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ɻɽʆʃʆɻʀʗ ʀ ʈɸɿɺɽɼʂɸ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʇʆʃɽɿʅʓʍ 

ʀʉʂʆʇɸɽʄʓʍ 
 

ʇʦʜʩʝʢʮʠʷ 1 ï ʇʘʣʝʦʥʪʦʣʦʛʠʷ, ʩʪʨʘʪʠʛʨʘʬʠʷ ʠ ʨʝʛʠʦʥʘʣʴʥʘʷ ʛʝʦʣʦʛʠʷ 
 

ʉʆʉʊɸɺ ʀ ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ʇɸʃɽʆɿʆʁʉʂʀʍ ɸʃʃʆʍʊʆʅʅʓʍ 
ʂɸʈɹʆʅɸʊʅʓʍ ʇʆʈʆɼ ɺ ʅʀɾʅɽʄɽɿʆɿʆʁʉʂʀʍ ʆʊʃʆɾɽʅʀʗʍ ʖɻʆ-

ɿɸʇɸɼʅʆɻʆ ʂʈʓʄɸ 
ʄ.ɸ. ɹʘʩʠʩʪʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ɻ.ʄ. ʉʝʜʘʝʚʘ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʂʨʳʤʘ ʥʝʪ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʦʚ ʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʨʦʜ, ʧʦʵʪʦʤʫ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʨʝʢʦʥʩʪʨʫʢʮʠʠ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʨʝʛʠʦʥʘ ʚ ʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʠʛʨʘʝʪ ʠʟʫʯʝʥʠʝ ʛʣʳʙ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʩʪʘʤʠ ʩʨʝʜʠ 
ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʛʘʣʝʢ ʠ ʚʘʣʫʥʦʚ ʠʟ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʩʨʝʜʥʝʡ ʶʨʳ (J2c) ʠ ʥʠʞʥʝʛʦ ʤʝʣʘ (ʂ1v2-h). 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʘʷ ʛʣʳʙʘ ʠʟʚʝʩʪʥʷʢʦʚ, ʥʘʭʦʜʷʱʘʷʩʷ ʩʨʝʜʠ ʧʦʨʦʜ 
ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ - ʥʠʞʥʝʡ ʶʨʳ (ʤʝʥʜʝʨʩʢʘʷ ʪʦʣʱʘ T3 ï J1mn) ʚ ʜʦʣʠʥʝ ʨ. ɹʦʜʨʘʢ ʫ ʩ. ʊʨʫʜʦʣʶʙʦʚʢʘ (ɹʘʭʯʠʩʘʨʘʡʩʢʠʡ 
ʨʘʡʦʥ). ɺ ʝʸ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʵʪʘʧʘ. 

1. ɼʦʨʝʚʦʣʶʮʠʦʥʥʳʡ ʵʪʘʧ. ʂ.ʂ. ʌʦʭʪ (1901) ʚʧʝʨʚʳʝ ʦʧʨʝʜʝʣʠʣ ʧʘʣʝʦʟʦʡʩʢʠʡ ʚʦʟʨʘʩʪ ʛʣʳʙʳ, ʘ ʪʘʢʞʝ 
ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʦʥʘ ʟʘʣʝʛʘʝʪ ʚ ʷʜʨʝ ʘʥʪʠʢʣʠʥʘʣʠ ʩʨʝʜʠ ʙʦʣʝʝ ʤʦʣʦʜʳʭ ʧʦʨʦʜ. ʇʦʟʞʝ ʝʸ ʩʪʘʣʠ ʩʯʠʪʘʪʴ ʷʜʨʦʤ 

ʧʨʦʪʳʢʘʥʠʷ, ʧʨʦʥʟʠʚʰʠʤ ʪʦʣʱʫ ʩʣʘʥʮʝʚ ʥʘʧʦʜʦʙʠʝ ʩʚʦʝʦʙʨʘʟʥʦʛʦ ʜʠʘʧʠʨʘ. 
2. ʉʦʚʝʪʩʢʠʡ ʵʪʘʧ. ʆ.ɻ. ʊʫʤʘʥʩʢʘʷ (1951) ʦʧʨʝʜʝʣʠʣʘ ʚʦʟʨʘʩʪ ʛʣʳʙʳ ʧʦ ʦʩʪʘʪʢʘʤ ʙʨʘʭʠʦʧʦʜ ʠ ʜʨʫʛʠʭ 

ʠʩʢʦʧʘʝʤʳʭ ʢʘʢ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ. ɸ.ɼ. ʄʠʢʣʫʭʦ-ʄʘʢʣʘʡ ʠ ʄ.ɺ. ʄʫʨʘʪʦʚ (1958) ʧʦ ʥʘʭʦʜʢʘʤ ʬʘʫʥʳ 
ʬʦʨʘʤʠʥʠʬʝʨ ʦʪʥʝʩʣʠ ʝʸ ʫʞʝ ʢ ʩʝʨʧʫʭʦʚʩʢʦʤʫ ʷʨʫʩʫ ʥʠʞʥʝʛʦ ʢʘʨʙʦʥʘ. ɻ.ʀ. ʉʦʢʨʘʪʦʚ (1950) ʧʨʠʚʸʣ ʨʷʜ ʩʦʦʙʨʘʞʝʥʠʡ ʚ 
ʧʦʣʴʟʫ ʢʦʨʝʥʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʛʣʳʙʳ. ɸ.ʉ. ʄʦʠʩʝʝʚ (1935) ʧʨʠʟʥʘʚʘʣ ʝʸ ʦʩʪʘʥʮʦʤ ʰʘʨʴʷʞʘ ʠʣʠ ʨʘʟʤʳʪʳʤ ʨʠʬʦʤ, 
ʚʦʚʣʝʯʸʥʥʳʤ ʚ ʩʢʣʘʜʯʘʪʦʩʪʴ. 

3. ʉʦʚʨʝʤʝʥʥʳʡ ʵʪʘʧ. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ ʬʘʫʥʳ ʠ ʫʪʦʯʥʝʥʠʝ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʛʣʳʙʳ. ʉʝʡʯʘʩ ʥʘʠʙʦʣʝʝ 
ʚʝʨʦʷʪʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʛʣʳʙʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʘʩʩʠʚ, ʢʦʪʦʨʳʡ ʚʦ ʚʨʝʤʷ ʥʘʢʦʧʣʝʥʠʷ ʪʘʚʨʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʦʙʚʘʣʠʣʩʷ ʚ ʤʦʨʝ ʩ ʩʦʩʝʜʥʠʭ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ ʠ ʟʘʪʝʤ ʩʧʦʣʟ ʧʦ ʠʣʠʩʪʦʤʫ ʤʦʨʩʢʦʤʫ ʜʥʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʥʘ ʦʢʘʟʘʣʘʩʴ 
ʧʦʛʨʝʙʸʥʥʦʡ ʚ ʪʦʣʱʝ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ. ʈʘʩʧʦʣʦʞʝʥʠʝ ʛʣʳʙʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʥʝʩʝʥʘ ʦʥʘ, ʚʝʨʦʷʪʥʦ, ʩ ʩʝʚʝʨʘ ʠʣʠ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʘ, ʠʟ ʦʙʣʘʩʪʠ ʥʳʥʝʰʥʝʡ ʦʢʨʘʠʥʳ ʨʘʚʥʠʥʥʦʛʦ ʂʨʳʤʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʚ ʪʨʠʘʩʦʚʦʝ ʠ ʶʨʩʢʦʝ ʚʨʝʤʷ 
ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʛʦʨʥʳʝ ʧʦʜʥʷʪʠʷ. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʛʣʳʙʘ ʦʜʥʦʨʦʜʥʘ, ʩʣʦʞʝʥʘ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ, ʧʝʣʠʪʦʤʦʨʬʥʳʤʠ, 
ʤʘʩʩʠʚʥʳʤʠ, ʥʝʩʣʦʠʩʪʳʤʠ, ʢʨʝʧʢʠʤʠ, ʨʘʟʙʠʪʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʦʣʦʩʦʚʠʜʥʳʤʠ ʪʨʝʱʠʥʘʤʠ ʦʪ 2 ʜʦ 8 ʤʤ, 
ʚʳʧʦʣʥʝʥʥʳʤʠ ʢʘʣʴʮʠʪʦʤ. ʈʘʟʤʝʨ ʝʸ ʦʢʦʣʦ 50 ʤ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠ ʠʟʚʝʩʪʥʷʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʨʘʟʥʦʩʪʴʶ. ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʪʨʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ 

ʪʠʧʘ: ʠʟʚʝʩʪʥʷʢ ʜʝʪʨʠʪʦʚʳʡ, ʠʟʚʝʩʪʥʷʢ ʙʠʦʤʦʨʬʥʳʡ ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʠʟʚʝʩʪʥʷʢ. ʉʨʝʜʠ ʦʩʪʘʪʢʦʚ ʧʨʝʦʙʣʘʜʘʶʪ ʩʣʝʜʳ ʠ 
ʪʝʥʠ ʢʨʘʩʥʳʭ ʚʦʜʦʨʦʩʣʝʡ (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ Donezella ex. gr. lutugini Masl.), ʦʩʪʘʪʢʠ ʤʝʣʢʠʭ ʠ ʢʨʫʧʥʳʭ ʬʦʨʘʤʠʥʠʬʝʨ 
(ʦʪʨʷʜ Fusulinida), ʤʦʨʩʢʠʭ ʝʞʝʡ, ʢʨʠʥʦʠʜʝʡ (ʠʭ ʯʣʝʥʠʢʦʚ), ʤʰʘʥʦʢ, ʨʘʢʦʚʠʥʥʳʭ ʤʦʣʣʶʩʢʦʚ, ʢʦʨʘʣʣʦʚ (Chaetetes, 
Litostrotion baschkiricum Perna). ɼʘʥʥʳʝ ʥʘʭʦʜʢʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʡ ʚʦʟʨʘʩʪ ʛʣʳʙʳ, ʥʘʣʠʯʠʝ ʚ ʥʝʡ 
ʢʦʨʘʣʣʦʚ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ ʝʸ ʨʠʬʦʤ, ʘ ʦʙʠʣʠʝ ʙʝʥʪʦʩʥʦʡ ʬʘʫʥʳ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ 
ʤʝʣʢʦʚʦʜʴʝ, ʥʘ ʢʨʘʶ ʰʝʣʴʬʘ. 
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1. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʂʘʯʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ɻʦʨʥʦʛʦ ʂʨʳʤʘ. ʉʪʨʘʪʠʛʨʘʬʠʷ ʤʝʟʦʟʦʷ / ʇʦʜ ʨʝʜ. ʆ.ɸ. ʄʘʟʘʨʦʚʠʯʘ ʠ 
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ɹʈɸʍʀʆʇʆɼʓ ʆʊʈʗɼɸ SPIRIFERIDA ɺ ʉʊʈɸʊʆʊʀʇʀʏɽʉʂʆʁ ʄɽʉʊʅʆʉʊʀ 

ʅʀɾʅɽʂɸɿɸʅʉʂʆɻʆ ʇʆɼʒʗʈʋʉɸ 
ɺ.ʇ. ɹʦʣʪʘʝʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ B.C. ɻʫʙʘʨʝʚʘ 



ʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʝʨʫʜʥʦʛʦ ʩʳʨʴʷ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 
 
ʇʨʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʨʘʩʯʣʝʥʝʥʠʠ ʪʦʣʱ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʧʦʣʫʯʠʣʠ 

ʥʘʠʤʝʥʦʚʘʥʠʝ ʙʨʘʭʠʦʧʦʜʦʚʦʛʦ (ɻʦʣʦʚʢʠʥʩʢʠʡ, 1869), ʘ ʧʦʟʞʝ, ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʚ ʢʦʤʧʣʝʢʩʝ ʠʭ ʩʧʠʨʠʬʝʨʠʜʘʤ, 
ʥʘʟʚʘʥʳ ʙʳʣʠ ʩʧʠʨʠʬʝʨʦʚʳʤ ʛʦʨʠʟʦʥʪʦʤ (ʅʝʯʘʝʚ, 1915). ʀ ʵʪʦ ʥʝ ʩʣʫʯʘʡʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʩʧʠʩʢʝ ʚʩʪʨʝʯʝʥʥʳʭ ʠ 
ʦʧʠʩʘʥʥʳʭ ʙʨʘʭʠʦʧʦʜ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʨʠʥʘʜʮʘʪʴ ʚʠʜʦʚ, ʦʪʥʝʩʝʥʥʳʭ  
ɸ.ɺ. ʅʝʯʘʝʚʳʤ ʢ ʰʠʨʦʢʦ ʧʦʥʠʤʘʚʰʝʤʫʩʷ ʚ ʪʦ ʚʨʝʤʷ ʨʦʜʫ Spirifer. ʈʘʟʚʠʪʠʝʤ ʵʪʠʭ ʨʘʙʦʪ ʷʚʠʣʠʩʴ ʧʫʙʣʠʢʘʮʠʠ ɹ.ʂ. 
ʃʠʭʘʨʝʚʘ ʧʦ ʦʧʠʩʘʥʠʶ ʙʨʘʭʠʦʧʦʜ ʢʘʟʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʦʚ ɽʚʨʦʧʝʡʩʢʦʡ ʈʦʩʩʠʠ ʠ ʠʟ ʨʘʟʨʝʟʦʚ 
ɹʠʘʨʤʠʡʩʢʦʡ ʦʙʣʘʩʪʠ ɸʟʠʘʪʩʢʦʡ ʯʘʩʪʠ ʩʪʨʘʥʳ (ʃʠʭʘʨʝʚ, 1913, 1931, 1934, 1939, 1943). ɿʥʘʥʠʝ ʢʘʟʘʥʩʢʦʡ ʬʘʫʥʳ 
ʙʨʘʭʠʦʧʦʜ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʧʦʟʚʦʣʠʣʦ ɹ.ʂ. ʃʠʭʘʨʝʚʫ (1957) ʚ ʦʙʦʙʱʘʶʱʝʤ ʜʦʢʣʘʜʝ ʧʦ ʩʧʠʨʠʬʝʨʠʜʘʤ, ʥʘʨʷʜʫ ʩ 
ʠʟʚʝʩʪʥʳʤʠ ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʨʦʜʘʤʠ Licharewia Einor, Permospirifer Kulikov, Blasispirifer Kulikov, ʚʳʜʝʣʠʪʴ ʛʨʫʧʧʳ ʚʠʜʦʚ, 

ʧʦʩʣʫʞʠʚʰʠʝ ʦʩʥʦʚʦʡ ʜʣʷ ʚʳʜʝʣʝʥʠʷ Kaninospirifer Licharew, Odontospirifer Dunbar, Tumarinia Grigorjewa et Solomina 
ɻʣʘʜʢʦʩʠʥʫʩʦʚʳʝ ʩʧʠʨʠʬʝʨʠʜʳ, ʚʭʦʜʷʱʠʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʩʝʤʝʡʩʪʚʦ Licharewiidae, ʦʧʨʝʜʝʣʷʶʪ ʦʙʣʠʢ 

ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʙʨʘʭʠʦʧʦʜ. 
ɼʝʪʘʣʴʥʦʝ ʠ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʨʦʜʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʦʩʪʘʚ ʨʦʜʘ Licharewia ʧʨʦʚʝʜʝʥʦ ɸ.ɼ. ɻʨʠʛʦʨʴʝʚʦʡ 

(ʉʣʶʩʘʨʝʚʘ, 1960). ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʚʠʟʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʢʦʣʣʝʢʮʠʡ ʙʨʘʭʠʦʧʦʜ ʝʶ ʢ ʵʪʦʤʫ ʨʦʜʫ ʦʪʥʝʩʝʥʳ 
Licharewia rugulata (Kut), L. stuckenbergi (Netsch.), L. latiareata (Netsch.), L. schrenckii (Keys.). 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʦʜ Permospirifer Kulikov, ʧʦ ʜʘʥʥʳʤ ɸ.ɼ. ɻʨʠʛʦʨʴʝʚʦʡ (1960), ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʣʠʰʴ ʚ 
ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʝʚʝʨʥʦʛʦ ʢʨʘʷ, ʤʳ ʩʯʠʪʘʝʤ ʥʫʞʥʳʤ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʳ ʄ.ɽ. ʄʠʨʯʠʥʢ (1935), ʛʜʝ ʦʥʘ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ Permospirifer keyserlingi (Netsch.) ʚ ʨʘʡʦʥʝ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʛʦ ʢʨʘʷ (ʩ. ʂʘʤʳʰʣʘ), ʘ ʪʘʢʞʝ ʥʘ 
ʝʜʠʥʠʯʥʳʝ ʥʘʭʦʜʢʠ ʥʘ ʨ. ɺʷʪʢʘ. 

ʇʨʠ ʠʟʫʯʝʥʠʠ ʜʝʪʘʣʝʡ ʤʦʨʬʦʣʦʛʠʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʬʦʨʤʳ ʚ ʢʘʟʘʥʩʢʦʤ ʷʨʫʩʝ Spiriferina subcristata 
Netcsh. ʀʚʘʥʦʚʘ (1960), ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʷʜʘ ʧʨʠʟʥʘʢʦʚ, ʦʧʠʩʘʣʘ ʝʛʦ ʢʘʢ Odontospirifer subcristatus (Netsch.) ʠ ʚʢʣʶʯʠʣʘ ʚ 
ʩʝʤʝʡʩʪʚʦ Paeckelmanellidae (ʀʚʘʥʦʚʘ, 1972). 

ɺʠʜ, ʚʳʜʝʣʝʥʥʳʡ ɸ.ɺ. ʅʝʯʘʝʚʳʤ (1894) ʢʘʢ Spiriferina multiplicata sp.nov., ʧʦ ʛʦʣʦʪʠʧʫ ɽ.ʀ. ʀʚʘʥʦʚʦʡ (1960) 
ʦʧʠʩʘʥ ʢʘʢ Reticulariina netschajewi. ʇʦʟʞʝ ɸ.ɼ. ɻʨʠʛʦʨʴʝʚʘ (1967) ʧʦ ʨʘʟʚʠʪʠʶ ʭʘʨʘʢʪʝʨʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʨʘʢʦʚʠʥʳ, ʘ 
ʪʘʢʞʝ ʧʦ ʥʝʢʦʪʦʨʳʤ ʵʣʝʤʝʥʪʘʤ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʦʪʥʝʩʣʘ ʝʛʦ ʢ ʨʦʜʫ Spiriferellina ʠ ʦʧʠʩʘʣʘ ʢʘʢ ʚʠʜ Spiriferellina 

netschajewi (E.Ivan.), ʚʭʦʜʷʱʠʡ ʚ ʩʦʩʪʘʚ ʩʝʤʝʡʩʪʚʘ Spiriferinidae. 
ɺ ʢʦʣʣʝʢʮʠʠ ɸ.ɺ. ʅʝʯʘʝʚʘ ʠ ʄ.ʕ. ʗʥʠʰʝʚʩʢʦʛʦ ʚʩʪʨʝʯʝʥʳ ʬʦʨʤʳ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚʳʜʝʣʷʚʰʠʝʩʷ ʢʘʢ Spirifer 

blasii Netsch. ʇʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʠʟʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʫʜʘʣʦʩʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʥ ʦʪʚʝʯʘʝʪ ʨʦʜʫ Blasispirifer (Kulikov, 1950) ʠ 
ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʩʣʝʜʥʠʤʠ ʨʘʙʦʪʘʤʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʩʧʠʨʠʬʝʨʠʜ ʦʪʥʦʩʠʪʩʷ ʢ ʩʝʤʝʡʩʪʚʫ Trigonotretidae (ɻʫʙʘʨʝʚʘ, 
ɹʦʣʪʘʝʚʘ,1998). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʩʧʠʨʠʬʝʨʠʜʳ ʥʠʞʥʝʢʘʟʘʥʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʚʢʣʶʯʘʶʪ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
ʧʷʪʠ ʩʝʤʝʡʩʪʚ ʦʪʨʷʜʘ Spiriferida: Licharewiidae, Paeckelmanellidae, Trigonotretidae, Spiriferinidae, Ambocoeliidae, 
ʚʢʣʶʯʘʶʱʠʭ ʩʝʤʴ ʨʦʜʦʚ. 

ʆʜʥʘʢʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʠʨʠʬʝʨʠʜ ʢʘʟʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʩʝʤʝʡʩʪʚʫ Licharewiidae, ʚ ʢʦʪʦʨʦʤ 

ʢʨʦʤʝ ʩʦʙʩʪʚʝʥʥʦ ʨʦʜʘ Licharewia (Einor), Permospirifer Kulikov ʝʱʝ 30 ʣʝʪ ʥʘʟʘʜ ʙʳʣ ʚʳʜʝʣʝʥ ʨʦʜ Tumarinia 
(ɻʨʠʛʦʨʴʝʚʘ, ʉʦʣʦʤʠʥʘ, 1973). ʂ ʥʝʤʫ ʫʩʣʦʚʥʦ, ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʙʳʣ ʦʪʥʝʩʝʥ ʚʠʜ Licharewia latiareata 
(Netsch.) ʠʟ ʢʘʟʘʥʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ɺʦʣʞʩʢʦ-ʂʘʤʩʢʦʛʦ ʢʨʘʷ. 

ʆʜʥʠʤ ʠʟ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʩʝʤʝʡʩʪʚʫ Licharewiidae, ʷʚʣʷʝʪʩʷ ʨʘʙʦʪʘ  
ʈ.ɺ. ʉʦʣʦʤʠʥʦʡ (2001). ɽʶ, ʥʘ ʤʘʪʝʨʠʘʣʘʭ ʠʟ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʪʦʣʱ ʊʘʡʤʳʨʘ, ɺʝʨʭʦʷʥʴʷ ʠ ʂʦʣʳʤʦ-ʆʤʦʣʦʥʩʢʦʛʦ 
ʨʘʡʦʥʘ, ʧʨʦʚʝʜʝʥʘ ʨʝʚʠʟʠʷ ʨʦʜʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʝʛʦ ʩʦʩʪʘʚ. ʇʨʠ ʵʪʦʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʧʨʦʩʣʝʞʠʚʘʥʠʠ ʪʦʣʴʢʦ ʚʥʝʰʥʠʭ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʛʣʘʜʢʦʩʠʥʫʩʦʚʳʭ ʩʧʠʨʠʬʝʨʠʜ ʙʳʣʠ ʜʦʧʫʱʝʥʳ ʥʝʪʦʯʥʦʩʪʠ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʤ ʧʦʥʠʤʘʥʠʠ 
ʨʦʜʦʚʳʭ ʢʘʪʝʛʦʨʠʡ ʩʝʤʝʡʩʪʚʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʚʪʦʨʦʤ ʚ ʩʦʩʪʘʚʝ ʩʝʤʝʡʩʪʚʘ Licharewiidae ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʳʜʝʣʝʥʦ 

ʜʝʩʷʪʴ ʨʦʜʦʚ: Verhotomia Sokolskaja, 1963; Orulgania Solomina et Tschernjak, 1961; Kungaella Solomina, 1988; Cyrtella 
Fredericks, 1916; Tumarinia Solomina et Grigorjewa, 1973; Licharewia Einor, 1939; Permospirifer Kulikov, 1950; Penzinella 
Solomina, 1985. 

ʅʘ ʠʭ ʦʩʥʦʚʝ ʚ ɹʦʨʝʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʚʢʣʶʯʘʶʱʝʡ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʫʶ ʧʣʘʪʬʦʨʤʫ, ʚ ʧʨʝʜʝʣʘʭ ɺʦʩʪʦʯʥʦ-
ɸʨʢʪʠʯʝʩʢʦʡ ʠ ɿʘʧʘʜʥʦ-ɸʨʢʪʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʡ ʚʳʜʝʣʝʥʦ ʩʝʤʴ ʛʝʥʦʟʦʥ ʧʦ ʙʨʘʭʠʦʧʦʜʘʤ. ʅʘ ɺʦʩʪʦʯʥʦ-ɽʚʨʦʧʝʡʩʢʦʡ 
ʧʣʘʪʬʦʨʤʝ ʈ.ɺ. ʉʦʣʦʤʠʥʦʡ ʧʨʦʩʣʝʞʝʥʳ ʜʚʝ ʠʟ ʥʠʭ: ʚ ʘʨʪʠʥʩʢʦ-ʢʫʥʛʫʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʥʠʞʥʝʡ ʧʝʨʤʠ ʧʦ ʥʘʭʦʜʢʘʤ 
Cyrtella ʠ ʚ ʥʠʞʥʝʢʘʟʘʥʩʢʦʤ ʧʦʜʲʷʨʫʩʝ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʧʦ ʨʦʜʘʤ Licharewia, Permospirifer, ʠ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʧʦ 
ʨʘʟʚʠʪʠʶ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʛʝʥʦʟʦʥʳ ʨʦʜʘ Tumarinia. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʣʘ ʫʩʣʦʚʥʦʩʪʴ ʚ 

ʦʪʥʝʩʝʥʠʠ ʚʠʜʘ Licharewia latiareata (Netsch.) ʢ ʨʦʜʫ Tumarinia, ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʜʘʪʴ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 
Tumarinia latiareata (Netsch.). 

Tumarinia latiareata (Netsch.), 1900 
1. Spirifer latiareatus: ʅʝʯʘʝʚ, 1900, ʩʪʨ. 13, ʪʘʙʣ. I, ʬʠʛ. 3,4; 1911, ʩʪʨ. 69-70, ʪʘʙʣ. ʍI, ʬʠʛ. 4,9,10. 
2. Spirifer planus: ʅʝʯʘʝʚ, 1900, ʩʪʨ. 16, ʪʘʙʣ. 1, ʬʠʛ. 10; 1911, ʩʪʨ. 70, ʪʘʙʣ. XI, ʬʠʛ. 8. 
3. Spirifer curvirostris: ʃʠʭʘʨʝʚ, 1913, ʩʪʨ. 49, ʪʘʙʣ. 1, ʬʠʛ. 23-25. 
4. Spirifer vaengaensis: ʃʠʭʘʨʝʚ, 1931, ʩʪʨ. 18-23, ʪʘʙʣ. III , ʬʠʛ. 1-7. 
5. Licharewia latiareata: ʉʣʶʩʘʨʝʚʘ, 1960, ʩʪʨ. 61, ʪʘʙʣ. IV, ʬʠʛ. 1-6, ʪʘʙʣ. XI, ʬʠʛ. 5-6. 

6. Tumarinia latiareata: ɻʨʠʛʦʨʴʝʚʘ, 1977, ʩʪʨ. 48, ʪʘʙʣ. VII, ʬʠʛ. 3-5; ʂʘʣʘʰʥʠʢʦʚ, 1986, ʪʘʙʣ. 129, ʬʠʛ. 6. 
ɻʦʣʦʪʠʧ ʥʝ ʠʟʚʝʩʪʝʥ. ɺ ʢʘʯʝʩʪʚʝ ʣʝʢʪʦʪʠʧʘ ɸ.ɼ. ɻʨʠʛʦʨʴʝʚʦʡ ʠʟʙʨʘʥ ʵʢʟʝʤʧʣʷʨ ɸ.ɺ. ʅʝʯʘʝʚʘ, 1900, ʪʘʙʣ.1, 

ʬʠʛ.3, ʩ. ʇʝʯʠʱʠ, ʨ. ɺʦʣʛʘ, ʚʝʨʭʥʷʷ ʧʝʨʤʴ (ʭʨʘʥʠʪʩʷ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʤʫʟʝʝ ʂɻʋ). 
ʆʧʠʩʘʥʠʝ. ʈʘʢʦʚʠʥʘ ʦʪ ʩʨʝʜʥʠʭ ʜʦ ʢʨʫʧʥʳʭ ʨʘʟʤʝʨʦʚ, ʨʦʤʙʦʠʜʘʣʴʥʦʡ ʬʦʨʤʳ, ʥʘʠʙʦʣʴʰʘʷ ʰʠʨʠʥʘ ʚ ʩʨʝʜʥʝʡ 

ʯʘʩʪʠ ʨʘʢʦʚʠʥʳ. ʐʠʨʠʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʜʣʠʥʝ, ʦʪʥʦʰʝʥʠʝ ʐ/ɼ = 1.0. ɹʨʶʰʥʘʷ ʩʪʚʦʨʢʘ ʨʘʚʥʦʤʝʨʥʦ-ʚʳʧʫʢʣʘʷ, ʩ 
ʦʢʨʫʛʣʳʤʠ ʙʦʢʘʤʠ. ʄʘʢʫʰʢʘ ʤʘʣʝʥʴʢʘʷ, ʥʦʩʠʢ ʩʣʝʛʢʘ ʟʘʛʥʫʪ ʢ ʩʤʳʯʥʦʤʫ ʢʨʘʶ. ɸʨʝʷ ʚʳʩʦʢʘʷ ʦʪ 19 ʜʦ 28 ʩʤ, ʰʠʨʦʢʦ 
ʪʨʝʫʛʦʣʴʥʘʷ, ʧʣʦʩʢʦʩʪʴ ʘʨʝʠ ʧʦʯʪʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʢ ʧʣʦʩʢʦʩʪʠ ʩʠʤʤʝʪʨʠʠ, ʧʦʚʝʨʭʥʦʩʪʴ ʘʨʝʠ ʩʣʘʙʦ ʚʦʛʥʫʪʘʷ, 
ʠʩʯʝʨʯʝʥʥʘʷ ʢʦʩʳʤʠ ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʣʠʥʠʷʤʠ. ɼʝʣʴʪʠʨʠʡ ʰʠʨʦʢʠʡ, ʨʘʚʥʳʡ ʪʨʝʪʠ ʜʣʠʥʳ ʩʤʳʯʥʦʛʦ ʢʨʘʷ, ʩ 

ʨʘʟʦʙʱʝʥʥʳʤʠ ʜʝʣʴʪʠʜʠʘʣʴʥʳʤʠ ʧʣʘʩʪʠʥʘʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʨʘʚʥʦʤʝʨʥʦʝ ʫʪʦʣʱʝʥʠʝ. ʉʠʥʫʩ ʛʣʘʜʢʠʡ, ʥʝ ʛʣʫʙʦʢʠʡ, ʩ 
ʧʦʢʘʪʳʤʠ ʙʦʢʘʤʠ, ʢ ʧʝʨʝʜʥʝʤʫ ʢʨʘʶ ʰʠʨʠʥʘ ʩʠʥʫʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʪʨʝʪʠ ʨʘʢʦʚʠʥʳ, ʦʥ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʩʣʝʛʢʘ 



ʦʪʪʷʥʫʪʳʤ ʢ ʩʧʠʥʥʦʡ ʩʪʚʦʨʢʝ ʷʟʳʯʢʦʤ. ʈʝʙʨʘ ʧʨʦʩʪʳʝ ʧʣʦʩʢʠʝ, ʥʝʚʝʪʚʷʱʠʝʩʷ, ʩ ʫʟʢʠʤʠ ʨʘʟʜʝʣʷʶʱʠʤʠ ʠʭ ʙʦʨʦʟʜʢʘʤʠ. 
ɺ ʮʝʣʦʤ ʨʝʙʨʠʩʪʦʩʪʴ ʙʦʣʝʝ ʪʦʥʢʘʷ ʯʝʤ, ʥʘʧʨʠʤʝʨ, ʫ Licharewia rugulata (Kut). ʂʦʣʠʯʝʩʪʚʦ ʨʝʙʝʨ ʧʦ ʙʦʢʘʤ ʦʪ ʩʠʥʫʩʘ ï ʜʦ 
11. ʂʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʣʠʥʠʠ ʥʘʨʘʩʪʘʥʠʷ ʛʨʫʙʳʝ. ɺʥʫʪʨʠ ʙʨʶʰʥʦʡ ʩʪʚʦʨʢʠ ʧʣʦʩʢʠʝ ʟʫʙʥʳʝ ʧʣʘʩʪʠʥʳ, ʟʘʢʘʥʯʠʚʘʶʱʠʝʩʷ 

ʥʘ ʩʝʨʝʜʠʥʝ ʜʥʘ ʨʘʢʦʚʠʥʳ ʚ ʚʠʜʝ ʪʦʥʢʠʭ ʚʘʣʠʢʦʚ, ʦʛʠʙʘʶʱʠʭ ʤʫʩʢʫʣʴʥʦʝ ʧʦʣʝ. ʄʘʢʫʰʝʯʥʦʝ ʟʘʧʦʣʥʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʪʩʫʪʩʪʚʫʝʪ. ʉʧʠʥʥʳʭ ʩʪʚʦʨʦʢ ʚ ʥʘʰʝʤ ʤʘʪʝʨʠʘʣʝ ʥʝ ʠʤʝʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1 

 

ˉ 
ʧ.ʧ. 

ʄʝʩʪʦ-
ʧʦʣʦʞʝʥʠʝ 

N ʦʙʨʘʟʮʘ ɼʣʠʥʘ 
ʐʠʨʠ-
ʥʘ 

ɺʳʧʫʢ- 
ʣʦʩʪʴ 

ʏʠʩʣʦ ʨʝʙʝʨ 
ʥʘ 5ʤʤ 

ʏʠʩʣʦ 

ʨʝʙʝʨ ʥʘ 
ʧʦʣʦʚʠʥʝ 
ʩʪʚʦʨʢʠ 

ɺʳʩʦʪʘ 
ʘʨʝʠ   ʥʘʜ 
ʤʘʢʫʰʢʦʡ 

ʄʘʢʫ- 

ʰʝʯʥʳʡ 
ʫʛʦʣ ʚ 
ʛʨʘʜ. 

ʚ 10 ʤʤ 
ʦʪ ʄ 

ʧʦ ʣʦʙʥʦʤʫ 
ʢʨʘʶ 

1 ʩ. ʇʝʯʠʱʠ 37-1/2 52 55 52 5 3 14 28 110 
2 ʩ. ʇʝʯʠʱʠ 37-1/5 38 39 42 4 3 12 19 110 

3 ʩ. ʂʘʤʳʰʣʘ 37/1 27 53  4 3 12 19 118 

 
ʉʨʘʚʥʝʥʠʷ ʠ ʟʘʤʝʯʘʥʠʷ. ʆʪ Licharewia Einor ʦʪʣʠʯʘʝʪʩʷ ʨʦʤʙʦʠʜʘʣʴʥʦʡ ʬʦʨʤʦʡ ʨʘʢʦʚʠʥʳ, ʘ ʪʘʢʞʝ 

ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʘʨʝʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʟʫʙʥʳʝ ʧʣʘʩʪʠʥʳ ʜʣʠʥʥʳʝ, ʩʣʘʙʦ ʫʪʦʣʱʝʥʥʳʝ. ʄʘʢʫʰʢʘ ʙʨʶʰʥʦʡ 
ʩʪʚʦʨʢʠ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʦʜʘ Licharewia ʥʝ ʦʪʪʷʥʫʪʘ. ʉʠʥʫʩ ʰʠʨʦʢʠʡ, ʫʧʣʦʱʝʥʥʳʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ 

ʠʟʫʯʠʪʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʨʘʢʦʚʠʥʳ, ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ ʆ.ɸ. ʕʨʣʘʥʛʝʨ ʠ ʈ.ɺ. ʉʦʣʦʤʠʥʦʡ (1989) ʪʠʧ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ 
ʬʠʙʨʦʟʥʦʛʦ ʩʣʦʷ ʨʘʢʦʚʠʥʳ, ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʢ ʨʦʜʦʚʦʡ ʧʨʠʟʥʘʢ. ʇʨʘʚʜʘ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 
ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʧʨʦʚʦʜʠʪʴ ʟʘʤʝʨʳ ʜʠʘʤʝʪʨʦʚ ʧʦʨʦʚʳʭ ʢʘʥʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ 
1000 ʨʘʟ. 
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ʉʊʈɸʊʀɻʈɸʌʀʏɽʉʂʆɽ ʀ ʂʆʈʈɽʃʗʊʀɺʅʆɽ ɿʅɸʏɽʅʀɽ ʇʈɽɼʉʊɸɺʀʊɽʃɽʁ 
ʈʆɼɸ AURILA (OSTRACODA) ʀɿ ʉʈɽɼʅɽʄʀʆʎɽʅʆɺʓʍ ʆʊʃʆɾɽʅʀʁ 

ʖɾʅʆʁ ʋʂʈɸʀʅʓ 
ʆ.ɺ. ɹʦʥʜʘʨʴ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʀ.ʄ. ɹʘʨʛ 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, 

ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 
 
ʆʩʪʨʘʢʦʜʳ, ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʤʠʦʮʝʥʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʖʞʥʦʡ ʋʢʨʘʠʥʳ, ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʠ ʢʦʨʨʝʣʷʮʠʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʇʨʝʜʩʪʘʚʠʪʝʣʠ ʨʦʜʘ Aurila -ʦʜʥʠ ʠʟ ʥʘʠʙʦʣʝʝ 
ʠʥʬʦʨʤʘʪʠʚʥʳʭ ʜʣʷ ʧʦʜʦʙʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʨʦʩʣʝʞʠʚʘʶʱʘʷʩʷ ʚ ʨʘʟʨʝʟʝ ʮʠʢʣʠʯʥʘʷ ʩʤʝʥʘ ʥʦʨʤʘʣʴʥʦ-
ʤʦʨʩʢʠʭ ʠ ʩʦʣʦʥʦʚʘʪʦʚʦʜʥʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʩʭʝʤʳ ʩʪʨʘʪʠʛʨʘʬʠʠ ʯʝʨʥʦʤʦʨʩʢʦ-ʢʘʩʧʠʡʩʢʦʛʦ ʥʝʦʛʝʥʘ, 
ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʅ.ʀ. ɸʥʜʨʫʩʦʚʳʤ (ɸʥʜʨʫʩʦʚ, 1963) ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʚʰʝʡʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 
(ʅʝʚʝʩʩʢʘʷ ʠ ʜʨ., 1984; ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ..., 2002). ɸʫʨʠʣʳ - ʪʠʧʠʯʥʳʝ ʤʦʨʩʢʠʝ ʦʙʠʪʘʪʝʣʠ; ʠʭ ʧʦʷʚʣʝʥʠʝ 
ʚ ʤʠʦʮʝʥʝ ʖʞʥʦʡ ʋʢʨʘʠʥʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʥʘʭʦʜʢʘʤʠ ʜʨʫʛʠʭ ʧʦʣʠ- ʠ ʤʝʟʦʛʘʣʠʥʥʳʭ ʤʦʨʩʢʠʭ 
ʦʨʛʘʥʠʟʤʦʚ, ʯʝʪʢʦ ʬʠʢʩʠʨʫʝʪ ʦʪʣʦʞʝʥʠʷ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʚ ʤʦʤʝʥʪ ʩʚʷʟʠ ɺʦʩʪʦʯʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ ʩ ʩʦʧʨʝʜʝʣʴʥʳʤʠ 

ʙʘʩʩʝʡʥʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʫʨʦʚʥʠ ʧʦʷʚʣʝʥʠʷ ʜʘʥʥʳʭ ʦʩʪʨʘʢʦʜ ʚ ʠʟʫʯʘʝʤʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 
ʨʝʧʝʨʳ ʤʝʞʨʝʛʠʦʥʘʣʴʥʦʡ ʢʦʨʨʝʣʷʮʠʠ. 

ɺ ʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʖʞʥʦʡ ʋʢʨʘʠʥʳ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʪʨʠ ʦʩʥʦʚʥʳʭ ʫʨʦʚʥʷ ʧʦʷʚʣʝʥʠʷ Aurila (ʪʘʙʣ.). 

 

ʊʘʙʣʠʮʘ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʪʨʘʢʦʜ ʨʦʜʘ Aurila ʚ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʖʞʥʦʡ ʋʢʨʘʠʥʳ 
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ʇʦʜʦʪʜʝʣ ʉʨʝʜʥʠʡ ɺʝʨʭʥʠʡ 



ʈʝʛʠʦʷʨʫʩ ʏʦʢʨʘʢ
ʩʢʠʡ 

ʂʘʨʘʛʘ
ʥʩʢʠʡ 

ʂʦʥʢʩʢʠʡ ʉʘʨʤʘʪʩʢʠʡ 

ʈʝʛʠʦʧʦʜʲʷʨʫʩ      ɺʦʣʳʥʩʢʠʡ ɹʝʩʩʘʨʘʙʩʢʠʡ ʍʝʨʩʦʥc-
ʢʠʡ 

    ʉʣʦʠ  
 

    ɺʠʜʳ  

  

ʂ
ʘ
ʨ
ʪ
ʚ
ʝ
ʣ
ʴ
ʩ
ʢ
ʠ
ʝ

 

ʉ
ʘ
ʨ
ʪ
ʘ
ʛ
ʘ
ʥ
ʩ

-

ʢ
ʠ
ʝ

 

ɺ
ʝ
ʩ
ʝ
ʣ
ʷ
ʥ
ʩ
ʢ
ʠ
ʝ

 

ʂ
ʫ
ʞ
ʦ
ʨ
ʩ
ʢ
ʠ
ʝ

 

ɿ
ʙ
ʨ
ʫ
ʯ
ʩ
ʢ
ʠ
ʝ

 

ʅ
ʦ
ʚ
ʦ

- 

ʤ
ʦ
ʩ
ʢ
ʦ
ʚ

ʩ
ʢ
ʠ
ʝ

 

ɺ
ʘ
ʩ
ʠ
ʣ
ʴ
ʝ
ʚ
ʩ

- 

ʢ
ʠ
ʝ

 

ɼ
ʥ
ʝ
ʧ
ʨ
ʦ

- 

ʧ
ʝ
ʪ
ʨ
ʦ
ʚ
ʩ
ʢ
ʠ
ʝ

  

Pseudobythocythere 
(Aurila) dromas (Schn.) 
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ʇʝʨʚʳʡ ʢʦʨʨʝʣʷʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʧʨʠʫʨʦʯʝʥ ʢ ʯʦʢʨʘʢʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. ɺ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜʘʭ 

ʯʦʢʨʘʢʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ ʉʠʤʬʝʨʦʧʦʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʦʙʥʘʨʫʞʝʥʘ ʙʦʛʘʪʘʷ ʠ ʨʘʟʥʦʦʙʨʘʟʥʘʷ ʬʘʫʥʘ ʦʩʪʨʘʢʦʜ. ʆʜʥʠʤ ʠʟ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠʟʫʯʝʥʥʦʛʦ ʧʘʣʝʦʮʝʥʦʟʘ, ʷʚʣʷʝʪʩʷ Aurila convexa (Baird). ʅʘʣʠʯʠʝ ʚ ʢʦʤʧʣʝʢʩʝ ʵʪʦʛʦ ʥʘʠʙʦʣʝʝ 
ʩʪʝʥʦʛʘʣʠʥʥʦʛʦ ʧʨʝʜʩʪʘʚʠʪʝʣʷ ʨʦʜʘ Aurila, ʠʟʚʝʩʪʥʦʛʦ ʠʟ ʙʘʜʝʥʠʷ ɿʘʧʘʜʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ (Chronostratigraphie und ..., 
1978), ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʷʟʠ ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʝʡ ʇʘʨʘʪʝʪʠʩʘ ʚ ʥʘʯʘʣʝ ʩʨʝʜʥʝʛʦ ʤʠʦʮʝʥʘ. ʇʨʠʩʫʪʩʪʚʠʝ 
ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ Aurila sp. ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʪʘʢʞʝ, ʚ ʧʝʩʯʘʥʠʢʘʭ ʯʦʢʨʘʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʦʙʥʘʞʘʶʱʠʭʩʷ ʙʣʠʟ ʩʢʘʣʳ ɻʨʦʪ 
ɼʠʘʥʳ ʥʘ ʧʦʣʫʦʩʪʨʦʚʝ ɻʝʨʘʢʣʝʷ (ʖʛʦ-ɿʘʧʘʜʥʳʡ ʂʨʳʤ). ɼʣʷ ʯʦʢʨʘʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʖʞʥʦʡ ʋʢʨʘʠʥʳ ʭʘʨʘʢʪʝʨʥʦ 
ʥʘʣʠʯʠʝ ʠ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʬʘʫʥʳ, ʠ ʵʥʜʝʤʠʯʥʳʭ ʚʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ Pseudobythocythere dromas (Schn.), ʢʦʪʦʨʳʡ ʚ 

ʩʦʚʨʝʤʝʥʥʳʭ ʨʘʙʦʪʘʭ ʦʪʥʦʩʠʪʩʷ ʢ ʨʦʜʫ Aurila (ʋʥʠʬʠʮʠʨʦʚʘʥʥʘʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ..., 2002). 
ʆʩʪʨʘʢʦʜʦʚʳʝ ʘʩʩʦʮʠʘʮʠʠ ʩʦʙʩʪʚʝʥʥʦ ʢʘʨʘʛʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʝ ʩʦʜʝʨʞʘʪ ʘʫʨʠʣ ʠ ʜʨʫʛʠʭ ʤʦʨʩʢʠʭ ʚʠʜʦʚ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʯʪʠ ʧʦʣʥʦʡ ʠʟʦʣʷʮʠʠ ʘʨʭʘʰʝʥʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 
ɺʪʦʨʦʡ ʢʦʨʨʝʣʷʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʧʦʨʦʜʘʭ ʢʦʥʢʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ, ʠʟʫʯʝʥʥʳʭ ʧʦ ʨʷʜʫ ʩʢʚʘʞʠʥ 

ʈʘʚʥʠʥʥʦʛʦ ʂʨʳʤʘ ʠ ʉʝʚʝʨʥʦʛʦ ʇʨʠʯʝʨʥʦʤʦʨʴʷ, ʘ ʪʘʢʞʝ ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʢʦʥʢʠ (3 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʩ. 
ɺʝʩʝʣʷʥʢʘ). ɸʥʘʣʠʟ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʘʫʨʠʣ ʚ ʢʦʥʢʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʪʨʠ ʬʘʟʳ 
ʨʘʟʚʠʪʠʷ ʦʜʥʦʠʤʝʥʥʦʛʦ ʙʘʩʩʝʡʥʘ: ʢʘʨʪʚʝʣʴʩʢʫʶ, ʩʘʨʪʘʛʘʥʩʢʫʶ ʠ ʚʝʩʝʣʷʥʩʢʫʶ. ɼʣʷ ʢʘʨʪʚʝʣʴʩʢʠʭ ʩʣʦʝʚ ʭʘʨʘʢʪʝʨʥʳʤ 
ʷʚʣʷʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʧʝʨʚʳʭ ʵʣʝʤʝʥʪʦʚ ʦʩʪʨʘʢʦʜʦʚʦʡ ʩʨʝʜʠʟʝʤʥʦʤʦʨʩʢʦʡ ʬʘʫʥʳ Aurila mehesi (Zal.). ɺ ʩʘʨʪʘʛʘʥʩʢʠʭ 
ʩʣʦʷʭ ʬʠʢʩʠʨʫʝʪʩʷ ʰʠʨʦʢʦʝ ʨʘʟʚʠʪʠʝ ʧʝʨʝʰʝʜʰʠʭ ʠʟ ʢʘʨʪʚʝʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʘʫʨʠʣ ʠ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʧʦʣʥʦʩʦʣʝʥʥʳʭ 

ʚʠʜʦʚ: Aurila cicatricosa (Baird), A. buglovensis (Schn.), A. notata (Reuss), A. declivis (Schn.), A. sp. ɺʝʩʝʣʷʥʩʢʠʤ ʩʣʦʷʤ 
ʩʚʦʡʩʪʚʝʥʥʘ ʙʦʛʘʪʘʷ ʚ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ, ʥʦ ʙʝʜʥʘʷ ʚ ʢʘʯʝʩʪʚʝʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʬʘʫʥʘ ʦʩʪʨʘʢʦʜ, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ 
ʦʪʣʦʞʝʥʠʡ, ʟʘʚʝʨʰʘʶʱʠʭ ʮʠʢʣ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɼʦʤʠʥʠʨʫʶʱʘʷ ʨʦʣʴ ʚ ʢʦʤʧʣʝʢʩʝ ʧʨʠʥʘʜʣʝʞʠʪ ʨʦʜʫ Aurila: A. 
buglovensis (Schn.), A. notata (Reuss), A. mehesi (Zal.), A. laevis (Schn.), A. sp. 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʢʦʨʨʝʣʷʪʠʚʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʢʦʥʢʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʪʘʢʩʦʥʳ, 
ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ɿʘʧʘʜʥʦʡ ʋʢʨʘʠʥʳ ʠ ɽʚʨʦʧʳ. ɺʠʜ Aurila cicatricosa (Baird) ʩʚʦʡʩʪʚʝʥ 
ʜʣʷ ʩʨʝʜʥʝʛʦ ʙʘʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ (Chronostratigraphie und ..., 1978). Aurila mehesi (Zal.) ʠʟʚʝʩʪʥʘ ʠʟ 
ʚʝʨʭʥʝʙʘʜʝʥʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (Paghida, 1960) ʠ ʩʘʨʤʘʪʘ ɿʘʧʘʜʥʦʛʦ ʇʘʨʘʪʝʪʠʩʘ (Szczechura, 2000). Aurila buglovensis 

(Schn.) ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʙʫʛʣʦʚʩʢʠʭ ʩʣʦʝʚ ʟʘʧʘʜʥʳʭ ʦʙʣʘʩʪʝʡ ʋʢʨʘʠʥʳ (ɸʪʣʘʩ ʨʫʢʦʚʦʜʷʱʠʭ ..., 1949). ɼʚʘ ʧʦʩʣʝʜʥʠʭ ʚʠʜʘ 
ʧʦʟʚʦʣʷʶʪ ʩʦʧʦʩʪʘʚʣʷʪʴ ʢʦʥʢʩʢʠʡ ʨʝʛʠʦʷʨʫʩ ʩ ʚʝʨʭʥʠʤ ʙʘʜʝʥʠʝʤ. 

ʊʨʝʪʠʡ ʢʦʨʨʝʣʷʪʠʚʥʳʡ ʫʨʦʚʝʥʴ ʦʪʤʝʯʘʝʪʩʷ ʚ ʧʦʨʦʜʘʭ ʩʘʨʤʘʪʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ. ɺ ʩʘʨʤʘʪʩʢʦʝ ʚʨʝʤʷ 
ʥʘʙʣʶʜʘʝʪʩʷ ʧʳʰʥʦʝ ʨʘʟʚʠʪʠʝ ʠ ʰʠʨʦʢʦʝ ʨʘʩʩʝʣʝʥʠʝ ʦʩʪʨʘʢʦʜ ʠʟʫʯʘʝʤʦʛʦ ʨʦʜʘ, ʟʘʨʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʦ ʝʱʝ ʚ 
ʢʦʥʢʝ. ɼʣʷ ʢʫʞʦʨʩʢʠʭ ʩʣʦʝʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʦʩʪʨʘʢʦʜʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʝʨʝʭʦʜʥʦʛʦ ʪʠʧʘ, ʚ ʢʦʪʦʨʦʡ, ʥʘʨʷʜʫ ʩ 
ʚʠʜʘʤʠ, ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʦʩʘʜʢʦʚ ʢʦʥʢʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ (Aurila notata (Reuss), A. laevis (Schn.)), ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʠʧʠʯʥʳʝ 
ʩʘʨʤʘʪʩʢʠʝ ʵʣʝʤʝʥʪʳ (Aurila sarmatica (Zali.), A. bosporica (Pist.)). ɿʙʨʫʯʩʢʠʝ ʩʣʦʠ ʚʳʜʝʣʷʶʪʩʷ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ Aurila 
crimica (Pist), ʭʘʨʘʢʪʝʨʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʥʠʞʥʝʛʦ ʩʘʨʤʘʪʘ (ʇʠʱʠʢʦʚʘ, 1993). ʅʦʚʦʤʦʩʢʦʚʩʢʠʝ ʩʣʦʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʪʠʧʠʯʥʳʭ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʭ ʬʦʨʤ: Aurila kolesnikovi (Schn.), A. hungarica (Mehes), A. chalilovi 
(Vor.). ɺ ɺʘʩʠʣʴʝʚʩʢʠʭ ʩʣʦʷʭ ʬʠʢʩʠʨʫʝʪʩʷ ʨʘʩʮʚʝʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʭ ʦʩʪʨʘʢʦʜ: Aurila angularis (Schn.), 
A. kolesnikovi (Schn.), A. chalilovi (Vor.), A. aff. lubrica (Iln.). ɼʣʷ ʜʥʝʧʨʦʧʝʪʨʦʚʩʢʠʭ ʩʣʦʝʚ ʪʠʧʠʯʥʦ ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʝ 
ʦʙʝʜʥʝʥʠʝ ʘʩʩʦʮʠʘʮʠʡ ʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʦʩʦʙʝʡ. ɿʜʝʩʴ ʝʜʠʥʠʯʥʦ ʚʩʪʨʝʯʘʶʪʩʷ Aurila sarmatica (Zal.), A. angularis 
(Schn.). ʆʪʣʦʞʝʥʠʷ ʭʝʨʩʦʥʩʢʦʛʦ ʨʝʛʠʦʧʦʜʲʷʨʫʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʳʤ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʦʩʪʨʘʢʦʜʦʚʦʡ 
ʬʘʫʥʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʫʨʠʣ. 



ɸʥʘʣʠʟ ʦʩʪʨʘʢʦʜ ʨʦʜʘ Aurila ʩʘʨʤʘʪʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ ʖʞʥʦʡ ʋʢʨʘʠʥʳ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʢʦʨʨʝʣʷʮʠʶ ʩ 
ʦʜʥʦʚʦʟʨʘʩʪʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʦ ʵʪʦ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʜʣʷ ʥʠʞʥʝʩʘʨʤʘʪʩʢʠʭ 
ʦʪʣʦʞʝʥʠʡ ʠʟʫʯʘʝʤʦʛʦ ʨʝʛʠʦʥʘ. ɸʫʨʠʣʳ ʦʙʨʘʟʦʚʘʥʠʡ ʥʠʞʥʝʚʦʣʳʥʩʢʦʛʦ ʨʝʛʠʦʧʦʜʲʷʨʫʩʘ (Aurila sarmatica (Zal.), A. notata 

(Reuss)) ʧʦʟʚʦʣʷʶʪ ʩʦʧʦʩʪʘʚʣʷʪʴ ʧʦʩʣʝʜʥʠʝ ʩ ʜʦʨʦʙʨʘʪʦʚʩʢʦʡ ʩʚʠʪʦʡ ʥʠʞʥʝʛʦ ʩʘʨʤʘʪʘ ɿʘʢʘʨʧʘʪʴʷ (ɹʫʨʳʥʜʠʥʘ, 1974). ɺ 
ʟʙʨʫʯʩʢʠʭ ʩʣʦʷʭ ʪʠʧʠʯʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʟʦʥʘʣʴʥʦʛʦ ʚʠʜʘ ʣʫʢʦʚʩʢʦʡ ʩʚʠʪʳ Aurila notata (Reuss) (ɹʫʨʳʥʜʠʥʘ, 
1974). ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʦʩʪʨʘʢʦʜ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʟʦʩʪʴ ʘʫʨʠʣʦʚʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩʨʝʜʥʝʛʦ ʩʘʨʤʘʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ 
ʨʝʛʠʦʥʘ (ʥʦʚʦʤʦʩʢʦʚʩʢʠʭ, ʚʘʩʠʣʴʝʚʩʢʠʭ, ʜʥʝʧʨʦʧʝʪʨʦʚʩʢʠʭ ʩʣʦʝʚ) ʠ ʪʘʢʦʚʳʭ ʠʟ ʘʣʤʘʰʩʢʦʡ ʩʚʠʪʳ ɿʘʧʘʜʥʦʡ ʋʢʨʘʠʥʳ 
(ɺʝʥʛʣʠʥʩʢʠʡ, 1975; ɹʫʨʳʥʜʠʥʘ, 1974). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʚʝʨʭʥʝʩʘʨʤʘʪʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʖʞʥʦʡ ʋʢʨʘʠʥʳ ʠ ʜʨʫʛʠʭ 
ʨʝʛʠʦʥʦʚ ʧʦ ʬʘʫʥʝ ʦʩʪʨʘʢʦʜ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʚ ʩʚʷʟʠ ʩ ʤʘʣʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʠʢʨʦʬʘʫʥʳ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʦʪʩʫʪʩʪʚʠʝʤ 
ʭʘʨʘʢʪʝʨʥʳʭ ʚʠʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʪʨʘʢʦʜ ʨʦʜʘ Aurila ʚ ʩʨʝʜʥʝʤʠʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʷʭ ʖʞʥʦʡ ʋʢʨʘʠʥʳ 

ʧʦʢʘʟʘʣ ʠʭ ʚʳʩʦʢʫʶ ʨʘʟʨʝʰʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʜʘʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʢʦʨʨʝʣʷʮʠʠ ʩ 
ʚʦʟʨʘʩʪʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʨʝʛʠʦʥʘʭ. 
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ʉɺʗɿʔ ʕʇʆʍ ʆʃɽɼɽʅɽʅʀʁ ʉʆ ʉʊɸɼʀʗʄʀ ʊɽʂʊʆʅʆ-ʄɸɻʄɸʊʀʏɽʉʂʆɻʆ 

ʎʀʂʃɸ  
ɼ.ɸ. ɺʘʩʠʣʴʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɸ.ɻ. ʇʘʚʣʦʚ 
ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʗʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʣʝʜʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʥʘ ɿʝʤʣʝ ʚ ʨʘʟʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ (ɸʣʠʝʚ, 1988; 

ɺʘʩʠʣʴʝʚ, 1977). ʆʥʠ ʜʘʞʝ ʧʨʦʠʩʭʦʜʠʣʠ ʚ ʜʦʢʝʤʙʨʠʡʩʢʦʝ ʚʨʝʤʷ (ʉʘʣʦʧ, 1982). ɼʦ ʩʠʭ ʧʦʨ ʥʝʪ ʯʝʪʢʦʛʦ ʦʙʲʷʩʥʝʥʠʷ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʪʦʣʴ ʣʶʙʦʧʳʪʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʚʪʦʨʦʤ ʧʨʦʠʟʚʝʜʝʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʝʨʠʦʜʦʚ 
ʦʣʝʜʝʥʝʥʠʷ ʠ ʜʠʘʩʪʨʦʬʠʯʝʩʢʠʭ ʮʠʢʣʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ, ʩ ʢʘʢʠʤʠ ʩʪʘʜʠʷʤʠ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩʚʷʟʘʥʳ 
ʵʧʦʭʠ ʦʣʝʜʝʥʝʥʠʷ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʨʘʟʚʠʪʠʝ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʪʝʯʝʥʠʝ 
ʦʜʥʦʛʦ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ð ʵʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘ, ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ, 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ ʠ ʦʩʥʦʚʥʦʡ ʤʘʛʤʘʪʠʟʤ, ʠʥʚʝʨʩʠʷ ʧʨʦʛʠʙʘ, ʢʠʩʣʳʡ ʤʘʛʤʘʪʠʟʤ, ʟʘʤʳʢʘʥʠʝ ʛʝʦʩʠʥʢʣʠʥʘʣʠ ʠ ʧʝʨʝʭʦʜ 
ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʚ ʧʣʘʪʬʦʨʤʫ, ʤʘʛʤʘʪʠʟʤ ʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʧʣʘʪʬʦʨʤʝʥʥʦʤ ʨʝʞʠʤʝ. ʆʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʳ ʵʪʦʛʦ 
ʟʘʢʦʥʦʤʝʨʥʦʛʦ ʭʦʜʘ ʨʘʟʚʠʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʫʯʝʥʳʤ ʧʦʢʘ ʥʝ ʫʜʘʣʦʩʴ, ʪʘʢʞʝ ʦʩʪʘʶʪʩʷ ʥʝʚʳʷʩʥʝʥʥʳʤʠ ʧʨʠʯʠʥʳ ʨʘʟʣʠʯʠʷ 
ʭʘʨʘʢʪʝʨʘ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʧʦʜʦʙʥʳʭ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʧʨʦʛʠʙʘʭ. 

ɺʩʝʛʦ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ ʧʨʦʠʟʦʰʣʠ ʚʦʩʝʤʴ ʦʣʝʜʝʥʝʥʠʡ ʛʣʦʙʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ, ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ 
ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ (ʪʠʣʣʠʪʳ ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʣʦʷʭ ʟʝʤʥʦʡ 
ʢʦʨʳ ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʧʣʘʥʝʪʳ (ɺʘʩʠʣʴʝʚ, 1977; ɻʫʨʩʢʠʡ, 1979). ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʠʟ ʥʠʭ ʦʪʥʦʩʷʪʩʷ ʢ ʜʦʢʝʤʙʨʠʡʩʢʦʤʫ 
ʚʨʝʤʝʥʠ (ʉʘʣʦʧ, 1982). ʉʘʤʦʡ ʜʨʝʚʥʝʡ ʷʚʣʷʝʪʩʷ ʥʘʟʚʘʥʥʘ ̫ʘʚʪʦʨʦʤ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ - ʉʝʣʝʮʢʘ,̫ (ʥʘʟʚʘʥʠʝ ʜʘʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʘʤʳʤ ʙʣʠʟʢʠʤ ʧʦ ʚʦʟʨʘʩʪʫ ʜʠʘʩʪʨʦʬʠʯʝʩʢʠʤ ʮʠʢʣʦʤ), ʵʧʦʭʘ ʦʣʝʜʝʥʝʥʠʷ ʩ ʚʦʟʨʘʩʪʦʤ 2750 ð 2450 ʤʣʥ. 
ʣʝʪ. ɼʘʥʥʘʷ ʵʧʦʭʘ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʵʧʦʭʘʤʠ. ɺʩʝ ʜʦʢʝʤʙʨʠʡʩʢʠʝ 
ʦʣʝʜʝʥʝʥʠʷ ʧʨʦʠʟʦʰʣʠ ʧʦʩʣʝ ʠʣʠ ʧʝʨʝʜ ʜʠʘʩʪʨʦʬʠʯʝʩʢʠʤʠ ʮʠʢʣʘʤʠ (ʧʦ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʡ ʰʢʘʣʝ ʜʦʢʝʤʙʨʠʷ, 
ʩʦʩʪʘʚʣʝʥʥʦʡ ʃ.ʀ. ʉʘʣʦʧʦʤ). ʆʣʝʜʝʥʝʥʠʷ ʞʝ, ʧʨʦʠʟʦʰʝʜʰʠʝ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʪʝʤ, ʯʪʦ ʦʥʠ ʧʨʦʠʩʭʦʜʠʣʠ ʚʦ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʠʘʩʪʨʦʬʠʟʤʘ (ɺʘʩʠʣʴʝʚ, 1977; ɻʫʨʩʢʠʡ, 1979). ɺʦ ʚʨʝʤʷ 
ʠʥʪʝʥʩʠʚʥʦʛʦ ʜʠʘʩʪʨʦʬʠʟʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ ʧʣʘʥʝʪʝ ʥʠʢʘʢ ʥʝ ʤʦʛʣʘ ʙʳʪʴ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʜʣʷ ʦʣʝʜʝʥʝʥʠʡ (ʝʩʣʠ 
ʫʯʠʪʳʚʘʪʴ ʣʠʰʴ ʟʝʤʥʳʝ ʬʘʢʪʦʨʳ). 

ʅʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʯʠʥ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʮʠʢʣʦʚ ʥʘ ɿʝʤʣʝ, 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ, ʙʳʣʦ ʜʘʥʦ ʚ ʩʪʘʪʴʝ ɸ.ɻ. ʇʘʚʣʦʚʘ, ɺ.ʈ. ʌʠʣʠʧʧʦʚʘ (ʇʘʚʣʦʚ, ʌʠʣʠʧʧʦʚ, 2003). 
ʇʘʚʣʦʚʳʤ ʠ ʌʠʣʠʧʧʦʚʳʤ ʚ ʢʘʯʝʩʪʚʝ çʬʫʥʜʘʤʝʥʪʘè ʩʚʦʝʡ ʛʠʧʦʪʝʟʳ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ɿʝʤʣʠ ʧʨʠʥʷʪʘ ʪʝʦʨʠʷ ʦ ʚʟʨʳʚʥʦʤ 
ʧʨʦʠʩʭʦʞʜʝʥʠʠ ɻʘʣʘʢʪʠʢ, ʥʘʟʚʘʥʥʘʷ ʪʝʦʨʠʝʡ çɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘè. ʆʩʥʦʚʦʧʦʣʦʞʥʠʢʦʤ ʵʪʦʡ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ɻ. ɻʘʤʦʚ. 
ʇʦ ʪʝʦʨʠʠ ɻʘʤʦʚʘ, ʧʨʠ çɹʦʣʴʰʦʤ ʚʟʨʳʚʝè ʦʙʨʘʟʫʶʪʩʷ ʦʙʣʦʤʢʠ ʠ ʧʣʘʟʤʝʥʥʳʝ çʢʘʧʝʣʴʢʠè ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, 
ʧʳʣʴ ʠ ʛʘʟʳ. ʂʦʩʤʠʯʝʩʢʠʝ ʪʝʣʘ ʩ ʤʘʩʩʘʤʠ, ʥʘʤʥʦʛʦ ʧʨʝʚʳʰʘʶʱʠʤʠ ʤʘʩʩʫ ʉʦʣʥʮʘ - ʢʚʘʟʘʨʳ, ʜʦʣʞʥʳ ʚʟʨʳʚʘʪʴʩʷ ʩ 
ʤʝʥʴʰʝʡ ʩʠʣʦʡ, ʯʝʤ ʧʨʠ ʚʟʨʳʚʝ ʇʨʦʪʦʪʝʣʘ (ʐʢʣʦʚʩʢʠʡ, 1977). 



ʇʦʩʣʝ ʚʟʨʳʚʘ ʪʝʣʘ, ʧʦʣʫʯʠʚʰʠʝ ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ, ʤʦʛʫʪ ʧʨʝʦʜʦʣʝʪʴ ʩʠʣʫ ʧʨʠʪʷʞʝʥʠʷ ʢʚʘʟʘʨʘ ʠ ʚʳʡʪʠ ʠʟ-
ʧʦʜ ʝʛʦ ʚʣʠʷʥʠʷ. ɹʦʣʴʰʘʷ ʞʝ ʯʘʩʪʴ ʚʳʙʨʦʰʝʥʥʳʭ ʪʝʣ, ʦʩʪʘʚʘʷʩʴ ʚ ʧʦʣʝ ʝʛʦ ʪʷʛʦʪʝʥʠʷ, ʜʦʣʞʥʘ ʚʨʘʱʘʪʴʩʷ ʧʦ 
ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʨʙʠʪʘʤ, ʦʙʨʘʟʫʷ ʥʦʚʫʶ ʢʦʩʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ - ɻʘʣʘʢʪʠʢʫ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʣʦʤʢʦʚ, ʧʣʘʟʤʝʥʥʳʭ çʢʘʧʝʣʝʢè, ʛʘʟʦʚ ʠ ʧʳʣʠ ʩʦʛʣʘʩʥʦ ʥʦʚʳʤ ʟʘʢʦʥʘʤ ʥʦʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 
ʚʨʝʤʝʥʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʥʝʝ ʤʘʩʩʠʚʥʳʝ ʪʝʣʘ, ʧʦʧʘʜʘʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʙʦʣʝʝ ʤʘʩʩʠʚʥʳʭ ʪʝʣ, ʙʫʜʫʪ ʚʨʘʱʘʪʴʩʷ 
ʚʦʢʨʫʛ ʥʠʭ, ʬʦʨʤʠʨʫʷ ʧʦʜʩʠʩʪʝʤʳ, ʧʦʜʦʙʥʳʝ ʥʘʰʝʡ ʩʦʣʥʝʯʥʦʡ. ʇʦʩʣʝ ʧʦʣʥʦʡ ʧʝʨʝʩʪʨʦʡʢʠ ʦʪʜʝʣʠʚʰʠʭʩʷ ʪʝʣ, ʬʦʨʤʘ 
ʛʘʣʘʢʪʠʢ ʧʨʠʤʝʪ ʚʠʜ ʵʣʣʠʧʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʚʨʘʱʝʥʠʝʤ ʵʪʠʭ ʪʝʣ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʦʨʙʠʪʘʤ ʚ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʢʚʘʟʘʨʘ 
(ʐʢʣʦʚʩʢʠʡ, 1977). 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʠʟʣʦʞʝʥʥʦʛʦ, ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʤ ʟʚʝʟʜ, ʧʣʘʥʝʪ, ʢʦʤʝʪ, ʤʝʪʝʦʨʠʪʦʚ, ʛʘʟʘ ʠ ʧʳʣʠ ʷʚʣʷʝʪʩʷ 
ʩʚʝʨʭʧʣʦʪʥʳʡ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʚʝʱʝʩʪʚʦʤ ʢʚʘʟʘʨ. ɽʩʪʝʩʪʚʝʥʥʦ, ʦʙʣʦʤʢʠ, ʦʪʜʝʣʠʚʰʠʝʩʷ 
ʦʪ ʪʘʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʛʦ ʪʝʣʘ, ʜʦʣʞʥʳ ʨʘʟʣʠʯʘʪʴʩʷ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʠ ʟʥʘʯʝʥʠʷʤʠ ʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʀ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʙʣʶʜʘʪʝʣʴʥʦʡ ʘʩʪʨʦʥʦʤʠʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʟʚʝʟʜʳ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʤʘʩʩ, ʧʣʦʪʥʦʩʪʝʡ ʩ 
ʨʘʟʥʳʤʠ ʢʣʘʩʩʘʤʠ ʩʧʝʢʪʨʦʚ (ʇʘʚʣʦʚ, ʌʠʣʠʧʧʦʚ, 2003) 

ɺ ʥʘʰʝʡ ʟʚʝʟʜʥʦʡ ʩʠʩʪʝʤʝ ï ʉʦʣʥʝʯʥʦʡ - ʫ ʧʣʘʥʝʪ-ʛʠʛʘʥʪʦʚ ʠʥʦʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʠʥʘʷ ʧʨʠʨʦʜʘ ʘʪʤʦʩʬʝʨ 
ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʘʥʝʪʘʤʠ ʟʝʤʥʦʡ ʛʨʫʧʧʳ. ʕʪʠ ʧʣʘʥʝʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʪʘʢʞʝ ʧʦ ʤʘʩʩʝ, ʧʣʦʪʥʦʩʪʠ ʠ, ʢʦʥʝʯʥʦ, ʧʦ 
ʭʘʨʘʢʪʝʨʫ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʩʚʦʝʡ ʦʩʠ ʠ ʚʦʢʨʫʛ ʉʦʣʥʮʘ (ʇʘʚʣʦʚ, ʌʠʣʠʧʧʦʚ, 2003). 

ʈʘʟʚʠʚʘʷ ʪʝʦʨʠʶ çɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘè, ʇʘʚʣʦʚ ʠ ʌʠʣʠʧʧʦʚ, ʠʜʷ ʦʪ ʦʙʱʝʛʦ ʢ ʯʘʩʪʥʦʤʫ, ʩʚʷʟʘʣʠ ʩʪʘʜʠʠ ʪʝʢʪʦʥʦ-
ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʥʘ ɿʝʤʣʝ ʩ ʚʨʘʱʝʥʠʝʤ ɻʘʣʘʢʪʠʢ ʚʦʢʨʫʛ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʷʜʨʘ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʰʘ ʧʣʘʥʝʪʘ, ʢʘʢ ʠ ʚʩʷ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ, ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʷʜʨʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʨʙʠʪʝ, ʛʜʝ ʦʜʠʥ ʧʦʣʥʳʡ ʦʙʦʨʦʪ ʚʦʢʨʫʛ ʷʜʨʘ ɻʘʣʘʢʪʠʢʠ ʘʩʪʨʦʬʠʟʠʢʘʤʠ ʥʘʟʚʘʥ ʛʘʣʘʢʪʠʯʝʩʢʠʤ ʛʦʜʦʤ, 
ʢʦʪʦʨʳʡ ʩʦʩʪʦʠʪ ʠʟ ʜʫʛ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʪʨʝʟʢʘʤ ʚʨʝʤʝʥʠ ʛʘʣʘʢʪʠʯʝʩʢʠʭ ʚʝʩʥʳ, ʣʝʪʘ, ʦʩʝʥʠ ʠ ʟʠʤʳ (ʇʘʚʣʦʚ, 
ʌʠʣʠʧʧʦʚ, 2003). ʅʘ ʦʪʨʝʟʢʝ ʜʫʛʠ, ʥʘʟʚʘʥʥʦʡ çʟʠʤʦʡè, ʢʦʛʜʘ ʥʘʰʘ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʠʙʦʣʴʰʝʤ ʜʘʣʴʥʝʤ 
ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʛʘʣʘʢʪʠʯʝʩʢʦʛʦ ʷʜʨʘ, ʥʘ ɿʝʤʣʝ (ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʪʦʣʴʢʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʬʘʢʪʦʨʦʚ) ʧʨʦʠʩʭʦʜʪ̫ ʧʨʦʮʝʩʩʳ ʧʣʘʥʝʪʘʨʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʜʠʘʩʪʨʦʬʠʟʤ ʟʘʪʫʭʘʝʪ, ʢʘʢ ʠ ʤʘʛʤʘʪʠʟʤ ʩ ʤʝʪʘʤʦʨʬʠʟʤʦʤ. 
ʂʦʛʜʘ ʞʝ ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʧʦʜʭʦʜʠʪ ʢ ʦʪʨʝʟʢʫ ʜʫʛʠ, ʥʘʟʚʘʥʥʦʡ çʚʝʩʥʦʡè (ʩʦʣʥʝʯʥʘʷ ʩʠʩʪʝʤʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʥʘʠʙʦʣʝʝ 
ʙʣʠʟʢʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʷʜʨʘ ɻʘʣʘʢʪʠʢʠ, ʥʘ ɿʝʤʣʶ ʜʝʡʩʪʚʫʶʪ ʥʝ ʪʦʣʴʢʦ ʚʥʫʪʨʝʥʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʢ ʥʠʤ 
ʜʦʙʘʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʉʦʣʥʮʘ), ʧʨʦʠʩʭʦʜʠʪ ʦʙʱʝʝ, ʧʣʘʥʝʪʘʨʥʦʝ ʩʞʘʪʠʝ, ʚʳʟʳʚʘʷ ʠʥʪʝʥʩʠʚʥʳʝ ʩʢʣʘʜʯʘʪʳʝ ʜʚʠʞʝʥʠʷ, ʪ. ʝ. 

