʝʩʪʚʝʥʥʦʡ 

ʩʠʩʪʝʤʦʡ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ (ɺʇʆ):  

¶ ʚʩʪʫʧʣʝʥʠʝ ʈʦʩʩʠʠ ʚ ɺʊʆ ʠ ʥʘʨʘʩʪʘʶʱʝʝ ʜʘʚʣʝʥʠʝ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʢʫʨʝʥʮʠʠ ʟʘ ʨʳʥʢʠ ʠ 

ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ;  

ʇ.ʉ. ʏʫʙʠʢ, ʨʝʢʪʦʨ 

ʊʇʋ  



 

 

27 

 
ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 

¶ ʩʣʘʙʘʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʦʚ 

(ʵʣʠʪʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʫʯʥʳʝ 

ʨʘʟʨʘʙʦʪʢʠ) ʩʦ ʩʪʦʨʦʥʳ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ 

ʵʢʦʥʦʤʠʢʠ;  

¶ ʤʘʩʩʦʚʠʟʘʮʠʷ ʚʳʩʰʝʛʦ 

ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʳʩʦʢʘʷ ʜʠʩʧʝʨʩʠʷ ʢʘʯʝʩʪʚʘ 

ʰʢʦʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʚʫʟʳ;  

¶ ʥʠʟʢʠʡ ʢʦʥʢʫʨʩ ʥʘ 

ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʠ.  

ʆʪʚʝʪʘʤʠ ʥʘ ʥʠʭ ʩʦ ʩʪʦʨʦʥʳ 

ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʜʦʣʞʥʳ ʩʪʘʪʴ:  

¶ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʠʟʥʘʥʠʷ 

ʨʦʩʩʠʡʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʫʪʝʤ ʧʦʜʛʦʪʦʚʢʠ ʵʣʠʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ;  

¶ ʬʠʥʘʥʩʦʚʘʷ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʘʷ ʧʦʜʜʝʨʞʢʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ (ʇʅʈ) ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ;  

¶ ʛʝʥʝʨʘʮʠʷ ʥʦʚʳʭ ʧʨʦʨʳʚʥʳʭ ʟʥʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ;  

¶ ʧʝʨʝʭʦʜ ʦʪ çʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʚʩʶ ʞʠʟʥʴè ʢ çʦʙʨʘʟʦʚʘʥʠʶ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠè;  

¶ ʧʦʜʜʝʨʞʢʘ ʠ ʨʘʟʚʠʪʠʝ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʩʪʠ, ʠʥʪʝʛʨʘʮʠʠ ʩ ʈɸʅ ʠ ʜʨʫʛʠʤʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʤʠ 

ʘʢʘʜʝʤʠʷʤʠ, ʨʝʘʣʴʥʳʤ ʩʝʢʪʦʨʦʤ ʵʢʦʥʦʤʠʢʠ;  

¶ ʨʘʟʚʠʪʠʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ: ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʩʪʘʞʠʨʦʚʢʠ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʧʨʘʢʪʠʢʠ ʩʪʫʜʝʥʪʦʚ, ʫʯʘʩʪʠʝ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʚ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʧʨʦʮʝʩʩʝ, 

ʟʘʢʘʟʳ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʥʦʚʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ ʢʘʬʝʜʨʳ ʠ ʣʘʙʦʨʘʪʦʨʠʠ, ʧʦʩʪʦʷʥʥʳʡ 

ʤʦʥʠʪʦʨʠʥʛ ʪʨʝʙʦʚʘʥʠʡ ʨʘʙʦʪʦʜʘʪʝʣʝʡ ʢ ʢʦʤʧʝʪʝʥʮʠʷʤ ʚʳʧʫʩʢʥʠʢʦʚ, ʢʦʨʧʦʨʘʪʠʚʥʳʝ çʨʘʩʧʨʝʜʝʣʝʥʠʷè ʠ ʜʨ.;  

¶ ʧʨʦʜʚʠʞʝʥʠʝ ʣʠʜʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʛʨʫʧʧʫ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ.  

 

ʇʨʦʛʨʘʤʤʘ ʨʘʟʚʠʪʠʷ ʊʇʋ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʊʇʋ), ʩ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ 

ʫʯʨʝʞʜʝʥʠʷ ʚ 1896 ʛ. ʀʤʧʝʨʘʪʦʨʦʤ ʅʠʢʦʣʘʝʤ II ʢʘʢ ʊʦʤʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʠʥʞʝʥʝʨʦʚ ʠ ʧʦ ʩʝʡ ʜʝʥʴ, ʷʚʣʷʝʪʩʷ ʢʫʟʥʠʮʝʡ ʠʥʞʝʥʝʨʥʳʭ ʠ ʥʘʫʯʥʳʭ ʢʘʜʨʦʚ ʠ ʦʜʥʠʤ ʠʟ ʣʠʜʝʨʦʚ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ 

ʠʥʞʝʥʝʨʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ. ɺʤʝʩʪʝ ʩʦ ʩʪʨʘʥʦʡ ʚʫʟ ʧʝʨʝʞʠʣ ʜʚʝ ʚʦʣʥʳ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ: çʠʤʧʝʨʩʢʫʶè ʠ 

çʩʦʚʝʪʩʢʫʶè. ʀ ʥʝ ʧʨʦʩʪʦ ʧʝʨʝʞʠʣ ï ʦʥ ʙʳʣ ʛʝʥʝʨʘʪʦʨʦʤ ʥʦʚʳʭ ʢʘʜʨʦʚ ʠ ʟʥʘʥʠʡ, ʧʨʠʚʦʜʠʚʰʠʭ ʚ ʜʚʠʞʝʥʠʝ 

ʤʝʭʘʥʠʟʤ ʤʥʦʛʦʦʪʨʘʩʣʝʚʦʡ ʵʢʦʥʦʤʠʢʠ ʉʠʙʠʨʠ ʠ ʚ ʥʝʤʘʣʦʡ ʩʪʝʧʝʥʠ - ʚʩʝʡ ʩʪʨʘʥʳ. ʉʝʛʦʜʥʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʡ 

ʩʦʣʠʜʥʳʡ ʚʦʟʨʘʩʪ, ʫʥʠʚʝʨʩʠʪʝʪ ʬʦʨʤʠʨʫʝʪ ʠ ʚʦʧʣʦʱʘʝʪ ʚ ʞʠʟʥʴ ʩʦʚʨʝʤʝʥʥʫʶ ʩʪʨʘʪʝʛʠʶ ʨʘʟʚʠʪʠʷ ʚʳʩʰʝʡ 

ʠʥʞʝʥʝʨʥʦʡ ʠ ʥʘʫʯʥʦʡ ʰʢʦʣʳ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʠ ʠ ʠʥʪʝʛʨʘʮʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʧʨʘʢʪʠʢʠ, ʠ ʧʦʜʛʦʪʦʚʢʝ ʠʥʞʝʥʝʨʥʦʡ ʠ ʥʘʫʯʥʦʡ ʵʣʠʪʳ.  

ɺʢʣʘʜ ʚʫʟʘ ʚ ʨʘʟʚʠʪʠʝ ʥʘʫʢʠ, ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʦʪʤʝʯʝʥ ʦʨʜʝʥʘʤʠ ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ 

ɿʥʘʤʝʥʠ (1940) ʠ ʆʢʪʷʙʨʴʩʢʦʡ ʨʝʚʦʣʶʮʠʠ (1971). ɺ 1997 ʛ. ʋʢʘʟʦʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʊʇʋ 

ʚʢʣʶʯʝʥ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʩʚʦʜ ʦʩʦʙʦ ʮʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʥʘʨʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

ɺ 2009 ʛ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʙʝʜʳ ʚ ʢʦʥʢʫʨʩʝ ʊʦʤʩʢʦʤʫ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤʫ ʫʩʪʘʥʦʚʣʝʥʘ ʢʘʪʝʛʦʨʠʷ çʅʘʮʠʦʥʘʣʴʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè. ɺ 2013 ʛ. ʊʇʋ ʚʦʰʝʣ ʚ ʯʠʩʣʦ 15 ʚʝʜʫʱʠʭ ʨʦʩʩʠʡʩʢʠʭ ʚʫʟʦʚ-ʧʦʙʝʜʠʪʝʣʝʡ 

ʢʦʥʢʫʨʩʘ ʥʘ ʧʦʣʫʯʝʥʠʝ ʛʦʩʧʦʜʜʝʨʞʢʠ ʥʘ ʧʨʦʜʚʠʞʝʥʠʝ ʚ ʯʠʩʣʦ ʣʫʯʰʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʤʠʨʘ. ʅʘʯʠʥʘʷ ʩ 1991 ʛ., 

ʊʇʋ ʩʪʨʦʠʪ ʩʚʦʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ ʨʘʟʚʠʪʠʷ ʥʘ ʩʨʝʜʥʝʩʨʦʯʥʫʶ 

ʧʝʨʩʧʝʢʪʠʚʫ. ɺ ʦʪʚʝʪ ʥʘ ʟʘʜʘʯʠ ʧʦ ʥʦʚʦʡ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʩʪʨʘʥʳ ʠ ʨʘʟʚʠʪʠʶ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʩʪʘʚʣʝʥʥʳʝ 

ʇʨʝʟʠʜʝʥʪʦʤ ʠ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʊʇʋ ʥʘ 2013-

2020 ʛʛ. ʢʘʢ ʚʝʜʫʱʝʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  

ɻʣʦʙʘʣʴʥʘʷ ʮʝʣʴ ʇʨʦʛʨʘʤʤʳ:  

ʈʘʟʚʠʪʠʝ ʊʇʋ ʢʘʢ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʠ ʮʝʥʪʨʘ ʧʦʜʛʦʪʦʚʢʠ ʠʥʞʝʥʝʨʥʦʡ 

ʠ ʥʘʫʯʥʦʡ ʵʣʠʪʳ, ʫʩʧʝʰʥʦ ʧʦʟʠʮʠʦʥʠʨʫʶʱʝʛʦʩʷ ʚ ʤʠʨʦʚʳʭ ʨʝʡʪʠʥʛʘʭ.  

ʉʠʩʪʝʤʘ ʮʝʣʝʡ ʇʨʦʛʨʘʤʤʳ:  

1. ʀʩʩʣʝʜʦʚʘʥʠʷ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ; 2. ɺʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʝʜʦʩʪʘʚʣʷʝʤʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʩʣʫʛ ʧʨʠ 

ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʞʝʥʝʨʥʦʡ ʵʣʠʪʳ ʜʣʷ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ; 3. 

ʉʦʮʠʘʣʴʥʘʷ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʝʨʝʜ ʦʙʱʝʩʪʚʦʤ; 4. ʆʙʝʩʧʝʯʝʥʠʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝʦʙʭʦʜʠʤʳʤʠ ʨʝʩʫʨʩʘʤʠ; 5. 

ʇʨʦʜʚʠʞʝʥʠʝ ʚ top - 100 ʤʠʨʦʚʳʭ ʨʝʡʪʠʥʛʦʚ ʫʥʠʚʝʨʩʠʪʝʪʦʚ.  

 

ʅʘʫʯʥʳʡ ʬʫʥʜʘʤʝʥʪ ʧʨʦʛʨʘʤʤʳ ʨʘʟʚʠʪʠʷ ʊʇʋ-ʵʪʦ ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʥʘʫʯʥʳʝ ʰʢʦʣʳ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩ ʧʝʨʚʳʭ ʜʥʝʡ ʩʚʦʝʛʦ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʚʠʚʘʣʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ 

ʫʯʝʙʥʳʡ, ʥʦ ʠ ʢʘʢ ʥʘʫʯʥʳʡ ʮʝʥʪʨ. ʆʥ ʚʩʝʛʜʘ ʙʳʣ ʩʠʣʴʥʳʤ ʠʥʞʝʥʝʨʥʳʤ ʚʫʟʦʤ, ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʚ ʩʪʨʘʥʝ. ʀ ʧʦ 

ʢʘʯʝʩʪʚʫ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʦ ʥʘʫʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ. ʀ ʚ ʩʦʚʝʪʩʢʠʝ, çʥʝ ʨʳʥʦʯʥʳʝè ʚʨʝʤʝʥʘ, ʥʝʧʣʦʭʦ 

ʟʘʨʘʙʘʪʳʚʘʣ ʥʘ ʭʦʟʜʦʛʦʚʦʨʘʭ. ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 80-ʭ ʚ ʚʫʟʝ ʝʞʝʛʦʜʥʦ ʚʳʧʦʣʥʷʣʦʩʴ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʨʘʟʨʘʙʦʪʦʢ ʥʘ 22-25 ʤʠʣʣʠʦʥʦʚ ʨʫʙʣʝʡ. ʕʪʦ ʧʨʠʤʝʨʥʦ 3 ʤʠʣʣʠʘʨʜʘ ʨʫʙʣʝʡ ʥʘ ʩʝʛʦʜʥʷʰʥʠʝ ʜʝʥʴʛʠ. ʇʦ 

ʯʠʩʣʝʥʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ ʦʯʥʦʡ ʬʦʨʤʳ ʦʙʫʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʠ 70-ʭ ï 80-ʭ ʛʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʪʘʢʠʝ ʞʝ, ʢʘʢ ʩʝʡʯʘʩ ï 

11-12 ʪʳʩʷʯ ʯʝʣʦʚʝʢ.   

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ (ʛʣʘʚʥʳʡ ʢʦʨʧʫʩ) 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɺ ʧʝʨʚʳʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚ ʊʇʋ ʩʣʦʞʠʣʠʩʴ ʩʠʣʴʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ: ʚ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʠ ʠ ʛʦʨʥʦʛʦ ʜʝʣʘ, 

ʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʤʝʭʘʥʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʤʝʪʘʣʣʦʚʝʜʝʥʠʷ, ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʘʪʝʨʠʘʣʦʚ, ʘʨʭʠʪʝʢʪʫʨʳ ʠ ʛʨʘʜʦʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʜʝʣʘ. ʉʦʟʜʘʪʝʣʷʤʠ ʥʘʫʯʥʳʭ ʰʢʦʣ ʙʳʣʠ ʫʯʝʥʳʝ, 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʣʫʯʠʚʰʠʝ ʤʠʨʦʚʦʝ ʧʨʠʟʥʘʥʠʝ, ʚ ʠʭ ʯʠʩʣʝ ʘʢʘʜʝʤʠʢʠ ɺ. ɸ. ʆʙʨʫʯʝʚ ʠ ʄ. ɸ. ʋʩʦʚ ï 

ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʠ ʉʠʙʠʨʩʢʦʡ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ, ʩʳʛʨʘʚʰʝʡ ʚʳʜʘʶʱʫʶʩʷ ʨʦʣʴ ʚ ʠʟʫʯʝʥʠʠ ʠ ʦʩʚʦʝʥʠʠ 

ʂʫʟʥʝʮʢʦʛʦ ʠ ʂʘʥʩʢʦ-ɸʯʠʥʩʢʦʛʦ ʫʛʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ, ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚ ʩʦʟʜʘʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʛʠʛʘʥʪʦʚ ï ʂʫʟʥʝʮʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ, ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʠ ʅʦʨʠʣʴʩʢʦʛʦ 

ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʦʚ. ʉʨʝʜʠ ʧʨʷʤʳʭ ʧʨʦʜʦʣʞʘʪʝʣʝʡ ʠʭ ʥʘʫʯʥʳʭ ʠʜʝʡ ʩʣʝʜʫʝʪ ʥʘʟʚʘʪʴ 

ʘʢʘʜʝʤʠʢʦʚ ɺ. ɸ. ʂʫʟʥʝʮʦʚʘ, ʖ. ɸ. ʂʫʟʥʝʮʦʚʘ, ʂ. ʀ. ʉʘʪʧʘʝʚʘ; ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ɸʅ ʈɸʅ ɸ. ɸ. ʀʚʘʥʦʚʘ, 

ɻ. ɸ. ʍʝʣʴʤʢʚʠʩʪʘ, ɸ. ʉ. ʍʦʤʝʥʪʦʚʩʢʦʛʦ, ʌ. ʅ. ʐʘʭʦʚʘ, ʧʨʦʬʝʩʩʦʨʦʚ ʇ. ɸ. ʋʜʦʜʦʚʘ, ɺ.ʂ. ʈʘʜʫʛʠʥʘ, ʅ.ʅ. 

ʋʨʚʘʥʮʝʚʘ,  ʄ.ʂ. ʂʦʨʦʚʠʥʘ ʠ ʜʨ. ɸʢʘʜʝʤʠʢ-ʩʥʦʚʘʪʝʣʴ ʰʢʦʣʳ ʭʠʤʠʢʦʚ-ʧʦʣʠʪʝʭʥʠʢʦʚ ʘʢʘʜʝʤʠʢ ʅ.ʄ. ʂʠʞʥʝʨ, 

ʫʯʝʥʠʢ ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʦʛʦ ʭʠʤʠʢʘ-ʦʨʛʘʥʠʢʘ ɺ. ɺ. ʄʘʨʢʦʚʥʠʢʦʚʘ, ʚ ʪʦʤʩʢʠʡ ʧʝʨʠʦʜ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʜʝʣʘʣ 

ʢʨʫʧʥʳʝ ʦʪʢʨʳʪʠʷ ʚ ʦʙʣʘʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʜʚʝ ʥʦʚʳʝ ʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚʧʦʩʣʝʜʩʪʚʠʠ 

ʥʘʟʚʘʥʥʳʝ ʝʛʦ ʠʤʝʥʝʤ ʠ ʚʦʰʝʜʰʠʝ ʚʦ ʚʩʝ ʫʯʝʙʥʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʩʠʙʠʨʩʢʦʡ 

ʰʢʦʣʳ ʭʠʤʠʢʦʚ-ʦʨʛʘʥʠʢʦʚ ʷʚʣʷʝʪʩʷ ʚʳʜʘʶʱʠʡʩʷ ʫʯʝʥʳʡ, ɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʉʉʉʈ, ʧʨʦʬʝʩʩʦʨ ɹ. ɺ. 

ʊʨʦʥʦʚ. ɺ ʥʘʯʘʣʝ 50-ʭ ʛʦʜʦʚ ɹ.ɺ. ʊʨʦʥʦʚʳʤ ʠ ʝʛʦ ʫʯʝʥʠʢʦʤ ɸ. ʅ. ʅʦʚʠʢʦʚʳʤ ʙʳʣ ʦʪʢʨʳʪ ʧʨʦʩʪʦʡ ʠ ʫʜʦʙʥʳʡ 

ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʡʦʜʧʨʦʠʟʚʦʜʥʳʭ, ʧʦʣʫʯʠʚʰʠʡ ʚ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜʘ ʊʨʦʥʦʚʘ-

ʅʦʚʠʢʦʚʘ. ʇʨʦʜʦʣʞʘʪʝʣʷʤʠ ʥʘʫʯʥʳʭ ʰʢʦʣ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʩʪʘʣʠ ʧʨʦʬʝʩʩʦʨʘ ʃ. ʇ. ʂʫʣʝʚ, ʇ. ɻ. ʋʩʦʚ, ʀ. ɺ. 

ɻʝʙʣʝʨ,  

ɺ. ʇ. ʉʪʘʙʥʠʢʦʚ, ʀ. ʌ. ʇʦʥʦʤʘʨʝʚ, ʉ. ʀ. ʉʤʦʣʴʷʥʠʥʦʚ, ɺ. ʄ. ɺʠʪʶʛʠʥ, ɸ. ɻ. ʉʪʨʦʤʙʝʨʛ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ɸʢʘʜʝʤʠʢ  

ʅ. ʇ. ʏʠʞʝʚʩʢʠʡ, ʙʫʜʫʯʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʤ ʊʊʀ, ʩʬʦʨʤʠʨʦʚʘʣ ʰʢʦʣʫ ʤʝʪʘʣʣʫʨʛʠʠ. ʀʤ ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ 

ʢʦʢʩʦʚʘʥʠʶ ʂʫʟʥʝʮʢʠʭ ʫʛʣʝʡ ʠ ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʧʝʨʚʳʭ ʩʦʚʝʪʩʢʠʭ ʢʦʢʩʦʚʳʭ 

ʧʝʯʝʡ. ɺ ʊʇʋ ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʦʩʥʦʚʳ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʚ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʥʘʫʯʥʳʭ ʰʢʦʣ: çʆʙʨʘʙʦʪʢʘ 

ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤè ï ʧʨʦʬʝʩʩʦʨʦʤ ʊ. ʀ. ʊʠʭʦʥʦʚʳʤ, çʄʝʪʘʣʣʦʚʝʜʝʥʠʝè ï ʧʨʦʬʝʩʩʦʨʘʤʠ ʊ. ʀ. ʊʠʭʦʥʦʚʳʤ, ʅ. ɺ. 

ɻʫʪʦʚʩʢʠʤ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʨʘʟʚʠʪʠʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠʤʝʣʠ ʨʘʙʦʪʳ 

ʧʨʦʬʝʩʩʦʨʘ ʀ. ʀ. ɹʦʙʘʨʳʢʦʚʘ. ʀʟ ʵʪʠʭ ʰʢʦʣ ʚʳʨʦʩʣʠ ʙʦʣʝʝ ʫʟʢʠʝ ʥʘʧʨʘʚʣʝʥʠʷ: çʆʙʨʘʙʦʪʢʘ ʤʝʪʘʣʣʦʚ ʨʝʟʘʥʠʝʤè 

(ɸ. ʄ. ʈʦʟʝʥʙʝʨʛ), çʍʣʘʜʥʦʣʦʤʢʦʩʪʴ ʣʠʪʦʡ ʠ ʰʪʘʤʧʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪè (ʧʨʦʬʝʩʩʦʨ ɸ. ʅ. ɼʦʙʨʦʚʠʜʦʚ). 

ʆʩʥʦʚʘʪʝʣʝʤ ʩʠʙʠʨʩʢʦʡ ʰʢʦʣʳ ʠʥʞʝʥʝʨʦʚ-ʵʣʝʢʪʨʦʪʝʭʥʠʢʦʚ ʙʳʣ ʧʨʦʬʝʩʩʦʨ ɸ. ɸ. ʇʦʪʝʙʥʷ. ʆʥ ʟʘʣʦʞʠʣ ʦʩʥʦʚʳ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʠʩʪʝʤ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. ʈʘʙʦʪʳ ɸ. ɸ. ʇʦʪʝʙʥʠ 

ʦʢʘʟʘʣʘʩʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʤʠ, ʚ ʪʨʫʜʘʭ ʝʛʦ ʫʯʝʥʠʢʦʚ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʜʠʥ ʠʟ ʥʠʭ ï ʘʢʘʜʝʤʠʢ ɸʅ ʋʢʨʘʠʥʳɺ. 

ʄ. ʍʨʫʱʝʚ, ʦʩʥʦʚʘʪʝʣʴ ʠ ʧʝʨʚʳʡ ʜʠʨʝʢʪʦʨ ʍʘʨʴʢʦʚʩʢʦʛʦ ʀʥʩʪʠʪʫʪʘ ʵʥʝʨʛʝʪʠʢʠ ʋʢʨʘʠʥʳ. ʇʨʦʬʝʩʩʦʨ ʀ. ʅ. 

ɹʫʪʘʢʦʚ ʩʦʟʜʘʣ ʧʝʨʚʫʶ ʥʘʫʯʥʫʶ ʰʢʦʣʫ ʧʦ ʵʬʬʝʢʪʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ. 

ɹʦʣʴʰʦʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʝʭʥʠʢʠ ʠ ʩʪʘʥʦʚʣʝʥʠʝ ʵʥʝʨʛʝʪʠʢʠ ʚ ʉʠʙʠʨʠ ʚʥʝʩʣʠ ʚʳʧʫʩʢʥʠʢʠ 

ʪʝʧʣʦʵʥʝʨʛʝʪʠʢʠ ï ʧʨʦʬʝʩʩʦʨʘ ɻ. ʀ. ʌʫʢʩ, ɺ. ʊ. ʖʨʠʥʩʢʠʡ ʠ ʀ. ʂ. ʃʝʙʝʜʝʚ. ʉʪʘʥʦʚʣʝʥʠʝ ʉʠʙʠʨʩʢʦʡ ʰʢʦʣʳ 

ʬʠʟʠʢʠ, ʢʘʢ ʥʘʫʢʠ, ʚ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʚʷʟʘʥʦ ʩ ʠʤʝʥʝʤ ʧʨʦʬʝʩʩʦʨʘ ɹ. ʇ. ɺʝʡʥʙʝʨʛʘ. ɼʦ 

1924 ʛ. ʦʥ ʦʩʪʘʚʘʣʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʜʦʢʪʦʨʦʤ ʬʠʟʠʢʠ ʚ ʉʠʙʠʨʠ. ʄʠʨʦʚʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪ ʧʨʦʬʝʩʩʦʨʘ ɹ. ʇ. 

ɺʝʡʥʙʝʨʛʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʦ ʩ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚ ʦʙʣʘʩʪʷʭ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʠ ʬʠʟʠʢʠ ʣʴʜʘ ʠ ʣʝʜʥʠʢʦʚ. 

ɺ ʣʘʙʦʨʘʪʦʨʠʷʭ ʧʨʦʬʝʩʩʦʨʘ ɺʝʡʥʙʝʨʛʘ ʚʳʧʦʣʥʷʣ ʩʚʦʠ ʨʘʙʦʪʳ ʙʫʜʫʱʠʡ ʣʘʫʨʝʘʪ 

ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ ʘʢʘʜʝʤʠʢ ʅ. ʅ. ʉʝʤʝʥʦʚ. 

ʇʨʦʜʦʣʞʘʪʝʣʝʤ ʜʘʥʥʦʛʦ ʥʘʫʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩʪʘʣ ʧʨʦʬʝʩʩʦʨ ʇ. ʉ. ʊʘʨʪʘʢʦʚʩʢʠʡ, 

ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʢʦʪʦʨʦʛʦ ʥʘʯʠʥʘʣ ʩʚʦʶ ʥʘʫʯʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ɸ. ɸ. ɺʦʨʦʙʴʸʚ, 

ʨʦʜʦʥʘʯʘʣʴʥʠʢ ʥʘʧʨʘʚʣʝʥʠʡ: ʬʠʟʠʢʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ ʜʠʵʣʝʢʪʨʠʢʦʚ, 

ʫʩʢʦʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ, ʨʘʜʠʘʮʠʦʥʥʘʷ ʬʠʟʠʢʘ ʪʚʸʨʜʦʛʦ ʪʝʣʘ, 

ʪʝʭʥʠʢʘ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʬʠʟʠʢʘ ʜʠʵʣʝʢʪʨʠʢʦʚ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʦʡ ʪʝʭʥʠʢʠ. ɺ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʧʦʜ ʝʛʦ ʨʫʢʦʚʦʜʩʪʚʦʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ 

ʫʩʢʦʨʠʪʝʣʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʪ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʙʝʪʘʪʨʦʥʦʚ ʜʦ ʩʠʥʭʨʦʪʨʦʥʘ ʥʘ 1,5 

ɻʵɺ, ʘ ʪʘʢʞʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʫʩʢʦʨʠʪʝʣʴ, ʤʠʢʨʦʪʨʦʥʳ, ʮʠʢʣʦʪʨʦʥ, 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ. ʇʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʟʘʨʦʞʜʝʥʠʷ ʩʠʣʴʥʦʪʦʯʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ ʚ ʩʪʝʥʘʭ ʊʇʀ ʷʚʠʣʦʩʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘʫʯʥʦʡ ʰʢʦʣʳ 

ʚʳʩʦʢʦʚʦʣʴʪʥʠʢʦʚ, ʦʩʥʦʚʘʪʝʣʝʤ ʢʦʪʦʨʦʡ ʙʳʣ ʪʦʞʝ ʨʝʢʪʦʨ ʊʇʀ ɸ. ɸ. ɺʦʨʦʙʴʸʚ. ʇʦ 

ʝʛʦ ʠʥʠʮʠʘʪʠʚʝ ʚ 1957 ʛʦʜʫ ʚ ʊʇʀ ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʛʝʥʝʨʘʮʠʠ 

ʥʘʥʦʩʝʢʫʥʜʥʳʭ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʠʤʧʫʣʴʩʦʚ. ɺʦʟʛʣʘʚʠʣ ʵʪʫ ʨʘʙʦʪʫ ʧʨʦʬʝʩʩʦʨ  

ɻ. ɸ. ɺʦʨʦʙʴʸʚ (ʘʚʪʦʨ ʦʪʢʨʳʪʠʷ çɿʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʙʦʷ ʪʚʝʨʜʦʛʦ ʜʠʵʣʝʢʪʨʠʢʘ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ ʞʠʜʢʠʤ ʜʠʵʣʝʢʪʨʠʢʦʤ ʧʨʠ ʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʘ ʥʘʧʨʷʞʝʥʠʷè), 

ʢʦʪʦʨʳʡ ʧʨʠʚʣʸʢ ʢ ʥʝʡ ɻ. ɸ. ʄʝʩʷʮʘ, ʉ. ʇ. ɹʫʛʘʝʚʘ, ɹ. ʄ. ʂʦʚʘʣʴʯʫʢʘ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʚʰʠʭ ʘʢʘʜʝʤʠʢʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʢʘʟʘʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʦʣʴʰʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʥʘʥʦʩʝʢʫʥʜʥʦʡ ʪʝʭʥʠʢʠ ʠ 

ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʠ. ʇʦʩʪʝʧʝʥʥʦ ʩʣʦʞʠʣʘʩʴ ʠʟʚʝʩʪʥʘʷ ʚʦ ʚʩʸʤ ʤʠʨʝ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ɻ. ɸ. ʄʝʩʷʮʘ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʫʯʥʳʭ ʛʨʫʧʧ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʘʟʥʳʭ 

ʦʙʣʘʩʪʷʭ ʵʣʝʢʪʨʦʬʠʟʠʢʠ, ʨʘʜʠʦʬʠʟʠʢʠ, ʬʠʟʠʢʠ ʧʣʘʟʤʳ, ʬʠʟʠʢʠ ʧʫʯʢʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ, 

ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ. ɺ 1967 ʚ ʅʀʀ ʗʌ ʛʨʫʧʧʦʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ɻ. ɸ. ʄʝʩʷʮʘ ʙʳʣ ʩʦʟʜʘʥ ʧʝʨʚʳʡ 

ʩʠʣʴʥʦʪʦʯʥʳʡ ʠʤʧʫʣʴʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ. 

ʋʯʸʥʳʝ ʠʥʩʪʠʪʫʪʘ ʩʳʛʨʘʣʠ ʘʢʪʠʚʥʫʶ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ (ɿʉʌ),  ʊʦʤʩʢʦʛʦ ʠ 

ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʦʚ ʉʆ ʈɸʅ. ʆʩʥʦʚʥʦʡ ʥʘʫʯʥʳʡ ʠ ʠʥʞʝʥʝʨʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ɿʉʌ ɸʅ ʙʳʣ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʤʠʯʘʤʠ. ʉʝʨʴʝʟʥʦʝ ʚʣʠʷʥʠʝ ʫʥʠʚʝʨʩʠʪʝʪ ʦʢʘʟʘʣ ʥʘ ʨʘʟʚʠʪʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘʫʢʠ ʠ 

ʃʫʥʦʭʦʜ çʃʋʅɸ- 24è ʩ 

ʪʫʨʙʦʙʫʨʦʤ ʠ ʟʘʙʦʨʥʳʤ 

ʫʩʪʨʦʡʩʪʚʦʤ ʜʣʷ 

ʦʪʙʦʨʘ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ 
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29 

 
ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 

ʧʦʜʛʦʪʦʚʢʫ ʢʘʜʨʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʛʦʩʫʜʘʨʩʪʚʘʭ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ: ʂʘʟʘʭʩʪʘʥʝ, ʋʟʙʝʢʠʩʪʘʥʝ, 

ʂʠʨʛʠʟʠʠ, ʊʘʜʞʠʢʠʩʪʘʥʝ, ʊʫʨʢʤʝʥʠʩʪʘʥʝ, ʘ ʪʘʢʞʝ ʚ ɻʨʫʟʠʠ, ɸʟʝʨʙʘʡʜʞʘʥʝ, ɸʨʤʝʥʠʠ. ʅʘ ʙʘʟʝ ʦʪʜʝʣʴʥʳʭ 

ʬʘʢʫʣʴʪʝʪʦʚ, ʢʘʬʝʜʨ ʠ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʙʳʣʦ ʦʪʢʨʳʪʦ ʙʦʣʝʝ 20 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʫʟʦʚ ʚ ʄʦʩʢʚʝ, ʅʦʚʦʩʠʙʠʨʩʢʝ, ʆʤʩʢʝ, ʊʦʤʩʢʝ, ʂʨʘʩʥʦʷʨʩʢʝ, ʀʨʢʫʪʩʢʝ, ʂʝʤʝʨʦʚʦ, ɹʘʨʥʘʫʣʝ, 

ʏʠʪʝ, ʍʘʙʘʨʦʚʩʢʝ ʠ ʜʨʫʛʠʭ ʛʦʨʦʜʘʭ. ʇʦ ʩʫʱʝʩʪʚʫ, ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʦʢʘʟʘʣ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʚʳʩʰʝʡ ʪʝʭʥʠʯʝʩʢʦʡ ʰʢʦʣʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʪ ʋʨʘʣʘ ʜʦ ʊʠʭʦʛʦ ʦʢʝʘʥʘ. 

ɺʳʩʰʠʝ ʜʦʩʪʠʞʝʥʠʷ ʠ ʦʪʢʨʳʪʠʷ ʊʇʋ ʚ XX ʚʝʢʝ. 

ʇʝʨʚʳʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʘʚʪʦʤʦʙʠʣʴ çʈʫʩʩʦʙʘʣʪè ʩʦʟʜʘʣ ʧʠʪʦʤʝʮ ʫʥʠʚʝʨʩʠʪʝʪʘ ɼʤʠʪʨʠʡ ɹʦʥʜʘʨʝʚ, ʘ 

ʧʝʨʚʳʡ ʩʝʨʠʡʥʳʡ ʪʨʘʢʪʦʨ ï ʄʠʭʘʠʣ ʊʝʨʘʩʘʪʫʨʦʚ. ɼ. ɹʦʥʜʘʨʝʚ ʙʳʣ ʩʪʨʦʠʪʝʣʝʤ ʠ ʜʠʨʝʢʪʦʨʦʤ ʄʦʩʢʦʚʩʢʦʛʦ 

ʘʚʪʦʟʘʚʦʜʘ,  

ʄ. ʊʝʨʘʩʘʪʫʨʦʚ ï ʜʠʨʝʢʪʦʨʦʤ ʇʫʪʠʣʦʚʩʢʦʛʦ ʟʘʚʦʜʘ ʚ ʇʝʪʝʨʙʫʨʛʝ. ɺ ʩʪʝʥʘʭ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʙʳʣʘ 

ʩʦʟʜʘʥʘ ʧʝʨʚʘʷ ʚ ʤʠʨʝ ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʜʦʨʦʛʘ ʥʘ ʤʘʛʥʠʪʥʦʡ ʧʦʜʫʰʢʝ, ʧʝʨʚʳʡ ʚ ʤʠʨʝ ʪʫʨʙʦʙʫʨ, ʧʨʦʠʟʚʝʜʰʠʡ 

ʨʝʚʦʣʶʮʠʶ ʚ ʥʝʬʪʷʥʦʤ ʜʝʣʝ, ʧʝʨʚʳʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʙʝʪʘʪʨʦʥ ʠ ʧʝʨʚʳʡ ʛʘʟʦʛʝʥʝʨʘʪʦʨʥʳʡ ʜʚʠʛʘʪʝʣʴ. ɺʳʧʫʩʢʥʠʢ 

ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʄ. ɸ. ʂʘʧʝʣʶʰʥʠʢʦʚ, ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸʅ ʉʉʉʈ ʷʚʣʷʝʪʩʷ ʘʚʪʦʨʦʤ ʠʟʦʙʨʝʪʝʥʠʷ 

ʧʝʨʚʦʛʦ ʚ ʤʠʨʝ ʪʫʨʙʦʙʫʨʘ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ. ɸ. ʇ. ʄʘʣʳʰʝʚ, ʧʦʩʚʷʪʠʚʰʠʡ ʚʩʶ ʩʚʦʶ ʞʠʟʥʴ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʚ 

ʧʦʩʪʨʦʝʥʠʷ ʤʘʰʠʥ, ʩʦʟʜʘʣ ʬʦʨʤʫʣʫ, ʠʟʚʝʩʪʥʫʶ ʢʘʢ çʌʦʨʤʫʣʘ ʄʘʣʳʰʝʚʘè. ɺ ʊʦʤʩʢʦʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʤ ʫʯʠʣʠʩʴ 

ʚʩʝʤʠʨʥʦ ʠʟʚʝʩʪʥʳʝ ʩʦʟʜʘʪʝʣʠ ʚʝʨʪʦʣʝʪʦʚ ʅ. ʀ. ʂʘʤʦʚ ʠ ʄ. ʃ. ʄʠʣʴ. ʀʥʞʝʥʝʨʥʘʷ ʩʤʝʣʦʩʪʴ ʠ ʪʘʣʘʥʪ ʚʳʧʫʩʢʥʠʢʘ 

ʫʥʠʚʝʨʩʠʪʝʪʘ  

ʅ. ɺ. ʅʠʢʠʪʠʥʘ ʚʦʧʣʦʪʠʣʘʩʴ ʚ ʪʘʢʠʭ ʩʦʦʨʫʞʝʥʠʷʭ, ʢʘʢ ʧʝʨʚʦʝ ʚ ʩʪʨʘʥʝ ʚʳʩʦʪʥʦʝ ʟʜʘʥʠʝ ʄʦʩʢʦʚʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʆʩʪʘʥʢʠʥʩʢʘʷ ʪʝʣʝʙʘʰʥʷ, ʟʥʘʤʝʥʠʪʳʡ ʩʪʘʜʠʦʥ ʚ ʃʫʞʥʠʢʘʭ, ʤʝʤʦʨʠʘʣ ɻʝʨʦʷʤ ʉʪʘʣʠʥʛʨʘʜʩʢʦʡ 

ʙʠʪʚʳ - ʟʥʘʤʝʥʠʪʘʷ ʩʪʘʪʫʷ çʈʦʜʠʥʘ ï ʄʘʪʴ ʟʦʚʝʪ!è ʉ ʊʦʤʩʢʠʤ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʤ ʩʚʷʟʘʥʳ ʠʤʝʥʘ ɻ. ʀ. ʅʦʩʦʚʘ ï 

ʜʠʨʝʢʪʦʨʘ ʄʘʛʥʠʪʢʠ,  

ʄ. ʂ. ʂʦʨʦʚʠʥʘ, ʯʴʠ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʥʘʯʘʣʘ ʥʝʬʪʝʜʦʙʳʯʠ ʚ ʉʠʙʠʨʠ, ʦʩʥʦʚʘʪʝʣʷ ʅʦʨʠʣʴʩʢʘ ʠ 

ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷ ʫʥʠʢʘʣʴʥʦʡ ʅʦʨʠʣʴʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʅ. ʅ. ʋʨʚʘʥʮʝʚʘ. ʋʯʝʥʳʝ ʠ ʚʳʧʫʩʢʥʠʢʠ ʠʥʩʪʠʪʫʪʘ 

ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣʠ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʧʫʩʢʝ ʛʣʘʚʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʉʠʙʠʨʠ: ʂʫʟʥʝʮʢʦʛʦ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʢʦʤʙʠʥʘʪʘ, ʰʘʭʪ ʠ ʨʫʜʥʠʢʦʚ ʂʫʟʙʘʩʩʘ, ʟʘʚʦʜʦʚ ʅʦʚʦʩʠʙʠʨʩʢʘ, ʋʨʘʣʘ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ, 

ʦʩʚʦʝʥʠʠ ʅʦʨʠʣʴʩʢʘ, ʘ ʪʘʢʞʝ ʦʪʢʨʳʪʠʠ, ʨʘʟʨʘʙʦʪʢʝ ʠ ʦʩʚʦʝʥʠʠ ʉʠʙʠʨʩʢʠʭ ʥʝʜʨ. ʉ ʠʤʝʥʝʤ ʙʳʚʰʝʛʦ ʚʳʧʫʩʢʥʠʢʘ 

ʊʇʀ (ʊʇʋ), ʘ ʟʘʪʝʤ ʘʢʘʜʝʤʠʢʘ  

ʆ.ɼ. ɸʣʠʤʦʚʘ ʩʚʷʟʥʦ ʩʦʟʜʘʥʠʝ ʪʫʨʙʦʙʫʨʘ ʥʘ ʧʝʨʚʳʡ ʘʚʪʦʤʘʪʠʯʝʩʢʠʡ ʣʫʥʦʭʦʜ, ʚʟʷʚʰʝʛʦ ʠ ʜʦʩʪʘʚʠʚʰʝʛʦ ʥʘ 

ɿʝʤʣʶ ʧʝʨʚʳʝ ʦʙʨʘʟʮʳ ʣʫʥʥʦʛʦ ʛʨʫʥʪʘ. ʉʝʛʦʜʥʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʚʝʜʫʱʠʭ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʢʨʫʧʥʝʡʰʠʭ ʥʘʫʯʥʦ-ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʤʥʦʛʠʝ 

ʨʝʢʪʦʨʳ ʚʫʟʦʚ ʠ ʜʠʨʝʢʪʦʨʘ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʉʠʙʠʨʠ ʷʚʣʷʶʪʩʷ ʚʳʧʫʩʢʥʠʢʘʤʠ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʝʛʦ ʥʘʫʯʥʳʭ ʰʢʦʣ. 

 

ʅʘʫʯʥʘʷ  ʠ ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʊʇʋ ʩʝʛʦʜʥʷ 

ʉʝʛʦʜʥʷ ʧʨʦʠʟʦʰʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʪʨʘʥʝ ʠ ʪʨʝʙʦʚʘʥʠʷ ʢ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤ 

ʫʯʨʝʞʜʝʥʠʷʤ ʠ ʠʭ ʢʦʣʣʝʢʪʠʚʘʤ. ʅʘ ʤʦʡ ʚʟʛʣʷʜ, ʥʠʢʦʛʜʘ ʟʘ ʚʩʶ ʩʚʦʶ ʠʩʪʦʨʠʶ ʥʘʰ ʚʫʟ ʥʝ ʩʪʘʣʢʠʚʘʣʩʷ ʩ ʪʘʢʠʤʠ 

ʛʣʦʙʘʣʴʥʳʤʠ ʚʳʟʦʚʘʤʠ, ʢʘʢ ʩʝʡʯʘʩ. ʋʥʠʚʝʨʩʠʪʝʪ ʚʧʝʨʚʳʝ ʧʦʣʫʯʠʣ ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʘʪʴ ʧʦʣʥʦʮʝʥʥʦʡ ʯʘʩʪʴʶ 

ʤʠʨʦʚʦʛʦ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ. ʊʘʢʦʡ ʟʘʜʘʯʠ ʧʝʨʝʜ ʚʫʟʦʤ ʛʦʩʫʜʘʨʩʪʚʦ ʥʠʢʦʛʜʘ ʨʘʥʝʝ ʥʝ ʩʪʘʚʠʣʦ. 

ʄʳ ʩʝʡʯʘʩ ʢʘʢ ʙʫʜʪʦ ʧʝʨʝʭʦʜʠʤ ʚ ʜʨʫʛʦʝ ʙʦʣʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ. ɽʜʠʥʦʛʦ ʨʝʮʝʧʪʘ ï ʢʘʢʠʤ ʜʦʣʞʝʥ ʙʳʪʴ 

ʫʥʠʚʝʨʩʠʪʝʪ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ï ʥʝʪ. ʂʘʞʜʳʡ ʠʟ ʪʝʭ ʚʫʟʦʚ, ʯʪʦ ʥʘʭʦʜʷʪʩʷ ʚ ʧʝʨʚʦʡ ʩʦʪʥʝ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʨʝʡʪʠʥʛʦʚ, ʦʙʣʘʜʘʝʪ ʩʚʦʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʩʧʝʮʠʬʠʢʦʡ, ʙʘʟʦʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʚʫʟʦʚ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʚ ʨʘʟʚʠʪʠʠ ʦʪ 

ʩʚʦʝʛʦ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʪʨʘʜʠʮʠʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʰʢʦʣ, ʥʘʨʘʱʠʚʘʷ ʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʷ ʫʞʝ ʠʤʝʶʱʠʡʩʷ ʧʦʪʝʥʮʠʘʣ ʜʦʚʦʜʷ ʝʛʦ ʜʦ ʥʝʦʙʭʦʜʠʤʳʭ ʢʦʥʜʠʮʠʡ ʩ ʫʯʝʪʦʤ ʣʫʯʰʠʭ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʘʢʪʠʢ. ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ, ʥʘ ʤʦʡ ʚʟʛʣʷʜ, ʜʦʣʞʝʥ ʠʜʪʠ ʠʤʝʥʥʦ ʧʦ ʪʘʢʦʤʫ ʧʫʪʠ. ʋ ʥʘʩ 

ʚʝʣʠʢʦʣʝʧʥʘʷ ʠʩʪʦʨʠʷ, ʟʥʘʪʥʳʝ ʪʨʘʜʠʮʠʠ, ʭʦʨʦʰʠʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ. ʕʪʦ ʥʘʰʘ ʙʘʟʘ, ʥʘʰ ʬʫʥʜʘʤʝʥʪ. ʊʝʧʝʨʴ ʥʘʤ 

ʧʨʝʜʩʪʦʠʪ ʥʘʨʘʩʪʠʪʴ ʠʤʝʶʱʠʡʩʷ ʧʦʪʝʥʮʠʘʣ ʜʦ ʤʠʨʦʚʳʭ ʢʦʥʜʠʮʠʡ. 

ʇʦʣʫʯʠʚ ʚ 2009 ʛ. ʩʪʘʪʫʩ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʧʨʦʜʦʣʞʘʣ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʪʴʩʷ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʫʯʝʙʥʳʡ, ʥʦ ʠ ʢʘʢ ʥʘʫʯʥʳʡ ʮʝʥʪʨ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʊʇʋ 

ʧʨʦʚʦʜʠʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʠ ʫʩʧʝʰʥʦ 

ʜʚʠʞʝʪʩʷ ʢ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ï 

ʚʳʡʪʠ ʥʘ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ. 

ʉʝʛʦʜʥʷ ʥʘʫʯʥʳʡ ʩʝʢʪʦʨ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʨʘʩʧʦʣʘʛʘʝʪ ʢʨʫʧʥʳʤ 

ʢʘʜʨʦʚʳʤ ʧʦʪʝʥʮʠʘʣʦʤ: ʙʦʣʝʝ ʜʚʫʭ 

ʪʳʩʷʯ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʠ ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʫʯʘʩʪʚʫʶʪ ʚ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʦʡ 

ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʙʦʣʝʝ 

ʧʦʣʦʚʠʥʳ ʠʟ ʥʠʭ ï ʜʦʢʪʦʨʘ ʠ 

ʢʘʥʜʠʜʘʪʳ ʥʘʫʢ, 16 ʘʢʘʜʝʤʠʢʦʚ ʠ 

ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ ʈɸʅ ʠ 

ʈɸʄʅ.ʉ 1997 ʛʦʜʘ, ʧʦʩʣʝ ʦʪʥʝʩʝʥʠʷ 

ʊʇʋ ʢ ʦʩʦʙʦ ʮʝʥʥʳʤ ʦʙʲʝʢʪʘʤ 

ɿʘʣ 3D ʚʠʟʫʘʣʠʟʘʮʠʠ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʀʥʦʚʘʮʠʦʥʥʦ-ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʎʝʥʪʨʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ ʀʇʈ ʊʇʋ-ʩʦʚʤʝʩʪʥʳʡ ʧʨʦʝʪ 

Herriot-Watt ʩ ʕʜʠʥʙʫʨʛʩʢʠʤ ʫʥʠʚʝʨʩʠʪʝʪʦʤ (ɺʝʣʠʢʦʙʨʠʪʚʥʠʷ). 

ɿʘʱʠʪʘ ʤʘʛʠʩʪʝʨʩʢʠʭ ʜʠʩʩʢʨʪʘʮʠʡ 

http://wiki.tpu.ru/wiki/%D0%9A%D0%B0%D0%BF%D0%B5%D0%BB%D1%8E%D1%88%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2_%D0%9C%D0%B0%D1%82%D0%B2%D0%B5%D0%B9_%D0%90%D0%BB%D0%BA%D1%83%D0%BC%D0%BE%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%9C%D0%B0%D0%BB%D1%8B%D1%88%D0%B5%D0%B2_%D0%90%D0%BB%D0%B5%D0%BA%D1%81%D0%B0%D0%BD%D0%B4%D1%80_%D0%9F%D0%B5%D1%82%D1%80%D0%BE%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%9A%D0%B0%D0%BC%D0%BE%D0%B2_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%98%D0%BB%D1%8C%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%9C%D0%B8%D0%BB%D1%8C_%D0%9C%D0%B8%D1%85%D0%B0%D0%B8%D0%BB_%D0%9B%D0%B5%D0%BE%D0%BD%D1%82%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%9D%D0%B8%D0%BA%D0%B8%D1%82%D0%B8%D0%BD_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%92%D0%B0%D1%81%D0%B8%D0%BB%D1%8C%D0%B5%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%9D%D0%BE%D1%81%D0%BE%D0%B2_%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D0%B8%D0%B9_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D0%B2%D0%B8%D0%BD_%D0%9C%D0%B8%D1%85%D0%B0%D0%B8%D0%BB_%D0%9A%D0%B0%D0%BB%D0%B8%D0%BD%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D0%B8%D1%87
http://wiki.tpu.ru/wiki/%D0%A3%D1%80%D0%B2%D0%B0%D0%BD%D1%86%D0%B5%D0%B2_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B9_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ʥʘʨʦʜʦʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʫʥʠʚʝʨʩʠʪʝʪʫ ʚʳʜʝʣʷʝʪʩʷ ʮʝʣʝʚʦʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʥʘ 

ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʇʋ ʧʦʙʝʜʠʪʝʣʴ ʢʦʥʢʫʨʩʘ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʛʨʘʤʤ (ʀʆʇ) ʚʫʟʦʚ ʚ 

ʨʘʤʢʘʭ ʇʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʆʙʨʘʟʦʚʘʥʠʝè. ɿʘ ʧʷʪʴ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʡ 

ʙʶʜʞʝʪ ʊʇʋ ʫʚʝʣʠʯʠʣʩʷ ʚʜʚʦʝ. ʉʝʛʦʜʥʷ ʙʶʜʞʝʪ ʥʘʰʝʛʦ ʚʫʟʘ ʩʦʧʦʩʪʘʚʠʤ ʩ ʦʜʥʦʡ ʰʝʩʪʦʡ ʨʘʩʭʦʜʥʦʡ ʯʘʩʪʠ 

ʙʶʜʞʝʪʘ ʚʩʝʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʅʀʋ ʦʧʠʨʘʶʪʩʷ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ 

ʰʢʦʣ, ʚʳʧʦʣʥʝʥʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʧʨʦʛʨʘʤʤʳ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʪ.ʯ. ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʝ, ʠʥʥʦʚʘʮʠʦʥʥʫʶ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʧʨʦʛʨʘʤʤʫ (ʀʆʇ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ, ʪʝʭʥʦʣʦʛʠʡ ʠ 

ʪʝʭʥʠʢʠ ʈʌ. 

ɼʣʷ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦʡ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʦʟʜʘʥʳ: ʚ 2002 ʛʦʜʫ ï 

ʀʥʥʦʚʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʮʝʥʪʨ ʠ ʧʝʨʚʳʡ ʚ ʈʦʩʩʠʠ ʥʘ ʪʦʪ ʤʦʤʝʥʪ ʆʆʆ çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʢʫʙʘʪʦʨ 

ʊʇʋè ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʚ ʫʩʪʘʚʥʦʡ ʢʘʧʠʪʘʣ ʧʨʝʜʧʨʠʷʪʠʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʆʪʨʘʙʦʪʘʥʳ ʢʦʥʢʨʝʪʥʳʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʠ ʶʨʠʜʠʯʝʩʢʠʝ ʩʭʝʤʳ ʪʨʘʥʩʬʝʨʘ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʈʀɼ 

ʫʥʠʚʝʨʩʠʪʝʪʘ, ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ ʈʦʩʩʠʠ ʧʦʣʫʯʝʥʦ ʨʦʷʣʪʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʜʦʛʦʚʦʨʘ. ʆʆʆ 

çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʢʫʙʘʪʦʨ ʊʇʋè ʩʪʘʣ ʫʧʨʘʚʣʷʶʱʝʡ ʢʦʤʧʘʥʠʝʡ ʂʦʥʩʪʨʫʢʪʦʨʩʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʙʠʟʥʝʩ-

ʠʥʢʫʙʘʪʦʨʘ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ 

ɿʘʨʦʜʠʚʰʠʝʩʷ ʚ 60-ʭ ʛʦʜʘʭ ʩʪʫʜʝʥʯʝʩʢʠʝ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʠʝ ʙʶʨʦ ʧʨʠ ʢʘʬʝʜʨʘʭ ʠ ʩʪʫʜʝʥʯʝʩʢʠʡ ʥʘʫʯʥʳʡ 

ʮʝʥʪʨ, ʩʦʟʜʘʥʥʳʡ ʚ 1983 ʛ., ʧʦʣʦʞʠʣʠ ʦʩʥʦʚʫ ʨʘʟʚʠʪʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʦʚ. ɺ 2003 ʛʦʜʫ ʙʳʣ 

ʩʦʟʜʘʥ ʉʪʫʜʝʥʯʝʩʢʠʡ ʙʠʟʥʝʩ-ʠʥʢʫʙʘʪʦʨ. ʉ 2009 ʛ. ʉʪʫʜʝʥʯʝʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʙʠʟʥʝʩ-ʠʥʢʫʙʘʪʦʨ (ʉʊɹʀ) 

ʊʇʋ ʨʘʙʦʪʘʝʪ ʚ ʥʦʚʳʭ ʧʦʤʝʱʝʥʠʷʭ ʧʣʦʱʘʜʴʶ ʙʦʣʝʝ 700 ʢʚ.ʤ.  ʉ 2003 ʛʦʜʘ ʥʘʯʘʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ çʧʦʷʩʘè 

ʤʘʣʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʲʝʢʪʦʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ ʊʇʋ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʦʥʜʘ  ʩʦʜʝʡʩʪʚʠʷ ʨʘʟʚʠʪʠʶ ʤʘʣʳʭ ʬʦʨʤ ʧʨʝʜʧʨʠʷʪʠʡ ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʩʬʝʨʝ. 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʷʚʣʷʝʪʩʷ ʫʯʘʩʪʥʠʢʦʤ ʧʨʦʝʢʪʦʚ ACCESSRU, FP7, TEMPUS ʠ ʜʨ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʩʦʪʨʫʜʥʠʯʘʝʪ ʩ ʄʝʞʜʫʥʘʨʦʜʥʳʤ ʘʛʝʥʪʩʪʚʦʤ ʧʦ ʘʪʦʤʥʦʡ ʵʥʝʨʛʠʠ (ʄɸɻɸʊʕ) ʚ ʦʙʣʘʩʪʠ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʥʝʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʷʜʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʬʠʟʠʯʝʩʢʦʡ ʟʘʱʠʪʳ ʷʜʝʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ʠ ʢʫʣʴʪʫʨʳ 

ʬʠʟʠʯʝʩʢʦʡ ʷʜʝʨʥʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʦʡ ʠʟ ʟʘʜʘʯ ʂʇʈ ʊʇʋ  ʙʳʣʦ ʨʘʟʚʠʪʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʠ 

ʚʭʦʞʜʝʥʠʝ ʚ ʤʠʨʦʚʦʝ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ɺ ʵʪʠ ʛʦʜʳ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʦʟʜʘʶʪʩʷ ʧʝʨʚʳʝ 

ʩʦʚʤʝʩʪʥʳʝ ʤʝʞʜʫʥʘʨʦʜʥʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʩ ʧʘʨʪʥʝʨʘʤʠ ʠʟ ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʉʐɸ, ʗʧʦʥʠʠ, ʂʠʪʘʷ, 

ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʠ ʜʨ. 

ɺ 2012 ʛʦʜʫ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩʦʭʨʘʥʠʣ ʩʚʦʠ ʧʦʟʠʮʠʠ ʚ ʨʝʡʪʠʥʛʝ ʚʝʜʫʱʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʤʠʨʘ QS World University Rankings. ʊʇʋ ʟʘʥʠʤʘʝʪ ʧʦʟʠʮʠʶ 601+. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʤʠʨʝ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 20 ʪʳʩʷʯ ʫʥʠʚʝʨʩʠʪʝʪʦʚ. ɿʘʥʷʚ ʤʝʩʪʦ ʚ ʪʦʧ-700 ʨʝʡʪʠʥʛʘ QS, ʊʇʋ ʚʦʰʝʣ ʚ 4% ʚʝʜʫʱʠʭ ʚʫʟʦʚ 

ʤʠʨʘ. ʉʨʝʜʠ 14 ʚʫʟʦʚ ʈʦʩʩʠʠ ʚ ʨʝʡʪʠʥʛʝ QS ʊʇʋ ʟʘʥʠʤʘʝʪ 10-ʶ ʧʦʟʠʮʠʶ. ʊʦ ʝʩʪʴ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʩʪʨʘʥʝ 

ʩʝʛʦʜʥʷ ʦʢʦʣʦ 700 ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʚʫʟʦʚ, ʊʇʋ ʚʭʦʜʠʪ ʚ 2% ʚʝʜʫʱʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ ʈʦʩʩʠʠ. 

ɺ 2014 ʛ. ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭ ʚʦʰʝʣ ʚ ʯʠʩʣʦ ʚʫʟʦʚ ʩ ʣʫʯʰʝʡ ʨʝʧʫʪʘʮʠʝʡ ʚ ʈʦʩʩʠʠ. ʄʝʞʜʫʥʘʨʦʜʥʦʝ 

ʨʝʡʪʠʥʛʦʚʦʝ ʘʛʝʥʪʩʪʚʦ çʕʢʩʧʝʨʪ ʈɸè ʚʧʝʨʚʳʝ ʧʦʜʛʦʪʦʚʠʣʦ ʨʝʡʪʠʥʛ ʨʝʧʫʪʘʮʠʠ ʚʫʟʦʚ ʈʦʩʩʠʠ ʧʦ 

ʪʝʭʥʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʟʘʥʷʣ ʚ ʵʪʦʤ ʨʝʡʪʠʥʛʝ ʰʝʩʪʦʝ ʤʝʩʪʦ, 

ʝʛʦ ʨʝʧʫʪʘʮʠʶ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʣʫʯʰʠʭ ʪʝʭʥʠʯʝʩʢʠʭ ʚʫʟʦʚ ʩʪʨʘʥʳ ʧʨʠʟʥʘʣʠ ʵʢʩʧʝʨʪʳ ʠʟ 78 ʨʝʛʠʦʥʦʚ 

ʩʪʨʘʥʳ. 

ɺʧʝʨʝʜʠ ʊʇʋ ʚ ʵʪʦʤ ʨʝʡʪʠʥʛʝ ʪʨʠ ʤʦʩʢʦʚʩʢʠʭ ʚʫʟʘ ð ʄɻʋ, ʄɻʊʋ ʠʤ. ɹʘʫʤʘʥʘ, ʄʌʊʀ, ʘ ʪʘʢʞʝ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʠ ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʝ ʫʥʠʚʝʨʩʠʪʝʪʳ.  

ɺ 2013 ʛ. ʚ ʊʇʋ ʦʪʢʨʳʪ ʧʝʨʚʳʡ ʩʦʙʩʪʚʝʥʥʳʡ ʠʥʩʧʝʢʮʠʦʥʥʦ-ʜʦʩʤʦʪʨʦʚʳʡ ʢʦʤʧʣʝʢʩ (ʀɼʂ) ʜʣʷ 

ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʭ ʛʨʫʟʦʚ, ʩʦʟʜʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʠʟʦʙʨʝʪʝʥʥʳʭ ʧʦʣʠʪʝʭʥʠʢʘʤʠ ʙʝʪʘʪʨʦʥʦʚ ï ʫʩʢʦʨʠʪʝʣʝʡ ʯʘʩʪʠʮ, 

ʧʨʝʟʝʥʪʦʚʘʥʥʳʭ ʩʝʛʦʜʥʷ ʚ ʀʥʩʪʠʪʫʪʝ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʊʇʋ. ʂʦʤʧʣʝʢʩ ʫʩʪʘʥʦʚʠʣʠ ʚ ʟʜʘʥʠʠ ʧʣʦʱʘʜʴʶ 

300 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ . 

ʋʥʠʚʝʨʩʠʪʝʪ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʩʨʝʜʠ ʚʫʟʦʚ ʈʌ ʧʦ ʦʙʲʝʤʘʤ ʅʀʆʂʈ, ʟʘʨʫʙʝʞʥʳʭ 

ʢʦʥʪʨʘʢʪʦʚ, ʢʦʣʠʯʝʩʪʚʫ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʩʪʘʪʝʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʘʪʝʥʪʦʚ ʠ ʟʘʱʠʪʘʤ ʢʘʥʜʠʜʘʪʩʢʠʭ ʠ ʜʦʢʪʦʨʩʢʠʭ 

ʜʠʩʩʝʨʪʘʮʠʡ. ʆʙʲʝʤ ʅʀʆʂʈ ʚ 2012 ʛ. ï ʦʢʦʣʦ 1,5 ʤʣʨʜ. ʨʫʙ. ʇʦ ʦʙʲʝʤʘʤ ʚʥʝʙʶʜʞʝʪʥʳʭ ʅʀʆʂʈ, ʚ ʪ.ʯ. ʠʟ 

ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʊʇʋ ʟʘʥʠʤʘʝʪ 1 ʤʝʩʪʦ ʚ ʩʪʨʘʥʝ. 
ɼʦʣʷ ʊʇʋ ʩʨʝʜʠ ʚʫʟʦʚ ʉʌʆ ʧʦ ʅʀʆʂʈ ʩʦʩʪʘʚʣʷʝʪ 21%, ʚ ʪ. ʯ. ʧʦ ʚʥʝʙʶʜʞʝʪʥʳʤ ʩʨʝʜʩʪʚʘʤ ï 25%, ʘ ʠʟ 

ʟʘʨʫʙʝʞʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ï 56%. ʆʙʲʝʤ  ʚʥʝʙʶʜʞʝʪʥʳʭ ʩʨʝʜʩʪʚ ʊʇʋ ʩʨʝʜʠ ʚʫʟʦʚ ʛʦʨʦʜʘ ʠ ʊʅʎ ʉʆ ʈɸʅ, ʈɸʄʅ 

ï 47%. 

ɺ ʥʦʷʙʨʝ 2012 ʛ. ʊʇʋ ʧʦʩʝʪʠʣ ʧʨʝʜʩʝʜʘʪʝʣʴ ʇʨʘʚʣʝʥʠʷ ʢʦʤʧʘʥʠʠ ʆɸʆ çɻʘʟʧʨʦʤè ɸ.ɹ. ʄʠʣʣʝʨ. 

ʅʘʠʙʦʣʝʝ ʪʝʩʥʦ ʠ ʧʨʦʜʫʢʪʠʚʥʦ ʫʥʠʚʝʨʩʠʪʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʦʤʩʢʦʡ ʜʦʯʝʨʥʝʡ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çɻʘʟʧʨʦʤ 

ʪʨʘʥʩʛʘʟ ʊʦʤʩʢè. ʆʙʲʝʤ ʅʀʆʂʈ ʜʣʷ çɻʘʟʧʨʦʤʘè ʩʦʩʪʘʚʣʷʝʪ 15% ʠʟ ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʊʇʋ. ʍʦʨʦʰʦ 

ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʩʝʙʷ ʠ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʊʇʋ ʤʝʪʦʜʳ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʝʬʪʠ ʠ ʛʘʟʘ, ʪʝʭʥʦʣʦʛʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʚʢʣʶʯʘʷ ʧʦʧʫʪʥʳʝ ʛʘʟʳ ʠ ʛʘʟʦʚʳʝ ʢʦʥʜʝʥʩʘʪʳ. ɼʘʥʘ ʦʮʝʥʢʘ ʠ 

ʧʨʦʛʥʦʟ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʝʜʧʨʠʷʪʠʡ ʆɸʆ çɻʘʟʧʨʦʤè ʥʘ ʩʦʩʪʦʷʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʉʠʙʠʨʠ, ʥʘ ɼʘʣʴʥʝʤ 

ɺʦʩʪʦʢʝ ʠ ʚ ɸʨʢʪʠʢʝ. ʅʘʤʠ ʙʫʜʫʪ ʧʨʦʜʦʣʞʝʥʳ ʨʘʙʦʪʳ ʧʦ ʧʦʠʩʢʫ ʠ ʨʘʟʚʝʜʢʝ ʥʝʬʪʝʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʤʘʪʝʨʠʘʣʦʚ ʩʦʚʨʝʤʝʥʥʳʭ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʨʘʜʘʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ; ʧʦ ʨʝʥʪʛʝʥ-

ʪʝʧʣʦʚʠʟʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʢʦʥʪʨʦʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʙʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʣʷ ʜʝʬʝʢʪʦʩʢʦʧʠʠ ʩʚʘʨʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʪʨʫʙ ʙʦʣʴʰʦʛʦ ʜʠʘʤʝʪʨʘ ʜʣʷ ʛʘʟʦʧʨʦʚʦʜʦʚ;  ʧʦ ʥʦʚʳʤ ʤʝʪʦʜʘʤ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʠ ʦʯʠʩʪʢʠ 

ʭʦʟʷʡʩʪʚʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜ ʠ ʜʨ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʛʣʘʚʘ ʆɸʆ çɻʘʟʧʨʦʤè ʫʜʝʣʠʣ ʩʣʝʜʫʶʱʠʤ 

ʨʘʟʨʘʙʦʪʢʘʤ ʠ ʪʝʭʥʦʣʦʛʠʷʤ ʊʇʋ: ʥʦʚʳʤ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʤ ʤʦʜʫʣʴʥʳʤ ʩʚʝʪʦʜʠʦʜʥʳʤ ʩʚʝʪʠʣʴʥʠʢʘʤ, 

ʣʘʟʝʨʥʦʤʫ ʩʢʘʥʠʨʦʚʘʥʠʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʭʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʨʘʟʣʠʯʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʥʘʥʝʩʝʥʠʶ ʪʝʧʣʦʩʙʝʨʝʛʘʶʱʠʭ ʧʦʢʨʳʪʠʡ ʥʘ ʣʠʩʪʦʚʦʝ ʩʪʝʢʣʦ. 



 

 

31 

 
ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 

ɺ ʊʇʋ ʦʪʢʨʳʪʘ ʥʦʚʘʷ ʤʘʛʠʩʪʝʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ çʀʥʞʠʥʠʨʠʥʛ ʚ ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠè, ʩʦʟʜʘʥʥʘʷ ʥʘ ʢʘʬʝʜʨʝ ʌɸʍ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ ʚ ʨʘʤʢʘʭ 

ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʩ ɿɸʆ çʈ-ʌʘʨʤè. ʉʝʛʦʜʥʷ ʚ ʨʘʤʢʘʭ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ ʢʦʤʧʘʥʠʠ çʈ-ʬʘʨʤè ʠ ʊʇʋ ʠʜʝʪ ʨʘʙʦʪʘ ʥʘʜ 

ʧʦʜʛʦʪʦʚʢʦʡ ʩʦʚʨʝʤʝʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠʜʝʪ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ: ʥʦʚʘʷ ʤʘʛʠʩʪʝʨʩʢʘʷ ʧʨʦʛʨʘʤʤʘ, 

ʩʦʚʤʝʩʪʥʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ, ʩʪʠʧʝʥʜʠʘʣʴʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʧʨʦʛʨʘʤʤʘ ʩʪʘʞʠʨʦʚʦʢ ʚ ʨʘʟʣʠʯʥʳʭ 

ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ ʢʦʤʧʘʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʉʐɸ ʠ ʂʠʪʘʝ. 

ɺ ʊʇʋ ʩʦʟʜʘʥ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʵʣʠʪʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʠ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʪʘʢʠʭ ʦʙʣʘʩʪʷʭ, ʢʘʢ ʨʘʜʠʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʦʙʨʘʱʝʥʠʝ ʩ 

ʦʪʨʘʙʦʪʘʥʥʳʤ ʷʜʝʨʥʳʤ ʪʦʧʣʠʚʦʤ, ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʷ ʷʜʝʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʩʦʟʜʘʥʠʝ 

ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʜʝʨʥʦʡ ʪʝʭʥʠʢʠ. ɺ ʎʝʥʪʨʝ ʥʘʯʘʣʠ ʧʦʜʛʦʪʦʚʢʫ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʨʘʤʢʘʭ ʨʦʩʩʠʡʩʢʦ-

ʚʴʝʪʥʘʤʩʢʦʛʦ ʧʨʦʝʢʪʘ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʘʪʦʤʥʦʡ 

ʦʪʨʘʩʣʠ. 

ɺ ʊʇʋ ʨʘʙʦʪʘʝʪ ʃʘʙʦʨʘʪʦʨʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. ɿʘ 2012 ʛ. ʨʘʟʨʘʙʦʪʘʥʦ 4 ʚʝʨʦʷʪʥʳʭ ʩʮʝʥʘʨʠʷ 

ʧʝʨʩʧʝʢʪʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʝʢʪʘ ʕʅʀʅ  çɺʩʝʨʝʞʠʤʥʳʡ 

ʤʦʜʝʣʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤè; ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʥʘ ʙʘʟʝ ʌʊʀ 

ʎʝʥʪʨʘ ʷʜʝʨʥʦʡ ʤʝʜʠʮʠʥʳ, ʚʳʷʚʣʝʥʳ  ʧʨʝʧʷʪʩʪʚʠʷ ʠ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ, 

ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʦʩʦʙʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʩʪʦʨʦʥ; ʫʩʪʘʥʦʚʣʝʥʦ 

ʩʪʨʘʪʝʛʠʯʝʩʢʦʝ ʧʘʨʪʥʝʨʩʪʚʦ ʩ ɻʝʦʣʦʛʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ ʬʘʢʫʣʴʪʝʪʦʤ 

ʄɻʋ ʧʦ ʵʢʩʧʝʨʪʥʦʡ ʦʮʝʥʢʝ ʢʣʶʯʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ çʈʘʮʠʦʥʘʣʴʥʦʛʦ 

ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷè.  ʈʘʟʨʘʙʦʪʘʥʘ ʧʝʨʚʘʷ ʚʝʨʩʠʷ ʜʦʨʦʞʥʦʡ ʢʘʨʪʳ 

çʉʪʨʘʪʝʛʠʷ ʊʇʋï2020è, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʥʘ ʧʫʪʠ ʢ 

ʜʦʩʪʠʞʝʥʠʶ ʮʝʣʠ ʚʦʡʪʠ ʚ ʊʆʇ-100 ʚʫʟʦʚ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ QS. 

ɿʘ ʧʨʝʜʳʜʫʱʠʡ ʛʦʜ ʚ ʊʇʋ ʆʧʳʪʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠ ʇʂʀ 

ʚʳʧʦʣʥʠʣʦ 16 ʧʨʦʝʢʪʥʳʭ ʨʘʙʦʪ ʜʣʷ ʩʪʦʨʦʥʥʠʭ ʟʘʢʘʟʯʠʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè, ʆɸʆ 

ɺʅʀʇʀʕʊ, ʆʆʆ çʅʦʨʜ ʀʤʧʝʨʠʘʣè, ʆʆʆ çɸʣʴʷʥʩʥʝʬʪʝʛʘʟè,  ɿɸʆ çʋʨʘʣʥʝʬʪʝʩʝʨʚʠʩè, ʆʆʆ çʊʦʤʩʢʥʝʬʪʝʭʠʤè. 

ɺʩʝʛʦ ʧʨʠʚʣʝʯʝʥʦ ʚʥʝʙʶʜʞʝʪʥʳʭ ʦʙʲʝʤʦʚ ʦʢʦʣʦ 30 ʤʣʥ. ʨʫʙʣʝʡ. 

ʋʥʠʚʝʨʩʠʪʝʪ ʷʚʣʷʝʪʩʷ ʦʧʦʨʥʳʤ ʚʫʟʦʤ (ɻʂ çʈʦʩʘʪʦʤè, ʆɸʆ çʈɸʆ ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ɺʦʩʪʦʢʘè, 

ʆɸʆ çɻʘʟʧʨʦʤè, ʆɸʆ çʉʠʩʪʝʤʥʳʡ ʦʧʝʨʘʪʦʨ ɽʜʠʥʦʡ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳè, ʌɻʋʇ çʅʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʝ ʦʙʲʝʜʠʥʝʥʠʝ ʧʦ ʤʝʜʠʮʠʥʩʢʠʤ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʠʤ ʧʨʝʧʘʨʘʪʘʤ çʄʠʢʨʦʛʝʥè, ʆɸʆ çʀʉʉè 

ʠʤ. ʘʢʘʜ. ʄ.ʌ. ʈʝʰʝʪʥʝʚʘè).  ɺ 2012 ʛʦʜʫ ʆɸʆ ʆɸʆ çɸʣʨʦʩʘè ʚʢʣʶʯʠʣʘ ʊʇʋ ʚ ʩʚʦʶ ʇʨʦʛʨʘʤʤʫ ʛʝʦʣʦʛʦ-

ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʜʦ 2018 ʛ. ʕʪʘ ʧʨʦʛʨʘʤʤʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʦʩʥʦʚʳ ʧʦʠʩʢʘ ʠ ʨʘʟʚʝʜʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʩʧʝʢʪʨʘʣʴʥʳʭ ʠ ʨʘʜʘʨʥʳʭ ʢʦʩʤʠʯʝʩʢʠʭ ʩʲʝʤʦʢ. ʎʝʥʪʨ ʚʭʦʜʠʪ ʚ 

ʩʪʨʫʢʪʫʨʫ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʊʇʋ ʠ ʟʘʥʠʤʘʝʪʩʷ ʦʙʨʘʙʦʪʢʦʡ ʤʘʪʝʨʠʘʣʦʚ ʢʦʩʤʦʩʲʝʤʦʢ. ɺ 2012 ʛʦʜʫ 

ʥʘʧʨʘʚʣʝʥʦ ʙʦʣʝʝ 50 ʟʘʷʚʦʢ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʘʪʬʦʨʤʳ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʪʝʤʘʪʠʢ ʠ ʦʙʲʝʤʦʚ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʙʦʪ ʠ ʧʨʦʝʢʪʦʚ ʚ ʨʘʤʢʘʭ ʤʝʨʦʧʨʠʷʪʠʡ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʣʝʚʦʡ ʧʨʦʛʨʘʤʤʳ çʀʩʩʣʝʜʦʚʘʥʠʷ ʠ 

ʨʘʟʨʘʙʦʪʢʠ ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007ð2013 

ʛʦʜʳè ʥʘ 2013 ʛʦʜ. 

ɺ ʊʇʋ ʝʞʝʛʦʜʥʦ ʧʨʦʚʦʜʠʪʩʷ ʦʢʦʣʦ 300 ʤʦʣʦʜʝʞʥʳʭ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʪ. ʯ. ʙʦʣʝʝ 30 ï 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʫʨʦʚʥʷ. ɽʞʝʛʦʜʥʦ  ʢʦʤʘʥʜʠʨʫʝʪʩʷ ʙʦʣʝʝ 200 ʩʪʫʜʝʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʜʣʷ ʫʯʘʩʪʠʷ ʚ 

ʢʦʥʬʝʨʝʥʮʠʷʭ, ʦʣʠʤʧʠʘʜʘʭ, ʢʦʥʢʫʨʩʘʭ. ɸʩʧʠʨʘʥʪʘʤʠ ʠ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʝʞʝʛʦʜʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʦʚ 

ʚʳʧʦʣʥʷʝʪʩʷ ʙʦʣʝʝ 100 ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʩʪʘʞʠʨʦʚʦʢ 

ʉʪʫʜʝʥʪʘʤʠ ʠ ʤʦʣʦʜʳʤʠ ʫʯʝʥʳʤʠ ʊʇʋ ʝʞʝʛʦʜʥʦ ʚʳʠʛʨʳʚʘʝʪʩʷ 2 ʤʝʜʘʣʠ ʈɸʅ, ʙʦʣʝʝ 240 ʜʠʧʣʦʤʦʚ ʠ 

ʙʦʣʝʝ 260 ʩʪʠʧʝʥʜʠʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ ʥʘʫʯʥʳʭ ʢʦʥʢʫʨʩʘʭ, ʙʦʣʝʝ 130 ʛʨʘʥʪʦʚ ʥʘ ʧʨʦʚʝʜʝʥʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʪ.ʯ. ʚ ʚʝʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʮʝʥʪʨʘʭ ʤʠʨʘ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ, ʘʩʧʠʨʘʥʪʘʤʠ ʠ ʜʦʢʪʦʨʘʥʪʘʤʠ ʟʘʱʠʱʝʥʦ 33 ʜʦʢʪʦʨʩʢʠʝ (ʠʟ ʥʠʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʜʦ 40 ʣʝʪ ï 

12) ʠ 136 ʢʘʥʜʠʜʘʪʩʢʠʭ (ʠʟ ʥʠʭ ʩʦʪʨʫʜʥʠʢʘʤʠ ʜʦ 30 ʣʝʪ - 80) ʜʠʩʩʝʨʪʘʮʠʡ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʘʩʧʠʨʘʥʪʫʨʳ ʠ 

ʜʦʢʪʦʨʘʥʪʫʨʳ ï 52,2% ʦʪ ʧʨʠʝʤʘ. ɺ ʤʘʛʠʩʪʨʘʪʫʨʫ ʟʘʯʠʩʣʝʥʦ 985 ʯʝʣʦʚʝʢ. 

ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 3ʭ ʣʝʪ ʛʨʘʞʜʘʥʘʤʠ ʠʥʦʩʪʨʘʥʥʳʭ ʛʦʩʫʜʘʨʩʪʚ, ʘʩʧʠʨʘʥʪʘʤʠ ʊʇʋ, ʟʘʱʠʱʝʥʦ 23 

ʜʠʩʩʝʨʪʘʮʠʠ, ʚ ʪ.ʯ. ʜʦʢʪʦʨʩʢʘʷ ʜʠʩʩʝʨʪʘʮʠʷ ʛʨʘʞʜʘʥʠʥʦʤ ʗʧʦʥʠʠ. 21 ʘʩʧʠʨʘʥʪ 

ʊʇʋ ʦʙʫʯʘʝʪʩʷ ʧʦ ʩʦʛʣʘʩʦʚʘʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ PhD-ʜʦʢʪʦʨʘʥʪʫʨ ʚ ʧʘʨʪʥʝʨʩʢʠʭ 

ʫʥʠʚʝʨʩʠʪʝʪʘʭ ɻʝʨʤʘʥʠʠ, ʌʨʘʥʮʠʠ, ʀʪʘʣʠʠ, ɺʝʥʛʨʠʠ ʠ ʜʨ. 

ʉʦʪʨʫʜʥʠʢʘʤʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʧʫʙʣʠʢʦʚʘʥʦ 8622 ʧʫʙʣʠʢʘʮʠʠ, ʚ ʪ. ʯ. 

2782 ʩʪʘʪʴʠ ʚ ʥʘʫʯʥʦʡ ʧʝʨʠʦʜʠʢʝ, ʠʥʜʝʢʩʠʨʫʝʤʦʡ ʠʥʦʩʪʨʘʥʥʳʤʠ ʠ ʨʦʩʩʠʡʩʢʠʤʠ 

ʦʨʛʘʥʠʟʘʮʠʷʤʠ (Web of Science, Scopus, ʈʦʩʩʠʡʩʢʠʡ ʠʥʜʝʢʩ ʮʠʪʠʨʦʚʘʥʠʷ),   258 

ʤʦʥʦʛʨʘʬʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ 167 ʟʘʨʫʙʝʞʥʳʭ. 

ʉʦʪʨʫʜʥʠʢʠ ʫʥʠʚʝʨʩʠʪʝʪʘ ʫʯʘʩʪʚʦʚʘʣʠ ʚ 454 ʢʦʥʬʝʨʝʥʮʠʷʭ, ʚ ʪ.ʯ. 295 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 126 ʟʘʨʫʙʝʞʥʳʭ (ʉʐɸ, ʀʪʘʣʠʷ, ʌʨʘʥʮʠʷ, ʋʢʨʘʠʥʘ, ʂʘʟʘʭʩʪʘʥ 

ʠ ʜʨ.). ʅʘ ʙʘʟʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʨʦʚʝʜʝʥʘ 81 ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷ, ʠʟ 

ʥʠʭ ï 33 ʤʝʞʜʫʥʘʨʦʜʥʳʭ, ʚ ʪ. ʯ.: III ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʛʨʝʩʩ ʧʦ ʨʘʜʠʘʮʠʦʥʥʦʡ 

ʬʠʟʠʢʝ ʠ ʭʠʤʠʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜ, ʩʠʣʴʥʦʪʦʯʥʦʡ ʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʤʦʜʠʬʠʢʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʧʫʯʢʘʤʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʠ ʧʦʪʦʢʘʤʠ ʧʣʘʟʤʳ; 

IFOST 2012, ʢʦʪʦʨʳʡ ʩʦʙʨʘʣ ʛʦʩʪʝʡ ʠʟ ʂʠʪʘʷ, ʂʦʨʝʠ, ʄʦʥʛʦʣʠʠ, ʀʥʜʦʥʝʟʠʠ, 

ɹʘʥʛʣʘʜʝʰʘ ʠ ʜʨʫʛʠʭ ʩʪʨʘʥ. ʊʨʫʜʳ  ʤʝʨʦʧʨʠʷʪʠʷ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʂʨʫʧʥʝʡʰʠʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʩʠʥʭʨʦʪʨʦʥ, ʩʦʟʜʘʥʥʳʡ ʚ ʊʇʋ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʊʇʋ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʠʥʜʝʢʩʠʨʫʝʤʦʡ ʙʘʟʝ Scopus.  

ʉʚʳʰʝ 500 ʵʢʩʧʦʥʘʪʦʚ  ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 60 ʚʳʩʪʘʚʢʘʭ, ʚ ʪ.ʯ. 22 ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ 21 ʟʘʨʫʙʝʞʥʳʭ: 

ɺʴʝʪʥʘʤ,  ɻʝʨʤʘʥʠʷ, ʂʘʟʘʭʩʪʘʥ, ʂʦʨʝʷ, ʂʠʪʘʡ, ʊʘʠʣʘʥʜ, ʋʢʨʘʠʥʘ, ʐʚʝʡʮʘʨʠʷ. ʅʘ ʚʳʩʪʘʚʢʝ ʚ ʂʦʨʝʝ (ʷʨʤʘʨʢʘ 

ʠʟʦʙʨʝʪʝʥʠʡ  çSIIF-2012è, ʪʨʠ ʨʘʟʨʘʙʦʪʢʠ ʚʫʟʘ ʧʦʣʫʯʠʣʠ 2 ʩʝʨʝʙʨʷʥʳʭ ʤʝʜʘʣʠ ʠ  ɻʨʘʥ ʇʨʠ ʂʦʨʝʡʩʢʦʡ 

ʘʩʩʦʮʠʘʮʠʠ  ʧʨʦʜʚʠʞʝʥʠʷ ʠʟʦʙʨʝʪʝʥʠʡ. 

ɺʳʩʪʘʚʦʯʥʳʡ ʎʝʥʪʨ ʩʦʚʨʝʤʝʥʥʳʭ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʊʇʋ ʧʦʩʝʪʠʣʠ  109 ʜʝʣʝʛʘʮʠʡ, ʚ ʪ.ʯ.: ʧʨʝʤʴʝʨ-

ʤʠʥʠʩʪʨ ʈʌ ɺ.ɺ. ʇʫʪʠʥ, ʧʦʩʦʣ ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ ʚ ʈʦʩʩʠʠ ʊʠʤ ɹʘʨʨʦʫ, ʧʨʝʜʩʝʜʘʪʝʣʴ ʇʨʘʚʣʝʥʠʷ ʆɸʆ çɻʘʟʧʨʦʤè 

ɸ.ɹ. ʄʠʣʣʝʨ, ʚʠʮʝ-ʧʨʝʟʠʜʝʥʪʳ ʉʢʦʣʢʦʚʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ ʄ.ʖ. ʄʷʛʢʦʚ ʠ ʕʜ ʉʘʡʜʝʣ ʠ ʜʨ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʦʩʝʱʝʥʠʷ ʚʳʩʪʘʚʦʯʥʦʛʦ ʮʝʥʪʨʘ ʧʦʩʪʫʧʠʣʦ 12 ʟʘʢʘʟʦʚ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʘʟʨʘʙʦʪʢʠ ʦʪ 

ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʟʘʢʘʟʯʠʢʦʚ. ɿʘʢʣʶʯʝʥʳ ʜʦʛʦʚʦʨ rʥʘ 2,0 ʤʣʥ. ʨʫʙ. (Institute of Organic Chemistry,  

Bulgarian Academy of Science;  University of  Food Technology, ʛ. ʇʣʦʚʜʠʚ; ʆɸʆ çʅʅʂʎè, ʛ. ʅʦʚʦʫʨʘʣʴʩʢ ʠ ʜʨ.). 

ɿʘ ʧʦʩʣʝʜʥʠʡ ʛʦʜ ʧʦʣʫʯʝʥʦ 187 ʧʘʪʝʥʪʦʚ; ʥʘ ʙʫʭʛʘʣʪʝʨʩʢʠʡ ʙʘʣʘʥʩ ʧʦʩʪʘʚʣʝʥʦ 17 ʦʙʲʝʢʪʦʚ 

ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ; ʟʘʢʣʶʯʝʥʦ 10 ʣʠʮʝʥʟʠʦʥʥʳʭ ʜʦʛʦʚʦʨʦʚ; ʧʦʜʘʥʳ ʟʘʷʚʢʠ ʥʘ ʧʦʣʫʯʝʥʠʝ 3 

ʟʘʨʫʙʝʞʥʳʭ ʧʘʪʝʥʪʦʚ. 

ʆʙʲʝʤ ʅʀʆʂʈ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ 2012 ʛ. ʩʦʩʪʘʚʣʷʝʪ 180,1 ʤʣʥ. ʨʫʙ.  

14 ʧʨʦʬʝʩʩʦʨʦʚ ʊʇʋ ʝʞʝʛʦʜʥʦ ʧʨʠʛʣʘʰʘʶʪʩʷ ʅʦʙʝʣʝʚʩʢʠʤ ʢʦʤʠʪʝʪʦʤ ʢ ʚʳʜʚʠʞʝʥʠʶ ʥʦʤʠʥʘʥʪʦʚ ʥʘ 

ʅʦʙʝʣʝʚʩʢʫʶ ʧʨʝʤʠʶ. 

 

ɻʣʘʚʥʳʝ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʊʇʋ ʚ 2013 ʛ. 

ʉʝʛʦʜʥʷ ʊʇʋ ʫʯʘʩʪʚʫʝʪ ʚ 24 ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʣʘʪʬʦʨʤʘʭ ʠ 14 ʧʨʦʛʨʘʤʤʘʭ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʛʦʩʢʦʨʧʦʨʘʮʠʡ. ɺ 2013 ʛʦʜʫ ʫʥʠʚʝʨʩʠʪʝʪ ʚʩʪʫʧʠʣ ʚ ʜʚʝ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʣʦʱʘʜʢʠ: çʃʝʛʢʠʝ ʠ ʥʘʜʸʞʥʳʝ 

ʢʦʥʩʪʨʫʢʮʠʠè ʠ çʂʦʤʧʣʝʢʩʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʵʥʝʨʛʝʪʠʢʠè, ʠ ʚ ʜʚʝ ʥʦʚʳʝ ʇʀʈ: ʈʂʂ 

çʕʥʝʨʛʠʷè 

ʠ ʌɻʋʇ çɺʀɸʄè. 

ɺ ʨʘʤʢʘʭ ʇʦʩʪʘʥʦʚʣʝʥʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ˉ218 ʚ 2013 ʛʦʜʫ ʧʦʜʜʝʨʞʘʥʦ 2 ʥʦʚʳʭ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʨʦʝʢʪʘ: çʈʘʟʨʘʙʦʪʢʘ ʠ ʚʥʝʜʨʝʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʘʢʪʠʚʥʦ-ʧʘʩʩʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ 

ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʩʚʘʨʢʠ ʪʨʝʥʠʝʤ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤè ʩʦʚʤʝʩʪʥʦ ʩ ʈʂʂ çʕʥʝʨʛʠʷè ʥʘ ʩʫʤʤʫ 110 

ʤʣʥ ʨʫʙ. ʠ çʉʦʟʜʘʥʠʝ ʠ ʧʦʩʪʘʥʦʚʢʘ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʦʚʦʛʦ ʚʠʜʘ ʱʠʪʦʚʳʭ ʧʨʦʭʦʜʯʝʩʢʠʭ ʘʛʨʝʛʘʪʦʚ 

ʤʥʦʛʦʮʝʣʝʚʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ð ʛʝʦʭʦʜʦʚè ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ çʂʆʈʄɿè ʥʘ ʩʫʤʤʫ 90 ʤʣʥ. ʨʫʙ. 

ɺ 2013 ʛʦʜʫ ʊʇʋ ʚʳʧʦʣʥʝʥʳ ʢʨʫʧʥʳʝ ʟʘʨʫʙʝʞʥʳʝ ʢʦʥʪʨʘʢʪʳ ʜʣʷ ʄʘʣʘʡʟʠʠ, ʂʠʪʘʷ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ, 

ʊʘʡʚʘʥʷ ʥʘ ʧʦʩʪʘʚʢʫ ʙʝʪʘʪʨʦʥʦʚ ʥʘ ʩʫʤʤʫ ʙʦʣʝʝ 25 ʤʣʥ ʨʫʙ. ɿʘʢʣʶʯʸʥ ʜʦʛʦʚʦʨ ʩ ʗʧʦʥʠʝʡ ʥʘ 15 ʤʣʥ. ʨʫʙ. ʥʘ 

ʨʘʟʨʘʙʦʪʢʫ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʢʦʥʚʝʨʩʠʠ ʪʝʪʨʘʭʣʦʨʠʜʘ ʢʨʝʤʥʠʷ ʚ ʪʨʠʭʣʦʨʩʠʣʘʥ ʠʤʧʫʣʴʩʥʳʤ ʧʣʘʟʤʦʭʠʤʠʯʝʩʢʠʤ 

ʤʝʪʦʜʦʤ. 

ʂʦʤʧʘʥʠʷ ʆʆʆ ʅʀʀ ʊʕʂ çʊʇʋ-ɹʫʨʝʥʠʝè (ʨʝʟʠʜʝʥʪ ʆʕɿ ʊɺʊ çʊʦʤʩʢè) ð ʣʘʫʨʝʘʪʳ ʢʦʥʢʫʨʩʘ 

çʃʠʜʝʨʳ ʪʦʤʩʢʦʛʦ ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʪʚʘè ʟʘ ʚʥʝʜʨʝʥʠʝ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʚ 2014 ʛʦʜʫ ʥʘʯʠʥʘʝʪʩʷ ʩʪʨʦʠʪʝʣʴʩʪʚʦ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʦ ʠʪʦʛʘʤ 2013 ʛʦʜʘ ʩʦʪʨʫʜʥʠʢʘʤʠ ʚʫʟʘ ʦʧʫʙʣʠʢʦʚʘʥʦ ʩʚʳʰʝ 10 000 ʨʘʙʦʪ: ʤʦʥʦʛʨʘʬʠʡ ð 176, ʠʟ ʥʠʭ ʚ 

ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʪʝʣʴʩʪʚʘʭ ð 59; ʩʪʘʪʝʡ, ʜʦʢʣʘʜʦʚ, ʪʝʟʠʩʦʚ ʜʦʢʣʘʜʦʚ ð ʦʢʦʣʦ 9000, ʠʟ ʥʠʭ 3226 ʩʪʘʪʝʡ 

ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ ʥʘʫʯʥʦʡ ʧʝʨʠʦʜʠʢʝ, ʠʥʜʝʢʩʠʨʫʝʤʦʡ ʠʥʦʩʪʨʘʥʥʳʤʠ ʠ ʨʦʩʩʠʡʩʢʠʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ (Web of 

Science, Scopus, ʈʀʅʎ). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 24 ʩʦʪʨʫʜʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʶʪ ʠʥʜʝʢʩ ʍʠʨʰʘ 10 ʠ ʚʳʰʝ. 

ɺ 2013 ʛʦʜʫ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʘʯʘʣ ʜʦʣʛʦʩʨʦʯʥʦʝ ʩʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʚʝʜʫʱʠʤʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤʠ ʢʦʤʧʘʥʠʷʤʠ çʕʣʴʟʝʚʠʨè ʠ Thomson Reuters. ɿʘʢʣʶʯʸʥ ʜʦʛʦʚʦʨ ʥʘ ʜʦʩʪʫʧ ʢ ʩʣʝʜʫʶʱʠʤ 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʨʦʜʫʢʪʘʤ: ʙʘʟʳ ʜʘʥʥʳʭ SciVal Spotlight ʠ SciVal Strata, ʨʝʬʝʨʘʪʠʚʥʘʷ ʠ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʙʘʟʘ ʜʘʥʥʳʭ 

Scopus, ʙʘʟʘ ʜʘʥʥʳʭ Web of Science. 

ɺʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦ ʩʙʣʠʞʝʥʠʶ ʩ ʧʦʪʝʥʮʠʘʣʴʥʳʤʠ ʧʦʪʨʝʙʠʪʝʣʷʤʠ, ʥʝʠʟʤʝʥʥʦ ʨʝʘʣʠʟʫʝʤʦʝ 

ʫʥʠʚʝʨʩʠʪʝʪʦʤ, ð ʫʯʘʩʪʠʝ ʚ ʚʳʩʪʘʚʦʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʷʭ ʚ ʈʦʩʩʠʠ ʠ ʟʘ ʨʫʙʝʞʦʤ. ɺ 2013 ʛʦʜʫ ʨʘʟʨʘʙʦʪʢʠ ʊʇʋ 

ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 47 ʚʳʩʪʘʚʢʘʭ (ʚ ʪ. ʯ. 14 ʟʘʨʫʙʝʞʥʳʭ ʠ 22 ʤʝʞʜʫʥʘʨʦʜʥʳʭ). ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʚʳʩʪʘʚʣʷʝʤʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʝʢʪʦʚ ʠ ʨʘʟʨʘʙʦʪʦʢ ʧʦʜʪʚʝʨʞʜʘʶʪ 78 ʧʦʣʫʯʝʥʥʳʭ ʥʘʛʨʘʜ, ʠʟ ʥʠʭ 41 ʤʝʜʘʣʴ ʠ 

37 ʜʠʧʣʦʤʦʚ, ʚ ʪ. ʯ.: 

¶ 3 ʤʝʜʘʣʠ ʥʘ 41-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʘ ʠʟʦʙʨʝʪʝʥʠʡ çInventons Genevaè, ʛ. ɾʝʥʝʚʘ, 

ʐʚʝʡʮʘʨʠʷ: 

2 ʟʦʣʦʪʳʭ ʤʝʜʘʣʠ ʟʘ ʨʘʟʨʘʙʦʪʢʠ çɺʩʝʨʝʞʠʤʥʳʡ ʤʦʜʝʣʠʨʫʶʱʠʡ ʢʦʤʧʣʝʢʩ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʵʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʕʕʉè ʠçʀʦʥʥʦ-ʧʣʘʟʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ 

ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ ʠ ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚè. 

¶ ʉʧʝʮʠʘʣʴʥʳʡ ʧʨʠʟ ʊʘʡʚʘʥʴʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʟʦʙʨʝʪʘʪʝʣʝʡ ʟʘ ʨʘʟʨʘʙʦʪʢʫ çʀʦʥʥʦ-

ʧʣʘʟʤʝʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʩʦʟʜʘʥʠʷ ʙʠʦʩʦʚʤʝʩʪʠʤʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʥʠʪʨʠʜʦʚ ʪʠʪʘʥʘ ʠ 

ʬʦʩʬʘʪʦʚ ʢʘʣʴʮʠʷ ʜʣʷ ʤʝʜʠʮʠʥʩʢʠʭ ʠʤʧʣʘʥʪʘʪʦʚè. 

¶ ʉʝʨʝʙʨʷʥʘʷ ʤʝʜʘʣʴ ʟʘ ʨʘʟʨʘʙʦʪʢʫ çMexBIOS ï ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʨʝʜʘ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠè 

ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʘʣʦʥʘ ʠʟʦʙʨʝʪʝʥʠʡ çʂʦʥʢʫʨʩ ʃʝʧʠʥè (ʛ. ʇʘʨʠʞ, ʌʨʘʥʮʠʷ), ʠ ɹʨʦʥʟʦʚʘʷ ʤʝʜʘʣʴ ʟʘ ʨʘʟʨʘʙʦʪʢʫ 

çɻʠʙʨʠʜʥʘʷ ʩʠʩʪʝʤʘ ʙʫʬʝʨʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʥʦʤʥʦʛʦ ʵʣʝʢʪʨʦʩʥʘʙʞʝʥʠʷ 

(ɻʉɹʅʕ)è. 

¶ 2 ʟʦʣʦʪʳʭ ʤʝʜʘʣʠ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʚʳʩʪʘʚʢʝ çʇʝʨʝʜʦʚʳʝ ʨʦʩʩʠʡʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠè ʚ 

ʨʘʤʢʘʭ ʅʘʮʠʦʥʘʣʴʥʦʡ ʷʨʤʘʨʢʠ ʜʦʩʪʠʞʝʥʠʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ çNSTF-2013è, ʛ. ɹʘʥʛʢʦʢ, ʊʘʠʣʘʥʜ ʟʘ ʨʘʟʨʘʙʦʪʢʠ 
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çʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʦʯʠʩʪʢʠ ʠ ʦʙʝʟʟʘʨʘʞʠʚʘʥʠʷ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦ-ʙʳʪʦʚʳʭ ʩʪʦʯʥʳʭ ʚʦʜè ʠ 

çɻʠʙʨʠʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʧʦʢʨʳʪʠʷ ʜʣʷ ʙʠʦʠʥʞʝʥʝʨʠʠ ʪʢʘʥʝʡè. 

ʄʝʜʘʣʷʤʠ ʈɸʅ ʥʘʛʨʘʞʜʝʥʳ ʤʦʣʦʜʳʝ ʫʯʸʥʳʝ ʌ.ɸ. ɻʫʙʘʨʝʚ, ɺ.ɼ. ʇʦʢʨʦʚʩʢʠʡ, ɼ.ɻ. ʇʨʦʢʦʧʴʝʚ. 

ʅʘʫʯʥʳʡ ʢʦʣʣʝʢʪʠʚ ʠʟ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʇ.ɸ. ʉʪʨʠʞʘʢʘ 

ʚʦʰʸʣ ʚ ʯʠʩʣʦ ʧʦʙʝʜʠʪʝʣʝʡ X ʆʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʢʦʥʢʫʨʩʘ ʤʦʣʦʜʸʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ ʚ ʦʙʣʘʩʪʠ 

ʵʥʝʨʛʝʪʠʢʠ çʕʥʝʨʛʠʷ ʤʦʣʦʜʦʩʪʠè. 

ʇʨʝʧʦʜʘʚʘʪʝʣʠ ʊʇʋ ɽ.ʅ. ʇʘʰʢʦʚ ʠ ʅ.ɺ. ʄʘʨʪʶʰʝʚ ʫʜʦʩʪʦʝʥʳ ʟʦʣʦʪʳʭ ʤʝʜʘʣʝʡ çɽʚʨʦʧʝʡʩʢʦʝ 

ʢʘʯʝʩʪʚʦè (çEuropean Qualityè) ʚ ʦʙʣʘʩʪʠ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ. 

ɺʧʝʨʚʳʝ ʚ ʠʩʪʦʨʠʠ ʊʇʋ ʚ 2013 ʛʦʜʫ ʘʩʧʠʨʘʥʪ ʕʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ɸʣʝʢʩʘʥʜʨ ʇʘʢ ʧʨʠʥʷʣ 

ʫʯʘʩʪʠʝ ʚʦ ʚʩʪʨʝʯʝ ʥʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʦʚ ʚ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ʩ ʤʦʣʦʜʳʤʠ ʫʯʸʥʳʤʠ. ʈʝʛʫʣʷʨʥʳʝ ʚʩʪʨʝʯʠ 

ʥʦʙʝʣʝʚʩʢʠʭ ʣʘʫʨʝʘʪʦʚ ʩ ʩʘʤʳʤʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʤʦʣʦʜʳʤʠ ʫʯʸʥʳʤʠ ʧʣʘʥʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʚ ʥʝʤʝʮʢʦʤ ʛʦʨʦʜʝ 

ʃʠʥʜʘʫ ʩ 1951 ʛʦʜʘ. 

ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʝ ʜʦʩʪʠʞʝʥʠʷ ʊʇʋ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

1. 19 ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʠ ʩʪʫʜʝʥʪʦʚ ʧʦʣʫʯʠʣʠ ʤʝʜʘʣʠ ʠ ʧʨʝʤʠʠ ʈɸʅ. 

2. ɸʢʘʜʝʤʠʢʠ ʈɸʅ ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ. ʠ ʅʘʢʦʨʷʢʦʚ ɺ.ɽ., ʧʨʦʬʝʩʩʦʨʘ ʊʇʋ, ʩʪʘʣʠ ʣʘʫʨʝʘʪʘʤʠ 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ  ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʝʤʠʠ çɻʣʦʙʘʣʴʥʘʷ ʕʥʝʨʛʠʷè. ʄʦʣʦʜʳʝ ʫʯʝʥʳʝ (ɻʨʦʤʦʚ ɸ.ɸ., ʊʦʣʙʘʥʦʚʘ ʃ.ʆ. 

ʠ ʂʘʟʘʢʦʚ ɸ.ɺ.) ʩʪʘʣʠ ʧʦʙʝʜʠʪʝʣʷʤʠ ʆʙʱʝʨʦʩʩʠʡʩʢʦʛʦ ʢʦʥʢʫʨʩʘ ʤʦʣʦʜʝʞʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʧʨʦʝʢʪʦʚ ʚ 

ʦʙʣʘʩʪʠ ʵʥʝʨʛʝʪʠʢʠ çʕʥʝʨʛʠʠ ʄʦʣʦʜʦʩʪʠè ʬʦʥʜʘ çɻʣʦʙʘʣʴʥʘʷ ʵʥʝʨʛʠʷè. 

3. 23 ʩʦʪʨʫʜʥʠʢʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʫʜʦʩʪʦʝʥʳ ʟʚʘʥʠʷ çɿʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌè, 10 ï 

çɿʘʩʣʫʞʝʥʥʳʡ ʭʠʤʠʢè, 10 ï çɿʘʩʣʫʞʝʥʥʳʡ ʛʝʦʣʦʛ ʈʌè ʠ ʜʨ. 

4. GRAND PRIX çTFFIEè ʠ ʧʨʠʟ çɿʦʣʦʪʘʷ ʧʘʣʴʤʘè ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʧʨʦʛʨʘʤʤʳ ɽʕʉ 

çʇʘʨʪʥʝʨʩʪʚʦ ʨʘʜʠ ʧʨʦʛʨʝʩʩʘè (ʌʨʘʥʮʠʷ) ʟʘ ʨʘʟʚʠʪʠʝ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʦʪʨʫʜʥʠʯʝʩʪʚʘ.  

5. ɿʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʦʪʢʨʳʪʠʝ çʗʚʣʝʥʠʝ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʦʚ ʤʘʣʳʤʠ ʜʦʟʘʤʠ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷè: ʆʪʢʨʳʪʠʝ ʈʌ, ʜʠʧʣʦʤ ˉ 173 (ʄʘʤʦʥʪʦʚ ɸ.ʇ., ʏʝʨʜʘʥʮʝʚ ʇ.ɸ., ʏʝʨʥʦʚ ʀ.ʇ.) 

6. ʏʝʪʳʨʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ ʊʇʋ, ʧʦʣʫʯʠʣʠ ʩʪʘʪʫʩ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʰʢʦʣ ʈʦʩʩʠʠ (ʨʫʢʦʚʦʜʠʪʝʣʠ 

ʘʢʘʜʝʤʠʢ ʈɸʅ ʇʘʥʠʥ ɺ.ɽ., ʧʨʦʬʝʩʩʦʨʘ ʄʘʨʢʦʚ ʅ.ɻ., ʂʦʨʦʙʝʡʥʠʢʦʚ ɸ.ʌ. ʠ ʐʚʘʨʮʝʚ ʉ.ʃ.) 

7. 16 ʩʦʪʨʫʜʥʠʢʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʪʘʣʠ ʣʘʫʨʝʘʪʘʤʠ ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ 

ʪʝʭʥʠʢʠ. (ɾʝʨʣʠʮʳʥ ɸ.ɻ., ɼʠʜʝʥʢʦ ɸ.ʅ., ʃʘʧʰʠʥ ɹ.ʄ., ʄʦʩʢʘʣʝʚ ʖ.ɸ., ʂʦʥʪʦʨʦʚʠʯ ɸ.ʕ., ʃʘʚʨʠʥʦʚʠʯ ɺ.ɸ., 

ɺʘʚʠʣʦʚ ɺ.ʇ.,  

 ɻʘʚʨʠʣʦʚ ʇ.ʄ., ʂʫʟʥʝʮʦʚ ɻ.ɺ.: ɺʳʩʦʢʦʤʦʨʥʘʷ ʆ.ɺ., ɻʣʫʰʢʦʚʘ ɼ.ʆ., ɿʘʭʘʨʝʚʠʯ ɸ.ɺ., ʉʪʨʠʞʘʢ ʇ.ɸ.,  ʉʠʛʦʚ ɸ.ʉ., 

ʉʦʥʴʢʠʥ ʄ.ɸ., ʄ.ʄ. ʐʪʝʡʥ. 

ʉʪʨʘʪʝʛʠʯʝʩʢʠʡ ʧʫʪʴ ʊʇʋ ʚ ʙʫʜʫʱʝʝ 

ʇʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʩʣʦʞʥʘʷ ʟʘʜʘʯʘ ʧʨʦʙʠʪʴʩʷ ʚ ʯʠʩʣʦ ʩʪʘ 

ʣʫʯʰʠʭ ʚʫʟʦʚ ʧʣʘʥʝʪʳ ʚ ʜʦʚʦʣʴʥʦ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ. ʇʦ ʠʪʦʛʘʤ 

ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʩʦʧʝʨʥʠʯʝʩʪʚʘ ʚ 2013 ʛʦʜʫ ʠʟ ʧʝʨʚʦʡ ʩʦʪʥʠ ʚʫʟʦʚ 

ʈʦʩʩʠʠ ʚʳʧʘʣʠ ʣʠʰʴ ʯʝʪʳʨʝ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʚʳʙʨʘʣ ʩʝʙʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ 

ʧʫʪʴ ï ʩʪʘʪʴ ʩʝʪʝʚʳʤ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʳʤ ʎʝʥʪʨʦʤ 

ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʇʦʩʣʝ ʞʝʩʪʢʦʛʦ 

ʦʪʙʦʨʘ, ʧʨʦʮʝʜʫʨʘ ʢʦʪʦʨʦʛʦ ʝʱʝ ʥʝ ʟʘʢʦʥʯʠʣʘʩʴ, ʤʳ 

ʦʧʨʝʜʝʣʠʣʠʩʴ ʩ ʤʝʛʘ-ʧʨʦʝʢʪʘʤʠ, ʥʘ ʢʦʪʦʨʳʭ ʙʫʜʝʤ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʨʝʩʫʨʩʳ. ʊʦ, ʚ ʯʝʤ ʤʳ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʳ, ʛʜʝ 

ʥʘʰʠ ʠʜʝʠ ʠ ʨʘʟʨʘʙʦʪʢʠ ʠʤʝʶʪ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʧʦʪʝʥʮʠʘʣ.  

ʏʪʦʙʳ ʥʘʤ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʪʘʪʴ ʮʝʥʪʨʦʤ 

ʧʨʝʚʦʩʭʦʜʩʪʚʘ, ʤʳ ʜʦʣʞʥʳ ʧʨʝʜʣʦʞʠʪʴ ʤʠʨʫ ʥʝ ʧʷʪʴ-ʰʝʩʪʴ 

ʠʥʪʝʨʝʩʥʳʭ ʨʘʟʨʘʙʦʪʦʢ, ʘ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʚ ʤʦʱʥʳʡ 

çʤʦʟʛʦʚʦʡè ʮʝʥʪʨ, ʛʜʝ ʧʦʤʠʤʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ çʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʡè 

ʪʝʤʘʪʠʢʝ ʚʝʣʘʩʴ ʙʳ ʨʘʙʦʪʘ ʧʦ ʰʠʨʦʢʦʡ ʧʦʧʫʣʷʨʠʟʘʮʠʠ ʵʪʦʡ ʪʝʤʳ, ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʙʳ ʬʦʨʫʤʳ ʠ 

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʧʨʠʚʣʝʯʝʥʠʝʤ ʣʫʯʰʠʭ ʫʯʝʥʳʭ ʠ ʵʢʩʧʝʨʪʦʚ ʈʦʩʩʠʠ ʠ ʤʠʨʘ. ɹʳʣʦ ʙʳ ʠʥʪʝʨʝʩʥʦ ʩʦʟʜʘʪʴ ʧʨʠ ʊʇʋ 

ʎʝʥʪʨ ʠʟʦʙʨʝʪʘʪʝʣʴʩʪʚʘ, ʢʦʪʦʨʳʡ ʚʟʷʣ ʙʳ ʥʘ ʩʝʙʷ ʬʫʥʢʮʠʠ ʧʨʠʚʣʝʯʝʥʠʷ ʠ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʠʟʦʙʨʝʪʘʪʝʣʝʡ ʩʦ ʚʩʝʡ 

ʉʠʙʠʨʠ, ʧʨʦʜʚʠʞʝʥʠʷ ʠ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʠʭ ʠʜʝʡ ʠ ʨʘʟʨʘʙʦʪʦʢ. 

ʗ ʫʞʝ ʛʦʚʦʨʠʣ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʘʩʰʪʘʙʥʦʩʪʠ ʦʙʱʝʡ ʩʪʦʷʱʝʡ ʧʝʨʝʜ ʥʘʤʠ 

ʟʘʜʘʯʠ, ʥʘʜʦ ʧʦʥʷʪʴ, ʯʪʦ ʝʩʣʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʧʷʪʴ ʣʝʪ ʤʳ ʤʥʦʛʠʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʚʠʪʠʷ ʩʚʦʝʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʫʜʚʦʠʣʠ, ʪʦ ʚ ʧʨʝʜʩʪʦʷʱʠʝ ʧʷʪʴ-ʰʝʩʪʴ ʣʝʪ ʠʭ ʥʘʜʦ ʝʱʝ ʫʪʨʦʠʪʴ.  

ʋ ʥʘʩ ʥʝʪ ʠʥʦʛʦ ʧʫʪʠ, ʢʘʢ ʥʘʨʘʱʠʚʘʪʴ ʩʚʦʶ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʤʠʨʦʚʦʤ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʨʳʥʢʝ. ɸ ʜʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʥʘʰʠ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʣʫʯʰʠʤ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʩʪʘʥʜʘʨʪʘʤ, ʯʪʦʙʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʣʠʩʴ ʥʘ ʤʠʨʦʚʦʤ ʫʨʦʚʥʝ. ʕʪʦ ʚʦʧʨʦʩ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʨʘʟʚʠʪʠʷ, ʠ ʩʦʭʨʘʥʝʥʠʷ ʚʫʟʘ, ʢʘʢ ʪʘʢʦʚʦʛʦ. 

ʅʘ ʤʦʶ ʨʝʢʪʦʨʩʢʫʶ ʜʦʣʶ ʚʳʧʘʣʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʰʘʪʴ ʩʪʦʣʴ ʤʘʩʰʪʘʙʥʳʝ ʠ ʪʨʫʜʥʳʝ ʟʘʜʘʯʠ. ʆʪʯʝʪʣʠʚʦ 

ʦʩʦʟʥʘʶ ʩʚʦʶ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʧʝʨʝʜ ʧʨʝʜʳʜʫʱʠʤʠ ʧʦʢʦʣʝʥʠʷʤʠ ʧʦʣʠʪʝʭʥʠʢʦʚ ʠ ʧʝʨʝʜ ʧʦʢʦʣʝʥʠʷʤʠ ʙʫʜʫʱʠʤʠ. 

ʀ ʷ ʙʫʜʫ ʜʝʣʘʪʴ ʜʣʷ ʵʪʦʛʦ ʚʩʝ ʚʦʟʤʦʞʥʦʝ ʠ ʥʝʚʦʟʤʦʞʥʦʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʩʠʣʴʥʳʡ ʢʦʣʣʝʢʪʠʚ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ɻʦʨʦʜ-ʫʥʠʚʝʨʩʠʪʝʪ 

ʊʦʤʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ,  ʦʩʥʦʚʘʥʥʳʡ ʚ 1896 ʛʦʜʫ ʢʘʢ ʠʥʩʪʠʪʫʪ ʧʨʘʢʪʠʯʝʩʢʠʭ ʠʥʞʝʥʝʨʦʚ, 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʪʝʭʥʠʯʝʩʢʠʤ ʚʫʟʦʤ ʥʘ ʦʙʰʠʨʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɸʟʠʘʪʩʢʦ-ʊʠʭʦʦʢʝʘʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʈʦʩʩʠʠ.  ɺʫʟ 

ʠʤʝʝʪ ʙʦʛʘʪʝʡʰʠʝ ʪʨʘʜʠʮʠʠ ʚ ʧʦʜʛʦʪʦʚʢʝ ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ ʚʳʩʰʝʡ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʦ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʫ 

ʥʘʧʨʘʚʣʝʥʠʡ.   

ɹʦʣʝʝ 160 000 ʩʧʝʮʠʘʣʠʩʪʦʚ  - ʩ ʤʦʤʝʥʪʘ ʦʩʥʦʚʘʥʠʷ ʚʫʟʘ! 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪʩʝʛʦʜʥʷ ï ʵʪʦ ʮʝʣʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʡ ʛʦʨʦʜʦʢ. ʈʘʟʚʠʪʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʫʥʠʚʝʨʩʠʪʝʪʘ  ʩʦʩʪʘʚʣʷʶʪ 31 ʫʯʝʙʥʳʡ ʢʦʨʧʫʩ 

ʧʣʦʱʘʜʴʶ 200 000  ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, ʙʦʣʝʝ 6 000 ʤʝʩʪ ʚ 14 ʩʪʫʜʝʥʯʝʩʢʠʭ ʦʙʱʝʞʠʪʠʷʭ, ʅʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʙʠʙʣʠʦʪʝʢʘ, ʬʦʥʜ ʢʦʪʦʨʦʡ ʧʨʝʚʳʰʘʝʪ 2,7 ʤʠʣʣʠʦʥʘ ʢʥʠʛ, ʩʚʳʰʝ200 ʟʦʥ WiFi ʚ ʢʦʨʧʫʩʘʭ ʚʫʟʘ, 5500 

ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʦʚ, ʦʢʦʣʦ 10 000 ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ ʢʨʳʪʳʭ ʩʧʦʨʪʠʚʥʳʭ ʩʦʦʨʫʞʝʥʠʡ, 550 ʤʝʩʪ ʚ 

ʩʘʥʘʪʦʨʠʠ-ʧʨʦʬʠʣʘʢʪʦʨʠʠ ʠ ʮʝʥʪʨʘʭ ʦʪʜʳʭʘ,  ʦʢʦʣʦ 1000 ʤʝʩʪ ʚ ʫʥʠʚʝʨʩʠʪʝʪʩʢʠʭ ʩʪʦʣʦʚʳʭ ʠ ʢʘʬʝ, 

ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʥʮʝʨʪʥʳʡ, ʪʘʥʮʝʚʘʣʴʥʳʡ ʟʘʣʳ ʠ ʟʘʣ ʪʦʨʞʝʩʪʚ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʫʣʴʪʫʨʥʦʛʦ ʮʝʥʪʨʘ. 

ɽʜʠʥʩʪʚʝʥʥʳʡ ʚ ʤʠʨʝ ʩʫʧʝʨ-ʢʦʤʧʴʶʪʝʨʥʳʡ ʢʣʘʩʪʝʨ ʊʇʋ çʉʂʀʌ-ʧʦʣʠʪʝʭè, ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 

ʦʙʱʝʥʠʝ ʩʦ ʚʩʝʤ ʤʠʨʦʤ. 

ɺ ʩʦʩʪʘʚ ʊʇʋ ʚʭʦʜʷʪ 11 ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʠ ʫʯʝʙʥʳʭ ʠʥʩʪʠʪʫʪʦʚ, 97 ʢʘʬʝʜʨ,  65 ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʣʘʙʦʨʘʪʦʨʠʡ, ʚ ʪ.ʯ. 20 - ʤʝʞʜʫʥʘʨʦʜʥʳʭ. ʅʘ ʙʘʟʝ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠ ʫʯʨʝʞʜʝʥʠʡ ʈɸʅ ʩʦʟʜʘʥʳ 

ʠ ʨʝʘʣʠʟʫʶʪ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ 18 ʩʦʚʤʝʩʪʥʳʭ ʢʘʬʝʜʨ ʠ ʣʘʙʦʨʘʪʦʨʠʡ, ʫʩʧʝʰʥʦ 

ʜʝʡʩʪʚʫʶʪ 12 ʮʝʥʪʨʦʚ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ. 

ʏʠʩʣʦ ʥʘʫʯʥʦ-ʧʝʜʘʛʦʛʠʯʝʩʢʠʭ ʨʘʙʦʪʥʠʢʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʩʪʘʚʣʷʝʪ 2 367 ʯʝʣʦʚʝʢ, ʠʟ ʥʠʭ 380 

ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʠ 1338 ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ, 24 ʟʘʩʣʫʞʝʥʥʳʭ ʜʝʷʪʝʣʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, 22 ʯʣʝʥʘ ʈɸʅ, 6 

ʣʘʫʨʝʘʪʦʚ  ɻʦʩʧʨʝʤʠʠ, 125 ʯʣʝʥʦʚ ʦʙʱʝʩʪʚʝʥʥʦ-ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʘʢʘʜʝʤʠʡ, 18 ʣʘʫʨʝʘʪʦʚ ʧʨʝʤʠʠ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ, ʠʟ ʥʠʭ 5 ʣʘʫʨʝʘʪʦʚ  ʧʨʝʤʠʠ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʌ ʚ ʦʙʣʘʩʪʠ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ʜʣʷ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ, 21 ʣʘʫʨʝʘʪ ʠʤʝʥʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʧʨʝʤʠʡ, 3 ʣʘʫʨʝʘʪʘ ʧʨʝʤʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ. 

ɺ ʚʫʟʝ ʦʙʫʯʘʝʪʩʷ 20 854 ʩʪʫʜʝʥʪʘ, 18,6%  ʩʦʩʪʘʚʣʷʶʪ ʠʥʦʩʪʨʘʥʥʳʝ ʛʨʘʞʜʘʥʝ. ɽʞʝʛʦʜʥʦ ʥʘ ʧʝʨʚʳʡ 

ʢʫʨʩ ʫʥʠʚʝʨʩʠʪʝʪʘ ʧʦʩʪʫʧʘʶʪ ʦʢʦʣʦ 3000 ʚʳʧʫʩʢʥʠʢʦʚ ʰʢʦʣ ʠ ʜʨʫʛʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. 

ɺ ʊʇʋ ʧʨʦʭʦʜʷʪ ʧʦʜʛʦʪʦʚʢʫ 55 ʜʦʢʪʦʨʘʥʪʦʚ ʠ 800 ʘʩʧʠʨʘʥʪʦʚ. ʂʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʡ ʙʶʜʞʝʪ ʊʇʋ -
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ʄ.ɸ. ʉʦʥʴʢʠʥ, ʧʨʦʬʝʩʩʦʨ, ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ ʠ ʠʥʥʦʚʘʮʠʷʤ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʟʘʧʫʩʪʠʣ ʚ 2014 ʛʦʜʫ ʩʨʘʟʫ 

ʥʝʩʢʦʣʴʢʦ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ ï ʫʯʝʥʳʝ ʚʫʟʘ ʩʦʟʜʘʜʫʪ ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʜʣʷ ʦʩʚʦʝʥʠʷ 

ʢʦʩʤʦʩʘ, ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʩʠʩʪʝʤʳ ʩʚʷʟʠ ʜʣʷ ʫʥʠʢʘʣʴʥʳʭ çʧʦʜʚʦʜʥʳʭ ʨʦʙʦʪʦʚè ʠ ʤʥʦʛʦʝ ʜʨʫʛʦʝ. ʆ 

ʧʨʦʨʳʚʥʳʭ ʨʘʟʨʘʙʦʪʢʘʭ ʧʦʣʠʪʝʭʥʠʢʦʚ ʨʘʩʩʢʘʟʳʚʘʝʪ ʧʨʦʨʝʢʪʦʨ ʚʫʟʘ ʧʦ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ 

ʠ ʠʥʥʦʚʘʮʠʷʤ ʄʠʭʘʠʣ ʉʦʥʴʢʠʥ. 

ʅʘʧʨʘʚʣʝʥʠʷ ʤʝʛʘʧʨʦʝʢʪʦʚ. 
ɺ ʊʇʋ ʨʝʘʣʠʟʫʝʪʩʷ ʰʝʩʪʴ ʢʨʫʧʥʳʭ ʧʨʦʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʧʦ-ʜʨʫʛʦʤʫ 

ʥʘʟʳʚʘʝʤ ʤʝʛʘʛʨʘʥʪʘʤʠ. ʄʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʚʤʝʩʪʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʜʝʩʷʪʢʦʚ ʥʝʙʦʣʴʰʠʭ 

ʧʨʦʝʢʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʪʴ ʩʨʝʜʩʪʚʘ ʥʘ ʢʨʫʧʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʘʢʪʫʘʣʴʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʤ ʪʨʝʥʜʘʤ ʚ ʤʠʨʝ. 

ʉʦʜʝʨʞʘʥʠʝ ʤʝʛʘʛʨʘʥʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʣʘʩʪʝʨʘʤ ʩʦʟʜʘʥʥʦʛʦ ʚ ʊʇʋ ʩʝʪʝʚʦʛʦ 

ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʮʝʥʪʨʘ ʧʨʝʚʦʩʭʦʜʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

çʄʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷè, çʋʩʪʦʡʯʠʚʘʷ ʵʥʝʨʛʝʪʠʢʘè, çɹʝʟʦʧʘʩʥʘʷ ʩʨʝʜʘ ʦʙʠʪʘʥʠʷè, 

çʈʝʩʫʨʩʳ ʧʣʘʥʝʪʳè, çʂʦʛʥʠʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʠ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠè ʠ çʉʦʮʠʘʣʴʥʦ-

ʛʫʤʘʥʠʪʘʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʞʝʥʝʨʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠè. 

ʄʝʛʘʛʨʘʥʪʳ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʨʳʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ 

ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʀʜʝʷ ʢʘʞʜʦʛʦ ʤʝʛʘʧʨʦʝʢʪʘ - ʜʦʚʝʩʪʠ 

ʨʘʟʨʘʙʦʪʢʫ ʜʦ ʟʘʢʦʥʯʝʥʥʳʭ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ 

ʪʝʭʥʦʣʦʛʠʡ. 

ʎʝʣʴ ʤʝʛʘʧʨʦʝʢʪʘ ð ʩʦʟʜʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʧʧʘʨʘʪʥʦ-

ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʣʷ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ɸʅʇɸ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʤʝʛʘʧʨʦʝʢʪʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʬʠʥʘʥʩʠʨʦʚʘʥʠʝ 

ʜʦ 50% ʠʟ ʩʨʝʜʩʪʚ ʭʦʟʷʡʩʪʚʝʥʥʳʭ ʜʦʛʦʚʦʨʦʚ ʫʥʠʚʝʨʩʠʪʝʪʘ. 

ɸʅʇɸ ï ʵʪʦ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʝʟ 

ʵʢʠʧʘʞʘ ʦʧʫʩʢʘʪʴʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ ʰʝʩʪʠ ʢʠʣʦʤʝʪʨʦʚ ʠ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʧʦʜ ʚʦʜʦʡ ʚ ʘʚʪʦʥʦʤʥʦʤ ʧʣʘʚʘʥʠʠ. ɸʅʇɸ ʦʩʥʘʱʸʥ 

ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʙʝʩʧʨʦʚʦʜʥʦʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠ 

ʠʟʦʙʨʘʞʝʥʠʷ ʦʧʝʨʘʪʦʨʫ ʚ ʮʝʥʪʨʝ ʫʧʨʘʚʣʝʥʠʷ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʩ ʨʘʟʚʠʪʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʭʦʯʝʪʩʷ, ʯʪʦʙʳ ʵʪʠ 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʅʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ  

çʊʇʋ ï ʈ-ʌʘʨʤè 

ʄ.ɸ. ʉʦʥʴʢʠʥ, 

ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʝ ʠ ʠʥʥʦʚʘʮʠʷʤ 

ʊʇʋ 
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35 

 
ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 

ʘʚʪʦʥʦʤʥʳʝ ʘʧʧʘʨʘʪʳ ʤʦʛʣʠ ʦʧʫʩʢʘʪʴʩʷ ʥʘ ʙʦʣʴʰʫʶ ʛʣʫʙʠʥʫ, ʧʝʨʝʜʘʚʘʪʴ ʙʦʣʴʰʝ ʠʥʬʦʨʤʘʮʠʠ. ʍʦʯʝʪʩʷ, ʯʪʦʙʳ 

ʤʦʞʥʦ ʙʳʣʦ ʫʧʨʘʚʣʷʪʴ ʥʝ ʦʜʥʠʤ, ʘ ʜʝʩʷʪʢʘʤʠ ʵʪʠʭ ʘʧʧʘʨʘʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

ʄʳ ʥʝ ʙʫʜʝʤ ʧʨʦʠʟʚʦʜʠʪʴ ʩʘʤʠ ɸʅʇɸ, ʥʦ ʤʳ ʙʫʜʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʜʣʷ ʥʠʭ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʦʥʥʳʝ 

ʩʠʩʪʝʤʳ, ʩʝʥʩʦʨʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ, ʠ ʩʦʟʜʘʚʘʪʴ ʥʦʚʳʝ. ʋʚʝʨʝʥʳ, ʯʪʦ ʩ 

ʧʦʤʦʱʴʶ ʊʇʋ ʚ ʈʦʩʩʠʠ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʧʦʜʚʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ, ʢʦʪʦʨʳʝ ʙʫʜʫʪ ʣʫʯʰʠʤʠ ʚ 

ʤʠʨʝ. 

ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʚ ʊʇʋ ʫʞʝ ʩʦʟʜʘʥʘ ʥʦʚʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʷ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ, 

ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʷ ʠ ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠ. ɺ ʥʝʡ ʙʫʜʫʪ ʨʝʰʘʪʴʩʷ ʟʘʜʘʯʠ ʧʦ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʩʦʟʜʘʥʠʶ çʧʦʜʚʦʜʥʳʭ ʨʦʙʦʪʦʚè ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʄʝʛʘʛʨʘʥʪ çʄʝʜʠʮʠʥʩʢʘʷ ʠʥʞʝʥʝʨʠʷè. 

ʊʇʋ ʷʚʣʷʝʪʩʷ ʦʙʣʘʜʘʪʝʣʝʤ ʫʥʠʢʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ð ʵʪʦ ʥʘʰ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ. 

ʅʘʤʠ ʨʘʟʨʘʙʦʪʘʥʳ ʫʥʠʢʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʧʨʝʧʘʨʘʪʳ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʘʢʪʠʚʥʳʭ 

ʥʫʢʣʠʜʦʚ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʣʝʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʙʦʣʝʟʥʝʡ. ʇʝʨʝʜ ʥʘʤʠ ʩʪʦʠʪ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʨʘʜʠʦʬʘʨʤʧʨʝʧʘʨʘʪʦʚ, ʫʩʪʨʦʡʩʪʚ ʠ ʤʝʪʦʜʠʢ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʪʝʨʘʧʠʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʄʳ ʥʘʤʝʨʝʥʳ ʨʘʟʨʘʙʦʪʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʝʥʠʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʣʶʜʝʡ, ʩʦʟʜʘʪʴ ʠʥʪʝʨʥʘʮʠʦʥʘʣʴʥʫʶ ʧʣʘʪʬʦʨʤʫ ʚ ʦʙʣʘʩʪʠ ʠʥʞʝʥʝʨʥʦʡ ʤʝʜʠʮʠʥʳ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʝ ʠ ʦʥʢʦʣʦʛʠʯʝʩʢʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʣʠʜʠʨʫʶʪ ʚ ʩʪʘʪʠʩʪʠʢʝ ʩʤʝʨʪʥʦʩʪʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʜʠʦʥʫʢʣʠʜʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʨʦʪʢʦʞʠʚʫʱʠʭ ʠ ʫʣʴʪʨʘʢʦʨʦʪʢʦʞʠʚʫʱʠʭ 

ʨʘʜʠʦʥʫʢʣʠʜʦʚ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʝʠʥʚʘʟʠʚʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʰʝʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ ʥʘ 

15%, ʫʚʝʣʠʯʠʪ ʚ 3-4 ʨʘʟʘ ʯʠʩʣʦ ʦʨʛʘʥʦʩʦʭʨʘʥʥʳʭ ʭʠʨʫʨʛʠʯʝʩʢʠʭ ʚʤʝʰʘʪʝʣʴʩʪʚ ʧʨʠ ʨʷʜʝ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ, ʧʦʚʳʩʠʪ ʜʦʩʪʫʧʥʦʩʪʴ ʣʝʯʝʥʠʷ ʦʥʢʦʣʦʛʠʯʝʩʢʠʭ ʟʘʙʦʣʝʚʘʥʠʡ ʜʣʷ ʥʘʩʝʣʝʥʠʷ. 

ʇʨʦʝʢʪ ʩʣʦʞʥʳʡ. ɺʝʱʝʩʪʚʘ ʧʨʝʧʘʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʶʪ 

ʫʯʝʥʳʝ ʊʇʋ. ʂʣʠʥʠʯʝʩʢʠʝ ʠʩʧʳʪʘʥʠʷ, ʩʝʨʪʠʬʠʢʘʮʠʷ ʤʝʜʧʨʝʧʘʨʘʪʦʚ, ʩʘʤʘ ʨʘʟʨʘʙʦʪʢʘ, ʩʝʨʪʠʬʠʢʘʮʠʷ ʠ 

ʪʝʩʪʠʨʦʚʘʥʠʝ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ð ʵʪʦ ʚʩʝ ʠʜʝʪ ʯʝʨʝʟ ʥʘʰʠʭ ʧʘʨʪʥʸʨʦʚ, ʤʝʜʠʮʠʥʩʢʠʝ ʫʯʨʝʞʜʝʥʠʷ. 

ʄʝʛʘʧʨʦʝʢʪ ʧʦ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʙʦʪʳ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
ʈʝʯʴ ʠʜʝʪ ʦ ʩʦʟʜʘʥʠʠ ʮʝʣʦʡ ʣʠʥʝʡʢʠ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪʚʝʯʘʶʪ ʩʝʨʴʝʟʥʳʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʧʨʦʯʥʦʩʪʠ. 

ʉʣʦʞʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʩʨʝʜ ʠ ʪʝʨʨʠʪʦʨʠʡ ʩ 

ʥʠʟʢʠʤʠ ʠʣʠ ʚʳʩʦʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʠ 

ʨʘʜʠʘʮʠʝʡ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʥʦʞʝʩʪʚʦʤ ʬʘʢʪʦʨʦʚ ʠ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʨʦʚʝʥʴ ʪʝʢʫʱʝʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʕʪʦ ï 

ʢʦʩʤʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʂʨʘʡʥʠʡ ʉʝʚʝʨ. ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʠʟʜʝʣʠʡ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʝʜʲʷʚʣʷʝʪ ʦʩʦʙʳʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʚʦʡʩʪʚʘʤ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ. 

ɺ ʨʘʤʢʘʭ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʝʢʪʘ ʙʫʜʫʪ ʨʘʟʨʘʙʦʪʘʥʳ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ. ʇʝʨʚʳʡ ð ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ 

ʢʦʩʤʦʩʘ. ʕʪʦ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʣʝʛʢʠʭ, ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʩʪʝʢʣʦ- ʠ 

ʫʛʣʝʧʣʘʩʪʠʢʦʚ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-ʩʪʦʡʢʠʭ ʟʘʱʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʥʘʥʦʧʦʢʨʳʪʠʡ ʜʣʷ ʟʘʱʠʪʳ ʵʣʝʢʪʨʦʥʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ. 

ɺʪʦʨʦʡ ð ʜʣʷ ʨʘʙʦʪʳ ʚ ʫʩʣʦʚʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ: 

ʨʝʩʫʨʩʦʵʬʬʝʢʪʠʚʥʳʝ ʥʘʥʦʥʘʧʦʣʥʝʥʥʳʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ 

ʧʦʣʠʤʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʉʦʚʤʝʩʪʥʦ ʩ 

ʀʥʩʪʠʪʫʪʦʤ ʥʘʫʢʠ ʛʦʨʦʜʘ ɹʘʥʛʘʣʦʨ (ʀʥʜʠʷ), ʚʭʦʜʷʱʠʤ ʚ ʂʦʨʧʦʨʘʮʠʶ Instron, ʙʫʜʝʪ ʩʦʟʜʘʥ ʠ ʦʩʥʘʱʝʥ ʥʝ 

ʠʤʝʶʱʠʡ ʘʥʘʣʦʛʦʚ ʚ ʈʦʩʩʠʠ ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ ʨʝʩʫʨʩʥʳʭ ʠʩʧʳʪʘʥʠʡ ʠ 

ʪʝʭʥʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʠʟʜʝʣʠʡ ʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʣʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. 

ʄʝʛʘʧʨʦʝʢʪ çʊʝʭʥʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʳ ʪʦʤʦʛʨʘʬʠʯʝʩʢʦʛʦ ʥʝʨʘʟʨʫʰʘʶʱʝʛʦ ʢʦʥʪʨʦʣʷ ʥʦʚʦʛʦ 

ʧʦʢʦʣʝʥʠʷè 
ɺ ʝʛʦ ʨʘʤʢʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʯʝʥʳʝ ʊʇʋ ʩʦʟʜʘʜʫʪ ʪʦʤʦʛʨʘʬ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʘʚʠʘʮʠʦʥʥʦʡ, ʢʦʩʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʪʦʯʥʦʤ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʵʪʦʡ ʩʬʝʨʝ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʟʘʨʫʙʝʞʥʳʝ ʨʘʟʨʘʙʦʪʢʠ. ʄʳ ʞʝ ʩʦʟʜʘʝʤ ʨʦʩʩʠʡʩʢʠʝ ʪʦʤʦʛʨʘʬʳ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʥʮʠʧʘʭ. 

ʈʝʯʴ ʠʜʝʪ ʦ ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʪʦʤʦʛʨʘʬʘʭ, ʢʦʪʦʨʳʭ ʧʦʢʘ ʥʝʪ ʚ ʤʠʨʝ. ʉʦʟʜʘʝʤ 

ʪʦʤʦʛʨʘʬʳ ʥʘ ʦʩʥʦʚʝ ʫʥʠʢʘʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʣʫʯʝʥʠʷ ï ʙʝʪʘʪʨʦʥʘʭ ï ʨʘʟʨʘʙʦʪʢʝ ʊʇʋ.  

ɺ ʊʇʋ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ʮʝʣʘʷ ʣʠʥʝʡʢʘ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʚ ʵʪʦʡ ʩʬʝʨʝ. 

ʆʥʠ, ʛʨʫʙʦ ʛʦʚʦʨʷ, çʧʨʦʩʚʝʯʠʚʘʶʪè ʥʘʩʢʚʦʟʴ ʧʨʝʜʤʝʪʳ, ʥʝ ʨʘʟʨʫʰʘʷ ʠʭ. ʋ ʥʘʩ ʨʘʟʨʘʙʦʪʘʥ ʩʘʤʳʡ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʚ ʤʠʨʝ ʪʦʤʦʛʨʘʬ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝʨʘʟʨʫʰʘʶʱʠʡ ʢʦʥʪʨʦʣʴ. ʅʘ ʝʛʦ ʦʩʥʦʚʝ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʨʘʟʣʠʯʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʅʘʧʨʠʤʝʨ, ʜʦʩʤʦʪʨʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʟʘʝʭʘʪʴ ʮʝʣʳʡ 

ʘʚʪʦʤʦʙʠʣʴ ʠʣʠ ʚʘʛʦʥ, ʛʜʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʝʟʦʧʘʩʥʳʭ ʤʝʪʦʜʦʚ ʪʝʭʥʠʢʫ ʙʫʜʫʪ çʧʨʦʩʚʝʯʠʚʘʪʴè, ʦʧʨʝʜʝʣʷʪʴ 

ʥʘʣʠʯʠʝ ʚʟʨʳʚʯʘʪʳʭ ʠ ʠʥʳʭ ʦʧʘʩʥʳʭ ʚʝʱʝʩʪʚ. ʉʝʛʦʜʥʷ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʪʨʝʙʦʚʘʥʦ ʚ ʥʘʰʝʤ ʚʟʨʳʚʦʦʧʘʩʥʦʤ 

ʤʠʨʝ. ʄʳ ʭʦʪʠʤ ʦʜʠʥ ʠʟ ʪʘʢʠʭ ʪʦʤʦʛʨʘʬʦʚ ʚ ʤʘʣʦʛʘʙʘʨʠʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ ʧʦʩʪʘʚʠʪʴ ʥʘ ʧʦʜʚʦʜʥʳʡ ʘʧʧʘʨʘʪ ʩ 

ʪʝʤ, ʯʪʦʙʳ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʟʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʢʦʨʧʫʩʦʚ ʧʦʜʚʦʜʥʳʭ ʣʦʜʦʢ, ʜʨʫʛʠʭ ʩʫʜʦʚ, ʘ ʪʘʢʞʝ ʧʦʨʪʦʚʳʭ 

ʩʦʦʨʫʞʝʥʠʡ. ɸ ʵʪʦ ʫʞʝ ʩʝʪʝʚʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʤʝʛʘʧʨʦʝʢʪʦʤ ʧʦ çʧʦʜʚʦʜʥʳʤ ʨʦʙʦʪʘʤè. ʊʘʢ ʥʠʢʪʦ ʥʝ ʜʝʣʘʣ ʚ 

ʤʠʨʝ, ʵʪʦ ʧʨʦʨʳʚʥʘʷ ʪʝʭʥʦʣʦʛʠʷ. 

ʅʦʚʫʶ ʥʘʫʯʥʫʶ ʣʘʙʦʨʘʪʦʨʠʶ ʚ ʊʇʋ 

çʊʝʣʝʢʦʤʤʫʥʠʢʘʮʠʠ, ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʝ ʚ 

ʤʦʨʩʢʦʡ ʛʝʦʣʦʛʠʠè ʧʨʝʟʝʥʪʫʝʪ ʃʝʦʥʠʜ 

ʅʘʫʤʦʚ, ʜʠʨʝʢʪʦʨ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ 

ʤʦʨʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʄʝʛʘʧʨʦʝʢʪ çʂʦʤʧʣʝʢʩʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘè 

ʂ ʨʘʙʦʪʝ ʥʘʜ ʧʨʦʝʢʪʦʤ ʧʨʠʚʣʝʢʘʶʪʩʷ ʧʘʨʪʥʝʨʳ ʠʟ 

ʟʘʨʫʙʝʞʥʳʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ, ʚʢʣʶʯʘʷ ʩʧʝʮʠʘʣʠʩʪʦʚ ʀʥʩʪʠʪʫʪʘ 

ʥʝʬʪʷʥʦʛʦ ʠʥʞʠʥʠʨʠʥʛʘ ʫʥʠʚʝʨʩʠʪʝʪʘ ʍʝʨʠʦʪ-ɺʘʪʪ 

(ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ), ʫʥʠʚʝʨʩʠʪʝʪʘ ʆʢʣʘʭʦʤʳ (ʉʐɸ) ʠ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʂʘʣʛʘʨʠ (ʂʘʥʘʜʘ). ʅʘʰʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʭ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ 

ʛʘʟʘ, ʪʘʢʠʭ ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʩʣʘʥʮʝʚʳʭ. ʄʳ ʩʦʟʜʘʜʠʤ ʤʝʪʦʜʠʢʫ 

ʧʦʜʩʯʝʪʘ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ. 

ɹʫʜʝʪ ʩʦʟʜʘʥʘ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʘʷ 

ʣʘʙʦʨʘʪʦʨʠʷ ʧʦ ʵʪʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʄʝʛʘʧʨʦʝʢʪ çɻʠʙʨʠʜʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ 

ʫʧʨʘʚʣʝʥʠʝ ʚ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤʘʭè. ʕʣʝʢʪʨʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ (ʕʕʉ) ʥʫʞʜʘʶʪʩʷ ʚ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʳʭ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʭ ʩʠʩʪʝʤʘʭ ʫʧʨʘʚʣʝʥʠʷ. ʈʘʟʨʘʙʦʪʢʘ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʟʚʦʣʠʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʟʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʘʚʘʨʠʡ. ʉʦʟʜʘʪʴ ʥʦʚʫʶ ʩʠʩʪʝʤʫ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʪʦʯʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʕʕʉ, ʧʦʩʢʦʣʴʢʫ 

ʥʘʪʫʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʠʪʴ ʥʝʨʝʘʣʴʥʦ. ʊʇʋ ʷʚʣʷʝʪʩʷ ʤʠʨʦʚʳʤ ʣʠʜʝʨʦʤ ʚ ʦʙʣʘʩʪʠ 

ʛʠʙʨʠʜʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʕʕʉ. ʇʦʵʪʦʤʫ ʥʘʤ ʧʦʜ ʩʠʣʫ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ, ʦʧʝʨʝʞʘʶʱʠʭ ʤʠʨʦʚʦʡ ʫʨʦʚʝʥʴ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʵʥʝʨʛʦʩʠʩʪʝʤ ʠ ʥʦʚʳʭ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ. 

ɺ ʠʪʦʛʝ ʤʳ ʧʦʣʫʯʘʝʤ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʦʡ ʘʚʪʦʤʘʪʠʢʠ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʪʝʭʥʦʣʦʛʠʠ ʚ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʧʦ ʧʨʦʪʠʚʦʘʚʘʨʠʡʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ. 

ʈʦʣʴ ʟʘʨʫʙʝʞʥʳʭ ʧʘʨʪʥʸʨʦʚ ʚ ʤʝʛʘʛʨʘʥʪʘʭ ʊʇʋ 
ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʦʧʳʪ ʥʠʯʝʤ ʥʝ ʟʘʤʝʥʠʪʴ. ʅʘʰʠ ʧʘʨʪʥʝʨʳ ð ʣʶʜʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʵʢʩʧʝʨʪʘʤʠ ʚ 

ʩʚʦʝʡ ʩʬʝʨʝ. ʀʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚʜʦʭʥʦʚʣʷʝʪ ʥʘʩ ʥʘ ʪʦ, ʯʪʦʙʳ ʤʳ ʩʦʟʜʘʚʘʣʠ ʨʘʟʨʘʙʦʪʢʠ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ. ʂʨʦʤʝ 

ʚʩʝʛʦ ʧʨʦʯʝʛʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʦʩʠʪʝʣʷʤʠ ʜʨʫʛʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʜʨʫʛʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ ʨʘʙʦʪʝ, ʠ ʫ ʥʘʩ ʝʩʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʩʨʘʚʥʠʚʘʪʴ. ɽʩʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʘʤʦʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴʩʷ, ʘ ʵʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʡ 

ʨʘʙʦʪʳ. 

