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ʋɼʂ 5508:528.94(084.3ʄ200)(470.56) 

ʃʠʩʦʚ ɸ. ʉ., ʂʚʘʩʥʶʢ ʃ. ʅ., ɸʣʝʢʩʝʝʚʘ ɻ. ɸ., ʇʘʥʶʪʘ ɺ. ʀ. ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ 
ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. ʄʘʩʰʪʘʙ 1 : 200 000. ʀʟʜʘʥʠʝ ʚʪʦʨʦʝ. ʉʝʨʠʷ ʖʞʥʦ-ʋʨʘʣʴʩʢʘʷ. ʃʠʩʪ ʄ-40-
VI (ɼʞʫʩʘ). ʆʙʲʷʩʥʠʪʝʣʥɹʘʷ ʟʘʧʠʩʢʘ. ï ʄ.: ʄʦʩʢʦʚʩʢʠʡ ʬʠʣʠʘʣ ʌɻɹʋ çɺʉɽɻɽʀè, 2018. 176 ʩ. 

ʉ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʟʠʮʠʡ ʦʩʚʝʱʝʥʦ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʣʠʩʪʘ ʄ-40-VI, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʟʦʥʝ ʩʦ-
ʯʣʝʥʝʥʠʷ ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ ʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ. ʇʨʠʚʝ-
ʜʝʥʦ ʦʧʠʩʘʥʠʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʥʠʞʥʝʛʦ ʨʠʬʝʷ, ʧʘʣʝʦʟʦʷ, ʤʝʟʦʟʦʷ, ʢʘʡʥʦʟʦʷ ʠ ʠʥʪʨʫ-
ʟʠʚʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʚʦʟʨʘʩʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ ʧʦ ʨʘʥʥʶʶ ʧʝʨʤʴ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ, ʛʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʛʝʦʤʦʨʬʦʣʦʛʠʷ, ʛʠʜʨʦ-
ʛʝʦʣʦʛʠʷ, ʵʢʦʣʦʛʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ, ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʠʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ. ɼʘʥʦ ʩʠ-
ʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʫʢʘʟʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ ʨʘʟʤʝʱʝʥʠʷ. ɺʳʧʦʣʥʝ-
ʥʘ ʦʮʝʥʢʘ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʤʝʜʠ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʦʣʠʙʜʝʥʘ, ʨʝʜʢʠʭ ʟʝʤʝʣʴ. 

ʊʘʙʣ. 2, ʠʣʣ. 3, ʩʧʠʩʦʢ ʣʠʪ. 97 ʥʘʟʚ., ʧʨʠʣ. 10. 

ʉ ʦ ʩ ʪ ʘ ʚ ʠ ʪ ʝ ʣ ʠ 
ʃʠʩʦʚ ɸ. ʉ., ʂʚʘʩʥʶʢ ʃ. ʅ., ɸʣʝʢʩʝʝʚʘ ɻ. ɸ., ʇʘʥʶʪʘ ɺ. ʀ. 

ʅʘʫʯʥʳʡ ʨʝʜʘʢʪʦʨ ʉʫʨʠʥ ʊ. ʅ. 
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ɺɺɽɼɽʅʀɽ 

 
 
ʊʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʧʣʦʱʘʜʴʶ 5 132 ʢʤ2, ʦʛʨʘʥʠʯʝʥʘ ʢʦʦʨʜʠʥʘʪʘʤʠ 512̄0'ï52̄ 00' 

ʩ. ʰ. ʠ 590̄0'ï60̄ 00' ʚ. ʜ. ʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʩʝʚʝʨʦ-ʚʦʩ-
ʪʦʯʥʝʝ ʛ. ʆʨʩʢ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʥʘʭʦʜʠʪʩʷ ʚ ɸʜʘʤʦʚʩʢʦʤ ʠ ʅʦʚʦʦʨʩʢʦʤ ʨʘʡʦʥʘʭ, 
ʟʘʭʚʘʪʳʚʘʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʂʚʘʨʢʝʥʩʢʠʡ ʨʘʡʦʥ. ɺ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʫʛʣʫ ʧʣʦʱʘʜʠ ʫ ʚʦʩʪʦʯʥʦʡ 
ʨʘʤʢʠ ʣʠʩʪʘ ʨʘʩʧʦʣʦʞʝʥ ʫʯʘʩʪʦʢ 0,15 ʢʤ2 ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ. 
ɺ ʦʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʚʩʭʦʣʤʣʝʥʥʫʶ 

ʨʘʚʥʠʥʫ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʦʪ 200 ʤ (ʜʦʣʠʥʘ ʨ. ɹʦʣʴʰʦʡ ʂʫʤʘʢ ʫ ʟʘʧʘʜʥʦʡ 
ʨʘʤʢʠ ʣʠʩʪʘ) ʜʦ 377 ʤ (ʚʝʨʰʠʥʘ ʚʦʜʦʨʘʟʜʝʣʘ ʨʝʢ ɸʡʜʳʨʣʷ ʠ ʂʘʠʥʜʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʫʛʣʫ 
ʣʠʩʪʘ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚʦʜʦʨʘʟʜʝʣʦʚ ʥʘʜ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ ʩʦʩʪʘʚʣʷʝʪ 60ï110 ʤ. 
ɺʩʝ ʨʝʢʠ ʨʘʡʦʥʘ ʥʝʙʦʣʴʰʠʝ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʙʘʩʩʝʡʥʫ ʨ. ʋʨʘʣ. ʐʠʨʠʥʘ ʨʝʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 

40 ʤ, ʛʣʫʙʠʥʘ ï ʜʦ 2 ʤ, ʩʢʦʨʦʩʪʴ ʪʝʯʝʥʠʷ ï 0,1 ʤ/ʩ. ɼʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʚʝʨʜʦʝ, ʚʦ ʤʥʦʛʠʭ 
ʤʝʩʪʘʭ ʠʤʝʶʪʩʷ ʙʨʦʜʳ. ɹʝʨʝʛʘ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʦʛʠʝ, ʥʦ ʚ ʠʟʣʫʯʠʥʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʨʳ-
ʚʳ ʚʳʩʦʪʦʡ ʦʪ 2 ʜʦ 20 ʤ (ʧʨʝʦʙʣʘʜʘʶʪ 2ï6 ʤ). ʅʘ ʤʥʦʛʠʭ ʨʝʢʘʭ ʧʦʩʪʨʦʝʥʳ ʟʝʤʣʷʥʳʝ (ʨʝʞʝ ï 
ʙʝʪʦʥʥʳʝ) ʧʣʦʪʠʥʳ, ʚʳʰʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʧʣʦʱʘʜʴ ï ʜʦ 
1,5 ʢʤ2). ʅʘ ʟʘʧʘʜʝ ʥʘʭʦʜʠʪʩʷ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʀʨʠʢʣʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ 
ʧʣʦʪʠʥʦʡ ʥʘ ʨ. ʋʨʘʣ; ʧʣʦʱʘʜʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʦʢʦʣʦ 20 ʢʤ2, ʛʣʫʙʠʥʘ ʜʦ 
4 ʤ. ʈʝʢʠ ʟʘʤʝʨʟʘʶʪ ʚ ʥʘʯʘʣʝ ʥʦʷʙʨʷ, ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʩʝʨʝʜʠʥʝ ʘʧʨʝʣʷ. ʊʦʣʱʠʥʘ ʣʴʜʘ ʢ ʢʦʥʮʫ 
ʟʠʤʳ ʜʦʩʪʠʛʘʝʪ 1 ʤ, ʧʦʣʦʚʦʜʴʝ ʥʘ ʨʝʢʘʭ ʢ ʩʨʝʜʠʥʝïʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʘʧʨʝʣʷ. ʃʝʪʦʤ ʜʝʨʞʘʪʩʷ 
ʤʝʞʝʥʥʳʝ ʫʨʦʚʥʠ, ʧʨʝʨʳʚʘʝʤʳʝ ʥʝʙʦʣʴʰʠʤʠ ʜʦʞʜʝʚʳʤʠ ʧʘʚʦʜʢʘʤʠ. ɻʨʫʥʪʦʚʳʝ ʚʦʜʳ ʚ ʜʦʣʠ-
ʥʘʭ ʨʝʢ ʟʘʣʝʛʘʶʪ ʥʘ ʛʣʫʙʠʥʝ ʜʦ 20 ʤ. 
ʂʣʠʤʘʪ ʥʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʨʝʞʠʤʦʤ, ʪ. ʢ. ʆʨʝʥʙʫʨʛʩʢʘʷ 

ʦʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʫʤʝʨʝʥʥʦʤ ʢʣʠʤʘʪʠʯʝʩʢʦʤ ʧʦʷʩʝ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʤʦʨʝʡ ʠ 
ʦʢʝʘʥʦʚ ʠ ʚ ʙʣʠʟʢʦʤ ʩʦʩʝʜʩʪʚʝ ʩ ʧʦʣʫʧʫʩʪʳʥʷʤʠ ʂʘʟʘʭʩʪʘʥʘ. ɿʠʤʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʘʷ ʠ ʭʦʣʦʜʥʘʷ 
ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʫʤʝʨʝʥʥʦ ʤʦʨʦʟʥʳʭ ʠ, ʟʥʘʯʠʪʝʣʴʥʦ, ʤʦʨʦʟʥʳʭ ʜʥʝʡ. ʅʘʯʘʣʦ ʟʠʤʳ ʩʦʚʧʘʜʘʝʪ 
ʩʦ ʚʨʝʤʝʥʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʝʨʝʭʦʜʘ ʩʨʝʜʥʝʡ ʩʫʪʦʯʥʦʡ ʪʝʤʧʝ-
ʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʯʝʨʝʟ ï5 ÁC. ʉʨʝʜʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʷʥʚʘʨʷ ʩʦʩʪʘʚʣʷʶʪ ʜʦ ï18 ÁC. ʄʦʥɦʦʩʪʴ 
ʩʥʝʞʥʦʛʦ ʧʦʢʨʦʚʘ ʜʦʩʪʠʛʘʝʪ 30ï50 ʩʤ. ɺʝʩʥʘ ʨʘʟʚʝʨʪʳʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦ. ɹʳʩʪʨʦ ʥʘʨʘʩʪʘʝʪ 
ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʧʨʦʛʨʝʚʘʝʪʩʷ ʟʝʤʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. ʇʦʚʳʰʝʥʠʝ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 0 ʜʦ 10 ÁC 
ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ 2ï3 ʥʝʜʝʣʴ. ʃʝʪʦ (ʢʦʥʝʮ ʤʘʷïʢʦʥʝʮ ʘʚʛʫʩʪʘ) ʞʘʨʢʦʝ, ʩʫʭʦʝ ʩ ʙʦʣʴh ʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʷʩʥʳʭ ʜʥʝʡ. ʇʨʝʦʙʣʘʜʘʶʱʘʷ ʜʥʝʚʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟʜʫʭʘ 22ï24 ÁC (ʤʘʢʩʠʤʘʣʴ-
ʥʘʷ ʜʦ 40 ÁC), ʥʦʯʥʘʷ 14ï16 ÁC. ʇʝʨʠʦʜʠʯʝʩʢʠ ʙʳʚʘʝʪ ʟʘʩʫʭʘ. ɼʦʞʜʠ ʚʳʧʘʜʘʶʪ ʚ ʚʠʜʝ ʢʨʘʪʢʦ-
ʚʨʝʤʝʥʥʳʭ ʣʠʚʥʝʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʛʨʦʟʘʤʠ. ʆʩʝʥʴʶ ʚ ʩʝʥʪʷʙʨʝ ʥʘʯʠʥʘʶʪʩʷ ʧʝʨʚʳʝ ʫʪʨʝʥ-
ʥʠʝ ʟʘʤʦʨʦʟʢʠ. ʏʘʩʪʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʜʦʣʛʦ ʩʪʦʠʪ ʩʫʭʘʷ ʠ ʪʝʧʣʘʷ ʧʦʛʦʜʘ (çʙʘʙʴʝ ʣʝʪʦè). ɺ 
ʥʦʷʙʨʝ ʟʘʤʝʨʟʘʶʪ ʨʝʢʠ, ʦʙʨʘʟʫʶʪ ʫʩʪʦʡʯʠʚʳʡ ʩʥʝʞʥʳʡ ʧʦʢʨʦʚ. ʅʘʯʠʥʘʝʪʩʷ ʟʠʤʘ. 
ɺ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʩʫʱʝʩʪʚʫʝʪ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʯʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʝʣʴʝʬʦʤ ʠ ʩʦʩʪʘʚʦʤ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ. ʇʦʯʚʝʥʥʳʡ ʧʦʢʨʦʚ ʣʝʩʦʩʪʝʧʥʦʡ ʟʦʥʳ 
ʦʙʨʘʟʫʶʪ ʪʠʧʠʯʥʳʝ ʪʫʯʥʳʝ ʠ ʚʳʱʝʣʦʯʝʥʥʳʝ ʯʝʨʥʦʟʝʤʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʧʦʜ ʨʘʟʥʦʪʨʘʚʥʦ-
ʟʣʘʢʦʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. ʊʘʢʞʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʙʳʢʥʦʚʝʥʥʳʝ (ʩʨʝʜʥʝʛʫʤʫʩʥʳʝ) ʯʝʨʥʦʟʝ-
ʤʳ, ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʢ ʪʠʧʠʯʥʳʤ ʯʝʨʥʦʟʝʤʘʤ. 
ʈʘʩʪʠʪʝʣʴʥʦʩʪʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʪʝʧʥʘʷ, ʩʦʩʪʦʠʪ ʠʟ ʟʣʘʢʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʢʦʚʳʣʴ ʠ ʦʚ-

ʩʷʥʠʮʘ). ɺʩʪʨʝʯʘʶʪʩʷ ʢʫʩʪʘʨʥʠʢʠ (ʦʪʜʝʣʴʥʳʝ ʠʣʠ ʛʨʫʧʧʳ). 
ʇʦ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʘʭʦʜʷʪʩʷ ʨʘʟʣʠʯʥʳʝ ʧʘʤʷʪʥʠʢʠ ʧʨʠʨʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʛʝʦʣʦʛʠʯʝʩʢʠʝ: ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʤʝʩʪʥʳʡ ʠ ʨʝʛʠʦʥʘʣʴʥʳʡ ʩʪʘʪʫʩ ʠ ʜʦʩʪʫʧʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʙʝʟ 
ʥʘʨʫʰʝʥʠʷ ʠʭ ʮʝʣʦʩʪʥʦʩʪʠ. 
ɹʦʛʘʪʩʪʚʦ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʡ ʠ ʫʛʦʜʠʡ, ʧʨʝʜ-

ʩʪʘʚʣʷʶʱʠʭ ʩʨʝʜʫ ʦʙʠʪʘʥʠʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʞʠʚʦʪʥʳʭ (ʩʪʝʧʠ, ʣʫʛʘ, ʣʝʩʘ, ʙʦʣʦʪʘ, ʚʦʜʦʝ-
ʤʳ ʠ ʜʨʫʛʠʝ). 
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ʆʩʥʦʚʥʦʡ ʛʨʫʧʧʦʡ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʩʪʝʧʝʡ ʷʚʣʷʶʪʩʷ ʛʨʳʟʫʥʳ, ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ 
ʩʫʩʣʠʢ ʙʦʣʴʰʦʡ ʠ ʩʫʩʣʠʢ ʤʘʣʳʡ, ʩʝʨʘʷ ʠ ʩʪʝʧʥʘʷ ʧʦʣʝʚʢʠ, ʩʪʝʧʥʘʷ ʧʝʩʪʨʫʰʢʘ, ʜʦʤʘʰʥʷʷ ʠ ʧʦ-
ʣʝʚʘʷ ʤʳʰʠ, ʘ ʪʘʢʞʝ ʦʙʠʪʘʶʪ ʭʦʤʷʢ, ʙʦʣʴʰʦʡ ʪʫʰʢʘʥʯʠʢ ʠ ʟʘʷʮ-ʨʫʩʘʢ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ 
ɼʞʫʩʠʥʩʢʦʡ ʧʣʦʱʘʜʠ ʩʦʭʨʘʥʠʣʩʷ ʩʫʨʦʢ (ʙʘʡʙʘʢ), ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʢʦʪʦʨʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʨʘʩʧʘʰ-
ʢʦʡ ʩʪʝʧʝʡ, ʩʠʣʴʥʦ ʩʦʢʨʘʪʠʣʦʩʴ. ʉʨʝʜʠ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʞʠʚʦʪʥʦʛʦ ʤʠʨʘ ʦʪʤʝ-
ʯʘʶʪʩʷ ʪʘʢʞʝ ʚʦʣʢ, ʣʠʩʠʮʘ, ʢʦʨʩʘʢ, ʛʦʨʥʦʩʪʘʡ, ʣʘʩʢʘ, ʭʦʨʝʢ, ʙʘʨʩʫʢ, ʘ ʪʘʢʞʝ ʢʦʩʫʣʠ ʠ ʣʦʩʠ. 
ʉʨʝʜʠ ʧʪʠʮ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʞʘʚʦʨʦʥʦʢ, ʧʝʨʝʧʝʣʢʘ, ʩʪʨʝʧʝʪ, ʢʨʝʯʝʪʢʘ (ʩʪʝʧʥʘʷ ʧʠʛʘʣʠʮʘ), ʩʪʝʧ-
ʥʦʡ ʦʨʝʣ, ʣʫʥʴ ʩʪʝʧʥʦʡ, ʤʝʣʢʠʝ ʩʦʢʦʣʳ. ɺ ʨʝʢʘʭ ʠ ʦʟʝʨʘʭ ʚʦʜʷʪʩʷ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʳʙʳ: ʣʝʱ, 
ʩʘʟʘʥ, ʢʘʨʘʩʴ, ʢʨʘʩʥʦʧʝʨʢʘ, ʥʘʣʠʤ, ʧʝʩʢʘʨʴ ʠ ʜʨʫʛʠʝ.  
ʇʣʦʪʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʚ ʮʝʣʦʤ 3ï5 ʯʝʣʦʚʝʢ ʥʘ ʢʚʘʜʨʘʪʥʳʡ ʢʠʣʦʤʝʪʨ, ʩ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚ 

ʧʦʩʝʣʢʘʭ ʛʦʨʦʜʩʢʦʛʦ ʪʠʧʘ ʅʦʚʦʦʨʩʢʠʡ ʠ ɸʜʘʤʦʚʢʘ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ ʨʘʩʧʦ-
ʣʦʞʝʥ ʢʘʨʴʝʨ ʨʘʟʨʘʙʘʪʳʚʘʶɦ ʠʡ ï ɼʞʫʩʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘ ʚʙʣʠʟʠ ʶʞʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ 
ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʝʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʨʘʥʠʪʦʚ ʅʦʚʦʦʨʩʢʦʝ ʠ ʋʣʴʷʥʦʚʩʢʦʝ. ʉʝʣʴ-
ʩʢʦʝ ʥʘʩʝʣʝʥʠʝ ʅʦʚʦʦʨʩʢʦʛʦ, ɸʜʘʤʦʚʩʢʦʛʦ ʠ ʂʚʘʨʢʝʥʩʢʦʛʦ ʨʘʡʦʥʦʚ ʟʘʥʷʪʦ ʚʦʟʜʝʣʳʚʘʥʠʝʤ ʟʝʨ-
ʥʦʚʳʭ ʢʫʣʴʪʫʨ ʠ ʩʢʦʪʦʚʦʜʩʪʚʦʤ. 
ʇʦʯʪʠ ʚʩʝ ʥʘʩʝʣʝʥʥʳʝ ʧʫʥʢʪʳ ʥʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʠʤʝʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʜʦʨʦʛʠ ʩ ʫʣʫʯʰʝʥ-

ʥʳʤ, ʘ ʨʘʡʮʝʥʪʨʳ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ. ʉ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʣʠʩʪ ʧʝʨʝʩʝʢʘʝʪ ʜʦʨʦʛʘ 
ʨʝʩʧʫʙʣʠʢʘʥʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʏʝʣʷʙʠʥʩʢïʆʨʝʥʙʫʨʛ, ʘ ʧʘʨʘʣʣʝʣʴʥʦ ʝʡ ʞʝʣʝʟʥʘʷ ʜʦʨʦʛʘ. 
ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʧʣʦʱʘʜʠ ʦʧʨʝʜʝʣʷʶʪ ʜʚʝ ʢʨʫʧʥʳʝ ʤʝʛʘʩʪʨʫʢʪʫʨʳ: ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴ-

ʩʢʠʡ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʡ ʠ ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʡ. ʆʙʥʘʞʝʥʥʦʩʪʴ ʧʣʦʱʘʜʠ 
ʩʣʘʙʘʷ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ, ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʝ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ, ʘ ʪʘʢʞʝ ʥʘ ʶʛʦ-ʟʘ-
ʧʘʜʝ ʚ ʧʨʝʜʝʣʘʭ ʅʦʚʦʦʨʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɼʝʰʠʬʨʠʨʫʝʤʦʩʪʴ ɸʌʉ ʥʘ ʧʝʨʝʢʨʳʪʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ 
ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ, ʚ ʧʨʝʜʝʣʘʭ ʦʙʥʘʞʝʥʥʦʡ ï ʭʦʨʦʰʘʷ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʪʩʷ 
ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ ʎʝʥʪʨʘʣʴʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ, ʘ ʪʘʢʞʝ ʂʘʨʘʙʫʪʘʢʩʢʠʡ ʠ 
ʅʦʚʦʦʨʩʢʠʡ ʛʨʘʥʠʪʦʠʜʥʳʝ ʤʘʩʩʠʚʳ, ʬʨʘʛʤʝʥʪʳ ʨʝʯʥʳʭ ʪʝʨʨʘʩ. 
ʆʩʥʦʚʦʡ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʟʜʘʥʠʶ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʣʠʩʪʘ ʄ-40-VI (ɼʞʫʩʘ) ʷʚʣʷʣʩʷ ʦʪʯʝʪ 

ʦ çɻɼʇ-200 ʣʠʩʪʘ ʄ-40-VI (ɼʞʫʩʠʥʩʢʘʷ ʧʣʦʱʘʜʴ)è [59]. ʆʪʯʝʪ ʠ ʘʚʪʦʨʩʢʠʭ ʢʦʤʧʣʝʢʪ ʢʘʨʪ 
ʧʨʦh ʣʠ ʵʢʩʧʝʨʪʠʟʫ ʥʘ ʅʈʉ ʈʦʩʥʝʜʨʘ ʠ ʙʳʣ ʨʝʢʦʤʝʥʜʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ 
ʣʠʩʪʘ ʢ ʠʟʜʘʥʠʶ (ʇʨʦʪʦʢʦʣ ˉ 52 ʟʘʩʝʜʘʥʠʷ ʙʶʨʦ ʅʈʉ ʈʦʩʥʝʜʨʘ ʦʪ 16.12.2014 ʛ.). 
ʈʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʣʠʩʪʘ ʄ-40-VI (ɼʞʫʩʘ) ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ 2015ï

2016 ʛʛ. ɸʆ çʂʦʤʧʘʥʠʷ ʚʦʪʝʤʠʨʦè ʧʦ ʜʦʛʦʚʦʨʘʤ ʩʫʙʧʦʜʨʷʜʘ ʩ ʛʝʥʝʨʘʣʴʥʳʤ ʧʦʜʨʷʜʯʠʢʦʤ 
ʌɻɹʋ çɺʉɽɻɽʀè. 
ɹʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʚʠʟʠʦʥʥʦ-ʫʚʷʟʦʯʥʳʝ ʤʘʨʰʨʫʪʳ ʧʦ ʩʝʚʝʨʥʦʡ ʨʘʤʢʝ ʣʠʩʪʘ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʦʚʝʜʝʥʳ ʢʘʤʝʨʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʢ ʠʟ-
ʜʘʥʠʶ, ʚ ʪ. ʯ. ʚʥʝʩʝʥʠʝ ʠʩʧʨʘʚʣʝʥʠʡ ʧʦ ʟʘʤʝʯʘʥʠʷʤ ʠ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʨʝʜʘʢʪʦʨʦʚ, ʵʢʩʧʝʨʪʦʚ ʠ 
ʫʯʘʩʪʥʠʢʦʚ ʟʘʩʝʜʘʥʠʷ ʙʶʨʦ ʅʈʉ ʈʦʩʥʝʜʨʘ. 
ɺ ʥʘʩʪʦʷʱʝʤ ʢʦʤʧʣʝʢʪʝ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʚʩʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʘʨʪʳ ʧʦʣʥʦʩʪʴʶ ʫʚʷʟʘʥʳ ʧʦ 

ʟʘʧʘʜʥʦʡ, ʚʦʩʪʦʯʥʦʡ ʠ ʶʞʥʦʡ ʨʘʤʢʘʤ. ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʧʦ ʩʝʚʝʨʥʦʡ ʨʘʤʢʝ ʣʠʩʪʘ ʠʤʝʶʪ-
ʩʷ ʥʝʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ, ʛʜʝ ʧʦʣʥʦʡ ʫʚʷʟʢʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʠʤʝʶʱʠʡʩʷ ʬʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ. 
ʀʟʤʝʥʝʥʠʷ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʧʨʦʚʝʩʪʠ ʥʘ ʧʣʦʱʘʜʠ ʢʘʨʪʳ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʣʠʩʪʘ, ʚr -
ʨʘʞʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ: 
ï ɺ ʢʣʝʪʢʝ IV-2 ʚʦʩʪʦʯʥʝʝ ɹʨʘʠʣʦʚʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠʟ ʧʣʦʱʘʜʠ ʙʘʟʘʣʴʪʦʚ ʩʦʣʝʥʦʜʦʣʴʩʢʦʡ 

ʪʦʣɦ ʠ ʚʳʯʣʝʥʠʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ ʩʣʦʞʝʥʥʳʡ ʦʪʣʦʞʝʥʠʷʤʠ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ, 
ʚʩʢʨʪrʳʝ ʪʘʤ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʧʨʝʜh ʝʩʪʚʝʥʥʠʢʦʚ [15]. 
ï ɺʦʩʪʦʯʥʝʝ ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʮʫ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʢʫʣʠʢʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʳʜʝʣʝʥ-

ʥʦʛʦ ʧʦ ʩʢʚʘʞʠʥʘʤ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪ [15]. 
ï ʅʘ ʛʨʘʥʠʮʝ ʢʣʝʪʦʢ IV-1 ʠ IV-3 ʠʟ ʧʣʦʱʘʜʠ ʢʘʤʦʨʟʠʥʩʢʦʡ ʪʦʣʱʠ ʚʳʯʣʝʥʠʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʙʣʦʢ ʩʣʦʞʝʥʥʳʡ ʩʣʘʥʮʘʤʠ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ, ʚʳʜʝʣʝʥʥʳʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʜʘʢʮʠʦʥʥʦ-
ʫʚʷʟʦʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʠ ʧʦ ʩʢʚʘʞʠʥʘʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [15]. 
ï ʇʨʦʚʝʩʪʠ ʫʪʦʯʥʝʥʠʝ ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮ ʂʨʳʢʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʫʪʦʯʥʝʥʥʳʝ ʧʦ 

ʨʝʜʘʢʮʠʦʥʥʦ-ʫʚʷʟʦʯʥʳʤ ʤʘʨʰʨʫʪʘʤ ʠ ʜʘʥʥʳʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ [15]. 
ï ʏʘʩʪʴ ʧʣʦʱʘʜʠ ʂʨʳʢʣʠʥʩʢʦʛʦ ʧʦʣʠʭʨʦʥʥʦʛʦ ʧʣʫʪʦʥʘ ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʢʘʨʪʝ ʢʘʢ ʛʘʙʙʨʦ 

ʥʝʧʣʶʝʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʥʝʩʪʠ ʢ ʢʚʘʨʮʝʚʳʤ ʛʥʝʡʩʦʜʠʦʨʠʪʘʤ ʢʨʳʢʣʠʥʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʜʘʢʮʠʦʥʥʦ-ʫʚʷʟʦʯʥʳʭ ʤʘʨʰʨʫʪʦʚ ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʚʳʷʚʣʝʥʳ 
ʧʦʣʦʩʯʘʪʳʝ ʛʥʝʡʩʦʚʠʜʥʳʝ ʧʦʨʦʜʳ ʩ ʧʝʨʝʭʦʜʥʳʤ (ʚ ʩʦʩʪʘʚʝ ʧʦʣʦʩ) ʩʦʩʪʘʚʦʤ ʦʪ ʜʠʦʨʠʪʦʚ ʜʦ 
ʪʦʥʘʣʠʪʦʚ, ʨʝʞʝ ï ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ, ʦʪʚʝʯʘʶʱʠʝ ʧʦ ʩʦʩʪʘʚʫ 
ʢʚʘʨʮʝʚʳʤ ʛʥʝʡʩʦʜʠʦʨʠʪʘʤ ʦʪʥʦʩʠʤʳʤ ʇ. ɺ. ʃʷʜʩʢʠʤ [57] ʢ ʢʨʳʢʣʠʥʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ (ʚʪʦʨʘʷ 
ʬʘʟʘ). 
ï ʖʞʥʝʝ ɸʡʜʳʨʣʠʥʩʢʦʛʦ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʤʘʩʩʠʚʘ ʯʘʩʪʴ ʧʣʦʱʘʜʠ, ʧʦʢʘʟʘʥʥʘʷ, ʢʘʢ ʟʘʥʷʪʘʷ 

ʦʪʣʦʞʝʥʠʷʤʠ ʨʳʤʥʠʢʩʢʦʡ ʩʚʠʪʳ, ʧʦ ʜʘʥʥʳʤ ʨʝʚʠʟʠʦʥʥʦ-ʫʚʷʟʦʯʥʳʭ ʤʘʨʰʨʫʪʦʚ, ʟʘʥʷʪʘ ʚʫʣʢʘ-
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ʥʠʪʘʤʠ. 
ï ʅʘ ʛʨʘʥʠʮʝ ʢʣʝʪʦʢ IV-3 ʠ IV-4 ʠʟ ʧʣʦʱʘʜʠ ʦʪʣʦʞʝʥʠʡ ʨʳʤʥʠʢʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝʛʦ ʦʨʜʦʚʠ-

ʢʘ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʣʶʯʠʪʴ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʚʫʣʢʘʥʠʪʦʚ ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣʱʠ, ʚʳʜʝʣʝʥʥʳʭ 
ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʚʠʟʠʦʥʥʦ-ʫʚʷʟʦʯʥʳʭ ʤʘʨʰʨʫʪʘʭ. 
ï ɺʦʩʪʦʯʥʝʝ ʚ ʤʘʨʰʨʫʪʘʭ ʫʪʦʯʥʝʥʘ ʛʨʘʥʠʮʘ (ʪʝʢʪʦʥʠʯʝʩʢʘʷ) ʠ ʚʦʟʨʘʩʪ ʢʨʫʧʥʦʛʦ ʩʫʙʚʫʣʢʘʥʠ-

ʯʝʩʢʦʛʦ ʪʝʣʘ ʪʨʘʭʠʜʘʮʠʪʦʚ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ M-40-VI  ʵʪʦ ʪʝʣʦ ʧʨʦʨʳʚʘʝʪ ʦʪʣʦʞʝʥʠʷ ʙʝʨʝʟ-
ʥʷʢʦʚʩʢʦʡ ʪʦʣʱʠ ʠ ʷʚʣʷʝʪʩʷ ʢʦʤʘʛʤʘʪʦʤ ʵʬʬʫʟʠʚʥʦʡ ʯʘʩʪʠ ʝʛʦ ʨʘʟʨʝʟʘ. 
ï ɽʱʝ ʚʦʩʪʦʯʥʝʝ ʤʘʨʰʨʫʪʘʤʠ ʫʪʦʯʥʝʥʘ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʙʠʨʛʠʣʴʜʠʥ-

ʩʢʦʡ ʪʦʣʱʠ. ʋʚʷʟʘʥʳ ʦʪʣʦʞʝʥʠʷ ʣʠʩʪʘ M-40-VI  ʠ N-40-XXXVI . 
ï ʂʨʦʤʝ ʵʪʦʛʦ, ʠʤʝʶʪʩʷ ʥʝʩʦʩʪʳʢʦʚʢʠ ʩ ʥʘʟʚʘʥʠʝʤ ʨʷʜʘ ʩʪʨʘʪʦʥʦʚ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʢʦʤʧʣʝʢ-

ʩʦʚ, ʩʚʷʟʘʥʥʳʝ ʩ ʫʪʦʯʥʝʥʠʝʤ ʠ ʠʟʤʝʥʝʥʠʝʤ (ʘʢʪʫʘʣʠʟʘʮʠʝʡ) ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʳ (ʪʘʪʠʱʝʚʩʢʦʡ ʠ 
ʯʝʙʘʨʢʫʣʴʩʢʦ-ʢʘʟʙʘʝʚʩʢʠʡ ʢʦʤʧʣʝʢʩʳ; ʢʫʛʫʪʳʢʩʢʘʷ ʩʚʠʪʘ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʘ, 
ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʠ ʙʨʝʜʠʥʩʢʘʷ ʩʚʠʪʘ; ʢʘʤʦʨʟʠʥʩʢʘʷ ʪʦʣʱʘ ʠ ʢʠʟʠʣʴʩʢʘʷ ʩʚʠʪʘ). 
ɺʥʝʩʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʠ ʜʦʧʦʣʥʝʥʠʡ ʚ ʘʚʪʦʨʩʢʠʡ ʢʦʤʧʣʝʢʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪ ʧʨʠ ʧʦʜʛʦʪʦʚ-

ʢʝ ʝʛʦ ʢ ʠʟʜʘʥʠʶ ʧʨʦʚʝʜʝʥʳ: ʚ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʜʦʤʝʟʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 
ɸ. ʉ. ʃʠʩʦʚʳʤ; ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ï ɸ. ʉ. ʃʠʩʦʚʳʤ, ɻ. ɸ. ɸʣʝʢʩʝʝʚʦʡ; ʢʘʨʪʫ ʯʝʪʚʝʨʪʠʯʥʳʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʩʭʝʤʫ ʵʢʦʣʦʛʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ï ɻ. ɸ. ɸʣʝʢʩʝʝʚʦʡ; ʢʘʨʪʫ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-
ʧʘʝʤʳʭ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʨʘʟʤʝʱʝʥʠʷ ï ʃ. ʅ. ʂʚʘʩʥʶʢ. 
ɺ ʦʙʲʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʝ ʛʣʘʚʳ çɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠʟʫʯʝʥʥʦʩʪʴè, çʉʪʨʘʪʠʛʨʘʬʠʷè (ʨʠʬʝʡ ʠ 

ʧʘʣʝʦʟʦʡ), çʀʥʪʨʫʟʠʚʥʳʡ ʤʘʛʤʘʪʠʟʤè, çʊʝʢʪʦʥʠʢʘè, çʀʩʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷè, 
çɺʚʝʜʝʥʠʝè ʠ çɿʘʢʣʶʯʝʥʠʝè ʥʘʧʠʩʘʥʳ ɸ. ʉ. ʃʠʩʦʚʳʤ; ʛʣʘʚʳ çʇʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝè ʠ çɿʘʢʦ-
ʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭè ïʃ. ʅ. ʂʚʘʩʥʶʢ; ʛʣʘʚʳ çʉʪʨʘʪʠʛʨʘʬʠʷè (ʤʝʟʦ-
ʟʦʡ ʠ ʢʘʡʥʦʟʦʡ), çɻʝʦʤʦʨʬʦʣʦʛʠʷè, çʕʢʦʣʦʛʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘè ï ɻ. ɸ. ɸʣʝʢʩʝʝʚʦʡ; 
ʛʣʘʚʘ çɻʠʜʨʦʛʝʦʣʦʛʠʷè ï ɺ. ʀ. ʇʘʥʶʪʘ. 
ʎʠʬʨʦʚʳʝ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʪʘ ɻʦʩʛʝʦʢʘʨʪʳ-200 ʚʳʧʦʣʥʝʥʳ ʚ ɻʀʉ ArcView (ʚʝʨʩʠʷ 3.2) ʚ ʨʝ-

ʛʠʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʥʦʤ ʮʝʥʪʨʝ ɸʆ çʂʦʤʧʘʥʠʷ ʚʦʪʝʤʠʨʦè. ʀʩʧʦʣʥʠʪʝʣʠ: ʢʦʤʧʴʪʁʝʨʥʦʝ 
ʦʬʦʨʤʣʝʥʠʝ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʠ ʨʠʩʫʥʢʦʚ ʚ ʪʝʢʩʪ ï ɺ. ɺ. ʐʣʫʥʝʚʘ ʠ ɸ. ʅ. ɻʦʣʫʰʢʦʚ; 
ʠʩʧʦʣʥʝʥʠʝ ʙʘʟʳ ʜʘʥʥʳʭ ï ʊ. ʅ. ʗʥʜʫʣʢʠʥʘ; ʢʦʤʧʴʪʁʝʨʥʳʡ ʥʘʙʦʨ ʠ ʦʬʦʨʤʣʝʥʠʝ ʪʝʢʩʪʘ ï 
ʌ. ʍ. ʉʪʨʝʣʴʮʦʚʘʩ. 
ɸʚʪʦʨʳ ʚʳʨʘʞʘʶʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʨʝʜʘʢʪʦʨʘʤ ʊ. ʅ. ʉʫʨʠʥʫ ʠ ɺ. ʂ. ʐʢʘʪʦʚʦʡ, ʵʢʩʧʝʨʪʘʤ ʟʘ 

ʧʦʤʦʱʴ ʠ ʢʦʥʩʫʣʴʪʘʮʠʠ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʘʚʪʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʪʘ ʢʘʨʪ ʠ ʨʝʜʘʢʮʠʠ ʟʘʧʠʩʢʠ. 
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ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʀɿʋʏɽʅʅʆʉʊʔ 
 
 

ɻɽʆʃʆɻʀʏɽʉʂɸʗ ʀɿʋʏɽʅʅʆʉʊʔ 

ʅʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʚʳʧʦʣʥʷʣʠʩʴ ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩ-
ʩʣʝʜʦʚʘʥʠʡ ʨʘʟʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʦʤ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʷʚʣʷʣʠʩʴ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ 
ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʝ ʢʘʨʪʳ, ʚʳʷʚʣʷʣʠʩʴ ʠ ʨʘʟʚʝʜʳʚʘʣʠʩʴ ʧʨʦʷʚʣʝʥʠʷ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʣʠʯ-
ʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 
ɺʧʝʨʚʳʝ ʚʥʠʤʘʥʠʝ ʛʝʦʣʦʛʦʚ ʦʧʠʩʳʚʘʝʤʳʡ ʨʘʡʦʥ ʧʨʠʚʣʝʢ ʚ ʥʘʯʘʣʝ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʚ 

ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʧʦ ʩʦʩʝʜʩʪʚʫ ʩ ʥʠʤ ʢʨʫʧʥʳʭ ʧʦ ʪʦʤʫ ʚʨʝʤʝʥʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʉʠʥʝʰʠʭʘʥʩʢʦʛʦ ʠ ʂʫʤʘʢʩʢʦʛʦ. ʀʟ ʧʝʨʚʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʨʘʡʦʥʘ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ 
ʅ. ʅ. ʊʠʭʦʥʦʚʠʯʘ (1907, 1911 ʛʛ.); ʇ. ʇ. ɻʫʜʢʦʚʘ ʠ ʄ. ɸ. ʋʩʦʚʘ (1912 ʛ.); ɻ. ʌʦʩʩʘ ʠ ɸ. ʉʠʛʦʚʘ 
(1929 ʛ.). ʉ 1925 ʧʦ 1930 ʛʛ. ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʣʠʩʪʘ ʄ-40-VI ʧʨʦʚʦʜʠʣ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʃ. ʉ. ʃʠʙʨʦʚʠʯ. ɽʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʜʝʚʦʥʩʢʠʭ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ 
ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʚʩʝʭ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʨʘʡʦʥʝ ʠ ʥʘ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. 
ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʨʝʛʠʦʥʘʣʴʥʳʝ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘʯʘʣʠ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ 1930-ʭ 

ʛʦʜʦʚ, ʚʝʜʫʱʠʤ ʚʠʜʦʤ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʳ ʤʘʩʰʪʘʙʘ 
1 : 200 000 ʠ 1 : 50 000. ɺ 1939-ʝ ʠ 1940-ʝ ʛʦʜʳ ʦʥʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʠʣʘʤʠ 
ɺʉɽɻɽʀ. ʊʘʢ, ʩʲʝʤʢʦʡ ʤʘʩʰʪʘʙʘ 1 : 200 000 ʙʳʣʘ ʦʭʚʘʯʝʥʘ ʶʛʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ 
ʣʠʩʪʘ ʄ-40-VI (ʇʝʪʨʝʥʢʦ, 1932). ʉʲʝʤʢʠ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʦʩʥʦʚʳʚʘʣʠʩʴ ʥʘ ʤʘʨʰʨʫʪʥʳʭ ʥʘʙʣʁ-
ʜʝʥʠʷʭ ʠ ʠʟʫʯʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘʞʝʥʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʝʥ ʚʳʩʦʢʠʡ ʫʨʦ-
ʚʝʥʴ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
ɺ 1950ï1960 ʛʛ. ʚ ʨʘʡʦʥʝ ʧʨʦʚʦʜʠʪʩʷ ʚʪʦʨʦʡ ʵʪʘʧ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʤʘʩʰʪʘʙʦʚ 

1 : 200 000 ʠ 1 : 50 000. ʂ ʨʘʙʦʪʘʤ ʵʪʦʛʦ ʵʪʘʧʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʨʘʙʦʪʳ ɸ. ɺ. ʂʣʦʯʠʭʠʥʘ ʠ ʜʨ. 
(1958 ʛ.) ʤʘʩʰʪʘʙʘ 1 : 200 000 ʩ ʧʦʜʛʦʪʦʚʢʦʡ ʢʘʨʪʳ ʢ ʠʟʜʘʥʠʶ, ʘ ʪʘʢʞʝ ʩʲʝʤʢʫ ʤʘʩʰʪʘʙʘ 
1 : 50 000, ʚʳʧʦʣʥʝʥʥʫʶ ɸ. ɻ. ʉʫʣʴʢʦʚʩʢʦʡ ʠ ʜʨ. ʚ 1959 ʛ. (ʋʨʘʣʴʩʢʦʝ ɻʋ). ɺ ʵʪʠ ʞʝ ʛʦʜʳ ʩʦ-
ʪʨʫʜʥʠʢʠ ʅʀʀ ʛʝʦʣʦʛʠʠ ʉʘʨʘʪʦʚʩʢʦʛʦ ɻʋ (ʗ. ɸ. ʈʠʭʪʝʨ ʠ ʄ. ɸ. ʂʨʠʛʝʨ) ʩʦʩʪʘʚʠʣʠ ʩʚʦʜʥʫʶ 
ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʆʨʩʢʦʛʦ ɿʘʫʨʘʣʴʷ ʤʘʩʰʪʘʙʘ 1 : 200 000. 
ʅʘʯʠʥʘʷ ʩ 1959 ʧʦ 1995 ʛʛ. ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʚʳʧʦʣʥʷʶʪʩʷ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʝ ʨʘʙʦʪʘʤʠ 

ʤʘʩʰʪʘʙʘ 1 : 50 000. ʈʘʙʦʪʳ ʚʳʧʦʣʥʷʶʪʩʷ ʩʠʣʘʤʠ ʆʨʝʥʙʫʨʛʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 
ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʲʝʤʢʠ ɸ. ɸ. ɹʘʨʠʥʦʚʘ ʠ ʜʨ. (1968 ʛ.); ʇ. ɺ. ʃʷʜʩʢʦʛʦ ʠ ʜʨ. (1966 ʛ.), ʄʝʱʝʨʷ-
ʢʦʚʦʡ ʠ ʜʨ. (1964 ʛ.); ɺ. ɻ. ʇʴʷʥʢʦʚʘ ʠ ʜʨ. (1970 ʛ.); ʀ. ɸ. ʉʤʠʨʥʦʚʦʡ ʠ ʜʨ. (1968 ʛ.); 
ɼ. ʄ. ʐʝʥʜʝʨʦʚʠʯʘ ʠ ʜʨ. (1969 ʛ.); ɽ. ʀ. ʗʢʦʙʩʘ ʠ ʜʨ. (1974 ʛ.). ʂ ʵʪʦʤʫ ʞʝ ʧʝʨʠʦʜʫ ʩʣʝʜʫʝʪ 
ʦʪʥʝʩʪʠ ʩʲʝʤʢʫ ʤʘʩʰʪʘʙʘ 1 : 50 000 ʣʠʩʪʦʚ 11-ɻ; 20-ɸ, ɹ, ʚʳʧʦʣʥʝʥʥʫʶ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀ 
ʛʝʦʣʦʛʠʠ ʉɻʋ (ʐʤʠʥʢʝ ʠ ʜʨ., 1963). 
ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ (1988ï1995 ʛʛ.) ʥʘ ʪʝʨʨʠʪʦʨʠʠ, ʪʷʛʦʪʝʶʱʝʡ ʢ ʦʩʝʚʦʤʫ ʤʝʨʠʜʠʘʥʫ ʣʠ-

ʩʪʘ ʄ-40-VI, ʚʳʧʦʣʥʝʥʳ ʨʘʙʦʪʳ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʜʦʠʟʫʯʝʥʠʶ (ɻɼʇ-50) ʨʘʥʝʝ ʟʘʩʥʷʪʳʭ ʧʣʦ-
ʱʘʜʝʡ [57]. 
ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʙʦʪ ʵʪʦʛʦ ʧʝʨʠʦʜʘ ʙʳʣʘ ʪʝʥʜʝʥʮʠʷ ʢ ʧʝʨʝʩʤʦʪʨʫ ʨʘʥʝʝ ʩʫʱʝ-

ʩʪʚʦʚʘʚʰʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ, ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʢʘʩʘʶʱʠʭʩʷ ʜʨʝʚʥʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ 
ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʪʝʨʦʟʦʡʩʢʦïʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘ ʪʘʢʞʝ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʩʣʘʙʦ ʭʘʨʘʢ-
ʪʝʨʠʟʦʚʘʥʥʳʭ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʙʨʘʟʦʚʘʥʠʡ. ʋʪʦʯʥʷʶʪʩʷ ʦʙʲʝʤʳ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 
ʚʩʝʩʪʦʨʦʥʥʝ ʠʟʫʯʘʶʪʩʷ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʦʟʨʘʩʪ. 
ʇʦʠʩʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʘ ʧʣʦʱʘʜʠ ʥʘʯʘʣʠʩʴ ʩ ʧʝʨʚʳʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʘʨʰʨʫʪ-

ʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʠ ʧʨʦʜʦʣʞʘʶʪʩʷ ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳ-
ʷʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʷʚʣʝʥʠʡ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʇʘʨʘʣʣʝʣʴʥʦ ʧʦʠʩʢʘʤ, ʩʦʧʨʦ-
ʚʦʞʜʘʶʱʠʤ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʩʲʝʤʢʫ ʤʘʩʰʪʘʙʘ 1 : 50 000, ʨʘʟʣʠʯʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʦʩʫʱʝʩʪʚ-
ʣʷʣʠʩʴ ʦʙʱʠʝ ʧʦʠʩʢʠ, ʧʦʠʩʢʦʚʦ-ʨʝʢʦʛʥʦʩʮʠʨʦʚʦʯʥʳʝ ʠ ʧʦʠʩʢʦʚʦ-ʨʝʚʠʟʠʦʥʥʳʝ ʨʘʙʦʪʳ. ʅʘ ʚʳ-
ʷʚʣʝʥʥʳʭ ʘʥʦʤʘʣʠʷʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʷʭ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʩʪʘʚʠʣʠʩʴ ʜʝʪʘʣʴʥʳʝ ʧʦʠʩ-
ʢʠ, ʘ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʠ ʩʪʨʫʢʪʫʨʘʭ ï ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ ʨʘʙʦʪʳ. ʆʩʥʦʚ-
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ʥʦʡ ʦʙʲʝʤ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʧʣʦʱʘʜʠ ʚʳʧʦʣʥʷʣʘ ɺʦʩʪʦʯʥʘʷ ɻʈʕ ʆɸʆ çʆʨʝʥʙʫʨʛʛʝʦʣʦʛʠʷè. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʨʘʙʦʪ ʙʳʣʘ ʜʦʩʪʠʛʥʫʪʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʧʦʠʩʢʦʚʘʥʥʦʩʪʠ ʮʝʥʪʨʘʣʴ-
ʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ, ʚʳʷʚʣʝʥʳ ʠ ʠʟʫʯʝʥʳ ʨʫʜʥʳʝ ʧʦʣʷ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʣʫʯʠʣʠ ʦʮʝʥʢʫ 
ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ, ʘʥʦʤʘʣʠʠ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ, ʩʜʝʣʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʧʦʩʪʘʥʦʚʢʝ 
ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʡ. 
ɺ ʢʦʥʮʝ 1990-ʭ ʛʦʜʦʚ ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ɻɼʇ-200 ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʟʜʘʥʠʶ ɻʦʩʛʝʦʣʢʘʨʪʳ-

200 ʚʪʦʨʦʛʦ ʧʦʢʦʣʝʥʠʷ. ɺ 1995ï2001 ʛʛ. ʧʨʦʚʝʜʝʥʳ ʨʘʙʦʪʳ ʧʦ ɻɼʇ-200 ʠ ʧʦʜʛʦʪʦʚʢʘ ʢ ʠʟʜʘʥʠʶ 
ʩʦʧʨʝʜʝʣʴʥʦʛʦ ʩ ʶʛʘ ʣʠʩʪʘ ʄ-40-XII ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʣʠʩʪʘ ʄ-40-XVIII.  
ɺ 1999 ʛ. ʥʘʯʘʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ɻɼʇ-200 ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʄ-40-VI (ɼʞʫʩʠʥʩʢʘʷ ʧʣʦʱʘʜʴ). ɺ 

2001 ʛʦʜʫ ʨʘʙʦʪʳ ʙʳʣʠ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʘ ʧʨʦʛʥʦʟ ʠ ʧʦʠʩʢʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ, ʘ ʚ 2002 ʛ. ʬʠʥʘʥʩʠʨʦʚʘʥʠʝ ʧʨʦʝʢʪʘ ʙʳʣʦ ʚʦʦʙʱʝ ʧʨʝʢʨʘʱʝʥʦ. ʈʘʙʦʪʳ ʟʘʚʝʨʰʠ-
ʣʠʩʴ ʩʦʩʪʘʚʣʝʥʠʝʤ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʪʯʝʪʘ, ʥʘ ʩʦʩʪʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʚʦʜʠʣʦʩʴ 1 ʤʝʩʷʮ, ʯʪʦ 
ʥʝ ʤʦʛʣʦ ʥʝ ʩʢʘʟʘʪʴʩʷ ʥʘ ʧʦʣʥʦʪʝ ʠ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʦʚ. ʀʟ-ʟʘ ʧʨʝʢʨʘʱʝʥʠʷ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 
ʣʘʙʦʨʘʪʦʨʥʳʝ ʨʘʙʦʪʳ ʧʦ ʉɸ ʚʳʧʦʣʥʝʥʳ ʥʘ 56 %, ʭʠʤʠʢʦ-ʩʧʝʢʪʨʘʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʥʘ 21 %. ʇʨʝ-
ʢʨʘʱʝʥʠʝ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʧʨʠʚʝʣʦ ʢ ʧʦʪʝʨʝ (ʩʦʢʨʘʱʝʥʠʶ) ʛʝʦʣʦʛʠ-
ʯʝʩʢʠʭ ʢʘʜʨʦʚ ʠ ʫʪʝʨʠ ʯʘʩʪʠ ʧʝʨʚʠʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʧʦ ʩʙʦʨʫ ʠʥʬʦʨʤʘʮʠʠ) ʠ ʜʫʙʣʠʢʘʪʦʚ ʧʨʦʙ. 
ʈʘʙʦʪʳ ʧʦ ɻɼʇ-200 ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʚʦʟʦʙʥʦʚʣʝʥʳ ʪʦʣʴʢʦ ʚ 

2006 ʛ. ɺ 2006ï2008 ʛʛ. ʧʨʦʚʝʜʝʥʦ ɻɼʇ-200 ɿʘʫʨʘʣʴʩʢʦʡ ʧʣʦʱʘʜʠ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ ʚʭʦʜʠʣʠ 
ʣʠʩʪʳ N-40-XXXI ʠ ʄ-40-I, ʩʦʧʨʝʜʝʣʴʥʳʝ ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʠ ʩ ʚʦʩʪʦʢʘ ʢ ɼʞʫʩʠʥʩʢʦʡ ʧʣʦʱʘʜʠ 
[53]. ɺ 2011ï2013 ʛʛ. ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ɻɼʇ-200, ʘ ʚ 2014, 2015 ʛʦʜʘʭ ï ʧʦʜʛʦʪʦʚʢʘ ʢ ʠʟʜʘʥʠʶ 
ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʠ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ ʠʟʜʘʥʠʶ ɻʦʩʛʝʦʣʢʘʨʪʘ-200 ʣʠʩʪʘ N-40-XXXVI, ʩʦʧʨʝʜʝʣʴ-
ʥʦʛʦ ʩ ɼʞʫʩʠʥʩʢʦʡ ʧʣʦʱʘʜʴʶ ʩ ʩʝʚʝʨʘ. 
ɺ 2010 ʛʦʜʫ ʟʘʚʝʨʰʠʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʠʟʜʘʥʠʶ ɻʦʩʛʝʦʣʢʘʨʪʳ 

ʤʘʩʰʪʘʙʘ 1 : 1 000 000 ʣʠʩʪʘ M-40 ʩ ʢʣʘʧʘʥʦʤ 41. ʈʘʙʦʪʳ ʧʦ ɻɼʇ-200 ʣʠʩʪʘ ʄ-40-VI ʙʳʣʠ ʚʦʟ-
ʦʙʥʦʚʣʝʥʳ ʚ 2012 ʛʦʜʫ ʠ ʟʘʚʝʨʰʠʣʠʩʴ ʚ 2014 ʛʦʜʫ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʦʪʯʝʪ ʩ 
ʘʚʪʦʨʩʢʠʤ ʢʦʤʧʣʝʢʪʦʤ ɻʦʩʛʝʦʣʢʘʨʪʳ-200, ʧʨʦʰʝʜʰʠʡ ʘʧʨʦʙʘʮʠʶ ʥʘ ʅʈʉ ʈʦʩʥʝʜʨʘ ʠ ʨʝʢʦʤʝʥ-
ʜʦʚʘʥʥʳʡ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 (ʇʨʦʪʦʢʦʣ ˉ 52 ʟʘʩʝʜʘʥʠʷ ʙʶʨʦ ʅʈʉ 
ʈʦʩʥʝʜʨè ʦʪ 16.12.2014 ʛ.). ʈʘʙʦʪʳ ʧʦ ʧʦʜʛʦʪʦʚʢʝ ɻʦʩʛʝʦʣʢʘʨʪʳ-200 ʣʠʩʪʘ ʄ-40-VI (ɼʞʫʩʘ) ʢ 
ʠʟʜʘʥʠʶ ʙʳʣʠ ʥʘʯʘʪʳ ʚ 2015 ʛʦʜʫ ʠ ʟʘʚʝʨh ʝʥʳ ʚ 2016 ʛʦʜʫ. 

ɻɽʆʍʀʄʀʏɽʉʂɸʗ ʀɿʋʏɽʅʅʆʉʊʔ 

ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʚ ʨʘʟʣʠʯʥʳʝ ʛʦʜʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʠ 
ʢʦʤʧʣʝʢʩʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʚ ʧʦʤʦʱʴ ʛʝʦʢʘʨʪʠʨʦʚʘʥʠʶ ʙʳʣʘ ʧʦʢʨʳʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 
ʤʝʪʘʣʣʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ ʤʘʩʰʪʘʙʦʚ 1 : 50 000ï1 : 100 000. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʝ ʚʠʜʳ ʛʝʦʣʦʛʦ-
ʩʲʝʤʦʯʥʳʭ, ʧʦʠʩʢʦʚʳʭ ʠ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʩʦʧʨʦʚʦʞʜʘʣʠʩʴ ʛʣʫʙʠʥʥʳʤʠ ʛʝʦʭʠʤʠ-
ʯʝʩʢʠʤʠ ʧʦʠʩʢʘʤʠ (ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʧʨʦʙʦʚʘʥʠʝʤ ʢʝʨʥʘ ʩʢʚʘʞʠʥ) ʧʦ ʢʦʨʘʤ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ 
ʢʦʨʝʥʥʳʤ ʧʦʨʦʜʘʤ (ʚʪʦʨʠʯʥʳʤ ʠ ʧʝʨʚʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ). ʉ ʥʘʯʘʣʘ 1960-ʭ ʛʦʜʦʚ ʩʧʝʮʠ-
ʘʣʠʟʠʨʦʚʘʥʥʦʡ ʧʘʨʪʠʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʨʘʙʦʪʳ ʧʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ, ʦʙʦʙʱʝʥʠʶ, ʩʦʩʪʘʚʣʝʥʠʶ 
ʢʘʨʪ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʠʢʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ; ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʢʫʨʘʪʦʨ-
ʩʢʘʷ ʠ ʤʝʪʦʜʠʯʝʩʢʘʷ ʨʘʙʦʪʳ ʥʘʜ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʚʩʝʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ 
ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ. 
ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʭ ʨʘʙʦʪ ʚ ʢʘʯʝ-

ʩʪʚʝ ʢʘʨʪʠʨʦʚʦʯʥʦʛʦ ʧʨʠʤʝʥʷʣʦʩʴ ʙʝʩʢʝʨʥʦʚʦʝ ʙʫʨʝʥʠʝ ʧʦ ʨʳʭʣʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɻʝʦʭʠʤʠʯʝ-
ʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʰʣʘʤʫ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʣʦ ʜʦʩʪʦʚʝʨ-
ʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʛʦ ʚʠʜʘ ʦʧʨʦʙʦʚʘʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 
ʠʤʝʥʥʦ ʨʳʭʣʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʥʘ ʨʝʜʢʠʝ ʟʝʤʣʠ (ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ), ʟʦʣʦʪʦ ʠ 
ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ (ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʦʧʨʝʜʝʣʴʥʦʛʦ ʢ ʩʝʚʝʨʫ ʣʠʩʪʘ). 

ɻɽʆʌʀɿʀʏɽʉʂɸʗ ʀɿʋʏɽʅʅʆʉʊʔ 

ʊʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI, ʦʩʦʙʝʥʥʦ ʝʛʦ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ, ʧʝʨʩʧʝʢʪʠʚʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʤʝ-
ʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʠ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ. ʏʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʩʣʦ-
ʞʝʥʥʘʷ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʝ-
ʪʘʣʴʥʦʩʪʠ ʠ ʠʟʫʯʝʥʘ ʧʦʣʝʚʳʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʨʘʟʚʝʜʢʠ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʦʚ ʠ 
ʫʨʦʚʥʝʡ ʜʝʪʘʣʴʥʦʩʪʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʘʤʳʤʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦ-
ʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʩʢʚʘʞʠʥʘʭ. ʅʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʧʦʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʩʘ-
ʜʦʯʥʳʭ ʧʦʨʦʜ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘïʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʢʨʫʧʥʳʝ 
ʤʘʩʩʠʚʳ. 



 9 

ɻʨʘʚʠʨʘʟʚʝʜʢʘ. ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʧʦʢʨʳʪʘ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ 
1 : 50 000 (ɺʠʥʦʛʨʘʜʦʚ, ɹʫʛʨʦʚ ʠ ʜʨ., 1961; ɺʠʥʦʛʨʘʜʦʚ, ʃʠʩʠʮʳʥ ʠ ʜʨ., 1962). ʄʘʪʝʨʠʘʣʳ ʵʪʠʭ 
ʩʲʝʤʦʢ ʧʨʠʥʷʪʳ ʥʘ 60 % ʪʝʨʨʠʪʦʨʠʠ ʢʦʥʜʠʮʠʦʥʥʳʤʠ ʩ ʩʝʯʝʥʠʝʤ ʠʟʦʘʥʦʤʘʣ ʚ 0,5 ʤɻʘʣ, ʜʣʷ 
ʦʩʪʘʣʴʥʦʡ ï ʢʦʥʜʠʮʠʦʥʥʳʤʠ ʩ ʩʝʯʝʥʠʝʤ ʠʟʦʘʥʦʤʘʣ ʚ 1 ʤɻʘʣ. ɺ ʧʦʩʣʝʜʫʶʱʠʝ ʛʦʜʳ ʥʝʦʜʥʦ-
ʢʨʘʪʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʙʦʣʝʝ ʜʝʪʘʣʥɹʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʩʲʝʤʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 
(ʃʦʤʘʢʦ, 1963; ʏʘʣʳʰʝʚʘ, 1964; ʃʠʩʠʮʳʥ, 1970; ʄʠʥʷʝʚ, 1972; ʊʨʝʪʴʷʢ, 1971; ʃʝʙʝʜʝʚʘ, 1972; 
ʉʢʫʨʠʭʠʥ, 1991; ʏʝʨʥʦʤʳʨʜʠʥ, 1991 ʠ ʜʨ.). ʅʘ 36 % ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʠʤʝʶʪʩʷ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 
ʢʘʨʪʳ ʩ ʩʝʯʝʥʠʝʤ 0,25 ʤɻʘʣ, ʥʘ 47,5 % ʢʘʨʪʳ ï ʩ ʩʝʯʝʥʠʝʤ 0,5 ʤɻʘʣ ʠ ʪʦʣʴʢʦ ʥʘ 16,5 % ʧʣʦʱʘʜʠ 
ʠʤʝʶʪʩʷ ʢʘʨʪʳ ʩ ʩʝʯʝʥʠʝʤ ʠʟʦʘʥʦʤʘʣ ʚ 1 ʤɻʘʣ. 
ʄʘʛʥʠʪʦʨʘʟʚʝʜʢʘ. ɺʩʷ ʪʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʧʦʢʨʳʪʘ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ, 

ʧʨʠʯʝʤ ʥʘ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ ʤʘʩʰʪʘʙʘ 1 : 25 000 ʠ ʣʠʰʴ ʥʘ 16,5 % ʪʝʨʨʠʪʦʨʠʠ (ʚ ʦʩ-
ʥʦʚʥʦʤ ʧʣʦʱʘʜʠ ʩʣʦʞʝʥʥʳʝ ʢʨʫʧʥʳʤʠ ʛʨʘʥʠʪʥʳʤʠ ʤʘʩʩʠʚʘʤʠ) ʤʘʩʰʪʘʙʘ 1 : 50 000. ʅʘ ʜʦ-
ʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ ʤʘʛʥʠʪʦʤʝʪʨʠʯʝʩʢʠʝ 
ʩʲʝʤʢʠ. ʊʘʢ ʙʦʣʝʝ ʦʜʥʦʡ ʪʨʝʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʦʢʨʳʪʦ ʤʘʛʥʠʪʦʤʝʪʨʠʝʡ ʤʘʩʰʪʘʙʘ 1 : 10 000 ʠ ʙʦ-
ʣʝʝ ʜʝʪʘʣʴʥʦʡ. 
ʀʤʝʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʩʲʝʤʢʠ ʚ ʦʩʥʦʚʥʦʤ ʤʘʩʰʪʘʙʘ 1 : 50 000 (ʩʲʝʤʢʠ ʜʦ 1970  

ʛ.), ʥʦ ʢʘʯʝʩʪʚʦ ʠʭ ʥʝʚʳʩʦʢʦʝ. 
ʕʣʝʢʪʨʦʨʘʟʚʝʜʢʘ. ʇʣʦʱʘʜʴ ʣʠʩʪʘ ʄ-40-VI ʧʦʢʨʳʪʘ ʨʝʛʫʣʷʨʥʦʡ ʩʝʪʴʶ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ 

ʥʘʙʣʶʜʝʥʠʡ ʤʝʪʦʜʦʤ ɺʕɿ ʠ ɺʕɿ-ɺʇ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʨʥʦ ʥʘ ʦʜʥʦʡ ʯʝʪʚʝʨʪʦʡ ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦ-
ʨʠʠ ʣʠʩʪʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʩʰʪʘʙʫ 1 : 25 000, ʥʘ ʦʩʪʘʣʴʥʦʡ ï ʤʘʩʰʪʘʙʘ 1 : 50 000. ʕʪʠ ʨʘʙʦʪʳ 
ʚʳʧʦʣʥʷʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʦʧʝʨʝʞʘʶʱʠʭ ʜʣʷ ʮʝʣʝʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʤʘʩʰʪʘʙʘ 1 : 50 000 ʚ 
ʥʘʯʘʣʝ 1960-ʭ ʛʦʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʚʳʧʦʣʥʝʥ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʜʝʪʘʣʴʥʳʭ ʧʦʠʩ-
ʢʦʚʳʭ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʧʦʠʩʢʘʤʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʡ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʠ ʤʝʜʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ, ʚ ʪʦʤ ʯʠʩʣʝ ʤʝʪʦʜʘʤʠ ʧʝʨʝʭʦʜ-
ʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʦʩʥʦʚʥʦʤ ʜʝʪʘʣʴʥʳʝ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʚʳʧʦʣʥʷʣʠʩʴ ʥʘ ʫʯʘʩʪʢʘʭ, 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘ ʢʘʤʝʥʥʳʡ ʫʛʦʣʴ, ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ ʨʫʜʳ, ʟʦʣʦʪʦ, ʧʴʝʟʦʢʚʘʨʮ ʠ ʜʨʫʛʠʝ ʧʦ-
ʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. 

ɻʀɼʈʆɻɽʆʃʆɻʀʏɽʉʂɸʗ ʀɿʋʏɽʅʅʆʉʊʔ 

ʊʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʩʫʰʣʠʚʳʡ ʨʘʡʦʥ. ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʣʢʠʭ ʨʝʢ, 
ʨʫʯʴʝʚ, ʙʘʣʦʢ ʠ ʦʚʨʘʛʦʚ ʥʝ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʦʛʦ ʚʦʜʦʪʦʢʘ, ʘ ʚ ʣʝʪʥʝʝ ʚʨʝʤʷ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʩʳ-
ʭʘʶʪ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʥʝʨʝʜʢʦ ʟʘʩʦʣʦʥʝʥʳ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʥʝʧʨʠʛʦʜʥʳ ʜʘʞʝ ʜʣʷ 
ʚʦʜʦʧʦʷ ʩʢʦʪʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʧʨʦʚʦʜʠʣʠʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʚʳʷʚʣʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʩʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ. 
ʇʦʠʩʢʦʚʳʝ ʠ ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩʘʤʳʤʠ ʨʘʟʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ, ʯʘʩʪʦ ʥʝ-

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤʠ. ʍʦʪʷ ʫʯʝʪ ʵʪʠʭ ʨʘʙʦʪ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʢʦʥʪʨʦʣʴ ʥʘʜ ʧʦʜʦʙʥʳʤʠ 
ʨʘʙʦʪʘʤʠ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞ-
ʙʳ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʤʘʪʝʨʠʘʣʳ ʧʦ ʤʥʦʛʠʤ ʠʟ ʵʪʠʭ ʨʘʙʦʪ ʫʪʨʘʯʝʥʳ. ɹʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʚ ʭʦʨʦʰʝʡ 
ʩʦʭʨʘʥʥʦʩʪʠ ʠʤʝʶʪʩʷ ʤʘʪʝʨʠʘʣʳ ʧʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʤ ʧʦʠʩʢʦʚʳʤ ʨʘʙʦʪʘʤ ʥʘ ʚʦʜʫ, ʚʳʧʦʣ-
ʥʝʥʥʳʤ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʤ̫ʠ ʵʢʩʧʝʜʠʮʠʡ ʇʆ çʆʨʝʥʙʫʨʛʛʝʦʣʦʛʠʷè. 
ʉʧʝʮʠʘʣʴʥʳʭ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʲʝʤʦʢ ʤʘʩʰʪʘʙʘ 1 : 200 000 ʠ ʢʨʫʧʥʝʝ ʥʘ ʣʠʩʪʝ ʄ-40-VI 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʅʝ ʧʨʦʚʦʜʠʣʦʩʴ ʪʘʢʞʝ ʠ ʩʫʱʝʩʪʚʝʥʥʳʭ ʪʝʤʘʪʠʯʝʩʢʠʭ ʦʙʦʙʱʝʥʠʡ, ʢʘʢ ʚʧʨʦʯʝʤ, 
ʠ ʥʘ ʚʩʶ ʚʦʩʪʦʯʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʜʠʩʩʝʨʪʘʮʠʦʥ-
ʥʘʷ ʨʘʙʦʪʘ ɸ. ɽ. ʏʝʨʥʷʝʚʦʡ (1964 ʛ.), ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʦʧʨʝʜʝʣʠʪʴ ʟʘʢʦʥʦ-
ʤʝʨʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʚ ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ʆʨʝʥʙʫʨʛʩʢʦʡ ʦʙʣʘʩʪʠ. ʆʩʥʦʚʦʡ 
ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʣʫʞʠʣʠ ʤʘʪʝʨʠʘʣʳ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʩʝʚʝʨʥʦʡ ʧʦʣʦʚʠʥʳ ʣʠʩʪʘ 
ʄ-40-ɹ ʤʘʩʰʪʘʙʘ 1 : 500 000, ʚʳʧʦʣʥʝʥʥʦʡ ʚ 1958ï1960 ʛʛ. [89]. 
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ʉʊʈɸʊʀɻʈɸʌʀʗ 
 
 
ʊʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦ-

ʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ. ɺ ʛʝʦʣʦʛʠʯʝ-
ʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʦʩʘʜʦʯʥʳʝ, ʚʫʣʢʘʥʦʛʝʥʥʳʝ, ʠʥʪʨʫ-
ʟʠʚʥʳʝ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʜʦ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚʢʣʶʯʠ-
ʪʝʣʴʥʦ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʪʨʘʪʠʬʠʮʠʨʫʝʤʳʭ ʧʦʨʦʜ ʦʪʥʦʩʠʪʩʷ ʢ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠ ʥʝʤʳʤ. 
ʀʭ ʨʘʩʯʣʝʥʝʥʠʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʧʨʠʥʮʠʧʘʭ ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʩ ʧʨʠʚʣʝʯʝ-
ʥʠʝʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʛʝʦʭʠʤʠʯʝʩʢʠʭ, ʧʝʪʨʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʨʝʟʫʣʴ-
ʪʘʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʢʘʨʪʠʨʦʚʦʯʥʦʛʦ ʙʫʨʝʥʠʷ, ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʷ ʨʘ-
ʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʩʪʨʘʪʠʬʠʮʠʨʫʝʤʳʭ ʧʦʨʦʜ ʬʫʥʜʘʤʝʥʪʘ ʧʝʨʝʢʨʳʪʘ ʢʦ-
ʨʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʘʣʝʦʛʝʥïʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʀʭ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʥʘʙʣʶ-
ʜʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʨʝʢʘʤ. ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ 
ʥʠʞʥʠʤ ʨʠʬʝʝʤ, ʧʘʣʝʦʟʦʝʤ (ʦʨʜʦʚʠʢʩʢʘʷ, ʩʠʣʫʨʠʡʩʢʘʷ, ʜʝʚʦʥʩʢʘʷ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ ʩʠʩʪʝʤʳ), 
ʤʝʟʦʟʦʝʤ (ʶʨʩʢʘʷ ʠ ʤʝʣʦʚʘʷ ʩʠʩʪʝʤʳ), ʢʘʡʥʦʟʦʝʤ (ʧʘʣʝʦʛʝʥʦʚʘʷ, ʥʝʦʛʝʥʦʚʘʷ ʠ ʯʝʪʚʝʨʪʠʯʥʘʷ 
ʩʠʩʪʝʤʳ). 
ʈʘʟʨʝʟʳ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ ʫʢʘʟʘʥʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʦʨʤ ʟʥʘ-

ʯʠʪʝʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ. ʈʘʟʨʝʟ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ ʩʣʦʞʝʥ ʚ ʦʩʥʦʚʥʦʤ ʚʫʣʢʘʥʦʛʝʥ-
ʥʳʤʠ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʜʝʚʦʥʩʢʦʛʦ ʠ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟ-
ʨʘʩʪʘ. ɺ ʨʘʟʨʝʟʝ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʤʝʛʘʟʦʥʳ (ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘ-
ʤʦʚʩʢʘʷ ʠ ʂʫʤʘʢʩʢʘʷ ʉʌɿ) ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʨʘʥʥʝʛʦ ʨʠʬʝʷ ʠ ʚ ʨʘʟʣʠʯ-
ʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʦʩʘʜʦʯʥʳʝ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʥʥʝʛʦ ʦʨʜʦʚʠʢʘï
ʨʘʥʥʝʛʦ ʜʝʚʦʥʘ ʧʨʠ ʨʝʟʢʦ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʩʘʜʦʯʥʳʭ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣ-
ʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ ʜʝʚʦʥʘ ʠ ʢʘʨʙʦʥʘ. 

ʅʀɾʅɽʈʀʌɽʁʉʂɸʗ ʕʈɸʊɽʄɸ 

ʅʠʞʥʝʨʠʬʝʡʩʢʘʷ ʵʨʘʪʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʷʨʰʘʣʠʥʩʢʦʡ ʠ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʘʤʠ. 
ʆʪʣʦʞʝʥʠʷ ʵʪʠʭ ʪʦʣʱ ʦʙʥʘʞʘʶʪʩʷ ʚ ʷʜʨʝ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʂʫʤʘʢʩʢʦʡ ʉʌɿ. 
ʗʨʰʘʣʠʥʩʢʘʷ ʪʦʣʱʘ (RF1?jr) ʟʘʣʝʛʘʝʪ ʚ ʦʩʥʦʚʘʥʠʠ ʥʠʞʥʝʨʠʬʝʡʩʢʦʛʦ ʨʘʟʨʝʟʘ ʠ ʩʦʩʪʦ-

ʠʪ ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʛʨʘʥʘʪ-ʩʠʣʣʠʤʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʭ ʧʣʘʛʠʦʛʥʝʡʩʦʚ, ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠ-
ʪʦʚʳʭ, ʛʨʘʥʘʪ-ʢʚʘʨʮ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ, ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪ-ʢʚʘʨʮʝʚʳʭ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ, ʨʝʞʝ 
ʙʠʦʪʠʪʦʚʳʭ ʧʣʘʛʠʦʛʥʝʡʩʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʠ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʝ ʨʘʟʨʝʟʳ ʝʝ ʠʤʝʶʪʩʷ ʧʦ 
ʨ. ʗʨʰʘʣʝ ʠ ʙʘʣʢʝ ʉʘʜʳʢ. 
ɺ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʧʦ ʨ. ʗʨʰʘʣʝ (ʦʧʦʨʥʳʡ ʨʘʟʨʝʟ 41*) ʪʦʣʱʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʩʣʘʠ-

ʚʘʥʠʷ ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ, ʛʨʘʥʘʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦ-
ʚʳʭ ʧʣʘʛʠʦʛʥʝʡʩʦʚ, ʨʝʞʝ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ, ʯʘʩʪʦ ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʭ ʠ ʧʨʝʚʨʘʱʝʥʥʳʭ ʚ ʩʣʶ-
ʜʷʥʳʝ, ʢʚʘʨʮʝʚʦ-ʩʣʶʜʷʥʳʝ ʩʣʘʥʮʳ ʠ ʢʚʘʨʮ-ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʝ ʬʠʣʣʦʥʠʪʳ [55]. ɺ ʥʠʞʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʪʦʣʱʠ ʙʠʦʪʠʪ ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ ʧʨʝʦʙʣʘʜʘʶʪ, ʚ ʚʝʨʭʥʝʡ ʦʥʠ ʩʦʜʝʨ-
ʞʘʪʩʷ, ʧʨʠʤʝʨʥʦ, ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩ ʙʠʦʪʠʪʦʚʳʤʠ, ʘ ʚ ʩʘʤʳʭ ʚʝʨʭʘʭ ï ʚ ʟʥʘʯʠʪʝʣʴʥʦ 
ʤʝʥʴʰʠʭ. ʄʦʱʥʦʩʪʴ ʩʣʦʝʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 3 ʜʦ 15 ʤ. ɺʝʨʭʥʠʡ ʢʦʥʪʘʢʪ ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣɦ ʠ ʩ 
ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʝʝ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʦʪʩʫʪʩʪʚʫʝʪ. ʉʫʜʷ ʧʦ ʨʘʟʨʦʟʥʝʥʥʳʤ ʨʝʜʢʠʤ ʚʳʭʦʜʘʤ ʙʠʦʪʠ-
ʪʦʚʳʭ, ʨʝʞʝ ʩʠʣʣʠʤʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʭ ʧʣʘʛʠʦʛʥʝʡʩʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʩʪʦʯʥʝʝ ʫʩʪʴʷ 
ʨ. ʗʨʘhʣʳ, ʪ. ʝ. ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ, ʦʥ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦʩʪʝʧʝʥʥʳʡ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʜʝʥ ʧʦ ʠʩ-
ʯʝʟʥʦʚʝʥʠʶ ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʨʘʟʥʦʩʪʝʡ. 
ɺ ʦʧʦʨʥʦʤ ʨʘʟʨʝʟʝ ʥʘ ʙʘʣʢʝ ʉʘʜʳʢ (ʦʧ. ʨ. 33) ʚʝʨʭʥʠʡ ʢʦʥʪʘʢʪ ʪʦʣʱʠ ʨʝʟʢʠʡ, ʙʝʟ ʧʝʨʝʭʦʜʥʦʡ 

ʧʘʯʢʠ, ʦʩʣʦʞʥʝʥ ʩʦʛʣʘʩʥʳʤ ʠʥʪʨʫʟʠʚʥʳʤ ʪʝʣʦʤ ʦʨʪʦʘʤʬʠʙʦʣʠʪʦʚ ʩ ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ 95 ʤ. 

ïïïïïïïïïïïïïïï 
*
 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʥʦʤʝʨʘ ʦʧʦʨʥʳʭ ʨʘʟʨʝʟʦʚ (ʦʧ. ʨ.), ʦʙʥʘʞʝʥʠʡ (ʦʙʥ.), ʩʢʚʘʞʠʥ (ʩʢʚ.) ʧʦ ʩʧʠʩʢʫ ʧʨʠʣ. 8. 
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ʕʪʦʪ ʨʘʟʨʝʟ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʤʘʛʤʘʪʠʟʘʮʠʠ ʠ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʩʦʛʣʘʩʥʳʭ ʪʝʣ ʛʥʝʡ-
ʩʦʧʣʘʛʠʦʛʨʘʥʠʪʦʚ. 
ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʪʦʣʱʠ ʚ ʦʙʦʠʭ ʨʘʟʨʝʟʘʭ ʦʙʦʨʚʘʥʘ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʚ, ʠ ʢʦʥʪʘʢʪ ʝʝ ʩ 

ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʥʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʤ ʷʨʰʘ-
ʣʠʥʩʢʦʤ ʨʘʟʨʝʟʝ ʧʨʝʚʳʰʘʝʪ 1 000 ʤ [56, 57]. 
ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʩʠʣʣʠʤʘʥʠʪ-ʙʠʦʪʠʪʦʚʳʝ, ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ ʧʣʘ-

ʛʠʦʛʥʝʡʩʳ, ʢʚʘʨʮ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ ʠ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʝ ʩʣʘʥʮʳ ʠʤʝʶʪ ʩʚʝʪʣʦ-
ʩʝʨʫʶ ʜʦ ʙʝʣʦʡ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʫ, ʩʨʝʜʥʝʟʝʨʥʠʩʪʫʶ ʥʝʤʘʪʦʣʝʧʠʜʦʙʣʘʩʪʦʚʫʶ ʩʪʨʫʢ-
ʪʫʨʫ ʠ ʧʦʣʦʩʯʘʪʦ-ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʫʶ ʪʝʢʩʪʫʨʫ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʣʣʠʤʘ-
ʥʠʪʘ, ʦʙʳʯʥʦ ʤʫʩʢʦʚʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʢʚʘʨʮʘ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ, ʙʠʦʪʠʪʘ, ʨʝʞʝ ʛʨʘʥʘʪʘ, 
ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʤʘʛʥʝʪʠʪʘ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ: ʘʧʘʪʠʪ, ʮʠʨ-
ʢʦʥ, ʤʘʛʥʝʪʠʪ, ʨʝʞʝ ʦʨʪʠʪ, ʤʦʥʘʮʠʪ. ɺ ʛʥʝʡʩʘʭ ʧʣʘʛʠʦʢʣʘʟ ʠ ʢʚʘʨʮ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʦʩʪʘʣʴʥʳ-
ʤʠ ʤʠʥʝʨʘʣʘʤʠ. 
ʇʣʘʛʠʦʢʣʘʟ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʤʝʣʢʦʛʦ ʘʛʨʝʛʘʪʘ (0,2ï0,5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ) ʢʩʝʥʦʤʦʨʬʥʳʭ 

ʠʟʦʤʝʪʨʠʯʥʳʭ ʠ ʫʜʣʠʥʝʥʥʳʭ ʟʝʨʝʥ ʠʣʠ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ (ʜʦ 2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ) ʟʝʨʝʥ (ʧʦʨʬʠ-
ʨʦʙʣʘʩʪ), ʠʥʦʛʜʘ ʧʝʨʝʧʦʣʥʝʥʥʳʭ ʚʢʣʶʯʝʥʠʷʤʠ ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ ʠ ʛʨʘʥʘʪʘ. ʉʦʜʝʨʞʘʥʠʷ ʘʥʦʨʪʠ-
ʪʦʚʦʡ ʤʦʣʝʢʫʣʳ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 25 ʜʦ 35 %. 
ɻʨʘʥʘʪ ʚ ʧʦʨʦʜʘʭ ʪʦʣʱʠ ʚʩʪʨʝʯʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʞʝ ʠ ʦʙʳʯʥʦ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝ-

ʩʪʚʘʭ (2ï5 %). ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʠʣʠ ʦʢʨʫʛʣʳʤʠ ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʪʦʯʝʯʥʳ-
ʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠʣʠ ʤʝʣʢʠʤʠ (ʜʦ 0,3 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ) ʟʝʨʥʘʤʠ ʧʨʠʯʫʜʣʠʚʦʡ ʬʦʨʤʳ, ʨʝʟʦʨ-
ʙʠʨʦʚʘʥʥʳʤʠ ʠ ʟʘʤʝʱʝʥʥʳʤʠ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʢʚʘʨʮʝʤ ʠ ʭʣʦʨʠʪʦʤ. 
ɺʩʷ ʛʨʫʧʧʘ ʦʧʠʩʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʦʚʘʣʘʩʴ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʩʪʫʧʝʥʝʡ ʘʤʬʠʙʦʣʠʪʦ-

ʚʦʡ ʬʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʝʪʝʨʧʝʣʘ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʤʠʛʤʘʪʠ-
ʟʘʮʠʠ ʠ ʛʨʘʥʠʪʠʟʘʮʠʠ (ʟʘʤʝʱʝʥʠʝʤ ʢʚʘʨʮʝʤ ʠ ʧʣʘʛʠʦʢʣʘʟʦʤ), ʘ ʚ ʩʣʝʜʫʶʱʫʶ ʟʘ ʥʝʡ ʩʪʘʜʠʶ 
ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʜʠʘʬʪʦʨʝʟ) ʩ ʟʘʤʝʱʝʥʠʝʤ ʭʣʦʨʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ (ʤʫʩʢʦʚʠʪʦʤ) ʠ 
ʢʚʘʨʮʝʤ. ʈʝʟʫʣʴʪʘʪʦʤ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʠʣʦʩʴ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʜʚʫʩʣʶʜʷʥʳʭ 
ʩʣʘʥʮʝʚ, ʛʥʝʡʩʦʚ, ʘ ʚ ʟʦʥʘʭ ʜʠʩʣʦʢʘʮʠʡ ï ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʭ ʠ ʧʣʘʛʠʦʢʣʘʟ-ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ 
ʬʠʣʣʦʥʠʪʦʚ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʠʣʣʠʤʘʥʠʪ ʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Al 2O3 (ʦʪ 21 ʜʦ 24,4 %), SiO2 (43,42ï53,38 %) ʠ ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ 
FeO+Fe2O3 (ʦʪ 10 ʜʦ 14 %) ʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʇ. ʅʠʛʛʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʛʣʠʥʠʩʪʳʭ 
ʦʩʘʜʢʦʚ [55]. 
ɹʠʦʪʠʪʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ, ʢʨʝʤʥʝʟʝʤʘ 

ʙʦʣʝʝ ʥʠʟʢʠʤʠ ʛʥʝʡʩʦʟʝʤʘ ʠ ʙʣʠʟʢʠ ʢ ʩʦʩʪʘʚʘʤ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠ-
ʪʦʚ. 
ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ ʛʣʠʥʦʟʝʤʠʩʪʳʭ ʧʦʨʦʜʘʭ ʷʨʰʘʣʠʥʩʢʦʛʦ ʩʪʨʘʪʦʪʠʧʠ-

ʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʪʦʣʱʠ ʙʣʠʟʢʠ ʢ ʢʣʘʨʢʦʚʳʤ ʩʦʜʝʨʞʘʥʠʷʤ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʛʣʠʥ ʠ ʚ ʮʝʣʦʤ ʢ 
ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʤʥʦʛʦʤʝʨʥʦʤʫ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʬʦʥʫ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, 
ʦʪʣʠʯʘʷʩʴ ʪʦʣʴʢʦ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʘʨʠʷ ʠ ʧʦʥʠʞʝʥʥʳʤʠ Ni, Co, Cr, V [55]. ʉʝ-
ʚʝʨʥʝʝ ʨ. ʗʨʰʘʣʘ, ʚ ʟʦʥʝ ʟʘʤʳʢʘʥʠʷ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ 
ʧʦʨʦʜ ʪʦʣʱʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Ni, Co, Cr [56, 57]. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,50 ʜʦ 2,8 ʛ/ʩʤ3 ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 

2,67 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 2.10-6 ʜʦ 800.10-6 ʝʜ. ʉɻʉ, ʦʪʨʘʞʘʷ ʢʦʣʠʯʝ-
ʩʪʚʦ ʤʘʛʥʝʪʠʪʘ ʚ ʧʦʨʦʜʝ. ʅʘʠʙʦʣʝʝ ʤʘʛʥʠʪʥʳ ʜʠʘʬʪʦʨʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʙʠʦʪʠʪʘ 
ʩʝʨʠʮʠʪʦʤ ʠ ʤʫʩʢʦʚʠʪʦʤ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʥʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʛʥʝʪʠ-
ʪʘ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ, ʪʦʣʱʠ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ  ʚ ʦʙʣʘʩʪʠ ʛʣʫʙʦʢʦʛʦ 

ʤʠʥʠʤʫʤʘ (ʜʦ ï50 ʤɻʘʣ) ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ. ʅʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʨʘ-
ʜʠʫʩʦʤ ʦʩʨʝʜʥʝʥʠʷ 5 ʢʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 0,5ï
1,5 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʵʪʠʭ ʧʣʦʱʘʜʷʭ, ʚ ʮʝʣʦʤ ʧʦʥʠʞʝʥʥʦʝ, ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʪ 0 ʜʦ 
100 ʥʊʣ, ʦʩʣʦʞʥʝʥʦ ʢʦʥʪʨʘʩʪʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʜʦ 250 ʥʊʣ, ʚʳʪʷʥʫʪʳʤʠ ʚ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʕʪʠ ʘʥʦʤʘʣʠʠ ʩʚʷʟʘʥʳ ʩ ʟʦʥʘʤʠ ʨʘʟʚʠʪʠʷ ʜʠʘʬʪʦʨʠʪʦʚ, ʦʨʪʦʘʤ-
ʬʠʙʦʣʠʪʦʚ, ʪʘʣʴʢ-ʪʝʨʤʦʣʠʪʦʚʳʭ ʧʦʨʦʜ ʠ ʚʪʦʨʠʯʥʳʭ ʤʠʢʨʦʢʚʘʨʮʠʪʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʤʘʛʥʝʪʠ-
ʪʦʤ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʪʦʣʱʠ, ʚ ʩʚʷʟʠ ʩ ʠʭ ʩʣʘʙʦʡ ʦʙʥʘʞʝʥ-

ʥʦʩʪʴʶ ʠ ʨʘʟʚʠʪʠʷ ʧʦ ʥʠʤ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʬʦʪʦʪʦʥʘʤʠ ʩ 
ʨʘʩʧʣʳʚʯʘʪʳʤ ʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ. ʇʦʣʦʩʯʘʪʦʩʪʴ ʚʳʪʷʥʫʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʙʱʝʛʦ ʧʨʦʩʪʠʨʘ-
ʥʠʷ ʧʦʨʦʜ. ʆʥʘ ʯʘʩʪʦ ʩʝʯʝʪʩʷ ʧʦʧʝʨʝʯʥʳʤʠ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʣʠʥʠʘʤʝʥʪʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠ-
ʫʨʦʯʝʥʳ ʣʦʞʢʠ ʠ ʦʚʨʘʛʠ ʩʢʣʦʥʦʚ ʜʦʣʠʥʳ ʨ. ɼʞʫʩʳ. 
ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʥʘʭʦʜʢʠ ʚ ʧʦʨʦʜʘʭ ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʠ ʚʦʟʨʘʩʪ ʝʝ 
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ʦʧʨʝʜʝʣʝʥ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʪʠʨʦʚʘʥʠʷ U-Pb ʤʝʪʦʜʦʤ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʦʚ ʩʘʤʳʭ ʨʘʥʥʠʭ ʛʝʥʝʨʘ-
ʮʠʡ. ɺʦʟʨʘʩʪ ʠʭ ʧʦ Pb206/U238 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 532Ñ11 ʜʦ 570Ñ11 ʤʣʥ ʣʝʪ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙ-
ʨʘʟʦʚʘʥʠʝ ʠʭ ʩʚʷʟʘʥʦ ʩ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʧʦʨʦʜ ʚ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦïʚʝʥʜ-
ʩʢʠʡ (ʙʘʡʢʘʣʴʩʢʠʡ) ʵʪʘʧ ʪʝʢʪʦʥʦʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʜʳ ʪʦʣɦ ʠ 
ʦʙʨʘʟʦʚʘʣʠʩʴ ʜʦ ʫʢʘʟʘʥʥʦʛʦ ʵʪʘʧʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʚ ʨʘʥʥʝʤ ʨʠʬʝʝ [62]. 
ɹʝʩʢʨʶʢʦʚʩʢʘʷ ʪʦʣʱʘ (RF1?bs) ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʤʠ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦ-

ʚʳʤʠ ʠ ʙʠʦʪʠʪʦʚʳʤʠ ʧʣʘʛʠʦʛʥʝʡʩʘʤʠ, ʨʝʞʝ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦ-
ʚʦ-ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʩ ʢʚʘʨʮʝʤ ʩʣʘʥʮʘʤʠ. ʕʪʠ ʧʦʨʦʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʶʞ-
ʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢ ʂʘʨʘʙʫʪʘʢ, ɼʞʫʩʘ ʠ ʝʝ ʧʨʠʪʦʢʘ, ʙʘʣʢʠ ɹʝʩ-
ʢʨʶʢ, ʛʜʝ ʦʥʠ ʩʣʘʛʘʶʪ ʟʘʧʘʜʥʦʝ ʢʨʳʣʦ ɸʜʘʤʦʚʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. ɹʝʩʢʨʶʢʦʚʩʢʘʷ ʪʦʣʱʘ ʩ 
ʚʦʩʪʦʢʘ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʧʦʜʩʪʠʣʘʝʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ, ʘ ʩ ʟʘʧʘʜʘ ʦʙʦʨʚʘʥʘ 
ʤʦʱʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʟʦʥʦʡ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʦʪʜʝʣʷʶʱʝʛʦ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ 
ʨʘʡʦʥʘ ʦʪ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʪʦʣʱʠ ʦʢʘʟʘʣʘʩʴ ʚʦʚʣʝʯʝʥʥʦʡ ʚ ʟʦʥʫ ʜʠʩ-
ʣʦʢʘʮʠʡ ʵʪʦʛʦ ʨʘʟʣʦʤʘ, ʩʤʷʪʘ ʚ ʩʢʣʘʜʢʠ, ʠʥʪʝʥʩʠʚʥʦ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʘ, ʥʘʩʳʱʝʥʘ ʪʝʣʘʤʠ ʦʨʪʦ-
ʘʤʬʠʙʦʣʠʪʦʚ, ʛʨʘʥʠʪʦʛʥʝʡʩʦʚ ʠ ʛʨʘʥʠʪʦʚ. ʆʜʥʦʦʙʨʘʟʥʳʝ ʧʦ ʩʦʩʪʘʚʫ ʨʘʟʨʝʟʳ ʪʦʣʱʠ, ʨʘʟʣʠʯʘʁ -
ʱʠʝʩʷ ʪʦʣʴʢʦ ʧʦ ʩʪʝʧʝʥʠ ʤʠʛʤʘʪʠʟʘʮʠʠ ʧʦʨʦʜ ʠ ʥʘʩʳʱʝʥʠʷ ʠʥʪʨʫʟʠʚʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʤ̫ʠ, 
ʨʘʩʯʣʝʥʠʪʴ ʥʘ ʙʦʣʝʝ, ʜʨʦʙʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ, ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʨʘʡʦʥʝ, ʥʝʚʦʟʤʦʞʥʦ. 
ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʦʧʦʨʥʦʤ ʨʘʟʨʝʟʝ ʨ. ɼʞʫʩʳ, 

ʥʘʯʠʥʘʷ ʦʪ ʫʩʪʴʷ ʙʘʣʢʠ ɸʣʰʠʥʩʘʡ ʜʦ ʚʧʘʜʝʥʠʷ ʚ ʥʝʝ ʙʘʣʢʠ ʉʘʜʳʢ (ʦʧ. ʨ. 33). ʅʘ ʵʪʦʤ ʦʪʨʝʟʢʝ 
ʨʘʟʨʝʟʘ ʚʠʜʥʦ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʱʠ ʩ ʟʘʧʘʜʘ ʦʙʨʳʚʘʶʪʩʷ ʧʦʷʩʦʤ ʤʝʪʘʛʠʧʝʨʙʘʟʠʪʦʚ ʠ ʛʨʘʥʠ-
ʪʦʠʜʦʚ, ʘ ʩ ʚʦʩʪʦʢʘ, ʩʫʜʷ ʧʦ ʨʘʟʨʝʟʫ ʙʘʣʢʠ ʉʘʜʳʢ, ï ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʩʤʝʥʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ 
ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ. ɺ ʵʪʦʤ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ, ʧʣʘʛʠʦʛʥʝʡ-
ʩʳ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʦʪʠʪʘ, ʨʘʟʥʦʡ ʟʝʨʥʠʩʪʦʩʪʴʶ, ʫʯʘʩʪʢʘʤʠ ʩ ʨʝʣʠʢʪʦʚʦʡ ʩʣʦʠʩʪʦʩʪʴʶ 
ʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ. ʉʨʝʜʠ ʛʥʝʡʩʦʚ ʦʯʝʥʴ ʯʘʩʪʳ ʟʦʥʳ ʤʠʛʤʘʪʠʟʘʮʠʠ, ʪʝʣʘ 
ʩʣʦʝʚʳʭ ʤʠʛʤʘʪʠʪʦʚ, ʪʝʥʝʚʳʭ ʧʣʘʛʠʦʛʨʘʥʠʪʦʛʥʝʡʩʦʚ ʠ ʛʨʘʥʠʪʦʛʥʝʡʩʦʚ (ʩʘʜʳʢʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ), 
ʘ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʟʘʣʝʞʠ ʦʨʪʦʘʤʬʠʙʦʣʠʪʦʚ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 
ʨʘʟʨʝʟʘ ʤʘʛʤʘʪʠʪʳ ʠ ʛʨʘʥʠʪʦʛʥʝʡʩʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʛʥʝʡʩʘʤʠ. ʂ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ, ʥʘ ʩʝʚʝʨʥʦʤ 
ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨʝʢʠ, ʩʫʜʷ ʧʦ ʥʝʙʦʣʴʰʠʤ ʨʘʟʨʝʟʘʤ, ʚʧʘʜʘʶʱʠʤ ʚ ʥʝʝ ʙʘʣʦʢ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ 
ʪʦʣʱʠ ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ. ʉʨʝʜʠ ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʟʜʝʩʴ ʠʥʦʛʜʘ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦʩʣʦʠ ʙʠʦ-
ʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 1 ʜʦ 6 ʤ. ʇʘʜʝʥʠʝ ʩʣʦʠʩʪʦ-
ʩʪʠ, ʛʥʝʡʩʦʚʘʪʦʩʪʠ ʠ ʧʦʣʦʩʯʘʪʦʩʪʠ ʟʜʝʩʴ ʚ ʦʩʥʦʚʥʦʤ ʶʛʦ-ʟʘʧʘʜʥʦʝ 200ï208Á ʩ ʫʛʣʘʤʠ 30ï60Á. ʂ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ, ʚ ʚʝʨʭʦʚʴʷʭ ʵʪʠʭ ʙʘʣʦʢ ʛʥʝʡʩʳ ʠ ʤʠʛʤʘʪʠʪʳ ʩʤʝʥʷʶʪʩʷ ʤʫʩʢʦʚʠʪʠʟʠʨʦʚʘʥʥʳ-
ʤʠ ʩʠʣʣʠʤʘʥʠʪ-ʢʚʘʨʮʝʚʳʤʠ ʩʣʘʥʮʘʤʠ ʷʨh ʘʣʠʥʩʢʦʡ ʪʦʣʱʠ. 
ʂ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʵʪʦʛʦ ʨʘʟʨʝʟʘ ʤʠʛʤʘʪʠʟʘʮʠʷ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʚʦʟʨʘʩʪʘʝʪ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ 

ʥʝʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʛʨʘʥʠʪʦʛʥʝʡʩʦʚ. ɺ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɸʣh ʠʥʩʘʡ ʤʠʛʤʘʪʠʪʳ ʠ 
ʛʨʘʥʠʪʦʛʥʝʡʩʳ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʛʥʝʡʩʘʤʠ. 
ʂ ʶʛʫ, ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ, ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʨʘʟʨʝʟʘ ʪʦʣʱʠ 

ʦʩʪʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʨʘʟʨʝʟʝ ʨ. ɼʞʫʩʳ. ɿʜʝʩʴ ʩʨʝʜʠ ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʠʥʦʛʜʘ ʧʦʷʚʣʷʶʪ-
ʩʷ ʛʦʨʠʟʦʥʪʳ ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʠ ʩʣʘʥʮʝʚ, ʦʙʳʯʥʦ ʩʠʣʴʥʦ ʤʫʩʢʦʚʠʪʠʟʠʨʦʚʘʥ-
ʥʳʭ. 
ɺ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ, ʩʣʘʛʘʶʱʠʝ ʨʘʟʨʝʟ ʙʠʦʪʠ-

ʪʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ ʫʯʘʩʪʢʘʤʠ ʧʨʠ ʩʣʘʙʦʡ ʛʨʘʥʠʪʠʟʘʮʠʠ ʩʦʭʨʘʥʷʶʪ ʨʝʣʠʢʪʦʚʫʶ ʩʣʦʠʩʪʦʩʪʴ, 
ʚʳʜʝʣʷʶʱʠʝʩʷ ʧʦ ʩʦʩʪʘʚʫ ʠ ʨʘʟʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ (ʦʧ. ʨ. 18). ɺ ʜʦʣʠʥʝ ʙʘʣʢʠ ʂʘʠʥʩʘʡ ʚ ʨʘʟʨʝʟʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʧʣʘʛʠʦʛʥʝʡʩʦʚ ʤʦʱʥʦ-
ʩʪʴʶ ʦʪ 1 ʜʦ 5 ʤ. ɿʜʝʩʴ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʥʝʡʩʦʚ ʦʙʨʘʟʦʚʘʣʠʩʴ ʧʦ ʦʩʘ-
ʜʦʯʥʳʤ, ʨʝʞʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ, ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʧʝʩʯʘʥʠʢʘʤ ʠ ʘʣʝʚʨʦʣʠʪʘʤ. 
ʇʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʠ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʨʘʟʨʝʟʦʚ ʝʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʘ ʪʘʢ-

ʞʝ ʩʠʣʴʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ ʫʩʪʘʥʦʚʠʪʴ ʪʨʫʜʥʦ. ʄʦʱʥʦʩʪʴ ʠʟʫʯʝʥʥʦʡ ʯʘʩʪʠ ʝʝ ʨʘʟʨʝʟʘ ʚ ʜʦʣʠʥʝ 
ʨ. ɼʞʫʩʳ ʥʝ ʤʝʥʝʝ 800 ʤ, ʶʞʥʝʝ, ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʝʝ ʩ ʙʘʣʢʦʡ ɹʝʩʢʨʶʢ ʦʥʘ ʜʦʩʪʠʛʘʝʪ ʙʦʣʝʝ 
1 000 ʤ. ʆʜʥʘʢʦ, ʥʘ ʧʦʩʣʝʜʥʝʤ ʫʯʘʩʪʢʝ ʪʨʫʜʥʦ ʠʩʢʣʶʯʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʠʟʤʝʥʝʥʠʝ ʤʦʱʥʦʩʪʠ 
ʩʢʣʘʜʯʘʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʟʜʝʩʴ, ʥʝʩʦʤʥʝʥʥʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ. 
ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʩʦʩʪʘʚʝ ʪʦʣʱʠ ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ ʠ ʧʣʘʛʠʦʛʥʝʡʩʳ ʩʦʩʪʦʷʪ ʥʘ 40ï50 % ʠʟ 

ʧʣʘʛʠʦʢʣʘʟʘ (ˉ 25ï28), 20ï25 % ï ʢʚʘʨʮʘ, ʜʦ 10 % ï ʤʠʢʨʦʢʣʠʥʘ ʠ 5ï20 % ï ʙʠʦʪʠʪʘ. ɻʨʘʥʘʪ-
ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ ʩʦʜʝʨʞʘʪ ʦʪ 10 ʜʦ 15 % ʛʨʘʥʘʪʘ ʠ ʜʦ 5 % ʩʪʘʚʨʦʣʠʪʘ, ʘ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-
ʙʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ ï ʜʦ 20 % ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʀʟ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 
ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʫʩʢʦʚʠʪ, ʤʘʛʥʝʪʠʪ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʵʧʠʜʦʪ, ʨʝʜʢʦ ʦʨʪʠʪ. ʄʫʩʢʦʚʠʪ ʠ ʵʧʠ-
ʜʦʪ ʷʚʣʷʶʪʩʷ ʙʦʣʴʰʝ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ɺʜʦʣʴ ʟʦʥ ʨʘʟʣʦʤʦʚ ʧʦ ʛʥʝʡʩʘʤ ʨʘʟʚʠʚʘʶʪʩʷ 
ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʝ ʜʠʥʘʤʦʩʣʘʥʮʳ (ʬʠʣʣʦʥʠʪʳ). ʇʨʠ ʤʠʛʤʘʪʠʟʘʮʠʠ ʚ ʛʥʝʡʩʘʭ ʧʦʷʚʣʷʶʪʩʷ 
ʧʦʨʬʠʨʦʙʣʘʩʪʳ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʩʪʨʫʠ, ʧʦʣʦʩʳ, ʣʠʥʟʦʯʢʠ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜ ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʨʝʞʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ. ʈʘʟʥʦʩʪʠ ʛʥʝʡʩʦʚ, ʦʙʦʛʘ-
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ʱʝʥʥʳʝ ʩʠʣʣʠʤʘʥʠʪʦʤ, ʙʣʠʟʢʠ ʢ ʪʘʢʠʤ ʞʝ ʧʦʨʦʜʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʷʨʰʘʣʠʥʩʢʦʤ ʪʦʣʱʝ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʛʥʝʡʩʦʚ ʙʣʠʟʢʠ ʢ ʩʦʩʪʘʚʘʤ ʩʨʝʜʥʠʭ ʠ ʫʤʝʨʝʥʥʦʢʠʩʣʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʧʦʨʦʜ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ. ʅʘ ʜʠʘʛʨʘʤʤʘʭ ɺ. ʅ. ʀʚʘʥʦʚʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ 
ʧʝʩʯʘʥʠʢʦʚ ʩʦʩʪʘʚʳ ʛʥʝʡʩʦʚ ʣʦʞʘʪʩʷ ʚ ʧʦʣʷ ʛʨʘʫʚʘʢʢ ʠ ʧʦʣʝʚʦʰʧʘʪʦʚʳʤ ʛʨʘʫʚʘʢʢ [57]. 
ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʠ ʚ ʮʝʣʦʤ ʙʣʠʟʢʠ ʢ ʩʦʩʪʘʚʘʤ ʧʦʨʦʜ ʷʨ-

ʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ, ʦʪʣʠʯʘʷʩʴ ʙʦʣʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Be, Zr, Sn, Ba, 
Sr) ʠ ʭʨʦʤʘ. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʷ ʣʠʪʦʬʠʣʦʚ ʚ ʛʥʝʡʩʘʭ ʩʚʷʟʘʥʳ ʥʝ ʪʦʣʴʢʦ ʩ ʧʝʨ-
ʚʠʯʥʳʤʠ ʠʭ ʩʦʩʪʘʚʘʤʠ, ʥʦ ʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʛʨʘʥʠʪʠʟʘʮʠʠ, ʤʠʛʤʘʪʠʟʘʮʠʠ ʠ ʛʨʝʡʟʝʥʠʟʘʮʠʠ. ʇʦ-
ʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʨʦʤʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʦ ʩ ʧʝʨʚʠʯʥʳʤʠ ʩʦʩʪʘʚʘʤʠ ʤʝʪʘʤʦʨʬʠʨʦʚʘʥ-
ʥʳʭ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʪʦʣʱʠ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,55 ʜʦ 2,7 ʛ/ʩʤ3, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 2,63 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʥʠʟʢʘʷ: ʦʪ 0 ʜʦ 360Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʦʥʘ 
ʢʦʣʝʙʣʝʪʩʷ ʚ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʛʥʝʡʩʘʭ ʜʦ 500Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʜʘʞʝ 1 400Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʠ ʨʘʩʧʦʣʦʞʝʥʘ 

ʚʦ ʚʥʝʰʥʝʡ ʟʦʥʝ ʛʣʫʙʦʢʦʛʦ ʤʠʥʠʤʫʤʘ ɸʜʘʤʦʚʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ 
ʨʘʜʠʫʩʘʤʠ ʦʩʨʝʜʥʝʥʠʷ ʦʪ 1 ʜʦ 5 ʢʤ ʚ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʤʠʥʠʤʫʤʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦʜʠʬʬʝʨʝʥ-
ʮʠʨʦʚʘʥʥʦʝ ʧʦʣʝ ʩ ʩʠʩʪʝʤʦʡ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 
2 ʤɻʘʣ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʩʦʛʣʘʩʥʦ ʦʙʱʝʤʫ ʧʨʦʩʪʠʨʘʥʠʶ ʧʦʨʦʜ. ɺ ʜʦʣʠʥʝ ʨ. ʂʘʠʥʩʘʡ, ʦʥʦ ʩʤʝ-
ʥʷʝʪʩʷ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʟʦʥʦʡ ʛʨʘʜʠʝʥʪʘ, ʩʚʷʟʘʥʥʦʡ ʩ ʩʠʩʪʝʤʦʡ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʠ ʦʪʨʠʮʘʪʝʣʴʥʦʝ, ʫʯʘʩʪ-

ʢʘʤʠ ʩʠʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ, ʩ ʩʠʩʪʝʤʦʡ ʘʥʦʤʘʣʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ ï200 ʥʊʣ, ʚ ʢʦʪʦ-
ʨʦʡ ʯʘʩʪʦ ʧʦʷʚʣʷʶʪʩʷ ʨʘʟʤʳʪʳʝ ʚ ʧʣʘʥʝ ʥʝʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ (ʦʪ +10 ʜʦ 
+200 ʥʊʣ) ʘʥʦʤʘʣʠʠ. ɺ ʜʦʣʠʥʝ ʨ. ʂʘʠʥʩʘʡ, ʚ ʟʦʥʝ ʛʨʘʜʠʝʥʪʘ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 
ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʣʠʥʝʡʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʋʯʘʩʪʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʦʧʠʩʳʚʘʝʤʦʡ ʪʦʣʱʠ ʥʘ ʄɸʂʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʥʦʦʙʨʘʟʠʝʤ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʠʩʫʥʢʘ ʠ ʬʦʪʦʪʦʥʘ. ʅʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʩ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ 
ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʦʥʠ ʚʳʜʝʣʷʶʪʩʷ ʧʷʪʥʠʩʪʦ-ʧʦʣʦʩʘʪʳʤ ʨʠʩʫʥʢʦʤ ʦʪ ʩʚʝʪʣʦ- ʜʦ ʪʝʤʥʦ-ʩʝʨʦʡ 
ʦʢʨʘʩʢʠ. ɺ ʜʦʣʠʥʘʭ ʨʝʢ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʪʝʤʥʳʤʠ ʪʦʥʘʤʠ ʩ ʧʷʪʥʠʩʪʳʤʠ, ʣʠʥʟʦʚʠʜ-
ʥʳʤʠ, ʨʝʞʝ ʪʦʥʢʦʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ. 
ʈʘʜʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ, ʤʦʥʦʬʨʘʢʮʠʠ ʢʦʪʦʨʳʭ ʦʪʦʙʨʘʥʳ ʚ ʛʥʝʡʩʘʭ ʪʦʣʱʠ 
ʞʁʥʝʝ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʚ ʨʘʟʨʝʟʝ ʨ. ʂʫʤʘʢ ʖ. ʈ. ɹʝʢʢʝʨʦʤ ʠ ɻ. ʄ. ɸʢʠʤʦʚʦʡ ʚ 1979 ʛ., 
ʢʦʣʝʙʣʝʪʩʷ ʦʪ 695 ʜʦ 1 780Ñ120 ʤʣʥ ʣʝʪ [56]. ʊʘʢ ʢʘʢ ʚ ʧʨʦʙʘʭ ʧʨʝʦʙʣʘʜʘʣʠ ʨʘʟʥʦʨʦʜʥʳʝ ʦʢʨʫʛ-
ʣʳʝ ʤʘʪʦʚʳʝ ʟʝʨʥʘ, ʪʦ ʦʥʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʷʚʣʷʣʠʩʴ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʜʘʪʠʨʦʚʘʣʠ ʚʦʟʨʘʩʪ ʙʦʣʝʝ 
ʜʨʝʚʥʠʭ ʧʦʨʦʜ, ʧʦʜʚʝʨʛʰʠʭʩʷ ʨʘʟʤʳʚʫ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʨʭʥʠʝ ʮʠʬʨʳ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʶʪʩʷ 
ʜʘʪʠʨʦʚʢʘʤʠ ʚʝʨʭʥʝʨʠʬʝʡʩʢʠʭ ʵʪʘʧʦʚ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ 
ʨʘʜʠʦʣʦʛʠʯʝʩʢʠʝ ʚʦʟʨʘʩʪʘ ʮʠʨʢʦʥʦʚ ʠʟ ʧʦʨʦʜ ʪʦʣʱʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ U-Pb ʠ Pb207/Pb206 ʤʝʪʦʜʘ-
ʤʠ, ʢʦʣʝʙʣʶʪʩʷ ʦʪ 340 ʜʦ 658 ʤʣʥ ʣʝʪ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʷʷ ʠʟ ʥʠʭ (658 ʤʣʥ ʣʝʪ), ʦʪʦʙʨʘʥʥʘʷ ʠʟ 
ʙʠʦʪʠʪʦʚʳʭ ʧʣʘʛʠʦʛʥʝʡʩʦʚ ʜʞʫʩʠʥʩʢʦʛʦ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ, ʚʠʜʠʤʦ, ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʨʠ ʚʳʩʦʢʦ-
ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʤʝʪʘʤʦʨʬʠʟʤʝ ʧʦʨʦʜ ʚ ʧʦʟʜʥʝʨʠʬʝʡʩʢʦïʚʝʥʜʩʢʠʡ (ʙʘʡʢʘʣʴʩʢʠʡ) ʧʝʨʠʦʜ ʪʝʢʪʦ-
ʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʘʢʪʠʚʠʟʘʮʠʠ. ʆʩʪʘʣʴʥʳʝ ʛʝʥʝʨʘʮʠʠ ʮʠʨʢʦʥʦʚ ʩ ʜʘʪʠʨʦʚʢʘʤʠ ʚʦʟʨʘʩʪʦʚ 413ï
484 ʠ 340ï370 ʤʣʥ ʣʝʪ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʢʘʣʝʜʦʥʩʢʠʡ ʠ ʛʝʨʮʠʥʩʢʠʡ ʵʪʘʧʳ 
ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʨʦʜ ʪʦʣʱʠ [57, 62]. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦʨʦʜʳ 
ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʠ ʧʨʝʪʝʨʧʝʣʠ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʵʪʘʧʦʚ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʠʟ ʢʦ-
ʪʦʨʳʭ ʩʘʤʳʡ ʨʘʥʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʟʜʥʝʤʫ ʨʠʬʝʶ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚʦʟʨʘʩʪ ʠʭ, ʩʦ ʟʥʘʯʠʪʝʣʥɹʦʡ 
ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʧʨʠʥʷʪ ʨʘʥʥʝʨʠʬʝʡʩʢʠʤ. 

ʇɸʃɽʆɿʆʁʉʂɸʗ ʕʈɸʊɽʄɸ 

ʆʈɼʆɺʀʂʉʂɸʗ ʉʀʉʊɽʄɸ 

ʅʀɾʅʀʁ ʆʊɼɽʃ 

ʆʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝʛʦ ʦʪʜʝʣʘ ʨʘʟʚʠʪʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦ-
ʱʘʜʠ ʠ ʦʪʥʦʩʷʪʩʷ, ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ, ʢ ʨʳʤʥʠʢʩʢʦʡ ʩʚʠʪʝ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʉʭʝʤʘ ʢʦʨʨʝʣʷʮʠʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ ʦʨʜʦʚʠʢʘïʢʘʨʙʦʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ ʠ ʧʦʜʟʦʥ. 
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ʈʳʤʥʠʢʩʢʘʷ ʩʚʠʪʘ (O1rm) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʫ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʣʠʩʪʘ, ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ 
ʜʦʣʠʥʳ ʨ. ɸʡʜʳʨʣʷ, ʛʜʝ ʩʣʘʛʘʝʪ ʥʝʙʦʣʴʰʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʠ ʦʩʪʘʥʮʳ ʚ ɸʡʜʳʨʣʠʥʩʢʦʤ 
ʤʘʩʩʠʚʝ ʩʝʨʧʝʥʪʠʥʠʪʦʚ. ʂ ʥʝʡ, ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ, ʦʪʥʝʩʝʥʳ ʨʝʜʢʠʝ ʥʝʙʦʣʴʰʠʝ ʦʙ-
ʥʘʞʝʥʠʷ ʤʝʪʘʧʝʩʯʘʥʠʢʦʚ, ʤʝʪʘʘʣʝʚʨʦʣʠʪʦʚ, ʬʠʣʣʠʪʳ, ʩʝʨʠʮʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ, ʬʠʣʣʠ-
ʪʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʩ ʧʨʦʩʣʦʷʤʠ ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʭ ʩʣʘʥʮʝʚ. ʇʦ-
ʨʦʜr ʩʠʣʴʥʦ ʧʝʨʝʤʷʪʳ, ʯʘʩʪʦ ʦʢʚʘʨʮʦʚʘʥʳ. ʇʨʠ ʦʙʱʝʤ ʩʫʙʰʠʨʦʪʥʦʤ ʧʨʦʩʪʠʨʘʥʠʠ ʧʦ ʰʠʨʠʥʝ 
ʧʦʨʦʜ (ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ) ʜʦ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ ʚʳʭʦʜʳ ʠʭ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʦ 1 ʢʤ. ʉ ʫʯʝʪʦʤ ʤʝʣ-
ʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʚʠʪʳ, ʚʠʜʠʤʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 500 ʤ. 
ɻʨʘʥʠʮʘ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʩʪʨʘʪʦʥʘʤʠ ʥʘ ʧʣʦʱʘʜʠ ʥʝʠʟʚʝʩʪʥʘ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʥʘ ʩ ʥʝʩʦʛʣʘ-

ʩʠʝʤ (ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ) ʚʫʣʢʘʥʠʪʘʤʠ ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣʱʠ. 
ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʚ ʧʦʨʦʜʘʭ ʩʚʠʪʳ, ʥʝ ʠʟʚʝʩʪʥʳ. ʉʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ (ʣʠʩʪ N-40-

XXXI) ʥʘ ʧʦʨʦʜʘʭ ʩʚʠʪʳ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ 
ʤʘʷʯʥʦʡ ʩʚʠʪʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʥʥʝʦʨʜʦʚʠʢʩʢʠʤ, ʧʦ 
ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ (2013 ʛ.) ï ʪʨʝʤʘʜʦʢʩʢʦïʬʣʦʩʢʠʤ. 

ʉʈɽɼʅʀʁ ʆʊɼɽʃ 

ɺ ʨʘʤʢʘʭ ʪʦʣʴʢʦ ʩʨʝʜʥʝʛʦ ʦʪʜʝʣʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ ʚʳʜʝʣʷʝʪʩʷ ʦʜʠʥ ʩʪʨʘʪʦʥ. 
ʄʘʷʯʥʘʷ ʩʚʠʪʘ (O2m«) ʚʳʜʝʣʝʥʘ ʅ. ʌ. ʄʘʤʘʝʚʳʤ ʚ 1958 ʛ.; ʥʘʟʚʘʥʘ ʧʦ ʛ. ʄʘʯ̫ʥʘʷ (ʣʠʩʪ 

N-40-XXXI). ʆʪʣʦʞʝʥʠʷ ʩʚʠʪʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ, ʟʘʥʠ-
ʤʘʷ ʦʙʰʠʨʥʳʝ ʧʣʦʱʘʜʠ ʚ ʜʦʣʠʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨʨ. ʂʘʠʥʩʘʡ, ɼʞʫʩʘ, ɼʞʘʨʣʳ ʠ 
ʂʘʨʘʛʘʯʢʘ, ʩʣʘʛʘʷ ʢʨʳʣʴʷ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʠ ʥʝʙʦʣʴʰʦʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ 
ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʢʨʳʣʘ ʂʨʳʢʣʠʥʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ. ɺ ʩʦʩʪʘʚʝ ʩʚʠʪʳ ʧʨʝʦʙʣʘʜʘʶʪ ʩʣʘʥʮʳ 
ʭʣʦʨʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ, ʩʣʶʜʷʥʦ-ʢʚʘʨʮʝʚʳʝ, ʙʠʦʪʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ, ʬʠʣʣʠʪʳ, 
ʤʝʪʘʧʝʩʯʘʥʠʢʠ, ʤʝʪʘʘʣʝʚʨʦʣʠʪʳ ʧʨʠ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʤʠʢʨʦʛʥʝʡʩʦʚ ʠ ʛʥʝʡʩʦʚ. 
ʈʘʟʨʝʟʳ ʩʚʠʪʳ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʜʦʚʦʣʴʥʦ ʦʜʥʦʦʙʨʘʟʥʳ, ʦʪʣʠʯʘʷʩʴ ʣʠʰʴ ʩʪʝʧʝʥʴʶ ʤʝʪʘ-

ʤʦʨʬʠʟʤʘ, ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜ ʠ ʪʦʣʴʢʦ ʚʦʩʪʦʯʥʝʝ ʧʦʩ. ʕʥʙʝʢʰʠ, ʚ ʚʝʨʭʘʭ ʨʘʟʨʝʟʘ ʧʦʷʚʣʷʝʪʩʷ 
ʥʝʚʳʜʝʨʞʘʥʥʳʡ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʛʦʨʠʟʦʥʪ ʫʛʣʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ, ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʩʣʘʥʮʝʚ. ʈʘʩ-
ʯʣʝʥʠʪʴ ʨʘʟʨʝʟ ʩʚʠʪʳ ʥʘ ʙʦʣʝʝ ʜʨʦʙʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʨʘʡʦʥʝ ʥʝʚʦʟʤʦʞʥʦ. 
ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʩʚʠʪʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʨʘʟʨʝʟʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ, ʚ 

ʩʨʝʜʥʝʤ ʝʝ ʪʝʯʝʥʠʠ, ʚʳʰʝ ʧʦʩ. ʕʥʙʝʢʰʠ (ʦʧ. ʨ. 15). ɿʜʝʩʴ ʚʩʢʨʳʪʘ ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʝʝ ʨʘʟʨʝʟʘ, ʪʘʢ 
ʢʘʢ ʥʠʞʥʷʷ ʦʙʦʨʚʘʥʘ ʂʦʧʠʥʩʢʦʡ ʠʥʪʨʫʟʠʝʡ ʛʥʝʡʩʦʪʦʥʘʣʠʪʦʚ. ʕʪʘ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʣʦʞʝʥʘ ʚ ʦʩ-
ʥʦʚʥʦʤ ʭʣʦʨʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʭʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʭ, 
ʭʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ, ʧʦʣʝʚʦʰʧʘʪ-ʭʣʦʨʠʪʦʚʳʭ, ʨʝʞʝ ʭʣʦʨʠʪ-ʵʧʠʜʦʪ-ʩʝʨʠʮʠʪʦʚʳʭ, ʢʚʘʨʮ-
ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʩʣʘʥʮʝʚ. ʄʦʱʥʦʩʪʴ ʩʣʦʝʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,1 ʜʦ 4,0 ʤ, ʨʝʞʝ ï ʜʦ 11,0 ʤ. 
ɺʦ ʤʥʦʛʠʭ ʨʘʟʥʦʩʪʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʨʝʣʠʢʪʳ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʦʡ, ʨʝʞʝ ʙʣʘʩʪʦʧʩʝʬʠʪʦʚʦʡ 
ʩʪʨʫʢʪʫʨʳ. ʕʪʦʪ ʪʠʧ ʨʘʟʨʝʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʦʩʥʦʚʥʦʤ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ. ɺ ʝʛʦ ʚʝʨ-
ʭʘʭ, ʩʝʚʝʨʥʝʝ ʪʨʠʛʦʧʫʥʢʪʘ ʄʠʨʦʥʦʚʩʢʦʛʦ, ʧʦʷʚʣʷʝʪʩʷ ʛʦʨʠʟʦʥʪ ʤʦʱʥʦʩʪʴʶ ʜʦ 50 ʤ ʪʝʤʥʦ-ʩʝ-
ʨʳʭ ʜʦ ʯʝʨʥʳʭ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʠ ʫʛʣʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ. ɿʜʝʩʴ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 20 ʤ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʭ ʦʨʪʦʩʣʘʥʮʝʚ ʧʦ ʙʘʟʘʣʴʪʘʤ. ɺ ʨʘʟʨʝʟʝ ʧʝʨʚʦʛʦ 
ʧʨʠʪʦʢʘ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ, ʚʧʘʜʘʶʱʝʛʦ ʚʳʰʝ ʶʞʥʦʡ ʦʢʨʘʠʥʳ ʧʦʩ. ʕʥʙʝʢʰʠ, ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, 
ʯʪʦ ʧʘʨʘʩʣʘʥʮʳ ʪʦʣʱʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʤʠʢʨʦʘʤʬʠʙʦʣʠʪʘʤʠ ʠ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʦʨʪʦ-
ʩʣʘʥʮʘʤʠ ʵʥʙʝʢh ʠʥʩʢʦʡ ʪʦʣʱʠ [57]. 
ʖʞʥʝʝ, ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ʂʘʨʘʩʫ, ʚ ʨʘʟʨʝʟʝ ʩʚʠʪʳ ʧʦʷʚʣʷʶʪʩʷ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦ-

ʚʳʝ, ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʩʣʘʥʮʳ ʠ ʤʠʢʨʦʛʥʝʡʩʳ. ɽʱʝ ʶʞʥʝʝ, ʚ ʜʦʣʠʥʝ ʙ. ɾʫʣʘʤʘʥʩʘʡ, 
ʩʫʜʷ ʧʦ ʢʘʨʪʠʨʦʚʦʯʥʳʤ ʩʢʚʘʞʠʥʘʤ, ʨʘʟʨʝʟ ʩʚʠʪʳ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʙʠʦʪʠʪʦʚʳʭ, ʛʨʘʬʠ-
ʪʠʩʪʦ-ʙʠʦʪʠʪʦʚʳʭ, ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʤʠʢʨʦʛʥʝʡʩʦʚ, ʛʥʝʡʩʦʚ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʚ ʚʝʨʭʘʭ ʝʝ 
ʨʘʟʨʝʟʘ ʛʨʘʬʠʪ-ʩʪʘʚʨʦʣʠʪ-ʙʠʦʪʠʪʦʚʳʭ ʠ ʩʪʘʚʨʦʣʠʪ-ʢʚʘʨʮ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ. ʕʪʦʪ ʪʠʧ ʨʘʟʨʝʟʘ 
ʰʠʨʦʢʦ ʨʘʟʚʠʪ ʶʞʥʝʝ ʚ ʜʦʣʠʥʝ ʨ. ɼʞʫʩʳ, ʛʜʝ ʚ ʥʝʤ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʘʯʢʠ: ʥʠʞʥʷʷ ï ʛʥʝʡʩʦʚ ʠ 
ʤʠʢʨʦʛʥʝʡʩʦʚ ʠ ʚʝʨʭʥʷʷ ï ʛʨʘʬʠʪ-ʩʣʶʜʷʥʳʭ ʩʣʘʥʮʝʚ ʠ ʤʠʢʨʦʛʥʝʡʩʦʚ [56]. 
ʅʝʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʩʣʘʥʮʝʚʦʛʦ ʨʘʟʨʝʟʘ ʩʚʠʪʳ ʚ ʜʦʣʠʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʜʦʩʪʠʛʘʝʪ 800 ʤ. 

ʄʦʱʥʦʩʪʴ ʥʠʞʥʝʡ ʯʘʩʪʠ ʝʝ ʨʘʟʨʝʟʘ ʚ ʜʦʣʠʥʝ ʨ. ɼʞʫʩʳ ʙʦʣʝʝ 300 ʤ, ʦʙʱʘʷ ʤʦʥɦʦʩʪʴ, ʚʠʜʠʤʦ, 
ʙʫʜʝʪ 700ï800 ʤ. 
ʍʣʦʨʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʩʣʘʥʮʳ ʠ ʤʝʪʘʧʝʩʯʘʥʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʣʢʦʟʝʨʥʠ-

ʩʪʳʝ ʧʦʨʦʜʳ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʜʦ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʧʣʠʪʯʘʪʦʡ ʜʦ ʣʠʩʪʦʚʘʪʦʡ ʦʪʜʝʣʴʥʦ-
ʩʪʴʶ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʘʣʴʙʠʪʘ (An=2ï6 %), ʨʝʞʝ ʦʣʠʛʦʢʣʘʟʘ (An=10ï12 %) ï 35ï50 %, ʢʚʘʨʮʘ ï 
20ï40 %, ʭʣʦʨʠʪʘ ï 10ï20 %, ʩʝʨʠʮʠʪʘ (ʠʣʠ ʤʫʩʢʦʚʠʪʘ) ï 2ï12 %, ʵʧʠʜʦʪʘ ï 0ï10 %, ʤʘʛʥʝʪʠ-
ʪʘ ï 0ï3 %, ʨʝʞʝ ʚ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʘʥʘʪ, ʙʠʦʪʠʪ, ʛʨʘʬʠʪ, ʢʘʨʙʦʥʘʪ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʪʫʨʤʘʣʠʥʦʤ, ʩʬʝʥʦʤ, ʨʝʞʝ ʦʨʪʠʪʦʤ. ʉʪʨʫʢʪʫʨʘ 
ʠʭ ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʛʝʪʝʨʦʙʣʘʩʪʦʚʘʷ, ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʘʷ, ʨʝʞʝ ʙʣʘʩʪʦʧ-
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ʩʝʬʠʪʦʚʘʷ ʠ ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʘʷ; ʪʝʢʩʪʫʨʘ ʧʦʣʦʩʯʘʪʘʷ, ʩʣʘʥʮʝʚʘʪʘʷ, ʩʣʦʠʩʪʦ-ʩʣʘʥʮʝʚʘʷ. ɺ ʩʦʩʪʘ-
ʚʘʭ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʭ ʠ ʭʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ ʢʚʘʨʮ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ 
ʧʣʘʛʠʦʢʣʘʟʦʤ. 
ʂʚʘʨʮ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʙʠʦʪʠʪʦʚʳʝ ʩʣʘʥʮʳ ʦʪʣʠʯʘʶʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʚ 

ʩʦʩʪʘʚʝ ʙʠʦʪʠʪʘ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 20 ʜʦ 35 % ʠ ʦʣʠʛʦʢʣʘʟʘ (An=20ï25 %). ʂʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ, 
ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʳʝ ʩʣʘʥʮʳ ʠ ʬʠʣʣʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʝʨʠʮʠʪʘ (ʤʫʩʢʦʚʠʪʘ) ʥʘʜ 
ʢʚʘʨʮʝʤ ʠ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʯʘʩʪʳʤ ʧʦʷʚʣʝʥʠʝʤ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʨʘʬʠʪʘ, ʪʫʨʤʘʣʠʥʘ. ʄʠʥʝ-
ʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʦʧʠʩʘʥʥʳʭ ʩʣʘʥʮʝʚ ʦʪʥʦʩʷʪʩʷ ʢ ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. 
ʉʪʘʚʨʦʣʠʪ-ʢʚʘʨʮ-ʙʠʦʪʠʪʦʚʳʝ ʩ ʛʨʘʬʠʪʦʤ ʩʣʘʥʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʝʤʥʦ-ʩʝʨʳʝ ʜʦ ʯʝʨ-

ʥʳʭ, ʪʦʥʢʦʩʣʘʥʮʝʚʘʪʳʝ ʜʦ ʣʠʩʪʦʚʘʪʳʭ ʧʦʨʦʜ, ʩ ʪʝʤʥʳʤ ʞʠʨʥʳʤ, ʰʝʣʢʦʚʠʩʪʳʤ ʙʣʝʩʢʦʤ, ʤʝʣ-
ʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʨʬʠʨʦʙʣʘʩʪ ʩʪʘʚʨʦʣʠʪʘ, ʛʨʘʥʘʪʘ, ʨʝʜʢʦ ʘʥʜʘʣʫʟʠ-
ʪʘ. ɺ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʦʪʠʪ (30ï40 %), ʢʚʘʨʮ (20ï30 %), ʩʪʘʚʨʦʣʠʪ (15ï20 %), ʛʨʘʥʘʪ 
(5ï10 %), ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʝ ʫʛʣʠʩʪʦʝ ʚʝʱʝʩʪʚʦ (3ï10 %), ʤʫʩʢʦʚʠʪ (3ï5 %), ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 
ʧʣʘʛʠʦʢʣʘʟ, ʘʥʜʘʣʫʟʠʪ, ʪʫʨʤʘʣʠʥ, ʘʧʘʪʠʪ, ʩʬʝʥ, ʮʠʨʢʦʥ, ʨʫʪʠʣ. ʉʪʨʫʢʪʫʨʘ ʚ ʩʣʘʥʮʘʭ ʣʝʧʠʜʦʙʣʘ-
ʩʪʦʚʘʷ, ʛʨʘʥʦʣʝʧʠʜʦʙʣʘʩʪʦʚʘʷ, ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʘʷ, ʪʝʢʩʪʫʨʘ ʩʣʘʥʮʝʚʘʪʘʷ, ʫʟʣʦʚʘʪʘʷ, ʧʣʦʩʢʦʧʘ-
ʨʘʣʣʝʣʴʥʘʷ. 
ɹʠʦʪʠʪʦʚʳʝ ʛʥʝʡʩʳ ʠ ʤʠʢʨʦʛʥʝʡʩʳ ʜʦʚʦʣʴʥʦ ʦʜʥʦʦʙʨʘʟʥʳ ʧʦ ʦʙʣʠʢʫ ʠ ʩʦʩʪʘʚʫ ʠ ʩʦʩʪʦʷʪ ʠʟ 

ʧʣʘʛʠʦʢʣʘʟʘ (An=23ï38 %) ï 45ï60 %, ʢʚʘʨʮʘ ï 20ï35 %, ʤʠʢʨʦʢʣʠʥʘ ï 0ï20 %, ʙʠʦʪʠʪʘ ï 2ï
20 %, ʤʫʩʢʦʚʠʪʘ ï 0ï5 %, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʘʥʘʪ, ʩʪʘʚʨʦʣʠʪ, ʛʨʘʬʠʪ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ, ʩʬʝʥʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʮʠʨʢʦʥʦʤ. ʉʪʨʫʢʪʫʨʘ ʠʭ ʣʝʧʠʜʦʛʨʘ-
ʥʦʙʣʘʩʪʦʚʘʷ, ʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʯʘʩʪʦ ʩʦ ʩʣʝʜʘʤʠ ʨʝʛʝʥʝʨʘʮʠʦʥʥʦʡ, ʛʝʪʝʨʦʙʣʘʩʪʦʚʘʷ, ʧʦʨʬʠʨʦ-
ʙʣʘʩʪʦʚʘʷ; ʪʝʢʩʪʫʨʘ ʧʦʣʦʩʯʘʪʘʷ, ʩʣʘʥʮʝʚʘʪʘʷ, ʩʣʦʠʩʪʦʩʣʘʥʮʝʚʘʪʘʷ, ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʘʷ, ʛʥʝʡʩʦ-
ʚʘʷ. ɺ ʛʥʝʡʩʘʭ ʨʘʟʤʝʨ ʟʝʨʝʥ ʦʪ 0,1 ʜʦ 1,5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʚ ʤʠʢʨʦʛʥʝʡʩʘʭ ï ʜʦ 0,1ï0,2 ʤʤ. 
ɼʣʷ ʤʥʦʛʠʭ ʧʦʨʦʜ ʩʚʠʪʳ, ʭʘʨʘʢʪʝʨʥʘ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʧʦ ʨʘʟʤʝʨʫ ʠ ʩʦʩʪʘʚʫ ʟʝʨʝʥ ʤʠʥʝʨʘ-
ʣʦʚ, ʦʩʦʙʝʥʥʦ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʚʘʨʮʘ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩʪʘʚʨʦʣʠʪ-ʢʚʘʨʮ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ ʠ ʤʠʢ-

ʨʦʛʥʝʡʩʦʚ ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ, ʨʝʞʝ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʟʦʥʘʣʴ-
ʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʇʦ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʘʤ ʛʥʝʡʩʳ, ʤʠʢʨʦʛʥʝʡʩʳ ʠ ʩʣʘʥʮʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʨʝʜʥʠʤ ʠ ʫʤʝʨʝʥʥʦ-

ʢʠʩʣʳʤ ʧʦʨʦʜʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ ʧʝʩʯʘ-
ʥʠʢʦʚ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʦʣʷ ʛʨʘʫʚʘʢʢ ʠ ʢʚʘʨʮʝʚʳʭ ʛʨʘʫʚʘʢʢ [57]. 
ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʣʘʥʮʝʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʚʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʥɹʦ 

ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʉʦ, Ti, Ca, Be, Sr, Yb ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤʠ Ba, Mn, Sc ʠ ʥʠʟʢʠʤʠ Pb, 
P, Ag, Cr, W, Mo, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ 
ʛʨʘʫʚʘʢʢʦʚʳʭ, ʢʚʘʨʮʝʚʦ-ʛʨʘʫʚʘʢʢʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ ʚʫʣʢʘʥʦʤʠʢʪʦʚʳʤ ʠ ʤʝʪʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ 
ʤʘʪʝʨʠʘʣʦʤ [57]. ʉʦʩʪʘʚʳ ʛʥʝʡʩʦʚ ʠʟ ʜʦʣʠʥʳ ʨ. ɼʞʫʩʳ ʦʙʦʛʘʱʝʥʳ Pb, Ba, Zr, Ge ʠ ʙʝʜʥʳ Ni, 
Co, Cr, V, Ti, Mn, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʦʙʣʘʜʘʥʠʝ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʟʨʝʣʳʭ ʦʣʠʛʦ-
ʤʠʢʪʦʚʳʭ ʠ ʘʨʢʦʟʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ [56]. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʚʠʪʳ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 2,70 ʛ/ʩʤ3, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 8Ŀ10-6 ʜʦ 1 200Ŀ10-6 ʝʜ. ʉɻʉ, ʩʨʝʜʥʷʷ ï 6Ŀ10-6 ʝʜ. ʉɻʉ. ʇʣʦʪʥʦʩʪʴ ʛʥʝʡ-
ʩʦʚ ʠ ʤʠʢʨʦʛʥʝʡʩʦʚ ʩ ʶʛʘ ʧʣʦʱʘʜʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,58 ʜʦ 2,76 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 2,68 ʛ/ʩʤ3, 
ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ï 20Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ ʪʦʣʱʠ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʤʠʥʠʤʫʤʘ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ 
(R=2 ʠ 5 ʢʤ) ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʥʘ ʬʦʥʝ ʧʦʥʠʞʝʥʥʦʛʦ (ʦʪ ï0,25 ʜʦ ï0,75 ʤɻʘʣ), ʩʣʘʙʦʜʠʬʬʝʨʝʥʮʠʨʦ-
ʚʘʥʥʦʛʦ ʧʦʣʷ ʚʩʪʨʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʧʦʥʠʞʝʥʠʷ ʜʦ ï1,5 ʤɻʘʣ ʠ ʥʝʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
ʘʥʦʤʘʣʠʠ (ʜʦ +1 ʤɻʘʣ) ʩʚʷʟʘʥʥʳʝ ʩ ʪʝʣʘʤʠ ʛʘʙʙʨʦʘʤʬʠʙʦʣʠʪʦʚ ʠ ʫʯʘʩʪʢʘʤʠ, ʩʣʦʞʝʥʥʳʤʠ ʙʦʣʝʝ 
ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʳʰʝʣʝʞʘʱʝʡ ʵʥʙʝʢʰʠʥʩʢʦʡ ʪʦʣʱʠ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ (ʜʦ 
+2,5 ʤɻʘʣ), ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʂʘʨʘʛʘʯʢʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʥʘʰʣʘ ʩʚʦʝʛʦ ʦʙʲʷʩʥʝʥʠʷ 
ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥʘ ʩ ʥʝʚʩʢʨʳʪʦʡ ʵʨʦʟʠʝʡ ʟʘʣʝʞʴʶ ʦʨʪʦʘʤʬʠʙʦʣʠʪʦʚ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʦʙʣʘʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʷʯʥʦʡ ʩʚʠʪʳ ʠʤʝʝʪ ʩʘʤʳʡ ʨʘʟʥʦʦʙʨʘʟʥʳʡ 

ʭʘʨʘʢʪʝʨ. ʅʘ ʶʛʝ, ʜʦ ʚʝʨʭʦʚʴʝʚ ʙ. ɾʫʣʘʤʘʥʩʘʡ, ʦʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ (ʦʪ +30 ʜʦ +70 ʥʊʣ) ʩ ʣʠ-
ʥʝʡʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩ ʥʝʙʦʣʴʰʠʤʠ ʫʟʢʠʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ +400 ʥʊʣ, ʚʳʪʷʥʫ-
ʪʳʤʠ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʇʦʩʣʝʜʥʠʝ, ʩʚʷʟʘʥʳ ʩ ʛʘʙʙʨʦʘʤʬʠʙʦʣʠʪʘʤʠ, ʧʘʯʢʘʤʠ 
ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʘʤʠ ʠ ʟʦʥʘʤʠ ʜʠʥʘʤʦʩʣʘʥʮʝʚ ʩ ʥʦʚʦʦʙʨʘʟʦ-
ʚʘʥʠʷʤʠ ʧʳʣʝʚʠʜʥʦʛʦ ʤʘʛʥʝʪʠʪʘ. ʉʝʚʝʨʥʝʝ, ʦʪ ʙʘʣʢʠ ɾʫʣʘʤʘʥʩʘʡ ʜʦ ʚʝʨʭʦʚʴʝʚ ʨ. ʂʘʨʘʩʫ, ʤʘʛ-
ʥʠʪʥʦʝ ʧʦʣʝ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ (ʜʦ ï200 ʥʊʣ) ʠʣʠ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ (ʦʪ ï200 ʜʦ +200 ʥʊʣ) 
ʭʘʨʘʢʪʝʨ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʝʪʠʪʘ ʚ ʛʥʝʡʩʘʭ ʠ ʤʠʢʨʦʛʥʝʡʩʘʭ ʠ ʰʠ-
ʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʟʜʝʩʴ ʟʦʥ, ʧʦʣʝʡ ʤʠʛʤʘʪʠʟʘʮʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʚʳʥʦʩʦʤ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧ-
ʧʳ ʞʝʣʝʟʘ. ɽʱʝ ʩʝʚʝʨʥʝʝ, ʚ ʜʦʣʠʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ, ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʤʝʥʷʝʪʩʷ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ 
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(ï200 ʥʊʣ, ʨʝʞʝ ï ʜʦ ï400 ʥʊʣ) ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʝ (ʜʦ +300 ʥʊʣ), ʥʘʜ ʩʣʘʥʮʘʤʠ ʩʘʤʦʡ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʦʙʦʛʘʱʝʥʥʳʤʠ ʤʘʛʥʝʪʠʪʦʤ. 
ʇʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʘʷʯʥʦʡ ʩʚʠʪʳ ʥʘ ʄɸʂʉ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝʨʳʤʠ ʠ ʩʚʝʪʣʦ-ʩʝ-

ʨʳʤʠ ʬʦʪʦʪʦʥʘʤʠ ʩ ʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʩʣʝʜʳ ʩʣʦʠʩʪʦʩʪʠ ʠ ʩʣʘʥʮʝʚʘʪʦʩʪʠ ʚ 
ʨʳʭʣʳʭ ʧʨʦʜʫʢʪʘʭ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. 
ɸʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜ ʩʚʠʪʳ ʦʪʥʦʩʠʪʩʷ ʢ ʛʥʝʡʩʦ-ʩʣʘʥʮʝʚʦʡ ʬʦʨʤʘʮʠʠ ʟʦʥʘʣʴʥʳʭ ʤʝʪʘʤʦʨʬʠʯʝ-

ʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʘʥʜʘʣʫʟʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʦʛʦ ʪʠʧʘ [57]. ɺʦ ʚʥʝʰʥʝʡ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʟʦʥʝ ʦʪ-
ʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʦʙʨʘʟʦʚʘʣʩʷ ʧʦ ʧʦʨʦʜʘʤ ʪʝʨʨʠʛʝʥʥʦʡ ʛʣʠʥʠʩʪʦ-
ʘʣʝʚʨʦʣʠʪʦ-ʧʝʩʯʘʥʠʢʦʚʦʡ ʬʦʨʤʘʮʠʠ. 
ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʚ ʧʦʨʦʜʘʭ ʩʚʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʧʦʨʦʜʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʝʝ ʨʘʟʨʝʟʘ ʦʙ-

ʥʘʨʫʞʝʥʳ ʭʠʪʠʥʦʟʦʠ ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʧʦ ʟʘʢʣʶʯʝʥʠʶ ʅ. ʄ. ɿʘʩʣʘʚʩʢʦʡ, ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʳ ʚ ʥʠʞʥʝʤ ʠ ʩʨʝʜʥʝʤ ʦʨʜʦʚʠʢʝ [57]. ɺ ʜʦʣʠʥʝ ʨ. ɼʞʫʩʳ ʚ ʩʣʘʥʮʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝ-
ʟʘ ʦʙʥʘʨʫʞʝʥʳ ʩʧʦʨʳ ʚʝʨʭʥʝʛʦ ʘʨʝʥʠʛʘïʣʣʘʥʜʝʡʣʷ [56]. ʂʦʥʪʘʢʪʳ ʩʚʠʪʳ ʩ ʥʠʞʝʣʝʞʘʱʝʡ ʙʝʩ-
ʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʩ ʚʳʰʝʣʝʞʘʱʝʡ ʵʥʙʝʢʰʠʥʩʢʦʡ ʩʦʛʣʘʩʥʳʝ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠ-
ʝʤ. ʇʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʠ ʥʘʭʦʜʢʘʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʩʪʨʘʪʦʪʠʧʝ, ʚ ʏʝʣʷʙʠʥʩʢʦʡ 
ʦʙʣʘʩʪʠ, ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʧʨʠʥʷʪ ʩʨʝʜʥʠʡ ʦʨʜʦʚʠʢ [2]. 

