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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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management, mineral economics and mining law were discussed. 
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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-

ʩʳʨʴʝʚʳʭ 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 ï 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 ï 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:  

1. 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. 

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

ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʩʪʨʘʥʳè (1901 ï 2014 ʛʛ.) 

3. 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).  

ʄʘʪʝʨʠʘʣʳ ʠ ʠʪʦʛʠ ʩʠʤʧʦʟʠʫʤʘ ʙʳʣʠ ʨʘʟʤʝʱʝʥʳ ʥʘ ʩʘʡʪʝ ʩʠʤʧʦʟʠʫʤʘ: 

www.portal.tpu.ru/science/konf/pgon. ʂʨʦʤʝ ʩʘʡʪʘ ʩʠʤʧʦʟʠʫʤʘ ʥʘ ʨʫʩʩʢʦʤ ʷʟʳʢʝ, ʩʠʤʧʦʟʠʫʤ ʠʤʝʝʪ ʘʥʛʣʦʷʟʳʯʥʳʡ 

ʩʘʡʪ ʚ ʠʥʪʝʨʥʝʪʝ. 

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 çȎȰȹȿȳȲȳɂȰȼȵȳȰ 

ȺȻȳȲȸȫȵȳ ȸȰȿȽȰȸȹȼȸȹȼȽȳ ȌȫȱȰȸȹȭȼȵȹȴ ȼȭȳȽɆè. 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 

http://www.portal.tpu.ru/science/konf/pgon
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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 

ʢɻʩʧʨʝʩʩʥʫʶ 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 
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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 

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 ʨʝʟʫʣʴʪʘʪ r 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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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 
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ʇʨʝʜʠʩʣʦʚʠʝ 

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 

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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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 
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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 

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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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 
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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 

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 



                                  

                      

18                                                                               

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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 
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ʇʨʝʜʠʩʣʦʚʠʝ 

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 

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 

ʵʣʝʢʪʨʦʛʝʥʝʨʠʨʦʚʘʥʥʳʭ 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: 



                                  

                      

20                                                                               

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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, 

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 ȝȹȷȼȵȹȮȹ ȺȹȶȳȽȰɀȸȳɂȰȼȵȹȮȹ ȾȸȳȭȰȻȼȳȽȰȽȫ, ȸȫ ȽȰȷȾ: 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 
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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 

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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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 
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ʇʨʝʜʠʩʣʦʚʠʝ 

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 

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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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. 

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 
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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 
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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 

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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 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;  

¶ ʩʣʘʙʘʷ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʦʛʦ ʧʨʦʜʫʢʪʘ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚʫʟʦʚ (ʵʣʠʪʥʳʝ ʩʧʝʮʠʘʣʠʩʪʳ, 

ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʥʘʫʯʥʳʝ ʨʘʟʨʘʙʦʪʢʠ) ʩʦ ʩʪʦʨʦʥʳ ʨʝʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ ʵʢʦʥʦʤʠʢʠ;  

ʇ.ʉ. ʏʫʙʠʢ, ʨʝʢʪʦʨ 

ʊʇʋ  
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

¶ 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 

ʋʢʨʘʠʥʳ ɺ. 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 

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 
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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 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 

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%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 

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. 

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. 



 

 

  31 

 

ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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 

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. 

ʂʨʫʧʥʝʡʰʠʡ ʵʣʝʢʪʨʦʥʥʳʡ 

ʩʠʥʭʨʦʪʨʦʥ, ʩʦʟʜʘʥʥʳʡ ʚ ʊʇʋ 

ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ 

ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨ ʊʇʋ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 ʜʦʛʦʚʦʨʳ ʥʘ 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 

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. 
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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 

ʄʫʟʝʡ ʠʩʪʦʨʠʠ ʊʇʋ 
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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 ï

7ʤʣʨʜ 228ʤʣʥ ʨʫʙ. 
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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 

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. 

  

ʅʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʅʘʫʯʥʦ-

ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʤ ʮʝʥʪʨʝ  

çʊʇʋ ï ʈ-ʌʘʨʤè 

ʄ.ɸ. ʉʦʥʴʢʠʥ, 

ʧʨʦʨʝʢʪʦʨ ʧʦ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʝ ʠ ʠʥʥʦʚʘʮʠʷʤ 

ʊʇʋ 
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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. 

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. 

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 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, 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 

ʋʯʝʙʥʦ-ʥʘʫʯʥʳʡ ʮʝʥʪʨ 

çʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʷʜʝʨʥʳʡ ʨʝʘʢʪʦʨè 

ʀʥʩʪʠʪʫʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ  

(20 ʢʦʨʧʫʩ ʊʇʋ) 

ɸ.ʖ. ɼʤʠʪʨʠʝʚ, 

ʜʠʨʝʢʪʦʨ ʀʇʈ 

ʊʇʋ  
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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 

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.  

ɹʦʣʴʰʫʶ 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 

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 

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 

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 

 
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 
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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. 

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 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

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 

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, 

ʇʘʤʷʪʥʠʢ  ʂ.ʀ. ʉʘʪʧʘʝʚʫ ʥʘ ʘʣʣʝʝ 

ʛʝʦʣʦʛʦʚ ʫ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 

ʊʇʋ 
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

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. 

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. 
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ʌ.ʅ. ʐʘʭʦʚ ʯʣʝʥ-

ʢʦʨʨʝʩʧʦʥʜʝʥʪ 

ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ 

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 

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.).  
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ʇʣʝʥʘʨʥʳʝ  ʜʦʢʣʘʜʳ 

 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). 

 

 

 



ʉʝʢʮʠʷ 1 

ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ ʈɽɻʀʆʅɸʃʔʅɸʗ 

ɻɽʆʃʆɻʀʗ. ɻɽʆʀʅʌʆʈʄɸʎʀʆʅʅʓɽ ʉʀʉʊɽʄʓ ɺ ʅɸʋʂɸʍ 

ʆ ɿɽʄʃɽ 
 

ʃʀʊʆʃʆɻʆ-ʌɸʎʀɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ɹʀʊʋʄʀʅʆɿʅʆʉʊʔ ʆʊʃʆɾɽʅʀʁ 
ʉʈɽɼʅɽɻʆ ɼɽɺʆʅɸ (ʉɽɺɽʈʅɸʗ ʍɸʂɸʉʀʗ, ʈɸʁʆʅ ʆɿɽʈɸ ʌʓʈʂɸʃ) 

ɸ.ʄ. ɸʪʘʭʘʥʦʚ, ʄ.ʀ. ɼʞʫʤʘʰʝʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʄ.ʀ. ʐʘʤʠʥʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʅʦʚʦʤʠʭʘʡʣʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʘʟʘ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ 

ʦʪʣʦʞʝʥʠʷʤ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʆʙʲʝʢʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣʠ ʦʪʣʦʞʝʥʠʷ 

ʩʘʨʘʛʘʰʩʢʦʡ ʠ ʙʝʡʩʢʦʡ ʩʚʠʪ ʞʠʚʝʪʩʢʦʛʦ ʷʨʫʩʘ ʉʝʚʝʨʥʦʡ ʍʘʢʘʩʠʠ ʚ ʨʘʡʦʥʝ ʦʟʝʨʘ ʌʳʨʢʘʣ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ, 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ, ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʨʦʚʝʜʝʥ ʣʠʪʦʣʦʛʦ-

ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʠ ʠʟʫʯʝʥʘ ʙʠʪʫʤʠʥʦʟʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʧʦ 30 ʦʙʨʘʟʮʘʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠʟ 

ʦʙʥʘʞʝʥʠʡ ʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʨʦʜ, 

ʚʳʜʝʣʠʪʴ ʣʠʪʦ-ʬʘʮʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ ʦʮʝʥʠʪʴ ʙʠʪʫʤʠʥʦʟʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ. 

ʅʠʞʥʷʷ ʯʘʩʪʴ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʩʘʨʘʛʘʰʩʢʦʡ ʩʚʠʪʝ ʞʠʚʝʪʩʢʦʛʦ ʷʨʫʩʘ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ. 

ʉʘʨʘʛʘʰʩʢʘʷ ʩʚʠʪʘ ʚʳʜʝʣʝʥʘ ɺ.ʉ. ʄʝʣʝʱʝʥʢʦ (ʇʦʣʝʚʦʡ ʘʪʣʘʩ, 1955) ʚ ʏʝʙʘʢʦʚʦ-ɹʘʣʘʭʪʠʥʩʢʦʡ ʚʧʘʜʠʥʝ ʚ ʨʘʡʦʥʝ 

ʩ. ʉʘʨʘʛʘʰ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ɽʥʠʩʝʷ. ʆʪʣʦʞʝʥʠʷ ʩʘʨʘʛʘʰʩʢʦʡ ʩʚʠʪʳ ʚ ʨʘʡʦʥʝ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ  ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ ʥʘ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠʥʪʝʥʩʠʚʥʦ ʢʘʨʙʦʥʠʟʠʨʦʚʘʥʥʳʭ ʩ ʧʨʦʩʣʦʡʢʘʤʠ ʙʠʪʫʤʠʥʦʟʥʳʭ ʘʨʛʠʣʣʠʪʦʚ ʠ ʤʝʨʛʝʣʝʡ. 

ʇʝʩʯʘʥʠʢʠ ʚ ʦʩʥʦʚʥʦʤ ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʝ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʘʨʢʦʟʦʚʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩ 

ʛʣʠʥʠʩʪʳʤ ʠ ʨʝʞʝ ʩ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ. ʆʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʫʫʛʣʦʚʘʪʳʤʠ ʠ 

ʧʦʣʫʦʢʘʪʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (ʂʇʐ, ʧʣʘʛʠʦʢʣʘʟʳ), ʦʙʣʦʤʢʘʤʠ ʤʠʢʨʦʢʚʘʨʮʠʪʘ. ɼʣʷ 

ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʧʘʨʘʣʣʝʣʴʥʦʩʣʦʠʩʪʳʝ, ʨʝʞʝ ʣʠʥʟʦʚʠʜʥʦʩʣʦʠʩʪʳʝ ʠ ʢʦʩʦʩʣʦʠʩʪʳʝ ʪʝʢʩʪʫʨʳ (ʨʠʩ. 1/1). 

ɸʣʝʚʨʦʣʠʪʳ ï ʞʝʣʪʦʚʘʪʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʤʝʣʢʦ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʩ ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ, ʩ 

ʧʨʦʩʣʦʡʢʘʤʠ ʘʨʛʠʣʣʠʪʦʚ ʠ ʤʝʨʛʝʣʝʡ. ɼʣʷ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʧʘʨʘʣʣʝʣʴʥʦʩʣʦʠʩʪʳʝ, ʩʣʘʙʦʚʦʣʥʠʩʪʳʝ, 

ʢʦʩʦʩʣʦʠʩʪʳʝ ʪʝʢʩʪʫʨʳ (ʨʠʩ. 1/2). 

ʄʝʨʛʝʣʠ ï ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ, ʧʝʣʠʪʦʤʦʨʬʥʳʝ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʘʣʴʮʠʪʘ, ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ 

(ʛʠʜʨʦʩʣʶʜ) ʠ ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʜʠʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ (ʨʠʩ. 1/3). 

ɸʨʛʠʣʣʠʪʳ ï ʪʝʤʥʦ-ʩʝʨʳʝ, ʩʝʨʳʝ. ɺ ʧʦʨʦʜʘʭ ʩʦʜʝʨʞʠʪʩʷ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ 

ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɼʣʷ ʘʨʛʠʣʣʠʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʧʘʨʘʣʣʝʣʴʥʘʷ, ʩʣʘʙʦʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʠʥʦʛʜʘ 

ʦʪʤʝʯʘʶʪʩʷ ʤʠʣʣʠʤʝʪʨʦʚʳʝ ʣʠʥʟʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ. ʉʨʝʜʠ 

ʘʨʛʠʣʣʠʪʦʚ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʦʙʥʘʨʫʞʝʥʳ ʩʠʥʛʝʥʝʪʠʯʥʦʙʠʪʫʤʠʥʦʟʥʳʝ ʧʨʦʩʣʦʠ (ʨʠʩ. 1/4). 

 

 
ʈʠʩ. 1 ʆʙʨʘʟʝʮ 232/2 ï ʇʝʩʯʘʥʠʢ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʩ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ, ʦʙʣʦʤʢʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ: ʢʚʘʨʮʝʤ, ʤʠʢʨʦʢʣʠʥʦʤ, ʤʠʢʨʦʢʚʘʨʮʠʪʘʤʠ (1); ʆʙʨʘʟʝʮ 230/25 ð ɸʣʝʚʨʦʣʠʪ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʩ ʛʣʠʥʠʩʪʳʤ ʮʝʤʝʥʪʦʤ ʩ ʧʨʦʞʠʣʢʘʤʠ ʢʘʣʴʮʠʪʘ (2); ʆʙʨʘʟʝʮ 231/24 ð ʄʝʨʛʝʣʴ ʩ ʪʦʥʢʠʤʠ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʦʩʣʦʡʢʘʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʘʣʝʚʨʦʣʠʪʘ ʩ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ (3); ʆʙʨʘʟʝʮ 230/7. 

ɸʨʛʠʣʣʠʪ ʙʠʪʫʤʠʥʦʟʥʳʡ ʩ ʥʝʙʦʣʴʰʠʤʠ ʣʠʥʟʘʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʯʘʥʠʢʘ ʩ ʢʘʨʙʦʥʘʪʥʳʤ ʮʝʤʝʥʪʦʤ (4) 

 

ʃʠʪʦʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ ʦʪʣʦʞʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ 

ʩʘʨʘʛʘʰʩʢʦʝ ʚʨʝʤʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʟʝʨʥʳʭ ʠ ʣʘʛʫʥʥʳʝ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʥʘʣʠʯʠʝ ʩʠʥʛʝʥʝʪʠʯʥʦʛʦ 

ʜʦʣʦʤʠʪʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʢʦʪʦʨʫʶ ʟʘʩʦʣʦʥʝʥʦʩʪʴ ʣʘʛʫʥ), ʚ ʢʦʪʦʨʳʭ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʝ, 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʝ, ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʠʣʳ, ʯʘʩʪʦ ʦʙʦʛʘʱʝʥʥʳʝ ʜʦʣʦʤʠʪʦʤ ʠ ʥʝʩʫʱʠʝ ʩʣʝʜʳ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʭ ʦʩʫʰʝʥʠʡ. ʇʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʚ ʠʟʫʯʝʥʥʦʤ ʨʘʡʦʥʝ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʣʠʪʦʬʘʮʠʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ: ʦʩʘʜʢʠ ʣʘʛʫʥ, ʧʣʷʞʥʳʭ ʦʪʤʝʣʝʡ, ʧʨʠʙʨʝʞʥʳʭ ʫʩʪʴʝʚʳʭ ʙʘʨʦʚ [3]. ʆʪʣʦʞʝʥʠʷ ʩʚʠʪʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʝʜʥʝʥʥʳʤ ʩʦʩʪʘʚʦʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. ɺʙʣʠʟʠ ʙʦʨʪʦʚ ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʩʣʦʠ ʛʨʘʚʝʣʠʪʦʚ.  

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʣʦʞʝʥʠʷʤʠ ʙʝʡʩʢʦʡ ʩʚʠʪʳ. ɹʝʡʩʢʘʷ ʩʚʠʪʘ ʚʳʜʝʣʝʥʘ 

ʅ.ɸ. ɹʝʣʷʢʦʚʳʤ, ɺ.ʉ. ʄʝʣʝʱʝʥʢʦ (ʄʝʣʝʱʝʥʢʦ, 1953) ʙʣʠʟ ʩ. ɹʝʡʩʢʦʝ (ʥʳʥʝ ɹʝʷ) ʚ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʝ [2]. ɹʝʡʩʢʘʷ ʩʚʠʪʘ ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʘʨʘʛʘʰʩʢʦʡ ʦʯʝʥʴ ʙʦʛʘʪʘ ʙʨʘʭʠʦʧʦʜʘʤʠ, ʛʘʩʪʨʦʧʦʜʘʤʠ, ʦʩʪʨʘʢʦʜʘʤʠ, 

ʢʦʥʦʜʦʥʪʘʤʠ, ʢʦʨʘʣʣʘʤʠ ʚʝʨʭʥʝ-ʞʠʚʝʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʨʘʡʦʥʝ ʦʟʝʨʘ ʌʳʨʢʘʣ ʦʪʣʦʞʝʥʠʷ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 



 

 

45

 

ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʠʟʚʝʩʪʥʷʢʠ ʭʝʤʦʛʝʥʥʦ-ʦʨʛʘʥʦʛʝʥʥʳʝ,  ʠʟʚʝʩʪʥʷʢʠ ʧʝʣʣʦʠʜʥʳʝ, ʤʝʨʛʝʣʠ, ʠʟʚʝʩʪʥʷʢʠ ʢʘʚʝʨʥʦʟʥʳʝ 

(ʙʠʪʫʤʠʥʦʟʥʳʝ). 

ʀʟʚʝʩʪʥʷʢʠ ʭʝʤʦʛʝʥʥʦ-ʦʨʛʘʥʦʛʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ, ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʢʦʨʠʯʥʝʚʘʪʦ-

ʙʫʨʳʤʠ ʦʢʨʘʩʢʘʤʠ. ʇʦʨʦʜʳ ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʣʴʮʠʪʦʤ, ʦʪʤʝʯʘʝʪʩʷ ʧʨʠʤʝʩʴ ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 

ʦʙʣʦʤʢʠ ʢʚʘʨʮʘ  ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʉʪʨʫʢʪʫʨʳ ʧʦʨʦʜ ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʧʦʨʦʜʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʟʝʨʝʥ, ʦʢʨʝʤʥʝʥʳ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʳ. ɺ ʧʦʨʦʜʘʭ ʦʙʥʘʨʫʞʝʥʳ 

ʨʝʜʢʠʝ ʦʩʪʘʪʢʠ ʢʦʨʘʣʣʦʚ, ʙʨʘʭʠʦʧʦʜ ʠ ʚʦʜʦʨʦʩʣʝʡ (ʨʠʩ. 2/1). 

ʀʟʚʝʩʪʥʷʢʠ ʧʝʣʣʦʠʜʥʳʝ. ʆʢʨʘʩʢʠ ï ʪʝʤʥʦ-ʩʝʨʳʝ, ʙʫʨʦʚʘʪʦ-ʩʝʨʳʝ. ɺ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʪʦʥʢʠʝ 

ʧʨʦʩʣʦʡʢʠ ʤʝʨʛʝʣʝʡ. ʇʦʨʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʤʢʦʚʘʪʦ-ʩʛʫʩʪʢʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʝʣʣʦʠʜʳ ʤʝʣʢʠʝ (ʜʦ 0,1 ʤʤ), 

ʩʮʝʤʝʥʪʠʨʦʚʘʥʳ ʧʝʣʠʪʦʤʦʨʬʥʳʤ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʧʦʨʦʜʘʭ 

ʦʪʤʝʯʘʶʪʩʷ ʙʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ, ʧʨʠʫʨʦʯʝʥʥʦʝ ʢ ʣʠʪʦʛʝʥʝʪʠʯʝʩʢʠʤ ʪʨʝʱʠʥʢʘʤ [1] (ʨʠʩ. 2/2). 

ʀʟʚʝʩʪʥʷʢʠ ʢʘʚʝʨʥʦʟʥʳʝ (ʙʠʪʫʤʠʥʦʟʥʳʝ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤʥʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʦʡ. ɺ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʝʪʩʷ 

ʧʨʠʤʝʩʴ ʤʝʣʢʦʘʣʝʚʨʠʪʦʚʦʛʦ ʢʨʝʤʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ,  ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʛʦ ʚ ʨʝʜʢʠʭ ʤʠʣʣʠʤʝʪʨʦʚʳʭ ʧʨʦʩʣʦʡʢʘʭ. ɺ 

ʵʪʠʭ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʝʪʩʷ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʝ ʙʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʦʨʛʘʥʦʛʝʥʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʟʝʨʝʥ ʵʧʠʛʝʥʝʪʠʯʝʩʢʦʛʦ ʜʦʣʦʤʠʪʘ (ʨʠʩ. 2/3). ʀʟʚʝʩʪʥʷʢʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʳ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʜʦʣʦʤʠʪʠʟʘʮʠʠ, ʦʢʨʝʤʥʝʥʠʠ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ. 

ʀʟʫʯʝʥʠʝ ʟʘʭʦʨʦʥʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʙʠʪʫʤʠʥʦʟʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʚ 

ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʤʝʪʦʜʦʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ ʩʘʧʨʦʧʝʣʝʚʫʶ ʧʨʠʨʦʜʫ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩʣʝʜʳ ʤʠʛʨʘʮʠʠ ʙʠʪʫʤʦʠʜʦʚ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ 

ʦʙʨʘʟʮʘʭ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʘʤʦʤ ʬʘʢʪʝ ʙʠʪʫʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ. ʉʢʦʧʣʝʥʠʷ ʵʧʠʙʠʪʫʤʦʠʜʦʚ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʥʘʠʙʦʣʝʝ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʙʝʡʩʢʦʡ ʩʚʠʪʳ. ɺ ʦʪʣʦʞʝʥʠʷʭ 

ʩʘʨʘʛʘʰʩʢʦʡ ʩʚʠʪʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʟʘʭʦʨʦʥʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʘʣʠʯʠʝʤ ʛʦʨʠʟʦʥʪʦʚ ʩʠʥʛʝʥʝʪʠʯʥʦ ʙʠʪʫʤʠʥʦʟʥʳʭ ʧʦʨʦʜ [4]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚ ʦʪʣʦʞʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʚ 

ʩʘʨʘʛʘʰʩʢʦʝ ʠ ʙʝʡʩʢʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʣʠ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʬʘʮʠʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʛʝʥʝʨʘʮʠʠ ʠ ʘʢʢʫʤʫʣʷʮʠʠ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʆʜʥʘʢʦ, ʵʨʦʜʠʨʦʚʘʥʥʦʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʚ ʦʪʣʦʞʝʥʠʷʭ ʙʝʡʩʢʦʡ ʩʚʠʪʳ ʥʝʧʨʦʥʠʮʘʝʤʳʭ 

ʧʦʢʨʳʰʝʢ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʤʠʛʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ.  

 

 
ʈʠʩ. 2 ʆʙʨʘʟʝʮ 231/27 ï ʉʣʘʙʦ ʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʠʟʚʝʩʪʥʷʢ ʩ ʧʨʠʤʝʩʴʶ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ ʘʣʝʚʨʠʪʦʚʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ʠ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʦʨʛʘʥʦʛʝʥʥʳʭ ʦʩʪʘʥʢʦʚ (1); ʆʙʨʘʟʝʮ 232/18 ð ʀʟʚʝʩʪʥʷʢ 

ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʡ, ʭʝʤʦʛʝʥʥʦ - ʦʨʛʘʥʦʛʝʥʥʳʡ, ʢʦʤʢʦʚʘʪʦ - ʩʛʫʩʪʢʦʚʳʡ, ʙʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ 

ʦʪʤʝʯʘʝʪʩʷ ʧʦ ʪʦʥʢʠʤ ʪʨʝʱʠʥʢʘʤ, ʧʦʯʪʠ ʧʘʨʘʣʣʝʣʴʥʦ ʥʘʧʣʘʩʪʦʚʘʥʠʶ, ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ (2); ʆʙʨʘʟʝʮ 232/18 ð ʀʟʚʝʩʪʥʷʢ ʢʘʚʝʨʥʦʟʥʳʡ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ. ɹʠʪʫʤʠʥʦʟʥʦʝ 

ʚʝʱʝʩʪʚʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʦʥʢʠʤ ʪʨʝʱʠʥʢʘʤ ʠ ʧʫʩʪʦʪʘʤ (3) 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʇʈɽɼʇʆʉʓʃʂʀ ɿʆʃʆʊʆʆʈʋɼɽʅɽʅʀʗ ɹɽʈɽʃɽʍʉʂʆɻʆ ʈʋɼʅʆɻʆ 

ʈɸʁʆʅɸ (ʄɸɻɸɼɸʅʉʂɸʗ ʆɹʃɸʉʊʔ) 
ʂ.ʈ. ɸʨʣʶʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʆ.ʄ. ɻʨʠʥʸʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʇʨʦʛʨʘʤʤʦʡ ʨʘʟʚʠʪʠʷ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʠ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ, ʫʪʚʝʨʞʜʸʥʥʦʡ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ 

ʩʪʨʘʥʳ, ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʘʩʰʪʘʙʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʳ, 

ʛʦʨʥʦʜʦʙʳʚʘʶʱʝʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʆʩʥʦʚʦʡ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʧʣʘʥʦʚ ʷʚʣʷʶʪʩʷ ʨʫʜ rʫʞʝ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʥʦ ʢʦʪʦʨʳʝ ʪʨʝʙʫʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ. ʅʘ ʩʝʛʦʜʥʷ ʦʩʥʦʚʥʳʤ 

ʜʦʙʳʚʘʝʤʳʤ ʤʝʪʘʣʣʦʤ ʨʝʛʠʦʥʘ ʷʚʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʦʣʦʪʦ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʨʝʛʠʦʥʝ ʟʘʤʝʪʥʦ 

ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʦʩʦʙʝʥʥʦ ʚ ʨʘʡʦʥʘʭ ʩ ʫʞʝ ʥʘʣʘʞʝʥʥʦʡ ʪʨʘʥʩʧʦʨʪʥʦʡ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ. ɸʚʪʦʨ ʧʨʦʭʦʜʠʣ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ ʚ ʦʜʥʦʤ ʠʟ ʪʘʢʠʭ ʨʘʡʦʥʦʚ, 

ʠʟʚʝʩʪʥʦʤ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʉʪʘʭʘʥʦʚʩʢʘʷ ʧʣʦʱʘʜʴ. ʂʘʢ ʛʦʨʥʦʜʦʙʳʚʘʶʱʠʡ ʨʘʡʦʥ ʧʣʦʱʘʜʴ ʠʟʚʝʩʪʥʘ ʩ ʢʦʥʮʘ 30-ʭ, - 

ʥʘʯʘʣʘ 40-ʭ ʛʦʜʦʚ XX ʚʝʢʘ. ɺ ʥʝʤ ʦʪʢʨʳʣʠ ʙʦʣʝʝ 200 ʢʨʫʧʥʳʭ, ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ ʨʦʩʩʳʧʝʡ ʠ ʤʝʣʢʠʭ ʢʦʨʝʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʦʪʦʨʳʝ ʚ ʥʘʠʙʦʣʝʝ ʙʦʛʘʪʳʭ ʫʯʘʩʪʢʘʭ ʯʘʩʪʠʯʥʦ ʦʪʨʘʙʘʪʳʚʘʣʠʩʴ ʩʪʘʨʘʪʝʣʷʤʠ ʧʦʧʫʪʥʦ ʩ 

ʦʪʨʘʙʦʪʢʦʡ ʨʦʩʩʳʧʝʡ. ʈʝʘʣʠʟʫʝʤʘʷ ʧʨʦʛʨʘʤʤʘ ʪʨʝʙʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʡ ʙʘʟʳ, ʯʪʦ ʜʝʣʘʝʪ 

ʘʢʪʫʘʣʴʥʦʡ ʧʨʦʙʣʝʤʫ ʘʥʘʣʠʟʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʦʷʚʣʝʥʠʷ ʢʦʨʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʟʦʣʦʪʘ ʚ ʨʝʛʠʦʥʝ ʥʘ ʧʨʠʤʝʨʝ 

ʠʟʫʯʝʥʥʳʭ ʨʘʡʦʥʦʚ, ʚʢʣʶʯʘʷ ʦʧʨʝʜʝʣʝʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ, ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʦʩʪʘʚʘ ʨʫʜ, 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠʟʚʝʩʪʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʨʫʜ. ʂ ʯʠʩʣʫ ʪʘʢʠʭ ʨʘʡʦʥʦʚ 

ʦʪʥʦʩʠʪʩʷ ɹʝʨʝʣʝʭʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ ʠ ʝʛʦ ʉʪʘʭʘʥʦʚʩʢʘʷ ʧʣʦʱʘʜʴ. 

ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ɹʝʨʝʣʝʭʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʨʘʡʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʩʣʝʜʫʶʱʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʆʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʧʨʝʜʝʣʘʭ ʀʥʲʷʣʠ-ɼʝʙʠʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʢʠʤʤʝʨʠʡʩʢʦʡ 

ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʦʩʪʠʨʘʝʪʩʷ ʤʝʞʜʫ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ 

ʩʨʝʜʠʥʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʈʦʩʩʠʠ ï ʂʦʣʳʤʩʢʠʤ (ʥʘ ʩʝʚʝʨʝ) ʠ ʆʭʦʪʩʢʠʤ (ʥʘ ʶʛʝ). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʝʛʦ ʧʣʦʱʘʜʴ ʧʨʠʫʨʦʯʝʥʘ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʤʫ ʢʨʳʣʫ ʀʥʲʷʣʠ-ɼʝʙʠʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ɸʷʥ-ʖʨʷʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ (ʄʦʤʩʢʦʛʦ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʦʨʠʷ, ʧʦ ɽ. ɽ. ʄʠʣʘʥʦʚʩʢʦʤʫ ʠ ʜʨ., 2007). ɻʨʘʥʠʮʘ 

ʤʝʞʜʫ ʥʠʤʠ ʧʨʦʭʦʜʠʪ ʧʦ ʛʣʫʙʠʥʥʦʤʫ ʠ ʜʦʣʛʦʞʠʚʫʱʝʤʫ ʏʘʡ-ʋʨʚʠʥʩʢʦʤʫ ʨʘʟʣʦʤʫ ʩʣʦʞʥʦʡ ʢʠʥʝʤʘʪʠʢʠ. 

ʉ ʶʛʦ-ʚʦʩʪʦʢʘ ʀʥʲʷʣʠ-ɼʝʙʠʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ (ʀʥʜʠʛʠʨʦ-

ʂʦʣʳʤʩʢʠʡ, ɸʪ-ʖʨʷʭʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʠ ɹʘʣʳʛʯʘʥʩʢʦʝ ʧʦʜʥʷʪʠʝ) ʦʢʘʡʤʣʷʪʁʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʥʘʣʦʞʝʥʥʦʛʦ 

ʆʭʦʪʩʢʦ-ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ɺʥʫʪʨʝʥʥʠʝ ʯʘʩʪʠ ʠ ʧʝʨʠʬʝʨʠʡʥʦʝ ʦʙʨʘʤʣʝʥʠʝ ʀʥʲʷʣʠ-ɼʝʙʠʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʨʘʩʩʝʯʝʥʳ ʩʠʩʪʝʤʦʡ 

ʩʫʙʰʠʨʦʪʥʳʭ ʛʨʘʙʝʥ-ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ ʄʦʤʩʢʦʛʦ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʠʬʪʘ, ʢʦʪʦʨʳʡ ʘʢʪʠʚʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. ɺ ʧʨʝʜʝʣʘʭ ʢʦʥʜʠʮʠʦʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʨʫʜʥʳʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʝʪʚʝʨʪʠ ʣʠʩʪʘ Pï55ïX (ʄʫʘʥʜʞʘ) ʤʘʩʰʪʘʙʘ 1:200 000. ɹʣʠʞʘʡʰʠʡ ʧʦʩʝʣʦʢ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ï ʉʫʩʫʤʘʥ ï 

ʨʘʩʧʦʣʦʞʝʥ ʢ ʚʦʩʪʦʢʫ ʦʪ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ, ʧʨʠʤʝʨʥʦ ʚ 45 ʢʤ.  

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʠ ʣʠʩʪʘ Pï55ïX ʚ ʮʝʣʦʤ ʤʦʞʝʪ ʙʳʪʴ ʢʨʘʪʢʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʩʢʣʘʜʯʘʪʳʤʠ ʧʦʜʢʦʤʧʣʝʢʩʘʤʠ: 

ʥʠʞʥʠʤ ʚʝʨʭʥʝʧʝʨʤʩʢʦ-ʪʨʠʘʩʦʚʳʤ, ʩʣʘʛʘʶʱʠʤ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʣʠʩʪʘ, ʢʦʪʦʨʳʡ ʛʨʘʥʠʯʠʪ ʩ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚʝʨʭʥʠʤ ʨʘʥʥʝ-, ʨʘʥʥʝ-ʩʨʝʜʥʝ- ʠ ʩʨʝʜʥʝʶʨʩʢʠʤ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤ (ʧʝʩʯʘʥʠʢʠ, 

ʘʣʝʚʨʦʣʠʪʳ, ʘʨʛʠʣʣʠʪʳ ʪʸʤʥʦ-ʩʝʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ) ʧʦʜʢʦʤʧʣʝʢʩʦʤ ʦʪʣʦʞʝʥʠʡ. ʈʘʥʥʝ-ʩʨʝʜʥʝʶʨʩʩʢʠʡ 

ʧʦʜʢʦʤʧʣʝʢʩ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʣʠʩʪʘ (å80%). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʵʪʠ (ʥʠʞʥʠʡ ʠ ʚʝʨʭʥʠʡ) ʧʦʜʢʦʤʧʣʝʢʩʳ 

ʦʙʨʘʟʫʶʪ ʥʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʷʨʫʩ ʪʝʨʨʠʪʦʨʠʠ. 

ɺ ʢʨʘʝʚʳʭ ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʣʠʩʪʘ ʨʘʟʚʠʪʳ ʥʝʙʦʣʴʰʠʝ ʧʨʠʨʘʟʣʦʤʥʳʝ ʤʫʣʴʜʦ- ʠ 

ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʝ ʚʧʘʜʠʥʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʚʝʨʭʥʝʡ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʡ ʫʛʣʝʥʦʩʥʦʡ ʤʦʣʘʩʩʦʡ. ɿʘʣʝʛʘʥʠʝ ʵʪʦʛʦ ʤʝʣ-

ʧʘʣʝʦʛʝʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʧʦʜʩʪʠʣʘʶʱʠʭ ʪʦʣʱʘʭ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʝ ʠ ʫ ʝʛʦ ʪʦʣʱ ʦʪʩʫʪʩʪʚʫʶʪ ʩʢʣʘʜʯʘʪʳʝ 

ʜʝʬʦʨʤʘʮʠʠ. ʇʦ ʚʦʟʨʘʩʪʫ ʵʪʠ ʥʘʢʦʧʣʝʥʠʷ ʩʠʥʭʨʦʥʥʳ ʚʨʝʤʝʥʠ ʟʘʣʦʞʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʢʨʘʝʚʦʛʦ ʆʭʦʪʩʢʦ-

ʏʫʢʦʪʩʢʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚʪʦʨʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʷʨʫʩ. ɺ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ 

ʦʪ ʧʣʦʱʘʜʠ ʣʠʩʪʘ Pï55ïX ʢ ʟʘʧʘʜʫ ʠ ʩʝʚʝʨʫ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʢʨʫʧʥʳʝ ʛʨʘʙʝʥ-ʨʠʬʪʦʚʳʝ ʟʦʥʳ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʄʦʤʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʪʨʝʪʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʷʨʫʩ ʪʝʨʨʠʪʦʨʠʠ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʣʠʩʪʘ Pï55ïX ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʨʘʟʥʦʚʨʝʤʝʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ:  

ɻʝʦʩʠʥʢʣʠʥʘʣʴʥʦ-ʩʢʣʘʜʯʘʪʳʝ ʠʥʨʫʟʠʚʥʦ-ʜʘʡʢʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ: 

1. ʅʝʨʘ-ʙʦʭʘʧʯʠʥʩʢʠʡ (I3 nb) ʢʦʤʧʣʝʢʩ. ʇʨʝʜʩʪʘʚʣʝʥ ʜʘʡʢʘʤʠ ʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʩʧʝʩʩʘʨʪʠʪʘʤʠ, ʘ 

ʪʘʢʞʝ ʛʘʙʙʨʦʜʦʣʝʨʠʪʘʤʠ, ʛʘʙʙʨʦ, ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ; 

2. ɹʘʩʫʛʫʥʴʠʥʩʢʠʡ ʜʠʦʨʠʪ-ʛʨʘʥʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ (J3-K1 b) ʚ ʩʦʩʪʘʚʝ: ʠʥʪʨʫʟʠʚʦʚ ʤʘʣʳʭ ʠ 

ʩʨʝʜʥʠʭ ʨʘʟʤʝʨʦʚ (ʜʦ 35 ʢʤ2) ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʜʘʝʢ, ʤʝʣʢʠʭ ʰʪʦʢʦʚ ʠ ʜʘʡʢʦʦʙʨʘʟʥʳʭ ʪʝʣ, ʧʦ ʩʦʩʪʘʚʫ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʥʪʨʫʟʠʚʥʳʤ ʬʘʟʘʤ ʧʣʫʪʦʥʦʚ. ʉʦʩʪʘʚ ʬʘʟ: ʘ) ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʠ 

ʙʝʟʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ; ʙ) ʛʣʘʚʥʘʷ ʬʘʟʘ: ʛʨʘʥʦʜʠʦʨʠʪʳ, ʛʨʘʥʠʪʳ ʠ ʜʘʡʢʠ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ; ʚ) ʜʘʡʢʠ 

ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ, ʛʨʘʥʠʪʦʚ, ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʜʘʮʠʪʦʚ; 4) ʜʘʡʢʠ 

ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʣʝʡʢʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʩʫʙʱʝʣʦʯʥʳʭ ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ, ʨʠʦʣʠʪʦʚ, 

ʦʥʛʦʨʠʦʣʠʪʦʚ, ʛʨʘʥʦʩʠʝʥʠʪʦʚ, ʘʧʣʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʭ ʛʨʘʥʠʪʦʠʜʳ ʛʣʘʚʥʦʡ ʠ ʪʨʝʪʴʝʡ ʬʘʟ. 

3. ɸʩʩʦʮʠʘʮʠʷ ʧʦʟʜʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʫʩʣʦʚʥʦ ʦʙʲʝʜʠʥʝʥʥʳʭ 

(ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ) ʚ ʥʝʨʘ-ʙʘʭʘʧʯʠʥʩʢʦ-ʙʘʩʫʛʫʥʴʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ (J3-K1 b) ʚ ʩʦʩʪʘʚʝ ʜʘʝʢ ʜʠʦʨʠʪʦʚ, ʜʠʦʨʠʪʦʚʳʭ 

ʧʦʨʬʠʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ ʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ.  

4. ʊʘʩ-ʢʳʩʪʘʙʳʪʩʢʠʡ ʢʦʤʧʣʝʢʩ (K1 tk), ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʀʤʝʛʠʥʩʢʠʤ ʤʥʦʛʦʬʘʟʦʚʳʤ ʤʘʩʩʠʚʦʤ. ʉʦʩʪʘʚ 

ʬʘʟ: ʘ) ʛʣʘʚʥʘʷ ʬʘʟʘ: ʛʨʘʥʦʜʠʦʨʠʪʳ; ʙ) ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ; ʚ) ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨ,r ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ, ʧʝʛʤʘʪʦʠʜʥʳʝ ʠ ʘʧʣʠʪʦʚʳʝ ʞʠʣʳ ʠ ʜʘʡʢʠ, ʨʘʟʚʠʪʳʝ ʚ ʧʨʝʜʝʣʘʭ ʠʥʪʨʫʟʠʚʘ ʠ ʟʦʥ ʵʥʜʦ-, ʵʢʟʦʢʦʥʪʘʢʪʘ. 

ʇʦʟʜʥʝʤʝʣʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʘʝʚʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ (ɺʇʇ): 

1. ʊʨʘʭʠʘʥʜʝʟʠʪʳ, ʪʨʘʭʠʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʜʘʮʠʪʳ, ʘ ʪʘʢʞʝ ʦʪʥʦʩʷʱʠʝʩʷ ʢʦ ʚʪʦʨʦʡ ʬʘʟʝ ʜʘʡʢʠ 

ʪʨʘʭʠʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʝ ʣʘʪʠʪʳ. 

2. ɹʠʣʠʢʘʥʩʢʠʡ ʤʦʥʮʦʥʠʪ-ʩʠʝʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ (K2 bl). ʋʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʳʝ ʠʥʪʨʫʟʠʚʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʂʨʦʤʝ ɹʠʣʠʢʘʥʩʢʦʛʦ ʠʥʪʨʫʟʠʚʘ ʢ ʥʝʤʫ ʦʪʥʝʩʝʥʳ ʆʣʙʦʪʩʢʠʡ ʠ ʂʝʤʝʥʜʞʠʥʩʢʠʡ ʰʪʦʢʠ, ʦʙʨʘʟʫʶʱʠʝ 

ʣʠʥʝʡʥʫʶ ʮʝʧʦʯʢʫ ʪʝʣ. ɺ ʵʪʫ ʞʝ ʮʝʧʦʯʢʫ ʚʭʦʜʷʪ ʨʷʜ ʤʝʣʢʠʭ ʪʝʣ ʠ ʜʘʝʢ. ɺʪʦʨʫʶ ʮʝʧʦʯʢʫ ʩʣʘʛʘʶʪ ʥʝʚʩʢʨʳʪʳʝ 

ʤʘʩʩʠʚʳ, ʚʳʨʘʞʝʥʥʳʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʣʷʤʠ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʜʘʡʢʘʤʠ ʠ ʤʝʣʢʠʤʠ ʠʟʦʤʝʪʨʠʯʥʳʤʠ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʪʝʣʘʤʠ. ʉʦʩʪʘʚ ʬʘʟ: ʘ) ʩʠʝʥʠʪʳ, ʜʠʦʨʠʪʳ, ʤʦʥʮʦʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ, ʤʦʥʮʦʥʠʪ-ʧʦʨʬʠʨʳ; ʙ) 

ʢʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪ-ʧʦʨʬʠʨʳ; ʚ) ʛʨʘʥʦʩʠʝʥʠʪ-ʧʦʨʬʠʨʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʣʝʡʢʦʛʨʘʥʠʪʳ. 

ʊʝʢʩʪʦʥʠʢʘ ʠ ʠʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ɹʝʨʝʣʝʭʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʭʦʨʦʰʦ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ 

ʪʨʝʤʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʷʨʫʩʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ: 1) ʧʝʨʤʩʢʦ-ʩʨʝʜʥʝʶʨʩʢʠʤʠ ʩʢʣʘʜʯʘʪʳʤʠ ʪʦʣʱʘʤʠ, 

ʩʠʥʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʠʤ ʠʥʪʨʫʟʠʚʥʦ-ʜʘʡʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʝʨʭʥʝʡ ʶʨʳ, ʚʝʨʭʥʝʡ ʶʨʳ ï ʨʘʥʥʝʛʦ ʤʝʣʘ; 2) 

ʤʦʣʘʩʩʦʠʜʘʤʠ ʛʨʘʙʝʥʦ- ʠ ʤʫʣʴʜʦʦʙʨʘʟʥʳʭ ʧʨʠʨʘʟʣʦʤʥʳʭ ʚʧʘʜʠʥ, ʩʠʥʭʨʦʥʥʳʭ ʥʘʢʦʧʣʝʥʠʡ ʪʝʨʨʠʛʝʥʥʦ-

ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʦʣʱ ʢʨʘʝʚʦʛʦ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʤʝʣʘ-ʧʘʣʝʦʛʝʥʘ ʠ ʝʛʦ ʠʥʪʨʫʟʠʚʥʦ-

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ; 3) ʠ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʄʦʤʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʘ. 

ɺʣʠʷʥʠʝ ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʨʠʬʪʦʤ ʜʝʩʪʨʫʢʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ. ʆʥʦ ʧʨʦʷʚʣʝʥʦ ʚ ʚʠʜʝ 

ʘʢʪʠʚʥʦʛʦ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʟʘʣʦʞʝʥʠʠ ʥʦʚʳʭ ʠ ʧʦʜʥʦʚʣʝʥʥʳʭ ʧʨʝʞʥʠʭ ʜʠʘʛʦʥʘʣʴʥʳʭ (ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʠ ʩʝʚʝʨ-

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʘʟʣʦʤʦʚ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʝʩʪʨʦʡʢʝ ʨʝʯʥʦʡ ʩʝʪʠ, ʧʝʨʝʤʳʚʫ ʨʘʥʝʝ ʥʘʢʦʧʣʝʥʥʳʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʘʣʣʶʚʠʘʣʴʥʳʭ ʜʦʣʠʥ. 

ʅʘʠʙʦʣʝʝ ʨʝʣʴʝʬʥʦ ʪʨʝʭʵʪʘʧʥʘʷ ʠʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʧʨʦʷʚʣʝʥʘ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʢʘʨʪʝ ʤʘʩʰʪʘʙʘ 1:2 500 000 (2007, ʨʝʜ. ɽ. ɽ. ʄʠʣʘʥʦʚʩʢʠʡ). ʅʘ ʵʪʦʡ ʢʘʨʪʝ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʀʥʜʠʛʠʨʦ-

ʂʦʣʳʤʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʦʩʪʦʯʥʳʝ ʬʣʘʥʛʠ ʀʥʲʷʣʠ-ɼʝʙʠʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʩ ʩʝʚʝʨʘ, ʶʛʦ-

ʚʦʩʪʦʢʘ ʠ ʶʛʘ-ʟʘʧʘʜʘ ʦʙʨʘʤʣʝʥ ʧʨʝʨʳʚʠʩʪʳʤ ʘʨʝʘʣʴʥʦ-ʧʦʣʦʩʦʚʳʤ ʧʦʷʩʦʤ ʛʨʘʥʠʪʦʠʜʥʳʭ ʠʥʪʨʫʟʠʚʦʚ 

ʚʝʨʭʥʝʶʨʩʢʦ-ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʠ ʚʝʨʭʥʝʤʝʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. ɿʦʥʳ ʩʦʯʣʝʥʝʥʠʷ ʝʛʦ ʩ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, 

ʦʙʨʘʤʣʷʶʱʠʤʠ ʆʭʦʪʩʢʠʡ ʠ ʂʦʣʳʤʩʢʠʡ ʩʨʝʜʠʥʥʳʝ ʤʘʩʩʠʚʳ, ʦʩʣʦʞʥʝʥʳ ʧʦʢʨʦʚʥʦ-ʥʘʜʚʠʛʦʚʳʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ 

ʠ ʘʢʪʠʚʥʦ ʠʥʪʨʫʜʠʨʦʚʘʥʳ ʛʨʘʥʠʪʦʠʜʘʤʠ. ʊʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ Pï55ïX ʨʘʩʧʦʣʦʞʝʥʘ ʚʙʣʠʟʠ ʟʦʥʳ ʩʦʯʣʝʥʝʥʠʷ 

ʀʥʜʠʛʠʨʦ-ʂʦʣʳʤʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʩ ʦʙʨʘʤʣʷʶʱʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʂʦʣʳʤʩʢʦʛʦ ʩʨʝʜʠʥʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚ 

ʧʨʝʜʝʣʘʭ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʣʠʩʪʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ, ʛʜʝ ʠ ʨʘʩʧʦʣʦʞʝʥ ɹʝʨʝʣʝʭʩʢʠʡ ʟʦʣʦʪʦʨʫʜʥʦ-

ʨʦʩʩʳʧʥʦʡ ʨʘʡʦʥ, ʪʘʢ ʞʝ ʧʨʦʷʚʣʝʥʳ ʥʘʜʚʠʛʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʠ ʟʜʝʩʴ ʞʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʟʦʣʦʪʦ-ʨʦʩʩʳʧʥʳʝ ʫʟʣʳ ʪʝʨʨʠʪʦʨʠʠ, ʚʦʟʥʠʢʰʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʣʘʛʦʜʘʨʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʵʨʦʟʠʦʥʥʦʤʫ ʩʨʝʟʫ 

ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ.  

ɺ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ ʧʨʦʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʥʘʣʦʞʝʥʥʳʭ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʩʪʨʫʢʪʫʨʥʳʭ ʧʣʘʥʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʵʪʘʧʘʤ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ. ʇʝʨʚʠʯʥʳʡ ʠʟ ʥʠʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʩʢʣʘʜʯʘʪʦʩʪʠ ʧʝʨʤʩʢʦ-ʩʨʝʜʥʝʶʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʦʩʣʦʞʥʷʶʱʠʤ ʝʛʦ ʩʪʨʦʝʥʠʝ ʨʘʟʣʦʤʘʤ; ʚʪʦʨʦʡ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʘʟʚʠʪʠʝʤ ɺʇʇ, ï ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʡ ʚ ʚʠʜʝ ʣʘʪʝʥʪʥʳʭ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥ, ʠʥʦʛʜʘ ʧʦʜʯʝʨʢʥʫʪʳʭ 

ʨʝʜʢʠʤʠ ʣʠʥʝʡʥʳʤʠ ʪʝʣʘʤʠ ʧʦʟʜʥʝʤʝʣʦʚʳʭ ʛʨʘʥʠʪʦʠʜʦʚ; ʪʨʝʪʠʡ ï ʙʣʠʟʢʠʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʝ ʩ 

ʧʝʨʚʠʯʥʳʤ ʠ ʥʘʣʦʞʝʥʥʳʡ ʥʘ ʧʝʨʚʳʡ ʧʦʜ ʫʛʣʦʤ 15-30Á, ʩʚʷʟʘʥ ʩ ʄʦʤʩʢʠʤ ʨʠʬʪʦʤ. ʅʘ ʥʘʩʪʦʷʱʝʤ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ 

ʪʝʨʨʠʪʦʨʠʠ ʦʥ ʧʨʦʷʚʣʝʥ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ. ʂʨʦʤʝ ʦʪʤʝʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʧʣʘʥʦʚ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʧʨʝʜʝʣʘʭ 

ʣʠʩʪʘ Pï55ïX ʠʛʨʘʶʪ ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʠʥʪʨʫʟʠʚʥʦ-ʜʘʡʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʩ ʨʘʟʥʳʤ, ʥʦ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝʛʣʫʙʦʢʠʤ, ʫʨʦʚʥʝʤ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʢʦʨʝʥʥʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʚʝʜʫʱʘʷ ʨʦʣʴ ʚ ʨʫʜʥʦʤ ʨʘʡʦʥʝ ʧʨʠʥʘʜʣʝʞʠʪ ʜʘʡʢʘʤ ʩʨʝʜʥʝʛʦ ʠ 

ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɼʘʡʢʠ ʧʨʝʪʝʨʧʝʣʠ ʙʝʨʝʟʠʪʠʟʘʮʠʶ  ʠ ʦʢʚʘʨʮʝʚʘʥʠʝ, ʘ ʪʘʢ ʞʝ ʩʝʨʠʮʠʪʠʟʘʮʠʶ, ʭʣʦʨʠʪʠʟʘʮʠʶ, 

ʢʘʨʙʦʥʘʪʠʟʘʮʠʶ ʠ ʩʫʣʴʬʠʜʠʟʘʮʠʶ. ʈʘʟʤʝʱʝʥʠʝ ʠʭ ʩʫʙʩʦʛʣʘʩʥʦʝ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʚʳʰʝ ʧʝʨʚʳʤ ʠ ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ ʚʪʦʨʳʤ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʣʘʥʘʤʠ. ɺʝʜʫʱʝʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʬʦʨʤʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʞʠʣʴʥʘʷ ʤʘʣʦʩʫʣʴʬʠʜʥʘʷ 

ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʘʷ, ʥʘʣʦʞʝʥʥʘʷ ʥʘ ʜʘʡʢʠ. ʇʨʦʷʚʣʝʥʳ ʠ ʜʨʫʛʠʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʨʫʜʥʳʝ  ʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʪʝʣʝʩʢʦʧʠʨʦʚʘʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʥʦ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʧʣʘʥʝ ʦʥʠ ʫʩʪʫʧʘʶʪ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ. 

 
 ʇʈɽɼʉʊɸɺʀʊɽʃʀ ʉɽʄɽʁʉʊɺɸ LEPTOCYTHERIDAE ʀɿ ʉɸʈʄɸʊʉʂʀʍ ʆʊʃʆɾɽʅʀʁ  

ʖɾʅʆʁ ʋʂʈɸʀʅʓ  
ʆ.ɺ. ɹʦʥʜʘʨʴ, ɸ.ʃ. ʉʘʤʦʡʣʝʥʢʦ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʆ.ɺ. ɹʦʥʜʘʨʴ 
ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʆʣʝʩʷ ɻʦʥʯʘʨʘ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, 

ʋʢʨʘʠʥʘ 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʬʘʫʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ 

ʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʶʛʘ ʋʢʨʘʠʥʳ, ʦʩʪʨʘʢʦʜʳ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʤʠ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʠ 

ʚʠʜʦʚʦʤ ʦʪʥʦʰʝʥʠʠ ʠ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʪʘʣʴʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ [1]. ʀʟ ʦʙʱʝʛʦ 

ʩʦʩʪʘʚʘ ʦʩʪʨʘʢʦʜ ʚ ʧʦʨʦʜʘʭ ʩʘʨʤʘʪʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ Leptocytheridae, 

ʢʦʪʦʨʳʝ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʨʦʜʦʤ Leptocythere. 

ʅʘʤʠ ʜʘʥʳ ʦʧʠʩʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʦʩʪʨʘʢʦʜ ʨʦʜʘ Leptocythere (ʨʠʩ. 1, 2), ʠʟ ʢʦʪʦʨʳʭ Leptocythere 

zeivensis Vor. ʚʧʝʨʚʳʝ ʦʧʠʩʘʥ ʠʟ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, Leptocythere sulakensis Suz. ʚʧʝʨʚʳʝ ʚʩʪʨʝʯʝʥ ʚ 

ʥʠʞʥʝʩʘʨʤʘʪʩʢʠʭ ʦʩʘʜʢʘʭ ʖʞʥʦʡ ʋʢʨʘʠʥʳ, ʘ ʧʦʷʚʣʝʥʠʝ Leptocythere maeotica (Liv .) ʦʪʤʝʯʘʝʪ ʚʘʞʥʳʡ ʵʪʘʧ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʧʦʟʜʥʝʩʘʨʤʘʪʩʢʦʛʦ ʤʦʨʷ ʩ ʩʦʧʨʝʜʝʣʴʥʳʤʠ ʙʘʩʩʝʡʥʘʤʠ [2]. 

ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʭʨʘʥʷʪʩʷ ʚ ʢʦʣʣʝʢʮʠʠ ʅʀʀ ʛʝʦʣʦʛʠʠ ɼʅʋ. ʌʘʫʥʘ ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʥʘ ʚ 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʤ ʦʪʜʝʣʝʥʠʠ ʋʢʨɼɻʈʀ ʧʨʠ ʧʦʤʦʱʠ ʨʘʩʪʨʦʚʦʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʈʕʄʄɸ 102-02, 

ʟʘʚʦʜ SELMI (ʬʦʪʦʛʨʘʬʠʨʦʚʘʣ ʉ.ʀ. ʆʚʝʯʢʦ). 
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Leptocythere zeivensis Voroshilova  

1956. Leptocythere zeivensis Voroshilova: ʇʦʙʝʜʠʥʘ ʠ ʜʨ., ʩ. 138, ʪʘʙʣ. XIX, ʨʠʩ. 11. 

ʄʘʪʝʨʠʘʣ. 10 ʩʪʚʦʨʦʢ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ. ʕʢʟ. ˉ 200118. 

ʆʧʠʩʘʥʠʝ. ʌʦʨʤʘ ʨʘʢʦʚʠʥʳ ʦʢʨʫʛʣʝʥʥʦ ʩʫʙʧʨʷʤʦʫʛʦʣʴʥʘʷ. ʊʦʣʩʪʘʷ, ʧʦʣʫʧʨʦʟʨʘʯʥʘʷ, ʙʝʣʦʛʦ ʮʚʝʪʘ. ʇʦ 

ʜʣʠʥʝ ʨʘʢʦʚʠʥʘ ʩʨʝʜʥʷʷ (0,67 ʤʤ); ʧʦ ʩʪʝʧʝʥʠ ʫʜʣʠʥʝʥʥʦʩʪʠ ï ʫʤʝʨʝʥʥʦ ʫʜʣʠʥʝʥʥʘʷ (L/H = 1,9). ʂʦʥʚʝʨʛʝʥʮʠʷ ʢ 

ʟʘʜʥʝʤʫ ʢʦʥʮʫ ʦʪʩʫʪʩʪʚʫʝʪ. 

ʉʧʠʥʥʦʡ ʢʨʘʡ ʧʨʷʤʦʡ, ʥʘʢʣʦʥʝʥʥʳʡ ʢ ʟʘʜʥʝʤʫ ʢʦʥʮʫ. ʇʝʨʝʭʦʜ ʢ ʧʝʨʝʜʥʝʤʫ ʢʦʥʮʫ ʧʣʘʚʥʦ ʦʢʨʫʛʣʝʥʥʳʡ, 

ʢ ʟʘʜʥʝʤʫ ï ʧʦʜ ʦʢʨʫʛʣʝʥʥʳʤ ʪʫʧʳʤ ʫʛʣʦʤ. ɹʨʶʰʥʦʡ ʢʨʘʡ ʧʘʨʘʣʣʝʣʝʥ ʩʧʠʥʥʦʤʫ ʠ ʩʣʘʙʦ ʚʦʛʥʫʪ ʧʦʩʝʨʝʜʠʥʝ; 

ʧʝʨʝʭʦʜʳ ʢ ʧʝʨʝʜʥʝʤʫ ʠ ʟʘʜʥʝʤʫ ʢʦʥʮʘʤ ʧʣʘʚʥʦ ʦʢʨʫʛʣʝʥʥʳʝ. ʈʘʟʥʠʮʘ ʚʳʩʦʪ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʢʦʥʮʦʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ. ʇʝʨʝʜʥʠʡ ʢʦʥʝʮ ʩʢʦʰʝʥ ʚ ʧʝʨʝʜʥʝʩʧʠʥʥʦʡ ʯʘʩʪʠ, ʥʠʞʝ ʧʣʘʚʥʦ ʦʢʨʫʛʣʝʥʥʳʡ. ɿʘʜʥʠʡ ʢʦʥʝʮ 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʩʢʦʰʝʥ ʚ ʟʘʜʥʝʩʧʠʥʥʦʡ ʠ ʟʘʜʥʝʙʨʶʰʥʦʡ ʯʘʩʪʠ. 

ʈʘʟʚʠʪʳ ʵʣʝʤʝʥʪʳ ʤʘʢʨʦʩʢʫʣʴʧʪʫʨ rɯ ʧʦʨʷʜʢʘ. ɺʜʦʣʴ ʟʘʜʥʝʛʦ ʢʦʥʮʘ, ʦʪ ʩʧʠʥʥʦʛʦ ʢʨʘʷ ʢ ʙʨʶʰʥʦʤʫ, 

ʧʨʦʭʦʜʠʪ ʧʦʧʝʨʝʯʥʦʝ ʨʝʟʢʦʝ ʚʳʩʦʢʦʝ ʨʝʙʨʦ. ʄʝʟʦʩʢʫʣʴʧʪʫʨʘ ʩʨʝʜʥʝʷʯʝʠʩʪʘʷ. ʗʯʝʡʢʠ ʦʢʨʫʛʣʝʥʥʦ-ʤʥʦʛʦʫʛʦʣʴʥʦʡ 

ʬʦʨʤʳ, ʨʘʟʜʝʣʝʥʳ ʪʦʣʩʪʳʤʠ, ʩʚʝʨʭʫ ʦʢʨʫʛʣʝʥʥʳʤʠ ʧʝʨʝʛʦʨʦʜʢʘʤʠ, ʧʦʢʨʳʚʘʶʪ ʚʩʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩʪʚʦʨʢʠ. 

ɺʥʫʪʨʝʥʥʷʷ ʧʣʘʩʪʠʥʢʘ ʰʠʨʦʢʘ,̫ ʦʩʦʙʝʥʥʦ ʥʘ ʧʝʨʝʜʥʝʤ ʢʦʥʮʝ ʠ ʚ ʟʘʜʥʝʙʨʶʰʥʦʡ ʯʘʩʪʠ. ʃʠʥʠʷ 

ʩʨʘʩʪʘʥʠʷ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʚʥʫʪʨʝʥʥʠʤ ʢʨʘʝʤ. ʇʦʨʦʚʦ-ʢʘʥʘʣʴʥʘʷ ʟʦʥʘ ʫʟʢʘʷ. 

ʈʘʟʤʝʨ,r ʤʤ. ɼʣʠʥʘ ʨʘʢʦʚʠʥʳ ï  0,67, ʚʳʩʦʪʘ ʩʝʨʝʜʠʥʳ ï 0,35. 

ʀʟʤʝʥʯʠʚʦʩʪʴ. ʇʨʦʷʚʣʷʝʪʩʷ ʚ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʚʪʦʨʦʛʦ ʨʝʙʨʘ ʚʜʦʣʴ ʟʘʜʥʝʛʦ ʢʦʥʮʘ.  

ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ. ʉʢʚ. 337, ʩ. ʀʣʴʠʯʝʚʦ, ʂʝʨʯʝʥʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚ,  ʛʣʫʙʠʥʘ  41,0 ʤ, ʩʨʝʜʥʠʡ ʩʘʨʤʘʪ.

 ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʉʨʝʜʥʝʩʘʨʤʘʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʂʨʳʤʘ, 

ɸʟʝʨʙʘʡʜʞʘʥʘ 

 

 
ʈʠʩ. 2 1 ï Leptocythere sulakensis Suzin, ʣʝʚʘʷ ʩʪʚʦʨʢʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ, x 150; 

2 ï Leptocythere maeotica (Livental), ʧʨʘʚʘʷ ʩʪʚʦʨʢʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ, x 200 

 

  

 
ʈʠʩ. 1  Leptocythere zeivensis Voroshilova: ʘ ï ʧʨʘʚʘʷ ʩʪʚʦʨʢʘ ʩ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʳ, ʭ 120,  ʙ ï ʧʨʘʚʘʷ  ʩʪʚʦʨʢʘ ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʩʪʦʨʦʥʳ, ʭ 150 [3] 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

Leptocythere sulakensis Suzin  

1956. Leptocythere sulakensis Suzin: ʉʫʟʠʥ, ʩ. 110, ʪʘʙʣ. V, ʬʠʛ. 4. 

ʄʘʪʝʨʠʘʣ. 5 ʩʪʚʦʨʦʢ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ. ʕʢʟ. ˉ 200119. 

ʆʧʠʩʘʥʠʝ. ʌʦʨʤʘ ʨʘʢʦʚʠʥʳ ʦʢʨʫʛʣʝʥʥʦ ʩʫʙʪʨʘʧʝʮʠʝʚʠʜʥʘʷ. ʊʦʥʢʘʷ, ʧʦʣʫʧʨʦʟʨʘʯʥʘʷ.  ʇʦ ʜʣʠʥʝ 

ʨʘʢʦʚʠʥʘ ʩʨʝʜʥʷʷ (0,51 ʤʤ), ʧʦ ʩʪʝʧʝʥʠ ʫʜʣʠʥʝʥʥʦʩʪʠ ï ʫʤʝʨʝʥʥʦ ʫʜʣʠʥʝʥʥʘʷ (L/H = 1,98). ʂʦʥʚʝʨʛʝʥʮʠʷ ʢ 

ʟʘʜʥʝʤʫ ʢʦʥʮʫ ʦʪʩʫʪʩʪʚʫʝʪ.  ʅʘʠʙʦʣʴʰʘʷ ʚʳʩʦʪʘ ʨʘʢʦʚʠʥʳ ʥʘʭʦʜʠʪʩʷ ʚ ʧʝʨʝʜʥʝʡ ʪʨʝʪʠ. ʉʧʠʥʥʦʡ ʢʨʘʡ ʧʨʷʤʦʡ, 

ʥʘʢʣʦʥʝʥʥʳʡ ʢ ʟʘʜʥʝʤʫ ʢʦʥʮʫ. ʇʝʨʝʭʦʜ ʢ ʧʝʨʝʜʥʝʤʫ ʢʦʥʮʫ ʧʣʘʚʥʦ ʦʢʨʫʛʣʝʥʥʳʡ, ʢ ʟʘʜʥʝʤʫ ï ʧʦʜ ʩʢʨʫʛʣʝʥʥʳʤ 

ʪʫʧʳʤ ʫʛʣʦʤ. ɿʘʜʥʠʡ ʢʘʨʜʠʥʘʣʴʥʳʡ ʫʛʦʣ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥ. ɹʨʶʰʥʦʡ ʢʨʘʡ ʧʨʷʤʦʡ, ʧʘʨʘʣʣʝʣʴʥʳʡ ʩʧʠʥʥʦʤʫ; 

ʧʝʨʝʭʦʜʳ ʢ ʧʝʨʝʜʥʝʤʫ ʠ ʟʘʜʥʝʤʫ ʢʦʥʮʘʤ ʧʣʘʚʥʦ ʦʢʨʫʛʣʝʥʥʳʝ. ʇʝʨʝʜʥʠʡ ʢʦʥʝʮ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʟʘʜʥʠʡ, 

ʩʢʦʰʝʥʥʳʡ ʚ ʧʝʨʝʜʥʝʩʧʠʥʥʦʡ ʯʘʩʪʠ, ʥʝʤʥʦʛʦ ʦʪʪʷʥʫʪʳʡ ʚʥʠʟ ʠ ʨʝʟʢʦ ʦʢʨʫʛʣʝʥʥʳʡ. ɿʘʜʥʠʡ ʢʦʥʝʮ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ, ʟʘʜʥʝʩʧʠʥʥʦʡ ʫʛʦʣ ʦʢʨʫʛʣʝʥʥʳʡ ʪʫʧʦʡ.  

ʈʘʟʚʠʪʳ ʵʣʝʤʝʥʪʳ ʤʘʢʨʦʩʢʫʣʴʧʪʫʨʳ ɯ ʧʦʨʷʜʢʘ. ʉʨʝʜʠʥʥʘʷ ʧʦʧʝʨʝʯʥʘʷ ʙʦʨʦʟʜʘ ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ, 

ʯʘʩʪʠʯʥʦ ʩʤʝʱʝʥʘ ʢ ʧʝʨʝʜʥʝʤʫ ʢʦʥʮʫ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʧʨʦʜʦʣʴʥʦʡ ʦʩʠ. ɺʜʦʣʴ ʟʘʜʥʝʛʦ ʢʦʥʮʘ, ʦʪ ʩʧʠʥʥʦʛʦ ʢʨʘʷ 

ʢ ʙʨʶʰʥʦʤʫ ʨʘʩʧʦʣʦʞʝʥʦ ʪʦʥʢʦʝ, ʥʝʚʳʩʦʢʦʝ, ʝʜʚʘ ʟʘʤʝʪʥʦʝ ʨʝʙʨʦ. ʇʦʚʝʨʭʥʦʩʪʴ ʩʪʚʦʨʢʠ ʧʦʢʨʳʪʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʤʝʣʢʠʤʠ ʷʯʝʡʢʘʤʠ. ɹʝʟʩʪʨʫʢʪʫʨʥʘʷ ʧʣʘʩʪʠʥʢʘ ʰʠʨʦʢʘʷ, 

ʦʩʦʙʝʥʥʦ ʥʘ ʧʝʨʝʜʥʝʤ ʢʦʥʮʝ ʠ ʚ ʟʘʜʥʝʙʨʶʰʥʦʡ ʯʘʩʪʠ. ʃʠʥʠʷ ʩʨʘʱʝʥʠʷ ʩʦʚʧʘʜʘʝʪ ʟ ʝʝ ʚʥʫʪʨʝʥʥʠʤ ʢʨʘʝʤ ʚ 

ʩʨʝʜʥʝʙʨʶʰʥʦʡ ʯʘʩʪʠ. ʇʦʨʦʚʦ-ʢʘʥʘʣʴʥʘ ̫ʟʦʥʘ ʰʠʨʦʢʘ.̫ 

ʈʘʟʤʝʨʳ, ʤʤ. ɼʣʠʥʘ ʨʘʢʦʚʠʥʳ ï 0,51, ʚʳʩʦʪʘ ʩʝʨʝʜʠʥʳ ï 0,257. 

ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ. ʐʝʚʯʝʥʢʦʚʩʢʠʡ ʢʘʨʴʝʨ, ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʘʷ ʦʙʣʘʩʪʴ, ʥʠʞʥʠʡ ʩʘʨʤʘʪ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʅʠʞʥʝʩʘʨʤʘʪʩʢʠʝ, ʤʝʦʪʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʉʝʚʝʨʥʦʛʦ ʇʨʠʯʝʨʥʦʤʦʨʴʷ ʠ ʂʨʳʤʘ, ʤʝʦʪʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ. 

 

Leptocythere maeotica (Livental) 

1949. Cythere meotica Livental: ʐʥʝʡʜʝʨ, ʩ. 143, ʪʘʙʣ. X, ʨʠʩ. 8. 

1956. Leptocythere meotica (Livental): ʇʦʙʝʜʠʥʘ ʠ ʜʨ., ʩ. 169, ʪʘʙʣ. XXVI , ʨʠʩ. 1. 

1956. Leptocythere maeotica (Livental): ʉʫʟʠʥ, ʩ. 112, ʪʘʙʣ. V, ʬʠʛ. 10-11. 

ʄʘʪʝʨʠʘʣ. 5 ʩʪʚʦʨʦʢ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʠ. ʕʢʟ. ˉ 200120. 

ʆʧʠʩʘʥʠʝ. ʌʦʨʤʘ ʨʘʢʦʚʠʥʳ ʦʢʨʫʛʣʝʥʥʦ ʩʫʙʧʨʷʤʦʫʛʦʣʴʥʘʷ. ʊʦʥʢʘʷ, ʧʨʦʟʨʘʯʥʘʷ. ʇʦ ʜʣʠʥʝ ʨʘʢʦʚʠʥʘ 

ʩʨʝʜʥʷʷ (0,60 ʤʤ), ʧʦ ʩʪʝʧʝʥʠ ʫʜʣʠʥʝʥʥʦʩʪʠ ï ʫʤʝʨʝʥʥʦ ʫʜʣʠʥʝʥʥʘʷ (L/H = 2,00). ʂʦʥʚʝʨʛʝʥʮʠʷ ʢ ʟʘʜʥʝʤʫ ʢʨʘʶ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʉʧʠʥʥʦʡ ʢʨʘʡ ʧʨʷʤʦʡ, ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʰʠʨʦʢʦ ʦʢʨʫʛʣʳʡ ʧʝʨʝʜʥʠʡ ʢʦʥʝʮ ʠ ʧʦʜ ʥʝʙʦʣʴʰʠʤ 

ʫʛʣʦʤ ʚ ʦʢʨʫʛʣʳʡ ʟʘʜʥʠʡ ʢʦʥʝʮ. ɹʨʶʰʥʦʡ ʢʨʘʡ ʧʘʨʘʣʣʝʣʝʥ ʩʧʠʥʥʦʤʫ ʠ ʩʣʘʙʦ ʚʦʛʥʫʪ ʧʦʩʝʨʝʜʠʥʝ. ʈʘʟʥʠʮʘ ʚʳʩʦʪ 

ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʢʦʥʮʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ. ʇʝʨʝʜʥʠʡ ʠ ʟʘʜʥʠʡ ʢʦʥʮʳ ʰʠʨʦʢʦ ʦʢʨʫʛʣʝʥʳ. 

ʕʣʝʤʝʥʪ r ʤʘʢʨʦʩʢʫʣʴʧʪʫʨ r ɯ ʠ ɯɯ ʧʦʨʷʜʢʘ ʥʝ ʨʘʟʚʠʪʳ. ʇʦʚʝʨʭʥʦʩʪʴ ʛʣʘʜʢʘʷ, ʙʣʝʩʪʷʱʘʷ, ʧʦʢʨʳʪʘ 

ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʨʦʚʳʤʠ ʢʘʥʘʣʘʤʠ. ɺʥʫʪʨʝʥʥʠʡ ʢʨʘʡ ʨʘʢʦʚʠʥʳ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʣʠʥʠʝʡ ʩʨʘʱʝʥʠʷ 

ʪʦʣʴʢʦ ʚʜʦʣʴ ʟʘʜʥʝʡ ʧʦʣʦʚʠʥʳ ʙʨʶʰʥʦʡ ʯʘʩʪʠ. ʇʦʨʦʚʦ-ʢʘʥʘʣʴʥʘʷ ʟʦʥʘ ʰʠʨʦʢʘʷ. 

ʈʘʟʤʝʨʳ, ʤʤ. ɼʣʠʥʘ ʨʘʢʦʚʠʥʳ ï  0,60, ʚʩrʦʪʘ ʩʝʨʝʜʠʥ rï 0,30. 

ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ. ʉʢʚ. 201, ʩ. ʌʨʦʥʪʦʚʦʝ, ɸʢʤʘʥʘʡʩʢʠʡ ʧʝʨʝʰʝʝʢ,  ʛʣʫʙʠʥʘ  174,0 ʤ, ʚʝʨʭʥʠʡ ʩʘʨʤʘʪ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺʝʨʭʥʝʩʘʨʤʘʪʩʢʠʝ, ʤʝʦʪʠʯʝʩʢʠʝ  ʦʪʣʦʞʝʥʠʷ 

ʖʞʥʦʡ ʋʢʨʘʠʥʳ, ʤʝʦʪʠʯʝʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʉʝʚʝʨʥʦʛʦ ʇʨʝʜʢʘʚʢʘʟʴʷ, ɸʟʝʨʙʘʡʜʞʘʥʘ. 
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1. ɸʨʭʝʡ-ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʵʪʘʞ.U ʄʝʞʜʫ ʘʨʭʝʡ-ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʠ ʨʠʬʝʡ-ʚʝʥʜʩʢʦʡ ʩʪʘʜʠʷʤʠ 

ʩʫʱʝʩʪʚʫʝʪ ʫʛʣʦʚʦʝ ʥʝʩʦʛʣʘʩʠʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʩʤʝʥʝ ʪʠʧʘ ʨʘʟʚʠʪʠʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʡ ʊʘʨʘʪʘʰʩʢʠʡ ʢʦʤʧʣʝʩ ʛʥʝʡʩʦʚ, ʛʨʘʥʫʣʠʪʦʚ, ʤʠʛʤʘʪʠʪʦʚ, ʛʨʘʥʠʪʦʚ, ʚʳʰʝ ʢʦʪʦʨʦʛʦ ʟʘʣʝʛʘʶʪ 

ʧʦʯʪʠ ʥʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʠʬʝʷ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʤʷʪʳ ʚ ʩʢʣʘʜʢʠ ʚ ʚʝʥʜʩʢʦʝ ʚʨʝʤʷ 

(600-550 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ).  
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ʈʠʩ.  ʗʨʫʩʘ ʨʘʟʚʠʪʠʷ ʋʨʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ 

ʦʙʣʘʩʪʠ [1, ʩ.129] 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʵʪʦʛʦ ʵʪʘʞʘ ʢʨʘʡʥʝ ʤʘʣ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ ʛʣʫʙʦʢʦʡ 

ʧʦʛʨʫʞʝʥʥʦʩʪʠ ʧʦʜ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʜʦʩʪʠʛʘʶʱʝʡ ʤʝʩʪʘʤʠ 20 ʠ ʙʦʣʝʝ ʢʤ. ʅʝʢʦʪʦʨʳʝ ʢʚʘʨʮ-

ʤʘʛʥʝʪʠʪʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʧʘʩʘʤʠ (ʜʦ ʚʝʩʴʤʘ ʢʨʫʧʥʳʭ) 

ʧʨʠʥʘʜʣʝʞʘʪ ʪʘʨʘʪʘʰʩʢʦʤʫ, ʠʣʴʤʝʥʦ-ʩʳʩʝʨʪʩʢʦʤʫ ʠ ʩʘʣʜʠʥʩʢʦʤʫ ʢʦʤʧʣʝʢʩʘʤ. ʕʪʦʪ ʪʠʧ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʥʝ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʡ. ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʚʤʝʱʘʶʪ ʪʘʢʞʝ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʥʪʦʬʠʣʣʠʪ-ʘʩʙʝʩʪʘ, ʢʠʘʥʠʪʘ, ʛʨʘʬʠʪʘ, ʘʙʨʘʟʠʚʦʚ, ʨʫʪʠʣʘ. [1]. 

2. Uʈʠʬʝʡʩʢʦ-ʚʝʥʜʩʢʠʡ ʵʪʘʞ ʠ ʪʠʤʘʥʠʜʳ.U ʇʦʩʣʝ ʚʝʥʜʩʢʦʛʦ ʩʤʷʪʠʷ ʦʙʨʘʟʦʚʘʣʦʩʴ ʩʢʣʘʜʯʘʪʦʝ ʩʦʦʨʫʞʝʥʠʝ 

ʊʠʤʘʥʠʜ. ʊʠʤʘʥʠʜʳ ʧʨʦʭʦʜʠʣʠ ʯʝʨʝʟ ʖʞʥʳʡ ʋʨʘʣ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʪ. ʝ. ʥʘ ʉʢʘʥʜʠʥʘʚʠʶ[1]. ɿʜʝʩʴ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʨʘʥʠʪʳ, ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʢʝʘʥʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ, ʪ. ʝ. ʦʬʠʦʣʠʪʳ. ʅʘ ʈʫʩʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʛʨʘʙʝʥʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʠʣʠʩʴ ʨʠʬʝʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ.  

ɺ ʧʨʝʜʝʣʘʭ ʵʢʩʪʝʨʥʠʜ ʨʘʟʚʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʢʘʢ: ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʝ 

ʟʘʣʝʞʠ; ʚʳʩʦʢʦʛʣʠʥʦʟʸʤʠʩʪʳʝ ʭʨʦʤʠʪʳ; ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʠʥʪʨʫʟʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ, ʢʘʢ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʘʣʤʘʟʦʚ; ʤʘʛʥʝʟʠʪʳ; ʩʠʜʝʨʠʪʳ; ʬʣʶʦʨʠʪʳ; ʙʘʨʠʪ; ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ; 

ʧʣʘʪʠʥʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʢ ʪʨʝʤ ʵʧʦʭʘʤ: 

ʢ ʢʦʥʮʫ ʨʘʥʥʝʛʦ ð ʥʘʯʘʣʫ ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ, ʢ ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ ʨʠʬʝʷ ʠ ʢ ʢʦʥʮʫ ʨʠʬʝʷ - ʥʘʯʘʣʫ ʚʝʥʜʘ. ʇʝʨʚʘʷ ʠ 

ʧʦʩʣʝʜʥʷʷ ʩʪʘʜʠʠ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʨʠʬʪʦʛʝʥʝʟʦʤ ʠ ʚʫʣʢʘʥʠʟʤʦʤ. ɺʩʝ ʩʪʘʜʠʠ ʙʳʣʠ ʩʚʷʟʘʥʳ ʩ ʧʦʜʥʷʪʠʷʤʠ ʠ 

ʵʨʦʟʠʝʡ, ʪ.ʝ. ʩ ʨʘʟʛʝʨʤʝʪʠʟʘʮʠʝʡ ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ, ʯʪʦ ʚʝʣʦ ʢ ʦʪʣʦʞʝʥʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

ɸʢʪʠʚʥʦʛʦ ʫʯʘʩʪʠʷ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʢʨʦʤʝ, ʚʦʟʤʦʞʥʦ, ʨʝʜʢʦ- ʠ 

ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ) ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ [1]. 

ɺ ʧʨʝʜʝʣʘʭ ʠʥʪʝʨʥʠʜ ʨʘʟʚʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʢʘʢ: ʢʦʣʯʝʜʘʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ; ʤʝʜʥʦ-ʩʢʘʨʥʦʚʳʝ; ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦʧʦʨʬʠʨʦʚʳʝ; ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʣʴʙʠʪʠʪʘʤʠ; Au-Pd-TR ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʇʨʠ ʥʘʩʪʦʷʱʝʤ ʫʨʦʚʥʝ ʠʟʫʯʝʥʥʦʩʪʠ ʪʠʧ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʘʤ ʧʦ ʩʝʙʝ 

ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʥʜʠʢʘʪʦʨʦʤ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʪʘʣʣʦʛʝʥʠʷ ʛʦʚʦʨʠʪ ʚ ʧʦʣʴʟʫ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʪʠʤʘʥʠʜ. 

3. Uʆʨʜʦʚʠʢʩʢʦ-ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʡ ʵʪʘʞ ʠ ʫʨʘʣʠʜʳ.U ɺ ʢʝʤʙʨʠʠ ʧʨʦʠʟʦʰʣʘ ʧʝʥʝʧʣʝʥʠʟʘʮʠʷ, ʪ. ʝ. 

ʩʢʣʘʜʯʘʪʦʝ ʩʦʦʨʫʞʝʥʠʝ ʊʠʤʘʥʠʜ ʙʳʣʦ ʨʘʟʤʳʪʦ. ʅʘʯʘʣʩʷ ʥʦʚʳʡ ʵʪʘʧ ʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʙʝʥʦʚʳʭ ʬʘʮʠʡ ʚ 

ʧʨʝʜʝʣʘʭ ʩʘʤʦʛʦ ʋʨʘʣʘ. ʇʨʦʩʪʠʨʘʥʠʝ ʋʨʘʣʘ ʠ ʊʠʤʘʥʠʜ ʨʘʟʣʠʯʘʝʪʩʷ ʥʘ ʩʝʚʝʨʝ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʥʘʣʦʞʝʥʠʝʤ ʟʦʥʳ 

ʨʘʩʢʘʣʳʚʘʥʠʷ ʥʘ ʙʦʣʝʝ ʜʨʝʚʥʠʡ ʢʦʥʪʠʥʝʥʪ. ʄʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ ʢ ʖʞʥʦʤʫ ʋʨʘʣʫ ʧʦʜʭʦʜʷʪ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʩʦ ʩʪʦʨʦʥʳ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʥʘ ʩʝʚʝʨʝ ʢʦʩʦ [1, ʩ. 130]. ʕʪʦ ʷʚʣʷʝʪʩʷ ʨʝʟʢʠʤ ʥʘʣʦʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ, ʪ. ʝ. 

ʧʨʦʠʟʦʰʣʘ ʩʪʨʫʢʪʫʨʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ. ʅʘʯʘʣʦ ʩʪʨʫʢʪʫʨʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʨʜʦʚʠʢʫ. ɺ ʵʪʦ ʚʨʝʤʷ 

ʥʘʯʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʛʨʘʙʝʥʳ. ɿʜʝʩʴ ʨʘʟʚʠʪʳ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ ʩ ʚʫʣʢʘʥʠʪʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ 

ʨʘʩʢʘʣʳʚʘʥʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ. ʆʬʠʦʣʠʪʳ ʥʘ ʋʨʘʣʝ ï ʵʪʦ ʦʙʣʘʩʪʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ, ʛʜʝ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʩʦʭʨʘʥʠʣʠʩʴ ʨʝʣʠʢʪʳ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ. ʆʬʠʦʣʠʪʳ ï ʧʦʨʦʜʳ ʤʘʥʪʠʠ ɿʝʤʣʠ (ʛʠʧʝʨʙʘʟʠʪʳ, 

ʜʫʥʠʪʳ, ʚʝʨʣʠʪʳ, ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʳ), ʢʦʪʦʨʳʝ ʩʣʘʛʘʶʪ ʟʦʥʫ ʟʝʤʥʦʡ ʢʦʨʳ ʠ ʤʘʥʪʠʠ, ʢʦʪʦʨʘʷ ʥʘʟʳʚʘʝʪʩʷ 

ʛʨʘʥʠʮʝʡ ʄʦʭʦʨʦʚʠʯʠʯʘ. ɺʳʰʝ ʵʪʦʡ ʛʨʘʥʠʮʳ ʟʘʣʝʛʘʶʪ ï ʛʘʙʙʨʦ ʠ ʙʘʟʘʣʴʪʳ, ʘ ʥʠʞʝ ï ʛʠʧʝʨʙʘʟʠʪʳ. ʅʘ ʋʨʘʣʝ ʚ 

ʘʢʪʦʛʘʡʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ çʜʘʡʢʠ ʚ ʜʘʡʢʘʭè ʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʧʨʦʮʝʩʩʘʭ ʩʧʨʝʜʠʥʛʘ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʜʥʘ.  

ɼʘʣʝʝ ʥʘʩʪʫʧʘʝʪ ʩʪʘʜʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʩʪʨʦʚʥʳʭ ʜʫʛ. ʉʥʘʯʘʣʘ ʦʥʘ ʥʘʩʪʫʧʘʝʪ ʥʘ ʩʝʚʝʨʝ ʋʨʘʣʘ ʠ ʧʦʟʞʝ 

ʥʘʩʪʫʧʘʝʪ ʥʘ ʶʛʝ.  

ʉʫʱʝʩʪʚʦʚʘʣʦ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʟʦʥ ʩʫʙʜʫʢʮʠʠ[1]. ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʤʦʱʥʦʤʫ 

ʚʫʣʢʘʥʠʟʤʫ ʠ ʠʩʯʝʟʥʦʚʝʥʠʶ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʇʘʣʝʦʫʨʘʣʴʩʢʦʛʦ ʦʢʝʘʥʘ. ʉʝʡʯʘʩ ʠʤʝʶʪʩʷ ʥʘ ʋʨʘʣʝ ʨʝʣʠʢʪʳ 

ʵʪʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʚʠʜʝ ʦʬʠʦʣʠʪʦʚ. ʇʨʠʤʝʨʦʤ ʣʦʢʘʣʠʟʘʮʠʠ ʵʪʠʭ ʦʬʠʦʣʠʪʦʚʳʭ ʦʙʣʘʩʪʝʡ ʷʚʣʷʶʪʩʷ 

ʛʠʧʝʨʙʘʟʠʪʳ ʂʨʘʢʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʫʙʜʫʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʦʣʣʠʟʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ ʩ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʦʡ ʠʣʠ 

ʢʦʣʣʠʟʠʷ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ[1]. ɼʘʣʝʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ ʥʝ ʤʦʞʝʪ ʩʫʙʜʫʢʮʠʨʦʚʘʪʴʩʷ 

ʠʟ-ʟʘ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʠ ʚʩʧʣʳʚʘʝʪ, ʦʙʥʘʞʘʷ ʢʦʤʧʣʝʢʩʳ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ (ʵʢʣʦʛʠʪ-ʛʣʘʫʢʦʬʘʥʩʣʘʥʮʝʚʳʝ 

ʢʦʤʧʣʝʢʩʳ), ʢʦʪʦʨʳʝ ʦʙʥʘʞʝʥʳ ʚʜʦʣʴ ʛʣʘʚʥʦʛʦ ʫʨʘʣʴʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʢʦʣʣʠʟʠʝʡ ʤʘʛʥʠʪʦʛʦʨʩʢʦʡ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʩʥʘʯʘʣʘ ʥʘ ʶʛʝ, ʟʘʪʝʤ ʥʘ ʩʝʚʝʨʝ). ʉʪʦʣʢʥʦʚʝʥʠʝ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʠ ʢʦʥʪʠʥʝʥʪʘ ʧʨʦʠʟʦʰʣʦ ʥʘ ʶʛʝ 

ʚ ʧʦʟʜʥʝʤ ʜʝʚʦʥʝ, ʚ ʬʘʤʝʥʩʢʦʝ ʚʨʝʤʷ. ɼʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʛʨʘʫʚʘʢʢʦʚʳʡ ʬʣʠʰ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʟʠʣʘʠʨʩʢʦʡ ʩʚʠʪʦʡ. ʄʘʪʝʨʠʘʣ ʩʶʜʘ ʧʦʩʪʫʧʘʣ ʩ ʧʦʜʥʠʤʘʶʱʝʛʦʩʷ ʋʨʘʣʘ (ʧʦʣʠʤʠʢʪʦʚʳʡ ʤʘʪʝʨʠʘʣ). ɺ 

ʢʘʨʙʦʥʝ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ ʠ ʥʘʯʠʥʘʝʪʩʷ ʛʠʧʝʨʢʦʣʣʠʟʠʷ, ʪ. ʝ. ʢʦʣʣʠʟʠʷ ʫʞʝ ʤʝʞʜʫ 

ʢʦʥʪʠʥʝʥʪʘʤʠ (ʤʝʞʜʫ ʢʘʟʘʭʩʪʘʥʩʢʠʤ ʢʦʥʪʠʥʝʥʪʦʤ ʠ ʙʘʣʪʠʢʦʡ). ʇʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʢʣʘʜʯʘʪʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʝʣʘʥʞʝʡ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʢʨʦʚʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʠ ʧʨʦʠʟʦʰʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʫʨʘʣʴʩʢʦʛʦ 

ʦʨʦʛʝʥʘ ï ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ɺ ʢʦʥʮʝ ʧʝʨʤʠ ʧʨʦʠʟʦʰʣʘ ʵʨʦʟʠʷ. ʅʦ ʚ ʪʨʠʘʩʝ ʋʨʘʣ ʙʳʣ ʟʘʭʚʘʯʝʥ ʚ ʦʙʣʘʩʪʴ 

ʩʫʧʝʨʧʣʶʤʘ (ʚ ʦʩʥʦʚʥʦʤ ʚ ʦʙʣʘʩʪʠ ʉʠʙʠʨʠ). ʕʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʛʨʘʙʝʥʦʚ[1].  

ʇʣʦʪʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʋʨʘʣʝ ʥʘʩʪʦʣʴʢʦ ʚʳʩʦʢʘ, ʯʪʦ ʤʦʞʥʦ ʩ ʧʦʣʥʳʤ ʧʨʘʚʦʤ ʛʦʚʦʨʠʪʴ ʦʙ 

ʫʥʠʢʘʣʴʥʦʩʪʠ ʨʝʛʠʦʥʘ ʚ ʮʝʣʦʤ, ʢʘʢ ʛʦʚʦʨʷʪ ʦʙ ʫʥʠʢʘʣʴʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʯʪʦ ʚʩʝ 

ʚʘʞʥʝʡʰʠʝ ʬʘʢʪʦʨʳ ʤʠʥʝʨʘʛʝʥʠʠ ð ʪʝʢʪʦʥʠʯʝʩʢʠʡ, ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʡ, ʢʣʠʤʘʪʠʯʝʩʢʠʡ ð ʚʳʩʪʫʧʠʣʠ ʥʘ ʋʨʘʣʝ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʩʦʯʝʪʘʥʠʠ, ʦʙʫʩʣʦʚʠʚ ʥʝʧʦʚʪʦʨʠʤʳʡ ʦʙʣʠʢ ʙʦʛʘʪʝʡʰʝʛʦ ʨʝʛʠʦʥʘ. ʆʬʠʦʣʠʪʦʚʳʝ ʤʘʩʩʠʚʳ, ʪʘʢʠʝ ʢʘʢ 

ɺʦʡʢʘʨʩʢʠʡ, ʈʘʡʠʟʩʢʠʡ, ʂʝʤʧʠʨʩʘʡʩʢʠʡ ʠ ʜʨʫʛʠʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʲʝʢʪʳ ʤʠʨʦʚʦʛʦ ʢʣʘʩʩʘ, ʘ ʊʘʛʠʣʦ-

ʄʘʛʥʠʪʦʛʦʨʩʢʘʷ ʟʦʥʘ ʦʙʨʘʟʦʚʘʥʘ ʩʦʚʝʨʰʝʥʥʦ ʫʥʠʢʘʣʴʥʳʤʠ ʧʦ ʩʦʭʨʘʥʥʦʩʪʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʩʪʨʦʚʥʳʤʠ ʜʫʛʘʤʠ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʦʥʠ ʩʦʟʜʘʶʪ ʦʙʣʠʢ ʫʨʘʣʴʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʠ ʢʘʢ ʩʨʝʜʦʪʦʯʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʤʘʬʠʯʝʩʢʦʛʦ ʧʨʦʬʠʣʷ: ʩ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʩʢʘʨʥʦʚʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ, ʤʝʜʥʦ-ʩʢʘʨʥʦʚʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ, 

ʢʦʣʯʝʜʘʥʥʳʭ, ʭʨʦʤʠʪʦʚʳʭ, ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʳʭ, ʧʣʘʪʠʥʦʠʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ [1]. 

4. Uʇʣʘʪʬʦʨʤʝʥʥʳʡ ʵʪʘʧ (ʶʨʘ-ʤʠʦʮʝʥ).U ʇʦʩʣʝʜʥʷʷ ʩʪʘʜʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʋʨʘʣʴʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ 

ʩʦʦʨʫʞʝʥʠʷ ʙʳʣʘ ʚ ʨʘʥʥʝʡ ʶʨʝ. ɺ ʵʪʫ ʩʪʘʜʠʶ ʧʨʦʠʟʦʰʣʦ ʩʜʘʚʣʠʚʘʥʠʝ ʋʨʘʣʘ ʩʦ ʩʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, 

ʢʦʪʦʨʦʝ ʟʘʭʚʘʪʠʣʦ ʪʨʠʘʩʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɿʘʪʝʤ ʚ ʶʨʩʢʦʝ ʚʨʝʤʷ ʥʘʯʘʣʘʩʴ ʵʨʦʟʠʷ ʫʨʘʣʴʩʢʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. ɺ 

ʤʝʣʫ ʋʨʘʣ ʧʨʝʚʨʘʪʠʣʩʷ ʚ ʭʦʣʤʠʩʪʫʶ ʦʙʣʘʩʪʴ. ʇʦʷʚʠʣʠʩʴ ʜʘʞʝ ʧʨʦʣʠʚʳ ʤʝʞʜʫ ʟʘʧʘʜʥʦʩʠʙʠʨʩʢʠʤ ʤʦʨʝʤ ʠ 

ʤʦʨʝʤ, ʢʦʪʦʨʦʝ ʙʳʣʦ ʥʘ ʶʛʝ ʚʦʩʪʦʯʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʙʦʨʝʘʣʴʥʳʤ ʤʦʨʝʤ ʥʘ ʩʝʚʝʨʝ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʋʨʘʣʘ ʚ ʵʪʦ ʚʨʝʤʷ ʢʘʢ ʪʘʢʦʚʦʛʦ ʥʝ ʙʳʣʦ.  

ʅʘʯʘʣʦ ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʪʘʜʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʝʛʣʫʙʦʢʠʭ ʫʛʣʝʥʦʩʥʳʭ ʙʘʩʩʝʡʥʦʚ 

ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ ʖʞʥʦʤ ʠ ʇʨʠʧʦʣʷʨʥʦʤ ʋʨʘʣʝ. ʆʙʨʘʟʦʚʳʚʘʣʠʩʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʦʢʩʠʪʦʚ, ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ, 

ʧʣʘʪʠʥʳ, ʘʣʤʘʟʦʚ, ʪʠʪʘʥ-ʮʠʨʢʦʥʦʚʳʝ ʨʦʩʩʳʧʠ, ʦʩʘʜʦʯʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʢʦʣʯʝʜʘʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʠʣʠʢʘʪʥʦ-ʥʠʢʝʣʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʙʫʨʳʝ ʞʝʣʝʟʥʷʢʠ, ʤʘʣʘʭʠʪ, ʬʦʩʬʦʨʠʪʳ. ʄʦʞʥʦ ʚʠʜʝʪʴ 

ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʢʘʨʩʪʘ ʚ ʣʦʢʘʣʠʟʘʮʠʠ ʛʠʧʝʨʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ð ʦʪ ʙʦʢʩʠʪʦʚ ʜʦ ʤʘʣʘʭʠʪʘ. 

ʂʘʨʩʪʦʛʝʥʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠ ʫʛʦʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ ʤʠʦʮʝʥʝ ʚʦʟʥʠʢ ʖʞʥʦʫʨʘʣʴʩʢʠʡ ʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ ð 

ʩʝʨʠʷ ʤʝʣʢʠʭ ʙʫʨʦʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʢʘʨʩʪʦʚʳʭ ʜʝʧʨʝʩʩʠʷʭ ʥʘʜ ʩʦʣʷʥʳʤʠ ʢʫʧʦʣʘʤʠ ʠ 

ʛʨʝʙʥʷʤʠ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ. ɺ ʶʨʩʢʠʭ ʧʦʛʨʝʙʝʥʥʳʭ ʜʦʣʠʥʘʭ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ 

ʫʨʘʥʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

5. Uʇʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʡ ʵʪʘʞ. ʅʝʦ-ʦʨʦʛʝʥʠʯʝʩʢʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ. 

ɻʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʂʨʘʢʘ, ʚʳʩʦʪʘ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 1000 ʤʝʪʨʦʚ Ñ 50, ʘ ʚ ʧʣʘʥʝ ʦʥʠ ʚʳʛʣʷʜʷʪ ʚ 

ʬʦʨʤʝ ʧʘʫʢʘ[1]. ʕʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʩʣʝʜʦʤ ʜʨʝʚʥʝʛʦ ʧʝʥʝʧʣʝʥʘ, ʢʦʪʦʨʘʷ ʚ ʧʣʠʦʮʝʥʝ ʙʳʣʘ ʙʳʩʪʨʦ ʧʦʜʥʷʪʘ 

ʥʘ ʙʦʣʴʰʫʶ ʚʳʩʦʪʫ ʠ ʙʳʣʘ ʨʘʟʨʝʟʘʥʘ ʵʨʦʟʠʝʡ. ʆʙ ʵʪʦʤ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʩʦʩʪʘʚ ʧʝʩʯʘʥʠʢʦʚ, ʢʦʪʦʨʳʝ 

ʪʦʛʜʘ ʥʘʯʘʣʠ ʬʦʨʤʠʨʦʚʘʪʴʩʷ.  

ɺ ʧʣʠʦʮʝʥʝ ʥʘʯʘʣʦʩʴ ʧʦʜʥʷʪʠʝ ʤʝʣʦʚʦʛʦ ʧʝʥʝʧʣʝʥʘ. ʆʙ ʵʪʦʤ ʤʦʛʫʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʧʦʨʦʜʳ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʩʝʡʯʘʩ ʥʘ ʚʳʩʦʪʝ ʙʦʣʝʝ 500 ʤʝʪʨʦʚ, ʢʦʪʦʨʳʝ ʚ ʤʝʣʦʚʦʝ ʚʨʝʤʷ ʥʘʭʦʜʠʣʠʩʴ ʥʘ ʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʠ 

ʠʤʝʣʠ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʦʣʦ 70 ʛʨʘʜʫʩʦʚ. ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʚʦʟʨʦʞʜʝʥʠʷ ʋʨʘʣʴʩʢʠʭ ʛʦʨ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ 

ʘʣʴʧʠʡʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʧʨʦʠʟʦʰʣʦ ʚʟʣʘʤʳʚʘʥʠʝ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ.  

ɺ ʦʪʥʦʰʝʥʠʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʥʝʦ-ʦʨʦʛʝʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʠʚʦʜʠʣʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ 

ʧʝʨʝʬʦʨʤʠʨʦʚʘʥʠʶ ʨʦʩʩʳʧʝʡ. ʅʝʦʪʝʢʪʦʥʠʯʝʩʢʠʡ ʵʪʘʧ ʦʢʘʟʘʣ ʦʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʣʝʞʝʡ 

ʞʠʜʢʠʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʥʝʬʪʴ, ʛʘʟʦʢʦʥʜʝʥʩʘʪ, ʛʘʟ, ʚʦʜʘ ʧʠʪʴʝʚʘʷ ʠ 

ʤʠʥʝʨʘʣʴʥʘʷ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʨʘʩʩʤʦʪʨʝʣʠ ʧʨʦʭʦʞʜʝʥʠʝ ʫʨʘʣʴʩʢʦʡ ʟʦʥʦʡ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʋʠʣʩʦʥʘ, ʵʪʘʧʳ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʝʡ ʋʨʘʣʘ ʠ ʠʭ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. ʇʫʯʢʦʚ ɺ.ʅ. ɻʝʦʣʦʛʠʷ ʋʨʘʣʘ ʠ ʇʨʠʫʨʘʣʴʷ (ʘʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʩʪʨʘʪʠʛʨʘʬʠʠ, ʪʝʢʪʦʥʠʢʠ, ʛʝʦʜʠʥʘʤʠʢʠ ʠ 
ʤʝʪʘʣʣʦʛʝʥʠʠ). ï ʋʬʘ: ɼʠʟʘʡʥʇʦʣʠʛʨʘʬʉʝʨʚʠʩ, 2010. ï 280ʩ. 

 
ɻɽʆʃʆɻʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ ʃʆʂɸʃʀɿɸʎʀʀ ʀ ɻɽʅɽɿʀʉ ɹʀʊʋʄʆɺ  

ɺ ʆʊʃʆɾɽʅʀʗʍ ʅʀɾʅɽɻʆ ɼɽɺʆʅɸ ʉɽɺɽʈʅʆʁ ʍɸʂɸʉʀʀ 
ɸ.ʇ. ɻʫʥʴʢʦ, ʀ.ɺ. ʈʝʚʘ, ɼ.ʖ. ʏʠʨʢʦʚʘ

1
  

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥ  ʄ.ʀ. ʐʘʤʠʥʦʚʘ, ʜʦʮʝʥʪ ʀ.ɺ. ʈʳʯʢʦʚʘ, ʧʨʦʬʝʩʩʦʨ  
ʆ.ɺ. ʉʝʨʝʙʨʝʥʥʠʢʦʚʘ* 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ; 
1
ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʥʝʬʪʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʜʝʚʦʥʩʢʠʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʄʠʥʫʩʠʥʩʢʠʭ ʚʧʘʜʠʥ (ʉʝʚʝʨ ʍʘʢʘʩʠʠ) ʧʨʦʷʚʣʝʥʠʷ ʪʚʝʨʜʳʭ 

ʙʠʪʫʤʦʚ ʠʟʚʝʩʪʥʳ ʩ ʥʘʯʘʣʘ ʍʍ ʚʝʢʘ. ʆʥʠ ʩʧʝʮʠʘʣʴʥʦ ʠʟʫʯʘʣʠʩʴ ʚ 30-ʭ ʛʦʜʘʭ ɸ.ɺ. ʈʫʩʘʥʦʚʳʤ, ʚ 50-ʭ ʛʦʜʘʭ ï ʄ.ɸ. 

ʉʧʝʰʠʣʦʚʦʡ, ɻ.ʃ. ʈʳʞʦʚʦʡ ʠ ʄ.ʅ. ʉʦʢʦʣʦʚʦʡ, ʘ ʚ 90-ʳʭ ʛʦʜʘʭ ï ɺ.ɸ. ɹʘʞʝʥʦʚʳʤ, ʅ.ɸ. ʄʘʢʘʨʝʥʢʦ ʠ ʉ.ɸ. 

ʈʦʜʳʛʠʥʳʤ (1992). ʊʘʢʞʝ ʪʚʝʨʜʳʝ ʙʠʪʫʤʳ ʦʙʥʘʨʫʞʝʥʳ ʚ ʙʘʟʘʣʴʪʘʭ ʥʘ ʂʨʘʩʥʦʡ ɻʦʨʢʝ ɻ.ʉ. ʌʝʜʦʩʝʝʚʳʤ ʚ 1995 ʛ., 
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ʘ 2002 ʛ. ʚ ʙʘʟʘʣʴʪʘʭ ʙʳʩʢʘʨʩʢʦʡ ʩʝʨʠʠ ɹ.ɼ. ɺʘʩʠʣʴʝʚʳʤ ʦʙʥʘʨʫʞʝʥʦ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʝ ʉʦʭʦʯʫʣ [4]. ɺʩʝ ʦʥʠ 

ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʩʦʧʨʷʞʝʥʠʠ ʛʝʨʮʠʥʩʢʠʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʶʞʥʦʛʦ ʙʦʨʪʘ ʏʝʙʘʢʦʚʦ-ɹʘʣʘʭʪʠʥʩʢʦʡ 

ʚʧʘʜʠʥʳ ʩ ʩʘʣʘʠʨʠʜʘʤʠ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ [2].  

ɺʦ ʚʨʝʤʷ ʫʯʝʙʥʦʡ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʦʡ ʧʨʘʢʪʠʢʠ ʣʝʪʦʤ 2013 ʛ. ʘʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʥʦʚʦʝ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʝ ʥʘ ʶʞʥʦʤ ʙʝʨʝʛʫ ʦʟ. ʀʪʢʫʣʴ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ ʂʦʰʘʨʥʦʛʦ ʣʦʛʘ.  ʆʥʦ  

ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʫʙʰʠʨʦʪʥʦʡ ʩʠʥʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʢʝ. ʅʘ ʶʞʥʦʤ ʢʨʳʣʝ ʩʠʥʢʣʠʥʘʣʠ ʧʨʠ ʚʳʜʝʨʞʘʥʥʦʤ ʟʘʣʝʛʘʥʠʠ 

ʧʦʜ ʫʛʣʦʤ 25-35ʦ ʦʙʥʘʞʘʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ. ʅʠʞʥʷʷ ʯʘʩʪʴ 

ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʙʳʩʢʘʨʩʢʦʡ ʩʝʨʠʠ (D1bsk), ʚʳʰʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ 

ʟʘʣʝʛʘʶʪ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʘʨʘʛʘʰʩʢʦʡ ʩʚʠʪʳ (D2sr), ʢʦʪʦʨʳʝ ʩʤʝʥʷʶʪʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ 

ʙʝʡʩʢʦʡ ʩʚʠʪʳ (D2bs). ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʥʠʞʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʭ ʧʦʨʦʜ, ʦʙʨʘʟʫʶʱʠʭ ʚʝʨʭʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ, 

ʟʘʣʝʛʘʝʪ ʥʘ ʧʦʨʦʜʘʭ ʥʠʞʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʞʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʘʤʠ ʋʣʝʥʴ-ʊʫʠʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʟʫʯʝʥʠʷ ʥʘʤʠ ʙʳʣʘ ʧʨʦʡʜʝʥʘ ʛʦʨʥʘʷ ʚʳʨʘʙʦʪʢʘ, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 20 ʦʙʨʘʟʮʦʚ 

ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʧʦʯʚʳ. ʇʨʦʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʤʘʢʨʦʦʧʠʩʘʥʠʝ [3], ʠʟʫʯʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʰʣʠʬʦʚ, ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʠ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ. ʄʝʪʦʜʦʤ ʭʨʦʤʘʪʦ-ʤʘʩʩ-

ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʙʳʣ ʠʟʫʯʝʥ ʩʦʩʪʘʚ ʨʘʩʪʚʦʨʠʤʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʙʠʪʫʤʦʚ.  

ɺʩʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʠʩʪʘʣʣʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʝʧʣʦʚʳʤʠ ʦʢʨʝʤʥʝʥʥʳʤʠ ʪʫʬʘʤʠ ʩ 

ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʂʨʠʩʪʘʣʣʦʢʣʘʩʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʂʇʐ ʠ ʧʣʘʛʠʦʢʣʘʟʘʤʠ (ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʣʠʛʦʢʣʘʟ-

ʘʥʜʝʟʠʥʫ ˉ 20-30), ʪʘʢʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʙʠʦʪʠʪ. ʃʠʪʦʢʣʘʩʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʘʭʠʘʥʜʝʟʠʪʘʤ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. ʇʠʨʦʢʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʥʝʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʦʪʩʦʨʪʠʨʦʚʘʥ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʣʠʟʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʇʫʩʪʦʪʳ ʟʘʧʦʣʥʝʥʳ 

ʙʠʪʫʤʠʥʦʟʥʳʤ ʚʝʱʝʩʪʚʦʤ ʠ ʢʨʝʤʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ.  

ʄʠʥʝʨʘʣʴʥʳʡ ʠ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʫʬʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚʛʣʫʙʴ ʠ ʧʦ ʣʘʪʝʨʘʣʠ ʧʦ ʤʝʨʝ 

ʫʜʘʣʝʥʠʷ ʦʪ ʟʦʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʙʠʪʫʤʦʥʘʩʳʱʝʥʠʷ. 

ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʄʠʢʤʝʜ-2 ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ (350é500 ʥʤ) ʠʟʫʯʝʥʦ ʙʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ, 

ʟʘʧʦʣʥʷʶʱʝʝ ʤʠʥʜʘʣʠʥʳ, ʧʦʨʳ ʠ ʪʨʝʱʠʥʳ. ʉʦʩʪʘʚ ʙʠʪʫʤʦʠʜʦʚ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʡ ʠ 

ʩʤʦʣʠʩʪʳʡ, ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ 0.06é0.08 %. 

ʄʝʪʦʜʦʤ ʭʨʦʤʘʪʦ-ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʪʨʠ ʦʙʨʘʟʮʘ ʪʚʝʨʜʦʛʦ ʙʠʪʫʤʘ ʠʟ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ 

ʪʫʬʦʚ, ʜʚʘ ʠʟ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʥʳ ʩ ʛʣʫʙʠʥʳ 30 ʩʤ (ʊɹ-2, ʊɹ-3), ʦʜʠʥ ʠʟ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʳ (ʊɹ-8), ʠ ʦʜʠʥ 

ʦʙʨʘʟʝʮ ʚʷʟʢʦʛʦ ʙʠʪʫʤʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ (ɺɹ).  

ɺ ʦʙʨʘʟʮʘʭ ʥʘʬʪʠʜʦʚ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʩʪʨʫʢʪʫʨʥʳʝ ʛʨʫʧʧʳ ʘʣʢʘʥʦʚ, ʘʣʢʠʣʮʠʢʣʦʛʝʢʩʘʥʦʚ, ʩʪʝʨʘʥʦʚ, 

ʪʝʨʧʘʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ).  

 

 

 

 

 

 

 

 

  
ʈʠʩ. 1 ʋʯʘʩʪʦʢ ʤʘʩʩ-ʬʨʘʛʤʝʥʪʦ-

ʛʨʘʤʤʳ ʥ-ʘʣʢʘʥʦʚ ʧʦ m/z 71: 

13-33 - ʯʠʩʣʦ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ 

ʈʠʩ. 2 ʋʯʘʩʪʦʢ ʤʘʩʩ-ʬʨʘʛʤʝʥʪʦ-ʛʨʘʤʤʳ ʩʪʝʨʘʥʦʚ ʧʦ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʄʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ (ʄʄʈ) ʥ-ʘʣʢʘʥʦʚ ɺɹ ʠ ʪʚʝʨʜʳʭ ʙʠʪʫʤʦʚ ʚʝʩʴʤʘ ʩʭʦʞʠ ʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʯʝʪʣʠʚʳʤ ʤʘʢʩʠʤʫʤʦʤ, ʧʨʠʭʦʜʷʱʝʤʩʷ ʥʘ ʉ26 (ʨʠʩ. 1). ʆʪʥʦʰʝʥʠʝ Pr/Ph ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪ 0,88-0,71. ʄʄʈ ʩʪʝʨʘʥʦʚ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ (ʨʠʩ. 2), 

ʧʦʵʪʦʤʫ ʪʘʢʦʡ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʧʘʨʘʤʝʪʨ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʜʠʘʭʦʣʝʩʪʘʥʦʚ ʢ ʭʦʣʝʩʪʘʥʘʤ ʠʟʤʝʥʷʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

0,26-0,34. ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʝ, ʘ ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʨʧʘʥʦʚ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʤ ʠʩʪʦʯʥʠʢʝ ʆɺ ʜʣʷ ɺɹ ʠ ʪʚʝʨʜʳʭ ʙʠʪʫʤʦʚ ʠʟ ʤʠʥʜʘʣʠʥ. 

ʍʘʨʘʢʪʝʨ ʄʄʈ ʥ-ʘʣʢʘʥʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʠʟʦʤʝʨʦʚ ʩʪʝʨʘʥʦʚ, ʦʪʥʦʰʝʥʠʝ ʩʪʝʨʘʥʦʚ ʢ ʛʦʧʘʥʘʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʵʧʠʛʝʥʝʪʠʯʥʦʩʪʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʜʣʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʅʘʣʠʯʠʝ 

ʛʘʤʤʘʮʝʨʘʥʘ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʦʣʝʥʦʩʪʴ ʙʘʩʩʝʡʥʘ ʩʝʜʠʤʝʥʪʘʮʠʠ (ʪʘʙʣ.). 

ʇʦ ʜʘʥʥʳʤ ʦ ʩʦʩʪʘʚʝ ʪʝʨʧʘʥʦʚ, ʬʝʥʘʥʪʨʝʥʦʚ ʠ ʧʦ ʟʥʘʯʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʯʝʪʥʦʩʪʠ (CPI), 

ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʪʝʨʤʠʯʝʩʢʠ ʟʨʝʣʦʝ ʠ ʧʦ ʩʪʝʧʝʥʠ ʢʘʪʘʛʝʥʝʟʘ ʦʪʥʦʩʠʪʩʷ ʢ ʛʣʘʚʥʦʡ ʬʘʟʝ 

ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʊʘʙʣʠʮʘ 

ɹʠʦʤʘʨʢʝʨʥʳʝ ʧʦʢʘʟʘʪʝʣʠ  

  
× 

ʘʣʢʘʥʦʚ 
Pr/Ph CPI 

ʉ27/

ʉ17 

ʜʠʘʭʦʣʝʩʪʘʥʳ/ 

ʭʦʣʝʩʪʘʥʳ 
St27 St28 St29 G/G+30hop St/hop 

ʊɹ-2 99 0,88 1,09 2,0         0 0 

ʊɹ-3 98 0,74 1,03 3,8 0,34 0 36 64 0,06 0,35 

ʊɹ-8 85 0,71 1,05 2,5 0,26 5 29 66 0,06 0,29 

ɺɹ 36 0,75 1,02 10,8 0,27 14 27 59 0,06 0,32 

 

ɺ ʦʙʨʘʟʮʘʭ ʊɹ-2, ʊɹ-3 ʘʣʢʘʥʳ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 99% ʦʪ ʦʙʱʝʡ ʩʫʤʤʳ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʋɺ. ɺ 

ʦʙʨʘʟʮʝ ɺɹ ʜʦʣʷ ʘʣʢʘʥʦʚ ʥʠʞʝ (36%) ʟʘ ʩʯʝʪ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʛʦʤʦʣʦʛʦʚ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʘʢʪʠʚʥʦ ʧʨʦʪʝʢʘʶʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ. ɸʥʘʣʦʛʠʯʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʠ ʥ-

ʘʣʢʘʥʦʚ ʚ ʙʠʪʫʤʝ ʠ ʤʠʥʜʘʣʠʥʘʭ ʚ ʙʘʟʘʣʴʪʘʭ ʦʪʤʝʯʘʣʘʩʴ ʚ ʨʘʡʦʥʝ ʨ. ʉʦʭʦʯʫʣ [1]. ɹʠʤʦʜʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥ-

ʘʣʢʘʥʦʚ ʩ ʦʩʥʦʚʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʉ26 ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʥʘ ʉ17, ʠʤʝʝʪ ʩʭʦʞʠʡ ʭʘʨʘʢʪʝʨ ʩ ʄʄʈ ʥ-ʘʣʢʘʥʦʚ 

ʦʙʨʘʟʮʘ ʙʠʪʫʤʘ ʂʨʘʩʥʦʡ ɻʦʨʢʠ [1]. ɺʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ Pr/Ph ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚ ʭʦʜʝ 

ʥʘʢʦʧʣʝʥʠʷ ʆɺ (ʪʘʙʣ.) ʠ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʚ ʨʘʡʦʥʝ ʂʨʘʩʥʦʡ ɻʦʨʢʠ ʠ ʨ. ʉʦʭʦʯʫʣ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʝ ʀʪʢʫʣʴʩʢʦʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʪʨʝʱʠʥʥʦʡ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʛʨʘʥʠʪʦʠʜʦʚ 

ʋʣʝʥʴ-ʊʫʠʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʥʠʞʥʝʜʝʚʦʥʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʙʳʩʢʘʨʩʢʦʡ ʩʝʨʠʠ. ʆʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ 

ʵʧʠʛʝʥʝʪʠʯʥʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʤʝʱʘʶʱʠʤ ʪʫʬʘʤ, ʪʝʨʤʠʯʝʩʢʠ ʟʨʝʣʦʝ ʠ ʧʦ ʩʪʝʧʝʥʠ ʢʘʪʘʛʝʥʝʟʘ ʦʪʥʦʩʠʪʩʷ ʢ 

ʛʣʘʚʥʦʡ ʬʘʟʝ ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʛʝʥʝʨʘʮʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʩʨʝʜʥʝʛʦ 

ʜʝʚʦʥʘ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ.  
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ʇɸʃɽʆʅʊʆʃʆɻʀʏɽʉʂʀɽ ʅɸʍʆɼʂʀ ʊɽʈʀʆʌɸʋʅʓ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ɹɽʃɸʈʋʉʀ 

ɸ.ʀ. ɻʫʮ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʩʠʩʪʝʥʪ ʊ.ɸ. ʄʝʣʝʞ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳ, ʛ. ɻʦʤʝʣʴ, ʈʝʩʧʫʙʣʠʢʘ 
ɹʝʣʘʨʫʩʴ 

ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʥʘʭʦʜʢʠ ʚ ɹʝʣʘʨʫʩʠ ʜʦʚʦʣʴʥʦ ʯʘʩʪʳ, ʦʜʥʘʢʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʛʦʛʦ ʚʨʝʤʝʥʠ ʠʤ ʥʝ 

ʧʨʠʜʘʚʘʣʠ ʙʦʣʴʰʦʛʦ ʟʥʘʯʝʥʠʷ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʦʩʪʘʥʢʦʚ ʜʨʝʚʥʠʭ ʞʠʚʦʪʥʳʭ ʥʘʭʦʜʷʪ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʠ ʚ ʤʝʩʪʘʭ, 

ʛʜʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʩʳʨʴʷ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚ ɹʝʣʘʨʫʩʠ ʥʝʪ ʥʠ ʦʜʥʦʛʦ ʤʫʟʝʷ, ʛʜʝ ʤʦʞʥʦ 

ʙʳʣʦ ʙʳ ʫʚʠʜʝʪʴ ʧʦʣʥʦʤʘʩʰʪʘʙʥʳʝ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʩʢʝʣʝʪʳ, ʪʘʢ ʢʘʢ ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʭʦʜʢʠ ʜʦʣʛʦʝ ʚʨʝʤʷ 

ʦʩʪʘʶʪʩʷ ʥʘ ʤʝʩʪʝ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ ʙʳʩʪʨʦ ʨʘʟʨʫʰʘʶʪʩʷ, ʘ ʪʘʢʞʝ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʥʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʦʣʞʥʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ.  

ɺ ʠʩʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʢʦʩʪʥʳʭ ʦʩʪʘʥʢʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʜʘʪʠʨʫʝʤʳʭ ʧʣʝʡʩʪʦʮʝʥʦʤ) ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʇ.ʌ. ʂʘʣʠʥʦʚʩʢʠʡ ʚʳʜʝʣʷʣ ʪʨʠ ʵʪʘʧʘ: I ï ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʡ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʨʳʚʦʯʥʳʤʠ ʩʚʝʜʝʥʠʷʤʠ ʦ ʥʘʭʦʜʢʘʭ ʦʩʪʘʥʢʦʚ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ; II ï ʩ 1917 ʧʦ 1945 ʛ., ʭʘʨʘʢʪʝʨʥʦ 

ʧʣʘʥʦʤʝʨʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʦʪʢʨʳʪʠʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʠʭ ʩʪʦʷʥʦʢ ʩ ʦʩʪʘʪʢʘʤʠ ʪʝʨʠʦʬʘʫʥʳ; III ï ʩ 1945 

ʛ. ʧʦ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʠʟʫʯʝʥʠʝʤ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠ ʠʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

I ʵʪʘʧ. ɺ ʥʘʯʘʣʝ XIX ʚʝʢʘ ʥʘʯʠʥʘʝʪʩʷ ʧʘʣʝʦʟʦʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ɹʝʣʘʨʫʩʠ, ʪʘʢ ʚ 1831 ʛ. ʦʙʥʘʨʫʞʝʥʳ 

ʟʫʙʳ ʥʦʩʦʨʦʛʘ ʚ ʄʠʥʩʢʦʡ ʛʫʙʝʨʥʠʠ ʠ ʢʦʩʪʠ ʤʘʤʦʥʪʘ ʚ ʄʦʟʳʨʩʢʦʤ ʫʝʟʜʝ. ɺ 1874 ʛʦʜʫ ʦʙʥʘʨʫʞʝʥ ʙʠʚʝʥɹ ʤʘʤʦʥʪʘ 

ʚ ʄʦʛʠʣʸʚʩʢʦʡ ʛʫʙʝʨʥʠʠ. ɺ 1886-1887 ʛʛ. ʧʨʠ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪʘʭ ʚʦʟʣʝ ʚʦʢʟʘʣʘ ɼʚʠʥʩʢʦ-ɺʠʪʝʙʩʢʦʡ ʞʝʣʝʟʥʦʡ 

ʜʦʨʦʛʠ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ɿʘʧʘʜʥʦʡ ɼʚʠʥʳ ʥʘʡʜʝʥʳ ʜʚʘ ʯʝʨʝʧʘ ʦʚʮʝʙʳʢʦʚ ʠ ʟʫʙ ʤʘʤʦʥʪʘ. ʂʦʩʪʠ ʠʩʢʦʧʘʝʤʳʭ 

ʞʠʚʦʪʥʳʭ ʥʘʭʦʜʠʣʠ ʪʘʢʞʝ ʚ ʉʣʫʮʢʦʤ ʫʝʟʜʝ ʄʠʥʩʢʦʡ ʛʫʙʝʨʥʠʠ. ɺ 1892 ʛ. ʚ ʠʟʚʝʩʪʥʷʢʝ ʙʣʠʟ ʆʨʰʠ ʥʘʡʜʝʥʳ ʜʚʘ 

ʬʨʘʛʤʝʥʪʘ ʯʝʨʝʧʘ ʤʘʤʦʥʪʘ, ʘ ʥʘ ʜʥʝ ɼʥʝʧʨʘ ʚ ʫʨʦʯʠʱʝ çʂʦʨʯʠʱʝè ʚʦʟʣʝ ʄʦʛʠʣʸʚʘ ʜʚʘ ʮʝʣʳʭ ʟʫʙʘ ʤʘʤʦʥʪʘ. ʋ  

ʛ. ɹʳʭʦʚʘ ʥʘ ʜʥʝ ɼʥʝʧʨʘ ʥʘʡʜʝʥʘ ʯʝʣʶʩʪʴ ʤʦʣʦʜʦʛʦ ʤʘʤʦʥʪʘ ʩ ʜʚʫʤʷ ʟʫʙʘʤʠ. ɺ 1895 ʛ. ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʃʫʯʝʩʳ, 

ʚʦʟʣʝ ɺʠʪʝʙʩʢʘ, ʥʘʡʜʝʥ ʟʫʙ ʤʘʤʦʥʪʘ, ʘ ʚ ʙʝʨʝʛʦʚʳʭ ʦʪʢʦʩʘʭ ʉʦʞʘ ʠ ʥʠʞʝ ï ʢʦʩʪʠ ʤʘʤʦʥʪʘ, ʙʳʢʘ ʠ ʜʨʫʛʠʭ 

ʞʠʚʦʪʥʳʭ.  

II ʵʪʘʧ. ɺ ʧʦʩʣʝʨʝʚʦʣʶʮʠʦʥʥʦʝ ʚʨʝʤʷ ʨʘʩʰʠʨʷʶʪʩʷ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʰʠʨʷʶʪʩʷ 

ʢʦʣʣʝʢʮʠʠ ʚ ʤʫʟʝʷʭ ʛʦʨʦʜʦʚ ʠ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ɹʝʣʘʨʫʩʠ. ɺ 1926 ʛʦʜʫ ʀ.ɸ. ʉʝʨʙʦʚ ʩʦʩʪʘʚʠʣ ʧʝʨʚʫʶ ʢʘʨʪʫ ʥʘʭʦʜʦʢ 

ʤʘʤʦʥʪʘ. ɺ ʢʦʥʮʝ 20-ʭ ʛʛ. ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʙʳʣʠ ʦʪʢʨʳʪʳ ʚʝʨʭʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʠʝ ʩʪʦʷʥʢʠ ɹʝʨʜʳʞ (1926 ʛ.) ʠ 

ʖʨʦʚʠʯʠ (1929 ʛ.). ʂ ʵʪʦʤʫ ʚʨʝʤʝʥʠ ʚ ʨʝʩʧʫʙʣʠʢʝ ʫʞʝ ʠʟʚʝʩʪʥʳ ʥʘʭʦʜʢʠ ʢʦʩʪʝʡ ʠʩʢʦʧʘʝʤʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʟ 

87 ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ. ʇʝʨʚʦʝ ʜʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʦʩʪʘʥʢʦʚ ʘʥʪʨʦʧʦʛʝʥʦʚʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʟ ʙʝʣʦʨʫʩʩʢʠʭ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʩʜʝʣʘʣ ɺ.ʀ. ɻʨʦʤʦʚ, ʠʟʫʯʘʚʰʠʡ ʧʦ ʨʘʩʢʦʧʢʘʤ ʬʘʫʥʫ ʚʝʨʭʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʩʪʦʷʥʢʠ ɹʝʨʜʳʞ.  

III ʵʪʘʧ. ɺʦ ʚʨʝʤʷ ɺʝʣʠʢʦʡ ʆʪʝʯʝʩʪʚʝʥʥʦʡ ʚʦʡʥʳ ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ ʤʫʟʝʠ, ʫʥʠʯʪʦʞʝʥʳ ʢʦʣʣʝʢʮʠʠ. ɺ 

ʧʦʩʣʝʚʦʝʥʥʳʝ ʛʦʜʳ ʥʘʯʘʣʠʩʴ ʥʦʚʳʝ ʧʦʠʩʢʠ ʧʘʣʝʦʬʘʫʥʳ, ʠ ʙʳʣʠ ʦʪʢʨʳʪʳ ʥʦʚʳʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ. ɺ 1953 ʛ. ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʘʨʴʝʨʝ ʚʦʟʣʝ ʜ. ʉʪʨʝʣʴʮʳ ʙʳʚʰʝʛʦ ʉʢʠʜʝʣʴʩʢʦʛʦ ʨʘʡʦʥʘ ɻʨʦʜʥʝʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʡʜʝʥ ʯʝʨʝʧ 

ʦʚʮʝʙʳʢʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʚʳʷʩʥʠʪʴ ʯʠʩʣʦ ʠ ʩʦʩʪʘʚ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʦʧʠʩʘʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʩʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ʢʨʘʝʚʝʜʯʝʩʢʠʭ ʤʫʟʝʝʚ 

ʨʝʩʧʫʙʣʠʢʠ, ʩʦʩʪʘʚʣʝʥʘ ʢʘʨʪʘ ʥʘʭʦʜʦʢ ʘʥʪʨʦʧʦʛʝʥʦʚʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʀʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠʰʣʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʚ 

ɹʝʣʘʨʫʩʠ ʩʫʱʝʩʪʚʦʚʘʣʠ ʤʣʝʢʦʧʠʪʘʶʱʠʝ, ʚʭʦʜʠʚʰʠʝ ʚ ʩʦʩʪʘʚ ʥʝ ʪʦʣʴʢʦ ʚʝʨʭʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʛʦ, ʥʦ ʠ ʙʦʣʝʝ 

ʜʨʝʚʥʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɼʝʣʘʶʪʩʷ ʥʦʚʳʝ ʥʘʭʦʜʢʠ ʠʩʢʦʧʘʝʤʳʭ ʦʩʪʘʪʢʦʚ ʠʟ ʠʟʚʝʩʪʥʳʭ ʠ ʥʦʚʳʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ, 

ʠʟʫʯʘʶʪʩʷ ʧʘʣʝʦʪʝʨʠʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ ʤʫʟʝʝʚ ʨʝʩʧʫʙʣʠʢʠ. ʇʨʦʜʦʣʞʘʶʪ ʦʙʥʘʨʫʞʠʚʘʪʴʩʷ ʥʦʚʳʝ ʜʣʷ 

ɹʝʣʘʨʫʩʠ ʚʠʜʳ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ: ʣʝʩʥʦʡ ʩʣʦʥ ʧʘʣʝʦʣʦʢʩʦʜʦʥ, ʧʝʱʝʨʥʳʡ ʣʝʚ, ʩʘʡʛʘʢ. ʊʘʢʞʝ 

ʠʤʝʶʪ ʤʝʩʪʦ ʠʥʪʝʨʝʩʥʳʝ ʥʘʭʦʜʢʠ ʫʞʝ ʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ.  

ʆʩʦʙʝʥʥʦ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʪʘʥʢʠ ʤʘʤʦʥʪʦʚ ï ʦʜʥʠʭ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʜʦʠʩʪʦʨʠʯʝʩʢʠʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʪʘʪʢʠ Archidiscodon cf. meridionalis, Mammuthus cf. 

trogontherii, Mammuthus ex gr. chosaricus, Mammuthus primigenius. ɺʩʝ ʵʪʠ ʚʠʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʩʣʦʥʦʚʳʭ 

(Elephantidae). ʕʪʠ ʨʘʩʪʠʪʝʣʴʥʦʷʜʥʳʝ ʞʠʚʦʪʥʳʝ ʦʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʙʳʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ 

ʦʢʦʣʦ 15-20 ʪʳʩʷʯ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ.  

ʈʘʥʥʝʡ ʥʘʭʦʜʢʦʡ ʦʩʪʘʥʢʦʚ ʢʨʫʧʥʳʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʩʢʝʣʝʪ ʤʘʤʦʥʪʘ, ʥʘʡʜʝʥʥʳʡ ʧʨʠ ʨʳʪʴʝ ʢʦʪʣʦʚʘʥʘ ʧʦʜ ʢʦʩʪʸʣ (ʩʪʨʦʠʣʩʷ ʩ 1589 ʧʦ 1604 ʛ.) ʚ ʛ.ʧ. ʄʠʨ, 

ʩʝʡʯʘʩ ʂʦʨʝʣʠʯʩʢʠʡ ʨʘʡʦʥ ɻʨʦʜʥʝʥʩʢʘʷ ʦʙʣʘʩʪʴ. ʂʦʩʪʠ ʤʘʤʦʥʪʘ, ʥʘʡʜʝʥʥʳʝ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʭʨʘʥʠʣʠʩʴ 

ʚ ʇʦʣʦʮʢʦʤ ʤʫʟʝʝ. ɺ XVIII ʚʝʢʝ ʢʦʣʣʝʢʮʠʝʡ ʢʦʩʪʝʡ ʤʘʤʦʥʪʦʚ ʨʘʩʧʦʣʘʛʘʣ ʄʫʟʝʡ ʇʦʣʦʮʢʦʛʦ ʠʝʟʫʠʪʩʢʦʛʦ 

ʢʦʣʣʝʛʠʫʤʘ, ʘ ʚ XIX ʩʪʦʣʝʪʠʠ ʦ ʥʘʭʦʜʢʘʭ ʤʘʤʦʥʪʦʚ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʄʦʛʠʣʸʚʘ, ɹʳʭʦʚʘ, ɺʠʪʝʙʩʢʘ, ʆʨʰʠ, ʉʣʫʮʢʘ, 

ɻʦʤʝʣʷ ʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʩʦʦʙʱʘʣʠ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʠ ʠ ʠʩʩʣʝʜʦʚʘʪʝʣʠ. ɺ ʵʪʦ ʚʨʝʤʷ ʤʘʤʦʥʪʦʚʳʝ ʙʠʚʥʠ ʠʥʦʛʜʘ 

ʜʘʞʝ ʧʨʦʜʘʚʘʣʠʩʴ ʥʘ ʢʨʫʧʥʳʭ ʙʝʣʦʨʫʩʩʢʠʭ ʷʨʤʘʨʢʘʭ ʢʘʢ ʧʦʜʝʣʦʯʥʳʡ ʤʘʪʝʨʠʘʣ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 200 ʥʘʭʦʜʦʢ ʤʘʤʦʥʪʦʚ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʠʟ ʥʠʭ ʩʘʤʳʝ 

ʠʟʚʝʩʪʥʳʝ ʟʘʭʦʨʦʥʝʥʠʷ ï ʵʪʦ ʖʨʦʚʠʯʠ ʠ ɹʝʨʜʳʞ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʡʦʥʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʩʪʦʷʥʢʠ ɹʝʨʜʳʞ ʙʳʣ 

ʥʘʡʜʝʥ ʦʙʣʦʤʦʢ ʧʣʝʯʝʚʦʡ ʢʦʩʪʠ ʤʘʤʦʥʪʘ Mammuthus primigenius Blum. (ʚʦʟʨʘʩʪ ʦʢʦʣʦ 23,4 ʪʳʩ. ʣʝʪ) ʠ ʜʨʫʛʠʝ 

ʯʘʩʪʠ ʩʢʝʣʝʪʘ, ʘ ʧʨʠ ʨʘʩʢʦʧʢʘʭ ʧʦʟʜʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʩʪʦʷʥʢʠ ʖʨʦʚʠʯʠ ï ʦʙʣʦʤʦʢ ʣʫʯʝʚʦʡ ʢʦʩʪʠ ʤʘʤʦʥʪʘ 

Mammuthus primigenius Blum. (ʚʦʟʨʘʩʪ 26,4 ʪʳʩ. ʣʝʪ), ʘ ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ. ɺ 2006 ʛʦʜʫ ʪʘʤ ʙʳʣʘ 

ʥʘʡʜʝʥʘ ʮʝʣʠʢʦʤ ʩʦʭʨʘʥʠʚʰʘʷʩʷ ʛʦʣʦʚʘ ʤʘʤʦʥʪʘ ʩ ʙʠʚʥʷʤʠ. ʇʦ ʩʣʦʚʘʤ ʘʨʭʝʦʣʦʛʦʚ, ʚʦʟʨʘʩʪ ʵʪʦʡ ʥʘʭʦʜʢʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 26,5 ʪʳʩ. ʣʝʪ.  

ɺʘʞʥʝʡʰʠʝ ʥʘʭʦʜʢʠ: 

1908 ʛʦʜ ï ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʜʝʧʦ ʙʳʚʰʝʡ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʡ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʦʙʥʘʨʫʞʝʥʳ ʦʙʣʦʤʢʠ 

ʙʠʚʥʝʡ, ʟʫʙʳ, ʣʦʧʘʪʢʠ ʠ ʜʨʫʛʠʝ ʢʦʩʪʠ ʤʘʤʦʥʪʦʚ; ʢʦʩʪʠ ʪʫʨʘ ʠ ʠʩʢʦʧʘʝʤʦʡ ʣʦʰʘʜʠ.  

1923 ʛʦʜ ï ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʉʚʠʩʣʦʯʠ ʚ ʨʘʡʦʥʝ ʨ. ʃʦʰʠʮʳ ʥʘʡʜʝʥ ʯʝʨʝʧ ʦʚʮʝʙʳʢʘ.  

1929 ʛʦʜ ï ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣʠʮ ʉʣʝʩʘʨʥʦʡ ʠ ʇʫʣʠʭʦʚʘ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʉʚʠʩʣʦʯʠ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ 

ʧʦʛʣʦʱʘʶʱʝʛʦ ʢʦʣʦʜʮʘ ʩ ʛʣʫʙʠʥʳ ʦʢʦʣʦ 6 ʤʝʪʨʦʚ ʠʟʚʣʝʢʣʠ ʢʦʩʪʠ ʤʘʤʦʥʪʘ. 

1937 ʛʦʜ ï ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʥʘ ʩʢʣʦʥʝ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ʅʝʤʘʥʘ ʙʳʣʠ ʩʦʙʨʘʥʳ 

ʢʦʩʪʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (ʰʝʨʩʪʠʩʪʦʛʦ ʥʦʩʦʨʦʛʘ, ʤʘʤʦʥʪʘ, ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʣʝʥʷ). ʋʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʟʫʙʦʚ ʤʘʤʦʥʪʘ ʧʝʨʝʭʦʜʥʦʛʦ ʠ ʧʦʟʜʥʝʛʦ ʪʠʧʦʚ, ʢʦʩʪʝʡ ʰʝʨʩʪʠʩʪʦʛʦ ʥʦʩʦʨʦʛʘ, ʨʦʛʘ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʣʝʥʷ. ɺ 

0,5 ʢʤ ʦʪ ʚʳʰʝʦʧʠʩʘʥʥʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʚ ʦʚʨʘʛʝ ʫ ʜ. ʉʦʣʳ ʥʘʡʜʝʥʳ ʟʫʙʳ ʤʘʤʦʥʪʘ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ 

ʪʠʧʦʚ.  

ʢʦʥʝʮ 30-ʭ ʛʛ. ï ʥʘ ʶʞʥʦʡ ʦʢʨʘʠʥʝ ʛ. ʂʨʠʯʝʚʘ ʄʦʛʠʣʝʚʩʢʦʡ ʦʙʣʘʩʪʠ ʚ ʢʘʨʴʝʨʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʥʘ 

ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨ. ʉʦʞʘ ʦʙʥʘʨʫʞʝʥʳ ʟʫʙʳ ʤʘʤʦʥʪʘ ʧʝʨʝʭʦʜʥʦʛʦ ʠ ʧʦʟʜʥʝʛʦ ʪʠʧʦʚ. 

1959 ʛʦʜ ï ʧʨʠ ʜʦʙʳʯʝ ʛʣʠʥʳ ʚ ʢʘʨʴʝʨʝ ʢʠʨʧʠʯʥʦʛʦ ʟʘʚʦʜʘ ʚ ʛ. ʇʝʪʨʠʢʦʚʝ ɻʦʤʝʣʴʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣ 

ʥʘʡʜʝʥ ʧʦʣʥʳʡ, ʥʘʩʢʦʣʴʢʦ ʦʙ ʵʪʦʤ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʨʘʩʩʢʘʟʳ ʨʘʙʦʯʠʭ, ʩʢʝʣʝʪ ʤʘʤʦʥʪʘ ʨʘʥʥʝʛʦ ʪʠʧʘ.  

ʢʦʥʝʮ 70-ʭ ʛʦʜʦʚ XX ʚʝʢʘ ï ʥʘ ʧʝʨʝʢʨʝʩʪʢʝ ʫʣʠʮ ʍʘʨʴʢʦʚʩʢʦʡ ʠ ʧʨʦʩʧʝʢʪʘ ʇʫʰʢʠʥʘ (ʛ. ʄʠʥʩʢ) ʧʨʠ 

ʧʨʦʢʣʘʜʢʝ ʚʦʜʦʧʨʦʚʦʜʘ ʥʘ ʛʣʫʙʠʥʝ ʦʢʦʣʦ 1,5 ʤʝʪʨʘ ʦʙʥʘʨʫʞʝʥ ʦʙʣʦʤʦʢ ʙʠʚʥʷ ʜʣʠʥʦʡ 82 ʩʤ, ʢʦʪʦʨʳʡ 

ʧʨʠʥʘʜʣʝʞʘʣ ʤʦʣʦʜʦʤʫ ʤʘʤʦʥʪʫ.  

1982 ʛʦʜ ï ʚ ʢʘʨʴʝʨʝ ɻʨʘʣʝʚʦ ʚ ʧʦʩʝʣʢʝ ʈʫʙʘ ʧʦʜ ɺʠʪʝʙʩʢʦʤ ʙʳʣʦ ʥʘʡʜʝʥʦ 36 ʬʨʘʛʤʝʥʪʦʚ ʢʦʩʪʝʡ 

ʩʢʝʣʝʪʘ ʤʘʤʦʥʪʘ; 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

2006 ʛʦʜ ï ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʥʘ ʧʝʨʝʩʝʯʝʥʠʠ ʧʨʦʩʧʝʢʪʘ ʅʝʟʘʚʠʩʠʤʦʩʪʠ ʠ ʫʣʠʮʳ 

ʈʫʩʩʠʷʥʦʚʘ (ʛ. ʄʠʥʩʢ) ʩ ʛʣʫʙʠʥʳ ʧʨʠʤʝʨʥʦ 8 ʤʝʪʨʦʚ ʙʳʣʘ ʧʦʜʥʷʪʘ ʢʦʩʪʴ ʜʣʠʥʦʡ ʙʦʣʝʝ ʤʝʪʨʘ ʠ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 

30 ʩʘʥʪʠʤʝʪʨʦʚ, ʧʨʠʥʘʜʣʝʞʘʱʘʷ ʠʩʢʦʧʘʝʤʦʤʫ ʞʠʚʦʪʥʦʤʫ. ʈ̫ ʜʦʤ ʩ ʧʣʝʯʝʚʦʡ ʢʦʩʪʴʶ ʩʣʦʥʘ ʣʝʩʥʦʛʦ ʦʙʥʘʨʫʞʝʥʳ 

ʦʙʣʦʤʢʠ ʨʝʙʝʨ, ʧʦʟʚʦʥʢʠ ʞʠʚʦʪʥʦʛʦ ʠ ʝʛʦ ʧʦʟʚʦʥʦʯʥʳʡ ʜʠʩʢ. ʆʥʠ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʳʞʝʚʘʪʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʩʠʣʴʥʦ 

ʥʘʩʳʱʝʥʥʳʭ ʤʝʣʢʠʤʠ ʨʘʢʫʰʢʘʤʠ. ʇʦʜʦʙʥʘʷ ʥʘʭʦʜʢʘ ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ ʚ ɹʝʣʘʨʫʩʠ. ʆʩʪʘʥʢʠ ʵʪʦʛʦ ʞʠʚʦʪʥʦʛʦ 

ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʝʞʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ɸʥʛʣʠʠ, ɻʝʨʤʘʥʠʠ, ɻʦʣʣʘʥʜʠʠ, ʇʦʣʴʰʠ ʠ ɺʦʨʦʥʝʞʩʢʦʡ ʦʙʣʘʩʪʠ 

ʈʦʩʩʠʠ. ʉʣʦʥ ʣʝʩʥʦʡ ʦʪʥʦʩʠʪʩʷ ʢ ʦʪʨʷʜʫ ʭʦʙʦʪʥʳʭ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʥʘʜʣʝʞʘʪ ʠ ʤʘʤʦʥʪʳ. ɾʠʣʠ ʩʣʦʥʳ ʣʝʩʥʳʝ ʚ 

ʫʩʣʦʚʠʷʭ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʭ ʣʝʩʦʚ ʚ ʪʝʧʣʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʥʘʢʘʥʫʥʝ ʧʦʩʣʝʜʥʝʛʦ ɺʘʣʜʘʡʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ, 

ʢʦʪʦʨʦʝ ʟʘʚʝʨʰʠʣʦʩʴ 18 ʪʳʩ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ. ʕʪʦʪ ʧʝʨʠʦʜ ʧʦʪʝʧʣʝʥʠʷ, ʥʘʟʳʚʘʝʤʳʡ ʄʠʢʫʣʠʥʩʢʠʤ 

ʤʝʞʣʝʜʥʠʢʦʚʴʝʤ, ʠʤʝʣ ʤʝʩʪʦ ʧʨʠʤʝʨʥʦ 110-95 ʪʳʩ. ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ. ʊʦʛʜʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʙʳʣʦ ʦʯʝʥʴ 

ʪʝʧʣʦ, ʠ ʨʦʩʣʠ ʰʠʨʦʢʦʣʠʩʪʚʝʥʥʳʝ ʣʝʩʘ, ʚ ʢʦʪʦʨʳʭ ʠ ʚʦʜʠʣʠʩʴ ʩʣʦʥʳ ʣʝʩʥʳʝ; 

2006 ʛʦʜ ï ʚ ʢʘʨʴʝʨʝ ʉʪʨʘʞʝʚʦ ɼʫʙʨʦʚʝʥʩʢʦʛʦ ʨʘʡʦʥʘ ɺʠʪʝʙʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʡʜʝʥʳ ʦʩʪʘʥʢʠ ʜʨʝʚʥʝʛʦ 

ʞʠʚʦʪʥʦʛʦ. ʅʘʭʦʜʢʘ ʩʦʩʪʦʷʣʘ ʠʟ ʯʝʪʳʨʝʭ ʯʘʩʪʝʡ: ʬʨʘʛʤʝʥʪʘ ʢʦʩʪʠ ʧʦʟʚʦʥʦʯʥʠʢʘ ʠ ʪʨʝʭ ʬʨʘʛʤʝʥʪʦʚ ʙʠʚʥʷ. ʆʜʠʥ 

ʠʟ ʬʨʘʛʤʝʥʪʦʚ ʙʠʚʥʷ ʠʤʝʝʪ ʜʣʠʥʫ ʧʨʠʤʝʨʥʦ 1,5 ʤʝʪʨʘ, ʚʪʦʨʦʡ ʦʢʦʣʦ 20-30 ʩʘʥʪʠʤʝʪʨʦʚ, ʪʨʝʪʠʡ ʦʢʦʣʦ  

12 ʩʘʥʪʠʤʝʪʨʦʚ.  

2008 ʛʦʜ ï ʚ ʄʠʥʩʢʝ ʚ ʨʘʡʦʥʝ ʫʣʠʮʳ ʫʜʘʣʦʩʴ ʨʘʩʢʦʧʘʪʴ ʬʨʘʛʤʝʥʪʳ ʩʢʝʣʝʪʦʚ 19 ʦʩʦʙʝʡ Mammuthus 

primigenius Blum.. ʇʨʠ ʦʙʩʣʝʜʦʚʘʥʠʠ ʪʝʨʨʠʪʦʨʠʠ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʦʟʜʥʝʧʦʦʟʝʨʩʢʦʡ ʪʝʨʨʘʩʝ ʨ. ʉʚʠʩʣʦʯʴ. ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʬʨʘʛʤʝʥʪʳ ʢʦʩʪʝʡ ʧʨʠʥʘʜʣʝʞʘʪ 

ʞʠʚʦʪʥʳʤ ʨʘʟʣʠʯʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ. ʊʘʢ ʠʟ ʬʨʘʛʤʝʥʪʦʚ 19 ʦʩʦʙʝʡ: 1 ʦʩʦʙʴ ʚ ʚʦʟʨʘʩʪʝ 50 ʣʝʪ (ʩʪʘʨʘʷ ʩʘʤʢʘ-

ʚʦʞʘʢ) , 3 ʦʩʦʙʠ ï 30-45 ʣʝʪ (ʩʪʘʨʳʝ), 1 ʞʠʚʦʪʥʦʝ 30 ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ (ʚʟʨʦʩʣʦʝ) , 3 ʦʩʦʙʠ ʙʳʣʠ ʚ ʚʦʟʨʘʩʪʝ 25-30 

ʣʝʪ (ʚʟʨʦʩʣʳʝ ʤʦʣʦʜʳʝ ʞʠʚʦʪʥʳʝ), 6 ʦʩʦʙʝʡ ï 10-20 ʣʝʪʥʝʛʦ ʚʦʟʨʘʩʪʘ (ʧʦʜʨʦʩʪʢʠ), 3 ʦʩʦʙʠ ï ʦʪ 6 ʜʦ 9 ʣʝʪ 

(ʤʘʣʳʰʠ), 2 ʦʩʦʙʠ ï 2-6 ʣʝʪ (ʤʘʣʳʰʠ). ɺʦʟʨʘʩʪ ʢʦʩʪʝʡ 23,4 ʪʳʩ. ʣʝʪ. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʦʩʪʘʪʢʠ ʧʘʣʝʦʪʝʨʠʦʬʘʫʥʳ. 

ɺʩʪʨʝʯʝʥʳ ʦʩʪʘʪʢʠ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʪʠʧʦʚ ʤʘʤʦʥʪʘ, ʘ ʪʘʢʞʝ, ʧʝʨʝʭʦʜʥʳʡ ʪʠʧ, ʟʘʥʠʤʘʚʰʠʡ ʧʨʦʤʝʞʫʪʦʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʧʝʨʚʳʤʠ ʜʚʫʤʷ ʪʠʧʘʤʠ ʧʦ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʧʦʩʣʝʜʥʠʭ ʢʦʨʝʥʥʳʭ ʟʫʙʦʚ.  

ʆʩʪʘʪʢʠ ʨʘʥʥʝʛʦ ʪʠʧʘ ʤʘʤʦʥʪʘ ʚ ʢʦʨʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ, 

ʟʘʣʝʛʘʶʱʠʭ ʧʦʜ ʤʦʨʝʥʦʡ ʚ ʮʦʢʦʣʝ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ʇʨʠʧʷʪʠ ʚ ʛ. ʇʝʪʨʠʢʦʚʝ. ʆʩʪʘʪʢʠ ʤʘʤʦʥʪʘ 

ʧʝʨʝʭʦʜʥʦʛʦ ʪʠʧʘ ʩʚʷʟʘʥʳ, ʚʠʜʠʤʦ, ʩ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʨʝʯʥʦʡ ʪʝʨʨʘʩʳ ʅʝʤʘʥʘ (ʫʨʦʯʠʱʝ 

çʈʫʤʣʦʚʢʘè), ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ɼʥʝʧʨʘ (ʇʘʰʠʥʦ, ʂʦʧʳʩʴ), ʉʦʞʘ (ʂʨʠʯʝʚ), ʙʣʠʟʢʠʤʠ ʢ ʥʠʤ ʧʦ 

ʚʦʟʨʘʩʪʫ ʦʪʣʦʞʝʥʠʷʤʠ ɹʝʨʜʳʞʩʢʦʡ ʚʝʨʭʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʩʪʦʷʥʢʠ. ʆʩʪʘʥʢʠ ʤʘʤʦʥʪʘ ʧʦʟʜʥʝʛʦ ʪʠʧʘ ʠʟʚʝʩʪʥʳ 

ʠʟ ʘʣʣʶʚʠʷ ʧʝʨʚʳʭ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʅʝʤʘʥʘ (ʈʫʤʣʦʚʢʘ. ʉʦʣʳ), ɼʥʝʧʨʘ (ʂʦʧʳʩʴ). ʉʦʞʘ (ʂʨʠʯʝʚ, ʉʪʘʨʦʝ 

ʉʝʣʦ) ʠ ʩ ʧʣʦʱʘʜʠ ʧʦʟʜʥʝʚʶʨʤʩʢʦʡ ʖʨʦʚʠʯʩʢʦʡ ʚʝʨʭʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʩʪʦʷʥʢʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʪʘʥʢʠ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʞʠʚʦʪʥʳʭ ʥʘʭʦʜʠʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʜʘʚʥʦ. ʆ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʨʦʰʣʦʛʦ ʤʳ ʟʥʘʝʤ ʧʦ ʦʢʘʤʝʥʝʣʦʩʪʷʤ ï ʢʦʩʪʥʳʤ ʦʩʪʘʥʢʘʤ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʚ 

ʚʝʨʭʥʠʭ ʩʣʦʷʭ ʟʝʤʣʠ. ʆʙʲʝʢʪʘʤʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʢʦʩʪʠ, ʟʫʙʳ ʤʘʤʦʥʪʦʚ ʠ ʭʦʨʦʰʦ 

ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʪʨʫʧʳ, ʢʦʪʦʨʳʝ ʚʝʩʴʤʘ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʦʪʣʦʞʝʥʠʷʭ Hʣʝʜʥʠʢʦʚʦʡ ʵʧʦʭʠH. ʊʘʢʠʝ ʥʘʭʦʜʢʠ 

ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʧʦʯʪʠ ʚ 200 ʧʫʥʢʪʘʭ.  

 
ʀɿʋʏɽʅʀɽ ɺʆɿʄʆɾʅʆʉʊʀ ʉɸʄʆɺʆʉʉʊɸʅʆɺʃɽʅʀʗ ɿɸʇɸʉʆɺ ʅɽʌʊʗʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ 
ɼʘʥʛ ʅʷʥ ʊʭʦʥʛ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ʆ.ʀ. ʅʘʣʝʩʥʠʢ, ʘʩʧʠʨʘʥʪ ʅʛʫʝʥ ʄʘʥʴ ʍʠʝʫ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɹʝʟ ʩʦʤʥʝʥʠʷ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʤ ʚʨʝʤʷ ʥʝʬʪʴ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʯʝʣʦʚʝʯʝʩʢʦʡ 

ʮʠʚʠʣʠʟʘʮʠʠ. ʅʝʬʪʴ ï ʠʩʪʦʯʥʠʢ ʙʦʛʘʪʩʪʚʘ ʠ ʧʨʦʮʚʝʪʘʥʠʷ, ʥʝʬʪʴ ï ʧʨʠʯʠʥʘ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚʦʡʥʳ ʠ ʢʘʪʘʩʪʨʦʬ. 

ʇʝʨʝʜ ʢʦʥʲʶʥʢʪʫʨʦʡ ʚʦʟʤʦʞʥʦʛʦ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦ ʚʩʝʤ ʤʠʨʝ ʯʝʨʝʟ ʚʩʝʛʦ ʜʝʩʷʪʢʠ 

ʣʝʪ, ʟʘʜʘʯʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʬʪʠ ʩʪʘʣʘ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʘ. 

ʋʛʨʦʟʘ ʠʩʪʦʱʝʥʠʷ ʥʝʬʪʠ ʩʚʷʟʘʥʘ ʩ ʢʦʥʮʝʧʮʠʝʡ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʬʪʠ. ʉʦʛʣʘʩʥʦ ʵʪʦʡ 

ʢʦʥʮʝʧʮʠʠ, ʥʝʬʪʴ ʠ ʫʛʦʣʴ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʦʥʦʚ ʣʝʪ, ʠʭ ʟʘʧʘʩʳ ʣʠʰʴ ʦʛʨʘʥʠʯʝʥʳ, ʠ ʝʩʣʠ ʯʝʣʦʚʝʢ 

ʠʩʧʦʣʴʟʫʝʪ ʵʪʠ ʨʝʩʫʨʩʳ ʩ ʥʳʥʝʰʥʝʡ ʩʢʦʨʦʩʪʴʶ, ʪʦ ʦʥʠ ʠʩʩʷʢʥʫʪ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʀʩʪʦʢʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʥʝʬʪʠ ʚʦʟʥʠʢʣʠ ʚ XVIII ï ʥʘʯʘʣʝ XIX ʚʝʢʘ. ʉʫʪʴ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʡ 

ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʝʱʸ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚ, ʧʠʩʘʚʰʠʡ ʚ 1763 ʛʦʜʫ ʦ 

ʨʦʞʜʝʥʠʠ ʦʥʦʡ ʙʫʨʦʡ ʤʘʪʝʨʠʠ ʠʟ ʦʩʪʘʪʢʦʚ ʨʘʩʪʝʥʠʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʪʝʧʣʘ ɿʝʤʣʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʦʨʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ ʩʣʫʞʠʪ ʦʧʳʪ ʥʝʤʝʮʢʠʭ ʫʯʝʥʳʭ ɻ.ɻʝʬʝʨʘ ʠ ʂ.ʕʥʛʣʝʨʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʠʤʠ ʚ 1888 ʛʦʜʫ. 

ʆʥʠ ʦʩʫʱʝʩʪʚʠʣʠ ʧʝʨʝʛʦʥʢʫ ʨʳʙʴʝʛʦ ʞʠʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 400 ʉ ʠ ʜʘʚʣʝʥʠʠ ʦʢʦʣʦ 1 ʄʇʘ. ʇʨʠ ʵʪʦʤ ʠʤ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ, ʧʘʨʘʬʠʥ, ʩʤʘʟʦʯʥʳʝ ʤʘʩʣʘ, ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʘʣʢʝʥʦʚ, ʥʘʬʪʝʥʦʚ ʠ 

ʘʨʝʥʦʚ. ʇʦʟʞʝ ʘʢʘʜʝʤʠʢ ʅ.ɼ. ɿʝʣʠʥʩʢʠʡ ʧʨʦʚʦʜʠʣ ʧʦʭʦʞʠʡ ʦʧʳʪ, ʥʦ ʠʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʙʳʣ ʚʳʙʨʘʥ 

ʦʨʛʘʥʠʯʝʩʢʠʡ ʠʣ ʦʙʨʘʟʦʚʘʥʥʳʡ ʠʟ ʚʦʜʦʨʦʩʣʝʡ. ɽʤʫ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʙʝʥʟʠʥ, ʢʝʨʦʩʠʥ, ʪʷʞʝʣʳʝ ʤʘʩʣʘ, ʘ ʪʘʢʞʝ 

ʤʝʪʘʥ [1]. 

ʆ ʬʘʢʪʘʭ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʜʦʩʪʠʛʘʶʱʠʝ ʩʪʘ ʠ ʙʦʣʝʝ ʣʝʪ, ʠ ʩʫʤʤʘʨʥʳʝ ʦʙʲʝʤʳ ʥʘʢʦʧʣʝʥʥʦʡ ʜʦʙʳʯʠ, ʤʥʦʛʦʢʨʘʪʥʦ 

ʧʨʝʚʳʰʘʶʱʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʣʘʥʠʨʫʝʤʳʝ. ʇʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʦʟʥʠʢʘʶʪ 

http://ru.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B4%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D1%8B%D0%B9_%D0%BF%D0%B5%D1%80%D0%B8%D0%BE%D0%B4
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʥʝʦʙʲʷʩʥʷʝʤʳʝ ʧʨʦʪʠʚʦʨʝʯʠʷ. ʋʨʦʚʝʥʴ ʜʦʙʳʯʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʘ ʧʦʟʜʥʠʭ ʝʝ ʵʪʘʧʘʭ ʩʥʘʯʘʣʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 

10-20% ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʜʦʙʳʯʠ, ʘ ʟʘʪʝʤ ʩʪʘʙʠʣʠʟʠʨʫʝʪʩʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʥʝʬʪʝʜʦʙʳʚʘʶʱʠʭ 

ʩʚʝʨʭʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥʘʭ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʝ ʤʝʥʷʝʪʩʷ ʧʦ ʦʙʳʯʥʦʤʫ ʟʘʢʦʥʫ. ʅʘʧʨʠʤʝʨ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

çɹʝʣʳʡ ʪʠʛʨè ʚʦ ɺʴʝʪʥʘʤʝ, ʜʘʚʣʝʥʠʝ ʚ ʥʝʬʪʷʥʳʭ ʠ ʛʘʟʦʚʳʭ ʩʢʚʘʞʠʥʘʭ ʤʥʦʛʦ ʣʝʪ ʥʝ ʧʘʜʘʝʪ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʟʘʧʘʩʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʛʫʪ ʚʦʟʦʙʥʦʚʣʷʪʩɹʷ. ʀʣʠ, ʥʘʧʨʠʤʝʨ, ʐʝʙʝʣʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʫʞʝ 

ʙʦʣʝʝ 50 ʣʝʪ, ʧʨʠ ʵʪʦʤ ʝʛʦ ʨʝʩʫʨʩʳ ʥʝ ʠʩʩʷʢʘʶʪ. ʅʘʯʘʣʴʥʳʝ ʟʘʧʘʩʳ ʛʘʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʫʪʦʯʥʷʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʠ ʚ 2 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʫʪʚʝʨʞʜʝʥʥʳʝ. ɺ 

ʊʘʪʘʨʩʪʘʥʝ ʪʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʦ ʷʚʥʦʝ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʙʲʝʤʦʚ ʜʦʙʳʯʠ ʥʝʬʪʠ. ʉʝʡʯʘʩ ʫʞʝ 

ʠʟʚʣʝʯʝʥʦ ʙʦʣʝʝ 3 ʤʣʨʜ. ʪ. ʥʝʬʪʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʮʝʥʢʘ ʠʭ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʚʩʝʡ ʦʩʘʜʦʯʥʦʡ 

ʪʦʣɦʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 709 ʤʣʥ. ʪ. [2]. ʕʢʩʧʝʨʪʳ ʚ ʊʘʪʘʨʩʪʘʥʝ, ʩʧʝʮʠʘʣʠʩʪ-rʛʝʦʣʦʛʠ ʟʘʷʚʠʣʠ, ʯʪʦ ʟʘʧʘʩʳ ʥʝʬʪʠ, 

ʥʘ ʩʘʤʦʤ ʜʝʣʝ, ʧʦʩʪʦʷʥʥʦ ʩʘʤʦʚʦʟʦʙʥʦʚʣʷʶʪʩʷ, ʧʦʵʪʦʤʫ ʠʭ ʭʚʘʪʠʪ ʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦ ʜʦʣʛʠʡ ʩʨʦʢ. 

 

 
ʈʠʩ. 1 ɼʠʥʘʤʠʢʘ ʜʘʚʣʝʥʠʷ ʥʘ ɸʣʝʢʩʝʝʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

 

ʅʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʦʩʦʙʝʥʥʦʝ ʷʚʣʝʥʠʝ, ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ çʦʞʠʚʰʘʷ ʩʢʚʘʞʠʥʘè. ʅʘ ɸʣʝʢʩʝʝʚʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʥʘʯʘʣʴʥʦʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ (ʜʦ ʨʘʟʨʘʙʦʪʢʠ) ʩʦʩʪʘʚʣʷʣʦ 48,43é49,95 ʄʧʘ, 

ʢʦʛʜʘ ʥʘʯʘʣʦʩʴ ʙʫʨʝʥʠʝ, ʧʣʘʥʦʚʳʝ ʧʨʦʚʝʨʢʠ ʜʘʚʣʝʥʠʷ ʚ ʟʘʙʦʝ ʜʘʣʠ ʩʪʨʘʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʘʚʣʝʥʠʝ ʧʘʜʘʣʦ 

ʛʦʨʘʟʜʦ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʦʙʳʯʥʦ. ɺ 2008 ʛʦʜʫ, ʢʦʛʜʘ ʟʘʧʘʩʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʙʳʣʠ ʫʞʝ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʤʝʨʝ 

ʚʳʨʘʙʦʪʘʥ r ʠ ʩʨʝʜʥʝʝ ʧʣʘʩʪʦʚʦʝ ʜʘʚʣʝʥʠʝ ʩʥʠʟʠʣʦʩʴ ʜʦ 19 ʄʇʘ, ʥʝʬʪʷʥʠʢʠ ʧʨʠʩʪʫʧʠʣʠ ʢ ʦʯʠʩʪʢʝ ʟʘʙʦʷ 

ʩʢʚʘʞʠʥʳ (ʨʠʩ. 1) . ʇʨʠ ʵʪʦʤ ʜʘʚʣʝʥʠʝ ʥʝʦʞʠʜʘʥʥʦ ʨʝʟʢʦ ʚʦʟʨʦʩʣʦ ʜʦ 58 ʄʇʘ ʠ ʥʘʯʘʣʩʷ ʧʨʠʪʦʢ ʛʘʟʦʢʦʥʜʝʥʩʘʪʘ.  

ɽʱʝ ʦʜʠʥ ʧʨʠʤʝʨ - ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʫʜʠʥʦʚʩʢʦʝ (ɺʦʣʛʦʛʨʘʜʩʢʘ ̫ʦʙʣʘʩʪʴ). ɺ ʘʚʛʫʩʪʝ 2009 ʛ. ʬʘʢʝʣ ʥʘ 

ʩʢʚʘʞʠʥʝ ˉ320 ʧʦʣʳʭʘʣ ʦʢʦʣʦ ʥʝʜʝʣʠ. ʉʢʚʘʞʠʥʘ ʙʳʣʘ ʫʞʝ ʜʘʚʥʦ ʚʳʨʘʙʦʪʘʥʘ, ʧʨʘʢʪʠʯʝʩʢʠ ʩʧʠʩʘʥʘ ʩ ʙʘʣʘʥʩʘ. 

ʇʦʞʘʨ ʚʦʟʥʠʢ ʧʨʠ ʧʦʧʳʪʢʝ ʦʩʫʱʝʩʪʚʠʪʴ ʚ ʨʘʡʦʥʝ ʩʢʚʘʞʠʥʳ ʩʚʘʨʦʯʥʳʝ ʨʘʙʦʪʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʥʠʟʫ, ʚ 

ʩʪʚʦʣʝ ʩʢʚʘʞʠʥʳ ʥʘʭʦʜʠʣʠʩʴ ʩʢʦʧʣʝʥʠʷ ʢʦʥʜʝʥʩʘʪʘ, ʠ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʩʢʚʘʞʠʥʫ ʧʦʪʨʝʚʦʞʠʣʠ, ʛʘʟ ʧʦʰʝʣ ʚʚʝʨʭ. 

ʊʝʦʨʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʬʪʠ ʥʝ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʘ 

ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʧʦʨʦʜʘʭ ʬʫʥʜʘʤʝʥʪʘ, ʢʫʜʘ ʦʨʛʘʥʠʟʤʳ ʥʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʙʨʘʪʴʩʷ. 

ɻʣʫʙʠʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʝʣʳʡ ʪʠʛʨè ʚʦ ɺʴʝʪʥʘʤʝ ï 4500ʤ (ʨʠʩ. 2). 

 

 
ʈʠʩ. 2  ʉʭʝʤʘʪʠʯʝʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çɹʝʣʳʡ ʊʠʛʨè 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ɺ 1866 ʛʦʜʫ ʬʨʘʥʮʫʟʩʢʠʡ ʭʠʤʠʢ ʄ.ɹʝʨʪʣʦ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʥʝʬʪʴ ʦʙʨʘʟʦʚʘʣʘʩʴ (ʠ ʦʙʨʘʟʫʝʪʩʷ) ʚ 

ʥʝʜʨʘʭ ɿʝʤʣʠ ʠʟ ʤʠʥʝʨʘʣʴʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʚʦʝʡ ʪʝʦʨʠʠ ʦʥ ʧʨʦʚʝʣ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʠ 

ʝʤʫ ʫʜʘʣʦʩʴ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʫʛʣʝʚʦʜʦʨʦʜʳ ʠʟ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. 

ɼʝʩʷʪʴ ʣʝʪ ʩʧʫʩʪʷ, 15 ʦʢʪʷʙʨʷ 1876 ɼ.ʀ.ʄʝʥʜʝʣʝʝʚ ʠʟʣʦʞʠʣ ʩʚʦʶ ʛʠʧʦʪʝʟʫ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʪʠ. ɺʝʣʠʢʠʡ 

ʭʠʤʠʢ ʩʯʠʪʘʣ, ʯʪʦ ʚʦ ʚʨʝʤʷ ʧʨʦʮʝʩʩʦʚ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʪʨʝʱʠʥʘʤ-ʨʘʟʣʦʤʘʤ, ʨʘʩʩʝʢʘʶʱʠʤ ʟʝʤʥʫʶ ʢʦʨʫ, 

ʚʛʣʫʙʴ ʧʦʩʪʫʧʘʝʪ ʚʦʜʘ. ʇʨʦʩʘʯʠʚʘʷʩʴ ʚ ʥʝʜʨʘ, ʦʥʘ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʚʩʪʨʝʯʘʝʪʩʷ ʩ ʢʘʨʙʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʜʘʚʣʝʥʠʷ ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʡ ʨʝʘʢʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʫʛʣʝʚʦʜʦʨʦʜʳ. ʆʙʨʘʟʫʶʱʠʝʩʷ ʚʝʱʝʩʪʚʘ ʧʦ ʨʘʟʣʦʤʘʤ ʢʦʨʳ ʧʦʜʥʠʤʘʶʪʩʷ ʚ ʚʝʨʭʥʠʝ 

ʝʝ ʩʣʦʠ ʠ ʥʘʩʳʱʘʶʪ ʧʦʨʠʩʪʳʝ ʧʦʨʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʶʪʩʷ ʛʘʟʦʚʳʝ ʠ ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʄʝʥʜʝʣʝʝʚ 

ʩʩʳʣʘʝʪʩʷ ʧʨʠ ʵʪʦʤ ʥʘ ʦʧʳʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʚʦʜʦʨʦʜʘ ʠ ʥʝʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ ʥʘ ʯʫʛʫʥ, ʩʦʜʝʨʞʘʱʠʡ ʜʦʩʪʘʪʦʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʛʣʝʨʦʜʘ [3]. 

ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʥʝʙʝʩʥʳʭ ʪʝʣ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʘʪʤʦʩʬʝʨʝ ʖʧʠʪʝʨʘ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʣʘʥʝʪ, ʢʘʢ ʠ 

ʚ ʛʘʟʦʚʳʭ ʦʙʦʣʦʯʢʘʭ ʢʦʤʝʪ ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʛʣʝʚʦʜʦʨʦʜʳ. ɻʨʫʧʧʦʡ ʫʯʝʥʳʭ ʠʟ ʀʥʩʪʠʪʫʪʘ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ 

ʈɸʅ (ʀʇʅɻ ʈɸʅ) ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʜʦʢʪʦʨʘ ʛʝʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ɸʟʘʨʠʷ ɹʘʨʝʥʙʘʫʤʘ ʙʳʣʘ 

ʨʘʟʨʘʙʦʪʘʥʘ ʝʱʝ ʦʜʥʘ ʪʝʦʨʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ. ʉʦʛʣʘʩʥʦ ʠʭ ʢʦʥʮʝʧʮʠʠ, ʟʘʣʝʞʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʥʝ ʟʘ ʤʠʣʣʠʦʥʳ ʣʝʪ, ʘ ʟʘ ʜʝʩʷʪʠʣʝʪʠʷ. ʇʨʠ ʵʪʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʦʤʥʝʥʠʶ ʪʝʦʨʠʷ 

ʧʘʨʥʠʢʦʚʦʛʦ ʵʬʬʝʢʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʥʳʤ ʪʝʟʠʩʦʤ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʜʚʫʦʢʠʩʠ ʫʛʣʝʨʦʜʘ ʚ ʘʪʤʦʩʬʝʨʝ 

ʤʦʞʝʪ ʩʘʤʦʨʝʛʫʣʠʨʦʚʘʪʴʩʷ, ʘ ʟʥʘʯʠʪ, ʥʝʫʧʨʘʚʣʷʝʤʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʘʪʤʦʩʬʝʨʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʊʝʦʨʠʷ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʝ ï ʵʪʦ ʧʨʦʮʝʩʩ ʥʝ ʩʪʦʣʴʢʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʡ, ʩʢʦʣʴʢʦ ʢʣʠʤʘʪʠʯʝʩʢʠʡ. ʆʥ ʩʚʷʟʘʥ ʩ ʢʨʫʛʦʚʦʨʦʪʦʤ ʚʦʜʳ ʠ ʫʛʣʝʨʦʜʘ ʥʘ ɿʝʤʣʝ. ʇʦʩʪʫʧʘʶʱʠʡ ʩ 

ʜʦʞʜʝʚʳʤʠ ʚʦʜʘʤʠ ʫʛʣʝʨʦʜ, ʟʘʭʚʘʯʝʥʥʳʡ ʠʟ ʘʪʤʦʩʬʝʨʳ ʚ ʬʦʨʤʝ ʛʠʜʨʦʢʘʨʙʦʥʘʪʘ, ʚ ʫʩʣʦʚʠʷʭ ʟʝʤʥʦʡ ʢʦʨʳ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʫʞʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ-ʣʦʚʫʰʢʘʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʝʬʪʝʛʘʟʦʚʳʝ ʩʢʦʧʣʝʥʠʷ. ʇʦ ʦʮʝʥʢʘʤ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ ʜʦ 90% ʥʝʬʪʝʛʘʟʦʚʳʭ ʩʢʦʧʣʝʥʠʡ ʥʘ ʛʣʫʙʠʥʘʭ ʦʪ 1 ʜʦ 10 

ʢʠʣʦʤʝʪʨʦʚ ʧʦʷʚʣʷʶʪʩʷ ʙʣʘʛʦʜʘʨʷ ʦʧʠʩʘʥʥʦʡ ʠʤ ʪʝʦʨʠʠ, ʠ ʪʦʣʴʢʦ 10% ʟʘʧʘʩʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʠʟ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʦʩʪʘʪʢʦʚ, ʢʘʢ ʵʪʦ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ [4]. 

ʀ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʚʳʚʦʜ ʨʦʩʩʠʡʩʢʠʭ ʫʯʝʥʳʭ-ʛʝʦʣʦʛʦʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʙʣʘʛʦʜʘʨʷ ʘʢʪʠʚʥʦʤʫ 

ʫʯʘʩʪʠʶ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ʢʣʠʤʘʪʘ, ʧʦʧʦʣʥʝʥʠʝ ʟʘʣʝʞʝʡ ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʟʘ 

ʤʥʦʛʠʝ ʩʦʪʥʠ ʪʳʩʷʯ ʠ ʤʠʣʣʠʦʥʳ ʣʝʪ, ʘ ʚʩʝʛʦ ʣʠʰʴ ʟʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʠʣʝʪʠʡ. ɺʪʦʨʦʡ ʚʳʚʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, 

ʯʪʦ ʫʤʝʨʝʥʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʥʝʬʪʠ ʠ ʛʘʟʘ ʠʟ ʟʘʣʝʞʝʡ ʥʝ ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʥʘ ʧʦʪʝʥʮʠʘʣʴʥʫʶ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ 

ʨʝʛʠʦʥʘ. ʅʦ ʵʪʦ ʚʝʨʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʫʛʣʝʚʦʜʦʨʦʜʳ ʙʫʜʫʪ ʧʦʪʨʝʙʣʷʪʴʩʷ ʪʝʧʣʦʚʳʤʠ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʤʠ ʩ 

ʦʜʥʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʝʥʩʘʮʠʝʡ ʠʭ ʜʦʙʳʯʠ. 
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ɺ.ɺ. ɼʨʝʙʦʪ, ɽ.ɸ. ɺʦʨʦʞʝʡʢʠʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʅ.ɺ. ɻʫʤʝʨʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʈʫʛʦʟʳ ï ʨʠʬʦʦʙʨʘʟʫʶʱʠʝ ʢʦʨʘʣʣʳ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʯʨʝʟʚʳʯʘʡʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ  ʚ ʤʦʨʷʭ 

ʧʘʣʝʦʟʦʷ ʠ ʧʦʵʪʦʤʫ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʠ ʵʪʦʛʦ ʚʨʝʤʝʥʠ. ɸʚʪʦʨʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʠʟʫʯʠʣʠ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʨʦʜʦʚ ʨʫʛʦʟ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʈʦʜ Altaiophyllum Ivania ʙʳʣ ʚʳʜʝʣʝʥ  ʚ 1955 ʛʦʜʫ ɺʘʣʝʥʪʠʥʦʡ ɸʥʪʦʥʦʚʥʦʡ ʀʚʘʥʠʝʡ ʚ ʚʝʨʭʥʝʞʠʚʝʪʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ɺ 1960 ʛ. ʉʧʘʩʩʢʠʤ ʙʳʣ ʚʳʜʝʣʝʥ ʨʦʜ Zmeinogorskia, ʢʦʪʦʨʳʡ ʧʦʟʜʥʝʝ ʙʳʣ ʚʢʣʶʯʝʥ ʚ 

ʩʠʥʦʥʠʤʠʢʫ ʨʦʜʘ Altaiophyllum. ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʅ.ɺ. ɻʫʤʝʨʦʚʦʡ, ʙʳʣʦ ʦʪʦʙʨʘʥʦ 

ʩʚʳʰʝ 30 ʵʢʟʝʤʧʣʷʨʦʚ ʵʪʦʛʦ ʨʦʜʘ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʟʨʝʟʦʚ ɻʦʨʥʦʛʦ ɸʣʪʘʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʩʪʨʘʪʦʪʠʧʘ ʯʘʨʳʰʩʢʠʭ 

ʩʣʦʝʚ ʧʦ ʨʝʢʝ ʏʘʨʳʰ). ʕʡʬʝʣʴʩʢʠʡ ʚʦʟʨʘʩʪ ʯʘʨʳʰʩʢʠʭ ʩʣʦʝʚ ʥʝ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. ʌʦʨʤʳ ʠʟ ʩʪʨʘʪʦʪʠʧʘ ʙʳʣʠ 

ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʚʝʨʭʥʝʞʠʚʝʪʩʢʠʤʠ (ʨʘʟʨʝʟʳ ʧʦ ʨʝʢʝ ʂʦʨʛʦʥ ʠ ʨʝʢʝ ʇʳʞʠ, ʂʦʨʛʦʥʩʢʠʡ ʠ ɺʦʩʪʦʯʥʦ-ʋʡʤʝʥʩʢʠʡ 

ʧʨʦʛʠʙ)r, ʘ ʪʘʢʞʝ ʩ ʵʢʟʝʤʧʣʷʨʘʤʠ ʠʟ ʩʪʨʠʞʢʦʚʩʢʠʭ ʩʣʦʝʚ ʈʫʜʥʦʛʦ ɸʣʪʘʷ,  ʛʜʝ ʙʳʣʘ ʦʧʠʩʘʥʘ Zmeinogorskia. ɺʩʝʛʦ 

ʙʳʣʘ ʠʟʫʯʝʥʘ ʬʘʫʥʘ ʠʟ 5 ʨʘʟʨʝʟʦʚ ʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɻʦʨʥʦʛʦ ʠ ʈʫʜʥʦʛʦ ɸʣʪʘʷ. ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʩʝʭ 

ʠʟʫʯʝʥʥʳʭ ʦʢʘʤʝʥʝʣʦʩʪʝʡ ʢ ʦʜʥʦʤʫ ʨʦʜʫ AltaiophyllumIvania ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʤ ʙʝʩʩʧʦʨʥʦʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʠʥʪʝʨʚʘʣ ʵʪʦʛʦ ʨʦʜʘ ʧʨʦʩʪʠʨʘʝʪʩʷ ʦʪ ʥʠʞʥʝʛʦ ʵʡʬʝʣʷ ʜʦ ʚʝʨʭʥʝʛʦ 

ʞʠʚʝʪʘ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʦʥ ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ, ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʠ ʶʛʦ-ʟʘʧʘʜʥʦʡ 

ʯʘʩʪʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ɺ ʧʦʟʜʥʝʞʠʚʝʪʩʢʦʝ ʚʨʝʤʷ ʵʪʦʪ ʚʠʜ ʨʘʩʧʨʦʩʪʨʘʥʠʣʩʷ ʥʘ ʦʩʪʘʣʴʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ɸʣʪʘʝ-

ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ, ʜʦʩʪʠʛʥʫʚ ʩʚʦʝʛʦ ʨʘʩʮʚʝʪʘ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

  
ʈʠʩ. 1 ʉʝʧʪʘʣʴʥʳʡ ʘʧʧʘʨʘʪ. 

ʇʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ (X2) 

ʈʠʩ. 2 ɼʥʠʱʘ. 

ʇʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ (X2) 

 

ʄʝʪʦʜʠʢʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʫʛʦʟ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ (ʉʦʰʢʠʥʘ, 

1949, 1952; ʀʚʘʥʦʚʩʢʠʡ, 1963, 1965; ʋʣʠʪʠʥʘ, 1968; ʃʘʪʳʧʦʚ, 1977; Hill, 1981 ʠ ʜʨ.) ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʤʳ 

ʧʨʠʜʝʨʞʠʚʘʣʠʩʴ ʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ. ʉʥʘʯʘʣʘ ʠʟʫʯʘʣʠʩʴ ʚʥʝʰʥʷʷ ʬʦʨʤʘ ʢʦʨʘʣʣʘ, ʝʩʣʠ ʧʦʩʣʝʜʥʠʡ ʥʝ ʙʳʣ ʩʢʨʳʪ 

ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʦʡ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʠʟʫʯʘʣʦʩʴ ʚ ʧʨʦʟʨʘʯʥʳʭ ʰʣʠʬʘʭ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ (ʫʚʝʣʠʯʝʥʠʝ ʦʪ 2 

ʜʦ 15 ʨʘʟ). ʀʟʫʯʝʥʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʢʝʣʝʪʘ (ʜʥʠʱ ʠ ʜʠʩʩʝʧʠʤʝʥʪʦʚ) ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʨʦʜʦʣʴʥʳʭ 

ʩʝʯʝʥʠʷʭ (ʨʠʩ. 1.), ʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʚʠʪʠʷ ʩʝʧʪʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʠʟʛʦʪʦʚʣʷʣʠʩʴ ʩʝʨʠʠ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʦʚ (3-

5) ʠʟ ʦʜʥʦʛʦ ʵʢʟʝʤʧʣʷʨʘ (ʨʠʩ. 2). ʇʨʠ ʦʧʠʩʘʥʠʠ ʰʣʠʬʦʚ ʜʝʣʘʣʠʩʴ ʨʘʙʦʯʠʝ ʩʥʠʤʢʠ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʣʦ 

ʩʨʘʚʥʝʥʠʝ ʵʢʟʝʤʧʣʷʨʦʚ ʠ ʠʟʫʯʝʥʠʝ ʠʟʤʝʥʯʠʚʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʤʝʪʦʜʦʚ ʧʦʤʦʛʣʦ ʥʘʤ ʚ ʨʝʰʝʥʠʠ 

ʨʷʜʘ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ ʠ ʚʳʷʚʠʣʦ ʥʦʚʳʝ ʧʨʦʙʣʝʤʳ, ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʳʭ ʤʳ ʧʣʘʥʠʨʫʝʤ ʟʘʥʷʪʴʩʷ ʚ ʙʫʜʫʱʝʤ. 

ʆʧʠʩʘʥʠʝ ʨʦʜʘ AltaiophyllumIvania. 

ɼʠʘʛʥʦʟ: ʢʦʨʘʣʣ ʦʜʠʥʦʯʥʳʡ, ʮʠʣʠʥʜʨʦ-ʢʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʜʠʘʤʝʪʨ ʦʪ 20 ʜʦ 45 ʤʤ, ʢʦʣʠʯʝʩʪʚʦ ʩʝʧʪ 

(38-56)x2. ʉʝʧʪʳ ʩʠʣʴʥʦ ʫʪʦʣʱʝʥʥʳʝ ʚ ʛʣʘʚʥʳʭ ʢʚʘʜʨʘʥʪʘʭ, ʮʝʥʪʨʘʣʴʥʳʝ ʢʦʥʮʳ ʙʦʣʝʝ ʪʦʥʢʠʝ. ʆʙʨʘʟʫʶʪ 

ʬʦʩʩʫʣʫ ʥʘ ʚʳʧʫʢʣʦʡ ʩʪʦʨʦʥʝ ʢʦʨʘʣʣʘ, ʛʣʘʚʥʘʷ ʩʝʧʪʘ ʫʢʦʨʦʯʝʥʘ ʠ ʥʘʠʙʦʣʝʝ ʫʪʦʣʱʝʥʘ. ʇʦ ʩʝʨʝʜʠʥʝ ʢʘʞʜʦʡ ʩʝʧʪʳ 

ʧʨʦʭʦʜʠʪ ʩʨʝʜʠʥʥʘʷ ʦʩʴ, ʠʥʦʛʜʘ ʧʦ ʥʝʡ ʩʝʧʪʳ ʨʘʟʦʨʚʘʥʳ. ʉʝʧʪʳ I ʧʦʨʷʜʢʘ ʜʣʠʥʥʳʝ (2/3-3/4 ʨʘʜʠʫʩʘ), ʥʦ ʜʦ 

ʮʝʥʪʨʘ ʥʝ ʜʦʭʦʜʷʪ, ʦʙʨʘʟʫʶʪ ʜʫʛʠ ʥʘʜ ʩʝʧʪʘʤʠ II  ʧʦʨʷʜʢʘ. ʅʘʠʙʦʣʝʝ ʜʣʠʥʥʳʝ ʩʝʧʪʳ ʚ ʛʣʘʚʥʳʭ ʢʚʘʜʨʘʥʪʘʭ. ʉʝʧʪʳ 

II  ʧʦʨʷʜʢʘ ʧʦ ʜʣʠʥʝ ʩʦʩʪʘʚʣʷʶʪ 1/4-1/5 ʜʣʠʥʳ ʩʝʧʪ I ʧʦʨʷʜʢʘ. ɼʥʠʱʘ ʧʦʣʥʳʝ, ʚʦʛʥʫʪʳʝ ʧʦʩʝʨʝʜʠʥʝ, ʚʳʧʫʢʣʳʝ ʧʦ 

ʢʨʘʷʤ. ʂʦʣʠʯʝʩʪʚʦ ʜʥʠʱ ʥʘ 5 ʤʤ 2-3. ʇʫʟʳʨʯʘʪʦʡ ʪʢʘʥʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ. 

ʆʥʪʦʛʝʥʝʟ. ʅʘ ʶʥʳʭ ʩʪʘʜʠʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʝ ʠ ʨʝʜʢʠʝ ʩʝʧʪʳ, ʦʪʩʫʪʩʪʚʠʝ ʷʚʥʦ ʚʳʨʘʞʝʥʥʦʡ 

ʬʦʩʩʫʣʳ, ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʧʪ.  

ʄʘʪʝʨʠʘʣ: 32 ʧʨʦʟʨʘʯʥʳʭ ʰʣʠʬʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʠ ʧʨʦʜʦʣʴʥʦʤ ʩʝʯʝʥʠʠ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ: ʵʡʬʝʣʴʩʢʠʡ ʠ ʧʦʟʜʥʝʞʠʚʝʪʩʢʠʡ ʚʝʢ ʄʦʥʛʦʣʴʩʢʦʛʦ, ɻʦʨʥʦʛʦ ʠ ʈʫʜʥʦʛʦ ɸʣʪʘʷ. 
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ʚʩʪʨʝʯʘʶʪʩʷ ʦʯʝʥʴ ʯʘʩʪʦ, ʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʏʘʱʝ ʚʩʝʛʦ ʠʭ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʥʘ ʧʝʩʯʘʥʳʭ ʦʪʤʝʣʷʭ ʠʣʠ ʚ 

ʦʙʥʘʞʝʥʠʷʭ ʨʝʯʥʳʭ ʪʝʨʨʘʩ. ɺʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʠʟʚʝʩʪʥʳʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʦʭʚʘʪʳʚʘʝʪ ʚʨʝʤʷ ʦʪ ʧʦʟʜʥʝʛʦ 

ʤʠʦʮʝʥʘ ʜʦ ʛʦʣʦʮʝʥʘ. ʅʘʠʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʩʨʝʜʥʝʛʦ-

ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʷʚʣʷʶʪʩʷ 

ʇʷʪʠʨʳʞʩʢʦʝ, ɻʨʠʛʦʨʴʝʚʢʘ ʠ ʄʦʠʩʝʝʚʢʘ. 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

 
ʈʠʩ. 1 ɻʝʦʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ ʫ ʧ. ʂʦʞʘʤʞʘʨ (ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ) 

 

ʅʦʚʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʦʩʪʘʪʢʦʚ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʀʨʪʳʰ ʚ 120 

ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʛ. ʇʘʚʣʦʜʘʨ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʧ. ʂʦʞʘʤʞʘʨ ɸʢʪʦʛʘʡʩʢʦʛʦ ʨʘʡʦʥʘ (ʨʠʩ. 

1). ʄʝʩʪʥʳʝ ʞʠʪʝʣʠ ʦʪʤʝʯʘʶʪ ʝʞʝʛʦʜʥʳʝ ʥʘʭʦʜʢʠ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʫʪʝʨʷʥʘ. ʈʘʥʝʝ ʵʪʦ 

ʦʙʥʘʞʝʥʠʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʈ.ɸ. ɿʠʥʦʚʦʡ [1] ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʈʘʩʩʚʝʪè (ʧʦ ʥʘʟʚʘʥʠʶ, ʩʫʱʝʩʪʚʦʚʘʚʰʝʛʦ ʟʜʝʩʴ 

ʩʦʚʭʦʟʘ).  

ʆʩʪʘʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʧʦʩʪʫʧʠʣʠ ʚ ʄʫʟʝʡ ʧʨʠʨʦʜʳ ʇʘʚʣʦʜʘʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʦʩʝʥʴʶ 2010 ʛ. ʉʙʦʨʳ ʙʳʣʠ ʩʜʝʣʘʥʳ ʞʠʪʝʣʝʤ ʧ. ʂʦʞʘʤʞʘʨ ʂ.ʉ. ʍʘʡʨʫʣʣʠʥʳʤ ʚ 

1988-1989 ʛʛ. ʆʩʪʘʪʢʠ ʟʘʣʝʛʘʣʠ ʥʘ ʛʣʫʙʠʥʝ 7 ʤʝʪʨʦʚ ʦʪ ʚʝʨʭʥʝʛʦ ʢʨʘʷ ʪʝʨʨʘʩʳ, ʥʘ ʛʨʘʥʠʮʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ 

ʦʞʝʣʝʟʥʝʥʥʳʭ ʧʝʩʢʦʚ ʩ ʣʠʥʟʘʤʠ ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ ʩʣʦʷ 7 ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-

ʢʦʩʦʩʣʦʠʩʪʳʭ ʧʝʩʢʦʚ ʩʣʦʷ 6 (ʨʠʩ. 2). ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʩʦʩʪʘʚʣʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʨʝʟʘ ʫ ʧ. ʂʦʞʘʤʞʘʨ, ʩʚʝʨʭʫ ʚʥʠʟ 

ʦʙʥʘʞʘʶʪʩʷ (ʚ ʤʝʪʨʘʭ): 

1. ʇʦʯʚʝʥʥʦ-ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ, ʛʫʤʫʩʠʨʦʚʘʥʥʳʡ, ʧʣʦʪʥʳʡ, ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ï 0.4 

2. ʃʸʩʩʦʚʠʜʥʳʡ ʩʫʛʣʠʥʦʢ, ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʡ, ʧʣʦʪʥʳʡ, ʥʝ ʩʣʦʠʩʪʳʡ, ʧʦʨʠʩʪʳʡ, ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʦʪʜʝʣʴʥʦʩʪʴʶ (ʭʦʨʦʰʦ ʜʝʨʞʠʪ ʩʪʝʥʢʫ), ʩʣʘʙʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥ, ʤʝʩʪʘʤʠ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʡʢʘʤʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʨʝʟʢʘʷ, ʨʦʚʥʘʷ  ï 0.8 

3. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʝ ʩʫʛʣʠʥʢʠ, ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ, ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʙʦʣʝʝ ʪʝʤʥʳʝ 

ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʩʫʧʝʩʠ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʢʘʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʩʣʦʠʩʪʳʤʠ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ 

ʟʝʨʥʠʩʪʦʩʪʠ ʦʪ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʢ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʠ ʮʚʝʪʦʚʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʦʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʭ ʢ ʨʳʞʝʚʘʪʦ-

ʢʦʨʠʯʥʝʚʳʤ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʯʝʪʢʘʷ, ʥʝʨʦʚʥʘʷ  ï 1.0ï1.5 

4. ʉʝʨʳʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʢʠ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʥʝʚʳʜʝʨʞʘʥʥʳʝ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ, ʚʳʢʣʠʥʠʚʘʶʱʠʝʩʷ ʠ ʠʤʝʶʱʠʝ ʨʘʟʜʫʚʳ  ï 0.1ï0.6 

5. ʇʝʩʢʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ ʩ ʪʦʥʢʦʡ ʩʣʘʙʦ ʥʘʢʣʦʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ 

- 1.0-1.5 

6. ɻʦʨʠʟʦʥʪʘʣʴʥʳʝ ʠ ʢʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʢʠ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʩʦ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ 

ʧʝʩʢʘʤʠ ʠ ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʦʚʦʡ ʦʢʨʘʩʢʠ ʦʪ ʩʝʨʦʛʦ ʢ ʨʳʞʝʤʫ ʮʚʝʪʫ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʨʝʟʢʘʷ ʨʦʚʥʘʷ  ï 2.8 

7. ʂʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʧʝʩʢʠ, ʩ ʤʝʣʢʦʡ ʛʘʣʴʢʦʡ, ʥʘʩʳʱʝʥʥʳʝ ʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ ʠ ʦʢʨʘʰʝʥʥʳʝ ʚ ʨʞʘʚʦ-

ʙʫʨʳʡ ʮʚʝʪ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʨʝʟʢʘʷ, ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʶʪ ʥʘ ʧʦʜʩʪʠʣʘʶʱʠʭ ʛʣʠʥʘʭ  ï  0.1 

8. ʉʠʟʳʝ ʪʦʥʢʦʩʣʦʠʩʪʳʝ ʛʣʠʥʳ, ʧʣʦʪʥʳʝ, ʤʝʩʪʘʤʠ ʧʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʩ ʘʣʝʚʨʠʪʘʤʠ  ï 4.8 

9. ʇʝʩʢʠ ʨʳʞʠʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ  ï  0.1 

10. ʄʘʩʩʠʚʥʳʝ, ʧʣʦʪʥʳʝ, ʛʦʣʫʙʳʝ ʛʣʠʥʳ, ʩ ʯʝʪʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʣʝʥʪʦʯʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʅʘ 

ʧʣʦʩʢʦʩʪʷʭ ʥʘʧʣʘʩʪʦʚʘʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʪʦʥʢʠʝ ʧʨʦʩʣʦʡʢʠ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʧʝʩʢʘ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʪʦʥʢʠʭ 

ʫʧʣʦʪʥʝʥʠʡ ʠʟ ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. ʋʭʦʜʷʪ ʧʦʜ ʫʨʝʟ ʚʦʜʳ  ï ʚʠʜʠʤʘʷ ï 4.7. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2 ʉʭʝʤʘ ʨʘʟʨʝʟʘ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʨ. ʀʨʪʳʰ ʫ ʧ. ʂʦʞʘʤʞʘʨ 

(ʇʘʚʣʦʜʘʨʩʢʘʷ ʦʙʣʘʩʪʴ): 1 ï ʧʦʯʚʝʥʥʦ-

ʨʘʩʪʠʪʝʣʴʥʳʡ ʩʣʦʡ; 2 ï ʣʸʩʩʦʚʠʜʥʳʡ 

ʩʫʛʣʠʥʦʢ; 3 ï ʩʫʛʣʠʥʢʠ ʠ ʩʫʧʝʩʠ; 4 ï ʧʝʩʢʠ ʩ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ; 5 ï 

ʢʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʢʠ; 6 ï ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, 

ʧʝʨʝʩʣʘʠʚʘʶʱʠʝʩʷ ʧʝʩʢʠ; 7 ï ʛʘʣʴʢʘ; 8 ï 

ʩʠʟʳʝ ʛʣʠʥʳ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʘʣʝʚʨʠʪʦʚ; 9 ï 

ʦʩʪʘʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 

 

 

ʆʙʱʘʷ ʚʳʩʦʪʘ ʪʝʨʨʘʩʳ ʦʪ ʫʨʝʟʘ ʚʦʜʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 16.5 ʜʦ 17.3 ʤ. ʆʧʠʩʘʥʥʦʝ ʦʙʥʘʞʝʥʠʝ ʠʤʝʝʪ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʦʝ ʜʚʫʭʫʨʦʚʥʝʚʦʝ ʩʪʨʦʝʥʠʝ ï ʥʠʞʥʶʶ ʯʘʩʪʴ ʩʦʩʪʘʚʣʷʶʪ ʩʣʦʠ 8-10, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʟʝʨʥʳʤʠ 

ʩʣʦʠʩʪʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʟʦʡ ʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʠ. ɼʚʘ ʤʘʩʩʠʚʘ ʛʣʠʥ 

ʨʘʟʜʝʣʝʥʳ ʦʯʝʥʴ ʪʦʥʢʦʡ ʧʝʩʯʘʥʦʡ ʧʨʦʩʣʦʡʢʦʡ, ʯʪʦ ʥʝ ʤʝʰʘʝʪ ʦʪʥʦʩʠʪʴ ʠʭ ʢ ʝʜʠʥʦʤʫ ʮʠʢʣʫ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʇʦ 

ʜʘʥʥʳʤ ʈ.ɸ. ɿʠʥʦʚʦʡ [1] ʮʦʢʦʣʴ ʪʝʨʨʘʩʳ, ʩʦʩʪʘʚʣʷʶʪ ʦʪʣʦʞʝʥʠʷ ʢʨʘʩʥʦʢʫʪʩʢʦʡ (=ʢʘʯʠʨʩʢʘʷ) ʩʚʠʪʳ ʩʘʤʦʛʦ 

ʢʦʥʮʘ ʚʝʨʭʥʝʛʦ ʧʣʠʦʮʝʥʘ (ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʩʭʝʤʘʤ ʜʦ 2008 ʛʦʜʘ). ʆʥʠ ʩ ʨʘʟʤʳʚʦʤ ʧʝʨʝʢʨʳʪʳ 

ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʨʝʜʥʝʛʦ-ʚʝʨʭʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ (ʩʣʦʠ 2-7). ɺʦʟʨʘʩʪ ʢʦʩʪʝʥʦʩʥʳʭ ʩʣʦʸʚ (ʩʣʦʠ 6 

ʠ 7) ʩʦʦʪʥʦʩʠʪʩʷ ʥʘʤʠ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʙʦʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʀʟ ʩʣʦʷ 6 ʧʦʣʫʯʝʥʳ ʨʘʢʦʚʠʥʳ ʤʦʣʣʶʩʢʦʚ Corbicula 

fluminalis (M¿ll.). ʉʝʤʝʥʥʘʷ ʬʣʦʨʘ, ʧʦʣʫʯʝʥʥʘʷ ʈ.ɸ. ɿʠʥʦʚʦʡ ʠʟ ʜʠʘʛʦʥʘʣʴʥʳʭ ʧʝʩʢʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ Azolla 

interglacialica Nikit ., Potamogeton vaginatus Turcz., P. filiformis  Pers., Carex sp., Chenopodium album L., C. rubrum L., 

Heleocharis palustris (L.), Limnanthemum hymphoides (L.) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʙʦʣʴʩʢʦʤʫ ʤʝʞʣʝʜʥʠʢʦʚʴʶ. ɺ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʦʤ ʩʧʝʢʪʨʝ ʧʨʝʦʙʣʘʜʘʶʪ ʜʨʝʚʝʩʥʳʝ ʨʘʩʪʝʥʠʷ (Pinus ʙʦʣʝʝ 70%, Betula ʦʢʦʣʦ 20%), ʪʨʘʚʷʥʠʩʪʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʨʝʚʳʤʠ, ʧʦʣʳʥʴʶ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʣʦʞʥʦʮʚʝʪʥʳʤʠ. ʀʟ ʦʩʥʦʚʘʥʠʷ ʩʣʦʷ 6 ʧʦʣʫʯʝʥʳ ʦʩʪʘʪʢʠ 

ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ: ʥʠʞʥʷʷ ʯʝʣʶʩʪʴ ʪʨʦʛʦʥʪʝʨʠʝʚʦʛʦ ʩʣʦʥʘ ʄammuthus trogontherii Pohlig ʩ ʜʚʫʤʷ ʟʫʙʘʤʠ 

ʧʦʩʣʝʜʥʝʡ ʩʤʝʥʳ M3; ʬʨʘʛʤʝʥʪ ʯʝʨʝʧʘ ʵʣʘʩʤʦʪʝʨʠʷ Elasmotherium sibiricum Fischer; ʜʚʘ ʚʝʨʭʥʠʭ ʟʫʙʘ ʤʘʤʦʥʪʘ 

M2 ʠ ʄ3 ʤʘʤʦʥʪʘ ʄammuthus primigenius Blumenbach; ʬʨʘʛʤʝʥʪ ʨʦʛʦʚʦʛʦ ʩʪʝʨʞʥʷ ʙʠʟʦʥʘ Bison sp. 

ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʠʟ ʩʣʦʷ 6 ʭʦʨʦʰʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʤʘʪʝʨʠʘʣʘʤʠ ʠʟ ʜʨʫʛʠʭ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʪʦʙʦʣʴʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʜʣʷ 

ʇʨʠʠʨʪʳʰʩʢʦʛʦ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʇʘʚʣʦʜʘʨʩʢʦʤ ʇʨʠʠʨʪʳʰʴʝ [2, 3]. 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʅʆɺʓɽ ʅɸʍʆɼʂʀ ʈɸʅʅɽɼɽɺʆʅʉʂʀʍ ʈɸʉʊɽʅʀʁ ʖɾʅʆ-ʄʀʅʋʉʀʅʉʂʆʁ ɺʇɸɼʀʅʓ 
(ʃʆɻ ʊʋʉʊʋɾʋʃ, ʍɸʂɸʉʀʗ) 

ɸ.ɼ. ɿʘʨʠʧʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɸ.ɺ. ʐʧʘʥʩʢʠʡ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɿʘ ʧʝʨʠʦʜ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ 2012-13 ʛʛ., ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʅʀʃ ɻʝʦʢʘʨʪ ʊɻʋ, ʘʚʪʦʨʦʤ ʠ ʥʘʯʘʣʴʥʠʢʦʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ɸ.ɼ. ʂʦʪʝʣʴʥʠʢʦʚʳʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʨʘʟʨʝʟʳ ʚ ʨʘʡʦʥʝ ʊʫʩʪʫʞʫʣʴʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ (ʖʞʥʦ-

ʄʠʥʫʩʠʥʩʢʘʷ ʚʧʘʜʠʥʘ, ʍʘʢʘʩʠʷ). ɹʳʣʘ ʩʦʙʨʘʥʘ ʢʦʣʣʝʢʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʠʟ ʪʦʯʝʢ ʧʦʜ ʥʦʤʝʨʘʤʠ 43117, 

43119, 13259 ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʚʦʟʨʘʩʪʘ ʩʚʠʪ ʥʘ ʦʩʥʦʚʝ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ. ɺ ʠʟʫʯʝʥʠʠ ʰʪʫʬʦʚ ʠ 

ʨʘʩʯʣʝʥʝʥʠʠ ʨʘʟʨʝʟʦʚ ʩʠʥʢʣʠʥʘʣʠ ʧʨʠʤʝʥʷʣʠʩʴ ʜʘʥʥʳʝ ɸ.ʈ. ɸʥʘʥʴʝʚʘ ʠ ɺ.ɸ. ɸʥʪʦʥʦʚʦʡ. ʊʘʢʞʝ ʙʳʣʘ 

ʨʘʩʩʤʦʪʨʝʥʘ ʢʦʣʣʝʢʮʠʷ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, ʦʧʠʩʘʥʥʘʷ ɸ.ʈ. ɸʥʘʥʴʝʚʳʤ, ʭʨʘʥʷʱʘʷʩʷ ʚ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʤ 

ʤʫʟʝʝ ʊɻʋ ʟʘ ʥʦʤʝʨʦʤ ˉ 40. 

ʇʨʦʙʣʝʤʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʦʞʝʥʠʷ ʬʣʦʨʦʥʦʩʥʳʭ ʩʣʦʝʚ ʣʦʛʘ ʊʫʩʪʫʞʫʣ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʩʚʝʱʘʣʘʩʴ 

ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ɺ.ʉ. ʄʝʣʝʱʝʥʢʦ ʧʦʤʝʱʘʣ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʩʣʦʠ ʩ ʨʘʩʪʝʥʠʷʤʠ ʚ 

ʠʣʝʤʦʨʦʚʩʢʫʶ ʩʚʠʪʫ ʞʠʚʝʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʭʦʪʷ ʥʠʢʘʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʜʣʷ ʪʘʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʝ ʧʨʠʚʦʜʠʣ. 

ɸ.ʀ. ɸʥʘʪʦʣʴʝʚʘ ʦʩʘʜʦʯʥʦ-ʵʬʬʫʟʠʚʥʫʶ ʪʦʣʱʫ ʣʦʛʘ ʊʫʩʪʫʞʫʣ ʩʯʠʪʘʣʘ ʥʠʞʥʝʜʝʚʦʥʩʢʦʡ. ɸ.ʅ. ʂʨʠʰʪʦʬʦʚʠʯ 

ʦʧʨʝʜʝʣʷʣ ʚ ʩʠʥʢʣʠʥʘʣʠ ʚ ʦʩʥʦʚʥʦʤ ʨʘʥʥʝʜʝʚʦʥʩʢʠʝ ʬʦʨʤʳ: Psilophyton princeps Dawson, Margophyton 

goldschmidtii Halle, Taeniocrada decheniana Goepp, Drepanophycus spinaeformis Goeppert, ʥʦ ɺ.ʉ. ʄʝʣʝʱʝʥʢʦ 

ʧʦʤʝʩʪʠʣ ʵʪʦʪ ʩʧʠʩʦʢ ʬʦʨʤ ʚ ʠʣʝʤʦʨʦʚʩʢʫʶ ʩʚʠʪʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʩʝ ʵʪʠ ʚʠʜʳ ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʦʪʣʦʞʝʥʠʡ 

ʣʦʛʘ ʊʫʩʪʫʞʫʣ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʊʫʩʪʫʞʫʣʴʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ ʫʯʘʩʪʚʫʶʪ 

ʪʘʩʪʨʝʟʝʥʩʢʘʷ ʠ ʩʦʛʘʨʭʘʠʥʩʢʘʷ ʩʚʠʪʳ, ʪʘʢʞʝ ʚʝʜʫʪʩʷ ʩʧʦʨʳ ʦ ʚʳʜʝʣʝʥʠʠ ʫʡʙʘʪʩʢʦʡ ʩʚʠʪʳ [2]. 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʠʟʫʯʝʥʳ 13 ʰʪʫʬʦʚ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʠʟ ʪʨʝʭ ʪʦʯʝʢ ʩʠʥʢʣʠʥʘʣʠ (ʈʠʩʫʥʦʢ) ʠ 

ʙʳʣʠ ʦʧʠʩʘʥʳ ʥʘʠʙʦʣʝʝ ʩʦʭʨʘʥʠʚʰʠʝʩʷ ʠʟ ʥʠʭ. 

ɺ ʰʪʫʬʘʭ ˉ 13259-1 ʠ ˉ 43119-8 ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʧʝʩʯʘʥʠʢʘ ʩʦʭʨʘʥʠʣʠʩʴ ʦʪʧʝʯʘʪʢʠ ʨʘʩʪʝʥʠʷ ʰʠʨʠʥʦʡ 3 

ʠ 5 ʤʤ, ʜʣʠʥʦʡ 3 ʠ 3,5 ʩʤ (ʩ ʜʠʭʦʪʦʤʠʯʝʩʢʠ ʨʘʟʚʝʪʚʣʝʥʥʦʡ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʧʦʙʝʛʘ). ʆʪʧʝʯʘʪʢʠ ʩʪʝʙʣʝʡ ʧʣʦʩʢʠʝ ʩ 

ʥʝʨʦʚʥʦ ʦʯʝʨʯʝʥʥʳʤʠ ʢʨʘʷʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʭʨʘʥʠʣʠʩʴ ʨʫʙʮʳ ʧʦʧʝʨʝʯʥʦ-ʚr ʪʷʥʫʪʦʡ ʬʦʨʤʳ ʦʪ ʣʠʩʪʦʚʳʭ 

ʧʦʜʫʰʝʢ-ʦʩʥʦʚʘʥʠʡ ʬʠʣʣʦʠʜʦʚ. ɸʚʪʦʨʦʤ ʦʙʨʘʟʝʮ ʦʧʨʝʜʝʣʝʥ ʢʘʢ Drepanophycus spinaeformis Goeppert. ʆʪ ʚʩʝʭ 

ʧʨʦʯʠʭ ʚʠʜʦʚ Drepanophycus ʦʪʣʠʯʘʶʪ ʩʪʝʙʣʠ, ʧʦʢʨʳʪʳʝ ʬʠʣʣʦʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦ ʥʝʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʳʤ ʩʧʠʨʘʣʷʤ. ɼʘʥʥʳʡ ʚʠʜ ʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʩʦʛʘʨʭʘʠʥʩʢʦʡ ʩʚʠʪʝ. 

ɺ ʰʪʫʬʘʭ ʧʦʜ ˉ 13259-2 ʠ ˉ 13259-3 ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʧʝʩʯʘʥʠʢʘ ʦʙʥʘʨʫʞʝʥʳ ʦʪʧʝʯʘʪʢʠ ʩ ʜʣʠʥʦʡ 

ʛʣʘʚʥʳʭ ʦʩʝʡ ʜʦ 2,3 ʩʤ, ʰʠʨʠʥʦʡ 2 ʤʤ. ʆʙʨʘʟʮʳ ʦʯʝʥʴ ʠʜʝʥʪʠʯʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɻʣʘʚʥʘʷ ʦʩʴ ʩʣʝʛʢʘ ʠʟʛʠʙʘʝʪʩʷ ʚ 

ʤʝʩʪʘʭ ʚʝʪʚʣʝʥʠʷ. ʋ ʛʣʘʚʥʳʭ ʦʩʝʡ ʠʤʝʝʪʩʷ ʧʦ ʦʜʥʦʤʫ ʦʪʚʝʪʚʣʝʥʠʶ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ. ʇʦ ʢʨʘʷʤ ʦʩʝʡ ʚʠʜʥʳ 

ʞʝʣʦʙʢʠ. ʐʠʧʳ ʥʝ ʩʦʭʨʘʥʠʣʠʩʴ, ʦʨʛʘʥʳ ʩʧʦʨʦʥʦʰʝʥʠʷ ʥʝ ʥʘʡʜʝʥʳ. ɸʚʪʦʨʦʤ ʦʙʨʘʟʝʮ ʦʧʨʝʜʝʣʝʥ ʢʘʢ 

Margophyton goldschmidtii (Halle) Zakharova. ɼʘʥʥʳʡ ʚʠʜ ʧʦʣʴʟʫʝʪʩʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʪʘʩʪʨʝʟʝʥʩʢʦʡ ʩʚʠʪʝ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. ʌʨʘʛʤʝʥʪ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ N-46-

XIX (ʋʡʙʘʪ). ɿʚʝʟʜʦʯʢʘʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʤʝʩʪʘ ʦʪʙʦʨʘ 

ʰʪʫʬʦʚ ʩ ʦʪʧʝʯʘʪʢʘʤʠ 

ʬʣʦʨʳ 

 

ʈʘʥʥʝʜʝʚʦʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ ʧʦʣʴʟʫʝʪʩʷ ʦʯʝʥʴ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʥʘ 

ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʨʝʟʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʬʘʮʠʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʟʘʣʝʛʘʥʠʷ ʦʪ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʜʦ 

ʤʦʨʩʢʠʭ ʬʘʮʠʡ, ʩʦʭʨʘʥʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʪʠʧ ʬʣʦʨʳ ʧʦ ʫʨʦʚʥʶ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʥʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʜʥʠ ʠ ʪʝ ʞʝ ʚʠʜʳ. ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʭʘʨʘʢʪʝʨʥʳʤ ʚʠʜʦʤ ʷʚʣʷʝʪʩʷ Margophyton goldschmidtii. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʷʚʣʷʶʪʩʷ ʧʨʠʤʠʪʠʚʥʦ ʫʩʪʨʦʝʥʥʳʝ ʩʦʩʫʜʠʩʪʳʝ ʨʘʩʪʝʥʠʷ ʧʩʠʣʦʬʠʪʦʚʦʛʦ 

ʦʙʣʠʢʘ (Psilophyton, Taeniocrada ʠ ʜʨ.) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʥʠʤ ʥʘʰʘ ʨʘʥʥʝʜʝʚʦʥʩʢʘʷ ʬʣʦʨʘ ʤʦʞʝʪ ʙʳʪʴ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʫʚʝʨʝʥʥʦ ʥʘʟʚʘʥʘ ʚ ʮʝʣʦʤ ʧʩʠʣʦʬʠʪʦʚʦʡ ʬʣʦʨʦʡ. ʇʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʩʦʩʫʜʠʩʪʳʭ 

ʨʘʩʪʝʥʠʡ: ʠʟ ʤʠʢʨʦʬʠʣʣʦʚʳʭ Drepanophycus ʠ ʜʨ. ʅʘʭʦʞʜʝʥʠʝ ʬʣʦʨʳ ʚ ʯʝʨʝʜʫʶʱʠʭʩʷ ʬʘʮʠʷʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʠ ʣʘʛʫʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ, ʘ ʪʘʢʞʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʩʝʨʦʮʚʝʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʨʘʥʥʝʤ ʜʝʚʦʥʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʜʣʷ ʥʝʝ ʫʩʣʦʚʠʡ ʞʠʟʥʠ. ʂʣʠʤʘʪ ʧʦʩʪʦʷʥʥʦ 

ʤʝʥʷʣʩʷ ʦʪ ʟʘʩʫʰʣʠʚʦʛʦ ʢ ʚʣʘʞʥʦʤʫ, ʠ ʩʦʟʜʘʚʘʣ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʘʜʘʧʪʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʟʘʚʦʝʚʘʥʠʷ ʨʘʩʪʝʥʠʷʤʠ ʩʫʰʠ [4].  

ʈʘʥʝʝ ɸ.ʈ. ɸʥʘʥʴʝʚʳʤ (1959) ʠʟ ʦʪʣʦʞʝʥʠʡ ʫʡʙʘʪʩʢʦʡ ʩʚʠʪʳ ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ Drepanophycus 

spinaeformis, ʚ ʦʪʣʦʞʝʥʠʷʭ ʤʘʪʘʨʘʢʩʢʦʡ ʩʚʠʪʳ (ʥʠʞʥʠʡ ʜʝʚʦʥ) ʫʩʪʘʥʦʚʣʝʥ Psilophyton goldschmidtii. ʇʦʟʜʥʝʝ 

ɺ.ɸ. ɸʥʪʦʥʦʚʘ (2008) ʧʝʨʝʦʧʨʝʜʝʣʠʣʘ P. goldschmidtii ʢʘʢ Margophyton goldschmidtii. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʭʦʨʦʰʦ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʧʦʣʫʯʝʥʥʳʤʠ ʥʘʤʠ ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʥʥʝʜʝʚʦʥʩʢʠʡ ʚʦʟʨʘʩʪ ʩʦʛʘʨʭʘʠʥʩʢʦʡ ʠ ʪʘʩʪʨʝʟʝʥʩʢʦʡ ʩʚʠʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʘʚʪʦʨʦʤ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʠʟ ʣʦʛʘ ʊʫʩʪʫʞʫʣ (ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʘʷ ʚʧʘʜʠʥʘ) 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʝʜʠʥʦʡ ʬʣʦʨʠʩʪʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʘʚʪʦʨʦʤ ʧʦʜʪʚʝʨʞʜʝʥ ʩʦʩʪʘʚ ʬʣʦʨʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʵʪʦ 

ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʊʫʩʪʫʞʫʣʴʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ ʫʯʘʩʪʚʫʶʪ ʪʘʩʪʨʝʟʝʥʩʢʘʷ ʠ ʩʦʛʘʨʭʘʠʥʩʢʘʷ ʩʚʠʪʳ. ʆʩʪʘʪʢʠ 

ʬʣʦʨʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʫʡʙʘʪʩʢʠʭ ʩʝʨʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʥʝ ʦʧʨʝʜʝʣʝʥʳ, ʦʪʯʘʩʪʠ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ 

ʦʙʨʘʟʮʦʚ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʝ ʚʳʜʝʣʝʥʠʝ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. 
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ɾɽʃɽɿʆʄɸʈɻɸʅʎɽɺʓɽ ʂʆʅʂʈɽʎʀʀ ʊʀʍʆɻʆ ʆʂɽɸʅɸ 

ʄ.ʉ. ɿʘʨʫʙʦʚ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʀ.ɺ. ʈʳʯʢʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɾʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ, ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʜʥʘ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ, 

ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʆʥʠ ʦʙʨʘʟʫʶʪ ʦʛʨʦʤʥʳʝ ʟʘʧʘʩʳ 

ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʪʠʪʘʥʘ, ʥʝ ʩʯʠʪʘʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɾʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʝ ʢʦʥʢʨʝʮʠʠ ʤʘʢʩʠʤʘʣʴʥʦ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʥʝʩʢʦʣʴʢʠʭ ʨʫʜʥʳʭ ʧʦʣʷʭ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ 

ʦʥʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʭʦʪʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʢʦʥʢʨʝʮʠʠ ʧʦʢʨʳʚʘʶʪ ʩʚʳʰʝ 50% ʧʣʦʱʘʜʠ ʜʥʘ. 