 

ʀʅʉʊʀʊʋʊ ʇʈʀʈʆɼʅʓʍ ʈɽʉʋʈʉʆɺ ï ʉʆɺʈɽʄɽʅʅʓʁ ʋʏɽɹʅʆ-ʅɸʋʏʅʓʁ ʎɽʅʊʈ  
ʉ ɺɽʂʆɺʓʄʀ ʊʈɸɼʀʎʀʗʄʀ 
ɸ.ʖ. ɼʤʠʪʨʠʝʚ, ʜʠʨʝʢʪʦʨ ʀʇʈ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ï ʵʪʦ ʧʝʨʝʜʦʚʦʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ ʮʝʥʪʨ, 

ʠʩʪʦʨʠʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʚʝʢʦʚʫʶ ʪʨʘʜʠʮʠʶ. ʆʩʥʦʚʘʥ ʦʥ ʥʘ ʙʘʟʝ ʩʪʘʨʝʡʰʠʭ ʦʪʜʝʣʝʥʠʡ 

ʊʦʤʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʠʤʝʥʠ ʠʤʧʝʨʘʪʦʨʘ ʅʠʢʦʣʘʷ II  (ʥʳʥʝ ʊʦʤʩʢʠʡ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ) ï ʛʦʨʥʦʛʦ ʠ ʭʠʤʠʯʝʩʢʦʛʦ, ʠʤʝʶʱʠʭ ʙʦʛʘʪʝʡʰʠʝ ʪʨʘʜʠʮʠʠ 

ʠ ʩʠʣʴʥʳʝ ʥʘʫʯʥʳʝ ʰʢʦʣʳ.  

ɹʫʜʫʯʠ ʚ ʩʚʦʸ ʚʨʝʤʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʦʪ ʋʨʘʣʘ ʜʦ ʊʠʭʦʛʦ ʦʢʝʘʥʘ, ʊʦʤʩʢʘʷ ʰʢʦʣʘ ʠ 

ʪʝʧʝʨʴ ï ʦʜʥʘ ʠʟ ʚʝʜʫʱʠʭ ʚ ʩʪʨʘʥʝ. ʇʝʨʚʳʡ ʚʳʧʫʩʢ ʛʦʨʥʳʭ ʠʥʞʝʥʝʨʦʚ ʚ ʊʇʋ ʩʦʩʪʦʷʣʩʷ  

ʝʱʝ ʚ 1908 ʛʦʜʫ. ʉ ʪʝʭ ʧʦʨ ʦʥ ʧʦʩʪʦʷʥʥʦ ʛʦʪʦʚʠʪ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ 

ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʝʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʝʡ, ʥʝʠʟʤʝʥʥʦ  ʩʦʭʨʘʥʷʷ ʧʨʝʝʤʩʪʚʝʥʥʦʩʪʴ 

ʧʦʢʦʣʝʥʠʡ.  

ʉʝʛʦʜʥʷ ʚ ʠʥʩʪʠʪʫʪʝ ʜʝʡʩʪʚʫʶʪ ʥʘʫʯʥʳʝ ʰʢʦʣʳ, ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʚ ʈʦʩʩʠʠ ʠ 

ʟʘ ʨʫʙʝʞʦʤ. ʕʪʦ ʉʠʙʠʨʩʢʘʷ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ (ʩʝʛʦʜʥʷ ʚʦʟʛʣʘʚʣʷʝʪ ʝʝ 

ʧʨʦʬʝʩʩʦʨ ʉ.ʃ. ʐʚʘʨʮʝʚ, ʃʘʫʨʝʘʪ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʇʨʝʤʠʠ ʉʉʉʈ ï ʫʯʝʥʠʢ ʇ. ɸ. 

ʋʜʦʜʦʚʘ), ʐʢʦʣʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ʧʨʦʬʝʩʩʦʨ 

ɸ.ʌ.ʂʦʨʦʙʝʡʥʠʢʦʚ), ʉʠʙʠʨʩʢʘʷ ʥʘʫʯʥʘʷ ʰʢʦʣʘ ʚ ʦʙʣʘʩʪʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʧʦʠʩʢʦʚ ʠ ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʨʫʢʦʚʦʜʠʪʝʣʴ - ʧʨʦʬʝʩʩʦʨ ʃ.ʗ. ɽʨʦʬʝʝʚ ï ʫʯʝʥʠʢ ɼ. 

ʉ. ʄʠʢʦʚʘ), ʉʠʙʠʨʩʢʘʷ ʨʘʜʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʰʢʦʣʘ (ʧʨʦʬʝʩʩʦʨ ʃ.ʇ. ʈʠʭʚʘʥʦʚ) ʠ ʜʨ. ʀʟ 35 ʪʳʩʷʯ ʚʳʧʫʩʢʥʠʢʦʚ 

ʉʠʙʠʨʩʢʦʡ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʭʠʤʠʯʝʩʢʦʡ ʰʢʦʣ ʙʦʣʝʝ 450 

ʩʪʘʣʠ ʧʝʨʚʦʦʪʢʨʳʚʘʪʝʣʷʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ, 1 - ʣʘʫʨʝʘʪʦʤ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ, ʙʦʣʝʝ 50 ï 

ʃʘʫʨʝʘʪʘʤʠ ʃʝʥʠʥʩʢʦʡ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʨʝʤʠʡ, 15 ï 

ʘʢʘʜʝʤʠʢʘʤʠ ʠ ʯʣʝʥʘʤʠ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʘʤʠ ɸʅ ʉʉʉʈ (ʈɸʅ), 

ʙʦʣʝʝ 250 ï ʜʦʢʪʦʨʘʤʠ ʠ ʙʦʣʝʝ 1600 ï ʢʘʥʜʠʜʘʪʘʤʠ ʥʘʫʢ. ɿʘ 

ʧʨʦʰʝʜʰʫʶ ʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʧʦʷʚʠʣʠʩʴ ʥʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʧʦʜʛʦʪʦʚʢʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ. ʀʥʩʪʠʪʫʪ (ʬʘʢʫʣʴʪʝʪ) ʜʘʣ 

ʞʠʟʥʴ ʜʨʫʛʠʤ ʠʥʩʪʠʪʫʪʘʤ, ʫʯʝʙʥʳʤ ʠ ʥʘʫʯʥʳʤ. ʅʘʫʯʥʦ-

ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʟʘʣʦʞʝʥʥʳʡ ʦʩʥʦʚʦʧʦʣʦʞʥʠʢʘʤʠ 

ʦʪʜʝʣʝʥʠʡ ʠ ʨʘʟʚʠʪʳʡ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʣʠ 

ʛʠʙʢʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʟʘʧʨʦʩʳ ʚʨʝʤʝʥʠ.  

ʅʘʰʠʤ ʩʦʚʨʝʤʝʥʥʳʤ ʩʪʫʜʝʥʪʘʤ ʝʩʪʴ ʥʘ ʢʦʛʦ ʨʘʚʥʷʪʴʩʷ, 

ʠ ʦʥʠ ʯʪʷʪ ʟʘʩʣʫʛʠ ʧʨʝʜʳʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʧʦʣʠʪʝʭʥʠʢʦʚ, 

ʋʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨè 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ  

(20 ʢʦʨʧʫʩ ʊʇʋ) 

ɸ.ʖ. ɼʤʠʪʨʠʝʚ, 

ʜʠʨʝʢʪʦʨ ʀʇʈ 

ʊʇʋ  



 

 

37 

 
ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 

ʩʪʨʝʤʷʩʴ ʦʩʪʘʚʠʪʴ ʠ ʩʚʦʝ ʠʤʷ ʚ ʩʣʘʚʥʦʡ ʠʩʪʦʨʠʠ ʚʫʟʘ. ʉʝʛʦʜʥʷ ʜʣʷ ʠʭ ʫʩʧʝʰʥʦʛʦ ʩʪʘʨʪʘ ʚ ʢʘʨʴʝʨʝ ʚ ʀʥʩʪʠʪʫʪʝ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʦʟʜʘʥʳ ʚʩʝ ʫʩʣʦʚʠʷ. ʅʝ ʩʣʫʯʘʡʥʦ, ʦʥ ʩʯʠʪʘʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ ʚ ʩʪʨʘʥʝ 

ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʫʯʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʛʦʪʦʚʷʪ ʥʝ ʪʦʣʴʢʦ ʩʧʝʮʠʘʣʠʩʪʦʚ ʜʣʷ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, ʥʦ ʠ ʚʩʝʭ 

ʜʨʫʛʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘʰ ʠʥʩʪʠʪʫʪ ï ʵʪʦ ʦʢʦʣʦ 4,5 ʪʳʩʷʯ ʩʪʫʜʝʥʪʦʚ ʧʦ ʚʩʝʤ 

ʬʦʨʤʘʤ ʦʙʫʯʝʥʠʷ, 15 ʢʘʬʝʜʨ, 11 ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ, 24 ʣʘʙʦʨʘʪʦʨʠʠ, 4 ʦʪʜʝʣʘ, 3 ʤʫʟʝʷ. ʆʥ ʠʤʝʝʪ ʢʦʣʦʩʩʘʣʴʥʫʶ 

ʥʘʫʯʥʫʶ ʙʘʟʫ. ɿʜʝʩʴ ʨʘʙʦʪʘʶʪ 28  ʘʢʘʜʝʤʠʢʦʚ ʠ ʯʣʝʥʦʚ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʚ, 81ʜʦʢʪʦʨ ʠ 204 ʢʘʥʜʠʜʘʪʘ ʥʘʫʢ. ɺ 

ʀʥʩʪʠʪʫʪʝ ʧʨʦʚʦʜʷʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʚʩʝʩʪʦʨʦʥʥʝʤʫ ʠʟʫʯʝʥʠʶ ʠ ʦʩʚʦʝʥʠʶ 

ʥʝʜʨ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦ ʧʨʦʛʨʘʤʤʘʤ 

ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ, ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ, ʦʪʨʘʩʣʝʚʦʛʦ ʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ.  

ɺ ʠʥʩʪʠʪʫʪʝ ʪʨʘʜʠʮʠʦʥʥʦ ʰʠʨʦʢʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʮʠʷ ʩ ʘʢʘʜʝʤʠʯʝʩʢʦʡ ʥʘʫʢʦʡ, ʷʚʣʷʶʱʘʷʩʷ 

ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʧʦʜʛʦʪʦʚʢʠ ʚʳʩʦʢʦ-ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʠ ʥʘʧʨʘʚʣʝʥʥʘʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ 

ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʥʩʪʠʪʫʪ ʫʩʧʝʰʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ ʩʠʩʪʝʤʫ ʧʦʜʛʦʪʦʚʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʦʜʛʦʪʦʚʢʫ 

ʙʘʢʘʣʘʚʨʦʚ (ʚʦʩʝʤʴ ʥʘʧʨʘʚʣʝʥʠʡ), ʤʘʛʠʩʪʨʦʚ (18 ʧʨʦʛʨʘʤʤ) ʠ ʜʠʧʣʦʤʠʨʦʚʘʥʥʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ (2 ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

ʥʘ ʦʯʥʦʡ ʬʦʨʤʝ ʦʙʫʯʝʥʠʷ ʠ 2 ï ʥʘ ʟʘʦʯʥʦʡ); ʛʦʪʦʚʠʪ ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ ʧʦ 25 ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ ʠ ʜʦʢʪʦʨʦʚ ʥʘʫʢ ʧʦ 

ʚʦʩʴʤʠ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. ʈʘʙʦʪʘʶʪ ʧʷʪʴ ʜʠʩʩʝʨʪʘʮʠʦʥʥʳʭ ʩʦʚʝʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʠʥʠʤʘʶʪ ʢ ʟʘʱʠʪʝ ʢʘʥʜʠʜʘʪʩʢʠʝ ʠ 

ʜʦʢʪʦʨʩʢʠʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦ 14 ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʚʝʜʸʪʩʷ ʧʦʜʛʦʪʦʚʢʘ ʤʘʛʠʩʪʨʦʚ ʧʦ ʯʝʪʳʨʝʤ ʧʨʦʛʨʘʤʤʘʤ ʫʨʦʚʥʷ Double 

Degree: 

-çɻʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʥʝʬʪʠ ʠ ʛʘʟʘè (Hariot-Watt University, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ); 

-çʕʢʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʙʣʝʤʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳè (Paris-Sud 11 

University, ʌʨʘʥʮʠʷ),  

-çʈʘʟʨʘʙʦʪʢʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡè (Hariot-Watt University, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

-Pipeline engineering (ʊʨʫʙʦʧʨʦʚʦʜʥʳʡ ʠʥʞʠʥʠʨʠʥʛ) 

(ʫʥʠʚʝʨʩʠʪʝʪ ʅʴʶʢʘʩʣʘ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). 

ɼʠʧʣʦʤ ʊʇʋ ʠ ʜʠʧʣʦʤ ʟʘʨʫʙʝʞʥʦʛʦ ʚʫʟʘ-ʧʘʨʪʥʝʨʘ ʦʪʢʨʳʚʘʝʪ 

ʧʝʨʝʜ ʥʘʰʠʤʠ ʤʘʛʠʩʪʨʘʤʠ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ. ʅʦ ʠ ʥʝ ʪʦʣʴʢʦ 

ʨʦʩʩʠʡʩʢʠʝ ʩʪʫʜʝʥʪʳ ʟʘʠʥʪʝʨʝʩʦʚʘʥʳ ʚ ʵʪʠʭ ʧʨʦʛʨʘʤʤʘʭ. ʕʪʦ 

ʭʦʨʦʰʠʡ ʩʪʘʨʪ, ʫʚʝʨʝʥ, ʟʘ ʥʠʤʠ ʧʦʩʣʝʜʫʶʪ ʠ ʜʨʫʛʠʝ. 

ɺ ʠʥʩʪʠʪʫʪʝ 

ʩʦʟʜʘʥʳ ʧʝʨʝʜʦʚʳʝ ʣʘʙʦʨʘʪʦʨʠʠ ʠ ʫʥʠʢʘʣʴʥʳʝ ʠʥʥʦʚʘʮʠʦʥʥʳʝ 

ʮʝʥʪʨʳ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʝʨʝʞʘʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ ʧʦ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʳʤ ʧʨʦʙʣʝʤʘʤ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʎʝʥʪʨ ʫʨʘʥʦʚʦʡ ʛʝʦʣʦʛʠʠ, 

ʎʝʥʪʨ ʦʧʝʨʝʞʘʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʎʝʥʪʨ ʧʦʜʛʦʪʦʚʢʠ ʠ ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ, ʅʘʫʯʥʦ-ʠʥʥʦʚʘʮʠʦʥʥʳʡ ʮʝʥʪʨ 

ʢʦʩʤʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ çʂʦʩʤʦʛʝʦʣʦʛʠʷè, ʃʘʙʦʨʘʪʦʨʠʷ 

ʙʫʨʦʚʳʭ ʠ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʎʝʥʪʨ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʮʝʥʪʨ çʋʨʘʥʦʚʘʷ 

ʛʝʦʣʦʛʠʷè ʠ ʜʨʫʛʠʝ.  

ʊʨʘʜʠʮʠʝʡ ʀʥʩʪʠʪʫʪʘ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʷʚʣʷʝʪʩʷ 

ʪʝʩʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʥʘʫʢʠ ʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʛʦʪʦʚʠʪʴ ʚ ʀʇʈ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʣʝʪ ʚʳʩʦʢʦʢʣʘʩʩʥʳʭ 

ʪʚʦʨʯʝʩʢʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʚʦʩʪʨʝʙʦʚʘʥʳ ʠ ʩʝʛʦʜʥʷ 

ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ ʠ ʚ ʥʘʫʯʥʳʭ 

ʦʨʛʘʥʠʟʘʮʠʷʭ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ 

ʨʫʙʝʞʦʤ. ɼʦʩʪʘʪʦʯʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 7 ʩʪʫʜʝʥʪʦʚ ʀʇʈ ʟʘ ʥʘʫʯʥʳʝ ʨʘʙʦʪʳ 

ʥʘʛʨʘʞʜʝʥʳ ʄʝʜʘʣʷʤʠ ɸ ʅ ʉʉʉʈ ʠ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʅʘʫʢ. ʉ 2004 ʛ. ʧʦ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 10 ʩʪʫʜʝʥʪʦʚ ʀʇʈ ʚʳʠʛʨʘʣʠ ʟʚʘʥʠʷ çʃʫʯʰʠʡ ʚʳʧʫʩʢʥʠʢ ʤʠʨʘè 

ʧʦ ʩʚʦʝʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 30 ʩʪʫʜʝʥʪʦʚ ʫʜʦʩʪʦʝʥʳ ʟʚʘʥʠʷ çʃʫʯʰʠʡ ʚʳʧʫʩʢʥʠʢ 

ʈʦʩʩʠʠè, 420 ʩʪʫʜʝʥʪʦʚ ʚ ʧʦʩʣʝʜʥʠʝ 40 ʣʝʪ ʥʘʛʨʘʞʜʝʥʳ ʟʘ ʥʘʫʯʥʦʶ ʨʘʙʦʪʫ 

ɼʠʧʣʦʤʘʤʠ ʄʠʥʚʫʟʘ ʉʉʉʈ, ʘ ʧʦʟʜʥʝʝ ʈʌ. ɺʩʝ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʯʘʡʰʠʡ 

ʫʨʦʚʝʥʴ ʧʦʜʛʦʪʦʚʢʠ ʚʳʧʫʩʢʥʠʢʦʚ ʚ ʀʇʈ. 

ɺʳʙʠʨʘʷ ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʘʰʠ ʩʪʫʜʝʥʪʳ ʟʥʘʶʪ, ʯʪʦ ʪʝʤ 

ʩʘʤʳʤ ʦʥʠ ʛʘʨʘʥʪʠʨʫʶʪ ʩʝʙʝ ʫʩʧʝʰʥʦʝ ʙʫʜʫʱʝʝ. ʇʝʨʩʧʝʢʪʠʚʳ ʧʝʨʝʜ ʥʠʤʠ 

ʦʪʢʨʳʚʘʶʪʩʷ ʦʛʨʦʤʥʳʝ, ʥʫʞʥʦ ʪʦʣʴʢʦ ʩʪʘʨʘʪʝʣʴʥʦ ʫʯʠʪʴʩʷ. ʏʪʦ ʠ ʛʦʚʦʨʠʪʴ, 

ʩʚʳʰʝ 95 ʧʨʦʮʝʥʪʦʚ ʚʳʧʫʩʢʥʠʢʦʚ ʀʥʩʪʠʪʫʪʘ ʪʨʫʜʦʫʩʪʨʘʠʚʘʶʪʩʷ ʧʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ. ʀ ʩʧʨʦʩ ʥʘ ʵʪʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʚʳʰʘʝʪ 

ʧʨʝʜʣʦʞʝʥʠʝ. ɺ ʩʨʝʜʥʝʤ ʥʘ ʢʘʞʜʦʛʦ ʚʳʧʫʩʢʥʠʢʘ ʧʨʠʭʦʜʠʪʩʷ ʧʦ  3-4 ʟʘʷʚʢʠ ʦʪ 

ʧʨʝʜʧʨʠʷʪʠʡ, ʥʘ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʯʠʩʣʦ ʟʘʷʚʦʢ ʜʦʩʪʠʛʘʝʪ 15! 

ʀʥʩʪʠʪʫʪ ʧʦʩʪʦʷʥʥʦ ʨʘʟʚʠʚʘʝʪʩʷ. ʉʦʚʝʨʰʝʥʩʪʚʫʶʪʩʷ ʫʯʝʙʥʳʝ 

ʧʨʦʛʨʘʤʤʳ, ʧʨʠʛʣʘʰʘʶʪʩʷ ʠʥʦʩʪʨʘʥʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʨʧʫʩ 

 (1 ʢʦʨʧʫʩ ʊʇʋ) 

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʜʫʪ ʘʩʧʠʨʘʥʪʳ 

ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʠʥʥʦʚʘʮʠʦʥʥʦʤ-

ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ 

çʋʨʘʥʦʚʘʷ ʛʝʦʣʦʛʠʷè ʀʇʈ ʊʇʋ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ HitachiS-3400N 

ʩ ʧʨʠʩʪʘʚʢʦʡ ʜʣʷ ʤʠʢʨʦʘʥʘʣʠʟʘ 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʤʫʟʝʡ 

ʀʇʈ ʊʇʋ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʣʘʙʦʨʘʪʦʨʠʠ. ʊʦʣʴʢʦ ʤʦʣʦʜʝʞʥʳʭ 

ʥʘʫʯʥʳʭ ʦʙʲʝʜʠʥʝʥʠʡ ʚ ʀʇʈ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʜʦ 14 ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʫʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʀʇʈ. ʉʫʱʝʩʪʚʝʥʥʦ ʦʙʥʦʚʠʣʘʩʴ 

ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ, ʧʨʠʦʙʨʝʪʝʥʦ ʤʥʦʞʝʩʪʚʦ ʥʦʚʦʛʦ 

ʩʦʚʨʝʤʝʥʥʦʛʦ ʠ ʫʥʠʢʘʣʴʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ.  

ɹʦʣɹh ʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʠʥʩʪʠʪʫʪʘ ʠ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʛʨʘʝʪ ʧʦʜʜʝʨʞʢʘ ʧʘʨʪʥʝʨʦʚ. ʊʘʢ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ 

ʫʥʠʚʝʨʩʠʪʝʪ ʩʪʘʣ ʦʧʦʨʥʳʤ ʚʫʟʦʤ ʚ ʧʨʦʛʨʘʤʤʝ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʆɸʆ çɻʘʟʧʨʦʤè ʠ ʦʜʥʠʤ ʠʟ ʰʝʩʪʠ ʚʝʜʫʱʠʭ ʚʫʟʦʚ 

ʧʨʦʛʨʘʤʤʳ ʠʥʥʦʚʘʮʠʦʥʥʦʛʦ ʨʘʟʚʠʪʠʷ ʆɸʆ çɸʂ çʊʨʘʥʩʥʝʬʪʴè. 

ʊʘʢʞʝ ʥʘʰʠʤʠ ʩʪʨʘʪʝʛʠʯʝʩʢʠʤʠ ʧʘʨʪʥʸʨʘʤʠ ʷʚʣʷʶʪʩʷ ʆɸʆ 

çɻʘʟʧʨʦʤ ʪʨʘʥʩʛʘʟ ʊʦʤʩʢè, ʆɸʆ çɻʘʟʧʨʦʤ ʥʝʬʪʴè, ʆɸʆ çʅʂ 

çʈʦʩʥʝʬʪʴè, ʆɸʆ çɸʣʨʦʩʘè, ɿɸʆ çʉʀɹʋʈ ʍʦʣʜʠʥʛè, ʟʘʨʫʙʝʞʥʳʝ 

ʢʦʤʧʘʥʠʠ ɿɸʆ çʈ-ʌʘʨʤè, Shell, Sclumberger, Nord Imperial ʠ ʪ.ʜ.  

ɺʝʜʫʱʠʝ ʨʦʩʩʠʡʩʢʠʝ ʢʦʤʧʘʥʠʠ ʧʦʤʦʛʘʶʪ ʥʘʤ ʥʝ ʪʦʣʴʢʦ 

ʚ ʦʩʥʘʱʝʥʠʠ ʘʫʜʠʪʦʨʠʡ ʠ ʣʘʙʦʨʘʪʦʨʠʡ, ʥʦ ʠ ʚ ʛʨʘʥʪʦʚʦʡ 

ʧʦʜʜʝʨʞʢʝ ʣʫʯʰʠʭ ʩʪʫʜʝʥʪʦʚ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ, ʚ ʩʪʠʧʝʥʜʠʷʭ 

ʩʪʫʜʝʥʪʘʤ, ʧʨʘʢʪʠʢʝ ʠ ʪʨʫʜʦʫʩʪʨʦʡʩʪʚʝ. ʂ ʧʨʠʤʝʨʫ, ʤʳ ʛʦʪʦʚʠʤ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʡ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʡ 

ʎʝʥʪʨ çʍʀʄʊɽʂè, ʩʦʟʜʘʥʥʳʡ ʩʦʚʤʝʩʪʥʦ ʩ ɿɸʆ çʉʀɹʋʈè, ʜʚʘ ʛʦʜʘ ʥʘʟʘʜ  ʦʪʢʨʳʣʠ ʎʝʥʪʨ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ɿɸʆ çʈ-ʌʘʨʤè, ʚ ʧʨʦʰʣʦʤ ʛʦʜʫ ʩʦʚʤʝʩʪʥʦ ʩ ʆɸʆ 

çɻʘʟʧʨʦʤè ʤʳ ʟʘʧʫʩʪʠʣʠ ʫʥʠʢʘʣʴʥʳʡ ʚʠʨʪʫʘʣʴʥʳʡ ʦʙʫʯʘʶʱʠʡ ʧʨʦʛʨʘʤʤʥʳʡ ʢʦʤʧʣʝʢʩ çɺʠʨʪʫʘʣʴʥʳʡ 

ʧʨʦʤʳʩʝʣè. ɺ ʵʪʦʤ ʛʦʜʫ ʟʘʢʫʧʠʣʠ ʫʥʠʢʘʣʴʥʳʡ ʪʨʝʥʘʞʝʨ çʆʧʝʨʘʪʦʨ ʜʦʙʳʯʠè ʜʣʷ ʦʙʫʯʝʥʠʷ ʨʘʙʦʯʠʤ ʧʨʦʬʝʩʩʠʷʤ 

ʥʘʰʠʭ ʩʪʫʜʝʥʪʦʚ. ɺʩʝ ʵʪʦ ʛʘʨʘʥʪʠʨʫʝʪ ʚʳʧʫʩʢʥʠʢʘʤ ʀʇʈ ʧʝʨʩʧʝʢʪʠʚʫ ʠʥʪʝʨʝʩʥʦʡ ʨʘʙʦʪʳ, ʜʦʩʪʦʡʥʦʡ ʟʘʨʧʣʘʪʳ ʠ 

ʢʘʨʴʝʨʥʦʛʦ ʨʦʩʪʘ, ʝʩʣʠ ʦʥʠ ʙʫʜʫʪ ʭʦʨʦʰʦ ʪʨʫʜʠʪʴʩʷ, ʠ ʟʘʨʝʢʦʤʝʥʜʫʶʪ ʩʝʙʷ ʛʨʘʤʦʪʥʳʤʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʤʠ 

ʩʧʝʮʠʘʣʠʩʪʘʤʠ. ʀʤʝʥʥʦ ʚ ʪʝʩʥʦʤ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ ʚʝʜʫʱʠʤʠ ʨʦʩʩʠʡʩʢʠʤʠ ʢʦʤʧʘʥʠʷʤʠ ʤʳ ʤʦʞʝʤ ʧʦʜʛʦʪʦʚʠʪʴ 

ʚʳʩʦʢʦʢʣʘʩʩʥʳʭ ʧʨʦʬʝʩʩʠʦʥʘʣʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʤʥʦʛʦʣʝʪʥʠʝ ʤʥʦʛʦʧʣʘʥʦʚʳʝ ʪʨʘʜʠʮʠʠ, ʦʧʳʪ ʠ ʥʝʚʝʨʦʷʪʥʳʡ ʧʦʪʝʥʮʠʘʣ ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ 

ʨʝʩʫʨʩʦʚ ʟʘ ʦʯʝʥʴ ʢʦʨʦʪʢʠʡ ʩʨʦʢ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʫʩʧʝʰʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ  

ʩʪʨʫʢʪʫʨ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ɺʧʝʨʝʜʠ ʫ ʥʘʩ ʙʦʣʴʰʠʝ 

ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʥʝʤʘʣʦ ʧʣʘʥʦʚ ʧʦ ʨʘʟʚʠʪʠʶ ʠʥʩʪʠʪʫʪʘ, ʘ ʟʥʘʯʠʪ ʤʳ ʩʤʦʞʝʤ ʥʘʧʠʩʘʪʴ ʝʱʝ ʥʝʤʘʣʦ ʜʦʩʪʦʡʥʳʭ 

ʩʪʨʘʥʠʮ ʚ ʣʝʪʦʧʠʩʠ ʠʥʩʪʠʪʫʪʘ.  

 

 

ʂɸʅʓʐ ʀʄɸʅʊɸɽɺʀʏ ʉɸʊʇɸɽɺ ï ɺʓɼɸʖʑʀʁʉʗ ɻɽʆʃʆɻ ʉʆɺʈɽʄɽʅʅʆʉʊʀ 
ɸ.ʂ. ʄʘʟʫʨʦʚ

1
,
 
ʧʨʦʬʝʩʩʦʨ, ɻ.ʈ. ɹʝʢʞʘʥʦʚ

2
, ʘʢʘʜʝʤʠʢ 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

2
ɸʢʘʜʝʤʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʇʨʠʭʦʜ ʚ ʛʝʦʣʦʛʠʶ ʠ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʥʘʫʢʫ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ 

ʩʚʷʟʘʥ ʩ ʠʤʝʥʝʤ ʚʳʜʘʶʱʝʛʦʩʷ ʛʝʦʣʦʛʘ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ 20-ʛʦ ʩʪʦʣʝʪʠʷ 

ʘʢʘʜʝʤʠʢʘ ʄʠʭʘʠʣʘ ɸʥʪʦʥʦʚʠʯʘ ʋʩʦʚʘ, ʨʘʙʦʪʘʚʰʝʛʦ ʪʦʛʜʘ ʧʨʦʬʝʩʩʦʨʦʤ 

ʊʦʤʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ, ʦʜʥʦʛʦ ʠʟ ʣʫʯʰʠʭ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ ʈʦʩʩʠʠ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ ʠ ʧʝʨʚʦʛʦ ʚ ʉʠʙʠʨʠ. ʀʭ 

ʚʩʪʨʝʯʘ ʩʦʩʪʦʷʣʘʩʴ ʣʝʪʦʤ 1921 ʛʦʜʘ ʚ ɹʘʷʥ-ʘʫʣʝ, ʢʫʜʘ ʥʘ ʦʪʜʳʭ ʠ ʣʝʯʝʥʠʝ 

ʧʨʠʝʭʘʣ ʄʠʭʘʠʣ ɸʥʪʦʥʦʚʠʯ ʠ ʛʜʝ ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʨʘʙʦʪʘʣ ʥʘʨʦʜʥʳʤ 

ʩʫʜʴʝʡ. 

ʕʪʘ ʚʩʪʨʝʯʘ ʙʳʣʘ ʥʝʩʣʫʯʘʡʥʦʡ. ʉʦʛʣʘʩʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʦʜʥʠʭ 

ʄ.ɸ. ʋʩʦʚ ʧʨʠʝʭʘʣ ʚ ɹʘʷʥ-ʘʫʣ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʷʜʠ ʉʘʪʧʘʝʚʘ ï ɸʙʠʢʝʷ, 

ʜʨʫʛʠʭ ï ʧʦ ʩʦʚʝʪʫ ɸ.ɸ. ɽʨʤʝʢʦʚʘ, ʠʟʚʝʩʪʥʦʛʦ ʧʦʣʠʪʠʯʝʩʢʦʛʦ ʜʝʷʪʝʣʷ ʠ 

ʫʯʝʥʦʛʦ, ʧʝʨʚʦʛʦ ʢʘʟʘʭʘ ï ʧʨʦʬʝʩʩʦʨʘ ʤʘʪʝʤʘʪʠʢʠ, ʚʳʧʫʩʢʥʠʢʘ ʊʦʤʩʢʦʛʦ 

ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ 1923 ʛʦʜʘ. ʊʘʢ ʠʣʠ ʠʥʘʯʝ, ʚʩʪʨʝʯʘ ʩʦʩʪʦʷʣʘʩʴ ʠ 

ʠʤʝʣʘ ʩʯʘʩʪʣʠʚʦʝ ʧʨʦʜʦʣʞʝʥʠʝ. 

ʇʦ ʩʦʚʝʪʫ ʄ.ɸ. ʋʩʦʚʘ ʚ 1921 ʛʦʜʫ ʂ.ʀ. ʉʘʪʧʘʝʚ, ʦʩʪʘʚʠʚ ʨʘʙʦʪʫ, 

ʧʦʩʪʫʧʘʝʪ ʫʯʠʪʴʩʷ ʥʘ ʛʦʨʥʳʡ ʬʘʢʫʣʴʪʝʪ ʊʦʤʩʢʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʦʩʥʦʚʘʪʝʣʝʤ ʢʦʪʦʨʦʛʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʉʠʙʠʨʩʢʦʡ ʰʢʦʣʳ ʛʝʦʣʦʛʦʚ, 

ʙʳʣ ʘʢʘʜʝʤʠʢ ɺ.ɸ. ʆʙʨʫʯʝʚ. ɿʘʙʝʛʘʷ ʚʧʝʨʝʜ, ʦʪʤʝʪʠʤ, ʯʪʦ ʪʨʦʛʘʪʝʣʴʥʳʝ 

ʦʪʥʦʰʝʥʠʷ ʩ ʧʝʨʚʳʭ ʣʝʪ ʩʪʫʜʝʥʯʝʩʪʚʘ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʠ ʪʚʦʨʯʝʩʢʘʷ ʩʚʷʟʴ 

ʤʝʞʜʫ ʫʯʠʪʝʣʝʤ ʠ ʫʯʝʥʠʢʦʤ ʧʨʝʨʚʘʣʠʩʴ ʚ 1939 ʛʦʜʫ, ʧʦʩʣʝ ʨʘʥʥʝʡ ʢʦʥʯʠʥʳ ʄʠʭʘʠʣʘ ɸʥʪʦʥʦʚʠʯʘ ʚ ʚʦʟʨʘʩʪʝ 56 

ʣʝʪ.  

ɻʦʜʳ ʫʯʝʙʳ ʚ ʊʦʤʩʢʝ ʙʳʣʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʣʦʜʦʪʚʦʨʥʳʤʠ, ʯʪʦ ʚʧʦʣʥʝ ʦʙʲʷʩʥʠʤʦ. ɺʝʜʴ ʊʦʤʩʢ ʚ ʪʦ 

ʚʨʝʤʷ ʙʳʣ ʚʪʦʨʳʤ ʧʦʩʣʝ ʇʝʪʝʨʙʫʨʛʘ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʮʝʥʪʨʦʤ ʈʦʩʩʠʠ. ɿʜʝʩʴ ʨʘʙʦʪʘʣʠ ʢʨʫʧʥʝʡʰʠʝ ʨʫʩʩʢʠʝ 

ʛʝʦʣʦʛʠ, ʚ ʊʦʤʩʢʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʣʦ ʉʠʙʠʨʩʢʦʝ ʦʪʜʝʣʝʥʠʝ ɻʝʦʣʢʦʤʘ. 

ɼʦʙʨʦʪʥʦʡ ʦʩʥʦʚʦʡ ʩʪʘʥʦʚʣʝʥʠʷ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ ʚ ʢʘʯʝʩʪʚʝ ʢʨʫʧʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʷ-ʛʝʦʣʦʛʘ, 

ʥʘʨʷʜʫ ʩ ʫʯʝʙʥʳʤ ʧʨʦʮʝʩʩʦʤ ʚ ʠʥʩʪʠʪʫʪʝ, ʩʪʘʣʘ ʭʦʨʦʰʘʷ ʧʦʣʝʚʘʷ ʧʨʘʢʪʠʢʘ, ʧʨʦʭʦʜʠʚʰʘʷ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ 

ʩʘʤʦʛʦ ʄ.ɸ. ʋʩʦʚʘ, ʘ ʪʘʢʞʝ ʅ.ʅ. ɻʦʨʥʦʩʪʘʝʚʘ, ʄ.ʇ. ʈʫʩʘʢʦʚʘ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʛʜʝ 

 
ʂ.ʀ. ʉʘʪʧʘʝʚ   

ɸʢʘʜʝʤʠʢ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ 

ʇʨʦʬʝʩʩʦʨ ʉ. ʅ. ʍʘʨʣʘʤʦʚ ʚʝʜʝʪ ʟʘʥʷʪʠʝ 

ʩʦ ʩʪʫʜʝʥʪʘʤʠ ʚ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ 

çʅʝʬʪʝʛʘʟʦʚʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʠ 

ʪʝʧʣʦʦʙʤʝʥè ʀʇʈ ʊʇʋ 



 

 

39 

 
ʇʣʝʥʘʨʥʳʝ ʜʦʢʣʘʜʳ 

ʧʦʩʯʘʩʪʣʠʚʠʣʦʩʴ ʝʤʫ ʧʨʦʚʦʜʠʪʴ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ. ʆʥ ʦʚʣʘʜʝʚʘʝʪ ʥʝ ʪʦʣʴʢʦ ʤʝʪʦʜʘʤʠ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʦ ʠ 

ʧʝʨʝʥʠʤʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʫʶ ʣʶʙʦʚʴ ʠ ʧʨʝʜʘʥʥʦʩʪʴ ʥʝʣʝʛʢʦʡ ʧʨʦʬʝʩʩʠʠ ʛʝʦʣʦʛʘ, ʘ ʪʘʢʞʝ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʮʝʥʥʳʝ 

ʢʘʯʝʩʪʚʘ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʨʫʩʩʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʰʢʦʣʳ, ʢʦʪʦʨʘʷ ʫʞʝ ʚ ʪʦ ʚʨʝʤʷ ʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʠʨʦʚʦʡ ʠʟʚʝʩʪʥʦʩʪʴʶ ʠ ʘʚʪʦʨʠʪʝʪʦʤ. ʀʤʝʥʥʦ ʙʣʘʛʦʪʚʦʨʥʳʤ ʚʣʠʷʥʠʝʤ ʣʫʯʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʵʪʦʡ ʰʢʦʣʳ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʭʦʜ ʚ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʣʫʞʙʫ, ʘ ʟʘʪʝʤ ʠ ʚ ʥʘʫʢʫ ʧʦʜʛʦʪʦʚʣʝʥʥʦʛʦ ʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ 

ʠʥʞʝʥʝʨʘ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ ʉʘʪʧʘʝʚʘ. ɻʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʠ ʭʦʨʦʰʘʷ ʧʦʣʝʚʘʷ ʟʘʢʘʣʢʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʩʪʫʜʝʥʯʝʩʢʠʝ ʛʦʜʳ, ʧʦʟʚʦʣʠʣʠ ʂʘʥʳʰʫ ʀʤʘʥʪʘʝʚʠʯʫ ʥʝ ʜʨʦʛʥʫʪʴ ʧʝʨʝʜ ʪʨʫʜʥʦʩʪʷʤʠ, ʚʦʟʥʠʢʰʠʤʠ ʚ ʥʘʯʘʣʝ ʝʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʝʩʣʠ ʫʯʝʩʪʴ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʩ ʧʝʨʚʳʭ ʜʥʝʡ ʦʥ ʥʘʯʘʣ ʨʘʙʦʪʘʪʴ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ, ʟʘʥʷʚ 

ʩʨʘʟʫ ʧʦʩʪ ʨʫʢʦʚʦʜʠʪʝʣʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʢʨʫʧʥʦʛʦ ʪʨʝʩʪʘ. 

ɺ 1926 ʛʦʜʫ ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʂ.ʀ. ʉʘʪʧʘʝʚ ʧʨʠʝʟʞʘʝʪ ʥʘ ʨʘʙʦʪʫ ʚ ʨʦʜʥʦʡ ʂʘʟʘʭʩʪʘʥ. ʅʘʯʘʣʦ 

ʝʛʦ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ ʧʝʨʠʦʜʦʤ ʟʘʨʦʞʜʝʥʠʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ. ɺ ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʝʨʠʦʜ, ʚʧʣʦʪʴ ʜʦ ʥʘʯʘʣʘ 20-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ, ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʝʩʧʫʙʣʠʢʠ ʧʨʦʚʦʜʠʣʦʩʴ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩʠʣʘʤʠ ɺʩʝʨʦʩʩʠʡʩʢʦʛʦ (ʦʩʥʦʚʘʥ ʚ 

1882 ʛʦʜʫ), ʘ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ ɺʩʝʩʦʶʟʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʠʪʝʪʘ, ʨʘʟʤʝʱʝʥʥʦʛʦ ʚ ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʝ 

(ʃʝʥʠʥʛʨʘʜʝ). 

ɺ 1924 ʛʦʜʫ ʚ ʂʘʟʘʭʩʪʘʥʝ ʥʘʯʠʥʘʶʪ ʨʘʙʦʪʘʪʴ ʪʨʝʩʪʳ çʕʤʙʘʥʝʬʪʴè ʠ çɸʣʪʘʡʧʦʣʠʤʝʪʘʣʣè, ʘ ʚ 1925 ï 

ʪʨʝʩʪ "ɸʪʙʘʩʮʚʝʪʤʝʪ", ʠʤʝʚʰʠʝ ʩʚʦʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʩʣʫʞʙʳ, ʢʦʪʦʨʳʝ, ʥʘʨʷʜʫ ʩ ʧʦʜʨʘʟʜʝʣʝʥʠʷʤʠ ɻʝʦʣʢʦʤʘ, 

ʷʚʠʣʠʩʴ ʟʘʨʦʜʳʰʝʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʨʝʩʧʫʙʣʠʢʠ. ɺ ʧʦʩʣʝʜʥʝʤ ʠʟ ʥʠʭ, ɸʪʙʘʩʘʨʩʢʦʤ 

ʪʨʝʩʪʝ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ, ʤʦʣʦʜʦʡ ʠʥʞʝʥʝʨ ʚ 1926 ʛʦʜʫ ʥʘʯʠʥʘʝʪ ʨʘʙʦʪʘʪʴ ʩʨʘʟʫ ʚ ʜʦʣʞʥʦʩʪʠ ʨʫʢʦʚʦʜʠʪʝʣʷ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ (ʧʦ ʩʫʱʝʩʪʚʫ, ʛʣʘʚʥʦʛʦ ʛʝʦʣʦʛʘ) ʪʨʝʩʪʘ ï ʢʨʫʧʥʦʛʦ ʧʦ ʪʦʛʜʘʰʥʠʤ ʤʝʨʢʘʤ ʛʦʨʥʦ-

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʝʛʦ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʘʪʝʣʝʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʂʘʟʘʭʩʪʘʥʘ. 

ɺ ʩʬʝʨʫ ʜʝʷʪʝʣʴʥʦʩʪʠ ʪʨʝʩʪʘ ʚʭʦʜʠʣʠ ʫʛʦʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʛʘʥʜʳ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʡ 

ʧʦʙʣʠʟʦʩʪʠ ʉʧʘʩʩʢʠʡ ʤʝʜʝʧʣʘʚʠʣʴʥʳʡ ʟʘʚʦʜ, ʋʩʧʝʥʩʢʠʡ ʤʝʜʥʳʡ ʠ ʂʦʨʛʘʩʳʥʩʢʠʡ ʩʚʠʥʮʦʚʳʡ ʨʫʜʥʠʢʠ, ʫʛʦʣʴ ʠ 

ʮʚʝʪʥʳʝ ʤʝʪʘʣʣʳ ɾʝʟʢʘʟʛʘʥ-ʋʣʳʪʘʫʩʢʦʛʦ ʨʘʡʦʥʘ. ʊʘʢʘʷ ʰʠʨʦʢʘʷ ʛʝʦʛʨʘʬʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʪʦʣʢʥʫʣʩʷ ʚ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʦʣʦʜʦʡ ʠʥʞʝʥʝʨ, ʧʦʨʘʞʘʝʪ ʚʦʦʙʨʘʞʝʥʠʝ, ʥʦ ʚʤʝʩʪʝ ʩ ʪʝʤ ʵʪʦ, ʦʯʝʚʠʜʥʦ, ʠ ʦʙʲʷʩʥʷʝʪ 

ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʟʥʘʥʠʡ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʛʝʦʣʦʛʠʠ. 

ʅʘʨʷʜʫ ʩ ɾʝʟʢʘʟʛʘʥ-ʋʣʳʪʘʫʩʢʠʤ, ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʛʜʘ ʧʨʦʚʦʜʠʣʠʩʴ ʠ ʚ ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚʝʜʫʱʠʭ ʛʝʦʣʦʛʦʚ ɻʝʦʣʢʦʤʘ: ɸ.ɸ. ɻʘʧʝʝʚʘ, ɺ.ʂ. ʂʦʪʫʣʴʩʢʦʛʦ, 

ʄ.ʇ. ʈʫʩʘʢʦʚʘ, ʀ.ʉ. ʗʛʦʚʢʠʥʘ ʠ ʜʨʫʛʠʭ. ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʩ ʪʘʢʠʤʠ ʢʨʫʧʥʳʤʠ ʩʧʝʮʠʘʣʠʩʪʘʤʠ, ʧʨʦʭʦʜʠʚʰʝʝ ʥʝ ʙʝʟ 

ʦʩʪʨʳʭ ʥʘʫʯʥʳʭ ʜʠʩʢʫʩʩʠʡ, ʥʝʩʦʤʥʝʥʥʦ ʦʢʘʟʘʣʦ ʙʣʘʛʦʪʚʦʨʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʘʟʚʠʪʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʤʳʩʣʠ ʚ ʵʪʦʤ 

ʦʙʰʠʨʥʦʤ ʠ ʠʥʪʝʨʝʩʥʦʤ ʨʝʛʠʦʥʝ ʂʘʟʘʭʩʪʘʥʘ, ʩʪʘʚʰʝʤ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʮʝʥʪʨʦʚ ʟʘʨʦʞʜʘʶʱʝʡʩʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʳ ʨʝʩʧʫʙʣʠʢʠ. 

ɻʦʜʳ, ʦʪʜʘʥʥʳʝ ɾʝʟʢʘʟʛʘʥʫ, ʙʳʣʠ ʜʣʷ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʣʦʜʦʪʚʦʨʥʳʤʠ, ʦʜʥʘʢʦ 

ʥʝʣʝʛʢʠʤʠ, ʧʦʨʦʡ ʩʫʨʦʚʳʤʠ. ʕʪʦ ʥʝʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ, ʝʩʣʠ ʚʩʧʦʤʥʠʪʴ ʨʝʘʣʠʠ ʧʝʨʠʦʜʘ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ 

ʩʪʝʧʥʦʛʦ ʢʨʘʷ, ʛʜʝ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʥʝ ʙʳʣʦ ʩʚʷʟʠ, ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʫʪʝʡ, ʨʘʙʦʯʠʭ ʠ 

ʠʥʞʝʥʝʨʥʳʭ ʢʘʜʨʦʚ, ʢʦʛʜʘ ʥʘʫʯʥʳʝ ʮʝʥʪʨʳ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʪʦʣʴʢʦ ʚ ʄʦʩʢʚʝ, ʃʝʥʠʥʛʨʘʜʝ ʠ ʉʚʝʨʜʣʦʚʩʢʝ ʠ ʥʠ 

ʦʜʥʦʛʦ ï ʚ ʂʘʟʘʭʩʪʘʥʝ. 

ʉʝʛʦʜʥʷ ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ ʛʨʘʞʜʘʥʩʢʦʝ ʤʫʞʝʩʪʚʦ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ, ʝʛʦ ʩʠʣʫ ʜʫʭʘ, ʛʣʫʙʦʢʫʶ 

ʫʙʝʞʜʝʥʥʦʩʪʴ ʚʦ ʚʟʛʣʷʜʘʭ, ʢʦʪʦʨʳʝ ʧʨʝʜʦʧʨʝʜʝʣʠʣʠ ʝʛʦ ʫʚʝʨʝʥʥʫʶ ʧʦʙʝʜʫ ʚ ʪʨʫʜʥʦʡ ʠ ʜʦʣʛʦʡ ʜʠʩʢʫʩʩʠʠ ʧʦ 

ʛʝʦʣʦʛʠʠ ɾʝʟʢʘʟʛʘʥʘ ʥʘʜ ʤʘʩʪʠʪʳʤʠ ʫʯʝʥʳʤʠ ɻʝʦʣʢʦʤʘ. ʇʦʨʘʟʠʪʝʣʴʥʦ, ʯʪʦ ʦʜʝʨʞʘʣ ʦʥ ʝʝ ʧʨʦʪʠʚ ʙʦʣʴʰʦʛʦ 

ʯʠʩʣʘ ʠʟʚʝʩʪʥʳʭ ʛʝʦʣʦʛʦʚ ʝʜʠʥʦʣʠʯʥʦ, ʦʪʩʪʦʷʚ ʪʝʤ ʩʘʤʳʤ ʧʨʘʚʦ ʥʘ ʞʠʟʥʴ ʩʚʦʠʭ ʥʘʫʯʥʳʭ ʠʜʝʡ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ 

ï ʦʪʩʪʦʷʚ ɹʦʣʴʰʦʡ ɾʝʟʢʘʟʛʘʥ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʦʧʧʦʥʝʥʪʦʚ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʚ ʥʘʫʯʥʦʡ ʜʠʩʢʫʩʩʠʠ ʧʦ 

ɾʝʟʢʘʟʛʘʥʫ ʙʳʣ ʀ.ʉ. ʗʛʦʚʢʠʥ, ʚʝʜʫʱʠʡ ʛʝʦʣʦʛ ɻʝʦʣʢʦʤʘ, ʙʦʣʴʰʦʡ ʟʥʘʪʦʢ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, 

ʧʦʣʴʟʦʚʘʚʰʠʡʩʷ ʙʦʣʴʰʠʤ ʘʚʪʦʨʠʪʝʪʦʤ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʨʫʛʘʭ ʩʪʨʘʥʳ. ʋʙʝʜʠʪʝʣʴʥʘʷ ʧʦʙʝʜʘ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, 

ʦʜʥʦʟʥʘʯʥʘʷ ʧʦ ʚʦʧʨʦʩʫ ʨʝʩʫʨʩʦʚ ɾʝʟʢʘʟʛʘʥʘ, ʥʘʜ ʪʘʢʠʤ ʦʧʧʦʥʝʥʪʦʤ ʢʘʢ ʀ.ʉ. ʗʛʦʚʢʠʥ ʝʱʝ ʨʘʟ ʧʦʜʯʝʨʢʠʚʘʝʪ 

ʤʦʱʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʣʣʝʢʪ ʠ ʧʨʦʟʦʨʣʠʚʦʩʪʴ ʂ.ʀ. ʉʘʪʧʘʝʚʘ. ɼʫʤʘʝʪʩʷ, ʯʪʦ çʩʧʦʨè ʤʝʞʜʫ ʥʠʤʠ ʙʳʣ ʚ 

ʩʦʜʝʨʞʘʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ, ʙʳʪʴ ʤʦʞʝʪ, ʠ ʞʝʩʪʢʠʤ, ʥʦ ʚʨʷʜ ʣʠ ʥʝʢʦʨʨʝʢʪʥʳʤ ʧʦ ʬʦʨʤʝ, 

ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʯʝʤʫ ʷʚʣʷʶʪʩʷ ʣʠʯʥʦʩʪʠ ʦʧʧʦʥʝʥʪʦʚ. ʇʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʝʩʪʴ ʙʣʠʟʦʩʪʴ ʠʭ ʚʟʛʣʷʜʦʚ ʥʘ ʛʝʥʝʟʠʩ 

ɾʝʟʢʘʟʛʘʥʘ. 

ɻʣʘʚʥʳʤ ʠʪʦʛʦʤ 15-ʣʝʪʥʝʡ ʨʘʙʦʪʳ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʚ ɾʝʟʢʘʟʛʘʥ-ʋʣʳʪʘʫʩʢʦʤ ʨʘʡʦʥʝ ʷʚʣʷʝʪʩʷ ʨʘʩʮʚʝʪ ʝʛʦ 

ʠʥʞʝʥʝʨʥʦʛʦ ʠ ʥʘʫʯʥʦʛʦ ʪʘʣʘʥʪʘ, ʤʦʛʫʯʝʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʩʪʘʥʦʚʣʝʥʠʝ ʢʘʢ ʢʨʫʧʥʦʛʦ ʦʨʛʘʥʠʟʘʪʦʨʘ ʥʘʫʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ. ʀʤʝʥʥʦ ʚ ʵʪʠ ʛʦʜʳ ʟʘʨʦʜʠʣʠʩʴ ʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʥʘʫʯʥʳʝ ʠʜʝʠ, ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʧʨʠʥʝʩʣʦ ʝʤʫ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʤʠʨʦʚʦʝ ʧʨʠʟʥʘʥʠʝ, ʚʳʜʚʠʥʫʣʦ ʝʛʦ ʚ ʨʷʜ ʚʳʜʘʶʱʠʭʩʷ ʛʝʦʣʦʛʦʚ ʩʦʚʨʝʤʝʥʥʦʩʪʠ. 

ɾʝʟʢʘʟʛʘʥ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʮʝʥʪʨʦʚ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʨʝʩʧʫʙʣʠʢʠ. ʆʥ ʩʪʘʣ, 

ʧʦ ʩʫʱʝʩʪʚʫ, ʠ ʧʝʨʚʳʤ ʥʘʫʯʥʳʤ ʮʝʥʪʨʦʤ ʚ ʂʘʟʘʭʩʪʘʥʝ ʧʦ ʛʝʦʣʦʛʠʠ, ʝʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʚ ɸʣʤʘʪʳ ʧʝʨʚʘʷ ʥʘʫʯʥʘʷ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʷʯʝʡʢʘ ʧʨʠ ʂʘʟʘʭʩʢʦʤ ʬʠʣʠʘʣʝ ɸʅ ʉʉʉʈ ʥʘʯʘʣʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʚ 1938 ʛʦʜʫ. 

ʆʩʥʦʚʘʪʝʣʝʤ ʠ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʦʙʦʠʭ ʮʝʥʪʨʦʚ ʩʪʘʣ ʂ.ʀ. ʉʘʪʧʘʝʚ. ʂ ʢʦʥʮʫ 30-ʭ ʛʦʜʦʚ ʦʥ ʧʨʠʦʙʨʝʣ ʰʠʨʦʢʫʶ 

ʠʟʚʝʩʪʥʦʩʪʴ ʚ ʩʪʨʘʥʝ ʢʘʢ ʫʯʝʥʳʡ ʠ ʠʥʞʝʥʝʨ, ʠʤʷ ʝʛʦ ʙʳʣʦ ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ɾʝʟʢʘʟʛʘʥ, 

ʚʳʰʝʜʰʠʤ ʥʘ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʤʝʩʪ ʚ ʤʠʨʝ ʧʦ ʟʘʧʘʩʘʤ ʤʝʜʠ. 

ʃʝʪʦʤ 1941 ʛʦʜʘ ʂ.ʀ. ʉʘʪʧʘʝʚʫ ʧʦʨʫʯʘʝʪʩʷ ʨʫʢʦʚʦʜʩʪʚʦ ʚʩʝʡ ʥʘʫʢʦʡ ʂʘʟʘʭʩʪʘʥʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʥ 

ʩʪʘʥʦʚʠʪʩʷ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʧʝʨʚʦʛʦ ʚ ʨʝʩʧʫʙʣʠʢʝ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʦʩʷʱʝʛʦ ʥʳʥʝ ʝʛʦ ʠʤʷ. 

ʇʨʠʟʥʘʥʠʝʤ ʥʘʫʯʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʷʚʠʣʦʩʴ ʧʨʠʩʚʦʝʥʠʝ ʝʤʫ ʚ 1942 ʛʦʜʫ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ 

ʢʦʤʠʩʩʠʝʡ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʙʝʟ ʟʘʱʠʪʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʯʪʦ ʙʳʣʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʠʤ ʚ ʪʦ ʚʨʝʤʷ. 
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ɺ 1943 ʛʦʜʫ ʂ.ʀ. ʉʘʪʧʘʝʚ ʠʟʙʠʨʘʝʪʩʷ ʯʣʝʥʦʤ-ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ, ʘ ʚ 1946 ʛʦʜʫ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ ʯʣʝʥʦʤ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ. ɽʩʣʠ ʚʩʧʦʤʥʠʪʴ, ʯʪʦ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʯʣʝʥʘʤʠ ɸʢʘʜʝʤʠʠ ʙʳʣʠ ɺ.ɸ. ʆʙʨʫʯʝʚ, ɺ.ʅ. 

ɺʝʨʥʘʜʩʢʠʡ, ɸ.ɽ. ʌʝʨʩʤʘʥ ʠ ʜʨʫʛʠʝ ʚʳʜʘʶʱʠʝʩʷ ʛʝʦʣʦʛʠ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʪʦ ʤʦʞʥʦ ʧʦʥʷʪʴ, ʢʘʢʘʷ ʨʦʣʴ 

ʦʪʚʦʜʠʣʘʩʴ ʂʘʥʳʰʫ ʀʤʘʥʪʘʝʚʠʯʫ ʚ ʤʠʨʦʚʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʝ. ʀʟʙʨʘʥʠʝ ʝʛʦ ʯʣʝʥʦʤ ʦʜʥʦʡ ʠʟ ʩʪʘʨʝʡʰʠʭ ʠ 

ʧʨʠʟʥʘʥʥʳʭ ʘʢʘʜʝʤʠʡ ʤʠʨʘ ʟʥʘʤʝʥʫʝʪ ʚʘʞʥʦʝ ʩʦʙʳʪʠʝ ʚ ʠʩʪʦʨʠʠ ʥʘʨʦʜʘ ʂʘʟʘʭʩʪʘʥʘ: ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʩʪʘʣ 

ʧʝʨʚʳʤ ʘʢʘʜʝʤʠʢʦʤ ʠʟ ʯʠʩʣʘ ʫʯʝʥʳʭ ʚʩʝʛʦ ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʛʦ ʨʝʛʠʦʥʘ. ɺʩʢʦʨʝ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʯʣʝʥʦʤ 

ʇʨʝʟʠʜʠʫʤʘ ɸʢʘʜʝʤʠʠ ʠ ʚ ʵʪʦʤ ʢʘʯʝʩʪʚʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʠʤ ʥʘʫʯʥʳʤ ʘʚʪʦʨʠʪʝʪʦʤ, ʥʝʠʟʤʝʥʥʦ ʦʢʘʟʳʚʘʝʪ 

ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʨʝʰʝʥʠʝ ʤʥʦʛʠʭ ʢʘʨʜʠʥʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʚ ʉʦʶʟʝ. 

ɼʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʞʠʟʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʙʳʣ ʩʚʷʟʘʥ ʩ ʠʟʫʯʝʥʠʝʤ ʠ ʨʘʟʚʝʜʢʦʡ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʥ ʩʪʘʣ ʦʜʥʠʤ ʠʟ ʣʫʯʰʠʭ ʟʥʘʪʦʢʦʚ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʞʝʣʝʟʦ-ʨʫʜʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ɾʝʟʜʳ-ʂʘʨʩʘʢʧʘʡʩʢʦʛʦ ʠ ɸʪʘʩʫʡʩʢʦʛʦ ʨʘʡʦʥʦʚ, 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʭ ʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʣʳʪʘʫ ʜʘʣʠ ʥʝʦʮʝʥʠʤʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʝʛʦ 

ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠ ʚʩʝʦʙʲʝʤʣʶʱʝ ʠʟʫʯʝʥʦ ɾʝʟʢʘʟʛʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʛʜʝ ʉʘʪʧʘʝʚ ʚʧʝʨʚʳʝ 

ʨʝʘʣʠʟʫʝʪ ʩʚʦʡ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ ʧʨʠ ʥʘʫʯʥʳʭ ʦʙʦʙʱʝʥʠʷʭ ʧʦ ʨʫʜʦʛʝʥʝʟʫ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ ï 

ʢʦʤʧʣʝʢʩʥʦʩʪʴ ʠ ʜʝʪʘʣʴʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʩʦʙʩʪʚʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʚʩʝʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʇʦ ʠʪʦʛʘʤ ʧʝʨʚʳʭ ʣʝʪ ʨʘʟʚʝʜʢʠ ɾʝʟʢʘʟʛʘʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦʣʫʯʠʣʦ ʢʦʨʝʥʥʫʶ ʧʝʨʝʦʮʝʥʢʫ ʠ 

ʚʳʜʚʠʥʫʣʦʩʴ ʚ ʯʠʩʣʦ ʢʨʫʧʥʝʡʰʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ. ʋʞʝ ʚ 1934 ʛ. ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʟʘʧʘʩʦʚ ʎʂɿ 

ʉʉʉʈ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʂ.ʀ. ʉʘʪʧʘʝʚʳʤ, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʥʘʫʯʥʘʷ ʩʝʩʩʠʷ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ, 

ʧʦʩʚʷʱʝʥʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤ ʩʠʣʘʤ ɹʦʣʴʰʦʛʦ ɾʝʟʢʘʟʛʘʥʘ. ʇʝʨʝʜ ʩʚʝʪʠʣʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ ï 

ʘʢʘʜʝʤʠʢʘʤʠ ɺ.ɸ ʆʙʨʫʯʝʚʳʤ, ɸ.ɼ. ɸʨʭʘʥʛʝʣʴʩʢʠʤ, ɸ.ɸ. ɹʘʡʢʦʚʳʤ, ʀ.ʄ. ɻʫʙʢʠʥʳʤ, ɹ.ʀ. ɺʝʜʝʥʝʝʚʳʤ ʠ 

ʰʠʨʦʢʦʡ ʘʫʜʠʪʦʨʠʝʡ ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʜʝʪʘʣʴʥʦ ʦʩʚʝʪʠʣ ʛʝʦʣʦʛʠʶ ɾʝʟʢʘʟʛʘʥʘ ʠ ʚʧʝʨʚʳʝ ʥʘ ʦʛʨʦʤʥʦʤ 

ʬʘʢʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦ ʦʙʦʩʥʦʚʘʣ ʵʧʠʛʝʥʝʪʠʯʝʩʢʫʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʫʶ ʧʨʠʨʦʜʫ ʟʘʣʝʞʝʡ 

ʤʝʜʥʳʭ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. 

ʉʪʨʘʪʠʬʦʨʤʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʠʧʘ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʩʣʘʥʮʝʚ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʚʝʜʫʱʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʤʝʜʥʳʭ ʨʫʜ ʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʝʜʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ, ʎʝʥʪʨʘʣʴʥʦʡ ɸʬʨʠʢʠ, ɽʚʨʦʧʳ ʠ ʂʘʟʘʭʩʪʘʥʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʫʥʠʢʘʣʴʥʳʝ 

ʧʦ ʟʘʧʘʩʘʤ ʤʝʜʠ ʨʫʜʥʳʝ ʦʙʲʝʢʪʳ, ʧʨʠ ʦʩʚʦʝʥʠʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʫʧʥʝʡʰʠʝ ʛʦʨʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ. ʀʥʬʨʘʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝʜʥʠʭ ʦʧʨʝʜʝʣʷʝʪ ʨʘʟʚʠʪʠʝ ʠ ʧʨʦʮʚʝʪʘʥʠʝ ʮʝʣʳʭ ʨʝʛʠʦʥʦʚ. ɺ ʧʦʣʥʦʡ ʤʝʨʝ ʵʪʦ 

ʦʪʥʦʩʠʪʩʷ ʢ ɾʝʟʢʘʟʛʘʥʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʱʝʤʫ ʝʛʦ ʦʜʥʦʠʤʝʥʥʦʤʫ ʢʦʤʙʠʥʘʪʫ ï ʬʣʘʛʤʘʥʫ 

ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʂʘʟʘʭʩʪʘʥʘ. 

ʉ ʧʝʨʚʳʭ ʣʝʪ ʨʘʙʦʪʳ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʂ.ʀ. ʉʘʪʧʘʝʚ ʦʙʨʘʱʘʝʪ ʧʨʠʩʪʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ 

ʞʝʣʝʟʦʨʫʜʥʳʝ ʠ ʤʘʨʛʘʥʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʝʛʦ ʥʘʫʯʥʳʭ ʪʨʫʜʘʭ ʦʥʠ ʟʘʥʠʤʘʶʪ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ. ɽʱʝ ʚ 1929 

ʛʦʜʫ ʚ ʩʪʘʪʴʝ çʆ ʨʘʟʚʠʪʠʠ ʮʚʝʪʥʦʡ ʠ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʚ ʨʘʡʦʥʝ ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘè ʦʥ ʜʘʝʪ ʘʥʘʣʠʟ 

ʧʝʨʩʧʝʢʪʠʚ ʂʝʥʪʦʙʝ-ʊʦʛʘʡʩʢʦʡ ʛʨʫʧʧʳ ʞʝʣʝʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʢʦʢʩʫʶʱʠʭʩʷ ʫʛʣʝʡ ʂʘʨʘʛʘʥʜʳ. ʇʦʟʞʝ 

ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʘʤʠ (ʄ.ʇ. ʈʫʩʘʢʦʚ, ʀ.ʄ. ɹʦʛʜʘʥʯʠʢʦʚ ʠ ʜʨ.) ʦʥ ʠʟʫʯʘʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʘ ʠ 

ʤʘʨʛʘʥʮʘ ʂʘʨʩʘʢʧʘʡ-ɾʝʟʢʘʟʛʘʥʩʢʦʛʦ ʠ ɸʪʘʩʫʡʩʢʦʛʦ ʨʘʡʦʥʦʚ. 

ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʞʝ ʪʦʛʜʘ, ʚ 20-ʝ ʛʦʜʳ, ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ ʟʘʥʠʤʘʣʘ ʤʳʩʣʴ ʦ ʩʦʟʜʘʥʠʠ ʚ ʩʝʨʜʮʝ 

ʂʘʟʘʭʩʪʘʥʘ ʮʝʥʪʨʘ ʯʝʨʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ ʢʘʢ ʦʩʥʦʚʳ ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʨʝʩʧʫʙʣʠʢʠ. ʕʪʘ ʤʳʩʣʴ, ʨʦʞʜʝʥʥʘʷ 

ʤʦʛʫʯʠʤ ʜʘʨʦʤ ʧʨʝʜʚʠʜʝʥʠʷ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʚʦʧʣʦʪʠʣʘʩʴ ʚ ʨʝʘʣʴʥʦʩʪʴ ʚ ʛʦʜʳ ʚʦʡʥʳ. ɼʝʡʩʪʚʫʶʱʠʡ ʥʳʥʝ ʚʙʣʠʟʠ 

ʂʘʨʘʛʘʥʜʳ (ʛ. ʊʝʤʠʨ-ʊʘʫ) ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʡ ʢʦʤʙʠʥʘʪ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʧʨʦʠʟʚʦʜʠʪʝʣʝʤ ʯʫʛʫʥʘ ʠ ʩʪʘʣʠ ʚ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʟʠʘʪʩʢʦʤ ʨʝʛʠʦʥʝ, ʘ ʧʦ ʟʘʧʘʩʘʤ ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ ʂʘʟʘʭʩʪʘʥ ʧʨʦʯʥʦ ʟʘʥʷʣ ʚʝʜʫʱʝʝ ʧʦʣʦʞʝʥʠʝ ʚ 

ɽʚʨʦʧʝ ʠ ɸʟʠʠ.  

ɺʝʥʮʦʤ ʪʨʠʜʮʘʪʠʣʝʪʥʝʡ (1926ï1956 ʛʛ.) |ʥʘʫʯʥʦ-

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ ʷʚʣʷʝʪʩʷ 

ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʡ ʧʨʦʛʥʦʟʥʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪʳ 

ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ʇʝʨʚʦʧʨʦʭʦʜʮʫ ʚʩʝʛʜʘ ʥʝʣʝʛʢʦ. 

ʇʨʦʙʣʝʤʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʧʝʨʝʜ ʥʠʤ ʠ ʧʦʨʦʡ ʢʘʞʫʪʩʷ 

ʥʝʦʜʦʣʠʤʳʤʠ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʜʝʩʷʪʠʣʝʪʠʡ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ 

ʪʘʢʦʚʳʤʠ, ʥʘʡʜʝʥʥʳʝ ʢʦʛʜʘ-ʪʦ ʚʘʨʠʘʥʪʳ ʨʝʰʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ 

ʥʘʩʪʦʣʴʢʦ ʧʨʠʚʳʯʥʳʤʠ ʠ ʩʘʤʦʦʯʝʚʠʜʥʳʤʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 

ʦʙʠʭʦʜʝ, ʯʪʦ ʧʝʨʝʩʪʘʶʪ ʙʳʪʴ ʧʨʝʜʤʝʪʦʤ ʚʥʠʤʘʥʠʷ ʧʦʩʣʝʜʫʶʱʠʭ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʉʝʛʦʜʥʷ, ʧʦ ʧʨʦʰʝʩʪʚʠʠ ʧʦʯʪʠ ʧʦʣʫʚʝʢʘ, ʵʪʘ 

ʢʘʨʪʘ ʚʩʝ ʝʱʝ ʥʝ ʫʪʨʘʪʠʣʘ ʩʚʦʝʡ ʮʝʥʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʠʜʝʠ ʠ 

ʧʨʠʥʮʠʧʳ, ʟʘʣʦʞʝʥʥʳʝ ʚ ʥʝʡ, ʦʩʪʘʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʘʢʪʫʘʣʴʥʳʤʠ. 

ʏʪʦʙʳ ʦʙʲʝʢʪʠʚʥʦ ʦʮʝʥʠʪʴ ʪʨʫʜʥʦʩʪʠ, ʩʪʦʷʚʰʠʝ ʚ ʩʚʦʝ ʚʨʝʤʷ 

ʧʝʨʝʜ ʂ.ʀ. ʉʘʪʧʘʝʚʳʤ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʫ ʠʩʭʦʜʥʫʶ 

ʪʝʦʨʝʪʠʯʝʩʢʫʶ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʙʘʟʫ, ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʦʚʘʣʘ ʥʘ 

ʵʪʘʧʝ ʦʙʜʫʤʳʚʘʥʠʷ ʩʧʦʩʦʙʦʚ ʩʦʟʜʘʥʠʷ ʢʘʨʪʳ. ɺʦʪ ʢʘʢ ʦʮʝʥʠʚʘʣ ʝʝ ʩʘʤ ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ: 

ʇʣʦʱʘʜʴ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ï 800 ʪʳʩ. ʢʤ2. ʕʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʥʘ ʪʨʝʪʴʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ 

ʚʩʝʡ ʨʝʩʧʫʙʣʠʢʠ. ʆʥʘ ʚʪʨʦʝ ʧʨʝʚʳʰʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ɸʥʛʣʠʠ, ʚ ʯʝʪʳʨʝ ʨʘʟʘ ï ʪʝʨʨʠʪʦʨʠʶ ʚʩʝʭ ʩʦʶʟʥʳʭ 

ʨʝʩʧʫʙʣʠʢ ʂʘʚʢʘʟʘ, ʚʤʝʩʪʝ ʚʟʷʪʳʭ. 

2. ɼʦ 1917 ʛʦʜʘ ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʦʛʨʦʤʥʦʝ ʙʝʣʦʝ 

ʧʷʪʥʦ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʨʠʬʝʝʚ (ɻ.ɼ. ʈʦʤʘʥʦʚʩʢʦʛʦ, ɸ.ʂ. ʄʝʡʩʪʝʨʘ ʠ ʜʨ.) ʦʩʚʝʱʘʣʠ ʛʝʦʣʦʛʠʶ 

ʇʘʤʷʪʥʠʢ  ʂ.ʀ. ʉʘʪʧʘʝʚʫ ʥʘ ʘʣʣʝʝ 

ʛʝʦʣʦʛʦʚ ʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 

ʊʇʋ 
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ʫʟʢʠʭ ʣʝʥʪ ʠʭ ʤʘʨʰʨʫʪʦʚ. ʉʯʠʪʘʣʦʩʴ, ʯʪʦ ʟʜʝʩʴ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʦʪʣʦʞʝʥʠʷ ʜʝʚʦʥʘ, ʛʨʘʥʠʪʳ ʠ ʪʨʝʪʠʯʥʳʝ 

ʦʪʣʦʞʝʥʠʷ. 

3. ʐʠʨʦʯʘʡʰʠʡ ʨʘʟʤʘʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʰʝʣʩʷ ʥʘ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ, ʥʘʯʠʥʘʷ ʩ ʧʝʨʚʦʡ 

ʧʷʪʠʣʝʪʢʠ. ʂʦ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʧʨʦʛʥʦʟʥʳʭ ʢʘʨʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ 

ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ, ʥʘʢʦʧʣʝʥ ʙʦʣʴʰʦʡ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, 

ʨʘʟʦʙʱʝʥʥʳʡ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʬʦʥʜʘʤ. ʉʫʱʝʩʪʚʦʚʘʣʘ ʦʛʨʦʤʥʘʷ ʤʘʩʩʘ ʩʳʨʦʛʦ ʤʘʪʝʨʠʘʣʘ, 

ʧʣʦʭʦ ʫʚʷʟʘʥʥʦʛʦ ʤʝʞʜʫ ʩʦʙʦʡ, ʩʣʘʙʦ ʧʦʜʯʠʥʝʥʥʦʛʦ ʦʙʱʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʥʦʥʘʤ ʝʛʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ. 

ɺʩʝʦʙʱʠʤ ʧʨʠʟʥʘʥʠʝʤ ʤʝʪʘʣʣʦʛʝʥʠʠ ʉʘʪʧʘʝʚʘ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʞʜʝʥʠʝ ʚ 1957 ʛʦʜʫ ʃʝʥʠʥʩʢʦʡ ʧʨʝʤʠʠ ʟʘ 

ʨʘʙʦʪʫ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. ʃʝʥʠʥʩʢʘʷ ʧʨʝʤʠʷ ʙʳʣʘ 

ʧʨʠʩʫʞʜʝʥʘ ʪʚʦʨʯʝʩʢʦʡ ʛʨʫʧʧʝ ʚʦ ʛʣʘʚʝ ʩ ʂ.ʀ. ʉʘʪʧʘʝʚʳʤ ʚ ʩʦʩʪʘʚʝ: ʀ.ʀ. ɹʦʢ, ʈ.ɸ. ɹʦʨʫʢʘʝʚ, ɻ.ɹ. ɾʠʣʠʥʩʢʠʡ, 

ɼ.ʅ. ʂʘʟʘʥʣʠ, ɻ.ʎ. ʄʝʜʦʝʚ, ʀ.ʇ. ʅʦʚʦʭʘʪʩʢʠʡ, ɻ.ʅ. ʑʝʨʙʘ. 

ʄʠʨʦʚʘʷ ʥʘʫʢʘ 50-ʭ ʛʦʜʦʚ 20-ʛʦ ʩʪʦʣʝʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʝʤʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ. 

ɸʜʝʢʚʘʪʥʦʡ ʨʝʘʢʮʠʝʡ ɸʢʘʜʝʤʠʠ, ʠ ʝʝ ʧʨʝʟʠʜʝʥʪʘ ʥʘ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʷʚʠʣʘʩʴ ʦʨʛʘʥʠʟʘʮʠʷ ʚ ʩʦʩʪʘʚʝ ɸʅ ʂʘʟʉʉʈ 

ʀʥʩʪʠʪʫʪʘ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ, ʩʪʘʚʰʝʛʦ ʦʜʥʠʤ ʠʟ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ ʚ ʉʦʶʟʝ. ʀ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʂ.ʀ. ʉʘʪʧʘʝʚ ʧʨʠʛʣʘʰʘʝʪ ʠʟ ʎʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʢʨʫʧʥʳʭ ʫʯʝʥʳʭðʬʠʟʠʢʦʚ, ʚ ʯʠʩʣʝ ʢʦʪʦʨʳʭ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʟʥʘʤʝʥʠʪʦʛʦ çʌʠʟʪʝʭʘè ɺ.ʄ. ʂʝʣʴʤʘʥ, ʃ.ʄ. ʅʝʤʝʥʦʚ, ɻ.ɼ. ʃʘʪʳʰʝʚ, ʄ.ʀ. ʂʦʨʩʫʥʩʢʠʡ, ʚʥʝʩʰʠʝ 

ʥʝʦʮʝʥʠʤʳʡ ʚʢʣʘʜ ʚ ʦʨʛʘʥʠʟʘʮʠʶ ʠ ʨʘʟʚʠʪʠʝ ʠʥʩʪʠʪʫʪʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʦʩʦʙʝʥʥʦ ʚ ɿʘʧʘʜʥʦʤ ʂʘʟʘʭʩʪʘʥʝ, ʜʦʙʳʯʘ ʠ 

ʧʝʨʝʨʘʙʦʪʢʘ ʠʭ ʚ ʨʝʩʧʫʙʣʠʢʝ ʚʝʣʠʩʴ ʚ ʢʨʘʡʥʝ ʥʠʟʢʠʭ ʦʙʲʝʤʘʭ. ʅʘʤʝʪʠʚʰʠʡʩʷ ʢ ʥʘʯʘʣʫ 50-ʭ ʛʦʜʦʚ ʨʦʩʪ ʜʦʙʳʯʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʢʨʫʧʥʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʥʘ ʄʘʥʛʳʰʣʘʢʝ ʚʳʜʚʠʥʫʣ ʥʝʦʪʣʦʞʥʳʝ ʟʘʜʘʯʠ ʧʦ 

ʥʘʫʯʥʦʤʫ ʦʙʝʩʧʝʯʝʥʠʶ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʨʘʙʦʪ ʧʦ ʦʩʚʦʝʥʠʶ ʥʝʬʪʷʥʳʭ ʙʦʛʘʪʩʪʚ ʢʨʘʷ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ 

ʩʚʦʝʡ ʨʘʙʦʪʳ ʚ ʘʢʘʜʝʤʠʠ ʂ. ʀ. ʉʘʪʧʘʝʚ ʫʜʝʣʷʣ ʥʝʦʩʣʘʙʥʦʝ ʚʥʠʤʘʥʠʝ ʨʘʟʚʠʪʠʶ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʯʝʤʫ ʷʚʣʷʝʪʩʷ ʦʨʛʘʥʠʟʘʮʠʷ ʝʱʝ ʚ 1946 ʛʦʜʫ ʕʤʙʝʥʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ɸʅ ʂʘʟʉʉʈ. ɺ 1960 ʛʦʜʫ ʚ ʛ. 

ɻʫʨʴʝʚʝ (ɸʪʳʨʘʫ) ʙʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʨʝʩʧʫʙʣʠʢʠ, ʧʨʠʟʚʘʥʥʳʡ 

ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʫʯʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʙʫʨʥʦ ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʚ ʨʝʛʠʦʥʝ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ. 

ɺ ʦʙʣʘʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʉʘʪʧʘʝʚ ʚʳʜʚʠʥʫʣ ʨʷʜ ʥʘʫʯʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʛʣʫʙʣʝʥʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʛʝʥʠʠ ʂʘʟʘʭʩʪʘʥʘ ʩ ʫʯʝʪʦʤ ʥʦʚʳʭ ʥʘʫʯʥʳʭ ʢʦʥʮʝʧʮʠʡ 

ʠ ʰʠʨʦʢʠʤ ʧʨʠʚʣʝʯʝʥʠʝʤ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʤʝʪʦʜʦʚ ʛʝʦʬʠʟʠʢʠ, ʛʝʦʭʠʤʠʠ, ʩʦʚʨʝʤʝʥʥʳʭ ʜʦʩʪʠʞʝʥʠʡ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʜʨ. 

ʇʨʠ ʵʪʦʤ ʝʱʝ ʚ 1955 ʛʦʜʫ ʂ.ʀ. ʉʘʪʧʘʝʚ ʦʪʤʝʯʘʣ: çɼʦʣʞʥʳ ʙʳʪʴ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʣʘʥʳ ʠ 

ʧʨʦʛʨʘʤʤʳ ʦʨʛʘʥʠʟʘʮʠʠ ʧʦʜʦʙʥʳʭ ʩʪʨʦʛʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ, ʪʘʢʠʭ ʢʘʢ ʋʨʘʣ, ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ, ɸʣʪʘʡ, ʂʘʚʢʘʟ, ʉʨʝʜʥʷʷ 

ɸʟʠʷ, ʉʠʙʠʨʴ, ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ ʠ ʪ.ʧ. ʂʦʥʝʯʥʦʡ ʮʝʣʴʶ ʵʪʠʭ ʨʘʙʦʪ ʜʦʣʞʥʦ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʦʩʥʦʚʥʳʭ 

ʦʙʲʝʢʪʠʚʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʤʝʪʘʣʣʦʛʝʥʠʠ, ʦʪʨʘʞʘʶʱʠʭ ʩʣʦʞʥʳʝ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʧʨʦʮʝʩʩʳ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʝʢʪʦʥʠʢʠ, ʤʘʛʤʘʪʠʟʤʘ, ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʩʨʝʜʳ, ʚʣʠʷʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ ʨʫʜʦʛʝʥʝʟʘ ʚ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʚʝʜʫʱʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ 

ʨʝʛʠʦʥʦʚ ʩʪʨʘʥʳ. ʅʝ ʧʨʠʭʦʜʠʪʩʷ ʩʦʤʥʝʚʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʧʦʜʦʙʥʳʭ ʢʦʤʧʣʝʢʩʥʳʭ, 

ʧʣʘʥʦʤʝʨʥʳʭ ʠ ʛʣʫʙʦʢʠʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʙʫʜʫʪ ʧʦʩʪʝʧʝʥʥʦ ʦʪʢʨʳʚʘʪʴʩʷ ʠ ʦʙʱʠʝ 

ʦʙʲʝʢʪʠʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʫʧʨʘʚʣʷʶʱʠʝ ʧʨʦʮʝʩʩʘʤʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ 

ʩʦʟʜʘʥʘ ʠ ʦʙʱʘʷ ʩʪʨʦʛʦ ʦʙʲʝʢʪʠʚʥʘʷ ʪʝʦʨʠʷ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷè (ʀʟʙʨʘʥʥʳʝ ʪʨʫʜʳ, 1967, ʪ. 1, ʩ. 204ï205). 

ɺ ʮʝʣʷʭ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʨʦʛʨʘʤʤ ʚ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ (ʂ.ʀ. ʉʘʪʧʘʝʚ, ɸ.ʂ. ʂʘʶʧʦʚ) ʠ ʢʦʤʧʣʝʢʩʥʳʝ ʨʘʙʦʪʳ ʧʦ ʛʝʦʣʦʛʠʠ ʠ 

ʤʝʪʘʣʣʦʛʝʥʠʠ ʋʩʧʝʥʩʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʳ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ (ʂ.ʀ. ʉʘʪʧʘʝʚ, ɻ.ʅ. ʑʝʨʙʘ). ʖʞʥʳʡ 

ʂʘʟʘʭʩʪʘʥ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʢʣʘʜʯʘʪʦʛʦ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʙʳʣ ʠʥʪʝʨʝʩʝʥ ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʦʙʰʠʨʥʳʝ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʜʣʷ ʥʠʭ ʤʠʥʝʨʘʛʝʥʠʝʡ. ʇʨʦʛʨʘʤʤʘ 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘ ʩʦʩʪʘʚʣʝʥʠʝ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʦ ʪʝʨʨʠʪʦʨʠʠ, ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʪʳʩʷʯ 

ʢʚʘʜʨʘʪʥʳʭ ʢʠʣʦʤʝʪʨʦʚ, ʚ ʤʘʩʰʪʘʙʝ 1:500 000. ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʝʝ ʙʳʣʠ ʧʨʠʚʣʝʯʝʥʳ ʚʩʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʟʘʮʠʠ ʄʠʥʠʩʪʝʨʩʪʚʘ ʛʝʦʣʦʛʠʠ ʨʝʩʧʫʙʣʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʵʪʦʡ 

ʪʝʨʨʠʪʦʨʠʠ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʚʳʧʦʣʥʷʣʘʩʴ ʙʦʣʴʰʘʷ ʨʘʙʦʪʘ ʧʦ ʦʙʦʙʱʝʥʠʶ ʦʛʨʦʤʥʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʵʢʩʧʝʜʠʮʠʷʤʠ ʂʘʟʘʭʩʢʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʪʨʝʩʪʘ (ʊʫʨʣʘʥʩʢʘʷ, ɼʞʝʟʢʘʟʛʘʥʩʢʘʷ, ʀʣʠʡʩʢʘʷ, ʖʞʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʘʷ) ʚ ʢʦʥʮʝ 1963 ʛʦʜʘ ʚ ʦʩʥʦʚʥʦʤ ʙʳʣʦ ʟʘʚʝʨʰʝʥʦ ʦʙʦʙʱʝʥʠʝ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʧʦʣʠʩʪʥʦ ʚ ʤʘʩʰʪʘʙʝ 1:500 000, ʧʨʦʚʝʜʝʥʘ ʩʙʠʚʢʘ ʤʝʞʜʫ ʩʦʧʨʝʜʝʣʴʥʳʤʠ 

ʪʝʨʨʠʪʦʨʠʷʤʠ. ɻʝʦʬʠʟʠʢʠ ʧʨʦʚʝʣʠ ʙʦʣʴʰʫʶ ʨʘʙʦʪʫ ʠ, ʛʣʘʚʥʦʝ, ʚ ʩʨʦʢʠ, ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ, ʟʘ 

ʠʩʧʦʣʥʝʥʠʝʤ ʢʦʪʦʨʦʡ ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʩʣʝʜʠʣ ʣʠʯʥʦ. ɺʩʝʭ ʧʦʨʘʞʘʣʦ ʢʘʯʝʩʪʚʦ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ 

çʜʝʨʞʘʪʴ ʥʠʪʠ ʚ ʨʫʢʘʭè ʚ ʙʦʣʴʰʦʤ ʠ ʤʘʣʦʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʝʛʦ ʦʛʨʦʤʥʫʶ ʟʘʥʷʪʦʩʪʴ ʧʦ ʨʫʢʦʚʦʜʩʪʚʫ 

ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʘʢʘʜʝʤʠʠ. 

ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʩʚʷʟʠ ʛʝʦʣʦʛʦʚ ʂʘʟʘʭʩʪʘʥʘ. ɺ ʥʘʯʘʣʝ 60-ʭ ʛʦʜʦʚ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʥʘʫʢʘ ʂʘʟʘʭʩʪʘʥʘ, ʢʘʢ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʣʫʞʙʘ, ʜʦʩʪʠʛʣʠ ʩʚʦʝʛʦ ʥʘʠʙʦʣʴʰʝʛʦ ʨʘʩʮʚʝʪʘ. ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʧʦʣʫʯʠʣʠ ʚʩʝʦʙʱʝʝ ʧʨʠʟʥʘʥʠʝ 

ʨʝʟʫʣʴʪʘʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʨʘʙʦʪʳ ʅ.ɻ. ʂʘʩʩʠʥʘ 

ʧʦ ʛʝʦʣʦʛʠʠ ʂʘʟʘʭʩʪʘʥʘ, ʨʘʟʚʠʪʳʝ ʧʦʟʞʝ ɽ.ɼ. ʐʣʳʛʠʥʳʤ ʠ ʜʨʫʛʠʤʠ ʫʯʝʥʠʢʘʤʠ ʅʠʢʦʣʘʷ ɻʨʠʛʦʨʴʝʚʠʯʘ, 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʪʝʢʪʦʥʠʢʝ ʈ.ɸ. ɹʦʨʫʢʘʝʚʘ ʠ ɻ.ʎ. ʄʝʜʦʝʚʘ, ʤʘʛʤʘʪʠʟʤʫ ʠ ʚʫʣʢʘʥʠʟʤʫ ɺ.ʂ. ʄʦʥʠʯʘ ʠ 

ʅ.ɻ. ʉʝʨʛʠʝʚʘ, ʤʝʪʘʣʣʦʛʝʥʠʠ ʠ ʨʫʜʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʄ.ʇ. ʈʫʩʘʢʦʚʘ ʠ ʀ.ʀ. ɹʦʢʘ, ʧʦ ʛʝʦʬʠʟʠʢʝ ɼ.ʅ. ʂʘʟʘʥʣʠ 

ʠ ʪ.ʜ. ʂʨʫʧʥʳʤ ʩʦʙʳʪʠʝʤ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʞʠʟʥʠ ʨʝʩʧʫʙʣʠʢʠ, ʢʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ, ʷʚʠʣʦʩʴ ʩʦʟʜʘʥʠʝ ʧʝʨʚʦʡ ʚ 

ʉʉʉʈ ʧʨʦʛʥʦʟʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪʳ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ, ʧʦʣʫʯʠʚʰʝʡ ʰʠʨʦʢʫʶ ʠʟʚʝʩʪʥʦʩʪʴ ʜʘʣʝʢʦ 

ʟʘ ʧʨʝʜʝʣʘʤʠ ʩʪʨʘʥʳ. 
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ʌ.ʅ. ʐʘʭʦʚ ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʠʝ ʟʘʤʝʪʥʳʝ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ, ʛʝʦʣʦʛʠ ʂʘʟʘʭʩʪʘʥʘ ʥʝ ʠʤʝʣʠ ʥʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʩʚʷʟʝʡ, ʥʠ ʚʳʭʦʜʘ ʟʘ ʨʫʙʝʞ. ʄʥʦʛʠʝ ʟʘʜʘʚʘʣʠʩʴ ʚʦʧʨʦʩʦʤ: ʚ ʯʝʤ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ? ʆʪʚʝʪ ʙʳʣ ʧʦʣʫʯʝʥ 

ʦʪ ʂʘʥʳʰʘ ʀʤʘʥʪʘʝʚʠʯʘ ʥʘ ʧʘʤʷʪʥʦʤ ʩʦʚʝʱʘʥʠʠ ʦʩʝʥʴʶ 1963 ʛʦʜʘ, ʛʜʝ ʦʥ ʠʥʬʦʨʤʠʨʦʚʘʣ ʫʯʘʩʪʥʠʢʦʚ, ʯʪʦ ʚ 

ʜʝʢʘʙʨʝ 1964 ʛʦʜʘ ʚ ʩʪʦʣʠʮʝ ʀʥʜʠʠ ʛ. ɼʝʣʠ ʩʦʩʪʦʠʪʩʷ XXII ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʛʨʝʩʩ. ʈʘʥʝʝ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʂʘʟʘʭʩʪʘʥʘ ʥʝ ʧʨʠʥʠʤʘʣʠ ʫʯʘʩʪʠʷ ʚ ʢʦʥʛʨʝʩʩʘʭ, ʯʝʤʫ, ʧʦ ʩʣʦʚʘʤ ʉʘʪʧʘʝʚʘ, ʙʳʣʠ ʩʚʦʠ ʧʨʠʯʠʥʳ. 

ʅʘ ʢʦʥʛʨʝʩʩ ʥʘʜʦ ʝʭʘʪʴ ʥʝ ʪʦʣʴʢʦ ʨʘʜʠ ʫʯʘʩʪʠʷ. ʄʳ ʜʦʣʞʥʳ, ʦʪʤʝʪʠʣ ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ, ʧʦʢʘʟʘʪʴ ʥʘ ʵʪʦʤ 

ʘʚʪʦʨʠʪʝʪʥʦʤ ʬʦʨʫʤʝ ʩʚʦʠ ʜʦʩʪʠʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʫ ʥʘʩ ʩʝʛʦʜʥʷ ʠʤʝʶʪʩʷ ʠ ʚ ʥʘʫʢʝ, ʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ, 

ʥʦ ʥʝ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʠʪʦʛʦʚʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ï ʩʝʨʠʠ ʢʘʨʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ. ʆʥ ʚʥʝʩ 

ʧʨʝʜʣʦʞʝʥʠʝ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʧʨʝʜʩʪʘʚʠʪʴ ʥʘ ʢʦʥʛʨʝʩʩʝ ʛʝʦʣʦʛʠʯʝʩʢʫʶ, ʩʪʨʫʢʪʫʨʥʦ-ʛʝʦʬʠʟʠʯʝʩʢʫʶ, 

ʪʝʢʪʦʥʠʯʝʩʢʫʶ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ ʢʘʨʪʳ. ʂʘʥʳʰ ʀʤʘʥʪʘʝʚʠʯ ʥʘ ʩʦʚʝʱʘʥʠʠ ʚ ʦʢʪʷʙʨʝ 1963 ʛʦʜʘ, ʩʪʘʚʰʝʤ, ʢ 

ʩʦʞʘʣʝʥʠʶ, ʧʦʩʣʝʜʥʠʤ ʚ ʝʛʦ ʞʠʟʥʠ, ʧʦʩʣʝʜʥʠʤ ʝʛʦ ʦʙʱʝʥʠʝʤ ʩʦ ʩʚʦʠʤʠ ʩʦʨʘʪʥʠʢʘʤʠ, ʢʦʣʣʝʛʘʤʠ ʠ ʫʯʝʥʠʢʘʤʠ. 

ɺʥʠʤʘʪʝʣʴʥʦ ʚʳʩʣʫʰʘʚ ʠʥʬʦʨʤʘʮʠʶ, ʦʪʤʝʪʠʚ ʥʘʰʠ ʥʝʜʦʨʘʙʦʪʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʯʘʩʪʠ ʩʨʦʢʦʚ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ, ʦʥ 

ʝʱʝ ʨʘʟ ʫʢʘʟʘʣ ʥʘ ʚʘʞʥʦʩʪʴ ʫʯʘʩʪʠʷ ʢʘʟʘʭʩʪʘʥʮʝʚ ʚ ʨʘʙʦʪʝ XXII ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʛʨʝʩʩʘ. 

ʇʦʩʣʝ ʢʦʥʯʠʥʳ ʂ.ʀ. ʉʘʪʧʘʝʚʘ ʪʝʤʧʳ ʧʦʜʛʦʪʦʚʢʠ ʤʘʪʝʨʠʘʣʦʚ ʩʥʠʟʠʣʠʩʴ. ɺ ʠʪʦʛʝ ʢ ʢʦʥʛʨʝʩʩʫ ʟʘʢʦʥʯʠʣʠ 

ʪʦʣʴʢʦ ʛʝʦʬʠʟʠʯʝʩʢʫʶ ʠ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʟʜʘʥʳ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʢʘʨʪ, ʪʦ ʦʥʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʚ 2001 ʛʦʜʫ. ʆʜʥʘʢʦ ʥʘ ʢʦʥʛʨʝʩʩ ʢʘʟʘʭʩʪʘʥʮʳ ʧʦʝʭʘʣʠ 

ʚʥʫʰʠʪʝʣʴʥʦʡ ʜʝʣʝʛʘʮʠʝʡ (ʧʦ ʤʝʨʢʘʤ ʪʝʭ ʣʝʪ) ʠ ʥʝ çʩ ʧʫʩʪʳʤʠ ʨʫʢʘʤʠè, ʧʦʜʛʦʪʦʚʠʚ ʩʙʦʨʥʠʢ ʦʙʲʝʤʦʤ 20 

ʧʝʯʘʪʥʳʭ ʣʠʩʪʦʚ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çɺʦʧʨʦʩʳ ʛʝʦʣʦʛʠʠ ʂʘʟʘʭʩʪʘʥʘè ʠ ʧʦʩʚʷʪʠʚ ʝʛʦ ʧʘʤʷʪʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ. ʉʙʦʨʥʠʢ 

ʵʪʦʪ ʥʳʥʝ ʩʪʘʣ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʜʢʦʩʪʴʶ. ɺ ʥʝʛʦ ʚʦʰʣʠ ʜʦʢʣʘʜʳ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ ʠ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʂʘʟʘʭʩʪʘʥʘ ʠ ʚʩʪʫʧʠʪʝʣʴʥʘʷ ʩʪʘʪʴʷ ʥʦʚʦʛʦ ʧʨʝʟʠʜʝʥʪʘ ɸʢʘʜʝʤʠʠ ʐ.ʏ. ʏʦʢʠʥʘ çʈʘʟʚʠʪʠʝ ʵʢʦʥʦʤʠʢʠ, ʥʘʫʢʠ ʠ 

ʢʫʣʴʪʫʨʳ ʉʦʚʝʪʩʢʦʛʦ ʂʘʟʘʭʩʪʘʥʘè ʥʘ ʜʚʫʭ ʷʟʳʢʘʭ ï ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ. 

 

ʂ 120-ʃɽʊʀʖ ʉʆ ɼʅʗ ʈʆɾɼɽʅʀʗ ʏʃɽʅɸ-ʂʆʈʈɽʉʇʆʅɼɽʅʊɸ 
ɸʂɸɼɽʄʀʀ ʅɸʋʂ ʉʉʉʈ, ʇʈʆʌɽʉʉʆʈɸ ʌ.ʅ. ʐɸʍʆɺɸ, 

ʆʉʅʆɺʆʇʆʃʆɾʅʀʂɸ ʅɸʋʏʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʇʆ ʈʋɼʅʓʄ 
ʇʆʃɽɿʅʓʄ ʀʉʂʆʇɸɽʄʓʄ ɺ ʊʇʋ ʀ ʉʆɿɼɸʊɽʃʗ ʂɸʌɽɼʈʓ 
ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇʆʃɽɿʅʓʍ ʀʉʂʆʇɸɽʄʓʍ ɺ ʊʇʋ 
ʃ.ʇ. ʈʠʭʚʘʥʦʚ ʧʨʦʬʝʩʩʦʨ, ɽ.ɻ. ʗʟʠʢʦʚ ʧʨʦʬʝʩʩʦʨ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 ʐʘʭʦʚ ʌʝʣʠʢʩ ʅʠʢʦʣʘʝʚʠʯ  ï ʯʣʝʥ-ʢʦʨʨʝʩʧʦʥʜʝʥʪ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʉʉʉʈ 

(1958), ʧʨʦʬʝʩʩʦʨ, ʚʳʧʫʩʢʥʠʢ ʩʪʘʨʝʡʰʝʛʦ ʚ ʉʠʙʠʨʠ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ, ʚʦʩʧʠʪʘʥʥʠʢ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴ ʧʘʪʨʠʘʨʭʦʚ ʩʠʙʠʨʩʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʥʘʫʢʠ 

ɺ.ɸ. ʆʙʨʫʯʝʚʘ, ʄ.ɸ. ʋʩʦʚʘ ʠ ʇ.ʇ. ɻʫʜʢʦʚʘ. ʆʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʪʝʣʝʤ ʨʫʜʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʉʠʙʠʨʠ ʠ ʦʨʛʘʥʠʟʘʪʦʨʦʤ ʧʦʜʛʦʪʦʚʢʠ ʛʝʦʣʦʛʦʚ-

ʫʨʘʥʱʠʢʦʚ ʚ ʉʠʙʠʨʠ. 

ʐʘʭʦʚ ʌ.ʅ. ʨʦʜʠʣʩʷ 24 ʦʢʪʷʙʨʷ 1894 ʚ ʩ. ɹʝʣʦʷʨʩʢʦʝ ɹʘʨʥʘʫʣʴʩʢʦʛʦ ʫʝʟʜʘ 

ʊʦʤʩʢʦʡ ʛʫʙʝʨʥʠʠ. ʆʪʝʮ ï ʅʠʢʦʣʘʡ ʌʠʣʠʧʧʦʚʠʯ, ʢʘʟʘʢ ʉʠʙʠʨʩʢʦʛʦ ʢʘʟʘʯʴʝʛʦ ʚʦʡʩʢʘ. 

ʄʘʪʴ ï ɸʣʝʢʩʘʥʜʨʘ ʄʠʭʘʡʣʦʚʥʘ ï ʫʯʠʪʝʣʴʥʠʮʘ.  

ɺ 1911 ʛʦʜʫ ʌʝʣʠʢʩ ʐʘʭʦʚ ʦʢʦʥʯʠʣ ɹʘʨʥʘʫʣʴʩʢʦʝ ʨʝʘʣʴʥʦʝ (ʙʳʚʰʝʝ ʛʦʨʥʦʝ) 

ʫʯʠʣʠʱʝ ʠ ʚ 1911 ʛʦʜʫ ʧʦʩʪʫʧʠʣ ʚ ʊʊʀ, ʘ ʟʘʢʦʥʯʠʣ ʝʛʦ ʚ 1922 ʛʦʜʫ. ʄʠʨʦʚʘʷ ʚʦʡʥʘ, ʘ 

ʟʘʪʝʤ ʠ ʛʨʘʞʜʘʥʩʢʘʷ ʥʝ ʨʘʟ ʧʨʝʨʳʚʘʣʠ ʝʛʦ ʫʯʝʙʫ ʚ ʠʥʩʪʠʪʫʪʝ. ɺ ʩʦʩʪʘʚʝ ʩʘʧʸʨʥʦʡ 

ʢʦʤʘʥʜʳ ʧʦʜʧʦʨʫʯʠʢ ʌ.ʅ. ʐʘʭʦʚ ʫʯʘʩʪʚʦʚʘʣ ʚ ʢʨʫʧʥʝʡʰʝʤ ʩʨʘʞʝʥʠʠ ï ʪ.ʥ. 

ɹʨʫʩʠʣʦʚʩʢʦʤ ʧʨʦʨʳʚʝ. ʆʪʣʠʯʠʚʰʠʡʩʷ ʚ ʨʫʢʦʧʘʰʥʳʭ ʩʭʚʘʪʢʘʭ ʩ ʧʨʦʪʠʚʥʠʢʦʤ, 

ʐʘʭʦʚ ʌ.ʅ. ʙʳʣ ʥʘʛʨʘʞʜʸʥ ʙʦʝʚʳʤ ʦʨʜʝʥʦʤ ʉʚʷʪʦʡ ɸʥʥʳ 3-ʡ ʩʪʝʧʝʥʠ ʟʘ ʣʠʯʥʫʶ 

ʭʨʘʙʨʦʩʪʴ.  

ɺ 1922 ʛʦʜʫ ʐʘʭʦʚ ʌ.ʅ. ʦʢʦʥʯʠʣ ʊʦʤʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʠʥʩʪʠʪʫʪʘ ʙʳʣ 

ʦʩʪʘʚʣʝʥ ʚ ʥʝʤ ʥʘ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʬʘʢʫʣʴʪʝʪʝ ʚ ʢʘʯʝʩʪʚʝ ʘʩʩʠʩʪʝʥʪʘ ʜʣʷ ʧʨʝʧʦʜʘʚʘʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ 

ʧʨʦʬʝʩʩʦʨʩʢʦʤʫ ʟʚʘʥʠʶ. 18 ʤʘʨʪʘ 1935 ʛ. ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʚ ʜʦʣʞʥʦʩʪʠ ʧʨʦʬʝʩʩʦʨʘ ʢʘʬʝʜʨʳ. ʅʘ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʤ ʬʘʢʫʣʴʪʝʪʝ ʊʇʀ ʠʤ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʢʘʬʝʜʨʘ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʜʝ ʙʳʣ ʚʧʝʨʚʳʝ ʚ 

ʚʫʟʘʭ ʦʩʫʱʝʩʪʚʣʝʥ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʫʜ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ.  

ɺ 1940 ʛʦʜʫ ʐʘʭʦʚʫ ʌ.ʅ. ʙʳʣʘ ʧʨʠʩʚʦʝʥʘ ʫʯʝʥʘʷ ʩʪʝʧʝʥʴ ʜʦʢʪʦʨʘ ʥʘʫʢ ʙʝʟ ʟʘʱʠʪʳ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʆʩʥʦʚʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʜʝʷʪʝʣʴʥʦʩʪʠ ʌ.ʅ. ʐʘʭʦʚʘ:  

1. ɼʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʠ ʨʫʜ;  

2. ɻʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ;  

3. ʇʨʦʙʣʝʤʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʛʨʘʥʠʪʥʳʭ ʤʘʛʤ;  

4. ʉʠʩʪʝʤʘʪʠʢʘ ʵʥʜʦʛʝʥʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥ ʪʘʢʞʝ ʟʘʥʠʤʘʣʩʷ ʧʝʜʘʛʦʛʠʯʝʩʢʦʡ, ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʡ ʠ ʧʨʦʩʚʝʪʠʪʝʣʴʩʢʦʡ ʨʘʙʦʪʦʡ. 

ɸʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣ ʚ ʦʙʱʝʩʪʚʝʥʥʦʡ ʞʠʟʥʠ, ʷʚʣʷʷʩʴ ʢʦʨʨʝʩʧʦʥʜʝʥʪʦʤ ʛʘʟʝʪʳ çɿʘ ʢʘʜʨʳè. 

ʌ.ʅ. ʐʘʭʦʚ ï ʥʝʧʨʝʚʟʦʡʜʸʥʥʳʡ ʜʠʘʛʥʦʩʪ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ 1935 ʛʦʜʫ ʠʤ ʙʳʣ ʥʘʧʠʩʘʥ ʦʜʠʥ ʠʟ 

ʧʝʨʚʳʭ ʫʯʝʙʥʠʢʦʚ ʚ ʩʪʨʘʥʝ çɻʣʘʚʥʝʡʰʠʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳè, ʠʟʜʘʥʥʳʡ ʚ ʊʦʤʩʢʝ ʚ 1942 ʛ. ʆʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʨʘʙʦʪʳ ʐʘʭʦʚʘ ï ʪʦʣʴʢʦ ʩʦʙʩʪʚʝʥʥʳʝ ʪʱʘʪʝʣʴʥʳʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʛʣʫʙʦʢʠʤ ʘʥʘʣʠʟʦʤ 
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ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥʦʚ ʨʘʙʦʪ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʦʥ ʫʜʝʣʷʣ ʪʝʢʩʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ 

ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʚʳʷʚʣʷʷ ʝʸ ʛʝʥʝʪʠʯʝʩʢʦʝ ʩʚʦʝʦʙʨʘʟʠʝ. 

ʇʨʠ ʞʠʟʥʠ ʠʤ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʪʨʠ ʤʦʥʦʛʨʘʬʠʠ ʠ ʧʷʪʴʜʝʩʷʪ ʩʪʘʪʝʡ ʩ ʙʦʣʴʰʠʤʠ ʩʧʠʩʢʘʤʠ ʥʝ ʪʦʣʴʢʦ 

ʨʫʩʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, ʥʦ ʪʘʢʞʝ ʥʝʤʝʮʢʠʭ, ʬʨʘʥʮʫʟʩʢʠʭ ʠ ʘʥʛʣʠʡʩʢʠʭ. ɿʥʘʷ ʵʪʠ ʷʟʳʢʠ, ʦʥ ʣʠʰʴ ʠʟʨʝʜʢʘ ʦʙʨʘʱʘʣʩʷ 

ʢ ʩʣʦʚʘʨʷʤ. ʇʦʯʪʠ ʚʩʝ ʝʛʦ ʧʫʙʣʠʢʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʙʝʟ ʩʦʘʚʪʦʨʦʚ ʠ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʐʘʭʦʚ ʌ.ʅ. ʚʢʣʶʯʠʣ ʚ ʢʘʯʝʩʪʚʝ 

ʪʘʢʦʚʳʭ ʩʚʦʠʭ ʞʝ ʩʦʪʨʫʜʥʠʢʦʚ, ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʢʦʪʦʨʳʭ ʦʥ ʚ ʵʪʠʭ ʩʪʘʪʴʷʭ ʯʘʩʪʠʯʥʦ ʠʩʧʦʣʴʟʦʚʘʣ. 

ɺʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʣʠ ʝʛʦ ʤʦʥʦʛʨʘʬʠʠ: çʂ ʪʝʦʨʠʠ ʢʦʥʪʘʢʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè (1947 ʛ.), çɻʝʦʣʦʛʠʷ 

ʞʠʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡè (1964 ʛ.) ʠ çʄʘʛʤʘ ʠ ʨʫʜʳè (1966 ʛ.).  

 ɺʝʨʥʫʚʰʠʩʴ ʠʟ ʩʩʳʣʢʠ ʚʝʩʥʦʡ 1954 ʛʦʜʘ ʚ ʨʦʜʥʦʡ ʊʇʀ (ʊʇʋ) ʌ.ʅ. ʐʘʭʦʚ, ʟʘʧʦʣʥʷʷ ʣʠʩʪʦʢ ʧʦ ʫʯʝʪʫ 

ʢʘʜʨʦʚ ʚ ʛʨʘʬʝ çʉʫʜʠʤʦʩʪʴè ʥʘʧʠʩʘʣ: çʩʠʜʝʣ ʧʷʪʴ ʣʝʪ, ʩʫʜʠʤ ʥʝ ʙʳʣè. 

ɺ 1957 ʛʦʜʫ ʌ.ʅ. ʐʘʭʦʚ ʙʳʣ ʧʨʠʛʣʘʰʸʥ ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʨʘʙʦʪʫ ʚ ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ 

ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʛʦ ʬʠʣʠʘʣʘ ɸʅ ʉʉʉʈ, ʛʜʝ ʜʦ ʵʪʦʛʦ ʨʘʙʦʪʘʣ ʧʦ ʩʦʚʤʝʩʪʠʪʝʣʴʩʪʚʫ.  ɺ 1958 ʛʦʜʫ ʘʢʘʜʝʤʠʢʦʤ 

ɸ.ɸ. ʊʨʦʬʠʤʫʢʦʤ ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʣʦʞʝʥʠʝ ʌ.ʅ. ʐʘʭʦʚʫ ʚʦʟʛʣʘʚʠʪʴ  ʣʘʙʦʨʘʪʦʨʠʶ ʛʝʦʭʠʤʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʛʝʦʬʠʟʠʢʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ɸʅ, ʘ ʟʘʪʝʤ ʠ ʦʪʜʝʣʝʥʠʝ ʛʝʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ 

ʛʝʦʬʠʟʠʢʠ. 

ʐʘʭʦʚ ʌ.ʅ. ʙʳʣ ʥʘʛʨʘʞʜʸʥ ʦʨʜʝʥʘʤʠ ʃʝʥʠʥʘ (1944), ʊʨʫʜʦʚʦʛʦ ʂʨʘʩʥʦʛʦ ɿʥʘʤʝʥʠ (1946, 1967). ʅʘ 

ʬʘʩʘʜʘʭ 1 ʢʦʨʧʫʩʘ ʊʇʋ ʠ ʢʦʨʧʫʩʘ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʉʆ ʈɸʅ ʧʦʤʝʱʝʥʳ ʤʝʤʦʨʠʘʣʴʥʳʝ ʜʦʩʢʠ 

ʚʳʜʘʶʱʝʤʫʩʷ ʧʝʜʘʛʦʛʫ ʠ ʫʯʝʥʦʤʫ, ʩʦʟʜʘʪʝʣʶ ʰʢʦʣʳ ʩʠʙʠʨʩʢʠʭ ʛʝʦʭʠʤʠʢʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʰʝʥʠʝʤ 

ʊʦʤʩʢʦʡ ʛʦʨʦʜʩʢʦʡ ɼʫʤʳ ʦʪ 17.02.2004 ʛ. ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʧʨʠʩʚʦʠʪʴ ʠʤʷ ʧʨʦʬʝʩʩʦʨʘ ʐʘʭʦʚʘ ʫʣʠʮʝ 4-ʡ 

ʦʯʝʨʝʜʠ ʟʘʩʪʨʦʡʢʠ ʤʠʢʨʦʨʘʡʦʥʘ çʅʘʫʢʘè. ɺ ʯʝʩʪʴ ʌ.ʅ. ʐʘʭʦʚʘ ʥʘʟʚʘʥ ʤʠʥʝʨʘʣ ʰʘʭʦʚʠʪ (Hg4SbO3(OH)3). 



ʉ ʝ ʢ ʮ ʠ ʷ 12 

 

ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 
ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ɼʆɹʓʏʀ ʋɻʃɽɺʆɼʆʈʆɼʆɺ  

ɸ.ʊ. ʈʦʩʣʷʢ 

ʇʨʦʬʝʩʩʦʨ, ʜʦʢʪʦʨ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʠʨʦʚʘʷ ʧʨʘʢʪʠʢʘ ʚʩʝ ʙʦʣʴʰʝ ʚʥʠʤʘʥʠʷ  ʫʜʝʣʷʝʪ ʧʦʧʳʪʢʘʤ ʧʨʠʤʝʥʝʥʠʷ ʚ ʵʥʝʨʛʝʪʠʢʝ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʘʩʥʦʩʪʴʶ ʠʩʪʦʱʝʥʠʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ 

ʵʥʝʨʛʠʠ, ʬʫʥʢʮʠʦʥʠʨʫʶʱʠʭ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ 

ʵʬʬʝʢʪʠʚʥʦ ʠ ʩʚʷʟʘʥʦ ʩ ʨʝʰʝʥʠʝʤ ʤʘʩʩʳ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʪʨʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʵʥʝʨʛʠʠ  ʠʟʚʝʩʪʥʦ ʩ ʥʝʟʘʧʘʤʷʪʥʳʭ ʚʨʝʤʝʥ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤ ʩʦʦʨʫʞʝʥʠʝ ʚʝʪʨʷʥʳʭ 

ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, 

ʟʘʤʝʜʣʷʶʱʠʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʧʦʩʪʦʷʥʩʪʚʦ ʚʝʪʨʦʚʳʭ ʧʦʪʦʢʦʚ ʥʝ ʩʦʟʜʘʸʪ 

ʧʨʦʙʣʝʤ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʧʨʦʧʦʨʮʠʠ ʚʝʪʨʦʵʥʝʨʛʝʪʠʢʠ ʚ ʦʙʱʝʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʦʜʥʘʢʦ ʧʨʠ ʨʦʩʪʝ 

ʵʪʦʡ ʧʨʦʧʦʨʮʠʠ, ʚʦʟʨʘʩʪʘʶʪ ʪʘʢʞʝ ʠ ʧʨʦʙʣʝʤʳ ʥʘʜʸʞʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ.  

ɺʝʪʨʦʛʝʥʝʨʘʪʦʨʳ ʠʟʳʤʘʶʪ ʯʘʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʜʚʠʞʫʱʠʭʩʷ ʚʦʟʜʫʰʥʳʭ ʤʘʩʩ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. ʇʨʠ ʤʘʩʩʦʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʝʪʨʷʢʦʚ (ʥʘʧʨʠʤʝʨ, ʚ ɽʚʨʦʧʝ) ʵʪʦ ʟʘʤʝʜʣʝʥʠʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʣʦʢʘʣʴʥʳʝ (ʠ ʜʘʞʝ ʛʣʦʙʘʣʴʥʳʝ) ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʤʝʩʪʥʦʩʪʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʠ ʚʝʪʨʦʚ ʩʧʦʩʦʙʥʦ ʩʜʝʣʘʪʴ ʢʣʠʤʘʪ ʨʝʛʠʦʥʘ ʯʫʪʴ ʙʦʣʝʝ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʤʝʜʣʝʥʥʦ ʜʚʠʞʫʱʠʝʩʷ ʚʦʟʜʫʰʥʳʝ ʤʘʩʩʳ ʫʩʧʝʚʘʶʪ ʩʠʣʴʥʝʝ ʥʘʛʨʝʪʴʩʷ ʣʝʪʦʤ ʠ 

ʦʭʣʘʞʜʘʪʴʩʷ ʟʠʤʦʡ. ʊʘʢʞʝ ʦʪʙʦʨ ʵʥʝʨʛʠʠ ʫ ʚʝʪʨʘ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʟʤʝʥʝʥʠʶ ʚʣʘʞʥʦʩʪʥʦʛʦ ʨʝʞʠʤʘ 

ʧʨʠʣʝʛʘʶʱʝʡ ʪʝʨʨʠʪʦʨʠ. ʋʯʝʥʳʝ  ʧʦʢʘ ʪʦʣʴʢʦ ʨʘʟʚʦʨʘʯʠʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ  ʦʙʣʘʩʪʠ ʘʥʘʣʠʟʘ   ʚʦʟʜʝʡʩʪʚʠʷ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʡ ʚʝʪʨʷʥʦʡ ʵʥʝʨʛʝʪʠʢʠ ʥʘ ʢʣʠʤʘʪ, ʦʜʥʘʢʦ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʩʪʦʣʴ 

ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ, ʢʘʢ ʧʦʣʘʛʘʣʠ ʨʘʥʝʝ. 

 ʈʘʙʦʪʘ ʚʝʪʨʷʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ ʟʘʚʠʩʠʪ ʦʪ ʧʦʛʦʜʳ. ʂ ʪʦʤʫ ʞʝ ʦʥʠ ʦʯʝʥʴ ʰʫʤʥʳ, ʧʦʵʪʦʤʫ ʢʨʫʧʥʳʝ 

ʫʩʪʘʥʦʚʢʠ ʜʘʞʝ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʥʦʯʴ ʦʪʢʣʶʯʘʪʴ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʚʝʪʨʷʥʳʝ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ ʩʦʟʜʘʶʪ ʧʦʤʝʭʠ ʜʣʷ 

ʚʦʟʜʫʰʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʠ ʜʘʞʝ ʜʣʷ ʨʘʜʠʦʚʦʣʥ. ʅʘʢʦʥʝʮ, ʜʣʷ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʳ ʦʛʨʦʤʥʳʝ ʧʣʦʱʘʜʠ, 

ʙʦʣʴʰʠʝ, ʯʝʤ ʜʣʷ ʜʨʫʛʠʭ ʪʠʧʦʚ ʵʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʦʚ.  

ʇʨʝʠʤʫʱʝʩʪʚʘ: ʵʥʝʨʛʠʠ ʩʦʣʥʮʘ: ʢʦʣʦʩʩʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʥʝʨʛʠʠ, ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ,  ʜʦʩʪʫʧʥʦʩʪʴ. 

ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʦʣʥʝʯʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʡ  ʷʚʣʷʶʪʩʷ ʠʭ ʚʳʩʦʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠ ʙʦʣʴʰʘʷ ʟʘʥʠʤʘʝʤʘʷ 

ʧʣʦʱʘʜʴ. ʊʘʢ, ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʩʦʣʥʝʯʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ  ʤʦʱʥʦʩʪʴʶ 100 ʄɺʪ ʪʨʝʙʫʝʪʩʷ ʧʣʦʱʘʜʴ ʚ 200 ʛʘ, ʘ 

ʜʣʷ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ  ʤʦʱʥʦʩʪʴʶ 1000 ʄɺʪ ï ʚʩʝʛʦ 50 ʛʘ.  

ɺʦʜʦʨʦʜ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʝ ʭʠʤʠʯʝʩʢʦʝ ʪʦʧʣʠʚʦ.  

ʇʨʠ ʩʛʦʨʘʥʠʠ ʚʦʜʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʪʝʧʣʦ, ʦʙʳʢʥʦʚʝʥʥʘʷ ʚʦʜʘ ʠ ʥʠʯʪʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʦʚ ʘʟʦʪʘ. 

ɺʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ ʥʝ ʩʦʜʝʨʞʠʪ ʫʛʣʝʨʦʜ, ʧʦʵʪʦʤʫ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝ ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʘʪʤʦʩʬʝʨʝ 

ʧʘʨʥʠʢʦʚʳʭ ʛʘʟʦʚ, ʪʘʢʠʭ ʢʘʢ ʫʛʣʝʢʠʩʣʦʛʦ ʠ ʫʛʘʨʥʦʛʦ ʛʘʟʦʚ.ʉʛʦʨʘʥʠʝ ʚʦʜʦʨʦʜʘ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ 

ʦʟʦʥʦʚʦʛʦ ʩʣʦʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʢʠʩʣʦʪʥʳʭ ʜʦʞʜʝʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ: ʚʦʟʦʙʥʦʚʣʷʝʤʦʩʪʴ, ʵʢʦʣʦʛʠʯʥʦʩʪʴ, 

ʜʦʩʪʫʧʥʦʩʪʴ ʩʳʨʴʷ 

ʅʝʜʦʩʪʘʪʢʠ: ʧʦ ʥʝʢʦʪʦʨʳʤ ʠʩʪʦʯʥʠʢʘʤ ï ʙʦʣʴʰʠʝ ʵʥʝʨʛʦʟʘʪʨʘʪʳ ʥʘ ʧʦʣʫʯʝʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʵʥʝʨʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʵʥʝʨʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʪʨʝʙʫʝʪ ʩʚʦʝʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ  ʨʘʟʚʠʪʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ ʟʝʤʣʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʩʯʝʨʧʘʝʤʳʤʠ. ʈʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʧʦ ʩʦʩʪʦʷʥʠʶ ʥʘ ʢʦʥʝʮ 2008 ʛ. ʩʦʩʪʘʚʣʷʣʠ: ʥʝʬʪʴ ï 169 ʤʣʨʜ 

ʪʦʥʥ, ʛʘʟ ï 177 ʪʨʣʥ ʤ3, ʫʛʦʣʴ ï 848 ʤʣʨʜ ʪʦʥʥ.. ʇʨʠ ʵʪʦʤ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʥʘ ʚ ʛʘʟʦʛʠʜʨʘʪʥʳʭ ʟʘʣʝʞʘʭ ʥʘ 

ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʝʪ ʝʛʦ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʘʭ, ʦʮʝʥʠʚʘʝʤʳʭ ʚ 250 ʪʨʣʥ ʤ3. 

ʀʥʘʯʝ ʛʦʚʦʨʷ, ʛʠʜʨʘʪʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ 10 ʪʨʣʥ ʪʦʥʥ ʫʛʣʝʨʦʜʘ, ʪ. ʝ. ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʚʤʝʩʪʝ ʚʟʷʪʳʝ 

ʤʠʨʦʚʳʝ ʟʘʧʘʩʳ ʫʛʣʷ, ʥʝʬʪʠ ʠ ʦʙʳʯʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

. ʆʙʱʝʤʠʨʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʬʪʠ ʚ 2007 ʛ. ʩʦʩʪʘʚʠʣʦ 3906 ʤʣʥ ʪʦʥʥ, ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ï 

3762 ʤʣʥ ʪʦʥʥ, ʫʛʣʷ ï 3136 ʤʣʥ ʪʦʥʥ ʥ.ʵ., ʛʘʟʘ ï 2940 ʤʣʨʜ ʤ3. ʇʨʠ ʵʪʦʤ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ (primary energy) ʚ 

ʤʠʨʝ ʨʘʚʥʷʣʦʩʴ 11 099 ʤʣʥ ʪʦʥʥ ʥ.ʵ.: ʚʢʣʶʯʘʷ 3953 ʤʣʥ ʪʦʥʥ ʥʝʬʪʠ, 3178 ʤʣʥ ʪʦʥʥ ʥ.ʵ. ʫʛʣʷ, 2922 ʤʣʨʜ ʤ3 (2638 

ʤʣʥ ʪʦʥʥ ʥ.ʵ.) ʛʘʟʘ, 709 ʤʣʥ ʪʦʥʥ ʥ.ʵ. ʛʠʜ. 

ɻʘʟʦʛʠʜʨʘʪʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʥʘ ɿʝʤʣʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʨʝʘʣʴʥʫʶ 

ʢʦʥʢʫʨʝʥʮʠʶ ʪʨʘʜʠʮʠʦʥʥʳʤ ʫʛʣʝʚʦʜʦʨʦʜʘʤ: ʚ ʩʠʣʫ ʥʘʣʠʯʠʷ ʦʛʨʦʤʥʳʭ ʨʝʩʫʨʩʦʚ, ʰʠʨʦʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʥʘ 

ʧʣʘʥʝʪʝ, ʥʝʛʣʫʙʦʢʦʛʦ ʟʘʣʝʛʘʥʠʷ ʠ ʚʝʩʴʤʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (1 ʤ3 ʧʨʠʨʦʜʥʦʛʦ ʤʝʪʘʥ-ʛʠʜʨʘʪʘ 

ʩʦʜʝʨʞʠʪ ʦʢʦʣʦ 164 ʤ3 ʤʝʪʘʥʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʠ 0,87 ʤ3 ʚʦʜʳ). ʆʩʦʙʝʥʥʦ ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʘʟʨʘʙʦʪʢʦʡ 

ʟʘʥʠʤʘʶʪʩʷ  ʚ ʗʧʦʥʠʠ. ʇʨʦʚʝʜʝʥʥʳʝ ʫʣʴʪʨʘʟʚʫʢʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʦʜ ʤʦʨʝʤ ʚʦʢʨʫʛ ʗʧʦʥʠʠ. 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʟʘʧʘʩʳ ʤʝʪʘʥʘ ʚ ʛʠʜʨʘʪʘʭ ʤʦʛʫʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 4 ʜʦ 20 ʪʨʣʥ ʤ3. ʇʨʦʤʳʰʣʝʥʥʫʶ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʘʯʘʪʴ ʚ 2017 ʛ. 

http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%BE%D1%80%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%95%D0%B2%D1%80%D0%BE%D0%BF%D0%B0
http://ru.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D1%82%D0%B8%D0%BD%D0%B5%D0%BD%D1%82%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BB%D0%B8%D0%BC%D0%B0%D1%82
http://ru.wikipedia.org/wiki/%D0%9E%D1%82%D0%BD%D0%BE%D1%81%D0%B8%D1%82%D0%B5%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D0%B2%D0%BB%D0%B0%D0%B6%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
 ʈʝʩʫʨʩʳ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʚ ʤʠʨʝ ʩʦʩʪʘʚʣʷʶʪ 200 ʪʨʣʥ ʢʫʙ. ʤ. ɺ ʯʠʩʣʝ ʬʘʢʪʦʨʦʚ, ʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʣʠʷʶʱʠʭ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ: ʙʣʠʟʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢ ʨʳʥʢʘʤ ʩʙʳʪʘ; ʟʥʘʯʠʪʝʣʴʥʳʝ 

ʟʘʧʘʩʳ; ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴ ʚʣʘʩʪʝʡ ʨʷʜʘ ʩʪʨʘʥ ʚ ʩʥʠʞʝʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʨʝʩʫʨʩʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʝʩʪʴ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʝʛʘʪʠʚʥʦ ʚʣʠʷʶʱʠʭ ʥʘ ʧʝʨʩʧʝʢʪʠʚʳ ʝʛʦ 

ʜʦʙʳʯʠ ʚ ʤʠʨʝ. ʉʨʝʜʠ ʪʘʢʠʭ ʥʝʜʦʩʪʘʪʢʦʚ: ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ; ʥʝʧʨʠʛʦʜʥʦʩʪʴ ʜʣʷ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʘ ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ; ʙʳʩʪʨʘʷ ʠʩʪʦʱʘʝʤʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ; ʥʠʟʢʠʡ ʫʨʦʚʝʥʴ ʜʦʢʘʟʘʥʥʳʭ 

ʟʘʧʘʩʦʚ ʚ ʦʙʱʝʡ ʩʪʨʫʢʪʫʨʝ ʟʘʧʘʩʦʚ; ʟʥʘʯʠʪʝʣʴʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʨʠʩʢʠ ʧʨʠ ʜʦʙʳʯʝ. ʊʝʭʥʦʣʦʛʠʷ ʜʦʙʳʯʠ 

ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʦʙʳʯʠ ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʛʘʟʘ ʰʠʨʦʢʠʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʙʫʨʝʥʠʷ ʠ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʦʚʝʜʝʥʠʷ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʨʘʟʨʳʚʦʚ ʧʣʘʩʪʘ ʩ ʟʘʢʘʯʢʦʡ ʚʦʜʳ ʠ ʧʨʦʧʘʥʪʦʚ 

(ʛʨʘʥʫʣʠʨʦʚʘʥʥʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʘʩʢʨʳʪʦʩʪʴ ʤʠʢʨʦʪʨʝʱʠʥ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʧʨʠ 

ʛʠʜʨʦʨʘʟʨʳʚʘ). ʅʝʜʦʩʪʘʪʢʠ ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ: 

ʊʝʭʥʦʣʦʛʠʷ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʘ ʪʨʝʙʫʝʪ ʢʨʫʧʥʳʭ ʟʘʧʘʩʦʚ ʚʦʜʳ ʚʙʣʠʟʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʜʣʷ ʦʜʥʦʛʦ 

ʛʠʜʨʦʨʘʟʨʳʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʤʝʩʴ ʚʦʜʳ (7500 ʪʦʥʥ), ʧʝʩʢʘ ʠ ʭʠʤʠʢʘʪʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʙʣʠʟʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʢʘʧʣʠʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʝʤʳ ʦʪʨʘʙʦʪʘʥʥʦʡ ʟʘʛʨʷʟʥʝʥʥʦʡ ʚʦʜʳ, ʢʦʪʦʨʫʶ ʩʣʦʞʥʦ ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʩ 

ʩʦʙʣʶʜʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ; 

ʉʣʘʥʮʝʚʳʝ ʩʢʚʘʞʠʥʳ ʠʤʝʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʠʡ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʯʝʤ ʩʢʚʘʞʠʥʳ ʦʙʳʯʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ 

ʛʘʟʘ; 

ʇʨʦʙʫʨʝʥʥʳʝ ʩʢʚʘʞʠʥʳ ʙʳʩʪʨʦ ʩʦʢʨʘʱʘʶʪ ʩʚʦʡ ʜʝʙʠʪ - ʥʘ 30 ï 40 % ʚ ʛʦʜ; 

ɼʣʷ ʜʦʙʳʯʠ ʛʘʟʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʢʦʣʦ 85 ʪʦʢʩʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʭʦʪʷ ʪʦʯʥʳʝ ʬʦʨʤʫʣʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʢʦʢʪʝʡʣʷ ʜʣʷ ʛʠʜʨʦʨʘʟʨʳʚʘ ʚ ʢʦʤʧʘʥʠʷʭ, ʜʦʙʳʚʘʶʱʠʭ ʩʣʘʥʮʝʚʳʡ ʛʘʟ, ʷʚʣʷʶʪʩʷ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʳʤʠ; 

ʇʨʠ ʜʦʙʳʯʝ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʠʤʝʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʪʝʨʠ ʤʝʪʘʥʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʩʠʣʝʥʠʶ 

ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ; 

ɼʦʙʳʯʘ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʨʝʥʪʘʙʝʣʴʥʘ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʧʨʦʩʘ ʠ ʚʳʩʦʢʠʭ ʮʝʥ ʥʘ ʛʘʟ. 

ʉʣʘʥʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʦʡ ʠ ʤʝʟʦʟʦʡʩʢʦʡ ʵʨʳ, ʠʤʝʶʪ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʶ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʬʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʨʘʟʨʳʚʘ ʧʣʘʩʪʦʚ. 

ʕʢʦʣʦʛʠʷ ʩʪʘʣʘ ʛʣʘʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ. 

ɹʝʟ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ ʩʣʘʥʮʝʚʦʛʦ ʛʘʟʘ ʩ ʮʝʣʴʶ ʢʦʥʪʨʦʣʷ ʚʳʙʨʦʩʦʚ 

ʤʝʪʘʥʘ, ʟʘʛʨʷʟʥʝʥʠʷ ʧʦʯʚʳ ʠ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʩʣʘʥʮʝʚʳʡ ʛʘʟ ʥʝ ʩʤʦʞʝʪ ʩʪʘʪʴ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʜʦʩʪʦʡʥʦʡ 

ʘʣʴʪʝʨʥʘʪʠʚʦʡ ʧʨʠʨʦʜʥʦʤʫ ʛʘʟʫ. 

ɺʦ ʚʩʝʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʩʪʨʘʥʘʭ ʧʦʩʪʦʷʥʥʦ ʨʘʩʪʝʪ ʚʥʠʤʘʥʠʝ ʢ ʨʘʟʨʘʙʦʪʢʘʤ ʧʦ ʧʦʚʳʰʝʥʠʶ ʩʪʝʧʝʥʠ 

ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʬʪʠ ʦʪʤʝʯʘʝʪʩʷ ʠʩʪʦʱʝʥʠʝ ʠ ʩʥʠʞʝʥʠʝ 

ʦʙʲʝʤʦʚ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʙʦʣʝʝ ʧʦʣʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ 

ʢʘʢ ʠʟ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ, ʪʘʢ ʠ ʚʥʦʚʴ ʦʪʢʨʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ɺʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʥʝʬʪʝʜʦʙʳʯʠ ʧʫʪʝʤ 

ʚʥʝʜʨʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʪʘʢʠʭ ʢʘʢ ʛʘʟʦʚʳʝ, ʪʝʧʣʦʚʳʝ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ, ʭʠʤʠʯʝʩʢʠʝ ʥʘ ʦʩʥʦʚʝ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʤʠ. 

ʄʘʩʰʪʘʙʳ ʚʥʝʜʨʝʥʠʷ ʥʦʚʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʶʪ ʥʝʬʪʝʦʪʜʘʯʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʤʠʨʝ, ʝʞʝʛʦʜʥʦ ʨʘʩʪʫʪ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʚ 1985 ʛ. ʙʳʣʦ ʜʦʙʳʪʦ ʥʝʬʪʠ ʥʦʚʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʤʝʨʥʦ 70 ʤʠʣʣʠʦʥʦʚ 

ʪʦʥʥ, ʪʦ ʫʞʝ ʯʝʨʝʟ 20 ʣʝʪ ʵʪʘ ʮʠʬʨʘ ʫʚʝʣʠʯʠʣʘʩʴ ʚʜʚʦʝ ʠ ʜʦʩʪʠʛʣʘ ʙʦʣʝʝ 140 ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʚ ʛʦʜ. ɼʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʝ ʧʨʝʜʧʦʯʪʝʥʠʷ ʦʪʜʘʶʪʩʷ ʛʘʟʦʚʳʤ ʠ ʪʝʧʣʦʚʳʤ ʤʝʪʦʜʘʤ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʳʤ ʜʦʣʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʝʬʪʝʜʦʙʳʯʠ ʧʨʝʚʳʰʘʝʪ 95%.. ʕʪʘ ʧʨʦʙʣʝʤʘ ʧʦʩʪʦʷʥʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʧʦʣʝ ʟʨʝʥʠʷ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʩʪʨʘʥ ʚʦʪ ʫʞʝ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ.  

. ɺ ʯʠʩʣʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʚʭʦʜʠʪ ʪʝʨʤʦʛʘʟʦʚʳʡ ʤʝʪʦʜ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, 

ʢʦʪʦʨʳʡ ʩʪʘʣ ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʉʐɸ ʝʱʝ ʩ 2004 ʛ. ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ 

ʫʞʝ ʟʘ ʪʨʠ ʛʦʜʘ ʜʦʙʳʯʘ ʚ ʩʪʨʘʥʝ ʚʳʨʦʩʣʘ ʧʦʯʪʠ ʚ 4,4 ʨʘʟʘ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ ʈʦʩʩʠʠ ʪʘʢʞʝ ʩʪʘʣ ʫʩʧʝʰʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʵʪʦʪ ʩʧʦʩʦʙ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ (ɸʡ-ʇʠʤʩʢʦʝ, ʄʘʩʣʠʭʦʚʩʢʦʝ, ɻʘʣʷʥʦʚʩʢʦʝ, ʇʨʠʦʙʩʢʦʝ ʠ ʜʨʫʛʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʇʨʝʠʤʫʱʝʩʪʚʦ ʪʝʨʤʦʛʘʟʦʚʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʝʰʝʚʦʛʦ ʘʛʝʥʪʘ, ʠ ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ ʩʦʩʪʘʚʣʷʝʪ  ʜʦ 60% ʠ ʚʳʰʝ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʪʝʨʤʦʛʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ:ʟʘʢʘʯʢʘ ʚʦʟʜʫʭʘ ʠ ʝʛʦ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʚ ʵʬʬʝʢʪʠʚʥʳʝ ʚʳʪʝʩʥʷʶʱʠʝ ʘʛʝʥʪʳ (ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ, ʣʸʛʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ) ʟʘ ʩʯʸʪ 

ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʨʦʜʥʦʡ ʵʥʝʨʛʝʪʠʢʠ 

ʧʣʘʩʪʘ ð ʧʦʚʳʰʝʥʥʦʡ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʩʚʳʰʝ 60 ï 700Áʉ) ʜʣʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ ʠʥʠʮʠʠʨʦʚʘʥʠʷ 

ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʭ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʛʦ ʚʳʪʝʩʥʷʶʱʝʛʦ ʘʛʝʥʪʘ. 

 
ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʌʀʃʔʊʈɸʎʀʀ ɻɽʃʀʈʆɺɸʅʅʆʁ ʂʀʉʃʆʊʓ ɺ 

ʂɸʈɹʆʅɸʊʅʆʁ ʇʆʈʆɼɽ 
ʉ.ʄ. ɸʥʪʦʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʆ.ɺ. ɸʥʜʨʝʝʚ 
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

ʆʪ 50 ʜʦ 60 % ʩʦʚʨʝʤʝʥʥʳʭ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʦʪʣʦʞʝʥʠʷʭ [2]. ʂʘʨʙʦʥʘʪʥʳʝ ʟʘʣʝʞʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ (ʪʨʝʱʠʥʥʦ-

ʢʘʚʝʨʥʦʟʥʦ-ʧʦʨʦʚʦʝ) ʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤʠ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [1]. 

ʆʙʨʘʙʦʪʢʘ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʨʘʩʪʚʦʨʘʤʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ 

ʢʠʩʣʦʪʳ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʤʠ ʤʘʩʩʦʚʦʝ ʚʥʝʜʨʝʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʣʣʝʢʪʦʨʳ, 

ʷʚʣʷʶʪʩʷ: 

ï ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʩ ʧʦʨʦʜʦʡ, 

ʩʦʩʪʦʷʱʝʡ ʥʘ 90 % ʠ ʙʦʣʝʝ ʠʟ ʜʦʣʦʤʠʪʘ ʠ ʢʘʣʴʮʠʪʘ. ʇʨʠʟʘʙʦʡʥʘʷ ʟʦʥʘ ʩʢʚʘʞʠʥʳ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʨʘʩʪʚʦʨʷʝʪʩʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʜʘʣʝʥʥʳʤʠ ʟʦʥʘʤʠ ʧʣʘʩʪʘ; 

ï ʜʚʠʞʝʥʠʝ ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʥʘʠʙʦʣʝʝ ʧʨʦʤʳʪʳʤ ʧʨʦʧʣʘʩʪʢʘʤ, ʙʝʟ ʦʭʚʘʪʘ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʭ 

ʫʯʘʩʪʢʦʚ ʧʣʘʩʪʘ ʚʦʟʜʝʡʩʪʚʠʝʤ; 

ï ʫʪʝʯʢʠ ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʪʨʝʱʠʥʳ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʩʪʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʨʘʩʪʚʦʨʘ. 

ɼʘʥʥʳʝ ʬʘʢʪʦʨʳ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʧʝʰʥʦʩʪʠ ʩʦʣʷʥʦʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʦʢ ʜʦ 30 ï 50 % [3]. 

ɺ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʙʳʩʪʨʦʡ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʚʙʣʠʟʠ ʦʪ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʢʘʯʢʦʡ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ ʩ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʪʝʤʧʦʤ ʥʘʛʥʝʪʘʥʠʷ ʚ ʦʙʣʘʩʪʴ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʠ ʧʨʠʤʝʥʝʥʠʝʤ ʭʠʤʨʝʘʛʝʥʪʦʚ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʢʠʩʣʦʪʳ ʩ ʤʘʪʨʠʮʝʡ ʧʦʨʦʜʳ (ʩʦʨʘʩʪʚʦʨʠʪʝʣʠ, ʨʘʩʪʚʦʨʳ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ). ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ 

ʧʨʦʪʷʞʝʥʥʳʭ ʧʦ ʝʛʦ ʜʣʠʥʝ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʬʣʶʠʜʦʧʨʦʚʦʜʷʱʠʭ ʢʘʥʘʣʦʚ, ʚʩʣʝʜʩʪʚʠʝ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ 

ʢʠʩʣʦʪʥʦʛʦ ʧʦʪʦʢʘ ʧʦ ʥʘʠʙʦʣʝʝ ʦʪʢʨʳʪʳʤ ʧʨʦʧʣʘʩʪʢʘʤ [2]. 

ɸʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʛʝʣʠʨʦʚʘʥʠʝ ʩʦʣʷʥʦʢʠʩʣʦʪʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʋʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ 

ʩʦʣʷʥʦʢʠʩʣʦʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚʝʜʸʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʢʠʩʣʦʪʳ ʩ ʤʠʥʝʨʘʣʘʤʠ, 

ʩʣʘʛʘʶʱʠʤʠ ʢʘʨʙʦʥʘʪʥʫʶ ʧʦʨʦʜʫ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʦʢʦʚ ʥʘʛʥʝʪʘʝʤʦʛʦ ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ 

ʧʨʦʜʫʢʪʠʚʥʦʡ ʯʘʩʪʠ ʧʣʘʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʵʬʬʝʢʪ ʢʠʩʣʦʪʥʦʡ ʦʙʨʘʙʦʪʢʠ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʦʧʪʠʤʘʣʴʥʳʭ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʘʮʠʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʧʦʣʥʦʤʫ ʦʭʚʘʪʫ 

ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʣʘʩʪʦʚ ʚʦʟʜʝʡʩʪʚʠʝʤ. ɺ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠʩʩʣʝʜʦʚʘʥʳ ʛʝʣʠʨʦʚʘʥʥʳʡ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ 

(0,5 %) ʨʘʩʪʚʦʨ HCl (12 %) ʩ ʚʷʟʢʦʩʪʴʶ 60,89 ʤʇʘĀʩ (ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 75 ʩ-1), ʘ ʪʘʢʞʝ ʥʠʟʢʦʚʷʟʢʠʝ ʨʘʩʪʚʦʨʳ 

HCl (12 %) ʠ HCl (12 %) ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ (ʅʝʦʥʦʣ ʈʍʇ ï 20, 3 %) ʚ 

ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʣʘʩʪʘ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʜʘʚʣʝʥʠʷʤʠ. 

ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʠʩʣʦʪʥʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥ 

ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʘʥʘʣʠʟʘ ʚ ʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʟʘʢʣʘʜʳʚʘʣʘʩʴ ʧʦʚʨʝʤʝʥʥʘʷ 

ʨʝʛʠʩʪʨʘʮʠʷ ʫʙʳʣʠ ʤʘʩʩʳ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʤʨʘʤʦʨʘ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʢʠʩʣʦʪʥʳʤʠ ʩʦʩʪʘʚʘʤʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʫʨʘʚʥʝʥʠʝʤ: 
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ʛʜʝ: Vpi ï ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ, ʛ/ʤ2Ŀʯ; mi ï ʤʘʩʩʘ ʚʳʜʝʣʷʶʱʝʛʦʩʷ CO2, ʛ; Sʦʙʨ. ï ʧʣʦʱʘʜʴ ʦʙʨʘʟʮʘ, ʩʤ2; ti 

ï ʚʨʝʤʷ, ʯ. 

ʌʠʣʴʪʨʘʮʠʶ ʢʠʩʣʦʪʥʳʭ ʩʦʩʪʘʚʦʚ ʧʨʦʚʦʜʠʣʠ ʯʝʨʝʟ ʩʦʩʪʘʚʥʫʶ ʤʦʜʝʣʴ ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʣʘʩʪʘ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʦʙʨʘʟʮʳ ʢʝʨʥʘ ʢʘʨʙʦʥʘʪʥʦʡ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʜʦʣʦʤʠʪʦʤ ʩ ʪʨʝʱʠʥʥʦ-

ʢʘʚʝʨʥʦʟʥʦ-ʧʦʨʦʚʳʤ ʩʪʨʦʝʥʠʝʤ ʩ ʧʦʨʠʩʪʦʩʪʴʶ 11,32 ï 16,60 % ʥʘ ʤʥʦʛʦʧʨʦʬʠʣʴʥʦʡ ʤʦʜʫʣʴʥʦʡ ʩʠʩʪʝʤʝ ACRS ï 

830 Z, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 12 Áʉ, ʜʘʚʣʝʥʠʠ 10 ʄʇʘ, ʩʢʦʨʦʩʪʠ ʟʘʢʘʯʢʠ ʬʣʶʠʜʘ ï 15 ʩʤ3/ʯ. 

ɼʣʷ ʦʮʝʥʢʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʦʨʥʦʡ ʧʦʨʦʜʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʬʠʣʴʪʨʘʮʠʠ ɼʘʨʩʠ: 

 

PF

LQ
k
D
=
m

, 
(2) 

ʛʜʝ k ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ, ʤ2; Q ï ʦʙʲʸʤʥʳʡ ʨʘʩʭʦʜ ʞʠʜʢʦʩʪʠ ʚ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʤ3/ʩ; ɛ ï 

ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʞʠʜʢʦʩʪʠ, HĀʩ/ʤ2; L ï ʜʣʠʥʘ ʤʦʜʝʣʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʣʘʩʪʘ, ʤ; ȹP ï ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ 

ʪʦʨʮʘʭ ʤʦʜʝʣʠ ʧʣʘʩʪʘ, H/ʤ2; F ï ʧʣʦʱʘʜʴ ʬʠʣʴʪʨʘʮʠʠ, ʤ2. 