ʜʠʘʩʪʨʦʬʠʟʤʳ (ʇʘʚʣʦʚ, ʌʠʣʠʧʧʦʚ, 2003). ɺ ʵʪʦ ʚʨʝʤʷ ʥʘ ʉʦʣʥʮʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʦʮʝʩʩ ʚʥʝʟʘʧʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
ʩʦʣʥʝʯʥʳʭ ʥʝʜʨ (ʐʢʣʦʚʩʢʠʡ, 1977). ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʧʨʦʮʝʩʩʘ ʚʥʝʟʘʧʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ 
ʩʦʣʥʝʯʥʳʭ ʥʝʜʨ ʧʨʝʜʧʦʣʦʞʠʣ ʌʘʫʣʝʨ (1972), ʯʪʦʙʳ ʦʙʲʷʩʥʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʦʧʳʪ ɼʵʚʠʩʘ ʧʦ ʦʙʥʘʨʫʞʝʥʠʶ ʩʦʣʥʝʯʥʳʭ 
ʥʝʡʪʨʠʥʦ. ʊʘʢʞʝ ʵʪʘ ʛʠʧʦʪʝʟʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʷʧʦʥʩʢʠʤ ʪʝʦʨʝʪʠʢʦʤ ʉʘʢʫʨʘʠ, ʘ ʪʘʢʞʝ ʕʟʝʨʦʤ ʠ ʂʘʤʝʨʦʥʦʤ. ʇʨʠʯʠʥʦʡ 
ʚʥʝʟʘʧʥʦʛʦ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʥʝʜʨ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʝʧʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʥʝʢʦʪʦʨʦʡ çʥʝʫʩʪʦʡʯʠʚʦʩʪʠè, ʢʦʪʦʨʘʷ, 
ʜʦʡʜʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʢʘʢ ʙʳ çʩʙʨʘʩʳʚʘʝʪʩʷè. ʅʘʧʨʠʤʝʨ, ʵʪʘ ʧʨʠʯʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʮʠʨʢʫʣʷʮʠʝʡ 
ʚʝʱʝʩʪʚʘ ʩʦʣʥʝʯʥʳʭ ʥʝʜʨ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ ʢʘʢ ʙʳ çʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴè ʚʨʘʱʘʪʝʣʴʥʳʡ 
ʤʦʤʝʥʪ ʉʦʣʥʮʘ ʦʪ ʝʛʦ ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʩʣʦʝʚ ʢ ʮʝʥʪʨʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʮʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʉʦʣʥʮʘ ʥʘʯʥʫʪ ʚʨʘʱʘʪʴʩʷ 
ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʝʨʠʬʝʨʠʷ. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʪʦʨʘʷ ʙʫʜʝʪ 

çʩʙʨʘʩʳʚʘʪʴʩʷè ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʠ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʥʘʢʦʧʠʚʰʘʷʩʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʙʫʜʝʪ çʩʙʨʦʰʝʥʘè, ʦʥʘ ʦʧʷʪʴ ʥʘʯʥʝʪ 
ʥʘʢʘʧʣʠʚʘʪʴʩʷ, ʪʘʢ ʢʘʢ çʤʝʨʠʜʠʘʥʥʘʷè ʮʠʨʢʫʣʷʮʠʷ ʚ ʩʦʣʥʝʯʥʳʭ ʥʝʜʨʘʭ ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ (ʐʢʣʦʚʩʢʠʡ, 1977). ʊʦ ʝʩʪʴ 
ʵʪʦʪ ʧʨʦʮʝʩʩ ʙʫʜʝʪ ʧʦʚʪʦʨʷʪʴʩʷ ʧʝʨʠʦʜʠʯʝʩʢʠ. ɺʦ ʚʨʝʤʷ ʵʪʦʛʦ çʩʙʨʘʩʳʚʘʥʠʷè ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʣʥʝʯʥʳʭ ʥʝʜʨ ʩʪʘʥʦʚʠʪʩʷ 
ʥʠʞʝ çʥʦʨʤʘʣʴʥʦʡè. ɺʦ ʚʨʝʤʷ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʩʦʣʥʝʯʥʳʭ ʥʝʜʨ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʉʦʣʥʮʘ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʝʛʦ 
ʩʚʝʪʠʤʦʩʪʴ, ʪʦ ʝʩʪʴ ʧʦʪʦʢ ʬʦʪʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘ 
ɿʝʤʣʝ çʨʝʟʢʦè ʧʘʜʘʝʪ, ʚʳʟʳʚʘʷ ʛʣʦʙʘʣʴʥʳʝ ʦʣʝʜʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ, ʪʘʢʞʝ ʢʘʢ ʠ çʩʙʨʘʩʳʚʘʥʠʝè, ʧʦʚʪʦʨʷʶʪʩʷ 
ʧʝʨʠʦʜʠʯʝʩʢʠ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʦʣʝʜʝʥʝʥʠʡ, ʪʦ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʚʦ ʚʨʝʤʷ ʩʧʦʢʦʡʥʦʛʦ (ʙʝʟ ʜʠʘʩʪʨʦʬʠʟʤʘ) 

ʧʝʨʠʦʜʘ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ: 1) ʚ ʪʦ ʚʨʝʤʷ ʧʣʘʥʝʪʘ ʥʝ ʦʙʣʘʜʘʣʘ ʩʢʦʣʴ ʣʠʙʦ ʟʥʘʯʠʤʦʡ ʘʪʤʦʩʬʝʨʦʡ, ʢʦʪʦʨʘʷ 
ʤʦʛʣʘ ʙʳ ʫʜʝʨʞʠʚʘʪʴ ʪʝʧʣʦ ʠ ʚʦ ʚʨʝʤʷ ʛʘʣʘʢʪʠʯʝʩʢʦʡ çʟʠʤʳè ʥʘ ʥʝʡ ʧʨʦʠʩʭʦʜʠʣʠ ʛʣʦʙʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʦʣʝʜʝʥʝʥʠʡ; 2) 
ʚʦʟʤʦʞʥʦ ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʘʷ ʰʢʘʣʘ ʉʘʣʦʧʘ ʷʚʣʷʝʪʩʷ ʥʝʪʦʯʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʨʘʟʚʠʚʘʚʰʠʭʩʷ ʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʮʠʢʣʦʚ ʠ ʧʝʨʠʦʜʦʚ 
ʦʣʝʜʝʥʝʥʠʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʵʪʠ ʚʘʞʥʝʡʰʠʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ʥʘ ɿʝʤʣʝ ʨʘʟʚʠʚʘʣʠʩʴ ʧʦʜ ʚʣʠʷʥʠʝʤ 
ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ. 
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ʉʊʈʆɽʅʀɽ ʀ ʎʀʂʃʀʏʅʆʉʊʔ ɸʊɼɸɹɸʅʉʂʀʍ ʂɸʈɹʆʅɸʊʅʓʍ 

ɹʀʆʍɽʄʆʃʀʊʆɺ 
(ʋʈʀʅʉʂʆɽ ʇʆɼʅʗʊʀɽ) 

ʄ.ʅ. ɺʘʩʠʣʴʝʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ʇ. ʉʝʤʝʥʦʚ 

ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʗʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 
 
ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʩʪʨʦʝʥʠʷ ʣʠʤʧʝʡʩʢʦʡ ʩʚʠʪʳ ʨʘʥʥʝʛʦ ʢʝʤʙʨʠʷ (ʘʪʜʘʙʘʥʩʢʠʡ ʷʨʫʩ) ʷʚʣʷʝʪʩʷ ʢʦʥʪʨʘʩʪʥʦ 

ʚʳʨʘʞʝʥʥʘʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʮʠʢʣʠʯʥʦʩʪʴ. ʃʠʪʦʣʦʛʠʯʝʩʢʠ ʠʟʫʯʝʥʥʳʝ ʨʘʟʨʝʟʳ ʩʚʠʪʳ ʚʩʢʨʳʚʘʶʪʩʷ ʚ ʢʨʳʣʴʷʭ 



ʄʘʯʠʥʩʢʦʡ ʩʠʥʢʣʠʥʘʣʠ, ʦʩʣʦʞʥʷʶʱʝʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʦʢʦʥʝʯʥʦʩʪʴ ʋʨʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʩʦʧʨʷʞʝʥʥʦʛʦ ʧʦ 
ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʨʘʟʣʦʤʫ ʩ ɹʝʨʝʟʦʚʩʢʦʡ ʚʧʘʜʠʥʦʡ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ. 

ʉʚʠʪʘ ʩʣʦʞʝʥʘ ʚʝʩʴʤʘ ʚʳʜʝʨʞʘʥʥʳʤ, ʥʝʧʨʝʨʳʚʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʣʠ ʦʥʢʦʣʠʪʦʚʳʭ ʩʣʘʙʦ 

ʙʠʪʫʤʠʥʦʟʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʤʠʢʨʠʪʦʚʳʭ ʜʦʣʦʤʠʪʦʚ (ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ, ʦʥʢʦʣʠʪʦʚʳʭ, ʤʠʢʨʦʬʠʪʦʣʠʪʦʚʳʭ), 
ʚʢʣʶʯʘʶʱʠʭ ʨʝʜʢʠʝ ʧʨʦʩʣʦʠ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʤʝʨʛʝʣʝʡ. 

ɺ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʧʦʯʪʠ ʧʦʚʩʝʤʝʩʪʥʦ ʨʘʟʚʠʪʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 
ʙʠʦʛʝʥʥʳʝ ʧʦʩʪʨʦʡʢʠ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʥʝʙʦʣʴʰʠʝ ʧʦ ʨʘʟʤʝʨʘʤ ʩʢʦʧʣʝʥʠʷ-ʤʘʩʩʠʚʳ, ʚʳʩʦʪʦʡ ʥʝ ʙʦʣʝʝ 1,5-2,0 ʤ, ʨʝʞʝ, ʚ 
ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ, ʧʨʦʩʪʳʝ ʪʝʣʘ (ʤʝʣʢʠʝ ʢʘʣʠʧʪʨʳ, ʦʙʦʩʦʙʣʝʥʥʳʝ ʙʠʦʛʝʨʤʳ). ʇʨʝʦʙʣʘʜʘʶʱʘʷ ʬʦʨʤʘ 
ʙʠʦʛʝʨʤʦʚ ʤʦʥʦʣʦʬʦʠʜʥʘʷ, ʫʧʣʦʱʝʥʥʦ-ʦʢʨʫʛʣʘʷ, ʢʘʨʘʚʘʝʦʙʨʘʟʥʘʷ, ʜʠʩʢʦʚʠʜʥʘʷ, ʠʥʦʛʜʘ ʧʦʩʣʦʡʥʦ-ʣʠʥʟʦʚʠʜʥʘʷ 
(ʙʠʦʩʪʨʦʤʳ). ɺ ʦʥʢʦʣʠʪʦʚʳʭ ʜʦʣʦʤʠʪʘʭ ʯʘʱʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʠʧʠʯʥʦ ʜʠʣʦʬʦʠʜʥʳʝ ʢʘʣʠʧʪʨʳ ʠ ʙʠʦʛʝʨʤʳ. ʇʘʨʥʳʝ 
ʜʦʣʦʤʠʪʦ-ʠʟʚʝʩʪʥʷʢʦʚʳʝ ʩʦʯʝʪʘʥʠʷ ʦʙʨʘʟʫʶʪ ʟʘʢʦʥʦʤʝʨʥʳʝ ʧʦʨʦʜʥʳʝ ʘʩʩʦʮʠʘʮʠʠ - ʵʣʝʤʝʥʪʘʨʥʳʝ ʮʠʢʣʠʪʳ, 

ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʶʱʠʝʩʷ ʚ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʩʨʝʟʝ ʣʠʤʧʝʡʩʢʦʡ ʩʚʠʪʳ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʩʭʝʤʘ 
ʩʪʨʦʝʥʠʷ ʤʦʜʘʣʴʥʳʭ ʮʠʢʣʠʪʦʚ. ʀʭ ʚʥʫʪʨʝʥʥʷʷ ʜʚʫʭʯʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʢʘʨʙʦʥʘʪʥʳʡ ʩʦʩʪʘʚ ʨʝʛʠʦʥʘʣʴʥʦ ʚʳʜʝʨʞʘʥ ʧʦ 
ʨʘʟʨʝʟʫ ʠ ʣʘʪʝʨʘʣʠ. ʄʦʱʥʦʩʪʴ ʵʣʝʤʝʥʪʘʨʥʳʭ ʮʠʢʣʠʪʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ 2,0 ʜʦ 4,0 ʤ, ʝʜʠʥʠʯʥʳʝ ʜʦʩʪʠʛʘʶʪ 6,5-13,0 ʤ, ʘ 
ʥʘʠʙʦʣʝʝ ʤʝʣʢʠʝ ʥʝ ʧʨʝʚʳʰʘʶʪ 0,5-1,0 ʤ. 

ʇʝʨʚʳʡ - ʥʠʞʥʠʡ ʵʣʝʤʝʥʪ ʤʦʜʘʣʴʥʦʛʦ ʮʠʢʣʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʚ ʨʘʟʣʠʯʥʦʡ 
ʩʪʝʧʝʥʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠ ʧʝʨʝʢʨʠʩʪʘʣʠʟʦʚʘʥʥʳʤʠ, ʙʠʦʛʝʨʤʥʳʤʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʤʠ, ʨʝʞʝ ʦʥʢʦʣʠʪʦʚʳʤʠ 
ʠʟʚʝʩʪʥʷʢʘʤʠ, ʣʠʰʝʥʥʳʤʠ ʧʨʠʤʝʩʠ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʍʘʨʘʢʪʝʨʥʳ ʨʘʩʩʝʷʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʭ 
ʢʨʝʤʥʠʩʪʳʭ ʢʦʥʢʨʝʮʠʡ ʠ ʨʝʜʢʠʝ ʥʘʭʦʜʢʠ ʤʝʣʢʠʭ ʪʨʠʣʦʙʠʪʦʚ ʠ ʦʜʠʥʦʯʥʳʭ ʘʨʭʝʦʮʠʘʪʦʚʳʭ ʢʫʙʢʦʚ. ʊʝʢʩʪʫʨʘ ʧʦʨʦʜ 

ʤʘʩʩʠʚʥʘʷ, ʨʝʜʢʦ ʙʨʝʢʯʠʝʚʠʜʥʘʷ, ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʳ ʙʠʦʪʫʨʙʘʮʠʠ. ɻʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʦʪʣʦʞʝʥʠʡ - ʙʠʦʭʠʤʠʯʝʩʢʠʝ 
ʜʦʣʦʤʠʪʦʚʦ-ʠʟʚʝʩʪʢʦʚʳʝ ʦʩʘʜʢʠ ʤʝʣʢʦʚʦʜʥʦʛʦ ʩʦʣʦʥʦʪʦʚʘʪʦ-ʤʦʨʩʢʦʛʦ ʘʨʠʜʥʦʛʦ ʙʘʩʩʝʡʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʙʠʦʛʝʨʤʥʦ-
ʦʪʤʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. 

ɺʪʦʨʦʡ - ʚʝʨʭʥʠʡ ʵʣʝʤʝʥʪ ʮʠʢʣʠʪʦʚ, ʩʣʦʞʝʥ ʬʦʥʦʚʳʤʠ ʞʝʣʪʦʚʘʪʦ-ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʤʠʢʨʠʪʦʚʳʤʠ ʜʦʣʦʤʠʪʘʤʠ, 
ʥʝʨʝʜʢʦ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʤʠ, ʞʝʣʚʘʢʦʚʦ-ʦʥʢʦʣʠʪʦʚʳʤʠ ʠ ʤʠʢʨʦʬʠʪʦʣʠʪʦʚʳʤʠ. ʆʙʳʯʥʦ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʴ 
ʪʦʥʢʦʧʝʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʛʣʠʥʠʩʪʳʭ, ʠʥʦʛʜʘ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʤʝʨʛʝʣʠʩʪʳʭ ʨʘʟʥʦʩʪʝʡ. 
ʊʝʢʩʪʫʨʥʳʡ ʥʘʙʦʨ ʚ ʧʦʨʦʜʘʭ ʙʦʣʝʝ ʨʘʟʥʦʦʙʨʘʟʥʳʡ: ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʦʥʢʦʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʩʣʦʡʯʘʪʦʩʪʴ, ʨʝʞʝ 
ʤʝʣʢʘʷ ʢʦʩʦʚʦʣʥʠʩʪʘʷ, ʟʥʘʢʠ ʨʷʙʠ, ʪʨʝʱʠʥʳ ʫʩʳʭʘʥʠʷ, ʙʠʦʪʫʨʙʘʮʠʷ, ʝʜʠʥʠʯʥʳʝ ʧʦʜʚʦʜʥʦ-ʦʧʦʣʟʥʝʚʳʝ ʜʝʬʦʨʤʘʮʠʠ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʦʪʣʦʞʝʥʠʡ - ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʜʦʣʦʤʠʪʦʚʳʝ ʦʩʘʜʢʠ ʩʦʣʦʥʦʚʘʪʦʡ ʣʘʛʫʥʳ ʚ ʛʝʥʝʪʠʯʝʩʢʦʤ ʩʦʯʝʪʘʥʠʠ ʩ 
ʦʪʤʝʣʴʥʳʤʠ, ʧʝʨʠʦʜʠʯʝʩʢʠ ʦʩʫʰʘʝʤʳʤʠ, ʙʠʦʛʝʨʤʥʳʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. 

ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʦʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʘʷ ʢʣʠʤʘʪʠʯʝʩʢʘʷ 
ʙʠʦʮʠʢʣʠʯʥʦʩʪʴ (çʙʠʦʙʫʤʳè), ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʪʦʥʢʠʤ ʨʠʪʤʠʯʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʠʦʩʪʨʦʤʥʦ-ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ 
ʧʦʧʫʣʷʮʠʡ ʠ ʢʘʣʠʧʪʨʦ-ʦʥʢʦʠʜʥʳʭ ʬʦʨʤ. ɺʳʜʝʣʝʥʥʳʝ ʮʠʢʣʠʪʳ ʠʤʝʶʪ ʧʫʣʴʩʘʮʠʦʥʥʦ-ʜʠʩʢʨʝʪʥʦʝ, ʯʘʱʝ 
ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʠ ʭʘʨʘʢʪʝʨʥʦʝ ʨʝʮʠʢʣʠʪʥʦʝ ʩʪʨʦʝʥʠʝ, ʩ ʚʝʢʪʦʨʥʳʤ ʪʨʝʥʜʦʤ ʥʘʨʘʩʪʘʥʠʷ ʤʝʣʢʦʚʦʜʥʳʭ ʣʘʛʫʥʥʳʭ ʨʝʞʠʤʦʚ 
ʥʘ ʬʦʥʝ ʦʙʱʝʛʦ ʧʦʥʠʞʝʥʠʷ ʵʚʩʪʘʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʇʨʦʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʩ ʪʠʧʠʯʥʦ ʧʣʘʪʬʦʨʤʝʥʥʳʤ ʨʘʟʨʝʟʦʤ ʩʤʝʞʥʦʛʦ 
ɹʝʨʝʟʦʚʩʢʦʛʦ ʧʨʦʛʠʙʘ, ʛʜʝ ʧʦ ʜʘʥʥʳʤ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ (ʀʥʥʷʭʩʢʘʷ ʩʪʨʫʢʪʫʨʘ) ʚʩʢʨʳʚʘʝʪʩʷ ʩʠʥʭʨʦʥʥʘʷ ʨʝʛʨʝʩʩʠʚʥʦ-

ʮʠʢʣʠʯʝʩʢʘʷ ʩʫʛʫʙʦ ʜʦʣʦʤʠʪ-ʛʘʣʦʛʝʥʥʘʷ ʪʦʣʱʘ. ɺ ʟʘʢʣʶʯʝʥʠʠ ʤʦʪʠʚʠʨʫʝʪʩʷ ʚʦʟʤʦʞʥʘʷ ʪʝʢʪʦʥʦ-ʢʣʠʤʘʪʠʯʝʩʢʘʷ ʠ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʘʷ ʧʨʠʨʦʜʘ ʮʠʢʣʠʯʥʦʩʪʠ ʢʘʨʙʦʥʘʪʥʳʭ ʙʠʦʭʝʤʦʣʠʪʦʚ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʠ ʫʩʪʦʡʯʠʚʘʷ ʮʠʢʣʠʯʥʦʩʪʴ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʣʠʤʧʝʡʩʢʦʡ ʩʚʠʪʳ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʰʠʨʦʢʦʤ ʧʨʦʷʚʣʝʥʠʠ ʚ ʘʪʜʘʙʘʥʩʢʦʝ ʚʨʝʤʷ ʮʠʢʣʠʯʥʦʛʦ, ʨʝʛʨʝʩʩʠʚʥʦ-ʧʦʚʪʦʨʷʶʱʝʛʦʩʷ (ʧʦ ɼʞ. 
ʋʠʣʩʦʥʫ) ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʘʨʠʜʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʪʝʢʪʦʥʠʯʝʩʢʠ 
ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʧʦʩʪʨʠʬʪʦʛʝʥʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʛʠʙʘʥʠʷ. 

 
ʈʋɻʆɿʓ ʉʈɽɼʅɽɼɽɺʆʅʉʂʀʍ (ʈɸʅʅɽɾʀɺɽʊʉʂʀʍ) ʆʊʃʆɾɽʅʀʁ 

ɺʆʉʊʆʏʅʆɻʆ ʉʂʃʆʅɸ ʉɸʃɸʀʈɸ 
ɽ.ɸ. ɻʘʣʦʯʢʠʥʘ, ɽ.ɸ. ʀʚʘʩʝʥʢʦ 

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

 
ɺ ʧʨʝʜʝʣʘʭ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʦʪʣʦʞʝʥʠʷ ʨʘʥʥʝʛʦ ʞʠʚʝʪʘ ʥʘʡʜʝʥʳ ʪʦʣʴʢʦ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 

ʉʘʣʘʠʨʘ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʦʡ ʨʝʛʨʝʩʩʠʝʡ, ʧʨʦʠʩʰʝʜʰʝʡ ʚ ʵʪʦ ʚʨʝʤʷ ʥʘ ʝʸ ʪʝʨʨʠʪʦʨʠʠ. 
ʀʩʢʦʧʘʝʤʘʷ ʬʘʫʥʘ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʚ ʢʘʯʝʩʪʚʝ ʢʝʨʣʝʛʝʰʩʢʦʛʦ ʠ ʩʘʬʦʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʦʚ,  ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʙʨʘʭʠʦʧʦʜʘʤʠ, ʦʩʪʨʘʢʦʜʘʤʠ, ʢʦʨʘʣʣʘʤʠ ʨʫʛʦʟʘʤʠ, ʪʨʠʣʦʙʠʪʘʤʠ ʠ ʤʰʘʥʢʘʤʠ. ɺ ʧʨʦʰʣʦʤ ʦʥʘ ʠʟʫʯʘʣʘʩʴ ʠ ʦʧʠʩʳʚʘʣʘʩʴ 
ʄ.ɸ. ʈʞʦʥʩʥʠʮʢʦʡ (1952, 1968), ʕ.ɿ. ɹʫʣʴʚʘʥʢʝʨ, (1958), ɺ.ɸ. ʀʚʘʥʠʝʡ (1965) ʠ ɽ.ɸ. ɪʣʢʠʥʳʤ (1968). ɺ ʭʦʜʝ ʧʦʣʝʚʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ 2000-2003 ʛʦʜʦʚ, ʦʨʛʘʥʠʟʦʚʘʥʥʳʭ ʙʨʠʦʟʦʦʣʦʛʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ʂʫʟʙʘʩʩʢʦʡ ʧʝʜʘʛʦʛʦʠʯʝʩʢʦʡ 
ʘʢʘʜʝʤʠʠ, ʜʦʮʝʥʪ ʀɻʅɼ ʊʇʋ ɻʫʤʝʨʦʚʘ ʅ.ɺ., ʙʳʣʠ ʚʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʳ ʜʚʘ ʥʦʚʳʭ ʨʘʟʨʝʟʘ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ 
(ʇʨʦʢʦʧʴʝʚʩʢʠʡ ʠ ɹʘʯʘʪʩʢʠʡ). ʆʧʠʩʘʥʠʷ ʵʪʠʭ ʨʘʟʨʝʟʦʚ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʩʙʦʨʥʠʢʝ ʩʪʘʪʝʡ çʇʨʠʨʦʜʘ ʠ ʵʢʦʥʦʤʠʢʘ 
ʂʫʟʙʘʩʩʘè ʚ 2004 ʛ. ʂʦʤʧʣʝʢʩʳ ʨʫʛʦʟ ɹʘʯʘʪʩʢʦʛʦ ʠ ʇʨʦʢʦʧʴʝʚʩʢʦʛʦ ʨʘʟʨʝʟʦʚ, ʦʪʦʙʨʘʥʥʳʝ ɻʫʤʝʨʦʚʦʡ ʅ.ɺ., ʙʳʣʠ  

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʠ ʤʦʥʦʛʨʘʬʠʯʝʩʢʠ ʦʧʠʩʘʥʳ ʥʘʤʠ ʧʦʜ ʝʸ ʨʫʢʦʚʦʜʩʪʚʦʤ.  
ʈʘʟʨʝʟ ʇʨʦʢʦʧʴʝʚʩʢʠʡ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʟʘʧʘʜʥʦʡ ʦʢʨʘʠʥʝ ʛʦʨʦʜʘ ʚ ʣʝʚʦʙʝʨʝʞʴʝ ʨʫʯʴʷ ɽʛʦʩ ʚ 300 ʤ ʢ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʫ ʦʪ ʤʦʩʪʘ. ʀʟʫʯʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʚʩʢʨʳʪʳ ʜʚʫʤʷ ʥʝʙʦʣʴʰʠʤʠ ʢʘʨʴʝʨʘʤʠ. ʇʨʦʩʪʠʨʘʥʠʝ ʧʣʘʩʪʦʚ ʥʘ ʠʟʫʯʝʥʥʦʤ 
ʫʯʘʩʪʢʝ ʙʣʠʟʢʦ ʢ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ, ʧʘʜʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʨʪʠʢʘʣʴʥʦʝ. ʅʘ ʜʝʪʘʣʴʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ ʤʘʩʰʪʘʙʘ 
1:50000 ʵʪʠ ʦʪʣʦʞʝʥʠʷ ʦʪʥʝʩʝʥʳ ʢ ʢʝʨʣʝʛʝʰʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ, ʥʦ, ʩʫʜʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʬʘʫʥʳ ʙʨʘʭʠʦʧʦʜ ʠ 
ʨʫʛʦʟ, ʠʭ ʧʨʘʚʦʤʝʨʥʦ ʦʪʥʝʩʪʠ ʢ ʩʘʬʦʥʦʚʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ. 

1.ʉʠʥʝʚʘʪʦ-ʩʝʨʳʝ ʧʣʠʪʯʘʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʪʦʥʢʦʡ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʩʦʜʝʨʞʘʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 
ʧʨʠʤʝʩʴ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟ ʬʘʫʥʳ ʚʩʪʨʝʯʘʶʪʩʷ ʤʝʣʢʠʝ ʙʨʘʭʠʦʧʦʜʳ, ʛʘʩʪʨʦʧʦʜʳ, ʤʰʘʥʢʠ ʟʫʙʳ ʠ ʯʝʰʫʷ ʨʳʙ ʠ 

ʨʫʛʦʟʳ  Grypophyllum gracile Wedekind ʠ Dialythophyllum annulatum (Peetz). 



2. ɻʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʣʘʙʦʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜʘʤ 
ʧʨʝʜʳʜʫʱʝʛʦ ʠʥʪʝʨʚʘʣʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ï 3:1. ʀʟ ʬʘʫʥʳ ʧʨʝʦʙʣʘʜʘʶʪ ʤʰʘʥʢʠ, ʙʨʘʭʠʦʧʦʜʳ, ʢʨʠʥʦʠʜʝʠ, ʦʩʪʨʘʢʦʜʳ. 

3. ʄʘʩʩʠʚʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩʠʣʴʥʦ ʨʘʟʜʨʦʙʣʝʥʥʳʝ ʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ. 

4. ʉʝʨʳʝ ʪʦʥʢʦʧʣʠʪʯʘʪʳʝ ʠʟʚʝʩʪʥʷʢʠ. ɺ ʩʦʩʪʘʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ï ʨʘʢʦʚʠʥʳ ʙʨʘʭʠʦʧʦʜ ʠ ʜʚʫʩʪʚʦʨʯʘʪʳʭ 
ʤʦʣʣʶʩʢʦʚ; ʢʨʦʤʝ ʪʦʛʦ, ʛʦʥʠʘʪʠʪʳ, ʪʘʙʫʣʷʪʳ, ʢʨʠʥʦʠʜʝʠ, ʤʰʘʥʢʠ.   ʀʟ ʙʨʘʭʠʦʧʦʜ ɻʫʪʘʢ ʗ.ʄ. ʦʧʨʝʜʝʣʠʣ  ʚʠʜ 
Indospirifer pseudowilliamsi Rzonsnickaja. 

5. ʏʝʨʝʜʫʶʱʠʝʩʷ ʧʨʦʩʣʦʠ ʩʝʨʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʩʠʣʴʥʦ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ10-15 ʩʤ. 
ʌʘʫʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʨʘʭʠʦʧʦʜʘʤʠ ʠ ʤʰʘʥʢʘʤʠ. 

6. ʉʝʨʳʝ ʪʦʣʩʪʦʧʣʠʪʯʘʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʦʩʪʘʪʢʘʤʠ ʙʨʘʭʠʦʧʦʜ, ʢʨʠʥʦʠʜʝʡ, ʪʘʙʫʣʷʪ ʠ ʤʰʘʥʦʢ. ʀʟ ʨʫʛʦʟ 
ʦʧʨʝʜʝʣʝʥʳ Megaphyllum pashiense Soshkina, Heliophyllum aiense Soshkina, Grypophyllum gracile Wedekind, Calceola 
sandalina Lamark. 

7. ʊʝʤʥʦ-ʩʝʨʳʝ ʪʦʥʢʦʧʣʠʪʯʘʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʦʩʪʘʪʢʘʤʠ ʪʘʙʫʣʷʪ ʠ ʤʰʘʥʦʢ. 
8. ʊʝʤʥʦ ʩʝʨʳʝ ʧʣʠʪʯʘʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ, ʚ ʢʦʪʦʨʳʭ ʚʝʪʚʠʩʪʳʝ ʠ ʤʘʩʩʠʚʥʳʝ ʢʦʣʦʥʠʠ 

ʨʫʛʦʟ ʦʙʨʘʟʫʶʪ ʥʝʙʦʣʴʰʠʝ ʙʠʦʛʝʨʤʳ. ʆʧʨʝʜʝʣʝʥʳ Marisastrum lazutkini Bulvanker, Megaphyllum pashiense Soshkina, 
Neostringophyllum sp.  

9. ʏʝʨʝʜʫʶʱʠʝʩʷ ʧʨʦʩʣʦʠ ʩʝʨʳʭ ʪʦʣʩʪʦʧʣʠʪʯʘʪʳʭ ʛʣʠʥʠʩʪʳʭ ʠ ʘʣʝʚʨʠʪʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʳʭ 
ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ ʘʣʝʚʨʦʣʠʪʦʚ ʩ ʦʩʪʘʪʢʘʤʠ ʪʘʙʫʣʷʪ, ʤʰʘʥʦʢ, ʪʨʠʣʦʙʠʪʦʚ ʠ ʜʚʫʩʪʚʦʨʯʘʪʳʭ ʤʦʣʣʶʩʢʦʚ. 

10. ɹʫʨʦʚʘʪʦ ʩʝʨʳʝ ʘʣʝʚʨʦʣʠʪʳ, ʩʤʝʥʷʶʱʠʝʩʷ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʟʝʣʝʥʦʚʘʪʦ-ʙʫʨʳʤʠ ʛʨʫʙʦʟʝʨʥʠʩʪʳʤʠ 
ʧʝʩʯʘʥʠʢʘʤʠ.  

 ʀʟ ʙʨʘʭʠʦʧʦʜ ɻʫʪʘʢ ʗ.ʄ. ʦʧʨʝʜʝʣʠʣ  ʚʠʜ Indospirifer pseudowilliamsi Rzonsnickaja, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ 
ʨʫʢʦʚʦʜʷʱʝʡ ʬʦʨʤʦʡ ʩʘʬʦʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. ɸʚʪʦʨʘʤʠ ʜʦʢʣʘʜʘ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʚʠʜʳ ʨʫʛʦʟ:  Dialythophyllum annulatum (Peetz),  Heliophyllum aiense Soshkina, Grypophyllum gracile Wedekind, Calceola 
sandalina Lamark, Marisastrum lazutkini Bulvanker, Megaphyllum pashiense Soshkina, Neostringophyllum sp. ʌʦʨʤʳ 
Dialythophyllum annulatum (Peetz) ʠ  Heliophyllum aiense Soshkina ʷʚʣʷʶʪʩʷ ʟʦʥʘʣʴʥʳʤʠ ʚʠʜʘʤʠ ʩʘʬʦʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ. 
Grypophyllum gracile Wedekind ʠ Calceola sandalina Lamark ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʦʣʝʝ ʥʠʟʢʠʭ ʛʦʨʠʟʦʥʪʘʭ. ʇʝʨʚʘʷ ʬʦʨʤʘ 
ʷʚʣʷʝʪʩʷ ʪʨʘʥʟʠʪʥʦʡ: ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘʯʠʥʘʷ ʩ ʩʘʣʘʠʨʢʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 
ʵʤʩʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʢʦʥʯʘʷ ʨʘʥʥʝʞʠʚʝʪʩʢʠʤ ʩʘʬʦʥʦʚʩʢʠʤ ʛʦʨʠʟʦʥʪʦʤ. ɺʪʦʨʘʷ ʬʦʨʤʘ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 

ʚʝʨʭʥʝʰʘʥʜʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦʟʜʥʝʛʦ ʵʤʩʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚʠʜ Marisastrum lazutkini Bulvanker ʠʟʚʝʩʪʝʥ ʠʟ 
ʚʘʩʩʠʥʩʢʠʭ ʩʣʦʝʚ ʨʘʥʥʝʬʨʘʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺʠʜ Megaphyllum pashiense Soshkina, ʘ ʪʘʢʞʝ ʨʦʜ Neostringophyllum, 
ʢʦʪʦʨʳʡ ʥʝ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʜʦ ʚʠʜʘ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʞʠʚʝʪʩʢʠʭ ʠ ʬʨʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʋʨʘʣʘ, ʉʘʣʘʠʨʘ ʠ ʂʫʟʙʘʩʩʘ. ɺ 
ʮʝʣʦʤ, ʤʳ, ʩʯʠʪʘʝʤ ʚʦʟʤʦʞʥʳʤ, ʦʪʥʝʩʪʠ ʠʟʫʯʝʥʥʳʡ  ʢʦʤʧʣʝʢʩ ʢ ʩʘʬʦʥʦʚʩʢʦʤʫ ʛʦʨʠʟʦʥʪʫ. 

ɹʘʯʘʪʩʢʠʡ ʨʘʟʨʝʟ ʚʩʢʨʳʚʘʝʪʩʷ ʚ ʧʨʘʚʦʙʝʨʝʞʴʝ ʨʝʢʠ ɹʦʣʴʰʠʝ ɹʘʯʘʪʳ ʧʨʦʪʠʚ ʜʝʨʝʚʥʠ ʄʘʤʦʥʪʦʚʦ ʥʘ ʭʦʣʤʝ. 
ʕʣʝʤʝʥʪʳ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ: ʧʨʦʩʪʠʨʘʥʠʝ 310, ʧʘʜʝʥʠʝ ʙʣʠʟʢʦ ʢ ʚʝʨʪʠʢʘʣʴʥʦʤʫ. 

ʉʝʨʳʝ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ.  
ɿʘʜʝʨʥʦʚʘʥʥʳʡ ʠʥʪʝʨʚʘʣ.  
ʊʝʤʥʦ-ʩʝʨʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʦʩʪʘʪʢʘʤʠ ʪʘʙʫʣʷʪ, ʢʨʠʥʦʠʜʝʡ, ʛʝʣʠʦʣʠʪʠʜ, ʩʪʨʦʤʘʪʦʧʦʨʘʪ,  ʙʨʘʭʠʦʧʦʜ ʠ ʤʰʘʥʦʢ. 

 ɿʘʜʝʨʥʦʚʘʥʥʳʡ ʠʥʪʝʨʚʘʣ. 
ʉʝʨʳʝ ʪʦʥʢʦʧʣʠʪʯʘʪʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʩʦʜʝʨʞʘʱʠʝ ʦʩʪʘʪʢʠ ʙʨʘʭʠʦʧʦʜ, ʨʫʛʦʟ, ʤʰʘʥʦʢ. ʀʟ ʨʫʛʦʟ ʥʘʤʠ ʦʧʨʝʜʝʣʝʥʳ 

Grypophyllum gracile Wedekind,  Calceola sandalina Lamark, Peneckiella sp. ʀʟ ʙʨʘʭʠʦʧʦʜ ʗʨʦʩʣʘʚ ʄʠʭʘʡʣʦʚʠʯ ɻʫʪʘʢ 
ʦʧʨʝʜʝʣʠʣ ʚʠʜ Indospirifer pseudowilliamsi Rzonsnickaja. 

ɿʘʜʝʨʥʦʚʘʥʥʳʡ ʠʥʪʝʨʚʘʣ. 
ɿʝʣʝʥʦʚʘʪʦ-ʙʫʨʦʚʘʪʳʝ ʛʨʫʙʦʟʝʨʥʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʩ ʧʨʠʤʝʩʴʶ ʛʨʘʚʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
ʀʟ ʨʫʛʦʟ ʥʘʤʠ  ʦʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ Grypophyllum gracile Wedekind,  Calceola sandalina Lamark ʠ Peneckiella sp. 

ʇʦʩʣʝʜʥʶʶ ʬʦʨʤʫ ʥʝ ʫʜʘʣʦʩʴ ʦʧʨʝʜʝʣʠʪʴ ʜʦ ʚʠʜʘ, ʥʦ ʨʦʜ Peneckiella Soshkina ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʞʠʚʝʪʩʢʠʭ ʠ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʦ ʬʨʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʋʨʘʣʘ, ʂʫʟʙʘʩʩʘ ʠ ʉʘʣʘʠʨʘ. ʀʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʚ ɹʘʯʘʪʩʢʦʤ ʨʘʟʨʝʟʝ ʟʦʥʘʣʴʥʳʭ 
ʚʠʜʦʚ ʨʫʛʦʟ ʩʘʬʦʥʦʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ ʢ ʥʝʤʫ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ 
ʙʨʘʭʠʦʧʦʜ ʚʠʜʘ Indospirifer pseudowilliamsi Rzonsnickaja. ʂʦʤʧʣʝʢʩ ʠʟʫʯʝʥʥʳʭ ʨʫʛʦʟ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʪʦʣʴʢʦ ʦ 
ʨʘʥʥʝʞʠʚʝʪʩʢʦʤ ʚʦʟʨʘʩʪʝ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ. 

ʆʧʠʩʘʥʠʝ ʚʠʜʦʚ ʨʫʛʦʟ: 
ʆʪʨʷʜ Cystiphyllida  
ʉʝʤʝʡʩʪʚʦ Digonophyllidae 
ʈʦʜ Dialythophyllum Amanshauser in Wedekind 

Dialythophyllum annulatum (Peetz) 
ʊʘʙʣ. 1, ʨʠʩ. 1 ʘ, ʙ  
ʄʘʪʝʨʠʘʣ. 3 ʵʢʟʝʤʧʣʷʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʦ 6 ʰʣʠʬʦʚ. 
ɼʠʘʛʥʦʟ. ʆʜʠʥʦʯʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʘʣʣ ʩ ʷʩʥʳʤʠ ʧʦʤʦʣʦʜʝʥʠʷʤʠ ʧʦ ʚʩʝʡ ʜʣʠʥʝ. ʇʨʠ ʜʠʘʤʝʪʨʝ 15 ʤʤ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʦʪ 54 ʜʦ 60 ʩʝʧʪ ʜʚʫʭ ʧʦʨʷʜʢʦʚ. ʉʝʧʪʳ ʢʣʠʥʦʚʠʜʥʦ ʫʪʦʣʱʝʥʳ ʢ ʧʝʨʠʬʝʨʠʠ ʠ ʢʘʨʠʥʠʨʦʚʘʥʳ ʧʦ ʚʩʝʡ 
ʜʣʠʥʝ. ɹʦʣʴʰʠʝ ʩʝʧʪʳ ʧʦʯʪʠ ʜʦʭʦʜʷʪ ʜʦ ʮʝʥʪʨʘ ʢʦʨʘʣʣʘ, ʤʘʣʳʝ ʩʦʩʪʘʚʣʷʶʪ 2/3 ʜʣʠʥʳ ʙʦʣʴʰʠʭ. ɼʥʠʱʘ ʨʘʩʱʝʧʣʝʥʥʳʝ, 
ʧʫʟʳʨʝʦʙʨʘʟʥʳʝ, ʥʘ 5 ʤʤ ʧʨʠʭʦʜʠʪʩʷ 7 ʜʥʠʱ. ɼʠʩʩʠʧʠʤʝʥʪʳ  ʣʦʥʩʜʘʣʝʦʠʜʥʳʝ, ʩʦʩʪʘʚʣʷʶʪ 2 ʨʷʜʘ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʟʨʘʩʪ. ʂʝʨʣʝʛʝʰʩʢʠʝ ʠ ʩʘʬʦʥʦʚʩʢʠʝ ʩʣʦʠ ʂʫʟʙʘʩʩʘ ʠ ʉʘʣʘʠʨʘ ʨʘʥʥʝʛʦ ʞʠʚʝʪʘ. 

ʆʪʨʷʜ Kodonophyllida 
ʉʝʤʝʡʩʪʚʦ Heliophyllidae Nicholson 
ʈʦʜ         Heliophyllum     Hall 
Heliophyllum aiense Soshkina 
ʊʘʙʣ. 1, ʨʠʩ. 5. 
ʄʘʪʝʨʠʘʣ. 3 ʵʢʟʝʤʧʣʷʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʦ 10 ʰʣʠʬʦʚ. 
ɼʠʘʛʥʦʟ. ʆʜʠʥʦʯʥʳʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʨʘʣʣ. ɼʠʘʤʝʪʨ ʚʟʨʦʩʣʳʭ ʦʩʦʙʝʡ ʚʘʨʴʠʨʫʝʪ ʦʪ 20 ʜʦ 24 ʤʤ. 

ʅʘʩʯʠʪʳʚʘʝʪʩʷ 60-62 ʩʝʧʪ ʜʚʫʭ ʧʦʨʷʜʢʦʚ, ʫʪʦʣʱʝʥʥʳʭ ʠ ʢʘʨʠʥʠʨʦʚʘʥʥʳʭ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʟʦʥʝ ʠ ʪʦʥʢʠʭ ʫ ʮʝʥʪʨʘ. 

ʉʝʧʪʳ 1-ʛʦ ʧʦʨʷʜʢʘ ʜʦʭʦʜʷʪ ʜʦ ʮʝʥʪʨʘ, ʩʝʧʪʳ 2-ʛʦ ʧʦʨʷʜʢʘ ʩʦʩʪʘʚʣʷʶʪ 2/3 ʠʭ ʜʣʠʥʳ. ɼʥʠʱʘ ʰʠʨʦʢʠʝ, ʨʘʩʱʝʧʣʝʥʥʳʝ, 
ʯʘʩʪʳʝ: 10 ʜʥʠʱ ï ʥʘ 5 ʤʤ. ɼʠʩʩʝʧʠʤʝʥʪʳ ʤʝʣʢʠʝ, ʚʟʜʫʪʳʝ, ʩʦʩʪʘʚʣʷʶʪ 5-9 ʨʷʜʦʚ. 



ʆʥʪʦʛʝʥʝʟ. ʈʘʟʤʥʦʞʝʥʠʝ ʧʘʨʠʩʠʜʘʣʴʥʦʝ. ɺ ʪʘʙʣʠʮʝ I ʥʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥ ʢʦʨʘʣʣ, ʜʝʣʷʱʠʡʩʷ ʠʟʥʫʪʨʠ ʥʘ 
5 ʧʘʨʠʩʠʜʘʣʴʥʳʭ ʧʦʯʝʢ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʟʨʘʩʪ. ɺʝʨʭʥʝʞʠʚʝʪʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʋʨʘʣʘ ʠ ɻʦʨʥʦʛʦ ɸʣʪʘʷ,  ʤʘʟʘʣʦʚʩʢʦ-ʢʠʪʘʪʩʢʠʡ 

ʛʦʨʠʟʦʥʪ. ɺ ʂʫʟʙʘʩʩʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʘʬʦʥʦʚʩʢʠʭ ʩʣʦʷʭ. 
ʉʝʤʝʡʩʪʚʦ Stringophyllidae Wedekind 
ʈʦʜ     Grypophyllum   Wedekind 
Grypophyllum gracile Wedekind 
ʊʘʙʣ. 1, ʨʠʩ. 4 ʘ, ʙ 
ʄʘʪʝʨʠʘʣ. ʀʟʫʯʝʥʦ 4 ʵʢʟʝʤʧʣʷʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʦ 15 ʰʣʠʬʦʚ. 
ɼʠʘʛʥʦʟ. ʄʘʣʝʥʴʢʠʡ ʦʜʠʥʦʯʥʳʡ ʢʦʨʘʣʣ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 12 ʤʤ. ʂʦʣʠʯʝʩʪʚʦ ʩʝʧʪ ʜʚʫʭ ʧʦʨʷʜʢʦʚ 42. 

ʉʝʧʪʳ ʪʦʥʢʠʝ, ʧʣʘʩʪʠʥʯʘʪʳʝ, ʫʪʦʣʱʝʥʳ ʢ ʦʩʠ. ɹʦʣʴʰʠʝ ʩʝʧʪʳ ʜʣʠʥʥʳʝ, ʜʦʭʦʜʷʪ ʜʦ ʮʝʥʪʨʘ; ʤʘʣʳʝ ï ʢʦʨʦʪʢʠʝ, ʪʦʣʩʪʳʝ, 

ʩʦʩʪʘʚʣʷʶʪ 1/3-1/5 ʜʣʠʥʳ ʧʝʨʚʳʭ, ʤʦʛʫʪ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʦʚʘʪʴ. ɼʥʠʱʘ ʧʦʣʥʳʝ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʟʘʥʠʤʘʶʪ 1/3 ʦʪ 
ʜʠʘʤʝʪʨʘ ʢʦʨʘʣʣʘ. ʅʘ 5 ʤʤ ʧʨʠʭʦʜʠʪʩʷ 11 ʜʥʠʱ. ʂʨʫʧʥʳʝ ʣʦʥʩʜʘʣʝʦʠʜʥʳʝ ʜʠʩʩʠʧʠʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ  3-5 ʨʷʜʦʚ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʟʨʘʩʪ. ɺʠʜ ʦʧʠʩʘʥ ʚ ɻʝʨʤʘʥʠʠ, ʥʘ ʋʨʘʣʝ, ʚ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ. Grypophyllum 
gracile Wedekind ʥʘʯʠʥʘʝʪ ʧʦʷʚʣʷʪʴʩʷ ʚ ʩʘʣʘʠʨʢʠʥʩʢʠʭ ʩʣʦʷʭ ʵʤʩʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʝʨʝʭʦʜʠʪ ʚ ʰʘʥʜʠʥʩʢʠʝ, ʟʘʪʝʤ ʚ 
ʵʡʬʝʣʴʩʢʠʡ ʚʝʢ ʚ ï ʤʘʤʦʥʪʦʚʩʢʠʝ; ʜʦʩʪʘʪʦʯʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʝʨʣʝʛʝʰʩʢʠʭ ʠ ʩʘʬʦʥʦʚʩʢʠʭ ʩʣʦʷʭ ʨʘʥʥʝʛʦ ʞʠʚʝʪʘ. 

ʉʝʤʝʡʩʪʚʦ Mycophyllidae Hill  
ʈʦʜ ʉalceola Lamark 
ʉalceola sandalina Lamark 

ʊʘʙʣ. 1,  ʨʠʩ.3 ʘ, ʙ 
ʄʘʪʝʨʠʘʣ. 2 ʵʢʟʝʤʧʣʷʨʘ. 

 
ʊʘʙʣʠʮʘ 1 

 

 
ʈʠʩ. 1, ʘ. Dialythophyllum annulatum 

(Peetz) ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ 

 

 
ʈʠʩ. 1, ʙ. Dialythophyllum 

annulatum (Peetz) ʧʨʦʜʦʣʴʥʳʡ 

ʨʘʟʨʝʟ 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 1, ʚ. Dialythophyllum 

annulatum (Peetz) ʚʥʝʰʥʠʡ ʚʠʜ 

ʈʠʩ. 2, ʘ. Marisastrum lazutkini 

(Bulvanker) ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ 

ʈʠʩ. 2, ʙ. Marisastrum lazutkini 

(Bulvanker) ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ 

 

 

 

 

 

 
ʈʠʩ. 3, ʘ. ʉalceola sandalina 

Lamark  ʚʥʝʰʥʠʡ ʚʠʜ ʩʙʦʢʫ 

 

 

 

 

 
ʈʠʩ. 3, ʙ.ʉalceola sandalina 

Lamark ʚʥʝʰʥʠʡ ʚʠʜ ʩʚʝʨʭʫ 

 



  

 

 

 

 

 
 
 

ʈʠʩ. 4, ʘ. Grypophyllum gracile 

Wedekind ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ 

 
ʈʠʩ. 4, ʙ. Grypophyllum gracile 

Wedekind ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ 

 
ʈʠʩ. 5 Heliophyllum aiense 

Soshkina - ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ 

(ʜʝʣʝʥʠʝ ʤʘʪʝʨʠʥʩʢʦʛʦ 

ʢʦʨʘʣʣʠʪʘ ʥʘ 5 ʧʦʯʝʢ) 

 
 
 
 
 
 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 6, ʘ. Disphyllum pashiense 

(Soshkinaʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 6, ʙ. Disphyllum pashiense 

(Soshkina) ʧʨʦʜʦʣʴʥʳʡ ʨʘʟʨʝʟ 

 

 

 
ɼʠʘʛʥʦʟ. ʆʜʠʥʦʯʥʳʡ ʪʫʬʣʝʦʙʨʘʟʥʳʡ ʢʨʳʰʝʯʥʳʡ ʢʦʨʘʣʣ. ʏʘʰʢʘ ʚʦʨʦʥʢʦʚʠʜʥʘʷ. ʆʜʥʘ ʩʪʦʨʦʥʘ ʢʦʨʘʣʣʘ 

ʫʧʣʦʱʝʥʥʘʷ, ʜʨʫʛʘʷ ʚʳʧʫʢʣʘʷ. ʋʧʣʦʱʝʥʥʘʷ ʩʪʦʨʦʥʘ ʢʦʨʘʣʣʘ ʧʨʠʧʦʜʥʷʪʘ ʢʚʝʨʭʫ ʦʩʪʨʠʝʤ. ʇʣʦʪʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʩʝʧʪʳ 
ʩʣʠʚʘʶʪʩʷ ʤʝʞʜʫ ʩʦʙʦʡ, ʪʘʢ ʯʪʦ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʫʩʪʘʥʦʚʠʪʴ ʪʨʫʜʥʦ. ɼʥʠʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʨʝʜʢʠʝ. ʆʙʱʠʝ 

ʨʘʟʤʝʨʳ ʢʦʨʘʣʣʘ ʤʘʣʳ (ʜʦ 15 ʤʤ). ɼʠʩʩʠʧʠʤʝʥʪʦʚ ʥʝʪ. 
 ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʟʨʘʩʪ. ʉʨʝʜʥʠʡ ʜʝʚʦʥ ɽʚʨʘʟʠʠ ʠ ʉʝʚʝʨʥʦʡ ɸʬʨʠʢʠ. ɺ ɸʣʪʘʝ- ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʥʘʯʠʥʘʷ ʩ ʰʘʥʜʠʥʩʢʠʭ ʩʣʦʝʚ ʧʦʟʜʥʝʛʦ ʵʤʩʘ, ʢʦʥʯʘʷ ʩʘʬʦʥʦʚʩʠʤʠ ʩʣʦʷʤʠ ʨʘʥʥʝʛʦ ʞʠʚʝʪʘ. 
ʆʪʨʷʜ Columnariida Rominger 
ʉʝʤʝʡʩʪʚʦ Marisastridae Rozkowska 
ʈʦʜ Marisastrum Rozkowska 
Marisastrum lazutkini (Bulvanker) 
ʊʘʙʣ. 1,   ʨʠʩ. 2 ʘ, ʙ 

ʄʘʪʝʨʠʘʣ. ʀʟʫʯʝʥʦ 2 ʵʢʟʝʤʧʣʷʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʦ 7 ʰʣʠʬʦʚ. 
ɼʠʘʛʥʦʟ. ʂʦʣʦʥʠʷ ʤʘʩʩʠʚʥʳʭ ʢʦʨʘʣʣʠʪʦʚ ʩ ʜʠʘʛʦʥʘʣʴʶ 10 ï 11 ʤʤ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʩʝʧʪʳ ʜʚʫʭ ʧʦʨʷʜʢʦʚ ʚ 

ʢʦʣʠʯʝʩʪʚʝ 32-40. ʉʝʧʪʳ ʢʘʨʠʥʠʨʦʚʘʥʳ, ʪʦʥʢʠʝ ʥʘ ʧʝʨʠʬʝʨʠʝ ʢ ʩʝʨʝʜʠʥʝ ʚʝʨʝʪʝʥʦʚʠʜʥʦ ʫʪʦʣʱʝʥʳ.  ɹʦʣʴʰʠʝ ʩʝʧʪʳ ʥʝ 
ʜʦʭʦʜʷʪ ʜʦ ʮʝʥʪʨʘ. ʄʘʣʳʝ ʩʦʩʪʘʚʣʷʶʪ 2/3 ʜʣʠʥʳ ʙʦʣʴʰʠʭ. ɼʥʠʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʥʘ 5 ʤʤ ʧʨʠʭʦʜʠʪʩʷ ʦʪ 11 ʜʦ 15. 
ɼʠʩʩʠʧʠʤʝʥʪʳ ʢʨʫʪʦʥʘʢʣʦʥʥʳʝ ʢ ʦʩʠ, 3-5 ʨʷʜʦʚ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʟʨʘʩʪ. ɸʣʪʘʝ-ʉʘʷʥʩʢʘʷ ʦʙʣʘʩʪʴ, ʠʟʳʣʠʥʩʢʠʝ ʩʣʦʠ ʧʦʟʜʥʝʛʦ ʞʠʚʝʪʘ ʠ ʚʘʩʩʠʥʩʢʢʠʝ ʩʣʦʠ 
ʨʘʥʥʝʛʦ ʬʨʘʥʘ. 

ʉʝʤʝʡʩʪʚʦ Disphyllidae Hill 

ʈʦʜ Disphyllum Fromentel 
Disphyllum pashiense (Soshkina) 
ʊʘʙʣ. 1,  ʨʠʩ. 6 ʘ, ʙ 
ʄʘʪʝʨʠʘʣ. ʀʟʫʯʝʥʦ 2 ʵʢʟʝʤʧʣʷʨʘ, ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʦ 6 ʰʣʠʬʦʚ. 



ɼʠʘʛʥʦʟ. ʂʦʣʦʥʠʷ ʚʝʪʚʠʩʪʳʭ ʢʦʨʘʣʣʠʪʦʚ ʩʦ ʩʨʝʜʥʠʤ ʜʠʘʤʝʪʨʦʤ 13 ʤʤ. ʉʝʧʪʳ ʢʣʠʥʦʚʠʜʥʦ ʫʪʦʣʱʝʥʥʳʝ, ʜʚʫʭ 
ʧʦʨʷʜʢʦʚ  ʚ  ʢʦʣʠʯʝʩʪʚʝ    48-52. ɹʦʣʴʰʠʝ ʩʝʧʪʳ ʜʣʠʥʥʳʝ, ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʦʩʠ. ʄʘʣʳʝ ʩʝʧʪʳ ʩʦʩʪʘʚʣʷʶʪ 1/2-1/3 ʜʣʠʥʳ 
ʙʦʣʴʰʠʭ. ɼʥʠʱʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ, ʨʝʜʢʠʝ (4 ʥʘ 5 ʤʤ).  ɼʠʩʩʠʧʠʤʝʥʪʳ ʤʝʣʢʠʝ, ʚʟʜʫʪʳʝ, ʩʦʩʪʘʚʣʷʶʪ 2-3 ʨʷʜʘ. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠ ʚʦʟʨʘʩʪ. ʅʘ ʋʨʘʣʝ ʠ ɸʣʪʘʝ-ʉʘʷʥʩʢʦʡ ʦʙʣʘʩʪʠ ʵʪʘ ʬʦʨʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʚ ʞʠʚʝʪʩʢʠʭ ʠ ʬʨʘʥʩʢʠʭ 
ʦʪʣʦʞʝʥʠʷʭ.  ɺ ʂʫʟʙʘʩʩʝ ʦʥʘ ʥʘʡʜʝʥʘ ʚ ʟʘʨʫʙʠʥʩʢʠʭ, ʠʟʳʣʠʥʩʢʠʭ ʩʣʦʷʭ ʧʦʟʜʥʝʛʦ ʞʠʚʝʪʘ ʠ ʚʘʩʩʠʥʩʢʠʭ ʩʣʦʷʭ ʨʘʥʥʝʛʦ 
ʬʨʘʥʘ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʌʆʈʄʀʈʆɺɸʅʀʗ ʉʋʅʊɸʈʉʂʆʁ ʉʀʉʊɽʄʓ ʈɸɿʃʆʄʆɺ 

ʖɾʅʆ-ɺɽʈʍʆʗʅʉʂʆɻʆ ʉʀʅʂʃʀʅʆʈʀʗ 
ɽ.ʇ. ɼʤʠʪʨʠʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʀ. ɾʠʞʠʥ 
ʗʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ, ʗʢʫʪʠʷ 

 

ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʠʡ ʩʠʥʢʣʠʥʦʨʠʡ ʨʘʩʧʦʣʦʞʝʥ ʚ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʦʙʰʠʨʥʫʶ ʛʦʨʥʫʶ ʦʙʣʘʩʪʴ, ʚʭʦʜʷʱʫʶ ʚ ʩʦʩʪʘʚ ɺʝʨʭʦʷʥʩʢʦʛʦ ʭʨʝʙʪʘ. ʊʝʨʨʠʪʦʨʠʷ ʙʦʛʘʪʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʖʞʥʦ-ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ. ʌʦʨʤʠʨʦʚʘʥʠʝ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʦʙʣʠʢʘ ʩʪʨʫʢʪʫʨʳ ʩʚʷʟʘʥʦ ʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ ʥʦʚʝʡʰʠʤʠ ʧʦʜʥʷʪʠʷʤʠ ʥʝʦʛʝʥ-ʯʝʪʚʝʨʪʠʯʥʦʛʦ 
ʚʨʝʤʝʥʠ ʠ ʦʙʥʦʚʣʝʥʠʝʤ ʩʠʩʪʝʤ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʚʢʣʶʯʘʷ ʠ ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ. ʆʜʥʦʡ ʠʟ ʘʢʪʠʚʥʳʭ ʩʠʩʪʝʤ 
ʨʘʟʣʦʤʦʚ ʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʷʚʣʷʝʪʩʷ ʉʫʥʪʘʨʩʢʘʷ ʩʠʩʪʝʤʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʨʷʜ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ, ʦʣʦʚʘ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʠ ʪ.ʧ. ɹʣʘʛʦʜʘʨʷ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘ ʫʯʝʙʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ 
ʧʦʣʠʛʦʥʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʗʢʫʪʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ, ʧʦʣʫʯʝʥʳ 

ʥʦʚʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ ʂʶʨʙʝʣʷʭʩʢʦʛʦ ʠ ʉʝʪʦʨʳʤʩʢʦʛʦ ʨʘʟʣʦʤʦʚ. ʉʦʩʪʘʚʣʝʥʳ ʩʭʝʤʳ 
ʥʦʚʝʡʰʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʦʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʠ ʘʤʧʣʠʪʫʜʳ ʩʤʝʱʝʥʠʡ. 

ʅʘ ʦʩʥʦʚʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʝʥʳ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʧʦ ʩʣʝʜʫʶʱʠʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ 
ʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ: ʘ) ʩʪʫʧʝʥʯʘʪʦʤʫ ʩʦʯʝʪʘʥʠʶ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʣʦʱʘʜʝʡ, ʯʘʩʪʠʯʥʦ ʨʘʟʨʫʰʝʥʥʳʭ ʚ 
ʧʨʦʮʝʩʩʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʨʦʟʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ; ʙ) ʦʜʥʦʚʳʩʣʪʥʦʩʪʠ ʙʦʣʝʝ 
ʠʣʠ ʤʝʥʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʩʪʫʧʝʥʠ.  

ɺ ʤʦʣʦʜʳʭ ʛʦʨʥʳʭ ʦʙʣʘʩʪʷʭ ʬʦʨʤʳ ʨʝʣʴʝʬʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʦʙʳʯʥʦ ʥʝ 
ʧʦʣʥʦʩʪʴʶ ʨʘʟʨʫʰʝʥʳ ʵʨʦʟʠʝʡ. ɺʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʪʜʝʣʴʥʳʭ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ï ʨʘʟʣʦʤʦʚ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʨʝʟʢʠʤ ʧʨʝʚʳʰʝʥʠʷʤ ʦʜʥʠʭ ʫʯʘʩʪʢʦʚ ʥʘʜ ʜʨʫʛʠʤʠ, 
ʢʨʫʪʠʟʥʦʡ ʨʘʟʜʝʣʷʶʱʠʭ ʠʭ ʫʩʪʫʧʦʚ, ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ, ʣʠʥʝʡʥʦʡ ʬʦʨʤʦʡ - ʣʠʥʝʘʤʝʥʪʘʤʠ. 

ʆʩʥʦʚʥʳʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʨʝʧʝʨʦʤ ʧʦʩʣʫʞʠʣʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʚʳʨʘʚʥʠʚʘʥʠʷ ʪʠʧʘ 
"ʧʝʥʝʧʣʝʥʘ", ʩʬʦʨʤʠʨʦʚʘʚʰʘʷʩʷ ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʤʝʣ-ʧʘʣʝʦʛʝʥʦʚʦʝ ʚʨʝʤʷ. ʇʦ ʤʥʝʥʠʶ ʙʦʣʴʰʠʥʩʪʚʘ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʦʥ ʠʤʝʝʪ ʘʙʩʦʣʶʪʥʫʶ ʚʳʩʦʪʫ ʦʢʦʣʦ 400 ʤ. ɺʳʜʝʣʝʥʥʳʝ ʦʩʥʦʚʥʳʝ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʝ ʨʘʟʣʦʤʳ ʜʘʥʥʦʡ 
ʪʝʨʨʠʪʦʨʠʠ, ʂʶʨʙʝʣʷʭʩʢʠʡ ʠ ʉʝʪʦʨʳʤʩʢʠʡ, ʦʪʥʦʩʷʪʩʷ ʢ ʉʫʥʪʘʨʩʢʦʡ ʩʠʩʪʝʤʝ ʨʘʟʣʦʤʦʚ. 

ɸʥʘʣʠʟʦʤ ʠ ʢʘʨʪʠʨʦʚʘʥʠʝʤ ʨʝʣʠʢʪʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʚʳʨʘʚʥʠʚʘʥʠʷ, ʠʭ ʛʠʧʩʦʤʝʪʨʠʠ, ʦʯʝʨʪʘʥʠʡ ʠ ʬʦʨʤʳ 
ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʟʦʥʳ ʚʜʦʣʴ ʜʘʥʥʳʭ ʨʘʟʣʦʤʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʘʤʧʣʠʪʫʜʦʡ ʧʦʜʥʷʪʠʡ. ɺʳʜʝʣʷʝʤʳʝ 

ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʨʝʣʴʝʬʘ ʨʘʟʛʨʘʥʠʯʠʚʘʶʪʩʷ ʧʦ ʩʣʝʜʫʶʱʠʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ: ʧʦ ʧʦʜʥʦʞʠʷʤ 
ʧʨʷʤʦʣʠʥʝʡʥʳʭ ʩʢʣʦʥʦʚ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠ ̫ʩʧʨʷʤʣʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʨʝʯʥʳʭ ʜʦʣʠʥ, ʧʝʨʝʛʠʙʫ ʩʢʣʦʥʦʚ, 
ʜʝʥʫʜʘʮʠʦʥʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʫʩʪʫʧʘʤ, ʦʪʜʝʣʷʶʱʠʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʪʫʧʝʥʠ ʨʝʣʴʝʬʘ ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ, ʫʩʪʫʧʘʤ, 
ʦʪʜʝʣʷʶʱʠʤ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʪʫʧʝʥʠ ʨʝʣʴʝʬʘ ʦʪ ʥʠʞʝʣʝʞʘʱʠʭ, ʫʩʪʫʧʘʤ, ʦʪʜʝʣʷʶʱʠʤ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʯʘʩʪʠ ʚʧʘʜʠʥ ʦʪ 
ʜʝʥʫʜʘʮʠʦʥʥʳʭ. 

ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʠ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʧʦ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ ʨʝʣʴʝʬʘ ʤʝʞʜʫ 
ʨʘʟʣʦʤʘʤʠ ʉʫʥʪʘʨʩʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ: 

- ʠʤ ʩʚʦʡʩʪʚʝʥʥʳ ʨʘʟʣʠʯʥʘʷ ʩʦʭʨʘʥʥʦʩʪʴ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʨʝʣʴʝʬʝ, ʩʪʫʧʝʥʯʘʪʦʩʪʴ ʠʣʠ ʷʨʫʩʥʦʩʪʴ; 

- ʘʤʧʣʠʪʫʜʘ ʫʩʪʫʧʦʚ ʧʦ ʚʝʨʪʠʢʘʣʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ ʜʦ 500 ʤʝʪʨʦʚ; ʦʙʱʝʝ ʚʦʟʜʳʤʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 
ʦʢʦʣʦ 2000 ʤ; 

ʇʝʨʝʤʝʱʝʥʠʷ ʥʝʦʙʣʦʢʦʚ ʧʨʦʠʩʭʦʜʠʣʠ ʧʦ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʤ ʨʘʟʣʦʤʘʤ ʉʫʥʪʘʨʩʢʦʡ ʩʠʩʪʝʤʳ. ʇʦ 
ʩʦʦʪʥʦʰʝʥʠʶ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʥʝʦʙʣʦʢʦʚ ʫʩʪʘʥʦʚʣʝʥ ʭʘʨʘʢʪʝʨ ʧʝʨʝʤʝʱʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʚʦ 
ʚʨʝʤʝʥʠ, ʯʪʦ ʦʪʦʙʨʘʞʝʥʦ ʥʘ ʧʨʝʜʣʘʛʘʝʤʦʡ ʢʘʨʪʝ. 

 



ʇɸʄʗʊʅʀʂ ʇʈʀʈʆɼʓ çʃɸɻɽʈʅʓʁ ʉɸɼè - ʋʅʀʂɸʃʔʅʓʁ ɻɽʆʃʆɻʀʏɽʉʂʀʁ 
ʆɹʒɽʂʊ 

ɸ.ʇ. ʀʚʘʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʉ. ɻʫʜʳʤʦʚʠʯ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʇʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨʝʢʠ ʊʦʤʠ ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ ʯʠʩʣʠʪʩʷ ʚ ʢʘʜʘʩʪʨʝ ʧʘʤʷʪʥʠʢʦʚ ʧʨʠʨʦʜʳ ʊʦʤʩʢʦʡ 

ʦʙʣʘʩʪʠ ʧʦʜ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʥʦʤʝʨʦʚ. ɽʛʦ ʫʥʠʢʘʣʴʥʦʩʪʴ ʢʘʢ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʩʣʫʜʫʶʱʝʤ. 
1. ʕʪʦ ʩʘʤʳʡ ʩʝʚʝʨʥʳʡ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ (ʝʩʣʠ ʥʝ ʩʯʠʪʘʪʴ ʥʝʩʢʦʣʴʢʠʭ ʝʜʠʥʠʯʥʳʭ ʪʨʫʜʥʦ ʜʦʩʪʫʧʥʳʭ ʚʳʭʦʜʦʚ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ ʊʦʤʩʢʘ) ʚʳʭʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʜʨʝʚʥʠʭ ʩʢʘʣʴʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. 
2. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʤʝʩʪʦ, ʛʜʝ ʚ ʦʜʥʦʤ ʦʙʥʘʞʝʥʠʠ ʥʘ ʶʞʥʦʤ ʩʢʣʦʥʝ ʫʪʝʩʘ çɹʦʝʮè ʚʠʜʥʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ ʪʘʢʦʡ ʛʣʦʙʘʣʴʥʦʡ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʢʘʢ ʧʣʘʪʬʦʨʤʘ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɿʘʧʘʜʥʦ-

ʉʠʙʠʨʩʢʦʡ ʵʧʠʛʝʨʮʠʥʩʢʦʡ, ʩ ʝʝ ʢʣʘʩʩʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʪʘʞʘʤʠ ï ʬʫʥʜʘʤʝʥʪʦʤ ʠ ʯʝʭʣʦʤ. ʌʫʥʜʘʤʝʥʪ 
ʩʣʦʞʝʥ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʧʝʩʯʘʥʠʢʘʤʠ ʣʘʛʝʨʥʦʩʘʜʩʢʦʡ (C1lg) ʠ ʙʘʩʘʥʜʘʡʩʢʦʡ (C1bs) ʩʚʠʪ 
ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʤʷʪʳʤʠ ʚ ʛʝʨʮʠʥʩʢʠʡ ʮʠʢʣ ʪʝʢʪʦʛʝʥʝʟʘ ʚ ʥʘʧʨʷʞʝʥʥʳʝ ʩʢʣʘʜʢʠ ʩʝʚʝʨʦ-ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʧʨʦʨʚʘʥʥʳʤʠ ʜʘʡʢʘʤʠ ʜʦʣʝʨʠʪʘ, ʯʝʭʦʣ ï ʛʦʨʠʟʦʥʪʘʣʴʥʦ ʟʘʣʝʛʘʶʱʠʤʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ ʥʦʚʦʤʠʭʘʡʣʦʚʩʢʦʡ (P3nm), ʯʠʩʪʳʤʠ ʩʪʝʢʦʣʴʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʧʝʩʢʘʤʠ ʣʘʛʝʨʥʦʪʦʤʩʢʦʡ (P3lg) ʩʚʠʪ 
ʦʣʠʛʦʮʝʥʘ, ʨʫʩʣʦʚʳʤʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʢʦʯʢʦʚʩʢʦʡ ʩʚʠʪʳ (QEkļ). 

3. ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʤʝʩʪʦ ʚ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʛʜʝ ʠʜʝʘʣʴʥʦ ʚʠʜʥʘ ʢʦʨʘ ʛʣʫʙʦʢʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ 
ʤʝʣ-ʦʣʠʛʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʩʣʦʞʝʥʥʘʷ ʙʝʣʳʤʠ ʢʘʦʣʠʥʦʚʳʤʠ ʛʣʠʥʘʤʠ. ʉʝʚʝʨʥʝʝ ʊʦʤʩʢʘ ʵʪʘ ʢʦʨʘ ʫʭʦʜʠʪ ʥʘ ʛʣʫʙʠʥʫ, ʘ 

ʶʞʥʝʝ ʦʥʘ ʩʤʳʪʘ. 
4. ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦʚʳʰʘʶʱʠʭ ʫʥʠʢʘʣʴʥʦʩʪʴ ʜʘʥʥʦʛʦ ʦʙʲʝʢʪʘ, ʤʦʞʥʦ ʫʢʘʟʘʪʴ ʥʘ ʥʘʣʠʯʠʝ 

ʥʝʩʢʦʣʴʢʠʭ ʪʦʯʝʢ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ, ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʘ ʪʘʢʞʝ ʢʣʘʩʩʠʯʝʩʢʠ ʚʳʨʘʞʝʥʥʦʝ 
ʧʨʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʘʢ ʩʫʬʬʦʟʠʷ ʠ ʦʧʦʣʟʥʠ, ʜʝʡʩʪʚʠʝ ʢʦʪʦʨʳʭ ʧʨʠʚʝʣʦ ʢ 
ʦʨʠʛʠʥʘʣʴʥʦʤʫ ʩʪʫʧʝʥʯʘʪʦʤʫ ʩʪʨʦʝʥʠʶ ʢʦʨʝʥʥʦʛʦ ʩʢʣʦʥʘ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ. ʅʘʢʦʥʝʮ, ʨʫʩʣʦ ʨ. ʊʦʤʠ ʧʦʜ ʃʘʛʝʨʥʳʤ 
ʉʘʜʦʤ ʠ ʚʳʰʝ ʧʦ ʝʝ ʪʝʯʝʥʠʶ ï ʝʜʠʥʩʪʚʝʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʪʨʦʠʪʝʣʴʥʦʡ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʦʡ ʩʤʝʩʠ ʜʣʷ ʊʦʤʩʢʦʡ, 
ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʊʶʤʝʥʩʢʦʡ ʦʙʣʘʩʪʝʡ. 

5. ʆʙʥʘʞʝʥʠʷ ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʦʩʥʦʚʥʳʭ ʦʙʲʝʢʪʦʚ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʘʢʪʠʢ ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʊʇʋ, ʊɻʋ. 
6. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʧʘʤʷʪʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʯʝʨʪʝ ʛʦʨʦʜʘ ʠ ʣʝʛʢʦ ʜʦʩʪʫʧʝʥ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʚʢʣʶʯʠʪʴ ʜʘʥʥʳʡ 

ʦʙʲʝʢʪ ʚ ʩʧʠʩʦʢ ʛʣʘʚʥʳʭ ʜʦʩʪʦʧʨʠʤʝʯʘʪʝʣʴʥʦʩʪʝʡ ʛ. ʊʦʤʩʢʘ ʠ ʧʦʢʘʟʳʚʘʪʴ ʝʛʦ ʚʦ ʚʨʝʤʷ ʪʫʨʠʩʪʠʯʝʩʢʠʭ ʵʢʩʢʫʨʩʠʡ. 
20 ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ, ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʙʝʨʝʛʘ, ʪʝʨʨʠʪʦʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ʩʦ ʚʩʝʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʩʪʨʦʝʥʠʷ ʦʭʚʘʪʳʚʘʣʘ ʚʝʩʴ ʧʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ ʦʪ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʜʦ ɺʝʨʭʥʝʡ ʚʦʜʦʢʘʯʢʠ. ɺ 
ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʨʘʥʠʮʳ ʧʘʤʷʪʥʠʢʘ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʝʛʦ ʥʝʦʙʭʦʜʠʤʦ ʩʦʭʨʘʥʠʪʴ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʜʚʫʤʷ ʬʘʢʪʦʨʘʤʠ: 
ʛʨʘʥʠʮʘʤʠ ʧʣʦʱʘʜʠ, ʫʞʝ ʦʭʚʘʯʝʥʥʦʡ ʨʘʙʦʪʘʤʠ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʙʝʨʝʛʘ, ʛʜʝ ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʝʥ ʝʩʪʝʩʪʚʝʥʥʳʡ 
ʣʘʥʜʰʘʬʪ, ʠ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʝʱʝ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʚʠʜʝ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʨʠʩ. 1). 

ɺʝʨʭʥʶʶ ʩʝʚʝʨʥʫʶ ʛʨʘʥʠʮʫ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ʩʣʝʜʫʝʪ ʧʨʦʚʝʩʪʠ ʦʪ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ 
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ʈʠʩ.1. ʇʣʘʥ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʥʝʢʦʪʦʨʳʝ ʦʙʲʝʢʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ʧʨʠʨʦʜʳ çʃʘʛʝʨʥʳʡ ʉʘʜè 



ʚʦʩʪʦʢʫ ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʩʣʝʜʫʝʪ ʧʦ ʟʘʘʩʬʘʣʴʪʠʨʦʚʘʥʥʦʡ ʜʦʨʦʛʝ, ʧʨʦʣʦʞʝʥʥʦʡ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ, ʠ ʷʚʣʷʝʪʩʷ ʠ 
ʠʩʢʫʩʩʪʚʝʥʥʦʡ, ʠ ʝʩʪʝʩʪʚʝʥʥʦʡ. ɺʳʰʝ ʜʦʨʦʛʠ ʩʢʣʦʥ ʧʦʣʥʦʩʪʴʶ ʦʙʫʩʪʨʦʝʥ, ʚʳʧʦʣʦʞʝʥ, ʚʳʨʦʚʥʝʥ ʠ ʚʳʣʦʞʝʥ ʜʝʨʥʦʤ. 
ʅʠʞʥʷʷ ʯʘʩʪʴ ʩʢʣʦʥʘ ʪʘʢ ʞʝ ʯʘʩʪʠʯʥʦ ʟʘʪʨʦʥʫʪʘ ʨʘʙʦʪʘʤʠ, ʩʨʝʟʘʥʘ ʥʘ ʤʳʩʘʭ ʠ ʟʘʩʳʧʘʥʘ ʧʨʠʚʦʟʥʦʡ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʦʡ 

ʩʤʝʩʴʶ, ʥʦ ʧʨʦʜʦʣʞʘʝʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʨʫʰʝʥʠʶ ʝʩʪʝʩʪʚʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʧʷʪʷʱʝʡʩʷ ʠ ʜʦʥʥʦʡ ʵʨʦʟʠʝʡ ʥʝʙʦʣʴʰʠʭ 
ʦʚʨʘʞʢʦʚ, ʩʫʬʬʦʟʠʦʥʥʳʤ ʦʙʨʫʰʝʥʠʝʤ ʠ ʦʧʦʣʟʘʥʠʝʤ ʦʙʨʫʰʠʚʰʠʭʩʷ ʦʙʚʦʜʥʝʥʥʳʭ ʤʘʩʩ. 

ɺʦʩʪʦʯʥʘʷ ʛʨʘʥʠʮʘ ʥʝ ʠʤʝʝʪ ʯʝʪʢʦʡ ʧʨʠʚʷʟʢʠ ʢ ʤʝʩʪʥʦʩʪʠ. ʆʥʘ ʧʨʦʭʦʜʠʪ ʚʦʩʪʦʯʥʝʝ ʥʘ 25 ʤ ʦʪ ʟʘʧʘʜʥʦʡ 
ʙʝʪʦʥʥʦʡ ʣʝʩʪʥʠʮʳ ʧʦ ʘʟʠʤʫʪʫ 1700. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʦʥʘ ʜʦʣʞʥʘ ʧʨʦʡʪʠ ʚʦʩʪʦʯʥʝʝ ʩʘʤʦʛʦ ʚʦʩʪʦʯʥʦʛʦ ʠʟ 
ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʦʚ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʧʦʨʦʜ. 

ɿʘʧʘʜʥʘʷ ʛʨʘʥʠʮʘ ʧʣʦʱʘʜʠ ʧʘʤʷʪʥʠʢʘ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʪʝʨʨʠʪʦʨʠʝʡ 
ʚʦʜʦʥʘʩʦʩʥʦʡ ʠ ʦʯʠʩʪʥʦʡ ʩʪʘʥʮʠʠ. 

ʖʞʥʦʡ ʛʨʘʥʠʮʝʡ ʧʘʤʷʪʥʠʢʘ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪ ʙʳʣʘ ʙʝʨʝʛʦʚʘʷ ʣʠʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʙʳʚʰʝʡ 

ʧʨʠʨʫʩʣʦʚʦʡ ʦʪʤʝʣʠ ʚ ʧʨʝʜʝʣʘʭ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ʟʘʩʳʧʘʥʘ ʧʨʠʚʦʟʥʦʡ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʦʡ ʩʤʝʩʴʶ, ʚ ʚʦʩʪʦʯʥʦʡ 
ʯʘʩʪʠ ʦʙʫʩʪʨʦʝʥʘ ʙʝʪʦʥʥʦʡ ʥʘʙʝʨʝʞʥʦʡ, ʘ ʥʘ ʙʦʣʴʰʝʡ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʦʢʦʥʪʫʨʝʥʘ ʜʘʤʙʦʡ ʠʟ ʙʝʪʦʥʥʳʭ ʙʣʦʢʦʚ. 
ɽʩʪʝʩʪʚʝʥʥʳʝ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦʭʨʘʥʠʣʠʩʴ ʪʦʣʴʢʦ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ ʜʦʣʠʥʳ, ʘ ʥʘ ʧʨʠʨʫʩʣʦʚʦʡ 
ʦʪʤʝʣʠ ï ʪʦʣʴʢʦ ʚ ʟʘʧʘʜʥʦʡ ʝʝ ʯʘʩʪʠ ʥʘ ʧʣʦʱʘʜʠ, ʧʨʠʣʝʛʘʶʱʝʡ ʢ ʫʪʝʩʫ çɹʦʝʮè. 