ʉʈɽɼʅʀʁïɺɽʈʍʅʀʁ ʆʊɼɽʃʓ 

ɺʝʱʝʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʦʚ ʦʨʜʦʚʠʢʘ ʰʠʨʦʢʦ 
ʨʘʟʚʠʪʳ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ, ʧʨʠʤʝʨʥʦ, ʥʘ ʪʝʭ ʞʝ ʧʣʦʱʘʜʷʭ ʠ ʩʪʨʫʢʪʫʨʘʭ, ʯʪʦ 
ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʘʷʯʥʦʡ ʩʚʠʪʳ, ʩʣʘʛʘʷ ʟʜʝʩʴ ʵʥʙʝʢʰʠʥʩʢʫʶ ʪʦʣʱʫ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥʠ ʥʝʟʥʘʯʠ-
ʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʗʢʰʠ-ɸʢʞʘʨ ʫ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʣʠʩʪʘ ʚ ʶʞʥʦʡ ʚʳʢʣʠʥ-
ʢʝ ʉʳʩʝʨʪʩʢʦ-ɸʤʫʨʩʢʦʡ ʧʦʜʟʦʥʳ ɺʝʨʭʥʝʪʫʨʩʢʦ-ʅʦʚʦʨʝʥʙʫʨʛʩʢʦʡ ʉʌɿ, ʛʜʝ ʩʣʘʛʘʶʪ ʥʦʚʦʦʨʝʥ-
ʙʫʨʛʩʢʫʶ ʪʦʣʱʫ. 
ʅʦʚʦʦʨʝʥʙʫʨʛʩʢʘʷ ʪʦʣʱʘ (O2ô3no) ʚʧʝʨʚʳʝ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ɺ. ʃ. ɸʣʝʢʩʝʝʚʳʤ ʠ 

ɸ. ʄ. ʇʫʱʘʝʚʳʤ (1984 ʛ.) ʩʝʚʝʨʥʝʝ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʄʘʣ. ʂʘʨʘʛʘʥʢʘ, ʫ 
ʧʦʩ. ʅʦʚʦʦʨʝʥʙʫʨʛʩʢʦʛʦ. ʕʪʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʧʨʦʩʣʦʷʭ ʩʝʨʳʭ ʢʨʝʤʥʝʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 
ʢʦʥʦʜʦʥʪʳ ʩʨʝʜʥʝʛʦïʚʝʨʭʥʝʛʦ ʦʨʜʦʚʠʢʘ. ʈʘʥʝʝ ʵʪʠ ʦʪʣʦʞʝʥʠʷ ʦʪʥʦʩʠʣʠʩʴ ʢ ʢʘʨʙʦʥʫ. ʆʪʣʦʞʝ-
ʥʠʷ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ ʦʪ ʫʢʘʟʘʥʥʦʛʦ ʨʘʡʦʥʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦʯʪʠ ʙʝʟ ʧʝʨʝʨʳʚʘ ʥʘ ʶʛ, 
ʚ ʧʨʝʜʝʣʳ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʚ ʚʝʨʭʦʚʴʷ ʨ. ɼʘʣʴʥʠʡ ɸʡ-ɼʞʝʨʛʘʥ ʠ ʜʘʣʝʝ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ 
ʨ. ʗʢʰʠ-ɸʢʞʘʨ. ɿʜʝʩʴ ʦʥʠ ʩʣʘʛʘʶʪ ɸʡ-ɼʞʝʨʛʘʥʩʢʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ ʠ ʦʢʨʫʞʘʶʱʫʶ ʝʛʦ 
ʩʠʩʪʝʤʫ ʙʦʣʝʝ ʤʝʣʢʠʭ ʙʣʦʢʦʚ, ʚʳʜʝʣʷʷʩʴ ʚ ʨʝʣʴʝʬʝ ʨʝʟʢʦ ʧʨʠʧʦʜʥʷʪʳʤʠ ʫʯʘʩʪʢʘʤʠ, ʦʙʳʯʥʦ ʩ 
ʵʣʶʚʠʘʣʥɹʳʤʠ ʨʘʟʚʘʣʘʤʠ ʱʝʙʥʷ ʦʩʚʝʪʣʝʥʥʳʭ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ. 
ɽʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʪʦʣʱʠ ʚ ʧʨʝʜʝʣʘʭ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʫʜʷ ʧʦ 

ʨʝʜʢʠʤ ʦʙʥʘʞʝʥʠʷʤ ʠ ʢʘʨʪʠʨʦʚʦʯʥʳʤ ʩʢʚʘʞʠʥʘʤ, ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʦʥʢʦʛʦ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʬʠʣ-
ʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ, ʫʛʣʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ, ʫʛʣʠʩʪʦ-ʩʝʨʠʮʠʪʦ-ʢʚʘʨʮʝ-
ʚʳʭ, ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʩʣʘʥʮʝʚ, ʫʛʣʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ ʬʠʣʣʠʪʦʚ ʚ ʨʝʜʢʠʤʠ ʤʘʣʦʤʦʱ-
ʥʳʤʠ (0,1ï2 ʤ) ʬʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʣʶʜʠʩʪʳʭ ʠ ʭʣʦʨʠʪ-ʩʣʶʜʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, 
ʨʝʞʝ ʛʨʘʚʝʣʠʪʦʚ ʠʟ ʩʝʤʝʡʩʪʚʘ ʬʪʘʥʠʪʦʚʳʭ ʛʨʘʫʚʘʢʢ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʪʦʣʱʠ ʥʝ ʠʟʚʝʩʪʥʘ, ʚʟʘʠ-
ʤʦʦʪʥʦʰʝʥʠʷ ʩ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʦʚʩʝʤʝʩʪʥʦ ʪʝʢʪʦʥʠʯʝʩʢʠʝ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʧʨʝʜʝʣʘʭ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʩ ʫʯʝʪʦʤ ʩʪʨʫʢʪʫʨʥʦʛʦ ʙʫʨʝʥʠʷ ʥʝʧʦʩʨʝʜ-
ʩʪʚʝʥʥʦ ʟʘ ʩʝʚʝʨʥʦʡ ʨʘʤʢʦʡ ʣʠʩʪʘ ʩʦʩʪʘʚʣʷʝʪ 100ï500 ʤ. ʉʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ, ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ 
ʜʘʥʥʳʤ, ʜʦʩʪʠʛʘʝʪ 1 500ï3 000 ʤ [15]. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʤʘʢʩʠʤʫʤʘ ɿʘʧʘʜʥʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʧʝʪʨʦʬʠʟʠʯʝʩʢʦʡ ʟʦʥʳ (ʏʝʨʥʦʤʳʨʜʠʥ ʠ ʜʨ., 1991ʬ). ʅʘ ʢʘʨ-
ʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ (ʅ=500 ʠ 1 000 ʤ) ʚʳʜʝʣʷʶʪʩʷ ʦʥʠ ʢʦʥʪʨʘʩʪʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 
ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 2 ʤɻʘʣ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʱʠ ʠʤʝʝʪ ʩʣʘʙʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʠʣʠ 

ʩʧʦʢʦʡʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʪ ï10 ʜʦ ï20 ʥʊʣ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʧʦʣʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝʨʳʤʠ ʠ ʩʚʝʪʣʦ-

ʩʝʨʳʤʠ ʬʦʪʦʪʦʥʘʤʠ ʩ ʪʦʥʢʦʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ, ʦʩʣʦʞʥʝʥʥʳʤ ʜʝʥʜʨʠʪʦʦʙʨʘʟʥʳʤʠ ʨʝʟʢʠʤʠ 
ʚʨʝʟʘʤʠ ʣʦʞʙʠʥ ʩʪʦʢʘ. 
ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʛʨʘʬʠʪʠʩʪʦ-ʢʚʘʨʮʝʚʳʝ, ʛʨʘʬʠʪʠʩʪʦ-ʩʝʨʠʮʠʪʦ-

ʢʚʘʨʮʝʚʳʝ, ʢʚʘʨʮʠʪʦʚʠʜʥʳʝ ʩʣʘʥʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʩʝʨʦʛʦ ʜʦ ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʨʝʞʝ 
ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʪʦʥʢʦ- ʠ ʛʨʫʙʦʧʦʣʦʩʯʘʪʳʝ ʩ ʰʝʩʪʦʚʘʪʦʡ, ʩʪʝʙʝʣʴʯʘʪʦʡ ʠ ʧʣʠʪʯʘʪʦʡ ʦʪʜʝʣʴʥʦ-
ʩʪʴʶ, ʩ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʦʣʦʩʯʘʪʦ-ʩʣʘʥʮʝʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʠʭ 
ʩʦʩʪʘʚʝ ʚʩʝʛʜʘ ʧʨʝʦʙʣʘʜʘʝʪ ʢʚʘʨʮ (60ï90 %), ʦʙʨʘʟʫʶʱʠʡ ʚ ʦʩʥʦʚʥʦʤ ʤʠʢʨʦʤʝʨʥʳʝ ʨʘʟʥʦʟʝʨ-
ʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ ʟʝʨʝʥ ʩ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʨʘʟʤʝʨʦʚ (ʦʪ 0,001 ʜʦ 0,05 ʤʤ), ʠʟʦʤʝʪʨʠʯʥʦʡ 
ʠʣʠ ʫʜʣʠʥʝʥʥʦʡ ʬʦʨʤʦʡ ʠ ʥʝʨʦʚʥʤrʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ. 
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ʀʟ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʪʩʷ ʛʨʘʬʠʪ, ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʝ ʫʛʣʠʩʪʦʝ ʚʝ-
ʱʝʩʪʚʦ (ʜʦ 20 %), ʩʝʨʠʮʠʪ (ʜʦ 20 %), ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ (ʜʦ 5 %), ʨʝʞʝ ï ʭʣʦʨʠʪ (ʜʦ 5 %), ʙʠʦʪʠʪ 
(ʜʦ 3 %), ʵʧʠʜʦʪ (ʜʦ 3 %), ʩʬʝʥ, ʪʫʨʤʘʣʠʥ, ʘʧʘʪʠʪ. 
ʋ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ, ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ɼʘʣʴʥʠʡ ɸʡ-ɼʞʝʨʛʘʥ ʚ ʩʢʚʘʞʠʥʘʭ ʚʩʪʨʝ-

ʯʘʶʪʩʷ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-
ʢʨʝʤʥʠʩʪʳʝ, ʨʝʜʢʦ ʛʣʠʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩʣʘʥʮʳ ʩ ʨʝʣʠʢʪʘʤʠ ʩʫʙʢʦʣʣʦʠʜʥʳʭ ʩʪʨʫʢʪʫʨ, ʩ 
ʧʦʣʦʩʯʘʪʦʡ, ʧʷʪʥʠʩʪʦʡ ʜʦ ʦʯʢʦʚʦʡ ʪʝʢʩʪʫʨʘʤʠ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʥʦʟʝʨʥʠʩʪʦʛʦ (ʦʪ ʢʨʠʧʪʦ- ʜʦ 
ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ) ʢʚʘʨʮʘ, ʯʘʩʪʦ ʦʙʨʘʟʫʶʱʝʛʦ ʘʛʨʝʛʘʪʳ ʟʝʨʝʥ ʦʢʨʫʛʣʦʡ, ʣʠʥʟʦʚʠʜʥʦʡ ʠʣʠ ʣʝʥʪʦ-
ʚʠʜʥʦʡ ʬʦʨʤʳ, ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʯʠʱʝʥʥʳʝ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜʳ, ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʢʦʣʠʯʝʩʪʚʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʚʘʨʮʘ, ʩʢʦʧʣʝʥʠʷ ʝʛʦ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʠʣʠ ʯʝʨʝʜʫʶʪʩʷ, ʠʣʠ 
ʥʘʭʦʜʷʪʩʷ ʚ ʤʘʩʩʝ ʢʨʠʧʪʦʟʝʨʥʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʢʚʘʨʮʘ, ʛʣʠʥʠʩʪʳʭ ʯʘʩʪʠʮ, ʩʝʨʠʮʠ-
ʪʘ ʠ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʠʥʦʛʜʘ ʦ ʨʝʣʠʢʪʘʤʠ ʯʝʰʫʡʯʘʪʳʭ ʠ ʩʫʙʢʦʣʣʦʠʜʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʄʠ-
ʥʝʨʘʣʴʥʳʝ ʧʘʨʘʛʝʥʝʟʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ ʪʦʣʱʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʬʠʣʣʠʪʦ-
ʚʦʡ ʩʪʫʧʝʥʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʛʦ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ. 
ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʦʧʠʩʳʚʘʝʤʦʡ ʪʦʣʱʠ ʦʪʣʠʯʘʶʪʩʷ ʦʯʝʥʴ ʚʳʩʦʢʠʤʠ ʩʦ-

ʜʝʨʞʘʥʠʷʤʠ (ʜʦ 0,001 %) ʤʦʣʠʙʜʝʥʘ, ʩʝʨʝʙʨʘ (ʜʦ 10 ʛ/ʪ) ʠ ʤʘʨʛʘʥʮʘ (ʜʦ 0,1 %) ʠ ʥʠʟʢʠʤʠ 
ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʭʘʣʴʢʦʬʠʣʴʥʦʡ ʛʨʫʧʧʳ [57]. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,54 ʜʦ 2,63 ʛ/ʩʤ3 ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘ-

ʯʝʥʠʠ ï 2,59 ʛ/ʩʤ3, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʦʩʥʦʚʥʦʤ ʦʯʝʥʴ ʥʠʟʢʘʷ (ʜʦ 6Ŀ10-6 ʝʜ. ʉɻʉ). 
ɸʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ ʦʪʥʦʩʠʪʩʷ ʢ ʢʚʘʨʮʠʪʦ-ʬʠʣʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, 

ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʟʘ ʩʯʝʪ ʤʝʪʘʤʦʨʬʠʟʤʘ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ 
ʙʘʩʩʝʡʥʦʚ ʠ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʢʦʪʣʦʚʠʥ. 
ɺʦʟʨʘʩʪ ʪʦʣʱʠ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʥʘʭʦʜʢʘʤ ʚʦʜʦʨʦʩʣʝʡ ʠ ʭʠʪʠʥʦʟʦʡ ʚ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ 

ʩʣʘʥʮʘʭ ɸʡ-ɼʞʝʨʛʘʥʩʢʦʛʦ ʙʣʦʢʘ. ʂʦʤʧʣʝʢʩ ʭʠʪʠʥʦʟʦʡ ʚ ʥʠʭ, ʧʦ ʟʘʢʣʶʯʝʥʠʶ ʊ. ʅ. ʅʦʚʠʢʦʚʦʡ, 
ʪʠʧʠʯʝʥ ʜʣʷ ʦʨʜʦʚʠʢʩʢʦʛʦ ʧʝʨʠʦʜʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ [57]. ʅʘʭʦʜʢʠ ʚ ʧʦʨʦʜʘʭ ʪʦʣʱʠ ʫ ʧʦʩ. ʅʦ-
ʚʦʦʨʝʥʙʫʨʛʩʢʦʛʦ ʢʦʥʦʜʦʥʪ [15] ʩʫʞʘʪʁ ʠʭ ʚʦʟʨʘʩʪʥʦʡ ʠʥʪʝʨʚʘʣ ʜʦ ʩʨʝʜʥʝʛʦïʚʝʨʭʥʝʛʦ ʦʨʜʦʚʠʢʘ 
(ʧʦ ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ 2013 ʛ. ï ʜʘʧʠʥʩʢʠʡïʩʘʥʜʙʠʡʩʢʠʡ (ʥʠʟʳ) ʷʨʫʩʳ). 
ʕʥʙʝʢʰʠʥʩʢʘʷ ʪʦʣʱʘ (O2ô3?en) ʚʳʜʝʣʝʥʘ ʇ. ɺ. ʃʷʜʩʢʠʤ ʚ 1995 ʛ. ʉʦʩʪʦʠʪ, ʚ ʦʩʥʦʚ-

ʥʦʤ, ʠʟ ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʭ ʩʣʘʥʮʝʚ, ʤʠʢʨʦʘʤʬʠʙʦʣʠʪʦʚ ʧʦ ʙʘʟʘʣʴʪʘʤ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ 
ʢʦʣʠʯʝʩʪʚʝ ʥʘʭʦʜʷʪʩʷ ʤʝʪʘʙʘʟʘʣʴʪʳ, ʧʦʨʬʠʨʠʪʦʠʜʳ, ʭʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ, ʧʦʣʝʚʦʰʧʘʪ-
ʭʣʦʨʠʪʦʚʳʝ, ʙʠʦʪʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʝ ʩʣʘʥʮʳ. 
ʇʦʨʦʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ, ʥʘ ʪʝʭ ʞʝ ʫʯʘʩʪʢʘʭ, ʯʪʦ ʠ ʦʪʣʦʞʝ-

ʥʠʷ ʧʦʜʩʪʠʣʘʶʱʝʡ ʤʘʷʯʥʦʡ ʩʚʠʪʳ. ɺ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʧʦʜʟʦʥʝ ʦʥʠ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʨʦ-
ʝʥʠʠ ɾʘʤʘʥ-ɸʢʞʘʨʩʢʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʠ ʢʨʳʢʣʠʥʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ. ɺ ʂʦʧʝʡ-
ʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ï ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ, ʚ ʵʢʟʦʢʦʥʪʘʢʪʘʭ 
ʂʦʧʠʥʩʢʦʛʦ ʠ ʂʘʠʥʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʘ ʪʘʢʞʝ, ʫʯʘʩʪʢʘʤʠ ʚ ʂʦʷʥʩʘʡʩʢʦ-ʂʘʨʘʛʘʯʠʥʩʢʦʡ ʙʣʦʢ-
ʤʦʥʦʢʣʠʥʘʣʠ. 
ʅʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʡ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʘʟʨʝʟ ʵʥʙʝʢʰʠʥʩʢʦʡ ʪʦʣʱʠ (ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʡ, 15) 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ, ʢʦʪʦʨʳʡ ʥʘʯʠʥʘʝʪʩʷ ʚ 1,5 ʢʤ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ ʦʪ ʧʦʩ. ʕʥʙʝʢ-
ʰʠ ʠ ʪʷʥʝʪʩʷ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʜʦ ʩʘʤʦʛʦ ʧʦʩʝʣʢʘ. ʂʦʥʪʘʢʪ ʪʦʣʱʠ ʩ ʧʦʜʩʪʠʣʘʶʱʝʡ ʝʝ ʤʘʷʯʥʦʡ 
ʩʚʠʪʦʡ ʠ ʦʩʥʦʚʘʥʠʝ ʝʝ ʨʘʟʨʝʟʘ ʚ ʨʘʟʨʝʟʝ ʨʝʢʠ ʥʝ ʦʙʥʘʞʝʥʳ, ʥʦ ʦ ʥʝʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʨʘʟʨʝʟʫ 
ʧʨʦʙʫʨʝʥʥʦʡ ʟʜʝʩʴ ʩʢʚʘʞʠʥʳ [57]: ʚ ʥʝʡ ʜʦ ʛʣʫʙʠʥʳ 136 ʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʵʧʠʜʦʪ-
ʭʣʦʨʠʪ-ʘʣʴʙʠʪʦʚʳʭ, ʘʣʴʙʠʪ-ʭʣʦʨʠʪʦʚʳʭ, ʵʧʠʜʦʪ-ʘʣʴʙʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ ʛʠʘʣʦʢʣʘ-
ʩʪʠʪʦʚʳʤ ʪʝʬʨʦʛʝʥʥʳʤ ʠ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʤ ʧʝʩʯʘʥʠʢʘʤ, ʘʣʝʚʨʦʣʠʪʘʤ ʩ ʧʨʦʩʣʦʷʤʠ ʤʦʱʥʦ-
ʩʪʴʶ ʜʦ 4 ʤ ʧʦʨʬʠʨʠʪʦʠʜʦʚ ʮʦʠʟʠʪ-ʘʣʴʙʠʪ-ʭʣʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʭʣʦʨʠʪʦʚʳʭ ʠ ʭʣʦʨʠʪ-ʢʚʘʨʮʝ-
ʚʳʭ ʬʠʣʣʠʪʦʚ (ʤʦʱʥʦʩʪʴʶ 3ï20 ʤ) ʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʘʣʴʙʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʩ ʫʛʣʠʩʪʳʤ ʚʝʱʝ-
ʩʪʚʦʤ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʚʝʨʭʦʚ ʨʘʟʨʝʟʘ ʤʘʷʯʥʦʡ ʩʚʠʪʳ. 
ɺʳʰʝ ʵʪʦʛʦ ʨʘʟʨʝʟʘ, ʚ ʦʙʨʳʚʝ ʧʨʘʚʦʛʦ ʙʝʨʝʛʘ ʨʝʢʠ, ʦʙʥʘʞʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʝʚʦʧhʘʪ-

ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ, ʵʧʠʜʦʪ (ʢʣʠʥʦʮʦʠʟʠʪ) ʧʦʣʝʚʦʰʧʘʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʦʨʪʦʩʣʘʥʮʳ ʧʦ ʙʘ-
ʟʘʣʴʪʘʤ, ʯʘʩʪʦ ʩ ʨʝʣʠʢʪʦʚʦʡ ʧʦʜʫʰʝʯʥʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ʉʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ (ʜʦ 
40 ʤ) ʧʦʨʬʠʨʠʪʦʠʜʦʚ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʭ ʦʨʪʦʩʣʘʥʮʝʚ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ 
ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ, ʩ ʨʝʣʠʢʪʦʚʳʤ ʟʦʥʘʣʴʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ 
ʪʝʣ. ʇʦʩʣʝʜʥʠʝ ʦʙʨʘʟʫʶʪ ʟʜʝʩʴ ʧʦʷʩ ʰʠʨʠʥʦʡ ʜʦ 200 ʤ, ʧʨʦʪʷʛʠʚʘʶʱʠʡʩʷ ʦʪ ʶʞʥʦʡ ʦʢʨʘʠʥʳ 
ʧʦʩ. ʕʥʙʝʢʰʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 4 ʢʤ, ʜʦ ʪʨʠʛʦʧʫʥʢʪʘ ʄʠʨʦʥʦʚʩʢʦʛʦ. 
ʅʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʨ. ʉʫʫʥʜʫʢ ʠ ʋʨʫʩ-ʂʠʩʢʝʥ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʵʧʠʜʦʪ-ʧʦʣʝʚʦʰ-

ʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʝ, ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʩʣʘʥʮʳ ʧʦ ʙʘʟʘʣʴʪʘʤ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ 
ʙʠʦʪʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ, ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ ʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʤʠ ʯʘʩʪʦ ʩ ʛʨʘʬʠ-
ʪʠʩʪr ʤ ʚʝʱʝʩʪʚʦʤ ʩʣʘʥʮʘʤʠ. ʄʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,2 ʜʦ 6,0 ʤ. ʂ ʶʛʫ ʠ ʶʛʦ-ʟʘʧʘ-
ʜʫ ʵʪʦ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʩʤʝʥʷʝʪʩʷ ʢʚʘʨʮʠʪʦʚʠʜʥʳʤʠ, ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦ-
ʩʣʦʷʤʠ ʜʦ 2,5 ʤ ʛʨʘʬʠʪʠʩʪʳʭ ʤʠʢʨʦʢʚʘʨʮʠʪʦʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʘʷʯʥʦʡ ʩʚʠʪʳ. ʂʦʥʪʘʢʪ 



 19 

ʤʝʞʜʫ ʥʠʤʠ ʟʘʢʨʳʪ, ʥʦ ʩʫʜʷ ʧʦ ʵʣʝʤʝʥʪʘʤ ʟʘʣʝʛʘʥʠʷ, ʧʦʩʣʝʜʥʠʝ ʧʦʜʩʪʠʣʘʶʪ ʚʳʰʝʫʢʘʟʘʥʥʫʶ 
ʩʣʦʠʩʪʫʶ ʧʘʯʢʫ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʦʨʪʦʩʣʘʥʮʝʚ ʧʦ ʙʘʟʘʣʴʪʦʠʜʘʤ. 
ɺ ʚʝʨʭʦʚʴʷʭ ʨʨ. ʂʘʨʘʩʫ, ʂʦʧʘ, ɹʝʨʝʟʦʚʦʡ, ʩʫʜʷ ʧʦ ʝʜʠʥʠʯʥʳʤ ʨʘʟʨʦʟʥʝʥʥʳʤ ʦʙʥʘʞʝʥʠ̫ ʤ, ʚ 

ʩʦʩʪʘʚʝ ʪʦʣʱʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚʩʝ ʪʝ ʞʝ ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʦʨʪʦʩʣʘʥʮʳ, ʥʦ ʙʦʣʝʝ ʠʥʪʝʥ-
ʩʠʚʥʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝ-
ʪʘʤʦʨʬʠʟʤʘ ʠ ʧʨʝʚʨʘʱʝʥʥʳʝ ʚ ʘʤʬʠʙʦʣʠʪʳ, ʨʦʛʦʚʠʢʠ ʠ ʤʠʛʤʘʪʠʪʳ. ɿʜʝʩʴ ʦʯʝʥʴ ʯʘʩʪʦ ʫ ʥʠʭ 
ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʣʘʛʠʦʤʠʛʤʘʪʠʟʘʮʠʠ ʠ ʧʣʘʛʠʦʬʝʣʴʜʰʧʘʪʠʟʘʮʠʠ, ʙʠʦʪʠʟʘʮʠʠ ʠ ʧʦʩʣʝ-
ʜʫʶʱʠʭ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʨʘʟʨʝʟʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʜʦʩʪʠʛʘʝʪ 400 ʤ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ʟʜʝʩʴ ʦʥʘ ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʥʝ ʧʦʣʥʳʤ ʨʘʟʨʝʟʦʤ, ʘ ʪʘʢ ʞʝ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʝʝ ʬʨʘʛʤʝʥʪʦʚ ʚ ʧʦʷʩʝ ʪʝʣ ʛʨʘʥʠʪʦʠ-
ʜʦʚ, ʤʝʞʜʫ ʂʘʥʜʠʥʩʢʠʤ ʠ ʂʦʧʠʥʩʢʠʤ ʤʘʩʩʠʚʘʤʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ 
ʵʪʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʥʝ ʤʝʥʝʝ 800 ʤ. ɺʦʟʤʦʞʥʦ, ʢ ʟʘʧʘʜʫ ʠ ʶʛʫ ʦʥʘ ʙʳʣʘ ʤʝʥʴʰʝʡ ʠ ʥʝ ʧʨʝ-
ʚʳʰʘʣʘ 500 ʤ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʦʨʪʦʩʣʘʥʮʳ ʧʨʝʜ-
ʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʩʝʨʦ-ʟʝʣʝʥʦʡ, ʟʝʣʝʥʦʡ ʜʦ ʪʝʤʥʦʡ ʦʢʨʘʩʢʠ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʜʦ ʤʠʢʨʦ-
ʟʝʨʥʠʩʪʳʭ ʩ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ, ʨʝʞʝ ʙʣʘʩʪʦʦʬʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩ ʣʠʥʝʡʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʯʝʥʴ 
ʯʘʩʪʦ ʚ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʣʠʢʪʦʚʘʷ ʧʦʜʫʰʝʯʥʘʷ ʦʪʜʝʣʴʥʦʩʪʴ, ʚʳʨʘʞʘʶʱʘʷʩʷ ʚ ʥʘʣʠʯʠʠ ʣʠʥ-
ʟʦʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʨʘʟʤʝʨʦʤ ʜʦ 2,5 ʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʩ ʙʦʣʝʝ ʟʝʨʥʠʩʪʳʤ ʠ ʤʘʩʩʠʚʥʳʤ ʩʪʨʦ-
ʝʥʠʝʤ, ʨʘʟʜʝʣʝʥʥʳʭ ʟʦʥʘʤʠ ʤʦʱʥʦʩʪʴʶ 5ï20 ʩʤ ʙʦʣʝʝ ʤʝʣʘʥʦʢʨʘʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʤʠʢʨʦʟʝʨʥʠ-
ʩʪʦʛʦ ʩʪʨʦʝʥʠʷ ʠ ʩ ʦʪʯʝʪʣʠʚʦʡ ʩʣʘʥʮʝʚʦʡ ʪʝʢʩʪʫʨʦʡ. 
ʆʨʪʦʩʣʘʥʮʳ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ (ɸn=4ï12 %) ï 30ï45 %, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʦʪ ʙʣʝʜʥʦ-ʟʝ-

ʣʝʥʦʡ (ʫʨʘʣʠʪʘ, ʘʢʪʠʥʦʣʠʪʘ) ʜʦ ʛʫʩʪʦ-ʟʝʣʝʥʦʡ ʠ ʩʠʥʝʚʘʪʦ-ʟʝʣʝʥʦʡ ï 50ï70 %, ʵʧʠʜʦʪʘ ʠ ʢʣʠ-
ʥʦʮʦʠʟʠʪʘ ï 10ï30 %. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʬʝʥ, ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝ-
ʥʠʪ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ; ʠʟ ʚʪʦʨʠʯʥʳʭ ï ʭʣʦʨʠʪ, ʵʧʠʜʦʪ, ʢʘʨʙʦʥʘʪ, ʩʝʨʠʮʠʪ, ʢʚʘʨʮ, ʣʝʡʢʦʢʩʝʥ. ʋʢʘ-
ʟʘʥʥʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʦʪʚʝʯʘʝʪ, ʚ ʦʩʥʦʚʥʦʤ, ʫʩʣʦʚʠʷʤ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʡ ʩʪʫʧʝʥʠ 
ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. 
ʇʦʨʬʠʨʠʪʦʠʜʳ ʠʤʝʶʪ, ʧʨʠʤʝʨʥʦ, ʪʘʢʦʡ ʞʝ ʩʦʩʪʘʚ, ʢʘʢ ʠ ʦʧʠʩʘʥʥʳʝ ʩʣʘʥʮʳ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʙʣʘʩʪʦʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʨʠʩʫʪʩʪʚʠʝʤ ʨʝʣʠʢʪʦʚ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʡ 
ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʫʨʘʣʠʪʘ. 
ʄʠʢʨʦʘʤʬʠʙʦʣʠʪʳ ʠ ʨʦʛʦʚʠʢʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʝʡ ʟʝʨʥʠʩʪʦʩʪʴʶ 

ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʝʤʘʪʦʛʨʘʥʦʙʣʘʩʪʦʚʳʭ, ʛʨʘʥʦʙʣʘʩʪʦʚʳʭ ʠ ʧʦʡʢʠʣʦʙʣʘʩʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʣʠ-
ʥʝʡʥʳʭ ʪʝʢʩʪʫʨ. ɺ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʘʛʠʦʢʣʘʟ (ɸn=28ï40 %) ʠ ʩʠʥʝ-ʟʝʣʝʥʘʷ ʨʦʛʦʚʘʷ 
ʦʙʤʘʥʢʘ, ʠʥʦʛʜʘ ʵʧʠʜʦʪ (ʜʦ 10 %). ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ 
ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʡ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʆʥʘ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʟʘʤʝʱʘʝʪʩʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 
ʘʩʩʦʮʠʘʮʠʝʡ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʵʧʠʜʦʪʘ, ʘʣʴʙʠʪʘ, ʭʣʦʨʠʪʘ ʠ ʩʝʨʠʮʠʪʘ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʪʝ 
ʞʝ, ʯʪʦ ʠ ʚ ʧʦʨʦʜʘʭ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʦʨʪʦʩʣʘʥʮʝʚ ʪʦʣʱʠ ʦʪʚʝʯʘʶʪ ʩʦʩʪʘʚʘʤ ʙʘʟʘʣʴʪʦʠʜʦʚ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ 

ʢʨʝʤʥʝʟʝʤʘ ʚ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ, ʩʠʣʴʥʦ ʥʝʜʦʩʳʱʝʥʥʘʷ ʢʨʝʤʥʝʟʝʤʦʤ (46ï
48 %), ʠ ʚʪʦʨʘʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʦʛʘʱʝʥʥʘʷ ʠʤ (49ï52 %). ʆʙʝ ʛʨʫʧʧʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ 
ʦʪʥʦʩʷʪʩʷ ʢ ʥʦʨʤʘʣʴʥʳʤ ʙʘʟʘʣʴʪʘʤ ʥʘʪʨʠʝʚʦʛʦ ʨʷʜʘ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʚ 
ʩʦʩʪʘʚʘʭ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʥʘʪʨʠʷ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʢʘʣʠʷ. 
ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʩʦʩʪʘʚʦʚ ʦʪʣʠʯʘʝʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʠʪʘʥʘ (ʊiO2 ï 2,53 %) ʠ ʩʫʤʤʘʨ-
ʥʦʛʦ ʞʝʣʝʟʘ (Fʝ2ʆ3+Fʝʆ ï 12ï15 %), ʢʦʪʦʨʳʝ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʨʝʟʢʦ ʩʥʠʞʘʶʪʩʷ. ɺ ʮʝʣʦʤ ʩʦ-
ʩʪʘʚʳ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʚʘʨʠʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʷʭ ʚʳʩʦʢʦ-
ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʩʦʩʪʘʚʦʚ, ʠ ʚ ʥʠʭ ʜʦʚʦʣʴʥʦ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʥʦʡ ʪʨʝʥʜ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ [57]. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧ-

ʧʳ ʞʝʣʝʟʘ: V, ʄn, Ni, ʉʦ, Ti, Sʩ ʠ ʥʠʟʢʠʝ ʛʨʫʧʧʳ ʵʣʝʤʝʥʪʦʚ ʢʠʩʣʳʭ ʧʦʨʦʜ: ɺʝ, Li, ʈb, Zr, ɺʘ, W, 
Lʘ, Ag, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʘʤʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ, ʙʣʠʟʢʠʤʠ ʢ ʩʦʩʪʘʚʘʤ ʪʦʣʝʠ-
ʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥ-
ʪʦʚ: Cu, Zn, Sn, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʥʘʣʦʞʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʪʘʢ ʢʘʢ ʠʤʝʶʪ ʥʝ-
ʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʪʦʣʱʠ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,76 ʜʦ 3,33 ʛ/ʩʤ3, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 3,05 ʛ/ʩʤ3. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ (3,0ï3,33 ʛ/ʩʤ3) ʠʤʝʶʪ ʤʠʢʨʦʘʤʬʠʙʦʣʠʪʳ ʠ ʨʦʛʦʚʠʢʠ ʘʤʬʠʙʦʣʠ-
ʪʦʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʘ ʩʘʤʫʶ ʥʠʟʢʫʶ (2,76ï2,85 ʛ/ʩʤ

3
) ï ʩʣʘʥʮʳ ʠ ʜʠʘʬʪʦʨʠʪʳ ʟʝʣʝʥʦ-

ʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 28Ŀ10-6 ʜʦ 380Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʚ 
ʩʨʝʜʥʝʤ ʨʘʚʥʘ 51Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʱʠ ʥʘ ʚʦʩʪʦʢʝ ʨʘʡʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ 

ʦʙʣʘʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʝʛʦ ʟʥʘʯʝʥʠʡ, ʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ï ʚ ʟʦʥʝ ʛʨʘʜʠʝʥʪʘ. ʇʦʩʣʝʜʥʷʷ ʩʝ-
ʚʝʨʥʝʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʤʠ (2ï3 ʤɻʘʣ ʥʘ 1 ʢʤ) ʠ ʧʣʘʚ-
ʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ (ʅ=500 ʠ 1 000 ʤ) ʵʪʠ 
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ʧʣʦʱʘʜʠ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʤ̫ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 0,75ï1,5 ʤɻʘʣ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʦʣʱʝʡ, ʧʦʣʦʞʠʪʝʣʴʥʦʝ, ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ, ʩʦʩʪʦʷ-

ʱʝʝ ʠʟ ʮʝʧʦʯʝʢ ʠ ʧʦʷʩʦʚ ʥʝʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 70ï200 ʥʊʣ, 
ʩʣʘʙʦ ʚʳʜʝʣʷʶʱʠʭʩʷ ʥʘ ʦʙʱʝʤ ʬʦʥʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 20ï50 ʥʊʣ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʚʳʭʦʜʳ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʪʦʣʱʠ (ʚ ʜʦʣʠʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ) ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʪʩʷ ʩʝʨʳʤ, ʪʝʤʥʦ-ʩʝʨʳʤ ʬʦʪʦʛʝʥʦʤ ʩʦ ʩʣʘʙʦʧʦʣʦʩʯʘʪʦʡ ʜʦ ʣʠʥʟʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘ 
ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʬʦʪʦʪʦʥʘ ʩ ʜʦʚʦʣʴʥʦ ʦʪʯʝʪ-
ʣʠʚʳʤ ʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ. 
ʄʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʵʥʙʝʢʰʠʥʩʢʦʡ ʪʦʣʱʠ ʦʪʥʝʩʝʥʳ ʢ ʟʦʥʘʣʴʥʦʡ ʘʤʬʠʙʦʣʠʪ-ʟʝʣʝ-

ʥʦʩʣʘʥʮʝʚʦʡ ʬʦʨʤʘʮʠʠ, ʦʙʨʘʟʦʚʘʚʰʝʡʩʷ ʚ ʧʦʟʜʥʝʢʘʣʝʜʦʥʩʢʠʡ ʵʪʘʧ ʤʝʪʘʤʦʨʬʠʟʤʘ ʪʦʣʱʠ ʪʦʣʝ-
ʠʪʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ [57]. 
ʆʪʣʦʞʝʥʠʷ ʪʦʣʱʠ ʩʦʛʣʘʩʥʦ, ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʟʘʣʝʛʘʶʪ ʥʘ ʧʘʨʘʩʣʘʥʮʘʭ ʤʘʷʯʥʦʡ ʩʚʠʪʳ. ʊʘ-

ʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʨʘʩʪ ʠʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʨʝʚʥʝʝ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ. ʂʦʩʦʙʨʦʜʩʢʘʷ ʪʦʣʱʘ ʟʘʣʝ-
ʛʘʝʪ ʥʘ ʤʘʷʯʥʦʡ ʩʚʠʪʝ ʩʦʛʣʘʩʥʦ, ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ ʩ ʩʠʣʫʨʠʡʩʢʦïʥʠʞʥʝʜʝʚʦʥʩʢʦʡ 
ʙʫʣʘʪʦʚʩʢʦʡ ʪʦʣʱʝʡ ʥʝ ʷʩʥʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ ʵʥʙʝʢʰʠʥʩʢʘʷ ʪʦʣʱʘ, ʩ ʥʝʢʦʪʦʨʦʡ 
ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ, ʦʪʥʝʩʝʥʘ ʢ ʩʨʝʜʥʝʤʫïʧʦʟʜʥʝʤʫ ʦʨʜʦʚʠʢʫ. 

ɺɽʈʍʅʀʁ ʆʊɼɽʃ 

ʂʦʩʦʙʨʦʜʩʢʘʷ ʪʦʣʱʘ (O3?ks) ʨʘʟʚʠʪʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʩʪʨʫʢ-
ʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʧʦʜʟʦʥʳ ʠ ʚ ʚʳʭʦʜʘʭ ʥʘ ʢʘʨʪʠʨʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʥʘ ʪʝʭ ʞʝ 
ʧʣʦʱʘʜʷʭ, ʯʪʦ ʠ ʙʦʣʝʝ ʜʨʝʚʥʠʝ ʵʥʙʝʢʰʠʥʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʨʦʜʳ ʪʦʣʱʠ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʧʨʝ-
ʜʝʣʘʭ ɼʞʘʤʘʥ-ɸʢʞʘʨʩʢʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʙʣʦʢʘ ʠ ʂʨʳʢʣʠʥʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ. 
ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ɼʞʘʤʘʥ-ɸʢʞʘʨʩʢʦʛʦ ʙʣʦʢʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʂʦʩʦʙʨʦʜʩʢʦʡ ʪʦʣʱʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. ʆʪʣʦʞʝʥʠʷ ʝʝ ʚʩʢʨʳʪʳ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʢʚʘʞʠʥ ʚ ʧʨʝʜʝʣʘʭ ɼʞʘʤʘʥ-ɸʢ-
ʞʘʨʩʢʦʛʦ, ʈʝʯʥʦʚʩʢʦʛʦ ʠ ʅʫʨʙʘʡʩʢʦʛʦ ʫʯʘʩʪʢʦʚ ʊʝʨʝʥʩʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʴʝʟʦʢʚʘʨʮʘ. 
ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʵʪʠʭ ʩʢʚʘʞʠʥ ʚʩʢʨʳʚʘʝʪ ʦʜʥʦʦʙʨʘʟʥʳʡ ʨʘʟʨʝʟ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʯʝʨʝʜʦʚʘʥʠʷ ʧʦʨ-
ʬʠʨʦʠʜʦʚ, ʤʝʪʘʨʠʦʣʠʪʦʚ, ʤʝʪʘʜʘʮʠʪʦʚ ʠ ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʠʣʠ ʭʣʦʨʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ 
ʩ ʵʧʠʜʦʪʦʤ, ʢʚʘʨʮʝʤ, ʨʝʜʢʦ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ ʩʣʘʥʮʝʚ ʧʦ ʪʫʬʘʤ ʠ ʪʫʬʦʧʝʩʯʘʥʠʢʘʤ. ʅʘ ʦʪ-
ʜʝʣʴʥʳʭ ʧʦʠʩʢʦʚʳʭ ʫʯʘʩʪʢʘʭ ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʜ ʚ ʥʝʤ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʥʝ-
ʩʢʦʣʴʢʦ (ʜʦ ʧʷʪʠ) ʧʘʯʝʢ ʤʦʱʥʦʩʪʴʶ ʦʪ 50 ʜʦ 240 ʤ. ʕʪʠ ʧʘʯʢʠ ʥʝ ʫʩʪʦʡʯʠʚʳ ʧʦ ʩʦʩʪʘʚʫ, ʯʘʩʪʦ 
ʚʳʢʣʠʥʠʚʘʶʪʩʷ ʠ ʟʘʤʝʱʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʧʦ ʧʘʜʝʥʠʶ. ʇʦʣʦʞʝʥʠʝ ʠʭ ʚ ʨʘʟʨʝʟʝ 
ʠʟ-ʟʘ ʰʠʨʦʢʦ ʨʘʟʚʠʪʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ, ʩ ʟʘʧʨʦʢʠʜʳʚʘʥʠʝʤ ʩʢʣʘʜʦʢ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, 
ʟʘʯʘʩʪʫʶ ʦʩʪʘʝʪʩʷ ʥʝ ʷʩʥʳʤ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 700ï1 000 ʤ. 
ʅʘ ʩʝʚʝʨʥʦʤ ʦʢʦʥʯʘʥʠʠ ʧʦʣʦʩʳ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ ʪʦʣʱʠ, ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʥʦʛʦ ʧʦʛʨʫʞʝʥʠʷ 

ʅʫʨʙʘʡʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʢʦʩʦʙʨʦʜʩʢʘʷ ʪʦʣʱʘ, ʩʫʜʷ ʧʦ ʜʘʥʥʳʤ ʢʘʨʪʠʨʦʚʦʯʥʦʛʦ ʙʫʨʝʥʠʷ, 
ʩʦʩʪʦʠʪ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʟ ʩʣʘʥʮʝʚ, ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪ-ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʜʘʮʠʪʘʤ ʵʢʩ-
ʪʨʫʟʠʚʥʦ-ʣʘʚʦʚʦʡ ʬʘʮʠʠ. ɺ ʩʢʚʘʞʠʥʝ  ̄6140 ʉʪʝʧʥʦʡ ɻʈʕ ʦʥʠ ʧʦʜʩʪʠʣʘʶʪʩʷ ʘʣʴʙʠʪ-ʭʣʦʨʠʪʦ-
ʚʳʤʠ ʩ ʵʧʠʜʦʪʦʤ ʠ ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ ʙʠʦʪʠʪʘ ʩʣʘʥʮʘʤʠ ʧʦ ʙʘʟʘʣʴʪʘʤ ʵʥʙʝʢʰʠʥʩʢʦʡ ʪʦʣʱʠ 
[57]. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʪʦʣʱʠ ʟʜʝʩʴ ʩʣʦʞʝʥʘ ʢʣʘʩʪʦʣʘʚʘʤʠ ʠ ʤʝʣʢʦʧʦʜʫʰʝʯʥʳʤʠ ʣʘʚʘʤʠ 
ʜʘʮʠʪʦʚ ʠ ʤʝʪʘʨʠʦʜʘʮʠʪʦʚ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ ʚʧʣʦʪʴ ʜʦ ʩʣʘʥʮʝʚ. 
ʉʚʷʟʫʶʱʠʡ ʤʘʪʝʨʠʘʣ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʪʫʬʘʤʠ ʠʣʠ ʪʝʬʨʦʠʜʘʤʠ ʘʣʝʚʨʦʣʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 
ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʠʣʠ ʘʥʜʝʟʠʪʦʚ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʚ ʩʣʘʥʮʳ ʭʣʦʨʠʪ-
ʵʧʠʜʦʪ-ʘʣʴʙʠʪʦʚʦʛʦ, ʵʧʠʜʦʪ-ʭʣʦʨʠʪ-ʘʣʴʙʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʣʘʚ ʩʦ-
ʩʪʘʚʣʷʝʪ, ʧʨʠʤʝʨʥʦ, 240 ʤ. ɽʱʝ ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʩʝʨʠʮʠʪ-ʢʚʘʨʮ-
ʘʣʴʙʠʪʦʚʳʭ, ʭʣʦʨʠʪ-ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ, ʵʧʠʜʦʪ-ʭʣʦʨʠʪ-ʘʣʴʙʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ ʤʝʣʢʦʦʙʣʦʤʦʯ-
ʥʳʤ ʪʫʬʘʤ ʠ ʪʝʬʨʦʠʜʘʤ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ, ʘ ʚ ʚʝʨʭʘʭ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʦʛʦ, ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘ-
ʚʘ. ʄʦʱʥʦʩʪʠ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʩʣʘʥʮʝʚ ʧʦ ʪʫʬʘʤ ʠ ʪʝʬʨʦʠʜʘʤ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 5 ʜʦ 25 ʤ. ʆʙʱʘʷ 
ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʜʦʩʪʠʛʘʝʪ 270 ʤ. 
ɿʘʚʝʨʰʘʝʪ ʨʘʟʨʝʟ ʪʦʣʱʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʧʘʯʢʘ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦʛʦ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʵʧʠʜʦʪ-

ʘʣʴʙʠʪ-ʭʣʦʨʠʪʦʚʳʭ, ʵʧʠʜʦʪ-ʭʣʦʨʠʪ-ʘʣʴʙʠʪʦʚʳʭ, ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪ-ʘʣʴʙʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ ʪʦʥ-
ʢʦʩʣʦʠʩʪʳʤ ʪʫʬʦʘʣʝʚʨʦʣʠʪʘʤ, ʪʫʬʦʧʝʣʠʪʘʤ, ʨʝʞʝ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʤ ʪʫʬʘʤ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʦ-
ʛʦ ʩʦʩʪʘʚʘ, ʫʛʣʠʩʪʦ-ʘʣʴʙʠʪ-ʩʝʨʠʮʠʪʦʚʳʭ, ʫʛʣʠʩʪʦ-ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, ʬʠʣʣʠʪʠʟʠʨʦ-
ʚʘʥʥʳʭ ʫʛʣʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ʄʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,5 ʜʦ 12 ʤ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʦʢʦʣʦ 115 ʤ. 
ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʧʦʣʦʩʳ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ, ʫ ʩʝʚʝʨʥʦʡ ʦʢʨʘʠʥʳ ʧʦʩ. ʈʝʯʥʦʛʦ ʚ ʝʝ ʨʘʟʨʝʟʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʩʝʨʠʮʠʪ-ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʜʦ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʩ 
ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ ʩʣʘʥʮʝʚ ʧʦ ʪʫʬʘʤ ʠ ʪʝʬʨʦʠʜʘʤ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʜʘʮʠʪʦʚ ʩ 
ʨʝʣʠʢʪʦʚʦʡ ʦʙʣʦʤʦʯʥʦʡ ʪʝʢʩʪʫʨʦʡ ʧʣʘʩʪʦʚ. ʖʞʥʝʝ ʚ ʜʦʣʠʥʝ ʨ. ɼʞʘʤʘʥ-ɸʢʞʘʨ ʵʪʘ ʧʘʯʢʘ ʚ 
ʩʢʚʘʞʠʥʝ  ̄1250 ʉʪʝʧʥʦʡ ɻʈʕ ʧʦʜʩʪʠʣʘʝʪʩʷ ʘʣʴʙʠʪ-ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʵʥʙʝʢ-
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ʰʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɺ ʚʦʩʪʦʯʥʦʡ ʧʦʣʦʩʝ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʡ ʢʦʩʦʙʨʦʜʩʢʦʡ ʪʦʣʱʠ, ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʂʨʳʢʣʠʥ-

ʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʦʙʥʘʞʝʥʠʷ ʝʝ ʧʦʨʦʜ ʨʝʜʢʠ ʠ ʥʝʚʝʣʠʢʠ ʧʦ ʤʦʱʥʦʩʪʠ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. 
ʀ ʪʦʣʴʢʦ ʦʜʠʥ ʨʘʟʨʝʟ, ʩʦʩʪʘʚʣʝʥʥʳʡ ʧʦ ʛʠʨʣʷʥʜʝ ʚʳʭʦʜʦʚ ʚ ʚʦʩʪʦʯʥʦʤ ʙʦʨʪʫ ʩʫʭʦʡ ʙʘʣʢʠ, ʟʘ-
ʧʘʜʥʝʝ ʧʦʩ. ʕʥʙʝʢʰʠ, ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʧʦʨʥʳʤ (ʦʧ. ʨ. 14). ʇʨʝʦʙʣʘʜʘʶʪ ʦʙʥʘʞʝʥʠʷ ʤʝʪʘʨʠʦ-
ʜʘʮʠʪʦʚ ʠ ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʤʝʪʘʨʠʦʣʠʪʦʚ. ɺ ʩʢʚʘʞʠʥʘʭ, ʧʨʦʙʫʨʝʥʥʳʭ ʚ ʵʪʦʤ ʨʘʟʨʝʟʝ, 
ʢʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʜ ʚʩʪʨʝʯʘʶʪʩʷ ʩʣʘʥʮʳ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ, ʨʝʞʝ ʛʨʘʬʠʪʠʩʪʦ-
ʢʚʘʨʮʝʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʙʠʦʪʠʪʦʚʳʝ ʤʠʢʨʦʛʥʝʡʩʳ ʧʦ ʧʘʨʘʧʦʨʦʜʘʤ. ɿʘʣʝʛʘʥʠʝ ʧʦʨʦʜ ʧʦʣʦʛʦʝ, ʩ 
ʧʘʜʝʥʠʝʤ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʧʦʜ ʫʛʣʘʤʠ 30ï40Á. ɺʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʦʥʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʜʦ 
2 000 ʤ, ʧʦʵʪʦʤʫ ʠʩʪʠʥʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʵʪʦʤ ʨʘʟʨʝʟʝ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 1 000 ʤ. 
ʄʝʪʘʨʠʦʣʠʪʳ, ʤʝʪʘʨʠʦʜʘʮʠʪʳ ʠ ʤʝʪʘʜʘʮʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʦ-

ʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. ʉʦʩʪʦʷʪ ʦʥʠ ʠʟ ʨʝʣʠʢʪʦʚ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝ-
ʣʝʥʠʡ ʦʣʠʛʦʢʣʘʟʘ (ɸn=10ï12 %) ʨʘʟʤʝʨʦʤ ʦʪ 0,2 ʜʦ 2 ʤʤ, ʚ ʧʦʧʝʨʝʯʥʠʢʝ ï ʦʪ 5 ʜʦ 20 %, ʨʝʞʝ 
ʦʯʢʦʚ ʤʠʢʨʦʢʣʠʥʘ ʜʦ 2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʠʢʨʦʟʝʨʥʠʩʪʦʤ ʘʛʨʝʛʘʪʝ ʘʣʴʙʠʪ-
ʦʣʠʛʦʢʣʘʟʘ (40ï55 %), ʢʚʘʨʮʘ (20ï35 %) ʠ ʙʠʦʪʠʪʘ (5ï15 %), ʩ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʵʧʠʜʦʪʦʤ. 
ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʘʪʠʪ, ʩʬʝʥ, ʮʠʨʢʦʥ, ʤʘʛʥʝʪʠʪ. ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘ-
ʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʢʣʠʥʦʤ, ʤʫʩʢʦʚʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʢʚʘʨʮʝʤ. ʉʪʨʫʢʪʫʨʘ ʠʭ ʙʣʘʩʪʦʧʦʨ-
ʬʠʨʦʚʘʷ, ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʘʷ ʩ ʤʠʢʨʦʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʜʦ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʩ-
ʥʦʚʥʦʡ ʤʘʩʩʳ, ʪʝʢʩʪʫʨʘ ʩʣʘʥʮʝʚʘʪʘʷ, ʬʣʶʠʜʘʣʴʥʦ-ʛʥʝʡʩʦʚʘʷ, ʨʝʣʠʢʪʦʚʘʷ ʧʦʣʦʩʘʪʦ-
ʬʣʶʠʜʘʣʴʥʘʷ, ʙʨʝʢʯʠʝʚʠʜʥʦ-ʬʣʶʠʜʘʣʴʥʘʷ, ʧʷʪʥʠʩʪʦ-ʬʣʶʠʜʘʣʴʥʘʷ. ʀʟ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʨʝʥʠʡ 
ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʤʠʢʨʦʢʣʠʥʠʟʘʮʠʷ, ʩʝʨʠʮʠʪʠʟʘʮʠʷ, ʤʫʩʢʦʚʠʪʠʟʘʮʠʷ, ʦʢʚʘʨʮʝʚʘʥʠʝ ʠ ʨʝʞʝ ï 
ʘʤʬʠʙʦʣʠʟʘʮʠʷ. 
ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʩʝʨʠʮʠʪ-ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʠ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʧʦʣʝ-

ʚʦʰʧʘʪʦʚʳʝ ʩʣʘʥʮʳ ʠʤʝʶʪ ʧʦʣʦʩʯʘʪʦ-ʩʣʘʥʮʝʚʘʪʦʝ ʩʪʨʦʝʥʠʝ, ʯʘʩʪʦ ʩ ʨʝʣʠʢʪʦʚʦʡ ʦʙʣʦʤʦʯʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʦʥʢʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ɺ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʦʪ ʤʠʢʨʦʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦ-
ʚʦʡ ʩʪʨʫʢʪʫʨʳ ʢ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʦʡ, ʙʣʘʩʪʦʘʣʝʚʨʠʪʦʚʦʡ, ʨʝʞʝ ï ʙʣʘʩʪʦʧʩʝʬʠʪʦʚʦʡ. ʆʩʥʦʚʥʘʷ 
ʤʘʩʩʘ ʠʭ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʦ ʪʫʬʘʤ, ʪʝʬʨʦʠʜʘʤ ʠ ʪʫʬʬʠʪʘʤ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ, ʨʝʞʝ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠ 
ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ ʢʦʩʦʙʨʦʜʩʢʦʡ ʪʦʣʱʠ ʚ ʟʘʧʘʜʥʦʡ ʧʦʣʦʩʝ ʠʭ ʨʘʟʚʠʪʠʷ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʭʣʦʨʠʪ-ʵʧʠʜʦʪʦʚʦʡ ʠ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʡ ʩʫʙʬʘʮʠʷʤ ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. ɺ ʚʦ-
ʩʪʦʯʥʦʡ ʧʦʣʦʩʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʘʩʩʦʮʠʘʮʠʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʟʦʥʘʭ ʠ 
ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʡ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʦʨʪʦʧʦʨʦʜ ʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʨʝʤʥʝ-

ʟʝʤʘ ï ʦʪ 61 ʜʦ 78 %, ʚ ʢʦʪʦʨʦʤ ʨʘʟʥʦʩʪʠ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʪ 58ï68 % (ʜʘʮʠʪʳ ʠ ʨʠʦʜʘʮʠʪʳ) 
ʩʦʩʪʘʚʣʷʶʪ 60 %, ʩ ʩʦʜʝʨʞʘʥʠʝʤ 68ï82 % ï 40 %. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʚ ʧʦʩʣʝʜʥʝʡ 
ʛʨʫʧʧʝ ʦʯʝʥʴ ʯʘʩʪʦ ʩʚʷʟʘʥʳ ʚʪʦʨʠʯʥʳʤ ʦʢʚʘʨʮʝʚʘʥʠʝʤ. ʇʦʨʦʜʳ ʦʩʪʘʣʴʥʳʭ ʛʨʫʧʧ ʧʨʝʦʙʨʘʟʦʚʘ-
ʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʦ ʩʣʘʙʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʝʨʚʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ. 
ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ ʤʝʪʘʚʫʣʢʘʥʠʪʳ ʪʦʣʱʠ ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʧʦʨʦʜʘʤ ʥʦʨʤʘʣʴʥʦ-

ʛʦ ʩʦʩʪʘʚʘ ʠ ʪʦʣʴʢʦ 22 % ʚ ʚʦʩʪʦʯʥʦʡ ʧʦʣʦʩʝ ʢ ʧʦʨʦʜʘʤ ʩ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ. ʇʦ ʦʪʥʦ-
ʰʝʥʠʶ ʱʝʣʦʯʝʡ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʢ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʝ ʠ ʪʦʣʴʢʦ ʥʘʠʙʦʣʝʝ 
ʢʠʩʣʳʝ (ʚʠʜʠʤʦ ʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʳʝ) ï ʢ ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʝ. ʇʦ ʚʘʨʠʘʮʠʷʤ ʢʦʵʬʬʠ-
ʮʠʝʥʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʠʪʘʥʘ ʤʝʪʘʚʫʣʢʘʥʠʪʳ ʪʦʣʱʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʠʟ-
ʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ [57]. 
ʂʦʩʦʙʨʦʜʩʢʘʷ ʪʦʣʱʘ ʚʤʝʱʘʝʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʴʝʟʦʢʚʘʨʮʘ ʠ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧʳ ʞʝʣʝʟʘ (Ti, Mn, Ni, Co, Cr, Ge, V), ʧʦʚʳʰʝʥʥʳʭ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (W, Be, Mo, La, 
P) ʠ ʩʘʤʳʝ ʚʳʩʦʢʠʝ (0,073 %) ʙʘʨʠʷ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,64 ʜʦ 2,80 ʛ/ʩʤ3, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 2,76 ʛ/ʩʤ3. 

ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʤʝʥʷʝʪʩʷ ʦʪ 4Ŀ10-6 ʜʦ 113Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 24Ŀ10-6 
ʝʜ. ʉɻʉ. 
ʇʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʡ ʚʦʟʨʘʩʪ ʢʦʩʦʙʨʦʜʩʢʦʡ ʪʦʣʱʠ ʧʨʠʥʷʪ, ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦ-

ʩʪʠ, ʧʦ ʩʦʛʣʘʩʥʦʤʫ ʝʝ ʥʘʣʝʛʘʥʠʶ ʥʘ ʦʙʨʘʟʦʚʘʥʠʷʭ ʵʥʙʝʢʰʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʝ-
ʛʝʥʜʦʡ ʋʨʘʣʴʩʢʦʡ ʩʝʨʠʠ ɻʂ-1000. ʈʘʜʠʦʣʦʛʠʯʝʩʢʠʡ ʚʦʟʨʘʩʪ ʮʠʨʢʦʥʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʦ 
Pb

207
/Pb

206
, ʠʟ ʤʝʪʘʨʠʦʣʠʪʦʚ ʦʧʦʨʥʦʛʦ ʨʘʟʨʝʟʘ 14 ʢʦʣʝʙʣʝʪʩʷ ʦʪ 360 ʜʦ 374 ʤʣʥ ʣʝʪ ʫʢʘʟʳʚʘʷ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʚ ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʡ ʵʪʘʧ ʤʝʪʘʤʦʨʬʠʟʤʘ [57]. 

ʉʀʃʋʈʀʁʉʂɸʗïɼɽɺʆʅʉʂɸʗ ʉʀʉʊɽʄʓ ʅɽʈɸʉʏʃɽʅɽʅʅʓɽ 

ʆʙʨʘʟʦʚʘʥʠʷ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʩʠʣʫʨʠʡʩʢʦʡ ʠ ʜʝʚʦʥʩʢʦʡ ʩʠʩʪʝʤ ʚʳʜʝʣʝʥʳ ʚ ʂʦʧʝʡʩʢʦ-ʋʰʢʦ-
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ʪʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʫʣʘʪʦʚʩʢʦʡ ʪʦʣʱʝʡ. 
ɹʫʣʘʪʦʚʩʢʘʷ ʪʦʣʱʘ (S1ôD1bl) ʬʨʘʛʤʝʥʪʘʨʥʦ ʨʘʟʚʠʪʘ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ 

ʣʠʩʪʘ. ʆʙʨʘʟʦʚʘʥʠʷ, ʦʪʥʝʩʝʥʥʳʝ ʢ ʥʝʡ ʩ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ, ʚʩʢʨʳʪʳ ʝʜʠʥʠʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʢ 
ʶʛʫ ʦʪ ʢʚʘʨʢʝʥʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ. ʉ ʶʛʘ ʧʦʣʦʩʘ ʠʭ ʨʘʟʚʠʪʠʷ ʦʙʨʝʟʘʥʘ ʂʘʠʥʜʠʥʩʢʠʤ 
ʤʘʩʩʠʚʦʤ ʩ ʟʘʧʘʜʘ ʠ ʚʦʩʪʦʢʘ ʦʪʣʦʞʝʥʠʷ ʪʦʣʱʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʙʘʟʘʣʴʪʘʤʠ ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣ-
ʱʠ. ʂʦʥʪʘʢʪʳ ʩ ʧʦʩʣʝʜʥʝʡ ʥʝ ʠʟʫʯʝʥʳ. ʆʪʣʦʞʝʥʠʷ ʙʫʣʘʪʦʚʩʢʦʡ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʛʣʠʩʪʦ-
ʢʨʝʤʥʠʩʪʳʤʠ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤʠ ʩ ʫʛʣʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ 
ʩʣʘʥʮʘʤʠ ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʨʫʛʠʤʠ ʨʘʡʦʥʘʤʠ) ʦʮʝʥʠʚʘʝʪʩʷ ʚ 150ï250 ʤ. 
ɺʦʟʨʘʩʪ ʙʫʣʘʪʦʚʩʢʦʡ ʪʦʣʱʠ ʣʣʘʥʜʦʚʝʨʠʡʩʢʠʡ (ʪʝʣʠʯʩʢʠʡ ʷʨʫʩ)ïʨʘʥʥʝʣʦʭʢʦʚʩʢʠʡ ʦʧʨʝʜʝʣʝʥ 

ʧʦ ʢʦʤʧʣʝʢʩʫ ʩʠʣʫʨʠʡʩʢʠʭ ʘʢʨʠʪʘʨʭʦʚ, ʩʦʙʨʘʥʥʳʭ ʶʞʥʝʝ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʚ ʚʝʨʭʦʚʴʷʭ 
ʨ. ʂʠʝʤʙʘʡ [52], ʛʨʘʧʪʦʣʠʪʦʚ ʟʦʥ Monoctimacis griestonensisïʄ. crenulata, Oktavites spiralis ʩʝ-
ʚʝʨʥʝʝ ʧʣʦʱʘʜʠ [43], ʘ ʪʘʢʞʝ ʧʦ ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʩ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʩʘʢʤʘʨ-
ʩʢʦʡ ʩʚʠʪʦʡ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 

ɼɽɺʆʅʉʂɸʗ ʉʀʉʊɽʄɸ 

ɺ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ ʄ-40-VI ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʚʦʥʩʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩ-
ʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʫʨʦʚʥʝ ʜʦʤʝʟʦʡʩʢʦʛʦ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ, 
ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʩʝʭ ʪʨʝʭ ʦʪʜʝʣʦʚ. ʇʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʝʚʦʥʘ ʚʳ-
ʷʚʣʝʥʳ ʚʦ ʚʩʝʭ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥʘʭ ʧʣʦʱʘʜʠ. 

ʅʀɾʅʀʁ ʆʊɼɽʃ 

ʆʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ ʨʘʟʚʠʪʳ ʣʦʢʘʣʴʥʦ ʫ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʛʨʘʥʠʮʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʪʶʣʴʢʫʙʘʡʩʢʦʡ, ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣʱʘʤʠ ʠ ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʦʡ. 
ʊʶʣʴʢʫʙʘʡʩʢʘʷ ʪʦʣʱʘ ʩʣʘʛʘʝʪ ʦʩʥʦʚʘʥʠʝ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʨʘʟʨʝʟʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. ɺ ʝʝ ʩʦʩʪʘʚʝ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘ-
ʜʠ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʧʦʜʪʦʣʱʠ: ʧʝʨʚʘʷ (D1?tl1) ï ʩʣʘʥʮʳ ʵʧʠʜʦʪ-ʘʣʴʙʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʩ ʧʨʦʩʣʦʷʤʠ 
ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʘʣʴʙʠʪʦʚʳʭ (500ï700 ʤ); ʚʪʦʨʘʷ ï ʩʣʘʥʮʳ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʘʣʴʙʠʪʦʚʳʝ, ʙʠʦʪʠʪ-
ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ, ʩʝʨʠʮʠʪ-ʢʚʘʨʮʝʚʳʝ ʩ ʪʦʥʢʦʡ ʩʣʦʠʩʪʦʩʪʴʶ; ʪʨʝʪʴʷ ï ʩʣʘʥʮʳ ʛʨʘʬʠʪ-ʙʠʦ-
ʪʠʪ-ʢʚʘʨʮʝʚʳʝ, ʛʨʘʬʠʪ-ʙʠʦʪʠʪ-ʘʣʴʙʠʪʦʚʳʝ, ʩʝʨʠʮʠʪ-ʫʛʣʠʩʪʳʝ, ʫʛʣʠʩʪʳʝ ʬʠʣʣʠʪʳ. ɺ ʟʝʣʝʥʳʭ 
ʤʝʪʘʚʫʣʢʘʥʦʛʝʥʥʳʭ ʩʣʘʥʮʘʭ ʧʝʨʚʦʡ ʧʦʜʪʦʣʱʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʩ ʤʦʱʥʦʩʪʴʶ 3ï20 ʤ ʣʘʚ 
ʤʝʣʢʦʧʦʜʫʰʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʘʬʠʨʦʚʳʭ ʤʝʪʘʙʘʟʘʣʴʪʦʚ, ʘ ʚ ʚʝʨʭʘʭ ï ʤʝʪʘʘʥʜʝʟʠʪʦʚ. ɺ ʚʝʨʭʥʝʡ 
ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʠ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʤʦʱʥʦʩʪʴʶ 0,2ï1,8 ʤ ʩʣʶʜʷʥʳʭ, ʛʨʘ-
ʬʠʪʠʩʪʳʭ ʠ ʤʘʛʥʝʪʠʪʦʚʳʭ ʢʚʘʨʮʠʪʦʚ. ʀʟ-ʟʘ ʩʣʘʙʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ, ʥʝ ʧʦʟʚʦʣʷʶʱʝʡ, ʜʦʩʪʦʚʝʨʥʦ 
ʚʳʜʝʣʠʪʴ ʚʪʦʨʫʶ ʠ ʪʨʝʪʴʶ ʧʦʜʪʦʣʱʠ, ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʦʥʠ ʧʦʢʘʟʘʥʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳ-
ʤʠ (D1?tl2ô3). ʅʘ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʦʪʣʦʞʝʥʠʷ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱ ʠʤʝʶʪ ʩʦʢʨʘʱʝʥ-
ʥʫʶ ʤʦʱʥʦʩʪʴ (200ï400 ʤ), ʶʞʥʝʝ ʧʣʦʱʘʜʠ (ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ) ʜʦʩʪʠʛʘʶɦ ʫʶ 3 000 ʤ. 
ʇʦʨʦʜʳ ʪʶʣʴʢʫʙʘʡʩʢʦʡ ʪʦʣʱʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʦʡ ʩʪʫʧʝʥʠ ʟʝʣʝʥʦ-

ʩʣʘʥʮʝʚʦʡ ʠ ʨʝʞʝ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʡ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ʆʥʠ ʩʤʷʪʳ ʚ 
ʩʢʣʘʜʢʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, ʛʦʬʨʠʨʦʚʘʥʳ, ʩʦʙʨʘʥʳ ʚ ʧʣʦʡʢʠ ʠ ʦʙʣʘʜʘʶʪ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ 
ʰʝʩʪʦʚʘʪʦʡ, ʢʘʨʘʥʜʘʰʝʚʠʜʥʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ʋ ʶʞʥʦʛʦ ʢʦʥʪʘʢʪʘ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʛʨʘ-
ʥʠʪʦʚ ʧʦʨʦʜʳ ʪʦʣʱʠ ʦʨʦʛʦʚʠʢʦʚʘʥʳ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ ʥʠʭ ʙʠʦʪʠʪʘ, ʩʪʘʚʨʦʣʠʪʘ, ʘʥʜʘʣʫʟʠʪʘ, ʨʝʜ-
ʢʦ ï ʛʨʘʥʘʪʘ. ʅʠʞʥʷʷ ʛʨʘʥʠʮʘ ʪʶʣʴʢʫʙʘʡʩʢʦʡ ʪʦʣʱʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʥʘ ʩʦ-
ʛʣʘʩʥʦ, ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ, ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʳ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʘʥʥʝʜʝ-
ʚʦʥʩʢʠʡ ʚʦʟʨʘʩʪ ʧʨʠʥʷʪ ʪʦʣʴʢʦ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ [2, 59]. 
ʂʠʝʤʙʘʝʚʩʢʘʷ ʩʚʠʪʘ (D1km) ʩʣʘʛʘʝʪ ʥʝʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʫ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʦʧʠʩrʚʘ-

ʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʪʘʤ ʞʝ ʛʜʝ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʶʣʴʢʫʙʘʡʩʢʦʡ ʪʦʣʱʠ. ɺ ʦʧʦʨʥʦʤ ʦʙʥʘʞʝʥʠʠ 40 ʠ 
ʚ ʨʷʜʝ ʤʝʣʢʠʭ ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʜʫʰʝʯʥʳʤʠ ʣʘʚʘʤʠ ʘʬʠʨʦʚʳʭ ʠ 
ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʠʭ ʪʫʬʦʙʨʝʢʯʠʷʤʠ ʠ ʛʠʘʣʦʢʣʘʩʪʠʪʘʤʠ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʤʦʱʥʦ-
ʩʪʴʶ ʜʦ 1,8 ʤ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. 
ʇʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʩʚʠʪʳ, ʦʛʨʘʥʠʯʝʥʘ ʩ ʟʘʧʘʜʘ ʨʘʟʣʦʤʦʤ, ʩ ʚʦʩʪʦʢʘ ʛʨʘʥʠʮʝʡ ʩ ʪʶʣʴʢʫʙʘʡ-

ʩʢʦʡ ʪʦʣʱʝʡ, ʩ ʩʝʚʝʨʘ ʢʦʥʪʘʢʪʦʤ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʫʜʠʪʴ ʦ ʝʝ ʤʦʱʥʦʩʪʠ ʪʨʫʜʥʦ. ʂ 
ʶʛʫ, ʟʘ ʧʨʝʜʝʣʘʤʠ ʣʠʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʪʳ, ʩʣʘʛʘʶʪ ʦʙʰʠʨʥʳʝ ʧʣʦʱʘʜʠ ʠ ʤʦʱʥʦʩʪʴ ʠʭ ʢʦʣʝʙ-
ʣʝʪʩʷ ʦʪ 500 ʜʦ 2 100 ʤ [59]. 
ʉʫʙʚʫʣʢʘʥʠʯʝʩʢʘʷ ʬʘʮʠʷ ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʠʤʠ ʠʥʪʨʫʟʠʚʥʳʤʠ ʪʝʣʘʤʠ, ʩʠʣʣʘʤʠ ʠ 

ʜʘʡʢʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ. ʖʞʥʝʝ ʧʣʦʱʘʜʠ ʢʠʝʤʙʘʝʚʩʢʘʷ ʩʚʠʪʘ ʚʤʝʱʘʝʪ ʧʨʦʷʚʣʝʥʠʷ ʠ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʢʠʧʨʩʢʦʛʦ ʪʠʧʘ ʮʠʥʢʦʚʦ-ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʦʡ ʬʦʨʤʘʮʠʠ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʙʘʟʘʣʴʪʦʠʜʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʪʨʠʝʚʦʡ ʩʝʨʠʠ ʩ ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ, 
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ʩ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʘʣʴʮʠʷ, ʛʣʠʥʦʟʝʤʘ ʠ ʘʥʦʨʪʦʟʠʪʦʚʳʤ ʪʨʝʥʜʦʤ ʬʨʘʢ-
ʮʠʦʥʠʨʦʚʘʥʠʷ ʚ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ ʩʚʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʮʦʠʟʠʪʘ, ʢʣʠʥʦʮʦʠʟʠʪʘ, ʘʣʴʙʠʪʘ, ʘʢʪʠʥʦ-

ʣʠʪʘ, ʨʝʞʝ ʵʧʠʜʦʪʘ ʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 
ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ. 
ʂʠʝʤʙʘʝʚʩʢʘʷ ʩʚʠʪʘ ʩʦʛʣʘʩʥʦ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʪʶʣʴʢʫʙʘʡʩʢʦʡ ʪʦʣʱʝ, ʛʨʘʥʠʮʘ ʩ 

ʚʳʰʝʣʝʞʘʱʝʡ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʝʡ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʶʞʥʝʝ ï ʩʦʛʣʘʩʥʘʷ ʩ 
ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ. ʖʞʥʝʝ ʧʣʦʱʘʜʠ, ʚʙʣʠʟʠ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʆʩʝʥʥʝʝ, ʚ ʩʘ-
ʤʳʭ ʥʠʟʘʭ ʩʚʠʪʳ ʥʘʡʜʝʥʳ ʭʠʪʠʥʦʟʦʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʤʩʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [2], ʩʝʚʝʨʥʝʝ ʧʣʦ-
ʱʘʜʠ, ʚ ʠʟʚʝʩʪʥʷʢʘʭ ï ʧʨʘʞʩʢʠʝïʨʘʥʥʝʵʤʩʩʢʠʝ ʢʦʨʘʣʣʳ. ʇʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʧʨʠʥʷʪ ʨʘʥ-
ʥʝʜʝʚʦʥʩʢʠʡ ʚʦʟʨʘʩʪ ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʳ. 
ɸʡʜʳʨʣʠʥʩʢʘʷ ʪʦʣʱʘ (D1ad) ʨʘʟʚʠʪʘ ʚ ʂʦʧʝʡʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ ʧʦʜʟʦʥʝ, ʛʜʝ ʩʣʘʛʘʝʪ 

ʥʝʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʫ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʣʠʩʪʘ. ɽʝ ʧʦʨʦʜʳ ʚʩʪʨʝʯʝʥʳ ʚ ʦʙʥʘʞʝʥʠʷʭ ʥʘ ʶʞʥʦʤ 
ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨ. ɸʡʜʳʨʣʷ ʠ ʚ ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥʘʭ ʩʝʚʝʨʥʝʝ ʂʘʠʥʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
ʇʨʝʦʙʣʘʜʘʶʪ ʙʘʟʘʣʴʪʳ ʘʬʠʨʦʚʳʝ ʩ ʧʦʜʫʰʝʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʠʭ ʪʫʬʦʚ, 
ʪʫʬʬʠʪʦʚ ʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ. ʕʪʠ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʬʨʘʛʤʝʥʪ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝ-
ʟʘ ʪʦʣʱʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʙʘʟʘʣʴʪʦʚ ʠ ʠʭ ʪʫʬʦʚ, ʚ ʢʦʪʦʨʳʭ ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ ʣʠʩʪʘ N-41-XXXVI 
ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʥʟʳ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʢʦʨʘʣʣʘʤʠ ʢʘʨʧʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʤʩʩʢʦʛʦ ʷʨʫʩʘ. ʉ ʫʯʝʪʦʤ 
ʨʘʟʚʠʪʦʡ ʩʝʚʝʨʥʝʝ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʜʦʩʪʠʛʘ-
ʝʪ 500ï2 000 ʤ. 
ʇʦʨʦʜʳ ʪʦʣʱʠ ʧʨʝʪʝʨʧʝʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʟʝʣʝʥʦ-

ʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ, ʘ ʫ ʢʦʥʪʘʢʪʘ ʩ ʂʘʠʥʜʠʥʩʢʠʤ ʤʘʩʩʠʚʦʤ ʦʨʦʛʦʚʠʢʦʚʘʥʠʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʘ-
ʛʠʦʢʣʘʟ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʨʦʛʦʚʠʢʦʚ (ʦʧ. ʦʙʥ. 9). 
ʂʦʥʪʘʢʪʳ ʩ ʥʠʞʝʣʝʞʘʱʝʡ ʙʫʣʘʪʦʚʩʢʦʡ ʪʦʣʱʝʡ ʦʩʪʘʣʠʩʴ ʥʝ ʠʟʫʯʝʥʥʳʤʠ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʟʘʣʝʛʘʝʪ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ), ʢʦʥʪʘʢʪʳ ʩ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʩʪʨʘ-
ʪʦʥʘʤʠ ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ʉʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ, ʚ ʨʘʟʨʝʟʘʭ ʧʦ ʨ. ɸʡʜʳʨʣʷ (ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ 
ʪʦʣʱʠ) ʥʘʡʜʝʥʳ ʪʘʙʫʣʷʪʳ ʢʘʨʧʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʤʩʘ (Favosites regularissimus ʠ ʜʨ.) [75, 76]. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʥʘʭʦʜʦʢ ʧʨʠʥʷʪ ʨʘʥʥʝʜʝʚʦʥʩʢʠʡ (ʵʤʩʩʢʠʡ) ʚʦʟʨʘʩʪ ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣʱʠ. 

ʅʀɾʅʀʁïʉʈɽɼʅʀʁ ʆʊɼɽʃʓ 

ʇʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʥʠʞʥʝʛʦ ʠ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʧʣʦʱʘʜʠ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ, ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʘʙʫʪʘʢ ʠ ʚ ʚʝʨʭʦʚʴʷʭ 
ʨ. ɼʞʫʩʘ. 
ʂʫʢʙʫʢʪʠʥʩʢʘʷ ʪʦʣʱʘ (D1ô2kb) ʚʳʜʝʣʝʥʘ ʄ. ɸ. ʂʨʠʛʝʨʦʤ ʚ 1971 ʛ. ʉʚʦʝ ʥʘʟʚʘʥʠʝ ʧʦ-

ʣʫʯʠʣʘ ʦʪ ʨʫʯ. ʂʫʢʙʫʢʪʳ (ʶʞʥʝʝ ʧʣʦʱʘʜʠ). ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʪʦʣʱʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʚʠʜʝ 
ʫʟʢʦʡ ʧʦʣʦʩʳ ʦʪ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ ʚʜʦʣʴ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩ-
ʩʠʚʘ ʧʦʯʪʠ ʥʘ 13 ʢʤ. ɺ ʩʘʤʦʤ ʤʘʩʩʠʚʝ ʧʦʨʦʜʳ ʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʘʛʘʰʢʠ ʠ ʩʝʚʝʨ-
ʥʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʩʝʥʦʣʠʪʳ. ʉʝʚʝʨʥʝʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʥʠ ʩʣʘʛʘʶʪ ʷʜʨʘ ʜʚʫʭ ʥʝ-
ʙʦʣʴʰʠʭ ʘʥʪʠʢʣʠʥʘʣʝʡ. ʂʫʢʙʫʢʪʠʥʩʢʘʷ ʪʦʣʱʘ ʠʤʝʝʪ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʶʞʥʝʝ ʠʩʩʣʝʜʫ-
ʝʤʦʡ ʧʣʦʱʘʜʠ, ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʨʘʟʨʝʟʳ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʨʝʢʘʤ ʂʫʤʘʢ, ʂʫʪʝʙʘʡ, ʂʘ-
ʤʝʥʢʘ, ʛʜʝ ʤʦʱʥʦʩʪʴ ʝʝ ʜʦʩʪʠʛʘʝʪ 2 500 ʤ. ɿʜʝʩʴ ʫʩʪʘʥʦʚʣʝʥʦ ʩʦʛʣʘʩʥʦʝ ʥʘʣʝʛʘʥʠʝ ʧʦʨʦʜ ʪʦʣʱʠ 
ʥʘ ʙʘʟʘʣʴʪʦʠʜʳ ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʳ (ʃʷʜʩʢʠʡ, 2010ʬ). ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʦʥʘ ʩʣʦʞʝ-
ʥʘ ʪʫʬʘʤʠ, ʪʝʬʨʦʠʜʘʤʠ, ʣʘʚʘʤʠ ʧʦʨʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʩ ʨʝʜʢʦ ʧʦʜʯʠʥʝʥʥʳʤʠ ʢʦʣʠʯʝʩʪʚʦʤ 
ʪʫʬʦʚ ʠ ʣʘʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʪʦʣʱʘ ʠʤʝʝʪ, ʧʨʠʤʝʨʥʦ, ʪʦʪ ʞʝ ʩʦʩʪʘʚ. 
ʆʜʥʘʢʦ ʩʣʘʛʘʶʱʠʝ ʝʝ ʧʦʨʦʜʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʚʦʚʣʝʯʝʥʳ ʚ ʟʦʥʳ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʜʠʥʘʤʦ-
ʪʝʨʤʘʣʥɹʦʛʦ ʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʧʨʝʚʨʘʱʝʥʳ ʚ ʩʣʘʥʮʳ ʠ ʨʦʛʦʚʠʢʠ. ʂʨʦʤʝ ʪʦʛʦ, 
ʩʨʝʜʠ ʥʠʭ ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʧʦʣʥʦʤ ʦʙʲʝʤʝ 
ʪʦʣʱʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʣʠʰʴ ʶʞʥʝʝ ʧʦʩ. ʂʘʨʘʙʫʪʘʢ. ʉʝʚʝʨʥʝʝ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʴʢʦ ʚʝʨʭʥʝʡ 
ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ. 
ʅʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʩ R=0,5 ʢʤ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʢʫʢʙʫʢʪʠʥ-

ʩʢʦʡ ʪʦʣʱʠ ʯʝʪʢʦ ʚʳʜʝʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 2 ʤɻʘʣ. ʅʘ 
ʢʘʨʪʘʭ ʩ R=1,5 ʠ 2 ʢʤ ʦʙʣʘʩʪʴ ʝʝ ʨʘʟʚʠʪʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʨʦʪʷʞʝʥʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 
ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʘʥʦʤʘʣʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 2 ʜʦ 5 ʤɻʘʣ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʪʦʣʱʝʡ, ʩʧʦʢʦʡʥʦʝ ʠʣʠ ʩʣʘʙʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ ʚ ʮʝʣʦʤ 

ʧʦʥʠʞʝʥʥʦʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ï400ï600 ʥʊʣ, ʠʟʨʝʜʢʘ ʥʘʨʫʰʘʝʪʩʷ ʫʟʢʠʤʠ ʮʝʧʦʯʢʘʤʠ ʣʦʢʘʣʥɹʳʭ 
ʝʛʦ ʧʦʚʳʰʝʥʠʡ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʟʦʥʘʤ. ʅʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʥʘʧʨʷʞʝʥʥʦʝ ʧʦʣʝ 
ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʚʠʪʠʷ ʢʩʝʥʦʣʠʪʦʚ ʧʦʨʦʜ ʪʦʣʱʠ ʚ ʂʘʨʘʙʫʪʘʢʩʢʦʤ ʤʘʩ-
ʩʠʚʝ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʯʝʨʝʜʦʚʘʥʠʝʤ ʤʝʣʢʠʭ ʣʠʥʟʦʦʙʨʘʟʥʳʭ ʘʥʦʤʘʣʠʡ, ʚʳʪʷʥʫʪʳʭ, ʚ ʦʩʥʦʚ-
ʥʦʤ, ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
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ʖʞʥʝʝ ʧʦʩ. ʂʘʨʘʙʫʪʘʢ ʢʫʢʙʫʢʪʠʥʩʢʘʷ ʪʦʣʱʘ ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘ ʢ ʩʪʨʘʪʦ-
ʪʠʧʫ, ʠʟʫʯʝʥʥʦʤʫ ʟʘ ʧʨʝʜʝʣʘʤʠ ʨʘʡʦʥʘ. ɿʜʝʩʴ ʝʱʝ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʪʫ-
ʬʳ, ʢʦʪʦʨʳʝ ʩʝʚʝʨʥʝʝ ʧʝʨʝʭʦʜʷʪ ʚ ʩʣʘʥʮʳ ʧʦ ʪʫʬʘʤ ʠ ʪʝʬʨʦʠʜʘʤ. 
ʉʝʚʝʨʥʝʝ ʧʦʩ. ʂʘʨʘʙʫʪʘʢ ʨʘʟʨʝʟ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʤʠ ʩʣʘʥʮʘʤʠ ʧʦ 

ʤʝʣʢʦ-ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʤ ʪʝʬʨʦʠʜʘʤ ʩ ʧʨʦʩʣʦʷʤʠ ʙʦʣʝʝ ʛʨʫʙʳʭ ʨʘʟʥʦʩʪʝʡ ʪʫʬʦʚ ʠ ʪʝʬʨʦʠʜʦʚ 
ʠ ʙʦʣʝʝ ʪʦʥʢʠʭ ï ʚʧʣʦʪʴ ʜʦ ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ. 
ɸʥʘʣʦʛʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʩʪʨʦʝʥʠʷ ʪʦʣʱʘ ʩʦʭʨʘʥʷʝʪ ʠ ʩʝʚʝʨʥʝʝ, ʥʘ ʚʩʝʤ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ ʚ ʜʦ-

ʣʠʥʝ ʨ. ʂʘʨʘʙʫʪʘʢ. ɿʜʝʩʴ ʚ ʥʝʡ ʠʟʨʝʜʢʘ ʧʦʷʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʤʠʢʨʦʢʚʘʨʮʠʪʦʚ ʠ ʧʘʨʘʩʣʘʥʮʝʚ, 
ʦʙʦʛʘʱʝʥʥʳʭ, ʠʥʦʛʜʘ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʤ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. 
ʉʝʚʝʨʥʝʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʠ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ 

ʨ. ɼʞʫʩʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʉʢʚʘʞʠʥʦʡ  ̄35 ʝʝ ʦʙʨʘʟʦ-
ʚʘʥʠʷ ʚʩʢʨʳʪʳ ʧʦʜ ʦʪʣʦʞʝʥʠʷʤʠ ʚʳʰʝʣʝʞʘʱʝʡ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʥʘ ʛʣʫʙʠʥʝ 264 ʤ. ʇʨʝʜ-
ʩʪʘʚʣʝʥʳ ʦʥʠ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʭ, ʙʠʦʪʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʠ ʵʧʠʜʦʪ-ʧʣʘ-
ʛʠʦʢʣʘʟ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʩ ʨʝʣʠʢʪʦʚʦʡ ʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʠ ʤʝʣʢʦ-
ʦʙʣʦʤʦʯʥʳʭ ʪʫʬʦʚ, ʪʝʬʨʦʠʜʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠʣʠ ʩ ʪʦʥʢʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʭ 
ʪʝʬʨʦʠʜʦʚ ʠ ʪʫʬʬʠʪʦʚ. ʉʧʣʶʱʝʥʥʳʝ ʠ ʨʘʟʜʘʚʣʝʥʥʳʝ ʦʙʣʦʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦ-
ʚʘʥʥʳʤʠ ʜʦ ʩʣʘʥʮʝʚ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʤʠ, ʧʣʘʛʠʦʬʠʨʦʚʳʤʠ ʠ ʘʬʠʨʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ. 
ʅʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ ʧʨʝʦʙʣʘʜʘʶʪ ʩʣʘʥʮʳ ʧʦ ʪʦʥʢʦʩʣʦʠʩʪʳʤ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʪʝʬʨʦʠʜʘʤ ʠ 
ʪʫʬʬʠʪʘʤ. ʖʛʦ-ʚʦʩʪʦʯʥʝʝ ʚ ʧʨʦʬʠʣʝ ʩʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪʳ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʛʦʨʠʟʦʥʪʳ ʪʦʣʱʠ, ʚ 
ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ ʩ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʦʡ ʩʪʨʫʢʪʫ-
ʨʦʡ ʧʦ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʤ ʪʫʬʘʤ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ. ʈʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʥʢʦʩʣʦʠʩʪʳʝ 
ʨʘʟʥʦʩʪʠ ʵʪʠʭ ʩʣʘʥʮʝʚ ʩ ʧʨʦʩʣʦʷʤʠ ʦʪ 0,2 ʜʦ 10 ʩʤ ʘʤʬʠʙʦʣ-ʮʦʠʟʠʪ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ 
ʪʝʬʨʦʛʝʥʥʳʤ ʘʣʝʚʨʦʣʠʪʘʤ ʠ ʪʫʬʬʠʪʘʤ. 
ʇʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ ʩʦʩʪʘʚ ʪʦʣʱʘ ʠʤʝʝʪ ʠ ʚ ʷʜʨʝ ʩʣʝʜʫʶʱʝʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ 3 ʢʤ ʢ ʩʝʚʝʨʫ 

ʘʥʪʠʢʣʠʥʘʣʠ. ɿʜʝʩʴ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʝʝ ʨʘʟʨʝʟʘ ʙʦʣʴʰʝ ʩʣʘʥʮʝʚ ʧʦ ʪʦʥʢʦʩʣʦʠʩʪʳʤ ʦʙʨʘʟʦʚʘʥʠ̫ ʤ 
ʪʠʧʘ ʪʝʬʨʦʠʜʦʚ ʠ ʪʫʬʬʠʪʦʚ. ʄʦʱʥʦʩʪʴ ʠʟʫʯʝʥʥʦʡ ʟʜʝʩʴ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣɦ ʠ ʥʝ 
ʤʝʥʝʝ 400 ʤ, ʧʦʣʥʘʷ ʞʝ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ, ʧʦ ʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ, ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ 
ʥʠʞʝ ʝʝ ʦʪʩʫʪʩʪʚʫʶʪ ʙʘʟʘʣʴʪʦʠʜʳ ʩʠʣʫʨʘ, ʜʦʩʪʠʛʘʝʪ 2 500 ʤ. 
ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʩʣʘʙʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʪʫʬʳ ʶʞʥʦʡ ʯʘʩʪʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʚʝʪʣʦ-

ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʩʦʩʪʘʚʝ ʦʙʣʦʤʢʦʚ 
ʦʙʥʘʨʫʞʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ, ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʧʦʨʬʠʨʦʚʳʝ ʙʘʟʘʣʴʪʳ ʠ ʰʣʘʢʠ. ʎʝʤʝʥʪ 
ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʬʘʮʠʠ ʟʝʣʝʥʳʭ 
ʩʣʘʥʮʝʚ: ʘʢʪʠʥʦʣʠʪ+ʘʣʴʙʠʪ (An=8ï12 %)+ʵʧʠʜʦʪ, ʭʣʦʨʠʪ+ʘʣʴʙʠʪ+ʵʧʠʜʦʪ. ʇʣʦʪʥʦʩʪʴ ʪʫʬʦʚ ʠ 
ʪʝʬʨʦʠʜʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,82 ʜʦ 2,92 ʛ/ʩʤ3, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 
ʤʝʥʝʝ 50Ŀ10-6 ʝʜ. ʉɻʉ. 
ʇʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ ʪʝʤʥʦ-ʩʝʨʳʝ, ʪʝʤʥʦ-ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʥʳʝ 

ʦʪ ʪʦʥʢʦ- ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ, ʦʙʳʯʥʦ ʩ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʣʘʥʮʝʚʘʪʦ-
ʩʪʴʶ. ɺ ʨʘʟʥʦʩʪʷʭ ʧʦ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤ ʪʫʬʘʤ ʭʦʨʦʰʦ ʚʠʜʥʘ ʨʝʣʠʢʪʦʚʘʷ ʦʙʣʦʤʦʯʥʘʷ ʩʪʨʫʢʪʫ-
ʨʘ, ʚ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʭ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʥʢʘʷ ʧʦʣʦʩʯʘʪʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʧʝʨʚʠʯʥʦʡ 
ʩʣʦʠʩʪʦʩʪʴʶ. ʍʘʨʘʢʪʝʨʥʘ ʙʠʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ: 
ʘʤʬʠʙʦʣ-ʧʣʘʛʠʦʢʣʘʟ (An=28ï36 %), ʠʥʦʛʜʘ ʚ ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʘʛʥʝʪʠʪ, 
ʙʠʦʪʠʪ, ʵʧʠʜʦʪ, ʮʦʠʟʠʪ. ʀʟ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʤʠʥʝʨʘʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʫʨʳʡ ʙʠʦʪʠʪ, ʢʚʘʨʮ, ʢʘʨʙʦ-
ʥʘʪ. ʇʣʦʪʥʦʩʪʴ ʩʣʘʥʮʝʚ ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ, ʯʝʤ ʥʝʠʟʤʝʥʝʥʥʳʭ ʪʫʬʦʚ ʠ ʪʝʬʨʦʠʜʦʚ ʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 
2,9 ʜʦ 2,97 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʟʘ ʨʝʜʢʠʤ ʠʩʢʣʶʯʝʥʠʝʤ, ʦʩʪʘʝʪʩʷ ʥʠʟʢʦʡ. 
ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʘʟʘʣʴʪʦʠʜʳ ʪʦʣʱʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʤʫ ʠ ʥʘʪʨʠʝʚʦʤʫ 

ʪʠʧʘʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʠ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 
ʛʣʠʥʦʟʝʤʘ, ʱʝʣʦʯʝʡ, ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ. ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ 
ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʘʨʠʷ, ʩʪʨʦʥʮʠʷ, ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʤʥʦʛʠʭ ʣʠʪʦ-
ʬʠʣɹʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʥʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʭʨʦʤʘ. ɺ ʟʦʥʘʭ ʜʠʥʘʤʦʪʝʨʤʘʣʴ-
ʥʦʛʦ ʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʫʢʘʟʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʘʢʨʦ- ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩʠʣʴʥʦ 
ʠʩʢʘʞʝʥʳ ʠ ʥʝ ʜʘʶʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʝʨʚʠʯʥʦʤ ʩʦʩʪʘʚʝ ʧʦʨʦʜ. 
ʇʦʨʦʜʳ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ʧʨʝʪʝʨʧʝʣʠ ʤʥʦʛʦʢʨʘʪʥʳʝ ʧʨʦʮʝʩʩʳ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʤʝʪʘʩʦ-

ʤʘʪʦʟʘ ʩ ʨʘʟʚʠʪʠʝʤ ʟʦʥ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʢʣʠʚʘʞʘ ʠ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ. ɺ ʧʦʨʦʜʘʭ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ 
ʫʩʪʦʡʯʠʚʘʷ ʤʠʥʝʨʘʣʴʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʢʪʠʥʦʣʠʪʦʤ, ʘʣʴʙʠʪʦʤ ʠ ʵʧʠʜʦʪʦʤ, ʦʪʥʦʩʷ-
ʱʘʷʩʷ ʢ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʡ ʩʫʙʬʘʮʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺ 
ʜʘʮʠʪʘʭ ʠ ʨʠʦʣʠʪʘʭ ʥʘʠʙʦʣʝʝ ʫʩʪʦʡʯʠʚʦʡ ʷʚʣʷʝʪʩʷ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʘʣʴʙʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʃʦ-
ʢʘʣʴʥʦ ʧʨʦʷʚʣʝʥ ʤʝʪʘʤʦʨʬʠʟʤ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʧʘʨʘʛʝʥʝʟʦʚ, ʚʢʣʶʯʘʶʱʠʭ ʩʠʥʝ-ʟʝʣʝʥʫʶ 
ʨʦʛʦʚʫʶ ʦʙʤʘʥʢʫ ʠ ʘʥʜʝʟʠʥ. 
ʂʫʢʙʫʢʪʠʥʩʢʘʷ ʪʦʣʱʘ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʝʪ ʥʘ ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʝ. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩ ʘʥʜʨʝ-

ʝʚʩʢʦʡ ʪʦʣʱʝʡ ʩʣʦʞʥʳʝ. ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʢʦʥʪʘʢʪʘʭ ʘʥʜʨʝʝʚʩʢʘʷ ʪʦʣʱʘ ʩʦʛʣʘʩʥʦ ʠʣʠ ʩʦʛʣʘʩ-
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ʥʦ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʢʫʢʙʫʢʪʠʥʩʢʦʡ. ʆʜʥʘʢʦ, ʢʦʤʧʣʝʢʩ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦʟ-
ʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʢʫʢʙʫʢʪʠʥʩʢʘʷ ʪʦʣʱʘ ʬʘʮʠ-
ʘʣʴʥʦ ʟʘʤʝʱʘʝʪʩʷ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʝʡ (ʩʤ. ʦʧʠʩʘʥʠʝ ʥʠʞʝ). 
ʖʞʥʝʝ ʧʣʦʱʘʜʴ ʚ ʢʨʝʤʥʷʭ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ: Polygnathus cf. 

ʩostatus patulus Klapper, P. cf. linguiformis bultyncki Weddige, P. ex gr. costatus Klapper. ʆʥʠ ʧʦʟ-
ʚʦʣʷʶʪ ʩʯʠʪʘʪʴ ʚʦʟʨʘʩʪ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ʨʘʥʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʤ ï ʧʦʟʜʥʠʡ ʵʤʩïʨʘʥʥʠʡ 
ʵʡʬʝʣʴ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʪʘʣʴʪʠʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ). 
ɸʥʜʨʝʝʚʩʢʘʷ ʪʦʣʱʘ (D1ô2?an) ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʚʩʢʦʡ ʧʦʜʟʦʥʝ ʦʙʨʘʟʫʝʪ ʧʦʣʦʩʫ ʩʫʙʤʝ-

ʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʨʦʪʷʛʠʚʘʶʱʫʶʩʷ ʧʨʠ ʰʠʨʠʥʝ 2ï3 ʢʤ ʦʪ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘ-
ʜʠ ʜʦ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ɼʞʫʩʳ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ 
ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ: ʥʘ ʩʝʚʝʨʝ ï ʬʠʣʣʠʪʘʤʠ, ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʤʠʢ-
ʨʦʛʥʝʡʩʘʤʠ; ʥʘ ʶʛʝ ï ʫʛʣʠʩʪʳʤʠ ʬʠʣʣʠʪʘʤʠ, ʨʝʞʝ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʨʝʜʢʠʤʠ ʧʨʦ-
ʩʣʦʷʤʠ ʛʨʘʚʝʣʠʪʦʚ. ɺ ʚʝʨʭʘʭ ʨʘʟʨʝʟʘ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ 
ʙʘʟʘʣʪɹʘʤ. 
ʇʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʟʦʥʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʠ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʚ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʷʭ. ʅʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ 
ʘʥʦʤʘʣʠʡ ʩ ʨʘʜʠʫʩʘʤʠ ʦʩʨʝʜʥʝʥʠʷ 0,5 ʠ 1,5 ʢʤ ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 3 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʩʧʦʢʦʡʥʦʝ ʠʣʠ ʩʣʘ-
ʙʦʜʠʬʬʝʥʮʠʨʦʚʘʥʥʦʝ, ʚ ʮʝʣʦʤ ʧʦʥʠʞʝʥʥʦʝ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴʢʦ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʨʳʭʣʳʭ ʧʨʦʜʫʢʪʦʚ ʢʦʨʳ ʚʳʚʝʪ-

ʨʠʚʘʥʠʷ ʧʦ ʧʦʨʦʜʘʤ ʪʦʣʱʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʬʦʪʦʪʦʥʘʤʠ ʩ ʧʨʝʨʳʚʠʩʪʦ-
ʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ. 
ɺ ʦʧʠʩʳʚʘʝʤʦʤ ʨʘʡʦʥʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʝʙʦʣʴʰʠʝ 

ʨʘʟʦʙʱʝʥʥʳʝ ʚʳʭʦʜʳ ʝʝ ʧʦʨʦʜ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦ ʨ. ɼʞʫʩʝ ʤʝʞʜʫ ʧʦʩʝʣʢʘʤʠ ʊʝʨʝʥʩʘʡ ʠ 
ɸʥʜʨʝʝʚʢʘ. 
ʅʘ ʶʛʝ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʪʦʣʱʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʧʨʦʬʠʣʝ ʤʝʣʢʠʭ ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘ-

ʞʠʥ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ 0,7 ʢʤ ʩʝʚʝʨʥʝʝ ʧʦʩ. ʂʘʨʘʙʫʪʘʢ. ɿʜʝʩʴ ʚ ʨʘʟʨʝʟʝ ʧʨʝʦʙʣʘʜʘʁ ʪ ʫʛʣʠʩʪʳʝ 
ʬʠʣʣʠʪʳ, ʬʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʨʝʞʝ ï ʘʣʝʚʨʦʣʠʪʳ ʠ ʧʝʩʯʘʥʠʢʠ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʵʪʦʤ ʨʘʟʨʝʟʝ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʨʘʚʥʘ 300ï600 ʤ. ʊʘʢʦʡ ʞʝ, ʧʨʠʤʝʨʥʦ, 
ʩʦʩʪʘʚ ʪʦʣʱʘ ʠʤʝʝʪ ʚʜʦʣʴ ʚʩʝʛʦ ʟʘʧʘʜʥʦʛʦ ʢʦʥʪʘʢʪʘ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʆʜʥʘʢʦ ʦʙʣʠʢ ʝʝ 
ʧʦʨʦʜ ʟʜʝʩʴ ʩʠʣʴʥʦ ʤʝʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʩʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ 
ʙʠʦʪʠʪ-ʢʚʘʨʮʝʚʳʝ, ʛʨʘʥʘʪ-ʢʚʘʨʮ-ʙʠʦʪʠʪʦʚʳʝ ʩ ʛʨʘʬʠʪʦʤ, ʠʥʦʛʜʘ ʩ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʘʥʜʘʣʫʟʠʪʦʤ ʠ 
ʩʪʘʚʨʦʣʠʪʦʤ ʩʣʘʥʮʳ. 
ʉʝʚʝʨʥʝʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʪʦʣʱʘ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʢʚʘʮ-ʧʦʣʝʚʦʰʧʘʪ-ʩʣʶ-

ʜʠʩʪʳʭ, ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʭ, ʠʥʦʛʜʘ ʩ ʛʨʘʥʘʪʦʤ, ʨʝʞʝ ï ʩ ʛʨʘʬʠʪʦʤ ʠ ʩʪʘʚʨʦʣʠʪʦʤ ʩʣʘʥʮʝʚ, 
ʙʠʦʪʠʪʦʚʳʭ ʠ ʛʨʘʥʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʤʠʢʨʦʛʥʝʡʩʦʚ, ʨʝʞʝ ï ʛʥʝʡʩʦʚ, ʬʠʣʣʠʪʦʚ, ʬʠʣʣʠʪʠʟʠʨʦʚʘʥ-
ʥʳʭ ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ɺ ʥʠʟʘʭ ʪʦʣʱʠ ʩʣʘʥʮʳ ʠ ʛʥʝʡʩʳ ʠʤʝʶʪ 
ʯʘʩʪʦ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʫʶ ʠ ʙʣʘʩʪʦʧʩʝʬʦʧʩʘʤʤʠʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʨʝʣʠʢʪʦʚʫʶ ʛʨʫʙʫʶ ʩʣʦʠ-
ʩʪʦʩʪʴ. ɺ ʚʝʨʭʘʭ ʪʦʣʱʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʪʦʥʢʘʷ ʩʣʦʠʩʪʦʩʪʴ, ʧʨʠʯʝʤ, ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʫ-
ʜʘʤʰʘ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ ʧʦ ʧʝʩʯʘʥʠʢʘʤ, ʘ ʫ ʧʦʩʝʣʢʘ ɸʥʜʨʝʝʚ-
ʢʠ ï ʧʦ ʘʣʝʚʨʦʣʠʪʘʤ, ʘʣʝʚʨʦʧʝʣʠʪʘʤ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤ ʩʣʘʥʮʘʤ. ɺ ʚʝʨʭʘʭ ʯʘʩʪʳ 
ʧʨʦʩʣʦʠ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ ʙʘʟʘʣʴʪʘʤ, ʠʥʦʛʜʘ ʩ ʨʝʣʠʢʪʘʤʠ ʧʦʜʫʰʝʯʥʦʛʦ 
ʩʪʨʦʝʥʠʷ. ʋ ʦʙʦʠʭ ʢʦʥʪʘʢʪʦʚ ʪʦʣʱʠ ʚ ʝʝ ʨʘʟʨʝʟʝ ʧʦʷʚʣʷʶʪʩʷ ʩʣʘʥʮʳ, ʩʦʜʝʨʞʘʱʠʝ ʵʧʠʜʦʪ, ʘʤ-
ʬʠʙʦʣ ʠ ʠʤʝʶʱʠʝ ʙʦʣʝʝ ʪʦʥʢʫʶ ʩʣʦʠʩʪʦʩʪʴ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʦ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤ ʧʦ-
ʨʦʜʘʤ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ ʚʠʜʠʤʦ ʜʦʩʪʠʛʘʝʪ 700 ʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʥ-

ʜʨʝʝʚʩʢʦʡ ʧʦʜʟʦʥʳ, ʫʤʝʥʴʰʘʷʩʴ ʦʪ ʧʦʩʣʝʜʥʝʡ ʢ ʟʘʧʘʜʫ ʠ ʢ ʚʦʩʪʦʢʫ ʜʦ 500 ʤ. 
ɺ ʦʪʣʦʞʝʥʠʷʭ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʢ ʶʛʫ ʠ ʢ ʩʝʚʝʨʫ ʦʪ ʚʝʨʭʦʚʴʝʚ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʥʘʙʣʶʜʘʝʪ-

ʩʷ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ ʩ ʨʝʣʠʢʪʦʚʦʡ ʛʨʫʙʦʦʙʣʦʤʦʯ-
ʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʛʨʫʙʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʩʣʘʥʮʘʤʠ ʠ ʤʠʢʨʦʛʥʝʡʩʘʤʠ ʩ 
ʨʝʣʠʢʪʦʚʦʡ ʪʦʥʢʦʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʪʦʥʢʦʩʣʦʠʩʪʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʨʠ ʵʪʦʤ ʚ ʩʦʩʪʘʚʝ ʦʪ-
ʣʦʞʝʥʠʡ ʫʤʝʥʴʰʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʧʦʨʦʜ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʛʣʠʥʠʩʪʦʛʦ ʠ 
ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦʛʦ, ʘ ʥʘ ʶʛ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʚ ʤʝʣ-
ʢʦʯʝʰʫʡʯʘʪʳʡ ʘʛʨʝʛʘʪ ʩʣʶʜ. ʉ ʵʪʦʡ ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʛʨʫʙʦ ʩʦʚʧʘʜʘʝʪ ʤʝʪʘʤʦʨʬʠʯʝ-
ʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʩʤʝʥʝ ʘʩʩʦʮʠʘʮʠʡ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʘʤʬʠʙʦʣʠʪʦ-
ʚʦʡ ʬʘʮʠʠ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ. ʅʘ ʶʛʝ ʵʪʘ ʟʦʥʘʣʴʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ ʥʘʣʦʞʝʥʥʳʤ ʢʦʥʪʘʢʪʦʚʳʤ 
ʦʨʝʦʣʦʤ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
ʌʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʠ ʫʛʣʠʩʪʳʝ ʬʠʣʣʠʪʳ ï ʯʝʨʥʳʝ ʠ ʪʝʤʥʦ-ʩʝ-

ʨʳʝ ʧʦʨʦʜʳ ʪʦʥʢʦ- ʠʣʠ ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʪʦʥʢʦʩʣʘʥʮʝʚʘʪʳʝ ʜʦ ʣʠʩʪʦʚʘʪʳʭ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʛʨʝ-
ʛʘʪʘ ʩʝʨʠʮʠʪʘ, ʨʝʜʢʦ ʩ ʙʠʦʪʠʪʦʤ, ʨʘʟʥʦʡ ʧʨʠʤʝʩʴʶ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʤʝʣʯɹʘʡʰʠʭ ʟʝʨʝʥ 
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ʢʚʘʨʮʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ, ʨʝʜʢʦ ï ʛʨʘʥʘʪʘ. 
ʌʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ ʠ ʛʨʘʚʝʣʠʪʳ ï ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ, ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʩ ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʴʶ ʠ ʩʦʨʪʠʨʦʚʢʦʡ ʦʙʣʦʤʦʯ-
ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʦʩʣʝʜʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʦʩʥʦʚʥʦʤ ʧʣʘʛʠʦʢʣʘʟʦʤ (An=25ï33 %) ʠ ʢʚʘʨʮʝʤ, ʘ 
ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʫʛʣʠʩʪʳʭ ʬʠʣʣʠʪʦʚ, ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥ-
ʮʝʚ, ʙʠʦʪʠʪʦʚʳʭ ʤʠʢʨʦʛʥʝʡʩʦʚ, ʛʨʘʥʘʪʘ, ʩʪʘʚʨʦʣʠʪʘ, ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʪʦʥʘʣʠ-
ʪʦʚ, ʢʚʘʨʮʠʪʦʚ, ʨʝʜʢʦ ï ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚ, ʮʠʨʢʦʥʘ, ʤʘʛʥʝʪʠʪʘ ʠ ʘʧʘʪʠ-
ʪʘ. ʎʝʤʝʥʪ ʚ ʥʠʭ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʠʣʠ ʙʘʟʘʣʴʥʳʡ, ʦʙʳʯʥʦ ʟʘʤʝʱʝʥ ʘʛʨʝʛʘʪʦʤ ʩʝʨʠʮʠʪʘ ʩ ʙʠʦ-
ʪʠʪʦʤ, ʤʫʩʢʦʚʠʪʦʤ, ʨʝʜʢʦ ï ʩ ʛʨʘʥʘʪʦʤ. 
ɺ ʢʚʘʨʮʝʚʦ-ʩʣʶʜʠʩʪʳʭ, ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʩʣʘʥʮʘʭ, ʤʠʢʨʦʛʥʝʡʩʘʭ, ʦʙʨʘʟʦ-

ʚʘʚʰʠʭʩʷ ʧʦ ʫʢʘʟʘʥʥʳʤ ʪʝʨʨʠʛʝʥʥʳʤ ʧʦʨʦʜʘʤ ʯʘʩʪʦ ʩʦʭʨʘʥʷʶʪʩʷ ʪʝʥʠ ʠ ʛʨʘʥʠʮʳ ʦʙʣʦʤʢʦʚ, 
ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʘʷ, ʙʣʘʩʪʦʧʩʝʬʦʧʩʘʤʤʠʪʦʚʘʷ ʠ ʙʘʩʪʦʘʣʝʚʨʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʳ ʠ 
ʩʣʦʠʩʪʦ-ʩʣʘʥʮʝʚʳʝ ʪʝʢʩʪʫʨʳ. ʅʦʚʦʦʙʨʘʟʦʚʘʥʥʳʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʘʩʩʦʮʠʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʩʦ-
ʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ (An=10ï12 %, 25ï27 %, ʨʝʜʢʦ ï 33ï37 %), ʢʚʘʨʮʘ, ʙʠʦʪʠʪʘ, ʤʫʩʢʦʚʠʪʘ ʠʣʠ 
ʩʝʨʠʮʠʪʘ, ʛʨʘʥʘʪʘ, ʩʪʘʚʨʦʣʠʪʘ, ʛʨʘʬʠʪʘ, ʨʝʞʝ ʢʘʨʙʦʥʘʪʘ, ʵʧʠʜʦʪʘ, ʦʯʝʥʴ ʨʝʜʢʦ ʩ ʧʨʠʤʝʩʴʶ ʪʫʨ-
ʤʘʣʠʥʘ ʠ ʩʠʣʣʠʤʘʥʠʪʘ. 
ɺ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ. ʂ ʩʝʚʝʨʫ ʠ ʶʛʫ ʦʥʠ ʩʤʝʥʷʶʪʩʷ ʘʩʩʦʮʠʘʮʠʷʤʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʟʝʣʝʥʦ-
ʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠ ʥʘʣʦʞʝ-
ʥʠʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʟʘʤʝɦʘ-
ʶʪʩʷ ʭʣʦʨʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʢʚʘʨʮʝʤ, ʢʘʨʙʦʥʘʪʦʤ, ʠʥʦʛʜʘ ʧʠʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, 
ʨʝʞʝ ï ʭʘʣʴʢʦʧʠʨʠʪʦʤ. 
ɸʤʬʠʙʦʣʩʦʜʝʨʞʘʱʠʝ ʨʘʟʥʦʩʪʠ ʩʣʘʥʮʝʚ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʨʝʜʢʦ ʠ ʩʦʩʪʦʷʪ ʠʟ ʟʝ-

ʣʝʥʦʡ ʠʣʠ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ, ʧʣʘʛʠʦʢʣʘʟʘ (An=35ï40 %), ʠʥʦʛʜʘ ʵʧʠʜʦʪʘ, ʨʝʞʝ ï 
ʙʠʦʪʠʪʘ ʠ ʢʚʘʨʮʘ. ɺ ʥʠʭ ʚʠʜʥʳ ʨʝʣʠʢʪʳ ʦʙʨʳʚʢʦʚ ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ, ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʪɹʦʚ 
ʠ ʧʨʝʦʙʣʘʜʘʶʪ ʙʣʘʩʪʦʧʩʘʤʤʠʪʦʚʘʷ ʠ ʙʣʘʩʪʦʧʩʘʬʦʧʩʘʤʤʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʳʭ ʚʫʣʢʘʥʦ-
ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ. 
ʊʦʥʢʦʟʝʨʥʠʩʪʳʝ, ʪʦʥʢʦʩʣʦʠʩʪʳʝ ʙʠʦʪʠʪ-ʘʤʬʠʙʦʣ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ, ʵʧʠʜʦʪ-ʙʠʦʪʠʪ-ʧʣʘʛʠʦ-

ʢʣʘʟʦʚʳʝ ʩ ʘʤʬʠʙʦʣʦʤ ʩʣʘʥʮʳ ʦʙʨʘʟʦʚʘʣʠʩʴ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʧʦ ʘʣʝʚʨʦʣʠʪʦʚʳʤ ʪʫʬʬʠʪʘʤ. 
ʋʛʣʠʩʪʦ-ʢʚʘʨʮʝʚʳʝ ʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʝ ʩʣʘʥʮʳ ʩ ʧʨʠʤʝʩʴʶ ʨʘʟʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʠʮʠʪʘ, 

ʩʣʶʜ, ʭʣʦʨʠʪʘ, ʵʧʠʜʦʪʘ, ʤʘʛʥʝʪʠʪʘ ʦʪʣʠʯʘʶʪʩʷ ʪʦʥʢʦʡ ʩʣʦʠʩʪʦʩʪʴʶ, ʧʦʣʦʩʯʘʪʦʩʪʴʶ, ʤʠʢʨʦʟʝʨ-
ʥʠʩʪʦʩʪʴʶ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʙʨʘʟʦʚʘʣʦʩʴ ʧʨʠ ʤʝʪʘʤʦʨʬʠʟʤʝ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ, ʞʝʣʝʟʠ-
ʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʠ ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥ-

ʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Ni, Co, Cr, V, Ba, Sr, Sc, Cu ʠ ʥʝʩʢʦʣʴʢʦ ʧʦʥʠʞʝʥʥʳʝ Ti, Be, Ye. ʕʪʠ ʦʩʦʙʝʥʥʦ-
ʩʪʠ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʳ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʪʦʣɦ ʠ 
ʥʘ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ʧʨʠ ʧʦ-
ʩʪʫʧʣʝʥʠʠ ʥʝʢʦʪʦʨʦʡ ʯʘʩʪʠ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʨʘʟʨʫʰʝʥʠʷ ʧʦʩʣʝʜʥʠʭ, ʘ ʪʘʢʞʝ ʟʘ ʩʯʝʪ ʥʝʟʥʘʯʠ-
ʪʝʣɹʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʟʘʪʫʭʘʶʱʝʡ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,65 ʜʦ 2,8 ʛ/ʩʤ3. ʅʘ ʶʛʝ ʦʥʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 

2,7 ʛ/ʩʤ3, ʥʘ ʩʝʚʝʨʝ ʚ ʧʦʨʦʜʘʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ï 2,8 ʛ/ʩʤ3, ʚʝʨʭʥʝʡ ï 2,67ï2,69 ʛ/ʩʤ3, ʩʨʝʜ-
ʥʷʷ ï 2,72 ʛ/ʩʤ3 [56]. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʤʝʥʷʝʪʩʷ ʦʪ 8Ŀ10-6 ʜʦ 195Ŀ10-6 ʉɻʉ ʠ ʚ ʩʨʝʜ-
ʥʝʤ ʨʘʚʥʘ 58Ŀ10-6 ʝʜ. ʉɻʉ. 
ʂʦʥʪʘʢʪʳ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʩ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʦʡ  ̄35, ʘ ʥʘ ʶʛʝ ʣʠʥʠʝʡ 

ʰʫʨʬʦʚ [59]. ʆʪʤʝʯʘʝʪʩʷ çʩʦʛʣʘʩʥʦʝ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤè ʟʘʤʝʯʘʥʠʝ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʥʘ ʢʫʢ-
ʙʫʢʪʠʥʩʢʦʡ. ʅʦ ʦʙʦʙʱʝʥʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʦʜʥʦʚʦʟʨʘʩʪ-
ʥʦʩʪʴ ʠ ʬʘʮʠʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʫʣʢʘʥʠʪʦʚ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʚʫʣʢʘʥʠʯʝʩʢʠʭ 
ʮʝʥʪʨʦʚ ʪʝʨʨʠʛʝʥʥʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ. ʆʙ ʵʪʦʤ ʩʚʠʜʝ-
ʪʝʣʴʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 
ï ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʧʦ ʧʝʨʠʬʝʨʠʠ ʚʫʣʢʘʥʠʪʦʚ ʢʫʢʙʫʢʪʠʥʩʢʦʡ 

ʪʦʣʱʠ (ʢ ʟʘʧʘʜʫ ʨʝʞʝ ʢ ʚʦʩʪʦʢʫ ʦʪ çʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘè); 
ï ʥʘʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʧʨʦʩʣʦʝʚ ʩʣʘʥʮʝʚ ʧʦ ʙʘʟʘʣʴʪʘʤ ʠ ʪʝʬʨʦʠʜʘʤ ʘʥʘʣʦ-

ʛʠʯʥʳʤ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ (ʢʘʢ ʚ ʥʠʟʘʭ, ʪʘʢ ʠ ʚ ʚʝʨʭʘʭ ʨʘʟʨʝʟʘ); 
ï ʯʘʩʪʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʮʝʤʝʥʪʝ ʪʫʬʦʚ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ʫʛʣʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ; 
ï ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʨʦʜ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʦʪ-

ʣʦʞʝʥʠʝ ʧʨʠ ʥʝʧʨʝʢʨʘʱʘʶʱʝʡʩʷ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ; 
ï ʚ ʩʨʝʜʥʝʡ ʠ ʥʠʞʥʝʡ ʯʘʩʪʷʭ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʛʦ ʛʨʘʙʝ-

ʥʘ, ʩʦʧʦʩʪʘʚʣʷʝʤʳʭ ʩ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʝʡ ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ ʟʦʥʳ partitus ʚʝʨʭʦʚ ʪʘʣʴʪʠʡ-
ʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ʋʯʠʪʳʚʘʷ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʫʶ ʥʠʞʥʶʶ ʯʘʩʪʴ ʫʧʦʤʷʥʫʪʦʛʦ 
ʨʘʟʨʝʟʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʝʝ ʦʜʥʦʚʦʟʨʘʩʪʥʦʩʪʴ ʩ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ ʢʫʢʙʫʢʪʠʥʩʢʦʡ 
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ʪʦʣɦ ʠ. 
ʇʝʨʝʢʨʳʚʘʝʪʩʷ ʘʥʜʨʝʝʚʩʢʘʷ ʪʦʣʱʘ ʩʦʛʣʘʩʥʦ ʙʘʟʘʣʴʪʦʠʜʘʤʠ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ. 
ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ ʚʦʟʨʘʩʪ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ ʧʨʠʥʠʤʘʝʪʩʷ, ʩ ʥʝʢʦʪʦʨʦʡ ʜʦʣʝʡ 

ʫʩʣʦʚʥʦʩʪʠ, ʘʥʘʣʦʛʠʯʥʳʤ ʚʦʟʨʘʩʪʫ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ ï ʚʝʨʭʠ ʵʤʩʩʢʦʛʦïʥʠʟʳ ʵʡʬʝʣʴʩʢʦʛʦ 
(ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʪʘʣʴʪʠʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ) ʷʨʫʩʘ. 
ɸʥʜʨʝʝʚʩʢʘʷ, ʜʞʫʩʠʥʩʢʘʷ ʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʘʷ ʪʦʣʱʠ ʥʝʨʘʩʯʣʝʥʝʥ-

ʥʳʝ (D1ô2anôal) ʚʳʜʝʣʝʥʳ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ɻʂ-200 ʢ ʠʟʜʘʥʠʶ. ʆʙʲʝʜʠʥʝʥʥʳʡ ʩʪʨʘʪʦʥ, ʧʨʝʜʧʦ-
ʣʦʞʠʪʝʣʴʥʦ, ʩʣʦʞʝʥ ʫʜʘʣʝʥʥʳʤʠ ʬʘʮʠʷʤʠ ʚʫʣʢʘʥʠʪʦʚ ʢʫʢʙʫʢʪʠʥʩʢʦʡ (ʘʥʜʨʝʝʚʩʢʘʷ ʪʦʣʱʘ), 
ʜʞʫʩʠʥʩʢʦʡ ʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱ. ʆʪʣʦʞʝʥʠʷ ʩʪʨʘʪʦʥʘ ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ 
0,3ï1,0 ʢʤ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʛʦ ʛʨʘʙʝʥʘ (ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʘʷ 
ʧʦʜʟʦʥʘ) ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʢʨʝʤʥʠʩʪʳʭ, ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʘʣʝʚʨʦ-
ʧʝʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ ʩʝʨʦʛʦ, ʪʝʤʥʦ-ʩʝʨʦʛʦ, ʨʝʞʝ ï ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. 
ʅʘ ʙʦʣʴʰʝʤ ʩʚʦʝʤ ʧʨʦʪʷʞʝʥʠʠ ʧʣʦʱʘʜʴ ʩʪʨʘʪʦʥʘ ʧʝʨʝʢʨʳʪʘ ʧʦʢʨʦʚʥʳʤʠ ʦʪʣʦʞʝʥʠʤ̫ʠ. ʅʘ 

ʫʯʘʩʪʢʘʭ ʚʳʭʦʜʘ ʢʦʨ ʬʦʪʦʪʦʥ ʝʝ ʩʝʨʳʡ, ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤ ʪʦʥʢʠʤ ʰʪʨʠʭʦʚʳʤ ʨʠʩʫʥʢʦʤ. 
ʀʟʫʯʝʥʠʝ ʦʪʣʦʞʝʥʠʡ ʧʨʠʚʦʜʠʣʦʩʴ ʧʦ ʩʢʚʘʞʠʥʘʤ [56]. 
ʈʘʟʨʝʟ ʧʦ ʩʢʚʘʞʠʥʝ ˉ 38, ʜʘʶʱʠʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʦʝʥʠʠ ʪʦʣʱʠ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʝʨʝ-

ʩʣʘʠʚʘʥʠʝʤ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʠ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʯʘʩʪʦ 
ʠʤʝʝʪ ʨʠʪʤʠʯʥʦʝ ʩʪʨʦʝʥʠʝ. ʆʩʥʦʚʘʥʠʷ ʨʠʪʤʦʚ ʦʙʳʯʥʦ ʩʣʦʞʝʥʳ ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ 
ʟʝʣʝʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʢʦʪʦʨʳʝ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʩʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʨʘʟʥʦʩʪʷʤʠ ʧʝʩʯʘ-
ʥʠʢʦʚ, ʯʘʱʝ ï ʩʝʨʳʭ, ʩ ʧʨʦʩʣʦʷʤʠ ʪʘʢʠʭ ʞʝ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʢʨʝʤʥʝʡ. ʊʦʥʢʠʝ ʨʘʟʥʦʩʪʠ: ʘʣʝʚʨʦʣʠ-
ʪʳ ʠ ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ ʚ ʨʠʪʤʘʭ ʠ ʚ ʮʝʣʦʤ ʧʦ ʨʘʟʨʝʟʫ, ʠ ʩʝʨʘʷ ʦʢʨʘʩʢʘ ʚ ʧʦʨʦʜʘʭ ʧʨʝʦʙʣʘʜʘ-
ʶʪ. ʇʨʠʚʝʜʝʥʥʳʡ ʨʘʟʨʝʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʣʠʰʴ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʪʦʣʱʠ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʝʝ, ʚʩʢʨʪrʘʷ 
ʩʢʚʘʞʠʥʘʤʠ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʪʦʣʴʢʦ ʮʚʝʪ ʠʭ 
ʟʜʝʩʴ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʝʥ: ʩʝʨʳʡ, ʞʝʣʪʳʡ, ʟʝʣʝʥʦʚʘʪʳʡ, ʚʠʰʥʝʚʳʡ. ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, 
ʚʩʢʨʳʪʳʝ ʤʝʣʢʠʤʠ ʩʢʚʘʞʠʥʘʤʠ, ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʳʰʝʦʧʠʩʘʥʥʳʭ, ʣʠʰʴ ʠʥʦʛʜʘ ʦʥʠ ʭʘʨʘʢʪʝ-
ʨʠʟʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʪʝʤʥʦ-ʩʝʨʳʭ ʨʘʟʥʦʩʪʝʡ, ʙʦʛʘʪʳʭ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. 
ʄʦʱʥʦʩʪʴ ʩʪʨʘʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 200ï400 ʤ. 
ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʧʝʩʯʘʥʠʢʠ ʦʪ ʢʨʫʧʥʦ- ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʜʚʫʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ: ʟʝʣʝʥʳʝ ʠ 

ʩʝʨʳʝ. ɿʝʣʝʥʳʝ ʩʦʩʪʦʷʪ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʧʦʣʫʦʢʘʪʘʥʥʳʭ ʦʙʣʦʤʢʦʚ ʙʘʟʘʣʴʪʦʚ ʠ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘ-
ʛʠʦʢʣʘʟʘ, ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ. ʎʝʤʝʥʪ ʠ ʦʙʣʦʤʢʠ ʧʦʨʦʜ ʭʣʦʨʠʪʠʟʠ-
ʨʦʚʘʥʳ. ɺ ʩʝʨʳʭ ʠ ʪʝʤʥʦ-ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʘʭ ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʙʠʪʦʤ, 
ʢʨʝʤʥʷʤʠ, ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ʎʝʤʝʥʪ ʢʨʝʤʥʠʩʪʳʡ ʠʣʠ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʡ. 
ɸʣʝʚʨʦʣʠʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʳ ʧʝʩʯʘʥʠʢʘʤ, ʦʪʣʠʯʘʷʩʴ ʦʪ ʥʠʭ ʣʠʰʴ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʙ-

ʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʙʦʣʝʝ ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʟʝʣʝʥʳʭ ʨʘʟʥʦʩʪʝʡ. 
ʂʨʝʤʥʠ ʠ ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ ʦʪ ʪʝʤʥʦ- ʜʦ ʩʚʝʪʣʦ-ʩʝʨʳʭ, ʨʝʞʝ ï ʜʨʫʛʠʭ ʦʢʨʘʩʦʢ, ʤʘʩʩʠʚʥʳʝ 

ʠʣʠ ʩʣʦʠʩʪʳʝ, ʯʘʩʪʦ ʩ ʨʝʣʠʢʪʘʤʠ ʨʘʜʠʦʣʷʨʠʡ. ʀʥʦʛʜʘ ʦʥʠ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʴ ʛʣʠʥʠʩʪʦʛʦ ʠʣʠ 
ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʦʙʨʘʟʫʶʪ ʚʩʝ ʧʝʨʝʭʦʜʳ ʢ ʛʣʠʥʠʩʪʳʤ ʩʣʘʥʮʘʤ ʠʣʠ ʘʣʝʚʨʦʣʠʪʘʤ. 
ʉʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ ʦʯʝʥʴ ʩʣʘʙʘʷ. ʂʦʥʪʫʨʳ ʦʙʣʦʤʢʦʚ ʯʝʪʢʠʝ, ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʦʙʣʦʤ-

ʢʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ ʠʣʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ. ɺ ʮʝʤʝʥʪʝ ʭʣʦʨʠʪ ʠ ʩʝʨʠʮʠʪ ʪʘʢʞʝ ʩʣʘʙʦ ʨʘʟʚʠʪʳ 
ʚ ʚʠʜʝ ʤʝʣʴʯʘʡʰʠʭ ʯʝʰʫʝʢ. ɺ ʥʝʙʦʣʴʰʠʭ ʫʟʢʠʭ ʟʦʥʘʭ ʨʘʟʚʠʪ ʙʠʦʪʠʪ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʝʪʩʷ 
ʧʠʨʠʪ. ʉʠʣʴʥʝʝ ʠʟʤʝʥʝʥʳ ʧʦʨʦʜʳ ʪʦʣʱʠ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʧʦʩ. ʂʘʨʘʙʫʪʘʢ. ʆʥʠ ʯʘʩʪʦ ʧʣʦʡʯʘʪʳ ʠ ʚ 
ʥʠʭ ʰʠʨʦʢʦ, ʭʦʪʷ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʨʘʟʚʠʪ ʙʣʘʩʪʝʟ. ʇʨʘʢʪʠʯʝʩʢʠ ʚ ʢʘʞʜʦʤ ʰʣʠʬʝ ʥʘʙʣʶʜʘʁ ʪʩʷ 
ʫʯʘʩʪʢʠ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʠ ʣʝʧʠʜʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʢʚʘʨʮʘ, ʭʣʦʨʠʪʘ, 
ʩʝʨʠʮʠʪʘ, ʨʝʞʝ ï ʙʠʦʪʠʪʘ, ʠ ʫʯʘʩʪʢʠ ʩ ʧʝʣʠʪʦʚʦʡ, ʘʣʝʚʨʠʪʦʚʦʡ ʠ ʧʩʘʤʤʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʩʦ 
ʩʣʘʙʳʤ ʨʘʟʚʠʪʠʝʤ ʙʣʘʩʪʝʟʘ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 2,68ï2,71 ʛ/ʩʤ3. ɹʦʣʝʝ ʚʳʩʦʢʠʝ ʧʣʦʪʥʦʩʪʠ, ʚʧʣʦʪʴ ʜʦ 

2,81 ʛ/ʩʤ3, ʠʤʝʶʪ ʟʝʣʝʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʩʦʩʪʦʷʱʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʚʫʣʢʘʥʦʤʠʢʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʠʟʢʘʷ ï (12ï44)Ŀ10-6 ʝʜ. ʉɻʉ. 
ʀʟʫʯʝʥʥʳʝ ʥʠʞʥʠʝ ʢʦʥʪʘʢʪʳ ʩʪʨʘʪʦʥʘ ʧʦʚʩʝʤʝʩʪʥʦ ʦʩʣʦʞʥʝʥʳ ʪʝʢʪʦʥʠʢʦʡ. ʆʪʣʦʞʝʥʠʷ ʢʦ-

ʧʘʣʦʚʩʢʦʡ ʠ ʘʨʩʠʥʩʢʦʡ ʪʦʣʱ ʟʘʣʝʛʘʶʪ ʥʘ ʥʝʤ ʩ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ, ʢʦʪʦʨʳʝ ʘʚʪʦʨ 
ʟʘʧʠʩʢʠ ʩʯʠʪʘʝʪ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʤʠ. 
ɺ ʩʢʚ. 38 (ʠʥʪ. 258ï268 ʤ) ɺ. ʅ. ɹʘʨʳʰʝʚʳʤ ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʦʜʦʥʪʳ: Polygnathus cf. costatus 

partitus Klapp., Zieg. et Mach., Pandorinellina sp., Osarkodina sp., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʘʤʳʤ ʚʝʨ-
ʭʘʤ ʙʠʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʠʞʥʝʵʡʬʝʣʴʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ. 
ʇʨʠ ʨʝʚʠʟʠʦʥʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʦʧʦʨʥʦʤ ʨʘʟʨʝʟʝ 37 ʆ. ɺ. ɸʨʪʶʰʢʦʚʦʡ ʠ ʜʨ. ʙʳʣʠ ʩʫʱʝʩʪʚʝʥʥʦ 

ʧʦʧʦʣʥʝʥʳ ʠ ʧʝʨʝʩʤʦʪʨʝʥʳ ʧʨʝʞʥʠʝ ʩʙʦʨʳ ʢʦʥʦʜʦʥʪʦʚ ɺ. ʅ. ɹʘʨʳʰʝʚʘ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝ-
ʟʘ, ʚ ʤʘʣʦʤʦʱʥʦʡ ʧʘʯʢʝ (1ï1,5 ʤ) ʩʣʦʠʩʪʳʭ ʟʝʣʝʥʦʚʘʪʳʭ ʠ ʛʝʤʘʪʠʪʠʟʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʝʡ ʦʙʥʘ-
ʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʚʦʣʴʥʦ ʤʝʣʢʠʝ ʢʦʥʦʜʦʥʪʳ: Polygnathus ex gr. costatus partitus 
Klapp., P. linguiformis Hinde, P. trigonicus Bisch. et Zieg., Tortodus cf. kockelianus australis (Jack.). 
ʉʫʤʤʠʨʫʷ ʧʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ, ʩ ʫʯʝʪʦʤ ʥʠʞʥʝʡ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ 
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ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʚʦʟʨʘʩʪ ʦʙʲʝʜʠʥʝʥʥʦʛʦ ʩʪʨʘʪʦʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʦʟʨʘʩʪʫ ʢʫʢ-
ʙʫʢʪʠʥʩʢʦʡ (ʘʥʜʨʝʝʚʩʢʦʡ), ʜʞʫʩʠʥʩʢʦʡ ʠ ʘʣʝʢʩʘʥʜʠʥʩʢʦʡ ʪʦʣʱʘʤ ï ʚʝʨʭʠ ʵʤʩʩʢʦʛʦ ʠ ʵʡʬʝʣʴ-
ʩʢʠʡ ʷʨʫʩʳ (ʪʘʣʴʪʠʡʩʢʠʡ ʠ ʣʘʥʛʫʨʩʢʠʡ ʛʦʨʠʟʦʥʪʳ). 
ʉʦʣʝʥʦʜʦʣʴʩʢʘʷ ʪʦʣʱʘ (D1ô2sn) ʚʳʜʝʣʝʥʘ ɺ. ʃ. ɸʣʝʢʩʝʝʚʳʤ ʚ 1984 ʛ. ʅʘ ʧʣʦʱʘʜʠ ʣʠ-

ʩʪʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ, ʚ ɸʡ-ɼʞʝʨʛʘʥʩʢʦʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ 
ʙʣʦʢʝ (ʉʳʩʝʨʪʩʢʦ-ɸʤʫʨʩʢʘʷ ʧʦʜʟʦʥʘ). ɿʜʝʩʴ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ ʩʨʝʜʠ ʦʪʣʦʞʝʥʠʡ ʥʦʚʦ-
ʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ ʦʪʤʝʯʘʶʪʩʷ ʚʳʩʳʧʢʠ ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʘ ʚ ʩʢʚʘʞʠʥʘʭ ʘʣʝʚʨʦʣʠʪʳ ʩ 
ʧʨʦʩʣʦʷʤʠ ʙʘʟʘʣʴʪʦʚ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʩʝʚʝʨʥʦʡ ʨʘʤʢʦʡ ʣʠʩʪʘ ʨʘʟʨʝʟ ʪʦʣʱʠ ʠʟʫʯʝʥ ʧʨʦʬʠ-
ʣʷʤʠ ʩʪʨʫʢʪʫʨʥʳʭ ʩʢʚʘʞʠʥ ʛʣʫʙʠʥʦʡ ʜʦ 500 ʤ. ʇʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʨʘʟʨʝʟ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥ 
ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʛʨʘʚʝʣʠʪʦʚ, ʪʫʬʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʢʨʝʤʥʝʡ, ʢʨʝʤʥʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʚʚʝʨʭʫ ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ 
ʙʘʟʘʣʴʪʦʚ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʜʦʩʪʠʛʘʝʪ 2 200 ʤ ʠ, ʚʦʟʤʦʞʥʦ ʟʘʚʳʰʝʥʘ, ʟʘ ʩʯʝʪ ʩʢʣʘʜʯʘʪʦʩʪʠ. ʅʘ 
ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝ ʧʨʝʚʳʰʘʝʪ 500ï800 ʤ. 
ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʠʞʥʠʝ ʢʦʥʪʘʢʪʳ ʩʦʣʝʥʦʜʦʣʴʩʢʦʡ ʪʦʣʱʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʚʝʨʭʥʠʝ ʥʝʠʟ-

ʚʝʩʪʥʳ. ʉʝʚʝʨʥʝʝ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʣʝʛʘʥʠʝ ʥʘ ʚʫʣʢʘʥʠʪʘʭ ɸʡʜʞʝʨʛʘʥʩʢʦʡ ʪʦʣʱʠ ʠ ʧʝʨʝʢʨʳʪʠʝ 
ʩʘʪʫʙʘʣʙʠʥʩʢʦʡ ʪʦʣʱʝʡ. ʂʦʥʪʘʢʪʳ ʧʣʦʭʦ ʠʟʫʯʝʥʳ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʠʭ ʚ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ 
ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ ʢʦʥʦʜʦʥʪʘʤ [5] ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. 
ʉʦʪʨʫʜʥʠʢʘʤ ʋʬʅ ʎʈɸʅ ɺ. ɸ. ʄʘʩʣʦʚʳʤ, ʆ. ɺ. ɸʨʪʦʰʢʦʚʳʤ ʠ ʜʨ. ʧʨʠ ʨʝʚʠʟʠʦʥʥʦʤ ʠʟʫʯʝ-

ʥʠʠ ʨʘʟʨʝʟʦʚ ʫʩʪʘʥʦʚʣʝʥ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʡ ʨʘʟʨʝʟ ʩʪʨʘʪʦʪʠʧʘ ʪʦʣʱʠ, ʢʦʪʦʨʳʡ ʦʭʘʨʘʢʪʝʨʠʟʦ-
ʚʘʥ ʢʦʥʦʜʦʥʪʘʤʠ ʵʡʬʝʣʷ ʠ ʬʨʘʥʘ, ʘ ʚʦʟʨʘʩʪ ʩʘʪʫʙʘʣʙʠʥʩʢʦʡ ʪʦʣʱʠ ï ʵʡʬʝʣʴʩʢʠʡ, ʩ ʫʯʝʪʦʤ 
ʥʘʭʦʜʦʢ Tortodus cf. koskelianus, ʚʦʟʤʦʞʥʦ, ʚʝʨʭʥʝʵʡʬʝʣʴʩʢʠʡ. ɸʚʪʦʨ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʬʘʮʠʘʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʪʫʬʦʚ ʙʘʟʘʣʴʪʦʚ ʩʘʪʫʙʣʙʠʥʩʢʦʡ ʪʦʣʱʠ ʚʝʨʭʥʝʡ ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ 
ʩʦʣʝʥʦʜʦʣʴʩʢʦʡ ʪʦʣʱʠ. 
ʆʙʦʙʱʘʷ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ ʚʦʟʨʘʩʪ ʩʦʣʝʥʦʜʦʣʴʩʢʦʡ ʪʦʣʱʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʩ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ, ʨʘʥʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʤ (ʪʘʣʴʪʠʡʩʢʠʡ (ʟʦʥʘ costatys)ïʥʠʟʳ ʣʘʥ-
ʛʫʨʩʢʦʛʦ (ʜʦ ʟʦʥʳ kockelianus) ʛʦʨʠʟʦʥʪʦʚ). 