ʂʦʥʪʨʦʣʴ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ 17-ʩʢʦʨʦʩʪʥʦʤ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ HTHP-5550 

(Ametek Chandler Engineering, ʉʐɸ) ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 25 ï 100 ʩ-1, t = 12 0C ʠ P = 10 Mʇʘ. ʅʘʙʣʶʜʘʝʪʩʷ 

ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʤʨʘʤʦʨʘ ʨʘʩʪʚʦʨʦʤ HCl (12 %) ʩ ʠʥʪʝʥʩʠʚʥʳʤ 

ʚʳʜʝʣʝʥʠʝʤ ʛʣʦʙʫʣ CO2. ʅʘ ʘʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʜʦ 60 ʤʠʥʫʪ) ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ 

ʧʨʝʚʳʰʘʝʪ 14 ʢʛ/ʤ2Āʯ (ʨʠʩ. 1). ʇʨʠ ʚʥʝʩʝʥʠʠ ʚ ʨʘʩʪʚʦʨ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʅʝʦʥʦʣ ʈʍʇ-20 ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʩʥʠʞʘʝʪʩʷ, ʚʩʣʝʜʩʪʚʠʝ ʦʙʝʩʧʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʡ ʜʠʩʧʝʨʩʥʦʡ 

ʩʠʩʪʝʤʦʡ ʘʜʩʦʨʙʮʠʦʥʥʦʛʦ ʧʘʩʩʠʚʠʨʦʚʘʥʠʷ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʚ ʚʠʜʝ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ (ʧʣʝʥʢʠ), ʢʦʪʦʨʘʷ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʠʬʬʫʟʠʠ ʘʢʪʠʚʥʳʭ ʠʦʥʦʚ ʚʦʜʦʨʦʜʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʢʘʨʙʦʥʘʪʘ. ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ 

ʥʘ ʘʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʠʣʘ 6919 ʛ/ʤ2Āʯ (ʨʠʩ. 1). ʅʘʠʙʦʣʴʰʝʝ ʟʘʤʝʜʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʠʩʣʦʪʥʦ-

ʢʘʨʙʦʥʘʪʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʪʤʝʯʝʥʦ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʤʨʘʤʦʨʘ ʚ ʨʘʩʪʚʦʨʝ HCl (12 %) ʛʝʣʠʨʦʚʘʥʥʦʤ 

ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ (0,5 %). ʇʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʩʦʩʪʘʚʘ ʠ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʞʠʜʢʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʜʠʬʬʫʟʠʠ ʧʨʦʪʦʥʦʚ H+, ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʩʦʟʨʝʚʘʥʠʷ ʠ ʦʪʨʳʚʘ ʛʣʦʙʫʣ 

ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ, ʯʪʦ ʚ ʮʝʣʦʤ ʟʘʤʝʜʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʠ ʥʘ ʘʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʦ 1594 ʛ/ʤ2Āʯ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ. 1 ʉʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʤʨʘʤʦʨʘ ʚ ʢʠʩʣʦʪʥʳʭ ʩʦʩʪʘʚʘʭ ʚʦ ʚʨʝʤʝʥʠ 

ʇʦʣʫʯʝʥʥʳʝ ʚ ʦʧʳʪʘʭ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʠʥʝʪʠʢʠ ʨʘʩʪʚʦʨʝʥʠʷ ʢʘʨʙʦʥʘʪʥʦʡ ʧʦʨʦʜʳ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ 

ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʠʩʣʦʪʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʩʦʩʪʘʚʥʳʭ ʢʦʣʦʥʢʘʭ ʠʟ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ 

ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʣʘʩʪʘ. ɺʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʦʚ HCl (12 %) ʠ HCl ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʨʝʘʛʝʥʪʘ 

ʅʝʦʥʦʣ ʈʍʇ-20 (3%) ʧʨʠʚʦʜʠʪ ʧʨʠ ʧʨʦʢʘʯʢʝ ʩʦʩʪʘʚʦʚ ʯʝʨʝʟ ʤʦʜʝʣʴ ʧʣʘʩʪʘ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ 2-3 

ʥʝʨʘʟʚʝʪʚʣʝʥʥʳʭ ʢʘʥʘʣʦʚ ʬʠʣʴʪʨʘʮʠʠ (ʨʠʩ. 2). ʅʝʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠ ʚʳʩʦʢʦʡ ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢʠʩʣʦʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʛʝʣʠʨʦʚʘʥʥʦʛʦ 0,5 % ʘʣʴʛʠʥʘʪʘ ʥʘʪʨʠʷ ʧʨʠʚʦʜʠʪ ʧʨʠ ʝʛʦ ʬʠʣʴʪʨʘʮʠʠ ʚ ʤʦʜʝʣʠ 

ʧʣʘʩʪʘ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʦʪʦʢʦʚ ʩʦʩʪʘʚʘ, ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ 

ʧʦʷʚʣʝʥʠʠ ʙʦʣʝʝ 5 ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʙʣʠʟʨʘʩʧʦʣʦʞʝʥʥʳʭ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ (ʨʠʩ. 2). ʆʙʨʘʟʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʢʘʥʘʣʦʚ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʧʨʦʤʳʩʣʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ ʦʭʚʘʪʘ ʧʣʘʩʪʘ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ, 

ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʘʣʴʛʠʥʘʪ ʥʘʪʨʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʛʝʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʧʨʠ ʢʠʩʣʦʪʥʳʭ ʦʙʨʘʙʦʪʢʘʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʣʘʩʪʦʚ ʩ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʤʠ ʧʣʘʩʪʦʚʳʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʠ ʜʘʚʣʝʥʠʷʤʠ. 

 
 

ʚʭʦʜ ʢʠʩʣʦʪʥʦʛʦ 

ʦʩʪʘʚʘ 

ʚʳʭʦʜ 

ʢʠʩʣʦʪʥʦʛʦ 

ʩʦʩʪʘʚʘ 

ʚʭʦʜ ʢʠʩʣʦʪʥʦʛʦ 

ʩʦʩʪʘʚʘ 

ʚʳʭʦʜ  

ʢʠʩʣʦʪʥʦʛʦ ʩʦʩʪʘʚʘ 

  

1 2 
ʈʠʩ. 2 ʊʦʨʮʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʩʦʩʪʘʚʥʦʡ ʤʦʜʝʣʠ ʢʘʨʙʦʥʘʪʥʦʛʦ ʧʣʘʩʪʘ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʨʦʜʳ: 1) ʨʘʩʪʚʦʨʦʤ HCl (12 %); 2)  ʨʘʩʪʚʦʨʦʤ HCl (12 %) ʛʝʣʠʨʦʚʘʥʥʳʤ ʘʣʴʛʠʥʘʪʦʤ ʥʘʪʨʠʷ (0,5 %) 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽɾʌɸɿʅʆɻʆ ʅɸʊʗɾɽʅʀʗ ʄʆɼɽʃʔʅʓʍ ʅɽʌʊʗʅʓʍ ʉʀʉʊɽʄ 
ʈɸʉʊɺʆʈʆɺ ɸʉʌɸʃʔʊɽʅʆɺ  

ɸ.ʕ. ɹʘʛʥʶʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʃ.ɺ. ʏʝʢʘʥʮʝʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʆʜʥʠʤ ʠʟ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʜʝʘʩʬʘʣʴʪʠʟʘʮʠʷ ʥʝʬʪʝʡ ʚ ʧʣʘʩʪʝ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʟʘʢʫʧʦʨʢʝ ʧʦʨ ʠ ʫʤʝʥʴʰʝʥʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ. ɸʩʬʘʣʴʪʝʥʳ ʢʘʢ ʥʘʠʙʦʣʝʝ ʧʦʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʠ ʧʨʦʷʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. ʆʩʦʙʫʶ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ (ʅɼʉ) ʠ ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʦʪʣʦʞʝʥʠʡ ʘʩʬʘʣʴʪʝʥʦʚ ʥʘ ʨʘʟʣʠʯʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʩʣʦʞʥʷʝʪ ʧʨʦʪʝʢʘʥʠʝ ʥʝʬʪʝʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ[1]. 

ɺ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʘʭ ʢʦʣʣʦʠʜʥʦʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʝ ʦʜʥʦʡ ʬʘʟʳ ʚ ʜʨʫʛʦʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʝʟʢʠʤ 

ʫʩʠʣʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ [2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʥʘʫʯʥʦïʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʥʘʯʘʣʦ ʬʣʦʢʫʣʷʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ. ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʘʩʩʦʮʠʠʨʦʚʘʥʠʷ 

ʘʩʬʘʣʴʪʝʥʦʚ. ʅʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʩʪʘʣʘʛʤʦʤʝʪʨʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ.  ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʤʦʜʝʣʴʥʳʝ ʩʠʩʪʝʤʳ ʘʩʬʘʣʴʪʝʥʦʚ ʊ ʥʝʬʪʠ ʩ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,2 ʛ/ʣ ʠ 0,4 ʛ/ʣ  ʚ ʪʦʣʫʦʣʝ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʆʙʨʘʟʮʳ ʘʩʬʘʣʴʪʝʥʦʚ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ, ʛ. ʊʦʤʩʢ. 

ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ ï ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʊ ʥʝʬʪʠ 

ʉʦʜʝʨʞʘʥʠʝ, 

ʤʘʩʩ.ʜʦʣʠ, % 

ʇʘʨʘʬʠʥʳ, % ʉʤʦʣʳ, % ɸʩʬʘʣʴʪʝʥʳ, % 

ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

2,4 28 5,8 

 
ɺʝʣʠʯʠʥʫ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʪʦʣʫʦʣ-ʚʦʜʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʩʪʘʣʘʛʤʦʤʝʪʨʝ ʉʊ-2. 

ʉʪʘʣʘʛʤʦʤʝʪʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʨʘʩʪʚʦʨʦʚ ʇɸɺ ʤʝʪʦʜʦʤ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʲʝʤʘ ʢʘʧʝʣʴ, ʚʳʜʘʚʣʠʚʘʝʤʳʭ ʥʘ ʛʨʘʥʠʮʘʭ ʞʠʜʢʦʩʪʴ-ʞʠʜʢʦʩʪʴ. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʪʘʣʘʛʤʦʤʝʪʨʘ: ʧʨʠ 

ʚʨʘʱʝʥʠʠ ʤʠʢʨʦʤʝʪʨʘ ʥʘʢʦʥʝʯʥʠʢ ʦʢʘʟʳʚʘʝʪ ʜʘʚʣʝʥʠʝ ʥʘ ʧʦʜʚʠʞʥʳʡ ʰʪʦʢ ʧʦʨʰʥʷ, ʢʦʪʦʨʳʡ ʧʝʨʝʤʝʱʘʷʩʴ ʚ 

ʢʦʨʧʫʩʝ ʰʧʨʠʮʘ, ʟʘʧʦʣʥʝʥʥʦʛʦ ʠʩʩʣʝʜʫʝʤʦʡ ʞʠʜʢʦʩʪʴʶ, ʚʳʜʘʚʣʠʚʘʝʪ ʝʝ ʠʟ ʢʦʥʯʠʢʘ ʢʘʧʠʣʣʷʨʘ ʚ ʚʠʜʝ ʢʘʧʣʠ ʚ 

ʜʨʫʛʫʶ ʞʠʜʢʦʩʪʴ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʦʙʲʝʤʘ ʢʘʧʣʠ ʦʪʨʳʚʘʶʪʩʷ.  

ɺʝʣʠʯʠʥʘ ʤʝʞʬʘʟʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʥʝʬʪʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʚʦʜʦʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʬʦʨʤʫʣʝ: 

( ),HBVK rrs -ÖÖ=  
ʛʜʝ ů - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʝʞʬʘʟʥʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ, ʤʅ/ʤ;  ʂ - ʧʦʩʪʦʷʥʥʘʷ ʢʘʧʠʣʣʷʨʘ, 

(ʤʅ/ʤ)/(ʢʛ/ʤ3); V - ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʦʙʲʝʤʘ ʚʳʜʘʚʣʠʚʘʝʤʦʡ ʢʘʧʣʠ, ʚ ʜʝʣʝʥʠʷʭ ʣʠʤʙʘ 

ʤʠʢʨʦʚʠʥʪʘ; ɟɺ ï ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ, ʢʛ/ʤ3; ɟʅ - ʧʣʦʪʥʦʩʪʴ ʥʝʬʪʠ, ʢʛ/ʤ3. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʢʘʧʠʣʣʷʨʘ 

ʙʳʣʦ ʟʘʤʝʨʝʥʦ ʤʝʞʬʘʟʥʦʝ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʵʪʘʣʦʥʥʦʛʦ ʛʝʧʪʘʥʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʦʡ, 

ʟʥʘʯʝʥʠʝ ʤʝʞʬʘʟʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʝ. ʆʧʨʝʜʝʣʠʚ ʥʘ ʩʪʘʣʘʛʤʦʤʝʪʨʝ ʦʙʲʝʤ 

ʚʳʜʘʚʣʠʚʘʝʤʦʡ ʢʘʧʣʠ, ʧʦʩʪʦʷʥʥʫʶ ʂ ʢʘʧʠʣʣʷʨʘ ʦʧʨʝʜʝʣʷʶʪ ʧʦ ʬʦʨʤʫʣʝ: 

( )
,

2,50

ʛBV
K

rr -Ö
=  

ʛʜʝ 50,2 - ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʘ ʛʨʘʥʠʮʝ ʛʝʧʪʘʥ - ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʘʷ ʚʦʜʘ; ɟʚ - ʧʣʦʪʥʦʩʪʴ ʚʦʜʳ; ɟʦ 

- ʧʣʦʪʥʦʩʪʴ ʛʝʧʪʘʥʘ. 

ʊʦʯʢʫ ʥʘʯʘʣʘ ʬʣʦʢʫʣʷʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ (ñonsetò) ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʠʥʠʤʘʣʴʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʥ-ʛʝʧʪʘʥʘ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʣʦ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʩʠʩʪʝʤʳ [2]. 

ʆʩʘʞʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʜʦʙʘʚʣʝʥʠʝʤ ʥ-ʛʝʧʪʘʥʘ ʦʪ 10 % ʜʦ 70% ʦʙ. ʢ ʨʘʩʪʚʦʨʘʤ 

ʘʩʬʘʣʴʪʝʥʦʚ ʥʝʬʪʠ. ʀʟʤʝʨʝʥʠʝ ʦʙʲʝʤʘ ʢʘʧʣʠ ʜʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥ-ʛʝʧʪʘʥʘ ʧʨʦʚʦʜʠʣʠ 30 ʨʘʟ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʚʝʜʝʥʳ ʥʘ ʛʨʘʬʠʢʝ ʨʠʩ.1. 

ʇʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ ʪʦʯʢʫ ʧʝʨʝʛʠʙʘ ʥʘ ʛʨʘʬʠʢʝ ʧʨʠ ʦʯʝʨʝʜʥʦʤ 

ʜʦʙʘʚʣʝʥʠʠ ʥ-ʛʝʧʪʘʥʘ. ɼʣʷ ʨʘʩʪʚʦʨʘ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,2 ʛ/ʣ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 53 %. ɼʣʷ 

ʨʘʩʪʚʦʨʘ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,4 ʛ/ʣ ʦʥʘ ʩʦʩʪʘʚʠʣʘ 55 %.  
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

  
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦʙʘʚʣʝʥʥʦʛʦ ʥ-ʛʝʧʪʘʥʘ 

 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʥʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʘʛʨʝʛʘʪʦʚ 

ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʊ ʥʝʬʪʠ ʚ ʪʦʣʫʦʣʝ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ 

ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʪʦʯʢʠ onset, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʬʦʪʦʥʥʦʡ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 47 % ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,2 ʛ/ʣ ʠ 52,2 % ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,4 ʛ/ʣ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʇɽʈʉʇɽʂʊʀɺʅʓɽ ʄɽʊʆɼʓ ʇʆɺʓʐɽʅʀʗ ʅɽʌʊɽʆʊɼɸʏʀ ʇʃɸʉʊʆɺ 

ɸ.ʐ.ɹʘʩʘʣʘʝʚʘ, ʉ.ʄ.ɻʫʩʝʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʇ. ɿʘʧʠʚʘʣʦʚ 

ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʧʘʥʠʷʤʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʩʪʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʦʩʪʘʪʦʯʥʦʡ ʥʝʬʪʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʚʳʛʦʜʦʡ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. ɺ ʠʪʦʛʝ, ʚ ʟʘʣʝʞʠ ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʝ ʪʨʝʪʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʘ 

ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ. ʏʘʩʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʙʦʨʦʤ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʟʨʘʙʦʪʢʠ. 

ɺʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʟʥʠʢʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʧʨʦʜʣʠʪʴ ʞʠʟʥʴ ʤʝʩʪʦʨʦʞʜʝʥʠʶ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ, ʧʦ ʢʦʪʦʨʦʡ ʨʘʙʦʪʘʝʪ ʙʦʣʴʰʠʥʩʪʚʦ ʜʝʡʩʪʚʫʶʱʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʆʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʩ ʢʦʪʦʨʳʤʠ ʩʪʘʣʢʠʚʘʶʪʩʷ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʝʪʦʜʘ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʦʪʜʘʯʠ, ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ ʟʘʚʦʜʥʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʳ. ʆʪʩʫʪʩʪʚʠʝ ʤʦʜʝʣʝʡ ʜʣʷ ʦʧʨʦʙʦʚʘʥʠʷ 

ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʭ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʥʘ ʢʘʢʦʤ-ʪʦ ʢʦʥʢʨʝʪʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʫʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʣʣʝʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ.  

ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʧʘʜʝʥʠʷ ʫʨʦʚʥʷ ʜʦʙʳʯʠ ï ʩʥʠʞʝʥʠʝ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʘ ʟʨʝʣʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 

ʥʝʜʦʩʪʘʪʦʯʥʘʷ ʚʦʚʣʝʯʝʥʥʦʩʪʴ ʟʘʧʘʩʦʚ ʚ ʨʘʟʨʘʙʦʪʢʫ ʠ ʩʚʝʜʝʥʠʝ ʢ ʤʠʥʠʤʫʤʫ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɺ ʈʦʩʩʠʠ 

ʧʦʯʪʠ ʧʦʣʦʚʠʥʘ ʚʩʝʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʩʯʠʪʘʶʪʩʷ ʥʝʨʝʥʪʘʙʝʣʴʥʳʤʠ [7]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʝʪ 

ʧʨʠʝʤʣʝʤʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʦʩʚʦʝʥʠʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʘ ʥʦʚʳʭ ʫʯʘʩʪʢʘʭ, ʠ ʥʘ  ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ. 

ʂʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʦʡ ʥʝʬʪʠ ʧʦ ʨʷʜʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʠ ʩʦʪʥʷʤʠ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ. ʅʦ 

ʙʣʘʛʦʜʘʨʷ ʧʝʨʝʜʦʚʳʤ ʤʝʪʦʜʘʤ ʥʝʬʪʷʥʠʢʠ ʩʧʦʩʦʙʥʳ ʠʟʲʷʪʴ ʠʟ-ʧʦʜ ʟʝʤʣʠ ʜʦ ʪʨʝʭ ʯʝʪʚʝʨʪʝʡ ʥʝʬʪʷʥʦʛʦ ʟʘʧʘʩʘ.  

 

 

ʈʠʩ. ʆʙʦʙʱʝʥʥʳʡ ʛʨʘʬʠʢ ʞʠʟʥʠ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: Q(t) - ʜʦʙʳʯʘ ʥʝʬʪʠ, t ï ʚʨʝʤʷ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʈʎ-ʨʝʘʙʠʣʠʪʘʮʠʦʥʥʳʝ ʮʠʢʣʳ, ʄʋʅ-ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, 

çʇʦʣʢʘè - ʩʪʘʙʠʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʠʩʪʝʤʳ [1] 

 



 

 

50

 

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʈʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʝʜʫʪʩʷ ʚ ʪʨʠ ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʠʩʧʦʣʴʟʫʶʪ ʵʥʝʨʛʠʶ ʧʣʘʩʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ 

ʥʝʬʪʝʦʪʜʘʯʘ ʨʘʚʥʘ 5 ï 15 %, ʥʘ ʚʪʦʨʦʤ ʠʩʧʦʣʴʟʫʶʪ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ, ʪʘʢʠʝ ʢʘʢ ʟʘʚʦʜʥʝʥʠʝ ʠ ʛʠʜʨʦʨʘʟʨʳʚ 

ʧʣʘʩʪʘ, ʧʦʚʳʰʘʶʱʠʝ ʥʝʬʪʝʦʪʜʘʯʫ ʥʘ 20 ï 60 %. ʅʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ, ʢʦʪʦʨʳʡ ʧʨʠʚʣʝʢʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, 

ʠʩʧʦʣʴʟʫʶʪ  ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʫʯʠʪʳʚʘʶʱʠʝ ʩʚʦʡʩʪʚʘ ʪʝʭʥʦʛʝʥʥʦ-ʠʟʤʝʥʝʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ. ʆʥʠ ʧʦʚʳʰʘʶʪ 

ʥʝʬʪʝʦʪʜʘʯʫ ʥʘ 35 ï 75 % ʠ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤʠ. ʂ ʪʘʢʦʚʳʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ: ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ, ʛʘʟʦʚʳʝ, ʪʝʧʣʦʚʳʝ, ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ.  

ɼʦʣʷ ʤʝʪʦʜʦʚ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʩʦʩʪʘʚʣʷʝʪ 5%, 45%, 50% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [7]. ʆʜʥʠʤ ʠʟ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʧʣʘʩʪʘ. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʩʝʪʠ 

ʦʙʠʣʴʥʳʭ, ʚʝʩʴʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʭ ʧʦ ʚʨʝʤʝʥʠ, ʪʨʝʱʠʥ. ʊʘʢʦʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʨʘʟʛʨʫʟʢʠ 

ʧʣʘʩʪʘ. ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʱʘʜʷʱʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʤʫ ʛʦʨʠʟʦʥʪʫ. 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʟʘʢʘʯʢʘ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ), ʧʦʣʠʤʝʨʦʚ, ʱʝʣʦʯʝʡ. ʄʥʦʛʠʝ 

ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ ʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʠʥʩʪʠʪʫʪʳ ʧʨʦʚʦʜʷʪ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʠ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʨʠʟʘʙʦʡʥʳʭ 

ʟʦʥ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʠ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. ʊʘʢʠʤʠ ʷʚʣʷʶʪʩʷ ʚʝʱʝʩʪʚʘ ʥʘ ʙʘʟʝ çʉʫʣʴʬʝʥʘ-35è, çʅʝʬʪʝʥʦʣʘ 

ʅɿè ʠ ʢʦʤʧʣʝʢʩʘ çʍʠʤʝʢʦ-ɺè. ɼʘʥʥʳʝ ʨʝʘʛʝʥʪʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʥʘ ʛʣʫʙʠʥʝ ʜʦ 3000 

ʤ. ʆʞʠʜʘʝʤʳʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʚʣʝʢʘʝʤʦʡ ʥʝʬʪʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʦʪ 5 ʜʦ 30% 

[7].  

ʈʝʘʛʝʥʪ çʉʫʣʴʬʝʥ-35è ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʂʘʟʘʥʠ ʢʦʤʧʘʥʠʝʡ ʆʆʆ çʅʝʬʪʝʭʠʤʛʝʦʧʨʦʛʨʝʩʩè, ʧʨʠʤʝʥʷʝʪʩʷ 

ʜʣʷ ʦʯʠʱʝʥʠʷ ʧʦʨʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʪ ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʠ ʘʩʬʘʣʴʪʦ-ʩʤʦʣʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʠ çʜʦʦʪʤʳʚʘè ʥʝʬʪʷʥʦʡ ʧʣʝʥʢʠ ʩ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ [5]. ʊʘʢʞʝ 

ʢʦʤʧʘʥʠʝʡ ʨʘʟʨʘʙʦʪʘʥ ʈʝʘʛʝʥʪ-ʈʘʟʛʣʠʥʠʟʘʪʦʨ, ʢʦʪʦʨʳʡ ʠʟʚʣʝʢʘʝʪ ʛʣʠʥʠʩʪʳʝ ʯʘʩʪʠʮʳ ʩ ʟʘʢʦʣʴʤʘʪʠʨʦʚʘʥʥʦʡ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ɿɸʆ çʍʠʤʝʢʦ-

ɻɸʅɻè ʨʘʟʨʘʙʦʪʘʣ ʚʝʱʝʩʪʚʦ ʩ ʥʠʟʢʦʡ ʬʠʣʴʪʨʘʮʠʝʡ, ʢʦʪʦʨʦʝ ʥʝ ʟʘʛʨʷʟʥʷʝʪ ʧʣʘʩʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʬʠʣʴʪʨʘʮʠʶ 

ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ. çʅʝʬʪʝʥʦʣ ʅɿè ʠ çʍʠʤʝʢʦ-ɺè ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʢʦʤʧʘʥʠʷʤʠ ʆɸʆ 

çʃʋʂʦʠʣè, ʆɸʆ çʊʘʪʥʝʬʪʴè, ʆɸʆ çɹʘʰʥʝʬʪʴè, ʆɸʆ çʉʫʨʛʫʪʥʝʬʪʝʛʘʟè ʠ ʜʨ. [6]. 

ʄʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʠʥʪʝʟʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ ʠʟ ʧʨʦʜʫʢʪʦʚ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ 

ʚʦʚʣʝʯʝʥʠʷ ʙʠʦʇɸɺ ʚ ʨʘʟʨʘʙʦʪʢʫ ʟʘʣʝʞʠ: ʩʠʥʪʝʟ ʚʝʱʝʩʪʚʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʣʘʩʪʝ [4]. 

ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʫ ʵʪʠʭ ʦʨʛʘʥʠʟʤʦʚ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʫʩʣʦʚʠʡ ʩʨʝʜʳ ʦʙʠʪʘʥʠʷ.  

ʇʨʠʥʮʠʧ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʳʜʝʣʝʥʠʠ ʙʘʢʪʝʨʠʷʤʠ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʨʘʩʪʚʦʨʷʶʪ ʢʘʨʙʦʥʘʪʳ, 

ʨʘʟʞʠʞʘʶʪ ʚʳʩʦʢʦʚʷʟʢʫʶ ʥʝʬʪʴ ʠ ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʶʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʣʣʝʢʪʦʨʦʚ, ʯʪʦ ʧʦʚʳʰʘʝʪ ʥʝʬʪʝʦʪʜʘʯʫ 

ʜʦ 40% [7]. ʍʦʪʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʳʤ ʠ ʣʝʛʢʠʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʪʘʢʠʝ 

ʪʝʭʥʦʣʦʛʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʜʢʦ, ʪʘʢ ʢʘʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʥʘʚʳʢʦʚ ʠʭ ʧʨʠʤʝʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʦʨʛʘʥʠʟʦʚʘʪʴ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʨʦʮʝʩʩʦʤ.  

ɻʘʟʦʚʳʝ ʤʝʪʦʜʳ 

ɿʘʢʘʯʢʫ ʛʘʟʘ, ʤʝʪʘʥʘ, ʩʞʠʞʝʥʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ, ʘʟʦʪʘ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʧʨʦʚʦʜʷʪ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʚʳʪʝʩʥʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʧʣʘʩʪʘ [3]. 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʤʧʘʥʠʝʡ çShellè ʤʥʦʛʦʣʝʪʥʠʤ ʦʧʳʪʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʜʚʫʦʢʠʩʴ ʫʛʣʝʨʦʜʘ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ 

ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚ ʥʝʡ ʟʘʛʨʷʟʥʷʶʱʠʤ ʛʘʟʦʤ. ʇʨʦʚʦʜʠʪʩʷ ʜʘʥʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʩ ʧʦʤʦʱʴʶ ʯʠʩʪʦʛʦ 

CO2, ʣʠʙʦ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʘʟʦʚʦʡ ʧʝʥʳ ʠʣʠ ʩʤʝʩʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʕʪʦʪ ʤʝʪʦʜ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɻʘʟ ï

 ʩʳʨʴʝ, ʢʦʪʦʨʦʝ ʣʝʛʢʦ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʘʤ, ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʥʝʬʪʠ, ʨʘʟʞʠʞʘʷ ʝʝ, ʠ ʚ ʚʦʜʝ, 

ʜʝʣʘʷ ʝʝ ʙʦʣʝʝ ʚʷʟʢʦʡ, ʠʤʝʝʪ ʵʢʦʣʦʛʠʯʝʩʢʫʶ ʙʝʟʦʧʘʩʥʦʩʪʴ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʊʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʘʟ, 

ʷʚʣʷʶʱʠʡʩʷ ʧʦʙʦʯʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʘ ʚ ʩʣʫʯʘʝ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ, ʠʟʚʣʝʢʘʝʤʦʛʦ ʧʨʠ ʜʦʙʳʯʝ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʟʘʢʘʯʝʥ ʦʙʨʘʪʥʦ ʚ ʧʣʘʩʪ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ [3].  

ʊʝʧʣʦʚʳʝ ʤʝʪʦʜʳ. 

ʊʝʧʣʦʚʳʝ ʤʝʪʦʜʳ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ. ʇʨʠʥʮʠʧ ʩʦʩʪʦʠʪ ʚ ʧʦʥʠʞʝʥʠʠ 

ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʧʣʘ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʪʝʧʣʦʚʳʭ ʧʦʪʝʨʴ ʚ ʧʦʨʦʜʝ [8]. ʀʩʧʦʣʴʟʫʶʪ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦʜʘʯʠ ʪʝʧʣʘ ʚ ʧʣʘʩʪ: ʚʥʫʪʨʠʧʣʘʩʪʦʚʦʝ ʛʦʨʝʥʠʝ, ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʧʘʨʦʤ, 

ʛʦʨʷʯʝʡ ʚʦʜʦʡ, ʧʘʨʦʮʠʢʣʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ, ʠʤʧʫʣʴʩʥʦ-ʫʜʘʨʥʦʝ ʠ ʚʠʙʨʘʮʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ [3]. 

 ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ï ʨʘʩʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦ ʨʘʚʥʦʤʝʨʥʦ ʧʦ ʚʩʝʤʫ ʧʣʘʩʪʫ, ʯʪʦʙʳ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʚʣʝʯʴ ʚʩʝ 

ʫʯʘʩʪʢʠ ʪʷʞʝʣʦʡ ʥʝʬʪʠ. ʍʦʪʷ ʧʨʠʤʝʥʝʥʠʝ ʧʘʨʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʧʨʷʞʝʥʦ ʩʦ ʩʣʦʞʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʦʥʪʨʦʣʷ 

ʥʘʜ ʚʚʝʜʝʥʠʝʤ ʪʝʭʥʦʣʦʛʠʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʧʦ ʛʣʫʙʠʥʝ ʟʘʣʝʛʘʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ 

ʟʘʣʝʞʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʚʢʣʶʯʘʪʴ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʝʙʦʣʴʰʦʝ ʩʢʚʘʞʠʥ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʪʩʷ 

ʥʘʛʨʝʚ, ʠ, ʢʘʢ ʨʝʟʫʣʴʪʘʪ, ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʠʡ ʜʝʙʠʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʥʝʬʪʠ. ɺ ʉʐɸ ʚ ʪʝʯʝʥʠʝ ʙʦʣʝʝ 50 ʣʝʪ 

ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʪʩʷ ʜʦʙʳʯʘ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʘʫʪ ɹʝʣʨʠʜʞ ʚ ʂʘʣʠʬʦʨʥʠʠ [8]. 

ɺʳʚʦʜʳ: 

ʇʝʨʝʭʦʜ ʦʪ ʞʝʩʪʢʠʭ ʤʝʪʦʜʦʚ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ, ʢ 

ʨʝʞʠʤʘʤ, ʱʘʜʷʱʠʤ ʚʥʫʪʨʝʥʥʶʶ ʩʠʩʪʝʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʨʦʜʣʝʥʠʶ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʤʝʪʦʜʦʚ 

ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʦʟʚʦʣʠʪ ʤʘʢʩʠʤʘʣʴʥʦ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʢʦʥʝʯʥʦʡ ʩʪʘʜʠʠ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʪʝ, ʢʦʪʦʨʳʝ ʝʱʝ ʤʦʛʫʪ ʜʘʚʘʪʴ ʙʦʣʴʰʠʝ ʜʝʙʠʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʜʝʩʷʪʠʣʝʪʠʡ.  

ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʛʦ ʤʝʪʦʜʘ ʥʝ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʟʘʣʝʞʠ, ʧʨʠʤʝʥʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʤʝʪʦʜʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ. ʅʫʞʥʦ ʧʦʥʠʤʘʪʴ, ʯʪʦ ʨʝʞʠʤ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʟʘʣʝʞʠ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʦʣʞʥʳ ʠʟʤʝʥʷʪʴʩʷ ʫʩʣʦʚʠʷ ʜʦʙʳʯʠ. 

ʅʝʬʪʝʧʨʦʤʳʩʣʦʚʳʝ ʨʘʙʦʪʳ ʜʦʣʞʥʳ ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʚʳʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ ʩ ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʙʳʩʪʨʳʭ 

ʜʦʭʦʜʦʚ, ʥʦ ʠ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʩʚʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʜʦʙʳʯʝ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʦʭʨʘʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʚʥʫʪʨʝʥʥʝʡ ʩʠʩʪʝʤʳ ʟʘʣʝʞʠ [2].  

ʉʦʪʨʫʜʥʠʯʝʩʪʚʦ ʛʦʩʫʜʘʨʩʪʚʘ ʠ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʥʝʦʪʲʝʤʣʝʤʘʷ ʯʘʩʪʴ ʫʩʧʝʰʥʦʛʦ 

ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʝʦʙʭʦʜʠʤʦ ʜʫʤʘʪʴ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʧʨʠʥʠʤʘʝʤʳʭ 

ʨʝʰʝʥʠʡ, ʦʙ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʚʝʜʝʥʠʝ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʘʟʫʤʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
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ʇʆɼɻʆʊʆɺʂɸ ʇʈʆɼʋʂʎʀʀ ʉʈɽɼʅɽʊʖʅɻʉʂʆɻʆ ɻɸɿʆʂʆʅɼɽʅʉɸʊʅʆɻʆ 
ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ʈɽʉʇʋɹʃʀʂɸ ʉɸʍɸ (ʗʂʋʊʀʗ)) 

ɼ.ʉ. ɹʦʨʠʩʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʃ.ɺ. ʐʠʰʤʠʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʊʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʦʪʨʘʩʣʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ ʢʘʢ ʜʣʷ ʚʩʝʛʦ ʤʠʨʦʚʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʪʘʢ ʠ ʜʣʷ 

ʢʘʞʜʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʵʢʦʥʦʤʠʢʠ ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ɼʣʷ ʈʦʩʩʠʠ ʊʕʂ ʪʘʢʞʝ ʠʛʨʘʝʪ ʟʥʘʯʠʤʫʶ ʨʦʣʴ, ʦʩʦʙʝʥʥʦ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ. ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʥʘʧʨʘʚʣʝʥʠʡ ʊʕʂ, ʩʣʝʜʫʝʪ ʦʩʦʙʝʥʥʦ ʚʳʜʝʣʠʪʴ 

ʝʛʦ ʛʘʟʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ʅʘ ʜʦʣʶ ʈʦʩʩʠʠ ʧʨʠʭʦʜʠʪʩʷ 30,7% ʦʙʲʝʤʦʚ ʤʠʨʦʚʳʭ ʟʘʧʘʩʦʚ ʛʘʟʘ. ʆʞʠʜʘʝʪʩʷ, ʯʪʦ 

ʜʦ 2025 ʛ. ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʛʘʟʘ ʫʜʚʦʷʪʩʷ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ 60% ʚʩʝʡ ʜʦʙʳʯʠ ʛʘʟʘ ʚ ʈʌ ʙʫʜʝʪ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʚ 

ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ [1]. 

ʇʦʜʛʦʪʦʚʢʘ ʛʘʟʘ ʉʨʝʜʥʝʪʶʥʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ 

ʪʨʝʭʩʪʫʧʝʥʯʘʪʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʅʊʉ) ʩ ʦʭʣʘʞʜʝʥʠʝʤ ʛʘʟʘ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʟʦʧʨʦʚʦʜʦʤ, ʜʘʚʣʝʥʠʷ ʥʘ ʚʭʦʜʝ ʚ ʫʩʪʘʥʦʚʢʫ. ʇʨʦʜʫʢʮʠʝʡ ʫʩʪʘʥʦʚʢʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʦʜʛʦʪʦʚʢʠ 

ʛʘʟʘ (ʋʂʇɻ) ʷʚʣʷʝʪʩʷ ʦʩʫʰʝʥʥʳʡ ʛʘʟ ʩ ʪʦʯʥʦʡ ʨʦʩʳ ʧʦ ʚʦʜʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʆʉʊ 51.40-93, ʢʦʪʦʨʳʡ ʧʦʩʣʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ ʦʪʧʨʘʚʣʷʝʪʩʷ ʧʦʪʨʝʙʠʪʝʣʷʤ ʚ ʛʘʟʦʧʨʦʚʦʜ, ʠ 

ʢʦʥʜʝʥʩʘʪ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʡ ʪʨʝʙʦʚʘʥʠʷʤ ʆʉʊ 51.65-80, ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜʦʤ ʜʝʵʪʘʥʠʟʘʮʠʠ.  

ʉʦʛʣʘʩʥʦ ʧʨʦʝʢʪʘ ʦʙʫʩʪʨʦʡʩʪʘ ʉʨʝʜʥʝʪʶʥʛʩʢʦʛʦ ɻʂʄ, ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʩʝʧʘʨʘʪʦʨʝ ʥʝʦʙʭʦʜʠʤʦ 

ʧʦʜʜʝʨʞʠʚʘʪʴ ʜʘʚʣʝʥʠʝ 7,36 ʄʇʘ ʠ ʪʝʤʧʝʨʘʪʫʨʫ -29,84 Áʉ.  

ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠʟ ʛʘʟʦʚ ʨʘʟʥʳʭ ʦʧʪʠʤʘʣʴʥʳ ʜʘʚʣʝʥʠʷ: 3ï5 

ʄʇʘ, 4,5 ï 5 ʄʇʘ, 5 ï 6 ʄʇʘ ʠ 5,5 ï 6,5 ʄʇʘ [2]. ʇʦʜʯʝʨʢʥʝʤ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʡ ʩʝʧʘʨʘʮʠʠ ʙʳʣʠ 

ʫʩʪʘʥʦʚʣʝʥʳ ʜʣʷ ʛʘʟʦʚ ʩ ʦʪʣʠʯʘʶʱʠʤʠʩʷ ʩʦʩʪʘʚʘʤʠ ʠ ʜʣʷ ʨʘʟʥʳʭ ʫʩʣʦʚʠʡ ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʪʘʢ ʠ 

ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠʨʫʶʱʠʭ ʧʨʦʛʨʘʤʤʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʵʪʦʤ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ 

ʠʩʩʣʝʜʦʚʘʣʩʷ ʚʳʭʦʜ ʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ, ʚ ʜʨʫʛʠʭ ï ʥʝʩʪʘʙʠʣʴʥʦʛʦ, ʪʝʤʧʝʨʘʪʫʨʳ ʩʝʧʘʨʘʮʠʠ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʘʣʠʩʴ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʫʩʪʘʥʦʚʠʪʴ, ʢʘʢʦʝ ʜʘʚʣʝʥʠʝ ʅʊʉ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʂʇɻ.  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʉ3+ʚʳʩʰʠʝ ʠʟ ʩʳʨʴʷ ʚ ʥʝʩʪʘʙʠʣʴʥʳʡ 

ʢʦʥʜʝʥʩʘʪ ʟʘ ʩʯʝʪ ʦʧʪʠʤʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʩʝʧʘʨʘʪʦʨʘ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ 

ʮʝʣʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʧʨʦʛʨʘʤʤʝ Aspen HYSYS [3]. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ ʨʘʙʦʪʳ ʘʧʧʘʨʘʪʦʚ, ʟʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʠʩʭʦʜʥʦʛʦ ʩʳʨʴʷ, ʝʛʦ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʨʘʩʭʦʜ, ʜʘʚʣʝʥʠʝ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚʭʦʜʘ ʥʘ ʋʂʇɻ  ʚ 

ʧʨʦʛʨʘʤʤʝ Aspen HYSYS ʙʳʣʘ ʩʤʦʜʝʣʠʨʦʚʘʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʤʝʪʦʜʦʤ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʝʧʘʨʘʮʠʠ (ʨʠʩ.1). 

ʅʘ ʵʪʘʧʝ ʨʘʩʯʝʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʭʦʜʘ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʦʪ 

ʜʘʚʣʝʥʠʷ ʩʝʧʘʨʘʮʠʠ,  ʚʳʭʦʜʘ ʤʝʪʘʥʘ ʠ ʵʪʘʥʘ, ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚ ʠ ʉ5+ʚʳʩʰʠʝ ʚ ʥʝʩʪʘʙʠʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪ ʦʪ 

ʜʘʚʣʝʥʠʷ ʩʝʧʘʨʘʮʠʠ (ʨʠʩ.2). 

ʅʘʠʙʦʣʴʰʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 4,5 ʄʇʘ, 

ʧʨʦʧʘʥ-ʙʫʪʘʥʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʘʚʣʝʥʠʠ 4,5ï5 ʄʇʘ, ʤʝʪʘʥʘ ʠ ʵʪʘʥʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 5 ï 5,5 ʄʇʘ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɼʣʷ ʪʝʢʫʱʝʛʦ ʩʦʩʪʘʚʘ ʧʣʘʩʪʦʚʦʛʦ ʬʣʶʠʜʘ ʨʝʢʦʤʝʥʜʫʝʤ ʧʨʠʥʷʪʴ ʜʘʚʣʝʥʠʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʩʝʧʘʨʘʪʦʨʝ 4,5 ʄʇʘ. 

ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʅʊʉ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

 

 
ʈʠʩ. 1 ʄʦʜʝʣʠʨʫʶʱʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʜʛʦʪʦʚʢʠ ʛʘʟʘ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʘ ʤʝʪʦʜʦʤ ʅʊʉ: ʉ1, ʉ2 ï 

ʩʝʧʘʨʘʪʦʨʳ; ʕ1-ʕ2 ï ʵʞʝʢʪʦʨ; ɺ ï ʚʳʚʝʪʨʠʚʘʪʝʣʴ; ʂʉʋ - ʢʦʥʮʝʚʘʷ ʩʝʧʘʨʘʮʠʦʥʥʘʷ ʫʩʪʘʥʦʚʢʘ 

 

 
ʈʠʩ. 2 ʀʟʤʝʥʝʥʠʝ ʚʳʭʦʜʘ ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʦʚ ʚ ʥʝʩʪʘʙʠʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʩʝʧʘʨʘʮʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ -29,84 Áʉ 

ʊʘʙʣʠʮʘ 1 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʘʚʣʝʥʠʷ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʩʝʧʘʨʘʪʦʨʝ 

ʂʦʤʧʦʥʝʥʪ 
 ʉʦʩʪʘʚ, ʤʦʣʴʥ. ʜ. ʈʘʩʭʦʜ, ʢʛ/ʯ 

P=7,36 ʄʇʘ P=4,5 ʄʇʘ P=7,36 ʄʇʘ P=4,5 ʄʇʘ 

ʄʝʪʘʥ 0,153 0,148 15496 20190 

ʕʪʘʥ 0,068 0,095 12934 24218 

ʇʨʦʧʘʥ 0,077 0,140 21604 52258 

ʠ-ʙʫʪʘʥ 0,029 0,054 10700 26608 

ʥ-ʙʫʪʘʥ 0,043 0,076 15913 37417 

C5+ʚʳʩʰʠʝ 0,581 0,438 441242 446741 

× C3+ʚʳʩʰʠʝ 0,624 0,708 489459 563024 



 

 

53 

 

ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʅʝʩʪʘʙʠʣʴʥʳʡ ʢʦʥʜʝʥʩʘʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʨʠ ʜʘʚʣʝʥʠʠ ʩʝʧʘʨʘʮʠʠ P=4,5 ʄʇʘ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉ3+ʚʳʩʰʠʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ɻʨʠʮʝʥʢʦ ɸ.ʀ., ʀʩʪʦʤʠʥ ɺ.ɸ. ʉʙʦʨ ʠ ʧʨʦʤʳʩʣʦʚʘʷ ʧʦʜʛʦʪʦʚʢʘ ʛʘʟʘ ʥʘ ʩʝʚʝʨʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʠ. ï ʄ.: 1.
ʅʝʜʨʘ, 1999. ï ʉ. 375 ï 397. 

 ʎʚʝʪʢʦʚ ʅ.ɸ. ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʜʫʢʮʠʠ ʚʘʣʘʥʞʠʥʩʢʠʭ ʟʘʣʝʞʝʡ ʋʨʝʥʛʦʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɻʘʟʦʚʘʷ 2.
ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, 2007. ï ˉ 2. ï ʉ.74 ï 77. 

 HYSYS. ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʷ, Aspen Tech, 2006. 3.

 
ʆʎɽʅʂɸ ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ʀ ɸʅɸʃʀɿ ʅɽʆʇʈɽɼɽʃɽʅʅʆʉʊɽʁ ʇʈʀ ʈɸʉʏɽʊɽ ɼɽɹʀʊɸ 

ɻʆʈʀɿʆʅʊɸʃʔʅʆʁ ʉʂɺɸɾʀʅʓ ʉ ʄʅʆɻʆʉʊɸɼʀʁʅʓʄ ɻʀɼʈɸɺʃʀʏɽʉʂʀʄ 
ʈɸɿʈʓɺʆʄ ʇʃɸʉʊɸ 
ʀ.ɺ. ɹʦʨʦʜʠʯ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʊ. ʈʦʩʣʷʢ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʩʫʪʩʪʚʫʝʪ ʝʜʠʥʘʷ ʫʪʚʝʨʞʜʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʜʝʙʠʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʚʘʞʠʥʳ ʩ ʤʥʦʞʝʩʪʚʝʥʥʳʤ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʨʘʟʨʳʚʦʤ ʧʣʘʩʪʘ (ʄɻʈʇ). ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʤʫ ʚʦʟʥʠʢʘʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʚ ʨʘʩʯʝʪʝ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ. ʇʦʵʪʦʤʫ ʧʦʠʩʢ ʠ ʨʘʟʚʠʪʠʝ ʤʝʪʦʜʠʢʠ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ.  

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ  ʟʘ ʧʝʨʠʦʜ ʨʘʟʨʘʙʦʪʢʠ, ʬʦʥʜ ʢʦʪʦʨʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʦʪʤʝʯʘʶʪʩʷ ʥʠʟʢʠʝ ʫʨʦʚʥʠ ʜʦʙʳʯʠ. ʅʠʟʢʠʝ ʫʨʦʚʥʠ ʜʦʙʳʯʠ 

ʧʨʠʚʦʜʷʪ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʙʫʨʠʚʘʥʠʷ ʧʨʦʝʢʪʥʳʭ ʢʫʩʪʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʘʥʯʠʚʘʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ. ʆʜʥʘʢʦ, ʦʙʨʘʱʘʷʩʴ ʢ 

ʛʝʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʜʝʣʘʥʳ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥʳ ʥʝ ʦʧʨʘʚʜʘʥʦ, ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʧʦʪʝʨʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʜʣʠʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʝʢʮʠʠ: ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʦʪʤʝʯʘʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʝʤʳʯʢʠ, ʢʦʪʦʨʘʷ 

ʥʘʨʫʰʘʝʪ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʜʚʫʭ ʦʪʜʝʣʴʥʳʭ ʤʘʣʦʤʦʱʥʳʭ ʧʨʦʧʣʘʩʪʢʦʚ. ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʜʣʷ 

ʩʥʷʪʠʷ ʨʠʩʢʦʚ ʥʝʜʦʩʪʠʞʝʥʠʷ ʧʨʦʝʢʪʥʦʛʦ ʜʝʙʠʪʘ, ʧʨʠʦʙʱʝʥʠʷ ʚʩʝʡ ʧʨʦʜʫʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʥʠʷ 

ʥʝʩʢʦʣʴʢʠʭ ʚʳʩʦʢʦ ʧʨʦʚʦʜʠʤʳʭ ʢʘʥʘʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʤʥʦʛʦʩʪʘʜʠʡʥʦʛʦ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʩʣʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʷ ʦ ʩʤʝʥʳ ʪʝʭʥʦʣʦʛʠʠ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʢʘʢʦʡ ʙʫʜʝʪ ʜʝʙʠʪ 

ʩʢʚʘʞʠʥʳ? ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʧʠʩʳʚʘʶʱʠʭ ʜʠʥʘʤʠʢʫ ʧʨʠʪʦʢʘ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʚʘʞʠʥʝ ʩ ʄɻʈʇ. ʅʘ ʦʩʥʦʚʝ ʦʧʳʪʘ ʢʦʤʧʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄɻʈʇ, ʜʣʷ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ ʤʦʜʝʣʠ Li, Guo ʠ Yuanôa [1,2,3] ʚ ʩʠʣʫ ʧʨʦʩʪʦʪʳ ʧʨʠʤʝʥʝʥʠʷ ʠ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ.  

 

 
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʜʝʙʠʪʘ ʞʠʜʢʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʪʘʜʠʡ ʨʘʟʨʳʚʘ 

 
ʀʪʘʢ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʝʣʠ Li, ʤʦʜʝʣʴ ʧʦʢʘʟʳʚʘʝʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʡ ʜʝʙʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʤʦʜʝʣʝʡ. ʆʜʥʘʢʦ ʧʦʩʣʝ ʙʫʨʝʥʠʡ ʥʝʩʢʦʣʴʢʠʭ ʩʢʚʘʞʠʥ ʠ ʫʯʝʪʘ 

ʥʦʚʳʭ ʜʘʥʥʳʭ, ʚʦʟʤʦʞʥʦ, ʧʦʪʨʝʙʫʝʪʩʷ ʝʝ ʢʦʨʨʝʢʪʠʨʦʚʢʘ, ʣʠʙʦ ʟʘʤʝʥʘ ʥʘ ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʫʶ (ʨʘʙʦʪʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ 4 ʩʪʘʜʠʠ).  

ʇʨʠ ʨʘʩʯʝʪʝ ʧʨʦʛʥʦʟʥʦʛʦ ʜʝʙʠʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʢʚʘʞʠʥʳ ʩ ʄɻʈʇ ʚʦʟʥʠʢʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʢʚʘʞʠʥʳ 

ʠ ʪʨʝʙʫʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ.  
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ: 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ  ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ ɼʣʠʥʘ ʢʨʳʣʘ ʪʨʝʱʠʥʳ 

ʄʦʱʥʦʩʪʴ ʧʣʘʩʪʘ ʐʠʨʠʥʘ ʪʨʝʱʠʥʳ 

ʇʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʝʱʠʥʳ 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ 

 (ʘʟʠʤʫʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥʳ) 

 

 
ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʘʟʠʤʫʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ. ɽʩʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʪʨʝʱʠʥ ʥʝ ʠʟʚʝʩʪʥʦ, 

ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝ ʧʦʧʝʨʝʯʥʳʭ, ʘ ʧʨʦʜʦʣʴʥʳʭ ʨʘʟʨʳʚʦʚ, ʯʪʦ ʥʝʞʝʣʘʪʝʣʴʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʧʝʨʘʮʠʠ ʄɻʈʇ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʛʦʨʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʨʦʜ, ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʠʪ ʜʦʩʪʠʯʴ 

ʦʧʪʠʤʘʣʴʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʦʪ ʪʝʭʥʦʣʦʛʠʠ ʄɻʈʇ ʟʘ ʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ. 

 

 
ʈʠʩ. 2 ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʘʟʠʤʫʪʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʨʝʱʠʥ 

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʝʨʦʷʪʥʦʩʪʥʦʤ ʘʥʘʣʠʟʝ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ ʟʘʜʘʝʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʜʭʦʜʷʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩ ʫʯʝʪʦʤ ʛʨʘʥʠʯʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʦʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʳʙʨʘʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ.  

 

  
ʈʠʩ. 3 ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ 

 
ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʦʩʪʘʝʪʩʷ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʘ ʜʘʥʥʳʡ ʜʝʙʠʪ ʠ ʩʨʘʚʥʠʪʴ ʝʛʦ ʩ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʟʘʢʘʥʯʠʚʘʥʠʷ.  

 

 
ʈʠʩ. 4 ʆʮʝʥʢʘ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

 

ɺʳʚʦʜʳ ʠ ʟʘʢʣʶʯʝʥʠʷ: 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʢʫʱʝʛʦ ʩʦʩʪʦʷʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʙʫʨʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ 

ʩʢʚʘʞʠʥʳ  
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʇʨʠʤʝʥʝʥʠʝ ʄɻʈʇ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʫʯʘʩʪʢʝ ʩʢʚʘʞʠʥʳ ʦʙʦʩʥʦʚʘʥʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ  

ɺʳʧʦʣʥʝʥ ʨʘʩʯʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʝʡ ʜʣʷ ʯʝʪʳʨʝʭ 

ʩʪʘʜʠʡ ʨʘʟʨʳʚʘ  

ʕʢʦʥʦʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʦʪ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʨʦʧʨʠʷʪʠʷ ʦʮʝʥʝʥ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʡ  

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 Hujun Li, Zhengqi Jia. A new method to predict performance of fractured horizontal wells. SPE 37071, 1996 1.
 Boyun Guo and Xiance Yu. A simple and accurate mathematical model for predicting productivity of multifractured 2.

Horizontal wells. SPE 114452, 2008. 
 Hong Yoan. A new model for predicting inflow performance of fractured horizontal wells. SPE 133610, 2010. 3.

 

ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼɸ ɼʀʅɸʄʀʏɽʉʂʆɻʆ ʈɸʉʉɽʗʅʀʗ 
ʉɺɽʊɸ ɼʃʗ ʆʎɽʅʂʀ ʉʊɸɹʀʃʔʅʆʉʊʀ ʅɽʂʆʊʆʈʓʍ ʂʆʄʇʆʅɽʅʊʆɺ ɹʋʈʆɺʆɻʆ 

ʈɸʉʊɺʆʈɸ 
ɸ.ʉ. ɺʘʩʠʣʴʝʚ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ʃ.ɺ. ʐʠʰʤʠʥʘ, ʘʩʧʠʨʘʥʪ ɸ.ʄ.ɻʦʨʰʢʦʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʧʨʠ ʙʫʨʝʥʠʠ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʶʪʩʷ 

ʨʘʩʪʚʦʨʳ ʥʘ ʛʣʠʥʠʩʪʦʡ ʦʩʥʦʚʝ. ʆʜʥʘʢʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʥʝʜʦʩʪʘʪʢʦʚ: ʧʨʠʭʚʘʪʳ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʳ ʠ 

ʧʨʠʙʦʨʦʚ; ʩʥʠʞʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʟʘ ʩʯʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʛʣʠʥʠʩʪʳʭ 

ʯʘʩʪʠʮ ʠ ʬʠʣʴʪʨʘʪʘ; ʙʦʣʴʰʠʝ ʟʘʪʨʘʪʳ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ; ʥʠʟʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʙʫʨʝʥʠʷ; ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʪʦʣʩʪʦʡ ʠ ʨʳʭʣʦʡ ʛʣʠʥʠʩʪʦʡ 

ʢʦʨʢʠ[3]. ɸʥʘʣʠʟ ʟʘʨʫʙʝʞʥʳʭ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʝʮʝʧʪʫʨ ʙʫʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʷʚʣʷʶʪʩʷ ʢʨʘʭʤʘʣʩʦʜʝʨʞʘʱʠʝ ʨʝʘʛʝʥʪʳ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪ ʚʳʩʦʢʠʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʣʝʛʢʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʜʝʩʪʨʫʢʮʠʠ ʠ ʪʝʤ ʩʘʤʳʤ ʩʦʭʨʘʥʷʶʪ 

ʝʩʪʝʩʪʚʝʥʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʣʣʝʢʪʦʨʦʚ ʠ ʥʝ ʟʘʛʨʷʟʥʷʶʪ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʇʦʣʠʩʘʭʘʨʠʜʳ ʩʧʦʩʦʙʥʳ ʚʦ 

ʚʨʝʤʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʣʴʤʘʪʘʮʠʦʥʥʳʡ ʵʢʨʘʥ, ʩʧʦʩʦʙʥʳʡ ʥʝ ʧʨʦʧʫʩʢʘʪʴ ʬʠʣʴʪʨʘʪʳ 

ʙʫʨʦʚʳʭ ʠ ʮʝʤʝʥʪʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʧʨʦʜʫʢʪʠʚʥʳʡ ʧʣʘʩʪ ʠ ʩʦ ʚʨʝʤʝʥʝʤ ʩʘʤʦʨʘʟʨʫʰʘʪʴʩʷ (ʜʝʩʪʨʫʢʮʠʷ ʜʦ ʧʨʦʩʪʳʭ 

ʩʘʭʘʨʦʚ) ʚʦʩʩʪʘʥʘʚʣʠʚʘʷ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʣʣʝʢʪʦʨʘ[1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ 

ʢʨʘʭʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʟʘʜʘʯʝʡ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʩʚʦʡʩʪʚ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ 

ʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ. ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʧʨʝʜʝʣʷʪʴ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ). 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʨʘʭʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʝʪʦʜʦʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. 

ʄʝʪʦʜ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ (ɼʈʉ) ï ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʷʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʥʝ ʚʥʦʩʷʱʠʤ ʚʦʟʤʫʱʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʩʨʝʜʫ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ 

ʪʦʯʥʦʩʪʴʶ[2]. 

ʅʘ ʨʠʩ. 1 ʨʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʜʠʬʬʫʟʠʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʤʦʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ, ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʭ ʚ 

ʞʠʜʢʦʩʪʠ. ʍʘʦʪʠʯʝʩʢʦʝ ʙʨʦʫʥʦʚʩʢʦʝ ʜʚʠʞʝʥʠʝ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʧʨʠʚʦʜʠʪ ʢ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʬʣʫʢʪʫʘʮʠʷʤ 

ʠʭ ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʟʳʚʘʝʪ ʣʦʢʘʣʴʥʳʝ ʬʣʫʢʪʫʘʮʠʠ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ 

ʩʨʝʜʳ. ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʧʣʦʩʢʫʶ, ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʫʶ, ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʫʶ ʚʦʣʥʫ, ʯʝʨʝʟ ʪʘʢʫʶ ʩʨʝʜʫ, ʯʘʩʪʴ ʩʚʝʪʘ ʙʫʜʝʪ ʨʘʩʩʝʷʥʘ ʥʘ ʵʪʠʭ ʣʦʢʘʣʴʥʳʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ 

ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ. ʌʣʫʢʪʫʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʙʫʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʣʫʢʪʫʘʮʠʷʤ 

ʣʦʢʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʄʝʪʦʜ ɼʈʉ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ 

ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ. ʇʦʩʢʦʣʴʢʫ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥ ʩ 

ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ, ʪʦ ɼʈʉ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜʦʤ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʪʘʢʠʭ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ[2]. 

 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʧʨʦʮʝʩʩʘ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʀʥʬʦʨʤʘʮʠʷ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʜʠʬʬʫʟʠʠ ʯʘʩʪʠʮ ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ 

ʬʣʫʢʪʫʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʠʩʪʝʤʘ PhotoCor 

Complex. ʉʧʝʢʪʨʦʤʝʪʨ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʯʘʩʪʝʡ: ʦʧʪʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʠ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ ʠ 

ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2 ɹʣʦʢ-ʩʭʝʤʘ ʬʦʪʦʥʥʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ 

 

ɺ ʧʘʢʝʪ PhotoCor Complex ʚʩʪʨʦʝʥʘ ʧʨʦʛʨʘʤʤʘ DynaLS, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʟʚʦʜʠʪʩʷ ʘʥʘʣʠʟ 

ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ [4]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʩʤʝʩʴ ʚʦʜʳ, ʛʠʜʨʦʢʩʠʜʘ ʥʘʪʨʠʷ ʠ ʢʨʘʭʤʘʣʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢ 400 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 7 ʛ NaOH , ʯʪʦʙʳ 

ʧʦʚʳʩʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʨʘʭʤʘʣʘ ʚ ʚʦʜʝ. ʂʨʘʭʤʘʣ ʨʘʩʪʚʦʨʷʣʩʷ ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

65Ü ʉ ʠ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʦʩʪʘʚʠʣʘ 2% ʤʘʩʩ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʙʦʨ PhotoCor 

Complex. ʀʩʪʦʯʥʠʢʦʤ ʩʚʝʪʘ ʚ ʧʨʠʙʦʨʝ ʷʚʣʷʝʪʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʣʘʟʝʨ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 654 ʥʤ. ʈʘʩʩʝʷʥʥʳʡ 

ʩʚʝʪ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ ʌʕʋ ʧʦʜ ʫʛʣʦʤ 90Á. ʅʝʦʙʭʦʜʠʤʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʪʝʨʤʦʩʪʘʪʝ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʤ, ʫʧʨʘʚʣʷʝʤʳʤ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʴʶʪʝʨʘ. ɺʩʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʨʤʦʩʪʘʪʘ 27Ü ʉ. ʊʘʢʞʝ ʨʘʩʪʚʦʨ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʘʭʤʘʣʘ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʫʣʴʪʨʘʟʚʫʢʦʤ, ʩ ʮʝʣʴʶ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʠ ʨʘʟʨʫʰʝʥʠʷ ʙʦʣʴʰʠʭ ʯʘʩʪʠʮ, ʧʦʷʚʠʚʰʠʭʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʘʛʨʝʛʘʮʠʠ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʩʠʩʪʝʤʳ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ, ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 3 

ʨʘʩʪʚʦʨʘ: H2O+NaOH, H2O+ʢʨʘʭʤʘʣ ʠ H2O+NaOH+ʢʨʘʭʤʘʣ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ ʦʪ 

ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 3 ɿʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ ʦʪ ʚʨʝʤʝʥʠ: 

ʘ ï H2O+NaOH, ʙ ï H2O+ʢʨʘʭʤʘʣ 

 

ʀʟ ʨʠʩʫʥʢʘ 3 ʚʠʜʥʦ, ʯʪʦ ʨʘʩʪʚʦʨ H2O+NaOH ʷʚʣʷʝʪʩʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ, ʪʘʢ ʢʘʢ ʚ ʩʤʝʩʠ ʝʩʪʴ 

ʯʘʩʪʠʮʳ ʦʪ 10 ʥʤ ʜʦ 10000ʥʤ. ʆʜʥʘʢʦ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʱʝʣʦʯʴ ʜʦʣʞʥʘ ʧʦʣʥʦʩʪʴʶ 

ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʚʦʜʝ, ʦʙʨʘʟʫʷ ʤʦʣʝʢʫʣʷʨʥʳʡ ʨʘʩʪʚʦʨ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʭʥʠʯʝʩʢʘʷ ʱʝʣʦʯʴ NaOH. 

ʈʘʩʪʚʦʨ ʢʨʘʭʤʘʣʘ ʚ ʚʦʜʝ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ, ʚ ʢʦʪʦʨʦʡ ʜʦʤʠʥʠʨʫʶʪ ʜʚʘ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ: ʧʦʨʷʜʢʘ 100 ʥʤ ʠ 1000 ʥʤ. ʂʨʦʤʝ ʪʦʛʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʘʛʨʝʛʘʪʠʚʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ. ʊʘʢʞʝ ʧʨʠ ʚʥʝʰʥʝʤ 

ʦʩʤʦʪʨʝ ʢʶʚʝʪʳ ʧʦʩʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʚʠʜʝʥ ʦʩʘʜʦʢ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʤʝʩʠ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 4: ʈʘʩʪʚʦʨ H2O+NaOH+ʢʨʘʭʤʘʣ 

ʘ ï ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʝʪʘ ʦʪ ʚʨʝʤʝʥʠ; ʙ ï ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʨʘʜʠʫʩʘ ʯʘʩʪʠʮ ʦʪ 

ʚʨʝʤʝʥʠ 

 
ɼʣʷ ʨʘʩʪʚʦʨʘ H2O+NaOH+ʢʨʘʭʤʘʣ ʙʳʣʘ ʟʘʧʠʩʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʪ 

ʚʨʝʤʝʥʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʜʠʫʩʦʚ ʯʘʩʪʠʮ (ʨʠʩ. 4). ʀʟ ʧʝʨʚʦʛʦ ʛʨʘʬʠʢʘ (ʨʠʩ. 4.ʘ) ʚʠʜʥʦ, ʯʪʦ ʧʦʩʣʝ 

300 ʤʠʥʫʪʳ ʥʘʙʣʶʜʘʝʪʩʷ ʩʠʣʴʥʳʡ ʨʘʟʙʨʦʩ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪ ʚʨʝʤʝʥʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʧʘʜʝʥʠʠ ʪʷʞʝʣʳʭ 

ʯʘʩʪʠʮ, ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ. ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʪʚʦʨ 

H20+NaOH+ʢʨʘʭʤʘʣ ʷʚʣʷʝʪʩʷ ʧʦʣʠʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʦʡ, ʚ ʢʦʪʦʨʦʡ ʯʘʩʪʠʮʳ ʠʤʝʶʪ ʧʦʨʷʜʦʢ 10, 100 ʠ 1000 ʥʤ 

(ʨʠʩ. 4ʙ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʧʨʠʛʦʜʥʦʩʪʠ ʤʝʪʦʜʘ ɼʈʉ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ 

ʢʨʘʭʤʘʣʘ ʚ ʚʦʜʝ, ʪʘʢ ʢʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʠʭ ʨʘʜʠʫʩʦʚ ʯʘʩʪʠʮ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʤʝʩʝʡ. ɼʣʷ 

ʜʘʣʴʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʫʶ ʱʝʣʦʯʴ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʨʘʩʪʚʦʨʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʪʴ ʜʨʫʛʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʨʘʭʤʘʣʘ ʚ ʚʦʜʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ɹʫʨʦʚʳʝ ʧʨʦʤʳʚʦʯʥʳʝ ʠ ʪʘʤʧʦʥʘʞʥʳʝ ʨʘʩʪʚʦʨʳ / ʋʯʝʙ. ʇʦʩʦʙʠʝ / ɹʫʣʘʪʦʚ ɸ.ʀ., ʄʘʢʘʨʝʥʢʦ ʇ.ʇ., ʇʨʦʩʝʣʢʦʚ 1.

ʖ.ʄ. ï ʄ.: ʆɸʆ çʀʟʜʘʪʝʣʴʩʪʚʦ çʅʝʜʨʘè, 1999. ï 424 ʩ. 
 ɹʫʨʷ ɽ.ɻ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ: ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ. 2.

ɼʠʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ ʢʘʥʜ. ʪʝʭ.ʥʘʫʢ. ï ʄʦʩʢʚʘ, 2001. ï 109 ʩ. 
 ʄʘʢʦʚʝʡ ʅ. ɻʠʜʨʘʚʣʠʢʘ ʙʫʨʝʥʠʷ. ʇʝʨ. ʩ ʨʫʤ. ï ʄ.: ʅʝʜʨʘ, 1986. ï 536 ʩ. 3.
 ʇʨʦʛʨʘʤʤʠʨʫʝʤʳʡ ʢʦʨʨʝʣʷʪʦʨ Photocor-FC, / ʈʫʢʦʚʦʜʩʪʚʦ ʧʦʣʴʟʦʚʘʥʠʷ. 4.

 

ʆʇʈɽɼɽʃɽʅʀɽ ʈɸɺʅʆɺɽʉʅʓʍ ʋʉʃʆɺʀʁ ɻʀɼʈɸʊʆʆɹʈɸɿʆɺɸʅʀʗ ʅɸ ʇʈʀʄɽʈɽ 
ɻɸɿʆʂʆɼɽʅʉɸʊʅʆɻʆ ʄɽʊʉʊʆʈʆɾɼɽʅʀʗ ʆʊʈɸɼʅʀʅʉʂʆɽ 

ɸ.ʄ. ɺʘʩʠʣʴʝʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʩʠʩʪʝʥʪ ʆ.ɺ. ʅʦʩʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʆʪʨʘʜʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ). ʉ 

ʩʝʥʪʷʙʨʷ 2009 ʛʦʜʘ ʚ ʨʝʞʠʤʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʚʝʣʘʩʴ ʚ ʨʘʙʦʪʫ ʦʜʥʘ ʩʢʚʘʞʠʥʘ. ɺʦ ʚʨʝʤʷ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʪʤʝʯʘʣʘʩʴ ʢʨʘʡʥʝ ʥʝʩʪʘʙʠʣʴʥʘʷ ʨʘʙʦʪʘ ʵʪʦʡ ʩʢʚʘʞʠʥʳ. ʇʨʠʯʠʥʦʡ ʪʘʢʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʷʚʣʷʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʳʭ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ,  ʢʘʢ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ, ʪʘʢ ʠ ʚ ʩʪʚʦʣʝ ʩʘʤʦʡ ʩʢʚʘʞʠʥʳ. 

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʚ ʩʢʚʘʞʠʥʘʭ ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʪʘʢʦʡ ʨʝʞʠʤ ʦʪʙʦʨʘ ʛʘʟʘ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ ʚʳʰʝ ʨʘʚʥʦʚʝʩʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʚʘʞʥʦ 

ʧʨʘʚʠʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʨʘʚʥʦʚʝʩʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʆʪʨʘʜʥʠʥʩʢʦʤ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʵʪʦʡ ʮʝʣʠ ʩʪʘʚʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

- ʆʩʚʦʝʥʠʝ ʤʝʪʦʜʠʢʠ ʠʥʞʝʥʝʨʥʦʛʦ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ. 

- ʈʘʩʯʝʪ ʜʘʚʣʝʥʠʷ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

- ʈʘʩʯʝʪ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ. 

- ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʠʥʛʠʙʠʪʦʨʘ ʥʘ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʩʪʨʦʛʠʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ, ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʩʪʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʨʘʚʥʦʚʝʩʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʵʪʠʤ ʤʝʪʦʜʘʤ ʚ ʦʪʜʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ ʚ 2-3 ʨʘʟʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ɺ.ɸ. ʀʩʪʦʤʠʥ ʠ ɺ.ɻ. ʂʚʦʥ [1], ʩʦʭʨʘʥʠʚ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʨʦʩʪʳʭ ʨʘʩʯʝʪʥʳʭ ʩʭʝʤ, ʨʘʟʨʘʙʦʪʘʣʠ ʨʘʩʯʝʪʥʫʶ ʤʝʪʦʜʠʢʫ, ʧʨʠʙʣʠʞʘʶʱʫʶʩʷ ʢ ʪʦʯʥʦʩʪʠ 

ʥʘʜʝʞʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. 

ʕʪʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʚ ʩʠʩʪʝʤʝ çʧʨʠʨʦʜʥʳʡ ʛʘʟ ï ʚʦʜʘ ï ʛʠʜʨʘʪè ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʧʨʠʨʦʜʥʳʭ ʠ ʧʦʧʫʪʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ, ʩʦʩʪʦʷʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʤʝʪʘʥʘ ʉʅ4 (ʙʦʣʝʝ 50% ʦʙ.) ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʉ2ʅ6, ʉ3ʅ8, i-ʉ4ʅ10, ʉO2, H2S. ɺ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʰʘʛʘ ʬʠʢʩʠʨʫʶʪ 

ʥʝʢʦʪʦʨʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, ʜʣʷ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʶʪ ʜʘʚʣʝʥʠʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʡ ʩʤʝʩʠ ʛʘʟʦʚ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɺʥʘʯʘʣʝ, ʠʩʭʦʜʷ ʠʟ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʜʝʘʣʴʥʦʛʦ ʛʘʟʦʚʦʛʦ ʛʠʜʨʘʪʘ, ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʬʦʨʤʘ 

ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʣʷ ʜʘʚʣʝʥʠʷ p0
m ʥʘ ʦʩʥʦʚʝ ʫʧʨʦʱʝʥʠʷ ʬʦʨʤʘʣʴʥʦ ʙʦʣʝʝ ʩʪʨʦʛʠʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ ʠ ʟʘʪʝʤ ʧʦʜʙʠʨʘʶʪʩʷ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʦʣʫʯʘʝʤʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʭ ʬʦʨʤʫʣʘʭ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ. 

ɸʣʛʦʨʠʪʤ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʛʘʟʦʚʦʡ 

ʩʤʝʩʠ ʆʪʨʘʜʥʝʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʉʅ4 ï 83.15, ʉ2ʅ6 ï 4.16, ʉ3ʅ8 ï 1.48, i-ʉ4ʅ10 ï 0.17, n-ʉ4ʅ10 ï 0.50, i-ʉ5ʅ12 

ï 0.12, n-ʉ5ʅ12 ï 0.17, ʉ6ʅ14 ï 0.17, ʉ7ʅ16+ ï 0.28, ʉO2 ï 0.07, N2 ï 9.50, He ï 0.21, H2 ï 0.02 ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ p0
m (ʚ ʄʇʘ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T0=273,15 ʂ ʧʦ ʫʨʘʚʥʝʥʠʶ, 

ʢʦʪʦʨʦʝ ʜʣʷ ʛʠʜʨʘʪʦʚ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ II  ʠʤʝʝʪ ʚʠʜ: 
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p0
m=0,917ʄʇʘ=9,353ʘʪ 

ʄʝʪʦʜʦʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʦʜʦʙʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʚʥʦʚʝʩʥʦʝ ʜʘʚʣʝʥʠʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ pm ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ T>273,15 ʂ, ʠʩʧʦʣʴʟʫʷ ʫʩʣʦʚʠʷ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʵʪʘʣʦʥʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʝʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʠ ʵʪʘʣʦʥʥʘʷ ʛʘʟʦʚʳʝ ʩʤʝʩʠ ʙʣʠʟʢʠ ʧʦ ʩʦʩʪʘʚʫ (ʧʦ ʛʠʜʨʘʪʦʦʙʨʘʟʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʘʤ), ʪʦ ʠʭ 

ʨʘʚʥʦʚʝʩʥʳʝ ʢʨʠʚʳʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʵʢʚʠʜʠʩʪʘʥʪʥʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʚʣʝʥʠʝ 

ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ pm ʜʣʷ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʊ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ: 
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ʛʜʝ z ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ; ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ç0è ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 

T0=273,15 ʂ, ʘ ʥʠʞʥʠʝ ʠʥʜʝʢʩʳ çmè ʠ çeè ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʠʩʩʣʝʜʫʝʤʦʡ ʠ ʵʪʘʣʦʥʥʦʡ ʛʘʟʦʚʦʡ ʩʤʝʩʠ. ʅʘʠʙʦʣʝʝ 

ʧʦʜʭʦʜʷʱʝʡ ʷʚʣʷʝʪʩʷ ʵʪʘʣʦʥʥʘʷ ʢʨʠʚʘʷ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ 

ʠ ʩ ʙʣʠʟʢʦʡ ʩʫʤʤʦʡ ʤʦʣʷʨʥʳʭ ʜʦʣʝʡ ʚ ʛʘʟʝ ʥʘʠʙʦʣʝʝ ʛʠʜʨʘʪʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï ʧʨʦʧʘʥʘ, ʠʟʦʙʫʪʘʥʘ ʠ 

ʩʝʨʦʚʦʜʦʨʦʜʘ. 

ɺ.ɸ. ʀʩʪʦʤʠʥʳʤ [1] ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T>273,15 ʂ 

ʧʨʝʜʣʦʞʝʥ ʥʘʙʦʨ ʵʪʘʣʦʥʥʳʭ ʢʨʠʚʳʭ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʧʠʩʘʥʥʳʭ ʚ ʬʦʨʤʝ: 
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ʛʜʝ ɸ, ɺ, ɸ1, ɺ1 ï ʧʘʨʘʤʝʪʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʩʦʩʪʘʚʘ. 

ʉ ʫʯʝʪʦʤ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʩʢʦʤʦʝ ʜʘʚʣʝʥʠʝ pm ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T>T0 ʥʘʭʦʜʠʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ: 
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ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ T=278,15 K ʜʘʚʣʝʥʠʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʙʫʜʝʪ ʨʘʚʥʦ: 
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ɼʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʦʚʦʡ ʩʤʝʩʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʃʘʪʦʥʦʚʘï

ɻʫʨʝʚʠʯʘ ʠʣʠ ʩʦʦʪʥʦʰʝʥʠʝ ɹʝʨʪʣʦ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʘ ʧʦ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʨʠʚʘʷ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ 

ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ (ʈʠʩ. 1). ʈʘʚʥʦʚʝʩʥʘʷ ʢʨʠʚʘʷ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʫʨʘʚʥʝʥʠʶ ʃʘʪʦʥʦʚʘ - ɻʫʨʝʚʠʯʘ, ʙʳʣʘ 

ʧʝʨʝʩʯʠʪʘʥʘ ʜʣʷ ʫʯʝʪʘ ʟʘʩʦʣʝʥʥʦʩʪʠ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʧʦ ʤʝʪʦʜʠʢʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ɺ.ɸ. ʀʩʪʦʤʠʥʳʤ ʠ ɺ.ɻ. ʂʚʦʥʦʤ 

[1]. ʇʣʘʩʪʦʚʳʝ ʫʩʣʦʚʠʷ ʆʪʨʘʜʥʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (pʧʣ=192ʘʪ, Tʧʣ=13,2ęC) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ 

ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ. ʆʜʥʘʢʦ, ʥʘʣʠʯʠʝ ʟʘʩʦʣʝʥʥʳʭ ʧʣʘʩʪʦʚʳʭ ʚʦʜ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʪʦʤʫ, ʯʪʦ ʛʠʜʨʘʪʦʥʘʩʳʱʝʥʥʦʩʪʴ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʙʫʜʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ.1 ʂʨʠʚʘʷ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʆʪʨʘʜʥʠʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʧʣʘʩʪʦʚʳʭ 

ʩʤʝʩʝʡ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʦʩʪʘʚ ʜʦʙʳʚʘʝʤʦʛʦ ʛʘʟʘ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ ï ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʪʷʞʝʣʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʊʘʙʣʠʮʘ) ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʢʨʠʚʦʡ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʚʳʚʦʜ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩ. 2). 

ʊʘʙʣʠʮʘ 

ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 

ʂʦʤʧʦʥʝʥʪ ʉʦʩʪʘʚ ʧʣʘʩʪʦʚʦʛʦ ʛʘʟʘ, 

% ʤʦʣʴ 

ʉH4 83,15 84,6371 

ʉ2H6 4,16 4,2 

ʉʆ2 0,07 0,07 

ʉ3ʅ8 1,48 1,3 

iʉ4ʅ10 0,17 0,04 

nʉ4ʅ10 0,50 0,009 

iʉ5ʅ12 0,12 0,005 

nʉ5ʅ12 0,17 0,005 

äʉ6ʅ14 0,17 0,003 

ʉ7ʅ16+ ʚʳʩʰ. 0,28 0,0009 

N2 9,50 9,5 

ʅɽ 0,21 0,21 

ʅ2 0,02 0,02 

ʅ2S - - 

ɺʩʝʛʦ 100,00 100,00 

 

 
ʈʠʩ.2 ʂʨʠʚʘʷ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʆʪʨʘʜʥʠʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʛʘʟʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʟʨʘʙʦʪʢʠ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʉ ʧʦʤʦʱʴʶ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʪʘʢʞʝ ʦʧʨʝʜʝʣʠʪʴ, ʥʘʩʢʦʣʴʢʦ ʠʟʤʝʥʷʶʪʩʷ ʨʘʚʥʦʚʝʩʥʳʝ 

ʧʘʨʘʤʝʪʨʳ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʛʠʙʠʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʦʜʦʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ [1] 
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X4378.0100

X100
lnAT , 

ʛʜʝ ʍ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʥʦʣʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ, ʤʘʩʩ.%, ɸï ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʦʜʛʦʥʦʯʥʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʘʚʣʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʛʘʟʘ. ɼʣʷ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʉʝʚʝʨʘ ʈʦʩʩʠʠ, ʪ.ʝ. ʜʣʷ ʛʘʟʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʛʠʜʨʘʪʳ ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ II, ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ 

( )5.7pX01.0X33.081A -+-=  

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ 

ʚʦʜʦʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʩ ʨʘʟʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (ʈʠʩ.3). ɺ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʆʪʨʘʜʥʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʠʜʨʘʪʳ ʥʝ ʙʫʜʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʝʪʘʥʦʣʘ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 30% ʤʘʩʩ. 

 

 
 

ʈʠʩ.2 ʂʨʠʚʘʷ ʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʡ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʆʪʨʘʜʥʠʥʩʢʦʛʦ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʠʩʫʪʩʪʚʠʷ ʚʦʜʦʤʝʪʘʥʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʀʩʪʦʤʠʥ ɺ.ɸ., ʂʚʦʥ ɺ.ɻ. ʇʨʝʜʫʧʨʝʞʜʝʥʠʝ ʠ ʣʠʢʚʠʜʘʮʠʷ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʜʦʙʳʯʠ ʛʘʟʘ. ï ʄ.: ʆʆʆ 1.
çʀʈʎ ɻʘʟʧʨʦʤè, 2004. ï 508 ʩ. 

 
 

ʕʌʌɽʂʊʀɺʅʆʉʊʔ ɺʆɼʆʀɿʆʃʗʎʀʆʅʅʆʁ ʊɽʍʅʆʃʆɻʀʀ ʅɸ ɿɸʃɽɾʀ ˉ31 
ɹʆɹʈʀʂʆɺʉʂʆɻʆ ɻʆʈʀɿʆʅʊɸ ʈʆʄɸʐʂʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʅɽʌʊʀ 

ʈ.ʌ. ɺʘʬʠʥ, ʈ.ɸ. ʍʘʩʘʥʦʚʘ, ɽ.ʊ. ʂʫʢʣʠʥʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʈ.ʌ. ɺʘʬʠʥ  

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʇʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʮʝʥʘʭ ʠ ʫʨʦʚʥʝ ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʚ ʩʪʘʨʳʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ 

ʨʝʛʠʦʥʘʭ ʦʩʥʦʚʥʳʤʠ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʦʩʪʘʶʪʩʷ ʫʞʝ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʦʙʲʝʢʪʳ, ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʚʩʪʫʧʠʚʰʠʝ ʚ ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʨʘʟʨʘʙʦʪʢʠ, ʪʘʢʠʭ ʢʘʢ ʈʦʤʘʰʢʠʥʩʢʦʝ ʥʝʬʪʷʥʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ. 

ɺ ʧʨʦʮʝʩʩʝ ʟʘʢʘʯʠʚʘʥʠʷ, ʨʝʤʦʥʪʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʦʙʳʚʘʶʱʠʭ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʧʨʦʠʩʭʦʜʠʪ 

ʫʭʫʜʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʪʢʣʶʯʝʥʠʶ ʥʝʬʪʝʥʘʩʳʱʝʥʥʳʭ 

ʧʨʦʧʣʘʩʪʢʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ (ʧʨʠʝʤʠʩʪʦʩʪʠ) ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ 

ʫʚʝʣʠʯʝʥʠʶ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ ʠ ʢʦʥʩʝʨʚʘʮʠʠ ʘʢʪʠʚʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ. ʕʪʠ 

ʧʨʦʮʝʩʩʳ ʢʨʘʡʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦ ʚʣʠʷʶʪ ʥʘ ʪʝʢʫʱʫʶ ʠ ʢʦʥʝʯʥʫʶ ʥʝʬʪʝʦʪʜʘʯʫ. 

ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʝʟʝʨʚʦʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ ʠ ʥʝʬʪʝʦʪʜʘʯʠ 

ʧʣʘʩʪʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʨʝʪʠʯʥʳʭ ʤʝʪʦʜʦʚ ʜʦʙʳʯʠ [4]. ɿʘʣʝʞʴ ˉ 31 ʨʘʩʧʦʣʦʞʝʥʘ ʚ 

ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʈʦʤʘʰʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʏʠʰʤʠʥʩʢʦʡ, ʉʘʨʤʘʥʦʚʩʢʦʡ ʠ ʊʘʰʣʠʷʨʩʢʦʡ 

p
, ʘ
ʪ
 

 

t, ϊC  

ɹʝʟ 

ʠʥʛʠʙʠ

ʪʦʨʘ 

ʢʦʥʮ-ʷ 

ʠʥʛʠʙʠ

ʪʦʨʘ 

20% 

ʢʦʥʮ-ʷ 

ʠʥʛʠʙʠ

ʪʦʨʘ 

30% 

ʢʦʥʮ-ʷ 

ʠʥʛʠʙʠ

ʪʦʨʘ 

40% 13,2 

192 



 

 

61 

 

ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʧʣʦʱʘʜʝʡ ʨʘʟʨʘʙʦʪʢʠ. ʆʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʦʙʲʝʢʪʦʤ ʟʘʣʝʞʠ ʧʦ ʟʘʧʘʩʘʤ ʠ ʫʨʦʚʥʷʤ ʜʦʙʳʯʠ ʥʝʬʪʠ 

ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʦʜʫʢʪʠʚʥʳʝ ʙʦʙʨʠʢʦʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ ʧʦ ʨʘʟʨʝʟʫ ʠ 

ʧʣʦʱʘʜʠ, ʨʝʟʢʦʡ ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ, ʨʘʟʤʳʚʦʤ ʦʪʜʝʣʴʥʳʭ ʧʘʯʝʢ, ʨʘʟʣʠʯʥʳʤ ʯʠʩʣʦʤ ʠ ʩʦʯʝʪʘʥʠʝʤ 

ʧʝʩʯʘʥʦ-ʘʣʝʚʨʠʪʦʚʳʭ ʧʣʘʩʪʦʚ. ʇʦʢʨʳʰʢʦʡ ʦʪʣʦʞʝʥʠʡ ʷʚʣʷʶʪʩʷ ʥʝʧʨʦʥʠʮʘʝʤʳʝ ʧʦʨʦʜʳ ʪʫʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʪʦʣʱʠʥʦʡ 8-10ʤ., ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʛʣʠʥʠʩʪʳʤʠ, ʦʢʨʝʤʥʝʣʳʤʠ, ʠʥʦʛʜʘ ʦʨʛʘʥʦʛʝʥʥʳʤʠ 

ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ. ɺ ʧʦʜʦʰʚʝ ʟʘʣʝʛʘʶʪ ʘʨʛʠʣʣʠʪʳ ʢʦʩʴʚʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ  

ʪʦʣʱʠʥʦʡ 2 ï 6ʤ. ʠ ʠʟʚʝʩʪʥʷʢʠ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ. ʆʪʣʦʞʝʥʠʷ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʟʘʣʝʞʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʴʤʷ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʧʣʘʩʪʘʤʠ. 

ʅʠʞʥʠʡ ʇʣʘʩʪ-1 ʟʘʣʝʛʘʝʪ ʥʘ ʘʨʛʠʣʣʠʪʘʭ ʝʣʭʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʟʘʣʝʞʠ 

(72,4%) ʦʥ ʟʘʤʝʱʝʥ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ. ɺʩʪʨʝʯʘʶʱʠʝʩʷ ʧʝʩʯʘʥʳʝ ʪʝʣʘ ʧʣʘʩʪʘ ʠʤʝʶʪ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ 

ʟʘʣʝʛʘʥʠʷ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʟʨʝʟʦʚ (66% ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ) ʧʣʘʩʪ ʩʣʠʚʘʝʪʩʷ ʩ ʚʳʰʝʣʝʞʘʱʠʤ ʇʣʘʩʪʦʤ-2. 

ʇʝʩʯʘʥʳʝ ʪʝʣʘ ʇʣʘʩʪʘ-2 ʠʤʝʶʪ ʧʦʣʦʩʦʦʙʨʘʟʥʫʶ, ʣʠʥʟʦʚʠʜʥʫʶ ʠ ʧʣʦʱʘʜʥʫʶ ʬʦʨʤʫ ʟʘʣʝʛʘʥʠʷ, 

ʟʘʥʠʤʘʶʪ 50% ʧʣʦʱʘʜʠ ʚʩʝʡ ʟʘʣʝʞʠ, ʠʤʝʝʪ ʭʦʨʦʰʫʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʫʶ ʩʚʷʟʴ ʩ ʥʠʞʝ- ʠ ʚʳʰʝʣʝʞʘʱʠʤʠ 

ʧʣʘʩʪʘʤʠ ʟʘ ʩʯʝʪ ʩʣʠʷʥʠʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 30% ʠ 49% ʩʣʫʯʘʝʚ ʩʚʦʝʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. 

ʇʣʘʩʪ-3 ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʧʨʠʙʨʝʞʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʜʥʝʨʘʜʘʝʚʩʢʦʛʦ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʌʦʨʤʘ ʟʘʣʝʛʘʥʠʷ ʧʝʩʯʘʥʳʭ ʪʝʣ ʧʣʦʱʘʜʥʘʷ, ʧʦʣʦʩʦʦʙʨʘʟʥʘʷ, ʨʝʞʝ ʣʠʥʟʦʚʠʜʥʘʷ. 

ɺ ʧʨʝʜʝʣʘʭ ʚʩʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʣʘʩʪ ʩʣʠʚʘʝʪʩʷ ʩ ʚʳʰʝ- ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ ʧʣʘʩʪʘʤʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ 22 % ʠ 63 % ʩʣʫʯʘʝʚ ʩʚʦʝʛʦ ʧʨʠʩʫʪʩʪʚʠʷ. 

ʇʣʘʩʪ-4 ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʚ ʪʫʣʴʩʢʦʝ ʚʨʝʤʷ, ʯʪʦ ʦʙʫʩʣʦʚʠʣʦ ʝʛʦ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ. ʏʘʱʝ ʚʩʝʛʦ ʢʦʣʣʝʢʪʦʨ ʟʘʤʝʱʝʥ ʛʣʠʥʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ ʠʣʠ ʩʠʣʴʥʦ 

ʛʣʠʥʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ɺ ʮʝʣʦʤ ʧʦ ʟʘʣʝʞʠ ˉ31 ʧʝʩʯʘʥʳʝ ʪʝʣʘ ʧʣʘʩʪʘ-4 ʩʣʠʚʘʶʪʩʷ ʩ ʥʠʞʝʣʝʞʘʱʠʤ 

ʢʦʣʣʝʢʪʦʨʦʤ ʚ 56 %. 

ʆʙʱʘʷ ʪʦʣʱʠʥʘ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 31,8 ʤ., ʧʨʠ ʠʥʪʝʨʚʘʣʝ ʠʟʤʝʥʝʥʠʷ ʦʪ 7,6 

ʤ. ʜʦ 52,8 ʤ (ʚʦ çʚʨʝʟʦʚʳʭè ʟʦʥʘʭ). 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʟʘʣʝʞʴ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ 4 ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʚʳʩʦʢʦʡ ʚʳʨʘʙʦʪʢʦʡ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ (86%), ʥʠʟʢʠʤʠ ʜʝʙʠʪʘʤʠ ʩʢʚʘʞʠʥ ʧʦ ʥʝʬʪʠ (3,5 

ʪ/ʩʫʪ.). ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʨʘʟʨʘʙʦʪʢʠ ʟʘʣʝʞʠ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʜʦʙʳʚʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ, ʙʦʣʝʝ 

90%, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʦʙʲʝʢʪʝ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʦʛʨʘʥʠʯʝʥʠʷ ʠ 

ʚʦʜʦʠʟʦʣʷʮʠʠ, ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ  ʪʝʭʥʦʣʦʛʠʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʠ ʦʩʥʦʚʘʥʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʘʛʝʥʪʘ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʷʟʢʠʝ ʫʩʪʦʡʯʠʚʳʝ ʵʤʫʣʴʩʠʠ ʩ ʚʥʝʰʥʝʡ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʬʘʟʦʡ ʠ ʙʣʦʢʠʨʦʚʘʪʴ ʧʨʦʤʳʪʳʝ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʝ ʟʦʥʳ (ʩʝʣʝʢʪʠʚʥʘʷ ʠʟʦʣʷʮʠʷ). 
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ˉ 
ʅʦʤʝʨ 

ʩʢʚʘʞʠʥʳ 

ʇʦʢʘʟʘʪʝʣʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ɼʝʙʠʪ 

ʥʝʬʪʠ, 

ʪ/ʩʫʪ. 

% ʚʦʜʳ 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ, ʪʦʥʥʳ 

ɿʘ ʤʝʩʷʮ 
ʉ ʥʘʯʘʣʘ 

ʛʦʜʘ 

ʉ ʥʘʯʘʣʘ 

ʤʝʨʦʧʨʠʷʪʠʷ 

1 2458 
ʆʪʨʠʮʘʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
0.7 99.2 5 19 19 

2 3569 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
1.1 90.3 32 142 142 

3 6821 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
3.1 88.6 72 301 1406 

4 1654 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
0.8 97.6 22 285 1707 

5 6582 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
2.9 85.3 87 186 1636 

6 6679 
ʆʪʨʠʮʘʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
0.8 99.2 1 10 281 

7 6612 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
3.1 81.2 64 268 4708 

8 6695 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
9.6 45.6 289 1183 1805 

9 6687 
ʆʪʨʠʮʘʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
0.8 96.9 0 0 0 

10 6782 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
0.6 94.4 3 54 1320 

11 6733 
ʇʦʣʦʞʠʪʝʣʴʥʳʡ 

ʵʬʬʝʢʪ 
0.6 94.4 3 54 1320 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʊʝʭʥʦʣʦʛʠʷ ʵʬʬʝʢʪʠʚʥʘ ʥʘ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʩ ʦʙʚʦʜʥʝʥʥʦʩʪʴʶ ʜʦʙʳʚʘʝʤʦʡ 

ʧʨʦʜʫʢʮʠʠ ʙʦʣʝʝ 90 %, ʩ ʧʣʦʪʥʦʩʪʴʶ ʜʦʙʳʚʘʝʤʳʭ ʚʦʜ 1015 ï 1185 ʢʛ/ʤ3. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʳ ʜʣʷ ʦʙʨʘʙʦʪʦʢ 

ʜʦʙʳʚʘʶʱʠʝ ʩʢʚʘʞʠʥʳ ʚʪʦʨʦʛʦ/ʪʨʝʪʴʝʛʦ ʨʷʜʘ ʠʣʠ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʙʣʠʟʠ ʦʪ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʩ 

ʦʙʲʝʤʘʤʠ ʟʘʢʘʯʢʠ ʥʝ ʙʦʣʝʝ 50 ʤ3/ʩʫʪ. ʅʝʜʦʧʫʩʪʠʤʘ ʟʘʢʘʯʢʘ ʚʳʩʦʢʦʚʷʟʢʠʭ ʩʠʩʪʝʤ ʟʘ 1-3 ʤʝʩʷʮʘ ʧʝʨʝʜ ʦʙʨʘʙʦʪʢʦʡ 

ʩʢʚʘʞʠʥʳ ʨʝʘʛʝʥʪʦʤ  ʚʦ ʠʟʙʝʞʘʥʠʝ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʡʩʪʚʠʷ [1]. 

ɼʣʷ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʠʟʦʣʷʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʩʢʚʘʞʠʥʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʥʘ ʥʝʬʪʷʥʫʶ ʟʘʣʝʞʴ ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɺ ʘʥʘʣʠʟʝ ʫʯʫʚʩʪʚʦʚʘʣʠ ʩʢʚʘʞʠʥʳ, ʥʘ ʢʦʪʦʨʳʭ ʩ 

2007 ʧʦ 2011 ʛʦʜ ʧʨʦʚʦʜʠʣʠʩʴ ʚʦʜʦʠʟʦʣʷʮʠʦʥʥʳʝ ʨʘʙʦʪʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʚʦʜʦʠʟʦʣʷʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʤʝʪʦʜʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʯʝʪʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʳʪʝʩʥʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ ɹ.ʌ. ʉʘʟʦʥʦʚʘ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʧʨʝʜʝʣʝʥʠʠ ʜʦʙʳʯʠ 

ʥʝʬʪʠ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʳʪʝʩʥʝʥʠʷ ʚ ʢʦʦʨʜʠʥʘʪʘʭ 

çʥʘʢʦʧʣʝʥʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ/ʣʦʛʘʨʠʬʤ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ (ʚʦʜʳ)è [2,3]. ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʘ 

ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʚʝʣʠʯʠʥʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

ʀʟ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʦʜʦʠʟʦʣʷʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘ ʟʘʣʝʞʠ ˉ31 

ʙʦʙʨʠʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʈʦʤʘʰʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚ 6 ʩʢʚʘʞʠʥʘʭ, ʚ 5 

ʩʢʚʘʞʠʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ. ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚʦʜʦʠʟʦʣʷʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʚʷʟʘʥ ʩʦ 

ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʟʘʣʝʞʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʯʝʪʳʨʴʤʷ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʧʣʘʩʪʘʤʠ 

ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʭʥʦʣʦʛʠʠ ʦʛʨʘʥʠʯʝʥʠʷ ʚʦʜʦʧʨʠʪʦʢʦʚ ʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ ʠ ʫʚʝʣʠʯʝʥʠʶ 1.
ʠʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ï ʂʘʟʘʥʴ, ʆɸʆ çʅʀʀʥʝʬʪʝʧʨʦʤʭʠʤè, 2002. ï ʉ.15 ï 18. 

 ʄʫʩʣʠʤʦʚ ʈ.ʍ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ: ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ, ʦʧʪʠʤʠʟʘʮʠʷ ʠ ʦʮʝʥʢʘ 2.
ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ï ʂʘʟʘʥʴ: ʀʟʜ-ʚʦ çʌʕʅè ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʊ, 2005. ï 687 ʩ. 

 ʄʫʩʣʠʤʦʚ ʈ.ʍ. ʄʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʧʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʶ ʠ ʦʮʝʥʢʝ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 3.
ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ. ï ʂʘʟʘʥʴ: ʀʟʜ-ʚʦ çʌʕʅè ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʊ, 2010. ï 144 ʩ. 

 ʉʢʚʦʨʮʦʚ ɸ.ʇ., ʉʘʣʠʭʦʚ ʀ.ʄ., ʉʫʣʪʘʥʦʚ ɸ.ʉ. ʆʙʦʙʱʝʥʠʝ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʚʥʝʜʨʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʧʦʚʳʰʝʥʠʷ 4.
ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʚ ʅɻɼʋ çɼʞʘʣʠʣʴʥʝʬʪʴè//ʅʝʬʪʝʧʨʦʤʳʩʣʦʚʦʝ ʜʝʣʦ. ï ʋʬʘ, 2000. ï ˉ11. ï ʉ.45 ï 54. 

 
ɻʆʈʀɿʆʅʊɸʃʔʅɸʗ ʅɸʉʆʉʅɸʗ ʋʉʊɸʅʆɺʂɸ ʅɸ ʇʈʀʆɹʉʂʆʄ ʄɽʉʊʆʈʆɾɼɽʅʀʀ 

ʇ.ɺ. ɺʦʣʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɽ.ɻ. ʂʘʨʧʦʚʘ  

ʅʘʫʯʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʇʦʜʜʝʨʞʘʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ - ʵʪʦ ʧʨʦʮʝʩʩ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ 

ʜʘʚʣʝʥʠʷ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʘʭ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ʥʘ ʥʘʯʘʣʴʥʦʡ ʠʣʠ ʟʘʧʨʦʝʢʪʠʨʦʚʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʜʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʝʝ ʜʦʙʳʯʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʥʝʪʘʥʠʷ ʚʦʜʳ ʚ 

ʧʣʘʩʪʳ-ʢʦʣʣʝʢʪʦʨʳ ʧʨʠ ʟʘʢʦʥʪʫʨʥʦʤ ʠʣʠ ʧʨʠʢʦʥʪʫʨʥʦʤ, ʠ ʚʥʫʪʨʠʢʦʥʪʫʨʥʦʤ ʟʘʚʦʜʥʝʥʠʠ ʚʦ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ 

ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʧʦʜʜʝʨʞʘʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʟʘ ʩʯʝʪ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʘʢʪʠʚʥʦʛʦ 

ʚʦʜʦʥʘʧʦʨʥʦʛʦ ʠʣʠ ʫʧʨʫʛʦ-ʚʦʜʦʥʘʧʦʨʥʦʛʦ ʨʝʞʠʤʘ. 

ʉʧʦʩʦʙʳ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚʳʙʠʨʘʶʪ ʠʩʭʦʜʷ ʠʟ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ. ɼʣʷ ʙʦʣʴʰʠʭ ʧʣʦʱʘʜʝʡ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠ 

ʵʢʦʥʦʤʠʯʥʳʤ ʤʝʪʦʜʦʤ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙ ʚʥʫʪʨʠʢʦʥʪʫʨʥʦʛʦ ʟʘʚʦʜʥʝʥʠʷ. ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʚʳʪʝʩʥʷʶʱʠʭ ʩʚʦʡʩʪʚ ʚ ʥʝʬʪʷʥʦʡ ʟʘʣʝʞʠ, ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʫʩʢʘʶʪ ʚʦʜʫ ʠʣʠ 

ʚʦʜʦʛʘʟʦʚʫʶ ʩʤʝʩʴ ʙʝʟ ʜʦʙʘʚʦʢ ʠʣʠ ʩ ʥʠʤʠ. ɼʣʷ ʨʘʩʯʝʪʘ ʧʨʦʮʝʩʩʘ ʥʘʛʥʝʪʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʧʨʠʸʤʠʩʪʦʩʪʴ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʠʭ ʯʠʩʣʦ ʠ ʜʘʚʣʝʥʠʝ, ʘ ʪʘʢʞʝ ʦʙʱʠʡ ʦʙʲʝʤ 

ʟʘʢʘʯʢʠ. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚʦʟʥʠʢʣʘ ʦʧʪʠʤʘʣʴʥʘʷ 

ʩʚʷʟʴ ʤʝʞʜʫ ʟʦʥʘʤʠ ʥʘʛʥʝʪʘʥʠʷ ʠ ʦʪʙʦʨʘ, ʘ ʪʘʢʞʝ ʨʘʚʥʦʤʝʨʥʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʚʦʜʦʡ. [1] 

ʂʨʘʪʢʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʆʩʥʦʚʥʳʤʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚ ʨʘʟʨʝʟʝ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷ 

ʥʝʦʢʦʤʩʢʦʛʦ ʥʝʬʪʝ-ʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʅɻʂ), ʚ ʯʘʩʪʥʦʩʪʠ, ʩʝʨʠʷ ʧʣʘʩʪʦʚ ɸʉ7 ï ɸʉ12. ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ 

ʩʯʠʪʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʪʶʤʝʥʩʢʦʡ ʩʚʠʪʳ ï ʩʨʝʜʥʝʶʨʩʢʠʡ ʅɻʂ (ʧʣʘʩʪʳ ʖʉ2, ʖʉ3) ʠ ʙʘʞʝʥʦʚʩʢʦʡ ʩʚʠʪʳ ï 

ʚʝʨʭʥʝʶʨʩʢʠʡ ʅɻʂ (ʧʣʘʩʪ ʖ0) ʠʟ ʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʳ ʥʝʙʦʣʴʰʠʝ ʧʨʠʪʦʢʠ ʥʝʬʪʠ ʠʣʠ ʚʳʥʝʩʝʥ ʥʝʬʪʝʥʦʩʥʳʡ ʢʝʨʥ.  

ʆʩʦʙʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʪʦʤ, ʯʪʦ ʝʛʦ ʧʣʘʩʪʳ ï ʢʦʣʣʝʢʪʦʨʳ (ɸʉ10, ɸʉ11 ʠ ɸʉ 12)  ʠʤʝʶʪ 

ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ï 4,2 ʤɼ, 12,8 ʤɼ ʠ 2,5 ʤɼ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʛʥʝʪʘʶʱʠʝ 

ʩʢʚʘʞʠʥʳ ʠʤʝʣʠ ʭʦʨʦʰʫʶ ʧʨʠʝʤʠʩʪʦʩʪʴ, ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʨʝʘʛʝʥʪ ʟʘʢʘʯʠʚʘʣʩʷ ʯʝʨʝʟ ʥʠʭ ʚ ʧʣʘʩʪ ʚʳʩʦʢʠʤ 

ʜʘʚʣʝʥʠʝʤ, ʘ ʠʤʝʥʥʦ ʦʢʦʣʦ 200 ʘʪʤ. ʅʦ ʥʝʢʦʪʦʨʳʝ ʢʫʩʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʜʘʣʝʢʦ ʦʪ ʩʪʘʥʮʠʡ ʪʨʝʪʴʝʛʦ ʧʦʚʳʰʝʥʠʷ 

ʜʘʚʣʝʥʠʷ. ʅʘʧʨʠʤʝʨ ʢʫʩʪ ˉ120 (ʈʠʩ. 1) . ʋʯʠʪʳʚʘʷ ʚʩʝ ʧʦʪʝʨʠ ʜʘʚʣʝʥʠʷ, ʢʦʥʝʯʥʦʝ ʝʛʦ ʟʥʘʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 

122 ʘʪʤ. ʇʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʫ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʫʩʪʘ ʷʚʣʷʝʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʦʡ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʚʳʩʠʪʴ ʜʘʚʣʝʥʠʝ ʜʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʟʥʘʯʝʥʠʷ (200ʘʪʤ) ʧʝʨʝʜ ʢʫʩʪʦʤ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɻʅʋ) [4]. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ. 1 ʈʘʩʧʦʣʦʞʝʥʠʝ ʩʢʚʘʞʠʥ ʥʘ ʢʫʩʪʝ ˉ120 

 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʚ ʤʦʙʠʣʴʥʦʤ ʠʩʧʦʣʥʝʥʠʠ (ʈʠʩ. 2, ʪʘʙʣ. 1) ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ: 

- ʥʘʛʥʝʪʘʥʠʷ ʚʦʜʳ ʚ ʩʢʚʘʞʠʥʫ ʩ ʮʝʣʴʶ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ; 

- ʫʧʨʘʚʣʝʥʠʷ ʠ ʢʦʥʪʨʦʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʨʘʡʦʥʘ, ʛʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ɻʅʋ: ʜʦ ʤʠʥʫʩ 47 ʉ0 [2]. 

 

 
ʈʠʩ. 2 ɺʥʝʰʥʠʡ ʚʠʜ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ 

 
ʊʘʙʣʠʮʘ 1 

ʊʝʭʥʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɻʅʋ 

 

ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚʥʫʪʨʠ ʥʠʟʢʦʨʘʤʥʦʛʦ ʧʨʠʮʝʧʘ (ʈʠʩ. 3) 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ 

ʂʦʣʠʯʝʩʪʚʦ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ ( ʥʝ ʙʦʣʝʝ), ʤʛ/ʣ 200 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʤʝʨ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ, ʤʢʤ 200 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʥʝ ʙʦʣʝʝ), ʤʛ/ʣ  0 

ʊʠʧ ʫʧʣʦʪʥʝʥʠʷ ʚʘʣʘ ʨʦʪʦʨʘ ʪʦʨʮʝʚʦʝ 

ɼʠʘʧʘʟʦʥ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʤ3/ʩʫʪ 1200 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘʛʥʝʪʘʥʠʷ, ʄʇʘ (ʢʛʩ/ʩʤ2) 16,3 (163)é23,0 (230) 

ɼʠʘʧʘʟʦʥ ʜʘʚʣʝʥʠʡ ʥʘ ʚʭʦʜʝ ʚ ʩʪʘʥʮʠʶ, ʄʇʘ (ʢʛʩ/ʩʤ2) 7(70)é16,0(160) 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 
ʈʠʩ. 3 ʆʙʱʠʡ ʚʠʜ ʘʚʪʦʤʦʙʠʣʴʥʦʛʦ ʥʠʟʢʦʨʘʤʥʦʛʦ ʧʨʠʮʝʧʘ ʜʣʷ ʫʩʪʘʥʦʚʢʠ ɻʅʋ 

ɸ ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʚʭʦʜ ʚʦʜʳ (ʫʩʣʦʚʥʳʡ ʜʠʘʤʝʪʨ 100ʤʤ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 7-16 ʄʇʘ, ɹ ï 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʚʳʭʦʜ ʚʦʜʳ ʠʟ ʫʩʪʘʥʦʚʢʠ ɻʅʋ (ʫʩʣʦʚʥʳʡ ʜʠʘʤʝʪʨ 100ʤʤ, ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 16,3-25 ʄʇʘ) 

 
ʉʦʩʪʘʚ ʟʘʢʘʯʠʚʘʝʤʦʛʦ ʨʝʘʛʝʥʪʘ. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʘʙʦʯʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʊʘʙʣ. 2). 

ʈʝʘʛʝʥʪ, ʢʦʪʦʨʳʡ ʟʘʢʘʯʠʚʘʝʪʩʷ ʚ ʧʣʘʩʪ ʯʝʨʝʟ ʩʢʚʘʞʠʥʳ ʇʇɼ ʩʦʩʪʦʠʪ ʠʟ: 

ʇʨʝʩʥʦʡ ʚʦʜʳ ï 50%; 

ʉʝʥʘʤʘʥʘ ï 10%; 

ʇʦʜʪʦʚʘʨʥʦʡ ʚʦʜʳ ï 40%. [4] 

ʊʘʙʣʠʮʘ 2 

ʊʝʭʥʠʯʝʩʢʠʡ ʨʝʞʠʤ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʢʫʩʪʝ ˉ120 ʥʘ ʷʥʚʘʨʴ 2014 ʛʦʜʘ 

ʂʫʩʪ ʉʢʚʘʞʠʥʘ ʈ ʫ.,ʘʪʤ. ʈ ʟʘʙ., ʘʪʤ. ʇʨʠʝʤʠʩʪʦʩʪʴ, ʤ3/ʩʫʪ 

 

Rʢ, ʤ ʈ ʧʣ., ʘʪʤ. 

120 1157 190 420 109 250 278 

120 2144 190 471 628 250 252 

120 2152 190 412 431 250 288 

120 3184 190 480 498 250 285 

 

ɻʅʋ ʦʙʦʩʥʦʚʘʥʠʝ  ʵʢʦʥʦʤʠʯʝʩʢʦʡ  ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʇʨʠʦʙʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʇʨʠʦʙʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʢʫʩʪ 120. 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʟʘʢʘʯʢʠ ʥʘ ʢʫʩʪ 120, ʥʝʦʙʭʦʜʠʤʦ ʙʫʜʝʪ ʦʪʢʨʳʪʴ ʩʢʚʘʞʠʥʳ ʇʇɼ 2144, 1157, 3169, 2757. 

(ʟʘʢʨʳʪʳ ʧʦ ʧʨʠʯʠʥʝ ʥʠʟʢʦʡ ʧʨʠʝʤʠʩʪʦʩʪʠ). 

ʈʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʜʦ ʫʩʪʘʥʦʚʢʠ ɻʅʋ ʥʘ ʢʫʩʪ: 

Wʧʨʠʝʤ.=520 ʤ3/ʩʫʪ; ʈʫʩʪ. = 120 ʘʪʤ 

ʈʘʙʦʯʠʝ ʧʘʨʘʤʝʪʨʳ ʧʦʩʣʝ ʫʩʪʘʥʦʚʢʠ ɻʅʋ ʥʘ ʢʫʩʪ: 

Wʧʨʠʝʤ.=1000-1200 ʤ3/ʩʫʪ; ʈʫʩʪ. = 190 ʘʪʤ 

ʇʨʠʨʦʩʪ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ: 150 ʤ3/ʩʫʪ 

ʇʨʠʨʦʩʪ ʜʦʙʳʯʠ ʥʝʬʪʠ: 30 ʤ3/ʩʫʪ 

ʇʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʧʘʨʘʤʝʪʨʘʤ ʧʦʜʦʙʨʘʥʘ ʩʣʝʜʫʶʱʘʷ ɻʅʋ 725 ʉʝʨʠʷ ʅʉ 10000 28 ʩʪʫʧ. 7,6 ʤʝʪʨʦʚ. 

ʈʘʩʭʦʜ 1200 ʤ3/ʩʫʪ (50 ʤ3/ʯʘʩ) ʥʘ 52,2 ɻʮ 

ʈʘʟʚʠʚʘʝʤʦʝ ʜʘʚʣʝʥʠʝ 70 ʘʪʤ (max. 94 ʘʪʤ) 

ʂʇɼ ʥʘʩʦʩʘ 72,48% 

ɼʘʚʣʝʥʠʝ ʥʘ ʧʨʠʝʤʝ: 120 ʘʪʤ (ʦʪ 70 ʜʦ 160 ʘʪʤ) 

ɺ ʩʦʩʪʘʚʝ ʫʩʪʘʥʦʚʢʠ ʦʪʩʫʪʩʪʚʫʶʪ: ʢʨʠʚʦʰʠʧʥʦ-ʢʦʣʝʥʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʳ, ʨʝʜʫʢʪʦʨʳ, 

ʩʣʫʯʘʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʩʚʦʜʷʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. 

ɼʨʦʩʩʝʣʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ ʥʘ ʙʣʦʢʝ ʛʨʝʙʝʥʦʢ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʪʝʨʠ ʧʨʠ ʜʨʦʩʩʝʣʠʨʦʚʘʥʠʠ 

ʠʩʢʣʶʯʘʶʪʩʷ ʢʘʢ ʬʘʢʪ. ʈʝʞʠʤʳ ʨʘʙʦʪʳ ʠʟʤʝʥʷʶʪʩʷ ʯʘʩʪʦʪʥʳʤ ʨʝʛʫʣʠʨʦʚʘʥʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʩʭʦʜ ʵʥʝʨʛʠʠ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʢʫʱʝʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ[3]. 

ʈʝʟʫʣʴʪʘʪ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣ, ʯʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʩʦʩʥʘʷ ʫʩʪʘʥʦʚʢʘ ʷʚʣʷʝʪʩʷ 

ʵʬʬʝʢʪʠʚʥʳʤ ʫʩʪʨʦʡʩʪʚʦʤ ʢʘʢ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʘʢ ʠ ʩ ʪʝʭʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʪʘʢ ʢʘʢ ʧʨʦʩʪʘ ʚ ʫʩʪʘʥʦʚʢʝ ʠ 

ʨʝʤʦʥʪʝ, ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʣʦʞʝʥʠʡ ʠ ʪʝʨʨʠʪʦʨʠʡ ʧʦʜ ʟʘʩʪʨʦʡʢʫ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ 

ʥʘʛʥʝʪʘʥʠʷ ʨʝʘʛʝʥʪʘ ʚ ʩʢʚʘʞʠʥʳ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
  ʄʦʭʦʚ ʄ.ɸ. ʅʝʬʪʝʛʘʟʦʚʘʷ ʤʠʢʨʦʵʥʮʠʢʣʦʧʝʜʠʷ. ï ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ. ʄ. ɻʫʙʢʠʥʘ, 2005. ï 125 ʩ. 1.
  ʊʝʭʥʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ˉ33 06 068/12 ʦʪ 10.04.2013 ʛ. (ɿʘʢʘʟʯʠʢ ʆʆʆ 2.

çʈʅ-ʖʛʘʥʩʢʥʝʬʪʝʛʘʟ)è 
  ʆʪʯʝʪ ʧʦ ʦʙʦʩʥʦʚʘʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ ʎɼʅɻ-12, 3.

ʇʨʠʦʙʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, çʈʅ-ʖʛʘʥʩʢʥʝʬʪʝʛʘʟè 
 ʆʪʯʝʪ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʪʜʝʣʘ ʎɼʅɻ-12 ʇʨʠʦʙʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʩʦʩʪʦʷʥʠʶ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 4.

ʦʪ 24.01.2014ʛ.  
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʄɽʊʆɼʓ ɸʅɸʃʀɿɸ ɺɿɸʀʄʆɺʃʀʗʅʀʗ ʉʂɺɸɾʀʅ ʉ ʇʆʄʆʑʔʖ ɸʇʇɸʈɸʊɸ 
ʄɸʊɽʄɸʊʀʏɽʉʂʆʁ ʉʊɸʊʀʉʊʀʂʀ ʀ ʉʇɽʎʀɸʃʀɿʀʈʆɺɸʅʅʓʍ ʇʈʆɻʈɸʄʄʅʓʍ 

ʇʈʆɼʋʂʊʆɺ 
ɺʫ ʊʭʫʠ ʅʛʘʥ

2 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ɺ.ʉ. ʂʦʪʝʞʝʢʦʚ
1
, ʧʨʦʬʝʩʩʦʨ ɸ.ʊ. ʈʦʩʣʷʢ

2
 

1ʆʆʆ çʉʀɸʄ-ʀʥʞʠʥʠʨʠʥʛè, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 
2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʇʨʦʙʣʝʤʘ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʩʢʚʘʞʠʥ, ʪ.ʝ. ʦʮʝʥʢʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ 

ʩʪʘʣʘ ʦʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ɸʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʘʤʠ 

ʛʠʜʨʦʧʨʦʩʣʫʰʠʚʘʥʠʷ ʠ ʪʨʘʩʩʝʨʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. ɺ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʠ ʤʝʪʦʜʳ ʠʤʝʶʪ ʨʷʜ 

ʧʨʝʠʤʫʱʝʩʪʚ: ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʦʙʦʩʥʦʚʘʥʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʮʝʜʫʨʳ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ 

ʫʩʪʘʥʦʚʠʪʴ ʢʦʥʢʨʝʪʥʝʝ ʥʘʣʠʯʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʩʢʚʘʞʠʥʘʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʠʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʣʘʩʪʝ ʠ ʩʢʚʘʞʠʥ. ʆʜʥʘʢʦ, ʧʨʦʚʝʜʝʥʠʝ ʪʨʘʩʩʝʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʛʠʜʨʦʧʨʦʩʣʫʰʠʚʘʥʠʷ ʩʦʧʨʷʞʝʥʦ ʩ ʚʳʩʦʢʠʤʠ ʟʘʪʨʘʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʟʘʪʨʘʪʘʤʠ ʥʘ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ 

ʦʩʪʘʥʦʚʢʠ ʩʢʚʘʞʠʥ. ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʪʨʘʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ 

ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʚʣʠʷʥʠʷ ʩʢʚʘʞʠʥ ʧʨʦʚʦʜʷʪ ʜʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʤʝʶʪ 

ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ: 

ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʩʚʷʟʘʥ ʩ ʧʦʠʩʢʦʤ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʝʞʜʫ ʧʦʚʝʜʝʥʠʝʤ ʜʚʫʭ ʦʙʲʝʢʪʦʚ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʘʥʘʣʠʟʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʫʢʘʟʳʚʘʶʱʝʝ ʥʘ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʥʝʢʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʫʩʧʝʰʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ: ʬʠʟʠʢʝ, ʭʠʤʠʠ, 

ʵʢʦʥʦʤʠʢʝ, ʧʩʠʭʦʣʦʛʠʠ ʠ ʜʨ. ɺ ʥʝʬʪʝʛʘʟʦʚʦʤ ʜʝʣʝ ʜʘʥʥʳʝ ʧʦʜʭʦʜʳ ʪʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʟʘʜʘʯ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʧʦʜʭʦʜ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʛʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʧʠʨʤʝʥʘ [2, 3] 

ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤʠ ʠ ʜʦʙʳʚʘʶʱʠʤʠ ʩʢʚʘʞʠʥʘʤʠ. ʆʜʥʘʢʦ ʚ ʭʦʜʝ 

ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦʤʠʤʦ ʨʘʥʛʦʚʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʥʛʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʂʝʥʜʘʣʣʘ ʠ ʦʙʱʠʡ ʚʠʜ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ.  

ʈʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ 

ʉʪʝʧʝʥʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʚʫʭ ʚʝʣʠʯʠʥ (ʧʘʨʘʤʝʪʨʦʚ) ʉʢʚ1 ʠ ʉʢʚ2 ʤʦʞʝʪ ʙʳʪʴ ʦʧʠʩʘʥʘ  ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʧʦʣʫʯʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʧʠʨʤʝʥʘ, ʢʦʪʦʨʦʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ -1 (ʦʙʨʘʪʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ) ʜʦ 1 (ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ). ʅʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ 

ʥʝʟʘʚʠʩʠʤʳ.  

ʉʥʘʯʘʣʘ ʜʣʷ ʢʘʞʜʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʉʢʚ1 ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʥʛʠ. ʈʘʥʛʠ ʥʘʟʥʘʯʘʶʪʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ 

ʧʦʨʷʜʢʝ ʚʦʟʨʘʩʪʘʥʠʷ ʟʥʘʯʝʥʠʡ (i=1, 2, 3 é), ʪ.ʝ. ʥʘʠʤʝʥʴʰʝʤʫ ʟʥʘʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʉʢʚ1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʥʛ, 

ʨʘʚʥʳʡ 1, ʥʘʠʙʦʣʴʰʝʤʫ ï ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʥʛ. ɸʥʘʣʦʛʠʯʥʳʝ ʜʝʡʩʪʚʠʷ ʧʨʦʠʟʚʦʜʷʪʩʷ ʩ ʧʘʨʘʤʝʪʨʦʤ ʉʢʚ2. 

ʂʦʣʠʯʝʩʪʚʦ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʉʢʚ1 ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʳʤ ʯʠʩʣʫ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʉʢʚ2. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʨʠʤʝʨ ʪʘʙʣʠʮʳ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʉʧʠʨʤʝʥʘ: 

ʊʘʙʣʠʮʘ 1 

 

ˉ ʩʣʫʯʘʷ ɼʝʙʠʪ ʉʢʚ1 ʇʨʠʝʤʠʩʪʦʩʪʴ ʉʢʚ2 ʈʘʥʛʠ ʜʣʷ ʜʝʙʠʪʘ ʈʘʥʛʠ ʜʣʷ ʧʨʠʝʤʠʩʪʦʩʪʠ 

1 100 500 10 10 

2 95 350 9 5 

3 13 200 1 1 

4 46 250 2 2 

5 50 290 3 3 

6 58 340 4 4 

7 70 400 7 7 

8 75 460 8 8 

9 64 470 6 9 

10 60 380 5 6 

ɼʘʣʝʝ ʜʣʷ ʢʘʞʜʦʛʦ ʩʣʫʯʘʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʨʘʟʥʦʩʪʴ ʨʘʥʛʦʚ d ʠ ʚʳʯʠʩʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʉʧʠʨʤʝʥʘ: 
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ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʩʣʫʯʘʝʚ. 

ʕʪʘ ʬʦʨʤʫʣʘ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʩʣʫʯʘʝʚ, ʢʦʛʜʘ ʚ ʚʳʙʦʨʢʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʜʥʦʛʦ ʠʣʠ 

ʜʨʫʛʦʛʦ ʧʘʨʘʤʝʪʨʘ. ɺ ʠʥʳʭ ʩʣʫʯʘʷʭ ʧʨʠʤʝʥʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʘʷ ʬʦʨʤʫʣʘ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʧʦʚʪʦʨʷʶʱʠʝʩʷ 

ʟʥʘʯʝʥʠʷ ʩʦ ʩʚʷʟʘʥʥʳʤʠ ʨʘʥʛʘʤʠ: 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 
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MX, MY ï ʢʦʣʠʯʝʩʪʚʦ ʛʨʫʧʧ ʦʜʠʥʘʢʦʚʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʦʚ X ʠ Y; 

NX, NY ï ʢʦʣʠʯʝʩʪʚʦ ʦʜʠʥʘʢʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʨʫʧʧʝ.   

ɼʣʷ ʦʮʝʥʢʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: ʨʘʥʛʦʚʳʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʂʝʥʜʘʣʣʘ (1.3), ʘ ʪʘʢʞʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ (1.4). ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʝ ʦʪʥʦʰʝʥʠʝ 

ʚʠʜʘ (1.4) ʥʝ ʦʙʨʝʤʝʥʝʥʦ ʥʠʢʘʢʠʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʜʦʧʫʱʝʥʠʷʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʚʠʜʘ ʨʝʛʨʝʩʩʠʦʥʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ [1], ʪ.ʝ. ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʥʝʣʠʥʝʡʥʳʝ ʚʠʜʳ ʟʘʚʠʩʠʤʦʩʪʝʡ.  
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k ï ʯʠʩʣʦ ʠʥʪʝʨʚʘʣʦʚ ʛʨʫʧʧʠʨʦʚʘʥʠʷ; 

mi (i=1, 2, é, k) ï ʯʠʩʣʦ ʚʳʙʦʨʦʯʥʳʭ ʪʦʯʝʢ, ʧʦʧʘʚʰʠʭ ʚ i-ʡ ʠʥʪʝʨʚʘʣ ʛʨʫʧʧʠʨʦʚʘʥʠʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʥʠʟʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʩʯʝʪʘ ʨʘʥʛʦʚʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʢʦʨʨʝʣʷʮʠʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʘʣʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʯʠʪʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʢʦʨʨʝʣʷʮʠʠ, ʬʘʢʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʝʙʠʪʘ ʜʦʙʳʚʘʶʱʝʡ ʩʢʚʘʞʠʥʳ ʦʪ ʧʨʠʝʤʠʩʪʦʩʪʠ ʩʦʩʝʜʥʝʡ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ 

ʩʢʚʘʞʠʥʳ ʚʩʝ-ʪʘʢʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʌʘʢʪʦʨʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʝʩʢʦʣʴʢʦ: 

ʇʦʛʨʝʰʥʦʩʪʴ ʟʘʤʝʨʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʀʟʤʝʥʝʥʠʝ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʌɽʉ ʧʣʘʩʪʘ. 

ʅʝʡʨʦʩʝʪʝʚʦʡ ʘʥʘʣʠʟ. 

ʆʩʥʦʚʥʦʡ ʪʝʭʥʦʣʦʛʠʝʡ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʤʥʦʶ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʠ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʡ, ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ. 

ʅʝʡʨʦʩʝʪʠ ʧʦʣʫʯʠʣʠ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʟʘ ʧʦʩʣʝʜʥʠʝ 25 ʣʝʪ. ʆʥʠ ʧʦʟʚʦʣʷʶʪ 

ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʩʣʦʞʥʳʭ ʟʘʜʘʯ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ, ʯʘʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷ ʪʦʯʥʦʩʪʴ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ 

ʩʪʘʪʠʩʪʠʢʠ ʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʠʥʪʝʣʣʝʢʪʘ, ʣʠʙʦ ʷʚʣʷʷʩʴ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʦʪʜʝʣʴʥʳʭ 

ʟʘʜʘʯ. 

 

 
ʈʠʩ.1 ʆʙʱʘʷ ʩʪʨʫʢʪʫʨʘ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ 

 

ɺʦʟʤʦʞʥʦʩʪʠ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ: 

+ ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʢʦʤʙʠʥʠʨʦʚʘʪʴ ʵʣʝʤʝʥʪʳ ʥʝʡʨʦʩʝʪʠ (ʥʝʡʨʦʥʳ ʳʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ); 

+ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ; 

+ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʥʝʠʥʬʦʨʤʘʪʠʚʥʳʭ, ʰʫʤʦʚʳʭ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ; 

+ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʤʠ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ, ʩ ʨʘʟʥʦʪʠʧʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ 

(ʠʟʤʝʨʝʥʥʦʡ ʚ ʥʝʧʨʝʨʳʚʥʦʟʥʘʯʥʳʭ, ʜʠʩʢʨʝʪʥʦʟʥʘʯʥʳʭ, ʥʦʤʠʥʘʣʴʥʳʭ, ʙʫʣʝʚʳʭ ʰʢʘʣʘʭ). 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
+ʥʝʡʨʦʥʥʘʷ ʩʝʪʴ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʤʦʞʝʪ ʨʝʰʘʪʴ ʥʝʩʢʦʣʴʢʦ ʟʘʜʘʯ ʥʘ ʝʜʠʥʦʤ ʥʘʙʦʨʝ ʚʭʦʜʥʳʭ ʩʠʛʥʘʣʦʚ. 

+ʘʣʛʦʨʠʪʤʳ ʦʙʫʯʝʥʠʷ ʥʘʢʣʘʜʳʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ ʪʨʝʙʦʚʘʥʠʡ ʥʘ ʩʪʨʫʢʪʫʨʫ ʥʝʡʨʦʥʥʦʡ ʩʝʪʠ ʠ 

ʩʚʦʡʩʪʚʘ ʥʝʡʨʦʥʦʚ. 

+ʥʝʡʨʦʩʝʪʴ ʤʦʞʝʪ ʦʙʫʯʠʪʴʩʷ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʢʦʪʦʨʫʶ ʯʝʣʦʚʝʢ-ʵʢʩʧʝʨʪ ʨʝʰʘʝʪ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ 

(ʠʣʠ ʜʣʷ ʢʦʪʦʨʦʡ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ ʵʢʩʧʝʨʪ). ʆʙʫʯʝʥʥʘʷ ʩʝʪʴ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʷʚʥʦʛʦ 

ʘʣʛʦʨʠʪʤʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʥʘʙʦʨʘ ʧʨʘʚʠʣ "ʝʩʣʠ é, ʪʦ é", ʠ ʠʟʫʯʝʥʠʝ ʵʪʦʛʦ ʘʣʛʦʨʠʪʤʘ ʤʦʞʝʪ 

ʧʦʟʚʦʣʠʪʴ ʯʝʣʦʚʝʢʫ ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʟʥʘʥʠʷ. 

+ʩʠʥʪʝʟʠʨʦʚʘʥʥʘʷ (ʦʙʫʯʝʥʥʘʷ) ʥʝʡʨʦʩʝʪʴ ʦʙʣʘʜʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʦʪʢʘʟʘʤ ʦʪʜʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʥʝʡʨʦʥʦʚ) ʠ ʣʠʥʠʡ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʚ ʥʝʡ. 

ʇʨʝʠʤʫʱʝʩʪʚʘ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʧʝʨʝʜ ʥʝʩʢʦʣʴʢʠʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʪʘʪʠʩʪʠʢʠ. 

+ ʵʬʬʝʢʪʠʚʥʦ ʩʪʨʦʠʪʴ ʥʝʣʠʥʝʡʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ. 

+ ʵʬʬʝʢʪʠʚʥʝʝ ʩʞʠʤʘʪʴ ʜʘʥʥʳʝ ʟʘ ʩʯʝʪ ʧʦʩʪʨʦʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʠ ʚʠʟʫʘʣʠʟʠʨʦʚʘʪʴ ʜʘʥʥʳʝ 

ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʥʴʰʝʛʦ ʯʠʩʣʘ ʥʝʣʠʥʝʡʥʳʭ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ. 

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʟʘʜʘʯ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ ʜʚʫʭ ʤʦʜʝʣʝʡ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʞʝ ʥʝʡʨʦʥʥʳʭ ʩʝʪʝʡ ʤʦʞʥʦ ʦʙʦʡʪʠʩʴ ʦʜʥʦʡ ʩʝʪʴʶ, ʦʙʫʯʝʥʥʦʡ ʨʝʰʘʪʴ ʧʨʷʤʫʶ ʟʘʜʘʯʫ (ʩʤ. ʤʦʶ 

ʩʪʘʪʴʶ). 

 
ʃʠʪʝʨʘʪʫʨʘ 

 ɸʡʚʘʟʷʥ ʉ.ɸ., ɽʥʶʢʦʚ ʀ.ʉ., ʄʝʰʘʣʢʠʥ ʃ.ɼ. ʇʨʠʢʣʘʜʥʘʷ ʩʪʘʪʠʩʪʠʢʘ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ. // ʄʦʩʢʚʘ. 1.
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ɸɼɸʇʊʀɺʅɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ʂʈʀɺʆʁ ɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɼɸɺʃɽʅʀʗ ʉʂɺɸɾʀʅ 

ɻɸɿʆɺʓʍ  ʀ ɻɸɿʆʂʆʅɼɽʅʉɸʊʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ  
ʂ.C. ɻʘʚʨʠʣʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʃ. ʉʝʨʛʝʝʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʧʣʘʩʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ  

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʩʢʚʘʞʠʥʳ ʠ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ ʝʝ ʨʝʰʝʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʇʨʠʚʦʜʷʪʩʷ ʧʨʠʤʝʨʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʢʨʠʚʳʭ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ  ʩʢʚʘʞʠʥ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ɺʚʝʜʝʥʠʝ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʨʠʚʳʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʂɺɼ) ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʘʨʘʥʝʝ 

ʩʧʣʘʥʠʨʦʚʘʥʥʳʭ  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʩʤ. 

ʨʠʩ.1) ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʡ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʯʘʩʘ ʧʨʦʮʝʩʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʜʘʣʝʝ 

ʤʝʜʣʝʥʥʳʭ ʨʦʩʪ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ ʧʣʘʩʪʦʚʦʛʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 30 ʤʠʥʫʪ ʜʦ 20 ï 50 ʯʘʩʦʚ. ʇʨʠʯʝʤ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʂɺɼ ʦʜʥʦʨʦʜʥʦ- ʧʦʨʠʩʪʦʛʦ ʧʣʘʩʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʢʚʘʜʨʘʪʘ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʦʪ 

ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ. ʅʘ ʩʧʦʩʦʙʝ ʚʳʜʝʣʝʥʠʷ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʫʯʘʩʪʢʘ ʂɺɼ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʧʨʦʠʟʚʦʜʥʦʡ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ  ʦʩʥʦʚʘʥ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʷʭ ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ [1]. ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʨʝʘʣʠʟʦʚʘʥ ʚ ʟʘʨʫʙʝʞʥʳʭ ʧʨʦʛʨʘʤʤʘʭ  PanSystem, Saphir . 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʜʦʩʪʘʪʢʦʤ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʂɺɼ [1-3] ʷʚʣʷʝʪʩʷ ʠʭ ʟʘʪʨʘʪʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʟʘʨʘʥʝʝ ʩʧʣʘʥʠʨʦʚʘʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʩʪʦʷʤʠ ʩʢʚʘʞʠʥ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʛʘʟʘ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʘ.    

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʨʝʙʫʝʪʩʷ ʠʥʘʷ ʪʝʭʥʦʣʦʛʠʷ, ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʷʪʴ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʟʘʣʝʞʝʡ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʥʝ ʧʣʘʥʠʨʫʷ ʟʘʨʘʥʝʝ ʚʨʝʤʷ ʠʭ ʟʘʚʝʨʰʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

[4,5] ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ  ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʂɺɼ ʩʢʚʘʞʠʥ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʦʚ ʠ ʚʨʝʤʝʥʷ ʟʘʚʝʨʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʜʘʥʥʳʭ 

ʦ ʟʘʙʦʡʥʦʤ ʜʘʚʣʝʥʠʠ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

  
ʈʠʩ. 1 ʂʨʠʚʘʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ʩʢʚʘʞʠʥ 

ˉ 1046, ˉ 1054 

ʈʠʩ. 2 ʀʥʜʠʢʘʪʦʨʥʘʷ ʢʨʠʚʘʷ ʩʢʚʘʞʠʥʳ 

ˉ 1046 

 
ʄʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʂɺɼ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʂɺɼ 

ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʠʤʝʨʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʦʜʥʦʨʦʜʥʦ- ʧʦʨʠʩʪʦʛʦ ʥʝʬʪʷʥʦʛʦ ʧʣʘʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ 

ʤʦʜʝʣʴʶ  

2

1 2 lg( )ʟP ta a= + ,

2 2

1 0 2 02

,

2,25
lg( )ʟ

c ʧʨ

P bq
r

c
a a= + +

, /ʧʣ ʧʣkP mc m=   (1) 

ʛʜʝ 0 0( ), ( )ʟ ʟ ʟP t P t P=
- ʪʝʢʫʱʝʝ ʠ ʥʘʯʘʣʴʥʦʝ ʧʝʨʝʜ ʦʩʪʘʥʦʚʢʦʡ ʩʢʚʘʞʠʥʳ ʟʘʙʦʡʥʳʝ ʜʘʚʣʝʥʠʷ; 0q

- ʜʝʙʠʪ 

ʩʢʚʘʞʠʥʳ ʚ ʤʦʤʝʥʪ ʝʝ ʦʩʪʘʥʦʚʢʠ 0t ;m- ʧʦʨʠʩʪʦʩʪʴ; h- ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ; 
c

- ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʲʝʟʦʧʨʦʚʦʜʥʦʩʪʠ;

2

,c ʧʨr
- ʧʨʠʚʝʜʝʥʥʳʡ ʨʘʜʠʫʩ ʩʢʚʘʞʠʥʳ; k-  ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ;ʧʣ

P
- ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ; ʧʣm

- ʚʷʟʢʦʩʪʴ ʛʘʟʘ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ; b - ʧʘʨʘʤʝʪʨ ʤʦʜʝʣʠ ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʨʠʚʦʡ  
2 2 2

ʟ ʧʣP P aq bq= - -       (2)  
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ  ʤʦʜʝʣʠ (1) ʠ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ [4,5] ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʧʣʘʩʪʘ 

- ʧʨʦʚʦʜʠʤʦʩʪʠ 
/khs m=
, ʧʲʝʟʦʧʨʦʚʦʜʥʦʩʪʠ 

c
, ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷʧʣP

 ʚ ʤʦʤʝʥʪ ʟʘʚʝʨʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ

kt ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʘʤ:  

* * 0

* *

2

42,4
( , )

( , )

ʧʣ

k

k ʩ

q T z
t

t T

r
s w

a w
=

,      (3) 
* * 2 * 2

* * 2 1 0 0

* *

2

( , )
( , ) 0,445 exp( )

( , )

k ʟ

k c

k

t P b q
t r

t

a w
c w

a w

- -
=

,    (4) 
* * * * * *

1 2( , ) ( , ) ( , ) lg( )ʧʣ k k k pP t t t tw a w a w= +
     (5) 

ʛʜʝ
* * * * * *

1 2( , ) ( ( , ), ( , ))k k kt t ta w a w a w=
 -  ʦʧʪʠʤʘʣʴʥʳʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʂɺɼ (1) ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 
* * * *

1 2 3( ) ( ( ), ( ), ( ))k k k kt t t tw w w w=
ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʝʤ ʨʝʰʝʥʠʷ  ʜʚʫʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 

ʟʘʜʘʯ: 

*
,( , ) argmin ( ( ), ( ), , , ,)ʧʣ kk kk k kt ʌ t t P

a
a w a w s c=

     (6) 
* *( ) argmin ( ( , ), (( /) ))k k k k it J t W t t

w
w a w g-= -

.    (7) 

ɿʜʝʩʴ ʟʘʧʠʩʴ 
argmin ( )

x
f x

 ʦʟʥʘʯʘʝʪ ʪʦʯʢʫ ʤʠʥʠʤʫʤʘ 
*x  ʬʫʥʢʮʠʠ 

( )f x
(

*( ) min ( )
x

f x f x=
); ʌ

- ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ ʂɺɼ ʩ ʫʯʝʪʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ 

ʧʣʘʩʪʘ 
,, , ʧʣ kk k Ps c
ʠʟʚʝʩʪʥʳʭ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ kt ; J - ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ  ʂɺɼ (1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʮʝʥʦʢ  
* ( , )kta w

 ʠ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ Wʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʧʨʦʮʝʩʩ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ [3]; z- 

ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʝʨʭʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʘ ʧʨʠ Pʧʣ ʠ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣT
(

293cT K=
);
r
=1,033 ʢʛ ʩ/ʩʤ2; tp ï 

ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʚʨʝʤʝʥʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ ʧʣʘʩʪʦʚʦʛʦ; 
*b - ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʤʦʜʝʣʠ 

ʠʥʜʠʢʘʪʦʨʥʦʡ ʢʨʠʚʦʡ (2). 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

ʄʦʤʝʥʪ ʚʨʝʤʝʥʠ ʟʘʚʝʨʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 
*

kt  ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥ ʧʦ ʢʨʠʪʝʨʠʶ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʦʮʝʥʦʢ
* *( , )kta w

[4,5]  
* * * * * *

,( , ) ( , )) / ( , ) , 1,2 1,2,3,...j k i j k j k jt t t j ia w a w a w e- - ¢ = =
 ( je ï ʟʘʜʘʥʥʘʷ ʪʦʯʥʦʩʪʴ) (8) 

ʛʜʝ ʟʘ 
*

kt  ʧʨʠʥʠʤʘʝʪʩʷ ʪʦ ʟʥʘʯʝʥʠʝ ʪʝʢʫʱʝʛʦ ʚʨʝʤʝʥʠ kt  ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʂɺɼ ʩʢʚʘʞʠʥ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʂɺɼ ʩʢʚʘʞʠʥ ˉ 1046 ʠ 1054 ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2,3 ʠ ʚ 

ʪʘʙʣʠʮʝ. 

  
ʈʠʩ. 3 ʆʮʝʥʢʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʘʩʪʘ ʩʢʚʘʞʠʥʳ 

 ˉ 1046. 

ʈʠʩ. 4 ʆʮʝʥʢʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩʢʚ. ˉ 1046. 

ʅʘ ʨʠʩ. 2,3 ʧʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʂɺɼ ʩʢʚʘʞʠʥʳ 1046 ʘʜʘʧʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʥʪʝʨʧʨʝʪʘʮʠʠ (3)-(8) ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ 

(ɸʀ_ʀʄ) ʠ ʤʦʜʝʣʠ ʂɺɼ (1) (ʣʠʥʠʷ 1), ʘʜʘʧʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʝʛʦ ʩʦʚʤʝʱʝʥʠʷ (ɸʄ_ʅʉ) - (ʣʠʥʠʷ 2) ʠ 

ʘʜʘʧʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʝʛʦ ʩʦʚʤʝʱʝʥʠʷ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʧʦ ɸ.ʅ. ʊʠʭʦʥʦʚʫ (ɸʄ_ʅʉʈ) - (ʣʠʥʠʷ 3) [6]. ɺ 

ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʨʠʦʨʥʳʭ ʜʘʥʥʳʭ ʚ ʤʝʪʦʜʝ ɸʀ_ʀʄ  ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʥʘʯʝʥʠʷ.0s =30ɼʤ/ʩʇ, 0c

=4500 ʩʤ2/ ʩʝʢ,0ʧʣP = 300 ʘʪ. 