ɺ ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ ʜʣʠʥʘ ʩʝʚʝʨʥʦʡ ʠ ʶʞʥʦʡ ʛʨʘʥʠʮ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ ʧʦ 500 ʤʝʪʨʦʚ, ʘ ʰʠʨʠʥʘ ʜʦ 100 ʤ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʣʦʱʘʜʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ çʃʘʛʝʨʥʳʡ ʉʘʜè ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 5 ʛʘ. 

ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ ʧʨʠʨʦʜʳ çʃʘʛʝʨʥʳʡ ʉʘʜè ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʝʛʦ ʩʪʘʪʫʩʘ ʢʘʢ ʦʩʦʙʦ 
ʮʝʥʥʦʛʦ ʦʙʲʝʢʪʘ ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʤʝʨʦʧʨʠʷʪʠʷ. 

1. ʅʝʤʝʜʣʝʥʥʦ ʧʨʝʢʨʘʪʠʪʴ ʚʩʝ ʜʘʣʴʥʝʡʰʠʝ ʨʘʙʦʪʳ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʙʝʨʝʛʘ ʚ ʧʨʝʜʝʣʘʭ ʪʝʨʨʠʪʦʨʠʠ 
ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʤʷʪʥʠʢʘ. ɺʦʟʦʙʥʦʚʣʷʪʴ ʨʘʙʦʪʳ ʤʦʞʥʦ ʣʦʢʘʣʴʥʦ, ʚ ʢʦʥʢʨʝʪʥʳʭ ʩʣʫʯʘʷʭ ʩ ʢʦʥʢʨʝʪʥʦʡ ʮʝʣʴʶ. 
ʅʘʧʨʠʤʝʨ, ʜʣʷ ʫʢʨʝʧʣʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʦʚ ʜʦʨʦʛʠ, ʧʦ ʢʦʪʦʨʦʡ ʧʨʦʭʦʜʠʪ ʩʝʚʝʨʥʘʷ ʛʨʘʥʠʮʘ ʦʙʲʝʢʪʘ. 

ʆʩʦʙʦ ʚʘʞʥʦ ʥʝ ʜʦʧʫʩʪʠʪʴ ʟʘʩʳʧʢʠ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʦʡ ʩʤʝʩʴʶ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʦʚ ʥʘ ʧʨʠʨʫʩʣʦʚʦʡ ʦʪʤʝʣʠ ʫ 
ʫʪʝʩʘ çɹʦʝʮè. ɼʣʷ ʧʨʝʜʦʭʨʘʥʝʥʠʷ ʠʭ ʦʪ ʚʦʟʤʦʞʥʦʛʦ ʟʘʥʝʩʝʥʠʷ ʛʨʘʚʠʝʤ ʠ ʛʘʣʴʢʦʡ ʚʦ ʚʨʝʤʷ ʧʘʚʦʜʢʦʚ ʥʝʦʙʭʦʜʠʤʦ 
ʧʦʩʪʘʚʠʪʴ ʜʘʤʙʫ ʧʦ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤʫ ʦʪʨʝʟʢʫ ʶʞʥʦʡ ʛʨʘʥʠʮʳ ʠʣʠ ʧʝʨʝʥʝʩʪʠ ʩʶʜʘ ʟʘʧʘʜʥʳʡ ʤʝʨʠʜʠʦʥʘʣʴʥʳʡ ʦʪʨʝʟʦʢ 
ʫʞʝ ʠʤʝʶʱʝʡʩʷ ʜʘʤʙʳ. 

2. ʆʙʦʟʥʘʯʠʪʴ ʥʘ ʤʝʩʪʥʦʩʪʠ ʪʝʨʨʠʪʦʨʠʶ ʧʘʤʷʪʥʠʢʘ ʩʪʦʣʙʘʤʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʥʘʜʧʠʩʷʤʠ. 

3. ʉʦʩʪʘʚʠʪʴ ʜʝʪʘʣʴʥʫʶ (ʤʘʩʰʪʘʙʘ 1:1000 ï 1:500) ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʢʘʨʪʫ ʪʝʨʨʠʪʦʨʠʠ ʧʘʤʷʪʥʠʢʘ ʠ ʦʙʨʘʟʥʦʝ 
ʧʦʧʫʣʷʨʥʦʝ ʝʛʦ ʦʧʠʩʘʥʠʝ, ʩʦʧʨʦʚʦʜʠʚ ʝʛʦ ʩʭʝʤʘʤʠ, ʨʠʩʫʥʢʘʤʠ, ʬʦʪʦʛʨʘʬʠʷʤʠ. 

4. ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʜʫʤʘʪʴ ʠ ʩʦʩʪʘʚʠʪʴ ʩʭʝʤʫ ʜʝʤʦʥʩʪʨʘʮʠʠ ʦʙʲʝʢʪʘ ʚʦ ʚʨʝʤʷ ʵʢʩʢʫʨʩʠʡ, ʚʳʙʨʘʪʴ ʠ 
ʦʙʦʨʫʜʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʥʳʝ ʪʦʯʢʠ ʦʙʟʦʨʘ ʦʙʲʝʢʪʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʞʝʣʘʪʝʣʴʥʦ ʧʦʩʪʨʦʠʪʴ ʣʝʛʢʫʶ (ʩʚʘʨʥʫʶ 
ʞʝʣʝʟʥʫʶ) ʣʝʩʪʥʠʮʫ ʦʪ ʩʝʚʝʨʥʦʡ ʛʨʘʥʠʮʳ ʜʦ ʧʦʜʥʦʞʠʷ ʩʢʣʦʥʘ ʩʨʘʟʫ ʚʦʩʪʦʯʥʝʝ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʮʠʨʢʘ ʠ ʩʤʦʪʨʦʚʫʶ 
ʧʣʦʱʘʜʢʫ ʜʣʷ ʦʙʟʦʨʘ ʧʦʩʣʝʜʥʝʛʦ. ɿʘʯʠʩʪʠʪʴ ʩ ʧʦʤʦʱʴʶ ʣʝʛʢʠʭ ʟʝʤʣʷʥʳʭ ʨʘʙʦʪ ʩ ʮʝʣʴʶ ʚʩʢʨʳʪʠʷ ʧʦʨʦʜ ʯʝʭʣʘ ʚʝʨʭʥʶʶ 
ʯʘʩʪʴ ʫʪʝʩʘ çɹʦʝʮè ʠ ʩʪʝʥʢʠ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʮʠʨʢʘ ʠ ʟʘʢʨʝʧʠʪʴ ʠʭ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʘʣʴʥʝʡʰʝʛʦ ʦʩʳʧʘʥʠʷ ʠ 
ʟʘʨʘʩʪʘʥʠʷ. 

5. ʆʯʠʩʪʠʪʴ ʪʝʨʨʠʪʦʨʠʶ ʧʘʤʷʪʥʠʢʘ ʦʪ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʤʫʩʦʨʘ ï ʫʙʨʘʪʴ ʨʘʟʙʨʦʩʘʥʥʳʝ ʧʣʠʪʳ, ʧʨʠʚʝʩʪʠ ʚ ʧʦʨʷʜʦʢ 

ʠʣʠ ʫʙʨʘʪʴ ʩʦʚʩʝʤ ʥʘʨʫʰʝʥʥʳʝ ʧʘʚʦʜʢʘʤʠ ʨʷʜʳ ʧʣʠʪ. ʉ ʧʦʤʦʱʴʶ ʰʢʦʣʴʥʠʢʦʚ ʠʟ ʙʣʠʞʘʡʰʠʭ ʰʢʦʣ (32 ʰʢʦʣʘ, 1 
ʛʠʤʥʘʟʠʷ, 1 ʰʢʦʣʘ) ʙʳʣʦ ʙʳ ʥʝʧʣʦʭʦ ʧʦʜ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʬʣʘʛʦʤ ʠ ʧʦ ʣʠʥʠʠ ʧʨʠʨʦʜʦʚʝʜʝʥʠʷ, ʟʘʢʨʝʧʠʚ ʦʙʲʝʢʪ ʟʘ ʢʘʢʦʡ-
ʥʠʙʫʜʴ ʠʟ ʰʢʦʣ, ʦʯʠʩʪʠʪʴ ʪʝʨʨʠʪʦʨʠʶ ʦʪ ʙʳʪʦʚʦʛʦ ʤʫʩʦʨʘ ʠ ʧʦʚʪʦʨʷʪʴ ʵʪʫ ʦʧʝʨʘʮʠʶ ʝʞʝʛʦʜʥʦ ʚʝʩʥʦʡ ʧʦʩʣʝ ʧʘʚʦʜʢʘ ʠ ʚ 
ʩʝʥʪʷʙʨʝ. 

6. ɺʩʝ ʨʘʙʦʪʳ, ʪʨʝʙʫʶʱʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʠʢʠ ʠ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ, ʤʦʞʥʦ ʨʝʰʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 
ʦʨʛʘʥʦʚ ʚʢʣʶʯʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚ ʪʠʪʫʣʴʥʳʡ ʩʧʠʩʦʢ ʨʘʙʦʪ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʙʝʨʝʛʘ ʠ ʦʙʷʟʘʪʴ ʚʳʧʦʣʥʷʪʴ ʠʭ 
ʦʨʛʘʥʠʟʘʮʠʷʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʵʪʠʤ ʦʙʫʩʪʨʦʡʩʪʚʦʤ. 

 
ʄʀʅɽʈɸʃʔʅʓɽ ɸʉʉʆʎʀɸʎʀʀ ʐʃʀʍʆɺ ɿʆʃʆʊʆʅʆʉʅʆʁ ʈʆʉʉʓʇʀ ʈɽʏʂʀ 

ʀɿɽʂʀʖʃ 
(ʂʋɿʅɽʎʂʀʁ ɸʃɸʊɸʋ) 

ʈ.ʀ. ʀʟʦʪʦʚ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ɹ.ɼ. ɺʘʩʠʣʴʝʚ, ʠʥʞʝʥʝʨ ʅ.ʅ. ʄʘʨʪʳʥʦʚʘ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɿʦʣʦʪʦʥʦʩʥʘʷ ʨʦʩʩʳʧʴ ʨʝʯʢʠ ʀʟʝʢʠʶʣ ʚ ʨʘʡʦʥʝ ʉʧʘʩʩʢʦʛʦ ʟʦʣʦʪʦ-ʰʝʝʣʠʪʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʟʚʝʜʳʚʘʣʘʩʴ 

ʙʫʣʴʜʦʟʝʨʥʦʡ ʪʨʘʥʰʝʝʡ, ʠʟ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʚʘʣʦʚʳʝ ʙʦʨʦʟʜʦʚʳʝ ʠ ʣʫʥʢʦʚʳʝ ʰʣʠʭʦʚʳʝ ʧʨʦʙʳ. ʄʥʦʶ ʠʟʫʯʘʣʩʷ 
ʚʝʱʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʰʣʠʭʦʚʳʭ ʧʨʦʙ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʷ ʭʦʨʦʰʦ ʦʛʨʘʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪʘ, 
ʛʨʘʥʘʪʘ, ʮʠʨʢʦʥʘ). 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʙʘʩʩʝʡʥʘ ʨʝʯʢʠ ʀʟʝʢʠʶʣ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʢʦʤʤʫʥʘʨʦʚʩʢʘʷ ʩʚʠʪʘ ʤʝʪʘʙʘʟʘʣʴʪʦʚ 
ʨʘʥʥʝʛʦ ʨʠʬʝʷ ʠ ʧʦʣʫʜʝʥʥʘʷ ʩʚʠʪʘ ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ ʩ ʪʫʬʘʤʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʀʥʪʨʫʟʠʚʥʳʝ 
ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʡʦʥʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʫʤʷ ʢʦʤʧʣʝʢʩʘʤʠ. ʂʫʣʴʙʶʨʩʪʶʛʩʢʠʡ ʢʦʤʧʣʝʢʩ ʧʦʟʜʥʝʛʦ ʨʠʬʝʷ ʚ ʬʦʨʤʝ ʩʠʣʣʦʚ, 

ʜʘʝʢ ʠ ʰʪʦʢʦʚ ʩʣʘʛʘʝʪʩʷ ʟʝʣʝʥʦʢʘʤʝʥʥʳʤʠ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʤʠ ʠ ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʘʤʠ. ɹʦʣʝʝ ʤʦʣʦʜʦʡ ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʠʡ 
ʢʦʛʪʘʭʩʢʠʡ ʢʦʤʧʣʝʢʩ ʜʚʫʭʬʘʟʥʳʡ: I ʬʘʟʘ ï ʛʘʙʙʨʦ-ʜʠʦʨʠʪʦʚʘʷ, II ʬʘʟʘ ï ʤʦʥʮʦʥʠʪʦʚʘʷ. ʎʝʧʦʯʢʘ ʤʝʣʢʠʭ ʰʪʦʢʦʚ 
ʛʘʙʙʨʦʠʜʦʚ ʢʦʛʪʘʭʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʜʯʠʥʝʥʘ ʩʢʣʘʜʯʘʪʦʡ ʩʪʨʫʢʪʫʨʝ ʩʘʣʘʠʨʠʜ, ʠʤʝʝʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. 

ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚ ʨʘʡʦʥʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʪʠʧʘʤʠ. ʂ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʪʥʦʩʠʪʩʷ 
ʂʫʟʥʝʮʦʚʩʢʦʝ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʦʤʤʫʥʘʨʦʚʩʢʦʛʦ ʤʘʣʦʩʫʣʴʬʠʜʥʦʛʦ ʪʠʧʘ ʩ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʘʢʪʠʥʦʣʠʪʦʚʦʡ 
ʘʩʩʦʮʠʘʮʠʝʡ. ʂ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʦʪʥʦʩʠʪʩʷ ʉʧʘʩʩʢʦʝ ʟʦʣʦʪʦ-ʰʝʝʣʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʄʦʱʥʳʝ ʢʚʘʨʮʝʚʳʝ 
ʞʠʣʳ ʠ ʣʠʥʟʳ ʚ ʟʦʥʘʭ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʣʠʩʫʣʴʬʠʜʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʚ ʩʦʩʪʘʚʝ ʛʘʣʝʥʠʪʘ, ʩʬʘʣʝʨʠʪʘ, 
ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʙʣʝʢʣʳʭ ʨʫʜ ʩ ʟʦʣʦʪʦʤ ʠ ʰʝʝʣʠʪʦʤ. ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʷʚʣʷʝʪʩʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʐʠʨʦʪʥʦʡ 

ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʘ ̫ ʩʝʚʝʨʥʝʝ ʉʧʘʩʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ 
ʘʥʪʠʤʦʥʠʪʦʤ, ʨʝʘʣʴʛʘʨʦʤ, ʘʫʨʠʧʠʛʤʝʥʪʦʤ, ʢʠʥʦʚʘʨʴʶ. 



ɺ ʰʣʠʭʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ ʟʦʣʦʪʦʥʦʩʥʦʡ ʨʦʩʩʳʧʠ ʨʝʯʢʠ ʀʟʝʢʠʶʣ, ʢʨʦʤʝ ʟʦʣʦʪʘ ʠ ʰʝʝʣʠʪʘ, ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʤʠʥʝʨʘʣʳ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ): ʤʘʛʥʝʪʠʪ, ʛʨʫʧʧʘ ʛʨʘʥʘʪʘ, ʛʨʫʧʧʘ ʵʧʠʜʦʪʘ, ʛʝʤʘʪʠʪ, ʠʣʴʤʝʥʠʪ, ʜʠʦʧʩʠʜ, ʧʩʝʚʜʦʤʦʨʬʦʟʳ 
ʣʠʤʦʥʠʪʘ ʧʦ ʧʠʨʠʪʫ, ʧʠʨʠʪ, ʭʨʦʤʠʪ, ʮʠʨʢʦʥ ʙʝʩʮʚʝʪʥʳʡ ʠ ʙʫʨʳʡ (ʮʠʨʪʦʣʠʪ), ʭʘʣʴʢʦʧʠʨʠʪ, ʢʠʥʦʚʘʨʴ, ʨʝʘʣʴʛʘʨ, ʘʥʘʪʘʟ, 

ʨʫʪʠʣ ʠ ʪʘʥʪʘʣʦ-ʥʠʦʙʘʪʳ (ʪʘʙʣ. 1). 
ɿʦʣʦʪʦ (ʨʠʩ. 1) ʚ ʧʨʦʙʘʭ ʷʨʢʦ-ʞʝʣʪʦʝ ʩ ʰʝʨʦʭʦʚʘʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʧʣʝʥʢʘʤʠ ʛʠʜʨʦʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, 

ʧʨʠʜʘʶʱʠʭ ʝʤʫ ʢʨʘʩʥʦʚʘʪʳʡ ʦʪʪʝʥʦʢ. ʇʨʝʦʙʣʘʜʘʶʪ ʜʝʥʜʨʠʪʦʚʳʝ ʚʳʜʝʣʝʥʠʷ ʚ ʚʠʜʝ ʚʝʪʦʯʝʢ ʠ ʮʝʧʦʯʝʢ. ɿʦʣʦʪʠʥʢʠ 
ʦʢʘʪʘʥʥʳʝ, ʠʟʦʤʝʪʨʠʯʥʳʝ, ʦʙʲʝʤʥʳʝ. ʆʪʤʝʯʝʥʳ ʩʨʦʩʪʢʠ ʟʦʣʦʪʘ ʩ ʢʚʘʨʮʝʤ ʠ ʘʥʢʝʨʠʪʦʤ. ɺ ʦʜʥʦʡ ʠʟ ʚʘʣʦʚʳʭ ʧʨʦʙ (ˉ 
855) ʥʘʡʜʝʥʳ ʜʚʘ ʟʝʨʥʘ ʙʣʝʜʥʦ-ʞʝʣʪʦʛʦ ʟʦʣʦʪʘ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʨʦʙʥʦʩʪʴʶ, ʚʦʟʤʦʞʥʦ, ʧʦʩʪʫʧʠʚʰʠʝ ʚ ʨʦʩʩʳʧʴ 
ʠʟ ʐʠʨʦʪʥʦʡ ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ. 
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ʤʝʩʪʝ 
ʧʦʩʣʝ 

ʤʘʛʥʝʪʠʪʘ (ʦʪ 3,3 ʛ/ʤ3 ʜʦ 42 ʛ/ʤ3), ʧʨʝʦʙʣʘʜʘʶʪ ʞʝʣʪʦʚʘʪʦ-ʟʝʣʝʥʳʝ ʠ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʳʝ, ʨʝʞʝ ʩʚʝʪʣʦ-ʢʨʘʩʥʳʝ ʛʨʘʥʘʪʳ 
ʘʥʜʨʘʜʠʪ-ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʨʷʜʘ. ʏʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʛʨʘʥʘʪʘ ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʤʘʛʥʝʪʠʪʘ ʚ ʚʠʜʝ ʪʦʥʢʦʡ ʩʳʧʠ. ʆʪʤʝʯʘʶʪʩʷ 
ʢʨʠʩʪʘʣʣʳ ʛʨʘʥʘʪʘ, ʠʤʝʶʱʠʝ ʟʦʥʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ. ʇʦ ʢʨʠʩʪʘʣʣʦʤʦʨʬʦʣʦʛʠʠ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʪʠʧʦʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʤʙʠʥʘʮʠʡ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʘ ʠ ʪʝʪʨʘʛʦʥʪʨʠʦʢʪʘʵʜʨʘ (ʨʠʩ. 2). 
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ʤʛ ʤʛ/ʤ3 

ɺʘʣʦʚʳʝ ʧʨʦʙʳ 

854 2,5 100 40 0,01 32,0 0,3 0,03 0,01 0,06 4,2 2,5 2,1 0,01 0,01 

855 0,4 25 62 0,01 100,0 6,2 0,4 0,01 0,2 42,0 23,0 4,0 + + 

856 1,6 80 50 0,01 80,0 1,8 0,01 0,01 0,1 18,0 6,0 6,0 0,01 0,01 

857 1,6 26 16 0,01 35,0  0,6 0,01 0,01 0,05 15,4 2,7 6,5 0,01 + 

ʃʫʥʢʦʚʳʝ ʧʨʦʙʳ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ 5 ʧʨʦʙʘʤ)  

858-

862 

0,064 

(102 

ʢʛ) 

2,4 38 0,01 20,6 1,5 + 0,01 0,03 5,6 3,1 2,8 + + 

ɹʦʨʦʟʜʦʚʳʝ ʧʨʦʙʳ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ 16 ʧʨʦʙʘʤ)  

863-
878 

0,1 
(160 

ʢʛ) 

3,4 34 + 72,0 4,7 0,06 0,01 0,16 25,0 16,7 14,0 0,01 + 

ʉʨʝʜʥʝʝ  
ʧʦ ʪʨʘʥʰʝʝ 

39,4 40 0,01 56,6 2,5 0,08 0,01 0,1 18,4 9,0 6,0 0,01 + 

 
ɻʨʫʧʧʘ ʵʧʠʜʦʪʘ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʦ ʚʩʝʭ ʰʣʠʭʘʭ. ʆʪʤʝʯʝʥʳ: ʵʧʠʜʦʪ, ʮʦʠʟʠʪ, ʢʣʠʥʦʮʦʠʟʠʪ. ʉʦʜʝʨʞʘʥʠʝ ʠʭ 

ʢʦʣʝʙʣʝʪʩʷ ʦʪ 2,6 ʛ/ʤ3 ʜʦ 23 ʛ/ʤ3. 
ɻʝʤʘʪʠʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʰʣʠʭʘʭ ʦʪ 0,3 ʜʦ 6,2 ʛ/ʤ3, ʦʪʤʝʯʝʥ ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ (ʜʦ 3 ʤʤ) ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʭ ʟʝʨʝʥ ʠ 

ʩʣʘʙʦ ʦʢʘʪʘʥʥʳʭ ʦʙʣʦʤʢʦʚ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʝʟʦ-ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ ʠ ʯʝʰʫʡʯʘʪʳʭ ʧʣʘʩʪʠʥʦʢ 
ʚʠʰʥʝʚʦ-ʢʨʘʩʥʦʛʦ ʮʚʝʪʘ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ ʤʘʨʪʠʪʘ. 

ʍʨʦʤʠʪ ʚ ʭʦʨʦʰʦ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʢʨʠʩʪʘʣʣʘʭ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʩ ʛʣʘʜʢʠʤʠ ʙʣʝʩʪʷʱʠʤʠ ʛʨʘʥʷʤʠ 
ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,01 ʛ/ʤ3. 

ʎʠʨʢʦʥ ʙʝʩʮʚʝʪʥʳʡ, ʙʣʝʜʥʦ-ʨʦʟʦʚʳʡ ʠ ʙʫʨʳʡ (ʮʠʨʪʦʣʠʪ) ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʥʝ ʙʦʣʝʝ 0,01 ʛ/ʤ3. 

ʈʠʩ. 2. ʌʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ ʠ ʛʨʘʥʘʪʘ 

ʈʠʩ.1. ʌʦʨʤʳ ʟʦʣʦʪʠʥ 



ʊʘʥʪʘʣʦ-ʥʠʦʙʘʪʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ 50% ʧʨʦʙ ʚ ʝʜʠʥʠʯʥʳʭ ʟʥʘʢʘʭ. 
ʇʠʨʠʪ ʠ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʣʠʤʦʥʠʪʘ ʧʦ ʧʠʨʠʪʫ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 14 ʛ/ʤ3. ʆʪʤʝʯʝʥʳ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʢʫʙʘ, ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʘ ʠ ʦʢʪʘʵʜʨʘ (ʨʠʩ. 2), ʯʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪʣʦʞʝʥʠʷ ʧʠʨʠʪʘ. 
ʐʝʝʣʠʪ (ʜʦ 0,2 ʛ/ʤ3) ʚ ʙʝʩʮʚʝʪʥʳʭ ʩʘʭʘʨʦʚʠʜʥʳʭ ʟʝʨʥʘʭ, ʣʠʙʦ ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ, ʣʶʤʠʥʝʩʮʠʨʫʝʪ ʚ ʷʨʢʦ-

ʛʦʣʫʙʳʭ ʠ ʙʣʝʜʥʦ-ʛʦʣʫʙʳʭ ʪʦʥʘʭ. 
ɺʳʚʦʜʳ. 
1. ʀʩʪʦʯʥʠʢʦʤ ʰʣʠʭʦʚʦʛʦ ʟʦʣʦʪʘ ʨʝʯʢʠ ʀʟʝʢʠʶʣ ʷʚʣʷʶʪʩʷ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʉʧʘʩʩʢʦʛʦ ʟʦʣʦʪʦ-ʰʝʝʣʠʪʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʟʦʣʦʪʦ-ʰʝʝʣʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ) ʠ ʐʠʨʦʪʥʦʡ ʟʦʥʳ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ (ʨʝʘʣʴʛʘʨ-ʢʠʥʦʚʘʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ). 
2. ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʰʣʠʭʘʭ ʤʘʛʥʝʪʠʪʘ (ʜʦ 100 ʛ/ʤ3) ʠ ʛʨʘʥʘʪʘ (ʜʦ 42 ʛ/ʤ3) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʘʣʠʯʠʠ ʚ 

ʙʘʩʩʝʡʥʝ ʨʝʯʢʠ ʀʟʝʢʠʶʣ ʤʘʛʥʝʪʠʪ-ʛʨʘʥʘʪʦʚʳʭ ʩʢʘʨʥʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʠʤ ʠʟ ʠʩʪʦʯʥʠʢʦʚ ʰʝʝʣʠʪʘ ʠ ʟʦʣʦʪʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 2.27.2005 ʈʦʩʦʙʨʘʟʦʚʘʥʠʷ ʈʌ. 
 

ʇʈʀʄɽʅɽʅʀɽ ʄɽʊʆɼɸ ʌʀɿʀʏɽʉʂʆɻʆ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʃʗ 
ʀʉʉʃɽɼʆɺɸʅʀʗ ɿɸʂʆʅʆʄɽʈʅʆʉʊɽʁ ʌʆʈʄʀʈʆɺɸʅʀʗ ʂʈʋʇʅʓʍ 

ʇʈʀʉɼɺʀɻʆɺʓʍ ɺʇɸɼʀʅ 
ɽ.ʀ. ʂʦʛʫʪ, ʂ.ɸ. ɻʘʤʘʶʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʂ.ɾ. ʉʝʤʠʥʩʢʠʡ 
ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 
ʂʨʫʧʥʳʝ ʩʜʚʠʛʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʰʠʨʦʢʦʡ ʟʦʥʳ ʩʪʨʫʢʪʫʨʦʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ, ʢʨʦʤʝ 

ʩʦʙʩʪʚʝʥʥʦ ʩʜʚʠʛʦʚʳʭ ʦʙʩʪʘʥʦʚʦʢ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʫʯʘʩʪʢʠ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ. ʇʦʩʣʝʜʥʠʝ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʧʨʠʩʜʚʠʛʦʚʳʝ ʚʧʘʜʠʥʳ, ʷʚʣʷʚʰʠʝʩʷ ʚʚʠʜʫ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ ʚʘʞʥʦʡ ʨʦʣʠ ʚ ʨʘʟʚʠʪʠʠ ʨʘʟʣʦʤʥʳʭ ʟʦʥ 
ʦʙʲʝʢʪʦʤ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺʧʘʜʠʥʳ ʦʙʨʘʟʫʶʪʩʷ ʥʘ ʫʯʘʩʪʢʘʭ ʩʦʯʣʝʥʝʥʠʷ ʢʨʫʧʥʳʭ ʩʜʚʠʛʦʚ 2-ʛʦ ʧʦʨʷʜʢʘ ʜʘʞʝ ʚ ʪʦʤ 
ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʥʠʮʠʠʨʫʶʱʠʡ ʩʤʝʩʪʠʪʝʣʴ (ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʬʫʥʜʘʤʝʥʪʝ) ʧʨʷʤʦʣʠʥʝʝʥ. ʎʝʣʴʶ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʦ 

ʠʟʫʯʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʩʜʚʠʛʦʚʳʭ ʚʧʘʜʠʥ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʥʘʜ ʩʤʝʩʪʠʪʝʣʝʤ 
ʠʟʦʛʥʫʪʦʡ ʬʦʨʤʳ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʧʨʠʨʦʜʥʦʡ ʩʠʪʫʘʮʠʠ ʠ ʫʩʠʣʠʚʘʝʪ ʦʙʩʪʘʥʦʚʢʫ ʣʦʢʘʣʴʥʦʛʦ 
ʨʘʩʪʷʞʝʥʠʷ ʚ ʨʘʟʣʦʤʥʦʡ ʟʦʥʝ. 

ʉʧʝʮʠʬʠʢʘ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ 
ʦʙʫʩʣʦʚʠʣʘ ʚʳʙʦʨ ʬʠʟʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ 
ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʡ 
ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʢʪʦʥʦʬʠʟʠʢʝ ʩ ʮʝʣʴʶ 
ʚʳʷʚʣʝʥʠʷ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʪʝʯʝʥʠʝ ʥʝʩʦʠʟʤʝʨʠʤʦ 
ʙʦʣʴʰʠʭ ʠʣʠ ʤʘʣʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʯʝʣʦʚʝʯʝʩʢʦʡ 
ʞʠʟʥʴʶ ʦʪʨʝʟʢʦʚ ʚʨʝʤʝʥʠ. ɻʣʘʚʥʳʝ ʧʨʠʥʮʠʧʳ ʠ 
ʪʝʭʥʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 
ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʶ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʫʧʥʳʭ 
ʩʜʚʠʛʦʚʳʭ ʟʦʥ ʨʘʟʨʘʙʦʪʘʥʳ ʉ.ʀ. ʐʝʨʤʘʥʦʤ ʩ 
ʢʦʣʣʝʛʘʤʠ (ʐʝʨʤʘʥ ʠ ʜʨ., 1992) ʘ ʜʣʷ ʧʨʠʩʜʚʠʛʦʚʳʭ 
ʚʧʘʜʠʥ ï ʉ.ɸ. ɹʦʨʥʷʢʦʚʳʤ (ʐʝʨʤʘʥ ʠ ʜʨ., 1983) 

ɺ ʭʦʜʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʩ ʠʟʦʛʥʫʪʦʡ ʬʦʨʤʦʡ 
ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʰʪʘʤʧʘʤʠ (ʨʠʩ.1), ʥʘ ʢʦʪʦʨʳʭ 
ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʤʦʜʝʣʴ (ʪʦʣʱʠʥʘ ï 50 ʤʤ) ʠʟ ʚʣʘʞʥʦʡ ʛʣʠʥʳ. ɽʝ ʩʚʦʡʩʪʚʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ ʘʥʘʣʦʛʠʯʥʳ 
ʩʚʦʡʩʪʚʘʤ ʟʝʤʥʦʡ ʢʦʨʳ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʧʨʠ ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʤ ʨʘʟʣʦʤʦʦʙʨʘʟʦʚʘʥʠʠ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 
ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʳ ʩʣʝʜʫʶʱʠʝ ʤʥʦʞʠʪʝʣʠ ʧʦʜʦʙʠʷ: ʣʠʥʝʡʥʳʡ ʨʘʟʤʝʨ ï 106 (1 ʢʤ ï 1 ʤʤ), ʚʨʝʤʷ 1011 (1 ʤʣʥ. ʣʝʪ ï 1 ʤʠʥ), 
ʚʷʟʢʦʩʪʴ 1017 (1023 ʇʘ.ʩ ï 106 ʇʘ.ʩ) (ʉʝʤʠʥʩʢʠʡ, 2003). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʰʪʘʤʧʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ 
ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ (0,8 ʤʤ/ʤʠʥ) ʚ ʤʦʜʝʣʠ ʬʦʨʤʠʨʫʝʪʩʷ ʩʜʚʠʛʦʚʘʷ ʟʦʥʘ, ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ 
ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʨʳʚʥʳʤʠ ʠ ʧʣʘʩʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ - ʵʪʦ ʠʟʚʝʩʪʥʳʡ ʧʘʨʘʛʝʥʝʟʠʩ ʠʟ 

ʩʢʣʘʜʦʢ ʠ ʨʘʟʨʳʚʦʚ, ʘ ʚ ʣʝʚʦʡ ï ʪʦʪ ʞʝ ʧʘʨʘʛʝʥʝʟʠʩ, ʜʦʧʦʣʥʝʥʥʳʡ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʚ 
ʦʙʩʪʘʥʦʚʢʝ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʪʷʞʝʥʠʝʤ ʥʘʜ ʠʟʦʛʥʫʪʦʡ ʛʨʘʥʠʮʝʡ ʤʝʞʜʫ ʰʪʘʤʧʘʤʠ. ʀʟʫʯʝʥʠʝ ʩʧʝʮʠʬʠʢʠ ʩʪʨʫʢʪʫʨʥʦʡ 
ʵʚʦʣʶʮʠʠ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʫʪʝʤ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʟʨʳʚʘʤʠ, ʘ ʪʘʢʞʝ ʧʦʩʨʝʜʩʪʚʦʤ ʬʠʢʩʠʨʦʚʘʥʠʷ 
ʚʝʢʪʦʨʦʚ ʧʝʨʝʤʝʱʝʥʠʡ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʦʜʝʣʠ ʧʝʨʝʜ ʝʝ ʜʝʬʦʨʤʠʨʦʚʘʥʠʝʤ. 

ɺ ʨʘʟʚʠʪʠʠ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʠʣʠʩʴ ʧʣʘʩʪʠʯʝʩʢʘʷ, ʘ ʪʘʢʞʝ ʪʨʠ ʠʟʚʝʩʪʥʳʝ ʨʘʥʝʝ ʜʠʟʲʶʥʢʪʠʚʥʳʝ 
ʩʪʘʜʠʠ (ʉʝʤʠʥʩʢʠʡ, 2003): ʨʘʥʥʷʷ, ʧʦʟʜʥʷʷ ʠ ʩʪʘʜʠʷ ʧʦʣʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ. ʇʨʠʩʜʚʠʛʦʚʘʷ ʚʧʘʜʠʥʘ (1-ʛʦ ʧʦʨʷʜʢʘ) 
ʟʘʣʦʞʠʣʘʩʴ ʥʘʜ ʠʟʛʠʙʦʤ ʥʘ ʨʘʥʥʝʡ ʜʠʟʲʶʥʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ʠ ʟʘʪʝʤ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʚ ʨʘʟʤʝʨʘʭ ʩ ʫʩʣʦʞʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ 
ʩʪʨʫʢʪʫʨʳ (ʨʠʩ.2). ɺ ʝʝ ʩʪʨʦʝʥʠʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚʧʘʜʠʥʳ 2-ʛʦ ʧʦʨʷʜʢʘ (ʢʨʫʧʥʳʝ ʪʨʝʱʠʥʳ ʨʘʩʪʷʞʝʥʠʷ) ʠ ʚʧʘʜʠʥʳ 3-ʛʦ 

ʧʦʨʷʜʢʘ (ʤʝʣʢʠʝ ʪʨʝʱʠʥʳ ʨʘʩʪʷʞʝʥʠʷ). ʅʘ ʧʦʟʜʥʝʡ ʜʠʟʲʶʥʢʪʠʚʥʦʡ ʩʪʘʜʠʠ ʘʤʧʣʠʪʫʜʳ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 
ʙʦʨʪʦʚ ʚʧʘʜʠʥ 2-ʛʦ ʧʦʨʷʜʢʘ ʙʳʣʠ ʩʦʠʟʤʝʨʠʤʳ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ. ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʧʝʮʠʬʠʢʦʡ ʧʝʨʝʤʝʱʝʥʠʡ ʚ 
ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʤʦʜʝʣʠ, ʚʳʷʚʣʝʥʥʦʡ ʚ ʭʦʜʝ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʧʦ ʩʤʝʱʝʥʠʷʤ ʨʝʧʝʨʦʚ. 

ʂʘʨʪʠʥʳ ʧʝʨʝʤʝʱʝʥʠʡ ʥʘʜ ʧʨʷʤʦʣʠʥʝʡʥʦʡ (ʧʨʘʚʘʷ ʯʘʩʪʴ) ʠ ʠʟʦʛʥʫʪʦʡ (ʣʝʚʘʷ ʯʘʩʪʴ) ʛʨʘʥʠʮʘʤʠ ʤʝʞʜʫ 
ʰʪʘʤʧʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʥʳ. ɺ ʧʨʘʚʦʡ ʯʘʩʪʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʟʦʥʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʦʨʠʝʥʪʠʨʦʚʢʘʤʠ 
ʚʝʢʪʦʨʦʚ (Ramsay, 1980), ʢʦʪʦʨʳʝ ʧʘʨʘʣʣʝʣʴʥʳ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʰʪʘʤʧʘ, ʘ ʧʦ ʚʝʣʠʯʠʥʝ ʧʦʩʪʝʧʝʥʥʦ 
ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʨʘʟʤʝʨʘʭ ʦʪ ʢʨʘʝʚ ʢ ʮʝʥʪʨʫ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʧʨʠʦʩʝʚʦʤ ʫʯʘʩʪʢʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʘʥʦʤʘʣʴʥʳʝ 
ʪʨʘʝʢʪʦʨʠʠ ʜʚʠʞʝʥʠʡ (ʩʤ. ʨʝʧʝʨʥʳʝ ʪʦʯʢʠ 1, 2, 3, 5, 6, 10, 11 ʥʘ ʨʠʩ.2), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʯʘʩʪʠʯʥʦʤ ʚʨʘʱʝʥʠʠ 

ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʷʭ. ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʧʦʜʟʦʥʳ ʠʭ ʧʨʦʷʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 21,4% ʦʪ ʰʠʨʠʥʳ 

 
ʈʠʩ.1. ʌʦʨʤʘ ʛʨʘʥʠʮʳ ʤʝʞʜʫ ʧʦʜʚʠʞʥʳʤ (ʩʪʨʝʣʢʘ ï 

ʥʘʧʨʘʚʣʝʥʠʝ ʧʝʨʝʤʝʱʝʥʠʷ) ʠ ʥʝʧʦʜʚʠʞʥʳʤ ʰʪʘʤʧʘʤʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ 



ʚʩʝʡ ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʟʨʳʚʦʚ, ʪ.ʝ. ʩ ʫʯʝʪʦʤ ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʧʦʣʥʝ ʟʥʘʯʠʤ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʠʨʦʜʥʳʭ 
ʩʜʚʠʛʦʚ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʢʘʨʪʠʥ ʥʘʪʫʨʥʳʭ ʜʝʬʦʨʤʘʮʠʡ. 

ʀʟʛʠʙ ʛʨʘʥʠʮʳ ʰʪʘʤʧʘ ʧʨʦʚʦʮʠʨʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʩʰʠʨʝʥʠʝ ʧʦʜʟʦʥʳ ʘʥʦʤʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʘʷ ʚ 

ʣʝʚʦʡ ʯʘʩʪʠ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʷʝʪ 80% ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʨʠʩʜʚʠʛʦʚʦʡ ʚʧʘʜʠʥʦʡ 1-ʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ.2). ɿʜʝʩʴ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ 
ʫʯʘʩʪʢʘ ʩ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʝʨʝʤʝʱʝʥʠʡ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʫʯʘʩʪʢʠ 1 ʠ 2 ʥʘʭʦʜʷʪʩʷ ʚ ʧʘʩʩʠʚʥʦʤ ʢʨʳʣʝ, 
ʜʚʠʞʝʥʠʝ ʨʝʧʝʨʥʳʭ ʪʦʯʝʢ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʘʢʪʠʚʥʦʛʦ (ʜʚʠʞʫʱʝʛʦʩʷ) ʢʨʳʣʘ. ʉʢʦʨʦʩʪʠ 
ʧʝʨʝʤʝʱʝʥʠʡ ʟʜʝʩʴ ʤʝʥʴʰʝ (ʚ 2-4 ʨʘʟʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʘʤʧʘ. ʅʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ ʵʪʦ 
ʦʙʫʩʣʦʚʣʝʥʦ ʩʪʦʣʢʥʦʚʝʥʠʝʤ ʘʢʪʠʚʥʦʛʦ ʠ ʧʘʩʩʠʚʥʦʛʦ ʢʨʳʣʴʝʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʟʚʠʪʠʶ ʧʨʠʩʜʚʠʛʦʚʦʡ 
ʚʧʘʜʠʥʳ ɸ (ʨʠʩ. 2). ɺʥʫʪʨʠ ʫʯʘʩʪʢʘ 1 ʨʘʟʚʠʚʘʝʪʩʷ ʟʦʥʘ ʩʤʷʪʠʷ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʣʘʜʢʦʦʙʨʘʟʦʚʘʥʠʝ. 

ɺʪʦʨʦʡ ʫʯʘʩʪʦʢ - ʩʦʙʩʪʚʝʥʥʦ ʧʨʠʩʜʚʠʛʦʚʘʷ ʚʧʘʜʠʥʘ 1-ʛʦ ʧʦʨʷʜʢʘ - ʥʘʯʘʣ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʩ ʟʘʣʦʞʝʥʠʷ ʚʧʘʜʠʥʳ 
ɹ 2-ʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ.2), ʪ.ʝ. ʚ ʤʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʨʘʟʨʳʚʘ ʨʘʩʪʷʞʝʥʠʷ. ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʚʣʠʷʥʠʷ ʩʤʝʞʥʳʭ ʙʣʦʢʦʚ, 

ʩʤʝʱʝʥʠʝ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʧʨʦʠʩʭʦʜʠʣʦ ʧʦʜ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʛʣʦʤ ʢ ʚʝʢʪʦʨʘʤ ʧʝʨʝʤʝʱʝʥʠʠʡ, ʛʦʩʧʦʜʩʪʚʫʶʱʠʤ ʚ 
ʩʜʚʠʛʦʚʦʡ ʟʦʥʝ (ʨʠʩ.2). ʀʟʛʠʙ ʛʨʘʥʠʮʳ ʧʦʜʚʠʞʥʦʛʦ ʰʪʘʤʧʘ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʧʨʠʚʝʣ ʢ ʟʘʣʦʞʝʥʠʶ ʚʪʦʨʦʡ ʚʧʘʜʠʥʳ 2-ʛʦ 
ʧʦʨʷʜʢʘ, ʢʦʪʦʨʘʷ ʚʥʘʯʘʣʝ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʷʚʠʣʘʩʴ ʩʚʦʝʛʦ ʨʦʜʘ ʟʦʥʦʡ ʨʘʟʛʨʫʟʢʠ ʥʘʧʨʷʞʝʥʠʡ ʧʝʨʚʦʡ ʚʧʘʜʠʥʳ, ʯʪʦ ʠ 
ʧʨʠʚʝʣʦ ʢ ʧʨʝʢʨʘʱʝʥʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʥʝʡ. ʕʪʦ ʥʘʰʣʦ ʦʪʨʘʞʝʥʠʝ ʚ ʬʦʨʤʝ ʠ ʛʣʫʙʠʥʝ ʚʧʘʜʠʥʳ: ʪʘʢ ʢʘʢ ʚʣʠʷʥʠʝ 
ʠʟʛʠʙʘ ʢʨʘʷ ʰʪʘʤʧʘ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʪʦʷʥʥʦ, ʨʘʟʨʳʚ ʨʘʩʪʷʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʣʩʷ ʠ ʥʘʨʫʰʠʣ ʤʦʜʝʣʴ ʥʘ ʚʩʶ 
ʪʦʣʱʠʥʫ. ʊʨʝʪʠʡ ʫʯʘʩʪʦʢ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʴʶ ʧʝʨʝʤʝʱʝʥʠʡ, ʥʦ ʷʚʣʷʝʪʩʷ ʦʙʣʘʩʪʴʶ ʧʨʦʷʚʣʝʥʠʷ 
ʧʦʚʳʰʝʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ, ʯʪʦ ʩʥʠʞʘʝʪ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʣʴʝʬʘ. 
ʊʝʤ ʥʝ ʤʝʥʝʝ, ʧʝʨʝʤʝʱʝʥʠʝ ʪʦʯʝʢ ʚ ʮʝʣʦʤ ʩʦʚʧʘʜʘʝʪ ʩ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʜʚʠʞʝʥʠʷʤʠ ʚ ʟʦʥʝ, ʟʘʜʘʥʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʝʤ 

ʧʝʨʝʤʝʱʝʥʠʷ ʰʪʘʤʧʘ. 
 

ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʢʨʠʪʝʨʠʝʚ ʧʦʜʦʙʠʷ, ʜʘʶʪ ʦʩʥʦʚʘʥʠʝ ʜʣʷ ʧʝʨʝʥʝʩʝʥʠʷ 
ʨʷʜʘ ʚʳʷʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʥʘ ʧʨʠʨʦʜʥʳʝ ʘʥʘʣʦʛʠ. ɺʙʣʠʟʠ ʩʤʝʩʪʠʪʝʣʷ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ, ʬʦʨʤʠʨʫʶʱʝʡʩʷ ʥʘʜ 

ʧʨʷʤʦʣʠʥʝʡʥʳʤ ʨʘʟʣʦʤʦʤ ʚ ʬʫʥʜʘʤʝʥʪʝ, ʠʤʝʝʪ ʤʝʩʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʧʦ ʨʘʟʤʝʨʘʤ ʦʩʝʚʘʷ ʧʦʜʟʦʥʘ ʧʨʦʷʚʣʝʥʠʷ 
ʘʥʦʤʘʣʴʥʳʭ ʚʨʘʱʘʪʝʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʘʥʥʳʭ, ʥʘʧʨʠʤʝʨ, 
ʩʧʫʪʥʠʢʦʚʦʡ ʛʝʦʜʝʟʠʠ. ʀʟʛʠʙ ʨʘʟʣʦʤʘ ʚ ʬʫʥʜʘʤʝʥʪʝ ʧʨʠʚʦʜʠʪ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʭʘʨʘʢʪʝʨʝ ʜʚʠʞʝʥʠʡ ʠ ʨʘʟʤʝʨʘʭ, 
ʩʦʠʟʤʝʨʠʤʳʭ ʩ ʤʦʱʥʦʩʪʴʶ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʣʦʷ, ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʧʘʜʠʥʳ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ ʩʦʠʟʤʝʨʠʤʘ ʩ ʰʠʨʠʥʦʡ 
ʚʩʝʡ ʩʜʚʠʛʦʚʦʡ ʟʦʥʳ. ʆʙʩʪʘʥʦʚʢʘ ʛʦʩʧʦʜʩʪʚʫʶʱʝʛʦ ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʨʘʩʪʷʞʝʥʠʷ ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʫʱʝʩʪʚʝʥʥʳʭ 
ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʷʭ ʧʦ ʢʨʘʝʚʳʤ ʩʙʨʦʩʘʤ, ʢʦʪʦʨʳʝ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʯʪʠ ʧʦʧʝʨʝʢ 
ʚʝʢʪʦʨʦʚ ʩʜʚʠʛʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʜʨʫʛʠʭ ʯʘʩʪʷʭ ʟʦʥʳ. ɹʣʠʟʢʦʝ ʩʭʦʜʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʚ ʤʦʜʝʣʠ 
ʩʪʨʫʢʪʫʨ (ʨʘʟʥʦʨʘʥʛʦʚʳʭ ʚʧʘʜʠʥ ʠ ʨʘʟʨʳʚʦʚ) ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʚʧʘʜʠʥ ʠ ʢʨʫʧʥʳʭ ʨʘʟʣʦʤʦʚ 

ɹʘʡʢʘʣʴʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʳʜʚʠʥʫʪʦʡ ʨʘʥʝʝ (ʐʝʨʤʘʥ, ʃʝʚʠ, 1977) ʛʠʧʦʪʝʟʳ ʝʝ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʘʢ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʫ ʠʟʛʠʙʘ ʛʨʘʥʠʮʳ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʧʨʠ ʜʦʤʠʥʠʨʦʚʘʥʠʠ 
ʣʝʚʦʩʜʚʠʛʦʚʳʭ ʧʝʨʝʤʝʱʝʥʠʡ. ɿʘʬʠʢʩʠʨʦʚʘʥʥʳʝ ʚ ʤʦʜʝʣʠ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʨʘʟʨʳʚʦʚ ʠ ʧʝʨʝʤʝʱʝʥʠʡ ʤʦʛʫʪ 
ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʜʝʬʦʨʤʘʮʠʡ ʚ ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʨʠʬʪʦʚʳʭ ʟʦʥ, 
ʧʦʜʦʙʥʳʭ ɹʘʡʢʘʣʴʩʢʦʡ. 
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ʂ ʉʊʈʆɽʅʀʖ ʈʓʍʃʓʍ ʆʊʃʆɾɽʅʀʁ ɺ ʆʂʈɽʉʊʅʆʉʊʗʍ ɻʆʈʆɼɸ ʊʆʄʉʂɸ 
ɸ.ɺ. ʂʦʥʜʨʘʪʝʥʷ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʉ. ɻʫʜʳʤʦʚʠʯ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʇʝʨʚʳʡ ʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʨʘʟʨʝʟ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʜ ʃʘʛʝʨʥʳʤ ʩʘʜʦʤ ʧʦ ʩʪʝʥʢʘʤ ʩʫʬʬʦʟʠʦʥʥʳʭ ʮʠʨʢʦʚ 

ʩʦʩʪʘʚʠʣ ʂ.ɺ. ʈʘʜʫʛʠʥ ʝʱʝ ʚ 30-40-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ (ʈʘʜʫʛʠʥ, 1930-40). ʆʥ ʚʳʜʝʣʠʣ (ʨʠʩ. 1, I) ʪʨʝʪʠʯʥʳʝ ʠ 

ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʨʘʟʜʝʣʠʚ ʪʨʝʪʠʯʥʳʝ ʥʘ ʥʠʞʝʣʝʞʘʱʫʶ ʛʣʠʥʠʩʪʫʶ ʪʦʣʱʫ ʩ ʣʠʛʥʠʪʦʤ ʠ ʚʳʰʝʣʝʞʘʱʫʶ ʪʦʣʱʫ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ- ʠ ʢʦʩʦʩʣʦʠʩʪʳʭ ʯʠʩʪʳʭ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ, ʘ ʯʝʪʚʝʨʪʠʯʥʳʝ ï ʥʘ ʪʨʠ ʩʝʨʠʠ (ʧʦʛʨʝʙʝʥʥʘʷ ʠ ʥʘʣʦʞʝʥʥʘʷ 
ʪʝʨʨʘʩʳ ʧʨʘʊʦʤʠ), ʢʘʞʜʘʷ ʠʭ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʣʘʩʴ ʩ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʭ ʠ ʛʨʫʙʦʢʦʩʦʩʣʦʠʩʪʳʭ ʨʫʩʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ 
ʟʘʢʘʥʯʠʚʘʣʘʩʴ ʧʦʡʤʝʥʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʛʣʠʥʘʤʠ. 

ʇʦʟʞʝ, ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʝʩʪʝʩʪʚʝʥʥʳʝ ʦʙʥʘʞʝʥʠʷ ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ ʙʳʣʠ ʫʥʠʯʪʦʞʝʥʳ. ɿʘʪʦ ʧʦʷʚʠʣʘʩʴ ʚʦʟʤʦʞʥʦʩʪʴ 
ʩʦʩʪʘʚʠʪʴ ʨʘʟʨʝʟ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʩʢʚʘʞʠʥʘʤ (ʆʪʯʝʪ ʦé, 1990). 

ʉʨʘʚʥʝʥʠʝ ʨʘʟʨʝʟʦʚ, ʩʦʩʪʘʚʣʝʥʥʦʛʦ ʂ.ɺ. ʈʘʜʫʛʠʥʳʤ ʠ ʚ ʊʦʤʩʢʊʀʉʀɿʝ (ʨʠʩ. 1, II), ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʧʦʢʘʟʳʚʘʝʪ 

ʠʭ ʧʦʣʥʦʝ ʩʭʦʜʩʪʚʦ, ʘ ʩ ʜʨʫʛʦʡ ʨʦʞʜʘʝʪ ʚʦʧʨʦʩʳ. 
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ɺʦ-ʧʝʨʚʳʭ, ʠ ʵʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ, ʦʪʣʦʞʝʥʠʷ ʚʳʩʦʢʠʭ ʪʝʨʨʘʩ ʨ. ʊʦʤʠ, ʧʦ ʂ.ɺ. ʈʘʜʫʛʠʥʫ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʭʝʤʝ 

ʊʦʤʩʢʊʀʉʀɿʘ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʨʝʛʠʦʥʘʣʴʥʳʝ ʢʦʯʢʦʚʩʢʘʷ ʠ ʪʘʡʛʠʥʩʢʘʷ ʩʚʠʪʳ. ʕʪʘ ʨʘʟʥʠʮʘ ʚ ʪʨʘʢʪʦʚʢʝ ʨʘʟʨʝʟʘ ʦʪʨʘʞʝʥʘ 
ʠ ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʊʦʤʩʢʦʛʦ ʨʘʡʦʥʘ. ʅʘ ʦʜʥʠʭ ʪʝʨʨʠʪʦʨʠʷ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʠ ʶʞʥʝʝ ʧʦʢʘʟʘʥʳ ʢʘʢ 3-ʷ, 4-ʷ ʠʣʠ 
ʦʙʝ ʪʝʨʨʘʩʳ, ʥʘ ʜʨʫʛʠʭ ï ʢʘʢ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʚʠʪ. 

ɺʦ-ʚʪʦʨʳʭ, ʩʘʤ ʂ.ɺ. ʈʘʜʫʛʠʥ, ʚʧʝʨʚʳʝ ʦʧʠʩʘʚʰʠʡ ʪʘʡʛʠʥʩʢʠʝ ʛʣʠʥʳ (ʈʘʜʫʛʠʥ, 1934), ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ ʠʭ 
ʥʝ ʧʦʢʘʟʳʚʘʣ ʠ ʚʨʷʜ ʣʠ ʫʤʝʩʪʥʦ ʧʦʩʣʝ ʵʪʦʛʦ ʝʛʦ ʧʦʡʤʝʥʥʳʝ ʛʣʠʥʳ ʥʘʣʦʞʝʥʥʦʡ ʪʝʨʨʘʩʳ ʦʪʥʦʩʠʪʴ ʢ ʪʘʡʛʠʥʩʢʠʤ. 

ʅʘʤʠ ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʜʚʘ ʨʘʟʨʝʟʘ ʨʳʭʣʦʡ ʪʦʣʱʠ: ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ ʩʦʭʨʘʥʠʚʰʝʤʩʷ ʧʦʢʘ ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ 

ʤʦʣʦʜʦʤ ʩʫʬʬʦʟʠʦʥʥʦʤ ʮʠʨʢʝ (ʚ 30-50 ʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʫʪʝʩʘ çɹʦʝʮè) ʠ ʚ ʣʫʯʘʥʦʚʩʢʠʭ ʢʘʨʴʝʨʘʭ (ʧʨʘʚʳʡ ʙʦʨʪ ʨ. 
ɹʘʩʘʥʜʘʡʢʠ) ʚ 20 ʢʤ ʢ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʛ. ʊʦʤʩʢʘ). 



ʀʟ ʩʨʘʚʥʝʥʠʷ ʧʝʨʚʦʛʦ ʨʘʟʨʝʟʘ ʩ ʨʘʟʨʝʟʘʤʠ ʂ.ɺ. ʈʘʜʫʛʠʥʘ ʠ ʊʦʤʩʢʊʀʉʀɿʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʠʞʝʣʝʞʘʱʠʝ ʛʣʠʥʳ ʩ 
ʣʠʛʥʠʪʦʤ ʦʪʥʦʩʷʪʩʷ ʢ ʥʦʚʦʤʠʭʘʡʣʦʚʩʢʦʡ ʩʚʠʪʝ ʦʣʠʛʦʮʝʥʘ, ʘ ʣʝʞʘʱʠʝ ʥʘ ʥʠʭ ʩ ʨʘʟʤʳʚʦʤ ʛʨʫʙʦʢʦʩʦʩʣʦʠʩʪʳʝ ʠ 
ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ï ʢ ʢʦʯʢʦʚʩʢʦʡ ʩʚʠʪʝ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʪʠʨʫʝʤʦʡ ʵʦʧʣʝʡʩʪʦʮʝʥʦʤ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʵʪʦʤ ʨʘʟʨʝʟʝ ʢʚʘʨʮʝʚʳʭ ʧʝʩʢʦʚ ʣʘʛʝʨʥʦʪʦʤʩʢʦʡ ʩʚʠʪʳ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ï ʜʦ 
10 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʣʘʛʝʨʥʦʪʦʤʩʢʦʡ ʩʚʠʪʳ ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ) ʨʘʟʤʳʚʝ ʦʣʠʛʦʮʝʥʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ ʚ ʧʨʝʜʢʦʯʢʦʚʩʢʦʝ ʚʨʝʤʷ. ʇʨʠʯʝʤ ʧʨʝʜʢʦʯʢʦʚʩʢʠʡ ʵʨʦʟʠʦʥʥʳʡ ʨʝʣʴʝʬ ʙʳʣ ʦʯʝʥʴ ʩʣʦʞʥʳʡ, ʧʦʩʢʦʣʴʢʫ 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʦʙʥʘʞʝʥʠʷʤʠ ʩ ʣʘʛʝʨʥʦʪʦʤʩʢʦʡ ʩʚʠʪʦʡ ʠ ʙʝʟ ʥʝʝ ʤʝʩʪʘʤʠ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ʜʝʩʷʪʢʦʚ ʤʝʪʨʦʚ (ʫʩʪʥʦʝ 
ʩʦʦʙʱʝʥʠʝ ʉ.ʉ. ɻʫʜʳʤʦʚʠʯʘ). 

ɺ ʣʫʯʘʥʦʚʩʢʠʭ ʢʘʨʴʝʨʘʭ, ʚ ʦʙʱʝʤ, ʧʦʚʪʦʨʷʝʪʩʷ ʨʘʟʨʝʟ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ï ʥʘ ʯʠʩʪʳʭ ʩʪʝʢʦʣʴʥʳʭ ʢʚʘʨʮʝʚʳʭ ʩ 
ʢʘʦʣʠʥʦʚʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʧʝʩʢʘʭ ʣʘʛʝʨʥʦʪʦʤʩʢʦʡ ʩʚʠʪʳ ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʶʪ ʛʨʫʙʦʢʦʩʦʩʣʦʠʩʪʳʝ ʠ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʝ 
ʨʫʩʣʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʢʦʯʢʦʚʩʢʦʡ ʩʚʠʪʳ, ʧʝʨʝʢʨʳʪʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʣʝʩʩʦʚʠʜʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʩ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʩʪʦʣʙʯʘʪʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ. ɺ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʩʫʛʣʠʥʢʦʚ ʦʙʥʘʨʫʞʝʥʳ ʢʦʨʥʠ ʜʝʨʝʚʴʝʚ in situ, ʯʪʦ ʣʠʰʥʠʡ ʨʘʟ 
ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʫʙʘʵʨʘʣʴʥʳʡ ʧʦʢʨʦʚʥʳʡ ʭʘʨʘʢʪʝʨ ʵʪʦʡ ʪʦʣʱʠ. 

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʪʩʫʪʩʪʚʠʝ ʚ ʣʫʯʘʥʦʚʩʢʦʤ ʨʘʟʨʝʟʝ ʪʘʡʛʠʥʩʢʠʭ ʛʣʠʥ. ʕʪʦ ʝʱʝ ʨʘʟ ʩʪʘʚʠʪ ʧʦʜ 
ʩʦʤʥʝʥʠʝ ʦʪʥʝʩʝʥʠʝ ʧʘʯʢʠ ʛʣʠʥ ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ ʢ ʪʘʡʛʠʥʩʢʠʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʭʦʜʩʪʚʦ ʨʘʟʨʝʟʦʚ ʠ ʦʪʩʫʪʩʪʚʠʝ ʫ 
ʧʦʢʘʟʳʚʘʝʤʳʭ ʥʘ ʥʝʢʦʪʦʨʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʘʨʪʘʭ ʚ ʨʘʡʦʥʝ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʚʳʩʦʢʠʭ ʪʝʨʨʘʩ ʠ ʪʳʣʦʚʳʭ ʰʚʦʚ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚʩʷ ʪʝʨʨʠʪʦʨʠʷ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʜʦ ʣʫʯʘʥʦʚʩʢʠʭ ʢʘʨʴʝʨʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ 
ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʣʦʱʘʜʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʦʯʢʦʚʩʢʦʡ ʩʚʠʪʳ. ʇʦʜʨʘʟʜʝʣʝʥʠʝ ʂ.ɺ. ʈʘʜʫʛʠʥʳʤ ʵʪʦʡ ʧʣʦʱʘʜʠ ʥʘ V 
ʃʘʛʝʨʥʦʩʘʜʩʢʫʶ ʠ VII ɺʦʨʦʥʦʚʩʢʫʶ ʪʝʨʨʘʩʳ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʧʦʢʘʟ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ 4-ʦʡ ʪʝʨʨʘʩʳ, ʘ ʪʝʤ 

ʙʦʣʝʝ 3-ʝʡ ʠ 4-ʦʡ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʦʰʠʙʦʯʥʳʤ. 
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ɼʀɸʊʆʄʆɺʓɽ ɺʆɼʆʈʆʉʃʀ ɺʆɿɺʓʐɽʅʅʆʉʊʀ çɺʀʊʗɿʔè (ʗʇʆʅʉʂʆɽ 

ʄʆʈɽ) 
ʗ.ɺ. ʃʦʩʠʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ɸ.ɺ. ɿʠʥʴʢʦʚ 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

 
ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ, ʘ ʪʘʢ ʞʝ ʚ ʚʦʜʦʝʤʘʭ ʩʫʰʠ, ʚ ʦʛʨʦʤʥʳʭ ʤʘʩʰʪʘʙʘʭ ʠʜʝʪ ʦʩʘʞʜʝʥʠʝ ʢʨʝʤʥʝʟʝʤʘ 

ʠ ʛʣʘʚʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʶʪ ʜʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ. ɼʠʘʪʦʤʠʪʳ - ʧʦʨʦʜʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʘʥʮʠʨʷʤʠ 
ʜʠʘʪʦʤʝʡ, ʠʟʚʝʩʪʥʳ ʩʨʝʜʠ ʤʦʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʩ ʚʝʨʭʥʝʛʦ ʤʝʣʘ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʚʳʷʩʥʝʥʠʷ ʵʚʦʣʶʮʠʠ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ ɽʚʨʦʘʟʠʘʪʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ ʢ 

ʦʢʝʘʥʫ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʚʦʟʨʘʩʪʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʪʝʣ, ʩʣʘʛʘʶʱʠʭ ʦʩʥʦʚʥʳʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ. ɺ ʜʘʥʥʦʡ 
ʨʘʙʦʪʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʨʘʟʮʳ ʦʩʘʜʦʯʥʳʭ ʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ, ʧʦʜʥʷʪʳʭ ʧʨʠ ʜʨʘʛʠʨʦʚʘʥʠʠ 
ʚʦʟʚʳʰʝʥʥʦʩʪʠ ɺʠʪʷʟʷ ʚ ʧʝʨʚʦʤ ʨʝʡʩʝ ʅʀʉ "ʂʘʣʣʠʩʪʦ" (1974). 

ɺʦʟʚʳʰʝʥʥʦʩʪʴ ɺʠʪʷʟʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʥʘ ʩʪʳʢʝ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʢʦʪʣʦʚʠʥʳ 
ʩ ʶʞʥʳʤ ʦʢʦʥʯʘʥʠʝʤ ʊʘʪʘʨʩʢʦʛʦ ʞʝʣʦʙʘ (ɹʝʨʩʝʥʝʚ ʠ ʜʨ., 1987). ʄʦʨʬʦʩʪʨʫʢʪʫʨʘ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚʳʪʷʥʫʪʘ ʚ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʧʦʜʚʦʜʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʄʫʩʘʩʠ. ʆʥʘ, ʩʦʚʤʝʩʪʥʦ ʩ ʦʩʥʦʚʘʥʠʝʤ ʦʩʪʨʦʚʥʦʛʦ ʩʢʣʦʥʘ 
ʦʩʪʨʦʚʘ ʍʦʢʢʘʡʜʦ, ʚʳʪʷʛʠʚʘʶʱʝʛʦʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʠ ʦʩʥʦʚʘʥʠʝʤ ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ ʩʨʝʜʥʝʡ ʯʘʩʪʠ 
ɺʦʩʪʦʯʥʦʛʦ ʧʨʠʤʦʨʴʷ, ʠʤʝʶʱʝʛʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ, ʦʛʨʘʥʠʯʠʚʘʝʪ ʩ ʩʝʚʝʨʘ ʎʝʥʪʨʘʣʴʥʫʶ ʛʣʫʙʦʢʦʚʦʜʥʫʶ 

ʢʦʪʣʦʚʠʥʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʚʳʰʝʥʥʦʩʪʴ ɺʠʪʷʟʷ ʩʦʚʤʝʩʪʥʦ ʩʦ ʩʭʦʜʷʱʠʤʠʩʷ ʩ ʥʝʡ ʩʝʛʤʝʥʪʘʤʠ ʦʩʪʨʦʚʥʦʛʦ ʠ 
ʤʘʪʝʨʠʢʦʚʦʛʦ ʩʢʣʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʚʦʜʥʳʡ ʫʩʪʫʧ, ʦʪʜʝʣʷʶʱʠʡ ʜʚʝ ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ. 

ɿʝʤʥʘʷ ʢʦʨʘ ʚ ʨʘʡʦʥʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʦʨʳ ʛʣʫʙʦʢʦʚʦʜʥʦʡ ʚʧʘʜʠʥʳ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ 
ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʜʦʩʪʠʛʘʶʱʝʡ 18 ʢʤ, ʠ ʧʦʷʚʣʝʥʠʝʤ ʚ ʝʝ ʩʦʩʪʘʚʝ ʩʣʦʷ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ. 

ɺʦ ʚʨʝʤʷ 20-ʛʦ ʨʝʡʩʘ ʅʀʉ "ʇʝʨʚʝʥʝʮ" ʧʨʠ ʜʨʘʛʠʨʦʚʘʥʠʠ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ 
ʛʣʫʙʠʥ 1500-2300 ʤ ʙʳʣʠ ʧʦʜʥʷʪʳ ʧʦʨʦʜʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʩʣʘʛʘʶʱʠʝ ʤʦʱʥʫʶ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʫʶ ʪʦʣʱʫ, ʢʦʪʦʨʘʷ 
ʠʤʝʝʪ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚʜʦʣʴ ʩʢʣʦʥʘ ʚʦʟʚʳʰʝʥʥʦʩʪʠ 6-7 ʢʤ. ɺʳʰʝ ʵʪʦʡ ʟʦʥʳ ʨʘʩʧʦʣʦʞʝʥʳ ʪʫʬʦʜʠʘʪʦʤʠʪʳ ʤʠʦʮʝʥʦʚʦʛʦ 
ʚʦʟʨʘʩʪʘ ʠ ʣʘʚʳ ʙʘʟʘʣʴʪʦʚ. ʇʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʘʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ ʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʱʠʤʠ ʧʘʯʢʠ ʪʦʥʢʦʛʦ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʩ ʤʦʱʥʦʩʪʴʶ ʧʨʦʩʣʦʝʚ 0,2 - 2 ʩʤ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʦʩʪʘʚʝ ʪʦʣʱʠ ʚʩʪʨʝʯʘʶʪʩʷ ʬʠʣʣʠʪʦʚʠʜʥʳʝ ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ 
ʤʠʢʨʦʣʝʧʠʜʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʩʣʦʠʩʪʦʡ ʠʣʠ ʩʣʘʥʮʝʚʦʡ ʪʝʢʩʪʫʨʦʡ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ ʯʝʨʝʜʫʶʱʠʭʩʷ ʢʚʘʨʮ-ʭʣʦʨʠʪ-
ʩʝʨʠʮʠʪʦʚʳʭ ʠ ʫʛʣʠʩʪʦ-ʩʝʨʠʮʠʪʦʚʳʭ ʩʣʦʡʢʦʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 0,8 ʤʤ. ɺʩʝ ʧʦʨʦʜʳ ʪʦʣʱʠ ʢʦʥʪʘʢʪʦʚʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʳ, 
ʦʨʦʛʦʚʠʢʦʚʘʥʳ. 

ʆʩʥʦʚʥʫʶ ʨʦʣʴ ʚ ʩʪʨʦʝʥʠʠ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠʛʨʘʝʪ ʜʦʢʘʡʥʦʟʦʡʩʢʠʡ ʬʫʥʜʘʤʝʥʪ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ, ʩʢʦʨʝʝ 
ʚʩʝʛʦ, ʧʨʦʠʟʦʰʣʦ ʚ ʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʚ ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ (ʃʝʣʠʢʦʚ, 1977). 

ʇʨʠ ʜʨʘʛʠʨʦʚʘʥʠʠ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ɺʠʪʷʟʷ ʪʘʢ ʞʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʜʚʘ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘ (ɽʚʣʘʥʦʚ, 

ʂʦʥʦʚʘʣʦʚ, 1978). ʇʦʨʦʜʳ ʧʝʨʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦʜʥʷʪʳ ʜʨʘʛʦʡ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 
2600 - 2700 ʤ (ʩʪ. 7422). ʇʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʚʝʪʣʦ-ʩʝʨʳʤʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤʠ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ. 
ʊʘʢ ʞʝ ʢ ʵʪʦʤʫ ʢʦʤʧʣʝʢʩʫ ʦʪʥʦʩʷʪ ʧʦʨʦʜʳ, ʧʦʜʥʷʪʳʝ ʩ ʠʥʪʝʨʚʘʣʘ ʛʣʫʙʠʥ 1500 - 2250 ʤ ʶʞʥʝʝ ʩʪʘʥʮʠʠ 7422. ʆʥʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʠ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ʆʙʱʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ 



ʢʦʤʧʣʝʢʩʘ ʚ ʧʨʝʜʝʣʘʭ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ɺʠʪʷʟʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʘʪʠʤʝʪʨʠʯʝʩʢʠʤʠ ʫʨʦʚʥʷʤʠ ʦʪ 1500 ʜʦ 2250 ʤ ʠ ʦʪ 2600 ʜʦ 
2700 ʤ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʟʘʣʝʛʘʥʠʷ ʧʦʨʦʜ. ɺʦʟʨʘʩʪ ʢʦʤʧʣʝʢʩʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʫʩʪʘʥʦʚʣʝʥ. 

ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩ - ʚʫʣʢʘʥʦʛʝʥʥʳʡ. ʆʥ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ ʟʥʘʯʠʤʫʶ ʯʘʩʪʴ ʧʦʜʚʦʜʥʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ. ʇʦʨʦʜʳ 

ʧʦʜʥʷʪʳ ʥʘ ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 1700 - 2100 ʤ, ʘ ʥʘ ʟʘʧʘʜʥʦʤ - 400 - 1750 ʤ. ʂʦʤʧʣʝʢʩ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ 
ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʛʨʫʧʧ ʧʦʨʦʜ: ʦʩʥʦʚʥʦʛʦ, ʩʨʝʜʥʝʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 
ʘʥʜʝʟʠʪʦʚʳʝ ʣʘʚʳ ʠ ʪʫʬʳ. 

ɻʨʫʧʧʘ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʚʢʣʶʯʘʝʪ ʦʣʠʚʠʥ-ʧʠʨʦʢʩʝʥʦʚʳʝ ʙʘʟʘʣʴʪʳ, ʜʦʣʝʨʠʪʳ, ʘʛʣʦʤʝʨʘʪʦʚʳʝ ʠ 
ʧʩʘʤʤʠʪʦʚʳʝ ʪʫʬʳ. ɻʨʫʧʧʘ ʧʦʨʦʜ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʠʨʦʢʩʝʥʦʚʳʤʠ ʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʤʠ ʘʥʜʝʟʠʪʘʤʠ, 
ʘʛʣʦʤʝʨʘʪʦʚʳʤʠ ʠ ʧʩʘʤʤʠʪʦʚʳʤʠ ʪʫʬʘʤʠ, ʜʘʮʠʘʥʜʝʟʠʪʘʤʠ. ʂʠʩʣʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʥʠʤʘʶʪ ʧʦʜʯʠʥʝʥʥʦʝ 
ʧʦʣʦʞʝʥʠʝ ʚʥʫʪʨʠ ʚʫʣʢʘʥʦʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʣʘʚʳ ʠ ʣʘʚʦʙʨʝʢʯʠʠ ʨʠʦʣʠʪʦʚ, ʘʛʣʦʤʝʨʘʪʦʚʳʝ ʠ ʬʝʣʴʟʠʪʦʚʳʝ ʪʫʬʳ. 

ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ - ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʦʨʠʪʝʪʥʳʭ ʛʨʫʧʧ ʤʠʢʨʦʬʦʩʩʠʣʠʡ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʧʨʠ 

ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ. ʀʥʪʝʨʝʩ ʢ ʜʠʘʪʦʤʦʚʳʤ ʚʦʜʦʨʦʩʣʷʤ ʢʘʢ ʠʩʪʦʯʥʠʢʫ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʠ ʧʘʣʝʦʛʨʘʬʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʦʧʨʝʜʝʣʝʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʭ ʦʙʠʣʠʝʤ ʠ ʭʦʨʦʰʝʡ ʩʦʭʨʘʥʥʦʩʪʴʶ ʚ 
ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʠʭ ʪʦʣʱʘʭ ʢʘʢ ʤʦʨʩʢʦʛʦ, ʪʘʢ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʥʠ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʦ 
ʚʳʨʘʞʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʥʘ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʨʦʜʥʦʡ ʩʨʝʜʝ ʠ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʳʤʠ ʪʝʤʧʘʤʠ ʵʚʦʣʶʮʠʠ 
(ʂʨʠʰʪʦʬʦʚʠʯ, 1949). 

ɼʠʘʪʦʤʦʚʳʝ ʚʦʜʦʨʦʩʣʠ ʥʘʩʝʣʷʶʪ ʬʦʪʠʯʝʩʢʫʶ ʟʦʥʫ ʧʦʯʪʠ ʚʩʝʭ ʤʦʨʩʢʠʭ ʙʘʩʩʝʡʥʦʚ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʦʜʥʦʢʣʝʪʦʯʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʳ ʩ ʢʨʝʤʥʠʩʪʳʤ ʧʘʥʮʠʨʝʤ, ʞʠʚʫʱʠʝ ʦʜʠʥʦʯʥʦ ʠʣʠ ʚ ʢʦʣʦʥʠʷʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʩʦʜʝʨʞʘʥʠʶ ʩʦʣʝʡ ʚ ʚʦʜʝ ʠ ʩʣʫʞʘʪ ʠʥʜʠʢʘʪʦʨʘʤʠ 

ʩʪʝʧʝʥʠ ʩʦʣʝʥʦʩʪʠ ʚʦʜʳ ʠ ʧʨʠ ʠʟʫʯʝʥʠʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʧʦʢʘʟʘʪʝʣʠ ʩʪʝʧʝʥʠ ʩʦʣʝʥʦʩʪʠ 
ʙʘʩʩʝʡʥʘ, ʦʪʣʦʞʠʚʰʝʛʦ ʦʩʘʜʢʠ ʩ ʜʠʘʪʦʤʦʚʳʤʠ ʚʦʜʦʨʦʩʣʷʤʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʩʢʦʧʘʝʤʳʭ ʜʠʘʪʦʤʝʡ ʩʣʘʛʘʝʪʩʷ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʵʪʘʧʦʚ: ʩʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʚ 
ʧʨʠʨʦʜʝ, ʪʝʭʥʠʢʠ ʠʟʚʣʝʯʝʥʠʷ ʠ ʦʯʠʩʪʢʠ ʧʘʥʮʠʨʝʡ ʠ ʩʪʚʦʨʦʢ, ʧʨʠʛʦʪʦʚʣʝʥʠʝ ʧʦʩʪʦʷʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ 
ʦʙʨʘʙʦʪʢʠ ʜʠʘʪʦʤʝʡ ʠ ʦʬʦʨʤʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʝʪʦʜʠʢʘ ʜʝʪʘʣʴʥʦʛʦ ʦʪʙʦʨʘ ʛʦʨʥʳʭ ʧʦʨʦʜ ʩʦ ʜʥʘ ʗʧʦʥʩʢʦʛʦ ʤʦʨʷ ʠ ʜʨʫʛʠʭ ʤʦʨʝʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʀ.ʀ. 
ɹʝʨʩʝʥʝʚʳʤ ʚ ʧʝʨʚʳʭ ʨʝʡʩʘʭ ʅʀʉ "ʇʝʨʚʝʥʝʮ". ɼʣʷ ʜʠʘʪʦʤʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙʨʘʟʮʳ ʦʪʙʠʨʘʶʪʩʷ ʪʝʭ ʨʘʟʥʦʩʪʝʡ, ʣʠʪʦʣʦʛʠʷ 
ʢʦʪʦʨʳʭ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʦʣʴʰʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʥʘʨʫʞʝʥʠʷ ʚ ʥʠʭ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ. 

ʆʩʥʦʚʥʳʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʩʣʫʞʠʪ ʜʝʪʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ 
ʠʭ ʢʨʝʤʥʝʚʦʛʦ ʧʘʥʮʠʨʷ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʭʦʨʦʰʦ ʨʘʩʩʤʦʪʨʝʥʦ ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʠʤʤʝʨʩʠʦʥʥʦʛʦ ʦʙʲʝʢʪʠʚʘ ʥʘ 
ʧʦʩʪʦʷʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʛʜʝ ʠʭ ʧʘʥʮʠʨʠ ʟʘʢʣʶʯʝʥʳ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʪʚʝʨʜʫʶ ʩʨʝʜʫ ʩ ʚʳʩʦʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ. 
ʇʝʨʝʜ ʠʟʛʦʪʦʚʣʝʥʠʝʤ ʧʨʝʧʘʨʘʪʦʚ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʪʝʭʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʧʨʦʙ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʫʜʘʣʠʪʴ 
ʧʨʦʪʦʧʣʘʩʪ ʢʣʝʪʢʠ ʠ ʜʨʫʛʠʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʧʨʦʙʝ ʠ ʤʘʩʢʠʨʫʶʱʠʝ ʜʝʪʘʣʠ ʩʪʨʦʝʥʠʷ ʧʘʥʮʠʨʷ. 