ʉʈɽɼʅʀʁ ʆʊɼɽʃ 

ʉʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʚ 
ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʞʫʩʠʥʩʢʦʡ ʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ 
ʪʦʣʱʘʤʠ ʠ ʛʫʤʙʝʡʩʢʦʡ ʩʚʠʪʦʡ. 
ɼʞʫʩʠʥʩʢʘʷ ʪʦʣʱʘ (D2d«) ʨʘʟʚʠʪʘ ʚ ʢʨʘʡʥʝʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨ-

ʩʢʦʡ ʉʌɿ, ʚ ʪʦʡ ʞʝ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʦʣʦʩʝ, ʯʪʦ ʠ ʘʥʜʨʝʝʚʩʢʘʷ ʪʦʣʱʘ. ɺ ʝʝ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘ-
ʜʘʶʪ ʤʝʪʘʙʘʟʘʣʴʪʳ, ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʝ, ʧʣʘʛʠʦʢʣʘʟ-ʭʣʦʨʠʪʦʚʳʝ ʩʣʘʥʮʳ ʧʦ ʙʘʟʘʣʪɹʘʤ, 
ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤ, ʨʝʞʝ ï ʧʦ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 
ʥʘʭʦʜʷʪʩʷ ʫʛʣʠʩʪʦ-ʩʝʨʠʮʠʪʦ-ʢʚʘʨʮʝʚʳʝ ʠ ʢʚʘʨʮ-ʙʠʦʪʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʩʣʘʥʮʳ. ʇʣʦʱʘʜʴ ʨʘʟ-
ʚʠʪʠʷ ʵʪʠʭ ʧʦʨʦʜ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ʜʦ 10 ʢʤ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʦʪ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʣʠʩʪʘ ʯʝ-
ʨʝʟ ʚʝʨʭʦʚʴʷ ʨʨ. ʂʫʤʫʩ-ʊʶʙʝ, ɾʫʣʘʤʘʥʩʘʡ ʜʦ ʨ. ɼʞʘʥ-ɸʢʞʘʨ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʟʦʥʝ ʛʨʘʜʠʝʥʪʘ ʩ ʧʝʨʝʧʘʜʘ-

ʤʠ ʦʪ 2 ʜʦ 4 ʤɻʘʣ ʥʘ ʢʠʣʦʤʝʪʨ [57]. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ (ʅ=500 ʠ 1 000 ʤ) ʦʨʪʦʧʦ-
ʜʳ ʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 0,5 ʜʦ 1,75 ʤɻʘʣ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʧʦʨʦʜʘʤʠ ʪʦʣʱʠ, ʥʦʩʠʪ ʧʝʨʝʤʝʥʥʳʡ ʭʘʨʘʢʪʝʨ: ʦʪ ʩʧʦʢʦʡʥʦʛʦ 

ʧʦʥʠʞʝʥʥʦʛʦ (ï20ï50 ʥʊʣ) ʜʦ ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʩ ʧʦʷʩʘʤʠ, ʮʝʧʦʯʢʘʤʠ ʠʟʦʤʝʪʨʠʯ-
ʥʳʭ ʠ ʣʠʥʝʡʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ (ʜʦ 200 ʥʊʣ) ʠ ʘʥʦʤʘʣʴʥʦʛʦ ʚʳʩʦʢʦʛʦ ʧʦʣʷ (ʜʦ 
500 ʥʊʣ) ʚ ʟʦʥʘʭ ʵʢʟʦʢʦʥʪʘʢʪʦʚ ʠʥʪʨʫʟʠʡ [57]. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʚʳʭʦʜʳ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʪʦʣʱʠ ʦʪʣʠʯʘʶʪʩʷ ʩʝʨʳʤ, ʪʝʤʥʦ-ʩʝʨʳʤ ʬʦʪʦ-

ʪʦʥʦʤ ʩ ʦʜʥʦʨʦʜʥʦʡ ʜʦ ʩʣʘʙʦʧʦʣʦʩʯʘʪʦʡ ʠʣʠ ʣʠʥʟʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʘ ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ 
ʧʦ ʥʠʤ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʧʦʣʷ ʩ ʧʦʣʦʩʘʪʳʤ ʨʠʩʫʥʢʦʤ. 
ʇʦʣʥʳʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʝʙʦʣʴ-

ʰʠʝ ʨʘʟʦʙʱʝʥʥʳʝ ʚʳʭʦʜʳ ʝʝ ʧʦʨʦʜ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʨ. ɼʞʫʩʝ, ʦʪ ʫʩʪʴʷ ʨ. ɾʫʣʘʤʘʥʩʘʡ ʜʦ 
ʧʦʩ. ʊʝʨʝʥʩʘʡ. ʆʥʠ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʦʜʥʦʦʙʨʘʟʥʳʤ ʧʣʘʛʠʦʢʣʘʟ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʩʣʘʥ-
ʮʘʤʠ ʧʦ ʙʘʟʘʣʴʪʘʤ ʩ ʨʝʣʠʢʪʘʤʠ ʧʦʜʫʰʝʯʥʦʛʦ ʩʪʨʦʝʥʠʷ. 
ʉʨʝʜʠ ʦʨʪʦʩʣʘʥʮʝʚ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʤʦʱʥʦʩʪʴʶ 1ï2 ʤ ʧʣʘʛʠʦʢʣʘʟ-ʨʦʛʦʚʦʙʤʘʥʢʦʚʳʭ, 

ʵʧʠʜʦʪ-ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ ʠ ʩʝʨʠʮʠʪ-ʢʚʘʨʮʝʚʳʭ ʩ ʛʨʘʬʠʪʦʤ ʧʘʨʘʩʣʘʥʮʝʚ ʩ ʦʪʯʝʪʣʠʚʦʡ ʩʣʦʠʩʪʦ-
ʩʪʴʶ. 
ʇʦʨʦʜʳ ʪʦʣʱʠ ʟʜʝʩʴ, ʢʘʢ ʠ ʧʦ ʚʩʝʡ ʧʦʣʦʩʝ ʝʝ ʨʘʟʚʠʪʠʷ ʩʤʷʪʳ ʚ ʩʢʣʘʜʢʠ ʨʘʟʤʝʨʦʤ ʦʪ 1 ʜʦ 

200 ʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ɺ ʷʜʨʘʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʘʥʪʠʢʣʠʥʘʣʝʡ ʦʙʥʘʞʘʶʪʩʷ ʩʣʘʥʮʳ ʘʥʜʨʝʝʚ-
ʩʢʦʡ ʪʦʣʱʠ. 
ɺ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʫʜʘʤʰʠ, ʚ ʩʢʚʘʞʠʥʘʭ ʦʪʤʝʯʘʝʪʩʷ ʨʘʟʨʝʟ ʪʦʣʱʠ, ʚ ʢʦʪʦʨʦʤ ʩʨʝʜʠ ʵʧʠʜʦʪ-
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ʘʣʴʙʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʭ, ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʭ ʩʣʘʥʮʝʚ ʧʦ ʙʘʟʘʣʴʪʘʤ ʚʩʪʨʝʯʘʁ ʪʩʷ ʛʦʨʠʟʦʥʪʳ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 30 ʤ ʧʘʨʘʩʣʘʥʮʝʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʦʥʢʦʛʦ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʧʣʘʛʠʦʢ-
ʣʘʟʦʚʳʭ ʩ ʫʛʣʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ, ʭʣʦʨʠʪ-ʘʣʴʙʠʪ-ʵʧʠʜʦʪʦʚʳʭ ʠ ʘʣʴʙʠʪ-ʩʝʨʠʮʠʪ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥ-
ʮʝʚ [56]. ʄʦʱʥʦʩʪʴ ʚʩʢʨʳʪʦʛʦ ʟʜʝʩʴ ʨʘʟʨʝʟʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 280 ʤ. 
ɺ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ʊʝʨʝʥʩʘʡ, ʚ ʦʧʦʨʥʦʡ ʩʢʚʘʞʠʥʝ  ̄29 ʨʘʟʨʝʟ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ ʩʦʩʪʦʠʪ ʠʟ 

ʧʦʜʫʰʝʯʥʳʭ ʣʘʚ ʤʝʪʘʙʘʟʘʣʴʪʦʚ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ, ʚʧʣʦʪʴ ʜʦ ʵʧʠ-
ʜʦʪ-ʘʣʴʙʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʭ ʩʣʘʥʮʝʚ, ʩ ʧʨʦʩʣʦʷʤʠ ʦʪ 6 ʜʦ 12 ʤ ʫʛʣʠʩʪʦ-ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ ʠ ʩʝ-
ʨʠʮʠʪ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ. 
ɺ ʦʧʦʨʥʦʡ ʩʢʚʘʞʠʥʝ  ̄31 ʚʩʢʨʳʪʳ ʩʠʣʴʥʦ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʝ ʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʝ ʙʘʟʘʣʴʪʳ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʪʦʣʱʠ, ʥʘ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʪʫʬʳ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʧʝʨʚʦʡ ʧʦʜ-
ʪʦʣʱʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. 
ʖʞʥʝʝ, ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʨ. ɼʞʫʩʳ ʠ ʂʘʨʘʙʫʪʘʢʘ, ʚ ʩʢʚʘʞʠʥʝ  ̄39 ʥʘ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ ʙʘ-

ʟʘʣʴʪʘʭ ʩ ʧʦʜʫʰʝʯʥʳʤ ʩʪʨʦʝʥʠʝʤ ʯʝʨʝʟ ʧʘʢʝʪ ʟʘʣʝʞʝʡ ʨʠʦʜʘʮʠʪʦʚ ʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʣʦʞʘʪʩʷ 
ʨʠʦʜʘʮʠʪʳ ʚʪʦʨʦʡ (ʘʥʜʝʟʠʪʦʜʘʮʠʪʦʚʦʡ) ʧʦʜʪʦʣʱʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɿʘʧʘʜʥʝʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʩʦʩʪʘʚʝ ʪʦʣʱʠ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʪʘʙʘʟʘʣʴʪʳ ʠ ʪʦʣʴ-

ʢʦ ʥʘ ʩʘʤʦʤ ʶʛʝ, ʚ 2ï3 ʢʤ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ʧʦʩ. ʂʘʨʘʙʪʫʘʢ ʚ ʚʝʨʭʘʭ ʝʝ ʨʘʟʨʝʟʘ ʧʦʷʚʣʷʶʪʩʷ ʬʠ-
ʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ ʬʠʣʣʠʪʳ. 
ʄʦʱʥʦʩʪʴ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 400ï600 ʤ. ʂ ʟʘʧʘʜʫ ʦʥʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʧʦ ʛʝʦ-

ʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʟʘʧʘʜʥʝʝ ɼʞʫʩʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʠʜʠʤʦ, ʜʦʩʪʠʛʘʝʪ 800 ʤ. 
ʄʝʪʘʙʘʟʘʣʴʪʳ ʦʙʳʯʥʦ ʠʤʝʶʪ ʧʦʜʫʰʝʯʥʦʝ ʩʪʨʦʝʥʠʝ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʟʝʣʝʥʦʡ, 

ʩʝʨʦ-ʟʝʣʝʥʦʡ ʠ ʪʝʤʥʦ-ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʠ ʩ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʨʝʣʠʢʪʦʚʦʡ ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ, ʙʣʘʩʪʦ-
ʦʬʠʪʦʚʦʡ ʜʦ ʛʨʘʥʦʥʝʤʘʪʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʘʩʩʠʚʥʦʡ ʠʣʠ ʣʠʥʝʡʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʦʩʪʦʷʪ 
ʦʥʠ ʠʟ ʘʣʴʙʠʪʘ (An=5 %), ʘʢʪʠʥʦʣʠʪʘ, ʭʣʦʨʠʪʘ ʠ ʵʧʠʜʦʪʘ. 
ɺʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʝ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʚʢʨʘʧ-

ʣʝʥʥʠʢʠ ʘʣʴʙʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,5 ʤʤ ʠ ʤʝʣʢʠʝ ʤʠʥʜʘʣʠʥʳ, ʚʳʧʦʣ-
ʥʝʥʥʳʝ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʆʯʝʥʴ ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʝʨʝʭʦʜʳ ʤʝʪʘʙʘʟʘʣʴʪʦʚ ʚ ʘʣʙɹʠʪ-
ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʳʝ ʩʣʘʥʮʳ ʩ ʛʨʘʥʦʥʝʤʘʪʦʙʣʘʩʪʦʚʦʡ ʜʦ ʬʠʙʨʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʦʣʦ-
ʩʯʘʪʦ-ʣʠʥʝʡʥʦʡ ʪʝʢʩʪʫʨʦʡ. 
ɺ ʥʠʟʘʭ ʨʘʟʨʝʟʘ ʪʦʣʱʠ ʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʘʟʘʣʴʪʳ ʧʨʝʚʨʘʱʝʥʳ ʚ 

ʧʣʘʛʠʦʢʣʘʟ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʩʣʘʥʮʳ ʪʝʤʥʦ-ʟʝʣʝʥʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʛʨʘ-
ʥʦʥʝʤʘʪʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʣʠʥʝʡʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʦʩʪʦʷʪ ʦʥʠ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ (An=25ï
37 %) ʛʦʣʫʙʦʚʘʪʦ-ʟʝʣʝʥʦʡ ʜʦ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ; ʵʧʠʜʦʪʘ, ʮʦʠʟʠʪʘ, ʩʬʝʥʘ, ʩ ʧʨʠʤʝ-
ʩʴʶ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ, ʤʘʛʥʝʪʠʪʘ ʠ ʘʧʘʪʠʪʘ. ʉʦʩʪʘʚ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʟʘʚʠʩʠʪ ʦʪ 
ʢʦʣʠʯʝʩʪʚʘ ʵʧʠʜʦʪʘ ʠ ʮʦʠʟʠʪʘ ʚ ʧʦʨʦʜʝ. ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʘʥʦʨʠʪʘ ʚ ʧʣʘʛʠʦʢʣʘʟʝ ʠ 
ʥʘʠʙʦʣʝʝ ʛʨʫʩʪʦʦʢʨʘʰʝʥʥʳʝ ʘʤʬʠʙʦʣʳ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʣʘʥʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ 
ʵʧʠʜʦʪʘ ʧʦʯʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʮʦʠʟʠʪʘ. 
ʇʘʨʘʩʣʘʥʮʳ ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟ-ʩʣʶʜʠʩʪʦʛʦ ʠ ʜʨʫʛʠʭ ʩʦʩʪʘʚʦʚ ʚ ʮʝʣʦʤ ʙʣʠʟʢʠ ʢ ʦʧʠʩʘʥʥʳʤ ʚ 

ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʝ. ʌʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ ʩʦʩʪʦʷʪ ʠʟ ʦʙʨʳʚʢʦʚ ʟʝʨʝʥ 
ʧʣʘʛʠʦʢʣʘʟʘ, ʦʙʣʦʤʢʦʚ ʜʠʘʙʘʟʦʚ ʠ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʦʨʦʜ ʥʠʞʝʣʝʞʘʱʝʡ ʘʥ-

ʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ, ʦʪʨʘʞʘʶʪ ʫʩʣʦʚʠʷ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʟʦʥʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ, ʨʝʞʝ ï ʘʤʬʠʙʦʣʠʪʦʚʦʡ 
ʬʘʮʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʝʝ ʨʘʟʨʝʟʘ, ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʫʜʘʤʰʘ, ʚ ʜʦʣʠʥʝ 
ʨ. ɼʞʫʩʘ ʠ ʚ ʢʦʥʪʘʢʪʦʚʦʤ ʦʨʝʦʣʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʅʘ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʨʘʟʚʠ-
ʪʠʷ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʚ ʚʝʨʭʘʭ ʝʝ ʨʘʟʨʝʟʘ ʧʨʝʦʙʣʘʜʘʶʪ ʘʩʩʦʮʠʘʮʠʠ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʡ ʩʪʫʧʝʥʠ 
ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʙʘʟʘʣʴʪʦʚ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʝʟʝʤʘ ʜʝʣʷʪʩʷ ʥʘ 

ʜʚʝ ʛʨʫʧʧʳ: ʧʝʨʚʘʷ ʩʠʣʴʥʦ ʥʝʜʦʩʳʱʝʥʥʘʷ ʢʨʝʤʥʝʟʝʤʦʤ (46ï48 %) ʠ ʚʪʦʨʘʷ ʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʘʷ 
ʠʤ (49ï51 %). ʆʙʝ ʛʨʫʧʧʳ ʧʦ ʩʫʤʤʝ ʩʦʜʝʨʞʘʥʠʡ ʱʝʣʦʯʝʡ ʩʦʩʪʦʷʪ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʠ 
ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʫʤʝʨʝʥʥʦɦʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʱʝʣʦʯʝʡ ʚʩʝ ʙʘʟʘʣʴʪʳ 
ʪʦʣʱʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʪʨʦʚʦʤʫ ʨʷʜʫ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʩʪʘʚʦʚ ʙʘʟʘʣʴʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠ-
ʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʪʠʪʘʥʘ, ʧʦʚʳʰʝʥʥʳʤʠ ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ ʠ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʤ ʪʦʣʝʠ-
ʪʦʚʳʤ ʪʨʝʥʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʇʦʩʣʝʜʥʠʡ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ ʧʨʦʷʚʣʝʥ ʚʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʙʘ-
ʟʘʣʴʪʦʚ. ɺ ʮʝʣʦʤ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʚʘʨʠʘʮʠʦʥʥʳʭ ʜʠʘʛʨʘʤʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ 
ʚ ʧʦʣʷʭ ʚʳʩʦʢʦʬʨʘʢʮʠʦʥʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʙʘʟʘʣʴʪʦʚ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʦʪʥʦʩʠʪʩʷ ʢ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ [56]. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʠʩʧʝʨʩʠʷ 

ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ: Be, Zr, Y, Li ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʭʘʣʴʢʦʬʠʣʴʥʦʡ ʛʨʫʧ-
ʧʳ: Zn, Sn, Pb, Cu, ʘ ʪʘʢʞʝ Co, V, Mn, Ca, Sr, Ba. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,84 ʛ/ʩʤ3 ʚ ʤʝʪʘʙʘʟʘʣʴʪʘʭ ʜʦ 3 ʛ/ʩʤ3 ʚ ʧʣʘʛʠʦʢʣʘʟ-
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ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ ʩʣʘʥʮʘʭ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ ï 2,95 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʦʪ 
34Ŀ10-6 ʜʦ 1 700Ŀ10-6 ʝʜ. ʉɻʉ, ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 6 100Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 270Ŀ10-6 ʝʜ. 
ʉɻʉ. 
ɺ ʨʘʡʦʥʝ ʧʦʩ. ʊʝʨʝʥʩʘʡ ʜʞʫʩʠʥʩʢʘʷ ʪʦʣʱʘ ʩʦʛʣʘʩʥʦ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʧʘʨʘʩʣʘʥ-

ʮʘʭ ʘʥʜʨʝʝʚʩʢʦʡ ʪʦʣʱʠ, ʶʞʥʝʝ ʧʣʦʱʘʜʠ ï ʥʘ ʪʫʬʘʭ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ. ɺ ʊʝʨʝʥʩʘʡʩʢʦʤ 
ʨʫʜʥʦʤ ʨʘʡʦʥʝ ʜʞʫʩʠʥʩʢʘʷ ʪʦʣʱʘ ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ ʚʝʨʭʘʭ ʨʘʟʨʝʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʫʬʦʚ ʠ 
ʪʝʬʨʦʠʜʦʚ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʥʷʝʪʩʷ ʙʘʟʘʣʴʪʘʤʠ ʘʣʝʢʩʘʥʜʨʠʥ-
ʩʢʦʡ ʪʦʣʱʠ [2]. ʇʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʚʦʟʨʘʩʪ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣɦʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʙʲʝʤʝ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʪʘʣʴʪʠʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʡʬʝʣʷ. ʋʯʠʪʳʚʘʷ ʧʦʩʪʝʧʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʥʠʞʝ- ʠ ʚr-
ʰʝʣʝʞʘʱʠʤʠ ʪʦʣʱʘʤʠ (ʚʦʟʤʦʞʥʦ ʬʘʮʠʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ) ʥʝ ʠʩʢʣʶʯʘʝʪʩʷ ʙʦʣʝʝ ʰʠʨʦʢʠʡ ʜʠʘ-
ʧʘʟʦʥ ʚʦʟʨʘʩʪʘ ʪʦʣʱʠ ï ʜʦ ʦʙʲʝʤʘ ʪʘʣʴʪʠʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠ ʥʠʟʦʚ ʣʘʥʛʫʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʤʩʘï
ʵʡʬʝʣʷ. 
ɸʣʝʢʩʘʥʜʨʠʥʩʢʘʷ ʪʦʣʱʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʠ ʋʡ-

ʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʘʭ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ɺ ʩʦʩʪʘʚʝ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʧʦʜʪʦʣʱʠ. ʇʝʨ-

ʚʘʷ ʩʣʦʞʝʥʘ ʣʘʚʘʤʠ ʧʦʨʬʠʨʦʚʳʭ ʠ ʘʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʪʫʬʘʤʠ ʙʘʟʘʣʴʪʦʚ ʠ ʪʝʬʨʦʠʜʘʤʠ; ʚʪʦ-
ʨʘʷ ï ʣʘʚʘʤʠ ʠ ʵʢʩʪʨʫʟʠʷʤʠ ʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʜʘʮʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ, ʠʭ ʪʫʬʘʤʠ, ʠʛʥʠʤʙʨʠʪʘʤʠ; 
ʪʨʝʪʴʷ ï ʣʘʚʘʤʠ ʠ ʪʫʬʘʤʠ ʘʬʠʨʦʚʳʭ, ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, 
ʪʫʬʬʠʪʘʤʠ, ʪʝʬʨʦʠʜʘʤʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʨʠʦʣʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ ʠ ʩʠʣʠʮʠʪʦʚ; ʯʝʪʚʝʨʪʘʷ ï ʣʘʚʘ-
ʤʠ ʠ ʪʫʬʘʤʠ ʜʘʮʠʪʦʚ, ʨʠʦʣʠʪʦʚ, ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʠ ʩʠʣʘʥʜʠʪʦʚ, ʨʝʞʝ ï ʪʫʬʬʠʪʘʤʠ. 
ʇʝʨʚʘʷ ʧʦʜʪʦʣʱʘ (D2al1) ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʧʨʝʨʳʚʠʩʪʦʡ ʫʟʢʦʡ (0,5ï1 ʢʤ) ʧʦʣʦʩʦʡ ʟʘʧʘʜʥʝʝ 

ʧʣʦʱʘʜʝʡ ʨʘʟʚʠʪʠʷ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ ʦʪ ʧʦʩ. ʊʝʨʝʥʩʘʡ ʥʘ ʩʝʚʝʨʝ ʜʦ ɼʞʫʩʠʥʩʢʦ-ʂʘʨʘʙʫʪʘʢʩʢʦ-
ʛʦ ʚʦʜʦʨʘʟʜʝʣʘ ʥʘ ʶʛʝ. ʖʞʥʝʝ, ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʘʙʫʪʘʢ ʦʥʠ ʩʣʘʛʘʶʪ ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ, ʨʘʩʧʦ-
ʣʦʞʝʥʥʳʡ ʚ 0,7 ʢʤ ʟʘʧʘʜʥʝʝ ʢʦʥʪʘʢʪʘ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʝʛʦ 

ʟʥʘʯʝʥʠʡ. ʅʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʚ ʝʝ ʧʨʝʜʝʣʘʭ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʦʞʠʪʝʣʥɹʳʝ ʘʥʦʤʘʣʠʠ 
ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 1ï2,5 ʤɻʘʣ, ʠ ʪʦʣʴʢʦ ʥʘ ʫʯʘʩʪʢʝ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʊʝʨʝʥʩʘʡ ʩʤʝʥʷʶʪʩʷ ʦʪʨʠʮʘ-
ʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʱʠ ʠʤʝʝʪ ʨʝʟʢʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʪ 0 ʜʦ 500 ʥʊʣ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʧʝʨʚʘʷ ʪʦʣʱʘ ʩʨʝʜʠ ʜʨʫʛʠʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʝ 

ʥʝ ʚʳʜʝʣʷʝʪʩʷ. ʅʘ ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʢʦʨ ʧʦ ʝʝ ʧʦʨʦʜʘʤ ʧʨʝʦʙʣʘʜʘʶʪ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʬʦʪʦʪʦʥʘ. 
ɽʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʧʦʜʪʦʣʱʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʆ ʝʝ ʩʦʩʪʘʚʝ ʤʦʞʥʦ ʩʫʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʨʝʜʢʠʤ 

ʦʙʥʘʞʝʥʠʷʤ ʚ ʜʦʣʠʥʝ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʠ ʧʦ ʩʢʚʘʞʠʥʘʤ. ʆʙʥʘʞʝʥʠʷ ʧʦ ʙʘʣʢʝ ɹʫʜʘʤʰʘ ʩʣʦʞʝʥʳ 
ʢʨʫʧʥʦ- ʠ ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʤʠ ʧʣʘʛʠʦʢʣʘʟ-ʧʠʨʦʢʩʝʥʦʬʠʨʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ, ʠʥʦʛʜʘ ʩ ʤʠʥʜʘʣʝ-
ʢʘʤʝʥʥʦʡ ʠ ʬʣʶʠʜʘʣʴʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʦʩʣʝʜʥʷʷ ʩʦʚʤʝʩʪʥʦ ʩ ʧʣʘʩʪʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʧʘʜʘʝʪ ʥʘ 
ʶʛʦ-ʟʘʧʘʜ 239ï248Á(60ï70Á). ʄʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʘʨʪʠʨʦʚʦʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʟʜʝʩʴ ʞʝ ʧʦʤʠʤʦ 
ʫʢʘʟʘʥʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚʩʢʨʳʪʳ ʤʝʣʢʦ- ʠ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʝ ʧʣʘʛʠʦʬʠʨʦʚʳʝ ʙʘʟʘʣʴʪʳ, ʚ ʨʘʟʥʦʡ 
ʩʪʝʧʝʥʠ ʦʰʣʘʢʦʚʘʥʥʳʝ. ʇʦʩʣʝʜʥʠʝ, ʚʠʜʠʤʦ, ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʜʦʣʠʥʝ ʶʞʥʦʛʦ ʨʫʢʘʚʘ ʙʘʣʢʠ, ʩʣʘ-
ʛʘʷ ʟʜʝʩʴ ʚ ʦʩʥʦʚʥʦʤ ʥʠʞʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʪʦʣʱʠ. ʅʠʞʥʠʡ ʢʦʥʪʘʢʪ ʪʦʣʱʠ ʩ ʥʠʞʝʣʝʞʘʱʝʡ 
ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʝʡ ʟʜʝʩʴ ʥʝ ʚʩʢʨʳʪ. ɺʝʨʭʥʠʡ ʢʦʥʪʘʢʪ, ʩʦ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʝʡ ʧʝʨʝʙʫʨʝʥ ʩʢʚʘ-
ʞʠʥʦʡ  ̄34 ʥʘ ʛʣʫʙʠʥʝ 406 ʤ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʟʜʝʩʴ ʜʦʩʪʠʛʘʝʪ 300ï400 ʤ ʠ, ʚʠʜʠʤʦ, ʫʚʝʣʠ-
ʯʠʚʘʝʪʩʷ, ʩʫʜʷ ʧʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʧʦʣʶ, ʢ ʟʘʧʘʜʫ. ʅʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʙʘʣʢʠ ʚ ʨʘʟʨʝʟʝ 
ʪʦʣʱʠ ʧʨʝʦʙʣʘʜʘʶʪ ʣʘʚʳ ʧʣʘʛʠʦʢʣʘʟ-ʧʠʨʦʢʩʝʥʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ. ʆʜʥʘʢʦ ʤʦʱʥʦʩʪʴ ʪʦʣɦ ʠ 
ʟʜʝʩʴ ʨʝʟʢʦ ʩʦʢʨʘʱʘʝʪʩʷ ʠ ʫ ʚʦʜʦʨʘʟʜʝʣʘ ʥʝʙʦʣʴʰʠʝ ʬʨʘʛʤʝʥʪʳ ʝʝ ʨʘʟʨʝʟʘ (ʜʦ 50 ʤ) ʟʘʢʣʯʁʝʥʳ 
ʤʝʞʜʫ ʧʦʜʩʪʠʣʘʶʱʝʡ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʝʡ ʠ ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʚʪʦʨʦʡ (ʘʥʜʝʟʠʪʦʜʘʮʠʪʦʚʦʡ) ʧʦʜ-
ʪʦʣʱʝʡ, ʚ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʧʦʷʩʘʭ ʜʘʝʢ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ. 
ʉʝʚʝʨʥʝʝ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʧʦʷʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʪʫʬʦʚ ʠ ʪʝʬʨʦʠʜʦʚ ʧʦʨʬʠ-

ʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ. ɺ ʜʦʣʠʥʝ ʨ. ɼʞʫʩʘ ʦʥʠ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʥʘʜ ʣʘʚʘʤʠ. ɺʦʟʣʝ 
ʧʦʩ. ʊʝʨʝʥʩʘʡ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʪʝʬʨʦʠʜʳ ʠʥʦʛʜʘ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʪʫʬʘʤʠ ʠ ʣʘʚʘʤʠ. ʄʦʱʥʦʩʪʴ 
ʪʦʣʱʠ ʢ ʩʝʚʝʨʫ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʚ ʪʝʬʨʦʛʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 150 ʤ. ʂʦʥʪʘʢʪ ʪʦʣʱʠ ʩ 
ʥʠʞʝʣʝʞʘʱʝʡ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʝʡ ʟʜʝʩʴ ʧʝʨʝʙʫʨʝʥ ʚ ʩʢʚʘʞʠʥʝ  ̄31, ʘ ʩ ʚʳʰʝʣʝʞʘʱʝʡ ʘʥʜʝʟʠ-
ʪʦʜʘʮʠʪʦʚʦʡ ʧʦʜʪʦʣʱʝʡ ʚ ʩʢʚʘʞʠʥʘʭ  ̄31 ʠ 3566. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʝʨʝʨʳʚʦʚ ʠ ʫʛʣʦʚʳʭ ʥʝʩʦ-
ʛʣʘʩʠʡ ʥʘ ʢʦʥʪʘʢʪʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ [56]. 
ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ, ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʘʙʫʪʘʢ ʥʝʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫ-

ʙʦʦʙʣʦʤʦʯʥʳʤʠ ʪʫʬʘʤʠ ʠ ʪʝʬʨʦʠʜʘʤʠ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʜʦ 
ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʭ ʩʣʘʥʮʝʚ, ʩʦʭʨʘʥʷʶʱʠʭ ʨʝʣʠʢʪʦʚʫʶ ʩʣʦʠʩʪʦʩʪʴ ʠ ʦʙʣʦʤʦʯʥʫʶ ʩʪʨʫʢ-
ʪʫʨʫ. 
ʇʣʘʛʠʦʢʣʘʟ-ʧʠʨʦʢʩʝʥʦʬʠʨʦʚʳʝ ʙʘʟʘʣʴʪʳ ʩʦʩʪʦʷʪ ʠʟ ʜʚʫʭ ʧʦʢʦʣʝʥʠʡ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʧʣʘʛʠʦ-

ʢʣʘʟʘ ʠ ʧʠʨʦʢʩʝʥʘ, ʧʦʛʨʫʞʝʥʥʳʭ ʚ ʩʪʝʢʣʦʚʘʪʫʶ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ʩ ʛʠʘʣʦʧʠʣʠʪʦʚʦʡ, ʧʠʣʦʪʘʢʩʠ-
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ʪʦʚʦʡ ʠ ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʠ ʬʣʶʠʜʘʣʴʥʦʡ, ʨʝʞʝ ʤʘʩʩʠʚʥʦʡ ʪʝʢ-
ʩʪʫʨʦʡ. ʇʣʘʛʠʦʢʣʘʟ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʘʛʨʝʛʘʪʦʤ ʩʦʩʩʶʨʠʪʘ, ʧʠʨʦʢʩʝʥ-ʫʨʘʣʠʪʦʤ, ʨʝʞʝ ï ʙʠʦ-
ʪʠʪʦʤ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʘʣʴʙʠʪ-ʦʣʠʛʦʢʣʘʟʘ (An=9ï12 %), ʵʧʠʜʦʪʘ, ʘʢʪʠʥʦ-

ʣʠʪʘ (ʫʨʘʣʠʪʘ), ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʭʣʦʨʠʪʘ ʠ ʙʠʦʪʠʪʘ, ʦʪʚʝʯʘʶʪ ʫʩʣʦʚʠʷʤ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦ-
ʚʦʡ ʩʪʫʧʝʥʠ ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. 
ʊʫʬʳ ʧʦʨʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʚ ʮʝʣʦʤ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ 

ʙʣʠʟʢʠ ʢ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʤ ʪʫʬʘʤ ʢʫʢʙʫʢʪʠʥʩʢʦʡ ʪʦʣʱʠ. ʆʯʝʥʴ ʯʘʩʪʦ ʧʦʨʬʠʨʠʪʳ ʠʭ ʪʫʬʳ ʧʝ-
ʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʜʦ ʧʣʘʛʠʦʢʣʘʟ-ʘʤʬʠʙʦʣʦʚʳʭ ʩʣʘʥʮʝʚ, ʘ ʫ ʧʦʩ. ʊʝʨʝʥʩʘʡ ʜʦ ʘʣʴʙʠʪ-ʵʧʠʜʦʪ-
ʭʣʦʨʠʪʦʚʳʭ ʩ ʢʘʨʙʦʥʘʪʦʤ ʠ ʩʝʨʠʮʠʪʦʤ ʩʣʘʥʮʝʚ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʚ ʩʣʘʥʮʳ ʧʨʝʚʨʘʱʝʥʳ ʠ ʪʝʬʨʦʠ-
ʜʳ. ʆʜʥʘʢʦ, ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʚ ʥʠʭ ʥʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʘʨʘʛʝʥʝʟʘʤ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʟʝʣʝʥʦ-
ʢʘʤʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʘ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʡ ʠʟʤʝʥʝʥʠʡ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʚʘʨʴʠʨʫʶʪ ʦʪ ʙʘʟʘʣʴʪʦʚ ʜʦ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʧʦ 

ʩʦʜʝʨʞʘʥʠʶ ɦʝʣʦʯʝʡ ʜʦ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʱʝʣʦʯʝʡ ʙʘʟʘʣʴʪʦʠʜʳ ʪʦʣʱʠ 
ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʪʨʦʚʦʤʫ ʨʷʜʫ. ɺʘʨʠʘʮʠʠ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʱʝʣʦʯʝʡ, ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʫʢʘ-
ʟʳʚʘʶʪ ʥʘ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʪʠʧ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʩʦʩʪʘʚʦʚ [56]. 
ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʠʢʨʦʵʣʝ-

ʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʙʘʨʠʷ ʠ ʩʪʨʦʥʮʠʷ, ʯʪʦ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨ-
ʥʦ ʜʣʷ ʚʫʣʢʘʥʠʪʦʚ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 2,87 ʛ/ʩʤ3, ʪʫʬʦʚ ï 2,82 ʛ/ʩʤ3, ʪʝʬʨʦ-

ʠʜʦʚ ï 2,77 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʩʨʝʜʥʝʤ ʨʘʚʥʘ 43Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺʪʦʨʘʷ ʧʦʜʪʦʣʱʘ (D2al2) ʩʣʦʞʝʥʘ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʫʤʝ-

ʨʝʥʥʦ-ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʝʝ ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʚʫʶʪ ʣʘʚʳ ʠ ʪʫʬʳ ʦʪ ʨʠʦʣʠʪʦʚʦʛʦ ʜʦ ʘʥʜʝʟʠʪʦʚʦʛʦ 
ʩʦʩʪʘʚʘ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʥʘʙʣʶʜʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʣʘʚ ʠ ʪʫʬʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʝʬʨʦʠʜʦʚ ʠ 
ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ. ʆʪʣʦʞʝʥʠʷ ʧʦʜʪʦʣʱʠ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ (ʜʦ 140 ʢʤ2) ʥʘ 
ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʆʥʠ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʙʣʠʟʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ 
1,5ï5,5 ʢʤ, ʫʭʦʜʷ ʜʘʣʝʢʦ ʟʘ ʧʨʝʜʝʣʳ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ. ʅʝʙʦʣʴʰʦʡ ʧʝʨʝʨʳʚ ʵʪʠʭ ʦʙʨʘ-
ʟʦʚʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʰʠʨʦʪʝ ʠʟʛʠʙʘ ʨ. ʂʘʨʘʙʫʪʘʢ. ʅʘʠʙʦʣʴʰʝʡ ʰʠʨʠʥʳ (ʜʦ 5,5 ʢʤ) ʚʫʣʢʘʥʠ-
ʪʳ ʪʦʣʱʠ ʜʦʩʪʠʛʘʶʪ ʚ ʨʘʡʦʥʝ ʨ. ɼʞʫʩʘ ʠ ʙʘʣʢʠ ɹʫʜʘʤʰʘ, ʛʜʝ ʩʣʘʛʘʶʪ ʢʨʫʧʥʫʶ ʚʫʣʢʘʥʠʯʝʩʢʫʶ 
ʩʪʨʫʢʪʫʨʫ, ʚ ʢʦʪʦʨʦʡ ʣʦʢʘʣʠʟʦʚʘʥʳ ʨʫʜʳ ɼʞʫʩʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ-
ʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʘʨʝʘʣʘ ʨʘʟʚʠʪʠʷ ʧʦʜʪʦʣʱʠ (ʩʝʚʝʨʥʳʡ ʠ ʶʞʥʳʡ). ɺ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʶʞ-
ʥʳʡ ʘʨʝʘʣ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʦʢʦʥʪʫʨʠʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʥʘ 
ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʨʘʜʠʫʩʦʤ ʦʩʨʝʜʥʝʥʠʷ 0,5 ʢʤ, ʧʨʠʯʝʤ, ʥʘʠʙʦʣʝʝ ʛʣʫʙʦʢʠʝ ʤʠʥʠ-
ʤʫʤʳ (0,75 ʤɻʘʣ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʵʢʩʪʨʫʟʠʷʤ ʧʦʜʪʦʣʱʠ. ɺ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʩʝʚʝʨʥʳʡ ʘʨʝʘʣ 
ʨʘʟʚʠʪʠʷ ʚʪʦʨʦʡ ʪʦʣʱʠ ʪʘʢʞʝ ʯʝʪʢʦ ʦʯʝʨʯʝʥ ʥʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʨʘʜʠʫʩʦʤ ʦʩʨʝʜ-
ʥʝʥʠʷ 0,5 ʢʤ. ɸʥʦʤʘʣʠʠ ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʦ-ʫʜʣʠʥʝʥʥʫʶ ʠʣʠ ʣʠʥʝʡʥʳʝ ʬʦʨʤʳ, ʚʳʪʷʥʫʪʳʝ ʚ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɻʣʫʙʦʢʠʡ ʤʠʥʠʤʫʤ (ʜʦ 2 ʤɻʘʣ) ʧʨʠʫʨʦʯʝʥ ʢ ʧʦʣʷʤ ʨʘʟʚʠʪʠʷ 
ʵʢʩʪʨʫʟʠʡ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʫʯʘʩʪʢʦʚ ʨʘʟʚʠʪʠʷ ʧʦʜʪʦʣʱʠ ʩʣʦʞʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ. ʌʦʨʤʘ ʘʥʦʤʘʣʠʡ ʠ ʠʭ 

ʦʨʠʝʥʪʠʨʦʚʢʘ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʘ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ ʧʣʦʱʘʜʠ. 
ʅʘ ʰʠʨʦʪʝ ʖʞʥʦ-ɼʞʫʩʠʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʦʥʦ ʩʦʩʪʦʠʪ ʠʟ ʤʦʟʘʠʢʠ ʤʝʣʢʠʭ ʩʫʙʠʟʦʤʝʪ-

ʨʠʯʥʳʭ ʠʣʠ ʩʣʘʙʦʚʳʪʷʥʫʪʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 200ï400 ʥʊʣ, ʨʝʜʢʦ ï 
ʜʦ ï500 ʥʊʣ. 
ʏʫʪʴ ʶʞʥʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʤʝʥʷʝʪʩʷ ʦʪ +250 ʜʦ ï350 ʥʊʣ. ɺ ʂʘʨʘʙʫʪʘʢʩʢʦʤ ʙʣʦʢʝ 

ʭʘʨʘʢʪʝʨ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʥʦʤʘʣʠʡ ʥʘʧʦʤʠʥʘʶʪ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ, ʥʦ ʨʠʩʫʥʦʢ ʧʦʣʷ ʟʜʝʩʴ ʨʝʟʢʦ 
ʥʘʨʫʰʘʝʪʩʷ ʫʟʢʠʤʠ ʣʠʥʝʡʥʳʤʠ ʠ ʜʫʛʦʦʙʨʘʟʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʩʝʢʫʱʠʤʠ ʢʘʢ ʚʪʦʨʫʶ ʧʦʜʪʦʣ-
ʱʫ, ʪʘʢ ʠ ʚʳʰʝʣʝʞʘʱʠʝ ʠ ʠʤʝʶʱʠʤʠ ʷʚʥʦ ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 
ʠ ʥʝʩʦʚʧʘʜʝʥʠʝʤ ʧʨʦʩʪʠʨʘʥʠʡ ʘʥʦʤʘʣʠʡ ʤʘʛʥʠʪʥʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʵʪʦʡ ʯʘʩʪʠ. 
ʅʘ ʢʦʩʤʦʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʦʣʴʢʦ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʦʪʣʦʞʝʥʠ̫ ʤ 

ʧʦʜʪʦʣʱʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʬʦʪʦʪʦʥʘ. ʋʯʘʩʪʢʘʤʠ ʥʘ ʧʣʦʱʘʜʷʭ ʠʭ ʨʘʟʚʠ-
ʪʠʷ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʠ ʜʫʛʦʦʙʨʘʟ-
ʥʳʤʠ ʨʘʟʣʦʤʘʤʠ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ, ʢʦʣʴʮʝʚʳʤʠ ʛʨʘʥʠʮʘʤʠ ʵʢʩʪʨʫʟʠʚʥʳʭ ʪʝʣ ʠ ʨʝʣʠʢʪʘʤʠ 
ʥʘʩʣʦʝʥʠʷ. 
ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʝ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʧʘʯʢʠ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʩʣʦʞʝʥʘ 

ʪʫʬʘʤʠ ʜʘʮʠʪʦʚ ʦʪ ʧʩʘʤʤʠʪʦʚʦʡ ʜʦ ʘʛʣʦʤʝʨʘʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ (ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʩʝʬʠʪʦʚʳʭ), 
ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʣʘʚʳ, ʠʛʥʠʤʙʨʠʪʳ, ʧʨʦʩʣʦʠ ʪʝʬʨʦʠʜʦʚ ʠ ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ. ɺʪʦʨʘʷ ʩʦ-
ʩʪʦʠʪ ʠʟ ʣʘʚ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʦʜʯʠʥʝʥʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʪʫʬʦʚ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. 
ʈʝʜʢʦ ʚ ʥʠʟʘʭ ʨʘʟʨʝʟʘ ʚʩʪʨʝʯʘʶʪʩʷ ʪʫʬʳ ʠ ʣʘʚʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʨʝʪʴʷ ï ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʫ-
ʬʘʤʠ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ, ʨʝʞʝ ʩʤʝʰʘʥʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʨʝʜʢʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʣʘʚ ʫʤʝ-
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ʨʝʥʥʦʢʠʩʣʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ ʪʝʬʨʦʠʜʘʤʠ ʠ ʢʨʝʤʥʠʩʪʳʤʠ ʪʫʬʬʠʪʘʤʠ. 
ʆʙʥʘʞʝʥʠʷ ʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʧʝʨʚʦʡ ʧʘʯʢʠ ʥʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʨʦʟʠʦʥʥʦʤ ʩʨʝʟʝ ʦʪʩʫʪ-

ʩʪʚʫʶʪ. ɽʝ ʦʪʣʦʞʝʥʠʷ ʚʩʢʨʳʪʳ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʢʚʘʞʠʥ ʚ ʨʘʡʦʥʝ ɼʞʫʩʠʥʩʢʦʛʦ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ ʠ ʚ ʜʦʣʠʥʝ ʙʘʣʢʠ ɹʫʜʘʤʰʘ. ʅʘʠʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʨʘʟʚʠʪʠʷ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠʤʝʶʪ 
ʟʘʧʘʜʥʝʝ ɺʦʩʪʦʯʥʦ-ʊʝʨʝʥʩʘʡʩʢʦʛʦ ʚʟʙʨʦʩʘ, ʛʜʝ ʦʥʠ ʚ ʚʠʜʝ ʠʟʚʠʣʠʩʪʦʡ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ 0,5ï
0,7 ʢʤ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ɼʞʫʩʠʥʩʢʦ-ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʚʦʜʦ-
ʨʘʟʜʝʣʘ ʜʦ ʩʪ. ʊʝʨʝʥʩʘʡ. ʅʘ ʟʘʧʘʜ ʦʥʠ ʧʦʛʨʫʞʘʶʪʩʷ ʧʦʜ ʦʪʣʦʞʝʥʠʷ ʚʪʦʨʦʡ ʧʘʯʢʠ. 
ʅʝʙʦʣʴʰʠʝ ʠʭ ʚʳʭʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʷʜʨʝ ʘʥʪʠʢʣʠʥʘʣʠ, ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ 

ʬʣʘʥʛʝ ɼʞʫʩʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʠ ʚ 3 ʢʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ ʨʘʟʚʘʣʠʥ 2-ʛʦ ʦʪʜʝʣʝʥʠʷ ʩʦʚʭʦʟʘ 
ʂʘʠʥʜʳ-ʂʫʤʘʢʩʢʠʡ. 
ʈʘʟʨʝʟʳ ʚʦʩʪʦʯʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʧʣʦʱʘʜʝʡ ʨʘʟʚʠʪʠʷ ʧʦʜʪʦʣʱʠ ʨʝʟʢʦ ʨʘʟʣʠʯʥʳ. ʅʘ ʚʦʩʪʦʢʝ ʚ 

ʩʦʩʪʘʚʝ ʧʦʜʪʦʣʱʠ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʠʛʥʠʤʙʨʠʪʳ ʜʘʮʠʪʦʚʦʛʦ, ʨʝʞʝ ʨʠʦʜʘʮʠʪʦʚʦʛʦ ʠ ʘʥʜʝʟʠʜʘʮʠ-
ʪʦʚʦʛʦ ʩʦʩʪʘʚʦʚ ʧʩʝʬʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʄʦʱʥʦʩʪʴ ʩʣʦʝʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 4 ʜʦ 30 ʤ ʩʣʦʠ ʯʘʩʪʦ 
ʨʘʟʜʝʣʝʥʳ ʩʠʣʣʘʤʠ ʠ ʜʘʡʢʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 6 ʤ, ʨʝʞʝ ï 25 ʤ ʩʨʝʜʠ ʠʛʥʠʤ-
ʙʨʠʪʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʦʩʳʧʥʳʭ ʙʨʝʢʯʠʡ ʨʠʦʜʘʮʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 8 ʤ ʠ ʪʫʬʦʚ ʢʠʩʣʦ-
ʛʦ ʠ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ ʩʦ ʩʣʝʜʘʤʠ ʩʧʝʢʘʥʠʷ ʤʦʱʥʦʩʪʴʶ 5 ʤ, ʨʝʞʝ ï 50 ʤ (ʦʧ. ʩʢʚ. 39). 
ɼʘʣʝʝ ʥʘ ʩʝʚʝʨ ʧʦ ʵʪʦʡ ʧʦʣʦʩʝ ʠʛʥʠʤʙʨʠʪʳ ʩʤʝʥʷʶʪʩʷ ʪʫʬʘʤʠ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʣʠʪʦ-
ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʩʝʬʠʪʦʚʦʡ, ʧʩʝʬʦʧʩʘʤʤʠʪʦʚʦʡ, ʨʝʞʝ ʣʘʧʠʣʣʠʝʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʜ ʪʫ-
ʬʘʤʠ ʠ ʠʛʥʠʤʙʨʠʪʘʤʠ ʧʦʚʩʝʤʝʩʪʥʦ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʝʨʳʚʘʤʠ ʟʘʣʝʛʘʶʪ ʣʘʚʳ ʜʘʮʠʪʦʚ 
ʤʦʱʥʦʩʪʴʶ ʜʦ 300 ʤ (ʦʧ. ʩʢʚ. 39). ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʧʝʨʚʦʡ ʧʘʯʢʠ ʚ ʵʪʦʡ ʧʦʣʦʩʝ ʦʯʝʥʴ ʥʝ-
ʧʦʩʪʦʷʥʥʘ. ʊʘʢ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ 2-ʛʦ ʦʪʜʝʣʝʥʠʷ ʩʦʚʭʦʟʘ ʂʘʠʥʜʳ-ʂʫʤʘʢʩʢʦʛʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 
700 ʤ ʦʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 20 ʤ ʚ ʩʢʚʘʞʠʥʝ  ̄39 ʜʦ 400 ʤ ʚ ʜʨʫʛʠʭ ʩʢʚʘʞʠʥʘʭ. ʂ ʩʝʚʝʨʫ ʦʪ ʩʪʘʥ-
ʮʠʠ ʊʝʨʝʥʩʘʡ ʦʥʘ ʜʦʩʪʠʛʘʝʪ 400 ʤ. ʖʞʥʝʝ ʩʢʚʘʞʠʥʳ  ̄39 ʧʝʨʚʘʷ ʧʘʯʢʘ ʩʦʚʩʝʤ ʚʳʧʘʜʘʝʪ ʠʟ 
ʨʘʟʨʝʟʘ ʠ ʣʘʚʳ ʜʘʮʠʪʦʚ ʚʪʦʨʦʡ ʧʘʯʢʠ ʯʝʨʝʟ ʧʦʷʩ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʣʦʞʘʪʩʷ ʥʘ ʧʝʨʚʫʶ ʧʦʜʪʦʣʱʫ. 
ɺ ʧʨʝʜʝʣʘʭ ɼʞʫʩʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʨʝʟ ʧʝʨʚʦʡ ʧʘʯʢʠ ʧʨʝʜʩʪʘʚʣʝʥ ʪʫʬʘʤʠ ʜʘʮʠʪʦ-

ʚʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʧʩʘʤʤʠʪʦʚʦʡ ʜʦ ʣʘʧʠʣʣʠʝʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʉʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ 
ʣʘʚ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 7 ʤ ʠ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʭ ʩʣʦʠʩʪʳʭ ʪʝʬʨʦʠʜʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 
40 ʤ ʠ ʪʫʬʬʠʪʦʚ. ʅʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʩʢʚʘʞʠʥʝ ̄ 27, ʚ ʠʥʪʝʨʚʘʣʝ 1 172,8ï
1 399,7 ʤ ʨʘʟʨʝʟ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʪʫʬʦʚ ʠ ʣʘʚ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʱʥʦʩʪʴ 
ʩʣʦʝʚ ʦʪ 1 ʜʦ 30 ʤ ʠ ʙʦʣʝʝ. ɹʣʠʞʝ ʢ ʟʘʙʦʶ ʣʘʚʳ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʪʫʬʘʤʠ. ʅʘ ʩʝʚʝʨʥʦʤ ʬʣʘʥʛʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʪʦʣʱʘ ʩʣʦʞʝʥʘ ʪʘʢʠʤʠ ʞʝ ʪʫʬʘʤʠ ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʣʘʚʦʢʣʘ-
ʩʪʠʪʦʚ (ʜʦ 5 ʤ) ʠ ʩʧʝʢʰʠʭʩʷ ʪʫʬʦʚ ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʄʦʱʥʦʩʪʴ ʧʝʨʚʦʡ ʧʘʯʢʠ, ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʨʘʩʯʝʪʘʤ ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʚ ʵʪʦʡ ʯʘʩʪʠ 

ʧʣʦʱʘʜʠ ʜʦʩʪʠʛʘʝʪ 700 ʤ. 
ʇʦʨʦʜʳ ʚ ʨʘʡʦʥʝ ɼʞʫʩʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʳ ʧʨʦʮʝʩʩʘʤʠ ʛʠʜʨʦʪʝʨʤʘʣʥɹʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ, ʦʢʚʘʨʮʦʚʘʥʳ, ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ, ʧʠʨʠʪʠʪʠʟʠʨʦʚʘʥʳ), ʚʧʣʦʪʴ 
ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʪʨʫʜʥʦ ʜʠʘʛʥʦʩʪʠʨʫʶʪʩʷ. ʏʘʩʪʦ ʫʣʘʚʣʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʨʝʣʠʢʪʳ ʧʝʨʚʠʯ-
ʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʪʝʢʩʪʫʨ, ʧʦ ʢʦʪʦʨʳʤ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʝʨʚʠʯʥʳʝ ʧʦʨʦʜʳ. 
ɺʪʦʨʘʷ ʧʘʯʢʘ ʨʘʟʚʠʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ, ʯʝʤ ʧʝʨʚʘʷ. ʆʥʘ ʠʟʫʯʝʥʘ ʧʦ ʨʘʟʨʦʟʥʝʥʥʳʤ ʚʳʭʦʜʘʤ 

ʧʦ ʙʘʣʢʝ ɹʫʜʘʤʰʘ ʠ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ. ɺ ʝʝ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʁ ʪ ʢʣʘʩʪʦʣʘʚʳ 
ʘʥʜʝʟʠʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʣʘʚʳ, ʵʢʩʪʨʫʟʠʠ ʠ ʦʩʳʧʥʳʝ ʙʨʝʢʯʠʠ ʘʥʜʝʟʠʜʘʮʠʪʦʚ, ʜʘʮʠʪʦʚ, ʨʝʞʝ ï 
ʨʠʦʜʘʮʠʪʦʚ. ʉʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ ʛʦʨʠʟʦʥʪʳ ʪʫʬʦʚ ʵʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʘ ʪʘʢʞʝ 
ʪʫʬʦʚ ʠ ʣʘʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. 
ʈʘʟʨʝʟʳ ʧʘʯʢʠ ʥʘ ʧʣʦʱʘʜʠ ʙʳʩʪʨʦ ʤʝʥʷʶʪʩʷ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʳʝ ʚ ʥʝʤ ʢʣʘʩʪʦʣʘʚʳ ʘʥʜʝʟʠʜʘ-

ʮʠʪʦʚ ʯʘʩʪʦ ʩʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤʠ ʣʘʚʘʤʠ ʠ ʵʢʩʪʨʫʟʠʷʤʠ ʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʜʘʮʠʪʦʚ. 
ʆʜʠʥ ʠʟ ʪʘʢʠʭ ʨʘʟʨʝʟʦʚ ʚʩʢʨʳʪ ʩʢʚʘʞʠʥʘʤʠ ʥʘ ɼʞʫʩʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ. ɿʜʝʩʴ ʚʳʰʝ ʟʘʣʝ-
ʞʠ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʟʘʣʝʛʘʶʪ ʜʘʮʠʪʳ ʦʜʥʦʨʦʜʥʳʝ ʠʣʠ ʩʦ ʩʣʝʜʘʤʠ ʪʝʯʝʥʠʷ, ʥʘʩʳʱʝʥʥʳʝ ʜʘʡ-
ʢʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʫ ʢʦʥʪʘʢʪʘ ʩ ʨʫʜʘʤʠ, ʧʨʝʚʨʘʱʝʥʥʳʝ ʚ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ. 
ʆʙʱʘʷ ʠʭ ʤʦʱʥʦʩʪʴ ʧʦ ʩʢʚʘʞʠʥʝ 170 ʤ, ʚʳʰʝ ʜʘʮʠʪʳ ʯʝʨʝʟ ʧʘʢʝʪ ʜʘʝʢ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʩʤʝ-
ʥʷʶʪʩʷ ʪʫʬʘʤʠ ʪʨʝʪʴʝʡ ʧʘʯʢʠ. 
ʄʦʱʥʦʩʪʴ ʚʪʦʨʦʡ ʧʘʯʢʠ ʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 170 ʜʦ 700 ʤ. 
ʆʙʥʘʞʝʥʠʡ ʪʨʝʪʴʝʡ ʧʘʯʢʠ ʥʘ ʧʣʦʱʘʜʠ ʥʝ ʠʟʚʝʩʪʥʦ. ʆʙʨʘʟʦʚʘʥʠʷ ʝʝ ʚʩʢʨʳʪʳ ʤʥʦʞʝʩʪʚʦʤ 

ʩʢʚʘʞʠʥ ʚ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʷʭ ʧʦʣʦʩʳ ʨʘʟʚʠʪʠʷ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʠ ʠ ʚ ʢʘʨʴʝʨʝ ɿʘʧʘʜʥʦ-ʂʘʨʘʙʫʪʘʢ-
ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʘʯʢʘ ʩʣʦʞʝʥʘ ʪʫʬʘʤʠ ʢʠʩʣʦʛʦ, ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ 
ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʣʘʚ ʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʜʘʮʠʪʦʚ, ʨʝʜʢʦ ï ʪʫʬʦʚ ʠ ʣʘʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʥɦʦʩʪʴ 
ʝʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 200 ʜʦ 500 ʤ. 
ʈʠʦʣʠʪʳ, ʨʠʦʜʘʮʠʪʳ, ʜʘʮʠʪʳ, ʘʥʜʝʟʠʪʳ ʣʘʚʦʚʦʡ ʬʘʮʠʠ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʠ ʦʙʳʯʥʦ ʧʦʨʬʠʨʦ-

ʚʳʝ ʦʪ ʨʝʜʢʦ-ʤʝʣʢʦʚʢʨʘʧʣʝʥʥʳʭ ʩ ʝʜʠʥʠʯʥʳʤʠ ʬʝʥʦʢʨʠʩʪʘʣʣʘʤʠ ʤʝʥʝʝ 1 ʤʤ ʜʦ ʛʫʩʪʦʚʢʨʘʧ-
ʣʝʥʥʳʭ, ʚ ʢʦʪʦʨʳʭ ʚʢʨʘʧʣʝʥʥʠʢʠ ʦʢʦʣʦ 1 ʠʣʠ 3ï5 ʤʤ ʩʦʩʪʘʚʣʷʶʪ 10ï20 % ʦʪ ʦʙʲʝʤʘ ʧʦʨʦʜʳ. 
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ʌʦʨʤʘ ʤʝʣʢʠʭ ʬʝʥʦʢʨʠʩʪʘʣʣʦʚ ʫʜʣʠʥʝʥʥʘʷ, ʙʦʣʝʝ ʢʨʫʧʥʳʭ ï ʯʘʩʪʦ ʰʠʨʦʢʦʪʘʙʣʠʪʯʘʪʘʷ. ɺ ʨʠʦ-
ʣʠʪʘʭ ʠ ʨʠʦʜʘʮʠʪʘʭ ʦʥʠ ʠʥʦʛʜʘ ʦʧʣʘʚʣʝʥʳ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʴʙʠʪʦʤ, ʚ 
ʘʥʜʝʟʠʪʘʭ ʠ ʜʘʮʠʪʘʭ ʧʦʩʣʝʜʥʠʡ ʯʘʩʪʦ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʪʝʤ ʠʣʠ ʠʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʧʠʜʦʪʘ. ɺ 
ʨʠʦʣʠʪʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʘʥʪʠʧʝʨʪʠʪ. ʀʟʨʝʜʢʘ ʚ ʬʝʥʦʢʨʠʩʪʘʣʣʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʚʢʣʶ-
ʯʝʥʠʷ ʩʪʝʢʣʘ ʠ ʠʛʦʣʦʯʝʢ ʘʧʘʪʠʪʘ. ʇʦʩʣʝʜʥʠʡ ʚ ʚʠʜʝ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʧʨʠʟʤʦʯʝʢ, ʦʙʳʯʥʦ ʚ ʘʩʩʦ-
ʮʠʘʮʠʠ ʩ ʨʫʜʥʳʤ, ʠʥʦʛʜʘ ʦʙʨʘʟʫʝʪ ʩʢʦʧʣʝʥʠʷ ʦʢʦʣʦ ʚʢʨʘʧʣʝʥʥʠʢʦʚ. ʉʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʦʡ ʤʘʩ-
ʩʳ ʦʙʳʯʥʦ ʤʠʢʨʦʣʠʪʦʚʳʝ ʩ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʠʣʠ ʙʝʩʧʦʨʷʜʦʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʤʠʢʨʦʣʠʪʦʚ, 
ʚ ʢʠʩʣʳʭ ʨʘʟʥʦʩʪʷʭ ʩʢʣʝʝʥʥʳʭ ʢʚʘʨʮʝʤ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʭʣʦʨʠʪʘ, ʚ ʘʥʜʝʟʠʪʘʭ ï ʭʣʦ-
ʨʠʪʦʤ, ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʵʧʠʜʦʪʘ. ɺ ʨʠʦʣʠʪʘʭ ʠ ʨʠʦʜʘʮʠʪʘʭ ʨʘʟʚʠʪʳ ʪʘʢʞʝ ʤʠʢʨʦʩʬʝʨʦʣʠʪʦ-
ʚʳʝ ʠ ʤʠʢʨʦʧʦʡʢʠʣʠʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʝʪʩʷ ʧʝʨʣʠʪʦʚʘʷ ʦʪʜʝʣʴʥʦʩʪʴ. ɺ 
ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ ʧʫʩʪʦʪʳ ʚʳʧʦʣʥʝʥʳ ʢʚʘʨʮʝʤ, ʚ ʘʥʜʝʟʠʪʘʭ ï ʢʚʘʨʮʝʤ, ʭʣʦʨʠʪʦʤ, 
ʵʧʠʜʦʪʦʤ. 
ʃʘʚʳ ʙʨʝʢʯʠʝʚʠʜʥʳʝ, ʨʝʞʝ ï ʤʘʩʩʠʚʥʳʝ, ʬʣʶʠʜʘʣʴʥʦʩʪʴ ʨʘʟʚʠʪʘ ʩʣʘʙʦ. ʀʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ 

ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʣʘʚʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʢʨʫʛʣʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʦʜʠʥʘʢʦʚʳʭ ʨʘʟʤʝʨʦʚ (3ï
10 ʤʤ), ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʠʭ ʜʨʫʛ ʢ ʜʨʫʛʫ ʠ ʥʝ ʠʤʝʶʱʠʭ ʢʦʥʮʝʥʪʨʠʯʥʦʛʦ ʠʣʠ ʨʘʜʠʘʣʴʥʦ-ʣʫ-
ʯʠʩʪʦʛʦ ʩʪʨʦʝʥʠʷ. ʉʫʜʷ ʧʦ ʬʦʨʤʝ ʦʙʦʩʦʙʣʝʥʠʡ, ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʨʘʟʦʛʨʝʪʦʤ ʩʦ-
ʩʪʦʷʥʠʠ. 
ʃʘʚʦʙʨʝʢʯʠʷ ʨʠʦʜʘʮʠʪʦʚʦʛʦ, ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʪʦʠʪ ʠʟ ʦʙʣʦʤʢʦʚ ʧʝʤʟʳ ʜʘʮʠʪʦʚʦʛʦ ʩʦ-

ʩʪʘʚʘ ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ. ʄʠʥʜʘʣʠʥʳ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 50 % ʦʪ ʦʙʲʝʤʘ, ʦʥʠ ʚʳʧʦʣʥʝ-
ʥʳ ʢʚʘʨʮʝʤ, ʚʦʢʨʫʛ ʥʠʭ ʨʘʟʚʠʚʘʶʪʩʷ ʩʬʝʨʦʣʠʪʳ. ʆʙʣʦʤʢʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 50 % ʦʪ ʦʙʱʝʡ ʤʘʩʩʳ 
ʧʦʨʦʜʳ. ʎʝʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʩʪʝʢʣʘʤʠ ʨʠʦʜʘʮʠʪʦʚʦʛʦ, ʜʘʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ɼʣʷ ʵʬʬʫʟʠʚʦʚ ʢʠʩʣʦʛʦ ʠ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʥʳ ʙʨʝʢʯʠʝʚʠʜʥʦʩʪʴ ʠ ʪʘʢʩʠʪʦ-

ʚʦʩʪʴ ʦʪ ʛʨʫʙʦʡ ʜʦ ʪʦʥʢʦʡ. ʏʘʩʪʦ ʣʘʚʳ, ʠʤʝʶʱʠʝ ʦʙʣʠʢ ʦʜʥʦʨʦʜʥʳʭ, ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʦʙʥʘ-
ʨʫʞʠʚʘʶʪ ʪʘʢʩʠʪʦʚʦʩʪʴ. ʇʦʩʣʝʜʥʷʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʠʢʨʦʧʷʪʥʠʩʪʦʩʪʠ, ʦʙʦʩʦʙʣʝʥʠʠ ʫʯʘʩʪʢʦʚ 
ʢʚʘʨʮ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʠ ʙʦʣʝʝ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʌʦʨʤʘ, ʨʘʟʤʝʨ ʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʵʪʠʭ 
ʦʙʦʩʦʙʣʝʥʠʡ ʨʘʟʣʠʯʥʳ ʠ, ʚʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠʭ ʨʘʟʣʠʯʥʦ. ʏʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʦʩʦʙʣʝ-
ʥʠʷ ʠʤʝʶʱʠʝ ʦʙʣʦʤʢʦʚʠʜʥʳʡ ʭʘʨʘʢʪʝʨ, ʙʦʣʝʝ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʠ ʨʝʣʠʢʪʦʚʳʝ 
ʩʪʨʫʢʪʫʨʳ ʙʘʟʘʣʴʪʦʚ ʠ ʘʥʜʝʟʠʪʦʚ ʜʘʞʝ ʧʨʠ ʯʘʩʪʠʯʥʦʤ ʧʝʨʝʧʣʘʚʣʝʥʠʠ. ʈʘʟʤʝʨ ʠʭ ʩʘʤʳʡ ʨʘʟʣʠʯ-
ʥʳʡ ʦʪ ʜʦʣʝʡ ʤʤ ʜʦ 3ï5 ʩʤ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʘʢʠʭ ʦʙʣʦʤʢʦʚ ʣʘʚʳ ʧʝʨʝʭʦʜʷʪ ʚ ʢʣʘʩʪʦʣʘʚʳ, ʧʦʣʴ-
ʟʫʶɦʠʝʩʷ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʚ ʧʦʜʪʦʣʱʝ. 
ʀʛʥʠʤʙʨʠʪʳ ʜʘʮʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʩʝʨʦʛʦ ʮʚʝʪʘ ʧʷʪʥʠʩʪʦ-ʬʣʶʠʜʘʣʴʥʳʝ, ʧʦ-

ʣʦʩʘʪʳʝ. ɺ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʥʠ ʦʙʣʦʤʢʦʚ ʠ ʦʙʣʦʤʢʠ ʬʴʷʤʤʝʚʠʜʥʦʡ ʬʦʨʤʳ ʦʪ 2 ʜʦ 15 ʤʤ ʚ 
ʧʦʧʝʨʝʯʥʠʢʝ. 
ʉʨʝʜʠ ʪʫʬʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʦʩʪʠ ʦʪ ʣʘʧʠʣʣʠʝʚʳʭ ʜʦ ʢʨʫʧ-

ʥʦʦʙʣʦʤʦʯʥʳʭ, ʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʢʨʠʩʪʘʣʣʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ ʠ ʚʠʪʨʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ. ʃʠ-
ʪʦʢʣʘʩʪʳ ʘʥʘʣʦʛʠʯʥʳ ʣʘʚʘʤ, ʚʠʪʨʦʢʣʘʩʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʣʠʪʦʤ. ʉʦʩʪʘʚ ʦʙʣʦʤʢʦʚ ʯʘʩʪʦ 
ʩʤʝʰʘʥʥʳʡ, ʚʧʣʦʪʴ ʜʦ ʧʨʠʩʫʪʩʪʚʠʷ ʣʠʪʦʢʣʘʩʪʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʀʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʧʝʢʘ-
ʥʠʝ. ʎʚʝʪ ʪʫʬʦʚ ʩʝʨʳʡ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʡ, ʬʦʨʤʘ ʦʙʣʦʤʢʦʚ ʥʝʧʨʘʚʠʣʴʥʦ ʠʟʦʤʝʪʨʠʯʥʘʷ. 
ʆʩʳʧʥʳʝ ʙʨʝʢʯʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʫʬʦʚ ʦʜʥʦʪʠʧʥʦʩʪʴʶ ʩʦʩʪʘʚʘ, ʦʙʣʠʢʘ, ʩʪʨʫʢʪʫʨʳ ʦʙʣʦʤ-

ʢʦʚ ʫʛʣʦʚʘʪʦʡ ʠ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʠʭ ʩʦʨʪʠʨʦʚʢʠ. ʎʝʤʝʥʪ ʦʙʳʯʥʦ ʩʣʘʙʦ ʨʘʟʚʠʪ ʠ 
ʧʨʝʜʩʪʘʚʣʝʥ ʪʝʤ ʞʝ ʠʟʤʝʣʴʯʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʯʘʩʪʦ ʟʘʤʝʱʝʥʥʳʤ ʚʪʦʨʠʯʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. 
ʊʝʬʨʦʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʩʘʤʤʠʪʦʚʳʤʠ ʠ ʘʣʝʚʨʠʪʦʚʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʠ ʩʦʩʪʦʷʪ ʠʟ ʤʘʪʝʨʠʘʣʘ 

ʢʠʩʣʦʛʦ ʠʣʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʉʣʦʠʩʪʦʩʪʴ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʯʝʪʢʘʷ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ, ʯʘʩʪʦ ʨʠʪ-
ʤʠʯʥʘʷ. ʆʙʣʦʤʦʯʥʘʷ ʯʘʩʪʴ ʚ ʪʝʬʨʦʠʜʘʭ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʘʤʠ ʘʣʴ-
ʙʠʪʘ, ʧʝʨʣʠʪʦʤ, ʨʝʞʝ ï ʣʠʪʦʢʣʘʩʪʘʤʠ, ʚ ʪʝʬʨʦʠʜʘʭ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ï ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʘʤʠ ʧʣʘ-
ʛʠʦʢʣʘʟʘ ʠ ʚʠʪʨʦʢʣʘʩʪʠʢʦʡ. 
ʃʘʚr ʠ ʪʫʬʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʩʪʨʝʯʝʥʥʳʝ ʚ ʘʥʜʝʟʠʪʦʜʘʮʠʪʦʚʦʡ ʪʦʣʱʝ, ʧʦ ʩʚʦʠʤ ʩʪʨʫʢ-

ʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʠ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʚ ʧʝʨʚʦʡ ʧʦʜ-
ʪʦʣʱʝ. 
ʈʝʛʠʦʥʘʣʴʥʳʡ ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʧʦʨʦʜ ʧʦʜʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦɦ ʘʜʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʢ ʘʣʴʙʠʪ, ʵʧʠʜʦʪ, ʭʣʦʨʠʪ, ʢʚʘʨʮ, ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʭ 
ʭʣʦʨʠʪ-ʵʧʠʜʦʪʦʚʦʡ ʩʫʙʬʘʮʠʠ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʨʦʜ ʟʘʚʝʨʰʘʝʪʩʷ  ʣʦʢʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʚʜʦʣʴ 
ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʳʭ ʟʦʥ ʧʨʦʮʝʩʩʦʚ ʧʦʟʜʥʝʡ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ. ɹʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʦʪʠʪʘ ʠ ʢʚʘʨʮʘ, ʧʨʦʜʫʢʪʳ ʙʦʣʝʝ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨ-
ʥʦʡ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʤ, ʭʣʦʨʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʩʫʣʴʬʠʜʘʤʠ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʢʨʝʤʥʝʟʝʤʘ ʦʪ 48 ʜʦ 75 %, ʚ ʢʦʪʦʨʦʤ ʩʦʩʪʘʚʳ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʪ 58 ʜʦ 68 % ʩʦʩʪʘʚʣʷʶʪ 70ï
80 % [56]. ʇʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʵʪʦʤ ʨʷʜʫ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ, ʥʝ 
ʧʨʝʚʳʰʘʶʱʝʤ 5 %. ʇʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʙʣʠʟʢʠ ʢ ʙʘʟʘʣʴʪʦʠʜʘʤ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʧʝʨʚʦʡ ʧʦʜ-
ʪʦʣʱʠ. 
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ʉʨʝʜʠ ʧʦʨʦʜ ʘʥʜʝʟʠʪ-ʜʘʮʠʪʦʚʦʛʦ ʨʷʜʘ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʥʦʩʪʠ ʩ ʧʦ-
ʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ (ʪʨʘʭʠʘʥʜʝʟʠʪʳ, ʪʨʘʭʠʜʘʮʠʪʳ). ɺ ʨʠʦʜʘʮʠʪʘʭ ʠ ʨʠʦʣʠʪʘʭ ʩʦʜʝʨʞʘʥʠʷ 
ʱʝʣʦʯʝʡ ʧʘʜʘʶʪ ʠ ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʨʦʜʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ. ʇʦ ʦʪʥʦʝh-
ʥʠʶ ʢʘʣʠʷ ʢ ʥʘʪʨʠʶ ʧʦʨʦʜʳ ʪʦʣʱʠ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʪʨʠʝʚʦʡ ʠ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʡ ʛʨʫʧʧʘʤ. ʇʦ 
ʚʘʨʠʘʮʠʷʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʦʜʝʨʞʘʥʠʡ ʪʠʪʘʥʘ ʚ ʩʦʩʪʘʚʘʭ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, 
ʯʪʦ ʧʦʨʦʜʳ ʧʦʜʪʦʣʱʠ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʢ ʨʠʦʜʘʮʠ-

ʪʘʤ ʩʦʜʝʨʞʘʥʠʡ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʠ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝ-
ʤʝʥʪʦʚ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʧʦʜʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʧʝʨʚʠʯʥʦʛʦ ʩʦ-

ʩʪʘʚʘ ʧʦʨʦʜʳ, ʪʘʢ ʠ ʦʪ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʉʘʤʘʷ ʥʠʟʢʘʷ ʧʣʦʪʥʦʩʪʴ (2,57ï2,67 ʛ/ʩʤ3) ʭʘʨʘʢ-
ʪʝʨʥʘ ʜʣʷ ʨʠʦʣʠʪʦʚ, ʩʘʤʘʷ ʚʳʩʦʢʘʷ (2,84ï2,98 ʛ/ʩʤ3) ï ʜʣʷ ʪʫʬʦʚ ʠ ʣʘʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ 
ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʢʚʘʨʮ-ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʣʦʪʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʫʣʴʬʠ-
ʜʦʚ ʠ ʧʨʠ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʦʩʣʝʜʥʠʭ ʧʨʝʚʳʰʘʝʪ 3 ʛ/ʩʤ3. 
ɺʦ ʚʩʝʭ ʧʦʨʦʜʘʭ ʧʦʜʪʦʣʱʠ, ʦʪ ʢʠʩʣʳʭ ʜʦ ʦʩʥʦʚʥʳʭ, ʨʘʟʥʦʩʪʠ ʩ ʥʠʟʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠ-

ʠʤʯʠʚʦʩʪʴʶ (ʤʝʥʝʝ 100Ŀ10-6 ʝʜ. ʉɻʉ) ʧʨʝʦʙʣʘʜʘʶʪ ʠ ʩʦʩʪʘʚʣʷʶʪ 65ï85 %. ɹʦʣʝʝ ʚʳʩʦʢʘʷ ʤʘʛ-
ʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ((100ï3 800)Ŀ10-6 ʝʜ. ʉɻʉ) ʦʙʫʩʣʦʚʣʝʥʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠʩʫʪʩʪʚʠʝʤ 
ʘʢʮʝʩʩʦʨʥʦʛʦ ʤʘʛʥʝʪʠʪʘ ʠʣʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ ʧʨʦʧʠʣʠʪʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ 
ʢ ʨʘʟʣʦʞʝʥʠʶ ʤʘʛʥʝʪʠʪʘ ʠ ʩʥʠʞʝʥʠʶ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʟʦʥʳ ʢʚʘʨʮ-
ʩʝʨʠʮʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʘʤʤrʠ ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 
ʊʨʝʪʴʷ ʧʦʜʪʦʣʱʘ (D2al3) ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʝʡ ʨʘʟʚʠʪʠʷ ʘʣʝʢ-

ʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. ʆʩʦʙʝʥʥʦ ʰʠʨʦʢʦ ʦʥʘ ʨʘʟʚʠʪʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʋʟʝʣʴ-
ʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʳ, ʦʙʨʘʟʫʷ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʫʶ ʧʦʣʦʩʫ, ʧʨʦʪʷʛʠʚʘʶʱʫʶʩʷ ʚ 
ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʯʪʠ ʯʝʨʝʟ ʚʩʶ ʧʣʦʱʘʜʴ ʣʠʩʪʘ. ɺ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜ-
ʟʦʥʝ ʧʦʨʦʜʳ ʧʦʜʪʦʣʱʠ ʨʘʟʚʠʪʳ ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʘʛʘʥʜʳ, ʛʜʝ ʩʣʘʛʘʶʪ ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʫʶ ʛʨʘʙʝʥ-
ʩʠʥʢʣʠʥʘʣʴ, ʠ ʬʨʘʛʤʝʥʪʘʨʥʦ ʩʝʚʝʨʥʝʝ, ʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. 
ʊʨʝʪʴʷ ʧʦʜʪʦʣʱʘ ʩʣʦʞʝʥʘ ʚʫʣʢʘʥʠʪʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʩʩʠʚʥʳʝ, ʙʨʝʢʯʠʝ-

ʚʳʝ, ʨʝʞʝ ï ʧʦʜʫʰʝʯʥʳʝ ʣʘʚʳ ʠ ʢʣʘʩʪʦʣʘʚʳ ʘʬʠʨʦʚʳʭ, ʧʣʘʛʠʦʬʠʨʦʚʳʭ, ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦ-
ʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʪʫʬʳ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʘʛʣʦʤʝʨʘʪʦʚʳʭ ʜʦ ʛʨʫʙʦʦʙʣʦ-
ʤʦʯʥʳʭ, ʪʫʬʬʠʪʳ, ʪʝʬʨʦʠʜʳ. ʉʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʘʚʳ ʠ ʪʫʬʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʠ ʧʨʦ-
ʩʣʦʠ ʢʨʝʤʥʝʡ, ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ ʠ ʧʠʨʦʢʣʘʩʪʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʢʠʩʣʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ 
ʩʦʩʪʘʚʘ. ʇʨʝʦʙʣʘʜʘʶʪ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʧʦʜʪʦʣʱʠ. ʃʘʚʦʚʳʝ ʬʘʮʠʠ ʟʜʝʩʴ ʨʘʟʚʠʪʳ ʣʦ-
ʢʘʣʴʥʦ, ʚʜʦʣʴ ʝʝ ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʳ ʠ ʚ ʷʜʨʝ ɼʫʥʝʥʩʢʦʡ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʠ 
(ʦʧ. ʩʢʚ. 23). ʄʦʱʥʦʩʪʴ ʠʭ ʜʦʩʪʠʛʘʝʪ 1 200 ʤ. 
ɺ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʥʘʨʷʜʫ ʩ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʠ ʣʘʚʦʚʳʤʠ ʬʘʮʠʷʤʠ ʚ ʝʝ ʨʘʟ-

ʨʝʟʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʪʝʬʨʦʠʜʳ, ʨʝʞʝ ʪʫʬʬʠʪʳ, ʩʠʣʠʮʠʪʳ. ɺ ʵʪʦʡ ʧʦʜʟʦʥʝ ʥʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟ-
ʨʝʟʘ ʧʦʜʪʦʣʱʠ ʦʙʥʘʞʘʝʪʩʷ ʚ ʦʙʨʳʚʘʭ ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʙʘʣʢʠ ɹʫʜʘʤʰʘ (ʦʧ. ʨ. 28). ʉʣʦʞʝʥʘ, ʚ 
ʦʩʥʦʚʥʦʤ, ʪʫʬʘʤʠ ʧʫʟʳʨʠʩʪʳʭ ʙʘʟʘʣʴʪʦʚ ʘʛʣʦʤʝʨʘʪʦʚʦʡ, ʘʛʣʦʤʝʨʘʪʦ-ʣʘʧʠʣʣʠʝʚʦʡ, ʨʝʞʝ ï ʧʩʝ-
ʬʠʪʦ-ʣʘʧʠʣʣʠʝʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʝʜʠʥʠʯʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʢʣʘʩʪʦʣʘʚ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴ-
ʪʦʚ, ʪʫʬʦʚ ʧʣʘʛʠʦʬʠʨʦʚʳʭ, ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʘʥʘʣʦ-
ʛʠʯʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 
ʄʦʱʥʦʩʪʠ ʛʦʨʠʟʦʥʪʦʚ ʦʪ 2 ʜʦ 2,3 ʤ, ʨʝʞʝ ï 50 ʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʧʦʜʪʦʣʱʠ ʧʦ ʙʘʣʢʝ 

400 ʤ. 
ɺʦʩʪʦʯʥʝʝ ʵʪʦʛʦ ʨʘʟʨʝʟʘ ʚ ʥʠʟʘʭ ʧʦʜʪʦʣʱʠ ʨʘʟʚʠʪʳ ʘʛʣʦʤʝʨʘʪʦʚʳʝ ʪʫʬʳ ʧʠʨʦʢʩʝʥ-

ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʣʘʚ ʜʘʮʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 6 ʤ. ɺr ʰʝ ʪʫʬʦʚ ʟʘʣʝʛʘʶʪ 
ʣʘʚʳ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʤʦʱʥʦʩʪʴʶ 70 ʤ. 
ʂ ʩʝʚʝʨʫ ʦʪ ʙʘʣʢʠ ɹʫʜʘʤʰʘ ʨʘʟʨʝʟ ʧʦʜʪʦʣʱʠ ʚʩʢʨʳʪ ʧʨʦʬʠʣʝʤ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ. ɿʜʝʩʴ ʚ ʝʝ 

ʩʦʩʪʘʚʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʪʫʬʳ ʘʬʠʨʦʚʳʭ ʠ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʦʪ ʧʩʝʬʦʧʩʘʤʤʠʪʦʚʦʡ ʜʦ 
ʣʘʧʠʣʣʠʝʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʚʚʝʨʭʫ ʧʨʦʷʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʪʝʬʨʦʠʜʦʚ. ʄʦʱʥʦʩʪʴ ʩʣʦʝʚ 1ï11 ʤ. 
ʅʘʜʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʥʠʟʫ ʧʦʜʪʦʣʱʠ ʧʨʝʦʙʣʘʜʘʶʪ ʪʫʬʳ ʘʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ. ʄʦʱʥʦʩʪʴ ʝʝ ʚ 
ʵʪʦʡ ʯʘʩʪʠ 250ï350 ʤ (ʦʧ. ʩʢʚ. 36). 
ʉʝʚʝʨʦ-ʟʘʧʘʜʥʝʝ ɼʞʫʩʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʜʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʫʬʘʤʠ ʘʬʠʨʦʚʳʭ ʙʘ-

ʟʘʣʴʪʦʚ ʦʪ ʧʩʘʤʤʠʪʦʚʦʡ ʜʦ ʣʘʧʠʣʣʠʝʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʪʝʬʨʦʠʜʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 
3 ʤ. ʄʦʱʥʦʩʪʴ ʝʝ ʟʜʝʩʴ ʜʦ 150 ʤ. 
ʂ ʟʘʧʘʜʫ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʫ ʦʪ ʩʪʘʥʮʠʠ ʊʝʨʝʥʩʘʡ ʧʦʜʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʫʬʘʤʠ ʘʬʠʨʦʚʳʭ, 

ʧʣʘʛʠʦʬʠʨʦʚʳʭ, ʧʠʨʦʢʩʝʥʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʦʪ ʘʛʣʦʤʝʨʘʪʦʚʦʡ ʜʦ ʧʩʘʤʤʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ 
ʨʝʜʢʠʤʠ ʤʘʣʦʤʦʱʥʳʤʠ ʛʦʨʠʟʦʥʪʘʤʠ ʣʘʚ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʄʦʥɦʦʩʪʴ ʧʦʜʪʦʣʱʠ ʟʜʝʩʴ 
420 ʤ. 
ɺ ʟʘʧʘʜʥʦʡ ʧʨʠʛʨʘʥʠʯʥʦʡ ʧʦʣʦʩʝ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ, ʚ ʦʙʨʘʤʣʝʥʠʠ ɺʦʩʪʦʯʥʦ-

ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʛʦ ʛʨʘʙʝʥʘ ʠ ʟʘʧʘʜʥʝʝ ɿʘʧʘʜʥʦ-ɸʢʞʘʨʩʢʦʛʦ ʨʘʟʣʦʤʘ ʚ ʋʟʝʣʛɹʠʥʩʢʦ-ʀʨʠʢʣʠʥ-
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ʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʨʘʟʨʝʟʝ ʧʦʜʪʦʣʱʠ ʧʨʝʦʙʣʘʜʘʶʪ ʣʘʚʳ ʙʘʟʘʣʴʪʦʚ, ʯʘʩʪʦ ʩ ʧʦʜʫʰʝʯʥʳʤ ʩʪʨʦʝʥʠʝʤ 
ʩ ʧʨʦʩʣʦʷʤʠ ʧʣʘʛʠʦʬʠʨʦʚʳʭ, ʨʝʜʢʦ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʛʠʘ-
ʣʦʢʣʘʩʪʠʪʦʚ, ʪʝʬʨʦʠʜʦʚ ʠ ʩʠʣʠʮʠʪʦʚ. 
ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʙʘʟʘʣʴʪʳ ʧʦʜʪʦʣʱʠ ï ʪʝʤʥʦ-ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ ʦʪ ʘʬʠʨʦʚʳʭ ʜʦ ʛʫ-

ʩʪʦʧʦʨʬʠʨʦʚʳʭ ʩ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ, ʧʠʨʦʢʩʝʥʘ ʠʣʠ ʧʠʨʦʢʩʝʥʘ ʠ ʧʣʘʛʠʦʢʣʘʟʘ ʨʘʟʤʝ-
ʨʦʤ 0,3ï2,5 ʩʤ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 20ï25 %. 
ʇʦʨʦʜʳ ʤʘʩʩʠʚʥʳʝ, ʨʝʞʝ ï ʙʨʝʢʯʝʚʠʜʥʳʝ, ʠʥʦʛʜʘ ʢʦʤʢʦʚʘʪʳʝ. ʇʣʘʛʠʦʢʣʘʟ ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ 

ʟʘʤʝʱʝʥ ʘʣʴʙʠʪʦʤ, ʯʘʩʪʦ ʩ ʧʨʠʤʝʩʴʶ ʵʧʠʜʦʪʘ, ʭʣʦʨʠʪʘ, ʢʘʨʙʦʥʘʪʘ, ʧʠʨʦʢʩʝʥ ï ʙʣʝʜʥʦ-ʟʝʣʝʥʳʤ 
ʘʤʬʠʙʦʣʦʤ, ʨʝʞʝ ï ʭʣʦʨʠʪʦʤ ʠʣʠ ʵʧʠʜʦʪʦʤ. ʉʪʨʫʢʪʫʨʳ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʘʧʦʛʠʘʣʦʧʠʣʠʪʦʚʳʝ, 
ʠʥʪʝʨʩʝʨʪʘʣʴʥʳʝ. ʉʪʝʢʣʦ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʦ ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʘʢʪʠʥʦʣʠʪʦʤ, ʢʘʨʙʦʥʘʪʦʤ. 
ʕʪʠʤʠ ʞʝ ʤʠʥʝʨʘʣʘʤʠ ʚʳʧʦʣʥʝʥʳ ʧʫʩʪʦʪʳ ʚ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ. ɸʢʮʝʩʩʦʨʠʠ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ. 
ɸʥʜʝʟʠʙʘʟʘʣʴʪʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʘʟʘʣʴʪʘʤʠ ʦʙʝʜʥʝʥʳ ʪʝʤʥʦʮʚʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʠʥʦʛʜʘ 

ʦʙʦʛʘʱʝʥʳ ʤʘʛʥʝʪʠʪʦʤ. ʀʟʨʝʜʢʘ ʦʥʠ ʦʙʨʘʟʫʶʪ ʦʙʦʩʦʙʣʝʥʠʷ ʠʣʠ ʦʙʣʦʤʢʠ ʚ ʣʘʚʘʭ ʦʙʳʯʥʳʭ ʙʘ-
ʟʘʣʴʪʦʚ. 
ʊʫʬʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʪʦʷʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʣʘʧʠʣʣʝʡ ʠ ʙʦʤʙ ʦʢʨʫʛʣʦ-ʠʟʦʤʝʪʨʠʯ-

ʥʦʡ ʬʦʨʤʳ ʣʠʪʦʢʣʘʩʪʦʚ ʘʥʘʣʦʛʠʯʥʳʭ ʣʘʚʘʤ, ʯʘʩʪʦ ʩʠʣʴʥʦ ʦʰʣʘʢʦʚʘʥʥʳʭ. ʎʝʤʝʥʪ ʦʙʳʯʥʦ ʩʣʘ-
ʙʦ ʨʘʟʚʠʪ ʠ ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʝʝ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. ɺ ʪʫʬʘʭ ʩʤʝʰʘʥʥʦʛʦ 
ʩʦʩʪʘʚʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʪʦʢʣʘʩʪʳ ʢʠʩʣʳʭ ʵʬʬʫʟʠʚʦʚ. 
ʊʫʬʳ ʠ ʣʘʚʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʪʦʣʱʝ, ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ 

ʚʦ ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʝ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʶʪ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ, ʦʪʩʦʨʪʠʨʦʚʘʥʥʳʝ, 
ʩʦ ʩʣʝʜʘʤʠ ʧʝʨʝʤʳʚʘ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʦʙʣʦʤʢʦʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʧʨʠʯʝʤ ʧʠ-
ʨʠʪ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ. ɹʦʣʝʝ ʨʘʥʥʠʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʨʫʜʦʢʣʘʩʪʘʭ, ʙʦʣʝʝ ʧʦʟʜʥʠʡ ʨʘʟʚʠʚʘʝʪʩʷ ʚ 
ʧʨʦʞʠʣʢʘʭ. ʏʘʩʪʦ ʚ ʥʠʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʠʪʦʢʣʘʩʪʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦ ʩʣʝʜʘʤʠ ʧʝʨʝʤʳʚʘ ʪʝ-
ʬʨʦʛʝʥʥʦʛʦ ʠʣʠ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
ʊʝʬʨʦʠʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʦʩʪʦʷʪ ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ, ʯʪʦ ʠ ʪʫʬʳ, ʪʦʣʴʢʦ ʦʙʣʦʤʢʠ ʚ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʦʪʩʦʨʪʠʨʦʚʘʥʳ. 
ʂʨʝʤʥʠʩʪʳʝ ʪʫʬʬʠʪʳ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ, ʤʘʩʩʠʚʥʳʝ ʠʣʠ ʩʣʘʙʦʩʣʦʠʩʪʳʝ ʧʦ-

ʨʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʢʨʝʤʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʧʨʠʤʝʩʴʶ ʵʧʠʜʦʪʘ ʠ 
ʭʣʦʨʠʪʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʩʣʘʙʦ ʧʨʝʨʳʚʠʩʪʳʡ ʨʷʜ, ʚ ʢʦʪʦʨʦʤ 

ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʨʦʜʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʝʤʥʝʟʝʤʘ ʦʪ 46 ʜʦ 54 % ʠ ʨʝʜʢʦ ʚʩʪʨʝʯʘʁ ʪʩʷ ʩ 68ï72 %. 
ɹʘʟʘʣʴʪʦʠʜʳ ʪʦʣʱʠ ʧʦ ʩʦʜʝʨʞʘʥʠʷʤ ʠ ʜʠʩʧʝʨʩʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʪʘʢʦ-
ʚʳʤ ʧʝʨʚʦʡ ʧʦʜʪʦʣʱʠ ʠ ʥʘ ʚʩʝʭ ʜʠʘʛʨʘʤʤʘʭ ʦʥʠ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʧʦʣʝ [56]. ɼʣʷ ʥʠʭ ʪʘʢʞʝ 
ʭʘʨʘʢʪʝʨʥʳ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʝʡ, ʦʩʦʙʝʥʥʦ ʥʘʪʨʠʷ ʠ ʦʥʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ 
ʦʪʥʦʩʷʪʩʷ ʢ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤ ʙʘʟʘʣʴʪʘʤ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʱʝʣʦʯʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʪʨʠʝʚʳʝ 
ʩʦʩʪʘʚʳ, ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʝ. ʅʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥ-
ʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʟʥʘʢʦʚ ʥʘʢʦʧʣʝʥʠʷ ʠʭ ʧʨʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʫʤʝʨʝʥʥʦʢʠʩʣʳʭ ʧʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ 

ʚʪʦʨʦʡ ʧʦʜʪʦʣʱʠ. ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʧʦʜʪʦʣʱʠ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʥʦʡ ʪʨʝʥʜ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʥʘʢʦʧʣʝʥʠʶ Cu, Sr, V, Ba, Ga, Sc. 
ʈʝʛʠʦʥʘʣʴʥʳʡ ʟʝʣʝʥʦʢʘʤʝʥʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʧʦʨʦʜ ʧʦʜʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦɦ ʘʜʥʳʤ 

ʨʘʟʚʠʪʠʝʤ ʘʣʴʙʠʪ-ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪ-ʭʣʦʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʨʠ ʧʦʣʥʦʤ ʩʦʭʨʘʥʝʥʠʠ ʧʝʨʚʠʯ-
ʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʦʨʦʜʳ. 
ʇʣʦʪʥʦʩʪʴ ʙʘʟʘʣʴʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,7 ʛ/ʩʤ3 ʚ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ ʜʦ 3,09 ʛ/ʩʤ3, 

ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 2,86 ʛ/ʩʤ3, ʘ ʚ ʪʫʬʘʭ ï ʦʪ 2,75 ʜʦ 2,98 ʛ/ʩʤ3 ʧʨʠ ʩʨʝʜʥʝʤ 2,82 ʛ/ʩʤ3. ʇʦ ʤʘʛ-
ʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʧʦʨʦʜʳ ʪʦʣʱʠ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 2 ʛʨʫʧʧʳ. 63 % ʙʘʟʘʣʪɹʦʚ ʠ 35 % 
ʪʫʬʦʚ ʠʤʝʶʪ ʥʠʟʢʫʶ ʤʘʛʥʠʪʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ï (17ï50)Ŀ10-6 ʝʜ. ʉɻʉ. ɺʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ 
ʦʥʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ï (125ï16 750)Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʩʚʷʟʘʥʘ ʩ ʥʘʣʠʯʠʝʤ ʢʘʢ ʧʝʨ-
ʚʠʯʥʦʛʦ, ʪʘʢ ʠ ʥʘʣʦʞʝʥʥʦʛʦ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʪʦʨʠʯʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʤʘʛʥʝʪʠʪʘ. 
ʅʘ ʢʘʨʪʝ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʨʘʜʠʫʩʦʤ ʦʩʨʝʜʥʝʥʠʷ 5 ʢʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʧʦʜʪʦʣʱʠ 

ʫʩʪʦʡʯʠʚʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 1ï3 ʤɻʘʣ. ɺ ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ, 
ʛʜʝ ʧʦʜʪʦʣʱʘ ʥʘʭʦʜʠʪʩʷ ʚ ʥʦʨʤʘʣʴʥʦʤ ʟʘʣʝʛʘʥʠʠ, ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠ-
ʦʥʥʦʝ ʧʦʣʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 2,5 ʤɻʘʣ, ʪʝʤ, ʛʜʝ ʦʥʘ ʦʙʨʘʟʫʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʧʦʢʨʦʚ, ʛʨʘʚʠʪʘ-
ʮʠʦʥʥʦʝ ʧʦʣʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 2 ʤɻʘʣ. ʅʘʣʠʯʠʝ ʧʦʢʨʦʚʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʫʟ-
ʢʠʤʠ ʧʦʣʦʩʢʘʤʠ ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʠʫʨʦʯʝʥʥʳʤʠ ʢ ʛʨʘʥʠ-
ʮʘʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʠʣʠ ʜʘʞʝ ʦʢʦʥʪʫʨʠʚʘʶʱʠʤʠ ʠʭ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʜʪʦʣʱʠ ʟʘʧʘʜʥʝʝ ɺʦʩʪʦʯʥʦ-ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʛʦ ʛʨʘʙʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʧʦ-

ʢʦʡʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ, ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʩ ʤʝʣʢʠʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ (100ï
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200 ʥʊʣ), ʩʚʷʟʘʥʥʳʤʠ ʦʙʳʯʥʦ ʩ ʚʳʭʦʜʘʤʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦ-
ʩʘ ʩʝʚʝʨʥʝʝ ʠʩʪʦʢʦʚ ʨ. ʂʘʨʘʛʘʥʜʳ, ʛʜʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʧʦʣʝ ʨʝʟʢʦ ʩʤʝʥʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 
(ʜʦ ï600 ʥʊʣ). 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʦʙʥʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦʨʦʜ ʧʦʜʪʦʣʱʠ ʚʳʜʝʣʷʶʪʩʷ ʪʝʤʥʦ-ʩʝʨʳʤ ʬʦʪʦ-

ʪʦʥʦʤ, ʩʦ ʩʣʘʙʦ ʨʘʟʣʠʯʠʤʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʠʩʫʥʢʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʩʣʝʜʳ ʥʘʩʣʦʝʥʠʷ ʪʫʬʦʚ ʠ 
ʣʘʚ. ʅʘ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷʤ ʬʦʪʦʪʦʥʘ ʙʦʣʝʝ ʩʚʝʪʣʳʝ, ʪʘʢʞʝ 
ʩ ʨʝʣʠʢʪʘʤʠ ʥʘʩʣʦʝʥʠʷ. 
ɺʦʟʨʘʩʪ ʧʦʜʪʦʣʱʠ ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʦʞʝʥʠʝʤ ʚ ʦʙʱʝʤ ʨʘʟʨʝʟʝ ʨʘʡ-

ʦʥʘ ʠ ʥʘʭʦʜʢʘʤʠ ʢʦʥʦʜʦʥʪʘ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʙʠʡʩʢʦʛʦ ʠ ʘʬʦʥʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ. 
ʏʝʪʚʝʨʪʘʷ ʧʦʜʪʦʣʱʘ (D2al4) ʨʘʟʚʠʪʘ ʫ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ, ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠ-

ʥʳ ʨ. ʂʘʨʘʙʫʪʘʢ ʠ ʚ ʮʝʥʪʨʝ, ʛʜʝ ʝʝ ʧʦʨʦʜʳ ʩʣʘʛʘʶʪ ʧʦʣʦʩʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʩʝʨʠʠ ʙʣʦʢʦʚ ʚʳʩʦʢʦ-
ʛʦ ʧʦʨʷʜʢʘ ʧʨʦʪʷʛʠʚʘʶʱʫʶʩʷ ʚʜʦʣʴ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ ʦʪ ʚʝʨʭʦ-
ʚʴʝʚ ʨ. ʂʘʨʘʛʘʥʜʳ ʜʦ ʜʦʣʠʥʳ ʨ. ʂʫʤʳʩ-ʊʶʙʝ. 
ɽʩʪʝʩʪʚʝʥʥʳʝ ʨʘʟʨʝʟʳ ʯʝʪʚʝʨʪʦʡ ʧʦʜʪʦʣʱʠ ʥʘ ʧʣʦʱʘʜʠ ʦʪʩʫʪʩʪʚʫʶʪ. ʆ ʝʝ ʩʦʩʪʘʚʝ ʤʦʞʥʦ 

ʩʫʜʠʪʴ ʧʦ ʨʝʜʢʠʤ ʦʙʥʘʞʝʥʠʷʤ ʠ ʨʘʟʨʝʟʘʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʢʚʘʞʠʥ. 
ɺ ʩʢʚʘʞʠʥʝ  ̄26 ʥʘ ʟʘʙʦʝ ʚʩʢʨʳʪʳ ʙʘʟʘʣʴʪʳ (58,7 ʤ) ʠ ʪʝʬʨʦʠʜʳ (4,5 ʤ) ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ, 

ʥʘ ʢʦʪʦʨʳʭ ʯʝʨʝʟ ʟʘʣʝʞʴ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʟʘʣʝʛʘʶʪ ʧʣʘʛʠʦʬʠʨʦʚʳʝ ʘʥʜʝʟʠʜʘʮʠʪʳ ʩʫʙʚʫʣʢʘʥʠ-
ʯʝʩʢʦʡ ʬʘʮʠʠ (15,3 ʤ), ʘ ʝʱʝ ʚʳʰʝ ʜʘʮʠʪʳ ʣʘʚʦʚʦʡ ʬʘʮʠʠ ʩ ʜʘʡʢʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ. ɿʘʢʘʥ-
ʯʠʚʘʝʪʩʷ ʨʘʟʨʝʟ ʩʢʚʘʞʠʥʳ ʪʨʘʭʠʜʘʮʠʪʘʤʠ ʩ ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʙʨʝʢʯʠʝʚʠʜʥʦ-ʬʣʶʠʜʘʣʴʥʦʡ ʪʝʢ-
ʩʪʫʨʦʡ. ɺ ʩʦʩʝʜʥʠʭ ʩʢʚʘʞʠʥʘʭ ʧʘʢʝʪ ʜʘʝʢ ʥʘ ʢʦʥʪʘʢʪʝ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʧʦʜʪʦʣʱ ʦʪʩʫʪʩʪʚʫʝʪ 
ʠ ʧʦʨʦʜʳ ʧʦʩʣʝʜʥʝʡ, ʟʘʣʝʛʘʶʪ ʥʘ ʧʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟʘʣʴʪʘʭ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ. ɺ ʙʦʣʴ-
ʰʠʥʩʪʚʝ ʨʘʟʨʝʟʦʚ ʩʢʚʘʞʠʥ ʧʦʜʪʦʣʱʘ ʩʣʦʞʝʥʘ ʣʘʚʘʤʠ, ʢʣʘʩʪʦʣʘʚʘʤʠ, ʣʘʚʦʢʣʘʩʪʠʪʘʤʠ, ʦʩʳʧʥʳ-
ʤʠ ʙʨʝʢʯʠʷʤʠ ʠ ʪʫʬʘʤʠ, ʨʝʞʝ ï ʠʛʥʠʤʙʨʠʪʘʤʠ ʦʪ ʨʠʦʣʠʪʦʚʦʛʦ, ʪʨʘʭʠʨʠʦʣʠʪʦʚʦʛʦ ʜʦ ʘʥʜʝʟʠʪʦ-
ʚʦʛʦ ʩʦʩʪʘʚʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʵʪʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ 
ʧʨʝʜʝʣʘʭ. ɺ ʮʝʣʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʠʝ ʚ ʨʘʟʨʝʟʘʭ ʧʦʜʪʦʣʱʠ, ʨʘʟʚʠʪʳʭ ʟʘʧʘʜ-
ʥʝʝ ʨ. ʂʘʨʘʙʫʪʘʢ, ʧʦʨʦʜ ʩ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ (ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʠ ʪʨʘʭʠʜʘʮʠʪʦʚ). ʅʘ 
ʦʩʪʘʣʴʥʳʭ ʧʣʦʱʘʜʷʭ ʧʦʩʣʝʜʥʠʝ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʟʨʝʟʘʭ ʚ ʨʝʟʢʦ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʄʦʱʥʦ-
ʩʪʠ ʛʦʨʠʟʦʥʪʦʚ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 3 ʜʦ 62 ʤ. ʅʘʠʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ (40ï82 ʤ) ʜʦʩʪʠʛʘʶʪ ʛʦʨʠʟʦʥ-
ʪʳ ʦʩʳʧʥʳʭ ʙʨʝʢʯʠʡ ʠ ʵʢʩʪʨʫʟʠʚʥʳʝ ʟʘʣʝʞʠ ʜʘʮʠʪʦʚ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʧʦʜʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʚ 
ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʜʦ 600 ʤ) ʚ ʜʦʣʠʥʝ ʨ. ʂʘʨʘʙʫʪʘʢ. 
ʃʘʚʳ ʦʪ ʨʠʦʣʠʪʦʚʦʛʦ ʜʦ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ 

ʫʢʣʦʥʘ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ, ʩʝʨʦʛʦ, ʪʝʤʥʦ-ʩʝʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʠʥʦʛʜʘ ʩ ʣʠʣʦʚʳʤʠ ʠ ʚʠʰʥʝ-
ʚʳʤʠ ʦʪʪʝʥʢʘʤʠ. ɿʝʣʝʥʦʚʘʪʳʝ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʨʘʟʥʦʩʪʠ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʧʦʣʦʩʝ, 
ʜʣʷ ʚʦʩʪʦʯʥʦʡ ʭʘʨʘʢʪʝʨʥʳ ʪʝʤʥʦ-ʩʝʨʳʝ ʠ ʯʝʨʥʳʝ ʮʚʝʪʘ, ʢʘʢ ʟʘ ʩʯʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʠ ʤʘʛ-
ʥʝʪʠʪʘ, ʪʘʢ ʠ ʟʘ ʩʯʝʪ ʩʠʣʴʥʦʡ ʙʠʦʪʠʟʘʮʠʠ. ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʚʩʝʭ ʣʘʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʨʘʟʥʦ-
ʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʠʤʳ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦʜ ʤʠʢ-
ʨʦʩʢʦʧʦʤ, ʣʠʰʴ ʚ ʧʦʩʣʝʜʥʠʭ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʝʨʪʠʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʣʘʚʘʭ ʣʶ-
ʙʦʛʦ ʩʦʩʪʘʚʘ ʦʪʤʝʯʘʶʪʩʷ ʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʠ ʭʣʦʨʠʪʘ (ʙʠʦʪʠʪʘ), ʤʘʛʥʝʪʠʪʘ ʠ ʣʝʡ-
ʢʦʢʨʘʪʦʚʦʡ ʯʘʩʪʠ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʦʪʤʝʯʘʶʪʩʷ ʨʘʟʥʦʩʪʠ ʠʭ ʦʪ ʣʝʡʢʦ- ʜʦ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ. ɸʢʮʝʩ-
ʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʦʨʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ. 
ʈʠʦʣʠʪʳ ʠ ʨʠʦʜʘʮʠʪʳ ʘʬʠʨʦʚʳʝ ʠʣʠ ʩ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʣʢʠʤʠ 1ï1,5 ʤʤ ʚʢʨʘʧʣʝʥʥʠ-

ʢʘʤʠ ʘʣʴʙʠʪʘ, ʤʠʢʨʦʧʝʨʪʠʪʘ, ʦʯʝʥʴ ʨʝʜʢʦ ʢʘʣʠʰʧʘʪʘ. ʅʝʢʦʪʦʨʳʝ ʬʝʥʦʢʨʠʩʪʘʣʣʳ ʦʧʣʘʚʣʝʥʳ. 
ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʘʩʩʠʚʥʘʷ, ʙʨʝʢʯʠʝʚʠʜʥʘʷ, ʨʝʜʢʦ ʬʣʶʠʜʘʣʴʥʘʷ. ʉʪʨʫʢʪʫʨʘ ʝʝ ʬʝʣʴʟʠʪʦʚʘʷ, 
ʤʠʢʨʦʧʦʡʢʠʣʠʪʦʚʘʷ, ʩʬʝʨʦʣʠʪʦʚʘʷ, ʘʧʦʚʠʪʨʦʬʠʨʦʚʘʷ ʩ ʧʝʨʣʠʪʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. 
ʉʨʝʜʠ ʜʘʮʠʪʦʚ ʠ ʪʨʘʭʠʜʘʮʠʪʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʦʩʪʠ, ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʨʘʟʤʝʨʘʤ ʬʝʥʦʢʨʠ-

ʩʪʘʣʣʦʚ ʘʥʘʣʦʛʠʯʥʳʝ ʨʠʦʣʠʪʘʤ, ʠ ʧʦʨʦʜʳ ʩ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ (4ï5 ʤʤ) ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʘʣʴʙʠʪʘ 
ʠ ʧʝʨʪʠʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʜʦʩʪʠʛʘʝʪ ʠʥʦʛʜʘ 20 %. ʇʦʨʦʜʳ ʯʘʩʪʦ ʠʤʝʶʪ ʙʨʝʢʯʠʝʚʠʜʥʳʡ 
ʦʙʣʠʢ, ʚʩʪʨʝʯʘʶʪʩʷ ʩʬʝʨʦʣʦʠʜʥʳʝ ʣʘʚʳ ʠ ʩ ʰʘʨʦʚʳʤ ʩʪʨʦʝʥʠʝʤ, ʧʨʠʯʝʤ, ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ 
ʩʬʝʨʦʣʦʠʜʘʤʠ ʦʙʳʯʥʦ ʚʳʧʦʣʥʝʥʳ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʤ ʩʪʝʢʣʦʤ ʙʦʣʝʝ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ʆʩ-
ʥʦʚʥʘʷ ʤʘʩʩʘ ʤʠʢʨʦʣʠʪʦʚʘʷ, ʩʬʝʨʦʣʠʪʦʚʘʷ, ʘʣʣʦʪʨʠʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʘʧʦʚʠʪʨʦʬʠʨʦʚʘʷ ʩ ʧʝʨ-
ʣʠʪʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. 
ʃʝʡʢʦʢʨʘʪʦʚʳʝ ʘʥʜʝʟʠʪʳ ʠ ʪʨʘʭʠʘʥʜʝʟʠʪʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʠʤʳ ʦʪ ʜʘʮʠʪʦʚ. ʄʝʟʦ-

ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʨʘʟʥʦʩʪʠ ʠʤʝʶʪ ʟʝʣʝʥʳʡ ʠʣʠ ʯʝʨʥʳʡ ʮʚʝʪ. ɺ ʣʘʚʘʭ ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʰʘʨʦ-
ʚʦʝ ʩʪʨʦʝʥʠʝ, ʧʨʠʯʝʤ, ʰʘʨʠʥʳ ʤʦʛʫʪ ʠʤʝʪʴ ʙʦʣʝʝ ʢʠʩʣʳʡ ʠ ʙʦʣʝʝ ʣʝʡʢʦʢʨʘʪʦʚʳʡ ʩʦʩʪʘʚ, ʘ ʮʝ-
ʤʝʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʤ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠʣʠ ʘʥ-
ʜʝʟʠʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʤʠʢʨʦʣʠʪʦʚʘʷ, ʧʠʣʦʪʘʢʩʠʪʦʚʘʷ, ʛʠʘʣʦʧʠʣʦʪʘʢʩʠʪʦ-
ʚʘʷ, ʪʨʘʭʠʪʦʠʜʥʘʷ. 
ʊʫʬʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʯʘʱʝ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦ-, ʨʝʞʝ ï ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ. ʕʪʦ ʦʙʳʯʥʦ ʤʘʩ-

ʩʠʚʥʳʝ ʧʦʨʦʜʳ. ʆʙʣʦʤʦʯʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʦʣʝʝ ʫʚʝʨʝʥʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʚ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ 
ʨʘʟʥʦʩʪʷʭ, ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ ʫʛʣʦʚʘʪʳʭ ʠ ʥʝʧʨʘʚʠʣʴʥʦ ʠʟʦʤʝʪʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʣʠʪʦʢʣʘʩʪ, 



 37 

ʘʥʘʣʦʛʠʯʥʳʭ ʣʘʚʘʤ. ʉʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʤ ʨʘʟʥʦʩʪʷʤ ʪʫʬʦʚ ʩʚʦʡʩʪʚʝʥʥʘ ʦʙʳʯʥʦ ʧʣʦʪ-
ʥʘʷ ʬʝʣʴʟʠʪʦʧʦʜʦʙʥʘʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ, ʚ ʢʦʪʦʨʦʡ ʣʠʰʴ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʜʥʳ ʤʝʣʢʠʝ ʦʙʣʦʤ-
ʢʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʟʘ ʩʯʝʪ ʧʝʨʝʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʩʧʝʢʰʝʡʩʷ ʚʠʪʨʦʢʣʘʩʪʠʢʠ. ʀʟʨʝʜʢʘ ʚ ʩʧʝʢʰʠʭʩʷ ʪʫʬʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʬʣʶʠʜʘʣʴ-
ʥʦʩʪʴ. 
ʊʫʬʳ ʘʥʜʝʟʠʪʦʚ ʠʤʝʶʪ ʦʜʥʦʪʠʧʥʳʡ ʦʙʣʠʢ. ʕʪʦ ʦʙʳʯʥʦ ʪʝʤʥʦ-ʩʝʨʳʝ, ʨʝʞʝ ʟʝʣʝʥʳʝ ʢʨʫʧʥʦ-

ʦʙʣʦʤʦʯʥʳʝ ʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ, ʩʦ ʩʣʝʜʘʤʠ ʩʧʝʢʘʥʠʷ, ʬʣʶʠʜʘʣʴʥʳʝ ʧʦʨʦʜʳ ʩ ʨʘʩʧʣʶʱʝʥʥʦʡ 
ʚʠʪʨʦʢʣʘʩʪʠʢʦʡ. ʀʥʦʛʜʘ ʦʥʠ ʩʦʜʝʨʞʘʪ ʢʨʫʧʥʳʝ 3ï5 ʤʤ, ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 
ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʙʦʣʴʰʝ ʧʦʭʦʞʠ ʥʘ ʩʧʣʶʱʝʥʥʳʝ ʢʘʧʝʣʴʥʳʝ ʣʘʚʳ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʦʙʣʦʤʢʦʚ ʢʠʩʣʦ-
ʛʦ ʩʦʩʪʘʚʘ ʪʫʬʳ ʘʥʜʝʟʠʪʦʚ ʧʝʨʝʭʦʜʷʪ ʚ ʪʫʬʳ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʠʯʝʤ, ʮʝʤʝʥʪ ʦʙʳʯʥʦ ʧʨʝ-
ʦʙʣʘʜʘʝʪ. 
ʆʩʳʧʥʳʝ ʙʨʝʢʯʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʪʠʧʥʳʤ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, 

ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʣʦʤʢʦʚ ï ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ 1,5 ʤ, ʩʣʘʙʦ ʨʘʟʚʠʪʳʤ ʮʝʤʝʥ-
ʪʦʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤ ʭʣʦʨʠʪ-ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʤ ʤʘʪʝʨʠʘʣʦʚ ʠʣʠ ʩʧʣʶ-
ʱʝʥʥʦʡ ʚʠʪʨʦʢʣʘʩʪʠʢʦʡ ʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʇʨʦʜʫʢʪʘʤʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʥʘʙʣʶʜʘʝʤʳʝ ʚʥʝ ʟʦʥ ʙʠʦʪʠʪʠʟʘʮʠʠ, ʚ ʧʦʨʦʜʘʭ 

ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʷʚʣʷʶʪʩʷ ʘʣʴʙʠʪ, ʢʘʣʠʥʘʪʨʦʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ, ʢʚʘʨʮ, ʭʣʦʨʠʪ, ʩʝʨʠʮʠʪ, ʚ ʧʦʨʦ-
ʜʘʭ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ï ʘʣʴʙʠʪ, ʭʣʦʨʠʪ, ʵʧʠʜʦʪ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʧʦʜʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʦʪ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʜʦ 

ʨʠʦʣʠʪʦʚ. ʅʘʙʣʶʜʘʶʪ ʧʦʨʦʜʳ ʩ ʩʦʩʪʘʚʘʤʠ ʢʨʝʤʥʝʟʝʤʘ 65ï75 % ʠ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ ʧʦʨʦʜʳ ʩ 
ʩʦʜʝʨʞʘʥʠʝʤ ʝʛʦ ʜʦ 60 % [56]. ʇʦ ʩʫʤʤʝ ʱʝʣʦʯʝʡ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʨʦʜʘʤ ʥʦʨʤʘʣʴʥʦʡ ʠ ʧʦ-
ʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ. ʉʦʦʪʥʦʰʝʥʠʷ ʱʝʣʦʯʝʡ ʚ ʧʦʨʦʜʘʭ ʚʘʨʴʠʨʫʶʪ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝ-
ʣʘʭ, ʯʪʦ, ʚʠʜʠʤʦ, ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʪʠʪʠʟʘʮʠʠ, ʢʘʣʠʰʧʘʪʠʟʘʮʠʠ ʠ ʘʣʴʙʠʪʠʟʘʮʠʠ. ɹʦʣʴ-
ʰʠʥʩʪʚʦ ʠʟ ʠʭ ʩʦʩʪʘʚʦʚ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʤʫ ʨʷʜʫ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ, ʘ 
ʪʘʢʞʝ ʧʦ ʠʟʤʝʥʯʠʚʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʦʨʦʜʳ ʪʦʣʱʠ ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʢʦ-
ʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ [56]. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʩʨʝʜʥʝʢʠʩʣʦʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘ-

ʥʠʝ ʛʘʣʣʠʷ ʠ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ, ʛʨʫʧʧʳ ʣʠʪʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʪʦʣʱʠ ʩʠʣʴʥʦ ʠʟʤʝʥʯʠʚʳ ʜʘʞʝ ʚ ʧʦʨʦʜʘʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦ-

ʩʪʘʚʘ ʠ ʦʜʥʦʡ ʬʘʮʠʘʣʴʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠ ʯʘʩʪʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʤʘʛʥʝʪʠʪʘ. ʉʨʝʜʥʷʷ 
ʧʣʦʪʥʦʩʪʴ ʨʠʦʣʠʪʦʚ ʠ ʠʭ ʪʫʬʦʚ ʩʦʩʪʘʚʣʷʝʪ 2,7 ʛ/ʩʤ3 ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ 2,6ï2,75 ʛ/ʩʤ3, ʜʘʮʠʪʦʚ ʠ ʠʭ 
ʪʫʬʦʚ ï 2,71 ʛ/ʩʤ3 ʧʨʠ ʢʦʣʝʙʘʥʠʷʭ 2,62ï2,76 ʛ/ʩʤ3, ʘʥʜʝʟʠʪʦʚ ʠ ʠʭ ʪʫʬʦʚ ï 2,78 ʛ/ʩʤ3 ʧʨʠ ʢʦʣʝ-
ʙʘʥʠʷʭ 2,7ï2,88 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʦʨʦʜ ʢʦʣʝʙʣʝʪʩʷ ʚ 
ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ (1ï2)Ŀ10-6 ʜʦ 10 000Ŀ10-6 ʝʜ. ʉɻʉ. ʈʘʟʥʦʩʪʠ ʩ ʥʠʟʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤ-
ʯʠʚʦʩʪʴʶ (ʤʝʥʝʝ 100Ŀ10-6 ʝʜ. ʉɻʉ) ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ɺʦʩʪʦʯʥʦ-ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʤ ʛʨʘʙʝʥʝ. 
ɼʣʷ ʧʦʜʪʦʣʱʠ ʭʘʨʘʢʪʝʨʥʳ ʧʦʥʠʞʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ. ʅʘ ʢʘʨʪʝ ʣʦʢʘʣʴʥʳʭ 

ʘʥʦʤʘʣʠʡ ʩ ʨʘʜʠʫʩʦʤ ʦʩʨʝʜʥʝʥʠʷ 5 ʢʤ ʚ ʙʣʦʢʘʭ ʦʙʨʘʤʣʷʶʱʠʭ ɺʦʩʪʦʯʥʦ-ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʠʡ 
ʛʨʘʙʝʥ ʝʡ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ ï1,5 ʤɻʘʣ. ɺ ʶʞʥʦʡ ʯʘ-
ʩʪʠ ʧʣʦʱʘʜʠ ʜʣʷ ʫʯʘʩʪʢʦʚ ʨʘʟʚʠʪʠʷ ʧʦʜʪʦʣʱʠ ʫʩʪʘʥʦʚʣʝʥʦ ʯʝʨʝʜʦʚʘʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪ-
ʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ, ʩʤʝʥʷʶʱʠʭ ʜʨʫʛ ʜʨʫʛʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚʝʨʦʷʪʥʦ, 
ʨʘʟʥʦʡ ʤʦʱʥʦʩʪʴʶ ʪʦʣʱʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʝʝ ʫʯʘʩʪʢʘʭ. ʅʦ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘ-
ʣʠʡ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ (0,5 ʤɻʘʣ, ʨʝʜʢʦ ï 1 ʤɻʘʣ) ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʧʦʣʝ ʨʘʟʚʠʪʠʷ ʦʩ-
ʥʦʚʥʳʭ ʧʦʨʦʜ (1,5ï2 ʤɻʘʣ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʚʝʨʝʥʥʦ ʦʢʦʥʪʫʨʠʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜʪʦʣʱʠ ʚ ʛʨʘ-
ʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʧʦʜʪʦʣʱʠ ʦʯʝʥʴ ʩʣʦʞʥʦʝ ʥʝʦʜʥʦʨʦʜʥʦʝ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ 
ʤʝʥ̫ʝʪʩʷ ʢʘʢ ʚʢʨʝʩʪ, ʪʘʢ ʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʪʦʣʱʠ ʦʪ ï500 ʜʦ +1 000 ʥʊʣ. ɸʥʦʤʘʣʠʠ ʚʳʩʦʢʦʛʨʘ-
ʜʠʝʥʪʥʳʝ, ʬʦʨʤʘ ʠʭ ʚʳʪʷʥʫʪʘʷ. ɼʣʷ ʶʞʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʭʘʨʘʢʪʝʨʥʦ ʩʦʯʝʪʘʥʠʝ ʠʟʦʤʝʪʨʠʯ-
ʥʳʭ ʠ ʫʜʣʠʥʝʥʥʳʭ ʘʥʦʤʘʣʠʡ. ɼʝʰʠʬʨʠʨʫʝʤʦʩʪʴ ʧʦʜʪʦʣʱʠ ʧʣʦʭʘʷ. ʇʣʦʱʘʜʴ ʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 
ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʨʘʩʧʘʭʘʥʘ. 
ʆʙʨʘʟʦʚʘʥʠʷ ʯʝʪʚʝʨʪʥʦʡ ʪʦʣʱʠ ʥʘ ʚʩʝʭ ʧʣʦʱʘʜʷʭ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʥʝʩʦʛʣʘʩʠʷ, ʠʥʦʛʜʘ ʯʝʨʝʟ 

ʟʦʥʳ ʪʝʢʪʦʥʠʪʦʚ ʩ ʪʝʣʘʤʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ, ʟʘʣʝʛʘʶʪ ʥʘ ʧʦʨʦʜʘʭ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ. 
ɺ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʦʪʣʦʞʝʥʠʷ ʯʝʪʚʝʨʪʦʡ ʪʦʣʱʠ ʩʦʛʣʘʩʥʦ ʧʝʨʝʢʨʚrʘʶʪʩʷ 

ʚʫʣʢʘʥʠʪʘʤʠ ʫʨʣʷʜʠʥʩʢʦʡ ʩʚʠʪʳ (ʶʞʥʝʝ ʧʣʦʱʘʜʠ), ʧʨʠʯʝʤ, ʧʦʩʣʝʜʥʷʷ, ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʥʝʩʦʛʣʘ-
ʩʠʷ ʧʝʨʝʢʨʳʚʘʝʪ ʠ ʦʪʣʦʞʝʥʠʷ ʪʨʝʪʴʝʡ ʪʦʣʱʠ. ɺ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 
ɺʦʩʪʦʯʥʦ-ʂʘʨʘʛʘʥʜʠʥʩʢʦʛʦ ʛʨʘʙʝʥʘ ʯʝʪʚʝʨʪʘʷ ʧʦʜʪʦʣʱʘ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ ʦʪ-
ʣʦʞʝʥʠʷʤʠ ʢʦʧʘʣʦʚʩʢʦʡ (ʘʥʘʣʦʛ ʫʨʣʷʜʠʥʩʢʦʡ) ʠ ʘʨʩʠʥʩʢʦʡ ʪʦʣʱ. 
ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʜʥʦʚʦʟʨʘʩʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʨʘʟʨʝʟʘ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʧʦʜʪʦʣʱ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʬʘʮʠʘʣʴʥʳʝ ʧʝʨʝʭʦʜʳ ʤʝʞʜʫ 
ʧʦʩʣʝʜʥʠʤʠ. ʇʦʜʦʙʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʢʘʨʘʤʘʣʳʪʘʰʩʢʦʡ 
ʩʚʠʪʳ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ʌʘʫʥʠʩʪʠʯʝʩʢʠ ʥʘʜʝʞʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʪʦʣʴʢʦ ʪʨʝʪʴʷ ʧʦʜʪʦʣʱʘ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. 
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ɺ ʋʟʠʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʉʫʫʥʜʫʢ (ʚʦʩʪʦʯʥʦʝ ʦʢʦʥʯʘʥʠʝ 
ʀʨʠʢʣʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ) ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ: Polygnathus linguiformis linguiformis Hinde, 
P. trigonicus Bisch. et Zieg., ʶʞʥʝʝ ʧʣʦʱʘʜʠ ʚ ʦʚʨʘʛʝ ʂʘʤʝʥʥʳʡ ʊʘʩʪʳʙʫʪʘʢ ʦʪʧʝʯʘʪʢʠ ʢʦʥʦʜʦʥ-
ʪʦʚ: Polygnathus aff. robusticostatus Bisch. et Zieg. 
ɺ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʨʘʟʨʝʟʘʭ ʧʦ ʨ. ʂʫʤrʢ ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ: Polygnathus 

pseudofoliatus Wit., P. aff. angustipennatus Bisch. et Zieg. ɺ 300 ʤ ʚʦʩʪʦʯʥʝʝ, ʚ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 
ʨʘʩʯʠʩʪʢʝ: P. linguiformis pinguis Wed., P. eiflius Bisch. et Zieg., P. linguiformis linguiformis Hinde, 
P. linguiformis linguiformis Hinde mpht. gamma Bult., P. linguiformis pinguis Wed., Tortodus sp. [5]. 
ʇʦ ʟʘʢʣʶʯʝʥʠʶ ɺ. ɸ. ʄʘʩʣʦʚʘ ʠ ʆ. ɺ. ɸʨʪʶʰʢʦʚʦʡ ʢʦʥʦʜʦʥʪʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʘʨʘʤʘʣʳ-

ʪʘʰʩʢʦʡ ʩʚʠʪʳ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʷʤ, ʫʯʠʪʳʚʘʷ ʥʘʭʦʜʢʠ ʬʘʫʥʳ ʚ ʧʦʜʩʪʠʣʘʶʱʠʭ ʠ ʧʝʨʝʢʨʳʚʘʶ-

ʱʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʧʨʠʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʡ (ʵʡʬʝʣʴʩʢʠʡ, ʣʘʥʛʫʨʩʢʠʡ ʛʦʨʠʟʦʥʪ) ʚʦʟʨʘʩʪ 
ʘʣʝʢʩʘʥʜʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɻʫʤʙʝʡʩʢʘʷ ʩʚʠʪʘ (D2gm) ʚʳʜʝʣʝʥʘ ʚ 2002 ʛʦʜʫ ɺ. ʄ. ʄʦʩʝʡʯʫʢʦʤ. ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʜʥʦʠʤʝʥʥʦʡ ʧʦʜʟʦʥʳ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ï ʣʘʚʘʤʠ ʠ ʪʫʬʘʤʠ 
ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʨʝʞʝ ʘʥʜʝʟʠʪʦʚ, ʣʘʚʘʤʠ ʜʦʣʝʨʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʧʘʯʢʘʤʠ ʪʫʬʬʠ-
ʪʦʚ ʠ ʪʫʬʦʘʣʝʚʨʦʣʠʪʦʚ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 600ï1 000 ʤ. ʆʥʠ ʢʘʨʪʠʨʫʶʪʩʷ ʚ ʚʠʜʝ 
ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ʜʦ 3,5 ʢʤ ʧʨʦʩʪʠʨʘʶʱʝʡʩʷ ʦʪ ɹʨʠʝʥʪʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʶʛ ʥʘ 8 ʢʤ. 
ɻʨʘʥʠʮʘ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʝ ʚʩʢʨʳʪʘ, ʚʳʰʝʣʝʞʘʱʘʷ ʥʦ-

ʚʦʙʫʨʘʥʥʘʷ ʪʦʣʱʘ ʟʘʣʝʛʘʝʪ ʥʘ ʥʝʡ ʩʦʛʣʘʩʥʦ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ. ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʥʠʤʠ ʯʘʩʪʦ 
ʫʩʣʦʚʥʘʷ, ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝ ʧʘʯʢʠ ʪʫʬʬʠʪʦʚ ʥʝ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʚ 
ʥʠʟʘʭ ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ, ʣʠʙʦ ʧʦ ʨʝʟʢʦʤʫ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚ ʩʦʩʪʘʚʝ ʦʪʣʦʞʝʥʠʡ ʪʫʬʦʚ; 
ʙʦʣʝʝ ʥʘʜʝʞʥʦ ʧʦ ʧʦʷʚʣʝʥʠʶ ʙʠʦʛʝʨʤ ʠ ʦʙʣʦʤʢʦʚ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʬʘʫʥʦʡ ʩʪʨʠʥʛʦʮʝʬʘʣʦʚʦʡ 
ʟʦʥʳ. 
ɹʘʟʘʣʴʪʳ ʠ ʜʦʣʝʨʠʪʳ ʩʚʠʪʳ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʪʝʤʥʦ-ʟʝʣʝʥʳʝ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ, 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʣʦʪʥʳʝ ʩ ʘʬʠʨʦʚʦʡ ʠʣʠ ʩʧʦʨʦʜʘʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. 
ɺ ʰʣʠʬʘʭ ʯʝʪʢʦ ʨʘʟʣʠʯʘʝʪʩʷ ʜʠʘʙʘʟʦʚʘʷ ʠ ʤʠʢʨʦʜʠʘʙʘʟʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ, ʩʦ-

ʩʪʦʷʱʝʡ ʠʟ ʙʝʩʧʦʨʷʜʦʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʪʦʥʢʠʭ ʣʝʡʩʪʦʯʝʢ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʩʝʨʠ-
ʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ, ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʨʘʟʚʠʚʘʶʪʩʷ ʤʝʣʢʠʝ ʠʟʦʤʝʪ-
ʨʠʯʥʳʝ ʟʝʨʥʘ ʘʤʬʠʙʦʣʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ. ʋʯʘʩʪʢʠ ʩʪʝʢʣʦʚʘʪʦʛʦ ʙʘʟʠʩʘ ʟʘʤʝʱʘʶʪʩʷ 
ʭʣʦʨʠʪʦʤ ʠ ʘʤʬʠʙʦʣʦʤ. 
ɺʢʨʘʧʣʝʥʥʠʢʠ ʚ ʜʦʣʝʨʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʘʭ ʨʝʜʢʠʝ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤʠ ʢʦʨʦʪʢʠʤʠ 

ʧʨʠʟʤʦʯʢʘʤʠ ʘʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʦʛʦ, ʨʝʞʝ ʩʚʝʞʝʛʦ ʧʠʨʦʢʩʝʥʘ ʠ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʪʘʙʣʠʮʘʤʠ 
ʧʣʘʛʠʦʢʣʘʟʘ ï ʣʘʙʨʘʜʦʨʘ  ̄62ï70, ʦʙʳʯʥʦ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʠʣʠ ʩʦʩʩʶʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ. 
ʇʠʨʦʢʩʝʥ ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʦʪʥʦʩʠʪʩʷ ʩʢʦʨʝʝ ʢ ʛʨʫʧʧʝ ʜʠʦʧʩʠʜʘ ʠʣʠ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʜʠʦʧ-

ʩʠʜʘ. 
ɸʥʜʝʟʠʪʳ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʳ ï ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʵʪʦ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ ʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʩ ʟʝʣʝʥʦ-

ʚʘʪʳʤ ʦʪʪʝʥʢʦʤ ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ ʧʣʦʪʥʳʝ ʘʬʠʨʦʚʳʝ ʧʦʨʦʜʳ, ʦʙʥʘʨʫʞʠʚʘʶʱʠʝ ʩʧʦʨʦʜʘʬʠʨʦ-
ʚʫʶ ʩʪʨʫʢʪʫʨʫ ʣʠʰʴ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʧʣʘʛʠʦʢʣʘʟʘ ʤʝʣʢʠʝ, ʩʠʣʴʥʦ ʫʜʣʠʥʝʥʥʳʝ, 
ʧʣʘʛʠʦʢʣʘʟʳ ʜʝʘʥʦʨʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦ ʘʣʴʙʠʪʦʤ ˉ 1ï3, ʪʦ ʦʣʠʛʦʢʣʘʟ-ʘʥʜʝʟʠʥʦʤ ʩ 

 ̄23 ʧʦ ˉ 36. ɽʱʝ ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʬʝʥʦʢʨʠʩʪʘʣʣʳ ʪʝʤʥʦʮʚʝʪʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʧʦʣʥʦʩʪʴʶ ʟʘ-
ʤʝʱʝʥʥʦʛʦ ʭʣʦʨʠʪʦʤ. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʦʙʳʯʥʦ ʧʝʨʝʭʦʜʥʘʷ ʦʪ ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ ʢ 
ʛʠʘʣʦʧʠʣʦʪʘʢʩʠʪʦʚʦʡ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʠ ʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʜ 
ʦʩʪʨʳʤʠ ʫʛʣʘʤʠ ʤʠʢʨʦʣʠʪʦʚ ʠ ʠʟʦʛʥʫʪʳʭ ʣʝʡʩʪʦʯʝʢ ʧʣʘʛʠʦʢʣʘʟʘ, ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 
ʚʳʧʦʣʥʝʥʳ ʤʝʣʢʠʤʠ ʯʝʰʫʡʢʘʤʠ ʙʠʦʪʠʪʘ ʠ ʭʣʦʨʠʪʘ, ʦʙʳʯʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʤʘʛʥʝ-
ʪʠʪʘ. ʈʝʞʝ ʚ ʧʨʦʤʝʞʫʪʢʘʭ ʨʘʟʚʠʪ ʘʤʬʠʙʦʣ. ʀʟʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʤʠʥʜʘʣʠʥʳ ʥʝʧʨʘʚʠʣʴʥʦʡ 
ʬʦʨʤʳ, ʚʳʧʦʣʥʝʥʥʳʝ ʭʣʦʨʠʪʦʤ. ʅʘʨʷʜʫ ʩ ʦʧʠʩʘʥʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʠʨʦʢʩʝʥʦʬʠ-
ʨʦʚʳʝ ʠ ʘʬʠʨʦʚʳʝ ʨʘʟʥʦʩʪʠ. 
ʊʫʬʳ ʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ ʠ ʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ ʤʝʣʢʦʦʙʣʦʤʦʯ-

ʥʳʝ ʩ ʧʣʦʭʦ ʨʘʟʣʠʯʠʤʦʡ ʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʯʪʦ 
ʥʘ 80ï90 % ʩʦʩʪʦʷʪ ʠʟ ʦʙʣʦʤʢʦʚ ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʩ ʤʝʣʢʦʧʫʟʳʨʠʩʪʦʡ 
ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ ʠ ʦʩʢʦʣʢʦʚ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ. ʇʣʘʛʠʦʢʣʘʟ ʚʦ ʚʢʨʘʧʣʝʥʥʠ-
ʢʘʭ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʙʠʪʦʚʥʠʪʦʤ ˉ 70ï75. ʉʪʝʢʣʦʚʘʪʘʷ ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʵʬʬʫʟʠ-
ʚʦʚ ʚ ʦʙʣʦʤʢʘʭ ʟʘʤʝʱʝʥʘ ʙʫʨʦʚʘʪʳʤ ʠʣʠ ʟʝʣʝʥʳʤ ʭʣʦʨʠʪʦʤ ʠʣʠ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʳʤ ʘʤʬʠʙʦ-
ʣʦʤ, ʠʛʦʣʴʯʘʪʳʝ ʠʥʜʠʚʠʜʳ ʠ ʚʦʣʦʢʥʘ ʢʦʪʦʨʦʛʦ ʟʘʯʘʩʪʫʶ ʦʙʨʘʟʫʶʪ ʣʫʯʠʩʪʳʝ ʘʛʨʝʛʘʪʳ. ɺ ʥʝʢʦ-
ʪʦʨʳʭ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʨʘʟʥʦʩʪʷʭ ʪʫʬʦʚ ʨʘʟʣʠʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʘʥʜʝʟʠʪʦʚʳʭ ʠʣʠ ʘʥʜʝʟʠʪʦʜʘ-
ʮʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ ʩ ʦʢʚʘʨʮʦʚʘʥʥʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. 
ʊʫʬʳ ʘʥʜʝʟʠʪʦʙʘʟʘʣʴʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʨʝʜʥʝʦʙʣʦʤʦʯʥʳʝ ʠ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʳʝ ʩ 

ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʱʠʤʠ ʦʙʣʦʤʢʘʤʠ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʠ ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, 
ʟʘʯʘʩʪʫʶ ʧʦʭʦʞʠʝ ʥʘ ʣʘʚʳ ʩ ʙʨʝʢʯʠʝʚʦʡ ʪʝʢʩʪʫʨʦʡ. ʎʚʝʪ ʠʭ ʙʫʨʳʡ, ʣʠʣʦʚʳʡ, ʨʝʞʝ ï ʪʝʤʥʦ-ʟʝ-
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ʣʝʥʳʡ ʠ ʩʝʨʳʡ. 
ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʪʣʦʞʝʥʠʷ ʛʫʤʙʝʡʩʢʦʡ ʩʚʠʪʳ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʥʝ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ. ʅʘ 

ʩʪʨʘʪʦʪʠʧʝ ʚ ʥʝʡ ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ ʣʘʥʛʫʨʩʢʦʛʦ ʠ ʚʳʩʦʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ [43]. ʅʘ ʦʩʥʦʚʘ-
ʥʠʠ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʠʥʷʪ ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʡ (ʵʡʬʝʣʴïʥʠʟʳ ʞʠʚʝʪʘ) ʚʦʟʨʘʩʪ ʩʚʠʪʳ. 