 ɺ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʦʮʝʥʦʢ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʲʝʟʦʧʨʦʚʦʜʥʦʩʪʠ ʠ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Sapir ʟʘ 38 ʯʘʩʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ  ʤʝʪʦʜʦʚ 

ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʠ ʙʝʟ ʫʯʝʪʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʟʘ ʨʘʟʥʳʝ ʧʝʨʠʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʀʟ ʨʠʩ. 3,4 ʠ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʙʦʣʝʝ 

ʪʦʯʥʳʭ ʦʮʝʥʦʢ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʢʦʨʦʪʢʠʭ ʥʝʜʦʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʂɺɼ ʚ 

ʧʨʝʜʝʣʘʭ  

ʦʪ 6 ʜʦ14 ʯʘʩʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ɺʳʚʦʜʳ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʭ ʧʣʘʩʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ  

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ  ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʢʨʠʚʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜ 

ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʟʚʦʣʷʶʱʠʡ ʧʨʦʚʦʜʠʪʴ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʧʨʝʜʝʣʷʪʴ ʚʨʝʤʷ ʟʘʚʝʨʰʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʫʯʠʪʳʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ. 

 
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʢʚʘʞʠʥs 1046 

ʄʝʪʦʜʳ ɺʨʝʤʷ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯ 

ʇʨʦʚʦʜʠʤʦʩʪʴ, 

ʤ/ʩʇ 

ʇʲʝʟʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʩʤ2/ʩʝʢ 

ʇʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ, 

ʘʪ 

Saphir 38 10,9 2280 282,2 

 

ɸʀ_ʀʄ 

6 17,2 2588 284,4 

14 15,8 2352 285,8 

30 15,2 2305 286,2 

38 15,2 2305 286,2 

 

ɸʀ_ʅʉ 

6 6,5 989 289,1 

14 8,6 1316 287,5 

30 13,1 1745 286,4 

38 14.3 2166 286,2 

ɸʀ_ʅʉʈ 6 6,0 921 289,7 

14 7,5 1141 288,1 

30 8,4 1273 287,4 

38 8,6 1309 287,2 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʅʘ ʧʨʠʤʝʨʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥʳ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʤʝʥʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ ʢʦʨʦʪʢʠʭ ʥʝʜʦʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʂɺɼ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ  ʙʦʣʝʝ ʪʦʯʥʳʭ ʦʮʝʥʦʢ  ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʘʩʪʘ, ʧʲʝʟʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʧʨʦʩʪʦʷ ʩʢʚʘʞʠʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʣʫʯʰʝʛʦ 

ʩʦʚʤʝʱʝʥʠʷ ʠ ʤʝʪʦʜʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ  ʨʝʘʣʠʟʦʚʘʥʥʦʛʦ ʚ ʧʨʦʛʨʘʤʤʝ Saphir. 
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ʇɽʈʉʇɽʂʊʀɺʓ ʅɸʅʆʊɽʍʅʆʃʆɻʀʁ ʇʈʀ ɼʆɹʓʏɽ ʅɽʌʊʀ 

ɻ.ʊ. ɻʘʨʘʝʚ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɿʷʪʠʢʦʚ ʇ.ʅ.  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ  

Hʘʥʦʪʝʭʥʦʣʦʛʠʷ ʚoʰʣʘ ʚ ʥʝʬʪʝʛʘʟoʚyʶ ʧʨoʤʳʰʣʝʥʥʦʩʪʴ ʥe ʪaʢ ʜaʚʥo, ʥo ʤʥʦʛʠʝ ʝʝ ʧʨʠʣʦʞʝʥʠʷ ʫʞʝ 

ʩʪʘʣʠ ʥʝʦʪʜʝʣʠʤʦʡ ʯʘʩʪʴʶ ʤʥʦʛʠʭ, ʪʨʘʜʠʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʝʜʧʦʣʦʞʠʤ, ʩʧʦʣʴʟʦʚʘʥʠʝ 

ʥʘʥʦ-ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʮʝʦʣʠʪʦʚ ʧʦʟʚʦʣʠʣʦ ʥʘ 40% ʧʦʚʳʩʠʪʴ ʚʳʭʦʜ ʙʝʥʟʠʥʦʚʳʭ ʬʨʘʢʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʦʙʳʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ. ɺ ʦʙʣʘʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʙʫʨʝʥʠʷ ʠʟʚʝʩʪʥʳ ʣʠʰʴ 

ʠʩʢʣʶʯʠʪʝʣʴʥʳʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ  ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ, ʜʦʧʫʩʪʠʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ oʙʦʨʫʜʦʚʘʥʠʷ, 

ʠʟʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʥʘʥʦ-ʤʘʪʝʨʠʘʣʦʚ. ɹʫʨʦʚʳʝ ʜʦʣʦʪʘ, ʪʨʫʙʳ ʥʝʬʪʷʥʦʛʦ ʩʦʨʪʘʤʝʥʪʘ, ʵʣʝʤʝʥʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʦʤʳʩʣʦʚ ʥʝʦʙʭʦʜʠʤʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʢʦʣʦʩʩʘʣʴʥʳʤ ʥʘʛʨʫʟʢʘʤ, ʩʣʝʜʦʘʪʝʣʴʥʦ ʧʦʪʨʝʙʥʦʩʪʴ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʧʨʦʯʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʢʨʘʡʥʝ ʚʳʩʦʢʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ 

ʩ ʟʘʜʘʥʥʦʡ ʥʘʥʦ-ʩʪʨʫʢʪʫʨʦʡ ʜʦʧʫʩʢʘʝʪ ʜʝʣʘʪʴ ʙʦʣʝʝ ʣʝʛʢʦʝ, ʜʦʣʛʦʚʝʯʥʦʝ ʠ ʧʨʦʯʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

Hʘʥʦʪʝʭʥʦʣʦʛʠʷ, ʤʦʞʝʪ ʧʦʤʦʯʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʩʧʦʩʦʙʦʚ ʠʟʤʝʨʝʥʠʡ. ʄʠʥʠʘʪʶʨʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʜʘʪʯʠʢʠ 

ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʣʶʙʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʚʢʣʶʯʘʷ ʠ ʚ ʧʦʜʟʝʤʥʦʤ. ʊʝʤ ʩʘʤʳʤ, ʤʦʞʥʦ ʙʳʩʪʨʦ ʧʦʚʳʩʠʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʠ ʢʘʯʝʩʪʚʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘʩʪʝ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʘʷ ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ - ʵʪʦ ʩʦʟʜʘʥʠʝ çʫʤʥʳʭè ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ, ʠʣʠ 

ʞʠʜʢʦʩʪʝʡ ʩ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. Oʥʠ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʜʦʙʳʯʠ, ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ ʠ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ. ʂ ʪʘʢʠʤ ʞʠʜʢʦʩʪʷʤ  ʦʪʥʦʩʷʪʩʷ ʨʘʩʪʚʦʨʳ ʇɸɺ ʠ 

ʧʦʣʠʤʝʨʦʚ, ʤʠʢʨʦʵʤʫʣʴʩʠʠ, ʛʝʣʠ, ʘ ʪʘʢʞʝ ʙʠʞʠʜʢʦʩʪʥʳʝ ʧʝʥʳ (aʬʨʦʥʳ). Eʱʝ ʦʜʥʘ ʨʘʩʪʫʱʘʷ ʦʙʣʘʩʪʴ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʟʘʥʠʤʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʠ ʧʨʠʤʝʥʝʥʠʝʤ çʥʘʥʦʞʠʜʢʦʩʪʝʡè. ʅʘʥʦʞʠʜʢʦʩʪʠ ï ʵʪʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʳ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʥʦʬʨʘʢʮʠʠ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʜʣʷ ʫʣʫʯʰʝʥʠʷ 

ʪʝʭ ʠʣʠ ʠʥʳʭ ʩʚʦʡʩʪʚ. Hʘʥʦʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʙʳʣʠ ʩʦʚʤʝʩʪʠʤʳ ʩ ʬʣʶʠʜʘʤʠ 

ʠ ʛʦʨʥʳʤʠ ʧʦʨʦʜʘʤʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʠ oʧʘʩʥʦʩʪʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

Hʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʫʞʝ ʥʘʭʦʜʷʪ ʧʨʠʤʝʥʝʥʠʝ, ʠ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ oʥʠ ʨʝʰʘʪ ʨʷʜ ʦʩʪʨʳʭ ʧʨʦʙʣʝʤ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʙʫʨʝʥʠʠ, ʟʘʢʘʯʠʚʘʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʚ ʥʝʬʪʷʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʤʠʥʠʘʪʶʨʥʳʭ ʫʩʪʨʦʡʩʪʚ, ʦʩʥʘʱʝʥʥʳʭ ʤʠʢʨʦʧʨʦʮʝʩʩʦʨʘʤʠ ʠ ʩʧʦʩʦʙʥʳʭ 

ʚʳʧʦʣʥʷʪʴ ʦʧʝʨʘʮʠʠ ʩ ʦʙʲʝʢʪʘʤʠ ʥʘʥʦʤʝʪʦʚʳʭ ʤʘʩʰʪʘʙʦʚ, ʥʘʟʳʚʘʝʤʳʭ çʥʘʥʦʨʦʙʦʪʘʤʠè. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʚʝʨʭʪʦʯʥʦʛʦ ʢʘʨʦʪʘʞʘ ʩʢʚʘʞʠʥ.   

ɺʘʞʥʝʡʰʠʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʠ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ. ʂ ʧʦʜʦʙʥʳʤ ʨʝʘʛʝʥʪʘʤ, ʥʘʧʨʠʤʝʨ, ʦʪʥʦʩʷʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ çʫʤʥʳʝè ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʞʠʜʢʦʩʪʠ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ ʠ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ. ɼʣʷ ʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪ ʪʝʨʤʠʥ çʥʘʥʦʞʠʜʢʦʩʪʴè (ʝʩʣʠ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʪʚʝʨʜʫʶ ʬʘʟʫ). ʅʘʧʨʠʤʝʨ, ʨʘʟʨʘʙʦʪʘʥʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʳ, ʩʦʜʝʨʞʘʱʠʝ ʢʦʣʣʦʠʜʥʳʝ ʯʘʩʪʠʮʳ ʛʝʣʷ, 

ʢʦʪʦʨʳʝ ʧʨʠ ʙʫʨʝʥʠʠ, ʟʘʢʘʯʠʚʘʥʠʠ ʠ ʛʣʫʰʝʥʠʠ ʩʢʚʘʞʠʥ ʧʨʝʧʷʪʩʪʚʫʶʪ ʧʦʛʣʦʱʝʥʠʶ ʨʘʩʪʚʦʨʘ ʧʣʘʩʪʦʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʘʶʪʩʷ ʧʦʪʝʨʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʞʠʜʢʦʩʪʝʡ ʧʨʠ ʟʘʢʘʯʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ ʩʢʚʘʞʠʥ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʜʦʙʳʯʠ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʭʨʘʥʝʥʠʷ ʤʦʛʫʪ ʩʪʘʪʴ 

çʥʘʥʦʪʝʭʥʦʣʦʛʠʷʤʠè, ʝʩʣʠ ʦʥʠ ʙʫʜʫʪ ʦʧʪʠʤʠʟʠʨʦʚʘʥʳ ʠʣʠ ʩʧʨʦʝʢʪʠʨʦʚʘʥʳ ʟʘʥʦʚʦ ʩ ʫʯʝʪʦʤ ʢʦʤʧʣʝʢʩʥʳʭ 

ʜʠʘʛʨʘʤʤ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʥʘʥʦʢʦʣʣʦʠʜʦʚ ʥʝʬʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʝʩʣʠ ʥʝ ʫʣʫʯʰʠʪ, ʪʦ, ʧʦ ʤʝʥʴʰʝʡ 

ʤʝʨʝ, ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʫʭʫʜʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʚʰʠʝʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʣʝʪ, ʧʦʢʘʟʘʣʠ ʯʪʦ ʥʝʬʪʴ ʩ ʧʦʣʥʳʤ ʧʨʘʚʦʤ 

ʤʦʞʥʦ ʦʪʥʦʩʠʪʴ ʢ ʥʘʥʦʤʘʪʝʨʠʘʣʘʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʩʦʜʝʨʞʘʪ ʧʨʠʨʦʜʥʳʝ ʥʘʥʦʦʙʲʝʢʪʳ (ʥʘʥʦʬʘʟʳ), ʵʚʦʣʶʮʠʷ 

ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤʠ (ʬʘʟʦʚʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ). ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʧʨʠʤʝʥʝʥʠʝ ʢ ʥʝʬʪʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʧʦʜʭʦʜʘʭ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʭʠʤʠʠ. ʇʦʜʦʙʥʳʝ ʧʦʜʭʦʜʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʶʪ ʥʘʩʠʣʴʩʪʚʝʥʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʥʝʬʪʴ 

çʯʫʞʝʨʦʜʥʳʭè ʥʘʥʦʢʦʤʧʦʥʝʥʪʦʚ (ʠ, ʪʝʤ ʩʘʤʳʤ, ʥʝ ʩʦʟʜʘʶʪ ʧʨʦʙʣʝʤ ʵʢʦʣʦʛʠʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ), ʘ ʦʩʥʦʚʘʥʳ 

ʥʘ ʫʧʨʘʚʣʝʥʠʠ ʩʪʨʫʢʪʫʨʦʡ ʬʘʟ ʥʘʥʦʦʙʲʝʢʪʦʚ ʧʫʪʝʤ çʤʷʛʢʠʭè ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʠ 

ʩʦʩʪʘʚʘ ʩʨʝʜʳ. ʂ ʧʨʠʨʦʜʥʳʤ ʥʘʥʦʦʙʲʝʢʪʘʤ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʩʳʨʴʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ:  

1) ʅʘʥʦʫʛʣʝʨʦʜ (ʬʫʣʣʝʨʝʥʳ, ʥʘʥʦʪʨʫʙʢʠ, ʛʨʘʬʝʥʳ, ʜʠʘʤʦʥʜʦʠʜʳ).  

2) ɸʩʩʦʮʠʘʪʠʚʥʳʝ ʥʘʥʦʢʦʣʣʦʠʜʳ (ʘʩʬʘʣʴʪʝʥʳ, ʩʤʦʣʳ, ʥʘʬʪʝʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʥʘʬʪʝʥʘʪʳ).  

3) ʂʨʠʩʪʘʣʣʠʟʫʶʱʠʝʩʷ ʥʘʥʦʢʦʣʣʦʠʜʳ (ʧʘʨʘʬʠʥʳ, ʛʠʜʨʘʪʳ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʣʠ).  

4) ʅʘʥʦʢʦʣʣʦʠʜʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʠʤʝʩʝʡ.  

5) ʆʙʲʝʢʪʳ ʝʩʪʝʩʪʚʝʥʥʦʡ ʥʘʥʦʜʠʩʧʝʨʩʥʦʩʪʠ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚʘ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʥʝʬʪʠ ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʥʘʥʦʢʦʣʣʦʠʜʳ ʘʩʬʘʣʴʪʝʥʦʚ, ʩʪʨʫʢʪʫʨʥʳʝ ʬʘʟʦʚʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʢʦʪʦʨʳʭ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʝʝ 

ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʟʥʘʯʠʤʳʝ ʩʚʦʡʩʪʚʘ ʜʦʙʳʚʘʝʤʦʛʦ ʩʳʨʴʷ.   

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩ ʪʨʫʜʦʝʤʢʦʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʢʘ ʦʪʩʫʪʩʪʚʫʶʪ ʥʘʜʝʞʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʧʦʚʝʜʝʥʠʠ 

ʥʘʥʦʬʘʟ ʥʝʬʪʠ ʧʨʠ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʷʭ. ʆʜʥʘʢʦ, ʠʤʝʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʠʟʫʯʝʥʠʷ ʜʦʙʳʪʦʡ 

ʥʝʬʪʠ ʠ ʠʭ  ʬʨʘʢʮʠʡ (ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ) ʫʞʝ ʧʦʟʚʦʣʠʣʠ  ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʫ ʩʦʩʪʦʷʥʠʷ ʥʘʥʦʬʘʟ ʚ 

ʢʦʦʨʜʠʥʘʪʘʭ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʨʝʜʳ ï ʩʦʜʝʨʞʘʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ, ʫʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ .  

 

 
ʈʠʩ. 1 ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʥʝʬʪʠ 

 
ʀʤʝʶʱʠʝʩʷ ʩʚʝʜʝʥʠʷ ʦ ʩʦʩʪʦʷʥʠʷʭ ʥʘʥʦʬʘʟ ʘʩʬʘʣʴʪʝʥʦʚ ʤʦʞʥʦ ʫʧʨʦʱʝʥʥʦ ʦʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. Hʘʥʦʬʘʟʘ ʤʦʥʦʤʝʨʦʚ (ʦʪʜʝʣʴʥʳʭ ʤʦʣʝʢʫʣ) ʩʫʱʝʩʪʚʫʶʪ ʚ  ʥʝʬʪʷʥʳʭ ʩʨʝʜʘʭ ʣʠʰʴ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʘʩʬʘʣʴʪʝʥʦʚ ʜʦ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʧʨʠ 5 ï 10 ʤʛ/ʣ  ʇʨʠ ʧʨʝʚʳʰʝʥʠʠ ʵʪʦʡ ʛʨʘʥʠʮʳ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘʥʦʬʘʟʘ 

ʦʣʠʛʦʤʝʨʦʚ ï ʘʛʨʝʛʘʪʦʚ ʠʟ  ʥʝʙʦʣʴʰʦʛʦ  ʯʠʩʣʘ  ʤʦʣʝʢʫʣ. ɺ ʥʝʬʪʷʥʳʭ ʩʨʝʜʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ ʤʝʞʜʫ 

ʛʨʘʥʠʮʘʤʠ ʧʨʠ 0,10-0,15 ʛ/ʣ ʠ 1 ï 3 ʛ/ʣ ʥʘʥʦʬʘʟʫ ʩʦʩʪʘʚʣʷʶʪ çʥʘʥʦʢʦʣʣʦʠʜʳè ï ʯʘʩʪʠʮʳ ʜʠʘʤʝʪʨʦʤ 2 ï 10 ʥʤ. 

ʇʨʠ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʘʩʬʘʣʴʪʝʥʦʚ ʬʦʨʤʠʨʫʶʪʩʷ  ʨʘʟʣʠʯʥʳʝ  ʥʘʥʦʬʘʟʳ ʬʣʦʢʢʫʣʠʨʦʚʘʚʰʠʭ 

ʥʘʥʦʢʦʣʣʦʠʜʦʚ (ʌʅʂ). ʊʘʢ, ʤʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʧʨʠ 7-10 ʛ/ʣ ʠ 20-35 ʛ/ʣ.  

 

 
ʈʠʩ. 2 ʇʨʝʚʨʘʱʝʥʠʷ ʥʘʥʦʬʘʟ ʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 

ʧʨʠʨʦʜʥʳʭ ʥʝʬʪʝʡ 

 
ʌʅʂ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʦʩʦʙʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʩ ʨʘʟʤʝʨʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ. 

ʄʝʞʜʫ ʛʨʘʥʠʮʘʤʠ ʧʨʠ 20 ï 35 ʛ/ʣ ʠ 70 ï 90 ʛ/ʣ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʌʅʂ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, ʥʦ ʦʥʠ 

ʥʘʯʠʥʘʶʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʳʭʣʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʨʠʜʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʳʭʣʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, ʯʪʦ ʧʨʠʜʘʝʪ ʞʠʜʢʦʡ ʩʨʝʜʝ ʚʳʩʦʢʫʶ ʚʷʟʢʦʩʪʴ. ʆʙʣʘʩʪʴ ʤʝʞʜʫ 

ʛʨʘʥʠʮʘʤʠ ʧʨʠ 70 ï 90 ʛ/ʣ ʠ 140 ï 160 ʛ/ʣ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ʠʟ ʢʨʫʧʥʳʭ (>0,1 ʤʢʤ) ʬʣʦʢʢʫʣʠʨʦʚʘʚʰʠʭ ʯʘʩʪʠʮ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʧʦʜʦʙʥʳʝ ʛʝʣʷʤ. ɺ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʦʠʟʦʡʪʠ  ʧʦʪʝʨʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʧʘʜʝʥʠʝ ʬʘʟʳ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʦʩʘʜʦʢ. 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʨʘʥʠʮʘʭ ʥʘʥʦʬʘʟ ʧʦʢʘ ʤʝʥʝʝ ʠʟʫʯʝʥʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʧʨʠ ï 25 ï 40ʦʉ, ʩʪʨʫʢʪʫʨʘ ʯʘʩʪʠʮ ʚʩʝʭ ʥʘʥʦʬʘʟ ʷʚʣʷʝʪʩʷ ʘʤʦʨʬʥʦʡ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʙʣʘʛʦʜʘʨʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʙʦʢʦʚʳʭ ʘʣʢʠʣʴʥʳʭ ʮʝʧʝʡ ʤʦʣʝʢʫʣ ʘʩʬʘʣʴʪʝʥʦʚ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʵʪʫ ʛʨʘʥʠʮʫ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʨʝʚʘ, ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʩʪʘʥʦʚʷʪʩʷ ʩʚʷʟʠ ʤʝʞʜʫ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʧʣʘʩʪʠʥʘʤʠ ʘʩʬʘʣʴʪʝʥʦʚ, ʠ 

ʯʘʩʪʠʮʳ ʫʧʣʦʪʥʷʶʪʩʷ, ʫʤʝʥʴʰʘʷ ʩʚʦʠ ʨʘʟʤʝʨʳ. ʄʝʞʜʫ ʬʘʟʦʚʳʤʠ ʛʨʘʥʠʮʘʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʝʤʧʝʨʘʪʫʨ 100 ï 180ÁC 

ʥʝʢʦʪʦʨʳʝ ʥʘʥʦʬʘʟʳ ʘʩʬʘʣʴʪʝʥʦʚ ʧʨʠʦʙʨʝʪʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʯʠʥʘʶʪ ʧʣʘʚʠʪʴʩʷ ʚʙʣʠʟʠ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ ʧʨʠ 220 ï 240ʦC.  

ʊʘʢ, ʥʘ ʨʠʩʫʥʢʝ 2 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʢʦʨʨʝʣʷʮʠʠ ʧʣʦʪʥʦʩʪʠ ʥʝʬʪʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʥʠʭ ʘʩʬʘʣʴʪʝʥʦʚ. ɼʣʷ 

ʥʘʛʣʷʜʥʦʩʪʠ, ʦʪʜʝʣʴʥʳʝ ʪʦʯʢʠ ʥʝ ʧʦʢʘʟʘʥʳ, ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ ʩʦʝʜʠʥʝʥʳ ʜʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʝʬʪʠ ʩ 

ʥʘʠʙʦʣʴʰʠʤʠ ʠ ʥʘʠʤʝʥʴʰʠʤʠ  ʧʣʦʪʥʦʩʪʷʤʠ. Hʘ ʨʠʩʫʥʢʝ ʭʦʨʦʰʦ ʚʠʜʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ çʚʩʧʣʝʩʢʠè ʧʣʦʪʥʦʩʪʠ 

ʥʝʬʪʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʧʦʣʦʞʝʥʠʶ ʚʳʷʚʣʝʥʥʳʭ ʨʘʥʝʝ ʛʨʘʥʠʮ ʥʘʥʦʬʘʟ. ɺ 

ʵʪʦʡ ʞʝ ʥʝʬʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʘʥʦʤʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ (ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʨʘʟ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʦʩʦʙʝʥʥʦʩʪʠ ʤʥʦʛʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʠʟʫʯʝʥʠʷ ʥʘʥʦʷʚʣʝʥʠʡ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʜʦʣʛʦʩʨʦʯʥʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ.  

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʀɿʋʏɽʅʀɽ ɺʃʀʗʅʀʗ ʉʇʀʈʊʆɺ ʅɸ ʇʈʆʎɽʉʉ ɸɻʈɽɻɸʎʀʀ ɸʉʌɸʃʔʊɽʅʆɺ 

ɻ.ɸ. ɻʝʩʴ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʘʩʧʠʨʘʥʪ ɸ.ʄ. ɻʦʨʰʢʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʠ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ ʚʦʟʥʠʢʘʝʪ ʚʘʞʥʘʷ ʧʨʦʙʣʝʤʘ, ʵʪʦ ʚʳʧʘʜʝʥʠʝ 

ʘʩʬʘʣʴʪʝʥʦʚʳʭ ʦʩʘʜʢʦʚ ʠʟ ʥʝʬʪʠ ʚʳʟʳʚʘʶʱʝʝ ʟʘʢʫʧʦʨʠʚʘʥʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʜʦʙʳʯʝ ʠ ʪʨʘʥʩʧʦʨʪʝ ʥʝʬʪʠ. 

ʊʝʨʤʠʥ çʘʩʬʘʣʴʪʝʥʳè ʙʳʣ ʚʚʝʜʸʥ ɾ.ɹ ɹʫʩʩʝʥʛʦ ʚ1837 ʛ., ʪʘʢ ʦʥ ʥʘʟʚʘʣ ʦʩʪʘʪʦʢ ʦʪ ʧʝʨʝʛʦʥʢʠ ʙʠʪʫʤʘ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʪʨʘʢʪʦʚʢʘ ʘʩʬʘʣʴʪʝʥʦʚ ʟʚʫʯʠʪ ʪʘʢ: ʦʩʪʘʪʦʢ ʥʝ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʥ-ʘʣʢʘʥʘʭ ʪʘʢʠʭ ʢʘʢ, ʥ-ʧʝʥʪʘʥ ʠʣʠ ʥ-

ʛʝʧʪʘʥ, ʥʦ ʨʘʩʪʚʦʨʠʤʳʡ ʚ ʪʦʣʫʦʣʝ.[1] ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʘʩʬʘʣʴʪʝʥʳ ʦʢʘʟʳʚʘʶʪ ʧʘʛʫʙʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʩʪʠ ʩʠʩʪʝʤʳ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ, 

ʧʦʵʪʦʤʫ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʩʪʝʧʝʥʥʦ ʧʦʣʫʯʠʣʦ ʥʝʢʠʡ ʧʨʠʦʨʠʪʝʪ. ʀʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʩʦʭʨʘʥʝʥʠʷ ʠ ʧʦʪʝʨʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʬʘʣʴʪʝʥʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʪʦ ʝʩʪʴ, ʚʦʟʤʦʞʥʘ ʩʪʘʙʠʣʠʟʘʮʠʷ 

ʘʩʬʘʣʴʪʝʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ ʟʘʪʨʫʜʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʩʪʘʥʜʘʨʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʥʝ ʵʬʬʝʢʪʠʚʥʳ 

ʚʚʠʜʫ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʘʩʬʘʣʴʪʝʥʘʤʠ. ɼʣʷ ʨʘʟʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʝʪʦʜ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʩʤʝʰʝʥʠʷ ï ʤʝʪʦʜ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʧʨʠʨʦʜʳ ʩʧʠʨʪʦʚ ʥʘ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ 

ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʌʦʪʦʥʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʌʂʉ) ï ʤʝʪʦʜ, ʠʩʧʦʣʴʟʫʶʱʠʡ ʷʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ, ʠ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʥʦ- ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ 

ʙʝʩʢʦʥʪʘʢʪʥʳʤ, ʥʝ ʚʥʦʩʷʱʠʤ ʚʦʟʤʫʱʝʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʫʶ ʩʨʝʜʫ ʠ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝʤ ʠ 

ʪʦʯʥʦʩʪʴʶ [3]. 

ʄʝʪʦʜ ʌʂʉ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ ʞʠʜʢʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʜʠʬʬʫʟʠʠ ʯʘʩʪʠʮ ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʨʝʤʝʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʬʣʫʢʪʫʘʮʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ. ɽʩʣʠ ʬʦʨʤʘ ʯʘʩʪʠʮ ʠʟʚʝʩʪʥʘ ʠʣʠ ʟʘʜʘʥʘ, ʠʭ ʨʘʟʤʝʨ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʬʦʨʤʫʣʳ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʩʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʠʮ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ ʉʪʦʢʩʘ-

ʕʡʥʰʪʝʡʥʘ [3]: 

.
6

Bk T
R

Dp m

Ö
=
Ö Ö Ö      (1) 

ʛʜʝ kB ï ʢʦʥʩʪʘʥʪʘ ɹʦʣʴʮʤʘʥʘ, T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ɛ ï ʩʜʚʠʛʦʚʘʷ ʚʷʟʢʦʩʪʴ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ 

ʚʟʚʝʰʝʥʳ ʯʘʩʪʠʮʳ ʨʘʜʠʫʩʘ R, D ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʘʩʬʘʣʴʪʝʥʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ. ʇʨʦʮʝʩʩ 

ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʙʳʣ ʠʟʫʯʝʥ ʥʘ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʫʦʣ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʩʦʩʪʘʚʣʷʣʘ 0,065 ʛ/ʣ. ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʙʘʚʣʝʥʠʝʤ ʥ-ʛʝʧʪʘʥʘ 80% ʦʙ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ 

(ʇɸɺ) ʥʘ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ ʨʘʟʣʠʯʥʳʭ ʩʧʠʨʪʘ: ʠʟʦʧʨʦʧʠʣʦʚʳʡ, ʛʝʢʩʠʣʦʚʳʡ ʠ 

ʦʢʪʠʣʦʚʳʡ. ʂʦʣʠʯʝʩʪʚʦ ʩʧʠʨʪʘ ʚ ʩʤʝʩʠ ʘʩʬʘʣʴʪʝʥʳ-ʪʦʣʫʦʣ-ʛʝʧʪʘʥ ʩʦʩʪʘʚʣʷʣʦ 1,96% ʦʙ. ɺʩʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʯʠʩʪʢʝ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ. ʆʙʝʩʧʳʣʠʚʘʥʠʝ 

ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʤʝʤʙʨʘʥʥʳʭ ʬʠʣʴʪʨʦʚ. ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ ʠʩʩʣʝʜʫʝʤʳʝ ʨʘʩʪʚʦʨʳ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʚ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ. 



 

 

73 

 

ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʘ ʘʩʩʦʮʠʘʪʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʥʘʤʠ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʩʠʩʪʝʤʘ PhotoCor Complex. ɺ ʫʩʪʘʥʦʚʢʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʣʘʟʝʨ (ɚ=654 ʥʤ). ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ 

ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27Ü ʉ. ʋʛʦʣ ʨʘʩʩʝʷʥʠʷ ʩʦʩʪʘʚʠʣ 40Á. ɺʦ ʠʟʙʝʞʘʥʠʝ ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ 

çʪʝʧʣʦʚʦʡè ʣʠʥʟʳ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʪʜʝʣʴʥʦ ʧʦʜʙʠʨʘʣʠʩʴ ʥʝʡʪʨʘʣʴʥʳʝ ʬʠʣʴʪʨʳ. ʇʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ 

ʘʩʬʘʣʴʪʝʥʦʚ ʠʩʩʣʝʜʦʚʘʣʩʷ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦ ʧʦʟʚʦʣʷʣʦ ʥʘʙʣʶʜʘʪʴ ʨʦʩʪ ʯʘʩʪʠʮ ʠ ʠʭ ʚʳʧʘʜʝʥʠʝ ʠʟ 

ʨʘʩʪʚʦʨʘ. ɿʘʤʝʨʳ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʜʦ ʪʦʛʦ ʤʦʤʝʥʪʘ ʧʦʢʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʝ ʥʘʯʠʥʘʣʠ ʜʦʤʠʥʠʨʦʚʘʪʴ 

ʥʘʜ ʜʠʬʬʫʟʠʦʥʥʳʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʠʩʭʦʜʥʦʤ 

ʨʘʩʪʚʦʨʝ ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʧʠʨʪʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ. ʉʧʣʦʰʥʳʝ ʢʨʠʚʳʝ ï ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʄʅʂ) ʧʦ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʞʠʤʦʤ ʜʠʬʬʫʟʠʦʥʥʦ-ʣʠʤʠʪʠʨʦʚʘʥʥʦʡ ʘʛʨʝʛʘʮʠʠ (ɼʃɸ) [2]. 

 

 
ʈʠʩ. ɸʛʨʝʛʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʧʠʨʪʦʚ ʨʘʟʥʦʡ ʧʨʠʨʦʜʳ 

 
ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʚ ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʝʪʩʷ 

ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠ ʵʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʘʛʨʝʛʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʠʜʝʪ ʧʦ ʨʝʞʠʤʫ ɼʃɸ. ʊʘʢʞʝ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʧʠʨʪ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʩʧʠʨʪʘ ʥʝ ʤʝʥʷʝʪ 

ʨʝʞʠʤ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ, ʦʜʥʘʢʦ ʫʤʝʥʴʰʘʝʪ ʥʘʯʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ʇʘʨʘʤʝʪʨʳ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ 

ʀʩʩʣʝʜʫʝʤʘʷ ʩʠʩʪʝʤʘ ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʧʦ ʄʅʂ R2 ɺʨʝʤʷ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ, ʤʠʥ. 

ʀʩʭʦʜʥʳʡ ʨʘʩʪʚʦʨ R=207,2Ŀt0,328 0,97 542 

+ʀʟʦʧʨʦʧʠʣʦʚʳʡ ʩʧʠʨʪ R=166,0Ŀt0,275 0,92 >800 

+ɻʝʢʩʠʣʦʚʳʡ ʩʧʠʨʪ R=136,9Ŀt0,355 0,90 463 

+ʆʢʪʠʣʦʚʳʡ ʩʧʠʨʪ R=149,3Ŀt0,250 0,95 >800 

 

ʀʟ ʪʘʙʣʠʮʳ ʚʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʛʝʢʩʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʚ ʩʠʩʪʝʤʫ ʘʩʬʘʣʴʪʝʥʳ-ʪʦʣʫʦʣ-ʛʝʧʪʘʥ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʘʮʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʙʦʣʝʝ ʨʘʥʥʝʤʫ ʚʳʧʘʜʝʥʠʶ ʘʩʬʘʣʴʪʝʥʦʚ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ. ʆʩʪʘʣʴʥʳʝ ʩʧʠʨʪʳ ʧʨʦʷʚʣʷʶʪ ʩʝʙʷ ʢʘʢ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ 

ʘʩʬʘʣʴʪʝʥʦʚ, ʪʘʢ ʢʘʢ ʟʘʤʝʜʣʷʶʪ ʨʦʩʪ ʚʟʚʝʰʝʥʥʳʭ ʯʘʩʪʠʮ, ʪʝʤ ʩʘʤʳʤ ʧʨʠʦʩʪʘʥʘʚʣʠʚʘʷ ʠʭ ʚʳʧʘʜʝʥʠʝ. ʅʘʠʣʫʯʰʠʡ 

ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ ʦʢʪʠʣʦʚʳʡ ʩʧʠʨʪ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʢʪʠʣʦʚʳʡ ʩʧʠʨʪ ʠʤʝʝʪ ʩʘʤʫʶ 

ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʨʘʜʠʢʘʣʘ. ɸ ʩʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ɼʶʢʣʦ-ʊʨʘʫʙʝ [4], ʪʘʢʠʝ ʇɸɺʳ ʠʤʝʶʪ ʩʘʤʫʶ 

ʚʳʩʦʢʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ. 

ʇʦʜʦʙʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʤʦʛʫʪ ʧʦʥʷʪʴ ʠʭ ʧʨʠʨʦʜʫ, ʘ ʪʘʢʞʝ ʥʘʡʪʠ 

ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʘʟʦʚʦʝ ʧʦʚʝʜʝʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʥʝʬʪʠ. 
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ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɺʆɿʄʆɾʅʆʉʊɽʁ ʆʇʊʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ ɺ ʀɿʋʏɽʅʀʀ 

ʅɸʏɸʃɸ ɸɻʈɽɻɸʎʀʀ ʅɽʌʊʗʅʓʍ ɸʉʌɸʃʔʊɽʅʆɺ 
ɸ.ʄ. ɻʦʨʰʢʦʚ, ɺʫ ɿʫʠ ʂʭʘʥʴ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʃ.ɺ. ʏʝʢʘʥʮʝʚʘ, ʜʦʮʝʥʪ ʃ.ɺ. ʐʠʰʤʠʥʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʜʦʙʳʯʠ ʪʨʫʜʥʦ ʠʟʚʣʝʢʘʝʤʳʭ ʪʷʞʝʣʳʭ 

ʥʝʬʪʝʡ ʠ ʙʠʪʫʤʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ. ʆʪʣʦʞʝʥʠʷ ʵʪʠʭ ʚʝʱʝʩʪʚ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ, ʧʦʚʳʰʝʥʥʦʤʫ ʠʟʥʦʩʫ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʠ 

ʤʘʪʝʨʠʘʣʴʥʳʤ ʟʘʪʨʘʪʘʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʥʝʬʪʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ (ʘʩʬʘʣʴʪʝʥʦʚ) ʠ 

ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ (ʤʘʣʴʪʝʥʦʚ) ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʥʘʨʫʰʝʥʠʝ ʝʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʝʨʚʠʯʥʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ ʥʘʯʘʣʘ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʠʣʠ ʧʘʨʘʤʝʪʨ 

çonsetè. ʆʮʝʥʢʘ ʩʢʣʦʥʥʦʩʪʠ ʤʦʣʝʢʫʣ ʘʩʬʘʣʴʪʝʥʦʚ ʢ ʩʘʤʦʘʩʩʦʮʠʘʮʠʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ 

ʩʪʨʫʢʪʫʨ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʦʥʘ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ (ʅɼʉ) ʠ ʠʟʫʯʘʪʴ ʪʝʥʜʝʥʮʠʶ ʚʳʧʘʜʝʥʠʷ 

ʘʩʬʘʣʴʪʝʥʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ (ʚʚʝʜʝʥʠʷ ʜʦʙʘʚʦʢ, ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʨ.). ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʙʦʣʴʰʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʙʝʩʢʦʥʪʘʢʪʥʳʝ ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʯʝʨʝʟ ʜʠʩʧʝʨʩʥʫʶ ʩʨʝʜʫ, ʩʚʝʪ ʤʦʞʝʪ 

ʧʦʛʣʦʱʘʪʴʩʷ, ʦʪʨʘʞʘʪʴʩʷ ʠʣʠ ʨʘʩʩʝʠʚʘʪʴʩʷ ʯʘʩʪʠʮʘʤʠ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ 

ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ (ʧʘʨʘʤʝʪʨ çonsetè) ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ASTM D6703-01 [1], ʦʩʥʦʚʘʥʥʘʷ ʥʘ 

ʧʦʛʣʦʱʝʥʠʠ ʩʚʝʪʘ. ɺ ʜʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨ çonsetè ʧʦ ʦʪʢʣʦʥʝʥʠʶ ʦʪ ʣʠʥʝʡʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥ-ʘʣʢʘʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʟʘʢʦʥʦʤ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ [2]. ʆʜʥʘʢʦ, ʧʨʠ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʤʝʪʦʜ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ï ʤʝʪʦʜ 

ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʩʥʦʚʘʥʥʳʡ 

ʥʘ ʷʚʣʝʥʠʠ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ 

ʠʟʤʝʨʝʥʠʷ ʨʘʟʤʝʨʦʚ ʥʘʥʦ ʠ ʩʫʙʤʠʢʨʦʥʥʳʭ ʯʘʩʪʠʮ. 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ 

ʨʘʟʤʝʨ ʯʘʩʪʠʮ [3, 4]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʘʨʘʤʝʪʨ çonsetè ʘʩʬʘʣʴʪʝʥʦʚ ʜʚʫʤʷ ʦʧʪʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ 

ʘʩʬʘʣʴʪʝʥʦʚ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʦʜʥʦʣʫʯʝʚʦʡ ʩʢʘʥʠʨʫʶʱʠʡ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʇʕ-3200 

ʋʌ. ʆʥ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʠʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ (Abs), ʧʨʦʮʝʥʪ ʧʨʦʧʫʩʢʘʥʠʷ (T%). ɼʘʥʥʳʡ 

ʧʨʠʙʦʨ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ ʦʪ 190ʥʤ 

ʜʦ 1100ʥʤ, ʚʳʧʦʣʥʷʝʪ ʠʟʤʝʨʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʠ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʜʣʠʥ ʚʦʣʥ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

ʩʦʩʪʘʚʣʷʣʘ 654 ʥʤ. ʆʧʪʠʯʝʩʢʠʡ ʧʫʪʴ ʦʩʪʘʚʘʣʩʷ 

ʥʝʠʟʤʝʥʥʳʤ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʠ ʩʦʩʪʘʚʣʷʣ 10 ʤʤ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ çonsetè 

ʘʩʬʘʣʴʪʝʥʦʚ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʠʩʪʝʤʘ PhotoCor 

Complex. ʆʩʥʦʚʥʳʤ ʠʟʤʝʨʠʪʝʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʧʨʠʙʦʨʘ ʷʚʣʷʝʪʩʷ ʬʦʪʦʵʣʝʢʪʨʦʥʥʳʡ ʫʤʥʦʞʠʪʝʣʴ (ʌʕʋ) Photocor-

PC3, ʨʘʙʦʪʘʶʱʠʡ ʚ ʨʝʞʠʤʝ ʩʯʝʪʘ ʬʦʪʦʥʦʚ. ɹʣʘʛʦʜʘʨʷ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʳʩʦʢʦʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʣʘʚʠʥʥʦʛʦ 

ʬʦʪʦʜʠʦʜʘ ʚ ʩʦʩʪʘʚʝ ʌʕʋ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʩʣʝʞʠʚʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ 

ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ, ʧʦʣʫʯʝʥʥʘʷ ʥʘ ʧʨʠʙʦʨʝ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʝ. ʀʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ ʚ ʧʨʠʙʦʨʝ PhotoCor Complex ʷʚʣʷʣʩʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʡ ʣʘʟʝʨ ʩ 

ʜʣʠʥʦʡ ʚʦʣʥʳ 654 ʥʤ. ʈʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜ ʫʛʣʦʤ 90Ü. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʳʩʦʢʦʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ 

ʧʦʛʣʦʱʘʶʱʠʤʠ ʥʝʧʨʦʟʨʘʯʥʳʤʠ ʩʨʝʜʘʤʠ, ʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʤʝʶʪ ʩʚʦʠ ʦʛʨʘʥʠʯʝʥʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ 

ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ. ʀʟ ʨʠʩ.1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ 2 ʛ/ʣ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 3 ʢɻʮ, ʯʪʦ ʩʦʠʟʤʝʨʠʤʦ ʩ çʪʝʥʝʚʦʡè 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʨʘʩʩʝʷʥʠʷ, ʠʩʭʦʜʷʱʝʡ ʦʪ ʦʢʨʫʞʘʶʱʠʭ ʧʨʝʜʤʝʪʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 ʜʦ 1 ʛ/ʣ. 

ɺ ʩʚʷʟʠ ʩ ʚʳʰʝʩʢʘʟʘʥʥʳʤ, ʦʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣʠ ʨʘʩʪʚʦʨʳ ʘʩʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ 

ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ, ʚ ʪʦʣʫʦʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0.4 ʛ/ʣ ʠ 0.6 ʛ/ʣ. ɼʘʣʝʝ ʢ ʠʩʭʦʜʥʳʤ ʨʘʩʪʚʦʨʘʤ ʘʩʬʘʣʴʪʝʥʦʚ ʚ 

ʪʦʣʫʦʣʝ ʜʦʙʘʚʣʷʣʦʩʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥ-ʛʝʧʪʘʥʘ ʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʦʧʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʠʩʪʝʤʫ. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʇʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʥ-ʛʝʧʪʘʥʘ ʚ ʠʩʭʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʩʤʝʩʴ ʚʩʪʨʷʭʠʚʘʣʘʩʴ ʠ ʦʙʨʘʙʘʪʳʚʘʣʘʩʴ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 15 ʩʝʢʫʥʜ ʜʣʷ 

ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʪʦʣʫʦʣʘ ʠ ʥ-ʛʝʧʪʘʥʘ. ʆʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ 

ʦʧʨʝʜʝʣʷʣʠʩʴ ʯʝʨʝʟ ʤʠʥʫʪʫ ʧʦʩʣʝ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʇʕ-3200 ʋʌ ʠ ʧʨʠʙʦʨʝ PhotoCor Complex ʥʘ ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʨʘʩʪʚʦʨʘʭ ʘʩʬʘʣʴʪʝʥʦʚ ʚ 

ʪʦʣʫʦʣʝ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥ-ʛʝʧʪʘʥ ʜʣʷ ʜʚʫʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ. 

 

 
ʈʠʩ.2 ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥ-ʛʝʧʪʘʥʘ ʚ ʩʠʩʪʝʤʝ ʘʩʬʘʣʴʪʝʥʳ-

ʪʦʣʫʦʣ-ʛʝʧʪʘʥ 

 

ʀʟ ʨʠʩ.2 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʦʙʝʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥ-ʛʝʧʪʘʥʘ ʤʝʥʴʰʝ 50% ʦʙ 

ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʩʘʜʠʪʝʣʷ (ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2>0.99), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʟʘʢʦʥ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ. ʆʜʥʘʢʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥ-ʛʝʧʪʘʥʘ 

ʙʦʣʝʝ 55% ʦʙ. ʧʨʦʠʩʭʦʜʠʪ ʦʪʢʣʦʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʪʦʯʝʢ ʦʪ ʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘ ʩʚʝʪʦʧʦʛʣʘʱʝʥʠʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʯʘʣʦ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʦʙʝʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʨʠʩ. 2). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʧʘʨʘʤʝʪʨ çonsetè ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ 0,4 ʛ/ʣ ʠ 0,6 ʛ/ʣ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 57.5% ʦʙ. 

ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥ-ʛʝʧʪʘʥʘ 

ʜʣʷ ʜʚʫʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ. 

 

 
ʈʠʩ.3 ɿʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʥ-ʛʝʧʪʘʥʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ 

ʀʟ ʨʠʩ.3 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥ-ʛʝʧʪʘʥʘ ʜʦ 50 % ʦʙ. ʥʘʙʣʶʜʘʝʪʩʷ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʣʝʥʥʦʛʦ ʥ-ʘʣʢʘʥʘ ʜʣʷ ʦʙʝʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ 

y = -0,014x + 1,432 

RĮ = 0,998 

y = -0,010x + 1,001 

RĮ = 0,990 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʥ-ʛʝʧʪʘʥʘ, % ʦʙ. 

0,4 ʛ/ʣ 

0,6 ʛ/ʣ 

y = 1,278x + 145,398 

RĮ = 0,986 

y = 0,166e0,137x 

RĮ = 0,986 

y = 1,833x + 74,942 
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y = 0,055e0,155x 
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ʂʦʥʮʝʥʪʨʘʮʠʷ ʥ-ʛʝʧʪʘʥʘ, % ʦʙ. 

0,4 ʛ/ʣ 

0,6 ʛ/ʣ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

(ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2>0.98). ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥ-ʛʝʧʪʘʥʘ 

ʘʛʨʝʛʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʘ ʜʦʙʘʚʣʝʥʠʝ ʥ-ʛʝʧʪʘʥʘ ʚ ʨʘʩʪʚʦʨ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʧʨʦʟʨʘʯʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʘʩʬʘʣʴʪʝʥʳ-ʪʦʣʫʦʣ ʠ ʪʝʤ ʩʘʤʳʤ ʢ ʣʠʥʝʡʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʥ-ʛʝʧʪʘʥʘ. ʇʨʠʯʝʤ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ 0.6 ʛ/ʣ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0.4 ʛ/ʣ, ʪʘʢ ʢʘʢ ʦʥ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʨʦʟʨʘʯʥʳʤ (ʈʠʩ.1). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʝʝ 50% ʦʙ. ʥ-ʛʝʧʪʘʥʘ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʜʣʷ ʦʙʝʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʯʘʣʝ ʘʛʨʝʛʘʮʠʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʥ-

ʛʝʧʪʘʥʘ ʙʦʣʝʝ 50% ʦʙ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʢʨʝʪʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʩʬʘʣʴʪʝʥʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R2>0.98). 

ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʣʠʥʝʡʥʦʡ ʠ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʡ ʠ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʪʦʯʢʦʡ ʥʘʯʘʣʘ ʘʛʨʝʛʘʮʠʠ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ 0.4 ʛ/ʣ ʧʘʨʘʤʝʪʨ çonsetè ʩʦʩʪʘʚʣʷʝʪ 52.2% ʦʙ, ʘ ʜʣʷ 

ʢʦʥʮʝʥʪʨʘʮʠʠ 0.6 ʛ/ʣ ï 51.9% ʦʙ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʧʘʨʘʤʝʪʨ çonsetè ʘʩʬʘʣʴʪʝʥʦʚ ʤʝʪʦʜʦʤ 

ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʊʘʢʞʝ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʘʛʨʝʛʘʮʠʠ 

ʘʩʬʘʣʴʪʝʥʦʚ ʤʝʪʦʜʦʤ ʌʂʉ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʧʘʨʘʤʝʪʨʝ çonsetè ʘʩʬʘʣʴʪʝʥʦʚ ʥʘ ʧʨʠʙʦʨʝ PhotoCor Complex 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʯʘʣʘ ʘʛʨʝʛʘʮʠʠ ʩʦʛʣʘʩʥʦ ʩʪʘʥʜʘʨʪʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘ ʧʨʠʙʦʨʝ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨ ʇʕ-3200 ʋʌ (ʨʘʟʥʠʮʘ ʦʢʦʣʦ 10%). ʊʘʢʘʷ ʨʘʟʥʠʮʘ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ çonsetè ʘʩʬʘʣʴʪʝʥʦʚ 

ʩʚʷʟʘʥʘ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʥʘʯʘʣʘ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʙʠʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʜʣʠʥʫ ʚʦʣʥʳ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʪ.ʝ. ʠʩʩʣʝʜʦʚʘʪʴ ʩʧʝʢʪʨ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ 

ʜʣʠʥ ʚʦʣʥ [2]. ɸ ʪʘʢ ʢʘʢ ʜʣʠʥʘ ʚʦʣʥʳ ʣʘʟʝʨʘ ʚ ʧʨʠʙʦʨʝ PhotoCor Complex ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʠ 

ʠʟʤʝʨʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʚʦʜʠʪʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʚʩʝ ʵʪʦ ʥʘʣʦʞʠʣʦ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʜʣʠʥʫ ʚʦʣʥʳ 

ʩʚʝʪʘ ʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʠ ʚʥʝʩʣʦ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ 1.5 ʨʘʟʘ ʥʘʯʘʣʦ ʘʛʨʝʛʘʮʠʠ ʜʣʷ ʦʙʝʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘʩʪʫʧʘʝʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʳʭ ʢʦʣʠʯʝʩʪʚ ʥ-ʛʝʧʪʘʥʘ (52% ʦʙ ʥʘ ʧʨʠʙʦʨʝ PhotoCor Complex ʠ 57.5% ʦʙ. ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ ʇʕ-3200 ʋʌ). 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ɼʀʉʇɽʈɻʀʈʋʖʑɽʁ ʇʈʀʉɸɼʂʀ ʅɸ ʋʉʊʆʁʏʀɺʆʉʊʔ 
ʅɽʌʊʗʅʓʍ ɸʉʌɸʃʔʊɽʅʆɺ ɺ ʄʆɼɽʃʔʅʆʁ ʉʀʉʊɽʄɽ 

ɸ.ʄ. ɻʦʨʰʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʠ ʧʨʦʬʝʩʩʦʨ  ɸ.ʊ. ʈʦʩʣʷʢ, ʜʦʮʝʥʪ ʃ.ɺ. ʐʠʰʤʠʥʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʀʩʯʝʨʧʘʥʠʝ ʥʝʬʪʷʥʳʭ ʟʘʧʘʩʦʚ ʜʝʣʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤ ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʬʪʷʥʳʝ ʨʝʩʫʨʩʳ 

ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ ʣʝʪ ʚ ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʨʦʩʪʘ ʜʦʙʳʯʠ ʪʨʫʜʥʦ ʠʟʚʣʝʢʘʝʤʦʡ ʪʷʞʝʣʦʡ ʥʝʬʪʠ, ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʘʢ ʩʤʦʣʳ ʠ 

ʘʩʬʘʣʴʪʝʥʳ. 

ɸʩʬʘʣʴʪʝʥʳ ʦʙʣʘʜʘʶʪ ʥʘʠʙʦʣʴʰʝʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʩʘʤʦʘʩʩʦʮʠʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʘʛʨʝʛʘʪʦʚ ʚ ʥʝʬʪʷʭ 

ʜʘʞʝ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʳʧʘʜʝʥʠʶ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ 

ʥʝʬʪʠ. 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʘʤʬʠʬʠʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ (ʇɸɺ), ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʥʠʞʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʥʘ 

ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʬʘʟ ʥʝʬʪʴ ï ʘʩʬʘʣʴʪʝʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʫʯʝʥʳʝ ʧʳʪʘʶʪʩʷ ʚʳʷʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʠʩʘʜʢʠ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ ʢʘʢ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ, ʪʘʢ ʠ ʚ 

ʥʝʬʪʷʭ ʚ ʩʚʷʟʠ, ʩ ʯʝʤ ʧʨʦʚʦʜʷʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʝʡʩʪʚʠʷ ʭʠʤʠʯʝʩʢʠʭ ʜʦʙʘʚʦʢ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʪʨʦʝʥʠʶ, 

ʩʦʩʪʘʚʫ ʠ ʤʝʭʘʥʠʟʤʫ ʚʦʟʜʝʡʩʪʚʠʷ [1, 2]. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʨʝʜʠ ʘʤʬʠʬʠʣʴʥʳʭ ʚʝʱʝʩʪʚ ʦʛʨʦʤʥʳʡ ʠʥʪʝʨʝʩ 

ʧʨʦʷʚʣʷʝʪʩʷ ʢ ʜʠʩʧʝʨʛʠʨʫʶʱʠʤ ʧʨʠʩʘʜʢʘʤ. ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʜʠʩʧʝʨʛʠʨʫʶʱʠʭ ʧʨʠʩʘʜʦʢ ʠʟʫʯʝʥ ʜʣʷ 

ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ ʠ ʤʘʩʝʣ [6], ʥʦ ʜʣʷ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʧʨʠʩʘʜʢʠ ʉ-5ɸ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʬʪʷʥʳʭ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʤʝʪʦʜʦʤ ʬʦʪʦʥʥʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 

ʉʫʱʥʦʩʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ D ʢʦʣʣʦʠʜʥʳʭ ʯʘʩʪʠʮ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ. ɸʧʧʨʦʢʩʠʤʠʨʫʷ ʠʟʤʝʨʝʥʥʫʶ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʫʶ ʬʫʥʢʮʠʶ 

ʬʣʫʢʪʫʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʩʚʝʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ ʤʦʞʥʦ ʥʘʡʪʠ D . ɽʩʣʠ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʝ ʥʘʭʦʜʷʪʩʷ ʪʦʣʴʢʦ ʩʬʝʨʠʯʝʩʢʠʝ ʯʘʩʪʠʮʳ, ʠʭ ʨʘʜʠʫʩ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ʉʪʦʢʩʘ-ʕʡʥʰʪʝʡʥʘ [4]. 

ʈʘʟʤʝʨ ʯʘʩʪʠʮ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ʇʨʠ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʬʪʝʡ ʦʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʳʧʘʜʝʥʠʶ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ï ʘʩʬʘʣʴʪʝʥʦʚ [8]. ʇʦʪʝʨʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʬʘʣʴʪʝʥʦʚ ʥʘʯʠʥʘʝʪʩʷ ʠʟ-ʟʘ ʘʛʨʝʛʘʮʠʠ ʚ 

ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʣʣʦʠʜʳ. ʇʦʩʢʦʣʴʢʫ ʘʛʨʝʛʘʮʠʷ ʚ ʢʦʣʣʦʠʜʥʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʠʥʝʪʠʯʝʩʢʠʡ, 

ʥʝʨʘʚʥʦʚʝʩʥʳʡ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʯʘʩʪʠʮ, ʨʘʟʤʝʨ ʠ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʘʛʨʝʛʘʪʦʚ ʩʚʷʟʘʥʘ ʩ ʜʠʥʘʤʠʢʦʡ ʧʨʦʮʝʩʩʘ 

ʘʛʨʝʛʘʮʠʠ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ ʘʩʬʘʣʴʪʝʥʳ, ʚʳʜʝʣʝʥʥʳʝ ʥ-ʛʝʧʪʘʥʦʤ ʠʟ ʚʳʩʦʢʦʩʤʦʣʠʩʪʦʡ ʥʝʬʪʠ 

ʊʘʡʤʫʨʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ ʧʨʠʩʘʜʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʘʣʢʝʥʠʣʩʫʢʮʠʥʠʤʠʜʥʘʷ 

ʧʨʠʩʘʜʢʘ ʉ-5ɸ, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 40% ʢʦʥʮʝʥʪʨʘʪ ʘʣʢʝʥʠʣʩʫʢʮʠʥʠʤʠʜʘ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ ʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʤ ʧʦʣʠʙʫʪʝʥʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʨʠʩʘʜʢʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʝʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩʪʚʦʨʷʣʠ ʚ ʪʦʣʫʦʣʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʦ ʤʘʩʩʝ. 

ʇʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʠʟʫʯʘʣʩʷ ʥʘ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʘʩʬʘʣʴʪʝʥʳïʪʦʣʫʦʣïʛʝʧʪʘʥ. ɺ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʘʩʬʘʣʴʪʝʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʪʦʣʫʦʣ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʩʦʩʪʘʚʣʷʣʘ 0,2; 0,4 ʠ 0,6 

ʛ/ʣ. ʆʩʘʞʜʝʥʠʝ ʘʩʬʘʣʴʪʝʥʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʙʘʚʣʝʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʦʙʲʝʤʘ ʥ-ʛʝʧʪʘʥʘ. ʇʦʨʦʛʦʚʳʝ 

ʦʙʲʝʤʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥ-ʛʝʧʪʘʥʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʣʩʷ ʧʨʦʮʝʩʩ ʨʦʩʪʘ ʯʘʩʪʠʮ ʘʩʬʘʣʴʪʝʥʦʚ, ʩʦʩʪʘʚʠʣʠ 47,8%; 

41,9% ʠ 42% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʠʯʝʩʪʚʦ ʦʩʘʜʠʪʝʣʷ ʚ ʩʠʩʪʝʤʝ ʪʦʣʫʦʣïʛʝʧʪʘʥ ʠʟʤʝʥʷʣʦʩʴ ʦʪ 51 ʜʦ 61 % ʦʙ. ʇʦʩʣʝ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʩʪʚʦʨʦʚ, ʧʝʨʝʜ ʢʘʞʜʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʢʶʚʝʪʘ ʩ ʦʙʨʘʟʮʦʤ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ 

ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʚʘʥʥʫ ʥʘ 15 ʩʝʢʫʥʜ ʜʣʷ ʪʱʘʪʝʣʴʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʞʜʫ ʩʦʙʦʡ, ʠ ʟʘʪʝʤ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʟʤʝʨʝʥʠʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʡ ʨʘʟʤʝʨʘ ʘʩʩʦʮʠʘʪʦʚ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʩʠʩʪʝʤʘ PhotoCor Complex [3]. ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 27Üʉ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʈʘʩʩʝʷʥʠʝ ʩʚʝʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʜ ʫʛʣʘʤʠ 40Ü ʠ 90Ü. ɺʦ ʠʟʙʝʞʘʥʠʝ ʚʣʠʷʥʠʷ çʪʝʧʣʦʚʦʡ ʣʠʥʟʳè ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʜʣʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʙʠʨʘʣʩʷ ʦʧʪʠʤʘʣʴʥʳʡ ʥʝʡʪʨʘʣʴʥʳʡ 

ʬʠʣʴʪʨ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʡ ʥʘ ʧʫʪʠ ʣʘʟʝʨʥʦʛʦ ʣʫʯʘ [5]. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʩʦʩʪʘʚʘ: ʩʦʜʝʨʞʘʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ 

ʪʦʣʫʦʣʝ, ʢʦʣʠʯʝʩʪʚʘ ʥ-ʛʝʧʪʘʥʘ ʚ ʩʠʩʪʝʤʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʥʘ 

ʧʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʩʬʘʣʴʪʝʥʦʚ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ ʚʨʝʤʝʥʠ ʘʛʨʝʛʘʮʠʠ, ʪ.ʝ. ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʚ ʨʘʩʪʚʦʨʝ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ 

ʯʘʩʪʠʮ ʜʦ ʢʨʠʪʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʧʦʩʣʝ ʢʦʪʦʨʳʭ ʘʛʨʝʛʘʪʳ ʥʘʯʠʥʘʶʪ ʚʳʧʘʜʘʪʴ ʚ ʦʩʘʜʦʢ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

 

ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ 

 

ʉʦʜʝʨʞʘʥʠʝ 

ʘʩʬʘʣʴʪʝʥʦʚ, ʛ/ʣ. 

ɺʨʝʤʷ ʘʛʨʝʛʘʮʠʠ, ʤʠʥ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ, % ʤʘʩʩ. 

0 0,05 0,1 1,0 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ï 51% ʦʙ. 

0,2 218 >1800 >1800 >1800 

0,4 175 910 1200 >1800 

0,6 212 408 1000 >1800 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ï 61% ʦʙ. 

0,2 61 97 113 >1800 

0,4 42 105 107 >1800 

0,6 31 38 29 >1800 

 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʙʳʣʦ ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ ʘʩʬʘʣʴʪʝʥʳ ʩʯʠʪʘʶʪʩʷ 

ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ ʫʩʪʦʡʯʠʚʳʤʠ: ʚʨʝʤʷ ʘʛʨʝʛʘʮʠʠ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʙʦʣʝʝ 1800 ʤʠʥʫʪ (ʙʦʣʝʝ 1 ʩʫʪʦʢ). ɺ 

ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [7] ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʦʙʘʚʣʝʥʥʦʛʦ ʥ-ʛʝʧʪʘʥʘ ʥʘ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʩʠʩʪʝʤʝ ʪʦʣʫʦʣ-ʛʝʧʪʘʥ: ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʘʜʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʚʨʝʤʝʥʠ ʘʛʨʝʛʘʮʠʠ. ʀʟ ʪʘʙʣʠʮʳ 1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤʳ ʪʦʣʫʦʣ-ʛʝʧʪʘʥ-ʧʨʠʩʘʜʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʘʷ ʞʝ 

ʟʘʚʠʩʠʤʦʩʪʴ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʛʨʝʛʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʥʘʯʠʥʘʝʪʩʷ ʣʠʰʴ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥ-

ʛʝʧʪʘʥʘ ʙʦʣʴʰʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ. 

ʇʦʵʪʦʤʫ ʚʨʝʤʷ ʘʛʨʝʛʘʮʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥ-ʛʝʧʪʘʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʨʦʛʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ ʧʨʠ ʧʨʦʯʠʭ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ɼʠʩʧʝʨʛʠʨʫʶʱʘʷ ʧʨʠʩʘʜʢʘ ʉ-5ɸ 

ʧʦʚʳʰʘʝʪ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʨʠʚʦʜʠʪ ʢ 

ʘʛʨʝʛʘʪʠʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʘʩʬʘʣʴʪʝʥʦʚ. ʀʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʵʤʧʠʨʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʘʩʬʘʣʴʪʝʥʳ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʧʨʠʩʘʜʢʠ ʙʫʜʫʪ ʫʩʪʦʡʯʠʚʳ: 
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ʛʜʝ  ʉʧʨ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʧʨʠʩʘʜʢʠ % ʤʘʩʩ.; 

ʉʘʩ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ, ʛ/ʣ; 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

Cʛ ï ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʣʝʥʥʦʛʦ ʥ-ʛʝʧʪʘʥʘ, % ʦʙ; 

ʉʛʧ ï ʧʦʨʦʛʦʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥ-ʛʝʧʪʘʥʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʩʣʦʚʠʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʦʜʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ, 

ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʠʩʘʜʢʠ ʉ-5ɸ ʥʘ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ ʚʳʷʚʣʷʣʦʩʴ 

ʥʘʣʠʯʠʝ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ, ʘ ʜʣʷ ʩʪʘʙʠʣʴʥʳʭ ʢʦʣʣʦʠʜʦʚ ʦʧʨʝʜʝʣʷʣʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʜʦʩʪʠʛʥʫʪʳʡ ʟʘ ʚʨʝʤʷ 

ʠʟʤʝʨʝʥʠʷ (ʪʘʙʣ. 2). 

ʊʘʙʣʠʮʘ 2 

ɺʣʠʷʥʠʝ ʩʦʩʪʘʚʘ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʘʛʨʝʛʘʪʠʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʩʬʘʣʴʪʝʥʦʚ 

 

ʉʦʜʝʨʞʘʥʠʝ 

ʘʩʬʘʣʴʪʝʥʦʚ, ʛ/ʣ. 

ɼʠʘʧʘʟʦʥ ʨʘʜʠʫʩʦʚ ʯʘʩʪʠʮ, ʥʤ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ, % ʤʘʩʩ. 

0 0,05 0,1 1,0 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ï 51% ʦʙ. 

0,2 ʨʦʩʪ ʯʘʩʪʠʮ 300 ï 450 230 ï 310 180 ï 270 

0,4 ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ 120 ï 430 

0,6 ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ 180 ï 400 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʦʩʘʜʠʪʝʣʷ ï 61% ʦʙ. 

0,2 ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ 220 ï 310 

0,4 ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ 150 ï 350 

0,6 ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ ʨʦʩʪ ʯʘʩʪʠʮ 200 ï 285 

ʀʟ ʪʘʙʣʠʮʳ 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʩʘʜʢʠ ʧʦʚʳʰʘʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʝ 

ʜʝʡʩʪʚʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʜʠʫʩ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʜʦʙʘʚʣʝʥʥʦʛʦ ʥ-ʛʝʧʪʘʥʘ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʦʣʠʜʠʩʧʝʨʩʥʦʩʪʠ ʩʠʩʪʝʤʳ, ʪʘʢ ʢʘʢ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʙʨʦʩ 

ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ. 

ɺ ʠʪʦʛʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʘʣʢʝʥʠʣʩʫʢʮʠʥʠʤʠʜʥʦʡ ʧʨʠʩʘʜʢʠ ʧʨʠ ʘʛʨʝʛʠʨʦʚʘʥʠʠ 

ʘʩʬʘʣʴʪʝʥʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʤ ʫʤʝʥʴʰʝʥʠʠ ʥʘʯʘʣʴʥʦʛʦ ʨʘʟʤʝʨʘ ʘʛʨʝʛʘʪʦʚ, ʠʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʩʥʠʞʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ.  

ʉʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʧʨʠʩʘʜʢʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʘʣʢʝʥʠʣʩʫʢʮʠʥʠʤʠʜʥʳʝ ʧʨʠʩʘʜʢʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʘʤʠʜʳ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʩ ʜʣʠʥʥʳʤʠ 

ʘʣʢʠʣʴʥʳʤʠ ʮʝʧʦʯʢʘʤʠ, ʘʜʩʦʨʙʠʨʫʶʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʘʛʨʝʛʘʪʦʚ ʘʩʬʘʣʴʪʝʥʦʚ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʥʘ ʥʘʯʘʣʴʥʦʡ 

ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʘʩʪʠʮ, ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʷ ʥʘ ʠʭ ʨʘʟʤʝʨʳ ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʜʦʙʘʚʣʝʥʠʠ 

ʛʝʧʪʘʥʘ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʜʘʣʴʥʝʡʰʝʤʫ ʘʛʨʝʛʠʨʦʚʘʥʠʶ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʃɸɹʆʈɸʊʆʈʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʂʆʕʌʌʀʎʀɽʅʊɸ ɺʓʊɽʉʅɽʅʀʗ ʅɽʌʊʀ ɺʆɼʆʁ ʅɸ 

ʅɽʆɼʅʆʈʆɼʅʓʍ ʄʆɼɽʃʗʍ ʇʃɸʉʊɸ 
ɸ.ʄ. ɻʦʨʰʢʦʚ

1
, ɺ.ɺ. ʌʠʣʦʥʦʚ

2 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ çɻʝʦʣʦʛʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘè 
ʎʇʇʉ ʅɼ ʀʇʈ ɺ.ɽ. ɹʘʨʘʥʦʚ, ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʬʠʟʠʢʠ ʧʣʘʩʪʘ ɸ.ɻ. ʉʢʨʠʧʢʠʥ

2 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 
2
ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦ 

ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠʟʚʝʩʪʥʳ ʪʘʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʢʘʢ ʆʩʪʘʥʠʥʩʢʦʝ, ʆʥʪʦʥʠʛʘʡʩʢʦʝ, ɿʘʧʘʜʥʦ-ʇʦʣʫʜʝʥʥʦʝ, ʉʦʚʝʪʩʢʦʝ ʠ ʜʨ. ʥʘ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ 

ʧʣʘʩʪʦʚ ʩ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʚʝʜʝʥʦ ʤʥʦʞʝʩʪʚʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ (ʂʚʳʪ) ʥʝʬʪʠ ʚʦʜʦʡ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ ʧʣʘʩʪʘ, ʚʦʩʧʨʦʠʟʚʦʜʷʱʝʡ ʢʦʣʣʝʢʪʦʨ ʩ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʦʧʣʘʩʪʢʘʤʠ ʥʝʧʨʦʥʠʮʘʝʤʦʡ ʧʝʨʝʤʳʯʢʦʡ [1].  

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʘʢʠʭ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʴ ʚʳʪʝʩʥʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʪʦʣʴʢʦ ʠʟ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʦʛʦ 

ʧʣʘʩʪʘ, ʪʦʛʜʘ ʢʘʢ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʩʪʘʝʪʩʷ ʥʝ ʟʘʪʨʦʥʫʪ ʟʘʚʦʜʥʝʥʠʝʤ. ɼʨʫʛʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ï ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʝ ʧʣʘʩʪʳ ʩ ʨʘʟʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʝʨʝʪʦʢʘʤʠ ʞʠʜʢʦʩʪʠ ʠʟ ʦʜʥʦʛʦ ʧʨʦʧʣʘʩʪʢʘ ʚ ʜʨʫʛʦʡ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ 

ʘʜʝʢʚʘʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʘʢʠʭ ʧʣʘʩʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʣʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʦʙʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʦʧʠʩʘʥʳ. 

ʎʝʣʴ ʨʘʙʦʪʳ: ʧʨʦʚʝʩʪʠ ʣʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʥʘ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʧʣʘʩʪʘʭ ʩ ʨʘʟʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ.  

ʇʦʩʪʘʚʣʝʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʜʚʘ ʵʪʘʧʘ: 

- ʦʧʨʝʜʝʣʝʥʠʝ ʂʚʳʪ ʥʝʬʪʠ ʚʦʜʦʡ ʥʘ ʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ ʧʣʘʩʪʘ; 

- ʦʧʨʝʜʝʣʝʥʠʝ ʂʚʳʪ ʥʝʬʪʠ ʚʦʜʦʡ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʜʚʫʭ ʧʦʣʦʚʠʥʦʢ ʢʝʨʥʘ ʨʘʟʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʂʚʳʪ ʥʝʬʪʠ ʚʦʜʦʡ ʧʨʦʚʦʜʷʪ ʪʦʣʴʢʦ ʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ 

ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ (ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ). ɺ ʜʘʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʦ ʚʳʙʨʘʥʦ ʦʜʥʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʪʝʨʨʠʛʝʥʥʳʤ ʧʝʩʯʘʥʳʤ 

ʢʦʣʣʝʢʪʦʨʦʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʂʚʳʪ ʥʝʬʪʠ ʚʦʜʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ  ʢʝʨʥʘ ʜʠʘʤʝʪʨʦʤ 70 ʤʤ ʠ ʜʣʠʥʦʡ ʦʢʦʣʦ 45 ʤʤ, ʠʤʝʶʱʠʝ ʬʘʟʦʚʳʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ 

ʥʝʬʪʠ ʧʨʠ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʦʪ 1.3Ā10-3 ʤʢʤ2 ʜʦ 459Ā10-3 ʤʢʤ2. 

ɺʩʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʂʚʳʪ ʥʝʬʪʠ ʚʦʜʦʡ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ ʇʀʂ-ʆʌʇ/ʕʇ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʆʉʊ 39-195-86 [2]. ʇʝʨʝʜ ʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʚ ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ ʟʘʜʘʚʘʣʘʩʴ 

ʥʘʯʘʣʴʥʘʷ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʴ, ʦʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʧʦʨ ʟʘʧʦʣʥʷʣʘʩʴ ʫʛʣʝʚʦʜʦʨʦʜʘʤʠ.  

 

 
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ 

 

ʆʙʨʘʟʮʳ ʢʝʨʥʘ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʝʨʥʦʜʝʨʞʘʪʝʣʴ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʦʟʜʘʚʘʣʦʩʴ ʧʣʘʩʪʦʚʦʝ ʠ 

ʛʦʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʦʜʥʠʤʘʣʘʩʴ ʪʝʤʧʝʨʘʪʫʨʘ ʜʦ ʧʣʘʩʪʦʚʦʛʦ ʟʥʘʯʝʥʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʯʝʨʝʟ ʦʙʨʘʟʮʳ 

ʬʠʣʴʪʨʦʚʘʣʘʩʴ ʥʝʬʪʴ, ʟʘʪʝʤ ʤʦʜʝʣʠʨʦʚʘʣʩʷ ʧʨʦʮʝʩʩ ʟʘʚʦʜʥʝʥʠʷ ï ʥʝʬʪʴ ʚʳʪʝʩʥʷʣʘʩʴ ʤʦʜʝʣʴʶ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ. 

ʉʢʦʨʦʩʪʴ ʟʘʢʘʯʢʠ ʚʦʜʳ ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʩʪʘʪʦʯʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ ʢʝʨʥʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ. 

y = 0,28x0,12 

RĮ = 0,86 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʇʝʨʚʳʡ ʵʪʘʧ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʚʢʣʶʯʘʣ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ 

ʚʦʜʦʡ ʥʘ ʝʜʠʥʠʯʥʳʭ ʦʙʨʘʟʮʘʭ ʢʝʨʥʘ. ʀʩʩʣʝʜʫʝʤʳʡ ʢʦʣʣʝʢʪʦʨ ʧʨʝʜʩʪʘʚʣʝʥ ʰʝʩʪʴʶ ʦʙʨʘʟʮʘʤʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʚʝʩʴ ʜʠʘʧʘʟʦʥ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʂʚʳʪ ʦʪ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ ʧʨʠ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ. 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʂʚʳʪ ʦʪ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʬʫʥʢʮʠʝʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡʩʷ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ ʂʚʳʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʙʨʘʟʮʦʚ. ʇʦʩʣʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʙʨʘʟʮʳ ʦʯʠʱʘʣʠʩʴ ʦʪ ʦʩʪʘʪʢʦʚ ʫʛʣʝʚʦʜʦʨʦʜʦʚ 

ʩʧʠʨʪʦʙʝʥʟʦʣʴʥʦʡ ʩʤʝʩʴʶ ʠ ʚʳʩʫʰʠʚʘʣʠʩʴ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʦʩʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʧʣʘʩʪʦʚ. ɼʣʷ ʵʪʦʛʦ 

ʦʙʨʘʟʮʳ ʢʝʨʥʘ ʨʘʩʧʠʣʠʚʘʣʠʩʴ ʚʜʦʣʴ ʦʩʠ; ʠʟ ʧʦʣʦʚʠʥʦʢ ʦʙʨʘʟʮʦʚ ʨʘʟʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʤʙʠʥʠʨʦʚʘʣʠʩʴ 

çʦʙʲʝʤʥʳʝè ʤʦʜʝʣʠ ʧʣʘʩʪʘ (ʨʠʩ. 2). ʄʝʞʜʫ ʧʦʣʦʚʠʥʢʘʤʠ ʧʦʤʝʱʘʣʘʩʴ ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ ʣʠʩʪʦʚʘʷ ʨʝʟʠʥʘ, ʢʦʪʦʨʘʷ 

ʠʩʢʣʶʯʘʣʘ ʧʨʷʤʦʡ ʧʦʪʦʢ ʞʠʜʢʦʩʪʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʢʦʥʪʘʢʪʘ ʦʙʨʘʟʮʦʚ ʢ ʚʳʭʦʜʥʦʤʫ ʪʦʨʮʫ, ʧʨʠ ʵʪʦʤ 

ʛʠʜʨʘʚʣʠʯʝʩʢʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʧʦʣʦʚʠʥʢʘʤʠ ʦʙʨʘʟʮʦʚ ʦʙʝʩʧʝʯʠʚʘʣʠ ʦʪʚʝʨʩʪʠʷ. 

 

 
ʈʠʩ. 2 ʄʦʜʝʣʴ ʧʨʦʧʣʘʩʪʢʦʚ ʨʘʟʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 

 

ʂʦʤʙʠʥʠʨʦʚʘʥʠʝ ʧʦʣʦʚʠʥʦʢ ʢʝʨʥʘ ʨʘʟʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʥʝʩʢʦʣʴʢʦ ʥʝʦʜʥʦʨʦʜʥʳʭ 

ʤʦʜʝʣʝʡ ʧʣʘʩʪʘ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ (ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ʂʦʤʙʠʥʘʮʠʠ ʧʦʣʦʚʠʥʦʢ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʤʦʜʝʣʷʭ ʧʣʘʩʪʘ 

ʅʦʤʝʨ 

ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʐʠʬʨ ʦʙʨʘʟʮʘ 

ʢʝʨʥʘ ʠ ʥʦʤʝʨ 

ʧʦʣʦʚʠʥʢʠ 

Kʧʨ ʧʦ ʥʝʬʪʠ 

(ʧʦʣʦʚʠʥʦʢ ʚ ʩʦʩʪʘʚʝ 

ʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ), 

10-3 ʤʢʤ2 

ʉʦʦʪʥʦʰʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, 
Kʧʨ ʧʦ ʥʝʬʪʠ (ʧʦʣʦʚʠʥʦʢ 

ʚ ʩʦʩʪʘʚʝ ʥʝʦʜʥʦʨʦʜʥʦʡ 

ʤʦʜʝʣʠ), 10-3 ʤʢʤ2 

1 
1(1) 1.3 0.020 

30.9 
3(1) 65 50 

2 
1(2) 1.3 0.018 

15.6 
6(1) 72 55.4 

3 
5(1) 24.3 0.338 

26.1 
6(2) 72 3.0 

4 
2(1) 13.4 0.029 

190 
4(2) 459 34.3 

5 
4(1) 459 18.9 

280.7 
5(2) 24.3 0.053 

6 
2(2) 13.4 0.206 

42.3 
3(2) 65 4.9 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠ ʥʘ 6 ʤʦʜʝʣʷʭ ʧʣʘʩʪʘ ʩ ʨʘʟʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʣʦʚʠʥʦʢ (ʦʪ 3 

ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ 3 ʜʦ 55.4 ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ˉ2). ʉʭʝʤʘ ʧʨʦʚʝʜʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ 

çʦʙʲʝʤʥʦʡè ʤʦʜʝʣʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʥʘ ʮʝʣʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʢʦʥʮʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʤʝʪʦʜʦʤ ʙʘʣʘʥʩʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʩʪʘʪʦʯʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʝʩʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ 

ʧʦʣʦʚʠʥʢʠ ʤʦʜʝʣʠ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʢʝʨʥʘ ʨʘʩʩʯʠʪʘʥʘ ʨʘʟʥʠʮʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʪʝʩʥʝʥʠʷ ʮʝʣʦʛʦ ʠ 

ʨʘʩʧʠʣʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʚ ʩʦʩʪʘʚʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ (ʨʠʩ.3). ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʝ ʧʘʜʝʥʠʝ ʩ ʨʦʩʪʦʤ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ. 3 ʀʟʤʝʥʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʜʣʷ ʧʦʣʦʚʠʥʦʢ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʬʬʝʢʪʠʚʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ 

ʍʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠ 

ʩʚʷʟʘʥʥʦʡ ʤʦʜʝʣʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʤʝʞʜʫ ʧʦʣʦʚʠʥʢʘʤʠ ʢʝʨʥʘ ï ʚʦʜʘ 

ʩʪʨʝʤʠʪʩʷ ʚ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʫʶ ʧʦʣʦʚʠʥʢʫ, ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʝʩʥʝʥʠʷ ʢʦʪʦʨʦʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʮʝʣʴʥʦʛʦ ʦʙʨʘʟʮʘ. ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʨʘʟʥʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʪʝʩʥʝʥʠʷ ʤʝʞʜʫ çʦʙʲʝʤʥʦʡè ʤʦʜʝʣʴʶ ʠ ʮʝʣʳʤ ʦʙʨʘʟʮʦʤ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ 0,35.  

ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ ʪʝʭʥʠʯʝʩʢʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʚʦʜʥʝʥʠʷ 

ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʤʦʜʝʣʠ ʧʣʘʩʪʘ. ɼʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʣʫʯʝʥʳ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʥʘ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ. ʈʘʟʥʠʮʘ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʥʝʦʜʥʦʨʦʜʥʦʡ ʤʦʜʝʣʠ ʠ ʮʝʣʦʛʦ ʦʙʨʘʟʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ 

ʧʣʘʩʪʘ ʚʦʟʜʝʡʩʪʚʠʝʤ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ʂʫʟʥʝʮʦʚ ʀ.ɸ. ʃʘʙʦʨʘʪʦʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʘʯʢʠ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʭ ʞʠʜʢʦʩʪʝʡ ʥʘ ʧʘʨʘʣʣʝʣʴʥʳʭ 1.

ʤʦʜʝʣʷʭ // ʊʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʇʷʪʦʡ ʨʝʛʠʦʥʘʣʴʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ 
ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè. ï ʊʦʤʩʢ: ʊʄʃ-ʇʨʝʩʩ, 2012. ï 292 ʩ. 

 ʆʉʊ 39-195-86 ʅʝʬʪʴ. ʄʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 2.
ʫʩʣʦʚʠʷʭ. 
 

ʈɸɿʈɸɹʆʊʂɸ ʇʈʆɻʈɸʄʄʅʆ-ɸʇʇɸʈɸʊʅʆɻʆ ʂʆʄʇʃɽʂʉɸ ɼʃʗ ʇʈʆɺɽɼɽʅʀʗ 
ʌʀʃʔʊʈɸʎʀʆʅʅʓʍ ʕʂʉʇɽʈʀʄɽʅʊʆɺ ʉ ʆɹʈɸɿʎɸʄʀ ɻʆʈʅʓʍ ʇʆʈʆɼ 

ʇ.ʉ. ɼʦʟʤʦʨʦʚ, ɸ.ɻ.ʉʢʨʠʧʢʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʊ. ʈʦʩʣʷʢ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʂʘʢ ʧʦʢʘʟʳʚʘʶʪ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘʥʘʣʠʟʳ, ʦʪʨʘʞʘʶʱʠʝ ʩʪʝʧʝʥʴ ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ, ʜʝʣʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʥʘ ʥʝʦʨʠʝʥʪʠʨʦʚʘʥʥʦʤ ʢʝʨʥʝ, ʦʪʨʘʞʘʷ, ʧʦ ʩʫʪʠ, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚ ʜʠʩʢʨʝʪʥʳʭ ʪʦʯʢʘʭ ʩʙʦʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʥʝ 

ʜʘʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʙʦʨʘ ʜʣʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʣʣʝʢʪʦʨʦʚ. ʅʘ ʚʝʣʠʯʠʥʫ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʣʠʷʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʦʨʳ: ʬʦʨʤʘ 

ʠ ʨʘʟʤʝʨ ʧʝʩʯʘʥʳʭ ʟʝʨʝʥ, ʩʣʦʠʩʪʦʩʪʴ, ʮʝʤʝʥʪʘʮʠʷ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʠ ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠ ʜʨ.  

ʈʘʩʩʤʦʪʨʠʤ ʬʦʨʤʫ ʠ ʨʘʟʤʝʨ ʧʝʩʯʘʥʳʭ ʟʝʨʝʥ [2]. ɽʩʣʠ ʧʦʨʦʜʘ ʩʣʦʞʝʥʘ ʢʨʫʧʥʳʤʠ ʠ ʧʣʦʩʢʠʤʠ ʟʝʨʥʘʤʠ, 

ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʚʥʦʤʝʨʥʦ, ʧʨʠʯʝʤ ʠʭ ʩʘʤʘʷ ʜʣʠʥʥʘʷ ʦʩʴ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ 

ʨʠʩ. 1, ʪʦ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ (kH) ʵʪʦʡ ʧʦʨʦʜʳ ʙʫʜʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ, ʪʦʛʜʘ ʢʘʢ ʚʝʨʪʠʢʘʣʴʥʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ (kV) ʙʫʜʝʪ ʦʪ ʩʨʝʜʥʝʡ ʜʦ ʚʳʩʦʢʦʡ. ɽʩʣʠ ʧʦʨʦʜʘ ʩʣʦʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʢʨʫʧʥʳʤʠ ʠ ʦʢʨʫʛʣʳʤʠ 

ʟʝʨʥʘʤʠ, ʝʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʙʫʜʝʪ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʠ ʠʤʝʪʴ ʦʜʥʫ ʠ ʪʫ ʞʝ ʚʝʣʠʯʠʥʫ ʚ ʦʙʦʠʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʢʘʢ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. ɽʩʣʠ ʟʝʨʥʘ ʤʝʣʢʠʝ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʘ ʙʫʜʝʪ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʥʠʞʝ, ʦʩʦʙʝʥʥʦ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʦʧʘʜʘʶʪ ʠʤʝʥʥʦ 

ʚ ʵʪʫ ʢʘʪʝʛʦʨʠʶ. ʂʦʣʣʝʢʪʦʨʳ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ, ʥʘʟʳʚʘʶʪʩʷ ʘʥʠʟʦʪʨʦʧʥʳʤʠ. 

ɸʥʠʟʦʪʨʦʧʠʷ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜʳ. ʈʘʟʣʠʯʠʝ ʚ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʠʟʤʝʨʷʝʤʦʡ 

ʧʘʨʘʣʣʝʣʴʥʦ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʧʣʦʩʢʦʩʪʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷ, ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʚ ʧʨʦʮʝʩʩʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʘʜʢʘ, ʪʘʢ ʢʘʢ 

ʟʝʨʥʘ ʦʩʘʞʜʘʶʪʩʷ ʚ ʚʦʜʝ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʠʭ ʩʘʤʳʝ ʜʣʠʥʥʳʝ ʠ ʩʘʤʳʝ ʧʣʦʩʢʠʝ ʩʪʦʨʦʥʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʇʦʩʣʝʜʫʶʱʝʝ ʫʧʣʦʪʥʝʥʠʝ ʦʩʘʜʢʘ ʫʚʝʣʠʯʠʚʘʝʪ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʧʝʩʯʘʥʳʭ ʟʝʨʝʥ, ʪʘʢ ʯʪʦ ʦʥʠ ʧʦ 

ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ [2]. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

  

ʈʠʩ. 1 ʂʘʥʘʣʳ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʨʦʜʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʢʨʫʧʥʳʭ ʧʣʦʩʢʠʭ ʟʝʨʝʥ [2] 

ʈʠʩ. 2 ʂʘʥʘʣʳ ʬʠʣʴʪʨʘʮʠʠ ʚ ʧʦʨʦʜʝ, ʩʦʩʪʦʷʱʝʡ ʠʟ 

ʢʨʫʧʥʳʭ ʦʢʨʫʛʣʳʭ ʟʝʨʝʥ [2] 

 

ɺ ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè ʚ ʣʘʙʦʨʘʪʦʨʠʠ çʌʠʟʠʢʠ ʧʣʘʩʪʘè ʥʘʤʠ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʫʩʪʘʥʦʚʢʘ, 

ʧʦʟʚʦʣʷʶʱʘʷ ʧʨʦʚʦʜʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʘ ʪʘʢʞʝ ʧʨʦʚʦʜʠʪʴ 

ʠʟʤʝʨʝʥʠʷ ʬʘʟʦʚʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʬʠʣʴʪʨʘʮʠʠ ʥʝʬʪʠ ʠ ʚʦʜʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʥʘ ʦʙʨʘʟʮʘʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ [1]. 

 

ɺ ʭʦʜʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦ-ʘʧʧʘʨʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʈʘʩʰʠʨʝʥʠʝ ʜʠʘʧʘʟʦʥʘ ʩʢʦʨʦʩʪʝʡ ʧʦʜʘʯʠ ʞʠʜʢʦʩʪʠ ʦʪ 0,0001ʤʣ/ʤʠʥ ʜʦ 30ʤʣ/ʤʠʥ; 

- ɺʦʟʤʦʞʥʦʩʪʴ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʧʦʜʜʝʨʞʘʥʠʷ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʠʣʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʛʠʜʨʘʚʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʷʪʠ ʜʘʪʯʠʢʦʚ ʜʘʚʣʝʥʠʷ ʚ ʩʦʩʪʘʚʝ ʦʜʥʦʧʣʫʥʞʝʨʥʦʛʦ ʥʘʩʦʩʘ ʠ 

ʬʠʣʴʪʨʘʮʠʠ ʫʩʪʘʥʦʚʢʠ; 

- ʈʝʘʣʠʟʘʮʠʷ ʝʜʠʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʢ ʘʥʘʣʠʟʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʟʘʧʠʩʴ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʜʘʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʢʦʧʣʝʢʩʘ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʢʝʨʥ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʜʣʷ ʘʥʘʣʠʟʘ 

ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʞʠʜʢʦʩʪʠ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ (ʈʠʩ.2). 

 

 

ʈʠʩ. 2 ʂʫʙʠʯʝʩʢʠʡ ʢʝʨʥ ʜʣʷ ʘʥʘʣʠʟʘ ʘʥʠʟʦʪʨʦʧʠʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʞʠʜʢʦʩʪʠ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ 

 

ɼʘʥʥʘʷ ʬʦʨʤʘ  ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʥʷʪʴ ʧʦʣʦʞʝʥʠʝ ʢʝʨʥʘ ʚ ʢʝʨʥʦʜʝʨʞʘʪʝʣʝ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 

ʜʨʫʛʦʡ ʧʨʦʝʢʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʪʨʝʭ ʧʨʦʝʢʮʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 3 

 

 
 

ʈʠʩ. 3 ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʨʝʭ ʧʨʦʝʢʮʠʡ ʦʜʥʦʛʦ ʢʝʨʥʘ 

 

ʂʘʢ ʚʠʜʠʤ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʫ ʦʙʨʘʟʮʘ ʧʦ ʦʩʷʤ X, Y ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦ ʦʩʠ Z 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʘʥʠʟʦʪʨʦʧʠʶ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʞʠʜʢʦʩʪʠ ʚ 

ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʶʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ɼʦʟʤʦʨʦʚ ʇ.ʉ. ɸʢʪ ʚʥʝʜʨʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʙʣʦʢʘ ʘʧʧʘʨʘʪʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʦʜʥʦʧʣʫʥʞʝʨʥʳʤ 1.

ʥʘʩʦʩʦʤ, ï ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè ï ʊʦʤʩʢ, 2012 
 ʀʩʢʘʟʠʝʚ ʂ.ʆ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʝʦʜʥʦʨʦʜʥʳʭ 2.

ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ, ï ʜʠʩʩʝʨʪʘʮʠʷʥʘ ʩʦʠʩʢʘʥʠʝ ʩʪʝʧʝʥʠ ʢʘʥʜʠʜʘʪʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ : 
25.00.16. ï ʊʦʤʩʢ, 2006. ï 177 ʩ.: ʠʣ. ʈɻɹ ʆɼ, 61 07-4/17 
 

ʆʇʈɽɼɽʃɽʅʀɽ ʇʃʆʑɸɼʀ ʇʆɺɽʈʍʅʆʉʊʀ ʏɸʉʊʀʎ ʇʈʀ ɸʅɸʃʀɿɽ 
ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʄɽʊʆɼɸʄʀ ʉɽɼʀʄɽʅʊɸʎʀʀ ʀ ʄʀʂʈʆʉʂʆʇʀʀ 

ʇ.ʉ. ɼʦʟʤʦʨʦʚ, ɸ.ɸ. ʈʝʰʝʪʴʢʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʊ. ʈʦʩʣʷʢ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʨʦʰʢʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ 

ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦ ʤʥʦʞʝʩʪʚʝ ʦʪʨʘʩʣʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʦʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʟʘʚʠʩʷʪ 

ʥʝ ʪʦʣʴʢʦ ʧʦʨʠʩʪʦʩʪʴ ʢʦʣʣʝʢʪʦʨʦʚ, ʥʦ ʠ ʜʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ: ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʫʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʠ ʜʨ[2]. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʤ ʯʘʩʪʠʮ  ʯʝʨʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʦʚ 

ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠʟ ʩʪʘʨʪʦʚʦʛʦ ʩʣʦʷ, ʘ ʪʘʢʞʝ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʘ ʈʦʟʠʥʘ-ʈʘʤʤʣʝʨʘ-ɹʝʥʥʝʪʘ ʜʣʷ 

ʠʩʢʦʤʳʭ ʜʘʥʥʳʭ. 

ɸʥʘʣʠʟ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʣʠʪʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʯʘʱʝ ʚʩʝʛʦ, 

ʚʳʨʘʞʘʝʪʩʷ ʦʜʥʠʤ ʯʠʩʣʦʤ ʠ ʰʘʨʦʦʙʨʘʟʥʦʡ ʬʦʨʤʦʡ ʯʘʩʪʠʮʳ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʘʣʠʠ ʬʦʨʤʘ ʯʘʩʪʠʮʳ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʰʘʨʦʦʙʨʘʟʥʦʡ, ʧʨʠ ʨʘʩʯʝʪʝ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʘʞʝʥʠʷ. 

ʄʝʪʦʜ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʧʨʷʤʳʤ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ 

ʧʦʣʫʯʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʄʝʪʦʜ ʤʠʢʨʦʩʢʦʧʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʯʘʩʪʠʮʫ ʢʘʢ 

ʜʚʫʭʤʝʨʥʫʶ ʧʨʦʝʢʮʠʶ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʨʘʟʤʝʨ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʥʝ ʫʯʠʪʳʚʘʷ 

ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʯʘʩʪʠʮʳ ʢʘʢ ʪʨʝʭʤʝʨʥʦʛʦ ʦʙʲʝʢʪʘ (ʨʠʩ.1.). 

 

d

 

S d

 

ʘ) ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮʳ  ʙ) ʈʘʟʤʝʨ ʯʘʩʪʠʮʳ ʧʦ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʧʣʦʱʘʜʠ 

ʈʠʩ. 1 ʆʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʢʦʧʠʠ 

 

ʉʧʦʩʦʙ ʩʝʜʠʤʝʥʪʘʮʠʠ ʯʘʩʪʠʮ ʠʟ ʩʪʘʨʪʦʚʦʛʦ ʩʣʦʷ [1] ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʩʘʞʜʝʥʠʝ ʩ ʦʜʥʦʡ ʚʳʩʦʪʳ ʚʩʝʭ 

ʯʘʩʪʠʮ ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʧʨʦʙʳ ʧʦʨʦʰʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʬʠʢʩʠʨʫʶʪʩʷ ʚʩʝ, ʜʘʞʝ ʩʘʤʳʝ ʢʨʫʧʥʳʝ ʯʘʩʪʠʮʳ, ʢʦʪʦʨʳʝ 

ʧʨʠ ʦʙʳʯʥʳʭ ʤʝʪʦʜʘʭ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʧʝʚʘʶʪ ʜʦʩʪʠʛʥʫʪʴ ʜʥʘ ʢʶʚʝʪʳ ʜʦ ʥʘʯʘʣʘ ʠʟʤʝʨʝʥʠʡ. ɼʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠʙʦʨ çɺʝʩʦʚʦʡ ʩʝʜʠʤʝʥʪʦʤʝʪʨ ɺʉ-4è (ʨʠʩ. 2).  

 

 
ʈʠʩ. 2 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʩʝʜʠʤʝʥʪʦʤʝʪʨʘ ɺʉ-4 

 

ʆʜʥʘʢʦ ʜʘʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ: 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

1. ʆʪʩʫʪʩʪʚʫʝʪ ʢʦʥʪʨʦʣʴ ʩʨʝʜʳ. ʇʦʩʢʦʣʴʢʫ ʩʝʜʠʤʝʥʪʘʮʠʷ ʜʣʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ, ʥʝʦʙʭʦʜʠʤʦ 
ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʞʠʜʢʦʩʪʠ; 

2. ʂʘʣʠʙʨʦʚʢʘ ʧʨʠʙʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʧʨʠʙʦʨʘ, ʯʪʦ ʚʥʦʩʠʪ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ; 

3. ʉʚʷʟʴ ʩ ʧʝʨʩʦʥʘʣʴʥʳʤ ʢʦʤʧʴʶʪʝʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʠʥʪʝʨʬʝʡʩʫ RS232 (COM-ʧʦʨʪ), ʢʦʪʦʨʳʡ 

ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʪʝʢʫʱʠʭ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ; 

4. ʆʪʩʫʪʩʪʚʫʝʪ ʞʝʩʪʢʘʷ ʧʨʠʚʷʟʢʘ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ. ʇʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ çʧʨʠʤʝʨʥʦè ʚʳʚʦʜʷʪʩʷ ʨʘʟ 

ʚ ʩʝʢʫʥʜʫ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ ʧʦʢʘʟʘʥʠʡ ʧʨʠʙʦʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ çɺʝʩʦʚʦʛʦ ʉʝʜʠʤʝʥʪʦʤʝʪʨʘ ɺʉ-4è ʚ ʧʦʢʘʟʘʥʠʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʄʝʪʦʜ ʈʦʟʠʥʘ-ʈʘʤʤʣʝʨʘ-ɹʝʥʝʪʘ ʨʘʙʦʪʘʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʚʭʦʜ ʘʣʛʦʨʠʪʤʘ ʧʦʩʪʫʧʘʝʪ ɼʝʢʘʨʪʦʚʦ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʚʨʝʤʝʥʠ ʠ ʧʦʢʘʟʘʥʠʷ ʧʨʠʙʦʨʘ. ɸʣʛʦʨʠʪʤ ʤʦʜʝʣʠʨʫʝʪ ʩʠʩʪʝʤʫ ʦʩʘʞʜʝʥʠʷ ʦʙʣʘʢʦʚ ʯʘʩʪʠʮ ʠ 

ʧʦʜʙʠʨʘʝʪ ʪʘʢʦʡ ʜʠʘʤʝʪʨ ʯʘʩʪʠʮ, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʳʤ ʧʦʢʘʟʘʥʠʷʤ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ [3]. 

ɽʩʣʠ ʚʢʣʶʯʠʪʴ ʚ ʜʘʥʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʧʦʜʙʠʨʘʪʴ ʚʳʩʦʪʫ 

ʯʘʩʪʠʮʳ, ʪʦ ʚʦʟʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʯʘʩʪʠʮʳ ʚ ʚʠʜʝ ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʭ ʬʦʨʤ (ʨʠʩ.3). ʇʨʠʯʝʤ ʢʘʞʜʦʝ ʦʙʣʘʢʦ ʯʘʩʪʠʮ 

ʙʫʜʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʚʳʩʦʪʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʠʪʦʛʝ ʧʦʣʫʯʘʝʤ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝ ʩʬʝʨʠʯʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ 

ʦʩʘʞʜʝʥʥʳʭ ʦʙʣʘʢʦʚ. 
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ʈʠʩ. 3 ʵʣʣʠʧʩʦʠʜʘʣʴʥʳʝ ʬʦʨʤʳ ʯʘʩʪʠʮ: ʧʣʦʩʢʦʩʪʴ (a,b) ï ʜʘʥʥʳʝ ʠʟ ʤʝʪʦʜʘ ʤʠʢʨʦʩʢʦʧʠʠ; ʩ ï ʧʦʣʫʯʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʟ ʤʝʪʦʜʘ ʩʝʜʠʤʝʥʪʘʮʠʠ 

 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʩ 

ʫʯʝʪʦʤ ʬʦʨʤ ʯʘʩʪʠʮ ʧʦ ʢʘʞʜʦʤʫ ʠʟ ʦʩʝʚʰʠʭ ʩʣʦʝʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʨʘʩʯʝʪʘ ʫʜʝʣʴʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ, ʘ ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʛʦʨʥʦʡ ʧʦʨʦʜʳ.  
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ʇʆɺʓʐɽʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ ɻɸɿʃʀʌʊʅʓʍ ʉʂɺɸɾʀʅ ʅɸ ʅɽʌʊʗʅʆʄ 
ʄɽʉʊʆʈʆɾɼɽʅʀʀ çɹɽʃʓʁ ʊʀɻʈè (ɺʔɽʊʅɸʄ) 

ɼʦʥʛ ɺʘʥ ʍʦʘʥʛ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ. ʅ. ɸʨʙʫʟʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʅʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʣʳʡ ʊʠʛʨ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦ - ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʦʡ ʉʇ 

"ɺʴʝʪʩʦʚʧʝʪʨʦ". ɺ 1988 ʛʦʜʫ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʘ ʦʪʢʨʳʪʘ ʫʥʠʢʘʣʴʥʘʷ ʧʦ ʟʘʧʘʩʘʤ ʚʳʩʦʢʦʧʨʦʜʫʢʪʠʚʥʘʷ 

ʟʘʣʝʞʴ ʚ ʛʨʘʥʠʪʥʦʤ ʤʘʩʩʠʚʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ (ʜʝʙʠʪ ʩʢʚʘʞʠʥ ʙʦʣʝʝ 2000 ʪ/ʩʫʪʢʠ). ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

çɹʝʣʳʡ ʊʠʛʨè ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʧʦʜʥʷʪʠʷ ʄʝʢʦʥʛʩʢʦʡ ʚʧʘʜʠʥʳ, ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ 

ʨʘʟʨʝʟ ʢʦʪʦʨʦʡ ʚʢʣʶʯʘʝʪ ʜʦʢʘʡʥʦʟʦʡʩʢʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʬʫʥʜʘʤʝʥʪ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʝʛʦ ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʦʣʠʛʦʮʝʥʘ, ʤʠʦʮʝʥʘ ʠ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʊʦʣʱʠʥʘ ʢʘʡʥʦʟʦʡʩʢʦʛʦ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ 

ʤʝʥʷʝʪʩʷ ʦʪ 3000 ʤ ʥʘ ʣʦʢʘʣʴʥʳʭ ʧʦʜʥʷʪʠʷʭ ʜʦ 8000 ʤ ʚ ʜʝʧʨʝʩʩʠʷʭ. ʆʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ ʚ ʬʫʥʜʘʤʝʥʪʝ (ʦʢʦʣʦ 500 ʤʣʥ. ʪ.). 

ɺ 1997 ʛʦʜʫ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɹʝʣʳʡ ʊʠʛʨ ʙʳʣʘ ʚʚʝʜʝʥʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʝʨʚʘʷ ʛʘʟʣʠʬʪʥʘʷ ʩʢʚʘʞʠʥʘ. 

ɺ 2005 ʛʦʜʫ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʛʘʟʣʠʬʪʥʳʤ ʩʧʦʩʦʙʦʤ ʵʢʩʧʣʫʘʪʘʮʠʝʡ 92 ʩʢʚʘʞʠʥ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 54% ʚʩʝʛʦ 

ʜʦʙʳʚʘʶʱʝʛʦ ʬʦʥʜʘ ʉʇ "ɺʴʝʪʩʦʚʧʝʪʨʦ". ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʥʘʤʠʢʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʣʠʬʪʥʳʭ 

ʩʢʚʘʞʠʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ. ɿʘ ʧʝʨʠʦʜ 1997 - 2007 ʛ. ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 13 ʜʦ 40 %,  ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,1 ʨʘʟʘ, ʘ ʩʨʝʜʥʠʡ ʜʝʙʠʪ ʧʦ ʩʢʚʘʞʠʥʘʤ 

ʩʥʠʞʘʝʪʩʷ ʥʘ 25%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʦʩʪ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʫʤʤʘʨʥʳʭ ʧʦʪʝʨʴ ʜʘʚʣʝʥʠʷ, ʠ 

ʩʣʝʜʫʝʪ ʫʚʝʣʠʯʠʚʘʪʴ ʨʘʩʭʦʜ ʛʘʟ ʜʣʷ ʧʦʜʲʝʤʘ ʞʠʜʢʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
 

 
ʈʠʩ. 1 ɼʠʥʘʤʠʢʘ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ 

 

ʄʝʪʦʜ ʫʚʝʣʠʯʝʥʠʷ ʂʇɼ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʤʦʞʥʦ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʥʘʧʨʘʚʣʝʥʠʷ: 

-ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʧʦʛʨʫʞʝʥʠʷ ʧʦʜʲʝʤʥʠʢʘ; 

-ʩʥʠʞʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʛʘʟʘ. 

ʇʝʨʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ ʚʚʦʜʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʛʦ ʛʘʟʘ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʫʨʦʚʝʥʴ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʦʙʱʠʡ ʠ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ 

ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ, ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʫʩʢʦʚʳʭ ʢʣʘʧʘʥʦʚ ʠ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʳ ʫʩʪʘʥʦʚʢʠ ʧʫʩʢʦʚʳʭ 

ʠ ʨʘʙʦʯʠʭ ʢʣʘʧʘʥʦʚ. 

ɺʪʦʨʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʜʨʦʙʣʝʥʠʷ ʛʘʟʦʚʦʡ ʠʣʠ ʞʠʜʢʦʡ ʬʘʟʳ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ 

ʜʠʩʧʝʨʛʘʪʦʨʘʤʠ. ɼʠʩʧʝʨʛʠʨʫʶʱʠʝ ʫʩʪʨʦʡʩʪʚʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʫʩʣʦʚʥʦ ʨʘʟʙʠʪʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʜʠʩʧʝʨʛʘʪʦʨʳ [1]. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ 

ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʪʳ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʛʘʟʣʠʬʪʥʳʭ 

ʩʢʚʘʞʠʥ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʷʚʣʷʝʪʩʷ ʛʣʫʙʠʥʥʳʡ ʰʪʫʮʝʨʥʳʡ ʜʠʩʧʝʨʛʘʪʦʨ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ 

ʰʪʫʮʝʨʥʳʭ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʟʘʚʠʩʠʪ ʦʪ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʦʚ: 

-ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʣʘʩʪʘ ʠ ʩʢʚʘʞʠʥ, ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʠ ʛʘʟʘ; 

-ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ; 

-ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʧʝʨʛʘʪʦʨʦʚ (ʜʠʘʤʝʪʨ, ʢʦʣʠʯʝʩʪʚʦ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ). 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʰʪʫʮʝʨʥʳʭ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʚʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʧʝʨʛʘʪʦʨʦʚ (ʢʦʣʠʯʝʩʪʚʦ ʠ ʜʠʘʤʝʪʨ ʰʪʫʮʝʨʦʚ), ʧʨʠ ʢʦʪʦʨʦʡ ʛʘʟʣʠʬʪʥʳʝ 

ʩʢʚʘʞʠʥʳ ʨʘʙʦʪʘʶʪ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʛʘʟʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ.  

ʇʨʠ ʚʳʙʦʨʝ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʠʤʝʥʷʪʴ ʩʪʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʆʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ 

ɹʦʢʩʘ.   

ɺ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʷʟʳʢʝ ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʧʦʥʠʤʘʝʪʩʷ ʪʘʢ, 

ʯʪʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʬʘʢʪʦʨʦʚ dʰ (ʜʠʘʤʝʪʨʘ ʰʪʫʮʝʨʦʚ) ʠ nʰ (ʢʦʣʠʯʝʩʪʚʦ ʰʪʫʮʝʨʦʚ) ʥʫʞʥʦ ʥʘʡʪʠ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ:  

( )ʰ ʰR f d nD = +
 

ɻʨʘʬʠʢ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʪʢʣʠʢʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʧʦ ʦʩʷʤ ʢʦʦʨʜʠʥʘʪ ʢʦʪʦʨʦʛʦ 

ʦʪʢʣʘʜʳʚʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʝʤʳʭ ʬʘʢʪʦʨʦʚ ʥʘʟʳʚʘʝʪʩʷ ʬʘʢʪʦʨʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ (ʨʠʩ. 2). ʇʦʵʪʦʤʫ ʩʝʡʯʘʩ 

ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʦʯʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʢʣʠʢʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʵʪʘʧʘʤ: 

1.ɺʳʙʦʨ ʦʩʥʦʚʥʦʛʦ ʫʨʦʚʥʷ ʠ ʠʥʪʝʨʚʘʣʦʚ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ. 

2.ʉʦʩʪʘʚʣʷʪʴ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

3.ʇʨʦʚʦʜʠʪʴ ʧʷʪʴ ʦʧʳʪʦʚ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʣʫʙʠʥʘʭ ʩʧʫʩʢʘ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʠ ʧʨʠ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ 

ʜʠʘʤʝʪʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʰʪʫʮʝʨʦʚ. ʇʨʠʚʝʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʚ ʤʘʪʨʠʮʫ ʧʣʘʥʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

4.ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʥʫʣʝʚʦʡ ʪʦʯʢʠ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪ. 

5.ʀʟʤʝʥʠʪʴ ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʦʚ 

 

 
ʈʠʩ. 2 ɻʨʘʬʠʢ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʬʫʥʢʮʠʠ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʥʘ ʩʢʚʘʞʠʥʝ ʩ ʩʣʝʜʫʶʱʠʤʠ ʜʘʥʥʳʤʠ: ʜʠʘʤʝʪʨ ʦʙʩʘʜʢʦʡ ʢʦʣʦʥʥʳ - 168 ʤʤ, 

ʜʠʘʤʝʪʨ ʢʦʣʦʥʥʳ ʧʦʜʲʝʤʥʳʭ ʪʨʫʙ - 63 ʤʤ, ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ 10%, ʛʣʫʙʠʥʘ ʫʩʪʘʥʦʚʢʠ ʜʠʩʧʝʨʛʘʪʦʨʦʚ - 

800 ʤ ʠ 1400 ʤ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʙʳʣ ʧʨʠʥʷʪ ʚʘʨʠʘʥʪ: ʥʫʣʝʚʘʷ ʪʦʯʢʘ nʰ0 ʭ dʰ0 = 6 ʭ 15 

ʤʤ, ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ nʰ1 ʭ dʰ1 = 4 ʭ 10 ʤʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ nʰ2 ʭ dʰ2 = 8 ʭ 20 ʤʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʥʦʩʷʪʩʷ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ˉ ʂʦʥʩʪʨʫʢʮʠʷ 

ʜʠʩʧʝʨʛʘʪʦʨʘ 

ʈʘʩʭʦʜ ʛʘʟʘ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ɼʝʙʠʪ ʩʢʚʘʞʠʥ, 

ʤ3/ʩʫʪ 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʛʘʟʘ, ʤ3/ʤ3 
RD  

1 6 ʭ 15 4000 80 50 -2 

2 4 ʭ 10 4000 80 50 -2 

3 4 ʭ 20 3850 80 48,2 -3,8 

4 8 ʭ 10 3750 80 47 -5 

5 8 ʭ 20 2750 80 34,4 -17,6 

 

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ RD = 17,6 ʧʦʣʫʯʘʝʪʩʷ 

ʧʨʠ nʰ ʭ dʰ = 8 ʭ 20 ʤʤ. ʇʦʵʪʦʤʫ ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜ ʥʫʣʝʚʦʡ ʪʦʯʢʦʡ ʧʨʠʥʠʤʘʝʪʩʷ ʪʦʯʢʘ ʩ nʰ = 8, 

dʰ = 20 ʤʤ. ɺʦ ʵʪʦʡ ʬʘʟʳ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʯʝʪʳʨʝʭ ʟʥʘʯʝʥʠʷʭ ʜʠʘʤʝʪʨʘ ʠ ʢʦʣʠʯʝʩʪʚʘ 

ʰʪʫʮʝʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʘʢʩʠʤʫʤ RD  ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʮʝʥʪʨʝ ʬʘʢʪʦʨʥʦʛʦ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ, ʪʘʢ ʯʪʦ ʟʘ ʦʧʪʠʤʘʣʴʥʫʶ 

ʢʦʥʩʪʨʫʢʮʠʶ ʜʠʩʧʝʨʛʘʪʦʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʜʠʩʧʝʨʛʘʪʦʨ ʩ 8 ʰʪʫʮʝʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɹʝʣʳʡ ʊʠʛʨ ʧʦʟʚʦʣʷʶʪ ʧʦʚʳʩʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʣʠʯʝʩʪʚʘ ʰʪʫʮʝʨʦʚ ʠ ʠʭ ʜʠʘʤʝʪʨʦʚ ʚ ʩʢʚʘʞʠʥʥʳʭ ʜʠʩʧʝʨʛʘʪʦʨʘʭ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʘʢʩʠʤʘʣʴʥʫʶ ʵʢʦʥʦʤʠʶ 

ʨʘʩʭʦʜʘ ʛʘʟʘ ʧʨʠ ʟʘʜʘʥʥʦʤ ʜʝʙʠʪʝ ʩʢʚʘʞʠʥʳ. ʇʨʠʚʝʣʠ ʧʨʠʤʝʨ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ 

ʫʩʪʘʥʦʚʣʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʫʤʝʥʴʰʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʛʘʟʘ ʥʘ 10 ï 15 %. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ʄʫʨʘʚʴʝʚ ʀ.ʄ., ʈʝʧʠʥ ʅ.ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʤʝʩʝʡ ʚ ʩʢʚʘʞʠʥʘʭ. ï ʄ.: ʀʟʜ-ʚʦ 1.

ʅʝʜʨʘ, 1972, ï 208 ʩ. 
 ɻʦʨʩʢʠʡ ɺ.ɻ., ɸʜʣʝʨ ʖ.ʇ. ʇʣʘʥʠʨʦʚʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ï ʄ.: ʄʝʪʘʣʣʫʨʛʠʷ, 1974, ï 264 ʩ. 2.

 
ɺʃʀʗʅʀɽ ʋʉʀʃɽʅʀʗ ʉʀʉʊɽʄʓ ɿɸɺʆɼʅɽʅʀʗ ʅɸ ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʈɸɿʈɸɹʆʊʂʀ 

ʇʈʀ ʀʉʇʆʃʔɿʆɺɸʅʀʀ ʇʃʆʑɸɼʅʓʍ ʉʀʉʊɽʄ 
ɸ.ʉ. ɽʚʜʦʢʠʤʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʀ.ɸ.ʉʠʥʮʦʚ 
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʝʛʘʟʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

ʇʨʠʤʝʥʝʥʠʝ ʧʣʦʱʘʜʥʳʭ ʩʠʩʪʝʤ ʟʘʚʦʜʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʦʧʨʦʩʦʚ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʩʠʩʪʝʤ ʨʘʟʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʩʦʦʪʥʦʰʝʥʠʷ ʜʦʙʳʚʘʶʱʠʭ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. ʅʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʧʷʪʠ, ʩʝʤʠ- ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʳʝ ʦʙʨʘʱʝʥʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʧʨʠ ʵʪʦʤ ʚ 

ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʝ ʥʘ ʦʜʥʫ ʥʘʛʥʝʪʘʪʝʣʴʥʫʶ ʩʢʚʘʞʠʥʫ ʧʨʠʭʦʜʠʪʩʷ ʪʨʠ ʜʦʙʳʚʘʶʱʠʭ.  

ɺ ʥʘʰʝʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʣʝʤʝʥʪʳ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʧʣʦʱʘʜʥʦʡ ʩʠʩʪʝʤʳ, ʨʘʟʤʝʱʝʥʥʳʝ ʚ 

ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʶʨʩʢʠʭ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʅʦʚʦ-ʇʦʢʫʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʦʣʠʯʝʩʪʚʦ 

ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʪʨʠ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʜʦʙʳʚʘʶʱʠʭ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ʦʪʙʦʨʳ ʞʠʜʢʦʩʪʠ ʠʟ ʧʣʘʩʪʘ ʧʦ ʚʩʝʤ ʵʣʝʤʝʥʪʘʤ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʘʜʝʥʠʶ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ɼʣʷ 

ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʦʚ ʟʘʢʘʯʢʠ ʚ ʧʣʘʩʪʝ ʧʨʦʚʦʜʷʪ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ (ɻʈʇ, ʆʇɿ), ʣʠʙʦ ʫʚʝʣʠʯʠʚʘʶʪ 

ʜʘʚʣʝʥʠʝ ʟʘʢʘʯʢʠ ʜʦ ʜʘʚʣʝʥʠʷ ʨʘʟʨʳʚʘ ʧʦʨʦʜʳ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ʟʘʢʘʯʢʠ ʠ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʦʙʚʦʜʥʝʥʠʶ ʦʪʜʝʣʴʥʳʭ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʧʦʵʪʦʤʫ ʧʘʜʘʝʪ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʝʢʪʘ. 

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ  ʦʪʯʝʪʣʠʚʦ ʙʳʣʘ ʚʠʜʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ ʦʪ ʟʘʢʘʯʢʠ ʚ ʧʣʘʩʪ ʚʦʜʳ, ʙʳʣʠ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʢʦʣʦ ʚʦʩʴʤʠʜʝʩʷʪʠ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ ʘʥʘʣʠʟʝ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʢʠ 

ʟʘʚʠʩʠʤʦʩʪʝʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʝʜʝʣʠʣʠʩʴ ʥʘʠʙʦʣʝʝ çʧʣʦʭʠʝè ʠ çʭʦʨʦʰʠʝè ʵʣʝʤʝʥʪʳ, ʩʨʘʚʥʠʚ ʢʦʪʦʨʳʝ,  ʤʦʞʥʦ 

ʧʨʠʡʪʠ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʚʳʚʦʜʘʤ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʤʝʥʪ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʦʡ 676: 

ʀʟ ʜʠʥʘʤʠʢʠ ʧʦʢʘʟʘʪʝʣʝʡ (ʈʠʩ. 1,2) ʚʠʜʥʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ ʨʘʟʨʘʙʦʪʢʠ ʦʪʤʝʯʘʝʪʩʷ 

ʦʪʩʪʘʚʘʥʠʝ ʟʘʢʘʯʢʠ ʦʪ ʪʝʢʫʱʠʭ ʦʪʙʦʨʦʚ ʞʠʜʢʦʩʪʠ. ɺ ʠʪʦʛʝ, ʥʘʢʦʧʣʝʥʥʘʷ ʜʦʙʳʯʘ ʞʠʜʢʦʩʪʠ  ʧʦ ʜʘʥʥʦʤʫ ʵʣʝʤʝʥʪʫ 

ʩʦʩʪʘʚʠʣʘ 701 ʪʳʩ.ʪ, ʪʝʢʫʱʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ï 72,4%, ʟʘʢʘʯʢʘ ʚʦʜʳ ï 244 ʪʳʩ.̍Ȣ ʅʘʢʦʧʣʝʥʥʘʷ ʢʦʤʧʝʥʩʘʮʠʷ ï 

48,9%. ʊʦ ʝʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʜʦʢʦʤʧʝʥʩʘʮʠʷ ʦʪʙʦʨʦʚ ʟʘʢʘʯʢʦʡ ʚʦʜʳ, ʧʦʢʘʟʘʪʝʣʴ ʢʦʪʦʨʦʡ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʤʝʥʴʰʝ, 

ʯʝʤ ʧʦʢʘʟʘʪʝʣʴ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʵʪʦ ʧʨʠʚʝʣʦ ʢ ʪʦʤʫ, ʯʪʦ ʜʦʙʳʯʘ ʥʝʬʪʠ ʧʦ ʵʣʝʤʝʥʪʫ ʩʦʩʪʘʚʠʣʘ 

158 ʪʳʩ.ʪ ʥʝʬʪʠ, ʯʪʦ ʟʘʤʝʪʥʦ ʥʠʞʝ ʩʨʝʜʥʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʙʳʯʠ ʧʦ ʵʣʝʤʝʥʪʘʤ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʵʣʝʤʝʥʪʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʜʦʙʳʚʘʶʱʘʷ ʩʢʚʘʞʠʥʘ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ. 1 ɼʠʥʘʤʠʢʘ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ ʠ ʟʘʢʘʯʢʠ ʚʦʜʳ ʚ ʵʣʝʤʝʥʪʝ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʦʡ 676 

 

 
ʈʠʩ. 2 ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʵʣʝʤʝʥʪʝ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʦʡ 676 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʣʝʝ ʨʘʩʩʤʦʪʨʠʤ çʭʦʨʦʰʠʡè ʵʣʝʤʝʥʪ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʦʡ 291: 

ʇʦ ʜʘʥʥʦʤʫ ʵʣʝʤʝʥʪʫ ʜʦʙʳʯʘ ʥʝʬʪʠ ʙʳʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ 278 ʪʳʩ.ʪ, ʪʘʢ ʢʘʢ ʫʜʘʚʘʣʦʩʴ 

ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʦʪʙʦʨʳ ʟʘʢʘʯʢʦʡ: ʜʦʙʳʯʘ ʞʠʜʢʦʩʪʠ 408ʪʳʩ.ʪ,ʟʘʢʘʯʢʘ ʚʦʜʳ 388 ʪʳʩ. (ʈʠʩ. 3, 4). 

 

 
ʈʠʩ. 3 ɼʠʥʘʤʠʢʘ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ ʠ ʟʘʢʘʯʢʠ ʚʦʜʳ ʚ ʵʣʝʤʝʥʪʝ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʦʡ 291 

 
ʈʠʩ. 4 ɼʠʥʘʤʠʢʘ ʧʦʢʘʟʘʪʝʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʚ ʵʣʝʤʝʥʪʝ ʩ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʦʡ 291 

 

ɼʣʷ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʝʢʪʦʨʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ʚʝʨʭʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʅʦʚʦ-ʇʦʢʫʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘ ʩʝʢʪʦʨʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʧʷʪʴ 

ʚʘʨʠʘʥʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ 

ʩʢʚʘʞʠʥʳ: 

- ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ, 

- ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ ʩ ɻʈʇ ʚ ʥʘʯʘʣʝ ʨʘʟʨʘʙʦʪʢʠ, 

- ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ ʩ ɻʈʇ ʯʝʨʝʟ ʧʷʪʴ ʣʝʪ ʧʦʩʣʝ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ, 

- ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥʘ, 

- ʚʝʨʪʠʢʘʣʴʥʘʷ ʥʘʛʥʝʪʘʪʝʣʴʥʘʷ ʩʢʚʘʞʠʥ ʩ ʙʫʨʝʥʠʝʤ ʯʝʨʝʟ ʧʷʪʴ ʣʝʪ ʙʦʢʦʚʦʛʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʩʪʚʦʣʘ. 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʦʧʪʠʤʘʣʴʥʳʤ 

ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ (471,2 ʪʳʩʷʯ ʪʦʥʥ), ʥʝʩʤʦʪʨʷ ʥʘ ʩʘʤʫʶ ʥʠʟʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʘʚʦʜʥʝʥʠʷ. ʕʪʦ ʛʦʚʦʨʠʪ 

ʦ ʪʦʤ, ʯʪʦ ʫʩʠʣʝʥʠʝ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ ʚ ʧʣʦʱʘʜʥʳʭ ʵʣʝʤʝʥʪʘʭ ʨʘʟʨʘʙʦʪʢʠ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ. ʇʝʨʝʢʦʤʝʥʩʘʮʠʷ 

ʦʪʙʦʨʦʚ ʟʘ ʩʯʝʪ ʩʪʠʤʫʣʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʥʥʝʤʫ ʦʙʚʦʜʥʝʥʠʶ ʠ ʩʥʠʞʝʥʠʶ ʥʝʬʪʝʦʪʜʘʯʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ʅʦʚʳʝ ʧʨʠʥʮʠʧʳ ʠ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʉ.ʅ. ɿʘʢʠʨʦʚ, ʕ.ʉ. ɿʘʢʠʨʦʚ, ʀ.ʉ. 1.

ɿʘʢʠʨʦʚ, ʄ.ʅ. ɹʘʛʘʥʦʚʘ, ɸ.ɺ. ʉʧʠʨʠʜʦʥʦʚ. ï ʄ., 2004. ï 520 ʩ. 
 ʇʘʣʠʡ ɸ.ʆ. ʈʘʟʨʘʙʦʪʢʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ: ʋʯʝʙ. ʧʦʩʦʙʠʝ. ï ʄ.: ʈɻʋ ʥʝʬʪʠ ʠ 2.

ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, 2011. ï 165ʩ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʄɽʊʆɼ ʅɸʇʈɸɺʃɽʅʅʆʁ ʈɸɿɻʈʋɿʂʀ ʇʃɸʉʊɸ 
ɺ.ɺ. ʀʚʘʥʦʚ, ɸ.ʆ. ʉʫʚʦʨʦʚ, ɽ.ɺ. ʏʝʨʝʤʥʳʭ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʇ. ɿʘʧʠʚʘʣʦʚ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

ʉʫʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʟʜʘʥʠʠ ʥʝʨʘʚʥʦʤʝʨʥʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ  ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʚ ʧʣʘʩʪʝ ʟʘ ʩʯʝʪ ʣʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʆʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʪʦ ʧʫʪʝʤ ʧʦʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 

ʩʢʚʘʞʠʥʝ ʠ ʚʳʙʦʨʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʟʘʙʦʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʚʦʟʥʠʢʘʶʪ 

ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚ ʧʣʘʩʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʨʝʱʠʥ.  

ʕʪʘ ʩʠʩʪʝʤʘ ʪʨʝʱʠʥ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʥʦʚʦʡ ʩʝʪʴʶ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʷʱʝʡ ʝʩʪʝʩʪʚʝʥʥʫʶ. ɺʪʦʨʳʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʘʥʠʝ ʪʨʝʙʫʝʤʦʛʦ 

ʜʘʚʣʝʥʠʷ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʙʦʣʝʝ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʦ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʛʣʫʙʴ ʧʣʘʩʪʘ. ʅʝʦʙʭʦʜʠʤʳʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʠʥʠʮʠʘʮʠʠ ʧʨʦʮʝʩʩʘ ʚ ʧʣʘʩʪʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʢʝʨʥʘ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʣʘʩʪʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʥʝʢʦʪʦʨʳʝ ʨʘʩʯʝʪʳ ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʥʘʧʨʷʞʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʘʢʪʠʚʘʮʠʠ 

ʧʨʦʮʝʩʩʘ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʢʚʘʞʠʥʳ, ʚʝʣʠʯʠʥʘ ʜʝʧʨʝʩʩʠʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʝ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʘʟʣʠʯʥʳ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʢʦʣʣʝʢʪʦʨʦʚ, ʫʩʣʦʚʠʡ ʠ ʛʣʫʙʠʥʳ ʠʭ ʟʘʣʝʛʘʥʠʷ, ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʨʷʜʘ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ. 

ɺ ʀʥʩʪʠʪʫʪʝ ʧʨʦʙʣʝʤ ʤʝʭʘʥʠʢʠ ʈɸʅ ʩʦʟʜʘʥʘ ʠʩʧʳʪʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʪʨʝʭʦʩʥʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ 

ʥʘʛʨʫʞʝʥʠʷ (ʀʉʊʅʅ), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʨʦʜʳ 

ʨʝʘʣʴʥʳʝ ʩʠʪʫʘʮʠʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʢʦʣʣʝʢʪʦʨʘʭ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠ ʙʫʨʝʥʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦʚʦʜʷʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʦʧʪʠʤʘʣʴʥʦʡ ʧʨʘʢʪʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ ʦʧʠʩʳʚʘʝʤʦʛʦ ʤʝʪʦʜʘ.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʳʧʠʣʝʥʥʳʝ ʠʟ ʧʦʨʦʜʳ ʢʫʙʳ ʩ ʨʘʟʤʝʨʦʤ ʛʨʘʥʝʡ 4 ʠʣʠ 5 ʩʤ.  ʅʘ 

ʫʩʪʘʥʦʚʢʝ ʤʦʞʥʦ ʚʦʩʩʦʟʜʘʪʴ ʣʶʙʳʝ ʥʘʧʨʷʞʝʥʥʳʝ ʩʦʩʪʦʷʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʧʣʘʩʪʘ ʧʨʠ 

ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥʳ, ʝʝ ʦʩʚʦʝʥʠʠ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʠʟʫʯʘʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ 

ʧʦʨʦʜʳ. ʆʩʥʦʚʥʦʝ ʝʝ ʧʨʝʜʥʘʟʥʘʯʝʥʠʝ ʵʪʦ - ʠʟʫʯʝʥʠʝ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ, ʧʨʦʯʥʦʩʪʥʳʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʨʦʜ ʥʝʬʪʝʛʘʟʦʚʳʭ, ʨʫʜʥʳʭ ʠ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʀʩʧʳʪʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ ʠʟ 

ʩʠʣʦʚʦʛʦ ʘʛʨʝʛʘʪʘ, ʤʘʩʣʦʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ, ʙʣʦʢʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦ-ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʩʠʩʪʝʤʳ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʫʩʠʣʠʷ ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ 2000 ʢʛ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ ʦʙʨʘʟʮʘ ï 

20 %. ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (ʧʨʦʥʠʮʘʝʤʦʩʪʴ) ʤʦʛʫʪ ʠʟʤʝʨʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʥʘʛʨʫʞʝʥʠʷ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʥʘʛʨʫʞʝʥʠʷ ʜʣʷ ʦʙʨʘʟʮʘ ʩ ʨʝʙʨʦʤ 5 ʩʤ ʩʦʩʪʘʚʣʷʝʪ 10 ʄʇʘ/ʩ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʭ 

ʦʛʨʘʥʠʯʝʥʠʡ ʜʣʷ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʛʨʫʞʝʥʠʷ ʥʝʪ. ɺʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʥʘʛʨʫʞʝʥʠʷ ʧʦ 

ʢʘʞʜʦʤʫ ʠʟ ʪʨʝʭ ʢʘʥʘʣʦʚ ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʫʶ ʪʨʘʝʢʪʦʨʠʶ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ, 

ʚʧʣʦʪʴ ʜʦ ʨʘʟʨʫʰʝʥʠʷ. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚ ʧʣʘʩʪʝ ʥʘʧʨʷʞʝʥʠʡ ʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʥʝʩʪʠ ʚ ʧʣʘʩʪ 

ʢʦʥʮʝʥʪʨʘʪʦʨʳ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʧʝʨʬʦʨʘʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʠ ʙʦʣʴʰʠʤ ʚʥʫʪʨʝʥʥʠʤ ʦʙʲʸʤʦʤ ʢʘʥʘʣʘ. ʅʘʣʠʯʠʝ ʪʘʢʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʥʘʧʨʷʞʝʥʠʡ 

ʧʦʟʚʦʣʷʝʪ ʥʝ ʪʦʣʴʢʦ ʠʥʠʮʠʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʩʢʚʘʞʠʥʳ, ʥʦ ʠ ʩʜʝʣʘʪʴ ʝʛʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʠ ʧʨʦʪʷʞʸʥʥʳʤ. ʇʦʨʷʜʦʢ ʨʘʙʦʪ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʅʘ ʧʝʨʚʦʤ 

ʵʪʘʧʝ, ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʨʦʜʳ ʠʟ ʢʦʣʣʝʢʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʬʠʟʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʦʢʨʝʩʪʥʦʩʪʷʭ ʩʢʚʘʞʠʥʳ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʝʧʨʝʩʩʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʙʦʷ. ɺ ʧʨʦʮʝʩʩʝ ʠʩʧʳʪʘʥʠʡ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜʳ ʦʪ ʫʨʦʚʥʷ ʜʝʧʨʝʩʩʠʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʟʘʙʦʷ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʳʪʘʥʠʡ ʧʦʨʦʜʳ ʢʦʣʣʝʢʪʦʨʘ ʠ ʨʘʩʯʝʪʦʚ ʧʦʟʚʦʣʷʝʪ ʚʳʙʨʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ, ʢʦʥʩʪʨʫʢʮʠʶ ʟʘʙʦʷ ʠ ʫʨʦʚʝʥʴ ʜʝʧʨʝʩʩʠʠ.  

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʣʘʥ ʨʘʙʦʪ ʠ ʧʨʦʠʟʚʦʜʷʪʩʷ ʨʘʙʦʪʳ ʥʘ ʩʢʚʘʞʠʥʝ. ʇʨʦʚʦʜʠʪʩʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʝʨʬʦʨʘʮʠʷ ʩʢʚʘʞʠʥʳ. ʉʥʠʞʘʝʪʩʷ ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʝʛʦ ʟʥʘʯʝʥʠʠ 

ʚʙʣʠʟʠ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʦʨʦʜʘ ʥʘʯʠʥʘʝʪ ʨʘʩʪʨʝʩʢʠʚʘʪʴʩʷ. ɼʘʚʣʝʥʠʝ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ ʝʱʸ ʙʦʣʴʰʝ 

ʧʦʥʠʞʘʝʪʩʷ ʠ ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ. ʇʨʦʮʝʩʩ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ ʠ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʚʛʣʫʙʴ ʧʣʘʩʪʘ. ɿʦʥʘ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʨʦʜʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʠ ʟʘʭʚʘʪʳʚʘʝʪ 

"ʩʪʘʨʳʝ" ʧʝʨʬʦʨʘʮʠʦʥʥʳʝ ʦʪʚʝʨʩʪʠʷ (ʧʨʠ ʥʘʣʠʯʠʠ ʪʘʢʦʚʳʭ). ɺ ʢʦʥʮʝ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʨʦʜʳ, ʜʘʚʣʝʥʠʝ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ 

ʜʘʚʣʝʥʠʝ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʠ ʚʥʫʪʨʠ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʪʨʝʱʠʥ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʥʠ ʥʝ ʟʘʢʨʳʚʘʶʪʩʷ, ʘ ʜʘʞʝ 

ʥʝʩʢʦʣʴʢʦ ʨʘʩʢʨʳʚʘʶʪʩʷ, ʦʙʨʘʟʫʷ ʥʦʚʫʶ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʩʝʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. 

ʈʝʘʣʠʟʘʮʠʷ ʤʝʪʦʜʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʣʘʩʪʘ ʥʘ ʩʢʚʘʞʠʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʥʝʬʪʝʧʨʦʤʳʩʣʘ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ. ʅʘ ʥʝʬʪʷʥʳʭ ʩʢʚʘʞʠʥʘʭ ʜʝʧʨʝʩʩʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʨʦʚʥʷ ʠ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʧʨʠʙʦʨʘ ʠ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʪʘʥʮʠʠ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘ ʟʘʙʦʝ (ʜʘʚʣʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʫ, ʧʨʠʪʦʢ) ʚʦ ʚʨʝʤʷ ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪ. ʅʘʛʥʝʪʘʥʠʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʪʝʭʥʠʯʝʩʢʘʷ ʚʦʜʘ ʠʣʠ ʪʝʭʥʠʯʝʩʢʘʷ ʥʝʬʪʴ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʩʦʩʥʳʤ ʘʛʨʝʛʘʪʦʤ. ɼʣʷ ʩʦʟʜʘʥʠʷ 

ʜʝʧʨʝʩʩʠʠ ʚ ʢʦʨʧʫʩ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ ʥʘ ʛʝʦʬʠʟʠʯʝʩʢʦʤ ʢʘʙʝʣʝ ʩʧʫʩʢʘʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʜʝʧʨʝʩʩʠʦʥʥʘʷ ʚʩʪʘʚʢʘ ʩ 

ʢʦʤʧʣʝʢʩʥʳʤ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʨʠʙʦʨʦʤ. ʆʥ ʧʦʩʨʝʜʩʪʚʦʤ ʢʘʙʝʣʷ ʩʚʷʟʘʥ ʩ ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʩʪʘʥʮʠʝʡ, 

ʨʘʩʧʦʣʘʛʘʶʱʝʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʢʚʘʞʠʥʘ ʦʪʨʘʙʘʪʳʚʘʝʪʩʷ ʩʪʨʫʡʥʳʤ ʥʘʩʦʩʦʤ ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʧʨʠʯʝʤ ʚʦʟʤʦʞʥʦ ʮʠʢʣʠʯʝʩʢʦʝ ʜʝʧʨʝʩʩʠʦʥʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʫʪʝʤ ʧʦʧʝʨʝʤʝʥʥʦʛʦ ʚʢʣʶʯʝʥʠʷ ʠ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʦʪʢʣʶʯʝʥʠʷ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʦʪʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥʳ ʥʘ ʜʝʧʨʝʩʩʠʠ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʦʡ 

ʚʩʪʘʚʢʠ ʩʪʨʫʡʥʦʛʦ ʥʘʩʦʩʘ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ. 

ʄʝʪʦʜ ʛʠʜʨʦʨʘʟʨʳʚʘ ʠ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʣʘʩʪʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʉ.ɸ. ʍʨʠʩʪʠʘʥʦʚʠʯʝʤ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʙʳʣ ʩʦʟʜʘʥ ʛʠʜʨʦʨʘʟʨʳʚ, ʟʘʪʝʤ ʘʚʪʦʨ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣ ʝʛʦ, ʧʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʦʤʫ ʪʠʧʫ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ, ʜʦ ʤʝʪʦʜʘ ʨʘʟʛʨʫʟʢʠ ʧʣʘʩʪʘ. ʆʙʘ ʵʪʠʭ ʤʝʪʦʜʘ  ʚʝʩʴʤʘ ʩʭʦʞʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʷʚʣʷʶʪʩʷ 

ʧʦʣʥʳʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʷʤʠ. ɻʣʘʚʥʳʤ ʦʪʣʠʯʠʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʛʠʜʨʦʨʘʟʨʳʚ ʩʦʟʜʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚ ʧʣʘʩʪʝ, ʘ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʛʨʫʞʘʝʪ. ʀʟ-ʟʘ ʪʦʛʦ ʯʪʦ ʧʣʘʩʪ, ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ ʥʘʧʨʷʞʝʥʥʳʤ, ʚʦʟʥʠʢʘʶʪ ʟʘʤʝʪʥʳʝ ʦʪʣʠʯʠʷ ʚ ʪʠʧʝ ʪʨʝʱʠʥ. ʉʠʩʪʝʤʘ ʪʨʝʱʠʥ 

ʙʫʜʝʪ ʙʦʣʝʝ ʦʙʰʠʨʥʘʷ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ ʚ ʦʪʣʠʯʠʝ ʦʪ ʥʘʛʨʫʞʝʥʥʦʛʦ ʧʣʘʩʪʘ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʛʠʜʨʦʨʘʟʨʳʚʝ 

ʚʦʟʥʠʢʘʝʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʘ ʙʦʣʴʰʘʷ, ʧʨʦʪʷʞʝʥʥʘʷ ʪʨʝʱʠʥʘ, ʚʦ ʚʪʦʨʦʤ ʞʝ ʩʣʫʯʘʝ ʪʨʝʱʠʥ ʤʥʦʛʦ ʠ ʚʩʝ ʦʥʠ 

ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ, ʚʠʟʫʘʣʴʥʦ ʥʘʧʦʤʠʥʘʶʱʠʝ ʩʝʪʴ ʢʘʧʠʣʣʷʨʦʚ ʚ ʦʨʛʘʥʠʟʤʝ. ʊʘʢ ʞʝ ʧʨʠ ʥʘʣʠʯʠʠ ʚʳʩʦʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʚ ʧʣʘʩʪʝ, ʪʨʝʱʠʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ ʟʘʢʨʳʚʘʶʪʩʷ ʠ ʧʝʨʝʩʪʘʶʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ, ʘ ʧʨʠ 

ʨʘʟʛʨʫʞʝʥʥʦʤ ʧʣʘʩʪʝ ʵʬʬʝʢʪ ʦʪ ʪʨʝʱʠʥ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʦʣʛʦ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʤ ʧʨʠ 

ʜʦʙʳʯʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʨʝʩʥʳʡ ʵʬʬʝʢʪ ï ñʩʭʣʦʧʳʚʘʥʠʝò 

ʧʣʘʩʪʘ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʚ ʩʢʚʘʞʠʥʝ ʜʝʧʨʝʩʩʠʠ ʥʘ ʫʨʦʚʥʝ 60 ï 90 ʘʪʤʦʩʬʝʨ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜʳ ʧʘʜʘʝʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ. ʕʪʦ ʚʳʟʚʘʥʦ ʪʝʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʩʪʠʯʝʩʢʦʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝ ʧʝʩʯʘʥʠʢʦʚ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥ. ʇʨʠ ʵʪʦʤ ʜʝʬʦʨʤʠʨʦʚʘʥʠʠ ʚʩʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʢʘʥʘʣʳ ʩʭʣʦʧʳʚʘʶʪʩʷ ʠ ʙʦʣʴʰʝ ʫʞʝ ʥʝ 

ʤʦʛʫʪ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ. ɼʘʥʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʫʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʜʦʙʳʯʝ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʠʟ ʫʛʣʷ, ʛʜʝ 

ʯʘʩʪʦ ʥʘʜ ʫʛʣʝʥʦʩʥʳʤʠ ʧʣʘʩʪʘʤʠ ʟʘʣʝʛʘʶʪ ʧʦʨʦʜʳ ʩ ʙʦʣʴʰʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ. ɺ ʵʪʠ ʧʦʨʦʜʳ ʛʘʟ ʤʦʞʝʪ 

ʩʧʦʢʦʡʥʦ ʫʡʪʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʙʝʟʚʦʟʚʨʘʪʥʦ ʧʨʦʧʘʩʪʴ. ʅʦ, ʧʨʠʤʝʥʷʷ ʪʝʭʥʦʣʦʛʠʶ ʩʭʣʦʧʳʚʘʥʠʷ ʥʘ ʚʳʰʝʣʝʞʘʱʠʝ 

ʧʣʘʩʪʳ, ʤʳ ʵʢʨʘʥʠʨʫʝʤ ʥʠʞʝʣʝʞʘʱʠʡ, ʛʘʟʦʩʦʜʝʨʞʘʱʠʡ ʧʣʘʩʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʩʦʭʨʘʥʥʦʩʪʴ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʥʫʞʥʳʭ ʥʘʤ ʧʣʘʩʪʘʭ, ʦʪʢʫʜʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʧʦʢʦʡʥʦ ʜʦʙʳʚʘʝʪʩʷ. 

ʂ ʝʱʝ ʦʜʥʦʤʫ ʠʥʪʝʨʝʩʥʦʤʫ ʩʚʦʡʩʪʚʫ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʝʛʦ ʦʩʦʙʝʥʥʦʩʪʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʘʙʦʪ ʚ ʦʙʣʘʩʪʠ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥ ʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ. ʏʝʤ ʧʦʨʦʜʘ ʙʦʣʝʝ ʥʘʛʨʫʞʝʥʘ, ʪʝʤ ʦʥʘ ʩʠʣʴʥʝʝ ʩʪʨʝʤʠʪʴʩʷ 

ʩʙʨʦʩʠʪʴ ʩʚʦʝ ʥʘʧʨʷʞʝʥʠʝ. ʕʪʦʪ ʬʘʢʪ ʜʘʝʪ ʤʝʪʦʜʫ ʦʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʘʥʦʤʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ. ɿʜʝʩʴ ʚʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ʙʫʜʫʪ ʥʘ ʨʫʢʫ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ - ʩʠʩʪʝʤʳ ʪʨʝʱʠʥ 

ʨʘʟʚʠʚʘʶʪʩʷ ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʧʨʠ ʤʘʣʳʭ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʚ ʧʦʨʦʜʝ. ʂ ʪʦʤʫ ʞʝ ʵʪʦ ʩʚʦʡʩʪʚʦ 

ʦʪʢʨʳʚʘʝʪ ʤʝʪʦʜʫ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʣʘʩʪʘ ʥʦʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ï ʙʫʨʝʥʠʝ ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ. ʆʪʣʠʯʠʝ 

ʙʫʜʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʬʦʨʘʮʠʷ ʙʫʜʝʪ ʧʨʦʭʦʜʠʪʴ ʥʝ ʧʦʧʝʨʝʢ ʩʢʚʘʞʠʥʳ, ʘ ʧʨʦʜʦʣʴʥʦ. 