ʇʨʦʙʳ ʢʠʧʷʪʠʣʠʩʴ ʚ ʜʠʩʪʠʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ ʚ ʪʝʯʝʥʠʝ 15-20 ʤʠʥ., ʟʘʪʝʤ ʦʥʠ ʟʘʣʠʚʘʣʠʩʴ ʪʘʢʞʝ ʜʠʩʪʠʣʠʨʦʚʘʥʥʦʡ 
ʚʦʜʦʡ ʜʦ ʩʘʤʦʛʦ ʚʝʨʭʘ ʩʪʝʢʣʷʥʥʦʡ ʧʦʩʫʜʳ. ɿʘʪʝʤ ʯʝʨʝʟ ʦʧʨʝʜʝʣʝʥʥʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ ʧʦʨʦʜʘ ʦʩʷʜʝʪ ʥʘ ʜʥʦ ʩʦʩʫʜʘ, ʚʦʜʘ 
ʩʣʠʚʘʣʘʩʴ ʜʦ ʦʩʘʜʢʘ, ʚʟʙʘʣʪʳʚʘʣʘʩʴ ʠ ʚʥʦʚʴ ʟʘʣʠʚʘʣʘʩʴ ʚʦʜʦʡ. ʇʦʩʣʝ ʦʩʚʝʪʣʝʥʠʷ ʦʩʘʜʦʢ ʚʳʩʫʰʠʚʘʣʩʷ ʥʘ ʚʦʟʜʫʭʝ ʠ ʠʟ 
ʥʝʛʦ ʧʨʠʛʦʪʘʚʣʠʚʘʣʩʷ ʧʨʝʧʘʨʘʪ ʜʣʷ ʧʦʩʣʝʜʫʶʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʜʠʘʪʦʤʦʚʳʭ ʚʦʜʦʨʦʩʣʝʡ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʩʚʦʜʥʦʡ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʩ ʫʢʘʟʘʥʠʝʤ ʵʢʦʣʦʛʠʠ (ʧʣʘʥʢʪʦʥʥʳʝ, ʦʢʝʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʚʦʜʥʳʝ, ʙʝʥʪʠʯʝʩʢʠʝ, 
ʭʦʣʦʜʥʦʚʦʜʥʳʝ, ʥʝʨʝʪʠʯʝʩʢʠʝ, ʧʦʢʦʷʱʠʝʩʷ ʩʧʦʨʳ), ʚ ʢʦʪʦʨʦʡ ʙʳʣʠ ʫʢʘʟʘʥʳ ʧʨʦʮʝʥʪʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʜʠʘʪʦʤʦʚʳʭ 
ʚʦʜʦʨʦʩʣʝʡ ʚ ʦʙʨʘʟʮʘʭ: Pyxidicula zabelinae (Jous¯) Makarova et Moiseeva* - Pyxidicula zabelinae (Jous¯) Makarova et 
Moiseeva ʠ Pyxidicula usatschevii Jous¯. ʇʨʠ ʵʪʦʤ ʥʘ ʦʩʥʦʚʝ ʛʣʘʟʦʤʝʨʥʦʡ ʦʮʝʥʢʠ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʯʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 
ʪʦʡ ʠʣʠ ʠʥʦʡ ʬʦʨʤʳ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʙʦʪ ʧʦ ʪʨʝʤ ʦʙʨʘʟʮʘʤ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ɺʠʪʷʟʴ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 26 ʚʠʜʦʚʳʭ ʠ 
ʚʥʫʪʨʠʚʠʜʦʚʳʭ ʪʘʢʩʦʥʦʚ ʤʦʨʩʢʠʭ ʜʠʘʪʦʤʝʡ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʤʫ ʨʦʜʫ. ɼʠʘʛʥʦʩʪʠʢʘ ʚʠʜʦʚ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʤʝʪʦʜʦʤ 

ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʩʦ ʩʧʨʘʚʦʯʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ (ʎʦʡ, ʐʘʩʪʠʥʘ, 1999; ɼʠʘʪʦʤʦʚʳʡ ʘʥʘʣʠʟ, 1949; ʄʦʠʩʝʝʚʘ, 1974). 
ʆʧʨʝʜʝʣʝʥʥʳʝ ʧʨʠ ʘʥʘʣʠʟʝ ʚʠʜʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʦʜʥʦʡ ʜʠʘʪʦʤʦʚʦʡ ʟʦʥʝ - Neodenticula kamtschatica, ʪʘʢ ʢʘʢ ʚʦ ʚʩʝʭ 
ʪʨʝʭ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʭʘʨʘʢʪʝʨʥʳʡ ʧʨʠʟʥʘʢ ʜʣʷ ʜʘʥʥʦʡ ʟʦʥʳ ʠ ʠʤʝʝʪ ʠʜʝʥʪʠʯʥʦʝ ʥʘʟʚʘʥʠʝ - Neodenticula 
kamtchatica. ʉʦʜʝʨʞʘʥʠʝ ʚ ʦʙʨʘʟʮʘʭ Coscinodiscus marginatus ʟʥʘʯʝʥʠʷ ʥʝ ʠʤʝʝʪ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʜʚʫʭ ʦʙʨʘʟʮʘʭ ʝʛʦ 
ʩʦʜʝʨʞʘʥʠʝ ʦʯʝʥʴ ʙʦʣʴʰʦʝ, ʪʘʢ ʢʘʢ ʵʪʦʪ ʚʠʜ ʥʝ ʷʚʣʷʝʪʩʷ ʟʦʥʦʚʳʤ ʠʣʠ ʤʝʞʟʦʥʦʚʳʤ ʚʠʜʦʤ. ɸ ʩʦʜʝʨʞʘʥʠʝ ʦʩʪʘʣʴʥʳʭ 
ʩʣʠʰʢʦʤ ʤʘʣʦ, ʯʪʦʙ ʘʢʮʝʥʪʠʨʦʚʘʪʴ ʥʘ ʥʠʭ ʚʥʠʤʘʥʠʝ. ʕʪʘ ʜʠʘʪʦʤʦʚʘʷ ʟʦʥʘ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 
ʚʝʨʭʥʠʡ ʤʠʦʮʝʥ - ʧʣʠʦʮʝʥ. 
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ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʄɽɼʀ ʖɻʆ-ɺʆʉʊʆʂɸ ʂɸɿɸʍʉʊɸʅɸ 

ɺ.ʅ. ʃʶʙʝʮʢʠʡ, ʃ.ɼ. ʃʶʙʝʮʢʘʷ 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 
ʄʝʜʥʦʨʫʜʥʳʝ ʧʨʦʚʠʥʮʠʠ ʇʨʠʙʘʣʭʘʰʴʷ ʠ ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʦʡ ʚʧʘʜʠʥʳ ʚʢʣʶʯʘʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʩʫʧʝʨʢʨʫʧʥʳʝ (ɾʝʟʢʘʟʛʘʥ, ɸʢʪʦʛʘʡ). ʀʭ ʜʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʚʳʜʚʠʛʘʝʪ ʟʘʜʘʯʫ 
ʧʦʠʩʢʘ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 
ʢʨʫʧʥʳʭ. ʅʠʞʝ ʨʘʩʩʤʦʪʨʝʥʘ ʛʝʦʜʠʥʘʤʠʢʘ 
ʨʘʟʚʠʪʠʷ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʛʣʫʙʠʥʥʳʭ 
ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ, 
ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʪʨʘʪʝʛʠʶ ʜʘʣʴʥʝʡh ʠʭ 
ʧʦʠʩʢʦʚ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʠʙʘʣʭʘʰʴʷ 
ʧʨʠʥʘʜʣʝʞʘʪ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʤʫ ʪʠʧʫ 

ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʦʡ ʚʧʘʜʠʥʳ - ʪʠʧʫ 
ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ (ʨʠʩ. 1). 

ʄʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʪʷʛʦʪʝʶʪ ʢ ɹʘʣʭʘʰ-ʀʣʠʡʩʢʦʤʫ 
ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʤʫ ʥʘʟʝʤʥʦʤʫ 
ʚʫʣʢʘʥʠʯʝʩʢʦʤʫ ʧʦʷʩʫ, ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʥʘ 
ʧʝʨʠʬʝʨʠʠ ʚʪʦʨʠʯʥʦʛʦ ʖʞʥʦ-ʄʦʥʛʦʣʴʩʢʦʛʦ 
ʧʘʣʝʦʦʢʝʘʥʘ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʝʛʦ ʯʘʩʪʴ 

ʩʫɦ ʝʩʪʚʦʚʘʣʘ ʚ ʢʦʥʮʝ ʜʝʚʦʥʘ ʠ ʚ ʧʝʨʚʦʡ 
ʧʦʣʦʚʠʥʝ ʢʘʨʙʦʥʘ ʥʘ ʤʝʩʪʝ ʂʝʥʪʝʨʣʘʫ-
ʄʘʪʘʡʩʢʦʡ ʟʦʥʳ ʩʧʨʝʜʠʥʛʘ (ʆ1-2) 
ʇʘʣʝʦʘʟʠʘʪʩʢʦʛʦ ʦʢʝʘʥʘ (ɼʠʜʝʥʢʦ ʠ ʜʨ., 1994). 

ɻʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʤʝʩʪʝ 
ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʖʞʥʦʤ 
ʇʨʠʙʘʣʭʘʰʴʝ ʟʘʬʠʢʩʠʨʦʚʘʥ ʟʘʭʦʨʦʥʝʥʥʳʡ 
ʨʝʣʠʢʪ ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʭʨʝʙʪʘ. ʉ 

ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʩʚʷʟʘʥʦ ʤʝʜʥʦ-
ʢʦʣʯʝʜʘʥʥʦʝ ʵʢʩʛʘʣʷʮʠʦʥʥʦ-ʦʩʘʜʦʯʥʦʝ ʤʝʩʪʦ-
ʨʦʞʜʝʥʠʝ ʊʝʩʠʢʪʘʩ. 

ɺ ʦʩʥʦʚʘʥʠʠ ɹʘʣʭʘʰ-ʀʣʠʡʩʢʦʛʦ 
ʧʦʷʩʘ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 
ʚʳʷʚʣʝʥʳ ʦʩʪʨʦʚʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʛʨʷʜʳ ʠ 
ʨʘʟʜʝʣʷʶʱʠʝ ʠʭ ʤʝʞʜʫʛʦʚʳʝ ʧʨʦʛʠʙʳ. ɺ 
ʦʩʪʨʦʚʥʳʭ ʜʫʛʘʭ ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʟʘʥʠʤʘʶʪ 

ʚʫʣʢʘʥʠʪʳ ʘʥʜʝʟʠʪʦʠʜʥʦʛʦ ʩʦʩʪʘʚʘ (D3fm-C1t), ʢʦʤʘʛʤʘʪʠʯʥʳʝ ʠʤ ʠʥʪʨʫʟʠʠ ʛʨʘʥʦʜʠʦʨʠʪʦʚ (gdʉ1, gdʉ2), 

ʨʘʥʥʝʢʦʣʣʠʟʠʦʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ (gdʉ3) ʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʛʨʘʥʠʪʦʚ (gʉ3, ʈ1). 

ʄʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ï ʂʦʫʥʨʘʜ, ɹʝʩʰʦʢʳ, ɸʢʪʦʛʘʡ, ʂʦʢʩʘʡ ʪʷʛʦʪʝʶʪ ʢ ʛʨʘʥʠʮʝ ʬʨʦʥʪʘʣʴʥʦʡ ʠ 
ʪʳʣʦʚʦʡ ʯʘʩʪʝʡ ʧʦʷʩʘ, ʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʨʫʢʪʫʨʘʤ ʦʩʥʦʚʘʥʠʷ ï ʢ ʩʢʣʦʥʘʤ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʤʝʞʜʫʛʦʚʳʭ 

ʧʨʦʛʠʙʦʚ, ʢʦʥʪʨʦʣʠʨʦʚʘʚʰʠʭ ʧʣʫʪʦʥʳ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʛʨʘʥʠʪʦʚ. ʇʦʵʪʦʤʫ ʧʦʟʠʮʠʷ ʤʥʦʛʠʭ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʪʘʢʪʘʤʠ ʧʣʫʪʦʥʦʚ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ ʠ ʢʦʣʣʠʟʠʦʥʥʳʭ ʛʨʘʥʠʪʦʚ. ʇʦ 
ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʨʫʢʪʫʨʘʤ ʩʦʙʩʪʚʝʥʥʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʝʛʦ ʧʝʨʝʞʠʤʘʤ ʠ ʤʝʩʪʘʤ 
ʚʳʢʣʠʥʠʚʘʥʠʷ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʧʝʨʝʯʥʳʭ ʧʦʜʥʷʪʠʷʭ. ʎʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʚʧʘʜʠʥ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʟʨʫʜʥʳ. ʇʘʣʝʦʧʦʜʥʷʪʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʦʢʨʘʱʝʥʥʦʡ ʤʦʱʥʦʩʪʴʶ, ʬʘʮʠʘʣʥɹʳʤʠ ʦʪʣʠʯʠʷʤʠ 
ʚʫʣʢʘʥʠʪʦʚ ʠ ʚʳʩʪʫʧʘʤʠ ʙʣʦʢʦʚ ʦʩʥʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʥʘ ʩʚʷʟʴ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʧʦʨʬʠʨʦʚʳʤʠ 
ʠʥʪʨʫʟʠʷʤʠ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʙʨʝʢʯʠʷʤʠ. ʉʪʘʥʦʚʣʝʥʠʝ ʧʦʨʬʠʨʦʚʳʭ ʠʥʪʨʫʟʠʡ ʧʨʦʪʝʢʘʣʦ ʚ ʙʣʠʟʧʦʚʝʨʭʥʦʩʪʥʳʭ 
ʫʩʣʦʚʠʷʭ. ɻʠʜʨʦʪʝʨʤʘʣʠʪʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʦʨʬʠʨʦʚʳʭ, ʙʨʝʢʯʠʝʚʳʭ ʩʠʩʪʝʤ ʠ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ, ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʥʥʝʡ ʱʝʣʦʯʥʦʡ, ʧʦʟʜʥʝʡ ʢʠʩʣʦʪʥʦʡ ʠ ʟʘʚʝʨʰʘʶʱʝʡ ʱʝʣʦʯʥʦʡ ʩʪʘʜʠʷʤ. ʅʘʠʙʦʣʝʝ ʙʦʛʘʪʦʝ 
ʦʨʫʜʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʥʘ ʢʦʥʪʘʢʪʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʢʠʩʣʦʪʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʪʘʜʠʡ (ɾʫʢʦʚ, 1991). ʇʦ ʜʘʥʥʳʤ ʇ.ʌ. 
ʀʚʘʥʢʠʥʘ ʠ ʅ.ʀ. ʅʘʟʘʨʦʚʦʡ (1988), ʨʘʩʧʣʘʚʳ ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʜʘʮʠʪ-ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʚʝʨʭʥʠʝ ʷʨʫʩʳ 
ʟʝʤʥʦʡ ʢʦʨʳ ʠʟ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʦʯʘʛʦʚ, ʥʘʩʳʱʘʶʪʩʷ ʦʢʠʩʣʝʥʥʳʤʠ ʛʘʟʘʤʠ ʠ ʱʝʣʦʯʘʤʠ. ʅʘ ʥʝʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʦʡ 
ʛʣʫʙʠʥʝ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʚʟʨʳʚʦʦʙʨʘʟʥʦʝ ʩʙʨʘʩʳʚʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʙʨʝʢʯʠʨʦʚʘʥʠʶ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʈʫʜʥʳʡ ʵʪʘʧ ʩʚʷʟʘʥ ʩ ʟʘʨʦʞʜʝʥʠʝʤ ʚ ʛʣʫʙʦʢʠʭ ʯʘʩʪʷʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʣʫʪʦʥʘ ʚʦʜʥʦ-ʱʝʣʦʯʥʦʛʦ 
ʬʣʶʠʜʘ, ʦʙʣʘʜʘʚʰʝʛʦ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʠʟʙʳʪʦʯʥʦʛʦ ʜʘʚʣʝʥʠʷ. ʈʘʩʢʨʳʚʘʣʠʩʴ ʪʨʝʱʠʥʳ ʧʫʪʝʤ 
ʛʠʜʨʦʨʘʟʨʳʚʘ ʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʥʲʝʢʮʠʦʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʫʜʥʳʝ ʩʠʩʪʝʤʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ɹʘʣʭʘʰ-ʀʣʠʡʩʢʠʡ ʚʫʣʢʘʥʠʯʝʩʢʠʡ ʧʦʷʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʩʝʤʠ ʯʝʨʪʘʤʠ ʘʢʪʠʚʥʦʡ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ɽʛʦ ʨʘʟʚʠʪʠʝ ʧʨʦʪʝʢʘʣʦ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʦʩʪʨʦʚʦʜʫʞʥʳʡ (D3fm-C1t), ʦʢʨʘʠʥʥʦ-
ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (C1v-s-C3) ʠ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (P2-T1). ʆʪ ʥʘʯʘʣʘ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʥʘʢʦʧʠʣʩʷ 
ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʨʘʟʨʝʟ ʤʦʱʥʦʩʪʴʶ ʩʚʳʰʝ 11000 ʤ, ʥʘʩʳʱʝʥʥʳʡ ʧʣʫʪʦʥʘʤʠ ʛʨʘʥʠʪʦʠʜʦʚ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ 
ʪʝʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʠ ʧʦʟʜʥʝʛʦ ʧʘʣʝʦʟʦʷ ʧʨʦʠʩʭʦʜʠʣʦ ʘʢʪʠʚʥʦʝ ʥʘʨʘʱʠʚʘʥʠʝ ʢʦʨʳ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʪʠʧʘ ʚ ʩʚʷʟʠ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʦʩʪʨʦʚʥʳʭ ʜʫʛ ʠ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. ʈʫʜʦʛʝʥʝʟ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʵʚʦʣʶʮʠʝʡ ʙʘʟʘʣʴʪ-
ʘʥʜʝʟʠʪʦʚʳʭ ʩʝʨʠʡ ʤʘʥʪʠʡʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʧʨʠ ʘʢʪʠʚʥʦʡ ʘʩʩʠʤʠʣʷʮʠʠ ʠʤʠ ʢʦʨʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʩ ʫʯʘʩʪʠʝʤ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ ʠ ʝʛʦ ʧʦʵʪʘʧʥʳʤ ʨʘʩʢʠʩʣʝʥʠʝʤ ʚ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʟʝʤʥʦʡ ʢʦʨʳ. ʉʦʛʣʘʩʥʦ 

ʍ.ɸ. ɹʝʩʧʘʝʚʫ (ɹʝʩʧʘʝʚ, ʇʘʨʠʣʦʚ, 1999), ʬʣʶʠʜʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝ ʨʫʜʳ ʠ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʥʦʩʠʣʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʡ 

 
 

ʈʠʩ.1.  ʄʝʜʥʦʨʫʜʥʳʝ ʧʨʦʚʠʥʮʠʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʘʢʪʠʚʥʦʡ 

ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ ʶʛʦ-ʚʦʩʪʦʢʘ ʂʘʟʘʭʩʪʘʥʘ 

1 ï ʂʝʥʪʝʨʣʘʫ-ʄʘʪʘʡʩʢʘʷ ʟʦʥʘ, ʩʨʝʜʠʥʥʦ-ʦʢʝʘʥʠʯʝʩʢʠʡ 

ʭʨʝʙʝʪ ʚ ʆ1-2; 2 ïʢʦʤʧʣʝʢʩʳ ɹʘʣʭʘʰ-ʀʣʠʡʩʢʦʛʦ ʥʘʟʝʤʥʦʛʦ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ; 3 ï ʩʨʝʜʥʝ-ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ 

ʟʘʜʫʛʦʚʳʝ ʠ ʪʳʣʦʚʳʝ ʧʨʦʛʠʙʳ (ʮʠʬʨʳ ʚ ʢʚʘʜʨʘʪʘʭ: 1 - 

ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʠʡ, 2 - ʊʝʥʠʟʩʢʠʡ, 3 - ʀʩʩʳʢʢʫʣʴʩʢʦ-

ʊʷʥʴʰʘʥʩʢʠʡ); 4 ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ; 5 ï ʣʠʥʠʷ ʨʘʟʨʝʟʘ, 

ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ.2 



ʭʘʨʘʢʪʝʨ. ʀʤ ʧʨʠʩʫʱʠ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʣʝʡ, ʚʦʟʨʘʩʪʘʥʠʝ ʦʪʥʦʰʝʥʠʷ H2O/CO2+CO ʚ ʨʫʜʥʳʭ ʘʩʩʦʮʠʘʮʠʷʭ ʦʪ 5,0 ʜʦ 
25-60 ʥʘ ʟʘʚʝʨʰʘʶʱʝʤ ʵʪʘʧʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ; ʩʣʘʙʦʝ ʫʯʘʩʪʠʝ ʚ ʨʫʜʥʦʤ ʧʨʦʮʝʩʩʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ; ʙʣʠʟʦʩʪʴ ʩʝʨʳ 
ʩʫʣʴʬʠʜʦʚ ʢ ʤʝʪʝʦʨʠʪʥʦʤʫ ʩʪʘʥʜʘʨʪʫ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ ʨʫʜʳ ʷʚʣʷʣʠʩʴ ʧʨʦʠʟʚʦʜʥʳʤʠ ʝʜʠʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʦʯʘʛʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʧʣʘʚʢʘʤʠ ʢʦʨʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʫʩʣʦʚʠʷʭ ʛʣʫʙʠʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʝʡ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʦʨʫʜʝʥʝʥʠʷ ʠ ʫʩʣʦʚʠʷʤ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʠ. ʄʝʜʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɾʝʟʢʘʟʛʘʥ ʠ ɾʘʤʘʥ-ɸʡʙʘʪ ʚʭʦʜʷʪ ʚ 
ʩʦʩʪʘʚ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʚʳʧʦʣʥʷʶʱʠʭ ʩʨʝʜʥʝʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʚʧʘʜʠʥʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʜʘʣʴʥʝʡ 
ʚʥʝʰʥʝʡ ʧʝʨʠʬʝʨʠʠ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʧʘʜʠʥ ʪʘʢʞʝ ʚʳʜʝʣʝʥʳ ʩʦʙʩʪʚʝʥʥʦ ʟʘʜʫʛʦʚʳʡ (D3fm-C1t), 

ʪʳʣʦʚʦʡ ʦʢʨʘʠʥʥʦ-ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (CIv-C3), ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʡ (ʈ) ʠ ʧʣʘʪʬʦʨʤʝʥʥʳʡ (Mz-Kz) ʵʪʘʧʳ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʦʩʘʜʦʯʥʳʡ ʙʘʩʩʝʡʥ ʚ ʧʝʨʠʦʜ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʩʷ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʝʡ ʥʝʜʨ, 
ʠʥʪʝʥʩʠʚʥʳʤʠ ʧʦʪʦʢʘʤʠ ʪʝʧʣʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʣʶʠʜʦʚ ʠʟ ʤʘʥʪʠʠ, ʧʣʘʚʣʝʥʠʝʤ ʤʘʥʪʠʡʥʦʛʦ ʩʫʙʩʪʨʘʪʘ, ʪ.ʝ. ʪʝʤʠ 
ʧʨʦʮʝʩʩʘʤʠ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʙʝʩʧʝʯʠʪʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʥʠʢʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʠ ʫʨʘʥʘ. 

ɺʳʩʦʢʦ ʦʮʝʥʠʚʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦʠʩʢʦʚ ʚ ʠʭ ʧʨʝʜʝʣʘʭ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʅʘ ʵʪʘʧʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ 
ʙʘʩʩʝʡʥʘ ʟʝʤʥʘʷ ʢʦʨʘ ʠʩʧʳʪʘʣʘ ʠʥʪʝʥʩʠʚʥʫʶ ʜʝʩʪʨʫʢʮʠʶ, ʩʦʢʨʘʱʝʥʠʝ ʤʦʱʥʦʩʪʠ. ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʟʜʝʩʴ 
ʩʦʭʨʘʥʷʝʪʩʷ ʘʥʦʤʘʣʴʥʦ-ʚʳʩʦʢʠʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ (ʜʦ 80 ʤɺʪ/ʤ2). 

ʉʦ ʚʨʝʤʝʥʠ ʦʪʢʨʳʪʠʷ ʂ.ʀ. ʉʘʪʧʘʝʚʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʝʟʢʘʟʛʘʥ ʧʨʦʙʣʝʤʘ ʝʛʦ ʛʝʥʝʟʠʩʘ ʦʩʪʘʝʪʩʷ ʧʨʝʜʤʝʪʦʤ 
ʦʩʪʨʦʡ ʜʠʩʢʫʩʩʠʠ (ʉʘʪʧʘʝʚ, 1998). ʇʦ ʤʥʝʥʠʶ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʨʫʜʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʩʘʜʦʯʥʳʤ ʧʫʪʝʤ. ʂ.ʀ. 
ʉʘʪʧʘʝʚʳʤ ʨʘʟʨʘʙʦʪʘʥʘ ʢʦʥʮʝʧʮʠʷ ʛʠʜʨʦʪʝʨʤʘʣʥɹʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʨʫʜ. ʈʘʟʚʠʪʠʶ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʧʦʩʚʷʱʝʥʳ 
ʤʥʦʛʦʣʝʪʥʠʝ ʧʣʦʜʦʪʚʦʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʄ.ʂ. ʉʘʪʧʘʝʚʦʡ. ɽʶ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʫʜʥʳʝ ʟʘʣʝʞʠ ʚ ʬʦʨʤʝ ʣʠʥʟ ʠ ʣʝʥʪ 
ʚʳʪʷʥʫʪʳ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʥʝ ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʧʨʦʩʪʠʨʘʥʠʝʤ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ. ʈʫʜʳ ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʥʲʝʢʮʠʷʤʠ 
ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʤʘʛʤ ʚʦ ʚʤʝɦ ʘʶʱʠʝ ʧʦʨʦʜʳ. ʄʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʪʝʢʘʣʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ (400-500̄ ), ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʶʪ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ï ʘʨʩʝʥʦʧʠʨʠʪʘ, ʩʤʘʣʴʪʠʥʘ, ʥʠʢʝʣʠʩʪʦʛʦ ʢʦʙʘʣʴʪʠʥʘ, ʩʘʬʬʣʦʨʠʪʘ ʠ ʜʨ. (ʉʘʪʧʘʝʚʘ, 
1985). ɺ ʨʫʜʥʦʤ ʧʨʦʮʝʩʩʝ ʘʢʪʠʚʥʦ ʫʯʘʩʪʚʦʚʘʣʦ ʫʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ. ʇʦ ʜʘʥʥʳʤ ɹ.ʈ. ɹʝʨʠʢʙʦʣʦʚʘ, ɼ.ʇ. ʑʝʨʙʦʚʘ ʠ 
ʜʨ. (1979), ʦʥʦ ʦʙʫʩʣʦʚʠʣʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʩʨʝʜʫ ʥʘ ʩʪʘʜʠʠ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ, ʤʦʙʠʣʠʟʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʤʝʪʘʣʣʦʚ ʠ 
ʩʪʘʥʦʚʣʝʥʠʷ ʨʫʜ. ʆʙʦʛʘʱʝʥʥʳʝ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ ʧʦʨʦʜʳ ʩʝʨʦʮʚʝʪʥʳʝ, ʦʙʝʜʥʝʥʥʳʝ ï ʢʨʘʩʥʦʮʚʝʪʥʳʝ. ɺ 
ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʦʨʦʜʘʭ, ʙʣʘʛʦʜʘʨʷ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʧʨʦʠʩʭʦʜʠʣʘ ʠʥʪʝʥʩʠʚʥʘʷ ʤʠʛʨʘʮʠʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʚ 
ʪʦʤ ʯʠʩʣʝ ʤʝʜʠ, ʢʦʪʦʨʳʝ ʚʳʧʘʜʘʣʠ ʠʟ ʨʘʩʪʚʦʨʦʚ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʙʘʨʴʝʨʘʭ (ʦʩʦʙʝʥʥʦ ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ) ʚ ʤʝʩʪʘʭ ʩʤʝʥʳ 
ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ. ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʧʝʩʯʘʥʠʢʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,05 ʜʦ 
1,05%, ʙʠʪʫʤʦʚ ï 8-25% ʚ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʨʘʟʥʦʩʪʷʭ, 25-50% ï ʚ ʧʝʨʝʭʦʜʥʳʭ ʠ 88% ï ʚ ʩʝʨʦʮʚʝʪʥʳʭ ʦʨʫʜʝʥʝʣʳʭ 

ʧʝʩʯʘʥʠʢʘʭ. ʋʛʣʝʨʦʜʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʝ ʪʦʣʴʢʦ ʛʘʟʦʚʦʡ ʠ ʙʠʪʫʤʥʦʡ, ʥʦ ʠ ʨʫʜʥʦʡ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝʤ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʩʪʘʥʦʚʢʘʭ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʠʭ 
ʩʦʝʜʠʥʝʥʠʡ. 

ʉʦʛʣʘʩʥʦ ʍ.ɸ. ɹʝʩʧʘʝʚʫ (ɹʝʩʧʘʝʚ, ʇʘʨʠʣʦʚ, 1999), ʠʩʭʦʜʥʳʝ ʨʫʜʦʦʙʨʘʟʫʶʱʠʝ ʬʣʶʠʜʳ ʠʤʝʣʠ ʚʳʩʦʢʫʶ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʫʣʴʬʘʪʘʤʠ ʠ ʛʘʣʦʛʝʥʠʜʘʤʠ Na. ʇʨʠ ʵʪʦʤ, ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʡ H2O/CO2+CO 
ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,1 ʜʦ 4,5, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʥʪʠʡʥʳʭ ʬʣʶʠʜʦʚ ï ʚʝʨʦʷʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʅʝʩʤʦʪʨʷ 
ʥʘ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ, ʦʢʦʣʦʨʫʜʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʩʣʘʙʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʨʫʜʦʥʦʩʥʳʭ ʬʣʶʠʜʘʭ 
ʙʳʣʦ ʤʘʣʦ ʚʦʜʳ. 

ɿʘʜʫʛʦʚʳʝ ʠ ʪʳʣʦʚʳʝ ʙʘʩʩʝʡʥʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʠʥʭʨʦʥʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. ɺ ʥʠʭ 
ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʦʩʘʜʦʯʥʳʝ ʠ ʵʚʘʧʦʨʠʪʦʚʳʝ ʪʦʣʱʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 5000 ʤ; ʤʘʩʰʪʘʙʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʟʤʘ 
ʦʪʩʫʪʩʪʚʦʚʘʣʠ. ʈʘʟʥʳʤ ʷʚʣʷʣʩʷ ʤʝʪʘʤʦʨʬʠʟʤ ʚʤʝʱʘʶʱʠʭ ʪʦʣʱ. ʍʘʨʘʢʪʝʨʥʦ ʩʠʥʭʨʦʥʥʦʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʦʙʝʠʭ 
ʧʨʦʚʠʥʮʠʷʭ: ʦʩʥʦʚʥʦʝ ʚ ʉ2-ʉ3 ʠ ʤʝʥʴʰʝʝ ï ʚ ʈ1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʝʜʥʦʨʫʜʥʳʝ ʧʨʦʚʠʥʮʠʠ ʇʨʠʙʘʣʭʘʰʴʷ ʠ ɾʝʟʢʘʟʛʘʥ-
ʉʘʨʳʩʫʡʩʢʦʡ ʚʧʘʜʠʥʳ ʧʨʠʥʘʜʣʝʞʘʪ ʝʜʠʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ï ʘʢʪʠʚʥʦʡ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʦʢʨʘʠʥʝ 
ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʢʦʥʪʠʥʝʥʪʘ, ʭʦʪʷ ʢʘʞʜʘʷ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʚʪʦʥʦʤʥʳʡ ʵʣʝʤʝʥʪ (ʨʠʩ.2). ʆʙʲʝʜʠʥʷʶʱʠʤ 
ʥʘʯʘʣʦʤ ʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʳʡ ʬʣʶʠʜʥʳʡ ʨʝʞʠʤ ʤʘʥʪʠʠ ʥʘ ʵʪʘʧʝ ʨʘʟʚʠʪʠʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ʋʯʘʩʪʠʝ 
ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʣʶʠʜʘ ʚ ʧʨʦʮʝʩʩʝ ʨʫʜʦʛʝʥʝʟʘ ʚ ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʦʡ ʚʧʘʜʠʥʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ 
ʩʦʝʜʠʥʝʥʠʡ ʵʥʜʦʛʝʥʥʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʵʣʝʤʝʥʪʥʳʤ ʩʦʩʪʘʚʦʤ ʨʫʜ, ʘ ʚ ɹʘʣʭʘʰ-ʀʣʠʡʩʢʦʤ ʧʦʷʩʝ ï ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ 

ʧʦʨʬʠʨʦʚʳʭ ʠʥʪʨʫʟʠʡ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ ʠ ʫʯʘʩʪʠʝʤ ʚ ʧʨʦʮʝʩʩʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʛʦ 
ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ. ɺ ʚʫʣʢʘʥʠʯʝʩʢʦʤ ʧʦʷʩʝ ʧʨʦʮʝʩʩ ʬʣʶʠʜʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʦʙʩʪʘʥʦʚʢʝ ʩʞʘʪʠʷ. ʄʘʥʪʠʡʥʳʡ 
ʬʣʶʠʜ, ʧʨʦʥʠʢʘʷ ʚ ʟʝʤʥʫʶ ʢʦʨʫ, ʟʘʤʝʜʣʷʣ ʩʚʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʚʚʝʨʭ. ʌʣʶʠʜ ʘʢʪʠʚʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʣ ʩ ʚʤʝɦ ʘʶʱʝʡ 
ʩʨʝʜʦʡ, ʥʘʩʳʱʝʥʥʦʡ ʢʠʩʣʦʨʦʜʦʤ, ʦʢʠʩʣʷʣʩʷ ʠ ʨʘʩʧʘʜʘʣʩʷ, ʦʙʦʛʘʱʘʷ ʟʝʤʥʫʶ ʢʦʨʫ ʚʦʜʦʡ, ʱʝʣʦʯʘʤʠ, ʢʨʝʤʥʝʟʝʤʦʤ. 
ɺʳʜʝʣʷʣʦʩʴ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʘ, ʧʨʦʠʩʭʦʜʠʣ ʫʣʴʪʨʘʤʝʪʘʤʦʨʬʠʟʤ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʨʘʥʠʪʦʠʜʥʳʝ ʨʘʩʧʣʘʚʳ ʩ 
ʫʯʘʩʪʠʝʤ ʤʘʥʪʠʡʥʦʡ ʢʦʤʧʦʥʝʥʪʳ. ʄʝʜʴ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ ʧʝʨʝʭʦʜʠʣʠ ʚ ʩʠʣʠʢʘʪʥʳʝ ʩʠʩʪʝʤʳ ʠ 
ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʚ ʦʩʪʘʪʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʘʭ, ʧʦʨʦʞʜʘʚʰʠʭ ʤʝʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʦʛʦ 
ʮʠʢʣʘ. 

ɺ ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʦʡ ʚʧʘʜʠʥʝ ʧʦʩʪʫʧʣʝʥʠʝ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ ʚ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʢʦʨʳ 
ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʦʙʩʪʘʥʦʚʢʝ ʨʘʩʪʷʞʝʥʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʙʳʩʪʨʦʤʫ ʧʨʦʨʳʚʫ ʨʘʩʧʣʘʚʦʚ ʠ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ʚ ʚʝʨʭʥʠʝ 
ʛʦʨʠʟʦʥʪʳ ʣʠʪʦʩʬʝʨʳ. ʈʘʩʧʣʘʚʳ, ʚʦʟʥʠʢʘʚʰʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʤʘʥʪʠʠ ʠ ʚʦʙʨʘʚʰʠʝ ʚ ʩʝʙʷ 
ʬʣʶʠʜʳ, ʨʘʩʧʘʜʘʣʠʩʴ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʛʣʫʙʠʥʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʛʥʝʪʠʪʘ ʥʘ ʩʠʣʠʢʘʪʥʫʶ ʠ ʨʫʜʥʫʶ ʬʘʟʳ. ʇʦʩʣʝʜʥʷʷ 
ʧʨʦʜʚʠʛʘʣʘʩʴ ʢ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʣʘʛʘʷʩʴ ʠ ʦʩʪʘʚʣʷʷ ʤʝʜʴ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʤʝʪʘʣʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʥʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʙʘʨʴʝʨʘʭ. ʇʦʩʣʝ ʠʩʪʦʱʝʥʠʷ ʤʘʥʪʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʩʤʝʱʝʥʠʷ ʥʘ ʛʣʫʙʠʥʫ ʦʯʘʛʦʚ 
ʬʣʁʠʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʦʩʦʙʦ ʘʢʪʠʚʥʦʝ ʧʨʦʜʚʠʞʝʥʠʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʬʣʶʠʜʘ ʠ ʚʳʥʦʩ 
ʨʘʜʠʦʘʢʪʠʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʚʝʱʝʩʪʚʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʣʠʪʦʩʬʝʨʳ ʠ 

ʬʣʶʠʜʦʧʦʪʦʢʦʚ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʛʨʘʥʠʪʠʟʘʮʠʠ ʢʦʨʳ, ʘ ʩʚʦʜʠʣʦʩʴ ʢ ʫʛʣʝʨʦʜʠʩʪʦʤʫ ʤʝʪʘʩʦʤʘʪʦʟʫ ʚʤʝʱʘʶʱʠʭ ʪʦʣʱ ʠ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʧʥʝʚʤʘʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʠ ʠ ʫʨʘʥʘ. 



 
ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠ ʧʦʠʩʢʠ ʤʝʜʥʦ-ʧʦʨʬʠʨʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʣʞʥʳ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʩ ʫʯʝʪʦʤ ʢʦʤʧʣʝʢʩʘ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ, ʛʣʫʙʠʥʥʳʭ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʦ ʫʯʠʪʳʚʘʚʰʠʤʠʩʷ ʨʘʥʝʝ 
ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: 1) ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʚʥʝʰʥʝʤʫ ʢʨʘʶ ʧʦʷʩʘ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ ʩ ʦʢʝʘʥʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ; 2) 

ʨʘʟʤʝʱʝʥʠʝ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʧʦʜʥʷʪʠʷʭ, ʛʜʝ ʤʦʱʥʦʩʪʴ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʢʨʦʚʘ ʨʝʟʢʦ ʩʦʢʨʘʱʝʥʘ, ʥʦ ʨʘʟʚʠʪʳ 
ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʠ ʧʣʫʪʦʥʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʛʘʙʙʨʦ-ʜʠʦʨʠʪ-ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ; 3) ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʩʢʣʦʥʘʤ 
ʩʢʨʳʪʳʭ ʦʩʪʨʦʚʦʜʫʞʥʳʭ ʧʦʜʥʷʪʠʡ ʠ ʧʨʦʛʠʙʦʚ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʧʣʫʪʦʥʳ ʛʨʘʥʠʪʦʚ; 4) ʩʚʷʟʴ ʩ ʨʘʟʣʦʤʘʤʠ, 
ʦʩʣʦʞʥʷʶʱʠʤʠ ʵʥʜʦʢʦʥʪʘʢʪʳ ʧʣʫʪʦʥʦʚ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʧʦʨʬʠʨʦʚʳʝ ʰʪʦʢʠ. 

ɺ ɾʝʟʢʘʟʛʘʥ-ʉʘʨʳʩʫʡʩʢʦʤ ʨʘʡʦʥʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʟʝʤʥʦʡ ʢʦʨʳ ʠ 
ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʦʙʨʘʱʘʷ ʚʥʠʤʘʥʠʝ ʥʘ ʧʨʠʧʦʜʥʷʪʳʝ ʚʳʩʦʢʦʩʢʦʨʦʩʪʥʳʝ ʙʣʦʢʠ ʤʘʥʪʠʠ, ʘ ʚ ʢʦʨʝ ï ʥʘ ʦʙʣʘʩʪʠ 
ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤ ʦʩʪʘʪʦʯʥʳʤ ʪʝʧʣʦʚʳʤ ʧʦʪʦʢʦʤ. ʆʙʣʘʩʪʠ ʘʢʪʠʚʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ɿʂ ʪʝʧʣʘ ʠ ʬʣʶʠʜʦʧʦʪʦʢʦʚ 
ʠʟ ʤʘʥʪʠʠ ʦʪʤʝʯʘʶʪʩʷ ʩʚʦʝʦʙʨʘʟʥʳʤʠ "ʧʨʦʛʠʙʘʤʠ" ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʄʦʭʦ. 

ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʠʟʫʯʝʥʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʩʝʪʠ ʨʘʟʣʦʤʦʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ, ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ (ʙʣʠʟʰʠʨʦʪʥʦʛʦ) ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʫʟʣʦʚ ʠʭ ʧʝʨʝʩʝʯʝʥʠʡ ʚ ʬʫʥʜʘʤʝʥʪʝ ʚʧʘʜʠʥ; ʠʟʫʯʝʥʠʝ ʩʪʨʦʝʥʠʷ 
ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʪʘʩʢʫʜʫʢʩʢʦʡ (ʉ2) ʠ ʞʝʟʢʘʟʛʘʥʩʢʦʡ (C2-3) ʩʚʠʪ, ʚʳʷʚʣʝʥʠʝ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʠ ʢʫʧʦʣʴʥʳʭ 
ʧʦʜʥʷʪʠʡ ʥʘ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʙʫʨʝʥʠʷ ʛʣʫʙʠʥʘʭ, ʧʝʨʝʩʝʢʘʝʤʳʭ ʩʦʧʨʷʞʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʫʜʦʧʦʜʚʦʜʷʱʠʭ ʨʘʟʣʦʤʦʚ. 
ʂʦʤʧʣʝʢʩʥʳʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʚ ʫʚʷʟʢʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʠ 
ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʦʪʢʨʳʪʠʶ ʥʦʚʳʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʝʜʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ. 
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ʋʯʘʩʪʦʢ ʍʘʨʛʘʥʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʣʝʚʦʙʝʨʝʞʴʝ ʨ. ʂʫʯʝʣʛʠ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʦʙʝʨʝʞʴʷ ʦʟʝʨʘ ɹʘʡʢʘʣ ʠ 

ʦʭʚʘʪʳʚʘʝʪ ʚʦʜʦʨʘʟʜʝʣ ʧʘʜʝʡ ɼʦʥʴʰʘ ʠ ʍʘʨʛʘʥʘ. ɺ ʧʨʦʮʝʩʩʝ ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʦʡ ʧʨʘʢʪʠʢʠ ʧʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʦʝ 

 
 

ʈʠʩ.2. ɻʠʧʦʪʝʪʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʘʢʪʠʚʥʦʡ ʦʢʨʘʠʥʳ (ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ Sillitoe, 1972) 

1 ï ʢʦʤʧʣʝʢʩʳ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ: ʚʫʣʢʘʥʠʯʝʩʢʠʝ - ʘ, ʚʫʣʢʘʥʦ-ʧʣʫʪʦʥʠʯʝʩʢʠʝ - ʙ; 2 ï ʨʘʥʥʝ-

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʦʢʝʘʥʠʯʝʩʢʘʷ ʢʦʨʘ; 3 ï ʜʦʢʝʤʙʨʠʡʩʢʘʷ ʢʦʥʪʠʥʝʥʪʘʣʴʥʘʷ ʢʦʨʘ: ʚ ʦʩʥʦʚʘʥʠʠ 

ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ -ʘ, ʚ ʦʩʥʦʚʘʥʠʠ ʟʘʜʫʛʦʚʦʛʦ ʠ ʪʳʣʦʚʦʛʦ ʧʨʦʛʠʙʦʚ - ʙ; 4 ï ʨʘʩʧʣʘʚʳ: ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʚ ʟʦʥʝ ʩʫʙʜʫʢʮʠʠ - ʘ, ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʚ ʟʝʤʥʦʡ ʢʦʨʝ - ʙ; 5 ï ʧʦʪʦʢʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ ʠ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ; 6 ï ʵʢʩʛʘʣʷʮʠʦʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʝʜʠ ʚ 

ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʝ 



ʢʘʨʪʠʨʦʚʘʥʠʝ ʫʯʘʩʪʢʘ, ʠʟʫʯʝʥʳ ʥʝʩʢʦʣʴʢʦ ʦʧʦʨʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʨʘʟʨʝʟʦʚ, ʩʦʩʪʘʚʣʝʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʤʘʩʰʪʘʙʘ 
1:2000 ʠ ʩʚʦʜʥʘʷ ʩʭʝʤʘ ʪʝʢʪʦʥʠʢʠ ʤʘʩʰʪʘʙʘ 1:5000. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʢʘ ʍʘʨʛʘʥʘ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʆʣʴʭʦʥʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʧʣʘʥʝ ʧʦʨʦʜʳ ʫʯʘʩʪʢʘ 
ʨʘʩʯʣʝʥʝʥʳ ʥʘ ʪʨʠ ʪʦʣʱʠ - ɸ, ɹ, ɺ ʧʦ ʩʭʝʤʝ ɽ.ʅ. ʉʤʦʣʷʥʩʢʦʛʦ ʠ ʜʨ. (1990). 

ʊʦʣʱʘ ɸ ʩʣʦʞʝʥʘ ʘʤʬʠʙʦʣʦʚʳʤʠ ʤʠʢʨʦʛʥʝʡʩʘʤʠ ʠ ʤʠʢʨʦʩʣʘʥʮʘʤʠ ʩ ʨʝʜʢʠʤʠ ʤʘʣʦʤʦʱʥʳʤʠ ʧʨʦʩʣʦʷʤʠ 
ʤʨʘʤʦʨʦʚ. ʊʦʣʱʘ ɹ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʠ ʩʠʣʠʢʘʪʥʳʭ 
ʧʦʨʦʜ. ʂʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʢʘʣʴʮʠʪʦʚʳʤʠ ʤʨʘʤʦʨʘʤʠ, ʘ ʩʠʣʠʢʘʪʥʳʝ ï ʘʤʬʠʙʦʣʦʚʳʤʠ ʠ 
ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʤʠ ʛʥʝʡʩʘʤʠ, ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʘʤʠ, ʢʚʘʨʮʠʪʘʤʠ. ʊʦʣʱʘ ɺ ʩʣʦʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʧʠʨʦʢʩʝʥʦʚʳʤʠ 
ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʘʤʠ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʦʩʣʦʠ ʤʨʘʤʦʨʦʚ. 

ɺ ʩʦʩʪʘʚʝ ʢʘʞʜʦʡ ʪʦʣʱʠ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʘʯʝʢ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʧʦʨʦʜ. ʇʦ 

ʭʘʨʘʢʪʝʨʫ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʨʦʜʳ ʫʯʘʩʪʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʛʨʘʥʫʣʠʪʦʚʦʡ ʬʘʮʠʠ ʨʘʥʥʝʛʦ ʵʪʘʧʘ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ 
ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʤʝʪʘʤʦʨʬʠʟʤʘ (ɽʩʢʠʥ ʠ ʜʨ., 1979). ʀʟ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʥʘ ʫʯʘʩʪʢʝ 
ʟʘʢʘʨʪʠʨʦʚʘʥʳ ʥʝʙʦʣʴʰʠʝ ʰʪʦʢʦʦʙʨʘʟʥʳʝ ʠ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ-ʧʠʨʦʢʩʝʥʠʪʦʚ ʯʝʨʥʦʨʫʜʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
(ʂʦʯʥʝʚ ʠ ʜʨ., 1999), ʩʦʛʣʘʩʥʳʝ ʠ ʩʝʢʫʱʠʝ ʞʠʣʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʧʝʛʤʘʪʠʪʦʚ ʠ ʛʨʘʥʠʪ-ʧʝʛʤʘʪʠʪʦʚ ʰʘʨʘʥʫʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʠ ʤʘʣʦʤʦʱʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ. 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʫʯʘʩʪʢʘ ʍʘʨʛʘʥʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 
ʩʢʣʘʜʯʘʪʦʡ ʠ ʨʘʟʨʳʚʥʦʡ ʪʝʢʪʦʥʠʢʠ. ɿʜʝʩʴ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʪʠʧʘ ʩʢʣʘʜʦʢ ï ʦʪʢʨʳʪʳʝ ʩʣʘʙʦ ʘʩʠʤʤʝʪʨʠʯʥʳʝ 
ʩʢʣʘʜʢʠ ʠʟʛʠʙʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʜʠʩʛʘʨʤʦʥʠʯʥʳʝ ʠʟʦʢʣʠʥʘʣʴʥʳʝ ʩʢʣʘʜʢʠ ʣʘʤʠʥʘʨʥʦʛʦ ʪʝʯʝʥʠʷ 

ʥʝʚʳʜʝʨʞʘʥʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ (ʂʦʯʥʝʚ, ʀʚʘʥʦʚʘ, 2003). 
ʆʪʢʨʳʪʳʝ ʩʢʣʘʜʢʠ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ ʧʝʨʚʦʛʦ ʪʠʧʘ ʫʚʝʨʝʥʥʦ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʥʘ ʩʦʩʝʜʥʠʭ ʫʯʘʩʪʢʘʭ ɼʦʥʴʰʘ ʠ ɹʘʨʫʥ-ʍʘʣ, ʟʘʢʘʨʪʠʨʦʚʘʥʥʳʭ ʨʘʥʝʝ (ʉʤʦʣʷʥʩʢʠʡ ʠ ʜʨ., 1990). ʇʘʜʝʥʠʝ ʢʨʳʣʴʝʚ ʢʨʫʪʦʝ 
(60-800) ʶʛʦ-ʚʦʩʪʦʯʥʦʝ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ, ʦʩʝʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʝ, ʧʦʛʨʫʞʝʥʠʝ ʰʘʨʥʠʨʦʚ ʧʦʣʦʛʦʝ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʝ. ʇʦ ʚʦʟʨʘʩʪʫ ʵʪʠ ʩʢʣʘʜʢʠ ʩʯʠʪʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʦʣʦʜʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʥʘʣʦʞʝʥʥʳʤʠ ʥʘ ʙʦʣʝʝ ʜʨʝʚʥʠʝ 
ʩʢʣʘʜʢʠ ʪʝʯʝʥʠʷ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

ʉʣʦʞʥʘʷ ʠʟʦʢʣʠʥʘʣʴʥʘʷ ʩʢʣʘʜʯʘʪʦʩʪʴ ʚʪʦʨʦʛʦ ʪʠʧʘ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʭʦʨʦʰʦ ʦʙʥʘʞʝʥʥʦʤ ʶʛʦ-
ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʚʦʜʦʨʘʟʜʝʣʘ. ʆʪʜʝʣʴʥʳʝ ʩʢʣʘʜʯʘʪʳʝ ʬʦʨʤʳ ʠʤʝʶʪ ʩʣʦʞʥʳʡ ʨʠʩʫʥʦʢ ʩ ʠʟʤʝʥʯʠʚʳʤ ʟʘʣʝʛʘʥʠʝʤ 

ʢʨʳʣʴʝʚ, ʦʩʝʚʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʰʘʨʥʠʨʦʚ. ɼʠʩʛʘʨʤʦʥʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʩʢʣʘʜʦʢ ʵʪʦʛʦ ʪʠʧʘ ʦʙʫʩʣʦʚʣʝʥ ʚʳʩʦʢʦʡ 
ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʤʨʘʤʦʨʦʚ. ʆʥʠ ʯʘʩʪʦ ʥʘʨʫʰʝʥʳ ʚʷʟʢʠʤʠ ʩʨʳʚʘʤʠ, ʟʦʥʘʤʠ ʢʘʪʘʢʣʘʟʘ ʠ ʤʠʣʦʥʠʪʠʟʘʮʠʠ. ʊʘʢʠʝ ʫʯʘʩʪʢʠ 
ʦʧʠʩʘʥʳ ɽ.ʅ. ʉʤʦʣʷʥʩʢʠʤ ʠ ɸ.ʇ. ʂʦʯʥʝʚʳʤ (2002) ʢʘʢ ʟʦʥʳ ʩʤʷʪʠʷ, ʘ ɺ.ʉ. ʌʝʜʦʨʦʚʩʢʠʤ ʠ ʜʨ. (1993) ʢʘʢ ʟʦʥʳ 
ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʤʝʣʘʥʞʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʳʡ ʨʠʩʫʥʦʢ ʦʪʜʝʣʴʥʳʭ ʩʢʣʘʜʦʢ ʟʜʝʩʴ ʯʸʪʢʦ ʢʘʨʪʠʨʫʝʪʩʷ ʟʝʨʢʘʣʦ ʩʢʣʘʜʯʘʪʦʩʪʠ. ʃʠʥʠʷ 
ʟʝʨʢʘʣʘ, ʧʨʦʚʝʜʸʥʥʘʷ ʧʦ ʟʘʤʢʘʤ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʩʢʣʘʜʦʢ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʘʨʢʠʨʫʶʱʝʡ ʧʘʯʢʦʡ ʤʨʘʤʦʨʦʚ ɹ5, ʠʤʝʝʪ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ ʚʜʦʣʴ ʩʢʣʦʥʘ ʩ ʧʦʣʦʛʠʤ ʚʠʜʠʤʳʤ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ɺ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʦʥʦ 
ʠʤʝʝʪ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʟʘʣʝʛʘʥʠʝ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ ʪʘʢʠʝ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʟʦʥʳ ʩʤʷʪʠʷ ʚ ʪʦʣʱʝ ɹ ʩ 
ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʧʣʘʩʪʠʯʥʦʛʦ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦ ʜʘʥʥʳʤ ʵʣʝʢʪʨʦʨʘʟʚʝʜʢʠ ʢʘʢ ʟʦʥʳ 

ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ɺʘʭʨʦʤʝʝʚ ʠ ʜʨ., 1982; ʂʦʞʝʚʥʠʢʦʚ, 1998). 
ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʢʘ ʍʘʨʛʘʥʘ ʠʛʨʘʝʪ ʨʘʟʨʳʚʥʘʷ ʪʝʢʪʦʥʠʢʘ. ɿʜʝʩʴ ʯʝʪʢʦ 

ʢʘʨʪʠʨʫʶʪʩʷ ʜʚʘ ʪʠʧʘ ʣʦʢʘʣʴʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ: ʜʨʝʚʥʠʝ ʭʨʫʧʢʦ-ʚʷʟʢʠʝ ʠ ʤʦʣʦʜʳʝ ʭʨʫʧʢʠʝ ʥʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ. 
ʍʨʫʧʢʦ-ʚʷʟʢʠʝ ʜʨʝʚʥʠʝ ʨʘʟʨʳʚʳ ʬʠʢʩʠʨʫʶʪʩʷ ʟʦʥʘʤʠ ʤʠʣʦʥʠʪʠʟʘʮʠʠ, ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʤʠ ʧʝʛʤʘʪʠʪʦʚʳʤʠ 

ʪʝʣʘʤʠ ʚ ʧʣʦʩʢʦʩʪʠ ʩʤʝʩʪʠʪʝʣʷ. ʅʘʠʙʦʣʝʝ ʤʦʱʥʘʷ ʟʦʥʘ ʤʠʣʦʥʠʪʠʟʘʮʠʠ ʟʘʢʘʨʪʠʨʦʚʘʥʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʩʢʣʦʥʝ 
ʚʦʜʦʨʘʟʜʝʣʘ ʧʦ ʵʣʶʚʠʶ, ʜʝʣʶʚʠʶ ʠ ʨʝʞʝ ʧʦ ʢʦʨʝʥʥʳʤ ʚʳʭʦʜʘʤ ʪʝʤʥʦ-ʩʝʨʳʭ ʠ ʯʝʨʥʳʭ ʤʠʣʦʥʠʪʦʚ ʧʦ ʤʨʘʤʦʨʘʤ, 
ʦʙʦʛʘʱʝʥʥʳʭ ʪʦʥʢʦ ʜʠʩʧʝʨʩʥʳʤ ʛʨʘʬʠʪʦʤ. ʆʥʘ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʙʦʣʝʝ 4 
ʢʤ ʥʘ ʫʯʘʩʪʢʘʭ ɼʦʥʴʰʘ, ɹʘʨʫʥ-ʍʘʣ ʠ ɿʫʛʜʳʢ ʧʘʨʘʣʣʝʣʴʥʦ ʜʦʣʠʥʝ ʨʝʢʠ ʂʫʯʝʣʛʘ. ʐʠʨʠʥʘ ʝʝ ʚʳʭʦʜʘ ʥʘ ʦʪʜʝʣʴʥʳʭ 

ʫʯʘʩʪʢʘʭ ʜʦʩʪʠʛʘʝʪ 50-100 ʤ. 
ʅʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʭʨʫʧʢʠʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʚʳʜʝʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʧʦ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤʫ 

ʧʨʠʟʥʘʢʫ, ʪʦ ʝʩʪʴ ʧʦ ʠʭ ʚʳʨʘʞʝʥʥʦʩʪʠ ʚ ʨʝʣʴʝʬʝ ʚ ʚʠʜʝ ʣʦʞʙʠʥ ʠ ʙʝʟʚʦʜʥʳʭ ʜʦʣʠʥ, ʨʝʞʝ ʧʦ ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ ʠ 
ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʚʜʦʣʴ ʩʤʝʩʪʠʪʝʣʝʡ. ʅʘʙʣʶʜʘʝʪʩʷ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʠʩʪʝʤʳ ʪʘʢʠʭ ʥʘʨʫʰʝʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʭ ʠʤʝʝʪ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ, ʧʘʨʘʣʣʝʣʴʥʫʶ ʇʨʠʤʦʨʩʢʦʤʫ ʛʣʫʙʠʥʥʦʤʫ ʨʘʟʣʦʤʫ. ɺʪʦʨʘʷ ʩʠʩʪʝʤʘ ʠʤʝʝʪ ʩʝʚʝʨʦ-
ʟʘʧʘʜʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʨʘʟʣʦʤʳ ʵʪʦʡ ʩʠʩʪʝʤʳ ʬʠʢʩʠʨʫʶʪʩʷ ʜʦʣʠʥʘʤʠ ʧʨʠʪʦʢʦʚ ʨ. ʂʫʯʝʣʛʠ. ʇʦ 
ʨʘʟʣʦʤʫ ʚʜʦʣʴ ʧʘʜʠ ɼʦʥʴʰʘ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʟʦʥʳ ʤʠʣʦʥʠʪʠʟʘʮʠʠ ʥʘ ʫʯʘʩʪʢʝ ʍʘʨʛʘʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʯʘʩʪʢʫ 
ɼʦʥʴʰʘ. ʕʪʦ ʩʤʝʱʝʥʠʝ ʚ ʧʣʘʥʝ ʚʳʛʣʷʜʠʪ ʢʘʢ ʧʨʘʚʳʡ ʩʜʚʠʛ, ʥʦ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘ ʧʨʦʜʦʣʴʥʦʤ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ 

ʧʨʦʬʠʣʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʫʤʝʥʴʰʝʥʠʝ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠʭ ʦʪʤʝʪʦʢ ʜʥʠʱ ʜʦʣʠʥ ʩ ʶʛʦ-ʟʘʧʘʜʘ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʤʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ ʧʦ ʵʪʦʤʫ ʨʘʟʣʦʤʫ ʠ ʩʙʨʦʩʦʚʳʝ ʧʝʨʝʤʝʱʝʥʠʷ, ʪ.ʝ. ʵʪʦ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʜʚʠʛʦ-ʩʙʨʦʩ. 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ ʧʦ-ʥʦʚʦʤʫ ʧʦʜʦʡʪʠ ʢ ʪʨʘʢʪʦʚʢʝ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʆʣʴʭʦʥʩʢʦʛʦ 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʵʚʦʣʶʮʠʠ ʝʝ ʨʘʟʚʠʪʠʷ. 
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ʆʇʓʊ ʈɸɿʈɸɹʆʊʂʀ ʕʃɽʂʊʈʆʅʅʆɻʆ ʆɹʋʏɸʖʑɽ-ʊɽʉʊʀʈʋʖʑɽɻʆ 

ʂʆʄʇʃɽʂʉɸ ʇʆ ʇʈɽɼʄɽʊʋ "ʇɸʃɽʆʅʊʆʃʆɻʀʗ" 
ʅ.ɽ. ʅʠʢʠʪʠʥʘ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ʃ.ɻ. ʉʘʥʜʘʢʦʚʘ, ʜʦʮʝʥʪ ɺ.ʌ. ʇʦʧʦʚ 
ɻʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʗʢʫʪʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. ʗʢʫʪʩʢ, ʈʦʩʩʠʷ 

 
ʇʘʣʝʦʥʪʦʣʦʛʠʷ - ʥʘʫʢʘ ʦʙ ʦʨʛʘʥʠʟʤʘʭ, ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʚ ʧʨʦʰʣʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʵʧʦʭʠ. ʆʥʘ ʠʟʫʯʘʝʪ ʦʩʪʘʪʢʠ 

ʜʨʝʚʥʠʭ ʦʨʛʘʥʠʟʤʦʚ (ʦʢʘʤʝʥʝʣʦʩʪʠ ʠʣʠ ʠʩʢʦʧʘʝʤʳʝ) ʠ ʩʣʝʜʳ ʠʭ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʩʢʦʧʘʝʤʳʝ ʩʣʫʞʘʪ ʦʩʥʦʚʦʡ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʧʦʤʦʛʘʶʪ ʚʦʩʩʪʘʥʦʚʠʪʴ ʭʨʦʥʦʣʦʛʠʶ ʩʦʙʳʪʠʡ ʚ ʠʩʪʦʨʠʠ ɿʝʤʣʠ, ʠʩʧʦʣʴʟʫʶʪʩʷ 
ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʬʠʟʠʢʦ-ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʨʦʰʣʦʛʦ (ʥʘʧʨʠʤʝʨ, ʦʯʝʨʪʘʥʠʷ ʩʫʰʠ ʠ ʤʦʨʝʡ, ʭʘʨʘʢʪʝʨʘ 
ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʣʠʤʘʪʘ). ʇʘʣʝʦʥʪʦʣʦʛʠʷ ʚʩʢʨʳʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ ʚʦ 
ʚʨʝʤʝʥʠ, ʧʦʤʦʛʘʝʪ ʨʘʟʨʝʰʠʪʴ ʚʦʧʨʦʩʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʨʘʩʪʝʥʠʡ. ʉ ʧʦʤʦʱʴʶ ʠʩʢʦʧʘʝʤʳʭ 
ʦʨʛʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʦʟʨʘʩʪ ʦʩʘʜʦʯʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʇʘʣʝʦʥʪʦʣʦʛʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʨʘʟʜʝʣʦʚ: 
ʧʘʣʝʦʟʦʦʣʦʛʠʷ ʠ ʧʘʣʝʦʙʦʪʘʥʠʢʘ. ʇʘʣʝʦʟʦʦʣʦʛʠʷ ʜʝʣʠʪʩʷ ʥʘ ʧʘʣʝʦʟʦʦʣʦʛʠʶ ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ ʠ ʧʘʣʝʦʟʦʦʣʦʛʠʶ 
ʧʦʟʚʦʥʦʯʥʳʭ. ʂʫʨʩ ʧʘʣʝʦʥʪʦʣʦʛʠʠ ʜʘʝʪʩʷ ʧʝʨʚʦʢʫʨʩʥʠʢʘʤ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʗʢʫʪʩʢʦʛʦ ʛʦʩʫʥʠʚʝʨʩʠʪʝʪʘ 
ʚʦ ʚʪʦʨʦʤ ʩʝʤʝʩʪʨʝ, ʝʝ ʮʝʣʴʶ ʷʚʣʷʝʪʩʷ ʜʘʪʴ ʟʥʘʥʠʷ ʦʙ ʵʚʦʣʶʮʠʠ ʨʘʟʚʠʪʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʤʠʨʘ, ʧʦ ʵʪʘʧʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʥʘʫʯʠʪʴʩʷ ʧʦ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʦʧʨʝʜʝʣʷʪʴ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ 
ʦʪʜʝʣʴʥʳʭ ʛʨʫʧʧ ʦʨʛʘʥʠʟʤʦʚ (ʪʠʧ, ʢʣʘʩʩ, ʦʪʨʷʜ, ʨʦʜ). ʀʩʧʦʣʴʟʦʚʘʪʴ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 
ʩʪʨʘʪʠʛʨʘʬʠʠ, ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʠ ʬʘʮʠʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ɺʦʧʨʦʩ ʫʣʫʯʰʝʥʠʷ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʣ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 
ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ ʦʙʫʯʘʶʱʝ-ʪʝʩʪʠʨʫʶʱʝʛʦ ʢʦʤʧʣʝʢʩʘ. ʕʣʝʢʪʨʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʢʨʘʪʢʦʝ ʫʯʝʙʥʦʝ ʧʦʩʦʙʠʝ. 
ʆʥʦ ʚʳʧʦʣʥʝʥʦ ʚ ʪʝʭʥʦʣʦʛʠʠ WEB-ʩʪʨʘʥʠʮʳ. ʇʦʩʦʙʠʝ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 12 ʛʣʘʚ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʠʪ 86 
ʨʠʩʫʥʢʦʚ ʠ 6 ʬʦʪʦʛʨʘʬʠʡ. 

ɼʣʷ ʢʘʞʜʦʛʦ ʪʠʧʘ ʜʘʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʫʩʣʦʚʠʷ ʦʙʠʪʘʥʠʷ ʠ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʘ 
ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʣʷ ʚʝʜʫʱʠʭ ʢʣʘʩʩʦʚ, ʦʪʨʷʜʦʚ ʠ ʨʦʜʦʚ. ʀʤʝʶʪʩʷ ʦʧʠʩʘʥʠʷ ʩʪʨʦʝʥʠʷ ʩʢʝʣʝʪʘ ʠʣʠ ʨʘʢʦʚʠʥʳ. ɼʘʥʳ 
ʭʘʨʘʢʪʝʨʥʳʝ (ʨʫʢʦʚʦʜʷʱʠʝ) ʨʦʜʳ ʠ ʚʨʝʤʷ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʪʫʜʝʥʪʦʚ ʧʨʠʣʘʛʘʝʪʩʷ ʪʝʩʪ. ʆʥ 

ʩʦʩʪʦʠʪ ʠʟ ʚʦʧʨʦʩʦʚ ʥʘ 59 ʬʦʨʤ ʠʩʢʦʧʘʝʤʦʡ ʬʘʫʥʳ ʠ ʬʣʦʨʳ. ʊʝʩʪ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʨʠʩʫʥʢʝ ʩ ʠʟʦʙʨʘʞʝʥʠʝʤ 
ʠʩʢʦʧʘʝʤʦʛʦ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʥʘ ʨʠʩʫʥʢʝ (ʥʝ ʬʦʪʦʛʨʘʬʠʠ) ʭʦʨʦʰʦ ʚʠʜʥʳ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ (ʦʨʛʘʥʠʟʤʦʚ). ʅʘ 
ʢʘʞʜʳʡ ʨʠʩʫʥʦʢ ʠʤʝʝʪʩʷ ʧʦ ʪʨʠ ʚʦʧʨʦʩʘ ʩ ʯʝʪʳʨʴʤʷ ʚʘʨʠʘʥʪʘʤʠ ʦʪʚʝʪʦʚ. ɺʦʧʨʦʩʳ ʦʪʥʦʩʷʪʩʷ ʢ ʧʦʜʢʣʘʩʩʫ ʬʦʨʤʳ, ʨʦʜʫ 
ʬʦʨʤʳ ʠ ʚʦʟʨʘʩʪʫ ʦʪʣʦʞʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʵʪʘ ʬʦʨʤʘ ʷʚʣʷʝʪʩʷ ʨʫʢʦʚʦʜʷʱʝʡ. ʇʦʨʷʜʦʢ ʧʦʷʚʣʝʥʠʷ ʚʦʧʨʦʩʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 
ʛʝʥʝʨʘʪʦʨʦʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ʂʦʥʪʨʦʣʴ ʦʪʚʝʪʦʚ ʠʜʝʪ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʚʦʧʨʦʩʦʚ. 

ʇʨʦʛʨʘʤʤʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʷʟʳʢʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Delphi 5, ʨʘʙʦʪʘʝʪ ʚ ʩʨʝʜʝ Windows ʠ ʩʦʩʪʦʠʪ ʠʟ 6 ʦʢʦʥ: 
"ʛʣʘʚʥʘʷ", "ʪʝʩʪ", "ʫʯʝʙʥʠʢ", "ʩʧʨʘʚʢʘ", "ʨʝʟʫʣʴʪʘʪ", "ʦ ʧʨʦʛʨʘʤʤʝ". ʆʢʥʦ "ʛʣʘʚʥʘʷ" ʢʨʘʩʦʯʥʦ ʦʬʦʨʤʣʝʥ ʠ ʩʦʜʝʨʞʠʪ 
ʤʝʥʶ ʠ ʢʥʦʧʢʠ ʜʣʷ ʦʪʢʨʳʪʠʷ ʜʨʫʛʠʭ ʦʢʦʥ, ʘ ʪʘʢʞʝ ʚʳʭʦʜʘ ʠʟ ʧʨʦʛʨʘʤʤʳ. ɺ ʦʢʥʝ "ʪʝʩʪ", ʯʝʨʝʟ ʤʝʥʶ ʤʦʞʥʦ ʚʚʝʩʪʠ 

ʜʘʥʥʳʝ ʪʝʩʪʠʨʫʝʤʦʛʦ, ʧʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʧʨʦʭʦʞʜʝʥʠʷ ʪʝʩʪʘ ʢʦʤʧʴʶʪʝʨ ʟʘʧʠʰʝʪ ʚ ʙʘʟʫ ʜʘʥʥʳʭ ʨʝʟʫʣʴʪʘʪʳ (ʌ.ʀ.ʆ., 
ʛʨʫʧʧʫ, ʙʘʣʣʳ ʧʦ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʚʦʧʨʦʩʦʚ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʜʘʪʫ ʪʝʩʪʠʨʦʚʘʥʠʷ). ʆʢʥʦ "ʫʯʝʙʥʠʢ" 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʨʘʫʟʝʨ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʪʝʢʩʪ ʠ ʛʨʘʬʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʩʥʘʙʞʝʥʥʳʡ ʩʠʩʪʝʤʦʡ ʥʘʚʠʛʘʮʠʠ ʯʝʨʝʟ 
ʛʠʧʝʨʩʩʳʣʢʠ. ʆʢʥʦ "ʩʧʨʘʚʢʘ" ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʶ ʧʦ ʧʦʣʴʟʦʚʘʥʠʶ ʧʨʦʛʨʘʤʤʦʡ, ʘ "ʦ ʧʨʦʛʨʘʤʤʝ" - ʨʝʢʚʠʟʠʪʳ 
ʧʨʦʛʨʘʤʤʳ. 

ʇʨʦʛʨʘʤʤʘ ʩʦʩʪʦʠʪ ʠʟ exe - ʬʘʡʣʘ, 14 HTML - ʬʘʡʣʦʚ, 92 jpeg - ʬʘʡʣʦʚ ʠ 1 txt - ʬʘʡʣʘ, ʭʨʘʥʷʱʝʛʦ ʨʝʟʫʣʴʪʘʪʳ. 
ʀʤʝʝʪʩʷ ʫʩʪʘʥʦʚʦʯʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʦʩʫʱʝʩʪʚʣʷʝʤʘʷ ʩ 4 ʜʠʩʢʝʪ. 

ʕʣʝʢʪʨʦʥʥʳʡ ʦʙʫʯʘʶʱʝ-ʪʝʩʪʠʨʫʶʰʠʡ ʢʦʤʧʣʝʢʩ "ʇʘʣʝʦʥʪʦʣʦʛʠʷ" ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥ ʚ 

ʢʦʤʧʴʶʪʝʨʥʳʭ ʢʣʘʩʩʘʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʗɻʋ ʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. 

 
ʅʀɾʅʀʁ ɼɽɺʆʅ ʋ ʉʊɸʅʎʀʀ ʐʀʈɸ (ʍɸʂɸʉʀʗ) 
ɽ.ɸ. ʅʦʚʠʢ, ʖ.ɺ. ɻʨʠʛʦʨʴʝʚʘ, ʆ.ɻ. ʏʝʙʘʥʫ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɹ.ɼ. ɺʘʩʠʣʴʝʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʋʯʘʩʪʦʢ ʩʲʝʤʢʠ çʉʦʭʦʯʫʣ-3è ʥʘʭʦʜʠʪʩʷ ʶʞʥʝʝ ʩʪ. ʐʠʨʘ ʚ ʨʘʡʦʥʝ ʚʳʩʦʪʳ 635 ʤ, ʚ ʣʝʚʦʤ ʙʦʨʪʫ ʜʦʣʠʥʳ ʨʫʯʴʷ 

ʉʦʭʦʯʫʣ ʥʘ ʫʯʝʙʥʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʦʣʠʛʦʥʝ ʊʇʋ ʚ ʍʘʢʘʩʠʠ. 
ʅʘ ʫʯʘʩʪʢʝ ʉʦʭʦʯʫʣ-3 ʤʳ ʟʘʥʠʤʘʣʠʩʴ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʲʝʤʢʦʡ ʤʘʩʰʪʘʙʘ 1:2000 ʤʝʪʦʜʘʤʠ ʤʘʨʰʨʫʪʥʳʭ 

ʧʝʨʝʩʝʯʝʥʠʡ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʚ ʧʝʨʠʦʜ ʫʯʝʙʥʦʡ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ. 
ʆʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʦʤ ʥʘ ʫʯʘʩʪʢʝ ʷʚʣʷʝʪʩʷ ʉʦʭʦʯʫʣʴʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ. ʇʨʦʩʪʠʨʘʝʪʩʷ ʦʥʘ ʥʘ ʉɺ, 

ʯʝʪʢʦ ʦʢʦʥʪʫʨʠʚʘʝʪʩʷ ʧʦ ʛʦʨʠʟʦʥʪʫ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʥʘ ʩʝʚʝʨʥʦʤ ʢʨʳʣʝ ʘʥʪʠʢʣʠʥʘʣʠ. ʆʩʴ ʩʢʣʘʜʢʠ 
ʧʦʛʨʫʞʘʝʪʩʷ ʥʘ ʟʘʧʘʜ ʧʦʜ ʫʛʣʦʤ 550 (ʧʦ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʤ ʠʟʚʝʩʪʥʷʢʘʤ), ʧʦʜ ʫʛʣʦʤ 300 (ʧʦ ʧʦʜʦʰʚʝ ʩʝʨʦʮʚʝʪʥʦʡ ʧʘʯʢʠ), 



ʧʦʜ ʫʛʣʦʤ 12-200 ʧʦ ʢʨʘʩʥʦʮʚʝʪʥʳʤ ʧʝʩʯʘʥʠʢʘʤ. ʉʦʭʦʯʫʣʴʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ ʨʘʟʙʠʪʘ ʩʝʨʠʝʡ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʖʞʥʦʝ ʢʨʳʣʦ ʩʢʣʘʜʢʠ ʧʦʯʪʠ ʧʦ ʦʩʠ ʩʪʨʫʢʪʫʨʳ ʩʨʝʟʘʥʦ ʤʦʱʥʦʡ ʩʫʙʰʠʨʦʪʥʦʡ ʟʦʥʦʡ 
ʨʘʟʣʦʤʘ, ʧʦ ʢʦʪʦʨʦʡ ʩʝʚʝʨʥʦʝ ʣʝʞʘʯʝʝ ʢʨʳʣʦ ʥʘʜʚʠʥʫʪʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʧʨʦʢʠʥʫʪʦʛʦ ʟʘʣʝʛʘʥʠʷ ʚ ʧʦʨʦʜʘʭ ʶʞʥʦʛʦ 

ʢʨʳʣʘ. 
ʉʪʨʘʪʠʛʨʘʬʠʷ ʫʯʘʩʪʢʘ ʉʦʭʦʯʫʣ-3 ʦʪʯʝʪʣʠʚʦ ʚʳʷʚʣʷʝʪʩʷ ʥʘ ʩʝʚʝʨʥʦʤ ʢʨʳʣʝ ʘʥʪʠʢʣʠʥʘʣʠ. ɿʜʝʩʴ ʚʳʜʝʣʝʥʳ 4 

ʧʘʯʢʠ, ʧʨʠʥʘʜʣʝʞʘʱʠʝ ʧʨʠʜʦʨʦʞʥʦʡ ʪʦʣʱʝ ʙʳʩʢʘʨʩʢʦʡ ʩʝʨʠʠ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ (ʨʠʩ.1). 
ɺ ʟʘʤʢʝ ʘʥʪʠʢʣʠʥʘʣʠ ʦʙʥʘʞʘʝʪʩʷ ʧʝʨʚʘʷ ʧʘʯʢʘ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʘʣʫʥʥʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, 

ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʢʨʫʧʥʳʤʠ ʙʦʤʙʘʤʠ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ, ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʤʠ 
ʨʳʭʣʳʤʠ ʤʝʣʢʦʛʘʣʝʯʥʠʢʦʚʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ. ʄʦʱʥʦʩʪʴ ʵʪʦʡ ʧʘʯʢʠ ʥʝ ʤʝʥʝʝ 84 ʤ. 