ʆʜʥʘʢʦ, ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʦʯʝʥʴ ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʦʙ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʠ [1, 2]. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʛʝʥʝʟʠʩʘ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ 

ʢʦʥʢʨʝʮʠʡ. ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʠ ʢʦʥʢʨʝʮʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʚʦ ʚʨʝʤʷ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠ, ʧʨʦʚʦʜʠʤʦʡ ʚ 1984 ʛʦʜʫ ʥʘ ʩʫʜʥʝ çɸʢʘʜʝʤʠʢ ɸ. ʅʝʩʤʝʷʥʦʚè. ʆʙʨʘʟʮʳ ʙʳʣʠ 

ʚʟʷʪʳ ʩʦ ʜʥʘ ʊʠʭʦʛʦ ʦʢʝʘʥʘ ʠʟ ʨʘʟʨʝʟʘ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ 37Á14' ʉʐ 165Á17' ɺɼ ʠ ʧʝʨʝʜʘʥʳ ʥʘ ʢʘʬʝʜʨʫ ʦʙʱʝʡ 

ʛʝʦʣʦʛʠʠ ʊʇʋ ʇʝʨʝʜʝʨʠʥʳʤ ɺ.ʄ. 

ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʷ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ ʀʂ-ʌʫʨʴʝ IR Prestige-2, 

ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʤʠʢʨʦʩʢʦʧ XGT-7200. 

ʆʧʠʩʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʉʪʘʥʮʠʷ ˉ 4-6 ʛʣ 3150 ʤ. 

ʂʦʥʢʨʝʮʠʠ ʤʘʣʝʥʴʢʠʝ 3-4 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʦʢʨʫʛʣʳʝ, ʦʯʝʥʴ ʧʣʦʪʥʳʝ, ʥʝʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ (ʨʠʩ. 1). ʗʜʨʦ 

ʦʜʥʦʨʦʜʥʦʝ, ʧʣʦʪʥʦʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʤʝʝʪ ʩʠʣʠʢʘʪʥʫʶ ʦʩʥʦʚʫ. ʇʦ ʧʝʨʠʬʝʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 

ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʘʷ ʢʦʨʢʘ ʪʦʣʱʠʥʦʡ 2-5 ʤʤ. 

ʉʪʘʥʮʠʷ ˉ 4-5 ʛʣ 4600-4800 ʤ. 

ʆʙʨʘʟʮʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ, ʧʦʯʢʦʚʠʜʥʳʝ, ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʩʨʦʩʪʢʠ ʩ ʝʜʠʥʦʡ ʩʝʨʜʮʝʚʠʥʦʡ (ʨʠʩ. 1). 

ʉʝʨʜʮʝʚʠʥʘ ʨʳʭʣʘʷ, ʥʝʧʨʦʯʥʘʷ, ʦʜʥʦʨʦʜʥʘʷ, ʥʝʧʣʦʪʥʘʷ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʨʠʩʪʘʣʣʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Si, Al , 

Ti (ʨʠʩ. 1) . ʄʝʣʢʦʟʝʨʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ (ʚʦʟʤʦʞʥʦ, ʠʣʣʠʪ). ʊʦʣʱʠʥʘ ʤʘʨʛʘʥʮʝʚʦʡ ʢʦʨʢʠ ʩʦʩʪʘʚʣʷʝʪ 1-2 ʤʤ. 

ʉʪʘʥʮʠʷ ˉ 4-4 ʛʣ 3400-3600 ʤ.  

ʂʦʥʢʨʝʮʠʠ ʛʨʦʟʜʝʚʠʜʥʳʝ, ʥʝʙʦʣʴʰʠʝ. ɺʥʫʪʨʝʥʥʠʝ ʯʘʩʪʠ ʢʦʥʢʨʝʮʠʡ ʙʦʣʝʝ ʧʣʦʪʥʳʝ, ʯʝʤ ʚ ʦʙʨʘʟʮʘʭ 

ʩʪʘʥʮʠʠ 4-5, ʥʦ ʚʩʝ ʨʘʚʥʦ ʜʦʩʪʘʪʦʯʥʦ ʨʳʭʣʳʝ (ʨʠʩ. 1). ʈʝʘʢʮʠʷ ʥʘ ʩʦʣʷʥʫʶ ʢʠʩʣʦʪʫ: ʨʝʟʢʠʡ ʟʘʧʘʭ, ʩ ʨʝʜʢʠʤʠ 

ʧʫʟʳʨʴʢʘʤʠ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʠʜʝʨʠʪ. 

ʉʪʘʥʮʠʷ ˉ 4-3 ʛʣ 3600 ʤ. 

ʂʦʥʢʨʝʮʠʠ ʧʦʯʢʦʚʠʜʥʳʝ, ʭʨʫʧʢʠʝ, ʩʪʨʦʝʥʠʝ ʥʝʢʦʥʮʝʥʪʨʠʯʝʩʢʦʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʙʨʘʟʮʳ ʩ ʵʪʦʡ 

ʩʪʘʥʮʠʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʪʝʤʥʦʡ ʠ ʪʦʣʩʪʦʡ ʢʦʨʢʦʡ ʩ ʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʠ ʩʣʦʷ ʬʝʨʨʦ-ʤʘʨʛʘʥʮʘ. ʉʘʤʘ ʢʦʨʢʘ ʪʦʣʱʠʥʦʡ 1-2 ʤʤ, ʥʦ ʠʤʝʝʪ ʙʦʣʝʝ ʪʦʥʢʠʝ  ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʝ 

ʧʦʣʦʩʳ. ʗʜʨʦ ʧʣʦʭʦ ʚʳʨʘʞʝʥʦ, ʠʤʝʝʪ ʩʣʦʠʩʪʫʶ, ʢʦʥʮʝʥʪʨʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ (ʨʠʩ. 1).  
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʉ ʵʪʦʡ ʞʝ ʛʣʫʙʠʥʳ ʠʤʝʝʪʩʷ ʢʦʥʢʨʝʮʠʷ, ʢʦʪʦʨʘʷ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʜʦ 10 ʩʤ. 

ʆʥʘ ʠʤʝʝʪ ʧʦʨʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʭʨʫʧʢʘʷ. ʗʜʨʦ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʫʶ ʩʝʪʢʫ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʘ, ʷʯʝʡʢʠ ʢʦʪʦʨʦʡ 

ʟʘʧʦʣʥʝʥʳ ʤʝʣʢʠʤ ʠʣʦʤ ʠ ʢʨʠʩʪʘʣʣʠʢʘʤʠ ʘʣʶʤʦʩʠʣʠʢʘʪʦʚ. ʊʦʣʱʠʥʘ ʢʦʨʢʠ 1-2 ʤʤ, ʩʣʦʡ ʥʝʦʜʥʦʨʦʜʥʳʡ, 

ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʦʩʪʝʧʝʥʥʦ (ʨʠʩ. 1). 

ʈʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʦʙʨʘʟʮʦʚ 4-6, 4-5, 4-3 ʠ 4-4, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʙʨʘʟʮʘʭ 

ʦʪʩʫʪʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ, ʘ ʩʝʨʜʮʝʚʠʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʠʥʝʨʘʣʦʤ ʠʣʣʠʪʦʤ, ʩ ʧʨʠʤʝʩʷʤʠ ʞʝʣʝʟʘ 

(ʨʠʩ. 2, 3).  

 

 
ʈʠʩ. 1 ʀʟʦʙʨʘʞʝʥʠʷ ʢʦʥʢʨʝʮʠʡ (ʫʚʝʣ. x8) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʩʝʨʜʮʝʚʠʥʳ ʢʦʥʢʨʝʮʠʡ ʥʘ 60 % ʩʦʩʪʦʷʪ ʠʟ ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪʦʚ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 17%, ʘ ʚ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʙʝʣʳʝ ʢʨʠʩʪʘʣʣʳ, ʚ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʥʠʝ Si 

ʜʦʩʪʠʛʘʝʪ 80%. ʊʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ Mg, Ti, Ca, K ʠ Na. ʂʘʨʙʦʥʘʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʂʦʨʢʘ ʢʦʥʢʨʝʮʠʡ ʥʘ 33% ʩʦʩʪʦʠʪ ʠʟ Mn, ʥʘ 25% ʠʟ Fe, ʚ ʢʦʨʢʝ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʣʶʤʦʩʠʣʠʢʘʪʳ, 

ʥʦ ʚ ʤʝʥʴʰʝʤ ʩʦʦʪʥʦʰʝʥʠʠ ʜʦ 20%. ʆʪʩʫʪʩʪʚʫʝʪ ʊi, ʥʦ ʧʦʷʚʣʷʶʪʩʷ ʧʨʠʤʝʩʠ Ni, Mg, Cu, Cl, ʈ, As. 

ʕʪʠ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʚʳʜʚʠʥʫʪʴ ʛʠʧʦʪʝʟʫ ʦ ʪʦʤ, ʯʪʦ ʢʦʥʢʨʝʮʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʟʘ ʩʯʝʪ ʦʩʘʞʜʝʥʠʷ 

ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʳʭ ʛʠʜʨʦʢʩʠʜʦʚ ʚʦʢʨʫʛ ʛʠʜʨʦʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʠʟʥʘʯʘʣʴʥʦ ʥʘʩʳʱʝʥʥʳʭ ʞʝʣʝʟʦʤ. 

ʇʦʩʣʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʩʣʝʜʫʶʱʝʝ ʥʝʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʩʠʣʠʢʘʪʥʦʡ ʩʝʨʜʮʝʚʠʥʳ ʥʘ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʫʶ, 

ʢʦʪʦʨʘʷ ʠ ʦʙʨʘʟʫʝʪ ʚʥʫʪʨʠ ʢʦʥʢʨʝʮʠʠ ʧʦʜʦʙʠʝ ʨʝʰʝʪʢʠ. ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʛʣʫʙʠʥʦʡ 

ʟʘʣʝʛʘʥʠʷ ʢʦʥʢʨʝʮʠʡ ʠ ʩʪʝʧʝʥʠ ʟʘʤʝʱʝʥʥʦʩʪʠ ʩʝʨʜʮʝʚʠʥʳ ʞʝʣʝʟʦʤʘʨʛʘʥʮʝʚʦʡ ʯʘʩʪʴʶ. 

ɺ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʢʦʥʢʨʝʮʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ S, As, Cl, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʰʠ 

ʢʦʥʢʨʝʮʠʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʘ ʢʘʢ ʠʟʚʝʩʪʥʦ Fe ʠ Mn ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʢʠʩʣʦʨʦʜʘ ʚʳʧʘʜʘʶʪ ʚ ʦʩʘʜʦʢ ʚ ʚʠʜʝ ʛʠʜʨʦʢʩʠʜʦʚ ʚʳʩʰʠʭ ʚʘʣʝʥʪʥʦʩʪʝʡ. ɺr ʩʦʢʘʷ ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʠ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʨʘʡʦʥʘ ʧʦ ʙʣʠʟʦʩʪʠ ʩ ʉʝʚʝʨʦ-ʊʠʭʦʦʢʝʘʥʩʢʠʤ ʪʝʯʝʥʠʝʤ ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ 

ʢʠʩʣʦʨʦʜʘ ʚ ʟʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʢʨʝʮʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʘʥʥʳʝ ʢʦʥʢʨʝʮʠʠ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʧʦʣʝʟʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʦ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʜʦʙʳʯʠ ʛʦʜʷʪʩʷ ʣʠʰʴ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ Fe ʠ Mn, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

40 ʜʦ 50%. ʍʦʪʷ ʚʦʟʤʦʞʥʦ ʧʦʧʫʪʥʦʝ ʠʟʚʣʝʯʝʥʠʝ ʊi ʠ Mg, ʥʦ, ʦʜʥʘʢʦ, ʠʟ ʪʨʫʜʥʦʜʦʩʪʫʧʥʦʩʪʠ ʜʦʙʳʯʘ ʵʪʠʭ 

ʨʝʩʫʨʩʦʚ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝʚʦʟʤʦʞʥʘ. 

 

  
ʈʠʩ. 2 ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʢʦʨʢʠ ʢʦʥʢʨʝʮʠʠ ʈʠʩ. 2 ʕʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʝʨʜʮʝʚʠʥʳ ʢʦʥʢʨʝʮʠʠ 
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1. ɹʘʟʠʣʝʚʩʢʘʷ ɽ.ʉ., ʇʫʱʘʨʦʚʩʢʠʡ ʖ.ʄ. // ʈʦʩʩʠʡʩʢʠʡ ʞʫʨʥʘʣ ʥʘʫʢ ʦ ɿʝʤʣʝ, 1999. ï ʪ.1, ˉ3. ï ʉ. 205ï219. 
2. ɹʘʪʫʨʠʥ ɻ.ʅ. ʈʫʜʥʳʡ ʧʦʪʝʥʮʠʘʣ ʦʢʝʘʥʘ // ʇʨʠʨʦʜʘ, 2002. ï ˉ5. ï ʉ. 20ï30.   
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʂʆʄʇʔʖʊɽʈʅɸʗ ʊʆʄʆɻʈɸʌʀʗ ɺ ʄʀʂʈʆʇɸʃɽʆʅʊʆʃʆɻʀʀ 
ʈ.ʈ. ʂʘʤʘʣʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɻ.ʄ. ʉʫʥʛʘʪʫʣʣʠʥʘ 
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʘʣʝʦʥʪʦʣʦʛʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ ʧʦʩʣʝʜʥʠʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ, ʢ ʢʦʪʦʨʳʤ 

ʦʪʥʦʩʠʪʩʷ ʠ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ (ʈʂʊ). ʆʥ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ 

ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʦʨʦʜʝ ʠ ʠʟʫʯʘʪʴ ʠʭ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʙʝʟ ʨʘʟʨʫʰʝʥʠʷ 

ʨʘʢʦʚʠʥ. ʊʘʢʞʝ ʥʝʩʦʤʥʝʥʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. ʎʝʣʴ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ: ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʈʂʊ ʚ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʠ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ 

ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: ʠʟʚʣʝʯʝʥʠʝ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʟ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʜʛʦʪʦʚʢʘ ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ ʩ ʢʦʥʦʜʦʥʪʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʥʘ ʈʂʊ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʙʨʘʟʮʳ ʨʘʢʦʚʠʥ ʬʦʨʘʤʠʥʠʬʝʨ, ʦʨʛʘʥʳ ʧʣʦʜʦʥʦʰʝʥʠʷ ʨʘʩʪʝʥʠʡ (?) ʠ 

ʬʨʘʛʤʝʥʪʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩ ʟʘʢʣʶʯʝʥʥʳʤʠ ʚ ʥʠʭ ʢʦʥʦʜʦʥʪʘʤʠ.  

 

  
ʈʠʩ. 1 ʂʦʥʦʜʦʥʪʳ Gondolella magna ʘ) çʠʟʚʣʝʯʝʥʥʳʝè ʠʟ ʧʦʨʦʜʳ ʩ ʧʦʤʦʱʴʶ ʈʂʊ; ʙ) ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ 

ʛʦʥʜʦʣʝʣʣ 

 

ʂʦʥʦʜʦʥʪʳ ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʟʫʙʦʚʠʜʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʥʝʠʟʚʝʩʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ 

ʦʙʠʪʘʣʠ ʚ ʤʦʨʷʭ ʧʘʣʝʦʟʦʷ ʠ ʪʨʠʘʩʘ. ʆʥʠ ʩʦʜʝʨʞʘʪʩʷ ʚ ʣʶʙʳʭ ʧʦʨʦʜʘʭ ʤʦʨʩʢʦʛʦ ʛʝʥʝʟʠʩʘ. ʆʙʳʯʥʦ ʜʣʷ ʠʟʚʣʝʯʝʥʠʷ 

ʢʦʥʦʜʦʥʪʦʚ ʠʟ ʛʣʠʥʠʩʪʳʭ ʠ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʘʜʠʮʠʦʥʥʳʝ ʤʝʪʦʜʠʢʠ, ʥʘʧʨʠʤʝʨ, ʢʘʨʙʦʥʘʪʳ 

ʨʘʩʪʚʦʨʷʶʪ ʚ 10% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʦʣʦʤʠʪʦʚ ʧʣʦʪʥʳʝ ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ ʧʣʦʭʦ 

ʜʝʟʠʥʪʝʛʨʠʨʫʶʪʩʷ ʠ ʠʟʚʣʝʯʝʥʠʝ ʠʟ ʥʠʭ ʢʦʥʦʜʦʥʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʯʝʥʴ ʟʘʪʨʫʜʥʝʥʦ, ʘ ʠʥʦʛʜʘ ï ʥʝʚʦʟʤʦʞʥʦ [1]. 

ʅʘʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʦʥʦʜʦʥʪʦʚ ʚ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜʘʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʈʂʊ. ʀʩʩʣʝʜʦʚʘʥʦ ʧʷʪʴ ʦʙʨʘʟʮʦʚ ʩ 

ʢʦʥʦʜʦʥʪʘʤʠ ʠʟ ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʋʩʦʣʢʘ (ʖʞʥʳʡ ʋʨʘʣ). ʇʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʈʂʊ ʠʟʦʙʨʘʞʝʥʠʷ ʢʦʥʦʜʦʥʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʪʘʢʩʦʥʦʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʢʦʥʦʜʦʥʪʦʚ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʜʘʤʠ ʨʦʜʦʚ Gondolella ʠ Streptognathodus (ʨʠʩ. 1, 2). ɺʦʟʤʦʞʥʦ, ʤʝʪʦʜ ʧʦʤʦʞʝʪ ʚ ʙʫʜʫʱʝʤ 

ʨʘʟʦʙʨʘʪʴʩʷ ʠ ʚ ʥʘʟʥʘʯʝʥʠʠ ʢʦʥʦʜʦʥʪʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʚ ʦʨʛʘʥʠʟʤʝ ʢʦʥʦʜʦʥʪʦʥʦʩʠʪʝʣʷ (ʨʠʩ. 1).  

 

 ʘ        ʙ        ʚ 

ʈʠʩ. 2 ʂʦʥʦʜʦʥʪʳ Streptognathodu:s ʘ) ï ʧʦʣʥʦʩʪʴʶ ʠʟʚʣʝʯʝʥʥʳʝ ʠʟ ʧʦʨʦʜʳ, ʙ) ï ʯʘʩʪʠʯʥʦ ʠʟʚʣʝʯʝʥʥʳʝ, ʚ) ï 

ʚ ʧʦʨʦʜʝ 
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ʈʠʩ. 3 ʘ) ʧʨʦʜʦʣʴʥʦʝ ʩʝʯʝʥʠʝ ʨʘʢʦʚʠʥʳ Trocholina, ʟʘʧʦʣʥʝʥʥʦʡ ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʙ) ʧʨʦʜʦʣʴʥʦʝ ʠ ʚ) ï 

ʧʦʧʝʨʝʯʥʦʝ ʩʝʯʝʥʠʝ ʨʘʢʦʚʠʥʳ Lenticulinʘ, ʟʘʧʦʣʥʝʥʥʦʡ ʧʠʨʠʪʦʤ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʊʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʈʂʊ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʢʦʚʠʥʳ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʦʨʛʘʥʳ ʧʣʦʜʦʥʦʰʝʥʠʷ ʨʘʩʪʝʥʠʡ (?) 

ʠʟ ʦʪʣʦʞʝʥʠʡ ʥʠʞʥʝʛʦ ʤʝʣʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ (ʨʠʩ. 3, 4). ʌʦʨʘʤʠʥʠʬʝʨʳ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʦʨʩʢʠʝ 

ʩʘʨʢʦʜʦʚʳʝ, ʦʪ ʢʦʪʦʨʳʭ ʚ ʠʩʢʦʧʘʝʤʦʤ ʩʦʩʪʦʷʥʠʠ ʩʦʭʨʘʥʷʶʪʩʷ ʨʘʢʦʚʠʥʳ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ. ʌʦʨʘʤʠʥʠʬʝʨʳ 

ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʛʨʫʧʧ ʤʠʢʨʦʬʘʫʥʳ, ʢʦʪʦʨʫʶ ʛʝʦʣʦʛʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ 

ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʪʦʣʱ [2]. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ Foraminifera ʦʙʳʯʥʦ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʰʣʠʬʳ, 

ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʨʘʢʦʚʠʥ. ʈʂʊ ʧʦʟʚʦʣʷʝʪ ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ, ʜʘʚʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʜʝʪʘʣʷʭ ʨʘʩʩʤʦʪʨʝʪʴ 

ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʣʶʙʳʭ ʦʙʲʝʢʪʦʚ, ʩʦʭʨʘʥʷʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʴ. ʅʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʘʶʪʩʷ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ ʷʚʣʷʶʪʩʷ ʧʦʣʳʤʠ ʣʠʙʦ ʟʘʧʦʣʥʝʥʥʳʤʠ ʢʦʥʪʨʘʩʪʥʳʤ ʧʦ 

ʩʦʩʪʘʚʫ ʤʠʥʝʨʘʣʦʤ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʦʨʛʘʥʦʚ ʧʣʦʜʦʥʦʰʝʥʠʷ (?) 

ʟʘʧʦʣʥʝʥʳ ʣʠʙʦ ʧʠʨʠʪʦʤ (ʨʠʩ. 3-ʙ, 3-ʚ), ʣʠʙʦ ʧʝʩʯʘʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʦʣʠʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 3-ʘ), ʣʠʙʦ 

ʷʚʣʷʶʪʩʷ ʧʦʣʳʤʠ (ʨʠʩ. 4). ʇʦʯʪʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʩʥʠʤʢʠ ʠ ʚ ʜʝʪʘʣʷʭ 

ʨʘʩʩʤʦʪʨʝʪʴ ʩʪʨʦʝʥʠʝ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʢʦʥʦʜʦʥʪʦʚʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʥʝ 

ʩʦʜʝʨʞʘʪ ʚʥʫʪʨʝʥʥʠʭ ʧʦʣʦʩʪʝʡ, ʘ ʩʦʩʪʦʷʪ ʠʟ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʢʨʠʩʪʘʣʣʦʚ ʘʧʘʪʠʪʘ.  
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ʈʠʩ. 4 ʆʨʛʘʥʳ ʧʣʦʜʦʥʦʰʝʥʠʷ: ʘ) ʦʙʱʠʡ ʚʠʜ; ʙ) - ʚ) ï ʨʘʟʣʠʯʥʳʝ ʩʝʯʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʈʂʊ ʩʦʩʪʘʚʣʷʝʪ ʘʣʴʪʝʨʥʘʪʠʚʫ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʧʦʟʚʦʣʷʷ ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ.  

ɺʳʨʘʞʘʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ɽ.ʆ. ʉʪʘʮʝʥʢʦ ʟʘ ʧʦʤʦʱʴ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ. 
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(ʜʘʪʘ ʦʙʨʘʱʝʥʠʷ 22.02.2014) 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʆʊʃʆɾɽʅʀʁ ɺʀɿɽʁʉʂʆʁ ʇɸʃɽʆʈɽʂʀ ʇɽʈʄʉʂʆɻʆ 

ʇʈʀʂɸʄʔʗ 
ʅ.ʉ. ʂʦʣʪʳʨʠʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ʀ. ɼʫʨʥʠʢʠʥ 
ʇʝʨʤʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʇʝʨʤʴ, 

ʈʦʩʩʠʷ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʣʶʙʦʡ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʦʣʱʠ ʧʦʣʥʦʩʪʴʶ ʫʚʷʟʳʚʘʝʪʩʷ ʩ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʚʠʟʝʡʩʢʦʛʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʩʚʷʟʘʥʦ ʩ 

ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝʤ ʚ ʧʨʠʙʨʝʞʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʝʩʯʘʥʠʢʠ 

ʠ ʘʣʝʚʨʦʣʠʪʳ, ʩʣʘʛʘʶʱʠʝ ʨʘʟʨʝʟ ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ, ʚ ʦʩʥʦʚʥʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʦʙʨʠʢʦʚʩʢʦʤ 

ʛʦʨʠʟʦʥʪʝ, ʛʜʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʧʘʯʢʠ, ʢʦʣʠʯʝʩʪʚʦʤ ʜʦ 3 ï 4, ʤʦʱʥʦʩʪʴʶ ʦʪ 20 ʜʦ 35 ʤ, ʨʘʟʜʝʣʝʥʥʳʝ ʧʨʦʩʣʦʷʤʠ 

ʘʣʝʚʨʠʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. ʅʝʨʝʜʢʦ ʧʝʩʯʘʥʠʢʠ ʦʙʨʘʟʫʶʪ ʝʜʠʥʫʶ ʪʦʣʱʫ ʜʦ 65 ï 80 ʤ. ʀʭ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʨʦʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʘʣʣʶʚʠʘʣʴʥʦʡ ʨʘʚʥʠʥʳ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʦʩʦʩʣʦʠʩʪʳʭ ʩʝʨʠʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 5 ï 20 ʩʤ ʜʦ 

1 ï 2 ʤ ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ ʦʪ 20Ü ʜʦ 40Ü. ʂʦʩʦʩʣʦʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʦʙʳʯʥʦ ʨʘʟʥʦʟʝʨʥʠʩʪʳʝ, ʩ ʧʨʠʤʝʩʴʶ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʚʧʣʦʪʴ ʜʦ ʛʨʘʚʝʣʠʪʘ. 

ʇʨʠ ʩʦʭʨʘʥʝʥʠʠ ʫʩʣʦʚʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʦʧʫʩʢʘʥʠʝʤ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʦʠʩʭʦʜʠʣʘ ʧʦʣʥʘʷ 

ʢʦʤʧʝʥʩʘʮʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʦʩʘʜʢʘ. ʇʨʠ ʦʙʱʝʤ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʧʘʝʤʳʭ 

ʘʣʣʶʚʠʘʣʴʥʳʭ  ʪʝʣ, ʦʥʠ ʠʤʝʶʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʠ ʶʛʦ-ʚʦʩʪʦʢ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʭ 

ʤʦʱʥʦʩʪʠ ʢ ʚʦʩʪʦʢʫ ʠ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʧʘʣʝʦʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʨʝʜʚʠʟʝʡʩʢʦʛʦ ʧʝʨʝʨʳʚʘ. 

ʊʝʨʨʠʪʦʨʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʪʨʫʢʪʫʨʘʤ I ʧʦʨʷʜʢʘ: ʉʦʣʠʢʘʤʩʢʘʷ ʜʝʧʨʝʩʩʠʷ, ʂʦʩʴʚʠʥʩʢʦ-

ʏʫʩʦʚʩʢʘʷ ʩʝʜʣʦʚʠʥʘ ʠ ɹʘʰʢʠʨʩʢʠʡ ʩʚʦʜ ʚ ʧʨʝʜʝʣʘʭ ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ. ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʠʟʝʡʩʢʘʷ 

ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʘ ʠʤʝʝʪ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʆʥʘ ʧʦʜʩʪʠʣʘʝʪʩʷ ʤʦʨʩʢʠʤʠ ʪʫʨʥʝʡʩʢʠʤʠ  ʠ 

ʧʦʢʨʳʚʘʝʪʩʷ ʪʘʢʞʝ ʤʦʨʩʢʠʤʠ ʚʠʟʝʡʩʢʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʆʜʥʘʢʦ ʩʤʝʥʘ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ 

ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ [1]. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɺ ʬʘʮʠʘʣʴʥʦʤ ʦʪʥʦʰʝʥʠʠ ʚʠʟʝʡʩʢʠʝ ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʨʘʡʦʥʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʘʣʣʶʚʠʘʣʴʥʦʡ ʛʨʫʧʧʝ ʬʘʮʠʡ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʬʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʨʦʜ, 

ʠʤʝʶʱʠʭ ʚ ʩʝʯʝʥʠʠ ʬʦʨʤʫ ʣʠʥʟʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʡ ʢʨʦʚʣʝʡ  ʠ ʚʳʪʷʥʫʪʳʤ ʚʥʠʟ ʦʩʥʦʚʘʥʠʝʤ, çʚʨʝʟʘʥʥʳʤè 

ʚ ʧʦʜʩʪʠʣʘʶʱʠʝ ʦʪʣʦʞʝʥʠʷ. ɺ ʧʣʘʥʝ ʦʥʠ ʦʙʨʘʟʫʶʪ ʫʜʣʠʥʝʥʥʳʝ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʷʤʦʣʠʥʝʡʥʳʝ ʠʣʠ ʩʣʘʙʦ 

ʠʟʛʠʙʘʶʱʠʝʩʷ ʧʦʣʦʩʳ. 

ɺ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʤ ʚʠʜʝ ʥʘʙʦʨ ʘʣʣʶʚʠʘʣʴʥʳʭ ʬʘʮʠʡ ʨʘʟʚʠʪ ʚ ʢʨʫʧʥʳʭ ʨʘʚʥʠʥʥʳʭ ʨʝʢʘʭ ʠ 

ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʨʫʩʣʦʚʳʝ, ʧʦʡʤʝʥʥʳʝ ʠ ʩʪʘʨʠʯʥʳʝ. ʈʫʩʣʦʚʳʝ ʥʘʠʙʦʣʝʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʚ ʘʣʣʶʚʠʘʣʴʥʦʤ 

ʢʦʤʧʣʝʢʩʝ ʠ ʩʣʦʞʝʥʳ ʦʙʳʯʥʦ ʨʘʟʣʠʯʥʳʤʠ ʧʝʩʢʘʤʠ, ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʛʨʘʚʠʡʥʳʭ ʟʝʨʝʥ. ʉʪʝʧʝʥʴ ʩʦʨʪʠʨʦʚʢʠ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʨʘʟʣʠʯʥʘʷ. ɺʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʢʦʧʘʝʤʳʭ ʦʩʘʜʢʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ, ʚ ʘʣʝʚʨʠʪʦʚʳʭ ʠ ʤʝʣʢʦʧʝʩʯʘʥʳʭ ʨʘʟʥʦʩʪʷʭ 

ʚ ʥʠʞʥʠʭ ʪʝʯʝʥʠʷʭ ʨʝʢ ʩʦʨʪʠʨʦʚʢʘ ʤʦʞʝʪ ʫʭʫʜʰʘʪʴʩʷ. ɼʣʷ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʘʚʠʣʴʥʘʷ ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ. ʂʦʩʦʩʣʦʠʩʪʳʝ ʩʝʨʠʠ ʩʦʩʪʦʷʪ ʠʟ ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʩʣʦʡʢʦʚ, ʥʘʢʣʦʥʝʥʥʳʭ ʧʦʜ ʫʛʣʦʤ 

30Ü (ʜʠʘʛʦʥʘʣʴʥʘʷ ʩʣʦʠʩʪʦʩʪʴ) ʠ ʨʘʟʜʝʣʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʣʴʥʦʩʣʦʠʩʪʳʤʠ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ɺ 

ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʦʪʜʝʣʴʥʳʭ ʨʫʩʝʣ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʦʪʯʝʪʣʠʚʳʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʦʪʣʦʞʝʥʠʡ ʩʥʠʟʫ 

ʚʚʝʨʭ: ʫʤʝʥʴʰʘʝʪʩʷ ʟʝʨʥʠʩʪʦʩʪʴ ʠ ʫʣʫʯʰʘʝʪʩʷ ʦʪʩʦʨʪʠʨʦʚʘʥʥʦʩʪʴ ʧʦʨʦʜ. ɸʥʘʣʦʛʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʠ 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʮʝʥʪʨʘ ʧʦʪʦʢʘ ʢ ʝʛʦ ʧʝʨʠʬʝʨʠʠ [3].  

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʢʣʦʥʘ, ʘʙʩʦʣʶʪʥʳʭ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ  ʚʳʩʦʪ ʧʘʣʝʦʨʝʣʴʝʬʘ, 

ʩʦʩʪʘʚʣʝʥʠʝ ʧʘʣʝʦʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʤʦʱʥʦʩʪʷʤ ʦʪʣʦʞʝʥʠʡ, ʩʣʘʛʘʶʱʠʭ ʠʣʠ 

ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʧʘʣʝʦʨʝʣʴʝʬ. ʇʨʠ ʵʪʦʤ ʟʘʜʘʯʘ ʩʚʦʜʠʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʚʝʣʠʯʠʥʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʥʘʢʣʦʥʘ. ʅʝ ʚʩʝʛʜʘ ʪʦʯʥʦ ʠʟʚʝʩʪʥʦ ʧʦʣʦʞʝʥʠʝ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʙʘʩʩʝʡʥʘ (ʠʣʠ ʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʮʝʥʠʪʴ ʧʘʣʝʦʚʳʩʦʪʫ ʢʘʢʦʛʦ-

ʪʦ ʫʨʦʚʥʷ ʠ ʦʪ ʥʝʛʦ ʦʧʨʝʜʝʣʷʪʴ ʚʳʩʦʪʳ ʜʨʫʛʠʭ ʪʦʯʝʢ.  

ɺ ʦʩʥʦʚʫ ʤʝʪʦʜʠʢʠ ʨʘʩʯʝʪʘ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ 

ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʩʪʨʫʢʪʫʨʘʤ. ɿʘʣʝʛʘʶʱʠʝ ʥʘ 

ʨʘʟʤʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʪʝʣʘ ʧʝʩʯʘʥʠʢʦʚ ʦʪʨʘʞʘʶʪ ʧʘʣʝʦʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʠ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʉʧʦʩʦʙ ʧʦʩʪʨʦʝʥʠʷ ʢʘʨʪ ʧʘʣʝʦʨʝʣʴʝʬʘ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ 

ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʣʦʩʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ. ʈʝʧʝʨʦʤ ʜʣʷ ʢʘʞʜʦʡ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʜʝʪ ʩʣʫʞʠʪʴ 

ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʫʨʦʚʝʥʴ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʮʠʢʣʘ ʚ ʧʘʣʝʦʟʦʡʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʡʦʥʘ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʧʦʣʦʞʝʥʠʷ: 

- ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʨʝʧʝʨʘ ʧʨʠʥʠʤʘʝʪʩʷ ʫʨʦʚʝʥʴ ʧʨʝʜʙʘʰʢʠʨʩʢʦʛʦ ʨʘʟʤʳʚʘ; 

- ʭʘʨʘʢʪʝʨ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʳʡ, ʧʘʣʝʦʛʣʫʙʠʥʳ ʫʯʠʪʳʚʘʶʪʩʷ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ 

ʧʘʣʝʦʙʘʩʩʝʡʥʘ; 

- ʩʢʦʨʦʩʪʴ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʨʘʚʥʦʤʝʨʥʘ, ʥʦ ʥʝ ʦʜʠʥʘʢʦʚʘ ʚ ʩʤʝʞʥʳʭ ʨʘʡʦʥʘʭ ʪʝʨʨʠʪʦʨʠʠ; 

- ʧʦʜʦʰʚʘ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʣʘ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʦʤ ʦʙʲʝʤʝ, ʨʘʟʥʦʚʦʟʨʘʩʪʥʘʷ ʚ ʩʠʣʫ ʝʝ 

ʪʨʘʥʩʛʨʝʩʩʠʚʥʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʥʘʩʣʝʜʫʝʪ ʨʝʣʴʝʬ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʵʪʘʧʝ ʨʘʟʤʳʚ ï ʩʝʜʠʤʝʥʪʘʮʠʷ; 

- ʠʟ ʨʘʩʯʝʪʦʚ ʠʩʢʣʶʯʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʫʧʣʦʪʥʝʥʠʷ ʚ ʩʠʣʫ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʤʦʱʥʦʩʪʴ 

ʠʩʢʦʧʘʝʤʦʛʦ ʦʩʘʜʢʘ. 

ʊʦʣʱʠʥʘ ʠʩʢʦʧʘʝʤʦʛʦ ʦʩʘʜʢʘ ʚ ʦʙʲʝʤʝ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ-ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʮʠʢʣʘ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʪʝʤʧʘʤ ʧʨʦʛʠʙʘʥʠʷ ʪʝʨʨʠʪʦʨʠʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʙʘʩʩʝʡʥʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʘʩʧʦʣʘʛʘʷ ʥʝʢʦʪʦʨʦʡ ʩʝʪʴʶ ʨʘʟʨʝʟʦʚ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʪʦʣʱʠʥʘʤʠ ʤʦʞʥʦ ʩʪʨʦʠʪʴ ʧʨʦʬʠʣʠ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʫʢʣʦʥʦʚ ʜʥʘ ʚ ʫʛʣʦʚʳʭ ʝʜʠʥʠʮʘʭ. ʃʠʥʠʠ, 

ʩʦʝʜʠʥʷʶʱʠʝ ʩʦʩʝʜʥʠʝ ʪʦʯʢʠ, ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʧʨʦʬʠʣʷʤʠ, ʥʘ ʢʦʪʦʨʳʝ ʥʘʥʦʩʷʪʩʷ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʢʣʦʥʦʚ 

ʜʥʘ. 

ʄʥʦʞʝʩʪʚʦ ʧʨʦʬʠʣʝʡ  ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʟʜʘʶʪ çʚʝʝʨʥʫʶ ʩʝʪʢʫè, ʘ ʪʦʯʢʠ ʚʩʝʚʦʟʤʦʞʥʳʭ 

ʧʝʨʝʩʝʯʝʥʠʡ ʧʨʷʤʳʭ, ʩʦʝʜʠʥʷʶʱʠʭ ʨʘʟʨʝʟʳ, ʜʘʶʪ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʠ ʘʟʠʤʫʪʘʣʴʥʫʶ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ.ʇʨʠ ʩʦʝʜʠʥʝʥʠʠ ʪʦʯʝʢ ʩ ʨʘʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ 

ʧʦʣʫʯʘʝʪʩʷ ʩʭʝʤʘ ʫʩʨʝʜʥʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʚ ʛʨʘʜʫʩʘʭ ʥʘʢʣʦʥʘ [2]. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʪʦʣʱʠʥ ʚʠʟʝʡʩʢʦʡ 

ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʭʝʤʳ ʨʘʟʨʝʟʦʚ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʝ ʠʥʞʝʥʝʨʘʤʠ ʇʝʨʤʴʅʀʇʀʥʝʬʪʴ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʧʨʠʫʨʦʯʝʥʥʳʤ ʢ ʉʦʣʠʢʘʤʩʢʦʡ 

ʜʝʧʨʝʩʩʠʠ ʠ ɹʘʰʢʠʨʩʢʦʤʫ ʩʚʦʜʫ. ɼʘʥʥʳʝ ʧʦ ʂʦʩʴʚʠʥʩʢʦ-ʏʫʩʦʚʩʢʦʡ ʩʝʜʣʦʚʠʥʝ ʙʳʣʠ ʚʟʷʪʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʙʫʨʝʥʠʷ ʥʝʬʪʝʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʚ 60 ï 80 ʛʛ. ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʢʝʨʥ ʠ ɻʀʉ ʧʦ 36 

ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʉʦʣʠʢʘʤʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, 48 ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 

ɹʘʰʢʠʨʩʢʦʛʦ ʩʚʦʜʘ ʠ 88 ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʂʦʩʴʚʠʥʩʢʦ-ʏʫʩʦʚʩʢʦʡ ʩʝʜʣʦʚʠʥʳ. ʅʘ 

ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʦʩʥʦʚʳ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺ ʨʘʟʨʝʟʝ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ ʚ ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʦʡ ʪʦʣʱʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʦʣʱʠʥʳ ʧʝʩʯʘʥʠʢʦʚ. ɿʘ 

ʤʦʱʥʦʩʪʴ ʧʝʩʯʘʥʠʢʦʚ ʧʨʠʥʠʤʘʣʘʩʴ ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʢʘʟʘʥʠʷʤʠ ɻʂ, 

ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ ʇʉ, ʫʤʝʥʴʰʝʥʠʝʤ ʜʠʘʤʝʪʨʘ ʩʢʚʘʞʠʥʳ. ʆʪʥʦʰʝʥʠʝ ʪʦʣʱʠʥʳ ʧʝʩʯʘʥʠʢʦʚ ʢ ʦʙʱʝʡ 

ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʡ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ ʜʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʩʯʘʥʠʩʪʦʩʪʠ ï ʜʦʣʶ ʢʦʣʣʝʢʪʦʨʘ ʚ ʧʣʘʩʪʝ. ʇʦʣʫʯʠʚ 

ʟʥʘʯʝʥʠʷ ʪʦʣʱʠʥ ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʠ ʤʦʱʥʦʩʪʠ ʧʝʩʯʘʥʳʭ ʪʝʣ ʚ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʝ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʩʯʘʥʠʩʪʦʩʪʠ, ʘ ʟʘʪʝʤ ʩʨʝʜʥʠʝ ʠ ʤʦʜʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚʩʝʭ ʧʦʢʘʟʘʪʝʣʝʡ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʷʭ ʩʨʝʜʥʠʭ ʠ ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ, ʠʩʪʠʥʥʳʤʠ ʩʯʠʪʘʣʠʩʴ ʤʦʜʘʣʴʥʳʝ.  

ʇʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʡ ʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʫʚʷʟʢʝ ʥʘ ʢʘʨʪʫ 

ʇʝʨʤʩʢʦʛʦ ʢʨʘʷ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ï ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ, 

ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʧʝʩʯʘʥʳʭ ʪʝʣ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʩʯʘʥʠʩʪʦʩʪʠ. ʇʦʩʣʝ ʚʳʥʝʩʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʥʘ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʛʝʦʛʨʘʬʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨ-ʶʛ. ʀʪʘʢ, ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ʄʦʱʥʦʩʪʴ ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʜʦʩʪʠʛʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (80 ʤ) ʚ ʮʝʥʪʨʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʠʤʝʥʥʦ ʚ ʂʦʩʴʚʠʥʩʢʦ-ʏʫʩʦʚʩʢʦʡ ʩʝʜʣʦʚʠʥʝ, ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʷʩʴ ʢ ʩʝʚʝʨʫ ʠ 

ʶʛʫ. ʋʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (40 ï 18) ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʝʝ, ʯʝʤ ʚ ʶʞʥʦʤ, ʧʨʠʯʝʤ ʥʘ 

ɹʘʰʢʠʨʩʢʦʤ ʩʚʦʜʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʦʣʱʠʥʳ ʚʠʟʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʪ ʩʝʚʝʨʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ 

ʢ ʮʝʥʪʨʫ (60 ï 70). 

ɺʥʫʪʨʠ ɹʘʰʢʠʨʩʢʦʛʦ ʩʚʦʜʘ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʩʯʘʥʠʩʪʦʩʪʠ ʥʘ ʣʦʢʘʣʴʥʳʭ 

ʧʦʜʥʷʪʠʷʭ. ɽʛʦ ʫʚʝʣʠʯʝʥʠʝ ʨʘʚʥʦʤʝʨʥʦʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨ-ʶʛ. ʀʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʦʪ 0,14 ʜʦ 

0,39 ʜʦʣʝʡ ʝʜʠʥʠʮ.  

ɺ ʉʦʣʠʢʘʤʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʩʯʘʥʠʩʪʦʩʪʠ ʪʘʢ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʝʚʝʨ-ʶʛ, ʦʜʥʘʢʦ ʟʥʘʯʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0 ʜʦ 0,34 ʜʦʣʝʡ ʝʜʠʥʠʮ ʠ ʣʠʥʝʡʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, 

ʯʝʤ ʚ ɹʘʰʢʠʨʩʢʦʤ ʩʚʦʜʝ.  

ɽʩʣʠ ʩʦʧʦʩʪʘʚʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʩʦ ʩʭʝʤʘʪʠʯʝʩʢʦʡ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʡ ʢʘʨʪʦʡ ʚʨʝʤʝʥʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʜʘʝʚʩʢʦʡ ʨʝʛʨʝʩʩʠʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ɺ.ʀ. ʇʘʭʦʤʦʚʳʤ ʠ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ ʝʛʦ ʢʥʠʛʝ 

çɺʠʟʝʡʩʢʘʷ ʫʛʣʝʥʦʩʥʘʷ ʬʦʨʤʘʮʠʷ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʉʨʝʜʥʝʛʦ ʋʨʘʣʘ ʠ ʇʨʠʫʨʘʣʴʷè, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 

ʪʦʤ, ʯʪʦ ʚʩʝ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʫʨʦʯʝʥʳ ʧʦʚʳʰʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʝʩʯʘʥʠʩʪʦʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʝʣʴʪʝ ʧʘʣʝʦʨʝʢʠ. ʉʝʚʝʨʥʘʷ ʯʘʩʪʴ ʉʦʣʠʢʘʤʩʢʦʡ ʜʝʧʨʝʩʩʠʠ, ʛʜʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʤʠʥʠʤʘʣʴʥʳʝ 

ʧʦʢʘʟʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʯʩʘʥʠʩʪʦʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʤʝʥʥʦʡ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʨʘʚʥʠʥʝ, ʥʝ ʨʘʩʩʯʝʯʝʥʥʦʡ 

ʨʫʩʣʦʚʳʤʠ ʧʦʪʦʢʘʤʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ ʧʦʩʯʠʪʘʥʳ ʫʛʣʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʢʣʦʥʘ (ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ) 

ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ ï ʶʛʦ-ʚʦʩʪʦʢ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʚʳʯʠʩʣʠʪʴ ʘʨʢʪʘʥʛʝʥʩ ʦʪʥʦʰʝʥʠʷ 

ʨʘʟʥʠʮʳ ʚ ʤʦʱʥʦʩʪʷʭ ʚʠʟʝʡʩʢʦʡ ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʢ ʣʠʥʝʡʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʠ ʚʳʯʠʩʣʷʣʩʷ ʫʛʦʣ. ʇʦʣʫʯʝʥʥʳʝ ʫʛʣʳ ʪʘʢ ʞʝ ʙʳʣʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʫʚʷʟʘʥʳ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʛʣʳ ʥʘʢʣʦʥʘ ʩʦʩʪʘʚʣʷʣʠ 0Ü04'12'' ʠ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʶʞʥʦʡ ʯʘʩʪʠ ʉʦʣʠʢʘʤʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʢ ʂʦʩʴʚʠʥʩʢʦ-ʏʫʩʦʚʩʢʦʡ ʩʝʜʣʦʚʠʥʝ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʫʛʣʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʥʘʢʣʦʥʘ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʥʦʩ ʪʝʨʨʠʛʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ ï ʶʛʦ-ʚʦʩʪʦʢ. ɿʥʘʯʝʥʠʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ 

ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʧʨʝʚʳʰʘʶʪ 0Ü05'.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʝʥʠʡ ʚʳʷʚʣʝʥʦ ʪʨʠ ʛʣʘʚʥʳʭ ʧʨʦʪʦʢʠ: ɺʠʰʝʨʩʢʘʷ, ʂʠʟʝʣʦʚʩʢʦ-ɻʫʙʘʭʠʥʩʢʘʷ ʠ 

ʊʘʥʳʧʩʢʘʷ. ɺ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʦʥʠ ʩʦʚʧʘʜʘʶʪ ʩ ʜʨʝʚʥʠʤʠ ʧʘʣʝʦʧʨʦʛʠʙʘʤʠ ʬʨʘʥʩʢʦ-ʪʫʨʥʝʡʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ. 
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ʂ ɺʆʇʈʆʉʋ ʆ ɺʓʄʀʈɸʅʀʀ ʄɸʄʆʅʊʆɺʆʁ ʌɸʋʅʓ ʅɸ ʊɽʈʈʀʊʆʈʀʀ ʄʀʅʋʉʀʅʉʂʆʁ 

ʂʆʊʃʆɺʀʅʓ 
ɼ.ɻ. ʄʘʣʠʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɸ.ɺ. ʐʧʘʥʩʢʠʡ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʨʦ ʩʪʦʠʪ ʚʦʧʨʦʩ ʩʦʭʨʘʥʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ. ʆʜʥʠʤ ʠʟ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʰʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʷʚʣʷʝʪʩʷ ʧʨʦʚʝʜʝʥʠʝ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʙʠʦʨʘʟʥʦʦʙʨʘʟʠʷ ʧʨʦʰʣʳʭ ʵʧʦʭ, ʘ ʪʘʢʞʝ ʠʟʫʯʝʥʠʝ 

ʧʨʠʯʠʥ ʚʳʤʠʨʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʪʘʢʩʦʥʦʚ ʠ ʮʝʣʳʭ ʵʢʦʩʠʩʪʝʤ [15]. ʅʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ ʠ ʚʘʞʥʳʤ ʚ ʵʪʦʤ 

ʦʪʥʦʰʝʥʠʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʟʫʯʝʥʠʝ ʬʘʫʥʳ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ. ʆʜʥʘʢʦ, ʜʘʥʥʳʭ ʦ ʚʨʝʤʝʥʠ ʠ ʤʝʩʪʝ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʚʳʤʠʨʘʥʠʷ ʚʠʜʦʚ ʤʘʤʦʥʪʦʚʦʛʦ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʥʦ ʥʝ ʜʦʩʪʘʪʦʯʥʦ [7]. ʇʦʤʦʯʴ ʚ 

ʨʝʰʝʥʠʠ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʩʧʦʩʦʙʥʳ ʤʝʪʦʜʳ ʨʘʜʠʦʫʛʣʝʨʦʜʥʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ, ʧʨʠʯʸʤ ʧʨʠʤʝʥʷʝʤʳʝ ʢ ʤʘʩʩʦʚʳʤ 

ʤʘʪʝʨʠʘʣʘʤ, ʚ ʢʘʞʜʦʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ, ʘ ʥʝ ʢ ʝʜʠʥʠʯʥʳʤ ʦʙʨʘʟʮʘʤ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʚ 

ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʦʷʚʠʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʤʥʦʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʚʳʤʝʨʣʠ ʫʞʝ ʚ 

ʛʦʣʦʮʝʥʝ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʙʦʣʴʰʝʨʦʛʠʭ ʦʣʝʥʝʡ ʚʳʤʝʨʣʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ 6816Ñ35 ʣ.ʥ., 

ʘ ʧʦʩʣʝʜʥʷʷ ʧʦʧʫʣʷʮʠʷ ʤʘʤʦʥʪʘ ʚʳʤʝʨʣʘ ʥʘ ʦʩʪʨʦʚʝ ɺʨʘʥʛʝʣʷ 3730Ñ40 ʣ.ʥ. [7]. ɼʘʥʥʳʭ ʦ ʚʳʤʠʨʘʥʠʠ ʢʨʫʧʥʳʭ 

ʭʠʱʥʠʢʦʚ ʝʱʸ ʤʝʥʴʰʝ. ʊʘʢ ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʷʷ, ʚ ʉʠʙʠʨʠ, ʨʘʜʠʦʫʛʣʝʨʦʜʥʘʷ ʜʘʪʘ, ʧʦʣʫʯʝʥʥʘʷ ʧʦ ʢʦʩʪʷʤ ʛʠʝʥʳ 

35650Ñ450 ʣ.ʥ. [7]. ʆʜʥʘʢʦ, ʚ ʩʘʨʪʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʨʘʡʦʥʘ ɼʝʨʙʠʥʩʢʦʛʦ ʟʘʣʠʚʘ, ʥʘ ʨ. ɽʥʠʩʝʡ [ʄʦʪʫʟʢʦ ʠ ʜʨ., 

2010], ʠʟʚʝʩʪʥʳ ʥʘʭʦʜʢʠ ʵʪʦʛʦ ʭʠʱʥʠʢʘ, ʥʦ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʦʛʦ ʜʘʪʠʨʦʚʘʥʠʷ ʥʝʣʴʟʷ ʫʪʚʝʨʞʜʘʪʴ ʦ ʪʦʯʥʦʤ 

ʚʦʟʨʘʩʪʝ ʵʪʦʡ ʥʘʭʦʜʢʠ. ʊʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʧʝʱʝʨʥʦʛʦ ʣʴʚʘ. ʂ ʧʨʠʤʝʨʫ, ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʷʷ ʜʘʪʠʨʦʚʢʘ ʵʪʦʛʦ ʭʠʱʥʠʢʘ 

ʩ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ (ɼʝʨʙʠʥʩʢʠʡ ʟʘʣʠʚ) ʩʦʩʪʘʚʣʷʝʪ 20085Ñ80 ʣ.ʥ. [17]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʙʦʣʝʝ 

ʤʦʣʦʜʳʭ ʩʪʦʷʥʢʘʭ ʵʧʦʭʠ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʣʠʪʘ ʦʩʪʘʪʢʠ ʵʪʦʛʦ ʚʠʜʘ ʪʘʢ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ [1]. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʆʩʦʙʦ ʚʘʞʥʦʡ, ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʳʤʠʨʘʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʡ, ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʘʫʥʳ ʉʠʙʠʨʠ, ʷʚʣʷʝʪʩʷ ʪʝʨʨʠʪʦʨʠʷ ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ. ʕʪʘ ʪʝʨʨʠʪʦʨʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʦʡ ʤʝʞʜʫ 

ɺʦʩʪʦʯʥʦʡ ʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʴʶ, ʠ ʧʦ ʥʝʡ ʧʨʦʭʦʜʠʪ ʚʘʞʥʝʡʰʘʷ ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʛʨʘʥʠʮʘ ʇʘʣʝʘʨʢʪʠʢʠ ï 

ɽʥʠʩʝʡʩʢʠʡ ʟʦʦʛʝʦʛʨʘʬʠʯʝʩʢʠʡ ʨʫʙʝʞ [13]. ʄʠʥʫʩʠʥʩʢʘʷ ʤʝʞʛʦʨʥʘʷ ʚʧʘʜʠʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʶʛʝ ʉʨʝʜʥʝʡ 

ʉʠʙʠʨʠ. ɺʧʘʜʠʥʘ ʦʢʨʫʞʝʥʘ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʛʦʨʥʳʤʠ ʧʦʜʥʷʪʠʷʤʠ ʂʫʟʥʝʮʢʦʛʦ ʥʘʛʦʨʴʷ, ɿʘʧʘʜʥʦʛʦ ʠ ɺʦʩʪʦʯʥʦʛʦ 

ʉʘʷʥ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʭʨʝʙʪʘʤʠ ʦʥʘ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʨʷʜ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʧʘʜʠʥ: ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʘʷ; ʉʳʜʦ-

ɽʨʙʠʥʩʢʘʷ; ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʘʷ [8]. ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʪʝʨʨʠʪʦʨʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ 

ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʠ ʩʝʚʝʨʥʫʶ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʍʘʢʘʩʠʠ.  

ʆʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʠʟʫʯʝʥʠʝ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʧʝʨʠʦʜʘ ʨʝʛʠʦʥʘ ʚʥʝʩʣʘ ʜʝʷʪʝʣʴʥʦʩʪʴ ʦʛʨʦʤʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʜʠʮʠʡ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʚ ʩʦʚʝʪʩʢʦʝ ʚʨʝʤʷ [1]. ʆʜʥʘʢʦ, ʠʭ ʜʝʷʪʝʣʴʥʦʩʪʴ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ, 

ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʠʟʫʯʝʥʠʝ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʡ ʢʫʣʴʪʫʨʳ ʨʝʛʠʦʥʘ, ʪʦʛʜʘ ʢʘʢ ʦʩʪʘʪʢʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʤʝʣʠ 

ʚʪʦʨʦʩʪʝʧʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. ʇʦʜʦʙʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʦʙʣʘʜʘʣʠ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʤʳʝ ʛʝʦʣʦʛʘʤʠ, ʥʘ ʯʪʦ 

ʦʙʨʘʱʘʣ ʚʥʠʤʘʥʠʝ ʝʱʸ ɺ.ʀ ɻʨʦʤʦʚ [4]. ʈʝʟʫʣʴʪʘʪʦʤ ʪʘʢʠʭ ʠʟʳʩʢʘʥʠʡ ʩʪʘʣʦ ʦʪʩʫʪʩʪʚʠʝ ʮʝʣʦʩʪʥʦʡ ʢʘʨʪʠʥʳ 

ʨʘʟʚʠʪʠʷ ʬʘʫʥʳ ʨʝʛʠʦʥʘ, ʥʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʠʛʜʝ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʧʦʣʥʦʛʦ ʩʧʠʩʦʯʥʦʛʦ ʩʦʩʪʘʚʘ ʯʝʪʚʝʨʪʠʯʥʳʭ 

ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ. ʀʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʠʟʫʯʝʥʠʶ ʧʨʠʯʠʥ ʚʳʤʠʨʘʥʠʷ ʤʝʛʘʬʘʫʥʳ 

ʨʝʛʠʦʥʘ, ʪʘʢʞʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚʥʳʭ ʤʥʝʥʠʷ ʦ ʧʨʠʯʠʥʘʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʚʳʤʠʨʘʥʠʡ: 

ʢʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ. ʋ ʦʙʝʠʭ ʛʠʧʦʪʝʟ ʝʩʪʴ ʢʘʢ ʩʪʦʨʦʥʥʠʢʠ, ʪʘʢ ʠ ʧʨʦʪʠʚʥʠʢʠ, ʠ ʦʙʝ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤʠ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥ ʢʘʞʜʳʡ ʠʟ ʵʪʠʭ ʬʘʢʪʦʨʦʚ, 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʧʨʦʮʝʩʩʫ ʚʳʤʠʨʘʥʠʷ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. 

ʂʣʠʤʘʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ: 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʟʥʘʸʪ ʟʘ ʢʣʠʤʘʪʦʤ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʚʳʤʠʨʘʥʠʠ ʤʝʛʘʬʘʫʥʳ ʥʘ ʨʫʙʝʞʝ 

ʧʣʝʡʩʪʦʮʝʥʘ-ʛʦʣʦʮʝʥʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʚʳʟʚʘʣ ʠʩʯʝʟʥʦʚʝʥʠʝ ʬʘʫʥʳ, ʥʘʟʳʚʘʶʪ 

ʨʘʟʨʫʰʝʥʠʝ çʙʝʟʘʥʘʣʦʛʦʚʳʭè ʣʘʥʜʰʘʬʪʦʚ (çʪʫʥʜʨʦʩʪʝʧʝʡè ʠ çʢʨʠʦʬʠʪʥʳʭ ʩʘʚʘʥʥè) ʠ ʟʘʤʝʱʝʥʠʝ ʠʭ ʩʧʣʦʰʥʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʣʝʩʦʚ ʠ ʪʫʥʜʨʦʡ [18]. ʆʩʥʦʚʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʪʘʢʠʭ ʣʘʥʜʰʘʬʪʦʚ ʷʚʣʷʶʪʩʷ: ʤʦʟʘʠʯʥʘʷ 

ʩʪʨʫʢʪʫʨʘ, çʨʘʟʤʳʪʦʩʪʴè ʛʨʘʥʠʮ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʣʘʥʜʰʘʬʪʦʚ, ʚʳʩʦʢʘʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʨʘʩʪʠʪʝʣʴʥʳʭ 

ʩʦʦʙʱʝʩʪʚ, ʤʘʣʦʩʥʝʞʥʦʩʪʴ.  

ɽʩʣʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʚʨʝʤʝʥʥʳʡ ʢʣʠʤʘʪ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ, ʪʦ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʨʝʟʢʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʩʪʴʶ [8]: ʚ ʨʝʛʠʦʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʟʢʠʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʧʦ ʩʝʟʦʥʘʤ ʛʦʜʘ, 

ʤʝʩʷʮʘʤ ʠ ʩʫʪʢʘʤ. ʉʨʝʜʥʷ ̫ʛʦʜʦʚʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ -0,1Á ï -0,6Áʉ, ʩʨʝʜʥʷʷ ʪʝʤʧʝʨʘʪʫʨʘ ʠʶʥʷ +19Á ï +20Áʉ, 

ʷʥʚʘʨʷ -20Á ï -21Áʉ [12]. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʙʝʟʤʦʨʦʟʥʦʛʦ ʧʝʨʠʦʜʘ ʦʪ 80 ʜʦ 120 ʜʥʝʡ. ɸʪʤʦʩʬʝʨʥʦʝ ʫʚʣʘʞʥʝʥʠʝ 

ʥʝʫʩʪʦʡʯʠʚʦʝ, ʦʩʦʙʝʥʥʦ ʚ ʩʪʝʧʥʦʡ ʯʘʩʪʠ. ɻʦʜʦʚʘʷ ʩʫʤʤʘ ʦʩʘʜʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 250 ʜʦ 450 ʤʤ, ʧʨʠʯʝʤ 90% 

ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ ʚʳʧʘʜʘʝʪ ʟʘ ʪʝʧʣʳʡ ʧʝʨʠʦʜ (ʘʧʨʝʣʴ ï ʦʢʪʷʙʨʴ). 

ʂʣʠʤʘʪ ʢʦʪʣʦʚʠʥʳ ʦʙʫʩʣʦʚʣʝʥ ʝʸ ʨʝʣʴʝʬʦʤ, ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʭʦʣʤʦʚ ʠ ʫʚʘʣʦʚ, ʩʦʟʜʘʶʱʠʭ 

ʪʫʨʙʫʣʝʥʪʥʦʩʪʴ ʚʦʟʜʫʰʥʦʛʦ ʧʦʪʦʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʪʝʧʣʳʡ ʬʨʦʥʪ ʧʨʝʪʝʨʧʝʚʘʝʪ ʜʝʬʦʨʤʘʮʠʶ, ʠ ʟʘʧʘʜʥʘʷ 

ʯʘʩʪʴ ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʧʦʣʫʯʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʚʦʩʪʦʯʥʳʤʠ ʯʘʩʪʷʤʠ 

ʨʝʛʠʦʥʘ [8]. çɼʦʞʜʝʚʘʷ ʪʝʥʴè ʚʳʟʚʘʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʜʦʙʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʭʘʨʘʢʪʝʨʥʳ ʢʘʢ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʩʪʠ, ʪʘʢ ʠ ʜʣʷ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ.  

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʧʘʣʝʦʢʣʠʤʘʪʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʉʝʚʝʨʥʦʛʦ ʧʦʣʫʰʘʨʠʷ [11] ʚ ʢʣʠʤʘʪʠʯʝʩʢʠʡ 

ʦʧʪʠʤʫʤ ʛʦʣʦʮʝʥʘ (6 000 ï 5 500 ʣ.ʥ.) ʦʪʢʣʦʥʝʥʠʝ (ʦʪ ʩʦʚʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʡ) ʩʨʝʜʥʝ ʛʦʜʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʦʟʜʫʭʘ ʜʣʷ ʨʝʛʠʦʥʘ ʩʦʩʪʘʚʣʷʣʦ +2Á ï -1Áʉ (ʷʥʚʘʨʴ: +3Á ï +2Áʉ; ʠʶʥʴ: +1Á ï 0Áʉ), ʘ ʛʦʜʦʚʦʡ ʩʫʤʤʳ ʦʩʘʜʢʦʚ +50 ï 

0ʤʤ. ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʘʪʤʦʩʬʝʨʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʙʳʣʠ ʥʝʠʟʤʝʥʥʳ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, 

ʯʪʦ ʚ ʛʦʣʦʮʝʥʝ ʚʩʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʙʳʣʠ ʙʣʠʟʢʠ ʢ ʠʭ ʩʦʚʨʝʤʝʥʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʇʦʜʦʙʥʳʝ 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʧʦʜʭʦʜʷʱʠʤʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʠʤʝʥʥʦ ʩʪʝʧʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ [12], 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘ ʧʦʩʣʝʜʥʠʝ 6000 ʣʝʪ ʚ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʢʦʪʣʦʚʠʥʳ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʙʳʣ ʩʪʝʧʥʦʡ ʪʠʧ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ʉʥʝʛʦʚʦʡ ʧʦʢʨʦʚ ʪʘʢ ʞʝ ʥʝ ʤʦʛ ʠʛʨʘʪʴ ʙʦʣʴʰʦʡ ʨʦʣʠ ʚ ʚʳʤʠʨʘʥʠʠ ʬʘʫʥʳ. ʇʦʩʢʦʣʴʢʫ, ʜʘʞʝ ʧʨʠ 

ʝʜʠʥʦʚʨʝʤʝʥʥʦʤ ʚʳʧʘʜʝʥʠʠ ʛʦʜʦʚʦʛʦ ʤʘʢʩʠʤʫʤʘ 500 ʤʤ ʦʩʘʜʢʦʚ (ʚ ʦʧʪʠʤʫʤ ʛʦʣʦʮʝʥʘ) ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜ, ʵʪʦ 

ʤʦʛʣʦ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʟʘʪʨʫʜʥʝʥʠʶ ʧʝʨʝʤʝʱʝʥʠʷ ʣʠʰʴ ʚʠʜʘʤ ʩ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ çʪʨʫʜʥʦʩʪʠ 

ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʩʥʝʛʫè - ʩʘʡʛʘʢ, ʥʦʩʦʨʦʛ, ʙʠʟʦʥ, ʛʠʛʘʥʪʩʢʠʡ ʦʣʝʥʴ [16]. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʥʘ ʨʫʙʝʞʝ ʧʣʝʡʩʪʦʮʝʥʘ-ʛʦʣʦʮʝʥʘ ʜʣʷ 

ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ʙʳʣʘ ʭʘʨʘʢʪʝʨʥʘ ʣʘʥʜʰʘʬʪʥʘʷ ʦʙʩʪʘʥʦʚʢʘ ʙʣʠʟʢʘʷ ʢ ʩʦʚʨʝʤʝʥʥʦʡ, ʩ 

ʙʦʣʴʰʠʤ ʧʨʦʮʝʥʪʦʤ ʩʪʝʧʥʳʭ ʬʠʪʦʮʝʥʦʟʦʚ. ʊʘʢʘʷ ʣʘʥʜʰʘʬʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ çʠʜʝʘʣʴʥʦʡè, ʜʣʷ 

ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, 

ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʥʝ ʤʦʛʣʠ ʙʳʪʴ ʦʩʥʦʚʥʳʤ ʬʘʢʪʦʨʦʤ ʚʳʤʠʨʘʥʠʷ ʤʝʛʘʬʘʫʥʳ. 

ɸʥʪʨʦʧʦʛʝʥʥʳʡ ʬʘʢʪʦʨ: 

ɺʪʦʨʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ ʥʘ ʧʨʠʯʠʥʫ ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʳʤʠʨʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʝʜʫʱʝʡ ʨʦʣʠ 

ʦʭʦʪʥʠʯʴʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʘʣʝʦʣʠʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ. ʆʩʥʦʚʥʦʝ ʤʝʩʪʦ ʟʜʝʩʴ ʟʘʥʠʤʘʝʪ ʛʠʧʦʪʝʟʘ çʧʝʨʝʧʨʦʤʳʩʣʘè 

ʤʝʛʘʬʘʫʥʳ ʯʝʣʦʚʝʢʦʤ, ʧʦ ʤʝʨʝ ʝʛʦ ʨʘʩʩʝʣʝʥʠʷ [2]. ʇʦ ʤʥʝʥʠʶ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʜʝʨʞʠʚʘʶʱʠʭʩʷ ʵʪʦʡ ʪʝʦʨʠʠ 

ʠʤʝʥʥʦ ʯʝʣʦʚʝʢ, ʘ ʥʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʩʪʘʣʠ ʧʨʠʯʠʥʦʡ ʚʳʤʠʨʘʥʠʷ ʢʨʫʧʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ. ɺʳʤʠʨʘʥʠʝ 

ʤʝʛʘʬʘʫʥʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʢʘʨʜʠʥʘʣʴʥʳʝ ʧʝʨʝʩʪʨʦʡʢʠ ʵʢʦʩʠʩʪʝʤʳ ʠ ʠʩʯʝʟʥʦʚʝʥʠʝ 

çʙʝʟʘʥʘʣʦʛʦʚʳʭè ʣʘʥʜʰʘʬʪʦʚ. ʇʨʠʪʦʤ ʧʨʠʚʝʨʞʝʥʮʳ ʵʪʦʡ ʛʠʧʦʪʝʟʳ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʬʘʢʪʘʤʠ, 

ʦʪʨʘʞʸʥʥʳʤʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʣʝʪʦʧʠʩʠ, ʥʦ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [6]. 

ɺ ʩʘʨʪʘʥʩʢʦʝ ʚʨʝʤʷ ʥʘ ʙʝʨʝʛʘʭ ʧʨʘ-ɽʥʠʩʝʷ ʦʙʠʪʘʣʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʶʜʝʡ. ɺ ʙʘʩʩʝʡʥʝ ʨ. ɽʥʠʩʝʡ 

ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 120 ʩʪʦʷʥʦʢ ʧʦʟʜʥʝʧʘʣʝʦʣʠʪʠʯʝʩʢʦʛʦ ʯʝʣʦʚʝʢʘ, ʯʝʪʚʝʨʪʴ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʬʘʫʥʠʩʪʠʯʝʩʢʠʝ 

ʦʩʪʘʪʢʠ [1]. ʆʩʥʦʚʥʳʤ ʧʠʱʝʚʳʤ ʨʝʩʫʨʩʦʤ ʜʣʷ ʦʭʦʪʥʠʢʦʚ ʧʘʣʝʦʣʠʪʘ ʷʚʣʷʣʠʩɹ ʩʝʚʝʨʥʳʡ ʦʣʝʥʴ (ʦʩʪʘʪʢʠ ʵʪʦʛʦ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʞʠʚʦʪʥʦʛʦ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 98% ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ), ʠ ʟʘʷʮ (ʜʦ 59%). ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʣʶʜʠ ʧʘʣʝʦʣʠʪʘ 

ʜʦʙʳʚʘʣʠ ʣʦʰʘʜʝʡ (ʜʦ 24,2%), ʘʨʭʘʨʦʚ (ʜʦ 15%), ʙʠʟʦʥʦʚ (ʜʦ 21,5%) ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʦʣʝʥʝʡ (ʜʦ 19,6%). 

ʅʘʠʤʝʥʴʰʠʡ ʧʨʦʮʝʥʪ ʜʦʙʳʯʠ ʦʭʦʪʥʠʢʦʚ, ʚ ʧʘʣʝʦʣʠʪʝ ɽʥʠʩʝʷ, ʩʘʡʛʘʢ (ʜʦ 2,3%), ʤʘʤʦʥʪ (ʦʩʪʘʪʢʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ 

ʚ 3 ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʭ). ʆʩʪʘʪʢʠ ʪʘʢʠʭ ʞʠʚʦʪʥʳʭ ʢʘʢ ʰʝʨʩʪʠʩʪʳʡ ʥʦʩʦʨʦʛ ʠ ʙʦʣʴʰʝʨʦʛʠʡ ʦʣʝʥʴ ʚʦʦʙʱʝ ʥʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʩʪʦʷʥʢʘʭ ʜʨʝʚʥʝʛʦ ʯʝʣʦʚʝʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʟʘʭʦʨʦʥʝʥʠʷʭ ʢʦʩʪʠ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʜʢʦʩʪʠ [9, 10]. 

ʅʘ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʜʣʷ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʣʦʚʠʥʳ ʥʝʪ ʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʧʦʜʪʚʝʨʞʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

çʧʝʨʝʧʨʦʤʳʩʣʘè ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ. ʇʦʩʢʦʣʴʢʫ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʦʩʥʦʚʥʳʭ ʦʭʦʪʥʠʯʴʠʭ ʚʠʜʦʚ ʜʦ ʩʠʭ ʧʦʨ ʞʠʚʫʪ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʣʦʚʠʥʳ [14], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʞʠʚʦʪʥʳʝ, ʥʘ ʢʦʪʦʨʳʭ ʦʭʦʪʘ ʚʝʣʘʩʴ ʵʧʠʟʦʜʠʯʝʩʢʠ (ʤʘʤʦʥʪ, ʩʘʡʛʘʢ, 

ʙʠʟʦʥ) ʠʣʠ ʥʝ ʚʝʣʘʩʴ ʚʦʦʙʱʝ (ʰʝʨʩʪʠʩʪʳʡ ʥʦʩʦʨʦʛ, ʙʦʣʴʰʝʨʦʛʠʡ ʦʣʝʥʴ), ʙʦʣʴʰʝ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʝʛʠʦʥʝ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝ ʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʚ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʦ, ʯʪʦ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʥʝʪ ʬʘʢʪʦʚ, ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʠʣʠ ʙʳ ʦʜʥʦʟʥʘʯʥʦ ʩʫʜʠʪʴ ʦ ʧʨʠʯʠʥʘʭ ʚʳʤʠʨʘʥʠʷ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʫʩʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ. ʊʘʢ ʜʘʥʥʳʝ ʧʦ ʧʘʣʝʦʢʣʠʤʘʪʫ ʧʦʢʘʟʳʚʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʣʘʥʜʰʘʬʪʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʚ ʨʝʛʠʦʥʝ, ʪʝʤ ʩʘʤʳʤ ʫʢʘʟʳʚʘʷ ʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʤʠʨʘʥʠʷ ʬʘʫʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ çʢʣʠʤʘʪʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚè. ʌʘʢʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦ ʧʨʦʤʳʩʣʫ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʯʝʣʦʚʝʢʦʤ ʧʘʣʝʦʣʠʪʘ ʧʦʢʘʟʳʚʘʶʪ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

çʧʝʨʝʧʨʦʤʳʩʣʘè ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ. ʊʘʢ ʢʘʢ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ ʟʘʪʨʦʥʫʣʦ ʚʳʤʠʨʘʥʠʝ, ʦʭʦʪʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʝʣʘʩʴ, ʪʦʛʜʘ ʢʘʢ ʦʩʥʦʚʥʳʝ ʧʨʦʤʳʩʣʦʚʳʝ ʚʠʜʳ ʦʙʠʪʘʶʪ ʚ ʨʝʛʠʦʥʝ ʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ. 

ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʤʠʨʘʥʠʷ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʨʝʛʠʦʥʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʠʟʤʝʥʝʥʠʝ 

ʣʘʥʜʰʘʬʪʦʚ ʚ ʩʦʩʝʜʥʠʭ ʨʝʛʠʦʥʘʭ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ʟʘ ʧʨʝʜʝʣʘʤʠ 

ʢʦʪʣʦʚʠʥʳ ʩʥʠʟʠʣʘʩʴ ʤʠʛʨʘʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʨʫʧʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ. ʉʪʝʧʥʳʝ 

ʬʠʪʦʮʝʥʦʟʳ, ʢʦʪʦʨʳʝ ʩʦʭʨʘʥʠʣʠʩʴ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʧʦ ʩʝʡ ʜʝʥʴ [8, 12], ʦʢʘʟʘʣʠʩʴ ʥʝ 

ʩʧʦʩʦʙʥʳ ʧʦʜʜʝʨʞʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ, ʯʪʦ ʠ ʤʦʛʣʦ ʧʨʠʚʝʩʪʠ ʢ ʚʳʤʠʨʘʥʠʶ ʢʨʫʧʥʳʭ ʞʠʚʦʪʥʳʭ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʪʝʧʥʳʭ ʵʢʦʩʠʩʪʝʤ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʘ ʩʦʭʨʘʥʝʥʠʶ ʚ ʨʝʛʠʦʥʝ ʙʦʣʴʰʠʥʩʪʚʘ ʤʠʢʨʦ-

ʤʘʤʤʘʣʠʡ [3, 5], ʦʙʠʪʘʚʰʠʭ ʚ ʢʦʪʣʦʚʠʥʝ ʝʱʸ ʚ ʧʣʝʡʩʪʦʮʝʥʝ. ʆʜʥʘʢʦ, ʜʣʷ ʪʦʛʦ ʯʪʦʙ ʜʝʣʘʪʴ ʢʘʢʠʝ-ʪʦ ʦʜʥʦʟʥʘʯʥʳʝ 

ʚʳʚʦʜʳ ʧʦ ʚʦʧʨʦʩʫ çʧʨʠʯʠʥ ʚʳʤʠʨʘʥʠʷ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳè, ʥʝʦʙʭʦʜʠʤʳ ʜʘʣʴʥʝʡʰʠʝ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʝʡʰʠʭ ʤʝʪʦʜʦʚ ʜʘʪʠʨʦʚʘʥʠʷ.  
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʇɽʈɺɸʗ ʅɸʍʆɼʂɸ ʇʃʀʊʆʏʅʓʍ ʄʆɻʀʃʔʅʀʂʆɺ ʅɸ ɺʆʉʊʆʏʅʆʄ ʇʆɹɽʈɽɾʔɽ ʆɿɽʈɸ 
ɿʋʅ-ʊʆʈɽʁ (ʖɻʆ-ɺʆʉʊʆʂ ɿɸɹɸʁʂɸʃʔʗ) 

ʅ.ɸ. ʄʘʰʫʢʦʚʘ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɽ.ɽ. ɹʘʨʘʙʘʰʝʚʘ 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʏʠʪʘ, ʈʦʩʩʠʷ 

ʇʣʠʪʦʯʥʳʝ ʤʦʛʠʣʳ ï ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʧʘʤʷʪʥʠʢʦʚ ʣʝʩʦʩʪʝʧʥʦʡ ʠ 

ʩʪʝʧʥʦʡ ʟʦʥ ɿʘʙʘʡʢʘʣʴʷ ʠ ʄʦʥʛʦʣʠʠ. ʇʝʨʚʳʝ ʨʘʩʢʦʧʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʩʝʤʥʘʜʮʘʪʦʤʫ ʚʝʢʫ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʢʦʧʘʥʥʳʭ ʤʦʛʠʣʴʥʠʢʦʚ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 900. ʀʟ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʢʦʧʘʥʥʳʭ 

ʤʦʛʠʣ 68,5% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʖʞʥʦʝ ʠ ʎʝʥʪʨʘʣʴʥʦʝ ɿʘʙʘʡʢʘʣʴʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʩʥʦʚʥʘʷ ʪʝʨʨʠʪʦʨʠʷ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʫʣʴʪʫʨʳ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ï ʵʪʦ ʄʦʥʛʦʣʠʷ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʯʝʨʪʘʤʠ ʪʦʧʦʛʨʘʬʠʯʝʩʢʦʡ 

ʩʠʪʫʘʮʠʠ ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʷʚʣʷʶʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʠʭ ʥʘ ʨʘʚʥʠʥʥʳʭ ʤʝʩʪʥʦʩʪʷʭ, ʧʨʠʚʷʟʢʘ ʢ 

ʢʦʨʝʥʥʳʤ ʚʳʭʦʜʘʤ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʤʠʥʝʨʘʣʦʚ, ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘ ʚʳʩʪʫʧʘʶʱʠʭ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ (ʩʢʘʣʴʥʳʝ 

ʚʳʭʦʜʳ, ʚʝʨʰʠʥʳ ʩʢʣʦʥʦʚ, ʨʘʩʧʘʜʢʠ, ʪʝʨʨʘʩʳ ʠ ʜʨ.), ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʶʞʥʳʤ ʦʧʧʦʟʠʮʠʷʤ ʛʦʨ ʠ ʨʘʩʧʘʜʢʦʚ. 

ʅʘ ʚʦʩʪʦʯʥʦʤ ʧʦʙʝʨʝʞʴʝ ʦʟʝʨʘ ɿʫʥ-ʊʦʨʝʡ ʥʘ ʢʨʘʶ 35ï40 ʤʝʪʨʦʚʦʡ ʚʪʦʨʦʡ ʦʟʝʨʥʦʡ ʪʝʨʨʘʩʳ ʩʪʫʜʝʥʪʘʤʠ-

ʛʝʦʣʦʛʘʤʠ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʦ ʚʨʝʤʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʣʝʪʦʤ 2013 ʛʦʜʘ ʙʳʣ 

ʦʙʥʘʨʫʞʝʥ ʨʘʟʨʫʰʝʥʥʳʡ ʧʣʠʪʦʯʥʳʡ ʤʦʛʠʣʴʥʠʢ. ʅʘ ʯʘʩʪʠʯʥʦ ʩʧʦʣʟʰʠʭ ʚʥʠʟ ʧʦ ʩʢʣʦʥʫ ʚ ʩʪʦʨʦʥʫ ʦʟʝʨʘ 

ʢʘʤʝʥʥʳʭ ʢʣʘʜʢʘʭ ʦʚʘʣʴʥʦʡ ʠ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʥʘʭʦʜʠʣʠʩʴ ʦʙʥʘʞʠʚʰʠʝʩʷ ʦʩʪʘʥʢʠ ʩʢʝʣʝʪʘ ʯʝʣʦʚʝʢʘ ʚ ʚʠʜʝ 

ʯʝʨʝʧʘ, ʰʝʡʥʳʭ ʧʦʟʚʦʥʢʦʚ, ʢʦʥʝʯʥʦʩʪʝʡ ʠ ʥʝʩʢʦʣʴʢʠʭ ʨʝʙʝʨ. ʉʫʜʷ ʧʦ ʠʭ ʨʘʟʤʝʨʘʤ, ʦʥʠ ʧʨʠʥʘʜʣʝʞʘʣʠ ʨʝʙʝʥʢʫ 

ʧʦʜʨʦʩʪʢʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ ʞʝʥʩʢʦʛʦ ʧʦʣʘ. ʈʘʟʨʫʰʝʥʠʝ ʤʦʛʠʣʴʥʠʢʘ ʧʨʦʠʟʦʰʣʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʧʦʣʟʥʝʚʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʵʪʦʤʫ ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ ʝʛʦ ʦʨʠʝʥʪʠʨʦʚʢʘ ʥʘʨʫʰʝʥʘ.  

ʈʘʟʤʝʨ ʬʨʦʥʪʘʣʴʥʦʡ ʧʣʠʪʳ ʩʦʩʪʘʚʣʷʝʪ 1,5 ʭ 2ʤ. ʇʣʠʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʣʳʙʫ ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ 

ʬʠʣʣʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, ʦʪʥʦʩʠʤʳʭ ʢ ʦʥʦʥʩʢʦʡ ʩʚʠʪʝ ʧʦʟʜʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʚʳʭʦʜʳ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 2-3 ʢʤ 

ʩʝʚʝʨʥʝʝ ʤʝʩʪʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʤʦʛʠʣʴʥʠʢʘ. ɺʳʰʝ ʧʦ ʩʢʣʦʥʫ ʥʘʭʦʜʠʪʩʷ ʝʱʝ ʨʷʜ ʧʦʜʦʙʥʳʭ ʩʧʦʣʟʘʶʱʠʭ ʧʣʠʪ, 

ʦʜʥʘʢʦ ʢʦʩʪʥʳʝ ʦʩʪʘʥʢʠ ʚ ʥʠʭ ʥʝ ʦʙʥʘʞʝʥʳ. ʄʦʛʠʣʴʥʠʢ ʥʝʚʝʣʠʢ ʧʦ ʨʘʟʤʝʨʘʤ, ʢʦʣʠʯʝʩʪʚʦ ʥʘʩʯʠʪʳʚʘʝʤʳʭ ʢʣʘʜʦʢ 

3. ʂʘʢ ʧʨʘʚʠʣʦ, ʜʣʷ ʢʫʣʴʪʫʨʳ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʢʣʘʜʦʢ ʦʪ 3-5 ʜʦ 10-15. ʂʨʫʧʥʳʝ ʧʦ 

ʨʘʟʤʝʨʘʤ ʠ ʢʦʣʠʯʝʩʪʚʫ ʢʣʘʜʦʢ ʤʦʛʠʣʴʥʠʢʠ ʜʦʩʪʘʪʦʯʥʦ ʨʝʜʢʠ. ʇʦʯʪʠ ʚʩʝ ʟʘʭʦʨʦʥʝʥʠʷ ʟʘʢʣʶʯʘʶʪ ʚ ʩʝʙʝ ʦʜʥʦʛʦ 

ʯʝʣʦʚʝʢʘ. 

ʂʦʩʪʷʢ ʨʘʩʧʦʣʦʞʝʥ ʚʜʦʣʴ ʜʣʠʥʥʦʡ ʦʩʠ ʤʦʛʠʣʴʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʥʘ ʩʧʠʥʝ ʚ ʚʳʪʷʥʫʪʦʤ ʧʦʣʦʞʝʥʠʠ. 

ʆʙʳʯʥʦ ʧʨʠ ʢʦʩʪʷʢʘʭ ʥʘʭʦʜʷʪ ʨʘʟʣʠʯʥʳʝ ʧʨʝʜʤʝʪʳ: ʦʨʫʜʠʷ ʪʨʫʜʘ, ʢʝʨʘʤʠʢʫ, ʢʦʩʪʠ ʞʠʚʦʪʥʳʭ, ʠʥʦʛʜʘ ʫʛʦʣʴʢʠ ʠ 

ʟʦʣʫ. ʅʝ ʩʤʦʪʨʷ ʥʘ ʪʱʘʪʝʣʴʥʳʝ ʧʦʠʩʢʠ, ʦʩʪʘʪʢʦʚ ʧʨʝʜʤʝʪʦʚ ʟʘʭʦʨʦʥʝʥʠʷ ʥʘʡʜʝʥʦ ʥʝ ʙʳʣʦ. ɺʦʟʤʦʞʥʦ, ʦʥʠ 

ʟʘʢʨʳʪʳ ʤʦʱʥʳʤ ʩʣʦʝʤ ʦʧʦʣʟʥʝʚʦʡ ʦʩʳʧʠ, ʘ ʚʦʟʤʦʞʥʦ, ʚʩʢʨʳʪʳʡ ʚʨʝʤʝʥʝʤ ʤʦʛʠʣʴʥʠʢ ʧʨʦʩʪʦ ʨʘʟʛʨʘʙʣʝʥ 

ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ. ʅʘʡʜʝʥʥʳʝ ʚ ʧʝʨʝʜʝʣʘʭ ʧʦʙʝʨʝʞʴʷ ʪʦʨʝʡʩʢʠʭ ʦʟʝʨ ʥʫʢʣʝʫʩʳ ʠ ʦʪʱʝʧʳ. ʇʦ ʩʣʦʚʘʤ 

ʨʘʙʦʪʥʠʢʦʚ ɼʘʫʨʩʢʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʦʞʝʥʦ ʜʘʥʥʦʝ ʟʘʭʦʨʦʥʝʥʠʝ, ʨʘʥʝʝ ʥʘʭʦʜʢʠ 

ʢʫʣʴʪʫʨ rʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʥʘ ʧʦʙʝʨʝʞʴʝ ʊʦʨʝʡʩʢʠʭ ʦʟʝʨ ʥʝ ʦʪʤʝʯʘʣʠʩʴ. 

ɺ ʩʪʝʧʷʭ ʖʞʥʦʛʦ ɿʘʙʘʡʢʘʣʴʝ ʚ ʢʦʥʮʝ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ II  ʪʳʩ. ʜʦ ʥ. ʵ. ï ʥʘʯʘʣʝ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ I ʪʳʩ. 

ʜʦ ʥ. ʵ. ʞʠʣʠ ʧʣʝʤʝʥʘ, ʩʦʟʜʘʚʰʠʝ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʢʫʣʴʪʫʨʫ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ, ʢʦʪʦʨʘʷ ʧʨʦʜʣʠʣʘʩʴ ʦʢʦʣʦ 800 ʣʝʪ. 

ʀʤʷ ʥʘʨʦʜʘ, ʢʦʪʦʨʳʡ ʩʦʦʨʫʜʠʣ ʵʪʠ ʤʦʛʠʣʴʥʠʢʠ, ʥʝʠʟʚʝʩʪʥʦ, ʧʦʵʪʦʤʫ ʧʦ ʭʘʨʘʢʪʝʨʫ ʧʦʛʨʝʙʘʣʴʥʦʛʦ ʦʙʨʷʜʘ ʠ 

ʦʙʳʯʘʶ ʩʪʘʚʠʪʴ ʥʘʜ ʟʘʭʦʨʦʥʝʥʠʝʤ ʧʨʷʤʦʫʛʦʣʴʥʫʶ ʦʛʨʘʜʢʫ ʠʟ ʢʨʫʧʥʳʭ ʢʘʤʝʥʥʳʭ ʧʣʠʪ, ʩʣʦʞʝʥʥʳʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʛʨʘʥʠʪʘʤʠ, ʩʣʘʥʮʘʤʠ ʠʣʠ ʛʥʝʡʩʘʤʠ, ʥʦʩʠʪʝʣʝʡ ʜʘʥʥʦʡ ʢʫʣʴʪʫʨʳ ʥʘʟʳʚʘʶʪ "ʧʣʠʪʦʯʥʠʢʘʤʠ".  

ʉʝʡʯʘʩ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʚ ʶʞʥʳʭ ʨʘʡʦʥʘʭ ɿʘʙʘʡʢʘʣʴʷ ʥʝ ʦʜʥʫ ʪʳʩʷʯʫ ʧʦʛʨʝʙʝʥʠʡ. ʊʘʢʠʭ ʧʣʠʪ ʦʩʦʙʝʥʥʦ 

ʤʥʦʛʦ ʫ Hʦʟʝʨʘ ʅʦʞʠʡH, ʫ ʩʝʣ ɹʫʜʫʣʘʥ, ɻʫʥʵʡ, ʊʦʢʯʠʥ, ɿʫʛʘʣʘʡ, ʎʘʛʘʥ-ʆʣʴ, ʋʰʘʨʙʘʡ, ʄʦʛʦʡʪʫʡ, ɹʘʣʴʟʠʥʦ, ʫ 

ʩʪʘʥʮʠʠ ʆʣʦʚʷʥʥʘʷ, ʋʨʫʣʴʛʘ, ʫ ʛʦʨʳ ʇʫʥʮʫʢ, ʦʟʝʨʘ ʋʣʠʤ ʠ ʜʨ. ʇʣʠʪʦʯʥʳʝ ʤʦʛʠʣʳ ʖʞʥʦʛʦ ʠ ʎʝʥʪʨʘʣʴʥʦʛʦ 

ɿʘʙʘʡʢʘʣʴʷ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʩʚʦʠʤ ʨʘʟʤʝʨʘʤ ʠ ʚʥʝʰʥʝʤʫ ʚʠʜʫ. ɽʩʪʴ ʤʦʛʠʣʳ ʥʝʙʦʣʴʰʦʡ ʚʝʣʠʯʠʥʳ ð 1.5 ʭ 1.5 ʤ, 

ʥʦ ʝʩʪʴ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ð 7 ʭ 4 ʤ. ʅʝʢʦʪʦʨʳʝ ʤʦʛʠʣʳ ʦʙʩʪʘʚʣʝʥʳ ʦʛʨʦʤʥʳʤʠ ʧʣʠʪʘʤʠ, ʜʦʩʪʠʛʘʶʱʠʤʠ ʚ ʚʳʩʦʪʫ 

3 ʤ (ʥʘʧʨʠʤʝʨ, ʫ ʩ. ɹʫʜʫʣʘʥʘ ʥʘ ʨʝʢʝ ʆʥʦʥ). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʣʠʪʳ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʚʳʰʘʶʪʩʷ 

ʥʘʜ ʟʝʤʣʝʡ ð ʦʪ 0,5 ʜʦ 1 ʤ.  

ʇʦ ʬʦʨʤʝ ʨʘʟʣʠʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʤʦʛʠʣʳ: 1) çʬʠʛʫʨʥʳʝ ʤʦʛʠʣʳè ʩ ʧʣʦʩʢʦʡ ʢʘʤʝʥʥʦʡ ʥʘʩʳʧʴʶ ʠ 

ʦʛʨʘʜʢʦʡ ʩ ʚʦʛʥʫʪʳʤʠ ʩʪʦʨʦʥʘʤʠ (ʚ ɺʦʩʪʦʯʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʪʘʢʠʝ ʤʦʛʠʣʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʪʦʣʴʢʦ ʚ ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ); 2) çʤʦʛʠʣʳ ʩʦ ʜʚʦʨʦʤè, ʫ ʢʦʪʦʨʳʭ, ʧʦʤʠʤʦ ʦʩʥʦʚʥʦʡ ʦʛʨʘʜʢʠ, ʠʤʝʝʪʩʷ ʚʪʦʨʘʷ 

ʥʠʟʝʥʴʢʘʷ ʩ ʧʨʦʭʦʜʦʤ (ʦʙʳʯʥʦ ʥʘ ʚʦʩʪʦʢ); 3) ʦʙʳʯʥʳʝ ʤʦʛʠʣʳ ʩ ʦʜʥʦʡ ʦʛʨʘʜʢʦʡ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʬʦʨʤʳ, ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ. 

ʅʘʭʦʜʢʘ ʤʦʛʠʣʳ ʥʘ ʧʦʙʝʨʝʞʴʝ ʦʟʝʨʘ ɿʫʥ-ʊʦʨʝʡ ʦʪʥʦʩʠʪʩʷ ʢ ʪʨʝʪʴʝʤʫ ʪʠʧʫ. ʇʣʠʪʦʯʥʳʝ ʤʦʛʠʣʳ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ, ʠʥʦʛʜʘ ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʪʢʣʦʥʝʥʠʷʤʠ. ʋ ʥʝʢʦʪʦʨʳʭ ʤʦʛʠʣ ʥʘ ʥʝʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ (10ð20 ʤ) ʦʪ ʫʟʢʦʡ ʩʪʦʨʦʥʳ ʩʪʦʠʪ ʦʜʠʥʦʢʘʷ ʧʣʠʪʘ, çʩʪʦʨʦʞʝʚʦʡ ʢʘʤʝʥʴè, ʠʣʠ çʤʘʷʢè. ʄʦʛʠʣʳ ʯʘʩʪʦ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʮʝʣʳʤʠ ʢʣʘʜʙʠʱʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʯʝʪʢʫʶ ʧʣʘʥʠʨʦʚʢʫ ʠ ʩʪʨʦʛʠʡ ʧʦʨʷʜʦʢ  ʚ ʚʠʜʝ ʥʝʩʢʦʣʴʢʠʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ çʮʝʧʦʯʝʢè. ʅʘʧʨʠʤʝʨ, ʫ ʦʟʝʨʘ ɹʘʣʴʟʠʥʦ ʥʘʭʦʜʷʪʩʷ ʦʢʦʣʦ ʩʪʘ ʤʦʛʠʣ, ʦʙʨʘʟʫʶʱʠʭ ʢʨʫʛʠ ʠ 

ʯʝʪʳʨʝʭʫʛʦʣʴʥʠʢʠ. ʈʘʩʧʦʣʦʞʝʥʳ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʚʦʟʚʳʰʝʥʥʳʭ, ʭʦʨʦʰʦ ʦʩʚʝʱʝʥʥʳʭ ʩʦʣʥʮʝʤ ʤʝʩʪʘʭ. 

ʄʦʥʫʤʝʥʪʘʣʴʥʳʝ ʧʦʛʨʝʙʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʝʣʠʯʠʠ ʥʝʢʦʛʜʘ ʞʠʚʰʝʛʦ ʟʜʝʩʴ ʢʦʯʝʚʦʛʦ ʥʘʨʦʜʘ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʝʱʸ ʚ ʜʨʝʚʥʦʩʪʠ ʠʣʠ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʙʳʣʦ ʨʘʟʛʨʘʙʣʝʥʦ. ɺ 

ʥʠʭ ʠʩʢʘʣʠ ʟʦʣʦʪʦ ʠ ʜʨʫʛʠʝ ʮʝʥʥʳʝ ʧʨʝʜʤʝʪʳ. ɺ ʥʝʜʘʚʥʝʤ ʧʨʦʰʣʦʤ ʵʪʠʤ ʟʘʥʠʤʘʣʠʩʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

çʙʫʛʨʦʚʱʠʢʠè, ʘ ʪʘʢʞʝ ʩʣʫʞʠʪʝʣʠ ʣʘʤʘʠʩʪʩʢʦʡ ʨʝʣʠʛʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʨʝʚʥʠʝ ʯʝʣʦʚʝʯʝʩʢʠʝ ʢʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʘʤʘʤʠ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʚʠʜʦʚ ʣʝʢʘʨʩʪʚ. ʄʥʦʛʠʝ ʧʦʛʨʝʙʝʥʠʷ ʩʦʚʝʨʰʝʥʥʦ ʧʫʩʪʳ, ʚ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʜʨʫʛʠʭ ʚʩʪʨʝʯʘʶʪʩʷ HʦʜʝʞʜʘH ʠ HʦʙʫʚʴH, ʨʘʟʣʠʯʥʳʝ ʫʢʨʘʰʝʥʠʷ ʠʟ ʙʨʦʥʟʳ, ʢʦʩʪʠ ʠ ʢʘʤʥʷ, HʠʛʣʳH, HʥʦʞʠH, HʪʦʧʦʨʳH-

ʢʝʣʴʪʳ, ʥʘʢʦʥʝʯʥʠʢʠ ʩʪʨʝʣ, HʢʠʥʞʘʣʳH ʠ ʜʨʫʛʠʝ ʚʝʱʠ ʠʟ HʙʨʦʥʟʳH, HʞʝʣʝʟʘH ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʢʫʣʴʪʫʨʳ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʙʳʣʠ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʤʦʥʛʦʣʦʠʜʘʤʠ ʠ ʦʪʣʠʯʘʣʠʩʴ 

ʝʜʠʥʩʪʚʦʤ ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʇʦ ʤʥʝʥʠʶ ʘʥʪʨʦʧʦʣʦʛʦʚ, "ʧʣʠʪʦʯʥʠʢʠ" ʦʪʥʦʩʷʪʩʷ ʢ ʩʝʚʝʨʥʦʡ ʩʠʙʠʨʩʢʦʡ 

ʚʝʪʚʠ ʙʦʣʴʰʦʡ ʤʦʥʛʦʣʦʠʜʥʦʡ ʨʘʩʳ. ʆʥʠ ʠʤʝʣʠ ʧʣʦʩʢʦʝ ʰʠʨʦʢʦʝ ʣʠʮʦ ʩ ʫʧʣʦʱʝʥʥʦʡ ʧʝʨʝʥʦʩʠʮʝʡ.  

ɻʝʥʝʟʠʩ ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʥʘʩʝʣʝʥʠʷ ʢʫʣʴʪʫʨʳ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. 

ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʝʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʜʝʪ ʦʪ ʘʥʪʨʦʧʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʠʟʚʝʩʪʥʦʛʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʥʝʦʣʠʪʘ 

ʖʞʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ ʠ ɺʦʩʪʦʯʥʦʡ ʄʦʥʛʦʣʠʠ. ɼʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ ʢʫʣʴʪʫʨʳ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣ ʷʚʣʷʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 

ʜʠʩʢʫʩʩʠʡ ʫʯʝʥʳʭ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʬʦʪʦʩʥʠʤʢʠ ʥʘʡʜʝʥʥʦʛʦ ʤʦʛʠʣʴʥʠʢʘ ʩʪʫʜʝʥʪʳ ʧʝʨʝʜʘʣʠ ʚ ʮʝʥʪʨ ʧʦ ʩʦʭʨʘʥʝʥʠʶ ʠʩʪʦʨʠʢʦ-

ʢʫʣʴʪʫʨʥʦʛʦ ʥʘʩʣʝʜʠʷ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ.  

 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʎʳʙʠʢʪʘʨʦʚ ɸ.ɼ. ʂʫʣʴʪʫʨʘ ʧʣʠʪʦʯʥʳʭ ʤʦʛʠʣʴʥʠʢʦʚ ʄʦʥʛʦʣʠʠ ʠ ɿʘʙʘʡʢʘʣʴʷ. ï ʋʣʘʥ-ʋʜʵ: ʀʟʜ-ʚʦ ɹɻʋ,1998. 
ï 288 ʩ. 

 
ʍʈʆʄʆɺʓɽ ʐʇʀʅɽʃʀ ʀɿ ɺʓʉʆʂʆʄɸɻʅɽɿʀɸʃʔʅʓʍ ʇɸʃɽʆʇʈʆʊɽʈʆɿʆʁʉʂʀʍ 

ɺʋʃʂɸʅʀʊʆɺ ɺɽʊʈɽʅʆɻʆ ʇʆʗʉɸ (ʌɽʅʅʆʉʂɸʅɼʀʅɸɺʉʂʀʁ ʑʀʊ) 
ʉ.ɺ. ʄʝʞʝʣʦʚʩʢʘʷ, ɸ.ɼ. ʄʝʞʝʣʦʚʩʢʠʡ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɻ.ʉ. ɻʫʩʝʚ 

ʀʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʦʛʠʠ, ʛʝʦʭʠʤʠʠ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʈɸʅ, ʛ. ʄʦʩʢʚʘ, 
ʈʦʩʩʠʷ 

ʇʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɺʝʪʨʝʥʳʡ ʇʦʷʩ (ʚʦʟʨʘʩʪ 2,45 ʤʣʨʜ. ʣʝʪ), ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ 

ʌʝʥʥʦʩʢʘʥʜʠʥʘʚʩʢʦʛʦ ʱʠʪʘ ʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 250 ʢʠʣʦʤʝʪʨʦʚ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʠ 

ʰʠʨʠʥʝ ʚʳʭʦʜʦʚ ʦʪ 15 ʜʦ 85 ʢʠʣʦʤʝʪʨʦʚ [7]. ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʩʪʨʫʢʪʫʨʘ ʛʨʘʥʠʯʠʪ ʩ ɹʝʣʦʤʦʨʩʢʠʤ ʧʦʜʚʠʞʥʳʤ 

ʧʦʷʩʦʤ ʧʦ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʥʘʜʚʠʛʫ, ʢʦʪʦʨʳʡ ʯʝʪʢʦ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʩ 

ʂʘʨʝʣʴʩʢʦʡ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʦʙʣʘʩʪʴʶ. ɺʝʪʨʝʥʳʡ ʇʦʷʩ ʩʣʦʞʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʦʩʘʜʦʯʥʳʭ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʥʝʩʦʛʣʘʩʥʦ ʥʘ ʣʦʧʠʡʩʢʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷʭ ʟʘʣʝʛʘʝʪ ʪʦʢʰʠʥʩʢʘʷ ʪʝʨʨʠʛʝʥʥʘʷ ʩʚʠʪʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʙʝʣʳʤʠ, ʭʦʨʦʰʦ 

ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʤʠ ʢʚʘʨʮʠʪʘʤʠ, ʩ ʧʨʦʩʣʦʷʤʠ ʦʙʦʛʘʱʝʥʥʳʤʠ ʛʝʤʘʪʠʪʦʤ. ɺʳʰʝ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ 

ʚʫʣʢʘʥʦʛʝʥʥʘʷ ʢʠʨʠʯʩʢʘʷ ʩʚʠʪʘ, ʩʣʦʞʝʥʥʘʷ ʘʥʜʝʟʠʪʘʤʠ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ, ʧʨʝʪʝʨʧʝʚʰʠʤʠ  ʧʨʦʮʝʩʩʳ ʩʣʘʙʦʡ 

ʛʨʘʥʠʪʠʟʘʮʠʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʚʢʣʶʯʝʥʠʷ. ɿʘʪʝʤ ʥʘ ʥʝʙʦʣʴʰʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʧʦ 

ʤʘʪʝʨʠʘʣʘʤ 1:200 000 ʩʲʝʤʢʠ ʨʘʟʚʠʪʘ ʛʨʫʙʦʦʙʣʦʤʦʯʥʘʷ ʢʘʣʛʘʯʠʥʩʢʘʷ ʩʚʠʪʘ, ʧʦ ʩʦʩʪʘʚʫ ʵʪʦ ʚ ʦʩʥʦʚʥʦʤ 

ʢʦʥʛʣʦʤʝʨʘʪʳ. ɻʘʣʴʢʘ ʧʦ ʨʘʟʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʠʤʝʝʪ ʛʨʘʥʠʪʥʳʡ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʳʡ ʩʦʩʪʘʚ  ʚʝʨʦʷʪʥʦ ʠʟ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ. ɼʘʣʝʝ ʨʘʟʨʝʟ ʩʤʝʥʷʶʪ ʦʩʘʜʦʯʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦ ʢʦʞʦʟʝʨʩʢʘʷ ʠ ʚʠʣʝʥʛʩʢʘʷ 

ʩʚʠʪʳ, ʦʙʥʘʞʝʥʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʯʝʥʴ ʩʣʘʙʘʷ, ʧʦ ʜʘʥʥʳʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʚ ʠʭ ʩʦʩʪʘʚʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ ʠ ʛʣʠʥʠʩʪʳʝ ʧʨʦʩʣʦʠ. ɿʘʚʝʨʰʘʝʪ ʨʘʟʨʝʟ ʤʦʱʥʘʷ ʪʦʣʱʘ ʢʦʤʘʪʠʠʪʦʚʳʭ 

ʙʘʟʘʣʴʪʦʚ, ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʷʭ ʩʪʨʫʢʪʫʨʳ ʝʝ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 4 ʢʠʣʦʤʝʪʨʦʚ. 

ɺʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʚʫʣʢʘʥʠʪʳ ʵʪʦʡ ʩʚʠʪʳ ʠʟʫʯʘʣʠʩʴ ʘʚʪʦʨʘʤʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 5 ʧʦʣʝʚʳʭ ʩʝʟʦʥʦʚ, ʚ 

ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʪʨʫʢʪʫʨʳ ï ʛ. ɻʦʣʝʮ, ʐʘʧʦʯʢʘ, ʆʣʦʚʛʦʨʘ, ʃʝʚʛʦʨʘ, ʄʷʥʜʫʭʘ. ɿʘ ʵʪʦ ʚʨʝʤʷ ʩʦʙʨʘʥ ʙʦʣʴʰʦʡ 

ʧʦʣʝʚʦʡ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ.  