ɺ ʠʪʦʛʝ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ ʨʘʟʛʨʫʟʢʠ ʧʣʘʩʪʘ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʝʛʦ ʨʘʙʦʪʳ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʫʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʚʥʝʜʨʝʥʠʝ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʙʫʜʝʪ ʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ. ʂ ʪʦʤʫ ʞʝ, ʤʝʪʦʜ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʨʘʟʛʨʫʟʢʠ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʙʝʨʝʞʥʳʭ ʠ ʱʘʜʷʱʠʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  
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ʅɽʌʊɽʁ ʈɸɿʅʓʍ ʊʀʇʆɺ 
ɼ.ʂ. ʂʘʡʰʠʙʘʝʚʘ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʃ.ɺ. ʐʠʰʤʠʥʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɸʩʬʘʣʴʪʝʥʳ ï ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʜʘʶʱʠʝ ʩʣʦʞʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʜʦʙʳʯʝ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʠ ʧʝʨʝʨʘʙʦʪʢʝ 

ʪʷʞʝʣʦʛʦ ʥʝʬʪʷʥʦʛʦ ʩʳʨʴʷ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʪʨʝʙʫʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʭ ʩʦʩʪʘʚʝ ʠ ʩʚʦʡʩʪʚʘʭ, 

ʯʪʦʙʳ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʥʘʯʘʣʦ ʘʛʨʝʛʠʨʦʚʘʥʠʷ ʘʩʬʘʣʴʪʝʥʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʦʪʣʦʞʝʥʠʡ. 

ʉʨʝʜʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʩʪʨʦʝʥʠʷ ʥʝʬʪʠ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʤʝʪʦʜ ʀʂ-

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʦʛʣʦʱʝʥʠʠ, ʦʪʨʘʞʝʥʠʠ ʠ ʨʘʩʩʝʠʚʘʥʠʠ ʵʥʝʨʛʠʠ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ, ʠ ʧʦʟʚʦʣʷʶʱʠʡ ʦʧʨʝʜʝʣʷʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʧʨʠ ʠʭ ʢʘʯʝʩʪʚʝʥʥʦʤ ʠ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʘʥʘʣʠʟʝ [1].  
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʘʩʬʘʣʴʪʝʥʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʌʫʨʴʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʘʩʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʥʝʬʪʝʡ ʊʘʡʤʫʨʟʠʥʩʢʦʛʦ, 

ɸʨʯʠʥʩʢʦʛʦ ʠ ʋʩʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ. ʆʙʨʘʟʮʳ 

ʘʩʬʘʣʴʪʝʥʦʚ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ ʛ.ʊʦʤʩʢʘ. ʄʝʪʦʜ ʠʥʬʨʘʢʨʘʩʥʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʀʂʉ), ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʚʝʱʝʩʪʚ ʠ ʧʦʣʫʯʘʪʴ ʵʢʩʧʨʝʩʩ-ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʩʪʨʫʢʪʫʨʥʳʭ ʛʨʫʧʧʘʭ ʠ ʩʚʷʟʷʭ, ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ.  

ɿʘʜʘʯʘ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʚ ʩʦʩʪʦʠʪ ʚ ʦʙʥʘʨʫʞʝʥʠʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʩʦʝʜʠʥʝʥʠʡ. ɸʥʘʣʠʟ ʩ ʧʦʤʦʱʴʶ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʪʨʝʙʫʝʪ ʤʘʣʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʚʝʱʝʩʪʚʘ ʣʶʙʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʚ ʣʶʙʦʤ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʚʝʱʝʩʪʚʦ ʩʦʭʨʘʥʷʝʪʩʷ 

ʥʝʠʟʤʝʥʥʳʤ [4]. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʬʪʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʘʩʬʘʣʴʪʝʥʳ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣ. 1. ɸʨʯʠʥʩʢʘʷ 

ʥʝʬʪʴ - ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʘʷ ʠ ʩʤʦʣʠʩʪʘʷ, ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ, ʋʩʠʥʩʢʘʷ ʥʝʬʪʴ - 

ʤʘʣʦʧʘʨʘʬʠʥʠʩʪʘʷ, ʚʳʩʦʢʦʩʤʦʣʠʩʪʘʷ, ʚʳʩʦʢʦʚʷʟʢʘʷ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ, ʊʘʡʤʫʨʟʠʥʩʢʘʷ ʥʝʬʪʴ 

ʪʘʢʞʝ ʚʳʩʦʢʦʩʤʦʣʠʩʪʘʷ [2]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʊʘʡʤʫʨʟʠʥʩʢʦʡ ʥʝʬʪʠ ʧʨʠʚʝʜʝʥʘ ʧʦ ʜʘʥʥʳʤ [3]. 

ʀʂ-ʩʧʝʢʪʨʳ ʩʥʠʤʘʣʠʩʴ ʥʘ ʠʥʬʨʘʢʨʘʩʥʦʤ ʌʫʨʴʝ-ʩʧʝʢʪʨʦʤʝʪʨʝ Nicolet iS10 ʢʦʨʧʦʨʘʮʠʠ Termo Fisher 

Scientific (ʉʐɸ), ʦʩʥʘʱʝʥʥʳʤ ʧʨʠʩʪʘʚʢʦʡ ʥʘʨʫʰʝʥʥʦʛʦ ʧʦʣʥʦʛʦ ʚʥʫʪʨʝʥʥʝʛʦ ʦʪʨʘʞʝʥʠʷ (ʅʇɺʆ) ʩ ʘʣʤʘʟʥʳʤ 

ʢʨʠʩʪʘʣʣʦʤ. ʇʘʨʘʤʝʪʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʨʘʟʨʝʰʝʥʠʝ 4ʩʤ-1, ʯʠʩʣʦ ʩʢʘʥʦʚ ʧʨʦʙʳ ʠ ʩʧʝʢʪʨʘ ʩʨʘʚʥʝʥʠʷ 64, ʜʠʘʧʘʟʦʥ 

ʩʢʘʥʠʨʦʚʘʥʠʷ 4000-650 ʩʤ-1. 

ʈʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ ʩʨʘʚʥʝʥʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ ʩʥʷʪʠʝʤ ʩʧʝʢʪʨʘ ʧʨʦʙʳ. ʆʙʨʘʟʝʮ 

ʘʩʬʘʣʴʪʝʥʦʚ ʧʦʤʝʱʘʣʩʷ ʥʘ ʢʨʠʩʪʘʣʣ ʠ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʠʣʘʩʴ ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʘ ʧʨʦʙʳ. ɼʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʵʬʬʝʢʪʦʚ ʩʜʚʠʛʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚʣʠʷʥʠʷ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʦʙʨʘʟʝʮ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʠʢʠ ʅʇɺʆ, ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠʜʚʠʥʫʪʘʷ ʅʇɺʆ ʢʦʨʨʝʢʮʠʷ 

ʩʧʝʢʪʨʦʚ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʥʘʢʣʦʥʘ ʙʘʟʦʚʦʡ ʣʠʥʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʝʝ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʢʦʨʨʝʢʮʠʷ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʦʮʝʥʠʚʘʣʠʩʴ ʚʝʣʠʯʠʥʳ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ.  

ʊʘʙʣʠʮʘ 1  

ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʠ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ʘʩʬʘʣʴʪʝʥʦʚ 

 

ʆʪʥʝʩʝʥʠʝ ʧʦʣʦʩ ʧʨʦʚʝʜʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ [1,4-6]. ɺʦ ʚʩʝʭ ʪʨʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʀʂ-ʩʧʝʢʪʨʘʭ ʚ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʦʙʣʘʩʪʠ 3200-2600 ʩʤ-1 ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 2920 ʩʤ-1 ʠ 

2850 ʩʤ-1, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʚʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʉʅ ʤʝʪʠʣʴʥʳʭ ʠ ʤʝʪʠʣʝʥʦʚʳʭ ʛʨʫʧʧ.  

 

 
 

 
ʈʠʩ. 1 ʀʂ-ʩʧʝʢʪʨʳ ʘʩʬʘʣʴʪʝʥʦʚ ʠʟ ʥʝʬʪʝʡ ʊʘʡʤʫʨʟʠʥʩʢʦʛʦ (ʘ), ʋʩʠʥʩʢʦʛʦ (ʙ) ʠ ɸʨʯʠʥʩʢʦʛʦ (ʚ) 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

 
ʇʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1600 ʩʤ-1 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʉïʉ ʩʚʷʟʷʤ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʪ.ʝ. ʦʮʝʥʠʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʬʨʘʢʮʠʠ, ʘ ʧʨʠ 1030 ʩʤ-1 - ʩʫʣʴʬʦʢʩʠʜʥʳʭ (SO) ʛʨʫʧʧ. ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʘʭ 

ʘʩʬʘʣʴʪʝʥʦʚ (ʨʠʩ.1) ʠʤʝʶʪʩʷ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1465 ʠ 1375 ʩʤ-1, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʘʣʝʥʪʥʳʭ 

ʀʩʪʦʯʥʠʢ ʘʩʬʘʣʴʪʝʥʦʚ 
ʉʦʜʝʨʞʘʥʠʝ, % 

H/C 
ʄʄ, 

ʘ.ʝ.ʤ. ʉ ʅ N S O 

ʊʘʡʤʫʨʟʠʥʩʢʘʷ ʥʝʬʪʴ 81,5 8,2 1,9 6,15 2,2 1,2 ʥ/ʜ 

ʋʩʠʥʩʢʘʷ ʥʝʬʪʴ 85,3 7,8 1,1 4,1 1,7 1,10 1410 

ɸʨʯʠʥʩʢʘʷ ʥʝʬʪʴ 82,8 8,7 0,5 4,1 3,9 1,26 625 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʢʦʣʝʙʘʥʠʡ ʉïʉ ʩʚʷʟʝʡ ʤʝʪʠʣʴʥʳʭ ʛʨʫʧʧ ʉʅ3, ʉʅ2ʉʅ3, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʘʩʬʘʣʴʪʝʥʦʚ 

ʘʣʢʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʥʝʙʦʣʴʰʦʡ ʠʭ ʜʣʠʥʝ [1], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʩʳ 865, 810, 750 ʩʤ-1 ʩʚʷʟʘʥʳ ʩ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʉʅ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ.  

ʇʦ ʚʠʜʫ ʀʂ-ʩʧʝʢʪʨʦʚ ʘʩʬʘʣʴʪʝʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ 

ʦʙʨʘʟʮʦʚ, ʚ ʀʂ-ʩʧʝʢʪʨʝ ʘʩʬʘʣʴʪʝʥʦʚ ʥʝʬʪʠ ʊʘʡʤʫʨʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ(ʨʠʩ.1ʘ) ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ 

ʧʦʛʣʦʱʝʥʠʷ 2360 ʩʤ-1, ʦʧʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʨʘʚʥʘ 0,0246, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʪʠʦʣʴʥʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʛʨʫʧʧʝ SH [8]. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʚʳʰʝʥʥʦʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʦʙʨʘʟʮʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳ (ʪʘʙʣ. 1).  

ʀʂ-ʩʧʝʢʪʨ ʘʩʬʘʣʴʪʝʥʦʚ ʥʝʬʪʠ ɸʨʯʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ.1ʚ) ʩʦʜʝʨʞʠʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ  ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ 1730, 1262, 1097 ʩʤ-1, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʠʭ ʩʦʩʪʘʚʝ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ 

ʬʨʘʛʤʝʥʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʦʩʘ 1730 ʩʤ-1 ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʢʘʨʙʦʥʠʣʴʥʳʝ, ʢʘʨʙʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʘ ʧʦʣʦʩʘ 1262 

ʩʤ-1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʚʷʟʴ ʉïʆ [5]. ʆ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʚ ʘʩʬʘʣʴʪʝʥʘʭ ɸʨʯʠʥʩʢʦʡ ʥʝʬʪʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʭ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ (ʪʘʙʣ.1). ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 720-730 ʩʤ-1 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʯʠʩʣʦ ʤʝʪʠʣʝʥʦʚʳʭ (ʉʅ2) ʛʨʫʧʧ ʚ ʧʘʨʘʬʠʥʘʭ [1].  

ʊʘʙʣʠʮʘ 2 

ʉʦʦʪʥʦʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ 

ɸʩʬʘʣʴʪʝʥʳ D1375/D1455 
D2920/D1620-

1600 
D1730/D1600 

D1620-

1600/D750 

D810/D1620-

1600 

ʪʘʡʤʫʨʟʠʥʩʢʠʝ 0,7158 5,2210 0,3161 1,9547 0,5663 

ʫʩʠʥʩʢʠʝ 0,7240 5,0037 0,3601 1,9574 0,5633 

ʘʨʯʠʥʩʢʠʝ 0,7034 6,4833 0,7674 1,8555 0,6920 

 

ʊʘʙʣʠʮʘ 3 

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ 

ɸʩʬʘʣʴʪʝʥʳ D1030/D14

55-1460 

D1600/D1

455-1460 

D1730/D1

455-1460 

D865/D145

5-1460 

D810/D14

55-1460 

D750/D14

55-1460 

D730/D14

55-1460 

 

ʪʘʡʤʫʨʟʠʥʩʢʠʝ 0,3010 0,5338 0,1687 0,3076 0,3023 0,2731 0,2196  

ʫʩʠʥʩʢʠʝ 0,2998 0,5393 0,1942 0,3067 0,3037 0,2755 0,2185  

ʘʨʯʠʥʩʢʠʝ 0,4060 0,5577 0,4279 0,3723 0,3859 0,3005 0,3722  

 

ɸʥʘʣʠʟ ʩʦʦʪʥʦʰʝʥʠʡ ʦʧʪʠʯʝʩʢʠʭ ʧʣʦʪʥʦʩʪʝʡ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ʪʘʙʣ. 2) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨ D1375/D1455 ʤʝʥʴʰʝ ʜʣʷ ʦʙʨʘʟʮʘ ʘʩʬʘʣʴʪʝʥʦʚ ɸʨʯʠʥʩʢʦʡ ʥʝʬʪʠ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʜʨʫʛʠʤʠ ʦʙʨʘʟʮʘʤʠ. ʊʘʢʞʝ ʦʥ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʧʘʨʘʬʠʥʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

D730/D1455-1460, ʨʘʚʥʳʡ 0,3722, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʠʭ ʫʩʣʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ. ʉʦʦʪʥʦʰʝʥʠʝ D810/D1620-1600, 

ʨʘʚʥʦʝ 0,6920, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʘʨʦʤʘʪʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʘ ʘʩʬʘʣʴʪʝʥʦʚ ɸʨʯʠʥʩʢʦʡ ʥʝʬʪʠ 

ʦʙʣʘʜʘʶʪ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ 

ʘʩʬʘʣʴʪʝʥʦʚ (ʪʘʙʣ.1).  

ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ (ʪʘʙʣ.3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʘʨʯʠʥʩʢʠʡ ʦʙʨʘʟʝʮ 

ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʝ ʩʝʨʥʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ SO (ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʚʥʦ 0,4).  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʩʪʘʣʴʥʳʭ ʦʙʨʘʟʮʦʚ, ʝʛʦ ʤʦʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʦʢʠʩʣʝʥʥʦʩʪʠ 

D1730/D1455-1460, ʨʘʚʥʳʤ 0,4279. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʭʠʤʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʘʩʬʘʣʴʪʝʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ, ʘʣʠʬʘʪʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʢʠʩʣʦʨʦʜ- ʠ 

ʩʝʨʦʩʦʜʝʨʞʘʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʜʘʥʥʳʤʠ ʧʦ 

ʘʛʨʝʛʠʨʦʚʘʥʠʶ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʘʩʬʘʣʴʪʝʥʳ - ʪʦʣʫʦʣ, ʠʤʠʪʠʨʫʶʱʝʡ ʥʝʬʪʴ [7].  

ʇʦʨʦʛʦʚʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥ-ʛʝʧʪʘʥʘ, ʢʘʢ ʦʩʘʜʠʪʝʣʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʘʛʨʝʛʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʠʟ 

ɸʨʯʠʥʩʢʦʡ ʥʝʬʪʠ, ʩʦʩʪʘʚʣʷʝʪ 65% ʤʘʩʩ. ʧʨʦʪʠʚ 42% ʤʘʩʩ. ʜʣʷ ʘʩʬʘʣʴʪʝʥʦʚ ʠʟ ʋʩʠʥʩʢʦʡ ʥʝʬʪʠ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʳ ʩ ʘʩʬʘʣʴʪʝʥʘʤʠ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ ʩʚʷʟʘʥʘ ʩ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʦ ʀʂ-ʩʧʝʢʪʨʘʤ, ʦʙʫʩʣʘʚʣʠʚʘʶʱʠʤʠ ʙʦʣʝʝ ʩʣʘʙʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʢʦʣʝʮ, ʙʦʣʝʝ ʜʣʠʥʥʳʤʠ ʧʘʨʘʬʠʥʦʚʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ, ʤʝʥʴʰʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʩʬʘʣʴʪʝʥʘʤʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʋʩʠʥʩʢʦʡ ʥʝʬʪʠ. 

ʇʨʦʮʝʩʩ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʨʘʟʥʳʭ ʥʝʬʪʝʡ, ʧʨʦʪʝʢʘʝʪ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [7] ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʩʬʘʣʴʪʝʥʳ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ɸʨʯʠʥʩʢʦʡ ʥʝʬʪʠ 

ʘʛʨʝʛʠʨʫʶʪ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʣʴʶ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ 

ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʘʩʬʘʣʴʪʝʥʦʚ.  

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚʣʠʷʝʪ ʩʪʝʧʝʥʴ ʘʨʦʤʘʪʠʯʥʦʩʪʠ 

ʠ ʩʦʜʝʨʞʘʥʠʝ ʛʝʪʝʨʦʵʣʝʤʝʥʪʦʚ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʩʪʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʬʨʘʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʘʩʬʘʣʴʪʝʥʦʚ 

ʧʦʚʳʰʘʝʪ ʩʢʣʦʥʥʦʩʪʴ ʢ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʪ ʬʘʢʪ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʡ [7], ʯʪʦ ʧʨʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʩʘʜʠʪʝʣʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʩʬʘʣʴʪʝʥʦʚ ʋʩʠʥʩʢʦʡ ʥʝʬʪʠ ʧʨʠ 

ʚʨʝʤʝʥʠ ʘʛʨʝʛʘʮʠʠ 60 ʤʠʥ ʙʦʣʴʰʝ ʥʘ 100ʥʤ, ʯʝʤ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʘʩʬʘʣʴʪʝʥʦʚ ɸʨʯʠʥʩʢʦʡ ʥʝʬʪʠ.  
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ʇʈʀʄɽʅɽʅʀɽ ʂʈɸʊʂʆɺʈɽʄɽʅʅʆɻʆ ʇɽʈʀʆɼʀʏɽʉʂʆɻʆ ʈɽɾʀʄɸ ʈɸɹʆʊʓ 
ʋʉʊɸʅʆɺʆʂ ʕʃɽʂʊʈʆʎɽʅʊʈʆɹɽɾʅʓʍ ʅɸʉʆʉʆɺ ʅɸ ʉʂɺɸɾʀʅɸʍ ɻʆʈʐʂʆɺʉʂʆʁ 

ʇʃʆʑɸɼʀ ʇʈʀʆɹʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
ʆ.ʉ. ʂʘʣʘʬʘʪ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

23 ʠʶʣʷ 2013 ʛʦʜʘ ʧʨʝʟʠʜʝʥʪ ʈʦʩʩʠʠ ɺ.ɺ. ʇʫʪʠʥ ʧʦʜʧʠʩʘʣ ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ˉ 213-ʌɿ "ʆ ʚʥʝʩʝʥʠʠ 

ʠʟʤʝʥʝʥʠʡ ʚ ʛʣʘʚʳ 25 ʠ 26 ʯʘʩʪʠ ʚʪʦʨʦʡ ʅʘʣʦʛʦʚʦʛʦ ʢʦʜʝʢʩʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʠ ʩʪʘʪʴʶ 3.1 ɿʘʢʦʥʘ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ "ʆ ʪʘʤʦʞʝʥʥʦʤ ʪʘʨʠʬʝ". ɼʘʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʢʘʩʘʶʪʩʷ ʚʚʝʜʝʥʠʷ ʧʦʧʨʘʚʦʯʥʳʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʩʪʝʧʝʥʴ ʩʣʦʞʥʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʠ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʩʪʠʤʫʣʠʨʦʚʘʥʠʝ 

ʨʘʟʨʘʙʦʪʢʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʠ ʩʦʟʜʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʨʝʥʪʘʙʝʣʴʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ʠʟ ʢʦʥʢʨʝʪʥʦʡ ʟʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʩ 

ʫʪʚʝʨʞʜʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝ ʙʦʣʝʝ 210-3 ʤʢʤ2 ʠ ʵʬʬʝʢʪʠʚʥʦʡ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʡ ʪʦʣʱʠʥʦʡ 

ʧʣʘʩʪʘ ʧʦ ʫʢʘʟʘʥʥʦʡ ʟʘʣʝʞʠ ʙʦʣʝʝ 10 ʤʝʪʨʦʚ, ʟʥʘʯʝʥʠʝ ʅɼʇʀ ʜʦʣʞʥʦ ʙʳʪʴ ʫʤʥʦʞʝʥʦ ʥʘ 0,4 [1]. ʆʜʥʘʢʦ ʧʨʠ 

ʧʦʢʘʟʘʪʝʣʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝ ʙʦʣʝʝ 2 Ŀ 10-3 ʤʢʤ2, ʨʘʩʩʯʠʪʳʚʘʪʴ ʥʘ ʚʳʩʦʢʠʝ ʠʣʠ ʜʘʞʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʜʝʙʠʪʦʚ 

ʩʢʚʘʞʠʥ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ɻʦʨʰʢʦʚʩʢʘʷ ʧʣʦʱʘʜʴ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʦʙʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠ ʟʥʘʯʝʥʠʷʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʥʝʝ 1 Ŀ 10-3 ʤʢʤ2 ʠ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʧʣʘʩʪʘ ʜʝʙʠʪʳ ʩʢʚʘʞʠʥ 

ʧʦʩʣʝ ʚʳʭʦʜʘ ʥʘ ʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 12 ʜʦ 25 ʤ3/ʩʫʪ. ʇʦʩʢʦʣʴʢʫ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ 

ʚ ʧʦʡʤʝ ʨʝʢʠ, ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʨʷʜ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʙʲʝʢʪʦʚ ʥʘ ʢʫʩʪʦʚʳʭ ʧʣʦʱʘʜʢʘʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʝʜʠʥʩʪʚʝʥʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠ ʠ ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʜʘʥʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʡ ʩʧʦʩʦʙ ʜʦʙʳʯʠ ʥʝʬʪʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʘʥʦʚʦʢ 

ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ (ʋʕʎʅ). 

ɺʤʝʩʪʝ ʩ ʥʠʟʢʠʤʠ ʜʝʙʠʪʘʤʠ ʩʢʚʘʞʠʥʳ ɻʦʨʰʢʦʚʩʢʦʡ ʧʣʦʱʘʜʠ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʨʷʜ 

ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʝʰʘʶʪ ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʝ ʋʕʎʅ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʨʠʤʝʩʠ, ʩʦʣʠ, ʘʩʬʘʣʴʪʦ-ʩʤʦʣʠʩʪʦ-

ʧʘʨʘʬʠʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (ɸʉʇʆ). ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 15, 20 ʠ 25 ʤ3/ʩʫʪ ʜʘʥʥʳʝ 

ʬʘʢʪʦʨʳ ʠʤʝʶʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘʨʘʙʦʪʢʫ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʚʚʠʜʫ ʤʘʣʦʛʦ ʧʨʦʭʦʜʥʦʛʦ ʩʝʯʝʥʠʷ ʥʘʩʦʩʘ. 

ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʩʢʚʘʞʠʥʘ ˉ 9854 ʢʫʩʪʘ 219 ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʨʠ ʧʦʪʝʥʮʠʘʣʴʥʦʤ 

ʜʝʙʠʪʝ 16 ʤ3/ʩʫʪ, ʠ ʵʢʩʧʣʫʘʪʘʮʠʝʡ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ ʩ ʧʦʤʦʱʴʶ ɺʅʅ-15, ɺʅʅ-20, ɺʅʅ-24, ʠʤʝʣʘ 4 ʨʝʤʦʥʪʘ 

ʟʘ ʩʢʦʣʴʟʷʱʠʡ ʛʦʜ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʫʩʪʘʥʦʚʢʦʡ ʵʣʝʢʪʨʦʮʝʥʪʨʦʙʝʞʥʦʛʦ ʥʘʩʦʩʘ, 

ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʨʝʞʠʤʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ï ʧʦʩʪʦʷʥʥʳʡ ʠ ʧʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ. ʇʝʨʠʦʜʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʨʘʙʦʪʳ ʋʕʎʅ  (ɸʇɺ) ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʩʢʚʘʞʠʥʘʭ,  ʵʢʩʧʣʫʘʪʘʮʠʷ ʢʦʪʦʨʳʭ ʧʦ ʥʝʢʦʪʦʨʳʤ ʧʨʠʯʠʥʘʤ  ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ ʥʝʚʦʟʤʦʞʥʘ. ʆʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʨʘʙʦʪʳ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʷʚʣʷʶʪʩʷ: 

1) ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʢʚʘʞʠʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʩʦʩʘ (ʦʰʠʙʢʘ ʚ ʚʳʙʦʨʝ ʪʠʧʦʨʘʟʤʝʨʘ 

ʋʕʎʅ); 

2) ʆʩʣʦʞʥʷʶʱʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝ ʧʦʟʚʦʣʷʶʪ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʋʕʎʅ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ; 

3) ʉʥʠʞʝʥʠʝ ʚʣʠʷʥʠʷ ʩʠʩʪʝʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʝ ʦʢʨʫʞʘʶʱʠʭ ʩʢʚʘʞʠʥ (ʩʥʠʞʝʥʠʝ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ); 

4) ɿʘʩʦʨʝʥʠʝ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠʣʠ ʧʦʩʣʝ ʪʝʢʫʱʝʛʦ ʠ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʨʝʤʦʥʪʘ (ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ) ï ʩʥʠʞʝʥʠʝ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ʚ ʧʨʦʮʝʩʩʝ 

ʵʢʩʧʣʫʘʪʘʮʠʠ; 

5) ɺʳʭʦʜ ʥʘ ʧʩʝʚʜʦʫʩʪʘʥʦʚʠʚʰʠʡʩʷ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ ʧʦʩʣʝ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

ʄʝʪʦʜ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ (ʂʇʈ) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʠʜʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ 

ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. ʇʨʠʤʝʥʷʝʪʩʷ ʥʘ ʩʢʚʘʞʠʥʘʭ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ 25 ʠ 

ʤʝʥʝʝ ʤ3 ʚ ʩʫʪʢʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʤ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴ ʋʕʎʅ ʤʘʣʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ (50 ʠ ʤʝʥʝʝ ʤ3 ʚ ʩʫʪʢʠ) ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ ʩ ʮʝʣʴʶ ʠʟʚʣʝʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʦʙʲʸʤʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʣʠʷʥʠʷ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ ʩʦʣʝʦʪʣʦʞʝʥʠʷ ʠ ʟʘʩʦʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ. ʕʢʩʧʣʫʘʪʘʮʠʷ ʋʕʎʅ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʂʇʈ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʦʛʦ ʨʝʤʦʥʪʘ ʩʢʚʘʞʠʥʳ ʩ ʟʘʤʝʥʦʡ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʨʘʩʯʸʪʥʦʝ ʧʦʜʟʝʤʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʩ ʦʙʷʟʘʪʝʣʴʥʳʤ ʩʦʙʣʶʜʝʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʢʨʠʪʝʨʠʝʚ: 

1) ʩʢʚʘʞʠʥʘ-ʢʘʥʜʠʜʘʪ ʠʤʝʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʧʦ ʦʙʲʸʤʫ ʞʠʜʢʦʩʪʠ 25 ʠ ʤʝʥʝʝ ʤ3 ʚ ʩʫʪʢʠ, 

ʧʨʠʪʦʢ ʤʝʥʝʝ ʨʘʩʯʸʪʥʦʛʦ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʧʦʛʨʫʞʥʦʛʦ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ; 

2) ʩʢʚʘʞʠʥʘ-ʢʘʥʜʠʜʘʪ ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʦ-ʨʝʤʦʥʪʠʨʫʝʤʦʤ ʬʦʥʜʝ ʧʦ ʧʨʠʯʠʥʘʤ ʩʦʣʝʦʪʣʦʞʝʥʠʷ ʠ 

ʟʘʩʦʨʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʨʠʤʝʩʷʤʠ (ʠʟ-ʟʘ ʤʘʣʦʛʦ ʦʙʲʸʤʘ ʧʨʦʭʦʜʥʳʭ ʢʘʥʘʣʦʚ ʥʘʩʦʩʘ) [2]. 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʬʦʥʜʝ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʠʣ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʧʦ ʧʦʜʙʦʨʫ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʋʕʎʅ: 

ʘ) ʧʦʜʙʦʨ ʋʕʎʅ ʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ: 60-100 ʤ3 ʚ ʩʫʪʢʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʥʝ ʤʝʥʝʝ 1:4 

ʦʞʠʜʘʝʤʦʛʦ ʜʝʙʠʪʘ ʢ ʥʦʤʠʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʋʕʎʅ; 

ʙ) ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʋʕʎʅ 5ɸ ʛʘʙʘʨʠʪʘ (ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 

ʚʥʫʪʨʝʥʥʝʤʫ ʜʠʘʤʝʪʨʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ); 

ʚ) ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʣʝʢʪʘʮʠʠ ʋʕʎʅ ʧʦʛʨʫʞʥʳʤ ʜʘʪʯʠʢʦʤ ʪʝʣʝʤʝʪʨʠʠ; 

ʛ) ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʣʝʢʪʘʮʠʠ ʋʕʎʅ ʦʙʨʘʪʥʳʤʠ ʢʣʘʧʘʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʛʝʨʤʝʪʠʯʥʦʩʪʠ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʣʠʚʘ ʞʠʜʢʦʩʪʠ ʠʟ ʥʘʩʦʩʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ ʪʨʫʙ ʧʨʠ ʦʩʪʘʥʦʚʢʝ ʋʕʎʅ;  

ʜ) ʦʙʝʩʧʝʯʝʥʠʝ ʢʦʤʧʣʝʢʪʘʮʠʠ ʥʘʟʝʤʥʦʛʦ ʵʣʝʢʪʨʦʦʙʦʨʫʜʦʚʘʥʠʷ ʋʕʎʅ ʩʪʘʥʮʠʝʡ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʫʩʪʨʦʡʩʪʚʦʤ ʧʣʘʚʥʦʛʦ ʧʫʩʢʘ; 

ʝ) ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʚʝʜʝʥʠʷ ʩʫʪʦʯʥʦʛʦ ʟʘʤʝʨʘ ʧʦ ʟʘʤʝʨʥʦʡ ʫʩʪʘʥʦʚʢʝ (ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʠʥʥʦʛʦ ʜʝʙʠʪʘ 

ʩʢʚʘʞʠʥʳ). 

ʈʝʞʠʤ ʨʘʙʦʪʳ ʠ ʥʘʢʦʧʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ. ʆʧʪʠʤʘʣʴʥʳʤ ʨʝʞʠʤʦʤ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ ʨʘʙʦʪʳ 10 ï 15 ʤʠʥʫʪ ʚ 1-ʯʘʩʦʚʦʤ ʮʠʢʣʝ. ɺʳʙʦʨ 

ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʋʕʎʅ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ ʧʨʠʸʤʝ ʥʘ 2 ï 4 ʘʪʤ. ʦʪ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʟʘʧʫʩʢʝ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʇʨʠʦʙʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʦʣʝʝ 300 ʩʢʚʘʞʠʥ ʨʘʙʦʪʘʶʪ ʚ ʂʇʈ, ʠʟ ʥʠʭ ʦʢʦʣʦ 230 

ʩʢʚʘʞʠʥ ʥʘ ɻʦʨʰʢʦʚʩʢʦʡ ʧʣʦʱʘʜʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʂʇʈ, ʥʘʮʝʣʝʥʥʦʝ ʥʘ ʤʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʜʦʙʳʯʠ, 

ʧʦʟʚʦʣʠʣʦ ʩʥʠʟʠʪʴ ʩʨʝʜʥʝʚʟʚʝʰʝʥʥʦʝ ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʢʚʘʞʠʥʘʭ ʩ 52 (ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ɸʇɺ) ʜʦ 34 ʘʪʤ. 

(ʨʠʩ.1). 

 
ʈʠʩ. 1 ʀʟʤʝʥʝʥʠʝ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʝʨʝʚʦʜʝ ʠʟ ɸʇɺ ʚ ʂʇʈ 

 

ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʩʨʝʜʥʝʝ ʫʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ ʞʠʜʢʦʩʪʠ ʥʘ ʩʢʚʘʞʠʥʫ ʧʨʠ ʧʝʨʝʚʦʜʝ ʠʟ ɸʇɺ ʚ 

ʂʇʈ ʙʦʣʝʝ ʯʝʤ ʥʘ 25% (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2 ʀʟʤʝʥʝʥʠʝ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥ ʧʨʠ ʧʝʨʝʚʦʜʝ ʠʟ ɸʇɺ ʚ ʂʇʈ 

 

ʆʧʳʪ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʘ ʩʢʚʘʞʠʥ ʥʘ ɻʦʨʰʢʦʚʩʢʦʡ 

ʧʣʦʱʘʜʠ ʇʨʠʦʙʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʠʟʢʦʜʝʙʠʪʥʦʛʦ 

ʦʩʣʦʞʥʝʥʥʦʛʦ ʬʦʥʜʘ ʋʕʎʅ, ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʦʛʦ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ ʥʝʚʦʟʤʦʞʥʘ, ʂʇʈ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʚʳʛʦʜʥʳʤ ʤʝʪʦʜʦʤ, ʧʦʪʦʤʫ ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʚʣʠʷʥʠʝ ʦʩʣʦʞʥʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʨʘʙʦʪʫ ʋʕʎʅ ʠ ʜʦʙʠʪʴʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʦʙʳʯʠ, ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʫʨʦʚʥʝʤ ʜʦʙʳʯʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʨʝʞʠʤʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ʌʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ ʦʪ 23.07.2013 N 213-ʌɿ "ʆ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ ʛʣʘʚʳ 25 ʠ 26 ʯʘʩʪʠ ʚʪʦʨʦʡ ʅʘʣʦʛʦʚʦʛʦ 1.
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"ʈʦʩʩʠʡʩʢʘʷ ʛʘʟʝʪʘ". ï ʄ., 26.07.2013. ï N 163. ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ: [ʂʦʥʩʫʣʴʪʘʥʪ ʧʣʶʩ]. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 
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ʆɹʆʉʅʆɺɸʅʀɽ ʂʆʕʌʌʀʎʀɽʅʊɸ ʋɼɽʈɾɸʅʀʗ ɼʃʗ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʆɻʆ 
ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʇʈʆʎɽʉʉɸ ʎʀʂʃʀʏɽʉʂʆɻʆ ɿɸɺʆɼʅɽʅʀʗ 

ɽ.ʌ. ʂʘʥʯʘʨ, ʈ.ɸ. ɺʝʟʝʥʠʯʝʚ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʇ.ɺ. ʇʷʪʠʙʨʘʪʦʚ  

ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤʝʥʠ ʀ.ʄ. ɻʫʙʢʠʥʘ, ʛ. ʄʦʩʢʚʘ, 
ʈʦʩʩʠʷ 

ʎʠʢʣʠʯʝʩʢʦʝ ʟʘʚʦʜʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʨʘʟʨʘʙʦʪʢʠ ʧʣʘʩʪʦʚ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ 

ʪʦʣʱʠʥʝ. ʆʜʥʘʢʦ, ʧʨʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ, ʚʦʟʥʠʢʘʝʪ 

ʩʣʦʞʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩʯʸʪʘ ʮʠʢʣʠʯʝʩʢʦʛʦ ʟʘʚʦʜʥʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʥʝʚʦʟʤʦʞʥʦ ʟʘʣʦʞʠʪʴ ʚ ʤʦʜʝʣʴ. ʂ ʪʘʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʠʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʨʞʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʚʦ ʤʥʦʛʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ. ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʩʪʘʪʴʝ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʘ 

ʩʫʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʜʝʨʞʘʥʠʷ ʠ ʚʦʟʤʦʞʥʳʡ ʩʧʦʩʦʙ ʝʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʟʘ ʩʯʸʪ ʷʚʣʝʥʠʡ ʛʠʩʪʝʨʝʟʠʩʘ ʢʘʧʠʣʣʷʨʥʦʛʦ 

ʜʘʚʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ.  ʊʝʭʥʦʣʦʛʠʷ ʮʠʢʣʠʯʝʩʢʦʛʦ ʟʘʚʦʜʥʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʘ 

ʵʪʘʧʘ: ʥʘ ʧʝʨʚʦʤ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʥʘʛʥʝʪʘʥʠʝ ʚʦʜʳ, ʧʨʠ ʵʪʦʤ ʚ ʦʩʥʦʚʥʦʤ ʜʝʡʩʪʚʫʶʪ ʫʧʨʫʛʠʝ ʩʠʣʳ, ʥʘ 

ʚʪʦʨʦʤ ʥʘʛʥʝʪʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ, ʠ ʚʦʟʨʘʩʪʘʝʪ ʚʣʠʷʥʠʝ ʢʘʧʠʣʣʷʨʥʳʭ ʩʠʣ.  

ʈʘʩʩʤʦʪʨʠʤ ʤʦʜʝʣʴ ʠʟ ʜʚʫʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʧʣʘʩʪʦʚ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ 

ʢʦʪʦʨʳʭ ʨʘʟʣʠʯʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ ʚ 4-5 ʨʘʟ. ɺʦ ʚʨʝʤʷ ʧʝʨʚʦʛʦ ʧʦʣʫʮʠʢʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʛʥʝʪʘʥʠʷ ʜʘʚʣʝʥʠʝ ʚ 

ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʤ ʧʣʘʩʪʝ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʚ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʦʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʥʘʯʘʣʦ 

ʚʪʦʨʦʛʦ ʧʦʣʫʮʠʢʣʘ ʚʦʟʥʠʢʥʝʪ ʥʝʢʦʪʦʨʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʦʪʦʨʦʛʦ ʞʠʜʢʦʩʪʴ ʫʩʪʨʝʤʠʪʴʩʷ ʠʟ 

ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʦʛʦ ʧʣʘʩʪʘ ʚ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʡ. ʇʨʠ ʵʪʦʤ ʩʢʘʞʝʪʩʷ ʨʘʟʥʦʩʪʴ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʜʣʷ 

ʩʤʘʯʠʚʘʶʱʝʡ ʠ ʥʝʩʤʘʯʠʚʘʶʱʝʡ ʬʘʟ. ʋʩʣʦʚʥʦ, ʧʦʨʳ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʛʦ ʧʣʘʩʪʘ ʙʫʜʫʪ ʧʨʠʥʠʤʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ 

ʪʦʣʴʢʦ ʩʤʘʯʠʚʘʶʱʫʶ ʬʘʟʫ (ʚʦʜʫ), ʚʳʪʝʩʥʷʷ ʥʝʩʤʘʯʠʚʘʶʱʫʶ ʥʝʬʪʴ. ʂʦʵʬʬʠʮʠʝʥʪ ʫʜʝʨʞʘʥʠʷ ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ 

ʦʙʲʸʤʘ ʚʦʜʳ ʫʜʝʨʞʠʚʘʝʤʦʡ ʚ ʧʦʨʘʭ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʧʦʣʫʮʠʢʣʘ, ʢʦ ʚʩʝʤʫ ʦʙʲʸʤʫ ʚʦʜʳ, ʧʦʧʘʚʰʝʤʫ ʚ 

ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʡ ʧʣʘʩʪ ʥʘ ʚʪʦʨʦʤ ʧʦʣʫʮʠʢʣʝ[3]. ʇʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʚʪʦʨʦʤ ʧʦʣʫʮʠʢʣʝ, ʤʦʞʥʦ 

ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʠʟʤʝʥʝʥʠʝ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ (ʆʌʇ), ʧʨʠ 

ʚʥʝʜʨʝʥʠʠ ʚʦʜʳ ʚ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʡ ʢʦʣʣʝʢʪʦʨ. ʇʨʦʮʝʩʩ ʪʝʯʝʥʠʷ ʩʤʘʯʠʚʘʶʱʝʡ ʬʘʟʳ ʚ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʳʡ 

ʧʣʘʩʪ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʯʝʨʝʟ ʛʠʩʪʝʨʝʟʠʩ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ, ʘ ʫʜʝʨʞʘʥʠʝ ʚʦʜʳ - ʯʝʨʝʟ ʛʠʩʪʝʨʝʟʠʩ ʆʌʇ. 

ʕʪʠ ʧʨʦʮʝʩʩʳ ʦʩʥʦʚʘʥʳ ʥʘ ʷʚʣʝʥʠʠ ʩʤʘʯʠʚʘʝʤʦʩʪʠ. ʉʤʘʯʠʚʘʝʤʦʩʪʴ ï ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʩʤʘʯʠʚʘʶʱʝʡ ʬʘʟʳ ʠ ʩʤʘʯʠʚʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʟʥʘʯʠʪ ʥʘ ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʦʧʨʝʜʝʣʸʥʥʦʡ 

ʞʠʜʢʦʩʪʴʶ (ʥʘʧʨʠʤʝʨ, ʚʦʜʦʡ), ʚʣʠʷʝʪ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʦʨʦʜʳ. ɻʦʚʦʨʷ ʦ ʥʝʬʪʷʥʦʤ ʧʣʘʩʪʝ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ 

ʧʦʥʷʪʠʷʤ ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ ʠ ʛʠʜʨʦʬʦʙʥʦʩʪʠ. ʇʣʘʩʪ ʷʚʣʷʶʱʠʡʩʷ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ ʛʠʜʨʦʬʠʣʴʥʳʤ 

ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʥʝʬʪʴʶ ʤʦʞʝʪ ʩʪʘʪʴ ʛʠʜʨʦʬʦʙʥʳʤ ʠʣʠ ʤʝʥʝʝ ʛʠʜʨʦʬʠʣʴʥʳʤ. ʅʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʠʛʨʘʮʠʠ ʥʝʬʪʠ ʠʟ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ ʚ ʢʦʣʣʝʢʪʦʨʘ-ʣʦʚʫʰʢʠ, ʢʦʪʦʨʳʝ 

ʠʟʥʘʯʘʣʴʥʦ ʷʚʣʷʶʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤʠ ʠ ʥʘʩʳʱʝʥʥʳʤʠ ʚʦʜʦʡ. ʇʦʵʪʦʤʫ ʜʣʷ ʜʘʥʥʦʛʦ ʩʣʫʯʘʷ ʨʝʯʴ ʠʜʸʪ ʩʢʦʨʝʝ ʦ 

ʩʤʝʰʘʥʥʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʠ. [1], [2]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʘʯʠʚʘʝʤʦʩʪʴ ʧʦʨʦʜʳ ʩʥʘʯʘʣʘ ʤʝʥʷʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʟʘʪʝʤ ʚ ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ ʬʣʶʠʜʘ.  

ʀʟʤʝʥʝʥʠʷ ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʘʧʠʣʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʆʌʇ. ʕʪʦ 

ʠʟʤʝʥʝʥʠʝ ʥʦʩʠʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʷʚʣʝʥʠʠ ʛʠʩʪʝʨʝʟʠʩʘ. ʋʩʣʦʚʥʦ ʛʠʩʪʝʨʝʟʠʩ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ 

ʥʘ ʜʚʘ ʚʠʜʘ: 1. ʟʘʚʠʩʷʱʠʡ ʦʪ ʥʘʛʥʝʪʘʝʤʦʡ ʞʠʜʢʦʩʪʠ , 2. ʟʘʚʠʩʷʱʠʡ ʦʪ ʮʠʢʣʘ ʥʘʛʥʝʪʘʥʠʷ [4]. 

 

 
ʈʠʩ. ɺʠʜʳ ʛʠʩʪʝʨʝʟʠʩʘ ʆʌʇ 

 

ʇʝʨʚʳʡ ʪʠʧ ʛʠʩʪʝʨʝʟʠʩʘ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʬʘʟʦʚʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʥʘʛʥʝʪʘʝʤʦʡ ʞʠʜʢʦʩʪʠ (ʚʦʜʘ/ʥʝʬʪʴ), ʚʪʦʨʦʡ ï ʠʟʤʝʥʝʥʠʝ ʆʌʇ ʠ ʢʨʠʪʠʯʝʩʢʦʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʠʢʣʦʚ ʥʘʛʥʝʪʘʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ ʧʝʨʚʳʡ ʛʨʘʬʠʢ ʧʦʢʘʟʳʚʘʝʪ ʆʌʇ ʧʨʠ ʥʘʛʥʝʪʘʥʠʠ 

ʚʦʜʳ, ʘ ʟʘʪʝʤ ʥʝʬʪʠ, ʚʪʦʨʦʡ ï ʩʥʦʚʘ ʥʘʛʥʝʪʘʥʠʝ ʚʦʜʳ ʚ ʪʦʪ ʞʝ ʦʙʨʘʟʝʮ.  ʂʘʢ ʚʠʜʥʦ, ʟʥʘʯʝʥʠʝ ʦʩʪʘʪʦʯʥʦʡ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʫʚʝʣʠʯʠʣʦʩʴ ʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʯʪʦ ʦʥʦ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʩ ʢʘʞʜʳʤ 

ʮʠʢʣʦʤ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʷʩʴ ʢ ʢʘʢʦʤʫ-ʪʦ ʟʥʘʯʝʥʠʶ. ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʥʳ ʜʣʷ ʢʝʨʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʠʟʥʘʯʘʣʴʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʠʜʨʦʬʦʙʥʳʤ, ʦʜʥʘʢʦ ʫʞʝ ʥʘ ʚʪʦʨʦʤ ʮʠʢʣʝ ʦʥ ʩʪʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʛʠʜʨʦʬʠʣʴʥʳʤ. ʉʪʘʣʦ ʙʳʪʴ, ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ ʦʩʪʘʪʦʯʥʦʡ ʚʦʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝ 

ʩʤʘʯʠʚʘʝʤʦʩʪʠ ʢʦʣʣʝʢʪʦʨʘ.  

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʮʠʢʣʠʯʝʩʢʦʤ ʟʘʚʦʜʥʝʥʠʠ, ʪʦ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʦʣʞʝʥ ʨʘʙʦʪʘʪʴ ʧʨʠ 

ʧʨʦʧʠʪʢʝ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʛʦ ʧʣʘʩʪʘ (ʥʘʩʳʱʝʥʥʦʛʦ ʥʝʬʪʴʶ), ʧʦʧʘʜʘʷ ʚ ʢʦʪʦʨʳʡ, ʚʦʜʘ ʤʝʥʷʝʪ ʩʤʘʯʠʚʘʝʤʦʩʪʴ 

ʧʣʘʩʪʘ ʠ ʫʜʝʨʞʠʚʘʝʪʩʷ ʪʘʤ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʛʠʜʨʦʬʦʙʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʥʦ ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ ʚ 

ʧʣʘʩʪʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩʦ ʩʤʝʰʘʥʥʦʡ ʩʤʘʯʠʚʘʝʤʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʢʦʣʣʝʢʪʦʨ ʥʘʩʳʱʝʥʥʳʡ ʥʝʬʪʴʶ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ 

ʛʠʜʨʦʬʦʙʥʳʤ. ɸ ʟʥʘʯʠʪ, ʪʘʢʠʝ ʷʚʣʝʥʠʷ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ ʮʠʢʣʠʯʝʩʢʦʤ ʟʘʚʦʜʥʝʥʠʠ.  

ɼʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʧʣʘʩʪʝ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʫʜʝʨʞʘʥʠʷ 

ʚʦʜʳ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʩʯʸʪʘʭ ʮʠʢʣʠʯʝʩʢʦʛʦ ʟʘʚʦʜʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʤʦʜʝʣʠʨʦʚʘʪʴ ʝʛʦ 

ʩ ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʛʠʩʪʝʨʝʟʠʩʘ ʟʘʣʦʞʝʥʥʳʭ ʚʦ ʤʥʦʛʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʤʫʣʷʪʦʨʘʭ.  
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ʊʈʋɼʅʆʉʊʀ ʇʈʀ ʉʆɿɼɸʅʀʀ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ ʇʃɸʉʊʆɺ ʀ 
ɺʆɿʄʆɾʅʓɽ ʇʋʊʀ ʀʍ ʈɽʐɽʅʀʗ 

ɽ.ɻ. ʂʘʨʧʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʆ.ʉ. ʏʝʨʥʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʣʘʩʪʦʚ ʠ ʩʢʚʘʞʠʥ (ɻɼʀ) ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʢʦʤʧʣʝʢʩʥʦʤ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʨʘʮʠʦʥʘʣʴʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-

ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʨʘʞʘʝʪʩʷ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ʧʦʩʪʨʦʝʥʠʷ ʛʝʦʣʦʛʦ-ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʢʦʥʪʨʦʣʷ ʟʘ ʨʘʟʨʘʙʦʪʢʦʡ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʦʙʣʘʩʪʴ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʰʠʨʠʣʘʩʴ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚʳʩʦʢʦʪʦʯʥʦʡ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʘʥʢʘ ʯʠʩʣʝʥʥʳʭ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʧʣʘʩʪʘ ʠ 

ʩʢʚʘʞʠʥʳ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʥʝ ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʷʪʴ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʣʘʩʪʘ, ʥʦ ʠ ʫʪʦʯʥʷʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʟʘʣʝʞʠ, ʚʳʷʚʣʷʪʴ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠʮʳ 

ʚ ʧʣʘʩʪʝ, ʦʧʨʝʜʝʣʷʪʴ ʭʘʨʘʢʪʝʨ ʧʨʠʪʦʢʘ ʞʠʜʢʦʩʪʠ ʚ ʩʢʚʘʞʠʥʫ ʠ ʜʨ.  

ɺ ʮʝʣʦʤ ʨʘʟʚʠʪʠʝ ɻɼʀ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʙʲʝʤʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʨʘʟʨʘʙʦʪʢʠ. ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʢʣʘʩʩʘ ʟʘʜʘʯ, ʨʝʰʘʝʤʳʭ ʩ ʧʦʤʦʱʴʶ ɻɼʀ, ʜʦʣʞʥʦ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʦʪʜʝʣʴʥʳʤ 

ʠʟʫʯʝʥʠʝʤ ʪʦʯʥʦʩʪʠ ʠʭ ʨʝʰʝʥʠʡ. ʆʜʥʘʢʦ, ʥʘ ʧʨʘʢʪʠʢʝ, ʚʦʧʨʦʩʘʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ɻɼʀ ʫʜʝʣʷʝʪʩʷ 

ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʚʥʠʤʘʥʠʝ [1].  

ʉʪʘʥʜʘʨʪʳ ʠ ʨʝʛʣʘʤʝʥʪʳ ʧʨʦʚʝʜʝʥʠʷ ɻɼʀ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʫʥʠʚʝʨʩʘʣʴʥʳʤʠ ʜʣʷ ʚʩʝʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ ʢʘʩʘʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʘʩʧʝʢʪʦʚ ʠ ʤʝʪʦʜʦʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ. ʇʝʨʝʜ 

ʧʨʦʚʝʜʝʥʠʝʤ ɻɼʀ ʣʶʙʦʛʦ ʦʙʲʝʢʪʘ ʚʩʝʛʜʘ ʧʦʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʧʦʣʫʯʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʝʛʦ ʨʘʟʨʘʙʦʪʢʠ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʦʣʞʝʥ ʙʳʪʴ ʦʙʲʝʢʪʠʚʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥ. ʊʝʭʥʦʣʦʛʠʷ ɻɼʀ ʤʦʞʝʪ 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴʩʷ ʧʦ ʤʝʨʝ ʧʦʩʪʫʧʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ.  

ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤ ʚʥʝʜʨʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʪʦ ʚʝʜʝʪ ʢ ʙʳʩʪʨʦʤʫ ʥʘʢʦʧʣʝʥʠʶ ʙʦʣʴʰʠʭ 

ʦʙʲʝʤʦʚ ʠʥʬʦʨʤʘʮʠʠ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ 

ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʩʣʦʞʥʦʡ, ʩʢʨʳʪʦʡ ʦʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ, ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʳ - ʥʝʬʪʷʥʦʛʦ 

ʠʣʠ ʛʘʟʦʚʦʛʦ ʧʣʘʩʪʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʣʘʩʪʝ, ʥʦ ʠ 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʣʫʯʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʯʘʱʝ ʚʩʝʛʦ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʪʚʝʪʘ ʥʘ ʚʩʝ ʚʦʧʨʦʩʳ, ʠʥʪʝʨʝʩʫʶʱʠʝ ʪʝʭʥʦʣʦʛʦʚ ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʝʨʝʜʢʦ ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʘʱʠʤʠ ʜʨʫʛ ʜʨʫʛʫ. ɺ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʢʘʪʴ ʥʦʚʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ [2].  

ʅʘʠʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʣʘʩʪʦʚ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʧʨʦʬʠʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʩʢʚʘʞʠʥʘʭ. ʀʟʚʝʩʪʥʳʝ ʤʝʪʦʜʳ ʤʘʢʨʦʤʘʩʰʪʘʙʥʦʛʦ 

(ʧʦʠʥʪʝʨʚʘʣʴʥʦʛʦ) ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ï ʦʧʨʦʙʦʚʘʥʠʝ ʧʣʘʩʪʘ ʠʩʧʳʪʘʪʝʣʝʤ ʥʘ ʢʘʙʝʣʝ, ʦʮʝʥʢʘ ʧʦ ʜʘʥʥʳʤ 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻʀʉ), ʜʝʪʘʣʴʥʘʷ ʨʘʩʭʦʜʦʤʝʪʨʠʷ ï ʜʘʶʪ ʩʢʦʨʝʝ ʦʪʥʦʩʠʪʝʣʴʥʫʶ, ʯʝʤ 

ʘʙʩʦʣʶʪʥʫʶ ʠʥʬʦʨʤʘʮʠʶ [1]. ʕʪʠ ʤʝʪʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʠʥʪʝʨʚʘʣ ʠʤʝʝʪ ʙʦʣʴʰʫʶ 



 

 

96

 

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʘ ʢʘʢʦʡ ï ʤʝʥʴʰʫʶ. ʆʜʥʘʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ, ʧʦʣʫʯʘʝʤʳʝ ʩ ʠʭ ʧʦʤʦʱʴʶ, ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʳʤʠ ʠ, ʯʪʦ ʩʘʤʦʝ ʛʣʘʚʥʦʝ, ʧʣʦʭʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʤʝʛʘʤʘʩʰʪʘʙʥʳʤʠ, ʪ.ʝ. ʩʨʝʜʥʠʤʠ ʧʦ ʨʘʟʨʝʟʫ 

ʧʣʘʩʪʘ ʦʮʝʥʢʘʤʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʦʣʫʯʘʝʤʳʤʠ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ (ɻɼʀʉ) 

ʠʣʠ ʧʦ ʜʘʥʥʳʤ ʝʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʩʣʫʯʘʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠʥʬʦʨʤʘʮʠʠ ï 

ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ï ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʤʝʪʦʜʳ ɻʀʉ ʧʦ ʩʚʦʝʡ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ ʜʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʦʙʲʝʤʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʧʦʨʠʩʪʦʩʪʴ, ʥʘʩʳʱʝʥʥʦʩʪʴ), ʥʦ ʥʝ ʜʠʥʘʤʠʯʝʩʢʠʝ 

(ʧʨʦʥʠʮʘʝʤʦʩʪʴ). ʕʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʠʧʘ ʧʦʨʠʩʪʦʩʪʴ ï ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠʣʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʘʣʛʦʨʠʪʤʳ 

(ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʨʝʛʨʝʩʩʠʠ, ʥʝʡʨʦʥʥʳʝ ʩʝʪʠ), ʩʚʷʟʳʚʘʶʱʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩ ʠʟʤʝʨʷʝʤʳʤʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ɻʀʉ 

ʦʙʲʝʤʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʜʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʩ ʙʦʣʴʰʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʳ ʧʦʠʥʪʝʨʚʘʣʴʥʦʡ ʦʮʝʥʢʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʤʝʪʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʜʘʥʥʳʭ ɻʀʉ) ʚʝʩʴʤʘ ʧʦʣʝʟʥʳ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʦʯʝʥʴ ʚʘʞʥʫʶ 

ʬʫʥʢʮʠʶ ʢʦʤʧʘʨʘʪʦʨʘ, ʪ.ʝ. ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠ ʨʘʥʞʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʧʦ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʦʬʠʣʷ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʝʜʠʥʫʶ ʤʦʜʝʣʴ ʨʘʟʥʦʨʦʜʥʳʭ ʜʘʥʥʳʭ, ʧʦʣʫʯʝʥʥʳʭ 

ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʥʬʦʨʤʘʮʠʠ (ʘʥʘʣʠʟ ʢʝʨʥʘ, ʠʩʧʳʪʘʥʠʝ ʧʣʘʩʪʦʚ, ʨʘʩʭʦʜʦʤʝʪʨʠʷ, ɻʀʉ) ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ 

ʥʘ ʨʘʟʣʠʯʥʳʭ (ʤʘʢʨʦ- ʠ ʤʝʛʘ-) ʤʘʩʰʪʘʙʘʭ [1]. 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʟʚʦʣʷʝʪ 

ʜʦʙʠʪʴʩʷ ʭʦʨʦʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʨʘʩʯʝʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʨʝʘʣʴʥʦʡ. ʆʜʥʘʢʦ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʨʝʰʠʪʴ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ ʠ ʟʘʜʘʯʫ ʘʜʝʢʚʘʪʥʦʛʦ ʦʧʠʩʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ 

(ʥʘʧʨʠʤʝʨ, ʢʦʨʨʝʢʪʥʦʛʦ ʨʘʩʯʝʪʘ ʜʠʥʘʤʠʢʠ ʦʙʚʦʜʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥʳ) ʥʝʚʦʟʤʦʞʥʦ. ʇʨʠʯʠʥʫ ʵʪʦʛʦ ʤʦʞʥʦ 

ʧʦʥʷʪʴ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠʥʪʝʨʚʘʣʦʚ ʧʣʘʩʪʘ ʢʘʢ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ, ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʢʦʪʦʨʦʡ (ʦʙʳʯʥʦ ʧʨʠʥʠʤʘʝʤʘʷ ʣʦʛʥʦʨʤʘʣʴʥʦʡ) ʟʘʚʠʩʠʪ ʦʪ ʜʚʫʭ ʧʘʨʘʤʝʪʨʦʚ ï ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ 

(ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʞʠʜʘʥʠʷ) ʠ çʨʘʟʤʘʭʘè ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʜʠʩʧʝʨʩʠʠ). ɼʠʩʧʝʨʩʠʷ ʦʧʨʝʜʝʣʷʝʪ 

ʩʪʝʧʝʥʴ ʚʝʨʪʠʢʘʣʴʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʣʘʩʪʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʠʜ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ [3,4]. 

ʋʤʥʦʞʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʧʦʧʨʘʚʦʯʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʜʚʠʛʫ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʦʩʠ çʣʦʛʘʨʠʬʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠè. ʕʪʦʪ ʩʜʚʠʛ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʞʝʣʘʝʤʦʛʦ ʟʥʘʯʝʥʠʷ ʩʨʝʜʥʝʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʦʜʥʘʢʦ çʨʘʟʤʘʭè ʢʨʠʚʦʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʵʪʦʤ ʦʩʪʘʝʪʩʷ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ, ʞʝʣʘʝʤʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʜʦʙʠʪʴʩʷ ʥʝ ʫʜʘʝʪʩʷ. 

ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʟʥʘʯʝʥʠʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʞʝʣʘʝʤʦʛʦ ʚʠʜʘ 

ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ï ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʦʞʠʜʘʥʠʝʤ ʠ ʜʠʩʧʝʨʩʠʝʡ. ʕʪʦʪ ʤʝʪʦʜ 

ʦʩʥʦʚʘʥ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʪʝʦʨʠʠ ʧʦʨʷʜʢʦʚʳʭ ʩʪʘʪʠʩʪʠʢ [5, 6] ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 

ʨʘʥʞʠʨʦʚʘʥʥʦʡ ʚʳʙʦʨʢʝ ʧʨʠ ʥʘʣʠʯʠʠ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʚʠʜʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, 

ʯʪʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʧʣʘʩʪʘ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ɻʀʉ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʧʦ ʜʘʥʥʳʤ ɻɼʀʉ ʠʣʠ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ, 

ʘ ʜʠʩʧʝʨʩʠʶ ï ʠʟ ʘʥʘʣʠʟʘ ʚʳʙʦʨʦʢ ʢʝʨʥʘ ʠʣʠ ʧʦ ʜʠʥʘʤʠʢʝ ʦʙʚʦʜʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʝʠʤʫʱʝʩʪʚ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʘ 

ʘʜʘʧʪʘʮʠʠ 3D ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʢ ʠʩʪʦʨʠʠ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʟʘ ʩʯʝʪ 

ʪʦʛʦ, ʯʪʦ ʫʞʝ ʧʝʨʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʦʮʝʥʢʝ ʧʦʣʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʥʘ ʵʪʘʧʝ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ) ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʠʩʪʠʥʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ. ʕʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʩʨʘʟʫ ʚʩʝʡ ʠʤʝʶʱʝʡʩʷ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠ ʧʨʦʤʳʩʣʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ, 

ʚʢʣʶʯʘʷ ʠʩʪʦʨʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʦ ʜʠʥʘʤʠʢʝ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʜʨʫʛʠʭ ʬʣʶʠʜʦʚ [7, 8]. 
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ʈɸɿʈɸɹʆʊʂɸ ʐɽʃʔʌʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ʊɽʍʅʆʃʆɻʀʀ 

ɹʋʈɽʅʀʗ ʉʂɺɸɾʀʅ ʉ ɹʆʃʔʐʀʄ ʆʊʍʆɼʆʄ ɿɸɹʆʗ ʆʊ ɺɽʈʊʀʂɸʃʀ  
ʖ.ʖ. ʂʦʣʜʳʨʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɽ.ɻ.ʂʘʨʧʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʬʪʠ. ʇʦ ʜʘʥʥʳʤ ʤʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ ʈʌ, ʥʘ ʜʦʣʶ 

ʥʝʬʪʠ ʧʨʠʭʦʜʠʪʩʷ 38% ʧʦʪʨʝʙʣʷʝʤʦʡ ʵʥʝʨʛʠʠ ʈʦʩʩʠʠ, ʪ.ʝ. 518,0 ʤʣʥ. ʪ (ʧʦ ʜʘʥʥʳʤ ʥʘ 2012 ʛ.)[8]. ɺʤʝʩʪʝ ʩ ʪʝʤ, 

ʥʘʯʘʣʴʥʳʝ  ʟʘʧʘʩʳ ʥʝʬʪʠ ʫʞʝ ʚʳʨʘʙʦʪʘʥʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 50 ʧʨʦʮʝʥʪʦʚ, ʚ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ - ʥʘ 65 ʧʨʦʮʝʥʪʦʚ, ʚ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʪʦʤ ʯʠʩʣʝ ʚ ʋʨʘʣʦ-ʇʦʚʦʣʞʴʝ - ʙʦʣʝʝ ʯʝʤ ʥʘ 70 ʧʨʦʮʝʥʪʦʚ. ʄʥʦʛʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʝʨʝʭʦʜʷʪ 

ʥʘ ʧʦʩʣʝʜʥʠʡ ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ. ʉʪʝʧʝʥʴ ʚʳʨʘʙʦʪʘʥʥʦʩʪʠ ʟʘʧʘʩʦʚ ʢʨʫʧʥʳʭ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 60 ʧʨʦʮʝʥʪʘʤ. ʇʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦʣʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ, ʩʦʩʪʘʚʣʷʶʱʘʷ ʜʣʷ 

ʦʩʥʦʚʥʳʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ ʦʪ 30 ʜʦ 65 ʧʨʦʮʝʥʪʦʚ[10].  ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʝʞʝʛʦʜʥʦʝ ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʝ 

ʨʘʩʪʝʪ ʧʦ ʧʨʦʛʥʦʟʫ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ, ʢ 2030 ʛʦʜʫ ʦʞʠʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʤʠʨʦʚʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʬʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2000ʛ. ʚ 2 ï 2,2 ʨʘʟʘ, ʘ ʛʘʟʘ ï ʚ 3 ï 3,2 ʨʘʟʘ[2]. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʦʙʲʝʤʳ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʫʞʜʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʚʚʦʜʠʪʴ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘʨʷʜʫ ʩ ʛʣʘʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʈʌ ʥʘ ʧʝʨʠʦʜ  ʜʦ 2030 ʛʦʜʘ ʩʪʦʠʪ ʧʦʚʳʰʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʩʚʦʝʥʠʷ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʘʢʚʘʪʦʨʠʡ[10]. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʩʪʦʯʥʳʤʠ 

ʨʘʡʦʥʘʤʠ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʰʝʣʴʬʦʤ ʘʨʢʪʠʯʝʩʢʠʭ ʠ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʤʦʨʝʡ. ʀʤʝʥʥʦ ʵʪʠ ʨʘʡʦʥʳ ʩʯʠʪʘʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʧʦ ʥʘʯʘʣʴʥʳʤ ʠʟʚʣʝʢʘʝʤʳʤ ʟʘʧʘʩʘʤ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʮʝʥʠʚʘʶʪʩʷ ʦʥʠ  ʚ 13ʤʣʨʜ. ʪʦʥʥ 

ʥʝʬʪʠ ʠ 79 ʤʣʨʜ. ʪʦʥʥ ʛʘʟʘ[10]. ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʤʦʨʩʢʘʷ ʥʝʬʪʴ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ ʚ ʤʠʨʝ 

ʩʦʩʪʘʚʣʷʝʪ ʫʞʝ ʙʦʣʝʝ 40 ʧʨʦʮʝʥʪʦʚ, ʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʰʝʣʴʬʘ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, 

ʯʝʤ ʥʘ ʩʫʰʝ (ʚ ʩʨʝʜʥʝʤ 450 ʪ/ʩʫʪʢʠ)[2]. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʈʦʩʩʠʠ, ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤʠ ʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʢ ʦʩʚʦʝʥʠʶ ʷʚʣʷʶʪʩʷ ʰʝʣʴʬʳ 

ʆʭʦʪʩʢʦʛʦ ʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʝʡ. ɺ ʨʦʩʩʠʡʩʢʦʤ ʩʝʢʪʦʨʝ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ  ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʧʨʝʜʝʣʘʭ ʣʠʮʝʥʟʠʦʥʥʦʛʦ ʙʣʦʢʘ çʉʝʚʝʨʥʳʡè ʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʢʦʤʧʘʥʠʝʡ çʃʋʂʆʁʃè. ʇʨʠ ʵʪʦʤ ʥʘ ʦʜʥʦʤ ʠʟ 

ʥʠʭ ï ʠʤʝʥʠ ʖʨʠʷ ʂʦʨʯʘʛʠʥʘ, ʦʪʢʨʳʪʦʤ ʝʱʝ ʚ 2000-ʦʤ, ï ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʥʘʯʘʣʘʩʴ ʚ 2010 ʛʦʜʫ[5]. 

ʉʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ ʉʘʭʘʣʠʥʩʢʦʛʦ ʰʝʣʴʬʘ, ʧʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʧʦʜʩʯʝʪʘʤ, ʦʮʝʥʠʚʘʶʪʩʷ ʚ 4 ʤʣʨʜ. ʪʦʥʥ ʥʝʬʪʠ[3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚʳʜʝʣʝʥʦ ʰʝʩʪʴ ʣʠʮʝʥʟʠʦʥʥʳʭ ʫʯʘʩʪʢʦʚ ʧʦʜ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʠ ʨʘʟʨʘʙʦʪʢʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʨʦʝʢʪʳ çʉʘʭʘʣʠʥ-1-6è. ɼʚʘ ʧʨʦʝʢʪʘ çʉʘʭʘʣʠʥ 1è ʠ çʉʘʭʘʣʠʥ-2è  ʫʞʝ ʚʝʜʫʪ 

ʧʨʦʤʳʰʣʝʥʥʫʶ ʜʦʙʳʯʫ ʥʝʬʪʠ ʠ ʛʘʟʘ. ɺ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ çʉʘʭʘʣʠʥ -1è ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʨʘʟʨʘʙʦʪʢʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʰʝʣʴʬʝ ʦʩʪʨʦʚʘ ʉʘʭʘʣʠʥ. ʆʙʲʝʤ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 2,3 ʤʣʨʜ. ʙʘʨʨʝʣʝʡ ʥʝʬʪʠ 

(307 ʤʣʥ. ʪʦʥʥ) ʠ 17,1 ʪʨʣʥ. ʢʫʙ. ʬʫʪʦʚ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ (485 ʤʣʨʜ. ʢʫʙ. ʤ)[6]. ʇʨʦʝʢʪ çʉʘʭʘʣʠʥ -2è 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʜʚʫʭ ʰʝʣʴʬʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʇʠʣʴʪʫʥ-ɸʩʪʦʭʩʢʦʛʦ  ʠ ʃʫʥʩʢʦʛʦ. ʆʙʱʠʝ ʟʘʧʘʩʳ 

ʩʦʩʪʘʚʣʷʶʪ  600 ʤʣʨʜ ʢʫʙ. ʤ ʛʘʟʘ ʠ 170 ʤʣʥ ʪ ʥʝʬʪʠ ʠ ʢʦʥʜʝʥʩʘʪʘ[7].  

ʂʨʦʤʝ ʪʦʛʦ, ʘʨʢʪʠʯʝʩʢʠʡ ʰʝʣʴʬ ð ʢʨʫʧʥʳʡ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ 

ʨʝʟʝʨʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʦʩʩʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʝʢʪʘʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ: 

ʐʪʦʢʤʘʥʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ; 

ʇʨʠʨʘʟʣʦʤʥʦʝ ʠ ɼʦʣʛʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʇʝʯʦʨʩʢʦʤ ʤʦʨʝ; 

ʉʝʚʝʨʦ-ʂʘʤʝʥʥʦʤʳʩʩʢʦʝ ʠ ʂʘʤʝʥʥʦʤʳʩʩʢʦʝ-ʤʦʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʘʢʚʘʪʦʨʠʷʭ ʆʙʩʢʦʡ ʠ ʊʘʟʦʚʩʢʦʡ 

ʛʫʙ. 

ʆʩʥʦʚʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʦʙʫʩʪʨʦʡʩʪʚʘ ʰʝʣʴʬʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʧʣʘʚʫʯʠʝ ʧʣʘʪʬʦʨʤʳ ʠʣʠ 

ʤʦʨʩʢʠʝ ʧʣʘʚʫʯʠʝ ʙʫʨʦʚʳʝ ʫʩʪʘʥʦʚʢʠ. ʇʣʘʪʬʦʨʤʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʫʨʝʥʠʝ ʩʢʚʘʞʠʥ, ʜʦʙʳʯʫ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʘ ʪʘʢʞʝ 

ʠʭ ʭʨʘʥʝʥʠʝ ʠ ʦʪʛʨʫʟʢʫ. ʇʦʤʠʤʦ ʚʩʝʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʦʡ ʧʣʘʪʬʦʨʤʳ, 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʦʜʥʦʡ ʤʦʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʤʦʞʝʪ ʦʙʦʡʪʠʩʴ ʚ 200 ʤʣʥ. $ (ʤʦʨʩʢʘʷ ʣʝʜʦʩʪʦʡʢʘʷ)[1], ʥʝ ʚʢʣʶʯʘʷ  

ʨʘʩʭʦʜʳ ʥʘ ʧʦʜʚʦʜʥʳʝ ʢʦʤʤʫʥʠʢʘʮʠʠ ʠ ʦʙʝʩʧʝʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʧʨʦʝʢʪʘ çʉʘʭʘʣʠʥ-1è ʩʧʨʦʝʢʪʠʨʦʚʘʥʘ ʥʘʟʝʤʥʘʷ ʙʫʨʦʚʘʷ ʫʩʪʘʥʦʚʢʘ çʗʩʪʨʝʙè, ʢʦʪʦʨʘʷ 

ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʭ ʥʘʟʝʤʥʳʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʦʪʨʘʩʣʠ. ʆʥʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʙʫʨʝʥʠʷ ʩ 

ʙʝʨʝʛʘ ʩʢʚʘʞʠʥ ʩ ʙʦʣʴʰʠʤ ʦʪʭʦʜʦʤ ʟʘʙʦʷ ʦʪ ʚʝʨʪʠʢʘʣʠ (ɹʆɺ), ʧʦʟʚʦʣʷʶʱʘʷ ʩ ʩʫʰʠ ʜʦʩʪʠʛʘʪʴ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ 

ʧʣʘʩʪʦʚ ʚ ʤʦʨʝ.  

ʐʝʩʪʴ ʠʟ ʜʝʩʷʪʠ ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʩʢʚʘʞʠʥ ʚ ʤʠʨʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʙʫʨʝʥʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʏʘʡʚʦ ʠ ʆʜʦʧʪʫ. ʉʘʤʘʷ ʧʨʦʪʷʞʝʥʥʘʷ ʠʟ ʥʠʭ ï ʩʢʚʘʞʠʥʘ Z-42, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʪʚʦʣʘ ʢʦʪʦʨʦʡ ʩʦʩʪʘʚʠʣʘ 12 700 

ʤʝʪʨʦʚ ʧʨʠ ʦʪʭʦʜʝ ʟʘʙʦʷ ʦʪ ʚʝʨʪʠʢʘʣʠ ʥʘ 11 739 ʤʝʪʨʦʚ [9]. ʅʘ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʵʪʦʡ ʩʢʚʘʞʠʥʳ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 73 

ʜʥʷ, ʧʨʠ ʵʪʦʤ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʨʦʚʦʜʢʠ - ʟʘʙʦʡ ʩʢʚʘʞʠʥʳ ʥʘʭʦʜʠʣʩʷ ʚ ʧʨʝʜʝʣʘʭ 4 ʤʝʪʨʦʚ ʦʪ 

ʟʘʧʣʘʥʠʨʦʚʘʥʥʦʡ ʦʪʤʝʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʚʝʥʘʜʮʘʪʴʶ  ʩʢʚʘʞʠʥʘʤʠ, ʧʨʦʙʫʨʝʥʥʳʤʠ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʩ 

ʙʦʣʴʰʠʤ ʦʪʭʦʜʦʤ ʦʪ ʚʝʨʪʠʢʘʣʠ, ʚʝʜʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʩ ʰʝʣʴʬʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦ. ʉʘʭʘʣʠʥʘ  

ʏʘʡʚʦ ʠ ʆʜʦʧʪʫ-ʤʦʨʝ, ʦʙʲʝʤʘʤʠ 1600ʤ3 ʙʝʟʚʦʜʥʦʡ ʥʝʬʪʠ ʝʞʝʜʥʝʚʥʦ[1]. 

ɻʣʘʚʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ. ʈʘʟʨʘʙʦʪʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʢʚʘʞʠʥ ʦʙʭʦʜʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ 

ʜʝʰʝʚʣʝ (ʚ 4 ï 5 ʨʘʟ)[4], ʯʝʤ ʧʨʠ ʜʦʙʳʯʝ ʩ ʣʝʜʦʩʪʦʡʢʠʭ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʣʘʪʬʦʨʤ, ʧʨʠ ʵʪʦʤ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʷ 

ʤʦʞʝʪ ʚʝʩʪʠʩʴ ʢʨʫʛʣʳʡ ʛʦʜ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʨʩʢʠʭ ʙʫʨʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʚ ʟʘʤʝʨʟʘʶʱʠʭ ʤʦʨʩʢʠʭ ʘʢʚʘʪʦʨʠʷʭ)  ʧʨʠ 

ʩʦʙʣʶʜʝʥʠʠ ʧʨʠʨʦʜʦʦʭʨʘʥʥʳʭ ʪʨʝʙʦʚʘʥʠʡ. ʊʘʢʞʝ, ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ  ʧʨʦʚʦʜʠʪʴ ʨʘʟʨʘʙʦʪʢʫ ʤʦʨʩʢʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʫʜʘʣʝʥʥʳʭ ʦʪ ʙʝʨʝʛʘ ʥʘ 5-10 ʢʤ, ʦʪʢʘʟʘʚʰʠʩʴ ʦʪ ʩʦʟʜʘʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʦʩʪʨʦʚʦʚ, ʠ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʪʬʦʨʤ,  ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʬʬʰʦʨʥʳʭ ʧʨʦʝʢʪʦʚ. ʉʫʪʴ ʤʝʪʦʜʘ 

ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ʙʦʣʴʰʠʤ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʚʝʨʪʠʢʘʣʠ (ɹʆɺ) ʨʘʩʢʨʳʪʘ ʚ ʩʘʤʦʤ ʥʘʟʚʘʥʠʠ - ʩʥʘʯʘʣʘ ʙʫʨʠʪʩʷ 

ʚʝʨʪʠʢʘʣʴʥʳʡ ʫʯʘʩʪʦʢ ʩʢʚʘʞʠʥʳ, ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʠʟʤʝʥʷʝʪ ʥʘʧʨʘʚʣʝʥʠʝ, ʩʪʘʥʦʚʠʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʩʢʨʳʚʘʝʪ 

ʧʦʜʟʝʤʥʳʡ ʧʣʘʩʪ, ʩʦʜʝʨʞʘʱʠʡ ʫʛʣʝʚʦʜʦʨʦʜʳ.  ɺʦ ʚʨʝʤʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ɹʆɺ ʪʨʝʙʫʝʪʩʷ ʜʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʂʣʶʯʝʚʳʝ ʤʦʤʝʥʪʳ ï ʢʦʥʝʯʥʳʡ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 

ʧʨʦʬʠʣʴ ʠ ʧʣʘʥʠʨʫʝʤʘʷ ʪʨʘʝʢʪʦʨʠʷ ʩʢʚʘʞʠʥʳ, ʦʩʦʙʝʥʥʦ ʩʝʢʮʠʷ ʥʘʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʘ ʩʝʢʮʠʷ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʧʣʘʥʠʨʦʚʘʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʤʠʥʠʤʘʣʴʥʫʶ ʠʟʚʠʣʠʩʪʦʩʪʴ ʠ çʛʣʘʜʢʠʡè ʩʪʚʦʣ ʩʢʚʘʞʠʥʳ, 

ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʩʧʫʩʢʦ-ʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ (ʉʇʆ) ʙʫʨʠʣʴʥʳʭ, ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʠ ʟʘʙʦʡʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʨʫʛʠʝ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ,- ʵʪʦ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʝʥʦʢ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʮʠʨʢʫʣʷʮʠʦʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʧʨʦʚʦʜʢʘ ʩʢʚʘʞʠʥʳ ʚ ʥʘʠʣʫʯʰʝʡ ʟʦʥʝ ʧʣʘʩʪʘ 

ʠ ʤʦʥʠʪʦʨʠʥʛ ʧʘʨʘʤʝʪʨʦʚ ʙʫʨʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʥʘʢʣʦʥʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʢʚʘʞʠʥʳ ʚʳʙʠʨʘʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʦʩʣʦʞʥʝʥʠʡ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ. ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʝʚʝʨʥʦʛʦ ʢʫʧʦʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʜʦʧʪʫ-ʤʦʨʝ ʩ ʙʝʨʝʛʘ ʙʳʣʦ 

ʧʨʦʙʫʨʝʥʦ 11 ʩʢʚʘʞʠʥ. ʇʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʩʣʦʞʥʦʩʪʠ (ʦʪʥʦʰʝʥʠʝ  ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʦʪʭʦʜʘ ʢ ʚʝʨʪʠʢʘʣʴʥʦʡ  

ʛʣʫʙʠʥʝ),  ʚ  ʠʥʪʝʨʚʘʣʝ 3 ï 4, ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʭ ʢʘʢ ʩʣʦʞʥʳʝ ʩʢʚʘʞʠʥʳ[1].  

ɺʝʨʭʥʷʷ ʥʝʫʩʪʦʡʯʠʚʘʷ ʯʘʩʪʴ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥ (ʧʝʩʢʠ), ʛʜʝ ʚʦʟʤʦʞʥʦ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʩʢʚʘʞʠʥʫ ʤʦʨʩʢʦʡ 

ʚʦʜʳ, ʜʦ ʛʣʫʙʠʥʳ 100 ï 150 ʤ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʢʦʥʜʫʢʪʦʨʦʤ. ʉʪʚʦʣ ʩʢʚʘʞʠʥʳ ʧʦʜ ʢʦʥʜʫʢʪʦʨ ʙʫʨʠʪʩʷ ʥʘ ʛʣʫʙʠʥʫ 

90-130 ʤ. ʇʨʠ ʵʪʦʤ ʥʠʞʝ ʢʦʥʜʫʢʪʦʨʘ ʥʝ ʠʤʝʝʪʩʷ ʟʦʥ ʩ ʫʩʣʦʚʠʷʤʠ ʙʫʨʝʥʠʷ, ʥʝʩʦʚʤʝʩʪʠʤʳʤʠ ʧʦ ʛʨʘʜʠʝʥʪʘʤ 

ʜʘʚʣʝʥʠʡ ʩʪʦʣʙʘ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ. ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʛʨʠʬʦʥʦʦʙʨʘʟʦʚʘʥʠʝ (ʧʨʠ ʛʘʟʦʥʝʬʪʝʧʨʦʷʚʣʝʥʠʷʭ ʩ 

ʦʪʢʨʳʪʳʤ ʬʦʥʪʘʥʠʨʦʚʘʥʠʝʤ), ʚ ʩʪʚʦʣ ʧʨʝʜʫʩʤʦʪʨʝʥ ʩʧʫʩʢ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʦʣʦʥʥʳ, ʢʦʪʦʨʘʷ ʮʝʤʝʥʪʠʨʫʝʪʩʷ ʜʦ 

ʫʩʪʴʷ. ɻʣʫʙʠʥʘ ʩʧʫʩʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʠʩʢʣʶʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʨʳʚʘ ʩʣʘʙʦ ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʧʝʩʢʦʚ ʧʦʜ ʙʘʰʤʘʢʦʤ ʢʦʥʜʫʢʪʦʨʘ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʩʢʚʘʞʠʥʝ ʛʝʨʤʝʪʠʟʘʮʠʠ ʫʩʪʴʷ. ɺ 

ʩʢʚʘʞʠʥʘʭ ʩ ʙʦʣʴʰʠʤʠ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ʙʫʨʝʥʠʷ ʜʣʠʥʥʦʛʦ ʦʪʢʨʳʪʦʛʦ ʩʪʚʦʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʞʝʣʦʦʙʨʘʟʦʚʘʥʠʝʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤʠ ʚʦʟʤʦʞʥʳʤʠ ʧʨʠʭʚʘʪʘʤʠ ʙʫʨʠʣʴʥʳʭ ʢʦʣʦʥʥ ʚ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʠ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʧʨʠ ʠʭ 

ʩʧʫʩʢʝ. ɺʦ ʠʟʙʝʞʘʥʠʝ ʵʪʦʛʦ, ʚʳʭʦʜ ʠʟ-ʧʦʜ ʙʘʰʤʘʢʘ ʧʨʝʜʳʜʫʱʝʡ ʢʦʣʦʥʥʳ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʦ ʜʣʠʥʝ, ʯʪʦ 

ʜʦʩʪʠʛʘʝʪʩʷ ʩʧʫʩʢʦʤ ʚʪʦʨʦʡ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʦʣʦʥʥʳ ʚ ʩʪʚʦʣ, ʥʘ ʛʣʫʙʠʥʫ 400 ï 6400 ʤ. ʉʧʫʩʢ ʚʪʦʨʦʡ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʢʦʣʦʥʥʳ ʧʦʚʳʰʘʝʪ ʛʘʨʘʥʪʠʠ ʫʩʧʝʰʥʦʛʦ ʩʧʫʩʢʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʳ ʜʦ ʧʨʦʝʢʪʥʦʡ 

ʛʣʫʙʠʥʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʪʚʦʣʝ. ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʢʦʣʦʥʥʫ ʠ ʧʨʝʜʰʝʩʪʚʫʶʱʝʝ ʝʡ ʧʨʦʤʝʞʫʪʦʯʥʫʶ ʢʦʣʦʥʥʫ 

ʩʚʷʟʳʚʘʝʪ ʛʝʨʤʝʪʠʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ (ʨʠʩ.). 

 

 
ʈʠʩ. ʂʦʥʩʪʨʫʢʮʠʷ ʩʢʚʘʞʠʥʳ ʩ ʙʦʣʴʰʠʤ ʦʪʭʦʜʦʤ ʟʘʙʦʷ ʦʪ ʚʝʨʪʠʢʘʣʠ 

 

ʇʨʦʬʠʣʴ ʩʢʚʘʞʠʥʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʠʥʪʝʨʚʘʣʦʚ (ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ - ʜʝʚʷʪʴ), ʦʩʥʦʚʥʳʝ 

ʜʦʩʪʦʠʥʩʪʚʘ ʧʨʦʬʠʣʷ ï ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʚʝʨʪʠʢʘʣʠ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʨʦʩʪʦʪʝ ʨʝʘʣʠʟʘʮʠʠ. ʀʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʡ ʧʦʩʣʝʜʫʶʱʝʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʚ ʮʝʣʷʭ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʭʦʜʠʤʦʩʪʠ 

ʢʦʣʦʥʥ, ʧʨʠʥʠʤʘʝʪʩʷ ʙʦʣʴʰʦʡ ʨʘʜʠʫʩ ʠʩʢʨʠʚʣʝʥʠʷ, ʨʘʚʥʳʡ ʧʨʠʤʝʨʥʦ 400ʤ. ʇʨʠ ʙʫʨʝʥʠʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 

ʩʢʚʘʞʠʥ ʚʩʝ ʦʧʝʨʘʮʠʠ ʧʦʜʯʠʥʝʥʳ ʨʝʰʝʥʠʶ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ï ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʦʙʩʘʞʝʥʥʦʛʦ ʩʪʚʦʣʘ, 

ʧʨʦʚʝʜʝʥʥʦʛʦ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ. ɺ ʧʨʦʮʝʩʩʝ ʙʫʨʝʥʠʷ ʧʦʩʪʦʷʥʥʦ ʧʨʦʠʟʚʦʜʠʪʩʷ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʧʨʦʝʢʪʥʦʛʦ 

ʧʨʦʬʠʣʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʥʝ ʪʦʣʴʢʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʰʝʣʴʬʦʚʳʭ ʟʦʥ. 

ʄʝʪʦʜ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥʳ ʩ ɹʆɺ ʷʚʣʷʶʪʩʷ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʩʣʫʯʘʝʚ. ʇʨʦʝʢʪʳ ʤʦʛʫʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʦ ʩʣʘʙʦʨʘʟʚʠʪʦʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ʇʨʠʤʝʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʟʚʦʣʠʪ ʩ ʩʫʱʝʩʪʚʫʶʱʠʭ ʙʫʨʦʚʳʭ ʧʣʦʱʘʜʦʢ ʜʦʩʪʠʛʘʪʴ ʪʝʭ ʫʯʘʩʪʢʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʢʦʪʦʨʳʭ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʙʳ ʦʙʦʨʫʜʦʚʘʪʴ ʥʦʚʳʝ ʙʫʨʦʚʳʝ 

ʧʣʦʱʘʜʢʠ; ʫʚʝʣʠʯʝʥʠʝ ʜʦʙʳʯʠ ʥʘ ʩʣʦʞʥʳʭ ʟʘʚʦʜʥʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ - ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʟʙʫʨʠʚʘʥʠʷ ʟʘʣʝʞʝʡ ʧʦʜ ʦʟʝʨʘʤʠ ʠ ʨʝʢʘʤʠ, ʥʘʧʨʠʤʝʨ, ʧʦʜ ʦʟʝʨʦʤ ʉʘʤʦʪʣʦʨ.  

ʊʝʭʥʦʣʦʛʠʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ʩ ɹʆɺ ʙʫʜʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ɹʘʨʝʥʮʝʚʦʤ ʠ ʂʘʩʧʠʡʩʢʦʤ ʤʦʨʷʭ, ʥʘ ʦ.ʉʘʭʘʣʠʥ ʠ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ. ʉʢʚʘʞʠʥʳ ʩ ʙʦʣʴʰʠʤ ʦʪʭʦʜʦʤ ʩʪʚʦʣʘ ʦʪ 

ʚʝʨʪʠʢʘʣʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʟʘʪʨʘʪʳ ʥʘ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʵʬʬʝʢʪʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʦʙʲʝʢʪʦʚ ʥʝʬʪʝʦʪʜʘʯʠ. ɼʣʷ ʰʝʣʴʬʦʚʳʭ ʠ 

ʩʢʨʳʪʳʭ ʧʦʜ ʚʦʜʦʸʤʘʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʘʣʦʫʜʘʣʝʥʥʳʭ ʦʪ ʙʝʨʝʛʘ ʪʝʭʥʦʣʦʛʠʷ ɹʆɺ ï ʵʪʦ ʧʨʷʤʘʷ ʘʣʴʪʝʨʥʘʪʠʚʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʢʨʫʧʥʳʭ ʤʦʨʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ. ʊʨʝʙʫʝʪʩʷ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʦʢʨʘʱʘʝʪʩʷ 

ʢʦʣʠʯʝʩʪʚʦ ʝʜʠʥʠʮ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʧʦʜʚʦʜʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʙʩʣʫʞʠʚʘʶʱʝʛʦ 

ʧʝʨʩʦʥʘʣʘ. 

ʄʦʜʝʨʥʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʡ, ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʥʠʡ ʠ ʦʧʳʪʘ ʧʝʨʩʦʥʘʣʘ ʧʦʟʚʦʣʠʪ ʧʦʩʪʝʧʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʥʠʞʘʪʴ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʩʢʚʘʞʠʥ, ʨʘʩʰʠʨʷʪʴ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ. ʋʞʝ 

ʩʝʡʯʘʩ ʪʝʭʥʦʣʦʛʠʷ ɹʆɺ ʧʦʟʚʦʣʷʝʪ ʚʝʩʪʠ ʧʝʨʝʦʮʝʥʢʫ ʚʘʨʠʘʥʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʘʥʝʝ ʩʯʠʪʘʚʰʠʝʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʥʝʚʳʛʦʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʟʥʘʥʳ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤʠ ʢ ʨʘʟʨʘʙʦʪʢʝ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʜʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ ɹʆɺ ʜʣʷ ʨʘʙʦʪ ʧʦ ʧʨʦʝʢʪʫ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʳʤ 

ʰʘʛʦʤ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʟʚʦʣʷʶʱʠʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʘʟʨʘʙʦʪʢʫ ʟʘʧʘʩʦʚ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ 

ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʳʤʠ, ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ, ʥʝ ʥʘʨʫʰʘʷ ʧʨʠ ʵʪʦʤ ʧʨʠʥʮʠʧʦʚ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʚ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʨʘʡʦʥʘʭ. 
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ʈɽɸʅʀʄɸʎʀʗ ʅʀɿʂʆɼɽɹʀʊʅʓʍ ʀ ɹɽɿɼɽʁʉʊɺʋʖʑʀʍ ʉʂɺɸɾʀʅ ʇʋʊɽʄ ɿɸʈɽɿʂʀ 
ɹʆʂʆɺʓʍ ʀ ɻʆʈʀɿʆʅʊɸʃʔʅʓʍ ʉʊɺʆʃʆɺ ʉ ʇʆʄʆʑʔʖ ʂʆʃʊʖɹʀʅɻʆɺʓʍ 

ʋʉʊɸʅʆɺʆʂ 
ʅ.ʂ. ʂʦʩʪʘʜʠʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɽ.ɻ. ʂʘʨʧʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ 

ʩʪʘʜʠʠ ʨʘʟʨʘʙʦʪʢʠ, ʜʝʙʠʪ ʚ ʩʢʚʘʞʠʥʘʭ ʩʥʠʞʘʝʪʩʷ ʠ, ʧʦʩʣʝ ʧʘʜʝʥʠʷ ʥʠʞʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ, ʜʘʣʴʥʝʡʰʘʷ 

ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʪʠʭ ʩʢʚʘʞʠʥ ʙʫʜʝʪ ʥʝ ʨʝʥʪʘʙʝʣʴʥʦʡ, ʠ ʧʦʵʪʦʤʫ ʪʘʢʠʝ ʩʢʚʘʞʠʥʳ ʢʦʥʩʝʨʚʠʨʫʶʪʩʷ. ʊʘʢʞʝ ʢʘʢ ʠ 

ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʳʝ, ʨʘʟʚʝʜʦʯʥʳʝ ʩʢʚʘʞʠʥʳ, ʧʨʦʙʫʨʝʥʥʳʝ ʝʱʝ ʚ 60-ʭ ʛʦʜʘʭ 20 ʚʝʢʘ, ʞʜʫʪ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ 

ʠʟʚʣʝʯʝʥʠʶ ʥʝʬʪʠ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʪʦ ʚʨʝʤʷ, ʪʘʢ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʠʩʪʦʱʝʥʥʳʝ ʩʢʚʘʞʠʥʳ ʦʞʠʜʘʶʪ ʪʦʛʦ ʞʝ. 

ʊʘʢʠʤ ʩʨʝʜʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʟʘʨʝʟʢʘ ʙʦʢʦʚʳʭ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʪʚʦʣʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʣʪʶʙʠʥʛʦʚʳʭ ʫʩʪʘʥʦʚʦʢ. 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʫʚʝʣʠʯʠʣʦ ʯʠʩʣʦ ʩʢʚʘʞʠʥ, ʠʟ ʢʦʪʦʨʳʭ ʤʦʞʥʦ 

ʙʫʨʠʪʴ ʙʦʢʦʚʳʝ ʩʪʚʦʣʳ ʩ ʢʦʨʦʪʢʠʤʠ ʠ ʩʨʝʜʥʠʤʠ ʨʘʜʠʫʩʘʤʠ ʢʨʠʚʠʟʥʳ, ʘ ʪʘʢʞʝ ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʩʪʚʦʣʳ, ʧʨʠʤʝʥʷʷ 

ʙʫʨʠʣʴʥʳʝ ʢʦʣʦʥʥʳ ʛʠʙʢʠʭ ʪʨʫʙ. 

 

 

ʈʠʩ. ʆʧʪʠʤʠʟʘʮʠʷ ʜʦʙʳʯʠ[2] 

* - ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʙʦʢʦʚʳʝ ʩʪʚʦʣʳ ʩ ʥʝʙʦʣʴʰʠʤʠ ʧʨʦʩʚʝʪʘʤʠ ʤʝʞʜʫ ʥʠʤʠ; 

** - ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʪʨʝʱʠʥʘʤ 

ɹʫʨʝʥʠʝ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ ʩʥʠʞʘʝʪ ʩʪʦʠʤʦʩʪʴ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ. ʂʨʦʤʝ 

ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʢʚʘʞʠʥ, ʙʫʨʝʥʠʝ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ ʧʦʟʚʦʣʷʝʪ ʦʪʙʠʨʘʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʟ 

ʢʦʣʣʝʢʪʦʨʦʚ, ʨʘʥʝʝ ʥʝ ʦʭʚʘʯʝʥʥʳʭ ʚʳʨʘʙʦʪʢʦʡ. ʄʥʦʛʦʩʪʚʦʣʴʥʳʝ ʨʘʟʚʝʪʚʣʝʥʠʷ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ 

ʫʣʫʯʰʘʶʪ ʫʩʣʦʚʠʷ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ. ɸ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʟʘʣʝʞʠ ʥʝʬʪʠ ʠʣʠ ʛʘʟʘ, ʥʝʙʦʣʴʰʠʝ ʚ 

ʨʘʟʤʝʨʘʭ, ʤʦʛʫʪ ʙʳʪʴ ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʘʤʠ ʩ ʙʦʣʴʰʠʤʠ ʦʪʭʦʜʘʤʠ ʦʪ ʚʝʨʪʠʢʘʣʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʥʦʛʦʩʪʚʦʣʴʥʳʤʠ. 

ʆʙʳʯʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʝʚʦʩʭʦʜʷʪ ʚʝʨʪʠʢʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʚ 3 - 4 ʨʘʟʘ, ʘ ʚ 

http://www.sakhalinenergy.ru/ru/company/overview.wbp/
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ 17 ʠ ʙʦʣʝʝ ʨʘʟ. ʇʨʠ ʥʘʣʠʯʠʠ ʛʘʟʦʚʦʡ ʰʘʧʢʠ 

ʠʣʠ ʧʦʜʩʪʠʣʘʶʱʝʡ ʚʦʜʳ (ʠʣʠ ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ ʚʤʝʩʪʝ) ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʪʚʦʣʳ ʜʘʶʪ ʧʨʠʨʦʩʪ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ. 

[1] 

ɺ ʩʪʘʨʳʭ ʩʢʚʘʞʠʥʘʭ ʙʫʨʝʥʠʝ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʠʣʫʯʰʠʤ ʪʝʭʥʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ, ʝʩʣʠ 

ʝʩʪʴ ʥʘʜʝʞʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʩʢʨʳʪʠʷ ʧʨʦʜʫʢʪʠʚʥʦʡ ʟʦʥʳ ʥʘʢʣʦʥʥʳʤ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ 

ʩʪʚʦʣʦʤ. ɹʫʨʝʥʠʝ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ ʠʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʢʚʘʞʠʥ ʵʢʦʥʦʤʠʯʝʩʢʠ ʚʳʛʦʜʥʝʝ, ʯʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ 

ʩʢʚʘʞʠʥ. ʂ ʪʦʤʫ ʞʝ, ʪʨʘʝʢʪʦʨʠʷ ʙʦʢʦʚʦʛʦ ʩʪʚʦʣʘ ʧʨʦʭʦʜʠʪ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʩʪʘʨʦʡ ʩʢʚʘʞʠʥʳ, ʛʜʝ 

ʧʨʦʜʫʢʪʠʚʥʘʷ ʟʦʥʘ ʫʞʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʢʝʨʥʦʚʳʤʠ ʠ ʢʘʨʦʪʘʞʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʧʳʪʘʥʠʷ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʣʘʩʪʦʚ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʣʝʞʠ ʥʫʞʥʦ ʙʫʜʝʪ ʨʝʰʘʪʴ ʚ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ ʚ ʦʪʜʝʣʴʥʦʩʪʠ: ʙʫʨʠʪʴ 

ʙʦʢʦʚʦʡ ʠʣʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʩʪʚʦʣ? ʅʠʞʝ ʩʭʝʤʘʪʠʯʝʩʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʧʪʠʤʠʟʘʮʠʷ ʜʦʙʳʯʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʠʧʘ ʩʪʨʫʢʪʫʨʳ ʢʦʣʣʝʢʪʦʨʘ (ʨʠʩ.). 

ɿʘʣʝʞʠ ʤʦʞʥʦ ʧʦʜʨʘʟʜʝʣʠʪʴ ʧʦ ʭʘʨʘʢʪʝʨʫ ʜʨʝʥʘʞʥʦʡ ʟʦʥʳ (ʣʝʚʘʷ ʢʦʣʦʥʢʘ). ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʧʨʘʚʦʡ 

ʢʦʣʦʥʢʘʭ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʧʦʚʳʰʝʥʠʷ ʜʦʙʳʯʠ ʠ ʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʟʘ ʩʯʝʪ ʙʫʨʝʥʠʷ ʥʘʢʣʦʥʥʳʭ ʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʠ ʢʦʣʣʝʢʪʦʨʩʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʣʘʩʪʦʚ. ʆʩʥʦʚʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʢʦʣʪʶʙʠʥʛʦʚʳʭ ʫʩʪʘʥʦʚʦʢ ʧʝʨʝʜ ʦʙʳʯʥʳʤ ʙʫʨʝʥʠʝʤ ʵʪʦ: 

ʩʢʦʨʦʩʪʴ ʩʧʫʩʢʦʧʦʜʲʝʤʥʳʭ ʦʧʝʨʘʮʠʡ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʙʫʨʠʚʘʥʠʷ ʙʦʢʦʚʳʭ ʩʪʚʦʣʦʚ ʩ ʤʝʥʴʰʠʤ ʨʘʜʠʫʩʦʤ 

ʢʨʠʚʠʟʥʳ, ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʠʙʢʦʡ ʪʨʫʙʳ ʥʘ ʩʢʚʘʞʠʥʘʭ ʩ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʦʤ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʣʪʶʙʠʥʛʦʚʳʭ 

ʫʩʪʘʥʦʚʦʢ ʥʘ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʛʜʝ ʥʝʦʙʭʦʜʠʤʳ ʤʘʣʳʝ ʛʘʙʘʨʠʪʳ ʩʘʤʦʡ ʫʩʪʘʥʦʚʢʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ɻʘʫʬ ɺ.ɸ., ɿʦʟʫʣʷ ɻ.ʇ., ʐʝʥʙʝʨʛʝʨ ɺ.ʄ. ʆʩʦʙʝʥʥʦʩʪʠ ʠ ʦʧʳʪ ʙʫʨʝʥʠʷ ʚʪʦʨʳʭ ʩʪʚʦʣʦʚ ʠʟ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ 1.

ʢʦʣʦʥʥ ʩʢʚʘʞʠʥ /ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʙʫʨʝʥʠʷ, ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʷ ʥʝʬʪʠ ʠ 
ʛʘʟʘ ʥʘ ʦʩʥʦʚʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ: ʄʘʪ. ʚʪʦʨʦʡ ɺʩʝʨʦʩ. ʅʊʂ - ʊʶʤʝʥʴ: ʊʶʤɻʅɻʋ, 2000. ï ʉ.20 ï 21. 

 http://www.slb.ru/- ʩʘʡʪ ʢʦʤʧʘʥʠʠ çʐʣʶʤʙʝʨʞʝè - ʵʣʝʢʪʨʦʥʥʳʡ ʨʝʞʠʤ ï ʨʝʞʠʤ ʜʦʩʪʫʧʘ: ʦʪʢʨʳʪʳʡ ï 10.03.14. 2.

 
ʀʉʉʃɽɼʆɺɸʅʀɽ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ɼɽʕʄʋʃʔɻɸʊʆʈɸ ɺʆɼʆʅɽʌʊʗʅʓʍ ʕʄʋʃʔʉʀʁ 

ʈɽʆʃʆɻʀʏɽʉʂʀʄʀ ʄɽʊʆɼɸʄʀ 
ɸ.ʀ. ʂʨʘʡʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʃ.ɺ. ʏʝʢʘʥʮʝʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺʘʞʥʝʡʰʠʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʠʨʦʜʥʳʭ ʥʝʬʪʝʡ ʷʚʣʷʶʪʩʷ ʠʭ ʚʷʟʢʦʩʪʴ ʠ 

ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʕʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʤʝʪʦʜʳ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʩʣʠʚʥʦ-ʥʘʣʠʚʥʳʭ 

ʦʧʝʨʘʮʠʡ, ʫʩʣʦʚʠʷ ʧʝʨʝʚʦʟʢʠ ʠ ʧʝʨʝʢʘʯʢʠ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʥʠʠ ʪʦʧʣʠʚʘ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘʤ ʠ ʪ.ʧ. [2]. ɺʷʟʢʦʩʪʴ ʵʤʫʣʴʩʠʡ ʟʘʚʠʩʠʪ ʦʪ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ, ʝʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʩʪʝʤʳ. ʕʤʫʣʴʩʠʠ ʤʦʛʫʪ ʙʳʪʴ ʥʝʥʴʶʪʦʥʦʚʩʢʠʤʠ ʞʠʜʢʦʩʪʷʤʠ ʩ ʚʳʩʦʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, 

ʩʪʘʪʠʯʝʩʢʦʛʦ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʡ ʩʜʚʠʛʘ [1]. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʠ ʷʚʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʘʷ, ʪ.ʝ. ʧʨʠʤʝʥʝʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ï 

ʜʝʵʤʫʣʴʛʘʪʦʨʦʚ ʜʣʷ ʨʘʟʨʫʰʝʥʠʷ ʵʤʫʣʴʩʠʡ.  

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʪʘʣʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʥʘ ʚʷʟʢʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʬʪʠ ʠ 

ʝʝ ʵʤʫʣʴʩʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʣ ʦʙʨʘʟʝʮ ʥʝʬʪʠ ʄ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣ.1. 

ʊʘʙʣʠʮʘ 2 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʄ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ, 

ʤʘʩʩ.ʜʦʣʠ, % 

ɺʦʜʘ ʉʝʨʘ ʇʘʨʘʬʠʥʳ ʉʤʦʣʳ ɸʩʬʘʣʴʪʝʥʳ 

ɿʥʘʯʝʥʠʝ 

ʧʦʢʘʟʘʪʝʣʝʡ 

3 0,635 0,96 15,44 0,14 

 

  
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

  

  

ʈʠʩ.2 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʉ ʧʦʤʦʱʴʶ ʵʢʩʪʨʘʢʪʦʨʘ ʇʕ-8000 ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʤʦʜʝʣʴʥʳʝ ʵʤʫʣʴʩʠʠ ʵʪʦʡ ʥʝʬʪʠ, ʩ ʦʙʲʝʤʥʦʡ 

ʜʦʣʝʡ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 30 % ʠ 50 % , ʧʨʠ ʩʢʦʨʦʩʪʠ  ʚʨʘʱʝʥʠʷ 3000 ʦʙ/ʤʠʥ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ. ʀʩʧʦʣʴʟʫʷ 

ʨʦʪʘʮʠʦʥʥʳʡ ʚʠʩʢʦʟʠʤʝʪʨ ɹʨʫʢʬʠʣʴʜʘ LVDV -II+Pro, ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʚʷʟʢʦʩʪʴ ʯʠʩʪʦʡ ʥʝʬʪʠ ʠ ʝʝ ʚʦʜʦʥʝʬʪʷʥʳʭ 

ʵʤʫʣʴʩʠʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠ ʟʘʪʝʤ ʩ ʜʦʙʘʚʣʝʥʠʝʤ  ʨʝʘʛʝʥʪʘ ʍʇɼ-008. ʈʝʘʛʝʥʪ-ʜʝʵʤʫʣʴʛʘʪʦʨ ʍʇɼ-008 ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʥʝʬʪʷʥʦʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʩʙʦʨʘ ʠ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʩʦʩʪʘʚʠʣʘ 0,108% ʦʙ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʨʝʥʠʷ ʩʦʩʪʘʚʠʣ ʦʪ ʧʣʶʩ 4Áʉ ʜʦ 

ʧʣʶʩ 50Áʉ ʩ ʰʘʛʦʤ ʚ 1Áʉ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʯʠʩʪʦʡ ʥʝʬʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʶʩ 4Áʉ ʩʦʩʪʘʚʣʷʝʪ 

36,6 ʩʈ, ʘ ʚʷʟʢʦʩʪʠ 30% ʠ 50% ʵʤʫʣʴʩʠʡ ʩʦʩʪʘʚʠʣʠ 1172,8 ʩʈ ʠ 19563,8 ʩʈ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʩʠʩʪʝʤʳ ʦʪ 4Áʉ ʜʦ ʧʨʠʤʝʨʥʦ 26Áʉ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʨʠʩ.2.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʵʤʫʣʴʩʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʚʷʟʢʦʩʪʴ ʯʠʩʪʦʡ ʥʝʬʪʠ, ʠ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ ʚʦʜʳ ʚ ʵʤʫʣʴʩʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʜʦʙʘʚʣʝʥʠʝ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʚʷʟʢʦʩʪʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʨʫʰʝʥʠʝʤ ʵʤʫʣʴʩʠʠ: ʜʣʷ 30% ʵʤʫʣʴʩʠʠ ʧʨʠ ʧʣʶʩ 4Áʉ 

ʩʦʩʪʘʚʣʷʝʪ 670,3 ʩʈ ʠ 3947,2 ʩʈ ʜʣʷ 50% ʵʤʫʣʴʩʠʠ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʠ 14Áʉ, ʥʘʙʣʶʜʘʝʤʦʝ ʥʘ 

ʛʨʘʬʠʢʘʭ ʨʠʩ.1, ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʠʘʛʨʘʤʤʘʤʠ ʥʘ ʨʠʩ.2. 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʄʘʨʢʠʥ ɸ.ʅ., ʅʠʟʘʤʦʚ ʈ.ʕ., ʉʫʭʦʚʝʨʭʦʚ ʉ.ɺ. ʅʝʬʪʝʧʨʦʤʳʩʣʦʚʘʷ ʭʠʤʠʷ: ʧʨʘʢʪʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ. ï1.
ɺʣʘʜʠʚʦʩʪʦʢ: ɼʘʣʴʥʘʫʢʘ, 2011. ï 288ʩ. 

 ʊʫʛʫʥʦʚ ʇ.ʀ. ʅʝʩʪʘʮʠʦʥʘʨʥʳʝ ʨʝʞʠʤʳ ʧʝʨʝʢʘʯʢʠ ʥʝʬʪʝʡ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ. ï ʄʦʩʢʚʘ: ʅʝʜʨʘ, 1984, ï ʉ.14. 2.

 
ʂ ɺʆʇʈʆʉʋ ʇʈʆɽʂʊʀʈʆɺɸʅʀʗ ʆɼʅʆʊʈʋɹʅʆʁ ʉʀʉʊɽʄʓ ʉɹʆʈɸ ʄʅʆɻʆʌɸɿʅʆʁ 

ʇʈʆɼʋʂʎʀʀ ʅɽʌʊɽɼʆɹʓɺɸʖʑʀʍ ʉʂɺɸɾʀʅ 
ɸ.ʅ. ʃʘʜʳʛʠʥ, ʈ.ɺ. ɼʚʦʨʝʮʢʘʩ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʄ.ʉ. ʊʫʨʙʘʢʦʚ  
ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, 

ʈʦʩʩʠʷ 

ʉʥʠʞʝʥʠʝ ʫʜʝʣʴʥʳʭ ʵʥʝʨʛʦʟʘʪʨʘʪ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ ï ʦʜʥʦ ʠʟ ʢʣʶʯʝʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʦʙʝʩʧʝʯʝʥʠʷ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʆʜʥʦʪʨʫʙʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ 

ʩʢʚʘʞʠʥ ʩʦʟʜʘʝʪ ʫʩʣʦʚʠʷ ʜʣʷ ʮʝʥʪʨʘʣʠʟʘʮʠʠ ʠ ʫʢʨʫʧʥʝʥʠʷ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʠʩʢʣʶʯʘʷ ʧʨʠʤʝʥʝʥʠʝ 

ʛʘʟʦʢʦʤʧʨʝʩʩʦʨʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ ʩ ʩʝʧʘʨʘʮʠʦʥʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ 

ʛʘʟʦʧʨʦʚʦʜʘʤʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʫʜʘʣʝʥʥʳʭ 

ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʨʦʪʷʞʝʥʥʦʡ ʩʠʩʪʝʤʦʡ ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʨʠʤʝʥʝʥʠʝ ʦʜʥʦʪʨʫʙʥʦʡ ʩʠʩʪʝʤʳ 

ʩʙʦʨʘ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʫʚʝʣʠʯʝʥʠʷ ʫʨʦʚʥʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʟʘ ʩʯʝʪ 

ʩʥʠʞʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʫʩʪʴʝ ʠ ʧʦʚʳʰʝʥʠʷ ʜʝʧʨʝʩʩʠʠ ʥʘ ʧʣʘʩʪ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʙʫʩʪʨʦʡʩʪʚʘ ʥʦʚʳʭ 

ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʭʥʦʣʦʛʠʷ ʩʦʚʤʝʩʪʥʦʛʦ ʩʙʦʨʘ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʧʝʨʠʦʜ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʬʦʥʪʘʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʛʨʫʞʥʳʝ ʩʢʚʘʞʠʥʥʳʝ ʥʘʩʦʩʳ ʨʘʙʦʪʘʶʪ ʚ ʱʘʜʷʱʠʭ ʨʝʞʠʤʘʭ (ʵʬʬʝʢʪ 

ʜʦʩʪʠʛʥʫʪ ʚ ʅɻɼʋ çʃʝʥʠʥʦʛʦʨʩʢʥʝʬʪʴè, çʀʨʢʝʥʥʝʬʪʴè ʠ çɸʣʴʤʝʪʴʝʚʥʝʬʪʴè). ʆʜʥʦʪʨʫʙʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ 

ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʨʝʰʘʝʪ ʧʨʦʙʣʝʤʫ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ); ʧʦʤʠʤʦ 

ʪʨʘʥʩʧʦʨʪʘ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʩʝʧʘʨʘʮʠʠ ʚʦʟʤʦʞʥʦ ʦʪʜʝʣʝʥʠʝ ʛʘʟʘ ʦʪ ʧʨʦʜʫʢʮʠʠ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʪʦʧʣʠʚʘ ʥʘ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʘʚʪʦʥʦʤʥʦʩʪʴ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʫʪʝʚʦʡ ʧʦʜʦʛʨʝʚ ʠ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʦʪʦʢʘ. ɿʘʪʨʘʪʳ ʥʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʠ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʦʡ 

ʜʦʞʠʤʥʦʡ ʥʘʩʦʩʥʦʡ ʩʪʘʥʮʠʠ (ɼʅʉ) ʤʦʛʫʪ ʢʨʘʪʥʦ ʧʨʝʚʳʰʘʪʴ ʟʘʪʨʘʪʳ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʠ ʤʦʥʪʘʞ ʤʥʦʛʦʬʘʟʥʦʡ 

ʥʘʩʦʩʥʦʡ ʫʩʪʘʥʦʚʢʠ [1, 2]. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʠ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʥʦʛʦʬʘʟʥʦʡ ʫʩʪʘʥʦʚʢʠ. ʉʦʚʤʝʩʪʥʘʷ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʘ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʧʦ 

ʝʜʠʥʦʤʫ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʦʪʢʘʟ ʦʪ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʛʘʟʦʧʨʦʚʦʜʘ ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʬʘʟʥʦʛʦ ʥʘʩʦʩʘ ʧʨʠʚʦʜʠʪ 

ʢ ʩʥʠʞʝʥʠʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʠ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʥʘ 35 ï 40%. 

 

 
ʈʠʩ. ʇʨʠʥʮʠʧʠʘʣʴʥʳʝ ʩʭʝʤʳ ʩʙʦʨʘ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ 

ʎʇʉ ï ʮʝʥʪʨʘʣʴʥʳʡ ʧʫʥʢʪ ʩʙʦʨʘ, ʋʇʇʅ ï ʫʩʪʘʥʦʚʢʘ ʧʨʦʤʳʩʣʦʚʦʡ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ 

ʅʘ ʥʝʬʪʝʧʨʦʤʳʩʣʘʭ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʜʥʦʪʨʫʙʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘʰʣʠ 

ʧʦʨʰʥʝʚʳʝ, ʦʜʥʦ- ʠ ʜʚʫʭʚʠʥʪʦʚʳʝ, ʛʝʣʠʢʦ-ʦʩʝʚʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʥʘʩʦʩʳ (ʩʤ. ʪʘʙʣʠʮʫ). ʈʘʙʦʯʠʡ ʜʠʘʧʘʟʦʥ 

ʤʥʦʛʦʬʘʟʥʳʭ ʥʘʩʦʩʦʚ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʝʧʨʝʨʳʚʥʳʡ ʧʨʦʮʝʩʩ ʜʦʙʳʯʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʩʢʚʘʞʠʥʳ ʙʝʟ ʜʝʤʦʥʪʘʞʘ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʄʦʜʫʣʴʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩʦ ʩʤʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʚ 

ʧʝʨʩʧʝʢʪʠʚʝ ʫʚʝʣʠʯʠʪʴ ʧʦʜʘʯʫ ʠ ʜʘʚʣʝʥʠʝ ʥʘʩʦʩʦʚ, ʩʥʠʞʘʶʪʩʷ ʟʘʪʨʘʪʳ ʥʘ ʪʝʭʦʙʩʣʫʞʠʚʘʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, 

ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʨʘʙʦʪʫ ʥʘʩʦʩʦʚ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʠʥʚʝʨʪʦʨʦʚ ʪʦʢʘ. 

ʊʘʙʣʠʮʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʥʦʛʦʬʘʟʥʳʭ ʥʘʩʦʩʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʦʜʥʦʪʨʫʙʥʳʭ ʩʠʩʪʝʤʘʭ ʩʙʦʨʘ 

 

ʂʨʠʪʝʨʠʠ 

 

 

 

 

ɺʠʜ  

ʉʪʨʘʥʘ 

ʠʟʛʦʪʦʚʠʪʝʣʴ 

ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʝʨʝʢʘʯʠʚʘʝʤʦ

ʡ ʩʨʝʜʳ, ÁC 

ʄʘʢʩʠʤ

ʘʣʴʥʘʷ 

ʧʦʜʘʯʘ, 

ʤ3/ʯ 

ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ, ʄʇʘ 

ʂʠʥʝʤʘʪʠʯʝʩ

ʢʘʷ ʚʷʟʢʦʩʪʴ 

ʧʝʨʝʢʘʯʠʚʘʝʤ

ʦʡ ʩʤʝʩʠ, 

ʤ2/ʩ 

ɺ
ʠ
ʥ
ʪ
ʦ
ʚ
ʳ
ʝ

 

ʆʜʥʦʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ 

ʋ1ʅɺ1 çɺʅʀʀɹʊ-

ɹʫʨʦʚʦʡ ʠʥʩʪʨʫʤʝʥʪè  

ʈʦʩʩʠʷ 80 50 4,0 ʜʦ 0,003 

ɼʚʫʭʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ 

ʪʠʧʘ 2ɺɺ ʆɸʆ çɻʄʉ 

ʅʘʩʦʩʳè  

ʈʦʩʩʠʷ 80 320 5,0 10-6-10-4 

ɼʚʫʭʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ 

ʬʠʨʤʳ Leistritz  
ɻʝʨʤʘʥʠʷ 350 5000 15,0 ʜʦ 0,150 

ɼʚʫʭʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ 

ʪʠʧʘ MP1 ʬʠʨʤʳ 

Flowserve  

ʉʐɸ 450 2258 10,0 
ʜʦ 8000 

ʤʇʘĿʩ* 

ɼʚʫʭʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ 

ʪʠʧʘ MPC ʬʠʨʤʳ 

Bornemann pumps  

ɻʝʨʤʘʥʠʷ ʥʝ ʦʛʨʘʥʠʯʝʥʘ 1650 6,4 
ʥʝ 

ʦʛʨʘʥʠʯʝʥʘ 

ɻʝʣʠʢʦ-ʦʩʝʚʳʝ ʥʘʩʦʩʳ ʪʠʧʘ 

MPP ʬʠʨʤʳ Sulzer 
ʐʚʝʡʮʘʨʠʷ 250 4500 18,0 - 

ʇʨʠʤʝʯʘʥʠʝ: * ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ. 

 

ʆʜʥʦʚʠʥʪʦʚʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ ʧʝʨʝʢʘʯʢʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʦʙʲʝʤʦʚ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ, ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʦʜʠʥʦʯʥʳʭ ʩʢʚʘʞʠʥʘʭ, ʛʜʝ ʤʘʣʘʷ ʩʪʦʠʤʦʩʪʴ ʫʩʪʘʥʦʚʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʤʥʦʛʦʬʘʟʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺ ʩʪʘʥʜʘʨʪʥʦʤ ʠʩʧʦʣʥʝʥʠʠ 

ʦʜʥʦʚʠʥʪʦʚʳʝ ʥʘʩʦʩʳ ʩʧʦʩʦʙʥʳ ʧʝʨʝʢʘʯʠʚʘʪʴ ʛʘʟʦʞʠʜʢʦʩʪʥʳʝ ʩʤʝʩʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʘ ʜʦ 80%, ʠʥʘʯʝ 

ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʦʜʫʣʷ ʟʘʱʠʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʢʘʯʢʠ ʛʘʟʦʚʳʭ ʧʨʦʙʦʢ ʟʘ ʩʯʝʪ ʩʤʘʟʢʠ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʨʘʙʦʯʠʭ ʦʨʛʘʥʦʚ ʠ ʫʧʣʦʪʥʝʥʠʡ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʦʜʥʦʚʠʥʪʦʚʳʭ ʤʥʦʛʦʬʘʟʥʳʭ ʥʘʩʦʩʦʚ: ʠʟʤʝʥʝʥʠʝ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʫʩʪʘʥʦʚʢʠ ʧʫʪʝʤ ʟʘʤʝʥʳ ʥʘʩʦʩʥʦʡ ʩʝʢʮʠʠ, ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʠʟʚʦʜʠʪʴ 

ʟʘʤʝʥʫ ʠʟʥʦʰʝʥʥʳʭ ʯʘʩʪʝʡ, ʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʥʘʛʨʫʞʝʥʥʳʭ ʯʘʩʪʝʡ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʜʥʦʚʠʥʪʦʚʳʭ 

ʥʘʩʦʩʦʚ ʦʪʥʦʩʷʪ: ʛʘʙʘʨʠʪʳ ï ʜʚʫʭʚʠʥʪʦʚʦʡ ʥʘʩʦʩ ʥʘ ʪʫ ʞʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠʤʝʝʪ ʙʦʣʝʝ ʯʝʤ ʚ ʪʨʠ ʨʘʟʘ 

ʤʝʥʴʰʫʶ ʜʣʠʥʫ (ʥʘʩʦʩʳ ʬʠʨʤʳ NETZSCH), ʜʠʘʧʘʟʦʥ ʨʘʙʦʪʳ ï ʤʘʪʝʨʠʘʣ ʦʙʦʡʤʳ (ʯʘʱʝ ʨʝʟʠʥʘ) ʦʛʨʘʥʠʯʠʚʘʝʪ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ɻʝʣʠʢʦ-ʦʩʝʚʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʥʘʩʦʩʳ ï ʦʧʪʠʤʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʜʣʷ ʧʝʨʝʢʘʯʢʠ ʥʘ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ 

(ʩʧʠʨʘʣʴʥʦ-ʦʩʝʚʦʡ ʧʫʪʴ ʜʚʠʞʝʥʠʷ ʬʣʶʠʜʘ ʚ ʥʘʩʦʩʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ), ʥʘʩʦʩʳ 

ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʦʪʢʘʯʢʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʦʚ ʥʝʬʪʠ (ʫʩʪʘʥʦʚʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʫʥʙʘʨ ʢʦʤʧʘʥʠʠ Total). 

ʅʝʜʦʩʪʘʪʦʢ ʪʝʭʥʦʣʦʛʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝʥʠʠ ʚ ʧʦʣʦʩʪʠ ʥʘʩʦʩʘ ʧʦʪʦʢʦʚ ʛʘʟʘ ʠ ʞʠʜʢʦʩʪʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʮʝʥʪʨʦʙʝʞʥʳʭ ʩʠʣ ï ʧʨʦʠʩʭʦʜʠʪ ʵʤʫʣʴʛʠʨʦʚʘʥʠʝ ʧʦʪʦʢʘ. ʉʧʠʨʘʣʴʥʦ-ʦʩʝʚʘʷ ʪʝʭʥʦʣʦʛʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘ 

ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ʦʙʲʝʤʥʦʛʦ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʪʦʢʝ, ʙʣʠʟʢʠʭ ʢ 50%.  

ɼʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʦʜʥʦʪʨʫʙʥʦʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʚʫʭʚʠʥʪʦʚʳʝ ʤʥʦʛʦʬʘʟʥʳʝ 

ʥʘʩʦʩʳ. ɺʳʩʦʢʘʷ ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦ ʧʨʠʤʝʥʷʪʴ ʠʭ ʚ ʫʩʪʘʥʦʚʢʘʭ, 

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʧʨʦʜʫʢʮʠʶ ʩ ʥʝʩʢʦʣʴʢʠʭ ʢʫʩʪʦʚ ʩʢʚʘʞʠʥ. ɺʦʟʤʦʞʥʦʩʪʴ ʙʝʩʧʝʨʝʙʦʡʥʦʡ ʨʘʙʦʪʳ ʧʨʠ 

ʧʝʨʝʢʘʯʢʝ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʘʟʘ ʜʦ 100% ʚ ʜʚʫʭʚʠʥʪʦʚʳʭ ʥʘʩʦʩʘʭ ʨʝʘʣʠʟʦʚʘʥʘ ʟʘ 

ʩʯʝʪ ʚʥʝʰʥʝʡ ʩʠʩʪʝʤʳ ʨʝʮʠʨʢʫʣʷʮʠʠ ʞʠʜʢʦʩʪʠ. ɼʚʫʭʚʠʥʪʦʚʳʝ ʤʥʦʛʦʬʘʟʥʳʝ ʥʘʩʦʩʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʛʝʣʠʢʦ-

ʦʩʝʚʳʤʠ ʦʙʣʘʜʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: ʦʪʩʫʪʩʪʚʠʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʩʠʩʪʝʤʘʭ ʩʪʘʙʠʣʠʟʘʮʠʠ ʧʦʪʦʢʘ; ʧʦʥʠʞʝʥʥʳʡ 

ʠʟʥʦʩ; ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʜʦ ʜʚʫʭ ʨʘʟ ʚʳʰʝ); ʙʦʣʴʰʝʝ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʚʳʩʦʢʦʤ ʛʘʟʦʚʦʤ ʬʘʢʪʦʨʝ; 

ʩʪʘʙʠʣʴʥʘʷ ʨʘʚʥʦʤʝʨʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʧʨʠʚʦʜ ʥʘʩʦʩʘ; ʚʳʩʦʢʘʷ ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʚʷʟʢʦʩʪʠ ʠ ʛʘʟʦʩʦʜʝʨʞʘʥʠʷ. ʇʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʦʜʥʦʪʨʫʙʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ 

ʦʙʝʩʧʝʯʝʥʠʝ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʤʥʦʛʦʬʘʟʥʳʭ ʥʘʩʦʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʩʦʩʪʘʚʣʝʥʠʷ ʪʦʯʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʩʮʝʥʘʨʠʷ ʜʦʙʳʯʠ ʥʘ ʚʝʩʴ ʩʨʦʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ 

ʠʟʤʝʥʝʥʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠ ʧʦʜʙʦʨʘ ʥʝʦʙʭʦʜʠʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʩʦʩʘ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ 

ʧʝʨʝʢʘʯʠʚʘʝʤʦʡ ʩʨʝʜʦʡ. ɼʣʷ ʚʳʙʦʨʘ ʤʥʦʛʦʬʘʟʥʦʛʦ ʥʘʩʦʩʘ ʥʝʦʙʭʦʜʠʤʳ ʜʘʥʥʳʝ: ʫʩʣʦʚʠʷ ʥʘ ʚʭʦʜʝ (ʜʘʚʣʝʥʠʝ, 

ʪʝʤʧʝʨʘʪʫʨʘ, ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ), ʦʙʱʘʷ ʦʙʲʝʤʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ (ʧʣʦʪʥʦʩʪʴ, ʚʷʟʢʦʩʪʴ, 

ʢʦʨʨʦʟʠʦʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ), ʪʨʝʙʫʝʤʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʚʳʭʦʜʝ, ʯʘʩʪʦʪʘ ʠ ʦʙʲʝʤ ʛʘʟʦʚʳʭ ʧʨʦʙʦʢ. 

ʆʜʥʦʪʨʫʙʥʘʷ ʩʠʩʪʝʤʘ ʩʙʦʨʘ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʩʝʛʦʜʥʷ ʚʦʩʪʨʝʙʦʚʘʥʘ ʥʘ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʘʧʠʪʘʣʴʥʳʝ ʚʣʦʞʝʥʠʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʦʙʳʯʝʡ, ʩʙʦʨʦʤ ʠ ʪʨʘʥʩʧʦʨʪʦʤ ʥʝʬʪʠ ʠ ʇʅɻ. ɺʦʧʨʦʩ ʚʥʝʜʨʝʥʠʷ ʦʜʥʦʪʨʫʙʥʦʡ ʩʠʩʪʝʤʳ ʩʙʦʨʘ ʜʦʣʞʝʥ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʩ ʫʯʝʪʦʤ ʮʝʣʝʚʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʇʅɻ, ʚʦʟʤʦʞʥʦʩʪʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʦʚʤʝʩʪʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʨʘʟʥʦʩʦʨʪʥʦʡ ʥʝʬʪʠ, ʇʅɻ ʠ ʜʦʙʳʚʘʝʤʦʡ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ.ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʜʘʚʣʝʥʠʷ ʥʘ 

ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ ʠ ʧʦʪʝʨʴ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ, ʩʦʢʨʘʱʝʥʠʝ ʧʝʨʠʦʜʘ ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʘʶʪ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʦʜʥʦʪʨʫʙʥʦʛʦ ʩʙʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʘ ʤʥʦʛʦʬʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ. ʂ ʪʠʧʘʤ 

(ʛʨʫʧʧʘʤ) ʦʙʲʝʢʪʦʚ, ʨʝʢʦʤʝʥʜʫʝʤʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ: ʥʦʚʳʝ ʥʝʬʪʷʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ʦʙʲʝʢʪʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʜʦʙʳʯʠ; ʦʙʲʝʢʪʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʇʅɻ ʚ ʧʨʦʜʫʢʮʠʠ; ʦʙʲʝʢʪʳ 

ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʥʝʬʪʠ; ʫʜʘʣʝʥʥʳʝ ʠ ʧʨʦʪʷʞʝʥʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  
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ɺʃʀʗʅʀɽ ʉʆʉʊɸɺɸ ʀ ʊɽʄʇɽʈɸʊʋʈʓ ʅɸ ʈɽʆʃʆɻʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ  ʅɽʌʊɽʁ 
ʀ.ʉ. ʃʫʢʴʷʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʃ.ɺ. ʏʝʢʘʥʮʝʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʪʝʯʝʥʠʝ ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʜʝʩʷʪʠʣʝʪʠʡ ʚ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʥʝʬʪʷʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. ʉʜʝʨʞʠʚʘʝʪʩʷ ʚʦʚʣʝʯʝʥʠʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʩ 

ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʴʶ [1], ʟʘʧʘʩʳ ʢʦʪʦʨʦʡ ʧʦ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 14%. ʕʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʘʢʪʠʯʝʩʢʠ ʥʝʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʝʩʫʨʩʳ, ʨʘʟʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ 

ʧʨʠʤʝʥʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ, ʝʝ ʩʙʦʨʘ, ʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʫʙʦʧʨʦʚʦʜʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ. ʉʝʨʴʝʟʥʳʝ ʧʨʦʙʣʝʤʳ ʚʳʟʳʚʘʝʪ ʪʨʫʙʦʧʨʦʚʦʜʥʳʡ ʪʨʘʥʩʧʦʨʪ ʪʘʢʦʡ ʥʝʬʪʠ, ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʢʦʪʦʨʦʛʦ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʝʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ 

ʚʦʟʜʝʡʩʪʚʠʷ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ, ʩʤʦʣ ʠ ʧʘʨʘʬʠʥʦʚ (ɸʉʇ) 

ʠ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʨʘʩʯʝʪʝ ʜʝʙʠʪʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ 

ʦʙʳʯʥʦ ʫʯʠʪʳʚʘʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʚʝʜʝʥʠʡ ʦ ʢʦʵʬʬʠʮʠʝʥʪʝ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʩʬʘʣʴʪʝʥʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ɸʉʇʆ) ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚʷʟʢʠʭ ʥʝʬʪʝʡ ʜʣʷ ʝʝ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ. ʍʦʪʷ ʚʳʰʝʥʘʟʚʘʥʥʳʝ ʧʨʦʙʣʝʤʳ ʠʤʝʶʪ ʦʙʱʠʝ 

ʧʨʠʯʠʥʳ, ʥʦ ʧʫʪʠ ʠʭ ʨʝʰʝʥʠʷ  ʜʦʣʞʥʳ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʩ ʫʯʝʪʦʤ ʚ ʢʘʞʜʦʤ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʦʤʘʣʴʥʳʭ ʥʝʬʪʝʡ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ 

[1].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʷʟʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʟʷʪʳ ʦʙʨʘʟʮʳ ʥʝʬʪʝʡ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʇʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʥʝʬʪʝʡ [3], ɸʉ - ʤʘʣʦʧʘʨʘʬʠʥʠʩʪʘʷ, ʥʦ ʩ  ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʩʤʦʣ, ʇʉ ï ʧʘʨʘʬʠʥʠʩʪʘʷ ʠ ʩʤʦʣʠʩʪʘʷ, ʥʦ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ, ʉ - 

ʚʳʩʦʢʦʩʤʦʣʠʩʪʘʷ, ʥʦ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʧʘʨʘʬʠʥʦʚ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʚʷʟʢʦʩʪʠ ʥʝʬʪʝʡ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ ʚʠʩʢʦʟʠʤʝʪʨʘ DV-II+PRO 

ʢʦʤʧʘʥʠʠ ɹʨʫʢʬʠʣʜ ʠ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ ʪʝʨʤʦʩʪʘʪʘ ʊʉ-150SD ʩʦ ʩʪʘʥʜʘʨʪʥʳʤ ʮʠʬʨʦʚʳʤ ʢʦʥʪʨʦʣʣʝʨʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺʠʩʢʦʟʠʤʝʪʨ DV-II+PRO ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʦʧʝʨʘʮʠʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ ʧʨʦʛʨʘʤʤʳ Rheocalc32. ɺ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʘ ʨʘʙʦʪʳ ʚʠʩʢʦʟʠʤʝʪʨʘ DV-II+PRO ʣʝʞʠʪ ʚʨʘʱʝʥʠʝ 

ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʰʧʠʥʜʝʣʷ, ʧʦʛʨʫʞʝʥʥʦʛʦ ʚ ʪʝʩʪʠʨʫʝʤʫʶ ʞʠʜʢʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʮʠʨʢʫʣʷʮʠʦʥʥʦʛʦ 

ʪʝʨʤʦʩʪʘʪʘ ʊʉ-150SD ʨʝʛʫʣʠʨʦʚʘʣʠ ʠ ʧʦʜʜʝʨʞʠʚʘʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 4 0ʉ ʜʦ 50 0ʉ ʩ ʰʘʛʦʤ 1 0ʉ. 

ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ 

ʅʝʬʪʴ 

ʉʦʜʝʨʞʘʥʠʝ, % ʤʘʩʩ. 

ʇʘʨʘʬʠʥʳ ɹʝʥʟʦʣʴʥʳʝ ʩʤʦʣʳ 
ʉʧʠʨʪʦʙʝʥʟʦʣʴʥʳʝ 

ʩʤʦʣʳ 
ɸʩʬʘʣʴʪʝʥʳ 

ɸʉ 1,1 12,5 18,6 9,9 

ʇʉ 6,3 12,4 4,9 2,9 

ʉ 0,96 15,44 0,14 

 

ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʬʪʝʡ. ɼʣʷ ʥʝʬʪʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʉ ʚʷʟʢʦʩʪʴ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 22 0 ʉ ʜʦ 50 0ʉ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʘʨʘʬʠʥʦʚ. ɺʷʟʢʦʩʪʴ ʧʨʠ 22 0ʉ ʩʦʩʪʘʚʠʣʘ 749 ʩʇʫʘʟ.  ʇʨʠ  ʫʚʝʣʠʯʝʥʠʠ  

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʤʝʨʥʦʜʦ 33 0ʉ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 

ʦʥʘ ʤʝʥʷʝʪʩʷ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ. ʀʟ ʛʨʘʬʠʢʘ ʜʣʷ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉ ʚʠʜʥʦ, ʯʪʦ ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ ʧʨʠ 4 0ʉ 

ʩʦʩʪʘʚʣʷʝʪ 37 ʩʇʫʘʟ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 50 0ʉ ʧʣʘʚʥʦ ʤʝʥʷʝʪʩʷ ʜʦ 7 ʩʇʫʘʟ. ɼʣʷ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʉ 

ʚʷʟʢʦʩʪʴ ʧʨʠ 4 0ʉ ʩʦʩʪʘʚʣʷʝʪ 373920 ʩʇʫʘʟ. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 32 0ʉ ʠ ʩʦʩʪʘʚʣʷʝʪ 12033 ʩʇʫʘʟ, ʘ ʟʘʪʝʤ ʧʣʘʚʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 3390 ʩʇʫʘʟ ʧʨʠ 50 0ʉ. 

 

   

ʈʠʩ.1 ɿʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ɸʉ, ʇʉ, ʉ ʥʝʬʪʝʡ 

 

ʉʦʧʦʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʬʪʝʡ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ 

ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨ ʚʷʟʢʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʩʬʘʣʴʪʝʥʦʚ 

ʠ ʩʤʦʣ (ʥʝʬʪʴ ɸʉ). ʉʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚ ʪʘʢʞʝ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʚʷʟʢʦʩʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

(ʥʝʬʪʴ ʇʉ). 

ɼʣʷ ʚʳʩʦʢʦʩʤʦʣʠʩʪʳʭ ʥʝʬʪʝʡ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʘʨʘʬʠʥʦʚ ʠ ʘʩʬʘʣʴʪʝʥʦʚ ʪʠʧʘ ʉ, ʠʟʤʝʥʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʝ ʪʘʢ ʟʥʘʯʠʪʝʣʴʥʦ. 

ʀʩʧʦʣʴʟʫʷ ʛʨʘʬʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʷʟʢʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʥʝʬʪʷʥʦʡ ʩʠʩʪʝʤʝ. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ  

ʧʦʢʘʟʘʣ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʫ ɸʨʨʝʥʠʫʩʘ-ʌʨʝʥʢʝʣʷ-ʕʡʨʠʥʛʘ:  

   ʩʇʫʘʟ),exp(
RT

E
A=h

     (1) 

 ʛʜʝ ɖ ï ʜʠʥʘʤʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, A ï ʢʦʵʬʬʠʮʠʝʥʪ, ɽ ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ, ɼʞ/ʤʦʣʴ, R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ 

ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʨʘʚʥʘʷ 8,31 ɼʞ/(ʤʦʣʴĿʂ), ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, 0ʂ. 

ʃʦʛʘʨʠʬʤʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (1), ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ:  

RT

E
A+=lnlnh

      (2) 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʇʦʩʪʨʦʠʚ ʛʨʘʬʠʢ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ lnɖ ʦʪ 1/ʊ (ʨʠʩ. 2), ʧʦ ʪʘʥʛʝʥʩʫ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʷʤʦʡ 

ʦʧʨʝʜʝʣʷʝʤ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʵʥʝʨʛʠʝʡ 

ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ [2]. 

ɼʣʷ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʉ ʥʘ ʛʨʘʬʠʢʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʠʟʣʦʤ, ʢʦʪʦʨʳʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʚʘ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ. ɺ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʣʣʦʠʜʥʦ-ʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʠʩʭʦʜʠʪ ʧʣʘʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʦʚ. ɺ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʤʦʣʝʢʫʣʳ ʧʘʨʘʬʠʥʦʚ ʚ ʩʠʩʪʝʤʝ ʜʠʩʧʝʨʛʠʨʦʚʘʥʳ ʜʦ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʦʯʢʘ 

ʧʝʨʝʛʠʙʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʧʦʨʦʛʦʚʦʤʫ ʟʥʘʯʝʥʠʶ ʧʝʨʝʭʦʜʘ ʩʠʩʪʝʤʳ ʠʟ ʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ. ʈʘʩʩʯʠʪʘʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʬʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

 

 

ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʣʦʛʘʨʠʬʤʘ ʜʠʥʘʤʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʊʘʙʣʠʮʘ 2 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʥʝʬʪʝʡ, ʢɼʞ/ʤʦʣʴ 

ʇʉ2 ʇʉ1 ʉ ɸʉ 

271 66 27 78 

 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʩʘʤʫʶ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ 

ʥʝʬʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʉ ʚ ʦʙʣʘʩʪʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ -  ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɽ=271 ʢɼʞ/ʤʦʣʴ. ɺ ʦʙʣʘʩʪʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʵʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ 

ʤʝʞʜʫ ʠʩʩʣʝʜʫʝʤʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʥʝʬʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉ ʠ ɸʉ. ʉʘʤʦʝ ʥʠʟʢʦʝ ʟʥʘʯʝʥʠʝ ɽ=27 ʢɼʞ/ʤʦʣʴ ʠʤʝʝʪ 

ʥʝʬʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉ.  

ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʘʨʘʬʠʥʦʚ, ʩʤʦʣ, ʘʩʬʘʣʴʪʝʥʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʭʫʜʰʘʝʪ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʧʨʦʜʫʢʪʘ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʜʦʙʳʯʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ. 

ɹʘʟʦʚʳʤ ʤʝʪʦʜʦʤ ʧʝʨʝʢʘʯʢʠ ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ ʷʚʣʷʝʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʛʦʨʷʯʘʷ ʧʝʨʝʢʘʯʢʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʜʫʢʪ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 10 ï 15 ʛʨʘʜʫʩʦʚ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʧʘʨʘʬʠʥʘ ʠ 

ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʧʦ ʪʨʫʙʦʧʨʦʚʦʜʫ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʠʟʦʣʷʮʠʝʡ [1]. 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ɹʘʥʘʪʦʚ ɺ.ɺ. ʈʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʷʟʢʠʭ ʥʝʬʪʝʡ ʠ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʠʭ ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʳʤʠ 1.
ʤʝʪʦʜʘʤʠ ʚʦʟʜʝʡʩʪʚʠʷ: ɼʠʩʩʝʨʪʘʮʠʷ, ʢʘʥʜ. ʊʝʭ. ʅʘʫʢ. ï ʊʶʤʝʥʴ, 2005. ï 63 ʩ. 

 ɽʚʜʦʢʠʤʦʚ ʀ.ʅ., ɽʣʠʩʝʝʚ ʅ.ʖ. ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚʷʟʢʦʩʪʠ ʞʠʜʢʦʩʪʠ ʠ ʛʘʟʘ. ʏʘʩʪʴ 1. ʆʩʥʦʚʥʳʝ 2.
ʧʦʥʷʪʠʷ / ʇʦʜ ʨʝʜ. ʇʨʦʬ. ɺ.ɹ. ʅʘʛʘʝʚʘ. ï ʄ.: ʈɻʋ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ.ʄ. ɻʫʙʢʠʥʘ, 2005. ï 59 ʩ. 