ʉʈɽɼʅʀʁïɺɽʈʍʅʀʁ ʆʊɼɽʃʓ 

ʇʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʦʪʜʝʣʦʚ ʜʝʚʦʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʳ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʨʦʜʘʤʠ ʫʨʣʷʜʠʥʩʢʦʡ ʠ ʥʦʚʦʙʫʨʘʥʥʦʡ 
ʪʦʣʱ, ʘ ʪʘʢʞʝ ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ ʩʪʨʘʪʦʥʘʤʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ (ʪʨʝʪʴʷ ʧʦʜʪʦʣʱʘ), ʢʦʧʘʣʦʚʩʢʦʡ 
ʠ ʘʨʩʠʥʩʢʦʡ ʪʦʣʱʘʤʠ ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ. 
ɸʣʝʢʩʘʥʜʨʠʥʩʢʘʷ (ʪʨʝʪʴʷ ʧʦʜʪʦʣʱʘ) ʠ ʢʦʧʘʣʦʚʩʢʘʷ ʪʦʣʱʠ ʥʝʨʘʩ-

ʯʣʝʥʝʥʥʳʝ (D2ô3al3ôkp) ʚʳʜʝʣʷʶʪʩʷ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ, ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʢʘʨʘ-
ʛʘʥʜʳʩʘʡʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ. ɿʜʝʩʴ ʦʥʠ ʚʳʧʦʣʥʷʶʪ ʥʝʙʦʣʴʰʠʝ ʙʨʘʭʠʬʦʨʤʥʳʝ ʩʠʥʢʣʠʥʘ-
ʣʠ ï ʤʝʞʛʦʨʥʳʝ (ʤʝʞʭʨʝʙʪʦʚʳʝ) ʚʧʘʜʠʥʳ. 
ʆʪʣʦʞʝʥʠʷ ʩʪʨʘʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʠʪʤʠʯʥʦ (ʬʣʠʰʦʠʜʥʦ) ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ ʛʨʫʙʦʦʙʣʦ-

ʤʦʯʥʳʤʠ ʪʝʬʨʦʠʜʘʤʠ, ʚʫʣʢʘʥʦʤʠʢʪʦʚʳʤʠ (ʪʝʬʨʦʛʝʥʥʳʤʠ) ʛʨʘʚʝʣʠʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦ-
ʣʠʪʘʤʠ, ʛʜʝ ʚʝʜʫʱʠʤ ʷʚʣʷʝʪʩʷ ʤʘʪʝʨʠʘʣ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʧʦʨʘʜʠʯʝʩʢʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʘʧʠʣ-
ʣʠʝʚʦ-ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʪʫʬʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʩʣʦʠ ʠ ʣʠʥʟʳ ʢʨʝʤʥʝʡ ʠ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚ-
ʨʦʣʠʪʦʚ. ʉʫʜʷ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʵʣʝʤʝʥʪʘʤ ʟʘʣʝʛʘʥʠʷ ʬʣʠʰ ʣʦʞʠʪʩʷ ʩʦʛʣʘʩʥʦ ʥʘ ʥʠʞʝʣʝʞʘ-
ʱʠʝ ʧʦʨʦʜʳ ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʧʦʜʪʦʣʱ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ ʫʯʘʩʪʢʘʤʠ, ʬʘʮʠʘʣʴʥʦ ʟʘ-
ʤʝʱʘʷ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʠʭ ʨʘʟʨʝʟʘ, ʢʦʥʪʘʢʪʳ ʩ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘ 
ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʝ ʠʟʚʝʩʪʥʳ. ʄʦʥɦʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʩʪʨʘʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 100ï500 ʤ. 
ɻʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʪʝʬʨʦʠʜʳ ʠ ʪʝʬʨʦʠʜʥʳʝ ʧʝʩʯʘʥʠʢʠ ʠʤʝʶʪ ʩʚʝʪʣʦ-ʟʝʣʝʥʳʡ ʮʚʝʪ ʠ ʧʦʣʥʦ-

ʩʪʴʶ ʪʦʞʜʝʩʪʚʝʥʥʦ ʧʦ ʩʦʩʪʘʚʫ. ɺ ʦʙʣʦʤʢʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʠʘʣʦʙʘʟʘʣʴʪʳ, ʢʨʠʩʪʘʣʣʳ ʧʦʣʝʚʦʛʦ 
ʰʧʘʪʘ, ʧʠʨʦʢʩʝʥʘ, ʧʫʟʳʨʠʩʪʦʝ ʩʪʝʢʣʦ. ɺ ʛʨʫʙʳʭ ʨʘʟʥʦʩʪʷʭ ʧʨʝʦʙʣʘʜʘʶʪ ʣʠʪʦʢʣʘʩʪʳ, ʚ ʙʦʣʝʝ 
ʤʝʣʢʠʭ ï ʢʨʠʩʪʘʣʣʦʢʣʘʩʪʳ. ʇʫʟʳʨʠʩʪʦʝ ʩʪʝʢʣʦ ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʚ ʧʦʨʦʜʝ. ʂʠʩʣʘʷ ʧʠʨʦʢʣʘʩʪʠʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʪʦʢʣʘʩʪʘʤʠ, ʢʨʠʩʪʘʣʣʘʤʠ ʘʣʴʙʠʪʘ ʠ ʧʝʨʪʠʪʘ, ʘ 
ʯʘʱʝ ï ʧʝʤʟʦʡ. ʎʝʤʝʥʪ ʤʝʣʢʦ- ʠ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʡ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. 
ɺ ʪʝʬʨʦʛʝʥʥʳʭ ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʘʣʝʚʨʦʧʝʣʠʪʘʭ ʢʨʠʩʪʘʣʣʦʢʣʘʩʪr  ʧʠʨʦʢʩʝʥʘ ʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ 

ʧʦʛʨʫʞʝʥʳ ʚ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʟʝʤʣʠʩʪʳʡ ʘʛʨʝʛʘʪ ʭʣʦʨʠʪ-ʵʧʠʜʦʪʦʚʦʛʦ ʨʝʞʝ ʵʧʠʜʦʪ-ʘʢʪʠʥʦʣʠʪʦ-
ʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʂʨʝʤʥʠʩʪʳʝ ʪʫʬʬʠʪʳ, ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ ʠʟ ʪʦʥʢʦʟʝʨʥʠʩʪʦʛʦ ʟʝʤʣʠʩʪʦʛʦ ʵʧʠʜʦʪʘ, ʭʣʦʨʠʪʘ ʠ 

ʩʚʝʪʣʦʛʦ ʢʨʝʤʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʂʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ ï ʘʬʘʥʠʪʦʚʳʝ ʟʝʣʝʥʳʝ ʠʣʠ ʚʠʰʥʝʚʳʝ 
ʧʦʨʦʜʳ, ʠʥʦʛʜʘ ʩ ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʧʦʣʦʩʘʤʠ ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ ʮʚʝʪʘ. ʆʥʠ ʩʣʦʞʝʥʳ ʤʝʣʴʯʘʡʰʠʤʠ 
ʟʝʨʥʘʤʠ ʢʚʘʨʮʘ ʩ ʚʦʣʥʠʩʪʳʤ ʫʛʘʩʘʥʠʝʤ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʤʝʣʴʯʘʡʰʠʭ ʯʝʰʫʝʢ ʩʝʨʠ-
ʮʠʪʘ ʠ ʭʣʦʨʠʪʘ. ʅʝʢʦʪʦʨʳʝ ʧʨʦʩʣʦʠ ʩʦʜʝʨʞʘʪ ʜʦ 10ï20 % ʩʢʝʣʝʪʦʚ ʨʘʜʠʦʣʷʨʠʡ. 
ʃʘʧʠʣʣʠʝʚʦ-ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʪʫʬʳ ʠ ʣʘʚʳ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʠ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘ-

ʟʘʣʴʪʦʚ ʚʦ ʚʩʝʤ ʘʥʘʣʦʛʠʯʥʳ ʪʘʢʦʚʳʤ ʚ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʝ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʴʙʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʘʢʪʠʥʦʣʠʪʦʤ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʮʠʢʣʠʪʦʚʦʡ ʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʦʪ ʙʘʟʘʣʴ-

ʪʦʚ ʜʦ ʘʥʜʝʟʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʨʝʤʥʝʟʝʤʘ ʦʪ 47ï62 %, ʚ ʢʦʪʦʨʦʤ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʙʘʟʘʣʴ-
ʪʳ ʩ 49ï50 % SiO2. ʇʦ ʩʦʜʝʨʞʘʥʠʷʤ ʱʝʣʦʯʝʡ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʧʦʨʦʜʘʤ ʩ ʥʦʨʤʘʣʴ-
ʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ, ʘ ʧʦ ʠʭ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʤʫ ʨʷʜʫ, ʨʝʞʝ ï ʢ ʥʘʪʨʠʝʚʦʤʫ. ʇʦ 
ʧʦʚʝʜʝʥʠʶ ʚ ʩʦʩʪʘʚʘʭ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ, ʘ ʪʘʢʞʝ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚ ʥʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘ  ʬʨʘʢʮʠʦʥʠ-
ʨʦʚʘʥʠʷ ʧʦʨʦʜʳ ʪʦʣʱʠ ʦʯʝʥʴ ʙʣʠʟʢʠ ʢ ʧʦʨʦʜʘʤ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ ʠ 
ʦʪʥʦʩʷʪʩʷ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. 
ɺ ʥʠʟʘʭ ʨʘʟʨʝʟʘ ʩʪʨʘʪʦʥʘ ɺ. ʅ. ɹʘʨʳʰʝʚʳʤ ʙʳʣʠ ʥʘʡʜʝʥʳ ʢʦʥʦʜʦʥʪʳ: ʈolygnathus costatus 

patulus Klap., P. linguiformis baltinski Wod. ʥʠʞʥʝʡ ʯʘʩʪʠ ʙʠʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʡʬʝʣʷ [56]. 
ʆ. ɺ. ɸʨʪʶʰʢʦʚʦʡ ʙʳʣʘ ʧʝʨʝʩʤʦʪʨʝʥʘ ʢʦʣʣʝʢʮʠʷ ɺ. ʅ. ɹʳʨʳʰʝʚʘ ʠ ʩʜʝʣʘʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 
ʩʙʦʨʳ ʥʘ ʪʦʡ ʞʝ ʪʦʯʢʝ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʚ ʤʘʣʦʤʦʱʥʦʡ ʧʘʯʢʝ (1ï1,5 ʤ) ʩʣʦʠʩʪʳʭ ʟʝʣʝ-
ʥʦʚʘʪʳʭ ʠ ʛʝʤʘʪʠʪʠʟʠʨʦʚʘʥʥʳʭ ʢʨʝʤʥʝʡ ʦʙʥʘʨʫʞʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʦʚʦʣʴʥʦ ʤʝʣʢʠʝ ʢʦʥʦ-
ʜʦʥʪʳ: ʈolygnathus costatus patulus Klap., P. linguiformis Hinde, P. trigonicus Bisch. et Zieg., 
Tortodus cf. koskelianus australis (Jack.) [5]. 
ʖʞʥʝʝ ʧʣʦʱʘʜʠ ʚ ʨʘʟʨʝʟʘʭ ʧʦ ʨ. ʂʫʤʘʢ ʚ ʙʠʦʛʝʨʤʘʭ ʠʟʚʝʩʪʥʷʢʦʚ ʟʘʣʝʛʘʶʱʠʭ ʩʨʝʜʠ ʘʥʘʣʦ-

ʛʠʯʥʳʭ ʧʦʨʦʜ ʙʳʣʠ ʥʘʡʜʝʥʳ ʙʨʘʭʠʦʧʦʜʳ ʚʳʩʦʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʞʠʚʝʪʩʢʦʛʦ ʷʨʫʩʘ. ɺʝʨʭʥʷʷ 
ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʪʨʘʪʦʥʘ ʩʦʧʦʩʪʘʚʣʷʝʪʩʷ ʩ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ ʢʦʧʘʣʦʚʩʢʦʡ ʠ ʘʨʩʠʥʩʢʦʡ ʪʦʣʱ 
ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨʘʤʠ ʞʠʚʝʪʩʢʦʛʦ ʠ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʦʚ ʠ 
ʦʩʪʨʘʢʦʜʘʤʠ ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ. 
ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ ʠ, ʫʯʠʪʳʚʘʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʘʫʥʳ, ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ ʠ ʧʦʣʦʞʝʥʠʝ ʚ 
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ʨʘʟʨʝʟʝ ʚʦʟʨʘʩʪ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʠ ʢʦʧʘʣʦʚʩʢʦʡ ʪʦʣʱ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʧʨʠʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝ-
ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʤ (ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʵʡʬʝʣʷ, ʞʠʚʝʪ ʠ ʥʠʞʥʷʷ ʯʘʩʪʴ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘïʚʝʨʭʠ ʣʘʥʛʫʨ-
ʩʢʦʛʦ, ʚʳʩʦʪʠʥʩʢʠʡ ʠ ʙʨʦʜʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪʳ). 
ʋʨʣʷʜʠʥʩʢʘʷ ʪʦʣʱʘ (D2ô3ur) ʨʘʟʚʠʪʘ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ, ʟʘʥʠʤʘʷ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʝʝ ʧʣʦʱʘʜʠ. ɽʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ ʜʦ 
12 ʢʤ, ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʩ ʶʛʘ ʥʘ ʩʝʚʝʨ ʚʦʩʪʦʯʥʝʝ ʜʦʣʠʥʳ ʨʨ. ʄʫʩʦʛʘʪʢʘ, ʂʘʨʘʛʘʥʢʘ, ɹʘʟʘʨʙʘʡ 
ʯʝʨʝʟ ʚʩʶ ʧʣʦʱʘʜʴ ʣʠʩʪʘ. ʉʦʩʪʘʚʳ ʨʘʟʨʝʟʦʚ ʪʦʣʱʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʬʘ-
ʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʣʘʛʘʶʱʠʭ ʧʦʨʦʜ. ʇʨʝʦʙʣʘʜʘʶʪ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʠ ʧʠʨʦʢʣʘʩʪʦ-
ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ: ʪʫʬʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ, ʪʫʬʦʘʣʝʚʨʦ-
ʣʠʪʳ, ʪʫʬʬʠʪʳ, ʚ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʘʚʳ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠ-
ʪʦʚ, ʜʘʮʠʘʥʜʝʟʠʪʦʚ, ʜʘʮʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ, ʠʭ ʪʫʬʳ ʠ ʙʠʦʛʝʨʤʥʳʝ ʠʟʚʝʩʪʥʷʢʠ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ 
ʩʦʩʪʘʚʣʷʝʪ 800ï1 200 ʤ. 
ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʝ ʨʘʟʨʝʟʳ ʪʦʣʱʠ ʦʧʠʩʘʥʳ ʧʦ ʨ. ʉʫʫʥʜʫʢ, ʚ 65 ʢʤ ʥʠʞʝ ʫʩʪʴʷ ɼʞʫʩʳ (ʦʧ. ʨ. 

17) ʠ ʚ ʩʢʚʘʞʠʥʘʭ  ̄21, 22, 23. ɺ ʵʪʠʭ ʨʘʟʨʝʟʘʭ ʦʙʨʘʟʦʚʘʥʠʷ ʪʦʣʱʠ ʟʘʣʝʛʘʶʪ ʥʘ ʣʘʚʘʭ ʙʘʟʘʣʴ-
ʪʦʚ, ʨʝʞʝ ï ʠʭ ʪʫʬʘʭ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. ɺ ʠʭ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ 
ʘʛʣʦʤʝʨʘʪʦʚʳʝ, ʣʘʧʠʣʣʠʝʚʳʝ ʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʣʠʪʦʚʠʪʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʪʫʬʳ ʧʠʨʦʢʩʝʥ-ʧʣʘ-
ʛʠʦʬʠʨʦʚʳʭ, ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ, ʨʝʞʝ ï ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʰʣʘʢʦʚʘʥ-
ʥʳʭ. ʉʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʪʫʬʬʠʪʦʚ ʦʪ ʘʣʝʚʨʠʪʦʚʳʭ ʜʦ ʛʨʘʚʠʡʥʳʭ, ʨʝʞʝ ï ʘʛʣʦ-
ʤʝʨʘʪʦʚʳʭ ʩ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʦʩʥʦʚʥʦʛʦ, ʩ ʧʨʠʤʝʩʴʶ ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʠ 
ʠʟʚʝʩʪʥʷʢʦʚ. ʅʘʩʣʦʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʜ ʥʘʨʫʰʘʝʪʩʷ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ ʜʘʡʢʦʦʙʨʘʟ-
ʥʦʡ ʬʦʨʤʳ ʘʥʜʝʟʠʪʦʚ, ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ, ʘʥʜʝʟʠʜʘʮʠʪʦʚ, ʜʘʮʠʪʦʚ, ʨʝʞʝ ï ʨʠʦʣʠʪʦʚ ʠ ʛʘʙʙʨʦʜʦʣʝ-
ʨʠʪʦʚ. ɺʝʨʭʥʠʝ ʢʦʥʪʘʢʪʳ ʪʝʣ ʯʘʩʪʦ ʧʦʣʦʛʠʝ, ʩʦʛʣʘʩʥʳʝ ʩ ʥʘʩʣʦʝʥʠʝʤ, ʥʠʞʥʠʝ ʢʨʫʪʳʝ ʩʝʢʫʱʠʝ. 
ʂ ʚʝʨʭʘʤ ʨʘʟʨʝʟʘ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʥʷʶʪʩʷ ʵʢʩʪʨʫʟʠʚʥʳʤʠ ʩ 
ʧʦʷʚʣʝʥʠʝʤ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʙʨʝʢʯʠʝʚʳʭ ʣʘʚ, ʢʣʘʩʪʦʣʘʚ ʠ ʦʩʳʧʥʳʭ ʙʨʝʢʯʠʡ. ɺ ʩʢʚʘʞʠʥʝ  ̄21 
ʘʥʜʝʟʠʪʳ, ʪʨʘʭʠʘʥʜʝʟʠʪʳ, ʘʥʜʝʟʠʜʘʮʠʪʳ ʵʢʩʪʨʫʟʠʚʥʦ-ʣʘʚʦʚʦʡ ʬʘʮʠʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʩʘʤʤʠʪʦʚʳʭ 
ʪʫʬʬʠʪʦʚ ʩʣʘʛʘʶʪ ʧʘʯʢʫ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ 80 ʤ, ʟʘʚʝʨʰʘʶʱʫʶ ʨʘʟʨʝʟ ʪʦʣʱʠ. ʊʦʥʢʦʩʣʦʠʩʪʳʝ 
ʧʠʨʦʢʣʘʩʪʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʠ ʪʫʬʬʠʪʳ ʦʪ ʧʩʘʤʤʠʪʦʚʦʡ ʜʦ ʧʝʣʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʩ ʧʨʦʩʣʦ-
ʷʤʠ ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʦʧʝʣʠʪʦʚ, ʩʠʣʠʮʠʪʦʚ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʪʦʣʱʠ. 
ʃʠʥʟʳ ʠʟʚʝʩʪʥʷʢʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʥʘ ʚʩʝʭ ʝʛʦ ʫʨʦʚʥʷʭ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ 800ï1 200 ʤ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʧʦʨʦʜ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʫʙʬʘʮʠʠ ʟʝ-

ʣʝʥʦʩʣʘʥʮʝʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʣʝʡʢʦʢʨʘʪʦʚʦʩʪʴʶ, ʧʦʚʳ-

ʰʝʥʥʦʡ ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʴʶ, ʥʘʪʨʠʝʚʳʤ ʠ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ ʠ ʦʪʯʝʪʣʠʚʦ 
ʚrʨʘʞʝʥʥʳʤ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʤ ʪʨʝʥʜʦʤ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,6 ʜʦ 2,8 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ï 2,7 ʛ/ʩʤ3; ʤʘʛʥʠʪʥʘʷ ʚʦʩ-

ʧʨʠʠʤʯʠʚʦʩʪʴ ʦʪ 20Ŀ10-6 ʜʦ 360Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪ-

ʥʳʭ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 1 ʜʦ 3 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʥʠʞʝʥʥʦʝ ʦʪ 0 ʜʦ 300 ʥʊʣ ʩ ʣʦʢʘʣʴʥʳʤʠ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʜʦ 
+330 ʥʊʣ. ʇʦʩʣʝʜʥʠʝ ʩʚʷʟʘʥʳ ʩ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʪʝʣʘʤʠ, ʵʢʩʪʨʫʟʠʷʤʠ ʠ ʣʘʚʘʤʠ ʘʥʜʝʟʠʪʦʚ, 
ʘʥʜʝʟʠʜʘʮʠʪʦʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʊʘʩʪʳʙʫʪʘʢʩʢʦʡ ʢʘʣʴʜʝʨʳ. 
ɻʨʘʥʠʮʳ ʩ ʧʦʜʩʪʠʣʘʶʱʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʘʣʝʢʩʘʥʜʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʩ ʥʘʩʣʦʝʥʠʷʤʠ ʚʳʰʝ-

ʣʝʞʘʱʝʡ ʙʘʙʘʨʳʢʠʥʩʢʦʡ ʪʦʣʱʝʡ  ʩʦʛʣʘʩʥʳʝ. ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʥʘʡʜʝʥʘ ʬʘʫʥʘ ʙʨʘʭʠʦʧʦʜ ʠ  ʢʦʨʘʣ-
ʣʦʚ, ʩʪʨʦʤʘʪʦʧʦʨ, ʛʦʥʠʘʪʠʪʦʚ, ʪʝʥʪʘʥʫʣʠʪʦʚ: Stringocephalus burtini Defr., Uncinulus subcordifor-
mis (Schnur.), Spinatrypa bifidaeformis (Tschern.), Uncites gryphus (Schloth.), Slachyodes verticillata 
(MʩCoy), S. singularis Yavor., Pachytheca irregularis Yanet, Thamnopora nicholsoni (Frech.), Calia-
pora battersbyi (M.-Edw. et Haime), Stringophyllum isactis (Frech.), Thamnophyllum monozonatum 
(Soshk.), Tornoceras simplex (Buch.), Viriatella aff. petrovi G. Ljasch. ʋʢʘʟʘʥʥʳʝ ʥʘʭʦʜʢʠ ʦʧʨʝʜʝ-
ʣʷʶʪ ʚʦʟʨʘʩʪ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʢʘʢ ʞʠʚʝʪʩʢʦïʬʨʘʥʩʢʠʡ (ʚʳʩʦʪʠʥʩʢʠʡ, ʙʨʦʜʦʚʩʢʠʡ, ʥʠʞʥʷʷ 
ʯʘʩʪʴ ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ). ɺ ʘʣʝʚʨʦʣʠʪʘʭ ʦʪʤʝʯʘʣʘʩʴ ʠʩʢʦʧʘʝʤʘʷ ʤʘʢʨʦʬʣʦʨʘ Lepidoden-
dropsis theodori (Zal.) Jongm., ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʫʣʫʪʘʫʩʢʦʡ ʩʚʠʪʳ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ 
[75, 76]. 
ʅʦʚʦʙʫʨʘʥʥʘʷ ʪʦʣʱʘ (D2ô3nb) ʚʳʜʝʣʝʥʘ ɺ. ʄ. ʄʦʩʝʡʯʫʢʦʤ ʚ 2000 ʛ. ʅʘ ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ɻʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʝ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʫʬʘʤʠ, ʨʝ-
ʞʝ ï ʣʘʚʘʤʠ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʙʘʟʘʣʴʪʦʚ, ʨʝʜʢʦ ï ʘʥʜʝʟʠʪʦʚ, ʜʘʮʠʪʦʚ ʩ 
ʧʨʦʩʣʦʷʤʠ ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʠ ʣʠʥʟʘʤʠ ʨʠʬʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ ʦʪʣʦ-
ʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 1 000ï1 400 ʤ. 
ʕʬʬʫʟʠʚʳ ʠ ʪʫʬʳ ʥʦʚʦʙʫʨʘʥʥʦʡ ʪʦʣʱʠ ʠ ʛʫʤʙʝʡʩʢʦʡ ʩʚʠʪʳ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʩʦʩʪʘʚʝ ʠʜʝʥ-

ʪʠʯʥʳ ʪʘʢʦʚʳʤ ʛʫʤʙʝʡʩʢʦʡ ʩʚʠʪʝ. ʆʪʣʠʯʠʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʝʟʢʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʚ ʥʦʚʦʙʫʨʘʥ-
ʥʦʡ ʪʦʣʱʝ ʪʫʬʦʚ ʥʘʜ ʣʘʚʘʤʠ, ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʨʦʩʣʦʝʚ ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, 
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ʧʦʷʚʣʝʥʠʝʤ ʪʫʬʦʚ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʙʣʦʤʢʦʚ ʪʫʬʦʚ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʩʦʩʪʦʷʱʠʭ ʠʟ ʦʙʣʦʤʢʦʚ ʪʫʬʬʠʪʦʚ (ʜʦ 30ï40 %) ʠ ʧʠʨʦʢʣʘʩʪʠʢʠ ʦʪ ʦʩʥʦʚʥʦʛʦ ʜʦ ʢʠʩʣʦʛʦ ʩʦʩʪʘ-
ʚʘ, ʘ ʪʘʢʞʝ ʧʦʷʚʣʝʥʠʝʤ ʙʠʦʛʝʨʤ ʠ ʦʙʣʦʤʢʦʚ ʠʟʚʝʩʪʥʢ̫ʦʚ ʩ ʬʘʫʥʦʡ. 
ɺ ʦʩʥʦʚʘʥʠʠ ʪʦʣʱʠ ʥʝ ʚʩʝʛʜʘ, ʥʦ ʯʘʩʪʦ ʟʘʣʝʛʘʶʪ ʥʝʩʢʦʣʴʢʦ ʧʨʦʩʣʦʝʚ ʠʣʠ ʦʜʠʥ ʧʨʦʩʣʦʡ 

ʢʨʝʤʥʠʩʪʳʭ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʭ ʪʫʬʬʠʪʦʚ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ, ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʦʛʦ ʠ ʙʦʨʜʦʚʦʛʦ ʮʚʝ-
ʪʦʚ. ʆʥʠ ʥʝʨʝʜʢʦ ʩʣʫʞʘʪ ʛʨʘʥʠʮʝʡ ʨʘʟʜʝʣʷʶʱʝʡ ʥʦʚʦʙʫʨʘʥʥʫʶ ʠ ʥʠʞʝʣʝʞʘɦ ʫʶ ʛʫʤʙʝʡʩʢʫʶ 
ʪʦʣʱʠ. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʪʫʬʬʠʪʦʚ ʛʨʘʥʠʮʘ ʧʨʦʚʦʜʠʪʩʷ ʫʩʣʦʚʥʦ ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚ ʨʘʟʨʝʟʝ ʪʫ-
ʬʦʚ, ʥʦ ʙʦʣʝʝ ʥʘʜʝʞʥʦ ʧʦ ʧʦʷʚʣʝʥʠʶ ʙʠʦʛʝʨʤ ʠ ʦʙʣʦʤʢʦʚ ʠʟʚʝʩʪʥʷʢʦʚ ʩʦʜʝʨʞʘʱʠʭ ʬʘʫʥʫ ʟʦʥʳ 
Stringocephalus burtini. ʂʦʥʪʘʢʪ ʩ ʚʳʰʝʣʝʞʘʱʠʝʡ ʙʘʙʘʨʳʢʠʥʩʢʦʡ ʪʦʣʱʝʡ ʩʦʛʣʘʩʥʳʡ ʩ ʧʝʨʝʩʣʘ-
ʠʚʘʥʠʝʤ, ʯʘʩʪʦ ʩ ʧʦʩʪʝʧʝʥʥʦʡ ʟʘʤʝʥʦʡ ʪʫʬʦʚ ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ. 
ʉʨʝʜʥʝ-ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʡ (ʚʝʨʭʠ ʚʳʩʦʪʠʥʩʢʦʛʦïʥʠʟʳ ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ) ʚʦʟʨʘʩʪ ʥʦʚʦ-

ʙʫʨʘʥʥʦʡ ʪʦʣʱʝ ʦʧʨʝʜʝʣʝʥ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ, ʥʘʭʦʜʢʘʤʠ ʬʘʫʥʳ ʟʦʥʳ Stringocephalus 
burtini ʠ ʥʘʭʦʜʢʘʤʠ ʢʦʥʦʜʦʥʪʦʚ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʡ ʤʝʩʪʥʦʩʪʠ. 
ʂʦʧʘʣʦʚʩʢʘʷ ʠ ʘʨʩʠʥʩʢʘʷ ʪʦʣʱʠ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (D2ô3kpôan) ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʳ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ, ʛʜʝ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʨʦʝ-
ʥʠʠ ɺʦʩʪʦʯʥʦ-ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʦʛʦ ʛʨʘʙʝʥʘ, ʟʘʥʠʤʘʷ ʙʦʣʴʰʫʶ ʝʛʦ ʯʘʩʪʴ. ʀʟ-ʟʘ ʧʣʦʭʦʡ ʦʙʥʘʞʝʥ-
ʥʦʩʪʠ ʨʘʩʯʣʝʥʠʪʴ ʩʪʨʘʪʦʥ ʥʘ ʩʦʩʪʘʚʣʷʶʱʠʝ ʪʦʣʱʠ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʈʘʟʨʝʟ ʠʟʫ-
ʯʝʥ ʧʦ ʩʢʚʘʞʠʥʘʤ. ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ ʪʝʤʥʦ-ʩʝʨʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ 
ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 
ʧʝʨʝʤʝʥʥʦ. ʈʝʟʢʦ ʧʦʜʯʠʥʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ. ʃʠʥʟʳ ʠʟʚʝʩʪʥʷʢʦʚ ʪʘʢʞʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʥʦ ʦʙʣʦʤʢʠ ʠʭ ʯʘʩʪʦ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʢʘʢ ʢʣʘʩʪʦʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʢʦʥʛʣʦ-
ʤʝʨʘʪʘʭ, ʧʝʩʯʘʥʠʢʘʭ, ʘ ʚ ʙʦʣʝʝ ʪʦʥʢʠʭ ʨʘʟʥʦʩʪʷʭ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʮʝʤʝʥ-
ʪʝ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ ʦʜʥʦʡ ʠʟ ʩʢʚʘʞʠʥ ʚʩʢʨʳʪ ʙʠʦʛʝʨʤ ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 120 ʤ. 
ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ ʦʪʤʝʯʘʶʪʩʷ ʤʘʣʦʤʦʱʥʳʝ ʣʠʥʟʳ ʠ ʧʨʦʩʣʦʠ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴ-
ʪʦʚ ʠ ʠʭ ʪʫʬʦʚ. ʉʢʚʘʞʠʥʦʡ  ̄37 ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʚʩʢʨʳʪ ʛʦʨʠʟʦʥʪ ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦ-
ʤʝʨʘʪʦʚ ʩ ʦʙʣʦʤʢʘʤʠ ʙʘʟʘʣʴʪʦʚ, ʪʫʬʦʚ, ʪʝʬʨʦʠʜʦʚ, ʢʨʝʤʥʝʡ, ʠʟʚʝʩʪʥʷʢʦʚ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ 
ʩʣʘʥʮʝʚ, ʢʠʩʣʳʭ ʵʬʬʫʟʠʚʦʚ. ʅʠʞʝ ʵʪʦʛʦ ʛʦʨʠʟʦʥʪʘ ʟʘʣʝʛʘʶʪ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʘʥ-
ʜʨʝʝʚʩʢʦʡ, ʜʞʫʩʠʥʩʢʦʡ ʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ. ɸʚʪʦʨ ʩʯʠʪʘʝʪ, ʯʪʦ ʢʦʥʛʣʦ-
ʤʝʨʘʪʳ ʚ ʦʩʥʦʚʘʥʠʠ ʩʪʨʘʪʦʥʘ ʷʚʣʷʶʪʩʷ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʤʠ, ʟʘʣʝʛʘʶʱʠʝ ʩʦʛʣʘʩʥʦ ʙʝʟ ʩʪʨʘ-
ʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʧʝʨʝʨʳʚʘ (ʪʫʨʙʠʜʠʪʦʚʘʷ ʬʘʮʠʷ). 
ɺ ʩʘʤʦʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ, ʚ ʦʜʥʦʤ ʠʟ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʩʪʨʘʪʦʥʘ 

ʙʝʟ ʚʠʜʠʤʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʟʘʣʝʛʘʶʪ ʪʫʬʳ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ, ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 
400 ʤ, ʫʩʣʦʚʥʦ ʦʪʥʝʩʝʥʥʳʝ ʢ ʰʝʣʫʜʠʚʦʛʦʨʩʢʦʡ ʪʦʣʱʝ. 
ʂʦʥʛʣʦʤʝʨʘʪʳ ʩʪʨʘʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʩʪʨʦʦʢʨʘʰʝʥʥʳʝ ʧʦʨʦʜʳ, ʚ ʢʦʪʦʨʳʭ ʥʘʨʷʜʫ ʩ 

ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʤʠ ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʩʣʘʙʦ ʦʢʘʪʘʥʥʳʝ, ʯʘʩʪʦ ʦʩʪʨʦʫʛʦʣʴʥʳʝ ʦʙʣʦʤʢʠ. ʈʘʟʤʝʨʳ 
ʛʘʣʝʢ ʦʪ 1ï2 ʜʦ 10 ʩʤ, ʚʘʣʫʥʦʚ ï ʜʦ 25ï50 ʩʤ, ʘ ʠʥʦʛʜʘ ʠ ʙʦʣʝʝ. ɺ ʦʙʣʦʤʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʙʘ-
ʟʘʣʴʪʳ ʧʣʘʛʠʦʬʠʨʦʚʳʝ, ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʝ, ʵʬʬʫʟʠʚʳ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʢʠʩ-
ʣʦʛʦ ʩʦʩʪʘʚʘ ʠʟʚʝʩʪʥʷʢʠ, ʢʨʝʤʥʠ, ʪʝʬʨʦʛʝʥʥʳʝ ʘʣʝʚʨʦʣʠʪʳ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʘʣʝʚʨʦ-
ʣʠʪʳ. ʂʦʣʠʯʝʩʪʚʝʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʦʙʣʦʤʢʦʚ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝ-
ʜʝʣʘʭ. ɺʩʪʨʝʯʘʶʪʩʷ ʨʘʟʥʦʩʪʠ, ʧʦʭʦʞʠʝ ʥʘ ʪʫʬʳ, ʩʦʩʪʦʷʱʠʝ, ʚ ʦʩʥʦʚʥʦʤ, ʠʟ ʦʙʣʦʤʢʦʚ ʙʘʟʘʣʴʪʦʚ 
ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʛʘʣʝʢ ʠʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʜʨʫʛʠʭ ʨʘʟʥʦʩʪʷʭ ʦʙʣʦʤʢʠ ʙʘʟʘʣʪɹʦʚ ʠʛʨʘʶʪ 
ʧʦʜʯʠʥʝʥʥʫʶ ʨʦʣʴ. ʎʝʤʝʥʪ ʤʝʣʢʦʦʙʣʦʤʦʯʥʳʡ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʯʪʦ ʠ ʦʙʣʦʤʢʠ, ʠʥʦʛʜʘ ʩ ʧʨʠʤʝ-
ʩʴʶ ʫʛʣʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʇʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ ʪʝʤʥʦ-ʩʝʨʳʝ, ʦʯʝʥʴ ʨʝʜʢʦ ʟʝʣʝʥʳʝ. ʉʦʩʪʘʚ 
ʦʙʣʦʤʢʦʚ ʧʦʣʠʤʠʢʪʦʚʳʡ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʩʪʘʚʫ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʎʝʤʝʥʪ ʚʳʧʦʣʥʝʥʠʷ ʧʦʨ, ʨʝʟʢʦ 
ʙʘʟʘʣʴʥʳʡ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʡ, ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʋʛʣʠʩʪʦ-
ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʪʝʤʥʦ-ʩʝʨʳʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʝ, ʩʣʘʥʮʝʚʘʪʦ-ʩʣʦʠʩʪʳʝ ʬʠʣʣʠʪʠʟʠʨʦʚʘʥʥʳʝ. 
ʀʟʚʝʩʪʥʷʢʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʩ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʦʙʳʯʥʦ ʦʙʣʦʤʦʯʥʳʝ. 
ɺʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ ʩʣʘʙʦʡ ʩʝʨʠʮʠʪʠʟʘʮʠʠ ʠ ʭʣʦʨʠʪʠʟʘʮʠʠ ʦʙʣʦʤʢʦʚ ʠ ʮʝ-

ʤʝʥʪʘ, ʧʨʠʯʝʤ ʢʦʥʪʫʨʳ ʦʙʣʦʤʢʦʚ ʭʦʨʦʰʦ ʩʦʭʨʘʥʷʶʪʩʷ. 
ʇʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,58 ʜʦ 2,88 ʛ/ʩʤ3, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ ï 2,73 ʛ/ʩʤ3. 

ʅʘʠʙʦʣʴʰʠʝ ʧʣʦʪʥʦʩʪʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʨʘʟʥʦʩʪʝʡ ʩ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʦʙʣʦʤʢʦʚ 
ʙʘʟʘʣʴʪʦʚ ʠʣʠ ʩʦʜʝʨʞʘʱʠʭ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʧʠʨʠʪʘ. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʠʟʢʘʷ ï 
(2ï87)Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺ ʧʨʦʩʣʦʷʭ ʠ ʙʠʦʛʝʨʤʘʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘʡʜʝʥʘ ʬʘʫʥʘ ʙʨʘʭʠʦʧʦʜ, ʢʦʨʘʣʣʦʚ, ʬʦʨʘʤʠʥʠʬʝʨ ʞʠ-

ʚʝʪʩʢʦʛʦ ʠ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʦʚ: Idiostroma uralicum Yavor., Pentagonocyclicus cf. ligatus (Quenst.), 
P. cf. operus Dubat., Anthinocrinus floreus Yelt., A. cf. quinqueangularis Dubat., Thamnopora ex gr. 
cervicornis Blainv., Caliopora sp., Irregularina aff. lobata Reitl., Orientina cf. multicamerata 
McMacl., Ivanovella cf. tomskiensis Zador. et Yuf., Paratextularia proboscida (Cuschm. et Staind.), 
Incella sp., Asterosphaera pulchra Reitl.; ʦʩʪʨʘʢʦʜʳ ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ: 
Ellesmeria aff. ivcognita Gleb. et Zasp., Amphissites aff. irinae Gleb. et Zasp., Bairdia aff. kelleri Eg., 
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Microcheilinella aff. costata Netch. ʇʨʠʥʷʪ ʚʝʨʭʥʝʞʠʚʝʪʩʢʦïʬʨʘʥʩʢʠʡ ʚʦʟʨʘʩʪ ʩʪʨʘʪʦʥʘ. 

ɺɽʈʍʅʀʁ ʆʊɼɽʃ 

ʇʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʪʦʣʴʢʦ ʢ ʚʝʨʭʥʝʤʫ ʦʪʜʝʣʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ɺʦʩʪʦʯʥʦ-
ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ɹʘʙʘʨʳʢʠʥʩʢʘʷ ʪʦʣʱʘ (D3bk) ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥ-

ʩʢʦʡ ʠ ɻʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʘʭ. 
ɺ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʦʪʣʦʞʝʥʠʷ ʪʦʣʱʠ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʤʝ-

ʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʰʠʨʠʥʦʡ ʜʦ 2 ʢʤ ʦʪ ʖʞʥʦ-ɹʘʟʘʨʙʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʥʘ ʶʛ ʥʘ 16 ʢʤ, 
ʘ ʩʝʚʝʨʥʝʝ ʤʘʩʩʠʚʘ ï ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ ʰʠʨʠʥʦʡ ʜʦ 1,3 ʢʤ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 13 ʢʤ. ɺ 
ʩʪʨʦʝʥʠʠ ʪʦʣʱʠ ʟʜʝʩʴ ʫʯʘʩʪʚʫʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ: ʚʫʣʢʘʥʦ-
ʤʠʢʪʦʚʳʝ ʠ ʧʦʣʠʤʠʢʪʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʧʦʜʯʠʥʝʥʥʳʤ 
ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʪʫʬʬʠʪʳ, ʛʣʠʥʠʩʪʳʝ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʠ ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ ʠ ʣʠʥʟʳ 
ʠʟʚʝʩʪʥʷʢʦʚ. ʆʙʣʦʤʦʯʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʩʣʘʛʘʶʱʠʝ ʢʣʘʩʪʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʪʦʣʱʠ, ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʧʦʨʬʠʨʦʚʳʤʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ, ʘʥʜʝʟʠʪʘʤʠ, ʢʨʠʩʪʘʣʣʘʤʠ ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ, ʛʠʘʣʦʧʠʣʠʪʘ-
ʤʠ, ʩʪʝʢʣʦʤ. ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʜʘʮʠʘʥʜʝʟʠʪʦʚ, ʜʘʮʠʪʦʚ, ʢʚʘʨʮʘ, 
ʧʠʨʦʢʩʝʥʦʚ, ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ɺʩʝ ʦʙʣʦʤʢʠ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʘʥʘʣʦʛʠʯʥʳ 
ʚʫʣʢʘʥʠʪʘʤ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʠ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱ. ʆʪʤʝʯʘʝʪʩʷ ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ 
ʨʘʟʤʝʨʥʦʩʪʠ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʩʝʚʝʨʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 150ï600 ʤ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʝʝ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʥʠʝ ʥʘ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʝ ʠ ʥʝʩʦʛʣʘʩʥʦʝ ʩ ʨʘʟʤʳʚʦʤ ʧʝʨʝʢʨʳʪʠʝ ʰʫʤʠʣʠʥ-
ʩʢʦʡ ʩʚʠʪʦʡ. 
ɺ ʛʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʝ ʙʘʙʘʨʳʢʠʥʩʢʘʷ ʪʦʣʱʘ ʨʘʟʚʠʪʘ ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʨ. ɾʝʣʜʳʙʘʢ ʠ ɾʠʥ-

ʛʘʣʴʜʠʥʢʘ. ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʘʟʨʝʟʦʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʳ ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʤʝʣ-
ʢʦ-ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ: ʚʫʣʢʘʥʦʤʠʢʪʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ, ʪʫ-
ʬʦʘʣʝʚʨʦʣʠʪʳ, ʪʫʬʬʠʪʳ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ. ʆʪʤʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʤʝʣʢʦ-
ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʭ ʪʫʬʦʚ ʦʩʥʦʚʥʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʜʢʦ ï ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʅʘʠʙʦʣʴ-
ʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʪʫʬʦʘʣʝʚʨʦʣʠʪʳ ʠ ʢʨʝʤʥʠʩʪʳʝ ʪʫʬʬʠʪʳ. ʆʪʤʝʯʘʶʪʩʷ ʣʠʥ-
ʟʳ ʨʠʬʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 500ï700 ʤ. ʂʦʥʪʘʢʪʳ ʙʘʙʘʨʳ-
ʢʠʥʩʢʦʡ ʪʦʣʱʠ ʩ ʥʦʚʦʙʫʨʘʥʥʦʡ ʪʦʣɦ ʝʡ ʟʜʝʩʴ ʧʦʩʪʝʧʝʥʥʳʝ ʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 
ʫʚʝʣʠʯʝʥʠʠ ʨʦʣʠ ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚ ʥʦʚʦʙʫʨʘʥʥʦʡ ʪʦʣʱʝ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ. ʉʘʤʠ ʞʝ 
ʪʫʬʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʦʙʝʠʭ ʪʦʣʱ ʥʘʩʪʦʣʴʢʦ ʩʭʦʜʥʳ, ʯʪʦ ʨʘʩʯʣʝʥʝʥʠʝ ʠʭ ʧʨʦʚʝʜʝʥʦ ʯʠʩʪʦ ʫʩʣʦʚ-
ʥʦ ï ʧʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʤʝʣʢʦ- ʠ ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʚ ʙʘʙʘʨʳʢʠʥʩʢʦʡ ʪʦʣʱʝ. 
ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʪʦʣʱʠ ʚ ʋʟʫʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʥʘʡʜʝʥʳ: Parapugnax schubar-

tauensis G. Step., Spinatrypa rubaecostata (Paeck.), Hypothyridina emmonsi (Hall. et Whitt.), 
Undispirifer undiferum (Roem.) ʠ ʜʨ. ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʬʨʘʥʩʢʦʛʦ ʷʨʫʩʘ [35] ʠ ʨʘʥʥʝ-
ʩʨʝʜʥʝʬʨʘʥʩʢʠʝ ʢʦʥʦʜʦʥʪʳ: Polygnathus cf. dengleri Bisch. et Zieg., P. cf. decorosus Stauf., 
P. pennatus Hinde, P. angustidiscus Young., P. olgae Ovnat. et Kuzm., P. cf. alatus Huddle, P. aff. 
rudkinensis Ovnat. et Kon., Ancyrodella sp. [59]. 
ɺ ɻʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʣʠʥʟʘʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘʡʜʝʥʳ ʬʨʘʥʩʢʠʝ ʢʦʨʘʣʣʳ: Thamnopora polyfo-

rata (Schloth.), Thamnophyllum monozonatum Soshk.; ʛʦʥʠʘʪʠʪʳ Tornoceras simplex; ʙʨʘʭʠʦʧʦʜʳ: 
Pugnax acuminate Mart., Hypothyridina cf. cuboides Sow. ʠ ʜʨ. ʙʨʦʜʦʚʩʢʦʛʦ ʠ ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠ-
ʟʦʥʪʦʚ. ʀʤʝʶʪʩʷ ʥʘʭʦʜʢʠ ʬʘʫʥʳ ʟʦʥʳ Stringocephalus burtini, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʝʨʝʦʪʣʦʞʝʥʥʦʡ. 
ʇʦ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʠʷʤ, ʩ ʫʯʝʪʦʤ ʧʦʣʦʞʝʥʠʷ ʚ ʨʘʟʨʝʟʝ, ʚʦʟʨʘʩʪ ʙʘʙʘʨʳʢʠʥʩʢʦʡ ʪʦʣʱʠ ʧʨʠ-

ʥʠʤʘʝʪʩʷ ʬʨʘʥʩʢʠʤ (ʚʝʨʭʠ ʙʨʦʜʦʚʩʢʦʛʦïʛʫʙʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪʳ). 
ɸʙʣʷʟʦʚʩʢʘʷ ʪʦʣʱʘ (D3ab) ï ʧʦʜ ʵʪʠʤ ʥʘʟʚʘʥʠʝʤ ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʘ 

ɺ. ʄ. ʄʦʩʝʡʯʫʢʦʤ ʚ 1990 ʛ. ʧʨʠ ɻɼʇ-25 (ʄʘʛʥʠʪʦʛʦʨʩʢʘʷ ʧʣʦʱʘʜʴ). ʃʦʢʘʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ 
ʚ ɻʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʙʣʦʢʝ, ʚ ʟʦʥʝ ʂʠʣʴʪʠʥʩʢʦʛʦ ʨʘʟʣʦʤʘ. ʇʦʣʦʩʘ ʨʘʟʚʠʪʠʷ 
ʧʦʨʦʜ ʪʦʣʱʠ ʧʨʦʩʣʝʞʝʥʘ ʥʘ 4,5 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʜʦ 0,6 ʢʤ. 
ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʱʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʩʚʦʝʛʦ ʨʘʟʨʝʟʘ ï ʧʦʣʠʤʠʢʪʦʚʳʤʠ ʢʦʥ-

ʛʣʦʤʝʨʘʪʘʤʠ, ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, ʢʨʝʤʥʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥ-
ʮʘʤʠ ʩ ʣʠʥʟʘʤʠ ʨʠʬʦʛʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʪʦʣʴʢʦ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ ʧʦʷʚʣʷʶʪʩʷ ʧʨʦ-
ʩʣʦʠ ʪʨʘʭʠʨʠʦʜʘʮʠʪʦʚ ʠ ʪʫʬʦʚ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʙʣʷʟʦʚʩʢʦʡ ʪʦʣʱʠ ʩʪʨʘʪʦʪʠʧʘ. 
ʄʦɦʥʦʩʪʴ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 35ï150 ʤ. ʆʥʘ ʩ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʥʦʚʦʙʫʨʘʥʥʦʡ ʪʦʣʱʝ, 
ʢʦʥʪʘʢʪʳ ʩ ʚʳʰʝʣʝʞʘʱʠʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʥʝʠʟʚʝʩʪʥʳ. 
ɺ ʠʟʚʝʩʪʥ̫ ʢʘʭ ʩʪʨʦʤʘʪʦʧʦʨʳ, ʢʦʨʘʣʣʳ, ʢʨʠʥʦʠʜʝʠ, ʙʨʘʭʠʦʧʦʜʳ: Gypilidula comis Owen, 

Nervostophia latissima Boch., Hypothyridina cf. calva Marck, Uchtella praesemilukiana Ljasch., 
Mycrospirifer novosibirscus Toll. ʠ ʜʨ., ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʚʝʨʭʘʤ ʬʨʘʥʘ (ʤʝʩʪʥʘʷ ʟʦʥʘ Hypothyridina 
calva) ʠ ʦʪʚʝʯʘʶʱʠʝ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʙʣʷʟʦʚʩʢʦʡ ʪʦʣʱʠ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʡ ʤʝʩʪʥʦʩʪʠ 
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(ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʛʫʙʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘïʢʦʥʦʜʦʥʪʦʚʳʝ ʟʦʥʳ Palmatolepis nassiïP. linguiformis) 
[13]. 

ɼɽɺʆʅʉʂɸʗ ʉʀʉʊɽʄɸ, ɺɽʈʍʅʀʁ ʆʊɼɽʃï
ʂɸʄɽʅʅʆʋɻʆʃʔʅɸʗ ʉʀʉʊɽʄɸ, ʅʀɾʅʀʁ ʆʊɼɽʃ 

ʇʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʠ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦ-
ʩʪʨʘʥʝʥʳ ʚ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ. 
ʐʫʤʠʣʠʥʩʢʘʷ ʩʚʠʪʘ (D3ôC1­m) ʨʘʟʚʠʪʘ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʚʠʜʝ 

ʧʦʣʦʩʳ ʰʠʨʠʥʦʡ 2ï4 ʢʤ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʨʦʪʷʛʠʚʘʶʱʫʶʩʷ ʯʝʨʝʟ ʚʩʶ ʧʣʦ-
ʱʘʜʴ ʦʪ ʨ. ʄʫʩʦʛʘʪʢʘ ʥʘ ʶʛʝ ʜʦ ʨ. ʊʘʰʣʘ ʥʘ ʩʝʚʝʨʝ. ʈʘʟʨʝʟʳ ʝʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʘʭʠʙʘʟʘʣʴʪʘʤʠ, 
ʪʨʘʭʠʘʥʜʝʟʠʪʘʤʠ, ʣʘʪʠʪʘʤʠ, ʪʨʘʭʠʜʘʮʠʪʘʤʠ, ʨʠʦʣʠʪʘʤʠ, ʠʭ ʪʫʬʘʤʠ, ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʩ 
ʧʦʜʯʠʥʝʥʥʤrʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʪʫʬʦʘʣʝʚʨʦʣʠʪʦʚ, ʠʟʚʝʩʪʥʷʢʦʚ, ʠʟʚʝʩʪʥʷʢʦʚʳʭ 
ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʪʫʬʬʠʪʦʚ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. 
ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʩʚʠʪʳ ʩ ʥʦʨʤʘʣʴʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠ̫ʤʠ ʩ 

ʥʠʞʥʝ- ʠ ʚʳʰʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʨʫʯʴʶ ʏʠʣʠʞʥʦʤʫ (ʉʦʣʦʥʯʘʪʢʘ) (ʦʧ. ʨ. 
20). ɺ ʥʝʤ ʥʘ ʥʘʩʣʦʝʥʠʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʙʘʙʘʨʳʢʠʥʩʢʦʡ ʪʦʣʱʠ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʧʝʨʝʩʣʘʠʚʘʥʠʷ 
ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʛʨʘʚʝʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ ʤʦʱʥʦʩʪʴʶ 
35 ʤ. ɺʳʰʝ ʟʘʣʝʛʘʝʪ ʪʦʣʱʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 540 ʤ. ʢʨʠʩʪʘʣʣʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʭ ʩʨʝʜʥʝ-ʛʨʫʙʦʟʝʨ-
ʥʠʩʪʳʭ ʪʫʬʦʚ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʘʥʜʝʟʠ-
ʙʘʟʘʣʴʪʦʚ, ʨʝʞʝ ï ʘʥʜʝʟʠʪʦʚ ʩ ʧʦʢʨʦʚʘʤʠ ʣʘʚ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʤʦʱʥʦʩʪʴʶ 20ï55 ʤ. ɺʳʰʝ ʨʘʟʚʠ-
ʪʳ ʘʛʣʦʤʝʨʘʪʦʚʳʝ ʪʫʬʳ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʛʝʤʘʪʠʟʠ-
ʨʦʚʘʥʥʳʭ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʣʘʚ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ, ʘ ʚ ʚʝʨʭʘʭ ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣ-
ʣʠʪʦʚ ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʨʘʩʪʝʥʠʡ. ʄʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʦʢʦʣʦ 200 ʤ. ɿʘʚʝʨʰʘʶʱʠʡ ʨʘʟʨʝʟ ʥʘʩʣʦ-
ʝʥʠʝ ʤʦʱʥʦʩʪʴʶ 100ï200 ʤ ʣʘʚ ʧʠʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʠ ʙʘʟʘʣʴʪʦʚ. ʇʦ-
ʩʣʝʜʥʠʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʤʳʚʦʤ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʙʨʘ-
ʭʠʦʧʦʜ ʠ ʬʦʨʘʤʠʥʠʬʝʨ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ. 
ʖʞʥʝʝ ʵʪʦʛʦ ʨʘʟʨʝʟʘ ʚ ʩʢʚʘʞʠʥʘʭ ʚʩʪʨʝʯʝʥʳ ʣʘʚʳ ʠ ʢʣʘʩʪʦʣʘʚʳ ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʘʥʜʝʟʠʪʦʚ, 

ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ, ʨʝʞʝ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʜʘʮʠʪʦʚ, ʪʝʬʨʦʠʜʦʚ ʠ ʪʫʬʬʠʪʦʚ. 
ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 1 200 ʜʦ 1 400 ʤ. 
ʇʦʨʬʠʨʦʚʳʝ ʵʬʬʫʟʠʚʳ ʦʪ ʙʘʟʘʣʴʪʦʚʦʛʦ ʜʦ ʘʥʜʝʟʠʪʦʚʦʛʦ ʠ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝ-

ʦʙʣʘʜʘʶʱʠʝ ʚ ʨʘʟʨʝʟʝ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʣʦʪʥʳʝ, ʨʝʞʝ ï ʬʣʶʠʜʘʣʴʥʦ-ʙʨʝʢʯʠʝʚʠʜʥʳʝ, 
ʦʙʳʯʥʦ ʨʦʟʦʚʘʪʳʭ, ʣʠʣʦʚʳʭ ʠ ʩʫʨʛʫʯʥʳʭ ʪʦʥʦʚ, ʨʝʞʝ ï ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ. ɺʢʨʘʧʣʝʥʥʠʢʠ ʩʦ-
ʩʪʘʚʣʷʶʪ ʦʪ 10 ʜʦ 30 % ʦʪ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. ʇʣʘʛʠʦʢʣʘʟ ʚ ʬʝʥʦʢʨʠʩʪʘʣʣʘʭ ˉ 26ï38 (ʜʦ 60) ʠʤʝ-
ʝʪ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʦʚʳʝ, ʯʘʩʪʦ ʟʘʤʝʱʝʥ ʮʝʦʣʠʪʦʤ ʠʣʠ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʴʙʠʪʦʤ. ʇʠ-
ʨʦʢʩʝʥʳ ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʥʦʢʣʠʥʥʳʝ, ʨʘʟʤʝʨ ʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1ï2 ʤʤ. ɸʤʬʠ-
ʙʦʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʜʠʦʤʦʨʬʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʟʝʣʝʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ, ʯʘʩʪʦ ʩʦ ʩʛʣʘʞʝʥ-
ʥʤrʠ ʛʨʘʥʷʤʠ, ʧʦʯʪʠ ʚʩʝʛʜʘ ʥʘʮʝʣʦ ʦʧʘʮʠʪʠʟʠʨʦʚʘʥʥʳʤʠ. ɼʣʷ ʛʨʫʧʧʳ ʭʘʨʘʢʪʝʨʥʘ ʩʚʝʞʝʩʪʴ 
ʧʠʨʦʢʩʝʥʦʚ ʧʨʠ ʩʠʣʴʥʦʤ ʠʟʤʝʥʝʥʠʠ ʧʣʘʛʠʦʢʣʘʟʦʚ (ʩʝʨʠʮʠʪʠʟʘʮʠʠ, ʧʨʝʥʠʪʠʟʘʮʠʠ, ʮʝʦʣʠʪʠʟʘ-
ʮʠʠ ʠ ʜʨ.). ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʚ ʧʦʨʦʜʘʭ ʵʪʦʡ ʛʨʫʧʧʳ ʩʠʣʴʥʦ ʦʙʝʜʥʝʥʘ ʪʝʤʥʦʮʚʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶ-
ʝɦʡ. ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʩʪʨʫʢʪʫʨʳ ï ʧʠʣʦʪʘʢʩʠʪʦʚʘʷ, ʛʠʘʣʦʧʠʣʠʪʦʚʘʷ, ʪʨʘʭʠʪʦʠʜʥʘʷ. ʘʢʮʝʩʩʦʨ-
ʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʢʘʣʴʤʝʥʠʪʦʤ, ʘʧʘʪʠʪʦʤ. 
ʇʠʨʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩʨʝʜʠ ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʠʪʳ ʪʘʢʞʝ ʧʦʣʴʟʫʶʪʩʷ ʦʯʝʥʴ ʰʠʨʦʢʠʤ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʝʩʪʨʦʦʢʨʘʰʝʥʥʳʤʠ, ʟʘ ʩʯʝʪ ʥʝʨʘʚʥʦʤʝʨʥʦʡ 
ʛʝʤʘʪʠʪʠʟʘʮʠʠ ʪʫʬʘʤʠ ʩ ʨʘʟʤʝʨʥʦʩʪʴʶ ʦʪ ʛʣʳʙʦʚʦʘʛʣʦʤʝʨʘʪʦʚʦʡ ʜʦ ʧʩʘʤʤʠʪʦʚʦʡ. ʉʦʩʪʘʚ ʦʙ-
ʣʦʤʢʦʚ ʜʫʙʣʠʨʫʝʪ ʣʘʚʦʚʫʶ ʬʘʮʠʶ ʠ, ʨʘʟʣʠʯʘʷʩʴ ʧʦ ʩʪʝʧʝʥʠ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʛʝʤʘʪʠʪʠʟʘʮʠʠ, 
ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʩʪʠ, ʠʤʝʝʪ ʦʙʳʯʥʦ ʦʯʝʥʴ ʦʜʥʦʨʦʜʥʳʡ ʩʦʩʪʘʚ. ʅʘʨʷʜʫ ʩ ʪʫʬʘʤʠ, ʠʤʝʶʱʠʤʠ 
ʮʝʤʝʥʪ, ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʙʝʩʮʝʤʝʥʪʥʳʝ ʘʛʣʦʤʝʨʘʪʦʚʳʝ ʨʘʟʥʦʩʪʠ 
(ʨʨ. ʄʫʩʘʛʘʪʢʘ, ʂʘʨʘʛʘʥʢʘ), ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʙʣʠʟʦʩʪʴ ʮʝʥʪʨʦʚ ʠʟʚʝʨʞʝʥʠʷ. ʎʝʤʝʥʪ ʪʫʬʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʠʩʪʘʣʣʘʤʠ ʧʣʘʛʠʦʢʣʘʟʦʚ, ʧʠʨʦʢʩʝʥʦʚ ʠ ʠʭ ʦʙʣʦʤʢʘʤʠ, ʦʙʨʳʚʢʘʤʠ ʩʪʝʢʦʣ, ʧʨʦ-
ʜʫʢʪʘʤʠ ʧʦʩʪʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʢʘʨʙʦʥʘʪʳ, ʮʝʦʣʠʪʳ, ʢʚʘʨʮ, ʭʣʦʨʠʪ), ʥʘʮʝʣʦ ʛʝʤʘʪʠ-
ʪʠʟʠʨʦʚʘʥʥʦʡ ʧʝʣʠʪʦʚʦʡ ʤʘʩʩʦʡ ʠ ʤʝʣʢʠʤʠ ʦʙʣʦʤʢʘʤʠ ʧʦʨʦʜ, ʘʥʘʣʦʛʠʯʥʳʭ ʩʣʘʛʘʶʱʠʤ ʢʨʫʧ-
ʥʫʶ ʬʨʘʢʮʠʶ. ʇʨʝʦʙʣʘʜʘʶʱʘʷ ʬʦʨʤʘ ʦʙʣʦʤʢʦʚ ʰʘʨʦʦʙʨʘʟʥʘʷ, ʦʩʪʨʦʫʛʦʣʴʥʘʷ, ʦʩʢʦʣʴʯʘʪʘʷ. 
ʊʫʬʬʠʪʳ ʠ ʪʝʬʨʦʠʜʳ, ʷʚʣʷʷʩʴ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʦʰʝʜʰʠʤʠ ʜʦ ʣʠʪʠʬʠʢʘʮʠʠ 

ʚʦʜʥʫʶ ʦʙʨʘʙʦʪʢʫ, ʦʙʣʘʜʘʶʪ, ʢʘʢ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ, ʣʫʯʰʝʡ ʩʦʨʪʠʨʦʚʢʦʡ, ʦʢʘʪʘʥʥʦʩʪʴʶ ʦʙʣʦ-
ʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʣʦʠʩʪʦʩʪʴʶ ʠ ʤʝʥʴʰʝʡ ʚʳʜʝʨʞʘʥʥʦʩʪʴʶ ʚ ʩʦʩʪʘʚʝ ʦʙʣʦʤʢʦʚ. 
ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʚʩʝʭ ʪʠʧʦʚ ʧʦʨʦʜ ʦʪʚʝʯʘʶʪ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʫʙʬʘʮʠʠ ʬʘʮʠʠ 

ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. 
ʇʣʦʪʥʦʩʪʴ ʣʘʚ ʠ ʢʣʘʩʪʦʣʘʚ ʩʚʠʪʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,67 ʜʦ 
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2,98 ʛ/ʩʤ3, ʪʫʬʦʚ ʚ ʩʨʝʜʥʝʤ ï 2,78 ʛ/ʩʤ3, ʪʝʬʨʦʠʜʦʚ ʠ ʪʫʬʬʠʪʦʚ ï 2,76 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠ-
ʠʤʯʠʚʦʩʪʴ ï ʦʪ 54Ŀ10-6 ʜʦ 1 800Ŀ10-6 ʝʜ. ʉɻʉ. 
ʅʘ ʢʘʨʪʘʭ ʣʦʢʘʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʠʪʳ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʩʦʯʝʪʘʥʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ ï1,5 ʜʦ 
+1, ʤɻʘʣ, ʦʪʨʘʞʘʶʱʠʭ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠ ʬʘʮʠʘʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʝʝ ʨʘʟʨʝʟʦʚ. ʄʘʛʥʠʪʥʦʝ 
ʧʦʣʝ ʪʘʢʞʝ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʝ, ʚ ʦʩʥʦʚʥʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪ 0 ʜʦ ï200 ʥʊʣ, ʩ ʣʦʢʘʣʴʥʳʤʠ 
ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʜʦ 100 ʥʊʣ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʟʣʘʤʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ ʠ ʟʦʥʘʤʠ 
ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ. 
ʇʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʠ 

ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ ʘʥʜʝʟʠʪʦʚ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ. ʆʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜ 
ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʚʝʩʴ ʨʷʜ ʦʪʣʠʯʘʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʝʡ, ʦʩʦʙʝʥʥʦ ʢʘ-
ʣʠʷ, ʧʦʚʳʰʝʥʥʦʡ ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʴʶ ʠ ʧʦʥʠʞʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ. ʕʪʠ ʠʟ-
ʤʝʥʝʥʠʷ ʦʪʨʘʞʘʶʪ ʦʙʱʫʶ ʪʝʥʜʝʥʮʠʶ ʚ ʵʚʦʣʶʮʠʠ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʛʦ ʪʠʧʘ ʬʘʢʮʠʦʥʠʨʦʚʘ-
ʥʠʷ ʩʦʩʪʘʚʦʚ ʚʫʣʢʘʥʠʪʦʚ. 
ʀʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʪʨʝʥʜ ʵʚʦʣʶʮʠʠ ʨʘʩʧʣʘʚʦʚ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʝʥ ʠ ʚ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦ-

ʩʪʘʚʘʭ ʚʫʣʢʘʥʠʪʦʚ ʩʚʠʪʳ. 
ɺ ʘʣʝʚʨʦʣʠʪʘʭ ʠ ʘʨʛʠʣʣʠʪʘʭ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ ʥʘʡʜʝʥʳ ʦʪʧʝʯʘʪʢʠ ʨʘʩʪʝʥʠʡ: Sublepido-

dendron kasachstanicum Radez., Lepidodendropsis thejdori (Zal.) Yong., Suvundukia aciculata Zal., 
Rhodeahochtteri Stur. ʠ ʜʨʫʛʠʝ (ʚ ʦʩʥʦʚʥʦʤ ʵʥʜʝʤʠʯʝʩʢʠʝ) ʚʠʜʳ. ʇʦ ʟʘʢʣʶʯʝʥʠʶ ɻ. ʇ. ʈʘʜʯʝʥʢʦ 
ʚʦʟʨʘʩʪ ʠʭ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʡ ï ʵʪʨʝʥʩʢʠʡ. ʖʞʥʝʝ, ʥʘ ʣʠʩʪʝ ʄ-40-ʍII, ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʩʚʠʪʳ 
ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʘʤʠʥʠʬʝʨʳ ʨʘʥʥʝʛʦ ʪʫʨʥʝ [52]. 
ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʰʫʤʠʣʠʥʩʢʘʷ ʩʚʠʪʘ ʩ ʥʝʩʦʛʣʘʩʠʝʤ ʟʘʣʝʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʙʘʙʘʨʳ-

ʢʠʥʩʢʦʡ ʪʦʣʱʝ, ʥʦ ʠ ʥʘ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʝ. 
ɻʘʣʴʢʠ ʚ ʙʘʟʘʣʴʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ ʨʘʟʥʦ-

ʚʠʜʥʦʩʪʷʤʠ: 
1. ɻʝʤʘʪʠʪʠʟʠʨʦʚʘʥʥʳʝ ʘʥʜʝʟʠʪʦʚʳʝ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ ʩʭʦʞʠʝ ʧʦ ʦʙʣʠʢʫ ʠ 

ʩʦʩʪʘʚʫ ʩ ʵʬʬʫʟʠʚʘʤʠ ʩʘʤʦʡ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ ʠ, ʚʦʟʤʦʞʥʦ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʧʦʣʥʦʩʪʴʶ ʠʣʠ 
ʯʘʩʪʠʯʥʦ ʨʘʟʤʳʪʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ ʘʙʣʷʟʦʚʩʢʦʡ ʠ ʥʦʚʦʠʚʘʥʦʚʩʢʦʡ ʪʦʣʱ (ʧʦʩʣʝʜʥʷʷ ʠʟʚʝʩʪʥʘ 
ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ). 

2. ʕʬʬʫʟʠʚʳ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʘʥʘʣʦʛʠʯʥʳʝ ʪʘʢʦʚʳʤ ʠʟ ʪʨʝʪʴʝʡ ʧʦʜʪʦʣʱʠ ʘʣʝʢ-
ʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ. 

3. ʕʬʬʫʟʠʚʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʘʥʘʣʦʛʠʯʥʳʝ ʪʘʢʦʚʳʤ ʠʟ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʯʝʪʚʝʨʪʦʡ ʧʦʜ-
ʪʦʣʱʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. 

4. ʀʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʧʦ ʩʦʩʪʘʚʫ, ʦʪʚʝʯʘʶʱʠʝ ʘʣʷʩʢʠʪʦʚʳʤ ʛʨʘʥʠʪʘʤ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʤ 
ʧʣʘʛʠʦʛʨʘʥʠʪʘʤ ʩʦʩʪʦʷʱʠʤ ʥʘ 80ï85 % ʠʟ ʧʨʠʟʤʘʪʠʯʝʩʢʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʚ ʧʨʦʤʝʞʫʪʢʘʭ 
ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʚʘʨʮ, ʪʝʤʥʦʮʚʝʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʚ ʟʘʤʝʪʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝ-
ʯʘʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʛʘʣʴʢʘʭ. ʉʪʨʫʢʪʫʨʘ ʛʨʘʥʠʪʦʚ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʠʣʠ ʧʦʨʬʠʨʦʚʠʜʥʘʷ. ʆʧʠʩʘʥ-
ʥr ʝ ʛʨʘʥʠʪʦʠʜʳ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ ʥʝ ʦʙʨʘʟʫʶʪ. 
ʇʦʭʦʞʠʝ ʧʦ ʩʦʩʪʘʚʫ ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ ʦʪʤʝʯʘʶʪʩʷ ʚʦ ʚʪʦʨʦʡ ʬʘʟʝ 
ʪʝʨʝʥʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

5. ʈʘʟʥʳʝ ʧʦʨʦʜʳ: ʢʨʝʤʥʠ, ʪʫʬʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʩ ʦʙʣʦʤʢʘʤʠ ʛʦʨʥʳʭ ʢʨʝʤʥʝʡ, ʢʚʘʨʮ-ʛʝʤʘ-
ʪʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʠʩʪʦʯʥʠʢ ʩʥʦʩʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. 
ʉʦʩʪʘʚ ʦʙʣʦʤʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʨʠʚʝʜʰʝʡ ʢ 

ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʦʨʦʜ ʩʚʠʪʳ, ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʧʦʜʲʝʤ ʪʝʨʨʠʪʦʨʠʠ ʠ ʛʣʫʙʦʢʠʡ ʨʘʟʤʳʚ ʚʧʣʦʪʴ ʜʦ 
ʦʙʥʘʞʝʥʠʷ ʛʨʘʥʠʪʦʠʜʥʳʭ ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʤʘʩʩʠʚʦʚ. ʇʦʩʣʝʜʥʝʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʩʦʙʳ-
ʪʠʷʤʠ ʧʨʠʯʣʝʥʝʥʠʝ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʢ ʦʢʨʘʠʥʝ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʠ ʧʨʝʚʨʘʱʝʥʠʝ ʝʝ ʚ ʘʢʪʠʚʥʫʶ 
ʦʢʨʘʠʥʫ ʢʦʨʜʠʣʴʝʨʩʢʦʛʦ ʪʠʧʘ. ʕʪʠ ʩʦʙʳʪʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʪʘʢʞʝ ʢʨʘʩʥʦʢʘʤʝʥʥʳʤʠ ʠʟʤʝʥʝ-
ʥʠʷʤʠ ʚʫʣʢʘʥʠʪʦʚ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʤʝʣʢʦʚʦʜʥʦʩʪʠ ʤʦʨʩʢʦʛʦ ʙʘʩ-
ʩʝʡʥʘ ʠ ʦʙʠʣʠʝ ʬʣʦʨʠʩʪʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʚ ʘʣʝʚʨʦʣʠʪʘʭ ʩʚʠʪʳ. 
ʇʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʥʥʳʤ ʚʦʟʨʘʩʪ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ ʥʘ ʧʣʦʱʘʜʠ, ʩ ʫʯʝʪʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝ-

ʩʢʠʭ ʧʝʨʝʨʳʚʦʚ, ʧʦʟʜʥʝʬʘʤʝʥʩʢʠʡïʨʘʥʥʝʪʫʨʥʝʡʩʢʠʡ. ʉʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ, ʛʜʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝ-
ʩʢʠʝ ʧʝʨʝʨʳʚʳ ʦʪʩʫʪʩʪʚʫʶʪ ï ʬʘʤʝʥʩʢʦïʪʫʨʥʝʡʩʢʠʡ (ʧʦʟʜʥʝʰʘʤʝʡʩʢʦïʢʦʩʴʚʠʥʩʢʠʡ) [43]. 
ɹʝʨʝʟʥʷʢʦʚʩʢʘʷ ʪʦʣʱʘ (D3ôC1br) ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʚ ɸʣʘʧʘʝʚʩʢʦ-

ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ, ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ɸʡʜʳʨʣʷ. ʇʦʣʦʩʘ ʝʝ ʨʘʟʚʠʪʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʩ 
ʶʛʦ-ʟʘʧʘʜʘ ʦʛʨʘʥʠʯʝʥʘ ʨʘʟʣʦʤʦʤ, ʩ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʡ ʠʥʪʨʫʟʠʝʡ ʪʨʘʭʠʜʘʮʠʪʦʚ, 
ʢʦʤʘʛʤʘʪʠʯʥʦʡ ʚʫʣʢʘʥʠʪʘʤ ʪʦʣʱʠ. ɺ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʦʙʥʘʞʝʥʠʷ ʝʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʐʫʨʬʘʤʠ 
ʙʳʣʠ ʚʩʢʨʳʪʳ ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʚʳʚʝʪʨʝʣʳʝ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʳ, ʪʫʬʦʧʝʩʯʘʥʠʢʠ ʩ ʧʨʦʩʣʦʷ-
ʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ, ʨʝʞʝ ï ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥʮʝʚ [93]. ʅʘ ʧʦʚʝʨʭ-
ʥʦʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʣʦʩʳ ʵʣʶʚʠʘʣʴʥʳʭ ʨʘʟʚʘʣʦʚ ʜʘʮʠʪʦʚ ʠ ʪʨʘʭʠʜʘʮʠʪʦʚ. ʇʦʣʥʳʝ ʨʘʟʨʝʟʳ 
ʪʦʣʱʠ ʚʩʢʨʳʪʳ ʨʘʟʚʝʜʦʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ, ʚ ɸʡʜʳʨʣʠʥʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ. 
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ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ, ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʪʦʥʢʦʦʙʣʦʤʦʯʥʳʭ ʪʫʬʬʠʪʦʚ, 
ʚ ʤʝʥʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʦʩʣʦʝʚ ʣʘʚ ʠ ʪʫʬʦʚ ʘʥʜʝʟʠʪʦʚʦʛʦ, ʜʘʮʠʪʦʚʦʛʦ ʠ ʪʨʘʭʠʜʘʮʠʪʦʚʦʛʦ ʩʦ-
ʩʪʘʚʘ, ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ ʩ ʦʪʧʝʯʘʪʢʘʤʠ ʬʣʦʨʳ ʬʘʤʝʥʩʢʦïʨʘʥʥʝʪʫʨʥʝʡʩʢʦʛʦ ʚʦʟ-
ʨʘʩʪʘ. ɺ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʝ ʚʦʟʨʘʩʪ ʙʝʨʝʟʥʷʢʦʚʩʢʦʡ ʪʦʣʱʠ ʧʨʠʥʷʪ ʚ ʦʙʲʝʤʝ ʬʨʘʥʩʢʦʛʦ (ʚʝʨʭʠ)ï
ʪʫʨʥʝʡʩʢʦʛʦ (ʥʠʟʳ) ʷʨʫʩʦʚ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʦʧʨʝʜʝʣʠʪʴ ʪʨʫʜʥʦ, ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ ʦʥʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 

1 000 ʜʦ 1 300 ʤ. 

ʂɸʄɽʅʅʆʋɻʆʃʔʅɸʗ ʉʀʉʊɽʄɸ 

ʅʀɾʅʀʁ ʆʊɼɽʃ 

ʇʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ ʦʪʢʘʨʪʠʨʦʚʘʥʳ ʚʦ ʚʩʝʭ ʧʦʜʟʦʥʘʭ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦ-
ʛʦʨʩʢʦʡ ʠ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ. 
ʂʫʛʫʪʳʢʩʢʘʷ ʩʚʠʪʘ (C1kg) ʚʳʜʝʣʝʥʘ ɽ. ɸ. ʇʝʨʝʧʝʯʠʥʦʡ ʚ 1939 ʛ., ʚ ʨʘʡʦʥʝ ɼʦʤʙʘʨʦʚ-

ʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʷ. ʂʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ (ʥʝʦʙʲʝʜʠʥʝʥʥʳʡ ʩ ʜʨʫʛʠʤʠ ʧʦʜʨʘʟʜʝʣʝʥʠʷ-
ʤʠ) ʩʪʨʘʪʦʥ ʟʘʥʠʤʘʝʪ ʥʝʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʚ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʠ ɼʞʘʨʣʠʥʩʢʦ-ɼʦʤʙʘʨʦʚ-
ʩʢʦʡ ʧʦʜʟʦʥʘʭ. 
ɺ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʢʫʛʫʪʳʨʩʢʘʷ ʩʚʠʪʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʪʝʢʪʦʥʠ-

ʯʝʩʢʦʤ ʙʣʦʢʝ ʧʨʦʩʣʝʞʝʥʥʳʤ ʦʪ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 24 ʢʤ. ɿʜʝʩʴ ʚ 
ʧʨʠʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʨ. ʗʢʰʠ-ɸʢʞʘʨ (ʦʧ. ʦʙʥ. 4) ʨʘʟʨʝʟ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʦ-
ʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʢʦʥ-
ʛʣʦʤʝʨʘʪʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ. ɺʦʩʪʦʯʥʝʝ ʦʙʥʘʞʝʥʠʷ ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʝʚʨʦʣʠʪʳ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ 
ʩʣʘʥʮʝʚ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ ʠ ʣʠʥʟʘʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʇʦʨʦʜʳ 
ʜʠʩʣʦʮʠʨʦʚʘʥʳ ʠ ʩʦʙʨʘʥʳ ʚ ʤʝʣʢʠʝ ʩʢʣʘʜʢʠ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪ 1 000 ʤ. 
ʇʦ ʬʘʫʥʝ ʠ ʬʣʦʨʝ, ʦʪʦʙʨʘʥʥʦʡ ʠʟ ʨʘʟʥʳʭ ʯʘʩʪʝʡ ʨʘʟʨʝʟʘ, ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʚ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨ-

ʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʠʡ [64]. 
ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ, ʚ ɼʞʘʨʣʠʥʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-

ʩʠʥʢʣʠʥʘʣʠ ʧʦʨʦʜʳ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʜʦʣʠʥʝ ʨ. ɼʞʘʨʣʳ ʦʪ ʶʞʥʦʡ ʛʨʘʥʠ-
ʮʳ ʧʣʦʱʘʜʠ ʜʦ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʉʢʚʘʞʠʥʘʤʠ ʠ ʛʦʨʥʳʤʠ ʚʳ-
ʨʘʙʦʪʢʘʤʠ ʚ ʨʘʟʨʝʟʝ ʩʚʠʪʳ, ʚʳʜʝʣʝʥʳ ʯʝʪʳʨʝ ʪʦʣʱʠ (ʩʥʠʟʫ ʚʚʝʨʭ): ʧʝʩʯʘʥʠʢʦʚ, ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩ-
ʪʳʭ ʩʣʘʥʮʝʚ, ʠʟʚʝʩʪʢʦʚʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʛʣʠʥʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ 
ʩʣʘʥʮʝʚ ʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʜʦ 1 300 ʤ. 
ʊʦʣʱʘ ʧʝʩʯʘʥʠʢʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʨʘʩʧʦʣʦʞʝʥʘ ʫ ʝʛʦ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ 

ʠ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʥʠʞʥʝʡ ʯʘʩʪʴʶ ʨʘʟʨʝʟʘ ʩʚʠʪʳ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʥʘ ʧʝʩʯʘʥʠʢʘʤʠ, 
ʘʣʝʚʨʦʣʠʪʘʤʠ, ʫʛʣʠʩʪʳʤʠ ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʨʝʞʝ ï ʢʦʥʛʣʦʤʝʨʘʪʠʩʪʳʤʠ ʧʝʩʯʘʥʠ-
ʢʘʤʠ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. 
ɺ ʩʚʷʟʠ ʩ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʦ ʚʥʝʰʥʝʡ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ, ʧʦʨʦʜʳ ʦʧʠʩʳʚʘʝʤʦʡ ʧʘʯʢʠ 

ʦʢʘʟʘʣʠʩʴ ʚʦʚʣʝʯʝʥʥʳʤʠ ʚ ʟʦʥʫ ʩʤʷʪʠʷ ʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ. ʇʦʤʠʤʦ ʢʦʥʪʘʢʪʦʚʦʛʦ ʚʦʟʜʝʡ-
ʩʪʚʠʷ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʥʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʠʥʪʝʥʩʠʚʥʦʤʫ ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʤʫ ʤʝ-
ʪʘʤʦʨʬʠʟʤʫ ʩ ʧʨʦʮʝʩʩʘʤʠ ʤʠʛʤʘʪʠʟʘʮʠʠ ʠ ʛʨʘʥʠʪʠʟʘʮʠʠ ʚ ʦʪʜʝʣʥɹʳʭ ʟʦʥʘʭ. ʄʦʱʥʦʩʪʴ ʵʪʦʡ 
ʪʦʣʱʠ ʪʦʯʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʘ ʥʝ ʤʝʥʝʝ 150ï200 ʤ. ʇʨʦʜʫʢʪʦʤ 
ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʝʩʯʘʥʠʢʦʚ ʷʚʣʷʶʪʩʷ ʙʠʦʪʠʪʦʚʳʝ ʧʣʘʛʠʦʛʥʝʡʩʳ. ʕʪʦ ʩʝʨʳʝ ʠʣʠ ʪʝʤʥʦ-ʩʝʨʳʝ 
ʧʦʨʦʜʳ ʤʘʩʩʠʚʥʦʡ ʠʣʠ ʩʣʘʥʮʝʚʘʪʦʡ, ʨʝʞʝ ʧʦʣʦʩʯʘʪʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʦʩʪʦʷʪ ʦʥʠ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ, 
ʢʚʘʨʮʘ ʠ ʙʠʦʪʠʪʘ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʠʥʦʛʜʘ ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʠʤʝʩʷʭ ʵʧʠʜʦʪ, ʛʨʘʥʘʪ, ʛʨʘʬʠʪ. ʀʟ ʘʢ-
ʮʝʩʩʦʨʥʳʭ ʚʩʪʨʝʯʘʶʪʩʷ ʩʬʝʥ, ʨʫʪʠʣ, ʮʠʨʢʦʥ, ʪʫʨʤʘʣʠʥ, ʧʠʨʠʪ ʠ ʤʘʛʥʝʪʠʪ. ʉʪʨʫʢʪʫʨʘ ʦʙʳʯʥʦ 
ʛʨʘʥʦʙʣʘʩʪʠʯʝʩʢʘʷ ʠʣʠ ʧʦʡʢʠʣʦʙʣʘʩʪʠʯʝʩʢʘʷ (ʚ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʭ ʨʘʟʥʦʩʪʷʭ), ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 
ʦʩʪʘʪʦʯʥʳʝ ï ʦʙʣʦʤʦʯʥʳʝ ʩʪʨʫʢʪʫʨʳ. 
ʊʦʣʱʘ ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ ʚ ʩʪʨʫʢʪʫʨʝ ʛʨʘʙʝʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʦʙʳʯʥʦ ʚʦ ʚʥʝʥhʝʡ ʝʛʦ 

ʟʦʥʝ, ʥʦ ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʧʨʠʤʳʢʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʪʦʣʱʝ ʠʟʚʝʩʪ-
ʥʷʢʦʚ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʝ ʩʣʘʥʮʳ ʦʙʳʯʥʦ ʥʘʜʚʠʥʫʪʳ ʥʘ ʠʟʚʝʩʪʥʷʢʠ. ʉʦʩʪʦʠʪ 
ʦʧʠʩʳʚʘʝʤʘʷ ʪʦʣʱʘ ʠʟ ʫʛʣʠʩʪʳʭ, ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʭ, ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʣʠ-
ʪʦʚ, ʨʝʞʝ ï ʧʝʩʯʘʥʠʢʦʚ ʠ ʠʟʚʝʩʪʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ ʩʨʝʜʠ ʫʛ-
ʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʫʛʣʠʩʪʳʭ ʦʢʨʝʤʥʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʤʦʱʥʦʩʪʴʶ 
1ï2 ʤ. ʅʘʠʙʦʣʝʝ ʩʣʘʙʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʠ ʫʛʣʠʩʪʳʭ ʠ ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ 
ʥʘʭʦʜʷʪʩʷ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ. ʕʪʦ ʯʝʨʥʳʝ ʠʣʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʧʦʨʦʜʳ ʩʦ ʩʣʘʥʮʝʚʘʪʦʡ ʪʝʢ-
ʩʪʫʨʦʡ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʠʣʠ ʧʣʠʪʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ʉʦʩʪʦʷʪ ʦʥʠ ʠʟ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʛʣʠ-
ʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʫʪʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʠ ʠʥʦʛʜʘ ʪʫʨʤʘʣʠʥʠʟʠʨʦʚʘʥʥʦʛʦ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩ 
ʧʨʠʤʝʩʠ ʘʣʝʚʨʠʪʦʚʳʭ ʯʘʩʪʠʮ ʢʚʘʨʮʘ. ʉʪʨʫʢʪʫʨʘ ʠʭ ʙʣʘʩʪʦʧʝʣʠʪʦʚʘʷ ʠʣʠ ʤʠʢʨʦʣʝʧʠʜʦʙʣʘʩʪʦ-
ʚʘʷ. ɺ ʵʢʟʦʢʦʥʪʘʢʪʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʩʣʘʥʮʳ ʧʨʝʚʨʘʱʝʥʳ ʚ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʝ ʨʦʛʦ-
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ʚʠʢʠ, ʘ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʨʘʟʥʦʩʪʠ ï ʚ ʵʧʠʜʦʪ-ʙʠʦʪʠʪ-ʩʢʦʧʦʣʠʪʦʚʳʝ ʩʣʘʥʮʳ ʠ ʨʦʛʦʚʠʢʠ. ʈʦʛʦʚʠʢʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʳʝ ʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʜʦ ʯʝʨʥʳʭ ʧʦʨʦʜʳ ʩʦ ʩʣʘʥʮʝʚʘʪʦʡ, ʨʝʞʝ ï ʤʘʩʩʠʚʥʦʡ 
ʪʝʢʩʪʫʨʦʡ. ɻʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʚ ʥʠʭ ʷʚʣʷʶʪʩʷ ʘʤʬʠʙʦʣ, ʙʠʦʪʠʪ, ʧʣʘ-
ʛʠʦʢʣʘʟ, ʢʚʘʨʮ, ʛʨʘʬʠʪ, ʩʢʘʧʦʣʠʪ, ʦʪʪʨʝʣʠʪ, ʵʧʠʜʦʪ, ʘ ʚ ʤʠʢʨʦʢʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʩʪʷʭ ï 
ʤʠʢʨʦʢʣʠʥ. ʉʪʨʫʢʪʫʨʘ ʨʦʛʦʚʠʢʦʚ ʧʦʨʬʠʨʦʙʣʘʩʪʠʯʝʩʢʘʷ, ʤʠʢʨʦʛʨʘʥʦʙʣʘʩʪʠʯʝʩʢʘʷ ʠ ʧʦʡʢʠʣʦʙ-
ʣʘʩʪʠʯʝʩʢʘʷ (ʩʠʪʦʚʠʜʥʘʷ). ɺ ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ, ʯʘʱʝ ʚʩʝʛʦ, ʚʩʪʨʝʯʘʝʪʩʷ ʦʪʪʨʝʣʠʪ, ʨʝʞʝ ï ʘʤʬʠ-
ʙʦʣ ʠ ʙʠʦʪʠʪ. ʃʝʡʢʦʢʨʘʪʦʚʘʷ ʯʘʩʪʴ ʧʦʨʦʜʳ ʯʘʩʪʦ ʠʤʝʝʪ ʨʝʘʢʮʠʦʥʥʳʝ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʪʝʤ-
ʥʦʮʚʝʪʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ, ʢʦʨʨʦʜʠʨʫʷ ʠʭ, ʧʨʦʨʘʩʪʘʷ ʠ ʯʘʩʪʠʯʥʦ ʟʘʤʝɦ ʘʷ ʠʭ ʚ ʬʦʨʤʝ ʧʦʣʦʩʳ 
ʧʨʦʞʠʣʢʦʚ. ʆʩʦʙʝʥʥʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʘʤʝʱʝʥʠʷ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʢʚʘʨʮʘ ʠ ʤʠʢ-
ʨʦʢʣʠʥʘ. ʄʦʱʥʦʩʪʴ ʪʦʣʱ ʥʝ ʤʝʥʝʝ 300 ʤ. 
ʊʦʣʱʘ ʠʟʚʝʩʪʢʦʚʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ʟʘʣʝʛʘʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʧʘʯʢʝ 

ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʠʥʢʣʠʥʘʣʴʥʳʤ ʟʦʥʘʤ ʧʨʠʦʩʝʚʦʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ. 
ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʥʘ ʛʣʠʥʠʩʪʳʤʠ, ʠʟʚʝʩʪʢʦʚʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 
ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʣʠʥʟʘʤʠ ʙʠʪʫʤʠʥʦʟʥʳʭ ʠʟʚʝʩʪʥʢ̫ʦʚ. ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʫʢʘʟʘʥʥʳʝ 
ʧʦʨʦʜʳ ʧʨʝʚʨʘʱʝʥʳ ʚ ʨʘʟʣʠʯʥʳʝ ʨʦʛʦʚʠʢʠ, ʠʟ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʘʢʪʠʥʦʣʠ-
ʪʦʚʳʝ ʠ ʘʢʪʠʥʦʣʠʪ-ʙʠʦʪʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ. ʀʟʚʝʩʪʥʷʢʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʧʨʝʚʨʘʱʝʥʳ ʚ ʤʝʣʢʦʟʝʨ-
ʥʠʩʪʳʝ ʛʨʘʬʠʪʠʩʪʳʝ ʤʨʘʤʦʨʘ. ʄʦʥɦʦʩʪʴ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 250ï300 ʤ. 
ɿʘʢʘʥʯʠʚʘʝʪʩʷ ʨʘʟʨʝʟ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʳ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʪʦʣʱʝʡ ʫʛʣʠʩʪʳʭ, ʫʛʣʠʩʪʦ-

ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ. ʕʪʘ ʪʦʣʱʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ʚʳʧʦʣʥʷʝʪ ʮʝʥʪʨʘʣʴ-
ʥʳʝ ʯʘʩʪʠ ʤʝʣʢʠʭ ʩʠʥʢʣʠʥʘʣʝʡ, ʘ ʩ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ, ʧʦʜʩʪʠʣʘʝʪ ʪʦʣʱʫ ʠʟʚʝʩʪʥʷʢʦʚ 
ʢʠʟʠʣʴʩʢʦʡ ʩʚʠʪʳ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʜʦʩʪʠʛʘʝʪ 500 ʤ. 
ʆʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ ʚ ʦʧʠʩʘʥʥʦʤ ʨʘʟʨʝʟʝ ʩʚʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ. 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʜʦʚʦʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʴʶ (2,55ï2,65 ʛ/ʩʤ3) ʠ ʤʘʛʥʠʪʥʦʩʪʴʶ ((0ï42)Ŀ10-6 ʝʜ. ʉɻʉ) ʠ ʦʯʝʥʴ 
ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʚ 5ï20 ʆʤ. ʅʘ ʬʦʥʝ ʧʦʨʦʜ ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜʳ ʩʚʠʪʳ ʩʦʟʜʘʶʪ 
ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ ʩ ʧʦʥʠʞʝʥʠʝʤ ʜʦ 3ï4 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʙʳʯʥʦ ʧʦ-
ʥʠʞʝʥʥʦʝ ʠ ʠʤʝʝʪ ʩʧʦʢʦʡʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʂʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʘ (C1ct) ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʩʪʨʘʪʦʥ ʚʳʜʝʣʷʝʪʩʷ ʚ 

ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ, ʚ ʦʪʜʝʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ ʚ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʯʘʩʪʷʭ 
ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ (ʚ ʮʝʥʪʨʘʣʴʥʳʡ ʝʝ ʯʘʩʪʠ ʪʦʣʱʘ ʥʝ ʦʪʜʝʣʝʥʘ ʦʪ 
ʧʦʜʩʪʠʣʘʶʱʝʡ ʢʫʛʫʪʳʢʩʢʦʡ ʪʦʣʱʠ). 
ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʦʣʱʘ ʪʝʤʥʦ-ʩʝʨʳʤʠ, ʩʝʨʳʤʠ, ʨʝʜʢʦ ï ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʧʦʜʯʠ-

ʥʝʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʧʝʩʯʘʥʠʢʦʚ, ʨʝʜʢʦ ï ʯʝʨʥʳʭ ʢʨʝʤʥʝʡ. ʄʦʱ-
ʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 250ï500 ʤ. 
ʂʦʥʪʘʢʪʳ ʪʦʣʱʠ ʩ ʚʳʰʝ- ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘ-

ʩʪʠ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʘ ʪʝʨʷʝʪ ʩʚʦʠ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥ-
ʥʦʩʪʠ. ʀʟʚʝʩʪʥʷʢʠ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪʩʷ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, ʧʝʩʯʘ-
ʥʠʢʘʤʠ. ʇʨʦʚʝʩʪʠ ʛʨʘʥʠʮʫ ʤʝʞʜʫ ʩʭʦʞʠʤʠ ʧʦ ʩʦʩʪʘʚʫ ʥʠʞʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʫʛʫʪʳʢ-
ʩʢʦʡ ʩʚʠʪʳ ʩʪʘʥʦʚʠʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʵʪʦʤʫ ʢʫʛʫʪʳʢʩʢʘʷ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʠ 
ʥʘ ʢʘʨʪʘʭ ʧʦʢʘʟʘʥʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʪʦʣʱʘ ʩ ʥʝʩʦʛʣʘ-
ʩʠʝʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʚrʦʤ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ ʢʘʤʦʨʟʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʪʦʣʱʠ ʥʘʡʜʝʥʘ ʬʘʫʥʘ ʙʨʘʭʠʦʧʦʜ, ʢʦʨʘʣʣʦʚ, ʬʦʨʘʤʠʥʠʬʝʨ, ʦʩʪʨʘʢʦʜ ʢʦʩʴʚʠʥ-

ʩʢʦïʙʫʨʣʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʧʨʠʥʷʪ ʪʫʨʥʝʡʩʢʦ (ʩʘʤʳʝ ʚʝʨ-
ʭʠ)ïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʪʦʣʱʠ. 
ʂʫʛʫʪʳʢʩʢʘʷ ʩʚʠʪʘ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʘ ʥʝʨʘʩʯʣʝʥʝʥ-

ʥʳʝ (C1kgôct) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ, ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʘʭ 
ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ɺ ʋʜʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʦʪʣʦʞʝʥʠʷ ʩʪʨʘʪʦʥʘ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʨʦʝʥʠʠ ʀʨʠʢʣʠʥ-

ʩʢʦʡ ʤʝʛʘʩʠʥʢʣʠʥʘʣʠ, ʦʙʨʘʟʫʷ ʧʨʝʨʳʚʠʩʪʫʶ ʧʦʣʦʩʫ ʩʫʙʤʝʨʠʜʠʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚʳʪʷʥʫ-
ʪʫʶ ʚʜʦʣʴ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ ʦʪ ʜʦʣʠʥʳ ʨ. ʄʫʩʦʛʘʪʢʘ ʥʘ ʶʛʝ ʜʦ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 
ʩʢʣʦʥʘ ʜʦʣʠʥʳ ʨ. ʊʘʰʣʘ ʥʘ ʩʝʚʝʨʝ. 
ʆʪʣʦʞʝʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʪʨʘʪʦʥʘ ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʩ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʦʡ ʥʘ ʧʣʦʱʘʜʠ ʥʝ 

ʦʙʥʘʞʘʶʪʩʷ. ʈʘʟʨʝʟ ʠʭ ʚʩʢʨʳʪ ʰʫʨʬʘʤʠ ʠ ʩʢʚʘʞʠʥʘʤʠ ʚ ʜʦʣʠʥʝ ʨ. ʄʫʩʦʛʘʪʢʘ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʦʥ-
ʢʦʛʦ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʩʚʝʪʣʦ-ʩʝʨʳʭ, ʩʝʨʳʭ ʠ ʪʝʤʥʦ-ʩʝʨʳʭ, ʠʥʦʛʜʘ ʩ ʟʝʣʝʥʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ, ʘʨ-
ʛʠʣʣʠʪʦʚ, ʛʣʠʥʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ, ʤʝʩʪʘʤʠ ʦʪʤʝ-
ʯʘʶʪʩʷ ʣʠʥʟʳ ʠ ʧʨʦʩʣʦʠ ʠʟʚʝʩʪʥʷʢʦʚ [97]. 
ɺ ʦʩʥʦʚʘʥʠʠ ʪʦʣʱʠ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʘʟʘʣʴʥʫʶ ʧʘʯʢʫ, ʟʘʣʝʛʘʶʱʫʶ ʥʘ ʚʫʣʢʘʥʠʪʘʭ ʰʫʤʠ-

ʣʠʥʩʢʦʡ ʩʚʠʪʳ. ʆʥʘ ʚʩʢʨʳʪʘ ʢʘʥʘʚʦʡ ˉ 20, ʩʢʚʘʞʠʥʦʡ  ̄221 ʠ ʚ ʚʠʜʝ ʘʣʣʶʚʠʘʣʴʥʳʭ ʨʘʟʚʘʣʦʚ 
ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ 2,5 ʢʤ ʩʝʚʝʨʥʝʝ ʜʦʣʠʥʳ ʨʫʯʴʷ ʉʚʠʩʪʫʥ. ʇʘʯʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʯʝʨʝʜʫʶʱʠʤʠʩʷ 
ʛʦʨʠʟʦʥʪʘʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʩʝʨʦʮʚʝʪʥʳʭ ʠ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʠʪʦʚ ʠ ʘʨʛʠʣʣʠ-
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ʪʦʚ. ɺ ʩʝʨʦʮʚʝʪʥʳʭ ʘʨʛʠʣʣʠʪʘʭ ʠʥʦʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʫʛʣʠʩʪʳʡ ʤʘʪʝʨʠʘʣ. ʂʦʥʛʣʦʤʝʨʘʪʳ ʩʦʩʪʦ̫ ʪ 
ʠʟ ʧʦʣʫʦʢʘʪʘʥʥʳʭ ʠ ʦʢʘʪʘʥʥʳʭ ʛʘʣʝʢ ʨʘʟʤʝʨʦʤ ʜʦ 10 ʩʤ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʧʝʩʯʘʥʠʩʪʳʤ ʤʘ-
ʪʝʨʠʘʣʦʤ. ɺ ʩʦʩʪʘʚʝ ʛʘʣʝʢ ʧʨʝʦʙʣʘʜʘʶʪ ʵʬʬʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʨʝʟʢʦ ʧʦʜ-
ʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʨʘʥʠʪʳ, ʛʨʘʥʦʩʠʝʥʠʪʳ. ʄʦʱʥʦʩʪʴ ʧʘʯʢʠ ʦʢʦʣʦ 50 ʤ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 300 ʜʦ 600 ʤ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʥʘ ʶʛ. ɺ 

ʣʠʥʟʘʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʄʫʩʦʛʘʪʢʘ ʩʦʙʨʘʥʘ ʬʘʫʥʘ ʙʨʘʭʠʦʧʦʜ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ 
ʠ ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʘʤʠʥʠʬʝʨʳ ʚʝʨʭʥʝʪʫʨʥʝʡʩʢʦʛʦ ʦʙʣʠʢʘ. ʖʞʥʝʝ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ ʚ ʠʟ-
ʚʝʩʪʥʷʢʘʭ ʬʘʫʥʘ ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʢʦʩʴʚʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʪʨʘʪʦʥʘ, ʩʦʧʦʩʪʘʚʣʷʝʤʘʷ ʩ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʝʡ ʩʦʩʪʦʠʪ 

ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʪʝʭ ʞʝ ʧʦʨʦʜ, ʯʪʦ ʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʣʠʰʴ ʧʨʦʩʣʦʠ ʠʟʚʝʩʪʥʷʢʦʚ ʚ ʥʝʤ 
ʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ ʠ ʠʤʝʶʪ ʙʦʣʴʰʫʶ ʤʦʱʥʦʩʪʴ. ʇʝʨʝʢʨʳʚʘʶʪʩʷ ʦʥʠ ʙʝʟ ʚʠʜʠʤʦʛʦ ʥʝʩʦʛʣʘ-
ʩʠʷ, ʥʦ ʩ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ ʠʟʚʝʩʪʥʷʢʘʤʠ ʢʠʟʠʣʴʩʢʦʡ ʩʚʠʪʳ. 
ʆʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ 310ï360Á ʩ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ 

ʩʣʦʠʩʪʦʩʪʠ ʦʪ 50 ʜʦ 45Á ʥʘ ʶʛʦ-ʟʘʧʘʜ. ʄʦʱʥʦʩʪʴ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʪʨʘʪʦʥʘ 300ï400 ʤ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 600ï1 000 ʤ. 
ʅʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ʄʫʩʘʛʘʪʢʘ ʚ 4 ʢʤ ʩʝʚʝʨʥʝʝ ʩʪʘʥʮʠʠ ʅʦʚʦʦʨʩʢ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʙʳʣʘ ʩʦʙʨʘ-

ʥʘ ʬʘʫʥʘ, ʷʚʣʷʶʱʘʷʩʷ, ʧʦ ʟʘʢʣʶʯʝʥʠʶ ʃʘʧʠʥʦʡ ʅ. ʅ., ʥʠʞʥʝʚʠʟʝʡʩʢʦʡ [78, 97]. ɿʜʝʩʴ ʞʝ 
ɽ. ʇ. ʄʝʜʚʝʜʝʚʦʡ ʦʧʨʝʜʝʣʝʥʳ ʬʦʨʘʤʠʥʠʬʝʨʳ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʘ. ɺ 1969 ʛ. ɽ. ʇ. ʄʝʜʚʝʜʝʚʦʡ ʚ 
1 ʢʤ ʩʝʚʝʨʥʝʝ ʚʳʰʝʦʧʠʩʘʥʥʦʡ ʪʦʯʢʠ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʬʦʨʘʤʠʥʠʬʝʨ ʥʠʞʥʝʚʠʟʝʡʩʢʦʛʦ 
ʧʦʜʲʷʨʫʩʘ. 
ɹʦʣʴʰʠʥʩʪʚʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢʫʛʫʪʳʢʩʢʘʷ ʩʚʠʪʘ ʜʘʪʠʨʫʝʪʩʷ ʚʝʨʭʥʝʪʫʨʥʝʡʩʢʦʡ, ʢʘʨʙʦʥʘʪ-

ʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ï ʥʠʞʥʝʚʠʟʝʡʩʢʦʡ. ʕʪʠ ʪʦʣʱʠ ʚʳʜʝʣʷʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʟʨʝʟʘʭ, ʥʦ ʠʟ-ʟʘ ʧʣʦ-
ʭʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ ʠʭ ʪʨʫʜʥʦ ʧʨʦʪʷʥʫʪʴ ʧʦ ʢʘʨʪʝ ʠ ʛʨʘʥʠʮʘ ʠʭ ʷʚʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʫʩʣʦʚʥʦʡ 
[97]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʨʘʩʪ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʝʨʘʩʯʣʝʥʝʥʥʦʛʦ ʩʪʨʘʪʦʥʘ 
ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʦïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ. 
ɺ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʢʫʛʫʪʳʢʩʢʘʷ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʠ ʥʝʨʘʩʯʣʝ-

ʥʝʥʥʳʝ ʫʯʘʩʪʚʫʶʪ ʚ ʩʪʨʦʝʥʠʠ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ, ʂʠʨʦʚʩʢʦ-ʂʦʩʢʫʣʴʩʢʦʡ ʠ ɼʞʘʨʣʠʥʩʢʦ-
ɼʦʤʙʘʨʦʚʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ ʩʠʥʢʣʠʥʘʣʝʡ. 
ɺ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʨʘʟʨʝʟ ʩʪʨʘʪʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʝʚʨʦʣʠʪʘ-

ʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ, ʛʨʘʚʝʣʠʪʘʤʠ, ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ 
ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʨʝʜʢʠʤʠ ʣʠʥʟʘʤʠ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʫʛʣʝʡ. ʆʙʱʘʷ ʤʦʥɦʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʧʦ 
ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʦʩʪʘʚʣʷʝʪ 800ï1 000 ʤ. ʂʦʥʪʘʢʪʳ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʟʜʝʩʴ ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ɺʳʰʝʣʝʞʘʱʘʷ ʢʦʨʦʟʠʥʩʢʘʷ ʪʦʣʱʘ ʟʘʣʝʛʘʝʪ ʥʘ ʥʠʭ ʩʦ ʩʪʨʘ-
ʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ. 
ʇʦ ʣʘʪʝʨʘʣʠ ʢʫʛʫʪʳʢʩʢʘʷ ʩʚʠʪʘ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ ʪʦʣʱʘ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʪ ʚʫʣ-

ʢʘʥʠʪʳ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ. 
ɺ ʂʠʨʦʚʩʢʦ-ʂʦʩʢʫʣʴʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʨʘʟʨʝʟ ʩʪʨʘʪʦʥʘ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʤʫ ʚ 

ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʪʦʣʴʢʦ ʚ ʶʞʥʦʡ ʝʝ ʯʘʩʪʠ, ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ 
ʩʢʣʦʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʚ ʨʘʟʨʝʟʝ ʧʦʷʚʣʷʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʣʘʚ ʙʘʟʘʣʴʪʦʚ, ʜʘʮʠʘʥʜʝʟʠʪʦʚ ʠ ʠʭ ʪʫ-
ʬʦʚ. ʄʦʱʥʦʩʪʴ ʠʭ ʩʦʩʪʘʚʣʷʝʪ 5ï23 ʤ. ʕʪʘ ʯʘʩʪʴ ʨʘʟʨʝʟʘ, ʚʠʜʠʤʦ, ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜʥʦʡ ʢ ʥʘʩʣʦ-
ʝʥʠʷʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʟʜʝʩʴ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ. 
ʄʦʱʥʦʩʪʴ ʩʪʨʘʪʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʟʜʝʩʴ ʜʦ 1 000 ʤ. 
ɺ ɼʞʘʨʣʠʥʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʦʪʣʦʞʝʥʠʡ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪ-

ʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱ ʟʘʥʠʤʘʶʪ ʧʨʘʢʪʠʯʝʩʢʠ ʝʝ ʚʩʶ ʧʣʦʱʘʜʴ, ʣʠʰʴ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʧʝʨʝʢʨʳʚʘ-
ʶʪʩʷ ʠʟʚʝʩʪʥʷʢʘʤʠ ʢʘʤʦʨʟʠʥʩʢʦʡ ʪʦʣʱʠ. ʆʙʥʘʞʝʥʥʦʩʪʴ ʧʦʨʦʜ ʩʣʘʙʘʷ: ʨʘʟʨʝʟ ʠʟʫʯʝʥ ʩʢʚʘʞʠʥʘ-
ʤʠ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ, ʯʘʩʪʦ ʧʨʝʚʨʘʱʝʥʥʳʝ ʚ 
ʩʣʶʜʷʥʦ-ʢʚʘʨʮʝʚʳʝ ʩʣʘʥʮʳ. 
ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ. ɺ ʮʝʣʦʤ ʚ ʨʘʟʨʝʟʝ 

ʪʦʣʱʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʚʚʝʨʭ ʫʤʝʥʴʰʘʝʪʩʷ ʛʨʫʙʦʩʪʴ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʢʘʨʙʦʥʘʪʥʦʩʪʴ. ʂʦʥʪʘʢʪʳ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʧʦʨʦʜʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʩʦʚʧʘʜʘʶʪ ʩ ʛʨʘʥʠʮʘʤʠ 
ʛʨʘʙʝʥʘ. 
ʅʠʞʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (200ï250 ʤ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘ-

ʤʠ: ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ, ʛʨʘʚʝʣʠʪʘʤʠ, ʨʝʞʝ ï ʧʝʩʯʘʥʠʢʘʤʠ, ʩ ʨʝʜʢʠʤʠ ʣʠʥʟʘʤʠ ʵʬʬʫʟʠʚʦʚ ʢʠʩʣʦʛʦ 
ʩʦʩʪʘʚʘ. 
ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (400ï450 ʤ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʠʞʥʝʡ ʤʝʥʴʰʝʡ ʛʨʫʙʦʩʪʴʶ ʦʙʣʦʤʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠ ʧʦʷʚʣʝʥʠʝʤ ʧʨʦʩʣʦʝʚ ʠʟʚʝʩʪʥʷʢʦʚ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʛʨʘʚʝʣʠʪʦʚ, 
ʧʝʩʯʘʥʠʢʦʚ, ʩʣʶʜʷʥʦ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ ʩ ʨʝʣʠʢʪʦʚʦʡ ʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʫʛʣʠʩʪʦ-ʛʣʠ-
ʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ʄʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʤʝʥʷʝʪʩʷ ʦʪ ʜʦ-
ʣʝʡ ʤʝʪʨʘ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. 
ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (200ï300 ʤ) ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʨʝʜʥʝʡ ʣʠʰʴ ʪʝʤ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦ-
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ʣʠʯʝʩʪʚʦ ʠ ʤʦʱʥʦʩʪʴ ʧʨʦʩʣʦʝʚ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʩʣʘʥ-
ʮʝʚ. ʕʪʫ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʧʦʜʪʦʣʱʝʡ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʨʘʟʨʝʟʘ ʪʦʣʱ ʩʦʩʪʘʚʣʷʝʪ 800ï1 000 ʤ. ʆʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʟʜʝʩʴ ʥʝ 

ʥʘʡʜʝʥʦ. 
ɺ ʮʝʣʦʤ ʧʣʦʱʘʜʷʤ ʨʘʟʚʠʪʠʷ ʧʦʨʦʜ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱ ʥʝʨʘʩʯʣʝ-

ʥʝʥʥʳʭ ʦʪʚʝʯʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ. 
ʇʦʟʜʥʝʪʫʨʥʝʡʩʢʠʡïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʝʥ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʪʘʢ ʠ 

ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ ʧʣʦʱʘʜʷʭ. 
ɹʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ (C1br) ʨʘʟʚʠʪʘ ʚʦ ʚʩʝʭ ʧʦʜʟʦʥʘʭ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ ʩʝ-

ʚʝʨʥʦʡ ʧʦʣʦʚʠʥʳ ʪʝʨʨʠʪʦʨʠʠ, ʦʪ ʰʠʨʦʪʳ ʨʨ. ʉʦʣʦʥʯʘʪʢʘïʂʫʤʫʩ-ʊʶʙʝ ʜʦ ʝʝ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ. 
ʇʨʠ ɻɼʇ-200 [59] ʇ. ɺ. ʃʷʜʩʢʠʤ ʚ ʝʝ ʩʪʨʦʝʥʠʠ ʚʳʜʝʣʷʣʦʩʴ ʪʨʠ ʧʦʜʩʚʠʪʳ: ʧʝʨʚʘʷ ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʘʷ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʣʘʚ ʠ ʪʫʬʦʚ ʢʠʩʣʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ; ʚʪʦʨʘʷ ï 
ʵʬʬʫʟʠʚʳ ʠ ʪʫʬʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʪʨʝʪʴʷ ï ʣʘʚʳ, ʪʫʬʳ ʠ ʪʝʬʨʦʠʜʳ ʢʠʩʣʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ 
ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ ʧʣʦʘɦʜʷʭ 
(ʨʘʟʣʠʯʥʳʤʠ ʘʚʪʦʨʘʤʠ ʚʳʜʝʣʷʝʪʩʷ ʨʘʟʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʜʩʚʠʪ ï ʪʦʣʴʢʦ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʜʦ ʯʝ-
ʪʳʨʝʭ [35]). ʅʝʪ ʥʘʜʝʞʥʦʛʦ ʬʘʫʥʠʩʪʠʯʝʩʢʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʘʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʥʘ ʠʟʫʯʝʥ-
ʥʦʡ ʧʣʦʱʘʜʠ. ʇʦ ʵʪʦʤʫ, ʥʘ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʢ ʠʟʜʘʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʙʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ, 
ʧʦʢʘʟʘʥʘ ʥʝʨʘʩʯʣʝʥʝʥʥʘʷ ʥʘ ʧʦʜʩʚʠʪʳ. ʇʨʠ ʵʪʦʤ ʧʣʦʱʘʜʠ ʧʦʨʦʜ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʚʳʜʝʣʝʥʥʳʝ 
ʇ. ɺ. ʃʷʜʩʢʠʤ ʩʦʭʨʘʥʝʥʳ ʥʘ ʢʘʨʪʘʭ ʠ ʚʳʜʝʣʝʥʳ ʢʨʘʧʦʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʝʦʙʣʘʜʘʥʠʶ ʚʫʣʢʘ-
ʥʠʯʝʩʢʠʭ ʧʦʨʦʜ; ʧʣʦʱʘʜʠ, ʟʘʥʷʪʳʝ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʧʦʢʘʟʘʥʳ ʙʝʟ ʢʨʘʧʘ. 
ɺ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʙʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ ʫʯʘʩʪʚʫʝʪ ʚ ʩʪʨʦʝʥʠʠ ʀʨʠʢʣʠʥʩʢʦʡ 

ʤʝʛʘʩʠʥʢʣʠʥʘʣʠ ʠ ʅʠʞʥʝʜʞʫʩʠʥʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ. 
ɺ ʀʨʠʢʣʠʥʩʢʦʡ ʤʝʛʘʩʠʥʢʣʠʥʘʣʠ ʦʪʣʦʞʝʥʠʷ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ʚʳʜʝʣʷʶʪʩʷ ʥʘ ʜʚʫʭ ʫʯʘʩʪ-

ʢʘʭ. ʇʝʨʚʳʡ ʨʘʩʧʣʦʞʝʥ ʶʞʥʝʝ ʀʨʠʢʣʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʫʟʢʦʡ ʧʦʣʦʩʦʡ ʚ 
ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ ʨʘʤʢʠ ʣʠʩʪʘ ʥʘ 16 ʢʤ. ɺ ʩʢʚʘʞʠʥʘʭ ʠ ʦʙʥʘʞʝʥʠʷʭ ʦʪʣʦʞʝʥʠʷ ʩʚʠʪʳ 
ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʣʝʨʠʪʘʤʠ, ʙʘʟʘʣʴʪʘʤʠ, ʠʭ ʪʫʬʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ, ʟʘʧʘʜʥʝʝ, ʟʘ ʛʨʘʥʠʮʝʡ 
ʣʠʩʪʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʪʫʬʬʠʪʦʚ, ʪʝʬʨʦʠʜʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚ-
ʣʷʝʪ 800ï1 200 ʤ. 
ɺʪʦʨʦʡ ʫʯʘʩʪʦʢ ʩ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʨʘʟʨʝʟʦʤ ʚʳʜʝʣʷʝʪʩʷ ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ (ʦʧ. ʨ. 20) 

ʧʦ ʨ. ʊʘʰʣʘ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʫ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʩ ʚʠʜʠʤʦʡ ʤʦʱʥʦʩʪʴʶ 
200 ʤ. ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʭ. ɺʳʰʝʣʝʞʘʱʘʷ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʦ-
ʩʪʦʠʪ ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʪʨʘʭʠʨʠʦʣʠʪʦʚ, ʪʨʘʭʠʜʘʮʠʪʦʚ, ʨʠʦʣʠʪʦʚ, ʪʫʬʦʚ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʨʝʞʝ ï ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ, ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʥʘʡʜʝʥʳ ʙʨʘʭʠʦʧʦʜʳ ʠ ʬʦʨʘʤʠʥʠʬʝʨʳ ʢʠ-
ʟʝʣʦʚʩʢʦʛʦ ʠ ʢʦʩʴʚʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʚʝʨʭʥʝʛʦ ʪʫʨʥʝ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 500ï
600 ʤ. ʂʦʥʪʘʢʪʳ ʩ ʚʳʰʝ- ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʟʜʝʩʴ ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ 
ʫʯʘʩʪʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʬʘʮʠʘʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʫʣʢʘʥʠʪʦʚ ʩʚʠʪʳ ʦʜʥʦʚʦʟʨʘʩʪʥʳʤʠ ʪʝʨʨʠʛʝʥ-
ʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ. 
ɺ ʅʠʞʥʝʜʞʫʩʠʥʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʙʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ ʩ ʨʘʟʤʳʚʦʤ ʠ ʙʘʟʘʣʴʥʳʤʠ ʢʦʥ-

ʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ ʟʘʣʝʛʘʝʪ ʥʘ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʝ. ɿʜʝʩʴ ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʩʚʠʪʳ 
ʟʘʣʝʛʘʝʪ ʪʝʨʨʠʛʝʥʥʘʷ ʧʘʯʢʘ ʤʦʱʥʦʩʪʴʶ 100ï200 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʛʨʘʚʝʣʠʪʘʤʠ 
ʩ ʤʘʣʦʤʦʱʥʳʤʠ ʣʠʥʟʘʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ. ɻʘʣʴʢʘ ʢʦʥʛʣʦʤʝʨʘʪʦʚʘʷ ʭʦʨʦʰʦ ʦʢʘʪʘʥʘ 
ʠ ʩʦʩʪʦʠʪ ʠʟ ʜʘʮʠʪʦʚʳʭ, ʘʥʜʝʟʠʪʦʜʘʮʠʪʦʚʳʭ ʠ ʘʥʜʝʟʠʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ 
ʧʝʩʯʘʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺ ʮʝʤʝʥʪʝ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʧʝʩʯʘʥʠʢʘʭ ʩʦʩʪʘʚ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠ-
ʘʣʘ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʝʥ: ʢʨʦʤʝ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʨʬʠʨʠʪʦʚ ʚ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʨʠʦʣʠʪʳ, 
ʙʘʟʘʣʴʪʳ ʠ ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ. ɸʟʠʤʫʪ ʧʘʜʝʥʠʷ ʩʣʦʠʩʪʦʩʪʠ ï 170Á ʠ ʫʛʦʣ ï 15Á. ʅʘ ʣʝʚʦʤ ʙʝʨʝ-
ʛʫ ʨ. ɼʞʫʩʘ ʚ ʩʦʩʪʘʚʝ ʥʠʞʥʝʡ ʧʘʯʢʠ ʢʨʦʤʝ ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʫʛʣʠʩʪʦ-
ʛʣʠʥʠʩʪʳʝ ʠ ʢʨʝʤʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʪʫʬʳ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʉʫʜʷ ʧʦ ʤʝʥʷʶʱʠʤʩʷ ʵʣʝʤʝʥʪʘʤ ʟʘʣʝ-
ʛʘʥʠʷ, ʧʦʨʦʜʳ ʵʪʦʡ ʧʘʯʢʠ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʩʤʷʪʳ ʚ ʤʝʣʢʠʝ ʩʢʣʘʜʢʠ. ɿʘʣʝʛʘʶʱʠʝ ʚʳʰʝ ʦʪʣʦʞʝ-
ʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʙʘʟʘʣʴʪʦʚ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʪʝʤʥʦ-ʩʝʨʳʭ ʜʦ ʯʝʨʥʳʭ ʩʚʝʞʝ-
ʛʦ ʦʙʣʠʢʘ ʩ ʘʥʜʝʟʠʪʘʤʠ ʠ ʜʘʮʠʪʘʤʠ, ʨʝʞʝ ʪʫʬʘʤʠ ʩʤʝʰʘʥʥʦʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ. ʆʙʱʘʷ ʤʦʱ-
ʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʥʠʞʥʝʜʞʫʩʠʥʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʩʦʩʪʘʚʣʷʝʪ 400ï
500 ʤ. 
ɺ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʙʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 

ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (ʚʪʦʨʘʷ ʧʦʜʪʦʣʱʘ ʧʦ 
ʇ. ɺ. ʃʷʜʩʢʦʤʫ) ʧʨʝʜʩʪʘʚʣʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʚʫʣʢʘʥʠʪʘʤʠ ʦʩʥʦʚʥʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʦʚ. ʈʘʟʨʝ-
ʟʳ ʝʝ ʧʦʜʩʚʠʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʨʨ. ɼʞʘʤʘʥ-ɸʢʞʘʨ ʠ ʗʢʰʠ-ɸʢʞʘʨ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʙʦʣʝʝ ʧʨʦ-
ʪʷʞʝʥʥʳʡ (ʜʦ 2 400 ʤ) ʩʣʘʛʘʶʪ ʨʘʟʣʠʯʥʳʝ ʪʠʧʳ ʣʘʚ, ʪʫʬʦʚ ʙʘʟʘʣʴʪʦʚ ʠ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ (ʦʧ. ʨ. 
3). ʇʨʝʦʙʣʘʜʘʶʪ ʧʦʜʫʰʝʯʥʳʝ ʣʘʚʳ ʩ ʨʘʟʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʙʦʩʦʙʣʝʥʠʡ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʣʳ-
ʙʦʚʳʝ ʩ ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʫʛʣʦʚʦʡ ʬʦʨʤʳ ʦʪ 0,2 ʜʦ 1 ʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ. ɹʘʟʘʣʴʪʳ ʘʬʠʨʦʚʳʝ, ʨʝʞʝ ï 
ʧʣʘʛʠʦʬʠʨʦʚʳʝ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ. ɺ ʟʘʧʘʜʥʦʤ ʢʦʥʮʝ ʨʘʟʨʝʟʘ ʧʘʯʢʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 120 ʤ ʧʠ-
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ʨʦʢʩʝʥ-ʧʣʘʛʠʦʬʠʨʦʚʳʭ ʙʘʟʘʣʴʪʦʚ ʩ ʧʣʘʩʪʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ɺ ʥʘʯʘʣʝ ʨʘʟʨʝʟʘ ʚʩʪʨʝʯʝʥʳ ʤʠʢ-
ʨʦʢʚʘʨʮʠʪʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 22 ʤ, ʚʦʟʤʦʞʥʦ, ʧʦ ʠʟʚʝʩʪʢʦʚʳʤ ʧʦʨʦʜʘʤ, ʚ ʢʦʥʮʝ ï ʧʨʦʩʣʦʡ ʢʨʝʤ-
ʥʠʩʪʳʭ ʪʫʬʬʠʪʦʚ ʤʦʱʥʦʩʪʴʶ 1 ʤ. 
ɹʦʣʝʝ ʧʝʩʪʨʳʡ ʧʦ ʩʦʩʪʘʚʫ ʨʘʟʨʝʟ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʨ. ʗʢʰʠ-ɸʢʞʘʨ (ʦʧ. ʨ. 2), ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʝ-

ʨʝʩʣʘʠʚʘʥʠʷ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʠʭ ʪʫʬʳ, ʘʥʜʝʟʠʪʦʚ, ʜʘʮʠʪʦʚ, ʪʝʬʨʦʠʜʦʚ, ʨʝʞʝ ï ʠʟ-
ʚʝʩʪʥʷʢʦʚ. ɺ ʚʝʨʭʘʭ ʝʛʦ ʟʘʣʝʛʘʶʪ ʪʫʬʳ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ ʦʪ ʧʩʘʤʤʠʪʦʚʦʡ ʜʦ ʧʩʝʬʠʪʦ-
ʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʩʧʝʢʰʠʝʩʷ ʪʫʬʳ ʚʠʪʨʦʣʠʪʦʢʣʘʩʪʠʯʝʩʢʠʝ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ ʠ ʪʦʥʢʦʬʣʶʠʜʘʣʴ-
ʥʳʝ ʣʘʚʳ ʪʨʘʭʠʨʠʦʜʘʮʠʪʦʚ ʩʠʨʝʥʝʚʦʛʦ ʮʚʝʪʘ. ʄʦʱʥʦʩʪʴ ʚʪʦʨʦʡ ʧʦʜʩʚʠʪʳ ʚ ʫʢʘʟʘʥʥʳʭ ʨʘʟʨʝʟʘʭ 
ʦʪ 800 ʜʦ 1 200 ʤ. 
ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ (ʪʨʝʪʴʷ ʧʦʜʪʦʣʱʘ ʧʦ ʇ. ɺ. ʃʷʜʩʢʦʤʫ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʦʣʠʪʘʤʠ, ʜʘʮʠ-

ʪʘʤʠ, ʪʨʘʭʠʨʠʦʣʠʪʘʤʠ, ʪʨʘʭʠʜʘʮʠʪʘʤʠ, ʪʫʬʘʤʠ ʢʠʩʣʦʛʦ ʠ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʨʦʩʣʦʷʤʠ 
ʪʫʬʬʠʪʦʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʬʘʫʥʘ ʚʝʨʭʥʝʛʦ ʪʫʨʥʝïʥʠʞʥʝʛʦ ʚʠʟʝ. ʄʦʱʥʦʩʪʴ ʪʨʝʪʴ-
ʝʡ ʧʦʜʪʦʣʱʠ 600ï800 ʤ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʩʦʩʪʘʚʣʷʝʪ 1 400ï

2 000 ʤ. 
ʇʦ ʣʘʪʝʨʘʣʠ ʙʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ ʟʘʤʝʱʘʝʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠ-

ʛʝʥʥʦʡ ʪʦʣʱ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ, ʢʦʥʪʘʢʪʳ ʚ ʚʳʰʝ- ʠ ʥʠʞʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ï ʪʝʢʪʦʥʠʯʝ-
ʩʢʠʝ. 
ɹʘʟʘʣʴʪʳ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ï ʧʦʨʦʜʳ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ, ʟʝʣʝʥʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ 

ʧʦʜʫʰʝʯʥʦʡ, ʨʝʞʝ ï ʛʣʳʙʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ʉʪʨʫʢʪʫʨʘ ʚ ʥʠʭ ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ, ʦʬʠʪʦʚʘʷ, ʠʥ-
ʪʝʨʩʝʨʪʘʣʴʥʘʷ, ʧʦʨʬʠʨʦʚʘʷ, ʧʠʣʦʪʘʢʩʠʪʦʚʘʷ, ʨʝʞʝ ï ʛʠʘʣʦʧʠʣʠʪʦʚʘʷ, ʪʝʢʩʪʫʨʘ ʬʣʶʠʜʘʣʴʥʘʷ, 
ʤʠʥʜʘʣʝʢʘʤʝʥʥʘʷ, ʨʝʞʝ ï ʤʘʩʩʠʚʥʘʷ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʣʝʡʩʪ ʘʣʴʙʠʪʘ (An=2ï5 %) ʠʣʠ ʧʣʘʛʠʦʢʣʘ-
ʟʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʩʦʩʩʶʨʠʪʦʤ, ʩʢʦʧʣʝʥʠʡ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʘʢʪʠʥʦʣʠʪʘ, ʫʨʘʣʠʪʘ ʠ ʭʣʦʨʠʪʘ ʧʦ 
ʧʠʨʦʢʩʝʥʫ ʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʦʞʝʥʥʦʛʦ ʩʪʝʢʣʘ. ʇʦʨʬʠʨʦʚʳʝ ʨʘʟʥʦʩʪʠ ʩʦʜʝʨʞʘʪ ʚʢʨʘʧʣʝʥʥʠʢʠ 
ʧʣʘʛʠʦʢʣʘʟʘ ʨʘʟʤʝʨʦʤ ʦʪ 0,5 ʜʦ 2 ʤʤ, ʨʝʞʝ ï ʜʦ 3 ʤʤ (ʦʪ 5 ʜʦ 18 %), ʧʦʣʥʦʩʪʴʶ ʩʦʩʩʶʨʠʪʠʟʠʨʦ-
ʚʘʥʥʦʛʦ ʠ ʨʝʜʢʦ ï ʤʦʥʦʢʣʠʥʘʣʴʥʦʛʦ, ʠʥʦʛʜʘ ʨʦʤʙʠʯʝʩʢʦʛʦ ʧʠʨʦʢʩʝʥʘ. ʄʠʥʜʘʣʠʥʳ ʚʳʧʦʣʥʝʥʳ 
ʵʧʠʜʦʪʦʤ, ʢʚʘʨʮʝʤ, ʨʝʞʝ ï ʭʣʦʨʠʪʦʤ, ʙʠʦʪʠʪʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 
ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʘʪʠʪ, ʩʬʝʥ. ʈʝʜʢʦ ʠʣʴʤʝʥʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʛʝʤʘʪʠʪ. 
ɸʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʡʢʦʙʘʟʘʣʴʪʘʤʠ ʙʦʣʝʝ ʦʙʝʜʥʝʥʳ ʪʝʤʥʦʮʚʝʪʥʦʡ, ʦʩʪʘʚʣ̫ -

ʶʱʝʡ ʠ ʠʥʦʛʜʘ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʚʘʨʮ. 
ɸʥʜʝʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʩʝʨʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʯʘʩʪʦ ʧʦʨʬʠʨʦʚʳʝ ʩ 

ʤʝʣʢʠʤʠ (ʜʦ 1 ʤʤ) ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʜʝʘʥʦʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ (ʜʦ 10 %), ʨʝʞʝ ï ʘʬʠʨʦ-
ʚʳʝ, ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʩ ʧʠʣʦʪʘʢʩʠʪʦʚʦʡ, ʛʠʘʣʦʧʠʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʬʣʶʠʜʘʣʴʥʦʡ, ʪʨʘʭʠʪʦ-
ʠʜʥʦʡ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʣʝʡʩʪ ʧʣʘʛʠʦʢʣʘʟʘ, ʟʘʤʝʱʝʥʥʳʭ ʘʣʴʙʠʪʦʤ, 
ʵʧʠʜʦʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʩʪʝʢʣʘ, ʧʨʝʚʨʘʱʝʥʥʦʛʦ ʚ ʘʛʨʝʛʘʪ ʭʣʦʨʠʪʘ, ʵʧʠʜʦʪʘ ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ 
ʧʳʣʝʚʠʜʥʦʛʦ ʤʘʛʥʝʪʠʪʘ ʠ ʢʘʨʙʦʥʘʪʘ. 
ɼʘʮʠʪʳ ʠʤʝʶʪ ʩʚʝʪʣʦ-ʩʝʨʫʶ, ʩʝʨʫʶ, ʪʝʤʥʦ-ʩʝʨʫʶ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʚʝʪʣʦ-ʩʝʨʫʶ ʦʢʨʘʩʢʫ, ʩʦ-

ʩʪʦʷʪ ʠʟ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʡ ʧʣʘʛʠʦʢʣʘʟʘ (ʚʪʦʨʠʯʥʦ ʘʣʴʙʠʪʘ ʠʣʠ ʢʠʩʣʦʛʦ ʦʣʠʛʦʢʣʘʟʘ) ʨʘʟ-
ʤʝʨʦʤ 0,3ï2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ (ʦʪ 5 ʜʦ 15 %) ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʜʦ ʩʪʝʢʣʦʚʘʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩ-
ʩʳ. ʉʪʨʫʢʪʫʨʘ ʠʭ ʧʦʨʬʠʨʦʚʘʷ, ʩ ʤʠʢʨʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ, ʤʠʢʨʦʣʠʪʦʚʦʡ, ʨʝʞʝ ï ʚʠʪʨʦʬʠʨʦʚʦʡ 
ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ; ʪʝʢʩʪʫʨʘ ʬʣʶʠʜʘʣʴʥʘʷ, ʧʦʣʦʩʘʪʘʷ, ʨʝʞʝ ï ʤʘʩʩʠʚʥʘʷ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʘʷ. 
ʈʠʦʜʘʮʠʪʳ ʠ ʨʠʦʣʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʢʚʘʨʮʘ ʠ ʙʦʣʴʰʠʤ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʣʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 
ʩʨʝʜʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʭʣʦʨʠʪʘ ʠ ʵʧʠʜʦʪʘ. ʕʬʬʫʟʠʚʳ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ 
ʦʙʳʯʥʦ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ ʠ ʦʢʚʘʨʮʦʚʘʥʳ, ʨʝʞʝ ï ʙʠʦʪʠʪʠʟʠʨʦʚʘʥʳ. ʊʨʘʭʠ-
ʨʠʦʣʠʪʳ ʠ ʪʨʘʭʠʜʘʮʠʪʳ ʦʙʣʘʜʘʶʪ ʣʠʣʦʚʘʪʦ-ʙʦʨʜʦʚʳʤ, ʪʝʤʥʦ-ʙʦʨʜʦʚʳʤ, ʨʦʟʦʚʘʪʦ-ʙʫʨʳʤ, ʨʝʜ-
ʢʦ ï ʙʝʣʳʤ, ʨʦʟʦʚʘʪʦ-ʙʝʣʳʤ ʮʚʝʪʦʤ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʬʣʶʠʜʘʣʴʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʦʩʣʝʜʥʷʷ ʯʘʱʝ 
ʧʨʝʢʨʘʩʥʦ ʧʨʦʷʚʣʝʥʘ, ʥʦ ʠʥʦʛʜʘ ʦʥʘ ʚʳʨʘʞʘʝʪʩʷ ʣʠʰʴ ʚ ʯʝʪʢʦʡ ʦʨʠʝʥʪʠʨʦʚʢʝ ʜʣʠʥʥʳʭ ʚʢʨʘʧ-
ʣʝʥʥʠʢʦʚ ʙʫʨʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ɼʣʷ ʪʨʘʭʠʜʘʮʠʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ, 
ʜʣʷ ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʤʠʢʨʦʧʦʡʢʠʣʠʪʦʚʘʷ ʠ ʩʬʝʨʦʣʠʪʦʚʘʷ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʦʙʫʩʣʦʚʣʝʥʘ ʧʘʨʘʣʣʝʣʴ-
ʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʪʦʥʢʠʭ ʙʫʨʳʭ ʤʠʢʨʦʣʠʪʦʚ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʢʘʢ ʙʳ ʧʨʦʧʠʪʘʥʥʳʭ ʠ ʩʢʣʝʝʥ-
ʥʳʭ ʢʚʘʨʮʝʤ. ɼʣʷ ʤʠʢʨʦʧʦʡʢʠʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʯʝʪʢʠʭ çʣʘʧʯʘ-
ʪʳʭè, ʠʥʦʛʜʘ ʦʢʨʫʛʣʳʭ ʦʙʦʩʦʙʣʝʥʠʡ ʢʚʘʨʮʘ, ʧʨʦʨʦʩʰʠʭ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʯʝʪ-
ʢʠʤʠ ʧʨʠʟʤʦʯʢʘʤʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ʀʥʦʛʜʘ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʤʠʢʨʦʣʠʪʦʚ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ 
ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʬʝʨʦʣʠʪʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. ʀʟʨʝʜʢʘ ʦʢʨʫʛʣʳʝ ʚʳʜʝʣʝʥʠʷ ʢʚʘʨʮʘ ʦʪʜʝʣʷʶʪʩʷ 
ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʪʦʥʢʠʤʠ ʦʙʦʣʦʯʢʘʤʠ ʭʣʦʨʠʪʘ ʠ ʥʝʧʨʦʟʨʘʯʥʳʭ ʯʘʩʪʠʮ, ʯʪʦ ʜʝʣʘʝʪ ʩʪʨʫʢʪʫʨʫ ʧʦ-
ʭʦʞʝʡ ʥʘ ʛʣʦʙʫʣʷʨʥʫʶ. ʌʣʶʠʜʘʣʴʥʘʷ ʪʝʢʩʪʫʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʦʩʦʙʣʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦ ʠʭ ʨʘʟʤʝʨʘʤ ʚ ʦʪʜʝʣʴʥʳʝ ʪʦʥʢʠʝ ʧʦʪʦʢʠ ʠ ʤʠʢʨʦʧʦʪʦʢʠ. ʉʬʝʨʦʣʠʪʦʚʘʷ 
ʩʪʨʫʢʪʫʨʘ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ ʜʦʚʦʣʴʥʦ ʯʝʪʢʠʭ ʢʚʘʨʮʝʚʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʩʬʝʨʦʣʠʪʦʚ, ʚ 
ʢʦʪʦʨʳʭ ʦʪʜʝʣʴʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ ʚʦʣʦʢʥʘ ʠʣʠ ʥʝʨʘʟʣʠʯʠʤʳ ʠʣʠ ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ ʦʙʦʩʦʙʣʷʶʪʩʷ 
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ʧʦ ʩʦʩʪʘʚʫ. ʇʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʩʬʝʨʦʣʠʪʘʤʠ ʚʳʧʦʣʥʝʥʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʚʦ-ʧʦʣʝʚʦʰ-
ʧʘʪʦʚʳʤ ʘʛʨʝʛʘʪʦʤ, ʩ ʤʠʢʨʦʧʦʡʢʠʣʠʪʦʚʦʡ ʠʣʠ ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʀʥʦʛʜʘ ʩʬʝʨʦʣʠʪʳ ʚ 
ʚʠʜʝ ʰʘʨʠʢʦʚ d=3ï4 ʤʤ ʭʦʨʦʰʦ ʚʳʢʘʣʳʚʘʶʪʩʷ ʠʟ ʧʦʨʦʜʳ. 
ɺʢʨʘʧʣʝʥʥʠʢʠ ʚ ʦʧʠʩʳʚʘʝʤʳʭ ʧʦʨʦʜʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʷʪʥʠʩʪʳʤ ʢʘʣʠʰʧʘʪʦʤ, ʢʦʪʦʨʳʡ, ʩʫʜʷ 

ʧʦ ʦʧʪʠʯʝʩʢʠʤ ʢʦʥʩʪʘʥʪʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʦʨʪʦʢʣʘʟʫ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʪʨʠ-
ʢʣʠʥʥʦʤʫ ʦʨʪʦʢʣʘʟʫ ʠʣʠ ʰʘʭʤʘʪʥʦʤʫ ʟʘʥʦʟʠʩʪʦʤʫ ʘʣʴʙʠʪʫ ˉ 4ï5. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʚ ʪʨʘʭʠʨʠʦ-
ʣʠʪʦʚʳʭ ʨʘʟʥʦʩʪʷʭ ʚ ʦʙʠʣʠʠ ʨʘʟʚʠʚʘʶʪʩʷ ʥʝʧʨʘʚʠʣʴʥʳʝ ʧʦ ʬʦʨʤʝ ʟʝʨʥʘ ʠ ʘʛʨʝʛʘʪʳ ʟʝʨʝʥ ʢʚʘʨ-
ʮʘ. ʆʥʠ ʠʤʝʶʪ ʚʠʜ ʚʪʦʨʠʯʥʳʭ, ʥʦ ʠʥʦʛʜʘ ʦʪʜʝʣʴʥʳʝ ʟʝʨʥʘ ʦʙʣʘʜʘʶʪ ʯʝʪʢʠʤʠ, ʦʧʣʘʚʣʝʥʥʳʤʠ 
ʢʦʥʪʫʨʘʤʠ ʠ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʶʪ ʚʢʨʘʧʣʝʥʥʠʢʠ ʢʚʘʨʮʘ. 
ʍʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʵʪʠʭ ʧʦʨʦʜ ʙʦʨʜʦʚʳʡ ʠ ʣʠʣʦʚʳʡ ʮʚʝʪ ʦʙʫʩʣʦʚʣʝʥ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʪʦʥʯʘʡh ʝʡ 

ʧʨʠʤʝʩʴʶ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʦʢʨʘʰʠʚʘʶʱʠʡ ʢʘʢ ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʪʘʢ ʠ ʩʪʝʢʣʦʚʘʪʫʶ ʦʩʥʦʚʥʫʶ 
ʤʘʩʩʫ. ʊʨʘʭʠʘʥʜʝʟʠʪʳ ʵʪʦʡ ʪʦʣʱʠ ʦʢʨʘʰʝʥʳ ʚ ʜʦʚʦʣʴʥʦ ʩʚʝʪʣʳʝ: ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʝ, ʢʦʨʠʯʥʝʚʘ-
ʪʦ-ʩʝʨʳʝ, ʣʠʣʦʚʘʪʦ-ʩʝʨʳʝ ʪʦʥʘ. ɼʣʷ ʥʠʭ ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ ʘʬʠʨʦʚʘʷ, ʪʘʢ ʠ ʧʦʨʬʠʨʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 
ʤʝʣʢʠʤʠ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʧʨʠʟʤʦʯʢʘʤʠ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʳʷʚʣʷʝʪʩʷ ʭʘ-
ʨʘʢʪʝʨʥʘʷ ʜʣʷ ʥʠʭ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ ʧʠʣʦʪʘʢʩʠʪʦʚʘʷ, ʪʨʘʭʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ. ʆʥʘ ʦʙʫʩʣʦʚʣʝʥʘ 
ʧʘʨʘʣʣʝʣʴʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʪʦʥʢʠʭ ʜʣʠʥʥʳʭ ʤʠʢʨʦʣʠʪʦʚ ʠ ʣʝʡʩʪ ʧʣʘʛʠʦʢʣʘʟʘ (ʦʣʠʛʦʢʣʘʟʘ 

 ̄12ïʘʥʜʝʟʠʥʘ). ʀʥʦʛʜʘ ʦʥʠ ʧʣʦʪʥʦ ʧʨʠʣʝʛʘʶʪ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʘ ʯʘʱʝ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʥʠʤʠ 
ʚʳʧʦʣʥʝʥʳ ʘʛʨʝʛʘʪʦʤ ʯʝʰʫʝʢ ʭʣʦʨʠʪʘ ʠ ʥʝʧʨʦʟʨʘʯʥʳʭ ʯʘʩʪʠʮ, ʢ ʢʦʪʦʨʳʤ ʚ ʪʨʘʭʠʘʥʜʝʟʠʪʦʜʘʮʠ-
ʪʦʚʳʭ ʨʘʟʥʦʩʪʷʭ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʢʚʘʨʮ. ʂʘʣʠʰʧʘʪ, ʚʠʜʠʤʦ, ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʪʦʥʯʘʡʰʝʡ 
ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʵʪʦʤ ʞʝ çʤʝʞʤʠʢʨʦʣʠʪʦʚʦʤè ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʰʣʠʬʘʭ ʦʥ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 
ʪʦʣʴʢʦ ʧʨʠ ʦʢʨʘʰʠʚʘʥʠʠ ʢʦʙʘʣʴʪʠʥʠʪʨʘʪʦʤ. 
ʀʥʦʛʜʘ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʫʟʢʠʝ, ʪʘʢʞʝ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʠʥʜʘʣʠʥʢʠ ʢʚʘʨʮʘ. 