ɺʫʣʢʘʥʠʪʳ ʥʘ ʫʯʘʩʪʢʝ ʛ. ɻʦʣʝʮ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʦʢʩʠʜʘ ʢʨʝʤʥʠʷ ʠ ʩʫʤʤʝ ʱʝʣʦʯʝʡ ʦʪʚʝʯʘʶʪ ʙʘʟʘʣʴʪʘʤ ʠ 

ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤ ï 46,52ï54,42% SiO2. ʇʦʨʦʜʳ ʩʚʠʪʳ ʥʠʟʢʦʱʝʣʦʯʥʳʝ, ʥʠʟʢʦ- ʠ ʫʤʝʨʝʥʥʦʪʠʪʘʥʠʩʪʳʝ (TiO2 0,4 

0,93%), ʥʠʟʢʦ- ʠ ʫʤʝʨʝʥʥʦʢʘʣʠʝʚʳʝ (K2O 0,07ï1,01%), ʫʤʝʨʝʥʥʦʞʝʣʝʟʠʩʪʳʝ (FeO* 8,63ï12,4%), ʚʳʩʦʢʦ- ʠ 

ʫʣʴʪʨʘʤʘʛʥʝʟʠʘʣʴʥʳʝ (MgO 6,81-25,6%). ʉʧʝʢʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ 

ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ, ʠʤʝʝʪ ʩʣʘʙʦʥʘʢʣʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʉʨʝʜʠ ʂʀʃʕ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Rb ʠ 

Ba ʩ ʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ ʧʨʝʚʳʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 6-70 ʨʘʟ. ʋʩʪʦʡʯʠʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʦʪʤʝʯʘʝʪʩʷ 

ʚ ʟʦʥʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Nb (NbN=1,40ï6,73). ʉʦʜʝʨʞʘʥʠʷ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʵʣʝʤʝʥʪʦʚ (ɺɿʕ) ï Hf, Zr, ʈɿʕ ï 

ʧʨʝʚʳʰʘʶʪ ʩʦʜʝʨʞʘʥʠʷ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ ʚ 2ï8 ʨʘʟ. ʇʦʨʦʜʳ ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ LREE 

(ʣʝʛʢʠʝ ʈɿʕ). ʆʪʥʦʰʝʥʠʝ LaN/YbN = 2,73ï5,47. ʈʘʩʧʨʝʜʝʣʝʥʠʝ HREE (ʪʷʞʝʣʳʝ ʈɿʕ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʧʦʣʦʛʦʡ ʢʨʠʚʦʡ ʥʘ ʛʨʘʬʠʢʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʭʦʥʜʨʠʪʫ ʩʦʜʝʨʞʘʥʠʡ. ʄʝʪʘʚʫʣʢʘʥʠʪʳ ʨʘʡʦʥʘ ʛ. ʄʷʥʜʫʭʘ ʧʦ 

ʩʦʜʝʨʞʘʥʠʷʤ SiO2 ʟʘʥʠʤʘʶʪ ʧʦʛʨʘʥʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʙʘʟʘʣʴʪʘʤʠ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ (51,56ï53,51% SiO2). 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ MgO ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʪʦʙʨʘʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʦʙʳ ʧʦʧʘʜʘʶʪ ʚ ʠʥʪʝʨʚʘʣ 9ï14%, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʤ ʢʦʤʘʪʠʠʪʦʚʳʤ ʙʘʟʘʣʴʪʘʤ. ʇʦ ʦʩʥʦʚʥʳʤ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ 

ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʱʝʣʦʯʥʳʤ, ʥʠʟʢʦ- ʠ ʫʤʝʨʝʥʥʦʪʠʪʘʥʠʩʪʳʤ (TiO2 0,56ï0,72%), ʥʠʟʢʦ- ʠ 

ʫʤʝʨʝʥʥʦʢʘʣʠʝʚʳʤ, ʫʤʝʨʝʥʥʦʞʝʣʝʟʠʩʪʳʤ (FeO* 8,54ï11,7%), ʚʳʩʦʢʦ- ʠ ʫʣʴʪʨʘʤʘʛʥʝʟʠʘʣʴʥʳʤ (MgO 8,21ï

14,11%). ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ spider ʜʠʘʛʨʘʤʤ ʠ ʠʟʫʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʨʘʚʥʦʤʝʨʥʦʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʦʝ ʜʣʷ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʛ. ʄʷʥʜʫʭʘ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʉʨʝʜʠ ʂʀʃʕ ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ Rb ʠ Ba ʩ ʥʝʙʦʣʴʰʠʤ ʨʘʟʙʨʦʩʦʤ 

ʧʨʝʚʳʰʝʥʠʡ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ 11ï13 ʨʘʟ, ʯʪʦ ʨʘʩʭʦʜʠʪʩʷ ʩ ʧʦʨʦʜʘʤʠ ʛ. ɻʦʣʝʮ, ʛʜʝ ʩʦʜʝʨʞʘʥʠʷ Rb ʠ Ba ʠʤʝʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʡ ʨʘʟʙʨʦʩ. ɼʝʬʠʮʠʪ Nb ʘʥʘʣʦʛʠʯʝʥ ʧʦʨʦʜʘʤ ʥʘ ʛ. ɻʦʣʝʮ (NbN=2,50ï2,90). ʉʧʝʢʪʨ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʤʝʝʪ ʩʣʘʙʦʥʘʢʣʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʪʥʦʰʝʥʠʝ LaN/YbN ʚ ʨʘʟʥʳʭ 

http://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%B5%D0%B6%D0%B4%D0%B0
http://ru.wikipedia.org/wiki/%D0%9E%D0%B1%D1%83%D0%B2%D1%8C
http://ru.wikipedia.org/wiki/%D0%98%D0%B3%D0%BB%D0%B0
http://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D0%B6
http://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BF%D0%BE%D1%80
http://ru.wikipedia.org/wiki/%D0%9A%D0%B8%D0%BD%D0%B6%D0%B0%D0%BB
http://ru.wikipedia.org/wiki/%D0%91%D1%80%D0%BE%D0%BD%D0%B7%D0%B0
http://ru.wikipedia.org/wiki/%D0%96%D0%B5%D0%BB%D0%B5%D0%B7%D0%BE
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʧʨʦʙʘʭ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ï 4,43ï5,02. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʠʭ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʤʝʪʘʚʫʣʢʘʥʠʪʘʭ ʛ. ʄʷʥʜʫʭʘ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʧʦʨʦʜʘʭ ʛ. ɻʦʣʝʮ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ MgO 6ï

14%. ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʩʢʨʠʤʠʥʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʙʳʣʦ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʤʝʪʘʚʫʣʢʘʥʠʪʳ ʩʚʠʪʳ ʚʝʪʨʝʥʦʛʦ ʧʦʷʩʘ 

ʥʘ ʫʯʘʩʪʢʘʭ ʛʛ. ɻʦʣʝʮ ʠ ʄʷʥʜʫʭʘ, ʫʜʘʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ~ ʥʘ 200 ʢʤ ʠ ʥʘʭʦʜʷʱʠʭʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʩʝʚʝʨʦʤ 

ʠ ʶʞʥʦʤ ʙʣʦʢʘʭ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʧʦʣʝ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʣʘʪʝʨʘʣʴʥʦʡ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʦʜʥʦʨʦʜʥʦʩʪʠ ʩʚʠʪʳ ʥʘ ʚʩʝʤ ʝʝ ʧʨʦʪʷʞʝʥʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʜʠʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʩʝʡ ʪʦʣʱʠ [2].  

ʇʨʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʠʟʫʯʝʥʠʠ ʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ Carl Zeiss AXIO SCOPE A1 ʚ 

ʩʪʨʦʝʥʠʠ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ ʙʘʟʘʣʴʪʦʚ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʪʨʠ ʟʦʥʳ (ʩʥʠʟʫ ʚʚʝʨʭ): ʟʘʢʘʣʦʯʥʘʷ (ʢʫʤʫʣʷʪʠʚʥʘʷ), 

ʩʣʦʞʝʥʥʘʷ ʠʟʦʤʝʪʨʠʯʥʳʤ ʠʜʠʦʤʦʨʬʥʳʤ ʦʣʠʚʠʥʦʤ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʭʨʦʤʠʪʦʚ ʠ ʘʚʛʠʪʦʤ, ʟʦʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʩʧʠʥʠʬʝʢʩ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʠʨʦʢʩʝʥʦʤ, ʠ ʚʝʨʭʥʷʷ ʟʦʥʘ ʩ ʦʣʠʚʠʥʦʚʳʤ ʩʧʠʥʠʬʝʢʩʦʤ [3]. ɸʚʪʦʨʘʤʠ ʙʳʣ ʚʳʧʦʣʥʝʥ 

ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ ʤʠʢʨʦʘʥʘʣʠʟ ʚʢʣʶʯʝʥʠʡ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʠʟ ʢʦʤʘʪʠʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʩʚʠʪʳ ʚʝʪʨʝʥʦʛʦ 

ʧʦʷʩʘ, ʥʘ ʤʦʜʝʨʥʠʟʠʨʦʚʘʥʥʦʤ ʧʨʠʙʦʨʝ ñCamebax-microbeamò. ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʩʦʜʝʨʞʘʥʠʷ MgO, Al 2O3, Cr2O3, 

TiO2 ʠ ʩʫʤʤʘʨʥʦʝ FeO (ʪʘʙʣʠʮʘ). ʋʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʨʝʞʠʤ - ʫʩʢʦʨʷʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ 20 ʢɺ, ʪʦʢ 30 ʥɸ; 

ʣʦʢʘʣʴʥʦʩʪʴ ʟʦʥʜʘ 1-2 ʤʢʤ; ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʣʠʥʠʠ ʜʣʷ ʚʩʝʭ ʦʢʩʠʜʦʚ Ka. ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʠʟʚʝʩʪʥʦʛʦ ʩʦʩʪʘʚʘ. ɺʩʝʛʦ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ 54 ʠʟʤʝʨʝʥʠʷ. 

 ʊʘʙʣʠʮʘ  

ʉʫʤʤʘʨʥʳʝ ʩʧʝʢʪʨʳ ʩʦʩʪʘʚʦʚ ʭʨʦʤʰʠʥʝʣʠʜʦʚ 

 

ʅʦʤʝʨʘ 

ʘʥʘʣʠʟʦʚ 
TiO2 Al 2O3 Cr2O3 Fe2O3 FeO MgO 

1 0,4 13,8 49,7 3,8 29,5 2,8 

2 0,4 14 48,6 4,2 30,8 2 

3 0,4 14,2 48,4 4,1 31,1 1,8 

4 0,3 13,9 48,4 4,3 31,3 1,7 

5 0,6 2,9 47 18,2 30,6 0,8 

6 0,7 0,5 44 24 30,2 0,6 

 

ɼʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʰʧʠʥʝʣʠʜʦʚ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʥʘʟʚʘʥʠʷ, ʧʨʝʜʣʦʞʝʥʥʳʝ 

ʇʘʚʣʦʚʳʤ ʅ.ɺ. ʅʘ ʜʠʘʛʨʘʤʤʝ Al-Cr-Fe3+ ʚʘʨʠʘʮʠʠ ʭʨʦʤʦʚʳʭ ʰʧʠʥʝʣʝʡ ʢʦʤʘʪʠʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ɺʝʪʨʝʥʦʛʦ 

ʇʦʷʩʘ ʦʪʚʝʯʘʶʪ ʙʘʟʠʪʦʚʦʤʫ ʪʨʝʥʜʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʥʝʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠʜʥʦʛʦ ʞʝʣʝʟʘ. ʇʦ 

ʜʠʘʧʘʟʦʥʫ Al/Cr ʙʦʣʴʰʠʥʩʪʚʦ ʘʢʮʝʩʩʦʨʥʳʭ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʷʤ ʩʫʙʬʝʨʨʠʭʨʦʤʠʪʦʚ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʭʨʦʤʠʪʦʚ, ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʧʦʧʘʣʠ ʚ ʧʦʣʝ ʬʝʨʨʠʭʨʦʤʠʪʦʚ. ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʩʪʨʦʚʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʚ 

ʦʙʨʘʪʥʦ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ (BSE ʠʟʦʙʨʘʞʝʥʠʝ) ʨʝʞʠʤ 20 ʢʚ, 5 ʥɸ, ʦʪʤʝʯʘʝʪʩʷ ʯʝʪʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ 

ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ, ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ, ʢʦʪʦʨʳʭ ʩʣʦʞʝʥʳ ʬʝʨʨʠʭʨʦʤʠʪʦʤ, ʘ ʢʘʡʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʛʥʝʪʠʪ. 

ʕʪʦ ʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ 

ʨʘʩʧʦʣʦʞʠʚʰʠʭʩʷ ʚ ʧʦʣʝ ʤʘʛʥʝʪʠʪʘ. ʅʘ ʵʪʦʡ ʞʝ ʜʠʘʛʨʘʤʤʝ, ʩ ʥʘʥʝʩʝʥʥʳʤʠ ʧʦʣʷʤʠ ʧʦʨʦʜ ʵʪʘʣʦʥʥʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʭʨʦʤʦʚʳʭ ʰʧʠʥʝʣʝʡ ʩʦʚʧʘʜʘʶʪ ʩ ʧʦʣʷʤʠ ʰʧʠʥʝʣʠʜʦʚ ʠʟ 

ʫʣʴʪʘʤʘʬʠʪʦʚ ʚʥʫʪʨʠʧʣʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʧʦʨʦʜʥʳʭ ʘʩʩʦʮʠʘʮʠʡ: ʙʦʥʠʥʠʪʦʚ ʠ ʪʦʣʝʠʪʦʚʳʭ 

ʙʘʟʘʣʴʪʦʚ. ʍʨʦʤʦʚʦʝ ʯʠʩʣʦ, ʦʧʨʝʜʝʣʷʝʤʦʝ ʢʘʢ ʦʪʥʦʰʝʥʠʝ Crʯ=Cr*100/(Cr+Al ), ʚʘʨʴʠʨʫʝʪ ʦʪ 80 ʜʦ 93 %, ʷʚʣʷʝʪʩʷ 

ʚʝʩʴʤʘ ʚʳʩʦʢʠʤ ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʩʪʠ ʘʢʮʝʩʩʦʨʥʳʭ ʭʨʦʤʠʪʦʚ. ʆʜʥʠʤ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ ʦʙʦʛʘʱʝʥʠʷ ʰʧʠʥʝʣʝʡ ʭʨʦʤʦʤ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʥʪʠʡʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩ 

ʨʘʩʧʣʘʚʘʤʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʰʧʠʥʝʣʝʡ ʠʟ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ, ʧʦʜʚʝʨʛʰʠʭʩʷ 

ʯʘʩʪʠʯʥʦʤʫ (15-20%) ʧʣʘʚʣʝʥʠʶ ʠ ʧʨʝʪʝʨʧʝʚʰʠʭ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ 

ʙʦʥʠʥʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ [4]. ʇʦʜʦʙʥʳʝ ʟʥʘʯʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʙʦʥʠʥʠʪʦʚʳʭ ʠ ʪʦʣʝʠʪʦʚʳʭ ʩʝʨʠʡ [5,6].  

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʦʯʝʢ ʟʨʝʥʠʷ ʥʘ ʦʙʩʪʘʥʦʚʢʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʚʫʣʢʘʥʠʪʦʚ. ʇʦ ʤʥʝʥʠʶ 

ʐʘʨʢʦʚʘ ɽ.ɺ. ʨʘʥʥʝʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʙʘʟʘʣʴʪʳ ʩʚʠʪʳ ʚʝʪʨʝʥʦʛʦ ʧʦʷʩʘ ʦʪʥʦʩʷʪʩʷ ʢ ɹʘʣʪʠʡʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʢʨʝʤʥʠʟʝʤʠʩʪʳʭ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʭ (ʙʦʥʠʥʠʪʦʧʦʜʦʙʥʳʭ) ʧʦʨʦʜ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥʦ ʩ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʡ ʘʩʩʠʤʠʣʷʮʠʝʡ ʚʝʱʝʩʪʚʘ ʥʠʞʥʝʡ ʢʦʨʳ ʧʦʜʥʠʤʘʶʱʠʤʠʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʤʠ ʤʘʥʪʠʡʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ [1]. ʇʦ ʤʥʝʥʠʶ ʂʫʣʠʢʦʚʘ ɺ.ʉ., ʂʫʣʠʢʦʚʦʡ ɺ.ɺ. ʠ ʜʨ. ɺʝʪʨʝʥʳʡ 

ʇʦʷʩ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʢ ʨʠʬʪʦʚʳʤ ʩʪʨʫʢʪʫʨʘʤ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʷ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ 

ʭʨʦʤʠʪʘʭ ʢʫʤʫʣʘʪʦʚ ʢʦʤʘʪʠʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʪʝʨʠʥʩʢʠʝ ʨʘʩʧʣʘʚʳ 

ʦʪʚʝʯʘʶʪ ʥʠʟʢʦʤʘʛʥʝʟʠʘʣʴʥʳʤ ʢʦʤʘʪʠʠʪʦʚʳʤ ʙʘʟʘʣʴʪʘʤ, ʘ ʩʦʩʪʘʚ ʚʢʣʶʯʝʥʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʦʨʦʜ 

ʙʦʥʠʥʠʪʦʚʦʡ ʩʝʨʠʠ [3]. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʥʝʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 ʜʦ 53% ʠ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ TiO2 

ʤʝʥʝʝ 0,5%. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʠʥʥʳʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ ɺʝʪʨʝʥʦʛʦ 

ʇʦʷʩʘ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʦʟʤʦʞʥʦ, ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ 

ʩʚʠʪʳ ʚʝʪʨʝʥʦʛʦ ʧʦʷʩʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʭʨʦʤʦʚʳʭ ʰʧʠʥʝʣʝʡ, ʘ ʪʘʢʞʝ ʥʦʚʳʝ ʜʘʥʥʳʝ ʦ ʩʦʩʪʘʚʝ ʭʨʦʤʠʪʦʚ ʠʟ 

ʠʥʪʨʫʟʠʚʥʳʭ ʢʦʤʘʛʘʤʪʦʚ ʧʦʤʦʛʫʪ ʦʪʚʝʪʠʪʴ ʥʘ ʩʪʦʣʴ ʚʘʞʥʳʡ ʚʦʧʨʦʩ, ʥʦ ʥʘ ʩʝʛʦʜʥʷ ʦʥ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ.  
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

2. ʂʦʨʩʘʢʦʚ ɸ.ʂ., ʃʫʢʘʰʝʥʢʦ ʉ.ɺ., ʄʝʞʝʣʦʚʩʢʠʡ ɸ.ɼ. ʇʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʢʦʤʘʪʠʠʪʦʚʳʭ 
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ʅʆɺʆɽ ʄɽʉʊʆʅɸʍʆɾɼɽʅʀɽ ʄɸʄʆʅʊʆɺʆʁ ʌɸʋʅʓ ʖʅʅʖɻɽʅ ɺ ɹɸʉʉɽʁʅɽ ʈ. ʗʅʓ 

ɻ.ʇ. ʅʦʚʛʦʨʦʜʦʚ, ʄ.ʖ. ʏʝʧʨʘʩʦʚ, ʉ.ɽ. ɻʨʠʛʦʨʴʝʚ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʉ.ɽ. ɻʨʠʛʦʨʴʝʚ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʌʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɹʘʩʩʝʡʥ ʨ. ʗʥʘ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʝʤʫ ʪʝʨʨʠʪʦʨʠʠ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʝʛʠʦʥʦʚ ʚ 

ʉʝʚʝʨʥʦʡ ɽʚʨʘʟʠʠ ʜʣʷ ʥʘʭʦʜʦʢ ʥʝ ʪʦʣʴʢʦ ʩʢʝʣʝʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʥʦ ʠ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʪʫʰ ʤʘʤʦʥʪʦʚ, 

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

ʛʦʣʦʮʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩʘʤ [1]. ʍʦʨʦʰʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʤʷʛʢʠʭ ʪʢʘʥʝʡ ʞʠʚʦʪʥʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʦʡ, ʢʦʪʦʨʘʷ ʚ ʗʢʫʪʠʠ ʠʤʝʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ. ʊʘʢ ʟʘ ʧʦʩʣʝʜʥʠʝ 10 ʣʝʪ ʚ ʙʘʩʩʝʡʥʝ ʵʪʦʡ 

ʨʝʢʠ ʙʳʣʦ ʥʘʡʜʝʥʦ ʙʦʣʝʝ 90% ʚʩʝʭ ʫʥʠʢʘʣʴʥʳʭ ʥʘʭʦʜʦʢ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ. 

ʅʦʚʦʝ ʧʝʨʩʧʝʢʪʠʚʥʦʝ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʖʥʥʶʛʝʥ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʙʘʩʩʝʡʥʝ ʩʨʝʜʥʝʛʦ 

ʪʝʯʝʥʠʷ ʨ. ʗʥʘ. ʂʦʩʪʥʳʝ ʦʩʪʘʪʢʠ ʠʩʢʦʧʘʝʤʳʭ ʞʠʚʦʪʥʳʭ ʟʜʝʩʴ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚʜʦʣʴ ʨʫʩʣʘ ʦʜʥʦʠʤʝʥʥʦʡ ʨʝʯʢʠ. ɺ 

2012 ʛ. ʙʦʣʴʰʦʝ ʩʢʦʧʣʝʥʠʝ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʥʘ ʧʨʘʚʦʤ ʩʢʣʦʥʝ ʨʫʯʴʷ, ʛʜʝ ʤʝʩʪʥʳʝ ʞʠʪʝʣʠ 

ʨʘʟʤʳʚʘʣʠ ʚ ʧʦʠʩʢʘʭ ʙʠʚʥʝʡ ʤʘʤʦʥʪʘ ʩʪʝʥʢʫ ʪʝʨʨʘʩʳ ʤʝʨʟʣʳʭ ʛʨʫʥʪʦʚ ʩ ʚʤʝʱʘʶʱʠʤʠ ʠʭ ʢʦʩʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ 

(ʨʠʩ.1). ʅʘ ʵʪʦʤ ʠʩʢʫʩʩʪʚʝʥʥʦ ʨʘʟʤʳʪʦʤ ʫʯʘʩʪʢʝ ʥʘʤʠ ʙʳʣʘ ʩʦʙʨʘʥʘ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʩʪʝʡ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ, ʚʳʤʳʪʳʭ ʨʫʯʴʝʤ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ. 

 

 
ʈʠʩ. 1 ʉʢʦʧʣʝʥʠʝ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʥʘ ʨʘʟʤʳʪʦʤ ʫʯʘʩʪʢʝ ʨʫʯʴʷ ʖʥʥʝʛʝʥ 

 

ʅʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʖʥʥʶʛʝʥ ʙʳʣʦ ʩʦʙʨʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ï 

169 ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʠʩʢʦʧʘʝʤʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ 7 ʚʠʜʦʚ (ʰʝʨʩʪʠʩʪʳʡ ʤʘʤʦʥʪ, ʰʝʨʩʪʠʩʪʳʡ ʥʦʩʦʨʦʛ, ʙʠʟʦʥ, 

ʣʦʰʘʜʴ, ʙʣʘʛʦʨʦʜʥʳʡ ʦʣʝʥʴ, ʩʝʚʝʨʥʳʡ ʦʣʝʥʴ, ʦʚʮʝʙʳʢ). ʀʟ ʥʠʭ 6 ʚʠʜʦʚ ʷʚʣʷʶʪʩʷ ʜʣʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ 

ʚʳʤʝʨʰʠʤʠ (ʨʠʩ. 2). ʄʘʪʝʨʠʘʣʳ ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʧʦʢʘʟʳʚʘʶʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʦʚ,  

ʧʦʣʦʚʠʥʘ ʥʘʡʜʝʥʥʳʭ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ (44%) ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ ʙʠʟʦʥʘʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʦʟʜʥʝʧʣʝʡʩʪʦʮʝʥʦʚʦʤʫ ʬʘʫʥʠʩʪʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷʤʠ ʟʜʝʩʴ ʦʯʝʥʴ 

ʤʘʣʦ ʦʩʪʘʥʢʦʚ ʣʦʰʘʜʝʡ. ʅʘʧʨʦʪʠʚ,  ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʝ ʩʢʦʧʣʝʥʠʝ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ ʰʝʨʩʪʠʩʪʦʛʦ ʥʦʩʦʨʦʛʘ 

(28%), ʯʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʨʝʜʢʦʩʪʴʶ, ʪ.ʢ. ʧʦ ʜʘʥʥʳʤ ʇ.ɸ. ʃʘʟʘʨʝʚʘ [1] ʚ ʮʝʣʦʤ ʧʦ ʗʢʫʪʠʠ ʜʦʣʷ ʝʛʦ ʩʦʩʪʘʚʣʷʝʪ 

4,9%. ʊʘʢʞʝ ʥʘ ʫʜʠʚʣʝʥʠʝ ʤʥʦʛʦ ʦʢʘʟʘʣʦʩʴ ʦʩʪʘʪʢʦʚ ʨʦʛʦʚ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʣʝʥʷ (ʥʝʢʦʪʦʨʳʝ ʩ ʧʨʠʣʝʛʘʶʱʠʤʠ 
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ʬʨʘʛʤʝʥʪʘʤʠ ʯʝʨʝʧʘ), ʢʦʪʦʨʳʡ ʯʘʱʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʂʦʣʳʤʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʠ ʚ ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠ [2] ʠ 

ʜʦʚʦʣʴʥʦ ʨʝʜʦʢ ʜʣ̫ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ. ʈʘʟʤʝʨʳ ʨʦʛʦʚ ʙʣʘʛʦʨʦʜʥʦʛʦ ʦʣʝʥʷ ʠʟ ʵʪʦʛʦ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ 

ʩʦʧʦʩʪʘʚʠʤʳ ʩ ʨʘʟʤʝʨʘʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʚʠʜʘ ʠʟ ʖʞʥʦʡ ʗʢʫʪʠʠ. ʉʫʜʷ ʧʦ ʚʩʝʤʫ, ʜʘʥʥʘʷ 

ʤʝʩʪʥʦʩʪʴ ʚ ʧʦʟʜʥʝʤ ʥʝʦʧʣʝʡʩʪʦʮʝʥʝ, ʙʳʣʘ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʧʦʤʷʥʫʪʳʭ ʪʨʘʚʦʷʜʥʳʭ ï 

ʥʦʩʦʨʦʛʦʚ ʠ ʦʣʝʥʝʡ. 

 

 
ʈʠʩ. 2 ʂʦʣʠʯʝʩʪʚʝʥʥʦʝ ʠ ʧʨʦʮʝʥʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚʠʜʦʚ ʥʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʖʥʥʶʛʝʥ 

 

ɽʩʣʠ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʨʘʩʪʝ ʟʘʭʦʨʦʥʝʥʥʳʭ ʟʜʝʩʴ ʢʦʩʪʥʳʭ ʦʩʪʘʪʢʦʚ, ʪʦ ʧʦ ʩʝʨʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʨʘʜʠʦʫʛʣʝʨʦʜʥʳʭ ʜʘʪʠʨʦʚʦʢ ʩʦʙʨʘʥʥʦʛʦ ʟʜʝʩʴ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʯʝʪʢʦ ʫʪʚʝʨʞʜʘʪʴ ʯʪʦ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʢʘʨʛʠʥʩʢʦʤʫ ʠʥʪʝʨʩʪʘʜʠʘʣʫ. ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʪʠʨʦʚʢʠ ʯʝʪʳʨʝʭ ʢʦʩʪʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʙʠʟʦʥʫ, ʰʝʨʩʪʠʩʪʦʤʫ 

ʥʦʩʦʨʦʛʫ, ʚʦʣʢʫ ʠ ʰʝʨʩʪʠʩʪʦʤʫ ʤʘʤʦʥʪʫ: 

1.  ʃɽ 9888 Bison, humerus 36,300 Ñ 640 

2.  ʃɽ 9889 Woolly rhinoceros, costa 40,500 Ñ 1600 

3.  GrA 57022 Wolf, humerus 44, 650 +950 /-700 

4.  ʃɽ 9887 Woolly mammoth, pelvic bone 47,600 +2600/-2000 

ʆʙʨʘʟʦʚʘʥʠʝ ʪʘʢʦʛʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʢʦʧʣʝʥʠʷ ʦʩʪʘʪʢʦʚ ʞʠʚʦʪʥʳʭ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʚʦ ʚʨʝʤʷ 

ʢʘʨʛʠʥʩʢʦʛʦ ʧʦʪʝʧʣʝʥʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʠʭ ʛʠʙʝʣʴʶ ʚ ʰʠʨʦʢʠʭ ʩʝʪʷʭ ʧʨʠʨʦʜʥʳʭ ʣʦʚʫʰʝʢ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘ, ʨʘʟʚʠʪʠʝʤ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʵʨʦʟʠʝʡ 

ʧʦʯʚ [1]. 
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ʂ ɺʆʇʈʆʉʋ ʆ ɻɽʆʃʆɻʀʏɽʉʂʆʄ ʉʊʈʆɽʅʀʀ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ʏɸʉʊʀ 

ʆʃɽʅɽɻʆʈʉʂʆʁ ʉʊʈʋʂʊʋʈʓ 
ɽ.ɺ. ʇʝʨʩʠʷʥʦʚ, ʖ.ʅ. ʅʝʨʘʜʦʚʩʢʠʡ  

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʖ.ʅ. ʅʝʨʘʜʦʚʩʢʠʡ  
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʂʦʣʴʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ʛ. ɸʧʘʪʠʪʳ, ʈʦʩʩʠʷ 

ʆʣʝʥʝʛʦʨʩʢʘʷ ʞʝʣʝʟʦʨʫʜʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʦʣʦʞʝʥʘ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʂʦʣʴʩʢʦʛʦ ʨʝʛʠʦʥʘ ʠ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʶʛʦ-ʟʘʧʘʜʥʦʤʫ ʬʣʘʥʛʫ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʴʩʢʦʛʦ ʛʝʦʙʣʦʢʘ (ʂʦʣʴʩʢʦ-ʅʦʨʚʝʞʩʢʦʛʦ ʤʝʛʘʙʣʦʢʘ) 

ɹʘʣʪʠʡʩʢʦʛʦ ʱʠʪʘ, ʩʪʨʫʢʪʫʨʘ ʠ ʪʝʢʪʦʥʠʢʘ ʢʦʪʦʨʦʛʦ ʦʪʨʘʞʝʥʘ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ [1, 2, 5, 6]. ɺ ʧʨʝʜʝʣʘʭ ʂʦʣʴʩʢʦʛʦ 

ʛʝʦʙʣʦʢʘ ʧʨʝʦʙʣʘʜʘʝʪ ʦʪʨʘʞʝʥʥʳʡ ʪʠʧ ʩʪʨʫʢʪʫʨ ʩ ʢʫʧʦʣʴʥʦ-ʙʣʦʢʦʚʳʤ ʩʪʨʦʝʥʠʝʤ ʚ ʛʣʫʙʦʢʦʵʨʦʜʠʨʦʚʘʥʥʳʭ 

ʧʦʜʟʦʥʘʭ ʢʘʨʝʣʴʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʧʝʨʝʭʦʜʷʱʠʡ ʚ ʙʣʦʢʦʚʦ-ʛʣʳʙʦʚʳʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʢ ʶʛʫ ʦʪ ʀʤʘʥʜʨʘ-ɺʘʨʟʫʛʩʢʦʡ 

ʟʦʥʳ [4]. ɺ ʎʝʥʪʨʘʣʴʥʦ-ʂʦʣʴʩʢʦʤ ʨʘʡʦʥʝ ʂʦʣʴʩʢʦ-ʅʦʨʚʝʞʩʢʦʡ ʟʦʥʳ ʣʦʧʠʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʣʠʥʝʡʥʳʭ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʊʠʧ ʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ - ʯʝʰʫʡʯʘʪʦ-ʥʘʜʚʠʛʦʚʳʡ, ʣʠʥʟʦʚʳʡ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ, ʩ ʟʦʥʘʤʠ ʷʨʢʦ ʧʨʦʷʚʣʝʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʠ ʥʘʜʚʠʛʦʚ. ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʙʣʦʢʘ 

ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʘ ʨʘʟʥʦʤʘʩʰʪʘʙʥʘʷ ʙʣʦʢʠʨʦʚʢʘ ʚʪʦʨʠʯʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʨʘʥʥʝʤ ʧʨʦʪʝʨʦʟʦʝ ʥʘ ʧʣʘʩʪʠʥʦʦʙʨʘʟʥʳʝ 

ʪʝʣʘ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʰʠʨʠʥʳ ʢ ʜʣʠʥʝ ʜʦ 1:20, ʚ ʢʦʪʦʨʳʭ ʭʦʨʦʰʦ ʩʦʭʨʘʥʷʶʪʩʷ ʨʘʥʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩʨʝʜʥʠʭ ʠ 

ʤʝʣʢʠʭ ʤʘʩʰʪʘʙʦʚ.  

˾Ύ͒мΤ Mammuthus 
primigenius; 13; 8% 

˾Ύ͒мΤ 
Coelodonta 

antiquitatis; 48; 
28% 

˾Ύ͒мΤ Bison 
priscus; 75; 44% 

˾Ύ͒мΤ Equus 
lenensis; 12; 7% 

˾Ύ͒мΤ Cervus 
elaphus; 10; 6% 

˾Ύ͒мΤ Rangifer 
tarandus; 10; 

6% 

˾Ύ͒мΤ Ovibos; 1; 1% 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʩʘʘʤʩʢʦ-ʨʘʥʥʝʣʦʧʠʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ ʩʘʘʤʩʢʦ-ʙʝʣʦʤʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʢʦʣʴʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʭ ʧʦʨʦʜ, ʩʣʦʞʝʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʠ ʧʣʘʛʠʛʨʘʥʠʪʘʤʠ ʜʣʷ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʞʝʣʝʟʠʩʪʳʤʠ ʢʚʘʨʮʠʪʘʤʠ, ʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʛʥʝʡʩʘʤʠ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ï ʚʪʦʨʦʛʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʨʫʟʠʚʥʳʝ 

ʧʦʨʦʜʳ ʨʘʥʥʝʛʦ ʣʦʧʠʷ ʠ ʨʘʥʥʝʛʦ ʢʘʨʝʣʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʥʜʝʨʙʠʪʘʤʠ ɺʝʞʝʪʫʥʜʨʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʨʘʥʠʪʘʤʠ 

ʉʠʤʙʦʟʝʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʛʨʘʥʠʪ-ʧʝʛʤʘʪʠʪʘʤʠ ɿʘʧʘʜʥʦ-ʃʠʮʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ ɹʘʨʝʥʮʝʚʦʤʦʨʩʢʠʤ 

ʛʠʧʘʙʠʩʩʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʜʦʣʝʨʠʪʦʚ. ɺʩʝ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʧʦʨʦʜʳ ʧʝʨʝʢʨʳʪʳ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ 

(ʚ ʦʩʥʦʚʥʦʤ ʤʦʨʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʘ). 

 

 
ʈʠʩ. 1 ʉʭʝʤʘ ʢʨʫʧʥʳʭ ʥʘʨʫʰʝʥʠʡ ʆʣʝʥʝʛʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

 

ʆʣʝʥʝʛʦʨʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʚʳʷʚʣʷʝʪ ʢʘʢ ʭʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʂʦʣʴʩʢʦ-ʅʦʨʚʝʞʩʢʦʛʦ 

ʤʝʛʘʙʣʦʢʘ, ʪʘʢ ʠ ʪʝ ʯʝʨʪʳ ʧʦʩʣʝʜʥʝʛʦ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʣʦʞʝʥʠʝʤ ʩʪʨʫʢʪʫʨ ʨʘʡʦʥʘ ʥʘ ʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʦʢʨʘʠʥʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʙʣʠʟʦʩʪʴʶ ʢ ʦʜʥʦʤʫ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʥʘ ʂʦʣʴʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʨʘʟʣʦʤʦʚ, ʢʦʪʦʨʳʡ 

ʧʨʦʭʦʜʠʪ ʥʝʩʢʦʣʴʢʦ ʟʘʧʘʜʥʝʝ ʧʣʦʱʘʜʠ ʨʘʙʦʪ, ʚʜʦʣʴ ʪʝʢʪʦʥʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʙʘʟʠʪʦʚ ɻʣʘʚʥʦʛʦ ʭʨʝʙʪʘ [2]. 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨʳ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʝʛʠʦʥʘʣʴʥʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨ-ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʢʨʫʧʥʳʝ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʦʜʚʠʞʢʠ (ʨʠʩ. 1). 

ʆʩʦʙʦʝ ʚʣʠʷʥʠʝ ʥʘ ʩʪʨʦʝʥʠʝ ʵʪʦʛʦ ʫʯʘʩʪʢʘ ʆʣʝʥʝʛʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʦʢʘʟʘʣʘ ʂʦʣʦʟʝʨʩʢʦ-ʂʠʨʦʚʦʛʦʨʩʢʘʷ 

ʛʨʫʧʧʘ ʨʘʟʣʦʤʦʚ, ʧʦ ʢʦʪʦʨʳʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ. ɼʘʥʥʦʡ ʩʠʩʪʝʤʦʡ ʨʘʟʣʦʤʦʚ ʩʪʨʫʢʪʫʨʘ 

ʜʝʣʠʪʩʷ ʥʘ ʜʚʝ ʩʪʨʫʢʪʫʨʳ ʩ ʨʘʟʥʳʤ ʵʨʦʟʠʦʥʥʳʤ ʩʨʝʟʦʤ: ɻʣʘʚʥʫʶ ʇʨʠʠʤʘʥʜʨʦʚʩʢʫʶ ʠ ʈʦʚʢʚʫʥʩʢʫʶ. ʇʝʨʚʘʷ 

ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʪʦʨʦʡ ʥʘ 500ʤ. ɻʣʘʚʥʘʷ ʇʨʠʠʤʘʥʜʨʦʚʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʦʚʘʣʴʥʳʭ ʚ ʧʣʘʥʝ ʫʯʘʩʪʢʦʚ (ʙʣʦʢʦʚ), ʩʣʦʞʝʥʥʳʭ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚ ʚʠʜʝ ʧʦʣʦʩ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ ʨʘʩʧʦʣʦʞʝʥʳ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʴʩʢʦʡ ʩʝʨʠʠ. 

ʈʦʚʢʚʫʥʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ɻʣʘʚʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʜʯʠʥʝʥʥʳʤ ʧʦʣʦʞʝʥʠʝʤ 

ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʩʨʝʜʠ ʧʦʣʝʡ ʩʫʧʨʘʢʨʫʩʪʘʣʴʥʳʭ ʧʦʨʦʜ ʠ ʧʦʷʚʣʝʥʠʝʤ ʛʣʠʥʦʟʝʤʠʩʪʳʭ ʛʥʝʡʩʦʚ. ʇʦ ʧʦʩʣʝʜʥʠʤ ʠ 

ʫʩʪʘʥʦʚʣʝʥʘ ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ ʩʪʨʫʢʪʫʨ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ. 

ʋʯʘʩʪʦʢ ʉʚʠʥʮʦʚʳʝ ʪʫʥʜʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ [3],  ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʣʢʠʭ ʪʝʣ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ, ʢʦʪʦʨʳʝ ʬʦʨʤʠʨʫʶʪ ʜʚʝ ʟʦʥʳ: ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ, 

ʪʷʛʦʪʝʶʱʫʶ ʢ ʛ. ʄʝʜʚʝʞʴʷ ʪʫʥʜʨʘ, ʠ ʶʛʦ-ʟʘʧʘʜʥʫʶ, ʨʘʩʧʦʣʦʞʝʥʥʫʶ ʥʘ ʛ. ʉʚʠʥʮʦʚʳʝ ʪʫʥʜʨʳ. ɺ ʩʪʨʫʢʪʫʨʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʫʯʘʩʪʦʢ ʉʚʠʥʮʦʚʳʝ ʪʫʥʜʨʳ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʨʠʶ ʠʟʦʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ ʩ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-

ʟʘʧʘʜ, ʦʩʣʦʞʥʝʥʥʳʭ ʜʠʟʲʶʥʢʪʠʚʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ɻʣʘʚʥʳʝ ʠʭ ʥʘʧʨʘʚʣʝʥʠʷ: ʩʫʙʰʠʨʦʪʥʦʝ, 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ. ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʥʘʨʫʰʝʥʠʷ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʂʦʣʦʟʝʨʩʢʦ-ʂʠʨʦʚʦʛʦʨʩʢʠʤ ʨʘʟʣʦʤʦʤ.  
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʉʪʨʫʢʪʫʨʥʦ ʫʯʘʩʪʦʢ ʦʪʥʦʩʠʪʩʷ ʢ ʈʦʚʢʚʫʥʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. ɹʣʘʛʦʜʘʨʷ ʩʪʫʧʝʥʯʘʪʦʤʫ ʭʘʨʘʢʪʝʨʫ ʥʘʨʫʰʝʥʠʡ 

ʫʯʘʩʪʦʢ ʉʚʠʥʮʦʚʳʝ ʪʫʥʜʨʳ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʦʧʫʱʝʥʥʳʤ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʆʣʝʥʝʛʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʥʦʚʫʶ ʧʨʦʛʥʦʩʪʠʯʝʩʢʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʫʯʘʩʪʢʘ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʡ ʘʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ ʨʘʟʚʠʪʠʝ ʨʫʜʥʳʭ ʪʝʣ ʥʘ ʫʯʘʩʪʢʝ ʉʚʠʥʮʦʚʳʝ ʊʫʥʜʨʳ ʥʘ ʛʣʫʙʠʥʫ, ʯʪʦ ʧʦʚʳʰʘʝʪ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʫʯʘʩʪʢʘ (ʨʠʩ. 2).  

 

 
ʈʠʩ. 2 ʉʭʝʤʘ ʜʚʠʞʝʥʠʷ ʙʣʦʢʦʚ ʆʣʝʥʝʛʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨ r

 

ʉʠʩʪʝʤʘ ʙʦʣʝʝ ʤʝʣʢʠʭ ʥʘʨʫʰʝʥʠʡ ʫʯʘʩʪʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʦʤʘʤʠ ʚʪʦʨʦʡ ʛʨʫʧʧʳ. ʆʥʠ ʚʝʩʴʤʘ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳ, ʦʙʳʯʥʦ ʩʦʧʨʷʞʝʥʳ ʩ ʟʦʥʘʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʰʚʦʚ ʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ. ʅʘʠʙʦʣʝʝ 

ʦʪʯʝʪʣʠʚʦ ʥʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʬʠʢʩʠʨʫʶʪʩʷ ʪʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʧʦʩʣʝʜʥʠʤʠ ʧʦ ʚʨʝʤʝʥʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʢʘʨʝʣʴʩʢʦʡ ʠ ʧʘʣʝʦʟʦʡʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʅʘʨʫʰʝʥʠʷ ʥʠʢʘʢʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʝ ʥʝʩʣʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʦʪʩʫʪʩʪʚʠʝʤ ʠ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʢʘʢʦʡ ʣʠʙʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ ʫʯʘʩʪʢʝ. ʇʦʚʩʝʤʝʩʪʥʦʝ ʨʘʟʚʠʪʠʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʪʦʣʴʢʦ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʩʣʘʙʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ. 

ɺʳʚʦʜʳ:  

1) ɺ ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʆʣʝʥʝʛʦʨʩʢʦʡ ʞʝʣʝʟʦʨʫʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʙʣʶʜʘʣʩʷ ʧʝʨʠʦʜ ʙʣʦʢʦʚʦʡ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʤʝʚʰʠʡ ʧʦʩʪʨʫʜʥʳʡ ʭʘʨʘʢʪʝʨ. ʅʘʨʫʰʝʥʠʷ, ʧʨʠʚʝʜʰʠʝ ʢ ʜʠʩʣʦʢʘʮʠʠ ʦʪʜʝʣʴʥʳʭ 

ʬʨʘʛʤʝʥʪʦʚ ʫʯʘʩʪʢʘ ʉʚʠʥʮʦʚʳʝ ʪʫʥʜʨʳ ʧʨʦʠʟʦʰʣʠ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ.   

2) ɹʣʘʛʦʜʘʨʷ ʩʪʫʧʝʥʯʘʪʦʤʫ ʭʘʨʘʢʪʝʨʫ ʩʜʚʠʛʦʚʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ 

ʆʣʝʥʝʛʦʨʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʥʷʪʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʚʳʩʦʪʫ ʠ ʵʨʦʜʠʨʦʚʘʥʘ, ʘ ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʦʧʫʱʝʥʘ ʠ ʩʦʭʨʘʥʝʥʘ. 

ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʫʜʥʳʝ ʪʝʣʘ ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ ʥʘ ʫʯʘʩʪʢʝ ʉʚʠʥʮʦʚʳʝ ʪʫʥʜʨʳ ʥʝ ʧʦʣʥʦʩʪʴʶ 

ʚʩʢʨʳʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʥʘʭʦʜʷʪʩʷ ʥʘ ʛʣʫʙʠʥʝ. 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʅʆɺʓɽ ʅɸʍʆɼʂʀ ʊʈʀʃʆɹʀʊʆɺ ɺ ɹɽʁʉʂʆʁ ʉɺʀʊɽ 
ɸ.ɽ. ʇʦʩʢʦʪʠʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʀ.ɺ. ʈʳʯʢʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʆʪʣʦʞʝʥʠʷ ʙʝʡʩʢʦʡ ʩʚʠʪʳ (ʞʠʚʝʪʩʢʠʡ ʷʨʫʩ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʝʜʝʣʘʭ 

ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʨʛʘʥʦʛʝʥʥʦ-

ʦʙʣʦʤʦʯʥʳʤʠ ʢʦʤʢʦʚʘʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʠʣʴʥʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʪʘʪʢʠ ʙʨʘʭʠʦʧʦʜ, ʢʦʨʘʣʣʦʚ, 

ʢʨʠʥʦʠʜʝʡ. ɺʦʟʨʘʩʪ ʧʦʨʦʜ ʜʘʪʠʨʫʝʪʩʷ ʧʦ ʬʘʫʥʝ ʙʨʘʭʠʦʧʦʜ Spirifer cheehiel [2, 3]. 

ʉʨʝʜʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʦʦʙʨʘʟʥʦʡ ʬʘʫʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʙʝʡʩʢʦʡ ʩʚʠʪʳ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ 

ʢʦʪʣʦʚʠʥʳ ʪʨʠʣʦʙʠʪʳ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ. ʅʘʭʦʜʢʠ ʵʪʠʭ ʚʳʤʝʨʰʠʭ ʯʣʝʥʠʩʪʦʥʦʛʠʭ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ ʨʘʟʥʳʝ ʛʦʜʳ 

ʩʪʫʜʝʥʪʘʤʠ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʚʦ ʚʨʝʤʷ ʫʯʝʙʥʳʭ ʛʝʦʣʦʛʦ-ʩʲʝʤʦʯʥʳʭ ʧʨʘʢʪʠʢ. ʅʦʚʳʝ 

ʥʘʭʦʜʢʠ ʪʨʠʣʦʙʠʪʦʚ ʙʳʣʠ ʩʜʝʣʘʥʳ ʚ ʠʟʚʝʩʪʢʦʚʦʤ ʢʘʨʴʝʨʝ ʨʷʜʦʤ ʩ ʧʦʩʝʣʢʦʤ ʎʝʣʠʥʥʳʡ ʐʠʨʠʥʩʢʦʛʦ ʨʘʡʦʥʘ 

(ʍʘʢʘʩʠʷ).  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʠʩʢʦʧʘʝʤʦʡ ʬʘʫʥʳ ʪʨʠʣʦʙʠʪʦʚ ʠʟ ʥʦʚʦʛʦ 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʷ, ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʠʪ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʙʝʡʩʢʦʡ ʩʚʠʪʳ.  

ʀʟʫʯʝʥʥʳʝ ʪʨʠʣʦʙʠʪʳ ʥʘʤʠ ʦʪʥʝʩʝʥʳ ʢ ʩʝʤʝʡʩʪʚʫ Dechenellidae ʦʪʨʷʜʘ Proetidae. ʊʨʠʣʦʙʠʪʳ ʠʟ ʵʪʦʛʦ 

ʩʝʤʝʡʩʪʚʘ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ 1953 ʛʦʜʫ ɿ. ʄʘʢʩʠʤʦʚʦʡ ʠʟ ʵʡʬʝʣʴʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. 

ɺ ʠʟʫʯʝʥʥʳʭ ʧʦʨʦʜʘʭ ʚʤʝʩʪʝ ʩ ʪʨʠʣʦʙʠʪʘʤʠ ʙʳʣʠ ʚʩʪʨʝʯʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʯʠʝʣʝʚʦʡ 

ʬʘʫʥʳ ï ʙʨʘʭʠʦʧʦʜʳ Spirifer cheehiel, ʯʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʦʪʥʝʩʪʠ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʢ ʞʠʚʝʪʩʢʦʤʫ ʷʨʫʩʫ.  

ʅʠʞʝ ʧʨʠʚʦʜʠʪʩʷ ʦʧʠʩʘʥʠʝ ʠʟʫʯʝʥʥʳʭ ʪʨʠʣʦʙʠʪʦʚ. ɸʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʣʘʩʩʠʬʠʢʘʮʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ çʆʩʥʦʚʘʭ ʧʘʣʝʦʥʪʦʣʦʛʠʠè [1]. ʉʨʝʜʠ ʯʝʪʳʨʝʭ ʥʘʡʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʚʩʝ ʧʨʠʥʘʜʣʝʞʘʪ ʭʚʦʩʪʦʚʦʡ 

ʯʘʩʪʠ ʧʘʥʮʠʨʷ ï ʧʠʛʠʜʠʶ. 

 

ʊʠʧ HUArthropodaUH. ʏʣʝʥʠʩʪʦʥʦʛʠʝ 

ʂʣʘʩʩ Trilobita. ʊʨʠʣʦʙʠʪʳ 

ʇʦʜʢʣʘʩʩ Polymera. ʄʥʦʛʦʯʣʝʥʠʩʪʳʝ 

ʆʪʨʷʜ Proetidae 

ʅʘʜʩʝʤʝʡʩʪʚʦ Proetoidea Hawle et Corda 

ʉʝʤʝʡʩʪʚʦ Dechenellidae 

ʈʦʜ Praedechenella Z. Maximova, 1953 

Praedechenella cf. liniclivosa 

ʌʦʪʦ, ʦʙʨ. 1ï4 

 

ʆʧʠʩʘʥʠʝ. ʊʨʠʣʦʙʠʪʳ ʩʨʝʜʥʠʭ ʠ ʤʝʣʢʠʭ ʨʘʟʤʝʨʦʚ, ʧʘʥʮʠʨʠ ʦʚʘʣʴʥʳʝ. ʍʚʦʩʪʦʚʦʡ ʱʠʪ ʥʝ ʠʤʝʝʪ ʰʠʧʘ. 

ʈʘʟʤʝʨʳ ʧʠʛʠʜʠʝʚ 2.1 ʤʤ; ʰʠʨʠʥʘ ʢʨʘʝʚʦʡ ʢʘʡʤʳ ʚʧʝʨʝʜʠ ï 1.1-4.0 ʤʤ; ʰʠʨʠʥʘ ʧʣʝʚʨʘʣʴʥʦʡ ʯʘʩʪʠ ʱʠʪʘ ʚʧʝʨʝʜʠ 

ï 3.5-4.0 ʤʤ.  

ʇʠʛʠʜʠʠ ʚʳʪʷʥʫʪʳ ʚ ʰʠʨʠʥʫ, ʠʤʝʶʪ ʬʦʨʤʫ ʵʣʣʠʧʩʘ, ʦʯʝʨʯʝʥʳ ʢʘʡʤʦʡ, ʢʘʢ ʙʳ ʯʝʪʢʦ ʦʯʝʨʯʝʥʳ ʚ 

ʧʦʨʦʜʝ. ʈʘʭʠʩ ʩʫʞʘʝʪʩʷ ʢ ʭʚʦʩʪʫ, ʯʝʪʢʦ ʚʦʟʚʳʰʘʝʪʩʷ ʥʘʜ ʧʣʝʚʨʘʤʠ ʥʘ 0.5 ʤʤ. ʅʘ ʨʘʭʠʩʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʯʝʪʢʠʡ 

ʢʠʣʴ, ʘ ʪʘʢʞʝ ʧʦʧʝʨʝʯʥʳʝ ʧʦʣʦʩʳ. 

ɿʘʤʝʯʘʥʠʝ. ɺʚʠʜʫ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʠʤʝʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʤʳ ʦʧʨʝʜʝʣʷʝʤ ʝʛʦ ʚ ʦʪʢʨʳʪʦʡ 

ʥʦʤʝʥʢʣʘʪʫʨʝ. Praedechenella cf. liniclivosa ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʥʘʧʦʤʠʥʘʝʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ Paradechenella 

markovskii, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʭʚʦʩʪʦʚʦʛʦ ʰʠʧʘ ʠ ʢʠʣʷ ʥʘ ʨʘʭʠʩʝ. ʊʘʢʞʝ Praedechenella cf. liniclivosa 

ʠʤʝʝʪ ʩʭʦʜʩʪʚʘ ʩ Proetus beiensis, ʥʦ ʦʪʣʠʯʘʝʪʩʷ ʚʦʟʚʳʰʝʥʥʳʤ ʨʘʭʠʩʦʤ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʉʨʝʜʥʠʡ ʜʝʚʦʥ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʳ, ɿʘʧʘʜʥʦʛʦ ʋʨʘʣʘ, ʖʞʥʦ-

ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. 

ʄʝʩʪʦʥʘʭʦʞʜʝʥʠʝ. ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʘʷ ʢʦʪʣʦʚʠʥʘ (ʢʘʨʴʝʨ ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩʝʣʢʘ ʎʝʣʠʥʥʳʡ, 

ʐʠʨʠʥʩʢʠʡ ʨʘʡʦʥ, ʍʘʢʘʩʠʷ). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ʨʝʜʢʠʭ ʜʣʷ ʙʝʡʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʬʘʫʥʳ ʪʨʠʣʦʙʠʪʦʚ, 

ʨʘʩʰʠʨʝʥ ʘʨʝʘʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʛʦ Praedechenella cf. liniclivosa ʩ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʜʦ 

ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʢʦʪʣʦʚʠʥʳ. ɹʦʣʴʰʘʷ ʟʥʘʯʠʤʦʩʪʴ ʥʘʭʦʜʦʢ ʪʨʠʣʦʙʠʪʦʚ ʪʘʢʞʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʦ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʠʜʘ ʩ ʵʡʬʝʣʷ ʜʦ ʞʠʚʝʪʘ. ɼʝʚʦʥʩʢʠʡ ʧʝʨʠʦʜ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʙʳʣ 

ʥʝ ʪʦʣʴʢʦ ʚʨʝʤʝʥʝʤ ʨʳʙ, ʥʦ ʠ ʚʝʢʦʤ ʫʛʘʩʘʥʠʷ ʪʨʠʣʦʙʠʪʦʚʦʡ ʬʘʫʥʳ. ʅʦʚʳʝ ʥʘʭʦʜʢʠ ʘʨʭʠʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ 

ʬʘʫʥʳ ʧʘʣʝʦʟʦʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʢʘʢ ʜʣʷ ʧʦʟʥʘʥʠʷ ʵʚʦʣʶʮʠʠ ʩʘʤʦʡ ʬʘʫʥʳ 

ʪʨʠʣʦʙʠʪʦʚ, ʪʘʢ ʠ ʜʣʷ ʮʝʣʝʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ.  

 

http://en.wikipedia.org/wiki/Arthropod
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 
ʈʠʩ. ʆʩʪʘʪʢʠ ʪʨʠʣʦʙʠʪʦʚ, ʥʘʡʜʝʥʥʳʝ ʚ ʢʘʨʴʝʨʝ ʚʙʣʠʟʠ ʧʦʩʝʣʢʘ ʎʝʣʠʥʥʦʝ ʐʠʨʠʥʩʢʦʛʦ ʨʘʡʦʥʘ (ʍʘʢʘʩʠʷ) 

 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʆʩʥʦʚʳ ʧʘʣʝʦʥʪʦʣʦʛʠʠ. ʉʧʨʘʚʦʯʥʠʢ ʜʣʷ ʧʘʣʝʦʥʪʦʣʦʛʦʚ ʠ ʛʝʦʣʦʛʦʚ ʉʉʉʈ // ʈʝʜ. ʆʨʣʦʚ. ʖ.ɸ. ï ʄʦʩʢʚʘ: 
ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʝ ʠʟʜʘʪʝʣʴʩʪʚʦ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʛʝʦʣʦʛʠʠ ʠ ʦʭʨʘʥʝ ʥʝʜʨ, 1960. ï ʉ.135ï136. 

2. ʇʘʨʥʘʯʝʚ ɺ.ʇ. ʠ ʜʨ. ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʛʝʥʠʷ ʉʝʚʝʨʥʦʡ ʍʘʢʘʩʠʠ. ï ʊʦʤʩʢ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 2007. ï ʉ. 52ï56. 

3. ʍʘʣʬʠʥ ʃ.ʃ. ʇʨʦʙʣʝʤʳ ʩʪʨʘʪʠʛʨʘʬʠʠ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʟʦʷ ʉʠʙʠʨʠ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ 
çʅʘʫʢʘè, 1981. ï ʉ. 44ï45. 

 
ʂʆʄʇʃɽʂʉʓ ʌʆʈɸʄʀʅʀʌɽʈ ʀɿ ʅʀɾʅɽʄɽʃʆɺʓʍ ʆʊʃʆɾɽʅʀʁ 
ʇɽʃʗʊʂʀʅʉʂʆɻʆ ɻɸɿʆʂʆʅɼɽʅʉɸʊʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ɸ.ʉ. ʉʝʤʝʥʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɻ.ʄ. ʊʘʪʴʷʥʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʇʝʣʷʪʢʠʥʩʢʦʝ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ (ɻʂʄ) ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɼʦʣʛʘʥʦ-ʅʝʥʝʮʢʦʛʦ 

ʤʫʥʠʮʠʧʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʂʨʘʩʥʦʷʨʩʢʦʛʦ ʢʨʘʷ, ʚ 250 ʢʤ ʢ ʟʘʧʘʜʫ ʦʪ ʛ. ʅʦʨʠʣʴʩʢʘ, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ɽʥʠʩʝʡ, ʚ 

ʚʝʨʭʦʚʴʷʭ ʨ. ʇʝʣʷʪʢʘ (ʨʠʩ. 1.) [4].  

ʇʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʇʝʣʷʪʢʠʥʩʢʘʷ ʩʢʚ. 600 ʦʪʥʦʩʠʪʩʷ ʢ ʄʘʣʦʭʝʪʩʢʦʤʫ 

ʧʦʜʨʘʡʦʥʫ ɽʥʠʩʝʡ-ʍʘʪʘʥʛʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʨʘʡʦʥʘ. 

ɼʣʷ ʫʪʦʯʥʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʠ ʥʠʞʥʝʭʝʪʩʢʦʡ ʠ ʩʫʭʦʜʫʜʠʥʩʢʦʡ ʩʚʠʪ ʥʘ ʦʩʥʦʚʝ ʤʠʢʨʦʬʘʫʥʠʩʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ 50 ʦʙʨʘʟʮʦʚ ʢʝʨʥʘ ʚʳʧʦʣʥʝʥʦ ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ʇʝʣʷʪʢʠʥʩʢʘʷ 

600 ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ. 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  
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ʈʠʩ. 1 ʈʘʩʧʦʣʦʞʝʥʠʝ ʠʟʫʯʝʥʥʦʛʦ 

ʨʘʟʨʝʟʘ, ʚʩʢʨʳʪʦʛʦ ʩʢʚʘʞʠʥʦʡ 

ʇʝʣʷʪʢʠʥʩʢʘʷ 600 

 

ɺ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʥʝʦʧʨʝʜʝʣʠʤʳʝ ʬʨʘʛʤʝʥʪʳ ʨʘʢʦʚʠʥ 

ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ, ʭʦʜʦʚ ʯʝʨʚʝʡ, ʩʢʘʬʦʧʦʜ Dentalium sp. indet., ʢʨʠʥʦʠʜʝʡ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʤʦʨʩʢʦʡ 

ʛʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ. 

ʀʟ ʘʨʛʠʣʣʠʪʦʚ ʥʠʞʥʝʭʝʪʩʢʦʡ ʩʚʠʪʳ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʬʦʨʘʤʠʥʠʬʝʨ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʙʝʨʨʠʘʩʘ-ʥʠʞʥʝʛʦ ʚʘʣʘʥʞʠʥʘ (ʈʠʩ. 2.). 

ʂʦʤʧʣʝʢʩ ʬʦʨʘʤʠʥʠʬʝʨ f-ʟʦʥʳ Gaudryna gerkei, Trochammina rosaceaformis KF1 ʜʘʪʠʨʫʝʪʩʷ ʩʨʝʜʥʝʡ 

ʯʘʩʪʴʶ ʙʝʨʨʠʘʩʘ [1,3]. ʉʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʦʙʝʜʥʝʥʥʳʡ, ʩʦʩʪʦʠʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʭ ʬʦʨʘʤʠʥʠʬʝʨ: 

Recurvoides trasitorius Bulynnikova, Cribrostomoides sp., Trochammina polymera Dubrovskaja, Ammobaculites sp. 

ʀʟʚʝʩʪʢʦʚʠʩʪr ʝ ʬʦʨʘʤʠʥʠʬʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʜʠʥʠʯʥʳʤʠ ʥʘʭʦʜʢʘʤʠ: Saracenaria sp. ʠ Marginulina cf. 

striatocostata Reuss. 

ʂʦʤʧʣʝʢʩʳ ʬʦʨʘʤʠʥʠʬʝʨ f-ʟʦʥʳ Orientalia baccula, Ammodiscus micrus KF3 ʜʘʪʠʨʫʶʪʩʷ ʙʝʨʨʠʘʩʦʤ-

ʥʠʞʥʠʤ ʚʘʣʘʥʞʠʥʦʤ [1,3] ʌʦʨʘʤʠʥʠʬʝʨʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ (ʙʦʣʝʝ 100 ʵʢʟʝʤʧʣʷʨʦʚ), ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʠʜʘʤʠ: 

Glomospira charoides Park. et Jon., Glomospirella ex gr. gaultina (Berthelin), Recurvoides romanovae Putrja, 

Recurvoides tigjanikus Marinov, Recurvoides cf. obskiensis Romanova, Evolutinella grandis Romanova, 

Cribrostomoides infracretaceous Mjatliuk, Cribrostomoides cf. romanovae Bulynnikova, Ammobaculites gerkei 

Scharovskaja, Trochammina ex gr. mugiensis Dain et Bulynnikova, Trochammina gyroidiniformis Mjatliuk, 

Trochammina sibirica N.Belousova, Verneulinoides neocomiensis (Mjatliuk), Pseudobolivina sp., Gaudryina gerkei 

(Vassilenko). 

ʀʟ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʩʫʭʦʜʫʜʠʥʩʢʘʷ ʩʚʠʪʘ) ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʬʦʨʘʤʠʥʠʬʝʨ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʝʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʠʞʥʝʛʦ ʚʘʣʘʥʞʠʥʘ-ʥʠʞʥʝʛʦ ʛʦʪʝʨʠʚʘ ʠ ʥʠʞʥʝʛʦ ʛʦʪʝʨʠʚʘ. 

ʂʦʤʧʣʝʢʩʳ ʬʦʨʘʤʠʥʠʬʝʨ f-ʟʦʥʳ Ammodiscus continentalis, Sigmomorphina variabilis KF7 ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʠʞʥʝʛʦ ʚʘʣʘʥʞʠʥʘ - ʥʠʞʥʝʛʦ ʛʦʪʝʨʠʚʘ [1,3]. ʆʜʠʥ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʤʦʥʦʪʘʢʩʦʥʥʳʡ, ʧʨʝʜʩʪʘʚʣʝʥ 

ʢʘʢ ʮʝʣʳʤʠ, ʪʘʢ ʠ ʨʘʟʨʫʰʝʥʥʳʤʠ ʨʘʢʦʚʠʥʘʤʠ ʚʠʜʘ Sigmomorphina variabilis Kusina. 

ʀʟ ʥʠʞʥʝʛʦʪʝʨʠʚʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩʫʭʦʜʫʜʠʥʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʝʥʳ ʢʦʤʧʣʝʢʩʳ ʬʦʨʘʤʠʥʠʬʝʨ f-ʟʦʥʳ 

Cribrostomoides concavoides KF5 [2]. ʌʦʨʘʤʠʥʠʬʝʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʤʠ ʬʦʨʤʘʤʠ 

Recurvoides: R. nordvikensis Marinov, R. romanovae Putrja, Cribrostomoides: C. umbonatus Romanova, C. concavoides 

Bulynnikova, Trochammina: T. mugiensis Dain et Bulynnikova, T. gyroidiniformis Mjatliuk, T.neocomiana Mjatliuk. 

ʀʟʚʝʩʪʢʦʚʠʩʪʳʝ ʬʦʨʤʳ ʚʩʪʨʝʯʝʥʳ ʝʜʠʥʠʯʥʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʚʠʜʘʤʠ Astacolus sp., Saracenaria sp., Globulina 

sp. 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʄʀʅɽʈɸʃʔʅʓʁ ʄʀʈ ʉʆʂʊʋʁ-ʄʀʃʆɿɸʅʉʂʀʍ ʇɽʑɽʈ  
ʉ.ʀ. ʉʪʘʩʝʥʢʦ, ɽ.ɽ. ɹʘʨʘʙʘʰʝʚʘ  

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʏʠʪʘ, ʈʦʩʩʠʷ 

ʉʦʢʪʫʡ-ʄʠʣʦʟʘʥʩʢʘʷ ʢʘʨʩʪʦʚʘʷ ʧʝʱʝʨʘ, ʠʟʚʝʩʪʥʘʷ ʪʘʢʞʝ ʢʘʢ ʉʝʤʸʥʦʚʩʢʘʷ, ʷʚʣʷʝʪʩʷ ʧʘʤʷʪʥʠʢʦʤ 

ʧʨʠʨʦʜʳ, ʩʦʛʣʘʩʥʦ ʈʝʰʝʥʠʷ ʏʠʪʠʥʩʢʦʛʦ ʦʙʣʠʩʧʦʣʢʦʤʘ ˉ28 ʦʪ 14.01.1980ʛ. ʆʙʲʝʢʪʦʤ ʦʭʨʘʥʳ ʷʚʣʷʝʪʩʷ 

ʧʦʜʟʝʤʥʳʡ ʣʘʥʜʰʘʬʪ. ʈʘʩʧʦʣʦʞʝʥʘ ʧʝʱʝʨʘ ʚ ʦʪʨʦʛʘʭ ʏʠʥʜʘʯʠʭʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚ 10 ʢʤ  ʢ ʚʦʩʪʦʢʫ-ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ 

ʩʝʣʘ ʉʦʢʪʫʡ-ʄʠʣʦʟʘʥ, ʚ 10 ʢʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʛʦʨʦʜʘ ʂʨʘʩʥʦʢʘʤʝʥʩʢ ʚ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʧʦʨʦʜʘʭ ʥʦʨʪʫʡʩʢʦʡ 

ʩʚʠʪʳ (R2nr) ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ (ʨʠʬʝʡʩʢʦʛʦ) ʚʦʟʨʘʩʪʘ. ʂʘʨʩʪʫʶʱʠʝʩʷ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʠ ʢʨʝʤʥʠʩʪʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, ʚʦʜʦʨʦʩʣʝʚʳʤʠ ʠ ʭʝʤʦʛʝʥʥʳʤʠ 

ʠʟʚʝʩʪʥʷʢʘʤʠ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʩʣʝʜʦʚʘʥʠʡ ʧʝʱʝʨʳ ʢʘʢ ʧʘʤʷʪʥʠʢʘ ʧʨʠʨʦʜʳ ʵʢʩʧʝʜʠʮʠʝʡ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʖ.ʊ. 

ʈʫʜʝʥʢʦ ʚ 1986 ʛʦʜʫ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʱʝʨʳ ʥʘʭʦʜʷʪʩʷ ʥʘ ʦʙʚʘʣʴʥʦ-ʦʩʳʧʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ, ʢʘʨʩʪʦʚʳʡ 

ʧʨʦʮʝʩʩ ʚ ʥʠʭ ʧʨʝʢʨʘʱʝʥ. ʇʦ ʫʪʦʯʥʝʥʥʳʤ ʜʘʥʥʳʤ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʝʱʝʨʳ 177 ʤ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʦʪ 

ʥʠʞʥʝʛʦ ʢʨʘʷ ʚʦʨʦʥʢʠ 35,5 ʤ. ʇʝʨʚʳʡ ʛʨʦʪ ʥʘʭʦʜʠʪʩʷ ʧʦʯʪʠ ʩʨʘʟʫ ʟʘ ʚʭʦʜʦʤ ʚ ʧʝʱʝʨʫ. ɼʥʦ ʛʨʦʪʘ ʧʦʢʨʳʪʦ ʣʴʜʦʤ 

ʠ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʫʛʦʣ ʥʘʢʣʦʥʘ, ʙʣʠʟʢʠʡ ʢ 450. ʉʧʫʩʢʘʪʴʩʷ ʠ ʧʦʜʥʠʤʘʪʴʩʷ ʧʦ ʥʝʤʫ ʙʝʟ ʘʣʴʧʠʥʠʩʪʩʢʦʛʦ 

ʩʥʘʨʷʞʝʥʠʷ ʥʝʣʴʟʷ. ʃʘʟ ʚʦ ʚʪʦʨʦʡ ʛʨʦʪ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʘʤʦʤ ʥʠʟʫ ʧʝʨʚʦʛʦ. ɼʥʦ ʠ ʩʪʝʥʢʠ ʣʘʟʘ ʧʦʢʨʳʪʳ ʣʴʜʦʤ, ʢ 

ʪʦʤʫ ʞʝ ʦʥ ʦʯʝʥʴ ʪʝʩʥʳʡ ʠ ʨʘʩʧʦʣʦʞʝʥ ʧʦʜ ʥʘʢʣʦʥʦʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʧʝʨʝʜʚʠʞʝʥʠʝ. ʃʘʟ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

ʤʝʪʨʦʚ ʚ ʜʣʠʥʫ ʠ ʝʛʦ ʥʘʢʣʦʥ ʤʝʥʷʝʪʩʷ ʦʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʜʦ ʧʦʯʪʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ. ɼʘʣʝʝ ʨʘʩʧʦʣʦʞʝʥ ʚʪʦʨʦʡ 

ʛʨʦʪ, ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʧʝʨʚʦʛʦ. ɺ ʩʪʝʥʝ ʛʨʦʪʘ ʠʤʝʝʪʩʷ ʦʪʚʝʨʩʪʠʝ, ʚʝʜʫʱʝʝ ʚ ʪʨʝʪʠʡ ʛʨʦʪ, ʘ ʨʷʜʦʤ ʥʘʭʦʜʠʪʩʷ 

ʦʛʨʦʤʥʘʷ ʢʘʤʝʥʥʘʷ ʧʣʠʪʘ ï ʚʳʚʘʣ. ɺ ʪʨʝʪʴʝʤ ʛʨʦʪʝ ʥʘʭʦʜʠʪʩʷ ʛʣʘʚʥʘʷ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʴ ʧʝʱʝʨʳ, ʠʟʚʝʩʪʥʘʷ 

ʢʘʢ çʏʸʨʪʦʚ ʣʘʟè. ʕʪʦ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʨʦʭʦʜ, ʚʝʜʫʱʠʡ ʠʟ ʪʨʝʪʴʝʛʦ ʛʨʦʪʘ ʚ ʩʣʝʜʫʶʱʠʝ ʛʨʦʪʳ. ʏʝʪʚʸʨʪʳʡ ʠ ʧʷʪʳʡ 

ʛʨʦʪʳ ʦʪʜʝʣʝʥʳ ʦʪ ʦʩʪʘʣʴʥʳʭ ʜʦʚʦʣʴʥʦ ʜʣʠʥʥʳʤʠ ʭʦʜʘʤʠ. ʂʦʝ-ʛʜʝ ʵʪʠ ʧʨʦʭʦʜʳ ʧʨʦʩʪʦʨʥʳ ʠ ʧʦ ʥʠʤ ʤʦʞʥʦ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʚ ʧʦʣʥʳʡ ʨʦʩʪ, ʛʜʝ-ʪʦ ʧʨʠʭʦʜʠʪʩʷ ʧʨʦʧʦʣʟʘʪʴ ʥʘ ʞʠʚʦʪʝ. ʇʝʱʝʨʘ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʭʦʜʦʤ ʥʝʙʦʣʴʰʦʛʦ 

ʩʝʯʝʥʠʷ, ʥʘʢʣʦʥʝʥʥʳʤ ʚʥʠʟ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʦʣʦʩʪʠ ʧʝʱʝʨʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʠ ʜʘʣʴʰʝ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʊʘʙʣʠʮʘ 

ɼʠʘʛʥʦʩʪʠʢʘ ʠ ʤʦʨʬʦʣʦʛʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʧʝʱʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ˉ ʧ/ʧ ʄʝʩʪʦ ʦʪʙʦʨʘ ʆʧʠʩʘʥʠʝ ʦʙʨʘʟʮʘ ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

1. 
ʇʝʨʚʳʡ ʛʨʦʪ 

ʂʨʠʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ 

ʧʦʨʦʰʢʘ ʞʝʣʪʦʛʦ ʮʚʝʪʘ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3, ʢʚʘʨʮ SiO2 

2. ʇʝʨʚʳʡ-ʚʪʦʨʦʡ 

ʛʨʦʪʳ 

ʂʨʠʦʛʝʥʥʘʷ ʤʫʢʘ ʠʣʠ ʛʦʨʥʘʷ ʧʝʱʝʨʥʘʷ 

ʤʫʢʘ ʢʦʨʠʯʥʝʚʘʪʦʛʦ ʮʚʝʪʘ 
ʆʞʝʣʝʟʥʝʥʥʳʡ ʢʘʣʴʮʠʪ ʉʘʉʆ3 

3. 
 

ʂʫʩʢʠ ʣʴʜʘ ʩ ʧʨʦʩʣʦʷʤʠ ʢʨʠʦʛʝʥʥʦʡ 

ʤʫʢʠ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3 

4. ɺʪʦʨʦʡ ʛʨʦʪ ɻʦʨʥʘʷ ʤʫʢʘ ʙʝʣʦʛʦ ʮʚʝʪʘ ʂʘʣʴʮʠʪ ʉʘʉʆ3 

5. ʊʨʝʪʠʡ ʛʨʦʪ ɹʝʣʘʷ ʥʘʪʝʯʥʘʷ ʢʦʨʦʯʢʘ ʂʘʣʴʮʠʪ ʉʘʉʆ3 

6. 
ʊʨʝʪʠʡ ʛʨʦʪ 

ʇʦʯʢʦʚʠʜʥʳʝ ʥʘʪʝʯʥʳʝ ʘʛʨʝʛʘʪʳ 

ʩʝʨʦʛʦ ʮʚʝʪʘ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3 

7. 
ʊʨʝʪʠʡ ʛʨʦʪ ɾʝʣʪʦʚʘʪʦ-ʩʝʨʳʡ ʧʝʩʦʢ 

ʂʘʣʴʮʠʪ ʉʘʉʆ3, ʢʚʘʨʮ SiO2, ʢʘʦʣʠʥʠʪ 

Al 4{ Si4O10}( OH)8 

8. ɺʪʦʨʦʡ, 

ʯʝʪʚʝʨʪʳʡ ʛʨʦʪʳ 

ɾʝʣʝʟʠʩʪʳʝ ʢʦʨʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʪʝʥ 
ɻʝʪʠʪ FeO(OH), ʢʚʘʨʮ SiO2 

9. ɺʪʦʨʦʡ-

ʯʝʪʚʝʨʪʳʡ ʛʨʦʪʳ 

ʉʪʘʣʘʢʪʠʪʳ ʦʙʳʯʥʳʝ ʠ ʙʝʣʳʝ 

ʪʨʫʙʯʘʪʳʝ (ʧʦʣʳʝ) ʩʪʘʣʘʢʪʠʪʳ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3 

10. ʊʨʝʪʠʡ-

ʯʝʪʚʝʨʪʳʡ ʛʨʦʪʳ 

ʂʨʠʩʪʘʣʣʠʪʳ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ 

ʮʚʝʪʘ ʥʘ ʩʪʝʥʘʭ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3 

11. ʊʨʝʪʠʡ-

ʯʝʪʚʝʨʪʳʡ ʛʨʦʪʳ 
ʏʝʨʥʳʡ ʦʯʝʥʴ ʣʝʛʢʠʡ ʠʟʚʝʩʪʥʷʢ ʂʘʣʴʮʠʪ ʉʘʉʆ3 

12. ʊʨʝʪʠʡ-

ʯʝʪʚʝʨʪʳʡ ʛʨʦʪʳ 
ʏʝʨʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʦʨʦʜʘ ʂʚʘʨʮ SiO2 

13 ʏʝʪʚʝʨʪʳʡ ʛʨʦʪ ɻʦʨʥʦʝ ʤʦʣʦʢʦ ʂʘʣʴʮʠʪ ʉʘʉʆ3 

14. ʇʷʪʳʡ ʛʨʦʪ ʅʘʪʝʯʥʘʷ ʢʦʨʦʯʢʘ ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ ʂʘʣʴʮʠʪ ʉʘʉʆ3 

15.  ʇʷʪʳʡ ʛʨʦʪ ʊʝʤʥʳʡ ʣʝʛʢʠʡ ʠʟʚʝʩʪʥʷʢ ʂʘʣʴʮʠʪ ʉʘʉʆ3, ʢʚʘʨʮ SiO2 

16. ʇʷʪʳʡ ʛʨʦʪ ɹʝʣʳʝ ʥʘʣʝʪʳ ʥʘ ʢʘʤʥʷʭ ʂʘʣʴʮʠʪ ʉʘʉʆ3 

17. 
ʇʷʪʳʡ ʛʨʦʪ ʇʦʨʠʩʪʳʝ ʞʝʣʝʟʠʩʪʳʝ ʧʦʨʦʜʳ 

ɻʝʪʠʪ FeO(OH), ʢʘʣʴʮʠʪ ʉʘʉʆ3, ʩʠʜʝʨʠʪ 

FeCO3 

18. 
ʇʷʪʳʡ ʛʨʦʪ ʈʳʞʠʡ çʧʝʩʦʢè ʚ ʥʠʰʝ 

ʂʘʣʴʮʠʪ ʉʘʉʆ3, ʢʚʘʨʮ SiO2, ʢʘʦʣʠʥʠʪ 

Al 4{ Si4O10}( OH)8, ʛʠʧʩ CaSO4 x 2H2O 

19. 
ʇʷʪʳʡ ʛʨʦʪ 

ʅʘʪʝʯʥʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʢʦʨʘ 

ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3 

20. 
ʇʷʪʳʡ ʛʨʦʪ 

ʌʨʘʛʤʝʥʪ ʧʦʣʦʩʯʘʪʦʡ ʥʘʪʝʯʥʦʡ ʢʦʨʳ 

ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ 
ʂʘʣʴʮʠʪ ʉʘʉʆ3 



                                  

                      

82                                                                               

 

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʪʠʧʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʠʶʥʝ 2013 ʛʦʜʘ ʦʪʨʷʜ ʩʪʫʜʝʥʪʦʚ-

ʛʝʦʣʦʛʦʚ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʦʙʩʣʝʜʦʚʘʣ ʧʝʱʝʨʫ ʠ ʝʝ ʦʢʨʝʩʪʥʦʩʪʠ. ʉʦʙʨʘʥʳ ʦʙʨʘʟʮʳ 

ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʝʱʝʨʳ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʄʝʩʪʘ 

ʦʪʙʦʨʘ ʧʨʦʙ ʠ ʦʙʨʘʟʮʦʚ, ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʘʛʥʦʩʪʠʢʠ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ. 

ʂʘʢ ʠ ʚʦ ʚʩʝʭ ʧʝʱʝʨʘʭ ʢʘʨʙʦʥʘʪʥʦʛʦ ʢʘʨʩʪʘ, ʚ ʉʦʢʪʫʡʩʢʦʡ ʧʝʱʝʨʝ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʩʧʝʣʝʦʪʝʤʳ (ʩʪʘʣʘʢʪʠʪʳ, ʩʪʘʣʘʛʤʠʪʳ, ʥʘʪʝʯʥʳʝ ʢʦʨʦʯʢʪʠ, ʜʨʘʧʠʨʦʚʢʠ), ʩʣʦʞʝʥʥʳʝ ʢʘʣʴʮʠʪʦʤ ʠ ʤʝʩʪʘʤʠ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʞʝʣʝʟʥʝʥʥʳʝ. ʆʞʝʣʝʟʥʝʥʠʝ ʚ ʧʝʱʝʨʝ ʧʨʦʷʚʣʝʥʦ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʞʝʣʝʟʠʩʪʳʭ ʢʦʨʦʢ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʪʝʥ ʠ ʨʳʭʣʦʛʦ ʦʩʘʜʢʘ, ʩʣʦʞʝʥʥʦʛʦ ʛʝʪʠʪʦʤ. ʇʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ çʞʝʣʝʟʠʩʪʳʭè ʢʦʨʦʢ ʚ ʧʣʘʤʝʥʠ 

ʩʚʝʯʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʛʠʜʨʦʢʩʠʜ ʞʝʣʝʟʘ ʧʝʨʝʭʦʜʠʪ ʚ ʦʢʩʠʜ ʞʝʣʝʟʘ ï ʛʝʤʘʪʠʪ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʦʙʚʘʣʴʥʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʛʣʳʙ ʧʝʨʚʠʯʥʦʡ ʭʝʤʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʡ ʪʦʣʱʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʆʥʠ 

ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʝʡʩʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʵʪʘʧʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʉʘʤʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʭʝʤʦʛʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʦʡ. ʕʪʦ ʨʘʟʣʠʯʥʳʝ ʥʘʪʝʯʥʳʝ ʬʦʨʤʳ (ʢʦʨʦʯʢʠ ʥʘ ʩʪʝʥʘʭ ʠ ʛʨʫʥʪʝ ʧʝʱʝʨʳ, 

ʩʪʘʣʘʢʪʠʪʳ ʧʨʦʩʪʳʝ ʠ ʪʨʫʙʯʘʪʳʝ, ʩʪʘʣʘʛʤʠʪʳ, ʩʪʘʣʘʛʥʘʪʳ, ʛʝʣʠʢʪʠʪʳ, ʢʨʠʩʪʘʣʣʠʢʪʠʪʳ), ʩʣʦʞʝʥʥʳʝ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʘʣʴʮʠʪʦʤ ʠ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʨʠ ʠʩʧʘʨʝʥʠʠ ʥʘʩʳʱʝʥʥʦʡ ʛʠʜʨʦʢʘʨʙʦʥʘʪʦʤ ʢʘʣʴʮʠʷ ʢʘʧʘʶʱʝʡ ʠ 

ʩʦʯʘʱʝʡʩʷ ʚʦʜʳ.  ɺ ʧʝʱʝʨʝ ʠʤʝʶʪʩʷ ʤʠʥʝʨʘʣʴʥʳʝ ʬʦʨʤʳ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ, ʨʘʟʨʫʰʝʥʠʷ, ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʝʱʝʨʳ. ʋʩʣʦʚʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʨʦʜʫʢʪʳ 

ʬʠʟʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʝʱʝʨʳ, ʠ ʧʨʦʜʫʢʪʳ 

ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ. ʂ ʧʝʨʚʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʤʷʛʢʠʝ ʩʝʨʳʝ ʛʣʠʥʦʧʦʜʦʙʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦʢʨʳʚʘʶʱʠʝ ʪʦʥʢʠʤ ʩʣʦʝʤ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʜʦʣʴ ʩʪʝʥ ʧʝʱʝʨʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʯʠʩʪʳʤ 

ʢʘʣʴʮʠʪʦʤ. ʂʦ ʚʪʦʨʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ çʛʦʨʥʦʝ ʤʦʣʦʢʦè ʩ ʧʦʪʦʣʢʘ ʛʨʦʪʦʚ ï ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʚʷʟʢʘʷ ʩʫʙʩʪʘʥʮʠʷ 

ʙʝʣʦʛʦ ʮʚʝʪʘ, ʩʣʦʞʝʥʥʘʷ ʪʘʢʞʝ ʯʠʩʪʳʤ ʢʘʣʴʮʠʪʦʤ. 

ɺ ʩʠʣʫ ʥʘʣʠʯʠʷ ʣʝʜʷʥʳʭ ʧʦʢʨʦʚʦʚ ʦʢʦʣʦ ʚʭʦʜʥʦʡ ʚʦʨʦʥʢʠ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʨʠʦʛʝʥʥʳʝ 

ʤʠʥʝʨʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʝʟʦʥʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʣʝʜʝʡ ï ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʦʙʲʝʤʘ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʚ ʢʦʥʮʝ 

ʥʦʷʙʨʷ - ʥʘʯʘʣʝ ʜʝʢʘʙʨʷ (ʢʦʛʜʘ ʝʱʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʚʠʞʝʥʠʝ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʭ ʚʦʜ ʧʦ ʪʨʝʱʠʥʘʤ, ʥʦ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʵʪʦʡ ʯʘʩʪʠ ʧʝʱʝʨʳ ʫʞʝ ʥʠʞʝ 00ʉ). ɹʣʠʞʝ ʢ ʩʝʨʝʜʠʥʝ ʜʝʢʘʙʨʷ ʥʘʢʦʧʣʝʥʠʝ ʦʙʲʝʤʦʚ ʣʴʜʘ 

ʧʨʝʢʨʘʱʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ ʧʨʦʮʝʩʩ ʝʛʦ ʠʩʧʘʨʝʥʠʷ (ʩʫʭʦʡ ʚʦʟʛʦʥʢʠ ï ʩʫʙʣʠʤʘʮʠʠ). ʀʩʧʘʨʝʥʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʣʴʜʘ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʥʝʡ ʢʨʠʦʛʝʥʥʦʡ ʤʫʢʠ. ʀʥʪʝʥʩʠʚʥʦʝ ʪʘʷʥʠʝ ʥʘʣʝʜʠ 

ʥʘʯʠʥʘʝʪʩʷ ʚ ʩʨʝʜʥʝʤ ʩʦ ʚʪʦʨʦʡ ʜʝʢʘʜʳ ʘʧʨʝʣʷ, ʢʦʛʜʘ ʚʭʦʜʥʘʷ ʯʘʩʪʴ ʧʝʱʝʨʳ ʧʝʨʝʭʦʜʠʪ ʥʘ çʣʝʪʥʠʡè ʨʝʞʠʤ 

ʚʦʟʜʫʭʦʦʙʤʝʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ ʚ ʵʪʦʡ ʯʘʩʪʠ ʧʝʱʝʨʳ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ. ɺ ʵʪʦ ʚʨʝʤʷ ʪʘʣʳʤʠ ʠ 

ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤʠ ʚʦʜʘʤʠ ʩʦʜʝʨʞʘʱʠʡʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʣʝʜʠ ʩʣʦʡ ʛʦʨʥʦʡ ʤʫʢʠ ʩʤʳʚʘʝʪʩʷ ʠ 

ʧʝʨʝʦʪʣʘʛʘʝʪʩʷ ʚʜʦʣʴ ʩʪʝʥ. ʎʚʝʪ ʢʨʠʦʛʝʥʥʦʡ ʤʫʢʠ ʙʝʣʳʡ, ʠʥʦʛʜʘ ʞʝʣʪʦʚʘʪʳʡ. ʄʠʥʝʨʘʛʨʘʬʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʯʠʩʪʦʛʦ ʢʘʣʴʮʠʪʘ ʩ ʧʨʠʤʝʩʴʶ ʞʝʣʝʟʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʚʠʜʝ ʛʝʪʠʪʘ. ʂʨʠʩʪʘʣʣʳ ʢʨʠʦʛʝʥʥʦʛʦ 

ʢʘʣʴʮʠʪʘ ʠʟʦʤʝʪʨʠʯʥʳ, ʦʩʥʦʚʥʳʝ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ï ʨʦʤʙʦʵʜʨʳ. ʅʘ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʠʜʥʳ ʙʫʛʦʨʢʠ ʨʦʩʪʘ. 

ɺ ʢʘʨʩʪʦʚʳʭ ʩʠʩʪʝʤʘʭ ʩʢʣʘʜʳʚʘʶʪʩʷ ʦʩʦʙʳʝ ʤʠʢʨʦʢʣʠʤʘʪʠʯʝʩʢʠʝ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ï ʦʪʩʫʪʩʪʚʠʝ 

ʩʚʝʪʘ, ʧʦʩʪʦʷʥʥʦ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ (ʦʪ 00 ʜʦ +1-20ʉ), ʚʳʩʦʢʘʷ ʚʣʘʞʥʦʩʪʴ, ʦʩʣʘʙʣʝʥʥʘʷ ʮʠʨʢʫʣʷʮʠʷ ʚʦʟʜʫʭʘ, 

ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʉʆ2, ʫʚʝʣʠʯʝʥʥʳʡ ʨʘʜʠʘʮʠʦʥʥʳʡ ʬʦʥ, ʦʩʣʘʙʣʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʮʠʢʣʠʯʥʦʩʪʠ (ʩʫʪʦʯʥʦʡ ʠ 

ʩʝʟʦʥʥʦʡ), ʟʘʤʢʥʫʪʦʝ ʞʠʟʥʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʥʝʜʦʩʪʘʪʦʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʩʝ ʵʪʦ ʬʦʨʤʠʨʫʝʪ 

ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʤʠʨ ʧʝʱʝʨʥʳʭ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʚ ʠʟʦʣʷʮʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʵʢʦʩʠʩʪʝʤ. 

ʇʝʱʝʨʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʘ ʜʣʷ ʩʧʝʣʝʦʪʫʨʠʟʤʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʜʦʩʪʫʧʥʦʤ ʤʝʩʪʝ ʠ ʘʢʪʠʚʥʦ ʦʩʚʘʠʚʘʝʪʩʷ 

ʪʫʨʠʩʪʘʤʠ ʠ ʤʝʩʪʥʳʤ ʥʘʩʝʣʝʥʠʝʤ. ʋʩʠʣʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʳʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦʛʦ ʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʭʨʫʧʢʦʡ ʵʢʦʩʠʩʪʝʤʳ 

ʧʝʱʝʨʳ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʃʀʊʆʃʆɻʆ-ʌɸʎʀɸʃʔʅʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʇɸʃɽʆɻɽʆɻʈɸʌʀʏɽʉʂʀɽ ʋʉʃʆɺʀʗ 

ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʈɽɼʅɽʖʈʉʂʀʍ ʅɽʌʊɽɻɸɿʆʅʆʉʅʓʍ ʆʊʃʆɾɽʅʀʁ ʖɻʆ-ɺʆʉʊʆʂɸ 
ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ (ʊʓʄʉʂʀʁ ʉʊʈʋʂʊʋʈʅʆ-ʌɸʎʀɸʃʔʅʓʁ ʈɸʁʆʅ) 

ʋ.ɸ. ʉʪʝʨʞʘʥʦʚʘ 
ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ: ʜʦʮʝʥʪʳ ʄ.ʀ. ʐʘʤʠʥʦʚʘ, ʀ.ɺ. ʈʳʯʢʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʦʟʨʘʩʪʘʝʪ ʜʝʬʠʮʠʪ ʥʝʬʪʝʛʘʟʦʧʨʦʜʫʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ 

ʉʠʙʠʨʠ ʠ ʚʩʝ ʙʦʣʴʰʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʙʨʘʱʘʶʪ ʩʚʦʝ ʚʥʠʤʘʥʠʝ ʢ ʝʝ ʧʝʨʠʬʝʨʠʡʥʳʤ ʯʘʩʪʷʤ. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ 

ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʘʩʶʛʘʥʩʢʘʷ ʩʚʠʪʘ (ʠ 

ʝʝ ʘʥʘʣʦʛ ʥʘʫʥʘʢʩʢʘʷ ʩʚʠʪʘ). ʆʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʚʳʜʝʣʝʥʠʷ ʥʝʬʪʝʛʘʟʦʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʶʛʦ-

ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʣʣʝʢʪʦʨʦʚ, ʢʦʪʦʨʳʡ ʦʙʫʩʣʦʚʣʝʥ 

ʛʝʥʝʟʠʩʦʤ ʦʙʣʘʩʪʠ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʆʙʲʝʢʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʊʳʤʩʢʠʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʳʡ ʨʘʡʦʥ, 

ʢʦʪʦʨʳʡ ʚ ʩʨʝʜʥʝʶʨʩʢʫʶ ʵʧʦʭʫ ʙʳʣ ʤʝʩʪʦʤ ʧʝʨʝʭʦʜʥʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ [7]. 

ɼʣʷ ʫʩʧʝʰʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʥʝʬʪʠ ʠ ʛʘʟʘ ʥʝʦʙʭʦʜʠʤʦ ʚʩʝʩʪʦʨʦʥʥʝʝ 

ʩʝʜʠʤʝʥʪʦʣʦʛʠʯʝʩʢʦʝ, ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʝ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠ ʜʨ. ʠʟʫʯʝʥʠʝ. ʇʨʦʚʝʜʝʥʥʘʷ ʥʘʤʠ ʨʘʙʦʪʘ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʦʩʥʦʚʘʥʘ ʥʘ ʜʝʪʘʣʴʥʦʤ ʘʥʘʣʠʟʝ ʢʝʨʥʘ ʚʥʦʚʴ ʧʨʦʙʫʨʝʥʥʳʭ ʩʢʚʘʞʠʥ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʳʤʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʮʠʘʣʴʥʦʛʦ ʨʘʡʦʥʘ, ʨʝʟʫʣʴʪʘʪʘʭ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʤʘʪʝʨʠʘʣʦʚ ʛʝʦʬʠʟʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʣʠʪʦʣʦʛʦ-

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ, ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠ 

ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʦʚ.  

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʘʣʦʩʴ ʧʨʦʩʣʝʜʠʪʴ ʣʘʪʝʨʘʣʴʥʫʶ ʠ ʬʘʮʠʘʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʪʣʦʞʝʥʠʡ [5, 6]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʝʥʳ ʣʠʪʦʬʘʮʠʘʣʴʥʳʝ 

ʛʨʫʧʧʳ ʦʪʣʦʞʝʥʠʡ: ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʳ. 

ɺʳʷʩʥʝʥʦ, ʯʪʦ ʛʨʫʧʧʘ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʦʚ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʚ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʝ [1-3]. ɺ 

ʧʦʨʦʜʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʜʝʪʨʠʪ. ʆʙʨʳʚʢʠ ʚʘʡ ʧʘʧʦʨʦʪʥʠʢʦʚ, ʨʘʟʦʨʚʘʥʥʳʝ ʣʠʩʪʴʷ 

ʯʝʢʘʥʦʚʩʢʠʝʚʳʭ ʠ ʭʚʦʡʥʳʭ ʛʦʚʦʨʷʪ ʦ ʟʘʭʦʨʦʥʝʥʠʠ ʠʭ ʚ ʥʝʩʧʦʢʦʡʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ. ɺ ʧʦʨʦʜʘʭ 

ʛʨʫʧʧʳ ʘʣʝʚʨʦ-ʧʝʩʯʘʥʠʢʦʚ ʩʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0.04é0,06%. ʆʥʦ 

ʟʘʧʦʣʥʷʝʪ ʧʦʨʳ, ʠʥʪʝʨʩʪʠʮʠʠ, ʧʨʦʧʠʪʳʚʘʝʪ ʮʝʤʝʥʪʠʨʫʶʱʫʶ ʤʘʩʩʫ. ɺ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʧʦʨʦʜʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʨʦʚʦʡ ʠ ʮʝʤʝʥʪʥʦʡ ʙʠʪʫʤʠʥʦʟʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʦʩʪʘʚ ʙʠʪʫʤʦʠʜʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʤʦʣʠʩʪʦ-

ʘʩʬʘʣʴʪʝʥʦʚʦʛʦ ʜʦ ʤʘʩʣʷʥʠʩʪʦʛʦ, ʧʨʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʤʘʩʣʷʥʠʩʪʦʛʦ ʠ ʩʤʦʣʠʩʪʦ-ʤʘʩʣʷʥʠʩʪʦʛʦ 

ʩʦʩʪʘʚʘ (ʩʚʝʪʣʦ-ʞʝʣʪʦʝ ʠ ʩʚʝʪʣʦ-ʙʫʨʦʚʘʪʦʝ ʩʚʝʯʝʥʠʝ), ʦʪʤʝʯʘʝʪʩʷ ʟʘʧʘʭ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ɼʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʤʦʛʫʪ 

ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʦʧʨʦʙʦʚʘʥʠʷ ʥʘ ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ʂʦ ʚʪʦʨʦʡ ʣʠʪʦʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʧʝʩʯʘʥʠʢʠ ʨʫʩʣʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʨʠʩ. 1). ʅʘʠʙʦʣʝʝ 

ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʦʙʩʪʘʥʦʚʢʝ ʨʫʩʣʘ (ʤʝʘʥʜʨʦʚʳʝ ʢʦʩʳ, ʨʫʩʣʦʚʳʝ ʦʪʤʝʣʠ). ʉʣʦʠʩʪʦʩʪʴ 

ʧʦʣʦʛʦ ʚʦʣʥʠʩʪʘʷ, ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʣʠʥʟʦʚʠʜʥʘʷ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʢʘʤʠ ʩʨʝʜʥʝ-

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ, ʩ ʧʣʝʥʦʯʥʦ-ʧʦʨʦʚʳʤ ʛʠʜʨʦʩʣʶʜʠʩʪʳʤ ʮʝʤʝʥʪʦʤ. ʆʙʣʦʤʢʠ ʢʚʘʨʮʘ 

ʢʦʨʨʦʜʠʨʦʚʘʥʳ ʠ ʨʝʛʝʥʝʨʠʨʦʚʘʥʳ. ʇʦʣʝʚʳʝ ʰʧʘʪʳ ʨʘʟʣʦʞʝʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ. 

ʆʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝʥʠ ʢʦʨʨʦʜʠʨʦʚʘʥʥʦʩʪʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʢʨʝʤʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʛʦʨʠʟʦʥʪʘʭ, 

ʥʘʩʳʱʝʥʥʳʭ ʙʠʪʫʤʠʥʦʟʥʳʤ ʚʝʱʝʩʪʚʦʤ. ʈʘʩʯʝʪ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʚʳʚʝʪʨʝʣʦʩʪʠ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʜʘʣʴʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʟʨʝʣʦʩʪʴ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ [4, 8]. ʆʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʭ ʨʘʟʤʳʚʦʚ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʫʨʦʚʥʠ ʩ ʠʥʪʨʘʢʣʘʩʪʘʤʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. ɺ ʧʦʨʦʜʘʭ ʣʠʪʦʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ʧʝʩʯʘʥʠʢʦʚ 

ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʧʠʙʠʪʫʤʦʠʜʦʚ (0,08%), ʟʘʧʦʣʥʷʶʱʠʭ ʧʦʨʳ ʠ ʮʝʤʝʥʪʠʨʫʶʱʫʶ ʤʘʩʩʫ. ʉʦʩʪʘʚ 

ʙʠʪʫʤʦʠʜʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʦʛʦ (ʪʝʤʥʦ-ʙʫʨʦʝ ʩʚʝʯʝʥʠʝ) ʜʦ ʣʝʛʢʠʭ ʬʨʘʢʮʠʡ (ʩʚʝʪʣʦʝ ʠ 

ʞʝʣʪʦʚʘʪʦʝ ʩʚʝʯʝʥʠʝ). ʆʪʤʝʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ ʩʤʦʣʠʩʪʦʛʦ (ʞʝʣʪʦʚʘʪʦ-ʙʫʨʦʝ ʩʚʝʯʝʥʠʝ). ʇʦʨʦʜʳ ʠʟ 

ʜʘʥʥʦʡ ʣʠʪʦʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʭ ʩʚʦʡʩʪʚʘʭ ʤʦʛʫʪ ʩʣʫʞʠʪʴ 

ʭʦʨʦʰʠʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. 

ɸʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʳ ʪʨʝʪʴʝʡ ʣʠʪʦʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 

ʨʘʟʨʝʟʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʦʩʣʦʠ ʫʛʣʝʡ ʠ ʫʛʣʠʩʪʳʭ ʧʦʨʦʜ. ʇʨʠʩʫʪʩʪʚʫʝʪ ʧʠʨʠʪ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɹʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ ʚ ʧʦʨʦʜʘʭ ʣʠʪʦʬʘʮʠʘʣʴʥʦʡ ʛʨʫʧʧʳ 

ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ, ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʭ ʛʣʠʥʠʩʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʇʦʜ 

ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʧʦʨʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʦʩʪʘʚ 

ʙʠʪʫʤʦʠʜʦʚ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʦʛʦ (ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʝ ʩʚʝʯʝʥʠʝ) ʜʦ ʣʝʛʢʦʛʦ (ʛʦʣʫʙʦʚʘʪʦʝ 

ʩʚʝʯʝʥʠʝ). ɺ ʧʦʨʦʜʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʪʫʤʦʠʜʳ ʩʤʦʣʠʩʪʦʛʦ ʩʦʩʪʘʚʘ (ʙʫʨʦʚʘʪʦʝ ʩʚʝʯʝʥʠʝ). ɹʠʪʫʤʠʥʦʟʥʘʷ ʪʝʢʩʪʫʨʘ 

ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʩʝʷʥʥʘʷ, ʧʷʪʥʠʩʪʘʷ, ʪʨʝʱʠʥʥʘʷ (ʨʠʩ. 2). ɺ ʪʦʥʢʠʭ ʪʨʝʱʠʥʢʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʪʫʤʦʠʜʳ 

ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʦʛʦ, ʨʝʞʝ ʤʘʩʣʷʥʠʩʪʦʛʦ ʩʦʩʪʘʚʘ (ʞʝʣʪʦʚʘʪʦʝ ʩʚʝʯʝʥʠʝ). ʊʨʝʱʠʥʢʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʧʣʘʩʪʦʚʘʥʠʷ. ʉʫʜʷ ʧʦ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷʤ, ʧʦʩʪʫʧʣʝʥʠʝ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʦʨʦʜʫ 

ʙʳʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦʝ. ɹʠʪʫʤʦʠʜʳ ʧʦ ʛʝʥʝʟʠʩʫ ʩʤʝʰʘʥʥʳʝ. ɺ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ - ʩʠʥʛʝʥʝʪʠʯʥʳʝ, ʚ ʪʨʝʱʠʥʘʭ ï 

ʵʧʠʙʠʪʫʤʦʠʜʳ.  

ɺ ʭʦʜʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʊʳʤʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦ-

ʬʘʮʠʘʣʴʥʦʛʦ ʨʘʡʦʥʘ ʚʳʜʝʣʝʥʳ 3 ʣʠʪʦʬʘʮʠʘʣʴʥʳʝ ʛʨʫʧʧʳ ʦʪʣʦʞʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʦʪʥʦʰʝʥʠʠ 

ʦʙʥʘʨʫʞʝʥʠʡ ʩʢʦʧʣʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʨʫʩʣʦʚʳʭ ʬʘʮʠʡ, ʚ 

ʫʩʣʦʚʠʷʭ ʛʫʤʠʜʥʦʛʦ ʢʣʠʤʘʪʘ. ʉʨʝʜʠ ʦʪʣʦʞʝʥʠʡ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʬʘʮʠʡ ʚʳʷʚʣʝʥʳ ʛʦʨʠʟʦʥʪʳ ʩʠʥʛʝʥʝʪʠʯʥʦ 

ʙʠʪʫʤʠʥʦʟʥʳʭ ʘʣʝʚʨʦ-ʘʨʛʠʣʣʠʪʦʚ (ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʝ ʧʦʨʦʜʳ). 

 

 
ʈʠʩ. 1 ʇʝʩʯʘʥʠʢ ʨʫʩʣʦʚʦʡ ʬʘʮʠʠ ʈʠʩ. 2 ɸʣʝʚʨʦ-ʘʨʛʠʣʣʠʪ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʦʡ ʬʘʮʠʠ 

 
  



                                  

                      

84                                                                               

 

 

ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ɸʣʝʢʩʝʝʚ ɺ.ʇ. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʠʟ: ʋʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʢ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʘʥʷʪʠʷʤ ʠ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʨʘʙʦʪʝ ʧʦ ʜʠʩʮʠʧʣʠʥʝ çʃʠʪʦʣʦʛʠʷè ï ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦ ʋɻɻɻɸ, 2003. ï 147 ʩ. 

2. ɹʘʨʘʙʦʰʢʠʥ ɽ.ʖ. ʉʝʜʠʤʝʥʪʦʣʦʛʠʷ ʢʝʨʥʘ. ʊʝʨʨʠʛʝʥʥʳʝ ʢʦʣʣʝʢʪʦʨʳ. ï ʄʦʩʢʚʘ: 2011. ï 157 ʩ. 
3. ɹʦʪʚʠʥʢʠʥʘ ʃ.ʅ. ʄʝʪʦʜʠʯʝʩʢʦʝ ʨʫʢʦʚʦʜʩʪʚʦ ʧʦ ʠʟʫʯʝʥʠʶ ʩʣʦʠʩʪʦʩʪʠ // ʊʨʫʜʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʥ-ʪʘ ɸʅ ʉʉʉʈ ï 

ʄ.: ʀʟʜ-ʚʦ çʅʘʫʢʘè, ʚʳʧ. 119. 1965. ï 260 ʩ. 
4. ʀʥʪʝʨʧʨʝʪʘʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ / ʇʦʜ ʨʝʜ. ɽ.ɺ. ʉʢʣʷʨʦʚʘ. ï ʄ.: ʀʥʪʝʨʤʝʪ ʀʥʞʠʥʠʨʠʥʛ, 2001. ʊ.1 ï 288 ʩ. 
5. ʄʘʩʣʦʚ ɸ.ɺ. ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ: ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ: ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. ï 

ɽʢʘʪʝʨʠʥʙʫʨʛ: ʀʟʜ-ʚʦ ʋɻɻʋ, 2005. ï 289 ʩ. 
6. ʆʙʩʪʘʥʦʚʢʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʬʘʮʠʠ / ʈʝʜ. ʍ.ɻ. ʈʝʜʠʥʛ. ï ʄ.: ʄʠʨ, 1990. ï ʊ.1 ï 352 ʩ. 
7. ʈʝʰʝʥʠʷ 6-ʛʦ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʚʝʱʘʥʠʷ ʧʦ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠ ʧʨʠʥʷʪʠʶ ʫʪʦʯʥʝʥʥʳʭ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʉʅʀʀɻɻʠʄʉ, 2004. ï 113 
ʩ. 

8. ʖʜʦʚʠʯ ʗ.ʕ., ʂʝʪʨʠʩ ʄ.ʇ. ʆʩʥʦʚʳ ʣʠʪʦʭʠʤʠʠ. ï ʉʧʙ.: ʅʘʫʢʘ, 2000. ï 479 ʩ. 
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ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʂɸʈʊ ɺ ARCGIS ʀ CORELDRAW 
ɸ.ɸ. ʉʪʨʘʭʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʌ.ʈ. ʉʘʪʘʝʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ  

ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʩ 2000 ʛʦʜʘ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʣʘʤʠ ʅʀʃ ɻʝʦʢʘʨʪ ʛʝʦʣʦʛʦ-

ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʚʝʜʝʪ ʨʘʙʦʪʳ ʧʦ ɻɼʇ-200 ʚ ʨʘʤʢʘʭ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ʩ ʄʠʥʠʩʪʝʨʩʪʚʦʤ 

ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʈʌ. ɸʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʦʣʝʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʢʘʤʝʨʘʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ ʤʘʪʝʨʠʘʣʦʚ 

ʧʨʠʥʠʤʘʶʪ ʩʪʫʜʝʥʪʳ ʬʘʢʫʣʴʪʝʪʘ, ʧʦʣʫʯʘʷ ʧʨʘʢʪʠʯʝʩʢʠʡ ʦʧʳʪ ʨʘʙʦʪʳ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʜʠʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ [1] ʢ ʢʦʤʧʣʝʢʪʘʤ ʮʠʬʨʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ 

ʤʘʢʝʪʳ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʜʦʣʞʥʳ ʩʜʘʚʘʪʴʩʷ ʚ ʰʝʡʧ-ʬʘʡʣʘʭ, ʘ ʟʘʨʘʤʦʯʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʤʘʢʝʪʦʚ ʤʦʞʝʪ ʙʳʪʴ 

ʩʦʟʜʘʥʦ ʢʘʢ ʩʨʝʜʩʪʚʘʤʠ ArcView (ArcGIS) ʪʘʢ ʠ CorelDraw. 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʢʝʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠʩʧʦʣʴʟʫʝʪʩʷ MapDesinger [4] - ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʤʦʜʫʣʴ ʢ 

ʧʨʦʛʨʘʤʤʝ ArcGIS, ʧʦʟʚʦʣʷʶʱʠʡ ʩʦʟʜʘʚʘʪʴ ʣʝʛʝʥʜʳ ʢ ʢʘʨʪʘʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕʪʘʣʦʥʥʦʡ ʙʘʟʳ ʫʩʣʦʚʥʳʭ 

ʟʥʘʢʦʚ (ʕɹɿ) [3], ʩʪʨʦʛʦ ʨʝʛʣʘʤʝʥʪʠʨʫʶʱʠʭ ʚʠʜ, ʨʘʟʤʝʨ ʠ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ.  