 ʇʦʣʠʱʫʢ ʖ.ʄ., ʗʱʝʥʢʦ ʀ.ɻ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʡ: ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 3.
ʠ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ʉʠʙʠʨʩʢʦʝ ʦʪʜʝʣʝʥʠʝ  ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʬʠʣʠʘʣ 
çɻʝʦè, 2004. ï109 ʩ. 

 
ɸʂʊʋɸʃʔʅʓɽ ʇʈʆɹʃɽʄʓ ʈɸʎʀʆʅɸʃʔʅʆɻʆ ʇʈʀʈʆɼʆʇʆʃʔɿʆɺɸʅʀʗ ʇʈʀ 
ʈɸɿʈɸɹʆʊʂɽ ʀ ʕʂʉʇʃʋɸʊɸʎʀʀ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʋɻʃɽɺʆɼʆʈʆɼʆɺ 

ɸ.ɺ. ʄʘʢʩʶʪʠʥ, ɸ.ɺ. ʇʦʩʪʫʧʦʚ, ʈ.ʈ. ʍʫʩʘʠʥʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ɸ. ʄʦʣʯʘʥʦʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ɽʞʝʛʦʜʥʦ ʜʦʣʷ ʟʘʧʘʩʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ ʟʘʧʘʩʘʤʠ ʥʝʬʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɺ 

ʉʦʛʣʘʩʥʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ [2], ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ 

ʞʠʜʢʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʩ 2007 ʧʦ 2013 ʛʛ. ʦʪ 488,1 ʜʦ 523 ʤʣʥ.ʪ. ɺ ʦʩʥʦʚʥʦʤ ʜʘʥʥʘʷ ʜʠʥʘʤʠʢʘ ʩʚʷʟʘʥʦ ʩ ʝʞʝʛʦʜʥʳʤ 

ʚʚʦʜʦʤ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʚ ʈʦʩʩʠʠ ʟʥʘʯʠʪʝʣʴʥʳʝ ʟʘʧʘʩʳ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʪʝʛʦʨʠʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ. ɺ ʦʩʥʦʚʥʦʤ, ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ 



 

 

106

 

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʙʦʣʝʝ ʯʝʤ 650 ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 86 % ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʪʨʝʭ ʨʦʩʩʠʡʩʢʠʭ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ - ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʤ, ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʤ ʠ ʊʠʤʘʥʦ-ʇʝʯʦʨʩʢʦʤ [6]. ɼʦʣʷ 

ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʪʨʘʥʳ ʥʝʫʢʣʦʥʥʦ ʨʘʩʪʝʪ ʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʟʥʘʯʝʥʠʶ 60 % ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʙʘʣʘʥʩʝ ʩʪʨʘʥʳ, ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʧʨʦʝʢʪʥʘʷ ʥʝʬʪʝʦʪʜʘʯʘ ʠʤʝʝʪ 

ʥʠʩʭʦʜʷʱʫʶ ʪʝʥʜʝʥʮʠʶ (ʨʠʩ. 1) [3]. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʧʦʣʠʪʠʢʦʡ ʩʪʨʘʥʳ, ʢʦʪʦʨʘʷ 

ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʥʘ ʦʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʠ ʵʢʩʧʦʨʪʘ ʥʝʬʪʠ. ʀʟ-ʟʘ ʪʷʞʝʣʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʠ 

ʧʦʣʠʪʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ 90-ʭ ʛʦʜʦʚ ʦʙʲʝʤʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʧʦʩʪʦʷʥʥʦ ʩʦʢʨʘʱʘʣʠʩʴ. ʅʝʫʩʪʦʡʯʠʚʘʷ 

ʩʠʪʫʘʮʠʷ ʥʘ ʚʥʝʰʥʝʤ ʨʳʥʢʝ ʠ ʥʠʟʢʠʝ ʮʝʥʳ ʥʘ ʥʝʬʪʝʛʘʟʦʚʦʝ ʩʳʨʴʝ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʘʣʦʩʴ ʥʘ ʪʝʤʧʝ ʧʨʠʨʦʩʪʘ 

ʟʘʧʘʩʦʚ ʥʝʬʪʠ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʢʨʳʚʘʶʪʩʷ ʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʜʥʘʢʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ï 

ʩʨʝʜʥʠʝ ʠ ʤʝʣʢʠʝ. ʀʭ ʨʝʥʪʘʙʝʣʴʥʦʩʪʴ ʟʘʚʝʜʦʤʦ ʥʠʞʝ, ʯʝʤ ʢʨʫʧʥʳʭ. ʉʪʨʫʢʪʫʨʘ ʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʨʝʟʢʦ 

ʫʭʫʜʰʘʝʪʩʷ ʠʟ-ʟʘ ʚʳʙʦʨʦʯʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʣʫʯʰʝʡ ʯʘʩʪʠ ʨʝʟʝʨʚʫʘʨʦʚ. ɺʳʨʘʙʦʪʘʥʥʦʩʪʴ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʮʝʣʦʤ ʩʦʩʪʘʚʣʷʝʪ 52%, ʘ ʧʦ ʤʥʦʛʠʤ ʜʦʩʪʠʛʘʝʪ 70 ï 80%. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ 

ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʪʨʘʥʳ ʷʚʣʷʝʪʩʷ ʟʘʚʦʜʥʝʥʠʝ, ʘ ʩʨʝʜʥʷʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 

86%, ʪʦ ʢʦʣʠʯʝʩʪʚʦ ʦʩʪʘʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʚ ʦʙʚʦʜʥʝʥʥʳʭ ʧʣʘʩʪʘʭ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʦ ʚʦʟʨʘʩʪʘʪʴ. ʆʪʤʝʪʠʤ, ʚ 

ʪʝʢʫʱʠʭ ʟʘʧʘʩʘʭ ʥʝʬʪʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʘʪʝʛʦʨʠʡ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ 14% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʷʞʝʣʳʝ ʥʝʬʪʠ, 12% 

- ʚʳʩʦʢʦʩʝʨʥʠʩʪʳʝ, 11% - ʚʳʩʦʢʦʚʷʟʢʠʝ. ʆʢʦʣʦ 38% ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʢʦʣʣʝʢʪʦʨʳ ʩ ʥʠʟʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʦʮʝʥʢʝ ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʠʩʪʦʚ, ʫʞʝ ʢ 2020 ʛʦʜʫ ʨʦʩʩʠʡʩʢʠʝ ʥʝʬʪʷʥʠʢʠ 

ʙʫʜʫʪ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʚ ʦʩʥʦʚʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ ʟʘʧʘʩʘʤʠ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʠ ʨʘʮʠʦʥʘʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʜʦʠʟʚʣʝʯʝʥʠʝ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ, ʩ 

ʢʘʞʜʳʤ ʛʦʜʦʤ ʚʦʟʨʘʩʪʘʝʪ.  

ɼʦʩʪʠʞʝʥʠʝ ʠ ʧʨʝʚʳʰʝʥʠʝ ʪʝʢʫʱʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʜʦʙʳʯʠ ʚʦʟʤʦʞʥʦ ʟʘ ʩʯʝʪ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʠ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ 

ʧʨʝʜʧʨʠʷʪʠʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʣʝʢʩʥʦ, ʥʝ ʠʟʚʣʝʢʘʶʪʩʷ ʤʥʦʛʠʝ ʧʦʧʫʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ 

ʦʪʭʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʥʘʨʫʰʘʶʪʩʷ ʟʝʤʣʠ, ʟʘʛʨʷʟʥʷʶʪʩʷ ʚʦʜʥʳʡ ʠ ʚʦʟʜʫʰʥʳʡ ʙʘʩʩʝʡʥʳ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʠʨʦʩʪ ʤʠʥʝʨʘʣʴʥʦ ï ʩʳʨʴʝʚʦʡ ʙʘʟʳ, ʫʚʝʣʠʯʠʪʴ ʦʪʯʠʩʣʝʥʠʷ ʚ ʬʝʜʝʨʘʣʴʥʳʡ 

ʙʶʜʞʝʪ ʠ ʚʦ ʚʥʝʙʶʜʞʝʪʥʳʝ ʬʦʥʜʳ, ʘ ʪʘʢ ʞʝ ʩʥʠʟʠʪʴ ʫʨʦʚʝʥʴ ʙʝʟʨʘʙʦʪʠʮʳ ʚ ʨʝʛʠʦʥʝ [4]. 

 

 
ʈʠʩ. 1 ɼʠʥʘʤʠʢʘ ʜʦʣʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʪʝʦʪʜʘʯʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʦʩʩʠʠ 

 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʧʣʘʟʤʝʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʇʀɺ) ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʧʨʠʪʦʢʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʊɿʅ [5]. ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʇʀɺ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ. ɺʳʧʦʣʥʝʥʦ ʠʟʫʯʝʥʠʝ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʦʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ 

ʟʘʜʘʚʘʝʤʦʤ ʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʤ ʟʥʘʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ, ʧʨʠ ʵʪʦʤ ʦʧʨʝʜʝʣʷʣʠʩʴ ʚʝʣʠʯʠʥʳ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ. ʉʫʱʥʦʩʪʴ ʨʘʙʦʪʳ ʩʦʩʪʦʷʣʘ ʚ ʠʟʫʯʝʥʠʠ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ 

(ʵʬʬʝʢʪʠʚʥʘʷ ʚʷʟʢʦʩʪʴ, ʧʨʝʜʝʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ, ʵʥʝʨʛʠʷ ʪʠʢʩʦʪʨʦʧʠʠ ʠ ʚʷʟʢʦʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ) ʜʦ ʠ 

ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʧʨʫʛʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʘʧʧʘʨʘʪʫʨʦʡ ʧʣʘʟʤʝʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ (ʇʀɺ) ʥʘ 

ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ çRheotestè Rn 4.1 ʢʦʤʧʘʥʠʠ Messgerate Medingen GmbH (ɻʝʨʤʘʥʠʷ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ 

ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʩʦʚʤʝʩʪʥʦʤʫ ʚʣʠʷʥʠʶ ʧʣʘʟʤʝʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʦʜʫʢʪʠʚʥʳʡ ʧʣʘʩʪ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʪʝʥʜ ʧʦ ʦʮʝʥʢʝ ʫʭʫʜʰʝʥʠʷ 

ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʣʘʩʪʘ (ʩʠʩʪʝʤʘ FDES-645-Z1). ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʘʧʨʘʚʣʝʥʥʦʝ ʫʣʫʯʰʝʥʠʝ 

ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ ʟʘʧʘʩʘʤʠ.  
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ. 2 ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʚʠʞʥʦʩʪʠ ʥʝʬʪʠ ʋʩʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʧʦʩʣʝ ʇʀɺ) ʦʪ 

ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʚ ʦʙʨʘʟʮʝ ʧʦʨʦʜʳ (ʧʝʩʯʘʥʠʢ, k=0,2 ʤʢʤ2) ʧʦʩʣʝ 40 ʠʤʧʫʣʴʩʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ: 

1 ï ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ ʧʦʩʣʝ ʇʀɺ ʧʨʠ ʊ=30ʦʉ; 2 ï ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ ʧʦʩʣʝ ʇʀɺ ʠ ʟʘʢʘʯʢʝ ʚʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʧʨʠ ʊ=30ʦʉ; 3 - ʥʝʬʪʠ ʧʦʩʣʝ ʇʀɺ ʧʨʠ ʊ=50ʦʉ; 4 ï ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ ʧʦʩʣʝ ʇʀɺ ʠ 

ʟʘʢʘʯʢʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʧʨʠ ʊ=50ʦʉ; 5 ï ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ ʧʦʩʣʝ ʇʀɺ ʧʨʠ ʊ=70ʦʉ; 6 ï 

ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ ʧʦʩʣʝ ʇʀɺ ʠ ʟʘʢʘʯʢʝ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʧʨʠ ʊ=70ʦʉ 

ɼʘʥʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʷʪʴ ʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʣʘʩʪʦʚʳʭ 

ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʦʙʲʝʢʪʦʚ. ɺ ʭʦʜʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʚʝʜʝʥʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʧʣʘʩʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʧʣʘʟʤʝʥʥʦ-

ʠʤʧʫʣʴʩʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩ ʟʘʢʘʯʢʦʡ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʠ ʠʟʤʝʥʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 30 ʜʦ 70 ʦʉ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 2.  

ʆʪʤʝʪʠʤ ʦʙʱʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ - ʫʚʝʣʠʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʜʚʠʞʥʦʩʪʠ ʥʝʬʪʠ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʇʨʠ ʵʪʦʤ ʟʘʢʘʯʢʘ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʱʝʣʦʯʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʬʠʣʴʪʨʘʮʠʠ ʚʳʩʦʢʦʚʷʟʢʦʡ 

ʥʝʬʪʠ ʚ ʧʨʦʜʫʢʪʠʚʥʦʤ ʧʣʘʩʪʝ. ʂʦʤʧʣʝʢʩʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʝʧʣʦʚʦʛʦ, ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʧʦʜʚʠʞʥʦʩʪʠ ʘʥʦʤʘʣʴʥʦʡ (ʥʝʥʴʶʪʦʥʦʚʩʢʦʡ) ʥʝʬʪʠ. ɺ ʠʪʦʛʝ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 30é70 ʦʉ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʚʠʞʥʦʩʪʠ ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʠ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 28é39 %, ʚ ʩʨʝʜʥʝʤ ʥʘ 

35 %. ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʵʪʦ ʰʘʛ ʥʘ ʧʫʪʠ ʢ ʩʦʟʜʘʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʭʥʦʣʦʛʠʠ 

ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʥʘ ʦʩʥʦʚʝ ʩʦʚʤʝʩʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʧʣʘʟʤʝʥʥʦ-ʠʤʧʫʣʴʩʥʦʛʦ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʡ ʩ ʮʝʣʴʶ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʝʯʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʬʪʝʠʟʚʣʝʯʝʥʠʷ ʥʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʩ ʨʘʟʥʳʤʠ ʪʠʧʘʤʠ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ï ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʄʂ-315.2014.5). 
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ɼʀʉʇɽʈʉʅʓʍ ʉʀʉʊɽʄ 

ʄ.ɻ. ʄʘʨʪʠʢʷʥ 
ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʟʘʚʝʜʫʶʱʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʃ.ɺ.ʏʝʢʘʥʮʝʚʘ, ʜʦʮʝʥʪ ʃ.ɺ.ʐʠʰʤʠʥʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɼʦʣʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʩʧʠʩʢʝ ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʚ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʟʥʘʯʠʪʝʣʴʥʘ. ɸʩʬʘʣʴʪʝʥʳ ʚ 

ʥʝʬʪʝʛʘʟʦʚʦʤ ʜʝʣʝ ʥʝʩʫʪ ʙʦʣʴʰʫʶ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʦʧʘʩʥʦʩʪʴ, ʥʘʯʠʥʘʷ ʦʪ ʧʦʣʦʤʢʠ ʘʧʧʘʨʘʪʫʨʳ, ʚʳʟʚʘʥʥʦʡ 

ʟʘʢʫʧʦʨʠʚʘʥʠʝʤ ʪʝʭʥʠʯʝʩʢʠʭ ʜʝʪʘʣʝʡ ʤʘʰʠʥʳ, ʟʘʢʘʥʯʠʚʘʷ ʟʘʢʫʧʦʨʠʚʘʥʠʝʤ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʪʨʫʙ ʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ. 

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʘʶʪ ʧʨʦʙʣʝʤʳ ʠʭ ʜʦʙʳʯʠ, ʧʦʜʛʦʪʦʚʢʠ, ʪʨʘʥʩʧʦʨʪʘ ʠ ʧʝʨʝʨʘʙʦʪʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʚʳʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ, ʘ ʪʘʢʞʝ ʧʦʪʝʨʝʡ ʪʝʢʫʯʝʩʪʠ ʧʨʠ ʧʦʥʠʞʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʪʠʧʳ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʧʨʦʷʚʣʷʶʪ ʘʥʦʤʘʣʴʥʳʝ ʨʝʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ. ʍʘʨʘʢʪʝʨ ʠʭ ʪʝʯʝʥʠʷ ʧʨʠʦʙʨʝʪʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʥʝʥʴʶʪʦʥʦʚʩʢʠʝ ʩʚʦʡʩʪʚʘ. [1]. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʠ ʫʣʫʯʰʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʦʙʳʚʘʝʤʦʡ ʥʝʬʪʠ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʪʷʞʝʣʦʡ, ʚʳʩʦʢʦʚʷʟʢʦʡ ʥʝʬʪʴʶ ʥʝʬʪʷʥʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʮʝʣʳʡ ʨʷʜ ʪʝʭʥʦʣʦʛʠʡ: ʪʝʨʤʠʯʝʩʢʘʷ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʦʙʨʘʙʦʪʢʘ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʨʘʟʙʘʚʣʝʥʠʝ ʣʝʛʢʠʤʠ ʬʨʘʢʮʠʷʤʠ ʥʝʬʪʠ ʠʣʠ ʨʘʟʣʠʯʥʳʤʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʘ ʪʘʢʞʝ ʚʚʝʜʝʥʠʝʤ ʧʨʠʩʘʜʦʢ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʚʷʟʢʦʫʧʨʫʛʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ 

ʥʝʬʪʷʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʩʘʜʦʢ, ʥʦ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ [2]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʧʨʠʩʘʜʢʠ ʥʘ ʢʠʥʝʪʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʘʩʬʘʣʴʪʝʥʦʩʦʜʝʨʞʘʱʠʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus 

ʉʍ41, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ImageScopeColor. ʄʦʜʫʣʴʥʘʷ 

ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʘʟʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʫʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʠʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʜʦʩʪʦʚʝʨʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʣʠʯʝʩʪʚʦ ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ 

ʥʘʩʯʠʪʳʚʘʣʦ ʜʦ 1500. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʤʦʜʝʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʘʩʬʘʣʴʪʝʥʦʚ ʥʝʬʪʠ 

ʊʘʡʤʫʨʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩ  ʤʘʩʩʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0,2 ʛ/ʣ ʠ 0,58 ʛ/ʣ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʪʦʣʫʦʣʝ. ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʊʘʡʤʫʨʟʠʥʩʢʦʡ ʥʝʬʪʠ: 

 

ʊʘʙʣʠʮʘ 1 

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʊʘʡʤʫʨʟʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩʩ.ʜʦʣʠ, % ʇʘʨʘʬʠʥʳ ʉʤʦʣʳ ɸʩʬʘʣʴʪʝʥʳ 

ɿʥʘʯʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 2,4% 28% 5,8% 

 
ʆʙʨʘʟʮʳ ʘʩʬʘʣʴʪʝʥʦʚ ʠ ʧʨʠʩʘʜʢʘ ʙʳʣʠ ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʀʥʩʪʠʪʫʪʦʤ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ ʛ.ʊʦʤʩʢ. 

ʇʨʠʩʘʜʢʘ ʉ5ɸ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ  40% ʢʦʥʮʝʥʪʨʘʪ ʘʣʢʝʥʠʣʩʫʢʮʠʥʠʤʠʜʘ ʚ ʤʠʥʝʨʘʣʴʥʦʤ ʤʘʩʣʝ ʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʤ ʧʦʣʠʙʫʪʝʥʘ:  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠʩʘʜʢʠ ʉ5ɸ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʊʋ 38-101-146-

77[3]. 

ʀʥʠʮʠʠʨʦʚʘʥʠʝ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʤʦʜʝʣʴʥʦʡ ʩʠʩʪʝʤʝ ʠ ʚ ʥʝʬʪʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʜʦʙʘʚʣʝʥʠʝʤ  

51 % ʦʙ. ʥ-ʛʝʧʪʘʥʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʩʘʞʜʝʥʠʷ 

ʘʩʬʘʣʴʪʝʥʦʚ [4]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1. 

 

 

 

 

 
ʈʠʩ.1 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʘʩʬʘʣʴʪʝʥʦʚ ɸʅ-1 ʧʦ ʨʘʟʤʝʨʘʤ ʠ 

ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʘʩʬʘʣʴʪʝʥʦʚ 

 
ɺ ʩʠʩʪʝʤʘʭ ʘʩʬʘʣʴʪʝʥʳïʪʦʣʫʦʣïʛʝʧʪʘʥ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʧʨʠʩʘʜʢʠ ʜʣʷ  ʢʦʥʮʝʥʪʨʘʮʠʠ 0,2 ʛ/ʣ ʤʘʢʩʠʤʫʤ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʜʦʣʶ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 3 ʤʢʤ, ʘ ʩ ʧʨʠʩʘʜʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʜʦʣʷ ʯʘʩʪʠʮ, ʥʘ ʢʦʪʦʨʳʝ ʧʨʠʭʦʜʠʪʩʷ 2 

ʤʢʤ, ʫʚʝʣʠʯʝʥʘ, ʥʦ ʧʨʦʷʚʣʝʥʘ ʚʳʨʘʞʝʥʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ ʜʦ 3 ʤʢʤ ʠ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 

%. 

ɼʣʷ ʢʦʥʮʝʥʪʨʘʮʠʠ 0,58 ʛ/ʣ  ʙʝʟ ʧʨʠʩʘʜʢʠ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʦʧʨʝʜʝʣʝʥ ʚ ʨʘʡʦʥʝ 3 ʤʢʤ, ʥʦ ʩ 

ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ. ɼʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0,58 ʛ/ʣ, ʧʦʜʚʝʨʛʥʫʪʦʡ ʚʣʠʷʥʠʶ 

ʧʨʠʩʘʜʢʠ, ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʘʩʬʘʣʴʪʝʥʳ ʨʘʟʤʝʨʦʤ 2 ʤʢʤ, 

ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʜʠʘʧʘʟʦʥʝ ʜʦ 5 ʤʢʤ. 

ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʜʠʩʧʝʨʩʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʄʆ ʧʨʦʚʦʜʠʣʦʩʴ ʚʳʯʠʩʣʝʥʠʝ ʤʝʜʠʘʥʥʦʛʦ 

ʜʠʘʤʝʪʨʘ Md (ʤʢʤ), ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʨʪʠʨʦʚʢʠ S0 ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʩʠʤʤʝʪʨʠʠ Sʢ. ɼʣʷ ʠʭ ʦʧʨʝʜʝʣʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʦʪ ʯʘʩʪʦʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢ ʢʫʤʫʣʷʪʠʚʥʦʤʫ (ʠʥʪʝʛʨʘʣʴʥʦʤʫ) ʨʠʩ.2 . 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ.2 ʂʫʤʫʣʷʪʠʚʥʳʝ (ʠʥʪʝʛʨʘʣʴʥʳʝ) ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʘʩʬʘʣʴʪʝʥʦʚ ʧʦ ʨʘʟʤʝʨʘʤ 

ɼʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

 

ʊʘʙʣʠʮʘ 2 

ʂʦʥʮ. ʨʘʩʪʚʦʨʦʚ ʘʩʬʘʣʴʪʝʥʦʚ, 

ʛ/ʣ ʠ ʧʨʠʩʘʜʢʠ, % 
0,2 ʙ/ʧ 0,2+1% 0,58 ʙ/ʧ 0,58+1% 

Md (1.6Ñ 0,1) (1.3Ñ 0,1) (2.4Ñ 0,1) (1.6Ñ0,1) 

S0 1.3 1.1 1.2 1.3 

Sk 1.0 1.0 1.0 1.0 

 
ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʨʠʩʘʜʢʘ ʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ʥʘ ʩʠʩʪʝʤʫ, ʫʤʝʥʴʰʘʷ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ. ɼʣʷ ʚʩʝʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʙʳʣʠ ʚʳʯʠʩʣʝʥʳ ʤʝʜʠʘʥʥʳʝ 

ʜʠʘʤʝʪʨʳ Md, ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʩʦʨʪʠʨʦʚʢʠ S0<2,5, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʨʦʜʥʦʩʪʠ ʯʘʩʪʠʮ 

ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʨʘʩʪʚʦʨʝ. ɺʦ ʚʩʝʭ ʨʘʩʪʚʦʨʘʭ ʘʩʬʘʣʴʪʝʥʦʚ, ʧʦ ʟʥʘʯʝʥʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪ ʘʩʠʤʤʝʪʨʠʠ Sk ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʥʘʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʯʘʩʪʠʮ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʟʤʝʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (Sk>1). 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʈʦʛʘʯʝʚ ʄ.ʂ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʟʘʣʝʞʝʡ ʘʥʦʤʘʣʴʥʦ-ʚʷʟʢʠʭ ʥʝʬʪʝʡ. 1.
ʀʥʪʝʨʚʘʣ, 2000. ï ˉ4 ï 5. ï ʉ.5 ï 8.  

 ʊʫʤʘʥʷʥ ɹ.ʇ. ʅʘʫʯʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ ʪʝʦʨʠʠ ʥʝʬʪʷʥʳʭ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ. ʄʦʥʦʛʨʘʬʠʷ. ï ʄ.: 2.
ʊʝʭʥʠʢʘ, 2000. 

 ʑʝʨʙʠʥʠʥ ɸ.ʀ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʧʨʠʩʘʜʦʢ ʢ ʥʝʬʪʷʥʳʤ ʤʘʩʣʘʤ. ï ʄ. ʍʠʤʠʷ, 1981 3.
 ʖʜʠʥ ʀ.ʂ., ɸʥʠʩʠʤʦʚ ʄ.ɸ. ʂʦʥʪʨʦʣʴ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʧʨʠ ʘʛʨʝʛʘʮʠʠ ʘʩʬʘʣʴʪʝʥʦʚ ʚ ʩʳʨʦʡ 4.

ʥʝʬʪʠ ʠ ʨʘʩʪʚʦʨʘʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, 2000 
 

ʉʀʊʆɺʓʁ ʄɽʊʆɼ ɻʈɸʅʋʃʆʄɽʊʈʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿɸ 
ɻ.ʉ. ʄʘʩʘʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʧʠʨʘʥʪ ʇ.ʉ. ɼʦʟʤʦʨʦʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʷʚʣʷʝʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʢʘ, ʥʘʯʠʥʘʷ ʩ ʠʟʫʯʝʥʠʷ ʠʩʪʦʨʠʠ ʟʘʨʦʞʜʝʥʠʷ ʧʦʯʚʳ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʘʥʘʣʠʟʦʤ ʦʩʘʜʦʯʥʳʭ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʦʙʳʚʘʶʱʠʭ ʦʙʲʝʢʪʦʚ. ɸʢʪʫʘʣʴʥʦʩʪʴ ʩʠʪʦʚʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, 

ʯʪʦ ʟʘʯʘʩʪʫʶ ʧʝʨʝʜ ʯʝʣʦʚʝʢʦʤ ʚʩʪʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʚ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʝ ʩʨʦʢʠ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʢʘʯʝʩʪʚʝʥʥʦ. ʀʤʝʥʥʦ ʵʪʠʤʠ ʢʘʯʝʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ ʩʠʪʦʚʳʡ ʘʥʘʣʠʟ. 

ʉʠʪʦʚʳʡ ʘʥʘʣʠʟ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʨʘʩʩʝʚ ʧʨʦʙʳ ʧʦʨʦʜʳ ʥʘ ʩʠʪʘʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʷʯʝʝʢ ʨʫʯʥʳʤ 

ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʘʤʠ. ʈʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʩʧʦʩʦʙʳ ʧʨʦʪʝʢʘʥʠʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ: ʨʘʟʦʚʳʡ ʨʘʩʩʝʚ, 

ʥʝʧʨʝʨʳʚʥʳʡ ʨʘʩʩʝʚ, ʨʫʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. ʈʘʟʦʚʳʡ ʨʘʩʩʝʚ - ʦʧʝʨʘʮʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʜʨʝʰʝʪʥʳʡ ʠ 

ʧʦʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪʳ ʦʩʪʘʶʪʩʷ ʥʘ ʧʨʦʩʝʠʚʘʶʱʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʨʘʩʩʝʚʘ. 

ʅʝʧʨʝʨʳʚʥʳʡ ʨʘʩʩʝʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʟʘʛʨʫʟʢʫ ʨʘʩʩʝʠʚʘʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʦʩʝʠʚʘʶʱʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʨʘʟʛʨʫʟʢʝ. ʈʫʯʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʨʠʝʥʪʠʨʦʚʘʥʠʝ ʚʨʫʯʥʫʶ  ʙʝʟ 

ʫʩʠʣʠʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʠʮ ʧʦʨʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʪʚʝʨʩʪʠʡ ʩʠʪʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʥʠ ʧʨʦʰʣʠ ʯʝʨʝʟ ʥʠʭ ʠʣʠ 

ʦʧʨʝʜʝʣʝʥʥʦ ʦʩʪʘʣʠʩʴ ʥʘ ʧʨʦʩʝʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ [1]. 

ʇʦʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʫʩʢʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʩʠʪʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʨʘʟʤʝʨʦʤ ʦʪʚʝʨʩʪʠʡ. 

ʅʘʜʨʝʰʝʪʥʳʡ ʧʨʦʜʫʢʪ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʢʫʩʢʦʚ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ, ʦʩʪʘʚʰʠʭʩʷ ʥʘ ʩʠʪʝ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʨʘʟʤʝʨʦʤ ʦʪʚʝʨʩʪʠʡ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʷ ʧʨʠʤʝʥʷʶʪ ʩʣʝʜʫʶʱʫʶ ʦʩʥʦʚʥʫʶ ʘʧʧʘʨʘʪʫʨʫ ʠ ʠʥʩʪʨʫʤʝʥʪʳ: 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

- ʛʨʦʭʦʪʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʩʠʪʦʚʳʝ ʘʥʘʣʠʟʘʪʦʨʳ (ʪʘʙʣ. 1), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʨʘʟʜʝʣʝʥʠʝ ʧʦʨʦʜʳ ʩʤʝʞʥʳʭ 

ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ, ʩʦʭʨʘʥʥʦʩʪʴ ʧʨʦʙʳ ʧʨʠ ʨʘʩʩʝʚʝ ʠ ʦʪʢʣʦʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ ʚ ʧʨʝʜʝʣʘʭ   2% ʦʪ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʫʯʥʦʤ ʨʘʩʩʝʚʝ ʠʣʠ ʨʫʯʥʦʤ ʧʝʨʝʤʝʱʝʥʠʠ ʪʦʡ ʞʝ ʧʨʦʙʳ; 

- ʩʠʪʘ ʩ ʩʝʪʢʘʤʠ, ʠʤʝʶʱʠʤʠ ʢʚʘʜʨʘʪʥʳʝ ʦʪʚʝʨʩʪʠʷ.  

ʈʘʟʤʝʨʳ ʦʪʚʝʨʩʪʠʡ ʩʠʪ (ɻʆʉʊ 6613-86, ʪʘʙʣ. 2) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʠʥʘʣʴʥʳʤ ʨʘʟʤʝʨʘʤ ʢʣʘʩʩʦʚ 

ʢʨʫʧʥʦʩʪʠ ʧʦʨʦʜʳ, ʫʩʪʘʥʦʚʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ ʜʘʥʥʳʡ ʚʠʜ ʧʨʦʜʫʢʮʠʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ, ʧʝʨʝʜ ʥʘʯʘʣʦʤ ʘʥʘʣʠʟʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʯʠʩʪʠʪʴ ʩʠʪʘ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʚʘʥʥʝ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʟʘʩʦʨʝʥʠʝʤ ʩʠʪ. ʆʯʠʩʪʢʘ ʩʠʪ ʥʝ ʟʘʡʤʝʪ ʙʦʣʝʝ 10 ï 15 ʤʠʥʫʪ. ɼʣʷ ʥʘʯʘʣʘ 

ʠʩʧʳʪʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʟʚʝʩʪʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʨʘʩʩʝʚ ʧʨʦʙʳ ʥʘ ʩʠʪʝ ʩ ʦʪʚʝʨʩʪʠʷʤʠ 5ʤʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ +5 ʠ -5 ʤʤ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʢʨʫʧʥʦʩʪʴʶ +5ʤʤ 

ʧʨʠʤʝʥʷʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʠʣʠ ʨʘʟʦʚʳʡ ʨʘʩʩʝʚ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʭ ʛʨʦʭʦʪʘʭ ʠ ʩʠʪʦʚʳʭ 

ʘʥʘʣʠʟʘʪʦʨʘʭ. ɺʳʙʦʨ ʩʠʪ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʮʝʣʴʶ ʠʩʧʳʪʘʥʠʷ. 

ʇʨʦʩʝʠʚʘʥʠʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʢʨʫʧʥʦʩʪʴʶ ʜʦ 5 ʤʤ) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʩʪʨʷʭʠʚʘʪʝʣʝʡ. ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʚʩʪʨʷʭʠʚʘʪʝʣʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. ʆʥ ʩʦʩʪʦʠʪ ʠʟ ʢʦʨʧʫʩʘ 1, ʥʘʙʦʨʘ 

ʩʠʪ 3, ʧʨʠʚʦʜʥʦʛʦ ʤʝʭʘʥʠʟʤʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʤʘʩʣʷʥʦʡ ʚʘʥʥʝ 4 ʠ ʩʦʦʙʱʘʶʱʝʛʦ ʥʘʙʦʨʫ ʩʠʪ ʚʨʘʱʘʪʝʣʴʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʅʘ ʚʘʣʠʢ 5 ʥʘʩʘʞʝʥ ʢʫʣʘʯʝʢ 6. ʇʨʠ ʚʨʘʱʝʥʠʠ ʚʘʣʠʢʘ ʢʫʣʘʯʦʢ ʧʦʜʥʠʤʘʝʪ 

ʰʪʦʢ 7 ʫʜʘʨʥʠʢʘ 2, ʢʦʪʦʨʳʡ ʚʩʪʨʷʭʠʚʘʝʪ ʥʘʙʦʨ ʩʠʪ.[2]. ʏʪʦ ʢʘʩʘʝʪʩʷ, ʚʠʙʨʦʧʨʠʚʦʜʘ ɺʇ-ʉ/220: ɼʣʷ ʨʘʩʩʝʚʘ ʥʘ 

ʚʠʙʨʦʧʨʠʚʦʜ ʤʦʛʫʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘʙʦʨʳ ʩʠʪ ʜʠʘʤʝʪʨʦʤ 200 ʠʣʠ 300 ʤʤ. ʂʦʣʠʯʝʩʪʚʦ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʥʘ 

ʚʠʙʨʦʧʨʠʚʦʜ ʩʠʪ ʦʪ 1 ʜʦ 5-8 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ ʦʙʝʯʘʡʢʠ. ʆʙʱʘʷ ʚʳʩʦʪʘ ʥʘʙʦʨʘ ʩʠʪ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 300 

ʤʤ. ʉʠʪʘ ʥʘ ʚʠʙʨʦʧʨʠʚʦʜʝ ʢʨʝʧʷʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʦʩʪʘʚʣʷʝʤʦʛʦ ʧʦ ʞʝʣʘʥʠʶ ʟʘʢʘʟʯʠʢʘ. 

ɺʠʙʨʦʧʨʠʚʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʨʘʩʩʝʚʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʬʨʘʢʮʠʠ. ʈʘʟʣʠʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʚʠʙʨʦʧʨʠʚʦʜʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʥʘʧʨʷʞʝʥʠʝ ʧʠʪʘʥʠʷ 220 ʠʣʠ 380 ɺ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʩʝʨʚʠʩʥʳʝ ʬʫʥʢʮʠʠ, 

ʥʘʧʨʠʤʝʨ ʠʩʩʣʝʜʫʝʤʳʡ ʚʠʙʨʦʧʨʠʚʦʜ ʨʘʙʦʪʘʝʪ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 220 ɺ, ʚ ʝʛʦ ʬʫʥʢʮʠʷʭ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʪʘʡʤʝʨ, 

ʬʫʥʢʮʠʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʳ. ɺʩʝʛʦ 81 ʨʝʞʠʤ ʨʘʙʦʪʳ. ɸʧʧʘʨʘʪ ʧʨʦʩʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʥʘ 9 ʨʝʞʠʤʘʭ, ʚʳʷʚʣʝʥ ʥʘʠʣʫʯʰʠʡ ʨʝʞʠʤ ʜʣʷ ʧʨʦʙʳ: ç994è 

(ʉʢʦʨʦʩʪʴ ʠ ʘʤʧʣʠʪʫʜʘ ʧʨʠʨʘʚʥʝʥʳ 9 ʥʦʤʠʥʘʣʴʥʳʤ ʩʢʦʨʦʩʪʥʳʤ ʝʜʠʥʠʮʘʤ, ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʠʟʛʦʪʦʚʠʪʝʣʝʤ 

ʘʧʧʘʨʘʪʘ, ʘ ʪʘʡʤʝʨ ʫʩʪʘʥʦʚʣʝʥ ʥʘ 4 ʤʠʥʫʪʳ). ɼʣʷ ʪʦʥʢʦʠʟʤʝʣʴʯʝʥʥʳʭ (-0,1 ʤʤ) ʢʦʥʮʝʥʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʫʜ 

ʢʨʫʧʥʦʩʪʴʶ ï 1 ʤʤ, ʠʤʝʶʱʠʭ ʪʝʥʜʝʥʮʠʶ ʢ ʩʣʠʧʘʥʠʶ, ʧʨʠʤʝʥʷʶʪ ʩʧʦʩʦʙ ʤʦʢʨʦʛʦ ʧʨʦʩʝʠʚʘʥʠʷ, ʢʦʪʦʨʦʝ 

ʚʳʧʦʣʥʷʶʪ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ; ʜʦʧʫʩʢʘʝʪʩʷ ʠ ʨʫʯʥʦʡ ʩʧʦʩʦʙ. ʇʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʧʦʩʦʙʝ ʠʩʧʦʣʴʟʫʶʪ 

ʩʠʪʦʚʦʡ ʘʥʘʣʠʟʘʪʦʨ (ʨʠʩ.2)  ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʦʙʦʨʫʜʦʚʘʥʥʦʡ ʧʨʠʩʪʘʚʢʦʡ. 

ʆʩʥʦʚʥʳʤʠ ʯʘʩʪʷʤʠ ʠʟʜʝʣʠʷ ʷʚʣʷʶʪʩʷ: ʚʠʙʨʦʧʨʠʚʦʜ 1, ʢʦʤʧʣʝʢʪ ʩʠʪ 2, ʢʨʳʰʢʘ 3, ʧʦʜʜʦʥ 4 ʠ 

ʫʩʪʨʦʡʩʪʚʦ ʢʨʝʧʣʝʥʠʷ. ʋʩʪʨʦʡʩʪʚʦ ʢʨʝʧʣʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʪʨʘʚʝʨʪʳ 5 ʩ ʜʚʫʤʷ ʧʨʠʞʠʤʘʤʠ 6, ʜʚʫʭ ʰʧʠʣʝʢ 7, ʜʚʫʭ 

ʢʦʥʪʨʘʛʘʝʢ 8 ʠ ʜʚʫʭ ʛʘʝʢ 9. ɺ ʢʦʨʧʫʩʝ ʚʠʙʨʦʧʨʠʚʦʜʘ ʚʳʧʦʣʥʝʥʳ ʜʚʘ ʦʪʚʝʨʩʪʠʷ çʘè, ʠʩʧʦʣʴʟʫʝʤʳʝ ʢʘʢ ʨʫʯʢʠ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʘʥʘʣʠʟʘʪʦʨʘ.[3]. 

ʇʦʩʣʝ ʧʨʦʩʝʠʚʘʥʠʷ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʤʝʣʦʯʠ, ʦʧʨʝʜʝʣʷʶʪ ʝʛʦ ʧʦ ʨʘʟʥʠʮʝ ʤʝʞʜʫ ʤʘʩʩʦʡ 

ʧʦʨʦʜʳ, ʠ ʤʘʩʩʦʡ ʧʦʣʫʯʝʥʥʦʛʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ. ɺʳʭʦʜ ‎ (%) ʧʦʨʦʜʳ ʢʘʞʜʦʛʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ: 

‎
ρππὲ

ά
ȟ 

ʛʜʝ n ï ʤʘʩʩʘ ʧʦʨʦʜʳ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ, ʢʛ; m ï ʤʘʩʩʘ ʠʩʧʳʪʫʝʤʦʡ ʧʨʦʙʳ, ʢʛ. ʈʝʟʫʣʴʪʘʪʳ 

ʘʥʘʣʠʟʘ ʧʦʜʩʯʠʪʳʚʘʶʪ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʜʦ 0,01%. 

ʈʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʦʜʝʨʞʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʣʘʩʩʘ ʚ ʧʨʦʜʫʢʪʝ, 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʢʨʫʧʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʩʣʫʞʘʪ ʯʘʩʪʥʳʝ ʠ ʩʫʤʤʘʨʥʳʝ ʚʳʭʦʜʳ ʢʣʘʩʩʦʚ, ʘ ʪʘʢʞʝ ʢʨʠʚʳʝ ʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ɺ ʪʘʙʣ. 3 ʧʨʠʚʝʜʝʥ ʨʝʟʫʣʴʪʘʪ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʠʪʦʚʳʤ ʤʝʪʦʜʦʤ. 

 

ʊʘʙʣʠʮʘ 1  

ʈʝʟʫʣʴʪʘʪʳ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʜʳ 

 

ʂʣʘʩʩ ʢʨʫʧʥʦʩʪʠ, ʤʤ ɺʳʭʦʜ ʉʫʤʤʘʨʥʳʡ ʚʳʭʦʜ ʧʦ ʢʣʘʩʩʫ +d 

(‎ ), % 

ʛ % 

-1,0+0,315 39,09 23,53 23,53 

-0,315+0,250 3,61 2,17 25,70 

-0,250+0,200 6,87 4,14 29,84 

-0,200+0,140 15,24 9,19 39,03 

-0,140+0,100 21,59 12,99 52,02 

-0,100+0,063 30,31 18,25 70,27 

-0,063+0,001 49,38 29,73 100,00 

ʀʩʭʦʜʥʳʡ ʧʨʦʜʫʢʪ 166,11 100,00 - 

 

ʊʦʯʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʙʳʣʘ ʧʦʚʪʦʨʝʥʘ, ʧʦʛʨʝʰʥʦʩʪʴ ʩ ʪʦʯʥʦʩʪʴʶ ʤʠʥʠʤʠʟʠʨʦʚʘʥʘ. ʏʪʦ ʢʘʩʘʝʪʩʷ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʧʨʦʙʣʝʤʘ ʦʰʠʙʦʢ ʩʠʪʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʘ ʚ ʨʘʙʦʪʘʭ ʃ.ɹ. ʈʫʭʠʥʘ, ɺ.ʅ. ʐʚʘʥʦʚʘ, 

ɼʞ. ɻʨʠʬʬʠʪʩʘ. ʆʩʥʦʚʥʳʝ ʧʨʠʯʠʥʳ ʵʪʠʭ ʦʰʠʙʦʢ ʩʣʝʜʫʶʱʠʝ: ʘ) ʚʣʠʷʥʠʝ ʬʦʨʤʳ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʯʘʩʪʠʮ, ʙ) 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʥʝʧʨʘʚʠʣʴʥʦ ʚʳʙʨʘʥʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʩʝʠʚʘʥʠʷ, ʚ) ʦʪʢʣʦʥʝʥʠʝ ʩʨʝʜʥʝʛʦ ʨʘʟʤʝʨʘ ʷʯʝʝʢ ʦʪ ʩʪʘʥʜʘʨʪʥʦʛʦ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʥʦʩʘ ʩʠʪ, ʛ) ʙʦʣʴʰʦʡ ʨʘʟʙʨʦʩ ʚ ʚʝʣʠʯʠʥʝ ʢʘʞʜʦʛʦ ʩʠʪʘ, ʜʦʧʫʩʢʘʝʤʳʡ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʩʠʪ ʠʣʠ 

ʧʦʷʚʠʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʠʟʥʦʩʘ.[4]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ: ʩʠʪʦʚʳʡ, 

ʚʳʷʩʥʠʣʦʩʴ: ʚʠʙʨʦʧʨʠʚʦʜ ɺʇ-ʉ\220 ʧʦʣʥʦʩʪʴʶ ʧʦʜʭʦʜʠʪ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʬʣʶʠʜʦʚ ʠ ʥʝ ʪʦʣʴʢʦ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʧʦʜʭʦʜʠʪ ʧʦ ʚʩʝʤ 

ʟʘʷʚʣʝʥʥʳʤ ʢʨʠʪʝʨʠʷʤ (ʙʳʩʪʨʦʪʘ ʠ ʪʦʯʥʦʩʪʴ).  

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʃʝʦʥʦʚ, ʉʝʨʛʝʡ ɹʦʨʠʩʦʚʠʯ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʦʙʦʛʘʪʠʤʦʩʪʴ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ 1.
ʚʫʟʦʚ / ʉ. ɹ. ʃʝʦʥʦʚ, ʆ. ʅ. ɹʝʣʴʢʦʚʘ. ï ʄ.: ʀʥʪʝʨʤʝʪ ʀʥʞʠʥʠʨʠʥʛ, 2001. ï 631 ʩ. : ʠʣ. ï ɹʠʙʣʠʦʛʨ.: ʩ. 588-590. ï 
ISBN 5-89594-054-4. 

 ʂʫʟʥʝʮʦʚ, ɺʠʪʘʣʠʡ ɻʝʨʤʘʥʦʚʠʯ. ʃʠʪʦʣʦʛʠʷ. ʆʩʘʜʦʯʥʳʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʠʭ ʠʟʫʯʝʥʠʝ : ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ ʜʣʷ 2.
ʚʫʟʦʚ / ɺ. ɻ. ʂʫʟʥʝʮʦʚ. ï ʄ. : ʅʝʜʨʘ-ɹʠʟʥʝʩʮʝʥʪʨ, 2007. ï 512 ʩ.: ʠʣ. ï (ɺʳʩʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ) . ï ʉʧʠʩʦʢ 
ʣʠʪʝʨʘʪʫʨʳ: ʩ. 487 ï 491. ï ISBN 978-5-8365-0278-2. 

 ʗʧʘʩʢʫʨʪ, ʆʣʝʛ ɺʘʩʠʣʴʝʚʠʯ. ʃʠʪʦʣʦʛʠʷ : ʫʯʝʙʥʠʢ / ʆ. ɺ. ʗʧʘʩʢʫʨʪ. ï ʄ. : ɸʢʘʜʝʤʠʷ, 2008. ï 336 ʩ. : ʠʣ. ï 3.
(ɺʳʩʰʝʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ) . ï ʉʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ: ʩ. 319-327. ï ISBN 
978-5-7695-4685-3. 

 ʆʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʠ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʨʥʳʭ ʧʦʨʦʜ: ʧʨʘʢʪʠʢʫʤ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 4.
ʫʯʝʙʥʦ-ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʩʪʫʜʝʥʪʘʤʠ ʥʘʧʨʘʚʣʝʥʠʷ çʇʨʠʢʣʘʜʥʘʷ ʛʝʦʣʦʛʠʷè ʠ çʅʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦè ʊ.ɻ. 
ɹʞʠʮʢʠʭ, ʉ.ʌ. ʉʘʥʜʫ, ʅ.ʕ. ʇʫʣʴʢʠʥʘ ï ʊʦʤʩʢ: ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2008. ï 90 ʩ. 
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ʂ.ɸ. ʄʦʩʪʦʢʘʣʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɽ.ɻ. ʂʘʨʧʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ 1997 ʛʦʜʫ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ʅʦʨʚʝʛʠʠ ʚ ʅʦʨʚʝʞʩʢʦʤ ʤʦʨʝ ʙʳʣʘ ʧʨʦʜʝʣʘʥʘ 

ʩʢʚʘʞʠʥʘ 100 ʤʝʪʨʦʚ ʛʣʫʙʠʥʦʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʜʥʘ ʦʢʝʘʥʘ. ɻʘʟ ʦʙʥʘʨʫʞʠʣʠ ʥʘ ʛʣʫʙʠʥʝ 2,5 ʢʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʦʨʩʢʦʛʦ ʜʥʘ, ʪʘʢʞʝ ʧʦʤʠʤʦ ʛʘʟʘ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʣʝʛʢʘʷ ʥʝʬʪʴ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʠʟʫʯʘʣʦʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 10 

ʣʝʪ, ʚʩʝ ʵʪʦ ʚʨʝʤʷ ʠʩʢʘʣʠʩʴ ʨʘʮʠʦʥʘʣʴʥʳʝ ʤʝʪʦʜʳ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʟʘ 10 ʣʝʪ ʫʜʘʣʦʩʴ ʧʦʣʥʦʩʪʴʶ 

ʦʙʫʩʪʨʦʠʪʴ ʧʦʜʚʦʜʥʫʶ ʠʥʬʨʘʩʪʨʫʢʪʫʨʫ ʠ ʧʨʦʣʦʞʠʪʴ ʩʘʤʳʡ ʜʣʠʥʥʳʡ ʧʦʜʚʦʜʥʳʡ ʛʘʟʦʧʨʦʚʦʜ Langeled, ʜʣʠʥʦʡ 

1,2 ʪʳʩ. ʢʤ. ʅʘ Ormen Lange, ʜʦʙʳʯʘ ʚʝʜʝʪʩʷ ʙʝʟ ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʩʧʦʩʦʙʦʤ. ʅʘ ʜʥʝ ʤʦʨʷ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʜʚʦʜʥʳʝ 

ʤʦʜʫʣʠ(Template) [1], ʟʘʱʠʱʸʥʥʳʝ ʦʪ ʚʝʪʨʘ ʠ ʩʫʨʦʚʦʡ ʧʦʛʦʜʳ, ʨʠʩ.1. ɺʩʝ ʫʧʨʘʚʣʝʥʠʝ ʚʝʜʝʪʩʷ ʩ ʙʝʨʝʛʘ ʠʟ 

ʜʠʩʧʝʪʯʝʨʩʢʦʛʦ ʧʫʥʢʪʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʠʰʣʦʩʴ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʛʨʦʤʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʙʣʝʤ. 

ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʭʥʦʣʦʛʠʡ, ʧʨʠʤʝʥʝʥʥʳʭ ʜʣʷ ʦʙʫʩʪʨʦʡʩʪʚʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʩ ʥʫʣʷ. ɻʣʘʚʥʦʡ 

ʩʣʦʞʥʦʩʪʴʶ ʷʚʣʷʣʘʩʴ ʫʢʣʘʜʢʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʆʢʦʣʦ 6500 ʣʝʪ ʥʘʟʘʜ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʦʨʚʝʞʩʢʦʛʦ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ, ʩʦʰʝʣ ʧʦʜʚʦʜʥʳʡ ʦʧʦʣʟʝʥʴ Storegga. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʧʦʣʟʥʷ, ʜʥʦ ʥʦʨʚʝʞʩʢʦʛʦ ʤʦʨʷ 

ʠʤʝʝʪ ʢʨʘʡʥʝ ʥʝ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

 

 
ʈʠʩ. ʋʧʨʦʱʝʥʥʘʷ ʩʭʝʤʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [1] 

 

ʊʨʫʙʦʧʨʦʚʦʜ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʧʨʦʢʣʘʜʳʚʘʪʴ, ʯʝʨʝʟ ʢʨʫʪʦʡ ʧʦʜʚʦʜʥʳʡ ʩʢʣʦʥ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʣʘ 300ʤ. ʉʧʝʮʠʘʣʴʥʦ ʜʣʷ ʚʳʨʘʚʥʠʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ, ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʪʝʭʥʦʣʦʛʠʡ, ʦʩʥʦʚʥʳʤʠ ʠʟ 

ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ï Xspider ʠ ClayCutter X. Xspider ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʚʦʜʥʳʡ ʵʢʩʢʘʚʘʪʦʨ, ʜʣʠʥʥʦʡ 6 ʤʝʪʨʦʚ 

ʠ ʩʧʦʩʦʙʥʳʡ ʧʦʜʥʠʤʘʪʴ ʜʦ 3ʪʦʥʥ ʚ ʩʚʦʝʤ ʢʦʚʰʝ, ʵʢʩʢʘʚʘʪʦʨ ʦʧʫʩʢʘʝʪʩʷ ʥʘ ʜʥʦ ʠ ʫʧʨʘʚʣʷʝʪʩʷ ʩ ʩʫʜʥʘ ʥʘ ʤʦʨʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ClayCutter X, ʨʘʟʨʘʙʦʪʘʥ ʜʣʷ ʧʨʦʢʣʘʜʢʠ ʪʨʘʥʰʝʠ ʚ ʦʙʣʘʩʪʠ ʪʚʝʨʜʳʭ ʧʝʩʯʘʥʳʭ ʦʪʣʦʞʝʥʠʡ, 

ʩʦʧʦʩʪʘʚʠʤʳʭ ʧʦ ʪʚʝʨʜʦʩʪʠ ʩ ʙʝʪʦʥʦʤ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʦʙʠʪʴ ʚ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʷʭ ʪʨʘʥʰʝʠ, 

ʠʩʧʦʣʴʟʫʝʪʩʷ 24 ʚʦʜʦʤʝʪʘ ʩ ʠʟʤʝʥʷʝʤʳʤ ʫʛʣʦʤ ʥʘʢʣʦʥʘ. ɺʦʜʦʤʝʪʳ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ ʚʳʪʘʣʢʠʚʘʶʪ 

ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ ʠ ʧʨʦʨʝʟʘʶʪ ʚ ʤʦʨʩʢʦʤ ʜʥʝ ʪʨʘʥʰʝʶ, ʥʝʦʙʭʦʜʠʤʳʭ ʛʘʙʘʨʠʪʦʚ. 

ʅʘ ʜʥʝ ʤʦʨʷ ʦʯʝʥʴ ʭʦʣʦʜʥʦ. ʊʝʤʧʝʨʘʪʫʨʘ ʦʧʫʩʢʘʝʪʩʷ ʥʠʞʝ ʥʫʣʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʠʜʨʘʪʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʛʠʜʨʘʪʦʚ, ʫʩʣʦʞʥʷʝʪ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ. ɼʣʷ ʵʪʦʛʦ, ʩ ʙʝʨʝʛʘ ʙʳʣ ʧʨʦʣʦʞʝʥ ʝʱʝ ʦʜʠʥ 

ʪʨʫʙʦʧʨʦʚʦʜ, ʧʦ ʢʦʪʦʨʦʤʫ ʧʦʜʘʝʪʩʷ ʤʝʪʠʣʵʪʠʣʝʥʛʣʠʢʦʣʴ(MEG). ɺ ʜʦʙʳʚʘʝʤʳʡ ʛʘʟ ʧʦʜʘʝʪʩʷ ʤʝʪʠʣʵʪʠʣʝʥʛʣʠʢʦʣʴ 
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ʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʵʪʦʛʦ, ʦʥ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʥʘ ʟʝʤʣʶ. ʊʘʢ ʞʝ, ʦʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ, ʤʦʞʝʪ ʫʩʣʦʞʥʠʪʴ ʧʨʦʮʝʩʩ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʛʘʟʘ ʥʘ ʟʝʤʣʶ. ʆʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʙʦʨʴʙʳ, ʷʚʣʷʝʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʘʥʪʠʬʨʠʟʦʚʳʭ ʩʨʝʜʩʪʚ, 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʚʦʜʫ ʛʫʱʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʦʥʘ ʥʝ ʩʪʘʥʦʚʠʪʩʷ ʢʣʝʡʢʦʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦʪʦʢʫ ʧʦ 

ʪʨʫʙʦʧʨʦʚʦʜʫ. ʅʘ ʩʫʰʝ ʧʦʩʪʨʦʝʥ ʟʘʚʦʜ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʛʘʟʘ. ɿʘʚʦʜ ʧʦʩʪʨʦʝʥ ʚ ʥʝʢʦʛʜʘ ʛʣʫʭʦʤ ʫʛʦʣʢʝ ʅʦʨʚʝʛʠʠ, 

ʜʣʷ ʝʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʧʨʠʰʣʦʩʴ ʚʳʚʝʟʪʠ ʦʢʦʣʦ 2500000 ʢʘʤʥʷ ʠ ʜʦʩʪʘʚʠʪʴ ʙʦʣʝʝ 30000 ʪʦʥʥ ʩʪʘʣʴʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʡ. ʄʦʱʥʦʩʪʠ ʟʘʚʦʜʘ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʝʞʝʜʥʝʚʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ 70 ʄ. ɺʩʝʛʦ ʟʘ 10 ʤʠʥʫʪ, ʛʘʟ ʧʨʠʙʠʚʰʠʡ 

ʥʘ ʟʘʚʦʜ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʪʦʧʣʠʚʦ, ʛʦʪʦʚʦʝ ʢ ʧʦʩʪʘʚʢʝ ʚ ɺʝʣʠʢʦʙʨʠʪʘʥʠʶ ʧʦ ʩʘʤʦʤʫ ʜʣʠʥʥʦʤʫ ʧʦʜʚʦʜʥʦʤʫ 

ʪʨʫʙʦʧʨʦʚʦʜʫ, ʜʣʠʥʘ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 1200 ʢʤ.  

ɼʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʦʜʚʦʜʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ, ʙʳʣʠ ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʚʦʜʥʳʝ ʨʦʙʦʪʳ, 

ʫʧʨʘʚʣʷʝʤʳʝ ʜʞʦʡʩʪʠʢʘʤʠ ʩ ʩʫʜʥʘ.  ʇʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʫʯʘʩʪʠʠ ʨʦʙʦʪʦʚ, ʧʨʦʭʦʜʠʣʘ ʫʢʣʘʜʢʘ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʠ ʦʧʫʩʢʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʛʨʫʟʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʨʷ.  ʈʦʙʦʪʳ, ʷʚʣʷʶʪʩʷ çʧʦʜʚʦʜʥʳʤʠ ʛʣʘʟʘʤʠ ʠʥʞʝʥʝʨʦʚè.  ɼʣʷ 

ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ ʩ ʨʘʩʩʪʦʷʥʠʷ 1000 ʤʝʪʨʦʚ, ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʥʘʚʳʢʠ, ʧʦʵʪʦʤʫ ʢʘʞʜʳʡ ʦʧʝʨʘʪʦʨ 

ʫʧʨʘʚʣʷʶʱʠʡ ʨʦʙʦʪʦʤ, ʧʨʦʰʝʣ ʩʧʝʮʠʘʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ. ʆʛʨʦʤʥʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʫʜʝʣʷʣʦʩʴ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʚʝʜʴ ʚ ʩʣʫʯʘʝ ʧʨʦʨʳʚʘ ʪʨʫʙʳ, ʵʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʵʢʦʣʦʛʠʯʝʩʢʦʡ 

ʢʘʪʘʩʪʨʦʬʝ. ʇʦʵʪʦʤʫ ʢʘʞʜʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʧʦʜʚʝʨʛʘʣʦʩʴ ʪʱʘʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʝ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʛʘʟ ï ʦʩʥʦʚʥʦʡ 

ʧʨʦʜʫʢʪ ʜʦʙʳʯʠ ʥʘ ʆʨʤʝʥ ʃʘʥʛʝ. ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʷʝʪʩʷ ʠ ʣʸʛʢʦʡ ʥʝʬʪʠ, ʚʳʜʝʣʷʝʤʦʡ ʚ ʧʨʦʮʝʩʩʝ ʦʯʠʩʪʢʠ 

ʛʘʟʘ. ɺʩʷ ʧʦʣʫʯʝʥʥʘʷ ʥʝʬʪʴ ʩʦʙʠʨʘʝʪʩʷ ʚ ʦʪʩʪʦʡʥʠʢʘʭ ʥʘ ʟʘʚʦʜʝ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʛʨʫʞʘʝʪʩʷ ʪʘʥʢʝʨʘ ʠ 

ʦʪʧʨʘʚʣʷʝʪʩʷ ʢ ʧʦʢʫʧʘʪʝʣʷʤ. ɽʩʪʝʩʪʚʝʥʥʳʝ ʨʝʩʫʨʩʳ ʰʝʣʴʬʘ ʧʨʠʥʘʜʣʝʞʘʪ ʅʦʨʚʝʛʠʠ ʢʘʢ ʥʘʮʠʠ ʠ ʩʣʫʞʘʪ ʧʦʣʴʟʝ 

ʥʦʨʚʝʞʩʢʦʛʦ ʥʘʨʦʜʘ. ɼʦʭʦʜ, ʧʦʣʫʯʝʥʥʳʡ ʟʘ ʙʦʣʝʝ ʯʝʤ 40-ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʛʘʟʘ, ʩʧʦʩʦʙʩʪʚʦʚʘʣ 

ʪʦʤʫ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʘʷ ʅʦʨʚʝʛʠʷ ï ʵʪʦ ʛʦʩʫʜʘʨʩʪʚʦ ʩ ʚʳʩʦʢʠʤ ʫʨʦʚʥʝʤ ʞʠʟʥʠ. ɹʳʣ ʦʨʛʘʥʠʟʦʚʘʥ ʩʧʝʮʠʘʣʴʥʳʡ 

ʬʦʥʜ, ʟʘʙʦʪʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʦʙʝʩʧʝʯʝʥʠʝ ʙʫʜʫʱʠʭ ʧʦʢʦʣʝʥʠʡ ʩʨʝʜʩʪʚʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʦʪ ʜʦʭʦʜʦʚ 

ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ.  

Ormen Lange, ʷʚʣʷʝʪʩʷ ʧʨʦʨʳʚʦʤ ʚ ʦʙʣʘʩʪʠ ʥʝʬʪʝʛʘʟʦʚʦʡ ʠʥʜʫʩʪʨʠʠ, ʙʣʘʛʦʜʘʨʷ ʦʛʨʦʤʥʳʤ ʫʩʠʣʠʷʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʶʜʝʡ, ʫʜʘʣʦʩʴ ʦʙʫʩʪʨʦʠʪʴ ʤʦʨʩʢʦʝ ʜʥʦ ʜʣʷ ʫʩʧʝʰʥʦʡ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʉʝʡʯʘʩ, 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 20% ʚʩʝʛʦ ʛʘʟʘ, ʧʦʪʨʝʙʣʷʝʤʦʛʦ ɺʝʣʠʢʦʙʨʠʪʘʥʠʝʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʅʦʨʚʝʛʠʠ ʥʘ ʤʥʦʛʠʝ ʛʦʜʳ ʚʧʝʨʸʜ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʄɽʊʆɼ ʆʎɽʅʂʀ ʀɿɺʃɽʂɸɽʄʓʍ ɿɸʇɸʉʆɺ ʅɽʌʊʗʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ  

ʅɸ ʆʉʅʆɺɽ ʀʅʊɽɻʈʀʈʆɺɸʅʅʆʁ ʉʀʉʊɽʄʓ ʌɽʅʆʄɽʅʆʃʆɻʀʏɽʉʂʀʍ ʄʆɼɽʃɽʁ  
ʉ ʇɽʈɽʄɽʅʅʓʄʀ ʇɸʈɸʄɽʊʈɸʄʀ 
ɸ.ɻ. ʅʘʡʤʫʰʠʥ, ʅʛʫʝʥ ʂʫʠʥʴ ʍʫʠ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʃ. ʉʝʨʛʝʝʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʶʪʩʷ ʚʟʛʣʷʜʳ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʧʣʘʩʪʘʭ ʧʨʠ ʠʭ ʨʘʟʨʘʙʦʪʢʝ. ɿʘʜʘʯʠ ʤʦʥʠʪʦʨʠʥʛʘ, ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʦʡ ʥʝʬʪʝʛʘʟʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʨʝʙʫʶʪ ʧʨʠʚʣʝʯʝʥʠʷ ʠʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʛʜʘ ʩʨʘʟʫ ʠʱʫʪʩʷ ʟʘʢʦʥʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʩʠʩʪʝʤʫ ʚ 

ʮʝʣʦʤ. ʕʪʦʪ ʮʝʣʦʩʪʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʵʚʦʣʶʮʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʨʘʟʨʘʙʦʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʢʘʟʳʚʘʶʱʠʭʩʷ ʚʝʩʴʤʘ ʧʣʦʜʦʪʚʦʨʥʳʤʠ, ʢʦʛʜʘ ʜʝʪʘʣʴʥʘʷ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ 

ʢʘʨʪʠʥʘ ʷʚʣʝʥʠʡ ʩʣʠʰʢʦʤ ʩʣʦʞʥʘ [1-2]. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠʩʪʦʨʠʷ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʪʘʥʦʚʠʪʩʷ 

ʠʩʪʦʨʠʝʡ ʠʤʝʥʥʦ ʚʩʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʥʝ ʠʩʪʦʨʠʝʡ ʦʪʜʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʧʣʘʩʪʦʚ ʠ ʦʙʲʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʠ 

ʥʝʬʪʷʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʦʞʥʳʝ, ʠʝʨʘʨʭʠʯʝʩʢʠ ʫʩʪʨʦʝʥʥʳʝ ʮʝʣʦʩʪʥʳʝ ʩʠʩʪʝʤʳ. 

ʆʮʝʥʢʠ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʪʨʘʧʦʣʷʮʠʠ ʨʝʛʨʝʩʩʠʦʥʥʳʭ ʤʦʜʝʣʝʡ, 

ʧʦʣʫʯʝʥʥʳʭ ʧʫʪʝʤ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʨʷʜʦʚ ʜʘʥʥʳʭ ʧʦ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʅʘʜʝʞʥʦʩʪʴ ʞʝ 

ʵʢʩʪʨʘʧʦʣʷʮʠʦʥʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚ ʩʫʱʝʩʪʚʝʥʥʦʡ ʤʝʨʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʫʧʨʝʞʜʝʥʠʷ ʠ ʪʦʯʥʦʩʪʴ ʚʳʙʦʨʘ ʤʦʜʝʣʠ, 

ʦʧʠʩʳʚʘʶʱʝʡ ʪʝʥʜʝʥʮʠʶ ʨʘʟʚʠʪʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʷʜʘ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʦ ʩ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʩʪʳʭ ʧʦʜʩʠʩʪʝʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʫʧʨʦʱʘʝʪ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʪʨʫʢʪʫʨʥʦʡ ʠ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 

ʢʦʛʜʘ ʦʙʲʝʤ ʧʨʦʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ ʤʘʣ [3-5]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜ ʦʮʝʥʢʠ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ 

ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʩ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʟʨʘʙʦʪʢʠ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ 

ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ. 

 

 

 

 



 

 

113 

 

ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʊʘʙʣʠʮʘ 1 

ʌʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

 
ˉ ʄʦʜʝʣʠ ʅʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʃʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ 

1 
ʃʦʛʠʩʪʠʯʝʩʢʘʷ 
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dV V V
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2 

ɹʝʨʪʘʣʘʥʬʠ 

( )1 l l ldV AV V V
dt

-
¤= -  ( )

1

1 Alt lV V e-¤= -  

'

2
1 1
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t t

i i
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t t
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K Al

t t
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D D
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> < + =
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3 

ʂʦʣʤʦʛʦʨʦʚʘ-ɽʨʦʬʝʝʚʘ 

( )1 1 ,

1, 0

adV abt V
dt

a b

-= -

> >
 1

abtV e-= -  
1

ln ln ln
1

b a t
V
= +

-
 

4 ( )dV A V V
dt

a
¤= -  

[ ]
1

1(1 )( )V V C At aa -¤= - - -  

ʧʨʠ 1a¸  

AtV V Ce-¤= -  ʧʨʠ 1a=  

2

'
1 1 1

t t t

i i i

Q
Q t t t

Q
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t t
a= = =

¤
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5 32
1

tdV e t
dt

aaa -=  32

0

1

t
t

t

V e t dt
aaa -=ñ  1 2 3ln ln lnQ t ta a a= - +  

ʄʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ ʦʮʝʥʢʠ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʜʝʣʠ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʘ ʦʩʥʦʚʝ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʣʠʥʝʡʥʳʭ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ [3-6]. 

ɿʘʤʝʯʘʥʠʝ 'Q  ï ʧʝʨʚʘʷ ʧʨʦʠʟʚʦʜʥʘʷ ʜʦʙʳʯʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʘʷ ʤʝʪʦʜʦʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, Q ï ʛʦʜʦʚʘʷ ʜʦʙʳʯʘ (V Qdt=ñ ). 

ʈʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʫʶ ʩʠʩʪʝʤʫ ʤʦʜʝʣʝʡ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʥʘ ʦʩʥʦʚʝ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʩ ʫʯʝʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ 

ʧʘʨʘʤʝʪʨʘʭ ʤʦʜʝʣʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʚʠʜʘ [4,5] 

*
0 , 1, ,

, 1,2,3...

i n i

n a n n

y F i n

F n

a x

a a h

ë = + =î
ì
= + =îí

     (1) 

ʛʜʝ ʧʝʨʚʘʷ ʩʠʩʪʝʤʘ ʠʟ n ʫʨʘʚʥʝʥʠʡ ʩʪʦʭʘʩʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ ti

, ʘ ʚʪʦʨʘʷ ʩʠʩʪʝʤʘ ʠʟ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʘʥʘʣʦʛʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʠʪʳʚʘʪʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʧʨʠʦʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʪa , ʠʟʚʝʩʪʥʫʶ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ tnʦ ʧʘʨʘʤʝʪʨʘʭ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ; ʤʦʜʝʣʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʤʦʜʝʣʠ ʦʙʲʝʢʪʦʚ ʘʥʘʣʦʛʦʚ 0, aF F  ï ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ 

(ʬʫʥʢʮʠʦʥʘʣʳ); ,i nx hï ʚʝʢʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ. 

ʇʨʠʤʝʨʦʤ (1) ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʜʠʩʢʨʝʪʥʘʷ ʩʠʩʪʝʤʘ ʣʦʛʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʩ ʫʯʝʪʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ. 

* , 1, 1,1 2

, 1,2,3,. . .1 1 1

2 2 2

y x i ni n n i i

nn n n

n n n

ë =a -a +x = -
î
î
a =a +h =ì
î
a =a +hî
í

     (2) 

ʟʜʝʩʴ * , 1, 1y i ni = - ï ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʦʙʲʝʢʪʦʚ ʨʘʟʨʘʙʦʪʢʠ ʢ ʤʦʤʝʥʪʫ 

ʚʨʝʤʝʥʠnt ; / , 1, 11 1x q y i ni i i= = -+ + ï ʦʪʥʦʰʝʥʠʝ ʜʦʙʳʯʠ ʥʝʬʪʠ 1qi+  ʟʘ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ 1t t ti iD = -+  ʢ 

ʥʘʢʦʧʣʝʥʥʦʡ ʩ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 1ti+  ʜʦʙʳʯʝ  ʥʝʬʪʠ 1yi+ ; ,1 2n na a  ï ʘʧʨʠʦʨʥʳʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʘʭ (ʦ ʧʝʨʚʦʤ ʧʘʨʘʤʝʪʨʝ) ʠ ʦ ʚʪʦʨʦʤ ʧʘʨʘʤʝʪʨʝ, ʠʟʚʝʩʪʥʳʝ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 

tn . 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʆʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʝʡ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ * ( ) argmin ( , , )ʌ tn n n n n
n

a b a b=
Ŭ

 ʧʫʪʝʤ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ [4,5] 

* *( ) ( ) ,0 0 0
T TF F I F ʂ y nn n h n tb a b ba+ = +     (3) 

ʚ ʢʦʪʦʨʦʡ (1, , 1, )0F x i ni= =  ï ʤʘʪʨʠʮʘ ʨʘʟʤʝʨʥʦʩʪʠ ( 2)n³ . ʆʮʝʥʢʠ ʫʧʨʘʚʣʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ *
nb  

ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ [4,5] 

2
* * *arg min ( )0

( ),

y Fn n n
Whn n

b a b
bb

= -     (4) 

ʩʠʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ. ɿʜʝʩʴ ( , , )n n nʌ ta b  ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ, ( )W b  ï 

ʜʠʘʛʦʥʘʣʴʥʘʷ ʤʘʪʨʠʮʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʟʥʘʯʠʤʦʩʪʴ (ʚʝʩ) ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʨʠʦʨʥʳʭ ʜʘʥʥʳʭ na . 

ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʟʘʧʘʩʘʭ ʚ ʤʦʜʝʣʝʡ ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʭʝʤʝ. 

* *(ɓ ), 1,2,...1 1 nn n na =a =+       (5) 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʟʘ 18 ʣʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʠ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ (2) ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ. ʃʠʥʠʠ n = 3,4,5 ï ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʦʮʝʥʢʠ ʧʨʦʛʥʦʟʥʦʡ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʥʘʯʠʥʘʷ ʩ ʪʨʝʪʴʝʛʦ ʛʦʜʘ ʨʘʟʨʘʙʦʪʢʠ 

, 3,4,5; 1
*

11
* *

2 2

ytny ntn ytn n

n n

tt
a

a a

= = =+

- +

    (6) 

 

 
ʈʠʩ. ʌʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʠ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ (2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʜʘʧʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (3), (4) 

ɺ ʪʘʙʣ. 2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʦʰʠʙʦʢ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ * * *( , )1 hn n na b  ʟʘ 6 ʣʝʪ 

ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

* * *( ( , ) ( )) / ( )), 3,61abs h z t z t nn n n n k kd = a b - =    (7) 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʘʜʘʧʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʩ ʫʯʝʪʦʤ *( )n nb b=  ʠ ʙʝʟ ʫʯʝʪʦʤ ( 0)nb =  ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʩ ʪʨʝʪʴʝʛʦ ʛʦʜʘ. ʊʦʯʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʟʘ 30 ʣʝʪ ʨʘʟʨʘʙʦʪʢʠ ʩʦʩʪʘʚʠʣʠ ( )kz t =7Ā106 ʪʦʥʥ. ɸʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ 

ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʢ ʥʘʯʘʣʫ ʨʘʟʨʘʙʦʪʢʠ 0t  ʧʨʠʥʠʤʘʣʘʩʴ ʨʘʚʥʦʡ 0z = 9Ā106 ʪʦʥʥ ʩ ʦʰʠʙʢʦʡ ʧʦʨʷʜʢʘ 30 %. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʊʘʙʣʠʮʘ 2 

ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ 

 

ɸʧʨʠʦʨʥʘʷ ʠʥʬʦʨʤʘʮʠʷ 
ɼʣʠʪʝʣʴʥʦʩʪʴ ʨʘʟʨʘʙʦʪʢʠ 

3 4 5 6 

0nb =  0,830 0,652 0,511 0,374 

*
n nb b=  0,368 0,201 0,066 0,026 

 
ʀʟ ʪʘʙʣʠʮʳ 2 ʚʠʜʥʦ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʣʠʥʝʡʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ 

ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ. ʋʯʝʪ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʘʨʘʤʝʪʨʘʭ ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʦʮʝʥʦʢ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ɻʫʩʤʘʥʦʚ ɸ.ɻ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʫʪʝʤ ʵʚʦʣʶʮʠʦʥʥʦʛʦ 1.

ʤʦʜʝʣʠʨʦʚʘʥʠʷ // ɺʝʩʪʥʠʢ ʂʘʟʘʭʩʢʦʛʦ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʂ. ʉʘʪʧʘʝʚʘ, 2010. ï 
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ʇʈʀɺɽɼɽʅʀɽ ʈɽɾʀʄɸ ʈɸɹʆʊʓ ʉʂɺɸɾʀʅʓ ʂ ɽɼʀʅʆʄʋ ʐʊʋʎɽʈʋ 
ɸ.ʉ. ʅʠʢʦʣʘʡʯʝʥʢʦ, ʃ.ʅ. ʂʦʥʦʚʘʣʦʚʘ, ʄ.ɼ. ʇʦʣʪʘʚʩʢʘʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ɸ.ɺʘʩʠʣʴʝʚ 
ʉʝʚʝʨʦ-ʂʘʚʢʘʟʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʪʘʚʨʦʧʦʣʴ, ʈʦʩʩʠʷ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʠʭ ʨʘʙʦʪʳ 

ʚʳʷʚʠʣ ʦʧʨʝʜʝʣʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ: ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʜʠʘʤʝʪʨ ʰʪʫʮʝʨʘ ʦʙʳʯʥʦ ʙʦʣʴʰʝ, ʯʝʤ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʠʘʤʝʪʨ ʰʪʫʮʝʨʘ ʧʨʠ ɻɼʀ. ʕʪʦ, ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʭʥʠʯʝʩʢʠʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʟʘʤʝʨʥʦʡ 

ʫʩʪʘʥʦʚʢʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʤʝʪʦʜʠʢʫ ʧʝʨʝʩʯʝʪʘ ʜʘʥʥʳʭ ɻɼʀ ʥʘ ʬʘʢʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ 

ʩʢʚʘʞʠʥʳ, ʠʩʧʦʣʴʟʫʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘʧʨʠʤʝʨ ʜʘʚʣʝʥʠʝ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ (ʜʦ ʰʪʫʮʝʨʘ) ʠ 

ʜʘʚʣʝʥʠʝ ʚ ʚʳʢʠʜʥʦʡ ʣʠʥʠʠ (ʧʦʩʣʝ ʰʪʫʮʝʨʘ). ʇʨʠ ʵʪʦʤ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦʩʪʦʷʥʩʪʚʦ ʛʘʟʦʚʦʛʦ ʬʘʢʪʦʨʘ. 

ʊʘʢʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʪ ʪʘʢʞʝ ʧʨʠʚʝʩʪʠ ʬʘʢʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʰʪʫʮʝʨʘʭ ʢ ʦʜʥʦʤʫ, ʨʝʧʝʨʥʦʤʫ ʜʠʘʤʝʪʨʫ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʮʝʥʠʪʴ ʪʝʤʧ ʩʥʠʞʝʥʠʷ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ ʚʦ 

ʚʨʝʤʝʥʠ. ʄʦʞʥʦ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʪʴ ʩʢʚʘʞʠʥʳ ʧʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. 

ɹʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʰʪʫʮʝʨ ʢʘʢ ʤʝʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʠʩʧʦʣʴʟʫʝʤ ʬʦʨʤʫʣʫ (1): 

 

 

(1) 

 

ʛʜʝ æpʰʪ - ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ ʥʘ ʰʪʫʮʝʨʝ, 

æpʰʪ=Pʫʩʪ-Pʣʠʥ,       

 

ʛʜʝ ʈʫʩʪ, ʈʣʠʥ - ʜʘʚʣʝʥʠʝ ʥʘ ʫʩʪʴʝ ʩʢʚʘʞʠʥʳ (ʜʦ ʰʪʫʮʝʨʘ) ʠ ʚ ʚʳʢʠʜʥʦʡ ʣʠʥʠʠ (ʧʦʩʣʝ ʰʪʫʮʝʨʘ);   

Ʌʩʤ - ʨʘʩʭʦʜʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ; 

ɡʩʤ - ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʚ ʰʪʫʮʝʨʝ; 

ɝ - ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʪʫʮʝʨʘ; 

ʀʟ ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ ʠʤʝʝʤ: 

 

  

 

ʛʜʝ GCM  - ʤʘʩʩʦʚʳʡ ʨʘʩʭʦʜ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ, 

 

Gʩʤ=Qʥʜɟʥʜ+Qʚɟʚ+Q0ɟ0,      
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

Qʥʜ, ɟʥʜ  -  ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʠ ʧʣʦʪʥʦʩʪʴ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʥʝʬʪʠ; Qʚ, ʨʚ - ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʠ ʧʣʦʪʥʦʩʪʴ 

ʚʦʜʳ; Q0, ɟ0 - ʦʙʲʝʤʥʳʡ ʨʘʩʭʦʜ ʠ ʧʣʦʪʥʦʩʪʴ ʩʚʦʙʦʜʥʦʛʦ ʛʘʟʘ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʈ0=0,l ʄʇʘ, ʊ0=273 ʂ.; 

F - ʧʣʦʱʘʜʴ ʩʝʯʝʥʠʷ ʰʪʫʮʝʨʘ, F=0,785d2ʰʪ dʰʪ - ʜʠʘʤʝʪʨ ʰʪʫʮʝʨʘ).  

ɼʣʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʛʘʟʦʞʠʜʢʦʩʪʥʦʡ ʩʤʝʩʠ ʠʤʝʝʤ: 

 

)(
1

ʛ
Q

ʚ
Q

ʥ
ʚ

ʥʜ
Q

Fʩʤ
++=u

,  

 

ʛʜʝ ʚʥ - ʦʙʲʝʤʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʠ; Qʛ - ʨʘʩʭʦʜ ʛʘʟʘ. 

ʇʨʠʚʦʜʷ ʨʘʩʭʦʜʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢ ʩʨʝʜʥʝʤʫ ʜʘʚʣʝʥʠʶ ʚ ʰʪʫʮʝʨʝ: 
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ʛʜʝ ɻʬ - ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ; 

Ŭ - ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʘ ʚ ʥʝʬʪʠ;  

ɟ0ʨ - ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʥʝʬʪʠ ʛʘʟʘ;  

ɟʛʞ- ʧʣʦʪʥʦʩʪʴ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʥʝʬʪʠ ʛʘʟʘ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ;  

Zcp - ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ ʛʘʟʘ ʧʨʠ ʈʩʨ ʠ ʊʩʨ; 

ʊʩʨ - ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʰʪʫʮʝʨʝ:  
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;  

nʚ - ʦʙʲʝʤʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥʳ. 

 

ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 
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ʊʦʛʜʘ ʠʤʝʝʤ 
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2

z=D ;      (2) 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʪʫʮʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʌʦʨʤʫʣʘ (2) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʜʝʙʠʪ ʥʝʬʪʠ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʜʠʘʤʝʪʨʝ ʰʪʫʮʝʨʘ ʠʣʠ ʪʨʝʙʫʝʤʳʡ ʜʠʘʤʝʪʨ 

ʰʪʫʮʝʨʘ ʜʣʷ ʪʨʝʙʫʝʤʦʛʦ ʦʪʙʦʨʘ ʥʝʬʪʠ.  

ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʨʘʩʯʝʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʪʫʮʝʨʘ ʧʦ ʬʦʥʪʘʥʥʳʤ 

ʩʢʚʘʞʠʥʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ. ʅʝʬʪʴ ʙʝʟʚʦʜʥʘʷ. ɻʘʟʦʚʳʡ ʬʘʢʪʦʨ ʧʦʩʪʦʷʥʥʳʡ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʜʠʘʤʝʪʨʦʚ 

ʰʪʫʮʝʨʦʚ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ɝ=1,35Ñ0,05 ʧʦʣʫʯʝʥʳ ʧʦ ʩʢʚʘʞʠʥʘʤ 428 (06 - 09.03.2000 ʛ.), 403 

(22 - 28.02.1991 ʛ.), 403 (16 - 18.08.1999 ʛ.). 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʊʘʙʣʠʮʘ  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʪʫʮʝʨʘ 

 

dʰʪ,ʤʤ æpʰʪ, 
ʄʇʘ 

ʈʩʨ, 

ʄʇʘ 
Qʥʜ ʧʨʠ 
ɝʩʨ, ʤ

3/ʩʫʪ 
Qʥʜ ʧʦ 

ʬʘʢʪʫ, 

ʤ3/ʩʫʪ 

ɝ % 

10 11,6 7,3 450,7 414,2 1,14 +8,8 

14 10,5 6,75 569,4 604,2 1,52 -6,1 

16 9,5 6,25 725,5 746,7 1,43 -2,9 

20 7,5 5,25 980,2 980,2 1,35 0 

22 6,5 4,75 1106,7 1073,9 1,31 +3,05 

 

ʅʝʦʙʭʦʜʠʤʦ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʠʪʴ ʫʩʣʦʚʠʷ ʧʨʦʚʝʜʝʥʠʷ ɻɼʀ ʠ ʫʪʦʯʥʠʪʴ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʘ. 

1. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʪʫʮʝʨʘ ɝ=1,35. 

2. ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʨʘʩʯʝʪʥʦʛʦ ʜʝʙʠʪʘ ʥʝʬʪʠ (ʧʨʠ ɝ=1,35) ʦʪ ʬʘʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

8,8 %, ʯʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʘʭ. 

3. ʆʪʢʣʦʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʰʪʫʮʝʨʘ ʩʚʷʟʘʥʳ ʩ ʥʝʪʦʯʥʦʩʪʴʶ ʟʘʤʝʨʦʚ ʛʘʟʦʚʦʛʦ 

ʬʘʢʪʦʨʘ ʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʰʪʫʮʝʨʘ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ɻʫʞʦʚ ɸ ʀ. ʉʦʚʤʝʩʪʥʳʡ ʩʙʦʨ ʠ ʪʨʘʥʩʧʦʨʪ ʥʝʬʪʠ ʠ ʛʘʟʘ. ï ʄ,: ʅʝʜʨʘ, 1973. ï 280 ʩ. 1.
 ʀʜʝʣʴʯʠʢ ʀ. ɽ. ʉʧʨʘʚʦʯʥʠʢ ʧʦ ʛʠʜʨʘʚʣʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷʤ/ ʇʦʜ ʨʝʜ. ʄ. ʆ. ʐʪʝʡʥʙʝʨʛʘ.ï 3-ʝ ʠʟʜ., 2.

ʧʝʨʝʨʘʙ. ʠ ʜʦʧ. ï ʄ.; ʄʘʰʠʥʦʩʪʨʦʝʥʠʝ, 1992. ï 672 ʩ: ʠʣ. 
  

 
 

ʄɽʊʆɼ ʆʇʊʀʏɽʉʂʆʁ ʄʀʂʈʆʉʂʆʇʀʀ ɺ ʀʉʉʃɽɼʆɺɸʅʀʀ ʕʌʌɽʂʊʀɺʅʆʉʊʀ 
ɼɽʕʄʋʃʔɻɸʊʆʈɸ ɺʆɼʆʅɽʌʊʗʅʓʍ ʕʄʋʃʔʉʀʁ 

ɸ.ʇ. ʇʘʱʝʥʢʦ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʃ.ɺ. ʏʝʢʘʥʮʝʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʈʘʟʨʘʙʦʪʢʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʣʠ 

ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʥʝʬʪʠ, ʦʙʚʦʜʥʝʥʠʝʤ ʧʣʘʩʪʦʚ ʠ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʩʣʦʞʥʳʭ ʟʘʜʘʯ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ, 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ  ʨʘʟʣʠʯʥʳʝ  

ʜʝʵʤʫʣʴʛʘʪʦʨʳ ï ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʦʩʥʦʚʥʦʝ ʥʘʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ï ʚʳʪʝʩʥʠʪʴ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʩʣʦʷ ʢʘʧʝʣʴ ʚʦʜʳ ʵʤʫʣʴʛʘʪʦʨʳ ï ʝʩʪʝʩʪʚʝʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʥʝʬʪʠ 

(ʘʩʬʘʣʴʪʝʥʳ, ʥʘʬʪʝʥʳ, ʩʤʦʣʳ, ʧʘʨʘʬʠʥʳ ʠ ʤʝʭʧʨʠʤʝʩʠ). ɺʳʙʦʨ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʧʦʩʦʙʘ ʜʝʵʤʫʣʴʩʘʮʠʠ ʪʨʝʙʫʝʪ 
ʟʥʘʥʠʷ ʩʚʦʡʩʪʚ ʵʤʫʣʴʩʠʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. 

ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʧʦʠʩʢʘ ʥʦʚʳʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʜʝʵʤʫʣʴʛʘʪʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʧʨʦʮʝʩʩʘʭ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʥʝʬʪʠ, ʘ ʪʘʢʞʝ ʧʦʠʩʢ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʵʤʫʣʴʩʠʠ[2]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʤʘʨʢʠ çʍʇɼ-008(CH)è  ʚʦʜʦʥʝʬʪʷʥʳʭ 

ʵʤʫʣʴʩʠʡ. ɼʘʥʥʳʡ ʨʝʘʛʝʥʪ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʥʝʬʪʷʥʦʡ ʠ ʥʝʬʪʝʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʩʙʦʨʘ 

ʠ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʦʟʠʮʠʶ ʠʟ ʘʢʪʠʚʥʦʡ ʦʩʥʦʚʳ (ʩʤʝʩʴ ʠʟ 

ʙʣʦʢʩʦʧʦʣʠʤʝʨʦʚ ʦʢʠʩʠ ʵʪʠʣʝʥʘ ʠ ʧʨʦʧʠʣʝʥʘ ʩ ʜʦʙʘʚʢʦʡ ʥʝʠʦʥʦʛʝʥʥʦʛʦ ʇɸɺ) ʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴʥʘʷ ʚʦʜʦʥʝʬʪʷʥʘʷ ʵʤʫʣʴʩʠʷ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʘʷ ʠʩʢʫʩʩʪʚʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʩʷ ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʫʣʴʥʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Olympus ʉʍ41, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʷ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ImageScopeColor. ʇʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ: ʧʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ; 

ʜʣʷ ʘʥʘʣʠʟʘ ʪʨʝʙʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙʳ; ʤʦʜʫʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʙʘʟʦʚʫʶ 

ʦʙʨʘʙʦʪʢʫ ʠʟʦʙʨʘʞʝʥʠʡ, ʨʫʯʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦ ʠʟʦʙʨʘʞʝʥʠʷʤ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘʪʦʚ 

ʠʟʤʝʨʝʥʠʡ. 
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ʊʘʙʣʠʮʘ 1  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʄ 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ: ɿʥʘʯʝʥʠʝ  ʧʦʢʘʟʘʪʝʣʝʡ 

ʇʣʦʪʥʦʩʪʴ, ʢʛ/ʤ3 ʧʨʠ 20 ʦʉ   861,0 

ʂʠʥʝʤʘʪʠʯʝʩʢʘʷ ʚʷʟʢʦʩʪʴ, ʤʤ2/ʩ ʧʨʠ 20ʦʉ 25,60 

ʄʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 293 

ʉʦʜʝʨʞʘʥʠʝ, ʤʘʩʩ.ʜʦʣʠ, %  

ʚʦʜʳ 

ʤʝʭ.ʧʨʠʤʝʩʝʡ 

ʩʝʨʳ 

ʘʩʬʘʣʴʪʝʥʦʚ 

ʩʤʦʣ 

ʧʘʨʘʬʠʥʘ 

ʭʣʦʨʠʩʪʳʭ ʩʦʣʝʡ, ʤʛ/ʣ 

3 

0,04 

0,635 

0,14 

15,44 

0,96 

1448,0 

 

 ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨʳ (5- ʢʨʘʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ) 

 
ʙʝʟ ʜʝʵʤʫʣʴʛʘʪʦʨʘ 

ʩ ʜʝʵʤʫʣʴʛʘʪʦʨʦʤ 

 ʯʝʨʝʟ 30 ʤʠʥʫʪ ʯʝʨʝʟ 60 ʤʠʥʫʪ 
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ʈʠʩ.1 ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʩʪʨʫʢʪʫʨʳ ʛʣʦʙʫʣ ʚʦʜʳ ʚ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʷʭ 

ɺʦʜʦʥʝʬʪʷʥʳʝ ʵʤʫʣʴʩʠʠ ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʠʟ ʚʳʩʦʢʦʩʤʦʣʠʩʪʦʡ ʥʝʬʪʠ ʄ ʧʫʪʝʤ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʥʘ 

ʵʢʩʪʨʘʢʪʦʨʝ ʇʕ-8000 ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʨʘʱʝʥʠʷ ʚʘʣʘ 3000 ʦʙ/ʤʠʥ ʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ 30 % ʠ 50 % ʦʙ. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʂ ʧʦʣʫʯʝʥʥʳʤ ʵʤʫʣʴʩʠʷʤ ʙʳʣ ʜʦʙʘʚʣʝʥ ʜʝʵʤʫʣʴʛʘʪʦʨ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,108 %, ʧʦʩʣʝ ʯʝʛʦ ʩʤʝʩʴ 

ʪʱʘʪʝʣʴʥʦ ʧʝʨʝʤʝʰʘʣʠ. ɺʥʘʯʘʣʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʵʤʫʣʴʩʠʡ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʜʝʵʤʫʣʴʛʘʪʦʨʘ.  ɿʘʪʝʤ 

ʥʘʙʣʶʜʝʥʠʝ ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʙʳ ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ, ʧʦʣʫʯʝʥʥʦʡ ʧʦʩʣʝ ʝʸ 30-ʪʠ  ʠ 60-ʪʠ ʤʠʥʫʪʥʦʡ 

ʩʪʘʙʠʣʠʟʘʮʠʠ. ɺ ʦʙʨʘʟʮʘʭ ʠʟʤʝʨʷʣʩʷ ʜʠʘʤʝʪʨ ʢʘʧʝʣʴ ʚʦʜʳ ʠ ʧʨʦʚʦʜʠʣʩʷ ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠʩʩʣʝʜʫʝʤʦʡ  

ʩʠʩʪʝʤʳ (ʙʦʣʴʰʝ 1000 ʠʟʤʝʨʝʥʠʡ ʥʘ ʢʘʞʜʳʡ ʦʙʨʘʟʝʮ). 

 

  

ʘ ʙ 

ʈʠʩ.2 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʣʦʙʫʣ ʚʦʜʳ ʧʦ ʨʘʟʤʝʨʘʤ: ʘ) 30% ʵʤʫʣʴʩʠʷ        ʙ) 50% 

ʵʤʫʣʴʩʠʷ 

 

ɼʣʷ ʢʘʞʜʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʤʫʣʴʩʠʠ ʜʝʣʘʣʠ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. ʇʦ ʚʠʟʫʘʣʴʥʳʤ 

ʥʘʙʣʶʜʝʥʠʷʤ ʬʦʪʦʩʥʠʤʢʦʚ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦʙ ʠʟʤʝʥʝʥʠʠ ʜʠʘʤʝʪʨʘ ʢʘʧʝʣʴ ʚʦʜʳ ʚ ʵʤʫʣʴʩʠʠ (ʨʠʩ. 1). ʇʦ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʧʝʣʴ ʚʦʜʳ ʧʦ ʨʘʟʤʝʨʘʤ ʨʠʩ.2.  
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʳ ʚʠʜʠʤ, ʯʪʦ ʚ ʵʤʫʣʴʩʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 30% ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʪʩʷ ʥʘ 

ʜʦʣʶ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 22 ʤʢʤ, ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʜʝʵʤʫʣʴʛʘʪʦʨʘ ʢʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʫʤʝʥʴʰʠʣʦʩʴ, ʥʦ 

ʦʙʨʘʟʦʚʘʣʦʩʴ ʤʥʦʛʦ ʥʦʚʳʭ ʤʝʣʢʠʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʤʢʤ. ɺ ʵʤʫʣʴʩʠʠ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 50 % ʚʩʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʠʥʘʯʝ: ʩʥʘʯʘʣʘ ʤʘʢʩʠʤʫʤ ʧʨʠʭʦʜʠʣʩʷ ʥʘ ʜʦʣʶ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ 12 ʤʢʤ, ʘ ʟʘʪʝʤ ʤʘʣʝʥʴʢʠʝ ʯʘʩʪʠʮʳ 

ʩʪʘʣʠ ʢʦʘʣʝʩʮʠʨʦʚʘʪʴ, ʦʙʨʘʟʫʷ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʛʣʦʙʫʣʳ ʨʘʟʤʝʨʦʤ ʙʦʣʴʰʝ 24 ʤʢʤ. ʊʘʢʞʝ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʦʪ 30% ʜʦ 50% ʚ ʵʤʫʣʴʩʠʠ, ʩʨʝʜʥʠʝ ʜʠʘʤʝʪʨʳ ʢʘʧʝʣʴ ʨʘʩʪʫʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʘʣʝʩʮʝʥʮʠʠ ʢʘʧʝʣʴ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʤʝʨ, ʩʪʨʦʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʣʦʙʫʣ 

ʚʦʜʳ ʚ ʵʤʫʣʴʩʠʠ, ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʚʳʩʦʢʦʩʤʦʣʠʩʪʘʷ ʩ ʥʝʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʴʶ ʥʝʬʪʴ ʦʙʨʘʟʫʝʪ ʵʤʫʣʴʩʠʠ, ʢʦʪʦʨʳʝ ʧʦʪʦʤ ʵʬʬʝʢʪʠʚʥʦ ʨʘʟʨʫʰʘʶʪʩʷ 

ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʝʵʤʫʣʴʛʘʪʦʨʘ. ʅʘ ʜʠʥʘʤʠʢʫ ʧʨʦʮʝʩʩʘ ʦʙʝʟʚʦʞʠʚʘʥʠʷ ʪʘʢʞʝ  ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʥʝʬʪʠ: ʚʝʣʠʯʠʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ 

ʚ ʵʤʫʣʴʩʠʠ. 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʇʘʩʧʦʨʪ ʙʝʟʦʧʘʩʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʜʫʢʮʠʠ: ʜʝʵʤʫʣʴʛʘʪʦʨ ʍʇɼ-008 ʧʦ ʊʋ 2458-032-69415476. ï1.
ʇʨʦʠʟʚʦʜʩʪʚʦ ʆʆʆ çʂʦʛʘʣʳʤʩʢʠʡ ʟʘʚʦʜ ʭʠʤʨʝʘʛʝʥʪʦʚè. 

 ɸʬʘʥʘʩʴʝʚ ɽ.ʉ. ʌʘʢʪʦʨʳ ʩʪʘʙʠʣʠʟʘʮʠʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʚʦʜʦʥʝʬʪʷʥʳʭ ʵʤʫʣʴʩʠʡ: 2.
ʘʚʪʦʨʝʬ.ʜʠʩʩ.ʢʘʥʜ. ʪʝʭʥʠʯ. ʥʘʫʢ., ï ɸʩʪʨʘʭʘʥʴ, 2013. ï 3 ʩ. 

 

ʃɸɹʆʈɸʊʆʈʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 
ɻɽʃɽʆɹʈɸɿʋʖʑʀʍ ʉʆʉʊɸɺʆɺ ʅɸ ʄʆɼɽʃʗʍ ʇʃɸʉʊɸ 
ɸ.ɺ. ʇʝʩʪʝʨʝʚ, ɽ.ɺ. ʊʫʧʠʮʠʥ, ɼ.ʅ. ʄʝʟʝʥʮʝʚ, ɸ.ɸ. ɸʥʦʧ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ɸ.ɻ. ʉʢʨʠʧʢʠʥ 
ʆɸʆ çʊʦʤʩʢʅʀʇʀʥʝʬʪʴè, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʧʣʘʩʪʘ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʥʥʝʝ ʦʙʚʦʜʥʝʥʠʝ ʧʨʦʜʫʢʮʠʠ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʠʟʚʣʝʯʝʥʠʷ ʥʝʬʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʝʢʪʥʳʤʠ. ʈʝʰʝʥʠʝʤ ʧʨʦʙʣʝʤʳ ʨʘʥʥʝʛʦ ʦʙʚʦʜʥʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ʠ ʩʥʠʞʝʥʠʷ 

ʠʟʜʝʨʞʝʢ ʷʚʣʷʶʪʩʷ ʪʨʝʪʠʯʥʳʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ 

(ʇʆʊ). ʇʦʪʦʢʦʦʪʢʣʦʥʠʪʝʣʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʚʦʜʳ ʯʝʨʝʟ ʦʙʚʦʜʥʸʥʥʳʡ ʫʯʘʩʪʦʢ ʧʣʘʩʪʘ 

ʠ ʫʚʝʣʠʯʝʥʠʷ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ ʥʝʬʪʝʥʘʩʳʱʝʥʳʡ. 

ʎʝʣʴ ʨʘʙʦʪʳ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʭ ʩʦʩʪʘʚʦʚ ʥʘ 

ʤʦʜʝʣʷʭ ʧʣʘʩʪʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʢʝʨʥʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʇʆʊ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʦʩʪʘʚʳ Seurvey RPM-2, Aqualock ʧʨʦʠʟʚʦʜʩʪʚʘ ʆʆʆ çʇʨʦʤʳʰʣʝʥʥʘʷ 

ʭʠʤʠʷè ʠ WC 204 ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʠʨʤʳ çTIORCOè. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʢʦʣʣʝʢʪʦʨʘ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 106 ʦʙʨʘʟʮʦʚ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʝʨʥʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʊʧʣ ~30Á ʉ ʠ 

~60Á ʉ ʦʜʥʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʦʨʠʩʪʦʩʪʠ ʦʙʨʘʟʮʦʚ ï ʦʪ 0,208 ʜʦ 0,312. 

ʆʙʨʘʟʮʳ ʙʳʣʠ ʨʘʟʙʠʪʳ ʥʘ 4 ʢʣʘʩʩʘ ʧʦ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʝʟʝʨʚʫʘʨʘ, ʩʦʜʝʨʞʘʱʝʛʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʩʚʷʟʘʥʥʳʝ ʧʣʘʩʪʳ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1 

ʂʣʘʩʩ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ 

ʂʣʘʩʩ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 
Tʧʣ = ~30Á C Tʧʣ = ~60Á C 

ʂʧʨ_min, ʤʢʤ
2Ā10-3 ʂʧʨ_max, ʤʢʤ

2Ā10-3 ʂʧʨ_min, ʤʢʤ
2Ā10-3 ʂʧʨ_max, ʤʢʤ

2Ā10-3 

1 67 200 22 67 

2 200 600 67 200 

3 600 1200 200 600 

4 1200 3600 600 1800 

 

ʌʠʣʴʪʨʘʮʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʫʩʪʘʥʦʚʢʘʭ FDES-650 ʠ CFS-830 (ʧʨʦʠʟʚʦʜʩʪʚʘ çCoretest 

Systemsè), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ çʦʙʲʝʤʥʦʡè (ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʧʦʜʘʯʘ ʬʣʶʠʜʦʚ ʚ ʜʚʘ 

ʢʝʨʥʦʜʝʨʞʘʪʝʣʷ) ʠ çʣʠʥʝʡʥʦʡè (ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʧʦʜʘʯʫ ʬʣʶʠʜʦʚ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʢʝʨʥʦʜʝʨʞʘʪʝʣʠ) ʤʦʜʝʣʷʭ 

ʧʨʠ ʧʣʘʩʪʦʚʳʭ ʜʘʚʣʝʥʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ çʦʙʲʝʤʥʦʡè ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʥʘ çʣʠʥʝʡʥʦʡè ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʦʡ ʤʦʜʝʣʠ 

ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

ï ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʤʦʜʝʣʴʶ ʧʣʘʩʪʦʚʦʡ ʚʦʜʳ ʧʨʠ ʟʘʢʘʯʢʝ ʦʢʦʣʦ 1,5 ʧʦʨʦʚʳʭ ʦʙʲʝʤʦʚ (Vʧʦʨ) ʩ ʨʘʙʦʯʝʡ 

ʩʢʦʨʦʩʪʴʶ 1 ʤ/ʩʫʪʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʞʠʜʢʦʩʪʠ ï ʂʧʨ1; 

ï ʟʘʢʘʯʢʘ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʝʛʦ ʩʦʩʪʘʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5 Vʧʦʨ ʧʨʦʤʳʪʦʡ ʟʦʥʳ (ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʦʡ 

ʢʦʣʦʥʢʠ) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ; 

ï ʬʠʣʴʪʨʘʮʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ (Ò 1,0 Vʧʦʨ) ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʞʠʜʢʦʩʪʠ ï ʂʧʨ2; 

ï ʜʣʷ ʧʨʦʚʝʨʢʠ ʩʪʘʙʠʣʴʥʦʩʪʠ (ʫʩʪʦʡʯʠʚʦʩʪʠ) ʩʦʩʪʘʚʘ ʚ ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʦʚʦʜʠʪʩʷ çʨʘʩʢʘʯʢʘè 

ʧʦʩʣʝʜʥʝʛʦ ï ʬʠʣʴʪʨʘʮʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ ʥʘ ʩʢʦʨʦʩʪʠ ʚ 5 ʠ 10 ʨʘʟ ʚʳʰʝ ʨʘʙʦʯʝʡ; 

ï ʬʠʣʴʪʨʘʮʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʳ (0,5 Vʧʦʨ) ʥʘ ʨʘʙʦʯʝʡ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʝʥʠʝ ʂʧʨ3. 

ʕʢʩʧʝʨʠʤʝʥʪ ʩ çʣʠʥʝʡʥʦʡè ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʡ ʤʦʜʝʣʴʶ ʧʣʘʩʪʘ ʩʦʩʪʦʠʪ ʠʟ ʵʪʘʧʦʚ: ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ; ʟʘʢʘʯʢʘ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʝʛʦ ʩʦʩʪʘʚʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,5 Vʧʦʨ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʚʳʜʝʨʞʠʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ 72 ʯʘʩʦʚ; ʧʦʚʪʦʨʥʘʷ ʬʠʣʴʪʨʘʮʠʷ ʥʝʬʪʠ; ʧʨʦʚʝʨʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʩʪʘʚʘ ʚ 

ʧʦʨʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ 19 ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ ʢʦʣʦʥʢʘʭ ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤ 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʢʣʘʩʩʦʚ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʅʘ çʦʙʲʝʤʥʦʡè ʤʦʜʝʣʠ ʧʘʨʘʤʝʪʨʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʩʪʝʧʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʝʛʦ ʩʦʩʪʘʚʘ (ʂʧʨ3/ʂʧʨ1) ʧʦ ʥʠʟʢʦʧʨʦʥʠʮʘʝʤʦʡ ʢʦʣʦʥʢʝ (ʅʂ). ʅʘ çʣʠʥʝʡʥʦʡè ʤʦʜʝʣʠ ʢʨʠʪʝʨʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʇʆʊ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʚʦʜʝ ʜʣʷ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʦʡ 

ʢʦʣʦʥʢʠ (ɺʂ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʥʝʬʪʠ ʜʣʷ ʅʂ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ Seurvey RPM-2 ʧʝʨʝʨʘʩʧʨʝʜʝʣʷʝʪ 

ʧʦʪʦʢʠ ʚ çʦʙʲʝʤʥʦʡè ʤʦʜʝʣʠ ʪʦʣʴʢʦ ʥʘ ʢʝʨʥʝ ʩ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʜʦ (400õ500)Ā10-3 ʤʢʤ2, ʜʘʣʝʝ ʩ 

ʨʦʩʪʦʤ ʘʙʩʦʣʶʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʩʥʠʞʘʝʪʩʷ ʠʣʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

(ʂʧʨ3/ʂʧʨ1 ~ 1). ɿʘʢʘʯʢʘ ʇʆʊ Seurvey RPM-2 ʥʘ çʣʠʥʝʡʥʦʡè ʤʦʜʝʣʠ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʦʙʝʠʤ ʢʦʣʦʥʢʘʤ. 

ʇʦʢʘʟʘʪʝʣʴʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ çʦʙʲʝʤʥʦʡè ʤʦʜʝʣʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʦʢʦʚ ʞʠʜʢʦʩʪʠ 

ʧʦ ʜʚʫʤ ʢʦʣʦʥʢʘʤ ʦʙʨʘʟʮʦʚ (ʜʚʫʤ ʨʘʟʥʦʧʨʦʥʠʮʘʝʤʳʤ ʧʨʦʧʣʘʩʪʢʘʤ), ʷʚʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝ ʨʘʩʭʦʜʦʚ 

(ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʜʝʙʠʪ ï Q3/Q1) ʧʦ ʅʂ ʜʦ ʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʦʦʪʢʣʦʥʠʪʝʣʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ ʩʦʩʪʘʚʘ Seurvey RPM-2 ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʝʙʠʪʘ ʞʠʜʢʦʩʪʠ ʯʝʨʝʟ ʅʂ ʥʘ ʤʦʜʝʣʠ ʩ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʢʣʘʩʩʘ 1-2 (ʨʠʩ. 1). 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʟʘʢʘʯʢʠ ʩʦʩʪʘʚʘ Aqualock ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʮʝʣʦʤ ʜʣʷ 

ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʩʥʠʞʘʝʪʩʷ (ʂʧʨ2/ʂʧʨ1 < 0,5). ʆʪʩʫʪʩʪʚʠʝ ʵʬʬʝʢʪʘ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ 

ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʝ ʧʨʦʧʣʘʩʪʢʠ ʠ ʦʙʱʝʝ ʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦ ʞʠʜʢʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʜʘʥʥʳʡ 

ʩʦʩʪʘʚ ʢʘʢ ʞʠʜʢʦʩʪʴ ʛʣʫʰʝʥʠʷ ʚ ʩʚʷʟʠ, ʩ ʯʝʤ ʠʟ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚ Aqualock ʙʳʣ ʠʩʢʣʶʯʝʥ. 

 

  
ʈʠʩ.1 ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʜʝʙʝʪ ʬʣʶʠʜʘ ʜʣʷ ʅʂ ʚ çʦʙʲʝʤʥʦʡ ʤʦʜʝʣʠè ʧʦʩʣʝ ʟʘʢʘʯʢʠ ʇʆʊ Servey RPM-2 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʇʆʊ WC 204 ʧʦʢʘʟʘʣʠ ʝʛʦ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʬʣʶʠʜʘ 

ʚʦ ʚʩʝʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʘʙʩʦʣʶʪʥʳʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʢʝʨʥʘ (ʨʠʩ. 2). 

 

  
ʈʠʩ.2 ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʜʝʙʝʪ ʬʣʶʠʜʘ ʜʣʷ ʅʂ ʚ çʦʙʲʝʤʥʦʡ ʤʦʜʝʣʠè ʧʦʩʣʝ ʟʘʢʘʯʢʠ ʇʆʊ WC 204 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʧʦ ʚʣʠʷʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʚʦʟʜʝʡʩʪʚʠʷ ʇʆʊ ʥʝ ʚʳʷʚʠʣ ʝʜʠʥʦʡ 

ʪʝʥʜʝʥʮʠʠ. ʊʘʢ ʜʣʷ ʩʦʩʪʘʚʘ Servey RPM-2 ʥʝ ʦʪʤʝʯʝʥʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ ʠ, ʥʘʧʨʦʪʠʚ, ʜʣʷ ʩʦʩʪʘʚʘ WC 

204 ʧʦʣʫʯʝʥ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʦʪʢʣʠʢ ʥʘ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ (ʨʠʩ. 3). 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ.3 ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ 

 

ʇʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʦʢʦʚ ʩʦʩʪʘʚʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ WC 204 Ÿ Seurvey RPM-2 

Ÿ Aqualock. ʉʦʩʪʘʚ WC 204, ʢʘʢ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ, ʨʝʢʦʤʝʥʜʦʚʘʥ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ. 

 

ɸɼɸʊʀɺʅɸʗ ʀʅʊɽʈʇʈɽʊɸʎʀʗ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʅɽʌʊʗʅʓʍ 
ʇʃɸʉʊʆɺ ɺ ʋʉʃʆɺʀʗʍ ʅʆʈʄɸʃʔʅʆʁ ʕʂʉʇʃʋɸʊɸʎʀʀ ʉʂɺɸɾʀʅ 

ɽ.ɺ.ʈʦʤʘʥʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʃ. ʉʝʨʛʝʝʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ, ʦʩʥʘʱʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ  

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʠ ʫʧʨʘʚʣʝʥʠʷ ʨʘʟʨʘʙʦʪʢʦʡ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺʚʝʜʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʦʩʩʠʠ ʙʦʣʴʰʠʥʩʪʚʦ ʩʢʚʘʞʠʥ 

ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʦʛʦ ʬʦʥʜʘ ʦʙʦʨʫʜʦʚʘʥʳ ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʥʠʪʦʨʠʥʛ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʧʨʠʝʤʝ ʥʘʩʦʩʘ, ʬʘʟʦʚʳʡ ʜʝʙʠʪ ʩʢʚʘʞʠʥʳ, ʪʝʤʧʝʨʘʪʫʨʘ ʠ 

ʪ.ʜ.) ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ (ʙʝʟ ʠʭ ʜʣʠʪʝʣʴʥʳʭ ʦʩʪʘʥʦʚʦʢ) [1]. ʆʜʥʘʢʦ ʪʨʘʜʠʮʠʦʥʥʳʝ, 

ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ  ʪʝʭʥʦʣʦʛʠʠ  ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ ʠ ʧʣʘʩʪʦʚ ʪʨʝʙʫʶʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʜʣʠʪʝʣʴʥʳʭ ʦʩʪʘʥʦʚʦʢ ʩʢʚʘʞʠʥ ʩ ʜʝʪʘʣʴʥʳʤ ʘʥʘʣʠʟʦʤ ʢʨʠʚʦʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʘʚʣʝʥʠʷ (ʂɺɼ) ʠ ʝʝ ʧʨʦʠʟʚʦʜʥʦʡ, 

ʚʳʜʝʣʝʥʠʝʤ ʥʘ ʂɺɼ ʫʯʘʩʪʢʦʚ ʨʘʜʠʘʣʴʥʦʛʦ ʧʨʠʪʦʢʘ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʦ - ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʠ ʪ.ʧ. [1,2]. ɼʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʥʦʩʷʪ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʦʝʤʢʠʡ ʠ ʟʘʪʨʘʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʂɺɼ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʟʘʨʘʥʝʝ ʩʧʣʘʥʠʨʦʚʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʯʪʦ ʯʘʩʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʧʨʦʩʪʦʷʤ ʩʢʚʘʞʠʥ  ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝ ʜʦʙʳʯʠ ʥʝʬʪʠ . 

ɸʜʘʧʪʠʚʥʘʷ  ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ. ʆʩʥʦʚʦʡ ʘʜʘʧʪʠʚʥʦʡ ʩʠʩʪʝʤʳ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ 

ʚʠʜʘ [3,4]  
*

0 ,( , ) ,

( , ) , 1, ,

n n n n ʟ n n

n ʥn n ʘ n n n

q q f a p

Z Z F a q n n

x x

h h

ë = + = +î
ì
= + = + =îí

     (1) 

ʆʩʦʙʝʥʥʦʩʪʴ ʤʦʜʝʣʠ (1) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʝʝ ʧʘʨʘʤʝʪʨʳ ( ( ), 1, )n j na t j m= a =  -   ʥʝʠʟʚʝʩʪʥʳʝ 

ʦʜʥʦʟʥʘʯʥʳʝ ʬʫʥʢʮʠʠ ( )j nta  ʜʠʩʢʨʝʪʥʦʛʦ ʚʨʝʤʝʥʠ 
nt . ɺ ʤʦʜʝʣʠ (1)  ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

*

,,n ʟ nq p

ï ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʜʝʙʠʪʘ ʠ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʢʚʘʞʠʥ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
nt  (ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʟʘʙʦʡʥʳʝ ʜʘʚʣʝʥʠʷ ʠʟʤʝʨʷʶʪʩʷ ʪʦʯʥʦ ʣʠʙʦ ʩ ʤʘʣʦʡ ʦʰʠʙʢʦʡ); 
nq ï ʟʥʘʯʝʥʠʷ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʦʩʥʦʚʝ ʤʦʜʝʣʠ 0 ,( , )n ʟ nf a p , ʟʘʜʘʥʥʦʡ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ,1 2( , ..., )n n n mna a a a= ; ,n nZ Z ï 

ʚʝʢʪʦʨʳ ʠʟʚʝʩʪʥʳʭ ʢ ʤʦʤʝʥʪʫ ʚʨʝʤʝʥʠ 
nt  ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʨʠʦʨʥʳʭ ʜʘʥʥʳʭ 1 2( , ,..., )n n n npZ z z z= ʠ ʩʚʝʜʝʥʠʡ 

nZ , ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʝʡ 1 2( , ,..., )ʘ a a apF f f f= ; 
1, kt t ï ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʥʘʯʘʣʘ ʠ ʟʘʚʝʨʰʝʥʠʷ 

ʨʝʞʠʤʘ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ;  ,n nx h,ï ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʧʦʛʨʝʰʥʦʩʪʠ 

ʠʟʤʝʨʝʥʠʡ ʜʝʙʠʪʘ ʠ ʟʘʙʦʡʥʳʭ ʜʘʚʣʝʥʠʡ ʩʢʚʘʞʠʥʳ, ʦʰʠʙʢʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ ʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠ ʪ. ʧ. 

ɼʣʷ ʨʝʰʝʥʠʷ  ʟʘʜʘʯʠ ʘʜʘʧʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ (1) ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ 

( ) constn na t =a =  ʧʦʩʪʦʷʥʥʳ ʥʘ ʪʝʢʫʱʝʤ ʠʥʪʝʨʚʘʣʝ ʦʙʨʘʙʦʪʢʠ 
1[ , ] [ , ]n n kt t t t ttÍ - Í ʩ ʥʦʤʝʨʦʤ n, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʙʳʪʴ  ʦʧʨʝʜʝʣʝʥ, ʥʘʧʨʠʤʝʨ, c ʧʦʤʦʱʴʶ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ 1iw =  ʧʨʠ [ , ]n nt t t tÍ -  ʠ 0iw =  ʧʨʠ 

[ , ]n nt t t tÎ - . ʉ ʫʯʝʪʦʤ ʜʘʥʥʦʛʦ ʜʦʧʫʱʝʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨʳ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

(1) ʧʨʦʮʝʩʩ ʘʜʘʧʪʠʚʥʦʡ ʠʜʝʥʪʠʬʠʢʘʮʠʠ, c ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩʦʛʣʘʩʥʦ [3,4], 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ: 
* (ɓ ) argmin ( ,ɓ ),n n n n

an
a ʌ a=       (2) 

* *

0
ɓ

ɓ argmin ( (ɓ ))n n n
n

J a= , 1, kn n=       (3) 

ʛʜʝ ʟʘʧʠʩʴ argmin ( )
x

f x  ʦʟʥʘʯʘʝʪ ʪʦʯʢʫ ʤʠʥʠʤʫʤʘ 
*x  ʬʫʥʢʮʠʠ ( )f x (

*( ) min ( )
x

f x f x= );

0( ,ɓ , ) ( ( , ), ( ,ɓ ))n n n n n a n nʌ a h J a h J aʌ=  ï ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʵʤʧʠʨʠʯʝʩʢʠʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪʚʘ ʩʠʩʪʝʤʳ 

ʤʦʜʝʣʝʡ (1), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʟʘʜʘʥʥʫʶ ʬʫʥʢʮʠʶ (ʬʫʥʢʮʠʦʥʘʣ) ʌ ʦʪ ʯʘʩʪʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ 

ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ 0 ,( , )n ʟ nf a p  ʠ ʯʘʩʪʥʦʛʦ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ  ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʨʠʦʨʥʳʭ 

ʩʚʝʜʝʥʠʡ ( , )ʘ n nF a q  ʛʜʝ 
,( , 1, )n k n k pb b= =  ï ʚʝʢʪʦʨ ʫʧʨʘʚʣʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʟʥʘʯʠʤʦʩʪʴ 

(ʚʝʩ) ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʘʧʨʠʦʨʥʳʭ ʩʚʝʜʝʥʠʡnZ . 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ 

ʤʦʜʝʣʝʡ ʠ ʘʣʛʦʨʠʪʤʦʚ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ 

ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥʳ ˉ 535 ʥʝʬʪʷʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 1-2. 

ʅʘ ʨʠʩ.2 (ʣʠʥʠʷ 1) ʧʨʠʚʝʜʝʥʳ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ  ʩʢʚʘʞʠʥʳ (ʨʠʩ. 1 ʘ)) ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ  

(ʨʠʩ. 1 ʙ)), ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ 

ʤʦʜʝʣʝʡ ʜʝʙʠʪʘ ʩʢʚʘʞʠʥʳ (1),(5) ʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ k  =4 ʤ3/ʩʫʪ ʘʪ ʠ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ p=180 ʘʪ. ʃʠʥʠʝʡ 2 ʠʟʦʙʨʘʞʝʥʳ ʦʮʝʥʢʠ  ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ  ʠ 

ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʘʜʘʧʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʩ ʨʝʛʫʣʷʨʠʟʘʮʠʝʡ ʧʦ ɸ.ʅ. ʊʠʭʦʥʦʚʫ [5] 

ʃʠʥʠʝʡ 3  ʠʟʦʙʨʘʞʝʥʳ ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ  ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʅʘ ʨʠʩ.2 ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʦʮʝʥʦʢ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʠ  ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ,  

 

  
ʈʠʩ. 1 ʆʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ a) ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʙ) 

  
ʈʠʩ. 2 ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ ʦʮʝʥʦʢ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ a) ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʙ) 

 

ʀʟ ʨʠʩ. 1, 2 ʚʠʜʥʦ, ʯʪʦ ʦʮʝʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥʳ ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʦ 

ʪʝʭʥʦʣʦʛʠʠ ʘʜʘʧʪʠʚʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʣʠʥʠʝʡ 1, ʙʦʣʝʝ ʪʦʯʥʳ ʠ 

ʫʩʪʦʡʯʠʚʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʦʮʝʥʢʘʤʠ, ʠʟʦʙʨʘʞʝʥʥʳʤʠ ʣʠʥʠʷʤʠ 2 ʠ 3 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ɿʘʢʣʶʯʝʥʠʝ. ʅʘ ʧʨʠʤʝʨʝ ʧʨʦʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ ʜʝʙʠʪʘ ʠ ʟʘʙʦʡʥʦʛʦ ʜʘʚʣʝʥʠʷ ʩʢʚʘʞʠʥʳ ʥʝʬʪʷʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʝʝ ʥʦʨʤʘʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʛʦʨʠʪʤʳ ʘʜʘʧʪʠʚʥʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩ ʫʯʝʪʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ  ʦʮʝʥʦʢ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʩʢʚʘʞʠʥ ʠ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʤʦʜʝʣʠ ʠ ʘʣʛʦʨʠʪʤʳ  ʘʜʘʧʪʠʚʥʦʡ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʦʧʝʨʘʪʠʚʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʦʤʳʩʣʦʚʳʭ 

ʜʘʥʥʳʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʦʩʥʘʱʝʥʥʳʭ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦ ʠʟʤʝʨʠʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄɽʍɸʅʀʏɽʉʂʀɽ ʉʇʆʉʆɹʓ ʋɼɸʃɽʅʀʗ ɸʉʇʆ ʀɿ ʉʂɺɸɾʀʅʓ   

ɽ.ɻ. ʈʫʬʠʥ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʇ.ʅ. ɿʷʪʠʢʦʚ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ  

ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʪʣʦʞʝʥʠʡ ʤʦʞʥʦ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʤʝʭʘʥʠʯʝʩʢʠʡ ʠ ʭʠʤʠʯʝʩʢʠʡ. ʂ 

ʤʝʭʘʥʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʨʘʟʙʫʨʠʚʘʥʠʝ, ʨʘʩʩʚʝʨʣʠʚʘʥʠʝ ʩʦʣʝʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʛʠʜʨʦʤʦʥʠʪʦʨʦʚ. ʂ 

ʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʷʪʩʷ ʪʘʢʠʝ ʩʧʦʩʦʙʳ ʢʘʢ: ʫʜʘʣʝʥʠʝ ʛʠʧʩʘ ʧʨʠ ʧʦʤʦʱʠ ʛʠʜʨʦʢʩʠʜʦʚ, ʢʘʨʙʦʥʘʪʥʳʭ ʠ 

ʙʠʢʘʨʙʦʥʘʪʥʳʭ ʨʝʘʛʝʥʪʦʚ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʦʡ, ʘ ʪʘʢʞʝ 

ʦʙʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʤʠ ʨʝʘʛʝʥʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʝ ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ 

ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʵʣʝʤʝʥʪʘʤʠ.  

ʄʝʭʘʥʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʫʜʘʣʝʥʠʝ ʫʞʝ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʦʪʣʦʞʝʥʠʡ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ 

ʨʘʟʨʘʙʦʪʘʣʠ ʮʝʣʦʝ ʤʥʦʞʝʩʪʚʦ ʩʢʨʝʙʢʦʚ ʨʘʟʣʠʯʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʙʦʨʴʙʳ ʩ ɸʉʇʆ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʯʘʩʪʦ ʥʝʦʙʭʦʜʠʤʳ ʦʩʪʘʥʦʚʢʘ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳ ʟʘʩʪʨʝʚʘʥʠʝ ʩʢʨʝʙʢʦʚ, ʦʙʨʳʚ 

ʠʭ ʢʨʝʧʣʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʜʨʫʛʠʝ ʧʨʦʙʣʝʤʳ.  

ɺ ʢʦʥʮʝ 50-ʭ ʛʦʜʦʚ ʚ ʬʦʥʪʘʥʥʳʭ ʩʢʚʘʞʠʥʘʭ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʘʨʘʬʠʥʘ ʩʦ ʩʪʝʥʦʢ ʪʨʫʙ ʝʱʝ ʧʨʠʤʝʥʷʣʠʩʴ 

ʨʫʯʥʳʝ ʣʝʙʝʜʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʤʘʪʳʚʘʣʘʩʴ ʩʢʨʝʙʢʦʚʘʷ ʧʨʦʚʦʣʦʢʘ ʜʠʘʤʝʪʨʦʤ 2,5 ï 3,0 ʤʤ, ʥʘ ʩʚʦʙʦʜʥʳʡ ʢʦʥʝʮ 

ʢʦʪʦʨʦʡ ʢʨʝʧʠʣʩʷ ʩʢʨʝʙʦʢ, ʚʳʧʦʣʥʝʥʥʳʡ ʢʦʥʩʪʨʫʢʪʠʚʥʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʥʠʟ ʦʥ ʩʢʣʘʜʳʚʘʣʩʷ, 

ʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʚʝʨʭ ʨʘʟʜʚʠʛʘʣʩʷ ʜʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙ ʠ ʩʦʩʢʨʝʙʘʣ ʩ ʠʭ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʣʦʞʠʚʰʠʡʩʷ 

ʧʘʨʘʬʠʥ. ʆʧʝʨʘʪʦʨ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʪʨʫʙʘʭ ʚʨʫʯʥʫʶ 

ʩʧʫʩʢʘʣ ʩʢʨʝʙʦʢ ʜʦ ʪʨʝʙʫʝʤʦʡ ʛʣʫʙʠʥʳ ʚ ʅʂʊ, ʘ ʟʘʪʝʤ ʧʦʜʥʠʤʘʣ ʝʛʦ. 

ʇʦʟʞʝ ʵʪʦʪ ʧʨʦʮʝʩʩ ʤʝʭʘʥʠʟʠʨʦʚʘʣʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʣʝʢʪʨʦʧʨʠʚʦʜʥʦʡ ʣʝʙʝʜʢʠ. 

ɿʘʪʝʤ ʙʳʣʠ ʩʦʟʜʘʥʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʜʝʧʘʨʘʬʠʥʠʟʘʮʠʦʥʥʳʝ ʫʩʪʘʥʦʚʢʠ ɸɼʋ-3, ʢʦʪʦʨʳʝ 

ʚʢʣʶʯʘʣʠʩʴ ʥʘ ʩʧʫʩʢ ʩʢʨʝʙʢʘ ʧʦ ʧʨʦʛʨʘʤʤʝ, ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʨʝʚʝʨʩʠʨʦʚʘʣʠʩʴ ʠ ʦʪʢʣʶʯʘʣʠʩʴ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʩʢʨʝʙʢʦʤ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ. ʇʦʟʞʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ çʣʝʪʘʶʱʠʝè ʩʢʨʝʙʢʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʋʬʅʀʀ.  

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʫʩʢ ʩʢʨʝʙʢʘ ʚ ʩʢʚʘʞʠʥʫ ʧʨʦʠʟʚʦʜʠʣ ʦʧʝʨʘʪʦʨ ʯʝʨʝʟ ʣʫʙʨʠʢʘʪʦʨ. ʇʨʠ ʵʪʦʤ ʩʢʨʝʙʦʢ 

ʥʘʭʦʜʠʣʩʷ ʚ ʩʣʦʞʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ, ʪʦ ʝʩʪʴ ʨʝʞʫʱʠʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʪʦʢʫ ʬʣʶʠʜʘ ʠ 

ʩʦʟʜʘʚʘʣʠ ʝʛʦ ʜʚʠʞʝʥʠʶ ʤʠʥʠʤʘʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʢʨʝʙʦʢ ʧʘʜʘʣ ʚʥʠʟ. ɼʦʩʪʠʛʥʫʚ ʥʠʞʥʝʛʦ 

ʘʤʦʨʪʠʟʘʪʦʨʘ, ʩʢʨʝʙʦʢ ʫʜʘʨʷʣʩʷ ʦ ʥʝʛʦ, ʨʘʩʢʨʳʚʘʣʩʷ, ʨʝʞʫʱʠʝ ʵʣʝʤʝʥʪʳ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʧʦʪʦʢʫ, ʧʨʠʥʠʤʘʷ ʨʘʟʤʝʨ ʥʘ 1 ï 2 ʤʤ ʤʝʥʴʰʝ ʜʠʘʤʝʪʨʘ ʪʨʫʙ, ʧʝʨʝʢʨʳʚʘʣʠ ʠʭ ʧʨʦʭʦʜʥʦʝ ʩʝʯʝʥʠʝ ʠ ʧʦʪʦʢʦʤ 

ʩʢʚʘʞʠʥʥʦʛʦ ʬʣʶʠʜʘ ʧʝʨʝʤʝʱʘʣʠʩʴ ʚʚʝʨʭ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦʩʢʘʙʣʠʚʘʷ ʦʪʣʦʞʠʚʰʠʡʩʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʘʨʘʬʠʥ. ɼʦʩʪʠʛʥʫʚ ʚʝʨʭʥʝʛʦ ʘʤʦʨʪʠʟʘʪʦʨʘ ʠ ʫʜʘʨʠʚʰʠʩʴ ʦ ʥʝʛʦ, ʩʢʨʝʙʦʢ ʩʢʣʘʜʳʚʘʣʩʷ ʠ ʧʘʜʘʣ 

ʚʥʠʟ. 

ɺ ʥʘʩʦʩʥʳʭ ʩʢʚʘʞʠʥʘʭ ʜʣʷ ʙʦʨʴʙʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʧʘʨʘʬʠʥʘ ʥʘ ʩʪʝʥʢʘʭ ʧʦʜʲʝʤʥʳʭ ʪʨʫʙ ʧʨʠʤʝʥʷʶʪʩʷ 

ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʢʨʝʙʢʠ, ʫʢʨʝʧʣʷʝʤʳʝ ʥʘ ʥʘʩʦʩʥʳʭ ʰʪʘʥʛʘʭ. ɺ ʉʅɻ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʣʘʩʪʠʥʯʘʪʳʝ 

ʩʢʨʝʙʢʠ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ 2,5 ï 3 ʤʤ ʧʣʘʩʪʠʥ ʣʠʩʪʦʚʦʛʦ ʞʝʣʝʟʘ (ʨʠʩ. 1), ʧʨʠʢʨʝʧʣʷʝʤʳʝ ʢ ʰʪʘʥʛʘʤ ʧʨʠ ʧʦʤʦʱʠ 

ʭʦʤʫʪʦʚ. 

ʇʦʪʨʝʙʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʢʨʝʙʢʦʚ ʜʣʷ ʢʘʞʜʦʡ ʢʦʣʦʥʥʳ ʥʘʩʦʩʥʳʭ ʰʪʘʥʛ: 
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50

 
ʛʜʝ nh

 ï ʛʣʫʙʠʥʘ ʦʪʣʦʞʝʥʠʷ ʧʘʨʘʬʠʥʘ ʚ ʤ; 

1 ï ʜʣʠʥʘ ʭʦʜʘ ʧʣʫʥʞʝʨʘ ʥʘʩʦʩʘ ʠʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʣʘʩʪʠʥʘʤʠ ʚ ʤ; 

1n ï ʜʣʠʥʘ ʧʣʘʩʪʠʥʳ ʚ ʤ. 

ʅʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʦʙʦʨʫʜʫʶʪ ʰʪʘʥʛʦʚʨʘʱʘʪʝʣʷʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʩʢʨʝʙʢʦʚ, 

ʢʦʪʦʨʳʝ ʧʦʜʚʝʰʠʚʘʶʪ ʢ ʛʦʣʦʚʢʝ ʙʘʣʘʥʩʠʨʘ ʩʪʘʥʢʘ-ʢʘʯʘʣʢʠ. ʉʘʣʴʥʠʢʦʚʳʡ ʰʪʦʢ ʟʘʢʣʠʥʠʚʘʝʪʩʷ ʚ ʨʦʪʦʨʝ 

ʰʪʘʥʛʦʚʨʘʱʘʪʝʣʷ, ʠ ʧʨʠ ʝʛʦ ʧʦʚʦʨʦʪʝ ʧʦʚʦʨʘʯʠʚʘʝʪʩʷ ʠ ʢʦʣʦʥʥʘ ʥʘʩʦʩʥʳʭ ʰʪʘʥʛ ʩ ʫʢʨʝʧʣʝʥʥʳʤʠ ʥʘ ʥʠʭ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʩʢʨʝʙʢʘʤʠ, ʧʨʠ ʵʪʦʤ ʙʦʢʦʚʳʤʠ ʛʨʘʥʷʤʠ ʩʨʝʟʘʝʪʩʷ ʧʘʨʘʬʠʥ ʩʦ ʩʪʝʥʦʢ ʪʨʫʙ. ʐʪʘʥʛʦʚʨʘʱʘʪʝʣʴ ʚʨʘʱʘʝʪ ʢʦʣʦʥʥʫ 

ʥʘʩʦʩʥʳʭ ʰʪʘʥʛ ʥʘ ʦʜʠʥ ʦʙʦʨʦʪ ʦʙʳʯʥʦ ʟʘ 40 ʭʦʜʦʚ ʰʪʦʢʘ. 

 

 
ʈʠʩ. 1 ʉʢʨʝʙʦʢ ʧʣʘʩʪʠʥʯʘʪʳʡ 

 

ʆʪʣʦʞʝʥʠʷ ʧʘʨʘʬʠʥʘ ʚ ʣʠʬʪʦʚʳʭ ʪʨʫʙʘʭ ʩʢʚʘʞʠʥ, ʦʙʦʨʫʜʦʚʘʥʥʳʭ ʉʂʅ, ʫʜʘʣʷʶʪ ʚ ʦʩʥʦʚʥʦʤ ʩ 

ʧʦʤʦʱʴʶ ʪʦʨʮʝʚʳʭ ʫʢʦʨʦʯʝʥʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʩʢʨʝʙʢʦʚ ʊʘʪʅʀʀ (ʨʠʩ. 2), ʧʨʠʚʘʨʠʚʘʝʤʳʭ ʢ ʰʪʘʥʛʘʤ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʣʘʩʪʠʥʯʘʪʳʭ ʩʢʨʝʙʢʦʚ ʪʦʨʮʝʚʦʛʦ ʪʠʧʘ ʥʘʩʦʩʥʳʝ ʫʩʪʘʥʦʚʢʠ ʪʘʢʞʝ ʦʙʦʨʫʜʫʶʪʩʷ 

ʰʪʘʥʛʦʚʨʘʱʘʪʝʣʷʤʠ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʰʠʚʘʶʪ ʢ ʛʦʣʦʚʢʝ ʙʘʣʘʥʩʠʨʘ. ɺ ʪʦʨʮʝʚʳʭ ʩʢʨʝʙʢʘʭ ʦʩʥʦʚʥʦʡ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʦʡ ʷʚʣʷʝʪʩʷ ʛʨʘʥʴ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʪʦʣʱʠʥʫ ʩʢʨʝʙʢʘ. ʇʘʨʘʬʠʥ ʩʦ ʩʪʝʥʦʢ ʪʨʫʙ ʩʨʝʟʘʝʪʩʷ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ 

ʢʦʣʦʥʥʳ ʰʪʘʥʛ, ʧʨʠ ʧʦʚʦʨʦʪʝ ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ ʰʪʘʥʛʦʚʨʘʱʘʪʝʣʷ ʩʢʨʝʙʦʢ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʥʦʚʦʝ ʧʦʣʦʞʝʥʠʝ.  

ʏʠʩʣʦ ʩʢʨʝʙʢʦʚ n, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʫʢʦʤʧʣʝʢʪʦʚʘʥʠʷ ʢʦʣʦʥʥʳ ʰʪʘʥʛ, 
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ʛʜʝ ʅ ï ʛʣʫʙʠʥʘ ʩʧʫʩʢʘ ʩʢʨʝʙʢʦʚ; 

1 ï ʜʣʠʥʘ ʭʦʜʘ ʧʦʣʠʨʦʚʘʥʥʦʛʦ ʰʪʦʢʘ; 

1ʉ ï ʜʣʠʥʘ ʩʢʨʝʙʢʘ; 

1n ï ʜʣʠʥʘ ʟʦʥʳ ʧʝʨʝʢʨʳʪʠʷ ʧʦ ʚʝʨʪʠʢʘʣʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʫʢʦʨʦʯʝʥʥʳʭ ʪʦʨʮʝʚʳʭ ʩʢʨʝʙʢʦʚ ʧʦʟʚʦʣʠʣʦ ʫʤʝʥʴʰʠʪʴ ʨʘʩʭʦʜ ʤʝʪʘʣʣʘ ʥʘ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʝ 

ʚ 5 ʨʘʟ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʨʝʙʢʘʤʠ ʙʦʣʴʰʦʡ ʜʣʠʥʳ), ʨʝʟʢʦ ʩʥʠʟʠʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʛʦʣʦʚʢʫ ʙʘʣʘʥʩʠʨʘ, ʫʧʨʦʩʪʠʪʴ 

ʪʝʭʥʦʣʦʛʠʶ ʢʨʝʧʣʝʥʠʷ ʠʭ ʢ ʰʪʘʥʛʘʤ. 

ʐʠʨʠʥʘ ʧʣʘʩʪʠʥʳ ʧʨʠʥʠʤʘʝʪʩʷ ʤʝʥʴʰʝ ʥʘ 2 ï 3 ʤʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʠʘʤʝʪʨʘ ʧʦʜʲʝʤʥʳʭ ʪʨʫʙ.  

ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʩʧʦʩʦʙ ʦʯʠʩʪʢʠ ʚʳʢʠʜʥʳʭ ʣʠʥʠʡ ʦʪ ʧʘʨʘʬʠʥʘ ʩ ʧʦʤʦʱʴʶ ʨʝʟʠʥʦʚʳʭ ʰʘʨʦʚ 

(ʪʦʨʧʝʜ), ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʤ ʧʨʠ ʣʶʙʦʤ ʩʧʦʩʦʙʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʢʚʘʞʠʥ. ʐʘʨʳ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʨʦʜʚʠʛʘʶʪʩʷ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʞʠʜʢʦʩʪʠ ʵʢʩʧʣʫʘʪʠʨʫʶʱʠxʩʷ ʩʢʚʘʞʠʥ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʣʘʩʪʠʯʥʳʭ ʰʘʨʦʚ (ʪʦʨʧʝʜ) 

ʪʨʫʙʦʧʨʦʚʦʜʳ ʥʝ ʜʦʣʞʥʳ ʠʤʝʪʴ ʚʳʩʪʫʧʦʚ ʠ ʦʩʪʨʳʭ ʢʨʦʤʦʢ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʘʜʠʫʩʳ ʟʘʢʨʫʛʣʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʜʠʘʤʝʪʨʘʤʠ 100 ʤʤ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ ʤʝʥʝʝ 150 ʤʤ. ʉʭʝʤʘ ʦʙʚʷʟʢʠ ʫʩʪʴʷ ʩʢʚʘʞʠʥ ʠ ʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʥʘ ʛʨʫʧʧʦʚʦʡ ʫʩʪʘʥʦʚʢʝ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 2. ʇʝʨʝʜ ʧʝʨʚʳʤ ʧʫʩʢʦʤ ʰʘʨʘ ʪʨʫʙʦʧʨʦʚʦʜ ʧʨʦʧʘʨʠʚʘʝʪʩʷ 

ʠʣʠ ʧʨʦʤʳʚʘʝʪʩʷ ʛʦʨʷʯʝʡ ʥʝʬʪʴʶ. ʏʘʩʪʦʪʘ ʟʘʧʫʩʢʘ ʰʘʨʘ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʨʘʬʠʥʠʟʘʮʠʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ. ʇʨʠ ʦʙʚʦʜʥʝʥʠʠ ʧʨʦʜʫʢʮʠʠ ʩʢʚʘʞʠʥ ʜʦ 30% ʠ ʙʦʣʝʝ ʰʘʨʳ ʟʘʧʫʩʢʘʶʪʩʷ 1 ï 2 ʨʘʟʘ ʚ ʤʝʩʷʮ. ɺ 

ʧʨʠʝʤʥʦʡ ʢʘʤʝʨʝ ʧʦ ʫʢʘʟʘʪʝʣʶ ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʰʘʨʘ, ʢʦʪʦʨʳʡ ʩʨʘʟʫ ʞʝ ʠʟʚʣʝʢʘʝʪʩʷ. ʇʨʠ ʟʘʩʪʨʝʚʘʥʠʠ 

ʝʛʦ ʚ ʪʨʫʙʦʧʨʦʚʦʜ ʧʨʦʧʫʩʢʘʶʪ ʚʪʦʨʦʡ ʰʘʨ. ɽʩʣʠ ʵʪʦ ʦʢʘʟʘʣʦʩʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤ, ʦʙʘ ʰʘʨʘ ʧʨʦʪʘʣʢʠʚʘʶʪ ʩ 

ʧʦʤʦʱʴʶ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʘ. ʇʨʝʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʚʳʰʝ ʜʦʧʫʩʢʘʝʤʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ 

ʦʙʨʘʟʦʚʘʥʠʠ ʛʣʫʭʦʡ ʧʘʨʘʬʠʥʦʚʦʡ ʧʨʦʙʢʠ, ʜʣʷ ʣʠʢʚʠʜʘʮʠʠ ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʧʘʨʢʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩʦ 

ʩʪʦʨʦʥʳ ʛʨʫʧʧʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʫʯʘʩʪʢʘʤ.  

 

 
ʈʠʩ. 2 ʇʣʘʩʪʠʥʯʘʪʳʡ ʩʢʨʝʙʦʢ ʊʘʪʅʀʀ ʪʦʨʮʝʚʦʛʦ ʪʠʧʘ 

1 ï ʩʢʨʝʙʦʢ, 2 ï ʤʫʬʪʘ ʢʨʝʧʣʝʥʠʷ, 3 ï ʰʪʘʥʛʘ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
 

ɼʣʷ ʦʯʠʩʪʢʠ ʦʪ ʦʪʣʦʞʝʥʠʡ ʧʘʨʘʬʠʥʘ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʧʨʠʤʝʥʷʶʪ ʪʘʢʞʝ ʰʘʨʦʚʳʝ 

ʨʝʟʠʥʦʚʳʝ ʨʘʟʜʝʣʠʪʝʣʠ (ʈʐ), ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʩʤʝʰʠʚʘʥʠʷ ʨʘʟʥʦʩʦʨʪʥʳʭ 

ʧʨʦʜʫʢʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʧʝʨʝʢʘʯʢʠ. ɺʳʧʫʩʢʘʶʪ ʰʘʨʦʚʳʝ ʨʘʟʜʝʣʠʪʝʣʠ ʠ ʩ ʤʘʛʥʠʪʥʳʤ ʜʘʪʯʠʢʦʤ, ʢʦʪʦʨʳʡ ʚ 

ʢʦʤʧʣʝʢʩʝ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʥʘʟʝʤʥʳʤ ʦʙʦʨʫʜʦʚʘʥʠʝʤ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʰʘʨʘ ʚ ʧʦʜʟʝʤʥʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʝʡ ʞʠʜʢʦʩʪʠ ʣʝʪʦʤ ʧʨʠʤʝʥʷʝʪʩʷ ʚʦʜʘ, ʟʠʤʦʡ ï ʘʥʪʠʬʨʠʟ. ɼʣʷ ʦʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ 

ʧʝʨʝʤʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʰʘʨʳ ʪʠʧʘ ʉʈʐ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ 

ʪʦʣʱʝ ʩʪʝʥʢʠ ʰʘʨʘ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʵʣʘʩʪʠʯʥʦʛʦ ʧʦʨʠʩʪʦʛʦ ʩʣʦʷ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʰʘʨ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʟʘʜʚʠʞʢʠ 

ʠ ʫʯʘʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʤʝʥʴʰʠʤ ʧʨʦʭʦʜʥʳʤ ʩʝʯʝʥʠʝʤ. 