ɺʢʨʘʧʣʝʥʥʠʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʤ, ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʤ ʘʥʜʝʟʠʥʦʤ ˉ 40. ɼʦ-
ʚʦʣʴʥʦ ʯʘʩʪʦ ʦʥʠ ʦʙʨʘʩʪʘʶʪ ʢʘʝʤʢʦʡ ʢʘʣʠʰʧʘʪʘ, ʘ ʠʥʦʛʜʘ ʧʦʣʥʦʩʪʴʶ ʢʘʣʠʰʧʘʪʠʟʠʨʦʚʘʥʳ. ʀʟ-
ʨʝʜʢʘ ʤʦʞʥʦ ʚ ʰʣʠʬʝ ʟʘʤʝʪʠʪʴ ʚʢʨʘʧʣʝʥʥʠʢʠ ʪʝʤʥʦʮʚʝʪʥʦʛʦ ʤʠʥʝʨʘʣʘ, ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʦ-
ʛʦ ʭʣʦʨʠʪʦʤ (ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠʣʠ ʧʠʨʦʢʩʝʥ). 
ʊʫʬʳ ʪʨʘʭʠʜʘʮʠʪʦʚ ʠ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʩʦʩʪʦʷʪ ʠʟ ʫʛʣʦʚʘʪʳʭ ʨʝʞʝ ʥʝʩʢʦʣʴʢʦ ʦʚʘʣʴʥʳʭ ʦʙ-

ʣʦʤʢʦʚ ʢʠʩʣʦʡ ʣʘʚʳ ʢʘʢ ʙʳ ʩʣʝʧʣʝʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʠ ʣʠʰʝʥʥʳʭ ʮʝʤʝʥʪʘ, ʯʘʩʪʦ ʧʝʨʝʭʦʜʷ ʚ 
ʩʚʘʨʝʥʥʳʝ ʪʫʬʳ. ʎʚʝʪ ʪʫʬʦʚ ʨʦʟʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ, ʟʝʣʝʥʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ, ʨʝʞʝ ï ʛʨʷʟʥʦ-ʙʝ-
ʣʳʡ, ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʡ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʯʝʪʢʦ ʨʘʟʣʠʯʠʤʳʭ ʦʙ-
ʣʦʤʢʦʚ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʠ ʪʨʘʭʠʜʘʮʠʪʦʚ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʙʘʟʘʣʴʥʳʡ ʮʝʤʝʥʪ. ʇʦʩʣʝʜʥʠʡ ʩʦʩʪʦʠʪ 
ʠʟ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʢʚʘʨʮʝʚʦ-ʧʦʣʝʚʦʰʧʘʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ, ʢ ʢʦʪʦʨʦʤʫ ʧʨʠʩʦʝʜʠʥʷʝʪʩʷ ʚ ʦʜʥʠʭ 
ʩʣʫʯʘʷʭ ʤʝʣʢʦʯʝʰʫʡʯʘʪʳʡ ʭʣʦʨʠʪ, ʚ ʜʨʫʛʠʭ ï ʪʦʥʢʘʷ ʙʫʨʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ. 
ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ, ʚ ʦʧʠʩʳʚʘʝʤʦʡ ʧʦʜʩʚʠʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʣʘʚʦʚʳʝ ʙʨʝʢʯʠʠ ʠ ʢʣʘʩʪʦʣʘʚʳ. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʥʠ ʚ ʛʨʫʧʧʝ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ, ʪʨʘʭʠʘʥʜʝʟʠʪʜʘʮʠʪʦʚ ʠ ʜʘʮʠʪʦʚ. ʇʦ 
ʚʥʝhʥʝʤʫ ʚʠʜʫ ʦʥʠ ʘʥʘʣʦʛʠʯʥʳ ʵʬʬʫʟʠʚʘʤ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʥʦ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʣʠʯʠʤʦʡ ʫʯʘʩʪ-
ʢʘʤʠ ʦʙʣʦʤʦʯʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʙʣʦʤʢʠ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ, ʪʨʘʭʠʜʘʮʠʪʦʚ ʠ ʜʘʮʠʪʦʚ ʮʝʤʝʥʪʠʨʫʶʪʩʷ 
ʣʘʚʦʚʳʤ ʮʝʤʝʥʪʦʤ ʧʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ ʘʥʘʣʦʛʠʯʥʳʤ ʪʨʘʭʠʘʥʜʝʟʠʪʘʤ. ʀʥʦʛʜʘ ʮʝʤʝʥʪ ʧʦʣ-
ʥʦʩʪʴʶ ʦʢʨʝʤʥʝʥ, ʥʦ ʚ ʥʝʤ ʟʘʤʝʪʥʘ ʨʝʣʠʢʪʦʚʘʷ ʤʠʥʜʘʣʝʢʘʤʝʥʥʘʷ ʪʝʢʩʪʫʨʘ. 
ʊʫʬʳ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ, ʢʦʨʠʯʥʝʚʘʪʦ-ʩʝʨʦʛʦ ʠ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʦʛʦ 

ʮʚʝʪʘ ʩ ʯʝʪʢʦʡ ʩʨʝʜʥʝʦʙʣʦʤʦʯʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʉʦʩʪʦʷʪ ʠʟ ʦʙʣʦʤʢʦʚ ʘʥʜʝʟʠʪʦʚ ʙʘʟʘʣʴʪʦʚ, ʰʣʘ-
ʢʦʚ, ʨʝʞʝ ï ʨʠʦʣʠʪʦʚ, ʪʨʘʭʠʜʘʮʠʪʦʚ ʠ ʪʨʘʭʠʨʠʦʣʠʪʦʚ. ʎʝʤʝʥʪ ʙʘʟʘʣʴʥʳʡ, ʧʣʝʥʦʯʥʳʡ, ʧʨʝʜ-
ʩʪʘʚʣʝʥ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤ ʤʘʪʝʨʠʘʣʦʤ ʘʣʝʚʨʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʯʘʩʪʦ ʟʘʤʝʱʝʥ ʘʛʨʝʛʘʪʦʤ 
ʭʣʦʨʠʪʘ, ʟʝʤʣʠʩʪʦʛʦ ʵʧʠʜʦʪʘ ʠ ʢʚʘʨʮʘ. 
ʉʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʛʘʙʙʨʦʜʦʣʝʨʠʪʘʤʠ, 

ʤʝʣʢʠʝ ʪʝʣʘ ʠ ʜʘʡʢʠ ʢʦʪʦʨʳʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʥʠʞʥʝʡ ʧʦʣʦʚʠʥʝ ʝʝ ʨʘʟʨʝʟʘ. 
ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʨʦʜ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʴʙʠʪʦʤ, 

ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʢʘʨʙʦʥʘʪʦʤ, ʢʚʘʨʮʝʤ, ʨʝʞʝ ï ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʙʠʦʪʠʪʦʤ. ɸʩʩʦ-
ʮʠʘʮʠʠ ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ ʦʪʚʝʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʨʠʪ-ʵʧʠʜʦʪʦʚʦʡ, ʨʝʞʝ ï ʘʢʪʠʥʦʣʠʪ-ʵʧʠʜʦʪʦʚʦʡ 
ʩʫʙʬʘʮʠʷʤ ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʦʪ ʙʘʟʘʣʴʪʦʚ ʜʦ ʨʠʦʜʘ-

ʮʠʪʦʚ, ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʨʝʤʥʝʟʝʤʘ ʦʪ 48 ʜʦ 73 %. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 
ʧʦʨʦʜʘʤ ʩ ʥʦʨʤʘʣʴʥʦʡ ʠ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʱʝʣʦʯʝʡ ʧʨʝʦʙʣʘʜʘʶʪ 
ʩʦʩʪʘʚʳ ʥʘʪʨʠʝʚʦʛʦ, ʨʝʞʝ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʨʷʜʘ. ʉʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ ʠ ʚʘʨʠʘʮʠʠ 
ʢʦʵʬʬʠʮʠʝʥʪʘ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʫʣʢʘʥʠʪʦʚ ʩʚʠʪʳ ʢ ʠʟʚʝʩʪʢʦ-
ʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʩʚʠʪʳ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 
ʠʭ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ʚʘʨʴʠʨʫʶʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʠʭ ʧʝʨʚʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʣʦʪʥʦʩʪʴ ʙʘʟʘʣʴʪʦʚ, ʣʝʡʢʦʙʘʟʘʣʴʪʦʚ, 
ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,75 ʜʦ 2,93 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 2,8 ʛ/ʩʤ3. ʇʣʦʪʥʦʩʪʴ ʜʘ-
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ʮʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ ï ʦʪ 2,5 ʜʦ 2,58 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ï 2,52 ʛ/ʩʤ3. 
ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ ï ʦʪ 6Ŀ10-6 ʜʦ 183Ŀ10-6 ʝʜ. ʉɻʉ, ʨʝʜʢʦ ï ʜʦ 

270Ŀ10-6 ʝʜ. ʉɻʉ, ʚ ʩʨʝʜʥʝʤ ï (20ï22)Ŀ10-6 ʝʜ. ʉɻʉ, ʚ ʫʤʝʨʝʥʥʦʢʠʩʣʳʭ ï ʦʪ 1Ŀ10-6 ʜʦ 5Ŀ10-6 ʝʜ. 
ʉɻʉ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦ-

ʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʪ 0,5 ʜʦ 1,5 ʤɻʘʣ, ʩ ʧʦʷʚʣʝʥʠʝʤ ʚ ʧʨʝʜʝʣʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ  ʧʦʨʦʜ 
ʪʨʝʪʴʝʡ ʧʦʜʩʚʠʪʳ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ ï1,5 ʤɻʘʣ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʠʪʳ ʚ ʦʩʥʦʚʥʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʩʦ ʟʥʘʯʝʥʠ-

ʷʤʠ ʦʪ ï10 ʜʦ ï300 ʥʊʣ, ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʩʦʯʝʪʘʥʠʝʤ ʚʳʩʦʢʦʯʘʩʪʦʪ-
ʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ. 
ʇʦʟʜʥʝʪʫʨʥʝʡʩʢʠʡïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʥʘʭʦʜʢʘʤ 

ʬʣʦʨʳ: Lepidodendron acuminatum?, L. glincanum Bisch., Lepidodendropsis fusiformis Tschick., ʚ 
ʧʨʦʩʣʦʷʭ ʠʟʚʝʩʪʥʷʢʦʚ ʬʘʫʥʳ: Plectogyra cf. ʘntiqua (Raus.), Bairdla zaninac Pocn., B. kalugaren-
sis Sam., Syringopora capitlacea Ludw. 
ʇʦʣʦʮʢʘʷ ʪʦʣʱʘ (C1pl) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʩʝʚʝʨʥʦʡ ʯʘ-

ʩʪʠ ʂʠʨʦʚʩʢʦ-ʂʦʩʢʫʣʴʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ. ʈʘʟʨʝʟ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥ, ʚ ʦʩʥʦʚʥʦʤ, 
ʥʘʩʣʦʝʥʠʝʤ ʣʘʚ ʙʘʟʘʣʴʪʦʚ, ʣʝʡʢʦʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʨʝʞʝ ï ʘʥʜʝʟʠʪʦʚ ʩ ʨʝʜʢʠʤʠ ʛʦʨʠ-
ʟʦʥʪʘʤʠ ʣʘʚ ʜʘʮʠʪʦʚ, ʛʠʘʣʦʢʣʘʩʪʠʪʦʚ, ʪʫʬʦʚ, ʢʨʝʤʥʠʩʪʳʭ ʪʫʬʦʧʝʣʠʪʦʚ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ 
ʩʣʘʥʮʝʚ. ʕʪʦʪ ʪʠʧ ʨʘʟʨʝʟʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ. ʅʘ ʦʪʜʝʣʴ-
ʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʨʘʟʨʝʟʝ ʧʦʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʘʚ ʘʥʜʝʟʠʪʦʚ, ʜʘʮʠʪʦʚ, ʠʭ ʪʫʬʦʚ ʠ 
ʪʝʬʨʦʠʜʦʚ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʚʘʨʴʠʨʫʝʪ ʦʪ 250 ʜʦ 500 ʤ, ʩʥʠʞʘʷʩʴ ʥʘ ʫʯʘʩʪʢʘʭ ʝʛʦ ʚʳʢʣʠʥʠʚʘ-
ʥʠʷ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. 
ɺʫʣʢʘʥʠʪʳ ʪʦʣʱʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʬʘʮʠʘʣʴʥʦ (ʯʝʨʝʟ ʪʝʬʨʦʠʜʳ ʠ ʪʫʬʬʠʪʳ) ʟʘʤʝʱʘʶʪʩʷ 

ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱ ʥʝʨʘʩ-
ʯʣʝʥʝʥʥʳʭ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʥʝʩʦʛʣʘʩʠʝʤ (ʢʦʥʪʘʢʪʳ ʥʝʜʦʠʟʫʯʝʥʳ) ʦʪʣʦ-
ʞʝʥʠʷʤʠ ʢʘʤʦʨʟʠʥʩʢʦʡ ʪʦʣʱʠ, ʢʦʥʪʘʢʪʳ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ. 
ʉʦʩʪʘʚ ʧʦʨʦʜ ʪʦʣʱʠ ʘʥʘʣʦʛʠʯʝʥ ʪʘʢʦʚʦʤʫ ʦʜʥʦʚʦʟʨʘʩʪʥʦʡ ʙʝʨʝʟʠʥʩʢʦʡ ʪʦʣʱʠ (ʩʤ. ʦʧʠʩʘʥʠʝ 

ʚʳʝh). 
ʅʘ ʜʝʪʘʣʴʥʳʭ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ ʚʳ-

ʨʘʞʘʶʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 0,25 ʜʦ 1,25 ʤɻʘʣ. 
ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʦʪʣʦʞʝʥʠʷʤʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ (ï100ï300 ʥʊʣ). 
ɺʦʟʨʘʩʪ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʱʠʤʠ ʝʝ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦ-

ʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʘʤʠ ʧʨʠʥʷʪ ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʠʡïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ. 
ʉʦʣʥʝʯʥʘʷ ʪʦʣʱʘ (C1sl) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʧʦʜ-

ʟʦʥʳ, ʚ ʙʘʩʩʝʡʥʝ ʨʨ. ʉʫʫʥʜʫʢ ʠ ʋʨʫʩ-ʂʠʩʢʝʥ. ʇʦʨʦʜʳ ʝʝ ʩʣʘʛʘʶʪ ʥʠʞʥʶʶ ʯʘʩʪʴ ʥʠʞʥʝʢʘʤʝʥ-
ʥʦʫʛʦʣʥɹʦʛʦ ʨʘʟʨʝʟʘ ʶʞʥʦʡ ʚʳʢʣʠʥʢʠ ʂʚʘʨʢʝʥʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ, ʦʙʥʘʞʘʷʩʴ ʚ ʷʜʨʘʭ 
ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ʊʦʣʱʘ ʚ ʦʩʥʦʚʥʦʤ ʩʣʦʞʝʥʘ ʪʝʨʨʠʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝ-
ʥʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʨʝʜʢʠʤʠ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʦ ʧʨʘʚʦʤʫ ʙʝʨʝʛʫ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʥʠʞʝ ʧʦʩ. ʕʥʙʝʢʰʠ (ʦʧ. ʨ. 12). ʈʘʟʨʝʟ ʩʣʦʞʝʥ 
ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʦʣʠʤʠʢʪʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʛʨʘʚʝʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʫʛʣʠʩʪʳʭ ʘʣʝʚʨʦʧʝʣʠ-
ʪʦʚ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. ʇʨʝʦʙʣʘʜʘʶʪ ʧʝʩʯʘʥʠʢʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʧʦʣʠ-
ʤʠʢʪʦʚʳʝ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʜʦ 800 ʤ. 
ʅʠʞʥʠʝ ʢʦʥʪʘʢʪʳ ʪʦʣʱʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ ʪʦʣʴʢʦ ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʦʥʘ ʩ ʨʘʟʤʳʚʦʤ ʟʘ-

ʣʝʛʘʝʪ ʥʘ ʛʨʘʥʠʪʦʠʜʘʭ ʥʝʧʣʶʝʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʥʪʘʢʪʳ ʩ ʚʫʣʢʘʥʠʪʘʤʠ ʙʝʨʝʟʠʥʦʚʩʢʦʡ ʪʦʣ-
ʱʠ ï ʬʘʮʠʘʣʴʥʳʝ ʩ ʟʘʤʝʱʝʥʠʝʤ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʧʦʨʦʜ (ʯʝʨʝʟ ʪʝʬʨʦʠʜʳ ʠ ʪʫʬ-
ʬʠʪʳ) ʪʝʨʨʠʛʝʥʥʳʤʠ. ʇʝʨʝʢʨʳʚʘʝʪʩʷ ʪʦʣʱʘ ʙʝʟ ʚʠʜʠʤʦʛʦ ʥʝʩʦʛʣʘʩʠʷ ʠʟʚʝʩʪʥʷʢʘʤʠ ʙʠʨʛʠʣʴ-
ʜʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɻʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ ʪʦʣʱʠ, ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ, ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ 

ʠʤʝʶʪ ʩʚʝʪʣʦ-ʩʝʨʳʡ, ʩʝʨʳʡ, ʪʝʤʥʦ-ʩʝʨʳʡ ʧʦʯʪʠ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ. ʆʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʥʠʭ 
ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 50ï94 %. ʌʦʨʤʘ ʦʙʣʦʤʢʦʚ ʫʛʣʦʚʘʪʘʷ, ʫʛʣʦʚʘʪʦ-ʩʛʣʘʞʝʥʥʘʷ, ʠʟʦʤʝʪ-
ʨʠʯʥʘʷ, ʦʢʘʪʘʥʥʘʷ, ʫʧʣʦʱʝʥʥʘʷ ʠ ʣʠʥʟʦʚʠʜʥʘʷ. ʉʦʨʪʠʨʦʚʢʘ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ ʩʘʤʘʷ ʨʘʟʥʘʷ, ʥʦ 
ʯʘʱʝ ʧʣʦʭʘʷ. 
ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʤ ʠ ʩʦʜʝʨʞʠʪ ʯʘʩʪʦ ʟʥʘʯʠ-

ʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʤʷʛʢʠʭ ʧʦʨʦʜ: ʬʠʣʣʠʪʦʚ, ʛʣʠʥʠʩʪʳʭ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥ-
ʮʝʚ, ʘʣʝʚʨʦʣʠʪʦʚ. ɺ ʦʙʣʦʤʢʘʭ ʪʘʢʞʝ ʯʘʱʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʚʘʨʮ, ʢʚʘʨʮʠʪʳ, ʢʨʝʤʥʠʩʪʳʝ ʧʦʨʦʜʳ, 
ʧʝʩʯʘʥʠʢʠ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʪʘʙʘʟʘʣʴʪʳ, ʧʦʣʝʚʦʰʧʘʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʩʣʘʥʮʳ, ʜʦʣʝʨʠʪʳ, ʜʘ-
ʮʠʪʳ, ʘʧʣʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪʳ. 
ʇʝʩʯʘʥʠʢʠ ʧʦ ʤʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʙʣʦʤʢʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʪʥʦ-

ʩʷʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ ʢʚʘʨʮʝʚʳʭ ʛʨʘʫʚʘʢʢ, ʨʝʞʝ ï ʛʨʘʫʚʘʢʢ. ʇʦ ʩʦʩʪʘʚʫ ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜ ʩʨʝʜʠ 
ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʣʠʪʠʪʦʚʳʝ ʛʨʘʫʚʘʢʢʠ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʝʤʥʝʚʳʝ ʠ ʧʦʣʠʤʠʢʪʦʚʳʝ. 
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ʎʝʤʝʥʪ ʚ ʦʙʣʦʤʦʯʥʳʭ ʧʦʨʦʜʘʭ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʦʪʥʦʩʠʪʩʷ ʢ ʙʘʟʘʣʴʥʦʤʫ, ʦʪ-
ʢʨʳʪʦʤʫ ʧʦʨʦʚʦʤʫ, ʧʦʨʦʚʦʤʫ, ʨʝʞʝ ʢ ʢʦʥʪʫʨʥʦʤʫ ʠ ʧʨʝʨʳʚʠʩʪʦʤʫ ʢʦʥʪʫʨʥʦʤʫ. ʇʦ ʩʦʩʪʘʚʫ ʦʥ 
ʙʳʚʘʝʪ ʘʣʝʚʨʦʣʠʪʦʚʳʤ, ʘʣʝʚʨʦʧʝʣʠʪʦʚʳʤ, ʛʣʠʥʠʩʪʦ-ʫʛʣʠʩʪʳʤ, ʫʛʣʠʩʪʦ-ʩʝʨʠʮʠʪʦʚʳʤ, ʢʚʘʨʮʝ-
ʚʦ-ʩʝʨʠʮʠʪʦʚʳʤ ʠ ʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʤ ʩ ʙʠʦʪʠʪʦʤ. 
ɸʣʝʚʨʦʣʠʪʳ ï ʧʦʨʦʜʳ ʩʝʨʦʛʦ, ʪʝʤʥʦ-ʩʝʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʩʦʩʪʦʷʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʠʟ 

ʢʚʘʨʮʘ, ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ, ʟʝʨʝʥ ʢʨʝʤʥʠʩʪʳʭ ʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʦʨʦʜ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʚ 
ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʤ ʛʣʠʥʠʩʪʳʤ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. 
ʋʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ, ʩʝʨʦʛʦ ʜʦ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʪʦʥʢʦʡ ʧʣʠʪʯʘʪʦʡ 

ʦʪʜʝʣʴʥʦʩʪʴʶ, ʩʦʩʪʦʷʪ ʠʟ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʛʣʠʥʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʫʛʣʠʩʪʦʛʦ 
ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʦʛʦ, ʠʥʦʛʜʘ ʩʣʘʙʦ ʨʫʪʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʤʝʩʠ ʘʣʝʚʨʠʪʦʚʳʭ ʯʘ-
ʩʪʠʮ ʢʚʘʨʮʘ, ʠʥʦʛʜʘ ʟʝʨʝʥ, ʣʠʥʟʦʯʝʢ ʠ ʧʦʣʦʩ ʢʘʨʙʦʥʘʪʘ, ʨʝʞʝ ï ʪʦʥʢʦʘʛʨʝʛʘʪʥʦʛʦ ʢʚʘʨʮʘ. 
ɺʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʦʨʦʜʘʭ ʩʦʣʥʝʯʥʦʡ ʪʦʣʱʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨ-

ʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʢʘʝʤʦʢ, ʛʠʜʨʦʩʣʶʜʠʟʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʩʝʨʠʮʠʪʠʟʘʮʠʠ, 
ʨʝʞʝ ï ʭʣʦʨʠʪʠʟʘʮʠʠ ʮʝʤʝʥʪʘ, ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ, ʦʙʣʦʤʢʦʚ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. 
ʏʘʩʪʦ ʚ ʮʝʤʝʥʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʪʫʨʤʘʣʠʥʘ. 
ɸʩʩʦʮʠʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʚʝʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʫʩʣʦʚʠʷʤ ʥʠʟʢʠʭ ʩʪʫʧʝʥʝʡ ʟʝʣʝʥʦ-

ʩʣʘʥʮʝʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʩʨʝʜʠ ʚʩʝʭ ʧʘʨʘʧʦʨʦʜ 

ʧʣʦʱʘʜʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ: Ni, Cr, Mn, Ti, V. 
ʇʣʦʪʥʦʩʪʴ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʠ ʛʨʘʚʝʣʠʪʦʚ ï ʦʪ 2,59 ʜʦ 2,66 ʛ/ʩʤ3, ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ï 

2,69 ʛ/ʩʤ3, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ï 2,72 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 
9Ŀ10-6 ʜʦ 35Ŀ10-6 ʝʜ. ʉɻʉ ʠ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʧʝʩʯʘʥʠʢʦʚ 
ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 930Ŀ10-6 ʝʜ. ʉɻʉ. ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʚ ʪʨʘʥʩʬʦʨʤʘʥʠʪʘʭ ʩ ʨʘʜʠʫʩʦʤ ʦʪ 1 ʜʦ 
5 ʢʤ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 
0,25 ʜʦ 2 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʦʩʥʦʚʥʦʤ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʦ ï300 ʥʊʣ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝʨʳʤ, ʩʚʝʪʣʦ-ʩʝʨʳʤ ʬʦʪʦ-

ʪʦʥʦʤ ʩ ʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ. 
ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʪʦʣʱʠ ʤʠʢʨʦʬʘʫʥʘ: Brunsia cf. spirill inoides (Grosd.), Endothyra (Spihoendothu-

ra) ex gr. spinosa N. Tchern., E. (Latiendotyra) ex gr. kosvensis Lip., Archaediscus karrery Brady 
ʠ ʜʨ. ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʦïʨʘʥʥʝʚʠʟʝʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 
ʉ ʫʯʝʪʦʤ ʥʘʭʦʜʦʢ ʬʘʫʥʳ ʠ ʬʣʦʨʳ ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ ʧʣʦʱʘʜʷʭ ʚʦʟʨʘʩʪ ʩʦʣʥʝʯʥʦʡ ʪʦʣʱʠ ʦʪ-

ʚʝʯʘʝʪ ʠʥʪʝʨʚʘʣʫ ʦʪ ʚʝʨʭʦʚ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫʩʘ ʜʦ ʞʫʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʠʟʝ ʚʢʣʯʁʠʪʝʣʴʥʦ 
[43]. 
ɹʝʨʝʟʠʥʦʚʩʢʘʷ ʪʦʣʱʘ (C1bz) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʧʦʜʟʦʥʝ ʚ 

ʂʚʘʨʢʝʥʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ  ʚ ʚʦʩʪʦʯʥʦʤ ʠ ʟʘʧʘʜʥʦʤ ʝʝ ʙʦʨʪʘʭ. ʅʘ 
ʶʞʥʦʡ ʯʘʩʪʠ ʩʪʨʫʢʪʫʨʳ ʨʘʟʨʝʟ ʪʦʣʱʠ ʩʦʩʪʦʠʪ ʠʟ ʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʪʦʚ ʵʢʩʪʨʫʟʠʚ-
ʥʦ-ʣʘʚʦʚʦʡ ʬʘʮʠʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʪʫʬʦʚ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʚʫʣʢʘ-
ʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 2 ʜʦ 20 ʤ 
(ʦʧ. ʩʢʚ. 11). ɺʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩʣʘʛʘʶʪ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 400 ʤ, ʧʨʝʜʩʪʘʚ-
ʣʷʶʱʠʝ ʩʦʙʦʡ ʵʢʩʪʨʫʟʠʚʥʦ-ʣʘʚʦʚʳʝ ʢʫʧʦʣʦʚʠʜʥʳʝ ʧʦʩʪʨʦʡʢʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʵʬʬʫʟʠʚʳ ʢʠʩʣʦ-
ʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʟʨʝʟʝ ʦʙʳʯʥʦ ʥʝ ʚʳʜʝʨʞʘʥʳ ʠ ʥʘ ʶʛʦ-ʟʘʧʘʜʥʦʤ, ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ 
ʢʨʳʣʴʷʭ ʩʪʨʫʢʪʫʨʳ ʦʥʠ ʫʯʘʩʪʢʘʤʠ ʩʤʝʥʷʶʪʩʷ ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ, ʣʝʡʢʦʙʘʟʘʣʴʪʘʤʠ, ʪʝʬʨʦʠʜʘʤʠ 
ʠ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ. 
ʇʝʩʪʨʳʡ ʧʦ ʩʦʩʪʘʚʫ ʨʘʟʨʝʟ ʠʤʝʝʪ ʪʦʣʱʘ ʥʘ ʟʘʧʘʜʥʦʤ ʢʨʳʣʝ ʘʥʪʠʢʣʠʥʘʣʠ. ɿʜʝʩʴ ʚ ʥʠʟʘʭ ʝʛʦ 

ʧʨʝʦʙʣʘʜʘʶʪ ʣʘʚʳ ʣʝʡʢʦʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ, ʘ ʚ ʚʝʨʭʘʭ ï ʜʘʮʠʪʳ, ʘʥʜʝʟʠʪʳ ʠ ʪʝʬʨʦʠʜʳ 
ʧʩʘʤʤʠʪʦʚʦʡ ʠ ʧʩʝʬʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʂ ʩʝʚʝʨʫ ʢʦʣʠʯʝʩʪʚʦ ʣʝʡʢʦʙʘʟʘʣʴʪʦʚ ʚ ʨʘʟʨʝʟʝ ʩʦʢʨʘ-
ʱʘʝʪʩʷ. 
ɺʦʩʪʦʯʥʦʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʢʨʳʣʴʷ ʩʢʣʘʜʢʠ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʜʘʮʠʪʘʤʠ, ʨʠʦʣʠʪʘʤʠ, 

ʪʝʬʨʦʛʝʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʩ ʧʦʜʯʠʥʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʛʥʠʤʙʨʠʪʦʚ, ʪʫʬʦʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ 
ʠ ʪʫʬʦʢʦʥʛʣʦʤʝʨʘʪʦʚ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 80 ʜʦ 350 ʤ, ʨʝʜʢʦ, ʧʦʜʥʠʤʘʷʩʴ ʜʦ 500 ʤ ʠ, ʧʘʜʘʷ ʜʦ ʥʝ-

ʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ. 
ʉʝʚʝʨʥʝʝ, ʚ ʜʦʣʠʥʝ ʨ. ʉʫʫʥʜʫʢ, ʪʦʣʱʘ ʩʦʩʪʦʠʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʧʦʜʫʰʝʯʥʳʭ ʣʘʚ ʙʘʟʘʣʴʪʦʚ 

ʠ ʣʝʡʢʦʙʘʟʘʣʴʪʦʚ. ʄʦʱʥʦʩʪʴ ʠʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ 300 ʤ. 
ɹʘʟʘʣʴʪʳ ʠ ʣʝʡʢʦʙʘʟʘʣʴʪʳ ï ʧʦʨʦʜʳ ʩʝʨʦ-ʟʝʣʝʥʦʛʦ, ʟʝʣʝʥʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʧʦ-

ʜʫʰʝʯʥʦʡ, ʨʝʞʝ ï ʛʣʳʙʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ʉʪʨʫʢʪʫʨʘ ʚ ʥʠʭ ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ, ʦʬʠʪʦʚʘʷ, ʠʥ-
ʪʝʨʩʝʨʪʘʣʴʥʘʷ, ʧʦʨʬʠʨʦʚʘʷ, ʧʠʣʦʪʘʢʩʠʪʦʚʘʷ, ʨʝʞʝ ï ʛʠʘʣʦʧʠʣʠʪʦʚʘʷ; ʪʝʢʩʪʫʨʘ ʬʣʶʠʜʘʣʴʥʘʷ, 
ʤʠʥʜʘʣʝʢʘʤʝʥʥʘʷ, ʨʝʞʝ ï ʤʘʩʩʠʚʥʘʷ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʣʝʡʩʪ ʘʣʴʙʠʪʘ (An=2ï5 %) ʠʣʠ ʧʣʘʛʠʦʢʣʘ-
ʟʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʩʦʩʩʶʨʠʪʦʤ, ʩʢʦʧʣʝʥʠʡ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟ ʘʢʪʠʥʦʣʠʪʘ, ʫʨʘʣʠʪʘ ʠ ʭʣʦʨʠʪʘ ʧʦ 
ʧʠʨʦʢʩʝʥʫ ʠ ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʦʞʝʥʥʦʛʦ ʩʪʝʢʣʘ. ʇʦʨʬʠʨʦʚʳʝ ʨʘʟʥʦʩʪʠ ʩʦʜʝʨʞʘʪ ʚʢʨʘʧʣʝʥʥʠʢʠ 
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ʧʣʘʛʠʦʢʣʘʟʘ ʨʘʟʤʝʨʦʤ ʦʪ 0,5 ʜʦ 2 ʤʤ, ʨʝʞʝ ï ʜʦ 3 ʤʤ (ʦʪ 5 ʜʦ 18 %), ʧʦʣʥʦʩʪʴʶ ʩʦʩʩʶʨʠʪʠʟʠʨʦ-
ʚʘʥʥʦʛʦ ʠ ʨʝʜʢʦ ʤʦʥʦʢʣʠʥʘʣʴʥʦʛʦ, ʠʥʦʛʜʘ ʨʦʤʙʠʯʝʩʢʦʛʦ ʧʠʨʦʢʩʝʥʘ. ʄʠʥʜʘʣʠʥʳ ʚʳʧʦʣʥʝʥʳ 
ʵʧʠʜʦʪʦʤ, ʢʚʘʨʮʝʤ, ʨʝʞʝ ï ʭʣʦʨʠʪʦʤ, ʙʠʦʪʠʪʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ 
ʦʙʳʯʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʘʪʠʪ, ʩʬʝʥ, ʨʝʜʢʦ ï ʠʣʴʤʝʥʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʛʝʤʘʪʠʪ. 
ɸʥʜʝʟʠʙʘʟʘʣʴʪʳ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʣʝʡʢʦʙʘʟʘʣʴʪʘʤʠ, ʝʱʝ ʙʦʣʝʝ ʦʙʝʜʥʝʥʳ ʪʝʤʥʦʮʚʝʪʥʦʡ ʩʦ-

ʩʪʘʚʣʷʶʱʝʡ ʠ ʠʥʦʛʜʘ ʩʦʜʝʨʞʘʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʢʚʘʨʮ. 
ɸʥʜʝʟʠʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʩʝʨʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʯʘʩʪʦ ʧʦʨʬʠʨʦʚʳʝ ʩ 

ʤʝʣʢʠʤʠ (ʜʦ 1 ʤ) ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʜʝʘʥʦʨʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ (ʜʦ 10 %), ʨʝʞʝ ï ʘʬʠʨʦ-
ʚʳʝ, ʤʠʢʨʦʟʝʨʥʠʩʪʳʝ ʩ ʧʠʣʦʪʘʢʩʠʪʦʚʦʡ, ʛʠʘʣʦʧʠʣʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʬʣʶʠʜʘʣʴʥʦʡ, ʪʨʘʭʠʪʦ-
ʠʜʥʦʡ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʣʝʡʩʪ ʧʣʘʛʠʦʢʣʘʟʘ, ʟʘʤʝʱʝʥʥʳʭ ʘʣʴʙʠʪʦʤ, 
ʵʧʠʜʦʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʩʪʝʢʣʘ, ʧʨʝʚʨʘʱʝʥʥʦʛʦ ʚ ʘʛʨʝʛʘʪ ʭʣʦʨʠʪʘ, ʵʧʠʜʦʪʘ ʠʥʦʛʜʘ ʩ ʧʨʠʤʝʩʴʶ 
ʧʳʣʝʚʠʜʥʦʛʦ ʤʘʛʥʝʪʠʪʘ ʠ ʢʘʨʙʦʥʘʪʘ. 
ɼʘʮʠʪʳ ʠʤʝʶʪ ʩʚʝʪʣʦ-ʩʝʨʫʶ, ʩʝʨʫʶ, ʪʝʤʥʦ-ʩʝʨʫʶ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʚʝʪʣʦ-ʩʝʨʫʶ ʦʢʨʘʩʢʫ, ʩʦ-

ʩʪʦʷʪ ʠʟ ʧʦʨʬʠʨʦʚʳʭ ʚʳʜʝʣʝʥʠʡ ʧʣʘʛʠʦʢʣʘʟʘ (ʚʪʦʨʠʯʥʦʛʦ ʘʣʴʙʠʪʘ ʠʣʠ ʢʠʩʣʦʛʦ ʦʣʠʛʦʢʣʘʟʘ) 
ʨʘʟʤʝʨʦʤ 0,3ï2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ (ʦʪ 5 ʜʦ 15 %) ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʜʦ ʩʪʝʢʣʦʚʘʪʦʡ ʦʩʥʦʚʥʦʡ 
ʤʘʩʩʳ. ʉʪʨʫʢʪʫʨʘ ʠʭ ʧʦʨʬʠʨʦʚʘʷ, ʩ ʤʠʢʨʦʛʨʘʥʦʙʣʘʩʪʦʚʦʡ, ʤʠʢʨʦʣʠʪʦʚʦʡ, ʨʝʞʝ ï ʚʠʪʨʦʬʠʨʦʚʦʡ 
ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ, ʪʝʢʩʪʫʨʘ ʬʣʶʠʜʘʣʴʥʘʷ, ʧʦʣʦʩʘʪʘʷ, ʨʝʞʝ ï ʤʘʩʩʠʚʥʘʷ ʠ ʤʠʥʜʘʣʝʢʘʤʝʥʥʘʷ. 
ʈʠʦʜʘʮʠʪʳ ʠ ʨʠʦʣʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚʦ ʚʢʨʘʧʣʝʥʥʠʢʘʭ ʢʚʘʨʮʘ ʠ ʙʦʣʴʰʠʤ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦʤ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʘ ʪʘʢʞʝ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʠʣʠ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ 
ʩʨʝʜʠ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʭʣʦʨʠʪʘ ʠ ʵʧʠʜʦʪʘ. ʕʬʬʫʟʠʚʳ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ 
ʦʙʳʯʥʦ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ ʠ ʦʢʚʘʨʮʦʚʘʥʳ, ʨʝʞʝ ï ʙʠʦʪʠʪʠʟʠʨʦʚʘʥʳ. 
ʊʫʬʳ ʨʠʦʣʠʪʦʚ, ʨʠʦʜʘʮʠʪʦʚ ʠʤʝʶʪ ʩʚʝʪʣʦ-ʩʝʨʫʶ ʧʷʪʥʠʩʪʫʶ ʦʢʨʘʩʢʫ ʠ ʩʦʩʪʦʷʪ ʠʟ ʦʙʨʳʚʢʦʚ 

ʩʪʝʢʦʣ ʩ ʤʠʢʨʦʬʝʣʴʟʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ ʧʝʤʟ. ʆʥʠ ʦʙʳʯʥʦ ʩʠʣʴʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ ʠ ʦʢʚʘʨ-
ʮʦʚʘʥʳ. 
ɺʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ (ʢʦʥʛʣʦʤʝʨʘʪʳ, ʛʨʘʚʝʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 

ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʩʝʨʳʝ ʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʯʘʩʪʦ ʩ ʧʷʪʥʠʩʪʦʡ ʦʢʨʘʩʢʦʡ, ʩʦʩʪʦʷʱʠʝ ʠʟ 
ʦʙʣʦʤʢʦʚ ʨʠʦʣʠʪʦʚ, ʜʘʮʠʪʦʚ, ʘʥʜʝʟʠʪʦʚ, ʨʝʞʝ ï ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ, ʤʠʢʨʦʢʚʘʨʮʠʪʦʚ, ʢʚʘʨʮʘ ʠ 
ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ. ʎʝʤʝʥʪ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʘʣʝʚʨʦʣʠʪʦ-ʧʝʣʠʪʦʚʳʤ, ʛʣʠʥʠʩʪʦ-ʧʝʣʠʪʦʚʳʤ ʠ 
ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʨʝʞʝ ï ʩʝʨʠʮʠʪʦʤ. 
ʊʝʬʨʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʦʜʥʦʦʙʨʘʟʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ ʦʢʘ-

ʪʘʥʥʦʩʪʠ ʦʙʣʦʤʢʦʚ ʠ ʣʫʯʰʝʡ ʠʭ ʩʦʨʪʠʨʦʚʢʦʡ. ʎʝʤʝʥʪ ʚ ʥʠʭ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʯʪʦ ʠ ʦʙʣʦʤʢʠ. 
ʇʨʝʦʙʣʘʜʘʶʪ ʪʝʬʨʦʠʜʳ ʩ ʦʙʣʦʤʦʯʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʫʤʝʨʝʥʥʦʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. 
ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʧʠʩʘʥʥʳʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʣʴʙʠʪʦʤ, ʭʣʦʨʠʪʦʤ, 

ʵʧʠʜʦʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʢʘʨʙʦʥʘʪʦʤ, ʢʚʘʨʮʝʤ, ʨʝʞʝ ï ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʙʠʦʪʠʪʦʤ. ɸʩʩʦʮʠʘʮʠʠ ʵʪʠʭ 
ʤʠʥʝʨʘʣʦʚ ʦʪʚʝʯʘʶʪ ʚ ʦʩʥʦʚʥʦʤ ʭʣʦʨʠʪ-ʵʧʠʜʦʪʦʚʦʡ, ʨʝʞʝ ï ʘʢʪʠʥʦʣʠʪ-ʵʧʠʜʦʪʦʚʦʡ ʩʫʙʬʘʮʠʷʤ 
ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʵʬʬʫʟʠʚʥʳʭ ʧʦʨʦʜ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʦʪ ʙʘ-

ʟʘʣʴʪʦʚ ʜʦ ʨʠʦʜʘʮʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʢʨʝʤʥʝʟʝʤʘ ʦʪ 49 ʜʦ 69 %. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʱʝʣʦʯʝʡ ʦʥʠ 
ʦʪʥʦʩʷʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʢ ʧʦʨʦʜʘʤ ʩ ʥʦʨʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʠ ʪʦʣʴʢʦ ʩʨʝʜʠ ʣʝʡʢʦʙʘʟʘʣʪɹʦʚ 
ʧʦʷʚʣʷʶʪʩʷ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʝ ʨʘʟʥʦʩʪʠ. ʇʦ ʩʦʦʪʥʦʰʝʥʠʶ ʱʝʣʦʯʝʡ ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ 
ʥʘʪʨʠʝʚʦʛʦ ʠ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʨʷʜʘ. ʉʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ ʠ ʚʘʨʠʘʮʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 
ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʚʫʣʢʘʥʠʪʦʚ ʪʦʣʱʠ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ 
ʩʝʨʠʠ. 
ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʪʦʣʱʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʠʭ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝ-

ʣʦʯʥʦʡ ʩʝʨʠʠ. ɺ ʙʘʟʘʣʴʪʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʦʯʝʥʴ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ 
(Ni, Co, Cr, Mn, Ti, V) ʚ ʧʦʣʪʦʨʘïʜʚʘ ʨʘʟʘ ʥʠʞʝ ʢʣʘʨʢʘ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʠ ʚʩrʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 
S, Ba, Y, Zr, La. ɺ ʜʘʮʠʪʘʭ ʩʦʜʝʨʞʘʥʠʷ ʚʳʰʝ ʢʣʘʨʢʦʚʳʭ ʠʤʝʶʪ Sr, Ba, La, Ce, V, Y. ʅʘʠʙʦʣʝʝ 
ʚʳʩʦʢʠʝ, ʚ ʧʦʣʪʦʨʘïʜʚʘ ʨʘʟʘ ʚʳʰʝ ʢʣʘʨʢʦʚʳʭ, ʩʦʜʝʨʞʘʥʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪʤʝʯʘ-
ʶʪʩʷ ʚ ʜʘʮʠʪʘʭ, ʠʭ ʪʫʬʘʭ ʠ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ ʄʠʨʦʥʦʚʩʢʦʛʦ ʫʯʘʩʪʢʘ. 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʪʦʣʱʠ ʚʘʨʴʠʨʫʶʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʧʝʨ-

ʚʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʣʦʪʥʦʩʪʴ ʙʘʟʘʣʴʪʦʚ, ʣʝʡʢʦʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴ-
ʪʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,75 ʜʦ 2,93 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʷ 2,8 ʛ/ʩʤ3. ʇʣʦʪʥʦʩʪʴ ʜʘʮʠʪʦʚ, ʨʠʦʜʘ-
ʮʠʪʦʚ ï ʦʪ 2,5 ʜʦ 2,58 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ï 2,52 ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʦʩʥʦʚʥʳʭ ʧʦ-
ʨʦʜʘʭ ʦʪ 6Ŀ10

-6
 ʜʦ 183Ŀ10

-6
 ʝʜ. ʉɻʉ, ʨʝʜʢʦ ï 270Ŀ10

-6
 ʝʜ. ʉɻʉ, ʚ ʩʨʝʜʥʝʤ ï (20ï22)Ŀ10

-6
 ʝʜ. ʉɻʉ, ʚ 

ʫʤʝʨʝʥʥʦʢʠʩʣʳʭ ï ʦʪ 1Ŀ10-6 ʜʦ 5Ŀ10-6 ʝʜ. ʉɻʉ. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʷʩ ʩʠʣʳ ʪʷʞʝ-
ʩʪʠ (R=1ï5 ʢʤ) ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʱʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ 
ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 0,25 ʜʦ 1,25 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʦʪʣʦʞʝʥʠʷʤʠ ʪʦʣʱʠ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʦʝ (ʦʪ ï10 ʜʦ ï30 ʥʊʣ). ʆʜʥʘʢʦ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʦʥʦ ʧʨʠ-
ʦʙʨʝʪʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʩʦʩʪʦʠʪ ʠʟ ʮʝʧʦʯʝʢ ʥʝʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ, ʨʝ-
ʞʝ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ ï100 ʜʦ +200 ʥʊʣ, ʚʳʪʷʥʫʪʳʭ ʚʜʦʣʴ ʚʝʨʭʥʝʛʦ 
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ʢʦʥʪʘʢʪʘ ʪʦʣʱʠ. ʕʪʠ ʘʥʦʤʘʣʠʠ ʩʚʷʟʘʥʳ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 
ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʧʨʦʷʚʣʝʥʥʳʤʠ ʚ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ ʪʦʣʱʠ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ, ʦʙʥʘʞʝʥʥʳʝ ʫʯʘʩʪʢʠ ʧʦʨʦʜ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʝʤʥʦ-ʩʝʨʳʤ, ʩʝ-

ʨʳʤ ʬʦʪʦʪʦʥʦʤ ʩʦ ʩʣʘʙʦ ʨʘʟʣʠʯʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʨʠʩʫʥʢʦʤ, ʦʪʨʘʞʘʶʱʠʤ ʩʣʝʜʳ ʥʘʩʣʦʝʥʠʷ. ʅʘ 
ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʬʦʪʦʪʦʥ ʩʚʝʪʣʦ-ʩʝʨʳʡ ʜʦ ʙʝʣʦʛʦ, ʠʥʦʛʜʘ ʩʦ ʩʣʝʜʘʤʠ ʧʦ-
ʣʦʩʯʘʪʦ-ʩʣʦʠʩʪʦʛʦ ʨʠʩʫʥʢʘ. 
ɹʝʨʝʟʠʥʦʚʩʢʘʷ ʪʦʣʱʘ ʩ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʟʘʣʝʛʘʝʪ ʥʘ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʭ 

ʥʘʩʣʦʝʥʠʷʭ ʩʦʣʥʝʯʥʦʡ ʪʦʣʱʠ ʠ ʧʨʠ ʚʳʢʣʠʥʠʚʘʥʠʠ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʝʪʩʷ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘ-
ʤʠ ʧʦʩʣʝʜʥʝʡ. ɺ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʣʝʞʘʱʝʡ ʙʠʨʛʠʣʴʜʠʥʩʢʦʡ ʪʦʣʱʠ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 
ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʚʠʟʝʡʩʢʦʡ ʤʠʢʨʦʬʘʫʥʦʡ. ʕʪʠ ʜʘʥʥʳʝ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʦʤ ʠ ʨʘʥʥʝʚʠʟʝʡʩʢʦʤ ʚʦʟʨʘʩʪʝ ʪʦʣʱʠ. 
ɹʨʝʜʠʥʩʢʘʷ ʩʚʠʪʘ (C1bd) ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʚ ʂʦʧʝʡʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ 

ʧʦʜʟʦʥʝ, ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʫʛʣʫ ʣʠʩʪʘ. ʆʙʥʘʞʝʥʠʷ ʧʦʨʦʜ ʩʚʠʪʳ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʦ ʩʦʩʪʘʚʝ ʝʝ 
ʨʘʟʨʝʟʘ ʥʘ ʧʣʦʱʘʜʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʪʦʣʴʢʦ ʧʦ ʨʝʜʢʠʤ ʰʫʨʬʘʤ. ɺ ʥʠʭ ʚʩʢʨʳʪʳ ʚʳʚʝʪʨʝʣʳʝ ʧʦ-
ʣʠʤʠʢʪʦʚʳʝ ʢʦʥʛʣʦʤʝʨʘʪʳ ʩ ʛʘʣʴʢʦʡ ʪʫʬʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʞʝ ï ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʪʦʚ, 
ʢʚʘʨʮʘ, ʢʚʘʨʮʠʪʦʚ ʠ ʩʠʣʠʮʠʪʦʚ; ʧʦʣʠʤʠʢʪʦʚʳʝ ʛʨʘʚʝʣʠʪʳ, ʧʝʩʯʘʥʠʢʠ, ʠʟʚʝʩʪʥʷʢʠ ʠ ʪʫʬʦʧʝʩʯʘ-
ʥʠʢʠ. ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʧʦʜʫʛʣʝʥʦʩʥʦʡ ʪʦʣʱʝ ʩʚʠʪʳ, ʰʠʨʦʢʦ 
ʨʘʟʚʠʪʦʡ ʩʝʚʝʨʥʝʝ ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʣʦʱʘʜʠ, ʚ ʉʠʥʝh ʠʭʘʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ. ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʜʦ 
400 ʤ, ʧʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʙʨʝʜʠʥʩʢʦʡ ʩʚʠʪʳ ʚ ʫʢʘʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʝ 1 100ï1 600 ʤ, ʢʦʥʪʘʢʪʳ ʙʝ-
ʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ ʩ ʥʠʞʝʣʝʞʘʱʝʡ ʙʝʨʝʟʥʷʢʦʚʩʢʦʡ ʪʦʣʱʝʡ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʚʳʰʝʣʝʞʘʱʘʷ ʙʠʨ-
ʛʠʣʴʜʠʥʩʢʘʷ ʪʦʣʱʘ ʟʘʣʝʛʘʝʪ ʥʘ ʥʝʡ ʩ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʚrʦʤ. 
ʇʦʟʜʥʝʪʫʨʥʝʡʩʢʦïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʩʚʠʪʳ, ʫʩʪʘʥʦʚʣʝʥ ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ ʚ ʨʘʟʨʝʟʘʭ 

ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ. 
ɹʠʨʛʠʣʴʜʠʥʩʢʘʷ ʪʦʣʱʘ (C1bg) ʦʪʢʘʨʪʠʨʦʚʘʥʘ ʚ ʜʦʣʠʥʝ ʨʨ. ʉʫʫʥʜʫʢ ʠ ʂʘʠʥʜʘ, ʛʜʝ ʩʘ-

ʤʦʩʪʦʷʪʝʣʴʥʦ ʩʣʘʛʘʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʂʚʘʨʢʝʥʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʏʝʣʷʙʠʥʩʢʦ-
ʉʫʫʥʜʫʢʩʢʦʡ ʧʦʜʟʦʥʳ ʠ ʟʘʥʠʤʘʶʪ ʥʝʙʦʣʴʰʠʝ ʧʣʦʱʘʜʠ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʫʛʣʫ ʧʣʦʱʘʜʠ ʚ 
ʂʦʧʝʡʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ ʧʦʜʟʦʥʝ. ɺ ʢʚʘʨʢʝʥʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʬʨʘʛʤʝʥʪʳ ʝʝ ʨʘʟʨʝʟʘ 
ʥʘʙʣʶʜʘʶʪʩʷ ʧʦ ʙʝʨʝʛʘʤ ʨʨ. ʂʨʳʢʣʘ, ʉʫʫʥʜʫʢ ʠ ʂʘʠʥʜʘ, ʘ ʪʘʢʞʝ ʚʩʢʨʳʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 
ʩʢʚʘʞʠʥʘʤʠ. ʊʦʣʱʘ ʩʦʩʪʦʠʪ ʠʟ ʠʟʚʝʩʪʥʷʢʦʚ, ʤʨʘʤʦʨʦʚ, ʚʪʦʨʠʯʥʳʭ ʜʦʣʦʤʠʪʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʛʣʠ-
ʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʨʝ-
ʞʝ ï ʛʨʘʚʝʣʠʪʦʚ ʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ (ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʨ. ʂʨʳʢʣʘ, ʟʘ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʝʡ ʧʣʦʱʘ-
ʜʠ). ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ 400ï600 ʤ. 
ʅʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʡ ʨʘʟʨʝʟ ʪʦʣʱʠ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʨ. ʉʫʫʥʜʫʢ, ʦʪ ʫʩʪʴʷ ʨ. ʂʨʳʢʣʳ 

ʜʦ ʧʦʩ. ʆʢʪʷʙʨʴʩʢʦʛʦ (ʦʧ. ʨ. 8). ɿʜʝʩʴ ʦʥ ʩʣʦʞʝʥ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ 
ʠʟʚʝʩʪʥʷʢʘʤʠ, ʤʨʘʤʦʨʘʤʠ, ʜʦʣʦʤʠʪʘʤʠ ʠ ʩʣʘʙʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ. ʋ 
ʧʦʩ. ʇʝʨʚʦʤʘʡʩʢʦʛʦ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʩʝʨʦ-ʟʝʣʝʥʳʭ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ 
ʘʣʝʚʨʦʣʠʪʦʚ ʤʦʱʥʦʩʪʴʶ 34 ʤ. 
ɺ ʨʘʟʨʝʟʘʭ ʨʨ. ʂʨʳʢʣʘ ʠ ʉʫʫʥʜʫʢ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʘʥʠʠ ʪʦʣʱʠ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ 

ʪʝʤʥʦ-ʩʝʨʳʭ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʦʨʛʘʥʦʛʝʥʥʳʝ (ʢʨʠʥʦʠʜ-
ʥʳʝ, ʢʦʨʘʣʣʦʚʳʝ, ʩʠʨʠʥʛʘʧʦʨʦʚʳʝ, ʨʝʞʝ ï ʨʘʢʫʰʝʯʥʳʝ) ʠ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ, 
ʠʥʦʛʜʘ ʩ ʤʘʣʦʤʦʱʥʳʤʠ (ʜʦ 2 ʤ) ʛʦʨʠʟʦʥʪʘʤʠ ʪʦʥʢʦʩʣʦʠʩʪʳʭ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʧʝʣʠʪʦʤʦʨʬ-
ʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 40 ʜʦ 100 ʤ. 
ɺʳʰʝ ʦʧʠʩʘʥʥʦʡ ʧʘʯʢʠ ʧʦʯʪʠ ʚʦ ʚʩʝʭ ʨʘʟʨʝʟʘʭ ʟʘʣʝʛʘʶʪ ʩʝʨʳʝ, ʩʚʝʪʣʦ-ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩʦ 

ʩʣʘʙʦʚʳʨʘʞʝʥʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ʉʨʝʜʠ ʥʠʭ ʚ ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʨʘʟʚʠʪʳ ʦʨʛʘʥʦʛʝʥʥʳʝ (ʯʘʱʝ ï 
ʢʨʠʥʦʠʜʥʳʝ), ʭʝʤʦʛʝʥʥʳʝ ʠ ʩʤʝʰʘʥʥʳʝ ʨʘʟʥʦʩʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ 
ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ, ʤʨʘʤʦʨʠʟʦʚʘʥʳ, ʨʝʞʝ ï ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʳ. ɺ ʜʦʣʠʥʝ ʨ. ʂʨʳʢʣʳ ʥʘ ʵʪʦʤ 
ʫʨʦʚʥʝ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʝʪ ʧʘʯʢʘ ʜʦʣʦʤʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʦʪ 50 ʜʦ 170 ʤ ʩ ʦʩʪʘʥʮʘʤʠ ʜʦʣʦʤʠʪʠʟʠ-
ʨʦʚʘʥʥʳʭ ʢʨʠʥʦʠʜʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʇʦʣʥʫʶ ʤʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʫʩʪʘʥʦʚʠʪʴ ʪʨʫʜʥʦ, ʚ ʩʫʱʝ-
ʩʪʚʫʶʱʠʭ ʥʝʧʦʣʥʳʭ ʨʘʟʨʝʟʘʭ ʦʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 200 ʜʦ 400 ʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ ʩʦʩʪʘʚ-
ʣʷʝʪ 400ï600 ʤ. 
ʇʣʦʪʥʦʩʪʴ ʠʟʚʝʩʪʥʷʢʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,60 ʜʦ 2,75 ʛ/ʩʤ3, ʚ ʩʨʝʜʥʝʤ ʦʥʘ ʨʘʚʥʘ 2,66 ʛ/ʩʤ3. ʋʛ-

ʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩʣʘʥʮʳ ʠʤʝʶʪ ʧʣʦʪʥʦʩʪʴ 2,7 ʛ/ʩʤ3. ʇʣʦʪʥʦʩʪʴ ʜʦʣʦʤʠʪʠʟʠʨʦ-
ʚʘʥʥʳʭ ʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠʟ ʨʘʟʨʝʟʘ ʨ. ʉʫʫʥʜʫʢ (ʚʳʰʝ ʫʩʪʴʷ ʂʨʳʢʣʳ) ʜʦʩʪʠʛʘʝʪ 
2,76 ʛ/ʩʤ

3
, ʜʦʣʦʤʠʪʦʚ ï 2,83 ʛ/ʩʤ

3
. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʧʦʨʦʜ ʪʦʣʱʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0 ʜʦ 

20Ŀ10-6 ʝʜ. ʉɻʉ. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ (R=1ï5 ʢʤ) ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʪʦʣʱʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 0,5ï1,5 ʤɻʘʣ. ʇʦʣʦʞʠʪʝʣʴʥʫʶ 
ʘʥʦʤʘʣʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 1,5 ʤɻʘʣ, ʚʳʪʷʥʫʪʫʶ ʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʜʦʣʴ 
ʜʦʣʠʥʳ ʨ. ʂʨʳʢʣʘ, ʦʙʨʘʟʫʶʪ ʜʦʣʦʤʠʪʳ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʦʙʣʘʜʘʶʱʠʝ ʦʯʝʥʴ 
ʚʳʩʦʢʦʡ (2,8ï2,9 ʛ/ʩʤ3) ʧʣʦʪʥʦʩʪʴʶ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʩʧʦʢʦʡʥʦʝ, 
ʦʪʨʠʮʘʪʝʣʴʥʦʝ (ʦʪ ï150 ʜʦ ï300 ʥʊʣ). 
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ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʚʳʭʦʜʳ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ ʙʠʨʛʠʣʴʜʠʥʩʢʦʡ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʝ-
ʨʳʤ ʜʦ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʬʦʪʦʪʦʥʦʤ ʩʦ ʩʣʘʙʦʧʦʣʦʩʯʘʪʳʤ ʨʠʩʫʥʢʦʤ. 
ʆʙʨʘʟʦʚʘʥʠʷ ʪʦʣʱʠ ʥʝʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʧʦʨʦʜʘʭ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ ʠ ʙʨʝʜʠʥʩʢʦʡ ʩʚʠʪʳ. ɺ 

ʠʟʚʝʩʪʥʷʢʘʭ ʥʘʡʜʝʥʳ ʬʦʨʘʤʠʥʠʬʝʨʳ: Archaediscus ex gr. krestovnikovi Raus., Eostaffella ex gr. 
mosquensis Viss., Globolndothyra ishimica (Raus.), Dainelta ex gr. elegantula Brazhn. ʠ ʜʨ. ʚʠʟʝʡ-
ʩʢʦʛʦïʩʝʨʧʫʭʦʚʩʢʦʛʦ ʷʨʫʩʦʚ. 

ʅʀɾʅʀʁïʉʈɽɼʅʀʁ ʆʊɼɽʃʓ 

ʂʠʟʠʣʴʩʢʘʷ ʩʚʠʪʘ (C1ô2kz) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ, ʚ ʟʘʧʘʜ-
ʥʦʡ ʯʘʩʪʠ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʳ. 
ʇʦʨʦʜʳ ʩʚʠʪʳ ʢʘʨʪʠʨʫʶʪʩʷ ʚ ʜʦʣʠʥʝ ʨ. ʄʫʩʦʛʘʪʢʠ, ʛʜʝ ʦʥʠ ʚ ʚʠʜʝ ʧʦʣʦʩʳ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʦʪ 

ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ ʥʘ ʩʝʚʝʨ ʜʦ ʰʠʨʦʪʳ ʧʦʩ. ʊʘʩʙʫʣʘʢ. ɺ ʵʪʦʡ ʧʦʣʦʩʝ ʩʚʠʪʘ ʩʣʦʞʝʥʘ ʠʟ-
ʚʝʩʪʥʷʢʘʤʠ ʦʨʛʘʥʦʛʝʥʥʳʤʠ ʠ ʦʨʛʘʥʦʛʝʥʥʦ-ʜʝʪʨʠʪʦʚʳʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʜʦʣʦʤʠʪʦʚ, ʩʣʘʥʮʝʚ ʛʣʠ-
ʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ, ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʪʫʬʦʧʝʩʯʘʥʠʢʦʚ, ʪʫʬʦʘʣʝʚʨʦʣʠ-
ʪʦʚ ʠ ʩ ʣʠʥʟʘʤʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ. ɺ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʦʢʨʝʤʥʝ-
ʥʳ ʠ ʯʘʩʪʦ ʧʨʝʚʨʘʱʝʥʳ ʚʦ ʚʪʦʨʠʯʥʳʝ ʢʚʘʨʮʠʪʳ. ʄʦʱʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʡ ʩʚʠʪʳ ʙʦʣʝʝ 600ï
1 000 ʤ. ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʦʙʠʣʴʥʘʷ ʬʘʫʥʘ ʧʦʟʜʥʝʚʠʟʝʡʩʢʦʛʦïʩʝʨʧʫʭʦʚʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [97]. ʉʝʚʝʨ-
ʥʝʝ ʧʣʦʱʘʜʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʦʛʨʘʥʠʯʝʥʘ ʙʘʰʢʠʨʩʢʠʤ ʷʨʫʩʦʤ (ʥʝ ʤʦʣʦʞʝ ʘʩʢʳʥʙʘʰʩʢʦʛʦ ʚʨʝ-
ʤʝʥʠ [2]). ʉʚʠʪʘ ʙʝʟ ʚʠʜʠʤʦʛʦ ʥʝʩʦʛʣʘʩʠʷ, ʥʦ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ ʚ ʬʘʫʥʠʩʪʠʯʝ-
ʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʚ ʦʙʲʝʤʝ ʞʫʢʦʚʩʢʦïʢʘʤʝʥʥʦʫʨʘʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ, ʟʘʣʝʛʘʝʪ ʥʘ ʢʫʛʫʪʳʢʩʢʦʡ ʠ 
ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʘʭ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ. ʂʦʥʪʘʢʪʳ ʩ ʚʳʰʝʣʝʞʘʱʝʡ ʯʘʧʘʝʚʩʢʦʡ ʩʚʠ-
ʪʦʡ ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ. 
ʂʘʤʦʨʟʠʥʩʢʘʷ ʪʦʣʱʘ (C1ô2kn) ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ, ʚ 

ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ, ʂʠʨʦʚʩʢʦ-ʂʦʩʢʫʣʴʩʢʦʡ ʠ ɼʞʘʨʣʠʥʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-
ʩʠʥʢʣʠʥʘʣʷʭ. 
ɺ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʦʪʣʦʞʝʥʠʷ ʪʦʣʱʠ ʚʳʧʦʣʥʷʶʪ ʩʝʨʠʶ ʢʫʣʠ-

ʩʦʨʘʩʧʦʣʦʞʝʥʥʳʭ ʩʠʥʢʣʠʥʘʣʝʡ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ʧʨʦʪʷʛʠʚʘʶʱʠʭʩʷ ʦʪ ʶʞʥʦʡ ʜʦ ʩʝʚʝʨ-
ʥʦʡ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ. ɺ ʩʦʩʪʘʚʝ ʪʦʣʱʠ ʟʜʝʩʴ ʧʨʝʦʙʣʘʜʘʶʪ ʠʟʚʝʩʪʥʷʢʠ ʦʪ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʜʦ 
ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʝ ʠ ʦʢʨʝʤʥʝʥʥʳʝ ʩ ʦʩʪʘʪʢʘʤʠ ʢʨʠʥʦʠʜʝʡ, ʢʦʨʘʣʣʦʚ ʠ ʙʨʘ-
ʭʠʦʧʦʜ. ʇʦʜʯʠʥʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʦʣʴʟʫʶʪʩʷ ʧʨʦʩʣʦʠ ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʫʛʣʠʩʪʦ-
ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʩʣʘʥʮʝʚ, ʢʘʣʴʢʘʨʝʥʠʪʦʚ. ʄʦʥɦʦʩʪʴ ʪʦʣʱʠ ʩʦʩʪʘʚʣʷʝʪ 600ï1 000 ʤ. 
ʅʘ ʦʙʨʘʟʦʚʘʥʠʷʭ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʳ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱʠ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʠʟ-

ʚʝʩʪʥʷʢʠ ʟʘʣʝʛʘʶʪ ʥʝʩʦʛʣʘʩʥʦ ʩ ʚʫʣʢʘʥʠʪʘʤʠ ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ, ʢʦʥʪʘʢʪ ʪʝʢʪʦʥʠʯʝʩʢʠʡ (ʩʝ-
ʚʝʨʥʝʝ ʧʣʦʱʘʜʠ ʩ ʙʘʟʘʣʴʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ). 
ɺ ʧʦʨʦʜʘʭ ʚ ʵʪʦʡ ʧʦʣʦʩʝ ʝʝ ʨʘʟʚʠʪʠʷ ʦʙʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʟʜʥʝʚʠʟʝʡʩʢʠʭïʩʝʨʧʫʭʦʚʩʢʠʭ 

ʙʨʘʭʠʦʧʦʜ ʠ ʬʦʨʘʤʠʥʠʬʝʨ ʧʦʟʜʥʝʚʠʟʝʡʩʢʦʛʦ ʠ ʩʝʨʧʫʭʦʚʩʢʦʛʦ ʚʦʟʨʘʩʪʘ [64]. 
ɺ ɼʞʘʨʣʠʥʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʦʪʣʦʞʝʥʠʷ ʪʦʣʱʠ ʢʘʨʪʠʨʫʶʪʩʷ ʚ ʩʝ-

ʚʝʨʥʦʤ ʠ ʶʞʥʦʤ ʵʢʟʦʢʦʥʪʘʢʪʘʭ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʤʠ 
ʠʟʚʝʩʪʥʷʢʘʤʠ, ʤʨʘʤʦʨʘʤʠ ʠ ʢʘʣʴʮʠʬʠʨʘʤʠ. ʄʦʱʥʦʩʪʴ ʠʭ ʜʦ 400 ʤ. 
ɺ ʂʠʨʦʚʩʢʦ-ʂʦʩʢʫʣʴʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʦʥʘ ʟʘʥʠʤʘʝʪ ʧʣʦʱʘʜʴ, ʚʳʪʷʥʫʪʫʶ ʦʪ ʜʦ-

ʣʠʥʳ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʜʦ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʣʠʩʪʘ. ɿʜʝʩʴ ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʘʜʳʤʯʘ ʠ ʥʘ ʧʨʘʚʦ-
ʙʝʨʝʞʴʝ ʙʘʣʢʠ ʉʘʨʳʘʜʳʨ ʢʘʨʪʠʨʦʚʦʯʥʳʤʠ ʩʢʚʘʞʠʥʘʤʠ ʠ ʰʫʨʬʘʤʠ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʚʩʢʨʳʪʦ 
ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʫʛʣʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʘʣʝʚʨʦʧʝʣʠʪʦʚ, ʠʟʚʝʩʪʥʷʢʦʚʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, 
ʨʝʞʝ ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ (ʢʘʣʴʢʘʨʝʥʠʪʦʚ), ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʠ ʧʝʣʠʪʦʤʦʨʬʥʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʦʣʠʤʠʢʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ 
ʧʦʨʦʜ. ʀʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʦʩʣʦʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 0,2 ʜʦ 1 ʤ ʩʠʜʝʨʠʪʦʚ. ʉʣʦʠʩʪʦʩʪʴ ʚ ʧʦʨʦʜʘʭ 
ʩʧʦʢʦʡʥʘʷ, ʯʘʱʝ ʪʦʥʢʘʷ (ʦʪ 2 ʜʦ 50 ʤʤ, ʨʝʞʝ ï ʜʦ 1 ʤ), ʠʥʦʛʜʘ ʩʦ ʩʣʝʜʘʤʠ ʛʨʘʜʫʠʨʦʚʘʥʠʷ 
(ʦʧ. ʩʢʚ. 5, 6). ʖʞʥʝʝ, ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʚ ʨʘʟʨʝʟʝ ʪʦʣʱʠ ʧʨʝʦʙʣʘʜʘ-
ʶʪ ʠʟʚʝʩʪʥʷʢʠ. ɺ ʥʠʟʘʭ ʨʘʟʨʝʟʘ ʩʝʚʝʨʥʝʝ ʧʦʩ. ʕʥʙʝʢʰʠ ʚ ʠʟʚʝʩʪʥʷʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʛʦʨʠʟʦʥʪʳ ʠ 
ʮʝʣʳʝ ʧʘʯʢʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʧʦʨʦʜ ʨʘʟʨʝʟʘ, ʚʩʢʨʳʪʦʛʦ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʙʘʣʢʠ 
ʉʘʨʳʘʜʳʨ. ʉʨʝʜʠ ʠʟʚʝʩʪʥʷʢʦʚ ʪʦʣʱʠ ʚʳʜʝʣʷʶʪʩʷ ʦʨʛʘʥʦʛʝʥʥʳʝ, ʦʨʛʘʥʦʛʝʥʥʦ-ʦʙʣʦʤʦʯʥʳʝ ʠ 
ʭʝʤʦʛʝʥʥʳʝ. ɺʩʝ ʦʥʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʪʝʨʧʝʣʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʢʨʠ-
ʩʪʘʣʣʦʚ ʢʘʣʴʮʠʪʘ. ʆʩʥʦʚʥʫʶ ʯʘʩʪʴ ʪʦʣʱʠ ʩʣʘʛʘʶʪ ʫʤʝʨʝʥʥʦ ʠ ʩʠʣʴʥʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ 
ʠʟʚʝʩʪʥʷʢʠ, ʫʪʨʘʪʠʚʰʠʝ ʧʝʨʚʠʯʥʳʝ ʯʝʨʪʳ ʩʚʦʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʯʘʩʪʦ ʧʝʨʝʭʦʜʷʱʠʝ ʚ ʤʨʘʤʦʨʳ. 
ʄʨʘʤʦʨʠʟʘʮʠʷ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʨʦʮʝʩʩʘʤʠ ʦʩʚʝʪʣʝʥʠʷ ʧʦʨʦʜ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʷʚʣʷʶʪʩʷ 
ʚʩʝ ʧʝʨʝʭʦʜʳ ʦʪ ʩʝʨʳʭ ʩʣʘʙʦ ʠʣʠ ʫʤʝʨʝʥʥʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʜʦ ʧʷʪʥʠʩʪʳʭ, 
ʩʚʝʪʣʦ-ʩʝʨʳʭ ʠ ʯʠʩʪʦ ʙʝʣʳʭ ʤʨʘʤʦʨʦʚ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦ 1 000 ʤ. 
ʋʛʣʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʳʝ ʘʨʛʠʣʣʠʪʳ, ʘʣʝʚʨʦʧʝʣʠʪʳ, ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʘʣʝʚʨʦʣʠʪʳ (ʢʘʣʢɹʘʨʝʥʠʪʳ) 
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ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʨʦʜʳ ʧʦʣʦʩʘʪʦʡ ʦʢʨʘʩʢʠ, ʦʪ ʩʝʨʦʛʦ ʜʦ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ, ʩ 
ʤʠʢʨʦʟʝʨʥʠʩʪʳʤ ʠ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ, ʩ ʪʦʥʢʦʡ ʩʣʦʡʯʘʪʦʩʪʴʶ ʠ ʧʣʠʪʯʘʪʦʡ ʦʪʜʝʣʴʥʦ-
ʩʪʴʶ. 
ʂʘʣʴʢʘʨʝʥʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʦʙʣʦʤʢʦʚ ʫʧʣʦʱʝʥʥʦʡ ʬʦʨʤʳ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ 

ʘʣʝʚʨʠʪʦʚʦʡ, ʨʝʞʝ ï ʧʩʘʤʤʠʪʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʎʝʤʝʥʪ ʚ ʥʠʭ ʢʦʥʪʘʢʪʦʚʳʡ ʠʣʠ ʧʦʨʦʚʳʡ, ʧʨʝʜ-
ʩʪʘʚʣʝʥ ʛʣʠʥʠʩʪʳʤ ʠʣʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ. ɺʩʪʨʝʯʘʶʪʩʷ ʩʣʦʡʢʠ ʦʪ 2 ʜʦ 20 ʤʤ 
ʪʝʤʥʦ-ʩʝʨʳʭ ʧʝʣʠʪʦʤʦʨʬʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʠʭ ʧʨʠʤʝʩʴ ʛʣʠʥʠʩʪʦʛʦ ʠ ʫʛʣʠʩʪʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. 
ɺʩʝ ʧʦʨʦʜʳ ʵʪʦʡ ʛʨʫʧʧʳ ʧʨʝʪʝʨʧʝʣʠ ʤʝʪʘʛʝʥʝʟ ʠ ʧʨʝʚʨʘʱʝʥʳ ʚ ʫʛʣʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʦ-

ʛʣʠʥʠʩʪʳʝ ʠ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʳʝ ʩʣʘʥʮʳ. ɼʦʚʦʣʴʥʦ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ 
ʛʣʠʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʝʨʠʮʠʪʦʤ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ ʫʢʨʫʧʥʝʥʠʝʤ ʟʝʨʝʥ ʢʘʨʙʦʥʘʪʘ, ʧʝʨʝ-
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʨʝʞʝ ï ʧʦʷʚʣʝʥʠʝ ʧʦʨʬʠʨʦʙʣʘʩʪ ʭʣʦʨʠʪʦʠʜʘ, ʙʠʦʪʠʪʘ ʠ 
ʪʫʨʤʘʣʠʥʘ. 
ʇʝʩʯʘʥʠʢʠ ʪʦʣʱʠ ʩʦʩʪʦʷʪ ʠʟ ʟʝʨʝʥ ʧʣʘʛʠʦʢʣʘʟʘ (ʦʣʠʛʦʢʣʘʟʘ ˉ 10ï12) ï 60ï80 %, ʢʚʘʨʮʘ ï 8ï

15 %, ʦʙʣʦʤʢʦʚ ʠʟʚʝʩʪʥʷʢʦʚ ï 5ï10 % ʠ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ï ʜʦ 3 %. ʎʝʤʝʥʪ ʚ ʥʠʭ ʙʘʟʘʣʴʥʳʡ 
ʜʦ ʦʪʢʨʳʪʦʛʦ ʧʦʨʦʚʦʛʦ, ʧʨʝʜʩʪʘʚʣʝʥ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʠʟʚʝʩʪʢʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘ ʚ ʬʠʣʣʠʪʠ-
ʟʠʨʦʚʘʥʥʳʭ ʨʘʟʥʦʩʪʷʭ ï ʫʛʣʠʩʪʦ-ʢʘʨʙʦʥʘʪ-ʩʝʨʠʮʠʪʦʚʳʤ. 
ɸʩʩʦʮʠʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʦʨʦʜʘʭ ʪʦʣʱʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʩʝʨʠʮʠʪʦʤ, ʢʚʘʨʮʝʤ, 

ʢʘʨʙʦʥʘʪʦʤ ʠ ʭʣʦʨʠʪʦʠʜʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʚʜʦʣʴ ʟʦʥ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʪʝʢʪʦ-
ʥʠʯʝʩʢʠʭ ʧʦʢʨʦʚʦʚ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩʦ ʩʢʣʘʜʯʘʪʦ-ʨʘʟʨʳʚʥʳʤʠ ʜʝʬʦʨ-
ʤʘʮʠʷʤʠ ʦʥʘ ʦʪʚʝʯʘʝʪ ʭʣʦʨʠʪ-ʩʝʨʠʮʠʪʦʚʦʡ (ʬʠʣʣʠʪʦʚʦʡ) ʩʪʫʧʝʥʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ. 
ɺ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʘʭ ʧʦʨʦʜ ʪʦʣʱʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ 2ï5 ʨʘʟ, ʠʥʦʛʜʘ 

ʚ 10 ʨʘʟ ʧʨʝʚʳʰʘʶʱʠʝ ʢʣʘʨʢ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʵʣʝʤʝʥʪʦʚ ʛʨʫʧʧʳ ʞʝʣʝʟʘ (V, Co, Ni, Cr, Mn, 
Ge). ʇʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʣʘʨʢʦʚʳʭ, ʠʤʝʶʪ ʪʘʢʞʝ ʵʣʝʤʝʥʪʳ ʨʝʜʢʦʤʝʪʘʣʣɹ-
ʥʦʡ ʛʨʫʧʧʳ (Sn, Mo, W, Be, Nb, Li, La). ʅʠʞʝ ʢʣʘʨʢʦʚʳʭ ʠʤʝʶʪ ʩʦʜʝʨʞʘʥʠʷ Sr, P, Y, Au [57]. 
ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ ʪʦʣʱʠ ʚ ʦʩʥʦʚʥʦʤ ʪʘʢ ʞʝ ʢʘʢ ʚ ʧʦʨʦʜʘʭ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ 

ʪʦʣʱʠ. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ ʧʦʣʷ ʩʠʣʳ ʪʷʞʝʩʪʠ (R=1ï5 ʢʤ) ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝ-
ʥʠʷ ʧʦʨʦʜ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʦʪ 1,25 ʜʦ 
3 ʤɻʘʣ. ʀʩʢʣʶʯʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʣʦʱʘʜʴ, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʘʜʳʤʯʘ, ʢʦʪʦ-
ʨʘʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ (ʜʦ 1,25 ʤɻʘʣ). ʇʦʩʣʝʜʥʷʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 
ʩʚʷʟʘʥʘ ʩ ʥʠʞʝʣʝʞʘʱʠʤʠ ʧʣʦʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚʦʟʤʦʞʥʦ, ʩ ʙʘʟʘʣʴʪʦʠʜʘʤʠ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ 
ʠʣʠ ʛʘʙʙʨʦʠʜʘʤʠ ʢʦʩʢʫʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘ ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʚ ʦʩ-
ʥʦʚʥʦʤ ʩʧʦʢʦʡʥʦʝ, ʦʪʨʠʮʘʪʝʣʴʥʦʝ (ʦʪ ï200 ʜʦ ï300 ʥʊʣ) ʠ ʪʦʣʴʢʦ ʚ ʚʝʨʭʦʚʴʷʭ ʙʘʣʢʠ ɹʘʜʳʤʯʘ 
ʦʥʦ ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʤ. ɺʳʷʚʣʝʥʥʘʷ ʟʜʝʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 
ʜʦ 40 ʥʊʣ ʠʤʝʝʪ ʧʦʜʢʦʚʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʧʣʦʭʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʣʠʪʦʣʦ-
ʛʠʯʝʩʢʠʭ ʨʘʟʥʦʩʪʝʡ ʧʦʨʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʩʣʝʜʥʠʝ ʦʙʣʘʜʘʶʪ ʦʯʝʥʴ ʥʠʟʢʦʡ ʤʘʛʥʠʪʥʦʡ ʚʦʩ-
ʧʨʠʠʤʯʠʚʦʩʪʴʶ ʠ ʥʝ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʫʢʘʟʘʥʥʦʡ ʘʥʦʤʘʣʠʠ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʦʥʘ ʚʳʟʚʘʥʘ 
ʥʘʣʠʯʠʝʤ ʟʜʝʩʴ ʥʘ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʠʥʪʨʫʟʠʚʥʦʛʦ ʪʝʣʘ ʛʘʙʙʨʦʠʜʦʚ ʢʦʩʢʫʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʂʘʤʦʨʟʠʥʩʢʘʷ ʪʦʣʱʘ ʙʝʟ ʚʠʜʠʤʦʛʦ ʥʝʩʦʛʣʘʩʠʷ, ʥʦ ʩʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝʨʳʚʦʤ ʧʝʨʝ-

ʢʨʳʚʘʝʪ ʦʪʣʦʞʝʥʠʷ ʧʦʣʦʮʢʦʡ, ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ. 
ɺ ʠʟʚʝʩʪʥʷʢʘʭ ʚʳʷʚʣʝʥʘ ʤʠʢʨʦʬʘʫʥʘ: Endothyra cf. alviterna Durck., Globoendothyra ichimica 
(Raus.), Archaediscus spiroides Pop. ɺ ʣʝʛʝʥʜʝ ʋʨʘʣʴʩʢʦʡ ʩʝʨʠʠ ʣʠʩʪʦʚ ɻʂ-1000/3 ʪʦʣʱʘ ʦʪʥʝʩʝ-
ʥʘ ʢ ʚʝʨʭʥʝʚʠʟʝʡʩʢʦʤʫ ʧʦʜʲʷʨʫʩʫïʙʘʰʢʠʨʩʢʦʤʫ ʷʨʫʩʫ ʥʠʞʥʝʛʦïʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ (ʚʝʨʭʠ ʞʫ-
ʢʦʚʩʢʦʛʦïʥʠʟʳ ʘʩʘʪʘʫʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ) [2, 43]. 

ʉʈɽɼʅʀʁ ʆʊɼɽʃ 

ʏʘʧʘʝʚʩʢʘʷ ʩʚʠʪʘ (C2«p) ʚʳʜʝʣʝʥʘ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʫ ʟʘʧʘʜʥʦʡ 
ʛʨʘʥʠʮʳ ʣʠʩʪʘ, ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʨʨ. ʂʘʨʘʛʘʥʢʘ ʠ ʄʫʩʦʛʘʪʢʘ. ʇʦʨʦʜʳ ʝʝ ʟʘʥʠʤʘʶʪ ʧʦʣʦʩʫ ʰʠʨʠ-
ʥʦʡ 200ï300 ʤ, ʚʳʪʷʥʫʪʫʶ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ ʥʘ 5 ʢʤ. ɺ ʛʦʨʥʳʭ ʚʨrʘʙʦʪʢʘʭ, ʧʨʦʡʜʝʥʥʳʭ 
ʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ, ʨʘʟʨʝʟ ʩʚʠʪʳ ʩʦʩʪʦʠʪ ʠʟ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʘʣʝʚʨʦʣʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, 
ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʵʪʘ ʘʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜ ʦʪʥʦʩʠʪʩʷ 
ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʚʠʪʳ, ʥʠʞʥʝʯʘʧʘʝʚʩʢʦʡ ʧʦʜʩʚʠʪʝ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʟʘʧʘʜʥʝʝ, ʥʘ ʩʦ-
ʧʨʝʜʝʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʇʦʣʥʘʷ ʤʦʱʥʦʩʪʴ ʩʚʠʪʳ ʥʘ ʫʢʘʟʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ 300ï450 ʤ. ɺʦʟʨʘʩʪ ʝʝ ʧʦ ʢʦʤʧʣʝʢʩʘʤ ʬʦ-

ʨʘʤʠʥʠʬʝʨ, ʥʘʡʜʝʥʥʳʭ ʟʘʧʘʜʥʝʝ ʧʣʦʱʘʜʠ ï ʩʶʨʘʥʩʢʠʡïʘʩʘʪʘʫʩʢʠʡ ʛʦʨʠʟʦʥʪʳ ʙʘʰʢʠʨʩʢʦʛʦ 
ʷʨʫʩʘ [51]. 
ʋʨʪʘʟʳʤʩʢʘʷ ʩʚʠʪʘ (C2ur) ʚʳʜʝʣʝʥʘ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ʚ ʩʘʤʦʡ ʩʝ-

ʚʝʨʥʦʡ ʯʘʩʪʠ ʀʨʠʢʣʠʥʩʢʦʡ ʤʝʛʘʩʠʥʢʣʠʥʘʣʠ ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ. ʋʯʘʩʪʦʢ ʚʳʜʝʣʝʥ ʧʨʠ 
ʫʚʷʟʢʝ ʣʠʩʪʘ ʩ ʩʦʧʨʝʜʝʣʴʥʦʡ ʩ ʩʝʚʝʨʘ ʧʣʦʱʘʜʴʶ. 
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ʇʦ ʜʘʥʥʳʤ ɸ. ɺ. ʊʝʚʝʣʝʚʘ ʨʘʟʨʝʟ ʩʚʠʪʳ, ʧʨʝʜʩʪʘʚʣʝʥ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚ-
ʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʥʘ ʠʟʫʯʝʥʥʦʡ ʧʣʦʱʘʜʠ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 200 ʤ. ɺʦʟʨʘʩʪ ʩʚʠʪʳ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ ʬʦ-
ʨʘʤʠʥʠʬʝʨʘʤʠ ʚʝʨʝʡʩʢʦʛʦïʢʘʰʠʨʩʢʦʛʦ ʧʦʜʲʷʨʫʩʦʚ ʤʦʩʢʦʚʩʢʦʛʦ ʷʨʫʩʘ. 

ʄɽɿʆɿʆʁʉʂɸʗ ʕʈɸʊɽʄɸ 

ʖʈʉʂɸʗ ʉʀʉʊɽʄɸ 

ʆʪʣʦʞʝʥʠʷ ʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʫʛʣʫ ʣʠʩʪʘ ʚ ʆʨʩʢʦʡ ʜʝʧʨʝʩ-
ʩʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʨʝʜʥʝʛʦ ʦʪʜʝʣʘ. 
ʂ ʩʨʝʜʥʝʤʫ ʦʪʜʝʣʫ ʚ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʝ ʦʪʥʦʩʷʪʩʷ ʩʚʠʪʳ: ʦʨʩʢʘʷ ʠ ʨʦʤʘʥʢʫʣʴʩʢʘʷ. ʅʘ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʜʦʙʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʥʝʪ ʠ ʥʘʨʷ-
ʜʫ ʩ ʵʪʠʤ ʨʘʟʨʝʟʳ ʩʚʠʪ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʠʤʝʶʪ ʙʦʣʴh ʦʝ ʩʭʦʜʩʪʚʦ ʤʝʞʜʫ ʩʦʙʦʡ. 

ʉʈɽɼʅʀʁ ʆʊɼɽʃ 

ʆʨʩʢʘʷ ʠ ʨʦʤʘʥʢʫʣʴʩʢʘʷ ʩʚʠʪʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (J2orõrm) ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʩʣʶʜʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʧʨʦʩʣʦʷʤʠ 
ʫʛʣʠʩʪʳʭ ʛʣʠʥ, ʣʠʥʟʦʚʠʜʥʳʤʠ ʩʪʷʞʝʥʠʷʤʠ ʩʠʜʝʨʠʪʦʚ, ʧʝʩʯʘʥʠʢʘʤʠ, ʧʝʩʢʘʤʠ ʠ ʛʘʣʝʯʥʠʢʘʤʠ, 
ʧʣʘʩʪʘʤʠ ʙʫʨʳʭ ʫʛʣʝʡ. ɺ ʪʝʤʥʦ-ʩʝʨʳʭ ʛʣʠʥʘʭ ʦʪʤʝʯʝʥʳ ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʩʣʦʠ ʣʠʛʥʠʪʦʚ. ʄʦʱ-
ʥʦʩʪʴ ʩʚʠʪ ʜʦʩʪʠʛʘʝʪ 165 ʤ. ʈʘʟʨʝʟ ʦʪʣʦʞʝʥʠʡ ʶʨʳ ʠʟʫʯʝʥ ʧʦ ʢʝʨʥʫ ʩʢʚʘʞʠʥ. ʌʘʮʠʘʣʴʥʳʡ ʩʦ-
ʩʪʘʚ ʦʨʩʢʦʡ ʠ ʨʦʤʘʥʢʫʣʴʩʢʦʡ ʩʚʠʪ ʠʟʤʝʥʯʠʚ ʠ ʜʦʤʠʥʠʨʫʶʱʫʶ ʩʝʜʠʤʝʥʪʘʮʠʶ ʚʳʜʝʣʠʪʴ ʩʣʦʞ-
ʥʦ, ʚʝʨʦʷʪʥʦ, ʧʨʦʮʝʩʩʳ ʦʟʝʨʥʦʛʦ ʠ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʙʳʣʠ ʨʘʚʥʳ. 

ʄɽʃʆɺɸʗ ʉʀʉʊɽʄɸ 

ʅʀɾʅʀʁ ʆʊɼɽʃ 

ɸʣʘʧʘʝʚʩʢʘʷ ʪʦʣʱʘ (K1ap) ʚʳʷʚʣʝʥʘ ʥʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʚʦʩʪʦʯʥʝʝ ʫʩʪʴʷ ʨʝ-
ʢʠ ɾʘʤʘʥ-ɸʢʞʘʨ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ çʙʝʣʠʢʘʤʠè ï ʦʪʣʦʞʝʥʠʷʤʠ ʥʝʩʦʨʪʠʨʦʚʘʥʥʦ-
ʛʦ ʤʘʪʝʨʠʘʣʘ, ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʛʣʠʥʠʩʪʦʛʦ ʧʝʩʢʘ, ʛʣʠʥ ʩ ʦʙʣʦʤʢʘʤʠ ʦʢʨʝʤʥʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, 
ʛʘʣʝʯʥʠʢʦʚ ʠ ʢʦʥʛʣʦʤʝʨʘʪʦʚ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦ-
ʜʠʣʦ ʧʫʪʝʤ ʩʥʦʩʘ ʛʦʨʥʳʤʠ ʧʦʪʦʢʘʤʠ ʠ ʨʝʢʘʤʠ ʨʳʭʣʦʛʦ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʢʘʨʩʪʦʚʳʝ 
ʚʦʨʦʥʢʠ ʠ ʧʨʦʤʦʠʥʳ, ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʚʳʱʝʣʘʯʠʚʘʥʠʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ çʙʝʣʠʢʦʚè 
ʥʝʧʦʩʪʦ̫ ʥʥʘ, ʝʝ ʟʥʘʯʝʥʠʷ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 3 ʜʦ 60 ʤ. ɺʦʟʨʘʩʪ ʧʨʠʥʷʪ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 
ʚʳʜʝʣʝʥʥʳʤʠ ʥʘ ʩʦʩʝʜʥʝʡ ʧʣʦʱʘʜʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʳʧʦʣʥʷʶʱʠʤʠ ʜʨʝʚʥʠʝ 
ʢʘʨʩʪʦʚʳʝ ʜʝʧʨʝʩʩʠʠ, ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʋʨʘʣʴʩʢʦʡ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʦʡ. 

ʄɽɿʆɿʆʁ ʅɽʈɸʉʏʃɽʅɽʅʅʅʓʁ 

ʅʝʨʘʩʯʣʝʥʝʥʥʳʝ ʤʝʟʦʟʦʡʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ, ʭʦʪʷ ʦʥʠ ʥʝ 
ʷʚʣʷʶʪʩʷ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʦʧʠʩʘʥʠʝ ʠʭ, ʦʙʳʯʥʦ, ʧʨʠʚʦʜʠʪʩʷ ʚ ʛʣʘʚʝ 
çʉʪʨʘʪʠʛʨʘʬʠʷè. 
ʄʝʟʦʟʦʡ ʥʝʨʘʩʯʣʝʥʝʥʥʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʨʦʡ ʚʳʚʝʪʨʠʚʘʥʠʷ 

(MZ) ʧʣʦʱʘʜʥʦʛʦ ʠ ʪʨʝʱʠʥʥʦ-ʣʠʥʝʡʥʦʛʦ ʪʠʧʦʚ. ʇʝʨʚʘʷ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʚʩʝʭ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʧʦ-
ʨʦʜʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʡʦʥʦʚ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʠ ʚ 
ʜʦʣʠʥʘʭ ʨʝʢ. ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʣʦʱʘʜʥʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʨʘʚʥʘ 15ï30 ʤ, ʥʘ ʠʥʪʝʥʩʠʚʥʦ 
ʵʨʦʜʠʨʦʚʘʥʥʳʭ ʧʣʦʱʘʜʷʭ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʥʷʪʠʡ ï 5ï7 ʤ. ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʨʝʱʠʥʥʦ-ʣʠ-
ʥʝʡʥʦʛʦ ʪʠʧʘ ʚ çʯʠʩʪʦʤè ʚʠʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʜʢʦ ʠ ʩʚʷʟʘʥʘ ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʩ ʧʣʦʱʘʜ-
ʥʦʡ. ʏʝʪʢʦ ʚʳʨʘʞʝʥʥʘʷ ʢʦʨʘ ʵʪʦʛʦ ʪʠʧʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʟʦʥʘʭ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʦʚ, ʚ ʪʝʢʪʦʥʠ-
ʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥʘʭ ʠ ʚ ʟʦʥʘʭ ʤʝʣʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 
ʧʨʷʤʘʷ ʩʚʷʟʴ ʤʦʱʥʦʩʪʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. 
ʄʦʱʥʦʩʪʴ ʢʦʨ ʪʨʝʱʠʥʥʦ-ʣʠʥʝʡʥʦʛʦ ʪʠʧʘ ʜʦʩʪʠʛʘʝʪ 100ï120 ʤ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʚ ʩʘʤʦʤ ʦʙ-
ʱʝʤ ʚʠʜʝ, ʚ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʟʦʥʳ (ʩʥʠʟʫ ʚʚʝʨʭ): ʜʝʟʠʥʪʝʛʨʘʮʠʠ, ʚʳʱʝʣʘʯʠ-
ʚʘʥʠʷ ʠ ʦʭʨ. 
ʇʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚ ʨʘʡʦʥʝ ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʧʨʦʬʠʣʝʡ ʚʳʚʝʪʨʠʚʘʥʠʷ: 

ʥʦʥʪʨʦʥʠʪʦʚʳʡ, ʩʠʣʠʮʠʬʠʮʠʨʦʚʘʥʥʳʡ, ʦʭʨʠʩʪʦ-ʛʣʠʥʠʩʪʳʡ ʠ ʛʠʜʨʦʩʣʶʜʠʩʪʳʡ. ʇʝʨʚʳʝ ʜʚʘ 
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ʧʨʠʫʨʦʯʝʥʳ ʢ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ, ʦʩʪʘʣʴʥʳʝ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʦʨʦʜʘʭ ʢʠʩʣʦʛʦ, ʩʨʝʜʥʝʛʦ, 
ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠ̫ ʭ. 
ʇʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ: 
ï ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʨʷʜʘ, ʛʥʝʡʩʦʚ, ʚʫʣʢʘʥʠʪʦʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ; 
ï ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʠʥʪʨʫʟʠʚʥʳʤ, ʵʬʬʫʟʠʚʥʳʤ ʠ ʧʠʨʦʢʣʘʩʪʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ ʦʩʥʦʚʥʦʛʦ 

ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ; 
ï ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʫʣʴʪʨʘʙʘʟʠʪʘʤ; 
ï ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʩʣʘʥʮʘʤ; 
ï ʢʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʠʟʚʝʩʪʥʷʢʘʤ. 
ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʧʦʨʦʜʘʤ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʣʦʱʘʜʥʳʤ ʪʠʧʦʤ. ʆʥʘ ʧʝʨʝʢʨʳʚʘʝʪ ʧʨʠʤʝʨʥʦ ʜʚʝ ʪʨʝʪʠ ʚʩʝʡ ʧʣʦʱʘ-
ʜʠ ʛʨʘʥʠʪʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʧʦʯʪʠ ʮʝʣʠʢʦʤ ʚʩʝ ʫʯʘʩʪʢʠ ʨʘʟʚʠʪʠʷ ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʦʨʦʜ, ʛʥʝʡʩʦʚ ʠ 
ʚʫʣʢʘʥʠʪʦʚ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʉʪʨʦʝʥʠʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʢʠʩʣʳʤ ʧʦʨʦʜʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 
ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ (ʩʥʠʟʫ ʚʚʝʨʭ): 

 
ï ʜʨʝʩʚʷʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʳ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ......................................................................................... 1ï1,5 ʤ 
ï ʜʨʝʩʚʷʥʦ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ................................................................................................ 10ï20 ʤ 
ï ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʢʘʦʣʠʥʠʪʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ .......................................................................................... 10ï15 ʤ 
ï ʢʘʦʣʠʥʠʪʦʚʳʝ ʛʣʠʥʳ ................................................................................................................................ 15ï20 ʤ 
ï ʦʭʨʠʩʪʦ-ʢʘʦʣʠʥʠʪʦʚʳʝ ʛʣʠʥʳ .................................................................................................................... ʜʦ 4 ʤ 

 
ʍʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʠʩʣʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʮʠʨʢʦʥʘ, ʤʦʥʦʮʠ-

ʪʘ, ʢʩʝʥʦʪʠʤʘ, ʛʨʘʥʘʪʘ ʠ ʠʣʴʤʝʥʠʪʘ. 
ʉʧʝʢʪʨʘʣʴʥʳʤʠ ʘʥʘʣʠʟʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʝʥ-

ʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ, ʤʝʜʠ, ʮʠʨʢʦʥʠʷ, ʩʪʨʦʥʮʠʷ, ʨʝʞʝ ï ʙʝʨʠʣʣʠʷ, ʥʠʦʙʠʷ ʠ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʩʚʠʥʮʘ, ʢʦʙʘʣʴʪʘ ʠ ʥʠʢʝʣʷ ʚʦʟʨʘʩʪʘʝʪ ʩʥʠʟʫ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ. 
ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʦʩʥʦʚʥʳʤ ʠ ʩʨʝʜʥʠʤ ʠʥʪʨʫʟʠʚʥʳʤ ʧʦʨʦʜʘʤ, ʵʬʬʫʟʠʚʘʤ ʠ ʠʭ ʪʫʬʘʤ 

ʨʘʟʚʠʪʘ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ ʧʣʦʱʘʜʷʭ ʨʘʟʚʠʪʠʷ ʵʪʠʭ ʧʦʨʦʜ. ʊʠʧʠʯʥʳʡ ʨʘʟʨʝʟ ʵʪʦʛʦ ʪʠʧʘ ʢʦ-
ʨʳ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʥʠʟʫ ʚʚʝʨʭ): 

 
ï ʟʦʥʘ ʜʝʟʠʥʪʝʛʨʘʮʠʠ .......................................................................................................................................... 8 ʤ 
ï ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʘʷ ʠ ʢʘʦʣʠʥʠʪ-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʚʘʷ ʟʦʥʘ ................................... ʜʦ 13 ʤ 
ï ʦʭʨʠʩʪʦ-ʢʘʦʣʠʥʠʪʦʚʘʷ ʟʦʥʘ, ʩʣʦʞʝʥʥʘʷ ʢʨʘʩʥʳʤʠ, ʤʘʣʠʥʦʚʦ-ʢʨʘʩʥʳʤʠ ʛʣʠʥʘʤʠ ................ ʧʝʨʚʳʝ ʤʝʪʨʳ 

 
ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʪʫʬʘʤ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʦʙʳʯʥʦ ʩʠʨʝʥʝʚʦʛʦ ʮʚʝʪʘ. ɼʣʷ ʢʦʨ ʚʳʚʝʪʨʠ-

ʚʘʥʠʷ ʧʦ ʤʝʪʘʙʘʟʘʣʴʪʘʤ ʭʘʨʘʢʪʝʨʥʳ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʨʙʦʥʘʪʦʚ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʧʨʦʞʠʣʢʦʚ. 
ʉʧʝʢʪʨʘʣʴʥʳʤʠ ʘʥʘʣʠʟʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʨʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʦ-
ʜʝʨʞʘʥʠʡ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʥʠʢʝʣʷ, ʤʝʜʠ, ʩʚʠʥʮʘ, ʮʠʥʢʘ, ʚʘʥʘʜʠʷ. 
ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʩʝʨʧʝʥʪʠʥʠʪʘʤ ʨʘʟʚʠʪʘ ʥʘ ʚʩʝʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʘʭ ʨʘʡʦʥʘ ʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʣʦʱʘʜʥʳʤ ʠ ʪʨʝʱʠʥʥʦ-ʣʠʥʝʡʥʳʤ ʪʠʧʘʤʠ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʩʣʝʜʫʶ-
ʱʠʭ ʟʦʥ (ʩʥʠʟʫ ʚʚʝʨʭ): 

 
ï ʟʦʥʘ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ .................................................. ʜʦ 50ï70 ʤ 
ï ʥʘʠʙʦʣʝʝ ʨʘʟʚʠʪʘʷ ʟʦʥʘ ʚʳʱʝʣʦʯʝʥʥʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ....................................................................... 15ï20 ʤ 
ï ʟʦʥʘ ʥʦʥʪʨʦʥʠʪʦʚʳʭ ʛʣʠʥ ....................................................................................................... 1ï5 ʤ, ʨʝʜʢʦ ï 8 ʤ 
ï ʟʦʥʘ ʦʭʨʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ ................................................................................................................ 3ï5 ʤ 

 
ʉ ʧʨʦʜʫʢʪʘʤʠ ʨʘʟʣʦʞʝʥʠʷ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʩʚʷʟʘʥʳ ʧʦʚʳʰʝʥʥʳʝ, ʜʦ ʧʨʦʤʳʰʣʝʥʥʳʭ, ʢʦʥʮʝʥ-

ʪʨʘʮʠʠ ʥʠʢʝʣʷ ʠ ʢʦʙʘʣʴʪʘ. 
ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʩʣʘʥʮʘʤ ʧʨʝʜʩʪʘʚʣʝʥʘ (ʩʥʠʟʫ ʚʚʝʨʭ): 
 
ï ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ................................................................................................................ 2ï3 ʤ 
ï ʩʚʝʪʣʦʦʢʨʘʰʝʥʥʳʤʠ ʢʘʦʣʠʥʠʪʦʚʳʤʠ ʠ ʢʘʦʣʠʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ................................. 12ï20 ʤ 
ï ʩʝʨʳʤʠ, ʞʝʣʪʳʤʠ, ʨʦʟʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʦʙʦʭʨʝʥʥʳʤʠ ʛʣʠʥʘʤʠ ........................................................ 2ï3 ʤ 

 
ʂʦʨʘ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʠʟʚʝʩʪʥʷʢʘʤ ʧʦʣʴʟʫʝʪʩʷ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʝʤ. ʅʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʩʠʣʠʮʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʨʦʬʠʣʴ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʆʢʨʝʤʥʝʥʠʝ 
ʠʟʚʝʩʪʥʷʢʦʚ ʥʦʩʠʪ ʛʠʧʝʨʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʛʫʩʪʦʡ ʩʝʪʠ ʪʦʥʢʠʭ ʦʧʘʣʦʚʦ-
ʭʘʣʮʝʜʦʥʦʚʳʭ ʧʨʦʞʠʣʢʦʚ, ʟʘʧʦʣʥʷʶʱʠʭ ʪʨʝʱʠʥʳ ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʨʦʜʳ ʣʠʙʦ ʚ ʯʘʩʪʠʯʥʦʤ (ʠʣʠ 
ʧʦʣʥʦʤ) ʟʘʤʝʱʝʥʠʠ ʢʨʝʤʥʝʤ ʧʦ ʤʘʩʩʝ. ɺʦʟʨʘʩʪ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʨʘʟʥʳʤʠ ʘʚʪʦʨʘʤʠ ʪʨʘʢʪʫ-
ʝʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ, ʥʦ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʩʯʠʪʘʶʪ ʚʦʟʨʘʩʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʨʦʦʙʨʘʟʦ-
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ʚʘʥʠʷ ʧʦʟʜʥʝʨʵʪʩʢʠʤïʨʘʥʥʝʤʝʣʦʚʳʤ. ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʤʘʩʰʪʘʙʘʤ ʵʧʦʭʠ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ 
ʩʫʱʝʩʪʚʦʚʘʣʠ ʠ ʧʦʟʜʥʝʝ, ʘ ʥʘ ʦʪʢʨʳʪʳʭ ʫʯʘʩʪʢʘʭ ʵʪʠ ʧʨʦʮʝʩʩʳ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠ ʧʦʥʳʥʝ. 
ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʦʙʲʷʩʥʠʪʝʣʴʥʦʡ ʟʘʧʠʩʢʠ ʚʦʟʨʘʩʪ ʦʩʥʦʚʥʦʛʦ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʥʷʪ ʢʘʢ 

ʤʝʟʦʟʦʡʩʢʠʡ. 

ʂɸʁʅʆɿʆʁʉʂɸʗ ʕʈɸʊɽʄɸ 

ʂʘʡʥʦʟʦʡ ʢʘʨʪʠʨʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʘʣʝʦʛʝʥʦʚʦʡ, ʥʝʦʛʝʥʦʚʦʡ ʠ ʯʝʪʚʝʨʪʠʯʥʦʡ 
ʩʠʩʪʝʤʘʤʠ. 

ʇɸʃɽʆɻɽʅʆɺɸʗ ʉʀʉʊɽʄɸ 

ʕʆʎɽʅ 

ʂʘʟʘʮʢʘʷ ʩʚʠʪʘ (©2kz) ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʚʘʨʮʝʚʳʤʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʞʝʣʪʦʛʦ ʠ 
ʨʞʘʚʦ-ʙʫʨʦʛʦ ʮʚʝʪʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʢʦʩʦʡ ʩʣʦʠʩʪʦʩʪʴʶ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʶʪ 
ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʦʞʝʣʝʟʥʝʥʥʳʝ ʤʦʱʥʦʩʪʴʶ ʜʦ 1,5 ʤ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦ 18 ʤ. 
ʆʪʣʦʞʝʥʠʷ ʩʨʝʜʥʝʛʦ ʵʦʮʝʥʘ ʟʘʣʝʛʘʶʪ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ ʠ ʢʦʨʝ ʚʳʚʝʪʨʠ-

ʚʘʥʠʷ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɻʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ ʢʘʟʘʮʢʦʡ ʩʚʠʪʳ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʡ. ɺʦʟ-
ʨʘʩʪ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʦʪʧʝʯʘʪʢʘʤ ʣʠʩʪʴʝʚ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʩʝʨʦʬʠʪʥʦʡ ʬʣʦʨʳ ʚʝʨʭʥʝʛʦ 
ʵʦʮʝʥʘ. 

ʅɽʆɻɽʅʆɺɸʗ ʉʀʉʊɽʄɸ 

ʄʀʆʎɽʅ 

ʆʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʘʛʨʘʡʩʢʦʡ ʠ ʥʘʫʨʟʫʤʩʢʦʡ ʩʚʠʪʘʤʠ. 
ʏʘʛʨʘʡʩʢʘʷ ʩʚʠʪʘ (N1«g) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʣʦʢʘʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʚʘ-

ʣʘʤʠ ʧʝʨʣʶʚʠʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʡ ʉʌʮɿ. ɺ 
ʩʦʩʪʘʚʝ ʩʚʠʪʳ ʢʚʘʨʮʝʚʳʝ ʧʝʩʯʘʥʠʢʠ ʛʨʫʙʦ ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʢʦʥʛʣʦʤʝʨʘʪʳ ʠ ʙʨʝʢʯʠʠ ʥʘ ʞʝ-
ʣʝʟʠʩʪʦʤ ʮʝʤʝʥʪʝ. ʂʣʘʩʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʧʨʝʜʩʪʘʚʣʝʥ ʫʛʣʦʚʘʪʳʤʠ ʠ ʦʢʘʪʘʥʥʳʤʠ ʦʙʣʦʤʢʘʤʠ 
ʢʚʘʨʮʘ, ʷʰʤʦʚʠʜʥʳʭ ʧʦʨʦʜ ʠ ʢʚʘʨʮʠʪʦʚ. ɺ ʧʝʩʯʘʥʠʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʦʩʪʘʪʢʠ ʦʢʨʝʤʥʝʥ-
ʥʦʡ ʠ ʦʞʝʣʝʟʥʝʥʥʦʡ ʜʨʝʚʝʩʠʥʳ. ʆʙʨʘʟʦʚʘʥʠʷ ʯʘʛʨʘʡʩʢʦʡ ʩʚʠʪʳ ʟʘʣʝʛʘʶʪ ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʢʦʨʝ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʠʣʠ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʧʦʨʦʜʘʭ. ɺʦʟʨʘʩʪ ʩʚʠʪʳ ʦʧʨʝʜʝʣʝʥ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʭʦʜ-
ʩʪʚʫ ʩ ʬʣʦʨʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚ ʊʫʨʛʘʡʩʢʦʡ ʚʧʘʜʠʥʝ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦ 3 ʤ. 
ʅʘʫʨʟʫʤʩʢʘʷ ʩʚʠʪʘ (N1nr) ʨʘʟʚʠʪʘ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʨʝʢ ʄʫʩʦʛʘʪʢʘïʂʘʨʘʛʘʥʜʳ, ɹʘ-

ʟʘʨʙʘʡïɾʵʣʜʳʙʘʡ, ɼʞʫʩʘïɾʘʤʘʥ-ɸʢʞʘʨ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʠʪʳ ʚʩʪʨʝʯʝʥʳ ʚ ʙʘʣ-
ʢʝ ɸʢʩʫʢʧʘʡ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ï ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʘʤʠ. ʉʚʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʝʩʢʘʤʠ ʛʣʠʥʠ-
ʩʪʳʤʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʤʠ; ʛʣʠʥʘʤʠ ʩʝʨʦʚʘʪʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ ʩ ʧʨʦʩʣʦʷʤʠ ʢʚʘʨ-
ʮʝʚʳʭ ʛʘʣʝʯʥʠʢʦʚ. ʀʥʦʛʜʘ ʚ ʛʣʠʥʘʭ ʦʪʤʝʯʘʶʪʩʷ ʣʠʥʟʳ ʣʠʛʥʠʪʦʚ ʠ ʪʦʥʢʠʝ ʧʨʦʩʣʦʡʢʠ ʫʛʣʷ. ɺ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʦʙʳʯʥʦ ʟʘʣʝʛʘʶʪ ʧʝʩʪʨʦʮʚʝʪʥʳʝ ʛʣʠʥʳ (ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʦʣʫʙʳʭ, ʟʝʣʝ-
ʥʳʭ, ʢʨʘʩʥʳʭ, ʦʭʨʠʩʪʦ-ʞʝʣʪʳʭ ʦʪʪʝʥʢʦʚ), ʯʘʩʪʦ ʧʷʪʥʠʩʪʦʡ ʪʝʢʩʪʫʨʳ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʟʝʨʥʳʡ ʠʣʠ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʡ ʛʝʥʝʟʠʩ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘʫʨʟʫʤʩʢʦʡ 
ʩʚʠʪʳ. ɿʘʣʝʛʘʝʪ ʩʚʠʪʘ ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʦʪʣʦʞʝʥʠʷʤʠ ʩʨʝʜʥʝ-
ʛʦïʚʝʨʭʥʝʛʦ ʤʠʦʮʝʥʘ. ɺʦʟʨʘʩʪ ʩʚʠʪʳ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʦ-
ʨʦʜʘʤʠ ʚ ʢʘʨʴʝʨʝ ʫ ʧʦʩ. ʈʝʯʥʦʡ, ʩʦʜʝʨʞʘʱʠʤʠ ʬʣʦʨʫ ʵʪʦʛʦ ʚʦʟʨʘʩʪʘ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦ 15 ʤ. 
ʉʚʝʪʣʠʥʩʢʘʷ ʩʚʠʪʘ (N1sv) ʢʘʢ ʠ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʦʮʝʥʘ ʟʘʣʝʛʘʝʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ. ʅʘ ʚʦʩʪʦʢʝ ʦʪʣʦʞʝʥʠʷ ʩʚʠʪʳ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʥʘ 
ʤʝʞʜʫʨʝʯʴʝ ɼʞʘʨʣʳ ʠ ʋʨʫʩ-ʂʠʩʢʝʥʘ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʦʚ ʦʚʘʣʴʥʦ-ʚʳʪʷʥʫʪʦʡ ʬʦʨʤʳ. 
ʉʚʝʪʣʠʥʩʢʘʷ ʩʚʠʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʟʝʨʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳ-
ʤʠ ʛʣʠʥʘʤʠ ʩ ʣʠʥʟʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʨʘʟʥʦʟʝʨʥʠʩʪʳʭ ʧʝʩʢʦʚ. ɺ ʛʣʠʥʘʭ ʦʪʤʝʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʠ 
ʤʘʣʦʤʦʱʥʳʝ ʧʣʘʩʪʳ ʛʠʧʩʘ. ʉʨʝʜʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʥʝʨʝʜʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʘʨʘʢʪʝʨʥʳʤʠ ʦʙʨʘʟʦ-
ʚʘʥʠʷʤʠ, ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʘʨʛʠʣʣʠʪʦʧʦʜʦʙʥʳʭ ʤʘʣʠʥʦʚʦ-ʢʨʘʩʥʳʭ ʛʣʠʥ, ʧʨʦʥʠʟʘʥʥʳʭ ʨʘʟʥʦʥʘ-
ʧʨʘʚʣʝʥʥʳʤʠ ʛʦʣʫʙʦʚʘʪʦ-ʩʝʨʳʤʠ ʧʨʦʩʣʦʷʤʠ, ʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʦʚʠʩ-
ʪʳʭ ʙʦʙʦʚʠʥ ʠ ʦʙʣʦʤʢʦʚ ʢʨʝʤʥʠʩʪʳʭ ʧʦʨʦʜ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʦʙʳʯʥʦ ʟʘʣʝʛʘʶʪ ʩʝʨʳʝ ʦʙʦʭ-
ʨʝʥʥʳʝ ʛʣʠʥʳ, ʠʥʦʛʜʘ ʨʘʟʨʝʟ ʩʚʠʪʳ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʝʩʯʘʥʦ-ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʳʤ ʛʦʨʠʟʦʥʪʦʤ. 
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ɻʘʣʴʢʘ ʢʚʘʨʮʝʚʘʷ, ʭʦʨʦʰʦ ʦʢʘʪʘʥʘ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʦʪ 
ʩʚʝʪʣʠʥʩʢʦʡ ʩʚʠʪʳ ʢ ʥʘʫʨʟʫʤʩʢʦʡ ʯʝʨʝʟ ʛʦʣʫʙʦʚʘʪʳʝ, ʟʝʣʝʥʦʚʘʪʳʝ ʠʣʠ ʧʝʩʪʨʳʝ ʛʣʠʥʳ. ʇʝʨʝ-
ʢʨʳʚʘʝʪʩʷ ʩʚʝʪʣʠʥʩʢʘʷ ʩʚʠʪʘ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠʣʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʫʩʪʘʥʘʡʩʢʦʡ ʠ 
ʞʠʣʘʥʜʠʥʩʢʦʡ ʩʚʠʪ. ɺʦʟʨʘʩʪ ʜʘʥ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʝʛʝʥʜʦʡ ʋʨʘʣʴʩʢʦʡ ʩʝʨʠʠ. 
ʄʦʱʥʦʩʪʴ ʩʚʠʪʳ ʜʦ 30 ʤ. 

ʇʃʀʆʎɽʅ 

ɾʠʣʘʥʜʠʥʩʢʘʷ ʩʚʠʪʘ (N2¬l ) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ. ʕʪʦ ʦʙʨʘʟʦʚʘ-
ʥʠʷ ʦʟʝʨʥʦʛʦ ʛʝʥʝʟʠʩʘ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʚʦʜʦʨʘʟʜʝʣʴʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʘʤ, ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʡ 
ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʧʨʝʚʳʰʘʝʪ ʦʪʤʝʪʢʫ 330 ʤ. ʀʟʫʯʝʥʳ ʧʦ ʢʝʨʥʫ ʩʢʚʘʞʠʥ ʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʦʙʥʘ-
ʞʝʥʠʷʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʣʠʥʘʤʠ ʧʝʩʪʨʦʮʚʝʪʥʳʤʠ, ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʤʠ ʠ ʢʠʨʧʠʯʥʦ-ʢʨʘʩʥʳʤʠ 
ʚʷʟʢʠʤʠ, ʠʥʪʝʥʩʠʚʥʦ ʟʘʛʠʧʩʦʚʘʥʥʳʤʠ, ʧʨʦʩʣʦʷʤʠ ʧʝʩʢʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʞʝʣʝʟʠʩʪʳʡ ʠ ʞʝʣʝʟʠʩʪʦ-ʤʘʨʛʘʥʮʦʚʠʩʪʳʡ ʙʦʙʦʚʥʠʢ. ɺ ʚʝʨʭʥʝʤ ʩʣʦʝ ʛʣʠʥʘ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʘ. 
ʆʧʠʩʘʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩʚʝʪʣʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʩ ʨʘʟʤʳʚʦʤ ï 
ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʨʠʬʝʡʩʢʠʭ ʠ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ. ɺʦʟʨʘʩʪ ʩʚʠʪʳ, ʦʧʨʝ-
ʜʝʣʝʥ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʝʛʝʥʜʦʡ ʋʨʘʣʴʩʢʦʡ ʩʝʨʠʠ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʥʝʚʳʜʝʨʞʘʥʥʘʷ ʠ ʤʝʥʷʝʪʩʷ ʦʪ 5 ʜʦ 42 ʤ. 
ʂʫʩʪʘʥʘʡʩʢʘʷ ʩʚʠʪʘ (N2ks). ʆʪʣʦʞʝʥʠʷ ʩʚʠʪʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ ʨʘʟʚʠʪʳ ʬʨʘʛʤʝʥ-

ʪʘʨʥʦ ʠ ʩʚʷʟʘʥʳ, ʚʝʨʦʷʪʥʦ, ʩ ʨʝʣʠʢʪʦʚʳʤʠ ʫʯʘʩʪʢʘʤʠ ʧʣʠʦʮʝʥʦʚʦʡ ʨʝʯʥʦʡ ʩʝʪʠ, ʥʘʭʦʜʷʩʴ ʥʘ 
ʚʦʜʦʨʘʟʜʝʣʘʭ ʠ ʩʢʣʦʥʘʭ ʨʝʯʥʳʭ ʜʦʣʠʥ ʉʫʫʥʜʫʢʘ, ʊʘʰʣʳ, ɹʦʣ. ʂʫʤʘʢʘ. ʃʠʪʦʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʩʚʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʛʣʠʥʢʘʤʠ ʠ ʛʣʠʥʘʤʠ ʙʫʨʳʤʠ ʠ ʢʨʘʩʥʦ-ʙʫʨʳʤʠ ʩ ʛʨʘʚʠʝʤ ʠ ʧʨʦʩʣʦʷʤʠ 
ʧʝʩʢʦʚ. ɿʝʨʥʘ ʛʨʘʚʠʷ ʭʦʨʦʰʦ ʦʢʘʪʘʥʳ, ʦʪʤʝʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ. ʉʚʠʪʘ ʟʘʣʝʛʘ-
ʝʪ ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʥʘ ʦʙʨʘʟʦʚʘʥʠʷʭ ʤʠʦʮʝʥʦʚʦʛʦ ʠ ʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩ-
ʪʘ. ʇʝʨʝʢʨʳʚʘʝʪʩʷ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʛʝʥʝʟʠʩʘ. ɺʦʟʨʘʩʪ ʩʚʠʪʳ ʜʘʥ ʩ ʫʯʝ-
ʪʦʤ ʠʟʤʝʥʝʥʠʷ ʛʨʘʥʠʮʳ ʢʚʘʨʪʝʨʘ ʚ ʦʙʱʝʡ ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʰʢʘʣʝ (ʄʉʂ, 2008, 2012, ʩ ʜʦ-
ʧʦʣʥʝʥʠʷʤʠ 2013). 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʦʪ 5 ʜʦ 15 ʤ. 

ʏɽʊɺɽʈʊʀʏʅɸʗ ʉʀʉʊɽʄɸ 

ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠʩʪʝʤʳ ʧʨʠʥʘʜʣʝʞʘʪ ʋʨʘʣʴʩʢʦʡ ʉʌʮɿ ʚ ʧʨʝ-
ʜʝʣʘʭ ʋʨʘʣʦ-ɻʫʤʙʝʡʩʢʦʛʦ ʨʘʡʦʥʘ. ʉ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚ ʢʚʘʨʪʝʨʝ ʚʳʜʝʣʝʥʳ ʩʪʨʘ-
ʪʠʛʨʘʬʠʯʝʩʢʠʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʦʪ ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʜʦ ʛʦʣʦʮʝʥʘ. ʆʙʨʘʟʦʚʘʥʠʷ ʯʝʪʚʝʨʪʠʯʥʦʡ ʩʠ-
ʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘ ʧʣʦ-
ʘɦʜʠ ʧʦʣʫʯʠʣʠ ʧʦʨʦʜʳ ʩʪʨʘʪʦʥʘ çʕʣʶʚʠʡ ʠ ʜʝʣʶʚʠʡè ʥʝʨʘʩʯʣʝʥʝʥʥʦʛʦ ʢʚʘʨʪʝʨʘ ʠ ʜʝʣʶʚʠʡ 
ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɸʣʣʶʚʠʡ ʯʘʩʪʦ ʟʘʥʠʤʘʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʧʣʦʱʘʜʠ, ʯʪʦ ʚ 
ʤʘʩh ʪʘʙʝ ʢʘʨʪʳ ʟʘʪʨʫʜʥʷʝʪ ʝʛʦ ʨʘʟʜʝʣʴʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʥʘ ʨʘʟʥʳʭ ʪʝʨʨʘʩʦʚʳʭ ʫʨʦʚʥʷʭ. ʇʦ-
ʵʪʦʤʫ ʥʘ ʢʘʨʪʝ ʦʙʲʝʜʠʥʝʥʳ ʘʣʣʶʚʠʡ ʨʫʩʣʘ ʠ ʧʦʡʤ, ʘ ʪʘʢʞʝ ʘʣʣʶʚʠʡ ʧʦʡʤ ʠ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥ-
ʥʦʡ ʪʝʨʨʘʩʳ. 

ʇʃɽʁʉʊʆʎɽʅ 

ʕʆʇʃɽʁʉʊʆʎɽʅïʅɽʆʇʃɽʁʉʊʆʎɽʅ, ʅʀɾʅɽɽ ɿʅɽʅʆ 

ʃʸʩʩʦʠʜ ʠ ʵʣʶʚʠʡ ʧʦʯʚʝʥʥʦʡ ʬʘʮʠʠ (L,epQEôI; L,epEôI*) ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʣʠʩʪʘ ʠ 
ʥʝʙʦʣʴʰʠʤ ʫʯʘʩʪʢʦʤ ï ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ. ʂ ʦʪʣʦʞʝʥʠʷʤ ʪʦʣʱʠ ʦʪʥʝʩʝʥʳ ʣʸʩʩʦʚʠʜʥʳʝ ʩʫ-
ʛʣʠʥʢʠ, ʛʣʠʥʳ ʙʫʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ ʧʝʩʯʘʥʠʩʪʳʝ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ; ʩʫʛʣʠʥʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʦ-
ʣʠʤʠʢʪʦʚʳʭ ʧʝʩʢʦʚ, ʩ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠʤʝʩʴʶ ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʩʪʷʞʝʥʠʡ ʠ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʦʡ 
ʛʘʣɹʢʠ ʢʨʝʤʥʝʡ, ʷʰʤʦʠʜʦʚ, ʢʚʘʨʮʘ. ʆʙʨʘʟʦʚʘʥʠʷ ʪʦʣʱʠ ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʶʪ ʥʘ ʚʩʝʭ ʙʦʣʝʝ 
ʜʨʝʚʥʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ, ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʘʣʣʶʚʠʝʤ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʠ ʧʦʢʨʦʚʥʳʤʠ 
ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ ʵʣʶʚʠʘʣʴʥʦʛʦ ʠ ʜʝʣʶʚʠʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ. 
ʄʦʱʥʦʩʪʴ ʪʦʣʱʠ ʜʦʩʪʠʛʘʝʪ 50 ʤ. 
ʃʦʟʴʚʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪ. ɼʝʣʶʚʠʡ ʠ ʘʣʣʶʚʠʡ (d,aQEôI; d,aEôIlz) ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʥʘ ʛʨʘʥʠʮʝ ʩ 

ʣʠʩʪʦʤ M-41-1 ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʢʣʦʥʫ ʜʦʣʠʥʳ ʨʝʢʠ ɸʢʪʘʰʢʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʷʨʢʦ-
ʢʦʨʠʯʥʝʚʳʤʠ ʠ ʙʫʨʦʚʘʪʦ-ʨʳʞʠʤʠ ʛʠʜʨʦʩʣʶʜʠʩʪʳʤʠ ʛʣʠʥʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʤʝʣʢʠʝ ʞʝʣʝʟʠ-
ʩʪʳʝ ʙʦʙʦʚʠʥʢʠ, ʘ ʚ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ï ʚʘʣʫʥʳ ʠ ʛʘʣʴʢʘ. ɿʘʣʝʛʘʶʪ ʦʥʠ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʥʦʛʦ 

ïïïïïïïïïïïïïïï 
*
 ʀʥʜʝʢʩ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʥʘ ʢʘʨʪʝ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 
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ʚʦʟʨʘʩʪʘ: ʦʪ ʧʘʣʝʦʟʦʷ ʜʦ ʧʣʠʦʮʝʥʘ, ʥʦ ʚ ʦʩʥʦʚʥʦʤ ï ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ. ɺʦʟʨʘʩʪ 
ʜʘʥ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʝʣʴʝʬʝ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʦʡ ʖʞʥʦʛʦ ʋʨʘʣʘ. 
ʄʦʱʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʡ ʦʪ 10 ʜʦ 30 ʤ. 

ʅɽʆʇʃɽʁʉʊʆʎɽʅ 

ʅʠʞʥʝʝ ʟʚʝʥʦ 

ʏʝʨʥʦʨʝʯʝʥʩʢʠʡ ʠ ʢʘʨʧʠʡʩʢʠʡ ʛʦʨʠʟʦʥʪʳ. ʏʝʨʥʦʩʢʫʪʦʚʩʢʠʡ ʘʣʣʶʚʠʡ ʧʷʪʦʡ ʥʘʜʧʦʡʤʝʥ-
ʥʦʡ ʪʝʨʨʘʩʳ (a5QI; a

5I«k) ʨʘʟʚʠʪ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʠ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʂʘʨʘʙʫʪʘʢ ʠ ʂʘʨʘʛʘʥʜʳ. ʆʪ-
ʣʦʞʝʥʠʷ ʪʝʨʨʘʩʳ ʠʟʫʯʝʥʳ ʧʦ ʢʝʨʥʫ ʢʘʨʪʠʨʦʚʦʯʥʳʭ ʩʢʚʘʞʠʥ ʠ ʚ ʦʙʥʘʞʝʥʠʷʭ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥ 
ʨʝʢ ʥʘ ʩʦʩʝʜʥʠʭ ʣʠʩʪʘʭ. ʋʯʘʩʪʢʠ ʨʘʟʚʠʪʠʷ ʜʨʝʚʥʝʛʦ ʘʣʣʶʚʠʷ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʘ 30ï40 ʤ ʚrhʝ 
ʫʨʝʟʘ ʚʦʜʳ. ʅʠʞʥʷʷ ʯʘʩʪʴ ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʘʛʘʝʪʩʷ ʨʫʩʣʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ: ʛʨʘ-
ʚʠʝʤ, ʛʘʣʝʯʥʠʢʘʤʠ ʠ ʧʝʩʢʘʤʠ. ɻʨʘʚʠʡ ʠ ʛʘʣʝʯʥʠʢʠ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʨʘʟʨʝʟʝ, ʦʥʠ ʩʦʩʪʦʷʪ ʠʟ ʦʙ-
ʣʦʤʢʦʚ ʢʚʘʨʮʘ, ʢʨʝʤʥʝʡ, ʨʝʞʝ ï ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʝʩʢʠ ʩʝʨʳʝ, ʪʝʤʥʦ-ʩʝʨʳʝ ʩ ʨʘʟʣʠʯʥʦʡ 
ʩʦʨʪʠʨʦʚʢʦʡ ʠ ʦʢʘʪʘʥʥʦʩʪʴʶ ʟʝʨʝʥ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʚʳʝ. ʄʦʱʥʦʩʪʴ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝ-
ʥʠʡ ʜʦ 8 ʤ. 
ɺʝʨʭʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʩʣʘʛʘʶʪ ʧʦʡʤʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʩʪʦʷʪ ʦʥʠ ʠʟ ʩʫʧʝʩʝʡ, ʛʣʠʥ ʠ 

ʧʝʩʢʦʚ ʩʝʨʦʛʦ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ, ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ɻʣʠʥʳ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʣʦʷʭ ʧʝʩʯʘʥʠ-
ʩʪʳʝ, ʠʥʦʛʜʘ ʩ ʦʙʫʛʣʠʚʰʠʤʩʷ ʨʘʩʪʠʪʝʣʴʥʳʤ ʜʝʪʨʠʪʦʤ. ʇʝʩʢʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ, ʨʝʞʝ ʤʝʣʢʦ-
ʟʝʨʥʠʩʪʳʝ, ʛʣʠʥʠʩʪʳʝ ʩ ʢʘʨʙʦʥʘʪʥʳʤʠ ʩʪʷʞʝʥʠʷʤʠ. ʄʦʱʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʡ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 
ʢʦʤʧʣʝʢʩʘ ʜʦ 10 ʤ. 
ʆʪʣʦʞʝʥʠʷ ʯʝʨʥʦʩʢʫʪʦʚʩʢʦʡ ʪʝʨʨʘʩʳ ʟʘʣʝʛʘʶʪ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʧʣʠʦʮʝʥʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ 

ʠʣʠ ʥʘ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʝʨʝʢʨʳʚʘʝʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 
ʩʨʝʜʥʝ-ʚʝʨʭʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʤʠ ʩʫʛʣʠʥʢʘʤʠ (ʜʝʣʶʚʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ) ʠ ʵʦʣʦʚʳʤʠ 
ʧʝʩʢʘʤʠ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʈʘʥʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʚʦʟʨʘʩʪ ʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʭʘʨʘʢʪʝ-
ʨʠʟʫʝʤʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢ ʯʝʨʥʦʩʢʫʪʦʚʩʢʦʡ ʪʝʨʨʘʩʝ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʝʣʴʝʬʝ, ʣʠʪʦ-
ʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʦʡ ʖʞʥʦʛʦ ʋʨʘʣʘ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʘʣʣʶʚʠʷ ʜʦ 18 ʤ. 

ʅʠʞʥʝʝïʚʝʨʭʥʝʝ ʟʚʝʥʴʷ 

ʕʣʶʚʠʡ ʠ ʜʝʣʶʚʠʡ (e,dIôIII) ʦʪʢʘʨʪʠʨʦʚʘʥʳ ʥʘ ʛʨʘʥʠʮʝ ʩ ʣʠʩʪʦʤ N-40-XXXVI, ʛʜʝ ʧʦʢʨʳʚʘʁ ʪ 
ʩʧʣʦʰʥʳʤ ʯʝʭʣʦʤ ʧʦʣʦʛʦʚʳʧʫʢʣʳʝ ʚʝʨʰʠʥʳ ʠ ʧʦʣʦʛʠʝ ʩʢʣʦʥʳ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʢʨʫʧʥʳʤ ʧʦ-
ʣʦʞʠʪʝʣʴʥʳʤ ʤʦʨʬʦʩʪʨʫʢʪʫʨʘʤ. ɿʘʣʝʛʘʶʪ ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ, ʠʥʦʛʜʘ ʥʘʣʝʛʘʶʪ ʥʘ ʩʨʝʜʥʝʥʝ-
ʦʧʣʝʡʩʪʦʮʝʥʦʚʳʡ ʵʣʶʚʠʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʢʦʨʠʯʥʝʚʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ 
ʧʝʩʢʦʚ, ʩ ʙʦʙʦʚʠʥʘʤʠ ʙʫʨʦʛʦ ʞʝʣʝʟʥʷʢʘ, ʛʠʜʨʦʦʢʠʩʣʦʚ ʤʘʨʛʘʥʮʘ ʠ ʙʝʣʦʛʦ ʢʘʨʙʦʥʘʪʘ, ʱʝʙʝʥʥʠ-
ʢʘʤʠ. 
ʄʦʱʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 3 ʜʦ 6 ʤ. 

ʉʨʝʜʥʝʝ ʟʚʝʥʦ 

ʅʠʮʠʥʩʢʠʡ ʠ ʣʝʧʣʠʥʩʢʠʡ ʛʦʨʠʟʦʥʪʳ. ɸʣʣʶʚʠʡ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ (a3QII; 
a3IInc+lp). ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʬʦʨʤʠʨʫʶʪ ʪʨʝʪʴʶ ʥʘʜʧʦʡʤʝʥʥʫʶ ʪʝʨʨʘʩʫ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʉʫʫʥʜʫʢ, 
ɼʞʫʩʘ ʠ ɼʞʘʨʣʳ, ʛʜʝ ʚʩʢʨʳʪʳ ʩʢʚʘʞʠʥʘʤʠ ʠ ʰʫʨʬʘʤʠ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩʣʦʞʝʥʳ 
ʞʝʣʪʳʤʠ ʠ ʦʭʨʠʩʪʦ-ʞʝʣʪʳʤʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʛʨʘʚʠʝʤ ʠ ʛʘʣʴʢʦʡ. ɺ ʩʦʩʪʘʚʝ ʦʙ-
ʣʦʤʢʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʢʨʝʤʥʠ ʠ ʢʚʘʨʮ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʛʘʣʴʢʘ ʠ ʛʨʘʚʠʡʥʳʝ ʟʝʨʥʘ ʧʝʩʯʘʥʠʢʦʚ, 
ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʜʨʫʛʠʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʇʝʩʢʠ ʧʦʣʠʤʠʢʪʦʚʳʝ, ʚ ʦʪʜʝʣʴʥʳʭ ʣʠʥʟʘʭ ï ʢʚʘʨʮʝʚʳʝ. 
ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʘʣʣʶʚʠʷ (ʧʦʡʤʝʥʥʘʷ ʬʘʮʠʷ) ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ ʞʝʣʪʦʚʘʪʦ-
ʢʦʨʠʯʥʝʚʦʡ ʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʦʡ ʦʢʨʘʩʢʠ, ʤʝʩʪʘʤʠ ʧʝʩʯʘʥʠʩʪʳʤʠ. 
ɸʣʣʶʚʠʡ ʟʘʣʝʛʘʝʪ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʤʝʟʦʟʦʡʩʢʦʡ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʥʘ ʢʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠ-

ʷʭ ʧʘʣʝʦʟʦʷ, ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʩʦʛʣʘʩʥʦ ʘʣʣʶʚʠʝʤ ʩʪʨʝʣʝʮʢʦʛʦ ʠ ʭʘʥʤʝʡʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ ʚ ʜʦʣʠʥʝ 
ʨʝʢʠ ʉʫʫʥʜʫʢ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʥʘʭʦʜʠʪʩʷ ʧʦʜ ʤʘʣʦʤʦʱʥʳʤ ʯʝʭʣʦʤ ʧʦʢʨʦʚʥʳʭ ʩʫʧʝʩʝʡ ʠ 
ʩʫʛʣʠʥʢʦʚ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5 ʜʦ 10 ʤ. 
ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʩʪʥʳʤʠ ʦʩʪʘʪʢʘʤʠ Bison sp., Elephas cf. armeniacus Falc., 

E. aff. torgonteri Pohl., Megaloceros sp., ʩʦʙʨʘʥʥʳʤʠ ɺ. ʉ. ʐʘʨʬʤʘʥʦʤ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨʝʢʠ 
ʉʫʫʥʜʫʢ, ʚ 1 ʢʤ ʚʦʩʪʦʯʥʝʝ ʟʘʧʘʜʥʦʡ ʨʘʤʢʠ ʧʣʘʥʰʝʪʘ (ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʘ ʤʝʩʪʥʦʩʪʴ ʥʘʭʦ-
ʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʘʢʚʘʪʦʨʠʠ ʀʨʠʢʣʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ). ʇʦ ʦʧʨʝʜʝʣʝʥʠʶ ʕ. ɸ. ɺʘʥʛʝʥʛʝʡʤ 
ʵʪʠ ʞʠʚʦʪʥʳʝ ï ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʬʘʫʥʳ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʩʨʝʜʥʝʛʦ ʧʣʝʡʩʪʦʮʝʥʘ [12]. 
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ɺ ʦʪʣʦʞʝʥʠʷʭ ʦʙʥʘʨʫʞʝʥʳ ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ. 
ʉʨʝʜʥʝʫʨʘʣʴʩʢʠʡ ʥʘʜʛʦʨʠʟʦʥʪ. ɼʝʣʶʚʠʡ ʠ ʣʠʤʥʠʡ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (d,lIIsr) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʚ ʤʝʞʛʦʨʥʳʭ ʚʧʘʜʠʥʘʭ ʠ ʧʨʝʜʛʦʨʴʷʭ, ʛʜʝ ʩʣʘʛʘʶʪ ʧʦʣʦʛʦ-ʫʚʘʣʠʩʪʳʝ ʨʘʚʥʠʥʳ ʠ ʧʣʘʪʦ. ʆʥʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ ʢʦʨʠʯʥʝʚʘʪʦ-ʙʫʨʳʤʠ, ʙʫʨʦʚʘʪʦ-ʞʝʣʪʳʤʠ, ʢʘʨʙʦʥʘʪʥʳʤʠ, 
ʠʥʦʛʜʘ ʯʝʨʥʳʤʠ, ʪʦʥʢʦ ʠʣʠ ʥʝʷʩʥʦ-ʩʣʦʠʩʪʳʤʠ, ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʱʝʙʥʷ ʠ ʜʨʝʩʚʳ, ʠ ʣʠʥʟʘʤʠ ʩʫ-
ʧʝʩʝʡ ʠ ʧʝʩʢʦʚ, ʣʸʩʩʦʚʠʜʥʳʝ. ɺ ʨʝʣʝɹʬʝ ʦʙʨʘʟʫʶʪ ʧʣʦʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʦʛʜʘ ʩ ʦʩʪʘʪʦʯʥʳʤʠ 
ʠʟʦʤʝʪʨʠʯʥʳʤʠ ʟʘʧʘʜʠʥʘʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʦʪʢʨʳʪʦʡ ʚʦʜʦʡ. ɿʘʣʝʛʘʶʪ ʥʘ ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦ-
ʜʘʭ. ʀʭ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʨʘʩʯʣʝʥʷʝʤʳʤʠ, ʪʘʢ ʢʘʢ ʠʭ ʘʢʢʫʤʫʣʷʮʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʨʦʮʝʩʩʝ ʩʥʦ-
ʩʘ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʧʦʥʠʞʝʥʠʷ, ʟʘʥʷʪʳʝ ʦʟʝʨʘʤʠ, ʚ ʧʝʨʠʦʜ, ʢʦʛʜʘ ʨʝʢʠ ʥʝ ʬʫʥʢʮʠʦʥʠ-
ʨʦʚʘʣʠ, ʠ ʦʟʝʨʥʳʝ ʬʘʮʠʠ ʦʪʯʘʩʪʠ ʩʤʝʰʠʚʘʣʠʩʴ ʩ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʦʙʣʦʤʦʯʥʳʤʠ. ɺ ʦʩʥʦʚʥʦʤ 
ʦʟʝʨʥʳʝ ʬʘʮʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ. 
ʄʦʱʥʦʩʪʴ 3ï10 ʤ. 