ʆʬʦʨʤʣʝʥʠʝ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ʚ ʟʘʨʘʤʦʯʥʦʤ ʦʬʦʨʤʣʝʥʠʠ ʜʦʣʞʥʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʕɹɿ ʠ 

ʫʩʣʦʚʥʳʤ ʟʥʘʢʘʤ ʥʘ ʤʘʢʝʪʝ ʢʘʨʪʳ. ɼʦ ʚʳʭʦʜʘ ʚʝʨʩʠʠ ArcGIS 9.2 ʤʘʢʝʪʳ ʢʦʤʧʣʝʢʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ, 

ʩʦʟʜʘʥʥʳʝ ʚ ʅʀʃ ɻʝʦʢʘʨʪ ʊɻʋ ʩʨʝʜʩʪʚʘʤʠ ArcView (ArcGIS) ʯʝʨʝʟ ʦʙʤʝʥʥʳʝ ʬʦʨʤʘʪʳ *.eps ʠ *.emf 

ʵʢʩʧʦʨʪʠʨʦʚʘʣʠʩʴ ʚ ʬʦʨʤʘʪ CorelDraw, ʚ ʢʦʪʦʨʦʤ ʨʠʩʦʚʘʣʦʩʴ ʚʩʝ ʟʘʨʘʤʦʯʥʦʝ ʦʬʦʨʤʣʝʥʠʝ. ɺʦʟʤʦʞʥʦʩʪʠ 

CorelDraw ʧʦʟʚʦʣʷʶʪ ʦʬʦʨʤʣʷʪʴ ʤʘʢʝʪʳ ʢʘʨʪ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ ʥʝʦʙʭʦʜʠʤʳʭ ʪʨʝʙʦʚʘʥʠʡ [2], ʥʦ ʧʨʠ 

ʧʨʦʨʠʩʦʚʢʝ ʦʪʜʝʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʨʘʧʘ ʠʣʠ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʪʠʧʦʚ ʣʠʥʝʡʥʳʭ ʛʨʘʥʠʮ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʪʨʫʜʥʦʩʪʠ ʩ ʧʦʣʥʳʤ ʩʦʦʪʚʝʪʩʪʚʠʝʤ ʫʩʣʦʚʥʦʛʦ ʟʥʘʢʘ ʵʪʘʣʦʥʫ ʚ ʕɹɿ. ʅʘʯʠʥʘʷ ʩ ʚʝʨʩʠʠ ArcGIS 9.2 ʧʨʠ ʵʢʩʧʦʨʪʝ 

ʤʘʢʝʪʦʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʠʟ ArcGIS ʚ CorelDraw ʩʪʘʣʠ ʚʦʟʥʠʢʘʪʴ ʪʨʫʜʥʦʩʪʠ ï ʤʝʥʷʶʪʩʷ ʠʩʭʦʜʥʳʝ ʨʘʟʤʝʨʳ 

ʦʙʲʝʢʪʦʚ ʠʣʠ ʩʙʠʚʘʶʪʩʷ ʧʦʜʧʠʩʠ ʦʙʲʝʢʪʦʚ ʠ ʧʨʦʨʠʩʦʚʢʘ ʦʪʜʝʣʴʥʳʭ ʣʠʥʠʡ, ʩʦʟʜʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʧʝʮʠʘʣʴʥʳʭ ʰʨʠʬʪʦʚ. ɼʣʷ ʧʨʠʚʝʜʝʥʠʝ ʵʢʩʧʦʨʪʠʨʦʚʘʥʥʦʛʦ ʚ CorelDraw ʤʘʢʝʪʘ ʢʘʨʪʳ ʚ ʧʦʣʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʩ 

ʩʦʟʜʘʥʥʳʤ ʚ ArcGIS ʪʨʘʪʠʣʦʩʴ ʤʥʦʛʦ ʚʨʝʤʝʥʠ.  

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʚ ʧʨʦʝʢʪʳ ʩ ʤʘʢʝʪʘʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʜʦʙʘʚʣʷʪʴ ʟʘʨʘʤʦʯʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ, ʩʦʟʜʘʥʥʦʝ ʚ CorelDraw. ʀʤʧʦʨʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʠʩʫʥʢʦʚ ʚ ʧʨʦʝʢʪ ArcGIS ʚʦʟʤʦʞʝʥ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʝʩʪʴ ʩʚʦʠ ʥʝʜʦʩʪʘʪʢʠ. ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ï ʵʢʩʧʦʨʪ ʨʠʩʫʥʢʘ ʠʟ 

CorelDraw ʚ ʨʘʩʪʨʦʚʳʡ ʬʦʨʤʘʪ (jpg, tiff ) c ʧʦʩʣʝʜʫʶʱʝʡ ʧʨʠʚʷʟʢʦʡ ʚ ʦʪʜʝʣʴʥʦʤ ʬʨʝʡʤʝ ʧʨʦʝʢʪʘ. ɺ ʵʪʦʤ ʚʘʨʠʘʥʪʝ 

ʧʨʠ ʧʝʯʘʪʠ ʤʘʢʝʪʘ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʩʣʦʞʥʦʩʪʠ ʩ ʧʨʦʨʠʩʦʚʢʦʡ ʪʦʥʢʠʭ ʣʠʥʠʡ ʠ ʦʪʪʝʥʢʘʤʠ ʮʚʝʪʘ. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ 

ï ʚʩʪʘʚʢʘ ʨʠʩʫʥʢʘ ʚ ʢʦʤʧʦʥʦʚʢʫ ʧʨʦʝʢʪʘ ʯʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ ʩ ʧʦʤʦʱʴʶ ʦʧʝʨʘʮʠʡ ʂʦʧʠʨʦʚʘʪʴ-ɺʩʪʘʚʠʪʴ. 

ʇʨʦʙʣʝʤʳ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ï ʨʠʩʫʥʦʢ ʚʩʪʘʚʣʷʝʪʩʷ ʢʘʢ ʦʜʠʥ ʧʦʣʠʛʦʥʘʣʴʥʳʡ ʦʙʲʝʢʪ, ʨʘʟʤʝʨ ʢʦʪʦʨʦʛʦ ʧʨʠ ʵʪʦʤ 

ʤʝʥʷʝʪʩʷ ʠ ʝʛʦ ʥʘʜʦ ʧʨʘʚʠʪʴ. ʉʘʤʳʡ ʧʨʠʝʤʣʝʤʳʡ ʚʘʨʠʘʥʪ ï ʜʦʙʘʚʣʝʥʠʝ ʨʠʩʫʥʢʘ ʚ ʢʦʤʧʦʥʦʚʢʫ ʧʨʦʝʢʪʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ ɺʩʪʘʚʢʘ ʦʙʲʝʢʪʘ ʠ ʚʳʙʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʧʘ ʦʙʲʝʢʪʘ CorelDraw. ʇʨʠ ʵʪʦʤ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʘʚʢʠ ʨʠʩʫʥʢʘ ï ʧʨʠ ʜʚʦʡʥʦʤ ʢʣʠʢʝ ʣʝʚʦʡ ʢʥʦʧʢʠ ʤʳʰʠ ʧʦ ʦʙʲʝʢʪʫ ʦʥ ʦʪʢʨʳʚʘʝʪʩʷ ʚ 

ʦʢʥʝ ʧʨʦʛʨʘʤʤʳ CorelDraw ʜʣʷ ʚʥʝʩʝʥʠʷ ʠʟʤʝʥʝʥʠʡ. ʅʦ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ. ʈʠʩʫʥʦʢ 

CorelDraw, ʚʩʪʘʚʣʝʥʥʳʡ ʢʘʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʙʲʝʢʪ ʚ ʧʨʦʝʢʪ ArcGIS, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʪʢʨʳʪ ʜʣʷ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʟ ʵʪʦʛʦ ʧʨʦʝʢʪʘ ʥʘ ʜʨʫʛʦʤ ʢʦʤʧʴʶʪʝʨʝ ʧʨʠ ʥʝʩʦʚʧʘʜʝʥʠʠ ʚʝʨʩʠʡ CorelDraw. ʆʙʲʝʢʪ 

ʥʝʚʦʟʤʦʞʥʦ ʦʪʢʨʳʪʴ ʜʣʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ ʠʟ ʧʨʦʝʢʪʘ ʜʘʞʝ ʝʩʣʠ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʫʩʪʘʥʦʚʣʝʥʘ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʘʷ 

ʚʝʨʩʠʷ CorelDraw. ʋʞʝ ʚʩʪʘʚʣʝʥʥʳʡ ʚ ʢʦʤʧʦʥʦʚʢʫ ʦʙʲʝʢʪ CorelDraw ʥʝʣʴʟʷ ʧʝʨʝʥʝʩʪʠ ʚ ʜʨʫʛʦʡ ʧʨʦʝʢʪ ʧʫʪʝʤ 

ʧʨʦʩʪʦʛʦ ʢʦʧʠʨʦʚʘʥʠʷ, ʧʨʠ ʚʩʪʘʚʢʝ ʯʝʨʝʟ ʙʫʬʝʨ ʦʙʤʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ʦʙʲʝʢʪʘ. ɽʩʣʠ ʚ 

ʟʘʨʘʤʦʯʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʚʥʦʩʷʪ ʢʦʨʨʝʢʪʠʚʳ ʠʣʠ ʠʩʧʨʘʚʣʝʥʠʷ ʤʳ ʜʦʣʞʥʳ ʠʭ ʚʥʝʩʪʠ ʠ ʚ ʨʠʩʫʥʢʠ CorelDraw. 

ʏʪʦʙʳ ʠʩʢʣʶʯʠʪʴ ʜʫʙʣʠʨʦʚʘʥʠʝ ʟʘʨʘʤʦʯʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ArcGIS ʚ CorelDraw, ʩʦʢʨʘʪʠʪʴ ʢʦʣʠʯʝʩʪʚʦ 

ʦʧʝʨʘʮʠʡ, ʚʨʝʤʷ ʨʘʙʦʪʳ ʠ ʜʦʙʠʪʴʩʷ ʧʦʣʥʦʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ʤʘʢʝʪʘʤ ʠ ʕɹɿ, ʙʳʣʦ ʧʨʠʥʷʪʦ 

ʨʝʰʝʥʠʝ ʦʬʦʨʤʣʷʪʴ ʤʘʢʝʪʳ ʢʘʨʪ ʩʨʝʜʩʪʚʘʤʠ ArcGIS. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʜʫʣʷ (ʨʘʩʰʠʨʝʥʠʷ) MapDesinger 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʣʝʛʝʥʜʳ ʢ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʢʘʨʪʘʤ ʠ ʦʬʦʨʤʣʷʪʴ ʤʘʢʝʪʳ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʕʪʘʣʦʥʥʦʡ 

ʙʘʟʦʡ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʩʣʦʚʥʳʝ ʟʥʘʢʠ ʠʟ ʪʘʙʣʠʮʳ ʩʦʜʝʨʞʘʥʠʷ, ʜʦʙʘʚʣʝʥʥʳʝ ʚ ʟʘʨʘʤʦʯʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ, ʧʦʣʥʦʩʪʴʶ ʧʦʚʪʦʨʷʶʪ ʟʥʘʢʠ ʤʘʢʝʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ. ʇʦʣʫʯʝʥʥʘʷ ʣʝʛʝʥʜʘ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʛʨʘʬʠʢʫ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʬʦʨʤʣʷʪʴ ʝʸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ [2]. ʇʦʣʫʯʠʚ ʧʦʣʥʦʝ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ʤʘʢʝʪʘ ʠ ʟʘʨʘʤʦʯʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, ʤʳ ʩʪʦʣʢʥʫʣʠʩʴ ʩ ʥʝʦʞʠʜʘʥʥʦʡ ʧʨʦʙʣʝʤʦʡ ï 

ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʙʦʛʘʪʦʡ ʙʠʙʣʠʦʪʝʢʝ ʫʩʣʦʚʥʳʭ ʟʥʘʢʦʚ ArcGIS ʩʪʠʣʝʡ ʚ ʚʠʜʝ ʬʠʛʫʨʥʳʭ ʩʢʦʙʦʢ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ 

ʦʙʲʝʜʠʥʝʥʠʷ ʙʘʟʦʚʳʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʚ ʣʝʛʝʥʜʝ.  

 

 
 

ʈʠʩ.1 ʀʥʩʪʨʫʤʝʥʪ Line (ɻʨʘʬʠʢ) ʈʠʩ.2 ʀʥʩʪʨʫʤʝʥʪ Edit Vertices 

(ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʚʝʨʰʠʥʳ) 

 

ɺ ArcGIS ʬʠʛʫʨʥʫʶ ʩʢʦʙʢʫ ʤʦʞʥʦ ʥʘʨʠʩʦʚʘʪʴ ʠʩʧʦʣʴʟʫʷ ʠʥʩʪʨʫʤʝʥʪ Line (ɻʨʘʬʠʢ) (ʨʠʩ. 1) ʧʘʥʝʣʠ 

ʠʥʩʪʨʫʤʝʥʪʦʚ Draw (ʈʠʩʦʚʘʥʠʝ). ɺ ʨʝʞʠʤʝ ʢʦʤʧʦʥʦʚʢʠ ʥʫʞʥʦ ʚʢʣʶʯʠʪʴ ʦʪʦʙʨʘʞʝʥʠʝ ʩʝʪʢʠ ʜʣʷ ʫʜʦʙʩʪʚʘ 

ʧʦʩʪʨʦʝʥʠʷ ʠ ʟʘʜʘʪʴ ʠʥʩʪʨʫʤʝʥʪʦʤ Line (ɻʨʘʬʠʢ) ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʬʦʨʤʫ ʬʠʛʫʨʳ. ʉ ʧʦʤʦʱʴʶ ʠʥʩʪʨʫʤʝʥʪʘ Edit 

Vertices (ʈʝʜʘʢʪʠʨʦʚʘʪʴ ʚʝʨʰʠʥʳ) ʤʳ ʜʦʙʘʚʣʷʝʤ ʚʝʨʰʠʥʳ ʚ ʦʙʲʝʢʪ ʜʣʷ ʧʨʠʜʘʥʠʷ ʙʦʣʝʝ ʧʣʘʚʥʳʭ ʬʦʨʤ ʬʠʛʫʨʝ ʚ 

ʫʯʘʩʪʢʘʭ ʧʝʨʝʛʠʙʘ ʣʠʥʠʠ (ʨʠʩ. 2). ʂʦʥʝʯʥʳʡ ʵʪʘʧʦʤ ʩʦʟʜʘʥʠʷ ʜʘʥʥʦʡ ʬʠʛʫʨʳ ʷʚʣʷʝʪʩʷ ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ ʪʦʣʱʠʥʳ 

ʣʠʥʠʠ (ʚ ʩʚʦʡʩʪʚʘʭ ʧʦʣʫʯʝʥʥʦʛʦ ʦʙʲʝʢʪʘ), ʧʦ ʪʨʝʙʦʚʘʥʠʷʤ [2] ʦʥʘ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 0,12 ʤʤ. ʇʦʣʫʯʝʥʥʳʝ 

ʜʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʦʙʲʝʢʪʳ ʣʝʛʢʦ ʤʘʩʰʪʘʙʠʨʫʶʪʩʷ, ʩʦʭʨʘʥʷʷ ʪʨʝʙʫʝʤʫʶ ʪʦʣʱʠʥʫ ʠ ʠʭ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʙʫʜʫʱʝʤ, ʩʦʭʨʘʥʠʚ ʚ ʦʪʜʝʣʴʥʦʤ ʧʨʦʝʢʪʝ.  

ɽʜʠʥʩʪʚʝʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʟʘʨʘʤʦʯʥʦʛʦ ʦʬʦʨʤʣʝʥʠʷ, ʩʦʟʜʘʥʠʝ ʢʦʪʦʨʦʛʦ ʩʨʝʜʩʪʚʘʤʠ ArcGIS ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʚʳʟʳʚʘʝʪ ʫ ʥʘʩ ʙʦʣʴʰʠʝ ʟʘʪʨʫʜʥʝʥʠʷ ï ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ. ɼʘʥʥʳʡ ʵʣʝʤʝʥʪ ʟʘʨʘʤʦʯʥʦʛʦ 

ʦʬʦʨʤʣʝʥʠʷ ʧʨʦʱʝ ʩʦʟʜʘʪʴ ʩʨʝʜʩʪʚʘʤʠ CorelDraw. 

 
ʃʠʪʝʨʘʪʫʨʘ  

 
1. ɽʜʠʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʦʩʪʘʚʫ, ʩʪʨʫʢʪʫʨʝ ʠ ʬʦʨʤʘʪʘʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚ ʅʈʉ ʈʦʩʥʝʜʨʘ ʢʦʤʧʣʝʢʪʦʚ ʮʠʬʨʦʚʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʣʠʩʪʦʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʤʘʩʰʪʘʙʦʚ 1:1 000 000 ʠ 1:200 000. ï ʉʇʙ.: 
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3. ʕʪʘʣʦʥʥʘʷ ʙʘʟʘ ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ɻʦʩʛʝʦʣʢʘʨʪʳ 200/2 [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] : ʵʪʘʣʦʥ. ʙʘʟʘ ï 
ʕʣʝʢʪʨʦʥ. ʜʘʥ. ï ʉʇʙ.: ʌɻʋʇ çɺʉɽɻɽʀè, 2013. ï ɺʝʨʩʠʷ X.01.01.  

4. ʆʧʠʩʘʥʠʝ ʨʘʩʰʠʨʝʥʠʷ MapDesinger ʜʣʷ ArcGIS ʚʝʨʩʠʠ 10.0 ï ʉʇʙ.: ʀʟʜʘʪʝʣʴʩʪʚʦ ʌɻʋʇ çɺʉɽɻɽʀè, 2013. ï 
144 ʩ. 

 
ʂʆʅʆɼʆʅʊʓ ʄʆʉʂʆɺʉʂʆɻʆ ʗʈʋʉɸ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ ʇʈʀʂɸʉʇʀʁʉʂʆʁ ɺʇɸɼʀʅʓ 

ɸ.ɸ. ʊʘʨʘʩʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɻ.ʄ. ʉʫʥʛʘʪʫʣʣʠʥʘ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ ʦʪʣʦʞʝʥʠʷ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ 

ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʶʪ ʥʘ ʙʘʰʢʠʨʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʦʥʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ (ʚʝʨʝʡʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʚʚʝʨʭʫ ʩʣʦʞʝʥʳ ʠʟʚʝʩʪʥʷʢʘʤʠ ʜʝʪʨʠʪʦʚʦ-

ʦʨʛʘʥʦʛʝʥʥʳʤʠ, ʙʝʣʳʤʠ, ʩʝʨʳʤʠ ʩ ʪʦʥʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʘʨʛʠʣʣʠʪʦʚ (ʨʠʩ. 1). ɺ ʢʘʨʙʦʥʘʪʘʭ ʩʦʜʝʨʞʘʪʩʷ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʩʪʘʪʢʠ ʬʦʨʘʤʠʥʠʬʝʨ, ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ ʥʘ 

ʢʦʥʦʜʦʥʪʳ. ɼʣʷ ʵʪʦʛʦ ʧʨʦʠʟʚʝʜʝʥʘ ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʚ ʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʝ ʠ ʧʦʣʫʯʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

1. ʂʦʥʦʜʦʥʪʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʚʝʨʝʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʤʘʣʦʯʠʩʣʝʥʥʳ, ʥʦ ʨʘʟʥʦʦʙʨʘʟʥʳ (ʨʠʩ. 2), ʟʜʝʩʴ 

ʚʩʪʨʝʯʝʥʳ ʠʜʠʦʛʥʘʪʦʜʫʩʳ (Idiognathodus alijutovensis Alekseev, Barskov et Kononova, I. delicatus Gunnell, 

I. praeobliquus Nemirovskaya), ʨʝʜʢʠʝ ʩʪʨʝʧʪʦʛʥʘʪʦʜʫʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʠʜʦʤ Streptognathodus dissectus 

Kossenko, ʠʟ ʥʝʦʛʥʘʪʦʜʫʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʝʜʠʥʠʯʥʳʝ Neognathodus nataliae Alekseev et Gerelzezeg. 

2. ʂʦʥʦʜʦʥʪʳ ʢʘʰʠʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʴʢʦ ʠʜʠʦʛʥʘʪʦʜʫʩʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʟʘʤʝʪʥʦ 

ʜʦʤʠʥʠʨʫʶʪ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʤʦʩʢʦʚʩʢʦʛʦ ʚʝʢʘ, Idiognathodus obliquus Kossenko et Kozitskaya 

(ʨʠʩ. 3), ʩʦʚʤʝʩʪʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ I.clavirformis Gunnell ʠ I.delicatus Gunnell, ʠʤʝʶʱʠʝ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 
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3. ʉʫʱʝʩʪʚʝʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ ʧʦʜʦʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩ ʢʦʥʦʜʦʥʪʦʚ, ʛʜʝ ʩʨʝʜʠ ʠʜʠʦʛʥʘʪʦʜʫʩʦʚ ʧʦʷʚʣʷʶʪʩʷ 

ʥʦʚʳʡ ʚʠʜ: Idiognathodus podolskensis Goreva. ʊʘʢʞʝ ʟʜʝʩʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʦʥʜʦʣʝʣʣʳ 

(Gondolella laevis Kossenko et Kozitskaya ʠ G. magna Stauffer et Plummer). 

 

 

 

 
ʈʠʩ. 2 ʂʦʣʠʯʝʩʪʚʦ ʢʦʥʦʜʦʥʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ 

 
ʈʠʩ. 1 ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʢʦʥʦʜʦʥʪʦʚ ʚ ʦʪʣʦʞʝʥʠʷʭ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ 

ʈʠʩ. 3 ʉʦʦʪʥʦʰʝʥʠʝ ʚʠʜʦʚ ʢʦʥʦʜʦʥʪʦʚ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʢʘʰʠʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʨʘʟʚʠʪʠʝ ʦʪʜʝʣʴʥʳʭ ʨʦʜʦʚ ʚ ʪʝʯʝʥʠʝ ʤʦʩʢʦʚʩʢʦʛʦ ʚʝʢʘ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ Neognathodus 

ʠ Streptognathodus, ʥʘʡʜʝʥʳ ʪʦʣʴʢʦ ʚ ʧʦʨʦʜʘʭ ʚʝʨʝʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʨʠʩ. 2). ʀʜʠʦʛʥʘʪʦʜʫʩʳ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦ 

ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ. ɺ ʪʝʯʝʥʠʝ ʤʦʩʢʦʚʩʢʦʛʦ ʚʝʢʘ ʦʪʤʝʯʝʥʦ ʥʝʩʢʦʣʴʢʦ ʤʦʤʝʥʪʦʚ ʦʙʥʦʚʣʝʥʠʷ ʠʭ 

ʚʠʜʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʥʘʯʘʣʫ ʢʘʰʠʨʩʢʦʛʦ (ʧʦʷʚʣʷʝʪʩʷ Idiognathodus obliquus Kossenko et Kozitskaya) 

ʠ ʧʦʜʦʣʴʩʢʦʛʦ (ʚʦʟʥʠʢʘʝʪ I. podolskensis Goreva) ʚʨʝʤʝʥʠ. ɻʦʥʜʦʣʝʣʣʳ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʧʦʜʦʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʛʣʫʙʦʢʦʚʦʜʥʫʶ ʦʙʩʪʘʥʦʚʢʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠ.̫  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʯʝʥʠʝ ʤʦʩʢʦʚʩʢʦʛʦ ʚʝʢʘ ʥʘ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʠʩʭʦʜʠʣʦ ʫʛʣʫʙʣʝʥʠʝ 

ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʜʦʩʪʠʛʰʝʝ ʤʘʢʩʠʤʫʤʘ ʚ ʧʦʜʦʣʴʩʢʦʝ ʚʨʝʤʷ. ʂʦʤʧʣʝʢʩʳ ʢʦʥʦʜʦʥʪʦʚ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ 

ʛʦʨʠʟʦʥʪʘʭ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ ʇʨʠʢʘʩʧʠʡʩʢʦʡ ʚʧʘʜʠʥʳ, ʪʠʧʠʯʥʳ ʜʣʷ ʦʜʥʦʚʦʟʨʘʩʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ɺʦʩʪʦʯʥʦ-

ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ɼʦʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʋʨʘʣʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʨʘʟʨʝʟʳ ʜʘʥʥʳʭ ʨʝʛʠʦʥʦʚ 

[1].  
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ʗɺʃɽʅʀʗ ʇʈʆʉɸɼʂʀ ɻʈʋʅʊɸ ɺ ʂɸʈʉʊʆɺʆʄ ʈɸʁʆʅɽ ʄʀɼʓʂ ï ʍɸʅʆʁ  

ʌʘʤ ʊʠʝʥ ʊʭʘʥʛ
1
, ʌʠ ʍʦʥʛ ʊʭʠʥʴ

1
, ʏʴʝʫ ɼʳʢ ʍʫʡ

2
 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʂ. ʂʥʳʰ 
1
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

2
ɼʝʧʘʨʪʘʤʝʥʪ ʧʨʠʨʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʭʨʘʥʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʛ. ʍʘʥʦʡ, ɺʴʝʪʥʘʤ 

ʗʚʣʝʥʠʝ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʚ ʨʘʡʦʥʝ ʄʠʜʳʢ ʠ ʚ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤ ʤʠʢʨʦʨʘʡʦʥʘʭ, ʯʘʱʝ ʚʩʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʞʠʣʳʭ ʢʚʘʨʪʘʣʘʭ ʠ ʧʨʠʚʦʜʠʪ ʢ ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʨʫʰʝʥʠʶ ʜʦʤʦʚ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʠʯʠʥ, ʤʝʭʘʥʠʟʤʘ ʠ ʤʝʩʪ ʚʦʟʤʦʞʥʦʛʦ ʧʨʦʩʝʜʘʥʠʷ 

ʛʨʫʥʪʘ ʠʛʨʘʪ ʚʘʞʥʫʶ  ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʠ ʝʛʦ ʵʢʦʥʦʤʠʢʠ, ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʞʠʟʥʴ ʣʶʜʝʡ.  

ɸʜʤʠʥʠʩʪʨʘʪʠʚʥʦ ʄʠʜʳʢ ʷʚʣʷʝʪʩʷ ʶʛʦ-ʟʘʧʘʜʥʳʤ ʨʘʡʦʥʦʤ ʩʪʦʣʠʮʳ ʍʘʥʦʷ, ʢʦʪʦʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʜʝʣʴʪʝ ʂʨʘʩʥʦʡ ʨʝʢʠ. ʆʙʱʘʷ ʧʣʦʱʘʜʴ ʨʘʡʦʥʘ ʄʠʜʳʢ ʩʦʩʪʘʚʣʷʝʪ 230 ʢʤ2. ʈʘʡʦʥ ʛʫʩʪʦ ʟʘʩʝʣʝʥ ʠ ʟʘʩʪʨʦʝʥ. ʈʝʣʴʝʬ 

ʨʘʡʦʥʘ ʥʝ ʦʜʥʦʨʦʜʥʳʡ. ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʚʳʩʦʢʠʝ ʛʦʨʳ, ʩʣʦʞʝʥʥʳʝ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʘ 

ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʢ ʛʦʨʘʤ ʧʨʠʤʳʢʘʶʪ ʨʘʚʥʠʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦʡʤʳ ʨʝʢʠ ɼʘʠ ʩ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʟʝʨʘʤʠ. ʂʣʠʤʘʪ ʨʘʡʦʥʘ ʚʣʘʞʥʳʡ ʪʨʦʧʠʯʝʩʢʠʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʤʫʩʩʦʥʘʤʠ. ɻʦʜʦʚʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʦʩʘʜʢʦʚ  ʩʦʩʪʘʚʣʷʝʪ 1400é1700 ʤʤ. ɺ ʧʝʨʠʦʜ ʩ ʠʶʣʷ ʧʦ ʩʝʥʪʷʙʨʴ ʚʳʧʘʜʘʝʪ 80% ʛʦʜʦʚʦʡ ʩʫʤʤʳ 

ʦʩʘʜʢʦʚ. 

 

  
ʈʠʩ. 1 ʄʝʩʪʦ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʚ  ʧʦʩʝʣʢʝ ɸʥʛʭʘ-

ʃʝʪʭʘʥʴ-ʄʠʜʳʢ[1] 

ʈʠʩ.2 ʉʫʬʬʦʟʠʦʥʥʘʷ ʚʦʨʦʥʢʘ ʧʣʦʱʘʜʴʶ 30 ʤ2 [1] 

 

ɺ ʥʘʯʘʣʝ ʤʘʷ 2006 ʛ. ʚ ʩʝʣʝ ʌʫʣʡʝʥ ʤʠʢʨʦʨʘʡʦʥʘ ʍʦʧʪʡʝʥ ʷʚʣʝʥʠʷ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʥʘʯʘʣʠʩʴ ʧʦʩʣʝ 

ʙʫʨʝʥʠʷ ʚʦʜʦʟʘʙʦʨʥʦʡ ʩʢʚʘʞʠʥʳ. ʂʦʛʜʘ ʩʢʚʘʞʠʥʘ ʜʦʩʪʠʛʣʘ ʛʦʨʠʟʦʥʪʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʛʣʫʙʠʥʝ 30 ʤ, ʟʝʤʣʷ 

ʦʢʦʣʦ ʩʢʚʘʞʠʥʳ ʥʝʦʞʠʜʘʥʥʦ ʧʨʦʩʝʣʘ ʠ  ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚʦʨʦʥʢʘ ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 5 ʤ ʠ ʛʣʫʙʠʥʦʡ 1 

ʤ, ʢʦʪʦʨʘʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʙʦʣʴʰʦʡ ʨʦʚ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʢʦʣʦ ʨʚʘ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ  

ʜʣʠʥʥʳʝ ʪʨʝʱʠʥʳ, ʘ ʩʘʤʘ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʞʝ ʧʨʦʩʝʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ  ʵʪʦʛʦ ʚ ʯʝʪʳʨʝʭ  ʩʦʩʝʜʥʠʭ ʜʦʤʘʭ ʥʘʨʫʞʥʳʝ 

ʩʪʝʥʳ ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʠʣʠʩʴ. ɼʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʜʝʢʘʙʨʷ 2010 ʛ. ʚ ʜʦʤʝ ʅʛʫʝʥ ʊʭʘʥʴ ɹʠʥʴ (ʧʦʩʝʣʦʢ ˉ16  

ʤʠʢʨʦʨʘʡʦʥʘ ʃʝʪʭʘʥʴ ï ʄʠʜʳʢ), ʧʦʩʣʝ ʧʨʦʭʦʜʢʠ ʩʢʚʘʞʠʥʳ ʛʣʫʙʠʥʦʡ 38 ʤ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʢʨʫʛ ʫʩʪʴʷ 

ʩʢʚʘʞʠʥʳ ʚ ʨʘʜʠʫʩʝ 0,5ʤ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚʦʨʦʥʢʘ, ʢʦʪʦʨʘʷ ʯʝʨʝʟ ʯʘʩ ʫʚʝʣʠʯʠʣʘʩʴ ʜʦ 30 ʤ2 (ʨʠʩ. 1-2). ɼʣʷ 

ʣʠʢʚʠʜʘʮʠʠ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʩʝʜʘʥʠʷ ʛʨʫʥʪʘ ʠ ʫʛʨʦʟʳ ʨʘʟʨʫʰʝʥʠʷ  ʩʦʩʝʜʥʠʭ ʞʠʣʳʭ ʜʦʤʦʚ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʦʢʦʣʦ 

ʜʚʫʭ ʤʝʩʷʮʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʨʘʙʦʪ [1]. 

ʏʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʧʨʠʯʠʥʳ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʠ ʜʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʧʦ ʧʨʝʜʦʪʚʨʘʱʝʥʠʶ ʵʪʦʛʦ 

ʷʚʣʝʥʠʷ, ʥʫʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠ ʠʥʞʝʥʝʨʥʦ-ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʘʡʦʥʘ, ʫʯʝʩʪʴ 

ʜʝʷʪʝʣʴʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ, ʘ ʪʘʢʞʝ ʚʦʟʜʝʡʩʪʚʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ.  

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʜʚʝ ʩʝʨʠʠ ʧʦʨʦʜ:  

ɺʝʨʭʥʷʷ ʩʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʳʭʣʳʤʠ ʧʨʦʣʶʚʠʘʣʴʥʦïʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ:  

ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʘQ22) ʧʦʡʤʳ ʨʝʢʠ ɼʘʠ ʤʦʱʥʦʩʪʴʶ 4-12 ʤ (ʧʝʩʢʠ,  ʩʫʛʣʠʥʢʠ). 

ʊʦʣʱʘ ʍʘʡʭʳʥʛ (aQ21-2) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 11,0-25,1ʤ (ʮʚʝʪʥʳʝ ʛʣʠʥʳ). 

ʊʦʣʱʘ ʊʭʘʡʙʠʥʴ (aQ23tb) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʘʚʥʠʥʳ, ʥʘ ʛʣʫʙʠʥʝ 25,0-37,0 ʤ (ʩʝʨʳʝ 

ʛʣʠʥʳ ʠ ʩʫʛʣʠʥʢʠ). 

ʊʦʣʱʘ ɺʠʥʴʬʫʢ (aQ13vp) ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʛʣʫʙʠʥʝ 24,0-38,8 ʤ (ʩʝʨʳʝ ʛʣʠʥʳ, ʮʚʝʪʥʳʝ ʧʝʩʢʠ). 

ʅʠʞʥʷʷ ʩʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʪʦʣʱʠ ɼʦʥʛʟʘʦ (T2adg). ɺ ʝʝ ʩʦʩʪʘʚ ʚʭʦʜʷʪ  ʩʝʨʳʝ, 

ʙʝʣʳʝ ʠʟʚʝʩʪʥʷʢʠ. ʇʦʨʦʜʳ ʪʦʣʱʠ ɼʦʥʛʟʘʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʟʘʧʘʜʝ ʨʘʡʦʥʘ ʄʠʜʳʢ, ʛʜʝ ʦʥʠ ʩʣʘʛʘʶʪ ʛʦʨʥʳʡ 

ʤʘʩʩʠʚ. ʂ ʚʦʩʪʦʢʫ ʦʪ ʛʦʨʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʨʘʚʥʠʥʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʧʦʛʨʝʙʝʥʳ ʧʦʜ ʨʳʭʣʳʤʠ 

ʧʨʦʣʶʚʠʘʣʴʥʦïʘʣʣʶʚʠʘʣʴʥʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ. ʅʘ ʛʣʫʙʠʥʝ 35ï49 ʤʝʪʨʘʭ ʧʦʨʦʜʳ ʥʠʞʥʝʡ ʪʦʣɦ ʠ  

ʩʠʣɹʥʦ ʪʨʝʱʠʥʦʚʘʪ r ʠ ʟʘʢʘʨʩʪʦʚʘʥʳ, ʘ ʥʘ ʙʦʣʴʰʠʭ ʛʣʫʙʠʥʘʭ ʚ ʪʦʣʱʝ ʠʟʚʝʩʪʥʷʢʦʚ ʦʪʤʝʯʘʶʪʩʷ ʢʘʨʩʪʦʚʳʝ 

ʧʝʱʝʨʳ. ʂʨʦʚʣʷ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʝʨʦʚʥʘʷ. 

ɺ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ ʦʪʣʦʞʝʥʠʡ ʨʘʡʦʥʘ ʄʠʜʳʢ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʘ: ʚʝʨʭʥʠʡ 

ʛʦʨʠʟʦʥʪ ʧʨʠʫʨʦʯʝʥ ʢ ʛʦʣʦʮʝʥʦʚʳʤ ʦʪʣʦʞʝʥʠʷʤ (ʘQ23tb); ʩʨʝʜʥʠʡ ʛʦʨʠʟʦʥʪ, ʢ ʦʪʣʦʞʝʥʠʷʤ ʧʣʝʡʩʪʦʮʝʥʘ (ʘQ1vp); 

ʥʠʞʥʠʡ ʚʦʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʩʚʷʟʘʥ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʪʦʣʠɦ ɼʦʥʛʟʘʦ (T2adg) ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ. ʕʪʦʪ 

ʛʦʨʠʟʦʥʪ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʝʝ 30 ʢʤ2. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʧʦʨʦʜ 

(ʵʧʠʢʘʨʩʪ) ʤʦʱʥʦʩʪʴʶ 10ï12 ʤʝʪʨʦʚ ʩʠʣʴʥʦ ʪʨʝʱʠʥʦʚʘʪʳ. ɺ ʪʨʝʱʠʥʘʭ ʠ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʷʭ ʩʦʜʝʨʞʠʪʩʷ ʤʥʦʛʦ 

ʚʦʜʳ. ɺ ʤʘʩʩʠʚʥʳʭ ʠʟʚʝʩʪʥʷʢʘʭ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʫʤʝʥʴʰʘʝʪʩʷ [1]. ʇʠʪʘʥʠʝ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ. ʄʝʞʜʫ  ʵʪʠʤʠ ʪʨʝʤʷ ʛʦʨʠʟʦʥʪʘʤʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʩʫʱʝʩʪʚʫʝʪ  

ʛʠʜʨʘʚʣʠʯʝʩʢʘʷ ʩʚʷʟʴ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʧʨʠʤʝʨʳ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʠʣʠ ʢ ʪʷʞʝʣʳʤ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ 

ʧʦʩʣʝʜʩʪʚʠʷʤ, ʧʦʟʚʦʣʷʶʪ ʦʧʨʝʜʝʣʠʪʴ ʠ  ʠʭ ʛʣʘʚʥʳʝ ʧʨʠʯʠʥʳ: 

1. ʆʩʦʙʝʥʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʡʦʥʘ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʬʦʨʤʠʨʫʝʪ  

ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠ ʧʦʜʟʝʤʥʳʡ ʩʪʦʢ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʢʘʨʩʪʘ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʠ  

ʧʨʦʮʝʩʩʘʤ ʩʫʬʬʦʟʠʠ ʚ ʨʳʭʣʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʘʜʢʘʭ. ɺ ʥʝʢʦʪʦʨʳʭ ʤʝʩʪʘʭ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʢʘʨʩʪʦʚʳʭ ʧʝʱʝʨ (ʠʭ 

ʢʨʦʚʣʷ) ʤʦʞʝʪ ʦʙʨʫʰʘʪɹʩʷ ʠ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʛʨʫʥʪʳ ʚʝʨʭʥʝʡ ʨʳʭʣʦʡ ʪʦʣʱʠ ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴ ʧʣʳʚʫʥʳ, 

ʫʩʪʨʝʤʣʷʶʱʠʝ ʚ ʢʘʨʩʪʦʚʳʝ ʧʫʩʪʦʪʳ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʶʪʩʷ ʛʣʫʙʦʢʠʝ ʧʨʦʩʘʜʦʯʥʳʝ 

ʚʦʨʦʥʢʠ ʠ ʜʝʬʦʨʤʘʮʠʷ ʧʦʚʝʨʭʥʦʩʪʠ. 

2. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠ ̫ ʧʦ ʨʘʟʣʦʤʫ ʐʦʥʛʭʦʥʛ, ʚ ʟʦʥʝ ʢʦʪʦʨʦʛʦ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʪʦʣʱʘ ɼʦʥʛʟʘʦ, 

ʧʦʚʳʰʘʪʁ ʪʨʝʱʠʥʦʚʘʪʦʩʪ ɹʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠ ʩʧʦʩʦʙʩʪʚʫʝʶʪ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʢʘʨʩʪʦʚʳʭ ʧʦʣʦʩʪʝʡ.   
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

3. ʊʝʭʥʦʛʝʥʥʳʡ ʬʘʢʪʦʨ. ʅʝʜʦʦʮʝʥʢʘ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʛʨʫʥʪʦʚ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ɺʝʨʭʥʷʷ ʪʦʣʱʘ ʩʣʦʞʝʥʘ ʩʣʘʙʦʫʧʣʦʪʥʝʥʥʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʧʦʨʦʜʘʤʠ: ʩʫʧʝʩʴʶ, ʩʫʛʣʠʥʢʘʤʠ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʣʠʥʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥ. ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʦʙʣʘʜʘʶʪ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʩʞʠʤʘʝʤʦʩʪʴʶ 

ʠ ʪʝʢʫʯʝʩʪʴʶ. ʇʨʠ ʘʢʪʠʚʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʠʟ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʫʬʬʦʟʠʠ 

ʚʳʥʦʩʷʪʩʷ ʤʝʣʢʠʝ ʯʘʩʪʠʮʳ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʧʨʦʩʘʜʢʘʤ ʛʨʫʥʪʘ, ʜʝʬʦʨʤʘʮʠʠ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ.  

4. ɼʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ: ʙʫʨʝʥʠʝ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ, ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʚʳʩʦʪʥʳʭ ʟʜʘʥʠʡ ʠ 

ʩʦʦʨʫʞʝʥʠʡ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʘʨʩʪʦʚʳʝ ʧʝʱʝʨʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʩʷ ʥʠʞʝ 

ʵʧʠʢʘʨʩʪʦʚʦʡ ʟʦʥʳ ʥʘ ʛʣʫʙʠʥʝ 39,5-47,5ʤ. [1]. ɽʩʣʠ ʚʦʜʦʟʘʙʦʨʥʳʝ ʩʢʚʘʞʠʥʳ ʜʦʩʪʠʛʘʶʪ ʛʦʨʠʟʦʥʪʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ 

ʟʘʢʘʨʩʪʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʪʦ ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʩʢʚʦʟʥʳʤʠ ʬʠʣʴʪʨʘʤʠ, ʧʦ ʢʦʪʦʨʳʤ ʚʦʜʳ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʫʩʪʨʝʤʣʷʶʪʩʷ ʚʥʠʟ ʚ ʢʘʨʩʪʦʚʳʝ ʧʦʣʦʩʪʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ, 

ʩʫʬʬʦʟʠʠ ʚ ʨʳʭʣʦʡ ʪʦʣʱʝ ʧʦʨʦʜ ʠ ʠʟʤʝʥʝʥʠʶ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʣʳʚʫʥʦʚ, ʦʙʨʘʟʦʚʘʥʠʶ 

ʚʦʨʦʥʦʢ ʠ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʷʚʣʝʥʠʝ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʚ ʨʘʡʦʥʝ ʄʠʜʳʢ ï ʍʘʥʦʡ ʚʦ 

ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ, ʘ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ  ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʨʝʜʫ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʧʨʠʨʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ɺʳʚʦʜʳ ʠ ʨʝʢʦʤʝʥʜʘʮʠʠ. 

ʗʚʣʝʥʠʝ ʧʨʦʩʘʜʢʠ ʛʨʫʥʪʘ ʚ ʨʘʡʦʥʝ ʄʠʜʳʢ - ʍʘʥʦʡ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩʫʱʝʩʪʚʫʶʱʠʤʠ  

ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʘ ʪʘʢʞʝ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʋʯʠʪʳʚʘʷ ʚʩʝ ʵʪʠ ʧʨʠʯʠʥʳ 

ʥʝʦʙʭʦʜʠʤʦ:  

¶ ʟʘʨʝʛʫʣʠʨʦʚʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ ʠ ʠʩʢʣʶʯʠʪʴ ʫʪʝʯʢʠ ʪʝʭʥʦʛʝʥʥʳʭ ʚʦʜ ʚ ʞʠʣʳʭ ʨʘʡʦʥʘʭ; 

¶ ʦʙʫʩʪʨʦʠʪʴ ʩʠʩʪʝʤʫ ʮʝʥʪʨʘʣʠʟʦʚʘʥʥʦʛʦ ʚʦʜʦʩʥʘʙʞʝʥʠʷ ʥʘʩʝʣʝʥʠʷ ʚ ʩʝʣʘʭ ʠ ʤʠʢʨʦʨʘʡʦʥʘʭ ʠ 

ʠʩʢʣʶʯʠʪʴ ʙʫʨʝʥʠʝ ʚʦʜʦʟʘʙʦʨʥʳʭ ʩʢʚʘʞʠʥ;  

¶ ʥʝ ʩʪʨʦʠʪʴ ʚʳʩʦʪʥʳʝ ʜʦʤʘ, ʝʩʣʠ ʥʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʟʳʩʢʘʥʠʡ 

ʫʯʘʩʪʢʦʚ ʙʫʜʫʱʝʡ ʟʘʩʪʨʦʡʢʠ; 

¶ ʜʝʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʨʘʡʦʥʦʚ ʛʦʨʦʜʘ ʍʘʥʦʡ, ʛʜʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʠ ʦʧʨʝʜʝʣʠʪʴ ʦʧʘʩʥʳʝ ʫʯʘʩʪʢʠ.  
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ʉɽʂɺɽʅʉ-ʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʆɽ ʈɸʉʏʃɽʅɽʅʀɽ ʈɸɿʈɽɿɸ ʆʊʃʆɾɽʅʀʁ 1 ʀ 2 ʉɺʀʊʓ 

ʋʈɾʋʄʉʂʆɻʆ ʗʈʋʉɸ ʅɸ ɿɸʇɸɼʅʆʁ ʉʂʃʆʅɽ ʄɽʃɽʂɽʉʉʂʆʁ ɺʇɸɼʀʅʓ 
ʕ.ʀ. ʌʘʭʨʫʪʜʠʥʦʚ, ʈ.ʈ. ʍʘʟʠʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ɻ.ʅʫʨʛʘʣʠʝʚʘ  
ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ)ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʄʦʥʘʩʪʳʨʩʢʠʡ ʦʚʨʘʛ ʥʘʭʦʜʠʪʩʷ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ɺʦʣʛʠ, ʚ ʟʝʤʣʷʭ ʊʝʪʶʰʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʶʛʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ  ʈʝʩʧʫʙʣʠʢʠ ʊʘʪʘʨʩʪʘʥ, ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʄʝʣʝʢʝʩʩʢʦʡ ʚʧʘʜʠʥʝ, ʚ 3 ʢʤ ʦʪ ʩʝʣʘ ʄʦʥʘʩʪʳʨʩʢʦʛʦ ʠ ʚ 

12 ʢʤ ʦʪ ʛ. ʊʝʪʶʰʠ.  ɺ 2013 ʛʦʜʫ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘʫʯʥʳʝ ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ 

ʧʝʨʤʠ, ʩ ʜʝʪʘʣʴʥʳʤ ʦʪʙʦʨʦʤ ʦʙʨʘʟʮʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʠʯʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʚʠʪʳ ʫʨʞʫʤʩʢʦʛʦ ʷʨʫʩʘ. ʅʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʷʚʣʷʶʪʩʷ 

ʦʪʣʦʞʝʥʠʷ ʫʨʞʫʤʩʢʦʛʦ, ʩʝʚʝʨʦʜʚʠʥʩʢʦʛʦ ʠ ʯʘʩʪʠʯʥʦ ʚʷʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʪʘʣʴʚʝʛʝ ʠ ʥʘ 

ʙʦʨʪʘʭ ʦʚʨʘʛʘ. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʮʠʢʣʠʯʥʦʩʪʠ 1 ʠ 2 ʩʚʠʪʳ ʦʪʣʦʞʝʥʠʡ ʫʨʞʫʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʘ 

ʦʩʥʦʚʝ ʣʠʪʦ- ʠ ʩʝʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʄʝʣʝʢʝʩʩʢʦʡ ʚʧʘʜʠʥ.r 

 

   
ʈʠʩ. 1 ʃʠʥʟʳ ʧʘʣʳʛʦʨʩʢʠʪʘ ʚ ʦʪʣʦʞʝʥʠʷʭ 1 ʩʚʠʪʳ ʋʨʞʫʤʩʢʦʛʦ ʷʨʫʩʘ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʇʦ ʜʘʥʥʳʤ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʦʨʦʜ ʚ ʫʨʞʫʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʚʘʷ ʩʚʠʪʘ 

(çʢʨʘʩʥʦʮʚʝʪʥʘʷè) ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʜʦʚʘʥʠʝʤ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ, ʦʜʥʦʪʦʥʥʳʭ ʧʦ ʮʚʝʪʫ (ʯʝʨʝʜʦʚʘʥʠʝ 

ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʛʣʠʥ,ʧʝʩʯʘʥʠʢʦʚ,ʤʝʨʛʝʣʝʡ). ɿʜʝʩʴ ʧʨʠʩʫʪʩʪʚʫʶʪ 3 ʫʨʦʚʥʷ ʩ ʧʘʣʳʛʦʨʩʢʠʪʦʤ, ʠʤʝʶʱʠʝ ʪʦʣʱʠʥʫ 

ʧʝʨʚʳʝ ʤʤ (ʪʦʣʴʢʦ ʚ ʧʝʨʚʦʡ ʩʚʠʪʝ ʫʨʞʫʤʩʢʦʛʦ ʷʨʫʩʘ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʙʩʪʘʥʦʚʢʝ ʭʠʤʠʯʝʩʢʦʛʦ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ (ʘʨʠʜʠʟʘʮʠʷ ʢʣʠʤʘʪʘ) (ʨʠʩ. 1). 

ɺʪʦʨʫʶ ʩʚʠʪʫ (çʧʝʩʪʨʦʮʚʝʪʥʫ èʁ) ʩʣʘʛʘʶʪ ʢʨʘʩʥʳʝ, ʩʝʨʳʝ ʠ ʨʦʟʦʚʘʪʦ-ʩʝʨʳʝ ʪʝʨʨʠʛʝʥʥʳʝ, ʢʘʨʙʦʥʘʪʥʳʝ 

ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ. ʉʚʠʪʘ ʥʘʩʳʱʝʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʦʩʪʨʘʢʦʜ, ʜʚʫʭʩʪʚʦʨʯʘʪʳʭ 

ʤʦʣʣʶʩʢʦʚ, ʢʦʩʪʝʡ ʠ ʯʝʰʫʠ ʨʳʙ. 

ʆʪʣʦʞʝʥʠʷ ʫʨʞʫʤʩʢʦʛʦ ʷʨʫʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʦʚ, ʪʘʢ ʢʘʢ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʫʨʞʫʤʩʢʦʛʦ ʚʝʢʘ ʧʨʦʠʩʭʦʜʠʣʠ ʯʘʩʪʳʝ ʩʤʝʥʳ ʦʙʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʯʝʨʝʜʦʚʘʥʠʝ 

ʤʦʨʩʢʦʡ (ʢʦʩʪʠ ʠ ʯʝʰʫʷ ʨʳʙ) ʠ ʥʘʟʝʤʥʦʡ ʬʘʫʥʳ ʠ ʬʣʦʨʳ(ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʠ ʢʦʩʪʠ ʘʤʬʠʙʠʡ) ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʩʚʠʪ ʫʨʞʫʤʩʢʦʛʦ ʷʨʫʩʘ[2]. 

ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʷ ʭʦʨʦʰʦ ʨʘʙʦʪʘʝʪ ʣʠʰʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʝʨʚʦʡ ʩʚʠʪʳ ʠ ʚʦ ʚʪʦʨʦʡ. ʇʝʨʚʳʝ 20 ʤ 

ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ çʥʝʤʦʡè ʚ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʦʣʱʝʡ. ɼʣʷ ʙʦʣʝʝ ʜʨʦʙʥʦʡ ʩʪʨʘʪʠʬʠʢʘʮʠʠ 

ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ: ʣʠʪʦ- ʠ ʩʝʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʷ. 

 ɺ ʜʦʧʦʣʥʝʥʠʠ ʢ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʙʳʣ ʧʨʠʤʝʥʝʥ ʩʝʢʚʝʥʩ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʨʘʩʯʣʝʥʝʥʠʷ 

ʨʘʟʨʝʟʘ. ɼʘʥʥʳʤʠ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʩʝʢʚʝʥʩʦʚ ʧʦʩʣʫʞʠʣʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʧʦʨʦʜ, ʢʨʠʚʳʝ ʚʘʨʠʘʮʠʠ 

ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ (CaO, K2O, Al 2O3, SiO2,) ʠ ʚʠʟʫʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʨʘʟʨʝʟʘ ʄʦʥʘʩʪʳʨʩʢʦʛʦ ʦʚʨʘʛʘ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʛʦ ʜʦʚʦʣʴʥʦ ʧʦʣʥʳʤ ʦʙʲʝʤʦʤ ʜʣʷ ʠʟʫʯʝʥʠʷ. 

ʃʠʪʦʩʪʨʘʪʠʛʨʘʬʠʷ ʭʦʨʦʰʦ  ʨʘʙʦʪʘʝʪ ʧʦ ʥʘʣʠʯʠʶ ʧʦʯʚʝʥʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (ʨʠʩ. 2), ʪʘʢ ʢʘʢ ʧʦʷʚʣʝʥʠʝ ʝʛʦ 

ï ʝʩʪʝʩʪʚʝʥʥʦʝ ʟʘʚʝʨʰʝʥʠʝ ʮʠʢʣʘ ʩʝʜʠʤʝʥʪʘʮʠʠ. ʇʦ ʜʘʥʥʳʤ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʚʳʜʝʣʷʶʪʩʷ 6 ʮʠʢʣʦʚ 

ʩʝʜʠʤʝʥʪʘʮʠʠ. 

 

 
ʈʠʩ.2 ʇʦʯʚʝʥʥʳʡ ʛʦʨʠʟʦʥʪ (ʚ ʩʣʦʝ ʢʨʘʩʥʦʡ ʛʣʠʥʳ ʚʠʜʥʳ ʧʷʪʥʘ ʦʛʣʝʝʥʠʷ ʧʦ ʢʦʨʥʝʚʳʤ ʧʫʩʪʦʪʘʤ) 

 

ʇʦ ʨʘʟʨʝʟʫ 1 ʠ 2 ʩʚʠʪʳ ʚʳʜʝʣʷʝʪʩʷ 6 ʩʝʢʚʝʥʩʦʚ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ ʟʘʪʦʧʣʝʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ CaO (ʠʥʜʠʢʘʪʦʨ ʤʦʨʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ). ɻʨʘʥʠʮʳ ʩʝʢʚʝʥʩʦʚ ʦʪʙʠʚʘʣʠʩʴ ʧʦ ʪʦʯʢʘʤ, ʛʜʝ 

ʧʨʦʠʩʭʦʜʠʣʘ ʩʤʝʥʘ ʫʚʝʣʠʯʝʥʠʷ ʛʨʫʙʦʟʝʨʥʠʩʪʦʩʪʠ ʥʘ ʫʤʝʥʴʰʝʥʠʝ[1] (ʤʘʢʩʠʤʫʤ Al 2O3, SiO2,K2O ï ʢʦʪʦʨʳʝ ʚʝʜʫʪ 

ʩʝʙʷ ʩʠʤʙʘʪʥʦ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ). ʇʨʠ ʘʥʘʣʠʟʝ ʢʨʠʚʳʭ ʚʘʨʠʘʮʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʨʘʥʠʮʳ ʮʠʢʣʦʚ 

ʩʝʜʠʤʝʥʪʘʮʠʠ ʧʦ ʧʦʯʚʝʥʥʳʤ ʛʦʨʠʟʦʥʪʘʤ ʯʝʪʢʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʛʨʘʥʠʮʘʤʠ ʩʝʢʚʝʥʩʦʚ, ʚʳʜʝʣʝʥʥʳʭ ʧʦ ʢʨʠʚʳʤ 

ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʚʘʨʠʘʮʠʡ (ʨʠʩ. 3). 

ɺʳʚʦʜʳ: 

1. ʉʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʮʠʢʣʳ, ʚʳʜʝʣʝʥʥʳʝ ʧʨʠ ʧʦʣʝʚʦʤ ʦʧʠʩʘʥʠʠ ʨʘʟʨʝʟʘ, ʜʦʚʦʣʴʥʦ ʭʦʨʦʰʦ ʦʪʙʠʚʘʶʪʩʷ 

ʧʦ ʧʦʚʝʜʝʥʠʶ ʛʣʘʚʥʳʭ ʣʠʪʦʛʝʥʥʳʭ ʦʢʠʩʣʦʚ - ʉʘʆ, ʂ2ʆ, Al2O3,SiO2. 

2. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʨʦʜʳ ʧʝʨʚʦʡ ʩʚʠʪʳ, ʠʤʝʶʪ ʧʦʩʪʦʷʥʩʪʚʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʚʪʦʨʦʡ ʩʚʠʪʦʡ, ʛʜʝ ʥʘʙʣʶʜʘʪʁʩʷ ʙʦʣʝʝ ʦʪʯʝʪʣʠʚʦ ʚʘʨʠʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʦʢʩʠʜʦʚ. 

3. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʩʚʠʪʘʤʠ  ʯʝʪʢʦ ʦʪʙʠʚʘʶʪʩʷ ʧʦ ʢʨʠʚʳʤ ʚʘʨʠʘʮʠʡ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

 
ʈʠʩ. 3 ʈʘʟʨʝʟ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʩʚʠʪʳ ʋʨʞʫʤʩʢʦʛʦ ʷʨʫʩʘ ʚ ʦʚʨ.ʄʦʥʘʩʪʳʨʩʢʠʡ 

 
ʇɸʃɽʆɻɽʆɻʈɸʌʀʗ ʈɸʅʅɽɻʆ ʊʋʈʅɽ ʄʀʅʋʉʀʅʉʂʆɻʆ ʇʈʆɻʀɹɸ 

ɸ.ʅ. ʌʠʣʠʤʦʥʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʄ. ʇʦʜʦʙʠʥʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʫʪʦʯʥʝʥʠʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʨʘʥʥʝʛʦ 

ʪʫʨʥʝ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ. ɿʘ ʧʝʨʠʦʜ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚ 2012-13 ʛʛ., ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʅʀʃ ɻʝʦʢʘʨʪ ʊɻʋ, 

ʘʚʪʦʨʦʤ ʠʟʫʯʘʣʠʩʴ ʨʘʟʨʝʟ r ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ, ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʩʝʚʝʨʥʦʤ ʨʘʡʦʥʘʭ ʖʞʥʦ-

ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʠ ʙʳʣʘ ʩʦʙʨʘʥʘ ʢʦʣʣʝʢʮʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ. ɺ ʨʘʩʯʣʝʥʝʥʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʨʘʟʨʝʟʦʚ 

ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ ʩʝʚʝʨʥʳʭ ʨʘʡʦʥʦʚ ʧʨʦʛʠʙʘ ʧʨʠʤʝʥʷʣʠʩʴ ʜʘʥʥʳʝ ʄ.ʀ. ɻʨʘʡʟʝʨʘ [4], ɺ.ɸ. ɸʥʘʥʴʝʚʘ [2] ʠ ɺ.ʊ. 

ɿʦʨʠʥʘ [5]. ʊʘʢʞʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʢʦʣʣʝʢʮʠʷ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ, ʩʦʙʨʘʥʥʘʷ ɺ.ɸ. ɸʥʘʥʴʝʚʳʤ [2] ʚ ʉʝʚʝʨʦ-

ʄʠʥʫʩʠʥʩʢʦʡ ʠ ʅʘʟʘʨʦʚʩʢʦʡ ʚʧʘʜʠʥʘʭ ʠ ʭʨʘʥʷʱʘʷʩʷ ʚ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʊɻʋ ʟʘ ʥʦʤʝʨʦʤ ˉ 50.  

ɺ ʦʩʥʦʚʝ ʫʪʦʯʥʝʥʠʷ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʣʝʞʠʪ ʘʥʘʣʠʟ ʧʣʦʱʘʜʥʦʛʦ ʠ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʝʡ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʝʡ ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ, ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɿʘ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʧʨʠʥʷʪʘ ʩʭʝʤʘ ʄ.ʀ. ɻʨʘʡʟʝʨʘ [4], ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʦʪʦʨʦʡ ʙʳʩʪʨʷʥʩʢʘʷ ʩʚʠʪʘ ʧʦʜʨʘʟʜʝʣʝʥʘ ʥʘ ʪʨʠ ʧʘʯʢʠ: ʥʠʞʥʶʶ (ʜʦʣʦʤʠʪʦʚʦ-ʠʟʚʝʩʪʥʷʢʦʚʫʶ), ʩʨʝʜʥʶʶ 

(ʪʫʬʬʠʪʦʚʫʶ) ʠ ʚʝʨʭʥʶʶ (ʧʝʩʯʘʥʠʢʦʚʦ-ʪʫʬʦʛʝʥʥʫʶ) ʧʘʯʢʠ. 

ʈʘʥʝʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʨʘʥʥʝʛʦ ʢʘʨʙʦʥʘ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ɸ.ɽ. 

ʄʦʛʠʣʝʚʳʤ [6]. ʇʦ ʝʛʦ ʤʥʝʥʠʶ, ʨʘʥʥʝʙʳʩʪʨʷʥʩʢʘʷ ʪʨʘʥʩʛʨʝʩʩʠʷ ʥʘʩʪʫʧʘʣʘ ʪʦʣʴʢʦ ʩ ʩʝʚʝʨʘ ʄʠʥʫʩʠʥʩʢʦʛʦ 

ʧʨʦʛʠʙʘ ʩʦ ʩʪʦʨʦʥʳ çʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʛʦè ʤʦʨʷ. ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ (ʨʠʩ. 1), ʪʨʘʥʩʛʨʝʩʩʠʷ ʤʦʛʣʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ 

ʪʘʢʞʝ ʠ ʩʦ ʩʪʦʨʦʥʳ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ (ʶʛʦ-ʟʘʧʘʜ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ). ɺʦʟʤʦʞʥʳʤ ʧʫʪʝʤ 

ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʤʦʨʩʢʠʭ ʚʦʜ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʚ ʨʘʥʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʷ ʤʦʛʣʠ 

ʩʣʫʞʠʪʴ ʧʦʥʠʞʝʥʠʷ ʚ ʨʘʡʦʥʝ ʩʪʳʢʘ ʩʦʚʨʝʤʝʥʥʳʭ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ ʠ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ (ʨʘʡʦʥ ʩʝʣ ʊʘʰʪʳʧ ʠ 

ʄʘʪʫʨ). ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʥʠʞʥʝʡ ʧʘʯʢʠ ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʩʝʚʝʨʘ ʥʘ 

ʶʛʦ-ʟʘʧʘʜ ʚʧʘʜʠʥʳ. ɺ ʵʪʦʡ ʞʝ ʯʘʩʪʠ ʚʧʘʜʠʥʳ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʱʥʳʝ ʩʣʦʠ ʢʘʨʙʦʥʘʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ 

ʩʚʠʪʳ. ɺ ʨʘʟʨʝʟʝ ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ʭʨ. ʉʘʨʞ (ʩ. ʉʳʨʳ) ʤʦʱʥʳʡ ʩʣʦʡ ʢʘʨʙʦʥʘʪʦʚ (12 ʤ) ʟʘʣʝʛʘʝʪ ʥʘ 

ʵʨʦʜʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʫʙʠʥʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ. ɺʦʩʪʦʯʥʝʝ (ʛ. ʋʡʪʘʛ; ʛ. ʋʣʫʛ-ʂʠʨʙʘ-2-ʷ; ʛ. ʀʟʳʭ; 

ʨ. ɽʥʠʩʝʡ ʩʝʚʝʨʥʝʝ ʩ. ɸʣʪʘʡ) ʤʦʱʥʦʩʪʴ ʩʣʦʝʚ ʢʘʨʙʦʥʘʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 2-3 ʤ, ʘ ʤʦʱʥʦʩʪʴ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ 

ʥʠʞʥʝʡ ʧʘʯʢʠ ʚʦʟʨʘʩʪʘʝʪ. ɺ ʨʘʡʦʥʝ ʩ. ɹʳʩʪʨʘʷ [4] (ʦʢʨʝʩʪʥʦʩʪʠ ʛ. ʄʠʥʫʩʠʥʩʢ) ʚ ʦʩʥʦʚʘʥʠʠ ʩʚʠʪʳ ʟʘʣʝʛʘʝʪ ʩʣʦʡ 

ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʪʦʣʴʢʦ ʚʳʰʝ ʨʘʩʧʦʣʦʞʝʥ 3-ʤʝʪʨʦʚʳʡ ʩʣʦʡ ʦʙʣʦʤʦʯʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʉʝʚʝʨʥʝʝ, ʥʘ ʭʨ. 

ʇʦʜʢʫʥʠʥʩʢʦʤ ʤʦʱʥʦʩʪʴ ʦʢʨʝʤʥʝʣʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩʦʩʪʘʚʣʷʝʪ ʫʞʝ 0,1-0,5 ʤ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ, ʚ ʨʘʟʨʝʟʝ ʶʞʥʦʛʦ 

ʩʢʣʦʥʘ ʛ. ʊʝʧʩʝʡ [5], ʢʘʨʙʦʥʘʪʳ ʚ ʥʠʞʥʝʡ ʧʘʯʢʝ ʩʚʠʪʳ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʱʥʦʩʪʴ 

ʢʘʨʙʦʥʘʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 12 ʜʦ 0,1 ʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʚʧʘʜʠʥʳ ʥʘ ʩʝʚʝʨ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʚ 

ʥʠʞʥʝʡ ʧʘʯʢʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚʦ-ʧʝʩʯʘʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʮʝʥʪʨʝ, ʥʘ ʩʝʚʝʨʝ ʠ ʚʦʩʪʦʢʝ ʖʞʥʦ-

ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʟʜʝʩʴ ʚ ʨʘʥʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʷ ʘʣʣʶʚʠʘʣʴʥʳʭ ʠ 

ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʭ ʫʩʣʦʚʠʡ, ʘ ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʩʣʦʠ ʢʘʨʙʦʥʘʪʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʝ ʤʦʨʩʢʠʝ 

ʠʥʛʨʝʩʩʠʠ. 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

 

 
ʈʠʩ. 1 ʇʘʣʝʦʛʝʦʛʨʘʬʠʷ ʨʘʥʥʝ (ɸ)- ʠ ʧʦʟʜʥʝʙʳʩʪʨʷʥʩʢʦʛʦ (ɹ) ʚʨʝʤʝʥ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʋʩʣʦʚʥʳʝ 

ʦʙʦʟʥʘʯʝʥʠʷ: 1 ï ʩʨʝʜʥʝ-ʚʳʩʦʢʦʛʦʨʴʝ; 2 ï ʥʠʟʢʦʛʦʨʴʝ; 3 ï ʨʘʚʥʠʥʥʦ-ʫʚʘʣʠʩʪʘʷ ʩʫʰʘ; 4 ï ʚʨʝʤʝʥʥʦ-

ʟʘʪʦʧʣʷʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ; 5 ï ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ; 6 ï ʣʘʛʫʥʳ (ʤʝʣʢʦʚʦʜʥʳʝ ʟʘʣʠʚʳ); 7 ï

ʥʝʫʩʪʘʥʦʚʣʝʥʥʳʝ ʙʘʩʩʝʡʥʦʚʳʝ ʫʩʣʦʚʠʷ; 8 ï ʤʝʩʪʦʥʘʭʦʞʜʝʥʠ ̫ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ. ʇʦʜʥʷʪʠʷ: ʂ ï 

ʂʫʟʥʝʮʢʠʡ ɸʣʘʪʘʫ; ɹ ï ɹʘʪʝʥʝʚʩʢʠʡ ʢʨʷʞ; ɿ ï ɿʘʧʘʜʥʳʡ ʉʘʷʥ; ɺ ï ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ; ʉ ï ʉʦʣʛʦʥʩʢʠʡ ʢʨʷʞ; 

ɸɹ ï ɸʙʘʢʘʥʩʢʠʡ ʭʨ.; ɸʊ ï ɸʣʪʘʝ-ʊʘʛʘʨʩʢʦʝ; ʉʂ ï ʉʘʢʩʳʨʩʢʦʝ; ʂʂ ï ʂʘʟʳʨ-ʂʠʟʠʨʩʢʦʝ; ʋ ï ʋʪʠʥʩʢʦʝ. 

ɺʧʘʜʠʥʳ: ʅ ï ʅʘʟʘʨʦʚʩʢʘʷ; ʉʄ ï ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʘʷ; ʉɽ ï ʉʳʜʦ-ɽʨʙʠʥʩʢʘʷ; ʖʄ ï ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʘʷ; 

ʂɹ ï ʂʫʟʥʝʮʢʘʷ; ʋʉ ï ʋʩʠʥʩʢʘʷ; ʊ ï ʊʫʚʠʥʩʢʘʷ 

 

ʅʘ ʩʝʚʝʨʝ ʉʳʜʦ-ɽʨʙʠʥʩʢʦʡ ʚʧʘʜʠʥʳ [5] ʤʦʱʥʦʩʪʴ ʥʠʞʥʝʡ ʧʘʯʢʠ ʩʚʠʪʳ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 5 ʤ. ʂʘʨʙʦʥʘʪʳ 

ʚ ʥʝʡ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ. ɺʝʨʦʷʪʥʦ, ʩʢʘʟʘʣʦʩʴ ʚʣʠʷʥʠʝ ʧʦʜʥʷʪʠʷ (ɹʘʪʝʥʝʚʩʢʠʡ ʢʨʷʞ), ʨʘʟʜʝʣʷʚʰʝʛʦ ʚ 

ʨʘʥʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʷ ʶʞʥʝr ʠ ʩʝʚʝʨʥʳʝ ʨʘʡʦʥʳ ʧʨʦʛʠʙʘ. 

ɼʣʷ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʅʘʟʘʨʦʚʩʢʦʡ ʚʧʘʜʠʥ ʥʘʯʘʣʦ 

ʙʳʩʪʨʷʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝʨʳʚʦʤ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ. ɿʘʧʘʜʥʝʝ, ʚ ʫʩʣʦʚʠʷʭ ʦʩʦʣʦʥʝʥʥʦ-

ʣʘʛʫʥʥʦʛʦ ʤʝʣʢʦʚʦʜʴʷ ʚ ʥʘʠʙʦʣʝʝ ʧʦʛʨʫʞʝʥʥʦʡ ʶʞʥʦʡ ʯʘʩʪʠ ʅʘʟʘʨʦʚʩʢʦʡ ʚʧʘʜʠʥʳ ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ 

ʤʦʱʥʘʷ çʤʦʞʘʨʩʢʘʷè ʪʦʣʱʘ (ʜ. ʄʦʞʘʨʳ) [5]. 

ɺ ʥʘʯʘʣʝ ʩʨʝʜʥʝʙʳʩʪʨʷʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʩʚʷʟʴ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʩ ʤʦʨʩʢʠʤ ʙʘʩʩʝʡʥʦʤ 

(ʂʫʟʙʘʩʩ) ʧʨʝʢʨʘʱʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʥʷʪʠʷ ʝʝ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ 

ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʧʘʯʢʘʭ ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ. ɺ ʧʦʥʠʞʝʥʠʷʭ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʚʧʘʜʠʥʳ 

(ʩ ʅʠʞ. ɹʘʟʘ ʠ ʉʳʨʳ) ʚ ʩʨʝʜʥʝ- ʠ ʧʦʟʜʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʝʥʘ ʩʫʱʝʩʪʚʦʚʘʣʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ. ɺ 

ʨʘʟʨʝʟʘʭ ʩʚʠʪʳ ʙʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʉʘʢʩʳʨʩʢʦʛʦ ʧʦʜʥʷʪʠʷ (ʛ. ʋʡʪʘʛ) ʠ ʋʪʠʥʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ (ʩ. ʉʦʣʦʤʝʥʥʳʡ 

ʩʪʘʥ [3]) ʦʪʤʝʯʘʝʪʩʷ ʧʝʨʝʨʳʚ ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʧʘʯʝʢ.  

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ ʙʳʣʠ ʨʘʟʚʠʪʳ ʚ ʮʝʥʪʨʝ ʠ ʩʝʚʝʨʝ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ 

ʚʧʘʜʠʥʳ. ɿʜʝʩʴ ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʣʠ ʦʟʝʨʥʳʝ ʚʦʜʦʝʤʳ, ʘ ʙʣʠʞʝ ʢ ʧʦʜʥʷʪʠʷʤ - ʘʣʣʶʚʠʘʣʴʥʳʝ ʜʦʣʠʥʳ. ʆʩʥʦʚʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘʭʦʜʠʣʠʩʴ ʚʦʩʪʦʯʥʝʝ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ [7], ʠʟ ʦʙʣʘʩʪʠ 

ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʥʷʪʠʡ ɸʣʪʘʝ-ʊʘʛʘʨʩʢʦʛʦ ʠ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ. 

ɺ ʉʳʜʦ-ɽʨʙʠʥʩʢʦʡ ʚʧʘʜʠʥʝ [5] ʩʨʝʜʥʷʷ ʠ ʚʝʨʭʥʷʷ ʧʘʯʢʠ ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʫʩʣʦʚʠʷʭ ʘʢʢʫʤʫʣʷʪʠʚʥʳʭ ʨʘʚʥʠʥ. ɹʘʪʝʥʝʚʩʢʠʡ ʢʨʷʞ, ʦʢʘʟʳʚʘʚʰʠʡ ʚʣʠʷʥʠʝ ʥʘ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʥʘʯʘʣʝ ʙʳʩʪʨʷʥʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʚʝʨʦʷʪʥʦ, ʧʦʟʜʥʝʝ ʢʘʢ ʧʦʜʥʷʪʠʝ ʩʝʙʷ ʥʝ ʧʨʦʷʚʠʣ. ʕʪʦʤʫ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʧʘʯʝʢ ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ, ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʥʠʞʥʝʡ ʧʘʯʢʦʡ ʚ ʵʪʦʤ ʞʝ ʨʘʟʨʝʟʝ. ɺ ʩʘʤʦʤ ʢʦʥʮʝ ʙʳʩʪʨʷʥʩʢʦʛʦ ʚʨʝʤʝʥʠ ʟʜʝʩʴ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ 

ʢʨʘʪʢʦʚʨʝʤʝʥʥʘʷ ʠʥʛʨʝʩʩʠʷ ʠʟ ʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ ʯʝʨʝʟ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʫ (ʧʨʦʩʣʦʡ 

ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʱʥʦʩʪʴʶ 0,5 ʤ ʚ ʢʨʦʚʣʝ ʙʳʩʪʨʷʥʩʢʦʡ ʩʚʠʪʳ). 

ɺ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʠ ʅʘʟʘʨʦʚʩʢʦʡ ʚʧʘʜʠʥʘʭ ʩʨʝʜʥʷʷ ʧʘʯʢʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʦʞʝʥʘ 

ʢʘʨʙʦʥʘʪʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʨʘʩʰʠʨʝʥʠʠ ʤʦʨʩʢʦʛʦ ʟʘʣʠʚʘ (ʣʘʛʫʥʳ). ɺʩʝ ʚʝʨʭʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʷ ʥʘ 

ʶʛʝ ʅʘʟʘʨʦʚʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘʢʦʧʣʝʥʠʝ ʘʣʝʚʨʦʣʠʪʦʚ (ʪʫʬʬʠʪʦʚ), ʧʝʩʯʘʥʠʢʦʚ ʩ ʧʦʜʯʠʥʝʥʥʳʤʠ 

ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʙʦʣʝʝ ʙʣʠʟʢʠʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʢ çʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʤʫè ʤʦʨʶ ʫʩʣʦʚʠʷ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʵʪʠʭ ʚʧʘʜʠʥ ʙʳʣʠ ʘʣʣʶʚʠʘʣʴʥʦ-ʜʝʣʴʪʦʚʳʤʠ ʠ ʣʘʛʫʥʥʳʤʠ. 

ʊʘʢʞʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ çʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʝè ʤʦʨʝ ʦʢʘʟʳʚʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʟʜʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʷ. ʈʘʩʪʠʪʝʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚ ʚʝʨʭʥʝʡ ʧʘʯʢʝ ʙʳʩʪʨʷʥʩʢʦʡ 

ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʪʨʝʤʷ ʚʠʜʘʤʠ Cyclostigma kiltorkense Haughton, 1859, Pseudolepidodendropsis 

carneggianum (Heer) Schweitzer, 1969 ʠ Sphenophyllum subtenerrimum Nathorst, 1902 [2]. ɸʥʘʣʠʟ ʧʣʦʱʘʜʥʦʛʦ ʠ 

ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʧʦ ʚʩʝʤʫ ʧʨʦʛʠʙʫ, ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʞʝ ʢ 

çʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʤʫè ʤʦʨʶ ʅʘʟʘʨʦʚʩʢʦʡ ʠ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʘʭ ʩʨʝʜʠ ʠʩʢʦʧʘʝʤʳʭ ʨʘʩʪʝʥʠʡ 

ʜʦʤʠʥʠʨʫʝʪ C. kiltorkense. ɺʠʜʳ P. carneggianum ʠ S. subtenerrimum ʚʩʪʨʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ. ɺ ʵʪʠʭ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʚʧʘʜʠʥʘʭ ʨʘʩʪʠʪʝʣʴʥʳʝ ʦʩʪʘʪʢʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʪʣʦʞʝʥʠʷʤ ʜʝʣʴʪʦʚʳʭ ʠ ʣʘʛʫʥʥʳʭ ʬʘʮʠʡ. ɺ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ 

ʚʧʘʜʠʥʝ, ʛʜʝ ʩʚʷʟʴ ʩ ʤʦʨʝʤ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ, ʧʨʝʦʙʣʘʜʘʝʪ P. carneggianum, ʘ C. kiltorkense ʥʘʡʜʝʥ ʚ ʤʘʣʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʠ ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʪʦʣʴʢʦ ʚ ʝʝ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ. ʀʩʢʦʧʘʝʤʳʝ ʨʘʩʪʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʳʣʠ 

ʟʘʭʦʨʦʥʝʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʨʝʯʥʳʭ ʬʘʮʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʩʜʝʣʘʥʳ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ʈʘʥʥʝʙʳʩʪʨʷʥʩʢʘʷ 

ʪʨʘʥʩʛʨʝʩʩʠʷ ʚ ʄʠʥʫʩʠʥʩʢʦʤ ʧʨʦʛʠʙʝ ʤʦʛʣʘ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠʡ ï ʩ ʩʝʚʝʨʥʦʛʦ ʩʦ ʩʪʦʨʦʥʳ 

çʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʛʦè ʤʦʨʷ ʠ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʩʦ ʩʪʦʨʦʥʳ ʂʫʟʙʘʩʩʘ. ɺʩʝ ʩʨʝʜʥʝ- ʠ ʧʦʟʜʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʝʥʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʖʞʥʦ-ʄʠʥʫʩʠʥʩʢʦʡ ʚʧʘʜʠʥʳ ʩʫʱʝʩʪʚʦʚʘʣʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʤʦʨʝʤ. ɺ ʵʪʦ 

ʞʝ ʚʨʝʤʷ ʉʝʚʝʨʦ-ʄʠʥʫʩʠʥʩʢʘʷ ʠ ʅʘʟʘʨʦʚʩʢʘʷ ʚʧʘʜʠʥʳ ʙʳʣʠ ʟʘʥʷʪʳ ʜʝʣʴʪʘʤʠ ʠ ʤʝʣʢʦʚʦʜʥʳʤʠ ʣʘʛʫʥʘʤʠ. 

çʂʦʣʳʚʘʥʴ-ʊʦʤʩʢʦʝè ʤʦʨʝ ʚ ʧʦʟʜʥʝʙʳʩʪʨʷʥʩʢʦʝ ʚʨʝʤʷ ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʝ ʥʘ ʩʦʩʪʘʚ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ 

ʥʘ ʩʝʚʝʨʝ ʄʠʥʫʩʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʜʦʤʠʥʠʨʦʚʘʣ C. kiltorkense, ʘ ʥʘ ʶʛʝ - P. carneggianum. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɻ.ʄ. ʉʫʥʛʘʪʫʣʣʠʥʘ 

ʂʘʟʘʥʩʢʠʡ (ʇʨʠʚʦʣʞʩʢʠʡ) ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ.ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

ʆʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʤʝʣʘ (ʛʦʪʝʨʠʚʩʢʠʡ, ʙʘʨʨʝʤʩʢʠʡ, ʘʧʪʩʢʠʡ ʠ ʘʣʴʙʩʢʠʡ ʷʨʫʩʳ) ʚ ʉʨʝʜʥʝʤ ʂʘʩʧʠʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʛʣʠʥʘʤʠ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʬʦʨʘʤʠʥʠʬʝʨ ʠ ʦʩʪʨʘʢʦʜ, ʠʟʫʯʝʥʠʝ 

ʢʦʪʦʨʳʭ ʠ ʷʚʠʣʦʩʴ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ. ɼʣʷ ʝʝ ʜʦʩʪʠʞʝʥʠʷ ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʢʝʨʥʦʚʳʡ ʠʟ ʩʢʚʘʞʠʥʳ, 

ʧʨʦʡʜʝʥʥʦʡ ʚ ʘʢʚʘʪʦʨʠʠ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. 

 

 
ʈʠʩ. 1 ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʠʢʨʦʬʘʫʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ ʥʠʞʥʝʛʦ ʤʝʣʘ ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʠʟʫʯʝʥʥʦʛʦ ʨʝʛʠʦʥʘ ʦʙʥʘʨʫʞʝʥʦ 

29 ʚʠʜʦʚ ʬʦʨʘʤʠʥʠʬʝʨ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 11 ʨʦʜʘʤ ʠ 6 ʚʠʜʦʚ ʦʩʪʨʘʢʦʜ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ 4 ʨʦʜʘʤ (ʨʠʩ. 1). 

ʄʠʢʨʦʬʘʫʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʛʦʪʝʨʠʚʩʢʦʛʦ ʠ ʘʧʩʢʦʛʦ ʷʨʫʩʦʚ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ ʝʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʚ ʘʣʴʙʩʢʠʭ ʠ ʩʝʥʦʤʘʥʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʚ ʧʦʨʦʜʘʭ ʙʘʨʨʝʤʩʢʦʛʦ ʷʨʫʩʘ ʤʠʢʨʦʬʘʫʥʘ ʥʝ ʥʘʡʜʝʥʘ (ʨʠʩ. 2). 

ɺ ʢʦʤʧʣʝʢʩʝ ʬʦʨʘʤʠʥʠʬʝʨ ʜʦʤʠʥʠʨʫʶʪ Hedbergella, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʠʟ ʚʩʝʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʚʩʪʨʝʯʝʥʥʳʭ ʬʦʨʤ. ʆʢʦʣʦ 20% ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʚʠʜʳ ʨʦʜʦʚ Lenticulina  ʠ Ticinella. ɺʩʪʨʝʯʘʶʪʩʷ 

ʝʜʠʥʠʯʥʳʝ ʵʢʟʝʤʧʣʷʨʳ ʨʦʜʦʚ Epistomina, Evolutinella, Gavelinella, Lingulogavelinella ʠ ʜʨ. 

 

 
 

ʈʠʩ. 2 ʂʦʣʠʯʝʩʪʚʦ ʤʠʢʨʦʬʘʫʥʳ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʥʠʞʥʝʛʦ ʦʪʜʝʣʘ ʤʝʣʦʚʦʡ ʩʠʩʪʝʤʳ (ʧʦ ʷʨʫʩʘʤ) 

ʈʠʩ. 3 ɺʠʜʳ ʦʩʪʨʘʢʦʜ ʚ ʦʪʣʦʞʝʥʠʷʭ ʛʦʪʝʨʠʚʩʢʦʛʦ ʠ 

ʘʣʴʙʩʢʦʛʦ ʷʨʫʩʦʚ 

 

ʇʦʣʦʚʠʥʫ ʢʦʤʧʣʝʢʩʘ, ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʥʠʞʥʝʤ ʤʝʣʫ ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ ʦʩʪʨʘʢʦʜ, ʩʦʩʪʘʚʣʷʶʪ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Protocythere (51%), ʯʫʪʴ ʤʝʥʴʰʝ ʚʩʪʨʝʯʝʥʦ ʚʠʜʦʚ ʨʦʜʘ Cytherella, ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʨʝʜʢʠʝ Dolocythere ʠ Pontocyprella. 

ʅʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʢʨʦʬʘʫʥʳ ʧʦ ʨʘʟʨʝʟʫ ʥʠʞʥʝʛʦ ʤʝʣʘ. 

ɺ ʛʦʪʝʨʠʚʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʬʦʨʘʤʠʥʠʬʝʨ ʜʦʤʠʥʠʨʫʶʪ ʙʝʥʪʦʩʥʳʝ ʩʝʢʨʝʮʠʦʥʥʳʝ ʬʦʨʤʳ: Hoeglundina 

caracolla nordensis Bystr. et Koss., Lenticulina lideri Rom., Trochammina numerosa Akim., ʬʦʨʘʤʠʥʠʬʝʨʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳ (ʨʠʩ. 2) ʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʪʣʦʞʝʥʠʡ ʛʦʪʝʨʠʚʩʢʦʛʦ ʷʨʫʩʘ ʊʝʪʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ [1]. ɹʝʥʪʦʩʥʘʷ 

ʤʠʢʨʦʬʘʫʥʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʩʪʨʘʢʦʜʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʠʜʳ Protocythere 

derooi (Oertli) ʠ Cytherella volubilis (Lyub.), ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʨʘʥʥʝʤʝʣʦʚʦʡ ʵʧʦʭʠ (ʨʠʩ. 3).  

ɺ ʦʪʣʦʞʝʥʠʷʭ ʙʘʨʨʝʤʩʢʦʛʦ ʷʨʫʩʘ ʤʠʢʨʦʬʘʫʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɸʧʪʩʢʠʡ ʢʦʤʧʣʝʢʩ ʩʘʨʢʦʜʦʚʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʥʦʚʣʷʝʪʩʷ, ʠʟ ʪʨʘʥʟʠʪʥʳʭ ʬʦʨʤ ʚʩʪʨʝʯʝʥ ʪʦʣʴʢʦ ʚʠʜ 

Lenticulina diademata (Berth.). ʆʥ ʩʦʩʪʦʠʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ Hedbergella planispira 

(Tappan) ʠ Ticinella roberti (Gand.), ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ ʊʝʪʠʩʘ [1]. ɹʝʥʪʦʩ ʟʘʥʠʤʘʝʪ ʧʦʜʯʠʥʝʥʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʣʝʥʪʠʢʫʣʠʥʘʤʠ: Lenticulina busatchensis Vass., L. diademata (Berth.), 

L. gaultina (Berth.), L. gudinae E.Ivan., L. nikitinae Vass. ɼʦʤʠʥʠʨʦʚʘʥʠʝ ʧʣʘʥʢʪʦʥʥʦʡ ʤʠʢʨʦʬʘʫʥʳ ʤʦʞʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʛʣʫʙʣʝʥʠʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʘʧʪʩʢʦʤ ʚʝʢʝ. 

ɺ ʘʣʴʙʩʢʦʤ ʚʝʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʝʜʥʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʤʠʢʨʦʬʘʫʥʳ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʝʜʠʥʠʯʥʳʤʠ 

ʨʘʥʥʝʤʝʣʦʚʳʤʠ ʚʠʜʘʤʠ ʦʩʪʨʘʢʦʜ: Cytherella volubilis Lyubimova, Protocythere derooi Oertli. ʂʨʦʤʝ ʪʦʛʦ, ʟʜʝʩʴ 

ʦʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʙʝʥʪʦʩʥʳʝ ʬʦʨʘʤʠʥʠʬʝʨʳ Lenticulina diademata (Berth.), L. gaultina (Berth.), Epistomina 

postdorsoplana (Vass.), E. spinulifera Reuss., Quinqueloculina antiqua (Franke). ʉʫʱʝʩʪʚʝʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ 

ʢʦʤʧʣʝʢʩʘ ʬʦʨʘʤʠʥʠʬʝʨ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʘʣʴʙʩʢʦʛʦ ʷʨʫʩʘ, ʛʜʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʠʧʠʯʥʦ ʩʝʥʦʤʘʥʩʢʠʝ 

ʚʠʜʳ Brotzenella berthelini (Kell.), Gavalinella cenomanica (Brotz.) (ʨʠʩ. 4). 

 

 
ʈʠʩ. 4 ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʙʝʥʪʦʩʥʳʭ ʠ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʧʦ ʷʨʫʩʘʤ ʥʠʞʥʝʛʦ ʤʝʣʘ ʉʨʝʜʥʝʛʦ ʂʘʩʧʠʷ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɸʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʢʨʦʬʘʫʥʳ ʚ ʠʟʫʯʝʥʥʦʡ ʩʢʚʘʞʠʥʝ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʚ ʨʘʡʦʥʝ ʉʨʝʜʥʝʛʦ 

ʂʘʩʧʠʷ ʚ ʪʝʯʝʥʠʝ ʨʘʥʥʝʤʝʣʦʚʦʡ ʵʧʦʭʠ ʩʫʱʝʩʪʚʦʚʘʣʦ ʪʝʧʣʦʝ ʥʝʛʣʫʙʦʢʦʝ ʤʦʨʝ ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʝʥʦʩʪʠ, ʚ ʢʦʪʦʨʦʤ 

ʦʙʠʪʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʦʩʪʨʘʢʦʜʳ ʠ ʬʦʨʘʤʠʥʠʬʝʨʳ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʣʘʥʢʪʦʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ ʚ ʦʪʣʦʞʝʥʠʷʭ 

ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʛʣʫʙʣʝʥʠʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʘʧʪʩʢʦʤ ʚʝʢʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʋʣʘʥʦʚʩʢʘʷ ʊ. ɽ., ɿʝʣʝʥʱʠʢʦʚ ɻ.ɺ., ʐʠʣʠʥ ɸ.ɺ. ʖʨʘ ʠ ʥʠʞʥʠʡ ʤʝʣ ʨʦʩʩʠʡʩʢʦʛʦ ʩʝʢʪʦʨʘ ʂʘʩʧʠʡʩʢʦʛʦ ʤʦʨʷ. ï  

ʅʦʚʦʯʝʨʢʘʩʩʢ: ʆʆʆ ʅʇʆ çʊʝʤʧè, 2006. ï 60 ʩ. 

 
ʈʀʌɽʁʉʂʀʁ ʄɸɻʄɸʊʀɿʄ ʊɸʈɸʊɸʐʉʂʆɻʆ ɺʓʉʊʋʇɸ ʀ ɽɻʆ ʆɹʈɸʄʃɽʅʀʗ 

ɸ.ʆ. ʍʦʪʳʣʝʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʚʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɸ.ɺ. ʊʝʚʝʣʝʚ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʠʟʫʯʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʡʢʠ ʙʘʟʠʪʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʧʨʦʪʝʨʦʟʦʡʩʢʦ-

ʘʨʭʝʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʊʘʨʘʪʘʰʩʢʦʛʦ ʚʳʩʪʫʧʘ, ʚ ʨʠʬʝʡʩʢʠʭ ʪʦʣʱʘʭ ʝʛʦ ʦʙʨʘʤʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚʫʣʢʘʥʠʪʳ ʘʡʩʢʦʡ 

ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʨʠʬʝʷ. ʈʘʙʦʪʘʤʠ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʠʟʫʯʘʚʰʠʭ ʵʪʫ ʪʝʨʨʠʪʦʨʠʶ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʜʝʩʴ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʘʩʩʣʦʝʥʥʳʝ [1] ʜʘʡʢʠ ʠ ʩʠʣʣʳ ʦʩʥʦʚʥʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʦʪʚʝʯʘʶʱʠʝ ʥʝ ʤʝʥʝʝ ʯʝʤ 

ʪʨʝʤ ʠʣʠ ʯʝʪʳʨʝʤ ʩʠʣʴʥʦ ʨʘʟʥʝʩʝʥʥʳʤ ʚʦ ʚʨʝʤʝʥʠ ʵʪʘʧʘʤ ʨʠʬʪʦʛʝʥʝʟʘ [2]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤʠ ʙʳʣʘ ʩʜʝʣʘʥʘ 

ʧʦʧʳʪʢʘ ʨʘʟʜʝʣʠʪʴ ʦʧʨʦʙʦʚʘʥʥʳʝ ʪʝʣʘ ʙʘʟʠʪʦʚ ʧʦ ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ.  

ʇʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠʟʫʯʝʥʥʳʝ ʦʙʲʝʢʪʳ ʫʚʝʨʝʥʥʦ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʪʨʠ ʛʨʫʧʧʳ: 1. 

ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʘʡʩʢʦʡ ʩʚʠʪʳ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʥʝʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 2. ɻʘʙʙʨʦ 

ʠ ʜʦʣʝʨʠʪʳ ʩʠʣʴʥʦ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʝ ʩ ʨʝʣʠʢʪʘʤʠ ʧʠʨʦʢʩʝʥʘ. 3. ɼʦʣʝʨʠʪʳ ʠ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʳ ʩ ʭʘʨʘʢʪʝʨʥʦʡ 

ʛʨʘʥʦʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦ ʧʣʦʱʘʜʠ ʵʪʦ ʨʘʟʜʝʣʝʥʠʝ ʥʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ï ʜʘʡʢʠ ʪʠʧʦʚ 2 ʠ 3 ʨʘʩʧʦʣʦʞʝʥʳ 

ʭʘʦʪʠʯʥʦ ʠ ʚ ʘʨʭʝʡʩʢʠʭ, ʠ ʚ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ. ɺʫʣʢʘʥʠʪʳ ʘʡʩʢʦʡ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ 

ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʦʬʠʪʦʚʳʤʠ ʜʦʣʝʨʠʪʘʤʠ, ʫʯʘʩʪʢʘʤʠ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʜʦʣʝʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʠʥʦʛʜʘ 

ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʠʣʠ ʭʘʦʪʠʯʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʦʨʦʜʘ ʩʦʩʪʦʠʪ ʠʟ ʠʜʠʦʤʦʨʬʥʳʭ ʫʜʣʠʥʝʥʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʤ (55-60%), ʠ ʪʦʥʢʠʭ ʠʛʦʣʴʯʘʪʳʭ (ʜʦ 1-1,2 ʤʤ) ʠʣʠ ʠʟʦʤʝʪʨʠʯʥʳʭ (ʜʦ 0,5 

ʤʤ) ʚʳʜʝʣʝʥʠʡ ʤʘʛʥʝʪʠʪʘ (10-12%). ɺʝʩʴ ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ ʧʦʨʦʜʳ ʟʘʥʷʪ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʦʡ, ʧʣʦʭʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʤʦʡ ʤʘʩʩʦʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʘʷ ʦʙʨʘʟʦʚʘʣʘʩʴ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʩʪʝʢʣʘ. 

ʀʛʦʣʢʠ ʨʫʜʥʦʛʦ ʪʘʢʞʝ, ʚʝʨʦʷʪʥʦ, ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʨʠ ʨʘʟʣʦʞʝʥʠʠ ʧʠʨʦʢʩʝʥʦʚ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʭʦʪʷ ʥʠʢʘʢʠʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠʭ ʧʨʠʩʫʪʩʪʚʠʷ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. ʍʘʨʘʢʪʝʨ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝʩʢʦʣʴʢʦ 

ʨʘʟʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ, ʥʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʜʚʝʨʛʣʘʩʴ ʭʣʦʨʠʪʠʟʘʮʠʠ. ʇʨʠ ʵʪʦʤ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʝʩʴʤʘ 

ʢʨʫʧʥʳʝ ʚʝʝʨʦʦʙʨʘʟʥʳʝ ʩʨʘʩʪʘʥʠʷ ʭʣʦʨʠʪʘ, ʟʘʥʠʤʘʶʱʠʝ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʦ 40% ʧʦʨʦʜʳ. ɺ ʝʜʠʥʠʯʥʳʭ 

ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʢʨʫʧʥʳʝ, ʜʦ 5 ʤʤ ʧʦʡʢʠʣʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʜʠʦʧʩʠʜ-

ʩʘʣʠʪʦʚʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʝ ʦʡʢʦʢʨʠʩʪʘʣʣʳ  ʧʣʘʛʠʦʢʣʘʟ. 

ɹʝʟʧʠʨʦʢʩʝʥʦʚʳʝ ʛʘʙʙʨʦ ʠ ʜʦʣʝʨʠʪʳ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʩʠʣʴʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ. ɺ ʧʦʨʦʜʝ ʥʝʦʪʯʝʪʣʠʚʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʨʝʣʠʢʪʦʚʘʷ ʦʬʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʆʢʦʣʦ 55-60% 

ʦʭʚʘʯʝʥʦ ʭʣʦʨʠʪʠʟʘʮʠʝʡ, ʣʠʩʪʦʯʢʠ ʭʣʦʨʠʪʘ ʨʘʟʤʝʨʦʤ ʜʦ 0,2 ʤʤ. ʈʝʣʠʢʪʳ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ ʨʘʟʤʝʨʦʤ ʜʦ 

0,2ʭ0,05 ʤʤ (25-30%) ʩʠʣʴʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʳ. ʀʟ-ʟʘ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ ʦʧʨʝʜʝʣʠʪʴ 

ʥʦʤʝʨ ʧʣʘʛʠʦʢʣʘʟʘ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ï An10-30. ʕʧʠʜʦʪ (10-12%) ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ 

ʤʝʣʴʯʘʡʰʠʭ ʠʟʦʤʝʪʨʠʯʥʳʭ ʚʳʜʝʣʝʥʠʡ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,01 ʤʤ, ʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʞʠʣʢʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,2 ʤʤ. 

ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʘʛʥʝʪʠʪʦʤ, ʦʙʨʘʟʫʝʪ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ ʢʨʝʩʪʦʦʙʨʘʟʥʳʝ 

ʩʨʘʩʪʘʥʠʷ, ʥʝʩʦʤʥʝʥʥʦ, ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ.  

ʆʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ ʜʚʫʭ ʦʧʠʩʘʥʥʳʭ ʨʘʟʥʦʩʪʝʡ ʦʪʣʠʯʘʶʪʩʷ ʛʨʘʥʦʬʠʨʦʚʳʝ ʛʘʙʙʨʦ ʠ ʜʦʣʝʨʠʪʳ. ʇʦʨʦʜʘ 

ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ, ʛʨʘʥʦʬʠʨʦʚʘʷ, ʫʯʘʩʪʢʘʤʠ ʩ ʜʦʣʝʨʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʩʫʙʠʜʠʦʤʦʨʬʥʳʭ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʠʟʤʝʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ (60%) ʨʘʟʤʝʨʦʤ 0,4é0,6 ʤʤ, ʨʝʜʢʦ 

ʜʦʩʪʠʛʘʶʱʠʭ 1 ʤʤ. ʂʨʠʩʪʘʣʣʳ ʧʠʨʦʢʩʝʥʘ ʤʝʣʢʠʝ ʩ ʢʚʘʜʨʘʪʥʳʤʠ ʠʣʠ ʫʜʣʠʥʝʥʥʳʤʠ ʩʝʯʝʥʠʷʤʠ, ʨʘʟʤʝʨʦʤ 

0,2é0,3 ʤʤ (20-25%). ʇʣʝʦʭʨʦʠʟʤ ʦʯʝʥʴ ʩʧʝʮʠʬʠʯʝʩʢʠʡ: ʚ ʩʣʘʙʳʭ ʨʦʟʦʚʘʪʳʭ ʪʦʥʘʭ, ʝʩʪʴ ʜʠʩʧʝʨʩʠʷ ʦʧʪʠʯʝʩʢʠʭ 

ʦʩʝʡ. ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʝʛʦ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʣʘʙʦ ʪʠʪʘʥʠʩʪʦʤʫ ʘʚʛʠʪʫ. ʅʘ ʧʠʨʦʢʩʝʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʡʤʘ 

ʚʪʦʨʠʯʥʦʛʦ ʰʧʠʥʝʣʴ-ʪʨʝʤʦʣʠʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ. ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʦʣʠʯʝʩʪʚʝ 5% ï ʵʪʦ ʣʠʙʦ 

ʤʘʩʩʠʚʥʳʝ ʚʳʜʝʣʝʥʠʷ 0,08 ʤʤ, ʣʠʙʦ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʚ ʬʦʨʤʝ ʢʨʝʩʪʦʚ ʠ ʝʣʦʯʝʢ. ɻʨʘʥʦʬʠʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ 

ʦʙʨʘʟʦʚʘʥʘ ʤʠʢʨʦʧʝʛʤʘʪʠʪʦʚʳʤʠ ʩʨʘʩʪʘʥʠʷʤʠ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʚ ʬʦʨʤʝ ʝʣʦʯʝʢ ʨʘʟʤʝʨʦʤ ʜʦ 1-1,3 ʤʤ, ʠʭ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʩʪʠʛʘʝʪ 15é20%. ʊʘʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʚʥʦʚʝʩʥʦʩʪʴ ʢʚʘʨʮʘ ʩ ʨʘʩʧʣʘʚʦʤ ï ʚʝʩʴʤʘ 

ʚʝʨʦʷʪʥʦ, ʯʪʦ ʚ ʢʘʤʝʨʝ ʧʨʦʠʟʦʰʣʦ ʦʪʜʝʣʝʥʠʝ ʦʣʠʚʠʥʦʚʦʛʦ ʢʫʤʤʫʣʘʪʘ. ʇʨʠ ʵʪʦʤ ʢʚʘʨʮ ʥʝ ʫʩʧʝʣ ʧʨʦʨʝʘʛʠʨʦʚʘʪʴ ʩ 

ʦʣʠʚʠʥʦʤ ʠ ʩʬʦʨʤʠʨʦʚʘʣ ʪʘʢʠʝ ʚʳʜʝʣʝʥʠʷ. ʇʦʜʦʙʥʳʝ ʛʨʘʥʦʬʠʨʦʚʳʝ ʛʘʙʙʨʦʠʜʳ ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʳ ʠʟʚʝʩʪʥʳ ʚ 

ʨʘʩʩʣʦʝʥʥʳʭ ʪʝʣʘʭ ʰʫʡʜʠʥʩʢʦʛʦ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʙʘʟʠʪ-ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ɹʘʰʢʠʨʩʢʦʛʦ 

ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ [1]. ʉʨʝʜʠ ʥʘʰʠʭ ʦʙʨʘʟʮʦʚ ʦʥʠ ʧʨʝʦʙʣʘʜʘʶʪ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʧʨʦʙʦʚʘʥʥʳʝ 

ʪʝʣʘ ʚʝʨʦʷʪʥʦ ʩʨʝʟʘʥʳ ʵʨʦʟʠʝʡ ʥʘ ʥʝʢʦʪʦʨʦʤ ʝʜʠʥʦʤ ʫʨʦʚʥʝ ʚʥʫʪʨʠ ʛʨʘʥʦʬʠʨʦʚʦʡ ʟʦʥʳ.  

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ. ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʧʦʨʦʜʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 

ʜʠʘʛʨʘʤʤʝ TAS ʜʦʩʪʘʪʦʯʥʦ ʧʣʦʪʥʳʤ ʦʙʣʘʢʦʤ ʥʘ ʛʨʘʥʠʮʝ ʧʦʣʝʡ ʥʦʨʤʘʣʴʥʦʱʝʣʦʯʥʳʭ ʛʘʙʙʨʦ, ʛʘʙʙʨʦʜʠʦʨʠʪʦʚ ʠ 

ʛʘʙʙʨʦʤʦʥʮʦʥʠʪʦʚ, ʤʦʥʮʦʥʠʪʦʚ. ʅʘ ʜʠʘʛʨʘʤʤʝ AFM ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ʏʪʦ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʢʘʩʘʝʪʩʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 1), ʪʦ ʚ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʣʝʛʢʠʤʠ 

ʨʝʜʢʠʤʠ ʟʝʤʣʷʤʠ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʬʦʨʤʘʤ ʪʨʝʥʜʦʚ ʫʚʝʨʝʥʥʦ ʤʦʞʥʦ ʚʳʜʝʣʷʪʴ ʜʚʝ ʛʨʫʧʧʳ ï ʩ ʢʨʫʪʳʤ 

(ʙʘʟʠʪʳ ʪʠʧʘ ˉ1) ʠ ʙʦʣʝʝ ʧʦʣʦʛʠʤ ʪʨʝʥʜʘʤʠ (ʙʘʟʠʪʳ ʪʠʧʘ ˉ2). ɼʣʷ ʧʝʨʚʦʛʦ ʭʘʨʘʢʪʝʨʥʳ ʥʦʨʤʠʨʦʚʘʥʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ La 85é115, ʘ ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ï 15é40. 

ɺ ʦʙʣʘʩʪʠ ʪʷʞʝʣʳʭ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʦʙʝ ʛʨʫʧʧʳ ʩʣʠʚʘʶʪʩʷ ʚ ʝʜʠʥʦʝ ʧʦʣʝ ʚ ʠʥʪʝʨʚʘʣʝ 8é15. ɸʥʦʤʘʣʠʷ 

ʝʚʨʦʧʠʷ ʥʝ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʘʷ ʫ ʯʘʩʪʠ ʦʙʨʘʟʮʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ, ʘ ʩʣʘʙʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ, ʥʘʦʙʦʨʦʪ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʣʷ ʚʪʦʨʦʡ ʛʨʫʧʧʳ. ɼʣʷ ʝʜʠʥʠʯʥʳʭ ʪʨʝʥʜʦʚ ʝʩʪʴ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʮʝʨʠʷ. ɺ ʮʝʣʦʤ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʘʡʩʢʦʡ ʩʚʠʪʳ ʠ ʧʨʦʯʠʭ 

ʙʘʟʠʪʦʚ ʪʝʨʨʠʪʦʨʠʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʥʝʜʨʝʥʠʝ ʜʘʡʢʦʚʳʭ ʪʝʣ, ʧʦʩʪʘʚʣʷʚʰʠʭ ʨʘʩʧʣʘʚ ʜʣʷ 

ʵʬʬʫʟʠʚʦʚ ʘʡʩʢʦʡ ʩʚʠʪʳ, ʧʨʦʠʩʭʦʜʠʣʦ ʪʘʢʞʝ ʠ ʧʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʪʘʨʘʪʘʰʩʢʦʛʦ ʚʳʩʪʫʧʘ. 

 

  
ʈʠʩ. 1 ʊʨʝʥʜʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʭʦʥʜʨʠʪ (ʧʦ Andres, Grevesse, 1989) 

ʈʠʩ. 2 ɼʠʘʛʨʘʤʤʘ Zr/Y-Zr  

(ʧʦ Pearce, Norry, 1979) 

 

ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʜʝʣʝʥʠʝ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʧʦ ʪʨʝʥʜʘʤ ʨʝʜʢʠʭ ʟʝʤʝʣʴ ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʟʜʝʣʝʥʠʝʤ ʥʘ ʜʚʝ 

ʛʨʫʧʧʳ ʥʘ ʜʠʘʛʨʘʤʤʘʭ Zr/Y-Zr (ʨʠʩ. 2) ï ʙʘʟʠʪʳ ˉ2 ʦʙʦʩʦʙʣʷʶʪʩʷ ʚ ʛʨʫʧʧʫ ʩ ʙʦʣʝʝ ʥʠʟʢʠʤʠ Zr ʠ Zr/Y 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʥʪʝʨʚʘʣ, ʨʘʟʛʨʘʥʠʯʠʚʘʶʱʠʡ ʜʚʘ ʧʦʣʷ, ʧʨʠʭʦʜʠʪʩʷ ʥʘ 45-60 ppm Zr. ʇʨʠ ʵʪʦʤ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʥʘ 

ʜʠʘʛʨʘʤʤʝ Zr-Zr/Y, ʧʦʨʦʜʳ ʪʠʧʘ ˉ1 ʙʦʣʴʰʝ ʪʷʛʦʪʝʶʪ ʢ ʧʦʣʷʤ ʚʥʫʪʨʠʧʣʠʪʥʳʭ ʙʘʟʘʣʴʪʦʚ (WBP), ʘ ʛʘʙʙʨʦʠʜʳ 

ʪʠʧʘ ˉ2 ï ʢ ʦʩʪʨʦʚʦʜʫʞʥʳʤ ʙʘʟʘʣʴʪʘʤ (IAT).  