ɺʪʦʨʘʷ ʧʘʯʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʫʣʢʘʥʦʛʝʥʥʫʶ ʙʘʟʘʣʴʪʦʚʫʶ ʪʦʣʱʫ ʤʦʱʥʦʩʪʴʶ ʜʦ 106 ʤ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ 
ʥʝʩʢʦʣʴʢʠʭ ʣʘʚʦʚʳʭ ʧʦʪʦʢʦʚ. ʄʦʱʥʦʩʪʴ ʧʝʨʚʦʛʦ ʧʦʪʦʢʘ ʦʢʦʣʦ 20 ʤ. ɺ ʦʩʥʦʚʘʥʠʠ ʧʦʪʦʢʘ ʟʘʣʝʛʘʶʪ ʤʘʩʩʠʚʥʳʝ ʙʘʟʘʣʴʪʳ. 

ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʝʛʦ ʦʰʣʘʢʦʚʘʥʘ, ʙʘʟʘʣʴʪʳ ʠʤʝʶʪ ʤʠʥʜʘʣʝʢʘʤʝʥʥʫʶ ʪʝʢʩʪʫʨʫ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʧʘʯʢʠ ʩʣʘʛʘʝʪʩʷ ʙʦʣʝʝ 
ʢʠʩʣʳʤʠ ʧʦʨʦʜʘʤʠ - ʘʥʜʝʟʠʙʘʟʘʣʴʪʘʤʠ, ʩ ʢʨʫʧʥʳʤʠ ʧʦʨʬʠʨʦʚʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʧʣʘʛʠʦʢʣʘʟʘ. ɺ ʢʨʦʚʣʝ ʧʘʯʢʠ ʧʦʨʦʜʳ 
ʦʰʣʘʢʦʚʘʥʳ. ʅʠʞʥʠʝ ʯʘʩʪʠ ʧʦʪʦʢʦʚ ʙʦʣʝʝ ʧʣʦʪʥʳʝ, ʤʘʩʩʠʚʥʳʝ, ʚʝʨʭʥʠʝ ï ʦʰʣʘʢʦʚʘʥʳ. 

ʊʨʝʪʴʷ ʧʘʯʢʘ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ ʜʦ 78 ʤ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʝʣʢʦʛʘʣʝʯʥʠʢʦʚʳʤʠ ʢʦʥʛʣʦʤʝʨʘʪʘʤʠ ʚ ʥʠʞʥʝʡ 
ʯʘʩʪʠ, ʩʤʝʥʷʶʱʠʤʠʩʷ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʢʨʘʩʥʦʮʚʝʪʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ. ʊʨʝʪʴʷ ʧʘʯʢʘ 
ʚʝʥʯʘʝʪʩʷ ʛʦʨʠʟʦʥʪʦʤ ʪʫʬʦʚ ʪʨʘʭʠʘʥʜʝʟʠʪʦʚ ʤʦʱʥʦʩʪʴʶ 6 ʤ. ʊʫʬʳ ʣʠʪʦʢʨʠʩʪʘʣʣʦʢʣʘʩʪʠʯʝʩʢʠʝ. 

ʏʝʪʚʝʨʪʘʷ ʧʘʯʢʘ ʤʦʱʥʦʩʪʴʶ ʜʦ 107 ʤ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʝʨʦʮʚʝʪʥʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʩ ʛʦʨʠʟʦʥʪʘʤʠ 
ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʧʝʩʯʘʥʠʢʦʚ. ɺ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʤʝʝʪʩʷ ʛʦʨʠʟʦʥʪ ʞʝʣʪʳʭ ʘʨʛʠʣʣʠʪʦʚ ʩ ʦʙʠʣʴʥʦʡ ʬʣʦʨʦʡ ʧʩʠʣʦʬʠʪʦʚ. ɺ 

ʢʨʦʚʣʝ ʯʝʪʚʝʨʪʦʡ ʧʘʯʢʠ ʥʘʭʦʜʠʪʩʷ ʤʘʨʢʠʨʫʶʱʠʡ ʛʦʨʠʟʦʥʪ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ʄʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ ʦʪ 0,5 ʜʦ 
5 ʤ. ʕʪʦʪ ʛʦʨʠʟʦʥʪ ʦʪʯʝʪʣʠʚʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʘʨʛʠʣʣʠʪʘʤʠ ʠ ʪʫʬʦʧʝʩʯʘʥʠʢʘʤʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʤʠʩʷ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʚʳʰʝ. ʈʘʟʨʝʟ ʥʘʨʘʱʠʚʘʝʪʩʷ ʧʘʯʢʦʡ ʛʨʫʙʦʟʝʨʥʠʩʪʳʭ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʱʘʷ ʤʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʦʢʦʣʦ 450 ʤ. 
ʊʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʫʯʘʩʪʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʣʠʯʠʝʤ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʢʣʘʜʢʠ ʠ ʜʚʫʭ ʩʠʩʪʝʤ 

ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ʉʦʭʦʯʫʣʴʩʢʘʷ ʘʥʪʠʢʣʠʥʘʣʴ ʠʤʝʝʪ ʧʦʣʦʛʦʝ ʩʝʚʝʨʥʦʝ ʢʨʳʣʦ ʠ ʢʨʫʪʦʝ, ʤʝʩʪʘʤʠ ʦʧʨʦʢʠʥʫʪʦʝ, 
ʶʞʥʦʝ ʢʨʳʣʦ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʦʱʥʦʡ ʟʦʥʦʡ ʨʘʟʣʦʤʘ ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 



 

ʈʠʩ.1. ʉʚʦʜʥʘʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ 
 
ɼʠʟʲʶʥʢʪʠʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʧʨʠʥʘʜʣʝʞʘʪ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʤ ʩʠʩʪʝʤʘʤ. ɿʦʥʘ ʩʫʙʰʠʨʦʪʥʦʛʦ ʨʘʟʣʦʤʘ, 

ʧʨʦʩʣʝʞʠʚʘʶʱʘʷʩʷ ʜʦ ʫʯʘʩʪʢʘ ʉʦʭʦʯʫʣ-1, ʚʳʨʘʞʝʥʘ ʜʚʫʤʷ ʥʘʨʫʰʝʥʠʷʤʠ ʩ ʢʨʫʪʳʤ (64-700) ʶʞʥʳʤ ʧʘʜʝʥʠʝʤ. ɺʪʦʨʘʷ 
ʩʠʩʪʝʤʘ ʜʠʟʲʶʥʢʪʠʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠʤʝʝʪ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. ʅʘʨʫʰʝʥʠʷ ʜʫʛʦʦʙʨʘʟʥʳʝ ʩ ʚʳʧʫʢʣʦʩʪʴʶ ʥʘ 
ʟʘʧʘʜ. ʆʥʠ ʜʝʣʷʪ ʘʥʪʠʢʣʠʥʘʣʴ ʥʘ ʙʣʦʢʠ ʰʠʨʠʥʦʶ ʧʦ 230 - 350 ʤ. ʅʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ, ʧʨʦʭʦʜʷʱʝʝ ʯʝʨʝʟ 
ʚʳʩʦʪʫ 635ʤ, ʷʚʣʷʝʪʩʷ ʚʦʜʦʧʨʦʚʦʜʷʱʠʤ. ʉʝʚʝʨʥʝʝ ʫʯʘʩʪʢʘ ʥʘ ʥʝʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʨʦʜʥʠʢ ʩ ʛʨʠʬʦʥʦʤ. ɺʪʦʨʘʷ ʩʠʩʪʝʤʘ 
ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʧʝʨʷʶʱʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʩʤʝʱʝʥʠʷ 1 - 20ʤ. 

ʀʥʪʨʫʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʤʷ ʢʦʤʧʣʝʢʩʘʤʠ. 
ʇʝʨʚʳʡ ʢʦʤʧʣʝʢʩ ï ʙʘʟʘʣʴʪʳ, ʩʣʘʛʘʶʱʠʝ ʚ ʨʘʡʦʥʝ ʚʳʩʦʪʳ 635 ʤ ʪʨʠ ʪʝʣʘ: ʰʪʦʢ (ʜʠʘʤʝʪʨ 20 ʤ), ʜʘʡʢʫ (ʜʣʠʥʘ 

140 ʤ, ʰʠʨʠʥʘ 30 ʤ) ʠ ʩʠʣʣ (ʥʘ ʚʝʨʰʠʥʝ ʛʦʨʳ ʩ ʦʪʤʝʪʢʦʡ 635 ʤ). ʈʘʟʤʝʨ ʩʠʣʣʘ ʦʢʦʣʦ 100Ĭ80 ʤ. ɽʛʦ ʧʦʜʦʰʚʘ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʩʣʦʠʩʪʦʩʪʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʦʜ ʫʛʣʦʤ 200. ɺʩʝ ʵʪʠ ʪʨʠ ʪʝʣʘ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʥʦʤʫ 
ʢʦʤʧʣʝʢʩʫ - çʧʘʣʝʦʙʘʟʘʣʴʪʳ ʕʜʝʣʴʰʪʝʡʥʘè ʠ ʩʣʘʛʘʶʪʩʷ ʤʘʩʩʠʚʥʳʤʠ, ʚʷʟʢʠʤʠ ʙʘʟʘʣʴʪʘʤʠ ʩ ʰʘʨʦʚʦʡ ʦʪʜʝʣʴʥʦʩʪʴʶ, 
ʢʦʤʘʛʤʘʪʠʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤ ʤʘʨʯʝʥʛʘʰʩʢʦʡ ʩʚʠʪʳ. 

ɺʪʦʨʦʡ ʢʦʤʧʣʝʢʩ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʣʣʦʤ ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘ, ʟʘʣʝʛʘʶʱʠʤ ʩʨʝʜʠ 
ʘʨʛʠʣʣʠʪʦʚ ʠ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ. ʄʦʱʥʦʩʪʴ ʝʛʦ 40 ʤ, ʜʣʠʥʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʦʢʦʣʦ 1400 

ʤ. ɻʘʙʙʨʦ-ʜʠʦʨʠʪʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʧʨʠ ʚʳʚʝʪʨʠʚʘʥʠʠ ʨʘʩʩʳʧʘʶʪʩʷ ʚ ʜʨʝʩʚʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ çʧʘʣʝʦʙʘʟʘʣʴʪʦʚ 
ʕʜʝʣʴʰʪʝʡʥʘè. 

ʊʨʝʪʠʡ ʪʠʧ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ - ʜʘʡʢʠ ʧʠʨʦʢʩʝʥʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ. ʆʥʠ ʠʤʝʶʪ ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʝ 
ʩʪʨʦʝʥʠʝ (ʪ.ʝ. ʤʘʛʤʘ ʙʳʣʘ ʙʦʛʘʪʘ ʛʘʟʦʚʦʡ ʬʘʟʦʡ). ɼʣʠʥʘ ʦʜʥʦʡ ʠʟ ʜʘʝʢ 40 ʤ, ʤʦʱʥʦʩʪʴ 6 ʤ. ʅʘ ʶʞʥʦʤ ʬʣʘʥʛʝ ʜʘʡʢʘ 
ʨʘʩʱʝʧʣʷʣʘʩʴ ʥʘ ʜʚʘ ʨʫʢʘʚʘ. ɿʘʣʝʛʘʝʪ ʜʘʡʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʚʘʣʫʥʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʘʭ ʧʘʨʘʣʣʝʣʴʥʦ ʢʨʫʧʥʦʤʫ 
ʜʠʟʲʶʥʢʪʠʚʫ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʠ ʥʝʩʝʪ ʟʝʨʢʘʣʘ ʩʢʦʣʴʞʝʥʠʷ ʩ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʧʦʜ ʫʛʦʣʦʤ 400. 
ɺʪʦʨʘʷ ʪʘʢʘʷ ʜʘʡʢʘ ʦʪʤʝʯʘʝʪʩʷ ʩʝʚʝʨʥʝʝ ʚ 500 ʤ. ʆʥʘ ʠʤʝʝʪ ʤʦʱʥʦʩʪʴ 1,5 - 2 ʤ ʠ ʧʨʦʩʪʠʨʘʝʪʩʷ ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ, ʨʘʩʩʝʢʘʷ 
ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ ʯʝʪʚʝʨʪʦʡ ʧʘʯʢʠ. 



ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʩʲʝʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮ-ʢʘʣʴʮʠʪʦʚʳʤʠ, ʢʚʘʨʮ-ʢʘʣʴʮʠʪ-ʧʨʝʥʠʪ-
ʮʝʦʣʠʪʦʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʩ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʚ ʧʨʝʜʝʣʘʭ ʧʘʯʢʠ II ʙʘʟʘʣʴʪʦʚ ʚ 220 ʤ ʶʛʦ-ʟʘʧʘʜʥʝʝ ʚʳʩʦʪʳ 635 ʤ. 
ɿʜʝʩʴ ʬʠʢʩʠʨʫʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʧʨʦʞʠʣʢʠ, ʟʘʣʝʛʘʶʱʠʝ ʧʦʣʦʛʦ (ʫʛʦʣ ʧʘʜʝʥʠʷ 200 ʥʘ ʖɿ), ʠ ʩʠʩʪʝʤʘ ʢʨʫʪʦʧʘʜʘʶʱʠʭ 

ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʨʦʞʠʣʢʦʚ ʩ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 
ɺʪʦʨʦʡ ʫʯʘʩʪʦʢ ʧʨʦʷʚʣʝʥʠʷ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʦʩʪʦʢʝ, ʚ 1 ʢʤ ʦʪ ʚʝʨʰʠʥʳ ʩ ʦʪʤʝʪʢʦʡ 

635 ʤ. ɿʜʝʩʴ ʚ ʪʝʭ ʞʝ ʙʘʟʘʣʴʪʘʭ ʬʠʢʩʠʨʫʝʪʩʷ ʰʪʦʢʚʝʨʢʦʚʘʷ ʟʦʥʘ ʤʦʱʥʦʩʪʴʶ 10 ʤ ʩ ʢʨʫʪʳʤ ʧʘʜʝʥʠʝʤ ʥʘ ʶʛʦ-ʟʘʧʘʜ. 
ʊʨʝʪʠʡ ʫʯʘʩʪʦʢ ï ʚ ʦʩʥʦʚʘʥʠʠ ʢʘʨʴʝʨʘ ʚ 120 ʤ ʦʪ ʞʝʣʝʟʥʦʡ ʜʦʨʦʛʠ ʠ ʚ 400 ʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʝʝ 

ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ ʧʝʨʝʝʟʜʘ. ʉʨʝʜʠ ʤʝʣʢʦʛʘʣʝʯʥʠʢʦʚʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʧʘʯʢʠ III  ʥʘ ʶʞʥʦʤ ʢʨʳʣʝ ʘʥʪʠʢʣʠʥʘʣʠ ʠʤʝʶʪʩʷ 
ʚʝʨʪʠʢʘʣʴʥʳʝ ʧʨʦʞʠʣʢʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʤʦʱʥʦʩʪʴʶ 1 - 2 ʩʤ ʩ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

 

ʀɿʋʏɽʅʀɽ ʇʈʆʎɽʉʉʆɺ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ɺ ɻɼɸʅʔʉʂʆʄ ɹɸʉʉɽʁʅɽ 
ɹɸʃʊʀʁʉʂʆɻʆ ʄʆʈʗ 
ʀ.ɸ. ʆʩʪʨʦʚʝʨʭʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺ.ʃ. ʃʫʢʰʘ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 
ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʩʤʦʪʨʝʥʠʶ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʩʦʩʪʘʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʘʜʢʦʚ 

ʙʝʨʝʛʦʚʦʡ ʟʦʥʳ ɻʜʘʥʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʝʛʦ ʟʘʣʠʚʦʚ - ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʛʦ. ʇʦʜ ʩʦʚʨʝʤʝʥʥʳʤʠ 
ʦʩʘʜʢʘʤʠ ʟʜʝʩʴ ʧʦʥʠʤʘʶʪʩʷ ʜʦʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʥʘʢʦʧʠʚʰʠʝʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʩʦʪʥʠ ʣʝʪ (ʩʣʦʡ 0- 60 ʩʤ). ɸʥʘʣʠʪʠʯʝʩʢʠʝ 
ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʄɻʋ, ʛʜʝ ʠʟʫʯʘʣʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ (ʩʠʪʦʚʦʡ ʠ ʧʠʧʝʪʥʳʡ ʤʝʪʦʜʳ), 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ (ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ, ʙʠʥʦʢʫʣʷʨʥʳʡ ʠ ʰʣʠʬʦʚʦʡ ʘʥʘʣʠʟʳ) ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ. 

ʅʘ ʩʦʚʨʝʤʝʥʥʦʤ ʵʪʘʧʝ ʩʝʜʠʤʝʥʪʘʮʠʠ ɻʜʘʥʴʩʢʠʡ ʙʘʩʩʝʡʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʦʩʪʘʚʢʦʡ ʪʝʨʨʠʛʝʥʥʦʛʦ 
ʦʩʘʜʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʛʣʘʚʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʚʳʥʦʩʳ ʨʝʢʠ ɺʠʩʣʳ, ʧʫʣʴʧʦʚʳʡ ʤʘʪʝʨʠʘʣ ʠʟ ʢʘʨʴʝʨʦʚ 

ʗʥʪʘʨʥʦʛʦ ʢʦʤʙʠʥʘʪʘ ʠ ʘʙʨʘʟʠʷ ʙʝʨʝʛʦʚ (ɹʣʘʞʯʰʥʠʥ, 1976). 
ɺ ʂʘʣʠʥʠʥʛʨʘʜʩʢʦʤ ʟʘʣʠʚʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʪʝʨʨʠʛʝʥʥʳʝ ʦʩʘʜʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʘʟʥʳʤʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ. ʇʝʩʢʠ ʟʘʥʠʤʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʜʥʘ ʣʘʛʫʥʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 
ʦʩʥʦʚʥʦʤ ʚʙʣʠʟʠ ʙʝʨʝʛʦʚ ʥʘ ʤʘʣʳʭ ʛʣʫʙʠʥʘʭ. ɸʣʝʚʨʠʪʦʚʳʝ ʠʣʳ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʬʨʘʢʮʠʝʡ ʠ ʟʘʥʠʤʘʶʪ 
ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʟʘʣʠʚʘ, ʷʚʣʷʷʩʴ ʧʝʨʝʭʦʜʥʳʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʪʠʧʦʤ ʦʪ ʧʝʩʯʘʥʳʭ ʢ 
ʧʝʣʠʪʦʚʳʤ. ʇʝʣʠʪʦʚʳʝ ʠʣʳ ʟʘʥʠʤʘʶʪ ʦʙʦʩʦʙʣʝʥʥʳʝ ʫʯʘʩʪʢʠ ʜʥʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʙʦʣʝʝ 
ʛʣʫʙʦʢʠʤ ʤʝʩʪʘʤ. 

ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʣʥʦʚʦʡ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʣʦʢʘʣʴʥʳʭ ʪʝʯʝʥʠʡ, ʨʦʣʴ ʠʩʪʦʯʥʠʢʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʄʝʜʠʘʥʥʳʡ ʜʠʘʤʝʪʨ ʦʩʘʜʢʦʚ ʚ ʦʩʥʦʚʥʦʤ 
ʩʦʩʪʘʚʣʷʝʪ 0,15 - 0,0075 ʤʤ. ʉʦʨʪʠʨʦʚʘʥʥʦʩʪʴ ʥʝʦʜʠʥʘʢʦʚʘ ʠ ʩʦʩʪʘʚʣʷʝʪ 1,3 - 4,05. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʝʩʯʘʥʦ-
ʘʣʝʚʨʠʪʦʚʳʝ ʠʣʳ, ʚ ʦʩʥʦʚʥʦʤ, ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʳʝ. ʊʷʞʝʣʳʝ ʤʠʥʝʨʘʣʳ ʩʦʚʨʝʤʝʥʥʳʭ ʧʝʩʢʦʚ ʠ ʘʣʝʚʨʠʪʦʚ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʴʤʝʥʠʪʦʤ, ʦʙʳʢʥʦʚʝʥʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, ʮʠʨʢʦʥʦʤ, ʛʨʘʥʘʪʦʤ ʠ ʜʨ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʘʣʝʚʨʠʪʦ-
ʧʝʣʠʪʦʚʳʭ ʬʨʘʢʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʝʪ ʠʣʣʠʪ, 
ʟʘʪʝʤ ʩʣʝʜʫʝʪ ʩʤʝʰʘʥʦʩʣʦʡʥʳʝ ʩʤʝʢʪʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ, ʭʣʦʨʠʪ ʠ ʢʘʦʣʠʥʠʪ. 

ʀʪʘʢ, ʜʘʥʥʳʝ ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʘʤ ʩʦʚʨʝʤʝʥʥʳʭ ʦʩʘʜʢʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, 
ʯʪʦ ʩʦʚʨʝʤʝʥʥʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ɻʜʘʥʴʩʢʦʤ ʙʘʩʩʝʡʥʝ (ʂʘʣʠʥʠʥʛʨʘʜʩʢʠʡ ʟʘʣʠʚ) ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ 
ʧʦʩʪʫʧʣʝʥʠʝʤ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʪʦʣʴʢʦ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦ ʩʦʩʪʘʚʫ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ ʚ ʟʘʣʠʚʝ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʝ ʦʙʣʘʩʪʠ: ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʫʶ ʠ ʢʚʘʨʮʝʚʦ-ʠʣʣʠʪʦʚʫʶ 
(ʛʠʜʨʦʩʣʶʜʠʩʪʫʶ). ɺ ʧʝʨʚʦʡ ʠʟ ʥʠʭ ʚ ʦʩʥʦʚʥʦʤ ʟʘʣʝʛʘʶʪ ʢʨʫʧʥʳʝ ʘʣʝʚʨʠʪʳ ʠ ʧʝʩʢʠ, ʘ ʚʦ ʚʪʦʨʦʡ - ʧʝʣʠʪʦʚʳʝ ʠ 
ʘʣʝʚʨʠʪʦ-ʧʝʣʠʪʦʚʳʝ ʠʣʳ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɹʣʘʞʯʠʰʠʥ ɸ.ʀ. ʊʠʧʳ ʜʦʥʥʳʭ ʦʩʘʜʢʦʚ. ï ɺ ʢʥ.: ɻʝʦʣʦʛʠʷ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ï ɺʠʣʴʥʶʩ: ʄʦʢʦʣʘʩ, 1976. ï ʉ. 187-

212. 
 

ʃʀʊʆʃʆɻʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʀ ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ɹɸɿɸʃʔʅʓʍ 
ʆʊʃʆɾɽʅʀʁ ʉɽʅʆʄɸʅʉʂʆɻʆ ʗʈʋʉɸ ʅʀɾʅɽɻʆ ʄɽʃɸ (ɻʆʈʅʓʁ ʂʈʓʄ) 

ʆ.ɸ. ʈʘʭʤʘʥʠʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺ.ʃ. ʂʦʩʦʨʫʢʦʚ 
ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 
ʅʘʯʘʣʴʥʳʡ ʵʪʘʧ ʤʦʨʩʢʦʡ ʪʨʘʥʩʛʨʝʩʩʠʠ ʩʝʥʦʤʘʥʩʢʦʛʦ ʚʝʢʘ (K2cm) ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʠʥʪʝʨʝʩʥʳʤ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʫʩʣʦʚʠʡ ʠ ʜʠʥʘʤʠʢʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ. ʋʜʦʙʥʳʤ ʦʙʲʝʢʪʦʤ ʚʳʷʩʥʝʥʠʷ ʵʪʠʭ ʫʩʣʦʚʠʡ ʷʚʣʷʶʪʩʷ ʙʘʟʘʣʴʥʳʝ 

ʦʪʣʦʞʝʥʠʷ ʩʝʥʦʤʘʥʩʢʦʛʦ ʷʨʫʩʘ ʛʦʨʥʦʛʦ ʂʨʳʤʘ ʚ ʨʘʡʦʥʝ ʩ. ʇʨʦʭʣʘʜʥʦʝ ɹʘʭʯʠʩʘʨʘʡʩʢʦʛʦ ʨʘʡʦʥʘ. 
ɿʜʝʩʴ ʦʪʣʦʞʝʥʠʷ ʩʝʥʦʤʘʥʩʦʛʦ ʷʨʫʩʘ ʧʝʨʝʢʨʳʚʘʶʪ ʛʣʘʫʢʦʥʠʪʩʦʜʝʨʞʘʱʠʝ ʧʝʩʯʘʥʠʢʠ ʘʣʴʙʩʢʦʛʦ ʷʨʫʩʘ, ʛʣʠʥʳ 

ʘʧʪʩʢʦʛʦ ʷʨʫʩʘ ʥʠʞʥʝʛʦ ʤʝʣʘ ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʨʝʜʥʝʶʨʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʅʘ ʥʠʭ ʧʦ ʥʝʨʦʚʥʦʡ ʛʨʘʥʠʮʝ 
ʟʘʣʝʛʘʶʪ ʦʪʣʦʞʝʥʠʷ ʩʝʥʦʤʘʥʩʢʦʛʦ ʷʨʫʩʘ, ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʠʟʫʯʝʥ ʩʣʝʜʫʶʱʠʡ ʨʘʟʨʝʟ. 

ʉʣʦʡ 1. ʇʝʩʯʘʥʠʢʠ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʩ ʛʣʘʫʢʦʥʠʪʦʤ, ʩʨʝʜʥʝ-ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ, ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, 
ʜʦʚʦʣʴʥʦ ʨʳʭʣʳʝ (ʣʝʛʢʦ ʢʨʦʰʘʪʩʷ ʚ ʨʫʢʝ), ʥʝʩʣʦʠʩʪʳʝ, ʩ ʦʞʝʣʝʟʥʝʥʠʝʤ ʧʦ ʪʨʝʱʠʥʘʤ, ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʜʳ 
(ʯʝʰʫʡʢʠ ʨʘʟʤʝʨʦʤ ʤʝʥʝʝ 0,5 ʤʤ). ɻʣʘʫʢʦʥʠʪ ʨʘʩʧʨʝʜʝʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʦ (ʝʩʪʴ ʥʝʙʦʣʴʰʠʝ ʧʷʪʥʘ ʠ ʣʠʥʟʳ ʧʨʘʢʪʠʯʝʩʢʠ 
ʙʝʟ ʛʣʘʫʢʦʥʠʪʘ). ɺʩʪʨʝʯʘʶʪʩʷ ʩʚʝʪʣʳʝ, ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʣʳʝ ʧʷʪʥʘ ʢʘʨʙʦʥʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺʠʜʠʤʘʷ ʤʦʱʥʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ 

ʦʢʦʣʦ 50 ʩʤ. 



ʉʣʦʡ 2. ʇʝʩʯʘʥʠʢʠ ʧʦʣʠʤʠʥʝʨʘʣʴʥʳʝ ʩ ʛʣʘʫʢʦʥʠʪʦʤ, ʤʝʣʢʦ-ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ, ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ, 
ʯʫʪʴ ʙʦʣʝʝ ʧʣʦʪʥʳʝ, ʥʦ ʩʠʣʴʥʝʝ ʨʘʟʚʠʪʦ ʦʞʝʣʝʟʥʝʥʠʝ (ʞʝʣʪʦʚʘʪʦʛʦ ʮʚʝʪʘ; ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʝʱʠʥ ʩ ʦʞʝʣʝʟʥʝʥʠʝʤ). 
ɺ ʦʩʪʘʣʴʥʦʤ ʦʥ ʧʦʭʦʞ ʥʘ ʧʝʨʚʳʡ ʩʣʦʡ. ʄʦʱʥʦʩʪʴ ʝʛʦ ʪʘʢʞʝ ʦʢʦʣʦ 50 ʩʤ. 

ʉʣʦʡ 3. ɺ 70 ʩʤ ʚʳʰʝ ʚʪʦʨʦʡ ʟʘʢʦʧʫʰʢʠ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʝʥʥʦʡ ʚʳʭʦʜ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ ʩ 
ʛʣʘʫʢʦʥʠʪʦʤ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʧʣʦʪʥʳʭ, ʩ ʦʞʝʣʝʟʥʝʥʠʝʤ ʧʦ ʪʨʝʱʠʥʘʤ (ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤ ʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʤ, 
ʚʠʜʠʤʦ ʧʦʵʪʦʤʫ, ʢʦʨʝʥʥʦʡ ʚʳʭʦʜ ï ʩʪʫʧʝʥʯʘʪʳʡ, ʚʳʩʦʪʘ ʩʪʫʧʝʥʝʡ 10-15 ʩʤ). ɻʣʠʥʠʩʪʳʡ ʠ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ 
ʨʘʩʧʨʝʜʝʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʦʙʨʘʟʫʝʪʩʷ ʣʠʥʟʦʚʠʜʥʘʷ ʪʝʢʩʪʫʨʘ (ʨʘʟʤʝʨ ʣʠʥʟ: ʜʣʠʥʘ 3-15 ʩʤ, ʰʠʨʠʥʘ 1-3 ʤʤ), ʚʳʟʚʘʥʥʘʷ, 
ʚʠʜʠʤʦ, ʚʦʣʥʦʚʳʤʠ ʜʚʠʞʝʥʠʷʤʠ. ɺʩʪʨʝʯʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʶʜʳ. ʄʦʱʥʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ ʧʨʠʤʝʨʥʦ 1,2 ʤ. 

ʉʣʦʡ 4. ɺ 70 ʩʤ ʚʳʰʝ ʥʘʭʦʜʠʪʩʷ ʢʦʨʝʥʥʦʡ ʚʳʭʦʜ ʩʣʘʙʦ ʧʝʩʯʘʥʠʩʪʦʛʦ, ʛʣʠʥʠʩʪʦʛʦ ʠʟʚʝʩʪʥʷʢʘ, ʪʝʤʥʦ-ʩʝʨʦʛʦ 
ʮʚʝʪʘ, ʩ ʛʣʘʫʢʦʥʠʪʦʤ ʠ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʜʳ. ɻʣʠʥʠʩʪʳʡ ʠ ʢʘʨʙʦʥʘʪʥʳʡ ʤʘʪʝʨʠʘʣ ʨʘʩʧʨʝʜʝʣʝʥ ʥʝʨʘʚʥʦʤʝʨʥʦ 
(ʧʷʪʥʠʩʪʦʩʪʴ) ï ʩʣʝʜʳ ʙʠʦʪʫʨʙʘʮʠʠ, ʨʘʟʚʠʪʦ ʦʞʝʣʝʟʥʝʥʠʝ ʧʦ ʪʨʝʱʠʥʘʤ. ʄʦʱʥʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ ʦʢʦʣʦ 70 ʩʤ. 

ʉʣʦʡ 5. ɺʳʰʝ ʨʘʩʧʦʣʦʞʝʥʳ ʛʣʠʥʠʩʪʳʝ ʠʟʚʝʩʪʥʷʢʠ ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʝʩʯʘʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ 
ʛʣʘʫʢʦʥʠʪʘ, ʧʣʦʪʥʳʝ, ʧʣʠʪʯʘʪʳʝ, ʩʝʨʦʛʦ ʮʚʝʪʘ, ʦʙʣʘʜʘʶʪ ʧʷʪʥʠʩʪʦʡ ʦʢʨʘʩʢʦʡ (ʙʠʦʪʫʨʙʘʮʠʷ). ɺ ʵʪʦʤ ʩʣʦʝ ʚʩʪʨʝʯʝʥʦ 
ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʶʜʳ ʠ ʧʠʨʦʢʩʝʥʦʚ (ʨʘʟʤʝʨ ʟʝʨʝʥ ʦʪ 0,5 ʜʦ 1 ʤʤ). ʄʦʱʥʦʩʪʴ ʩʣʦʷ ʦʢʦʣʦ 70 ʩʤ. 

ʉʣʦʡ 6. ʉʣʦʞʝʥ ʛʣʠʥʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʤʘʩʩʠʚʥʳʤʠ, ʩ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʜʳ, 
ʛʣʘʫʢʦʥʠʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʝʥ, ʚʩʪʨʝʯʘʶʪʩʷ ʦʙʣʦʤʢʠ ʨʘʢʦʚʠʥ ʤʦʣʣʶʩʢʦʚ. ʄʦʱʥʦʩʪʴ ʵʪʦʛʦ ʩʣʦʷ ʦʢʦʣʦ 60 ʩʤ. 

ʉʣʦʡ 7. ʉʣʦʞʝʥ ʛʣʠʥʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩʝʨʦʛʦ ʮʚʝʪʘ ʤʘʩʩʠʚʥʳʤʠ, ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʤʠ, ʩ ʥʝʢʦʪʦʨʳʤ 
ʢʦʣʠʯʝʩʪʚʦʤ ʩʣʶʜʳ, ʛʣʘʫʢʦʥʠʪ ʥʝʟʘʤʝʪʝʥ. ɽʛʦ ʤʦʱʥʦʩʪʴ ʙʦʣʝʝ 1 ʤ. ʕʪʠ ʤʝʨʛʝʣʠ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚ ʦʙʳʯʥʳʝ 
ʤʝʨʛʝʣʠ ʩʝʥʦʤʘʥʩʢʦʛʦ ʷʨʫʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʤʘʩʩʠʚʥʳʭ (ʥʝʩʣʦʠʩʪʳʭ, ʩ ʙʠʦʪʫʨʙʘʮʠʝʡ) ʠ 

ʩʝʨʳʭ (ʩʣʦʠʩʪʳʭ, ʩ ʦʞʝʣʝʟʥʝʥʠʝʤ) ʛʣʠʥʠʩʪʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʨʘʢʦʚʠʥʘʤʠ ʠʥʦʮʝʨʘʤʦʚ, ʨʝʜʢʠʭ ʙʨʘʭʠʦʧʦʜ; ʚʝʨʭʥʷʷ ʧʘʯʢʘ 
ʩʣʦʞʝʥʘ ʙʝʣʳʤʠ ʤʝʣʦʧʦʜʦʙʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʩ ʢʨʝʤʥʝʚʳʤʠ ʢʦʥʢʨʝʮʠʷʤʠ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʚʳʷʚʠʣʦ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʦʩʪʘʚʘ ʠ ʭʘʨʘʢʪʝʨ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʨʘʟʨʝʟʫ, ʘ 
ʪʘʢʞʝ ʭʘʨʘʢʪʝʨ ʮʠʢʣʠʯʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ. ɺ ʦʩʥʦʚʘʥʠʠ ʨʘʟʨʝʟʘ ʟʘʣʝʛʘʶʪ ʧʝʩʯʘʥʠʢʠ ʛʨʘʫʚʘʢʢʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʩʦʩʪʘʚ ʟʝʨʝʥ 
ʢʦʪʦʨʳʭ ʚʭʦʜʷʪ ʧʣʘʛʠʦʢʣʘʟʳ, ʚʫʣʢʘʥʠʪʳ, ʛʣʠʥʠʩʪʳʝ ʦʢʘʪʳʰʠ ʠ ʛʣʘʫʢʦʥʠʪ. ɺʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʧʝʩʯʘʥʠʢʠ ʩʤʝʥʷʶʪʩʷ 
ʛʣʠʥʠʩʪʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʜʝʪʨʠʪʦʚʦ-ʬʦʨʘʤʠʥʠʬʝʨʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʝʩʯʘʥʦʡ ʧʨʠʤʝʩʴʶ ʪʦʛʦ ʞʝ, ʛʨʘʫʚʘʢʢʦʚʦʛʦ ʩʦʩʪʘʚʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʩʯʘʥʦʡ ʧʨʠʤʝʩʠ ʧʦ ʨʘʟʨʝʟʫ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʜʚʘ ʮʠʢʣʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʤʦʱʥʦʩʪʴʶ 
ʧʝʨʚʦʛʦ ï 2,9 ʤ, ʚʪʦʨʦʛʦ ï 2,1 ʤ. ʇʝʨʚʳʡ ʮʠʢʣ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ - ʪʝʨʨʠʛʝʥʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ, ʘ ʚʪʦʨʦʡ ʮʠʢʣ 

ʧʦʣʥʦʩʪʴʶ ʢʘʨʙʦʥʘʪʥʳʡ, ʩ ʪʝʨʨʠʛʝʥʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʫʜʘʣʝʥʠʝ ʪʝʨʨʠʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 
ʩʥʦʩʘ. ʀʟʫʯʝʥʠʝ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʠ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʘʣʠʯʠʝ ʮʠʢʣʠʯʥʦʛʦ ʩʪʨʦʝʥʠʷ ʨʘʟʨʝʟʘ. ɸʥʘʣʠʟ ʟʝʨʥʦʚʦʡ ʯʘʩʪʠ 
ʧʝʩʯʘʥʠʢʦʚ ʠ ʛʣʠʥʠʩʪʦʡ ʧʨʠʤʝʩʠ ʫʢʘʟʳʚʘʝʪ ʥʘ ʤʝʩʪʥʳʝ ʠʩʪʦʯʥʠʢʠ ʩʥʦʩʘ (ʚʫʣʢʘʥʦʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʙʘʡʦʩʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 
(J2b), ʪʝʨʨʠʛʝʥʥʳʡ ʢʦʤʧʣʝʢʩ ʘʣʴʙʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʛʣʠʥʠʩʪʳʡ ʢʦʤʧʣʝʢʩ ʘʧʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʥʠʞʥʝʛʦ ʤʝʣʘ (K1br2-a)). 

ʉʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʩʦʩʪʘʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʦʩʪʘʪʢʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 
ʙʘʟʘʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʥʦʤʘʥʩʢʦʛʦ ʷʨʫʩʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʝʣʢʦʚʦʜʥʦʤʦʨʩʢʦʡ ʦʙʩʪʘʥʦʚʢʝ ʥʦʨʤʘʣʴʥʦʡ ʩʦʣʝʥʦʩʪʠ ʩ ʝʛʦ 
ʧʦʩʣʝʜʫʶʱʠʤ ʙʳʩʪʨʳʤ ʫʛʣʫʙʣʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʨʘʩʯʣʝʥʝʥʥʦʛʦ ʥʠʟʢʦʛʦ ʨʝʣʴʝʬʘ ʩʫʰʠ. 
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ʉʊʈʆɽʅʀɽ ʀ ʊʀʇʀɿɸʎʀʗ ʈʀʊʄʀʏʅʆʉʊʀ, ɸ ʊɸʂɾɽ ʋʉʃʆɺʀʗ 

ʌʆʈʄʀʈʆɺɸʅʀʗ ʅʀɾʅɽʄɸɸʉʊʈʀʍʊʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ʆɺʈɸɻɸ çʊʆʂʄɸè 
(ʖɻʆ-ɿɸʇɸɼʅʓʁ ʂʈʓʄ, ʋʂʈɸʀʅɸ) 

ɹ.ʀ. ʉʠʟʘʥʦʚ, ɸ.ɺ. ʈʫʜʘʢʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʈ.ʈ. ɻʘʙʜʫʣʠʥ 

ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 
ʉʙʦʨ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʙʥʘʞʝʥʠʠ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʨʘʚʦʛʦ 

ʙʦʨʪʘ ʨʝʢʠ ɹʦʜʨʘʢ ʚ ʫʩʪʴʝ ʦʚʨʘʛʘ ʊʦʢʤʘ. ʆʪʦʙʨʘʥʦ 100 ʦʙʨʘʟʮʦʚ ʯʝʨʝʟ 25 ʩʤ. ɺ ʪʝʭ ʞʝ ʪʦʯʢʘʭ ʢʘʧʦʤʝʪʨʦʤ 
ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʜʘʥʥʳʝ ʧʦ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʆʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʚ 
ʦʩʥʦʚʥʦʤ ʩʝʨʳʝ ʤʝʨʛʝʣʠ, ʟʘʪʝʤ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʢʘʤʝʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʀʟʫʯʝʥʦ 30 ʰʣʠʬʦʚ, ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʩʜʝʣʘʥʳ ʬʦʪʦʛʨʘʬʠʠ 
ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ. 30 ʦʙʨʘʟʮʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʰʣʠʬʘʤ, ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʢʨʘʡʥʝ ʤʘʣʦʝ ʩʦʜʝʨʞʘʥʠʝ ʜʦʣʦʤʠʪʘ. 50 ʦʙʨʘʟʮʦʚ 
ʠʩʩʣʝʜʦʚʘʥʳ ʥʘ ʢʘʨʙʦʥʘʪʥʦʩʪʴ ʧʫʪʝʤ ʨʘʩʪʚʦʨʝʥʠʷ ʩʠʣʴʥʳʤʠ ʢʠʩʣʦʪʘʤʠ ʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, 5 ʠʟ ʢʦʪʦʨʳʭ 
ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʄɻʋ, 45 ï ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʪʫʜʝʥʪʘʤʠ ʉʠʟʘʥʦʚʳʤ ɹ.ʀ. ʠ ʈʫʜʘʢʦʚʦʡ ɸ.ɺ. ɺ ʨʝʟʫʣʴʪʘʪʝ 
ʨʘʙʦʪ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠʜʮʘʪʴ ʩʣʦʝʚ. ʀʩʧʦʣʴʟʫʷ ʜʘʥʥʳʝ ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʚ 
ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʩ ʛʨʘʬʠʢʘʤʠ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ ʦʧʠʩʘʥʠʷʤ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ, ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʝʚʷʪʴ ʨʠʪʤʦʚ. ʕʪʠ ʨʠʪʤʳ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʧʦ çʧʠʢʦʚʳʤè (ʤʘʢʩʠʤʘʣʴʥʳʤ) ʟʥʘʯʝʥʠʷʤ ʤʘʛʥʠʪʥʦʡ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ɼʘʣʝʝ, ʧʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʦ ʢʘʨʙʦʥʘʪʥʦʩʪʠ, ʫʚʝʣʠʯʠʣʠ ʯʠʩʣʦ ʨʠʪʤʦʚ ʧʨʠʤʝʨʥʦ ʜʦ ʜʚʘʜʮʘʪʠ, ʪʘʢ 
ʢʘʢ, ʝʩʣʠ ʧʨʦʩʣʝʜʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʥʠ 
ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʠʤʝʥʝʝ (çʣʦʙʦʚʳʤʠè) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʠʙʦʣʝʝ ʚʳʚʝʪʨʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʢʘʞʜʦʛʦ ʩʣʦʷ. ɼʘʥʥʳʡ ʪʠʧ 
ʨʠʪʤʦʚ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʧʣʘʩʪʦʚ ʤʝʨʛʝʣʝʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʪʨʦʪʠʧʫ çɾè ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 



ʈ.ʈ. ɻʘʙʜʫʣʠʥʘ (2002). ʈʠʪʤʳ, ʢʘʢ ʧʨʘʚʠʣʦ, ʭʦʨʦʰʦ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʧʨʦʬʠʣʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʜʝʨʞʘʥʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ. 

ʃʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʜʘʥʥʳʝ ʘʥʘʣʠʟʦʚ ʬʘʫʥʠʩʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ (ɸʣʝʢʩʝʝʚ, 1989) ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʧʦʩʪʝʧʝʥʥʦʛʦ ʦʙʤʝʣʝʥʠʷ 
ʤʘʘʩʪʨʠʭʪʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʅʘ ʵʪʦ ʫʢʘʟʳʚʘʝʪ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ (ʤʝʣʢʦʧʝʩʯʘʥʠʩʪʦʛʦ ʠ 
ʘʣʝʚʨʠʪʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʨʦʜʳ ʚ ʰʣʠʬʘʭ, ʦʪʤʝʯʘʣʘʩʴ ʙʦʣʴʰʘʷ ʨʦʣʴ ʜʦʥʥʳʭ 
ʙʝʩʧʦʟʚʦʥʦʯʥʳʭ. ʇʦʨʦʜʘ ʩʠʣʴʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʘ, ʚʦʟʤʦʞʥʦ ʵʪʦ çʥʝ ʩʦʩʪʦʷʚʰʘʩ̫ʷè ʧʦʚʝʨʭʥʦʩʪ ɹʪʠʧʘ çhard groundè, 
ʧʨʦʥʠʟʘʥʥʘ ̫ʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʥʦʨʘʤʠ, ʫʢʘʟʳʚʘʶʱʠʤʠ ʥʘ ʧʨʠʦʩʪʘʥʦʚʢʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʘ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ: ʩʠʣʴʥʦ ʙʠʦʪʫʨʙʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʚʘʨʮʝʚʳʭ 
ʠ ʛʣʘʫʢʦʥʠʪʦʚʳʭ ʟʝʨʝʥ; ʪʘʢʞʝ, ʚ ʥʠʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, 
ʫʤʝʥʴʰʘʪʁʩʷ ʛʣʠʥʠʩʪʳʝ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʛʝʥʥʦʛʦ ʢʘʣʴʮʠʪʘ, ʩʣʘʛʘʶʱʝʛʦ ʨʘʢʦʚʠʥʳ, 

ʧʨʠʤʝʨʥʦ ʧʦʩʪʦʷʥʥʦʝ, ʘ ʰʧʘʪʦʚʦʛʦ ʠ ʤʠʢʨʠʪʦʚʦʛʦ - ʫʤʝʥʴʰʘʝʪʩʷ. ʕʪʦ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʪʝʯʝʥʠʷ, 
ʛʦʩʧʦʜʩʪʚʫʶʱʠʝ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ, ʠʤʝʣʠ ʩʠʣʫ ʜʦʩʪʘʪʦʯʥʫʶ, ʯʪʦʙʳ ʩʥʦʩʠʪʴ ʩ ʤʝʩʪʘ ʪʦʣʴʢʦ ʣʝʛʢʠʝ ʯʘʩʪʠʮʳ. ʇʦʵʪʦʤʫ 
ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʪʝʯʝʥʠʷ ʩʚʷʟʘʥʳ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʢʣʠʤʘʪʘ, ʠ ʜʘʥʥʳʝ ʷʚʣʝʥʠʷ ʤʦʞʥʦ ʫʚʷʟʘʪʴ ʥʘ 
ʦʙʱʝʧʣʘʥʝʪʘʨʥʳʡ ʫʨʦʚʝʥʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʠʪʤʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʥʝʛʣʫʙʦʢʦʤ ʧʦʩʪʝʧʝʥʥʦ ʤʝʣʝʶʱʝʤ ʙʘʩʩʝʡʥʝ, ʩ 
ʘʢʪʠʚʥʦ ʤʝʥʷʶʱʝʡʩʷ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʮʝʥʥʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ 
ʨʘʩʯʣʝʥʝʥʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʚʝʨʭʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʈʫʩʩʢʦʡ ʧʣʠʪʳ ʠ ʝʝ ʶʞʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ. 
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ʇɸʃɽʆʄɸɻʅʀʊʅʓɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ɻʆʃʆʎɽʅʆɺʓʍ ʆʊʃʆɾɽʅʀʁ 

ʈɸɿʈɽɿʆɺ 
ʂɸʈɸʉʋ ʀ ʏʀʈʏʀʂ 
ɸ.ɻ. ʉʪʝʣʴʤʘʭ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʍ.ɸ. ʊʦʡʯʠʝʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʠʟʫʯʝʥʠʶ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ 

ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʠʭ 10-12 ʪʳʩ. ʣʝʪ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʡ, ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ ʩʪʨʘʪʠʬʠʢʘʮʠʠ ʠ ʧʦʠʩʢʘ 
ʢʨʠʪʝʨʠʝʚ ʚ ʢʦʨʨʝʣʷʮʠʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ "ʥʝʤʳʭ" ʪʦʣʱ ʦʩʘʜʢʦʚ ʛʦʣʦʮʝʥʘ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʧʘʣʝʦʤʘʛʥʠʪʥʦʛʦ 
ʤʝʪʦʜʘ ʚ ʩʝʨʝʜʠʥʝ ʍʍ-ʛʦ ʚʝʢʘ, ʛʝʦʣʦʛʠ ʧʦʣʫʯʠʣʠ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ 
ʦʙʦʛʘʪʠʚʰʠʡ ʚʦʟʤʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʟʘʜʘʯ (ɿʫʙʘʢʦʚ, ʄʦʣʦʩʪʦʚʩʢʠʡ, 198;, ʊʦʡʯʠʝʚ, 1982). 
ʇʨʠʦʙʨʝʪʝʥʥʘʷ ʧʦʨʦʜʦʡ ʧʝʨʚʠʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʦʙʳʯʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʧʦʩʣʝʜʫʶʱʝʡ 
ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʘ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(ɹʫʨʦʚ, ʅʫʨʘʣʠʝʚ, 1986; ʍʨʘʤʦʚ, ʇʝʪʨʦʚʘ, 1961; ʍʨʘʤʦʚ, ʐʦʣʧʦ, 1967). ʆʪʤʝʪʠʤ, ʯʪʦ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʩʣʦʷ ʢʘʞʜʦʡ 
ʤʝʩʪʥʦʩʪʠ ʚ ʣʶʙʦʝ ʜʘʥʥʦʝ ʚʨʝʤʷ ʦʧʨʝʜʝʣʷʝʪ ʪʨʠ ʧʘʨʘʤʝʪʨʘ: 

- ʩʢʣʦʥʝʥʠʝ (ɼ), ʠʣʠ ʠʟʤʝʨʝʥʥʳʡ ʧʦ ʢʦʤʧʘʩʫ ʫʛʦʣ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ ʩʝʚʝʨʦʤ ʠ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ (ʠʩʪʠʥʥʳʤ) 
ʩʝʚʝʨʦʤ; 

- ʥʘʢʣʦʥʝʥʠʝ (J)- ʫʛʦʣ, ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʩʚʦʙʦʜʥʦ ʧʦʜʚʝʰʝʥʥʘʷ ʩʪʨʝʣʢʘ ʠ 
ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ ʥʫʣʷ ʥʘ ʤʘʛʥʠʪʥʦʤ ʵʢʚʘʪʦʨʝ ʜʦ 90Á ʥʘ ʤʘʛʥʠʪʥʦʤ ʧʦʣʶʩʝ; 

- ʠʥʪʝʥʩʠʚʥʦʩʪʴ (F), ʠʣʠ ʩʠʣʘ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʢʦʪʦʨʘʷ ʥʘ ʵʢʚʘʪʦʨʝ ʩʦʩʪʘʚʣʷʝʪ ʧʦʣʦʚʠʥʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 
ʚʝʣʠʯʠʥʳ ʥʘ ʧʦʣʶʩʘʭ. 

ʄʘʛʥʠʪʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʧʦʨʦʜʘʭ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʨʠʝʥʪʠʨʦʚʢʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 
ʠʟʤʝʥʷʣʠʩʴ. ʕʪʠ ʤʠʥʝʨʘʣʳ ʧʨʠʦʙʨʝʪʘʶʪ ʦʩʪʘʪʦʯʥʫʶ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʝʦʙʣʘʜʘʶʱʝʤʫ ʤʘʛʥʠʪʥʦʤʫ 
ʧʦʣʶ (ʝʩʪʝʩʪʚʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ). ʀʟʤʝʨʷʷ ʧʨʠ ʧʦʤʦʱʠ ʪʦʯʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 
ʧʦʨʦʜ, ʚʢʣʶʯʘʶʱʠʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʝ ʯʘʩʪʠʮʳ, ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʠ ʥʘʧʨʷʞʸʥʥʦʩʪʠ 
ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ, ʤʘʛʥʠʪʥʳʝ ʥʘʢʣʦʥʝʥʠʝ ʠ ʩʢʣʦʥʝʥʠʝ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʩʚʦʡʩʪʚʝʥʥʳ ʠʩʩʣʝʜʫʝʤʦʤʫ ʧʫʥʢʪʫ ʚ ʪʦ ʠʣʠ 
ʠʥʦʝ ʚʨʝʤʷ. ʅʦʚʠʟʥʘ ʠ ʟʥʘʯʠʤʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ, ʧʦʣʫʯʘʝʤʘʷ ʠʟ ʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʜʘʣʠ ʤʦʱʥʳʡ ʠʤʧʫʣʴʩ ʨʘʟʚʠʪʠʶ ʤʘʛʥʠʪʦʩʪʨʘʪʠʛʨʘʬʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʧʣʝʡʩʪʦʮʝʥ-ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ 
(ɹʝʣʦʢʦʥʴ, ʂʦʯʝʛʫʨʘ, 1973; ɿʫʙʘʢʦʚ, ʄʦʣʦʩʪʦʚʩʢʠʡ, 1982; ʊʦʡʯʠʝʚ, 1982). 

ʇʘʣʝʦʤʘʛʥʠʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦ ʜʚʫʤ ʨʘʟʨʝʟʘʤ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʏʠʨʯʠʢ. ɻʦʣʦʮʝʥʦʚʳʝ 
ʦʪʣʦʞʝʥʠʷ ʚ ʤʝʩʪʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʝ ʦʪʥʝʩʝʥʳ ʢ ʩʳʨʜʘʨʴʠʥʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ (ʀʩʣʘʤʦʚ, ʂʘʩʳʤʦʚ, 1966; 
ʉʢʚʦʨʮʦʚ, ʊʝʪʶʭʠʥ, 1958). ʀʟʫʯʝʥʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʦʪʣʦʞʝʥʠʡ ʨʫʩʣʘ ʠ ʧʦʡʤʳ I ʠ II ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ ʩʠʣʴʥʦ ʠʟʤʝʥʯʠʚʳ, ʢʘʢ ʧʦ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʧʦ ʚʝʨʪʠʢʘʣʠ. ʆʪʣʦʞʝʥʠʷ ʨʫʩʣʘ ʠ ʧʦʡʤʳ ʧʦʚʩʶʜʫ 
ʩʣʦʞʝʥʳ ʛʘʣʝʯʥʠʢʘʤʠ, ʘ ʩʚʝʨʭʫ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʛʦ ʨʫʩʣʘ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ ʠ ʚ ʧʨʝʜʝʣʘʭ ʙʦʢʦʚʳʭ 
ʧʨʠʪʦʢʦʚ ʦʥʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʜʝʣʶʚʠʘʣʴʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ. ʊʘʤ, ʛʜʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʛʦʣʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ 
ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ, ʚ ʪʦʣʱʝ ʧʦʢʨʦʚʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪ ʜʚʫʭ ʜʦ ʪʨʸʭ ʧʦʛʨʝʙʸʥʥʳʭ ʧʦʯʚʝʥʥʳʭ 
ʛʦʨʠʟʦʥʪʦʚ, ʚʩʝ ʦʥʠ ʠʤʝʶʪ ʩʝʨʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʫʶ ʠ ʪʸʤʥʦ-ʩʝʨʫʶ ʦʢʨʘʩʢʫ ʠ ʠʤʝʶʪ ʣʦʢʘʣʴʥʦʝ ʨʘʟʚʠʪʠʝ. 

ʄʘʢʩʠʤʘʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʛʦʣʦʮʝʥʘ ʠʟ ʨʘʟʨʝʟʦʚ ʜʦʣʠʥʳ ʨ. 
ʏʠʨʯʠʢ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʧʦʣʝʚʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ʄʝʪʦʜʠʢʘ 
ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʣʦʞʝʥʘ ʚʦ ʤʥʦʛʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʷʭ (ɹʫʨʦʚ, 
ʅʫʨʘʣʠʝʚ, 1986; ʍʨʘʤʦʚ, ʇʝʪʨʦʚʘ, 1961; ʍʨʘʤʦʚ, ʐʦʣʧʦ, 1967). ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʣʝʚʳʭ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ ʜʚʫʭ-ʪʨʸʭ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ ʨʝʙʨʦʤ 5 ʩʤ. ʩʦ ʩʪʝʥʢʠ 



ʚʳʨʘʙʦʪʢʠ, ʧʦʩʣʝ ʟʘʯʠʩʪʢʠ ʦʙʥʘʞʝʥʠʷ ʨʘʟʨʝʟʘ. ʆʪʙʦʨ ʧʨʦʠʟʚʦʜʠʣʩʷ ʚʩʧʣʦʰʥʫʶ. ɺʪʦʨʦʡ ʵʪʘʧ ʨʘʙʦʪ ʟʘʢʣʶʯʘʣʩʷ ʚ 
ʧʨʦʚʝʜʝʥʠʠ ʩʧʝʮʠʘʣʴʥʳʭ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʮʝʣʴʶ ʚʳʜʝʣʝʥʠʷ ʧʝʨʚʠʯʥʦʡ (In

0) ʠ ʚʪʦʨʠʯʥʦʡ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠʟ ʩʧʝʢʪʨʘ In. ɺʩʝ ʦʪʦʙʨʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʦʰʣʠ ʧʦʣʥʳʡ ʮʠʢʣ ʠʟʤʝʨʝʥʠʷ ʧʦ ʤʝʪʦʜʠʢʝ ɸ.ʅ. ʍʨʘʤʦʚʘ, ʚ 

ʧʨʦʮʝʩʩʝ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʪʘʪʦʯʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʠ ʤʘʛʥʠʪʥʦʡ 
ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ. ʆʙʨʘʟʮʳ ʧʦʨʦʜ ʢʦʣʣʝʢʮʠʠ ʧʦʜʚʝʨʛʘʣʠʩʴ: ʚʨʝʤʝʥʥʦʡ ʯʠʩʪʢʝ ʠ ʤʝʪʦʜʫ ʢʦʤʧʝʥʩʘʮʠʠ ʚʷʟʢʦʡ 
ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ; ʠʟʫʯʝʥʠʶ In ʧʦʨʦʜ ʚ ʧʝʨʝʤʝʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ; ʠʟʫʯʝʥʠʶ In ʧʦʨʦʜ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ; 
ʠʟʫʯʝʥʠʶ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʂʨʠʪʝʨʠʝʤ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʘ ʷʚʣʷʣʦʩʴ ʩʦʚʧʘʜʝʥʠʝ 
ʥʘʧʨʘʚʣʝʥʠʡ 10

n ʧʦʣʫʯʝʥʥʳʭ ʧʦʩʣʝ ʠʩʧʳʪʘʥʠʷ ʦʙʨʘʟʮʦʚ (ʦʩʥʦʚʥʦʛʦ ʠ ʜʫʙʣʠʢʘʪʘ) ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʧʦ ʭʘʨʘʢʪʝʨʫ 
ʚʦʟʜʝʡʩʪʚʠʷ ʤʝʪʦʜʘʤʠ ʫʜʘʣʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʘʞʜʳʡ ʨʘʟʨʝʟ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ. ʈʘʟʨʝʟ ʂʘʨʘʩʫ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʙʘʩʩʝʡʥʘ ʨ. ʏʠʨʯʠʢ 
0,5 ʢʤ ʟʘʧʘʜʥʝʝ ʜʦʨʦʛʠ ʊʘʰʢʝʥʪ-ɸʣʤʘʣʳʢ, ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʂʘʨʘʩʫ. ʈʘʟʨʝʟ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʪʨʦʝʥʠʝ II ʪʝʨʨʘʩʳ ʨ. 

ʏʠʨʯʠʢ. ʆʪʣʦʞʝʥʠʷ ʜʘʥʥʦʡ ʪʝʨʨʘʩʳ ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʩʨʝʜʥʝʤ ʠ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʨʝʢʠ. ʅʘ ʧʨʘʚʦʙʝʨʝʞʥʦʡ 
ʯʘʩʪʠ ʦʥʠ ʩʦʭʨʘʥʠʣʠʩʴ ʚ ʚʠʜʝ ʫʟʢʠʭ ʧʦʣʦʩ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʦʥʠ ʠʤʝʶʪ ʥʘ ʣʝʚʦʙʝʨʝʞʥʦʡ ʯʘʩʪʠ ʩʨʝʜʥʝʛʦ 
ʪʝʯʝʥʠʷ ʨʝʢʠ. ʉʪʨʦʝʥʠʝ ʠ ʛʝʥʝʟʠʩ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʘ ʚʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʤʝʥʷʝʪʩʷ ʠ ʩʚʷʟʘʥ ʩ ʣʦʢʘʣʴʥʳʤʠ ʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 
ʜʚʠʞʝʥʠʷʤʠ ʚ ʙʘʩʩʝʡʥʝ. ʅʘ ʫʯʘʩʪʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʨʝʟ ʩʣʦʞʝʥ ʧʨʦʣʶʚʠʘʣʴʥʳʤʠ ʣʝʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩ 
ʜʚʫʤʷ ʧʦʛʨʝʙʸʥʥʳʤʠ ʧʦʯʚʘʤʠ ʤʦʱʥʦʩʪʴʶ 4,8 ʤ ʠ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʛʘʣʝʯʥʠʢʘʤʠ. ɺʥʠʟ ʧʦ ʪʝʯʝʥʠʶ ʨʝʢʠ ʤʦʱʥʦʩʪʴ 
ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʩʦʢʨʘʱʘʝʪʩʷ ʥʘʧʦʣʦʚʠʥʫ ʠ ʚ ʨʘʟʨʝʟʝ ʧʨʦʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʘʣʣʶʚʠʘʣʴʥʳʤʠ. ɺ 
ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ ʦʧʷʪʴ ʤʦʱʥʦʩʪʴ ʣʸʩʩʦʚʦ-ʧʦʯʚʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 7-8 ʤ ʠ ʧʦʜʩʪʠʣʘʝʪʩʷ ʜʨʝʩʚʦʡ ʠ 
ʧʝʩʢʦʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʠʟʫʯʝʥʥʦʛʦ ʨʘʟʨʝʟʘ 4,80 ʤ ʠ ʩʚʝʨʭʫ ʚʥʠʟ ʧʨʝʜʩʪʘʚʣʝʥ (ʤʦʱʥʦʩʪʴ, ʤ.): 

1. ʉʦʚʨʝʤʝʥʥʘʷ ʧʦʯʚʘ. ʇɻ-1, ʩʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʢʦʤʢʦʚʘʪʳʡ, ʧʦʨʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (0,3). 
2. ʉʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʪʸʤʥʦ-ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʢʦʤʢʦʚʘʪʳʡ, ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (2,40). 
3. ʇɻ-2, ʩʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʪʸʤʥʦ-ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʢʦʤʢʦʚʘʪʳʡ, ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (0,25). 
4. ʉʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʦʜʥʦʨʦʜʥʳʡ, ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (0,15). 
5. ʇɻ-3, ʩʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʪʸʤʥʦ-ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʢʦʤʢʦʚʘʪʳʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ (0,50). 
6. ʉʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʦʜʥʦʨʦʜʥʳʡ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ (0,50). 
7. ʉʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʩ ʚʢʣʶʯʝʥʠʝʤ ʱʝʙʥʷ ʠ ʜʨʝʩʚʳ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ (0,20). 
8. ɻʘʣʝʯʥʠʢ. 

ɺʩʝʛʦ ʦʪʦʙʨʘʥʦ 240 ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʫʛʣʠʥʢʦʚ ʚ ʩʣʦʝ 
ʜʚʘ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (19,0õ53,2)*10-6ʉɻʉ ʧʨʠ Inʩʨ=38,0*10-6ʉɻʉ, ʘ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ 
ʧʨʝʜʝʣʘʭ (27,0õ94,0)*10-6ʉɻʉ, ʧʨʠ ɢʩʨ=58,0*10-6ʉɻʉ, ʚ ʩʣʦʝ 6 ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (22,0õ43,0)*10-6 ʉɻʉ, ʧʨʠ 
Incʨ=28,0*10-6ʉɻʉ, ʘ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ (39,0õ88,0)*10-6ʉɻʉ, ʧʨʠ ɢʩʨ=59,2*10-6 ʉɻʉ, ɺʳʩʦʢʠʝ 
ʟʥʘʯʝʥʠʷ In ʠ ɢ ʧʨʠʭʦʜʷʪʩʷ ʩʣʦʶ 2 ʠ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʝ, ʩʣʦʶ 6. ʄʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʯʚ ʠʟʤʝʥʷʶʪʩʷ 
ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʦʯʚʳ ʚ ʩʣʦʝ 5 ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ (19,0õ53,2)*10-6ʉɻʉ, 
ʧʨʠ Inʩʨ=38,0*10-6ʉɻʉ, ʘ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (27,0õ94,0)*10-6 ʉɻʉ, ʧʨʠ ɢʩʨ =58,0*10-6ʉɻʉ. 
ʂʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ In ʠ ɢ ʥʝ ʦʪʤʝʯʘʝʪʩʷ. 

ʈʘʟʨʝʟ ʏʠʨʯʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ 2,5-3,0 ʢʤ ʢ ʚʦʩʪʦʢʫ ʦʪ ʧ. ɻʫʣʴʙʘʭʦʨ ʥʘ ʣʝʚʦʤ ʙʝʨʝʛʫ ʨ. ʏʠʨʯʠʢ. ʆʪʣʦʞʝʥʠʷ 

ʨʘʟʨʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʪʨʦʝʥʠʝ II ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʨ. ʏʠʨʯʠʢ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ. ʆʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʩʫʛʣʠʥʢʘʤʠ, ʩʫʧʝʩʷʤʠ, ʧʝʩʢʘʤʠ ʠ ʛʘʣʝʯʥʠʢʘʤʠ, ʤʦʱʥʦʩʪʴ ʣʸʩʩʦʚʳʭ ʧʦʨʦʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 1,5 ʤ. ɺ 
ʨʘʟʨʝʟʝ ʚ ʩʦʢʨʘʱʸʥʥʦʤ ʚʠʜʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʘ ʮʠʢʣʘ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʆʧʨʦʙʦʚʘʥʘ ʚʩʷ ʣʸʩʩʦʚʘʷ ʪʦʣʱʘ ʤʦʱʥʦʩʪʴʶ 
1,65 ʤ. ʈʘʟʨʝʟ ʩʚʝʨʭʫ ʚʥʠʟ ʧʨʝʜʩʪʘʚʣʝʥ (ʤʦʱʥʦʩʪʴ, ʤ.): 

1. ʉʦʚʨʝʤʝʥʥʘʷ ʧʦʯʚʘ, ʩʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʢʦʤʢʦʚʘʪʳʡ, ʪʨʝʱʠʥʦʚʘʪʳʡ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ, 
ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (0,05). 

2. ʇʝʩʦʢ, ʞʝʣʪʦʚʘʪʦ-ʩʝʨʳʡ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ, ʩʳʧʫʯʠʡ, ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (0,35). 
3. ʉʫʧʝʩʴ, ʩʝʨʘʷ, ʤʷʛʢʘʷ, ʠʟʚʝʩʪʢʦʚʠʩʪʘʷ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʧʝʩʯʘʥʦʡ ʬʨʘʢʮʠʠ, ʩʢʨʳʪʦʩʣʦʠʩʪʳʡ (0,10). 

4. ʇɻ-1. ʉʫʛʣʠʥʦʢ, ʪʸʤʥʦ-ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʞʠʨʥʳʡ, ʧʝʨʝʭʦʜ ʧʦʩʪʝʧʝʥʥʳʡ (0,30). 
5. ʉʫʛʣʠʥʦʢ, ʩʝʨʳʡ, ʞʸʣʪʦʚʘʪʦ-ʩʝʨʳʡ, ʧʣʦʪʥʳʡ, ʠʟʚʝʩʪʢʦʚʠʩʪʳʡ, ʩʢʨʳʪʦʩʣʦʠʩʪʳʡ, ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚʩʪʨʝʯʘʶʪʩʷ 

ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʚʢʣʶʯʝʥʠʷ ʠ ʨʞʘʚʳʝ ʧʷʪʥʘ, ʧʝʨʝʭʦʜ ʨʝʟʢʠʡ (0,85). 
6. ɻʘʣʝʯʥʠʢ, ʩʝʨʳʡ, ʤʝʣʢʦʛʘʣʝʯʥʠʢʦʚʳʡ. 
ɺʩʝʛʦ ʦʪʦʙʨʘʥʦ 50 ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ɽʩʪʝʩʪʚʝʥʥʘʷ ʦʩʪʘʪʦʯʥʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʩʫʛʣʠʥʢʦʚ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ (0,8õ52,4)*10-6ʉɻʉ, ʧʨʠ Incʨ=12,6*10-6ʉɻʉ, ʘ ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 
(10,0õ95,0)*10-6ʉɻʉ ʧʨʠ ɢʩʨ=26,3*10-6ʉɻʉ. ɺʷʟʢʘʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴ ʧʦʨʦʜ ʥʝ ʧʨʝʚʳʰʘʝʪ 35% In ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ In ʠ ɢ 
ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʩʫʧʝʩʠ ʠ ʧʦʯʚʳ. ɺ ʮʝʣʦʤ ʤʘʛʥʠʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʨʦʜ ʦʯʝʥʴ ʥʠʟʢʠʝ. 

ʀʟʫʯʝʥʠʝ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʨʝʟʦʚ ʂʘʨʘʩʫ ʠ ʏʠʨʯʠʢ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ II 
ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ ʚ ʙʘʩʩʝʡʥʝ ʨ. ʏʠʨʯʠʢ ʥʘʤʘʛʥʠʯʝʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɿʝʤʣʠ 
(ɼʩʨ=35Á, Jcp=58Á), ʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʂʘʨʘʩʫ ʫʩʪʘʥʦʚʣʝʥ ʢʨʘʪʢʦʚʨʝʤʝʥʥʳʡ ʧʦʣʷʨʥʳʡ ʵʢʩʢʫʨʩ ɼmax = 178Á, Jmax 
=38Á. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʟʨʝʟʘʭ ʛʦʣʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʨʝʛʠʦʥʘ, ʦʪʤʝʯʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʢʨʫʧʥʝʥʠʝ ʦʩʘʜʢʦʚ ʦʪ 
ʜʨʝʚʥʝʛʦʣʦʮʝʥʦʚʳʭ ʢ ʩʦʚʨʝʤʝʥʥʳʤ, ʠ, ʦʯʝʚʠʜʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʫʩʠʣʝʥʠʝʤ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʚʠʞʝʥʠʡ ʚ ʛʦʣʦʮʝʥʝ. 

ʀʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʢʘʟʳʚʘʝʪ ʨʝʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʢ 
"ʞʸʩʪʢʠʭ" ʧʘʣʝʦʤʘʛʥʠʪʥʳʭ ʨʝʧʝʨʦʚ ʚ "ʥʝʤʳʭ" ʦʪʣʦʞʝʥʠʷʭ ʜʣʷ ʭʨʦʥʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʵʪʘʣʦʥʥʳʤʠ 
ʨʘʟʨʝʟʘʤʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ ʛʦʣʦʮʝʥʘ ʥʝ ʪʦʣʴʢʦ ʙʘʩʩʝʡʥʘ ʨ. ʏʠʨʯʠʢ, ʥʦ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʦʚ ʋʟʙʝʢʠʩʪʘʥʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩʣʘʙʫʶ ʦʙʝʩʧʝʯʝʥʥʦʩʪʴ ʨʘʟʨʝʟʦʚ 
ʙʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʇ. ʇʘʨʥʘʯʝʚ 
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʇʨʠʩʘʣʘʠʨʩʢʘʷ ʟʦʥʘ ʂʫʟʙʘʩʩʘ ʨʘʩʧʦʣʦʞʝʥʘ ʚʜʦʣʴ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʘ, ʧʨʝʜʩʪʘʚʣʷʷ ʩʦʙʦʡ ʜʫʛʫ, 

ʦʙʨʘʱʝʥʥʫʶ ʚʳʧʫʢʣʦʩʪʴʶ ʢ ʮʝʥʪʨʫ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ. ʇʘʨʘʣʣʝʣʴʥʦ ʛʨʘʥʠʮʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢʨʫʧʥʳʝ ʧʨʦʜʦʣʴʥʳʝ 
ʨʘʟʨʳʚʳ ʠ ʦʩʠ ʦʩʥʦʚʥʳʭ ʩʢʣʘʜʦʢ ʵʪʦʡ ʟʦʥʳ. ʇʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʩʢʣʘʜʢʠ ʩʫʙʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (ʫʥʜʫʣʷʮʠʦʥʥʳʡ 
ʪʠʧ ʩʢʣʘʜʯʘʪʦʩʪʠ), ʦʙʷʟʘʥʥʳʝ ʩʚʦʠʤ ʧʦʷʚʣʝʥʠʝʤ ʜʘʚʣʝʥʠ ʁʩʦ ʩʪʦʨʦʥʳ ʂʦʣʳʚʘʥʴ ï ʊʦʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʟʦʥʳ. ɻʦʨʥʳʝ 
ʧʦʨʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʠʩʧʳʪʘʣʠ ʩʠʣʴʥʳʝ ʜʝʬʦʨʤʘʮʠʠ. ʆʥʠ ʩʦʙʨʘʥʳ ʚ ʩʢʣʘʜʢʠ ʠ ʨʘʟʦʨʚʘʥʳ ʢʨʫʧʥʳʤʠ ʧʨʦʜʦʣʴʥʳʤʠ 
ʥʘʨʫʰʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ 100 - 150 ʢʤ. ʕʪʠ ʨʘʟʨʳʚʳ ʦʙʳʯʥʦ ʧʘʜʘʶʪ ʥʘ ʶʛʦ-ʟʘʧʘʜ ʧʦʜ ʫʛʣʦʤ 40-800, 
ʠʤʝʶʪ ʘʤʧʣʠʪʫʜʫ ʩʤʝʱʝʥʠʷ ʜʦ 2000 ʤ ʠ ʙʦʣʝʝ. ʆʥʠ ʨʘʟʙʠʚʘʶʪ ʫʛʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ ʨʘʡʦʥʘ ʥʘ ʨʷʜ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʙʣʦʢʦʚ. ɺʨʝʤʷ ʧʨʦʷʚʣʝʥʠʷ ʩʢʣʘʜʯʘʪʦʩʪʠ ʧʦʟʜʥʠʡ ʪʨʠʘʩ - ʨʘʥʥʷʷ ʶʨʘ. ɺ ʦʩʥʦʚʝ ʧʨʦʮʝʩʩʘ ʩʦʟʜʘʥʠʷ ʧʣʠʢʘʪʠʚʥʳʭ 
ʩʪʨʫʢʪʫʨ, ʣʝʞʠʪ ʧʝʨʝʤʝʱʝʥʠʝ ʠ ʚʨʘʱʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ (ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʠʨʘʟʣʦʤʥʳʤ ʩʤʷʪʠʝʤ). 

ʇʨʦʩʪʠʨʘʥʠʝ ʩʪʨʫʢʪʫʨʥʦʡ ʪʨʠʘʜʳ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ. ʇʨʦʜʫʢʪʠʚʥʳʝ ʦʪʣʦʞʝʥʠʷ, ʚ 
ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʟʘʣʝʞʠ ʫʛʣʷ, ʠʤʝʶʪ ʧʝʨʤʩʢʠʡ ʚʦʟʨʘʩʪ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʫʛʣʠ ʙʘʣʘʭʦʥʩʢʦʡ ʩʝʨʠʠ, ʚʝʨʭʥʝʙʘʣʘʭʦʥʩʢʦʡ 
ʧʦʜʩʝʨʠʠ (P1bl). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʘʥʘʣʠʟʘ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʇʨʠʩʘʣʘʠʨʩʢʦʡ ʟʦʥʳ ʂʫʟʙʘʩʩʘ ʚʳʜʝʣʝʥʦ ʜʚʝ ʙʣʦʢʦʚʳʭ 
ʩʠʩʪʝʤʳ (ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ) ï ɹʘʯʘʪʩʢʘʷ, ʂʨʘʩʥʦʙʨʦʜʩʢʘʷ (ʉʳʩʦʝʚ, ʉʪʨʝʣʷʝʚ, 2004). ɿʘ ʛʨʘʥʠʮʳ ɹʘʯʘʪʩʢʦʡ ʙʣʦʢʦʚʦʡ 
ʩʠʩʪʝʤʳ ʧʨʠʥʠʤʘʶʪʩʷ ʜʚʘ ʨʘʟʣʦʤʘ ʥʘ ʟʘʧʘʜʝ ï ɹʘʯʘʪʩʢʠʡ ʨʘʟʣʦʤ (ʥʘʨʫʰʝʥʠʝ ñɸò), ʥʘ ʚʦʩʪʦʢʝ ʊʳʨʛʘʥʩʢʠʡ ʨʘʟʣʦʤ. 
ʂʨʘʩʥʦʙʨʦʜʩʢʘʷ ʙʣʦʢʦʚʘʷ ʩʠʩʪʝʤʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʂʘʣʟʳʛʘʡʩʢʠʤ ʨʘʟʣʦʤʦʤ (ʜʠʟʲʶʥʢʪʠʚ ñʈò) ʠ ʂʠʩʝʣʝʚʩʢʠʤ 
ʨʘʟʣʦʤʦʤ. ʈʘʟʣʦʤʳ ʠʤʝʶʪ ʚʟʙʨʦʩʦʚʳʡ ʭʘʨʘʢʪʝʨ, ʩ ʘʤʧʣʠʪʫʜʦʡ ʧʝʨʝʤʝʱʝʥʠʷ ʜʦ 2-3 ʢʤ. ɺ ʮʝʣʦʤ, ʚ ʧʣʘʥʝ 
ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ɹʘʯʘʪʩʢʦʡ ʠ ʂʨʘʩʥʦʙʨʦʜʩʢʦʡ ʙʣʦʢʦʚʳʭ ʩʠʩʪʝʤ ʦʪʤʝʯʘʝʪʩʷ ʪʦ, ʯʪʦ ʂʨʘʩʥʦʙʨʦʜʩʢʘʷ ʙʣʦʢʦʚʘʷ ʩʠʩʪʝʤʘ 

ʦʧʫʱʝʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ɹʘʯʘʪʩʢʦʡ ʥʘ 2 - 2,5 ʢʤ ʧʦ ʊʳʨʛʘʥʩʢʦʤʫ ʠ ʂʘʣʟʳʛʘʡʩʢʦʤʫ ʨʘʟʣʦʤʘʤ. ʕʪʦ ʩʳʛʨʘʣʦ ʚʘʞʥʫʶ ʨʦʣʴ 
ʚ ʠʟʤʝʥʝʥʠʠ ʢʘʯʝʩʪʚʘ ʫʛʦʣʴʥʳʭ ʩʣʦʝʚ. 

ʆʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʩʢʣʘʜʢʦʦʙʨʘʟʦʚʘʥʠʠ ʠ ʤʦʨʬʦʣʦʛʠʠ ʩʢʣʘʜʦʢ ʠʛʨʘʶʪ ʨʘʟʣʦʤʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʘʤʧʣʠʪʫʜʳ ʥʘʨʫʰʝʥʠʡ ʢʘʞʜʳʡ ʠʟ ʙʣʦʢʦʚ, ʚʭʦʜʷʱʠʡ ʚ ɹʘʯʘʪʩʢʫʶ ʠʣʠ ʂʨʘʩʥʦʙʨʦʜʩʢʫʶ ʙʣʦʢʦʚʫʶ ʩʠʩʪʝʤʫ, ʚ ʩʠʣʫ 
ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʟʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʩʦ ʩʪʦʨʦʥʳ ʩʤʝʞʥʳʭ ʙʣʦʢʦʚ. ʉʤʝʞʥʳʝ ʙʣʦʢʠ ʧʨʠ ʵʪʦʤ ʜʚʠʞʫʪʩʷ (ʘ 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʩʠʣʳ ʚʷʟʢʦʛʦ ʪʨʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ) ʣʠʙʦ ʚ ʦʜʥʫ, ʣʠʙʦ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʩʪʦʨʦʥʳ. ɺʣʠʷʥʠʝ ʥʘ 
ʢʦʥʝʯʥʫʶ ʬʦʨʤʫ ʩʢʣʘʜʦʢ ʦʢʘʟʳʚʘʝʪ ʠʩʭʦʜʥʦʝ ʟʘʣʝʛʘʥʠʝ ʧʦʨʦʜ ʢ ʤʦʤʝʥʪʫ ʥʘʣʦʞʝʥʠʷ ʨʘʟʣʦʤʦʚ. ʈʦʣʴ ʵʪʦʛʦ ʬʘʢʪʦʨʘ 
ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. ʉʦʛʣʘʩʥʦ ʵʪʦʤʫ ʨʠʩʫʥʢʫ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʩʭʝʤʳ ʧʨʠʣʦʞʝʥʠʷ ʫʩʠʣʠʡ ʚʷʟʢʦʛʦ ʢʦʥʪʘʢʪʥʦʛʦ ʪʨʝʥʠʷ 

ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʙʣʦʢʫ: 
ʘ) ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʘʷ, ʢʦʛʜʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 
ʙ) ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʘʷ, ʢʦʛʜʘ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʩʠʣʳ ʜʝʡʩʪʚʫʶʪ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ (ʥʘ ʨʠʩʫʥʢʝ ʧʦʢʘʟʘʥʦ 

ʩʪʨʝʣʢʘʤʠ). 
ʇʦ ʪʘʢʦʤʫ ʧʨʠʥʮʠʧʫ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʩʢʣʘʜʦʢ ʚ ɹʘʯʘʪʩʢʦʡ ʠ ʂʨʘʩʥʦʙʨʦʜʩʢʦʡ ʪʝʢʪʦʥʦ-ʙʣʦʢʦʚʳʭ 

ʩʠʩʪʝʤʘʭ. 
ɹʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʜʝʨʞʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ (Ni, Co, Sr, Ba) ʦʪ ʩʪʨʫʢʪʫʨʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʫʛʦʣʴʥʦʡ ʟʘʣʝʞʠ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʭʦʜʷʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʠʙʦʣʝʝ 

ʧʦʛʨʫʞʝʥʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʘʭ (ʪʘʙʣ.1). ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥ ʪʦʣʴʢʦ ʧʫʪʝʤ 
ʩʠʥʛʝʥʝʟʘ. ʅʘʠʙʦʣʝʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʠʟʥʘʥʠʠ ʤʦʱʥʦʛʦ ʚʣʠʷʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ï ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʧʨʠʚʥʦʩʝ ʵʣʝʤʝʥʪʦʚ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʭ ʚ ʧʦʣʷʨʥʳʭ ʬʣʶʠʜʦʘʢʪʠʚʥʳʭ ʟʦʥʘʭ. 

ʄʝʞʙʣʦʢʦʚʳʝ ʩʠʩʪʝʤʳ ʨʘʟʣʦʤʦʚ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʜʨʝʥʘʞʥʳʝ ʟʦʥr, ʩʚʷʟʳʚʘʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʵʪʘʞʠ 
ʘʢʢʫʤʫʣʷʮʠʠ ʬʣʶʠʜʦʚ ʠ ʧʣʘʩʪʳ ʫʛʣʷ ʨʘʟʣʠʯʥʳʭ ʪʦʣʱ. ʕʪʠ ʜʨʝʥʘʞʥʳʝ ʩʠʩʪʝʤʳ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʚʘʞʥʝʡʰʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 
ʵʣʝʤʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦ-ʤʘʩʩʦʦʙʤʝʥ. ʈʦʜʦʥʘʯʘʣʴʥʠʢʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʬʣʶʠʜʦʚ ʷʚʣʷʝʪʩʷ 
ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ ʧʣʶʤ ʧʝʨʤʴ-ʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ (ɼʦʙʨʝʮʦʚ, 1997), ʦʜʥʠʤ ʠʟ ʧʨʦʷʚʣʝʥʠʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʨʘʧʧʦʚʳʡ 
ʤʘʛʤʘʪʠʟʤ ʢʘʢ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ, ʪʘʢ ʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʩʘʤʦʛʦ ʂʫʟʥʝʮʢʦʛʦ ʛʨʘʙʝʥ-ʨʠʬʪʘ. 



 
 

ʈʠʩ.1. ɺʘʨʠʘʥʪʳ ʤʦʨʬʦʛʝʥʝʟʘ ʩʢʣʘʜʦʢ ʢʘʢ ʬʫʥʢʮʠʠ ʧʝʨʝʤʝʱʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ ɹʘʯʘʪʩʢʦʡ ʠ 

ʂʨʘʩʥʦʙʨʦʜʩʢʦʡ ʪʝʢʪʦʥʦ-ʙʣʦʢʦʚʳʭ ʩʠʩʪʝʤ ʚ ʩʚʷʟʠ ʩ ʧʦʣʷʨʥʳʤʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʦʙʩʪʘʥʦʚʢʘʤʠ. 
 
ɺ ʇʨʠʩʘʣʘʠʨʩʢʦʡ ʟʦʥʝ ʂʫʟʙʘʩʩʘ, ʧʦ ʦʪʥʦʰʝʥʠʶ ʢʦ ʚʩʝʤʫ ʫʛʦʣʴʥʦʤʫ ʙʘʩʩʝʡʥʫ, ʬʠʢʩʠʨʫʝʪʩʷ ʧʦʣʦʩʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʧʘʣʝʦʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʕʪʠ ʦʪʢʣʦʥʝʥʠʷ ʫʢʘʟʳʚʘʪʁ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʜʝʩʴ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʪʦʢʘ 
ʪʝʧʣʘ ʠʟ ʥʝʜʨ ɿʝʤʣʠ. ʊʘʢʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʛʝʦʪʝʨʤʠʯʝʩʢʦʤ ʛʨʘʜʠʝʥʪʝ 50ð60Áʉ/ʢʤ 90 (ʉʝʤʝʨʢʠʥ, 1971). 
ʇʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ ʤʦʛʣʦ ʦʙʨʘʟʦʚʘʪʴʩʷ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʨʦʛʠʙʘ ʚʜʦʣʴ 
ʵʪʦʡ ʧʦʣʦʩʳ ʜʥʘ ʙʘʩʩʝʡʥʘ, ʤʘʣʦ ʚʝʨʦʷʪʥʦ, ʪʘʢ ʢʘʢ ʥʠʢʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʫʚʝʣʠʯʝʥʠʷ ʥʘ 1,5 ð 2 ʢʤ ʤʦʱʥʦʩʪʠ 

ʚʳʰʝʣʝʞʘʱʠʭ ʩʚʠʪ ʚ ʨʘʟʨʝʟʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʪʘʢʦʝ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʛʝʦʪʝʨʤʠʯʝʩʢʦʛʦ ʛʨʘʜʠʝʥʪʘ 
ʚʦʟʥʠʢʣʦ ʠʤʝʥʥʦ ʟʘ ʩʯʝʪ ʚʦʟʜʝʡʩʪʚʠʷ ʛʣʫʙʠʥʥʦʛʦ, ʤʘʥʪʠʡʥʦʛʦ ʪʝʧʣʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʉ.ɺ. ʂʨʳʣʦʚʳʤ ʠ ʜʨ. (ʂʨʳʣʦʚ, 1971) ʛʣʫʙʠʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʨʘʡʦʥʝ ʉʘʣʘʠʨʩʢʦʛʦ 
ʢʨʷʞʘ ʚʳʷʚʠʣʠ ʛʣʫʙʠʥʥʳʡ ʢʨʫʪʦʧʘʜʘʶʱʠʡ ʨʘʟʣʦʤ, ʩʣʝʜʷʱʠʡʩʷ ʜʦ ʛʣʫʙʠʥʳ 60 ʢʤ. ɼʘʥʥʳʡ ʨʘʟʣʦʤ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ 
ʧʦʜʚʦʜʷʱʠʤ ʢʘʥʘʣʦʤ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʄʘʥʪʠʡʥʳʡ ʜʠʘʧʠʨʠʟʤ ʩʯʠʪʘʝʪʩʷ ʥʘʤʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʭʘʥʠʟʤʦʚ ʦʙʤʝʥʘ ʚʝʱʝʩʪʚʦʤ ʤʝʞʜʫ ʦʙʦʣʦʯʢʘʤʠ 
ɿʝʤʣʠ. ʄʠʥʠʤʘʣʴʥʘʷ ʦʮʝʥʢʘ ʦʙʲʝʤʘ ʤʘʥʪʠʡʥʳʭ ʧʣʶʤʦʚ ʤʦʞʝʪ ʠʩʭʦʜʠʪʴ ʠʟ ʪʦʛʦ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʬʘʥʝʨʦʟʦʷ ʜʝʡʩʪʚʦʚʘʣʦ 
ʦʢʦʣʦ 300 ʧʣʶʤʦʚ ʩ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 2*104 ʢʤ3 ʛʠʙʨʠʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ɼʦʙʨʝʮʦʚ, 1997). 

ʅʘʨʷʜʫ ʩ ʧʨʠʚʥʦʩʦʤ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʣʠʷʚʰʝʡ ʥʘ ʩʪʝʧʝʥʴ 
ʫʛʣʝʬʠʢʘʮʠʠ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʫʛʣʝʡ. ʇʣʘʩʪʳ ʫʛʣʷ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ñʞʝʩʪʢʠʤʠò ʪʝʧʣʦʚʳʤʠ 
ʵʢʨʘʥʘʤʠ. ɼʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦ ʘʜʩʦʨʙʠʨʫʷ ʚʦʩʭʦʜʷʱʠʡ ʪʝʨʤʠʯʝʩʢʠʡ ʧʦʪʦʢ, ʦʥʠ ʩʘʤʠ ʩʪʘʥʦʚʷʪʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʥʩʠʚʥʦʡ 
ʪʝʧʣʦʚʦʡ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʬʠʢʩʠʨʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʦʪʨʘʞʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʚʠʪʨʠʥʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʠ ʦʪ ʛʣʫʙʠʥʳ ʟʘʣʝʛʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚʳʭ ʩʠʩʪʝʤ (ʪʘʙʣ.1) (ʉʳʩʦʝʚ, 
ʉʪʨʝʣʷʝʚ, 2004). 

ʍʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʚ ʫʛʣʷʭ ʪʝʩʥʦ ʩʚʷʟʘʥʳ ʩ ʠʩʪʦʯʥʠʢʘʤʠ ʪʝʧʣʘ. ʆʥʠ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ, ʨʝʞʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʩʘʤʦʨʦʜʥʦʤ ʚʠʜʝ. ʀʟʫʯʘʝʤʳʝ ʥʠʢʝʣʴ ʠ ʢʦʙʘʣʴʪ ʦʪʤʝʯʘʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʦʚ: ʥʠʢʝʣʴ-ʢʦʙʘʣʴʪʦʚʳʡ 
ʧʠʨʠʪ [(Ni, Co, Fe)S2]. ʉʪʨʦʥʮʠʡ ʠ ʙʘʨʠʡ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʦʢʩʠʜʦʚ: ʪʘʫʩʦʥʠʪ [SrTiO3], ʭʦʥʛʢʚʠʠʪ [BaTiO3] (ʪʘʙʣ.1). 

 

ʊʘʙʣʠʮʘ 1 
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ʄʘʨʢʘ ʫʛʣʷ 
 

Ni Co Sr Ba 

ɹʘʯʘʪʩʢʠʡ 12 5 280 143 II1-III 3 1,1-1,35 ʂ-ʂʆ 

ʂʨʘʩʥʦʙʨʦʜʩʢʠʡ 39 13 229 245 IV1-IV 3 1,30-1,74 ʊ 

ʇʨʠʤʝʯʘʥʠʝ: ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʫʛʣʷʭ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ, ʧʨʦʚʝʜʝʥʥʳʡ ʜʣʷ ʚʩʝʭ ʫʛʣʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʘʙʦʨʘʪʦʨʠʠ. ʃʘʙʦʨʘʪʦʨʥʳʝ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ, ʛ. 
ʊʦʤʩʢ. ʉʦʛʣʘʩʥʦ ɻʆʉʊ 110022-95. 

 
ʊʠʧʠʯʥʘʷ ʧʦʟʠʮʠʷ ʥʘʭʦʞʜʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʫʛʣʝ ï ʥʘʨʘʩʪʘʥʠʝ ʥʘ ʩʪʝʥʢʘʭ ʩʦʭʨʘʥʠʚʰʠʭʩʷ ʜʨʝʚʝʩʥʳʭ ʩʦʩʫʜʦʚ, 

ʧʨʠʯʝʤ ʤʠʥʝʨʘʣʳ, ʟʘʥʠʤʘʶʱʠʝ ʪʘʢʫʶ ʧʦʟʠʮʠʶ, ʯʘʩʪʦ ʠʤʝʶʪ ʛʨʠʙʦʦʙʨʘʟʥʫʶ ʬʦʨʤʫ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 
ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ ʬʦʨʤ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʪʣʦʞʝʥʠʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʟ ʬʠʣʴʪʨʫʶʱʠʭʩʷ ʨʘʩʪʚʦʨʦʚ, 
ʷʚʣʷʶʱʠʭʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʦʪʯʝʪʣʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ 
ʦʪ ʣʦʢʘʣʠʟʘʮʠʠ ʫʛʦʣʴʥʳʭ ʟʘʣʝʞʝʡ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʢʪʦʥʦ-ʙʣʦʢʘʭ. ɺʘʞʥʦ, ʯʪʦ ʢʘʯʝʩʪʚʦ ʫʛʣʝʡ ʟʘʚʠʩʠʪ ʦʪ ʢʣʘʚʠʰʥʦ-
ʙʣʦʢʦʚʳʭ ʩʠʩʪʝʤ ʇʨʠʩʘʣʘʠʨʩʢʦʡ ʟʦʥʳ ʂʫʟʙʘʩʩʘ ʠʟ-ʟʘ ʨʘʟʥʦʦʙʲʝʤʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʩʦʩʪʘʚʦʤ ʭʠʤ. 
ʵʣʝʤʝʥʪʦʚ ʫʛʣʝʡ ʨʘʟʣʠʯʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɸʄʌʀɹʆʃʓ ɹɽʈɽʅɼɾɸʂʉʂʆʁ ɿʆʅʓ ʄɽʊɸʉʆʄɸʊʀʏɽʉʂʆʁ 

ɻʈɸʅʀʊʀɿɸʎʀʀ (ʂʋɿʅɽʎʂʀʁ ɸʃɸʊɸʋ) 
ɸ.ʖ. ʌʘʣʴʢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɹ.ɼ. ɺʘʩʠʣʴʝʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʅʘ ɹʝʨʝʥʜʞʘʢʩʢʦʡ ʧʣʦʱʘʜʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʟʦʥʳ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ ʛʨʘʥʠʪʦʧʦʜʦʙʥʳʭ 
ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ɸʨʳʰʪʘʝʚ, ɺʘʩʠʣʴʝʚ, 1983), ʢʦʪʦʨʳʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʳ. ɺ ʩʚʷʟʠ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 
ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʵʪʠʭ ʟʦʥ (ʌʘʣʴʢ, 2004) ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʠʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 
ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʧʦʨʦʜ çʨʘʤʳè ʧʨʠʚʦʜʠʣʦʩʴ ʚ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ 
ʨʘʙʦʪʘʭ (ʌʘʣʴʢ, 2003; ʌʘʣʴʢ, 2004). 

ʀʟʫʯʝʥʠʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʧʝʨʝʤʝʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʘʤʬʠʙʦʣʦʚ, ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ 
ʧʨʦʟʨʘʯʥʦ-ʧʦʣʠʨʦʚʘʥʥʳʤ ʰʣʠʬʘʤ ʥʘ ʧʨʠʤʝʨʝ ʧʝʨʝʩʝʯʝʥʠʷ ʟʦʥ çʛʨʘʥʠʪʠʟʘʮʠʠè ʧʦ ʀʧʯʫʣ ï ɹʠʟʠʥʩʢʦʤʫ ʚʦʜʦʨʘʟʜʝʣʫ ʢʘʢ 
ʥʘʠʙʦʣʝʝ ʧʦʢʘʟʘʪʝʣʴʥʦʤʫ (ʪʘʙʣ.1), ʪʘʢ ʢʘʢ ʥʘ ʟʘʧʘʜʝ ʟʦʥʘ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʛʨʘʥʠʪʠʟʘʮʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʤʝʪʘʙʘʟʘʣʴʪʘʤ 

ʢʦʤʤʫʥʘʨʦʚʩʢʦʡ ʩʚʠʪʳ, ʘ ʥʘ ʚʦʩʪʦʢʝ ï ʧʦ ʤʝʪʘʛʘʙʙʨʦʠʜʘʤ ʀʟʳʭʩʢʦʛʦ ʤʘʩʩʠʚʘ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ ʘʤʬʠʙʦʣʦʚ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʘʚʪʦʨʦʤ ʚ ʀʥʩʪʠʪʫʪʝ ʤʠʥʝʨʘʣʦʛʠʠ ɺʝʩʪʬʘʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʄʶʥʩʪʝʨ, ɻʝʨʤʘʥʠʷ) ʥʘ ʤʠʢʨʦʟʦʥʜʝ JEOL JXA 8600MX ʧʨʠ ʫʩʢʦʨʷʶʱʝʤ ʥʘʧʨʷʞʝʥʠʠ 15 ʢɺ ʠ ʪʦʢʝ 
ʧʦʛʣʦʱʝʥʠʷ 15 ʥɸ. ʌʦʨʤʫʣʳ ʘʤʬʠʙʦʣʦʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 23 ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ, ʧʨʝʜʧʦʣʘʛʘʷ 2(OH, F, Cl). 
ʆʮʝʥʢʘ ʩʦʜʝʨʞʘʥʠʷ Fe3+ ʠ ʨʘʩʯʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʬʦʨʤʫʣ ʘʤʬʠʙʦʣʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ɼʞ. ʐʫʤʘʭʝʨʘ 
(Schumacher, 1997) ʧʨʠ ʜʦʧʫʩʢʝ, ʯʪʦ ʩʫʤʤʘ ʢʘʪʠʦʥʦʚ (ʠʩʢʣʶʯʘʷ Na+K) ʨʘʚʥʘ 15. 

ʊʘʙʣʠʮʘ 1 

ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʟʦʥʘʭ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʛʨʘʥʠʪʠʟʘʮʠʠ 

 

ʐʣʠʬ ʇʦʨʦʜʘ ʄʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ* 

ʀ-1 ʩʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʘʙʘʟʘʣʴʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʀ-2 ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʡ ʤʝʪʘʙʘʟʘʣʴʪ Fe-Hbl + Mg-Hbl + Fe-Ts + Act 

ʀ-5 ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʡ ʤʝʪʘʙʘʟʘʣʴʪ Mg-Hs + Mg-Hbl + Prg +Krs + Act 

ʀ-6 ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʡ ʤʝʪʘʙʘʟʘʣʴʪ Fe-Hbl + Mg-Hbl + Act 

ʀ-7 ʘʤʬʠʙʦʣ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ Krs + Prg + Act 

ʀ-9 ʭʣʦʨʠʪ-ʘʣʴʙʠʪ-ʢʚʘʨʮʝʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʀ-10-4 ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ (çʧʣʘʛʠʦʛʨʘʥʠʪè) ʦʪʩʫʪʩʪʚʫʶʪ 

ʀ-14 ʭʣʦʨʠʪ-ʘʣʴʙʠʪ-ʢʚʘʨʮʝʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ ʦʪʩʫʪʩʪʚʫʶʪ 

ʀ-17-2 ʘʤʬʠʙʦʣ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ Fe-Hbl + Fe-Act 

ʀ-20 ʤʝʪʘʛʘʙʙʨʦ Mg-Hbl + Act 

ʀ-21 ʘʤʬʠʙʦʣ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʡ ʤʝʪʘʩʦʤʘʪʠʪ Mg-Hs + Mg-Hbl + Act 

*ʅʘʟʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ ʜʘʥʳ ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʤʬʠʙʦʣʦʚ, ʧʨʠʥʷʪʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 
ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ɸʩʩʦʮʠʘʮʠʝʡ (Leak et. al., 1997). Fe-Hbl ï ʞʝʣʝʟʠʩʪʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, Mg-Hbl ï ʤʘʛʥʝʟʠʘʣʴʥʘʷ 
ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ, Act ï ʘʢʪʠʥʦʣʠʪ, Fe-Act ï ʞʝʣʝʟʠʩʪʳʡ ʘʢʪʠʥʦʣʠʪ, Krs ï ʢʝʨʩʫʪʠʪ, Mg-Hs ï ʤʘʛʥʝʟʠʘʣʴʥʳʡ 

ʛʘʩʪʠʥʛʩʠʪ, Fe-Ts ï ʞʝʣʝʟʠʩʪʳʡ ʯʝʨʤʘʢʠʪ. 
 
ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ʟʦʥʳ ʛʨʘʥʠʪʠʟʘʮʠʠ ʩʣʘʛʘʝʪʩʷ ʢʚʘʨʮ-ʘʣʴʙʠʪʦʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ (çʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠè, ʦʙʨ. 

ʀ-10-4), ʣʠʰʝʥʥʳʤʠ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ. ɺ ʟʦʥʘʭ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʨʠʣʝʛʘʶʱʠʭ ʢ çʧʣʘʛʠʦʛʨʘʥʠʪʘʤè (ʦʙʨ. 
ʀ-9, ʀ-14), ʘʤʬʠʙʦʣʳ ʦʪʩʫʪʩʪʚʫʶʪ, ʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʬʝʥ-ʵʧʠʜʦʪ-ʭʣʦʨʠʪʦʚʦʛʦ 
ʘʛʨʝʛʘʪʘ ʧʦ ʥʠʤ. 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʩʪʘʚ ʘʤʬʠʙʦʣʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʟʦʥr ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʛʨʘʥʠʪʠʟʘʮʠʠ 

 
ʐʣʠʬ ʀ-2 ʀ-5 ʀ-6 ʀ-7 
ʄʠʥʝʨʘʣ Fe-

Hbl 
Mg-
Hbl 

Fe-Ts Mg-
Hbl 

Mg-
Hs 

Prg Ks Fe-
Hbl 

Mg-
Hbl 

Ks Prg 

SiO2 44,03 52,02 42,88 51,88 42,48 42,1 41,46 44,07 49,6 38,67 42,39 

TiO2 0,2 0,4 0 0,46 3,77 4,06 5,07 0,38 0,3 4,94 0,42 



Al2O3 12,18 5,06 14,65 4,89 10,48 11,17 11,05 11,06 6,72 13,7 13,11 

FeO 21,29 13,42 20,62 11,78 13,45 13 12,86 21,37 17,88 15,72 16,31 

MnO 0,26 0,26 0,31 0,13 0,36 0,29 0,27 0,54 0,41 0,29 0,31 

MgO 6,83 14,14 6,14 15,08 12,94 12,61 12,75 8,2 11,62 9,4 10,54 

CaO 11,65 12,2 11,61 12,14 10,68 10,99 10,67 11,15 11,06 11,77 11,73 

Na2O 1,13 0,68 1,23 0,64 2,74 3,02 2,86 1,42 0,96 2,34 2,25 

K2O 0,34 0 0,35 0,14 0,69 0,71 0,61 0,18 0,1 1,79 0,46 

Total* 97,91 98,18 97,79 97,14 97,59 97,95 97,6 98,37 98,65 98,62 97,52 
* ʙʝʟ ʫʯʝʪʘ (OH, F, Cl) 

Formula Proportions based on cation ideal occupancies and 23 oxygen cations 

Si 6,628 7,466 6,452 7,475 6,281 6,223 6,135 6,566 7,208 5,836 6,308 
IV

Al  1,372 0,534 1,548 0,523 1,719 1,778 1,865 1,434 0,793 2,165 1,691 
VI

Al  0,788 0,322 1,049 0,306 0,107 0,168 0,062 0,508 0,358 0,272 0,607 

Ti 0,023 0,043 0 0,050 0,419 0,451 0,564 0,043 0,033 0,561 0,047 

Fe
3+

 0,273 0,117 0,211 0,106 0,302 0,145 0,226 0,630 0,373 0 0,393 

Mg 1,533 3,026 1,377 3,239 2,852 2,779 2,813 1,821 2,517 2,115 2,338 

Fe
2+

 2,407 1,493 2,384 1,313 1,361 1,462 1,365 2,033 1,799 1,984 1,636 

Mn 0,033 0,032 0,040 0,016 0,045 0,036 0,034 0,068 0,050 0,037 0,039 

Ca 1,879 1,876 1,871 1,874 1,692 1,740 1,692 1,780 1,722 1,903 1,870 

Na 0,330 0,189 0,359 0,179 0,785 0,865 0,820 0,410 0,270 0,685 0,649 

K 0,065 0 0,067 0,026 0,130 0,134 0,115 0,034 0,019 0,345 0,087 

Sum 15,331 15,098 15,358 15,107 15,693 15,781 15,691 15,327 15,142 15,903 15,665 

 
ʅʘ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʝ ʟʦʥʳ ʛʨʘʥʠʪʠʟʘʮʠʠ, ʨʘʟʚʠʚʘʶʱʝʡʩʷ ʧʦ ʤʝʪʘʙʘʟʘʣʴʪʘʤ ʢʦʤʤʫʥʘʨʦʚʩʢʦʡ ʩʚʠʪʳ, ʤʠʥʝʨʘʣʳ 

ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ ʧʦ ʤʝʨʝ ʧʨʦʜʚʠʞʝʥʠʷ ʢ ʚʥʝʰʥʝʡ ʛʨʘʥʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ: ʢʝʨʩʫʪʠʪʦʤ ʠ ʨʘʟʚʠʚʘʶʱʠʤʩʷ ʧʦ ʥʝʤʫ 

ʧʘʨʛʘʩʠʪʦʤ ʠ ʘʢʪʠʥʦʣʠʪʦʤ (ʦʙʨ. ʀ-7); ʞʝʣʝʟʠʩʪʦʡ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ (ʦʙʨ. ʀ-6); ʤʘʛʥʝʟʠʘʣʴʥʳʤ 
ʛʘʩʪʠʥʛʩʠʪʦʤ, ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, ʨʝʜʢʠʤʠ ʤʝʣʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʧʘʨʛʘʩʠʪʘ ʠ ʢʝʨʩʫʪʠʪʘ (ʦʙʨ. ʀ-5); 
ʞʝʣʝʟʠʩʪʦʡ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ ʠ ʞʝʣʝʟʠʩʪʳʤ ʯʝʨʤʘʢʠʪʦʤ (ʦʙʨ. ʀ-2). ɺ ʵʪʦʡ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ 
ʬʦʨʤʠʨʫʶʪʩʷ ʙʝʩʢʚʘʨʮʝʚʳʝ ʢʝʨʩʫʪʠʪʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʪʝʤʥʦïʟʝʣʝʥʦʡ ʪʦʥʢʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ 
ʤʘʩʩʦʡ, ʩʣʦʞʝʥʥʦʡ ʘʣʴʙʠʪʦʤ, ʢʝʨʩʫʪʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʥʘ ʬʦʥʝ ʢʦʪʦʨʦʡ ʚʳʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʝ (1ï
5 ʤʤ) ʢʨʠʩʪʘʣʣʳ ʢʝʨʩʫʪʠʪʘ (ʦʙʨ. ʀ-7). ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʤʝʪʘʙʘʟʘʣʴʪʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʚ ʚʠʜʝ 
ʩʪʨʫʡ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʘʤʬʠʙʦʣʳ (ʦʙʨ. ʀ-6). 

ɺ ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʦʪ çʧʣʘʛʠʦʛʨʘʥʠʪʦʚè ʢ ʤʝʪʘʛʘʙʙʨʦ ʦʧʨʝʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ: 

ʞʝʣʝʟʠʩʪʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠ ʞʝʣʝʟʠʩʪʳʡ ʘʢʪʠʥʦʣʠʪ (ʦʙʨ. ʀ-17-2), ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʛʘʩʪʠʥʛʩʠʪ ʠ ʟʘʤʝʱʘʶʱʠʝ ʝʛʦ 
ʤʘʛʥʝʟʠʘʣʴʥʘʷ ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠ ʘʢʪʠʥʦʣʠʪ (ʦʙʨ. ʀ-21). ɿʜʝʩʴ ʥʘ ʬʣʘʥʛʝ ʩʬʦʨʤʠʨʦʚʘʥʳ ʪʝʤʥʳʝ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ 
ʘʤʬʠʙʦʣïʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʤʝʪʘʛʘʙʙʨʦʠʜʘʤ ʞʝʣʝʟʠʩʪʘʷ ʨʦʛʦʚʘʷ 
ʦʙʤʘʥʢʘ ʩʤʝʥʷʝʪʩʷ ʤʘʛʥʝʟʠʘʣʴʥʳʤ ʛʘʩʪʠʥʛʩʠʪʦʤ. 

 

ʊʘʙʣʠʮʘ 3 

ʉʦʩʪʘʚ ʘʤʬʠʙʦʣʦʚ, ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʥʘ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʟʦʥr ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʛʨʘʥʠʪʠʟʘʮʠʠ 

 

ʐʣʠʬ ʀ-17-2 ʀ-20 ʀ-21 

ʄʠʥʝʨʘʣ Fe-Hbl Fe-Act Mg-Hbl Mg-Hbl Mg-Hs 

SiO2 50 50,67 52,34 51,67 42,36 

TiO2 0,78 0,62 0,24 0,75 0,99 

Al 2O3 4,35 3,79 5,6 3,54 12,5 

FeO 22,71 23,18 10,91 11,53 10,78 

MnO 0,32 0,57 0,25 0,3 0,18 

MgO 9,1 9,56 16,82 16,41 15 

CaO 9,75 9,33 10,85 11,43 11,24 

Na2O 0,93 0,93 0,87 1,01 2,6 

K2O 0,35 0,26 0,1 0,28 1,07 

Total* 98,29 98,91 97,98 96,92 96,72 

* ʙʝʟ ʫʯʝʪʘ (OH, F, Cl) 

Formula Proportions based on cation ideal occupancies and 23 oxygen cations 

Si 7,472 7,523 7,392 7,450 6,214 
IVAl  0,528 0,477 0,608 0,550 1,786 
VIAl  0,239 0,187 0,324 0,052 0,375 

Ti 0,088 0,069 0,025 0,081 0,109 

Fe3+ 0,191 0,223 0,273 0,295 0,501 

Mg 2,027 2,116 3,542 3,528 3,280 

Fe2+ 2,647 2,655 1,016 1,096 0,821 

Mn 0,041 0,072 0,030 0,037 0,022 

Ca 1,561 1,484 1,642 1,766 1,766 

Na 0,269 0,268 0,238 0,282 0,739 

K 0,067 0,049 0,018 0,051 0,200 

Sum 15,130 15,123 15,108 15,188 15,813 

 



ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ ʘʤʬʠʙʦʣʦʚ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʘʭ 2 ʠ 3. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1-3, ʚ ʧʝʨʝʭʦʜʥʳʭ ʟʦʥʘʭ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʦʣʴʢʦ ʢʘʣʴʮʠʝʚʳʝ ʘʤʬʠʙʦʣʳ, ʧʨʠʯʝʤ ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (çʧʣʘʛʠʦʛʨʘʥʠʪʦʚè), 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʩʤʝʥʘ ʠʭ ʩʦʩʪʘʚʘ: Ti-ʩʦʜʝʨʞʘʱʠʝ (ʢʝʨʩʫʪʠʪ, ʧʘʨʛʘʩʠʪ) ­ ʤʘʛʥʝʟʠʘʣʴʥʳʝ ­ ʞʝʣʝʟʠʩʪʳʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʙʘʣʘʥʩʘ ʚʝʱʝʩʪʚʘ ʧʨʠ ʤʝʪʘʩʦʤʘʪʦʟʝ (ʌʘʣʴʢ, 2003) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʦʥʘ çʛʨʘʥʠʪʠʟʘʮʠʠè 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʘʢ ʟʦʥʘ ʢʨʝʤʥʝïɦ ʝʣʦʯʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʘ ʩ ʧʨʠʚʥʦʩʦʤ 
Si, Na ʠ K, ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʚʳʥʦʩʦʤ Fe, Mn, Mg, Ca ʚ ʟʦʥʳ ʙʘʟʠʬʠʢʘʮʠʠ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʥʘ ʬʣʘʥʛʘʭ ʟʦʥʳ ʛʨʘʥʠʪʠʟʘʮʠʠ. 
ɼʣʷ ʧʝʨʝʭʦʜʥʳʭ ʢ ʧʦʨʦʜʘʤ çʨʘʤʳè ʟʦʥ (ʟʦʥ ʙʘʟʠʬʠʢʘʮʠʠ) ʭʘʨʘʢʪʝʨʥʦ: ʫʤʝʥʴʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʚʘʨʮʘ ʥʘ ʬʣʘʥʛʘʭ; 
ʠʥʪʝʥʩʠʚʥʘʷ ʵʧʠʜʦʪʠʟʘʮʠʷ ʠ ʘʤʬʠʙʦʣʠʟʘʮʠʷ, ʚʧʣʦʪʴ ʜʦ ʦʙʨʘʟʦʚʘʥʠʷ ʘʤʬʠʙʦʣʦʚʳʭ (ʢʝʨʩʫʪʠʪʦʚʳʭ, ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʳʭ, 
ʛʘʩʪʠʥʛʩʠʪʦʚʳʭ) ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʤʝʥʘ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʘʤʬʠʙʦʣʦʚ ʦʪʨʘʞʘʝʪ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ 
ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʨʝʤʥʝ-ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʙʣʘʛʦʜʘʨʷ ʩʪʠʧʝʥʜʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʜʣʷ ʧʨʦʭʦʞʜʝʥʠʷ ʥʘʫʯʥʳʭ ʩʪʘʞʠʨʦʚʦʢ ʟʘ ʨʫʙʝʞʦʤ ʠ 

ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ 2.27.2005 ʈʦʩʦʙʨʘʟʦʚʘʥʠʷ. 
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ʌʆʈɸʄʀʅʀʌɽʈʓ ʅʀɾʅɽʄɽʃʆɺʓʍ ʆʊʃʆɾɽʅʀʁ ʋʉʊʔ-ɽʅʀʉɽʁʉʂʆɻʆ 

ʈɸʁʆʅɸ 
ʉ.ʅ. ʍʘʬʘʝʚʘ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʟʘʚʝʜʫʶʱʠʝ ʣʘʙʦʨʘʪʦʨʠʷʤʠ ɸ.ɺ.ʂʘʥʳʛʠʥ, ɹ.ʃ.ʅʠʢʠʪʝʥʢʦ 
ʅʦʚʦʩʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 

 
ʊʝʨʨʠʪʦʨʠʷ ʋʩʪʴ-ɽʥʠʩʝʡʩʢʦʛʦ ʨʘʡʦʥʘ ʷʚʣʷʣʘʩʴ ʧʦʣʠʛʦʥʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʪʨʘʪʠʛʨʘʬʠʠ ʤʝʟʦʟʦʷ ʠ ʢʘʡʥʦʟʦʷ 

ʩʝʚʝʨʘ ʉʠʙʠʨʠ. ʀʤʝʥʥʦ ʥʘ ʵʪʦʡ ʠ ʩʦʩʝʜʥʠʭ ʪʝʨʨʠʪʦʨʠʷʭ ʥʘʭʦʜʷʪʩʷ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʩʚʠʪ ʤʝʟʦʟʦʷ ʩʝʚʝʨʘ 
ʉʠʙʠʨʠ. ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʠ ʢʦʨʨʝʣʷʮʠʷ ʤʝʟʦʟʦʷ ʉʠʙʠʨʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ ʘʥʘʣʠʟʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʦʨʩʢʠʭ ʤʦʣʣʶʩʢʦʚ, ʤʠʢʨʦʬʘʫʥʳ (ʬʦʨʘʤʠʥʠʬʝʨʳ, ʤʠʢʨʦʬʦʨʘʤʠʥʠʬʝʨʳ ʠ ʦʩʪʨʘʢʦʜʳ), 

ʦʜʥʦʢʣʝʪʦʯʥʳʭ ʚʦʜʦʨʦʩʣʝʡ, ʩʧʦʨ ʠ ʧʳʣʴʮʳ ʠ ʜʨ. ɿʥʘʯʝʥʠʝ ʬʦʨʘʤʠʥʠʬʝʨ, ʢʘʢ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʜʠʢʘʪʦʨʘ, ʚʝʩʴʤʘ 
ʚʳʩʦʢʦ, ʪʘʢ ʢʘʢ ʵʪʘ ʛʨʫʧʧʘ ʦʨʛʘʥʠʟʤʦʚ ʠʤʝʝʪ ʚʳʩʦʢʠʝ ʪʝʤʧʳ ʵʚʦʣʶʮʠʠ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ ʬʘʮʠʡ (ʦʪ 
ʩʦʣʦʥʦʚʘʪʳʭ ʜʦ ʥʦʨʤʘʣʴʥʦ ʩʦʣʝʥʳʭ) ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʥʠʞʥʝʛʦ ʤʝʣʘ. ɺ 
ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʰʢʘʣʘ ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʨʘʩʯʣʝʥʝʥʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ ʤʝʣʘ ʥʘ ʟʘʢʨʳʪʳʭ 
ʪʝʨʨʠʪʦʨʠʷʭ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʦʡ ʩʪʨʘʪʠʛʨʘʬʠʠ ʵʪʘ ʛʨʫʧʧʘ ʧʦʩʪʦʷʥʥʦ ʧʨʠʚʣʝʢʘʣʘ ʚʥʠʤʘʥʠʝ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ɹʫʣʣʳʥʠʢʦʚʘ, 1973; ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʷ, 1982; ɸʪʣʘʩ, 1990). 

ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʟʦʟʦʷ ʋʩʪʴ-ɽʥʠʩʝʡʩʢʦʛʦ ʨʘʡʦʥʘ ʘʢʪʠʚʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʦʥʮʝ 1950-ʭ-
ʥʘʯʘʣʝ 1970-ʭ ʛʦʜʦʚ, ʧʦ ʤʝʨʝ ʨʘʟʚʝʨʪʳʚʘʥʠʷ ʧʦʠʩʢʦʚʦʛʦ ʙʫʨʝʥʠʷ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʤʘʩʩʦʚʳʝ ʧʦʠʩʢʦʚʳʝ ʠ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʩʤʝʩʪʠʣʠʩʴ ʚ ʩʝʚʝʨʥʳʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ, ʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ 
ʤʝʟʦʟʦʷ ʨʘʟʨʘʙʘʪʳʚʘʣʠʩʴ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʣʠʩʴ ʫʞʝ ʥʘ ʵʪʠʭ ʪʝʨʨʠʪʦʨʠʷʭ. ʅʘʯʠʥʘʷ ʩ 1980-ʭ ʛʦʜʦʚ, ʢʝʨʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʩ 
ʪʝʨʨʠʪʦʨʠʠ ʋʩʪʴ-ɽʥʠʩʝʡʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʩʪʫʧʘʣ ʚ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʠ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʩʭʝʤ ʤʝʟʦʟʦʷ ʉʠʙʠʨʠ ʧʨʠʭʦʜʠʣʦʩʴ ʦʧʠʨʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʩʪʘʨʳʝ ʜʘʥʥʳʝ ʧʦ ʋʩʪʴ-
ɽʥʠʩʝʡʩʢʦʤʫ ʨʘʡʦʥʫ. 

ʈʘʟʨʘʙʦʪʢʘ ʠ ʜʝʪʘʣʠʟʘʮʠʷ ʟʦʥʘʣʴʥʳʭ ʰʢʘʣ ʥʠʞʥʝʛʦ ʤʝʣʘ ʧʦ ʤʠʢʨʦʬʦʩʩʠʣʠʷʤ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ 
ʣʠʪʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʳʤ ʨʘʟʨʝʟʘʤ. ʊʘʢʠʤʠ ʨʘʟʨʝʟʘʤʠ ʷʚʣʷʶʪʩʷ 
ʝʩʪʝʩʪʚʝʥʥʳʝ ʚʳʭʦʜʳ ʤʝʟʦʟʦʷ, ʚʩʢʨʳʪʳʝ ʚ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ʟʘʧʘʜʥʦʤ ʦʙʨʘʤʣʝʥʠʠ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʆʜʥʘʢʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʛʠʛʘʥʪʩʢʠʝ ʪʝʨʨʠʪʦʨʠʠ ʉʠʙʠʨʠ ʷʚʣʷʶʪʩʷ ñʟʘʢʨʳʪʳʤʠò ʠ ʠʟʫʯʝʥʠʝ ʩʪʨʘʪʠʛʨʘʬʠʠ ʵʪʠʭ ʪʦʣʱ, 
ʨʝʢʦʥʩʪʨʫʢʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʦ ʢʝʨʥʫ ʩʢʚʘʞʠʥ. ʈʘʟʨʝʟʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ʋʩʪʴ-ɽʥʠʩʝʡʩʢʦʤ 
ʨʘʡʦʥʝ, ʚʩʢʨʳʪʳʝ ʩʢʚʘʞʠʥʘʤʠ ʚ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʢʝʨʥʦʤ. 
ʅʝʧʨʝʨʳʚʥʳʡ ʦʪʙʦʨ ʢʝʨʥʘ ʚ ʵʪʠʭ ʩʢʚʘʞʠʥʘʭ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʤʥʦʛʠʝ ʩʧʦʨʥʳʝ ʚʦʧʨʦʩʳ ʩʪʨʘʪʠʛʨʘʬʠʠ ʥʠʞʥʝʛʦ ʤʝʣʘ; 
ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʣʠʪʦʩʪʨʘʪʦʥʘʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʢʝʨʥʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʠʦʩʪʨʘʪʦʥʦʚ ʧʦ 
ʤʠʢʨʦʬʦʩʩʠʣʠʷʤ; ʫʪʦʯʥʠʪʴ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʤʝʞʜʫ ʙʠʦʩʪʨʘʪʦʥʘʤʠ ʚ ʰʢʘʣʘʭ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ, ʠ ʚ 
ʠʪʦʛʝ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʠ ʫʪʦʯʥʠʪʴ ʟʦʥʘʣʴʥʳʝ ʰʢʘʣʳ. 



ʄʘʪʝʨʠʘʣʦʤ ʜʣʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʧʦʩʣʫʞʠʣʘ ʢʦʣʣʝʢʮʠʷ ʬʦʨʘʤʠʥʠʬʝʨ, ʧʦʣʫʯʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 
ʦʙʨʘʟʮʦʚ ʠʟ ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʉʝʚʝʨʦ-ɺʦʣʦʛʘʯʘʥʩʢʘʷ-18 ʠ ʉʝʚʝʨʦ-ɺʦʣʦʛʘʯʘʥʩʢʘʷ-23 (ʉʝʚʝʨʦ-ɺʦʣʦʛʘʯʘʥʩʢʘʷ ʧʣʦʱʘʜʴ, 
ʋʩʪʴ-ɽʥʠʩʝʡʩʢʠʡ ʨʘʡʦʥ). ʉʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪʳ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʶʨʳ ʠ ʤʝʣʘ (ʦʪ ʦʢʩʬʦʨʜʘ ʜʦ ʩʝʥʦʤʘʥʘ). 

ɺ ʠʪʦʛʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʧʦʣʥʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʥʠʞʥʝʤʝʣʦʚʳʭ 
ʪʦʣʱ ʠ ʧʨʠʚʝʜʝʥʘ ʤʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʦʚ ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ. 
ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʘʢʩʦʥʦʚ ʠʟʫʯʝʥʥʳʭ ʛʨʫʧʧ ʤʠʢʨʦʬʦʩʩʠʣʠʡ 
ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʟʦʥʘʣʴʥʦʝ ʨʘʩʯʣʝʥʝʥʠʝ ʨʘʟʨʝʟʦʚ ʋʩʪʴ-ɽʥʠʩʝʡʩʢʦʛʦ ʨʘʡʦʥʘ. ɺ ʠʟʫʯʝʥʥʳʭ ʨʘʟʨʝʟʘʭ ʧʨʦʩʣʝʞʝʥʳ 
ʙʠʦʩʪʨʘʪʦʥʳ ʨʝʛʠʦʥʘʣʴʥʦʡ ʰʢʘʣʳ ʥʠʞʥʝʛʦ ʤʝʣʘ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ ʧʦ ʬʦʨʘʤʠʥʠʬʝʨʘʤ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ 
(ʬʦʨʘʤʠʥʠʬʝʨʦʚʳʝ ʟʦʥʳ, ʩʣʦʠ ʩ ʬʦʨʘʤʠʥʠʬʝʨʘʤʠ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʭʘʨʘʢʪʝʨʥʳʭ ʚʠʜʦʚ. 

ʄʠʢʨʦʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʫʶ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʣʠʪʦʩʪʨʘʪʦʥʦʚ ʠ ʫʪʦʯʥʠʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʛʨʘʥʠʮ ʨʷʜʘ ʠʟʫʯʝʥʥʳʭ ʩʚʠʪ. ʆʩʥʦʚʫ 

ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʝ ʛʨʫʧʧʳ ʬʦʨʘʤʠʥʠʬʝʨ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚ 
ʘʤʤʦʜʠʩʢʠʜ, ʪʨʦʭʘʤʤʠʥʠʜ. ʂʦʣʠʯʝʩʪʚʦ ʨʦʜʦʚ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʭ ʬʦʨʘʤʠʥʠʬʝʨ ʚ ʥʠʞʥʝʤʝʣʦʚʳʭ ʤʦʨʩʢʠʭ ʧʘʣʝʦʮʝʥʦʟʘʭ 
ʢʦʣʝʙʣʝʪʩʷ ʦʪ 55% ʚ ʙʝʨʨʠʘʩʝ ʜʦ 70% ʚ ʨʘʥʥʝʤ ʛʦʪʝʨʠʚʝ, ʘ ʧʦ ʯʠʩʣʫ ʵʢʟʝʤʧʣʷʨʦʚ ʦʥʠ ʝʱʝ ʙʦʣʝʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳ. ʊʘʢ ʚ 
ʙʝʨʨʠʘʩʢʠʭ ʩʣʦʷʭ ʩ Gaudryina gerkei ʠ Trochammina rosaceaformis, ʘ ʪʘʢ ʞʝ ʚ ʛʦʪʝʨʠʚʩʢʠʭ ʩʣʦʷʭ ʩ Cribrostomoides 
concavoides ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʘʛʛʣʶʪʠʥʠʨʫʶʱʠʝ ʨʘʢʦʚʠʥʳ ʬʦʨʘʤʠʥʠʬʝʨ. ʉʨʝʜʠ ʥʠʭ ʣʠʰʴ ʠʟʨʝʜʢʘ 
ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʥʦʜʦʟʘʨʠʠʜ, ʨʝʞʝ ʧʦʣʠʤʦʨʬʠʥʠʜ, ʤʠʣʠʦʣʠʜ, ʮʝʨʘʪʦʙʫʣʠʤʠʥʠʜ. ʇʨʠ ʠʟʫʯʝʥʠʠ 
ʪʘʢʩʦʥʦʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʘʩʩʦʮʠʘʮʠʡ ʬʦʨʘʤʠʥʠʬʝʨ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʯʘʩʪʦʪʳ 
ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʧʦ 7-ʙʘʣʴʥʦʡ ʰʢʘʣʝ; 100 (ʠʟʦʙʠʣʠʝ) - ʤʥʦʛʠʝ ʩʦʪʥʠ ʵʢʟʝʤʧʣʷʨʦʚ; 30 (ʦʯʝʥʴ ʤʥʦʛʦ) ï ʤʥʦʛʠʝ ʜʝʩʷʪʢʠ; 9 

(ʤʥʦʛʦ) ï ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ; 5 (ʦʯʝʥʴ ʯʘʩʪʦ) ï 11-15 ʵʢʟʝʤʧʣʷʨʦʚ; 3 (ʯʘʩʪʦ) ï 6-10 ʵʢʟʝʤʧʣʷʨʦʚ; 2 (ʨʝʜʢʦ) -3-5 ʵʢʟʝʤʧʣʷʨʘ; 1 
(ʦʯʝʥʴ ʨʝʜʢʦ) ï 1-2 ʵʢʟʝʤʧʣʷʨʘ, ʚʳʨʘʞʝʥʥʳʝ ʚ ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤ ʠ ʢʨʫʛʦʚʳʭ ʜʠʘʛʨʘʤʤ. 
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ɻɽʆɼʀʅɸʄʀʂɸ ʌʆʈʄʀʈʆɺɸʅʀʗ ʋʅʀʂɸʃʔʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ɾɸʁʈɽʄ (ʎɽʅʊʈɸʃʔʅʓʁ ʂɸɿɸʍʉʊɸʅ) 
ʃ.ɺ. ʐʘʙʘʣʠʥʘ 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ ʠʤʝʥʠ ʂ.ʀ. ʉʘʪʧʘʝʚʘ, ʛ. ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 
ɺ 40-70-ʭ ʛʦʜʘʭ ʍʍ ʩʪʦʣʝʪʠʷ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ ʦʪʢʨʳʪʳ ʠ ʨʘʟʚʝʜʘʥʳ ʢʨʫʧʥʳʝ ʠ ʩʫʧʝʨʢʨʫʧʥʳʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʘʨʛʘʥʮʘ, ʞʝʣʝʟʘ, ʮʠʥʢʘ ʠ ʩʚʠʥʮʘ. ɿʘʧʘʩʳ Pb ʠ Zn ʪʦʣʴʢʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʘʡʨʝʤ, ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 
ʥʝʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ ʤʝʪʘʣʣʦʚ ʚ ʨʫʜʘʭ, ʧʨʝʚʦʩʭʦʜʷʪ ʩʫʤʤʘʨʥʳʝ ʟʘʧʘʩʳ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʈʫʜʥʦʛʦ ɸʣʪʘʷ (ʧʦ 
ʧʦʜʩʯʝʪʘʤ ʜʦ 1990 ʛ). ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʶʪʩʷ ʢʦʤʧʣʝʢʩʥʳʤʠ Mn-Fe-Pb-Zn-Cu, ʥʦ ʦʪʜʝʣʴʥʳʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʣʠʙʦ ʩʫʱʝʩʪʚʝʥʥʦ ʤʘʨʛʘʥʮʝʚʦ-ʞʝʣʝʟʦʨʫʜʥʳʝ, ʣʠʙʦ ʞʝʣʝʟʦʨʫʜʥʳʝ, ʣʠʙʦ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʨʫʜʥʳʝ. 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʵʪʦʡ ʚʘʞʥʝʡʰʝʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʜʦʣʛʦʝ ʚʨʝʤʷ ʦʩʪʘʚʘʣʘʩʴ ʥʝ ʷʩʥʦʡ. ɺ 
ʘʥʦʤʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʝʡ ʦʪʚʝʯʘʝʪ ʢʨʫʧʥʳʡ (300 ʪʳʩ. ʢʤ2) ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʤʠʥʠʤʫʤ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʠʣ 

ʥʘʟʚʘʥʠʝ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ (ʎʂɻʄ) (ʨʠʩ.1). ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʵʪʦʡ ʫʥʠʢʘʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʧʨʠʚʣʝʢʘʣʘ 
ʚʥʠʤʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʢʦʣʝʥʠʡ ʛʝʦʬʠʟʠʢʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʛʣʫʙʠʥʥʦʝ ʩʪʨʦʝʥʠʝ ʧʣʦʱʘʜʠ, ʦʭʚʘʯʝʥʥʦʡ ʎʂɻʄ, 
ʦʩʚʝʱʝʥʦ ʤʥʦʛʠʤʠ ʧʨʦʬʠʣʷʤʠ ʛʣʫʙʠʥʥʦʛʦ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ʅʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʦʙʠʣʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 
ʤʘʪʝʨʠʘʣʦʚ, ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʤʠʥʠʤʫʤʫ ʜʘʚʘʣʠʩʴ ʨʘʟʥʳʝ ʠʩʪʦʣʢʦʚʘʥʠʷ. ʉʣʦʞʥʦʩʪʴ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, 
ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʘʷ ʘʥʦʤʘʣʠʷ ʦʭʚʘʪʳʚʘʣʘ ʯʨʝʟʚʳʯʘʡʥʦ ʢʦʥʪʨʘʩʪʥʳʝ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ 
ʩʪʨʫʢʪʫʨʳ. ɿʘʧʘʜʥʘʷ ʧʦʣʦʚʠʥʘ ʘʥʦʤʘʣʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʭʦʜʘʤ ʧʦʨʦʜ ʜʦʢʝʤʙʨʠʷ (PR2) ɸʢʪʘʫ-ʄʦʠʥʪʠʥʩʢʦʛʦ 
ʘʥʪʠʢʣʠʥʦʨʠʷ, ʝʝ ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ ï ʚʳʭʦʜʘʤ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʦʨʜʦʚʠʢʘ-ʩʠʣʫʨʘ ʥʘ ʶʛʝ ɾʘʤʘʥ-ʉʘʨʳʩʫʡʩʢʦʛʦ 
ʘʥʪʠʢʣʠʥʦʨʠʷ, ʚʦʩʪʦʯʥʘʷ ï ʢʘʤʝʥʥʦʫʛʦʣʴʥʦ-ʧʝʨʤʩʢʠʤ ʢʦʤʧʣʝʢʩʘʤ ɹʘʣʭʘʰ-ʀʣʠʡʩʢʦʛʦ ʥʘʟʝʤʥʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʧʦʷʩʘ. 

ʈʘʟʥʠʮʘ ʚ ʛʣʫʙʠʥʝ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʩʪʨʫʢʪʫʨ, ʚʳʭʦʜʷʱʠʭ ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʟʘʧʘʜʥʦʡ, ʮʝʥʪʨʘʣʴʥʦʡ ʠ 
ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʷʭ ʧʨʦʚʠʥʮʠʠ, ʜʦʩʪʠʛʘʝʪ 15-17 ʢʤ. ʉʫʱʝʩʪʚʝʥʥʳʡ ʩʜʚʠʛ ʚ ʧʦʥʠʤʘʥʠʠ ʧʨʠʨʦʜʳ ʎʂɻʄ ʧʨʦʠʟʦʰʝʣ ʧʦʩʣʝ 
ʩʨʘʚʥʝʥʠʷ ʝʛʦ ʩ ʘʥʦʤʘʣʠʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʨʠʬʪʦʚʳʭ ʩʠʩʪʝʤ (ɺʦʩʪʦʯʥʦ-ɸʬʨʠʢʘʥʩʢʦʡ, 
ɹʘʡʢʘʣʴʩʢʦʡ ʠ ʜʨ.). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʫʧʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ, 
ʩʭʦʜʥʳʤʠ ʩ ʎʂɻʄ (ʃʦʙʢʦʚʩʢʠʡ, 1988). ʋʯʠʪʳʚʘʷ ʵʪʦʪ ʬʘʢʪʦʨ, ʎʝʥʪʨʘʣʴʥʳʡ ʂʘʟʘʭʩʪʘʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ 
ʧʘʣʝʦʘʥʘʣʦʛʘ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʚ ʧʨʦʮʝʩʩʝ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʨʠʬʪʦʛʝʥʝʟʘ (ʐʘʙʘʣʠʥʘ, 
2002). ʍʘʨʘʢʪʝʨʥʘ ʦʚʘʣʴʥʘʷ ʚ ʧʣʘʥʝ ʬʦʨʤʘ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ, ʝʝ ʜʚʫʭʵʪʘʧʥʦʝ ʨʘʩʢʨʳʪʠʝ ʚ ʨʘʥʥʝʤ (ʆ1-S1) ʠ ʩʨʝʜʥʝʤ 



(D3fm-C1t) ʧʘʣʝʦʟʦʝ; ʩʧʨʝʜʠʥʛʘ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʤʝʥ-ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ 
ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ, ʚ ʢʦʪʦʨʳʭ ʣʦʢʘʣʠʟʦʚʘʥʦ ʦʨʫʜʝʥʝʥʠʝ ï ʧʦ ʧʝʨʠʬʝʨʠʠ. 

ʅʘʤʠ ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʎʂɻʄ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʚʝʯʘʶʱʠʭ ʝʤʫ ʛʣʫʙʠʥʥʳʭ ʩʪʨʫʢʪʫʨ, 

ʭʦʨʦʰʦ ʦʪʦʙʨʘʞʝʥʥʳʭ ʚ ʘʥʦʤʘʣʴʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʠ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-ʩʢʦʨʦʩʪʥʳʭ ʨʘʟʨʝʟʘʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʦ 
ʜʘʥʥʳʤ ɻʉɿ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ ʥʘ ʫʨʦʚʥʝ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʚʳʷʚʣʝʥʳ ʜʚʘ 
ʩʘʪʝʣʣʠʪʘ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʫʧʦʣʦʚʠʜʥʳʝ ʩʚʦʜʦʚʳʝ ʧʦʜʥʷʪʠʷ ʛʨʘʥʫʣʠʪ-ʙʘʟʠʪʦʚʦʛʦ ʩʣʦʷ 
ʟʝʤʥʦʡ ʢʦʨʳ (ʨʠʩ. 2). ʉʦʩʪʘʚ ʩʦʙʩʪʚʝʥʥʦ ʤʘʥʪʠʡʥʳʭ ʜʠʘʧʠʨʦʚ ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʦʪʚʝʯʘʝʪ ʣʝʨʮʦʣʠʪʘʤ, ʰʧʠʥʝʣʝʚʳʤ 
ʚʝʙʩʪʝʨʠʪʘʤ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʤ, ʢʦʪʦʨʳʝ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʠʟʙʳʪʦʯʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʥʘ 
ʬʦʥʝ ʧʝʨʠʜʦʪʠʪʘ. ʇʨʠʨʦʜʘ ʤʘʥʪʠʡʥʳʭ ʜʠʘʧʠʨʦʚ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʚʝʱʝʩʪʚʘ ʧʠʨʦʣʠʪʦʚʦʛʦ 
(ʛʨʘʥʘʪ-ʣʝʨʮʦʣʠʪʦʚʦʛʦ) ʩʦʩʪʘʚʘ ʠ ʦʪʜʝʣʝʥʠʝʤ ʦʪ ʧʠʨʦʣʠʪʘ ʥʘʠʤʝʥʝʝ ʪʫʛʦʧʣʘʚʢʦʛʦ ʙʘʟʘʣʴʪʦʚʦʛʦ ʚʝʱʝʩʪʚʘ. ɺʥʝʜʨʝʥʠʝ 
ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʧʦʪʦʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ ʬʣʶʠʜʘ, ʨʘʩʢʨʳʪʠʝʤ ʨʠʬʪʦʚʳʭ ʟʦʥ, ʠʟʣʠʷʥʠʷʤʠ ʙʘʟʘʣʴʪʦʚ 

ʢʦʥʪʨʘʩʪʥʦʡ ʠ ʱʝʣʦʯʥʦʡ ʩʝʨʠʡ. ʉʦʚʨʝʤʝʥʥʳʡ ʦʙʣʠʢ ʩʪʨʫʢʪʫʨʳ ï ʢʦʣʣʠʟʠʦʥʥʳʡ; ʩʬʦʨʤʠʨʦʚʘʥ ʧʨʦʮʝʩʩʘʤʠ ʩʫʙʜʫʢʮʠʠ ʚ 
ʨʘʥʥʝʤ-ʩʨʝʜʥʝʤ ʜʝʚʦʥʝ ʠ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ - ʚ ʧʦʟʜʥʝʤ ʧʘʣʝʦʟʦʝ. 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ ʧʘʣʝʦʨʠʬʪʦʚʘʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʘʩʴ ʤʦʱʥʳʤʠ ʨʫʜʦʦʙʨʘʟʦʚʘʪʝʣʴʥʳʤʠ 
ʧʨʦʮʝʩʩʘʤʠ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠ ʢʨʫʧʥʳʝ ʩʪʨʘʪʠʬʦʨʤʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ Pb, Zn, Mn, Fe ʠ ɺʘ. ɺ ʵʪʠʭ ʧʨʦʮʝʩʩʘʭ 
ʙʦʣʴʰʫʶ ʨʦʣʴ ʠʛʨʘʣʠ ʧʦʪʦʢʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʤʘʥʪʠʡʥʳʭ ʬʣʶʠʜʦʚ, ʦʙʦʛʘʱʝʥʥʳʭ ʫʛʣʝʨʦʜʦʤ, ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʚʰʠʝ ʠʟ 
ʛʣʫʙʠʥ ʤʘʥʪʠʠ ʱʝʣʦʯʠ, ʭʣʦʨʠʜʳ, ʩʦʣʝʚʳʝ ʨʘʩʧʣʘʚʳ (ɹʝʩʧʘʝʚ, 1999) ʠ ʨʘʩʩʦʣʳ ʤʝʪʘʣʣʦʚ. 

 

ʌʘʤʝʥʩʢʠʝ ʨʫʜʦʚʤʝʱʘʶʱʠʝ ʪʦʣʱʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʨʩʢʠʤʠ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ (ʬʘʮʠʷʤʠ ʤʝʣʢʦʚʦʜʴʷ, 
ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ, ʤʫʪʴʝʚʳʭ ʧʦʪʦʢʦʚ, ʠʣʦʚʳʭ ʚʧʘʜʠʥ) ʠ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ï ʧʦʢʨʦʚʘʤʠ ʪʨʘʭʠʙʘʟʘʣʴʪʦʚ, 
ʪʨʘʭʠʨʠʦʣʠʪʦʚ ʠ ʪʫʬʦʛʝʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ. ʇʦʚʩʝʤʝʩʪʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʢʨʝʤʥʠʩʪʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ʅʘʠʙʦʣʝʝ 
ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʢʦʧʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʪʷʛʦʪʝʶʪ ʢ ʬʣʠʰʦʠʜʥʦʤʫ ʪʠʧʫ ʨʘʟʨʝʟʘ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʦʙʦʛʘʱʝʥʥʦʛʦ ʫʛʣʝʨʦʜʠʩʪʳʤ ʚʝʱʝʩʪʚʦʤ. ɾʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʨʫʜʳ, ʯʘʱʝ ʚʩʝʛʦ, ʟʘʣʝʛʘʶʪ ʦʪʜʝʣʴʥʦ ʦʪ ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʳʭ, ʠ ʪʷʛʦʪʝʶʪ ʢ ʫʟʣʦʚʘʪʦ-ʩʣʦʠʩʪʳʤ ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤ ʧʦʨʦʜʘʤ ʚʠʰʥʝʚʦʡ, ʙʝʣʦʡ ʠ ʩʝʨʦʡ ʦʢʨʘʩʢʠ, 
ʥʘʢʘʧʣʠʚʘʚʰʠʤʩʷ ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʠʟʙʳʪʢʝ ʢʠʩʣʦʨʦʜʘ. ʉʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʤʫ ʦʨʫʜʝʥʝʥʠʶ ʩʦʧʫʪʩʪʚʫʶʪ 
ʨʠʪʤʠʯʥʳʝ ʯʝʨʥʳʝ ʠ ʪʝʤʥʦ-ʩʝʨʳʝ ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ, ʦʩʘʞʜʘʚʰʠʝʩʷ ʚ ʙʝʩʢʠʩʣʦʨʦʜʥʦʡ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʫʩʣʦʚʠʷʭ ʟʘʩʪʦʡʥʳʭ ʠʣʦʚʳʭ ʚʧʘʜʠʥ. ʆʥʠ ʟʘʣʝʛʘʶʪ ʦʙʳʯʥʦ ʥʠʞʝ ʟʘʣʝʞʝʡ ʞʝʣʝʟʥʳʭ ʠ 
ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ, ʪʷʛʦʪʝʷ ʢ ʥʠʟʘʤ ʨʘʟʨʝʟʘ ʦʪʣʦʞʝʥʠʡ ʧʦʟʜʥʝʛʦ ʬʘʤʝʥʘ. ʆʙʘ ʪʠʧʘ ʦʨʫʜʝʥʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʛʣʘʩʥʳʤʠ 
ʣʠʥʟʦʚʠʜʥʳʤʠ ʟʘʣʝʞʘʤʠ ʦʩʘʜʦʯʥʦʛʦ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺʳʜʝʣʷʶʪʩʷ ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʝ 
ʩʪʦʣʙʦʦʙʨʘʟʥʳʝ, ʣʠʥʟʦʚʠʜʥʳʝ ʠ ʧʣʘʩʪʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʭ, ʮʠʥʢʦʚʦ-ʩʚʠʥʮʦʚʦ-ʙʘʨʠʪʦʚʳʭ ʠ ʤʝʜʥʦ-
ʙʘʨʠʪʦʚʳʭ ʨʫʜ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʛʝʥʝʟʠʩʘ. ʈʫʜʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʦʪʣʘʛʘʣʠʩʴ ʥʘ ʜʥʝ ʙʘʩʩʝʡʥʘ ʚ 

ʧʝʨʝʫʛʣʫʙʣʝʥʥʳʭ ʚʧʘʜʠʥʘʭ ʚ ʪʘʢʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ: ʚʥʠʟʫ ʩʚʠʥʝʮ, ʮʠʥʢ (ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ), 

ʚʳʰʝ ʧʦ ʛʣʫʙʠʥʥʦʤʫ ʫʨʦʚʥʶ ʙʘʩʩʝʡʥʘ - ʞʝʣʝʟʦ-ʤʘʨʛʘʥʝʮ (ʚ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʳ). 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʧʘʣʝʦʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ 

1 ï ʛʨʘʥʠʮʳ; 2 ï ʟʦʥʘ ʚʳʩʦʢʠʭ ʛʨʘʜʠʝʥʪʦʚ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʥʝʰʥʠʝ ʛʨʘʥʠʮʳ ʎʝʥʪʨʘʣʴʥʦ-

ʂʘʟʘʭʩʪʘʥʩʢʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʤʠʥʠʤʫʤʘ; 3 ï ʬʘʤʝʥ-ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʨʠʬʪʦʚʳʝ 

ʚʧʘʜʠʥʳ (I ï ɾʘʠʣʴʤʠʥʩʢʘʷ, II ï ʋʩʧʝʥʩʢʘʷ, III ï ɸʢʞʘʣ-ɸʢʩʦʨʘʥʩʢʘʷ, IV ï ʂʘʡʨʘʢʪʠʥʩʢʘʷ; V ï 

ʂʘʨʘʛʘʡʣʠʥʩʢʘʷ; VI ï ʂʘʨʘʩʦʨʩʢʘʷ); 4 ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ Mn-Fe-Pb-Zn-Cu ʨʫʜ (ʙʝʟ ʨʘʩʯʣʝʥʝʥʠʷ); 

5 ï ʊʘʩʞʘʨʛʘʥ-ɾʠʣʘʥʜʠʥʩʢʠʡ ʨʘʟʜʚʠʛ; 6 ï ʧʨʦʝʢʮʠʠ ʩʘʪʝʣʣʠʪʦʚ ʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ ʦʪ ʨʘʟʥʳʭ 

ʛʣʫʙʠʥ (ʢʤ) ʥʘ ʜʥʝʚʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ: ʣʝʞʘʯʝʛʦ ʙʦʢʘ ï ʘ, ʚʠʩʷʯʝʛʦ ʙʦʢʘ ï ʙ; 7 ï ʣʠʥʠʷ ʨʘʟʨʝʟʘ ʧʦ 

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʤʫ ʧʨʦʬʠʣʶ ʄʆɺɿ-ɻʉɿ (ʩʤ. ʨʠʩ. 2). 



ʉʫʧʝʨʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʘʡʨʝʤ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ɾʘʠʣʴʤʠʥʩʢʦʡ ʤʫʣʴʜʳ ï ʦʜʥʦʡ ʠʟ ʢʨʫʧʥʝʡʰʠʭ 
ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ ʬʘʤʝʥ-ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. ʄʫʣʴʜʘ ʦʨʠʝʥʪʠʨʦʚʘʥʘ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦ ʘʟ. 

300̄ . ɽʝ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ 135 ʢʤ, ʰʠʨʠʥʘ 45 ʢʤ. ɺ ʧʨʝʜʝʣʘʭ ʤʫʣʴʜʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʢʨʫʧʥʳʝ 

ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʨʘʞʘʣ, ʂʪʘʡ, ʂʣʳʯ, ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʋʰʢʘʪʳʥ III, ɹʝʩʪʶʙʝ ʠ ʜʨ. 

ʆʩʥʦʚʘʥʠʝ ʤʫʣʴʜʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʦʩʴ ʰʠʨʦʢʠʤ ʨʘʩʢʨʳʪʠʝʤ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʘʥʥʳʤʠ ʤʘʛʥʠʪʦ-
ʪʝʣʣʫʨʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ (ɸʣʴʤʫʭʘʥʙʝʪʦʚ, 1984).  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʨʠʬʪʦʚʳʭ ʚʧʘʜʠʥ, ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʙʦʨʪʘʤ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ, ɾʘʠʣʴʤʠʥʩʢʘʷ 
ʤʫʣʴʜʘ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʧʝʨʝʢ ʢ ʝʝ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʙʦʨʪʫ. ʈʘʟʨʝʟ ʤʫʣʴʜʳ ʧʦʜʩʪʠʣʘʝʪʩʷ ʚʫʣʢʘʥʠʯʝʩʢʠʤʠ ʢʦʤʧʣʝʢʩʘʤʠ 
ʜʝʚʦʥʩʢʦʛʦ ʥʘʟʝʤʥʦʛʦ ʧʦʷʩʘ, ʢʦʪʦʨʳʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʩʦʛʣʘʩʥʦ ʣʦʞʘʪʩʷ ʥʘ ʣʠʥʝʡʥʳʝ ʩʢʣʘʜʯʘʪʳʝ ʩʪʨʫʢʪʫʨʳ 
ʢʘʣʝʜʦʥʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʨʘʟʜʝʣʷʶʱʠʝ ʠʭ ʛʣʫʙʠʥʥʳʝ ʨʘʟʣʦʤʳ. ʂ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʫʣʴʜʳ, ʧʝʨʝʢʨʳʚʘʶʱʝʡ ʩʪʨʫʢʪʫʨʳ 
ʜʝʚʦʥʩʢʦʛʦ ʧʦʷʩʘ ʠ ɸʪʘʩʫʡʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ, ʧʨʠʫʨʦʯʝʥʦ ʞʝʣʝʟʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʂʘʨʘʞʘʣ. ʎʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 
ʤʫʣʴʜʳ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘʜ ʩʢʨʳʪʳʤ ʊʘʩʞʘʨʛʘʥ-ɾʠʣʘʥʜʠʥʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤ ʧʦʧʝʨʝʢ ʢ ʙʣʠʟʰʠʨʦʪʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʤʫʣʴʜʳ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʩʦʙʦʡ ʰʠʨʦʢʠʡ ʨʘʟʜʚʠʛ. ɺ ʦʩʝʚʦʡ ʯʘʩʪʠ ʨʘʟʜʚʠʛʦʚʦʡ ʟʦʥʳ ʣʦʢʘʣʠʟʦʚʘʥʦ 
ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɾʘʡʨʝʤ, ʘ ʚ ʝʝ ʧʨʠʙʦʨʪʦʚʳʭ ʯʘʩʪʷʭ, ʚ ʢʨʳʣʴʷʭ ɾʘʠʣʴʤʠʥʩʢʦʡ ʤʫʣʴʜʳ 
ï ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʋʰʢʘʪʳʥ III, ɾʦʤʘʨʪ ʠ ʜʨ. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʤʫʣʴʜʳ, ʫʜʘʣʝʥʥʘʷ ʦʪ 
ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ, ï ʙʝʟʨʫʜʥʘ. 

 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 

ʎʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʘʡʨʝʤ ʩʣʦʞʝʥʘ ʤʝʜʥʦ-ʙʘʨʠʪʦʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʩ ʛʝʤʘʪʠʪʦʤ, ʢʦʪʦʨʳʝ 

ʟʘʪʝʤ ʩʤʝʥʷʶʪʩʷ ʟʦʥʘʤʠ ʛʘʣʝʥʠʪ-ʙʘʨʠʪʦʚʳʭ, ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪ-ʙʘʨʠʪʦʚʳʭ, ʙʦʛʘʪʳʭ ʩʬʘʣʝʨʠʪ-ʛʘʣʝʥʠʪʦʚʳʭ ʩ ʙʘʨʠʪʦʤ, 
ʧʣʘʩʪʦʚʳʭ ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪʦʚʳʭ ʠ ʜʨʫʛʠʭ ʨʫʜ. 

ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʰʠʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʫʧʝʨʢʨʫʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɾʘʡʨʝʤ, ʚʳʨʘʞʝʥʳ: 1) 
ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝʤ ʤʦʱʥʦʡ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ ʚ ʪʝʯʝʥʠʝ ʬʘʤʝʥ-ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ 
ʚʨʝʤʝʥʠ; 2) ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʡ ʨʠʬʪʦʚʦʡ ʚʧʘʜʠʥʳ ʩ ʰʠʨʦʢʠʤ ʨʘʩʢʨʳʪʠʝʤ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʳ; 3) 
ʧʦʧʝʨʝʯʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ɾʘʠʣʴʤʠʥʩʢʦʡ ʤʫʣʴʜʳ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʙʦʨʪʫ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ; 4) ʨʘʩʧʦʣʦʞʝʥʠʝʤ 
ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʯʘʩʪʢʘ ʤʫʣʴʜʳ ʥʘʜ ʧʦʧʝʨʝʯʥʳʤ ʢ ʥʝʡ ʛʣʫʙʠʥʥʳʤ ʨʘʟʜʚʠʛʦʤ; 5) ʤʦʱʥʦʡ ʬʣʶʠʜʦʘʢʪʠʚʥʦʩʪʴʶ ʨʘʟʣʦʤʘ, 
ʦʙʝʩʧʝʯʠʚʰʝʡ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʪʦʣʱ, ʧʨʠʚʥʦʩ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʦ ʬʣʶʠʜʘʭ, ʩʦʣʝʚʳʭ 
ʨʘʩʧʣʘʚʘʭ ʠ ʨʘʩʩʦʣʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʚʠʜʥʦ, ʯʪʦ ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʘʷ 
ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʢʘʢ ʜʣʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʚʰʘʷ ʥʘʜʧʣʶʤʦʚʘʷ ʩʠʩʪʝʤʘ. 
ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʠ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʦʝ ʦʨʫʜʝʥʝʥʠʝ ʫʚʷʟʳʚʘʝʪʩʷ ʩ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤ ʨʠʬʪʦʛʝʥʝʟʦʤ, 
ʨʝʜʢʦʤʝʪʘʣʣʴʥʦʝ ï ʩ ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʵʪʘʧʝ ʢʦʣʣʠʟʠʦʥʥʦʛʦ ʩʞʘʪʠʷ ʧʘʣʝʦʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 

 
 

ʈʠʩ.2. ʇʣʦʪʥʦʩʪʥʘʷ ʤʦʜʝʣʴ ʨʘʟʨʝʟʘ ɿʂ ʠ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ ʧʦ  

ʎʝʥʪʨʘʣʴʥʦ-ʂʘʟʘʭʩʪʘʥʩʢʦʤʫ ʧʨʦʬʠʣʶ ʄʆɺɿ-ɻʉɿ 

1 ï ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ; 2 ï ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʝʤʥʦʡ ʢʦʨʳ ʠ 

 ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ, ʛ/ʩʤ
3
; 3 ï ʣʠʥʠʠ ʨʘʚʥʳʭ ʩʢʦʨʦʩʪʝʡ, ʢʤ/ʩ;  

4 ï ʛʨʘʬʠʢʠ ʘʥʦʤʘʣʠʠ ʩʠʣʳ ʪʷʞʝʩʪʠ: ʥʘʙʣʶʜʝʥʥʳʝ (ʘ), ʨʘʩʯʝʪʥʳʝ (ʙ) ʟʥʘʯʝʥʠʷ 
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ʂɸʈɹʆʅɸʊʅʓɽ ʆʊʃʆɾɽʅʀʗ ʈʀʌʆɺʓʍ ʂʆʄʇʃɽʂʉʆɺ ʖɻʆ-ɿɸʇɸɼʅʓʍ 

ʆʊʈʆɻʆɺ ɻʀʉʉɸʈʉʂʆɻʆ ʍʈɽɹʊɸ 
ʃ.ʇ. ʐʘʨʘʬʫʪʜʠʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʀ. ʊʨʦʠʮʢʠʡ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 

ʇʝʨʝʜ ʩʦʚʨʝʤʝʥʥʦʡ ʣʠʪʦʣʦʛʠʝʡ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʚʟʘʠʤʦʩʚʷʟʠ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ 
ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʚʦʣʶʮʠʠ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʙʘʩʩʝʡʥʦʚ, ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʬʘʮʠʘʣʴʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ, ʘ ʪʘʢʞʝ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤʠ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ. ʆʩʦʙʝʥʥʫʶ ʟʥʘʯʠʤʦʩʪʴ ʧʨʠʦʙʨʝʪʘʝʪ ʠʟʫʯʝʥʠʝ 
ʣʠʪʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʶʨʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʖʛʦ-ɿʘʧʘʜʥʳʭ ʦʪʨʦʛʘʭ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ 
(ʖɿʆɻ). ʆʩʥʦʚʥʳʝ ʟʘʣʝʞʠ ʥʝʬʪʠ ʠ ʛʘʟʘ ɹʫʭʘʨʦ-ʍʠʚʠʥʩʢʦʡ ʥʝʬʪʝʛʘʟʦʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ (ɹʍʅɻʆ) ʩʚʷʟʘʥʳ ʩ 
ʚʳʩʦʢʦʝʤʢʠʤʠ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʠʟʚʝʩʪʥʷʢʘʤʠ ʨʠʬʦʚʦʛʦ ʪʠʧʘ. 

ʆʙʥʘʞʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʡ-ʚʝʨʭʥʝʡ ʶʨʳ ʖʛʦ ɿʘʧʘʜʥʳʭ ʦʪʨʦʛʦʚ ɻʠʩʩʘʨʩʢʦʛʦ ʭʨʝʙʪʘ ʚʩʝʛʜʘ 
ʩʣʫʞʠʣʠ ʵʪʘʣʦʥʦʤ ʚ ʨʘʩʯʣʝʥʝʥʠʠ ʠ ʢʦʨʨʝʣʷʮʠʠ, ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʙʩʪʘʥʦʚʦʢ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ 

ʜʣʷ ʨʘʚʥʠʥʥʳʭ ʥʝʬʪʝʛʘʟʦʥʦʩʪʥʳʭ ʦʙʣʘʩʪʝʡ ɹʍʅɻʆ. ʇʦ ʥʝʬʪʝʛʘʟʦʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʨʘʡʦʥʠʨʦʚʘʥʠʶ ʯʘʩʪʴ ʨʝʛʠʦʥʘ 
ʠʩʩʣʝʜʦʚʘʥʠʡ (ɹʝʰʢʝʥʪʩʢʠʡ ʧʨʦʛʠʙ) ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʪʳʢʝ ɹʫʭʘʨʦ-ʍʠʚʠʥʩʢʦʡ ʛʘʟʦʥʝʬʪʝʥʦʩʥʦʡ ʦʙʣʘʩʪʠ ʠ 
ʥʝʬʪʝʛʘʟʦʥʦʩʪʥʦʛʦ ʨʘʡʦʥʘ ʖɿʆɻ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʨʙʦʥʘʪʥʘʷ ʬʦʨʤʘʮʠʷ ʨʝʛʠʦʥʘ ʚʩʢʨʳʪʘ ʪʳʩʷʯʘʤʠ ʩʢʚʘʞʠʥ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʨʘʚʥʠʥʥʳʭ 
ʧʨʦʩʪʨʘʥʩʪʚ ɹʍʅɻʆ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʛʣʘʚʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʦʩʘʜʦʯʥʳʭ 
ʙʘʩʩʝʡʥʘʭ ï ʜʦʩʪʦʚʝʨʥʦʝ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚ ʥʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʣʠʪʦʬʘʮʠʘʣʴʥʳʭ ʪʦʣʱ ʠ 
ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʢʦʣʣʝʢʪʦʨʦʚ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʫʯʘʩʪʠʝ ʧʨʦʮʝʩʩʦʚ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʘʢʦʧʣʝʥʠʠ ʚʝʨʭʥʝʶʨʩʢʦʡ ʢʘʨʙʦʥʘʪʥʦʡ ʬʦʨʤʘʮʠʠ 

ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʷʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʜʦʢʘʟʘʥʥʳʤ ʬʘʢʪʦʤ ʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʧʦʤʠʥʘʣʦʩʴ ʚ 
ʧʝʯʘʪʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʩʪʨʘʥʳ (ʊʨʦʠʮʢʠʡ, 1967; ɸʙʜʫʣʣʘʝʚ, 2000). 

ɺ ʩʦʩʪʘʚʝ ʚʝʨʭʥʝʶʨʩʢʠʭ ʨʠʬʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʖɿʆɻ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʠʦʛʝʨʤʳ ʠ ʙʠʦʛʝʨʤʥʳʝ ʤʘʩʩʠʚʳ ʚʳʩʦʪʦʡ 
ʦʪ ʧʝʨʚʳʭ ʤʝʪʨʦʚ ʜʦ 100 - 150 ʤ. ʆʥʠ ʠʤʝʶʪ ʚ ʨʘʟʨʝʟʝ ʭʦʣʤʦʦʙʨʘʟʥʫʶ ʠ ʚʳʧʫʢʣʦ-ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʠʥʦʛʜʘ 
ʚʩʪʨʝʯʘʶʪʩʷ ʫʧʣʦʱʝʥʥʳʝ ʪʠʧʳ. ɺʝʨʦʷʪʥʦ, ʬʦʨʤʘ ʙʠʦʛʝʨʤʥʳʭ ʤʘʩʩʠʚʦʚ ʚ ʠʩʢʦʧʘʝʤʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʟʘʚʠʩʝʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʛʨʫʞʝʥʠʷ ʤʦʨʩʢʦʛʦ ʜʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʫʯʘʩʪʢʝ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʈʠʬʦʚʳʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʪʨʠ 
ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘ ʦʪʣʦʞʝʥʠʡ: ʙʠʦʛʝʨʤʥʳʝ, 
ʰʣʝʡʬʦʚʳʝ ʠ ʣʘʛʫʥʥʳʝ. ʅʘʣʠʯʠʝ ʧʝʨʚʳʭ ʜʚʫʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʦʚ (ʙʠʦʛʝʨʤʥʳʝ ʠ ʰʣʝʡʬʦʚʳʝ) 
ʦʙʷʟʘʪʝʣʴʥʳ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʨʠʬʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ 
ʠʩʢʦʧʘʝʤʦʤ ʩʦʩʪʦʷʥʠʠ. ʃʘʛʫʥʥʳʡ ʪʠʧ ʷʚʣʷʝʪʩʷ 
ʩʦʧʫʪʩʪʚʫʶʱʠʤ. 

ʅʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ 
ʨʠʬʦʚʳʭ ʤʘʩʩʠʚʦʚ (ɼʝʨʙʝʥʪʩʢʠʡ, ɻʘʫʨʜʘʢʩʢʠʡ, 
ʇʷʥʜʞʦʙʩʢʠʡ, ʂʫʛʠʪʘʥʛʩʢʠʡ), ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 
ʤʝʣʢʦʚʦʜʥʦʡ ʯʘʩʪʠ ʧʘʣʝʦʙʘʩʩʝʡʥʘ ʚ ʬʦʨʤʝ 

ʧʦʣʫʢʦʣʴʮʝʚʦʡ ʛʨʷʜʳ. ʆʥʠ ʠʛʨʘʣʠ ʨʦʣʴ ʩʚʦʝʦʙʨʘʟʥʳʭ 
ʙʘʨʴʝʨʦʚ ʤʝʞʜʫ ʦʪʢʨʳʪʳʤ ʦʢʝʘʥʦʤ ʠ ʦʙʨʘʟʦʚʘʥʥʦʡ 
ʟʘʨʠʬʦʚʦʡ ʣʘʛʫʥʳ. ʆʜʥʦʡ ʠʟ ʩʘʤʳʭ ʧʨʠʤʝʯʘʪʝʣʴʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʠʩʘʥʥʳʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʧʦʩʪʨʦʝʢ 
ʷʚʣʷʝʪʩʷ ʦʤʦʣʘʞʠʚʘʶʱʠʡʩʷ ʚʦʟʨʘʩʪ ʤʘʩʩʠʚʦʚ ʚ ʛʣʫʙʴ 
ʙʘʩʩʝʡʥʘ. 

ɹʠʦʛʝʨʤʳ ʩʣʦʞʝʥʳ ʚ ʦʩʥʦʚʥʦʤ ʤʘʩʩʠʚʥʳʤʠ 
ʩʚʝʪʣʳʤʠ, ʧʦʨʠʩʪʳʤʠ (11-13%) ʠʟʚʝʩʪʥʷʢʘʤʠ 

ʩʦʜʝʨʞʘʱʠʤʠ ʦʪ 50 ʜʦ 80% ʩʢʝʣʝʪʥʳʭ ʦʩʪʘʪʢʦʚ 
ʦʨʛʘʥʠʟʤʦʚ-ʨʠʬʦʩʪʨʦʠʪʝʣʝʡ. ʀʟ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ 
ʤʘʩʩʠʚʥʳʝ ʢʦʣʦʥʠʠ ʢʦʨʘʣʣʦʚ ʨʦʜʘ Stylina, Adelocoenia, Cladophyllia, Thamnasteria, Calamnophyllia, Cryptocoenia, ʘ ʪʘʢʞʝ 
ʙʘʛʨʷʥʳʝ ʚʦʜʦʨʦʩʣʠ (ʩʦʣʝʥʦʧʦʨʳ). ɹʘʛʨʷʥʳʝ ʚʦʜʦʨʦʩʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʩʩʠʚʥʳʤʠ, ʢʦʨʢʦʚʠʜʥʳʤʠ, ʞʝʣʚʘʢʦʚʠʜʥʳʤʠ ʠ 
ʩʪʦʣʙʯʘʪʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʨʦʜʘ Solenopora. ʉʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ ʠʥʦʛʜʘ ʦʙʚʦʣʘʢʠʚʘʶʪ ʠ ʮʝʤʝʥʪʠʨʫʶʪ ʢʨʫʧʥʳʝ 
ʢʦʣʦʥʠʠ ʢʦʨʘʣʣʦʚ. ʀʟ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʬʦʨʤ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʩʠʥʝʟʝʣʝʥʳʝ ʚʦʜʦʨʦʩʣʠ, ʫʩʪʨʠʮʳ, ʠʟʚʝʩʪʢʦʚʳʝ ʛʫʙʢʠ, 
ʧʝʣʝʮʠʧʦʜʳ (Chlamys) ʠ ʙʨʘʭʠʦʧʦʜʳ. 

ɼʣʷ ʙʠʦʛʝʨʤʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʩʣʦʞʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʥʦʛʦ ʦʙʨʘʩʪʘʥʠʷ ʠ 

ʥʘʨʘʩʪʘʥʠʷ ʦʨʛʘʥʠʟʤʦʚ ʨʘʟʥʳʭ ʛʨʫʧʧ (ʨʠʩ. 1, 2). ɹʠʦʛʝʨʤʥʳʝ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʡ 
ʧʦʨʠʩʪʦʩʪʴʶ ʩʨʝʜʠ ʚʩʝʭ ʜʨʫʛʠʭ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʡ. ʀʟʨʝʜʢʘ ʚ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʢʨʫʧʥʳʝ ʧʦʣʦʩʪʠ ʩ ʠʥʢʨʫʩʪʘʮʠʝʡ. 

ʐʣʝʡʬʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʚ ʥʘʠʙʦʣʝʝ ʪʠʧʠʯʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʫʙʦʩʣʦʠʩʪʳʤʠ ʦʨʛʘʥʦʛʝʥʥʦ-
ʦʙʣʦʤʦʯʥʳʤʠ ʠ ʜʝʪʨʠʪʦʚʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʧʝʩʯʘʥʦʡ ʠ ʛʨʘʚʠʡʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. ɼʣʷ ʵʪʠʭ ʪʠʧʦʚ ʦʪʣʦʞʝʥʠʡ ʩʚʦʡʩʪʚʝʥʥʦ 
ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʣʦʤʢʦʚ ʦʨʛʘʥʠʟʤʦʚ-ʨʠʬʦʩʪʨʦʠʪʝʣʝʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʩ ʙʠʦʛʝʨʤʥʳʤʠ ʤʘʩʩʠʚʘʤʠ, 
ʩʣʫʞʠʚʰʠʤ ʠʩʪʦʯʥʠʢʦʤ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʐʣʝʡʬʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʠʤʝʶʪ ʠʟʚʝʩʪʥʷʢʦʚʳʡ, ʨʝʜʢʦ ʜʦʣʦʤʠʪʦʚʳʡ 
ʩʦʩʪʘʚ, ʩʚʷʟʘʥʳʡ ʩ ʩʦʩʪʘʚʦʤ ʙʣʠʟʣʝʞʘʱʠʭ ʙʠʦʛʝʨʤʦʚ. ʉʨʝʜʠ ʥʠʭ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʝʣʢʠʡ ʜʝʪʨʠʪ ʙʘʛʨʷʥʳʭ 

 
 

ʈʠʩ.1.  ʂʦʣʦʥʠʷ ʢʦʨʘʣʣʦʚ ʚ ʦʨʛʘʥʦʛʝʥʥʦ-
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ʚʦʜʦʨʦʩʣʝʡ, ʠʛʣʦʢʦʞʠʭ, ʢʦʣʦʥʠʘʣʴʥʳʭ ʢʦʨʘʣʣʦʚ, ʠʟʚʝʩʪʢʦʚʳʭ ʛʫʙʦʢ, ʫʩʪʨʠʮ, ʙʨʘʭʠʦʧʦʜ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʠʟʤʦʚ. ɿʘʯʘʩʪʫʶ 
ʩʨʝʜʠ ʰʣʝʡʬʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʷʚʣʷʶʪʩʷ ʦʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʟʘʤʝʜʣʝʥʥʦʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʚ 
ʫʩʣʦʚʠʷʭ ʯʘʩʪʦʛʦ ʧʝʨʝʤʳʚʘ. 

ʃʘʛʫʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʣʘʛʘʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʫʯʘʩʪʢʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʦʣʩʪʦ- ʠ ʪʦʥʢʦʧʣʠʪʯʘʪʳʤʠ 
ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʜʦʣʦʤʠʪʘʤʠ ʠ ʜʦʣʦʤʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʠʟʚʝʩʪʥʷʢʘʤʠ ʞʝʣʪʦʚʘʪʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. ʃʘʛʫʥʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʧʦʯʪʠ ʥʝ ʩʦʜʝʨʞʘʪ ʦʩʪʘʪʢʦʚ ʦʨʛʘʥʠʟʤʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʝʪʨʠʪʘ. 

ɺʦʟʨʘʩʪ ʨʠʬʦʚʳʭ ʤʘʩʩʠʚʦʚ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʦʪ ʨʘʥʥʝʛʦ ʦʢʩʬʦʨʜʘ ʜʦ ʢʠʤʝʨʠʜʞʘ ʚʢʣʶʯʠʪʝʣʴʥʦ. 
ɽʱʝ ʚ ʢʦʥʮʝ XX ʚ.ʚ. ʤʥʦʛʠʝ ʛʝʦʣʦʛʠ, 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʚ ʠʤʝʶʱʠʝʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʧʨʦʤʳʩʣʦʚʦ-
ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʥʘʤʝʪʠʣʠ ʝʜʠʥʳʝ ʟʦʥʳ 
ʧʦʟʜʥʝʶʨʩʢʦʛʦ ʨʠʬʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʛʦʩʷ ʥʘ 

ʩʦʪʥʠ ʢʠʣʦʤʝʪʨʦʚ (ɸʙʜʫʣʣʘʝʚ, ʄʠʨʢʘʤʘʣʦʚ, 1998). ʊʦ ʝʩʪʴ 
ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʭʦʜʩʪʚʦ ʚ ʩʪʨʦʝʥʠʠ ʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʟʤʝʱʝʥʠʠ ʨʠʬʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ɹʍʅɻʆ ʠ ʖɿʆɻ. ʂʘʞʜʘʷ ʟʦʥʘ, ʧʨʦʪʷʛʠʚʘʷʩʴ ʧʦʣʦʩʦʡ ʥʘ 
ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʤʦʨʩʢʦʛʦ 
ʙʘʩʩʝʡʥʘ ʠ, ʚ ʮʝʣʦʤ, ʧʦʚʪʦʨʷʷ ʝʝ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʨʘʟʜʝʣʷʣʘ 
ʦʙʣʘʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʦʩʘʜʢʦʚ ʦʪʢʨʳʪʦʛʦ ʤʦʨʷ ʠ 
ʦʪʰʥʫʨʦʚʘʥʥʦʛʦ ʙʘʩʩʝʡʥʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʠʭ ʦʪʥʦʩʠʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʪʠʧʘ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʨʴʝʨʥʳʭ ʨʠʬʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʚʝʨʭʥʝʶʨʩʢʦʝ ʚʨʝʤʷ 

ʧʨʦʠʩʭʦʜʠʣʦ ʠʥʪʝʥʩʠʚʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʨʠʬʦʚ. ʈʠʬʦʚʳʝ 
ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʘʨʙʦʥʘʪʥʦʡ 
ʬʦʨʤʘʮʠʠ ʚʝʨʭʥʝʡ ʶʨʳ, ʠ ʩʦʩʪʦʷʪ ʠʟ ʙʠʦʛʝʨʤʥʳʭ 
(ʚʦʜʦʨʦʩʣʝʚʦ-ʢʦʨʘʣʣʦʚʳʝ), ʰʣʝʡʬʦʚʳʭ (ʦʨʛʘʥʦʛʝʥʥʦ-
ʦʙʣʦʤʦʯʥʳʝ) ʠ ʣʘʛʫʥʥʳʭ (ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ) ʦʪʣʦʞʝʥʠʡ. 
ʈʠʬʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʩʪʘʚʣʷʣʠ ʦʙʠʣʴʥʳʡ ʪʦʥʢʦ 

ʠʟʤʝʣʴʯʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʚ ʧʨʠʣʝʞʘʱʠʝ ʫʯʘʩʪʢʠ ʤʦʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. ɺʝʨʭʥʝʶʨʩʢʠʝ ʨʠʬʦʚʳʝ ʧʦʩʪʨʦʡʢʠ ʧʨʦʪʷʛʠʚʘʶʪʩʷ 
ʚʜʦʣʴ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ ʧʦʟʜʥʝʶʨʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʥʝʝ ʠ ʨʘʟʜʝʣʷʶʪ ʦʪʣʦʞʝʥʠʷ ʦʪʢʨʳʪʦʛʦ ʠ 
ʦʪʰʥʫʨʦʚʘʥʥʦʛʦ ʙʘʩʩʝʡʥʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʠʭ ʢ ʦʙʨʘʟʦʚʘʥʠʷʤ ʪʠʧʘ ʩʦʚʨʝʤʝʥʥʳʭ ʙʘʨʴʝʨʥʳʭ ʨʠʬʦʚ. ʈʝʟʫʣʴʪʘʪʳ 
ʘʥʘʣʠʟʘ ʦʪʣʦʞʝʥʠʡ ʨʠʬʦʚʳʭ ʤʘʩʩʠʚʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʤʦʣʦʞʝʥʠʝ ʠʭ ʢ ʶʛʫ ʠ ʶʛʦ-ʟʘʧʘʜʫ ʚ ʩʪʦʨʦʥʫ ʦʪʢʨʳʪʦʛʦ ʙʘʩʩʝʡʥʘ. 
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ʅɸʂʓʅʉʂʆɻʆ ʂʀʄɹɽʈʃʀʊʆɺʓʍ ʇʆʃɽʁ 
ʅ.ʂ. ʐʘʭʫʨʜʠʥʘ, ɼ.ɸ. ʇʣʦʪʥʠʢʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʇ.ɸ. ʀʛʥʘʪʦʚ 
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 ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 
 
ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʢʦʥʪʨʦʣʷ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʨʠ 

ʘʣʤʘʟʦʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ, ʦʪʨʘʞʘʶʪ ʨʦʣʴ ʩʪʨʫʢʪʫʨ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ, ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ ʧʨʦʷʚʣʝʥʠʡ ʵʢʩʧʣʦʟʠʚʥʦʛʦ 
ʤʘʛʤʘʪʠʟʤʘ ʪʨʫʙʦʯʥʦʛʦ ʪʠʧʘ. ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʣʦʢʘʣʴʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʨʫʢʪʫʨʥʦ-
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʠ ʧʦʥʠʤʘʥʠʝ ʩʫʱʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʟʣʦʤʦʚ - ʦʪʥʦʩʷʪʩʷ ʣʠ ʢ ʥʠʤ 
ʟʦʥʳ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʢʦʥʢʨʝʪʥʳʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ ʠʣʠ ʜʨʫʛʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ. ʏʘʩʪʠʯʥʦʝ 
ʨʘʟʨʝʰʝʥʠʝ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʧʨʝʜʝʣʘʭ ʄʠʨʥʠʥʩʢʦʛʦ ʠ ʅʘʢʳʥʩʢʦʛʦ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʚʳʜʝʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʢʦʥʢʨʝʪʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʝʜʝʣʘʭ ʦʢʦʣʦʪʨʫʙʦʯʥʦʛʦ 
ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʣʦʢʘʣʴʥʳʭ ʠ ʫʟʢʦʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨʥʦ-
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʨʘʙʦʪ ʙʳʣʦ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʝ ʣʠʥʝʡʥʳʝ ʜʝʧʨʝʩʩʠʠ, ʚʳʜʝʣʷʝʤʳʝ ʥʘʤʠ ʚ ʨʘʥʛʝ ʩʪʨʫʢʪʫʨʥʳʭ ʞʝʣʦʙʦʚ ʠ ʛʨʘʙʝʥʦʚ. 
ʇʦʩʣʝʜʥʠʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʥʳʭ ʞʝʣʦʙʦʚ ʙʦʣʝʝ ʢʨʫʪʳʤʠ ʙʦʨʪʘʤʠ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʝʨʝʧʘʜʦʤ 
ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ. ɺ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʨʦʟʠʦʥʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ (ʨʝʣʴʝʬ ʮʦʢʦʣʷ) ʧʦʚʝʨʭʥʦʩʪʷʭ ʦʥʠ 
ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʡ ʨʠʩʫʥʦʢ, ʯʘʩʪʦ ʩ ʨʝʟʢʠʤʠ ʨʘʟʥʦʧʣʘʩʪʦʚʳʤʠ (ʘʟʠʤʫʪʘʣʴʥʳʤʠ) ʧʝʨʝʭʦʜʘʤʠ ʠ ʨʘʟʚʝʪʚʣʝʥʠʷʤʠ 

ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʘʤʧʣʠʪʫʜʳ. ʕʪʠ ʩʪʨʫʢʪʫʨʳ ʫʥʘʩʣʝʜʦʚʘʥʦ ʥʘʭʦʜʷʪ ʩʚʦʝ ʦʪʨʘʞʝʥʠʝ ʚ ʧʦʨʦʜʘʭ ʦʩʘʜʦʯʥʦʛʦ 
ʯʝʭʣʘ ʥʘ ʨʘʟʥʳʭ ʵʪʘʞʘʭ. ʇʨʦʪʷʞʝʥʥʦʩʪʴ ʚ ʧʨʝʜʝʣʘʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʨʘʙʝʥʦʚ ʠ ʩʪʨʫʢʪʫʨʥʳʭ 
ʞʝʣʦʙʦʚ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ ʧʨʠ ʰʠʨʠʥʝ ʦʪ 1-2 ʜʦ 3-4 ʢʤ. 

ʊʘʢ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʤʦʥʦʢʣʠʥʘʣʴʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʟʜʝʩʴ ʨʘʩʩʝʯʝʥʘ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʠ ʚʝʩʴʤʘ ʢʦʥʪʨʘʩʪʥʳʤʠ ʛʨʘʙʝʥʘʤʠ ʠ ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʤʠ 
ʜʝʧʨʝʩʩʠʷʤʠ. ʕʪʠ ʣʠʥʝʡʥʳʝ ʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʚʦʣʴʥʦ ʢʨʫʪʳʤʠ ʙʦʨʪʘʤʠ ʩ ʧʝʨʝʧʘʜʦʤ ʦʪʤʝʪʦʢ ʦʪ 40-80 ʜʦ 
160-180 ʤ. ʐʠʨʠʥʘ ʠʭ ʨʘʟʣʠʯʥʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʦʩʥʦʚʥʦʤ 2-3 ʢʤ. ʄʥʦʛʠʝ ʠʟ ʥʠʭ ʧʦʜʯʠʥʷʶʪʩʷ ʦʙʱʝʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ 

 
 

ʈʠʩ.2. ɹʠʦʛʝʨʤ ʚʳʧʫʢʣʦ-ʣʠʥʟʦʚʠʜʥʦʡ ʬʦʨʤʳ. 

ʂʫʛʠʪʘʥʛ, ʥʘʪʫʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ. 



ʧʣʘʥʫ ʠ ʦʪʢʨʳʚʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʥʘʠʙʦʣʝʝ ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ɺʠʣʶʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʜʝʣʴʥʳʝ ʠ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʝ ʯʘʩʪʠ ʛʨʘʙʝʥʦʚ ʠʤʝʶʪ ʯʝʪʢʫʶ ʶʛʦ-ʟʘʧʘʜʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ ʠ ʦʪʚʝʯʘʶʪ ʥʘʧʨʘʚʣʝʥʠʶ 
ʛʣʘʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʦʩʝʚʦʡ ʯʘʩʪʠ ɺʠʣʶʡʩʢʦ-ʄʘʨʭʠʥʩʢʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ. ɺʳʜʝʣʷʝʤʳʝ ʛʨʘʙʝʥʳ ʠ 

ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʝ ʜʝʧʨʝʩʩʠʠ ʥʘ ʧʣʦʱʘʜʠ ʧʦʣʷ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠ ʧʦʚʳʰʝʥʥʳʤʠ ʦʩʪʘʪʦʯʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ 
ʢʝʤʙʨʠʡʩʢʠʭ ʠ ʦʨʜʦʚʠʢʩʢʠʭ ʦʪʣʦʞʝʥʠʡ (ʂʦʨʦʙʢʦʚ ʠ ʜʨ., 2003). 

ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʠʟʚʝʩʪʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 
ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʥʦʩʘʤ, ʨʘʟʜʝʣʷʶʱʠʤ ʩʝʨʠʶ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʯʝʪʳʨʝʭ ʩʙʣʠʞʝʥʥʳʭ ʠ 
ʥʝʧʨʦʪʷʞʝʥʥʳʭ ʣʠʥʝʡʥʳʭ ʜʝʧʨʝʩʩʠʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ (ʨʠʩ.1). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʵʪʠ ʯʝʪʳʨʝ ʜʝʧʨʝʩʩʠʠ 
ʷʚʣʷʶʪʩʷ ʙʦʢʦʚʳʤʠ ʦʪʚʝʪʚʣʝʥʠʷʤʠ ʦʪ ʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʦʛʦ ʠ ʢʦʥʪʨʘʩʪʥʦ ʚʳʨʘʞʝʥʥʦʛʦ ʛʨʘʙʝʥʘ, ʠʤʝʶʱʝʛʦ ʩʝʚʝʨʦ-
ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ ʦʨʠʝʥʪʠʨʦʚʢʫ (ʂʦʨʦʙʢʦʚ, 2004). 

ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʛʨʘʙʝʥʳ, ʬʠʢʩʠʨʫʶʪʩʷ ʥʘ ʨʘʟʥʳʭ ʩʝʡʩʤʠʯʝʩʢʠʭ ʛʦʨʠʟʦʥʪʘʭ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʠʟ ʥʠʭ, ʩʫʜʷ ʧʦ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʟʘʤ, ʧʝʨʝʩʝʢʘʶʪ ʚʝʩʴ ʦʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʚ ʦʙʲʝʤʝ ʨʠʬʝʡʩʢʦʡ ʠ ʚʝʥʜ-
ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʪʦʣʱ. ʇʘʜʝʥʠʝ ʨʘʟʣʦʤʦʚ ʚʝʨʪʠʢʘʣʴʥʦʝ ʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʦʝ. ɺ ʚʦʣʥʦʚʦʤ ʧʦʣʝ ʜʘʥʥʳʝ ʨʘʟʣʦʤʳ 
ʬʠʢʩʠʨʫʶʪʩʷ ʣʠʥʝʡʥʳʤʠ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʧʦʪʝʨʠ ʢʦʨʨʝʣʷʮʠʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʠ ʩʣʦʞʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʦʡ 
ʢʘʨʪʠʥʳ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝʤ ʟʘʤʝʪʥʳʭ ʩʤʝʱʝʥʠʡ ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʅʘ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʘʤʧʣʠʪʫʜʘ ʵʪʠʭ 
ʩʤʝʱʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 100 ʤ. 

 
ɺ

ʝʩʴʤʘ 

ʦʪʯʝʪʣ
ʠʚʦʝ 
ʚʳʨʘʞ
ʝʥʠʝ, ʚ 
ʧʨʝʜʝʣ
ʘʭ 

ʅʘʢʳʥ
ʩʢʦʛʦ 

ʢʠʤʙʝ
ʨʣʠʪʦ
ʚʦʛʦ 
ʧʦʣʷ, 
ʠʤʝʝʪ 
ʩʠʩʪʝ
ʤʘ 

ʨʘʟʨʳ
ʚʥʳʭ 

ʥʘʨʫʰ
ʝʥʠʡ, 
ʚʳʜʝʣ
ʷʝʤʘʷ 

ʢʘʢ ɺʠʣʶʡʩʢʦ-ʄʘʨʭʠʥʩʢʘʷ ʟʦʥʘ ʨʘʟʣʦʤʦʚ. ʆʜʥʦʡ ʠʟ ʬʦʨʤ ʚʳʨʘʞʝʥʠʷ ʵʪʠʭ ʨʘʟʣʦʤʦʚ ʷʚʣʷʶʪʩʷ ʢʨʫʪʦʧʘʜʘʶʱʠʝ, 
ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʠ ʤʦʱʥʦʩʪʠ, ʠʥʪʨʫʟʠʚʥʳʝ ʪʝʣʘ ʜʦʣʝʨʠʪʦʚ, ʩʦʟʜʘʶʱʠʝ ʚ ʛʨʘʚʠʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ ʚʝʩʴʤʘ 
ʢʦʥʪʨʘʩʪʥʳʝ ʠ ʚʳʩʦʢʦ ʛʨʘʜʠʝʥʪʥʳʝ ʣʠʥʝʡʥʳʝ ʘʥʦʤʘʣʠʠ ȹʊ ʠ ȹg. ɺ ʢʠʤʙʝʨʣʠʪʦʚʤʝʱʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʦʩʘʜʦʯʥʦʛʦ 
ʯʝʭʣʘ ʟʦʥʳ ʜʘʥʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʮʝʣʳʤ ʘʥʩʘʤʙʣʝʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ. ɼʝʪʘʣʴʥʳʝ 

ʧʦʣʝʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚʙʣʠʟʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʦ 
ʭʘʨʘʢʪʝʨʫ ʠʭ ʧʨʦʷʚʣʝʥʥʦʩʪʠ ʤʦʞʥʦ ʨʘʟʣʠʯʘʪʴ ʢʨʘʝʚʳʝ ʠ ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʦʪʜʝʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʰʚʦʚ (ʀʛʥʘʪʦʚ ʠ 
ʜʨ., 2004). ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʦʩʝʚʦʡ ʯʘʩʪʠ ʨʘʟʣʦʤʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʜʝʣʷʝʪʩʷ ʠʭ ʩʣʝʜʫʶʱʠʡ ʨʷʜ. ʊʘʢ, ʚ ʢʨʘʷʭ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʰʚʦʚ ʨʘʟʚʠʪʳ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʢʣʠʚʘʞʥʳʝ ʪʨʝʱʠʥʳ ʠ ʠʭ ʩʙʣʠʞʝʥʥʳʝ ʩʝʨʠʠ. ɹʣʠʞʝ ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 
ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ ʧʦʷʚʣʷʶʪʩʷ ʟʝʨʢʘʣʘ ʩʢʦʣʴʞʝʥʠʷ ʩ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʠʣʠ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʙʦʨʦʟʜʘʤʠ 
ʩʢʦʣʴʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʩʙʨʦʩʦʚʳʡ ʠʣʠ ʚʟʙʨʦʩʦ-ʩʜʚʠʛʦʚʳʡ ʪʠʧʳ ʥʘʨʫʰʝʥʠʡ. ɽʱʝ ʙʣʠʞʝ ʢ 
ʮʝʥʪʨʫ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʪʜʝʣʴʥʳʝ ʤʠʢʨʦʩʙʨʦʩʳ ʠʣʠ ʤʠʢʨʦʚʟʙʨʦʩʳ ʩʣʦʡʢʦʚ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʦʪ 3 - 5 ʤʤ ʜʦ 1 - 5 ʩʤ. 
ʇʦʩʣʝʜʥʠʝ ʩʤʝʥʷʶʪʩʷ ʩʝʨʠʷʤʠ ʩʙʣʠʞʝʥʥʳʭ ʤʠʢʨʦʩʙʨʦʩʦʚ ʠʣʠ ʤʠʢʨʦʚʟʙʨʦʩʦʚ ʩ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʠ 

ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʥʠʤʠ ʜʦ 1 - 5 ʩʤ, ʘʤʧʣʠʪʫʜʳ ʩʤʝʱʝʥʠʷ ʟʜʝʩʴ ʫʞʝ ʜʦʩʪʠʛʘʶʪ ʦʪ 10 - 50 ʩʤ ʜʦ 1 - 3 ʤ. ɺ ʮʝʥʪʨʘʣʴʥʦʡ 
ʯʘʩʪʠ ʨʘʟʣʦʤʦʚ ʨʘʟʚʠʚʘʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʤʠʢʨʦʙʨʝʢʯʠʠ ʠ ʙʨʝʢʯʠʠ ʤʦʱʥʦʩʪʴʶ ʦʪ ʩʘʥʪʠʤʝʪʨʦʚ ʜʦ ʜʦʣʝʡ ʤʝʪʨʘ, ʠ ʟʦʥʳ 
ʢʘʪʘʢʣʘʟʘ ʜʝʮʠʤʝʪʨʦʚʦʡ ʤʦʱʥʦʩʪʠ. ʀʥʦʛʜʘ ʢ ʦʩʷʤ ʥʘʨʫʰʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʤʠʣʦʥʠʪʳ ʤʦʱʥʦʩʪʴʶ 1 - 3 ʤ, ʘ ʪʘʢʞʝ ʟʦʥʢʠ 
ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʤʦʱʥʦʩʪʴʶ ʜʦ 10 - 30 ʩʤ. 

ʇʘʜʝʥʠʝ ʢʣʠʚʘʞʥʳʭ ʪʨʝʱʠʥ, ʧʣʦʩʢʦʩʪʝʡ ʩʤʝʩʪʠʪʝʣʝʡ ʤʠʢʨʦʩʙʨʦʩʦʚ ʠ ʟʝʨʢʘʣ ʩʢʦʣʴʞʝʥʠʷ, ʛʨʘʥʠʮ ʙʨʝʢʯʠʡ ʠ 
ʤʠʣʦʥʠʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ ʜʦ 70Á ʠ ʙʦʣʝʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ ʨʘʟʣʦʤʦʚ. ʀʟʨʝʜʢʘ ʫʛʣʳ ʧʘʜʝʥʠʷ ʩʤʝʩʪʠʪʝʣʝʡ 
ʤʠʢʨʦʩʙʨʦʩʦʚ ʩʦʩʪʘʚʣʷʶʪ 45 - 50Á. ʆʙʳʯʥʦ ʪʘʢʠʝ ʫʛʣʳ ʠʤʝʶʪ ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣ ʩʢʦʣʴʞʝʥʠʷ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʥʠ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʩʤʝʥʷʶʱʠʤʠ ʜʨʫʛ ʜʨʫʛʘ ʥʘ ʩʘʥʪʠʤʝʪʨʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʙʨʦʩʦʚʳʡ ʪʠʧ ʜʠʩʣʦʢʘʮʠʡ. ʈʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʩʫʙʧʦʩʣʦʡʥʳʝ ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣ ʩʢʦʣʴʞʝʥʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 
ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʤʝʞʩʣʦʝʚʳʭ ʩʜʚʠʛʦʚ. 

ʀʥʦʛʜʘ ʚ ʟʦʥʘʭ ʥʘʨʫʰʝʥʠʡ ʦʪʤʝʯʘʶʪʩʷ ʧʣʠʢʘʪʠʚʥʳʝ ʜʠʩʣʦʢʘʮʠʠ ʚ ʚʠʜʝ ʧʦʜʚʦʨʦʪʦʚ ʩʣʦʡʢʦʚ ʠ ʤʝʣʢʠʭ 
ʦʧʨʦʢʠʥʫʪʳʭ ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʠ S-ʦʙʨʘʟʥʳʭ ʩʢʣʘʜʦʢ ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ ʜʝʩʷʪʠ ʩʘʥʪʠʤʝʪʨʦʚ. ɺ ʢʝʨʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʘʢʞʝ 
ʥʘʨʫʰʝʥʠʷ ʥʦʨʤʘʣʴʥʦʛʦ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ ʚ ʚʠʜʝ ʙʦʣʝʝ ʢʨʫʪʳʭ ʠʭ ʧʘʜʝʥʠʡ ʜʦ 10Á -20Á ʠ ʙʦʣʝʝ, ʯʪʦ 
ʠʥʪʝʨʧʨʝʪʠʨʫʝʪʩʷ ʢʘʢ ʧʦʣʦʛʠʝ ʬʣʝʢʩʫʨʳ ʠʣʠ ʢʨʳʣʴʷ ʩʢʣʘʜʦʢ, ʩ ʘʤʧʣʠʪʫʜʘʤʠ ʜʦ ʧʝʨʚʳʭ ʤʝʪʨʦʚ. ʊʘʢʠʝ ʬʣʝʢʩʫʨʳ 
ʩʚʷʟʘʥʳ ʩ ʧʣʘʩʪʠʯʥʳʤʠ ʧʣʘʩʪʘʤʠ ʤʝʨʛʝʣʝʡ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʤ ʩʙʨʦʩʘʤ. 

ʇʦʜʦʙʥʳʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ ʵʣʝʤʝʥʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʢʣʘʜʯʘʪʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʠʟʚʝʩʪʥʳ ʚ ʦʢʦʣʦʪʨʫʙʦʯʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʥʦʛʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. ɺ ʧʨʝʜʝʣʘʭ ʄʠʨʥʠʥʩʢʦʛʦ ʧʦʣʷ 
ʥʘʠʙʦʣʝʝ ʧʨʦʪʷʞʝʥʥʳʤʠ ʷʚʣʷʶʪʩʷ ʀʨʝʣʷʭʩʢʠʡ ʠ ɺʝʨʭʥʝ-ʀʨʝʣʷʭʩʢʠʡ ʛʨʘʙʝʥʳ. ɺʳʭʦʜʷ ʩʦ ʩʪʦʨʦʥʳ ʇʘʪʦʤʩʢʦ-

 
 

ʈʠʩ.1. ʉʭʝʤʘ ʨʘʟʤʝʱʝʥʠʷ ʵʢʩʧʣʦʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʪʨʫʙʦʯʥʦʛʦ ʪʠʧʘ ʄʠʨʥʠʥʩʢʦʛʦ (ɸ) ʠ ʅʘʢʳʥʩʢʦʛʦ (ɹ) 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ: 1-3 ʵʢʩʧʣʦʟʠʚʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʫʙʦʯʥʦʛʦ ʪʠʧʘ (1-ʢʠʤʙʝʨʣʠʪʦʚʳʝ, 2-ʪʫʬʦʚʳʝ, 3- 

ʢʘʨʙʦʥʘʪ-ʙʘʟʠʪʦʚʳʝ); 4-ʮʝʥʪʨʘʣʴʥʳʝ ʯʘʩʪʠ ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʭ ʜʝʧʨʝʩʩʠʡ ʚ ʩʪʨʫʢʪʫʨʝ 

ʢʠʤʙʝʨʣʠʪʦʚʤʝʱʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 



ɺʠʣʶʡʩʢʦʛʦ ʘʚʣʘʢʦʛʝʥʘ, ʦʥʠ ʠʤʝʶʪ ʚ ʮʝʣʦʤ ʶʛʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ. ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʧʦʣʷ ʦʪ ʥʠʭ ʚ ʶʞʥʳʭ ʨʫʤʙʘʭ 
ʦʪʭʦʜʠʪ ʮʝʣʘʷ ʩʝʨʠʷ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʭ ʛʨʘʙʝʥʦʚ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ. ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʢʦʥʪʨʘʩʪʥʳʝ ʠʟ ʥʠʭ ʠ 
ʠʤʝʶʱʠʝ ʧʝʨʝʧʘʜ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ ʜʦ 140-160 ʤ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ ʩ ʎʝʥʪʨʘʣʴʥʳʤ ʠ ɿʘʧʘʜʥʳʤ ʨʘʟʣʦʤʘʤʠ. ʆʥʠ 

ʠʤʝʶʪ ʘʥʘʣʦʛʠʯʥʦʝ ʚʝʱʝʩʪʚʝʥʥʦ-ʩʪʨʫʢʪʫʨʥʦʝ ʥʘʧʦʣʥʝʥʠʝ ʠ ʪʘʢʞʝ ʚʳʧʦʣʥʝʥʳ ʜʘʡʢʘʤʠ ʜʦʣʝʨʠʪʦʚ, ʢʘʢ ʠ ʧʦʜʦʙʥʳʝ 
ʛʨʘʙʝʥʳ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʦʛʥʦʩʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʳʭ ʛʨʘʙʝʥʦʦʙʨʘʟʥʳʭ ʩʪʨʫʢʪʫʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʙʦʣʴʰʠʥʩʪʚʦ 
ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʙʘʟʠʪʦʚʳʭ ʪʨʫʙʦʢ ʚʟʨʳʚʘ ʚ ʧʨʝʜʝʣʘʭ ʠʟʫʯʝʥʥʳʭ ʧʦʣʝʡ ʧʨʠʫʨʦʯʝʥʦ ʠʤʝʥʥʦ ʢ ʧʦʜʦʙʥʳʤ ʩʪʨʫʢʪʫʨʘʤ, 
ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʣʦʢʘʣʴʥʦʤ ʧʨʦʛʥʦʟʝ, ʢʘʢ ʥʘ ʧʣʦʱʘʜʷʭ ʠʟʚʝʩʪʥʳʭ ʧʦʣʝʡ, ʪʘʢ ʠ ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ 
ʪʝʨʨʠʪʦʨʠʷʭ. 
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ʉʊʈʆɽʅʀɽ ʀ ʈɸɿɺʀʊʀɽ ʇʈɸɺʆɻʆ ɹʆʈʊɸ ɼʆʃʀʅʓ ʈɽʂʀ ʊʆʄʔ ʅɸ 
ʋʏɸʉʊʂɽ ʆʊ ʃɸɻɽʈʅʆɻʆ ʉɸɼɸ ɼʆ ʋʉʊʔʗ ʈɽʂʀ ɹɸʉɸʅɼɸʁʂɸ 

ɸ.ɺ. ʐʠʰʢʦʝʜʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ʉ. ɻʫʜʳʤʦʚʠʯ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʉ ʩʝʤʠʜʝʩʷʪʳʭ ʣʝʪ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʨʘʟʨʫʰʝʥʠʝ ʠ ʙʳʩʪʨʦʝ ʦʪʩʪʫʧʘʥʠʝ ʦʪ ʨʝʢʠ ʙʨʦʚʢʠ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ 

ʨ. ʊʦʤʠ ʩʪʘʣʦ ʫʛʨʦʞʘʪʴ ʶʞʥʦʡ ʯʘʩʪʠ ʛ. ʊʦʤʩʢʘ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʃʘʛʝʨʥʦʤʫ ʉʘʜʫ ʩ ʝʛʦ ʤʝʤʦʨʠʘʣʦʤ ɺʦʠʥʩʢʦʡ ʉʣʘʚʳ, 
ʟʜʘʥʠʶ ʠʥʩʪʠʪʫʪʘ ʬʘʨʤʘʢʦʣʦʛʠʠ ʠ ʫʯʝʙʥʳʤ ʢʦʨʧʫʩʘʤ ʊɸʉʋʈʘ. 

ʊʘʢʦʝ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠ ʙʳʩʪʨʦʝ ʨʘʟʚʠʪʠʝ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ ʠ ʝʛʦ ʦʨʠʛʠʥʘʣʴʥʦʝ ï ʩʪʫʧʝʥʯʘʪʦʝ ʩ 
ʧʩʝʚʜʦʪʝʨʨʘʩʦʡ ʩʪʨʦʝʥʠʝ ʙʳʣʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʨʝʤʷ ʧʨʠʯʠʥʘʤʠ. 

1. ʅʘ ʚʩʝʤ ʧʨʦʪʷʞʝʥʠʠ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ, ʦʪ ʫʪʝʩʘ çɹʦʝʮè ʧʦʜ ʃʘʛʝʨʥʳʤ ʉʘʜʦʤ ʠ ʥʘ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ ʥʘ ʶʛ, 
ʨ. ʊʦʤʴ, ʧʦ ʟʘʢʦʥʫ ɹʵʨʘ, ʧʦʜʤʳʚʘʝʪ ʧʨʘʚʳʡ ʙʦʨʪ, ʧʨʠ ʵʪʦʤ ʚ ʚʝʩʝʥʥʠʝ ʧʘʚʦʜʢʠ ʧʦʜʨʝʟʘʶʪʩʷ ʩʧʦʣʟʰʠʝ ʟʘ ʛʦʜ ʷʟʳʢʠ 
ʦʧʦʣʟʥʝʡ ʠ ʪʝʤ ʩʘʤʳʤ ʧʨʦʚʦʮʠʨʫʝʪʩʷ ʠʭ ʜʘʣʴʥʝʡʰʝʝ ʜʚʠʞʝʥʠʝ. 

2. ʅʘʣʠʯʠʝ ʚʦʜʦʫʧʦʨʘ ʚ ʣʠʮʝ ʢʘʦʣʠʥʦʚʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʛʣʠʥ ʥʦʚʦʤʠʭʘʡʣʦʚʩʢʦʡ ʩʚʠʪʳ, ʠʭ ʫʢʣʦʥ ʚ 
ʩʪʦʨʦʥʫ ʨ. ʊʦʤʠ, ʥʘʣʠʯʠʝ ʚʳʰʝ ʪʦʣʱʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʳʭ ʦʙʚʦʜʥʝʥʥʳʭ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʣʘʛʝʨʥʦʪʦʤʩʢʦʡ ʩʚʠʪʳ 
ʧʘʣʝʦʛʝʥʘ ʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʩʫʬʬʦʟʠʦʥʥʳʭ ʮʠʨʢʦʚ ʠ ʦʧʦʣʟʥʝʚʦʤʫ ʦʪʪʦʢʫ ʦʙʨʫʰʠʚʰʠʭʩʷ ʤʘʩʩ. 

3. ʄʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʦʪʩʪʫʧʘʥʠʷ ʥʠʞʥʝʡ ʯʘʩʪʠ ʩʢʣʦʥʘ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʙʦʢʦʚʦʡ ʵʨʦʟʠʠ, ʠ ʙʦʣʴʰʘʷ ï ʚʝʨʭʥʝʡ, 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʦʙʨʫʰʝʥʠʷ ʩʪʝʥʦʢ, ʚʝʜʝʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠ ʧʦʩʪʝʧʝʥʥʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʩʫʬʬʦʟʠʦʥʥʦ-
ʦʧʦʣʟʥʝʚʦʡ ʧʩʝʚʜʦʪʝʨʨʘʩʳ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʦʙʱʝʛʦ ʧʨʦʬʠʣʷ ʩʢʣʦʥʘ. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ ʥʘ ʫʯʘʩʪʢʝ ʦʪ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʜʦ ʚʝʨʭʥʝʡ 
(ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʡ) ʚʦʜʦʢʘʯʢʠ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪ ʧʦ ʦʙʫʩʪʨʦʡʩʪʚʫ ʙʝʨʝʛʘ ʙʳʣ ʚʝʩʴ ʚ ʩʫʬʬʦʟʠʦʥʥʳʭ ʮʠʨʢʘʭ, ʢʦʪʦʨʳʝ 

ʨʘʟʚʠʚʘʣʠʩʴ ʧʫʪʝʤ ʧʦʜʢʦʧʘ ʢʨʫʪʳʭ ʩʪʝʥʦʢ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʭ ʦʙʨʫʰʝʥʠʷ (ʘ ʥʝ ʦʧʦʣʟʘʥʠʷ, ʢʘʢ ʩʯʠʪʘʶʪ ʩʦʪʨʫʜʥʠʢʠ 
ʊʦʤʩʢʊʀʉʀɿʘ). ɸ ʦʧʦʣʟʥʠ ʚ ʪʦ ʚʨʝʤʷ ʠʛʨʘʣʠ ʧʦʜʯʠʥʝʥʥʫʶ ʨʦʣʴ ʦʪʪʦʢʘ ʦʙʚʦʜʥʝʥʥʳʭ ʤʘʩʩ ʠʟ-ʧʦʜ ʩʪʝʥʦʢ ʮʠʨʢʦʚ. ʅʦ ʩʦ 
ʚʨʝʤʝʥʝʤ ʚ ʩʚʷʟʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ ʩʢʣʦʥ (ʟʘʙʠʚʢʘ ʩʚʘʡ ʧʨʠ ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʚʳʰʝʫʢʘʟʘʥʥʳʭ 
ʟʜʘʥʠʡ ʠ ʜʚʠʞʝʥʠʝ ʪʷʞʝʣʦʛʦ ʘʚʪʦʪʨʘʥʩʧʦʨʪʘ ʧʦ ʫʣ. ʅʘʭʠʤʦʚʘ) ʦʧʦʣʟʥʝʚʦʡ ʧʨʦʮʝʩʩ ʚʳʰʝʣ ʥʘ ʧʝʨʚʳʡ ʧʣʘʥ. ʇʨʠʯʝʤ, 
ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ ʙʝʨʝʛ ʙʳʣ ʚʳʧʦʣʦʞʝʥ ʠ ʟʘʩʳʧʘʥ ʛʨʘʚʠʡʥʦ-ʛʘʣʝʯʥʦʡ ʩʤʝʩʴʶ, ʨʘʟʚʠʪʠʝ ʦʧʦʣʟʥʝʚʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝ 
ʧʨʝʢʨʘʪʠʣʦʩʴ: ʥʦʚʳʝ ʦʧʦʣʟʥʝʚʳʝ ʙʣʦʢʠ ʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʩʪʘʨʳʭ ʦʧʦʣʟʥʝʚʳʭ ʤʘʩʩʘʭ, ʧʣʶʩ ʤʘʩʩʘ ʧʨʠʚʝʟʝʥʥʦʡ ʛʨʘʚʠʡʥʦ-
ʛʘʣʝʯʥʦʡ ʩʤʝʩʠ. 

ɿʘʜʘʜʠʤʩʷ ʚʦʧʨʦʩʦʤ: ʢʘʢ ʙʳ ʨʘʟʚʠʚʘʣʩʷ ʧʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ, ʝʩʣʠ ʙʳ ʥʝ ʙʳʣʠ ʧʨʝʜʧʨʠʥʷʪʳ 

ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʝʛʦ ʫʢʨʝʧʣʝʥʠʶ? ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʪʨʦʝʥʠʝ ʝʛʦ ʥʘ 
ʧʨʦʪʷʞʝʥʠʠ ʦʪ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʜʦ ʫʩʪʴʷ ʨ. ɹʘʩʘʥʜʘʡʢʠ. 



ʀʩʭʦʜʥʳʡ ʫʩʪʦʡʯʠʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʤʦʞʥʦ ʚʠʜʝʪʴ ʥʘ ʫʪʝʩʝ çɹʦʝʮè (ʨʠʩ. 1, I). ʕʪʦ ʢʨʫʪʦʡ, ʦʜʥʦʨʦʜʥʳʡ ʧʦ 
ʧʨʦʬʠʣʶ ʩʢʣʦʥ ʩ ʫʢʣʦʥʦʤ, ʜʦʩʪʠʛʘʶʱʠʤ 600. ʋʩʪʦʡʯʠʚʦʩʪʴ ʩʢʣʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʢʨʝʧʦʩʪʴʶ ʢʦʨʝʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ 
(ʦʨʦʛʦʚʠʢʦʚʘʥʥʳʝ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ) ʠ ʩʫʭʦʩʪʴʶ ʨʳʭʣʦʡ ʪʦʣʱʠ, ʧʦʩʢʦʣʴʢʫ 

ʫʪʝʩ çɹʦʝʮè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʳʭʦʜ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʣʠʥʠʠ ʚ ʚʦʜʦʫʧʦʨʝ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. 
ʂʘʢ ʩʣʝʜʩʪʚʠʝ ï ʦʪʩʫʪʩʪʚʠʝ ʩʫʬʬʦʟʠʠ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ. 

ʂʨʝʧʦʩʪʴ ʦʩʥʦʚʘʥʠʷ, ʩʦʧʨʦʪʠʚʣʷʶʱʝʛʦʩʷ ʙʦʢʦʚʦʡ ʵʨʦʟʠʠ ʩʦ ʩʪʦʨʦʥʳ ʨʫʩʣʘ ʨ. ʊʦʤʠ, ʠ ʩʫʭʦʩʪʴ ʨʳʭʣʦʡ ʪʦʣʱʠ 
ʜʝʣʘʶʪ ʩʢʘʣʫ çɹʦʝʮè ʠ ʚʩʝ ʧʦʜʦʙʥʳʝ ʫʯʘʩʪʢʠ ʙʦʨʪʘ ʜʦʣʠʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʥʳʤʠ, ʫʩʪʦʡʯʠʚʳʤʠ. ɺ ʩʠʣʫ 
ʫʢʘʟʘʥʥʦʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʜʦʙʥʳʭ ʩʢʣʦʥʦʚ ʠʜʝʪ ʧʫʪʝʤ ʦʙʱʝʡ ʩʢʣʦʥʦʚʦʡ ʜʝʥʫʜʘʮʠʠ ʩ ʚʳʧʦʣʘʞʠʚʘʥʠʝʤ ʠ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʘʙʦ ʚʦʛʥʫʪʦʛʦ ʩʢʣʦʥʘ ʠ, ʛʣʘʚʥʦʝ, ʙʝʟ ʟʘʤʝʪʥʦʛʦ ʦʪʩʪʫʧʘʥʠʷ ʦʪ ʠʩʭʦʜʥʦʛʦ ʙʘʟʠʩʘ ʜʝʥʫʜʘʮʠʠ, ʢʦʪʦʨʳʤ ʚ 

ʥʘʰʝʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʫʩʣʦ ʨ. ʊʦʤʠ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴ 1-ʦʡ ʥʘʜʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ. ʊʘʢʦʡ ʩʢʣʦʥ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʤʦʞʥʦ ʚʠʜʝʪʴ ʧʦ ʧʨʘʚʦʡ (ʩʝʚʝʨʥʦʡ) ʩʪʨʝʣʢʝ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ ʠ ʝʝ ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ï çɹʘʙʴʝʛʦ ʣʦʛʘè (ʨʠʩ. 1, II). 
ʉʪʘʙʠʣʴʥʦʩʪʴ ʠ ʧʨʝʢʨʘʱʝʥʠʝ ʨʘʟʚʠʪʠʷ ʵʪʦʛʦ ʩʢʣʦʥʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ ʟʦʥʝ ʩʦʯʣʝʥʝʥʠʷ ʩ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ 
ʧʦʚʝʨʭʥʦʩʪʴʶ çʧʦʚʝʨʭʥʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷè, ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʩʦʙʦʡ ʠʣʠ ʵʣʝʤʝʥʪ ʩʘʤʦʡ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʣʠ 
ʨʝʟʫʣʴʪʘʪ ʜʣʠʪʝʣʴʥʦʡ ʦʙʱʝʡ ʜʝʥʫʜʘʮʠʠ. ʈʘʚʥʦʚʝʩʠʝ ʩʢʣʦʥʘ ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʘʷ ʩʫʜʴʙʘ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʜʨʝʟʘʥʠʷ ʝʛʦ 
ʙʦʢʦʚʦʡ ʵʨʦʟʠʝʡ ʩʦ ʩʪʦʨʦʥʳ ʨ. ʊʦʤʠ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʠʥʘʯʝ ʨʘʟʚʠʚʘʝʪʩʷ ʙʦʨʪ ʜʦʣʠʥʳ ʧʨʠ ʦʙʚʦʜʥʝʥʥʦʩʪʠ ʚʝʨʭʥʝʡ ʨʳʭʣʦʡ ʪʦʣʱʠ. ʄʦʞʥʦ ʨʘʟʣʠʯʘʪʴ 
2 ʩʣʫʯʘʷ ʨʘʟʚʠʪʠʷ ʪʘʢʦʛʦ ʙʝʨʝʛʘ. 

ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʘʟʚʠʪʠʝ ʩʢʣʦʥʘ, ʷʚʣʷʶʪʩʷ: ʚʳʩʦʢʠʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʪʦʡʯʠʚʳʡ 
ʮʦʢʦʣʴ, ʩʣʘʙʘʷ ʦʙʚʦʜʥʝʥʥʦʩʪʴ ʨʳʭʣʦʡ ʪʦʣʱʠ, ʥʝʙʦʣʴʰʘʷ ʧʣʦʱʘʜʴ ʧʠʪʘʥʠʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ. ʅʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ 
ʪʘʢʦʛʦ ʙʝʨʝʛʘ ï ʤʦʣʦʜʦʡ ʩʫʬʬʦʟʠʦʥʥʳʡ ʮʠʨʢ, ʯʪʦ ʩʨʘʟʫ ʢ ʚʦʩʪʦʢʫ ʦʪ ʫʪʝʩʘ çɹʦʝʮè. ʂʦʥʝʯʥʘʷ ï ʙʝʨʝʛ ʚ ʨʘʡʦʥʝ ʚʝʨʭʥʝʡ 
ʚʦʜʦʢʘʯʢʠ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʧʩʝʚʜʦʪʝʨʨʘʩʦʡ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪ 150 ʤ. ʈʘʟʚʠʪʠʝ ʙʝʨʝʛʘ ʠʜʝʪ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʘ ʩʯʝʪ ʩʫʬʬʦʟʠʦʥʥʦʛʦ ʦʙʨʫʰʝʥʠʷ ʩʪʝʥʦʢ ʨʳʭʣʦʡ ʪʦʣʱʠ ʠ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦʩʣʝ ʠʩʯʝʨʧʘʥʠʷ 
ʧʦʜʟʝʤʥʦʛʦ ʩʪʦʢʘ (ʨʠʩ.1, III). 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʬʘʢʪʦʨʘʤʠ ʷʚʣʷʶʪʩʷ: ʥʠʟʢʦʝ ʧʦʣʦʞʝʥʠʝ ʮʦʢʦʣʷ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ (ʚʧʣʦʪʴ ʜʦ 
ʦʧʫʩʢʘʥʠʷ ʥʠʞʝ ʫʨʦʚʥʷ ʨ. ʊʦʤʠ), ʠʭ ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʣʘʙʦʩʪʴ (ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʚʳʚʝʪʨʝʣʦʩʪʠ), ʙʦʣʴʰʘʷ 

ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʦʙʠʣʴʥʳʭ ʛʨʫʥʪʦʚʳʭ ʚʦʜ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʷʚʥʫʶ ʜʝʧʨʝʩʩʠʶ. ʅʘʧʨʠʤʝʨ, ʪʘʢʘʷ ʜʝʧʨʝʩʩʠʷ ʚ 
ʨʝʣʴʝʬʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʜʦʫʧʦʨʘ ʦʪʤʝʯʝʥʘ ʢ ʚʦʩʪʦʢʫ ʦʪ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ (ʧʦ ʜʘʥʥʳʤ ʊʦʤʩʢʊʀʉʀɿʘ). ɺ ʥʝʝ ʧʦʧʘʜʘʶʪ 
ʟʜʘʥʠʝ ʧʨʦʬʠʣʘʢʪʦʨʠʷ, ʩʪʘʜʠʦʥ, ʪʝʭʥʦʧʘʨʢ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʠ ʵʥʝʨʛʠʯʥʦʝ ʨʘʟʚʠʪʠʝ ʙʝʨʝʛʘ ʩ 
ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʨʫʧʥʳʭ ʩʫʬʬʦʟʠʦʥʥʳʭ ʮʠʨʢʦʚ ʜʠʘʤʝʪʨʦʤ ʜʦ 100 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ ʠ ʢʨʫʧʥʳʭ ʦʧʦʣʟʥʝʡ. ʕʪʘ ʩʪʘʜʠʷ 
ʨʘʟʚʠʪʠʷ ʩʢʣʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʠʜʥʘ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʚʝʨʭʥʝʡ ʚʦʜʦʢʘʯʢʦʡ ʠ ʫʩʪʴʝʤ çɹʘʙʴʝʛʦ ʃʦʛʘè, ʛʜʝ ʯʝʪʢʦ 
ʚʳʨʘʞʝʥʳ ʧʨʠʦʩʪʘʥʦʚʠʚʰʠʝʩʷ ʚ ʩʚʦʝʤ ʨʘʟʚʠʪʠʠ, ʟʘʢʨʝʧʣʝʥʥʳʝ ʨʘʩʪʠʪʝʣʴʥʦʩʪʴʶ ʮʠʨʢʠ ʩ ʚʳʭʦʜʷʱʠʤ ʠʟ ʠʭ ʜʥʠʱ 
ʙʫʛʨʠʩʪʳʤ ʠ ʚʦʣʥʠʩʪʳʤ ʨʝʣʴʝʬʦʤ, ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʜʦ ʙʘʟʠʩʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʟʜʝʩʴ ʧʦʡʤʦʡ. ʅʘ ʤʝʞʮʠʨʢʦʚʳʭ 
ʫʯʘʩʪʢʘʭ ʤʝʩʪʘʤʠ ʚʠʜʝʥ ʦʧʦʣʟʥʝʚʦʡ ʙʣʦʢʦʚʳʡ ʨʝʣʴʝʬ. ɹʣʦʢʠ ʜʦʩʪʠʛʘʶʪ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʚ ʜʣʠʥʫ ʚʜʦʣʴ ʩʢʣʦʥʘ, 10-15 

ʤʝʪʨʦʚ ʚ ʰʠʨʠʥʫ ʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʪʨʦʚ ʚ ʚʳʩʦʪʫ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ. ɹʳʚʰʠʝ ʪʨʝʱʠʥʳ ʦʪʨʳʚʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʧʨʝʚʨʘʪʠʣʠʩʴ ʚ ʣʦʞʙʠʥʢʠ ʰʠʨʠʥʦʡ ʠ ʛʣʫʙʠʥʦʡ ʜʦ 2 - 3 ʤʝʪʨʦʚ. ɺʝʩʴ ʵʪʦʪ ʨʝʣʴʝʬ ʟʘʢʨʝʧʣʝʥ ʙʝʨʝʟʦʚʳʤ ʣʝʩʦʤ, ʥʘ ʩʪʚʦʣʘʭ 
ʩʪʘʨʳʭ ʜʝʨʝʚʴʝʚ ʢʦʪʦʨʦʛʦ ʚʠʜʥʦ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʠʟʛʠʙʦʚ (çʧʴʷʥʳʡ ʣʝʩè), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʦʜʥʦʢʨʘʪʥʳʭ 
ʦʧʦʣʟʥʝʚʳʭ ʧʦʜʚʠʞʢʘʭ, ʤʦʛʫʱʠʭ ʚʦʟʦʙʥʦʚʠʪʴʩʷ ʚ ʣʶʙʦʝ ʚʨʝʤʷ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʪʘʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʚʦʜʠʪ ʢ ʩʣʠʷʥʠʶ 
ʮʠʨʢʦʚ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʦʙʰʠʨʥʳʭ ʧʦʥʠʞʝʥʠʡ, ʜʝʧʨʝʩʩʠʡ, ʟʘʣʠʚʦʚ ʚ ʩʢʣʦʥʝ ʜʦʣʠʥʳ ʰʠʨʠʥʦʡ ʚʜʦʣʴ ʨʝʢʠ ʜʦ 0,5 ʢʤ ʠ 
ʛʣʫʙʠʥʦʡ ʦʪ ʨʝʢʠ ʜʦ 0,5 ʢʤ. ɼʥʦ ʪʘʢʠʭ ʜʝʧʨʝʩʩʠʡ ʥʘʢʣʦʥʝʥʦ ʢ ʨʝʢʝ ʧʦʜ ʫʛʣʦʤ 3 - 50 ʠ ʥʝʩʝʪ ʚ ʩʝʙʝ ʩʣʝʜʳ ʙʳʚʰʠʭ 
ʦʧʦʣʟʥʝʡ ʚ ʚʠʜʝ ʚʦʣʥʠʩʪʦʛʦ ʨʝʣʴʝʬʘ. ʊʘʢ ʚʳʛʣʷʜʠʪ ʧʨʘʚʳʡ ʙʦʨʪ ʜʦʣʠʥʳ ʨ. ʊʦʤʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ʛʨʝʙʥʷ ʣʳʞʥʦʡ ʩʪʘʥʮʠʠ 
ʜʦ ʚʳʩʪʫʧʘ ʢʦʨʝʥʥʦʛʦ ʙʦʨʪʘ ʩʝʚʝʨʥʝʝ ʫʩʪʴʷ ʨ. ɹʘʩʘʥʜʘʡʢʘ (ʨʠʩ.1, IV). ʊʘʢʦʝ ʨʘʟʚʠʪʠʝ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʊʦʤʠ 
ʶʞʥʝʝ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʫʥʠʯʪʦʞʠʣʦ ʙʳ ʚʩʝ ʥʘ ʧʣʦʱʘʜʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʫʣ. ʅʘʭʠʤʦʚʘ ʠ ʌ. ʃʳʪʢʠʥʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʩʣʝʜʦʚʘʥʠʝ ʙʦʨʪʘ ʜʦʣʠʥʳ ʥʘ ʫʯʘʩʪʢʝ ʃʘʛʝʨʥʦʛʦ ʉʘʜʘ ʜʦ ʫʩʪʴʷ ʨ. ɹʘʩʘʥʜʘʡʢʠ ʧʦʢʘʟʘʣʦ ʚʩʝ 
ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʵʪʦʪ ʧʨʦʮʝʩʩ ʥʘ ʜʨʫʛʠʭ ʫʯʘʩʪʢʘʭ. 

 
ʇʦʜʩʝʢʮʠʷ 2 - ʄʠʥʝʨʘʣʦʛʠʷ, ʛʝʦʭʠʤʠʷ ʠ ʧʝʪʨʦʛʨʘʬʠʷ 

 

 
 

ʈʠʩ.1. ʉʭʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʬʠʣʠ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʜʦʣʠʥʳ ʨ. ʊʦʤʴ 

I  ï ʩʢʘʣʘ çɹʦʝʮè - ʠʩʭʦʜʥʳʡ ʧʨʦʬʠʣʴ; II  ï ʢʦʥʝʯʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʬʬʦʟʠʦʥʥʦ-ʦʧʦʣʟʥʝʚʦʡ 

ʧʩʝʚʜʦʪʝʨʨʘʩʳ (ʫʩʪʦʡʯʠʚʳʡ ʙʝʨʝʛ); III  ï ʥʘʯʘʣʴʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʬʬʦʟʠʦʥʥʦ-ʦʧʦʣʟʥʝʚʦʡ 

ʧʩʝʚʜʦʪʝʨʨʘʩʳ; IV ï ʢʦʥʝʯʥʘʷ ʩʪʘʜʠʷ ʨʘʟʚʠʪʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʫʬʬʦʟʠʦʥʥʦ-ʦʧʦʣʟʥʝʚʦʡ ʧʩʝʚʜʦʪʝʨʨʘʩʳ; ɺʇ ï 

ʚʦʜʦʨʘʟʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 



ʆʇʊʀʂʆ-ʉʇɽʂʊʈʆʉʂʆʇʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇʀʈʆʇʆɺ ʀɿ 
ʂʀʄɹɽʈʃʀʊʆɺʆʁ ʊʈʋɹʂʀ çɿɸʇʆʃʗʈʅɸʗè 

(ʗʂʋʊʀʗ) 
ʊ.ɸ. ɸʥʪʦʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ɿʠʥʯʫʢ 
ʗʢʫʪʩʢʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʎʅʀɻʈʀ 

ɸʂ çɸʃʈʆʉɸè (ɿɸʆ), ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 
 
ʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ - ʦʜʠʥ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʥʢʠʭ ʢʦʥʩʪʠʪʫʮʠʦʥʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʠʤʠ ʢʨʠʩʪʘʣʣʦʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʠʭ ʦʢʨʘʩʢʠ ʠ ʧʣʝʦʭʨʦʠʟʤʘ. 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʨʦʜʳ ʠ ʦʙʲʷʩʥʝʥʠʝ 
ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ, ʩʝʣʝʢʪʠʚʥʦ ʧʦʛʣʦʱʘʶʱʠʭ ʠʟʣʫʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ 

ʜʠʘʧʘʟʦʥʘ - ʙʣʠʞʥʝʡ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʡ (180-380 ʥʤ), ʚʠʜʠʤʦʡ (380-700 ʥʤ) ʠ ʙʣʠʞʥʝʡ ʠʥʬʨʘʢʨʘʩʥʦʡ (700-2500 ʥʤ) 
ʦʙʣʘʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘ (ʄʝʪʦʜʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ..., 1985). 

ʊʨʫʙʢʘ ɿʘʧʦʣʷʨʥʘʷ (ʗʢʫʪʠʷ) ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤ ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ 
ɺʝʨʭʥʝʤʫʥʩʢʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ (ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003). ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ 
ʛʨʘʥʘʪʦʚ ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ ʠʟ ʵʪʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. 

ɸʧʧʘʨʘʪʫʨʘ ʠ ʤʝʪʦʜʠʢʠ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɼʣʷ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʚʠʜʠʤʦʡ 
ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥ ʧʨʠʙʦʨ, ʠʟʛʦʪʦʚʣʝʥʥʳʡ ʥʘ ʙʘʟʝ ʦʧʪʠʯʝʩʢʦʡ ʩʭʝʤʳ ʤʠʢʨʦʩʢʦʧʘ-ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʄʉʌʋ ʃ-312, ʠ 
ʧʨʦʛʨʘʤʤʥʳʡ ʧʘʢʝʪ (ʄʘʢʘʨʩʢʠʡ, 1999; ʄʘʢʘʨʩʢʠʡ, 2001), ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʨʘʙʘʪʳʚʘʪʴ ʩʧʝʢʪʨʳ 

ʧʦʛʣʦʱʝʥʠʷ ʛʨʘʥʘʪʦʚ ʧʦ ʪʨʝʤ ʨʘʟʥʳʤ ʤʝʪʦʜʠʢʘʤ ʩ ʚʳʜʘʯʝʡ ʩʣʝʜʫʶʱʠʭ ʨʝʟʫʣʴʪʘʪʦʚ: 
1) ʨʘʩʯʝʪ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʛʨʘʥʘʪʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʚʠʜʝ ʩʪʘʥʜʘʨʪʥʦʡ ʮʚʝʪʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ (ʮʚʝʪʦʚʦʡ ʪʨʝʫʛʦʣʴʥʠʢ ʚ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʭ-ʫ) ʚ ʩʠʩʪʝʤʝ XYZ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʦʣʝʡ, 
ʦʙʨʘʟʫʝʤʳʭ ʛʨʘʥʘʪʘʤʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ; 

2) ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʘʪʦʚ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ɚk ʠ ʨʩ ʥʘ 
ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʮʚʝʪʥʦʩʪʠ, ʛʜʝ ʢʦʥʢʨʝʪʥʳʝ ʧʦʣʷ ʩ ʫʩʣʦʚʥʳʤʠ ʛʨʘʥʠʮʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʥʢʨʝʪʥʦʤʫ 
ʛʣʫʙʠʥʥʦʤʫ ʧʘʨʘʛʝʥʝʟʠʩʫ ʚ ʢʠʤʙʝʨʣʠʪʘʭ (ʄʘʮʶʢ ʠ ʜʨ., 1985); 

3) ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʨʦʤʘ, ʢʘʣʴʮʠʷ ʠ ʞʝʣʝʟʘ (ʄʘʢʘʨʩʢʠʡ, ʄʠʨʦʥʦʚ, 1998), ʩ ʚʳʥʦʩʦʤ ʜʘʥʥʳʭ ʥʘ 

ʜʠʘʛʨʘʤʤʫ ʉr2ʆ3-ʉʘʆ ʠ ʧʦʩʣʝʜʫʶʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʘʨʘʛʝʥʝʟʠʩʘ. 
ʇʨʦʚʝʜʝʥʳ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 219 ʟʝʨʝʥ ʛʨʘʥʘʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ, 

ʠʟ ʢʦʪʦʨʳʭ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ. ʉʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʘʥʘʪʦʚ ʩʥʠʤʘʣʠʩʴ ʧʦ 
ʦʜʥʦʣʫʯʝʚʦʡ ʩʭʝʤʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 350-800 ʥʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 1ʥʤ. ʈʘʩʯʝʪ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʧʝʢʪʨʘʤ ʧʨʦʧʫʩʢʘʥʠʷ ʛʨʘʥʘʪʦʚ. ɼʣʷ ʘʥʘʣʠʟʘ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʮʝʣʳʝ, ʚʠʟʫʘʣʴʥʦ ʥʝ 
ʪʨʝʱʠʥʦʚʘʪʳʝ ʟʝʨʥʘ ʠʟ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ, ʨʘʟʤʝʨʦʤ -5+2; -2+1; -1+0,5 ʤʤ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ. 

ʈʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʘʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʳʙʦʨʢʘʭ, ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ 
ʚʳʯʠʩʣʷʣʠʩʴ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʮʚʝʪʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄʆʂ (ʚ ʧʝʨʝʨʘʩʯʝʪʝ ʥʘ ʪʦʣʱʠʥʫ 
ʢʨʠʩʪʘʣʣʘ 1 ʤʤ). ɼʣʷ ʛʨʘʥʘʪʦʚ ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʮʚʝʪʥʦʩʪʠ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʘʪʳ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ 

ʮʚʝʪʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: ʞʝʣʪʦʡ, ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʡ, ʦʨʘʥʞʝʚʦʡ, ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʦʡ, ʢʨʘʩʥʦʡ ʠ ʢʨʘʩʥʦ-ʧʫʨʧʫʨʥʦʡ. 
ʉʫʱʝʩʪʚʫʝʪ ʷʚʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʛʨʘʥʘʪʦʚ ʢʨʘʩʥʦʚʘʪʦ-ʦʨʘʥʞʝʚʳʭ (49,8%) ʠ ʦʨʘʥʞʝʚʳʭ (32,9%) ʮʚʝʪʦʚ (ʨʠʩ. 1). 
ʀʩʩʣʝʜʫʝʤʳʝ ʛʨʘʥʘʪʳ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʨʘʩʧʨʝʜʝʣʠʣʠʩʴ ʧʦ 15 ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ. ʇʨʠʤʝʨʥʦ 43% ʦʪ 
ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ʟʝʨʝʥ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʘʪʘʤ ʠʟ ʨʘʟʣʠʯʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʣʝʨʮʦʣʠʪʦʚ (ʦʢʦʣʦ 24% 
- ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʝ ʣʝʨʮʦʣʠʪʳ, ʦʩʪʘʣʴʥʘʷ ʯʘʩʪʴ - ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʝ ʧʦʨʬʠʨʦʚʳʝ ʠ ʧʦʨʬʠʨʦʚʠʜʥʳʝ ʣʝʨʮʦʣʠʪʳ). 
ɻʨʘʥʘʪʳ ʵʪʠʭ ʧʦʨʦʜ ʦʢʨʘʰʝʥʳ ʚ ʢʨʘʩʥʳʝ, ʧʫʨʧʫʨʥʦʚʘʪʦ-ʢʨʘʩʥʳʝ, ʦʨʘʥʞʝʚʳʝ ʠ ʢʨʘʩʥʦʚʘʪʦ-ʦʨʘʥʞʝʚʳʝ ʮʚʝʪʘ (ʨʠʩ.2). 

 



 
 

 
 
 ɻʨʘʥʘʪʳ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʦʨʦʜ ʚ ʠʩʩʣʝʜʫʝʤʦʡ ʚʳʙʦʨʢʝ ʩʦʩʪʘʚʣʷʶʪ ʦʢʦʣʦ 14,8 %. ʂ ʥʠʤ 
ʦʪʥʦʩʷʪʩʷ ʜʫʥʠʪʳ (0,9%), ʘ ʪʘʢʞʝ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʝ (10,9%), ʜʠʩʪʝʥʦʚʳʝ (1,7%) ʠ ʢʦʨʫʥʜʦʚʳʝ (1,3%) ʵʢʣʦʛʠʪʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ (ʧʘʨʘʛʝʥʝʟʠʩ ʠ ʦʢʨʘʩʢʘ) ʚʳʙʦʨʢʠ ʛʨʘʥʘʪʦʚ 
ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʦʮʝʩʩʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʩʨʝʜʥʷʷ. 

ʅʘʣʠʯʠʝ ʚ ʚʳʙʦʨʢʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʛʨʘʥʘʪʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʢʩʝʥʦʣʠʪʘʤ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʘʣʤʘʟ-ʧʠʨʦʧʦʚʦʡ ʬʘʮʠʠ 
ʛʣʫʙʠʥʥʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʝʨʝʥ ʛʨʘʥʘʪʘ ʚ ʪʘʢʠʭ ʧʦʨʦʜʘʭ ʠ, ʚʦʟʤʦʞʥʦ, ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʴʶ 
ʧʨʦʮʝʩʩʦʚ ʜʝʟʠʥʪʝʛʨʘʮʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʠʟʤʝʥʝʥʠʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɿʠʥʯʫʢ ʅ.ʅ., ʂʦʧʪʠʣʴ ɺ.ʀ. ʊʠʧʦʤʦʨʬʠʟʤ ʘʣʤʘʟʦʚ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ï ʄ.: ʅʝʜʨʘ-ɹʠʟʥʝʩʮʝʥʪʨ, 2003. ï 603ʩ. 