ʉʨʝʜʥʝʝïʚʝʨʭʥʝʝ ʟʚʝʥʴʷ 

ɼʝʣʶʚʠʡ ʠ ʘʣʣʶʚʠʡ (d,aQIIôIII; d,aIIôIII) ʩʣʘʙʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʯʝʭʣʦʤ ʧʝʨʝʢʨʳʚʘʶʪ 
ʩʙʣʠʞʝʥʥʳʝ ʫʨʦʚʥʠ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴʝʡ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʠ ʠʭ ʧʦʣʦʛʠʝ ʩʢʣʦʥʳ, ʘ ʪʘʢʞʝ ʚʳ-
ʧʦʣʥʷʶʪ ʚʳʩʦʢʦʧʦʨʷʜʢʦʚʳʝ ʵʨʦʟʠʦʥʥʳʝ ʣʦʞʙʠʥʳ, ʩʦʧʨʷʞʝʥʥʳʝ ʩ ʵʪʠʤʠ ʫʨʦʚʥʷʤʠ. ʆʥʠ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʙʫʨʳʤʠ ʠ ʢʨʘʩʥʦʚʘʪʳʤʠ ʣʸʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʣʠʥʟʘʤʠ ʠ ʛʦʨʠʟʦʥʪʘʤʠ ʧʝʩʢʦʚ, 
ʱʝʙʝʥʥʠʢʦʚ, ʛʘʣʝʯʥʠʢʦʚ, ʠʥʦʛʜʘ ï ʤʘʨʰʘʣʣʠʪʦʚ. ɺ ʮʝʣʦʤ ʩʚʷʟʘʥʳ ʩ ʜʨʝʚʥʠʤʠ ʧʦʣʦʛʠʤʠ ʜʦʣʠ-
ʥʘʤʠ, ʧʝʨʝʨʘʙʦʪʘʥʥʳʤʠ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʡïʛʦʣʦʮʝʥʦʚʦʡ ʨʝʯʥʦʡ ʩʝʪʴʶ. 
ʄʦʱʥʦʩʪʴ ʧʦʨʦʜ ʜʦ 5ï7 ʤ. 
ɼʝʣʶʚʠʡ (dIIôIII) ʨʘʟʚʠʪ ʰʠʨʦʢʦ ʥʘ ʧʣʦʱʘʜʠ ʠ ʩʣʘʛʘʝʪ ʩʢʣʦʥʳ ʨʝʯʥʳʭ ʜʦʣʠʥ ʨʝʢ ʄʫʩʦʛʘʪʢʘ, 

ɼʞʫʩʘ, ʂʘʨʘʛʘʥʢʘ, ɼʞʘʨʣʳ ʠ ʠʭ ʧʨʠʪʦʢʦʚ, ʘ ʪʘʢʞʝ ʟʘʧʦʣʥʷʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʘʣʢʠ ʚʨʝʤʝʥʥʳʭ 
ʚʦʜʦʪʦʢʦʚ. ʂʦʤʧʣʝʢʩ ʜʘʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩʣʦʞʝʥ ʧʝʩʢʘʤʠ, ʧʝʩʯʘʥʳʤʠ ʛʣʠʥʘʤʠ, ʩʫʛʣʠʥʢʘʤʠ, 
ʯʘʩʪʦ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʩʦ ʱʝʙʥʝʤ ʚʳʚʝʪʨʝʣʳʭ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ, ʩʫʧʝʩʷʤʠ. 
ʄʦʱʥʦʩʪʴ ʜʦ 5ï15 ʤ. 
ʆʪʣʦʞʝʥʠʷ ʚʤʝʱʘʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʠʨʧʠʯʥʳʭ ʛʣʠʥ, ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʝʩʢʘ. 
ɼʝʩʝʨʧʮʠʡ (drIIôIII) ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʩʝʚʝʨʝ ʣʠʩʪʘ ʥʘ ʛʨʘʥʠʮʝ ʩ ʣʠʩʪʦʤ N-40-XXXVI ʥʘ ʩʢʣʦʥʘʭ 

ʘʢʪʠʚʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʥʘ ʢʨʫʪʳʭ ʩʢʣʦʥʘʭ ʜʨʝʚʥʠʭ ʜʦʣʠʥ. ʇʨʝʜʩʪʘʚʣʝʥ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʝʩʤ̫ʠ, 
ʱʝʙʥʝʤ, ʜʨʝʩʚʦʡ, ʦʙʨʘʟʫʶʱʠʤʠ ʨʘʟʥʳʝ ʩʢʣʦʥʦʚʳʝ ʬʘʮʠʠ ï ʦʪ ʩʝʨʠʡ ʥʝʙʦʣʴʰʠʭ ʦʧʦʣʟʥʝʚʳʭ 
ʪʝʣ, ʩʦʟʜʘʥʥʳʭ ʛʨʫʙʳʤʠ ʢʣʘʩʪʠʪʘʤʠ ʚ ʩʫʛʣʠʥʠʩʪʦʤ ʤʘʪʨʠʢʩʝ, ʜʦ ʤʝʣʢʦʟʝʤʥʳʭ ʧʘʯʝʢ, ʩ ʧʘʨʘʣ-
ʣʝʣʴʥʦʡ ʩʢʣʦʥʫ ʩʣʦʠʩʪʦʩʪʴʶ ʠ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʪʝʯʝʥʠʷ ʠ ʩʨʳʚʘ. 
ʄʦʱʥʦʩʪʴ 2ï3 ʤ. 
ʕʣʶʚʠʡ ʠ ʜʝʣʶʚʠʡ (e,dIIôIII) ʨʘʟʚʠʪʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʚʦʩʪʦʯʥʦʡ ʠ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʝʡ ʣʠʩʪʘ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʥʠʞʝʥʥʳʤ ʫʯʘʩʪʢʘʤ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʩʢʣʦʥʦʚ ʠ ʜʦʣʠʥ ʤʘʣʳʭ 
ʨʝʢ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʫʛʣʠʥʢʘʤʠ ʟʘʧʝʩʦʯʝʥʥʳʤʠ, ʩ ʜʨʝʩʚʦʡ ʠ ʱʝʙʥʝʤ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʫʚʝ-
ʣʠʯʠʚʘʝʪʩʷ ʢ ʥʠʟʘʤ ʨʘʟʨʝʟʘ, ʛʣʠʥʘʤʠ, ʩʫʧʝʩʷʤʠ. ʅʘʣʝʛʘʶʪ ʩ ʙʦʣʴʰʠʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤ ʧʝʨʝ-
ʨʳʚʦʤ ʥʘ ʣʶʙʳʝ ʥʠʞʝʣʝʞʘʱʠʝ ʧʦʨʦʜʳ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʦʪ 1,5 ʜʦ 6 ʤ. 

ɺʝʨʭʥʝʝ ʟʚʝʥʦ 

ʉʪʨʝʣʝʮʢʠʡ ʠ ʭʘʥʤʝʡʩʢʠʡ ʛʦʨʠʟʦʥʪʳ ʦʙʲʝʜʠʥʝʥʥʳʝ. ɸʣʣʶʚʠʡ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ 
ʪʝʨʨʘʩʳ (a2QIII; a

2IIIst+hn) ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʚʩʝʡ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʆʥ ʧʨʠʫʨʦʯʝʥ ʢ ʜʦ-
ʣʠʥʘʤ ʨʝʢ ʉʫʫʥʜʫʢ, ʋʨʫʩ-ʂʠʩʢʝʥ, ɸʡʜʳʨʣʷ, ɹʦʣʴʰʦʡ ʂʫʤʘʢ ʠ ɼʞʘʨʣʳ, ʛʜʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦ ʠʭ ʣʝʚʳʤ ʙʝʨʝʛʘʤ. ʅʘ ʦʩʪʘʣʴʥʳʭ ʨʝʢʘʭ ʜʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʷʩʥʦ ʚʳʨʘ-
ʞʝʥʳ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤʠ ʫʯʘʩʪʢʘʤʠ. 
ɺ ʦʩʥʦʚʘʥʠʠ ʪʝʨʨʘʩʳ ʟʘʣʝʛʘʶʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʠ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʝʩʢʠ ʠ ʛʘʣʝʯʥʠʢʠ. ɺʳh ʝ 

ʧʦ ʨʘʟʨʝʟʫ ʧʝʩʢʠ ʩʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʠʤʠ ʨʘʟʥʦʩʪʷʤʠ ʙʫʨʦʚʘʪʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ 
ʨʘʟʨʝʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʫʨʳʤʠ ʩʫʧʝʩʷʤʠ, ʩʫʛʣʠʥʢʘʤʠ, ʘʣʝʚʨʠʪʘʤʠ ʠ ʧʝʩʢʘʤʠ ʩ ʪʦʥʢʠʤʠ ʣʠʥʟʦʯ-
ʢʘʤʠ ʤʝʣʢʦʛʦ ʛʨʘʚʠʷ. 
ɺ ʦʙʨʘʟʮʘʭ ʠʟ ʧʦʡʤʝʥʥʦʡ ʬʘʮʠʠ ʜʘʥʥʦʡ ʪʝʨʨʘʩʳ ʨʝʢʠ ɹʦʣʴʰʦʡ ʂʫʤʘʢ ʦʙʥʘʨʫʞʝʥ ʩʧʦʨʦʚʦ-

ʧʳʣʴʮʝʚʦʡ ʩʧʝʢʪʨ ʩʪʝʧʥʦʛʦ ʪʠʧʘ. ʇʳʣʴʮʘ ʜʨʝʚʝʩʥʳʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 5ï28 %, ʩʨʝʜʠ ʥʠʭ ʧʳʣʴ-
ʮʘ ʭʚʦʡʥʳʭ Pinus subgen. diploxylon, P. sylvestris ʠ ʤʝʣʢʦʣʠʩʪʚʝʥʥʳʭ Betula pendula. ɺ ʪʨʘʚʷʥʠ-
ʩʪʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʧʨʝʦʙʣʘʜʘʶʪ ʩʪʝʧʥʳʝ ʬʦʨʤʳ ï Artemisia (26ï42 %) ʠ Chenopodiaceae (5ï
23 %). ʀʟ ʩʧʦʨ ʦʧʨʝʜʝʣʝʥʳ ʧʘʧʦʨʦʪʥʠʢʠ Polypodiaceae (2 %) ʠ ʤʭʠ Sphagnum sp., Bryales sp. 
(2,5 %) [52]. 
ʄʦʱʥʦʩʪʴ ʘʣʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ 10 ʤ, ʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 

20 ʤ. 
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ʂ ʜʘʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤ ʧʨʠʫʨʦʯʝʥʳ ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ. 
ʅʝʚʴʷʥʩʢʠʡ ʠ ʧʦʣʷʨʥʦʫʨʘʣʴʩʢʠʡ ʛʦʨʠʟʦʥʪʳ ʦʙʲʝʜʠʥʝʥʥʳʝ. ɸʣʣʶʚʠʡ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥ-

ʥʦʡ ʪʝʨʨʘʩʳ (a1QIII; a
1IIInv+pu) ʦʙʨʘʟʫʝʪ ʪʝʣʘ ʪʝʨʨʘʩ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʢ ʧʣʦʱʘʜʠ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʣʠʥʟʘʤʠ ʛʨʘʚʠʷ, ʛʘʣʝʯʥʠʢʦʚ ʠ ʘʣʝʚʨʠ-
ʪʠʩʪʳʭ ʛʣʠʥ, ʘ ʪʘʢʞʝ ʩʫʛʣʠʥʢʘʤʠ ʠ ʩʫʧʝʩʷʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ɿʘʣʝʛʘʶʪ ʩ ʨʘʟʤʚrʦʤ ʥʘ 
ʩʨʝʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʤ ʘʣʣʶʚʠʠ ʠʣʠ ʥʘ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦ 25 ʤ. 
ɺʦʟʨʘʩʪ ʦʪʣʦʞʝʥʠʡ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ ʚʟʷʪ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʨʨʘʩʘʤʠ ʨʝ-

ʢʠ ʂʫʤʘʢ, ʛʜʝ ɸ. ɺ. ʂʫʟʥʝʮʦʚʳʤ [60] ʙʳʣʘ ʩʦʙʨʘʥʘ ʬʘʫʥʘ ʤʦʣʣʶʩʢʦʚ: Succinea pfeifferi Rossm., 
Planorbis planorbis L., Paraspira leucostoma Mill., Segmentina nitida Mull., Valvata piscinalis 
Mull., ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʝ ʦʩʘʜʢʠ. 
ʆʪʣʦʞʝʥʠʷ ʚʤʝʱʘʶʪ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʧʝʩʢʘ. 
ʉʝʚʝʨʦʫʨʘʣʴʩʢʠʡ ʥʘʜʛʦʨʠʟʦʥʪ. ɼʝʣʶʚʠʡ (dIIIsv) ʧʝʨʝʢʨʳʚʘʝʪ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʩʢʣʦʥʦʚ ʨʝʯ-

ʥʳʭ ʜʦʣʠʥ ʠ ʚʳʧʦʣʥʷʝʪ ʧʦʥʠʞʝʥʠʷ ʨʝʣʴʝʬʘ ʥʘ ʥʠʟʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʚʳʨʘʚʥʠʚʘʥʠʷ. ʂʘʨʪʠʨʫʝʪ-
ʩʷ ʥʘ ʩʢʣʦʥʘʭ ʜʦʣʠʥ ʨʝʢ ʉʫʥʜʫʢ ʠ ɸʡʜʳʨʣʷ. ʉʦʩʪʘʚ ʦʪʣʦʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʩʪʘʚʘ ʤʘʪʝʨʠʥʩʢʠʭ 
ʧʦʨʦʜ. ɺ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʣʠʦʮʝʥʦʚʳʭ ʛʣʠʥ ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʫʨʳʤʠ ʠ ʙʫʨʦʚʘʪʦ-ʩʝʨʳʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʝʩʷʤʠ ʩʦ ʱʝʙʥʝʤ, ʠ ʯʘʩʪʦ ʚ ʦʩʥʦʚʘ-
ʥʠʠ ʨʘʟʨʝʟʘ ï ʙʫʨʳʤʠ ʛʣʠʥʘʤʠ. ɺ ʤʝʩʪʘʭ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʜʝʣʶʚʠʘʣʴʥʳʝ ʢʦʤ-
ʧʣʝʢʩʳ ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʡ ʧʦʣʦʛʦ-ʥʘʢʣʦʥʥʳʡ ʚʳʧʦʣʦʞʝʥʥʳʡ ʨʝʣʴʝʬ, ʠ ʩʦʜʝʨʞʘʪ ʥʝ ʪʦʣʴ-
ʢʦ ʯʠʩʪʳʡ ʜʝʣʶʚʠʡ, ʥʦ ʠ ʤʥʦʞʝʩʪʚʦ ʧʝʨʝʭʦʜʥʳʭ ʜʝʣʶʚʠʘʣʴʥʦ-ʧʦʪʦʢʦʚʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʦ-
ʵʣʶʚʠʘʣʴʥʳʭ ʬʘʮʠʡ. 
ʄʦʱʥʦʩʪʴ ʜʝʣʶʚʠʷ ʥʝʧʦʩʪʦʷʥʥʘ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢ ʦʩʥʦʚʘʥʠʶ ʩʢʣʦʥʘ ʜʦ 10 ʤ. 

ʇʃɽʁʉʊʆʎɽʅ ʅɽʈɸʉʏʃɽʅɽʅʅʓʁ 

ʕʣʶʚʠʡ (e§) ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʦʛʨʘʥʠʯʝʥʦ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʛʨʘʥʠʮʝ ʩ ʣʠʩʪʦʤ 
N-40-XXXVI. ʇʦʢʨʳʚʘʝʪ ʚʝʨʰʠʥʳ ʧʦʣʦʛʠʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʢʨʫʧʥʳʭ ʧʦʣʦʞʠʪʝʣʴ-
ʥʳʭ ʤʦʨʬʦʩʪʨʫʢʪʫʨ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʨʝʩʚʦʡ, ʩʫʛʣʠʥʢʘʤʠ, ʛʣʠʥʘʤʠ ʩ ʯʘʩʪʳʤʠ ʚʳʭʦ-
ʜʘʤʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 3ï7 ʤ. 

ʇʃɽʁʉʊʆʎɽʅ, ʅɽʆʇʃɽʁʉʊʆʎɽʅ, ɺɽʈʍʅɽɽ ɿɺɽʅʆïɻʆʃʆʎɽʅ 

ʅʝʚʴʷʥʩʢʠʡ ʠ ʛʦʨʙʫʥʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪʳ. ɸʣʣʶʚʠʡ ʧʦʡʤ ʠ ʧʝʨʚʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ 
(aQIIIôH; aIIInv+Hgr), ʢʦʪʦʨʳʝ ʚ ʤʘʩʰʪʘʙʝ ʢʘʨʪʳ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʧʦʢʘʟʘʪʴ ʠʟʦʣʠʨʦʚʘʥʥʦ, ʦʪʢʘʨʪʠ-
ʨʦʚʘʥʳ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʗʢʰʠ-ɸʢʞʘʨ ʠ ʊʘʰʣʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʛʣʠʥʘʤʠ, ʧʝʩʢʘʤʠ, ʪʦʨʬʷʥʠʢʘʤʠ, 
ʛʘʣʝʯʥʠʢʘʤʠ, ʩʫʛʣʠʥʢʘʤʠ, ʩʣʘʛʘʶʱʠʤʠ ʨʫʩʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ, ʧʦʡʤʝʥʥʳʝ ʠ ʨʝʞʝʚʩʢʫʶ ʪʝʨʨʘʩʳ. 
ʀʭ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 4ï6 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. 
ɼʝʣʶʚʠʡ ʠ ʘʣʣʶʚʠʡ (d,aQIIIôH; d,aIIInv+Hgr) ʦʪʢʘʨʪʠʨʦʚʘʥʳ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʗʢʰʠ-ɸʢʞʘʨ. ʆʥʠ 

ʚʳʧʦʣʥʷʶʪ ʜʦʣʠʥʳ ʩʫʭʠʭ ʙʘʣʦʢ ʠ ʦʚʨʘʛʦʚ, ʘ ʪʘʢʞʝ ʩʣʘʙʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʵʨʦʟʠʦʥʥʳʭ ʣʦʞʙʠʥ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ ʫʨʦʚʥʶ ʧʦʡʤʝ ʠ ʧʝʨʚʦʡ ʪʝʨʨʘʩʝ ʨʝʯʥʳʭ ʜʦʣʠʥ. ʀʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʝ-
ʙʦʣʴʰʫʶ ʰʠʨʠʥʫ ʠ ʚʳʧʦʣʥʝʥʳ ʧʦʪʦʢʦʚʳʤʠ ʠ ʩʢʣʦʥʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. ʆʙʳʯʥʦ ʚʦʟʥʠʢʘʁ ʪ 
ʥʝʦʜʥʦʢʨʘʪʥʦ ʥʘ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʤʝʩʪʘʭ, ʟʘʧʦʣʥʷʷ ʠ ʨʘʟʤʳʚʘʷ ʦʜʥʠ ʠ ʪʝ ʞʝ ʣʦʞʙʠʥʳ. ʆʪʣʦʞʝ-
ʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʢʘʤʠ, ʩʫʛʣʠʥʢʘʤʠ, ʛʣʠʥʘʤʠ, ʛʨʘʚʠʡʥʠʢʘʤʠ, ʪʦʨʬʷʥʠʢʘʤʠ, ʠʥʦʛʜʘ ʩ ʣʠʥ-
ʟʘʤʠ ʱʝʙʥ.̫ 
ʄʦʱʥʦʩʪʴ ʜʦ 3ï5 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. 

ɻʆʃʆʎɽʅ 

ɻʦʨʙʫʥʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ. ʃʠʤʥʠʡ (lHgr) ʚʳʧʦʣʥʷʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʦʟʝʨʥʳʝ ʚʘʥʥʳ ʠ ʧʣʷʞʠ. ʅʘ 
ʩʝʚʝʨʝ ʧʣʦʱʘʜʠ ʧʣʷʞʠ ʩʣʦʞʝʥʳ ʧʝʩʢʘʤʠ, ʜʥʠʱʘ ï ʠʣʦʚʘʪʳʤʠ ʛʣʠʥʘʤʠ, ʠʣʘʤʠ ʠ ʩʘʧʨʦʧʝʣʝʤ. ʅʘ 
ʶʛʝ ʣʠʤʥʠʡ ʦʙʨʘʟʦʚʘʥ ʚ ʩʫʬʬʦʟʠʚʥʳʭ ʟʘʧʘʜʠʥʘʭ ʚ ʜʦʣʠʥʝ ʨ. ɹʘʫʟʜʘ. ʆʩʘʜʢʠ ʜʥʘ ʵʪʠʭ ʦʟʝʨ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʘʧʨʦʧʝʣʝʤ, ʘ ʧʨʠʙʨʝʞʥʘʷ ʯʘʩʪʴ ï ʥʠʟʠʥʥʳʤʠ ʪʦʨʬʷʥʠʢʘʤʠ, 
ʦʙʨʘʟʦʚʘʥʥʳʤʠ ʦʪʤʠʨʘʶʱʝʡ ʙʦʣʦʪʥʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʦʟʝʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ 2ï2,5 ʤ. 
ʂ ʦʙʨʘʟʦʚʘʥʠʷʤ ʣʠʤʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʧʨʦʷʚʣʝʥʠʷ ʪʦʨʬʘ. 
ʕʦʣʠʡ (vHgr) ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʚ ʨʘʡʦʥʝ ʨʝʢ ʂʘʨʘʙʫʪʘʢ, 

ɼʞʘʨʣʳ, ʂʘʨʘʛʘʯʢʘ, ʛʜʝ ʧʣʘʱʝʦʙʨʘʟʥʳʤ ʯʝʭʣʦʤ ʧʦʢʨʳʚʘʝʪ ʯʝʪʚʝʨʪʠʯʥʳʝ ʠ ʜʦʯʝʪʚʝʨʪʠʯʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʠ ʬʦʨʤʘʭ ʨʝʣʴʝʬʘ. ʇʨʝʜʩʪʘʚʣʝʥ ʤʝʣʢʦʟʝʨ-
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ʥʠʩʪʳʤʠ ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʢʚʘʨʮʝʚʳʤʠ, ʨʝʞʝ ʩ ʧʨʠʤʝʩʴʶ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʧʝʩʢʘʤʠ, ʭʦʨʦh ʦ 
ʩʦʨʪʠʨʦʚʘʥʥʳʤʠ ʠ ʦʢʘʪʘʥʥʳʤʠ, ʙʫʨʦʛʦ ʮʚʝʪʘ. ɺʦʟʨʘʩʪ ʧʨʠʥʷʪ ʛʦʣʦʮʝʥʦʚʳʤ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʦʛʦ, 
ʯʪʦ ʵʦʣʦʚʳʝ ʧʝʩʢʠ ʟʘʣʝʛʘʶʪ ʥʘ ʪʝʨʨʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʨʝʢ ʂʘʨʘʙʫʪʘʢ ʠ ʂʘʨʘʛʘʥʜʳ. 
ʄʦʱʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʡ ʜʦ 3 ʤ. 
ɸʣʣʶʚʠʡ ʨʫʩʣʘ ʠ ʧʦʡʤ (aQH; aHgr) ʚʳʜʝʣʝʥ ʚʦ ʚʩʝʭ ʨʘʡʦʥʘʭ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʇʨʝʜ-

ʩʪʘʚʣʝʥ ʧʝʩʢʘʤʠ, ʩʫʧʝʩʷʤʠ, ʩʫʛʣʠʥʢʘʤʠ, ʛʣʠʥʘʤʠ, ʛʨʘʚʠʡʥʠʢʘʤʠ, ʛʘʣʝʯʥʠʢʘʤʠ. ʉʣʦʠʩʪʦʩʪʴ ʠ 
ʩʦʨʪʠʨʦʚʢʘ ʨʘʟʥʦʩʪʝʡ, ʩʣʘʛʘʶʱʠʭ ʢʦʤʧʣʝʢʩ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɸʣʣʶʚʠʡ ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʣʦʞʝʥʠ̫ ʭ 
ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʜʦ 10 ʤ. 
ʉ ʵʪʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʚʷʟʘʥʳ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʝ ʨʦʩʩʳʧʠ ʠ ʨʦʩʩʳʧʠ ʟʦʣʦʪʘ. 
ɼʝʣʶʚʠʡ ʠ ʘʣʣʶʚʠʡ (d,aQH; d,aHgr) ʨʘʟʚʠʪʳ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʦʚʨʘʛʘʭ ʠ ʙʘʣʢʘʭ. 

ʆʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʝʩʷʤʠ, ʯʘʩʪʦ ʩʦ ʱʝʙʥʝʤ, ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʩʚʷʟʘʥ ʩ 
ʩʦʩʪʘʚʦʤ ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ. ʂʦʣʠʯʝʩʪʚʦ ʠ ʨʘʟʤʝʨ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʠʟ-
ʤʝʥʯʠʚʦʩʪʠ ʨʝʣʴʝʬʘ ʜʥʠʱ ʙʘʣʦʢ ʠ ʦʚʨʘʛʦʚ. 
ʄʦʱʥʦʩʪʴ ʠʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 4 ʤ. 
ɺʤʝʱʘʶʪ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʝ ʨʦʩʩʳʧʠ. 
ɻʦʨʙʫʥʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ. ʅʠʞʥʷʷ ʯʘʩʪʴ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʡ ʧʦʡʤʳ (aQH

1; 
aHgr1) ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʧʣʦʱʘʜʠ ʧʦ ʧʨʘʚʦʙʝʨʝʞʴʶ ʨʝʢ ʂʘʨʘʙʫʪʘʢ ʠ ɹʦʣʴʰʦʡ ʂʫʤʘʢ. ʇʨʝʜ-
ʩʪʘʚʣʝʥʳ ʙʫʨʳʤʠ ʩʫʧʝʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ, ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʤʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ. ɺ 
ʦʩʥʦʚʘʥʠʠ ʦʪʤʝʯʘʶʪʩʷ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʠʢʦʚʳʝ ʧʨʦʩʣʦʠ ʠ ʣʠʥʟʳ. ɸʣʣʶʚʠʡ ʚʳʩʦʢʦʡ ʧʦʡʤʳ 
ʟʘʣʝʛʘʝʪ ʥʘ ʦʪʣʦʞʝʥʠʷʭ ʧʝʨʚʦʡ ʪʝʨʨʘʩʳ, ʥʘ 2ï2,5 ʤ ʚʳʰʝ ʥʠʟʢʦʡ ʧʦʡʤʳ. 
ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ 2ï4 ʤ. 
ɻʦʨʙʫʥʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ. ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʫʩʣʘ ʠ ʥʠʟʢʦʡ ʧʦʡʤʳ 

(aQH
2; aHgr2) ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʧʦ ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʨʝʢ ʂʘʨʘʙʫʪʘʢ ʠ ɹʦʣʴʰʦʡ ʂʫʤʘʢ. ʈʫʩʣʦʚʳʝ ʦʪ-

ʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʚʠʝʤ ʠ ʛʘʣʝʯʥʠʢʘʤʠ ʠʟ ʤʝʩʪʥʳʭ ʧʦʨʦʜ ʩ ʧʝʩʯʘʥʳʤ ʥʘʧʦʣʥʠʪʝʣʝʤ, ʘ 
ʘʣʣʶʚʠʡ ʧʦʡʤʝʥʥʦʡ ʬʘʮʠʠ ï ʩʫʧʝʩʷʤʠ, ʩʫʛʣʠʥʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʧʝʩʢʦʚ. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʤ. 
ʊʝʭʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ (tHgr2) ʩʚʷʟʘʥʳ ʩ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʴʶ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʦʪʚʘ-

ʣʳ ʢʘʨʴʝʨʦʚ, ʥʘʩʳʧʠ ʰʦʩʩʝʡʥʳʭ ʠ ʞʝʣʝʟʥʳʭ ʜʦʨʦʛ, ʧʣʦʪʠʥʳ ʥʘ ʨʝʢʘʭ, ʧʦʢʨʳʪʠʷ ʫʣʠʮ ʛʦʨʦʜʦʚ 
ʠ ʧʦʩʝʣʢʦʚ, ʩʚʘʣʢʠ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʱʝʙʥʝʤ, ʩʫʛʣʠʥʢʘʤʠ, ʧʝʩʢʘʤʠ ʩ ʛʨʘʚʠʝʤ ʠ ʛʘʣʴ-
ʢʦʡ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʜʦ 20 ʤ, ʥʘʠʙʦʣʴʰʝʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ 
ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʢʘʨʴʝʨʦʚ ʚʙʣʠʟʠ ʧʦʩ. ʈʝʯʥʦʡ. 

ʂɺɸʈʊɽʈ ʅɽʈɸʉʏʃɽʅɽʅʅʓʁ 

ʕʣʶʚʠʡ ʠ ʜʝʣʶʚʠʡ (e,d) ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʚʳʜʝʣʝʥʳ ʥʘ ʚʩʝʡ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʧʦ-
ʢʨʳʚʘʶʪ ʤʘʣʦʤʦʱʥʳʤ ʯʝʭʣʦʤ ʜʦʯʝʪʚʝʨʪʠʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ 
ʩʢʣʦʥʦʚ, ʩʨʝʜʠ ʜʨʫʛʠʭ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʜʦʤʠʥʠʨʫʶʪ. ʈʘʟʚʠʪʳ ʚ ʚʠʜʝ ʩʧʣʦʰʥʦʛʦ ʯʝʭʣʘ ʥʝʧʦ-
ʩʪʦʷʥʥʦʡ ʤʦʱʥʦʩʪʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʢʘʤʠ, ʩʝʨʳʤʠ ʠ ʙʫʨʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʛʣʠʥʘʤʠ ʩʦ ʱʝʙ-
ʥʝʤ ʤʝʩʪʥʳʭ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. 
ʄʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 10 ʤ. 
ʕʣʶʚʠʡ (e) ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʚʩʝʡ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʚʠʜʝ ʠʟʦʤʝʪʨʠʯ-

ʥʳʭ ʧʣʘʱʝʦʙʨʘʟʥʳʭ ʧʦʢʨʦʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʫʟʢʠʭ ʧʦʣʦʩ ʩʣʦʞʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʚ ʧʨʝʜʝʣʘʭ 
ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʳʭ ʫʯʘʩʪʢʦʚ ʤʝʞʜʫʨʝʯʠʡ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ, ʛʜʝ 
ʫʛʦʣ ʥʘʢʣʦʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 2ï3Á. ʉʦʩʪʘʚ ʵʣʶʚʠʷ ʩʚʷʟʘʥ ʩ ʩʦʩʪʘʚʦʤ ʧʦʨʦʜ, ʧʦ ʢʦ-
ʪʦʨʳʤ ʦʥ ʨʘʟʚʠʚʘʝʪʩʷ. ɺ ʦʩʥʦʚʥʦʤ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʩʯʘʥʠʩʪʳʤʠ ʛʣʠʥʘʤʠ, ʩʫʛʣʠʥʢʘ-
ʤʠ ʩʦ ʱʝʙʥʝʤ ʠ ʜʨʝʩʚʦʡ. 
ʄʦʱʥʦʩʪʴ ʵʣʶʚʠʷ ʨʘʟʣʠʯʥʘ ï ʚ ʩʨʝʜʥʝʤ ʜʦ 2,5 ʤ. 
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ʀʅʊʈʋɿʀɺʅʓʁ ʄɸɻʄɸʊʀɿʄ 
 
 
ʀʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʣʠʩʪʘ ʟʘʥʠʤʘʶʪ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʠ ʩʣʘʛʘʁ ʪ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ, ʨʘʟʣʠʯʥʳʝ ʧʦ ʬʦʨʤʝ ʠ ʚʝʣʠʯʠʥʝ ʤʘʩʩʠʚʳ ʰʠʨʦʢʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʜʠʘʧʘʟʦʥʘ, 
ʯʘʩʪʦ ʧʦʣʠʭʨʦʥʥʳʝ ʠ ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʝ. 
ʕʪʘʧʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʧʦʜʯʠʥʝʥʳ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶ-

ʮʠʠ ʪʝʨʨʠʪʦʨʠʠ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʚʦʟʨʘʩʪʥʳʝ ʛʨʫʧʧʳ ʠʥʪʨʫʟʠʡ: 
ʩʨʝʜʥʝʦʨʜʦʚʠʢʩʢʦïʩʠʣʫʨʠʡʩʢʠʝ, ʜʝʚʦʥʩʢʦïʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʠ ʨʘʥʥʝʧʝʨʤʩʢʠʝ. 

ʉʈɽɼʅɽʆʈɼʆɺʀʂʉʂʆïʉʀʃʋʈʀʁʉʂʀɽ ʀʅʊʈʋɿʀɺʅʓɽ ʆɹʈɸɿʆɺɸʅʀʗ 

ʏʝʙʘʨʢʫʣʴʩʢʦ-ʢʘʟʙʘʝʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʛʘʙʙʨʦ-ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ ʚʳʜʝʣʷʶʪʩʷ ʚ ʧʨʝ-
ʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ (ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʘʷ ʠ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘ-
ʤʦʚʩʢʘʷ ʉʌɿ), ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʩʢʦʣʴʢʠʤʠ ʥʝʙʦʣʴʰʠʤʠ ʧʦ ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘʤʠ ʪʨʘʩʩʠʨʫʶ-
ʱʠʤʠ ʢʨʫʧʥʳʝ ɺʦʩʪʦʯʥʦ-ʂʨʳʢʣʠʥʩʢʠʡ ʠ ɸʡʜʳʨʣʠʥʩʢʦ-ʄʠʨʦʥʦʚʩʢʠʡ ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʨʘʟʣʦʤʳ. 
ɺ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʣʠʩʪʘ ʧʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʩʣʘʛʘʶʪ ʶʞʥʦʝ ʦʢʦʥʯʘʥʠʝ ʢʨʫʧʥʦʛʦ (ɸʡʜʳʨʣʠʥʩʢʦ-
ʛʦ) ʤʘʩʩʠʚʘ. 
ʂʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ. ʇʝʨʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʘʧʦʜʫʥʠʪʦʚʳʤʠ ʠ ʘʧʦʛʘʨʮʙʫʨʛʠʪʦʚʳʤʠ 

ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ "éI2«e1); ʚʪʦʨʘʷ ʬʘʟʘ ï ʛʘʙʙʨʦ (ĄO2ô3«e2) ʠ ʤʝʪʘʛʘʙʙʨʦ (ĄöO2ô3«e2). ʄʘʩʩʠʚʳ 
ʢʦʤʧʣʝʢʩʘ ʯʘʩʪʦ ʠʤʝʶʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʬʦʨʤʫ. ɺ ʢʦʥʪʘʢʪʦʚʳʭ ʟʦʥʘʭ ʩʝʨʧʝʥʪʠʥʠʪʳ ʯʘʩʪʦ ʧʝʨʝ-
ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ ʠʣʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʧʝʨʝʨʘʙʦʪʘʥʳ ʚ ʪʘʣʴʢ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ. ɻʘʙʙʨʦ ʠ 
ʤʝʪʘʛʘʙʙʨʦ ʦʪʣʠʯʘʶʪʩʷ ʩʪʝʧʝʥʴʶ ʠʟʤʝʥʝʥʠʷ. ʇʠʨʦʢʩʝʥʳ ʚ ʥʠʭ ʟʘʤʝʱʝʥʳ ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʭʣʦ-
ʨʠʪʦʤ, ʠʥʦʛʜʘ ʘʤʬʠʙʦʣʦʤ, ʧʣʘʛʠʦʢʣʘʟʳ ï ʧʝʣʠʪʠʟʠʨʦʚʘʥʳ ʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ. ʐʠʨʦʢʦ ʧʨʦ-
ʷʚʣʝʥʳ ʢʘʪʘʢʣʘʟ ʠ ʨʘʩʩʣʘʥʮʦʚʢʘ. ʄʘʩʩʠʚʳ ʦʢʘʡʤʣʷʶʪʩʷ ʚʫʣʢʘʥʠʪʘʤʠ ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʡ ʘʡʜʳʨ-
ʣʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨʳʤʥʠʢʩʢʦʡ, ʤʘʷʯʥʦʡ ʩʚʠʪ ʠ ʵʥʙʝʢʰʠʥʩʢʦʡ ʪʦʣʱʠ, ʘ ʪʘʢʞʝ ʤʝ-
ʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʷʨʰʘʣʣʠʥʩʢʦʡ ʪʦʣʱʠ. ʂʦʥʪʘʢʪʳ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʠ 
ʵʢʩʪʨʫʟʠʚʥʳʝ. 
ɺʨʝʤʷ ʧʝʨʚʠʯʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʯʝʙʘʨʢʫʣʴʩʢʦ-ʢʘʟʙʘʝʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʝʨʭ-

ʥʠʝ ʛʦʨʠʟʦʥʪʳ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʦʨʜʦʚʠʢʩʢʠʤ ʠ ʩʚʷʟʳʚʘʝʪʩʷ ʩʦ ʩʪʘʜʠʝʡ ʨʠʬʪʦ-
ʛʝʥʝʟʘ. ʆʜʥʠʤ ʠʟ ʧʦʜʪʚʝʨʞʜʝʥʠʡ ʵʪʦʛʦ ʩʣʫʞʠʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʠʞʥʝʩʠʣʫʨʠʡʩʢʠʝ ʧʦʨʦʜʳ ʚ ʪʝʢ-
ʪʦʥʠʯʝʩʢʠʭ ʦʪʪʦʨʞʝʥʮʘʭ ʥʝ ʥʦʩʷʪ ʢʘʢʠʭ-ʣʠʙʦ ʩʣʝʜʦʚ ʦʨʦʛʦʚʠʢʦʚʘʥʠʷ. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʡ ʪʝʢ-
ʪʦʥʠʯʝʩʢʦʡ ʵʚʦʣʶʮʠʠ ʩʝʨʧʝʥʪʠʥʠʪʳ ʢʘʢ ʧʣʘʩʪʠʯʥʳʝ ʠ ʥʠʟʢʦʧʣʦʪʥʦʩʪʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʦ-
ʚʠʜʠʤʦʤʫ, ʤʦʛʣʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʨʦʪʨʫʜʠʨʦʚʘʪʴ ʚ ʚʳʰʝʣʝʞʘʱʠʝ ʧʦʨʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. 
ʂʫʣʠʢʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ ʣʦʢʘʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʉʩrʝʨʪʩʢʦ-

ɸʤʫʨʩʢʦʡ ʧʦʜʟʦʥʝ ɺʝʨʭʦʪʫʨʩʢʦ-ʅʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʉʌɿ. ʅʘʠʙʦʣʴʰʠʡ ʤʘʩʩʠʚ ʢʦʤʧʣʝʢʩʘ ʫ ʩʝ-
ʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʷʚʣʷʝʪʩʷ ʶʞʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ɹʨʠʝʥʪʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʩʝʚʝʨ-
ʥʝʝ ʧʣʦʱʘʜʠ. ʄʘʩʩʠʚ ʩʣʦʞʝʥ ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ ʘʧʦʜʫʥʠʪʦʚʳʤʠ ʠ ʘʧʦʛʘʨʮʙʫʨʛʠʪʦʚʳʤʠ ʩʝʨʧʝʥ-
ʪʠʥʠʪʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ "éI2kl1). 
ʂʨʳʢʣʠʥʩʢʠʡ ʤʝʪʘʛʘʙʙʨʦ-ʤʝʪʘʜʠʦʨʠʪ-ʤʝʪʘʧʣʘʛʠʦʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʜʦʚʦʣʴʥʦ ʰʠ-

ʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʧʨʝʜʝʣʘʭ ʂʦʧʝʡʩʢʦ-ʋʰʢʦʨʪʠʥʩʢʦʡ ʠ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʧʦʜʟʦʥʘʭ 
(ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʘʷ ʉʌɿ). ʇʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʩʣʘʛʘʶʪ ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʢʨʫʧʥʳʭ ʧʦʣʠʭʨʦʥ-
ʥʳʭ ʧʣʫʪʦʥʦʚ: ʂʨʳʢʣʠʥʩʢʦʛʦ, ʐʠʣʴʜʠʥʩʢʦʛʦ ʠ ʦʪʦʨʚʘʥʥʳʝ ʦʪ ʥʠʭ ʦʪʜʝʣʴʥʳʝ ʤʘʩʩʠʚʳ ʠ ʤʝʣ-
ʢʠʝ ʪʝʣʘ ʩ ʧʨʠʯʫʜʣʠʚʦ ʠʟʨʝʟʘʥʥʳʤʠ ʢʨʘʷʤʠ ʠ ʩʣʦʞʥʳʤ ʚʥʫʪʨʝʥʥʠʤ ʩʪʨʦʝʥʠʝʤ. 
ʆʙʨʘʟʦʚʘʥʠʷ ʢʨʳʢʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʷʪʩʷ ʪʘʤ ʢ ʩʘʤʳʤ ʨʘʥʥʠʤ ʤʘʛʤʘʪʦʛʝʥʥʳʤ ʵʣʝ-

ʤʝʥʪʘʤ ʧʘʣʝʦʟʦʷ. ʀʥʪʝʥʩʠʚʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʛʦʤʦʜʨʦʤ-
ʥʳʡ ʨʷʜ ʦʪ ʛʘʙʙʨʦʠʜʦʚ ʜʦ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ; ʧʨʠ ʵʪʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʤʘʛʤʘʪʠʪʳ ʢʠʩʣʦʛʦ (47ï52 %) 
ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ (36ï38 %), ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʘʧʦʛʘʙʙʨʦʚʳʝ ʦʨʪʦʘʤ-
ʬʠʙʦʣʠʪʳ (12ï16 %). ʀʥʪʨʫʟʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʪʨʠ ʬʘʟʳ: ʧʝʨʚʘʷ ï ʤʝʪʘʛʘʙʙʨʦ "ĄöO3k1); ʚʪʦ-
ʨʘʷ ï ʛʥʝʡʩʦʜʠʦʨʠʪʳ "ûöO3k2) ʠʣʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʝ ʜʠʦʨʠʪʳ, ʢʚʘʨʮʝʚʳʝ ʛʥʝʡʩʦ-



 66 

ʜʠʦʨʠʪʳ (qûöO3k2) ʠ ʛʥʝʡʩʦʪʦʥʘʣʠʪʳ "iþûöO3k2); ʪʨʝʪʴʷ ï ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʳ "iþöO3k3). 
ʇʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʥʠʞʥʝʨʠʬʝʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʪʳ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʠ ʷʨʰʘʣʠʥ-

ʩʢʦʡ ʪʦʣʱ, ʘ ʪʘʢʞʝ ʤʘʷʯʥʫʶ ʩʚʠʪʫ, ʵʥʙʝʢʰʠʥʩʢʫʶ ʠ ʢʦʩʦʙʨʦʜʩʢʫʶ ʪʦʣʱʠ ʦʨʜʦʚʠʢʘ. ɺ ʩʚʦʶ 
ʦʯʝʨʝʜʴ, ʦʥʠ ʧʦʜʚʝʨʛʥʫʪʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʬʝʣʴʜʰʧʘʪʠʟʘʮʠʠ (ʯʘɦ ʝ ï ʤʠʢʨʦʢʣʠʥʠʟʘʮʠʠ), 
ʯʘʩʪʠʯʥʦʤʫ ʨʝʦʤʦʨʬʠʟʤʫ ʠ ʤʠʛʤʘʪʠʟʘʮʠʠ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʨʳʚʘʥʠʷ ʠʭ ʠʥʪʨʫʟʠʷʤʠ ʢʦʧʠʥʩʢʦʛʦ, 
ʜʞʘʙʳʛʘʩʘʡʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʂʦʥʪʘʢʪʳ ʧʦʨʦʜ ʢʨʳʢʣʠʥʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʩ ʚʤʝʱʘʶʱʠʤʠ ʪʦʣʱʘʤʠ ʥʝʨʦʚʥʳʝ ʩ çʟʘʣʠʚʘʤʠè. ʌʦʨʤʘ ʠʭ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 
ʦʙʫʩʣʦʚʣʝʥʘ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʩʢʣʘʜʯʘʪʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. ɺʥʫʪʨʠ ʤʘʩʩʠʚʦʚ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴ-
ʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʩʝʥʦʣʠʪʦʚ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʨʠʬʝʡʩʢʠʭ ʠ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜ. ʄʠʥʝ-
ʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʠʟʦʭʠʤʠʯʝʩʢʦʛʦ ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪʚʝʯʘʶʪ ʫʩʣʦʚʠʷʤ 
ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʡ ʠ, ʚʝʨʦʷʪʥʦ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʘ ʛʣʫʙʠʥʘʭ, ʙʣʠʟ-
ʢʠʭ ʢ ʫʨʦʚʥʶ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʟʤʘ (3 000ï3 500 ʤ) ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ. 
ʉʪʨʫʢʪʫʨʳ ʙʣʘʩʪʦʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʝ (ʜʦ ʛʨʘʥʦʙʣʘʩʪʦʚʳʭ), ʙʣʘʩʪʦʢʘʪʘʢʣʘʩʪʠʯʝʩʢʠʝ, 
ʧʦʨʬʠʨʦʙʣʘʩʪʠʯʝʩʢʠʝ; ʪʝʢʩʪʫʨʳ ʩʣʘʥʮʝʚʘʪʳʝ, ʛʥʝʡʩʦʚʠʜʥʳʝ, ʧʦʣʦʩʯʘʪʳʝ. ɺ ʩʝʚʝʨʥʦʤ ʵʥʜʦʢʦʥ-
ʪʘʢʪʝ ʐʠʣʴʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʚʝʨʭʦʚʴʷ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ) ʧʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʳ ʚ 
ʙʣʘʩʪʦʪʝʢʪʦʥʠʪʳ ʠ ʜʠʘʬʪʦʨʠʨʦʚʘʥʳ ʩ ʨʘʟʚʠʪʠʝʤ ʩʣʘʥʮʝʚ ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪ-ʘʣʴʙʠʪʦʚʦʛʦ, ʵʧʠʜʦʪ-
ʘʣʴʙʠʪ-ʭʣʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʯʘʩʪʦ ʩ ʤʘʛʥʝʪʠʪʦʤ. 
ɸʧʦʛʘʙʙʨʦʚʳʝ ʘʤʬʠʙʦʣʠʪʳ ʠ ʤʝʪʘʛʘʙʙʨʦ ʧʝʨʚʦʡ ʬʘʟʳ ʨʘʟʚʠʪʳ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 

ʐʠʣʴʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʟʘʥʠʤʘʷ ʝʛʦ ʙʦʣʴʰʫʶ ʯʘʩʪʴ, ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ 
ʦʩʪʘʥʮʦʚ ʠ ʤʝʣʢʠʭ ʢʩʝʥʦʣʠʪʦʚ ʩʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ ʧʦʩʣʝʜʫʶʱʠʭ ʬʘʟ. ʇʨʝʦʙʣʘʜʘʶʪ ʤʝʟʦʢʨʘʪʦ-
ʚʳʝ ʨʘʟʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʩʠʥʝ-ʟʝʣʝʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (35ï60 %), ʧʣʘʛʠʦʢʣʘʟʘ ˉ 30ï37 
(45ï60 %); ʨʝʞʝ ï ʙʠʦʪʠʪʘ (ʜʦ 5 %), ʵʧʠʜʦʪʘ (ʠʣʠ ʮʦʠʟʠʪʘ, ʢʣʠʥʦʮʦʠʟʠʪʘ) (ʜʦ 10 %), ʢʚʘʨʮʘ (ʜʦ 
4 %). ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʦʙʳʯʥʦ ʟʘʤʝʱʘʝʪʩʷ ʙʠʦʪʠʪʦʤ, ʠʥʦʛʜʘ ʘʢʪʠʥʦʣʠʪʦʤ ʠ ʭʣʦʨʠʪʦʤ ʩ ʵʧʠʜʦ-
ʪʦʤ; ʧʣʘʛʠʦʢʣʘʟ ʧʝʨʝʧʦʣʥʝʥ ʵʧʠʜʦʪʦʤ, ʮʦʠʟʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜ-
ʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʩʬʝʥʦʤ, ʠʣʴʤʝʥʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ. ʉʪʨʫʢʪʫʨʘ ʥʝʤʘʪʦʛʨʘʥʦʙʣʘ-
ʩʪʦʚʘʷ, ʛʨʘʥʦʙʣʘʩʪʦʚʘʷ, ʙʣʘʩʪʦʛʘʙʙʨʦʚʘʷ; ʪʝʢʩʪʫʨʘ ʘʢʩʠʦʣʠʪʦʚʘʷ, ʧʦʣʦʩʯʘʪʘʷ, ʨʝʞʝ ï ʧʷʪʥʠʩʪʘʷ. 
ɻʥʝʡʩʦʜʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʛʥʝʡʩʦʜʠʦʨʠʪʳ ʚʪʦʨʦʡ ʬʘʟr ʩʣʘʛʘʶʪ ʚʦʩʪʦʯʥʫʶ ʠ ʶʞʥʫʶ ʯʘ-

ʩʪʠ ʂʨʳʢʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʗʨʰʘʣʣʠʥʩʢʠʡ ʤʘʩʩʠʚ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʨʷʜ ʤʝʣʢʠʭ ʪʝʣ ʚʥʝ ʠʭ ʧʨʝʜʝ-
ʣʦʚ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʥʠ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʣʠ ʢʘʪʘʢʣʘʟ, ʤʠʣʦʥʠʪʠʟʘʮʠʶ (ʜʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘ-
ʪʫʨʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʧʣʘʛʠʦʙʣʘʩʪʝʟʦʤ), ʤʠʛʤʘʪʠʟʘʮʠʶ, ʣʦʢʘʣʴʥʦ ʨʘʟʚʠʪʳʡ ʜʠʘʬʪʦʨʝʟ. 
ʅʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʝ ʛʥʝʡʩʦʜʠʦʨʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʘʥʜʝʟʠʥʘ  ̄30ï33 (45ï60 %), ʩʠʥʝ-ʟʝʣʝʥʦʡ 
ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (20ï40 %), ʙʠʦʪʠʪʘ (10ï12 %), ʢʚʘʨʮʘ (3ï5 %, ʜʦ 8 % ʚ ʢʚʘʨʮʝʚʳʭ ʛʥʝʡʩʦʜʠʦ-
ʨʠʪʘʭ). ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʮʦʠʟʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ, ʢʘʨʙʦ-
ʥʘʪʦʤ; ʘʢʮʝʩʩʦʨʥʳʝ ï ʤʘʛʥʝʪʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜ ʙʣʘʩʪʦʛʠʧʠʜʠʦʤʦʨʬ-
ʥʦʟʝʨʥʠʩʪʘʷ (ʜʦ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ), ʪʝʢʩʪʫʨʘ ʛʥʝʡʩʦʚʠʜʥʘʷ, ʧʦʣʦʩʯʘʪʘʷ. ɼʦʣʷ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠ-
ʪʦʚ ʠ ʪʦʥʘʣʠʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʕʪʠ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʢʨʫʧʥʳʝ ʢʩʝʥʦʣʠʪʳ ʠ ʮʝʣʳʝ ʧʦʣʷ (ʧʨʦʚʝ-
ʩʳ ʢʨʦʚʣʠ) ʩʠʣʣʠʤʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ ʷʨʰʘʣʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʘʤʬʠʙʦʣʠʟʠʨʦ-
ʚʘʥʥʳʭ ʵʥʙʝʢʰʠʥʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ, ʧʨʦʨʳʚʘʶʪʩʷ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʜʞʘʙʳʛʘʩʘʡ-
ʩʢʦʛʦ ʠ ʜʞʘʙʳʢʩʢʦ-ʩʘʥʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. 
ɻʥʝʡʩʦʪʦʥʘʣʠʪʳ ʩʣʘʛʘʶʪ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʐʠʣʴʜʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʥʝʙʦʣʴʰʠʝ ʪʝʣʘ ʚ 

ʦʩʪʘʣʴʥʳʭ ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʭ ʧʣʫʪʦʥʘʭ. ʅʘʠʤʝʥʝʝ ʠʟʤʝʥʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦ-
ʢʣʘʟʘ  ̄27ï30 (50ï62 %), ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (16ï20 %), ʙʠʦʪʠʪʘ (12ï18 %), ʢʚʘʨʮʘ (15ï22 %). 
ɸʢʮʝʩʩʦʨʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʤʝʪʘʤʦʨ-
ʬʠʯʝʩʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʤʝʨʥʦ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʢʚʘʨʮʝʚʳʭ ʛʥʝʡʩʦʜʠʦʨʠʪʘʭ. ɺ ʚʝʨʭʦʚʴʷʭ 
ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʵʪʠ ʧʦʨʦʜʳ ʧʨʝʚʨʘʱʝʥʳ ʚ ʙʣʘʩʪʦʤʠʣʦʥʠʪʳ, ʙʣʘʩʪʦʢʘʪʘʢʣʘʟʠʪʳ, ʥʝʨʘʚʥʦʤʝʨʥʦ 
ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʝ, ʛʨʘʥʠʪʠʟʠʨʦʚʘʥʥʳʝ ʠ ʜʠʘʬʪʦʨʠʨʦʚʘʥʥʳʝ, ʟʘʯʘʩʪʫʶ ʩ ʧʦʣʥʦʡ ʧʦʪʝʨʝʡ ʧʝʨ-
ʚʠʯʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʩʭʦʜʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʪʝʢʩʪʫʨʳ. 
ɻʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ʩʣʘʛʘʶʪ ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ʗʨʰʘʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʕʪʦ 

ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʣʠʥʟʦʚʠʜʥʦ-ʧʦʣʦʩʯʘʪʳʝ ʧʦʨʦʜʳ ʩʚʝʪʣʦ-ʩʝʨʦʛʦ ʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʩ ʛʨʘ-
ʥʦʙʣʘʩʪʦʚʦʡ, ʙʣʘʩʪʦʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ, ʙʣʘʩʪʦʢʘʪʘʢʣʘʩʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɻʣʘʚʥʳʝ 
ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʤ (45ï65 %), ʢʚʘʨʮʝʤ (23ï36 %), ʙʠʦʪʠʪʦʤ (5ï10 %, ʨʝʜʢʦ 
ʜʦ 22 %), ʤʠʢʨʦʢʣʠʥʦʤ (2ï8 %); ʘʢʮʝʩʩʦʨʥʳʝ ï ʮʠʨʢʦʥʦʤ, ʘʧʘʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʨʫʪʠʣʦʤ. 
ʇʣʘʛʠʦʢʣʘʟ (ˉ 25ï28), ʯʘʩʪʦ ʨʘʟʜʨʦʙʣʝʥ, ʛʨʘʥʫʣʠʨʦʚʘʥ ʠ ʟʘʤʝʱʘʝʪʩʷ ʘʛʨʝʛʘʪʘʤʠ ʢʚʘʨʮʘ ʠ ʤʠʢ-
ʨʦʢʣʠʥʘ. ɺ ʵʢʟʦʢʦʥʪʘʢʪʘʭ ʨʘʥʥʝʧʝʨʤʩʢʠʭ ʢʠʩʣʳʭ ʠʥʪʨʫʟʠʡ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʳ ʦʙʳʯʥʦ ʠʤʝ-
ʶʪ ʥʝʦʜʥʦʨʦʜʥʦʝ ʧʦʣʦʩʯʘʪʦʝ ʩʪʨʦʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʨʦʮʝʩʩʘʤʠ ʨʝʦʤʦʨʬʠʟʤʘ ʠ ʧʦʷʚʣʝʥʠʝʤ 
ʠʥ̡ʝʢʪʠʚʥʦʛʦ ʣʝʡʢʦʛʨʘʥʠʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ɺʥʫʪʨʠ ʤʘʩʩʠʚʦʚ ʢʦʤʧʣʝʢʩʘ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʨʘ-

ʤ  rï ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ, ʧʦʣʝʚʦʰʧʘʪ-ʙʠʦʪʠʪʦʚʳʭ ʩʣʘʥʮʝʚ. ɺʥʝʰʥʠʝ ʛʨʘʥʠʮʳ ʤʘʩʩʠʚʦʚ, ʢʘʢ ʠ 
ʛʨʘʥʠʮʳ ʩ ʢʩʝʥʦʣʠʪʘʤʠ, ʯʘʩʪʦ ʚʝʩʴʤʘ ʫʩʣʦʚʥʳʝ. ʇʦʵʪʦʤʫ ʚ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʠʥʪʨʫʟʠʠ ʢʦʤ-
ʧʣʝʢʩʘ ʩʨʝʜʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʪʦʣʱ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʳʜʝʣʷʶʪʩʷ. 
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ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʢʨʳʢʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʢʘʟʳʚʘʶʪ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʘ-
ʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʤʫ ʨʷʜʫ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ ʚʟʘʠʤʦʦʪ-
ʥʦʰʝʥʠʡ ʩ ʚʤʝʱʘʶʱʠʤʠ ʩʪʨʘʪʦʥʘʤʠ ʠ ʧʨʦʨʳʚʘʶʱʠʤʠ ʠʥʪʨʫʟʠʷʤʠ ʚʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ʩ ʥʝʢʦ-
ʪʦʨʦʡ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʧʨʠʥʷʪ ʢʘʢ ʧʦʟʜʥʝʦʨʜʦʚʠʢʩʢʠʡ. 
ʂʦʧʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʛʥʝʡʩʦʛʨʘʥʠʪʦʚʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʂʦʧʝʡʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ ʧʦʜ-

ʟʦʥʝ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ, ʛʜʝ ʩʣʘʛʘʝʪ ʧʦʷʩ ʥʝʙʦʣʴʰʠʭ ʠ ʚʥʝʤʘʩʰʪʘʙʥʳʭ (ʥʝ ʧʦʢʘʟʘʥ-
ʥʳʭ ʥʘ ʢʘʨʪʝ) ʪʝʣ, ʧʨʦʪʷʛʠʚʘʶʱʠʡʩʷ ʦʪ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʣʠʩʪʘ ʚʜʦʣʴ ʶʞʥʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ 
ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ ʜʦ ʝʝ ʚʝʨʭʦʚʴʝʚ. 
ʇʨʝʜʩʪʘʚʣʝʥ ʢʦʤʧʣʝʢʩ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ "iþöM1kp), ʦʪʜʝʣʴʥʳʝ ʪʝʣʘ ʩʣʦʞʝʥʳ ʛʥʝʡʩʦʪʦ-

ʥʘʣʠʪʘʤʠ "iþûöM1kp) ʩʨʝʜʠ ʤʝʣʢʠʭ ʚʥʝʤʘʩʰʪʘʙʥʳʭ ʪʝʣ ʚʩʪʨʝʯʘʶʪʩʷ ʛʥʝʡʩʦʛʨʘʥʠʪʳ (ʥʘ ʢʘʨʪʘʭ ʥʝ 
ʧʦʢʘʟʘʥʳ). 
ɻʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʳ ï ʩʝʨʳʝ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʨʝʞʝ ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʦ-

ʨʦʜʳ, ʥʝʨʝʜʢʦ ʧʦʣʦʩʯʘʪʳʝ, ʩʣʘʙʦʩʣʘʥʮʝʚʘʪʳʝ ʩ ʮʚʝʪʦʚʳʤ ʠʥʜʝʢʩʦʤ 5ï8 %. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦ-
ʩʪʘʚ: ʦʣʠʛʦʢʣʘʟ (  ̄25ï27) ï 40ï70 %, ʢʚʘʨʮ ï 20ï30 %, ʙʠʦʪʠʪ ï 3ï8 %, ʤʠʢʨʦʢʣʠʥ ï 0ï15 %; 
ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʩʬʝʥʦʤ, ʤʘʛʥʝʪʠʪʦʤ, ʵʧʠʜʦʪʦʤ. ɺ 
ʪʝʥʝʚʳʭ (ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ) ʨʘʟʥʦʩʪʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʠʦʪʠʪʘ (ʜʦ 22 %), ʠʥʦʛʜʘ 
ʧʦʷʚʣʷʝʪʩʷ ʩʠʥʝ-ʟʝʣʝʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (ʜʦ 12 %), ʚ ʟʥʘʯʠʪʝʣʥɹʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 
ʩʬʝʥ. 
ɻʥʝʡʩʦʧʘʣʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʚʘʨʮʘ ʠ ʙʦʣʴ-

ʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʪʝʤʥʦʮʚʝʪʦʚ ʠ ʯʘʩʪʦ ʬʘʮʠʘʣʴʥʦ ʟʘʤʝʱʘʶʪʩʷ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ. 
ɻʥʝʡʩʦʛʨʘʥʠʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʛʨʘʥʠʯʝʥʥʦ, ʩʣʘʛʘʶʪ ʤʘʣʦʤʦʱʥʳʝ ʜʘʡʢʠ ʠ ʦʪ ʚʳʰʝʦʧʠ-

ʩʘʥʥʳʭ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʦʪʣʠʯʘʶʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʭ ʩʪʨʫʢʪʫʨ, 
ʤʝʥʴʰʠʤ ʨʘʟʚʠʪʠʝʤ ʛʥʝʡʩʦʚʠʜʥʳʭ ʪʝʢʩʪʫʨ, ʙʦʣʝʝ ʣʝʡʢʦʢʨʘʪʦʚʳʤ ʩʦʩʪʘʚʦʤ (ʙʠʦʪʠʪ ï 4ï8 %) ʠ 
ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʠʢʨʦʢʣʠʥʘ (ʦʪ 17 ʜʦ 28 %). 
ʉʨʝʜʠ ʧʣʘʛʠʦʤʠʛʤʘʪʠʪʦʚ ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʬʠʨʦʙʣʘʩʪʠʯʝʩʢʠʡ, ʦʯʢʦʚʳʡ ʠ ʣʠʥʟʦʚʠʜʥʳʡ ʧʦʜ-

ʪʠʧʳ. ɺ ʢʩʝʥʦʣʠʪʘʭ ʛʥʝʡʩʦʚ ʠ ʘʤʬʠʙʦʣʠʪʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʣʦʝʚʳʝ ʤʠʛʤʘʪʠʪʳ, ʨʝʞʝ ʚʩʪʨʝʯʘʶʪ-
ʩʷ ʪʝʥʝʚʳʝ ʤʠʛʤʘʪʠʪʳ ʠ ʘʨʪʝʨʠʪʳ. ʃʝʡʢʦʩʦʤʘ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʠʦʪʠʪʦʚʳʤʠ ʧʣʘʛʠʦʛʨʘʥʠ-
ʪʘʤʠ ʥʝʧʦʩʪʦʷʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʤʠ ʠʥʦʛʜʘ ʜʦ 15 % ʤʠʢʨʦʢʣʠʥʘ; ʯʘʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʷʚʥʦ 
ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʦʟʞʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʥʦʡ ʢʘʣʠʰʧʘʪʠʟʘʮʠʠ. ʇʣʘʛʠʦʢʣʘʟ ʧʨʝʜʩʪʘʚʣʝʥ ʦʣʠʛʦ-
ʢʣʘʟʦʤ (ˉ 24ï26), ʘ ʚ ʟʦʥʘʭ ʜʠʘʬʪʦʨʝʟʘ ï ʘʣɹʙʠʪʦʤ (ˉ 2ï6). 
ɻʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʘʩʩʦʮʠʠʨʫʶʱʠʝ ʩ ʤʠʛʤʘʪʠʪʘʤʠ, ʩʣʘʛʘʶʪ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ, ʨʝʞʝ 

ʫʧʣʦʱʝʥʥʳʝ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʤʦʱʥʦʩʪʴʶ ʦʪ ʜʝʮʠʤʝʪʨʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʤʝʪʨʦʚ. ʂʦʥ-
ʪʘʢʪʳ ʵʪʠʭ ʪʝʣ ʦʙʳʯʥʦ ʩʦʛʣʘʩʥʳʝ, ʨʝʜʢʦ ï ʩʣʘʙʦʩʝʢʫʱʠʝ. ʄʝʞʜʫ ʥʠʤʠ ʠ ʤʠʛʤʘʪʠʪʘʤʠ ʥʘʙʣʶ-
ʜʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʯʝʨʝʟ ʪʝʥʝʚʳʝ ʛʥʝʡʩʦʛʨʘʥʠʪʳ ʠ ʤʠʛʤʘʪʠʪʳ. ɺ ʭʠʤʠʯʝʩʢʠʭ ʩʦ-
ʩʪʘʚʘʭ ʧʦʨʦʜ ʥʘʙʣʶʜʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʢʨʝʤʥʝʟʝʤʘ, ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ ʠ 
ʱʝʣʦʯʝʡ, ʦʩʦʙʝʥʥʦ ʢʘʣʠʷ. ɺ ʮʝʣʦʤ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʠʩʣʳʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʨʷʜʘ ʢʘ-
ʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʡ ʩʝʨʠʠ [113]. 
ʇʦʨʦʜʳ ʢʦʧʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʝʨʦʷʪʥʦ, ʨʘʟʚʠʚʘʶʪʩʷ ʧʦ ʤʝʪʘʤʦʨʬʠʪʘʤ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʠ 

ʢʦʩʦʙʨʦʜʩʢʦʡ ʪʦʣʱ, ʘ ʪʘʢʞʝ ʢʨʳʢʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʥʠ ʧʨʦʨʳʚʘʶʪʩʷ ʛʨʘʥʠ-
ʪʦʠʜʘʤʠ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺʨʝʤʷ ʦʙʨʘʟʦʚʘʥʠʷ ʮʠʨʢʦʥʦʚ (ʧʦ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʘʤ 
ʩʚʠʥʮʘ) ʚ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʘʭ, ʨʘʟʚʠʪʳʭ ʚ ʜʦʣʠʥʝ ʨ. ʋʨʫʩ-ʂʠʩʢʝʥ, ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 
412 ʜʦ 430 ʤʣʥ ʣʝʪ [2, 58]. ɺ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʝ ʢʦʤʧʣʝʢʩ ʦʪʥʝʩʝʥ ʢ ʨʘʥʥʝʤʫ ʩʠʣʫʨʫ, ʯʪʦ, ʚʧʨʦ-
ʯʝʤ, ʥʝ ʠʩʢʣʶʯʘʝʪ ʠ ʝʛʦ ʙʦʣʝʝ ʤʦʣʦʜʦʡ, ʧʦʟʜʥʝʩʠʣʫʨʠʡʩʢʠʡ ʚʦʟʨʘʩʪ. 

ɼɽɺʆʅʉʂʆïʈɸʅʅɽʂɸʄɽʅʅʆʋɻʆʃʔʅʓɽ ʀʅʊʈʋɿʀɺʅʓɽ ʆɹʈɸɿʆɺɸʅʀʗ 

ɹʨʠʝʥʪʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ "é>1br) ʧʨʝʜʩʪʘʚʣʝʥ ɾʫʣʴʜʳʙʘʡʩʢʠʤ ʤʘʩ-
ʩʠʚʦʤ ʠ ʨʷʜʦʤ ʥʝʙʦʣʴʰʠʭ ʙʝʟʳʤʷʥʥʳʭ ʤʘʩʩʠʚʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ɻʫʤʙʝʡʩʢʦʡ ʠ ʋʡʩʢʦ-
ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʘʭ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ɾʫʣʴʜʳʙʘʡʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨ. ʉʫʫʥʜʫʢ, ʟʘʧʘʜʥʝʝ ʧʦʩ. ʂʫʩʝʤ; ʧʨʠ-

ʫʨʦʯʝʥ ʢ ʢʨʫʧʥʦʤʫ ʨʘʟʨʳʚʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʯʝʤ ʠ ʦʙʫʩʣʦʚ-
ʣʝʥʘ ʝʛʦ ʞʠʣʦʦʙʨʘʟʥʘʷ ʬʦʨʤʘ. ɼʣʠʥʘ ʤʘʩʩʠʚʘ ʦʢʦʣʦ 19 ʢʤ, ʰʠʨʠʥʘ ï ʜʦ 3 ʢʤ. ʆʥ ʩʣʦʞʝʥ ʪʠ-
ʧʠʯʥʳʤʠ ʘʧʦʛʘʨʮʙʫʨʛʠʪʦʚʳʤʠ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ ʩ ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ 
ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʢʨʫʧʥʳʭ ʧʣʘʩʪʠʥʦʢ ʙʘʩʪʠʪʘ. ʄʠʢʨʦʪʝʢʩʪʫʨʘ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʚ ʩʣʘʙʦ 
ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʘʭ ʤʘʩʩʠʚʘ ʧʝʪʝʣʴʯʘʪʘʷ, ʚ ʠʥʪʝʥʩʠʚʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ï ʣʠʩʪʦʚʘʪʘʷ, 
ʧʦʣʦʩʯʘʪʘʷ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʧʦʨʦʜʳ ʩʣʦʞʝʥʳ ʭʨʠʟʦʪʠʣʦʤ, ʚʦ ʚʪʦʨʦʤ ï ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʥʪʠ-
ʛʦʨʠʪʦʤ. ɹʘʩʪʠʪ ʦʙʨʘʟʫʝʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʨʦʤʙʠʯʝʩʢʦʤʫ ʧʠʨʦʢʩʝʥʫ, ʨʝʣʠʢʪʳ ʢʦʪʦʨʦʛʦ ʠʥʦ-
ʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʮʝʥʪʨʝ ʟʝʨʝʥ. ɺ ʜʨʫʛʠʭ ʤʘʩʩʠʚʘʭ ʙʨʠʝʥʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʠ ʘʧʦ-
ʜʫʥʠʪʦʚʳʝ, ʨʝʞʝ ï ʘʧʦʣʝʨʮʦʣʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ. ʇʦ ʫʩʣʦʚʠʷʤ ʤʘʩʰʪʘʙʘ ʢʦʤʧʣʝʢʩ 
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ʠʥʜʝʢʩʠʨʫʝʪʩʷ ʥʘ ʢʘʨʪʝ ʟʥʘʢʦʤ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚ. 
ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʧʦʨʦʜ ʙʨʠʝʥʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʦʢʨʫʞʘʶʱʠʤʠ ʜʝʚʦʥʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷ-

ʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʝ. ʉʝʨʧʝʥʪʠʥʠʪʳ ʫ ʢʦʥʪʘʢʪʦʚ ʨʘʩʩʣʘʥʮʦʚʘʥʳ, ʥʝʨʝʜʢʦ ʧʨʝʚʨʘʱʝʥʳ ʚ ʪʘʣʴʢʦ-
ʚʳʝ, ʭʣʦʨʠʪ-ʪʘʣʴʢʦʚʳʝ, ʘʥʪʦʬʠʣʣʠʪ-ʪʘʣʴʢʦʚʳʝ ʩʣʘʥʮʳ; ʩʤʝʞʥʳʝ ʧʦʨʦʜʳ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʳ, 
ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʳ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʳ. ɺ ʫʣʴʪʨʘʤʘʬʠʪʘʭ ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʶʪʩʷ ʜʘʡʢʠ ʠ ʤʝʣ-
ʢʠʝ ʩʫʙʠʟʦʤʝʪʨʠʯʥʳʝ ʪʝʣʘ ʛʘʙʙʨʦ, ʜʠʦʨʠʪʦʚ, ʛʨʘʥʠʪʦʚ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʧʝʪʨʦʧʘʚʣʦʚ-
ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʣʦʱʘʜʠ ʧʦʨʦʜʳ ʙʨʠʝʥʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʚʘʥʳ ʪʝʣʘʤʠ 
ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʭ ʩʘʭʘʨʠʥʩʢʦʛʦ ʠ ʚʝʨʭʥʝʫʨʘʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. ʊʘʤ ʞʝ (ʣʠʩʪ N-40-XXXVI) 
ʫʩʪʘʥʦʚʣʝʥʘ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʩ ʪʦʣʝʠʪʦʚʳʤʠ ʙʘʟʘʣʴʪʘʤʠ ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʳ ʥʠʞʥʝ-
ʛʦ ʜʝʚʦʥʘ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʦʙʘ ʵʪʠ ʪʘʢʩʦʥʘ ʦʙʲʝʜʠʥʝʥʳ ʚ çʙʨʠʝʥʪʩʢʫʶ ʦʬʠʦʣʠʪʦʚʫʶ ʘʩʩʦʮʠ-
ʘʮʠʶè, ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʘʨʘʤʝʪʨʦʚ ʦʪʚʝʯʘʶʱʫʶ ʟʘʜʫʛʦʚʳʤ ʩʧʨʝʜʠʥʛʦʚʳʤ ʙʘʩʩʝʡʥʘʤ. ʅʘ ʵʪʦʤ 
ʦʩʥʦʚʘʥʠʠ ʧʨʠʥʷʪ ʨʘʥʥʝʜʝʚʦʥʩʢʠʡ ʚʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ. 
ʂʠʝʤʙʘʝʚʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ "Ąú>1km) ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʜʚʫʤʷ ʥʝ-
ʙʦʣʴʰʠʤʠ ʪʝʣʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʘʟʣʦʤʘʤ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʫ ʶʞʥʦʡ ʨʘʤ-
ʢʠ ʣʠʩʪʘ, ʶʞʥʝʝ ʂʘʨʘʙʫʪʘʢʩʢʦʛʦ ʤʘʩʩʠʚʘ. ɻʘʙʙʨʦʜʦʣʝʨʠʪʳ ʧʨʦʨʳʚʘʶʪ ʦʪʣʦʞʝʥʠʷ ʪʶʣʴʢʫʙʘʡ-
ʩʢʦʡ ʪʦʣʱʠ. ɺ ʟʦʥʝ ʢʦʥʪʘʢʪʘ ʩ ʂʘʨʘʙʫʪʘʢʩʢʠʤ ʤʘʩʩʠʚʦʤ ʦʥʠ ʦʨʦʛʦʚʠʢʦʚʘʥʳ. 
ʈʘʥʥʝʜʝʚʦʥʩʢʠʡ ʚʦʟʨʘʩʪ ʢʠʝʤʙʘʝʚʩʢʠʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʚʦʟ-

ʨʘʩʪʫ ʢʦʤʘʛʤʘʪʠʯʥʳʭ ʵʬʬʫʟʠʚʦʚ ʦʜʥʦʠʤʝʥʥʦʡ ʩʚʠʪʳ. 
ɸʣʝʢʩʘʥʜʨʠʥʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤʠ (ʜʦ 1,5ï

2,0 ʢʤ) ʩʠʣʘʤʠ, ʰʪʦʢʘʤʠ ʠ ʜʘʡʢʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ "Ąú>2al), ʘʥʜʝʟʠʪʦʚ "Í>2al), ʜʘʮʠʪʦʚ "Đ>2al) 
ʠ ʪʨʘʭʠʨʠʦʣʠʪʦʚ "ĊĂ>2al). ʈʘʩʧʨʦʩʪʨʘʥʝʥʳ ʦʥʠ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʠ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚ-
ʩʢʦʡ ʧʦʜʟʦʥʘʭ, ʥʘ ʪʝʭ ʞʝ ʧʣʦʱʘʜʷʭ, ʯʪʦ ʠ ʢʦʤʘʛʤʘʪʠʯʥʘʷ ʠʤ ʦʜʥʦʠʤʝʥʥʘʷ ʩʚʠʪʘ. ʅʘ ʛʝʦʣʦʛʠʯʝ-
ʩʢʠʭ ʢʘʨʪʘʭ ʚʳʥʝʩʝʥʳ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ. ɸʣʝʢʩʘʥʜʨʠʥʩʢʠʝ ʩʫʙʚʫʣʢʘ-
ʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʨʳʚʘʶʪ ʚʫʣʢʘʥʠʪʳ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ. ɼʦʚʦʣʴʥʦ ʢʨʫʧʥʳʝ ʢʩʝʥʦʣʠ-
ʪ rʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ ʩʦʜʝʨʞʘʪʩʷ ʚ ʠʥʪʨʫʟʠʷʭ ʪʝʨʝʥʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ 
ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʵʬʬʫʟʠʚʦʚ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. 
ʉʨʝʜʥʝʜʝʚʦʥʩʢʠʡ (ʵʡʬʝʣʴʩʢʠʡ) ʚʦʟʨʘʩʪ ʘʣʝʢʩʘʥʜʨʠʥʩʢʠʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʧʨʠʥʷʪ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʩʚʠʪʦʡ. 
ʊʝʨʝʥʩʘʡʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʦʜʥʦʠʤʝʥʥʳʤ ʤʘʩʩʠʚʦʤ 

(ʧʝʪʨʦʪʠʧ ʢʦʤʧʣʝʢʩʘ), ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʚ ʜʦʣʠʥʝ ʨ. ɼʞʫʩʘ ʟʘʧʘʜʥʝʝ ʧʦʩ. ʊʝʨʝʥʩʘʡ ʚ ʧʨʝʜʝʣʘʭ 
ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʳ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. ʅʝʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʧʦʨʦʜ 
ʢʦʤʧʣʝʢʩʘ ʦʪʤʝʯʝʥʳ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʫʤʫʩ-ʊʶʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʥʘ ʧʣʦʱʘʜʠ 
ʧʦʜʟʦʥʳ ʦʪʤʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʪʝʣʘ ʠ ʜʘʡʢʠ ʢʦʤʧʣʝʢʩʘ, ʧʦʩʣʝʜʥʠʝ ʥʘ ʢʘʨʪʘʭ ʥʝ ʧʦʢʘʟʘʥʳ. 
ʂʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʤʦʜʨʦʤʥʳʤ ʨʷʜʦʤ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ, ʩʦʩʪʦʷʱʠʤ ʠʟ ʛʘʙʙʨʦ, ʛʘʙʙ-

ʨʦʜʠʦʨʠʪʦʚ, ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʛʘʙʙʨʦ, ʜʠʦʨʠʪʦʚ, ʤʦʥʮʦʜʠʦʨʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʦʚ, 
ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ, ʪʦʥʘʣʠʪʦʚ, ʢʚʘʨʮʝʚʳʭ ʩʠʝʥʠʪʦʚ ʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ. ʄʝʞʜʫ ʧʝʨʝʯʠʩʣʝʥʥʳ-
ʤʠ ʧʦʨʦʜʘʤʠ ʦʪʤʝʯʘʶʪʩʷ ʬʘʮʠʘʣʴʥʳʝ ʧʝʨʝʭʦʜʳ. ʂʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ. ʈʘʩʯʣʝʥʝʥʠʝ ʝʛʦ ʥʘ 
ʬʘʟʳ ʥʝ ʚʳʟʳʚʘʝʪ ʟʘʪʨʫʜʥʝʥʠʷ, ʥʦ ʚʳʜʝʣʠʪʴ ʚ ʧʨʝʜʝʣʘʭ ʬʘʟ ʚʩʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʦʨʦʜ ʥʝʚʦʟʤʦʞ-
ʥʦ. ʅʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʚʳʜʝʣʷʶʪʩʷ ʧʣʦʱʘʜʠ ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʩʦʩʪʘʚʘʤʠ ʧʦʨʦʜ ʠʣʠ ʠʭ 
ʩʦʯʝʪʘʥʠʷʤʠ ʩ ʬʘʮʠʘʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ. ʊʘʢ ʩʨʝʜʠ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟ rʚʳʜʝ-
ʣʷʶʪʩʷ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʝ ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (üĄ-Ą>2t1), ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʝ ʛʘʙ-
ʙʨʦ ʠ ʛʘʙʙʨʦʜʠʦʨʠʪʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (üĄ-Ąû>2t1), ʤʦʥʮʦʜʠʦʨʠʪʳ ʠ ʜʠʦʨʠʪʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ 
"ăû-û>2t1); ʩʨʝʜʠ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ ï ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ (qû>2t2), ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ 
(qă>2t2), ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʠ ʪʦʥʘʣʠʪʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (qă-iþû>2t2), ʢʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪʳ ʠ ʧʣʘ-
ʛʠʦʛʨʘʥʠʪʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ (qĎ-iþ>2t2). 
ʊʝʨʝʥʩʘʡʩʢʠʡ ʤʘʩʩʠʚ (ʧʝʪʨʦʪʠʧ ʢʦʤʧʣʝʢʩʘ) ʦʙʲʝʜʠʥʷʝʪ ʜʚʘ ʩʙʣʠʞʝʥʥʳʭ ʪʝʣʘ, ʷʚʣʷʶʱʠʝʩʷ 

(ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ) ʚʳʩʪʫʧʘʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʠʥʪʨʫʟʠʠ. ɺ ʨʘʟʨʝʟʝ ʦʥʠ ʠʤʝʶʪ ʬʦʨʤʫ 
ʫʧʣʦʱʝʥʥʳʭ ʣʦʧʦʣʠʪʦʚ, ʧʝʨʝʭʦʜʷʱʠʭ ʚ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʟʘʣʝʞʠ, ʦʩʣʦʞʥʝʥʥʳʝ ʠʟʛʠʙʘʤʠ, ʧʝʨʝ-
ʞʠʤʘʤʠ, ʨʘʟʜʫʚʘʤʠ ʠ ʩʢʣʘʜʯʘʪʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. 
ɸʩʩʦʮʠʘʮʠʷ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ (ʛʘʙʙʨʦʠʜʳ, ʜʠʦʨʠʪʳ, ʨʝʞʝ ï ʤʦʥʮʦʥʠʪʳ) ʥʘ ʢʘʨʪʦʛʨʘʬʠʯʝ-

ʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʚʠʪʘ ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʠʭ ʤʘʩʩʘ ʩʢʦʥ-
ʮʝʥʪʨʠʨʦʚʘʥʘ ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʚʥʳʭ ʟʘʣʝʞʝʡ ʠ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʠʭ ʤʦʱʥʦʩʪʝʡ (ʩʫʜʷ 
ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ) ʚ ʣʦʢʘʣʴʥʳʭ ʫʛʣʫʙʣʝʥʠʷʭ ʧʦʜʦʰʚʳ, ʪʷʛʦʪʝʶʱʠʭ ʢ ʫʟʣʘʤ ʧʝʨʝʩʝʯʝ-
ʥʠʡ ʨʘʟʣʦʤʦʚ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 
ʇʦʨʦʜʳ ʚʪʦʨʦʡ ʬʘʟʳ ï ʥʝʨʘʩʯʣʝʥʷʝʤʳʝ ʚ ʤʘʩʰʪʘʙʝ ʢʘʨʪʳ ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ. ʢʚʘʨʮʝʚʳʝ 

ʜʠʦʨʠʪʳ ʠ ʪʦʥʘʣʠʪʳ ʟʘʥʠʤʘʶʪ ʧʦʯʪʠ ʚʩʶ ʧʣʦʱʘʜʴ ʤʘʩʩʠʚʘ. ɺ ʩʘʤʳʭ ʚʝʨʭʘʭ ʟʘʣʝʞʝʡ ʥʘʨʷʜʫ ʩ 
ʢʚʘʨʮʝʚʳʤʠ ʩʠʝʥʠʪʘʤʠ ʧʦʷʚʣʷʶʪʩʷ ʫʯʘʩʪʢʠ, ʩʣʦʞʝʥʥʳʝ ʘʣʴʙʠʪʦʚʳʤʠ ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ. ɺ 
ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʤʘʩʩʠʚʘ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʙʨʝʢʯʠʠ, ʚ ʢʦʪʦʨʳʭ ʦʙʣʦʤʢʠ ʙʦʣʝʝ ʦʩ-
ʥʦʚʥʳʭ ʧʦʨʦʜ (ʧʝʨʚʦʡ ʬʘʟʳ) çʩʮʝʤʝʥʪʠʨʦʚʘʥʳè ʢʠʩʣʳʤʠ ʨʘʟʥʦʩʪʷʤʠ. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ï 
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ʚʫʣʢʘʥʠʪʳ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʠ (ʚ ʚʦʩʪʦʯʥʦʤ ʵʢʟʦʢʦʥʪʘʢʪʝ ʩʝʚʝʨʥʦʛʦ ʪʝʣʘ) ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱ 
ʵʡʬʝʣʷ ʦʨʦʛʦʚʠʢʦʚʘʥʳ, ʜʘʮʠʪʳ ʠʥʦʛʜʘ ʧʨʝʚʨʘʱʝʥʳ ʚ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʫʯʘʩʪʢʘʤʠ 
ʬʠʢʩʠʨʫʶʪʩʷ ʢʚʘʨʮ-ʩʝʨʠʮʠʪʦʚʳʝ, ʩʝʨʠʮʠʪ-ʢʚʘʨʮʝʚʳʝ ʠ ʢʚʘʨʮʝʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ. ʊʝʨʝʥʩʘʡʩʢʠʡ 
ʤʘʩʩʠʚ ʧʨʦʥʠʟʘʥ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʤʝʣʢʠʤʠ ʜʘʡʢʘʤʠ ʜʦʣʝʨʠʪʦʚ ʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ, ʚʝʨʦʷʪʥʦ, 
ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʦʧʘʣʦʚʩʢʠʤ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. 
ɻʘʙʙʨʦ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʝ ʛʘʙʙʨʦ ʤʘʩʩʠʚʘ ʠʤʝʝʪ ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ: ʦʪ ʤʝʣʘʥʦʢʨʘʪʦʚʦʛʦ 

ʜʦ ʣʝʡʢʦʢʨʘʪʦʚʦʛʦ ʠ ʦʪ ʧʠʨʦʢʩʝʥʦʚʦʛʦ ʜʦ ʘʤʬʠʙʦʣ-ʧʠʨʦʢʩʝʥʦʚʦʛʦ. ɺ ʝʛʦ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ: 
ʧʣʘʛʠʦʢʣʘʟ, ʧʦʣʥʦʩʪʴʶ ʨʘʟʣʦʞʝʥʥʳʡ (50ï60 %), ʧʠʨʦʢʩʝʥ, ʚʩʝʛʜʘ ʫʨʘʣʠʪʠʟʠʨʦʚʘʥʥʳʡ (40ï
50 %), ʨʝʞʝ ʧʦʷʚʣʷʝʪʩʷ ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ (0ï15 %). ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʧʘʪʠʪʦʤ, ʩʬʝʥʦʤ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ; ʚʪʦʨʠʯʥʳʝ ï ʫʨʘʣʠʪʦʤ, ʘʣʴʙʠʪʦʤ, ʙʠʦʪʠ-
ʪʦʤ, ʵʧʠʜʦʪʦʤ, ʮʦʠʟʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʣʝʡʢʦʢʩʝʥʦʤ. ʇʣʘʛʠʦʢʣʘʟ ʟʘʤʝʱʘʝʪʩʷ ʘʛʨʝʛʘ-
ʪʦʤ ʘʣʴʙʠʪʘ (An=10 %) ʠ ʵʧʠʜʦʪʘ ʠʣʠ ʦʣʠʛʦʢʣʘʟʘ (An=12ï13 %) ʠ ʮʝʥʟʠʪʘ. ʉʪʨʫʢʪʫʨʘ ʯʘʱʝ 
ʛʘʙʙʨʦʦʬʠʪʦʚʘʷ ʜʦ ʛʘʙʙʨʦʚʦʡ, ʪʝʢʩʪʫʨʘ ʦʪ ʦʜʥʦʨʦʜʥʦʡ ʜʦ ʧʷʪʥʠʩʪʦʡ. ʅʝʦʜʥʦʨʦʜʥʦʝ ʩʪʨʦʝʥʠʝ 
ʛʘʙʙʨʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝʤ ʚ ʥʝʤ ʫʯʘʩʪʢʦʚ ʣʝʡʢʦʢʨʘʪʠʟʘʮʠʠ ï ʟʘʤʝʱʝʥʠʷ ʮʚʝʪʥʳʭ ʤʠʥʝ-
ʨʘʣʦʚ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʘ ʚ ʚʝʨʭʘʭ ʠʭ ʟʘʣʝʞʝʡ ʠ ʱʝʣʦʯʥʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ. 
ɼʠʦʨʠʪʳ ʠ ʤʦʥʮʦʜʠʦʨʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ (50ï55 %), ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (30ï40 %), 

ʱʝʣʦʯʥʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (0ï10 %) ʠ ʢʚʘʨʮʘ (3ï10 %). ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʩʬʝʥʦʤ ʠ ʘʧʘʪʠʪʦʤ; ʚʪʦʨʠʯʥʳʝ ï ʘʣʴʙʠʪʦʤ, ʙʠʦʪʠʪʦʤ, ʫʨʘʣʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʭʣʦʨʠʪʦʤ ʠ ʩʝʨʠʮʠ-
ʪʦʤ. ʉʪʨʫʢʪʫʨʘ ʛʠʧʠʜʠʦʧʦʨʬʠʨʦʟʝʨʥʠʩʪʘʷ ʜʦ ʩʫʙʦʬʠʪʦʚʦʡ, ʪʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʧʷʪʥʠʩʪʘʷ, 
ʧʦʣʦʩʘʪʘʷ. ʇʣʘʛʠʦʢʣʘʟ ʟʘʤʝʱʝʥ ʘʛʨʝʛʘʪʦʤ ʘʣʴʙʠʪʘ (An=2ï3 %), ʵʧʠʜʦʪʘ ʠ ʩʝʨʠʮʠʪʘ. ʈʦʛʦʚʘʷ 
ʦʙʤʘʥʢʘ ʢʦʨʠʯʥʝʚʦ-ʟʝʣʝʥʘʷ, ʯʘʩʪʦ ʟʘʤʝʱʘʝʪʩʷ ʩʠʥʝ-ʟʝʣʝʥʦʡ, ʙʣʝʜʥʦ-ʟʝʣʝʥʦʡ ʠʣʠ ʘʛʨʝʛʘʪʦʤ 
ʙʠʦʪʠʪʘ, ʵʧʠʜʦʪʘ ʠ ʭʣʦʨʠʪʘ. ɺ ʧʨʦʤʝʞʫʪʢʘʭ ʤʝʞʜʫ ʟʝʨʥʘʤʠ ʧʣʘʛʠʦʢʣʘʟʘ ʧʦʷʚʣʷʝʪʩʷ ʚ ʨʘʟʥʳʭ 
ʢʦʣʠʯʝʩʪʚʘʭ ʪʦʥʢʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ ʱʝʣʦʯʥʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʠʥʦʛʜʘ ʚ ʤʠʢʨʦʛʨʘʬʠʯʝʩʢʠʭ 
ʩʨʘʩʪʘʥʠʷʭ ʩ ʢʚʘʨʮʝʤ. 
ʂʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ (30ï50 %), ʨʦʛʦʚʦʡ ʦʙ-

ʤʘʥʢʠ (15ï25 %), ʱʝʣʦʯʥʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (10ï25 %), ʢʚʘʨʮʘ (15ï20 %); ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝ-
ʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʬʝʥʦʤ, ʘʤʘʪʠʪʦʤ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ; ʚʪʦʨʠʯʥʳʝ ï ʘʣʴʙʠʪʦʤ, ʙʠʦʪʠʪʦʤ, 
ʵʧʠʜʦʪʦʤ, ʭʣʦʨʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ. ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜ ʯʘʱʝ ʧʦʨʬʠʨʦʚʘʷ ʩ ʛʠʧʠʜʠʦ-
ʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʜʦ ʛʨʘʥʦʬʠʨʦʚʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ, ʪʝʢʩʪʫʨʘ ʧʷʪʥʠʩʪʘʷ, ʧʦʣʦʩʘʪʘʷ. ʇʦʨʬʠʨʦ-
ʚʳʝ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʠʥʦʛʜʘ ʟʦʥʘʣʴʥʳʤ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ. ɺ ʦʩʥʦʚ-
ʥʦʡ ʤʘʩʩʝ ʧʦʨʦʜʳ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʘʩʩʦʮʠʘʮʠʠ ʤʠʥʝʨʘʣʦʚ, ʦʪʚʝʯʘʶʱʠʝ ʜʚʫʤ ʬʘʟʘʤ ʢʨʠʩʪʘʣʣʠ-
ʟʘʮʠʠ. ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʩʦʩʪʦʠʪ ʠʟ ʠʜʠʤʦʨʬʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʨʦʛʦʚʦʡ 
ʦʙʤʘʥʢʠ; ʚʪʦʨʘʷ ï ʠʟ ʢʩʝʥʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʙʦʣʝʝ ʢʠʩʣʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ (ʦʣʠʛʦʢʣʘʟʘ?), ʱʝʣʦʯʥʦʛʦ 
ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʤʠʢʨʦʛʨʘʬʠʯʝʩʢʠʭ ʩʨʘʩʪʘʥʠʡ ʝʛʦ ʩ ʢʚʘʨʮʝʤ ʠ ʢʚʘʨʮʘ. ʑʝʣʦʯʥʦʡ ʧʦʣʝʚʦʡ ʰʧʘʪ 
ʧʨʝʜʩʪʘʚʣʝʥ ʛʦʤʦʛʝʥʥʳʤʠ ʟʝʨʥʘʤʠ, ʤʠʢʨʦʧʝʨʪʠʪʦʤ, ʘʥʪʠʧʝʨʪʠʪʦʤ ʠ ʟʘʥʦʟʠʩʪʳʤ, ʰʘʭʤʘʪʥʳʤ 
ʘʣʴʙʠʪʦʤ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʪʦʪ ʨʷʜ ʝʛʦ ʧʨʝʚʨʘʱʝʥʠʡ ʤʝʥʷʝʪʩʷ ʦʪ ʧʦʜʦʰʚʳ ʢ ʢʨʦʚʣʝ ʤʘʩʩʠ-
ʚʘ ʠ ʫ ʧʦʩʣʝʜʥʝʡ ʦʥ ʧʨʝʜʩʪʘʚʣʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʣʴʙʠʪʦʤ. ʇʨʠ ʵʪʦʤ ʤʝʥʷʝʪʩʷ ʠ ʢʦʣʠʯʝʩʪʚʦ ʝʛʦ 
ʚ ʧʦʨʦʜʝ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʢ ʚʝʨʭʘʤ ʠʥʪʨʫʟʠʠ. ʇʣʘʛʠʦʢʣʘʟ ʚ ʧʦʨʦʜʝ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʘʣʴʙʠʪʦʤ 
(An=0ï2 %) ʠ ʵʧʠʜʦʪʦʤ, ʨʝʞʝ ï ʩʝʨʠʮʠʪʦʤ; ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ï ʙʠʦʪʠʪʦʤ ʠ ʵʧʠʜʦʪʦʤ, ʘ ʚ ʟʦʥʝ 
ʚʝʨʭʥʝʛʦ ʵʥʜʦʢʦʥʪʘʢʪʘ ï ʭʣʦʨʠʪʦʤ ʠ ʵʧʠʜʦʪʦʤ. ʂʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ ʠ ʜʠʦʨʠʪʳ ʨʘʟʣʠʯʘʶʪʩʷ 
ʩʦʜʝʨʞʘʥʠʷʤʠ ʱʝʣʦʯʥʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. ʆʥʠ ʚ ʨʘʟʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʜʝʨʞʘʪ ʚʢʣʶʯʝʥʠʷ ʢʩʝ-
ʥʦʣʠʪʦʚ ʦʪ 0,5 ʜʦ 10 ʩʤ ʚ ʜʠʘʤʝʪʨʝ ʜʠʦʨʠʪʦʚ, ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦʜʠʘʙʘʟʦʚ ʠʣʠ ʠʭ ʨʝʣʠʢʪʳ (çʪʝ-
ʥʠè), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʢʦʧʣʝʥʠʷʤʠ ʦʩʥʦʚʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 
ʩʦʜʝʨʞʘʥʠʷ ʢʩʝʥʦʣʠʪʦʚ ʧʦʨʦʜʘ ʧʨʠʦʙʨʝʪʘʝʪ ʦʙʣʠʢ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ. 
ʊʦʥʘʣʠʪʳ ï ʩʚʝʪʣʦ-ʩʝʨʳʝ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʦʨʬʠʨʦʚʳʝ ʧʦʨʦʜʳ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʚʢʨʘʧʣʝʥʥʠ-

ʢʦʚ ʧʣʘʛʠʦʢʣʘʟʘ 0,5ï2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ï ʜʦ 1 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʠ ʪʦʥʢʦʟʝʨ-
ʥʠʩʪʦʡ ʜʦ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʨʷʜʫ ʩ ʫʢʘʟʘʥʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʧʨʠ-
ʩʫʪʩʪʚʫʝʪ ʱʝʣʦʯʥʦʡ ʧʦʣʝʚʦʡ ʰʧʘʪ (ʯʘʱʝ ʟʘʥʦʟʠʩʪʳʡ ʠʣʠ ʰʘʭʤʘʪʥʳʡ ʘʣʴʙʠʪ, ʨʝʞʝ ï ʘʥʪʠʧʝʨ-
ʪʠʪ ʠ ʤʠʢʨʦʧʝʨʪʠʪ) ʜʦ 20 % ʠ ʢʚʘʨʮ ï 18ï25 %. ʉʪʨʫʢʪʫʨʘ ʧʦʨʬʠʨʦʚʘʷ, ʩʝʨʠʡʥʦʧʦʨʬʠʨʦʚʘʷ, 
ʛʣʦʤʝʨʦʧʦʨʬʠʨʦʚʘʷ, ʩ ʛʠʧʠʜʠʦʠʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ ʜʦ ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ, ʨʝʜʢʦ ʛʨʘʥʦ-
ʬʠʨʦʚʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. ʊʝʢʩʪʫʨʘ ʪʘʢʩʠʪʦʚʘʷ, ʧʷʪʥʠʩʪʘʷ, ʧʦʣʦʩʘʪʘʷ, ʬʣʶʠʜʘʣʴʥʘʷ. ʧʣʘʛʠʦ-
ʢʣʘʟ ʚʩʝʛʜʘ ʟʘʤʝʱʝʥ ʘʛʨʝʛʘʪʦʤ ʘʣʴʙʠʪʘ (An=0ï2 %) ʠ ʵʧʠʜʦʪʘ, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ï ʭʣʦʨʠʪʘ ʠ 
ʵʧʠʜʦʪʘ. 
ʂʚʘʨʮʝʚʳʝ ʩʠʝʥʠʪʳ ʙʦʣʝʝ ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʧʦ ʩʦʩʪʘʚʫ ʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʘʣʴʙʠʪʘ. ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴh ʠʤʠ (ʜʦ 30 %) ʩʦʜʝʨʞʘʥʠʷʤʠ 
ʢʚʘʨʮʘ. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʵʪʦʡ ʛʨʫʧʧʳ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʩʬʝʥʦʤ, ʘʧʘʪʠ-
ʪʦʤ, ʮʠʨʢʦʥʦʤ, ʨʝʜʢʦ ï ʤʦʥʘʮʠʪʦʤ ʠ ʢʩʝʥʦʪʠʤʦʤ. ɺʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʧʦʨʦʜʘʭ 
ʤʦʥʮʦʥʠʪ-ʜʠʦʨʠʪʦʚʦʛʦ ʨʷʜʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 ʦʪ 

47 ʜʦ 70 %, ʚ ʢʦʪʦʨʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ ʩ 57ï68 % ʢʨʝʤʥʝʟʝʤʘ [56]. ɺ ʵʪʦʤ ʨʷʜʫ ʥʘʙʣʶʜʘ-
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ʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʱʝʣʦʯʝʡ ʜʦ ʩʦʩʪʘʚʦʚ ʩ 61-62 % SiO2, ʚ ʛʨʫʧʧʝ ʩ 
62ï65 % ʠ ʥʝʢʦʪʦʨʳʭ ʧʦʨʦʜʘʭ ʧʦʷʚʣʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʠʭ ʫʤʝʥʴʰʝʥʠʶ, ʢʦʪʦʨʘʷ ʦʪʯʝʪʣʠʚʦ ʚʳ-
ʨʘʞʝʥʘ ʚʦ ʚʩʝʭ ʯʣʝʥʘʭ ʛʨʫʧʧʳ ʩ 65ï70 % SiO2. ʂʦʣʠʯʝʩʪʚʦ ʂ2ʆ ʚ ʧʦʨʦʜʘʭ ʛʘʙʙʨʦ-ʤʦʥʮʦʥʠʪʦʚʦʡ 
ʛʨʫʧʧʳ ʧʦʩʪʝʧʝʥʥʦ ʨʘʩʪʝʪ ʠ ʚ ʥʠʭ ʥʘʪʨʠʝʚʳʝ ʨʘʟʥʦʩʪʠ ʩʤʝʥʷʶʪʩʷ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤʠ. 
ʅʘʠʙʦʣʴʰʝʛʦ ʩʦʜʝʨʞʘʥʠʷ (ʜʦ 3 %) ʦʥʦ ʜʦʩʪʠʛʘʝʪ ʚ ʧʦʨʦʜʘʭ ʩ 57ï59 % SiO2 ʠ ʟʘʪʝʤ ʨʝʟʢʦ ʧʘʜʘ-
ʝʪ, ʦʪʨʘʞʘʷ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚ ʥʠʭ ʘʣʴʙʠʪʦʤ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʭ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ. ʋʢʘʟʘʥʥʳʝ 
ʚʘʨʠʘʮʠʠ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʱʝʣʦʯʝʡ ʠ ʢʨʝʤʥʝʟʝʤʘ ʚʝʩʴʤʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʦʨʦʜ ʠʟʚʝʩʪʢʦʚʦ-
ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ɺ ʮʝʣʦʤ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʙʣʠʟʢʠ ʢ ʩʦʩʪʘʚʘʤ ʧʦʨʦʜ ʘʣʝʢ-
ʩʘʥʜʠʨʠʥʩʢʦʡ ʪʦʣʱʠ. 
ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʤʘʩʩʠʚʘ ʠ ʚ ʮʝʣʦʤ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦ-

ʷʚʣʝʥʘ ʩʣʘʙʦ. ʈʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ, ʚ ʦʧʠʩʳʚʘʝʤʦʤ ʨʘʡʦʥʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
ʇʣʦʪʥʦʩʪʴ ʛʘʙʙʨʦʠʜʦʚ ʪʝʨʝʥʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,8 ʜʦ 3,1 ʛ/ʩʤ3, ʩʨʝʜʥʷʷ ï 

3 ʛ/ʩʤ3; ʩʨʝʜʥʝʢʠʩʣʳʭ ʧʦʨʦʜ ï ʦʪ 2,65 ʜʦ 2,8 ʛ/ʩʤ3, ʩʨʝʜʥʷʷ ï 2,75 ʛ/ʩʤ3. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤ-
ʯʠʚʦʩʪʴ ʚ ʧʦʨʦʜʘʭ ʢʦʤʧʣʝʢʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 100Ŀ10-6 ʝʜ. ʉɻʉ, ʧʦʜʥʠʤʘʷʩʴ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʜʦ 
3 000Ŀ10-6 ʝʜ. ʉɻʉ. 
ɺ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʝʛʦ ʧʦʣʦʞʠʪʝʣʴ-

ʥʳʭ ʟʥʘʯʝʥʠʡ (ʜʦ +0,5 ʤɻʘʣ), ʟʘʧʘʜʥʝʝ ʟʦʥʳ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ 
ʘʥʦʤʘʣʠʡ (ʅ=500 ʤ) ʊʝʨʝʥʩʘʡʩʢʠʡ ʤʘʩʩʠʚ ʦʙʨʘʟʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʘʥʦʤʘʣʠʶ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʴʶ ʜʦ 1,5 ʤɻʘʣ. ʇʦʩʣʝʜʥʷʷ ʦʙʫʩʣʦʚʣʝʥʘ, ʚʠʜʠʤʦ, ʤʘʣʦʡ ʤʦʱʥʦʩʪʴʶ ʚʝʨʭʥʝʡ ʛʨʘʥʠʪʦʠʜʥʦʡ 
ʯʘʩʪʠ ʠʥʪʨʫʟʠʠ, ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ ʛʘʙʙʨʦʠʜʦʚ ʚ ʝʝ ʥʠʞʥʝʡ ʯʘʩʪʠ ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʣʦʪʥʳʭ 
ʧʦʨʦʜ ʜʞʫʩʠʥʩʢʦʡ ʪʦʣʱʠ ʚ ʧʦʜʦʰʚʝ ʤʘʩʩʠʚʘ. ʆʩʪʘʥʮʳ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʂʫʤʫʩ-
ʊʶʙʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠʟ-ʟʘ ʠʭ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʚ ʧʦʣʝ ʩʠʣʳ ʪʷʞʝʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
ʚʳʜʝʣʷʶʪʩʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʦʩʪʘʥʮʳ ʚ ʮʝʥʪʨʝ ʤʘʩʩʠʚʘ, ʩ ʢʦʪʦʨʳʤ ʩʚʷʟʘʥʳ ʟʘʤʝʪʥʳʝ (ʜʦ 
1,5 ʤɻʘʣ) ʧʦʥʠʞʝʥʠʷ æg. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʩʝʚʝʨʥʦʡ ʯʘʩʪʴʶ ʊʝʨʝʥʩʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʚ ʮʝʣʦʤ 
ʧʦʥʠʞʝʥʥʦʝ (ʦʪ ï10 ʜʦ ï140 ʥʊʣ), ʠ ʪʦʣʴʢʦ ʫ ʝʛʦ ʚʦʩʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʫʟʢʘʷ ʧʦʣʦ-
ʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 500 ʥʊʣ, ʩʚʷʟʘʥʥʘʷ ʩ ʛʘʙʙʨʦʠʜʘʤʠ, ʜʠʦʨʠʪʘʤʠ ʠ ʤʦʥ-
ʮʦʥʠʪʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ. 
ʅʘ ʘʵʨʦʬʦʪʦʩʥʠʤʢʘʭ ʧʣʦʱʘʜʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʪʝʨʝʥʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ-ʟʘ ʰʠʨʦ-

ʢʦʛʦ ʨʘʟʚʠʪʠʷ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʤ ʥʝ ʚʜrʝʣʷʶʪʩʷ. 
ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʷʪ ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʤ (ʧʨʝʜ-

ʧʦʣʦʞʠʪʝʣʴʥʦ ʧʦʟʜʥʝʵʡʬʝʣʴʩʢʦïʨʘʥʥʝʞʠʚʝʪʩʢʠʤ). 
ʂʨʘʩʥʠʥʩʢʠʡ ʛʘʙʙʨʦʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥ 

ʂʫʡʙʳʰʝʚʩʢʠʤ (5), ɺʝʨʭʥʝ-ʉʦʣʦʥʯʘʪʩʢʠʤ (13) ʠ ʨʷʜʦʤ ʙʦʣʝʝ ʤʝʣʢʠʭ ʙʝʟʳʤʷʥʥʳʭ ʤʘʩʩʠʚʦʚ, 
ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʐʠʣʠʢʪʠʥʩʢʦʛʦ (6) ʠ ʄʫʩʦʛʘʪʩʢʦʛʦ (20) ʧʦʣʠʭʨʦʥʥʳʭ ʠ ʧʦʣʠʬʦʨʤʘ-
ʮʠʦʥʥʳʭ ʤʘʩʩʠʚʦʚ. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʘʩʩʠʚʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʋʟʝʣʴʛʠʥʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜ-
ʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ʂʦʤʧʣʝʢʩ ʥʘ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʪʨʝʭʬʘʟʥʳʡ. ʇʝʨʚʘʷ ʬʘʟʘ ï ʛʘʙʙʨʦ "ĄD2kr1), ʛʘʙʙʨʦʜʠʦ-

ʨʠʪʳ "Ąû>2kr1), ʜʠʦʨʠʪʳ (û>2kr1), ʜʘʡʢʠ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ "ûĆ>2kr1); ʚʪʦʨʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ "þûD2kr2) ʠ ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʘʤʠ ʥʝʨʘʩʯʣʝʥʝʥʥʤrʠ "þû- qû>2kr2) ʠ ʜʘʡʢʘʤʠ 
ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ "þûĆ>2kr2); ʪʨʝʪʴʷ ʬʘʟʘ ï ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ "iþ>2ô3kr3). 
ɻʘʙʙʨʦ ʧʝʨʚʦʡ ʬʘʟʳ ʠʤʝʶʪ ʥʝʙʦʣʴʰʠʝ ʚʳʭʦʜʳ ʥʘ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ɺʝʨʭʥʝ-ʉʦʣʦʥʯʘʪʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. ɻʘʙʙʨʦʠʜʳ ʨʘʟʥʳʭ ʠʥʪʨʫʟʠʡ ʦʪʣʠʯʘʶʪʩʷ ʩʦʩʪʘʚʦʤ, ʭʘʨʘʢʪʝʨʦʤ ʩʪʨʫʢʪʫʨ ʠ ʪʝʢʩʪʫʨ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʥʦʮʚʝʪʦʚ ʚ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʫʶ 
ʩʪʘʜʠʠ ʦʙʨʘʟʫʝʪʩʷ ʨʷʜ ʦʪ ʤʝʣʘʥʦʛʘʙʙʨʦ ʜʦ ʣʝʡʢʦʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦʜʠʦʨʠʪʦʚ. ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ 
ʥʠʤʠ ʧʦʩʪʝʧʝʥʥʳʝ ʠʣʠ ʨʝʟʢʠʝ, ʥʦ ʯʘʱʝ ʩ ʧʨʠʟʥʘʢʘʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʛʠʙʨʠʜʠʟʘʮʠʠ. ʇʦʨʦ-
ʜʦʦʙʨʘʟʫʶʱʠʤʠ ʷʚʣʷʶʪʩʷ ʧʣʘʛʠʦʢʣʘʟ (ʘʥʜʝʟʠʥ, ʨʝʞʝ ʣʘʙʨʘʜʦʨ), ʧʠʨʦʢʩʝʥ, ʠʥʦʛʜʘ ʢʚʘʨʮ (ʜʦ 
5 %). ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʩʬʝʥ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ. ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʛʝʥʝʨʘʮʠʷʤʠ ʘʤʬʠʙʦʣʘ, ʘʣʴʙʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʣʝʡʢʦʢʩʝ-
ʥʦʤ. ʊʝʢʩʪʫʨʘ ʛʘʙʙʨʦʠʜʦʚ ʤʝʥʷʝʪʩʷ ʦʪ ʦʜʥʦʨʦʜʥʦʡ ʜʦ ʪʘʢʩʠʪʦʚʦʡ. 
ɼʠʦʨʠʪʳ ʩʣʘʛʘʶʪ ʦʙʦʩʦʙʣʝʥʥʳʝ ʚʳʭʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʤʘʩʩʠʚʦʚ, ʘ ʪʘʢʞʝ ʨʷʜ ʤʝʣʢʠʭ ʪʝʣ ʠ ʜʘ-

ʝʢ. ʆʥʠ ʥʘʭʦʜʷʪʩʷ ʚ ʪʝʩʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʩ ʛʘʙʙʨʦʠʜʘʤʠ, ʯʘʩʪʦ ʦʙʨʘʟʫʷ ʝʜʠʥʳʝ ʪʝʣʘ. 
ʉʦʩʪʦʷʪ ʠʟ ʠʜʠʦʤʦʨʬʥʳʭ ʪʘʙʣʠʪʯʘʪʳʭ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʟʝʨʝʥ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (20ï40 %), 
ʧʣʘʛʠʦʢʣʘʟʘ (50ï70 %), ʠʥʦʛʜʘ ʢʚʘʨʮʘ (0ï10 %), ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ (0ï5 %) ʠ ʙʠʦʪʠʪʘ 
(0ï5 %). ʉʦʩʪʘʚ ʧʣʘʛʠʦʢʣʘʟʘ ʤʝʥʷʝʪʩʷ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʘʥʦʨʪʠʪʠʟʘʮʠʠ) ʦʪ ʘʣʴʙʠʪʘ 
ʜʦ ʘʥʜʝʟʠʥʘ. ʉʪʨʫʢʪʫʨʘ ʜʠʦʨʠʪʦʚ ʠʥʦʛʜʘ ʩʣʘʙʦ ʧʦʨʬʠʨʦʚʠʜʥʘʷ, ʪʝʢʩʪʫʨʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʪʘʢʩʠʪʦʚʘʷ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʠʭ ʯʘʩʪʴ, ʚʦʟʤʦʞʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʘʩʩʠʤʠʣʷʮʠʠ ʛʨʘʥʠʪʦʠʜʘʤʠ 
ʚʤʝɦ ʘʶʱʠʭ ʧʦʨʦʜ. 
ɻʨʘʥʦʜʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʦʪ ʦʙʲʝʤʘ 

ʤʘʩʩʠʚʦʚ. ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʵʪʦʛʦ ʨʷʜʘ ʧʨʝʦʙʣʘʜʘʶʪ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ 
ʨʘʟʥʦʩʪʠ. ʇʣʘʛʠʦʢʣʘʟ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʪʘʙʣʠʪʯʘʪʦʡ ʬʦʨʤʳ ʩ ʨʝ-
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ʣʠʢʪʦʚʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ ʠ ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʟʝʨʥʘʤʠ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ; ʧʨʝʦʙʣʘʜʘʝʪ 
ʘʥʜʝʟʠʥ (ˉ 32ï42, ʚ ʢʨʘʝʚʳʭ ʟʦʥʘʭ ʢʨʠʩʪʘʣʣʦʚ ï  ̄23ï27). ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ʨʘʟʚʠʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʥʘʠʙʦʣʝʝ ʢʠʩʣʳʭ ʯʣʝʥʘʭ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʨʷʜʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʪʠʪʦʚʳʤ 
ʦʨʪʦʢʣʘʟʦʤ ʢʩʝʥʦʤʦʨʬʥʳʭ ʦʯʝʨʪʘʥʠʡ; ʦʙʳʯʥʦ ʦʥ ʢʦʨʨʦʜʠʨʫʝʪ ʠ ʟʘʤʝʱʘʝʪ ʧʣʘʛʠʦʢʣʘʟ. ʈʦʛʦʚʘʷ 
ʦʙʤʘʥʢʘ ʦʙʨʘʟʫʝʪ ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ ʜʦ 2ï3 ʤʤ. ɹʠʦʪʠʪ ʦʙʳʯʥʦ ʨʘʟʚʠʪ ʚ ʥʝʙʦʣʴʰʠʭ 
ʢʦʣʠʯʝʩʪʚʘʭ. 
ʇʣʘʛʠʦʛʨʘʥʠʪʳ ʪʨʝʪʴʝʡ ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʠʦʪʠʪʦʚʳʤʠ, ʨʝʞʝ ï ʙʠʦʪʠʪ-ʤʫʩʢʦʚʠʪʦʚʳʤʠ 

ʨʘʟʥʦʩʪʷʤʠ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʠʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʦʯʝʥʴ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ: ʢʚʘʨʮ ï 20ï40 %, 
ʧʣʘʛʠʦʢʣʘʟ ï 20ï60 %, ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʰʧʘʪ ï 10ï15 %, ʙʠʦʪʠʪ ï 0ï10 %, ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ï 
0ï5 %, ʤʫʩʢʦʚʠʪ ï 0ï2 %. 
ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʢʨʝʤʥʝʟʝʤʘ ʧʦʨʦʜʳ ʢʨʘʩʥʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʙʨʘʟʫʶʪ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ ʩ 

SiO2 ʦʪ 47 ʜʦ 74 % (ʧʨʝʦʙʣʘʜʘʶʪ ʩʦʩʪʘʚʳ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 58ï69 %). ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʦʨ-
ʤʘʣʴʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ, ʨʝʜʢʦ ʥʘʪʨʠʝʚʦʛʦ ʪʠʧʘ ʠ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʤ ʥʘ 
ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʤ ʪʨʝʥʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ɺʘʞʥʝʡʰʠʤʠ 
ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʫʧʥʦʠʦʥ-
ʥʳʭ ʣʠʪʦʬʠʣʦʚ (Rb, Sr) ʠ ʩʠʜʝʨʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (Cr, Ni, Co, V). ʇʦ-ʚʠʜʠʤʦʤʫ, ʩ ʧʦʨʦʜʘʤʠ 
ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʦ ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ. 
ʄʘʩʩʠʚʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʠ ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ ʚ ʧʨʝʜʝ-

ʣʘʭ, ʢʦʪʦʨʳʭ (ʥʘ ʜʝʪʘʣʴʥʳʭ ʢʘʨʪʘʭ) ʥʘʙʣʶʜʘʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ ʣʦʢʘʣʴʥʳʝ ʛʨʘʚʠ-
ʪʘʮʠʦʥʥʳʝ ʠ ʤʘʛʥʠʪʥʳʝ ʘʥʦʤʘʣʠʠ, ʬʠʢʩʠʨʫʶʱʠʝ ʨʘʟʚʠʪʠʝ ʛʘʙʙʨʦ ʠ ʛʨʘʥʠʪʦʠʜʦʚ ʧʦʚʳʰʝʥʥʦʡ 
ʦʩʥʦʚʥʦʩʪʠ. 
ʇʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʩʨʝʜʥʝʛʦïʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʥʪʨʫʜʠʨʦʚʘʥʳ 
ʛʨʘʥʠʪʦʠʜʘʤʠ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. 
ɺ ʩʝʨʠʡʥʦʡ ʣʝʛʝʥʜʝ [43] ʚʦʟʨʘʩʪ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʬʘʟ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʷʪ ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʡ, 

ʪʨʝʪʴʝʡ ï ʩʨʝʜʥʝ-ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʡ. ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʙʳʣʦ ʙʳ ʣʦʛʠʯʥʝʝ ʧʨʠʥʷʪʴ ʚʦʟʨʘʩʪ ʧʝʨ-
ʚʦʡ ʬʘʟʳ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʤ (ʪ. ʢ. ʦʥʘ ʧʨʦʨʳʚʘʝʪ ʫʨʣʷʜʠʥʩʢʫʶ ʪʦʣʱʫ), ʘ ʚʪʦʨʦʡ ʠ ʪʨʝʪʴ-
ʝʡ ʬʘʟʳ ï ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʩʩʠʚʦʚ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʝʪ 
ʥʠʞʥʶʶ ʯʘʩʪʴ ʨʘʟʨʝʟʘ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʬʘʫʥʦʡ ʚʳʩʦʪʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥ-
ʪʘ ʞʠʚʝʪʩʢʦʛʦ ʷʨʫʩʘ, ʯʪʦ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʦʟʨʘʩʪʫ ʢʨʘʩʥʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʷʪʦʤʫ ʚ ʩʝ-
ʨʠʡʥʦʡ ʣʝʛʝʥʜʝ. 
ʂʦʧʘʣʦʚʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ "Ąú>2ô3kp) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʋʡʩʢʦ-ɼʦʤʙʘ-

ʨʦʚʩʢʦʡ ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. ʂ ʥʠʤ ʩ ʜʦʣʝʡ ʫʩʣʦʚʥʦʩʪʠ ʦʪʥʝʩʝʥʳ ʤʥʦʛʦ-
ʯʠʩʣʝʥʥʳʝ ʜʘʡʢʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ, ʧʨʦʨʳʚʘʶʱʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʨʦʜʳ ʪʝʨʝʥʩʘʡʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʚ ʦʜʥʦʠʤʝʥʥʦʤ ʤʘʩʩʠʚʝ. ɺ ʶʞʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ ʥʘʩʳʱʝʥʥʦʩʪʴ ʜʘʝʢ ʪʘʢʦʚʘ, ʯʪʦ ʫʯʘʩʪ-
ʢʘʤʠ ʦʥʠ ʧʨʝʦʙʣʘʜʘʶʪ ʥʘʜ ʠʥʪʨʫʟʠʚʥʳʤʠ ʧʦʨʦʜʘʤʠ ʊʝʨʝʥʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʪ ʛʘʙʙʨʦʠʜʦʚ 
ʧʦʩʣʝʜʥʝʛʦ ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʦʧʘʣʦʚʩʢʠʝ ʛʘʙʙʨʦʜʦʣʝʨʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʤʝʥʴʰʠʤ ʢʦʣʠ-
ʯʝʩʪʚʦʤ ʱʝʣʦʯʝʡ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ (ʧʦʯʪʠ ʚ 2 ʨʘʟʘ) ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʢʠʩʠ ʤʘʛʥʠʷ ʠ ʪʠʪʘʥʘ. 
ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʦʧʘʣʦʚʩʢʠʝ ʛʘʙʙʨʦʜʦʣʝʨʠʪʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʟʘʚʝʨʰʘʶʱʫʶ ʩʪʘʜʠʶ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʦʟʜʥʝʞʠʚʝʪʩʢʦʝïʬʨʘʥʩʢʦʝ ʚʨʝʤʷ). ʉʢʦʧʣʝʥʠʝ ʜʘʝʢ ʚ ʊʝʨʝʥʩʘʡ-
ʩʢʦʤ ʤʘʩʩʠʚʝ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʦʥ ʚʳʧʦʣʥʷʝʪ ʧʦʜʚʦʜʷʱʠʡ ʤʘʛʤʘʪʠʯʝʩʢʠʡ ʢʘʥʘʣ. ɺ ʦʪʣʦʞʝ-
ʥʠʷʭ ʢʦʧʘʣʦʚʩʢʦʡ ʪʦʣʱʠ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʧʨʦʩʣʦʠ ʙʘʟʘʣʴʪʦʚ, ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʠ ʠʭ ʪʫʬʦʚ. 
ʉʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʠʭ ʥʝ ʚʳʷʚʣʝʥʳ (ʚʦʟʤʦʞʥʦ, ʠʟ-ʟʘ ʧʣʦʭʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ). 
ʉʨʝʜʥʝ-ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʡ (ʞʠʚʝʪïʬʨʘʥʩʢʠʡ) ʚʦʟʨʘʩʪ ʢʦʧʘʣʦʚʩʢʠʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʠʭ ʘʩʩʦʮʠʘʮʠʝʡ ʩ ʚʫʣʢʘʥʠʪʘʤʠ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢ-
ʪʝʨʠʟʦʚʘʥʥʦʡ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ. 
ʋʨʣʷʜʠʥʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʪʦʢʘʤʠ, ʩʠʣʣʘʤʠ ʠ ʜʘʡʢʘʤʠ 

ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ "ĄúD2ô3ur), ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ "ZúD2ô3ur), ʘʥʜʝʟʠʪʦʚ "ÍD2ô3ur), ʜʘʮʠʪʦʚ "ĐD2ô3ur), 
ʨʠʦʜʘʮʠʪʦʚ "ĂĐD2ô3ur), ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ "ĊÍD2ô3ur), ʪʨʘʭʠʜʘʮʠʪʦʚ "ĊĐD2ô3ur), ʪʨʘʭʠʨʠʦʜʘʮʠʪʦʚ 
"ĊĂĐD2ô3ur). 
ʋʨʣʷʜʠʥʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ 

ʧʦʜʟʦʥʝ. ʆʥʠ ʧʨʦʨʳʚʘʶʪ ʚʫʣʢʘʥʠʪʳ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ ʠ ʥʠʞʝʣʝʞʘʱʝʡ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ 
ʪʦʣʱʠ. ʈʘʟʤʝʨʳ ʠʥʪʨʫʟʠʡ ʜʦʩʪʠʛʘʝʪ 0,5ï2,5 ʢʤ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠʥʪʨʫʟʠʠ ʠ ʜʘʡ-
ʢʠ ʥʘ ʢʘʨʪʘʭ ʥʝ ʧʦʢʘʟʘʥʳ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʢʦʨʨʝʣʠʨʫʶʪʩʷ ʩ ʪʘʢʦʚʳʤʠ ʠʟ ʵʬʬʫʟʠ-

ʚʦʚ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ, ʥʦ ʚ ʧʨʦʮʝʥʪʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʢʠʩʣʳʝ ʠ ʙʦʣʝʝ 
ʱʝʣʦʯʥʳʝ (ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʝ) ʨʘʟʥʦʩʪʠ. 
ʉʨʝʜʥʝ-ʧʦʟʜʥʝʜʝʚʦʥʩʢʠʡ (ʞʠʚʝʪïʬʨʘʥʩʢʠʡ) ʚʦʟʨʘʩʪ ʫʨʣʷʜʠʥʩʢʠʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ ʧʨʠʥʠʤʘʝʪʩʷ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʢʦʤʘʛʤʘʪʠʯʥʦʡ ʦʜʥʦ-
ʠʤʝʥʥʦʡ ʪʦʣʱʝʡ. 
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ɼʞʘʙʳʛʘʩʘʡʩʢʠʡ ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 
ʧʨʝʜʝʣʘʭ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʧʦʜʟʦʥʳ (ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʘʷ ʉʌɿ), ʛʜʝ ʝʛʦ ʧʦʨʦʜʳ 
ʚʭʦʜʷʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʩʦʩʪʘʚ ʂʘʠʥʜʠʥʩʢʦʛʦ ʧʦʣʠʭʨʦʥʥʦʛʦ ʧʣʫʪʦʥʘ, ʘ ʪʘʢʞʝ ʩʣʘʛʘʝʪ ʟʘ-
ʧʘʜʥʫʶ ʯʘʩʪʴ ʂʨʳʢʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʨʷʜ ʙʦʣʝʝ ʤʝʣʢʠʭ ʤʘʩʩʠʚʦʚ. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʠʥʪʨʫʟʠʚʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʪʨʠ ʬʘʟʳ: ʧʝʨʚʘʷ ï ʛʘʙʙ-

ʨʦ "Ą>3d¬1), ʛʘʙʙʨʦʜʦʣʝʨʠʪʳ "oúD3^¬1); ʚʪʦʨʘʷ ï ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ "jûD3^¬2) ʠ ʜʠʦʨʠʪʳ "ûD3^¬2); 
ʪʨʝʪʴʷ ï ʛʨʘʥʦʜʠʦʨʠʪʳ "þûD3^¬3)ķ& ʪʦʥʘʣʠʪʳ "iþûD3^¬3), ʜʘʡʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ "iþD3^¬3). 
ʂʘʠʥʜʠʥʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʫ ʛʨʘʥʠʮʳ ʧʣʦʱʘʜʠ, ʚ ʜʦʣʠʥʝ ʨ. ʂʘʠʥʜʘ; ʧʨʠʫʨʦʯʝʥ ʢ ʩʝ-

ʚʝʨʥʦʤʫ ʟʘʤʳʢʘʥʠʶ ɸʜʘʤʦʚʩʢʦʛʦ-ʄʫʛʦʜʞʘʨʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. ɺ ʧʣʘʥʝ ʦʥ ʠʤʝʝʪ ʧʦʜʢʦʚʦʦʙ-
ʨʘʟʥʫʶ ʬʦʨʤʫ; ʧʨʠ ʰʠʨʠʥʝ 10ï16 ʢʤ ʚʳʪʷʛʠʚʘʝʪʩʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ 35 ʢʤ. ʇʦ 
ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʤʘʩʩʠʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʘʢʢʦʣʠʪ ʠʣʠ ʧʣʘʩʪʦʦʙʨʘʟʥʫʶ ʟʘʣʝʞʴ ʤʦʱ-
ʥʦʩʪʴʶ ʜʦ 2 ʢʤ ʩ ʨʘʟʜʫʚʘʤʠ ʚ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʜʦ 3,5 ʢʤ. ɿʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ ʦʙʦʨʚʘ-
ʥʘ ɸʡʜʳʣʠʥʩʢʦ-ʄʠʨʦʥʦʚʩʢʠʤ ʨʘʟʣʦʤʦʤ. ʉʝʚʝʨʥʳʡ ʢʦʥʪʘʢʪ ʧʘʜʘʝʪ ʧʦʜ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 
(ʘʡʜʳʨʣʠʥʩʢʘʷ ʪʦʣʱʘ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ), ʶʞʥʳʡ (ʩ ʢʨʳʢʣʠʥʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ) ʠʟʚʠʣʠʩʪʳʡ ʠ 
ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʩʝʚʝʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʜ ʫʛʣʦʤ ʦʪ 34 ʜʦ 60Á. 
ɻʘʙʙʨʦ (ʨʝʞʝ ʛʘʙʙʨʦʜʠʦʨʠʪʳ) ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʡ, ʘ 

ʪʘʢʞʝ ʚ ʚʠʜʝ ʤʝʣʢʠʭ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʝʣ. ʆʥʠ ʠʤʝʶʪ ʥʝʧʦʩʪʦʷʥʥʳʡ ʩʦʩʪʘʚ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, 
ʷʚʣʷʶʪʩʷ ʛʠʙʨʠʜʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʩʩʠʤʠʣʷʮʠʠ ʜʠʦʨʠʪʘʤʠ ʚʫʣ-
ʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. 
ɼʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ ʪʷʛʦʪʝʶʪ ʢ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʦʚ. ʄʘʢʨʦʩʢʦʧʠʯʝ-

ʩʢʠ ʦʥʠ ʠʤʝʶʪ ʩʨʝʜʥʝ-ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ, ʤʘʩʩʠʚʥʳʝ ʠʣʠ ʛʥʝʡʩʦʚʘʪʳʝ ʩʪʨʫʢʪʫʨʳ. ʉʣʦʞʝʥʳ ʦʥʠ 
ʧʣʘʛʠʦʢʣʘʟʦʤ (ˉ 35ï40) ʥʘ 60ï70 % ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, ʯʘʩʪʦ ʟʘʤʝʱʝʥʥʦʡ ʥʘ 30ï40 % ʙʠʦʪʠ-
ʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. ɺ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʘʭ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 10ï15 % ʢʚʘʨʮʘ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝ-
ʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʛʥʝʪʠʪ, ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʩʬʝʥ. 
ɻʨʘʥʦʜʠʦʨʠʪʳ ʩʣʦʞʝʥʳ ʥʘ 30ï50 % ʧʣʘʛʠʦʢʣʘʟʦʤ, 20ï30 % ï ʢʘʣʠʰʧʘʪʦʤ, 20ï25 % ï ʢʚʘʨ-

ʮʝʤ, 10ï15 % ï ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʙʠʦʪʠʪʦʤ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʮʠʨ-
ʢʦʥ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ ʠ ʩʬʝʥ. ʇʣʘʛʠʦʢʣʘʟ ʦʙʳʯʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥ, ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʨʷʜʫ ʦʣʠʛʦ-
ʢʣʘʟʘ-ʘʥʜʝʟʠʥʘ (  ̄25ï32), ʧʨʝʜʩʪʘʚʣʝʥ ʥʝʧʨʘʚʠʣʴʥʳʤʠ ʥʝʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʥʳʤʠ ʧʨʠʟʤʘʪʠʯʝ-
ʩʢʠʤʠ ʟʝʨʥʘʤʠ. ʈʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʠ ʜʣʠʥʥʦʩʪʦʣʙʯʘʪʳʤʠ ʟʝʨʥʘ-
ʤʠ. ʇʦ ʥʝʡ ʥʝʨʝʜʢʦ ʨʘʟʚʠʪ ʙʠʦʪʠʪ ʠ ʭʣʦʨʠʪ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʨʘʥʦʜʠʦʨʠʪʳ ʟʘʥʠʤʘʁ ʪ 
ʩʨʝʜʥʝʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʥʦʨʤʘʣʴʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʜʠʦʨʠʪʘʤʠ. ʆʥʠ ʫʤʝʨʝʥʥʦ ʙʦʛʘʪʳ ʱʝʣʦ-
ʯʘʤʠ ʠ ʧʨʝʩʳʱʝʥʳ ʘʣʶʤʠʥʠʝʤ. 
ʊʦʥʘʣʠʪʳ ʚ ʦʪʣʠʯʠʝ ʦʪ ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʙʠʦʪʠʪʦʤ, ʠ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʘʪ ʢʘʣʠʰʧʘʪʘ. 
ʉʦʜʝʨʞʘʥʠʝ ʧʣʘʛʠʦʢʣʘʟʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 50ï60 %, ʢʚʘʨʮʘ ï ʜʦ 30ï35 % ʠ ʥʘ ʣʦʢʘʣʴʥʳʭ 
ʫʯʘʩʪʢʘʭ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʚ ʧʣʘʛʠʦʛʨʘʥʠʪʳ. ʅʘ ʦʪʜʝʣʴʥʳʭ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʠ ʚ ʟʦʥʝ ʢʦʥʪʘʢʪʦʚ 
ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʫʨʫʩʢʠʩʢʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʝʟʢʦʧʦʜʯʠʥʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʛʨʘʥʦʩʠʝʥʠʪʳ. ʆʥʠ ʥʘ 50ï70 % ʩʣʦʞʝʥʳ ʤʠʢʨʦʢʣʠʥʦʤ, 20ï40 % ï ʧʣʘʛʠʦʢʣʘʟʦʤ, 15ï20 % ï 
ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʙʠʦʪʠʪʦʤ, 5ï20 % ï ʢʚʘʨʮʝʤ. 
ɿʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʚʪʦʨʦʡ ʬʘʟʳ ʦʙʲʷʩʥʷʶʪʩʷ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʘʩʩʠʤʠ-

ʣʷʮʠʝʡ ʛʨʘʥʠʪʦʠʜʘʤʠ ʚʪʦʨʦʡ ʬʘʟʳ ʜʠʦʨʠʪʦʚ ʠ ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ, ʩ ʜʨʫʛʦʡ ʩʪʦ-
ʨʦʥʳ ï ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʤ ʧʨʠʚʥʦʩʦʤ ʢʘʣʠʷ ʚ ʫʞʝ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʤʘʩʩʠʚ. 
ʉʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ, ʧʦʨʦʜʳ ʜʞʘʙʳʛʘʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʤʝʶʪ ʩʘ-

ʤʳʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, ʭʨʦʤʘ, ʤʘʨʛʘʥʮʘ; ʥʘʠʚʳʩʰʠʝ ʢʣʘʨʢʠ ʢʦʥʮʝʥʪʨʘ-
ʮʠʡ ʟʦʣʦʪʘ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʤʝʜʠ ʠ ʚʦʣʴʬʨʘʤʘ. ɸʢʮʝʩʩʦʨʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ 
ʢʦʤʧʣʝʢʩʘ ʤʘʛʥʝʪʠʪ-ʩʝʨʥʦʢʦʣʯʝʜʘʥʥʘʷ. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʤʘʛʥʝʪʠʪʘʭ ʜʦʩʪʠʛʘʝʪ 100 ʤʛ/ʪ ʠ 
ʙʦʣʝʝ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʚʳʩʦʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ. 
ʅʘ ʢʘʨʪʝ ʣʦʢʘʣʴʥʳʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʘʥʦʤʘʣʠʡ ʤʘʩʩʠʚʳ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʤʠ ʧʦʣʷʤʠ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ (2ï3 ʤɻʘʣ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʠʭ ʤʦʱ-
ʥʦʩʪʠ. ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʧʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʦʥʪʨʘʩʪʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 
ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ ï1 000 ʥʊʣ, ʜʨʫʛʠʝ ʪʝʣʘ ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 
ʟʥʘʯʝʥʠʷʤʠ (ï100ï200 ʥʊʣ). 
ɺʝʨʭʥʝʜʝʚʦʥʩʢʠʡ ʚʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ɻʨʘʥʠʪʦʠʜʳ 

ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʠ ʤʝʪʘʤʦʨʬʠʟʫʶʪ ʥʠʞʥʝʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʠʪʳ ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣʱʠ. ɺ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʥʠ ʧʨʦʨʳʚʘʶʪʩʷ ʛʨʘʥʠʪʦʠʜʘʤʠ ʫʨʫʩʢʠʩʢʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʋʨʫʩʢʠʩʢʝʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʤʦʥʮʦʥʠʪ-ʛʨʘʥʦʩʠʝʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʂʦ-

ʧʝʡʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ. ʈʘʩʯʣʝʥʷʝʪʩʷ ʥʘ ʜʚʝ ʬʘʟʳ: ʧʝʨ-
ʚʘʷ ï ʢʚʘʨʮʝʚʳʝ ʤʦʥʮʦʜʠʦʨʠʪʳ "jăû>3u1), ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʤʦʥʮʦʜʠʦʨʠʪʳ ʠ ʢʚʘʨʮʝʚʳʝ ʤʦʥʮ-
ʦʜʠʦʨʠʪʳ (ăû- qăûD3u1); ʚʪʦʨʘʷ ï ʛʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʦʩʠʝʥʠʪʳ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ "þû-þĎD3u2). 
ʇʦʨʦʜʳ ʵʪʦʛʦ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ, ʚʦʟʤʦʞʥʦ, ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʳ ʩ ʠʥʪʨʫʟʠʚ-
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ʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʜʞʘʙʳʛʘʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʤʘʩʩʠʚʦʚ ʦʥʠ ʥʝ 
ʦʙʨʘʟʫʶʪ ʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʂʘʠʥʜʠʥʩʢʦʛʦ ʠ ʋʨʫʩʢʠʩʢʝʥʩʢʦʛʦ ʧʣʫʪʦʥʦʚ. 
ɺ ʂʘʠʥʜʠʥʩʢʦʤ ʧʣʫʪʦʥʝ ʧʦʨʦʜʘʤʠ ʫʨʫʩʢʠʩʢʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʣʦʞʝʥʘ ʠʥʪʨʫʟʠʷ, ʠʤʝʶʱʘʷ 

ʨʘʟʤʝʨʳ 3Ĭ18 ʢʤ. ʅʘ ʶʛʝ ʦʥʘ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʜʞʘʙʳʛʘʩʘʡʩʢʠʤʠ ʤʘʛʤʘʪʠʪʘʤʠ, ʥʘ ʩʝʚʝʨʝ ï ʩ ʚʫʣ-
ʢʘʥʠʪʘʤʠ ʥʠʞʥʝʜʝʚʦʥʩʢʦʡ ʘʡʜʳʨʣʠʥʩʢʦʡ ʪʦʣʱʠ; ʩʣʦʞʝʥʘ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʢʚʘʨʮʝʚʳʤʠ ʤʦʥ-
ʮʦʥʠʪʘʤʠ ʠ ʤʦʥʮʦʜʠʦʨʠʪʘʤʠ, ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ï ʥʝʨʘʩʯʣʝʥʝʥʥʳʤʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ ʠ ʛʨʘʥʦʩʠ-
ʝʥʠʪʘʤʠ ʚʪʦʨʦʡ ʬʘʟʳ. 
ɺ ʋʨʫʩʢʠʩʢʝʥʩʢʦʤ ʤʘʩʩʠʚʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘ ʫ ʚʦʩʪʦʯʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ, 

ʩʣʦʞʝʥʥʳʝ ʢʚʘʨʮʝʚʳʤʠ ʤʦʥʮʦʥʠʪʘʤʠ ʠ ʢʚʘʨʮʝʚʳʤʠ ʤʦʥʮʦʜʠʦʨʠʪʘʤʠ (ʟʘʧʘʜʥʝʝ ʦʢʦʥʯʘʥʠʷ 
ʠʥʪʨʫʟʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ). ʄʦʥʮʦʜʠʦʨʠʪʳ ʩʦʩʪʦʷʪ ʠʟ ʜʝʘʥʦʨʪʠʪʠʟʠʨʦʚʘʥ-
ʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ (50ï60 %), ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ (15ï20 %), ʙʠʦʪʠʪʘ (10ï16 %), ʢʚʘʨʮʘ (1ï7 %), 
ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʤʠʢʨʦʧʝʛʤʘʪʠʪʦʚʳʝ ʩʨʘʩʪʘʥʠʷ ʩ ʢʚʘʨʮʝʤ. 
ʂʚʘʨʮʝʚʳʝ ʤʦʥʮʦʥʠʪʳ ʩʣʦʞʝʥʳ ʧʣʘʛʠʦʢʣʘʟʦʤ (ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ: ʧʝʨʚʘʷ ï ʢʨʫʧʥʳʝ ʩʦʩʩʶʨʠʪʠ-
ʟʠʨʦʚʘʥʥʳʝ ʟʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ï 30 %, ʚʪʦʨʘʷ ï ʩʣʘʙʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʡ ʘʣʴʙʠʪ-ʦʣʠʛʦʢ-
ʣʘʟ), ʢʚʘʨʮʝʤ (10ï18 %), ʤʠʢʨʦʧʝʨʪʠʪʘʤʠ (18ï22 %), ʟʝʣʝʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ (5ï20 %), ʙʠʦ-
ʪʠʪʦʤ (3ï6 %). ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʦʙʦʠʭ ʚʠʜʘʭ ʧʦʨʦʜ: ʩʬʝʥ, ʘʧʘʪʠʪ, ʤʦʥʘʮʠʪ, ʤʘʛʥʝʪʠʪ, 
ʮʠʨʢʦʥ; ʚʪʦʨʠʯʥʳʝ ï ʭʣʦʨʠʪ, ʵʧʠʜʦʪ, ʢʘʨʙʦʥʘʪ. 
ɻʨʘʥʦʜʠʦʨʠʪʳ ʠ ʛʨʘʥʦʩʠʝʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʨʦʜ ʧʝʨʚʦʡ ʬʘʟʳ ʤʝʥʴʰʠʤ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʪʝʤʥʦʮʚʝʪʦʚ ʠ ʙʦʣʴʰʠʤ ʢʚʘʨʮʘ ʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʫʨʫʩʢʠʩʢʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʢʨʝʤʥʝʟʝʤʘ (ʦʪ 56 ʜʦ 66 %), ʧʦʚʳʰʝʥʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʱʝʣʦ-
ʯʝʡ (ʚ ʩʨʝʜʥʝʤ ʦʢʦʣʦ 7,6 %) ʠ ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ. ʉʨʝʜʥʠʝ ʥʘʜʢʣʘʨʢʦʚʳʝ 
ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ (nĿ10-3 %): Pb ï 3; Cu ï 4,3; Ni ï 7,5; Co ï 10,5; Mo ï 3,2; W ï 1,6. ʂʦʤ-
ʧʣʝʢʩ ʠʤʝʝʪ ʦʙʱʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘ ʟʦʣʦʪʦ. 
ɺ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʢʦʤʧʣʝʢʩ ʚʳʜʝʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʥʝʢʦʥʪʨʘʩʪʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ï100ï200 ʥʊʣ. 
ʇʦʟʜʥʝʜʝʚʦʥʩʢʠʡ (ʨʘʥʥʝʬʘʤʝʥʩʢʠʡ?) ʚʦʟʨʘʩʪ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʧʦ ʦʙʱʝʛʝʦʣʦ-

ʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ. ʂʠʩʣʳʝ ʝʛʦ ʤʘʛʤʘʪʠʪʳ ʚ ʂʘʠʥʜʠʥʩʢʦ ʧʣʫʪʦʥʝ ʧʨʦʨʳʚʘʶʪ ʠʥʪʨʫʟʠʠ ʜʞʘʙʛr-
ʘʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʟʜʥʝʛʦ ʬʨʘʥʘ. ʅʘ ʜʝʟʠʥʪʝʛʨʠʨʦʚʘʥʥʳʭ ʫʨʫʩʢʠʩʢʝʥʩʢʠʭ ʛʨʘʥʠʪʦʠʜʘʭ 
ʟʘʣʝʛʘʶʪ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʩʪʨʘʪʦʥʳ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ: ʙʨʝʜʠʥʩʢʘʷ ʩʚʠʪʘ 
(ʠʣʠ ʞʝ ʩʨʘʟʫ ï ʪʫʛʫʥʜʠʥʩʢʘʷ ʪʦʣʱʘ); ʚ ʧʨʦʩʣʦʷʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʪʘʤ ʥʘʭʦʜʷʪʩʷ ʛʘʣʴʢʠ ʩʨʝʜʥʝ-
ʟʝʨʥʠʩʪʳʭ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʨʦʜʘʤ 
ʢʦʤʧʣʝʢʩʘ. ʉʝʚʝʨʥʝʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʛʘʣʴʢʘ ʤʦʥʮʦʥʠʪʦʚ ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʦʥʛʣʦʤʝʨʘ-
ʪʘʭ ʘʣʪʫʡʩʢʦʡ ʩʚʠʪʳ ʚʝʨʭʥʝʛʦ ʬʘʤʝʥʘ. 
ʉʨʝʜʥʝʫʰʢʘʪʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʨʷʜʦʤ ʤʝʣʢʠʭ ʤʘʩ-

ʩʠʚʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʂʨʳʢʣʠʥʩʢʦʛʦ, ʂʘʠʥʜʠʥʩʢʦʛʦ ʠ ʐʠʣʴʜʠʥʩʢʦʛʦ ʧʦʣʠʭʨʦʥʥʳʭ ʧʣʫʪʦ-
ʥʦʚ ʚ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢʩʢʦʡ ʠ ʂʦʧʝʡʩʢʦ-ʋʰʢʦʪʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ 
ʉʌɿ, ʘ ʪʘʢʞʝ ʥʝʨʘʩʯʣʝʥʝʥʥʳʝ ʛʨʘʥʠʪʳ, ʩʣʘʛʘʶʱʠʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʂʫʤʫʩ-ʊʁ ʙʠʥʩʢʠʡ ʤʘʩʩʠʚ 
ʠ ʥʝʙʦʣʴʰʦʡ ʣʠʥʝʡʥʳʡ ʤʘʩʩʠʚ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ ʧʦʜʟʦʥʘʭ ɺʦʩʪʦʯʥʦ-
ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. 
ʂʦʤʧʣʝʢʩ ʦʜʥʦʬʘʟʥʳʡ, ʩʣʘʛʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʥʠʪʘʤʠ "þD3su), ʥʝʨʘʩʯʣʝʥʝʥ-

ʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ "þ-þûD3su), ʛʨʘʥʠʪ-ʧʦʨʬʠʨʘʤʠ "þĆD3su) ʠ ʜʘʡʢʘʤʠ ʣʝʡʢʦʛʨʘ-
ʥʠʪʦʚ "eþ>3su). 
ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʂʘʠʥʜʠʥʩʢʦʛʦ ʧʣʫʪʦʥʘ ʩʨʝʜʥʝʫʰʢʘʪʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩ ʦʙʦʩʦʙʣʷʝʪʩʷ ʚ 

ʠʥʪʨʫʟʠʶ, ʧʨʝʜʩʪʘʚʣʷʶʱʫʶ ʩʦʙʦʡ ʣʘʢʢʦʣʠʪ ʩ ʧʦʜʚʦʜʷʱʠʤ ʢʘʥʘʣʦʤ ʥʘ ʩʝʚʝʨʝ ʵʪʦʛʦ ʪʝʣʘ. ʉʣʦ-
ʞʝʥ ʦʥ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʘʥʠʪʘʤʠ. ɾʠʣʴʥʘʷ ʩʝʨʠʷ ʦʙʨʘʟʦʚʘʥʘ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʠ ʘʧʣʠʪʘʤʠ. 
ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ï ʛʨʘʥʦʜʠʦʨʠʪʳ ʧʦʟʜʥʝʬʨʘʥʩʢʦʛʦ ʜʞʘʙʳʛʘʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ 
(ʥʘ ʶʛʝ) ï ʩʣʘʥʮʳ ʤʘʷʯʥʦʡ ʩʚʠʪʳ ʦʨʜʦʚʠʢʘ ʠ ʦʨʪʦʛʥʝʡʩʳ ʢʨʳʢʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʂʫʤʫʩ-ʊʶʙʠʥʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʝʨʭʦʚʴʷʭ ʨ. ʂʫʤʫʩ-ʊʶʙʝ (ʧʨʘʚʳʡ ʧʨʠʪʦʢ ʨ. ɼʞʫʩʘ) 

ʠ ʠʤʝʝʪ ʬʦʨʤʫ, ʙʣʠʟʢʫʶ ʢ ʧʦʜʢʦʚʦʦʙʨʘʟʥʦʡ. ʇʨʠ ʰʠʨʠʥʝ 3ï4,5 ʢʤ ʦʥ ʚʳʪʷʥʫʪ ʥʘ 7,5 ʢʤ. ɺ ʮʝʥ-
ʪʨʝ ʨʘʩʧʦʣʦʞʝʥ ʦʩʪʘʥʝʮ (ʢʩʝʥʦʣʠʪ ʜʦ 1,5 ʢʤ) ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʪʝʨʝʥʩʘʡ-
ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʂʦʥʪʘʢʪʳ ʤʘʩʩʠʚʘ ʚ ʦʩʥʦʚʥʦʤ ʢʨʫʪʳʝ ʠ ʧʘʜʘʶʪ ʧʦʜ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ ʜʞʫʩʠʥʩʢʦʡ ʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱ. ɺʦ-
ʩʪʦʯʥʘʷ ʛʨʘʥʠʮʘ ʩʦʨʚʘʥʘ ʨʘʟʣʦʤʦʤ. ʄʘʩʩʠʚ ʩʦʩʪʦʠʪ ʠʟ ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʨʘʟʚʠʪʳʭ ʚ 
ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʝʛʦ ʯʘʩʪʷʭ, ʠ ʛʨʘʥʠʪʦʚ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʥʘ ʶʛʦ-ʚʦʩʪʦʢʝ. ɾʠʣʴʥʘʷ ʩʝʨʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʘʡʢʘʤʠ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʘʧʣʠʪʦʚʠʜʥʳʭ ʛʨʘʥʠʪʦʚ, ʘʧʣʠʪʦʚ ʨʝʜʢʦ, ʪʦʥʘʣʠʪ-ʧʦʨʬʠ-
ʨʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ. 
ɺ ʤʠʥʝʨʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʢʦʤʧʣʝʢʩʘ ʧʨʠʩʫʪʩʪʚʫʶʪ: ʟʦʥʘʣʴʥʳʡ ʧʣʘʛʠʦʢʣʘʟ 

(  ̄12ï27) ï 36ï40 %, ʜʚʫʱʝʣʦʯʥʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ (ʤʠʢʨʦʢʣʠʥ, ʧʝʨʪʠʪ, ʘʥʪʠʧʝʨʪʠʪ) ï 30ï
45 %, ʢʚʘʨʮ ï 22ï33 %, ʘ ʪʘʢʞʝ ʙʠʦʪʠʪ, ʨʝʜʢʦ ï ʙʠʦʪʠʪʠʟʠʨʦʚʘʥʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ; ʘʢʮʝʩʩʦʨ-
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ʥʳʝ ʤʠʥʝʨʘʣʳ ï ʘʧʘʪʠʪ, ʮʠʨʢʦʥ, ʩʬʝʥ. ɺ ʛʨʘʥʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʩʥʠ-
ʞʘʝʪʩʷ ʜʦ 25ï30 %, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʧʣʘʛʠʦʢʣʘʟʘ ï ʜʦ 40ï50 %, ʢʚʘʨʮʘ ï ʜʦ 35 % ʠ 
ʙʠʦʪʠʪʘ ï ʜʦ 10 %. 
ʇʦ ʭʠʤʠʟʤʫ ʚʩʝ ʛʨʘʥʠʪʦʠʜʳ ʩʨʝʜʥʝʫʰʢʘʪʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʥʦʩʷʪʩʷ ʢ ʫʤʝʨʝʥʥʦʢʠʩʣʳʤ ʠ 

ʢʠʩʣʳʤ ʧʦʨʦʜʘʤ ʥʦʨʤʘʣʴʥʦʛʦ ʠ (ʥʝʟʥʘʯʠʪʝʣʴʥʦ) ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʨʷʜʦʚ ʩ ʢʘʣʠʝʚʦ-ʥʘʪʨʠ-
ʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ ʠ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʤ ʥʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʜʠʘʛʨʘʤʤʘʭ ʙʦʫʵʥʦʚ-
ʩʢʠʤ ʪʨʝʥʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʄʠʢʨʦʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦ-
ʜʝʨʞʘʥʠʷʤʠ Cu, Mo, Pb, Sn, W; ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʦʙʱʫʶ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠ-
ʘʣʠʟʘʮʠʶ ʥʘ ʟʦʣʦʪʦ. ʉʦ ʩʨʝʜʥʝʫʰʢʘʪʠʥʩʢʠʤʠ ʛʨʘʥʠʪʘʤʠ ʩʚʷʟʘʥʳ ʧʨʦʤʳʰʣʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʧʦʩʣʝʜʥʝʛʦ. 
ɼʘʥʥʳʝ ʘʙʩʦʣʶʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʧʦʟʜʥʝʬʘʤʝʥʩʢʦʝ) ʚʨʝʤʷ ʩʪʘʥʦʚʣʝʥʠʷ ʩʨʝʜʥʝʫʰʢʘʪʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʠʤʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘ-
ʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ. ʋʧʦʤʷʥʫʪʳʝ ʛʨʘʥʠʪʳ ʧʨʦʨʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʞʘʙʳʛʘ-
ʩʘʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʬʨʘʥʘ, ʚ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʡ ʩʦʣʥʝʯʥʦʡ ʪʦʣʱʠ (ʟʘ ʧʨʝ-
ʜʝʣʘʤʠ ʣʠʩʪʘ) ʚʩʪʨʝʯʝʥʳ ʛʘʣʴʢʘ ʠ ʥʝʙʦʣʴʰʠʝ ʚʘʣʫʥʳ ʘʥʘʣʦʛʠʯʥʳʭ ʤʫʩʢʦʚʠʪʦʚʳʭ ʛʨʘʥʠʪʦʚ. 
ʐʫʤʠʣʠʥʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʳʜʝʣʷʶʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʣʠ-

ʩʪʘ, ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʦʥʠ ʩʠʣʣʘʤʠ, ʰʪʦʢʘʤʠ, ʜʘʡʢʘʤʠ ʘʥʜʝ-
ʟʠʪʦʚ "ÍD3ôC1­g), ʪʨʘʭʠʜʘʮʠʪʦʚ "ĊĐD3ôC1­g). ʄʘʩʩʠʚʳ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʜʦ 0,6Ĭ2 ʢʤ. ʄʝʣʢʠʝ ʤʘʩ-
ʩʠʚʳ ʠ ʜʘʡʢʠ ʥʘ ʢʘʨʪʘʭ ʥʝ ʧʦʢʘʟʘʥʳ. ʇʨʦʨʳʚʘʶʪ ʦʥʠ ʚʫʣʢʘʥʠʪʳ ʦʜʥʦʠʤʝʥʥʦʡ ʩʚʠʪʳ ʠ ʠʤʝʶʪ 
ʘʥʘʣʦʛʠʯʥʳʡ ʩʦʩʪʘʚ ʩ ʝʝ ʵʬʬʫʟʠʚʘʤʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʙʦʣʝʝ ʢʠʩʣʳʭ ʨʘʟʥʦʩʪʝʡ. 
ʇʦʟʜʥʝʜʝʚʦʥʩʢʦïʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʚʦʟʨʘʩʪ ʰʫʤʠʥʩʢʠʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘ-

ʥʠʡ ʧʨʠʥʷʪ ʘʥʘʣʦʛʠʯʥʳʤ ʬʘʫʥʠʩʪʠʯʝʩʢʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʦʡ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ. 
ɹʝʨʝʟʥʷʢʦʚʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ "ĊĐ>3ôC1br) ʧʨʝʜʩʪʘʚʣʝʥ rʠʥʪʨʫʟʠʝʡ ʪʨʘ-

ʭʠʜʘʮʠʪʦʚ ʫʜʣʠʥʝʥʥʦʡ ʩʣʦʞʥʦʡ ʬʦʨʤʳ ʚʳʪʷʥʫʪʦʡ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʫʭʦʜʷʱʘʷ 
ʟʘ ʧʨʝʜʝʣʳ ʠʟʫʯʝʥʥʦʡ ʧʣʦʱʘʜʠ ʠ ʙʦʣʝʝ ʤʝʣʢʠʤʠ ʠʥʪʨʫʟʠʷʤʠ ʪʦʛʦ ʞʝ ʩʦʩʪʘʚʘ. ɺʥʫʪʨʝʥʥʝʝ ʩʪʨʦ-
ʝʥʠʝ ʠ ʭʘʨʘʢʪʝʨ ʢʦʥʪʘʢʪʦʚ ʠʥʪʨʫʟʠʠ ʦʩʪʘʣʠʩʴ ʥʝʠʟʫʯʝʥʥʳʤʠ. 
ɺ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʪʦʣʱʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷ-

ʤʠ æg ʜʦ 0,5 ʤɻʘʣ ʠ æT ʜʦ ï200 ʥʊʣ. 
ɹʝʨʝʟʦʚʩʢʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʢʦʤʘʛʤʘʪʘʤʠ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ; 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ, ʛʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʠʤʠ (ʜʦ 2Ĭ0,5 ʢʤ.) 
ʪʝʣʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ "Ąú=1br) ʠ ʪʨʘʭʠʨʠʦʣʠʪʦʚ "ĊĂ=1br). ʀʥʪʨʫʟʠʠ ʧʨʦʨʳʚʘʶʪ ʚʫʣʢʘʥʠʪʳ 
ʦʜʥʦʠʤʝʥʥʦʡ ʩʚʠʪʳ ʫ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ ʠ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ. 
ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʭ ʘʥʘʣʦʛʠʯʝʥ ʵʬʬʫʟʠʚʘʤ ʦʜʥʦʠʤʝʥʥʦʡ ʪʦʣʱʠ, ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʠʥʷʪ ʠ 

ʠʭ ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʦïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ. 
ʇʝʪʨʦʧʘʚʣʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʳʡ ʷʚʣʷʝʪʩʷ ʘʥʘʣʦʛʦʤ ʢʫʡʙʘʩʦʚʩʢʦ-

ʛʦ ʢʦʤʧʣʝʢʩʘ. ʈʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ɻʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʉʌɿ. 
ʂʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ, ʥʦ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʛʘʙʙʨʦ ʧʝʨʚʦʡ ʬʘʟʳ "Ą=1pt1). 