ɽʩʣʠ ʥʘʣʦʞʠʪʴ ʥʘ ʜʠʘʛʨʘʤʤʫ ʜʘʥʥʳʝ ʧʦ ʜʨʫʛʠʤ ʪʝʣʘʤ ʙʣʠʟʢʦʛʦ ʚʦʟʨʘʩʪʘ [4], ʪʦ ʦʙʥʘʨʫʞʠʪʩʷ, ʯʪʦ ʦʥʠ 

ʮʝʣʠʢʦʤ ʣʦʞʘʪʩʷ ʚ ʧʦʣʝ ˉ1 (Zr > 55 ppm). ʊʘʢʞʝ ʜʚʘ ʧʦʣʷ, ʦʪʚʝʯʘʶʱʠʭ ʵʪʠʤ ʛʨʫʧʧʘʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʘ 

ʜʠʘʛʨʘʤʤʝ Ti-Zr-Y. ʆʥʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʠ ʥʘ ʧʨʝʜʣʦʞʝʥʥʳʭ ɺ.ʀ. ʃʝʥʥʳʭ ʠ ɺ.ʀ. ʇʝʪʨʦʚʳʤ [3] ʧʦʣʷʭ ʥʘ 

ʜʠʘʛʨʘʤʤʝ Al 2O3 ï Na2O+K2O. ʕʪʠ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʷʤ ʘʡʩʢʦʡ ʩʚʠʪʳ ʠ ʜʘʝʢ ʩ ʜʘʪʠʨʦʚʢʘʤʠ 1 250 ï 

1 150 ʤʣʥ. ʣʝʪ.  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚʫʣʢʘʥʠʪʳ ʘʡʩʢʦʡ ʩʚʠʪʳ ʥʝ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʡ ʛʨʫʧʧʳ, ʘ ʦʢʘʟʳʚʘʶʪʩʷ ʪʘʢʞʝ ʩʠʣʴʥʦ 

ʨʘʟʥʝʩʝʥʳ ʧʦ ʚʩʝʡ ʜʠʘʛʨʘʤʤʝ. ʇʨʠʯʝʤ ʵʪʦ ʢʘʩʘʝʪʩʷ ʠ ʪʨʝʥʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʜʠʘʛʨʘʤʤ. ɺʠʜʠʤʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʦʙʲʷʩʥʷʝʪʩʷ  

ʪʝʤ, ʯʪʦ ʚ ʩʪʨʦʝʥʠʠ ʘʡʩʢʦʡ ʩʚʠʪʳ ʪʘʢʞʝ ʫʯʘʩʪʚʫʶʪ ʝʩʣʠ ʥʝ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʦ ʢʘʢ 

ʤʠʥʠʤʫʤ ʧʨʝʪʝʨʧʝʚʰʠʝ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʝ ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʣʠ ʧʦʟʜʥʝʡʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʅʘ 

ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʠ ʚʝʩʴʤʘ ʨʘʩʭʦʜʷʱʠʝʩʷ ʜʘʪʠʨʦʚʢʠ ʧʦ ʘʡʩʢʠʤ ʚʫʣʢʘʥʠʪʘʤ. 

ɺr ʚʦʜʳ. ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʪʝʣʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ, 

ʨʘʟʣʠʯʥʳʝ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ. 

ɹʘʟʠʪʳ ʪʠʧʘ ˉ1 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Zr ʠ ʣʝʛʢʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʘʟʠʪʦʚ ʪʠʧʘ ˉ2. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʥʠ ʣʠʙʦ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʨʘʩʧʣʘʚʦʚ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʙʘʟʠʪʳ ʪʠʧʘ ˉ2, ʣʠʙʦ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʚ ʦʪʜʝʣʴʥʳʡ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʵʪʘʧ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. ɺʫʣʢʘʥʠʪʳ ʘʡʩʢʦʡ ʩʚʠʪʳ ʥʝ ʦʙʦʩʘʙʣʠʚʘʶʪʩʷ, ʘ ʧʦʧʘʜʘʶʪ ʚ 

ʧʦʣʷ ʦʙʝʠʭ ʛʨʫʧʧ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʨʝʜʠ ʜʘʡʢʦʚʳʭ ʪʝʣ, ʥʝ ʩʚʷʟʘʥʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩ ʘʡʩʢʦʡ ʩʚʠʪʦʡ, 

ʝʩʪʴ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʦʛʦ ʵʪʘʧʘ ʤʘʛʤʘʪʠʟʤʘ. ʀ, ʚʝʨʦʷʪʥʦ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʡʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ ʪʘʢʞʝ ʤʦʛʣʦ 

ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʇʈɽɼʉʊɸɺʀʊɽʃʀ ʆʊʈʗɼɸ PERISSODACTYLA ɺ ʇʃɽʁʉʊʆʎɽʅʆɺʆɽ ɺʈɽʄʗ ʅɸ 
ʊɽʈʈʀʊʆʈʀʀ ɹɽʃɸʈʋʉʀ 

ɸ.ʆ. ʎʳʛʘʥʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʘʩʩʠʩʪʝʥʪ ʊ.ɸ. ʄʝʣʝʞ 

ɻʦʤʝʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʌʨʘʥʮʠʩʢʘ ʉʢʦʨʠʥʳ, ʛ. ɻʦʤʝʣʴ, ʈʝʩʧʫʙʣʠʢʘ 
ɹʝʣʘʨʫʩʴ 

ʀʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʚ ʯʝʪʚʝʨʪʠʯʥʳʡ ʧʝʨʠʦʜ, ʚ ʧʣʝʡʩʪʦʮʝʥʦʚʫʶ ʵʧʦʭʫ,  ʜʝʣʠʪʩʷ ʥʘ 

ʧʨʝʜʣʝʜʥʠʢʦʚʳʡ ʠ ʣʝʜʥʠʢʦʚʳʡ ʵʪʘʧʳ. ʇʨʝʜʣʝʜʥʠʢʦʚʳʡ ʵʪʘʧ ʦʭʚʘʪʳʚʘʝʪ ʨʘʥʥʠʡ ʧʣʝʡʩʪʦʮʝʥ ʠ ʥʘʯʘʣʦ ʩʨʝʜʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ. ɺ ʵʪʦ ʚʨʝʤʷ ʚ ʉʢʘʥʜʠʥʘʚʠʠ ʚʦʟʥʠʢʘʣʠ ʣʝʜʥʠʢʦʚʳʝ ʧʦʢʨʦʚʳ. ʆʥʠ ʥʝ ʜʦʩʪʠʛʘʣʠ ʪʝʨʨʠʪʦʨʠʠ 

ɹʝʣʘʨʫʩʠ, ʦʜʥʘʢʦ ʦʙʫʩʣʦʚʣʠʚʘʣʠ ʯʝʨʝʜʦʚʘʥʠʝ ʟʜʝʩʴ ʬʘʟ ʪʝʧʣʘ ʠ ʭʦʣʦʜʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʥʘʰʝʡ ʩʪʨʘʥʳ ʙʳʣʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʭʚʦʡʥʳʝ ʠ ʙʝʨʝʟʦʚʳʝ ʣʝʩʘ ʩ ʧʨʠʤʝʩʴʶ ʜʫʙʘ, ʣʠʧʳ, ʚʷʟʘ, ʛʨʘʙʘ ʠ ʨʷʜʘ ʚʠʜʦʚ, ʢʦʪʦʨʳʝ 

ʩʦʭʨʘʥʠʣʠʩʴ ʩ ʥʝʦʛʝʥʘ. ʈʝʣʴʝʬ ʙʳʣ ʜʦʚʦʣʴʥʦ ʨʦʚʥʳʤ, ʦʙʱʠʡ ʫʢʣʦʥ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣ ʩ ʚʦʩʪʦʢʘ ʥʘ ʟʘʧʘʜ. 

ʉʫʱʝʩʪʚʦʚʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʣʫʙʦʢʠʝ ʦʟʝʨʘ. ʈʝʢʠ ʪʝʢʣʠ ʧʨʠʤʝʨʥʦ ʚ ʪʝʭ ʞʝ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʠ ʩʦʚʨʝʤʝʥʥʳʝ, 

ʥʦ ʛʣʫʙʠʥʘ ʠʭ ʚʨʝʟʘ ʙʳʣʘ ʤʝʥʴʰʝʡ. ʂ ʢʦʥʮʫ ʧʨʝʜʣʝʜʥʠʢʦʚʦʛʦ ʵʪʘʧʘ ʧʨʦʠʟʦʰʣʦ ʧʦʭʦʣʦʜʘʥʠʝ, ʣʝʩʘ ʩʤʝʥʠʣʠʩʴ 

ʦʪʢʨʳʪʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʘʤʠ [2,4]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ, ʠʩʪʦʨʠʷ ʨʘʟʚʠʪʠʷ ʪʝʨʨʠʪʦʨʠʠ 

ɹʝʣʘʨʫʩʠ ʚ ʩʘʤʳʭ ʦʙʱʠʭ ʯʝʨʪʘʭ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʯʝʨʝʜʦʚʘʥʠʝ ʦʣʝʜʝʥʝʥʠʡ ʠ ʤʝʞʣʝʜʥʠʢʦʚʠʡ (ʣʝʜʥʠʢʦʚʳʡ 

ʵʪʘʧ). ɺʳʜʝʣʷʶʪʩʷ ʰʝʩʪʴ ʣʝʜʥʠʢʦʚʳʭ ʠ ʧʷʪʴ ʤʝʞʣʝʜʥʠʢʦʚʳʭ ʧʝʨʠʦʜʦʚ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʠʤʝʣ ʩʚʦʠ 

ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʳ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʝ [2]. 

ɼʣʷ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʪʨʷʜʘ ʥʝʧʘʨʥʦʢʦʧʳʪʥʳʭ  ʭʘʨʘʢʪʝʨʥʦ ʥʝʯʸʪʥʦʝ ʯʠʩʣʦ ʧʘʣʴʮʝʚ, ʦʙʨʘʟʫʶʱʠʭ 

ʢʦʧʳʪʘ. ʆʪʨʷʜ ʩʦʜʝʨʞʠʪ ʪʨʠ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʤʝʡʩʪʚʘ ð ʣʦʰʘʜʠʥʳʭ (Equidae), ʥʦʩʦʨʦʛʦʚ (Rhinocerotidae) ʠ 

ʪʘʧʠʨʦʚʳʭ (Tapiridae), ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʥʘʩʯʠʪʳʚʘʶʪ 17 ʚʠʜʦʚ. ʈʦʜʩʪʚʦ ʵʪʠʭ ʚʥʝʰʥʝ ʚʝʩʴʤʘ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʛʘ ʩʝʤʝʡʩʪʚ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʠʣ ʟʦʦʣʦʛ ʈʠʯʘʨʜ ʆʫʵʥ ʚ XIX ʚʝʢʝ, ʧʨʠʜʫʤʘʚ ʪʘʢʞʝ ʥʘʟʚʘʥʠʝ 

ʥʝʧʘʨʥʦʢʦʧʳʪʥʳʝ [1]. 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʦʙʥʘʨʫʞʝʥʳ ʦʩʪʘʪʢʠ Equus sp, Dicerorhinus cf. etruscus,Equus cf. stenonis 

Cocchi, Coelodonta antiquitatis Blum, Rhinoceros sp, Stephanorhinus etruscus Falconer, 

ʉʝʤʝʡʩʪʚʦ ʥʦʩʦʨʦʛʦʚ (Rinocerotiedae). 

Stephanorhinus etruscus Falconer ï ʵʪʨʫʩʩʢʠʡ ʥʦʩʦʨʦʛ ʦʙʠʪʘʣ ʚ ʧʦʟʜʥʝʤ ʧʣʠʦʮʝʥʝ ï ʨʘʥʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ 

ʚ ɺʦʩʪʦʯʥʦʡ, ʖʞʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ɽʚʨʦʧʝ, ʥʘ ʂʘʚʢʘʟʝ, ʚ ɿʘʢʘʚʢʘʟʴʝ, ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʠ ʉʨʝʜʥʝʡ ɸʟʠʠ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʦʩʪʘʪʢʠ ʥʦʩʦʨʦʛʘ, ʩʭʦʜʥʦʛʦ ʩ ʵʪʨʫʩʩʢʠʤ, ʦʙʥʘʨʫʞʝʥʳ ʫ ʛ. ʉʤʦʨʛʦʥʴ (ʦʙʣʦʤʦʢ ʣʝʚʦʡ 

ʣʫʯʝʚʦʡ ʢʦʩʪʠ). ɽʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʜʨʝʚʥʠʭ ʠʩʢʦʧʘʝʤʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ɹʝʣʘʨʫʩʠ. ʕʪʨʫʩʩʢʠʡ 

ʥʦʩʦʨʦʛ, ʩʫʜʷ ʧʦ ʚʩʝʤʫ, ʷʚʣʷʣʩʷ ʦʙʠʪʘʪʝʣʝʤ ʩʪʝʧʥʳʭ ʠ ʣʝʩʦʩʪʝʧʥʳʭ ʣʘʥʜʰʘʬʪʦʚ. ʇʠʪʘʣʩʷ ʨʘʟʣʠʯʥʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʧʠʱʝʡ (ʨʠʩ. 1). 

ʕʪʦʪ ʥʦʩʦʨʦʛ ʙʳʣ ʜʦʚʦʣʴʥʦ ʣʝʛʢʦ ʩʣʦʞʝʥ, ʠʤʝʣ ʜʣʠʥʥʳʝ ʢʦʥʝʯʥʦʩʪʠ. ʅʘ ʛʦʣʦʚʝ ʠʤʝʣʦʩʴ ʜʚʘ ʨʦʛʘ. 

ɻʫʩʪʦʡ ʚʦʣʦʩʷʥʦʡ ʧʦʢʨʦʚ ʚʝʨʦʷʪʥʦ ʦʪʩʫʪʩʪʚʦʚʘʣ. 

 

 

 
ʈʠʩ. 1 ʕʪʨʫʩʩʢʠʡ ʥʦʩʦʨʦʛ (Stephanorhinus etruscus 

Falconer) [3] 

ʈʠʩ. 2 ʐʝʨʩʪʠʩʪʳʡ ʥʦʩʦʨʦʛ (Coelodonta antiquitatis 

Blum) [3]  

 

Coelodonta antiquitatis Blum  ï ʰʝʨʩʪʠʩʪʳʡ ʥʦʩʦʨʦʛ ʦʙʠʪʘʣ ʚ ʩʨʝʜʥʝʤ ï ʧʦʟʜʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʥʘ ʈʫʩʩʢʦʡ 

ʨʘʚʥʠʥʝ, ʥʘ ʶʛʝ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʚ ʇʨʠʤʦʨʴʝ, ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ, ʄʦʥʛʦʣʠʠ ʠ ʉʝʚʝʨʥʦʤ 

ʂʠʪʘʝ. ʄʘʢʩʠʤʫʤ ʘʨʝʘʣʘ ʚʠʜʘ ʦʪʥʦʩʠʪʩʷ ʢʦ ʚʨʝʤʝʥʠ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʚʝʨʭʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ. ʐʝʨʩʪʠʩʪʳʡ 

ʥʦʩʦʨʦʛ ʧʨʠʰʸʣ ʚ ɽʚʨʦʧʫ ʠʟ ɸʟʠʠ ʩ ʚʦʣʥʦʡ ʩʠʣʴʥʦʛʦ ʧʦʭʦʣʦʜʘʥʠʷ. ʅʘ ʪʝʨʨʠʪʦʨʠʶ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʦʥ 

ʧʦʧʘʜʘʝʪ ʚ ʧʝʨʠʦʜ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʫʥʳ ʭʘʟʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʠʟʚʝʩʪʥʦ ʜʦʚʦʣʴʥʦ 

ʤʥʦʛʦ ʥʘʭʦʜʦʢ ʦʩʪʘʪʢʦʚ ʰʝʨʩʪʠʩʪʦʛʦ ʥʦʩʦʨʦʛʘ. ɺ ʯʘʩʪʥʦʩʪʠ ʦʥʠ ʠʟʚʝʩʪʥʳ ʠʟ ʉʤʦʨʛʦʥʠ, ɺʦʣʢʦʚʳʩʢʘ, ɼʫʙʨʦʚʥʦ, 

ʆʨʰʠ, ʄʦʛʠʣʸʚʘ, ʐʢʣʦʚʘ, ʄʦʣʦʜʝʯʥʦ, ʈʘʜʦʰʢʦʚʠʯ ʠ ʜʨ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʟʫʙʘʤʠ, ʪʨʫʙʯʘʪʳʤʠ ʢʦʩʪʷʤʠ 

ʠ ʠʭ ʬʨʘʛʤʝʥʪʘʤʠ [1]. 

ʆʩʥʦʚʥʳʤ ʤʝʩʪʦʤ ʦʙʠʪʘʥʠʷ ʵʪʦʛʦ ʞʠʚʦʪʥʦʛʦ ʙʳʣʠ ʦʪʢʨʳʪʳʝ ʣʘʥʜʰʘʬʪʳ ʪʠʧʘ ʩʪʝʧʠ ʩ ʪʨʘʚʷʥʠʩʪʦʡ 

ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʪʝʣʘ, ʝʛʦ ʧʨʦʧʦʨʮʠʠ, ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʠʤʝʥʥʦ ʪʨʘʚʳ ʩʦʩʪʘʚʣʷʣʠ 

ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʨʘʮʠʦʥʘ ʵʪʦʛʦ ʥʦʩʦʨʦʛʘ. ʕʪʦ ʙʳʣʦ ʢʨʫʧʥʦʝ, ʤʦʱʥʦʝ ʞʠʚʦʪʥʦʝ, ʥʝʩʫʱʝʝ ʥʘ ʧʝʨʝʜʥʝʡ ʯʘʩʪʠ 
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

ʛʦʣʦʚʳ ʜʚʘ ʨʦʛʘ. ʊʝʣʦ ʜʦʚʦʣʴʥʦ ʜʣʠʥʥʦʝ, ʢʦʥʝʯʥʦʩʪʠ ʢʦʨʦʪʢʠʝ. ɻʦʣʦʚʘ ʥʠʟʢʦ ʦʧʫʱʝʥʘ. ʊʝʣʦ ʙʳʣʦ ʧʦʢʨʳʪʦ 

ʛʨʫʙʦʡ ʰʝʨʩʪʴʶ ʩ ʪʦʥʢʠʤ ʛʫʩʪʳʤ ʧʦʜʰʸʨʩʪʢʦʤ (ʨʠʩ. 2). 

ʂʦʛʜʘ ʪʦʯʥʦ ʠʩʯʝʟʘʝʪ ʰʝʨʩʪʠʩʪʳʡ ʥʦʩʦʨʦʛ ʥʝ ʫʩʪʘʥʦʚʣʝʥʦ. ɺ ɽʚʨʦʧʝ ʦʥ ʠʩʯʝʟʘʝʪ ʚ ʢʦʥʮʝ ʚʝʨʭʥʝʛʦ 

ʧʣʝʡʩʪʦʮʝʥʘ. ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʩʚʦʝʛʦ ʘʨʝʘʣʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʉʠʙʠʨʠ, ʦʥ ʧʨʦʜʝʨʞʘʣʩʷ ʜʦʣʴʰʝ, ʯʝʤ ʥʘ ʟʘʧʘʜʝ. 

ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʚʳʤʠʨʘʥʠʷ ʚʠʜʠʤʦ ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʢʣʠʤʘʪʘ ʠ ʩʚʷʟʘʥʥʦʝ ʩ ʵʪʠʤ ʠʩʯʝʟʥʦʚʝʥʠʝ ʩʪʝʧʥʳʭ 

ʣʘʥʜʰʘʬʪʦʚ. ɺ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʢ ʵʪʦʤʫ ʧʨʠʯʘʩʪʥʘ ʦʭʦʪʥʠʯʴʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ. 

ʉʝʤʝʡʩʪʚʦ ʣʦʰʘʜʠʥʳʝ (Equidae). 

Equus cf. stenonis Cocchi ï ʣʦʰʘʜʴ ʉʪʝʥʦʥʘ ʷʚʣʷʝʪʩʷ ʜʨʝʚʥʝʡʰʝʡ ʦʜʥʦʧʘʣʦʡ ʣʦʰʘʜʴʶ ɽʚʨʦʧʳ. ʆʙʠʪʘʣʘ 

ʦʥʘ ʚ ʧʦʟʜʥʝʤ ʧʣʠʦʮʝʥʝ ï ʨʘʥʥʝʤ ʧʣʝʡʩʪʦʮʝʥʝ ʚ ɿʘʧʘʜʥʦʡ ɽʚʨʦʧʝ, ʥʘ ʶʛʝ ɺʦʩʪʦʯʥʦʡ ɽʚʨʦʧʳ ʠ ʚ ʉʝʚʝʨʥʦʡ 

ɸʬʨʠʢʝ. ʃʦʰʘʜʴ ʉʪʝʥʦʥʘ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʤʠʛʨʘʥʪʦʚ ʩ ʪʝʨʨʠʪʦʨʠʠ ʉʝʚʝʨʥʦʡ ɸʤʝʨʠʢʠ. ɺ ɽʚʨʘʟʠʶ 

ʣʦʰʘʜʠ ʧʨʦʥʠʢʣʠ ʯʝʨʝʟ ɹʠʨʠʥʛʠʡʩʢʫʶ ʩʫʰʫ 2.5-3.0 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ, ʠ ʙʳʩʪʨʦ ʨʘʩʩʝʣʠʣʠʩʴ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ɽʚʨʘʟʠʠ 

ʙʣʘʛʦʜʘʨʷ ʰʠʨʦʢʦʤʫ ʨʘʟʚʠʪʠʶ ʩʪʝʧʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ɺ ɽʚʨʦʧʝ ʣʦʰʘʜʴ ʉʪʝʥʦʥʘ ʧʦʷʚʠʣʘʩʴ 2.0 ʤʣʥ. ʣʝʪ ʥʘʟʘʜ ʠ 

ʩʫʱʝʩʪʚʦʚʘʣʘ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ 1.0 ʤʣʥ, ʣʝʪ ʥʘʟʘʜ. ɸʨʝʘʣ ʣʦʰʘʜʠ ʉʪʝʥʦʥʘ ʙʳʣ ʦʙʰʠʨʝʥ, ʦʭʚʘʪʳʚʘʣ ɿʘʧʘʜʥʫʶ 

(ʌʨʘʥʮʠʷ, ʀʪʘʣʠʷ ʠ ʜʨ.) ʠ ɺʦʩʪʦʯʥʫʶ ɽʚʨʦʧʫ (ʄʦʣʜʦʚʘ, ʶʛ ʋʢʨʘʠʥʳ, ʂʨʳʤ), ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ, ɿʘʢʘʚʢʘʟʴʝ 

(ɻʨʫʟʠʷ). ʉʭʦʜʥʳʝ ʩ ʥʝʡ ʦʩʪʘʥʢʠ ʥʘʡʜʝʥʳ ʠ ʜʘʣʝʝ ʥʘ ʚʦʩʪʦʢ - ʚ ʂʘʟʘʭʩʪʘʥʝ, ʊʘʜʞʠʢʠʩʪʘʥʝ, ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʅʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʦʩʪʘʪʢʠ ʣʦʰʘʜʠ, ʩʭʦʜʥʦʡ ʩ ʣʦʰʘʜʴʶ ʉʪʝʥʦʥʘ, ʥʘʡʜʝʥʳ ʫ ʉʤʦʨʛʦʥʠ (ʣʝʚʘʷ ʧʷʩʪʥʘʷ ʢʦʩʪʴ).  

ʃʦʰʘʜʠ ʙʳʣʠ ʢʨʫʧʥʳʝ ï ʚʳʩʦʪʘ ʚ ʭʦʣʢʝ ʜʦʩʪʠʛʘʣʘ 145-155 ʩʤ. ɺ ʩʪʨʦʝʥʠʠ ʟʫʙʥʦʡ ʩʠʩʪʝʤʳ, ʯʝʨʝʧʘ ʠ 

ʢʦʩʪʝʡ ʢʦʥʝʯʥʦʩʪʝʡ ʥʘʙʣʶʜʘʣʠʩʴ ʘʨʭʘʠʯʥʳʝ ʧʨʠʟʥʘʢʠ. ʃʦʰʘʜʴ ʉʪʝʥʦʥʘ ʚʭʦʜʠʣʘ ʚ ʩʦʩʪʘʚ ʪʘʤʘʥʩʢʦʛʦ 

ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʥʘʩʝʣʷʣʘ ʦʪʢʨʳʪʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʩʘʚʘʥʥʦʛʦ ʪʠʧʘ. ʆʙʠʪʘʣʘ ʚ ʜʦʚʦʣʴʥʦ ʟʘʩʫʰʣʠʚʦʤ 

ʢʣʠʤʘʪʝ (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3 ʃʦʰʘʜʴ ʉʪʝʥʦʥʘ (Equus cf. stenonis Cocchi) [3] 

 

ʃʦʰʘʜʴ ʉʪʝʥʦʥʘ, ʢʘʢ ʧʨʠʤʠʪʠʚʥʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʦʜʥʦʧʘʣʳʭ ʣʦʰʘʜʝʡ, ʙʳʣʘ ʚʳʪʝʩʥʝʥʘ ʙʦʣʝʝ 

ʧʨʦʛʨʝʩʩʠʚʥʳʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʣʝʡʩʪʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʦʪʨʷʜʘ ʥʝʧʘʨʥʦʢʦʧʳʪʥʳʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ɹʝʣʘʨʫʩʠ ʠʤʝʣʠ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ɺʠʜʦʚʦʡ ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʦʤʫ ʜʣʷ 

ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʚ ʵʪʦ ʚʨʝʤʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʮʝʣʳʝ ʩʢʝʣʝʪʳ ʥʘʡʜʝʥʳ ʥʝ ʙʳʣʠ, ʚʩʝ 

ʦʩʪʘʪʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʝʛʦ ʬʨʘʛʤʝʥʪʘʤʠ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʆʩʥʦʚʳ ʧʘʣʝʦʥʪʦʣʦʛʠʠ / ʧʦʜ ʨʝʜ. ʖ.ɸ. ʆʨʣʦʚʘ: ʚ 15 ʪ. ï ʄʦʩʢʚʘ: ʀʟʜʘʪʝʣʴʩʪʚʦ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʉʉʉʈ, 1962. ï 

ʊ.13. ï 421 ʩ.  
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ʇʨʦʙʣʝʤʳ ʛʝʦʣʦʛʠʠ ʠ ʦʩʚʦʝʥʠʷ ʥʝʜʨ: ʊʨʫʜʳ XVII ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʩʠʤʧʦʟʠʫʤʘ ʠʤʝʥʠ ʘʢʘʜʝʤʠʢʘ ʄ.ɸ. ʋʩʦʚʘ 
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ʇɸʃɽʆʅʊʆʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ɺ ɹɸʉʉɽʁʅɽ ʈ. ʂʆʃʓʄɸ 

ʄ.ʖ. ʏʝʧʨʘʩʦʚ, ʊ.ʌ. ʆʙʘʜʵ, ɻ.ʇ. ʅʦʚʛʦʨʦʜʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʀ.ʀ. ʄʦʨʜʦʩʦʚ  

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

ɹʘʩʩʝʡʥ ʨ. ʂʦʣʳʤʘ ʠʟʜʘʚʥʘ ʠʟʚʝʩʪʝʥ ʢʘʢ ʢʨʘʡ ʤʘʤʦʥʪʦʚ. ɿʜʝʩʴ ʚ 1900 ʛ.  ʚ ʩʨʝʜʥʝʤ ʝʝ ʪʝʯʝʥʠʠ ʙʳʣʘ 

ʦʙʥʘʨʫʞʝʥʘ ʧʝʨʚʘʷ ʠ ʜʦ ʩʠʭ ʧʦʨ ʝʜʠʥʩʪʚʝʥʥʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʮʝʣʘʷ ʪʫʰʘ ʚʟʨʦʩʣʦʛʦ ʤʘʤʦʥʪʘ (ʄ. primigenius) ʩ 

ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʤʷʛʢʠʤʠ ʪʢʘʥʷʤʠ [1]. ʋʥʠʢʘʣʴʥʘʷ ʥʘʭʦʜʢʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ ɹʝʨʝʟʦʚʩʢʠʡ ʤʘʤʦʥʪ, ʧʦ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʥʘʟʚʘʥʠʶ ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʂʦʣʳʤʳ ʨ. ɹʝʨʝʟʦʚʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʤʘʤʦʥʪ ʙʳʣ ʥʘʡʜʝʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦʛʦ ʤʘʤʦʥʪʘ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ [2, 3, 4]. 

ɺ 2007 ʛ. ʚ ʦʢʨʝʩʪʥʦʩʪʷʭ ʧʦʩ. ʏʝʨʩʢʠʡ ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʫʥʠʢʘʣʴʥʳʭ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 

ʥʘʭʦʜʦʢ ʩʦʚʨʝʤʝʥʥʦʩʪʠ ï ʟʘʤʦʨʦʞʝʥʥʘʷ ʪʫʰʘ ʂʦʣʳʤʩʢʦʛʦ ʰʝʨʩʪʠʩʪʦʛʦ ʥʦʩʦʨʦʛʘ (C. aniquitatis) [5]. ʆʥʘ  

ʷʚʣʷʝʪʩʷ ʧʝʨʚʦʡ  ʚ ʤʠʨʝ ʥʘʭʦʜʢʦʡ ʵʪʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʞʠʚʦʪʥʦʛʦ ʚ ʟʘʤʦʨʦʞʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʟʥʘʯʝʥʠʝ ʝʝ ʪʨʫʜʥʦ 

ʧʝʨʝʦʮʝʥʠʪʴ. ʂʨʦʤʝ ʟʘʤʦʨʦʞʝʥʥʳʭ ʪʫʰ ʜʨʝʚʥʠʭ ʞʠʚʦʪʥʳʭ ʩ ʤʷʛʢʠʤʠ ʪʢʘʥʷʤʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʦʣʳʤʘ 

ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘʭʦʜʠʣʠ ʫʥʠʢʘʣʴʥʳʝ ʢʦʩʪʥʳʝ ʦʩʪʘʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʯʝʨʝʧʘ ʧʝʱʝʨʥʳʭ ʣʴʚʦʚ, ʢʦʩʪʠ ʛʠʛʘʥʪʩʢʦʡ 

ʣʦʰʘʜʠ ɺʝʨʳ ʠ ʜʨʫʛʠʭ ʠʩʢʦʧʘʝʤʳʭ ʣʦʰʘʜʝʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʫʶ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ, ʙʘʩʩʝʡʥ ʨ. ʂʦʣʳʤʘ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʚʝʩʴʤʘ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʤ. ʅʘʠʙʦʣʝʝ 

ʠʟʚʝʩʪʥʳʤ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝʤ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʥʘ ʂʦʣʳʤʝ ʷʚʣʷʝʪʩʷ ɼʫʚʘʥʥʳʡ ʗʨ, ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ 

ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʙʘʩʩʝʡʥʘ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʚ 35-45 ʢʤ ʦʪ ʧ. ʂʦʣʳʤʩʢʦʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʠʤʝʶʪ 

ʩʧʦʨʘʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʚʦʜʷʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʠʥʬʦʨʤʘʮʠʠ ʤʝʩʪʥʳʭ ʞʠʪʝʣʝʡ ʧʨʠ ʦʙʥʘʨʫʞʝʥʠʠ 

ʠʥʪʝʨʝʩʥʳʭ ʥʘʭʦʜʦʢ. ʅʘ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʠ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʦʩʪʘʪʢʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʤʘʤʦʥʪʦʚʦʡ 

ʬʘʫʥʳ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ ʥʘ ʉʝʚʝʨʝ ʗʢʫʪʠʠ. ɺ ʚʝʨʭʥʝʤ ʠ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʙʘʩʩʝʡʥʘ  ʨ. ʂʦʣʳʤʘ ʜʦ ʵʪʦʛʦ 

ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʝ ʧʨʦʚʦʜʠʣʠʩʴ. 

ɺ 2013 ʛ. ʚ ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʤ ʠ ʉʨʝʜʥʝʢʦʣʳʤʩʢʦʤ ʨʘʡʦʥʘʭ  ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 

ʨʘʙʦʪʳ ʧʦ ʚʳʷʚʣʝʥʠʶ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ, ʛʜʝ ʙʳʣʦ ʦʙʩʣʝʜʦʚʘʥʦ 6 

ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʡ (ʨʠʩ. 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1 ʄʝʩʪʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʜʠʮʠʦʥʥʳʭ ʨʘʙʦʪ 

ʚ ʙʘʩʩʝʡʥʝ ʨ. ʂʦʣʳʤʘ ʚ 2013 ʛ. 

1 ï ʤʝʩʪʥʦʩʪʴ çʊʘʣʘʷè ʥʘ ʨ. ʆʤʫʣʝʚʢʘ (ʧʨʘʚʳʡ 

ʧʨʠʪʦʢ ʨ. ʗʩʘʯʥʘʷ, 150 ʢʤ ʦʪ ʧ. ɿʳʨʷʥʢʘ); 2 ï 

ʤʝʩʪʥʦʩʪʴ çʇʨʘʚʦʢʦʣʳʤʩʢʘʷè (110 ʢʤ ʚʳʰʝ ʧʦ 

ʪʝʯʝʥʠʶ ʦʪ ʧ. ɿʳʨʷʥʢʘ); 3 ï ʫʩʪʴʝ ʨ. ʐʘʤʘʥʠʭʘ 

(ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʂʦʣʳʤʘ, 130 ʢʤ ʦʪ ʧ. 

ɿʳʨʷʥʢʘ); 4 ï ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ çʀʨʠʣʷʭ-

ʉʠʝʥʝè (140 ʢʤ ʥʠʞʝ ʧʦ ʪʝʯʝʥʠʶ ʨ. ʂʦʣʳʤʘ ʦʪ 

ʧ. ɿʳʨʷʥʢʘ); 5 ï ʙʘʩʩʝʡʥ ʨ. ʉʝʜʝʜʝʤʘ; 6 ï ʙʘʩʩʝʡʥ 

ʨ. ɹʝʨʝʟʦʚʢʘ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ʂʦʣʳʤʘ) (130 ʢʤ 

ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʛ. ʉʨʝʜʥʝʢʦʣʳʤʩʢ) 

 

 

ɺ ɺʝʨʭʥʝʢʦʣʳʤʩʢʦʤ ʨʘʡʦʥʝ ʩʦʙʨʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʩʪʥʳʭ ʦʩʪʘʥʢʦʚ ʨʘʟʣʠʯʥʳʭ ʞʠʚʦʪʥʳʭ 

ʤʘʤʦʥʪʦʚʦʡ ʬʘʫʥʳ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ: M. trogontherii, Mammuthus intermedius (=M. chosaricus), M. 

pimigenius fraasi (=ʨʘʥʥʷʷ ʬʦʨʤʘ ʤʘʤʦʥʪʦʚ), Mammuthus primigenius primigenius (=ʧʦʟʜʥʷʷ ʬʦʨʤʘ ʤʘʤʦʥʪʦʚ), 

Mammuthus primigenius s.l., Coelodonta antiquitatis, Bison sp., Alces sp., Equus sp., Cervus elaphus, Ovibos sp., 

Rangifer tarandus.  

ʅʘʠʙʦʣʝʝ ʮʝʥʥʳʤʠ ʥʘʭʦʜʢʘʤʠ ʩʪʘʣʠ: ʯʝʨʝʧ (ʨʠʩ. 2) ʠ ʥʠʞʥʷʷ ʯʝʣʶʩʪʴ (c M3 ʠ m3 sin. ʠ dex.) 

ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʦʜʥʦʡ ʦʩʦʙʠ ʪʨʦʛʦʥʪʝʨʠʝʚʦʛʦ ʤʘʤʦʥʪʘ, ʣʝʚʘʷ ʚʝʪʚʴ ʥʠʞʥʝʡ ʯʝʣʶʩʪʠ ʙʫʨʦʛʦ ʤʝʜʚʝʜʷ, 

ʦʙʨʘʙʦʪʘʥʥʳʡ ʙʠʚʝʥʴ ʜʨʝʚʥʠʤ ʯʝʣʦʚʝʢʦʤ, ʯʝʨʝʧ ʦʚʮʝʙʳʢʘ ʠ ʘʥʦʤʘʣʴʥʳʡ ʙʠʚʝʥʴ ʤʘʤʦʥʪʘ, ʧʦʜʚʝʨʞʝʥʥʳʡ 

ʙʦʣʝʟʥʳʤ ʙʦʨʦʜʘʚʯʘʪʳʤ ʨʘʟʚʨʘʱʝʥʠʷʤ (ʪʨʝʪʴʷ ʧʦʜʦʙʥʘʷ ʥʘʭʦʜʢʘ, ʠʟʚʝʩʪʥʘʷ ʥʘʫʯʥʦʤʫ ʩʦʦʙʱʝʩʪʚʫ).  
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ʉɽʂʎʀʗ 1. ʇɸʃɽʆʅʊʆʃʆɻʀʗ, ʉʊʈɸʊʀɻʈɸʌʀʗ ʀ  

ʈɽɻʀʆʅɸʃʔʅɸʗ ɻɽʆʃʆɻʀʗ 

 
ʈʠʩ. 2 ʏʝʨʝʧ ʪʨʦʛʦʥʪʝʨʠʝʚʦʛʦ ʤʘʤʦʥʪʘ (in situ) ʩ ʧʦʩʣʝʜʥʝʡ ʛʝʥʝʨʘʮʠʝʡ ʟʫʙʦʚ ʚ ʪʦʣʱʝ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʳ 

 

ɺ ʉʨʝʜʥʝʢʦʣʳʤʩʢʦʤ ʨʘʡʦʥʝ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɹʝʨʝʟʦʚʢʘ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʤʘʤʦʥʪ, ʚʳʪʘʠʚʘʶʱʠʡ ʠʟ ʙʝʨʝʛʘ 

ʙʝʟʳʤʷʥʥʦʛʦ ʨʫʯʴʷ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʪʫʰʠ ʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʨʟʣʦʪʝ. ʇʦʣʥʦʩʪʴʶ ʚʳʪʘʷʣʘ ʧʝʨʝʜʥʷʷ ʣʝʚʘʷ ʥʦʛʘ. 

ɼʣʠʥʘ ʦʪ ʢʦʥʯʠʢʘ ʣʦʧʘʪʢʠ ʜʦ ʩʪʦʧʳ ʩʦʩʪʘʚʣʷʝʪ 280 ʩʤ. ɼʠʘʤʝʪʨ ʩʪʦʧʳ ï 38 ʩʤ (ʨʠʩ. 3).  

 

  
ʈʠʩ. 3 ʆʩʪʘʥʢʠ ʤʘʤʦʥʪʘ ʩ ʯʘʩʪʠʯʥʦ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʤʷʛʢʠʤʠ ʪʢʘʥʷʤʠ ʚ ʙʘʩʩʝʡʥʝ ʨ. ɹʝʨʝʟʦʚʢʘ: ɸ - 

ʩʥʷʪʠʝ  ʧʨʦʤʝʨʦʚ ʧʝʨʝʜʥʝʡ ʢʦʥʝʯʥʦʩʪʠ; ɹ ï ʧʨʦʤʝʨʳ ʩʪʦʧʳ ʩ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʨʦʛʦʚʳʤʠ ʢʦʧʳʪʮʘʤʠ 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 
 

ɿʆʃʆʊʆʅʆʉʅʆʉʊʔ ʋʃʔʊʈɸʄɽʊɸʄʆʈʌʀʏɽʉʂʀʍ ʂʆʄʇʃɽʂʉʆɺ 
ʀ ʇʈʆɹʃɽʄɸ ʈʋɼʆʆɹʈɸɿʆɺɸʅʀʗ 

ʀ.ɺ. ʂʫʯʝʨʝʥʢʦ, ʧʨʦʬʝʩʩʦʨ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɻʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʩʪʘʚʥʫʶ ʯʘʩʪʴ ʙʦʣʝʝ 

ʤʘʩʰʪʘʙʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ï ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʣʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʨʝʛʠʦʥʘʣʴʥʳʤʠ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʷʚʣʝʥʠʷʤʠ. ʆʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, 

ʩʧʝʮʠʬʠʢʘ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʦʯʝʪʘʥʠʠ ʛʣʫʙʠʥʥʳʭ ʦʯʘʛʦʚ ʛʝʥʝʨʘʮʠʠ ʛʦʨʷʯʠʭ ʚʦʜʥʳʭ ʬʣʶʠʜʦʚ, ʧʫʪʝʡ ʠʭ 

ʤʠʛʨʘʮʠʠ ʠ ʦʙʲʝʤʦʚ ʟʝʤʥʦʡ ʢʦʨʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ. ʊʨʫʜʥʦʩʪʠ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 

ʧʦʜʨʫʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʩʫʱʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ, 

ʫʛʣʫʙʣʝʥʠʷ ʪʝʦʨʠʠ ʠ ʨʘʟʨʘʙʦʪʢʠ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʦʨʫʜʝʥʝʥʠʷ 

ʚ ʫʩʣʦʚʠʷʭ ʧʝʨʝʭʦʜʘ ʢ ʧʦʠʩʢʘʤ ʥʝ ʚʳʭʦʜʷʱʠʭ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʳ ʨʷʜʦʤ 

ʧʨʠʯʠʥ. ʂ ʯʠʩʣʫ ʚʘʞʥʝʡʰʠʭ ʦʪʥʦʩʷʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʟʦʙʱʝʥʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʠʩʪʦʯʥʠʢʦʚ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ï ʚʦʜʳ ʠ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʤʘʥʪʠʡʥʳʝ ʠʣʠ ʢʦʨʦʚʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ 

ʨʘʩʧʣʘʚʳ ʠʣʠ ʦʯʘʛʠ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘʛʨʝʚʘʥʠʷ ï ʜʝʛʠʜʨʘʪʘʮʠʠ ʠ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʥʘ ʧʫʪʷʭ ʜʚʠʞʝʥʠʷ 

ʬʣʶʠʜʦʚ ʚ ʨʘʟʥʳʭ ʩʦʯʝʪʘʥʠʷʭ, ʘ ʪʘʢʞʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʜʦʩʪʫʧʥʦʩʪʴ ʧʦʜʨʫʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʆ ʪʦʤ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʛʣʫʙʠʥʘʭ ʧʦʜʨʫʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦ ʚʨʝʤʷ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ, ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʣʝʜʘʤ, ʢʦʪʦʨʳʝ ʦʩʪʘʚʣʷʝʪ ʧʨʠʨʦʜʘ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ʉʣʝʜʳ ʟʘʢʣʶʯʝʥʳ ʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʩʪʫʧʘʚʰʠʭ ʚ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʩ 

ʤʝʪʘʣʣʦʥʦʩʥʳʤʠ ʬʣʶʠʜʘʤʠ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʚ ʘʩʩʦʮʠʘʮʠʷʭ ʧʦʩʪʫʧʘʚʰʠʭ ʩ ʤʝʪʘʣʣʦʥʦʩʥʳʤʠ ʬʣʶʠʜʘʤʠ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʝʪʨʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʬʠʢʫ ʩʠʣʠʢʘʪʥʳʭ ʨʘʩʧʣʘʚʦʚ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʦʩʪʘʚʦʚ, ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʠʟʦʪʦʧʦʚ ʥʝʢʦʪʦʨʳʭ ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʤʠʥʝʨʘʣʘʭ ʨʫʜ ʠ ʦʢʦʣʦʨʫʜʥʦ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʩʦʩʪʘʚʘʭ ʤʠʥʝʨʘʣʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʠʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ, ʨʫʜ ʠ ʜʨ. ʀʟʫʯʝʥʠʝ ʵʪʠʭ ʩʣʝʜʦʚ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʦʤ ʥʝ ʚʩʝʛʜʘ 

ʟʘʚʝʨʰʘʝʪʩʷ ʦʜʥʦʚʘʨʠʘʥʪʥʦʡ ʢʦʨʨʝʢʪʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʧʦʣʫʯʘʝʤʳʭ ʜʘʥʥʳʭ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʜʝʬʠʮʠʪ 

ʜʦʩʪʦʚʝʨʥʳʭ ʬʘʢʪʦʚ ʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʨʝʜʢʘʷ ʛʠʧʦʪʝʪʠʯʥʦʩʪʴ ʚʳʚʦʜʦʚ. 

ʂ ʯʠʩʣʫ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ ʧʨʝʜʤʝʪ 

ʜʠʩʢʫʩʩʠʠ ʚ ʪʝʯʝʥʠʝ ʜʚʘʜʮʘʪʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʜʦ ʩʝʛʦ ʚʨʝʤʝʥʠ, ʦʪʥʦʩʷʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ. 

ɺ ʩʝʨʝʜʠʥʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʢ ʜʚʫʤ ʢʦʥʢʫʨʠʨʦʚʘʚʰʠʤ ʜʦ ʪʦʛʦ ʛʨʘʥʠʪʦʛʝʥʥʦʡ ʠ ʙʘʟʘʣʴʪʦʛʝʥʥʦʡ ʛʠʧʦʪʝʟʘʤ 

ʜʦʙʘʚʣʝʥʳ ʝʱʝ ʜʚʝ ï ʤʝʪʘʤʦʨʬʦʛʝʥʥʘʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʠ ʧʦʣʠʛʝʥʥʘʷ ʚ ʧʨʠʣʦʞʝʥʠʠ ʢ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, 

ʦʙʨʘʟʦʚʘʥʥʳʤ ʚ ʪʦʣʱʘʭ ʫʛʣʝʨʦʜʠʩʪʳʭ (ʯʝʨʥʳʭ) ʪʝʨʨʠʛʝʥʥʳʭ, ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʩʣʘʥʮʝʚ. 

ʂʘʞʜʘʷ ʛʠʧʦʪʝʟʘ ʠʟ ʯʝʪʳʨʝʭ ʩʫʱʝʩʪʚʫʝʪ ʚ ʘʚʪʦʥʦʤʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ, ʥʘʩʢʦʣʴʢʦ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʧʦ ʧʫʙʣʠʢʘʮʠʷʤ, ʧʦʧʳʪʦʢ ʧʦʥʷʪʴ ʧʨʠʯʠʥʳ ʪʘʢʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʙʫʩʣʦʚʣʝʥʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʨʫʧʥʳʭ ʠ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʪʦ 

ʠʩʢʣʶʯʘʝʪ ʢʦʥʚʝʨʛʝʥʮʠʶ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʢ ʚʦʟʤʦʞʥʫʶ ʧʨʠʯʠʥʫ ʵʪʦʛʦ. ʄʝʞʜʫ ʪʝʤ, ʧʨʠʯʠʥʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʥʷʪʳ ʧʨʠ ʫʩʣʦʚʠʠ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʬʘʢʪʦʣʦʛʠʯʝʩʢʦʡ ʙʘʟʳ ʠ ʘʨʛʫʤʝʥʪʘʮʠʠ ʢʘʞʜʦʡ ʛʠʧʦʪʝʟʳ, ʚ 

ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʠʩʢʫʩʩʠʷ ʦʙʝʱʘʝʪ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʦʡ. ʏʪʦʙʳ ʵʪʦʛʦ ʥʝ ʧʨʦʠʟʦʰʣʦ ʠ ʜʣʷ ʧʨʠʙʣʠʞʝʥʠʷ, ʧʦ 

ʚʦʟʤʦʞʥʦʩʪʠ, ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʩʦʩʫʱʝʩʪʚʫʶʱʠʝ ʛʠʧʦʪʝʟʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʫʪʝʤ ʚʥʝʩʫʪ ʩʚʦʡ ʚʢʣʘʜ ʠ 

ʪʨʘʥʩʬʦʨʤʠʨʫʶʪʩʷ ʚ ʦʧʠʨʘʶʱʫʶʩʷ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʦʩʪʦʚʝʨʥʳʭ ʬʘʢʪʦʚ ʩʪʨʦʛʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʫʶ ʪʝʦʨʠʶ ʚ 

ʩʦʧʨʦʚʦʞʜʝʥʠʠ ʢʦʤʧʣʝʢʩʘ ʨʘʙʦʪʘʶʱʠʭ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʦʨʫʜʝʥʝʥʠʷ, ʚ ʩʝʨʠʠ ʧʫʙʣʠʢʘʮʠʡ ʘʚʪʦʨʘ 

ʦʙʩʫʞʜʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʢʘʞʜʦʡ ʛʠʧʦʪʝʟʳ [9 ï 14]. 

ɺʥʝ ʩʬʝʨʳ ʘʥʘʣʠʟʘ ʦʩʪʘʣʩʷ ʦʜʠʥ ʠʟ ʨʘʥʥʠʭ ʚʘʨʠʘʥʪʦʚ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʡ ʛʠʧʦʪʝʟʳ, ʧʨʝʜʧʦʣʘʛʘʚʰʠʡ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʚ ʧʨʦʮʝʩʩʘʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʷʭ, ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʟʦʣʦʪʘ ʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ʩʤʝʞʥʳʭ, 

ʩʤʝʥʷʶʱʠʭ ʦʜʥʘ ʜʨʫʛʫʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʬʘʮʠʡ ʘʨʝʘʣʦʚ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʜʣʷ 

ʩʫʞʜʝʥʠʷ ʦ ʚʦʟʤʦʞʥʦʡ ʤʝʞʟʦʥʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʟʦʣʦʪʘ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʝʛʦ ʚ ʢʦʥʢʨʝʪʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 

ʟʦʥʘʭ. ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʩʣʘʛʘʶʱʠʝ ɸʥʛʘʨʦ-

ʂʘʥʩʢʠʡ (ɽʥʠʩʝʡʩʢʠʡ ʢʨʷʞ) ʠ ʄʫʡʩʢʠʡ (ʉʝʚʝʨʥʦʝ ɿʘʙʘʡʢʘʣʴʝ) ʚʳʩʪʫʧʳ ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʠ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʳʝ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʢʦʤʧʣʝʢʩʳ ʶʞʥʦʛʦ ʛʦʨʥʦ-ʩʢʣʘʜʯʘʪʦʛʦ ʝʝ ʦʙʨʘʤʣʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʤʥʦʛʦʣʝʪʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʠ 

ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʜʦʢʣʘʜʝ. 

ʇʦ ʜʘʥʥʳʤ ʖ.ʇ. ɹʦʚʠʥʘ, ɸ.ʄ. ʉʘʟʦʥʦʚʘ [3], ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʛʨʘʥʫʣʠʪʘʭ, ʛʠʧʝʨʩʪʝʥʦʚʳʭ 

ʛʥʝʡʩʘʭ, ʛʨʘʥʫʣʠʪʦ-ʛʥʝʡʩʘʭ ʢʫʟʝʝʚʩʢʦʡ ʪʦʣʱʠ ʘʨʭʝʡʩʢʦʡ ʢʘʥʩʢʦʡ ʩʝʨʠʠ ɸʥʛʘʨʦ-ʂʘʥʩʢʦʛʦ ʚʳʩʪʫʧʘ ɽʥʠʩʝʡʩʢʦʛʦ 

ʢʨʷʞʘ ʩʦʩʪʘʚʣʷʶʪ (ʤʛ/ʪ) 12,2é14,6, ʚ ʵʪʠʭ ʞʝ ʧʦʨʦʜʘʭ, ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʭ ʚ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ, ï 3,32, ʚ 

ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ, ï 9,7, ʚ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ 8,0. ɻʨʘʥʫʣʠʪʳ, ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʳ, ʛʥʝʡʩʳ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʘʪʘʤʘʥʦʚʩʢʦʡ ʪʦʣʱʠ ʢʘʥʩʢʦʡ ʩʝʨʠʠ ʩʦʜʝʨʞʘʪ (ʤʛ/ʪ) ʟʦʣʦʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ï ʚ ʩʨʝʜʥʝʤ 4,3, 

ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʝ ʥʘ ʫʨʦʚʥʝ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ, ï 3,7, ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʡ, ï 

4,4. ɺ ʤʠʛʤʘʪʠʪʘʭ ʠ ʛʥʝʡʩʘʭ ʝʥʠʩʝʡʩʢʦʡ ʩʝʨʠʠ ʟʦʣʦʪʦ ʩʦʜʝʨʞʠʪʩʷ ʚ ʩʨʝʜʥʝʤ ʥʘ ʫʨʦʚʥʷʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 3,5 ʠ 6,9 

ʤʛ/ʪ. ʉʫʱʝʩʪʚʝʥʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʨʦʜʘʭ ʢʫʟʝʝʚʩʢʦʡ ʪʦʣʱʠ, 

ʧʦʜʚʝʨʛʰʠʭʩʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ, ï ʜʦ 31,5 ʤʛ/ʪ. 

ɺ ʄʫʡʩʢʦʤ ʚʳʩʪʫʧʝ ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ 

ʧʦʨʦʜʳ, ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʘ, ʩʦʜʝʨʞʘʪ ʟʦʣʦʪʘ (ʤʛ/ʪ, ʩʨʝʜʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ, ʚ ʩʢʦʙʢʘʭ ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʠ 

ʯʠʩʣʦ ʧʨʦʙ): ʘʣʴʤʘʥʜʠʥ-ʜʠʦʧʩʠʜ-ʜʚʫʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʛʥʝʡʩʳ ï 0,7 (1,1 ï 29), ʘʣʴʤʘʥʜʠʥ-ʜʚʫʩʣʶʜʷʥʳʝ ʛʥʝʡʩʳ ï 

0,5 (0,6 ï 30), ʢʘʣʴʮʠʬʠʨʳ ï 0,9 (1,2 ï 25), ʛʨʘʥʠʪʳ ʤʠʛʤʘʪʠʪʦʚʦʡ ʚʳʧʣʘʚʢʠ ï 0,6 (0,7 ï 28). 

ɺ ʚʳʩʦʢʦ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʟʦʥʘʭ ʘʨʝʘʣʘ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʟʨʝʣʳʭ ʦʯʘʛʦʚʦ-

ʢʫʧʦʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ ʩʨʝʜʥʠʝ ʘʨʠʬʤʝʪʠʯʝʩʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʟʦʣʦʪʘ (ʤʛ/ʪ) ʩʦʧʦʩʪʘʚʠʤʳ ʠ ʩʦʩʪʘʚʣʷʶʪ ʚ ʧʦʨʦʜʘʭ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ 7,5 (30 ʧʨʦʙ), ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʠ 9,4 (24 ʧʨʦʙʳ), ʙʠʦʪʠʪ-ʭʣʦʨʠʪʦʚʦʡ ʠ ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʦʡ ʩʫʙʬʘʮʠʡ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ 9,3 (31 ʧʨʦʙʘ) 

ʠ 9,8 (88 ʧʨʦʙ) [15]. 

ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʵʪʠʤ ʜʘʥʥʳʤ ɸ.ʄ. ʉʘʟʦʥʦʚ ʦʪʤʝʪʠʣ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʳʭ ʩʦʦʨʫʞʝʥʠʡ ʎʝʥʪʨʘʣʴʥʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ ʦʪ 2,3 ʤʛ/ʪ ʚ 

ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ (8 ʧʨʦʙ) ʜʦ 0,7 ʤʛ/ʪ ʚ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ (46 ʧʨʦʙ) [18]. 

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʦʣʦʩʝ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ ɸ.ɼ. ʅʦʞʢʠʥ ʠ ɺ.ɸ. ɻʘʚʨʠʣʝʥʢʦ [16] ʦʮʝʥʠʣʠ 

ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʛʨʘʥʘʪ- ʠ ʙʠʦʪʠʪ-ʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʥʘ ʫʨʦʚʥʝ 0,9 ʤʛ/ʪ (45 

ʧʨʦʙ), ʘ ʚ ʧʨʦʪʦʣʠʪʝ ʜʣʷ ʥʠʭ ï ʬʠʣʣʠʪʘʭ 1,7 ʤʛ/ʪ (40 ʧʨʦʙ), ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʘʭ 1,2 ʤʛ/ʪ (71 ʧʨʦʙʘ). 

ʂʝʜʨʦʚʩʢʘʷ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ (335 ʤʣʥ ʣ) ʟʨʝʣʘʷ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚ ʚʦʩʪʦʯʥʦʤ 

ʦʙʨʘʤʣʝʥʠʠ ʄʫʡʩʢʦʛʦ ʚʳʩʪʫʧʘ ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʦʙʨʘʟʦʚʘʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʟʤʘ ʩ 

ʯʘʩʪʠʯʥʳʤ ʧʣʘʚʣʝʥʠʝʤ ʯʝʨʥʳʭ ʩʣʘʥʮʝʚ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦʡ ʢʝʜʨʦʚʩʢʦʡ ʩʚʠʪʳ. ʏʝʨʥʳʝ ʩʣʘʥʮʳ ʚ ʧʦʟʜʥʝʤ ʨʠʬʝʝ 

ʧʦʜʚʝʨʛʣʠʩʴ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ ʥʘ ʫʨʦʚʥʝ ʤʫʩʢʦʚʠʪ-ʙʠʦʪʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʥʘʠʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʬʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʘʛʨʝʚʘʥʠʷ. ʄʝʞʜʫ ʢʫʧʦʣʦʤ ʠ ʚʤʝʱʘʶʱʠʤʠ 

ʝʛʦ ʯʝʨʥʳʤʠ ʩʣʘʥʮʘʤʠ ʩʫʱʝʩʪʚʫʶʪ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʦʪ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʷʜʨʘ ʚ ʤʠʛʤʘʪʠʪʳ, ʜʘʣʝʝ ʚ 

ʘʣʴʤʘʥʜʠʥ-ʜʚʫʩʣʶʜʷʥʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ, ʦʛʥʝʡʩʦʚʘʥʥʳʝ ʯʝʨʥʳʝ ʩʣʘʥʮʳ ʠ, ʥʘʢʦʥʝʮ, ʚ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʝ 

ʙʝʩʢʘʨʙʦʥʘʪʥʳʝ ʯʝʨʥʳʝ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʦ-ʩʣʘʥʮʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʪʦʚ ʘʨʭʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ʟʜʝʩʴ 

ʜʦʩʪʦʚʝʨʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʨʦʪʦʣʠʪ ʦʯʘʛʦʚʦʛʦ ʢʫʧʦʣʘ. ʉʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ (ʚ ʩʢʦʙʢʘʭ 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʠ ʯʠʩʣʦ ʧʨʦʙ), ʧʦ ʜʘʥʥʳʤ ʘʚʪʦʨʘ, ʩʦʩʪʘʚʣʷʝʪ (ʤʛ/ʪ) ʚ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʘʭ 0,7 (0,8 ï 25), 

ʚ ʤʠʛʤʘʪʠʪʘʭ ʠ ʛʥʝʡʩʘʭ 0,7 (0,7 ï 28), ʚ ʧʨʦʪʦʣʠʪʝ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʪʦʚ ï ʯʝʨʥʳʭ ʩʣʘʥʮʘʭ 1,2 (1,6 ï 37). 

ʉʦʛʣʘʩʥʦ ʨʝʟʫʣʴʪʘʪʘʤ ɺ.ɸ. ɹʫʨʷʢʘ [4], ʩʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚʦʟʨʘʩʪʘʶʪ ʦʪ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʜʠʩʪʝʥ-ʩʪʘʚʨʦʣʠʪʦʚʦʡ ʟʦʥʳ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɹʦʜʘʡʙʠʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʚ ʃʝʥʩʢʦʤ ʨʘʡʦʥʝ ʢ 

ʚʤʝʱʘʶʱʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʟʦʥʝ ʯʝʨʥʦʩʣʘʥʮʝʚʦʛʦ ʚʳʧʦʣʥʝʥʠʷ 

ʧʨʦʛʠʙʘ: ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʘʭ ï ʦʪ 1,9 ʜʦ 6,9, ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ ʘʣʝʚʨʦʩʣʘʥʮʘʭ ʦʪ 1,4 ʜʦ 2,5, ʚ ʫʛʣʝʨʦʜʠʩʪʳʭ 

ʧʝʩʯʘʥʠʢʘʭ ʦʪ 2,5 ʜʦ 3,2 ʤʛ/ʪ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʯʨʝʟʚʳʯʘʡʥʫʶ ʧʝʩʪʨʦʪʫ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʝʨʢʠ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʘʭ ʠʜʝʠ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʦ ʤʠʛʨʘʮʠʠ ʟʦʣʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʟʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʝʛʦ ʘʨʝʘʣʦʚ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʝʣʝʥʦʩʣʘʥʮʝʚʫʶ 

ʟʦʥʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʧʦʩʣʝʜʥʝʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʕʪʫ ʠʜʝʶ ʧʦʜʜʝʨʞʘʣ ʦʜʠʥ ʠʟ ʝʝ ʘʚʪʦʨʦʚ, 

ʢʦʪʦʨʳʡ ʦʜʥʘʢʦ ʧʦʜʯʝʨʢʥʫʣ, ʯʪʦ ʠʟʚʣʝʯʝʥʥʦʛʦ ʠʟ ʧʦʨʦʜ ʟʦʣʦʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʤʝʪʘʣʣʘ ʚ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠ ʪʨʝʙʫʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʪʦʯʥʠʢʠ [4]. ɺ ʢʘʯʝʩʪʚʝ ʪʘʢʦʚʳʭ ʦʥ ʧʨʝʜʣʦʞʠʣ 

ʩʯʠʪʘʪʴ ʤʘʥʪʠʡʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʦʯʘʛʠ. ɺʳʚʦʜʳ ʦ ʚʳʥʦʩʝ ʟʦʣʦʪʘ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʚ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʧʨʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʟʦʥʘʣʴʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ ʚ ʨʷʜʝ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘ ʩʯʝʪ ʧʦʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʝʪʘʣʣʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʨʘʙʦʪʘʭ [5 ï 8, 20, 25, 26, 

28]. 

ɸʚʪʦʨʩʢʠʝ ʜʘʥʥʳʝ ʙʣʠʟʢʠ ʢ ʨʝʟʫʣʴʪʘʪʘʤ ɸ.ɼ. ʅʦʞʢʠʥʘ ʠ ɺ.ɸ. ɻʘʚʨʠʣʝʥʢʦ, ï ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ 

ʧʨʦʪʦʣʠʪʘʭ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʚ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʥʠʭ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʳʭ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ, 

ʯʪʦ, ʦʯʝʚʠʜʥʦ, ʝʩʪʴ ʩʣʝʜʩʪʚʠʝ ʫʜʘʣʝʥʠʷ ʤʝʪʘʣʣʘ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ, ʥʦ ʥʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʯʝʨʥʳʝ ʩʣʘʥʮʳ ʩ ʤʫʩʢʦʚʠʪ-ʙʠʦʪʠʪʦʚʳʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʧʘʨʘʛʝʥʝʟʠʩʦʤ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝ ʧʦʜʚʝʨʛʰʠʝʩʷ 

ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ. ʈʘʟʣʠʯʠʷ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʩʪʦʣʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳ (0,3é0,8 ʤʛ/ʪ), ʯʪʦ ʩʚʷʟʳʚʘʪʴ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʟʤʦʤ ʚ ʧʦʜʦʙʥʳʭ ʩʣʫʯʘʷʭ ʙʳʣʦ ʙʳ ʥʝ ʢʦʨʨʝʢʪʥʦ. 

ʇʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʚʳʚʦʜʳ ʩʬʦʨʤʫʣʠʨʦʚʘʣʠ ɸ.ʄ. ʉʘʟʦʥʦʚ, ʖ.ʇ. ɹʦʚʠʥ ʠ ɸ.ʄ. ʉʘʟʦʥʦʚ, ï ʩʥʠʞʝʥʠʝ 

ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʡ ʚ ʧʦʨʦʜʘʭ ʟʦʣʦʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʦʚʦʨʠʪʴ ʦ 

ʨʫʜʦʦʙʨʘʟʫʶʱʝʡ (ʟʦʣʦʪʦʧʨʦʜʫʮʠʨʫʶʱʝʡ) ʬʫʥʢʮʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. 

ʅʘʢʦʥʝʮ, ʢʘʢ ʫʪʚʝʨʞʜʘʶʪ ʃ.ɺ. ʃʠ, ʆ.ʀ. ʐʦʭʠʥʘ, ʤʠʛʨʘʮʠʷ ʟʦʣʦʪʘ ʚ ʫʩʣʦʚʠʷʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʠʟ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʦʥ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʣʠ ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ɿʦʣʦʪʦ, ʧʦʜʦʙʥʦ ʨʪʫʪʠ [17], ʦʩʪʘʝʪʩʷ ʠʥʝʨʪʥʳʤ. ʀʥʝʨʪʥʦʩʪʴ ʤʝʪʘʣʣʘ ʥʘ ʤʘʪʝʨʠʘʣʝ ʨʷʜʘ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ [2, 19]. 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʟʦʣʦʪʦʧʨʦʜʫʮʠʨʫʶʱʝʡ, ʪʝʤ ʙʦʣʝʝ 

ʨʫʜʦʧʨʦʜʫʮʠʨʫʶʱʝʡ, ʩʧʦʩʦʙʥʦʩʪʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʢʘʢ ʵʪʦ ʩʣʝʜʫʝʪ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ 

ʦʙʟʦʨʘ, ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ ʥʝʚʦʟʤʦʞʥʦ. ʇʨʦʙʣʝʤʫ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʨʝʰʠʪʴ 

ʧʨʠ ʫʩʣʦʚʠʠ ʜʝʪʘʣʴʥʳʭ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʝʜʠʥʦʡ ʤʝʪʦʜʠʢʝ ʠ ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ 

ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ ʚʳʚʝʨʝʥʥʦʡ ʮʝʣʴʶ ʛʝʦʭʠʤʠʠ, ʧʨʠʟʚʘʥʥʦʡ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʝʝ ʦʩʥʦʚʘʪʝʣʝʡ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ ʠ 
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ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʠʩʪʦʨʠʶ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʝʣʝ 

ʧʣʘʥʝʪʳ. 

ɺ ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʵʪʦʛʦ ʥʝ ʧʨʦʠʟʦʰʣʦ. ʇʨʦʠʟʦʰʣʦ ʜʨʫʛʦʝ, ï ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʜʘʥʘ ʘʜʜʠʪʠʚʥʘʷ 

ʦʮʝʥʢʘ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʬʘʮʠʡ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʣʦʞʝʥʘ ʨʘʟʥʳʤʠ ʧʦ ʩʦʩʪʘʚʫ ʧʨʦʪʦʣʠʪʦʚ ʠ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʠʣʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʩ ʨʘʟʥʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʠ ʨʘʟʥʳʤʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʚ ʢʘʞʜʦʡ ʬʘʮʠʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʥʘʙʦʨʦʚ ʚʠʜʦʚ ʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʠʪʦʛʝ ʧʦʣʫʯʠʣʦʩʴ ʪʦ, ʯʪʦ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʦ ʙʦʣʴʥʠʮʝ. 

ʉʨʘʚʥʠʚʘʪʴ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʬʘʮʠʡ ʙʝʟ ʫʯʝʪʘ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʜʘʥʥʳʭ ʥʝ ʢʦʨʨʝʢʪʥʦ. ɺ ʨʘʚʥʦʡ 

ʩʪʝʧʝʥʠ ʵʪʦ ʟʘʤʝʯʘʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ ʪʠʧʘ ʛʨʘʥʫʣʠʪʦʚ, ʛʥʝʡʩʦʚ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʜʨʫʛʠʭ. ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʚʢʣʶʯʘʝʪ ʚ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʥʦʛʠʝ 

ʚʠʜʳ ʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʟʘ ʩʯʝʪ ʨʘʟʥʳʭ ʧʨʦʪʦʣʠʪʦʚ, ʩʣʦʞʝʥʥʳʭ ʨʘʟʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 

ʢʦʤʧʣʝʢʩʘʤʠ, ʫʥʘʩʣʝʜʦʚʘʚʰʠʭ ʦʪ ʧʨʦʪʦʣʠʪʦʚ ʨʘʟʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʠ ʪ. ʜ. ʠ ʪ. ʧ. ʆʞʠʜʘʪʴ ʦʪ ʩʨʘʚʥʝʥʠʷ, 

ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʧʦʩʦʙʦʚ ʧʦʟʥʘʥʠʷ, ʢʦʨʨʝʢʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʦ ʙʳ ʥʝʦʧʨʘʚʜʘʥʦ. 

ɺʝʨʦʷʪʥʦ, ʧʦʥʠʤʘʥʠʝ ʚʩʝʛʦ ʵʪʦʛʦ ʧʨʠʚʝʣʦ ʢ ʧʦʪʝʨʝ ʧʦʩʣʝ ʚʦʩʴʤʠʜʝʩʷʪʳʭ ʛʦʜʦʚ ʠʥʪʝʨʝʩʘ ʢ ʜʘʣʴʥʝʡʰʝʡ 

ʨʘʟʨʘʙʦʪʢʝ ʦʙʩʫʞʜʘʝʤʦʛʦ ʚʘʨʠʘʥʪʘ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʡ ʛʠʧʦʪʝʟʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʇʦʜʦʙʥʘʷ ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʩʠʪʫʘʮʠʷ ʩʣʦʞʠʣʘʩʴ ʜʦ ʩʝʛʦ ʚʨʝʤʝʥʠ ʚ ʦʮʝʥʢʝ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ 

ʯʝʨʥʦʩʣʘʥʮʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠ ʨʦʣʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʠ. ʉʢʘʞʝʤ, ʦʮʝʥʢʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʯʝʨʥʳʭ 

ʩʣʘʥʮʝʚ ʚ ʦʙʲʝʤʝ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʩʚʠʪ ʚ ʨʘʙʦʪʘʭ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ ʚʘʨʴʠʨʫʶʪ ʦʪ 1 ʤʛ/ʪ ʜʦ ʛʨʘʤʤʦʚ ʚ ʪʦʥʥʝ ʧʦʨʦʜʳ 

[1, 12, 21 ï 24, 27]. ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʧʦ ʵʪʦʡ ʧʨʦʙʣʝʤʝ ʠ ʜʘʣʝʢʠʝ ʦʪ ʦʧʪʠʤʠʟʤʘ ʚʳʚʦʜʳ ʧʨʠʚʝʜʝʥʳ ʚ [12]. 

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʯʝʩʢʦʤ, ʠ ʯʝʨʥʦʩʣʘʥʮʝʚʦʤ ʩʫʙʩʪʨʘʪʝ ʶʞʥʦʛʦ ʛʦʨʥʦ-

ʩʢʣʘʜʯʘʪʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʥʘʡʜʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʬʘʢʪʳ, ʚʟʘʠʤʥʦ ʜʦʧʦʣʥʷʶʱʠʝ ʦʜʠʥ 

ʜʨʫʛʦʡ ʠ ʦʙʨʘʟʫʶʱʠʝ ʩʦʛʣʘʩʦʚʘʥʥʳʡ ʘʥʩʘʤʙʣʴ, ï ʦʩʥʦʚʫ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʙʘʟʳ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʢʦʥʮʝʧʮʠʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʟʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ [9]. ɺ ʦʙʦʩʥʦʚʘʥʠʠ ʢʦʥʮʝʧʮʠʠ ʢʣʶʯʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ. 

ʂʦʥʪʨʦʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʛʣʫʙʠʥʥʳʤʠ ʠ ʦʧʝʨʷʶʱʠʤʠ ʠʭ ʨʘʟʣʦʤʘʤʠ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʘʢʪʠʚʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʦʢʨʘʠʥʘʭ ʚ ʨʝʞʠʤʝ ʢʦʣʣʠʟʠʠ ʠ ʚʦ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʦʟʨʘʩʪʥ§ʷ ʙʣʠʟʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢ ʨʘʥʥʠʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʜʦ ʥʘʯʘʣʘ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʩʩʠʚʘʤ, ʟʨʝʣʳʤ ʦʯʘʛʦʚʦ-ʢʫʧʦʣʴʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʠ/ʠʣʠ ʧʦʷʩʘʤ ʜʘʝʢ ʢʠʩʣʳʭ 

ʧʦʨʦʜ. 

ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʘʢʪʠʚʥʦʛʦ ʧʦʩʣʝʛʨʘʥʠʪʥʦʛʦ, ʥʦ ʙʣʠʟʢʦʛʦ ʢ 

ʛʨʘʥʠʪʘʤ ʧʦ ʚʦʟʨʘʩʪʫ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʦʛʦ ʙʘʟʘʣʴʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʚʥʝʜʨʝʥʠʷ 

ʨʘʩʧʣʘʚʦʚ ʠ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ ʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʩʣʝʛʨʘʥʠʪʥʳʭ ʜʦʨʫʜʥʳʭ, ʚʥʫʪʨʠʨʫʜʥʳʭ ʠ ʧʦʩʣʝʨʫʜʥʳʭ 

ʜʘʝʢ ʫʤʝʨʝʥʥʦ ʱʝʣʦʯʥʳʭ ʜʦʣʝʨʠʪʦʚ. 

ʉʪʘʙʠʣʴʥʳʡ ʤʠʥʝʨʘʣʦʛʦ-ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʩʣʝʛʨʘʥʠʪʥʳʭ ʧʨʝʜʨʫʜʥʳʭ ʜʘʝʢ ʜʦʣʝʨʠʪʦʚ, 

ʠʩʢʣʶʯʘʶʱʠʡ ʩʤʝʰʝʥʠʝ ʚʥʝʜʨʷʶʱʠʭʩʷ ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʩ ʦʩʪʘʪʦʯʥʳʤʠ ʛʨʘʥʠʪʥʳʤʠ, ʦʯʝʚʠʜʥʦ, ʧʦ 

ʧʨʠʯʠʥʝ ʧʦʣʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʩʣʝʜʥʠʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʛʝʥʝʨʘʮʠʠ ʨʘʥʥʠʭ ʧʦʨʮʠʡ 

ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ ʚ ʫʞʝ ʥʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʨʘʥʠʪʥʳʭ ʨʘʩʧʣʘʚʘʭ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʛʨʘʥʠʪʘʤʠ. 

ʌʣʶʠʜʦʧʨʦʚʦʜʷʱʘʷ ʚ ʛʦʨʷʯʝʤ ʩʦʩʪʦʷʥʠʠ ʬʫʥʢʮʠʷ ʚʥʫʪʨʠʨʫʜʥʳʭ ʜʘʝʢ ʜʦʣʝʨʠʪʦʚ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʦʩʣʝʜʥʠʭ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʧʦʜʥʠʤʘʶʱʠʭʩʷ ʧʦ ʥʠʤ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ ʚ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ 

ʤʝʪʘʩʦʤʘʪʠʪʳ ʩ ʢʦʥʪʨʘʩʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʘʩʩʦʮʠʘʮʠʠ ʬʝʤʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ P, Ti, Mg, Fe, Ca, Mn, K ʠ 

ʟʦʣʦʪʘ. 

ɺʥʝʜʨʝʥʠʝ ʚʦ ʚʥʫʪʨʠʨʫʜʥʳʝ ʜʘʡʢʠ ʤʝʪʘʣʣʦʥʦʩʥʳʭ ʬʣʶʠʜʦʚ ʚʩʣʝʜ ʟʘ ʙʘʟʘʣʴʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ, ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʳʭ ʨʘʩʧʣʘʚʳ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ, ʥʦ ʫʞʝ ʦʙʨʘʟʦʚʘʥʥʳʝ ʜʘʡʢʠ ʝʱʝ ʥʝ 

ʫʩʧʝʚʘʣʠ ʦʩʪʳʪʴ, ʦʩʪʘʚʘʣʠʩʴ ʩʨʝʜʠ ʭʦʣʦʜʥʳʭ ʧʦʨʦʜ ʛʦʨʷʯʠʤʠ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʦʥʠ ʥʝ ʤʦʛʣʠ ʙʳ ʚʳʧʦʣʥʷʪʴ 

ʬʣʶʠʜʦʧʨʦʚʦʜʷʱʫʶ ʬʫʥʢʮʠʶ. 

ʅʘʩʣʝʜʦʚʘʥʠʝ ʦʢʦʣʦʨʫʜʥʳʤʠ ʙʝʨʝʟʠʪʘʤʠ ʢʘʣʠʝʚʦ-ʩʝʨʥʠʩʪʦ- ʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʧʨʦʬʠʣʷ ʚʥʫʪʨʠʜʘʡʢʦʚʦʛʦ 

ʤʝʪʘʩʦʤʘʪʠʟʤʘ ʠ ʢʦʥʪʨʘʩʪʥʳʭ ʘʥʦʤʘʣʠʡ ʬʝʤʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʝ ʩʚʦʝʦʙʨʘʟʠʝ 

ʙʘʟʘʣʴʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ. 

ɺʝʱʝʩʪʚʝʥʥʦ-ʛʝʥʝʪʠʯʝʩʢʘʷ ʦʜʥʦʨʦʜʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʠ ʯʝʨʥʦʩʣʘʥʮʝʚʦʤ ʩʫʙʩʪʨʘʪʝ 

ʢʘʢ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʙʨʘʟʦʚʘʥʠʷ ʝʛʦ ʚ ʦʜʠʥʘʢʦʚʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʨʝʞʠʤʘʭ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʩʠʩʪʝʤ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ ʢʘʨʙʦʥʘʪʦʚ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʨʫʜ (ŭ13ʉ = ï 5éï 9 ă), ʦʪʚʝʯʘʶʱʠʡ 

ʤʝʪʝʦʨʠʪʥʦʤʫ ʩʪʘʥʜʘʨʪʫ. 

ʉʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʚʦ ʚʩʝʭ ʩʨʝʜʘʭ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʢʘʪʝʛʦʨʠʠ 

ʤʘʛʤʘʪʦʛʝʥʥʳʭ ʤʝʟʦʪʝʨʤʘʣʴʥʳʭ ʠ ʦʙʨʘʟʦʚʘʥʳ ʥʘ ʧʦʟʜʥʝʤ ʙʘʟʘʣʴʪʦʠʜʥʦʤ ʵʪʘʧʝ ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ ʘʥʪʠʜʨʦʤʥʳʭ ʛʨʘʥʠʪ-ʜʠʦʨʠʪ-ʜʦʣʝʨʠʪʦʚʳʭ ʬʣʶʠʜʥʦ-ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 

ʦʪʚʝʯʘʶʱʠʭ ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʪʠʧʫ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʆʉʆɹɽʅʅʆʉʊʀ ʍʀʄʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʊʋʈʄɸʃʀʅʆɺ ɽʅɸʐʀʄʀʅʉʂʆɻʆ 
ʇɽɻʄɸʊʀʊʆɺʆɻʆ ʇʆʃʗ 

ɺ.ɺ. ɸʢʩʸʥʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʀ. ʂʦʥʦʚʘʣʝʥʢʦ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɽʥʘʰʠʤʠʥʩʢʦʝ ʧʝʛʤʘʪʠʪʦʚʦʝ ʧʦʣʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɽʥʠʩʝʡʩʢʦʛʦ ʢʨʷʞʘ ʚ 2 ʢʤ ʢ 

ʶʛʦ-ʟʘʧʘʜʫ ʦʪ ʂʘʣʘʤʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ [3] ʊʦʥʠʡʩʢʦʛʦ ʧʝʨʠʦʜʘ ʅʝʦʧʨʦʪʝʨʦʟʦʷ; ʚʦʟʨʘʩʪ ʝʛʦ 

ʧʦʨʷʜʢʘ 875 ʤʣʥ ʣʝʪ [1]. ɺ ʧʦʣʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ 11 ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʞʠʣ ʣʠʥʟʦʦʙʨʘʟʥʦʡ ʠʣʠ ʧʣʘʩʪʠʥʯʘʪʦʡ ʬʦʨʤʳ 

ʤʦʱʥʦʩʪʴʶ ʨʝʜʢʦ ʙʦʣʝʝ 1 ʤ. ʇʝʛʤʘʪʠʪʦʚʳʝ ʪʝʣʘ, ʟʘʣʝʛʘʶʱʠʝ ʩʦʛʣʘʩʥʦ ʩ ʚʤʝʱʘʶʱʠʤʠ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ 

ʩʣʘʥʮʘʤʠ ʩʨʝʜʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ, ʩʛʨʫʧʧʠʨʦʚʘʥʳ ʚ ʫʟʢʫʶ ʧʦʣʦʩʫ 1,2 x 0,3 ʢʤ [3]. 

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅ.ɸ. ʉʦʣʦʜʦʚʘ (1971) ʧʝʛʤʘʪʠʪʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: ʤʠʢʨʦʢʣʠʥ-

ʘʣʴʙʠʪʦʚʳʝ ʩʦ ʩʧʦʜʫʤʝʥʦʤ ʠ ʘʣʴʙʠʪʦʚʳʝ ʩʦ ʩʧʦʜʫʤʝʥʦʤ [3]. ɺʩʝ ʧʝʛʤʘʪʠʪʦʚʳʝ ʪʝʣʘ ʩʠʣʴʥʦ ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʳ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʨʝʣʠʢʪʦʚ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʣʠʰʴ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ 

ʢʨʫʧʥʳʭ ʞʠʣ. ɺʦ ʤʥʦʛʠʭ ʪʝʣʘʭ ʥʝʟʘʤʝʪʥʘ ʢʘʢʘʷ-ʣʠʙʦ ʟʦʥʘʣʴʥʦʩʪʴ, ʥʘʣʠʯʠʝ ʢʦʪʦʨʦʡ ʤʘʩʢʠʨʫʝʪʩʷ ʚʳʰʝʦʧʠʩʘʥʥʦʡ 

ʘʣʴʙʠʪʠʟʘʮʠʝʡ. ʊʘʢʞʝ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʘ ʧʦʣʦʩʯʘʪʘʷ ʪʝʢʩʪʫʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʘʣʠʯʠʝʤ ʢʚʘʨʮ-

ʤʫʩʢʦʚʠʪʦʚʳʭ, ʢʚʘʨʮ-ʩʧʦʜʫʤʝʥʦʚʳʭ, ʢʚʘʨʮ-ʣʝʧʠʜʦʣʠʪʦʚʳʭ ʠ ʘʣʴʙʠʪʦʚʳʭ ʧʨʦʞʠʣʢʦʚ. ʇʦʣʦʩʯʘʪʦʝ ʩʪʨʦʝʥʠʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʜʥʦʢʨʘʪʥʦʤ ʧʨʠʦʪʢʨʳʚʘʥʠʠ ʪʨʝʱʠʥ, ʪ.ʝ. ʦ ʥʝʩʧʦʢʦʡʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʧʝʛʤʘʪʠʪʦʚ [2]. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʛʤʘʪʠʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ: ʥʘʨʷʜʫ ʩ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ï ʢʚʘʨʮʝʤ, ʘʣʴʙʠʪʦʤ, ʤʠʢʨʦʢʣʠʥʦʤ ʥʝʩʢʦʣʴʢʠʭ ʛʝʥʝʨʘʮʠʡ ʚʳʜʝʣʷʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ï ʰʝʨʣ, ʵʣʴʙʘʠʪ, ʙʠʦʪʠʪ, ʤʫʩʢʦʚʠʪ, ʣʠʪʠʝʚʳʡ ʤʫʩʢʦʚʠʪ, 

ʣʝʧʠʜʦʣʠʪ ʠ ʜʨʫʛʠʝ (ʚʩʝʛʦ ʦʢʦʣʦ 15). ʂ ʘʢʮʝʩʩʦʨʥʳʤ ʤʠʥʝʨʘʣʘʤ (ʢʦʪʦʨʳʭ ʧʦʨʷʜʢʘ 16) ʦʪʥʦʩʷʪʩʷ: ʢʦʣʫʤʙʠʪ, 

ʪʘʥʪʘʣʠʪ, ʧʝʪʘʣʠʪ, ʪʦʧʘʟ, ʨʷʜ ʩʫʣʴʬʠʜʦʚ ʠ ʜʨ. [3]. 

ʀʟʫʯʝʥ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʪʫʨʤʘʣʠʥʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ ʧʦʣʷ. ʆʥʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ ʢʦʣʴʮʝʚʳʭ ʩʠʣʠʢʘʪʦʚ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ XY3Z6[T6O18][BO3]3V3W, ʛʜʝ: X = Ca, Na, K,  

(ʚʘʢʘʥʩʠʷ); Y = Li , Mg, Fe2+, Mn2+, Al , Cr3+, V3+, Ti4+; Z = Mg, Fe2+, Al , Cr3+, V3+; T = Si, Al , B; B = B, ; V = OH, O; 

W = OH, F, O [4]. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʝʯʥʳʭ ʯʣʝʥʦʚ ʠʟʦʤʦʨʬʥʳʭ ʨʷʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʩʣʦʞʥʝʥʠʶ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʠʜʦʚʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʪʫʨʤʘʣʠʥʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʘʥʥʳʤʠ ʜʣʷ ʩʜʝʣʘʥʥʳʭ ʚʳʚʦʜʦʚ ʧʦʩʣʫʞʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʰʝʩʪʠ ʦʙʨʘʟʮʦʚ ʠʟ 

ʪʨʝʭ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ. ʇʝʨʝʩʯʝʪ ʚʝʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʥʘ 6 Si ï ʜʣʷ ʪʫʨʤʘʣʠʥʦʚ ʧʨʦʙ 1, 3, 4; ʧʦ 15 

ʢʘʪʠʦʥʘʤ ï ʜʣʷ ʦʩʪʘʣʴʥʳʭ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʫ 1. 

ʊʘʙʣʠʮʘ 1 

ʀʪʦʛʦʚʳʝ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʪʫʨʤʘʣʠʥʦʚ 

 

ˉ 

ʧʨʦʙʳ 

ˉ 

ʞʠʣʳ 
ʌʦʨʤʫʣʘ ʎʚʝʪ 

1 1 
(Na0,61 0,38Ca0,01)1(Fe1,6Al 0,76Mg0,75Mn0,03Zn0,01)3,19 

Al 6[Si6O18][BO3]3(OH3,15O0,85)4 

ʙʦʣʦʪʥʦ-

ʟʝʣʝʥʳʡ 

2 3 
(Na0,61 0,38K0,01Ca0,01)1(Fe1,62Al 0,85Mn0,12Zn0,09Mg0,01)2,69 

Al 6[Si5,66O16,98][BO3]3(OH3,18O0,82)4 

ʯʝʨʥʦ-

ʟʝʣʝʥʳʡ 

3 3 
(Na0,81 0,16Ca0,02K0,01)1(Al 1,26Fe0,85Li 0,62Mn0,18Zn0,07Mg0,02Ti0,02)3 

Al 6[Si6O18][BO3]3(OH3,42O0,58)4 

ʞʝʣʪʦ-

ʟʝʣʝʥʳʡ 

4 3 
(Na0,57 0,28Ca0,14K0,01)1(Al 1,81Li 0,99Mn0,20)3 

Al 6[Si6O18][BO3]3(OH3,32O0,68)4 
ʨʦʟʦʚʳʡ 

5 4 
(Na0,70 0,27Ca0,02K0,01)1(Fe1,69Al 0,79Mn0,09Mg0,02Zn0,02Ti0,02V0,01Cr0,01)2,54 

Al 6[Si5,64O16,92][BO3]3(OH3,38O0,62)4 

ʯʝʨʥʦ-

ʟʝʣʝʥʳʡ 

6 5 
(Na0,66 0,32K0,01Ca0,01)1(Fe1,7Al 0,81Mn0,08Zn0,04Ti0,01)2,61 

Al 6[Si5,67O17,02][BO3]3(OH3,56O0,44)4 

ʯʝʨʥʦ-

ʟʝʣʝʥʳʡ 

 

ʇʨʠʯʠʥʦʡ ʚʳʙʦʨʘ ʠʥʦʛʦ ʤʝʪʦʜʘ ʧʝʨʝʩʯʝʪʘ ʤʘʩʩʦʚʳʭ ʧʨʦʮʝʥʪʦʚ ʥʘ ʬʦʨʤʫʣʴʥʳʝ ʝʜʠʥʠʮʳ ʜʣʷ 

ʪʫʨʤʘʣʠʥʦʚ ʧʨʦʙ 2, 5, 6 ʩʪʘʣʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʠʥʘʣʳ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʦʩʪʘʪʢʘ 

(3é6 %). ʉʦʛʣʘʩʥʦ ʪʘʙʣʠʮʝ 2 ʜʘʞʝ ʧʨʠ ʨʘʩʯʝʪʝ ʧʦ 15 ʢʘʪʠʦʥʘʤ ʜʣʷ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʴʰʘʷ, ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʜʨʫʛʠʤʠ, ʧʦʛʨʝʰʥʦʩʪʴ. ɺʦʟʤʦʞʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʠʤʝʩʴʶ ʜʨʫʛʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʬʘʟʳ ʚ ʩʦʩʪʘʚʝ 

ʪʫʨʤʘʣʠʥʦʚ. 

ɺ ʪʫʨʤʘʣʠʥʘʭ ʧʨʦʙ 3 ʠ 4 ʣʠʪʠʡ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʠʩʭʦʜʷ ʠʟ ʜʝʬʠʮʠʪʘ ʢʘʪʠʦʥʦʚ ʚ ʧʦʟʠʮʠʠ Y. ʇʦʣʫʯʝʥʥʳʝ 

ʬʦʨʤʫʣʳ ʙʳʣʠ ʧʝʨʝʩʯʠʪʘʥʳ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʠʥʘʣʳ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʚ ʩʪʘʪʴʝ [4]. ʄʠʥʘʣʳ, ʘ ʪʘʢʞʝ ʦʩʪʘʪʦʢ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʊʘʙʣʠʮʘ 2 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʤʠʥʘʣʳ 

 

ˉ 

ʄʠʥʘʣ (%) 

ʆ
ʩ
ʪ
ʘ
ʪ
ʦ
ʢ

 (
%

) 

N
aA

l 3
A

l 6
é
O

3
(O

H
) 

N
aF

e 3
A

l 6
é
(
O
H
)

4
 

N
a
L

i 1
,5
A

l 1
,5
A

l 6
é
(
O
H
)

4
 

N
aM

g
3
A

l 6
é
(
O
H
)

4
 

N
aM

n
3
A

l 6
é
(
O
H
)

4
 

N
aZ

n
3
A

l 6
é
(
O
H
)

4
 

F
e 2

A
lA

l 6
é
(
O
H
)

4
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)
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a
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lA
l 6
é
(
O
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)
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1 14,14 22,22  25,25   38,38   1,39 

2 23,40 29,79   3,19 3,19 40,43   2,79 

3 20,41 26,53 28,57  6,12   16,33 2,04 2,04 

4 23,23  28,28  6,06   28,28 14,14 1,00 

5 29,79 38,30   3,19  28,72   2,51 

6 26,60 37,23   2,13  34,04   2,67 

 

ɺʩʝʛʦ ʚ ʩʦʩʪʘʚʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ ʜʝʚʷʪʴ ʤʠʥʘʣʦʚ: ʦʣʝʥʠʪʦʚʳʡ ï 

ʧʦʩʪʦʷʥʥʳʡ ʢʦʤʧʦʥʝʥʪ ʚʦ ʚʩʝʭ ʪʫʨʤʘʣʠʥʘʭ; ʰʝʨʣʦʚʳʡ, ʵʣʴʙʘʠʪʦʚʳʡ, ʜʨʘʚʠʪʦʚʳʡ, ʪʩʠʣʘʠʟʠʪʦʚʳʡ, ʬʦʠʪʠʪʦʚʳʡ, 

ʨʦʩʩʤʘʥʠʪʦʚʳʡ, ʛʠʜʨʦʢʩʠ-ʣʠʜʜʠʢʦʘʪʠʪʦʚʳʡ. ɺʩʝ ʞʝʣʝʟʠʩʪʳʝ ʪʫʨʤʘʣʠʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʬʦʠʪʠʪ-ʰʝʨʣ-

ʦʣʝʥʠʪʦʚʦʤʫ ʨʷʜʫ, ʘ ʣʠʪʠʝʚʳʝ ï ʢ ʵʣʴʙʘʠʪ-ʰʝʨʣ-ʦʣʝʥʠʪʦʚʦʤʫ ʠ ʵʣʴʙʘʠʪ-ʨʦʩʩʤʘʥʠʪ-ʦʣʝʥʠʪʦʚʦʤʫ ʨʷʜʘʤ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʛʨʘʬʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʩʪʘʚʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʪʨʝʫʛʦʣʴʥʳʭ ʜʠʘʛʨʘʤʤ [5]. ʇʦʨʷʜʦʢ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʜʠʘʛʨʘʤʤ ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʪʫʨʤʘʣʠʥʦʚ 

ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥ ʚ [4]. ɺ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʜʚʝ ʜʠʘʛʨʘʤʤʳ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ (ʨʠʩ. 1, 2). 

 

  
ʈʠʩ. 1. ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʦ ʢʘʪʠʦʥʘʤ ʚ ʧʦʟʠʮʠʠ X 

ʈʠʩ. 2. ʂʦʤʧʦʟʠʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʧʦ ʢʘʪʠʦʥʘʤ ʚ ʧʦʟʠʮʠʠ Y 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʪʫʨʤʘʣʠʥʳ ʧʦ ʩʦʩʪʘʚʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘʪʨʠʝʚʳʝ, ʦʜʥʘʢʦ ʧʦʨʦʡ ʚ 

ʧʦʟʠʮʠʠ X ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʜʦʣʷ ʚʘʢʘʥʩʠʠ, ʣʠʙʦ ʥʝʙʦʣʴʰʘʷ ʧʨʠʤʝʩʴ ʢʘʣʴʮʠʷ (ʨʠʩ. 1). ʀʥʪʝʨʝʩʥʘ ʚ 

ʦʪʥʦʰʝʥʠʠ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʪʫʨʤʘʣʠʥʦʚ ʜʠʘʛʨʘʤʤʘ ʧʦ ʢʘʪʠʦʥʘʤ ʚ ʧʦʟʠʮʠʠ Y (ʨʠʩ. 2): ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʢʦʝ 

ʧʦʜʦʙʠʝ ʵʚʦʣʶʮʠʠ ʜʣʷ ʪʫʨʤʘʣʠʥʦʚ ʪʨʝʪʴʝʡ ʞʠʣʳ: ʦʪ Fe ʪʫʨʤʘʣʠʥʘ ʧʨʦʙʳ 2 ʢ Li-Al (Fe ʫʞʝ ʚ ʧʦʜʯʠʥʝʥʥʦʤ 

ʧʦʣʦʞʝʥʠʠ, ʧʨʦʙʘ 3) ʠ ʙʝʟʞʝʣʝʟʠʩʪʦʤʫ ʪʫʨʤʘʣʠʥʫ ʧʨʦʙʳ 4. ɺ ʢʘʯʝʩʪʚʝ ʧʦʩʪʦʷʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʥʝʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʦ ʚʩʝʭ ʪʫʨʤʘʣʠʥʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ: Mn, Mg, Zn ʠ Ti (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʫʨʤʘʣʠʥʘ ʧʨʦʙʳ 4), ʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʩʝʡ ï V, Cr. 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʩʢʘʟʘʥʥʦʛʦ, ʪʠʧʦʤʦʨʬʥʳʤʠ ʜʣʷ ʧʝʛʤʘʪʠʪʦʚ ʧʦʣʷ ʷʚʣʷʶʪʩʷ ʪʫʨʤʘʣʠʥʳ, 

ʦʙʦʛʘʱʝʥʥʳʝ ʘʣʶʤʠʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʬʦʠʪʠʪ-ʦʣʝʥʠʪ-ʵʣʴʙʘʠʪʦʚʳʡ ʨʷʜ. 
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ʂʀʄɹɽʈʃʀʊʓ ʀ ʇʈʀʈʆɼɸ ʀʍ ɸʃʄɸɿʆʅʆʉʅʆʉʊʀ 

ɽ.ʉ. ɸʥʦʨʠʥʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʃ.ɸ. ʂʨʘʩʥʦʱʝʢʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʂʠʤʙʝʨʣʠʪʳ ʧʨʠʚʣʝʢʘʶʪ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʦʣʝʝ 130 ʣʝʪ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʠʩʪʦʯʥʠʢʦʤ ʘʣʤʘʟʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʥʘʭʦʜʢʠ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʚ ʜʨʫʛʠʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜʘʭ 

(ʣʘʤʧʨʦʠʪʳ, ʤʠʥʝʪʪʳ ʠ ʜʨ.), ʛʣʘʚʥʳʝ ʘʣʤʘʟʥʳʝ ʨʝʩʫʨʩʳ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʶʚʝʣʠʨʥʦʡ 

ʘʣʤʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʩʚʷʟʘʥʳ ʩ ʧʦʨʦʜʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʷʚʣʝʥʥʳʭ 

ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʘ ʧʨʝʚʳʰʘʝʪ ʪʨʠ ʩ ʧʦʣʦʚʠʥʦʡ ʪʳʩʷʯʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʳʡ ʦʙʲʝʤ ʪʝʣ, 

ʦʙʨʘʟʫʶʱʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʞʘʣʫʡ, ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʲʝʤʦʤ ʨʫʜʥʳʭ ʪʝʣ ʜʨʫʛʠʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɸʣʤʘʟʳ ʫʩʪʘʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ ʢʘʞʜʦʤ ʚʦʩʴʤʦʤ ʠʣʠ ʜʝʩʷʪʦʤ ʪʝʣʝ, ʘ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʦʙʣʘʜʘʝʪ ʥʝ ʙʦʣʝʝ 2 % ʧʨʦʷʚʣʝʥʠʡ. 

ɹʦʣʝʝ ʯʝʤ ʧʦʣʫʚʝʢʦʚʦʡ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʦʟʚʦʣʠʣ ʧʦʣʫʯʠʪʴ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʠʭ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʢʠʤʙʝʨʣʠʪʳ ʚʳʷʚʣʝʥʳ ʥʘ ʚʩʝʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ɿʝʤʣʠ (ʩ ʦʩʥʦʚʘʥʠʝʤ ʜʦʨʠʬʝʡʩʢʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ, 

ʦʪʚʝʯʘʶʱʠʝ ʧʦʥʷʪʠʶ çʢʨʘʪʦʥè ʚ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʝ) ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʠʟʚʦʜʥʳʝ ʥʘʠʙʦʣʝʝ 

ʛʣʫʙʠʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ. 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʢʘʢ ʠ ʥʘ ʜʨʫʛʠʭ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤʘʭ ʄʠʨʘ, 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʠ ʛʨʘʥʠʮʘʤʠ ʢʨʘʪʦʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ï ʬʫʥʜʘʤʝʥʪʘ ʘʨʭʝʡʩʢʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ. ʇʦ 

ʪʠʧʦʤʦʨʬʥʳʤ ʧʨʠʟʥʘʢʘʤ ʘʣʤʘʟʘ ʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʯʝʪʳʨʝ ʩʫʙʧʨʦʚʠʥʮʠʠ ʠʣʠ ʦʙʣʘʩʪʠ: 

ʎʝʥʪʨʘʣʴʥʦ-ʉʠʙʠʨʩʢʫʶ ï ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ; ʃʝʥʦ-ɸʥʘʙʘʨʩʢʫʶ ï ʩ 

ʘʣʤʘʟʘʤʠ, ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʪʝʣ ʩ ʫʙʦʛʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ; ʊʫʥʛʫʩʩʢʫʶ ï ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʵʢʣʦʛʠʪʦʚʦʛʦ 

ʛʝʥʝʟʠʩʘ, ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ; ɸʣʜʘʥʩʢʫʶ ï ʩ ʝʜʠʥʠʯʥʳʤʠ ʥʘʭʦʜʢʘʤʠ ʦʢʨʫʛʣʳʭ 

ʘʣʤʘʟʦʚ. 

ɸʥʘʣʠʟ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʢʦʥʚʝʨʛʝʥʪʥʳʭ ʠʤ ʧʦʨʦʜ ʧʦʟʚʦʣʷʝʪ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ 

ʟʘʤʝʪʥʳʝ ʚʘʨʠʘʮʠʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʧʝʪʨʦʛʝʥʥʳʭ ʠ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ ʵʥʜʦʛʝʥʥʳʤʠ, 

ʪʘʢ ʠ ʵʢʟʦʛʝʥʥʳʤʠ ʬʘʢʪʦʨʘʤʠ. ʇʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʪʴ ʜʠʘʛʥʦʩʪʠʢʫ 

ʧʦʨʦʜ ʠ ʦʧʨʝʜʝʣʠʪʴ ʠʭ ʩʧʝʮʠʬʠʢʫ ʚ ʨʘʤʢʘʭ ʧʦʣʝʡ, ʛʨʫʧʧ ʠ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʪʝʣ. ɺ ʮʝʣʦʤ, ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʚʩʝʭ ʧʦʣʝʡ, ʢʘʢ ʶʞʥʦʡ, ʪʘʢ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʝʡ, ʧʨʦʚʠʥʮʠʠ ʦʪʚʝʯʘʶʪ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʩʷ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ SiO2 ʠ MgO (ʩ ʥʝʙʦʣʴʰʠʤʠ ʚʘʨʠʘʮʠʷʤʠ ʚ ʩʪʦʨʦʥʫ 

ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʟʥʘʯʝʥʠʡ SiO2/MgO), ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ ʠ ʧʦʚʳʰʝʥʥʳʤʠ 

ʦʪʥʦʰʝʥʠʷʤʠ ʤʘʛʥʠʷ ʢ ʞʝʣʝʟʫ. ʕʪʘ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʢʘʢ ʚ ʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʭ ʠ ʚʳʚʝʪʨʝʣʳʭ ʧʦʨʦʜʘʭ, ʪʘʢ ʠ 

ʚ ʠʥʪʝʥʩʠʚʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʘʭ ʠ ʧʠʢʨʠʪʘʭ. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʦʙʨʘʟʮʳ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʦʪʥʳʝ ʧʦʨʦʜʳ ʪʝʤʥʦ-ʩʝʨʦʛʦ 

ʮʚʝʪʘ, ʠʥʦʛʜʘ ʩ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʳ ʠ ʤʝʣʢʦʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1). 

 

 
 

ʘ ʙ 

ʈʠʩ. 1 ʂʠʤʙʝʨʣʠʪ, ʪʨʫʙʢʘ ʃʝʥʠʥʛʨʘʜʩʢʘʷ, ʗʢʫʪʠʷ. 

ʆʙʨʘʟʝʮ ʚ ʥʘʪʫʨʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ (ʘ); ʟʘʤʝʱʝʥʠʝ ʦʣʠʚʠʥʘ ʩʝʨʧʝʥʪʠʥʦʤ 

ʠ ʢʘʣʴʮʠʪʦʤ ʚ ʢʠʤʙʝʨʣʠʪʝ, ʫʚʝʣ. 40, ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ (ʙ) 

 

ɸʥʘʣʦʛʠʯʥʦ ʉʠʙʠʨʩʢʦʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ʦʪʚʝʯʘʝʪ ʪʘʢʩʦʥʫ çʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷè. 

ʉ ʫʯʝʪʦʤ ʚʳʷʚʣʝʥʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʝʝ ʩʝʚʝʨʥʘʷ ʩʪʦʨʦʥʘ, ʢʦʪʦʨʘʷ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʦʙʦʩʦʙʣʷʝʪʩʷ ʚ ʨʘʥʛʝ ʂʘʨʝʣʦ-ʂʦʣʴʩʢʦʛʦ 

ʤʝʛʘʢʨʘʪʦʥʘ. ʇʦ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʪʘʢʩʦʥʦʤʠʠ ʦʥʘ ʦʪʚʝʯʘʝʪ ʂʘʨʝʣʦ-ʂʦʣʴʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ, 

ʚʢʣʶʯʘʷ ʂʘʨʝʣʴʩʢʫʶ, ʂʦʣʴʩʢʫʶ ʠʣʠ ɸʨʭʘʥʛʝʣʴʩʢʫʶ ʠ ɹʝʣʦʤʦʨʩʢʫʶ ʘʣʤʘʟʦʥʦʩʥʳʝ ʦʙʣʘʩʪʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ 

ʦʙʣʘʩʪʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʘʡʦʥʳ ʩ ʫʩʪʘʥʦʚʣʝʥʥʳʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ: ʆʥʝʛʦʟʝʨʩʢʠʡ, ɿʘʧʘʜʥʦ-ʂʘʨʝʣʴʩʢʠʡ, ɺʝʪʨʝʥʦʛʦ ʧʦʷʩʘ, ʎʝʥʪʨʘʣʴʥʦ-ʌʠʥʣʷʥʜʩʢʠʡ, 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʊʝʨʩʢʦʙʝʨʝʞʥʳʡ, ʂʘʥʜʘʣʘʢʰʩʢʠʡ, ʆʥʝʞʩʢʠʡ ʠ ɿʠʤʥʝʙʝʨʝʞʥʳʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʠ ʣʘʤʧʨʦʠʪʦʚʳʝ ʧʦʣʷ. 

ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʚʪʦʨʠʯʥʳʭ 

ʠʟʤʝʥʝʥʠʡ, ʦʜʥʦʪʠʧʥʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ (ʢʘʦʣʠʥʠʪ, ʛʠʜʨʦʩʣʶʜʘ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʳʝ ʩʤʝʰʘʥʥʦ-

ʩʣʦʡʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʝʤʘʪʠʪ ʠ ʛʝʪʠʪ), ʨʝʣʠʢʪʦʚʦʡ ʧʦʨʬʠʨʦʚʦʡ ʠʣʠ ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 2). 

 

  
ʘ ʙ 

ʈʠʩ. 2 ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʫʬʦʙʨʝʢʯʠʷ, ʊʨʫʙʢʘ ʃʦʤʦʥʦʩʦʚʩʢʘʷ, ɸʨʭʘʥʛʝʣʴʩʢʘʷ ʦʙʣʘʩʪʴ. 

ʅʘʪʫʨʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ (ʘ), ʨʘʟʚʠʪʠʝ ʩʝʨʧʝʥʪʠʥʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʚ ʦʣʠʚʠʥʦʚʳʭ 

ʚʢʨʘʧʣʝʥʥʠʢʘʭ, ʫʚʝʣ.40, ʩ ʘʥʘʣʠʟʘʪʦʨʦʤ (ʙ) 

 

ɺ ʤʦʥʦʛʨʘʬʠʠ [3] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʜʘʥʥʦʡ ʧʨʦʚʠʥʮʠʠ ʭʘʨʘʢʪʝʨʝʥ ʫʩʪʦʡʯʠʚʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʤʠʥʝʨʘʣʦʚ: 

ʙʠʦʪʠʪ+ʠʟʤʝʥʝʥʥʦʝ ʩʪʝʢʣʦ Ñ ʘʧʘʪʠʪ Ñ ʮʠʨʢʦʥ Ñ ʬʝʣʴʜʰʧʘʪʦʠʜ Ñ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ. ɺr ʜʝʣʝʥʳ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ (ʦʩʥʦʚʥʦʡ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ, ʢʘʣʠʝʚʳʡ ʭʘʨʘʢʪʝʨ ʧʨʠ ʦʯʝʥʴ ʥʠʟʢʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʢʦʛʝʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ (Ni, Co, Cr), ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ (K, Rb,Cs ʠ, ʦʩʦʙʝʥʥʦ, Li), Ba 

ʠ ʦʯʝʥʴ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Zr, Hf, Y, ʈɿʕ. ɸʚʪʦʨʳ ʧʦ ʫʢʘʟʘʥʥʳʤ ʧʨʠʟʥʘʢʘʤ ʧʨʝʜʧʦʣʘʛʘʶʪ ʩʭʦʜʩʪʚʦ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʭ ʣʘʤʧʨʦʬʠʨʦʚ 

ʪʠʧʘ ʤʠʥʝʪʪʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʖʛʦ-ɺʦʩʪʦʯʥʦʛʦ ɹʝʣʦʤʦʨʴʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʠ ʦʩʥʦʚʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ 

ʨʘʟʣʠʯʥʳʭ ʨʷʜʦʚ ʱʝʣʦʯʥʦʩʪʠ ï ʥʦʨʤʘʣʴʥʦʛʦ, ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʠ ʱʝʣʦʯʥʦʛʦ. 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ɸʨʭʘʥʛʝʣʴʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ ʩ ʢʠʤʙʝʨʣʠʪʘʤʠ ʎʝʥʪʨʘʣʴʥʦ-ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ 

ʚʳʷʚʣʷʝʪ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʥʠʤʠ. ʆʥʠ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚ ʘʨʭʘʥʛʝʣʴʩʢʠʭ ʧʦʨʦʜʘʭ 

ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ï ʧʠʨʦʧʘ ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʘ ʪʘʢʞʝ ʚ ʥʝʢʦʪʦʨʳʭ ʦʩʦʙʝʥʥʦʩʪʷʭ ʠʭ ʛʝʦʭʠʤʠʠ, 

ʚʢʣʶʯʘʷ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Sr, Nb ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ɸʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ ɸʨʭʘʥʛʝʣʴʩʢʦʛʦ ʨʘʡʦʥʘ 

ʥʝʦʜʥʦʨʦʜʥʳ: ʧʦʨʦʜʳ ʥʝʜʘʚʥʦ ʦʪʢʨʳʪʦʡ ʪʨʫʙʢʠ ʠʤʝʥʠ ɺ. ɻʨʠʙʘ ʚ ɺʝʨʭʦʪʠʥʩʢʦʤ ʧʦʣʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʢʠʤʙʝʨʣʠʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ (ɿʦʣʦʪʠʩʪʦʝ ʧʦʣʝ) ʠ, ʚʝʨʦʷʪʥʦ, ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʟʣʠʯʥʳʤ 

ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʩʝʨʠʷʤ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʙʣʝʤʘ ʤʠʥʝʨʘʛʝʥʠʠ ʘʣʤʘʟʘ ʨʘʟʚʠʚʘʣʘʩʴ ʚʝʩʴʤʘ ʜʠʥʘʤʠʯʥʦ ʥʝ ʪʦʣʴʢʦ 

ʙʣʘʛʦʜʘʨʷ ʠʟʫʯʝʥʠʶ ʥʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʨʦʚʠʥʮʠʡ ʠ ʨʘʡʦʥʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʦʚʳʭ ʘʩʧʝʢʪʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʥʦ ʠ ʟʘ ʩʯʝʪ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʥʝʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʘ. ɻʣʘʚʥʳʝ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʵʪʠʭ ʦʪʢʨʳʪʠʡ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʢʠʤʙʝʨʣʠʪʳ, ʩʯʠʪʘʚʰʠʝʩʷ ʜʦ ʥʝʜʘʚʥʝʛʦ 

ʚʨʝʤʝʥʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʨʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʘʣʤʘʟʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʫʪʨʘʯʠʚʘʶʪ ʩʚʦʝ 

ʤʦʥʦʧʦʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ. ʇʨʠ ʵʪʦʤ, ʚʦ-ʧʝʨʚʳʭ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʘʣʤʘʟʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʛʣʠ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴʩʷ 

ʥʝ ʪʦʣʴʢʦ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʨʘʩʧʣʘʚʘʤʠ, ʥʦ ʠ ʛʣʫʙʠʥʥʳʤʠ ʤʘʛʤʘʤʠ ʠʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʯʪʦ ʫʩʣʦʚʠʷ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʘʣʤʘʟʦʚ ʜʦʩʪʠʛʘʶʪʩʷ, ʚʝʨʦʷʪʥʦ, ʥʝ ʪʦʣʴʢʦ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʤʘʥʪʠʠ (ʥʘ ʛʣʫʙʠʥʝ ʙʦʣʝʝ 200 

ʢʤ), ʥʦ ʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʚʝʨʭʘʭ ʤʘʥʪʠʠ ʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʙʣʘʛʦʜʘʨʷ ʘʥʦʤʘʣʴʥʳʤ ʩʪʨʝʩʩʦʚʳʤ 

ʥʘʛʨʫʟʢʘʤ, ʚʳʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʧʦʪʦʢʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ, ʩʚʦʡʩʪʚʝʥʥʳʭ ʤʦʱʥʳʤ 

ʢʦʣʣʠʟʠʦʥʥʳʤ ʟʦʥʘʤ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʈɸʉʏɪʊ ʀʅɼɽʂʉɸ ʂʈʀʉʊɸʃʃʀʏʅʆʉʊʀ ʂɺɸʈʎʀʊʆɺ ʇʆ ʉʇɽʂʊʈɸʄ 
ʀʅʌʈɸʂʈɸʉʅʆɻʆ ʇʆɻʃʆʑɽʅʀʗ 
ɸ.ʄ. ɸʥʫʬʨʠʝʥʢʦʚʘ, ʆ.ʉ. ʈʘʟʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʄ.ɺ. ʂʦʨʦʚʢʠʥ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɺ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʠʚʘʶʱʠʤʩʷ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʠʟʚʦʜʩʪʚʦʤ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ, 

ʧʦʣʫʯʘʝʤʳʭ ʠʟ ʢʚʘʨʮʘ, ʚʦʟʨʦʩ ʩʧʨʦʩ ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʢʚʘʨʮʝʚʦʝ ʩʳʨʴʝ. ɽʛʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ 

ʦʧʪʦʚʦʣʦʢʦʥʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʠ, ʩʧʝʮʠʘʣʴʥʳʭ ʚʠʜʦʚ ʩʪʝʢʣʘ, ʜʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ, ʦʩʦʙʝʥʥʦ, ʜʣʷ 

ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʡ ï ʩʦʣʥʝʯʥʳʭ ʙʘʪʘʨʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʟʢʦ 

ʚʦʟʨʦʩʣʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʚʳʩʦʢʦʯʠʩʪʦʤ ʢʚʘʨʮʝʚʦʤ ʩʳʨʴʝ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʫʥʠʢʘʣʴʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʠ ʠʟʜʝʣʠʡ ʠʟ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ (Siʉ) ʠ ʥʠʪʨʠʜʘ ʢʨʝʤʥʠʷ (Si3N4) ʜʣʷ ʯʝʨʥʦʡ ʠ ʮʚʝʪʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʂʚʘʨʮʠʪʳ ɸʥʪʦʥʦʚʩʢʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʈʦʩʩʠʷ, ɿʘʧʘʜʥʘʷ ʉʠʙʠʨʴ) ʷʚʣʷʶʪʩʷ 

ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʳʨʴʷ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʜʣʷ ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ [1, 2]. 

ʇʦ ʩʚʦʝʤʫ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʢʚʘʨʮʠʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ ʠ ʷʚʣʷʶʪʩʷ 

ʧʨʦʜʫʢʪʦʤ ʣʠʪʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʥʥʝʛʦ ʤʝʪʘʛʝʥʝʟʘ ʢʚʘʨʮʝʚʦ-ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʩʝʨʠʮʠʪʦʚʦʛʦ ʨʷʜʘ [2]. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʝʤʥʠʩʪʦʡ ʙʠʦʛʝʥʥʦʡ ʪʦʣʱʠ ʧʨʦʠʩʭʦʜʠʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʤʦʨʬʥʦʛʦ ʢʨʝʤʥʝʟʸʤʘ ʠ 

ʧʦʷʚʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ a-ʢʚʘʨʮʘ [4]. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʬʘʟʘ a-ʢʚʘʨʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 

ʜʚʦʡʥʦʛʦ ʧʠʢʘ ʠʥʬʨʘʢʨʘʩʥʦʛʦ (ʀʂ) ʧʦʛʣʦʱʝʥʠʷ 800é778 ʩʤï1. ʈʘʩʯʸʪ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʦʠʟʚʦʜʠʣʩʷ 

ʧʦ ʤʝʪʦʜʠʢʝ ʀ.ʀ. ʇʣʶʩʥʠʥʦʡ [3], ʫʯʠʪʳʚʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʣʠʰʴ ʦʜʥʦʛʦ ʧʠʢʘ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 

778 ʩʤï1 ʚ ʵʪʦʤ ʜʚʦʡʥʦʤ ʧʠʢʝ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʚʘʨʮʠʪʦʚ ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ 

ʦʧʨʝʜʝʣʠʪʴ ʩʪʝʧʝʥʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʠʪʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ çʉʦʧʢʘ-248è ʠ çɹʝʣʦʢʘʤʝʥʢʘè 

ɸʥʪʦʥʦʚʩʢʦʡ ʛʨʫʧʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʧʦʤʦʱʴʶ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʝʚʳʭ ʤʠʢʨʦʛʨʘʥʫʣ [5, 

6]. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʤʝʥʝʥʘ ʤʝʪʦʜʠʢʘ ʨʘʩʯʸʪʘ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʘ, ʠʩʧʦʣʴʟʫʶʱʘʷ 

ʦʪʥʦʰʝʥʠʝ ʧʠʢʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 778 ʠ 695 ʩʤï1 [9]. ʈʘʩʯʸʪ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ: ὑ ὥ
ὦ , ʛʜʝ a/b ï ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʠʢʘ 778 ʩʤ-1 ʢ ʧʠʢʫ 695 ʩʤ-1.. ɺʝʣʠʯʠʥʳ 

ʧʠʢʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʤʝʪʦʜʫ ʙʘʟʦʚʦʡ ʣʠʥʠʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩʫʥʢʝ. 

ʉʧʝʢʪʨʳ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ Specord M40 ʚ ʠʥʪʝʨʚʘʣʝ 

400é4000 ʩʤï1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,01 ʩʤï1, ʘ ʪʘʢʞʝ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ IRPrestige-21 ʬʠʨʤʳ çShimadzuè ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (FTIR-8400S) ʚ ʠʥʪʝʨʚʘʣʝ 300é4000 ʩʤï1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,001 ʩʤï1 (FT-IR), ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ IRsolution. ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ 

ʦʪʦʙʨʘʥʥʳʭ ʧʨʦʙ ʢʚʘʨʮʠʪʦʚ. ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ (ʤʘʩʩʦʡ 4 ʤʛ) ʨʘʩʪʠʨʘʣʩʷ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʜʦ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 

2 ʤʢʤ ʠ ʩʤʝʰʠʚʘʣʩʷ ʩ ʧʦʨʦʰʢʦʤ KBr (ʤʘʩʩʦʡ 400 ʤʛ) ʤʘʨʦʢ ʆʏ ʠ ʏɼɸ, ʧʦʤʝʱʘʣʩʷ ʚ ʧʨʝʩʩʬʦʨʤʫ ʠ ʧʨʝʩʩʦʚʘʣʩʷ 

ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ (10 ʪ/ʩʤ2) ʚ ʧʨʦʟʨʘʯʥʳʝ ʪʦʥʢʠʝ ʜʠʩʢʠ. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʀʂ-ʩʧʝʢʪʨʦʚ ʥʘ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ FTIR-8400S ʥʘʚʝʩʢʘ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ 0,5 ʤʛ. ɺʦ ʚʩʝʭ ʠʟʤʝʨʝʥʠʷʭ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ 

ʦʜʠʥʘʢʦʚʘʷ ʤʘʩʩʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ 

(ʨʠʩ.). 

ʇʦ ʵʪʦʡ ʤʝʪʦʜʠʢʝ ʥʘʤʠ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ ʢʚʘʨʮʠʪʦʚ, 

ʦʪʦʙʨʘʥʥʳʭ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ çʉʦʧʢʘ-

248è ʠ çɹʝʣʦʢʘʤʝʥʢʘè ɸʥʪʦʥʦʚʩʢʦʡ ʛʨʫʧʧʳ. 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʚ ʪʘʙʣʠʮʝ ʧʨʠʚʝʜʝʥʳ 

ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʚʝʣʠʯʠʥʘʤ 

ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ 

ʤʝʪʦʜʘʤʠ, ʦʜʥʘʢʦ ʪʝʥʜʝʥʮʠʷ ʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʭʨʘʥʷʝʪʩʷ. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 

ʫʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʠʟʤʝʨʝʥʠʷ ʪʨʝʭ ʦʙʨʘʟʮʦʚ. ʕʪʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʦʪʨʘʞʘʶʪ, ʧʦ ʥʘʰʝʤʫ 

ʤʥʝʥʠʶ, ʩʪʝʧʝʥʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʠʪʦʚ. 

ʄʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʙʝʣʳʡ 

ʢʚʘʨʮʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ çʉʦʧʢʘ-248è, 

ʦʪʣʠʯʘʶʱʠʡʩʷ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʯʠʩʪʦʪʦʡ [2], ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ 

ʨʘʩʯʸʪʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 2,21, ʧʦʣʫʯʝʥʥʳʤ ʨʘʟʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʛʣʫʙʠʥʳ, ʘ ʪʘʢʞʝ 

ʦʪ ʮʝʥʪʨʘʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʪʝʣʘ ʢʚʘʨʮʠʪʦʚ ʢ ʧʝʨʠʬʝʨʠʠ ʢʚʘʨʮʠʪʳ ʠʟʤʝʥʷʶʪ ʩʚʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʮʚʝʪ; 

ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʭ ʪʘʢʞʝ ʧʦʚʳʰʘʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʡ 2,42é2,50. ɺ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ, ʦʩʦʙʝʥʥʦ ʚ ʟʦʥʘʭ 

 

 

ʈʠʩ. ɻʨʘʬʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʠʢʦʚ ʀʂ- 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 778é695 ʩʤ-1 ʧʦ ʤʝʪʦʜʫ ʙʘʟʦʚʦʡ 

ʣʠʥʠʠ [3] 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʧʦʚʳʰʝʥʥʦʛʦ ʜʨʦʙʣʝʥʠʷ, ʠʟʥʘʯʘʣʴʥʦ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʝ ʢʚʘʨʮʠʪʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʛʠʧʝʨʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʟʘʛʨʷʟʥʷʶʪʩʷ, ʘ ʩʪʝʧʝʥʴ ʠʭ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ. 

ʂʚʘʨʮʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʦʢʘʤʝʥʢʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʤʥʦʛʦ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɺʦʟʤʦʞʥʦ, ʯʪʦ ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

ʢʚʘʨʮʠʪʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʢʚʘʨʮʝʚʦʛʦ ʩʳʨʴʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʘʙʣʠʮʘ 

ʀʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʠʪʦʚ 

 

ʅʘʟʚʘʥʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʆʙʨʘʟʝʮ 

ʂʀʂ, ʠʥʜʝʢʩ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

(ʧʦ ʤʝʪʦʜʫ [3]) 

ʂʀʂ, ʠʥʜʝʢʩ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

(ʧʦ ʤʝʪʦʜʫ [9]) 

ʉʦʧʢʘ-248 

ʂʚʘʨʮʠʪ ʙʝʣʳʡ 2,21 2,21 

ʂʚʘʨʮʠʪ ʩʝʨʳʡ ʩ ʧʨʠʤʘʟʢʘʤʠ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ 2,52 2,42 

ʂʚʘʨʮʠʪ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʧʨʠʤʘʟʢʘʤʠ 

ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ 
2,66 2,49 

ʂʚʘʨʮʠʪ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʧʝʨʠʬʝʨʠʡʥʦʛʦ 

ʫʯʘʩʪʢʘ 
2,75 2,50 

ʗʰʤʦʚʠʜʥʳʡ ʢʚʘʨʮʠʪ ʙʫʨʦʚʘʪʦ-ʚʠʰʥʝʚʦʛʦ 

ʮʚʝʪʘ ʩ ʯʝʨʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ 
5,6 2,55 

ɹʝʣʦʢʘʤʝʥʢʘ 

ʂʚʘʨʮʠʪ ʩʝʨʦʛʦ ʮʚʝʪʘ  2,55 2,41 

ʂʚʘʨʮʠʪ ʙʝʣʦʛʦ ʮʚʝʪʘ ʩʘʭʘʨʦʚʠʜʥʳʡ 3,27 2,47 

ʂʚʘʨʮʠʪ ʙʝʣʦʛʦ ʮʚʝʪʘ ʧʨʦʟʨʘʯʥʳʡ 3,8 2,67 

 

ɺ ʨʘʙʦʪʝ [9] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʤʝʨʘ ʢʚʘʨʮʝʚʳʭ ʛʨʘʥʫʣ ʟʘʢʦʥʦʤʝʨʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʦʜʥʘʢʦ, ʫʩʪʘʥʦʚʠʪʴ ʩʚʷʟʴ ʤʝʞʜʫ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʢʚʘʨʮʝʚʳʭ 

ʢʨʠʩʪʘʣʣʠʪʦʚ ʠ ʟʥʘʯʝʥʠʷʤʠ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ. 

ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʝʪʦʜʫ ɺ. ʈʘʤʘʩʘʤʠ ʠ ɻ. ʉʫʨʝʰ, ʧʦʜʪʚʝʨʞʜʘʶʪ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʫʶ ʧʦ ʤʝʪʦʜʫ ʀ.ʀ. ʇʣʶʩʥʠʥʦʡ. ʇʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, ʧʨʝʜʣʦʞʝʥʥʳʡ 

ʤʝʪʦʜ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʪʨʘʞʘʝʪ ʩʪʝʧʝʥʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʠʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʜʘʥʥʳʝ ʧʠʢʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʨʘʟʥʳʤ ʪʠʧʘʤ ʩʠʤʤʝʪʨʠʠ ʚ ʢʚʘʨʮʝ: ʢʦʣʝʙʘʥʠʝ ʩ ʯʘʩʪʦʪʦʡ 695 ʩʤï1 ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʤʤʝʪʨʠʠ ʪʠʧʘ ɸ2, ʘ ʢʦʣʝʙʘʥʠʝ, 

ʜʘʶʱʝʝ ʧʦʣʦʩʫ ʧʨʠ 778 ʩʤï1, ʦʪʥʦʩʠʪʩʷ ʢ ʩʠʤʤʝʪʨʠʠ ʪʠʧʘ ɽ [7, 8]. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʆʉʆɹɽʅʅʆʉʊʀ ʄɽʊʆɼʀʂʀ ʈɸʉʏɪʊɸ ʀʅɼɽʂʉɸ ʂʈʀʉʊɸʃʃʀʏʅʆʉʊʀ 
ʂɺɸʈʎʀʊʆɺ ʇʆ ʉʇɽʂʊʈɸʄ ʀʅʌʈɸʂʈɸʉʅʆɻʆ ʇʆɻʃʆʑɽʅʀʗ 

ɸ.ʄ. ɸʥʫʬʨʠʝʥʢʦʚʘ, ʆ.ʉ. ʈʘʟʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʄ.ɺ. ʂʦʨʦʚʢʠʥ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʘ ʨʘʟʣʠʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʘʚʪʦʨʳ [7] ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʠʣʠ 

ʦʧʨʝʜʝʣʷʪʴ ʧʦʢʘʟʘʪʝʣʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʘ ï çʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠè, ʢʦʪʦʨʳʡ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ (212), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 2ɗ = 67,74Á. ʀ.ʀ. ʇʣʶʩʥʠʥʦʡ [1] ʙʳʣʦ 

ʧʨʝʜʣʦʞʝʥʦ ʦʧʨʝʜʝʣʷʪʴ ʠʥʜʝʢʩ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʘ ʤʝʪʦʜʦʤ ʠʥʬʨʘʢʨʘʩʥʦʡ (ʀʂ) ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʭʘʣʮʝʜʦʥʦʚ ʠʟʤʝʥʷʝʪʩʷ ʚʠʜ ʜʚʦʡʥʦʛʦ ʧʠʢʘ ʧʦʛʣʦʱʝʥʠʷ 

ʚ ʦʙʣʘʩʪʠ 800é778 ʩʤï1 ʥʘ ʩʧʝʢʪʨʘʭ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ. ɼʣʷ ʨʘʩʯʸʪʦʚ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʣʘʙʦʛʦ ʧʠʢʘ 778 ʩʤ-1 ʢ ʝʛʦ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʤʫ ʧʣʝʯʫ. ɺ ʨʘʙʦʪʘʭ ʠʥʜʠʡʩʢʠʭ ʘʚʪʦʨʦʚ [8, 9] 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʀʂ-ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 778 ʩʤï1 ʠ 695 ʩʤï1, 

ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʣʝʙʘʥʠʷʤ ʨʘʟʥʦʛʦ ʪʠʧʘ ʩʠʤʤʝʪʨʠʠ [3, 5]. ɺ ʨʘʙʦʪʝ [10] ʜʣʷ ʨʘʩʯʸʪʘ ʠʥʜʝʢʩʘ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʘ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1145 ʩʤï1. 

ʇʨʦʚʝʜʸʥʥʳʝ ʥʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʚʘʨʮʠʪʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ çʉʦʧʢʘ-

248è ʠ ɹʝʣʦʢʘʤʝʥʩʢʦʝ ʧʦʢʘʟʘʣʠ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠ ʩʪʝʧʝʥʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʨʝʤʥʝʟʸʤʘ [2, 4, 6]. ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʢʚʘʨʮʠʪʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʤʝʪʦʜʫ 

ɺ. ʈʘʤʘʟʘʤʠ ʠ ʜʨ. [8], ʧʦʜʪʚʝʨʞʜʘʶʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʭ ʠʟʤʝʥʝʥʠʷ, ʧʦʣʫʯʝʥʥʫʶ ʧʦ ʤʝʪʦʜʫ ʀ.ʀ. ʇʣʶʩʥʠʥʦʡ [1]. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʠʢ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 1145 ʩʤï1 ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʠʩʩʣʝʜʫʝʤʳʭ ʥʘʤʠ 

ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ (ʨʠʩ.) ʠ ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʦʢʘʟʘʣʘʩʴ ʥʝʠʥʬʦʨʤʘʪʠʚʥʦʡ. 

ɺʦ ʚʩʝʭ ʧʨʝʜʣʦʞʝʥʥʳʭ ʤʝʪʦʜʘʭ ʚʝʣʠʯʠʥʘ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʠʤʝʝʪ ʮʠʬʨʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʷ ʩʧʝʢʪʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʦʙʣʘʩʪʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʠʢʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɹʫʛʝʨʘ-ʃʘʤʙʝʨʪʘ-ɹʝʨʘ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʦʙʨʘʟʮʝ. ʇʦʩʢʦʣʴʢʫ ʚ ʩʦʚʨʝʤʝʥʥʳʭ ʠʥʬʨʘʢʨʘʩʥʳʭ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘʭ ʩ ʌʫʨʴʝ-

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʚʝʩʢʠ ʤʝʥʝʝ 1 ʤʛ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʦʪʢʣʦʥʝʥʠʷ ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʧʝʢʪʨʘʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʙʦʣʴʰʠʤ ʦʰʠʙʢʘʤ ʚ 

ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʷʭ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʦʙʨʘʟʮʘ ʢʚʘʨʮʠʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʝʣʦʢʘʤʝʥʢʘ) ʥʘ ʨʘʩʯʸʪʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, 

ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʤʝʪʦʜʫ ʀ.ʀ. ʇʣʶʩʥʠʥʦʡ ʠ ɺ. ʈʘʤʘʩʘʤʠ. 

ʌʨʘʛʤʝʥʪʳ ʩʧʝʢʪʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʧʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩʫʥʢʝ. ʅʦʤʝʨʘ ʬʨʘʛʤʝʥʪʦʚ ʩʧʝʢʪʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʦʤʝʨʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʚ ʪʘʙʣʠʮʝ. 

 

 

ʉʧʝʢʪʨʳ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ IRPrestige-21 ʬʠʨʤʳ çShimadzuè ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʌʫʨʴʝ (FTIR-8400S) ʚ ʠʥʪʝʨʚʘʣʝ 300é4000 ʩʤï1 ʩ ʨʘʟʨʝʰʝʥʠʝʤ 0,001 ʩʤï1 (FT-IR), ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ IRsolution. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʯʠʩʪʳʝ ʟʸʨʥʘ ʢʚʘʨʮʘ ʦʪʙʠʨʘʣʠʩʴ ʧʦʜ 

ʙʠʥʦʢʫʣʷʨʦʤ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʘʞʜʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʙʨʘʟʝʮ ʢʚʘʨʮʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

 
 

ʈʠʩ. ʌʨʘʛʤʝʥʪʳ ʩʧʝʢʪʨʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ ʚ ʥʘʚʝʩʢʝ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʀʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʨʘʩʪʠʨʘʣʩʷ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ ʜʦ ʬʨʘʢʮʠʠ ʤʝʥʝʝ 2 ʤʢʤ, ʥʘʚʝʩʢʘ ʦʙʨʘʟʮʘ ʩʦʩʪʘʚʣʷʣʘ ʤʝʥʝʝ 

0,5 ʤʛ. 

ɼʣʷ ʠʟʤʝʨʝʥʠ ̫ ʀʂ-ʩʧʝʢʪʨʦʚ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʧʨʦʟʨʘʯʥʳʝ ʪʦʥʢʠʝ ʜʠʩʢʠ ʧʫʪʸʤ ʧʨʝʩʩʦʚʘʥʠʷ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ (10 ʪ/ʩʤ2) ʩʤʝʩʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʠ çʥʘʧʦʣʥʠʪʝʣʷè ï ʧʦʨʦʰʢʘ KBr ʤʘʨʦʢ ʦ.ʯ. (ʦʩʦʙʦ ʯʠʩʪʳʡ) ʠ 

ʯ.ʜ.ʘ. (ʯʠʩʪʳʡ ʜʣʷ ʘʥʘʣʠʟʘ), ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʟʨʘʯʥʳʤ ʚ ʠʥʬʨʘʢʨʘʩʥʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ɿʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ (ʂʀʂ) ʦʙʨʘʟʮʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ ʚ ʥʘʚʝʩʢʝ 

 

ˉ 

ʠʟʤʝʨʝʥʠʷ 

ʄʘʩʩʘ 

ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʢʚʘʨʮʘ ʚ 

ʥʘʚʝʩʢʝ, % 

ʂʀʂ, ʠʥʜʝʢʩ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

(ʧʦ ʤʝʪʦʜʫ [1]) 

ʂʀʂ, ʠʥʜʝʢʩ 

ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ 

(ʧʦ ʤʝʪʦʜʫ [8, 9]) 

ʆʧʠʩʘʥʠʝ ʦʙʨʘʟʮʘ 

1 0,50 1,30 2,57 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʝʣʦʢʘʤʝʥʢʘ. 

ʂʚʘʨʮʠʪ ʙʝʣʦʛʦ ʮʚʝʪʘ, 

ʩʘʭʘʨʦʚʠʜʥʳʡ. 

ʆʪʦʙʨʘʥ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ 

2 0,25 0,90 2,20 

3 0,75 0,50 1,74 

4 1,00 0,077 1,1 

5 1,25 0,047 0,95 

 

ʀʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʤ ʦʙʨʘʟʮʝ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʠʢʦʚ ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ, ʘ ʧʨʠ 

ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, ʚʳʰʝ 1,5 %, ʠʭ ʬʦʨʤʘ ʠʩʢʘʞʘʝʪʩʷ ʠ ʟʥʘʯʝʥʠʷ ʠʭ ʚʝʣʠʯʠʥʳ 

ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ 

ʧʦ ʤʝʪʦʜʫ ʀ.ʀ. ʇʣʶʩʥʠʥʦʡ. 

ʈʘʥʝʝ ʥʘʤʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʥʘʚʝʩʢʝ ʥʝ ʜʦʣʞʥʦ ʚʣʠʷʪʴ 

ʥʘ ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʀʂ-ʧʠʢʦʚ ʧʨʠ 778 ʠ 695 ʩʤï1 ʠ ʥʘ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, 

ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʤʝʪʦʜʠʢʝ [8, 9], ʦʜʥʘʢʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ. ʊʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʥʘʯʝʥʠʷ 

ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʧʦ ʤʝʪʦʜʫ [1]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʥʝ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʳ ʀʂ-

ʧʠʢʦʚ ʧʦʛʣʦʱʝʥʠʷ, ʥʦ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʦʪʥʦʰʝʥʠʷ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ. ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʠʟʤʝʥʷʶʪʩʷ ʨʘʩʯʸʪʥʳʝ 

ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʨʨʝʢʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʠ ʚʳʯʠʩʣʝʥʠʷ ʠʥʜʝʢʩʘ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʠʟʤʝʨʝʥʠʷ 

ʩʧʝʢʪʨʦʚ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʡ ʤʘʩʩ rʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ɺɽʑɽʉʊɺɽʅʅʓʁ ʉʆʉʊɸɺ ʇʆʈʆɼ, ʇɽʈɽʂʈʓɺɸʖʑʀʍ ʈʋɼʆʅʆʉʅʓʁ ɻʆʈʀɿʆʅʊ 
ʋʈɸʅʆɺʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʍɸʈɸʉɸʅ (ʈɽʉʇʋɹʃʀʂɸ ʂɸɿɸʍʉʊɸʅ) 

ɹ.ʈ. ɹʘʡʥʘʟʘʨʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʅ.ʌ ʉʪʦʣʙʦʚʘ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʤʝʣʦʚʦʡ 

ʨʫʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ ʫʨʘʥʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʨʘʩʘʥ. ʆʙʲʝʢʪʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ 

ʦʙʨʘʟʮʳ ʢʝʨʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʣʦʤʦʯʥʳʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʧʘʣʝʦʮʝʥ ï ʤʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʍʘʨʘʩʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ɾʘʥʘʢʦʨʛʘʥʩʢʦʤ ʨʘʡʦʥʝ ʂʟʳʣʦʨʜʠʥʩʢʦʡ ʦʙʣʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ. ʆʥʦ ʦʪʥʦʩʠʪʩʷ ʢ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʤʫ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʜʫʢʪʘʤʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʫʨʘʥʦʤ. ʄʥʦʛʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ 

ʩʦʜʝʨʞʘʪ ʙʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ [1]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʪʘʢʠʭ ʧʦʨʦʜ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʠʥʪʝʨʝʩ. 

ʂʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣ ʦʪʦʙʨʘʥ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥʳ, ʧʝʨʝʩʝʢʘʶʱʝʡ ʦʪʣʦʞʝʥʠʷ 

ʧʘʣʝʦʮʝʥ-ʤʠʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʀʟ ʥʝʛʦ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ 16 ʰʣʠʬʦʚ ʠ 12 ʧʨʠʰʣʠʬʦʚʦʢ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ: ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ, 

ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʡ, ʨʝʥʪʛʝʥʦ-ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʠ ʪʝʨʤʠʯʝʩʢʠʡ. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ: ʧʦʨʦʜʳ ʠʟʫʯʘʝʤʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʦʙʣʦʤʦʯʥʳʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʝʥʳ ʘʣʝʚʨʠʪʦʚʳʝ, ʧʩʘʤʤʠʪʦʚʳʝ ʠ ʜʨʝʩʚʷʥʦ-

ʛʨʘʚʝʣʠʪʦʚʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʨʦʜʳ ʙʣʠʟʢʠ. ʉʦʜʝʨʞʘʥʠʝ 

ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʥʠʭ ʪʘʢʦʝ: ʢʚʘʨʮʘ ʚ ʩʨʝʜʥʝʤ 60é70 %, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ 7é15 %, ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ ï 

5é15 %. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ɺ.ɼ. ʐʫʪʦʚʘ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʫʧʧʝ 7 ï ʧʦʨʦʜ ʥʝ ʪʝʨʨʠʛʝʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʛʝʥʝʟʠʩʝ ʧʦʨʦʜ ʚ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʫʙʩʪʨʘʪʘ ʢʠʩʣʦʛʦ 

ʩʦʩʪʘʚʘ. 

ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʦʜʝʨʞʘʪʩʷ ʩʣʶʜʳ (ʤʫʩʢʦʚʠʪ, ʭʣʦʨʠʪ, ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʡ ʙʠʦʪʠʪ) ï ʚ 

ʩʨʝʜʥʝʤ 1é2 %, ʫʛʣʠʩʪʳʡ ʨʘʩʪʠʪʝʣʴʥʳʡ ʜʝʪʨʠʪ ï ʚ ʩʨʝʜʥʝʤ 0.5é5 %, ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ï ʚ ʩʨʝʜʥʝʤ 5é15 

%. ɺ ʚʠʜʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ ʚʩʪʨʝʯʘʶʪʩʷ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ (ʠʣʴʤʝʥʠʪ, ʣʝʡʢʦʢʩʝʥ, ʪʫʨʤʘʣʠʥ, ʮʠʨʢʦʥ 

ʠ ʜʨʫʛʠʝ). 

ʊʠʧ ʮʝʤʝʥʪʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʧʦʨʦʜʘʭ ï ʙʘʟʘʣʴʥʳʡ, ʘ ʧʦ ʩʦʩʪʘʚʫ ï ʢʘʨʙʦʥʘʪʥʳʡ. 

ʈʝʥʪʛʝʥʦ-ʬʣʶʦʨʝʩʮʝʥʪʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʝ Innov-

X 50. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʠʣ ʧʨʠʩʫʪʩʪʚʠʝ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʝʚ ʧʦʨʦʜ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʫʨʘʥʘ (ʦʙʨʘʟʝʮ 7, ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ 84*10-4). ɺ ʪʘʢʠʭ ʧʨʦʩʣʦʷʭ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʨʛʘʥʮʘ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʪʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʝʥ ʚ ʥʘʫʯʥʦ-ʘʥʘʣʠʪʠʯʝʩʢʦʤ ʮʝʥʪʨʝ ʊʇʋ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʘʭ ʨʘʟʨʝʟʘ. ʉʨʝʜʠ ʚʳʷʚʣʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ï ʢʚʘʨʮʘ, ʩʠʜʝʨʠʪʘ ʠ 

ʢʘʣʴʮʠʪʘ ʦʙʥʘʨʫʞʝʥ ʛʣʠʥʠʩʪʳʡ ʤʠʥʝʨʘʣ ʛʨʫʧʧʳ ʠʣʣʠʪʘ ï ʛʠʜʨʦʤʫʩʢʦʚʠʪ [2]. 

ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ, ʧʦʟʚʦʣʷʶʱʝʤʫ ʠʟʫʯʠʪʴ 

ʦʩʦʙʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʚ ʧʦʨʦʜʘʭ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʆʥ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʩʦʩʪʘʚʘ, ʭʘʨʘʢʪʝʨʘ ʩʚʝʯʝʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʙʠʪʫʤʦʠʜʦʚ ʚ 

ʧʦʨʦʜʝ. ɹʠʪʫʤʠʥʦʟʥʦʩʪʴ ʧʦʨʦʜ ʠʟʫʯʘʣʘʩʴ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤ ʩʚʝʪʝ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʄʠʢʤʝʜ-2. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ, ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʨʷʜ ʚʳʚʦʜʦʚ. 

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʙʠʪʫʤʦʠʜʦʚ. ʕʪʦʪ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʨʦʮʝʩʩʘʭ ʙʠʪʫʤʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʠʟʫʯʘʝʤʦʤ ʨʘʡʦʥʝ. 

ʊʝʢʩʪʫʨʳ ʠ ʩʪʨʫʢʪʫʨʳ ʙʠʪʫʤʠʥʦʟʥʳʭ ʧʦʨʦʜ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʭ ʢ ʵʧʠʙʠʪʫʤʦʠʜʘʤ. ʆʥʠ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʣʘʙʣʝʥʥʳʤ ʟʦʥʘʤ ʚ ʧʦʨʦʜʝ: ʟʘʧʦʣʥʷʶʪ ʪʨʝʱʠʥʳ, ʦʪʤʝʯʘʶʪʩʷ ʚ ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʤʘʩʩʝ, ʦʙʨʘʟʫʷ, 

ʦʨʝʦʣʳ ʚʦʢʨʫʛ ʩʫʣʴʬʠʜʦʚ (ʧʠʨʠʪ). 

ʉʦʩʪʘʚ ʵʧʠʙʠʪʫʤʦʠʜʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʣʝʛʢʠʭ (ʛʦʣʫʙʦʚʘʪʦʝ ʩʚʝʯʝʥʠʝ) ʜʦ ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʭ (ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʦʝ ʩʚʝʯʝʥʠʝ) ʧʨʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʧʨʦʷʚʣʝʥʠʠ ʙʠʪʫʤʦʠʜʦʚ ʩʤʦʣʠʩʪʦʛʦ ʩʦʩʪʘʚʘ (ʪʝʤʥʦ-ʙʫʨʦʝ 

ʩʚʝʯʝʥʠʝ). 

ʉʦʜʝʨʞʘʥʠʝ ʵʧʠʙʠʪʫʤʦʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,02 % ʜʦ 0.05 %, ʧʨʠ ʩʨʝʜʥʝʤ ï 0,03 %. 

ʆʪʤʝʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʨʫʜʥʦʡ ʧʘʯʢʝ. 

ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʵʧʠʙʠʪʫʤʦʠʜʦʚ, ʢʦʪʦʨʳʝ, ʦʯʝʚʠʜʥʦ, 

ʤʠʛʨʠʨʦʚʘʣʠ ʠʟ ʥʠʞʝ ʟʘʣʝʛʘʶʱʝʛʦ ʨʫʜʦʥʦʩʥʦʛʦ ʛʦʨʠʟʦʥʪʘ. 

ʆʙʥʘʨʫʞʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʨʫʜʦʥʦʩʥʳʡ ʛʦʨʠʟʦʥʪ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʍʘʨʘʩʘʥ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʡ ʛʝʥʝʟʠʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʳʷʚʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʬʣʶʠʜʦʚ. ʉʨʝʜʠ ʧʦʩʣʝʜʥʠʭ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳ ʙʠʪʫʤʦʠʜʳ ʩʨʝʜʥʝ-

ʪʷʞʝʣʦʛʦ ʩʦʩʪʘʚʘ. 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʊʘʙʣʠʮʘ 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʠʟʫʯʘʝʤʦʛʦ ʨʘʟʨʝʟʘ 

 

ˉ 

ʦʙʨ 
ʅʘʟʚʘʥʠʝ ʧʦʨʦʜʳ 

ʂʦʥʮʝʥʪʨʘ-

ʮʠʷ 

ʙʠʪʫʤʦʠʜʦʚ 

ʉʦʩʪʘʚ 

ʙʠʪʫʤʦʠʜʦʚ 
ʍʘʨʘʢʪʝʨ ʩʚʝʯʝʥʠʷ 

ʊʝʢʩʪʫʨʳ ʠ 

ʩʪʨʫʢʪʫʨʳ 

ʙʠʪʫʤʦʠʜʦʚ 

6 ɸʣʝʚʨʦʣʠʪ 0,02 

ʉʤʦʣʠʩʪʳʡ, 

ʩʤʦʣʠʩʪʦ-

ʘʩʬʘʣʴʪʝʥʦʚʳʡ, 

ʤʘʩʣʷʥʠʩʪʳʡ, 

ʉʤʦʣʠʩʪʳʝ ʠ ʣʝʛʢʠʝ 

ʊʝʤʥʦ-ʙʫʨʳʡ, ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʡ, ʞʝʣʪʦʚʘʪʦ-

ʙʫʨʳʡ, ʛʦʣʫʙʦʡ 

ʅʝʨʘʚʥʦʤʝʨʥʦ-

ʨʘʩʩʝʷʥʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ, 

ʪʦʯʝʯʥʘʷ, 

ʪʨʝʱʠʥʦʚʘʪʘʷ 

8 

ɼʨʝʩʚʷʥʦ-

ʛʨʘʚʝʣʠʪʦ-

ʧʩʘʤʤʠʪʦʚʘʷ 

0,05 

ʄʘʩʣʷʥʠʩʪʦ-

ʩʤʦʣʠʩʪʳʡ, 

ʤʘʩʣʷʥʠʩʪʳʡ, 

ʩʤʦʣʠʩʪʳʡ 

ʉʚʝʪʣʦ-ʞʝʣʪʦ-ʙʫʨʳʡ, 

ʩʚʝʪʣʦ-ʞʝʣʪʳʡ, ʙʫʨʳʡ 

ʎʝʤʝʥʪʥʘʷ, 

ʦʨʝʦʣʴʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ 

5 ɸʣʝʚʨʦʣʠʪ 0,03 

ʉʤʦʣʠʩʪʳʡ, 

ʤʘʩʣʷʥʦ-ʩʤʦʣʠʩʪʳʡ, 

ʣʝʛʢʠʡ 

ʊʝʤʥʦ- ʙʫʨʳʡ, ʩʚʝʪʣʦ-

ʞʝʣʪʦ-ʙʫʨʳʡ, ʛʦʣʫʙʦʡ 

ʅʝʨʘʚʥʦʤʝʨʥʦ-

ʨʘʩʩʝʷʥʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ 

7 
ʇʝʩʯʘʥʠʢ 

ʧʦʣʠʤʠʢʪʦʚʳʡ 
0,03 

ʉʤʦʣʠʩʪʳʡ, 

ʤʘʩʣʷʥʦ-ʩʤʦʣʠʩʪʳʡ, 

ʩʤʦʣʠʩʪʦ-

ʘʩʬʘʣʴʪʝʥʦʚʳʡ, 

ʣʝʛʢʠʡ 

ɹʫʨʳʡ, ʪʝʤʥʦ-ʙʫʨʳʡ, 

ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ, 

ʛʦʣʫʙʦʡ 

ʅʝʨʘʚʥʦʤʝʨʥʦ-

ʨʘʩʩʝʷʥʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ 

2 
ʇʝʩʦʢ ʙʝʣʝʩʳʡ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ 
0,03 

ʉʤʦʣʠʩʪʳʡ, 

ʤʘʩʣʷʥʦ-ʩʤʦʣʠʩʪʳʡ, 

ʣʝʛʢʠʡ 

ʊʝʤʥʦ-ʙʫʨʳʡ, ʩʚʝʪʣʦ-

ʞʝʣʪʦ-ʙʫʨʳʡ, ʛʦʣʫʙʦʡ 

ʎʝʤʝʥʪʥʘʷ, 

ʪʦʯʝʯʥʘʷ 

1 ɸʣʝʚʨʠʪ 0,05 

ʄʘʩʣʷʥʦ-

ʩʤʦʣʠʩʪʳʡ, 

ʩʤʦʣʠʩʪʳʡ, 

ʩʤʦʣʠʩʪʦ-

ʘʩʬʘʣʴʪʝʥʦʚʳʡ, 

ʣʝʛʢʠʡ 

ʉʚʝʪʣʦ-ʞʝʣʪʦ-ʙʫʨʳʡ, 

ʪʝʤʥʦ-ʙʫʨʳʡ, ʪʝʤʥʦ-

ʢʦʨʠʯʥʝʚʳʡ, ʛʦʣʫʙʦʡ 

ʎʝʤʝʥʪʥʘʷ, 

ʧʷʪʥʠʩʪʘʷ, 

ʪʨʝʱʠʥʦʚʘʪʘʷ, 

ʪʦʯʝʯʥʘʷ 

 

  
ʈʠʩ. ɹʠʪʫʤʠʥʦʟʥʦʝ ʚʝʱʝʩʪʚʦ ʧʦʜ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʄʠʢʤʝʜ-2. 

ʉʣʝʚʘ ï ʘʣʝʚʨʦʣʠʪ ʙʠʪʫʤʠʥʠʟʠʨʦʚʘʥʥʳʡ (ʦʙʨ. 5, ʪʘʙʣ.); 

ʩʧʨʘʚʘ ï ʘʣʝʚʨʠʪ ʚ ʙʠʪʫʤʠʥʦʟʥʦʤ ʚʝʱʝʩʪʚʝ (ʦʙʨ. 1, ʪʘʙʣ.) 

(ʥʘ ʬʦʪʦ: ʚʳʜʝʣʝʥʠʷ ʙʝʣʦʛʦ ʮʚʝʪʘ ï ʣʝʛʢʠʝ ʙʠʪʫʤʦʠʜʳ, ʩʝʨʦʛʦ ï ʤʘʩʣʷʥʦ-ʩʤʦʣʠʩʪʳʝ, 

ʪʝʤʥʦ-ʩʝʨʦʛʦ ï ʩʤʦʣʠʩʪʳʝ, ʯʝʨʥʳʝ ï ʩʤʦʣʠʩʪʦ-ʘʩʬʘʣʴʪʝʥʦʚʳʝ) 

 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ʉʆʉʊɸɺɸ ʈʋɼʅʓʍ ʄʀʅɽʈɸʃʆɺ 
ɹɸʈʀʊ ï ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʀʍ ʈʋɼ ɿʄɽʀʅʆɻʆʈʉʂʆɻʆ ʀ ʉʊʈʀɾʂʆɺʉʂʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ (ʈʋɼʅʓʁ ɸʃʊɸʁ) 
ʂ.ɺ. ɹʝʩʪʝʤʴʷʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʆ.ʄ. ɻʨʠʥʝʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʅʘʩʪʦʷʱʘʷ ʧʫʙʣʠʢʘʮʠʷ ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʘʚʘ ʤʠʥʝʨʘʣʦʚ ʜʚʫʭ ʠʟʚʝʩʪʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ï ʩʦʙʩʪʚʝʥʥʦ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʠ ʉʪʨʠʞʢʦʚʩʢʦʛʦ ʙʘʨʠʪ ï 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɿʤʝʠʥʦʛʦʨʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʠ ʠʟʫʯʘʣʦʩʴ ʥʘʯʠʥʘʷ ʩ 1736 

ʛ. ʠ ʜʦ 60 ʛʛ. XX ʚʝʢʘ. ʕʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʫʞʝ ʜʘʚʥʦ ʷʚʣʷʝʪʩʷ ʵʪʘʣʦʥʦʤ ʨʫʜ ʟʦʣʦʪʦ ï ʩʝʨʝʙʨʷʥʦʡ ʙʘʨʠʪ ï 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʧʦʜʬʦʨʤʘʮʠʠ. ɽʛʦ ʚʝʨʭʥʷʷ ʨʫʜʥʘʷ ʟʦʥʘ ʜʦʩʪʫʧʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʠʟʫʯʝʥʠʶ ʚ ʢʘʨʴʝʨʝ ʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ. 

ʉʪʨʠʞʢʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʩʝʚʝʨʥʳʭ ʠ ʚʦʩʪʦʯʥʳʭ ʦʢʨʘʠʥʘʭ ʩ. ʂʘʨʘʤʳʰʝʚʦ 

ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʨʘʡʦʥʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ, ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʧʦ ʩʦʩʪʘʚʫ ʨʫʜ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʩʪʨʦʝʥʠʶ ï ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʯʘʩʪʠʯʥʦ ʨʘʟʨʘʙʘʪʳʚʘʣʦʩʴ ʚ 

ʜʦʨʝʚʦʣʶʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʠ ʚ ʩʦʚʝʪʩʢʠʡ ʧʝʨʠʦʜ ʚ ʥʘʯʘʣʝ 50-ʭ ʛʛ. XX ʚʝʢʘ, ʢʦʛʜʘ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʝʛʦ ʟʘʧʘʜʥʘʷ 

ʯʘʩʪʴ ʰʘʭʪʦʚʳʤ ʤʝʪʦʜʦʤ. ʆʜʥʘʢʦ ʧʦ ʧʨʠʯʠʥʝ ʟʘʚʳʰʝʥʥʳʭ ʧʨʠ ʨʘʟʚʝʜʢʝ ʟʘʧʘʩʦʚ ʨʫʜʥʠʢ ʙʳʣ ʟʘʢʨʳʪ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʯʠʪʘʝʪʩʷ ʥʝʜʦʨʘʟʚʝʜʘʥʥʳʤ. ʆʩʦʙʝʥʥʦ ʩʣʘʙʦ ʠʟʫʯʝʥʘ ʝʛʦ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 

ʚʳʭʦʜʷʱʠʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʦʢʠʩʣʝʥʥʳʤʠ ʤʝʜʥʦ ï ʩʫʣʴʬʠʜʥʳʤʠ ʨʫʜʘʤʠ, ʥʘʩʳʱʘʶʱʠʤʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʪʦʣʱʠ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ. 

ɼʣʷ ʨʫʜʥʳʭ ʪʝʣ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʭʘʨʘʢʪʝʨʥʘ ʯʝʪʢʘʷ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʨʘʟʣʦʤʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ, ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ, ʪʨʝʱʠʥʘʤ ʩʢʦʣʘ ʠ ʦʪʨʳʚʘ. ɺ ʨʫʜʥʳʭ ʧʦʣʷʭ ʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ ʛʦʨʩʪʦʦʙʨʘʟʥʳʝ ʚʳʩʪʫʧʳ ʦʩʥʦʚʘʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʩʣʦʞʥʦʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤʠ 

ʢʚʘʨʮ ï ʵʧʠʜʦʪ ï ʭʣʦʨʠʪ ï ʩʝʨʠʮʠʪʦʚʳʤʠ ʟʝʣʝʥʳʤʠ ʩʣʘʥʮʘʤʠ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʦʥʠʟʘʥʥʳʤʠ 

ʛʫʩʪʦʡ ʩʝʪʴʶ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʠ ʢʘʨʙʦʥʘʪ ï ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʦʚ. ʕʪʠ ʛʦʨʩʪʦʦʙʨʘʟʥʳʝ ʙʣʦʢʠ ʤʝʩʪʘʤʠ ʚʳʩʪʫʧʘʶʪ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʘ ʤʝʩʪʘʤʠ ʪʨʘʥʩʛʨʝʩʩʠʚʥʦ ʧʝʨʝʢʨʳʪʳ ʜʝʚʦʥʩʢʠʤʠ ʪʦʣʱʘʤʠ ʩ ʤʦʱʥʦʩʪʴʶ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʩʦʪʝʥ 

ʤʝʪʨʦʚ. ʀʟʫʯʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʷʛʦʪʝʶʪ ʢ ʟʦʥʘʤ ʨʘʟʣʦʤʦʚ, ʨʘʟʜʝʣʷʶʱʠʭ ʧʨʦʩʝʚʰʠʝ ʠ ʧʨʠʧʦʜʥʷʪʳʝ ʙʣʦʢʠ 

ʦʩʥʦʚʘʥʠʷ. 

ɸʥʘʣʠʟ ʬʦʨʤʳ ʠ ʩʪʨʦʝʥʠʷ ʪʝʣ ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺ 

ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʚʩʝ ʨʫʜʥʳʝ ʪʝʣʘ ʉʪʨʠʞʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 1) ʨʫʜʥʳʝ 

ʪʝʣʘ ʚ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʚ ʦʩʥʦʚʥʦʤ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʝ 

ʨʘʟʣʦʤʳ ʠ ʜʠʟʲʶʥʢʪʠʚʳ; 2) ʰʪʦʢʚʝʨʢʦʚʳʝ ʨʫʜʥʳʝ ʟʦʥʳ ʧʨʦʞʠʣʢʦʚʦʛʦ ʪʠʧʘ ʚ ʦʙʲʝʤʥʳʭ ʩʠʩʪʝʤʘʭ ʤʝʣʢʠʭ 

ʩʦʧʨʷʞʝʥʥʳʭ ʪʨʝʱʠʥ, ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʝʨʝʤʝʱʝʥʠʷʤʠ. 

ʈʫʜʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʠ ʠʥʪʝʥʩʠʚʥʦʡ ʭʣʦʨʠʪʠʟʘʮʠʠ. 

ʆʙʳʯʥʦ ʪʝʣʘ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʨʝʢʯʠʷʭ ʥʘ ʢʦʥʪʘʢʪʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ, 

ʥʘʧʨʠʤʝʨ, ʘʨʛʠʣʣʠʪʦʚ ʠ ʪʫʬʦʚ, ʨʝʞʝ ʚ ʦʜʥʦʨʦʜʥʳʭ ʧʦʨʦʜʘʭ ï ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʣʘʥʮʘʭ ʮʦʢʦʣʷ. ʕʪʦ ʥʘʠʙʦʣʝʝ 

ʤʦʱʥʳʝ ʨʫʜʥʳʝ ʟʦʥʳ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʥʝʚʳʜʝʨʞʘʥʥʦʡ ʤʦʱʥʦʩʪʠ, ʥʝʨʝʜʢʦ ʩ ʟʘʣʠʚʦʦʙʨʘʟʥʳʤʠ ʚʥʝʰʥʠʤʠ 

ʢʦʥʪʫʨʘʤʠ. ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʜʦʚʦʣʴʥʦ ʤʦʱʥʳʝ ʞʠʣʴʥʳʝ ʪʝʣʘ ʧʦʯʪʠ ʯʠʩʪʦ ʩʫʣʴʬʠʜʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʥʦʛʜʘ 

ʨʘʟʚʝʪʚʣʷʶʱʠʝʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʝʨʠʠ ʘʧʦʬʠʟ, ʚ ʜʨʫʛʠʭ ï ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʟʦʥʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ, ʚ 

ʦʙʱʝʡ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʦʡ ʤʘʩʩʝ ʢʦʪʦʨʳʭ ʩʫʣʴʬʠʜʳ ʦʙʦʩʦʙʣʷʶʪʩʷ ʚ ʚʠʜʝ ʣʠʥʟ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʢʦʥʪʘʢʪʦʚ, ʠʣʠ 

ʩʣʦʞʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʣʠʥʟ, ʞʠʣ, ʧʨʦʞʠʣʢʦʚ, ʛʥʝʟʜ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʫʜʥʳʝ ʙʨʝʢʯʠʠ, ʚ ʢʦʪʦʨʳʭ ʢʚʘʨʮ ï 

ʩʫʣʴʬʠʜʥʳʡ ʠ ʙʘʨʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ ʩʣʘʛʘʝʪ ʮʝʤʝʥʪ ʤʝʞʜʫ ʦʩʪʨʦʫʛʦʣʴʥʳʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦʨʦʜ. ʊʝʣʘ ʥʝʨʝʜʢʦ 

ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʩʙʣʠʞʝʥʥʳʝ ʧʘʢʝʪʳ (ʧʦ 3 ï 5 ʪʝʣ) ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʫʣʠʩʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ. ʉʦʩʪʘʚ ʵʪʠʭ ʨʫʜ 

ʦʙʳʯʥʦ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʡ ʛʘʣʝʥʠʪ ï ʩʬʘʣʝʨʠʪ ï ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʡ, ʨʝʞʝ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʡ. ʆʧʠʩʳʚʘʝʤʦʤʫ ʪʠʧʫ 

ʧʨʠʥʘʜʣʝʞʠʪ ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʨʫʜʥʳʭ ʪʝʣ ʠ ʟʦʥ, ʚʩʢʨʳʪʳʭ 1 ʛʦʨʠʟʦʥʪʦʤ ʰʘʭʪʳ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʮʝʥʥʳʝ 

ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʫʜʳ. 

ʐʪʦʢʚʝʨʢʦʚʳʡ ʪʠʧ ʦʨʫʜʝʥʝʥʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʪʘʤ, ʛʜʝ ʨʘʟʚʠʪʘ ʛʫʩʪʘʷ ʩʝʪʴ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʪʨʝʱʠʥ ʩ 

ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤ ʩʤʝʱʝʥʠʝʤ ʠʣʠ ʙʝʟ ʩʤʝʱʝʥʠʡ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʨʫʜʳ ʵʪʦʛʦ ʪʠʧʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʜʝʚʦʥʩʢʠʭ 

ʪʫʬʘʭ, ʨʝʞʝ ʚ ʘʨʛʠʣʣʠʪʘʭ, ʧʝʩʯʘʥʠʢʘʭ, ʛʜʝ ʦʙʨʘʟʫʶʪ ʛʫʩʪʫʶ ʩʠʩʪʝʤʫ ʤʥʦʛʦʢʨʘʪʥʦ ʚʝʪʚʷʱʠʭʩʷ ʨʫʜʥʳʭ ʠ ʢʚʘʨʮʝʚʦ 

ï ʨʫʜʥʳʭ ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 10é15 ʩʤ. ɺ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʵʪʦ ʯʠʩʪʦ ʩʫʣʴʬʠʜʥʳʝ, ʦʙʳʯʥʦ 

ʩʬʘʣʝʨʠʪʦʚʳʝ ʠ ʩʬʘʣʝʨʠʪ ï ʛʘʣʝʥʠʪʦʚʳʝ ʞʠʣʳ ʠ ʧʨʦʞʠʣʢʠ, ʚ ʜʨʫʛʠʭ ï ʢʚʘʨʮʝʚʦ ï ʩʫʣʴʬʠʜʥʳʝ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ 

ʩʫʣʴʬʠʜʦʚ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʚʘʨʮ ï ʩʫʣʴʬʠʜʥʳʝ ʧʨʦʞʠʣʢʠ, ʚ ʢʦʪʦʨʳʭ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪ ʣʠʥʟʳ, 

ʦʪʦʨʦʯʢʠ, ʛʥʝʟʜʘ ʚ ʟʘʣʴʙʘʥʜʘʭ ʠ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʢʚʘʨʮʝʚʳʭ, ʨʝʞʝ ʢʚʘʨʮʝʚʦ ï ʩʝʨʠʮʠʪʦʚʳʭ ʧʨʦʞʠʣʢʦʚ. 

ɻʨʘʥʠʮʘ ʨʫʜʥʳʭ ʪʝʣ ʰʪʦʢʚʝʨʢʦʚʦʛʦ ʪʠʧʘ ʥʝʯʝʪʢʘʷ. ʄʘʣʳʝ ʤʦʱʥʦʩʪʠ ʠ ʜʣʠʥʳ ʟʦʥ, ʞʠʣ ʠ ʧʨʦʞʠʣʢʦʚ ʦʧʨʝʜʝʣʷʶʪ 

ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʭ ʪʫʧʦʝ ʚʳʢʣʠʥʠʚʘʥʠʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʩʨʝʜʠ ʨʫʜ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʜʝʚʦʥʩʢʠʭ ʪʦʣʱʘʭ, ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʤʘʩʩʠʚʥʳʭ ʨʫʜ: 1) ʛʘʣʝʥʠʪʦʚʳʝ; 2) ʩʚʠʥʮʦʚʦ ï ʮʠʥʢʦʚʳʝ; 3) ʤʝʜʥʦ ï ʩʚʠʥʮʦʚʦ ï ʮʠʥʢʦʚʳʝ; 4) 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ; 5) ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ; 6) ʙʨʝʢʯʠʝʚʳʝ ʠ ʞʠʣʴʥʳʝ ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ. 

ɺ ʤʝʪʘʤʦʨʬʠʪʘʭ ʜʦʜʝʚʦʥʩʢʦʛʦ ʮʦʢʦʣʷ ʩʦʩʪʘʚ ʨʫʜ ʤʝʥʷʝʪʩʷ. ɿʜʝʩʴ ʚʳʜʝʣʝʥʳ: 1) ʚʢʨʘʧʣʝʥʥʳʝ 

ʭʘʣʴʢʦʧʠʨʠʪ ï ʧʠʨʠʪʦʚʳʝ; 2) ʚʢʨʘʧʣʝʥʥʳʝ ʭʘʣʴʢʦʧʠʨʠʪ ï ʧʠʨʠʪʦʚʳʝ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ 

ʤʝʪʘʤʦʨʬʠʪʘʭ; 3) ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʝ ʧʠʨʠʪʦʚʳʝ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʤʝʪʘʤʦʨʬʠʪʘʭ; 4) ʧʨʦʞʠʣʢʦʚʦ ï 

ʚʢʨʘʧʣʝʥʥʳʝ ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ. 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ɼʣʷ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʳ ʩʝʢʫʱʠʝ ʠ ʟʦʥʘʣʴʥʳʝ ʙʨʝʢʯʠʝʚʦ ï 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʥʳʝ ʪʝʣʘ, ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʝ ʙʨʝʢʯʠʨʦʚʘʥʥʳʝ ʢʚʘʨʮʠʪʳ. ʍʦʪʷ ʦʪʤʝʯʘʶʪʩʷ ʠ 

ʩʫʙʩʦʛʣʘʩʥʳʝ ʧʦʩʣʦʡʥʳʝ ʪʝʣʘ. ʅʘʣʠʯʠʝ ʙʨʝʢʯʠʝʚʳʭ ʨʫʜ ʦʩʧʘʨʠʚʘʝʪʩʷ ʩʪʦʨʦʥʥʠʢʘʤʠ ʠʭ ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ 

ʢʦʣʯʝʜʘʥʥʦ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʥʦ ï ʪʝʢʩʪʫʨʥʳʤ 

ʧʨʠʟʥʘʢʘʤ ʨʫʜʳ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʪʨʦʝʥʠʝʤ: ʵʥʜʦʛʝʥʥʘʷ ʨʫʜʥʘʷ 

ʟʦʥʘ, ʠʤʝʝʪ ʪʨʠ ʧʦʜʟʦʥʳ ʥʘ ʨʘʟʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʛʜʝ ʥʠʞʥʷʷ ʠ ʩʨʝʜʥʷʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʨʫʜʘʤʠ, ʚʝʨʭʥʷʷ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʩʦʩʪʘʚ. ɺ ʥʝʡ ʚʳʜʝʣʷʝʪʩʷ (ʩʥʠʟʫ ʚʚʝʨʭ) 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʟʦʣʦʪʦ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ, ʟʦʣʦʪʦ ï ʩʝʨʝʙʨʦ ï ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʙʘʨʠʪʦʚʳʝ 

ʨʫʜʳ. ʕʢʟʦʛʝʥʥʘʷ ʟʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʢʠʩʣʝʥʥʳʤʠ  ʟʦʣʦʪʦï ʩʝʨʝʙʨʦ ï ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʨʫʜʘʤʠ. 

ɹʘʨʠʪʦʚʳʝ, ʩʫʣʴʬʠʜʥʦ ï ʙʘʨʠʪʦʚʳʝ, ʘ ʪʘʢʞʝ ʟʦʣʦʪʦ ï ʩʝʨʝʙʨʦ ï ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʨʫʜʳ ʠʤʝʶʪ 

ʧʨʦʞʠʣʢʦʚʦ ï ʞʠʣʴʥʳʡ, ʙʨʝʢʯʠʝʚʳʡ ʠ ʰʪʦʢʚʝʨʢʦʚʦ ï ʞʠʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʘʣʦʞʝʥʥʳʡ ʥʘ ʨʘʟʜʨʦʙʣʝʥʥʳʝ ʚ ʟʦʥʝ 

ʩʫʙʰʠʨʦʪʥʦʛʦ ʨʘʟʣʦʤʘ ʵʡʬʝʣʴʩʢʦ ï ʞʠʚʝʪʩʢʠʝ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʥʘ çʨʦʛʦʚʠʢʠè, ʢʩʝʥʦʣʠʪʳ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʘʪ ʚ 

ʩʚʦʝʤ ʩʦʩʪʘʚʝ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʪʝʢʩʪʫʨʘʤʠ ʨʫʜ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʨʦʞʠʣʢʦʚʦ ï ʚʢʨʘʧʣʝʥʥʘʷ ʠ 

ʛʥʝʟʜʦʚʘʷ, ʨʝʞʝ ʤʘʩʩʠʚʥʘʷ ʠ ʪʦʥʢʦ ʚʢʨʘʧʣʝʥʥʘʷ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʷʚʣʷʶʪʩʷ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʩʢʨʳʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ, ʤʝʣʢʦ-, ʩʨʝʜʥʝ- ʠ 

ʢʨʫʧʥʦʟʝʨʥʠʩʪʘʷ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʩʪʘʥʠʷ. 

ɼʘʥʥʳʝ ʧʦ ʈʕʄ ʧʦʟʚʦʣʷʶʪ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ 

(ʪʘʙʣ.). 

ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʠ ʉʪʨʠʞʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

 

ʄʠʥʝʨʘʣʳ 

ʕʣʝʤʝʥʪʳ (ʤʘʩ. %) 

Cu Pb Zn Ba Fe S Sb Sr As O Ag Au 

ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʟʦʣʦʪʦ ï ʩʝʨʝʙʨʷʥʳʭ ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ  

ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʬʘʣʝʨʠʪ - - 59,8 - - 32,6 - - - - 0,03 3,2 

ɻʘʣʝʥʠʪ - 77,6 - - - 13,3 - - - - 0,01 3,2 

ʍ/ʧʠʨʠʪ 30,0 - - - 27,5 36,4 - -  - 0,06 3,3 

ʇʠʨʠʪ - - - - 38,2 53,1 - - - - 0,03 4,6 

ʊʝʪʨʘʵʜʨʠʪ 33,0 - - - 0,3 26,8 27,0 - 2,2 - 2,7 2,3 

ɹʘʨʠʪ - - - 53,2 - 14,2 - 1,2 - 26,6 0,2 1,9 

ʉʨʝʜʥʠʡ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʙʘʨʠʪ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ɿʘʧʘʜʥʦ-ʉʪʨʠʞʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʬʘʣʝʨʠʪ - - 59,6 - 0,55 33,8 - - - - - 2.7 

ɻʘʣʝʥʠʪ - 78,2 - - - 13,4 - - - - - 3,6 

ʍ/ʧʠʨʠʪ 28,5 - - - 27,5 36,2 - - - - 0,04 3,5 

ʇʠʨʠʪ - - - - 38,4 53,0 - - - - 0,2 4,7 

ɹʘʨʠʪ - - - 59,0 0,3 14,0 - - - 24,0 0,02 1,7 

 

ʇʨʠʤʝʯʘʥʠʝ. ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʎʂʇ çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʛʝʦʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤè ʊɻʋ ʥʘ 

ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ çVGA II  LMUè, ʩʦʚʤʝʱʝʥʥʦʤ ʩ ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤʝʪʨʦʤ 

(Oxford INCA Energy 350), ʘʥʘʣʠʪʠʢʠ: ɽ.ɺ. ʂʦʨʙʦʚʷʢ, ʂ.ɺ. ɹʝʩʪʝʤʴʷʥʦʚʘ. 

 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʨʝʜʥʠʭ ʩʦʩʪʘʚʦʚ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʢʘʟʘʣ ʥʘ ʥʘʣʠʯʠʝ ʤʝʞʜʫ ʥʠʤʠ 

ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʣʠʯʠʡ. ʊʘʢ, ʩʬʘʣʝʨʠʪ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʠ ʉʪʨʠʞʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ (0 ʠ 0,55 %) ʠ ʩʝʨʳ (32,6 ʠ 33, 8 %); ʛʘʣʝʥʠʪʳ ʧʦʯʪʠ ʠʜʝʥʪʠʯʥʳ; ʭʘʣʴʢʦʧʠʨʠʪʳ ʨʘʟʣʠʯʘʶʪʩʷ 

ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʤʝʜʠ (30,0 ʠ 28,5 %); ʧʠʨʠʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳ; ʙʘʨʠʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʝʪʩʷ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ʙʘʨʠʷ (53,2 ʠ 59,0 %), ʢʠʩʣʦʨʦʜʘ (26,6 ʠ 24,0 %), ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʶ ʧʨʠʤʝʩʝʡ ʩʪʨʦʥʮʠʷ ʚ ʙʘʨʠʪʘʭ 

ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʞʝʣʝʟʘ ʚ ʙʘʨʠʪʘʭ ʉʪʨʠʞʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʟʦʣʦʪʘ ʠ 

ʩʝʨʝʙʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʤʠʥʝʨʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ, ʧʨʠ ʵʪʦʤ ʦʩʥʦʚʥʳʤ 

ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʨʘʩʩʝʷʥʥʦʛʦ ʟʦʣʦʪʘ (ʜʣʷ ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ (4,6é4,7 %) ʧʨʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʝʙʨʘ (0,03é0,2 %). 

ʀʟʫʯʝʥʠʝ ʩʪʨʫʢʪʫʨ ʠ ʪʝʢʩʪʫʨ ʨʫʜ ʥʘ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ ʧʦʟʚʦʣʷʶʪ ʥʘʤʝʪʠʪʴ ʤʥʦʛʦʵʪʘʧʥʫʶ  

ʩʭʝʤʫ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. ʅʘʤʝʯʘʝʪʩʷ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʜʚʠʞʢʘʤʠ: 1) ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʢʚʘʨʮʠʪʦʚ ʠ ʛʠʜʨʦʪʝʨʤʘʣʠʪʦʚ; 2) ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʙʘʨʠʪʦʚʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ; 3) ʦʙʨʘʟʦʚʘʥʠʝ ʙʘʨʠʪ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ, ʥʘ ʉʪʨʠʞʢʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʩʢʨʳʪʳ ʨʫʜʥʳʝ ʪʝʣʘ ʚ ʧʨʝʜʝʣʘʭ 

ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʳʩʪʫʧʘ ʦʩʥʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʜʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʅʘʣʠʯʠʝ ʧʦʜʦʙʥʳʭ ʚʳʩʪʫʧʦʚ ʚ ʧʨʝʜʝʣʘʭ 

ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʨʘʟʚʠʪʠʝ ʧʦʜʦʙʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚ ʧʨʝʜʝʣʘʭ ʚʩʝʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ Au ʠ Ag ʚ ʠʟʫʯʝʥʥʳʭ ʤʠʥʝʨʘʣʘʭ ʧʦʟʚʦʣʷʪʁ ʫʩʪʘʥʦʚʠʪʴ 

ʩʣʝʜʫʶʱʠʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ: Au ʜʦʤʠʥʠʨʫʝʪ ʚ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʫ Ag ʞʝ ʥʝʩʢʦʣʴʢʦ ʠʥʘʷ 

ʩʫʜʴʙʘ. ʇʦ ʭʘʨʘʢʪʝʨʫ ʤʠʢʨʦʩʪʨʫʢʪʫʨ Ag ʥʘʯʠʥʘʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʚ ʙʦʣʝʝ ʧʦʟʜʥʶʶ ʩʪʘʜʠʶ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʜʝʥʜʨʠʪʦʚ ʧʦ ʛʨʘʥʠʮʘʤ ʟʝʨʝʥ ʛʘʣʝʥʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ ʠ ʩʬʘʣʝʨʠʪʘ ʚ ʚʠʜʝ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʠ ʩʘʤʦʨʦʜʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ. 

ʄʠʢʨʦʟʦʥʜʦʚʳʤ ʘʥʘʣʠʟʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʘʥʥʳʝ ʦ ʩʦʜʝʨʞʘʥʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʘʪʠʥʦʚʳʭ 

ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʦʩʥʦʚʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ. ʉʨʝʜʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ 

ʩʦʜʝʨʞʘʥʠʷʤ ʜʦʤʠʥʠʨʫʶʪ Pt (0,7é2,1%), Jr (0,4é1,4 %), Os (0,2é1,0 %), ʩʦʜʝʨʞʘʥʠʷ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ. ʕʪʠ ʜʘʥʥʳʝ ʠʤʝʶʪ ʚʝʩʴʤʘ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʪʨʝʙʫʶʪ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʜʨʫʛʠʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ. 

 
ʊʀʇʆʄʆʈʌʀɿʄ ɹʃʆʂʆɺʆɻʆ ʂɸʃʀɽɺʆɻʆ ʇʆʃɽɺʆɻʆ ʐʇɸʊɸ ʈɽɼʂʆʄɽʊɸʃʔʅʓʍ 

ʇɽɻʄɸʊʀʊʆɺ ʊɸʉʊʓɻʉʂʆɻʆ ʇɽɻʄɸʊʀʊʆɺʆɻʆ ʇʆʃʗ 
ɽ.ʀ. ɺʦʣʢʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʀ. ʂʦʥʦʚʘʣʝʥʢʦ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʊʘʩʪʳʛʩʢʦʝ ʣʠʪʠʝʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʕʨʟʠʥʩʢʦʤ ʢʦʞʫʫʥʝ 

ʈʝʩʧʫʙʣʠʢʠ ʊʳʚʘ ʠ ʦʪʥʦʩʠʪʩʷ (ʚʤʝʩʪʝ ʩ ʉʦʣʴʙʝʣʴʜʝʨʩʢʠʤ ʧʦʣʝʤ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʛʨʘʥʠʪʥʳʭ ʧʝʛʤʘʪʠʪʦʚ) ʢ 

ʉʘʥʛʠʣʝʥʩʢʦʤʫ ʧʝʛʤʘʪʠʪʦʚʦʤʫ ʨʘʡʦʥʫ (ʉʘʥʛʠʣʝʥʩʢʦʝ ʥʘʛʦʨʴʝ). ʆʧʠʩʳʚʘʝʤʦʝ ʧʝʛʤʘʪʠʪʦʚʦʝ ʧʦʣʝ ʧʨʝʜʩʪʘʚʣʝʥʦ 

ʦʜʥʦʡ ʢʨʫʧʥʦʡ ʠ ʜʚʫʤʷ ʤʝʣʢʠʤʠ ʞʠʣʴʥʳʤʠ ʟʦʥʘʤʠ ʩʧʦʜʫʤʝʥʦʚʳʭ ʧʝʛʤʘʪʠʪʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʢʘʨʙʦʥʘʪʥʦʡ 

ʪʦʣʱʝ, ʩʣʦʞʝʥʥʦʡ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʤʨʘʤʦʨʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʢʚʘʨʮʠʪʦʚ ʠ ʛʥʝʡʩʦʚ. ɺ ʞʠʣʘʭ 

ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʛʣʘʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘ: ʢʚʘʨʮ-ʩʧʦʜʫʤʝʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʡ ʜʠʨʝʢʪʠʚʥʦʡ, 

ʥʝʷʩʥʦʜʠʨʝʢʪʠʚʥʦʡ, ʩʧʫʪʘʥʥʦʚʦʣʦʢʥʠʩʪʦʡ ʠ ʬʣʶʠʜʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨ; ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥʦʚʳʡ ʙʣʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ; 

ʩʣʠʚʥʦʛʦ ʢʚʘʨʮʘ. ɻʣʘʚʥʫʶ ʨʦʣʴ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʩʪʨʦʝʥʠʠ ʧʝʛʤʘʪʠʪʦʚ ʠʛʨʘʝʪ ʧʝʨʚʳʡ ʢʦʤʧʣʝʢʩ, ʯʘʩʪʦ ʮʝʣʠʢʦʤ ʩ 

ʣʘʛʘʶʱʠʡ ʞʠʣʳ. ɾʠʣʳ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ (2é3 ʤ) ʩʣʦʞʝʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʜʥʠʤ ʢʚʘʨʮ-ʩʧʦʜʫʤʝʥ-

ʧʣʘʛʠʦʢʣʘʟʦʚʳʤ ʤʠʥʝʨʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʉʠʤʤʝʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʞʠʣ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʤʦʱʥʦʩʪʠ. ʀʭ ʚʥʝʰʥʠʝ ʟʦʥʳ, ʟʘʥʠʤʘʶʱʠʝ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʞʠʣ, ʦʙʳʯʥʦ ʩʣʦʞʝʥʳ ʢʚʘʨʮ-ʩʧʦʜʫʤʝʥ-

ʧʣʘʛʠʦʢʣʘʟʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʚʥʫʪʨʝʥʥʠʝ ï ʤʠʢʨʦʢʣʠʥ-ʢʚʘʨʮʝʚʳʤ ʙʣʦʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʘ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ ʞʠʣ 

ʦʪʤʝʯʘʶʪʩʷ ʛʥʝʟʜʘ ʠʣʠ ʧʨʝʨʳʚʠʩʪʳʝ ʟʦʥʳ ʩʣʠʚʥʦʛʦ ʢʚʘʨʮʘ ʩʦ ʩʧʦʜʫʤʝʥʦʤ (ʨʠʩ. 1). ɼʣʷ ʞʠʣ ʭʘʨʘʢʪʝʨʥʳ 

ʦʜʥʦʨʦʜʥʘʷ ʠ ʩʠʤʤʝʪʨʠʯʥʦ-ʟʦʥʘʣʴʥʘʷ ʪʝʢʩʪʫʨʳ. 

 

 
 

ʈʠʩ. 1 ʉʭʝʤʘʪʠʯʝʩʢʘʷ ʟʘʨʠʩʦʚʢʘ ʩʪʨʦʝʥʠʷ ʧʝʛʤʘʪʠʪʦʚʦʡ ʞʠʣʳ ʊʘʩʪʳʛʩʢʦʛʦ 

ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʣʷ (ʩʦʩʪʘʚʣʝʥʘ ʅ.ʅ. ʄʘʨʪʴʷʥʦʚʳʤ) [4] 

1 ï 3 ï ʢʦʤʧʣʝʢʩʳ: 1 ï ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ-ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʳʡ, 

2 ï ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʡ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, 3 - ʢʚʘʨʮ-ʤʠʢʨʦʢʣʠʥʦʚʳʡ ʙʣʦʢʦʚʳʡ; 

4 ï ʧʦʧʝʨʝʯʥʳʝ ʧʨʦʞʠʣʢʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮ-ʘʣʴʙʠʪ-ʩʧʦʜʫʤʝʥʦʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ; 5 ï ʧʨʦʞʠʣʢʠ ʢʚʘʨʮʘ; ʙ ï ʢʚʘʨʮ; 7 ï ʘʣʴʙʠʪ; 8 ï ʩʧʦʜʫʤʝʥ; 

9 ï ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʡ ʠʟʚʝʩʪʥʷʢ 

 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ ʩʣʝʜʫʶʱʠʡ (%): ʧʣʘʛʠʦʢʣʘʟ (ʘʣʴʙʠʪ, ʦʣʠʛʦʢʣʘʟ) 40é60, ʢʚʘʨʮ 

25é45, ʩʧʦʜʫʤʝʥ, ʤʠʢʨʦʢʣʠʥ, ʤʠʢʨʦʢʣʠʥ-ʧʝʨʪʠʪ, ʠʥʦʛʜʘ ʘʤʘʟʦʥʠʪ 10é15, ʤʫʩʢʦʚʠʪ (ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʪʠʝʚʳʡ) 

1é3, ʛʨʘʬʠʪ ʦʢʦʣʦ 1, ʧʨʦʯʠʝ ʤʠʥʝʨʘʣʳ 1é3. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʬʣʶʦʨʠʪ, 

ʛʨʘʥʘʪ, ʢʘʣʴʮʠʪ, ʛʝʣʴʚʠʥ, ʢʘʩʩʠʪʝʨʠʪ, ʩʫʣʴʬʠʜʳ, ʮʠʨʢʦʥ, ʬʝʨʛʶʩʦʥʠʪ, ʛʘʪʯʝʪʪʦʣʠʪ ʠ ʜʨ. ʇʦʤʠʤʦ ʩʧʦʜʫʤʝʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʣʝʟʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʧʝʛʤʘʪʠʪʳ ʩʦʜʝʨʞʘʪ ʛʝʣʴʚʠʥ Mn4[BeSiO4]3S, ʢʘʩʩʠʪʝʨʠʪ, ʪʘʥʪʘʣʦ-ʥʠʦʙʘʪʳ. 

ʈʝʜʢʦʤʝʪʘʣʴʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʙʝʨʠʣʣʠʡ-ʦʣʦʚʦ-ʪʘʥʪʘʣ-ʣʠʪʠʝʚʘʷ [4], ʩ Rb ʠ Cs ʚ ʢʘʯʝʩʪʚʝ ʧʦʧʫʪʥʳʭ ʮʝʥʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʝʡ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʠʥʝʨʘʣʦʚ, 

ʪʦ ʝʩʪʴ ʚʳʷʚʣʝʥʠʶ ʠʭ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʦʮʝʥʢʘ ʚʝʨʦʷʪʥʦʡ 

ʨʫʜʦʥʦʩʥʦʩʪʠ ʜʘʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʜʤʝʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʙʨʘʥʳ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ (ʂʇʐ) ʊʘʩʪʳʛʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʣʷ. ʆʙʨʘʟʮʳ ʜʣʷ ʘʥʘʣʠʟʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʠʟ 

ʙʣʦʢʦʚʦʡ ʟʦʥʳ ʨʘʟʣʠʯʥʳʭ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ (6007-7; 6037-4; 6057-1; 6067-1; 6071-1). ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʩʣʝʜʫʶʱʠʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʟʦʥʜʦʚʳʡ, ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʪʥʳʡ (ʈʃ), 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ. ɺʩʝ ʘʥʘʣʠʟʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʘ ʙʘʟʝ ʎʂʇ çɸʥʘʣʠʪʠʯʝʩʢʠʡ ʮʝʥʪʨ ʛʝʦʭʠʤʠʠ ʧʨʠʨʦʜʥʳʭ 

ʩʠʩʪʝʤè (ʛ. ʊʦʤʩʢ), ʘʥʘʣʠʪʠʢʘʤʠ ɼ.ɺ. ʃʳʯʘʛʠʥʳʤ, ʊ.ʉ. ʅʝʙʝʨʘ, ʅ.ʅ. ɹʦʨʦʟʥʦʚʩʢʦʡ. 

ʇʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʢʘʣʠʝʚʳʝ 

ʧʦʣʝʚʳʝ ʰʧʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʚʳʩʦʢʦʫʧʦʨʷʜʦʯʝʥʥʳʤ ʠ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʤʠʢʨʦʢʣʠʥʦʤ. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʣʠʰʧʘʪʦʚ ʫ 4 ʠʟ 5 ʦʙʨʘʟʮʦʚ (ˉ 6007-7, 6037-4, 6057-1, 

6067-1) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʧʝʢʪʨʳ ʨʝʥʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʜʠʘʧʘʟʦʥʝ 250é900 ʥʤ, ʘ ʜʣʷ ʦʙʨʘʟʮʘ 5 (ˉ 6071-1) ʚ 

ʜʠʘʧʘʟʦʥʝ 250é400 ʥʤ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʩʧʝʢʪʨʘʭ ʈʃ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʦʩʳ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ Tl+ c ʤʘʢʩʠʤʫʤʦʤ ʥʘ 290 ʥʤ (ʨʠʩ. 2). ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ 3, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʘʨʴʠʨʫʝʪ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʙʨʘʟʮʘʭ 6067-1, 6071-1, 6007-7 ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʩʚʝʯʝʥʠʷ Tl+ ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʘʧʘʟʦʥʫ 50000é58000 ʫʩʣ.ʝʜ., ʘ ʚ ʦʙʨʘʟʮʘʭ 6037-4, 6057-1 ʦʥʘ 

ʧʘʜʘʝʪ ʜʦ 30000é35000 ʫʩʣ.ʝʜ.. ʅʘʣʠʯʠʝ ʮʝʥʪʨʘ ʩʚʝʯʝʥʠʷ Tl+ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʜʢʦʤʝʪʘʣʴʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʧʝʛʤʘʪʠʪʦʚ ʊʘʩʪʳʛʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʵʪʦʛʦ ʩʚʝʯʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʠ ʵʪʦʡ ʨʝʜʢʦʤʝʪʘʣʴʥʦʩʪʠ. ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ [2], ʯʪʦ ʦʪʥʦʰʝʥʠʝ ʈʃ 

Mn2+/ ʈʃ Tl+ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʦʮʝʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʢʠʩʣʦʪʥʦʩʪʠ-ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ. 

ʇʦʩʢʦʣʴʢʫ ʈʃ Mn2+ ʥʘʩʪʦʣʴʢʦ ʩʣʘʙʘ, ʯʪʦ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʚ ʦʙʨʘʟʮʘʭ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ɼʣʷ ʚʩʝʭ ʩʧʝʢʪʨʦʚ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʭʘʨʘʢʪʝʨʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʠʟʣʫʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 390é520 ʥʤ, ʟʘ ʢʦʪʦʨʫʶ ʦʪʚʝʪʩʪʚʝʥʥʳ ʜʝʬʝʢʪʳ ʥʘ ʙʘʟʝ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ SiO4
3- ʠ AlO4

4- (O-) [3]. ʆʙʨʘʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʮʝʥʪʨʦʚ ʩʚʷʟʘʥʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ 

ʜʝʬʝʢʪʘʤʠ ʧʨʠʤʝʩʥʦʛʦ ʠʣʠ ʩʦʙʩʪʚʝʥʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʩʪʨʫʢʪʫʨʝ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. 

 

 
 

ʈʠʩ. 2. ʊʠʧʦʚʦʡ ʩʧʝʢʪʨ ʈʃ ʢʘʣʠʰʧʘʪʘ ʠʟ 

ʙʣʦʢʦʚʦʡ ʟʦʥʳ ʧʝʛʤʘʪʠʪʦʚ ʊʘʩʪʳʛʩʢʦʛʦ ʧʦʣʷ 

ʈʠʩ. 3. ɺʘʨʠʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʯʝʥʠʷ ʧʦʣʦʩʳ Tl+ ʚ ʩʧʝʢʪʨʘʭ ʈʃ 

ʠʟʫʯʝʥʥʳʭ ʢʘʣʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ 

ʧʝʛʤʘʪʠʪʦʚ ʊʘʩʪʳʛʩʢʦʛʦ ʧʦʣʷ 

 

ʉʭʦʞʝʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ ʩʚʝʯʝʥʠʷ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʭʦʜʥʳʭ ʫʩʣʦʚʠʷʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʂʇʐ [2]. 

ʄʠʢʨʦʟʦʥʜʦʚʦʤʫ ʘʥʘʣʠʟʫ ʧʦʜʚʝʨʛʣʠʩʴ 4 ʦʙʨʘʟʮʘ ʙʣʦʢʦʚʦʛʦ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʊʘʩʪʳʛʩʢʦʛʦ 

ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʣʷ. ʄʘʩʩʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʂʐʇ, ʘ ʪʘʢʞʝ 

ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʊʘʙʣʠʮʘ 

ʉʦʩʪʘʚ ʂʇʐ ʧʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʤʘʩ. %) 

 

ʆʙʨʘʟʮʳ 

ʂʦʤʧʦʥʝʥʪʳ 
6007-7 6037-4 6057-1 6067-1 

SiO2 66,02 64,63 62,8 65,42 

Al 2O3 18,43 18,41 17,64 18,42 

Na2O 0,32 0,38 0,21 0,36 

K2O 16,26 15,96 16 15,27 

Rb2O 0 0 1,92 0 

 

ɼʣʷ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʮʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Na, ʚʘʨʴʠʨʫʶʱʝʝ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 

0,21 ʜʦ 0,38 ʤʘʩ. %, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ Rb 

ʫʩʪʘʥʦʚʣʝʥʦ ʪʦʣʴʢʦ ʚ ʦʙʨʘʟʮʝ ˉ 6057-1. ʇʦʷʚʣʝʥʠʝ Rb ʚ ʂʇʐ ʦʙʳʯʥʦ ʩʚʷʟʘʥʦ ʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʦʩʪʘʪʦʯʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʜʘʥʥʳʤ ʵʣʝʤʝʥʪʦʤ [1], ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʦʙʨʘʟʦʚʘʥʠʠ ʟʦʥʳ ʩ 

ʂʐʇ ʦʙʨʘʟʮʘ ˉ 6057-1. ʊʘʢʞʝ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦʙ ʦʙʱʝʤ ʧʦʚʳʰʝʥʥʦʤ ʬʦʥʝ ʨʝʜʢʦʤʝʪʘʣʴʥʦʩʪʠ 

ʧʝʛʤʘʪʠʪʦʚ. ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʂʇʐ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʘʪʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʦ 

ʜʘʥʥʳʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʆʙʨʘʟʝʮ 6007-7 ï (ʂ0,937,Na0,045)[Al 0,981Si3,018O8], 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʆʙʨʘʟʝʮ 6037-4 ï (ʂ0,949,Na0,047)[Al 1,008 Si2,991O8], 

ʆʙʨʘʟʝʮ 6057-1 ï (ʂ0,987,Na0,045,Rb0,067)[Al 1,002Si2,997O8], 

ʆʙʨʘʟʝʮ 6067-1 ï (ʂ0,900,Na0,043)[Al 0,999 Si3,001O8]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʂʇʐ ʠʟ ʙʣʦʢʦʚʦʡ ʟʦʥʳ ʧʝʛʤʘʪʠʪʦʚ 

ʊʘʩʪʳʛʩʢʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ɺʩʝ ʠʟʫʯʝʥʥʳʝ ʂʇʐ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʤʠʢʨʦʢʣʠʥʦʤ; 

ʅʘʣʠʯʠʝ ʮʝʥʪʨʘ ʩʚʝʯʝʥʠʷ Tl+ ʚ ʥʝʤ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʧʦʚʳʰʝʥʥʦʡ ʩʪʝʧʝʥʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʩʪʠ 

ʧʝʛʤʘʪʠʪʦʚ; 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʟʦʤʦʨʬʥʦʛʦ Na ʚ ʢʘʣʠʰʧʘʪʘʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ 

ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ɽ.ʀ. ɺʦʣʢʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɻ.ɹ. ʂʥʷʟʝʚ 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʉʢʘʧʦʣʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ, ʯʝʤ ʨʦʜʩʪʚʝʥʥʳʝ ʠʤ ʱʝʣʦʯʥʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ. 

ʆʥʠ ʷʚʣʷʶʪʩʷ ʠʥʜʠʢʘʪʦʨʘʤʠ ʱʝʣʦʯʥʦʛʦ, ʦʙʳʯʥʦ ʭʣʦʨʥʦ-ʥʘʪʨʦʚʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʨʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ, ʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ɺ ʩʦʩʪʘʚʝ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʞʝʣʝʟʘ ʚʳʜʝʣʷʝʪʩʷ ʦʩʦʙʳʡ ʩʢʘʧʦʣʠʪʦʚʳʡ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʧʦʜʪʠʧ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʪʘʢʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʢʘʢ ʂʘʯʘʨʩʢʦʝ, ɸʥʟʘʩʩʢʦʝ ʠ 

ʤʝʥʝʝ ʠʟʚʝʩʪʥʳʤ ʊʘʷʪʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ, ʛʜʝ ʩʢʘʧʦʣʠʪ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʥʝʨʫʜʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʠ ʩʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʙʲʸʤʳ ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳ ʜʚʝ ʬʦʨʤʳ 

ʨʘʟʚʠʪʠʷ ʩʢʘʧʦʣʠʪʘ ʚ ʞʝʣʝʟʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ: ʩʢʘʧʦʣʠʪ ʢʘʢ ʭʘʜʦʢʨʠʩʪʘʣʣ, ʦʙʨʘʟʦʚʘʚʰʠʡʩʷ ʧʫʪʝʤ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʩ ʨʘʟʚʠʪʠʝʤ ʧʦʡʢʠʣʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʩʢʘʧʦʣʠʪ ʞʠʣʴʥʦʡ 

ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ ʚ ʟʦʥʘʭ ʜʨʦʙʣʝʥʠʷ ʠ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʧʦʨʦʜ. ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʩʢʘʧʦʣʠʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʩʦʨʫʜʥʳʡ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʦʪʣʦʞʝʥʠʝʤ ʤʘʛʥʝʪʠʪʘ ʚ ʨʫʜʥʳʭ ʟʘʣʝʞʘʭ. ɾʠʣʴʥʳʡ ʩʢʘʧʦʣʠʪ ï ʢʘʢ ʧʦʩʣʝʨʫʜʥʳʡ, 

ʭʦʪʷ, ʚʝʨʦʷʪʥʦ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝʤ. ɺ ʩʣʦʞʥʳʭ ʞʠʣʴʥʳʭ ʬʦʨʤʘʭ ʚʤʝʩʪʝ ʩ ʢʘʣʴʮʠʪʦʤ ʠ 

ʱʝʣʦʯʥʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ ʦʥ ʯʘʩʪʦ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʞʠʣ, ʧʦ ʧʝʨʠʬʝʨʠʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ 

ʤʘʛʥʝʪʠʪ ʚ ʚʠʜʝ ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʤʫʰʢʝʪʦʚʠʪʘ. ʅʘ ʄʫʣʴʛʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʵʪʠ ʞʠʣʳ ʨʘʩʩʝʢʘʶʪ ʨʘʥʝʝ 

ʦʪʣʦʞʝʥʥʳʡ ʤʘʛʥʝʪʠʪ. ʅʘ ʊʘʙʨʘʪʩʢʦʤ ʠ ɸʙʘʢʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʨʦʷʚʣʷʶʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʩʢʘʧʦʣʠʪʦʚʳʝ 

ʠʣʠ ʩʢʘʧʦʣʠʪ-ʢʘʣʴʮʠʪʦʚʳʝ ʞʠʣʳ. ʅʘ ʗʨʳʰʢʦʣʴʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɿʘʧʘʜʥʦʛʦ ʉʘʷʥʘ ʤʫʰʢʝʪʦʚʠʪ-ʩʢʘʧʦʣʠʪ-

ʢʘʣʴʮʠʪʦʚʳʝ ʞʠʣʳ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʙʘʣʘʥʩ ʞʝʣʝʟʦʦʨʫʜʝʥʝʥʠʷ. ʅʘ ʚʩʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʧʨʦʷʚʣʝʥʠʷʭ ʩʢʘʧʦʣʠʪ ʦʙʳʯʥʦ ʠʤʝʝʪ ʙʝʣʳʡ ʠʣʠ ʩʝʨʦʚʘʪʦ-ʙʝʣʳʡ ʮʚʝʪʘ. ʅʘ ɺʦʣʢʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚ ʟʦʥʝ 

ʨʘʟʣʦʤʘ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʞʝʣʝʟʦʨʫʜʥʫʶ ʟʘʣʝʞʴ, ʚʩʪʨʝʯʝʥ ʩʚʝʪʣʳʡ ʛʦʣʫʙʦʚʘʪʦ-ʬʠʦʣʝʪʦʚʳʡ ʩʢʘʧʦʣʠʪ, 

ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʡ ʥʘ ʩʚʝʞʝʤ ʩʢʦʣʝ, ʥʦ ʙʳʩʪʨʦ ʪʝʨʷʶʱʠʡ ʮʚʝʪ ʚ ʧʨʦʮʝʩʩʝ ʭʨʘʥʝʥʠʷ. ɺ ʩʘʤʦʡ ʨʫʜʥʦʡ 

ʟʘʣʝʞʠ ɺʦʣʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʢʘʧʦʣʠʪʦʚʳʭ ʧʨʦʞʠʣʢʘʭ ʧʦʤʠʤʦ ʢʘʣʴʮʠʪʘ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʨʦʟʦʚʳʡ 

ʧʦʣʝʚʦʡ ʰʧʘʪ. 

ʉ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʢʘʧʦʣʠʪʘ ʜʘʥʥʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʥʦʛʦʤʝʨʥʦʡ ʩʪʘʪʠʩʪʠʢʠ. ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʩʢʘʧʦʣʠʪʘ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʘʛʥʝʪʠʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ʚʟʷʪʳʝ ʠʟ ʨʘʙʦʪ ʨʷʜʘ ʘʚʪʦʨʦʚ [3, 5ï7]. 

ʋʞʝ ʥʘ ʧʝʨʚʳʭ ʩʪʘʜʠʷʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʦ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʢʘʣʠʷ ʚ ʩʦʩʪʘʚʝ ʩʢʘʧʦʣʠʪʘ ʜʘʥʥʦʛʦ 

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʚʩʝʭ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʩʢʘʧʦʣʠʪʦʚ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ 

ʩʧʨʘʚʦʯʥʠʢʘʭ çʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳè, çʄʠʥʝʨʘʣʳè [1, 2], ʢʘʣʠʡʩʦʜʝʨʞʘʱʠʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠʤʝʨʥʦ 

30 % ʩʢʘʧʦʣʠʪʦʚ. ɼ. ʇ. ʉʝʨʜʶʯʝʥʢʦ [8] ʚʳʜʝʣʝʥʘ ʦʩʦʙʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ï ʢʘʣʠʝʚʳʡ ʩʢʘʧʦʣʠʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʨʘʙʦʪʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʦ ʥʘ ʫʩʪʘʥʦʚʣʝʥʠʠ ʪʝʥʜʝʥʮʠʡ ʧʦʚʝʜʝʥʠʷ ʢʘʣʠʷ ʚ 

ʩʢʘʧʦʣʠʪʘʭ. 

ʂʣʘʩʪʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʘʥʘʣʠʟ ʜʠʩʢʨʠʤʠʥʘʥʪʥʳʭ ʬʫʥʢʮʠʡ ʨʘʟʜʝʣʠʣʠ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʤʠʥʝʨʘʣʳ ʧʦ 

ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʥʘ ʜʚʝ ʛʨʫʧʧʳ (ʪʘʙʣʠʮʘ). ɼʘʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʪʘʢʞʝ ʩʦʚʧʘʣʦ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ ʬʦʨʤʘʭ 

ʚʳʜʝʣʝʥʠʷ ʩʢʘʧʦʣʠʪʘ. ɹʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʤʠ ʢʘʣʠʝʤ ʦʢʘʟʘʣʠʩʴ ʩʢʘʧʦʣʠʪʳ ʛʨʫʧʧʳ 1 ʞʠʣʴʥʦʡ ʬʦʨʤʳ ʧʨʦʷʚʣʝʥʠʷ 

(ʊʘʙʨʘʪʩʢʦʝ, ʗʨʳʰʢʦʣʴʩʢʦʝ, ʄʫʣʴʛʠʥʩʢʦʝ, ɺʦʣʢʦʚʩʢʦʝ ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʩ ʨʘʟʥʳʤʠ ʧʨʠʯʠʥʘʤʠ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʤ ʦʙʦʛʘʱʝʥʠʠ ʢʘʣʠʝʤ ʠʟ ʙʠʦʪʠʪʘ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ. ɻʨʫʧʧʘ 2 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʥʥʳʤ ʧʦ ʧʣʘʛʠʦʢʣʘʟʫ ʩʢʘʧʦʣʠʪʘʤ (ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʊʘʷʪʩʢʦʝ, ɹʫʨʣʫʢʩʢʦʝ), ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ ʧʠʨʦʢʩʝʥ-ʘʤʬʠʙʦʣ-ʩʢʘʧʦʣʠʪ-ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ. ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ 

ʜʘʥʥʦʡ ʛʨʫʧʧʝ ʥʝʩʫʱʝʩʪʚʝʥʥʦ ʠ, ʚ ʮʝʣʦʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ çʩʪʘʥʜʘʨʪʥʦʡè ʠʟʦʤʦʨʬʥʦʡ ʧʨʠʤʝʩʠ ʢʘʣʠʷ ʚ ʥʘʪʨʦʚʦʤ 

ʩʢʘʧʦʣʠʪʝ. 

ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʢʘʧʦʣʠʪʘ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʤʘʛʥʝʪʠʪʦʚʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ 

 

ʂʦʤʧʦʥʝʥʪ, ʤʘʩ. % 
ʇʦ ʚʩʝʤ ʭʠʤʠʯʝʩʢʠʤ 

ʘʥʘʣʠʟʘʤ 
ɻʨʫʧʧʘ 1 ɻʨʫʧʧʘ 2 

SiO2 54,87 53,50 55,55 

Al 2O3 22,47 21,34 23,03 

CaO 7, 46 7,29 7,55 

Na2O 8,46 7,20 9,09 

K2O 0,94 1,54 0,65 

CO2 0,76 1,22 0,54 

Cl 2,46 1,78 2,80 

 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʨʝʜʥʠʭ ʩʦʜʝʨʞʘʥʠʡ (ʧʦ ʛʨʫʧʧʘʤ) ʙʳʣʠ ʥʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʙʲʸʤ ʚʳʙʦʨʢʠ [4] ʠ 

ʚʳʥʝʩʝʥʳ ʥʘ ʪʨʝʫʛʦʣʴʥʫʶ ʜʠʘʛʨʘʤʤʫ Ca-Na-K, ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʜʣʷ ʛʨʫʧʧʳ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ (ʨʠʩ. 1). ɿʥʘʯʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʢʘʧʦʣʠʪʦʚ ʧʦʧʘʣʠ ʚ ʦʙʣʘʩʪʴ ʩʨʝʜʥʝʛʦ-ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʥʘʤʝʯʘʝʪʩʷ ʜʚʘ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʘ ʠʤʝʥʥʦ ʦʪ ʦʩʥʦʚʥʳʭ ʩʢʘʧʦʣʠʪʦʚ ʢ ʢʠʩʣʳʤ (ʦʪ Ca ʢ Na, K) ʠ ʥʘʧʨʘʚʣʝʥʠʝ, 

ʦʧʠʩʳʚʘʶʱʝʝ ʚʭʦʞʜʝʥʠʝ ʢʘʣʠʷ ʚ ʩʪʨʫʢʪʫʨʫ ʩʢʘʧʦʣʠʪʘ (ʦʪ Ca, Na ʢ K). 

ɸʥʘʣʠʟ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ ʚʳʷʚʠʣ ʜʚʝ ʢʦʦʨʜʠʥʘʪʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʦʢʦʣʦ 70 % ʠʟʤʝʥʯʠʚʦʩʪʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠʩʩʣʝʜʫʝʤʳʭ ʩʢʘʧʦʣʠʪʦʚ. ʇʣʦʩʢʦʩʪʴ ʵʪʠʭ ʢʦʦʨʜʠʥʘʪ ʩʦʚʤʝʱʝʥʘ ʩ ʧʨʦʝʢʮʠʝʡ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʩʢʘʧʦʣʠʪʦʚ ʚʩʝʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 2). 

 

  
 

ʈʠʩ. 1. ʊʨʝʫʛʦʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ CaO-Na2O-K2O 

ʩʦʩʪʘʚʘ ʩʢʘʧʦʣʠʪʦʚ, ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʦʙʲʸʤ 

ʚʳʙʦʨʢʠ. ʇʨʠʤ. 1 ï ʢʘʣʠʡʩʦʜʝʨʞʘʱʠʝ ʩʢʘʧʦʣʠʪʳ, 

2 ï ʩʢʘʧʦʣʠʪʳ ʨʷʜʘ ʤʘʨʠʘʣʠʪ-ʤʝʡʦʥʠʪ 

 

ʈʠʩ. 2. ʇʨʦʝʢʮʠʷ ʩʦʩʪʘʚʦʚ ʩʢʘʧʦʣʠʪʘ ʠ ʚʝʢʪʦʨʦʚ 

ʦʢʩʠʜʦʚ ʥʘ ʧʣʦʩʢʦʩʪʴ ʜʚʫʭ ʧʝʨʚʳʭ ʛʣʘʚʥʳʭ 

ʢʦʦʨʜʠʥʘʪ. ʇʨʠʤ. 1, 2 ï ʛʨʫʧʧʳ ʩʢʘʧʦʣʠʪʘ 

 

ʇʝʨʚʘʷ ʛʣʘʚʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʥʘʪʨʠʡ-ʢʨʝʤʥʠʝʚʘʷ, ʥʝʩʫʱʘʷ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʥʘʛʨʫʟʢʫ ʢʘʣʴʮʠʷ, ʦʪʨʘʞʘʝʪ 

ʛʣʘʚʥʫʶ ʚʝʪʚʴ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʢʘʧʦʣʠʪʦʚ ʦʪ ʤʘʨʠʘʣʠʪʘ ʢ ʤʝʡʦʥʠʪʫ. ɼʘʥʥʫʶ ʚʝʪʚʴ, ʚ ʮʝʣʦʤ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ 

ʢʘʢ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʢʘʧʦʣʠʪʘ. ɺʪʦʨʘʷ ʛʣʘʚʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ï ʢʘʣʠʝʚʘʷ. ʅʘ ʛʨʘʬʠʢʝ ʚʠʜʥʦ, ʯʪʦ ʢʘʣʠʡ 

ʦʙʦʩʦʙʣʝʥ ʦʪ ʦʩʪʘʣʴʥʳʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʘʥʥʘʷ ʚʝʪʚʴ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʬʠʢʩʠʨʫʝʪ ʥʝʢʦʪʦʨʳʡ 

ʚʪʦʨʠʯʥʳʡ ʧʨʦʮʝʩʩ, ʚʳʨʘʞʘʶʱʠʡʩʷ ʚ ʟʘʤʝʱʝʥʠʠ ʥʘʪʨʠʷ ʢʘʣʠʝʤ ʠ ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʘ 

ʭʣʦʨʘ ʢʘʢ ʜʦʙʘʚʦʯʥʦʛʦ ʠʦʥʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʦʛʘʱʝʥʠʝ ʢʘʣʠʝʤ ʩʢʘʧʦʣʠʪʦʚ (ʛʨʫʧʧʘ 1) ʞʠʣʴʥʦʡ ʬʦʨʤʳ 

ʧʨʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʚʪʦʨʠʯʥʦʝ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʜʝʣʝʥʠʝ ɼ.ʇ. ʉʝʨʜʶʯʝʥʢʦ ʢʘʣʠʝʚʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

ʩʢʘʧʦʣʠʪʘ ʦʧʨʘʚʜʘʥʦ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʦʩʥʦʚʘʥʠʷ ʛʦʚʦʨʠʪʴ 

ʦ ʚʦʟʤʦʞʥʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʝʱʝ ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʡ ʢʘʣʠʷ ʚ ʩʦʩʪʘʚʝ ʩʢʘʧʦʣʠʪʘ, ʘ ʪʘʢʞʝ ʦ ʧʦʷʚʣʝʥʠʠ ʝʛʦ 

ʩʦʙʩʪʚʝʥʥʦ ʢʘʣʠʝʚʦʛʦ ʤʠʥʘʣʘ. 
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1.  
ʊʀʇʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɾɽʃɽɿʀʉʊʓʍ ʊʋʈʄɸʃʀʅʆɺ ʈɽɼʂʆʄɽʊɸʃʔʅʓʍ 

ʀ ʈɽɼʂʆʄɽʊɸʃʔʅʆ-ʉʃʖɼʆʅʆʉʅʓʍ ʇɽɻʄɸʊʀʊʆɺ ʄʆʅɻʆʃʔʉʂʆɻʆ ɸʃʊɸʗ 
ɸ.ɸ. ɻʘʥʪʤʘʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʀ. ʂʦʥʦʚʘʣʝʥʢʦ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ɻʨʫʧʧʘ ʪʫʨʤʘʣʠʥʘ ʦʙʲʝʜʠʥʷʝʪ ʤʠʥʝʨʘʣʳ ʩʣʦʞʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʠʤʝʶʱʠʝ ʦʙʱʫʶ ʢʦʣʴʮʝʚʫʶ 

ʩʪʨʫʢʪʫʨʫ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʘʣʶʤʠʥʠʝʚʦ-ʣʠʪʠʝʚʳʝ ʵʣʴʙʘʠʪʳ, ʞʝʣʝʟʠʩʪʳʝ ʰʝʨʣʳ ʠ ʙʶʨʛʝʨʠʪʳ, ʤʘʛʥʠʝʚʳʝ 

ʜʨʘʚʠʪʳ, ʤʘʨʛʘʥʮʝʚʳʝ ʪʩʠʣʘʠʟʠʪʳ, ʢʘʣʴʮʠʝʚʳʝ ʫʚʠʪʳ. ɺʩʷ ʵʪʘ ʛʨʫʧʧʘ ʤʠʥʝʨʘʣʦʚ ʠʤʝʝʪ ʦʙʱʫʶ ʬʦʨʤʫʣʫ: 

(Na,K,Ca,Ǐ) (Al,Li,Fe2+,Fe3+,Mg,Mn,Ti)3(Al,Fe3+)6 [Si6O18] (BO3)3 (O,OH,F)4. 

ʇʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʩʦʩʪʘʚʦʚ ʧʨʠʨʦʜʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʵʣʴʙʘʠʪʘʤʠ, ʰʝʨʣʘʤʠ, 

ʜʨʘʚʠʪʘʤʠ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʤʝʞʜʫ ʵʣʴʙʘʠʪʘʤʠ-ʰʝʨʣʘʤʠ ʠ ʰʝʨʣʘʤʠ-ʜʨʘʚʠʪʘʤʠ [4]. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʪʘʣ ʪʫʨʤʘʣʠʥ ʠʟ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-

ʩʣʶʜʦʥʦʩʥʳʭ ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʧʦʣʝʡ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʷʩʘ ʄʦʥʛʦʣʴʩʢʦʛʦ ɸʣʪʘʷ. ɺ ʵʪʠʭ 

ʧʝʛʤʘʪʠʪʘʭ ʪʫʨʤʘʣʠʥ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ ʠ ʚʳʜʝʣʷʣʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ 

ʩʪʘʥʦʚʣʝʥʠʷ ʪʝʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ ʝʛʦ, ʥʘʨʷʜʫ ʩ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʢ çʩʢʚʦʟʥʳʤè. 