ɺʥʦʚʴ ʚʚʦʜʠʤʳʝ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʪʨʫʙʦʧʨʦʚʦʜʳ ʦʯʠʱʘʶʪʩʷ ʢʘʣʠʙʨʦʚʦʯʥʳʤʠ ʧʦʨʰʥʷʤʠ, ʚ ʧʝʨʝʜʥʝʡ 

ʯʘʩʪʠ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʞʝʩʪʢʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʜʠʩʢʠ ʜʠʘʤʝʪʨʦʤ, ʨʘʚʥʳʤ 95% ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʪʨʫʙ. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʧʦʩʪʦʨʦʥʥʠʭ ʧʨʝʜʤʝʪʦʚ ʠ ʚʳʷʚʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʧʨʠʤʝʥʷʶʪ ʱʝʣʦʯʥʳʝ ʩʢʨʝʙʢʠ. 
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ɸ.ɺ. ʉʪʝʧʠʢʦ 
ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ɺ. ʄ. ɻʘʣʢʠʥ

1
, ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɺ.ɸ. ʂʫʚʰʠʥʦʚ

2
  

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 
2
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ, ʉʆ ʈɸʅ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʚʦʜʥʝʥʠʝ, ʢʘʢ ʤʝʪʦʜ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʤʝʥʷʝʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʜʳ ʜʣʷ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ, ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʝ ʚʷʟʢʦʩʪʝʡ 

ʥʝʬʪʠ ʠ ʚʦʜʳ m0=mʥʝʬʪʴ/mʚʦʜʘ ʣʝʞʠʪ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ ʦʜʥʦʡ ʜʦ ʧʷʪʠ ʝʜʠʥʠʮ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ 

ʜʘʥʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʩʠʣʴʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʉʘʬʬʤʘʥʘ-ʊʝʡʣʦʨʘ [2], ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʦʙʨʘʟʦʚʘʥʠʠ çʧʘʣʴʮʝʚè, ʧʨʠ ʚʳʪʝʩʥʝʥʠʠ ʙʦʣʝʝ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʴʶ ʤʝʥʝʝ ʚʷʟʢʦʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʟʘʚʦʜʥʝʥʠʷ. ʇʨʠ ʚʳʩʦʢʠʭ ʟʥʘʯʝʥʠʷʭ ʧʘʨʘʤʝʪʨʘ m0=20 ï 30 ʦʧʨʘʚʜʘʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʧʦʣʠʤʝʨʥʦʛʦ 

ʟʘʚʦʜʥʝʥʠʷ. ʇʨʠ ʜʘʥʥʦʤ ʚʠʜʝ ʟʘʚʦʜʥʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʚʳʪʝʩʥʷʶʱʠʭ ʘʛʝʥʪʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʳ 

(ʧʦʣʠʘʢʨʠʣʘʤʠʜʳ, ʧʦʣʠʩʘʭʘʨʠʜʳ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʠʤʝʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʚʷʟʢʦʩʪʝʡ m0 ʩʨʝʜʳ ʠ ʘʛʝʥʪʘ, ʘ ʪʘʢʞʝ ʜʦʙʠʪʴʩʷ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʨʝʠʤʫʱʝʩʪʚ. 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚʳʪʝʩʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ ʫʩʪʘʥʦʚʢʠ ʚ ʚʠʜʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʢʦʣʦʥʢʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʜʝʣʠʨʫʝʪʩʷ 

ʦʜʥʦʤʝʨʥʳʡ (ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʝ) ʩʣʫʯʘʡ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʧʨʠʤʝʥʷʝʪʩʷ ʷʯʝʡʢʘ ʍʝʣʝ-ʐʦʫ, 

ʠʟʦʙʨʝʪʝʥʥʘʷ ʘʥʛʣʠʡʩʢʠʤ ʠʥʞʝʥʝʨʦʤ Henry Selby Hele-Shaw, ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʣʘʩʪʠʥʳ, ʨʘʟʜʝʣʝʥʥʳʝ ʥʝʙʦʣʴʰʠʤ ʟʘʟʦʨʦʤ ʠ ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʦʙʪʝʢʘʥʠʷ ʪʝʣ 

ʞʠʜʢʦʩʪʴʶ. ʊʘʢʞʝ ʷʯʝʡʢʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʪʝʯʝʥʠʷ ʠ ʚʳʪʝʩʥʝʥʠʷ ʞʠʜʢʦʩʪʠ ʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ. ɽʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʣʦʥʢʠ, ʤʦʞʥʦ ʤʦʜʝʣʠʨʦʚʘʪʴ ʜʚʫʤʝʨʥʳʡ ʧʨʦʮʝʩʩ 

ʚʳʪʝʩʥʝʥʠʷ ʞʠʜʢʦʩʪʠ. ɺ ʨʘʙʦʪʝ [1], ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʥʝʬʪʷʥʦʤ ʧʣʘʩʪʝ ʥʘ ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ, ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ. ʊʘʢʠʝ ʦʧʳʪʳ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʩʪʨʦʛʦʛʦ ʩʦʙʣʶʜʝʥʠʷ ʪʝʭʥʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʩʜʝʣʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ 

ʫʩʪʘʥʦʚʢʫ ʥʘ ʦʩʥʦʚʝ ʷʯʝʡʢʠ ʍʝʣʝ-ʐʦʫ ʠ ʧʨʦʚʝʩʪʠ ʦʧʳʪʳ, ʘʥʘʣʦʛʠʯʥʳʝ [1], ʠʩʧʦʣʴʟʫʷ ʦʧʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʜʣʷ 

ʨʝʛʠʩʪʨʘʮʠʠ ʜʚʠʞʝʥʠʷ ʞʠʜʢʦʩʪʠ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʟʜʘʪʴ ʯʠʩʣʝʥʥʫʶ ʤʦʜʝʣʴ ʷʯʝʡʢʠ ʍʝʣʝ-ʐʦʫ ʠʩʧʦʣʴʟʫʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʦʩʪʘʥʦʚʢʫ ʠʟ [3] ʠ [4]. 

ʃʘʙʦʨʘʪʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʙʘʟʝ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʥʝʬʪʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ. ɺ ʢʘʯʝʩʪʚʝ ʷʯʝʡʢʠ ʍʝʣʝ-ʐʦʫ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʝ ʧʣʘʩʪʠʥʳ ʠʟ ʦʨʛʩʪʝʢʣʘ, ʦʜʥʘ ʠʟ 

ʢʦʪʦʨʳʭ ʠʤʝʣʘ ʮʝʥʪʨʘʣʴʥʦʝ ʦʪʚʝʨʩʪʠʝ ʜʣʷ ʧʦʜʘʯʠ ʚ ʧʦʣʦʩʪʴ ʞʠʜʢʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʚʷʟʢʦʡ ʩʨʝʜʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʩ ʬʣʶʦʨʝʩʮʠʨʫʶʱʠʤ ʚʝʱʝʩʪʚʦʤ (ʬʣʫʦʨʝʩʮʝʠʥ) ʠ ʚʳʪʝʩʥʷʶʱʠʡ ʘʛʝʥʪ ï ʚʦʜʥʳʡ 

ʨʘʩʪʚʦʨ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʠ ʡʦʜʘ (ʡʦʜʠʥʦʣ). ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʫʯʝʥʳ 

ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʤʝʥʝʝ ʚʷʟʢʠʤ ʘʛʝʥʪʦʤ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʉʘʬʬʤʘʥʘ - 

ʊʝʡʣʦʨʘ), ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚʠʟʫʘʣʴʥʦ ʥʘʣʠʯʠʝʤ ʯʝʪʢʦʡ ʬʨʘʢʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʚʠʜʝ ʩʚʦʝʦʙʨʘʟʥʳʭ 

ʧʘʣʴʮʝʚ. ʅʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥ ʦʜʠʥ ʠʟ ʭʘʨʘʢʪʝʨʥʳʭ ʦʧʳʪʦʚ. 
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ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʨʦʚʦʜʠʣʠʩʴ ʩʦʚʤʝʩʪʥʦ ʩ ʅ. ʆ. ʊʘʩʢʠʥʳʤ, ʧʦʣʫʯʝʥʳ 

ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʚʝʜʝʥʠʷ ʜʘʥʥʳʭ ʦʧʳʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥʦ ʦʧʪʠʤʘʣʴʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʷʟʢʦʩʪʝʡ ʩʨʝʜʳ ʠ ʘʛʝʥʪʘ m0, ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ 20 ï 30 ʝʜʠʥʠʮ. 
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ʆʎɽʅʂɸ ɼʀʅɸʄʀʂʀ ʉʅʀɾɽʅʀʗ ʉʂʆʈʆʉʊʀ ʂʆʈʈʆɿʀʀ ʇʆ  ɸʅɸʃʀɿʋ 

ʇʆʃʗʈʀɿɸʎʀʆʅʅʓʍ ʂʈʀɺʓʍ 
ɼ.ɸ. ʉʫʣʪʘʥʦʚʘ, ʈ.ʈ. ʍʫʩʘʠʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɸ.ɺ. ʄʘʢʩʶʪʠʥ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʫʥʠʚʝʨʩʠʪʝʪ çɻʦʨʥʳʡè, ʛ. ʉʘʥʢʪ- ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

ʇʨʦʮʝʩʩ ʨʘʟʨʫʰʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠʣʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʦʡ, ʥʘʟʳʚʘʝʪʩʷ ʢʦʨʨʦʟʠʝʡ. ɺ ʥʝʬʪʝʛʘʟʦʚʦʡ ʦʪʨʘʩʣʠ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ ʠʤʝʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ 

ʢʘʢ ʚʥʫʪʨʠʩʢʚʘʞʠʥʥʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʦʩʪʦʷʥʥʦ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʥʝʬʪʴʶ, ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʚʦʜʦʡ, ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʶ ʩʦʣʝʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʨʫʰʝʥʠʶ ʤʘʪʝʨʠʘʣʘ. ʂʦʨʨʦʟʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʦʪʣʠʯʘʶʪʩʷ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʫʩʣʦʚʠʡ ʠ ʩʨʝʜ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʧʨʦʪʝʢʘʶʪ.  

ʂʦʨʨʦʟʠʷ ʚ ʧʨʦʤʳʩʣʦʚʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ ʷʚʣʷʝʪʩʷ ʦʙʱʝʡ ʧʨʦʙʣʝʤʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʨʝʜʳ, 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʠʩʣʦʨʦʜʘ, ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠʣʠ ʩʝʨʦʚʦʜʦʨʦʜʘ. ʇʨʦʙʣʝʤʘ ʢʦʨʨʦʟʠʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʨʠ ʜʦʙʳʯʝ 

ʥʝʬʪʠ ʭʘʨʘʢʪʝʨʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʈʦʩʩʠʠ. ʋʨʦʚʝʥʴ ʝʝ ʦʩʪʘʝʪʩʷ ʚʳʩʦʢʠʤ ʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʪʨʘʥ ʉʅɻ: 

ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ, ɸʟʝʨʙʘʡʜʞʘʥʘ, ʂʘʟʘʭʩʪʘʥʘ, ɹʝʣʘʨʫʩʠ ʠ ʜʨ. ʇʨʦʙʣʝʤʘ ʦʪʤʝʯʝʥʘ ʧʨʠ ʜʦʙʳʯʝ ʥʝʬʪʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʨʫʧʥʳʭ ʥʝʬʪʷʥʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ - ʂʘʥʘʜʝ, ɺʝʣʠʢʦʙʨʠʪʘʥʠʠ (ʚ ʘʢʚʘʪʦʨʠʠ ʉʝʚʝʨʥʦʛʦ ʤʦʨʷ), 

ʩʪʨʘʥʘʭ ʖʞʥʦʡ ɸʤʝʨʠʢʠ, ɸʬʨʠʢʠ, ʖʛʦ-ɺʦʩʪʦʯʥʦʡ ɸʟʠʠ, ʥʘ ɹʣʠʞʥʝʝ ɺʦʩʪʦʢʝ (ʟʦʥʘ ʉʫʵʮʢʦʛʦ ʟʘʣʠʚʘ), ʠ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ.  

ʂʦʨʨʦʟʠʷ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʦʛʨʦʤʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʧʦʵʪʦʤʫ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʦ ʚʩʝʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʠ ʩʝʨʚʠʩʥʳʭ ʢʦʤʧʘʥʠʷʭ ʧʨʠʤʝʥʷʶʪʩʷ ʪʝ ʠʣʠ ʠʥʳʝ ʚʠʜʳ ʠ ʩʧʦʩʦʙʳ ʟʘʱʠʪʳ. ʆʩʥʦʚʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ ʟʘʱʠʪʳ ʦʪ ʢʦʨʨʦʟʠʠ ʷʚʣʷʶʪʩʷ: ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ [1]. 

ɺ ʢʘʯʝʩʪʚʝ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʟʘʱʠʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ ʧʨʠʤʝʥʝʥʠʝ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʠʥʛʠʙʠʪʦʨʥʫʶ ʟʘʱʠʪʫ ʧʨʠʤʝʥʷʶʪ ʢʘʢ 

ʧʨʝʜʫʧʨʝʞʜʘʶʱʫʶ ʤʝʨʫ ʜʦ ʚʥʝʜʨʝʥʠʷ ʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ. ɿʘ ʩʯʝʪ ʘʜʩʦʨʙʮʠʠ ʠʥʛʠʙʠʪʦʨʘ ʠʣʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʘ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʪʘʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʫʤʝʥʴʰʘʝʪʩʷ ʧʣʦʱʘʜʴ ʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ ʠʟʤʝʥʷʝʪʩʷ ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ 

ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʘʝʪʩʷ ʠ ʠʥʛʠʙʠʪʦʨ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʥʝʛʘʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʘʤ ʤʝʪʘʣʣ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʭʘʥʠʟʤʘ ʜʝʡʩʪʚʠʷ ʨʘʟʣʠʯʘʶʪ ʠʥʛʠʙʠʪʦʨʳ ʢʦʨʨʦʟʠʠ 

ʙʘʨʴʝʨʥʦʛʦ ʪʠʧʘ, ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ, ʫʜʘʣʷʶʱʠʝ ʠ ʧʨʦʯʠʝ (ʨʠʩ. 1).  

ʇʦʜʙʦʨ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʥʛʠʙʠʪʦʨʘ, ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʫʩʣʦʚʠʡ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʝʪʘʣʣʦʚ ʚ ʩʨʝʜʘʭ ʵʣʝʢʪʨʦʣʠʪʦʚ. 

ʇʦʪʝʥʮʠʦʩʪʘʪ Gill 12 ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʝʡ ʪʦʢʦʚ ʛʘʣʴʚʘʥʦʧʘʨ. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
 

 
ʈʠʩ.1 ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ [2] 

 

ʄʝʪʦʜ ʣʠʥʝʡʥʦʛʦ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (LPR) ʦʩʥʦʚʘʥ ʥʘ ʧʨʠʥʮʠʧʝ ʐʪʝʨʥʘ - ɻʠʨʠ, 

ʧʦʣʫʯʝʥʥʦʤ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʧʫʪʝʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʢʨʠʚʦʡ ʚʙʣʠʟʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ, ʪ.ʝ. ʪʦʢ ʢʦʨʨʦʟʠʠ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʠʟʤʝʨʝʥʥʦʤʫ ʚʙʣʠʟʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢʦʨʨʦʟʠʠ [3]. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʧʳʪʘʥʠʡ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʦʙʨʘʟʮʦʚ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʦʜʝʣʴ ʚʦʜʳ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʡ ʘʥʘʣʦʛʠʯʝʥ ʩʦʩʪʘʚʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʪʘʙʣ.1). 

ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʩʨʝʜʥʷʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ, ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʜʝʣʠ ʥʝʬʪʠ ʠ ʤʦʜʝʣʠ ʚʦʜʳ 60:40. ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ 

ʥʝʬʪʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʝʨʦʩʠʥ, n-ʦʢʪʘʥ ʠ ʦʨʪʦ-ʢʩʠʣʦʣ ʚ ʩʦʦʪʥʦʰʝʥʠʠ (1:1:1). 

ʊʘʙʣʠʮʘ 

ʉʦʣʝʚʦʡ ʩʦʩʪʘʚ ʤʦʜʝʣʠ ʚʦʜʳ  

 

ˉ ʉʚʦʡʩʪʚʘ 
ɽʜʠʥʠʮʘ 

ʠʟʤʝʨʝʥʠʷ 
ɺʝʣʠʯʠʥʘ 

 ʆʙʱʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʤʛ/ʜʤ3 15435,6 

1 NaCl 

ʤʛ/ʜʤ3 

136,0 

2 ʠʣʠ (CaCl2Ŀ6H2O) 4,682 

3 ʠʣʠ (MgCl2Ŀ6H2O) 5,2 

4 NaHCO3 1,124 

5 Na2SO4 0 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʮʝʥʢʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʟʘʱʠʪʥʦʛʦ ʜʝʡʩʪʚʠʷ ʪʝʩʪʠʨʫʝʤʳʭ 20 

ʠʥʛʠʙʠʪʦʨʦʚ, ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʝʜʠʥʘʷ ʣʠʥʝʡʢʘ ʩʨʘʚʥʠʪʝʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ (ɽʃʕʀʉ) ʜʣʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʦʪ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɺ ʭʦʜʝ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʠʥʛʠʙʠʪʦʨʦʚ ʢʦʨʨʦʟʠʠ ʤʝʪʦʜʦʤ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʣʫʯʝʥʳ ʛʨʘʬʠʢʠ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʜʠʥʘʤʠʢʠ ʩʥʠʞʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ.  ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʟʚʦʣʷʝʪ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʜʘʣʴʥʝʡʰʝʝ ʧʦʚʝʜʝʥʠʝ 

ʠʥʛʠʙʠʪʦʨʘ, ʦʮʝʥʠʪʴ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ ʨʝʘʛʝʥʪʘ. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ, ʦʪʦʙʨʘʥʥʳʝ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ 

ʤʘʩʩʠʚʘ ʠʩʧʳʪʘʥʠʡ. 

 

 
ʈʠʩ. 2 ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʟʮʦʚ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʦ ʠʩʪʝʯʝʥʠʠ ʨʘʚʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʜʣʷ ʠʥʛʠʙʠʪʦʨʦʚ ˉ 16, 1 ʠ 20 

ʩʦʩʪʘʚʠʣ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 97,5%, 35% ʠ 96%. ɺʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʛʨʘʬʠʢʫ, ʷʚʣʷʝʪʩʷ 

ʧʨʦʯʥʦʩʪʴ ʟʘʱʠʪʥʦʡ ʧʣʝʥʢʠ. ɼʘʥʥʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦ ʥʝʩʪʘʙʠʣʴʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʚʦ 

ʚʪʦʨʦʡ ʯʘʩʪʠ ʛʨʘʬʠʢʘ. ʋ ʦʙʨʘʟʮʘ ˉ3 ʚ ʧʝʨʠʦʜ ʩʪʘʙʠʣʠʟʘʮʠʠ, ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʥʘʯʠʥʘʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʣʝʥʢʘ, ʦʙʨʘʟʦʚʘʥʥʘʷ ʠʥʛʠʙʠʪʦʨʦʤ ʩʤʳʚʘʝʪʩʷ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʟʘʱʠʪʥʦʤ ʜʝʡʩʪʚʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʫʯʰʠʤ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʷʚʣʷʝʪʩʷ ʨʝʘʛʝʥʪ ˉ16, ʩ 

ʚʳʩʦʢʠʤ ʟʘʱʠʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʤ ʵʬʬʝʢʪʦʤ. ʈʝʘʛʝʥʪ ˉ2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʘʙʳʤ ʟʘʱʠʪʥʳʤ 

ʜʝʡʩʪʚʠʝʤ, ʘ ˉ3 ï ʚʳʩʦʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʥʦ ʩʣʘʙʳʤ ʘʜʩʦʨʙʮʠʦʥʥʳʤ ʜʝʡʩʪʚʠʝʤ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʉʦʚʝʪʘ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʜʣʷ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʧʦʜʜʝʨʞʢʠ ʤʦʣʦʜʳʭ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ï ʢʘʥʜʠʜʘʪʦʚ ʥʘʫʢ (ʄʂ-315.2014.5). 
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ʉʇɽʎʀʌʀʂɸ ʅɽʋʉʊʆʁʏʀɺʆɻʆ ɺʓʊɽʉʅɽʅʀʗ ʇʃɸʉʊʆɺʆʁ ʅɽʌʊʀ ɺ ʇʈʆʎɽʉʉɽ 

ɿɸɺʆɼʅɽʅʀʗ 
ʅ.ʆ. ʊʘʩʢʠʥ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺʦ ʚʨʝʤʷ ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʜʦʙʳʚʘʶʱʝʡ ʦʪʨʘʩʣʠ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʦʡ ʤʝʪʦʜ ʢʘʢ ʟʘʚʦʜʥʝʥʠʝ ʧʣʘʩʪʘ. 

ɿʘʚʦʜʥʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠʩʪʦʱʘʶʱʝʛʦʩʷ ʢʦʣʣʝʢʪʦʨʘ ʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʧʨʠʪʦʢʘ ʥʝʬʪʠ ʢ ʜʦʙʳʚʘʶʱʠʤ ʩʢʚʘʞʠʥʘʤ. ɺʳʠʛʨʳʰ ʩʦʩʪʦʠʪ ʚ ʥʠʟʢʠʭ ʢʘʧʠʪʘʣʴʥʳʭ 

ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪʘʭ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʩ ʙʦʣʴʰʠʥʩʪʚʦʤ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʫʚʝʣʠʯʝʥʠʷ 

ʥʝʬʪʝʦʪʜʘʯʠ, ʭʦʪʷ ʧʨʠ ʵʪʦʤ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʠ ʟʘʪʨʘʪʳ ʥʘ ʙʫʨʝʥʠʝ ʥʦʚʳʭ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ. ʅʦ ʛʣʘʚʥʘʷ 

ʧʨʦʙʣʝʤʘ ʧʨʦʮʝʩʩʘ ʟʘʚʦʜʥʝʥʠʷ ʧʣʘʩʪʘ ʩ ʥʝʬʪʴʶ - ʥʝʫʩʪʦʡʯʠʚʦʝ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʚʦʜʦʡ, ʥʘ ʯʪʦ ʠ ʥʘʮʝʣʝʥʦ 

ʚʥʠʤʘʥʠʝ ʜʘʥʥʦʡ ʩʪʘʪʴʠ. ʅʦ ʠʟ-ʟʘ ʜʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚʦʜʘ ʦʧʝʨʝʞʘʝʪ ʥʝʬʪʴ ʠ ʧʨʦʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʘʣʴʰʝ, ʯʝʤ 

ʭʦʪʝʣʦʩʴ ʙʳ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʢʘʯʠʚʘʝʪʩʷ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʜʫ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ ʠ ʦʙʟʦʨ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ. 

ʇʨʠ ʚʳʪʝʩʥʝʥʠʠ ʞʠʜʢʦʩʪʴʶ ʩ ʤʘʣʦʡ ʚʷʟʢʦʩʪʴʶ ʜʨʫʛʦʡ ʞʠʜʢʦʩʪʠ, ʩ ʙʦʣʴʰʦʡ ʚʷʟʢʦʩʪʴʶ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ 

ʧʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʬʨʦʥʪʘ ʚʳʪʝʩʥʝʥʠʷ ʧʝʨʝʭʦʜʠʪ ʚ ʧʦʚʝʨʭʥʦʩʪʴ, ʥʘʧʦʤʠʥʘʶʱʫʶ ʧʘʣʴʮʳ ʧʝʨʯʘʪʢʠ. ʊʘʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʚʷʟʢʠʭ çʧʘʣʴʮʝʚè. ʀʥʘʯʝ ʛʦʚʦʨʷ, ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ 

ʩʘʤʦʧʦʜʦʙʠʷ. ɸʥʘʣʠʟ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʠ ʩʧʦʩʦʙʦʚ ʙʦʨʴʙʳ ʩ ʥʠʤ ʦʯʝʥʴ ʚʘʞʝʥ ʜʣʷ ʧʨʘʢʪʠʢʠ. 

ʆʙʟʦʨ ʧʨʦʙʣʝʤʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʪʝʯʝʥʠʡ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʩ ʦʜʥʦʨʦʜʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʷʯʝʡʢʠ ʍʝʣʝ-ʐʦʫ. ʕʪʘ ʢʦʥʩʪʨʫʢʮʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ, 

ʨʘʟʜʝʣʸʥʥʳʝ ʤʘʣʳʤ ʟʘʟʦʨʦʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʰʠʨʠʥʘ ʧʣʘʩʪʠʥ. ɺʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥʘ ʚ ʢʦʥʮʝ IX ʚʝʢʘ 

ʘʥʛʣʠʡʩʢʠʤ ʠʥʞʝʥʝʨʦʤ ɻʝʥʨʠ ʍʝʣʝ-ʐʦʫ [1]. 

ɺʧʝʨʚʳʝ ʧʦʜʦʙʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʩʪʨʝʪʠʣʠʩʴ ʚ ʦʧʳʪʘʭ ɾʫʨʘʚʣʸʚʘ (1956) ʠ Saffman & Taylor (1958). ɺ 

ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ ɾʫʨʘʚʣʸʚʫ, ʉʘʬʬʤʵʥʫ ʠ ʊʝʡʣʦʨʫ ʫʜʘʣʦʩʴ ʠʟʫʯʠʪʴ ʚʷʟʢʠʡ ʧʘʣʝʮ: ʨʘʩʩʯʠʪʘʪʴ ʬʦʨʤʫ 

ʘʥʘʣʠʪʠʯʝʩʢʠ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʨʘʚʝʥʩʪʚʘ ʜʘʚʣʝʥʠʡ ʥʘ ʤʝʞʬʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʞʠʜʢʦʩʪʝʡ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ 

ʠʥʪʝʨʝʩ ʢ ʵʪʦʡ ʪʝʤʝ ʟʘʤʝʪʥʦ ʚʳʨʦʩ, ʠ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʪʝʦʨʠʷ ʦ ʬʨʘʢʪʘʣʴʥʦʡ ʧʨʠʨʦʜʝ ʦʙʲʝʢʪʦʚ.  

ʇʨʦʮʝʩʩ ʞʝ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʚʦʜʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʚʷʟʢʦʩʪʴʶ ʚʦʜʳ ʤʦʞʥʦ 

ʧʨʝʥʝʙʨʝʯʴ (ʦʥʘ ʧʨʠʤʝʨʥʦ ʚ 80 ʨʘʟ ʤʝʥʴʰʝ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ). ɺʦʜʘ ʧʨʦʨʳʚʘʝʪ ʬʨʦʥʪ ʠ ʥʘʯʠʥʘʝʪ ʦʧʝʨʝʞʘʪʴ ʦʙʱʫʶ 

ʩʢʦʨʦʩʪʴ ʚʳʪʝʩʥʝʥʠʷ, ʜʚʠʛʘʷʩʴ ʧʦ ʪʨʝʱʠʥʘʤ ʚ ʚʳʪʝʩʥʷʝʤʦʡ ʞʠʜʢʦʩʪʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʜʨʦʙʣʝʥʠʝ ʢʦʥʯʠʢʦʚ 

çʧʘʣʴʮʝʚè ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʬʨʘʢʪʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ, ʪʦ ʝʩʪʴ ʧʦʚʝʜʝʥʠʝ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʛʦ ʫʯʘʩʪʢʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʜʦʙʥʳʤ ʧʦʚʝʜʝʥʠʶ ʤʝʥʝʝ ʧʨʦʪʷʞʝʥʥʦʛʦ.  

ʌʨʘʢʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʝʪʩʷ ʧʫʪʝʤ ʙʝʩʢʦʥʝʯʥʦʛʦ ʧʦʚʪʦʨʝʥʠʷ (ʠʪʝʨʘʮʠʠ) ʢʘʢʦʡ-ʣʠʙʦ ʠʩʭʦʜʥʦʡ 

ʬʦʨʤʳ ʚʦ ʚʩʝ ʫʤʝʥʴʰʘʶʱʝʤʩʷ (ʠʣʠ ʫʚʝʣʠʯʠʚʘʶʱʝʤʩʷ) ʤʘʩʰʪʘʙʝ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʪ. ʝ. ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʧʨʦʮʝʜʫʨʦʡ. ʕʪʦʪ ʥʝʩʣʦʞʥʳʡ ʧʨʦʮʝʩʩ ʩ ʦʙʨʘʪʥʦʡ ʩʚʷʟʴʶ ʜʘʝʪ 

ʧʦʨʘʟʠʪʝʣʴʥʦ ʤʥʦʛʦʦʙʨʘʟʥʳʡ ʤʦʨʬʦʛʝʥʝʟ, ʥʝʨʝʜʢʦ ʧʦʜʦʙʥʳʡ ʩʦʟʜʘʥʠʶ ʧʨʠʨʦʜʥʳʭ ʬʦʨʤ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʬʨʘʢʪʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʘʤʦʧʦʜʦʙʠʝʤ, ʠʣʠ ʤʘʩʰʪʘʙʥʦʡ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴʶ [3]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

ʆʙʦʨʫʜʦʚʘʥʠʝ: ʡʦʜʠʥʦʣ (ʨʘʩʪʚʦʨ ʧʦʣʠʚʠʥʠʣʦʚʦʛʦ ʩʧʠʨʪʘ ʩ ʷʨʢʦʡ ʩʠʥʝʡ ʦʢʨʘʩʢʦʡ), ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ 

(1/3 55% ʛʣʠʮʝʨʠʥʘ), ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ ʧʦʨʦʰʦʢ, ʣʘʤʧʘ, ʥʘʙʦʨ ʰʧʨʠʮʦʚ, ʜʚʝ ʧʣʘʩʪʠʥʳ ʠʟ ʦʨʛʩʪʝʢʣʘ. 

ʄʝʪʦʜʠʢʘ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʝʨʚʦʡ ʧʣʘʩʪʠʥʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʚ ʮʝʥʪʨ ʥʘʥʦʩʠʪʩʷ ʞʠʜʢʦʩʪʴ, ʜʘʣʝʝ 

ʥʘʢʨʳʚʘʝʪʩʷ ʚʪʦʨʦʡ, ʧʨʠ ʵʪʦʤ ʧʨʦʚʦʜʷʪʩʷ ʨʦʙʦʪʳ ʧʦ ʫʜʘʣʝʥʠʶ ʦʩʪʘʚʰʝʛʦʩʷ ʚʦʟʜʫʭʘ. ʏʝʨʝʟ ʚʪʦʨʫʶ ʧʣʘʩʪʠʥʫ, 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʢʦʪʦʨʘʷ ʦʙʦʨʫʜʦʚʘʥʘ ʚ ʮʝʥʪʨʝ ʦʪʚʝʨʩʪʠʝʤ ʠ ʪʨʫʙʢʦʡ ʜʣʷ ʚʚʦʜʘ ʜʨʫʛʦʡ ʞʠʜʢʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʰʧʨʠʮʘ ʚʚʦʜʷʪ 

ʚʪʦʨʫʶ ʞʠʜʢʦʩʪʴ, ʦʙʣʘʜʘʶʱʫʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʜʨʫʛʦʡ ʚʷʟʢʦʩʪʴʶ. 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ1 

ʁʦʜʠʥʦʣ ʙʳʣ ʚʚʝʜʸʥ ʚ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ. ʆʙʨʘʟʦʚʘʥʠʝ ʷʟʳʢʦʚ ʥʘʯʘʣʦʩʴ ʩʨʘʟʫ ʩ ʤʦʤʝʥʪʘ ʢʦʥʪʘʢʪʘ 

ʞʠʜʢʦʩʪʝʡ, ʠ ʬʨʘʢʪʘʣʴʥʘʷ ʢʘʨʪʠʥʘ ʥʘʯʘʣʘ ʪʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ (ʨʠʩ.1). 

 
ʈʠʩ.1 ʕʢʩʧʝʨʠʤʝʥʪ ˉ1 

 

ʕʢʩʧʝʨʠʤʝʥʪ ˉ2 

ʇʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʫ ˉ1, ʥʦ ʚ ʨʘʩʪʚʦʨ ʛʣʠʮʝʨʠʥʘ ʙʳʣ ʜʦʙʘʚʣʝʥ ʣʶʤʠʥʝʩʮʝʥʪʥʳʡ 

ʧʦʨʦʰʦʢ, ʠ ʚʩʸ ʙʳʣʦ ʧʦʜʩʚʝʯʝʥʦ ʨʪʫʪʥʦʡ ʣʘʤʧʦʡ ʩ ʮʝʣʴʶ ʫʣʫʯʰʠʪʴ ʚʠʟʫʘʣʴʥʦʝ ʚʦʩʧʨʠʷʪʠʝ ʧʨʦʮʝʩʩʘ (ʨʠʩ. 2). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʢʘʨʪʠʥʘ ʚʷʟʢʠʭ ʧʘʣʴʮʝʚ, ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʬʨʘʢʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʥʝʜʨʝʥʠʷ 

ʞʠʜʢʦʩʪʠ ʚ ʙʦʣʝʝ ʚʷʟʢʫʶ ʚ ʧʨʦʮʝʩʩʝ ʚʳʪʝʩʥʝʥʠʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʠʟ-ʟʘ ʦʧʠʩʘʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚʦʜʘ ʦʧʝʨʝʞʘʝʪ ʥʝʬʪʴ ʠ ʧʨʦʥʠʢʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʜʘʣʴʰʝ, ʯʝʤ 

ʭʦʪʝʣʦʩʴ ʙʳ, ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʢʘʯʠʚʘʝʪʩʷ ʩʤʝʩʴ, ʩʦʜʝʨʞʘʱʘʷ ʚ ʦʩʥʦʚʥʦʤ ʚʦʜʫ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʠʤʝʝʪ ʣʠʥʝʡʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʧʦ ʪʨʝʱʠʥʘʤ. ʇʨʠ ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʘʭ ʥʘʛʥʝʪʘʥʠʷ ʚ ʧʣʘʩʪ ʚʦʜʳ 

ʠʣʠ, ʥʘʧʨʦʪʠʚ, ʯʨʝʟʤʝʨʥʦ ʚʳʩʦʢʠʭ ʪʝʤʧʘʭ ʦʪʙʦʨʘ ʞʠʜʢʦʩʪʠ ʠʟ ʧʣʘʩʪʘ ʚʦʟʥʠʢʘʶʪ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ 

ʦʧʝʨʝʞʘʶʱʝʝ ʜʚʠʞʝʥʠʝ ʚʦʜʳ ʧʦ ʪʨʝʱʠʥʘʤ ʚʝʜʝʪ ʢ "ʙʣʦʢʠʨʦʚʢʝ" ʧʦʨʠʩʪʳʭ ʙʣʦʢʦʚ ʠ "ʟʘʱʝʤʣʝʥʠʶ" ʚ ʥʠʭ ʥʝʬʪʠ. 

ʆʙʟʦʨ ʤʝʪʦʜʦʚ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʟʘʚʦʜʥʝʥʠʷ 

ʆʙʝʩʧʝʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʠʟ ʧʣʘʩʪʘ ʧʫʪʝʤ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʥʦʩʪʠ ʚ  ʧʦʜʚʠʞʥʦʩʪʠ 

ʜʣʷ ʥʝʬʪʠ ʠ ʚʳʪʝʩʥʷʶʱʝʛʦ ʨʘʙʦʯʝʛʦ ʘʛʝʥʪʘ. 

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʭʚʘʪʘ ʧʣʘʩʪʘ ʟʘʚʦʜʥʝʥʠʝʤ  ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʙʦʯʠʝ ʘʛʝʥʪʳ ʩ 

ʧʦʜʚʠʞʥʦʩʪʴʶ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ, ʯʝʤ ʧʦʜʚʠʞʥʦʩʪʴ ʚʦʜʳ, ʥʘʧʨʠʤʝʨ, ʧʫʪʝʤ ʜʦʙʘʚʢʠ ʚ ʚʦʜʫ ʧʦʣʠʤʝʨʘ 

 (ʧʦʣʠʤʝʨʥʦʝ ʟʘʚʦʜʥʝʥʠʝ), ʇɸɺ - ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʦʛʦ  ʚʝʱʝʩʪʚʘ (ʤʠʮʝʣʣʷʨʥʦ-ʧʦʣʠʤʝʨʥʦʝ  ʟʘʚʦʜʥʝʥʠʝ)  ʠʣʠ 

ʧʫʪʝʤ ʟʘʢʘʯʢʠ ʦʪʦʨʦʯʝʢ ʚʦʜʦʥʝʬʪʷʥʦʡ ʵʤʫʣʴʩʠʠ ʦʙʨʘʪʥʦʛʦ ʪʠʧʘ ʩ ʨʝʛʫʣʠʨʫʝʤʳʤʠ ʨʝʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

ɼʦʙʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ ʚʦʜʫ, ʠʩʧʦʣʴʟʫʝʤʫʶ ʜʣʷ ʟʘʚʦʜʥʝʥʠʷ ʢʦʣʣʝʢʪʦʨʘ, ʧʦʚʳʰʘʝʪ ʝʝ ʚʷʟʢʦʩʪʴ. ʕʪʦ 

ʩʥʠʞʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʚʠʞʥʦʩʪʠ ʚʦʜʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʬʪʠ ʠ ʦʙʣʝʛʯʘʝʪ ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʢ ʜʦʙʳʚʘʶʱʠʤ 

ʩʢʚʘʞʠʥʘʤ. ʉʘʤ ʧʦ ʩʝʙʝ ʧʝʨʝʭʦʜ ʢ ʧʦʣʠʤʝʨʥʦʤʫ ʟʘʚʦʜʥʝʥʠʶ ʥʝ ʪʨʝʙʫʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʭ ʢʘʧʠʪʘʣʴʥʳʭ 

ʟʘʪʨʘʪ, ʦʜʥʘʢʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʪʝʢʫʱʠʝ ʠʟʜʝʨʞʢʠ ʥʘ ʧʨʠʦʙʨʝʪʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʊʝʧʣʦʚʳʝ ʤʝʪʦʜʳ ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʧʘʨʦʪʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʣʘʩʪ, ʚʥʫʪʨʠʧʣʘʩʪʦʚʦʝ ʛʦʨʝʥʠʝ, 

ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʛʦʨʷʯʝʡ ʚʦʜʦʡ, ʧʘʨʦʮʠʢʣʠʯʝʩʢʠʝ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ, ʘ ʪʘʢʞʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ. ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʟʘʧʘʩʘʤʠ ʪʷʞʝʣʳʭ ʥʝʬʪʝʡ (9,0 ʤʣʨʜ ʪʦʥʥ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠʭ ʢʘʢ ʚʘʞʥʳʡ ʨʝʟʝʨʚ ʩʳʨʴʝʚʦʡ ʙʘʟʳ. ʀʟ ʚʩʝʭ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ, 

ʥʘʩʳʱʝʥʥʳʭ ʪʷʞʝʣʳʤʠ ʥʝʬʪʷʤʠ, ʢʘʢ ʚ ʈʦʩʩʠʠ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, ʥʘʠʙʦʣʝʝ ʧʦʜʛʦʪʦʚʣʝʥʥʳʤʠ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ 

ʦʪʥʦʰʝʥʠʠ ʷʚʣʷʶʪʩʷ ʪʝʨʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʜʦʙʳʚʘʪʴ ʥʝʬʪʴ ʚʷʟʢʦʩʪʴʶ ʜʦ 10 000 ʤʇʘ.ʩ, 

ʫʚʝʣʠʯʠʚʘʷ ʥʝʬʪʝʦʪʜʘʯʫ ʩ 6 ï 20% ʜʦ 30 ï 50%, ʯʪʦ ʩʝʛʦʜʥʷ ʥʝʚʦʟʤʦʞʥʦ ʜʦʩʪʠʯʴ ʥʠʢʘʢʠʤʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. 

ʊʝʧʣʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʩʥʠʞʝʥʠʠ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʧʦʜʚʠʞʥʦʩʪʠ ʚ ʧʣʘʩʪʦʚʳʭ ʫʩʣʦʚʠʷʭ [4]. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 

ʈʠʩ.2 ʕʢʩʧʝʨʠʤʝʥʪ ˉ2 

 

ɻʘʟʦʚʦʝ ʟʘʚʦʜʥʝʥʠʝ ï ʪʝʭʥʦʣʦʛʠʷ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ, ʩʦʯʝʪʘʶʱʘʷ ʧʨʝʠʤʫʱʝʩʪʚʘ ʛʘʟʘ ʠ 

ʚʦʜʳ; ʚʳʪʝʩʥʝʥʠʝ ʥʝʬʪʠ ʠʜʸʪ ʤʝʪʦʜʦʤ ʮʠʢʣʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʩʤʝʥʦʡ ʘʛʝʥʪʘ: ʚʦʜʘ, ʚ ʥʫʞʥʳʡ ʤʦʤʝʥʪ ʛʘʟ, 

ʩʥʦʚʘ ʚʦʜʘ ʠ ʪ.ʜ. ɺʳʷʚʠʤ ʜʦʩʪʦʠʥʩʪʚʘ ʥʘ ʜʘʥʥʳʭ ʩ ʄʦʩʢʫʜʴʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ: ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʝʩʥʝʥʠʷ 

ʥʝʬʪʠ ʚʦʜʦʡ ʨʘʚʝʥ 0,5, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ ʧʣʘʩʪʦʚ ʚʳʪʝʩʥʝʥʠʝʤ ʨʘʚʝʥ 0,7. ɺ ʠʪʦʛʝ ʧʦʣʫʯʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪ 

ʥʝʬʪʝʦʪʜʘʯʠ 0,35. ɺ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ ʛʘʟʦʤ ʨʘʚʝʥ 1,0, ʧʦʪʦʤʫ ʯʪʦ ʛʘʟ ʨʘʩʪʚʦʨʠʤ 

ʚ ʥʝʬʪʠ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ ʧʣʘʩʪʦʚ ʚʳʪʝʩʥʝʥʠʝʤ ʨʘʚʝʥ 0,25, ʧʦʪʦʤʫ ʯʪʦ ʚʝʣʠʢʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʝʡ 

ʛʘʟʘ ʠ ʥʝʬʪʠ, ʠ ʚ ʠʪʦʛʝ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʦʪʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʨʘʚʥʳʤ 0,25, ʯʪʦ ʧʦʯʪʠ ʚ ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ 

ʚʳʪʝʩʥʝʥʠʠ ʥʝʬʪʠ ʚʦʜʦʡ [2].  ɽʩʣʠ ʩʦʝʜʠʥʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʘ ʟʘʢʘʯʢʠ ʛʘʟʘ ʠ ʟʘʢʘʯʢʠ ʚʦʜʳ ï ʦʪ ʛʘʟʘ ʚʟʷʪʴ ʚʳʩʦʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʳʪʝʩʥʝʥʠʷ ʥʝʬʪʠ 1,0, ʘ ʦʪ ʚʦʜʳ ʚʟʷʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʦʭʚʘʪʘ ʧʣʘʩʪʦʚ 

ʚʳʪʝʩʥʝʥʠʝʤ 0,7 ʠ ʚ ʠʪʦʛʝ ʧʦʣʫʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʦʪʜʘʯʠ ʙʣʠʟʢʠʡ ʢ 0,7, ʪ.ʝ. ʚʤʝʩʪʦ ʦʙʳʯʥʦʛʦ ʟʘʚʦʜʥʝʥʠʷ 

ʦʩʫʱʝʩʪʚʠʪʴ ʛʘʟʦʚʦʝ ʟʘʚʦʜʥʝʥʠʝ ʠ ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʧʦʯʪʠ ʚ 2 ʨʘʟʘ ʫʚʝʣʠʯʠʪʴ ʥʘʯʘʣʴʥʳʝ ʠʟʚʣʝʢʘʝʤʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʧʨʠ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʥʘʯʘʣʴʥʳʭ ʙʘʣʘʥʩʦʚʳʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʟʘʧʘʩʘʭ ʥʝʬʪʠ. 

ɽʛʦ ʨʝʘʣʠʟʘʮʠʷ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʩʨʘʟʫ ʜʚʝ ʧʨʦʙʣʝʤʳ: ʧʦʚʳʩʠʪʴ ʧʨʦʮʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (ʫʪʠʣʠʟʘʮʠʠ) 

ʨʘʩʪʚʦʨʝʥʥʦʛʦ (ʧʦʧʫʪʥʦʛʦ) ʛʘʟʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʥʝʬʪʝʦʪʜʘʯʫ ʧʣʘʩʪʘ ʟʘ ʩʯʸʪ ʫʤʝʥʴʰʝʥʠʷ ʵʬʬʝʢʪʘ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʠ ʬʨʘʢʪʘʣʴʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʚʦʜʳ. ɸ ʛʣʘʚʥʦʝ ʩʪʦʠʤʦʩʪʴ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʦʛʦ ʤʝʪʦʜʘ 

ʥʠʟʢʘ. ʅʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʫʞʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʠʩʪʝʤʫ, ʧʦʟʚʦʣʷʶʱʫʶ ʧʨʦʚʦʜʠʪʴ 

ʤʦʥʠʪʦʨʠʥʛ ʩʢʚʘʞʠʥʳ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ï ʩʠʩʪʝʤʫ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʜʣʷ ʟʘʢʘʯʠʚʘʥʠʷ ʛʘʟʘ ʚ 

ʥʝʦʙʭʦʜʠʤʳʡ ʤʦʤʝʥʪ. 

ɺʳʚʦʜʳ 

1. ʇʨʦʚʝʜʸʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʚ ʷʯʝʡʢʝ ʍʝʣʝ-ʐʦʫ ʙʳʣ ʚʦʩʧʨʦʠʟʚʝʜʸʥ ʧʨʦʮʝʩʩ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʚʳʪʝʩʥʝʥʠʷ ʦʜʥʦʡ ʞʠʜʢʦʩʪʴʶ ʜʨʫʛʦʡ ʙʦʣʝʝ ʚʷʟʢʦʡ. 

2. ʇʦʣʫʯʝʥʘ ʢʘʨʪʠʥʘ ʚʷʟʢʠʭ ʧʘʣʴʮʝʚ ʠ ʚʠʟʫʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʭ ʬʨʘʢʪʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

3. ɺʳʷʚʣʝʥʘ ʪʝʥʜʝʥʮʠʷ ʨʘʟʚʠʪʠʷ ʤʝʪʦʜʦʚ ʥʝʬʪʝʜʦʙʳʯʠ ʠ ʨʘʩʩʤʦʪʨʝʥ ʤʝʪʦʜ ʛʘʟʦʚʦʛʦ ʟʘʚʦʜʥʝʥʠʷ, 
ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʃʦʛʠʥʦʚ ʆ.ɸ. ɼʠʩʩʝʨʪʘʮʠʷ çʆʩʦʙʝʥʥʦʩʪʠ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʚʳʪʝʩʥʝʥʠʷ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʠʟ ʷʯʝʡʢʠ ʍʝʣʝ-ʐʦʫ ʧʨʠ 1.
ʙʦʣʴʰʠʭ ʯʠʩʣʘʭ ʇʝʢʣʝè ï ʄ.: ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, 2011 ï 117 ʩ. 

 ʊʝʣʢʦʚ ɺ. ʇ. ɼʠʩʩʝʨʪʘʮʠʷ çʈʘʟʨʘʙʦʪʢʘ ʪʝʭʥʦʣʦʛʠʠ ʚʦʜʦʛʘʟʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʣʘʩʪ ʧʫʪʸʤ ʥʘʩʦʩʥʦ-2.

ʵʞʝʢʪʦʨʥʦʡ ʠ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʦʡ ʟʘʢʘʯʢʠ ʚʦʜʦʛʘʟʦʚʳʭ ʩʤʝʩʝʡ ʩ ʧʝʥʦʦʙʨʘʟʫʶʱʠʤʠ ʇɸɺè - ʈʦʩʩʠʡʩʢʠʡ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʤ. ʀ.ʄ. ɻʫʙʢʠʥʘ, 2009. 

 ʌʝʜʝʨ ɽ. ʌʨʘʢʪʘʣʳ: ʇʝʨ. ʩ ʘʥʛʣ. ï ʄ.: ʄʠʨ, 1991. ï 254 ʩ., ʠʣ. 3.
 ʐʝʣʝʧʦʚ ɺ.ɺ. ʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʚ ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʘʭ ʎʂʈ ʈʦʩʥʝʜʨ ʧʦ ʋɺʉ// 4.

ɹʫʨʝʥʠʝ ʠ ʅʝʬʪʴ, ʅʦʷʙʨʴ 2011. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʕʌʌɽʂʊʀɺʅʆʉʊʔ ʇʈʀʄɽʅɽʅʀʗ ʇʃʆʑɸɼʅʓʍ ʉʀʉʊɽʄ ɿɸɺʆɼʅɽʅʀʗ ʉ 

ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ ɻʆʈʀɿʆʅʊɸʃʔʅʓʍ ʉʂɺɸɾʀʅ 
ʆ.ʉ.ʊʨʫʭʠʥʘ, ɻ.ʄ.ʌʘʭʨʪʜʠʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʀ.ɸ.ʉʠʥʮʦʚ 
ʊʶʤʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʥʝʬʪʝʛʘʟʦʚʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʶʤʝʥʴ, ʈʦʩʩʠʷ 

ʉ ʥʘʯʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʨʘʟʤʝʱʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʪʘʢʠʭ ʩʢʚʘʞʠʥ, ʯʪʦ ʧʨʠʚʝʣʦ ʢʘʢ ʢ ʤʦʜʠʬʠʢʘʮʠʠ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʩʠʩʪʝʤ ʨʘʟʤʝʱʝʥʠʷ, ʪʘʢ ʠ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ. ʆʜʥʘʢʦ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʨʝʛʣʘʤʝʥʪʠʨʦʚʘʥʥʳʭ 

ʩʠʩʪʝʤ ʨʘʟʤʝʱʝʥʠʷ, ʫʯʠʪʳʚʘʶʱʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʚʧʠʩʳʚʘʶʪ ʚ ʠʟʚʝʩʪʥʳʝ ʩʠʩʪʝʤʳ ʨʘʟʤʝʱʝʥʠʷ, ʟʘʤʝʥʷʷ ʦʜʥʦʡ ʪʘʢʦʡ ʩʢʚʘʞʠʥʦʡ ʜʚʝ 

ʚʝʨʪʠʢʘʣʴʥʳʝ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʚʦ ʚʩʝʭ ʨʘʙʦʪʘʭ ʠʤʝʝʪʩʷ ʥʘʫʯʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʧʦʜʭʦʜʘ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʘ ʧʨʦʙʣʝʤʘ ʚʳʨʘʙʦʪʢʠ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ 

ʟʘʧʘʩʦʚ, ʦʜʥʠʤ ʠʟ ʧʨʠʟʥʘʢʦʚ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦ ʧʣʦʱʘʜʠ ʠ ʨʘʟʨʝʟʫ. 

ɼʘʥʥʳʡ ʬʘʢʪ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʣʦʱʘʜʥʳʭ ʩʠʩʪʝʤ ʟʘʚʦʜʥʝʥʠʷ, ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʙʨʘʱʝʥʥʳʝ ʧʷʪʠʪʦʯʝʯʥʳʝ, ʩʝʤʠʪʦʯʝʯʥʳʝ ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʳʝ ʩʠʩʪʝʤʳ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʧʣʦʱʘʜʥʳʭ 

ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʤʦʜʝʣʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʢʦʣʣʝʢʪʦʨʘ, ʥʘ ʢʦʪʦʨʳʭ ʨʘʟʤʝʱʝʥʳ ʧʷʪʠʪʦʯʝʯʥʳʝ 

(ʨʠʩ.1ʘ), ʩʝʤʠʪʦʯʝʯʥʳʝ (ʨʠʩ.1ʙ) ʠ ʜʝʚʷʪʠʪʦʯʝʯʥʳʝ (ʨʠʩ.1ʚ) ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ ʩ ʧʣʦʪʥʦʩʪʴʶ ʩʝʪʢʠ ʩʢʚʘʞʠʥ 16 

ʛʘ/ʩʢʚ. ʇʣʦʱʘʜʥʳʝ ʩʠʩʪʝʤʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ  ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚʟʷʪʳ  ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʚʘʨʠʘʥʪʦʚ. (ʨʠʩ.1) 

 

   
ʘ ʙ ʚ 

ʈʠʩ.1 ʇʣʦʱʘʜʥʳʝ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ 

 
ʅʘ ʠʭ ʦʩʥʦʚʝ  ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ  ʨʘʟʤʝʱʝʥʥʳʭ ʚ 

ʠʟʚʝʩʪʥʳʝ ʧʣʦʱʘʜʥʳʝ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ: ʚ ʧʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʝ  ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʜʚʘ ʚʘʨʠʘʥʪʘ ʩ 

ʨʘʟʤʝʱʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʧʦ ʢʨʘʷʤ, 

ʢʘʞʜʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʩʢʚʘʞʠʥʘ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʨʠʩ.2ʘ). ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʩʢʚʘʞʠʥʳ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʧʦ ʮʝʥʪʨʫ (ʨʠʩ.2ʙ). 

 

  
ʘ ʙ 

ʈʠʩ. 2 ʇʷʪʠʪʦʯʝʯʥʳʝ ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ 
 

ɺ ʩʝʤʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʝ  ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʟʘʤʝʥʷʣʠ ʢʘʞʜʫʶ ʚʝʨʪʠʢʘʣʴʥʫʶ 

(ʨʠʩ.3ʘ), ʚʦ ʚʪʦʨʦʤ - ʦʜʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʟʘʤʝʥʷʣʘ ʜʚʝ ʚʝʨʪʠʢʘʣʴʥʳʭ ʩʢʚʘʞʠʥʳ (ʨʠʩ.3ʙ). 

 

  
ʘ ʙ 

ʈʠʩ.3 ʉʝʤʠʪʦʯʝʯʥʳʝ  ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ 

 
ɺ ʜʝʚʷʪʠʪʦʯʝʯʥʦʡ ʩʠʩʪʝʤʝ ʢʘʞʜʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʙʳʣʘ ʟʘʤʝʥʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ (ʨʠʩ.4). 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 

 
ʈʠʩ.4 ɼʝʚʷʪʠʪʦʯʝʯʥʳʝ  ʩʠʩʪʝʤʳ ʟʘʚʦʜʥʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ 

 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʝʙʠʪʦʚ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʧʣʦʱʘʜʥʳʭ ʩʠʩʪʝʤʘʭ 

ʟʘʚʦʜʥʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʢʨʘʪʥʦ ʫʚʝʣʠʯʠʪʴ ʜʝʙʠʪʳ ʥʝʬʪʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʨʘʙʦʪʢʠ. ʅʘʢʦʧʣʝʥʥʘʷ ʜʦʙʳʯʘ 

ʥʝʬʪʠ, ʧʦ ʵʣʝʤʝʥʪʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʧʷʪʠʪʦʯʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʫʚʝʣʠʯʠʣʘʩʴ ʩ 245 

ʪʳʩ.ʤ3 ʜʦ 410 ʪʳʩ. ʤ3. ɺ ʩʝʤʠʪʦʯʝʯʥʳʭ ʩʠʩʪʝʤʘʭ - ʩ 618 ʪʳʩ. ʤ3 ʜʦ 889 ʪʳʩ. ʤ3 . ɺ ʜʝʚʷʪʠʪʦʯʝʯʥʳʭ - ʩ 1037 ʪʳʩ. ʤ3 

ʜʦ 1220 ʤ3 (ʨʠʩ.5) 

 
ʈʠʩ.5 ʅʘʢʦʧʣʝʥʥʘʷ ʜʦʙʳʯʘ ʥʝʬʪʠ ʟʘ 30 ʣʝʪ 

 
ʏʠʩʪʘʷ ʪʝʢʫʱʘʷ ʩʪʦʠʤʦʩʪʴ, ʧʦ ʧʷʪʠʪʦʯʝʯʥʳʤ ʩʠʩʪʝʤʘʤ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ, ʫʚʝʣʠʯʠʣʘʩʴ ʩ 

797697 ʪʳʩ.ʨʫʙ. ʜʦ 1409055 ʪʳʩ.ʨʫʙ. ɺ ʩʝʤʠʪʦʯʝʯʥʳʭ ʩʠʩʪʝʤʘʭ ʯʠʩʪʘʷ ʪʝʢʫʱʘʷ ʩʪʦʠʤʦʩʪʴ ʫʚʝʣʠʯʠʣʘʩʴ  ʩ 

1943155ʪʳʩ.ʨʫʙ. ʜʦ 3127036 ʪʳʩ.ʨʫʙ. ɺ ʜʝʚʷʪʠʪʦʯʝʯʥʳʭ - ʩ 3043695 ʪʳʩ.ʨʫʙ. ʜʦ 3847432 ʪʳʩ.ʨʫʙ.(ʨʠʩ.6). 

 

 
ʈʠʩ.6 ʯʠʩʪʘʷ ʪʝʢʫʱʘʷ ʩʪʦʠʤʦʩʪʴ, ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʩʪʝʤ 

 

ʈʝʟʫʣʴʪʘʪʳ  ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʨʘʟʤʝʱʝʥʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ 

ʧʣʦʱʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠ ʨʝʥʪʘʙʝʣʴʥʳʤ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʧʣʦʱʘʜʥʳʭ ʩʠʩʪʝʤʘʭ ʟʘʚʦʜʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. 

 
ʆʉʆɹɽʅʅʆʉʊʀ ɻʀɼʈʆɼʀʅɸʄʀʏɽʉʂʀʍ ʀʉʉʃɽɼʆɺɸʅʀʁ ʅɸ ʉʂɺɸɾʀʅɸʍ ʇʆʉʃɽ 

ɻʀɼʈʆʈɸɿʈʓɺɸ 
ʌʘʤ ʄʠʥʴ ʂʳʦʥʛ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʊ.ʈʦʩʣʷʢ. 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,ʛ.ʊʦʤʩʢ,  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʬʠʣʴʪʨʘʮʠʠ ʞʠʜʢʦʩʪʝʡ ʠ ʛʘʟʦʚ ʚ ʩʠʩʪʝʤʝ çʧʣʘʩʪ - ʪʨʝʱʠʥʘ ï ʩʢʚʘʞʠʥʘè 

ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʯʠʩʣʝʥʥʦʤ ʘʥʘʣʠʟʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʜʚʠʞʝʥʠʷ 

ʬʣʶʠʜʦʚ ʚ ʧʣʘʩʪʝ ʜʦ ʠ ʧʦʩʣʝ ɻʈʇ, ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʥʝʣʠʥʝʡʥʦʩʪʴ ʟʘʢʦʥʘ ʬʠʣʴʪʨʘʮʠʠ. ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦ ʧʨʠ 

ʟʘʤʝʨʘʭ ʚ ʩʢʚʘʞʠʥʘʭ ʩ ɻʈʇ, ʛʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʨʠ ʚʠʜʘ ʧʦʪʦʢʦʚ ʚ ʧʣʘʩʪʝ: ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʡ, ʧʝʨʝʭʦʜʥʦʡ ʠ 

ʨʘʜʠʘʣʴʥʳʡ [1]. ʅʘ ʨʠʩʫʥʢʘʭ (ʨʠʩ.1) ʧʦʢʘʟʘʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʱʠʥʳ ɻʈʇ ʠ ʩʦʦʪʚʝʪʩʚʫʶʱʠʭ 

ʧʦʪʦʢʦʚ ʬʣʶʠʜʘ ʧʦ ʧʣʘʩʪʫ [2]: ʣʠʥʝʡʥʦʝ ʪʝʯʝʥʠʝ ʚ ʪʨʝʱʠʥʝ, ʙʠʣʠʥʝʥʦʝ ʪʝʯʝʥʠʝ ʚ ʧʣʘʩʪʝ, ʣʠʥʝʡʥʦʝ ʪʝʯʝʥʠʝ ʚ 

ʧʣʘʩʪʝ, ʧʩʝʚʜʦʨʘʜʠʘʣʴʥʳʡ ʨʝʞʠʤ ʪʝʯʝʥʠʷ.  
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
 

 
ʈʠʩ.1 ʊʨʝʱʠʥʘ ɻʈʇ ʠ ʚʠʜʳ ʪʝʯʝʥʠʷ 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʢʚʘʞʠʥʳ ʩ ɻʈʇ 

ʆʮʝʥʠʚʘʝʤ kh, ʀʟ ʫʯʘʩʪʢʘ ʣʠʥʝʡʥʦʛʦ ʧʦʪʦʢʘ ʦʮʝʥʠʚʘʝʤ ʧʦʣʫʜʣʠʥʫ ʪʨʝʱʠʥʳ, ʀʟ ʫʯʘʩʪʢʘ ʙʠʣʠʥʝʡʥʦʛʦ 

ʪʝʯʝʥʠʷ ʦʮʝʥʠʚʘʝʤ ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʨʝʱʠʥʳ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʝʨʠʦʜʦʚ ʪʝʯʝʥʠʷ ʜʣʷ ʩʢʚʘʞʠʥʳ ʩ ɻʈʇ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:[3] 

ɺʨʝʤʷ ʦʢʦʥʯʘʥʠʷ ʙʠʣʠʥʝʡʥʦʛʦ ʪʝʯʝʥʠʷ: 
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ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʣʠʥʝʡʥʦʛʦ ʪʝʯʝʥʠʷ ʚ ʧʣʘʩʪʝ ʠ ʚʨʝʤʷ ʥʘʯʘʣʘ ʨʘʜʠʘʣʴʥʦʛʦ ʪʝʯʝʥʠʷ:   
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ɼʣʷ ʥʘʜʝʞʥʦʡ ʦʮʝʥʢʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠʣʠ ʧʨʦʚʦʜʠʤʦʩʪʠ (kh) ʥʫʞʥʦ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ 

ʧʦʪʦʢʘ ʫʤʥʦʞʠʪʴ ʥʘ 10, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʭʦʪʷ ʙʳ ʦʜʠʥ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ ʮʠʢʣ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʛʨʘʬʠʢʝ [3]. 

ʊʨʝɦʠʥʳ ʩ ʚʳʩʦʢʠʤ ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ. 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʝ ʤʦʜʝʣʠ ʪʨʝʱʠʥʳ: ʩ ʚʳʩʦʢʦʡ ʠʣʠ ʙʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ (ʥʫʣʝʚʳʤ 

ʜʠʥʘʤʠʯʝʩʢʠʤ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ) ʠ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʂʦʥʝʯʥʘʷʧʨʦʚʦʜʠʤʦʩʪʴ(ʫʯʠʪʳʚʘʝʤ ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ ʚ ʪʨʝʱʠʥʝ). ɹʝʩʢʦʥʝʯʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ (ʙʝʟʨʘʟʤʝʨʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʪʨʝʱʠʥʳ ʙʦʣʝʝ 300, ʧʝʨʝʧʘʜ 

ʜʘʚʣʝʥʠʷ ʚ ʪʨʝʱʠʥʝ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ) [4]. 

ʄʦʜʝʣʴ ʪʨʝʱʠʥʳ ʩ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʧʦʜʢʘʪʝʛʦʨʠʠ: ʤʦʜʝʣʴ ʙʝʩʢʦʥʝʯʥʦ 

ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʭʦʜʠʪ ʠʟ ʥʫʣʝʚʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʪʨʝʱʠʥʝ. ʄʦʜʝʣʴ ʦʜʥʦʨʦʜʥʦʛʦ 

ʧʨʠʪʦʢʘ ʠʩʭʦʜʠʪ ʠʟ ʦʜʥʦʨʦʜʥʦʡ ʜʦʙʳʯʠ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʪʨʝʱʠʥʳ. 

ʈʝʰʝʥʠʝ ʜʣʷ ʪʨʝʱʠʥʳ ʩ ʙʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʣʫʘʥʘʣʠʪʠʯʝʩʢʠʤ 

ʩʧʦʩʦʙʦʤ (ʧʨʠ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʮʝʩʩʦʨʥʦʛʦ ʚʨʝʤʝʥʠ), ʥʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʦʪʢʣʠʢ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ ʨʘʩʯʝʪʘ ʨʝʰʝʥʠʷ (ʙʳʩʪʨʦʛʦ) ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʚ ʪʦʯʢʝ ʪʨʝʱʠʥʳ ʩʦ ʩʤʝʱʝʥʥʳʤ ʮʝʥʪʨʦʤ 

(X=0.732.Xf). ʀ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʦʛʨʘʤʤʥʳʭ ʦʙʦʣʦʯʝʢ ʧʦʩʪʨʦʝʥʠʝ ʜʚʫʭ ʤʦʜʝʣʝʡ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʯʢʝ,  ʛʜʝ 

ʚʳʯʠʩʣʷʝʪʩʷ ʦʜʥʦ ʠ ʪʦ ʞʝ ʨʝʰʝʥʠʝ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ. 

ʇʦʙʦʨʥʠʢʠ ʯʠʩʪʦʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʝʰʝʥʠʝ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠ 

ʥʝʢʦʨʨʝʢʪʥʳʤ, ʠ ʥʘʩʪʘʠʚʘʶʪ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʦʣʴʢʦ ʨʝʰʝʥʠʡ ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ. ɺ 

ʨʝʘʣʴʥʦʡ ʞʠʟʥʠ ʣʫʯʰʝʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʳʯʥʦ ʜʘʶʪ ʠʤʝʥʥʦ ʥʝʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʨʝʞʠʤʳ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʪʦʢʘ, ʠ 

ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʪʨʝʱʠʥʳ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʩ ʦʜʥʦʨʦʜʥʳʤ ʧʦʪʦʢʦʤ ʥʝʤʥʦʛʦ 

ʥʠʞʝ, ʯʝʤ ʩ ʙʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʧʦʵʪʦʤʫ, ʚʦʟʤʦʞʥʦ, ʵʪʦ ʣʫʯʰʝ ʠʤʠʪʠʨʫʝʪ ʥʝʙʦʣʴʰʠʝ ʧʦʪʝʨʠ 

ʜʘʚʣʝʥʠʷ ʚ ʪʨʝʱʠʥʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʘʩʪʥʳʡ ʠʥʪʝʨʝʩ ʜʘʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʢʣʶʯʘʣʩʷ ʚ ʩʧʝʮʠʬʠʯʝʩʢʦʤ ʣʠʥʝʡʥʦʤ ʪʝʯʝʥʠʠ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʜʘʚʘʪʴ ʪʘʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ, ʠ ʢʦʪʦʨʦʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ɺʉʉ ʠ ʩʢʠʥ-ʵʬʬʝʢʪʘ. ʆʜʥʘʢʦ ʩʝʛʦʜʥʷ 

ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʛʨʘʤʤ ʚʤʝʱʘʝʪ ʠ ɺʉʉ, ʠ ʩʢʠʥ-ʵʬʬʝʢʪ. ʌʦʢʫʩ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʢʠʥ-ʵʬʬʝʢʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʪʦʤ, ʯʪʦʙʳ ʫʟʥʘʪʴ, ʦʪʢʫʜʘ ʦʥ ʠʜʝʪ: ʠʟ ʪʨʝʱʠʥʳ ʠʣʠ ʧʝʨʬʦʨʘʮʠʡ. ʆʙ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʦ ʤʥʦʛʠʭ 

ʧʫʙʣʠʢʘʮʠʷʭ. 

ɼʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʙʲʝʤʘ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, ʝʩʣʠ ʧʦʟʚʦʣʷʝʪ ʜʣʠʥʘ ʪʨʝʱʠʥʳ, ʥʘ 

ʧʦʚʝʜʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʣʠʥʝʡʥʳʡ ʠ ʦʜʥʦʨʦʜʥʳʡ ʧʦʪʦʢ ʠʟ ʢʦʣʣʝʢʪʦʨʘ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʪʨʝʱʠʥʳ, ʧʦʜ 

ʧʨʷʤʳʤ ʫʛʣʦʤ ʢ ʝʝ ʧʣʦʩʢʦʩʪʠ. 

ʃʠʥʝʡʥʳʡ ʧʦʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʨʥʶ ʚʨʝʤʝʥʠ:  
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʇʨʠ ʣʠʥʝʡʥʦʤ ʪʝʯʝʥʠʠ ʧʨʷʤʘʷ ʜʚʠʞʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹp ʦʪ ȹt , ʘ fX
 (ʧʦʣʦʚʠʥʘ ʜʣʠʥʳ 

ʪʨʝʱʠʥʳ) ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʫʢʣʦʥʘ m: 
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ʊʨʝʱʠʥʘ ʩ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʪʨʝʱʠʥʳ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ïʙʠʣʠʥʝʡʥʦʝ ʪʝʯʝʥʠʝ. ɺʦ ʚʨʝʤʷ 

ʙʠʣʠʥʝʡʥʦʛʦ ʪʝʯʝʥʠʷ ʟʘʙʦʡʥʦʝ ʜʘʚʣʝʥʠʝ ʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ ʩ ʢʦʨʥʝʤ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʠʟ ʚʨʝʤʝʥʠ 

ʇʦ ʩʚʦʡʩʪʚʫ ʧʨʦʠʟʚʦʜʥʦʡ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʟʘʚʠʩʠʪ ʣʠʥʝʡʥʦ ʦʪ ʚʨʝʤʝʥʠ ʚ ʩʪʝʧʝʥʠ n, ʪʦʛʜʘ ʧʨʦʠʟʚʦʜʥʘʷ 

ʠʤʝʝʪ ʬʦʨʤʫ ʧʨʷʤʦʡ ʣʠʥʠʠ ʥʘʢʣʦʥʘ n ʥʘ ʙʠʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʛʨʘʬʠʢʝ  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ ʪʨʝʱʠʥʘ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʤʝʝʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʡ ʧʨʠʟʥʘʢ ï ʧʨʦʠʟʚʦʜʥʘʷ 

ʧʨʠʥʠʤʘʝʪ ʬʦʨʤʫ ʧʨʷʤʦʡ ʣʠʥʠʠ ʥʘʢʣʦʥʘ ı ʥʘ ʙʠʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʛʨʘʬʠʢʝ ʂʨʦʤʝ ʪʦʛʦ, ʛʨʘʬʠʢ ʜʘʚʣʝʥʠʷ ʚ 

ʙʠʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ ʪʦʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʫʯʘʩʪʦʢ ʥʘʢʣʦʥʘ ı , ʘ ʟʥʘʯʠʪ ʢʨʠʚʳʝ 

ʜʘʚʣʝʥʠʷ ʠ ʧʨʦʠʟʚʦʜʥʦʡ ʜʘʚʣʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳ. ʇʨʠ ʵʪʦʤ, ʟʥʘʯʝʥʠʝ ʧʨʦʠʟʚʦʜʥʦʡ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʚ 4 

ʨʘʟʘ. [4]. 

ʈʝʞʠʤ ʙʠʣʠʥʝʡʥʦʛʦ ʧʦʪʦʢʘ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʝʪ ʥʘ ʩʘʤʦʤ ʨʘʥʥʝʤ ʵʪʘʧʝ ʚʨʝʤʝʥʠ, ʠ ʟʘʤʝʪʝʥ ʥʝ ʚʩʝʛʜʘ. ʆʥ 

ʚʳʨʘʞʘʝʪ ʵʪʘʧ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʧʘʜʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʦ ʪʨʝʱʠʥʝ, ʠ ʚ ʨʝʘʣʴʥʦʩʪʠ ʵʪʦ ʦʯʝʥʴ 

ʢʦʨʦʪʢʠʡ ʩʨʦʢ. ɼʘʞʝ ʢʦʛʜʘ ʥʝʪ ɺʉʉ, ʜʘʥʥʳʝ ʠʥʦʛʜʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʯʝʪʚʝʨʪʠʯʥʳʡ ʫʢʣʦʥ ʠ ʤʦʛʫʪ ʩʦʚʤʝʱʘʪʴʩʷ 

ʥʘʧʨʷʤʫʶ ʩ ʤʦʜʝʣʴʶ ʪʨʝʱʠʥʳ ʩ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʆʜʥʘʢʦ ʦʙʱʝʡ ʤʦʜʝʣʴʶ ʜʣʷ ʨʘʟʦʨʚʘʥʥʦʡ ʩʢʚʘʞʠʥʳ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʦʙʨʘʟʦʚʘʥʥʦʡ ʪʨʝʱʠʥʦʡ ʜʦʣʞʥʘ ʙʳʪʴ ʤʦʜʝʣʴ ʪʨʝʱʠʥʳ ʩ ʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ, ʧʦʩʢʦʣʴʢʫ ʧʦ 

ʪʨʝʱʠʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʷ, ʩʢʦʣʴ ʤʘʣʳʤ ʦʥ ʙʳ ʥʠ ʙʳʣ. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʠʤʝʝʪ ʟʥʘʯʝʥʠʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʣʠʥʝʡʥʳʤ ʧʘʜʝʥʠʝʤ ʜʘʚʣʝʥʠʝ ʚ ʢʦʣʣʝʢʪʦʨʝ ʚ ʪʨʝʱʠʥʫ. 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʥʫʞʥʦ ʟʘʜʘʚʘʪʴ ʝʱʝ ʜʚʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʘ: ʰʠʨʠʥʫ ʪʨʝʱʠʥʳ (w) ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʨʝʱʠʥʳ (kf), ʯʪʦ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʧʣʘʩʪʘ ʚ ʟʘʜʘʥʥʦʡ ʪʨʝʱʠʥʝ (kfw). ʇʨʠ 

ʙʠʣʠʥʝʡʥʦʤ ʧʦʪʦʢʝ ʧʨʷʤʘʷ ʜʚʠʞʝʪʩʷ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ȹp.tD
4

 , ʧʨʠ ʫʢʣʦʥʝ m, ʩʚʷʟʘʥʥʦʤ ʩ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʰʠʨʠʥʳ ʪʨʝʱʠʥʳ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ kfw.  

ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɻɼʀʉ ʚ ʩʢʚʘʞʠʥʝ ʩ ɻʈʇ 

ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ɻɼʀʉ ʚ ʩʢʚʘʞʠʥʝ ʩ ʪʨʝʱʠʥʦʡ ɻʈʇ ʩʣʝʜʫʶʱʘʷ: ʉʪʨʦʠʪʩʷ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ 

ʛʨʘʬʠʢ (ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʜʘʚʣʝʥʠʷ ʦʪ ʚʨʝʤʝʥʠ ʠ ʧʨʦʠʟʚʦʜʥʦʡ ʦʪ ʚʨʝʤʝʥʠ ʚ ʙʠʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ). 

ɺʳʜʝʣʷʶʪʩʷ ʨʝʞʠʤʳ ʪʝʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʧʨʦʠʟʚʦʜʥʦʡ: [5] 

Å ɹʠʣʠʥʝʡʥʳʡ ʨʝʞʠʤ (ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʦʠʟʚʦʜʥʦʡ ı ʠ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʝ ʚ 4 ʨʘʟʘ ʙʦʣʴʰʝ 

ʟʥʘʯʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʡ) 

Å ʃʠʥʝʡʥʳʡ ʨʝʞʠʤ (ʪʘʥʛʝʥʩ ʫʛʣʘ ʥʘʢʣʦʥʘ ʧʨʦʠʟʚʦʜʥʦʡ İ ʠ ʟʥʘʯʝʥʠʝ ʜʘʚʣʝʥʠʝ ʚ 2 ʨʘʟʘ ʙʦʣʴʰʝ ʟʥʘʯʝʥʠʷ 

ʧʨʦʠʟʚʦʜʥʦʡ)  

Å ʇʩʝʚʜʦʨʘʜʠʘʣʴʥʳʡ ʨʝʞʠʤ (ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʠʟʚʦʜʥʦʡ)  

 

ʈʠʩ.2 ɺʠʜʳ ʨʝʞʠʤʦʚ ʪʝʯʝʥʠʷ ʚ ʜʠʘʛʥʦʩʪʠʯʝʩʢʦʤ ʛʨʘʬʠʢ 

ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʝ ʠ ʧʦʣʝʟʥʳʝ ï ʪʠʧʦʚʳʝ ʢʨʠʚʳʝ Cinco-Ley ʜʣʷ ʤʦʜʝʣʠ ʪʨʝʱʠʥʳ ʢʦʥʝʯʥʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ [Dxft
, DP ] ʚ ʙʠʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʤʘʩʰʪʘʙʝ. ʇʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ 

ʤʝʪʦʜʦʤ ʪʠʧʦʚʳʭ ʢʨʠʚʳʭ Cinco-Ley: ʦʮʝʥʢʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, k, ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦ 

ʦʩʠ ʜʘʚʣʝʥʠʷ , ʦʮʝʥʢʘ ʧʦʣʫʜʣʠʥʳ ʪʨʝʱʠʥʳ, fx
, ʧʦʣʫʯʘʝʪʩʷ ʠʟ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʛʨʘʬʠʢʦʚ ʧʦ ʦʩʠ ʚʨʝʤʝʥʠ ; 

ʦʮʝʥʢʘ ʙʝʟʨʘʟʤʝʨʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʪʨʝʱʠʥʳ, CDF  , - ʝʩʪʴ ʧʘʨʘʤʝʪʨ ʚʳʙʨʘʥʥʦʡ ʪʠʧʦʚʦʡ ʢʨʠʚʦʡ [5]. 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

 
ʈʠʩ. 3 ʊʠʧʦʚʳʝ ʢʨʠʚʳʝ Cinco-Ley 

ʇʨʦʮʝʜʫʨʘ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʂɺɼ ʚ ʩʢʚʘʞʠʥʝ ʩ ʪʨʝʱʠʥʦʡ ɻʈʇ ʧʦʜʦʙʥʘ ʧʨʦʮʝʜʫʨʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ 

ʂʇɼ.ʈʘʟʣʠʯʠʷ:ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʛʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʜʘʚʣʝʥʠʷ ʜʣʷ ʂɺɼ, 
)0()( =D-D=D tPtPP wswsʂɺɼ , ʠ 

ʧʨʦʠʟʚʦʜʥʦʡ ʜʘʚʣʝʥʠʷ, Pô, ʩʪʨʦʠʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʚʨʝʤʝʥʠ ɸʛʘʨʚʘʣʘ, ȹte. 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

 ʄʝʣʠʢʙʝʨʦʚ ɸ.ʉ. ʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ. ʄʦʩʢʚʘ: ï ʅʝʜʨʘ, 1967 ï 139 ʩ 1.
 ʂʫʨʩ ʣʝʢʮʠʡ ʧʦ ʧʨʦʛʨʘʤʤʝ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 2.
 ɻʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ /ʎʝʥʪʨ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ 3.

ʧʝʨʝʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʥʝʚʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ, 2003 
 ɸʥʘʣʠʟ ɼʠʥʘʤʠʯʝʩʢʠʭ ʇʦʪʦʢʦʚ ï ʚʳʧʫʩʢ 4.10.01 ï É ʂɸʇʇɸ 1988 ï 2009 4.
 ʂʘʨʥʘʫʭʦʚ ʄ.ʃ, ʇʴʷʥʢʦʚʘ ɽ.ʄ.ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʣʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʢʚʘʞʠʥ:ʩʧʨʘʚʦʯʥʠʢ 5.

ʠʥʞʠʥʝʨʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʢʚʘʞʠʥ.-ʄ.:ʀʥʬʨʘ-ʀʥʞʝʥʝʨʠʷ,2010.ï 432ʩ 

 
ɸʅɸʃʀɿ ʈɽɾʀʄʆɺ ʈɸɹʆʊʓ ɻɸɿʃʀʌʊʅʆɻʆ ʌʆʅɼɸ ʉʂɺɸɾʀʅ ʀ ʄɽʊʆɼʆɺ 

ʇʆɺʓʐɽʅʀʗ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʈɸɹʆʊʓ ɻɸɿʃʀʌʊʅʓʍ ʉʂɺɸɾʀʅ ʅɸ ʄʆʈʉʂʀʍ 
ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ ɺʔɽʊʅɸʄɸ 

ʌʘʥ ʏʘʥ ʍʘʡ ʃʦʥʛ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɻ.ʌ. ʀʣʴʠʥʘ  

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʕʢʩʧʣʫʘʪʘʮʠʷ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʚʦ ɺʴʝʪʥʘʤʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʷʜʦʤ ʦʩʣʦʞʥʝʥʠʡ. ɺ ʧʨʦʮʝʩʩʝ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʨʦʠʩʭʦʜʠʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʙʳʚʘʝʤʦʡ ʞʠʜʢʦʩʪʠ. 

ʆʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʙʦʣʝʝ 20%, ʪʝʭʥʠʢʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʛʘʟʣʠʬʪʥʦʛʦ ʩʧʦʩʦʙʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʭʫʜʰʘʶʪʩʷ.  

ʆʢʦʣʦ 60% ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʦʙʚʦʜʥʝʥʥʦʩʪʴʶ, ʥʠʟʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ, 

ʥʘ ʫʩʪʴʝ; ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʩʬʘʣʴʪʦ-ʩʤʦʣʦ-ʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ (ɸʉʇʆ) ʥʘ ʩʪʝʥʢʘʭ ʥʘʩʦʩʥʦ-ʢʦʤʧʨʝʩʩʦʨʥʳʭ 

ʪʨʫʙʘʭ (ʅʂʊ) ʠ ʚʳʩʦʢʠʤʠ ʫʜʝʣʴʥʳʤʠ ʨʘʩʭʦʜʘʤʠ ʛʘʟʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʘ ʧʦ ʩʦʩʪʦʷʥʠʶ ʨʘʙʦʯʠʭ ʨʝʞʠʤʦʚ ʧʨʦʚʝʜʝʥʦ ʨʘʥʞʠʨʦʚʘʥʠʝ ʚʩʝʭ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʧʦ ʜʝʙʠʪʘʤ, 

ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʛʘʟʘ, ʧʦ ʩʪʝʧʝʥʠ ʦʙʚʦʜʥʝʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ, ʧʦ ʩʦʦʪʚʝʪʩʪʚʠʶ ʪʦʯʢʠ ʚʚʦʜʘ ʢʦʤʧʨʠʤʠʨʦʚʘʥʥʦʛʦ 

ʛʘʟʘ. 

ʊʘʙʣʠʮʘ 1  

 ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ 

ʂʘʪʝʛʦʨʠʷ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ 1 2 3 

ʏʠʩʣʦ ʩʢʚʘʞʠʥ 65 29 17 

ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ 

ʛʘʟʘ ʧʦ ʞʠʜʢʦʩʪʠ, ʤ3/ʩʫʪ 
661 281 76 

ʉʨʝʜʥʠʡ ʩʫʪʦʯʥʳʡ ʜʝʙʠʪ ʥʝʬʪʠ, ʪ/ʩʫʪ 6 36 63 

 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʙʦʪʫ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʨʘʢʦʥ, ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʨʝʞʠʤʦʚ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʧʫʪʝʤ ʛʨʫʧʧʠʨʦʚʢʠ ʩʢʚʘʞʠʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʝʙʠʪʘ ʧʦ ʞʠʜʢʦʩʪʠ, 

ʦʙʚʦʜʥʝʥʥʦʩʪʠ. ʉ ʮʝʣʴʶ ʨʘʥʞʠʨʦʚʘʥʠʷ ʧʦ ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ ʛʘʟʘ ʜʝʡʩʪʚʫʶʱʠʝ ʛʘʟʣʠʬʪʥʳʝ ʩʢʚʘʞʠʥʳ ʫʩʣʦʚʥʦ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʧʦ ʜʝʙʠʪʘʤ: ʧʝʨʚʘʷ ʛʨʫʧʧʘ ï ʩʢʚʘʞʠʥʳ ʩ ʜʝʙʠʪʘʤʠ ʧʦ ʞʠʜʢʦʩʪʠ ʜʦ 30 ʪ/ʩʫʪ; ʚʪʦʨʘʷ 

ʛʨʫʧʧʘ ï ʩʢʚʘʞʠʥʳ ʩ ʜʝʙʠʪʘʤʠ ʧʦ ʞʠʜʢʦʩʪʠ ʦʪ 30 ʪ/ʩʫʪ ʜʦ 100 ʪ/ʩʫʪ; ʢ ʪʨʝʪʴʝʡ ʛʨʫʧʧʝ ʦʪʥʝʩʝʥʳ ʩʢʚʘʞʠʥʳ ʩ 

ʜʝʙʠʪʘʤʠ ʧʦ ʞʠʜʢʦʩʪʠ ʙʦʣʝʝ 100 ʪ/ʩʫʪ (ʪʘʙʣ.1) [1].  

ʅʝʬʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʨʘʢʦʥ ʧʨʠ ʨʦʩʪʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʦʙʨʘʟʫʶʪ ʚʳʩʦʢʦʚʷʟʢʫʶ ʚʦʜʦʥʝʬʪʷʥʫʶ 

ʵʤʫʣʴʩʠʶ. ɿʘʤʝʨʳ ʚʷʟʢʦʩʪʠ ʵʤʫʣʴʩʠʡ ʥʝʬʪʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʧʨʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩ 0 ʜʦ 80% ʩ ʧʦʤʦʱʴʶ 

ʚʠʩʢʦʟʠʤʝʪʨʘ RV 20. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʷʟʢʦʩʪʠ ʥʝʬʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɼʨʘʢʦʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 

2. ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʩʥʦ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʦʪ 20 ʜʦ 65% ʚʷʟʢʦʩʪʴ ʩʢʚʘʞʠʥʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ (ʚ 10-20 ʨʘʟ), ʙʦʣʴʰʝ, ʯʝʤ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʠʞʝ 50ʦʉ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 ʋʚʝʣʠʯʝʥʠʝ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʛʘʟʘ (vʦʪ) ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʧʦʪʦʢʝ, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʚʦʜʦʥʝʬʪʝʛʘʟʦʚʦʡ 

ʩʤʝʩʠ. ɸʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʛʘʟʦʞʠʜʢʦʩʪʥʦʤ ʧʦʪʦʢʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

vʦʪ, ʧʨʠʯʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʝ ʧʦʚʳʰʝʥʠʷ ʚʦʟʨʘʩʪʘʝʪ, ʥʘʯʠʥʘʷ ʩ ʦʙʚʦʜʥʝʥʥʦʩʪʠ, ʨʘʚʥʦʡ 20%.  

ʉ ʨʦʩʪʦʤ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩ 15 ʜʦ 40% ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʛʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 2,2 ʨʘʟʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʣʝʟʥʦʛʦ ʜʝʡʩʪʚʠʷ (ʂʇɼ) ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʩʥʠʞʘʝʪʩʷ ʚ 3 ʨʘʟʘ. ɺ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʇ 

çɺʴʝʪʩʦʚʧʝʪʨʦè ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʛʠʝ ʧʝʨʧʝʢʪʠʚʥʳʝ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʂʇɼ 

ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʴʝʪʥʘʤʘ ʠ ʟʘ ʨʫʙʝʞʦʤ: ʢʦʥʪʨʦʣʴ ʠ 

ʦʧʪʠʤʠʟʘʮʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ; ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʭʦʣʦʪʘ; ʧʦʠʥʪʝʨʚʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʫʚʝʣʠʯʝʥʠʝ ʛʣʫʙʠʥʳ ʚʚʦʜʘ ʛʘʟʘ; ʜʨʦʙʣʝʥʠʝ ʛʘʟʦʚʦʡ ʠʣʠ 

ʞʠʜʢʦʡ ʬʘʟʳ ʜʠʩʧʝʨʛʘʪʦʨʘʤʠ; ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʛʘʟʣʠʬʪʘ; ʧʨʠʤʝʥʝʥʠʝ ʩʧʦʩʦʙʦʚ ʜʝʧʘʨʘʬʠʥʠʟʘʮʠʠ 

ʩʢʚʘʞʠʥ. ʕʪʠ ʩʧʦʩʦʙʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʩʪʨʫʢʪʠʚʥʦʤʫ ʤʝʪʦʜʫ ʠ ʧʨʝʜʧʦʣʘʛʘʶʪ ʠʟʤʝʥʝʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʩʢʚʘʞʠʥ, 

ʚʳʧʦʣʥʠʪʴ ʵʪʠ ʨʘʙʦʪʳ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ. 

 

ʊʘʙʣʠʮʘ 2  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʷʟʢʦʩʪʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 

ʊʝʤʧʝʨʘʪʫʨʘ, 
ʦʉ ɺʷʟʢʦʩʪʴ, ʤʇʘ.ʩ ʧʨʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ, % 

0 10 20 30 40 50 60 65 75 80 

60 5,5 7 9 12 14 16 18 22 19 18 

50 6 8 11 14 26 44 53 59 51 46 

40 6,4 9 17 19 61 109 143 254 198 157 

35 12 21 43 55 181 321 451 672 618 284 

30 128 226 293 324 576 751 882 1115 1214 492 

26 482 726 911 1121 1383 1561 1656 1783 1564 617 

 

ʊʘʙʣʠʮʘ 3  

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʤʳʩʣʦʚʳʭ ʠʩʧʳʪʘʥʠʡ ʢʦʤʧʣʝʢʩʥʳʭ ʭʠʤʨʝʘʛʝʥʪʦʚ ʥʘ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥʘʭ ʄʉʇ-7 

ʅʦʤʝʨ 

ʩʢʚ. 

ɼʝʙʠʪ ʞʠʜʢʦʩʪʠ, 

Qʞ, ʤ
3/ʩʫʪ 

ɼʝʙʠʪ ʥʝʬʪʠ, Qʥ,  

ʤ3/ʩʫʪ 

ʋʩʪʴʝʚʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ʦʉ 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ, 
ʦʉ 

ʋʜʝʣʴʥʳʡ ʨʘʩʭʦʜ 

ʛʘʟʘ R ʤ3/ʤ3 

 
ʜʦ 

ʟʘʢʘʯʢʠ 

ʧʦʩʣʝ 

ʟʘʢʘʯʢʠ 

ʜʦ 

ʟʘʢʘʯʢʠ 

ʧʦʩʣʝ 

ʟʘʢʘʯʢʠ 

ʜʦ 

ʟʘʢʘʯʢʠ 

ʧʦʩʣʝ 

ʟʘʢʘʯʢʠ 

ʜʦ 

ʟʘʢʘʯʢʠ 

ʧʦʩʣʝ 

ʟʘʢʘʯʢʠ 

ʜʦ 

ʟʘʢʘʯʢʠ 

ʧʦʩʣʝ 

ʟʘʢʘʯʢʠ 

701 46 65 32 43 33 35 36 32 281 210 

703 89 115 77 103 35 39 36 31 168 127 

707 31 58 21 40 35 37 36 31 717 366 

 

ɿʘʢʘʯʢʘ ʭʠʤʨʝʘʛʝʥʪʦʚ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʚ ʦʩʣʦʞʥʝʥʥʳʭ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʉʇ çɺʴʝʪʩʦʚʧʝʪʨʦè. ʇʨʦʚʝʜʝʥʦ 

ʠʩʧʳʪʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʭʠʤʨʝʘʛʝʥʪʘ ʥʘ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ. ʈʝʟʫʣʴʪʘʪʳ ʟʘʢʘʯʢʠ 

ʭʠʤʨʝʘʛʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʇʦ ʜʘʥʥʳʤ ʩʢʚʘʞʠʥʘʤ ʜʦ ʠ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʟʘʢʘʯʢʝ 

ʭʠʤʨʝʘʛʝʥʪʦʚ ʜʝʙʠʪ ʥʝʬʪʠ ʫʚʝʣʠʯʠʣʩʷ ʥʘ 15 ï 25 ʤ3/ʩʫʪ/ʩʢʚ., ʥʝ ʠʟʤʝʥʷʷ ʨʘʩʭʦʜ ʟʘʢʘʯʠʚʘʝʤʦʛʦ ʛʘʟʘ. ʇʨʠ ʵʪʦʤ 

ʫʩʪʴʝʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ 2 ï 3ʦʉ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ ʩʥʠʞʘʝʪʩʷ ʥʘ 5 ï 6ʦʉ. ʋʜʝʣʴʥʳʡ 

ʨʘʩʭʦʜ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 25 ï 50% [2]. 

ɿʘ ʚʨʝʤʷ ʟʘʢʘʯʢʠ ʭʠʤʨʝʘʛʝʥʪʦʚ ʚ ʛʘʟʣʠʬʪʥʳʝ ʩʢʚʘʞʠʥʳ ʘʜʩʦʨʙʮʠʠ ʭʠʤʨʝʘʛʝʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʚ ʟʘʪʨʫʙʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʇʨʦʮʝʩʩ ʧʦʜʛʦʪʦʚʢʠ ʠ 

ʪʨʘʥʩʧʦʨʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ ʧʨʠ ʠʩʧʳʪʘʥʠʠ ʭʠʤʨʝʘʛʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʣ ʚ ʦʙʳʯʥʦʤ ʨʝʞʠʤʝ ʙʝʟ ʦʩʣʦʞʥʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ (ʧʝʥʦʦʙʨʘʟʫʶʱʠʡ). ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʧʦʜʙʦʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʧʝʥʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ɸʉʇʆ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʧʨʦʚʦʜʠʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʟʤʝʥʝʥʠʷ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩʜʚʠʛʘ ʠ ʚʷʟʢʦʩʪʠ ʥʝʬʪʠ ʜʦ ʠ ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʨʝʘʛʝʥʪʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʜʚʠʛʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʝʬʪʠ - 40 ʩ-1. ʈʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 1 ʠ 2. 

 

 
ʈʠʩ. 1 ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʭʠʤʨʝʘʛʝʥʪʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʩʢʚʘʞʠʥʳ 703 

 

 

 
ʈʠʩ. 2 ɺʣʠʷʥʠʝ ʢʦʤʧʣʝʢʩʥʳʭ ʭʠʤʨʝʘʛʝʥʪʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ ʩʢʚʘʞʠʥʳ 703 

 

ʀʟ ʨʠʩʫʥʢʦʚ 1 ʠ 2 ʚʠʜʥʦ, ʯʪʦ ʧʦ ʩʪʝʧʝʥʠ ʫʣʫʯʰʝʥʠʷ ʨʝʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʢʦʤʧʣʝʢʩ DMC D-6 

(200 ʤʣ/ʤ3) + VX-7484 (500 ʤʣ/ʤ3) ʦʢʘʟʘʣʩʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʦʥ ʫʤʝʥʴʰʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʩʜʚʠʛʘ ʥʝʬʪʠ ʥʘ 50-65% ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʥʘ 50-75%.  

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʭʠʤʨʝʘʛʝʥʪʦʚ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ɸʉʇʆ ʙʳʣʠ ʚʟʷʪʳ 

ʢʦʤʧʣʝʢʩʥʳʝ ʭʠʤʨʝʘʛʝʥʪʳ VX 7484, EC 6509A, Thuan Phong, REPA 61V, AP 07 ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 500 ʤʣ/ʤ3 ʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʤʝʩʠ ʥʝʬʪʝʡ 701, 703. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʭʠʤʨʝʘʛʝʥʪ VX-7484 

500 ʤʣ/ʤ3 ʚ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʫʤʝʥʴʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʚ ʅʂʊ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʩʥʠʞʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ɸʉʇʆ ʩʦʩʪʘʚʣʷʝʪ 52-58% [2]. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʡ ʭʠʤʨʝʘʛʝʥʪ 

DMC D-6 (200 ʤʣ/ʤ3) + VX 7484 (500 ʤʣ/ʤ3) ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʚ 

ʫʩʣʦʚʠʷʭ ʤʦʨʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɺʴʝʪʥʘʤʘ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʢʦʤʧʦʟʠʮʠʷ ʭʠʤʨʝʘʛʝʥʪʦʚ: DMC D 6 (200 

ʛ/ʤ3) + VX 7484 (500 ʛ/ʤ3), ʦʥʘ ʦʙʣʘʜʘʝʪ ʩʘʤʦʡ ʣʫʯʰʝʡ ʧʝʥʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ, ʫʤʝʥʴʰʘʝʪ ʜʠʥʘʤʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʥʝʬʪʠ ʥʘ 50-65% ʠ ʜʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʥʝʬʪʠ ʥʘ 50-75%, ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʦʪʣʦʞʝʥʠʷ 

ɸʉʇʆ ʥʘ 55%, ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ ʥʘ 6ʦʉ. ʊʝʭʥʦʣʦʛʠʷ ʚʥʝʜʨʝʥʘ ʚ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥʘʭ 75, 701, 

703, 707 ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʦʟʠʮʠʠ ʨʝʘʛʝʥʪʦʚ DMC D-6 + VX-7484 

ʜʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʜʝʙʠʪʘ ʧʦ ʞʠʜʢʦʩʪʠ ʥʘ 20-30 ʤ3/ʩʫʪ, ʧʦ ʥʝʬʪʠ ʥʘ 15-20 ʤ3/ʩʫʪ, ʫʩʪʴʝʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

2-3ʦʉ ʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʨʘʙʦʯʝʛʦ ʛʘʟʘ ʥʘ 25-50%. 

ɸʥʘʣʠʟʦʤ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ, ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʇ 

çɺʴʝʪʩʦʚʧʝʪʨʦè, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʘʟʣʠʬʪ, ʙʝʟʫʩʣʦʚʥʦ, ʠʤʝʝʪ ʮʝʣʳʡ ʨʷʜ ʪʝʭʥʠʯʝʩʢʠʭ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʨʝʠʤʫʱʝʩʪʚ ʧʝʨʝʜ ʜʨʫʛʠʤʠ ʤʝʭʘʥʠʟʠʨʦʚʘʥʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʉ ʨʦʩʪʦʤ 

ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʢʚʘʞʠʥʥʦʡ ʧʨʦʜʫʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʫʭʫʜʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʘ. 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʡ (ʧʝʥʦʦʙʨʘʟʫʶʱʠʡ). ʇʨʠ ʠʟʫʯʝʥʠʠ 

ʧʦʜʙʦʨʘ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʙʦʪʳ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ 

ʧʝʥʦʦʙʨʘʟʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʘʛʝʥʪʦʚ ʥʘ ʨʝʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʝʡ ʠ 

ʦʙʨʘʟʦʚʘʥʠʝ ɸʉʇʆ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʃʠʪʝʨʘʪʫʨʳ 
 

 ɸ.ʉ. ʂʫʪʦʚʦʡ, ʅʛʫʝʥ ʂʫʦʢ ɿʫʥʛ, ɺʫ ʂʫʦʢ ʊʫʝʥ ʠ ʜʨ. ɸʥʘʣʠʟ ʩʦʩʪʦʷʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʬʦʥʜʘ ʩʢʚʘʞʠʥ, 1.
ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʦʧʪʠʤʠʟʘʮʠʠ ʝʛʦ ʨʘʙʦʪʳ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʝʬʪʝʜʦʙʳʪʠ/ ʉʇ çɺʴʝʪʩʦʚʧʝʪʨʦè, 
ʅʀʇʀʤʦʨʥʝʬʪʝʛʘʟ. ɺʫʥʛʪʘʫ, 2011. ï 259 ʩ. 
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ʨʝʘʛʝʥʪʦʤ ʚ ʛʘʟʣʠʬʪʥʳʭ ʩʢʚʘʞʠʥʘʭ / ʍ.ʅ. ʅʛʫʝʥ, ʄ.ʄ. ʂʘʙʠʨʦʚ, ɺ.ʃ. ʊʶ // ʅʝʬʪʝʛʘʟʦʚʦʝ ʜʝʣʦ, ʋʬʘ: ʋɻʅʊʋ, 
2008. ïʊ.6, ˉ1.ï ʉ. 79 ï 84. 

 
ɸɼɸʇʊɸʎʀʗ ʊɽʍʅʆʃʆɻʀʀ ʇʆʂʆʄʇʆʅɽʅʊʅʆʁ ɿɸʂɸʏʂʀ ɻɽʃɽʆɹʈɸɿʋʖʑɽɻʆ 
ʉʆʉʊɸɺɸ ɼʃʗ ʉɽɺɽʈʅʆɻʆ ɹʃʆʂɸ ʄɽʉʊʆʈʆɾɼɽʅʀʗ çɹɽʃʓʁ ʊʀɻʈè, (ɺʔɽʊʅɸʄ) 

ʏʘʥ ʊʭʘʥʴ ʅʘʤ
1 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ɺ.ʄ. ɻʘʣʢʠʥ
1
, ʚʝʜʫʱʠʡ ʧʨʦʛʨʘʤʤʠʩʪ ʀʍʅ ʉʆ ʈɸʅ  

ʀ.ɺ. ʂʫʚʰʠʥʦʚ
2 

1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, 

ʈʦʩʩʠʷ 
2
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɿʘʣʝʞʴ ʥʝʬʪʠ ʚ ʬʫʥʜʘʤʝʥʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʝʣʳʡ ʊʠʛʨè ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ 

ʦʙʲʝʢʪʦʤ ʉʇ çɺʴʝʪʩʦʚʧʝʪʨʦè. ʕʪʦ ʫʥʠʢʘʣʴʥʘʷ ʧʦ ʩʪʨʦʝʥʠʶ ʠ ʟʘʧʘʩʘʤ ~ 350 ʤʣʥ. ʪʦʥʥ (ʢʘʪʝʛʦʨʠʷ B+C1) ʠ ~120 

ʤʣʥ. ʪʦʥʥ (ʢʘʪʝʛʦʨʠʷ C2). ɿʘʣʝʞʴ ʥʝʬʪʠ, ʧʣʦʱʘʜʴʶ 25ʭ5 ʢʤ2, ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 1,5 ʢʤ ʚ ʠʥʪʝʨʚʘʣʝ 

ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʤʠʥʫʩ 3050 ï 4850 ʤ, ʟʘʤʢʥʫʪʦʛʦ ʪʠʧʘ [1]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʣʝʞʴ ʉʝʚʝʨʥʦʛʦ ʙʣʦʢʘ ʬʫʥʜʘʤʝʥʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʝʣʳʡ ʊʠʛʨè ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʩʪʘʜʠʠ ʧʘʜʘʶʱʝʡ ʜʦʙʳʯʠ (ʨʠʩ. 1). 

 

 
ʈʠʩ.1 ʆʩʥʦʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʨʘʟʨʘʙʦʪʢʠ ʉʝʚʝʨʥʦʛʦ ʙʣʦʢʘ ʬʫʥʜʘʤʝʥʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʝʣʳʡ ʊʠʛʨè 

ʇʦ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʦʙʳʚʘʶʱʠʝ ʩʢʚʘʞʠʥʳ ʦʙʚʦʜʥʷʶʪʩʷ ʩ ʟʘʜʝʨʞʢʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʯʘʣʘ ʥʘʛʥʝʪʘʥʠʷ 

ʚʦʜʳ ʥʘ 1 ï 3 ʛʦʜʘ. ʈʘʩʯʝʪʳ ʬʨʦʥʪʘ ʟʘʚʦʜʥʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʘ ʵʪʦ ʚʨʝʤʷ ʚʦʜʘ ʧʨʦʭʦʜʠʪ ʨʘʩʩʪʦʷʥʠʝ ʧʦʨʷʜʢʘ 

700ʤ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʬʠʣʴʪʨʘʮʠʠ 0,6-1,5ʤ/ʩʫʪ, ʪʦ ʝʩʪʴ ʬʨʦʥʪ ʚʦʜʳ ʦʪ ʥʘʛʥʝʪʘʥʠʷ ʜʦʩʪʠʛʘʝʪ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ. 

ʅʘʨʘʩʪʘʶʱʠʡ ʭʘʨʘʢʪʝʨ ʦʙʚʦʜʥʝʥʠʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʘʟʨʘʙʦʪʢʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʫʩʪʦʡʯʠʚʳʭ 

ʢʘʥʘʣʦʚ ʜʚʠʞʝʥʠʷ ʚʦʜʳ ʤʝʞʜʫ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʠ ʜʦʙʳʚʘʶʱʠʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʯʪʦ ʜʝʣʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʧʨʠʤʝʥʝʥʠʝ ʧʦʪʦʢʦʦʪʢʣʦʥʷʶʱʠʭ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢʠʭ, ʢʘʢ ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʛʝʣʝʦʙʨʘʟʫʶʱʘʷ ʢʦʤʧʦʟʠʮʠʷ ɻɸʃʂɸ. 

ɼʘʥʥʘʷ ʢʦʤʧʦʟʠʮʠʷ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʠʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʥʝʬʪʠ ʉʆ ʈɸʅ ʠ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ ʩ 

ʮʝʣʴʶ ʚʳʨʘʚʥʠʚʘʥʠʷ ʧʨʦʬʠʣʷ ʧʨʠʝʤʠʩʪʦʩʪʠ ʠʣʠ ʚʦʜʦʠʟʦʣʷʮʠʠ ʜʣʷ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ, ʧʫʪʝʤ ʩʦʟʜʘʥʠʷ 

ʛʝʣʝʚʦʛʦ ʵʢʨʘʥʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʩʪʘ. ʊʝʭʥʦʣʦʛʠʷ ʧʦʢʦʤʧʦʥʝʥʪʥʦʡ ʟʘʢʘʯʢʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʟʘʢʘʯʢʝ ʚ ʩʢʚʘʞʠʥʫ ʥʝʩʢʦʣʴʢʠʭ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʠ ʩʤʝʰʝʥʠʠ ʦʙʨʘʟʫʶʪ ʛʝʣʴ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʣʘʩʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʤʝʰʠʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʧʝʨʩʠʠ ʞʠʜʢʦʩʪʠ ʠ 

ʟʘʜʝʨʞʢʠ ʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʥʘ ʤʘʪʨʠʮʝ ʧʣʘʩʪʘ ʚ ʧʨʦʮʝʩʩʝ ʬʠʣʴʪʨʘʮʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝʤ ʦʙʲʝʤʦʚ 

ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʚʦʜʳ ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʩʢʚʘʞʠʥʳ ʜʦ ʛʝʣʝʚʦʛʦ ʵʢʨʘʥʘ [2]. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʤʝʰʠʚʘʥʠʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʢʘʯʠʚʘʝʤʳʭ ʦʪʦʨʦʯʝʢ ʨʘʩʪʚʦʨʦʚ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʚ 

ʧʦʨʠʩʪʦʡ ʩʨʝʜʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ. ʎʝʣʴʶ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʦʟʠʮʠʠ ɻɸʃʂɸ ʥʘ 

ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʣʘʩʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʫʧʨʦʱʝʥʥʳʡ ʞʠʜʢʦʩʪʥʳʡ ʭʨʦʤʘʪʦʛʨʘʬ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 2. ʋʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʣʠʧʨʦʧʠʣʝʥʦʚʫʶ ʢʦʣʦʥʢʫ ʜʣʠʥʦʡ 2ʤ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 16ʤʤ, ʢʦʪʦʨʫʶ ʧʝʨʝʜ ʢʘʞʜʳʤ ʦʧʳʪʦʤ 

ʟʘʧʦʣʥʷʣʠ ʠʟʤʝʣʴʯʝʥʥʳʤ ʛʨʘʥʠʪʦʤ, ʩʨʝʜʥʷʷ ʬʨʘʢʮʠʷ 0,16-0,5ʤʤ ʠ ʥʘʩʳʱʘʣʠ ʧʨʝʩʥʦʡ ʚʦʜʦʡ. ʇʦʨʠʩʪʦʩʪʴ 

ʢʦʣʦʥʢʠ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 0,34-0,38, ʧʦʩʪʦʷʥʥʳʡ ʨʘʩʭʦʜ ~ 2ʤʣ/ʤʠʥ, ʨʘʩʯʝʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦ ʚʦʜʝ ~ 33 ɼʘʨʩʠ. 

ʊʘʢʘʷ ʚʳʩʦʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʭʦʨʦʰʦ ʤʦʜʝʣʠʨʫʝʪ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʫʶ ʪʨʝʱʠʥʫ ʚ ʪʨʝʱʠʥʦʚʘʪʦʤ ʛʨʘʥʠʪʥʦʤ 

ʢʦʣʣʝʢʪʦʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ [3]. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʨʘʩʩʯʠʪʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʦʛʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʦʧʨʝʜʝʣʷʣʦʩʴ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʇɿʇ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ 

(ʨʠʩ. 3). ʆʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʢʨʘʥʘ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ, ʩʦʩʪʘʚʣʷʝʪ 5 ï 6ʤ ʦʪ ʩʪʚʦʣʘ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʩʢʚʘʞʠʥʳ, ʧʨʠ ʤʝʥʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ ʧʘʜʘʝʪ ʧʨʠʝʤʠʩʪʦʩʪʴ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ, ʧʨʠ ʙʦʣʴʰʝʤ ʨʘʩʩʪʦʷʥʠʠ 

ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʦʙʲʝʤʳ ʨʝʘʛʝʥʪʦʚ. 

 

 
ʈʠʩ. 2 ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʩ ʧʦʩʪʦʷʥʥʳʤ ʧʝʨʝʧʘʜʦʤ ʜʘʚʣʝʥʠʷ. 1 ï ʢʦʣʦʥʢʘ; 2 ï ʢʨʘʥ; 3 ï 

ʠʥʞʝʢʪʦʨ; 4 ï ʣʘʪʫʥʥʳʝ ʧʘʨʳ ʜʘʪʯʠʢʦʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ (ˉ 1-10); 5 ï ʚʦʟʜʫʰʥʳʡ ʢʦʤʧʨʝʩʩʦʨ; 6 ï 

ʚʝʩʳ; 7 ï ʤʘʥʦʤʝʪʨ 

 

 
ʈʠʩ. 3 ʈʘʜʠʘʣʴʥʳʡ ʧʨʦʬʠʣʴ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʢʨʫʛ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ, ʩ ʫʯʝʪʦʤ ʦʭʣʘʞʜʝʥʠʷ ʧʣʘʩʪʘ 

ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʟʘʢʘʯʢʝ ʚʦʜʳ 

 

ɼʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ ʨʠʩ. 3, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʩʪʘʚ ʩ 

ʪʝʨʤʦʨʝʛʫʣʠʨʫʶʱʝʡ ʜʦʙʘʚʢʦʡ, ʯʪʦʙʳ ʩʥʠʟʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʪʴ ʛʝʣʝʚʳʡ ʵʢʨʘʥ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʩʢʚʘʞʠʥʳ. ʇʨʠ ʨʘʩʯʝʪʝ ʧʦʢʦʤʧʦʥʝʥʪʥʦʡ ʟʘʢʘʯʢʠ ɻɸʃʂɸ ʠ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʫʩʪʘʥʦʚʢʝ (ʨʠʩ.2) ʢʦʵʬʬʠʮʠʝʥʪʳ ʜʠʩʧʝʨʩʠʠ: k=0,9 ʜʣʷ ɻɸʃʂɸ 

ʠ k=0,5 ʜʣʷ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ. ʅʘ ʨʠʩ. 4 ʧʦʢʘʟʘʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʦʥʘ ʩʤʝʰʝʥʠʷ ʦʪʦʨʦʯʝʢ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ 

ʤʝʪʦʜʠʢʝ [4]. 

 

 
ʈʠʩ. 4 ʂʦʥʮʝʥʪʨʘʮʠʠ ʠ ʩʤʝʰʝʥʠʝ ʦʪʦʨʦʯʝʢ ʧʨʠ ʧʨʦʜʘʚʢʝ ʚʦʜʦʡ 24 ʯʘʩʦʚ ʚ ʠʥʪʝʨʚʘʣʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ 2,8 ï 

4,1 ʤʝʪʨʦʚ ʦʪ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ 

 

ɼʣʷ ʨʘʩʯʝʪʦʚ ʩʭʝʤʳ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʧʣʘʩʪʫ ʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʤ ʩʢʚʘʞʠʥʘʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʳʡ ʊʠʛʨ, ʧʨʠ ʵʪʦʤ ʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʩʷ ʥʘʛʥʝʪʘʝʤʘʷ ʞʠʜʢʦʩʪʴ ʠʜʝʪ ʚ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʧʣʘʩʪʘ 

ʪʦʣʱʠʥʦʡ 750ʤ. ʇʦʨʠʩʪʦʩʪʴ ʧʣʘʩʪʘ 0,0406; ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʘ 633ʤɼ; ʛʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ 4450ʤ; ʨʘʩʭʦʜ ʚʦʜʳ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʧʨʠ ʧʨʦʜʘʚʢʝ 600ʤ3/ʩʫʪ, ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ 34ʄʧʘ; ʜʘʚʣʝʥʠʝ ʟʘʢʘʯʢʠ 0 (ʤʦʞʥʦ ʧʦʜʥʷʪʴ ʜʦ 7 ʄʧʘ); ʦʙʲʝʤʳ ʜʚʫʭ 

ʦʪʦʨʦʯʝʢ ʨʘʚʥʳ ʠ ʩʦʩʪʘʚʣʷʶʪ 90ʤ3 ʢʘʞʜʘʷ; ʙʫʬʝʨʥʘʷ ʧʨʦʩʣʦʡʢʘ ʚʦʜʳ ʤʝʞʜʫ ʥʠʤʠ 60ʤ3. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʨʘʩʯʝʪʦʚ, ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʜʘʥʥʳʭ ʦʙʲʝʤʦʚ ʷʚʣʷʝʪʩʷ ʚʨʝʤʷ ʧʨʦʜʘʚʢʠ 24 ʯʘʩʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 600ʤ3 ʦʙʲʝʤʫ 

ʧʨʦʜʘʚʢʠ ʧʨʠ ʪʝʤʧʝ ʟʘʢʘʯʢʠ 600ʤ3/ʩʫʪ. ʊʦʣʱʠʥʘ ʛʝʣʝʚʦʛʦ ʵʢʨʘʥʘ ~ 1ʤ, ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʵʢʨʘʥʘ ʦʪ ʩʢʚʘʞʠʥʳ 2,8ʤ. 

ʇʨʦʛʥʦʟ ʫʚʝʣʠʯʝʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ ʦʪ ʦʙʨʘʙʦʪʢʠ ʥʘʛʥʝʪʘʪʝʣʴʥʦʡ ʩʢʚʘʞʠʥʳ ʢʦʤʧʦʟʠʮʠʝʡ ɻɸʃʂɸ 

ʧʨʦʚʦʜʠʣʩʷ ʠʩʭʦʜʷ ʠʟ ʨʘʩʯʝʪʘ ʫʚʝʣʠʯʝʥʠʷ ʦʭʚʘʪʘ ʧʣʘʩʪʘ ʟʘʚʦʜʥʝʥʠʝʤ ʧʨʠ ʩʦʟʜʘʥʠʠ ʛʝʣʝʚʦʛʦ ʵʢʨʘʥʘ, ʩ 

ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʟʦʥ ʧʣʘʩʪʘ ʩ ʥʘʯʘʣʴʥʦʡ ʥʝʬʪʝʥʘʩʳʱʝʥʥʦʩʪʴʶ. ʇʨʦʛʥʦʟʠʨʫʝʪʩʷ ʧʨʠʨʦʩʪ ʜʝʙʠʪʘ 

ʧʦ ʫʯʘʩʪʢʫ ʧʦʨʷʜʢʘ 9% (35ʤ3/ʩʫʪ), ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʬʬʝʢʪʘ 1 ʛʦʜ. 
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ʄɽʊʆɼ ʆʎɽʅʂʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʄɽʈʆʇʈʀʗʊʀʁ ʇʆ 

ʇʆɺʓʐɽʅʀʖ ʅɽʌʊɽʆʊɼɸʏʀ ʇʃɸʉʊʆɺ ʀ ʉʂɺɸɾʀʅ ʅɸ ʆʉʅʆɺɽ 
ʀʅʊɽɻʈʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄ ʄʆɼɽʃɽʁ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ɺʓʊɽʉʅɽʅʀʗ 

ʏʘʥ ʅʛʫʝʥ ʃʦʥʛ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʃ. ʉʝʨʛʝʝʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʧʨʘʢʪʠʢʝ ʥʝʬʪʝʛʘʟʦʜʦʙʳʯʠ ʚ ʮʝʣʷʭ ʦʧʨʝʜʝʣʝʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʤʝʪʦʜʦʚ ʧʦʚʳʰʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʦʜʝʣʠ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʚ ʚʠʜʝ ʟʘʜʘʥʥʳʭ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʘʨʘʤʝʪʨʦʚ ʬʫʥʢʮʠʡ ʨʝʛʨʝʩʩʠʠ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʟʚʘʥʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ [1,2]. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʘ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʣʦʛʦ-

ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ (ɻʊʄ) ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʢʦʧʣʝʥʥʦʡ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʘʢʦʧʣʝʥʥʦʡ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʩ ʫʯʝʪʦʤ ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʘʭ.  

ʄʝʪʦʜ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʄ. ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ 

ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʤʦʜʝʣʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʚʦʜʳ ʠ ʦʜʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ. ʇʝʨʚʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʩ ʫʯʝʪʦʤ 

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʘʷ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʠʤʝʝʪ 

ʚʠʜ [3,4]: 
* ( , ,

( , ) ,

í í

í

V f t

S f T

ë = +î
ì
= +îí

Ŭ) ɝ

Ŭ ɖ
      (1) 

ʛʜʝ * * * *

1 2( ( ), ( ),..., ( ))í nV v t v t v t=  - ʚʝʢʪʦʨ ʩʪʦʣʙʝʮ ʬʘʢʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ (ʩ ʥʘʯʘʣʘ ʨʘʟʨʘʙʦʪʢʠ 
0t ) 

ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ  ʥʝʬʪʠ 
* ( )iv t  ʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ nittt ii ,1,1 =-=D -  (ʛʦʜ, ʤʝʩʷʮ); 

1 2, ( ( , ), ( , ),...., ( , ))Tí í í í nf (t f t f t f t=Ŭ) Ŭ Ŭ Ŭ- ʚʝʢʪʦʨ ʩʪʦʣʙʝʮ ʟʥʘʯʝʥʠʡ  ʜʦʙʳʯʠ ʥʝʬʪʠ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ( , )ʥf t Ŭ ; 1 2( , ,..., )TlS s s s= - ʚʝʢʪʦʨ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ 

ʥʝʬʪʠ ʟʘ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ T, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʠʢ ʠʭ ʨʘʩʯʝʪʘ; 

1 2( , ,...., )ma a a=Ŭ - ʚʝʢʪʦʨ ʥʝʠʟʚʝʩʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ɖɝ, - ʚʝʢʪʦʨʳ ʩʣʫʯʘʡʥʳʭ ʚʝʣʠʯʠʥ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ  

ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʜʝʙʠʪʘ ʥʝʬʪʠ , ʦʰʠʙʢʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ, ʥʝʪʦʯʥʦʩʪʠ ʚʳʙʦʨʘ  

ʤʦʜʝʣʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʪ.ʧ. 

ʇʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ  ʜʦʙʳʯʠ ʥʝʬʪʠ( )ʥ nV t t+  ʥʘ ʧʝʨʠʦʜ t ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ɻʊʄ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

nt  ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʧʦ ʬʦʨʤʫʣʝ:  

* *( ) ( , ( ))í n í nV t f tt t+ = +Ŭ ɓ      (2) 

ʛʜʝ ʦʮʝʥʢʠ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ (1) *
Ŭ  ʠ ʦʮʝʥʢʘ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ 

*ɓ ʚʳʯʠʩʣʷʶʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ [3,4]  ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʜʚʫʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ: 
*

0(ɓ) argmin( ( ) ɓ ( ))aJ J= F= +
Ŭ

Ŭ Ŭ Ŭ,    * *

0ɓ argmin ( (ɓ))J
b

= Ŭ ,    (3) 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 

ʛʜʝ ʌ - ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʡ ʢʨʠʪʝʨʠʡ ʢʘʯʝʩʪʚʘ; 
2

*

0 ( ,í íJ V f t= - Ŭ) ʠ  
2

( ) ( , )a íJ S f T= -Ŭ Ŭ  - ʯʘʩʪʥʳʝ 

ʢʚʘʜʨʘʪʠʯʥʳʝ ʢʨʠʪʝʨʠʠ ʢʘʯʝʩʪʚʘ ʤʦʜʝʣʠ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʜʝʣʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ  

ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ; X  - ʥʦʨʤʘ ʚʝʢʪʦʨʘ X .  

ɺʪʦʨʘʷ  ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ:  
* * *

1

* *

21

( ) ( , , ( ), ( )) , , 1,

( ) ( , , ( ), ( )) , , 1,

í i x i æ i â i i i á

í n j x j æ n j â n j j j

V t f t V t V t t t t i i n

V t t f t V t t V t t t t t j j n

x

h

ë = + = +D Ö =î
ì

+ = + + + = +D Ö =îí

Ŭ

Ŭ
  (4) 

ʛʜʝ )(),(),( ***

iBiʞiʥ tVtVtV  - ʬʘʢʪʠʯʝʩʢʠʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʞʠʜʢʦʩʪʠ ʠ ʚʦʜʳ ʥʘ 

ʙʘʟʦʚʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʢʠ 1, 1,i ʙt t t i i n= +D Ö =; 
1n - ʦʙʲʝʤ ʜʘʥʥʳʭ ʙʘʟʦʚʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʘʟʨʘʙʦʪʢʠ;  

2( ), 1,ʥ n jV t t j n+ =  - ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ,  ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ (1); -xf

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʪʝʩʥʝʥʠʷ ʟʘʜʘʥʥʘʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʚʝʢʪʦʨʘ ʧʘʨʘʤʝʪʨʦʚ Ŭ; ix ʠ jh - ʩʣʫʯʘʡʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʊʄ ( )í nQ t tD +Dʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
nt t+D ʦʧʨʝʜʝʣʷʝʤʫʶ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʝʡ ʥʝʬʪʠ ʨʘʩʩʯʠʪʳʚʘʝʤ ʧʦ ʬʦʨʤʫʣʝ: 

* * * * *( ) ( ) (, ( ), ( ), ( ))í n í n x æ n â nQ t t V t t f h V t t V t tD +D = +D - +D +Dɔ    (5) 

ʛʜʝ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ
*
ɔ ʠ ʫʧʨʘʚʣʷʶʱʝʛʦ ʧʘʨʘʤʝʪʨʘ 

*h ʦʧʨʝʜʝʣʷʝʤ ʧʫʪʝʤ 

ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚʠʜʘ (3,4). 

ɸʣʛʦʨʠʪʤ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʄ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʦʩʥʦʚʥʳʭ 

ʵʪʘʧʦʚ: 

1. ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ  

ʬʦʨʤʠʨʫʶʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʧʨʦʚʦʜʠʪʩʷ ʝʝ ʘʜʘʧʪʘʮʠʷ  

ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ (3),  ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʦʛʥʦʟʥʳʝ ʟʥʘʯʝʥʠʷ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ (2); 

2. ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ  ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʡʪʠ, ʞʠʜʢʦʩʪʠ ʠ ʚʦʜʳ ʩ ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʥʳʭ 

ʟʥʘʯʝʥʠʡ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ (2) ʬʦʨʤʠʨʫʝʪʩʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʚʳʪʝʩʥʝʥʠʷ (4), ʧʨʦʠʟʚʦʜʠʪʩʷ ʝʝ ʘʜʘʧʪʘʮʠʷ ʧʫʪʝʤ ʨʝʰʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʟʘʜʘʯ ʚʠʜʘ (3) ʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʳʙʦʨ ʧʦʜʭʦʜʷʱʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʪʝʩʥʝʥʠʷ ʧʦ ʢʦʥʪʨʦʣʴʥʦʤʫ ʠʥʪʝʨʚʘʣʫ ʙʘʟʦʚʦʛʦ ʫʯʘʩʪʢʘ 

ʦʙʨʘʙʦʪʢʠ 1, 1,i ʙt t t i i n= +D Ö =. 

3. ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻʊʄ ʧʦ ʧʦʢʘʟʘʪʝʣʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʝʡ ʥʝʬʪʠ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ (5). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʄ (5) 

ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʩʥʦʚʝ ʧʨʦʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʠ ʞʠʜʢʦʩʪʠ ʩ ʫʯʝʪʦʤ ʵʢʩʧʝʨʪʥʳʭ 

ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ  ʟʘʧʘʩʦʚ ʫʯʘʩʪʢʘ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʜʦ ʠ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ ʥʝʬʪʝʦʪʜʘʯʠ. 

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʰʠʙʢʠ dʦʮʝʥʦʢ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (5) 
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ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʅʂ) ʠ  ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʘʣʛʦʨʠʪʤʘ 

ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʤʝʪʦʜʝ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ (ʀʄ), ʜʣʷ ʧʷʪʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʥʘ ʧʨʘʢʪʠʢʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ, ʛʜʝ *

íQD  - ʬʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ; ( )ʥ nQ t tD +D- 

ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʜʦʙʳʯʠ ʥʝʬʪʠ. 

 

ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ɻʊʄ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʳʪʝʩʥʝʥʠʷ ʅʘʟʚʘʥʠʝ 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ 

ʄʝʪʦʜ ʅʂ ʄʝʪʦʜ ʀʄ 

)ln(21 ʞʥ VV a+a=
 

ʉʘʟʦʥʦʚ ɹ.ʖ. 0,030 0,023 

1
21
-a-a= ʞʥ VV

 
ʂʘʤʙʘʨʦʚ ɻ.ʉ. 0,057 0,053 

2/.1
21
-a-a= ʞʥ VV

 
ʇʠʨʚʝʨʜʷʥ ɸ.ʄ. 0,044 0,039 

1 2ʥ ʞV Va a= +
 

ʄʝʪʦʜ ʧʦʩʪʦʷʥʥʦʛʦ 

ʥʝʬʪʝʩʦʜʝʨʞʘʥʠʷ 
0,006 0,003 

1 2ln( ) ln( )ʥ ɺV Va a= +
 

ɸʙʳʟʙʘʝʚ ʀ.ʀ. 0,007 0,002 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɺʳʚʦʜʳ. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʦʮʝʥʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʧʦʚʳʰʝʥʠʶ 

ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ ʠ ʩʢʚʘʞʠʥ ʦʩʥʦʚʘʥʥʳʡ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ ʤʦʜʝʣʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʪʝʩʥʝʥʠʷ ʩ 

ʫʯʝʪʦʤ ʧʨʦʛʥʦʟʥʳʭ ʟʥʘʯʝʥʠʡ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʦʣʫʯʝʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʘʢʦʧʣʝʥʥʳʡ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʅʘ ʦʩʥʦʚʝ ʧʨʦʤʳʩʣʦʚʳʭ ʜʘʥʥʳʭ 

ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ, ʞʠʜʢʦʩʪʠ ʠ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢ ʠʟʚʣʝʢʘʝʤʳʭ ʟʘʧʘʩʦʚ ʦʙʲʝʢʪʘ ʨʘʟʨʘʙʦʪʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʘʝʪ ʙʦʣʝʝ ʪʦʯʥʳʝ ʦʮʝʥʢʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʠ ʥʝʬʪʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʠʷ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʤʝʨʦʧʨʠʷʪʠʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
 ʇʴʷʥʢʦʚ ɺ.ʅ. ɸʣʛʦʨʠʪʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ɹʘʢʣʝʷ - ʃʝʚʝʨʝʪʪʘ ʚ ʟʘʜʘʯʘʭ ʧʨʦʛʥʦʟʘ ʜʦʙʳʯʠ 1.

ʥʝʬʪʠ // ʅʝʬʪʷʥʦʝ ʭʦʟʷʡʩʪʚʦ, 1997. ï ˉ10. ï ʩ. 62 ï 65. 
 ɼʘʚʳʜʦʚ ɸ.ɺ. ɸʥʘʣʠʟ ʠ ʧʨʦʛʥʦʟ ʨʘʟʨʘʙʦʪʢʠ ʥʝʬʪʷʥʳʭ ʟʘʣʝʞʝʡ. ï ʄ.: ʆɸʆ çɺʅʀʀʆʕʅɻè, 2007. ï 316ʩ. 2.
 ʉʝʨʛʝʝʚ ɺ.ʃ. ʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʠʜʝʥʪʠʬʠʢʘʮʠʠ. ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ. ï ʊʦʤʩʢ: 3.

ʀʟʜ-ʚʦ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2011. ï 198ʩ. 
 ʅʘʡʤʫʰʠʥ ɸ.ɻ., ʉʝʨʛʝʝʚ ɺ.ʃ. ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʵʚʦʣʶʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʠʩʪʝʤ ʩ ʫʯʝʪʦʤ 4.

ʘʧʨʠʦʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠ // ʀʟʚʝʩʪʠʷ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ï ʊʦʤʩʢ, 2013. ï ʊ.322. ï ˉ 5. 
ï ʉ.42 ï 45. 

 

ʌɸʂʊʆʈʓ, ɺʃʀʗʖʑʀɽ ʅɸ ʈʆʉʊ ɻʀɼʈɸʊʆɺ ʇʈʀʈʆɼʅʓʍ ʀ ʅɽʌʊʗʅʓʍ ɻɸɿʆɺ 
ʅ.ɸ. ʐʦʩʪʘʢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɽ.ʇ. ɿʘʧʦʨʦʞʝʮ 
ʂʫʙʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʨʘʩʥʦʜʘʨ, ʈʦʩʩʠʷ 

ʀʟʫʯʝʥʠʝ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʦʟʚʦʣʠʪ ʨʘʟʨʘʙʦʪʘʪʴ ʥʦʚʳʝ ʠ ʤʦʜʝʨʥʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʧʦ 

ʧʨʝʜʫʧʨʝʞʜʝʥʠʶ ʠ ʙʦʨʴʙʝ ʩ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʘʤʠ. ʊʘʢʠʭ ʬʘʢʪʦʨʦʚ ʤʥʦʛʦ, ʠ ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦ-ʦʪʜʝʣʴʥʦʩʪʠ ʠ/ʠʣʠ 

ʩʦʚʤʝʩʪʥʦ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ. ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʦʣʝʝ ʯʝʤ ʚ ʧʷʪʠʜʝʩʷʪʠ ʨʘʙʦʪʘʭ, ʙʳʣʠ ʚʳʙʨʘʥʳ ʠ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ 

ʬʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪʦʚ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 

 

 
ʈʠʩ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʬʘʢʪʦʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʦʩʪ ʛʠʜʨʘʪʦʚ ʧʨʠʨʦʜʥʳʭ ʠ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ȹʊ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ 

ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʭ ʨʦʩʪʘ ʠ 

ʥʘʙʣʶʜʘʝʪʩʷ [9] ʵʢʩʪʨʝʤʫʤ. ʆʜʥʘʢʦ ʚ ʨʘʙʦʪʝ [16] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ 

ʤʝʥʴʰʝʤʫ ʟʘʧʦʣʥʝʥʠʶ ʧʦʣʦʩʪʝʡ ʢʨʠʩʪʘʣʣʘ ʛʘʟʦʤ ʠ ʢ ʤʝʥʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʘʝʤʦʛʦ ʛʠʜʨʘʪʘ. ʇʨʠ 

ʦʜʠʥʘʢʦʚʦʡ ȹʊ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ ʩʪʨʫʢʪʫʨʳ KC-I ʙʦʣʝʝ ʯʝʤ ʚ 5 ʨʘʟ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ 

ʩʪʨʫʢʪʫʨʳ ʂʉ-II [19]. ʇʨʦʮʝʩʩ ʧʝʨʝʭʦʜʘ ʛʘʟʘ ʚ ʛʠʜʨʘʪʥʫʶ ʬʘʟʫ ʜʦ ʧʦʣʥʦʛʦ ʝʝ ʥʘʩʳʱʝʥʠʷ ʚʦ ʚʨʝʤʝʥʠ ʠʤʝʝʪ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ [2, 17]. ʇʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʦʮʝʩʩʘ ʠ ʧʦʚʳʰʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʳ, ʧʦʩʣʝ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ. 

ʅʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ ʚʣʠʷʝʪ ʪʘʢʞʝ ʜʠʩʧʝʨʩʥʦʩʪʴ ʚʦʜʳ ʚ ʛʘʟʦ-ʞʠʜʢʦʩʪʥʦʡ ʩʠʩʪʝʤʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʨʘʜʠʫʩʘ ʢʘʧʝʣʴ ʚʦʜʳ ʜʦ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠʭ ʟʘʤʝʨʟʘʥʠʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʫʣʝ ʛʨʘʜʫʩʦʚ 

ʎʝʣʴʩʠʷ, ʘ ʩʤʝʱʘʝʪʩʷ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ʪʝʤʧʝʨʘʪʫʨ [14, 15]. ʆʙʨʘʟʦʚʘʥʠʝ ʣʴʜʘ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʝʝ ʠʟ 

ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ ʚʦʜʳ, ʯʝʤ ʠʟ ʤʝʣʢʠʭ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʛʘʟʘ ʚ ʣʝʜ ʛʦʨʘʟʜʦ ʥʠʞʝ, ʯʝʤ ʚ ʞʠʜʢʦʩʪʴ, 

ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʦʣʝʢʫʣ ʛʘʟʘ ʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʫʶ ʞʠʜʢʦʩʪʴ, ʩʦʭʨʘʥʷʶʪʩʷ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪ.ʝ. ʧʨʠ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʦʭʣʘʞʜʝʥʠʷ ȹʊ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʛʠʜʨʘʪʘ. ʏʝʤ ʤʝʥʴʰʝ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʚʦʜʳ, ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ. 

ʌʘʢʪʦʨʳ, ʚʣʠʷʶʱʠʝ ʥʘ ʨʦʩʪ ʛʘʟʦʚʳʭ ʛʠʜʨʘʪʦʚ 

 

ʊʝʨʤʦʙʘʨʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ 

ȹʊ ȹp ȹʊ ʠ ȹp 

ʈʘʩʪʚʦʨʳ ʠ 

ʘʢʪʠʚʘʪʦʨʳ 

ʂʦʥʮʝʥʪ-

ʨʘʮʠʷ 

ʛʠʜʨʘʪʦʦʙʨʘ

ʟʦʚʘʪʝʣʷ 

ʂʦʥʮʝʥʪ-

ʨʘʮʠʷ 

ʩʦʣʝʚʳʭ 

ʨʘʩʪʚʦʨʦʚ 

ʉʧʠʨʪʳ ʇʦʚʝʨʭʥʦʩʪʥʦ-

ʘʢʪʠʚʥʳʝ 

ʚʝʱʝʩʪʚʘ 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʧʨʦʮʝʩʩʳ 

ʌʠʟʠʯʝʩʢʠʝ 
ʧʦʣʷ 

ʤʘʛʥʠʪʥʳʝ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʳʝ 
ʬʦʪʦʥʥʳʝ ʚʳʩʦʢʦ-

ʯʘʩʪʦʪʥʳʝ 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ 

ʯʝʨʝʟ 

ʩʪʝʥʢʫ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ 

ʢʦʥʪʘʢʪ ʛʘʟ-ʚʦʜʘ 
ʙʘʨʙʦʪʘʞ 
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ʉɽʂʎʀʗ 12. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʈɸɿʈɸɹʆʊʂʀ ʅɽʌʊʗʅʓʍ ʀ 

ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʈʘʩʪʚʦʨʳ ʠ ʘʢʪʠʚʘʪʦʨʳ 

ɺ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪʤʝʯʘʝʪʩʷ [16], ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʘʟʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ. 

ʅʘʣʠʯʠʝ ʩʦʣʝʡ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʳʯʥʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ. ʀʟʤʝʥʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ NaCl ʚ ʨʘʩʪʚʦʨʝ ʚ ʠʥʪʝʨʚʘʣʝ 2-6% (ʤʘʩʩ.) ʚʣʠʷʝʪ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

[4]. ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ NaCl ʚ ʨʘʩʪʚʦʨʝ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ NaCl ʚ ʨʘʩʪʚʦʨʝ ʚʩʝʛʦ ʥʘ 0,08% (ʤʦʣ.) ʫʤʝʥʴʰʘʝʪ ʩʢʦʨʦʩʪʴ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 25 % 

[19]. ʆʪʤʝʯʘʝʪʩʷ [18], ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘʢʘʧʣʠʚʘʥʠʝ ʩʦʣʝʡ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ. 

ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʠʤʝʥʷʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʦʧʨʝʩʥʝʥʠʷ ʤʦʨʩʢʦʡ ʚʦʜʳ. 

ʅʘʣʠʯʠʝ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʩʧʠʨʪʦʚ (ʤʝʪʠʣʦʚʳʡ, ʵʪʠʣʦʚʳʡ, ʥ-ʧʨʦʧʠʣʦʚʳʡ, ʛʣʠʢʦʣʠ) ʚ ʨʘʩʪʚʦʨʘʭ ʩ ʚʦʜʦʡ 

ʠʥʛʠʙʠʨʫʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʛʠʜʨʘʪʦʚ. ʆʜʥʘʢʦ, ʜʦʙʘʚʣʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʧʠʨʪʘ ʚ ʧʨʝʜʝʣʘʭ 1-2 % 

ʤʦʣ. ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʧʠʨʪʘ ʚ 

ʨʘʩʪʚʦʨʝ ʩʢʦʨʦʩʪʴ ʨʝʟʢʦ ʧʘʜʘʝʪ [10]. ʋʩʪʘʥʦʚʣʝʥʦ [5, 20], ʯʪʦ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʤʘʣʦʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʧʠʨʪʦʚ 

ʫʩʢʦʨʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʳʭ ʛʠʜʨʘʪʦʚ. ɸʢʪʠʚʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʩʧʠʨʪʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʛʠʜʨʘʪʦʚ ʩʚʷʟʘʥʦ ʩ 

ʠʟʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʟʤʘ ʠʭ ʨʦʩʪʘ, ʘ ʥʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʘʟʘ ʚ ʞʠʜʢʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ [6, 11, 13], ʯʪʦ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʘʣʳʭ ʜʦʙʘʚʦʢ ʩʧʠʨʪʦʚ ʤʝʭʘʥʠʟʤ ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ ʘʥʘʣʦʛʠʯʝʥ ʪʦʤʫ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʨʦʩʪʘ ʛʠʜʨʘʪʦʚ ʩ ʜʦʙʘʚʢʦʡ ʧʦʨʷʜʢʘ 0,05-1 ʛ/ʣ ʧʦʚʝʨʭʥʦʩʪʥʦ-ʘʢʪʠʚʥʳʭ ʚʝʱʝʩʪʚ. ʕʪʦʪ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 

ʩʪʘʜʠʠ ʤʘʩʩʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʦʪʥʠ ʨʘʟ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʢʠʥʝʪʠʢʫ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚʣʠʷʶʪ ʘʢʪʠʚʘʪʦʨʳ ï ʥʝʢʦʪʦʨʳʝ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʜʦʜʝʮʠʣʙʝʥʟʦʣʝʫʣʴʬʦʥʘʪ ʥʘʪʨʠʷ ï ʵʬʬʝʢʪʠʚʥʦʝ ʵʤʫʣʴʛʠʨʫʶʱʝʝ ʩʨʝʜʩʪʚʦ) 

ʚ ʢʦʣʠʯʝʩʪʚʝ ʧʦʨʷʜʢʘ 0,5-2% ʤʦʣ., ʫʩʢʦʨʷʶʱʠʝ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʂʘʢ ʧʨʘʚʠʣʦ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ ʠʭ ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʦʜʝ ʠ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʪʝʣʶ. 

227 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ 

ʇʝʨʝʤʝʰʠʚʘʥʠʝ ʩʠʩʪʝʤʳ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʪʝʣʴ-ʚʦʜʘ ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪ ʨʦʩʪ ʛʠʜʨʘʪʦʚ [3]. ʇʦʚʳʰʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʦʙʥʦʚʣʝʥʠʷ ʠ ʧʦʜʜʝʨʞʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʘ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʪʝʣʴ-ʚʦʜʘ ʠ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʘ ʦʪ ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʛʠʜʨʘʪʦʚ. ʀʥʪʝʥʩʠʚʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ ʧʦʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʜʘʞʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ NaCl [4], ʘ ʠʥʛʠʙʠʨʫʶʱʠʝ ʩʚʦʡʩʪʚʘ ʨʘʩʪʚʦʨʘ ʧʨʠ ʵʪʦʤ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʘʶʪʩʷ.  

ʋʩʪʘʥʦʚʣʝʥʦ [20], ʯʪʦ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʩʪʨʷʭʠʚʘʥʠʠ ʢʨʠʩʪʘʣʣʠʢʦʚ ʣʴʜʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʰʘʨʠʢʘʤʠ 

(T<273,1 ʂ) ʫʩʢʦʨʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʛʠʜʨʘʪʦʚ ʩʪʨʫʢʪʫʨ ʂʉ-I ʠ ʂʉ-II. ʇʨʠ ʚʩʪʨʷʭʠʚʘʥʠʠ ʨʘʟʨʫʰʘʝʪʩʷ 

ʛʠʜʨʘʪʥʘʷ ʢʦʨʢʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʢʦʚ ʣʴʜʘ, ʠ ʟʘʤʝʪʥʦ ʫʣʫʯʰʘʶʪʩʷ ʫʩʣʦʚʠʷ ʤʘʩʩʦʧʝʨʝʜʘʯʠ. 

ʇʨʦʮʝʩʩ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʫʪʝʤ ʙʘʨʙʦʪʠʨʦʚʘʥʠʷ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʛʘʟʘ ʯʝʨʝʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʫʶ ʩʠʩʪʝʤʫ ʩʞʠʞʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ C3-C4. ʇʫʟʳʨʴʢʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʛʘʟʘ ʚʳʧʦʣʥʷʶʪ 

ʬʫʥʢʮʠʠ ʵʤʫʣʴʛʘʪʦʨʦʚ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʮʝʥʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʫʩʢʦʨʷʶʪ, ʪʘʢʠʤ, ʦʙʨʘʟʦʤ, ʧʨʦʮʝʩʩ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ ʵʪʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ʊʝʧʣʦʧʝʨʝʜʘʯʘ 

ʇʨʦʮʝʩʩ ʛʠʜʨʘʪʦʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʤ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʠʜʨʘʪʦʚ ʦʪ ʩʠʩʪʝʤʳ ʛʘʟ - ʚʦʜʘ ʥʝʦʙʭʦʜʠʤʦ ʠʥʪʝʥʩʠʚʥʦ ʦʪʚʦʜʠʪʴ ʪʝʧʣʦ. ʊʝʭʥʠʯʝʩʢʦʝ ʦʬʦʨʤʣʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ. ɺ ʧʝʨʚʦʤ ʦʪʚʦʜ ʪʝʧʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʯʝʨʝʟ ʩʪʝʥʢʫ. ʕʪʦʪ 

ʩʧʦʩʦʙ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʪʝʧʣʦʦʙʤʝʥʥʠʢʘʭ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʪʠʧʘ. ɺʦ ʚʪʦʨʦʤ ʩʧʦʩʦʙʝ ʦʪʚʦʜ ʪʝʧʣʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʢʦʥʪʘʢʪʝ ʚʦʜʳ ʩ ʛʘʟʦʤ. 