ʂʨʫʧʥʳʝ ʢʘʥʦʣʠʪʳ ʛʘʙʙʨʦ ʧʦʜʢʦʚʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʦʪʤʝʯʘʶʪʩʷ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɹʨʠʝʥʪʩʢʦʛʦ 
ʤʘʩʩʠʚʘ. ʇʦ ʩʦʩʪʘʚʫ ʠ ʩʪʨʫʢʪʫʨʝ ʦʥʠ ʩʭʦʞʠ ʩ ʛʘʙʙʨʦʠʜʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ ʢʫʡʙʘʩʦʚʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʘʟʘʨʙʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʚ ʥʠʭ ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ 
ʩʢʦʧʣʝʥʠʷ ʪʠʪʘʥʦ-ʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ. 
ɺ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʐʠʣʠʢʪʠʥʩʢʦʛʦ ʙʣʦʢʘ ʚʳʜʝʣʝʥʳ ʜʚʘ ʥʝʙʦʣʴʰʠʭ ʤʘʩʩʠʚʘ (2Ĭ(0,4ï0,7) ʢʤ) 

ʛʘʙʙʨʦ ʧʝʪʨʦʧʘʚʣʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʧʦ ʩʦʩʪʘʚʫ ʩʭʦʞʠʝ ʩ ʛʘʙʙʨʦʠʜʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ ʢʫʡʙʘʩʦʚ-
ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʐʠʣʠʢʪʠʥʩʢʦʛʦ ʠ ʄʫʩʦʛʘʪʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦ-
ʥ .r ʄʘʩʩʠʚʳ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʚʫʣʢʘʥʠʪʳ ʥʦʚʦʙʫʨʘʥʥʦʡ 
ʪʦʣʱʠ ʠ ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʙʘʙʘʨʳʢʠʥʩʢʦʡ ʪʦʣʱʠ, ʘ ʠʭ ʢʩʝʥʦʣʠʪʳ ʥʘʭʦʜʷʪʩʷ ʚ 
ʛʨʘʥʠʪʦʠʜʘʭ ʤʦʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʀʩʭʦʜʷ ʠʟ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʠ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʢʫʡʙʘʩʦʚʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʚʦʟʨʘʩʪ ʧʝʪʨʦ-

ʧʘʚʣʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ (ʚʠʟʝʡʩʢʠʤ?). 
ʂʫʡʙʘʩʦʚʩʢʠʡ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʋʟʝʣʴʛʠʥ-

ʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ. ʇʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʫʯʘʩʪʚʫʶʪ ʚ 
ʩʪʨʦʝʥʠʠ ɹʘʟʘʨʙʘʡʩʢʦʛʦ, ʐʠʣʠʢʪʠʥʩʢʦʛʦ ʠ ʄʫʩʦʛʘʪʩʢʦʛʦ ʧʦʣʠʭʨʦʥʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʩʣʘʛʘʶʪ 
ʥʝʙʦʣʴʰʠʝ (~1 ʢʤ2) ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʪʝʣʘ, ʩʣʦʞʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʘʙʙʨʦʠʜʘʤʠ ʧʝʨʚʦʡ 
ʬʘʟʳ. 
ʂʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ. ʇʝʨʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʙʙʨʦ "Ą=1k1), ʛʘʙʙʨʦʜʠʦʨʠʪʘʤʠ (Ąû=1k1), 

ʜʘʡʢʘʤʠ ʛʘʙʙʨʦʜʦʣʝʨʠʪʦʚ "Ąú=1k1); ʚʪʦʨʘʷ ʬʘʟʘ ï ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ "þû=1k2), ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ 
"þĎC1k2) ʠ ʜʘʡʢʘʤʠ ʛʨʘʥʦʩʠʝʥʠʪ-ʧʦʨʬʠʨʦʚ "þĎĆ=1k2). 
ɻʘʙʙʨʦ, ʩʣʘʛʘʶʱʠʝ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʯʘʩʪʴ ɹʘʟʘʨʙʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʠʤʝʶʪ ʩʝʨʳʡ ʮʚʝʪ ʠ ʩʨʝʜʥʝ-

ʟʝʨʥʠʩʪʫʶ, ʨʝʞʝ ʢʨʫʧʥʦʟʝʨʥʠʩʪʫʶ ʩʪʨʫʢʪʫʨʫ ʪʝʤʥʦʮʚʝʪʥʳʭ ʠ ʩʚʝʪʣʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʪʨʫʢʪʫʨ-
ʥʳʡ ʨʠʩʫʥʦʢ ʵʪʠʭ ʧʦʨʦʜ ʥʝʫʩʪʦʡʯʠʚ ʠ ʜʘʞʝ ʥʘ ʥʝʙʦʣʴʰʠʭ ʫʯʘʩʪʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʣʝʡʢʦʢʨʘʪʦʚʳʝ 
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ʨʘʟʥʦʩʪʠ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ, ʧʨʠʙʣʠʞʘʶʱʠʝʩʷ ʧʦ ʩʦʩʪʘʚʫ ʢ ʧʠ-
ʨʦʢʩʝʥʠʪʘʤ. ɻʘʙʙʨʦ ʩʦʜʝʨʞʘʪ ʤʥʦʛʦ ʘʢʮʝʩʩʦʨʥʦʛʦ ʠʣʴʤʝʥʠʪʘ (ʜʦ 10ï15 %), ʨʘʩʩʝʷʥʥʦʛʦ ʨʘʚʥʦ-
ʤʝʨʥʦ, ʥʦ ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʱʝʛʦ ʰʣʠʨʦʚʳʝ ʠ ʧʦʣʦʩʯʘʪʳʝ ʩʢʦʧʣʝʥʠʷ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ (ʚ ʪʝʢʪʦʥʠ-
ʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʭ ʫʯʘʩʪʢʘʭ) ʩʧʣʦʰʥʳʭ ʠ ʛʫʩʪʦʚʢʨʘʧʣʝʥʥʠʢʦʚʳʭ ʠʣʴʤʝʥʠʪʦʚʳʭ ʨʫʜ. ʇʦʜ ʤʠʢ-
ʨʦʩʢʦʧʦʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʘʙʙʨʦ ʩʦʩʪʦʷʪ ʠʟ ʢʨʫʧʥʳʭ ʠʟʦʤʝʪʨʠʯʥʳʭ ʘʣʣʦʪʨʠʦʤʦʨʬʥʳʭ ʠʣʠ 
ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʠʜʠʦʤʦʨʬʥʳʭ ʠʥʜʠʚʠʜʦʚ ʧʣʘʛʠʦʢʣʘʟʘ (ʣʘʙʨʘʜʦʨʘ) ʠ ʪʘʢʠʭ ʞʝ ʧʦ ʩʪʝʧʝʥʠ 
ʠʜʠʦʣʛʦʨʬʠʟʤʘ ʟʝʨʝʥ ʧʠʨʦʢʩʝʥʘ ʠ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ. ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ, ʢʨʦʤʝ ʫʧʦʤʷʥʫʪʦʛʦ ʚʳʰʝ 
ʠʣʴʤʝʥʠʪʘ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚ ʦʙʠʣʠʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʧʘʪʠʪ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʠʥʦʛʜʘ ʜʦ-
ʩʪʠʛʘʝʪ 10 %. ɻʘʙʙʨʦ, ʩʣʘʛʘʶʱʠʝ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʄʫʩʦʛʘʪʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʤʘʢʨʦʩʢʦʧʠʯʝ-
ʩʢʠ ï ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ (ʨʝʜʢʦ ï ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ) ʧʦʨʦʜʳ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʜʦ ʪʝʤʥʦ 
(ʧʦʯʪʠ ʯʝʨʥʦ)-ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʤʘʩʩʠʚʥʦʡ, ʨʝʞʝ ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ 
ʥʘʙʣʶʜʘʝʪʩʷ ʛʘʙʙʨʦʚʘʷ, ʠʥʦʛʜʘ ʧʦʡʢʠʣʠʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ, ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʢʨʫʛʣʳʝ ʢʨʠ-
ʩʪʘʣʣʳ ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʩʦʜʝʨʞʠʪ ʚʢʣʶʯʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ. ʇʣʘʛʠʦʢʣʘʟ (ʘʥʜʝʟʠʥï
ʣʘʙʨʘʜʦʨ) ʜʦʚʦʣʴʥʦ ʩʚʝʞʠʡ, ʚ ʚʠʜʝ ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʠʨʦʢʩʝʥ ï ʤʦʥʦʢʣʠʥʥʳʡ ʩʦʜʝʨ-
ʞʠʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩ ʧʣʘʛʠʦʢʣʘʟʦʤ, ʠʥʦʛʜʘ ʚʩʪʨʝʯʘʝʪʩʷ ʨʦʤʙʠʯʝʩʢʠʡ ʧʠ-
ʨʦʢʩʝʥ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʛʠʧʝʨʩʪʝʥʦʤ. ɺ ʩʦʩʪʘʚʝ ʯʘʩʪʦ ʦʪʤʝʯʘʝʪʩʷ ʤʘʛʥʝʪʠʪ, ʨʝʞʝ ʚʪʦʨʠʯʥʳʝ 
ʤʠʥʝʨʘʣʳ ï ʭʣʦʨʠʪ, ʵʧʠʜʦʪ, ʢʚʘʨʮ. 
ɻʘʙʙʨʦʜʠʦʨʠʪʳ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʐʠʣʠʢʪʠʥʩʢʦʤ ʤʘʩʩʠʚʝ ʠ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʨʝʜʠ 

ʛʘʙʙʨʦ ʄʫʩʦʛʘʪʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʘʙʙʨʦ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʝʤʥʦʮʚʝʪʥʳʭ 
ʤʠʥʝʨʘʣʦʚ (20ï30 %), ʙʦʣʝʝ ʢʠʩʣʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ (ʘʥʜʝʟʠʥʦʤ), ʧʦʷʚʣʝʥʠʝʤ (ʥʘʨʷʜʫ ʩ ʧʠʨʦʢʩʝ-
ʥʦʤ) ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʩʝʥʦʤʦʨʬʥʦʛʦ ʢʚʘʨʮʘ. 
ɻʨʘʥʦʩʠʝʥʠʪʳ ʚʪʦʨʦʡ ʬʘʟʳ, ʩʣʘʛʘʶʱʠʝ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʐʠʣʠʢʪʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʦ 

ʚʥʝʰʥʝʤʫ ʚʠʜʫ ï ʤʘʩʩʠʚʥʳʝ ʧʦʨʦʜʳ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ, ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨ-
ʥʠʩʪʳʝ, ʯʘʩʪʦ ʩ ʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɺ ʩʦʩʪʘʚʝ ʧʨʝʦʙʣʘʜʘʶʪ ʢʘʣʠʝʚʳʝ ʧʦʣʝʚʳʝ ʰʧʘʪʳ (ʧʝʨ-
ʪʠʪ, ʤʠʢʨʦʢʣʠʥ), ʦʙʨʘʟʫʶʱʠʝ ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ï 55 %, ʢʚʘʨʮʝʤ, ʧʣʘʛʠʦʢʣʘʟʦʤ (ʘʣʙɹʠʪʦʤ 
ʦʙʨʘʟʫʶʱʠʤ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ) ï 10 %, ʙʠʦʪʠʪʦʤ, ʤʘʛʥʝʪʠʪʦʤ ï 5 %. 
ʇʣʦʱʘʜʷʤ ʨʘʟʚʠʪʠʷ ʠʥʪʨʫʟʠʡ ʢʦʤʧʣʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷ-

ʞʝʩʪʠ ʠ ʢʦʥʪʨʘʩʪʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝ-
ʩʪʚʦʤ ʘʢʮʝʩʩʦʨʥʦʛʦ ʤʘʛʥʝʪʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ. ɺʦʢʨʫʛ ʠʥʪʨʫʟʠʡ ʦʪʤʝʯʘʶʪʩʷ ʰʠʨʦʢʠʝ ʦʨʝʦʣʳ ʦʨʦ-
ʛʦʚʠʢʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʭʦʨʦʰʦ ʚʳʜʝʣʷʶʱʠʝʩʷ ʧʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤʫ ʤʘʛʥʠʪʥʦʤʫ ʧʦʣʶ. 
ɼʣʷ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʢʫʡʙʘʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʥʘ ʞʝʣʝʟʦʨʫʜʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ, 

ʚʳʨʘʞʝʥʥʘʷ ʚ ʦʙʦʛʘʱʝʥʠʠ ʢʦʥʪʘʢʪʦʚʳʭ ʨʦʛʦʚʠʢʦʚ ʤʘʛʥʝʪʠʪʦʤ ʜʦ 30 % ʠ ʚʳʰʝʢʣʘʨʢʦʚʳʤʠ 
ʩʦʜʝʨʞʘʥʠʷʤʠ Ni, Co, Cr ʠ V, ʘ ʪʘʢʞʝ ʤʦʣʠʙʜʝʥ-ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. 
ʀʥʪʨʫʟʠʠ ʢʫʡʙʘʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʚʫʣʢʘʥʠʪʳ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ. ɻʘʣʴʢʘ ʛʨʘ-

ʥʦʩʠʝʥʠʪʦʚ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʳ (ʚʝʨʭʠ ʪʫʨʥʝʡʩʢʦʛʦ ʷʨʫ-
ʩʘ) [35]. ʉʘʤʠ ʞʝ ʠʥʪʨʫʟʠʠ ʧʨʦʨʳʚʘʶʪʩʷ ʤʘʛʤʘʪʠʪʘʤʠ ʤʦʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʩʝʨʧʫʭʦʚʩʢʠʡ 
ʚʝʢ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʚʦʟʨʘʩʪ ʢʫʡʙʘʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, 
ʨʘʥʥʝʪʫʨʥʝʡʩʢʠʡ. 
ʅʝʧʣʶʝʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʳʡ ʚʳʜʝʣʷʝʪʩʷ ʚ ʏʝʣʷʙʠʥʩʢʦ-ʉʫʫʥʜʫʢ-

ʩʢʦʡ ʧʦʜʟʦʥʝ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ, ʛʜʝ ʫʯʘʩʪʚʫʝʪ ʚ ʩʪʨʦʝʥʠʠ ʂʨʳʢʣʠʥʩʢʦʛʦ ʧʦʣʠʭʨʦʥ-
ʥʦʛʦ ʤʘʩʩʠʚʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʠ ʨʷʜ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʶʞʥʝʝ ʩʘʤʦʩʪʦʷ-
ʪʝʣʴʥʳʭ ʤʘʩʩʠʚʦʚ. 
ʂʦʤʧʣʝʢʩ ʪʨʝʭʬʘʟʥʳʡ, ʥʘ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚʪʦʨʦʡ ʬʘʟʦʡ ï ʛʥʝʡʩʦʜʠʦʨʠʪʳ "ûö=1n2) ʠ 

ʪʨʝʪʴʝʡ ʬʘʟʦʡ ï ʧʣʘʛʠʦʛʨʘʥʠʪʳ (pþ=1n3), ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʳ (pþ'C1n3), ʛʥʝʡʩʦʪʦʥʘʣʠʪʳ 
"iþûöC1n3) ʠ ʜʘʡʢʘʤʠ ʣʝʡʢʦʧʣʘʛʠʦʛʨʘʥʠʪʦʚ (lpþC1n3). 
ʉʨʝʜʠ ʛʥʝʡʩʦʪʦʥʘʣʠʪʦʚ ʠ ʛʥʝʡʩʦʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʫʯʘʩʪʢʠ ʧʦ ʩʦʩʪʘʚʫ, 

ʦʪʚʝʯʘʶʱʠʝ ʛʨʘʥʦʜʠʦʨʠʪʘʤ ʠ ʛʨʘʥʠʪʘʤ (ʜʦ ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʩ ʢʘʣʠʥʘʪʨʦʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ). 
ɺ ʮʝʣʦʤ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʠ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʘʤ ʧʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʩʭʦʞʠ ʩ ʚʳʰʝ ʦʧʠ-

ʩʘʥʥʳʤ ʜʞʘʙʳʛʘʩʘʡʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ, ʢ ʢʦʪʦʨʦʤʫ ʦʥʠ ʠ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʧʨʠ ɻɼʇ-200 [59]. ʉʝ-
ʚʝʨʥʝʝ ʧʣʦʱʘʜʠ ɸ. ɺ. ʊʝʚʝʣʝʚʳʤ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦʨʦʜʳ ʂʨʳʢʣʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʪʥʦʩʠʣʠʩʴ ʢ 
ʥʝʧʣʶʝʚʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʣʠʩʪʘ M-40-VI ʢ ʠʟʜʘʥʠʶ, ʜʣʷ 
ʨʝʰʝʥʠʷ ʵʪʠʭ ʧʨʦʪʠʚʦʨʝʯʠʡ ʠʟ ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʚ ʪʨʝʪʴʝʡ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ ʙʳʣʠ ʦʪʦ-
ʙʨʘʥʳ 4 ʧʨʦʙʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʦʣʦʛʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʤʠʢʨʦʟʦʥʜʦʚʳʤ ʫʨʘʥ-ʩʚʠʥʮʦʚʳʤ 
ʤʝʪʦʜʦʤ ʧʦ ʮʠʨʢʦʥʘʤ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 
ï ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʠʟ 10 ʟʝʨʝʥ ʮʠʨʢʦʥʘ 4ï5 ʟʝʨʝʥ ʠʤʝʶʪ ʢʦʥʢʦʨʜʘʥʪʥʳʝ ʟʥʘʯʝʥʠʷ 358,3Ñ3,7; 

342,7Ñ4,5; 353,5Ñ2,7; 349,4,Ñ2,4 ʤʣʥ ʣʝʪ, ʪ. ʝ. ʚʦʟʨʘʩʪ ʤʠʥʝʨʘʣʦʚ ʠ ʧʦʨʦʜ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʪʫʨ-
ʥʝʡʩʢʠʡ ʠ ʛʨʘʥʠʮʘ ʪʫʨʥʝʡʩʢʦʛʦ ʠ ʚʠʟʝʡʩʢʦʛʦ ʷʨʫʩʦʚ; 
ï ʢʨʦʤʝ ʵʪʦʛʦ ʚ ʜʚʫʭ ʧʨʦʙʘʭ ʧʦʣʫʯʝʥʳ ʢʦʥʢʦʨʜʘʪʥʳʝ ʟʥʘʯʝʥʠʷ 421,5Ñ7; 441,5Ñ2,8 ʤʣʥ ʣʝʪ, 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʭʚʘʪʦʤ ʮʠʨʢʦʥʦʚ ʠʟ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʥʳʭ (ʢʦʧʠʥʩʢʠʡ ʢʦʤ-
ʧʣʝʢʩ) ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʢʨʳʢʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ʀʥʪʨʫʟʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʩʨʝʜʥʠʝ ʠ ʚʝʨʭʥʠʝ ʦʨʜʦʚʠʢʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʤʘ̫ ʯʥʦʡ ʩʚʠʪʳ, 
ʵʥʙʝʢʰʠʥʩʢʦʡ ʠ ʢʦʩʦʙʨʦʜʩʢʦʡ ʪʦʣʱ, ʚʝʨʭʥʝʦʨʜʦʚʠʢʩʢʠʝ ʛʨʘʥʠʪʦʠʜʳ ʢʨʠʢʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʠ ʚʝʨʭʥʝʜʝʚʦʥʩʢʦʛʦ ʫʨʫʩʢʠʩʢʝʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʉʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ ʧʦʨʦʜʳ ʢʦʤʧʣʝʢʩʘ ʩ ʨʘʟʤʳʚʦʤ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʩʦʜʝʨʞʘʱʠʤʠ ʬʦʨʘʤʠʥʠʬʝʨʳ ʞʫʢʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ [15]. 
ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʛʨʘʥʠʪʦʠʜʳ ʙʳʣʠ ʦʪʥʝʩʝʥʳ ʢ ʥʝʧʣʶʝʚʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ, 

ʘ ʚʦʟʨʘʩʪ ʠʭ ʦʧʨʝʜʝʣʝʥ ʢʘʢ ʪʫʨʥʝʡʩʢʠʡïʨʘʥʥʝʚʠʟʝʡʩʢʠʡ (ʥʠʟ)r. 
ʂʦʩʢʫʣʴʩʢʠʡ ʛʘʙʙʨʦ-ʤʦʥʮʦʜʠʦʨʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚʳʜʝʣʷʝʪʩʷ ʚ ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʦʡ 

ʧʦʜʟʦʥʝ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ, ʛʜʝ ʩʣʘʛʘʝʪ ʂʫʩʢʫʣʴʩʢʫʶ ʠʥʪʨʫʟʠʶ ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ 
ʪʝʣʘ ʠ ʜʘʡʢʠ. 
ʂʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ. ʇʝʨʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʙʙʨʦ "Ą=1ks1), ʚʪʦʨʘʷ ʬʘʟʘ ï ʤʦʥʮʦʜʠʦ-

ʨʠʪʘʤʠ "ăû=1ks2) ï ʨʘʩʩʣʦʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩ ʩʦʩʪʘʚʘʤʠ ʦʪ ʣʝʡʢʦʛʘʙʙʨʦ ʜʦ ʤʦʥʮʦʥʠʪʦʚ, ʨʝʜʢʦ 
ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʦʚ. 
ʌʦʨʤʘ ʪʝʣ, ʚ ʧʣʘʥʝ ʦʪ ʧʦʜʢʦʚʦʦʙʨʘʟʥʦʡ ʜʦ ʣʠʥʟʦʚʠʜʥʦʡ ʠ ʣʠʥʝʡʥʦʡ, ʨʘʟʤʝʨʳ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 

0,35 ʜʦ 0,6 ʢʤ, ʚ ʧʦʧʝʨʝʯʥʠʢʝ ʠ ʦʪ 1,7 ʜʦ 2 ʢʤ ʧʦ ʜʣʠʥʝ. ʈʘʟʤʝʨʳ ʧʦʣʦʞʠʪʝʣʥɹʳʭ ʘʥʦʤʘʣʠʡ, 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʝʧʳʤʠ ʪʝʣʘʤʠ, ʢʦʣʝʙʣʶʪʩʷ ʦʪ 1,5ï2 ʢʤ ʧʦ ʰʠʨʠʥʝ ʠ 6ï
10 ʢʤ ʧʦ ʜʣʠʥʝ. ɺ ʨʘʟʨʝʟʝ ʙʦʣʴʰʠʥʩʪʚʦ ʪʝʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʘʢʢʦʣʠʪʳ, ʣʦʧʦʣʠʪʳ ʠʣʠ ʧʣʘ-
ʩʪʦʚʳʝ ʟʘʣʝʞʠ ʩ ʤʦʱʥʦʩʪʴʶ ʦʪ 0,1 ʜʦ 0,5 ʢʤ. ɺ ʨʝʣʴʝʬʝ ʚʩʝ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʦʟʚʳʰʝʥʥʳʤʠ 
ʫʯʘʩʪʢʘʤʠ ʩ ʛʨʷʜʘʤʠ ʤʝʣʢʠʭ ʩʦʧʦʢ. 
ɻʘʙʙʨʦ ʧʝʨʚʦʡ ʬʘʟʳ ï ʤʝʟʦʢʨʘʪʦʚʘʷ ʠʣʠ ʤʝʣʘʥʦʢʨʘʪʦʚʘʷ ʩʨʝʜʥʝʟʝʨʥʠʩʪʘʷ ʧʦʨʦʜʘ ʩʝʨʦ-ʟʝʣʝ-

ʥʦʛʦ, ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ ʩ ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʪʨʫʢʪʫʨʘ ʦʩʥʦʚʥʦʡ 
ʤʘʩʩʳ ʦʬʠʪʦʚʘʷ ʜʦ ʧʦʡʢʠʣʦʦʬʠʪʦʚʦʡ. ʇʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʢʨʫʧʥʳʤʠ (ʜʦ 2 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ) ʟʝʨʥʘʤʠ ʫʨʘʣʠʪʘ ʧʦ ʧʠʨʦʢʩʝʥʫ, ʯʘʩʪʦ ʩ ʧʦʡʢʠʣʠʪʦʚʳʤʠ ʚʨʦ-
ʩʪʢʘʤʠ ʰʝʩʪʦʚʘʪʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʠʭ, ʰʝʩʪʦʚʘ-
ʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʣʘʛʠʦʢʣʘʟʘ, ʟʘʤʝʱʝʥʥʦʛʦ ʘʣʴʙʠʪʦʤ (  ̄0ï2) ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʣʶʯʝ-
ʥʠʡ ʵʧʠʜʦʪʘ, ʢʣʠʥʦʮʦʠʟʠʪʘ ʠ ʤʝʣʢʦʛʦ ʘʛʨʝʛʘʪʘ ʭʣʦʨʠʪʘ, ʫʨʘʣʠʪʘ, ʠʣʴʤʝʥʠʪʘ ʠ ʤʘʛʥʝʪʠʪʘ ʤʝʞʜʫ 
ʥʠʤʠ. ɻʘʙʙʨʦʜʠʘʙʘʟʳ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʝʝ ʪʦʥʢʦʟʝʨʥʠʩʪʳʤ ʩʪʨʦʝʥʠʝʤ, ʧʦʷʚʣʝʥʠʝʤ ʘʬʠʨʦʚʦʡ ʠ 
ʠʥʪʝʨʩʝʨʪʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨ ʠ ʪʘʢʩʠʪʦʚʳʭ, ʬʣʶʠʜʘʣʴʥʳʭ ʪʝʢʩʪʫʨ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦ-
ʨʦʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ ʩ ʥʦʨʤʘʣʴʥʦʡ ʠʣʠ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʴʶ 
ʥʘʪʨʠʝʚʦʡ ʩʝʨʠʠ. ɺ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ, ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ. 
ʇʦʨʦʜʳ ʚʪʦʨʦʡ ʬʘʟʳ ʩʣʘʛʘʶʪ ʥʝʙʦʣʴʰʠʝ ʪʝʣʘ ʩ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ ʨʘʩʩʣʦʝʥʥʦʩʪʴʶ. 

ʏʘʱʝ ʚʩʝʛʦ, ʚ ʦʩʥʦʚʘʥʠʠ ʠʥʪʨʫʟʠʠ ʟʘʣʝʛʘʶʪ ʤʝʟʦʢʨʘʪʦʚʳʝ ʛʘʙʙʨʦʠʜʳ, ʯʘʩʪʦ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʝ 
ʠ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʝ, ʠʥʦʛʜʘ ʙʣʠʟʢʠʝ ʢ ʛʘʙʙʨʦ ʧʝʨʚʦʡ ʬʘʟʳ. ɺʳʰʝ ʦʥʠ ʩʤʝʥʷʶʪʩʷ ʣʝʡʢʦʛʘʙʙʨʦ, 
ʣʝʡʢʦʤʦʥʮʦʛʘʙʙʨʦ, ʛʘʙʙʨʦʜʠʦʨʠʪʘʤʠ, ʤʦʥʮʦʜʠʦʨʠʪʘʤʠ, ʨʝʜʢʦ ï ʢʚʘʨʮʝʚʳʤʠ ʤʦʥʮʦʥʠʪʘʤʠ. 
ʄʦʱʥʦʩʪʠ ʛʦʨʠʟʦʥʪʦʚ ʫʢʘʟʘʥʥʳʭ ʧʦʨʦʜ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 5 ʜʦ 40 ʤ. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʢʚʝʨʭʫ ʟʘʣʝ-
ʞʠ ʣʝʡʢʦʢʨʘʪʦʚʦʩʪʠ ʠ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʩʚʦʡʩʪʚ ʧʦʨʦʜ ʚ ʥʠʭ ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʤʝʥʴʰʝ-
ʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʠʣʴʤʝʥʠʪʘ (ʦʪ 10 % ʫ ʧʦʜʦʰʚʳ ʜʦ 2 % ʚ ʢʨʦʚʣʝ ʟʘʣʝʞʠ). ɻʘʙʙʨʦʠʜʳ ʚʪʦʨʦʡ 
ʬʘʟʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʨʦ-ʟʝʣʝʥʳʝ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ ʩ ʤʘʩʩʠʚʥʦʡ, ʨʝʞʝ ʩʣʘʥʮʝʚʘ-
ʪʦʡ ʪʝʢʩʪʫʨʦʡ. ʉʪʨʫʢʪʫʨʘ, ʠʭ ʦʬʠʪʦʚʘʷ, ʨʝʞʝ ï ʙʣʘʩʪʦʢʘʪʘʢʣʘʩʪʠʯʝʩʢʘʷ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: 
ʧʣʘʛʠʦʢʣʘʟ (ʘʣʴʙʠʪ  ̄0ï2) ï 60ï65 %, ʭʣʦʨʠʪ (ʧʦ ʧʠʨʦʢʩʝʥʫ) ï 15ï20 %, ʠʣʴʤʝʥʠʪ ï 2ï10 %, 
ʤʘʛʥʝʪʠʪ ï ʜʦ 1 %, ʘʧʘʪʠʪ ï ʜʦ 1 %. ʀʟ ʚʪʦʨʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʨʦʤʝ ʭʣʦʨʠʪʘ, ʦʙʳʯʥʦ ʧʨʠʩʫʪ-
ʩʪʚʫʝʪ ʢʘʨʙʦʥʘʪ (ʜʦ 18 %), ʩʝʨʠʮʠʪ (ʜʦ 5 %), ʣʝʡʢʦʢʩʝʥ ʧʦ ʠʣʴʤʝʥʠʪʫ, ʨʝʞʝ ï ʢʚʘʨʮ ʠ ʵʧʠʜʦʪ. ɺ 
ʣʝʡʢʦʤʦʥʮʦʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦʜʠʦʨʠʪʘʭ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʜʦʩʪʠʛʘʶʪ 75 %. ɺ ʤʦʥʮʦʜʠʦʨʠ-
ʪʘʭ ʠ ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʘʭ ʧʦʷʚʣʷʝʪʩʷ ʢʚʘʨʮ ʚ ʢʦʣʠʯʝʩʪʚʝ ʦʪ 2 ʜʦ 15 %. ɺ ʮʝʣʦʤ, ʧʦʨʦʜʳ ʵʪʦʡ 
ʛʨʫʧʧʳ ʩʦʩʪʦʷʪ ʠʟ ʰʝʩʪʦʚʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʣʴʙʠʪʘ, ʠʥʪʝʨʩʪʠʮʠʠ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʚʳʧʦʣʥʝʥʳ 
ʘʛʨʝʛʘʪʦʤ ʪʦʥʢʦʣʠʩʪʦʚʘʪʦʛʦ ʭʣʦʨʠʪʘ ʩ ʤʘʛʥʝʪʠʪʦʤ ʠ ʠʣʴʤʝʥʠʪʦʤ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʠʣʴʤʝʥʠʪʘ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤʠ ʟʝʨʥʘʤʠ ʩ ʧʣʘʩʪʠʥʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ ʦʙʳʯʥʦ ʧʦʯʪʠ 
ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʤʠ ʣʝʡʢʦʢʩʝʥʦʤ. 
ɸʣʴʙʠʪ ʚ ʧʦʨʦʜʝ, ʚʦʟʤʦʞʥʦ, ʠʤʝʝʪ ʨʘʟʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʝʛʦ, ʚʠʜʠʤʦ, 

ʷʚʣʷʝʪʩʷ ʚʩʝ ʞʝ ʚʪʦʨʠʯʥʦʡ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʳʩʦʢʘʷ ʱʝʣʦʯʥʦʩʪʴ ʧʦʨʦʜ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʙʦʣʴ-
ʰʠʥʩʪʚʝ ʩʚʦʝʤ ʦʙʫʩʣʦʚʣʝʥʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʪʦʨʠʯʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ (ʘʣʴʙʠʪʠʟʘʮʠʝʡ, ʩʝʨʠʮʠ-
ʪʠʟʘʮʠʝʡ), ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚ ʧʨʝʜʝʣʘʭ ʂʦʩʢʫʣʴʩʢʦʡ ʠʥʪʨʫʟʠʠ ʠ ʚ ʦʢʨʫʞʘʶʱʠʭ 
ʝʝ ʤʝʣʢʠʭ ʪʝʣʘʭ ʠ ʜʘʡʢʘʭ. ʕʪʠ ʠʟʤʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʨʦʧʠʣʠʪʠʟʘʮʠʝʡ ʩ ʦʙʨʘʟʦ-
ʚʘʥʠʝʤ ʘʩʩʦʮʠʘʮʠʠ: ʘʣʴʙʠʪ+ʭʣʦʨʠʪ+ʢʘʨʙʦʥʘʪ+ʩʝʨʠʮʠʪÑʧʠʨʠʪÑʣʝʡʢʦʢʩʝʥÑʢʚʘʨʮ. 
ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ, ʠʟʤʝʥʝʥʥʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚʪʦʨʦʡ 

ʛʨʫʧʧʳ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʥʳʤ ʠ ʩʨʝʜʥʠʤ ʧʦʨʦʜʘʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʰʝʥʥʦʡ ʱʝʣʦʯʥʦʩʪʠ 
ʥʘʪʨʠʝʚʦʡ ʩʝʨʠʠ. ɺʩʝ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ ʠ 
ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʪʦʣʝʠʪʦʚʳʤ ʪʨʝʥʜʦʤ, ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ. 
ʅʘ ʢʘʨʪʘʭ ʦʩʪʘʪʦʯʥʳʭ ʘʥʦʤʘʣʠʡ æg (ʅ=500 ʤ) ʪʝʣʘ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʧʦʣʦʞʠ-

ʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 1 ʤɻʘʣ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʥʘʜ ʥʠʤʠ ʠʤʝʝʪ ʜʠʬʬʝ-
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ʨʝʥʮʠʨʦʚʘʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʦ ʟʥʘʯʝʥʠʷʤʠ ʦʪ ï50 ʜʦ +200 ʥʊʣ. 
ʀʥʪʨʫʟʠʠ ʢʦʤʧʣʝʢʩʘ ʧʨʦʨʳʚʘʶʪ ʚʫʣʢʘʥʠʪʳ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪ-

ʣʦʞʝʥʠʡ ʢʫʛʫʪʳʢʩʢʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʪʦʣʱ ʥʝʨʘʩʯʣʝʥʝʥʥʳʭ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 
ʠʥʪʨʫʟʠʡ ʩʭʦʞ ʩ ʵʬʬʫʟʠʚʘʤʠ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʝ ʩ ʢʘʤʦʨʟʠʥʩʢʦʡ ʪʦʣʱʝʡ ʥʝ 
ʚʳʷʩʥʝʥʳ. ɸʚʪʦʨʦʤ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʥʪʨʫʟʠʠ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʶʪʩʷ ʛʠʧʘʙʠʩʩʘʣʴʥʳʤʠ ʢʦ-
ʤʘʛʤʘʪʘʤʠ ʧʦʣʦʮʢʦʡ ʪʦʣʱʠ. ʅʘ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʠ ʧʦ ʧʦʣʦʞʝʥʠʶ ʚ ʨʘʟʨʝʟʝ ʧʨʠʥʠʤʘʝʪʩʷ 
ʨʘʥʥʝʚʠʟʝʡʩʢʠʡ ʚʦʟʨʘʩʪ ʢʦʩʢʫʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʄʦʩʦʚʩʢʠʡ ʢʦʤʧʣʝʢʩ ʢʚʘʨʮʝʚʳʭ ʤʦʥʮʦʥʠʪʦʚ, ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ 

ʛʨʘʥʠʪʦʚ ʨʘʟʚʠʪ ʚ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ɻʫʤʙʝʡʩʢʦʡ ʧʦʜʟʦʥʝ ɹʨʠ-
ʝʥʪʩʢʠʤ (ʶʞʥʘʷ ʯʘʩʪʴ), ʚ ʋʟʝʣʴʛʠʥʩʢʦ-ʀʨʠʢʣʠʥʩʢʦʡ ʧʦʜʟʦʥʝ ï ʅʦʚʦʦʨʩʢʠʤ, ɼʫʥʝʥʩʢʠʤ, ʖʞ-
ʥʦ-ɹʘʟʘʨʙʘʡʩʢʠʤ ʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ɹʘʟʘʨʙʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘʤʠ. ʆʪʤʝʯʘʝʪʩʷ ʨʷʜ ʙʦʣʝʝ ʤʝʣʢʠʭ 
ʤʘʩʩʠʚʦʚ. 
ʂʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ. ʇʝʨʚʘʷ ʬʘʟʘ ï ʛʨʘʥʦʜʠʦʨʠʪʳ "þûC1m1), ʤʦʥʮʦʜʠʦʨʠʪʳ "ăûC1m1), ʢʚʘʨ-

ʮʝʚʳʝ ʤʦʥʮʦʜʠʦʨʠʪʳ (qăûC1m1), ʩʠʝʥʠʪʳ "ĎC1m1), ʛʨʘʥʦʩʠʝʥʠʪʳ "þĎC1m1), ʜʘʡʢʠ ʛʨʘʥʦʩʠʝʥʠʪ-
ʧʦʨʬʠʨʦʚ "þĎĆC1m1); ʚʪʦʨʘʷ ʬaʟa ï ʛʨʘʥʠʪʳ "þC1m2), ʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ "þĆC1m2), ʫʤʝʨʝʥʥʦʱʝʣʦʯ-
ʥʳʝ ʛʨʘʥʠʪ r (üþC1m2), ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʝ ʣʝʡʢʦʛʨʘʥʠʪʳ (ülþC1m2), ʜʘʡʢʠ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ 
"þĆC1m2) ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ (üþĆC1m2). 
ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ʤʘʩʩʠʚ ʢʦʤʧʣʝʢʩʘ ï ʅʦʚʦʦʨʩʢʠʡ. ʕʪʦ ʢʨʫʧʥʦʝ ʪʝʣʦ ʠʟʦʤʝʪʨʠʯʥʦ-ʦʢʨʫʛ-

ʣʦʡ ʬʦʨʤʳ (ʜʠʘʤʝʪʨʦʤ ʦʢʦʣʦ 12 ʢʤ); ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʨ. ʄʫʩʦʛʘʪʢʘ ʠ ɹʘʫʟʜʘ ʠ ʩʣʦ-
ʞʝʥʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʦʨʬʠʨʦ-
ʚʠʜʥʳʤʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʷʭ 
ʤʘʩʩʠʚʘ ʦʪʤʝʯʘʶʪʩʷ ʢʨʫʧʥʳʝ ʢʩʝʥʦʣʠʪʳ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʛʨʘʥʦʩʠʝʥʠʪʦʚ ʧʝʨʚʦʡ ʬʘʟʳ, ʶʛʦ-
ʟʘʧʘʜʥʘʷ ʧʝʨʠʬʝʨʠʷ ʤʘʩʩʠʚʘ ʩʣʦʞʝʥʘ ʤʦʥʮʦʜʠʦʨʠʪʘʤʠ, ʢʚʘʨʮʝʚʳʤʠ ʤʦʥʮʦʜʠʦʨʠʪʘʤʠ ʠ ʛʨʘʥʦ-
ʩʠʝʥʠʪʘʤʠ ʧʝʨʚʦʡ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ. 
ɹʠʦʪʠʪ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʛʨʘʥʠʪʳ ʬʘʟʳ ʟʘʥʠʤʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʤʘʩʩʠʚʘ. ʄʘʢʨʦʩʢʦʧʠʯʝ-

ʩʢʠ ʵʪʦ ʩʝʨʳʝ, ʨʦʟʦʚʘʪʦ-ʩʝʨʳʝ, ʞʝʣʪʦʚʘʪʳʝ ʠ ʨʦʟʦʚʘʪʦ-ʞʝʣʪʦʚʘʪʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨ-
ʥʠʩʪʳʝ, ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʤʘʩʩʠʚʥʳʝ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: ʧʣʘʛʠʦʢʣʘʟ (ˉ 12ï20) ï 40ï
50 %, ʧʝʨʪʠʪʦʚʳʝ ʩʨʘʩʪʘʥʠʷ ʘʣʴʙʠʪʘ ʩ ʦʨʪʦʢʣʘʟʦʤ ï 15ï30 %, ʢʚʘʨʮ ï 25ï30 %, ʙʠʦʪʠʪ ï 3 %, 
ʟʝʣʝʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ï 2 %. ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ: ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʩʬʝʥ, ʘʧʘʪʠʪ, 
ʮʠʨʢʦʥ. ʅʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʚ ʩʦʜʝʨʞʘʥʠʷʭ ʢʚʘʨʮʘ ʠ ʧʝʨʪʠʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʦʞʥʦ 
ʚʳʜʝʣʠʪʴ ʛʨʘʥʦʜʠʦʨʠʪʦʚʳʝ ʨʘʟʥʦʩʪʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʚʘʨʮʘ ʤʝʥʝʝ 25 % ʠ ʧʝʨʪʠʪʦʚ ï 10ï15 %. 
ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ SiO2 ï 69,2ï71,6 %; 

ʩʫʤʤʳ ʱʝʣʦʯʝʡ ï 7,4ï8 % (ʙʣʠʟʢʦʡ ʢ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤ ʛʨʘʥʠʪʘʤ); ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ 
ʱʝʣʦʯʥʦʩʪʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʥʘʪʨʠʷ ʥʘʜ ʢʘʣʠʝʤ. 
ʄʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʝ ʣʝʡʢʦʛʨʘʥʠʪʳ ʩʣʘʛʘʶʪ ʙʣʠʟʢʠʝ ʢ ʢʦʥ-

ʮʝʥʪʨʠʯʝʩʢʠʤ ʧʦʣʦʩʳ ʚʥʫʪʨʠ ʤʘʩʩʠʚʘ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʵʪʦ ʨʦʟʦʚʘʪʦ-ʢʨʘʩʥʳʝ, ʩʚʝʪʣʦ-ʣʠʣʦ-
ʚʳʝ ʠ ʩʚʝʪʣʦ-ʨʦʟʦʚʳʝ ʧʦʨʦʜʳ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ: ʧʣʘʛʠʦʢʣʘʟ (ˉ 9ï12) ï 30ï40 %; ʧʝʨʪʠʪʳ ï 
30ï40 %, ʢʚʘʨʮ ï 30 %. ʈʝʜʢʠʝ ʟʝʨʥʘ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʳ ʤʫʩʢʦʚʠ-
ʪʦʤ ʠ ʭʣʦʨʠʪʦʤ. ɸʢʮʝʩʩʦʨʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʛʥʝʪʠʪʦʤ, ʠʣʴʤʝʥʠʪʦʤ, ʘʧʘʪʠʪʦʤ, ʮʠʨʢʦʥʦʤ. 
ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʥʠ ʦʪʚʝʯʘʶʪ ʣʝʡʢʦʛʨʘʥʠʪʘʤ (SiO2 ï 72,0ï75,3 %), ʧʦʚʳʰʝʥʥʦʡ 

ʩʫʤʤʦʡ ʱʝʣʦʯʝʡ (8,1ï8,7 %) ʢʘʣʠʝʚʦ-ʥʘʪʨʠʝʚʳʤ ʪʠʧʦʤ ʱʝʣʦʯʥʦʩʪʠ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʧʨʝ-
ʦʙʣʘʜʘʥʠʠ ʥʘʪʨʠʷ ʥʘʜ ʢʘʣʠʝʤ. ʉ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʪʝʩʥʦ ʩʚʷʟʘʥ ʢʦʤʧʣʝʢʩ ʜʘʝʢ 
ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚ, ʠʤʝʶʱʠʭ ʤʠʢʨʦʛʨʘʥʠʪʥʫʶ ʠ ʤʠʢʨʦʧʝʛʤʘʪʠʪʦʚʫʶ ʩʪʨʫʢ-
ʪʫʨʫ ʩ ʨʝʜʢʠʤʠ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʣʘʛʠʦʢʣʘʟʘ. 
ɻʨʘʥʠʪʦʠʜʳ ʧʝʨʚʦʡ ʬʘʟʳ ʚ ʢʩʝʥʦʣʠʪʘʭ ʤʘʩʩʠʚʘ ʠ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʝʛʦ ʦʙʨʘʤʣʝʥʠʠ ʩʣʦʞʝʥʳ 

ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʣʘʛʠʦʢʣʘʟʘʤʠ, ʘʣʴʙʠʪ-ʦʣʠʛʦʢʣʘʟʦʤ, ʧʝʨʪʠʪʘʤʠ, ʢʚʘʨʮʝʤ, ʜʣʠʥʥʦʠʛʦʣʴ-
ʯʘʪʦʡ ʱʝʣʦʯʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʩʝʢʫʱʝʡ ʚʩʝ ʤʠʥʝʨʘʣʳ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʵʪʠʭ ʤʠʥʝ-
ʨʘʣʦʚ ʧʨʠʚʦʜʪ̫ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʦʨʦʜ ʧʦ ʩʦʩʪʘʚʫ, ʦʪʚʝʯʘʶʱʠʤ ʦʪ ʤʦʥʮʦʜʠʦʨʠʪʦʚ ʜʦ ʛʨʘʥʦʜʠʦ-
ʨʠʪʦʚ ʠ ʛʨʘʥʦʩʠʝʥʠʪʦʚ. 
ʀʟ-ʟʘ ʧʣʦʭʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ ʢʦʥʪʘʢʪʳ ʤʝʞʜʫ ʧʦʨʦʜʘʤʠ ʥʝʜʦʠʟʫʯʝʥʳ. ʇʨʝʜʧʦʣʘʛʘʶʪʩʷ ʧʦ-

ʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ. 
ɺ ʩʪʨʦʝʥʠʠ ɼʫʥʝʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʫʯʘʩʪʚʫʶʪ ʛʨʘʥʠʪʳ ʘʥʘʣʦʛʠʯʥʳʝ ʪʘʢʦʚʳʤ ʠʟ ʅʦʚʦʦʨʩʢʦʛʦ 

ʤʘʩʩʠʚʘ. ʇʨʝʦʙʣʘʜʘʶʪ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʝ ʙʠʦʪʠʪ-ʨʦʛʦʚʦʙʤʘʥʢʦʚʳʝ ʛʨʘʥʠʪʳ, ʢʦʪʦʨʳʝ ʧʦ ʩʫʤʤʝ 
ʱʝʣʦʯʝʡ ʦʪʥʦʩʷʪʩʷ ʢ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤ ʨʘʟʥʦʩʪʷʤ. ʇʣʦʭʘʷ ʦʙʥʘʞʝʥʥʦʩʪʴ ʤʘʩʩʠʚʘ ʥʝ ʧʦʟʚʦʣʷ-
ʝʪ ʨʘʩʯʣʝʥʠʪʴ ʝʛʦ ʥʘ ʙʦʣʝʝ ʜʨʦʙʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ. 
ʖʞʥʦ-ɹʘʟʘʨʙʘʡʩʢʠʡ, ɹʘʟʘʨʙʘʡʩʢʠʡ, ɹʨʠʝʥʪʩʢʠʡ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʦʣʝʝ ʤʝʣʢʠʭ ʠʥʪʨʫʟʠʡ 

ʢʦʤʧʣʝʢʩʘ ʩʣʦʞʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʛʨʘʥʦʩʠʝʥʠʪʘʤʠ, ʛʨʘʥʠʪʘʤʠ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʤʠ ʛʨʘʥʠʪʘʤʠ. 
ɻʨʘʥʦʩʠʝʥʠʪʳ ʠʤʝʶʪ ʧʦʨʬʠʨʦʚʠʜʥʫʶ, ʛʨʘʥʠʪʥʫʶ, ʫʯʘʩʪʢʘʤʠ ʤʠʢʨʦʧʝʛʤʘʪʠʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. 
ʉʦʩʪʘʚ ʠʭ ï ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʘʣʴʙʠʪʘ ʩ ʰʠʨʦʢʦʡ ʢʘʡʤʦʡ ʛʝʤʘʪʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʘʣʴʙʠʪʠʟʠ-
ʨʦʚʘʥʥʳʭ ʧʝʨʪʠʪʦʚ ï 30 %, ʛʝʤʘʪʠʪʠʟʠʨʦʚʘʥʥʳʭ ʠ ʧʝʣʠʪʠʟʠʨʦʚʘʥʥʳʭ ʧʝʨʪʠʪʦʚ ï 15ï20 %, 
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ʢʚʘʨʮʘ ï 15ï20 %, ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʭ ʭʣʦʨʠʪʦʤ ï 3 %. ʀʟ ʘʢʮʝʩ-
ʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʘʧʘʪʠʪ, ʘʥʘʪʘʟ. 
ɻʨʘʥʠʪʳ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʝ ʛʨʘʥʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʛʨʘʥʦʩʠʝʥʠʪʘ ʣʠʰʴ ʚʘʨʠʘʮʠʷʤʠ ʚ ʩʦ-

ʜʝʨʞʘʥʠʠ ʢʚʘʨʮʘ ʠ ʧʝʨʪʠʪʦʚ. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʠʝʥʠʪʘʤʠ ʦʪʥʦʩʠʤʳʤʠ ʢ ʧʝʨʚʦʡ ʬʘʟʝ 
ʢʦʤʧʣʝʢʩʘ ʠ ʛʨʘʥʠʪʘʤʠ ʠʟ-ʟʘ ʧʣʦʭʦʡ ʦʙʥʘʞʝʥʥʦʩʪʠ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʳ. ʆʪʤʝʯʘʶʪʩʷ ʢʘʢ 
ʨʝʟʢʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʢʦʥʪʘʢʪʳ, ʪʘʢ ʠ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ. ɺʦʟʤʦʞʥʦ, ʛʨʘʥʦʩʠʝʥʠʪʳ ʧʝʨʝʯʠʩ-
ʣʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʦʪʥʦʩʷʪʩʷ ʫʞʝ ʢʦ ʚʪʦʨʦʡ ʬʘʟʝ ʢʦʤʧʣʝʢʩʘ. 
ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʩʝʥʦʣʠʪʦʚ ʜʠʦʨʠʪʦʚ, 

ʢʚʘʨʮʝʚʳʭ ʜʠʦʨʠʪʦʚ, ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʠʭ ʱʝʣʦʯʥʳʭ ʘʥʘʣʦʛʦʚ. ʏʘʩʪʴ ʠʟ ʥʠʭ ʷʚʣʷʁ ʪʩʷ ʧʦʨʦʜʘʤʠ 
ʧʝʨʚʦʡ ʬʘʟʳ ʢʦʤʧʣʝʢʩʘ, ʯʘʩʪʴ ï ʘʩʩʠʤʠʣʠʨʦʚʘʥʥʳʤʠ ʛʘʙʙʨʦʠʜʘʤʠ ʢʫʡʙʘʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 
ʤʘʛʤʘʪʠʪʘʤʠ ʫʨʣʷʜʠʥʩʢʦʡ, ʛʫʤʙʝʡʩʢʦʡ ʠ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪ ʠ ʪʦʣʱ. ɻʨʘʥʠʪʳ ʠ ʛʨʘʥʦʩʠʝʥʠʪʳ 
ʦʙʣʘʜʘʶʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʱʝʣʦʯʥʦʩʪʴʶ ʩʨʝʜʠ ʠʥʪʨʫʟʠʡ ʨʘʡʦʥʘ ʱʝʣʦʯʥʦʩʪʠ. 
ɾʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʤʘʩʩʠʚʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʥʦʩʠʝʥʠʪ-ʧʦʨʬʠʨʘʤʠ ʠ 

ʛʨʘʥʠʪ-ʧʦʨʬʠʨʘʤʠ, ʨʘʟʚʠʪʳʤʠ, ʢʘʢ ʚ ʩʘʤʠʭ ʤʘʩʩʠʚʘʭ, ʪʘʢ ʠ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. ɺʤʝʱʘʶ-
ʱʠʝ ʤʦʩʦʚʩʢʠʝ ʠʥʪʨʫʟʠʠ ʚʫʣʢʘʥʠʪʳ ʜʝʚʦʥʘ ʧʨʝʚʨʘʱʝʥʳ ʚ ʧʣʘʛʠʦʢʣʘʟ-ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʝ ʠ 
ʘʣɹʙʠʪ-ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʦʚʳʝ ʨʦʛʦʚʠʢʠ. 
ʉʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʥʘ ʠ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2,56ï

2,58 ʛ/ʩʤ3, ʣʠʰʴ ʚ ʢʩʝʥʦʣʠʪʘʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ï 2,67 ʛ/ʩʤ3; ʩʨʝʜʥʷʷ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ 10 ʜʦ 400Ŀ10-6 ʝʜ. ʉɻʉ ʚ ʛʨʘʥʠʪʘʭ ʠ (400ï1 500)Ŀ10-6 ʝʜ. ʉɻʉ ʚ ʛʨʘʥʦʜʠʦʨʠʪʘʭ. 
ʇʣʦʱʘʜʷʤ ʚʩʝʭ ʠʥʪʨʫʟʠʠ ʢʦʤʧʣʝʢʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ 

ʠ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʤʠ ʘʥʦʤʘ-
ʣʠʷʤʠ ʥʘʜ ʧʦʣʷʤʠ ʨʦʛʦʚʠʢʦʚ ʚ ʵʢʟʦʢʦʥʪʘʢʪʘʭ. 
ɻʨʘʥʠʪʦʠʜʳ ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʞʝʣʝʟʦʨʫʜʥʦʡ ʠ ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪ-ʮʠʨʢʦʥ-ʠʪʪʨʠʝʚʦʡ 

ʠ ʙʝʨʠʣʣʠʝʚʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʝʡ. 
ʅʘʠʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʧʨʦʨʳʚʘʝʤʳʤʠ ʛʨʘʥʠʪʦʠʜʘʤʠ ʤʦʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʧʣʦʱʘʜʠ, ʷʚʣʷʶʪʩʷ ʚʫʣʢʘʥʠʪʳ ʰʫʤʠʣʠʥʩʢʦʡ ʩʚʠʪʳ ʠ ʛʘʙʙʨʦʠʜʳ ʢʫʡʙʘʩʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, 
ʶʞʥʝʝ ʧʣʦʱʘʜʠ ʦʥʠ ʧʨʦʨʳʚʘʶʪ ʧʦʟʜʥʝʪʫʨʥʝʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʢʫʛʫʪʳʢʩʢʦʡ ʩʚʠʪʳ. 
ʇʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʠʥʠʤʘʝʪʩʷ ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ (ʩʝʨʧʫʭʦʚʩʢʠʡ) ʚʦʟʨʘʩʪ 

ʢʦʤʧʣʝʢʩʘ. 

ʈɸʅʅɽʇɽʈʄʉʂʀɽ ʀʅʊʈʋɿʀɺʅʓɽ ʆɹʈɸɿʆɺɸʅʀʗ 

ɼʞʘʙʳʢʩʢʦ-ʩʘʥʘʨʩʢʠʡ ʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ. ʀʥʪʨʫʟʠʠ ʢʦʤʧʣʝʢʩʘ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʚ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʡ ʉʌɿ ʧʝʨʤʠïʪʨʠʘʩʘ ʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʧʦʣʠʭʨʦʥʥʳʭ ʧʣʫʪʦʥʦʚ, ʣʠʙʦ ʩʣʘ-
ʛʘʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʢʨʫʧʥʳʝ ʤʘʩʩʠʚʳ ï ɸʜʘʤʦʚʩʢʠʡ, ʂʘʨʘʙʫʪʘʢʩʢʠʡ, ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʤʝʣʢʠʝ 
ʪʝʣʘ. ʇʦ ʬʦʨʤʝ ʤʘʩʩʠʚʳ ʜʝʣʷʪʩʷ ʥʘ ʠʟʦʤʝʪʨʠʯʥʳʝ ʠ ʣʠʥʝʡʥʳʝ. ʀʟʦʤʝʪʨʠʯʥʳʝ ʤʘʩʩʠʚʳ ʧʨʠ-
ʫʨʦʯʝʥʳ ʢ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʤ ʩʠʘʣʠʯʝʩʢʠʤ ʙʣʦʢʘʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʬʦʨʤʫ ʰʪʦʢʘ ʠ ʙʦʣʴ-
ʰʫʶ ʤʦʱʥʦʩʪʴ ʜʦ 6 000 ʤ (ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ). ʃʠʥʝʡʥʳʝ ʪʝʣʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʟʨʳʚ-
ʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʠʣʠ ʷʚʣʷʶʪʩʷ ʘʧʦʬʠʟʘʤʠ ʠʟʦʤʝʪʨʠʯʥʳʭ ʪʝʣ. 
ɺ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʜʘʞʝ ʥʝʙʦʣʴʰʠʝ ʠʥʪʨʫʟʠʠ ʚʳʜʝʣʷʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʣʦʢʘʣʴʥʤrʠ 

ʘʥʦʤʘʣʠʷʤʠ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʭ ʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ. ɺ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ 
ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʫʤʘʤʠ ʥʝʙʦʣʴʰʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʯʘʩʪʦ ʥʝ ʦʪʜʝʣʷʶʪʩʷ ʦʪ ʚʤʝ-
ʱʘʶʱʠʭ ʧʦʨʦʜ. ʀʟʦʤʝʪʨʠʯʥʳʝ ʤʘʩʩʠʚʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʤ ʩʠʘʣʠʯʝʩʢʠʤ ʙʣʦʢʘʤ 
ʢʦʨʳ, ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʴʶ, ʠʤʝʶʪ ʚ ʦʩʥʦʚʥʦʤ ʙʘʪʦʣʠʪʦʧʦʜʦʙʥʫʶ ʠʣʠ ʰʪʦʢʦ-
ʦʙʨʘʟʥʫʶ ʬʦʨʤʫ ʠ ʧʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 7 ʢʤ, ʠʥʦʛʜʘ ʜʦ 
10 ʢʤ. ʃʠʥʝʡʥʳʝ ʪʝʣʘ ʪʷʛʦʪʝʶʪ ʢ ʨʘʟʣʦʤʘʤ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʦʙʣʘʜʘʶʪ ʥʝ-
ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʛʣʫʙʠʥʦʡ ʟʘʣʦʞʝʥʠʷ ʥʝ ʙʦʣʝʝ 5 ʢʤ. 
ɼʞʘʙʳʢʩʢʦ-ʩʘʥʘʨʩʢʠʝ ʛʨʘʥʠʪʳ ʧʨʦʨʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʘʤʦʛʦ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʦʨʤʘʮʠ-
ʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ: ʠʥʪʨʫʟʠʚʥʳʝ ʤʘʛʤʘʪʠʪʳ ʧʦʯʪʠ ʚʩʝʭ ʜʦʧʝʨʤʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʤʝʪʘʤʦʨ-
ʬʠʪʳ ʷʨʰʘʣʠʥʩʢʦʡ ʠ ʙʝʩʢʨʶʢʦʚʩʢʦʡ ʪʦʣʱ ʥʠʞʥʝʛʦ ʨʠʬʝʷ, ʵʥʙʝʢʰʠʥʩʢʫʶ ʪʦʣʱʫ ʠ ʤʘʷʯʥʫʶ 
ʩʚʠʪʫ ʦʨʜʦʚʠʢʘ, ʥʠʞʥʝ-ʩʨʝʜʥʝʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʠʪʳ, ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ, ʩʫʱʝʩʪʚʝʥʥʦ, 
ʦʩʘʜʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ. ʂʦʥʪʘʢʪʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʚ ʛʨʘʥʠʪʠʟʘʮʠʠ ʠ ʦʨʦʛʦʚʠʢʦʚʘʥʠʠ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ; ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʳʨʘʞʝʥʳ ʛʨʝʡʟʝʥʠʟʘʮʠʝʡ. ʂʦʥʪʘʢʪʳ ʠʥʪʨʫ-
ʟʠʡ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʥʘʢʣʦʥʥʳ ʧʦʜ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ (ʫʛʣʳ ʦʪ 20 ʜʦ 70Á), ʠʥʦʛʜʘ (ʂʘʨʘʙʫʪʘʢ-
ʩʢʠʡ ʤʘʩʩʠʚ) ʧʘʜʘʶʪ çʚʥʫʪʨʴè ʧʦʜ ʫʛʣʘʤʠ 40ï60Á. 
ʂʦʤʧʣʝʢʩ ʧʨʝʜʩʪʘʚʣʝʥ ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ (ʨʝʞʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ) ʙʠʦʪʠʪʦʚʳʤʠ 

ʛʨʘʥʠʪʘʤʠ "þJ1ds), ʯʘʩʪʦ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ ʠ ʨʘʟʛʥʝʡʩʦʚʘʥʥʳʤʠ (ʛʥʝʡʩʦʚʠʜʥʳʤʠ) ʠ ʣʝʡʢʦʢʨʘʪʦ-
ʚʳʤʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʘʧʣʠʪʦʚʠʜʥʳʤʠ ʛʨʘʥʠʪʘʤʠ (lþJ1ds), ʠʥʦʛʜʘ ʠʭ ʧʝʛʤʘʪʦʠʜʥʳʤʠ ʨʘʟʥʦ-
ʩʪʷʤʠ. ɾʠʣʴʥʘʷ ʩʝʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ (lþJ1ds), ʧʝʛʤʘʪʠʪʘʤʠ (ĈP1ds), ʨʝʜʢʦ ʛʨʘ-
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ʥʠʪʧʦʨʬʠʨʘʤʠ. ɺ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʛʨʘʥʠʪʘʭ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ ʩʣʦʞʝʥʳ ʤʠʢʨʦʢʣʠʥʦʤ ʠ ʟʦ-
ʥʘʣʴʥʳʤ ʧʣʘʛʠʦʢʣʘʟʦʤ; ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ ˉ 12ï22 (30ï45 %), ʤʠʢʨʦʢʣʠʥʘ 
(25ï35 %), ʢʚʘʨʮʘ (25ï30 %), ʙʠʦʪʠʪʘ (5ï12 %); ʭʘʨʘʢʪʝʨʥʦ ʦʙʠʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʤʠʨʤʝʢʠʪʦʚ. 
ɸʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ: ʮʠʨʢʦʥ, ʘʧʘʪʠʪ, ʤʘʛʥʝʪʠʪ, ʩʬʝʥ; ʚʪʦʨʠʯʥʳʝ ï ʵʧʠʜʦʪ, ʘʣʴʙʠʪ, ʭʣʦʨʠʪ, 
ʩʝʨʠʮʠʪ, ʤʫʩʢʦʚʠʪ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʛʨʘʥʠʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷ-
ʤʠ ʚ ʩʦʜʝʨʞʘʥʠʠ ʱʝʣʦʯʝʡ ʩ ʚʘʨʠʘʮʠʷʤʠ ʦʪ ʥʦʨʤʘʣʴʥʳʭ ʜʦ (ʛʦʨʘʟʜʦ ʨʝʞʝ) ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ; 
ʚ ʧʦʩʣʝʜʥʠʭ ʦʪʤʝʯʘʶʪʩʷ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʦʢʠʩʠ ʢʘʣʠʷ. ɺʩʝ ʧʦʨʦʜʳ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʣʠʝ-
ʚʦ-ʥʘʪʨʠʝʚʦʤʫ, ʨʝʜʢʦ ï ʢʘʣʠʝʚʦʤʫ ʪʠʧʫ ʱʝʣʦʯʥʦʩʪʠ; ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ ʠ ʢʦʵʬʬʠ-
ʮʠʝʥʪʫ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ ʩʝʨʠʠ. ɼʞʘʙʳʢʩʢʦ-ʩʘʥʘʨʩʢʠʝ 
ʤʘʛʤʘʪʠʪʳ ʠʤʝʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʫʶ ʨʝʜʢʦʤʝʪʘʣʣʴʥʫʶ (Mo-W-Be-Bi-Nb-U) ʛʝʦʭʠʤʠʯʝʩʢʫʶ 
ʩʧʝʮʠʘʣʠʟʘʮʠʶ. ʉ ʥʠʤʠ ʩʚʷʟʘʥʘ ʚʦʣʴʬʨʘʤʦʚʘʷ ʠ ʤʦʣʠʙʜʝʥʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʢʚʘʨʮʝʚʦʛʦ ʠ 
ʛʨʝʡʟʝʥʦʚʦʛʦ ʪʠʧʦʚ, ʧʨʦʷʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ, ʪʘʥʪʘʣʘ, ʥʠʦʙʠʷ ʚ ʧʝʛʤʘʪʠʪʘʭ. 
ʂʦʥʪʘʢʪʦʚʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʛʨʝʡʟʝʥʠʟʘ-

ʮʠʠ ʢʘʢ ʚ ʵʢʟʦʢʦʥʪʘʢʪʘʭ, ʪʘʢ ʠ ʚ ʵʥʜʦʢʦʥʪʘʢʪʘʭ. 
ʉʘʤʳʤʠ ʤʦʣʦʜʳʤʠ ʧʦʨʦʜʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʨʳʚʘʶʪʩʷ ʠʥʪʨʫʟʠʷʤʠ ʢʦʤʧʣʝʢʩʘ, ʷʚʣʷʶʪʩʷ ʨʘʥ-

ʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʘʤʦʨʟʠʥʩʢʦʡ ʪʦʣʱʠ. ɺ ʣʝʛʝʥʜʝ ʖʞʥʦ-ʋʨʘʣʴʩʢʦʡ ʩʝʨʠʠ ʣʠ-
ʩʪʦʚ ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ ʨʘʥʥʝʧʝʨʤʩʢʠʡ. 
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ʊɽʂʊʆʅʀʂɸ 
 
 
ʊʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʄ-40-VI ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʜʚʫʭ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʬʦʨʤ ï ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ ʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ, 
ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʟʘʧʘʜʥʦʤʫ ʩʝʛʤʝʥʪʫ ʋʨʘʣʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ (ʋʄʉʇ). 

ʊɽʂʊʆʅʀʏɽʉʂʀʁ ʈɸɿʈɽɿ 

ɺ ʧʨʝʜʝʣʘʭ ʟʘʧʘʜʥʦʛʦ ʩʝʛʤʝʥʪʘ ʋʄʉʇ ʪʨʘʜʠʮʠʦʥʥʦ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʘ. 
ʀʤ ʦʪʚʝʯʘʶʪ ʢʨʫʧʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʦʪʨʘʞʘʶʱʠʝ ʛʣʘʚ-
ʥʝʡʰʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʵʧʦʭʠ, ʘ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʬʠʢʩʠʨʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʝʨʝʨʳʚʘʤʠ 
ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ (ʦʙʳʯʥʦ ʩʦʧʨʦʚʦʞʜʘʝʤʳʤʠ ʧʝʥʝʧʣʝʥʠʟʘʮʠʝʡ ʠ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝʤ) ʩ ʨʝʛʠ-
ʦʥʘʣʴʥʳʤʠ ʫʛʣʦʚʳʤʠ ʠ ʘʟʠʤʫʪʘʣʴʥʳʤʠ ʥʝʩʦʛʣʘʩʠʷʤʠ. ʕʪʘʞʠ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʪʨʫʢʪʫʨʥʳʝ 
ʷʨʫʩʳ, ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʘʢʞʝ ʨʝʛʠʦʥʘʣʴʥʳʤʠ, ʥʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʥʝʩʦʛʣʘʩʠʷʤʠ, ʘ ʪʝ, ʚ ʩʚʦʶ 
ʦʯʝʨʝʜʴ ï ʥʘ ʧʦʜʲʷʨʫʩʳ, ʨʫʙʝʞʠ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʦʪʤʝʯʝʥʳ ʩʤʝʥʦʡ ʚʝʨʪʠʢʘʣʴʥʳʭ ʬʦʨʤʘʮʠʦʥ-
ʥʳʭ ʨʜ̫ʦʚ ʠ ʠʥʦʛʜʘ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʤʳʚʘʤʠ ʚ ʦʩʥʦʚʘʥʠʠ. ɺʦʟʨʘʩʪʥʳʝ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʚʩʝʤʠ 
ʥʘʟʚʘʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʢʦʣʴʟʷʱʠʝ, ʯʪʦ ʚʳʟʚʘʥʦ ʥʝ ʚʧʦʣʥʝ ʦʜʥʦʚʨʝʤʝʥʥʳʤ 
ʚʩʪʫʧʣʝʥʠʝʤ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʨʫʧʥʳʭ ʯʘʩʪʝʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʘʜʠʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. 
ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʠʞʥʝʛʦ (ʜʦʨʠʬʝʡʩʢʦʛʦ) ʵʪʘʞʘ ʧʦʢʘ ʥʝʜʦʩʪʫʧʥʳ ʜʣʷ ʚʠʟʫʘʣʴʥʦ-
ʛʦ ʠʟʫʯʝʥʠʷ. ɺʦ ʚʪʦʨʦʤ (ʨʠʬʝʡʩʢʦïʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʦʤ ʠʣʠ ʙʘʡʢʘʣʴʩʢʦʤ) ʵʪʘʞʝ ʚʜrʝʣʷʶʪʩʷ 
ʪʦʣʴʢʦ ʦʜʠʥ (ʠʟ ʧʷʪʠ) ʩʪʨʫʢʪʫʨʥʳʡ ʷʨʫʩ ï ʥʠʞʥʝʨʠʬʝʡʩʢʠʡ. ʊʨʝʪʠʡ ʩʥʠʟʫ (ʢʘʣʝʜʦʥʩʢʦï
ʛʝʨʮʠʥʩʢʠʡ) ʵʪʘʞ ʧʨʝʜʩʪʘʚʣʝʥ ʚʩʝʤʠ ʪʨʝʤʷ ʷʨʫʩʘʤʠ: ʚʝʨʭʥʝʢʝʤʙʨʠʡʩʢʦïʥʠʞʥʝʜʝʚʦʥʩʢʠʤ, ʜʝ-
ʚʦʥʩʢʦïʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʤ ʠ ʚʝʨʭʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦïʪʨʠʘʩʦʚʳʤ. ʄʝʟʦʟʦʡʩʢʦïʢʘʡʥʦ-
ʟʦʡʩʢʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ (ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʝ ʥʝ ʧʦʢʘʟʘʥ) ʧʨʠʥʷʪʦ ʧʦʜʨʘʟʜʝʣʷʪʴ ʥʘ ʚʝʨʭ-
ʥʝʪʨʠʘʩʦʚʦïɻ ʦʮʝʥʦʚʳʡ ʠ ʦʣʠʛʦʮʝʥïʯʝʪʚʝʨʪʠʯʥʳʡ ʷʨʫʩʳ. 

ʉʊʈʋʂʊʋʈʅʆ-ʌʆʈʄɸʎʀʆʅʅɸʗ ɿʆʅɸʃʔʅʆʉʊʔ 

ʉʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʷʚʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʣʘʪʝʨʘʣʴʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 
(ʧʣʦʱʘʜʥʳʭ) ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʚʦʣʶʮʠʦʥʥʳʭ ʵʪʘʧʦʚ ʬʦʨʤʠʨʦʚʘʥʠʷ ʉɺʂ; ʵʪʦʤʫ ʦʪʚʝʯʘʝʪ ʪʘʢʦʝ 
ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʥʷʪʠʝ ʢʘʢ çʧʝʨʚʠʯʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʬʦʨʤʳè. ʇʦʜ ʥʠʤʠ ʧʦʥʠ-
ʤʘʶʪʩʷ ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ (ʜʦʣʛʦʞʠʚʫʱʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʰʚʳ, ʚʫʣʢʘ-
ʥʦʪʝʢʪʦʥʠʢʘ, ʵʧʝʡʨʦʛʝʥʠʯʝʩʢʠʝ ʜʚʠʞʝʥʠʷ ʠ ʜʨ.) ʧʨʦʛʠʙʳ, ʧʦʜʥʷʪʠʷ ʠ ʪ. ʜ., ʟʘʧʝʯʘʪʣʝʥʥʳʝ ʚ 
ʤʦʱʥʦʩʪʷʭ ʦʪʣʦʞʝʥʠʡ, ʩʦʩʪʘʚʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ, ʭʘʨʘʢʪʝʨʝ ʠʭ ʩʤʝʥʳ ʧʦ ʣʘʪʝʨʘʣʠ, 
ʩʚʦʝʦʙʨʘʟʠʠ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʠ ʪ. ʧ. ʆʪʨʘʞʝʥʠʝʤ çʧʝʨʚʠʯʥʦʡ ʪʝʢʪʦʥʠʢʠè ʚ 
ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʶʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʝ (ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʳʝ) ʤʝʛʘʟʦ-
ʥʳ (ʤʝʛʘʦʙʣʘʩʪʠ), ʟʦʥʳ (ʦʙʣʘʩʪʠ), ʧʦʜʟʦʥʳ (ʧʦʜʦʙʣʘʩʪʠ), ʨʘʡʦʥʳ. ʈʘʡʦʥʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ 
ʨʘʟʜʝʣʴʥʦ ʧʦ ʢʨʫʧʥʳʤ ʚʦʟʨʘʩʪʥʳʤ ʠʥʪʝʨʚʘʣʘʤ, ʦʪʨʘʞʘʶʱʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʵʧʦʭʠ (ʠʣʠ ʛʣʘʚ-
ʥʳʝ ʠʭ ʵʪʘʧʳ) ʠ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʥʦ ʜʣʷ ʧʣʘʪʬʦʨʤ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʩʢʣʘʜʯʘʪʳʭ ʩʦʦʨʫʞʝ-
ʥʠʡ ï ʩ ʜʨʫʛʦʡ. 
ɼʣʷ ʙʘʡʢʘʣʠʜ ʜʘʥʥʦʛʦ ʩʝʛʤʝʥʪʘ ʋʄʉʇ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ï 

ʤʝʛʘʟʦʥʳ ï ʥʝ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ (ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʦʚʥʳʝ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥ-
ʥʳʝ ʪʝʨʤʠʥʳ). ʉʨʝʜʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ (ʉʌɿ) ʥʘ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʝʜ-
ʩʪʘʚʣʝʥʘ ʣʠʰʴ ʦʜʥʘ ï ʂʫʤʘʢʩʢʘʷ (çɺʦʩʪʦʯʥʳʡ ʋʨʘʣè). ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʩʨʝʜ-
ʥʝʨʠʬʝʡʩʢʠʭ, ʚʝʨʭʥʝʨʠʬʝʡʩʢʠʭ, ʚʝʥʜʩʢʠʭ, ʢʝʤʙʨʠʡʩʢʠʭ ʩʪʨʘʪʦʥʦʚ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʤʘʛʤʘʪʠʪʦʚ, 
ʘ ʪʘʢʞʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʶʪʩʷ ʪʦʣʴ-
ʢʦ ʥʠʞʥʝʨʠʬʝʡʩʢʠʝ ʠʥʪʝʥʩʠʚʥʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʬʦʨʤʘʮʠʠ: ʦʜʥʘ ʠʟ ʥʠʭ ʧʣʘʪʬʦʨʤʝʥʥʘʷ 
ʪʝʨʨʠʛʝʥʥʘʷ, ʜʨʫʛʘʷ ï ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʨʠʬʪʦʚʘʷ ʙʘʟʘʣʴʪʦʠʜʥʦ-ʪʝʨʨʠʛʝʥʥʘʷ. 
ʆʙʨʘʟʦʚʘʥʠʷ ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦïʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ (çʜʦʦʨʦʛʝʥʥʦʛʦè) ʚʦʟʨʘʩʪʥʦʛʦ ʠʥ-
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ʪʝʨʚʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʧʣʦʱʘʜʠ ʦʪʥʦʩʷʪʩʷ ʢ ʜʚʫʤ ʤʝʛʘʟʦʥʘʤ: ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʠ ɺʦʩʪʦʯʥʦ-
ʋʨʘʣʴʩʢʦʡ. ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʠʭ ʚʳʜʝʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʪʠʧ ʠ ʚʦʟʨʘʩʪ ʢʦʨʳ, ʥʘ ʢʦʪʦʨʦʡ ʬʦʨʤʠ-
ʨʦʚʘʣʠʩʴ ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʜʘʥʥʦʛʦ ʫʨʦʚʥʷ. ɼʣʷ ʧʝʨʚʦʡ ʤʝʛʘʟʦʥʳ ʩʫʙʩʪʨʘʪ ï ʦʢʝʘʥʠʯʝ-
ʩʢʠʡ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ, ʜʣʷ ʚʪʦʨʦʡ ï çʩʤʝʰʘʥʥʳʡè ʜʦʢʝʤʙʨʠʡʩʢʦïʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ. ʄʘʛ-
ʥʠʪʦʛʦʨʩʢʘʷ ʤʝʛʘʟʦʥʘ (ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʫʶ ʠ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨ-
ʩʢʫʶ ʟʦʥʳ); ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦʩʣʝʜʥʷʷ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥ-
ʥʳʤ ʪʠʧʦʤ ʨʘʟʨʝʟʘ, ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʥʳʤ ʛʠʧʘʙʠʩʩʘʣʴʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʳʤ 
ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʳʤ ʠ ʠʥʪʝʥʩʠʚʥʳʤ ʜʠʩʣʦʢʘʮʠʦʥʥʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ; ʬʦʨʤʘʮʠʠ ʦʪʚʝʯʘʶʪ 
ʦʙʩʪʘʥʦʚʢʘʤ ʦʢʝʘʥʠʯʝʩʢʦʛʦ (ʠʣʠ ʩʫʙʦʢʝʘʥʠʯʝʩʢʦʛʦ) ʨʠʬʪʠʥʛʘ, ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʩʠʩʪʝʤ ʠ ʘʢʪʠʚ-
ʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ʅʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʤ ʦʪʣʠʯʠʝʤ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ 
ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʦʨʜʦʚʠʢʩʢʦïʩʠʣʫʨʠʡʩʢʠʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʪʘʢʩʦʥʦʚ. ɼʣʷ 
ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʡ ʉʌʄɿ (ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ ʧʣʦʱʘʜʠ ʜʚʫʤʷ: ɺʝʨʭʦʪʫʨʩʢʦ-ʅʦʚʦʦʨʝʥʙʫʨʛ-
ʩʢʦʡ ʠ ɸʣʘʧʘʝʚʩʢʦ-ɸʜʘʤʦʚʩʢʦʡ ʉʌɿ) ʭʘʨʘʢʪʝʨʝʥ ʦʯʝʥʴ ʧʝʩʪʨʳʡ çʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʡè (ʚ ʮʝ-
ʣʦʤ ï ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʡ) ʭʘʨʘʢʪʝʨ ʦʙʦʙʱʝʥʥʦʛʦ ʨʘʟʨʝʟʘ, ʠʥʪʝʥʩʠʚʥʳʡ ʠʥʪʨʫʟʠʚʥʳʡ 
ʤʘʛʤʘʪʠʟʤ ʨʘʟʣʠʯʥʦʡ ʦʩʥʦʚʥʦʩʪʠ ʠ ʱʝʣʦʯʥʦʩʪʠ, ʨʘʟʥʦʪʠʧʥʳʡ ʠ ʨʘʟʥʦʬʘʮʠʘʣʴʥʳʡ ʤʝʪʘʤʦʨ-
ʬʠʟʤ; ʬʦʨʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʤʝʥʷʶʱʠʤʩʷ ʦʙʩʪʘʥʦʚʢʘʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʠʥʛʘ, ʤʠʢ-
ʨʦʢʦʥʪʠʥʝʥʪʦʚ ʠ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ. ɺʳʜʝʣʷʝʤʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʝ ʧʦʜ-
ʟʦʥʳ (ʩʦʩʪʘʚʥʳʝ ʯʘʩʪʠ ʉʌɿ) ʦʙʣʘʜʘʶʪ ʥʝʢʦʪʦʨʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ 
(ʠʣʠ) ʚʦʟʨʘʩʪʘ ʩʪʨʘʪʠʬʠʮʠʨʫʝʤʳʭ ʠ ʥʝʩʪʨʘʪʠʬʠʮʠʨʫʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʨʦʜ, ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ 
ʫʩʪʦʡʯʠʚʳʤʠ ʚ ʪʝʯʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʝʨʠʦʜʘ (ʠʣʠ ʦʪʜʝʣʴʥʳʭ ʢʨʫʧʥʳʭ ʝʛʦ ʩʪʘʜʠʡ). ʀʭ ʥʘʟʚʘʥʠʷ, 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʠ ʥʘʧʦʣʥʝʥʠʝ ʦʪʨʘʞʝʥʳ ʚ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ ʢ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʜʦ-
ʧʣʠʦʮʝʥʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ʅʘʠʤʝʥʦʚʘʥʠʝ ʬʦʨʤʘʮʠʡ ʠ ʧʨʠʚʷʟʢʘ ʠʭ ʢ ʧʘʣʝʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤ 
ʢʦʤʧʣʝʢʩʘʤ ʜʘʥʳ ʚ ʪʘʙʣʠʮʝ-ʤʘʪʨʠʮʝ (ʧʨʠʣʦʞʝʥʠʝ ʢ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʝ). 
ʉʪʨʫʢʪʫʨʥʦ-ʚʝʱʝʩʪʚʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʝʨʤʩʢʦïʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʥʘ 

ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʪʥʦʩʷʪʩʷ ʢ ʋʨʘʣʴʩʢʦʡ ʉʌʄɿ. ʅʝʙʦʣʴʰʦʡ ʬʨʘʛʤʝʥʪ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʤ ʫʛʣʫ ʧʣʦ-
ʱʘʜʠ ʧʨʠʥʘʜʣʝʞʠʪ ʆʨʩʢʦ-ʊʘʥʘʣʳʢʩʢʦʡ ʉʌʮɿ. ʍʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʉʌʮɿ ʪʝʨʨʠʛʝʥʥʳʝ ʤʦʣʘʩʩʦʠʜ-
ʥʳʝ ʠ ʤʦʣʘʩʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʡ ʉʌʮɿ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʪʘʢʩʦʥʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʬʠʢʩʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʠʥʪʨʫʟʠʚʥʳʝ ʧʦʜʨʘʟʜʝʣʝʥʠʷ (ʥʘ 
ʚʦʩʪʦʢʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ï ʨʘʥʥʝʧʝʨʤʩʢʘʷ ʛʨʘʥʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ). 
ʈʘʥʞʠʨʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʳʭ ʪʘʢʩʦʥʦʚ ʶʨʩʢʦïʤʠʦʮʝʥʦʚʦʛʦ ʚʨʝʤʝʥʠ ʦʙʫʩʣʦʚʣʝ-

ʥʦ ʧʦʣʥʦʪʦʡ ʤʝʟʦʟʦʡʩʢʦïʥʠʞʥʝʢʘʡʥʦʟʦʡʩʢʦʛʦ ʨʘʟʨʝʟʘ, ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʩʪʨʘʪʦʥʦʚ, 
ʥʘʣʠʯʠʝʤ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʝʨʳʚʦʚ. ɺ ʆʨʩʢʦʡ ʉʌʮɿ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ 
ʛʣʠʥʠʩʪʦ-ʧʝʩʯʘʥʠʩʪʘʷ ʩʝʨʦʮʚʝʪʥʘʷ ʫʛʣʝʥʦʩʥʘʷ ʬʦʨʤʘʮʠʷ. ɹʦʣʝʝ ʤʦʣʦʜʳʝ ʵʦʮʝʥïʤʠʦʮʝʥʦʚʳʝ 
ʦʪʣʦʞʝʥʠʷ ʨʘʟʚʠʪʳ ʟʘ ʝʝ ʧʨʝʜʝʣʘʤʠ. ɺ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʡ ʉʌʮɿ ʨʘʟʚʠʪʳ ʦʪʣʦʞʝʥʠʷ ʧʝʩʯʘʥʦ-
ʢʚʘʨʮʝʚʦʡ ʠ ʛʣʠʥʠʩʪʦʡ-ʧʝʩʪʨʦʮʚʝʪʥʦʡ ʬʦʨʤʘʮʠʡ. 
ʇʣʠʦʮʝʥïʯʝʪʚʝʨʪʠʯʥʳʝ ʩʪʨʘʪʦʥʳ ʧʣʦʱʘʜʠ ʦʪʥʦʩʷʪʩʷ ʢ ʋʨʘʣʦ-ɻʫʤʙʝʡʩʢʦʤʫ ʨʘʡʦʥʫ 

ʋʨʘʣʴʩʢʦʡ ʉʌʮɿ. ʉʨʝʜʠ çʨʳʭʣʳʭè ʪʝʨʨʠʛʝʥʥʳʭ ʬʦʨʤʘʮʠʡ ʧʨʝʦʙʣʘʜʘʶʪ ʵʣʶʚʠʘʣʴʥʳʝ, çʩʢʣʦ-
ʥʦʚʳʝè ʠ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʛʦʨʥʳʭ 
ʦʙʣʘʩʪʝʡ. 

ɺʊʆʈʀʏʅʆ-ʊɽʂʊʆʅʀʏɽʉʂɸʗ ʉʊʈʋʂʊʋʈɸ 

ɺʪʦʨʠʯʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʜʝʬʦʨʤʘʮʠʡ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ 
ʨʝʟʢʦ ʨʘʟʣʠʯʥʘʷ ʜʣʷ ʯʝʭʣʦʚ ʧʣʘʪʬʦʨʤ ʠ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ; ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʦʥʢʨʝʪʥʳʭ ʩʪʨʫʢ-
ʪʫʨʥʳʭ ʬʦʨʤ ʜʣʷ ʪʝʭ ʠ ʜʨʫʛʠʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ ʥʦʤʝʥʢʣʘʪʫʨʥʳʝ ʨʷʜʳ. ʂʨʦʤʝ ʪʦʛʦ, ʝʩʣʠ ʚ 
ʧʝʨʚʳʭ ʜʠʩʣʦʢʘʮʠʠ ʨʘʟʚʠʚʘʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, çʧʝʨʤʘʥʝʥʪʥʦè (ʥʦʩʷʪ ʧʦ ʩʫʪʠ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠ-
ʦʥʥʳʡ ʭʘʨʘʢʪʝʨ) ʠ ʯʝʪʢʦ ʧʨʠʚʷʟʘʥʳ ʢ ʘʨʝʘʣʘʤ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʪʦ ʚ ʩʢʣʘʜʯʘʪʳʭ ʩʦʦʨʫʞʝʥʠʷʭ 
ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʳʝ ʵʪʘʧʳ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʵʧʦʭ, ʘ ʠʟ-ʟʘ ʧʦʢʨʦʚʥʦ-ʥʘʜʚʠʛʦʚʦʡ ʪʝʢ-
ʪʦʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʤʝʱʝʥʳ ʦʪ ʤʝʩʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʬʦʨʤʘʮʠʦʥʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ çʧʝʨʚʠʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʦʨʤè ʛʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʧʨʠ ʚʳʜʝʣʝ-
ʥʠʠ ʪʘʢʩʦʥʦʚ ʵʪʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʥʝ ʚʝʱʝʩʪʚʝʥʥʳʡ, ʘ ʩʪʨʫʢʪʫʨʥʳʡ ï ʢʦʥʬʠʛʫʨʘʮʠʷ ʛʝʥʝʨʘʣʠ-
ʟʦʚʘʥʥʦʛʦ ʟʝʨʢʘʣʘ ʩʢʣʘʜʯʘʪʦʩʪʠ (ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ, ʚʳʧʫʢʣʘʷ, ʚʦʛʥʫʪʘʷ, ʩʪʫʧʝʥʯʘʪʘʷ). ɺʩʝ 
ʦʧʠʩʳʚʘʝʤʳʝ ʥʠʞʝ ʬʦʨʤʳ ʦʪʦʙʨʘʞʝʥʳ ʥʘ ʉʭʝʤʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʤʘʩʰʪʘʙʘ 
1 : 1 000 000. 
ʇʣʦʱʘʜʴ ʣʠʩʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʜʚʫʭ ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʬʦʨʤ ï ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʷ ʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ. 
ʊʘʛʠʣʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʡ (1)* ʥʘ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥ ʚʦ-

ïïïïïïïïïïïïïïï 
*
 ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʥʦʤʝʨ ʩʪʨʫʢʪʫʨʥʦʡ ʬʦʨʤʳ ʥʘ ʩʭʝʤʝ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʜʦʤʝʟʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦ-

ʚʘʥʠʡ. 
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ʩʪʦʯʥʳʤ ʢʨʳʣʦʤ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ (11), ʠʤʝʶʱʝʛʦ ʩʣʦʞʥʦʝ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ. 
ʋ ʟʘʧʘʜʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʨʘʩʧʦʣʦʞʝʥʘ ʀʨʠʢʣʠʥʩʢʘʷ ʤʝʛʘʩʠʥʢʣʠʥʘʣʴ (11

1), ʪʦʯʥʝʝ ʝʝ ʚʦʩʪʦʯʥʳʡ 
ʙʦʨʪ ʩʣʦʞʝʥʥʳʡ ʤʦʥʦʢʣʠʥʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ (C1) ʠ 
ʠʟʚʝʩʪʥʷʢʦʚʦʡ (C1ô2) ʬʦʨʤʘʮʠʡ ʠ ʚʫʣʢʘʥʠʪʘʤʠ ʙʘʟʘʣʴʪ-ʪʨʘʭʠʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʚʫʣʢʘʥʦʧʣʫ-
ʪʦʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ (C1). ʄʦʥʦʢʣʠʥʘʣʴʥʦʝ ʟʘʣʝʛʘʥʠʝ ʦʪʣʦʞʝʥʠʡ ʥʘʨʫʰʝʥʦ ʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʠ 
ʩʝʢʫʱʠʤʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. 
ɺʦʩʪʦʯʥʝʝ ʨʘʩʧʦʣʦʞʝʥʦ ɹʨʠʝʥʪʩʢʦ-ɸʱʝʙʫʪʘʢʩʢʦʝ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʦʜʥʷʪʠʝ (11

2), 
ʩʣʦʞʝʥʥʦʝ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ ʠ ʚʫʣʢʘʥʦ-ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʙʘʟʘʣʴʪ-ʨʠʦ-
ʣʠʪʦʚʦʡ (D2), ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʦʡ (D2ô3), ʪʫʬʬʠʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦʡ (D1ô3) ʠ ʪʨʘʭʠʙʘ-
ʟʘʣʴʪ-ʣʘʪʠʪ-ʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʡ (D3ôC1). ʍʘʨʘʢʪʝʨʥʳʤ ʵʣʝʤʝʥʪʦʚ ʩʪʨʦʝʥʠʷ ʧʦʜʥʷʪʠʷ ʷʚʣʷʶʪ-
ʩʷ ʚʫʣʢʘʥʦʢʫʧʦʣʴʥʳʝ ʧʦʣʠʛʝʥʥʳʝ ʠ ʧʦʣʠʭʨʦʥʥʳʝ ʧʘʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʝ ʧʦʩʪʨʦʡʢʠ (ʉʦʣʦʥʯʘʪ-
ʩʢʘʷ ï 11

2(1), ɼʫʥʝʥʩʢʘʷ ï 11
2(2) (ʦʩʣʦʞʥʝʥʥʘʷ ʩ ʟʘʧʘʜʘ ʊʘʩʙʫʣʘʢʩʢʦʡ ʢʘʣʴʜʝʨʦʡ) ʠ ʅʦʚʦʦʨʩʢʘʷ ï 

11
2(3)). ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʶʪ ʠʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠ-
ʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (D2ô3) (ɺʝʨʭʥʝ-ʉʦʣʦʥʯʘʪʩʢʠʡ, ʄʫʩʦʛʘʪʩʢʠʡ ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʤʘʩʩʠʚʳ), ʩʬʦʨʤʠ-
ʨʦʚʘʚʰʠʝʩʷ ʚ ʦʩʪʨʦʚʦʜʫʞʥʫʶ ʩʪʘʜʠʶ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʡ ʯʘʩʪʠ ʧʦʣʠʭʨʦʥʥʳʭ (ɹʘ-
ʟʘʨʙʘʡʩʢʠʡ ʠ ʄʫʩʦʛʘʪʩʢʠʡ) ʤʘʩʩʠʚʦʚ ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʙʝʟʳʤʷʥʥʳʝ ʪʝʣʘ ʠ ʤʦʥʮʦʜʠʦʨʠʪ-ʩʠʝʥʠʪ-
ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʅʦʚʦʦʨʩʢʠʡ, ɼʞʫʩʠʥʩʢʠʡ, ɹʘʟʘʨʙʘʡʩʢʠʡ, ʖʞʥʦ-ɹʘʟʘʨʙʘʡʩʢʠʡ 
ʤʘʩʩʠʚʳ). ɹʦʣʴʰʠʥʩʪʚʦ ʤʘʩʩʠʚʦʚ ʧʨʠʫʨʦʯʝʥʦ ʢ ʮʝʥʪʨʘʣʴʥʳʤ ʯʘʩʪʷʤ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘ-
ʣʝʦʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ. 
ʉ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʢ ɹʨʠʝʥʪʩʢʦ-ɸʱʝʙʫʪʘʢʩʢʦʤʫ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʧʦʜʥʷʪʠʶ ʧʨʠʤʳʢʘ-

ʝʪ ʐʫʙʘʨʪʘʫʩʢʘʷ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴ (11
3), ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʣʠʥʦʚʠʜʥʳʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ 

ʙʣʦʢ ʩʪʨʦʝʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦ ɹʨʠʝʥʪʩʢʦ-ɸʱʝʙʫʪʘʢʩʢʦʤʫ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠ-
ʯʝʩʢʦʤʫ ʧʦʜʥʷʪʠʶ. ɺ ʩʪʨʦʝʥʠʠ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʧʨʠʥʠʤʘʶʪ ʦʩʪʨʦʚʦʜʫʞʥʳʝ ʙʘʟʘʣʴʪ ʨʠʦʣʠ-
ʪʦʚʘʷ (D2), ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʘʷ (D2ô3) ʠ ʪʫʬʬʠʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʘʷ ʦʩʪʨʦʚʦʜʫʞʥʳʝ 
ʬʦʨʤʘʮʠʠ (D3). ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʘʤʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠ-
ʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (D3) (ʂʫʡʙʳh ʝʚʩʢʠʡ ʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʤʘʩʩʠʚʳ), ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʡ (C1) ʠ 
ʤʦʥʮʦʜʠʦʨʠʪ-ʩʠʝʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ (C1) ʬʦʨʤʘʮʠʡ (ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʡ ɹʨʠʝʥʪʩʢʠʡ ʤʘʩʩʠʚ 
ʠ ʜʨʫʛʠʝ). ʋ ʚʦʩʪʦʯʥʦʡ ʛʨʘʥʠʮʳ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʚ ʟʦʥʝ ɿʘʧʘʜʥʦ-ɸʢʞʘʨʩʢʦʛʦ ʨʘʟʣʦʤʘ ʨʘʩʧʦ-
ʣʦʞʝʥ ɾʫʣʴʜʳʙʘʡʩʢʠʡ ʫʣʴʪʨʘʙʘʟʠʪʦʚʳʡ ʤʘʩʩʠʚ (ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ (D1), ʩʣʦʞʝʥ-
ʥʳʡ ʩʝʨʠʝʡ ʣʠʥʟʦʚʠʜʥʳʭ ʧʨʦʪʨʫʟʠʡ ʨʘʟʜʝʣʝʥʥʳʭ ʧʦʣʦʩʘʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. 
ʖʞʥʦʝ ʟʘʤʳʢʘʥʠʝ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʦʩʣʦʞʥʝʥʦ ʅʠʞʥʝʜʞʫʩʠʥʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʶ 

(11
4), ʩʣʦʞʝʥʥʦʡ ʚʫʣʢʘʥʠʪʘʤʠ ʙʘʟʘʣʴʪ-ʪʨʘʭʠʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (C1), ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʚ 
ʦʙʩʪʘʥʦʚʢʝ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ. 
ɺ ʐʫʙʘʨʪʘʫʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ ʩ ʚʦʩʪʦʢʘ ʧʨʠʤʳʢʘʝʪ ʐʠʣʠʢʪʠʥʩʢʠʡ ʙʣʦʢ (11

5). ɹʣʦʢ 
ʠʤʝʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʠ ʩʣʦʞʝʥ ʪʝʤʠ ʞʝ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ ʬʦʨʤʘʮʠʷʤʠ, ʯʪʦ ʠ ɼʞʫʩʠʥ-
ʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ. ʀʥʪʨʫʟʠʚʥʳʝ ʤʘʩʩʠʚʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ (D2ô3) 
ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʡ (C1) ʬʦʨʤʘʮʠʷʤʠ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʠʟ ʥʠʭ ï ʧʦʣʠʭʨʦʥʥʳʡ ʐʠʣʠʢ-
ʪʠʥʩʢʠʡ ʧʨʠʫʨʦʯʝʥ ʢ ʶʞʥʦʤʫ ʦʢʦʥʯʘʥʠʶ ʙʣʦʢʘ. ʈʘʟʨʳʚʥr ʝ ʥʘʨʫʰʝʥʠʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʩ ʧʨʝ-
ʦʙʣʘʜʘʶʱʠʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤʠ ʧʨʦʩʪʠʨʘʥʠʷʤʠ. 
ʏʝʨʝʟ ʚʝʩʴ ʣʠʩʪ ʧʨʦʭʦʜʠʪ ʫʟʢʘʷ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʘʷ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ (11

6), ʩʣʘʛʘʶ-
ʱʠʝ ʝʝ ʬʦʨʤʘʮʠʠ ʙʘʟʘʣʴʪ-ʪʨʘʭʠʨʠʦʣʠʪʦʚʘʷ (C1), ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ (C1) ʠ ʠʟʚʝʩʪʥʷʢʦʚʘʷ 
(C1ô2) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʦʙʩʪʘʥʦʚʢʝ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ ʢʦʥʪʠʥʝʥʪʦʚ (ʚʫʣʢʘʥʦʧʣʫʪʦʥʠʯʝʩʢʠʭ 
ʧʦʷʩʦʚ ʠ ʰʝʣʴʬʘ). ʈʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦ-
ʩʪʠʨʘʥʠʷ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ ʨʘʟʙʠʪʘ ʥʘ ʩʝʨʠʶ ʫʟʢʠʭ ʙʣʦʢʦʚ, ʩʣʦʞʝʥʥʳʭ ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʘ-
ʮʠʝʡ. ɿʘʣʝʛʘʥʠʝ ʧʦʨʦʜʳ ʚ ʙʣʦʢʘʭ ʤʦʥʦʢʣʠʥʘʣʴʥʦʝ, ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʝ (ʯʘʩʪʠ ʙʳʚʰʠʭ ʩʠʥʢʣʠ-
ʥʘʣʝʡ ʠ ʘʥʪʠʢʣʠʥʘʣʝʡ) ʚ ʧʨʠʨʘʟʣʦʤʥʳʭ ʟʦʥʘʭ, ʦʩʣʦʞʥʝʥʥʦʝ ʤʝʣʢʦʡ ʠʟʦʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʯʘʪʦ-
ʩʪʴʶ. 
ʉ ʚʦʩʪʦʢʘ ʢ ɼʞʫʩʠʥʩʢʦ-ɸʢʞʘʨʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʪʝʢʪʦʥʠʯʝʩʢʠ ʧʨʠʯʣʝʥʷʝʪʩʷ ʊʝ-

ʨʝʥʩʘʡʩʢʘʷ ʤʝʛʘʥʪʠʢʣʠʥʘʣʴ (11
7), ʠʤʝʶʱʘʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʥʘ ʚʦʩʪʦʢʝ ʩ ɼʞʘʨʣʠʥʩʢʦ-

ɼʦʤʙʘʨʦʚʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʶ, ʘ ʥʘ ʩʝʚʝʨʝ ʩʦ ʩʪʨʫʢʪʫʨʘʤʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝ-
ʛʘʥʪʠʢʣʠʥʦʨʠʷ. ʄʝʛʘʥʪʠʢʣʠʥʘʣʴ ʩʣʦʞʝʥʘ ʦʩʪʨʦʚʦʜʫʞʥʳʤʠ ʬʦʨʤʘʮʠʤ̫ʠ: ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-
ʜʘʮʠʪʦʚʦʡ (D1ô2), ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦʡ (D1ô2), ʙʘʟʘʣʴʪ-ʨʠʦʣʠʪʦʚʦʡ (D2), ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʦʙ-
ʩʪʘʥʦʚʢʘʭ ʧʨʝʜʜʫʛʦʚʦʛʦ ʙʘʩʩʝʡʥʘ, ʧʨʠʤʠʪʠʚʥʦʡ ʢ ʶʥʦʡ ʜʫʛʠ ʠ ʪʫʬʦʛʝʥʥʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩ-
ʪʦʡ ʬʦʨʤʘʮʠʝʡ ʩʪʘʜʠʠ ʨʘʟʚʠʪʦʡ ʜʫʛʠ. ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʚʠʪʳ ʚ ʩʝʚʝʨʥʦʤ ʟʘʤʳʢʘ-
ʥʠʠ ʤʝʛʘʥʪʠʢʣʠʥʘʣʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʘʙʙʨʦ-ʤʦʥʮʦʥʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʡ (D2) (ʊʝʨʝʥʩʘʡʩʢʠʡ 
ʤʘʩʩʠʚ) ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʡ (D3) (ʂʫʤʫʩ-ʊʶʙʠʥʩʢʠʡ ʤʘʩʩʠʚ) ʬʦʨʤʘʮʠʷʤʠ. ɺʦʩʪʦʯʥʘʷ 
ʯʘʩʪʴ ʤʝʛʘʥʪʠʢʣʠʥʘʣʠ ʧʨʦʨʚʘʥʘ ʂʘʨʘʙʫʪʘʢʩʢʠʤ ʤʘʩʩʠʚʦʤ (11

7(4)) ʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʚ (P1). ʈʘʟ-
ʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʊʝʨʝʥʩʘʡʩʢʘʷ ʤʝʛʘʥ-
ʪʠʢʣʠʥʘʣʴ, ʨʘʟʙʠʪʘ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʙʣʦʢʠ, ʩʣʦʞʝʥʥʳʝ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʬʦʨʤʘʮʠʡ. 
ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ ʠʤʝʶʪ ʩʦʙʩʪʚʝʥʥʦʝ ʥʘʟʚʘʥʠʝ: ʂʘʨʘʙʫʪʘʢʩʢʦ-ɼʞʫʩʠʥʩʢʦʝ ʚʫʣʢʘʥʦʛʝʥ-
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ʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʧʦʜʥʷʪʠʝ (11
7(1)), ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʘʷ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ (11

7(2)) ʠ ɺʦʩʪʦʯʥʦ-
ʂʘʨʘʛʘʥʜʳʩʘʡʩʢʠʡ ʛʨʘʙʝʥ (11

7(3)). 
ʄʝʞʜʫ ʊʝʨʝʥʩʘʡʩʢʦʡ ʤʝʛʘʥʪʠʢʣʠʥʘʣʴʶ ʠ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴʶ, ʦʪʥʦʩʷʱʝʡʩʷ 

ʫʞʝ ʢ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʤʫ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʶ, ʨʘʩʧʦʣʦʞʝʥʘ ɼʞʘʨʣʠʥʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʘʷ ʤʝʛʘ-
ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ (11

8), ʠʤʝʶʱʘʷ ʰʠʨʠʥʫ ʜʦ 4 ʢʤ ʠ, ʩʣʦʞʝʥʥʘʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ (C1) ʠ 
ʠʟʚʝʩʪʥʷʢʦʚʦʡ (C1ô2) ʬʦʨʤʘʮʠʷʤʠ. ʋ ʶʞʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ï ʛʨʘʙʝʥ ʨʘʟʦʨʚʘʥ ʥʘ ʜʚʝ ʯʘʩʪʠ ʂʘʨʘʙʫ-
ʪʘʢʩʢʠʤ ʤʘʩʩʠʚʦʤ. ɹʦʣʝʝ ʤʝʣʢʠʝ ʤʘʩʩʠʚʳ ʛʨʘʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʠʜʦʚ ʧʨʠ-
ʫʨʦʯʝʥʳ ʢ ʨʘʟʨʳʚʥʳʤ ʥʘʨʫʰʝʥʠʷʤ. 
ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʠʡ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʡ (2) ʨʘʩʧʦʣʦʞʝʥ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʠ 

ʩʣʦʞʝʥ ʠʥʪʝʥʩʠʚʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʥʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦ-
ʚʘʥʠʷʤʠ ʦʜʥʦʠʤʝʥʥʦʡ ʉʌɿ ʧʦʟʜʥʝʛʦ ʢʝʤʙʨʠʷïʢʘʨʙʦʥʘ, ʘ ʪʘʢʞʝ ʜʦʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʠʤʠ ʧʦʨʦ-
ʜʘʤʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʤʠ ʢ ʂʘʤʩʘʢʩʢʦʡ ʉʌɿ. ʅʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʦʥ ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʪʨʠ ʩʫʙʨʝ-
ʛʠʦʥʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘ. 
ʉʘʤʳʡ ʟʘʧʘʜʥʳʡ ʠʟ ʥʠʭ ï ʋʡʩʢʦ-ʉʦʣʦʥʯʘʪʩʢʠʡ ʧʘʢʝʪ ʧʣʘʩʪʠʥ (21) ʢʣʠʥʦʚʠʜʥʦ ʟʘʤʳʢʘʝʪ-

ʩʷ ʫ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ɸʡ-ɼʞʘʨʛʘʥʩʢʠʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʙʣʦʢʦʤ (21
1) ʠʥʪʝʥ-

ʩʠʚʥʦ ʜʠʩʣʦʮʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʠ (O2ô3). 
ɺʦʩʪʦʯʥʝʝ ʨʘʩʧʦʣʦʞʝʥʦ ʶʞʥʦʝ ʟʘʤʳʢʘʥʠʝ ʇʦʣʪʘʚʩʢʦ-ɹʨʝʜʠʥʩʢʦʡ ʩʠʥʢʣʠʥʦʨʠʡ (22), ʛʨʘ-

ʥʠʮʳ ʩʠʥʢʣʠʥʦʨʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ, ʢʘʢ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʩʣʘʛʘʶɦ ʠʝ 
ʝʛʦ. ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʩʠʥʢʣʠʥʦʨʠʷ ʚʳʜʝʣʷʝʪʩʷ ɾʘʤʘʥ-ɸʢʞʘʨʩʢʠʡ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ 
(22

2), ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʛʦʨʩʪ ʠ ʩʣʦʞʝʥʥʳʡ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ (O2ô3) ʠ ʪʝʨʨʠʛʝʥʥʦ-
ʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʦʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ (O3) ʬʦʨʤʘʮʠʷʤʠ, ʧʨʦʨʚʘʥʥʳʤʠ ʵʢʩʪʨʫʟʠʷʤʠ ʜʫʥʠʪ-
ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ (O2) ʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ (C1) ʬʦʨʤʘʮʠʡ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʙʣʦʢʘ 
ʦʩʣʦʞʥʝʥʥʦʛʦ ʥʝʙʦʣʴʰʠʤ ʛʨʘʙʝʥʦʤ, ʚʳʧʦʣʥʝʥʥʳʤ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ 
ʬʦʨʤʘʮʠʠ (C1). 
ʉʝʚʝʨʥʝʝ ʠ ʚʦʩʪʦʯʥʝʝ ʨʘʩʧʦʣʦʞʝʥʘ ʂʠʨʦʚʩʢʦ-ʂʦʩʢʫʣʴʩʢʘʷ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴ (22

1), ʩʣʦ-
ʞʝʥʥʘʷ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʦʡ (C1), ʠʟʚʝʩʪʥʷʢʦʚʦʡ (C1ô2) ʠ ʙʘ-
ʟʘʣʴʪ-ʪʨʘʭʠʨʠʦʣʠʪʦʚʦʡ (C1ô2) ʬʦʨʤʘʮʠʡ. ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʙʦʣʴʰʠʤʠ 
ʤʘʩʩʠʚʘʤʠ ʛʘʙʙʨʦ- ʠ ʤʦʥʮʦʜʠʦʨʠʪʦʚ ʢʦʩʢʫʣʴʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (C1). ʉʪʨʫʢʪʫʨʘ ʨʘʟʙʠʪʘ ʙʦʣʴʰʠʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʨʘʟʣʦʤʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ ʥʘ ʢʘʨʪʝ ʛʝʥʝʨʘʣʠʟʦʚʘʥʘ. 
ɺʦʩʪʦʯʥʝʝ ʨʘʩʧʦʣʦʞʝʥʘ ʂʨʳʢʣʠʥʩʢʘʷ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴ (22

3), ʶʞʥʘʷ ʯʘʩʪʴ, ʢʦʪʦʨʦʡ ʩʣʦʞʝ-
ʥʘ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ (O2ô3) ʠ ʪʝʨʨʠʛʝʥʥʦ-ʜʘʮʠʪ-ʨʠʦʣʠ-
ʪʦʚʦʡ (O3) ʬʦʨʤʘʮʠʡ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʶʞʥʦʡ ʧʦʣʦʚʠʥʳ ʩʪʨʫʢʪʫʨʳ ʠ ʚʩʶ ʝʝ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ 
ʟʘʥʠʤʘʝʪ ʧʦʣʠʭʨʦʥʥʳʡ ʠ ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʡ ʂʨʳʢʣʠʥʩʢʠʡ ʤʘʩʩʠʚ ʠ ʝʛʦ ʩʘʪʝʣʣʠʪʳ. ɺ ʝʛʦ 
ʩʪʨʦʝʥʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʠʥʪʨʫʟʠʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʡ 
(O3ôS1), ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ (C1) ʬʦʨʤʘʮʠʡ. ʂ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʟʦʥʘʤ ʧʨʠʫʨʦʯʝʥʳ 
ʵʢʩʪʨʫʟʠʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ (O2) ʬʦʨʤʘʮʠʠ. 
ɿʘʧʘʜʥʘʷ ʯʘʩʪʴ ʩʠʥʢʣʠʥʦʨʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʂʚʘʨʢʝʥʩʢʦʡ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʴʶ (22

4), ʩʣʦ-
ʞʝʥʥʦʡ ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ ʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʦʨʦʜʘʤʠ ʙʘʟʘʣʴʪ-ʪʨʘʭʠʨʠʦʣʠʪʦʚʦʡ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨ-
ʙʦʥʘʪʥʦʡ (C1) ʠ ʠʟʚʝʩʪʥʷʢʦʚʦʡ (C1) ʬʦʨʤʘʮʠʡ. ɺ ʰʠʨʦʪʥʦʤ ʦʪʚʝʪʚʣʝʥʠʠ ʤʝʛʘʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ 
ʨʘʟʚʠʪʳ ʚʫʣʢʘʥʠʪʳ ʙʘʟʘʣʴʪ-ʣʘʪʠʪ-ʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (D3ôC1). 
ɺʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʟʘʥʠʤʘʝʪ ɸʜʘʤʦʚʩʢʦ-ʄʫʛʦʜʞʘʨʩʢʠʡ ʘʥʪʠʢʣʠʥʦʨʠʡ (23). ɺ ʝʛʦ 

ʧʨʝʜʝʣʘʭ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ʚʳʜʝʣʷʝʪʩʷ ɸʜʘʤʦʚʩʢʘʷ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴ (23
1) ʠ ʂʦʣʧʘʡʩʢʦ-ʂʘʨʘ-

ʛʘʯʠʥʩʢʘʷ ʙʣʦʢʤʦʥʦʢʣʠʥʘʣʴ (23
2). 

ɸʜʘʤʦʚʩʢʘʷ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʴ ʩʣʦʞʝʥʘ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʚ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʦʪ-
ʣʦʞʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦʡ (RF1) ʠ ʙʘʟʘʣʴʪʦʠʜʥʦ-ʪʝʨʨʠʛʝʥʥʦʡ ʬʦʨʤʘʮʠʡ (RF1), ʚ ʥʝʙʦʣʴʰʠʭ ʛʨʘʙʝʥ-
ʩʠʥʢʣʠʥʘʣʷʭ ʦʪʣʠʯʘʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʤʝʪʘʤʦʨʬʠʨʦʚʘʥʥʳʭ ʪʝʨʨʠʛʝʥʦ-ʦʣʠʛʦʤʠʢʪʦʚʳʭ (O2) ʠ 
ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʬʦʨʤʘʮʠʡ (O2ô3). ʋ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʩʪʨʫʢʪʫʨʘ ʘʥʪʠʢʣʠʥʦʨʠʷ 
ʦʩʣʦʞʥʝʥʘ ʪʨʦʛʦʤ ʚʳʧʦʣʥʝʥʥʳʤ ʚʫʣʢʘʥʠʪʘʤʠ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʬʦʨʤʘʮʠʠ (D1). ɹʦʣʴ-
ʰʫʶ ʧʦʣʦʚʠʥʫ ʘʥʪʠʢʣʠʥʦʨʠʷ ʟʘʥʠʤʘʶʪ ʢʨʫʧʥʳʝ ʧʦʣʠʭʨʦʥʥʳʝ ʠ ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʝ ʤʘʩʩʠʚʳ 
(ʂʘʠʥʜʠʥʩʢʠʡ, ʐʠʣʴʜʠʥʩʢʠʡ, ʂʦʧʠʥʩʢʠʡ, ʋʨʫʩ-ʂʠʩʢʝʥʝʥʩʢʠʡ), ʚ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʳʭ ʧʨʠʥʠʤʘ-
ʶʪ ʫʯʘʩʪʠʝ ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʡ (O3ôS1), 
ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ (D3), ʤʦʥʮʦʛʘʙʙʨʦ-ʤʦʥʮʦʜʠʦʨʠʪ-ʛʨʘʥʦʩʠʝʥʠʪʦʚʦʡ (D3) ʠ ʛʨʘ-
ʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʡ (D3) ʬʦʨʤʘʮʠʡ. ʎʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʘʥʪʠʢʣʠʥʦʨʠʷ ʟʘʥʠʤʘʝʪ ʢʨʫʧʥʳʡ ʤʘʩ-
ʩʠʚ (ɸʜʘʤʦʚʩʢʠʡ) ʦʨʦʛʝʥʥʳʭ ʛʨʘʥʠʪʦʚ (P1) ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʳ 20Ĭ15 ʢʤ. ɸʥʘʣʦʛʠʯʥʳʡ ʤʘʩʩʠʚ 
(ʂʘʨʘʙʫʪʘʢʩʢʠʡ) ʦʩʣʦʞʥʷʝʪ ʶʛʦ-ʚʦʩʪʦʯʥʫʶ ʯʘʩʪʴ ʘʥʪʠʢʣʠʥʘʣʠ. ʆʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝ-
ʩʪʚʦ ʩʘʪʝʣʣʠʪʦʚ ʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʪʝʣ ʵʪʦʡ ʬʦʨʤʘʮʠʠ. ʋ ʩʝʚʝʨʥʦʡ ʨʘʤʢʠ ʣʠʩʪʘ ʦʨʜʦʚʠʢʩʢʠʝ ʦʪ-
ʣʦʞʝʥʠʷ ʵʢʩʪʨʫʜʠʨʫʶʪ ʫʣʴʪʨʘʙʘʟʠʪʳ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (O2). 
ʂʦʥʩʘʡʩʢʦ-ʂʘʨʘʛʘʯʠʥʩʢʠʡ ʙʣʦʢ ï ʤʦʥʦʢʣʠʥʘʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʨʦʜʠʨʦʚʘʥʥʫʶ ʨʠʬʪʦ-

ʛʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʚʳʧʦʣʥʝʥʥʫʶ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʝʨʨʠʛʝʥʥʦʡ ʦʣʠʢʦʤʠʢʪʦ-
ʚʦʡ (O2) ʠ ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʠʜʥʦʡ ʬʦʨʤʘʮʠʝʡ (O2ô3). ʆʪʤʝʯʘʝʪʩʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʝʣʢʠʭ 
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ʠʥʪʨʫʟʠʡ ʪʝʭ ʞʝ ʬʦʨʤʘʮʠʡ, ʯʪʦ ʠ ʚ ɸʜʘʤʦʚʩʢʦʡ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʠ, ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤ ʷʚʣʷʝʪ-
ʩʷ ʗʨʰʘʣʠʥʩʢʠʡ ʧʦʣʠʭʨʦʥʥʳʡ ʠ ʧʦʣʠʬʦʨʤʘʮʠʦʥʥʳʡ ʤʘʩʩʠʚ, ʠʤʝʶʱʠʡ ʨʘʟʤʝʨʳ 14Ĭ9 ʢʤ. 

ɼɽʌʆʈʄɸʎʀʀ 

ʇʃʀʂɸʊʀɺʅʓɽ ɼɽʌʆʈʄɸʎʀʀ 

ɼʣʷ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʭʘʨʘʢʪʝʨʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ çʣʦʧʘʩʪʥʳʭè ʙʨʘʭʠʩʠʥʢʣʠʥʘ-
ʣʝʡ ʨʘʟʣʠʯʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʩʦʧʨʷʞʝʥʥʳʤʠ ʦʪʣʦʛʦʢʠʣʝʚʠʜʥʳʤʠ ʘʥʪʠʢʣʠʥʘʣʷʤʠ (ʠʥʦʛʜʘ ï ʙʨʘʭʠ-
ʘʥʪʠʢʣʠʥʘʣʷʤʠ). ʄʦʨʬʦʣʦʛʠʷ ʧʣʠʢʘʪʠʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ ʯʘʩʪʦ ʥʘʩʣʝʜʫʝʪ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩ-
ʢʠʝ ʨʝʪʨʦʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʥʠʝ ʫʛʣʳ ʧʘʜʝʥʠʷ ʥʘ ʢʨʳʣʴʷʭ ʩʢʣʘʜʦʢ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʶʪ 40Á. ɼʣʷ 
ʚʦʩʪʦʯʥʦʛʦ ʢʨʳʣʘ ʀʨʠʢʣʠʥʩʢʦʡ ʤʝʛʘʩʠʥʢʣʠʥʘʣʠ ʭʘʨʘʢʪʝʨʥʦ ʤʦʥʦʢʣʠʥʘʣʴʥʦʝ ʥʘ ʟʘʧʘʜ ʟʘʣʝʛʘ-
ʥʠʷ ʧʦʨʦʜ ʦʩʣʦʞʥʝʥʥʦʝ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ. ɺ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʷʭ, ʚʳʧʦʣʥʝʥʥʳʭ ʢʘ-
ʤʝʥʥʦʫʛʦʣʴʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, ʧʝʨʚʠʯʥʳʝ ʙʨʘʭʠʬʦʨʤʥʳʝ ʩʢʣʘʜʢʠ ʥʘʨʫʰʝʥʳ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ ʧʝʨʚʠʯʥʳʝ ʵʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʠʟʤʝʥʝ-
ʥʳ ʚʧʣʦʪʴ ʜʦ ʟʘʧʨʦʢʠʥʫʪʳʭ. ɺ ʧʨʠʨʘʟʣʦʤʥʳʭ ʯʘʩʪʷʭ ʨʘʟʚʠʚʘʝʪʩʷ ʤʝʣʢʘʷ ʠʟʦʢʣʠʥʘʣʴʥʘʷ ʩʢʣʘʜ-
ʯʘʪʦʩʪʴ, ʚʧʣʦʪʴ ʜʦ ʧʣʦʡʯʘʪʦʩʪʠ. 
ɺ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʤ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʠ ʚʩʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʦʨʤʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʳʜʝʣʷ-

ʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘʣʝʡ ʠ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʝʡ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʙʦʣʝʝ ʤʝʣʢʠʭ ʧʣʠʢʘ-
ʪʠʚʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʪʦ ʚ ʩʪʨʘʪʠʬʠʮʠʨʫʝʤʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʢʘʣʝʜʦʥʩʢʦïʛʝʨʮʠʥʩʢʦʛʦ ʵʪʘʞʘ 
ʬʠʢʩʠʨʫʝʪʩʷ ʩʦʯʝʪʘʥʠʝ ʣʠʥʝʡʥʳʭ ʩʢʣʘʜʦʢ (ʦʙʳʯʥʦ ʤʝʨʠʜʠʦʥʘʣʴʥʳʭ) ʠ ʙʨʘʭʠʬʦʨʤ; ʧʦʩʣʝʜʥʠʝ 
ʯʘʩʪʦ ʷʚʣʷʶʪʩʷ ʦʪʨʘʞʝʥʠʝʤ ʜʝʚʦʥʩʢʠʭ ʚʫʣʢʘʥʦ-ʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʷʜʨʘʭ ʛʦʨʩʪ-ʘʥʪʠʢʣʠʥʘ-
ʣʝʡ ʛʣʫʙʦʢʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʙʘʡʢʘʣʠʜ (ʚ ʜʚʫʭ ʟʘʧʘʜʥʳʭ ʘʥʪʠʢʣʠʥʦʨʠʷʭ) ʩʤʷʪʳ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʨʘʭʠʩʢʣʘʜʢʠ. ʀʭ çʣʠʥʝʡʥʳʝè ʦʩʣʦʞʥʝʥʠʷ (ʚ ʤʘʣʳʭ ʬʦʨʤʘʭ) ʩʦʧʨʦʚʦʞʜʘ-
ʶʪʩʷ ʥʘʣʦʞʝʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʣʘʥʮʝʚʘʪʦʩʪʴʶ. ʋʡʩʢʦ-ʉʦʣʦʥʯʘʥʩʢʠʡ ʧʘʢʝʪ ʧʣʘʩʪʠʥ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʦʢʣʠʥʘʣʴʥʦ-ʯʝʰʫʡʯʘʪʦʡ ʩʢʣʘʜʯʘʪʦʩʪʴʶ ʩ ʧʦʣʥʳʤ ʫʥʠʯʪʦʞʝʥʠʝʤ çʨʝʣʠʢʪʦ-
ʚʳʭè ʙʨʘʭʠʩʢʣʘʜʦʢ ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʝʣʢʠʭ (ʥʝ ʥʠʞʝ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ) ʣʠʥʝʡʥʳʭ ʬʦʨʤ ʩ ʦʩʪ-
ʨʳʤʠ ʬʝʩʪʦʥʯʘʪʳʤʠ ʧʝʨʠʢʣʠʥʘʣʷʤʠ, ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʷʚʣʝʥʥʳʤ ʢʣʠʚʘʞʦʤ ʚʦ ʚʩʝʭ ʩʚʦʠʭ ʨʘʟʥʦ-
ʚʠʜʥʦʩʪʷʭ, ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʧʩʝʚʜʦʤʦʥʦʢʣʠʥʘʣʝʡ. 

ɼʀɿʒʖʅʂʊʀɺʅʓɽ ɼʀʉʃʆʂɸʎʀʀ 

ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʝʩʪʝʩʪʚʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʧʦʪʝʨʷʚʰʠʭ ʧʣʘʩʪʠʯʥʦʩʪʴ ʧʦʨʦʜ ʥʘ 
ʩʫʱʝʩʪʚʫʶʱʠʝ ʝʱʝ ʥʘʧʨʷʞʝʥʠʷ (ʧʨʠ ʵʪʦʤ ʠʤʝʶʪʩʷ ʚʚʠʜʫ ʪʦʣʴʢʦ ʭʨʫʧʢʠʝ ʢʘʪʘʢʣʘʩʪʠʯʝʩʢʠʝ 
ʜʝʬʦʨʤʘʮʠʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ çʚʷʟʢʠʭè ʨʘʟʣʦʤʦʚ, ʧʦ ʩʫʱʝʩʪʚʫ ʪʨʫʜʥʦ ʦʪʜʝʣʠʤʳʭ 
ʦʪ ʩʦʙʩʪʚʝʥʥʦ ʧʣʠʢʘʪʠʚʥʳʭ ʜʠʩʣʦʢʘʮʠʡ). ʇʦ ʤʦʨʬʦʢʠʥʝʪʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ ʦʥʠ ʧʦʜʨʘʟʜʝʣʷ-
ʶʪʩʷ ʥʘ ʧʦʣʦʛʦʧʘʜʘʶʱʠʝ (ʥʘʜʚʠʛʠ, ʚʟʙʨʦʩʦ-ʥʘʜʚʠʛʠ), ʢʨʫʪʦʧʘʜʘʶʱʠʝ (ʚʟʙʨʦʩʳ, ʩʙʨʦʩʳ, ʩʜʚʠ-
ʛʠ) ʠ ʨʘʟʣʦʤʳ ʩʣʦʞʥʦʡ ʢʠʥʝʤʘʪʠʢʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʣʠʩʪʨʠʯʝʩʢʠʝ); ʧʦ ʦʨʠʝʥʪʠʨʦʚʢʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʦʙʱʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ ï ʥʘ ʧʨʦʜʦʣʴʥʳʝ, ʧʦʧʝʨʝʯʥʳʝ ʠ ʜʠʘʛʦʥʘʣʴʥʳʝ; ʧʦ ʩʚʦʝʡ ʨʦʣʠ ʚ ʪʝʢ-
ʪʦʥʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ï ʥʘ ʛʣʘʚʥʳʝ (ʨʝʛʠʦʥʘʣʴʥʳʝ çʩʪʨʫʢʪʫʨʥʳʝ ʰʚʳè) ʠ ʧʨʦʯʝʝ (ʚʪʦʨʦʩʪʝʧʝʥ-
ʥʳʝ çʤʝʩʪʥʳʝè). 
ʉʨʝʜʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʡ ɼʞʫʩʠʥʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʠʡ ʨʘʟʣʦʤ ʷʚʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʤ ʰʚʦʤ, ʨʘʟʜʝʣʷʶʱʠʤ ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʠ ʶʞʥʫʶ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦ-
ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʛʝʨʮʠʥʩʢʦʛʦ ʜʝʬʦʨʤʘʮʠʦʥʥʦʛʦ ʮʠʢʣʘ ʦʥ ʧʨʝʜ-
ʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʚʟʙʨʦʩʦʚ ʠ ʚʟʙʨʦʩʘ ʥʘʜʚʠʛʦʚ ʩ ʩʦʭʨʘʥʠʚʰʠʤʠʩʷ ʫʯʘʩʪʢʘʤʠ ʨʝʪʨʦʩʙʨʦ-
ʩʦʚ (ʟʘʣʦʞʝʥʥʳʭ, ʚʝʨʦʷʪʥʦ, ʝʱʝ ʚ ʦʨʜʦʚʠʢʝ). ʅʘ ʶʛʝ ʧʣʦʱʘʜʠ ʨʘʟʣʦʤ ʨʘʟʨʳʚʘʝʪʩʷ (ʧʦʛʣʦʱʘʝʪ-
ʩʷ) ʢʨʫʧʥʳʤ ʂʘʨʘʙʫʪʘʢʩʢʠʤ ʤʘʩʩʠʚʦʤ. 
ʈʘʟʣʦʤʳ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʭʝʤʝ ʧʦʜ ʩʦʙʩʪʚʝʥʥʳʤʠ ʠʤʝʥʘʤʠ, ʷʚʣʷʶʪʩʷ ʛʨʘʥʠ-

ʮʘʤʠ ʚʳʰʝʦʧʠʩʘʥʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʩʙʨʦʩʳ, 
ʚʟʙʨʦʩʳ ʠ ʥʘʜʚʠʛʠ. 
ʉʨʝʜʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʩʪʥʳʭ ʨʘʟʣʦʤʦʚ, ʧʦʢʘʟʘʥʥʳʭ ʥʘ ʢʘʨʪʝ (ʪ. ʝ. ʠʤʝʶʱʠʭ ʟʘʤʝʪʥʫʶ 

ʘʤʧʣʠʪʫʜʫ ʩʤʝʱʝʥʠʷ) ʟʘʢʦʥʦʤʝʨʥʦ ʧʨʝʦʙʣʘʜʘʶʪ ʧʨʦʜʦʣʴʥʳʝ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʦ ʩʪʨʫʢʪʫʨʥʳʝ 
ʩʦʦʪʥʦʰʝʥʠʷ ʩʣʦʞʥʦʡ ʠʣʠ ʥʝʫʩʪʘʥʦʚʣʝʥʥʦʡ ʢʠʥʝʤʘʪʠʢʠ; ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʠʭ ʯʘʩʪʠ ʫʚʝʨʝʥʥʦ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʥʘʜʚʠʛʦʚʦʡ, ʚʟʙʨʦʩʦʚʦʡ, ʩʙʨʦʩʦʚʦʡ, ʠʥʦʛʜʘ ʩʜʚʠʛʦʚʦʡ ʩʦʩʪʘʚʣʷʶ-
ʱʝʡ. ʀʟ ʜʠʘʛʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʢʨʫʪʳʝ ʪʨʝʱʠʥʳ ʩʢʘʣʳʚʘʥʠʷ, ʨʘʟ-
ʨʳʚʳ ʩ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʥʘʭʦʜʷʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʨʘʚʥʦʤ ʩʦ-
ʦʪʥʦʰʝʥʠʠ; ʩʫʙʰʠʨʦʪʥʳʝ ʜʠʟʲʶʥʢʪʠʚʳ (ʪʨʝʱʠʥʳ ʦʪʨʳʚʘ), ʩʫʱʝʩʪʚʝʥʥʦ ʥʘʨʫʰʘʶʱʠʝ ʧʣʠʢʘ-
ʪʠʚʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʬʠʢʩʠʨʫʶʪʩʷ ʨʝʞʝ. ɺʩʝ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ ʨʘʟʣʦʤʳ ʧʨʷʤʦʣʠ-
ʥʝʡʥʳʝ ʠʣʠ ʩʣʘʙʦʠʟʦʛʥʫʪʳʝ ʚ ʧʣʘʥʝ; ʘʤʧʣʠʪʫʜʘ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʥʠʤ, ʢʘʢ ʧʨʘ-
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ʚʠʣʦ, ʥʝ ʦʜʠʥʘʢʦʚʘ ʥʘ ʦʪʜʝʣʴʥʳʭ ʠʭ ʫʯʘʩʪʢʘʭ. ɺ ʢʘʡʥʦʟʦʝ ʤʥʦʛʠʝ ʠʟ ʜʠʟʲʶʥʢʪʠʚʦʚ, ʟʘʣʦʞʝʥ-
ʥʳʭ ʚ ʧʦʟʜʥʝʛʝʨʮʠʥʩʢʦʝ ʚʨʝʤʷ, ʷʚʣʷʣʠʩʴ ʦʩʥʦʚʦʡ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʠ ʜʠʘʛʦʥʘʣʴʥʦʡ ʩʝʪʠ ʥʘʨʫʰʝ-
ʥʠʡ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʦʚʳʝ ʜʚʠʞʝʥʠʷ. 
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ʀʉʊʆʈʀʗ ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʈɸɿɺʀʊʀʗ 
 
 
ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʢ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʤ ʢʦʥʪʨʘʩʪʥʳʤ, ʜʣʠʪʝʣʴʥʦ 

ʬʦʨʤʠʨʦʚʘʚʰʠʤʩʷ ʵʣʝʤʝʥʪʘʤ ʟʝʤʥʦʡ ʢʦʨʳ ʦʙʫʩʣʦʚʠʣʘ ʩʣʦʞʥʦʩʪʴ ʠʩʪʦʨʠʠ ʝʝ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 
ʵʚʦʣʶʮʠʠ. ɺ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, ʩʣʘʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʶ, ʚʳʜʝ-
ʣʷʶʪʩʷ ʪʨʠ ʢʨʫʧʥʳʭ ʵʪʘʧʘ: ʨʠʬʝʡʩʢʦïʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʠʡ (ʙʘʡʢʘʣʴʩʢʠʡ), ʧʦʟʜʥʝʢʝʤʙʨʠʡʩʢʦï
ʪʨʠʘʩʦʚʳʡ (ʢʘʣʝʜʦʥʩʢʦïʛʝʨʮʠʥʩʢʠʡ) ʠ ʤʝʟʦʟʦʡʩʢʦïʢʘʡʥʦʟʦʡʩʢʠʡ (ʧʦʟʜʥʝʪʨʠʘʩʦʚʦïʯʝʪʚʝʨʪʠʯ-
ʥʳʡ). 