ɺ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʘʭ (ʀʥʜʝʨʪʠʥʩʢʦʝ ʧʦʣʝ) ʨʘʥʥʠʡ ʪʫʨʤʘʣʠʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʘʧʣʠʪʦʚʳʭ 

ʦʪʦʨʦʯʢʘʭ ʪʝʣ, ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʧʨʠʫʨʦʯʝʥ ʢ ʟʦʥʘʤ ʙʣʦʢʦʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʟʘʤʝʱʘʶʱʠʤ ʢʦʤʧʣʝʢʩʘʤ. 

ʆʩʦʙʝʥʥʦ ʤʥʦʛʦ ʪʫʨʤʘʣʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʜʥʦʤ ʠʟ ʧʝʛʤʘʪʠʪʦʚʳʭ ʰʪʦʢʦʚ ʧʦʣʷ, ʛʜʝ ʦʥ ʧʨʠʫʨʦʯʝʥ ʢ ʩʝʨʠʮʠʪ-

ʪʫʨʤʘʣʠʥʦʚʦʤʫ ʟʘʤʝʱʘʶʱʝʤʫ ʢʦʤʧʣʝʢʩʫ. ɺ ʥʝʤ ʪʫʨʤʘʣʠʥ ʜʘʝʪ ʛʫʩʪʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʭʦʨʦʰʦ ʦʙʨʘʟʦʚʘʥʥʳʭ 

ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 15 ʩʤ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʘʜʢʠʤʠ ʙʣʝʩʪʷʱʠʤʠ ʛʨʘʥʷʤʠ, 

ʥʝʩʫʱʠʤʠ ʪʦʥʢʫʶ ʢʦʤʙʠʥʘʮʠʦʥʥʫʶ ʰʪʨʠʭʦʚʢʫ [2]. ʅʘ ʢʦʥʪʘʢʪʝ ʩʝʨʠʮʠʪ-ʪʫʨʤʘʣʠʥʦʚʦʡ ʧʦʨʦʜʳ ʩ ʙʣʦʢʦʚʦʡ 

ʧʣʘʛʠʦʢʣʘʟʦʚʦʡ ʟʦʥʦʡ ʧʝʛʤʘʪʠʪʘ ʠ ʚʜʦʣʴ ʥʝʝ ʧʦ ʛʨʘʥʠʮʝ ʩ ʢʚʘʨʮʝʚʳʤ ʷʜʨʦʤ ʥʘʭʦʜʠʪʩʷ ʛʠʛʘʥʪʩʢʠʡ ʧʘʨʘʣʣʝʣʴʥʳʡ 

ʩʨʦʩʪʦʢ ʢʨʠʩʪʘʣʣʦʚ ʰʝʨʣʘ, ʜʦʩʪʠʛʘʶʱʠʡ ʧʦ ʫʜʣʠʥʝʥʠʶ ʙʦʣʝʝ 4,5 ʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʠʨʠʥʝ 4 ʤ [3]. 

ɺ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʩʣʶʜʦʥʦʩʥʳʭ ʧʝʛʤʘʪʠʪʘʭ (ɹʦʜʦʥʯʠʥʩʢʦʝ ʧʦʣʝ) ʚʳʜʝʣʝʥʠʷ ʪʫʨʤʘʣʠʥʘ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 

ʢʦʥʪʘʢʪʝ ʧʝʛʤʘʪʠʪʦʚʳʭ ʪʝʣ ʩ ʚʤʝʱʘʶʱʠʤʠ ʠʭ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʤʠ ʠ ʙʠʦʪʠʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʠ ʛʥʝʡʩʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʚʝ ʛʝʥʝʨʘʮʠʠ ʪʫʨʤʘʣʠʥʘ. ʇʝʨʚʘʷ ʩʚʷʟʘʥʘ ʩ ʟʦʥʦʡ ʙʣʦʢʦʚʦʛʦ ʧʦʣʝʚʦʛʦ 

ʰʧʘʪʘ. ʂʨʠʩʪʘʣʣʳ ʪʫʨʤʘʣʠʥʘ ʠʤʝʶʪ ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ ʛʘʙʠʪʫʩ, ʯʝʨʥʳʡ ʮʚʝʪ, ʰʪʨʠʭʦʚʢʘ ʫ ʥʠʭ ʦʪʩʫʪʩʪʚʫʝʪ, ʨʘʟʤʝʨ 

ʠʥʜʠʚʠʜʦʚ ʜʦ 10 ʩʤ. ɺʪʦʨʘʷ ï ʧʦʟʜʥʷʷ ï ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʩʝʚʜʦʛʨʘʬʠʯʝʩʢʠʤʠ ʩʨʘʩʪʘʥʠʷʤʠ ʪʫʨʤʘʣʠʥʘ ʩ ʢʚʘʨʮʝʤ. 

ʈʘʟʤʝʨ ʛʥʝʟʜ ʜʦʩʪʠʛʘʝʪ 7 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ʇʦʩʣʝʜʥʷʷ ʛʝʥʝʨʘʮʠʷ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʧʝʨʚʦʡ [1]. 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʪʠʧʦʭʠʤʠʟʤʘ ʪʫʨʤʘʣʠʥʘ ʚʳʧʦʣʥʝʥ ʤʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʬʦʨʤʫʣʳ 

ʪʫʨʤʘʣʠʥʘ ʨʘʩʩʯʠʪʘʥʳ ʢʘʪʠʦʥʥʳʤ ʤʝʪʦʜʦʤ (ʥʘ 15 ʢʘʪʠʦʥʦʚ) (ʪʘʙʣ.). 

ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʠʟʫʯʝʥʥʳʝ ʪʫʨʤʘʣʠʥʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʢʘʪʠʦʥʦʚ ʚ 

ʧʝʨʚʦʡ ʧʦʟʠʮʠʠ ʠ ʥʘʣʠʯʠʝʤ ʚʘʢʘʥʩʠʠ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʠʥʝʨʘʣʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 

ʱʝʣʦʯʥʦʜʝʬʠʮʠʪʥʦʡ ʦʙʩʪʘʥʦʚʢʝ, ʦʙʝʜʥʝʥʥʦʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʱʝʣʦʯʘʤʠ Na ʠ K. ʆʜʥʘʢʦ ʧʦ ʦʙʲʝʤʫ ʱʝʣʦʯʝʡ 

ʧʦʟʠʮʠʠ X, ʚʩʝ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʛʨʫʧʧʫ ʱʝʣʦʯʥʳʭ (ʨʠʩ. 1.). ʇʦ ʥʘʙʦʨʫ ʘʥʠʦʥʦʚ ʧʦʟʠʮʠʠ W ʪʫʨʤʘʣʠʥʳ ʧʦʧʘʜʘʶʪ ʚ 

ʛʠʜʨʦʢʩʠ-ʧʦʜʛʨʫʧʧʫ. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʚ ʪʫʨʤʘʣʠʥʘʭ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʢʨʝʤʥʝ-ʢʠʩʣʦʨʦʜʥʦʤ 

ʪʝʪʨʘʵʜʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʥʠʦʥ OH-, ʟʘʤʝʱʘʶʱʠʡ ʢʠʩʣʦʨʦʜ. ɺ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʩʣʶʜʦʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ 

ʪʫʨʤʘʣʠʥʳ, ʥʘʧʨʦʪʠʚ, ʦʙʦʛʘʱʝʥʳ ʢʠʩʣʦʨʦʜʦʤ, ʢʦʪʦʨʳʡ ʟʘʤʝʱʘʝʪ ʯʘʩʪʴ ʛʨʫʧʧʳ OH- ʚ ʧʦʟʠʮʠʠ W. ʊʘʢʘʷ 

ʨʘʩʩʪʘʥʦʚʢʘ ʘʥʠʦʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʫʨʤʘʣʠʥʳ ʧʝʛʤʘʪʠʪʦʚ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʝʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

  



 

 

121

 

ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʊʘʙʣʠʮʘ 

ʌʦʨʤʫʣʳ ʪʫʨʤʘʣʠʥʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʨʝʩʯʝʪʘ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ 
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00-

21 
III  

(Na0.68Ǐ0.29Ca0.02K0.01)1.00(Fe1.76Mg0.74Al 0.36Mn0.06Ti0.04Zn0.03)2.99Al 6.00[(Si5.60Al 0.40)6.00 

(O17.75 OH0.25)18.00](BO3)3.00(OH)4.00 

00-

210 
III  

(Na0.70Ǐ0.23Ca0.06K0.01)1.00(Fe1.69Mg1.06Al 0.13Ti0.05Mn0.03Zn0.02Cr0.01)2.99Al 6.00[(Si5.71Al 0.29)6.00 

(O17.86OH0.14)18.00] (BO3)3.00(OH)4.00  
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 99-

58 
II  

(Na0.66Ǐ0.26Ca0.07K0.01)1.00(Fe1.22Mg1.18Al 0.50Ti0.04Mn0.03Zn0.02)2.99Al 6.00[(Si5.84Al 0.16)6.00O18] 

(BO3)3.00(OH3.79O0.21)4.00 

99-

62 
II  

(Na0.62Ǐ0.30Ca0.07K0.01)1.00(Fe1.35Mg1.04Al 0.51Ti0.05Mn0.03)2.98Al 6.00[(Si5.70Al 0.30)6.00O18] 

(BO3)3.00(OH3.96O0.04)4.00 

00-

160 
II  

(Na0.69Ǐ0.25Ca0.05K0.01)1.00(Fe1.50Mg0.97Al 0.41Ti0.05Mn0.03Zn0.03V0.01)3.00Al 6.00[(Si5.72Al 0.28)6.00O18] 

(BO3)3.00(OH3.96O0.04)4.00  

00-

380 
III  

(Na0.66Ǐ0.25Ca0.07K0.01)1.00(Fe1.53Mg0.97Al 0.42Ti0.05Mn0.02)2.99Al 6.00[(Si5.75Al 0.25)6.00O18](BO3)3.00 

(OH3.84O0.16)4.00  
00-

373 
I 

(Na0.55Ǐ0.27Ca0.17K0.01)1.00(Mg1.57Fe0.96Al 0.31Ti0.11Cr0.02)2.97Al 6.00[(Si5.71Al 0.29)6.00O18](BO3)3.00 

(OH3.3O0.7)4.00 

99-

91 

(Na0.55Ca0.23Ǐ0.22)1.00(Mg1.55Fe1.04Al 0.25Ti0.1Zn0.03V0.01)2.98Al 6.00[(Si5.83Al 0.17)6.00O18] 

(BO3)3.00(OH3.86O0.14)4.00 

 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʪʫʨʤʘʣʠʥʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʩ ʟʘʤʝʪʥʦ ʧʦʚʳʰʝʥʥʦʡ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʢʦʥʪʘʢʪʘ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʪʝʣʘ ʩʦ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʩʢʦʣʴʢʫ 

ʤʘʛʥʠʝʚʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʞʝʣʝʟʠʩʪʳʤ, ʵʪʠ ʤʠʥʝʨʘʣʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʦʙʩʪʚʝʥʥʦ ʜʨʘʚʠʪʘʤ ʩ 

ʧʨʠʤʝʩʴʶ ʰʝʨʣʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʦʙʨ. 00-373, 99-91). ʀʭ ʧʦʚʳʰʝʥʥʘʷ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ 

ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʯʘʩʪʠ ʤʘʛʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʘʩʩʠʤʠʣʷʮʠʠ ʙʦʢʦʚʳʭ ʧʦʨʦʜ. 

 

  

 

ʈʠʩ. 1. ʊʨʝʫʛʦʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʛʨʫʧʧʳ 

ʪʫʨʤʘʣʠʥʘ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʦʛʣʘʩʥʦ 

ʩʦʩʪʘʚʫ ʧʦʟʠʮʠʠ X [5]. 

 

ʈʠʩ. 2. ʊʨʝʫʛʦʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʘʚʘ ʛʨʫʧʧʳ 

ʪʫʨʤʘʣʠʥʘ, ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʥʥʘʷ ʩʦʛʣʘʩʥʦ ʩʦʩʪʘʚʫ 

ʧʦʟʠʮʠʠ Y [5]. ʇʨʠʤʝʯʘʥʠʝ: 

ȹ ï ʪʫʨʤʘʣʠʥʳ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʩʣʶʜʦʥʦʩʥʦʡ 

ʬʦʨʤʘʮʠʠ, Ǐ ï ʪʫʨʤʘʣʠʥʳ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ 

ʬʦʨʤʘʮʠʠ 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʚ ʪʫʨʤʘʣʠʥʘʭ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʢʨʝʤʥʝ-ʢʠʩʣʦʨʦʜʥʦʤ 

ʪʝʪʨʘʵʜʨʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʥʠʦʥ OH-, ʟʘʤʝʱʘʶʱʠʡ ʢʠʩʣʦʨʦʜ. ɺ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʩʣʶʜʦʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ 

ʪʫʨʤʘʣʠʥʳ, ʥʘʧʨʦʪʠʚ, ʦʙʦʛʘʱʝʥʳ ʢʠʩʣʦʨʦʜʦʤ, ʢʦʪʦʨʳʡ ʟʘʤʝʱʘʝʪ ʯʘʩʪʴ ʛʨʫʧʧʳ OH- ʚ ʧʦʟʠʮʠʠ W. ʊʘʢʘʷ 

ʨʘʩʩʪʘʥʦʚʢʘ ʘʥʠʦʥʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʪʫʨʤʘʣʠʥʳ ʧʝʛʤʘʪʠʪʦʚ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ 

ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʝʡ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʞʝʣʝʟʠʩʪʳʭ ʪʫʨʤʘʣʠʥʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʩ ʟʘʤʝʪʥʦ ʧʦʚʳʰʝʥʥʦʡ 

ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴʶ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʢʦʥʪʘʢʪʘ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʪʝʣʘ ʩʦ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ. ʇʦʩʢʦʣʴʢʫ 

ʤʘʛʥʠʝʚʳʡ ʢʦʤʧʦʥʝʥʪ ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʞʝʣʝʟʠʩʪʳʤ, ʵʪʠ ʤʠʥʝʨʘʣʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʩʦʙʩʪʚʝʥʥʦ ʜʨʘʚʠʪʘʤ ʩ 

ʧʨʠʤʝʩʴʶ ʰʝʨʣʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʦʙʨ. 00-373, 99-91). ʀʭ ʧʦʚʳʰʝʥʥʘʷ ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʘ 

ʟʘʠʤʩʪʚʦʚʘʥʠʝʤ ʯʘʩʪʠ ʤʘʛʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʘʩʩʠʤʠʣʷʮʠʠ ʙʦʢʦʚʳʭ ʧʦʨʦʜ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʘʪʠʦʥʦʚ ʧʦʟʠʮʠʠ Y ʦʙʨʘʟʮʳ ʙʳʣʠ ʚʳʥʝʩʝʥʳ ʥʘ ʪʨʦʡʥʫʶ ʜʠʘʛʨʘʤʤʫ (ʨʠʩ. 2). ʉʦʩʪʘʚ 

ʪʫʨʤʘʣʠʥʦʚ ʨʘʩʩʯʠʪʘʥ ʥʘ ʛʠʜʨʦʢʩʠʫʚʠʪʦʚʳʡ, ʦʣʝʥʠʪʦʚʳʡ, ʬʦʡʪʠʪʦʚʳʡ, ʜʨʘʚʠʪʦʚʳʡ ʠ ʰʝʨʣʦʚʳʡ ʢʦʤʧʦʥʝʥʪʳ. 

ʇʨʝʦʙʣʘʜʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʬʦʡʪʠʪʦʚʳʡ, ʜʨʘʚʠʪʦʚʳʡ ʠ ʰʝʨʣʦʚʳʡ ʤʠʥʘʣʳ. ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʨʘʟʮʦʚ 
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ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʝʪ ʜʨʘʚʠʪʦʚʳʡ ʤʠʥʘʣ, ʦʩʪʘʣʴʥʳʝ ʪʫʨʤʘʣʠʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʰʝʨʣʘʤ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʬʦʡʪʠʪʦʚʦʛʦ ʤʠʥʘʣʘ. ʆʙʨʘʟʝʮ 99-58 ʦʪʥʦʩʠʪʩʷ ʢ ʰʝʨʣ-ʬʦʡʪʠʪʫ ʩ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʦʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʦʙʨʘʟʝʮ 99-62 ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦ ʬʦʡʪʠʪʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʤʠʥʝʨʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʦʩʪʘʪʢʦʤ ʱʝʣʦʯʝʡ ʚ ʧʦʟʠʮʠʠ X, 

ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʛʨʫʧʧʝ ʱʝʣʦʯʥʳʭ ʪʫʨʤʘʣʠʥʦʚ ʠ ʛʠʜʨʦʢʩʠ-ʧʦʜʛʨʫʧʧʝ. ʇʦ ʚʠʜʦʚʦʤʫ ʩʦʩʪʘʚʫ ʦʪʥʦʩʷʪʩʷ ʢ ʜʨʘʚʠʪʘʤ 

(ʦʙʨʘʟʮʳ ʢʦʥʪʘʢʪʦʚʦʡ ʟʦʥʳ), ʢ ʰʝʨʣʘʤ ʠ ʢ ʬʦʡʪʠʪʫ (ʦʙʨ. 99-62). ʊʫʨʤʘʣʠʥʳ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ 

ʦʙʦʛʘʱʝʥʳ ʆʅ- ʛʨʫʧʧʦʡ, ʪʫʨʤʘʣʠʥʳ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʩʣʶʜʦʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ ï ʢʠʩʣʦʨʦʜʦʤ. ʊʠʧʦʤʦʨʬʥʳʤʠ 

ʧʨʠʤʝʩʷʤʠ ʜʣʷ ʄʦʥʛʦʣʴʩʢʠʭ ʪʫʨʤʘʣʠʥʦʚ ʙʫʜʫʪ Zn, Mn, Ti ʠ Ca. ɼʣʷ ʞʠʣ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʙʦʣʴʰʝʡ 

ʩʪʝʧʝʥʠ ʩʚʦʡʩʪʚʝʥʥʳ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Zn ʠ Mn, ʜʣʷ ʨʝʜʢʦʤʝʪʘʣʴʥʦ-ʩʣʶʜʦʥʦʩʥʳʭ ï Ca ʠ Ti. 

ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʳ ʜʚʫʤʷ ʧʦʩʣʝʜʥʠʤʠ ʪʫʨʤʘʣʠʥʳ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʟʦʥ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ, ʛʜʝ ʤʘʪʝʨʠʥʩʢʠʝ 

ʨʘʩʧʣʘʚʳ ʠʩʧʳʪʳʚʘʣʠ ʘʩʩʠʤʠʣʷʮʠʶ ʩʦ ʩʪʦʨʦʥʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 

ɺʳʷʚʣʝʥʥʳʝ ʪʠʧʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʫʨʤʘʣʠʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ ʚ ʧʨʝʜʝʣʘʭ ʄʦʥʛʦʣʴʩʢʦ-ɸʣʪʘʡʩʢʦʛʦ ʧʦʷʩʘ. 
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ʆ ɻɽʅɽɿʀʉɽ ʂɺɸʈʎ-ɸʄɽʊʀʉʊʆɺʓʍ ɾʀʃ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʉɽʃʔɹʋʈ 

(ʖɾʅʓʁ ʊʗʅʔ-ʐɸʅʔ) 
ʉ.ʅ. ɻʘʨʠʙʤʘʭʤʘʜʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʍ. ʍʘʩʘʥʦʚ 
ʊʘʜʞʠʢʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɼʫʰʘʥʙʝ, ʊʘʜʞʠʢʠʩʪʘʥ 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʜʞʠʢʠʩʪʘʥ ï ʛʦʨʥʘʷ ʩʪʨʘʥʘ, ʙʦʛʘʪʘʷ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ. ʉʫʜʷ ʧʦ ʦʩʪʘʪʢʘʤ ʜʨʝʚʥʠʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʨʝʟʫʣʴʪʘʪʘʤ ʘʨʭʝʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʤ 

ʨʝʛʠʦʥʝ ʉʨʝʜʥʝʡ ɸʟʠʠ ʠʟʜʘʚʥʘ ʚʝʣʘʩʴ ʠʭ ʜʦʙʳʯʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ. 

ʕʪʦʪ ʨʝʛʠʦʥ ʠʟʚʝʩʪʝʥ ʪʘʢʞʝ ʢʘʢ ʩʪʨʘʥʘ, ʛʜʝ ʩ ʜʘʚʥʠʭ ʚʨʝʤʝʥ ʜʦʙʳʚʘʣʠʩʴ ʤʥʦʛʠʝ ʜʨʘʛʦʮʝʥʥʳʝ ʠ 

ʧʦʜʝʣʦʯʥʳʝ ʢʘʤʥʠ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦʨʥʦʡ ʝʸ ʯʘʩʪʠ ï ʇʘʤʠʨʝ 

(ɹʘʜʘʭʰʘʥʝ), ʩ ʛʣʫʙʦʢʦʡ ʜʨʝʚʥʦʩʪʠ ʜʦʙʳʚʘʣʠʩʴ ʠ ʨʘʩʭʦʜʠʣʠʩʴ ʧʦ ʤʠʨʫ ʪʘʢʠʝ ʜʨʘʛʦʮʝʥʥʳʝ ʠ ʧʦʜʝʣʦʯʥʳʝ ʢʘʤʥʠ 

ʢʘʢ ʙʘʜʘʭʰʘʥʩʢʠʡ ʣʘʣ (ʙʣʘʛʦʨʦʜʥʘʷ ʰʧʠʥʝʣʴ), ʨʫʙʠʥ, ʛʨʘʥʘʪʳ, ʪʫʨʤʘʣʠʥ, ʣʘʟʫʨʠʪ, ʛʦʨʥʳʡ ʭʨʫʩʪʘʣʴ. 

ʇʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʩʨʝʜʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʶʚʝʣʠʨʥʦʤ ʜʝʣʝ ʜʨʘʛʦʮʝʥʥʳʭ ʠ 

ʧʦʜʝʣʦʯʥʳʭ ʢʘʤʥʝʡ ʨʝʩʧʫʙʣʠʢʠ ʧʦʤʠʤʦ ʚʳʰʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʟʘʤʝʪʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠ ʘʤʝʪʠʩʪ ï ʦʜʠʥ ʠʟ 

ʧʦʧʫʣʷʨʥʳʭ, ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʦʩʪʫʧʥʳʭ ʰʠʨʦʢʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ 

ʩʘʤʦʮʚʝʪʦʚ. ɺ ʮʝʣʷʭ ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʘʤʝʪʠʩʪʘ, ʠʟʫʯʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʨʘʙʦʪʳ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʠ ʪʝʤʘʪʠʯʝʩʢʠʝ ʠʟʳʩʢʘʥʠʷ. ɽʜʠʥʩʪʚʝʥʥʦʝ 

ʜʝʪʘʣʴʥʦ ʨʘʟʚʝʜʘʥʥʦʝ ʠ ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʝ ʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʝʣʴʙʫʨ ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ 

ʶʞʥʦʤ ʩʢʣʦʥʝ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ï ʶʞʥʦʡ ʦʢʨʘʠʥʥʦʡ ʟʦʥʝ ʖʞʥʦʛʦ ʊʷʥʴ-ʐʘʥʷ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʡʦʥʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʧʘʣʝʦʟʦʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʢʘʨʙʦʥʘʪʥʦ-

ʪʝʨʨʠʛʝʥʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ, ʘ ʪʘʢʞʝ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʨʘʡʦʥʝ ʰʠʨʦʢʦ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʘʢʞʝ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝ-ʚʝʨʭʥʝ-ʢʘʨʙʦʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʠʥʪʨʫʟʠʡ ʠ ʩʘʪʝʣʣʠʪʦʚ ɻʠʩʩʘʨʩʢʦʛʦ ʙʘʪʦʣʠʪʘ, ʟʘʥʠʤʘʶʱʝʛʦ ʦʙʰʠʨʥʫʶ ʧʣʦʱʘʜʴ ʩʝʚʝʨʥʝʝ ʨʘʡʦʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʣʴʙʫʨ. 

ɺ ʢʦʥʮʝ ʧʘʣʝʦʟʦʷ ʚ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚʜʦʣʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʨʘʟʣʦʤʦʚ ʧʨʦʷʚʣʷʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʨʠʚʝʜʰʠʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʠʞʥʝʧʝʨʤʩʢʦʛʦ ʧʦʢʨʦʚʘ ʚʫʣʢʘʥʠʪʦʚ 

ʣʠʧʘʨʠʪʦ-ʜʘʮʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʤʦʱʥʦʩʪʴʶ ʦʢʦʣʦ 2 ʢʤ. 

ɺ ʪʨʠʘʩ-ʶʨʩʢʦʝ ʚʨʝʤʷ ʚ ʫʩʣʦʚʠʷʭ ʧʝʥʝʧʣʝʥʠʟʘʮʠʠ ʨʝʛʠʦʥʘ ʬʦʨʤʠʨʫʶʪʩʷ ʙʘʟʘʣʴʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʠ 

ʘʣʣʠʪʦʚʳʝ, ʙʣʠʟʢʠʝ ʢ ʙʦʢʩʠʪʘʤ, ʦʙʨʘʟʦʚʘʥʠʷ. ʕʥʜʦʛʝʥʥʳʝ (ʤʘʛʤʘʪʠʯʝʩʢʠʝ) ʧʨʦʮʝʩʩʳ ʚ ʨʝʛʠʦʥʝ ʟʘʚʝʨʰʘʶʪʩʷ ʚ 

ʶʨʩʢʦʝ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʚʦʝʦʙʨʘʟʥʳʭ ʩʫʙʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʠʜʥʳʭ ʢʠʤʙʝʨʣʠʪʦʧʦʜʦʙʥʳʭ ʜʘʝʢ ʠ ʪʨʫʙʦʢ 

ʚʟʨʳʚʘ, ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʨʘʙʦʪʝ [9]. 

ɸʤʝʪʠʩʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʉʝʣʴʙʫʨ ʙʳʣʦ ʠʟʫʯʝʥʦ ʛʝʦʣʦʛʘʤʠ ʐʠʨʘʪʘʣʠʥʩʢʦʡ ʧʘʨʪʠʠ ʋʧʨʘʚʣʝʥʠʷ 

ʛʝʦʣʦʛʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. ʈʘʟʣʠʯʥʳʝ ʘʩʧʝʢʪʳ ʛʝʦʣʦʛʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚʦʧʨʦʩʳ ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʨʘʟʨʘʙʦʪʢʠ, ʠʟʫʯʘʣʠʩʴ ʨʷʜʦʤ ʛʝʦʣʦʛʦʚ ï ɺ.ʊ. ɻʦʨʙʘʪʢʦʤ, ɸ.ɺ. ʂʣʠʤʢʠʥʳʤ [3], ɿ.ɽ. ɪʨʦʚʳʤ, ʖ.ɹ. ʂʦʤʠʩʩʘʨʦʚʳʤ, 

ʅ.ɸ. ʐʘʭʤʘʪʦʚʳʤ, ɺ.ʀ. ʄʘʢʘʨʴʷʥʮʝʤ, ʉ.ɸ. ʄʦʨʦʟʦʚʳʤ, ʅ.ʅ. ɿʝʚʘʢʠʥʳʤ, ʅ.ʀ. ʂʨʠʚʦʱʝʢʦʚʦʡ, ɸ.ʍ. ʍʘʩʘʥʦʚʳʤ 

[7], ʀ.ʉ. ʆʡʤʘʭʤʘʜʦʚʳʤ [8], ɸ. ʍʦʣʦʚʳʤ ʠ ʜʨ. 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ɸʤʝʪʠʩʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʣʴʙʫʨ ʩʚʷʟʘʥʘ ʩ ʧʣʫʪʦʥʦʛʝʥʥʳʤʠ [10] ʢʨʫʪʦʧʘʜʘʶʱʠʤʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ, ʢʚʘʨʮ-ʘʤʝʪʠʩʪʦʚʳʤʠ (ʩ ʱʝʪʢʘʤʠ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ) ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʤʠ 

ʞʠʣʘʤʠ. ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʟʦʥʘʤ ʥʘʨʫʰʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ʅʘ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʥʠ ʨʘʟʤʝʱʝʥʳ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʩʝʨʠʡʥʦ ʚ ʚʠʜʝ ʩʝʤʠ ʞʠʣʴʥʳʭ ʟʦʥ. ʇʦ 

ʤʦʨʬʦʣʦʛʠʠ, ʢʦʣʠʯʝʩʪʚʝʥʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʘʤʝʪʠʩʪʘ ʠ ʧʦ ʩʪʝʧʝʥʠ ʧʨʦʷʚʣʝʥʠʷ ʥʘʣʦʞʝʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʪʠʧʘ ʢʚʘʨʮ-ʘʤʝʪʠʩʪʦʚʳʭ ʞʠʣ. 

1. ʇʨʦʩʪʳʝ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʤʦʨʬʦʣʦʛʠʠ ʣʠʥʟʦʚʠʜʥʳʝ ʠ ʧʣʠʪʦʦʙʨʘʟʥʳʝ ʞʠʣʳ, ʩʣʦʞʝʥʥʳʝ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ, ʩʘʭʘʨʦʚʠʜʥʳʤ ʤʦʣʦʯʥʦ-ʙʝʣʳʤ ʢʚʘʨʮʝʤ ʩ ʨʝʜʢʠʤʠ ʱʝʪʢʘʤʠ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ, ʣʠʰʴ 

ʤʝʩʪʘʤʠ ʠʤʝʶʱʝʛʦ ʩʝʨʦʚʘʪʳʡ ʠ ʩʠʨʝʥʝʚʳʡ ʦʪʪʝʥʢʠ. ʉʫʜʷ ʧʦ ʭʘʨʘʢʪʝʨʫ ʨʝʟʢʠʭ ʢʦʥʪʘʢʪʦʚʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʩ 

ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʛʨʘʥʠʪʘʤʠ) ʦʥʠ ʦʙʨʘʟʦʚʘʥʳ ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʝʡ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ ʢʨʝʤʥʝʟʝʤʦʤ ʛʣʫʙʠʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ. 

2. ɾʠʣʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʠ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʥʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʪʷʛʦʪʝʶʱʠʝ ʢ ʙʨʝʢʯʠʨʦʚʘʥʥʳʤ ʠ ʠʥʪʝʥʩʠʚʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʤ ʚʤʝʱʘʶʱʠʤ 

ʧʦʨʦʜʘʤ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʜʦʙʳʚʘʝʤʦʛʦ ʟʜʝʩʴ ʘʤʝʪʠʩʪʘ. ɺ ʩʦʩʪʘʚʝ ʞʠʣ ʦʪʤʝʯʘʶʪʩʷ ʪʘʢʞʝ ʢʘʣʴʮʠʪ, 

ʘʥʢʝʨʠʪ, ʦʨʪʦʢʣʘʟ (ʘʜʫʣʷʨ), ʩʝʨʠʮʠʪ, ʭʣʦʨʠʪ, ʛʝʤʘʪʠʪ, ʧʠʨʠʪ, ʬʣʶʦʨʠʪ, ʣʠʤʦʥʠʪ, ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʠ ʙʠʪʫʤʳ. 

ʍʘʨʘʢʪʝʨʥʦ, ʯʪʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʚ ʟʘʣʴʙʘʥʜʘʭ ʪʘʢʠʭ ʞʠʣ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʝʥʳ ʚ ʚʠʩʷʯʝʤ ʙʦʢʫ, ʯʝʤ ʚ ʣʝʞʘʯʝʤ. ɺ ʵʪʦʤ ʪʠʧʝ ʞʠʣ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʨʷʤʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʢʦʣʦʞʠʣʴʥʳʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʢʦʣʠʯʝʩʪʚʦʤ ʘʤʝʪʠʩʪʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ ʞʠʣʘʭ ʥʝʨʝʜʢʦ ʦʪʤʝʯʘʶʪʩʷ ʟʦʥʘʣʴʥʳʝ ʢʚʘʨʮ-ʘʤʝʪʠʩʪʦʚʳʝ ʢʨʠʩʪʘʣʣʳ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʧʦʣʦʩ 

ʢʚʘʨʮʘ ʠ ʘʤʝʪʠʩʪʘ. 

ɺ ʢʚʘʨʮʝ ʠ ʘʤʝʪʠʩʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʚʢʣʶʯʝʥʠʷ [7], 

ʨʘʟʤʝʨʳ ʢʦʪʦʨʳʝ ʢʦʣʝʙʣʶʪʩʷ ʦʪ ʪʳʩʷʯʥʳʭ ʜʦʣʝʡ ʤʠʣʣʠʤʝʪʨʘ ʜʦ 1,0é1,5 ʤʤ, ʧʨʠʯʝʤ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʢʣʶʯʝʥʠʷ 

ʦʪʤʝʯʘʶʪʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʘʤʝʪʠʩʪʘ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʚʢʣʶʯʝʥʠʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʞʠʜʢʫʶ ʬʘʟʫ, ʧʨʠʯʝʤ ʥʘʠʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʛʦʤʦʛʝʥʠʟʘʮʠʠ (410é390ÁC) ʠʤʝʶʪ ʚʢʣʶʯʝʥʠʷ ʚ ʤʦʣʦʯʥʦ-ʙʝʣʦʤ ʢʚʘʨʮʝ. ɺʢʣʶʯʝʥʠʷ ʚ 

ʘʤʝʪʠʩʪʠʟʠʨʦʚʘʥʥʦʤ ʢʚʘʨʮʝ ʠ ʘʤʝʪʠʩʪʝ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 135é140ÁC. ʆʪʣʦʞʝʥʠʝ 

ʘʤʝʪʠʩʪʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʢʨʝʤʥʝʢʠʩʣʦʪʥʦ-ʭʣʦʨʠʜʥʦ-ʙʠʢʘʨʙʦʥʘʪʥʳʭ ʬʣʶʠʜʦʚ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, ʟʘʠʤʩʪʚʦʚʘʥʥʦʛʦ ʠʟ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʅʘʣʠʯʠʝ ʨʘʟʣʠʯʥʳʭ ʙʠʪʫʤʦʚ ʚ ʩʦʩʪʘʚʝ ʪʚʝʨʜʳʭ 

ʬʘʟ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʙʦʣʴʰʦʡ ʨʦʣʠ ʵʣʝʤʝʥʪʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [9] ʚ 

ʧʝʨʝʥʦʩʝ ʠ ʦʪʣʦʞʝʥʠʠ ʚʝʱʝʩʪʚʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʨʦʜʫʢʪʠʚʥʳʭ ʢʚʘʨʮ-ʘʤʝʪʠʩʪʦʚʳʭ ʞʠʣ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʉʝʣʴʙʫʨ. 

ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʮʝʣʦʤ ʠʟʫʯʝʥʳ ʨʷʜʦʤ ʫʯʸʥʳʭ-ʛʝʦʣʦʛʦʚ. ɺʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʶʪ ʪʨʫʜʳ 

ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʛʦ [4], ɺ.ɸ. ɾʘʨʠʢʦʚʘ, ʀ.ʀ. ɹʦʢʘ, ɸ.ʌ. ʂʦʨʦʙʝʡʥʠʢʦʚʘ [5], ɺ.ɸ. ʈʫʜʥʠʢʘ, ɹ.ɸ. ʆʤʝʣʴʷʥʝʥʢʦ, 

ɻ.ʅ. ʑʝʨʙʳ ʠ ʜʨ. ɺ ʢʥʠʛʝ ʘʢʘʜʝʤʠʢʘ ɼ.ɺ. ʈʫʥʜʢʚʠʩʪʘ [6] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ çʧʨʦʮʝʩʩʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 

ʤʝʪʘʩʦʤʘʪʠʟʤʘ ʚ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʠʤʝʶʪ ʥʝ ʤʝʥʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʯʝʤ ʧʨʦʮʝʩʩʳ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʤʝʪʘʤʦʨʬʠʟʤʘ, ʤʘʛʤʘʪʠʟʤʘ. ʆʥʠ ʟʘʥʠʤʘʶʪ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʩʚʷʟʠ ʩ ʪʝʩʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʴʶ ʩ ʥʠʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʪʠʧʦʚ ʵʥʜʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜʥʳʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè. ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʨʘʡʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʚ ʮʝʣʦʤ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ 

ʠʟʫʯʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʆʪʜʝʣʴʥʳʤ ʚʦʧʨʦʩʘʤ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʅ.ɸ. ɹʣʦʭʠʥʦʡ, 

ʊ.ʀ. ʅʦʚʠʢʦʚʦʡ, ɺ.ɸ. ɾʘʨʠʢʦʚʘ, ɺ.ɺ. ʄʦʛʘʨʦʚʩʢʦʛʦ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʜʘʥʥʳʝ ʚʦʧʨʦʩʳ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʘʭ 

ɸ.ʍ. ʍʘʩʘʥʦʚʘ [11, 12], ʢʦʪʦʨʳʤ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʚʟʘʠʤʥʘʷ ʩʚʷʟʴ ʠ ʨʦʣʴ ʧʨʦʮʝʩʩʦʚ ʤʝʪʘʩʦʤʘʪʦʟʘ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʊʘʜʞʠʢʠʩʪʘʥʘ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʘʤʝʪʠʩʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʣʴʙʫʨ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝʥʠʷ ʢʠʩʣʦʪʥʦʩʪʠ-ʱʝʣʦʯʥʦʩʪʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ ʠ 

ʧʘʜʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʨʝʛʠʦʥʫ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʨʘʙʦʪʝ [11]. ʉ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʩʣʘʙʦʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʦʡ 

ʩʪʘʜʠʝʡ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩʚʷʟʘʥ ʢʦʤʧʣʝʢʩ ʣʦʢʘʣʴʥʳʭ ʦʢʦʣʦʞʠʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ (ʘʣʴʙʠʪʠʟʘʮʠʠ, 

ʦʢʚʘʨʮʝʚʘʥʠʷ, ʩʝʨʠʮʠʪʠʟʘʮʠʠ, ʦʨʪʦʢʣʘʟʠʟʘʮʠʠ ʠ ʜʨʫʛʠʭ) ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʨʫʜʥʳʭ ʠ 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʞʠʣ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ ʠ ʘʤʝʪʠʩʪʘ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʘʤʝʪʠʩʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʣʴʙʫʨ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʱʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʨʦʜʫʢʪʠʚʥʳʭ ʞʠʣ ʚ ʵʢʟʦʢʦʥʪʘʢʪʥʳʭ ʟʦʥʘʭ 

ʖʞʥʦ-ɻʠʩʩʘʨʩʢʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʙʘʪʦʣʠʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 500é600 ʤ ʦʪ ʥʝʛʦ ʩʨʝʜʠ ʧʦʨʦʜ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʞʝʣʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʚʘʞʥʳʤ ʧʦʠʩʢʦʚʳʤ ʢʨʠʪʝʨʠʝʤ ʥʘ ʵʪʦʪ ʚʠʜ ʢʘʤʥʝʩʘʤʦʮʚʝʪʥʦʛʦ ʩʳʨʴʷ 

ʥʝ ʪʦʣʴʢʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ, ʥʦ ʠ ʚ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ. 

ʇʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʚʘʨʮ-ʘʤʝʪʠʩʪʦʚʳʭ ʞʠʣ ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ 

ʧʝʨʝʨʘʙʦʪʢʘ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ï ʧʦʨʬʠʨʠʪʦʚ, ʜʦʣʝʨʠʪʦʚ, ʠʭ ʪʫʬʦʚ ʠ ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʚʳʱʝʣʘʯʠʚʘʥʠʝ ʠʟ ʥʠʭ 

ʢʨʝʤʥʝʟʝʤʘ ʠ ʞʝʣʝʟʘ, ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʠʭ ʚ ʧʦʣʦʩʪʷʭ ʞʠʣ. ʈʘʩʯʝʪ ʙʘʣʘʥʩʘ ʧʨʠʚʥʦʩʘ-ʚʳʥʦʩʘ ʢʦʤʧʦʥʝʥʪʦʚ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʳʥʦʩ ʢʨʝʤʥʝʟʝʤʘ ʠʟ ʙʦʢʦʚʳʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 28é30 ʤʘʩ. %, ʞʝʣʝʟʘ ʜʦ 24 ʤʘʩ. % [2, 13]. 

ʕʢʩʪʨʘʛʠʨʦʚʘʥʥʳʝ ʠʟ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠʦʥʳ ʞʝʣʝʟʘ ʧʝʨʝʦʪʢʣʘʜʳʚʘʶʪʩʷ ʚ ʞʠʣʘʭ ʥʝ ʪʦʣʴʢʦ ʚ ʚʠʜʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ï ʛʝʤʘʪʠʪʘ, ʘʥʢʝʨʠʪʘ, ʧʠʨʠʪʘ, ʥʦ ʠ ʩʣʫʞʘʪ ʦʩʥʦʚʥʳʤ ʭʨʦʤʦʬʦʨʥʳʤ ʵʣʝʤʝʥʪʦʤ 

ʘʤʝʪʠʩʪʘ [1]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚ ʘʤʝʪʠʩʪʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʣʴʙʫʨ ʦʪʤʝʯʝʥʦ ʧʦʚʳʰʝʥʥʦʝ (ʜʦ 0,82 ʤʘʩ. %) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʩʮʚʝʪʥʳʤ ʢʚʘʨʮʝʤ ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʝʟʘ [7, 13]. 
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ʌʆʉʌɸʊʅɸʗ ʄʀʅɽʈɸʃʀɿɸʎʀʗ ʈɽɼʂʆʄɽʊɸʃʔʅʓʍ ʇɽɻʄɸʊʀʊʆɺ 

ʊʋʈʂɽʉʊɸʅʉʂʆɻʆ ʇʆʗʉɸ 
ɺ.ʂ. ɻʝʨʘʩʠʤʦʚ, ɸ.ɽ. ʄʘʨʬʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʀ. ʂʦʥʦʚʘʣʝʥʢʦ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʈʝʜʢʦʤʝʪʘʣʴʥʳʝ ʧʝʛʤʘʪʠʪʳ, ʦʙʦʛʘʱʸʥʥʳʝ ʬʦʩʬʘʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ. ʆʙʳʯʥʦ ʦʥʠ 

ʦʪʥʦʩʷʪʩʷ ʢ ʬʦʩʬʦʨ-ʪʘʥʪʘʣ-ʣʠʪʠʝʚʦʤʫ ʵʚʦʣʶʮʠʦʥʥʦʤʫ ʨʷʜʫ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʦ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʬʘʟ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʘʤʙʣʠʛʦʥʠʪ-ʤʦʥʪʝʙʨʘʟʠʪʘ [4]. 

ɻʦʨʘʟʜʦ ʨʝʞʝ ʚ ʧʝʛʤʘʪʠʪʘʭ ʵʪʦʛʦ ʨʷʜʘ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʩʪʘʥʦʚʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʠʥʝʨʘʣʳ 

ʛʨʫʧʧʳ ʣʠʪʠʦʬʠʣʠʪ-ʪʨʠʬʠʣʠʥʘ. ɽʱʸ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʝʛʤʘʪʠʪʦʚʳʝ ʧʦʣʷ, ʚ ʢʦʪʦʨʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʱʠʝ 

ʬʦʩʬʘʪʳ ʣʠʪʠʷ, ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ, ʪʨʠʬʠʣʠʥ ʠ ʣʠʪʠʦʬʠʣʠʪ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʙʝʟʣʠʪʠʝʚʳʤʠ ʬʦʩʬʘʪʘʤʠ ʞʝʣʝʟʘ ʠ 

ʤʘʨʛʘʥʮʘ ʛʨʫʧʧʳ ʪʨʠʧʣʠʪʘ. 

ʋʢʘʟʘʥʥʳʝ ʞʠʣʳ ʦʙʳʯʥʦ  ʧʨʠʥʘʜʣʝʞʘʪ ʫʞʝ ʢ ʧʝʛʤʘʪʠʪʘʤ ʜʨʫʛʦʛʦ, ʬʦʩʬʦʨ-ʦʣʦʚʦ-ʙʝʨʠʣʣʠʝʚʦʛʦ 

ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʨʷʜʘ. ʀʤʝʥʥʦ ʢ ʪʘʢʦʤʫ ʪʠʧʫ ʧʝʛʤʘʪʠʪʦʚʳʭ ʧʦʣʝʡ ʦʪʥʦʩʷʪʩʷ ʞʠʣʳ ʂʘʨʘʚʠhʥʩʢʦʛʦ ʧʦʣʷ 

ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʧʝʛʤʘʪʠʪʦʚʦʛʦ ʧʦʷʩʘ ʥʘ ʶʛʝ ʂʳʨʛʳʟʩʪʘʥʘ. ʌʦʩʬʘʪʳ ʷʚʣʷʶʪʩʷ ʪʠʧʠʯʥʳʤʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ ʚʩʝʭ ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʧʦʷʩʘ, ʥʦ ʪʦʣʴʢʦ ʚ ʂʘʨʘʚʰʠʥʩʢʦʤ ʧʦʣʝ ʦʥʠ 

ʧʨʠʦʙʨʝʪʘʶʪ ʩʪʘʪʫʩ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʬʘʟ, ʩʣʘʛʘʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʧʨʦʮʝʥʪʦʚ ʦʙʲʸʤʘ ʦʪʜʝʣʴʥʳʭ 

ʞʠʣ. ʊʘʢʦʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʩʪʨʦʝʥʠʠ ʧʝʛʤʘʪʠʪʦʚ ʦʙʲʷʩʥʷʝʪʩʷ ʛʝʥʝʨʘʮʠʝʡ ʛʨʘʥʠʪʥʳʭ 

ʨʘʩʧʣʘʚʦʚ, ʤʘʪʝʨʠʥʩʢʠʭ ʜʣʷ ʞʠʣ ʚ ʩʨʝʜʝ, ʠʟʥʘʯʘʣʴʥʦ ʦʙʦʛʘʱʸʥʥʦʡ ʬʦʩʬʦʨʦʤ. 

ɺ ʭʦʜʝ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʠʥʝʨʘʣʦʛʠʠ ʧʝʛʤʘʪʠʪʦʚ ʧʦʷʩʘ [2] ʚ ʥʠʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

ʙʦʣʝʝ ʜʚʫʭ ʜʝʩʷʪʢʦʚ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʛʨʫʧʧʳ ʬʦʩʬʘʪʦʚ (ʪʘʙʣ. 1). 

ʇʨʝʜʤʝʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʪʘʣ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʬʦʩʬʘʪ ʢʘʨʘʚʰʘʥʩʢʠʭ 

ʨʝʜʢʦʤʝʪʘʣʴʥʳʭ ʧʝʛʤʘʪʠʪʦʚ ï ʪʨʠʬʠʣʠʥ. ʀʟʫʯʝʥʘ ʨʘʥʥʷʷ ʛʝʥʝʨʘʮʠʷ ʤʠʥʝʨʘʣʘ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ ʢʚʘʨʮʝʚʳʤ ʷʜʨʘʤ 

ʙʣʦʢʦʚʦʡ ʟʦʥʳ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ ʞʠʣ. ʊʨʠʬʠʣʠʥ ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪ ʥʝʧʨʘʚʠʣʴʥʳʝ ʧʦ ʬʦʨʤʝ ʚʳʜʝʣʝʥʠʷ ʠʣʠ 

ʩʫʙʠʟʦʤʝʪʨʠʯʥʳʝ ʞʝʣʚʘʢʠ ʨʘʟʤʝʨʦʤ ʚ ʩʘʥʪʠʤʝʪʨʳ ʠ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʩʘʥʪʠʤʝʪʨʦʚ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʫʙʦ 

ʦʛʨʘʥʸʥʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʪʘʢʠʭ ʞʝ ʨʘʟʤʝʨʦʚ. ʎʚʝʪ ʤʠʥʝʨʘʣʘ ʪʸʤʥʦ-ʟʝʣʸʥʳʡ, ʩʝʨʦ-ʟʝʣʸʥʳʡ, ʠʥʦʛʜʘ 

ʩ ʩʠʟʳʤ ʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʠʥʠʤʠ ʦʪʪʝʥʢʘʤʠ. ʇʦʷʚʣʝʥʠʝ ʩʠʥʠʭ ʮʚʝʪʦʚ ʦʢʨʘʩʢʠ ʩʚʷʟʘʥʦ ʩ ʧʣʸʥʦʯʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ 

ʧʦʟʜʥʝʛʦ ʚʠʚʠʘʥʠʪʘ. ʆʢʨʘʩʢʘ ʪʨʠʬʠʣʠʥʘ ʚʩʝʛʜʘ ʥʝʦʜʥʦʨʦʜʥʘ ʠʟ-ʟʘ ʤʘʩʩʳ ʪʦʯʝʯʥʳʭ ʚʢʣʶʯʝʥʠʡ ʩʫʣʴʬʠʜʦʚ (ʠʟ 

ʢʦʪʦʨʳʭ ʥʘʤʠ ʤʠʢʨʦʟʦʥʜʦʤ ʫʩʪʘʥʦʚʣʝʥ ʩʬʘʣʝʨʠʪ) ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʘʣʴʙʠʪʘ ʠ ʤʫʩʢʦʚʠʪʘ. ʅʝʢʦʪʦʨʳʝ ʞʝʣʚʘʢʠ ʧʦ 

ʢʨʘʷʤ ʥʝʩʫʪ ʩʣʝʜʳ ʦʢʠʩʣʝʥʠʷ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʧʦʙʫʨʝʥʠʠ ʦʢʨʘʩʢʠ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʟʝʣʸʥʦʛʦ ʪʨʠʬʠʣʠʥʘ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʪʨʠʬʠʣʠʥʘ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʪʘʙʣ. 

2). ʋ ʦʢʠʩʣʝʥʥʦʛʦ ʙʫʨʦʛʦ ʦʥʠ ʟʘʤʝʪʥʦ ʥʠʞʝ. 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʊʘʙʣʠʮʘ 1 

ʇʝʨʝʯʝʥʴ ʬʦʩʬʘʪʦʚ ʧʝʛʤʘʪʠʪʦʚ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʧʦʷʩʘ 

 

ˉ ʅʘʟʚʘʥʠʝ ʌʦʨʤʫʣʘ ʉʠʥʛʦʥʠʷ ʊʚʝʨʜʦʩʪʴ ʉʧʘʡʥʦʩʪʴ ʎʚʝʪ 

1 
ɺʘʚʝʣʣʠʪ 

Wavellite 
Al 3(PO4)2(OH)3Ā5H2O ʨ 4-5 ʩʦʚ.{110}  

ʙʝʣʳʡ, 

ʟʝʣʝʥʦʚʘʪʳʡ 

2 
ʂʨʘʥʜʘʣʣʠʪ 

Crandallite 
CaAl3(PO4)2(OH)5ĀH2O ʪʨ 5-6 ʩʦʚ.{0001} 

ʙʝʣʳʡ, 

ʞʝʣʪʦʚʘʪʳʡ 

3 
ɻʦʨʜʦʥʠʪ 

Gordonite 
MgAl 2[OH/PO4]2Ā8H2O ʪ 3-3,5 ʩʦʚ.{010}  

ʙʝʣʳʡ, 

ʩʝʨʦʚʘʪʳʡ 

4 
ɺʘʰʝʛʠʠʪ 

Vashegyite 
Al 3[(OH)3/(PO4)2]Ā6H2O ʨ 3  

ʙʝʣʳʡ, 

ʟʝʣʝʥʦʚʘʪʳʡ 

5 
ɸʤʙʣʠʛʦʥʠʪ 

Amblygonite 
(Li,Na)Al(PO4)ĀF ʪ 5,5-6 

ʩʦʚ.{100} , 

ʦʪʯʝʪ.{110}  

ʙʝʣʳʡ, 

ʞʝʣʪʦʚʘʪʳʡ 

6 
ʉʘʨʢʦʧʩʠʜ 

Sarcopside 
(Fe,Mn,Ca)3(PO4)2 ʨ 5 - 

ʞʝʣʪʳʡ, 

ʟʝʣʝʥʦʚʘʪʳʡ 

7 
ʌʪʦʨʘʧʘʪʠʪ 

Apatite-(CaF) 
Ca5(PO4)3F ʛ 5 - 

ʛʦʣʫʙʦʡ, 

ʩʠʥʠʡ, 

ʟʝʣʝʥʳʡ 

8 
ʊʨʠʬʠʣʠʥ 

Triphylinte 
Li(Fe2+,Mn)PO4 ʨ 4-5 ʩʦʚ.{100}  

9 
ɸʨʨʦʷʜʠʪ 

Arrojadite-(pbfe) 
Na2Fe4Mn(PO4)4 ʤ 5 ʩʦʚ.{001}  

10 
ʃʠʪʠʦʬʠʣʠʪ 

Lithiophilite 
Li(Mn,Fe)PO4 ʨ 4-5 - 

ʨʦʟʦʚʳʡ, 

ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʳʡ 

11 
ʄʘʛʥʠʦʪʨʠʧʣʠʪ 

Triplite ʄg 
MgFeMn2(PO4)F ʤ 4 - 

12 
ʄʘʛʥʠʦʬʠʣʠʪ 

Magniofilit 
(Mg,Fe,Fe2+)3(PO4)3 ʨ 4 - 

13 
ʃʘʥʜʝʟʠʪ 

landesite 

(Mn,Mg)9Fe3(PO4)8(OH)5
Ā3H2O 

ʨ 3-3,5 - 
ʢʨʘʩʥʦ-

ʢʦʨʠʯʥʝʚʳʡ 

14 
ɹʝʫʩʠʪ 

Beusit 

(Mn2+,Fe2+,Ca,Mg)3(PO4)

2 
ʨ 3,5-4,5  

ʢʨʘʩʥʦ-

ʙʫʨʳʡ 

15 
ɻʨʠʬʠʪ 

Griphite 

Na4Ca6(Mn,Fe2+,Mg)19Al 8

Li 2(PO4)24 
ʢ 3,5-4,5  ʙʫʨʳʡ 

16 
ʉʠʢʣʝʨʠʪ 

Sicklerite 
Li 1̓,0(Fe3+,Mn2+)PO4 ʨ 4-4,5  

ʢʦʨʠʯʥʝʚʦ-

ʯʝʨʥʳʡ 

17 
ɸʣʣʶʦʜʠʪ 

Alluaudite 
Na2Fe2Mn(PO4)3 ʤ 5  

ʟʝʣʝʥʦʚʘʪʦ-

ʯʝʨʥʳʡ 

18 
ʂʨʳʞʘʥʦʚʩʢʠʪ 

Kryzhanovskite 
MnFe2(PO4)2(OH)2ĀH2O ʨ 4  ʙʫʨʳʡ 

19 
ʉʠʥʢʘʥʢʘʩʠʪ 

Sinkankasite 

H2MnAl(PO4)2(OH)Ā6H2

O 
ʪ 4  ʙʝʣʳʡ 

20 
ɺʠʚʠʘʥʠʪ 

Vivianite 
Fe3(PO4)3Ā8H2O ʤ 1,5-2 ʩʦʚ.{010}  

ʩʠʥʠʡ, 

ʟʝʣʝʥʳʡ 

ʇʨʠʤʝʯʘʥʠʝ: ʩʠʥʛʦʥʠʷ ʨ ï ʨʦʤʙʠʯʝʩʢʘʷ, ʪʨ ï ʪʨʠʛʦʥʘʣʴʥʘʷ, ʪ ï ʪʨʠʢʣʠʥʥʘʷ, ʛ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ, ʤ ï 

ʤʦʥʦʢʣʠʥʥʘʷ, ʢ ï ʢʫʙʠʯʝʩʢʘʷ 

ʊʘʙʣʠʮʘ 2 

ʇʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʪʨʠʬʠʣʠʥʘ 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ 
ʇʘʨʘʤʝʪʨʳ, ¡ 

a b c 

ɿʝʣʸʥʳʡ ʪʨʠʬʠʣʠʥ 

ʂʘʨʘʚʰʠʥʩʢʦʛʦ ʧʦʣʷ 
6,0560 10,3929 4,7094 

ɹʫʨʳʡ ʪʨʠʬʠʣʠʥ 

ʂʘʨʘʚʰʠʥʩʢʦʛʦ ʧʦʣʷ 
6,0205 10,3357 4,7290 

ʊʨʠʬʠʣʠʥ 

ɺʘʨʫʪʨʝʩʢ(ʐʚʝʮʠʷ) 
6,04 10,39 4,72 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʠʭ ʜʘʥʥʳʭ, ʥʝʦʢʠʩʣʝʥʥʳʡ ʟʝʣʸʥʳʡ ʪʨʠʬʠʣʠʥ ʧʝʛʤʘʪʠʪʦʚ ʂʘʨʘʚʰʠʥʩʢʦʛʦ ʧʦʣʷ ʧʦ 

ʩʦʦʪʥʦʰʝʥʠʶ Fe ʠ Mn ʙʦʣʝʝ ʙʣʠʟʦʢ ʢ ʪʨʠʬʠʣʠʥʫ ʧʝʛʤʘʪʠʪʦʚ ʂʘʣʙʠʥʩʢʦʛʦ ʭʨʝʙʪʘ [2], ʘ ʧʦ ʧʦʚʳʰʝʥʥʦʤʫ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʩʦʜʝʨʞʘʥʠʶ Mg ʢ ʪʨʠʬʠʣʠʥʫ, ʦʧʠʩʘʥʥʦʤʫ ɸ.ɸ. ɹʝʫʩʦʤ [1] ʚ ʧʝʛʤʘʪʠʪʘʭ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʍʠʤʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʘ ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʨʠʬʠʣʠʥʘ (ʤʘʩ. %) 

 

ʂʦʤʧʦʥʝʥʪʳ 1 2 3 

Li 2O ʅʝ ʦʧʨ. 6,83 8,33 

Na2O - 0,64 - 

MgO 1,81 3,03 0,72 

CaO - 0,16 0,34 

MnO 12,58 11,52 12,40 

FeO 29,98 32,28 30,05 

Fe2O3 - 1,14 1,07 

P2O5 46,28 44,54 44,76 

ʊʧ.ʧ ʅʝ ʦʧʨ 0,24 0,25 

Ɇ 90,65   

ʇʨʠʤʝʯʘʥʠʝ: 1 ï ʪʨʠʬʠʣʠʥ ʧʝʛʤʘʪʠʪʦʚ ʂʘʨʘʚʰʘʥʩʢʦʛʦ ʧʦʣʷ. ʄʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ, ʘʥʘʣʠʪʠʢ ʄʘʨʬʠʥ ɸ.ɽ. 2 ï 

ʪʨʠʬʠʣʠʥ ʧʝʛʤʘʪʠʪʦʚ ʊʫʨʢʝʩʪʘʥʩʢʦʛʦ ʭʨʝʙʪʘ [1]. 3 ï ʪʨʠʬʠʣʠʥ ʂʘʣʙʠʥʩʢʦʛʦ ʭʨʝʙʪʘ [2]. 

 

ɺ ʧʘʨʘʛʝʥʝʟʠʩʝ ʩ ʠʟʫʯʝʥʥʳʤ ʪʨʠʬʠʣʠʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʢʚʘʨʮ, ʤʫʩʢʦʚʠʪ, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, 

ʘʣʴʙʠʪ, ʙʝʣʳʡ ʥʘʪʨʦʚʳʡ ʙʝʨʠʣʣ ʠ ʧʣʘʩʪʠʥʯʘʪʳʡ ʢʦʣʫʤʙʠʪ. ɼʘʥʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʘʥʥʝʝ 

ʧʦʷʚʣʝʥʠʝ ʤʠʥʝʨʘʣʘ ʚ ʧʝʛʤʘʪʠʪʘʭ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʊʆʇʆʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʂɸʂ ʉʇʆʉʆɹ ʇʆʃʋʏɽʅʀʗ 

ɼʆʇʆʃʅʀʊɽʃʔʅʆʁ ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆʁ ʀʅʌʆʈʄɸʎʀʀ 
ʀ.ɺ. ɼʦʣʛʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʃ.ɸ. ɿʳʨʷʥʦʚʘ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ ʪʦʧʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʚʧʝʨʚʳʝ. ʇʦʚʦʜʦʤ ʜʣʷ ʠʭ ʧʨʦʚʝʜʝʥʠʷ ʩʪʘʣʦ ʦʪʢʨʳʪʠʝ ʚ 2009 ʛ. ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʈʫʙʮʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʦʛʘʪʦʡ ʡʦʜʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʢʦʪʦʨʘ ̫ʠʟʚʝʩʪʥʘ ʣʠʰʴ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʦʙʲʝʢʪʝ ʚ ʤʠʨʝ ï 

ɹʨʦʢʝʥ-ʍʠʣʣ ʚ ɸʚʩʪʨʘʣʠʠ [2, 4]. 

ɹʨʦʢʝʥ-ʍʠʣʣ ï ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ɸʚʩʪʨʘʣʠʠ, ʫʥʠʢʘʣʴʥʦʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʩʚʠʥʮʦʚʦʡ 

ʠ ʮʠʥʢʦʚʦʡ ʨʫʜʳ. ʆʪʢʨʳʪʦ ʠ ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʩ 1883 ʛʦʜʘ. ʀʤʝʝʪ ʟʦʥʫ ʦʢʠʩʣʝʥʠʷ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ 

ʟʦʥʘʣʴʥʦʩʪʴʶ [5]. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʟʦʥ ʦʢʠʩʣʝʥʠʷ ʦʙʦʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʛ ʧʨʠʥʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʠʥʝʨʘʣʦʛʠʠ ʈʫʙʮʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ ʟʦʥʳ 

ʦʢʠʩʣʝʥʠʷ ʠʟʚʝʩʪʥʳ ʠ ʜʣʷ ʜʨʫʛʠʭ ʦʙʲʝʢʪʦʚ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʪʦ ʠ ʦʥʠ ʙʳʣʠ ʚʢʣʶʯʝʥʳ ʢʘʢ ʠʟʫʯʘʝʤʳʝ ʦʙʲʝʢʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʠʚʘʣʘʩʴ ʤʠʥʝʨʘʣʦʛʠʷ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʈʫʙʮʦʚʩʢʦʛʦ, ɿʦʣʦʪʫʰʠʥʩʢʦʛʦ, ʃʘʟʫʨʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ɹʨʦʢʝʥ-ʍʠʣʣ ʚ ɸʚʩʪʨʘʣʠʠ, ʩ ʜʨʫʛʦʡ. ɹʘʟʘ ʜʘʥʥʳʭ ʚʢʣʶʯʘʣʘ 

ʪʘʢʠʝ ʧʨʠʟʥʘʢʠ: ʧʨʦʤʳʰʣʝʥʥʳʡ ʧʨʦʬʠʣʴ ʨʫʜ, ʧʦʣʦʞʝʥʠʝ ʤʠʥʝʨʘʣʘ ʚ ʨʘʟʨʝʟʝ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ, ʢʣʘʩʩ ʩʦʝʜʠʥʝʥʠʷ, 

ʩʠʥʛʦʥʠʷ, ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʠʥʝʨʘʣʘ. 

ʇʨʠ ʦʮʝʥʢʝ ʧʦʣʦʞʝʥʠʷ ʤʠʥʝʨʘʣʘ ʚ ʨʘʟʨʝʟʝ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʧʨʠʥʷʪʘ ʟʦʥʘʣʴʥʦʩʪʴ, ʚʳʷʚʣʝʥʥʘʷ ʜʣʷ 

ʈʫʙʮʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ [3]. ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʤʠʥʝʨʘʣʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʦʪʥʝʩʝʥʠʝ ʝʛʦ ʢ ʨʫʜʥʦʤʫ, 

ʥʝʨʫʜʥʦʤʫ ʠ ʢʦʣʣʝʢʮʠʦʥʥʦʤʫ (ɹʨʦʢʝʥ-ʍʠʣʣ ʠ ʈʫʙʮʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʤʠ ʧʦʩʪʘʚʱʠʢʘʤʠ 

ʥʘ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʤʠʥʝʨʘʣʦʚ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ). ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ ʦʪʨʘʞʝʥʘ ʚ 

ʪʘʙʣʠʮʝ 1. 

ɺ ʟʦʥʘʭ ʦʢʠʩʣʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʫʩʪʘʥʦʚʣʝʥʦ 45 ʤʠʥʝʨʘʣʦʚ, ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʨʦʢʝʥ-ʍʠʣʣ ï 95. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʤʠʥʝʨʘʣʴʥʦʛʦ ʢʘʜʘʩʪʨʘ ʚʳʷʚʠʣʘ ʩʣʝʜʫʶʱʝʝ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ 

ɹʨʦʢʝʥ-ʍʠʣʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʫʜʥʦ-ʘʣʪʘʡʩʢʠʤʠ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʫʯʠʪʳʚʘʷ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɺ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɹʨʦʢʝʥ-ʍʠʣʣ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʨʚʠʯʥʳʭ ʨʫʜ 

ʨʘʟʥʦʦʙʨʘʟʥʝʝ (ʪʘʙʣʠʮʘ 2), ʦʪʩʶʜʘ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ, ʯʝʤ ʚ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ. 

ʊʘʙʣʠʮʘ 1 

ʉʪʨʫʢʪʫʨʘ ʙʘʟʳ ʜʘʥʥʳʭ [1, 7] 

 

 

ɿʦʥʘ ʦʢʠʩʣʝʥʠʷ 
   

ʄʝʩʪʦʨʦʞʜʝʥʠʝ 
ʇʦʜʟʦʥʘ ɻʦʨʠʟʦʥʪ 

ʄʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ 

ʂʣʘʩʩ 

ʩʦʝʜʠʥʝʥʠʷ 
ʉʠʥʛʦʥʠʷ 

ɹʨʦʢʝʥ-ʍʠʣʣ 

ʇʦʣʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ (Fe 

ʰʣʷʧʘ) 
 

ʂʦʥʠʢʘʣʴʮʠʪ ʘʨʩʝʥʘʪʳ ʨʦʤʙʠʯʝʩʢʘʷ 

ɿʦʣʦʪʫʰʠʥʩʢʦʝ 

ɹʦʛʘʪʳʭ ʦʢʠʩʣʝʥʥʳʭ 

ʨʫʜ 
ʂʘʨʙʦʥʘʪʥʳʡ ɸʟʫʨʠʪ ʢʘʨʙʦʥʘʪʳ ʤʦʥʦʢʣʠʥʥʘʷ 

ʃʘʟʫʨʩʢʦʝ 

ɹʦʛʘʪʳʭ ʦʢʠʩʣʝʥʥʳʭ 

ʨʫʜ 
ʉʫʣʴʬʘʪʥʳʡ ɸʪʘʢʘʤʠʪ ʛʘʣʦʛʝʥʠʜʳ ʨʦʤʙʠʯʝʩʢʘʷ 

ʈʫʙʮʦʚʩʢʦʝ 

ɹʦʛʘʪʳʭ ʦʢʠʩʣʝʥʥʳʭ 

ʨʫʜ 
ʆʢʩʠʜʥʳʡ ʂʫʧʨʠʪ ʦʢʩʠʜʳ ʢʫʙʠʯʝʩʢʘʷ 

 

ʊʘʙʣʠʮʘ 2 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʧʝʨʚʠʯʥʳʭ ʨʫʜ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ [1, 7] 

 

 
ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʈʫʜʥʦʛʦ 

ɸʣʪʘʷ (ʈʦʩʩʠʷ) 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʨʦʢʝʥ-ʍʠʣʣ (ɸʚʩʪʨʘʣʠʷ) 

ʄʠʥʝʨʘʣʴʥʳʡ 

ʩʦʩʪʘʚ 

ʧʝʨʚʠʯʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ 

(ʪʦʣʴʢʦ ʨʫʜʥʳʝ 

ʤʠʥʝʨʘʣʳ) 

ʍʘʣʴʢʦʧʠʨʠʪ, ʙʦʨʥʠʪ, 

ʢʦʚʝʣʣʠʥ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, 

ʧʠʨʠʪ, ʭʘʣʴʢʦʟʠʥ, ʙʣʝʢʣʳʝ 

ʨʫʜʳ (ʪʝʥʥʘʥʪʠʪ, ʪʝʪʨʘʵʜʨʠʪ) 

ɻʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʪʝʪʨʘʵʜʨʠʪ, ʜʠʩʢʨʘʟʠʪ, 

ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʣʝʣʣʠʥʛʠʪ, 

ʛʫʜʤʫʥʜʠʪ, ʚʘʣʣʝʨʝʠʪ, ʩʪʘʥʥʠʥ, ʤʘʛʥʝʪʠʪ, 

ʤʦʣʠʙʜʝʥʠʪ, ʘʢʘʥʪʠʪ, ʙʦʨʥʠʪ, ʙʫʣʘʥʞʝʨʠʪ, 

ʙʫʨʥʦʥʠʪ, ʢʦʙʘʣʴʪʠʥ, ʢʦʚʝʣʣʠʥ, ʢʫʙʘʥʠʪ, ʜʠʢʨʘʟʠʪ, 

ʬʝʨʙʝʨʠʪ, ʜʞʝʤʩʦʥʠʪ, ʤʠʣʣʝʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ, 

ʙʠʥʜʛʝʡʤʠʪ, ʥʠʢʝʣʠʥ, ʧʠʨʠʪ 

ʆʩʥʦʚʥʳʝ 

ʢʦʤʧʦʥʝʥʪʳ 

ʧʝʨʚʠʯʥʳʭ ʨʫʜ 

Cu ï Pb ï Zn ï As ï Sb ï Fe ï 

Ag 

Pb ïZn ïCu ï Mo ïAs ïSb ïBi ïW ï Fe ï Mg ï Sn ï 

Ag ï Co - Ni 

 

ɺ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʢʣʘʩʩʘʤʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʧʦʨʷʜʢʝ 

ʫʙʳʚʘʥʠʷ ʷʚʣʷʶʪʩʷ: ʦʢʩʠʜʳ ï ʩʫʣʴʬʘʪʳ ï ʢʘʨʙʦʥʘʪʳ ï ʩʠʣʠʢʘʪʳ ï ʛʘʣʦʛʝʥʠʜʳ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʧʝʨʚʳʭ ʪʨʝʭ 

ʯʣʝʥʦʚ ʢʣʘʩʩʦʚ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʭʝʤʫ ʟʦʥʘʣʴʥʦʩʪʠ ʨʘʟʨʝʟʘ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʈʫʙʮʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ [4]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʫ ʃʘʟʫʨʩʢʦʛʦ ʠ ɿʦʣʦʪʫʰʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʩʭʝʤʳ ʨʘʟʨʝʟʘ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʩʭʦʜʥʳ ʩ ʈʫʙʮʦʚʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ. 

ɺ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʨʦʢʝʥ-ʍʠʣʣ ʧʨʝʦʙʣʘʜʘʶʪ: ʩʫʣʴʬʘʪʳ ï ʘʨʩʝʥʘʪʳ ï ʬʦʩʬʘʪʳ ï 

ʢʘʨʙʦʥʘʪʳ ï ʦʢʩʠʜʳ ï ʛʘʣʦʛʝʥʠʜʳ. 

ʇʦ ʧʨʦʮʝʥʪʥʦʤʫ ʩʦʜʝʨʞʘʥʠʶ ʢʘʨʙʦʥʘʪʳ ʠ ʦʢʩʠʜʳ ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ 

ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʵʪʠʤʠ ʞʝ ʢʣʘʩʩʘʤʠ ʜʣʷ ɹʨʦʢʝʥ-ʍʠʣʣʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ɹʨʦʢʝʥ ʍʠʣʣʘ 

ʘʨʩʝʥʘʪʳ, ʛʘʣʦʛʝʥʠʜʳ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ 

ʥʘʣʠʯʠʝʤ ʚʘʥʘʜʘʪʦʚ ʠ ʬʦʩʬʘʪʦʚ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʈʫʜʥʦʛʦ ɸʣʪʘʷ, ʜʝʣʘʝʪ ʩʭʝʤʫ ʟʦʥʘʣʴʥʦʩʪʠ 

ʨʘʟʨʝʟʘ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ɹʨʦʢʝʥ-ʍʠʣʣ ʙʦʣʝʝ ʩʣʦʞʥʦʡ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʧʝʨʚʠʯʥʳʭ 

ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ ʠ ʦʢʠʩʣʝʥʥʳʭ ʨʫʜ ʦʯʝʨʝʜʥʦʡ ʨʘʟ ʧʦʜʪʚʝʨʜʠʣ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʩʦʩʪʘʚʘ. 

ʀ.ʀ. ʐʘʬʨʘʥʦʚʩʢʠʤ ʜʣʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʠʥʝʨʘʣʦʚ ʩʦʛʣʘʩʥʦ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʠʥʛʦʥʠʷʤ) ʚ ʧʦʨʷʜʢʝ ʫʤʝʥʴʰʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ: 

ʨʦʤʙʠʯʝʩʢʘʷ ï ʤʦʥʦʢʣʠʥʥʘʷ ï ʢʫʙʠʯʝʩʢʘʷ ï ʪʨʠʛʦʥʘʣʴʥʘʷ ï ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ï ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ï ʪʨʠʢʣʠʥʥʘʷ [6]. 

ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʧʦ ʩʠʥʛʦʥʠʷʤ ʚʳʷʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʝʨʚʳʭ 

ʯʝʪʳʨʝʭ ʯʣʝʥʦʚ ʨʷʜʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʥʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʀ.ʀ. ʐʘʬʨʘʥʦʚʩʢʠʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʜʣʷ ʨʫʜʥʳʭ ʧʨʦʚʠʥʮʠʡ. ɺ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʫʩʪʘʥʦʚʣʝʥʘ ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ (%): ʨʦʤʙʠʯʝʩʢʘʷ (30,5) ï ʤʦʥʦʢʣʠʥʥʘʷ (27,4), 

ʪʨʠʛʦʥʘʣʴʥʘʷ (16,9) ï ʢʫʙʠʯʝʩʢʘʷ (12,6), ɹʨʦʢʝʥ-ʍʠʣʣ: ʪʨʠʛʦʥʘʣʴʥʘʷ (26,7) ï ʨʦʤʙʠʯʝʩʢʘʷ (24,4) ï ʤʦʥʦʢʣʠʥʥʘʷ 

(22,2), ʢʫʙʠʯʝʩʢʘʷ (13,3). ɺʦʟʤʦʞʥʦ, ʨʘʟʣʠʯʠʝ ʠ ʥʘʨʫʰʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 

ʚʠʜʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʝʨʚʠʯʥʳʝ ʨʫʜʳ ʙʳʣʠ ʠʩʢʣʶʯʝʥʳ ʠʟ ʘʥʘʣʠʟʘ, 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʦʢʠʩʣʝʥʥʳʝ ʨʫʜʳ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ. ɸ ʚʦʟʤʦʞʥʦ, ʚʳʷʚʣʝʥʳ ʝʱʝ ʥʝ ʚʩʝ ʤʠʥʝʨʘʣʴʥʳʝ 

ʚʠʜʳ. 

ʂ ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ ʤʠʥʝʨʘʣʘʤ ʟʦʥʳ ʦʢʠʩʣʝʥʠʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʥʦʩʷʪʩʷ  

ʨʫʜʥʳʝ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʝ. ɸʥʘʣʠʟ ʙʘʟʳ ʜʘʥʥʳʭ ʧʨʘʢʪʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ 

ɸʣʪʘʷ ʠ ɹʨʦʢʝʥ-ʍʠʣʣʘ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ ʯʠʩʣʝʥʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʟʦʥʘʭ ʦʢʠʩʣʝʥʠʷ ʨʫʜʥʳʭ ʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʥʘʜ ʥʝʨʫʜʥʳʤʠ. ɺ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ  ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʨʦʢʝʥ-ʍʠʣʣ: ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 74, ʠʟ ʥʠʭ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʢʦʣʣʝʢʮʠʦʥʥʳʭ 43, ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 21, ʠʟ ʥʠʭ ʢʦʣʣʝʢʮʠʦʥʥʳʭ 4. ʉʨʝʜʠ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʩʦʙʦ 

ʚʳʜʝʣʷʶʪʩʷ ʤʘʨʰʠʪ, ʤʘʡʝʨʩʠʪ, ʡʦʜʘʨʛʠʨʠʪ, ʢʫʧʨʠʪ, ʤʝʜʴ, ʯʪʦ ʝʱʸ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʝʪ ʠʥʪʝʨʝʩ ʢ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɺ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ: ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 26, ʩʨʝʜʠ ʥʠʭ 13 ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʦʣʣʝʢʮʠʦʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 19, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʝʪ ʢʦʣʣʝʢʮʠʦʥʥʳʭ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩ ʫʯʝʪʦʤ ʚʝʜʫʱʝʛʦ ʨʫʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʳʷʚʠʣʦ ʩʣʝʜʫʶʱʝʝ: ʚ ʟʦʥʝ ʦʢʠʩʣʝʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɹʨʦʢʝʥ-ʍʠʣʣ ʤʝʜʥʳʭ ï 17, ʩʚʠʥʮʦʚʳʭ ï 5, ʮʠʥʢʦʚʳʭ ï 4, ʩʝʨʝʙʨʷʥʳʭ ï 4. ɽʩʪʴ ʤʠʥʝʨʘʣʳ 

ʩʣʦʞʥʦʛʦ ʩʦʩʪʘʚʘ: ʤʝʜʥʦ ï ʩʚʠʥʮʦʚʳʝ, ʩʚʠʥʮʦʚʦ ï ʮʠʥʢʦʚʳʝ. ɺ ʟʦʥʘʭ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ 

ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʳ ʤʝʜʠ ï 5, ʩʝʨʝʙʨʘ ï 3, ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʜʢʠʝ ʤʝʜʥʦ ï ʮʠʥʢʦʚʳʝ ʤʠʥʝʨʘʣʳ (ʨʦʟʘʟʠʪ, 

ʰʫʣʝʥʙʝʨʛʠʪ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʘ 

ʤʝʜʥʘʷ ʨʫʜʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. 

ʉʦʟʜʘʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʢʘʜʘʩʪʨʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ ʩ ʮʝʣʴʶ ʜʦʧʦʣʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʭ ʢʣʘʩʩʠʬʠʢʘʮʠʝʡ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʦʩʪʘʚʘ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʤʠʥʝʨʘʣʘʤ ʟʦʥ ʦʢʠʩʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʥʘ ʛʦʪʦʚʷʱʝʝʩʷ ʢ ʦʪʨʘʙʦʪʢʝ ɿʘʭʘʨʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ ʟʦʥʦʡ ʦʢʠʩʣʝʥʠ,̫ ʧʦʜʦʙʥʦʡ 

ʈʫʙʮʦʚʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ, ʘ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʤʦʞʝʪ ʟʘʠʥʪʝʨʝʩʦʚʘʪʴ ʪʝʭʥʦʣʦʛʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ 

ʧʝʨʝʨʘʙʦʪʢʦʡ ʨʫʜ. 
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ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɻɸɹɹʈʆʀɼʆɺ ɻʆʈʓ çʄɽɼɺɽɾʔʗè 

(ʂʋɿʅɽʎʂʀʁ ɸʃɸʊɸʋ) 
ʅ.ɸ. ɼʫʛʘʨʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʀ.ʌ. ɻʝʨʪʥʝʨ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

ʉʝʚʝʨʦ-ʟʘʧʘʜʥʳʡ ʩʝʛʤʝʥʪ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ (ɸʉʉʆ) ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʡ ʠʟ ʝʝ 

ʜʨʝʚʥʠʭ ʩʪʨʫʢʪʫʨ ʩʦ ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʩʢʣʘʜʯʘʪʦ-ʛʣʳʙʦʚʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ï ʂʫʟʥʝʮʢʠʤ 

ɸʣʘʪʘʫ, ʢʦʪʦʨʳʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʣʝʜʦʥʩʢʦʡ ʢʦʣʣʠʟʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 

ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʘʥʩʘʤʙʣʝʡ (ʩʥʠʟʫ ʚʚʝʨʭ): ʘ) ʬʨʘʛʤʝʥʪʦʚ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʩʫʙʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ; ʙ) 

ʨʘʥʥʝ-ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʚ) ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʠʭ ï ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʭ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʦʢʨʘʠʥʥʳʭ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʤ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʨʠʬʪʦʛʝʥʥʳʭ ʠʣʠ ʚʥʫʪʨʠʧʣʠʪʥʳʭ 

ʬʦʨʤʘʮʠʡ [4]. 

ʂʫʟʥʝʮʢʠʡ ɸʣʘʪʘʫ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʣʴʥʦ ʨʘʩʯʣʝʥʝʥʥʳʡ ʛʦʨʥʳʡ ʤʘʩʩʠʚ, ʚʳʪʷʥʫʪʳʡ ʚ 

ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ  ʥʘʧʨʘʚʣʝʥʠʠ [3]. ɹʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʦʩʦʙʣʝʥʠʠ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ ʠ ʧʦʜʟʦʥ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ ʠ ʧʦʣʥʦʪʦʡ ʩʚʦʜʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʤʦʨʬʦʣʦʛʠʝʡ ʠ ʩʪʠʣʝʤ ʩʢʣʘʜʯʘʪʦʩʪʠ [1]. 

ʇʨʠʫʨʦʯʝʥʥʘʷ ʢ ʦʩʝʚʦʡ ʯʘʩʪʠ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʎʝʥʪʨʘʣʴʥʦ-ɸʣʘʪʘʫʩʢʘʷ ʟʦʥʘ ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪ ʚ ʩʝʙʝ 

ʦʩʥʦʚʥʳʝ ʢʨʫʧʥʳʝ ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʢʦʛʦ ʧʦʷʩʘ, ʛʨʫʧʧʠʨʫʶʱʠʝʩʷ ʚ ʟʦʥʘʣʴʥʳʝ 

ʧʦʣʫʢʦʣʴʮʝʚʳʝ  ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ ʟʦʥʘʣʴʥʦ-ʧʦʣʫʢʦʣʴʮʝʚʦʡ ʭʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠʷ 

ʧʨʦʷʚʠʣʩʷ ʚ ʜʚʫʭ ʘʩʩʦʮʠʘʮʠʷʭ: ʛʦʨ ʏʝʤʦʜʘʥ, ʉʪʘʥʦʚʦʡ ʍʨʝʙʝʪ ʠ ʛʦʨʳ ʄʝʜʚʝʞʴʝʡ, ʦʯʝʥʴ ʩʭʦʜʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʆʙʝ ʘʩʩʦʮʠʘʮʠʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʜʫʛʦʦʙʨʘʟʥʦʝ ʚ ʧʣʘʥʝ ʠ ʚʦʨʦʥʢʦʦʙʨʘʟʥʦʝ ʚ ʨʘʟʨʝʟʝ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʩ 

ʢʨʫʪʳʤ ʮʝʥʪʨʦʢʣʠʥʘʣʴʥʳʤ ʧʘʜʝʥʠʝʤ  ʧʦʨʦʜ ʚ ʢʨʘʝʚʳʭ ʠ ʧʦʣʦʛʠʤ ï ʚ ʟʘʤʢʦʚʳʭ ʯʘʩʪʷʭ ʜʫʛʦʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ. 

ɼʫʛʦʦʙʨʘʟʥʳʝ ʟʦʥʳ, ʙʫʜʫʯʠ ʦʙʨʘʱʝʥʥʳʤʠ ʟʘʤʢʥʫʪʦʡ ʯʘʩʪʴʶ ʢ ʶʛʫ, ʘ ʦʪʢʨʳʪʦʡ ï ʢ ʩʝʚʝʨʫ, ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ. 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʦʣʫʢʦʣʴʮʝʚʘʷ ʬʦʨʤʘ ʩʪʨʫʢʪʫʨʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʦ ʝʝ 

ʧʝʨʠʬʝʨʠʠ ʤʘʩʩʠʚʦʚ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʛʦʨ ɹʘʨʭʘʪʥʦʡ, ʉʝʚʝʨʥʦʡ, ɿʝʣʝʥʦʡ, ɿʘʷʯʴʝʡ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʝʝ ʯʘʩʪʠ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ï ʦʜʥʦʨʦʜʥʳʭ ʛʘʙʙʨʦʠʜʦʚ, ʧʨʝʪʝʨʧʝʚʰʠʭ ʠʥʪʝʥʩʠʚʥʦʝ ʟʝʣʝʥʦʢʘʤʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ, ʠ ʵʬʬʫʟʠʚʥʦ-ʙʨʝʢʯʠʝʚʳʭ 

ʧʦʨʦʜ, ʘ ʚ ʦʩʝʚʦʡ ï ʧʠʨʦʢʩʝʥʠʪʦʚ (ʛʦʨʘ ʄʝʜʚʝʞʴʷ). ʄʝʞʜʫ ʮʝʥʪʨʘʣʴʥʳʤ ʪʝʣʦʤ ʛʘʙʙʨʦʠʜʦʚ ʠ ʛʠʧʝʨʙʘʟʠʪʦʚʳʤʠ 

ʤʘʩʩʠʚʘʤʠ ʨʘʟʚʠʪʳ ʧʦʣʦʩʯʘʪʝr ʫʨʘʣʠʪ-ʢʣʠʥʦʮʦʠʟʠʪʦʚʦʝ ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ-ʘʤʬʠʙʦʣʠʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʦʙʨʘʟʥʳʭ ʤʠʣʦʥʠʪʦʚ ʠʟ ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʩ ʨʝʩʪʠʪʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ [3]. 

ʇʦʣʥʳʝ ʧʦ ʩʚʦʝʤʫ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʫʣʴʪʨʘʤʘʬʠʪ-ʤʘʬʠʪʦʚʳʝ ʧʘʨʘʛʝʥʝʟʳ ʛʛ. ʉʪʘʥʦʚʦʡ ʭʨʝʙʝʪ 

ʠ ʏʝʤʦʜʘʥ, ʘ ʪʘʢʞʝ ɹʘʨʭʘʪʥʦʡ, ɿʘʷʯʴʝʡ, ʉʝʚʝʨʥʦʡ, ɿʝʣʝʥʦʡ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʚ ʦʬʠʦʣʠʪʦʚʫʶ ʘʩʩʦʮʠʘʮʠʶ 

ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʩʪʘʥʦʚʣʝʥʠʝ ʢʦʪʦʨʦʡ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ, ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʨʠʬʝʝ (~950 ʤʣʥ. ʣʝʪ) [2, 6]. 

ɺ ʧʨʝʜʝʣʘʭ ʛ. ʄʝʜʚʝʞʴʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʩʥʦʚʥʳʭ 

ʧʦʨʦʜ. ʉʨʝʜʠ ʥʠʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʪʠʧʘ: ʦʣʠʚʠʥʦʚʳʡ 

ʛʘʙʙʨʦʥʦʨʠʪ ʩ ʧʝʨʝʭʦʜʘʤʠ ʚ ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪ ʠ ʤʝʪʘʛʘʙʙʨʦ. ʇʦ ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ï ʧʣʘʛʠʦʢʣʘʟ, ʤʦʥʦʢʣʠʥʥʳʡ ʧʠʨʦʢʩʝʥ, ʨʦʤʙʠʯʝʩʢʠʡ ʧʠʨʦʢʩʝʥ, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, 

ʦʣʠʚʠʥ, ʘ ʠʟ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʛʥʝʪʠʪ. ɼʣʷ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʳ ʦʬʠʪʦʚʘʷ, 

ʛʠʧʠʜʠʦʤʦʨʬʥʘʷ ʩʪʨʫʢʪʫʨʳ ʠ ʤʘʩʩʠʚʥʘʷ ʪʝʢʩʪʫʨʘ. ʊʘʢʞʝ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʦʨʦʜ ʦʪʤʝʯʘʶʪʩʷ 

ʧʦʡʢʠʣʠʪʦʚʘʷ ʠ ʩʠʜʝʨʦʥʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʳ. 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ ʙʳʣʘ ʠʟʫʯʝʥʘ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʭ ʬʠʛʫʨʘʪʠʚʥʳʭ 

ʪʦʯʝʢ ʥʘ ʙʠʥʘʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ. ʇʦ ʫʨʦʚʥʶ ʦʙʱʝʡ ʱʝʣʦʯʥʦʩʪʠ ʜʘʥʥʳʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʠ 

ʩʫʙʱʝʣʦʯʥʦʤʫ ʨʷʜʘʤ. ʆʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʚʘʨʠʘʮʠʡ ʠʭ ʩʦʩʪʘʚʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʳʤ ʨʦʩʪʦʤ Na2O+K2O ʧʦ 

ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ SiO2. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʦʪʥʦʰʝʥʠ ̫ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʦʨʤʘʣʴʥʦʡ ʠ 

ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʦʙʲʝʢʪʝ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ (ʪ.ʝ. ~ 1:1). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʰʠʨʦʢʦʛʦ ʨʘʟʚʠʪʠʷ ʢʘʢ ʧʦʩʪʦʨʦʥʥʠʭ ʜʘʡʢʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢ ʠ ʧʨʦʜʫʢʪʦʚ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ʇʦ 

ʫʨʦʚʥʶ ʥʘʢʦʧʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ ʙʦʣʴʰʠʥʩʪʚʦ ʧʦʨʦʜ ʛ. ʄʝʜʚʝʞʴʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʦʜʫʢʪʘʤ ʪʦʣʝʠʪʦʚʦʡ 

ʩʝʨʠʠ, ʥʦ ʪʝʤ ʥʝ ʤʝʥʝʝ, ʯʘʩʪʴ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʝ ʠʟʚʝʩʪʢʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ 

K2O ʠ Na2O ʠʟʫʯʘʝʤʳʝ ʙʘʟʠʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʷʤ ʥʘʪʨʠʝʚʦʡ ʠ ʩʫʙʥʘʪʨʠʝʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʨʝʜʢʦʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʦʪʨʘʞʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. ʇʦ ʩʧʝʢʪʨʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʈɿʕ) ʦʪʤʝʯʘʝʪʩʷ ʨʘʟʣʠʯʥʘʷ ʩʪʝʧʝʥʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ 

ʙʘʟʠʪʦʚ ʛ. ʄʝʜʚʝʞʴʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʤʘʬʠʪʦʚ (ɿʩ-29/22, ɿʩ-29/23) ʥʝ ʦʙʥʘʨʫʞʝʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʈɿʕ (La/Sm=1,4; La/Yb=2,5) ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʙʘʟʘʣʴʪʘʤ MORB. ʆʜʥʘʢʦ ʚ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ (ɿʩ-29/24, ɿʩ-29/25) ʥʘʙʣʶʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʨʝʟʢʘʷ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʛʜʝ ʦʪʥʦʰʝʥʠʝ La/Sm ʧʦʚʳʰʘʝʪʩʷ ʜʦ 5,2, ʘ La/Yb ï ʜʦ 21,3, ʪʦʛʜʘ 

ʢʘʢ ʜʣʷ ʧʦʨʦʜ ʛʦʨ ʉʝʚʝʨʥʦʡ, ɿʝʣʝʥʦʡ ʠ ɹʘʨʭʘʪʥʦʡ  La/Sm ʜʦʭʦʜʠʪ ʜʦ 4,3, ʘ La/Yb ï ʜʦ 8,2. ʀ ʧʨʠ ʵʪʦʤ ʬʦʨʤʘ 

ʩʧʝʢʪʨʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʜʘʥʥʳʭ ʧʦʨʦʜʘʭ ʧʨʠʙʣʠʞʝʥʘ ʢ ʦʙʨʘʟʦʚʘʥʠʷʤ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʠʩʪʝʤ. ɼʣʷ ʧʦʨʦʜ ʚ 

ʦʩʥʦʚʥʦʤ ʭʘʨʘʢʪʝʨʥʘ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ ʝʚʨʦʧʠʝʚʘʷ ʘʥʦʤʘʣʠʷ, ʢʨʦʤʝ ʚʧʦʣʥʝ ʦʪʯʝʪʣʠʚʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʘʥʦʤʘʣʠʠ Eu ʚ ʦʙʨʘʟʮʝ ɿʩ-29/24, ʢʦʪʦʨʘʷ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʚʳʰʝʥʥʫʶ ʨʦʣʴ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʚ 

ʜʘʥʥʦʡ ʧʦʨʦʜʝ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʧʦʨʦʜ, ʢʘʢ ʛ. ʄʝʜʚʝʞʴʷ, ʪʘʢ ʠ ʛʛ. ʉʝʚʝʨʥʘʷ, ɿʝʣʝʥʘʷ, ɹʘʨʭʘʪʥʘʷ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʦʛʘʱʝʥʠʝ ʣʝʛʢʠʤʠ ʣʘʥʪʘʥʦʠʜʘʤʠ. 

ɺ ʮʝʣʦʤ, ʥʘ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʈɿʕ, ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ  

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʱʠʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʥʘʢʣʦʥʦʤ ʩ ʦʪʯʝʪʣʠʚʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ Nb, Ta, Hf ʠ Zr, 

ʠ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʝʡ Ba, Sr (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʨʘʟʮʘ ɿʩ-29/23), ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʬʠʢʩʠʨʫʶʪʩʷ ʚ 

ʧʨʦʜʫʢʪʘʭ ʦʩʪʨʦʚʦʜʫʞʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʤʝʞʜʫ ʛʘʙʙʨʦʠʜʘʤʠ ʛʦʨ 

ʉʝʚʝʨʥʦʡ, ɿʝʣʝʥʦʡ, ɹʘʨʭʘʪʥʦʡ ʠ ʄʝʜʚʝʞʴʝʡ ʦʪʤʝʯʘʶʪʩʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʝʢʦʛʝʨʝʥʪʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʧʦʨʦʜ ʛ. 

ʄʝʜʚʝʞʴʷ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʛʢʘ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Rb ʠ Ba ï ʜʦ 29 (15,5) ʠ 516,6 (350,7) ʛ/ʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʠ ʧʦʥʠʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Zr ï 69,6 (125,8) ʛ/ʪ. 

 

  

ʈʠʩ. ʘ) ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ ʭʦʥʜʨʠʪʫ (ʉ1) ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʠ ʙ) ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʧʦ 

N-MORB-ʙʘʟʘʣʴʪʘʤ ʩʧʝʢʪʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ʚ ʙʘʟʠʪʘʭ ʛ. ʄʝʜʚʝʞʴʷ[7]. 

ʉʝʨʳʤ ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʙʘʟʠʪʦʚ ʛʛ. ʉʝʚʝʨʥʘʷ, ɿʝʣʝʥʘʷ, ɹʘʨʭʘʪʥʘʷ 

 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʧʦʨʦʜʳ ʛ. ʄʝʜʚʝʞʴʷ ʧʦ ʩʚʦʠʤ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʜʫʢʪʘʤ 

ʥʘʪʨʠʝʚʦʡ ʪʦʣʝʠʪʦʚʦʡ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʝʨʠʠ, ʠ ʧʦ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʝʜʢʠʭ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʠ ʢ ʧʨʦʜʫʢʪʘʤ ʤʘʛʤʘʪʠʟʤʘ ʩʦʙʩʪʚʝʥʥʦ ʦʢʝʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (MORB). ɺʤʝʩʪʝ 

ʩ ʪʝʤ, ʚ ʧʦʨʦʜʘʭ ʠʟʫʯʘʝʤʦʛʦ ʤʘʩʩʠʚʘ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʥʠʞʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Nb ʠ Ta, ʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 
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ʇʈʆɹʃɽʄʓ ɻɽʆʃʆɻʀʀ ʀ ʆʉɺʆɽʅʀʗ ʅɽɼʈ 

ʙʘʟʘʣʴʪʦʠʜʦʚ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥ. ɹʦʣʝʝ ʨʘʥʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʘʟʠʪʦʚ ʦʬʠʦʣʠʪʦʚʦʡ 

ʘʩʩʦʮʠʘʮʠʠ ʛʛ. ʉʝʚʝʨʥʦʡ, ɿʝʣʝʥʦʡ ʠ ɹʘʨʭʘʪʥʦʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʦʥʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʢʘʢ ʩʨʝʜʠʥʥʦ-

ʦʢʝʘʥʠʯʝʩʢʠʭ ʭʨʝʙʪʦʚ (MORB), ʪʘʢ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʠʩʪʝʤ, ʦʙʣʘʩʪʝʡ ʟʘʜʫʛʦʚʦʛʦ ʩʧʨʝʜʠʥʛʘ ʠʣʠ 

ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥ [5]. ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʛ. 

ʄʝʜʚʝʞʴʷ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜʳ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟʫʯʝʥʥʳʭ ʙʘʟʠʪʦʚʳʭ ʩʝʨʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʦʙʩʪʘʥʦʚʢʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʜʦʧʫʩʢʘʪʴ ʠʭ ʧʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʙʣʠʞʝʥʥʦʩʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʢʨʝʮʠʠ 

ʨʘʟʥʦʨʦʜʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʩʫʙʜʫʢʮʠʦʥʥʳʭ ʟʦʥʘʭ. 
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ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʅʀɾʅɽʂʆʈʆɺʓʍ ɻɸɹɹʈʆʀɼʆɺ 

ʉʈɽɼʀʅʅʆ-ɸʊʃɸʅʊʀʏɽʉʂʆɻʆ ʍʈɽɹʊɸ ʅɸ 13Á ʉ.ʐ. 
ʂ.ɻ. ɽʨʦʬʝʝʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ɸ.ʅ. ʇʝʨʮʝʚ 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʈɸʅ, 

ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʢʝʘʥʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʨʘʙʦʪ ʥʘ ʩʫʰʝ. 

ɻʣʘʚʥʦʝ ʦʪʣʠʯʠʝ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘʙʣʶʜʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʧʦʨʦʜ ʚ ʦʙʥʘʞʝʥʠʷʭ ʥʘ ʜʥʝ 

ʦʢʝʘʥʘ ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʳ, ʘ ʦʧʨʦʙʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʛʨʘʥʠʯʝʥʦ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʦʣʫʯʝʥʥʳʝ ʢʦʣʣʝʢʮʠʠ 

ʦʙʨʘʟʮʦʚ ʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠ ʚʩʢʨʳʪʳʭ ʥʠʞʥʝʢʦʨʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʠʥʪʝʨʝʩ. ʅʠʞʥʝʢʦʨʦʚʳʝ ʛʦʨʠʟʦʥʪʳ ʩʦʚʨʝʤʝʥʥʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʤʦʛʫʪ ʙʳʪʴ ʦʙʥʘʞʝʥʳ ʚ 

ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʘʭ ʠ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʦʢʝʘʥʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ (ɺʆʂ). ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʪʨʫʢʪʫʨʳ ʤʝʜʣʝʥʥʦʛʦ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʩʧʨʝʜʠʥʛʘ ʚ ʚʠʜʝ ʢʫʧʦʣʦʦʙʨʘʟʥʳʭ ʛʘʙʙʨʦ-ʧʝʨʠʜʦʪʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ, 

ʦʙʥʘʞʘʶʱʠʭʩʷ ʚ ʣʝʞʘʯʝʤ ʙʦʢʫ ʚʳʩʦʢʦʘʤʧʣʠʪʫʜʥʳʭ ʧʦʣʦʛʠʭ ʨʘʟʣʦʤʦʚ ʨʘʩʪʷʞʝʥʠʷ (ʜʝʪʘʯʤʝʥʪʦʚ) [2]. ʆʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ɺʆʂ ʦʙʥʘʞʘʝʪʩʷ ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ (ʉɸʍ), ʥʘ 

13Áʩ.ʰ., ʠ ʚʤʝʱʘʝʪ ʘʢʪʠʚʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʩʫʣʴʬʠʜʥʳʝ ʧʦʣʷ ɸʰʘʜʟʝ-1 ʠ ɸʰʘʜʟʝ-2, ʦʪʢʨʳʪʳʝ ʚ 2004-2005 ʛʛ. 

ʚ ʨʝʡʩʘʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʩʫʜʥʘ çʇʨʦʬʝʩʩʦʨ ʃʦʛʘʯʝʚè. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ 

ʧʦ ʧʝʪʨʦʛʨʘʬʠʠ ʜʨʘʛʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʛʘʙʙʨʦʠʜʦʚ ʵʪʦʛʦ ʤʘʩʩʠʚʘ. 

ʉɸʍ ʥʘ ʠʥʪʝʨʚʘʣʝ 13-14Áʩ.ʰ. ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʘʩʠʤʤʝʪʨʠʯʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʇʦ 

ʟʘʧʘʜʥʦʤʫ ʬʣʘʥʛʫ ʭʨʝʙʪʘ ʚʳʭʦʜʠʪ ʩʝʨʠʷ ʤʘʩʩʠʚʦʚ ɺʆʂ ʦʙʱʝʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 75 ʢʤ. ʂ ʵʪʠʤ ʤʘʩʩʠʚʘʤ 

ʧʨʠʫʨʦʯʝʥʳ ʩʫʣʴʬʠʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʦʣʷ ɸʰʘʜʟʝ, ʀʨʠʥʦʚʩʢʦʝ ʠ ʩʝʨʠʷ ʧʦʣʝʡ ʉʝʤʝʥʦʚ. 

ɻʘʙʙʨʦʠʜʳ ʠʟʫʯʝʥʳ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʶʞʥʦʛʦ ʤʘʩʩʠʚʘ, ʛʜʝ ʦʥʠ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʨʘʥʝʝ ʠʟʫʯʝʥʥʳʤʠ [1] 

ʤʘʥʪʠʡʥʳʤʠ ʧʝʨʠʜʦʪʠʪʘʤʠ (ʨʠʩ. 1). 

ɻʘʙʙʨʦʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʦʨʤʘʣʴʥʳʤʠ ʛʘʙʙʨʦ (ʢʣʠʥʦʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʧʦʨʦʜʘʤʠ), 

ʛʘʙʙʨʦʥʦʨʠʪʘʤʠ ʠ ʬʝʨʨʦʛʘʙʙʨʦ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʤʠ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. ɺʳʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ ʧʦʡʢʠʣʦʦʬʠʪʦʚʳʝ (ʙʝʟ ʥʘʣʦʞʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ, 

ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ, ʘʤʬʠʙʦʣʘ), ʥʝʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ ʪʘʢʩʠʪʦʚʳʝ (ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʠ ʢʦʥʪʨʘʩʪʥʦ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ ʩ ʧʦʡʢʠʣʦʦʬʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ), ʜʝʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʨʬʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ (ʚʳʜʝʣʷʶʪʩʷ 

ʧʦʨʬʠʨʦʢʣʘʩʪʳ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ, ʦʙʦʛʘʱʝʥʥʳʡ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ ʜʦ 15 ʤʘʩ. %). 

ʆʙʱʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. 

ʈʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ. ʅʘ ʵʪʦʤ ʵʪʘʧʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʘʙʙʨʦʥʦʨʠʪʳ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ʦʪ 

ʢʨʫʧʥʦ- ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʧʦʡʢʠʣʦʦʬʠʪʦʚʦʡ. ʂʦʥʪʨʘʩʪʥʦ-ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʟʝʨʥʠʩʪʦʩʪʴ ʩ ʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ 

ʧʣʘʛʠʦʢʣʘʟʘ ʚ ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʦʙʣʘʩʪʷʭ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʦʡ 
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ʉɽʂʎʀʗ 2. ʄʀʅɽʈɸʃʆɻʀʗ, ɻɽʆʍʀʄʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʦʨʠʝʥʪʠʨʦʚʢʘ ʤʠʥʝʨʘʣʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʩʪʷʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʘ ʩ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʧʨʠ ʤʘʛʤʘʪʠʯʝʩʢʦʤ ʪʝʯʝʥʠʠ ʨʘʩʧʣʘʚʘ ʚ ʤʘʣʦʤʦʱʥʳʭ ʩʠʣʣʦʦʙʨʘʟʥʳʭ ʪʝʣʘʭ. 

ʇʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʡ ʵʪʘʧ. ɺ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʡ ʵʪʘʧ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ 

ʢʦʨʠʯʥʝʚʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠ ʦʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. ʆʢʩʠʜʳ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ ʟʘʧʦʣʥʷʶʪ ʠʥʪʝʨʩʪʠʮʠʠ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʘʛʨʝʛʘʪʝ ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʜʝʨʦʥʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʈʦʛʦʚʘʷ 

ʦʙʤʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʘʩʪʠʯʥʳʤʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʧʠʨʦʢʩʝʥʘʤ. ʄʝʩʪʘʤʠ ʦʥʘ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʘʛʨʝʛʘʪʝ ʩ 

ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. 

 

 
 

ʈʠʩ. 1. ɺʥʫʪʨʝʥʥʠʡ ʦʢʝʘʥʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʥʘ 13Áʩ.ʰ. ʉɸʍ. ʄʦʜʠʬʠʮʠʨʦʚʘʥʦ ʠʟ [3] 

 

ʇʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʡ ʵʪʘʧ ʣʦʢʘʣʴʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʜʚʠʛʦʚʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʯʪʦ ʧʨʦʷʚʣʝʥʦ ʚ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʧʦʨʬʠʨʦʢʣʘʩʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. ʇʨʠ ʵʪʦʤ ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʣʘʛʠʦʢʣʘʟ ʠ ʧʠʨʦʢʩʝʥ 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ ʧʦʨʬʠʨʦʢʣʘʩʪʦʚ (ʨʘʟʤʝʨʦʤ ʜʦ 3 ʤʤ) ʩ ʧʨʠʟʥʘʢʘʤʠ ʚʥʫʪʨʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʘ 

ʤʘʪʨʠʢʩ ʧʦʨʦʜʳ ʩʣʦʞʝʥ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʤʠʣʦʥʠʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ (ʨʘʟʤʝʨ ʟʝʨʝʥ ʜʦ 0,4 ʤʤ). ɿʦʥʳ ʩʜʚʠʛʦʚʳʭ 

ʜʝʬʦʨʤʘʮʠʡ ʦʙʦʛʘʱʘʣʠʩʴ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʦʩʪʘʪʦʯʥʳʤʠ ʨʘʩʧʣʘʚʘʤʠ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʚ ʟʘʤʝʪʥʦʤ 

ʦʙʦʛʘʱʝʥʠʠ ʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʤʠʣʦʥʠʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʦʢʩʠʜʘʤʠ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. 

ʕʪʘʧ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ ʘʢʪʠʥʦʣʠʪʠʟʘʮʠʠ, 

ʧʨʝʥʠʪʠʟʘʮʠʠ ʠ ʭʣʦʨʠʪʠʟʘʮʠʠ ʧʦʨʦʜ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʚʦʣʦʢʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ ʘʢʪʠʥʦʣʠʪʘ, ʚ 

ʢʦʪʦʨʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʘʧʘʪʠʪʘ (ʨʘʟʤʝʨʦʤ ʜʦ 0,3 ʤʤ). 

ʊʘʢʞʝ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʚ 

ʦʨʪʦʧʠʨʦʢʩʝʥʝ ʚ ʚʠʜʝ ʢʣʠʥʦʧʠʨʦʢʩʝʥʦʚʳʭ ʣʘʤʝʣʣʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʘʙʙʨʦʠʜʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʥʦʛʦʩʪʘʜʠʡʥʦʝ 

ʤʘʛʤʘʪʠʯʝʩʢʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʥʠʞʥʝʢʦʨʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʩʣʝʜʫʶʱʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʤʦʛʣʠ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʢʦʥʚʝʢʪʠʚʥʦʡ ʮʠʨʢʫʣʷʮʠʠ ʬʣʶʠʜʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʤʦʨʩʢʦʡ ʚʦʜʳ ʧʨʠ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʚʩʢʨʳʪʠʠ ʥʠʞʥʝʢʦʨʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ. 
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