ʌʠʟʠʯʝʩʢʠʝ ʧʦʣʷ 

ʆʙʥʘʨʫʞʝʥʦ [1], ʯʪʦ ʚ ʧʨʦʙʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʭʦʜʠʚʰʝʡʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 

ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ 2,3Ŀ105 ɸ/ʤ ʚ ʪʝʯʝʥʠʝ 3,47 ʩ, ʛʠʜʨʘʪʳ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 1 Áʉ ʥʠʞʝ, ʯʝʤ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʧʨʦʙʝ ʚʦʜʳ, ʥʝ ʧʦʜʚʝʨʛʰʝʡʩʷ ʦʙʨʘʙʦʪʢʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʇʦʜ ʚʣʠʷʥʠʝʤ ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ 

ʧʨʦʮʝʩʩ ʥʘʢʦʧʣʝʥʠʷ ʛʠʜʨʘʪʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʢʦʨʷʝʪʩʷ [7, 8]. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʩʪʘʪʠʯʝʩʢʠʝ ʧʦʣʷ ʪʘʢʞʝ 

ʫʩʢʦʨʷʶʪ ʨʦʩʪ ʛʠʜʨʘʪʦʚ [9]. ɺʳʩʦʢʦʯʘʩʪʦʪʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʚʣʠʷʝʪ ʥʘ ʪʝʨʤʦʙʘʨʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʘʪʦʚ [12] ʠ, ʪʝʤ ʩʘʤʳʤ, ʥʘ ʨʦʩʪ ʛʠʜʨʘʪʦʚ. 

ɼʥʝʚʥʦʡ ʩʚʝʪ ʫʩʢʦʨʷʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʨʦʩʪ ʛʠʜʨʘʪʦʚ [8]. ʇʨʠ ʜʣʠʪʝʣʴʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʨʘʟʚʠʪʠʝʤ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʩʫʪʦʢ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʠ (ʜʥʝʚʥʦʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ) ʙʳʣ ʦʪʤʝʯʝʥ ʠʭ 

ʥʝʨʘʚʥʦʤʝʨʥʳʡ ʮʠʢʣʠʯʥʦ ʧʦʚʪʦʨʷʶʱʠʡʩʷ ʨʦʩʪ. 
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P. 2. 

 
ʂ ʆʇʈɽɼɽʃɽʅʀʖ ʇɸʈɸʄɽʊʈʆɺ ʋʉʇɽʐʅʆʉʊʀ ʇʈʀʄɽʅɽʅʀʗ ʄɽʊʆɼʆɺ 

ʋɺɽʃʀʏɽʅʀʗ ʅɽʌʊɽʆʊɼɸʏʀ ʇʃɸʉʊʆɺ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇɽʈʄʉʂʆɻʆ ʇʈʀʂɸʄʔʗ 
ɸ.ɸ. ʑʝʨʙʘʢʦʚ, ʄ.ʉ. ʊʫʨʙʘʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʉ.ɺ. ɻʘʣʢʠʥ  
ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, 

ʈʦʩʩʠʷ 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʇʨʠʢʘʤʴʷ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʤʠ ʟʘʧʘʩʘʤʠ 

(ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʤʝʥʝʝ 0,05 ʤʢʤ2, ʚʷʟʢʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ ʙʦʣʝʝ 30 ʤʇʘĿʩ, ʛʘʟʦʚʳʡ ʬʘʢʪʦʨ ʙʦʣʝʝ 200 ʤ3/ʪ) ʚ 

2009-2013 ʛʛ. ʫʢʨʫʧʥʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʫʚʝʣʠʯʝʥʠʷ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʦʚ (ʄʋʅ): 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ (ʚʚʦʜ ʥʦʚʳʭ ʩʢʚʘʞʠʥ, ʧʝʨʝʚʦʜ ʩʢʚʘʞʠʥ ʥʘ ʜʨʫʛʠʝ ʦʙʲʝʢʪʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʜʨ.) ï 33 ʦʧʝʨʘʮʠʠ; 

ʤʝʪʦʜʳ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ (ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʝʤʠʩʪʦʩʪʠ ʥʘʛʥʝʪʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʧʨʦʤʳʚʢʘ ʟʘʙʦʷ ʩʢʚʘʞʠʥ, 

ʧʝʨʬʦʨʘʮʠʷ ʠ ʜʨ.) ï 37 ʦʧʝʨʘʮʠʡ; ʬʠʟʠʯʝʩʢʠʝ (ʙʫʨʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʚʦʣʘ, ʨʘʜʠʘʣʴʥʦʝ ʙʫʨʝʥʠʝ, 

ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ, ʢʠʩʣʦʪʥʳʡ ʛʠʜʨʦʨʘʟʨʳʚ ʧʣʘʩʪʘ ʠ ʜʨ.) ï 56 ʦʧʝʨʘʮʠʡ; ʭʠʤʠʯʝʩʢʠʝ (ʨʝʤʦʥʪʥʦ-ʠʟʦʣʷʮʠʦʥʥʳʝ 

ʨʘʙʦʪʳ, ʦʙʨʘʙʦʪʢʘ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʳ ʧʣʘʩʪʘ ʠ ʜʨ.) ï 24 ʦʧʝʨʘʮʠʠ. ɿʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʝʨʠʦʜ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʝʨʘʮʠʡ ʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʝʬʪʝʦʪʜʘʯʠ ʧʣʘʩʪʘ, ʫʚʝʣʠʯʠʣʦʩʴ ʚ 4,7 ʨʘʟʘ. 

ʆʩʥʦʚʥʳʤʠ ʄʋʅ ʷʚʣʷʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʢʦʣʦ 40 % ʚʩʝʭ ʧʨʦʚʦʜʠʤʳʭ ʦʧʝʨʘʮʠʡ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʛʠʜʨʘʚʣʠʯʝʩʢʦʛʦ ʨʘʟʨʳʚʘ ʧʣʘʩʪʘ. ʆʙʲʝʢʪʠʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʄʋʅ ʷʚʣʷʝʪʩʷ ʫʜʝʣʴʥʳʡ ʩʫʪʦʯʥʳʡ ʧʨʠʨʦʩʪ ʜʝʙʠʪʘ, ʨʘʚʥʳʡ ʩʫʤʤʘʨʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʜʦʙʳʯʝ, ʦʪʥʝʩʝʥʥʦʡ ʢ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʬʬʝʢʪʘ. ʇʨʠʤʝʥʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʟʚʦʣʠʣʦ ʜʦʩʪʠʯʴ ʩʨʝʜʥʝʛʦ ʫʜʝʣʴʥʦʛʦ ʩʫʪʦʯʥʦʛʦ 

ʧʨʠʨʦʩʪʘ ʜʝʙʠʪʘ ʥʝʬʪʠ 10 ʪ/ʩʫʪ, ʯʪʦ ʚ 2,4 ʨʘʟʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʈʝʘʣʠʟʘʮʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ (ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʤʝʥʝʝ 0,05 ʤʢʤ2) ʧʦ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʚ 2,5 

ʨʘʟʘ ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʚ ʢʘʨʙʦʥʘʪʥʳʭ. ʋʩʧʝʰʥʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʬʪʠ ʚʷʟʢʦʩʪʴʶ 

ʙʦʣʝʝ 30 ʤʇʘĿʩ ʚ 3 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩ ʚʳʩʦʢʠʤ ʛʘʟʦʚʳʤ ʬʘʢʪʦʨʦʤ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ 

ʪʝʭʥʦʣʦʛʠʠ ʠʟʦʣʷʮʠʠ ʚʦʜʦʧʨʠʪʦʢʦʚ ʚ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʝʤʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʝʘʛʝʥʪʦʚ (ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ) ʩʦʩʪʘʚʠʣʘ 0,5 ʪ/ʩʫʪ, ʨʝʤʦʥʪʥʦ-ʠʟʦʣʷʮʠʦʥʥʳʭ ʨʘʙʦʪ ï 12,9 ʪ/ʩʫʪ, ʧʨʠʨʦʩʪ ʜʝʙʠʪʘ 

ʥʝʬʪʠ ʩʦʩʪʘʚʠʣ ʚ ʩʨʝʜʥʝʤ 5,6 ʪ/ʩʫʪ [1, 5]. ɼʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ, ʠʟʫʯʝʥʠʷ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʄʋʅ, ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʙʲʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʧʨʦʤʳʩʣʦʚʳʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ ʥʘ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ 

ʤʝʨʦʧʨʠʷʪʠʷ ʚʦʟʤʦʞʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦʜʝʣʠ ʧʫʪʝʤ ʚʳʜʝʣʝʥʠʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʬʘʢʪʦʨʦʚ ʪʝʭ, 

ʢʦʪʦʨʳʝ ʚʣʠʷʶʪ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʋʅ. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʛʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʧʨʦʝʢʪʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʙʳʣʦ ʚʳʜʝʣʝʥʦ 3 ʛʨʫʧʧʳ ʧʘʨʘʤʝʪʨʦʚ: 

ɻʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʝ (ʘ) ï ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʣʘʩʪ ʠ ʠʟʚʣʝʢʘʝʤʳʡ ʬʣʶʠʜ: ʪʠʧ ʢʦʣʣʝʢʪʦʨʘ, ʘʙʩʦʣʶʪʥʘʷ 

ʦʪʤʝʪʢʘ ʚʦʜʦʥʝʬʪʷʥʦʛʦ ʢʦʥʪʘʢʪʘ (ɺʅʂ), ʛʣʫʙʠʥʘ ʩʢʚʘʞʠʥʳ, ʧʣʦʪʥʦʩʪʴ ʠ ʚʷʟʢʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ, 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʩʯʘʥʠʩʪʦʩʪʠ, ʛʘʟʦʩʦʜʝʨʞʘʥʠʝ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʙ) ï ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʙʦʪʫ ʩʢʚʘʞʠʥʳ: ʬʘʢʪʠʯʝʩʢʠʡ ʧʨʠʨʦʩʪ ʜʝʙʠʪʘ ʧʦ 

ʥʝʬʪʠ, ʥʘʯʘʣʴʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ, ʵʬʬʝʢʪʠʚʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʘʷ ʪʦʣʱʠʥʘ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥʳ ʩ ʵʬʬʝʢʪʦʤ. 

ʇʘʨʘʤʝʪʨʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ (ʚ) ï ʢʦʥʪʘʢʪ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʢʦʣʦʥʥʦʡ ʠ ʧʦʨʦʜʦʡ. 
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ɻɸɿʆɺʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ. 

 
ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʟʘʜʘʯʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʠ 
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ʛʜʝ 9  ï ʫʩʧʝʰʥʦʩʪʴ ʦʧʝʨʘʮʠʠ ï ʚʝʣʠʯʠʥʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʟʥʘʯʝʥʠʝ ʦʪ 0 ʜʦ 1 ʧʨʠ ʥʝʜʦʩʪʠʞʝʥʠʠ ʵʬʬʝʢʪʘ 

ʠ ʧʨʠ ʝʛʦ ʜʦʩʪʠʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; Ì  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʜʦ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʠ 

ɺʅʂ, ʤ; ʂʨʘʩʯ ï ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ, ʜʦʣʠ ʝʜ.;  ʍ̎ ï ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ, ʢʛ/ʩʤ3; kʧʨʦʥ ï 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤ2; ʈ̎ ï ʚʷʟʢʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ, ʤʇʘĿʩ; Ñ̅ ̏ ̐ï ʧʨʠʨʦʩʪ ʜʝʙʠʪʘ ʧʦ ʥʝʬʪʠ, ʪ/ʩʫʪ; ×  ï ʥʘʯʘʣʴʥʘʷ 

ʦʙʚʦʜʥʝʥʥʦʩʪʴ, ʜʦʣʠ ʝʜ.; È̞ Ȣ̎̕ ̎́̒ ï ʵʬʬʝʢʪʠʚʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʘʷ ʪʦʣʱʠʥʘ, ʤ; Ô̞  ̕ï ʚʨʝʤʷ ʨʘʙʦʪʳ ʩ ʵʬʬʝʢʪʦʤ, 

ʩʫʪ,  ʍ̋ ̏ȟ̌ ʍ̐ ̏ ̑ï ʢʦʥʪʘʢʪ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʢʦʣʦʥʥʦʡ ʠ ʧʦʨʦʜʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ ʥʘ ʫʩʧʝʰʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʋʅ ʚʦʟʤʦʞʥʘ ʧʨʠ ʧʦʤʦʱʠ 

ʧʦʩʪʨʦʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʝʤ ʨʝʛʨʝʩʩʠʠ. ʇʝʨʝʜ ʨʘʩʯʝʪʦʤ ʧʘʨʘʤʝʪʨʳ 

ʧʝʨʝʚʦʜʷʪ ʠʟ ʨʘʟʤʝʨʥʳʭ ʥʝʟʘʚʠʩʠʤʳʭ ʬʘʢʪʦʨʦʚ xi ʚ ʙʝʟʨʘʟʤʝʨʥʳʝ zi, ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ 

Ú
Ў

       (2) 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʣʠʥʦʤ ʚ ʚʠʜʝ 

Â В ÚÙ̞É ρȟςȟσȣ ȟ     (3) 

ʛʜʝ bi - ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ; N - ʢʦʣʠʯʝʩʪʚʦ ʦʧʝʨʘʮʠʡ. 

 
ʊʘʙʣʠʮʘ 1 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ 

 

ʇʦʢʘʟʘʪʝʣʴ 
ʂʦʵʬʬʠʮʠʝʥʪ ʚ ʫʨʘʚʥʝʥʠʠ 

ʨʝʛʨʝʩʩʠʠ 

ɻʝʦʣʦʛʦ-ʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʜʦ ʘʙʩʦʣʶʪʥʦʡ ʦʪʤʝʪʢʠ 

ɺʅʂ 
3,25 

ʂʦʵʬʬʠʮʠʝʥʪ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ 2,91 

ʇʣʦʪʥʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ -1,86 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ 1,26 

ɺʷʟʢʦʩʪʴ ʧʣʘʩʪʦʚʦʡ ʥʝʬʪʠ -0,49 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʇʨʠʨʦʩʪ ʜʝʙʠʪʘ ʧʦ ʥʝʬʪʠ 0,53 

ʅʘʯʘʣʴʥʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ -0,37 

ʕʬʬʝʢʪʠʚʥʘʷ ʥʝʬʪʝʥʘʩʳʱʝʥʥʘʷ ʪʦʣʱʠʥʘ 0,07 

ɺʨʝʤʷ ʨʘʙʦʪʳ ʩ ʵʬʬʝʢʪʦʤ 0,05 

ʇʘʨʘʤʝʪʨʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ 

ʂʦʥʪʘʢʪ ʮʝʤʝʥʪʘ ʩ ʢʦʣʦʥʥʦʡ 0,03 

ʂʦʥʪʘʢʪ ʮʝʤʝʥʪʘ ʩ ʧʦʨʦʜʦʡ 0,02 
 

 

ɸʥʘʣʠʟʠʨʫʷ ʪʘʙʣ. 1, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʫʩʧʝʰʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʄʋʅ: ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʝʨʬʦʨʘʮʠʦʥʥʳʭ ʦʪʚʝʨʩʪʠʡ ʜʦ ɺʅʂ, ʧʨʠʨʦʩʪ ʜʝʙʠʪʘ ʧʦ ʥʝʬʪʠ, 

ʢʦʥʪʘʢʪ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʩ ʢʦʣʦʥʥʦʡ ʠ ʧʦʨʦʜʦʡ. 

ʇʨʦʚʝʨʢʘ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʛʨʝʩʩʠʠ ʚʳʧʦʣʥʝʥʘ ʩ ʧʦʤʦʱʴʶ ʢʨʠʪʝʨʠʷ 

ʉʪʴʶʜʝʥʪʘ [3]. ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʧʳʪʥʳʤ ʜʘʥʥʳʤ ʜʦʩʪʘʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʦʪʢʣʦʥʝʥʠʝ ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʨʝʛʨʝʩʩʠʠ ʚʝʣʠʯʠʥʳ ʦʪʢʣʠʢʘ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. ʇʨʦʚʝʨʢʫ 

ʛʠʧʦʪʝʟ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʜʚʫʭ ʚʳʙʦʨʦʯʥʳʭ ʜʠʩʧʝʨʩʠʡ ʧʨʦʚʦʜʷʪ ʧʦ F-ʢʨʠʪʝʨʠʶ ʌʠʰʝʨʘ. 

ʇʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʠʤʝʝʪ ʚʠʜ 

9 Â ÂÚ ÂÚ Ễ ÂÚȢ      (4) 

ʀʩʧʦʣʴʟʫʷ (1)-(3), ʦʧʨʝʜʝʣʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʫʨʘʚʥʝʥʠʠ ʨʝʛʨʝʩʩʠʠ (4) (ʪʘʙʣ. 1). 

ɺ ʪʘʙʣ. 2 ʦʪʨʘʞʝʥʳ ʟʥʘʯʝʥʠʷ, ʢʨʠʪʝʨʠʡ ʉʪʴʶʜʝʥʪʘ ʧʦ ʢʦʪʦʨʳʤ ʦʧʨʦʚʝʨʛʘʝʪ ʥʫʣʴ-ʛʠʧʦʪʝʟʫ ʠ ʦʮʝʥʢʫ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʠʟʥʘʝʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʡ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ ŬÒ0,05. 

ʆʮʝʥʢʘ ʫʩʧʝʰʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄʋʅ ʚʳʧʦʣʥʝʥʘ ʧʦ (4). ʈʝʟʫʣʴʪʘʪʳ ʟʘʥʝʩʝʥʳ ʚ ʪʘʙʣ. 2, ʛʜʝ ç+è 

ʦʪʤʝʯʝʥʘ ʫʩʧʝʰʥʦʩʪʴ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʛʨʫʧʧʝ ʧʘʨʘʤʝʪʨʦʚ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʩʧʝʰʥʦʩʪʴ ʧʦ ʚʩʝʤ ʪʨʝʤ ʛʨʫʧʧʘʤ ʧʘʨʘʤʝʪʨʦʚ (ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʪʘʙʣ. 2) ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʫʩʧʝʰʥʦʩʪʠ ʤʝʨʦʧʨʠʷʪʠʷ ʚ ʮʝʣʦʤ. ʀʤʝʷ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʩʧʝʰʥʦʩʪʠ (ʧʦʩʣʝʜʥʷʷ ʩʪʨʦʢʘ ʪʘʙʣ. 2), 

ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʥʝʫʜʘʚʰʝʤʩʷ ʤʝʨʦʧʨʠʷʪʠʠ. ʆʮʝʥʢʘ ʫʩʧʝʰʥʦʩʪʠ ʄʋʅ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʛʨʫʧʧʘʭ ʜʦʣʞʥʘ 

ʧʨʦʚʦʜʠʪʴʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʦ. ɼʣʷ ʧʨʦʚʝʨʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʚʳʧʦʣʥʝʥʦ ʩʨʘʚʥʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʮʝʥʢʠ 

ʫʩʧʝʰʥʦʩʪʠ ʧʨʠʤʝʥʝʥʥʳʭ ʄʋʅ ʧʦ ʜʘʥʥʳʤ ʬʠʣʠʘʣʘ ʆʆʆ çʃʋʂʆʁʃ-ʀʥʞʠʥʠʨʠʥʛè çʇʝʨʤʅʀʇʀʥʝʬʪʴè ʚ ʛ. 

ʇʝʨʤʠ. ɼʘʥʥʦʝ ʩʨʘʚʥʝʥʠʝ ʧʦʜʪʚʝʨʜʠʣʦ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʤʦʜʝʣʠ (ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ ʪʘʙʣ. 2). 
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ɺʳʚʦʜ 

ʅʘ ʦʩʥʦʚʝ ʨʝʛʨʝʩʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʳ ʢʨʠʪʝʨʠʠ ʚʳʙʦʨʘ ʩʢʚʘʞʠʥ-ʢʘʥʜʠʜʘʪʦʚ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʄʋʅ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʇʝʨʤʩʢʦʛʦ ʇʨʠʢʘʤʴʷ ʩ ʫʯʸʪʦʤ ʛʝʦʣʦʛʦ-

ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʧʣʘʩʪʦʚ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʩʢʚʘʞʠʥ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʪʚʦʣʦʚ ʩʢʚʘʞʠʥ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʩʧʝʰʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʄʋʅ ʧʨʝʜʣʘʛʘʝʪʩʷ ʧʨʦʚʦʜʠʪʴ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩ ʫʯʝʪʦʤ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʧʝʰʥʦʩʪʠ [1, 2, 4].  
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ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ 

ʉʓʈʔʗ 

 

ʇʦʜʩʝʢʮʠʷ 1. 

 

ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ 

 
ʉʆɺʈɽʄɽʅʅʓɽ ʇʈʆʎɽʉʉʓ ʅɽʌʊɽï ʀ ɻɸɿʆʇɽʈɽʈɸɹʆʊʂʀ 

ɺ.ʀ. ɽʨʦʬʝʝʚ,  ʘʢʘʜʝʤʠʢ ʈɸɽ, ʧʨʦʬʝʩʩʦʨ, ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ   
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ,  ʛ. ʊʦʤʩʢ,  ʈʦʩʩʠʷ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʩʠʣʴʥʳʤ ʠʩʪʦʱʝʥʠʝʤ ʜʝʡʩʪʚʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʣʝʛʢʦʡ ʥʝʬʪʠ ʚ ʤʠʨʝ 

ʚʩʝ ʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʩʳʨʴʝʚʦʡ ʥʝʬʪʷʥʦʡ ʙʘʣʘʥʩ ʚʥʦʩʷʪ ʪʷʞʝʣʳʝ ʥʝʬʪʠ, ʯʪʦ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʟʘʪʨʘʪ ʥʝ 

ʪʦʣʴʢʦ  ʧʦ ʠʭ ʜʦʙʳʯʝ, ʥʦ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʦ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ 

ʪʷʞʝʣʳʭ ʜʠʩʪʠʣʣʷʪʦʚ ʠ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ. ʊʷʞʝʣʳʝ ʥʝʬʪʠ ʤʥʦʛʠʭ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʨʘ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʨʘʥʝʝ ʜʦʙʳʚʘʝʤʳʭ ʥʝʬʪʝʡ ʦʙʣʘʜʘʶʪ ʧʦʚʳʰʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʧʦʣʠʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʛʝʪʝʨʦʘʪʦʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʩʦʙʝʥʥʦ ʩʝʨʥʠʩʪʳʭ ʚʝʱʝʩʪʚ. ʇʝʨʝʨʘʙʦʪʢʘ 

ʪʘʢʠʭ ʪʷʞʝʣʳʭ ʥʝʬʪʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ ʠ ʦʩʪʘʪʢʦʚ ʪʨʝʙʫʝʪ ʰʠʨʦʢʦʛʦ ʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʠʭ 

ʧʝʨʝʨʘʙʦʪʢʠ ʛʠʜʨʦʛʝʥʠʟʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ: ʛʠʜʨʦʢʨʝʢʠʥʛʘ, ʛʠʜʨʦʦʯʠʩʪʢʠ ʠ ʨʘʟʣʠʯʥʳʭ ʪʝʨʤʠʯʝʩʢʠʭ 

ʛʠʜʨʦʧʨʦʮʝʩʩʦʚ.   

ʊʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ ʫʞʝʩʪʦʯʝʥʠʝʤ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʝʥʥʳʤ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ, ʚʳʧʦʣʥʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʦʛʨʦʤʥʳʭ ʢʘʧʠʪʘʣʴʥʳʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʚʠʪʠʝ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʩʧʨʦʩʘ 

ʥʘ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ ʠ ʧʨʦʜʫʢʪʳ ʥʝʬʪʝʭʠʤʠʠ ʠ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʧʦʪʨʝʙʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʘʭ ʵʢʦʥʦʤʠʢʠ. ʕʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ (ʪʦʚʘʨʥʳʭ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʙʝʥʟʠʥʦʚ ʠ ʜʠʟʝʣʴʥʳʭ ʪʦʧʣʠʚ) ʚ ʩʪʨʘʥʘʭ ɽʚʨʦʧʝʡʩʢʦʛʦ 

ʉʦʶʟʘ (ʙʣʠʟʢʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʠʤʝʶʪ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ ʠ ʚ ʜʨʫʛʠʭ 

ʚʩrʦʢʦʨʘʟʚʠʪʳʭ ʩʪʨʘʥʘʭ ʤʠʨʘ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʤʦʪʦʨʥʳʤ ʪʦʧʣʠʚʘʤ ʧʦ ʩʪʘʥʜʘʨʪʘʤ ɽʉ 

 

ʇʦʢʘʟʘʪʝʣʴ ɽʚʨʦ-3 ɽʚʨʦ-4 ɽʚʨʦ-5 

ɸʚʪʦʤʦʙʠʣʴʥʳʝ ʙʝʥʟʠʥʳ 

ʆʢʪʘʥʦʚʦʝ ʯʠʩʣʦ ʧʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤʫ ʤʝʪʦʜʫ, ʥʝ 

ʤʝʥʝʝ 
95/98 95/98 95/98 

ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʨʝʥʦʚ, %, ʥʝ ʙʦʣʝʝ 35 30 30 

ʚ ʪ. ʯ. ʙʝʥʟʦʣʘ 1 1 1 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ppm, ʥʝ ʙʦʣʝʝ 150 50 10 

ɼʠʟʝʣʴʥʳʝ ʪʦʧʣʠʚʘ 

ʎʝʪʘʥʦʚʦʝ ʯʠʩʣʦ, ʥʝ ʤʝʥʝʝ 51 51 54(58) 

ʉʦʜʝʨʞʘʥʠʝ ʩʝʨʳ, ppm, ʥʝ ʙʦʣʝʝ 350 50 10 

ʇʣʦʪʥʦʩʪʴ ʧʨʠ 15Áʉ, ʢʛ/ʤ3 820-845 820-845 820-830 

ʌʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ (95 %), Áʉ, ʥʝ ʚʳʰʝ 360 360 340-350 

ʉʦʜʝʨʞʘʥʠʝ ʧʦʣʠʮʠʢʣʠʯʝʩʢʦʡ ʘʨʦʤʘʪʠʢʠ, % ʦʙ., ʥʝ 

ʙʦʣʝʝ 
11 11 (2) 

 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʪʨʝʙʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʦʚʳʭ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ: 

- ʘʣʢʠʣʠʨʦʚʘʥʠʝ ʠʟʦʙʫʪʘʥʘ ʦʣʝʬʠʥʘʤʠ; 



 

 

148

 

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

- ʠʟʦʤʝʨʠʟʘʮʠʷ ʬʨʘʢʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʥ-ʉ5-ʉ6; 

- ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʤʦʜʝʨʥʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʨʠʬʦʨʤʠʥʛʘ; 

- ʧʨʦʮʝʩʩ ʢʦʥʚʝʨʩʠʠ ʧʨʷʤʦʛʦʥʥʳʭ ʙʝʥʟʠʥʦʚ ʥʘ ʮʝʦʣʠʪʩʦʜʝʨʞʘʱʠʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ (ʧʨʦʮʝʩʩ 

ʮʝʦʬʦʨʤʠʥʛ); 

- ʤʦʜʝʨʥʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʛʠʜʨʦʦʯʠʩʪʢʠ; 

- ʛʠʜʨʦʠʟʦʤʝʨʠʟʘʮʠʷ ʩʨʝʜʥʠʭ ʜʠʩʪʠʣʣʷʪʦʚ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʠ ʢʨʝʢʠʥʛʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʠ ʜʨ.   

ʕʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚʪʦʨʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʥʝʬʪʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʅʇɿ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ ʠ ʜʨʫʛʠʝ 

ʥʝʬʪʝʧʨʦʜʫʢʪʳ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝ ï ʠ ʛʘʟʦʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʜʭʦʜ ʢ ʧʝʨʝʨʘʙʦʪʢʝ 

ʥʝʬʪʠ ʠ ʛʘʟʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʣʫʙʠʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʘʪʴ 

ʧʨʦʜʫʢʮʠʶ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʜʝʣʦʚ. ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʡ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʨʘʙʦʪʢʠ ʨʘʟʣʠʯʥʳʭ 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʨʘʢʮʠʡ ʠ ʦʩʪʘʪʢʦʚ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʅʇɿ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʠʜʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʘʭ ʚʩʝ ʙʦʣʝʝ ʫʟʢʠʭ ʬʨʘʢʮʠʡ ʥʝʬʪʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʪʴ 

ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʦʚʘʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʠ ʩʝʣʝʢʪʠʚʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʦʚ.  ʆʙʱʝʤʠʨʦʚʦʡ ʪʝʥʜʝʥʮʠʝʡ ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʧʦʪʨʝʙʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʪʦʧʣʠʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ 

ʩʥʠʞʝʥʠʠ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʠ ʧʨʦʤʳʰʣʝʥʥʦʤ ʩʝʢʪʦʨʘʭ, ʪ.ʝ. ʤʦʜʝʨʥʠʟʘʮʠʷ 

ʧʝʨʝʜʦʚʳʭ ʅʇɿ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʘʶʱʠʭ ʢʘʯʝʩʪʚʦ ʪʦʚʘʨʥʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʝʨʝʨʘʙʦʪʢʫ ʪʷʞʝʣʳʭ ʛʫʜʨʦʥʦʚʳʭ ʬʨʘʢʮʠʡ ʠ ʥʝʬʪʷʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʮʝʥʥʳʝ 

ʪʦʚʘʨʥʳʝ ʥʝʬʪʝʧʨʦʜʫʢʪʳ [1-4].  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʝ ʛʘʟʦʭʠʤʠʯʝʩʢʠʝ ʪʝʭʥʦʣʦʛʠʠ ï ʵʪʦ 

ʩʣʦʞʥʳʝ ʤʥʦʛʦʩʪʘʜʠʡʥʳʝ ʵʥʝʨʛʦʝʤʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʨʝʙʫʶʱʠʝ ʦʛʨʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʢʘʧʠʪʘʣʴʥʳʭ ʟʘʪʨʘʪ, 

ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʨʘʟʨʘʙʦʪʯʠʢʦʚ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʟʜʝʨʞʝʢ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʪʨʝʤʠʪʴʩʷ ʢ ʧʦʚʳʰʝʥʠʶ 

ʤʦʱʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʡ. ʇʨʠʯʠʥʳ ʵʪʦʛʦ ʣʝʞʘʪ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ (ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ) 

ʦʪʣʠʯʠʷʭ ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ. ɽʩʣʠ ʚ ʦʩʥʦʚʝ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʞʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʨʳʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʭ ʉ-ʉ ʠ ʉ-ʅ ʩʚʷʟʝʡ ʚ ʜʣʠʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʮʝʧʦʯʢʘʭ ʨʘʟʣʠʯʥʳʭ ʤʦʣʝʢʫʣ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʙʦʣʝʝ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʪʦ ʦʩʥʦʚʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʛʘʟʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʷʤʦ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ: ʠʟ ʥʝʙʦʣʴʰʠʭ ʠ ʦʯʝʥʴ ʭʠʤʠʯʝʩʢʠ ʩʪʘʙʠʣʴʥʳʭ ʤʦʣʝʢʫʣ ʤʝʪʘʥʘ ʠ ʝʛʦ ʙʣʠʞʘʡʰʠʭ ʛʦʤʦʣʦʛʦʚ 

(ʵʪʘʥʘ, ʧʨʦʧʘʥʘ ʠ ʙʫʪʘʥʦʚ) ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʩʣʦʞʥʳʝ, ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʝ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʝʝ 

ʩʪʘʙʠʣʴʥʳʝ ʧʨʦʜʫʢʪʳ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʝʩʣʠ ʧʝʨʝʨʘʙʦʪʢʘ ʥʝʬʪʠ ʠ ʥʝʬʪʷʥʳʭ ʜʠʩʪʠʣʣʷʪʦʚ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ 

ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʚʥʦʚʝʩʥʳʭ ʧʨʦʮʝʩʩʘʭ ʢʨʝʢʠʥʛʘ, ʠʟʦʤʝʨʠʟʘʮʠʠ, ʛʠʜʨʠʨʦʚʘʥʠʷ ʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ, ʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʪʝʭ ʞʝ ʧʨʦʜʫʢʪʦʚ ʚ ʛʘʟʦʭʠʤʠʠ ʧʨʦʪʝʢʘʝʪ ʚ ʫʩʣʦʚʠʷʭ, ʯʘʩʪʦ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʢʠʥʝʪʠʢʦʡ ʧʨʦʮʝʩʩʘ. ɽʩʣʠ ʚ ʦʩʥʦʚʝ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʣʝʞʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʨʘʙʦʪʢʘ ʘʢʪʠʚʥʳʭ ʠ ʜʦʣʛʦʚʝʯʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ, ʪʦ ʚ 

ʛʘʟʦʭʠʤʠʠ ʯʘʩʪʦ ʥʘ ʧʝʨʚʦʤ ʧʣʘʥʝ ʩʪʦʠʪ ʜʦʩʪʠʞʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʧʦ 

ʚʳʩʦʢʦʨʝʘʢʮʠʦʥʥʳʤ ʮʝʣʝʚʳʤ ʧʨʦʜʫʢʪʘʤ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʩʪ ʮʝʥ ʥʘ ʥʝʬʪʷʥʦʝ ʩʳʨʴʝ ʠ ʨʘʟʚʠʪʠʝ ʚʩʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʛʝʥʘʪʦʚ ʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʧʨʠʚʝʣʦ ʢ ʨʘʟʚʠʪʠʶ ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ ʧʦ ʧʨʝʚʨʘʱʝʥʠʶ  

ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ ʚ ʩʳʨʴʝ ʜʣʷ ʥʝʬʪʝʭʠʤʠʠ (ʦʣʝʬʠʥʳ) ʠ ʤʦʪʦʨʥʳʝ ʪʦʧʣʠʚʘ. ʉʥʠʞʝʥʠʝ ʩʪʦʠʤʦʩʪʠ 

ʦʢʩʠʛʝʥʘʪʦʚ, ʧʦʷʚʣʝʥʠʝ ʥʘ ʨʳʥʢʝ ʛʦʪʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʪʘʢʦʛʦ ʪʠʧʘ ʚ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥʘʭ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ 

ʧʦʩʪʝʧʝʥʥʦʤ ʨʘʟʚʠʪʠʠ ʵʪʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʛʘʟʦʭʠʤʠʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝʘʣʠʟʘʮʠʶ ʫʢʘʟʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʝʯʝʥʠʝ ʙʣʠʞʘʡʰʠʭ 10 ʣʝʪ.   

ɺʘʞʥʝʡʰʝʝ ʟʥʘʯʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʦʚʳʭ ʧʨʦʜʫʢʪʦʚ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ ʠʤʝʶʪ ʥʠʟʰʠʝ ʦʣʝʬʠʥʳ: 

ʵʪʠʣʝʥ, ʧʨʦʧʠʣʝʥ, ʙʫʪʝʥ, ʠʟʦ-ʙʫʪʠʣʝʥ, ʧʝʥʪʝʥʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ ʠʭ ʧʦʣʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʧʠʨʦʣʠʟ ʣʝʛʢʠʭ ʥʝʬʪʷʥʳʭ ʬʨʘʢʮʠʡ. ɺ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʣʝʬʠʥʳ ʧʦʣʫʯʘʶʪ ʪʘʢʞʝ ʧʨʠ ʢʘʪʘʣʠʪʠʯʝʩʢʦʤ 

ʢʨʝʢʠʥʛʝ ʠ ʧʨʠ ʜʝʛʠʜʨʠʨʦʚʘʥʠʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʘʣʢʘʥʦʚ. ɺ ʈʦʩʩʠʠ ʦʩʥʦʚʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʵʪʠʣʝʥʘ, 

ʧʨʦʧʠʣʝʥʘ ʠ ʜʨʫʛʠʭ ʦʣʝʬʠʥʦʚ ʷʚʣʷʶʪʩʷ ʧʨʷʤʦʛʦʥʥʳʝ ʙʝʥʟʠʥʦʚʳʝ ʬʨʘʢʮʠʠ ʥʝʬʪʠ; ʟʘ ʨʫʙʝʞʦʤ ð 

ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ (ʵʪʘʥ, ʧʨʦʧʘʥ), ʥʝʬʪʷʥʳʝ ʬʨʘʢʮʠʠ, ʧʨʠʯʝʤ ʫʩʪʘʥʦʚʢʠ ʢʦʤʙʠʥʠʨʦʚʘʥʳ ʜʣʷ ʨʘʙʦʪʳ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʩʳʨʴʷ. ɺ ʨʘʤʢʘʭ ʨʘʟʚʠʪʠʷ ʨʦʩʩʠʡʩʢʦʡ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ  ʜʦʣʠ 

ʩʞʠʞʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʛʘʟʦʚ ʉ1-ʉ4 ʚ ʢʘʯʝʩʪʚʝ ʩʳʨʴʷ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʳʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʦʮʝʩʩʳ 

ʜʝʛʠʜʨʠʨʦʚʘʥʠʷ ʵʪʘʥʘ ʠ ʧʨʦʧʘʥʘ ʚ ʵʪʠʣʝʥ ʠ ʧʨʦʧʠʣʝʥ. ʄʠʨʦʚʦʡ ʩʧʨʦʩ ʥʘ ʥʠʟʰʠʝ ʦʣʝʬʠʥʳ ʉ2-ʉ4 ʙʫʜʝʪ ʨʘʩʪʠ 

ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʠ ʚ ʙʣʠʞʘʡʰʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʫʜʚʦʠʪʩʷ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʬʪʝʛʘʟʦʭʠʤʠʷ ʩʪʘʣʘ ʦʩʥʦʚʥʦʡ ʯʘʩʪʴʶ ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʭʦʜʷ ʩʦʩʪʘʚʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʚ ʩʪʨʫʢʪʫʨʫ ʢʨʫʧʥʝʡʰʠʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ ʤʠʨʘ. ʅʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʠʝ ʩʝʢʪʦʨʘ ʤʥʦʛʠʭ 

ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ ʠʛʨʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʵʪʠʭ ʢʦʤʧʘʥʠʡ. ʇʦ ʧʦʢʘʟʘʪʝʣʷʤ 

ʨʘʟʚʠʪʠʷ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʩʝʢʪʦʨʦʚ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʩʪʝʧʝʥʠ ʜʠʚʝʨʩʠʬʠʮʠʨʦʚʘʥʥʦʩʪʠ ʢʦʤʧʘʥʠʡ, ʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʠ. ɺ ʩʫʤʤʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʢʨʫʧʥʝʡʰʠʭ ʤʠʨʦʚʳʭ ʥʝʬʪʝʛʘʟʦʚʳʭ ʢʦʤʧʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ British 

Petroleum, Royal Dutch Shell, Exxon Mobil, Total, Chevron-Texaco, Conoco Phillips ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʜʦʣʷ ʧʨʦʜʫʢʪʦʚ 

ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʜʦʩʪʠʛʘʝʪ 10 % ʠ ʙʦʣʝʝ. ɺ ʩʦʚʨʝʤʝʥʥʦʡ ʤʠʨʦʚʦʡ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ ʥʝ ʤʝʥʝʝ 

ʧʦʣʦʚʠʥʳ ʚʩʝʡ ʚʳʧʫʩʢʘʝʤʦʡ ʧʨʦʜʫʢʮʠʠ (ʥʘʯʠʥʘʷ ʦʪ ʠʩʭʦʜʥʳʭ ʧʦʣʫʧʨʦʜʫʢʪʦʚ, ʚʢʣʶʯʘʷ ʥʝʬʪʝʛʘʟʦʭʠʤʠʢʘʪʳ ʠ 

ʪʘʢʠʝ ʢʦʥʝʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʘʢ ʧʣʘʩʪʤʘʩʩʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʩʤʦʣʳ, ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʢʘʫʯʫʢʠ, ʭʠʤʠʯʝʩʢʠʝ ʚʦʣʦʢʥʘ) 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʝʬʪʝʛʘʟʦʚʳʤʠ ʢʦʤʧʘʥʠʷʤʠ. ʉʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʤʥʦʛʠʭ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʚʠʪʳʭ 

ʩʪʨʘʥ ʦʩʥʦʚʘʥʘ ʥʘ ʧʝʨʝʭʦʜʝ ʥʘ ʚʳʧʫʩʢ ʚʩʝ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʦʡ, ʜʦʨʦʛʦʡ ʧʨʦʜʫʢʮʠʠ. ɺʩʝ ʙʦʣʝʝ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʪʝʭʥʦʣʦʛʠʠ çʚʩʝʷʜʥʳʝè ʧʦ ʩʳʨʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʨʷʜʫ ʩ ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʳʨʴʝʤ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʙʦʯʥʫʶ ʧʨʦʜʫʢʮʠʶ ʠ ʦʪʭʦʜʳ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ. ʉʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠʦʙʨʝʪʘʶʪ ʪʘʢʠʝ 
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 

ʇʆɼʉɽʂʎʀʗ 1. ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ. 

 
ʥʘʧʨʘʚʣʝʥʠʷ,  ʢʘʢ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʝʭʥʦʣʦʛʠʡ ʧʦ 

ʧʝʨʝʨʘʙʦʪʢʝ ʘʣʢʘʥʦʚ, ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʚʩʝ ʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʨ.  ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʝʤʧʦʚ ʨʦʩʪʘ 

ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʥʝʬʪʝʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʤʘʩʩʦʚʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʫʩʢʦʨʝʥʥʳʤʠ ʪʝʤʧʘʤʠ ʨʘʩʪʝʪ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʪʦʥʥʘʞʥʦʡ, ʥʦ ʜʦʨʦʛʦʩʪʦʷʱʝʡ ʚʳʩʦʢʦʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʥʘʟʥʘʯʝʥʠʷ.  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʦʚʨʝʤʝʥʥʦʡ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʪ  çʛʨʷʟʥʳʭè, ʟʘʛʨʷʟʥʷʶʱʠʭ 

ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ  ʢ ʪʝʭʥʦʣʦʛʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʨʠʥʮʠʧʘʤ çʟʝʣʝʥʦʡ ʭʠʤʠʠè 

ʠ ʵʥʝʨʛʦʩʙʝʨʝʞʝʥʠʷ. ʊʘʢʦʡ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʩʪʨʦʡʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ, ʚʥʝʜʨʝʥʠʝʤ ʨʝʩʫʨʩʦ-, 

ʵʥʝʨʛʦ- ʠ ʪʨʫʜʦʩʙʝʨʝʛʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʙʣʝʤʘ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ  

ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʚ ʤʠʨʦʚʦʤ ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʦʤ ʢʦʤʧʣʝʢʩʝ. ʇʨʠ 

ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʢʘʢ ʤʠʥʠʤʫʤ, 5-10 % ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʦʙʲʝʢʪʳ 

ʧʦ ʦʭʨʘʥʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʋʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʥʦʨʤ, ʚ ʯʘʩʪʥʦʩʪʠ ʚʚʝʜʝʥʠʝ ʝʚʨʦʧʝʡʩʢʦʛʦ ʨʝʛʣʘʤʝʥʪʘ 

REACH, ʙʫʜʝʪ ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʧʝʨʝʭʦʜ ʢʦʤʧʘʥʠʡ ʥʘ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. 

ʋʞʝʩʪʦʯʝʥʠʝ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʢʘʯʝʩʪʚʫ ʤʦʪʦʨʥʳʭ ʪʦʧʣʠʚ ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʥʚʝʩʪʠʮʠʠ ʚ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʥʦʚʳʭ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʣʫʯʰʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʜʫʢʮʠʠ 

ʜʝʡʩʪʚʫʶʱʠʭ ʟʘʚʦʜʦʚ. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʧʦʜʭʦʜ ʧʨʠ ʦʙʦʩʥʦʚʘʥʠʠ ʧʨʦʝʢʪʦʚ ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʫʩʪʘʥʦʚʦʢ ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʜʣʷ ʤʥʦʛʠʭ ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʘʥʠʡ. 

 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʈʦʩʩʠʷ ʦʙʣʘʜʘʝʪ ʛʨʦʤʘʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʝʬʪʷʥʦʛʦ ʠ ʛʘʟʦʦʙʨʘʟʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 

ʩʳʨʴʷ, ʢʚʘʣʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʢʘʜʨʘʤʠ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʟʚʠʪʠʷ 

ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʠ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʝ ʚʦʚʣʝʯʝʥʠʝ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʨʦʜʥʦʛʦ 

(ʙʦʛʘʪʦʛʦ ʵʪʘʥʦʤ) ʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ, ʩʦʟʜʘʥʠʝ ʥʘ ʙʘʟʝ ʵʪʠʭ ʨʝʩʫʨʩʦʚ ʥʝʬʪʝ- ʠ ʛʘʟʦʭʠʤʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʨʘʟʣʠʯʥʳʭ ʥʝʬʪʝʛʘʟʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ [5-14]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦ ʦʙʲʝʤʘʤ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʈʦʩʩʠʷ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʨʝʪʴʝʤ ʤʝʩʪʝ ʚ ʤʠʨʝ, ʫʩʪʫʧʘʷ ʉʐɸ ʠ ʂʠʪʘʶ. ʃʠʜʝʨʘʤʠ  ʧʦ ʦʙʲʝʤʫ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʚ ʈʦʩʩʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʶʪʩʷ ʥʝʬʪʷʥʳʝ ʢʦʤʧʘʥʠʠ  ʆɸʆ çʈʦʩʥʝʬʪʴè ʠ  ʆɸʆ 

çʃʋʂʆʁʃè, ʦʪ 20 ʜʦ 30 ʤʣʥ. ʪ. ʚ ʛʦʜ ʥʝʬʪʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪ ʆɸʆ çʊʅʂ-ɺʈè, ʆɸʆ çɻʘʟʧʨʦʤ ʥʝʬʪʴè, ʆʆʆ 

çʉʫʨʛʫʪʥʝʬʪʝʛʘʟè, ʆɸʆ çʉʠʩʪʝʤʘ-ʀʥʚʝʩʪè, ʪʝʭʥʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʟʘʚʦʜʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʝʨʝʜʦʚʦʤʫ ʤʠʨʦʚʦʤʫ ʫʨʦʚʥʶ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ: 

- ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʚ ʙʦʣʝʝ ʮʝʥʥʳʝ ʧʨʦʜʫʢʪʳ. ʉʨʝʜʥʠʡ ʧʦʢʘʟʘʪʝʣʴ ʛʣʫʙʠʥʳ 

ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʥʘ ʅʇɿ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʝʪ 70-75 %. ʇʨʠ ʵʪʦʤ ʧʦ 11 ʧʨʝʜʧʨʠʷʪʠʷʤ ʛʣʫʙʠʥʘ ʧʝʨʝʨʘʙʦʪʢʠ 

ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 65 % ʠ ʪʦʣʴʢʦ ʥʘ ʰʝʩʪʠ ʅʇɿ ʧʨʝʚʳʰʘʝʪ 80 %, ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʫʨʦʚʥʶ ʩʦʚʨʝʤʝʥʥʳʭ 

ʟʘʨʫʙʝʞʥʳʭ ʅʇɿ (ʦʪ 85 ʜʦ 95 %).; 

- ʥʠʟʢʦʡ ʜʦʣʝʡ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʨʝʢʠʥʛ, ʛʠʜʨʦʢʨʝʢʠʥʛ, ʢʦʢʩʦʚʘʥʠʝ) ʚ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ ʠ ʥʠʟʢʦʡ ʜʦʣʝʡ ʦʙʣʘʛʦʨʘʞʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ 

ʈʦʩʩʠʠ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʥʝ ʧʨʝʚʳʰʘʝʪ 13 % ʦʪ ʦʙʲʝʤʘ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʝʬʪʠ (ʚ ʩʪʨʘʥʘʭ ɿʘʧʘʜʥʦʡ 

ɽʚʨʦʧʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʪ 30 % ʜʦ 50 % ʠ ʚʳʰʝ). ʕʪʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʠʟʢʠʡ ʚʳʭʦʜ ʩʫʤʤʳ ʩʚʝʪʣʳʭ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ ʥʘ ʨʦʩʩʠʡʩʢʠʭ ʅʇɿ (ʥʝ ʙʦʣʝʝ 50 %), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʝʜʦʚʳʤʠ ʅʇɿ ʟʘʧʘʜʥʳʭ ʩʪʨʘʥ (ʥʝ ʤʝʥʝʝ 

75 %), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʥʘʙʦʨʘ ʧʨʦʮʝʩʩʦʚ ʧʦ ʛʣʫʙʦʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʥʝʬʪʠ, ʯʪʦ ʦʪʣʠʯʘʝʪ 

ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʟʘʚʦʜʳ ʦʪ ʅʇɿ ʉʐɸ ʠ ʩʪʨʘʥ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ʛʜʝ ʚʳʭʦʜ ʤʘʟʫʪʘ ʩʦʩʪʘʚʣʷʝʪ 5 ʠ 12 %, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʫʩʪʘʥʦʚʦʢ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ ʠ ʛʠʜʨʦʢʨʝʢʠʥʛʘ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʤʝʥʴʰʝ, ʯʝʤ ʚ ɽʚʨʦʧʝ ʠ ʉʐɸ, ʠ ʣʠʰʴ ʩʫʤʤʘʨʥʳʝ ʤʦʱʥʦʩʪʠ ʫʩʪʘʥʦʚʦʢ ʧʦ ʨʠʬʦʨʤʠʥʛʫ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʝʚʨʦʧʝʡʩʢʠʤʠ ʠ ʘʤʝʨʠʢʘʥʩʢʠʤʠ.  ɼʦʣʷ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ  ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʤʦʱʥʦʩʪʠ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʣʠʰʴ ʢ 21%, ʜʦʣʷ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ï 54 %; 

- ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ  ʪʨʫʜʘ (ʥʠʞʝ ʤʠʨʦʚʦʛʦ ʚ 3-5 ʨʘʟ); 

- ʟʥʘʯʠʪʝʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʠ ʤʦʨʘʣʴʥʳʤ ʠʟʥʦʩʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ (ʀʟ 27 ʢʨʫʧʥʳʭ ʅʇɿ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʚ ʈʦʩʩʠʠ, ʰʝʩʪʴ ʙʳʣʠ ʧʫʱʝʥʳ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʜʦ ʚʦʡʥʳ, ʝʱʝ ʰʝʩʪʴ ð ʧʦʩʪʨʦʝʥʳ ʜʦ 1950 ʛ.,  ʚʦʩʝʤʴ ï ʚʚʝʜʝʥʳ ʚ 

ʩʪʨʦʡ ʜʦ 1960 ʛ, 20 ʠʟ 27 ʅʇɿ ʨʘʙʦʪʘʶʪ ʧʦ 40-50 ʣʝʪ. ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʟʝʨʚʳ ʨʦʩʩʠʡʩʢʦʡ 

ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʫʚʝʣʠʯʝʥʠʷ ʦʪʙʦʨʘ ʩʚʝʪʣʳʭ ʧʨʦʜʫʢʪʦʚ ʩ ʪʦʥʥʳ ʩʳʨʴʷ ʦʩʪʘʶʪʩʷ ʦʯʝʥʴ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʠ ʦʮʝʥʠʚʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ 50  ʤʣʥ. ʪ/ʛʦʜ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʝʤ ʦʙʲʝʤʝ ʧʝʨʚʠʯʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ ʥʘ 

ʫʨʦʚʥʝ 250 ʤʣʥ. ʪ. ʥʝʬʪʠ ʚ ʛʦʜ. 

ɺ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʨʘʙʦʪʢʫ ʥʝʬʪʠ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʠ ʵʥʝʨʛʠʶ ʩʦʩʪʘʚʣʷʶʪ 60-70 %. 

 

ʇʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ  ʛʘʟʦʭʠʤʠʠ ʠ ʥʝʬʪʝʭʠʤʠʠ 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʛʘʟʦʭʠʤʠʠ ʩʚʷʟʘʥʳ ʩ ʚʦʚʣʝʯʝʥʠʝʤ ʚ ʧʝʨʝʨʘʙʦʪʢʫ ʧʦʧʫʪʥʦʛʦ ʠ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪ ʧʘʨʦʚʫʶ 

ʢʦʥʚʝʨʩʠʶ ʤʝʪʘʥʘ, ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʩʠʥʪʝʟ-ʛʘʟ; ʪʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ, ʬʦʨʤʘʣʴʜʝʛʠʜʘ, 

ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʳ, ʘʣʴʜʝʛʠʜʦʚ ʠ ʜʨ. ʧʨʦʜʫʢʪʦʚ. ʊʨʘʜʠʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʩʠʥʪʝʟʘ ʫʢʘʟʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʯʘʩʪʠʯʥʦ ʟʘʤʝʥʝʥʳ ʥʘ ʥʦʚʳʝ. ʊʘʢ, ʚ ʧʦʣʫʯʝʥʠʠ ʩʠʥʪʝʟ-ʛʘʟʘ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 

ʢʦʥʚʝʨʩʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʘ ʢʘʢ ʚ ʫʞʝ ʧʨʝʜʣʘʛʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʧʘʨʮʠʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʚ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ ʨʝʘʢʪʦʨʘʭ ʩ ʜʚʠʞʫʱʠʤʩʷ ʩʣʦʝʤ ʢʘʪʘʣʠʟʘʪʦʨʘ, ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ 

ʩʤʝʰʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ɺ ʩʠʥʪʝʟʝ ʤʝʪʘʥʦʣʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʦʙʨʝʩʪʠ 

ʪʝʭʥʦʣʦʛʠʷ ʩʠʥʪʝʟʘ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ. ɺ ʧʨʦʮʝʩʩʘʭ ʩ ʫʯʘʩʪʠʝʤ ʤʝʪʘʣʣʦʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

(ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ, ʛʠʜʨʦʬʦʨʤʠʣʠʨʦʚʘʥʠʝ) ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʥʘʯʠʥʘʶʪ ʠʛʨʘʪʴ ʪʝʭʥʦʣʦʛʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʦʚʳʭ ʠʤʤʦʙʠʣʠʟʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.  
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʧʝʨʝʨʘʙʦʪʢʠ ʧʨʠʨʦʜʥʦʛʦ ʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ  ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʪʝʭʥʦʣʦʛʠʠ 

ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʌʠʰʝʨʫ-ʊʨʦʧʰʫ, ʧʝʨʝʨʘʙʦʪʢʠ ʤʝʪʘʥʦʣʘ ʚ ʦʣʝʬʠʥʳ ʠʣʠ ʙʝʥʟʠʥʳ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ 

ʙʳʣʠ  ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʨʝʚʨʘʱʘʪʴ ʤʝʪʘʥ  

ʚ ʵʪʠʣʝʥ, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʥʝʩʢʦʣʴʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʚ ʜʘʥʥʦʡ ʩʬʝʨʝ:  

- ʂʦʥʚʝʨʩʠʷ ʤʝʪʘʥʘ ʯʝʨʝʟ ʩʠʥʪʝʟ-ʛʘʟ ʚ ʦʢʠʩʛʝʥʘʪʳ (ʤʝʪʘʥʦʣ, ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ), ʘ ʧʦʩʣʝʜʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ï ʚ ʦʣʝʬʠʥʳ ʠ ʞʠʜʢʠʝ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

 

ɼʘʥʥʦʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʞʝ ʭʦʨʦʰʦ ʦʪʨʘʙʦʪʘʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʦʣʫʯʝʥʠʷ ʦʢʩʠʛʝʥʘʪʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ  ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʝʡ ï ʩʠʥʪʝʟʘ ʦʣʝʬʠʥʦʚ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʝʡ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʥʠʝ ʥʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʧʪʠʤʘʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ ʠ ʧʦʨʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʦʡ, ʢʦʪʦʨʘʷ ʙʳ ʦʙʝʩʧʝʯʠʣʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʚ ʪʝʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʪʘʢʠʤ ʤʘʪʝʨʠʘʣʘʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʦʤ ʚʳʙʨʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ: ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʝʛʦ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʦʝ ʚʘʞʥʦ ʩʦʯʝʪʘʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʧʦ ʦʣʝʬʠʥʘʤ (ʧʨʦʧʠʣʝʥ, ʵʪʠʣʝʥ, ʞʝʣʘʪʝʣʴʥʦ 

ʙʦʣʝʝ 95%) ʩ ʜʣʠʪʝʣʴʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʢʦʩʦʦʙʨʘʟʦʚʘʥʠʶ. ɼʣʷ ʧʨʦʮʝʩʩʘ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ ʩ ʥʝʧʨʝʨʳʚʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʝʡ ʢʘʪʘʣʠʟʘʪʦʨʘ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚʳʩʦʢʘʷ ʢʦʥʚʝʨʩʠʷ ʠ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʥʦ ʠ ʚʳʩʦʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʫʜʘʣʝʥʠʠ ʢʦʢʩʘ. ʇʨʝʜʣʘʛʘʝʤʳʝ ʢ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ  ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʩʠʛʝʥʘʪʦʚ ʚ ʙʝʥʟʠʥʳ 

ʧʦʟʚʦʣʷʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʝ ʪʦʣʴʢʦ ʧʦʣʫʯʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯʰʠʡ ʧʦ ʢʘʯʝʩʪʚʫ 

ʚʳʩʦʢʦʦʢʪʘʥʦʚʳʡ ʙʝʥʟʠʥ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʜʫʨʦʣʘ; ʘʥʘʣʦʛ ʛʘʟʦʚʦʛʦ ʢʦʥʜʝʥʩʘʪʘ ʠʣʠ ʧʨʷʤʦʛʦʥʥʦʛʦ ʙʝʥʟʠʥʘ ʜʣʷ  

ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʚʤʝʩʪʝ ʩ ʥʝʬʪʴʶ. ʉʫʱʝʩʪʚʝʥʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʝ ʢ ʨʝʘʣʠʟʘʮʠʠ ʪʝʭʥʦʣʦʛʠʠ ʦʙʣʘʜʘʶʪ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʝʨʝʜ ʠʟʚʝʩʪʥʳʤ ʧʨʦʮʝʩʩʦʤ ʬʠʨʤʳ Mobil. ɼʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ ʩʦʜʝʨʞʠʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚ ʜʚʘ 

ʨʘʟʘ ʙʦʣʴʰʝ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ, ʯʝʤ ʤʝʪʘʥʦʣ, ʯʪʦ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʨʘʟʤʝʨʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʤʝʥʴʰʝʤʫ ʪʝʧʣʦʚʳʜʝʣʝʥʠʶ ʠ  ʙʣʘʛʦʜʘʨʷ ʩʥʠʞʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʨʝʜʝ ʩʨʦʢ ʩʣʫʞʙʳ 

ʢʘʪʘʣʠʟʘʪʦʨʘ ZSM-5, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʝʥʟʠʥʘ ʠʟ ɼʄʕ, ʙʦʣʴʰʝ, ʯʝʤ  ʚ Mobil- ʧʨʦʮʝʩʩʝ. 

ʕʥʝʨʛʦʟʘʪʨʘʪʳ ʧʨʠ ʝʛʦ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʥʘ ~ 15- 20 % ʥʠʞʝ, ʯʝʤ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʙʝʥʟʠʥʘ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʯʝʨʝʟ 

ʤʝʪʘʥʦʣ. ʇʨʠ ʵʪʦʤ ʙʝʥʟʠʥ, ʧʦʣʫʯʘʝʤʳʡ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʯʝʨʝʟ ɼʄʕ, ʠʤʝʝʪ ʩʪʦʣʴ ʞʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ, ʢʘʢ ʠ 

ʙʝʥʟʠʥ Mobil- ʧʨʦʮʝʩʩʘ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʫʱʠʝ ʥʝʬʪʝʛʘʟʦʚʳʝ ʢʦʤʧʘʥʠʠ ɽʚʨʦʧʳ ʠ ʤʠʨʘ ʥʘʯʘʣʠ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʝ 

ʠʥʚʝʩʪʠʮʠʠ ʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦ  ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʳʨʴʷ ʜʣʷ ʥʝʬʪʝʭʠʤʠʠ  - ʦʣʝʬʠʥʦʚ ʉ2-ʉ4 ʠʟ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʚ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 20 ʣʝʪ ʮʝʣʳʤ 

ʨʷʜʦʤ ʬʠʨʤ (Mobil Oil Corporation, Exxon Mobil Corporation, UOP, Hydro Norsk ʠ ʜʨ.), ʜʦʚʝʜʝʥʳ ʜʦ 

ʢʦʤʤʝʨʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʝʛʦʜʥʷ ʘʢʪʠʚʥʦ ʚʥʝʜʨʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: ʩ 2006 ʛ. ʢʨʫʧʥʳʡ ʟʘʚʦʜ 

ʨʘʙʦʪʘʝʪ ʚ ʅʠʛʝʨʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʘʚʦʜʦʚ ʚʝʜʝʪʩʷ ʚ ɹʝʣʴʛʠʠ  ʠ ʂʠʪʘʝ, ɹʣʠʞʥʝʤ ɺʦʩʪʦʢʝ.   ʄʝʪʦʜʳ ʧʨʝʚʨʘʱʝʥʠʷ 

ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʚ ʥʠʟʰʠʝ ʦʣʝʬʠʥʳ ʯʝʨʝʟ ʜʠʤʝʪʠʣʦʚʳʡ ʵʬʠʨ, ʧʦʣʫʯʘʝʤʳʡ ʜʝʛʠʜʨʘʪʘʮʠʝʡ ʤʝʪʘʥʦʣʘ, 

ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʬʠʨʤʦʡ Lurgi (ʩʦʚʤʝʩʪʥʦ ʩ MG Technologies AG, Metallgesellschaft AG, Sud-Chemie AG) ʠ 

ʢʦʤʧʘʥʠʝʡ Van Dijik Technologies. ʇʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʥʠʟʰʠʭ ʦʣʝʬʠʥʦʚ ʠʟ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ ʯʝʨʝʟ ʩʪʘʜʠʶ 

ʧʨʷʤʦʛʦ ʩʠʥʪʝʟʘ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʠʟ ʉʆ/ʅ2 ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʷʧʦʥʩʢʦʡ ʬʠʨʤʦʡ JGC Corporation.  

ʇʨʝʚʨʘʱʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʤʝʪʘʥʘ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʣʠ ʩʧʠʨʪʳ ʥʘ 

ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʘʭ (ʨʝʘʢʮʠʷ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ).  

 

ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʳʩʦʢʦʩʪʘʙʠʣʴʥʳʭ ʠ ʘʢʪʠʚʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʤʝʩʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʘʥʘʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʫʚʝʣʠʯʠʪʴ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɺʘʞʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʨʝʰʝʥʠʷʤ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʷ ʧʦ 

ʢʦʥʩʪʨʫʢʮʠʠ ʨʝʘʢʪʦʨʦʚ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʣʘʨʨʠ, ʤʠʢʨʦʢʘʥʘʣʴʥʳʭ ʨʝʘʢʪʦʨʦʚ. ɺʦʟʤʦʞʥʦ ʨʝʰʝʥʠʝ, ʩʚʷʟʘʥʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʤʝʤʙʨʘʥ. ʊʝʭʥʦʣʦʛʠʷ ʌʠʰʝʨʘ-ʊʨʦʧʰʘ  ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ  ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  ʠʩʧʦʣʴʟʫʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ   ʩʤʝʩʠ ʧʘʨʘʬʠʥʦʚ ʩ ʦʣʝʬʠʥʘʤʠ  ʠʣʠ ʣʠʥʝʡʥʳʝ ʧʘʨʘʬʠʥʳ 

ʥʦʨʤʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʚʘʢʩʳ), ʧʝʨʝʨʘʙʦʪʢʘ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪ ʢʦʤʧʣʝʢʩʥʦʡ ʩʭʝʤʳ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʈʝʘʣʠʟʦʚʘʥʥʳʝ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʭʥʦʣʦʛʠʠ ʬʠʨʤ Sasol ʠ Shell  ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳ ʠ ʪʨʝʙʫʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʴʰʠʭ ʠʥʚʝʩʪʠʮʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʨʝʚʨʘʱʝʥʠʷ ʦʢʩʠʛʝʥʘʪʦʚ ʚ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʊʝʭʥʦʣʦʛʠʷ 

ʧʦʣʫʯʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʝʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʘ, ʯʝʤ ʧʨʦʮʝʩʩʳ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʥʦʣʘ 

ʠʣʠ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ.  

ʇʨʝʚʨʘʱʝʥʠʝ ʤʝʪʘʥʘ ʧʦ ʨʝʘʢʮʠʠ  ʩ ʢʠʩʣʦʨʦʜʦʤ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʟʜʘʥʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʢʘʪʘʣʠʟʘʪʦʨʘʭ ʚ ʵʪʠʣʝʥ.  

 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʦʙʦʛʦ ʪʠʧʘ ʨʝʘʢʪʦʨʘ, ʩʚʦʜʷʱʝʛʦ ʢ 

ʤʠʥʠʤʫʤʫ ʛʦʤʦʬʘʟʥʳʝ ʨʝʘʢʮʠʠ. ʊʘʢʞʝ ʫʩʣʦʚʠʝʤ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʢʠʩʣʝʥʠʷ,  ʢʦʪʦʨʳʡ ʙʳ ʧʦʟʚʦʣʠʣ ʜʦʩʪʠʛʘʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʝʚʨʘʱʝʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʦʧʪʠʤʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ʢʘʪʘʣʠʟʘʪʦʨʘ ʥʘ ʥʘʥʦʫʨʦʚʥʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʟʘʢʣʶʯʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʛʘʟʦʭʠʤʠʠ ʚʘʞʥʝʡʰʠʤʠ ʧʨʠʟʥʘʥʳ 

ʪʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʚ ʧʝʨʝʨʘʙʦʪʢʦʡ ʧʨʠʨʦʜʥʳʭ ʠ ʧʦʧʫʪʥʳʭ ʥʝʬʪʷʥʳʭ ʛʘʟʦʚ ʚ ʩʠʥʪʝʟ-ʛʘʟ, ʩ ʢʦʥʚʝʨʩʠʡ ʩʠʥʪʝʟ-

ʛʘʟʦʚ ʯʝʨʝʟ ʤʝʪʘʥʦʣ ʚ ʙʝʥʟʠʥʳ ʠ ʦʣʝʬʠʥʳ, ʢʦʥʚʝʨʩʠʝʡ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʚ ʙʝʥʟʠʥʳ ʠ ʣʝʛʢʠʡ ʛʘʟʦʚʳʡ 

ʢʦʥʜʝʥʩʘʪ, ʧʦʣʫʯʝʥʠʝʤ ʦʣʝʬʠʥʦʚ  ʠʟ ʜʠʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ, ʧʦʣʫʯʝʥʠʝ ʤʝʪʘʥʦʣʘ ʠʟ ʩʠʥʪʝʟ-ʛʘʟʘ ʚ ʢʠʧʷʱʝʤ ʩʣʦʝ, 

ʤʝʤʙʨʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʜʝʣʝʥʠʷ ʠ ʚʳʜʝʣʝʥʠʷ ʚʦʜʦʨʦʜʘ, ʧʦʣʫʯʝʥʠʝ ʩʠʥʪʝʟ-ʛʘʟʘ ʩ ʨʘʟʜʝʣʴʥʳʤ ʦʢʠʩʣʝʥʠʝʤ ï 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ, ʧʦʣʫʯʝʥʠʝ ʵʪʠʣʝʥʘ ʠʟ ʤʝʪʘʥʘ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʜʠʤʝʨʠʟʘʮʠʝʡ.  
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 
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For partial oxidation (POX) of ethanol, the effect of CeO2-doping on catalytic performance particularly 

regarding by- -Al 2O3-supported Pt-catalyst.  

ɔ-Al 2O3 was chosen as a high surface support despite of its acid properties, which lead to dehydration of ethanol 

to ethylene. The occurrence of ethylene as a by-product is undesirable in the application of POX as a reforming step in 

solid oxide fuel cell systems. Coking downstream the catalyst is related to its role as a coke precursor. To neutralize 

surface acidity of ɔ -Al 2O3, metal oxides with basic properties like CeO2 added in various amount, aimed to study its 

impact on catalytic performance in connection with properties of the catalytic systems. 

The catalysts were prepared by wet-impregnation in form of powder. In catalytic tests particle fraction of 

250é315 Õm was used and diluted with quartz granulate of the same particle fraction. Catalytic tests were done in a 

heated quartz reactor with connected NDIR- and GC-analysis. Input of chemical energy by ethanol was fixed for all 

catalytic tests at Pchem = 120 W.  

To figure out optimal reaction parameters, thermodynamic equilibrium calculations of POX of ethanol were 

done. They showed highest syngas-yields and suppression of coke formation for oxygen-to-carbon-ratios O/C near 1,1 

(ᾊ=0,2) and ◒ > 700 ÁC. For POX of ethanol, referring to POX of methane, two reaction zones could be expected [1]. In 

the first zone exothermic total oxidation of ethanol takes place. Endothermic dry and steam reforming proceed in the 

second zone, using previously formed CO2 and H2O. Considering that, process parameters were optimized prior to 

catalytic tests particularly regarding heat management. The axial disbalance of heat input by POX necessitates heating 

especially at the end of the reactor to balance temperature over reactor length and to guarantee an axial temperature 

difference æ◒ < 100 K. The heat input of the installed heating was shown by blank experiments with inert gas flow 

(ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ ʥʘʡʜʝʥ.). As was shown in experiments of one chosen catalyst, its mass influences 

the axial temperature profile due to occurrence of exothermic reactions at the beginning of the reactor. Dilution ratios of 

the catalyst were investigated regarding their impact on axial temperature profile (ʆʰʠʙʢʘ! ʀʩʪʦʯʥʠʢ ʩʩʳʣʢʠ ʥʝ 
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ʥʘʡʜʝʥ.). Two mass parts catalysts and one mass part dilution was identified as well suited for stable temperatures over 

reactor length. 

 

 
Figure. Axial temperature profile for POX of ethanol depending on catalyst mass, 

which is related to dilution ratio, of one chosen catalyst; heat input by heating is 

shown by blank experiments with inert gas flow 

 

All catalysts were tested for POX of ethanol at various O/C, reactor temperatures in range of ◒ = 700é800 ÁC 

and gas hourly space velocity in range of GHSV = 25000é27000 h-1. The catalysts were characterized by BET, XRF, 

XRD and FESEM-EDX to investigate their properties. Aim of studies was to correlate properties influenced by CeO2-

doping, process parameters in connection with axial temperature profiles and product distribution of POX of ethanol. 
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INFLUENCE OF CO2- FEED ON HYDROCRACKING OF VEGETABLE OIL USING 

BIFUNCTIONAL MICROïMESOPOROUS COMPOSITE MATERIALS 
M. Anders, O. Busse and W. Reschetilowski 

Institut of Industrial Chemistry, TU Dresden, 01062 Dresden, Germany 

 
The bifunctional catalyst systems can be used for the selective catalytic conversion of vegetable oils by 

hydrocracking. Thereby the nature and the loading of the metal components as well as the acidity of the support material 

influence the catalytic activity in hydrogenation/dehydrogenation and cracking reactions. For example bifunctional 

catalyst systems based on Al-MCM-41/ZSM-5 using by hydrocracking of rapeseed oil showed that the conversion and 

the yield of gaseous products stronger increased by loading with nickel and molybdenum (NiMo) and with a Brßnstedt 

acid rich support material. Furthermore, co-feeds can also affect activity and selectivity of hydrocracking reactions. This 

results in an enhancement of catalytic properties and a reduction of greenhouse gas CO2. 

The present work studies the influence of CO2 co-feed to activity, selectivity and stability of NiMo/(Al-MCM-

41/ZSM-5) in hydrocracking of a model substance ethyl laurate. In this context, special attention is directed to product 

distribution and deactivation of the catalyst sample. 

The conversion of ethyl laurate and CO2 on NiMo/(Al-MCM-41/ZSM-5) results in high yields of gaseous 

hydrocarbons at temperatures of 500ÁC, WHSV of 5,5 h-1 and pressures of 5 bar. These gaseous products consist mainly 

of light olefins (C2-C6).  

It could be shown, that the cracking activity and the thermal stability of the catalyst strongly depends on the 

feed/co-feed ratio. Furthermore, the product spectrum could be varied by the usage of CO2 as co-feed in the 

hydrocracking of ethyl laurate on the bifunctional calatyst system NiMo/(Al-MCM-41/ZSM-5). Depending on the ratio 

between feed and co-feed, the selectivity of unsatured compounds could so be increased, whereby the selectivity of 

satured compounds is decreased. It seems that the hydrogenation activity can be influenced by using CO2 as co-feed in 

hydrocracking processes.  The yield of BTEX-compounds and Methane could also be influenced by using carbon dioxide 

as co-feed in the described hydrocracking process. These results are giving an evidence of strong interactions between 
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 

ʇʆɼʉɽʂʎʀʗ 1. ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ. 

 
carbon dioxide and surface metallic nickel-species, as it was shown in recent studies. So it can be concluded, that the 

usage of the greenhouse gas CO2 as co-feed is an interesting way to produce base chemicals, i.e. light olefins and 

aromatics from renewable feedstocks. 

 
ʉʊʈʋʂʊʋʈʅʆ-ʄɽʍɸʅʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʅɽʌʊʔʉʆɼɽʈɾɸʑʀʍ ʉʀʉʊɽʄ ɺ ʆɹʃɸʉʊʀ 

ʂʈʀʊʀʏɽʉʂʀʍ ʊɽʄʇɽʈɸʊʋʈ ʌɸɿʆɺʓʍ ʇɽʈɽʍʆɼʆɺ 
ʈ.ɺ. ɸʥʫʬʨʠʝʚ, ɻ.ʀ. ɺʦʣʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɻ.ʀ. ɺʦʣʢʦʚʘ 
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ,  ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʠ ʚʚʦʜʷʪʩʷ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʬʪʝʡ,  ʧʨʠ 

ʪʨʘʥʩʧʦʨʪʝ ʠ ʭʨʘʥʝʥʠʠ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʥʘ  ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʨʫʜʦʚʘʥʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʪʚʝʨʜʦʡ 

ʬʘʟʳ ʩʚʷʟʘʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʩ ʥʘʣʠʯʠʝʤ  ʚ ʥʝʬʪʷʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʤʝʩʠ ʧʘʨʘʬʠʥʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʚ  ʜʠʘʧʘʟʦʥʝ C18-C65. ʊʘʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʶʪ ʛʝʣʝʦʙʨʘʟʥʫʶ ʧʨʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʩʬʦʨʤʠʨʦʚʘʥʥʫʶ 

ʪʨʝʭʤʝʨʥʦʡ (3D) ʩʝʪʢʦʡ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʘʨʘʬʠʥʘ ʠ ʦʢʢʣʶʜʠʨʦʚʘʥʥʦʡ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʦʡ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʘʨʘʬʠʥʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʤʝʭʘʥʠʟʤʘʤ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ, ʢʦʪʦʨʳʝ ʧʨʦʪʝʢʘʶʪ  

ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʦʭʣʘʞʜʝʥʠʠ ʠ ʥʘʩʳʱʝʥʠʠ [1-3].  

ʀʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʤʝʝʪ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʦ ʧʨʠ ʩʤʝʰʝʥʠʠ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʧʦʪʦʢʦʚ ʩʚʦʡʩʪʚʘ ʩʤʝʩʝʡ 

ʠʟʤʝʥʷʶʪʩʷ ʥʝ ʘʜʜʠʪʠʚʥʦ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ 6 % ʤʘʩ. ʨʘʩʪʚʦʨ ʥʝʬʪʷʥʦʛʦ ʧʘʨʘʬʠʥʘ ʚ ʜʝʢʘʥʝ 

(ʅʇʠʩʭ) ʠ ʚʳʩʦʢʦʩʤʦʣʠʩʪʫʶ ʥʝʬʪʴ (ɺʉʅ) ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʩʤʦʣʠʩʪʦʘʩʬʘʣʴʪʝʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 33 % ʤʘʩ. 

ɺʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʥʷʪʳ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʚʠʩʢʦʟʠʤʝʪʨʝ Brookfield DV-III ULTRA ʧʨʠ 

ʥʝʧʨʝʨʳʚʥʦʤ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,3 ʦ/ʤʠʥ ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 1 ʩ-1, ʧʨʠ ʢʦʪʦʨʦʡ 

ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʪʠʢʩʦʪʨʦʧʥʦʡ ʩʠʩʪʝʤʳ ʤʠʥʠʤʘʣʴʥʦ. ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʧʨʷʤʦʛʦ ʠ 

ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʩʥʠʤʘʣʠ ʚ ʠʥʪʝʨʚʘʣʝ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ 0-85 ʩ-1 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʚʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʨʠʚʳʤ.  

ɺʷʟʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʅʇʠʩʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʥʘʯʠʥʘʝʪ ʧʦʚʳʰʘʪʴʩʷ ʧʨʠ 15 ʦʉ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʙʤʠʢʨʦʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʪʦʚ, ʘ ʧʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (᾽ 5 ʦʉ) 

ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʦʥʪʘʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʚʷʟʢʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʘʛʨʝʛʘʮʠʝʡ ʧʝʨʚʠʯʥʳʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʡ (ʨʠʩ. 1). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 3 ʦʉ ʬʦʨʤʠʨʫʝʪʩʷ ʥʝʧʨʝʨʳʚʥʘʷ 3D ʩʝʪʢʘ ʧʘʨʘʬʠʥʘ, ʢʦʪʦʨʘʷ 

ʟʘʭʚʘʪʳʚʘʝʪ ʞʠʜʢʫʶ ʬʘʟʫ ʠ  ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʩʠʣ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʘ.  ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʟʦʣʴ ï ʛʝʣʴ ʠ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʪʝʢʫʯʝʩʪʴ.  

 

 
ʈʠʩ. 1 ɺʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʩʤʝʩʝʡ ʅʇʠʩʭ ʩ ɺʉʅ 

 

ʊʘʙʣʠʮʘ  

ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ɺʉʅ ʥʘ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʪʝʧʣʦʪʫ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ ʅʇʠʩʭ 

 

ʆʙʨʘʟʝʮ 
ʊʝʤʧʝʨʘʪʫʨʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʦʉ ȹʅ, 

ʢɼʞ/ʤʦʣʴ ʅʘʯʘʣʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʉʧʦʥʪʘʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ɿʦʣʴ-ʛʝʣʴ 

ʅʇʠʩʭ 15,0 5 3,3 39 

+0,1 % ʤʘʩ. 13,8 ʅʝ ʚʳʨʘʞʝʥʘ 1,1 30 

+0,5 % ʤʘʩ. 12,5 ʅʝ ʚʳʨʘʞʝʥʘ -5,4 22 

+1, 0 % ʤʘʩ. 11,0 ʅʝ ʚʳʨʘʞʝʥʘ -11,1 12 

+2, 0 % ʤʘʩ. 8,2 ʅʝ ʚʳʨʘʞʝʥʘ -12,9 10 
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ɺʥʝʩʝʥʠʝ ʚʳʩʦʢʦʩʤʦʣʠʩʪʦʡ ʥʝʬʪʠ (ɺʉʅ) ʚ ʨʘʩʪʚʦʨ ʅʇʠʩʭ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʚʠʜ ʚʷʟʢʦʩʪʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʉʅ ʚ ʨʘʩʪʚʦʨʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʩʪʝʧʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʠ ʚʷʟʢʦʩʪʠ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʜʦʙʘʚʢʘ 1 % ʤʘʩ. ɺʉʅ  ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʠʞʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘ 4 ʦʉ, ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʝʭʦʜʘ ʟʦʣʴ-ʛʝʣʴ ï ʥʘ 14,5 ʦʉ (ʪʘʙʣ.). 

ʊʝʧʣʦʪʘ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ (ȹʅ), ʦʧʨʝʜʝʣʝʥʥʘʷ ʜʣʷ ʣʠʥʝʡʥʳʭ ʫʯʘʩʪʢʦʚ ʟʘʚʠʩʠʤʦʩʪʠ lnɖ = f(1/T oK), 

ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʉʅ ʚ ʩʤʝʩʠ (ʪʘʙʣ.).  

ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʯʥʦʩʪʠ ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʩʥʷʪʳ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʧʨʷʤʦʛʦ ʠ ʦʙʨʘʪʥʦʛʦ ʭʦʜʘ ʧʨʠ 4, 8 ʠ 10 ʦʉ. ʇʦ ʧʣʦʱʘʜʷʤ  ʧʦʣʫʯʝʥʥʳʭ ʧʝʪʣʝʡ 

ʛʠʩʪʝʨʝʟʠʩʘ ʨʘʩʩʯʠʪʘʥʳ ʚʝʣʠʯʠʥʳ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ (W).  

ʊʝʤʧʝʨʘʪʫʨʘ 4 ʦʉ ʣʝʞʠʪ ʥʠʞʝ ʪʦʯʝʢ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʘʢ ʅʇʠʩʭ, ʪʘʢ ʠ ʝʛʦ ʩʤʝʩʝʡ ʩ ɺʉʅ, ʧʨʠʯʝʤ ʚ 

ʠʩʭʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘʙʣʶʜʘʝʪʩʷ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʟʦʣʴ-ʛʝʣʴ ʠ ʩʠʩʪʝʤʘ ʥʝ ʪʝʯʝʪ. 

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʜʠʩʧʝʨʩʥʳʭ ʩʠʩʪʝʤ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʠ 4 ʦC, ʩʥʠʞʘʝʪʩʷ  ʠ ʩʦʩʪʘʚʣʷʝʪ 176, 105 

ʠ 50 ɼʞ ʧʨʠ ʜʦʙʘʚʢʝ 0,1, 0,5 ʠ 2 % ʤʘʩ. ɺʉʅ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 8 ʦʉ ʫʞʝ ʧʨʠ 0,5 % ʤʘʩ. ɺʉʅ ʥʘʧʨʷʞʝʥʠʝ ʩʜʚʠʛʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ (ʨʠʩ. 2ʘ). ʇʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʥʝʝ ʧʨʦʯʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʝʪʢʘ, ʯʝʤ ʫ ʅʇʠʩʭ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 3). 

 

  

ʘ ʙ 

ʈʠʩ. 2 ʂʨʠʚʳʝ ʪʝʯʝʥʠʷ ʧʨʷʤʦʛʦ (ʧ) ʠ ʦʙʨʘʪʥʦʛʦ (ʦ) ʭʦʜʘ ʩʤʝʩʝʡ ʅʇʠʩʭ ʩ ɺʉʅ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 8 (ʘ) ʠ 10 

(ʙ) ʦʉ 

 

ʀʟʦʪʝʨʤʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʪʝʯʝʥʠʷ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ 10 ʦʉ, ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ 0,1% ʤʘʩ. ɺʉʅ, 

ʧʨʠʙʣʠʞʘʶʪʩʷ ʢ ʢʣʘʩʩʠʯʝʩʢʠʤ ʟʘʚʠʩʠʤʦʩʪʷʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʥʝʥʴʶʪʦʥʦʚʩʢʠʭ ʞʠʜʢʦʩʪʝʡ (ʨʠʩ. 2ʙ). 

ɺʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʵʪʦʡ ʩʤʝʩʠ ʩʥʠʞʘʝʪʩʷ ʚ 3,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʠ 4 ʦʉ.   

 

 
ʈʠʩ. 3 ɺʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ɺʉʅ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʵʥʝʨʛʠʶ ʨʘʟʨʫʰʝʥʠʷ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʅʇʠʩʭ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʚʝʜʝʥʠʝ ʚ ʨʘʩʪʚʦʨ ʥʝʬʪʷʥʦʛʦ ʧʘʨʘʬʠʥʘ ʚʳʩʦʢʦʩʤʦʣʠʩʪʦʡ ʥʝʬʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ:  ʩʥʠʞʘʶʪʩʷ ʟʥʘʯʝʥʠʷ 

ʚʷʟʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ, ʪʝʧʣʦʪʳ ʘʢʪʠʚʘʮʠʠ ʚʷʟʢʦʛʦ ʪʝʯʝʥʠʷ, ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʨʘʟʨʫʰʝʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 

ʇʆɼʉɽʂʎʀʗ 1. ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ. 
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ɺʃʀʗʅʀɽ ʋʉʃʆɺʀʁ ʋʃʔʊʈɸɿɺʋʂʆɺʆʁ ʆɹʈɸɹʆʊʂʀ ʅɸ  
ɺʗɿʂʆʉʊʅʆ-ʊɽʄʇɽʈɸʊʋʈʅʓɽ ʉɺʆʁʉʊɺɸ ʅɽʌʊɽʁ 

1
ʈ.ɺ. ɸʥʫʬʨʠʝʚ, 

2
ʆ.ʉ. ʃʘʟʦʨʝʥʢʦ, 

1,2
ɻ.ʀ. ɺʦʣʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʜʦʮʝʥʪ ɻ.ʀ. ɺʦʣʢʦʚʘ 
1
ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ 

ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ 
2
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʈʦʩʩʠʷ, ʛ. ʊʦʤʩʢ  

 
ɼʦʢʘʟʘʥʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʚ ʈʦʩʩʠʠ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 10 700 ʤʣʥ ʪ, ʧʨʠʯʝʤ ʜʦʣʷ ʪʨʫʜʥʦʠʟʚʣʝʢʘʝʤʳʭ 

ʟʘʧʘʩʦʚ - ʦʢʦʣʦ 70 % [5]. ʊʘʢ ʢʘʢ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʠʟʚʣʝʢʘʶʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʟʘʧʘʩʳ, ʧʦʵʪʦʤʫ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ 

ʚʩʝ ʙʦʣʝʝ ʚʚʦʜʷʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩ ʚʳʩʦʢʦʚʷʟʢʠʤʠ ʠ ʚʳʩʦʢʦʟʘʩʪʳʚʘʶʱʠʤʠ ʥʝʬʪʷʤʠ. ʊʨʘʥʩʧʦʨʪ ʪʘʢʠʭ 

ʧʨʦʙʣʝʤʥʳʭ ʥʝʬʪʝʡ ʦʩʣʦʞʥʝʥ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʉʠʙʠʨʠ ʠ ʢʨʘʡʥʝʛʦ ʉʝʚʝʨʘ.  

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʚʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʦʡʩʪʚ ʥʝʬʪʝʡ ʧʨʠʤʝʥʷʶʪ ʭʠʤʠʯʝʩʢʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʚ 
ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʥʫʞʜ ʥʝʬʪʷʥʦʡ ʦʪʨʘʩʣʠ [5, 4]. ʈʘʟʨʘʙʦʪʘʥ ʨʷʜ ʧʨʠʙʦʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ 

ʧʨʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʝ ʥʝʬʪʠ, ʪʘʢ ʢʘʢ ʦʙʨʘʙʦʪʢʘ ʠʟʤʝʥʷʝʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʝʬʪʠ, ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʩʬʘʣʴʪʦʩʤʦʣʦʧʘʨʘʬʠʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ. ʅʝʤʘʣʦʚʘʞʥʳʤ ʦʪʣʠʯʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ ʦʙʨʘʙʦʪʦʢ ʦʪ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʷʚʣʷʝʪʩʷ ʠʭ ʘʙʩʦʣʶʪʥʘʷ ʵʢʦʣʦʛʠʯʝʩʢʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ ʢʘʢ ʜʣʷ ʥʝʜʨ, ʪʘʢ ʠ ʜʣʷ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʳʩʦʢʦʩʤʦʣʠʩʪʦʡ ʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ (ʩʠʣʠʢʘʛʝʣʝʚʳʝ ʩʤʦʣʳ -18,7, ʘʩʬʘʣʴʪʝʥʳ - 8,3, 

ʧʘʨʘʬʠʥʳ - 3,8 ʤʘʩ. %, ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ - ʤʠʥʫʩ 8 ʦʉ) ʠ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ (ʩʠʣʠʢʘʛʝʣʝʚʳʝ 

ʩʤʦʣʳ - 4,5, ʘʩʬʘʣʴʪʝʥʳ - ʦʪʩʫʪʩʪʚʫʶʪ, ʧʘʨʘʬʠʥʳ - 15,8 ʤʘʩ. %, ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ - ʧʣʁʩ 6 ʦʉ).  

ɻʨʫʧʧʦʚʦʡ ʩʦʩʪʘʚ ʥʝʬʪʠ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ [1]. ʋʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ (ʋɿʆ) 

ʥʝʬʪʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʜʝʟʠʥʪʝʛʨʘʪʦʨʝ UD-20 ʧʨʠ ʯʘʩʪʦʪʝ 22 ʢɻʮ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʘʤʧʣʠʪʫʜʘʭ 

ʢʦʣʝʙʘʥʠʷ ʥʘ ʢʦʥʮʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ. ɼʠʥʘʤʠʯʝʩʢʫʶ ʚʷʟʢʦʩʪʴ ʦʙʨʘʟʮʦʚ ʥʝʬʪʠ ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ 

ʚʠʩʢʦʟʠʤʝʪʨʝ Brookfield DV-III ULTRA, ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ (ʊʟ) - ʥʘ ʧʨʠʙʦʨʝ çʂʨʠʩʪʘʣʣè (ʀʍʅ ʉʆ ʈɸʅ). 

ɺʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʥʝʬʪʠ ʫʣʫʯʰʠʣʠʩʴ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʚ ʋɿ ʧʦʣʝ: ʚʷʟʢʦʩʪʴ 

ʤʘʢʩʠʤʘʣʴʥʦ ʩʥʠʟʠʣʘʩʴ ʚ 1,2 ʨʘʟʘ ʚ ʦʙʣʘʩʪʠ ʥʴʶʪʦʥʦʚʩʢʦʛʦ ʪʝʯʝʥʠʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ - ʥʘ 10 ʦʉ. ɹʦʣʝʝ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʝʡ ʩʜʚʠʛʘ: ʜʣʷ ʦʙʨʘʟʮʘ, ʦʙʨʘʙʦʪʘʥʥʦʛʦ 

ʧʨʠ ʘʤʧʣʠʪʫʜʝ 12 ʤʢʤ, ʚʷʟʢʦʩʪʴ ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 0,08 ʩ-1 ʩʥʠʟʠʣʘʩʴ ʚ 2 ʨʘʟʘ (ʩ 1400 ʜʦ 700 ʤʇʘĿʩ). 

 

 

 
ʈʠʩ. 1 ɿʘʚʠʩʠʤʦʩʪʠ ʚʷʟʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʩʜʚʠʛʘ 

ʜʣʷ ʥʝʬʪʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ 5 ʤʠʥ ʧʨʠ ʨʘʟʣʠʯʥʦʡ 

ʘʤʧʣʠʪʫʜʝ (ʪʝʤʧʝʨʘʪʫʨʘ 20 ʦʉ) 

ʈʠʩ. 2 ɺʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʷ ʥʘ ʚʷʟʢʦʩʪʴ 

(0,56 ʩ-1) ʧʨʠ 20 ʦʉ ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ, 

ʦʙʨʘʙʦʪʘʥʥʦʡ 5 ʤʠʥ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʝ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʧʨʝʩʩʠʷ ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʘʤʧʣʠʪʫʜʝ ʢʦʣʝʙʘʥʠʡ ʥʘ ʢʦʥʮʝ ʢʦʥʮʝʥʪʨʘʪʦʨʘ 12 ʤʢʤ.  

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʚʷʟʢʦʩʪʴ ʦʙʨʘʙʦʪʘʥʥʦʡ ʥʝʬʪʠ ʚʦʟʨʘʩʪʘʝʪ, ʥʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, 

ʦʩʪʘʝʪʩʷ ʥʠʞʝ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ (ʨʠʩ. 1, 2). ʇʨʠ ʘʤʧʣʠʪʫʜʝ 12 ʤʢʤ ʪʘʢʞʝ ʜʦʩʪʠʛʘʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʇʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ ʥʝʬʪʷʥʘʷ ʜʠʩʧʝʨʩʥʘʷ ʩʠʩʪʝʤʘ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʭʦʜʠʪ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ 

ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ.  ɺʷʟʢʦʩʪʴ ʥʝʬʪʠ ʯʝʨʝʟ ʩʫʪʢʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʪʦʣʴʢʦ ʜʣʷ ʦʙʨʘʟʮʘ, 

ʦʙʨʘʙʦʪʘʥʥʦʛʦ ʧʨʠ ʘʤʧʣʠʪʫʜʝ 16 ʤʢʤ, ʦʩʪʘʝʪʩʷ ʥʠʞʝ ʠʩʭʦʜʥʦʡ ʥʘ 5 %.  

ʀʥʪʝʨʝʩʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʣʘʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ (ʪʘʙʣʠʮʘ). ʏʝʨʝʟ ʩʫʪʢʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʦʙʨʘʟʮʦʚ ʜʘʞʝ ʩʥʠʞʘʝʪʩʷ ʥʘ 2-3 ʦʉ.  

ʏʝʨʝʟ 5 ʩʫʪʦʢ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʦʙʨʘʟʮʦʚ, ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʨʠ ʘʤʧʣʠʪʫʜʘʭ 10 - 16 ʤʢʤ, 

ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʤʠʥʫʩ 10 - 12 ʦʉ.   

 

ʊʘʙʣʠʮʘ 

ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʥʝʬʪʠ ʚʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʩʥʷʪʠʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ   ʥʘʛʨʫʟʢʠ 

 

 

 

 

 
 

 

 

 

 

 

 

 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ [3], ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʋɿʆ ʟʘʚʠʩʠʪ ʦʪ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʥʝʬʪʠ, ʘ 

ʠʤʝʥʥʦ, ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʩʤʦʣʠʩʪʦʘʩʬʘʣʴʪʝʥʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʧʘʨʘʬʠʥʦʚ.  ɼʣʷ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʳʭ ʥʝʬʪʝʡ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ, ʥʘʙʣʶʜʘʣʠ ʫʚʝʣʠʯʝʥʠʝ ʚʷʟʢʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ [2]. ɺ ʜʘʥʥʦʡ 

ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʙʣʫʯʝʥʠʷ ʥʘ ʚʷʟʢʦʩʪʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʀʟ ʨʠʩʫʥʢʘ 

3 ʘ, ʙ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʡ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʧʨʠ ʚʨʝʤʝʥʠ ʦʙʨʘʙʦʪʢʠ 5 ʤʠʥ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ 

ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʷʟʢʦʩʪʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ.  

 

 
 

ʘ ʙ 

ʈʠʩ. 3 ɺʣʠʷʥʠʝ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʥʘ ʚʷʟʢʦʩʪʴ (ʘ) ʠ ʪʝʤʧʝʨʘʪʫʨʫ ʟʘʩʪʳʚʘʥʠʷ (ʙ) 

ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ, ʦʙʨʘʙʦʪʘʥʥʦʡ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʷʟʢʦʩʪʴ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʟʘʩʪʳʚʘʥʠʷ ʚʳʩʦʢʦʩʤʦʣʠʩʪʦʡ ʥʝʬʪʠ ʟʘʚʠʩʷʪ ʦʪ 

ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʧʦʣʷ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʷʟʢʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ 

ʘʤʧʣʠʪʫʜʝ 14 ʤʢʤ. ɼʝʧʨʝʩʩʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʩʪʳʚʘʥʠʷ ʵʪʦʡ ʥʝʬʪʠ ʨʘʩʪʝʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʘʤʧʣʠʪʫʜʳ ʢʦʣʝʙʘʥʠʷ 

ʢʦʥʮʝʥʪʨʘʪʦʨʘ, ʜʦʩʪʠʛʘʷ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʀʟʤʝʥʝʥʠʝ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʚʳʩʦʢʦʧʘʨʘʬʠʥʠʩʪʦʡ ʥʝʬʪʠ ʥʝ 

ʧʨʠʚʝʣʦ ʢ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɸʙʨʶʪʠʥʘ ʅ.ʅ., ɸʙʫʰʘʝʚʘ ɺ.ɺ., ɸʨʝʬʴʝʚ ʆ.ɸ. ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝʬʪʝʡ: ʉʧʨʘʚʦʯʥʦ - 

ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ// ʇʦʜ ʨʝʜ. ɸ.ʀ. ɹʦʛʦʤʦʣʦʚʘ, ʄ.ɹ. ʊʝʤʷʥʢʦ, ʃ.ʀ. ʍʦʪʳʥʮʝʚʦʡ. - ʃ.: ʅʝʜʨʘ. - 1984. ï 431 ʩ. 
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 

ʇʆɼʉɽʂʎʀʗ 1. ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ. 
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ɺɸʈʀɸʅʊ ʋʊʀʃʀɿɸʎʀʀ ʇʆʇʋʊʅʆɻʆ ʅɽʌʊʗʅʆɻʆ ɻɸɿɸ ʅɸ ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ 

ʂ.ʖ. ɸʬʘʥʘʩʴʝʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʉ.ɺ. ɻʦʣʜʘʝʚ, ʜʦʮʝʥʪ ʅ.ɺ. ʏʫʭʘʨʝʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʉʞʠʛʘʥʠʝ ʥʘ ʬʘʢʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ (ʇʅɻ) ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ ʢʦʤʧʘʥʠʡ. ɺʤʝʩʪʝ ʩ ʪʝʤ ʚ ʩʬʝʨʝ ʵʬʬʝʢʪʠʚʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʇʅɻ 

ʟʘʣʦʞʝʥ ʦʛʨʦʤʥʳʡ ʧʦʪʝʥʮʠʘʣ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʨʝʩʫʨʩʦʩʙʝʨʝʞʝʥʠʷ ʠ ʚʳʨʘʙʦʪʢʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʧʣʦʚʦʡ ʠ 

ʣɻʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ.  

ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʥʦʚʣʝʥʠʶ ʧʨʘʚʠʪʝʣʴʩʪʚʘ çʆ ʤʝʨʘʭ ʧʦ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʩʦʢʨʘʱʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʷ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ ʧʨʦʜʫʢʪʘʤʠ ʩʞʠʛʘʥʠʷ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʥʘ ʬʘʢʝʣʴʥʳʭ ʫʩʪʘʥʦʚʢʘʭè ʩ 2012 ʛʦʜʘ 

ʜʦʣʷ ʧʦʣʝʟʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʠʪʴ 95% ʦʪ ʜʦʙʳʪʦʛʦ ʦʙʲʝʤʘ, ʘ ʟʘ 

ʩʚʝʨʭʣʠʤʠʪʥʳʝ ʦʙʲʝʤʳ ʝʛʦ ʩʞʠʛʘʥʠʷ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʚʳʰʝʥʠʝ ʰʪʨʘʬʦʚ ʚ 100 ʨʘʟ [7]. 

ʇʨʦʚʝʜʝʥʥʳʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ [2, 6, 9] ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʫʪʠʣʠʟʘʮʠʠ ʇʅɻ, 

ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʧʝʨʝʨʘʙʦʪʢʘ ʧʦ ʛʘʟʦ-ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʤʫ ʧʨʦʬʠʣʶ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʛʘʟʦʪʫʨʙʠʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʵʥʝʨʛʠʠ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʥʫʞʜʳ ʠ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʛʘʟʦʧʝʨʝʢʘʯʠʚʘʶʱʠʭ ʘʛʨʝʛʘʪʦʚ ʤʘʛʠʩʪʨʘʣʴʥʳʭ ʛʘʟʦʧʨʦʚʦʜʦʚ. 

ʇʝʨʝʨʘʙʦʪʢʘ ʇʅɻ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ. ɼʘʥʥʳʡ 

ʤʝʪʦʜ ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʢʨʫʧʥʳʭ ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʝʨʥʠʟʘʮʠʠ ʫʞʝ 

ʠʤʝʶʱʠʭʩʷ, ʩʦʚʤʝʩʪʥʦ ʩ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʩʝʪʴʶ ʛʘʟʦʧʨʦʚʦʜʦʚ ʜʣʷ ʩʙʦʨʘ ʠ ʜʦʩʪʘʚʢʠ ʧʦʧʫʪʥʦʛʦ ʛʘʟʘ. ʅʘ ʭʠʤʠʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʷʭ ʇʅɻ ʧʝʨʝʨʘʙʘʪʳʚʘʝʪʩʷ ʣʠʙʦ ʚ ʩʫʭʦʡ ʦʪʙʝʥʟʠʥʝʥʥʳʡ ʛʘʟ, ʣʠʙʦ ʚ ʰʠʨʦʢʫʶ ʬʨʘʢʮʠʶ ʣʝʛʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʐʌʃʋ), ʢʦʪʦʨʳʝ ʧʦʩʪʫʧʘʶʪ ʚ ʤʘʛʠʩʪʨʘʣʴʥʳʝ ʛʘʟʦʧʨʦʚʦʜʳ ʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʩʳʨʴʝʤ ʜʣʷ 

ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ (ʥʘʧʨʠʤʝʨ, ʐʌʃʋ ï ʙʘʟʦʚʦʝ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʞʠʞʝʥʥʦʛʦ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ 

ʛʘʟʘ [6]).  

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ ʧʨʝʜʣʦʞʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʴʥʳʭ 

ʠ ʚʨʝʤʝʥʥʳʭ ʟʘʪʨʘʪ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʝʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʵʢʦʥʦʤʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʦ ʣʠʰʴ ʥʘ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʆʩʥʦʚʥʳʝ ʧʦʪʝʨʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ, ʪʦ ʝʩʪʴ ʝʛʦ ʩʞʠʛʘʥʠʝ ʥʘ ʬʘʢʝʣʘʭ, ʬʦʨʤʠʨʫʶʪʩʷ ʥʝ 

ʥʘ ʢʨʫʧʥʳʭ, ʘ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʤʝʣʢʠʭ, ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʢʦʪʦʨʳʝ ʫʜʘʣʝʥʥʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʥʘʭʦʜʷʪʩʷ ʚ ʨʝʛʠʦʥʘʭ ʩʦ ʩʣʘʙʦ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ, ʠʣʠ ʠʭ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʥʝʫʩʪʦʡʯʠʚʳʭ ʛʨʫʥʪʦʚ (ʙʦʣʦʪʠʩʪʘʷ ʤʝʩʪʥʦʩʪʴ). ʊʘʢ, ʙʦʣʴʰʠʥʩʪʚʦ ʥʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʚ ʉʝʚʝʨʥʳʭ ʨʝʛʠʦʥʘʭ ʈʌ (ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ, ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, 

ʨʝʩʧʫʙʣʠʢʘ ʉʘʭʘ, ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʦʢʨʫʛ) ʠʤʝʶʪ ʚʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʇʦʵʪʦʤʫ 

ʦʨʛʘʥʠʟʘʮʠʷ ʩʙʦʨʘ ʛʘʟʘ ʩ ʪʘʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ ʩʭʝʤʘʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ʜʣʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʢʨʫʧʥʳʭ 

ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʦʚ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʢʘʧʠʪʘʣʦʝʤʢʠʤ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ [10]. 

ʊʘʢʞʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʠʤʝʝʪ ʚʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ 

ʜʦʙʳʯʠ ʥʝʬʪʠ ʧʫʪʝʤ ʧʦʚʳʰʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʨʦʜ, ʦʩʥʦʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: 

2. ʭʠʤʠʯʝʩʢʠʝ; 

3. ʤʝʭʘʥʠʯʝʩʢʠʝ; 

4. ʪʝʨʤʠʯʝʩʢʠʝ; 

5. ʬʠʟʠʯʝʩʢʠʝ. 

ʇʦʜʨʦʙʥʝʝ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʪʝʨʤʠʯʝʩʢʠʭ ʤʝʪʦʜʘʭ ʚʦʟʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʫʜʘʣʝʥʠʷ ʩʦ 

ʩʪʝʥʦʢ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʧʘʨʘʬʠʥʘ ʠ ʩʤʦʣ, ʘ ʪʘʢʞʝ ʜʣʷ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʙʨʘʙʦʪʢʠ 

ʧʨʠʟʘʙʦʡʥʳʭ ʟʦʥ [5]. 

ʆʙʳʯʥʦ ʪʝʨʤʦʦʙʨʘʙʦʪʢʘ ʥʝʬʪʷʥʳʭ ʧʣʘʩʪʦʚ ʚ ʟʦʥʝ ʜʦʙʳʚʘʶʱʠʭ ʩʢʚʘʞʠʥ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʦʜʦʡ, 

ʥʘʛʨʝʪʦʡ ʚ ʢʦʪʣʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʤʘʩʩʠʚʥʳʭ 

ʚʦʜʦʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʨʝʩʥʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʥʘʢʠʧʝʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʩʪʝʥʢʘʭ ʢʦʪʣʘ. 

ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ [1, 3] ʧʦʢʘʟʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ 

ʢʘʧʠʪʘʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʩʦʦʨʫʞʝʥʠʝ ʦʧʨʝʩʥʠʪʝʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʡ ʨʘʩʭʦʜ ʪʝʧʣʦʪʳ ʧʘʨʘ ʥʘ 

ʚʳʨʘʙʦʪʢʫ ʧʨʝʩʥʦʡ ʚʦʜʳ. 

ʊʘʢʞʝ ʢ ʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʠʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʵʣʝʢʪʨʦʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠʟʘʙʦʡʥʳʭ ʟʦʥ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʚ ʩʢʚʘʞʠʥʫ ʥʘ ʢʘʙʝʣʴ-ʪʨʦʩʝ ʩʧʫʩʢʘʶʪ ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʫʙʯʘʪʳʭ 

ʵʣʝʢʪʨʦʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʊʕ-ʅʦʚ), ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʤ ʢʦʞʫʭʝ [3]. ʅʝʜʦʩʪʘʪʢʦʤ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʜʣʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʝʪʩʷ ʠʩʧʘʨʠʪʝʣʴʥʳʡ ʘʧʧʘʨʘʪ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʥʘ ʧʦʧʫʪʥʦʤ ʥʝʬʪʷʥʦʤ ʛʘʟʝ ʠ ʥʝ ʪʨʝʙʫʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ [4]. 

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʨʘʟʣʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʠʩʧʘʨʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ ʙʳʣʦ ʧʦʣʫʯʝʥʦ, ʯʪʦ ʘʧʧʘʨʘʪ 

ʧʦʛʨʫʞʥʦʛʦ ʛʦʨʝʥʠʷ (ɸʇɻ) ʦʙʣʘʜʘʝʪ ʥʝʦʙʭʦʜʠʤʳʤʠ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ. 

ɺʳʩʦʢʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʪʝʧʣʦʦʙʤʝʥʘ ʚ ɸʇɻ ʠ ʦʪʩʫʪʩʪʚʠʝ ʪʨʫʙʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪ 

ʤʘʣʫʶ ʤʝʪʘʣʣʦʝʤʢʦʩʪʴ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʘʩʩʘ ɸʇɻ ʪʝʧʣʦʚʦʡ ʤʦʱʥʦʩʪʴʶ 10 ʄɺʪ ʩʦʩʪʘʚʣʷʝʪ 10 ʪ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʤʘʩʩʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʦʪʣʘ. ʊʘʢʞʝ ʜʣʷ ɸʇɻ ʭʘʨʘʢʪʝʨʥʳ ʤʝʥʴʰʠʝ ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʠ 

ʪʝʢʫʱʠʝ ʟʘʪʨʘʪʳ [8]. 

ʀʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʯʝʨʝʟ ʙʘʨʙʦʪʘʞʥʫʶ ʨʝʰʝʪʢʫ ɸʇɻ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ ʩʛʦʨʘʥʠʷ ʚʧʨʳʩʢʠʚʘʶʪʩʷ ʚ 

ʚʦʜʫ, ʨʝʰʝʪʢʘ ʥʝ ʧʦʜʚʝʨʞʝʥʘ ʟʘʛʨʷʟʥʝʥʠʶ ʠ ʜʣʷ ɸʇɻ ʥʝ ʪʨʝʙʫʝʪʩʷ ʚʦʜʦʧʦʜʛʦʪʦʚʢʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʥʪʘʢʪʥʳʭ 

ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ. 

ʀʪʘʢ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʚʠʜʘʤʠ ʚʳʧʘʨʥʳʭ ʫʩʪʘʥʦʚʦʢ ɸʇɻ ʦʙʣʘʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ: 

¶ ʇʦʣʥʦʝ ʠʩʢʣʶʯʝʥʠʝ ʧʨʦʙʣʝʤʳ ʙʦʨʴʙʳ ʩ ʦʪʣʦʞʝʥʠʝʤ ʥʘʢʠʧʠ ʧʨʠ ʥʘʛʨʝʚʝ ʚʦʜʳ; 

¶ ɺʦʟʤʦʞʝʥ ʥʘʛʨʝʚ ʙʦʣʴʰʠʭ ʦʙʲʝʤʦʚ ʚʦʜʳ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʠ; 

¶ ɺʳʩʦʢʠʡ ʪʝʨʤʠʯʝʩʢʠʡ ʂʇɼ ʠ ʵʢʦʥʦʤʠʯʥʦʩʪʴ; 

¶ ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʨʦʩʪʦʪʘ ʢʦʥʩʪʨʫʢʮʠʠ; 

¶ ʄʘʣʘʷ ʤʘʪʝʨʠʘʣʦʝʤʢʦʩʪʴ, ʥʠʟʢʠʝ ʫʜʝʣʴʥʳʝ ʨʘʩʭʦʜʳ ʪʦʧʣʠʚʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ 

ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠʟʜʝʨʞʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʠʩʧʦʣʴʟʫʶʱʠʤʠ ʪʦʧʣʠʚʦ 

ʪʝʧʣʦʦʙʤʝʥʥʳʤʠ ʘʧʧʘʨʘʪʘʤʠ; 

¶ ʇʨʦʩʪʦʪʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʦʙʩʣʫʞʠʚʘʥʠʠ ʠ ʨʝʤʦʥʪʝ; 

¶ ʅʘʣʠʯʠʝ ʚ ʞʠʜʢʦʩʪʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ, ʤʠʥʝʨʘʣʴʥʳʭ ʤʘʩʝʣ, ʚʟʚʝʩʝʡ, ʢʨʠʩʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ 
ʟʘʛʨʷʟʥʝʥʠʡ ʦʙʳʯʥʦ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʠ ʠ ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ ɸʇɻ; 

¶ ɸʇɻ ʚʟʨʳʚʦʙʝʟʦʧʘʩʝʥ ʠ ʥʝ ʧʦʜʣʝʞʠʪ ʢʦʪʣʦʥʘʜʟʦʨʫ [8]. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʧʧʘʨʘʪʘ ʧʦʛʨʫʞʥʦʛʦ ʛʦʨʝʥʠʷ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʪ 

ʫʪʠʣʠʟʠʨʦʚʘʪʴ ʧʦʧʫʪʥʳʡ ʥʝʬʪʷʥʦʡ ʛʘʟ ʜʣʷ ʠʩʧʘʨʝʥʠʷ ʚʦʜʳ, ʧʨʠ ʵʪʦʤ ʥʝ ʪʨʝʙʫʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʪʘʥʦʚʦʢ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʚʦʜʳ ʧʝʨʝʜ ʠʩʧʘʨʝʥʠʝʤ. ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʜʳʤʦʚʳʭ ʛʘʟʦʚ ʦʪ ʚʦʜʳ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʢʨʫʙʙʝʨ ɺʝʥʪʫʨʠ ʠ ʮʠʢʣʦʥ ʢʘʧʣʝʫʣʦʚʠʪʝʣʴ. 

 

 
ʈʠʩ. ʉʭʝʤʘ ʫʪʠʣʠʟʘʮʠʠ ʧʦʧʫʪʥʦʛʦ ʥʝʬʪʷʥʦʛʦ ʛʘʟʘ 

 

ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩʢʚʘʞʠʥ ɸʇɻ ʤʦʞʝʪ 

ʩ ʣʝʛʢʦʩʪʴʶ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʬʬʝʢʪʠʚʥʦʛʦ ʠ ʧʨʦʩʪʦʛʦ ʚʦʜʦʥʘʛʨʝʚʘʪʝʣʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʦʪʦʧʣʝʥʠʷ 

ʠ ɻɺʉ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ ʚ ʨʝʛʠʦʥʘʭ ʩʦ ʩʣʘʙʦ ʨʘʟʚʠʪʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʦʩʦʙʝʥʥʦ 

ʘʢʪʫʘʣʴʥʦ, ʪʘʢ ʢʘʢ ʦʨʛʘʥʠʟʘʮʠʷ ʩʙʦʨʘ ʛʘʟʘ ʩ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʢʨʫʧʥʳʭ 

ʛʘʟʦʧʝʨʝʨʘʙʘʪʳʚʘʶʱʠʭ ʟʘʚʦʜʘʭ, ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʢʘʧʠʪʘʣʦʝʤʢʠʤ ʠ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʤʝʨʦʧʨʠʷʪʠʝʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ ʧʦʛʨʫʞʥʦʛʦ ʛʦʨʝʥʠʷ ʙʣʘʛʦʜʘʨʷ  ʧʨʦʩʪʦʪʝ 

ʢʦʥʩʪʨʫʢʮʠʠ, ʣʝʛʢʦʩʪʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʚʦʜʦʧʦʜʛʦʪʦʚʢʝ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ ʜʣʷ ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʫʜʘʣʝʥʥʳʭ ʪʨʫʜʥʦʜʦʩʪʫʧʥʳʭ ʤʝʩʪʘʭ. 
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ʇʆʃʋʏɽʅʀʗ ʃɸʂʆʂʈɸʉʆʏʅʓʍ ʄɸʊɽʈʀɸʃʆɺ 
ɼ.ɺ. ɹʝʩʪʫʞʝʚʘ, ʅ.ɺ. ɺʣʘʩʦʚʘ, ɽ.ʀ. ɿʘʜʦʨʦʞʥʘʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ  ʩʪ. ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɸ.ɸ. ʄʘʥʘʥʢʦʚʘ  
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʀʩʭʦʜʥʳʤ ʩʳʨʴʝʤ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʳ ʥʝʬʪʝʧʝʨʝʨʘʙʦʪʢʠ ʠ 

ʥʝʬʪʝʭʠʤʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʥʝ ʤʝʥʝʝ 30 % ʥʝʧʨʝʜʝʣʴʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʬʨʘʢʮʠʠ, ʚʳʜʝʣʷʝʤʳʝ ʠʟ 

ʥʝʢʦʪʦʨʳʭ ʧʨʦʜʫʢʪʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʠʯʝʩʢʦʛʦ ʢʨʝʢʠʥʛʘ, ʘ ʪʘʢʞʝ ʠʟ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʥʝʬʪʷʥʦʛʦ 

ʩʳʨʴʷ. ʀʥʪʝʨʝʩ ʢ ʧʦʣʫʯʝʥʠʶ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʦʙʫʩʣʦʚʣʝʥ ʜʦʩʪʫʧʥʦʡ ʩʳʨʴʝʚʦʡ ʙʘʟʦʡ ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʟʘʤʝʥʳ ʧʨʠʨʦʜʥʳʭ ʧʨʦʜʫʢʪʦʚ [1].  

ʅʝʬʪʝʧʦʣʠʤʝʨʥʳʝ ʩʤʦʣʳ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʣʘʢʦʢʨʘʩʦʯʥʦʡ, ʤʝʙʝʣʴʥʦʡ, ʮʝʣʣʶʣʦʟʥʦ-ʙʫʤʘʞʥʦʡ, 

ʨʝʟʠʥʦʪʝʭʥʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʧʝʯʘʪʥʳʭ ʢʨʘʩʦʢ, ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʢʦʞ, ʘʥʪʠʢʦʨʨʦʟʠʡʥʳʭ ʠ 

ʟʘʱʠʪʥʳʭ ʧʦʢʨʳʪʠʡ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʟʠʮʠʷʭ. ʉʤʦʣʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʟʘʤʝʥʳ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ (ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ) ʠ ʢʘʥʠʬʦʣʠ (ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʙʫʤʘʛʠ) [1]. ɿʘʤʝʥʘ 

ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʘʩʝʣ ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʩʤʦʣʘʤʠ ʧʦʟʚʦʣʷʝʪ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʚʳʩʳʭʘʥʠʷ ʧʦʢʨʳʪʠʡ ʠ ʫʣʫʯʰʠʪʴ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʂʦʤʧʦʟʠʮʠʠ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʘʢʦʚ, ʵʤʘʣʝʡ, 

ʛʨʫʥʪʦʚʦʢ ʠ ʜʨʫʛʠʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ, ʜʝʢʦʨʘʪʠʚʥʳʭ, 

ʵʣʝʢʪʨʦʠʟʦʣʷʮʠʦʥʥʳʭ ʧʦʢʨʳʪʠʡ. ʊʘʢ, ʤʘʩʣʷʥʦ-ʩʤʦʣʷʥʘʷ ʢʦʤʧʦʟʠʮʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʦʢʩʠʜʠʨʦʚʘʥʥʦʝ 

ʧʦʜʩʦʣʥʝʯʥʦʝ ʤʘʩʣʦ, ʥʝʬʪʝʧʦʣʠʤʝʨʥʫʶ ʩʤʦʣʫ, ʧʦʣʫʯʝʥʥʫʶ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ ʥʝʧʨʝʜʝʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʬʨʘʢʮʠʡ 

ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʩ ʧʨʝʜʝʣʘʤʠ ʚʳʢʠʧʘʥʠʷ 130ï190 Áʉ (30ï40 ʤʘʩ. %), ʠ ʦʨʛʘʥʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨʠʪʝʣʴ, 

ʧʨʝʜʣʦʞʝʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʣʠʬ, ʣʘʢʦʚ ʠ ʢʨʘʩʦʢ [2].  

ɺʣʘʛʦʩʪʦʡʢʠʝ ʧʦʢʨʳʪʠʷ ʥʘ ʦʩʥʦʚʝ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʦʣʠʬʳ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ 60 %-ʥʳʡ ʨʘʩʪʚʦʨ 

ʚ ʢʝʨʦʩʠʥʦʚʦʡ ʬʨʘʢʮʠʠ ʥʝʬʪʝʧʦʣʠʤʝʨʥʦʡ ʩʤʦʣʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʤʷʛʯʝʥʠʷ 72ï90 Áʉ (54 ʤʘʩ. %), ʦʢʠʩʣʝʥʥʫʶ 

ʩʤʝʩʴ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ, ʩʦʜʝʨʞʘʱʫʶ ʧʘʨʘʬʠʥ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʥʝʬʨʘʩ, ʩʠʢʢʘʪʠʚ, ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʧʠʪʢʠ 

ʜʝʨʝʚʘ, ʰʪʫʢʘʪʫʨʢʠ ʙʝʪʦʥʘ ʧʝʨʝʜ ʧʦʢʨʘʩʢʦʡ [3]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʩʠʥʪʝʟʘ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʠʩʧʦʣʴʟʫʶʪ ʠʦʥʥʫʶ (ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ) ʠ 

ʨʘʜʠʢʘʣʴʥʫʶ ʦʣʠʛʦʤʝʨʠʟʘʮʠʶ ʤʦʥʦʤʝʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʪʠʧʘ ʎʠʛʣʝʨʘ-ʅʘʪʪʘ ʥʘ ʦʩʥʦʚʝ 

ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʪʠʪʘʥʘ ʠ ʘʣʶʤʠʥʠʡʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [4]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚʘʷ ʬʨʘʢʮʠʷ ʞʠʜʢʠʭ ʧʨʦʜʫʢʪʦʚ ʧʠʨʦʣʠʟʘ 

ʧʨʷʤʦʛʦʥʥʦʛʦ ʙʝʥʟʠʥʘ ʫʩʪʘʥʦʚʢʠ ʕʇ ï 300 ʆʆʆ çʊʦʤʩʢʥʝʬʪʝʭʠʤè. ʇʝʨʝʜ ʧʦʣʠʤʝʨʠʟʘʮʠʝʡ 

ʜʠʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚʦʡ ʬʨʘʢʮʠʠ ʧʨʦʚʦʜʷʪ ʦʯʠʩʪʢʫ ʬʨʘʢʮʠʠ ʦʪ ʩʤʦʣʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʦʜʦʤ ʧʨʦʩʪʦʡ ʜʠʩʪʠʣʣʷʮʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʝʪʩʷ ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʢ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʬʨʘʢʮʠʷ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ, ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚʘʷ ʬʨʘʢʮʠʠ. 

ʅʘʣʠʯʠʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʘ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʬʨʘʢʮʠʠ. ʕʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʚʳʙʦʨʝ ʢʘʪʘʣʠʟʘʪʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʬʨʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʘ ʦʩʥʦʚʝ ʤʦʥʦʘʣʢʦʢʩʠʪʨʠʭʣʦʨʠʜʦʚ ʪʠʪʘʥʘ Ti(OR)Cl3. 

ɼʘʣʝʝ ʠʟ ʨʝʘʢʮʠʦʥʥʳʭ ʨʘʩʪʚʦʨʦʚ (ʙʝʟ ʚʳʜʝʣʝʥʠʷ ʩʤʦʣʳ), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦʢʨʳʪʠʷ ʤʝʪʦʜʦʤ ʥʘʣʠʚʘ ʥʘ 

ʩʪʘʣʴʥʳʝ, ʩʪʝʢʣʷʥʥʳʝ ʠ ʘʣʶʤʠʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ ʧʦ ɻʆʉʊ 8832-76 ʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 

ʚʥʝʰʥʠʡ ʚʠʜ ʧʣʝʥʦʢ, ʘʜʛʝʟʠʷ ʢ ʩʪʝʢʣʫ ʠ ʩʪʘʣʠ, ʧʨʦʯʥʦʩʪʴ ʧʨʠ ʫʜʘʨʝ, ʵʣʘʩʪʠʯʥʦʩʪʴ.  

ɸʜʛʝʟʠʶ ʧʦʣʫʯʝʥʥʳʭ ʧʣʝʥʦʢ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʝʰʝʪʯʘʪʳʭ ʥʘʜʨʝʟʦʚ (ʄʈʅ) ʠ ʤʝʪʦʜʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʘʜʨʝʟʦʚ (ʄʇʅ) ʧʦ ɻʆʉʊ 15140-78. ʇʨʦʯʥʦʩʪʴ ʧʣʝʥʦʢ ʧʨʠ ʫʜʘʨʝ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ 

ʋ-1ʘ ʧʦ ɻʆʉʊ 4765-73. ʊʚʝʨʜʦʩʪʴ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ɻʆʉʊ 5233-89. ʕʣʘʩʪʠʯʥʦʩʪʴ ï ʧʦ ɻʆʉʊ 6606-73. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʝʥʦʢ ʥʘ ʦʩʥʦʚʝ ʅʇʉʎʇɼʌ, 1 % Ti(OR)Cl3; 60 Áʉ; 30 ʤʠʥ 

 

ʂʘʪʘʣʠʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ 

ɺʥʝʰʥʠʡ ʚʠʜ 

ʧʣʝʥʢʠ 

ɸʜʛʝʟʠʷ, ʙʘʣʣ 

ʄʈʅ/ʄʇʅ 
ʇʨʦʯʥʦʩʪʴ 

ʧʣʝʥʢʠ ʧʨʠ 

ʫʜʘʨʝ, ʩʤ 

ʕʣʘʩʪʠʯʥʦʩʪʴ, 

ʤʤ 

ʊʚʝʨʜʦʩʪʴ, ʢʛ 

ʩʪʝʢʣʦ/ʩʪʘʣʴ 
ʉʪʝʢʣʦ ʉʪʘʣʴ 

Ti(OC3H6ʉl)Cl3 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
1/1 1/1 25 ʤʝʥʝʝ 1 0,4/0,6 

ʊi(OC3H7)Cl3 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
1/1 1/1 20 ʤʝʥʝʝ 1 0,6/0,6 

 

ʅʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ ʧʦʣʫʯʘʣʠ ʧʦʢʨʳʪʠʷ ʧʫʪʝʤ ʜʦʙʘʚʣʝʥʠʷ ʢ ʥʠʤ ʞʸʣʪʳʡ 

ʞʝʣʝʟʦʦʢʩʠʜʥʳʡ ʧʠʛʤʝʥʪʘ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ ʤʘʩʩʦʚʦʡ ʜʦʣʠ ʧʠʛʤʝʥʪʘ ʚ ʩʤʦʣʝ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʦʢʘʟʘʪʝʣʠ: ʤʘʩʣʦʝʤʢʦʩʪʴ, ʢʨʠʪʠʯʝʩʢʦʝ ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʛʤʝʥʪʘ, ʦʙʲʝʤʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʧʠʛʤʝʥʪʘ.  

ɼʘʣʝʝ ʚ ʢʦʤʧʦʟʠʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʩʤʦʣʫ, ʧʦʣʫʯʝʥʥʫʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ 

ʊi(OC3H7)Cl3 ʠ ʊi(OC3H6Cl)Cl3  ʜʦʙʘʚʣʷʣʠ ʨʘʟʣʠʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ: 5, 10, 15, 20, 

25 %. ʉ ʧʦʤʦʱʴʶ ʘʧʧʣʠʢʘʪʦʨʘ ʧʦʣʫʯʠʣʠ ʧʦʢʨʳʪʠʷ ʠ ʠʩʩʣʝʜʦʚʘʣʠ ʪʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ʊʘʙʣʠʮʘ 2 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʅʇʉʎʇɼʌ  

1 % Ti(ʆʉ3ʅ6Cl)Cl3 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʩʣʘ, % 

ɺʥʝʰʥʠʡ ʚʠʜ 

ʧʣʝʥʢʠ 

ɸʜʛʝʟʠʷ, ʙʘʣʣ 

ʄʈʅ/ʄʇʅ 
ʇʨʦʯʥʦʩʪʴ 

ʧʣʝʥʢʠ ʧʨʠ 

ʫʜʘʨʝ, ʩʤ 

ʕʣʘʩʪʠʯʥʦʩʪʴ, ʤʤ 
ʊʚʝʨʜʦʩʪʴ, ʢʛ 

ʉʪʝʢʣʦ/ʉʪʘʣʴ 
ʉʪʝʢʣʦ ʉʪʘʣʴ 

0 ʨʦʚʥʘʷ, ʤʘʪʦʚʘʷ 1/1 1/1 15 ʤʝʥʝʝ 1 0,2/0,2 

5 ʨʦʚʥʘʷ, ʤʘʪʦʚʘʷ 3/2 3/3 5 2 0,4/0,2 

10 ʨʦʚʥʘʷ, ʤʘʪʦʚʘʷ 3/2 2/2 15 2 0,6/0,4 

15 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
2/2 3/3 15 1 0,4/0,4 

20 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
1/1 2/1 40 1 0,8/0,6 

25 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
1/1 1/1 45 ʤʝʥʝʝ 1 0,6/0,6 

 

ʊʘʙʣʠʮʘ 3 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʠʛʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʘʢʦʢʨʘʩʦʯʥʳʭ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʅʇʉʎʇɼʌ  

1 % Ti(OC3H7)Cl3 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʢʠʩʣʝʥʥʦʛʦ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ 

 

ʉʦʜʝʨʞʘʥʠʝ 

ʤʘʩʣʘ, % 

ɺʥʝʰʥʠʡ ʚʠʜ 

ʧʣʝʥʢʠ 

ɸʜʛʝʟʠʷ, ʙʘʣʣ 

ʄʈʅ/ʄʇʅ 
ʇʨʦʯʥʦʩʪʴ 

ʧʣʝʥʢʠ ʧʨʠ 

ʫʜʘʨʝ, ʩʤ 

ʕʣʘʩʪʠʯʥʦʩʪʴ, ʤʤ 
ʊʚʝʨʜʦʩʪʴ, ʢʛ 

ʉʪʝʢʣʦ/ʉʪʘʣʴ 
ʉʪʝʢʣʦ ʉʪʘʣʴ 

0 ʨʦʚʥʘʷ, ʤʘʪʦʚʘʷ 1/1 1/1 20 ʤʝʥʝʝ 1 0,4/0,2 

5 ʨʦʚʥʘʷ, ʤʘʪʦʚʘʷ 3/3 3/3 10 2 0,4/0,2 

10 ʨʦʚʥʘʷ, ʤʘʪʦʚʘʷ 3/2 3/2 15 3 0,4/0,2 

15 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
2/1 1/1 15 ʤʝʥʝʝ 1 0,6/0,6 

20 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
1/1 1/1 35 1 0,8/0,8 

25 
ʨʦʚʥʘʷ, 

ʛʣʷʥʮʝʚʘʷ 
1/1 1/1 45 ʤʝʥʝʝ 1 0,8/0,8 

 

ʇʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Ti(ʆʉ3ʅ6Cl)Cl3, ʠʤʝʶʪ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʤʘʩʣʘ ʜʦ 20-

25 %, ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʛʣʷʥʮʝʚʦʡ, ʘ ʪʘʢʞʝ  ʫʣʫʯʰʘʝʪʩʷ ʘʜʛʝʟʠʷ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ. ɼʦʙʘʚʣʝʥʠʝ ʦʢʠʩʣʝʥʥʦʛʦ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ ʚ ʢʦʤʧʦʟʠʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʪʚʝʨʜʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʧʦʢʨʳʪʠʡ ʠ ʫʣʫʯʰʝʥʠʶ 

ʧʨʦʯʥʦʩʪʠ ʧʨʠ ʫʜʘʨʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʤʘʩʣʘ ʜʣʷ ʢʦʤʧʦʟʠʮʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ 

ʩʤʦʣ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Ti(ʆʉ3ʅ6Cl)Cl3 ʚ ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚʣʷʝʪ 20 %. 
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 

ʇʆɼʉɽʂʎʀʗ 1. ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ. 

 
ɸʥʘʣʠʟʠʨʫʷ ʩʚʦʡʩʪʚʘ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ 

ʢʘʯʝʩʪʚʝ ʢʘʪʘʣʠʟʘʪʦʨʘ Ti(OC3H7)Cl3 ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʤʘʩʣʘ, ʚʠʜʥʦ, ʯʪʦ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʨʦʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, 

ʪʘʢʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʤʘʩʣʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʘʥʦʚʠʪʩʷ ʛʣʷʥʮʝʚʦʡ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʤʘʩʣʘ 

ʜʦ 15-25 %, ʫʣʫʯʰʘʝʪʩʷ ʘʜʛʝʟʠʷ ʠ ʵʣʘʩʪʠʯʥʦʩʪʴ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 20 % ʤʘʩʣʘ ʷʚʣʷʝʪʩʷ 

ʦʧʪʠʤʘʣʴʥʳʤ, ʧʨʠ ʵʪʦʤ ʧʦʢʨʳʪʠʷ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʝ ʩʚʦʡʩʪʚʘ.  

ɺ ʮʝʣʦʤ, ʜʘʥʥʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʢʨʳʪʠʡ ʥʘ ʦʩʥʦʚʝ ʥʝʬʪʝʧʦʣʠʤʝʨʥʳʭ ʩʤʦʣ, 

ʧʦʣʫʯʝʥʥʳʭ ʦʣʠʛʦʤʝʨʠʟʘʮʠʝʡ ʥʝʧʨʝʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʚʦʡ ʬʨʘʢʮʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʡ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʘʯʝʩʪʚʝʥʥʳʝ ʣʘʢʦʢʨʘʩʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ. 
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EXPERIMENTAL INVESTIGATIONS AND CFD ï MODELING OF THE SAPONIFICATION 

REACTION IN A MICROREACTOR AND IN A TUBULAR REACTOR 
V. Khaydarov, E. Borovinskaya, W. Reschetilowski  

Institute of Industrial Chemistry, Dresden University of Technology, 01069, Dresden, Germany 

 
Special flow regimes in microreactors were simultaneously examined by many authors [1-2]. Depending on the 

geometry of the micromixer, operating conditions and properties of the reactants, different flow regimes could be 

observed. Nevertheless there are only several investigations, which combine studies on micromixing with chemical 

reaction. Moreover it is difficult to realize the inline-analytics in microreactors since it is only being developed. On the 

other side computer simulations play nowadays an essential role in the chemical process investigations. Due to 

mathematical models experimental uncertainties can be completed building a realistic picture of the investigated reacting 

system. 

A well-studied saponification of ethyl acetate was chosen as a model reaction for experimental and modeling 

investigations. Experimental results in a microreactor XXL-S-01 (Little Things Factory) and in a tubular reactor with a 

channel growth of 2 mm were compared with the modeling. For modeling of single-phase and two-phase reactions with 

different geometry of the microreactor and the tubular reactor three-dimensional reactor models were developed. ANSYS 

Fluent was applied as a software product for providing the simulations.  

In Figure 1 the modeling results for different types of flows in microreactor are presented. The flow lines by the 

stratified flow go parallel in spite of the special form of the microchannel at Reynolds number Restr=0-50 (Figure 1a). By 

engulfment flow the flow lines are changed through turbulences at Reeng=200-600 (Figure 1b). The calculated Reynolds 

numbers for both flows agree with literature. 

In Figure 2 the CFD-modeling results in the microreactor are compared with experimental data at different 

temperatures. At residence times lower than 50 seconds (engulfment flow, Re>200) almost ideal mixing takes place and 

the reaction is only limited by the kinetics. At residence times higher than 50 seconds vortex flow and then stratified flow 

take place at lower Reynolds numbers. In this case the reaction and mixing are limited through diffusion and convection.  

 

 
Fig. 1 Modeling results for different flows in a microreactor: a) stratified flow, b) engulfment flow 
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Fig. 2 Experimental and modeling results at different temperatures in the microreactor 

 
References 

 
1. Hessel, V. et al. Micro Process Engineering, Vol. 1: Fundamentals, Operations and Catalysts, Wiley-VCH, Weinheim, 

Germany 2009. 
2. Jovanoviĺa, J. et al. Liquidïliquid slug flow: Hydrodynamics and pressure drop //Chem. Eng. Sci. ï 2011. ï V. 66, pp. 

42ï54. 

 
ɼʆɹʓʏɸ, ʇʆɼɻʆʊʆɺʂɸ ʅɽʌʊʀ ʀ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀɽ ʇʆʊɽʈʀ 

ʆ. ɺ. ɹʦʯʢʘʨʝʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʅ.ɺ. ʅʦʚʠʢʦʚʘ 

ʆɸʆ çʊʦʤʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠ ʧʨʦʝʢʪʥʳʡ ʠʥʩʪʠʪʫʪ ʥʝʬʪʠ ʠ ʛʘʟʘè, ʛ. ʊʦʤʩʢ, 
ʈʦʩʩʠʷ 

 
ɺ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ (ʥʝʬʪʴ, ʛʘʟ) ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʦʙʷʟʘʥ, ʩʦʛʣʘʩʥʦ 

ʅʘʣʦʛʦʚʦʤʫ ʢʦʜʝʢʩʫ, ʧʣʘʪʠʪʴ ʥʘʣʦʛ ʥʘ ʜʦʙʳʯʫ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. ʅʘʣʦʛʦʦʙʣʦʞʝʥʠʝ ʧʦ ʥʫʣʝʚʦʡ ʩʪʘʚʢʝ 

ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʪʦʣʴʢʦ ʜʣʷ ʦʙʲʝʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ ʥʝʬʪʠ ʧʨʠ ʝʝ ʜʦʙʳʯʝ ʠ 

ʧʦʜʛʦʪʦʚʢʝ [5]. ʇʦʵʪʦʤʫ ʨʘʩʯʝʪʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝʬʪʠ ʫʜʝʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʢʘʢ ʩʦ ʩʪʦʨʦʥʳ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷ, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʠ ʫʪʚʝʨʞʜʝʥʠʝʤ 

ʟʘʥʠʤʘʝʪʩʷ ʄʠʥʠʩʪʝʨʩʪʚʦ ʵʥʝʨʛʝʪʠʢʠ [3]. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʫʪʚʝʨʞʜʝʥʥʳʭ ʥʦʨʤʘʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ, ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʴ ʣʠʰʘʝʪʩʷ ʣʴʛʦʪʥʦʛʦ ʥʘʣʦʛʦʦʙʣʦʞʝʥʠʷ ʚ ʯʘʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʧʣʘʪʠʪ ʥʘʣʦʛ 

ʥʘ ʜʦʙʳʯʫ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʟʘ ʚʩʶ ʜʦʙʳʯʫ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʥʦʨʤʘʪʠʚʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝʬʪʠ ʧʦ ʢʦʤʧʘʥʠʷʤ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʂʘʢ ʚʠʜʥʦ, ʠʭ ʫʨʦʚʝʥʴ ʩ ʢʘʞʜʳʤ ʛʦʜʦʤ ʧʘʜʘʝʪ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʚʩʝʭ 

ʢʦʤʧʘʥʠʡ. ʇʨʠʯʝʤ ʚ 2012 ʛ. ʩʨʝʜʥʠʡ ʥʦʨʤʘʪʠʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʧʦ ʚʩʝʤ ʢʦʤʧʘʥʠʷʤ ʩʦʩʪʘʚʠʣ 0,109 % [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʠʪʠʢʘ ʛʦʩʫʜʘʨʩʪʚʘ, ʚ ʣʠʮʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʵʥʝʨʛʝʪʠʢʠ, ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʩʦʢʨʘʱʝʥʠʝ 

ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʤ ʥʦʨʤʘʪʠʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠ ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʜʦʙʳʯʠ, 

ʧʦʜʛʦʪʦʚʢʠ ʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʠ ʥʝʬʪʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ - ʙʝʟʚʦʟʚʨʘʪʥʳʝ ʧʦʪʝʨʠ ʥʝʬʪʠ (ʫʤʝʥʴʰʝʥʠʝ ʝʝ ʤʘʩʩʳ), ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ 

ʩʪʝʧʝʥʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʠʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ [1]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ 

ʥʝʬʪʠ ʚ ʧʨʦʮʝʩʩʝ ʜʦʙʳʯʠ ʠ ʧʦʜʛʦʪʦʚʢʠ ʷʚʣʷʶʪʩʷ ʥʝʠʟʙʝʞʥʳʤʠ, ʠ ʠʭ ʫʨʦʚʝʥʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʩʪʝʧʝʥʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʩʨʝʜʩʪʚ ʠ ʧʨʦʮʝʩʩʦʚ. ʊʦ ʝʩʪʴ ʵʪʦʪ 

ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʦʪʯʘʩʪʠ ʨʝʛʫʣʠʨʦʚʘʪʴʩʷ ʩʘʤʠʤ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʢʦʪʦʨʳʡ, ʟʥʘʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʥʝʬʪʠ, ʧʦʜʙʠʨʘʝʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʦʚʨʝʤʝʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ ʝʝ ʜʦʙʳʯʠ ʠ ʧʦʜʛʦʪʦʚʢʠ. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʝʬʪʠ ʫʩʣʦʚʥʦ ʢʣʘʩʩʠʬʠʮʠʨʫʶʪʩʷ ʧʦ ʚʠʜʘʤ [2]:  

ʦʪ ʠʩʧʘʨʝʥʠʷ;  

ʦʪ ʫʥʦʩʘ ʢʘʧʝʣʴʥʦʡ ʥʝʬʪʠ ʧʦʪʦʢʦʤ ʥʝʬʪʷʥʦʛʦ (ʧʦʧʫʪʥʦʛʦ) ʛʘʟʘ; 

ʦʪ ʫʥʦʩʘ ʢʘʧʝʣʴʥʦʡ ʥʝʬʪʠ ʧʦʪʦʢʘʤʠ ʥʝʬʪʝʧʨʦʤʳʩʣʦʚʳʭ ʜʨʝʥʘʞʥʳʭ ʚʦʜ.  

ʅʘ ʥʝʢʦʪʦʨʳʭ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʧʦʜʛʦʪʦʚʢʘ ʥʝʬʪʠ ʢʦʪʦʨʳʭ ʚʝʜʝʪʩʷ ʥʘ ʩʦʩʝʜʥʠʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʠʤʝʶʪ ʤʝʩʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʠ ʧʦʪʝʨʠ ʥʝʬʪʠ ʧʨʠ ʩʣʠʚʝ-ʥʘʣʠʚʝ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʪʨʘʥʩʧʦʨʪʝ 

ʥʝʧʦʜʛʦʪʦʚʣʝʥʥʦʡ ʥʝʬʪʠ ʘʚʪʦʮʠʩʪʝʨʥʘʤʠ.  
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ʉɽʂʎʀʗ 13. ʉʆɺʈɽʄɽʅʅʓɽ ʊɽʍʅʆʃʆɻʀʀ ʇʆɼɻʆʊʆɺʂʀ ʆʉɺʆɽʅʀʗ ʀ 

ʇɽʈɽʈɸɹʆʊʂʀ ʄʀʅɽʈɸʃʔʅʆɻʆ ʀ ʋɻʃɽɺʆɼʆʈʆɼʅʆɻʆ ʉʓʈʔʗ. 

ʇʆɼʉɽʂʎʀʗ 1. ʇɽʈɽʈɸɹʆʊʂɸ ʅɽʌʊʀ ʀ ɻɸɿɸ. 

 

 

ʈʠʩ. 1 ʀʟʤʝʥʝʥʠʝ ʥʦʨʤʘʪʠʚʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝʬʪʠ ʥʝʜʨʦʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʚ 2007-2012 ʛʛ. 

 

ʈʘʩʯʝʪ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʝʜʝʪʩʷ ʧʦ ʫʪʚʝʨʞʜʝʥʥʳʤ ʤʝʪʦʜʠʢʘʤ ʠ ʪʨʝʙʫʝʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʘʥʘʣʠʟʘ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʩʭʝʤʳ ʧʦʜʛʦʪʦʚʢʠ ʥʝʬʪʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʠʜʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, 

ʦʧʨʝʜʝʣʝʥʠʝʤ ʤʝʩʪ ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʘʥʘʣʠʟʦʤ ʩʚʦʡʩʪʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʤʝʩʪʘʭ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ. ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʥʝʬʪʠ, ʥʘʧʨʠʤʝʨ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʝʝ ʩʚʦʡʩʪʚ, ʢʘʢ 

ʧʣʦʪʥʦʩʪʴ, ʬʨʘʢʮʠʦʥʥʳʡ ʩʦʩʪʘʚ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʢʠʧʝʥʠʷ, ʜʘʚʣʝʥʠʷ ʥʘʩʳʱʝʥʥʳʭ ʧʘʨʦʚ ʜʦ ʠ 

ʧʦʩʣʝ ʠʩʪʦʯʥʠʢʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʪʝʨʠ ʦʪ ʠʩʧʘʨʝʥʠʷ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ, ʥʘ ʥʠʭ ʤʦʞʝʪ ʧʨʠʭʦʜʠʪʴʩʷ ʜʦ 90 %.  

ʅʘ ʫʩʪʘʥʦʚʢʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʙʨʦʩʘ ʚʦʜʳ ʠʤʝʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʠʜʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʦʪʝʨʴ: ʧʦʪʝʨʠ 

ʥʝʬʪʠ ʦʪ ʠʩʧʘʨʝʥʠʷ, ʦʪ ʫʥʦʩʘ ʚʦʜʦʡ ʠ ʧʦʪʝʨʠ ʦʪ ʫʥʦʩʘ ʛʘʟʦʤ (ʨʠʩ. 2). ʇʨʠ ʨʘʩʯʝʪʝ ʧʦʪʝʨʴ ʥʝʬʪʠ ʥʘʠʙʦʣʴʰʠʡ 

ʚʢʣʘʜ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪ ʠʩʧʘʨʝʥʠʡ ʠʟ ʨʝʟʝʨʚʫʘʨʦʚ, ʧʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʦʙʳ ʦʪʙʠʨʘʶʪʩʷ ʜʦ ʠ ʧʦʩʣʝ ʨʝʟʝʨʚʫʘʨʘ 

ï ʠʩʪʦʯʥʠʢʘ ʵʪʦʛʦ ʚʠʜʘ ʧʦʪʝʨʴ.  

 

 
ʈʠʩ.2 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʙʨʦʩʘ ʚʦʜʳ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

 