ɹɸʁʂɸʃʔʉʂʀʁ ʕʊɸʇ 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʢʘʨʝʣʴʩʢʦʡ ʵʧʦʭʠ ʪʝʢʪʦʛʝʥʝʟʘ ʪʝʨʨʠʪʦʨʠʷ ʷʚʣʷʣʘʩʴ ʯʘʩʪʴʶ ʦʙʰʠʨʥʦʛʦ 
ʢʦʥʪʠʥʝʥʪʘ, ʦʭʚʘʪʳʚʘʶʱʝʛʦ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʣʦʱʘʜʠ ʥʳʥʝʰʥʝʡ ɽʚʨʘʟʠʠ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ 
ʚʩʝʛʦ ʨʠʬʝʷ (ʦʢʦʣʦ 1 ʤʠʣʣʠʘʨʜʘ ʣʝʪ) ʟʜʝʩʴ ʛʦʩʧʦʜʩʪʚʫʝʪ ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʨʝʞʠʤ. ɺ ʦʪʜʝʣʴʥʳʭ 
ʦʙʰʠʨʥʳʭ ʜʝʧʨʝʩʩʠʷʭ ʪʠʧʘ ʘʚʣʘʢʦʛʝʥʦʚ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʦʡ ʦʙʩʪʘ-
ʥʦʚʢʝ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʤʦʱʥʳʝ ʪʦʣʱʠ ʛʣʠʥʠʩʪʳʭ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ (ʷʨʰʘʣʠʥʩʢʘʷ 
ʪʦʣʱʘ). ʅʘ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʚ ʪʝ ʠʣʠ ʠʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʝ ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ 
ʩʤʝʥʷʝʪʩʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʨʠʬʪʠʥʛʦʤ, ʧʨʦʷʚʣʝʥʥʳʤ ʚ ʫʟʢʦʣʠʥʝʡʥʳʭ ʟʦʥʘʭ ʦʙʳʯʥʦ çʥʝ-
ʫʨʘʣʴʩʢʦʛʦè ʧʨʦʩʪʠʨʘʥʠʷ. ʆʜʥʘ ʠʟ ʪʘʢʠʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʨʠʬʪʦʚʳʭ ʩʠʩʪʝʤ, ʩʫʝɦʩʪʚʦʚʘʚʰʘʷ ʚ 
ʨʘʥʥʝʤ ʨʠʬʝʝ ʠ ʠʤʝʚʰʘʷ, ʚʝʨʦʷʪʥʦ, ʩʫʙʰʠʨʦʪʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ, ʦʭʚʘʪʳʚʘʣʘ ʠ ʦʧʠʩʳʚʘʝʤʫʶ 
ʧʣʦʱʘʜʴ. ʆʪʤʝʯʝʥʘ ʦʥʘ ʩʦʯʝʪʘʥʠʝʤ ʧʝʨʚʠʯʥʦ ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʙʘʟʘʣʴʪʦʠʜʥʳʭ ʧʦʨʦʜ (ʙʝʩʢʨʶʢʦʚ-
ʩʢʘʷ ʪʦʣʱʘ). ɼʨʫʛʘʷ ʧʦʜʦʙʥʘʷ ʩʠʩʪʝʤʘ (ʫʞʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ) 
ʨʘʟʚʠʚʘʣʘʩʴ ʚ ʥʘʯʘʣʝ ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ (ʋʨʘʣʪʘʫʩʢʠʡ ʘʥʪʠʢʣʠʥʦʨʠʡ, ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ). ʇʨʝʜ-
ʩʪʘʚʣʷʶʱʠʝ ʵʪʫ ʩʪʨʫʢʪʫʨʫ ʤʘʢʩʶʪʦʚʩʢʘʷ ʩʝʨʠʷ ʦʙʨʘʟʦʚʘʥʘ ʧʘʨʘʛʝʥʝʟʦʤ ʪʝʨʨʠʛʝʥʥʳʭ ʬʦʨʤʘ-
ʮʠʡ, ʘ ʪʘʢʞʝ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ (ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʨʷʜʘ). ɺ 
ʦʩʪʘʣʴʥʳʝ ʞʝ ʢʨʫʧʥʳʝ ʦʪʨʝʟʢʠ ʙʫʨʟʷʥʩʢʦʡ, ʶʨʤʘʪʠʥʩʢʦʡ ʠ ʢʘʨʘʪʘʫʩʢʦʡ ʵʨ ʦʧʠʩʳʚʘʝʤʳʡ ʨʘʡʦʥ 
ʠ ʩʤʝʞʥʳʝ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʣʘʪʬʦʨʤʫ, ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʝʨʨʠʛʝʥʥʦʡ, ʪʦ ʩʫ-
ʝɦʩʪʚʝʥʥʦ ʢʘʨʙʦʥʘʪʥʦʡ ʩʝʜʠʤʝʥʪʘʮʠʝʡ ʚ çʤʠʛʨʠʨʫʶʱʠʭè ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ, ʙʦʣʴʰʝʡ 
ʯʘʩʪʴʶ ʤʝʣʢʦʚʦʜʥʳʭ ʙʘʩʩʝʡʥʘʭ (ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ ʥʝ ʠʟʚʝʩʪʥʳ). ʇʨʝʦʙʣʘʜʘʶʱʠʝ ʚ ʵʪʦʪ ʧʝ-
ʨʠʦʜ ʩʪʘʙʠʣʴʥʳʝ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʘʞʜʳ (ʥʘ ʨʫʙʝʞʝ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜ-
ʥʝʛʦ ʨʠʬʝʷ ʠ ʚ ʩʝʨʝʜʠʥʝ ʧʦʩʣʝʜʥʝʛʦ, ʥʘ ʛʨʘʥʠʮʝ ʪʘʥʛʘʫʨʘ ʠ ʢʫʜʘʰʘ) ʩʤʝʥʷʶʪʩʷ ʨʝʞʠʤʦʤ çʘʢʪʠ-
ʚʠʟʠʨʦʚʘʥʥʦʡ ʧʣʘʪʬʦʨʤʳè (ʥʝʫʜʘʯʥʳʡ ʩʠʥʦʥʠʤ ʜʘʥʥʦʛʦ ʧʦʥʷʪʠʷ ï çʨʘʩʩʝʷʥʥʳʡ ʨʠʬʪʠʥʛè). ʆʥ 
ʚʳʨʘʞʝʥ ʚ ʫʩʠʣʝʥʠʠ ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʠ (ʨʘʩʪʨʝʩʢʠʚʘʥʠʠ) ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʚʦʟʜʳʤʘʥʠʷ ʪʝʨ-
ʨʠʪʦʨʠʠ ʩ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʝʨʝʨʳʚʘʤʠ ʚ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʠ ʠ ʚʥʝʜʨʝʥʠʝʤ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʜʘʝʢ, 
ʩʠʣʣʦʚ ʠ ʰʪʦʢʦʚ ʛʘʙʙʨʦʠʜʥʳʭ ʧʦʨʦʜ (ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ, ʚ ʋʨʘʣʪʘʫʩʢʦʤ ʘʥʪʠʢʣʠʥʦʨʠʠ ï 
ʚʝʨʭʥʝʤʘʟʘʨʠʥʩʢʠʡ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ ʧʦʟʜʥʝʛʦ ʨʠʬʝʷ). 
ɺ ʩʘʤʦʤ ʢʦʥʮʝ ʨʠʬʝʷ (ʧʦʟʜʥʠʡ ʢʫʜʘʰ) ʚʦʟʥʠʢʘʝʪ ʥʦʚʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ, 

ʥʘ ʵʪʦʪ ʨʘʟ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ (ʙʣʠʟʫʨʘʣʴʩʢʦʛʦ) ʧʨʦʩʪʠʨʘʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʠ ʚ ʨʘʥʥʝʤ ʚʝʥ-
ʜʝ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʥʘ ʪʠʧʠʯʥʳʤ çʧʝʩʪʨʳʤè ʥʘʙʦʨʦʤ ʬʦʨʤʘʮʠʡ ʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʨʦʣʴʶ ʢʦʥ-
ʪʨʘʩʪʥʳʭ ʧʦ ʦʩʥʦʚʥʦʩʪʠ ʠ ʱʝʣʦʯʥʦʩʪʠ ʚʫʣʢʘʥʠʪʦʚ ʠ ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʠʥʪʨʫʟʠʡ. ɿʘʧʘʜʥʝʝ ʨʘʩ-
ʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʝʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʘʷʣʠʥʩʢʘʷ ʩʚʠʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʠʥʘʜʣʝʞʘʚʰʘʷ 
ʟʘʧʘʜʥʦʤʫ ʢʨʘʶ ʫʧʦʤʷʥʫʪʦʛʦ ʨʠʬʪʘ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʞʝ ʝʛʦ ʯʘʩʪʠ (ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ ʚ ɿʘʫʨʘ-
ʣʴʝ) ʧʦʯʪʠ ʩʠʥʭʨʦʥʥʦ ʚʦʟʥʠʢʘʝʪ ʛʣʫʙʦʢʠʡ ʨʘʟʜʚʠʛ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʨʳ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʘ 
ʯʫʪʴ ʧʦʟʞʝ ï ʠ ʟʘʯʘʪʢʠ ʵʥʩʠʤʘʪʠʯʝʩʢʦʡ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʣʴʥʦ ʤʝʪʘʤʦʨʬʠ-
ʟʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʨʝʜʢʠ ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʰʴ ʚ ʩʝʚʝʨʥʦʡ ʧʦʣʦ-
ʚʠʥʝ ʋʨʘʣʘ). ʕʪʦʪ ʣʠʥʝʘʤʝʥʪ ʨʘʟʜʝʣʷʝʪ ʝʜʠʥʫʶ ʜʦ ʵʪʦʛʦ ʤʝʛʘʧʣʠʪʫ ʥʘ ʜʚʘ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘ, 
ʨʘʩʭʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʚʝʨʦʷʪʥʦ, ʙʳʣʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʠʤ. ʇʨʠ 
ʩʙʣʠʞʝʥʠʠ ʢʦʥʪʠʥʝʥʪʦʚ (ʚ ʢʦʥʮʝ ʨʘʥʥʝʛʦ ʚʝʥʜʘ) ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʣʣʠʟʠʠ (ʧʦʟʜʥʠʡ ʚʝʥʜïʥʘʯʘ-
ʣʦ ʢʝʤʙʨʠʷ) ʧʨʦʠʩʭʦʜʠʪ ʦʙʜʫʢʮʠʷ ʜʨʝʚʥʠʭ ʦʬʠʦʣʠʪʦʚ ʠ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʥʘʯʠʥʘʝʪ 
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ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ. ʈʦʩʪ ʦʨʦʛʝʥʘ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʧʨʦʛʨʝʚʦʤ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʧʦʨʦʜ ʚ ʫʩʣʦʚʠʷʭ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʙʨʘʭʠʬʦʨʤʥʦʡ 
ʩʢʣʘʜʯʘʪʦʩʪʠ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʢʦʥʮʫ ʨʘʥʥʝʛʦ ʢʝʤʙʨʠʷ ʚʦʟʥʠʢʘʝʪ ʛʦʨʥʦʝ ʩʦʦʨʫʞʝʥʠʝ, ʩʧʘʷʚh ʝʝ ʦʙʝ ʯʘʩʪʠ 

ʝʜʠʥʦʡ ʨʘʥʝʝ ʵʧʠʢʘʨʝʣʴʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɺʩʣʝʜ ʟʘ ʵʪʠʤ ʚ ʪʝʯʝʥʠʝ ʧʦʯʪʠ ʚʩʝʛʦ ʢʝʤʙʨʠʷ (ʦʢʦʣʦ 
20 ʤʣʥ ʣʝʪ) ʚʥʦʚʴ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʧʣʘʪʬʦʨʤʝʥʥʳʡ ʨʝʞʠʤ. ɻʦʨʥʘʷ 
ʩʪʨʘʥʘ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʨʫʰʘʝʪʩʷ, ʦʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʥʘʢʘʧʣʠʚʘʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʟʘ ʝʝ ʧʨʝʜʝ-
ʣʘʤʠ (ʜʦʩʪʦʚʝʨʥʳʝ ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʋʨʘʣʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ). ʋʞʝ ʢ 
ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ ʢʝʤʙʨʠʷ ʪʝʨʨʠʪʦʨʠʷ, ʧʦʜʚʝʨʛʥʫʪʘʷ ʧʦʟʜʥʝʙʘʡʢʘʣʴʩʢʦʤʫ ʦʨʦʛʝʥʝʟʫ, ʧʨʝʜʩʪʘʚ-
ʣʷʝʪ ʩʦʙʦʡ ʧʨʠʧʦʜʥʷʪʳʡ ʧʝʥʝʧʣʝʥ. ʌʦʨʤʠʨʫʶʪʩʷ ʜʨʝʚʥʠʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʣʘʪʝʨʠʪʥʦʛʦ 
ʧʨʦʬʠʣʷ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʨʘʟʤʳʪʳʝ (ʥʘ ʋʨʘʣʝ ʦʥʠ ʩʦʭʨʘʥʠʣʠʩʴ ʪʦʣʴʢʦ ʚ ʥʝʢʦʪʦ-
ʨʳʭ ʧʫʥʢʪʘʭ; ʥʘ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʦʪʩʫʪʩʪʚʫʶʪ). 

ʂɸʃɽɼʆʅʉʂʆïɻɽʈʎʀʅʉʂʀʁ ʕʊɸʇ 

ʉ ʢʦʥʮʘ ʧʦʟʜʥʝʛʦ ʢʝʤʙʨʠʷ (ʘʢʩʘʡʩʢʠʡ ʚʝʢ) ʦʙʨʘʟʫʝʪʩʷ ʥʦʚʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦ-ʨʠʬʪʦʚʘʷ ʩʠ-
ʩʪʝʤʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʨʘʩʧʦʣʘʛʘʚʰʘʷʩʷ ʟʘʧʘʜʥʝʝ ʦʜʥʦʪʠʧʥʦʡ çʧʦʟʜʥʝʙʘʡʢʘʣʴ-
ʩʢʦʡè ʩʪʨʫʢʪʫʨʳ. ʂ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʥʘ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ 
ʦʪʥʦʩʠʪʩʷ ʨʳʤʥʠʢʩʢʘʷ ʩʚʠʪʘ, ʘ ʚ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ ï ʢʠʜʨʷʩʦʚʩʢʘʷ ʩʚʠʪʘ (ʟʘʧʘʜʥʝʝ 
ʧʣʦʱʘʜʠ). ʇʦ-ʚʠʜʠʤʦʤʫ, ʫʞʝ ʢ ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ ʘʨʝʥʠʛʘ ʯʘʩʪʴ ʩʠʩʪʝʤʳ, ʢ ʟʘʧʘʜʫ ʦʪ ʦʧʠʩʳʚʘʝ-
ʤʦʡ ʧʣʦʱʘʜʠ, ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʦʢʝʘʥʠʯʝʩʢʠʡ ʨʠʬʪ; ʚ ʛʣʫʙʦʢʠʭ ʟʦʥʘʭ ʨʘʩʪʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ 
ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ (ʫʣʴʪʨʘʤʘʬʠʪʳ ʠ ʤʘʬʠʪʳ ʩʘʢʤʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ), ʟʘʨʦʞʜʘʝʪʩʷ ʇʘʣʝʦʘʟʠʘʪ-
ʩʢʠʡ ʦʢʝʘʥ, ʨʘʟʜʝʣʠʚʰʠʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʠʡ (ɺɽʂ) ʠ ʂʘʟʘʭʩʪʘʥʩʢʠʡ (ʂʂ) ʧʘʣʝʦʢʦʥʪʠʥʝʥ-
ʪʳ. ʋʞʝ ʚ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʨʘʩʢʨʳʪʠʷ ʦʢʝʘʥʘ, ʚʝʨʦʷʪʥʦ, ʧʨʠ ʢʨʫʪʦʡ ʩʫʙʜʫʢʮʠʠ ʦʢʝʘʥʠʯʝʩʢʦʡ 
ʢʦʨʳ ʧʦʜ ʂʂ, ʧʨʦʠʩʭʦʜʠʪ ʦʪʪʦʨʞʝʥʠʝ ʢʨʫʧʥʳʭ ʝʛʦ ʩʝʛʤʝʥʪʦʚ, ʦʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ɺʦ-
ʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʠʡ (ʄʫʛʦʜʞʘʨʩʢʠʡ) ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ (ɺʋʄʂ). ɺ ʩʫʙʦʢʝʘʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 
ʨʘʟʜʝʣʷʶʱʝʛʦ ʠʭ çʦʢʨʘʠʥʥʦʛʦ ʩʧʨʝʜʠʥʛʦʚʦʛʦ ʤʦʨʷè ʬʦʨʤʠʨʫʝʪʩʷ ʯʝʙʘʨʢʫʣʴʩʢʦ-ʢʘʟʙʘʝʚʩʢʠʡ 
ʛʘʙʙʨʦ-ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ. ɺ ʩʝʨʝʜʠʥʝ ʦʨʜʦʚʠʢʘ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʜʦ ʢʦʥʮʘ 
ʪʵʣʘʰʦʨʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʠʥʦʛʜʘ ʠ ʚ ʨʘʥʥʝʤ ʢʘʨʘʜʦʢʝ) ʥʘ ʨʘʟʜʨʦʙʣʝʥʥʳʭ ʢʨʘʷʭ ʤʝʟʦʧʣʠʪʳ ʧʨʦ-
ʜʦʣʞʘʶʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʦʩʪʘʪʦʯʥʳʝ ʨʠʬʪʦʚʳʝ ʜʦʣʠʥʳ. ʆʥʠ ʟʘʧʦʣʥʷʶʪʩʷ ʨʘʟʥʦʦʙʣʦʤʦʯʥʳʤ 
ʪʝʨʨʠʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ (ʤʘʷʯʥʘʷ ʩʚʠʪʘ), ʙʘʟʘʣʴʪʘʤʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʢʨʝʤʥʠʩʪʳʭ ʘʣʝʚʨʦʣʠʪʦʚ 
(ʵʥʙʝʢʰʠʥʩʢʘʷ ʪʦʣʱʘ), ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ ʜʘʮʠʪʦʚ ʠ ʨʠʦʣʠʪʦʚ (ʢʦʩʦ-
ʙʨʦʜʩʢʘʷ ʪʦʣʱʘ). ʅʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʬʦʨʤʠʨʫʶʪʩʷ ʛʣʫʙʦʢʦʚʦʜʥʳʝ ʦʩʘʜʢʠ 
(ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ, ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʝ) ʥʦʚʦʦʨʝʥʙʫʨʛʩʢʦʡ ʪʦʣʱʠ. ʊʝʤ ʩʘʤʳʤ, ʢ 
ʥʘʯʘʣʫ ʧʦʟʜʥʝʛʦ ʦʨʜʦʚʠʢʘ ʦʢʦʥʯʘʪʝʣʴʥʦ ʦʙʦʩʦʙʣʷʝʪʩʷ ʋʨʘʣʴʩʢʘʷ ʤʦʙʠʣʴʥʘʷ ʦʙʣʘʩʪʴ ʢʘʢ ʥʘʜʧʦ-
ʨʷʜʢʦʚʘʷ çʧʝʨʚʠʯʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘè. 
ʉ ʘʰʛʠʣʣʘ ʥʘʜ ʟʦʥʦʡ ʩʫʙʜʫʢʮʠʠ, ʧʘʜʘʶʱʝʡ ʧʦʜ ɺʋʄʂ, ʚʝʨʦʷʪʥʦ, ʚʦʟʥʠʢʘʝʪ çʧʦʟʜʥʝʦʨʜʦ-

ʚʠʢʩʢʦïʩʠʣʫʨʠʡʩʢʘʷè ʦʩʪʨʦʚʥʘʷ ʜʫʛʘ (ʘʥʘʣʦʛ çʪʘʛʠʣʴʩʢʦʡè ʜʫʛʠ), ʜʣʷ ʖʞʥʦʛʦ ʋʨʘʣʘ ï ʚʝʩʴʤʘ 
ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ, ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʧʦ ʢʦʩʚʝʥʥʳʤ ʧʨʠʟʥʘʢʘʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʥʫʪ-
ʨʠ ʩʠʣʴʥʦ çʦʪʨʠʬʪʦʚʘʥʥʦʛʦè ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʬʦʨʤʠʨʫʁ ʪʩʷ ʝʝ çʦʪʛʦʣʦʩʢʠè: ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘ-
ʥʦʛʝʥʥʳʝ ʠ ʤʘʣʦʛʣʫʙʠʥʥʳʝ ʠʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʩʝʚʝʨʥʝʝ ʧʣʦʱʘʜʠ), ʘ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʦ-
ʛʦ ʣʠʩʪʘ (ʚ ʢʦʨʥʝʚʳʭ ʯʘʩʪʷʭ çʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʨʦʛʦʚè) ï ʢʨʳʢʣʠʥʩʢʠʡ ʠ ʢʦʧʠʥʩʢʠʡ ʢʦʤʧʣʝʢʩʳ, 
ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. ɺ ʩʠʣʫʨʝ ʠ ʨʘʥʥʝʤ ʣʦʢʭʦʚʝ ʥʘ ʨʘʟ-
ʣʠʯʥʳʭ ʯʘʩʪʷʭ ʩʢʣʦʥʦʚ ɺʋʄʂ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʪʝʨʨʠʛʝʥʥʦ-ʢʨʝʤʥʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ ʙʫʣʘʪʦʚʩʢʦʡ 
ʪʦʣʱʠ. 
ɺ ʨʘʥʥʝʤ ʜʝʚʦʥʝ ʪʝʨʨʠʪʦʨʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʩʪʨʫʢʮʠʠ. ɺ ʣʦʭʢʦʚʩʢʠʡïʧʨʘʞ-

ʩʢʠʡ ʚʝʢʘ ʚ ʚʦʩʪʦʯʥʦʤ (ʟʘʜʫʛʦʚʦʤ) ʙʘʩʩʝʡʥʝ ʦʢʨʘʠʥʥʦʛʦ ʤʦʨʷ ʧʨʦʠʩʭʦʜʠʪ ʚʥʘʯʘʣʝ ʯʘʩʪʥʳʡ 
ʨʠʬʪʠʥʛ (ʪʶʣʴʢʫʙʘʡʩʢʘʷ ʪʦʣʱʘ), ʘ ʟʘʪʝʤ ʩʧʨʝʜʠʥʛ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʨʠʝʥʪʩʢʦʡ ʦʬʠʦʣʠʪʦʚʦʡ 
ʘʩʩʦʮʠʘʮʠʠ, ʛʜʝ ʩ ʫʣʴʪʨʘʤʘʬʠʪʘʤʠ ʦʜʥʦʠʤʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʥʘʪʨʠʝʚʳʝ ʙʘʟʘʣʪɹʳ 
ʢʠʝʤʙʘʝʚʩʢʦʡ ʩʚʠʪʳ. ʇʦʜʦʙʥʳʝ ʞʝ ʩʫʙʩʠʥʭʨʦʥʥʳʝ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʚ ʙʦʣʝʝ 
ʟʘʧʘʜʥʳʭ ʠ ʙʦʣʝʝ ʚʦʩʪʦʯʥʳʭ ʨʘʡʦʥʘʭ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ (ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʨʦʪʨʫʜʠʨʦʚʘʚʰʠʝ 
ʚ ʧʝʨʝʢʨʳʚʘʶʱʠʝ ʠʭ ʦʪʣʦʞʝʥʠʷ) ʚʳʜʝʣʷʪʩʷ ʧʦʜ ʜʨʫʛʠʤʠ ʥʘʟʚʘʥʠʷʤʠ: ʭʘʣʠʣʦʚʩʢʠʡ, ʢʘʤʝʥʥʦ-
ʜʦʣʴʩʢʠʡ, ʧʦʜʦʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩʳ. ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʨʘʥʥʝʛʦ ʵʤʩʘ (ʪʘʢʘʪʠʥʩʢʦʝ ʚʨʝʤʷ) ʦʙ-
ʰʠʨʥʳʡ çʶʞʥʦʫʨʘʣʴʩʢʠʡè ʩʝʛʤʝʥʪ ʤʦʙʠʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʚʦʩʪʦʯʥʫʶ ʦʢʨʘʠ-
ʥʫ ɺɽʂ, ɺʋʄʂ ʠ ʦʢʝʘʥʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ, ʚʥʦʚʴ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʩʪʷʞʝʥʠʶ ʠ ʦʙʱʝʤʫ ʦʧʫʩʢʘʥʠʶ. 
ʅʘ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʝ ʦʙʨʘʟʫʶʪʩʷ ʣʦʢʘʣʴʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʨʦʛʠ. ʅʘʢʘʧʣʠʚʘʶɦ ʠʝʩʷ ʚ ʥʠʭ 
ʬʦʨʤʘʮʠʠ ʜʣʷ ʨʘʟʥʳʭ ʦʪʨʝʟʢʦʚ ʵʪʦʛʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʛʦ ʧʝʨʠʦʜʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟ-
ʣʠʯʥʳʤ ʩʦʩʪʘʚʦʤ, ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ ï ʢʨʝʤʥʠʩʪʦ-ʙʘʟʘʣʴʪʦʚʳʤ (ʘʡʜʳʨʣʠʥʩʢʘʷ ʪʦʣʱʘ). ɺ ʥʘʠʙʦ-
ʣʝʝ ʛʣʫʙʦʢʠʭ ʨʠʬʪʦʚʳʭ ʟʦʥʘʭ ʬʦʨʤʠʨʫʶʪʩʷ ʜʫʥʠʪ-ʚʝʨʣʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ: 
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ʚʦʩʪʦʯʥʦ-ʭʘʙʘʨʥʠʥʩʢʠʡ ʠ ʢʘʨʘʰʘʢʦʣʴʩʢʠʡ (ʟʘ ʧʨʝʜʝʣʘʤʠ ʧʣʦʱʘʜʠ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʵʤʩʝ ʟʘ-
ʚʝʨʰʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ɺɽʂ ʠ ɺʋʄʂ ʩ ʦʙʦʩʦʙʣʝʥʠʝʤ ʜʚʫʭ çʶʞʥʦ-
ʫʨʘʣʴʩʢʠʭè ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʟʦʥ, ʜʘʣʴʥʝʡʰʠʡ (ʜʝʚʦʥʩʢʦïʨʘʥʥʝʪʫʨʥʝʡʩʢʠʡ) ʵʪʘʧ 
ʨʘʟʚʠʪʠʷ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʥʦʤʫ ʧʣʘʥʫ. ʅʘ ʚʦʟʥʠʢʰʝʡ ʨʘʥʥʝʜʝʚʦʥʩʢʦʡ 
ʩʫʙʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʝ ʟʘʢʣʘʜʳʚʘʝʪʩʷ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʘʷ ʉʌɿ, ʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢ ʟʘʧʘʜʫ ʦʪ 
ʥʝʝ (ʩ ʩʦʭʨʘʥʠʚʰʝʡʩʷ ʦʨʜʦʚʠʢʩʢʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ) ʪʝʧʝʨʴ ʧʨʠʥʘʜʣʝʞʘʪ ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦ-
ʛʦʨʩʢʦʡ ʟʦʥʝ. 
ɺ ʢʦʥʮʝ ʧʦʟʜʥʝʛʦ ʵʤʩʘ ʥʘ ʖʞʥʦʤ ʋʨʘʣʝ ʚʦʟʦʙʥʦʚʣʷʝʪʩʷ ʟʦʥʘ ʩʫʙʜʫʢʮʠʠ ʩ ʧʘʜʝʥʠʝʤ, ʢʘʢ ʠ 

ʧʨʝʞʜʝ, ʧʦʜ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪ; ʥʘʯʠʥʘʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʝʚʦʥʩʢʦʡ (çʤʘʛʥʠʪʦʛʦʨʩʢʦʡè) ʦʩʪʨʦ-
ʚʦʜʫʞʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʰʝʜʰʝʡ ʚʩʝ çʢʣʘʩʩʠʯʝʩʢʠʝè ʩʪʘʜʠʠ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ. ʇʦʣʦʞʝʥʠʝ ʪʝʭ ʠʣʠ 
ʠʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ ʥʝʩʢʦʣʴʢʦ ʤʝʥʷʣʦʩʴ ʩʦ ʚʨʝʤʝʥʝʤ, ʦʜʥʘʢʦ, ʥʝʠʟʤʝʥʝʥʥʦʡ ʦʩʪʘʚʘʣʘʩʴ 
ʦʙʱʘʷ ʪʝʥʜʝʥʮʠʷ ʫʤʝʥʴʰʝʥʠʷ ʦʩʥʦʚʥʦʩʪʠ, ʫʚʝʣʠʯʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ ʠ ʩʦʦʪʥʦʰʝʥʠʷ K/Na ʚ ʦʜ-
ʥʦʪʠʧʥʳʭ ʩʠʥʭʨʦʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ. ʇʨʠ ʵʪʦʤ ʚ ʩʨʝʜʥʝʤïʧʦʟʜʥʝʤ ʜʝʚʦʥʝ 
ɿʘʧʘʜʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʘʷ ʉʌɿ ʚ ʮʝʣʦʤ ʦʪʚʝʯʘʣʘ ʬʨʦʥʪʘʣʴʥʳʤ ʯʘʩʪʷʤ ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ, ʟʥʘʯʠ-
ʪʝʣʴʥʘʷ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ ï ʛʣʘʚʥʦʤʫ (ʦʩʝʚʦʤʫ) ʚʫʣʢʘʥʠʯʝʩʢʦʤʫ ʭʨʝʙʪʫ, ʘ 
ʩʘʤʘʷ ʚʦʩʪʦʯʥʘʷ (ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʘʷ) ʝʝ ʧʦʜʟʦʥʘ ï ʪʳʣʦʚʦʡ ʯʘʩʪʠ ʘʢʪʠʚʥʦʛʦ ʙʘʩʩʝʡʥʘ. ʅʘ 
çʧʨʠʤʠʪʠʚʥʦʡè ʩʪʘʜʠʠ (ʧʦʟʜʥʠʡ ʵʤʩïʨʘʥʥʠʡ ʵʡʬʝʣʴ) ʦʙʨʘʟʦʚʘʥʘ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚʘʷ 
ʬʦʨʤʘʮʠʷ (ʥʘ ʦʧʠʩʳʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ï ʢʫʢʙʫʢʪʠʥʩʢʘʷ ʪʦʣʱʘ), ʩʦʧʦʩʪʘʚʠʤʘʷ ʩ ʠʟʚʝʩʪʢʦʚʦ-ʱʝ-
ʣʦʯʥʦʡ ʩʝʨʠʝʡ ʵʥʩʠʤʘʪʠʯʝʩʢʦʡ ʜʫʛʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʥʳʭ ʝʝ ʯʘʩʪʝʡ). ʅʘ ʚʦʩʪʦʢʝ ʪʳʣʦʚʦʛʦ 
ʙʘʩʩʝʡʥʘ (ʋʡʩʢʦ-ɼʦʤʙʘʨʦʚʩʢʘʷ ʧʦʜʟʦʥʘ) ʚ ʵʪʦ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʣʦʢʘʣʴʥʳʝ ʘʤʘʛʤʘʪʠʯʥʳʝ 
ʚʧʘʜʠʥʳ, ʟʘʧʦʣʥʷʝʤʳʝ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʦʩʘʜʢʘʤʠ (ʘʥʜʨʝʝʚʩʢʘʷ ʪʦʣʱʘ). çʖʥʘʷè 
ʩʪʘʜʠʷ (ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʡʬʝʣʷ) ʧʨʦʷʚʣʝʥʘ ʚʦ ʚʩʝʭ ʵʣʝʤʝʥʪʘʭ ʜʝʚʦʥʩʢʦʡ ʜʫʛʠ; ʥʘ ʦʧʠʩʚrʘʝʤʦʡ 
ʧʣʦʱʘʜʠ ʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ çʧʝʨʝʭʦʜʥʦʡè ʦʪ ʪʦʣʝʠʪʦʚʦʡ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʡ (ʘʣʝʢʩʘʥʜʨʠʥ-
ʩʢʘʷ ʠ ʜʞʫʩʠʥʩʢʘʷ ʪʦʣʱʠ) ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʩʝʨʠʝʡ. ʕʬʬʫʟʠʚʥʳʝ ʠ ʚʫʣʢʘʥʦʢʣʘʩʪʠʯʝʩʢʠʝ ʧʦʨʦ-
ʜʳ (ʘ ʪʘʢʞʝ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ) ʥʘʟʚʘʥʥʦʡ ʬʦʨʤʘʮʠʠ ʥʘʢʘʧʣʠʚʘ-
ʶʪʩʷ ʚʦ ʚʥʫʪʨʠʜʫʛʦʚʳʭ ʨʠʬʪʦʚʳʭ ʜʦʣʠʥʘʭ. ɿʘʚʝʨʰʘʝʪʩʷ ʩʪʘʜʠʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʠʥʪʨʫʟʠʡ ʪʝ-
ʨʝʥʩʘʡʩʢʦʛʦ ʛʘʙʙʨʦ-ʤʦʥʮʦʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ɺ ʩʪʘʜʠʶ çʨʘʟʚʠʪʦʡ ʜʫʛʠè ʧʝʨʚʦʡ (ʫʞʝ ʚ ʢʦʥʮʝ ʨʘʥʥʝʛʦ ʵʡʬʝʣʷ) ʚʩʪʫʧʘʝʪ ɻʫʤʙʝʡʩʢʘʷ ʧʦʜʟʦ-

ʥʘ ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʉʌɿ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ ʚʫʣʢʘʥʠʪʳ, ʦʪʥʦʩʷɦ ʠʝʩʷ ʢ ʠʟʚʝʩʪʢʦʚʦ-ʱʝ-
ʣʦʯʥʦʡ ʩʝʨʠʠ: ʙʘʟʘʣʴʪʳ ʛʫʤʙʝʡʩʢʦʡ ʩʚʠʪʳ, ʘ ʟʘʪʝʤ (ʧʦ ʥʘʯʘʣʦ ʬʨʘʥʘ) ʘʥʜʝʟʠʪʳ, ʜʘʮʠʪʳ ʠ ʪʫʬʦ-
ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʥʦʚʦʙʫʨʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʯʘʩʪʷʭ ʦʩʪʨʦʚʦʜʫʞʥʦʡ ʩʠ-
ʩʪʝʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʘʷ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʘʷ ʬʦʨʤʘʮʠʷ ʥʘʢʘʧʣʠ-
ʚʘʝʪʩʷ ʩ ʧʦʟʜʥʝʛʦ ʵʡʬʝʣʷ ʜʦ ʢʦʥʮʘ ʙʨʦʜʦʚʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʦʥʘ ʣʘʚʘʤʠ, ʪʫʬʘʤʠ ʠ 
ʪʝʬʨʦʪʫʨʙʠʜʠʪʘʤʠ ʫʨʣʷʜʠʥʩʢʦʡ ʪʦʣʱʠ. ʍʘʨʘʢʪʝʨʥʦ ʦʙʠʣʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 
ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʂʦʨʥʝʚʳʤ ʯʘʩʪʷʤ ʘʢʪʠʚʥʦʡ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʜʫʛʠ ʦʪʚʝʯʘʶʪ ʛʘʙʙʨʦ-
ʜʠʦʨʠʪʳ, ʜʠʦʨʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪʳ (ʨʝʞʝ ʛʘʙʙʨʦ ʠ ʪʦʥʘʣʠʪʳ) ʢʨʘʩʥʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʅʘʯʘʣʦ ʬʨʘʥʘ, ʚʝʨʦʷʪʥʦ, ʦʪʤʝʯʝʥʦ ʨʝʟʢʠʤ, ʥʦ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʤ ʩʙʣʠʞʝʥʠʝʤ ɺɽʂ ʠ çʤʘʛʥʠ-

ʪʦʛʦʨʩʢʦʡè ʜʫʛʠ. ɺ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʨʦʠʩʭʦʜʠʪ çʪʝʢʪʦʥʠʯʝʩʢʦʝ ʨʘʩʩʣʦ-
ʝʥʠʝè ʦʨʜʦʚʠʢʩʢʦïʩʨʝʜʥʝʜʝʚʦʥʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʚʳʚʝʜʝʥʠʝʤ ʦʬʠʦʣʠʪʦʚ ʚ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 
ʛʦʨʠʟʦʥʪʳ ʢʦʨʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦʯʪʠ ʜʦ ʢʦʥʮʘ ʬʨʘʥʘ, ʚʫʣʢʘʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʝʜʫʮʠʨʫʝʪʩʷ 
(ʚ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʷʭ ʥʝʢʦʪʦʨʳʭ ʧʦʜʟʦʥ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʫʞʝ ʩ ʞʠʚʝʪʘ); ʧʨʦʷʚʣʝʥʠʷ ʝʝ, ʧʦ-
ʚʠʜʠʤʦʤʫ, ʩʦʩʨʝʜʦʪʦʯʠʚʘʶʪʩʷ ʣʠʰʴ ʚ ʧʨʝʜʝʣʘʭ ʦʩʝʚʦʡ ʛʨʷʜʳ. ɺ ʩʘʤʦʤ ʢʦʥʮʝ ʬʨʘʥʘ ʦʩʪʨʦʚʥʘʷ 
ʜʫʛʘ ʚʭʦʜʠʪ ʚ çʟʨʝʣʫʶè ʩʪʘʜʠʶ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ, ʦʪʤʝʯʝʥʥʫʶ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʙʘʟʘʣʴʪ-ʣʘʪʠʪ-
ʪʨʘʭʠʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʙʫʛʦʜʘʢʩʢʘʷ ʪʦʣʱʘ ʥʘ ʟʘʧʘʜʝ, ʘʙʣʷʟʦʚʩʢʘʷ ʠ ʥʦʚʦʠʚʘʥʦʚʩʢʘʷ ʪʦʣ-
ʱʠ ï ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʩʠʩʪʝʤʳ). ɺ ʢʦʨʥʝʚʳʭ ʯʘʩʪʷʭ ʜʫʛʠ ʬʦʨʤʠʨʫʶʪʩʷ ʠʥʪʨʫʟʠʠ ʢʨʘʩʥʠʥ-
ʩʢʦʛʦ ʛʘʙʙʨʦʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʪʘʜʠʡ ʥʘʭʦʜʷʪ ʦʪʨʘʞʝʥʠʝ ʠ ʚ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʜʝʪ̫ʝʣʴʥʦʩʪʠ ʥʘ 

ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʝ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʤ ʬʠʢʩʠʨʫʶʪʩʷ ʵʡʬʝʣʴʩʢʘʷ ʙʘʟʘʣʴʪ-ʨʠʦʣʠʪʦʚʘʷ ʠ ʬʘʤʝʥʩʢʦï
ʨʘʥʥʝʪʫʨʥʝʡʩʢʘʷ ʪʨʘʭʠʙʘʟʘʣʴʪ-ʣʘʪʠʪʦʚʘʷ ʬʦʨʤʘʮʠʠ, ʜʣʷ ʢʦʪʦʨʳʭ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʭʦʜʥʳʭ ʦʩʪʨʦ-
ʚʦʜʫʞʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ) ʭʘʨʘʢʪʝʨʥʦ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. ʇʝʨʚʦʡ ʩʦ-
ʦʪʚʝʪʩʪʚʫʶʪ ʢʦʢʧʝʢʪʠʥʩʢʘʷ ʠ ʞʫʨʤʘʥʢʦʣʴʩʢʘʷ ʪʦʣʱʠ (ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ), ʚʪʦʨʦʡ ï ʙʝʨʝʟʥʷ-
ʢʦʚʩʢʘʷ ʪʦʣʱʘ. ʌʨʘʥʩʢʦïʨʘʥʥʝʬʘʤʝʥʩʢʠʡ ʚʦʟʨʘʩʪʥʦʡ ʫʨʦʚʝʥʴ ʦʪʤʝʯʝʥ ʚʥʝʜʨʝʥʠʝʤ ʠʥʪʨʫʟʠʡ 
ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʧʣʘʛʠʦʛʨʘʥʠʪʦʚʦʡ (ʜʞʘʙʳʛʘʩʘʡʩʢʠʡ ʢʦʤʧʣʝʢʩ), ʤʦʥʮʦʛʘʙʙʨʦ-ʤʦʥʮʦʜʠʦʨʠʪ-ʛʨʘ-
ʥʦʩʠʝʥʠʪʦʚʦʡ (ʫʨʫʩʢʠʩʢʝʥʩʢʠʡ ʢʦʤʧʣʝʢʩ) ʠ ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʦʚʦʡ (ʩʨʝʜʥʝʫʰʢʘʪʠʥʩʢʠʡ 
ʢʦʤʧʣʝʢʩ) ʬʦʨʤʘʮʠʡ. 
ɺ ʢʦʥʮʝ ʬʨʘʥʩʢʦʛʦ ʚʝʢʘ, ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʧʝʨʝʤʝʱʝ-

ʥʠʷ ʩʦʩʝʜʥʠʭ ʤʝʛʘʧʣʠʪ ʥʘʯʠʥʘʝʪʩʷ ʢʦʣʣʠʟʠʷ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦ-
ʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ (ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʚʦʩʪʦʯʥʝʝ ʧʣʦʱʘʜʠ ʬʣʠʰʦʠʜʥʳʭ ʬʦʨʤʘʮʠʡ ï ʘʫʣʠʝ-
ʪʘʩʩʢʘʷ ʠ ʘʱʠʩʫʡʩʢʘʷ ʪʦʣʱʠ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʧʦʩʣʝʜʥʝʛʦ), ʘ ʚ ʥʘʯʘʣʝ ʬʘʤʝʥʘ ï çʤʘʛʥʠʪʦ-
ʛʦʨʩʢʦʡè ʦʩʪʨʦʚʥʦʡ ʜʫʛʠ ʩ ɺʋʄʂ ʠ ʧʘʩʩʠʚʥʦʡ ʦʢʨʘʠʥʦʡ ɺɽʂ. 
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ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʚ ʙʳʩʪʨʦ ʩʫʞʘʶʱʝʝʩʷ çʩʨʝʜʠʟʝʤʥʦʝè ʤʦʨʝ ʧʦʩʪʫʧʘʝʪ ʦʙʣʦʤʦʯʥʳʡ ʤʘ-
ʪʝʨʠʘʣ ʢʘʢ ʩ ʚʦʩʪʦʢʘ, ʩʦ ʩʪʦʨʦʥʳ ʨʘʟʤʳʚʘʝʤʳʭ ʚʫʣʢʘʥʠʪʦʚ (ʛʨʘʫʚʘʢʢʠ), ʪʘʢ ʠ ʩ ʟʘʧʘʜʘ, ʩ ʦʩʫh ʘ-
ʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʩʝʢʪʦʨʘ. ʆʙʨʘʟʫʝʪʩʷ ʟʠʣʘʠʨʩʢʠʡ ʬʣʠʰ (ʚʦʩʪʦʯʥʝʝ 
ʧʣʦʱʘʜʠ). ʆʩʪʨʦʚʦʜʫʞʥʘʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʨʝʟʢʦ ʨʝʜʫʮʠʨʫʝʪʩʷ, ʠ ʣʠʰʴ ʥʘ ʟʘʧʘʜʝ 
ɺʦʩʪʦʯʥʦ-ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʟʦʥʳ ʜʦ ʢʦʥʮʘ ʨʘʥʥʝʛʦ ʪʫʨʥʝ ʧʨʦʜʦʣʞʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʜʠʬʬʝʨʝʥ-
ʮʠʨʦʚʘʥʥʳʭ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʳʭ ʚʫʣʢʘʥʠʪʦʚ ʠ ʚʫʣʢʘʥʦʤʠʢʪʦʚʳʭ ʪʫʨʙʠʜʠʪʦʚ çʟʨʝʣʦʡè ʩʪʘʜʠʠ 
(ʰʫʤʠʣʠʥʩʢʘʷ ʩʚʠʪʘ). ʅʘ ʨʫʙʝʞʝ ʨʘʥʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʪʫʨʥʝ ʦʢʦʥʯʘʪʝʣʴʥʦ ʟʘʚʝʨʰʘʝʪʩʷ ʩʫʙʜʫʢ-
ʮʠʷ ʧʦʜ ʤʘʛʥʠʪʦʛʦʨʩʢʫʶ ʜʫʛʫ. 
ɺ ʧʦʟʜʥʝʤ ʪʫʨʥʝ, ʧʦ ʤʝʨʝ ʩʙʣʠʞʝʥʠʷ ʜʚʫʭ ʢʦʥʪʠʥʝʥʪʦʚ, ʦʜʥʘ ʠʟ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʤʝʟʦʧʣʠʪ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʦʣʦʜʦʡ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ ʥʘʯʠʥʘʝʪ ʧʦʜʜʚʠʛʘʪʴʩʷ ʧʦʜ ɺɽʂ. ɺʦʩʪʦʯʥʘʷ ʧʝʨʠ-
ʬʝʨʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʧʦʩʣʝʜʥʝʛʦ, ʠʤʝʶʱʘʷ ʫʞʝ ʤʦʱʥʫʶ ʢʦʥʪʠʥʝʥʪʘʣʴʥʫʶ ʢʦʨʫ, ʧʨʝʦʙʨʘʟʫʝʪʩʷ 
ʚ ʘʢʪʠʚʥʫʶ ʦʢʨʘʠʥʫ ʢʦʨʜʠʣʴʝʨʩʢʦʛʦ ʪʠʧʘ. ʅʘʜ ʟʘʚʝʨh ʠʚʰʝʡ ʩʚʦʝ ʨʘʟʚʠʪʠʝ ʜʝʚʦʥʩʢʦʡ ʜʫʛʦʡ, ʘ 
ʪʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʙʳʚʰʝʛʦ ʤʠʢʨʦʢʦʥʪʠʥʝʥʪʘ ʬʦʨʤʠʨʫʶʪʩʷ ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʧʦʷʩʘ. ɺ 
çʩʠʥʢʦʣʣʠʟʠʦʥʥʳʭ ʵʰʝʣʦʥʠʨʦʚʘʥʥʳʭ ʨʠʬʪʘʭè ʚʦʟʥʠʢʘʁ ʪ ʣʠʥʝʡʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʮʝʥʪʨʳ, ʛʜʝ 
ʧʦʯʪʠ ʜʦ ʢʦʥʮʘ ʙʘʰʢʠʨʩʢʦʛʦ ʚʝʢʘ ʠʜʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʫʣʢʘʥʠʪʦʚ ʠ ʢʦʤʘʛʤʘʪʠʯʥʳʭ ʠʥʪʨʫʟʠʚ-
ʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʠ ʫʤʝʨʝʥʥʦʱʝʣʦʯʥʦʛʦ ʨʷʜʘ (ʙʝʨʝʟʦʚʩʢʘʷ ʩʚʠʪʘ, ʧʦʣʦʮʢʘʷ ʪʦʣʱʘ: 
ʢʫʡʙʘʩʦʚʩʢʠʡ, ʤʦʩʦʚʩʢʠʡ ʠ ʢʦʩʢʫʣʴʩʢʠʡ ʢʦʤʧʣʝʢʩʳ). ɿʘ ʧʨʝʜʝʣʘʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʨʦʛʦʚ ʧʨʦ-
ʜʦʣʞʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʬʣʠh ʦʠʜʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʢʨʘʡ ʧʨʦʛʠʙʘ ʩʤʝʱʘʝʪʩʷ ʢ ʟʘʧʘʜʫ, ʚ ʦʙʣʘʩʪʴ 
ʙʳʚʰʝʛʦ ʤʝʣʢʦʛʦ ʰʝʣʬɹʘ. ʇʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʦʩʘʜʢʘʤʠ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ 
ʧʨʦʠʩʭʦʜʠʪ ʥʠʚʝʣʠʨʦʚʘʥʠʝ ʠʭ ʛʣʫʙʠʥ ʠ ʦʙʱʝʝ ʦʙʤʝʣʝʥʠʝ. ʅʘ ʦʙʰʠʨʥʦʤ ʤʝʣʢʦʚʦʜʥʦʤ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝ (ʰʝʣʴʬ ʚʦʟʥʠʢʰʝʛʦ çʩʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷè) ʜʦ ʢʦʥʮʘ ʨʘʥʥʝʛʦ ʢʘʨʙʦʥʘ (ʤʝʩʪʘʤʠ ï ʠ ʚ 
ʨʘʥʥʝʙʘʰʢʠʨʩʢʦʝ ʚʨʝʤʷ) ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠʟʚʝʩʪʥʷʢʠ ʠ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ (ʢʠ-
ʟʠʣʴʩʢʘʷ, ʫʨʪʘʟʳʤʩʢʘʷ ʩʚʠʪʳ, ʢʘʤʦʨʟʠʥʩʢʘʷ ʪʦʣʱʠ ʠ ʜʨ.). ʋʩʠʣʠʚʘʶʱʠʝʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ 
ʥʘʧʨʷʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʨʘʩʩʣʦʝʥʠʶ ʧʘʣʝʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ, 
ʤʝʞʧʣʘʩʪʦʚʳʤ ʩʨʳʚʘʤ; ʦʥʠ ʞʝ ʚʳʟʳʚʘʶʪ ʢʦʨʦʙʣʝʥʠʝ çʢʘʨʙʦʥʘʪʥʦʡ ʧʣʘʪʬʦʨʤʳè ʩ ʧʦʷʚʣʝʥʠʝʤ 
ʢʨʫʧʥʳʭ ʦʩʪʨʦʚʦʚ ʥʘ ʰʝʣʴʬʝ (ʩʢʦʣʴʟʷʱʘʷ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ ʢʠʟʠʣʩɹʢʦʡ ʩʚʠʪʳ). 
ʇʦʟʜʥʝʙʘʰʢʠʨʩʢʦʝ ʚʨʝʤʷ ʟʥʘʤʝʥʫʝʪ ʩʦʙʦʡ ʥʘʯʘʣʦ ʛʠʧʝʨʢʦʣʣʠʟʠʠ: ʧʨʦʠʩʭʦʜʠʪ ʩʦʧʨʠʢʦʩʥʦ-

ʚʝʥʠʝ ʢʨʘʝʚ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʛʦ ʠ ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʧʘʣʝʦʢʦʥʪʠʥʝʥʪʦʚ ʩ ʧʦʯʪʠ ʧʦʣʥʳʤ ʟʘ-
ʢʨʳʪʠʝʤ çʩʨʝʜʠʟʝʤʥʦʛʦ ʤʦʨʷè. ʇʦ ʛʣʫʙʦʢʠʤ ʨʘʟʣʦʤʘʤ, ʧʨʦʥʠʢʘʶʱʠʤ ʚ ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ 
ʣʠʪʦʩʬʝʨʳ, ʦʢʨʘʠʥʳ ʢʦʥʪʠʥʝʥʪʦʚ ʨʘʩʢʘʣʳʚʘʶʪʩʷ ʥʘ ʤʘʢʨʦʙʣʦʢʠ. ʅʘ ʨʫʙʝʞʝ ʙʘʰʢʠʨʩʢʦʛʦ ʠ 
ʤʦʩʢʦʚʩʢʦʛʦ ʚʝʢʦʚ ʠʟ-ʟʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʩʪʨʝʩʢʠʚʘʥʠʷ ʧʦʨʦʜ ʩʫʙʩʪʨʘʪʘ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʧʘ-
ʣʝʦʦʢʝʘʥʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘ ʚʦʟʨʘʩʪʘʝʪ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʜʠʥʘʤʦʪʝʨ-
ʤʘʣʴʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʩ ʦʙʱʝʡ ʚʝʨʪʠʢʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʴʶ, ʘ ʥʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʨʝʟʢʦʛʦ 
ʧʦʚʳʰʝʥʠʷ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ (çʪʝʨʤʘʣʴʥʳʝ ʢʫʧʦʣʘè) ï ʚʳʩʦʢʦʛʨʘʜʠʝʥʪʥʳʡ ʣʘʪʝʨʘʣʴʥʦ-ʟʦʥʘʣʴ-
ʥʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʩ ʛʣʫʙʦʢʠʤ (ʜʦ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʧʦʟʜʥʝʧʨʦʪʝʨʦʟʦʡ-
ʩʢʠʭ ʠ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʩʪʨʘʪʠʬʠʮʠʨʫʝʤʳʭ ʠ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ. ʉ ʵʪʠʤ ʞʝ ʧʨʦʮʝʩʩʦʤ ʩʦ-
ʧʨʷʞʝʥ ʧʘʣʠʥʛʝʥʝʟ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʧʝʨʚʳʭ (çʨʘʥʥʝʦʨʦʛʝʥʥʳʭè) ʙʘʪʦʣʠʪʦʧʦʜʦʙʥʳʭ ʢʠʩʣʳʭ 
ʧʣʫʪʦʥʦʚ (ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʠʟʚʝʩʪʥʳ ʥʘ ʩʤʝʞʥʳʭ ʢ 
ʩʝʚʝʨʫ ʣʠʩʪʘʭ). ʇʝʨʝʧʣʘʚʣʷʚʰʠʤʩʷ ʩʫʙʩʪʨʘʪʦʤ ʷʚʣʷʣʠʩʴ ʧʦʨʦʜʳ ʜʦʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʦʩʥʦ-
ʚʘʥʠʷ ʫʨʘʣʠʜ ʚ ʧʨʝʜʝʣʘʭ ʙʳʚʰʝʛʦ ɺʋʄʂ. ʉʠʥʭʨʦʥʥʦ ʩ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʜʦʣʞʘ-
ʶʱʠʭʩʷ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚʦʟʥʠʢʘʶʪ çʚʪʦʨʠʯʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝè ʜʠʩʣʦʢʘʮʠʠ, ʧʝʨ-
ʚʦʥʘʯʘʣʴʥʦ ʚ ʚʠʜʝ ʙʨʘʭʠʬʦʨʤʥʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ. ʇʨʠ ʩʦʧʨʷʞʝʥʥʦʤ ʨʘʜʠʘʣʴʥʦʤ ʩʞʘʪʠʠ ʨʘʥʥʠʝ 
(ʙʘʡʢʘʣʴʩʢʠʝ) ʬʦʨʤʳ çʩʧʣʶʱʠʚʘʶʪʩʷè ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ (ʚʜʦʣʴ ʦʩʝʚʳʭ ʧʣʦʩʢʦʩʪʝʡ) ʥʦʚʳʭ ʤʝʣ-
ʢʠʭ ʩʢʣʘʜʦʢ ʨʝʛʠʦʥʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʩʣʘʥʮʝʚʘʪʦʩʪʠ, ʩʫʙʧʘʨʘʣʣʝʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʠ. ɺ 
ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʧʦʨʦʜʳ ʧʨʠʦʙʨʝʪʘʶʪ çʚʪʦʨʠʯʥʫʶ ʧʣʘʩʪʠʯʥʦʩʪʴè. ɺʦʟʥʠʢʘʶʪ ʛʣʘʚʥʳʝ ʪʝʢʪʦʥʠ-
ʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʤʝʛʘʥʪʠʢʣʠʥʦʨʠʷ, ʄʘʛʥʠʪʦʛʦʨʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ, ʟʘ-
ʨʦʞʜʘʝʪʩʷ ʘʥʪʠʢʣʠʥʦʨʠʡ ʋʨʘʣʪʘʫ. 
ɺ ʨʘʥʥʝʤʦʩʢʦʚʩʢʦʝ ʚʨʝʤʷ ʫʞʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʩʫʙʨʝʛʠʦʥʘ ʷʚʣʷʣʘʩʴ ʩʫʰʝʡ. ʃʠʰʴ ʚ ʟʘ-

ʤʢʥʫʪʳʭ ʦʩʪʘʪʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʳʝ, ʨʝʞʝ ï ʪʝʨʨʠʛʝʥʥʳʝ ʦʩʘʜʢʠ (ʫʨʪʘ-
ʟʳʤʩʢʘʷ ʩʚʠʪʘ). ʇʦʣʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʪʩʷ, ʩʢʦʨʦʩʪʴ ʪʘʥʛʝʥʮʠʘʣʴ-
ʥʦʛʦ ʩʞʘʪʠʷ ʤʝʥʷʝʪʩʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʚʦʟʥʠʢʘʶʱʠʭ ʩʪʨʫʢʪʫʨ. ʇʝʨʚʠʯʥʳʝ ʙʨʘʭʠʬʦʨʤʥʳʝ ʜʠʩ-
ʣʦʢʘʮʠʠ ʫʩʣʦʞʥʷʶʪʩʷ ʩʞʘʪʳʤʠ (ʜʦ ʠʟʦʢʣʠʥʘʣʴʥʳʭ) ʬʦʨʤʘʤʠ ʠ ʥʝʨʝʜʢʦ (ʦʩʦʙʝʥʥʦ ʩʝʚʝʨʥʝʝ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ) ʧʨʝʦʙʨʘʟʫʶʪʩʷ ʚ ʛʦʣʦʤʦʨʬʥʫʶ ʣʠʥʝʡʥʫʶ ʩʢʣʘʜʯʘʪʦʩʪʴ. 
ʋʞʝ ʩ ʢʦʥʮʘ ʩʨʝʜʥʝʛʦ ʢʘʨʙʦʥʘ ʧʨʦʠʩʭʦʜʠʪ ʨʦʩʪ ʛʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʠ ʟʘʧʘʜ-

ʥʳʭ ʯʘʩʪʷʭ ʙʳʚʰʝʛʦ çʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʦʛʦ ʩʝʢʪʦʨʘè. ʆʙʣʦʤʦʯʥʳʡ ʤʘʪʝʨʠʘʣ ʦʪ ʨʘʟʤʳʚʘʝʤʳʭ 
ʫʨʘʣʠʜ ʚʳʥʦʩʠʪʩʷ ʟʘ ʧʨʝʜʝʣʳ ʧʣʦʱʘʜʠ. ɺ ʧʝʨʤʩʢʦʝ ʚʨʝʤʷ ʚʦʟʨʦʩʰʠʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ ʧʨʠʚʦʜʠʪ 
ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ çʧʦʟʜʥʝʦʨʦʛʝʥʥʳʭè ʠʥʪʨʫʟʠʡ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ (ʥʦʨʤʘʣʴʥʦʛʦ, ʫʤʝʨʝʥʥʦʱʝ-
ʣʦʯʥʦʛʦ, ʨʝʞʝ ï ʱʝʣʦʯʥʦʛʦ ʨʷʜʘ); ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʵʪʦ ʜʞʘʙʳʢʩʢʦ-ʩʘʥʘʨʩʢʠʡ 
ʛʨʘʥʠʪʦʚʳʡ ʢʦʤʧʣʝʢʩ. ʈʦʩʪ ʛʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ ʧʨʦʜʦʣʞʘʣʩʷ ʜʦ ʢʦʥʮʘ ʧʝʨʤʠ, ʥʘ ʦʪʜʝʣʴʥʳʭ 
ʫʯʘʩʪʢʘʭ ï ʜʦ ʥʘʯʘʣʘ ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ. ɺ ʢʦʥʮʝ ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ ʟʘʚʝʨʰʘʝʪʩʷ ʦʨʦʛʝʥʥʳʡ ʵʪʘʧ 
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ʨʘʟʚʠʪʠʷ ʋʨʘʣʴʩʢʦʡ ʤʦʙʠʣʴʥʦʡ ʦʙʣʘʩʪʠ ʩ ʵʪʦʛʦ ʚʨʝʤʝʥʠ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʋʨʘʣʘ ʚʩʪʫʧʘʝʪ ʚ ʧʣʘʪ-
ʬʦʨʤʝʥʥʳʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ. 

ʄɽɿʆɿʆʁʉʂʆïʂɸʁʅʆɿʆʁʉʂʀʁ ʕʊɸʇ 

ʂ ʥʘʯʘʣʫ ʤʝʟʦʟʦʡʩʢʦʛʦ ʵʪʘʧʘ ʋʨʘʣʴʩʢʠʡ ʦʨʦʛʝʥ ʧʨʝʢʨʘʪʠʣ ʩʚʦʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ, ʝʛʦ ʤʝʩʪʦ 
ʟʘʥʷʣ ʧʝʥʝʧʣʝʥ, ʛʜʝ ʚ ʛʫʤʠʜʥʳʭ ʫʩʣʦʚʠʷʭ ʰʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʝ. ʇʠʢ ʘʢʪʠʚʥʦʩʪʠ 
ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʨʪɻʩʢʠʡ ʚʝʢ. ʉ ʵʪʠʤ ʚʨʝʤʝʥʝʤ ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʚ ʢʦʨʘʭ 
ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʫʣʴʪʨʘʦʩʥʦʚʥʳʤ ʧʦʨʦʜʘʤ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʠʣʠʢʘʪʥʦʛʦ ʥʠʢʝʣʷ ʠ ʧʨʠʨʦʜʥʦ-
ʣʝʛʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʥʳʭ ʨʫʜ. ɺ ʨʘʥʥʝʶʨʩʢʦʝ ʚʨʝʤʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʩʪʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ (ʥʘ ʬʦʥʝ 
ʦʙʱʝʛʦ ʧʦʜʥʷʪʠʷ) ʟʘʧʘʜʥʝʝ ʧʣʦʱʘʜʠ ʦʙʨʘʟʫʶʪʩʷ ʪʘʬʨʦʛʝʥʥʳʝ ʚʧʘʜʠʥʳ. ʆʜʥʘ ʠʟ ʥʠʭ (ʆʨʩʢʘʷ) 
ʟʘʪʨʘʛʠʚʘʝʪ ʶʛʦ-ʟʘʧʘʜʥʳʡ ʫʛʦʣ ʧʣʦʱʘʜʠ. 
ʅʘʯʠʥʘʷ ʩ ʪʦʘʨʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʦ ʨʘʥʥʝʢʝʣʣʦʚʝʡʩʢʦʝ ʚ ʥʠʭ ʦʪʣʘʛʘʶʪʩʷ ʤʦʱʥʳʝ (ʜʦ 350 ʤ ʚ 

ʆʨʩʢʦʡ ʜʝʧʨʝʩʩʠʠ) ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʫʛʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ʢʘʪʳʥʘʜʳʨʩʢʦʡ, ʦʨʩʢʦʡ ʠ ʨʦʤʘʥ-
ʢʫʣʴʩʢʦʡ ʩʚʠʪ (ʥʘ ʧʣʦʱʘʜʠ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʢʨʳʪʳ ʘʣʣʶʚʠʝʤ). ʅʝʧʦʣʥʳʝ ʧʨʦʬʠʣʠ ʧʦʛʨʝ-
ʙʝʥʥʳʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʜʝʧʨʝʩʩʠʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʶ ʶʨʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ʧʨʝʜʰʝʩʪʚʦʚʘʣ ʨʘʟʤʳʚ. ʀʩʪʦʯʥʠʢʦʤ ʤʘʪʝʨʠʘʣʘ ʨʘʥʥʝ-ʩʨʝʜʥʝʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 
ʷʚʠʣʠʩʴ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʘ ʧʦʜʥʷʪʠʷʭ. ʉʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʳ ʢʝʣʣʦʚʝʷ, ʧʦʩʣʝ ʚʳʨʘʚʥʠʚʘʥʠʷ 
ʠ ʟʘʪʫʭʘʥʠʷ ʵʨʨʦʟʠʦʥʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʩʥʦʚʘ ʥʘʯʠʥʘʶʪ ʧʨʝʦʙʣʘʜʘʪʴ ʧʨʦʮʝʩʩʳ 
ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʧʨʦʜʦʣʞʘʚʰʠʝʩʷ ʜʦ ʧʦʟʜʥʝʛʦ ʤʝʣʘ. ʇʝʨʠʦʜʠʯʝʩʢʠʝ ʪʨʘʥʩʛʨʝʩʩʠʠ 
ʤʦʨʷ ʚ ʤʝʣʫ ʠ ʧʘʣʝʦʮʝʥʝ ʦʧʠʩʳʚʘʝʤʫʶ ʧʣʦʱʘʜʴ ʥʝ ʟʘʪʨʦʥʫʣʠ. ʆʩʘʜʢʠ ʩ ʤʝʣʦʚʤrʠ ʩʧʦʨʦ-ʧʳʣʴ-
ʮʝʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʦʪʤʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʚ ʢʘʨʩʪʦʚʳʭ ʜʝʧʨʝʩʩʠʷʭ. ʉ ʵʦʮʝʥʘ ʚʦʟʦʙʥʦʚʣʷʶʪʩʷ 
ʧʦʜʥʷʪʠʷ ʩʚʦʜʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʢ ʨʝʛʨʝʩʩʠʠ ʤʦʨʷ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʧʫʩʪʳʥʠ. ɺ 
ʵʪʦʪ ʵʪʘʧ ʦʙʨʘʟʫʶʪʩʷ ʦʪʣʦʞʝʥʠʷ ʵʦʣʦʚʳʭ ʠ ʘʣʣʶʚʠʘʣʴʥʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ (ʢʘʟʘʮʢʘʷ ʩʚʠʪʘ). 
ɺ ʦʣʠʛʦʮʝʥʝ ʫʩʠʣʠʚʘʶʪʩʷ ʧʦʜʥʷʪʠʷ, ʨʘʩʯʣʝʥʝʥʠʝ ʨʝʣʴʝʬʘ, ʬʦʨʤʠʨʫʝʪʩʷ ʵʨʦʟʠʦʥʥʘʷ ʩʝʪʴ ʩ 

ʘʣʣʶʚʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʦʙʦʭʨʝʥʥʳʤʠ ʧʝʩʢʘʤʠ, ʛʨʘʚʠʝʤ ʠ ʛʘʣʝʯʥʠʢʘʤʠ (ʟʘʧʘʜʥʝʝ ʧʣʦʱʘ-
ʜʠ ï ʢʫʨʪʘʤʳʰʩʢʘʷ ʩʚʠʪʘ). ʅʘ ʧʦʣʦʛʠʭ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʧʨʦʠʩʭʦʜʠʣʠ ʧʨʦʮʝʩʩʳ 
ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʤʦʱʥʳʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʥʝʧʦʣʥʦʛʦ ʧʨʦʬʠ-
ʣʷ. ɺ ʤʠʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʥʝʨʦʚʥʦʩʪʠ ʨʝʣʴʝʬʘ ʟʘʧʦʣʥʷʶʪʩʷ ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʩʘʜʢʘʤʠ 
ʥʘʫʨʫʟʫʤʩʢʦʡ ʠ ʯʘʛʨʘʡʩʢʦʡ ʩʚʠʪ ʠ ʦʟʝʨʥʳʤʠ ʛʣʠʥʘʤʠ ʩʚʝʪʣʠʥʩʢʦʡ ʠ ʞʠʣʘʥʜʠʥʩʢʦʡ ʩʚʠʪ. 
ɺ ʢʦʥʮʝ ʤʠʦʮʝʥʘ ʠ ʨʘʥʥʝʤ ʧʣʠʦʮʝʥʝ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʚʦʟʜʳʤʘʥʠʝ, ʩʦʚʨʝʤʝʥʥʦʝ ʦʩʝʚʦʡ 

ʯʘʩʪʠ ʩʢʣʘʜʯʘʪʦʛʦ ʧʦʷʩʘ, ʥʘʯʠʥʘʶʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʋʨʘʣʴʩʢʠʡ ʢʨʷʞ ʠ ʧʝʜʠʧʣʝʥ ʚʦʩʪʦʯʥʳʭ 
ʧʨʝʜʛʦʨʠʡ. 
ʉ ʢʫʩʪʘʥʘʡʩʢʦʛʦ ʚʨʝʤʝʥʠ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʘʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘ-

ʩʪʝʡ ʧʣʦʱʘʜʠ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʙʣʦʢʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ ʥʘ ʬʦʥʝ ʧʨʦʜʦʣʞʘʶʱʝʛʦʩʷ 
ʧʦʜʥʷʪʠʷ. ʅʘʯʠʥʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʯʘʩʪʠʯʥʳʡ ʨʘʟ-
ʤʳʚ ʤʝʟʦʟʦʡʩʢʠʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʢʫʩʪʘʥʘʡʩʢʦʛʦ ʘʣʣʶʚʠʷ. 
ʕʦʧʣʝʡʩʪʦʮʝʥʦʚʦʝ ʚʨʝʤʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʨʠʚʝʜʰʝʡ 

ʢ ʥʘʢʦʧʣʝʥʠʶ ʥʘ ʚʦʜʦʨʘʟʜʝʣʘʭ ʣʸʩʩʦʚʠʜʥʳʭ ʩʫʛʣʠʥʢʦʚ, ʘ ʚ ʧʦʣʦʛʠʭ ʨʝʯʥʳʭ ʜʦʣʠʥʘʭ ʦʟʝʨʥʳʭ 
ʦʪʣʦʞʝʥʠʡ. 
ɺ ʜʘʣʴʥʝʡʰʝʤ (ʧʣʝʡʩʪʦʮʝʥ ʠ ʛʦʣʦʮʝʥ) ʯʝʨʝʜʦʚʘʥʠʝ ʬʘʟ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʫʩʠ-

ʣʝʥʠʷ ʛʦʨʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʛʠʜʨʦʩʝʪʠ ʩ ʬʦʨʤʠʨʦʚʘ-
ʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʪʝʨʨʘʩ, ʫʩʣʦʞʥʝʥʠʶ ʬʦʨʤ ʠ ʵʣʝʤʝʥʪʦʚ ʨʝʣʴʝʬʘ, ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ ʛʝʥʝʪʠʯʝ-
ʩʢʠʭ ʪʠʧʦʚ ʦʩʘʜʢʦʚ. 
ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʛʠʜʨʦʛʨʘʬʠʯʝcʢʦʡ ʩʝʪʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʦʷʚʣʝʥʠʷ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʭ ʥʦʚʝʡʰʠʭ ʜʚʠʞʝʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʩʨʝʜʥʝʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʨʫʧ-
ʥʳʭ ʠ ʤʝʣʢʠʭ ʜʦʣʠʥ ʨʝʯʥʦʡ ʩʝʪʠ ʠʩʧʦʣʴʟʫʶʪ ʜʠʟʲʶʥʢʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʧʦ ʢʦʪʦʨʳʤ ʦʩʫ-
ʱʝʩʪʚʣʷʣʠʩʴ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʦʚʳʝ ʜʚʠʞʝʥʠʷ. ʇʨʷʤʦʝ ʩʦʚʧʘʜʝʥʠʝ ʜʦʣʠʥ ʩ ʨʘʟʣʦʤʘʤʠ 
ʥʘʙʣʜʁʘʝʪʩʷ ʫ ʨʝʢ ʉʫʫʥʜʫʢ, ʗʢʰʠ-ɸʢʞʘʨ, ɸʡʜʳʨʣʷ. ʅʝʨʘʚʥʦʤʝʨʥʳʝ ʜʚʠʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʙʣʦ-
ʢʦʚ ʠʛʨʘʶʪ ʦʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘcʩʠʤʝʪʨʠʯʥʳʭ ʤʝʞʜʫʨʝʯʠʡ ʠ ʜʦʣʠʥ, ʠʭ ʫʟʢʠʝ ʠ 
ʢʨʫʪʳʝ ʩʢʣʦʥʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʳʤ ʙʣʦʢʘʤ. ɺ ʢʨʘʝʚʳʭ ʯʘʩʪʷʭ ʵʪʠʭ ʙʣʦʢʦʚ ʥʘʭʦ-
ʜʷʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ï ʛʣʫʙʦʢʠʝ ʧʨʦʤʦʠʥʳ, ʦʚʨʘʛʠ, ʢʨʫʪʳʝ ʵʨʦʟʠʦʥʥʳʝ 
ʫʩʪʫʧʳ, ʛʫʩʪʘʷ ʩʝʪʴ ʜʦʣʠʥ ʩ ʚʪʦʨʠʯʥʳʤ ʚʨʝʟʦʤ. ʂʨʦʤʝ ʜʠʟʲʶʥʢʪʠʚʦʚ ʩʦʚʨʝʤʝʥʥʳʝ ʨʝʯʥʳʝ ʜʦ-
ʣʠʥʳ ʠʩʧʦʣʴʟʫʶʪ ʙʨʘʭʠʩʠʥʢʣʠʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʞʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʩʣʫʯʘʝ ʠʭ ʥʝʦʪʝʢʪʦʥʠ-
ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʤ ʟʘʣʦʞʝʥʠʷ ʤʦʣʦʜʳʭ (ʯʝʪʚʝʨʪʠʯʥʳʭ) ʣʦʢʘʣʴʥʳʭ ʚʧʘʜʠʥ, ʢ 
ʦʜʥʦʡ ʠʟ ʪʘʢʠʭ ʚʧʘʜʠʥ ʧʨʠʫʨʦʯʝʥ ʦʪʨʝʟʦʢ ʜʦʣʠʥʳ ʨʝʢʠ ɾʘʤʘʥ-ɸʢʞʘʨ ʚ ʝʝ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ. 
ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʦʢʘʣʴʥʳʭ ʧʦʜ-
ʥʷʪʠʡ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʝʞʜʫʨʝʯʴʝ ɼʞʘʨʣʳ ʠ ʂʘʨʘʙʫʪʘʢʘ. 
ʋʩʠʣʝʥʠʝ ʜʚʠʞʝʥʠʡ ʚ ʯʝʪʚʝʨʪʠʯʥʦʝ ʚʨʝʤʷ ʦʪʨʘʟʠʣʦʩʴ ʠ ʚ ʬʘʮʠʘʣʴʥʦʤ ʩʦʩʪʘʚʝ ʦʪʣʦʞʝʥʠʡ. 
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ʆʩʦʙʝʥʥʦ ʷʨʢʦ ʵʪʦ ʚʳʨʘʞʝʥʦ ʚ ʦʙʣʘʩʪʠ ʩʣʘʙʦʛʦ ʥʦʚʝʡʰʝʛʦ ʛʦʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʛʜʝ ʚʦʜʦʨʘʟʜʝʣʳ 
ʧʦʢʨʳʪʳ ʩʫʛʣʠʥʢʘʤʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʨʝʩʚʳ ʠ ʱʝʙʥʷ, ʘ ʩʢʣʦʥʳ ï ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʙʨʘ-
ʟʦʚʘʥʠʷʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʷʜʘ (ʢʦʣʣʶʚʠʡ ʠ ʜʝʩʝʨʧʮʠʡ), ʥʝ ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʚ ʨʳʭʣʳʭ ʦʪʣʦ-
ʞʝʥʠʷʭ ʙʦʣʝʝ ʜʨʝʚʥʝʛʦ ʚʦʟʨʘʩʪʘ. 
ɺʦʟʨʘʩʪ ʨʘʟʣʦʤʦʚ, ʫʯʘʩʪʚʦʚʘʚʰʠʭ ʚ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥ, 

ʚʝʨʦʷʪʥʦ, ʵʪʦ ʜʦʣʛʦʞʠʚʫʱʠʝ ʨʘʟʣʦʤʳ, ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʝ ʚ ʥʦʚʝʡʰʠʡ ʵʪʘʧ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦ-
ʨʠʠ. 
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ɻɽʆʄʆʈʌʆʃʆɻʀʗ 
 
 
ʊʝʨʨʠʪʦʨʠʷ ʩʲʝʤʦʯʥʦʛʦ ʣʠʩʪʘ ʧʦʣʥʦʩʪʴʶ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʋʨʘʣʦ-ɻʫʤʙʝʡʩʢʦʡ ʟʦʥʳ çʚʥʝʣʝʜ-

ʥʠʢʦʚʦʡè ʧʦʜʟʦʥʳ ʋʨʘʣʴʩʢʦʡ ʉʌʮɿ. 
ɺ ʦʨʦʛʨʘʬʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʪʝʨʨʠʪʦʨʠʷ ʣʠʩʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʙʦʚʩʭʦʣʤʣʝʥʥʫʶ 

ʨʘʚʥʠʥʫ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ ʚʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 350 ʜʦ 390 ʤ; 
ʧʨʠʯʝʤ, ʚ ʩʚʷʟʠ ʩ ʦʙʱʠʤ ʥʘʢʣʦʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʶʛʦ-ʟʘʧʘʜ, ʥʘʠʚʳʩʰʠʝ ʦʪʤʝʪʢʠ ʧʨʠʫʨʦʯʝʥʳ 
ʢ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ. ʄʠʥʠʤʘʣʴʥʳʝ ʦʪʤʝʪʢʠ ʧʦʨʷʜʢʘ 200ï220 ʤ ʥʘʭʦʜʷʪʩʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ 
ʂʫʤʘʢ ʠ ʉʫʫʥʜʫʢ. ɺ ʦʙʱʠʭ ʯʝʨʪʘʭ ʨʝʣʴʝʬ ʦʧʠʩʳʚʘʝʤʦʛʦ ʨʘʡʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʷʚʣʷʶʱʠʝʩʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʚʦʜʦʨʘʟʜʝʣʘʤʠ, ʠʤʝʶʪ 
ʢʨʘʡʥʝ ʧʦʣʦʛʠʝ (1ï3Á), ʩʣʝʛʢʘ ʚʳʧʫʢʣʳʝ ʩʢʣʦʥʳ. ʃʠʰʴ ʥʘ ʫʯʘʩʪʢʘʭ, ʧʨʠʣʝʛʘʶʱʠʭ ʢ ʜʦʣʠʥʘʤ 
ʨʝʢ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʟʘʧʘʜʥʦʡ ʧʦʣʦʚʠʥʝ ʨʘʡʦʥʘ, ʨʝʣʴʝʬ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʩʯʣʝʥʝʥʥʳʤ, 
ʧʨʠʦʙʨʝʪʘʷ ʯʝʨʪʳ ʭʦʣʤʠʩʪʦʛʦ ʠ ʜʘʞʝ ʤʝʣʢʦʩʦʧʦʯʥʦʛʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʜʝʣʴʥʳʝ, ʦʙʳʯʥʦ ʦʩʪ-
ʨʦʚʝʨʭʠʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʩʦ ʩʢʘʣʠʩʪʳʤʠ ʚʝʨʰʠʥʘʤʠ ʠ ʜʦʚʦʣʴʥʦ ʢʨʫʪʳʤʠ (ʜʦ 10Á) ʩʢʣʦʥʘʤʠ 
ʨʘʟʦʙʱʝʥʳ ʦʙʰʠʨʥʳʤʠ ʜʦʣʠʥʦʦʙʨʘʟʥʳʤʠ ʧʦʥʠʞʝʥʠʷʤʠ. ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʝʚʳʰʝʥʠʝ ʚʦʜʦʨʘʟ-
ʜʝʣʦʚ ʥʘʜ ʨʝʯʥʳʤʠ ʜʦʣʠʥʘʤʠ 60ï110 ʤ. 
ɺʩʝ ʨʝʢʠ ʨʘʡʦʥʘ ʥʝʙʦʣʴʰʠʝ ʠ ʧʨʠʥʘʜʣʝʞʘʪ ʙʘʩʩʝʡʥʫ ʨ. ʋʨʘʣ. ʐʠʨʠʥʘ ʨʝʢ ʥʝ ʧʨʝʚʳʰʘʝʪ 

40 ʤ, ʛʣʫʙʠʥʘ ï ʜʦ 2 ʤ. ɹʝʨʝʛʘ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʦʛʠʝ, ʥʦ ʚ ʠʟʣʫʯʠʥʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʨʳʚʳ 
ʚʳʩʦʪʦʡ ʦʪ 2 ʜʦ 20 ʤ (ʧʨʝʦʙʣʘʜʘʶʪ 2ï6 ʤ). ʅʘ ʤʥʦʛʠʭ ʨʝʢʘʭ ʧʦʩʪʨʦʝʥʳ ʟʝʤʣʷʥʳʝ (ʨʝʞʝ ʙʝʪʦʥ-
ʥʳʝ) ʧʣʦʪʠʥʳ, ʚʳʰʝ ʢʦʪʦʨʳʭ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʙʦʣʴʰʠʝ ʚʦʜʦʭʨʘʥʠʣʠʱʘ (ʧʣʦʱʘʜʴ ï ʜʦ 1,5 ʢʤ2). 
ʅʘ ʟʘʧʘʜʝ ʥʘʭʦʜʠʪʩʷ ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʀʨʠʢʣʠʥʩʢʦʛʦ ʚʦʜʦʭʨʘʥʠʣʠʱʘ, ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʣʦʪʠʥʦʡ 
ʥʘ ʨ. ʋʨʘʣ; ʧʣʦʱʘʜʴ ʚʦʜʦʭʨʘʥʠʣʠʱʘ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʦʢʦʣʦ 20 ʢʤ2, ʛʣʫʙʠʥʘ ï ʜʦ 4 ʤ. 
ʇʦ ʤʦʨʬʦʣʦʛʠʠ, ʩʪʝʧʝʥʠ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ, ʛʝʥʝʟʠʩʫ ʠ ʜʨʫʛʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʣʠʩʪʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʦʩʥʦʚʥʳʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʛʨʫʧʧʳ ʨʝʣʴʝʬʘ: ʜʝʥʫʜʘʮʠʦʥʥʫʶ, ʘʢʢʫʤʫʣʷ-
ʪʠʚʥʫʶ ʠ ʪʝʭʥʦʛʝʥʥʫʶ. ɼʝʥʫʜʘʮʠʦʥʥʳʡ ʨʝʣʴʝʬ ʦʙʨʘʟʦʚʘʥ ʩʦʯʝʪʘʥʠʝʤ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦ-
ʚʝʨʭʥʦʩʪʝʡ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʩʢʣʦʥʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʨʦʜʘʭ ʧʘʣʝʦʟʦʡ-
ʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɸʢʢʫʤʫʣʷʪʠʚʥʳʡ ʨʝʣʴʝʬ ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʯʥʳʤʠ ʪʝʨʨʘʩʘʤʠ, ʦʟʝʨʥʳʤʠ ʨʘʚʥʠʥʘʤʠ 
ʠ ʵʦʣʦʚʦʡ ʨʘʚʥʠʥʦʡ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʊʝʭʥʦʛʝʥʥʘʷ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʛʝʥʥʳʤ 
ʘʢʢʫʤʫʣʷʪʠʚʥʳʤ ʪʠʧʦʤ. 

ɼɽʅʋɼɸʎʀʆʅʅɸʗ ɻʈʋʇʇɸ 

ʇʦʚʝʨʭʥʦʩʪʠ ʜʝʥʫʜʘʮʠʦʥʥʦʡ ʛʨʫʧʧʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʩʲʝʤʦʯʥʦʡ ʪʝʨʨʠʪʦ-
ʨʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʠʛʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʩʦʯʣʝʥʷʶʱʠʤʠ ʠʭ ʩʢʣʦʥʘʤʠ. 
ʅʘ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʝʦʙʣʘʜʘʶʪ ʵʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʥʘ ʥʠʞʥʠʭ ʧʦʚʝʨʭʥʦ-
ʩʪʷʭ ʚ ʩʦʩʪʘʚʝ ʯʝʭʣʘ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʶʪ ʧʝʨʝʤʝʱʝʥʥʳʝ ʧʨʦʜʫʢʪʳ ʚʳʚʝʪʨʠʚʘʥʠʷ. 
ʅʘʢʣʦʥʥʳʝ ʨʘʚʥʠʥʳ ʠ ʬʨʘʛʤʝʥʪʳ ʵʨʦʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʵʦʧʣʝʡʩʪʦʮʝʥïʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ 

(1). ɼʘʥʥʳʡ ʪʠʧ ʨʝʣʴʝʬʘ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʟʘʥʠʤʘʷ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ 
ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢ ʥʘʢʣʦʥʥʳʤ ʧʦʚʝʨʭʥʦʩʪʷʤ ʢʦʪʦʨʳʭ ʧʨʠʯʣʝʥʷʶʪʩʷ ʨʝʯʥʳʝ ʪʝʨʨʘʩʳ, ʠʥʦʛʜʘ ʧʦ 
ʢʨʫʪʳʤ ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʫʩʪʫʧʘʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʨʘʚʥʠʥ ʠʟʨʝʟʘʥʘ ʥʝʛʣʫʙʦʢʠʤʠ ʦʚʨʘʛʘʤʠ ʠ ʣʦʛʘ-
ʤʠ ʩ ʚʨʝʤʝʥʥʳʤʠ ʚʦʜʦʪʦʢʘʤʠ. ɺ ʟʦʥʘʭ ʨʘʟʚʠʪʠʷ ʠʥʪʨʫʟʠʚʥʳʭ ʧʦʨʦʜ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩ-
ʣʝʥʥʳʝ ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʦʩʪʘʥʮʳ, ʘ ʥʘ ʫʯʘʩʪʢʘʭ, ʩʣʦʞʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʘʤʠ, ï ʢʘʨʩʪʦʚʳʝ ʚʧʘʜʠʥʳ 
ʠ ʚʦʨʦʥʢʠ. ɺʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʨʝʣʴʝʬʘ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 260ï370 ʤ. 
ʇʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʩ ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʤʠ ʚʦʜʦʨʘʟʜʝʣʘʤʠ ʨʘʥʥʝ-ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝ-

ʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (2) ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʨʘʡʦʥʘ ʩʦʩʝʜʥʝʛʦ 
ʣʠʩʪʘ N-40-XXXVI. ʅʘ ʥʘʰʝʤ ʣʠʩʪʝ ʧʦʢʘʟʘʥʘ ʬʨʘʛʤʝʥʪʘʨʥʦ ʠ ʟʘʥʠʤʘʝʪ ʧʦʣʦʞʝʥʠʝ ʥʘ ʚʳʩʦʪʝ 
360 ʤ. ʇʦʣʦʛʦʚʦʣʥʠʩʪʘʷ, ʘ ʠʥʦʛʜʘ ʠ ʧʣʦʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʙʦʪʘʥʘ ʥʘ ʯʘʩʪʥʳʭ ʚʦʜʦʨʘʟʜʝʣʘʭ 
ʜʨʝʥʘʞʥʳʭ ʙʘʩʩʝʡʥʦʚ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. 
ʇʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ ʠ ʚʥʫʪʨʝʥʥʠʝ ʚʧʘʜʠʥʳ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟ-
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ʨʘʩʪʘ (3) ʨʘʟʚʠʪʳ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʯʘʩʪʥʳʭ ʜʨʝʥʘʞʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʚʧʘʜʠ-
ʥʘʭ ʠ ʩʦʧʨʷʞʝʥ rʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʜʦʣʠʥʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɺ ʨʝʛʠʦʥʘʣʴʥʦʤ ʧʣʘʥʝ ʦʥʘ ʨʘʟʜʝ-
ʣʷʝʪ ʚʝʨʭʥʠʝ, ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʵʪʘʞʠ ʨʝʣʴʝʬʘ ʨʝʛʠʦʥʘ ʠ ʥʠʞʥʠʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʢʢʫʤʫʣʷ-
ʪʠʚʥʳʝ ʵʪʘʞʠ. ɺʨʝʤʷ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʝ ʪʝʧʣʳʝ ʵʧʠʟʦʜʳ ʢʣʠʤʘʪʠ-
ʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʨʘʡʦʥʘ. ʇʦʨʦʜʳ ʯʝʭʣʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʳʯʥʦ ʛʣʫʙʦʢʦ ʧʝʨʝʨʘʙʦʪʘʥʳ ʠ ʧʨʝʜʩʪʘʚ-
ʣʝʥʳ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʵʣʶʚʠʘʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʚʧʣʦʪʴ ʜʦ ʛʣʠʥʠʩʪʳʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ. 
ɺr ʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʚ ʧʨʝʜʝʣʘʭ 220ï240 ʤ. 
ɺʝʨʰʠʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʩʦ ʩʢʘʣʴʥʳʤʠ ʚʳʭʦʜʘʤʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ 

ʵʦʧʣʝʡʩʪʦʮʝʥïʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (4). ɼʘʥʥʳʡ ʨʝʣʴʝʬ ʨʘʟʚʠʪ ʬʨʘʛʤʝʥʪʘʨʥʦ 
ʥʘ ʩʝʚʝʨʝ ʧʣʦʱʘʜʠ. ʆʥ ʧʨʠʫʨʦʯʝʥ ʢ ʤʘʩʩʠʚʘʤ ʘʧʦʜʫʥʠʪʦʚʳʭ ʠ ʘʧʦʛʘʨʮʙʫʨʛʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠ-
ʪʦʚ ʚ ʤʝʩʪʘʭ ʠʭ ʚʳʭʦʜʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʕʪʦ ʥʘʠʙʦʣʝʝ ʚʦʟʚʳʰʝʥʥʳʝ ʫʯʘʩʪʢʠ ʤʝʩʪʥʦʩʪʠ, ʩ ʘʙ-
ʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʘʤʠ 345ï347 ʤ. 
ʇʦʚʝʨʭʥʦʩʪʴ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʙʣʠʟʢʘʷ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ, ʦʣʠʛʦʮʝʥïʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, 

ʩʬʦʨʤʠʨʦʚʘʥʥʘʷ ʥʘ ʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʧʦʨʦʜʘʭ (5). ɼʘʥʥʳʡ ʪʠʧ ʨʝʣʴʝʬʘ ʚʩʪʨʝʯʘʝʪʩʷ 
ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʝ ʥʠʟʢʠʭ ʚʳʧʫʢʣʳʭ, ʨʝʞʝ ʧʣʦʩʢʠʭ, ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ 
ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʧʦʣʦʛʠʭ ʧʨʠʜʦʣʠʥʥʳʭ ʩʢʣʦʥʦʚ. ɺʦʜʦʨʘʟʜʝʣʳ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʘʤʠ 260ï
380 ʤ, ʩʢʣʦʥʳ ʠʤʝʶʪ ʰʠʨʦʢʠʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʘʣʳʝ ʜʦʣʠʥʳ, ʨʘʩʩʝʢʘʶʱʠʝ 
ʩʢʣʦʥʳ, ʧʦʣʦʛʠʝ ʢʦʨʳʪʦʦʙʨʘʟʥʦʡ ʬʦʨʤʳ, ʙʝʟ ʷʨʢʦ ʚʳʨʘʞʝʥʥʦʛʦ ʪʘʣʴʚʝʛʘ. ʕʨʦʟʠʦʥʥʘʷ ʩʝʪʴ 
ʟʜʝʩʴ ʧʣʦʭʦ ʨʘʟʨʘʙʦʪʘʥʘ. ɼʦʣʠʥʳ ʚʨʝʟʘʥʳ ʥʝʛʣʫʙʦʢʦ, ʚʨʝʟ ʥʝ ʧʨʝʚʳʰʘʝʪ 20 ʤ. 

ʉʂʃʆʅʓ 

ʇʣʦʩʢʦʩʪʥʦʛʦ ʩʤʳʚʘ ʩ ʬʨʘʛʤʝʥʪʘʤʠ ʵʨʦʟʠʦʥʥʳʭ ʪʝʨʨʘʩ ʠ ʜʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ 
ʨʘʚʥʠʥʘʤʠ (6) ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʘʙʦʥʘʢʣʦʥʥʳʤʠ ʠ ʧʦʣʦʛʦʚʦʣʥʠʩʪʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʧʦʟʜʥʝʥʝ-
ʦʧʣʝʡʩʪʦʮʝʥïʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʩ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʣʦʩʢʦʩʪʥʳʤ ʩʤʳʚʦʤ ʥʘ ʥʠʭ, ʛʝʥʝʪʠʯʝ-
ʩʢʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʰʣʝʡʬʘʤʠ ʠ ʜʝʣʚʁʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʨʘʚʥʠʥʘʤʠ ʚ ʠʭ 
ʦʩʥʦʚʘʥʠʠ. ʕʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʣʠʩʪʘ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 
ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʭ ʵʪʘʞʘʭ ʨʝʣʴʝʬʘ ʦʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʜʦ ʧʦʯʪʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ 
ʧʨʠʜʦʣʠʥʥʳʭ ʩʢʣʦʥʦʚ, ʛʜʝ ʦʥʠ ʯʘʩʪʦ ʧʝʨʝʭʦʜʷʪ ʚ ʪʝʨʨʘʩʦʚʳʝ ʫʚʘʣʳ. ɸʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʢʦ-
ʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 280ï360 ʤ. 
ʕʨʦʟʠʦʥʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʠʥʥʳʝ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ (7) ʧʨʠʥʘʜʣʝʞʘʪ ʜʦʣʠʥʘʤ ʨʝʢ: ɼʞʘʨʣʳ, ɼʞʫʩʘ, ʄʫʩʦʛʘʪʢʘ, ʂʘʨʘʙʫʪʘʢ, ʂʘʨʘʛʘʥʜʳ ʠ 
ʧʦʚʝʨʭʥʦʩʪʷʤ ʤʝʞʜʫʨʝʯʠʡ. ʉʦʚʨʝʤʝʥʥʳʝ ʚʨʝʟʳ ʜʦʩʪʠʛʘʶʪ 12ï15 ʤ. ʅʘʠʙʦʣʝʝ ʢʨʫʪʳʝ ʫʩʪʫʧʳ 
ʵʪʠʭ ʚʨʝʟʦʚ ʣʠʰʝʥʳ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʤʦʱʥʳʭ ʩʢʣʦʥʦʚʳʭ ʥʘʢʦʧʣʝʥʠʡ, ʙʦʣʝʝ ʧʦʣʦʛʠʝ ʧʨʠʢʨʳʪʳ 
ʬʨʘʛʤʝʥʪʘʨʥʳʤ ʜʝʣʶʚʠʘʣʴʥʳʤ ʧʦʢʨʦʚʦʤ. ʋʩʪʫʧʳ ʥʠʟʢʠʭ ʪʝʨʨʘʩ ʦʯʝʥʴ ʠʟʤʝʥʯʠʚʳ ï ʦʪ ʢʨʫʪʳʭ, 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʦʣʦʛʠʭ (5ï10Á). ɺʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʚ ʧʨʝʜʝʣʘʭ 
240ï350 ʤ. 
ʂʨʫʪʳʝ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʠʚʝʨʰʠʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ (8), ʚʳʨʘʙʦʪʘʥʥʳʝ ʧʨʦʮʝʩʩʘʤʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʝʥʫʜʘʮʠʠ, ʩʦʯʣʝʥʷʶʪ ʚʳʩʦʢʠʝ ʜʝʥʫʜʘ-
ʮʠʦʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʥʠ ʠʤʝʶʪ ʢʨʫʪʠʟʥʫ ʚ ʧʝʨʚʳʝ ʛʨʘʜʫʩʳ ʠ ʘʤʧʣʠʪʫʜʫ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʜʝ-
ʩʷʪʢʦʚ ʤʝʪʨʦʚ. ʉ ʧʦʚʝʨʭʥʦʩʪʠ ʦʥʠ ʧʨʠʢʨʳʪʳ ʩʧʦʨʘʜʠʯʝʩʢʠʤ ʤʘʣʦʤʦʱʥʳʤ ʯʝʭʣʦʤ ʩʢʣʦʥʦʚʳʭ 
ʜʝʩʝʨʧʮʠʦʥʥʳʭ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʣʶʚʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʩ ʯʘʩʪʳʤʠ ʚʳʭʦʜʘʤʠ ʢʦʨʝʥ-
ʥʳʭ ʧʦʨʦʜ. ʈʝʣʴʝʬ ʵʪʦʛʦ ʪʠʧʘ ʟʘʢʘʨʪʠʨʦʚʘʥ ʥʘ ʛʨʘʥʠʮʝ ʩ ʩʦʩʝʜʥʠʤ ʣʠʩʪʦʤ N-40-XXXVI ʥʘ 
ʩʢʣʦʥʘʭ ʛʣʘʚʥʳʭ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʛʨʝʙʥʝʡ ʨʘʡʦʥʘ ʥʘ ʚʳʩʦʪʝ 320 ʤ. 

ɼɽʅʋɼɸʎʀʆʅʅʓʁ ʂʆʅʉʊʈʋʂʊʋʈʅʓʁ ʈɽʃʔɽʌ, 
ʆɹʈɸɿʆɺɸɺʐʀʁʉʗ ɺ ʈɽɿʋʃʔʊɸʊɽ ʃʀʊʆʄʆʈʌʅʆʁ 

ʇʈɽʇɸʈʀʈʆɺʂʀ 

ʄʦʥʦʧʣʠʢʘʪʠʚʥʳʭ ʩʪʨʫʢʪʫʨ ʠʥʪʨʫʟʠʚʥʳʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ (9). ʕʪʦʪ ʨʝʣʴʝʬ ʬʦʨ-
ʤʠʨʫʝʪʩʷ ʩ ʦʣʠʛʦʮʝʥʘ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʦʯʝʪʘʥʠʷ ʥʠʟʢʠʭ ʚʳʧʫʢ-
ʣʦ-ʧʣʦʩʢʦʚʝʨʭʠʭ ʭʨʝʙʪʦʚ ʠ ʤʝʞʭʨʝʙʪʦʚʳʭ ʧʦʥʠʞʝʥʠʡ. ɺʦʜʦʨʘʟʜʝʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʢʘʢ ʧʨʘ-
ʚʠʣʦ, ʠʤʝʶʪ ʛʨʷʜʦʚʦ-ʭʦʣʤʠʩʪʫʶ ʬʦʨʤʫ, ʤʝʩʪʘʤʠ ʦʙʨʘʟʫʶʪ ʫʟʢʠʝ ʛʨʝʙʥʠ ʠ ʧʣʦʩʢʠʝ ʫʟʢʠʝ ʧʣʦ-
ʱʘʜʢʠ, ʧʦʢʨʳʪʳʝ ʤʘʣʦʤʦʱʥʳʤʠ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʦʙʣʦʤʢʘʤʠ ʪʚʝʨʜʳʭ ʢʦʨʝʥʥʳʭ 
ʧʦʨʦʜ. ʉʨʝʜʥʠʝ ʘʙʩʦʣʶʪʥʳʝ ʦʪʤʝʪʢʠ ʚ ʧʨʝʜʝʣʘʭ ʥʠʟʢʦʛʦʨʴʷ ʩʦʩʪʘʚʣʷʶʪ 300ï360 ʤ. ʅʘ ʚʦʜʦ-
ʨʘʟʜʝʣʘʭ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʦʩʪʘʥʮʳ ʚʳʩʦʪʦʡ 3ï5 ʤ, ʧʣʦʱʘʜʴʶ ʦʪ ʧʝʨʚʳʭ ʜʦ 
ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ. 
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ʇʦʚʝʨʭʥʦʩʪʠ ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʛʨʫʧʧʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʩʨʝʜʥʠʭ ʠ ʥʠʞʥʠʭ ʵʪʘʞʘʭ ʨʝʣʴʝʬʘ. 
ʆʥʠ ʚʢʣʶʯʘʶʪ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʨʘʚʥʠʥʳ ʜʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʦʛʦ ʠ ʦʟʝʨʥʦ-ʜʝʣʶʚʠʘʣʴʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʪʝʨʨʘʩʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʚʦʜʦʪʦʢʦʚ ʨʘʡʦʥʘ. 

ɸʃʃʖɺʀɸʃʔʅʓɽ ʈɸɺʅʀʅʓ (ʊɽʈʈɸʉʆɺʓʁ ʂʆʄʇʃɽʂʉ)  

ʇʦʡʤʳ ʠ ʜʥʠʱʝ ʜʦʣʠʥ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (10) ʚʳʜʝʣʝʥʳ ʧʦ ʚʩʝʤ ʚʦʜʦʪʦʢʘʤ, ʚ ʪʦʤ ʯʠʩʣʝ 
ʚʨʝʤʝʥʥʳʤ. ʌʦʨʤʳ ʨʝʣʴʝʬʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʠʙʨʝʞʥʳʤʠ ʠ ʦʩʪʨʦʚʥʳʤʠ ʢʦʩʘʤʠ, ʠʤʝʶʱʠʤʠ 
ʧʣʦʱʘʜʴ ʚ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʢʚʘʜʨʘʪʥʳʭ ʤʝʪʨʦʚ, ʩʣʦʞʝʥʥʳʤʠ ʧʝʩʯʘʥʦ-ʛʘʣʝʯʥʳʤ ʤʘ-
ʪʝʨʠʘʣʦʤ. ʋʩʪʫʧ ʚʳʩʦʢʦʡ ʧʦʡʤʳ ʦʙʳʯʥʦ ʚʳʨʘʞʝʥ ʭʦʨʦʰʦ, ʥʦ ʫʯʘʩʪʢʘʤʠ ʦʪ ʧʦʡʤʳ ʢ ʚʳʩʦʢʦʡ 
ʧʦʡʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ. ʀʥʦʛʜʘ ʦʥʠ ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʨʳʚʢʘʤʠ, ʟʘʥʠʤʘʷ ʫʯʘʩʪ-
ʢʠ ʜʦʣʠʥʳ ʧʨʦʪʠʚ ʚʨʝʟʘʥʥʳʭ ʤʝʘʥʜʨ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʡʤʳ ʠ ʚʳʩʦʢʦʡ ʧʦʡʤʳ ʥʘʙʣʶʜʘʁ ʪʩʷ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʤʳʚʦʤ, ʢʦʪʣʦʚʠʥʳ ʚʳʤʳʚʘʥʠʷ, ʩʫʭʠʝ ʩʪʘʨʠʮʳ, ʘ ʪʘʢʞʝ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʬʦʨ-
ʤ  rï ʧʨʠʨʫʩʣʦʚʳʝ ʚʘʣʳ. 
ʇʦʡʤʘ ʠ ʧʝʨʚʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥïʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (11) 

ʚʳʜʝʣʷʝʪʩʷ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʊʘʰʣʘ, ʗʢʰʠ-ɸʢʞʘʨ ʠ ɸʡʜʳʨʣʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ 
ʬʨʘʛʤʝʥʪʳ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ, ʥʦ ʦʪʦʙʨʘʟʠʪʴ ʨʘʟʜʝʣʴʥʦ ʠʭ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʇʦʚʝʨʭʥʦʩʪʠ 
ʜʘʥʥʦʛʦ ʨʝʣʴʝʬʘ ʧʣʦʩʢʠʝ ʠ ʛʨʠʚʠʩʪʳʝ, ʦʪʣʠʯʘʶʪʩʷ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʩ ʤʥʦʞʝʩʪʚʦʤ ʤʝʣʢʠʭ 
ʙʦʣʦʪ ʠ ʦʟʝʨ, ʧʝʨʝʩʳʭʘʶʱʠʭ ʣʝʪʦʤ. 
ʇʝʨʚʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (12) ʟʘʢʘʨʪʠʨʦʚʘʥʘ ʧʦ 

ʩʢʣʦʥʘʤ ʜʦʣʠʥ ʨʝʢ ʉʫʫʥʜʫʢ, ɼʞʫʩʘ, ʂʘʨʘʙʫʪʘʢ, ʄʫʩʦʛʘʪʢʘ, ɼʞʘʨʣʳ ʠ ɸʡʜʳʨʣʷ. ʐʠʨʠʥʘ ʪʝʨ-
ʨʘʩʳ ʜʦʩʪʠʛʘʝʪ 1,5 ʢʤ, ʚʳʩʦʪʘ ï 5ï12 ʤ. ʊʝʨʨʘʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʣʦʩʢʦʡ, ʨʝʞʝ ʥʘʢʣʦʥʥʦʡ ʚ 
ʩʪʦʨʦʥʫ ʨʫʩʣʘ ʨʝʢʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʪʘʨʠʮ. ʋʩʪʫʧ ʝʝ ʚʳʨʘʞʝʥ ʥʝ ʚʝʟʜʝ ʯʝʪʢʦ, ʯʘ-
ʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʩʪʝʧʝʥʥʳʝ ʧʝʨʝʭʦʜʳ ʢ ʚʳʩʦʢʦʡ ʧʦʡʤʝ ʠʣʠ ʦʙʨʳʚʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ 
ʨʫʩʣʫ. ɸʙʩʦʣʶʪʥʘʷ ʦʪʤʝʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʨʨʘʩʳ ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 260 ʤ. 
ɺʪʦʨʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (13) ʚʳʜʝʣʷʝʪʩʷ ʧʦ ʜʦ-

ʣʠʥʘʤ ʪʝʭ ʞʝ ʨʝʢ, ʯʪʦ ʠ ʧʝʨʚʘʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ. ʆʥʘ ʠʤʝʝʪ ʩʣʝʛʢʘ ʥʘʢʣʦʥʥʫʶ ʢ ʪʘʣʴʚʝʛʫ 
ʧʦʚʝʨʭʥʦʩʪʴ, ʚʳʩʦʪʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʨʝʟʫ ʚʦʜʳ 15ï25 ʤ, ʰʠʨʠʥʘ ï ʜʦ 1 ʢʤ. ʋʩʪʫʧʳ ʦʯʝʥʴ 
ʧʣʦʭʦ ʚʳʨʘʞʝʥʳ, ʦʙʳʯʥʦ ʚʳʧʦʣʦʞʝʥʳ, ʯʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʣʘʚʥʳʝ ʧʝʨʝʭʦʜʳ ʢ ʧʝʨʚʦʡ ʠ ʪʨʝ-
ʪʴʝʡ ʪʝʨʨʘʩʘʤ. ʇʦʚʝʨʭʥʦʩʪʴ ʪʝʨʨʘʩʳ ʧʣʦʩʢʘʷ, ʨʦʚʥʘʷ, ʦʩʣʦʞʥʝʥʘ ʥʝʛʣʫʙʦʢʠʤʠ ʧʨʦʤʦʠʥʘʤʠ ʠ 
ʧʝʨʝʩʳʭʘʶʱʠʤʠ ʩʪʘʨʠʮʘʤʠ. ɸʙʩʦʣʶʪʥʳʝ ʚʩrʦʪʳ ʝʝ ʜʦʩʪʠʛʘʶʪ 280 ʤ. 
ʊʨʝʪʴʷ ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʩʨʝʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (14) ʦʪʢʘʨʪʠʨʦʚʘʥʘ ʧʦ 

ʦʙʦʠʤ ʙʝʨʝʛʘʤ ʨʝʢ ʋʨʘʣ ʠ ʉʫʫʥʜʫʢ. ʍʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʦʚʥʦʡ, ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʩ ʥʘʢʣʦ-
ʥʦʤ ʚ ʩʪʦʨʦʥʫ ʨʫʩʣʘ ʨʝʢʠ. ʂ ʪʝʨʨʘʩʝ ʧʨʠʩʣʦʥʝʥʳ ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʛʠʧʩʦʤʝʪ-
ʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʦʪʣʦʞʝʥʠʷ ʚʪʦʨʦʡ ʨʝʯʥʦʡ ʪʝʨʨʘʩʳ ʠʣʠ ʧʦʡʤʳ. ɺʳʩʦʪʘ ʝʝ ʚ ʩʨʝʜʥʝʤ 30ï50 ʤ. 
ʀʥʦʛʜʘ ʪʝʨʨʘʩʘ ʦʙʨʘʟʫʝʪ ʥʝʷʩʥʦ ʩʪʫʧʝʥʯʘʪʳʡ ʩʢʣʦʥ. ʐʠʨʠʥʘ ʪʝʨʨʘʩʳ ʜʦʩʪʠʛʘʝʪ 2,5 ʢʤ. ʅʘ ʝʝ 
ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʤʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʧʨʦʤʦʠʥʳ ʠ ʦʚʨʘʛʠ. ɸʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠ-
ʛʘʶʪ 280 ʤ. 
ʏʝʨʥʦʩʢʫʪʦʚʩʢʘʷ (ʧʷʪʘʷ) ʥʘʜʧʦʡʤʝʥʥʘʷ ʪʝʨʨʘʩʘ ʨʘʥʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (15) 

ʨʘʟʚʠʪʘ ʧʦ ʜʦʣʠʥʘʤ ʨʝʢ ʂʘʨʘʛʘʥʜʳ ʠ ʂʘʨʘʙʫʪʘʢ ʥʘ ʶʞʥʦʡ ʛʨʘʥʠʮʝ ʣʠʩʪʘ. ɿʦʥʳ ʨʘʟʚʠʪʠʷ ʪʝʨʨʘ-
ʩʳ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʚʠʜʝ ʬʨʘʛʤʝʥʪʦʚ, ʟʘʥʠʤʘʶʱʠʭ ʧʣʦʱʘʜʠ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʥʳʤʠ ʦʪʤʝʪ-
ʢʘʤʠ 260ï280 ʤ. ɺ ʨʝʣʴʝʬʝ ʪʝʨʨʘʩʘ, ʯʘʱʝ ʚʩʝʛʦ, ʚʳʨʘʞʝʥʘ ʩʣʘʙʦ, ʵʣʝʤʝʥʪʳ ʪʝʨʨʘʩʳ ʥʘ ʤʝʩʪʥʦ-
ʩʪʠ ʥʝ ʧʨʦʩʤʘʪʨʠʚʘʶʪʩʷ. 

ʆɿɽʈʅʓʁ ʈɽʃʔɽʌ 

ʆʟʝʨʥʳʡ ʨʝʣʴʝʬ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʜʘʥʥʦʡ ʧʣʦʱʘʜʠ ʦʪʜʝʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ 
ʣʠʩʪʘ. 
ʆʟʝʨʥʘʷ ʨʘʚʥʠʥʘ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (16) ʚʳʜʝʣʝʥʘ ʦʪʜʝʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʚ ʤʝʞʜʫ-

ʨʝʯʴʝ ʉʫʫʥʜʫʢʘ ʠ ɾʘʥʛʠʣʴʜʠʥʢʠ, ʘ ʪʘʢʞʝ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ɸʡʜʳʨʣʷ ʠ ɼʞʫʩʘ. ʆʥʘ ʦʙʨʘʟʫʝʪʩʷ ʚ 
ʙʝʩʩʪʦʯʥʳʭ ʙʣʶʜʮʝʦʦʙʨʘʟʥʳʭ ʢʦʪʣʦʚʠʥʘʭ ʠ ʟʘʧʘʜʠʥʘʭ, ʚʝʨʦʷʪʥʦ, ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝ-
ʥʠʷ. ʀʩʪʦʯʥʠʢʦʤ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʷʚʣʷʶʪʩʷ ʵʣʶʚʠʘʣʥɹʳʝ ʠ ʜʝʣʶʚʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʧʦʣʦʛʠʭ ʩʢʣʦʥʘʭ ʢʦʪʣʦʚʠʥ. 
ʆʟʝʨʥʦ-ʜʝʣʶʚʠʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (17) ʨʘʟʚʠʪʘ ʚ ʩʝ-

ʚʝʨʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ. ʀʥʦʛʜʘ ʦʥʘ ʚʣʦʞʝʥʘ ʚ ʢʦʪʣʦʚʠʥʥʳʝ ʧʦʥʠʞʝʥʠʷ, ʠʥʦʛʜʘ ʨʘʩʧʦʣʦʞʝʥʘ 
ʥʘ ʩʪʫʧʝʥʷʭ ʨʝʣʴʝʬʘ. ʇʦʚʝʨʭʥʦʩʪʴ ʛʣʘʜʢʘʷ, ʩ ʥʝʙʦʣʴʰʠʤʠ ʦʩʪʘʪʦʯʥʳʤʠ ʦʟʝʨʥʳʤʠ ʙʣʶʜʮʘʤʠ, 
ʯʘʩʪʦ ʩ ʦʪʢʨʳʪʦʡ ʚʦʜʦʡ. ʉʣʦʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ, ʦʟʝʨʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʠ ʦʟʝʨʥʦ-ʜʝʣʶʚʠʘʣʴʥʳ-
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ʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʩʨʝʜʥʝʫʨʘʣʴʩʢʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʤʦʱ-
ʥʳʝ ʘʣʣʶʚʠʘʣʴʥʦ-ʦʟʝʨʥʳʝ ʩʠʩʪʝʤʳ ʙʳʣʠ ʩʠʣʴʥʦ ʩʤʝʱʝʥʳ ʢ ʟʘʧʘʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʨʝʤʝʥʥʳʭ 
ʧʣʦʱʘʜʝʡ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ɼʦʣʠʥʳ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʟʠʪʥʳʭ ʚʦʜʦʪʦʢʦʚ ʟʘʤʝʪʥʦ ʚʨʝʟʘʥʳ ʚ 
ʵʪʫ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʕʆʃʆɺʓʁ ʈɽʃʔɽʌ 

ʕʦʣʦʚʳʡ ʨʝʣʴʝʬ ʨʘʟʚʠʪ ʥʘ ʶʛʝ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ. 
ʕʦʣʦʚʘʷ ʨʘʚʥʠʥʘ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (18). ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʚʳʜʝʣʷ-

ʶʪʩʷ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʩʢʣʦʥʳ ʠ ʜʦʣʠʥʳ. ʌʦʨʤʳ ʩʢʣʦʥʦʚ ʠ ʚʦʜʦʨʘʟʜʝʣʦʚ ʥʘ ʵʦʣʦ-
ʚʦʡ ʨʘʚʥʠʥʝ ʩʛʣʘʞʝʥʳ ʠ ʫʧʨʦʱʝʥʳ ʵʦʣʦʚʦʡ ʘʢʢʫʤʫʣʷʮʠʝʡ. ʇʦɻ ʪʦʤʫ ʧʨʝʦʙʣʘʜʘʶʪ ʧʣʦʩʢʠʝ ʠ 
ʧʣʦʩʢʦ-ʚʳʧʫʢʣʳʝ ʬʦʨʤʳ ʚʦʜʦʨʘʟʜʝʣʦʚ ʠ ʧʨʷʤʳʝ ʩʢʣʦʥʳ. ɺ ʧʨʝʜʝʣʘʭ ʨʘʚʥʠʥʳ ʦʪʤʝʯʘʶʪʩʷ ʜʝ-
ʥʫʜʘʮʠʦʥʥʳʝ ʦʩʪʘʥʮʳ ʠ ʦʪʧʨʝʧʘʨʠʨʦʚʘʥʥʳʝ ʜʘʡʢʠ. ʇʝʩʢʠ ʦʙʨʘʟʫʶʪ ʩʚʦʝʦʙʨʘʟʥʳʡ ʨʝʣʴʝʬ ʚ 
ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʙʫʛʨʦʚ ʚʳʩʦʪʦʡ ʜʦ 0,5 ʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʢʫʩʪʘʨʥʠʢʦʚʦʡ 
ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ. ɺʦʟʨʘʩʪ ʜʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʦʟʨʘʩʪʘ ʛʦʣʦʮʝʥʦʚʳʭ ʵʦʣʦʚʳʭ ʧʝʩʢʦʚ. ɺʳʩʦʪʥʳʝ 
ʦʪʤʝʪʢʠ ʢʦʣʝʙʣʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 240ï320 ʤ. 

ʃɪʉʉʆɺʓʁ ʈɽʃʔɽʌ 

ʃʸʩʩʦʚʳʡ ʨʝʣʴʝʬ ʦʪʢʘʨʪʠʨʦʚʘʥ ʥʘ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʝ ʣʠʩʪʘ. 
ʃʸʩʩʦʚʘʷ ʨʘʚʥʠʥʘ ʵʦʧʣʝʡʩʪʦʮʝʥïʨʘʥʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (19) ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʦ-

ʣʦʛʦʡ ʨʘʚʥʠʥʦʡ, ʩʣʦʞʝʥʥʦʡ ʣʸʩʩʦʚʠʜʥʳʤʠ ʙʝʩʩʪʨʫʢʪʫʨʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʧʝʩʯʘʥʠʩʪʳʤʠ ʠʟ-
ʚʝʩʪʢʦʚʠʩʪʳʤʠ ʛʣʠʥʘʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ. ʈʘʚʥʠʥʳ ʟʘʥʠʤʘʶʪ ʫʯʘʩʪʢʠ ʚʦʜʦʨʘʟʜʝʣʦʚ ʩ ʛʠʧʩʦʤʝʪʨʠ-
ʯʝʩʢʠʤʠ ʦʪʤʝʪʢʘʤʠ 260ï340 ʤ. ɺʦʟʨʘʩʪ ʨʘʚʥʠʥʳ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʦʟʨʘʩʪʦʤ ʩʣʘʛʘʶʱʠʭ ʝʝ ʦʪʣʦ-
ʞʝʥʠʡ. 

ɼɽʃʖɺʀɸʃʔʅʆ-ɸʃʃʖɺʀɸʃʔʅʓʁ ʈɽʃʔɽʌ 

ɼʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʳʡ ʨʝʣʴʝʬ ʟʘʢʘʨʪʠʨʦʚʘʥ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʧʠʩʳʚʘʝʤʦʡ ʪʝʨʨʠʪʦ-
ʨʠʠ. 
ɼʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʘʷ ʜʦʣʠʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʝʚʦʛʦ ʚʦʟ-

ʨʘʩʪʘ (20) ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʘʙʦʥʘʢʣʦʥʥʦʡ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʘʢʢʫʤʫʣʷʪʠʚʥʦʡ ʜʦʣʠʥʥʦʡ ʧʦʚʝʨʭ-
ʥʦʩʪʴʶ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʜʦʣʠʥʥʳʭ ʨʘʩʰʠʨʝʥʠʷʭ ʚʦʜʦʪʦʢʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʬʦʨʤʠʨʫʝʪ ʩʦʚʨʝ-
ʤʝʥʥʳʡ ʨʝʣʴʝʬ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʝʧʨʝʩʩʠʡ. ʉʣʦʞʝʥʘ ʧʦʣʠʬʘʮʠʘʣʴʥʳʤ ʢʦʤʧʣʝʢʩʦʤ 
ʦʙʨʘʟʦʚʘʥʠʡ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʣʣʚʁʠʘʣʴʥʳʭ ʠ ʜʝʣʶʚʠʘʣʴʥʳʭ, ʩ ʫʯʘʩʪʠʝʤ ʧʨʦʣʶʚʠʘʣʴʥʳʭ. 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʜʦʣʠʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʣʦ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʚʪʦ-
ʨʫʶ ʧʦʣʦʚʠʥʫ ʩʨʝʜʥʝʛʦ ʠ ʧʝʨʚʫʶ ʧʦʣʦʚʠʥʫ ʧʦʟʜʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. ɺʳʩʦʪʥʳʝ ʦʪʤʝʪʢʠ ʨʝʣʴ-
ʝʬʘ ʥʘ ʫʨʦʚʥʝ 280ï300 ʤ. 
ɼʝʣʶʚʠʘʣʴʥʦ-ʘʣʣʶʚʠʘʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʵʦʧʣʝʡʩʪʦʮʝʥïʨʘʥʥʝʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ 

(21) ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʝʨʭʥʠʤ ʯʘʩʪʷʤ ʩʢʣʦʥʦʚ ʨʝʯʥʳʭ ʜʦʣʠʥ ʠ ʵʨʦʟʠʦʥʥʳʤ ʫʛʣʫʙʣʝʥʠʷʤ ʚ ʨʝʣʴʝʬʝ 
ʤʝʟʦʟʦʡʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʧʦʣʥʷʶʪʩʷ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʠ ʘʣʣʶʚʠʘʣʴ-
ʥʳʤʠ ʦʩʘʜʢʘʤʠ ʣʦʟʴʚʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʦʧʣʝʡʩʪʦʮʝʥʘ ʠ ʨʘʥʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. ʆʪʤʝʪʢʠ 
ʨʝʣʴʝʬʘ ʟʜʝʩʴ 225ï235 ʤ. 

ʊɽʍʅʆɻɽʅʅɸʗ ɻʈʋʇʇɸ 

ʊʝʭʥʦʛʝʥʥʳʡ ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʨʝʣʴʝʬ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (21) ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚʦ-
ʢʨʫʛ ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ, ʚ ʢʨʫʧʥʳʭ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʘʭ, ʛʜʝ ʝʩʪʝʩʪʚʝʥʥʳʡ ʨʝʣʴʝʬ 
ʧʦʣʥʦʩʪʴʶ ʩʤʝʥʠʣʩʷ ʪʝʭʥʦʛʝʥʥʳʤ. 
ʂʨʫʧʥʳʝ ʬʦʨʤʳ ʪʝʭʥʦʛʝʥʥʦʛʦ ʨʝʣʴʝʬʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʴʝʨʘʤʠ ʠ ʧʦʣʷʤʠ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦ-

ʨʦʞʜʝʥʠʡ. ɿʜʝʩʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʠ ʤʥʦʛʦʢʨʘʪʥʦ ʧʝʨʝʢʦʧʘʥʳ, ʤʘʪʝʨʠʘʣ ʧʝʨʝ-
ʤʝʱʝʥ, ʙʦʣʴʰʠʝ ʪʝʨʨʠʪʦʨʠʠ ʟʘʥʷʪʳ ʦʪʚʘʣʘʤʠ. ʅʘʠʙʦʣʴʰʝʡ ʤʦʱʥʦʩʪʴʶ (ʜʦ 20 ʤ) ʦʙʣʘʜʘʶʪ 
ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʝʚʳʭ ʢʘʨʴʝʨʦʚ ʚʙʣʠʟʠ ʧʦʩ. ʈʝʯʥʦʡ. 
ʉʨʝʜʠ ʙʦʣʝʝ ʤʝʣʢʠʭ ʪʝʭʥʦʛʝʥʥʳʭ ʬʦʨʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʥʦʛʦʤʝʪʨʦʚʦʝ ʥʘʩʳʧʥʦʝ ʧʦʣʦʪʥʦ 

ʞʝʣʝʟʥʳʭ ʠ ʤʥʦʛʠʭ ʰʦʩʩʝʡʥʳʭ ʜʦʨʦʛ ʩ ʪʚʝʨʜʳʤ ʧʦʢʨʳʪʠʝʤ, ʚ ʩʠʣʴʥʝʡʰʝʡ ʩʪʝʧʝʥʠ ʢʦʥʪʨʦʣʠ-
ʨʫʶʱʠʭ ʩʦʚʨʝʤʝʥʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʪʦʢ, ʘ ʪʘʢʞʝ ʧʣʦʪʠʥʳ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤʠ ʚʦʜʦʭʨʘʥʠ-
ʣʠʱʘ. 
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ɼʣʷ ʢʘʞʜʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʛʨʫʧʧʳ ʨʝʣʴʝʬʘ ʧʨʠʩʫʱʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʦʨʤʳ. ʅʘ ʢʘʨʪʠʨʫʝʤʦʡ 
ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʚʠʪʳ ʩʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʝ, ʧʨʦʩʘʜʦʯʥʳʝ (ʢʘʨʩʪʦʚʦ-ʩʫʬʬʦʟʠʦʥʥʳʝ), ʬʣʶ-
ʚʠʘʣʴʥʳʝ, ʢʨʠʦʛʝʥʥʳʝ, ʵʦʣʦʚʳʝ ʠ ʪʝʭʥʦʛʝʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ. ʇʦʩʣʝʜʥʠʝ ʜʚʘ ʚʠʜʘ ʦʧʠʩʘʥʳ ʚ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʜʨʘʟʜʝʣʘʭ: çʕʦʣʦʚʘʷ ʨʘʚʥʠʥʘ ʛʦʣʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘè ʠ çʊʝʭʥʦʛʝʥʥʳʡ 
ʘʢʢʫʤʫʣʷʪʠʚʥʳʡ ʨʝʣʴʝʬè. 
ʉʪʨʫʢʪʫʨʥʦ-ʜʝʥʫʜʘʮʠʦʥʥʳʝ ʬʦʨʤʳ ʨʝʣʴʝʬʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʝʥʫʜʘʮʠʦʥʥʳʤʠ ʦʩʪʘʥʮʘʤʠ ï 

ʚʳʪʷʥʫʪʳʤʠ ʠ ʦʚʘʣʴʥʳʤʠ ʩʦʧʢʘʤʠ ʩ ʢʨʫʪʳʤʠ ʟʘʜʝʨʥʦʚʘʥʥʳʤʠ ʩʢʣʦʥʘʤʠ, ʢ ʚʝʨʰʠʥʘʤ ʢʦʪʦʨʳʭ 
ʥʝʨʝʜʢʦ ʧʨʠʫʨʦʯʝʥʳ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʩʢʘʣʴʥʳʭ ʧʦʨʦʜ. ɼʝʥʫʜʘʮʠʦʥʥʳʝ ʦʩʪʘʥʮʳ ʨʘʟʚʠʪʳ ʥʘ 
ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʠ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʩʢʣʦʥʘʭ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʦʥʠ ʥʘʙʣʶʜʘʶʪʩʷ ʚ 
ʤʝʞʜʫʨʝʯʴʝ ʋʨʫʩ-ʂʠʩʢʝʥʘ ʠ ʂʘʠʥʜʳ, ɼʞʫʩʳ ʠ ɾʘʤʘʥ-ɸʢʞʘʨʘ, ʂʘʨʘʛʘʥʜʳ ʠ ʂʘʨʘʙʫʪʘʢʘ. ʈʘʟ-
ʤʝʨʳ ʜʝʥʫʜʘʮʠʦʥʥʳʭ ʦʩʪʘʥʮʦʚ 100ï300 ʤ ʧʨʠ ʚʳʩʦʪʝ 30ï60 ʤ. 
ʇʨʦʩʘʜʦʯʥʳʝ ʬʦʨʤʳ ʚʳʨʘʞʝʥʳ ʢʘʨʩʪʦʚʳʤʠ ʚʦʨʦʥʢʘʤʠ ʠ ʩʫʬʬʦʟʠʦʥʥʳʤʠ ʟʘʧʘʜʠʥʘʤʠ. ʂʘʨ-

ʩʪʦʚʳʝ ʚʦʨʦʥʢʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʫʯʘʩʪʢʘʤ, ʩʣʦʞʝʥʥʳʤ ʠʟʚʝʩʪʥʷʢʘʤʠ ʢʘʨʙʦʥʘ, ʚ ʨʝʣʴʝʬʝ ʠʤʝʁ ʪ 
ʚʠʜ ʩʫʭʠʭ ʩʪʝʧʥʳʭ ʦʟʝʨ ʜʠʘʤʝʪʨʦʤ 30ï40 ʤ. ʉʫʬʬʦʟʠʦʥʥʳʝ ʟʘʧʘʜʠʥʳ ʦʪʤʝʯʘʶʪʩʷ ʥʘ ʤʝʩʪʥʦ-
ʩʪʠ ʙʣʶʜʮʝʦʙʨʘʟʥʳʤʠ ʫʛʣʫʙʣʝʥʠʷʤʠ ʩ ʚʣʘʛʦʣʶʙʠʚʦʡ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʚ ʟʦʥʘʭ ʨʘʟʚʠʪʠʷ ʢʘʨʙʦ-
ʥʘʪʥʳʭ ʩʫʛʣʠʥʢʦʚ. 
ʆʙʨʘʟʦʚʘʥʠʷ ʬʣʶʚʠʘʣʴʥʦʛʦ ʨʝʣʴʝʬʘ ʨʘʟʚʠʪʳ ʥʘ ʚʦʜʦʨʘʟʜʝʣʴʥʳʭ ʩʢʣʦʥʘʭ ʠ ʩʢʣʦʥʘʭ ʨʝʯʥʳʭ 

ʜʦʣʠʥ. ʕʪʦ ʵʨʦʟʠʦʥʥʳʝ ʫʩʪʫʧʳ, ʦʚʨʘʛʠ, ʣʦʞʙʠʥʳ ʩʪʦʢʘ. ʕʨʦʟʠʦʥʥʳʝ ʫʩʪʫʧʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 
ʩʢʣʦʥʦʚ ʜʦʣʠʥ ʉʫʫʥʜʫʢʘ ʠ ʂʘʨʘʛʘʥʢʠ. ʆʚʨʘʛʠ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʥʘ ʩʢʣʦʥʘʭ ʨʝʯ-
ʥʦʡ ʩʝʪʠ, ʩʣʦʞʝʥʥʳʭ ʜʝʣʶʚʠʝʤ ʩʨʝʜʥʝʛʦïʚʝʨʭʥʝʛʦ ʥʝʦʧʣʝʡʩʪʦʮʝʥʘ. ʅʘ ʦʢʨʘʠʥʘʭ ʚʦʜʦʨʘʟʜʝʣʴ-
ʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʦʪʤʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʣʦʞʙʠʥʳ ʩʪʦʢʘ, ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫ-
ʝʪ ʚʦʜʦʨʘʟʜʝʣʴʥʳʝ ʩʢʣʦʥʳ. 
ʂ ʢʨʠʦʛʝʥʥʳʤ ʬʦʨʤʘʤ ʨʝʣʴʝʬʘ ʦʪʥʝʩʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʂʘʨʘʛʘʥ-

ʜ  rï ʙʫʛʨʳ ʧʫʯʝʥʠʷ. ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʥʠʞʝʥʥʳʤ ʟʘʙʦʣʦʯʝʥʥʳʤ ʫʯʘʩʪʢʘʤ ʤʝʩʪʥʦʩʪʠ, ʛʜʝ 
ʧʦʜ ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʛʣʠʥʘʤʠ ʟʘʣʝʛʘʶʪ ʚʦʜʦʫʧʦʨʥʳʝ ʛʣʠʥʳ ʞʠʣʘʥʜʠʥʩʢʦʡ ʩʚʠʪʳ. ɺʝʨʦʷʪʥʦ, 
ʤʝʞʧʣʘʩʪʦʚʳʝ ʚʦʜʳ, ʧʦʜ ʥʘʧʦʨʦʤ, ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʠ ʟʘʤʝʨʟʘʥʠʠ ʧʦʜʥʠʤʘʶʪ ʧʦ-
ʢʨʦʚʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʙʨʘʟʫʷ ʙʫʛʨʳ ʧʫʯʝʥʠʷ. 
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ʇʣʦʱʘʜʴ ʣʠʩʪʘ ʄ-40-VI ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʠ ʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ. 

ʇʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʟʜʝʩʴ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʥʘʯʘʣʘ ʧʨʦʰʣʦʛʦ ʚʝʢʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʧʦ-
ʠʩʢʦʚʳʭ ʨʘʙʦʪ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʦʤʳʰʣʝʥʥʦʝ ɼʞʫʩʠʥʩʢʦʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦ-ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʦʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʨʷʜ ʤʝʣʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʘ ʢʦʨʝʥʥʦʛʦ ʠ ʨʦʩʩʳʧ-
ʥʦʛʦ, ʢʚʘʨʮʘ ʦʧʪʠʯʝʩʢʦʛʦ, ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʪʪʨʠʝʚʦʡ ʠ ʮʝʨʠʝʚʦʡ ʛʨʫʧʧʳ, ʩʪʨʦʠ-
ʪʝʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺʩʝʛʦ ʫʩʪʘʥʦʚʣʝʥʦ 306 ʦʙʲʝʢʪʘ, ʚ ʪʦʤ ʯʠʩʣʝ: 56 ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 112 ʧʨʦ-
ʷʚʣʝʥʠʡ (ʚ ʪʦʤ ʯʠʩʣʝ 11 ʨʦʩʩʳʧʥʳʭ), 138 ʧʫʥʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘ-
ʝʤʳʭ. 

ɻʆʈʖʏʀɽ ʀʉʂʆʇɸɽʄʓɽ 

ʊɺɽʈɼʓɽ ɻʆʈʖʏʀɽ ʀʉʂʆʇɸɽʄʓɽ 

ʋɻʆʃʔ ʂɸʄɽʅʅʓʁ 

ʇʨʠʟʥʘʢʠ ʫʛʣʝʥʦʩʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ ʄ-40-VI ʦʙʥʘʨʫʞʝʥʳ ʥʘ ʅʠʞʥʝ-ɼʞʫʩʠʥʩʢʦʤ 
ʫʯʘʩʪʢʝ (ʧʨʦʷʚʣʝʥʠʠ). 
ʅʠʞʥʝ-ɼʞʫʩʠʥʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ (II -2-28) ʨʘʩʧʦʣʦʞʝʥʦ ʥʘ ʧʨʘʚʦʤ ʙʝʨʝʛʫ ʨ. ɼʞʫʩʳ, ʚ 8 ʢʤ 

ʚʳʰʝ ʫʩʪʴʷ. ʇʣʘʩʪ ʫʛʣʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,25ï0,44 ʤ ʟʘʣʝʛʘʝʪ ʩʨʝʜʠ ʪʫʬʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ 
ʙʝʨʝʟʦʚʩʢʦʡ ʩʚʠʪʳ, ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʫʛʣʝʡ ï 12,35 ʤ. ʈʘʟʤʝʨ ʫʯʘʩʪʢʘ, ʩʣʦʞʝʥʥʦʛʦ ʢʘʤʝʥʥʦ-
ʫʛʦʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ, 70Ĭ80 ʤ. ʇʦ ʧʨʦʩʪʠʨʘʥʠʶ ʧʣʘʩʪ ʥʝ ʧʨʦʩʣʝʞʝʥ. ʇʘʜʝʥʠʝ ʧʣʘʩʪʘ ʟʘ-
ʧʘʜʥʦʝ, ʧʦʜ ʫʛʣʦʤ 60ï70̄ . 
ʋʛʦʣʴ ʜʘʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʦʣʴʥʦʩʪʴʶ 26,74 %, ʪʝʧʣʦʪʦʡ ʩʛʦʨʘʥʠʷ ï 

4 869 ʢʢʘʣ/ʢʛ. ʆʥ ʦʪʥʦʩʠʪʩʷ ʢ ʩʨʝʜʥʝʟʦʣʴʥʳʤ, ʤʘʣʦʩʝʨʥʠʩʪʳʤ, ʧʦ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ï ʢ 
ʢʘʤʝʥʥʳʤ ʫʛʣʷʤ ʤʘʨʢʠ ʇʉ ʠʣʠ ʊ. 
ɼʘʥʥʳʭ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʚʦʟʤʦʞʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚ ʫʛʣʝʥʦʩʥʦʩʪʠ ʨʘʡʦʥʘ, ʥʝʪ. 

ʊʆʈʌ 

ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʨʘʡʦʥʘ, ʚ ʟʘʙʦʣʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʣʠʥʳ ʨ. ɹʘʫʟʜʳ ʠ ʝʝ ʧʨʠʪʦʢʦʚ, 
ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʟʘʣʝʞʠ ʪʦʨʬʘ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʪʦʨʬʷʥʠʢʘʤʠ ʷʚʣʷʶʪʩʷ: ɺʝʨʭʥʝ-ɹʘʫʟʜʠʥ-
ʩʢʦʝ (IV-1-15) ʠ ʅʦʚʦ-ʆʨʩʢʦʝ (IV-1-16). ʊʦʨʬ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦʙʚrʘʣʩʷ ʤʝʩʪʥʳʤʠ 
ʞʠʪʝʣʷʤʠ. ʈʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʥʘ ʵʪʠʭ ʪʦʨʬʷʥʠʢʘʭ ʥʝ ʧʨʦʠʟʚʦʜʠʣʠʩʴ. ʅʝʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ 
ʪʦʨʬʷʥʠʢʦʚ ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʢʨʫʧʥʳʭ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʟʜʝʩʴ ʦʞʠʜʘʪʴ ʥʝ ʧʨʠʭʦ-
ʜʠʪʩʷ. 

ʄɽʊɸʃʃʀʏɽʉʂʀɽ ʀʉʂʆʇɸɽʄʓɽ 

ʏɽʈʅʓɽ ʄɽʊɸʃʃʓ 

ɾɽʃɽɿʆ 

ɺ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ ʠʟʚʝʩʪʥʦ 4 ʧʨʦʷʚʣʝʥʠ ̫ ʞʝʣʝʟʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʢ ʞʝʣʝʟʦʨʫʜʥʦʡ 
ʩʢʘʨʥʦʚʦʡ ʠ ʙʫʨʦʞʝʣʝʟʥʷʢʦʚʦʡ ʬʦʨʤʘʮʠʷʤ. ʆʜʥʦ ʧʨʦʷʚʣʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ ʞʝʣʝʟʦʨʫʜʥʦʡ ʩʠʜʝ-
ʨʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. 
ʇʨʦʷʚʣʝʥʠʝ ʐʠʣʠʢʪʠʥʩʢʦʝ (II -2-7) ʦʪʥʦʩʠʪʩʷ ʢ ʞʝʣʝʟʦʨʫʜʥʦʡ ʩʢʘʨʥʦʚʦʡ ʬʦʨʤʘʮʠʠ. ɺ ʚʦ-

ʩʪʦʯʥʦʤ ʵʢʟʦʢʦʥʪʘʢʪʝ ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʘʩʩʠʚʘ, ʩʣʦʞʝʥʥʦʛʦ ʛʨʘʥʠʪʦʠʜʘʤʠ ʠ ʛʘʙʙʨʦʠʜʘʤʠ ʢʫʡ-