 
 

ʈʠʩ.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʘʪʦʚ ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ ʪʨʫʙʢʠ ɿʘʧʦʣʷʨʥʘʷ ʧʦ ʧʘʨʘʛʝʥʝʟʠʩʦʤ: 

1- ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʛʘʨʮʙʫʨʛʠʪʦʚ; 2- ʠʟ ʛʘʨʮʙʫʨʛʠʪʦʚ; 3- ʠʟ ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʭ 

ʛʨʘʥʘʪʦʚʳʭ ʣʝʨʮʦʣʠʪʦʚ; 4- ʠʟ ʚʝʙʩʪʝʨʠʪʦʚ; 5- ʠʟ ʚʝʙʩʪʝʨʠʪʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ (<5 %); 6- ʠʟ ʙʠʤʠʥʝʨʘʣʴʥʳʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʵʢʣʦʛʠʪʦʚ; 7-  ʠʟ ʭʨʦʤʠʪ-ʛʨʘʥʘʪʦʚʳʭ 

ʫʣʴʪʨʘʙʘʟʠʪʦʚ (ʛʘʨʮʙʫʨʛʠʪʦʚ, ʜʫʥʠʪʦʚ, ʣʝʨʮʦʣʠʪʦʚ, ʚʝʨʣʠʪʦʚ); 8- ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʜʫʥʠʪʦʚ; 9- ʠʟ ʜʫʥʠʪʦʚ; 10- ʠʟ ʚʝʨʣʠʪʦʚ (ʧʫʨʧʫʨʥʦ-ʢʨʘʩʥʳʝ ʛʨʘʥʘʪʳ); 11, 12- ʠʟ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʭ 

ʧʦʨʬʠʨʦʚʳʭ ʠ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʣʝʨʮʦʣʠʪʦʚ ʠ ʤʘʛʥʝʟʠʘʣʲʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ; 13- ʠʟ 

ʠʣʴʤʝʥʠʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ; 14- ʞʝʣʚʘʢʠ ʛʨʘʥʘʪʘ;  15- ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʵʢʣʦʛʠʪʦʚ; 16- ʠʟ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʵʢʣʦʛʠʪʦʚ; 17- ʠʟ ʩʣʶʜʠʩʪʳʭ 

ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʵʢʣʦʛʠʪʦʚ; 18- ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʜʠʩʪʝʥʦʚʳʭ 

ʵʢʣʦʛʠʪʦʚ ʠ ʛʨʦʩʧʠʜʠʪʦʚ; 19- ʠʟ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʦʨʫʥʜʦʚʦʛʦ ʵʢʣʦʛʠʪʘ; 20- ʠʟ ʜʠʩʪʝʥʦʚʳʭ ʵʢʣʦʛʠʪʦʚ ʠ 

ʛʨʦʩʧʠʜʠʪʦʚ; 21- ʠʟ ʢʦʨʫʥʜʦʚʦʛʦ ʵʢʣʦʛʠʪʘ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇʀʈʆʇʆɺ ʂʀʄɹɽʈʃʀʊʆɺʆʁ ʊʈʋɹʂʀ çɼɸʏʅɸʗè 

ʊ.ɸ. ɸʥʪʦʥʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ɿʠʥʯʫʢ 

ʗʢʫʪʩʢʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʎʅʀɻʈʀ 
ɸʂ çɸʃʈʆʉɸè (ɿɸʆ) ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 

 
ɼʣʷ ʧʨʦʟʨʘʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ʠ ʛʨʘʥʘʪ, ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʠʟʫʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʦʧʪʠʯʝʩʢʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʛʣʦʱʝʥʠʷ (ʄʘʮʶʢ ʠ ʜʨ., 1985). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʟʚʦʣʷʝʪ ʚʳʡʪʠ ʥʘ 
ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʛʨʘʥʘʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʦʢʨʘʩʢʘ, ʯʠʩʣʝʥʥʦ ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ 
ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ɚʢ ʠ ʨʩ, ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʠʥʜʠʢʘʪʦʨʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʝʡ ʩʨʝʜʳ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʚʦʜʷʪʩʷ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʘʪʦʚ 

ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ ʪʨʫʙʢʠ ɼʘʯʥʘʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ɼʘʯʥʘʷ, ʨʘʩʧʦʣʦʞʝʥʘ ʚ 10 ʢʤ ʶʞʥʝʝ ʪʨʫʙʢʠ 
ʄʠʨ. ɺ ʄʠʨʥʠʥʩʢʦʤ ʢʠʤʙʝʨʣʠʪʦʚʦʤ ʧʦʣʝ ʪʨʫʙʢʘ ɼʘʯʥʘʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʪʨʫʙʢʘ ʄʠʨ, ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʦʜʥʦʡ ʛʨʫʧʧʝ (III ) ʧʦ 
ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʦʚ (ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003). 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʮʚʝʪʘ ʘʚʪʦʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʉ.ʉ. ʄʘʮʶʢʦʤ (ʄʘʮʶʢ, 
ɿʠʥʯʫʢ, 2001; ʄʘʮʶʢ ʠ ʜʨ., 1985), ʧʦʟʚʦʣʷʶʱʘʷ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʛʨʘʥʘʪʦʚ ʠʟ 
ʢʠʤʙʝʨʣʠʪʦʚ ʧʦ ʩʧʝʢʪʨʘʤ ʧʨʦʧʫʩʢʘʥʠʷ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʦʢʨʘʩʢʠ ʤʠʥʝʨʘʣʦʚ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ 
ʤʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ XYZ (ʄʝʞʜʫʥʘʨʦʜʥʘʷ 
ʆʩʚʝʪʠʪʝʣʴʥʘʷ ʂʦʤʠʩʩʠʷ - ʄʆʂ, 1931), ʦʧʠʩʘʥʥʘʷ ʉ.ʉ. ʄʘʮʶʢʦʤ (ʄʘʮʶʢ ʠ ʜʨ., 1985). ʄʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʳʡ 

ʘʥʘʣʠʟ ʙʳʣ ʚʳʧʦʣʥʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ JXA-8800R ʚ ʎɸʃ ɹɻʈʕ (ʘʥʘʣʠʪʠʢ ɸ.ʉ ʀʚʘʥʦʚ). 
ʇʨʦʠʟʚʝʜʝʥ ʘʥʘʣʠʟ 208 ʟʝʨʝʥ ʛʨʘʥʘʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ ɼʘʯʥʘʷ, ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ 

ʧʦʣʠʨʦʚʘʥʥʳʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ. ʉʧʝʢʪʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʘʥʘʪʦʚ ʩʥʠʤʘʣʠʩʴ ʧʦ ʦʜʥʦʣʫʯʝʚʦʡ ʩʭʝʤʝ ʧʨʠ 
ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʜʠʘʧʘʟʦʥʝ 350-800 ʥʤ ʩ ʠʥʪʝʨʚʘʣʦʤ 1ʥʤ. ʈʘʩʯʝʪ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ ʩʧʝʢʪʨʘʤ ʧʨʦʧʫʩʢʘʥʠʷ ʛʨʘʥʘʪʦʚ. ɼʣʷ ʦʧʪʠʢʦ-ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 
ʮʝʣʳʝ, ʚʠʟʫʘʣʴʥʦ ʥʝ ʪʨʝʱʠʥʦʚʘʪʳʝ ʟʝʨʥʘ ʠʟ ʪʨʫʙʢʠ ɼʘʯʥʘʷ, ʨʘʟʤʝʨʦʤ -2+1, -1+0,5 ʤʤ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ. 

 
 

ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʛʨʘʥʘʪʦʚ ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ ʪʨʫʙʢʠ ñɼʘʯʥʘʷò ʧʦ ʮʚʝʪʫ 



 
ɼʣʷ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʛʨʘʥʘʪʦʚ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʚʳʙʦʨʢʘʭ, ʧʦ ʩʧʝʢʪʨʘʤ ʧʦʛʣʦʱʝʥʠʷ ʚʳʯʠʩʣʷʣʠʩʴ 

ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʮʚʝʪʘ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʄʆʂ (ʚ ʧʝʨʝʨʘʩʯʝʪʝ ʥʘ ʪʦʣʱʠʥʫ ʢʨʠʩʪʘʣʣʘ 1 
ʤʤ). ɼʣʷ ʛʨʘʥʘʪʦʚ ʧʠʨʦʧʦʚʦʛʦ ʨʷʜʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʮʚʝʪʥʦʩʪʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʭ 
ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʢʦʣʦʨʠʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʨʘʥʘʪʳ ʪʨʫʙʢʠ ɼʘʯʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʤʠ 

ʮʚʝʪʦʚʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: ʞʝʣʪʦʡ, ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʡ, ʦʨʘʥʞʝʚʦʡ, ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʦʡ, ʢʨʘʩʥʦʡ ʠ ʢʨʘʩʥʦ-ʧʫʨʧʫʨʥʦʡ, 
ʧʫʨʧʫʨʥʦʚʘʪʦ-ʢʨʘʩʥʦʡ ʧʨʠ ʷʚʥʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ ʢʨʘʩʥʦʚʘʪʦ-ʦʨʘʥʞʝʚʳʭ (34,5%) ʠ ʢʨʘʩʥʳʭ (21,1%) ʮʚʝʪʦʚ (ʨʠʩ.1).  

 

 
 
ɼʣʷ ʵʪʦʡ ʚʳʙʦʨʢʠ ʧʠʨʦʧʦʚ ʠʟ ʪʨʫʙʢʠ ɼʘʯʥʘʷ ʭʘʨʘʢʪʝʨʥʦ ʪʦ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʟʝʨʝʥ (51%) 

ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʤ ʣʝʨʮʦʣʠʪʘʤ (ʨʠʩ. 2). 
ʀʟ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʟʝʨʝʥ ʛʨʘʥʘʪʦʚ 8,6% ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʘʣʤʘʟʦʥʦʩʥʳʤ ʘʩʩʦʮʠʘʮʠʷʤ. ʊʘʢ ʫʣʴʪʨʘʦʩʥʦʚʥʳʝ 

ʘʣʤʘʟʩʦʜʝʨʞʘʱʠʝ ʧʦʨʦʜʳ ʚ ʪʨʫʙʢʠ ɼʘʯʥʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʫʥʠʪʘʤʠ (0,5%), ʛʘʨʮʙʫʨʛʠʪʘʤʠ (1,5%). ɻʨʘʥʘʪʳ, ʦʪʚʝʯʘʶʱʠʝ 
ʘʣʤʘʟʦʥʦʩʥʳʤ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʤ ʧʦʨʦʜʘʤ ʦʩʥʦʚʥʦʡ ʩʝʨʠʠ, ʩʦʩʪʘʚʣʷʶʪ ʚ ʚʳʙʦʨʢʝ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ 
ɼʘʯʥʘʷ 6,2%. ɻʨʘʥʘʪʳ ʵʢʣʦʛʠʪʦʚʦʡ ʩʝʨʠʠ ʧʦʨʦʜ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʪʨʫʙʢʠ ɼʘʯʥʘʷ ʧʦ ʩʚʦʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʚʝʯʘʶʪ 
ʘʣʤʘʟʦʥʦʩʥʳʤ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʤ, ʜʠʩʪʝʥʦʚʳʤ ʵʢʣʦʛʠʪʘʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʜʠʘʛʨʘʤʤʝ ʉr2ʆ3-ʉʘʆ (ʨʠʩ. 3). 

 
 

                  ʈʠʩ.3. ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʛʨʘʥʘʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ 

ʪʨʫʙʢʠ ɼʘʯʥʘʷ 

 
 

ʈʠʩ.2. ʏʘʩʪʦʪʘ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʛʨʘʥʘʪʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʠ ɼʘʯʥʘʷ: 

1- ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʛʘʨʮʙʫʨʛʠʪʦʚ; 2- ʠʟ ʛʘʨʮʙʫʨʛʠʪʦʚ; 3- ʠʟ ʨʘʚʥʦʤʝʨʥʦʟʝʨʥʠʩʪʳʭ 

ʛʨʘʥʘʪʦʚʳʭ ʣʝʨʮʦʣʠʪʦʚ; 4- ʠʟ ʚʝʙʩʪʝʨʠʪʦʚ; 5- ʠʟ ʚʝʙʩʪʝʨʠʪʦʚ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʦʨʪʦʧʠʨʦʢʩʝʥʘ (<5 %); 6- ʠʟ ʙʠʤʠʥʝʨʘʣʴʥʳʭ ʤʘʛʥʝʟʠʘʣʴʥʳʭ ʵʢʣʦʛʠʪʦʚ; 7- ʠʟ ʭʨʦʤʠʪ-

ʛʨʘʥʘʪʦʚʳʭʫʣʴʪʨʘʙʘʟʠʪʦʚ (ʛʘʨʮʙʫʨʛʠʪʦʚ, ʜʫʥʠʪʦʚ, ʣʝʨʮʦʣʠʪʦʚ, ʚʝʨʣʠʪʦʚ); 8- ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʜʫʥʠʪʦʚ; 9- ʠʟ ʜʫʥʠʪʦʚ; 10- ʠʟ ʚʝʨʣʠʪʦʚ (ʧʫʨʧʫʨʥʦ-ʢʨʘʩʥʳʝ ʛʨʘʥʘʪʳ); 11, 12- ʠʟ 

ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʥʳʭ ʧʦʨʬʠʨʦʚʳʭ ʠ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʣʝʨʮʦʣʠʪʦʚ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ 

ʧʠʨʦʢʩʝʥʠʪʦʚ; 13- ʠʟ ʠʣʴʤʝʥʠʪʦʚʳʭ ʧʝʨʠʜʦʪʠʪʦʚ; 14- ʞʝʣʚʘʢʠ ʛʨʘʥʘʪʘ; 15- ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʵʢʣʦʛʠʪʦʚ; 16- ʠʟ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ 

ʵʢʣʦʛʠʪʦʚ; 17- ʠʟ ʩʣʶʜʠʩʪʳʭ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʞʝʣʝʟʠʩʪʳʭ ʵʢʣʦʛʠʪʦʚ; 18- ʠʟ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʜʠʩʪʝʥʦʚʳʭ ʵʢʣʦʛʠʪʦʚ ʠ ʛʨʦʩʧʠʜʠʪʦʚ; 19- ʠʟ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʢʦʨʫʥʜʦʚʦʛʦ 

ʵʢʣʦʛʠʪʘ; 20- ʠʟ ʜʠʩʪʝʥʦʚʳʭ ʵʢʣʦʛʠʪʦʚ ʠ ʛʨʦʩʧʠʜʠʪʦʚ; 21- ʠʟ ʢʦʨʫʥʜʦʚʦʛʦ ʵʢʣʦʛʠʪʘ 



ʇʦ ʩʦʜʝʨʞʘʥʠʶ TiO2 ʚ ʛʨʘʥʘʪʘʭ ʚʳʜʝʣʷʝʪʩʷ ʜʚʝ ʛʨʫʧʧʳ ʢʩʝʥʦʣʠʪʦʚ ʫʣʴʪʨʘʙʘʟʠʪʦʚ: ʩ ʥʠʟʢʠʤ (ʦʪ ʥʫʣʝʚʳʭ ʜʦ 
0,20%) ʠ ʧʦʚʳʰʝʥʥʳʤ (0,2-0,975%). ɺʩʝ ʛʨʘʥʘʪʳ ʛʘʨʮʙʫʨʛʠʪ-ʜʫʥʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ ʦʪʥʦʩʷʪʩʷ ʢ ʥʠʟʢʦʪʠʪʘʥʠʩʪʳʤ. 
ɻʨʘʥʘʪʳ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊiO2 ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʩʦʜʝʨʞʘʥʠʷ ʉr2ʆ3 (0,1-10,03%). 

 
ʃʠʪʝʨʘʪʫʨʘ 
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2. ʄʘʮʶʢ ʉ.ʉ., ʇʣʘʪʦʥʦʚ ɸ.ʅ., ʍʦʤʝʥʢʦ ɺ.ʄ. ʆʧʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ ʠ ʦʢʨʘʩʢʘ ʤʘʥʪʠʡʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʢʠʤʙʝʨʣʠʪʘʭ. - 

ʂʠʝʚ: ʅʘʫʢʦʚʘ ʜʫʤʢʘ, 1985. ï 248 ʩ.  
3. ʄʘʮʶʢ ʉ.ʉ, ɿʠʥʯʫʢ ʅ.ʅ. ʆʧʪʠʯʝʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʠʥʝʨʘʣʦʚ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ï ʄ.: ʅʝʜʨʘ, 2001. ï 426 ʩ. 

 
ʃʀʊʆʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʇɽʈʄʉʂʀʍ ʆʊʃʆɾɽʅʀʁ ʅɸ 
ʇʈʀʄɽʈɽ ʈɸɿʈɽɿɸ ʉʂɺɸɾʀʅʓ ɺʆʉʊʆʏʅʆ-ʅʀʂʆʃʔʉʂɸʗ - 1 (ɿɸʇɸɼʅɸʗ 

ʉʀɹʀʈʔ) 
ʆ.ɺ. ɹʝʣʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʅ.ʌ. ʉʪʦʣʙʦʚʘ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɺʦʩʪʦʯʥʦ-ʅʠʢʦʣʴʩʢʘʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʢʚʘʞʠʥʘ ˉ1 ʙʳʣʘ ʧʨʦʙʫʨʝʥʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ, ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʟʨʝʟʘ ʠ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʳʭ ʟʦʥ ʠ ʠʥʪʝʨʚʘʣʦʚ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ, ʘ 
ʪʘʢʞʝ ʜʣʷ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʨʘʡʦʥʘ ʠ ʧʦʩʪʘʥʦʚʢʠ ʜʝʪʘʣʴʥʳʭ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. ʉʢʚʘʞʠʥʘ 
ʧʨʦʙʫʨʝʥʘ ʥʘ ɺʘʨʪʦʚʩʢʦʤ ʣʦʢʘʣʴʥʦʤ ʧʦʜʥʷʪʠʠ ʚ ɸʣʝʢʩʘʥʜʨʦʚʩʢʦʤ ʨʘʡʦʥʝ ʊʦʤʩʢʦʡ ʦʙʣʘʩʪʠ, ʚ ʤʝʞʜʫʨʝʯʴʝ ʨʝʢ 

ɺʘʨʪʦʚʩʢʘʷ ʠ ɸʤʙʘʨʥʘʷ. 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʪʣʦʞʝʥʠʡ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʚʩʢʨʳʪʳʭ ʚ ʠʥʪʝʨʚʘʣʝ 

3550 ï 4500 ʤ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʭʥʦʣʦʛʠʷ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʀʥʩʪʠʪʫʪʘ ʛʝʦʣʦʛʠʠ ʠ 
ʥʝʬʪʝʛʘʟʦʚʦʛʦ ʜʝʣʘ ʊʦʤʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʊʝʭʥʦʣʦʛʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʤʝʪʦʜʦʚ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ, ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʜ. ɺ 
ʣʠʪʦʣʦʛʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʣʘʥʜʰʘʬʪʥʳʭ ʬʘʮʠʡ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʬʘʮʠʡ 
ʜʠʘʛʝʥʝʟʘ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʩʪʝʤʘʪʠʢʝ ʦʩʘʜʦʯʥʳʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ. ʇʨʠ ʠʟʫʯʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʦʦʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʙʠʥʦʢʫʣʷʨʥʳʭ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ. ɹʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʷʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ ʃʶʤʘʤ ʠ ʄʠʢʤʝʜ-2. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʩʪʦʷʪ ʚ ʠʟʫʯʝʥʠʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʫʨʘʥʘ, ʘ ʪʘʢʞʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʡ ʛʣʠʥʦʟʝʤʘ ʚ ʧʦʨʦʜʘʭ ʨʘʟʨʝʟʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 
ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ. ɼʣʷ ʵʪʦʛʦ ʦʪʦʙʨʘʥʥʳʝ ʧʨʦʙʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʊʦʤʩʢʦʤ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʤ 
ʷʜʝʨʥʦʤ ʨʝʘʢʪʦʨʝ ʀʈʊ-ʊ ʤʝʪʦʜʦʤ ʟʘʧʘʟʜʳʚʘʶʱʠʭ ʥʝʡʪʨʦʥʦʚ (ʄɿʅ), ʧʦʟʚʦʣʷʶʱʠʤ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʥʘ ʠ 
Al 2O3 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʝʣʠʯʠʥ. ʇʨʠʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʤʝʪʦʜ ʦʩʢʦʣʦʯʥʦʡ ʨʘʜʠʦʛʨʘʬʠʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʨʘʥʘ ʚ ʧʦʨʦʜʝ. ɿʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʜʘʝʪʩʷ ʚ ʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʝ ʚ ʚʠʜʝ 
ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʠʥʬʦʨʤʘʮʠʷ ʢ ʢʦʪʦʨʳʤ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʠ ʯʝʨʪʠʪʩʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ, 
ʨʘʟʨʘʙʦʪʘʥʥʳʤ ʜʣʷ ʕɺʄ (ʨʠʩ.1). ʅʘ ʛʨʘʬʠʢʝ ʜʘʝʪʩʷ ʣʠʪʦʣʦʛʠʯʝʩʢʘʷ ʢʦʣʦʥʢʘ, ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʛʝʦʭʠʤʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʩʢʨʳʪʳʭ ʩʢʚʘʞʠʥʦʡ ʦʪʣʦʞʝʥʠʡ ʚ ʚʠʜʝ ʪʨʝʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʨʘʟʨʝʟʦʚ, ʚ ʪʨʝʭ ʢʦʣʦʥʢʘʭ. ʋʨʘʥ ʧʨʠʚʦʜʠʪʩʷ ʚ 
ʜʚʫʭ ʚʠʜʘʭ: ʪʘʤ, ʛʜʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0 ʜʦ 8 ʛ/ʪ - ʚ ʚʠʜʝ ʯʝʨʥʳʭ ʢʨʫʞʢʦʚ, ʘ ʦʪ 10 ʜʦ 80 ʛ/ʪ - ʚ ʚʠʜʝ ʯʝʨʥʳʭ 
ʪʨʝʫʛʦʣʴʥʠʢʦʚ. Al 2O3, ʚ ʧʨʦʮʝʥʪʥʦʤ ʦʪʥʦʰʝʥʠʠ, ʠʟʦʙʨʘʞʝʥ ʚ ʚʠʜʝ ʙʝʣʳʭ ʢʨʫʞʢʦʚ. ɺ ʧʝʨʚʦʡ ʢʦʣʦʥʢʝ ʧʨʠʚʝʜʝʥʳ 
ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʠ Al 2O3. ɺʦ ʚʪʦʨʦʡ ʢʦʣʦʥʢʝ ʧʨʠʚʝʜʝʥʳ ʨʘʩʯʝʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʡ ʫʨʘʥʘ ʠ Al 2O3. 

ɺ ʪʨʝʪʴʝʡ ʢʦʣʦʥʢʝ ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʦʪʥʦʰʝʥʠʷ U/Al 2O3. ɺʝʣʠʯʠʥʘ ʦʪʥʦʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʛʝʦʭʠʤʠʯʝʩʢʦʝ 
ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʫʨʘʥʦʤ ʠ ʛʣʠʥʦʟʝʤʦʤ, ʢʦʪʦʨʦʝ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʘʭ. 
ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʨʘʚʥʘ 0,18 ʠ ʧʨʠʤʝʥʠʤʘ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ɿʘʧʘʜʥʦʡ ʉʠʙʠʨʠ. ʕʪʦ ʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ 
ʚʳʷʚʣʷʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʘʥʦʤʘʣʠʠ, ʪ.ʝ. ʪʝ, ʢʦʪʦʨʳʝ ʤʝʥʴʰʝ 0,18, ʢʦʩʚʝʥʥʦ ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʦʥʳ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʨʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 
ʢʦʣʣʝʢʪʦʨʘʤ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʷʚʣʝʥʠʠ ʧʨʦʮʝʩʩʦʚ ʫʛʣʝʢʠʩʣʦʪʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʚʳʥʦʩʫ 
ʫʨʘʥʘ ʠ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʵʪʠʭ ʟʦʥ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ (ʙʦʣʝʝ 0,18) ʩʦʦʪʚʝʪʩʪʚʫʶʪ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʫʯʘʩʪʢʘʤ 
ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʨʦʜ. 

ʈʘʟʨʝʟ ɺʦʩʪʦʯʥʦ-ʅʠʢʦʣʴʩʢʦʡ ʩʢʚʘʞʠʥʳ ʚ ʠʟʫʯʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʩʝʨʳʭ, ʪʝʤʥʦ-
ʩʝʨʳʭ, ʩʨʝʜʥʝ-, ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʨʢʦʟʦʚʳʭ ʠ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʪʝʤʥʦ-ʩʝʨʳʭ ʘʣʝʚʨʦʣʠʪʦʚ, ʯʝʨʥʳʭ ʘʨʛʠʣʣʠʪʦʚ 
ʯʘʩʪʦ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ, ʘʨʛʠʣʣʠʪʦʚ ʩ ʨʘʩʩʝʷʥʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ (ʆɺ), ʠʟʚʝʩʪʢʦʚʠʩʪʳʭ ʘʨʛʠʣʣʠʪʦʚ, ʩʝʨʳʭ 
ʜʠʦʨʠʪʦʚ ʠ ʩʚʝʪʣʦ-ʩʝʨʳʭ ʜʘʮʠʪʦʚ. 

ɼʣʷ ʧʝʩʯʘʥʠʢʦʚ ʭʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʦʪ 1,4 ʜʦ 2,09 ʛ/ʪ. ʉʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ 
ʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 9 ï 17%. ʆʪʥʦʰʝʥʠʝ ʫʨʘʥʘ ʢ ʛʣʠʥʦʟʝʤʫ ʚ ʧʝʩʯʘʥʠʢʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,12 ʜʦ 0,2. ɺ ʘʣʝʚʨʦʣʠʪʘʭ 
ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1,27 ʜʦ 3 ʛ/ʪ. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʛʣʠʥʦʟʝʤʘ ʘʣʝʚʨʦʣʠʪʳ ʧʦʜʦʙʥʳ ʧʝʩʯʘʥʠʢʘʤ. ʆʪʥʦʰʝʥʠʝ 
ʫʨʘʥʘ ʢ ʛʣʠʥʦʟʝʤʫ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,13 ï 0,2. ɺ ʵʪʠʭ ʧʦʨʦʜʘʭ, ʥʘ ʛʣʫʙʠʥʝ 3556 ï 3628 ʤ, ʦʪʙʠʚʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ 
ʘʥʦʤʘʣʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʢʦʣʣʝʢʪʦʨʦʤ ʜʣʷ ʥʝʬʪʠ ʠʣʠ ʛʘʟʘ. 

ɺʫʣʢʘʥʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʘʤʳʤʠ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʫʨʘʥʘ ʦʪ 18 ʜʦ 80 ʛ/ʪ. ʉʦʜʝʨʞʘʥʠʝ 
ʛʣʠʥʦʟʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʘʣʳʤ ʜʠʘʧʘʟʦʥʦʤ ʟʥʘʯʝʥʠʡ ʦʪ 14% ʜʦ 17%. ʆʪʥʦʰʝʥʠʝ ʫʨʘʥʘ ʢ ʛʣʠʥʦʟʝʤʫ ʜʣʷ ʵʪʠʭ ʧʦʨʦʜ 
ʩʦʩʪʘʚʣʷʝʪ 1,2 ï 5,3. 

ɸʨʛʠʣʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʦʢʠʤ ʨʘʟʙʨʦʩʦʤ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʨʘʥʘ - ʦʪ 1 ʜʦ 16 ʛ/ʪ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ 
ʟʥʘʯʝʥʠʷ (ʙʦʣʝʝ 10 ʛ/ʪ) ʧʨʠʭʦʜʷʪʩʷ ʥʘ ʦʙʨʘʟʮʳ, ʦʪʦʙʨʘʥʥʳʝ ʩ ʛʣʫʙʠʥ ʙʦʣʝʝ 4063 ʤ. ɺ ʵʪʠʭ ʦʙʨʘʟʮʘʭ ʚʩʪʨʝʯʘʝʪʩʷ 
ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʠ ʩʣʦʡʢʠ ʧʠʨʠʪʘ, ʨʘʩʩʝʷʥʥʦʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʡ ʜʝʪʨʠʪ. ʅʘ ʵʪʠ ʞʝ ʧʨʦʙʳ 
ʧʨʠʭʦʜʠʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʠʥʦʟʝʤʘ (ʙʦʣʝʝ 15%), ʧʨʠ ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪ 9 ʜʦ 18%. 



ʆʪʥʦʰʝʥʠʝ ʫʨʘʥʘ ʢ ʛʣʠʥʦʟʝʤʫ ʚ ʧʨʦʙʘʭ ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʜʣʷ ʘʨʛʠʣʣʠʪʦʚ (ʦʪ 0,6 ʜʦ 1,1), ʚ ʦʩʪʘʣʴʥʳʭ ʧʨʦʙʘʭ ʦʪʥʦʰʝʥʠʝ 
ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 0,1 ï 0,6. 

ɼ

ʝʪʘʣʴʥ
ʝʝ 

ʨʘʩʩʤʘ
ʪʨʠʚʘʝ
ʪʩʷ 

ʧʦʚʝʜʝ
ʥʠʝ 
ʫʨʘʥʘ 

ʥʘ 
ʢʦʥʢʨʝ
ʪʥʳʭ 
ʠʥʪʝʨʚ
ʘʣʘʭ 
ʛʣʫʙʠ
ʥ, ʛʜʝ 
ʝʛʦ 

ʩʦʜʝʨ
ʞʘʥʠʝ 
ʧʨʠʥʠ
ʤʘʝʪ 
ʧʦʚʳʰ
ʝʥʥʳʝ 
ʟʥʘʯʝʥ
ʠʷ. ʅʘ 

ʛʣʫʙʠ
ʥʘʭ 

3807 ï 
3808 
ʤ, 

ʧʨʝʜʩʪ
ʘʚʣʝʥʥʳʭ ʘʨʛʠʣʣʠʪʘʤʠ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʘʥʘ ʜʦʩʪʠʛʘʶʪ 10ï15 ʛ/ʪ. ʉʣʝʜʫʶʱʠʝ ʧʦʚʳʰʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʫʨʘʥʘ 
ʜʦ, 9,4 ʛ/ʪ, ʦʪʙʠʚʘʶʪʩʷ ʚ ʧʦʨʦʜʘʭ ʥʘ ʛʣʫʙʠʥʝ 4008,4 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʯʝʨʥʦʛʦ 
ʮʚʝʪʘ ʩ ʨʝʜʢʠʤʠ ʩʣʦʡʢʘʤʠ ʧʠʨʠʪʘ. ɼʘʣʝʝ, ʚ ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʟʘ 4061 ï 4083 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʦʤ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʜʠʦʨʠʪʦʚ, 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʨʛʠʣʣʠʪʦʚ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʨʘʩʩʝʷʥʥʳʤ ʆɺ, ʩ ʧʨʦʩʣʦʷʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʭ ʘʨʛʠʣʣʠʪʦʚ, 
ʘʣʝʚʨʦʣʠʪʦʚ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʠ ʨʝʜʢʠʤʠ ʥʠʪʝʚʠʜʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʧʠʨʠʪʘ, ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 2 ʜʦ 20 
ʛ/ʪ. ɺ ʘʨʛʠʣʣʠʪʘʭ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 8,7 ï 8,9 ʛ/ʪ, ʫʚʝʣʠʯʠʚʘʷʩʴ ʜʦ 20,08 ʛ/ʪ ʚ ʜʠʦʨʠʪʝ. 

ʉʣʝʜʫʶʱʠʡ ʠʥʪʝʨʚʘʣ 4137,1 ï 4152,6 ʤ ʧʨʝʜʩʪʘʚʣʝʥ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ 
ʚʢʣʶʯʝʥʠʷʤʠ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʛʦ ʆɺ, ʩ ʪʦʥʢʠʤʠ ʩʣʦʡʢʘʤʠ ʧʠʨʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚ ʥʘʯʘʣʝ ʠ ʜʘʮʠʪʘʤʠ, ʩʤʝʥʷʶʱʝʛʦ 
ʘʨʛʠʣʣʠʪʳ ʚ ʢʦʥʮʝ ʠʥʪʝʨʚʘʣʘ. ʕʪʦʪ ʧʨʦʤʝʞʫʪʦʢ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʫʨʘʥʘ ʠ 
ʩʦʩʪʘʚʣʷʝʪ ʦʪ 8,1 ʜʦ 54 ʛ/ʪ. ɸʨʛʠʣʣʠʪʘʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʦʪ 8,1 ʜʦ 14,27 ʛ/ʪ, ʘ ʥʘ ʜʦʣʶ ʜʘʮʠʪʦʚ 
ʧʨʠʭʦʜʷʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ - 24,66ï 54 ʛ/ʪ. ɺ ʩʣʝʜʫʶʱʝʤ ʠʥʪʝʨʚʘʣʝ ʨʘʟʨʝʟʘ ʦʪ 4331,6 ʜʦ 4332,5 ʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʪʝʤʥʦ-ʩʝʨʳʤʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʤʠ ʘʨʛʠʣʣʠʪʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʩʝʨʦʛʦ ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, 
ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʦʛʦ ʜʝʪʨʠʪʘ ʠ ʜʘʮʠʪʦʚ, ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5,2 ʜʦ 26,12 ʛ/ʪ, ʧʨʠʯʝʤ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 
ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚ ʘʨʛʠʣʣʠʪʝ (15,62 ʛ/ʪ) ʠ ʚ ʜʘʮʠʪʝ (26,12 ʛ/ʪ). ʅʘ ʛʣʫʙʠʥʝ 4413 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʘʨʛʠʣʣʠʪʘʤʠ ʯʝʨʥʦʛʦ 
ʮʚʝʪʘ ʩ ʪʦʥʢʠʤʠ ʩʣʦʡʢʘʤʠ ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʆɺ ʠ ʧʠʨʠʪʘ, ʩʦʜʝʨʞʘʥʠʝ ʫʨʘʥʘ ʜʦʩʪʠʛʘʝʪ 12,35 ʛ/ʪ. ʀʥʪʝʨʚʘʣ ʦʪ 
4460 ʜʦ 4275,3 ʤ ʧʨʝʜʩʪʘʚʣʝʥ ʘʨʛʠʣʣʠʪʦʤ ʯʝʨʥʦʛʦ ʮʚʝʪʘ ʩ ʪʦʥʢʠʤʠ ʩʣʦʡʢʘʤʠ ʧʠʨʠʪʘ ʠ ʜʘʮʠʪʦʤ. ʉʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʚ 
ʘʨʛʠʣʣʠʪʘʭ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 2,3 ʜʦ 8,4 ʛ/ʪ ʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 49 ʛ/ʪ ʚ ʜʘʮʠʪʝ. ɺ ʮʝʣʦʤ ʥʘ ʵʪʠʭ ʠʥʪʝʨʚʘʣʘʭ ʧʦ ʦʪʥʦʰʝʥʠʶ 
U/Al2O3 ʠ ʦʪʙʠʚʘʶʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ, ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʧʨʠʩʫʪʩʚʠʝ ʫʨʘʥʦʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 
ʪʠʧʘ ʢʝʨʦʛʝʥʘ II ʠ, ʩʣʝʜʦʚʦʪʝʣʴʥʦ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʠʤ ʧʦʨʦʜʘʤ ʜʦʤʘʥʠʢʦʚʦʛʦ ʪʠʧʘ. 

ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ, ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʶʤʠʥʠʩʮʝʥʪʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʛʜʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʨʘʥʘ 
ʧʨʠʥʠʤʘʝʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ (ʙʦʣʝʝ 8 ʛ/ʪ), ʦʪʤʝʯʘʶʪʩʷ ʩʣʝʜʳ ʤʠʛʨʘʮʠʠ ʙʠʪʫʤʦʠʜʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʙʠʪʫʤʦʠʜʦʚ 
ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,01% ʜʦ 0,6% ï 0,8%. ʉʦʩʪʘʚ ʙʠʪʫʤʦʠʜʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʤʦʣʠʩʪʳʡ (ʭʘʨʘʢʪʝʨʥʦʝ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʝ, 
ʙʫʨʦʝ ʩʚʝʯʝʥʠʝ). ʅʘ ʥʘʠʙʦʣʝʝ ʧʨʦʥʠʮʘʝʤʳʭ ʫʯʘʩʪʢʘʭ (ʟʦʥʘ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ) ʦʪʤʝʯʘʶʪʩʷ ʙʠʪʫʤʦʠʜʳ 
ʣʝʛʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦ ʛʦʣʫʙʦʚʘʪʦʤʫ ʩʚʝʯʝʥʠʶ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 
ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 3800 ʤ. ʄʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʘʨʛʠʣʣʠʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʫʨʘʥʘ ʠ 
ʩʠʥʛʝʥʝʪʠʯʥʦʡ ʙʠʪʫʤʠʥʦʟʥʦʩʪʴʶ. ɺʦ ʤʥʦʛʠʭ ʦʙʨʘʟʮʘʭ ʨʘʟʨʝʟʘ ʧʨʝʦʙʣʘʜʘʪʁ ʢʝʨʦʛʝʥʳ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʝʩʷ ʧʦ 
ʛʫʤʫʩʦʚʦʤʫ ʦʨʛʘʥʠʯʝʩʢʦʤʫ ʚʝʱʝʩʪʚʫ, ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦ ʦʪʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ rʙʫʜʫʪ ʧʝʨʩʧʝʢʪʠʚʥ rʥʘ ʛʘʟ. ʆʩʪʘʪʦʯʥʳʡ 

ʦʙʣʠʢ ʙʠʪʫʤʦʠʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʬʘʢʪʝ ʛʘʟʦʛʝʥʝʨʘʮʠʠ ʚ ʨʘʡʦʥʝ ʩʢʚʘʞʠʥʳ. 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʪʦʤ ʥʝ ʟʘʢʘʥʯʠʚʘʶʪʩʷ, ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʘ ʩʢʚʘʞʠʥʳ ʧʨʦʜʦʣʞʘʝʪʩʷ. ʋʪʦʯʥʷʝʪʩʷ ʩʪʨʘʪʠʛʨʘʬʠʷ 

ʦʪʣʦʞʝʥʠʡ, ʧʝʪʨʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ. 
 

ʉʈɸɺʅʀʊɽʃʔʅʓʁ ɸʅɸʃʀɿ ɿʆʅʓ ʉʋʃʔʌʀɼʀɿɸʎʀʀ ɹɸʃʂʀ çɻʆʈɽʃʆʁè ʀ 
ʋʈʋʇʉʂʆɻʆ ʄɽɼʅʆ-ʂʆʃʏɽɼɸʅʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇʆ ʄʀʅɽʈɸʃʆɻʆ-

ʌʀɿʀʏɽʉʂʀʄ ʇʆʂɸɿɸʊɽʃʗʄ (ʉɽɺɽʈʅʓʁ ʂɸɺʂɸɿ) 
ɸ.ɺ. ɹʦʛʠʣʝʚ, ʄ.ʖ. ɼʞʘʥʛʠʨʦʚ 

 
 

ʈʠʩ.1.  ʃʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʡ ʨʘʟʨʝʟ ʧʦ ʩʢʚ. ɺʦʩʪʦʯʥʦ-ʅʠʢʦʣʴʩʢʘʷ ˉ1 (ʬʨʘʛʤʝʥʪ) 



ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʀ.ɸ. ɹʦʛʫʰ 
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 

 
ʋʨʫʧʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʨʫʧʥʝʡʰʠʤ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʥʦ ʷʚʣʷʝʪʩʷ ʦʙʲʝʢʪʦʤ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʩʴʤʘ ʘʢʪʫʘʣʴʥʦ 
ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʋʨʫʧʦ-ʃʘʙʠʥʩʢʦʤ ʨʘʡʦʥʝ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʛʦ ʨʘʡʦʥʘ ʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ 
ʚʫʣʢʘʥʦʛʝʥʦ-ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʢʠʟʠʣʢʦʣʴʩʢʦʡ ʩʚʠʪʳ (D2ks) ʠʤʝʶʪ ʤʝʩʪʦ ʢʨʫʧʥʳʝ ʟʦʥʳ ʧʠʨʠʪʠʟʘʮʠʠ. ʈʘʟʚʝʜʢʘ ʮʝʣʦʛʦ 
ʨʷʜʘ ʪʘʢʠʭ ʢʨʫʧʥʳʭ ʟʦʥ (ʏʫʛʫʥʢʘ, ʈʘʙʦʪʘʡʢʘ, ɻʦʨʝʣʘʷ, ɻʨʫʰʦʚʘʷ, ʈʦʞʢʘʚʩʢʘʷ ʠ ʜʨ.) ʥʝ ʜʘʣʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʕʪʠ ʟʦʥʳ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʨʘʟʤʝʨʘʤ (ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʜʦ 2-3 ʢʤ, ʧʨʠ ʤʦʱʥʦʩʪʠ ʦʪ 5 ʜʦ 15 ʤ), ʧʨʝʜʩʪʘʚʣʝʥʥʳ ʢʚʘʨʮ-
ʩʝʨʠʮʠʪʦʚʳʤʠ, ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʤʠ, ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ. ɸʥʘʣʦʛʠʯʥʳʝ ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ 
ʦʢʦʣʦʨʫʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʚ ʣʝʞʘʯʝʤ ʙʦʢʫ ʩʧʣʦʰʥʳʤʠ ʨʫʜʘʤʠ ʛʣʘʚʥʦʡ ʋʨʫʧʩʢʦʡ ʟʘʣʝʞʠ. 

ʉʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ ʟʦʥ ʥʘʠʙʦʣʝʝ ʙʣʠʟʢʘʷ ʧʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʤ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ ʤʠʥʝʨʘʣʦ-
ʬʠʟʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʷʤ ʢ ʛʣʘʚʥʦʡ ʋʨʫʧʩʢʦʡ ʟʘʣʝʞʠ, ʷʚʣʷʝʪʩʷ ʟʦʥʘ ʙʘʣʢʠ ɻʦʨʝʣʦʡ (ɹʦʛʠʣʝʚ, 2004). 

ʅʘ ʛʝʥʝʪʠʯʝʩʢʫʶ ʙʣʠʟʦʩʪʴ ʵʪʠʭ ʜʚʫʭ ʦʙʲʝʢʪʦʚ ʫʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʠʝ ʬʘʢʪʳ: 
1. ʆʙʲʝʢʪʳ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʝʜʠʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʝ (ʂʠʟʠʣʢʦʣʴʩʢʘʷ ʩʚʠʪʘ (D2ks)), ʧʝʪʨʦʣʦʛʠʯʝʩʢʠ ʠ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʡ. 

2. ʂʨʦʚʣʷ ʟʦʥʳ ʟʘʥʠʤʘʝʪ ʩʪʨʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ (ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʘ) ʠ ʬʠʢʩʠʨʫʝʪʩʷ 
ʩʪʨʘʪʠʬʦʨʤʥʳʤʠ, ʧʣʘʩʪʦʚʳʤʠ ʠ ʣʠʥʟʦʚʠʜʥʳʤʠ ʪʝʣʘʤʠ ʢʨʝʤʥʠʩʪʦ-ʛʝʤʘʪʠʪʦʚʳʭ ʪʫʬʬʠʪʦʚ, ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜʘʤ 
ɻʣʘʚʥʦʡ ʋʨʫʧʩʢʦʡ ʟʘʣʝʞʠ (ʉʢʨʠʧʯʝʥʢʦ, 1979, ʏʝʨʥʠʮʳʥ ʠ ʜʨ., 1971). 

ʀʟʚʝʩʪʥʘʷ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʴ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʟʘʪʨʫʜʥʷʝʪ ʚʠʟʫʘʣʴʥʦʝ (ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʦʝ ʠ 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ) ʚʳʜʝʣʝʥʠʝ ʩʨʝʜʠ ʟʦʥ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʉʤʠʨʥʦʚ, 1969), ʘʥʘʣʦʛʦʚ ʧʦʜʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʋʨʫʧʩʢʦʡ 
ʟʘʣʝʞʠ. 

 
ʈʠʩ.1. ʉʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʥʘʯʝʥʠʡ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ: ʘ - ʟʦʥʘ ʙʘʣʢʠ ɻʦʨʝʣʦʡ; ʙ - ʋʨʫʧʩʢʘʷ ʟʘʣʝʞʴ 

 
ʀʟ ʚʩʝʭ ʤʠʥʝʨʘʣʦʚ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ, ʧʨʦʭʦʜʷʱʠʤ ʠ 

çʢʦʥʩʝʨʚʘʪʠʚʥʳʤè ʤʠʥʝʨʘʣʦʤ, ʥʝʩʫʱʠʤ ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʛʝʥʝʪʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ. 
ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʦʤʫ ʘʥʘʣʠʟʫ, ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʨʘʟʨʘʙʦʪʘʪʴ ʤʠʥʝʨʘʣʦ-ʬʠʟʠʯʝʩʢʠʝ 

ʧʦʠʩʢʦʚʳʝ ʢʨʠʪʝʨʠʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʦ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʝʨʤʦ-ʕɼʉ ʜʠʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ. 
ʆʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʠʨʠʪʦʚ ʢʦʣʯʝʜʘʥʥʳʭ ʦʨʫʜʝʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʙʦʪʘʭ ɹʦʛʫʰ ʀ.ɸ. 
ʀʟʤʝʨʝʥʠʝ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʠʨʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ ʥʘ ʧʨʠʙʦʨʝ ʇʄʊ-3 ʚ 

ʧʦʣʠʨʦʚʘʥʥʳʭ ʘʥʰʣʠʬʘʭ, ʚ ʩʣʫʯʘʡʥʳʭ ʩʝʯʝʥʠʷʭ ʚ ʟʝʨʥʘʭ ʠ ʘʛʨʝʛʘʪʘʭ. 
ɿʘʤʝʨʳ ʪʝʨʤʦ-ʕɼʉ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʤʝʪʦʜʠʢʝ ɺ.ʀ. ʂʥʷʟʝʚʘ ʧʨʠ ʨʘʟʥʠʮʝ ʪʝʤʧʝʨʘʪʫʨ ʤʝʞʜʫ ʛʦʨʷʯʠʤ ʠ 

ʭʦʣʦʜʥʳʤ ʵʣʝʢʪʨʦʜʘʤʠ 1000ʉ, ʚ ʧʦʣʠʨʦʚʘʥʥʳʭ ʘʥʰʣʠʬʘʭ, ʚ ʟʝʨʥʘʭ ʠ ʘʛʨʝʛʘʪʘʭ ʧʠʨʠʪʘ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʠ ʪʝʨʤʦ-ʕɼʉ, ʨʘʩʩʯʠʪʘʥʳ ʢʦʵʬʬʠʮʠʝʥʪʳ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ, ʘ ʪʘʢʞʝ ʜʨʫʛʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ 
ʧʘʨʘʤʝʪʨʳ. 

ʇʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ ʛʠʩʪʦʛʨʘʤʤ ʧʦ ʚʳʙʨʘʥʥʳʤ ʦʙʲʝʢʪʘʤ ʥʘʙʣʶʜʘʝʪʩʷ ʚʳʨʘʞʝʥʥʘʷ ʛʝʪʝʨʦʛʝʥʥʦʩʪʴ 
ʧʠʨʠʪʦʚ ʩ ʙʣʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʘʢʩʠʤʫʤʦʚ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ: 382-582;1182-1410;1710-1982 ʢʛʩ/ʤʤ2  (ʨʠʩ. 1), ʩ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ ʇʠʨʩʦʥʘ ʨʘʚʥʳʤ 0,656. 
ʇʦ ʜʘʥʥʳʤ ʟʘʤʝʨʦʚ ʪʝʨʤʦ-ʕɼʉ ʧʠʨʠʪʦʚ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʋʨʫʧʩʢʦʡ ʟʘʣʝʞʠ ʠ ʙʘʣʢʠ ɻʦʨʝʣʦʡ ʦʪʯʝʪʣʠʚʦ 

ʚʳʷʚʣʷʝʪʩʷ ʜʚʦʡʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʜʳʨʦʯʥʦʡ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ʀʤʝʷ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʳʡ ʪʠʧ 
ʧʨʦʚʦʜʠʤʦʩʪʠ, Ŭʩʨ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ï200 ʜʦ +43 ʤʢɺ/0ʉ, ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ Ŭ(-) ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 ʜʦ 
ï370 ʤʢɺ/0ʉ. 

ʉʨʘʚʥʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʪʝʨʤʦ-ʕɼʉ ʠ ʤʠʢʨʦʪʚʝʨʜʦʩʪʠ ʧʠʨʠʪʦʚ ʋʨʫʧʩʢʦʡ ʟʘʣʝʞʠ ʠ ʟʦʥʳ ʙʘʣʢʠ ɻʦʨʝʣʦʡ 
ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʭ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʭʦʞʝʩʪʴ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʟʦʥʳ ʥʘ ʧʨʦʤʳʰʣʝʥʥʦʝ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʦʝ 
ʦʨʫʜʝʥʝʥʠʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʑɽʃʆʏʅʓʍ ɹɸɿɸʃʔʊʆɺ ɺʋʃʂɸʅʆɺ 

ʉɸʃʔʉʂʀʁ, ʉɺʀʗɻʀʅʉʂʀʁ ʀ ʂʀʈʆɺʉʂʀʁ (ʇʈʀʄʆʈʔɽ) 
ʉ.ʖ. ɹʫʨʘʚʣʸʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ɸ.ɺ. ɿʠʥʴʢʦʚ 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

 

ɺ ʧʦʟʜʥʝʢʘʡʥʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʶʛʘ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ ʰʠʨʦʢʦ ʧʨʦʷʚʠʣʩʷ ʱʝʣʦʯʥʦ-
ʙʘʟʘʣʴʪʦʚʳʡ ʚʫʣʢʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʝʣʢʠʤʠ ʤʦʥʦʛʝʥʥʳʤʠ ʚʫʣʢʘʥʘʤʠ, ʪʨʫʙʢʘʤʠ ʚʟʨʳʚʘ, 
ʥʝʢʢʘʤʠ ʠ ʧʦʢʨʦʚʘʤʠ. ɺ ʇʨʠʤʦʨʴʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʨʘʟʦʙʱʸʥʥʳʝ ʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ 
ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʮʝʧʦʯʢʠ (ʚʫʣʢʘʥʳ ɼʝʜʫʰʢʘ, ɹʘʙʫʰʢʘ, ʉʚʠʷʛʠʥʩʢʠʡ, ʉʘʣʴʩʢʠʡ, ʂʠʨʦʚʩʢʠʡ, ʄʝʜʚʝʞʠʡ, ɹʘʨʘʥʦʚʩʢʠʡ ʠ 
ʜʨ.) ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʨʘʩʧʦʣʘʛʘʷʩʴ ʚ ʧʨʝʜʝʣʘʭ ʍʘʥʢʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠ ʚʦʩʪʦʯʥʦʛʦ ʉʠʭʦʪʝ-ɸʣʠʥʷ. 

ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 
ʠʟʫʯʝʥʠʷ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʉʘʣʴʩʢʦʛʦ, ʂʠʨʦʚʩʢʦʛʦ ʠ ʉʚʠʷʛʠʥʩʢʦʛʦ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ. 

ʂʠʨʦʚʩʢʘʷ ʠ ʉʚʠʷʛʠʥʩʢʘʷ ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʠʜʥʳʝ ʧʦʩʪʨʦʡʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʍʘʥʢʘʡʩʢʦʛʦ 

ʤʘʩʩʠʚʘ, ʘ ʉʘʣʴʩʢʘʷ ï ʚ ʝʛʦ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ. ɼʝʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʠʭ ʧʦʩʪʨʦʝʢ ʧʨʠʚʝʜʝʥʦ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (ɻʘʧʝʝʚʘ, 
1964; ʄʘʣʝʝʚ, 1963) ʠ ʧʦʵʪʦʤʫ ʥʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚʫʣʢʘʥʦʚ ʂʠʨʦʚʩʢʠʡ, ʉʘʣʴʩʢʠʡ ʠ ʉʚʠʷʛʠʥʩʢʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʦ 
ʤʥʦʛʠʤ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʦʥʠ ʜʦʚʦʣʴʥʦ ʙʣʠʟʢʠ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘʧʨʠʤʝʨ, ʦʙʱʠʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 
ʧʨʠʟʥʘʢʦʤ ʜʣʷ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ, ʠʟʫʯʝʥʥʳʭ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʩʪʨʦʝʢ, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʦʙʨʘʟʫʶʪ ʵʢʩʪʨʫʟʠʚʥʦ-
ʞʝʨʣʦʚʳʝ ʪʝʣʘ, ʧʨʠʯʸʤ ʧʦʩʣʝʜʥʠʝ ʥʝʨʝʜʢʦ ʩʦʜʝʨʞʘʪ ʤʘʥʪʠʡʥʳʝ ʢʩʝʥʦʣʠʪʳ. 

ɺ ʧʝʪʨʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʪʤʝʯʘʶʪʩʷ ʙʣʠʟʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʙʦʣʴʰʠʥʩʪʚʘ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʩʠʜʦʚ ʠ 
ʚʘʥʘʜʠʷ. ɹʣʠʟʢʠ ʦʥʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʧʦ ʚʝʣʠʯʠʥʝ Na2O/K2O ʠ ʛʣʠʥʦʟʸʤʠʩʪʦʩʪʠ. 

ʄʝʞʜʫ ʪʝʤ ʩʫʱʝʩʪʚʫʶʪ ʠ ʚʧʦʣʥʝ ʫʩʪʦʡʯʠʚʳʝ ʦʪʣʠʯʠʷ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ ʚʫʣʢʘʥʦʚ ʂʠʨʦʚʩʢʠʡ ʠ ʉʚʠʷʛʠʥʩʢʠʡ ʦʙʦʛʘʱʝʥʳ ʦʣʠʚʠʥʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʨʦʜʳ 
ʚʫʣʢʘʥʘ ʉʘʣʴʩʢʠʡ ʩʦʜʝʨʞʘʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʦʛʦ ʤʠʥʝʨʘʣʘ. ɼʨʫʛʦʡ ʭʘʨʘʢʪʝʨʥʦʡ ʯʝʨʪʦʡ ʜʘʥʥʦʡ 
ʧʦʩʪʨʦʡʢʠ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʣʝʨʮʦʣʠʪʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʦʨʦʜʘʭ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʤʠʢʨʦʟʦʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚʫʣʢʘʥʦʚ ʂʠʨʦʚʩʢʠʡ ʠ ʉʚʠʷʛʠʥʩʢʠʡ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ 
ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʘʛʥʠʷ ʚ ʦʣʠʚʠʥʝ ʠ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʞʝʣʝʟʘ ʠ ʪʠʪʘʥʘ, ʥʦ ʚʳʩʦʢʠʤʠ ð ʥʘʪʨʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ 
ʘʚʛʠʪʘ. ʊʦʛʜʘ ʢʘʢ ʦʣʠʚʠʥ ʚʫʣʢʘʥʘ ʉʘʣʴʩʢʠʡ ʤʝʥʝʝ ʦʙʦʛʘʱʸʥ ʤʘʛʥʠʝʤ, ʘ ʪʠʪʘʥʦʘʚʛʠʪ ð ʙʦʣʝʝ ʞʝʣʝʟʠʩʪʳʡ, ʥʦ ʤʝʥʝʝ 
ʥʘʪʨʦʚʳʡ. ʉʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʶʪʩʷ ʦʥʠ ʠ ʧʦ ʨʷʜʫ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ ʱʝʣʦʯʥʳʝ ʙʘʟʘʣʴʪʳ 

ʂʠʨʦʚʩʢʦʛʦ ʠ ʉʚʠʷʛʠʥʩʢʦʛʦ ʚʫʣʢʘʥʦʚ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʧʦʨʦʜ ʚʫʣʢʘʥʘ ʉʘʣʴʩʢʠʡ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 
MgO, Ni, Cr ʠ Co. ʆʥʠ ʪʘʢʞʝ ʠʤʝʶʪ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ Ni/Co ʦʪʥʦʰʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʦʚʳʰʝʥʥʫʶ 
ʤʘʛʥʝʟʠʘʣʴʥʦʩʪʴ ʵʪʠʭ ʧʦʨʦʜ. 

ɸʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʟʫʯʝʥʠʷ ʱʝʣʦʯʥʳʭ ʙʘʟʘʣʴʪʦʚ ʚʫʣʢʘʥʦʚ ʂʠʨʦʚʩʢʠʡ, 
ʉʘʣʴʩʢʠʡ ʠ ʉʚʠʷʛʠʥʩʢʠʡ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʨʝʜʝʣʸʥʥʦʡ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʩʦʩʪʘʚʘ 
ʚʫʣʢʘʥʠʯʝʩʠʭ ʧʦʨʦʜ, ʧʦʣʫʯʠʚʰʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʝʜʝʣʘʭ ʍʘʥʢʘʡʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʊʘʢ, ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʍʘʥʢʘʡʩʦʛʦ 
ʤʘʩʩʠʚʘ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʫʤʝʨʝʥʥʦ-ʤʘʛʥʝʟʠʘʣʴʥʳʝ ʙʘʟʘʣʴʪʳ (ʚʫʣʢʘʥ ʉʘʣʴʩʢʠʡ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʝʛʦ ʶʞʥʦʡ 
ʯʘʩʪʠ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʠʤʝʶʪ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʝ ʙʘʟʘʣʴʪʳ (ʚʫʣʢʘʥʳ ʂʠʨʦʚʩʢʠʡ ʠ ʉʚʠʷʛʠʥʩʢʠʡ). 
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ʆʉʆɹɽʅʅʆʉʊʀ ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʆɻʆ ʉʆʉʊɸɺɸ ʄʆʈɽʅʅʓʍ ʆʊʃʆɾɽʅʀʁ 

ɺ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ɹɽʃɸʈʋʉʀ 
ʉ.ʖ. ɺʘʩʠʣʴʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʄ.ɽ. ʂʦʤʘʨʦʚʩʢʠʡ 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 
ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʯʝʪʚʝʨʪʠʯʥʦʡ ʛʝʦʣʦʛʠʠ ɹʝʣʘʨʫʩʠ ʷʚʣʷʝʪʩʷ ʚʳʷʩʥʝʥʠʝ ʣʝʜʥʠʢʦʚʦʛʦ ʣʠʪʦ- ʠ 

ʤʦʨʬʦʛʝʥʝʟʘ ʚ ʟʦʥʝ ʧʦʦʟʝʨʩʢʦʛʦ (ʚʘʣʜʘʡʩʢʦʛʦ) ʦʣʝʜʝʥʝʥʠʷ. ɺ ʨʝʰʝʥʠʠ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʜʦʩʪʠʛʥʫʪʳ ʦʧʨʝʜʝʣʝʥʥʳʝ 
ʨʝʟʫʣʴʪʘʪʳ: ʫʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʛʨʘʥʠʮʳ ʩʪʘʜʠʘʣʴʥʦʛʦ ʠ ʬʘʟʠʘʣʴʥʦʛʦ ʨʘʥʛʘ, ʘ ʪʘʢʞʝ ʣʦʧʘʩʪʥʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ 
ʵʪʦʛʦ ʣʝʜʥʠʢʘ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʤʦʨʬʦʣʦʛʠʠ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʦʨʤ ʨʝʣʴʝʬʘ). ʆʜʥʘʢʦ ʜʝʪʘʣʴʥʳʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʝʥʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʵʪʠ 
ʚʳʚʦʜʳ, ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʇʝʨʚʘʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʨʘʙʦʪʘ ʪʘʢʦʛʦ ʨʦʜʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʥʘ ʢʘʬʝʜʨʝ ʜʠʥʘʤʠʯʝʩʢʦʡ ʛʝʦʣʦʛʠʠ 
ʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ɹʝʣʦʨʫʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʎʝʣʴʶ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʦʩʴ 
ʦʧʨʝʜʝʣʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʢʨʫʧʥʦʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʨʝʥʳ ʧʦʦʟʝʨʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ ʩʝʚʝʨʦ-



ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʣʘʨʫʩʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʷʩʦʚ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ 
ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʦ ʜʠʥʘʤʠʢʝ ʣʝʜʥʠʢʘ. 

 

ʊʘʙʣʠʮʘ 

ʉʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʦʩʪʘʚʦʚ ʤʦʨʝʥ ɹʨʘʩʣʘʚʩʢʦʡ ʠ ʆʨʰʘʥʩʢʦʡ ʩʪʘʜʠʡ ʧʦʦʟʝʨʩʢʦʛʦ ʣʝʜʥʠʢʘ 

 

ʇʘʨʘʤʝʪʨʳ 
ʇʦʦʟʝʨʩʢʦʝ ʦʣʝʜʝʥʝʥʠʝ 

ɹʨʘʩʣʘʚʩʢʘʷ ʩʪʘʜʠʷ ʆʨʰʘʥʩʢʘʷ ʩʪʘʜʠʷ 

ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʣʦʤʢʦʚ ʚ ʧʨʦʙʝ 386,0 215,2 

ʆʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, %, ʚ ʪ. ʯ. 72,2 62,5 

ʀʟʚʝʩʪʥʷʢʠ 27,8 26,3 

ɼʦʣʦʤʠʪʳ 4,6 0,3 

ʇʝʩʯʘʥʠʢʠ 6,0 12,8 

ɸʣʝʚʨʦʣʠʪʳ ʠ ʘʨʛʠʣʣʠʪʳ 32,9 22,5 

ʄʝʨʛʝʣʠ 0,9 0,6 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʜʳ, %, ʚ ʪ. ʯ. 23,6 30,4 

ɻʨʘʥʠʪʳ ʨʦʟʦʚʳʝ 17,6 23,3 

ɻʨʘʥʠʪʳ ʩʝʨʳʝ 4,6 4,0 

ʂʨʠʩʪ. ʩʣʘʥʮʳ ʠ ʛʥʝʡʩʳ 0,6 1,5 

ʇʦʣʝʚʳʝ ʰʧʘʪʳ 0,8 1,5 

ʂʚʘʨʮ 2,2 3,7 

ʆʩʘʜʦʯʥʳʝ/ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 3,2 2,8 

ʂʘʨʙʦʥʘʪʳ/ʆʩʘʜʦʯʥʳʝ ʥʝʢʘʨʙʦʥʘʪʥʳʝ 0,9 0,7 

 
ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ ʄ. ɻʦʨʩʢʠ (Gorska, 2000), ʧʨʦʚʦʜʠʚʰʝʡ 

ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʙʦʪʳ ʚ ʇʦʣʴʰʝ. ʄʝʪʦʜʠʢʘ ʚʢʣʶʯʘʝʪ ʧʦʣʝʚʦʡ ʦʪʙʦʨ ʦʙʨʘʟʮʦʚ ʠʟ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʠʩʢʫʩʩʪʚʝʥʥʳʭ 
ʦʙʥʘʞʝʥʠʡ ʦʩʥʦʚʥʦʡ ʤʦʨʝʥʳ. ʆʙʲʝʤ ʧʨʦʙʳ  ʧʦʩʪʦʷʥʥʳʡ ʠ ʩʦʩʪʘʚʣʷʝʪ 0,01 ʤ3. ɼʘʣʝʝ ʤʦʨʝʥʘ ʧʨʦʤʳʚʘʝʪʩʷ ʥʘ ʩʠʪʘʭ. ɼʣʷ 
ʘʥʘʣʠʟʘ ʦʩʪʘʚʣʷʝʪʩʷ ʬʨʘʢʮʠʷ 5 ï 12 ʤʤ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʜʩʯʸʪ ʦʙʣʦʤʢʦʚ ʩʣʝʜʫʶʱʠʭ 
ʧʦʨʦʜ: ʠʟʚʝʩʪʥʷʢʦʚ, ʜʦʣʦʤʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ, ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ, ʤʝʨʛʝʣʝʡ, ʛʨʘʥʠʪʦʚ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, 
ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ, ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʢʚʘʨʮʘ. ɼʘʣʝʝ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʜʦʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʚ 
ʧʨʦʮʝʥʪʘʭ ʠ ʚʳʯʠʩʣʷʣʦʩʴ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʜʣʷ ʤʦʨʝʥ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʘʣʴʥʳʭ ʟʦʥ ʧʦʦʟʝʨʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ. ɺʩʝʛʦ 

ʙʳʣʦ ʦʪʦʙʨʘʥʦ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 70 ʧʨʦʙ ʦʩʥʦʚʥʦʡ ʤʦʨʝʥʳ. 
ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ɹʝʣʘʨʫʩʠ ʚ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʘʜʠʶ ʧʦʦʟʝʨʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʷ (17 ï 18 ʪʳʩ. ʣʝʪ 

ʥʘʟʘʜ) ʨʘʩʧʦʣʘʛʘʣʩʷ ɹʘʣʪʠʡʩʢʠʡ ʣʝʜʥʠʢʦʚʳʡ ʧʦʪʦʢ. ɿʜʝʩʴ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʧʦʣʦʩʳ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ, ʩʚʷʟʘʥʥʳʝ ʩʦ 
ʩʪʘʜʠʷʤʠ ʠ ʬʘʟʘʤʠ: ʦʨʰʘʥʩʢʘʷ (ʤʘʢʩʠʤʘʣʴʥʘʷ) ʩʪʘʜʠʷ, ʨʘʟʜʝʣʷʶʱʘʷʩʷ ʥʘ ʜʚʝ ʬʘʟʳ - ʩʚʠʨʩʢʫʶ (ɹʨʘʥʜʝʥʙʫʨʛʩʢʘʷ ʩʪʘʜʠʷ) 
ʠ ʚʠʪʝʙʩʢʫʶ (ʌʨʘʥʢʬʫʨʩʢʘʷ ʩʪʘʜʠʷ) ʠ ʙʨʘʩʣʘʚʩʢʘʷ (ʇʦʤʝʨʘʥʩʢʘʷ) ʩʪʘʜʠʷ (ʄʘʪʚʝʝʚ, 1991). 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʦʨʝʥ ʨʘʟʥʳʭ ʩʪʘʜʠʡ 
ʧʦʦʟʝʨʩʢʦʛʦ ʣʝʜʥʠʢʘ. ʕʪʠ ʨʘʟʣʠʯʠʷ ʧʦʢʘʟʘʥʳ ʚ ʪʘʙʣʠʮʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʤʦʨʝʥʘ ʙʨʘʩʣʘʚʩʢʦʡ ʩʪʘʜʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʣʦʤʢʦʚ 
ʛʨʘʚʠʡʥʦʡ ʬʨʘʢʮʠʠ. ɼʦʣʷ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʚʳʰʝ, ʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʥʠʞʝ, ʯʝʤ ʚ ʤʦʨʝʥʝ ʦʨʰʘʥʩʢʦʡ ʩʪʘʜʠʠ. 

ʈʘʟʣʠʯʠʷ ʚ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʦʨʝʥ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʜʚʠʞʝʥʠʷ ʣʴʜʘ ʚ 
ʙʨʘʩʣʘʚʩʢʫʶ ʠ ʦʨʰʘʥʩʢʫʶ ʩʪʘʜʠʠ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʜʘʥʥʳʭ ʦ ʩʦʩʪʘʚʝ ʤʦʨʝʥʳ ʩ ʜʘʥʥʳʤʠ ʦ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜʘʭ 
ʇʨʠʙʘʣʪʠʢʠ, ʜʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ ʠ ʌʝʥʥʦʩʢʘʥʜʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʝʜʥʠʢ ʚ ʦʨʰʘʥʩʢʫʶ ʩʪʘʜʠʶ ʜʚʠʛʘʣʩʷ ʩ ʩʝʚʝʨʦ-
ʩʝʚʝʨʦ-ʟʘʧʘʜʘ, ʪʦ ʝʩʪʴ ʩ ʪʝʨʨʠʪʦʨʠʠ ʌʠʥʣʷʥʜʠʠ. ɺ ʙʨʘʩʣʘʚʩʢʫʶ ʩʪʘʜʠʶ ʣʝʜʥʠʢ ʠʤʝʣ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ, ʪʦ 
ʝʩʪʴ ʜʚʠʛʘʣʩʷ ʩ ʪʝʨʨʠʪʦʨʠʠ ʐʚʝʮʠʠ. 

ɺ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ ʤʦʨʝʥ ʩʚʠʨʩʢʦʡ ʠ ʚʠʪʝʙʩʢʦʡ ʬʘʟ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ʕʪʦ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʝʜʠʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʦʨʝʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʙʦʣʝʝ ʪʦʯʥʦʡ ʢʦʨʨʝʣʷʮʠʠ 

ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʠ ʜʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʜʠʥʘʤʠʢʠ ʣʝʜʥʠʢʦʚ. 
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ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʉɽɺɽʈʅʆɻʆ ʂɸɺʂɸɿɸ 

ʄ.ʖ. ɼʞʘʥʛʠʨʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʀ.ɸ. ɹʦʛʫʰ 
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 

 
ʈʘʡʦʥ ʍʫʜʝʩʩʢʦʛʦ ʤʝʜʥʦ-ʢʦʣʯʝʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʫʨʦʯʝʥ ʢ ʨʠʬʪʦʛʝʥʥʦʡ ʟʦʥʝ ʇʝʨʝʜʦʚʦʛʦ ʭʨʝʙʪʘ 

ʩʝʚʝʨʥʦʛʦ ʩʢʣʦʥʘ ʂʘʚʢʘʟʘ, ʚ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʦʡ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʢʦʤʧʣʝʢʩ ʧʦʨʦʜ ʢʠʟʠʣʢʦʣʴʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ 
(D2ks). ʈʫʜʥʦʝ ʧʦʣʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥʦ ʵʬʬʫʟʠʚʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʩʧʠʣʠʪʦ-ʢʝʨʘʪʦʬʠʨʦʚʦʡ ʬʦʨʤʘʮʠʠ. 
ʇʦ ʤʘʩʰʪʘʙʘʤ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʍʫʜʝʩʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʥʘ ʉʝʚʝʨʥʦʤ ʂʘʚʢʘʟʝ. 
ʉʪʨʘʪʠʬʦʨʤʥʳʝ ʪʝʣʘ (ɻʣʘʚʥʘʷ, ʇʨʦʤʝʞʫʪʦʯʥʘʷ ʠ ʂʠʟʠʣʢʦʣʴʩʢʘʷ) ʟʘʣʝʞʝʡ ʩʧʣʦʰʥʳʭ ʨʫʜ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʳ ʠ 
ʛʝʥʝʪʠʯʝʩʢʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʨʫʜʦʛʝʥʝʟʘ. (ʉʢʨʠʧʯʝʥʢʦ, 1973; ɹʦʛʫʰ, 1975). 

ɺ ʧʨʝʜʝʣʘʭ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʪʦʣʱʠ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 
ʧʨʦʤʳʰʣʝʥʥʦʡ): 

- ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʩʧʣʦʰʥʳʭ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ; 
- ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʝ ʨʫʜʳ, ʣʦʢʘʣʠʟʫʶʱʠʝʩʷ ʩʦ ʩʪʦʨʦʥʳ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʣʠʥʟʳ ʤʘʩʩʠʚʥʳʭ ʨʫʜ, ʬʠʢʩʠʨʫʷ 

ʢʦʨʥʝʚʳʝ ʟʦʥʳ; 
- ʫʯʘʩʪʢʠ ʙʝʜʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʧʠʨʠʪʠʟʘʮʠʠ) ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʧʦʨʦʜ (ʢʚʘʨʮ-

ʩʝʨʠʮʠʪʦʚʳʝ ʠ ʢʚʘʨʮ-ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʝ ʧʦʨʦʜʳ); 
- ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʠ ʙʝʟʨʫʜʥʳʝ ʢʘʨʙʦʥʘʪʥʳʝ ʢʚʘʨʮʝʚʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʟʦʥʳ ʠ ʞʠʣʳ. 

ʂʘʢ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʣʘ ʩʧʣʦʰʥʳʭ ʨʫʜ, ʪʘʢ ʠ ʟʦʥʳ ʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩʦʛʣʘʩʥʦ ʟʘʣʝʛʘʶʪ ʩ 
ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʪʦʣʱʝʡ ʩ ʢʨʫʪʳʤʠ ʫʛʣʘʤʠ (50-800) ʧʘʜʝʥʠʷ ʥʘ ʶʛ. 

ʂ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʩʦʨʪʘʤ ʨʫʜ ʦʪʥʦʩʷʪʩʷ ʩʧʣʦʰʥʳʝ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ, ʤʝʜʥʦ-ʮʠʥʢʦʚʳʝ ʠ ʩʝʨʥʦʢʦʣʯʝʜʘʥʥʳʝ 
ʨʫʜʳ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʩʝʨʥʦʢʦʣʯʝʜʘʥʥʳʝ ʨʫʜʳ, ʚ ʢʦʪʦʨʳʭ ʚ ʟʘʤʝʪʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʩʦʜʝʨʞʘʪʩʷ ʢʦʙʘʣʴʪ, 
ʩʝʣʝʥ, ʪʝʣʣʫʨ. ʇʨʠʦʨʠʪʝʪʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʵʪʠʭ ʨʫʜʘʭ ʟʘʥʠʤʘʝʪ ʢʦʙʘʣʴʪ (ʦʪ 0,005 ʜʦ 0,4%), ʢʦʪʦʨʳʡ, ʥʝ ʦʙʨʘʟʫʷ 
ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʝʪ ʞʝʣʝʟʦ. ʀʦʥʥʳʝ ʨʘʜʠʫʩʳ ʢʦʙʘʣʴʪʘ ʠ ʞʝʣʝʟʘ (0,078 ʠ 0,08 ʥʤ) ʙʣʠʟʢʠ, ʯʪʦ 
ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠʭ ʙʣʠʟʢʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʂʨʫʪʦʚ, 1959, ʇʝʨʝʣʴʤʘʥ, 1979). 

ʈʫʜʳ ʇʨʦʤʝʞʫʪʦʯʥʦʡ ʠ ʂʠʟʠʣʢʦʣʴʩʢʦʡ ʟʘʣʝʞʝʡ ʙʝʜʥʳ ʢʦʙʘʣʴʪʦʤ, ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ 

ʢʦʙʘʣʴʪʦʥʦʩʥʦʩʪʴʶ ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʦʣʯʝʜʘʥʥʳʝ ʨʫʜʳ ɻʣʘʚʥʦʛʦ ʪʝʣʘ, ʛʜʝ ʪʘʢ ʞʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʤʝʜʠ, 
ʮʠʥʢʘ, ʩʝʨʳ. ʇʦʟʠʮʠʠ ʢʦʙʘʣʴʪʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʚ ʪʝʣʝ ʟʘʣʝʞʠ ʦʩʪʘʶʪʩʷ ʚʦ ʤʥʦʛʦʤ ʥʝ ʠʟʫʯʝʥʥʳʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 
ʟʘʧʘʩʳ ʢʦʙʘʣʴʪʘ ʚ ɻʣʘʚʥʦʡ ʟʘʣʝʞʠ ʧʨʝʜʩʪʘʚʣʷʶʪ (ʧʦʪʝʥʮʠʘʣʴʥʳʡ) ʧʨʦʤʳʰʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʭʥʦʣʦʛʠʠ ʝʛʦ ʠʟʚʣʝʯʝʥʠʷ ʠʟ ʧʠʨʠʪʘ. 

ʇʨʦʤʳʰʣʝʥʥʳʝ ʠ ʟʘʙʘʣʘʥʩʦʚʳʝ ʩʦʨʪʘ ʨʫʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʣʦʰʥʳʤʠ ʢʦʣʯʝʜʘʥʥʳʤʠ ʨʫʜʘʤʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 
ʧʨʠʤʝʩʴʶ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ: ʧʠʨʠʪ 88 - 100%, ʥʝʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ 1 - 7%, ʧʨʦʯʠʝ ʩʫʣʴʬʠʜʳ ʜʦ 10%. ʂ ʯʠʩʣʫ 
ñʧʨʦʯʠʭò ʩʫʣʴʬʠʜʦʚ ʚ ʧʦʨʷʜʢʝ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʦʪʥʦʩʷʪʩʷ: ʭʘʣʴʢʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʪʝʥʥʘʥʪʠʪ; ʙʦʣʝʝ ʨʝʜʢʠʝ ï 
ʛʘʣʝʥʠʪ, ʙʦʨʥʠʪ, ʭʘʣʴʢʦʟʠʥ (ʛʠʧʦʛʝʥʥʳʡ), ʛʝʤʘʪʠʪ. ʅʝʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʚʘʨʮʝʤ, ʚ 
ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʙʘʨʠʪʦʤ ʠ ʢʘʨʙʦʥʘʪʦʤ. (ɹʦʛʫʰ, 1985) 

ʆʙʨʘʙʦʪʢʘ ʜʦʢʫʤʝʥʪʘʮʠʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʠ ʨʫʜʥʦʛʦ ʢʝʨʥʘ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʘʪʝʨʠʘʣʦʤ ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 
ʙʦʨʦʟʜʦʚʳʭ ʠ ʢʝʨʥʦʚʳʭ ʧʨʦʙ ʧʦʟʚʦʣʠʣ ʫʪʦʯʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʚ ʟʘʣʝʞʘʭ ʩʧʣʦʰʥʳʭ ʨʫʜ. ɺ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

- ʤʝʜʴ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʚʠʩʷʯʝʤ ʙʦʢʫ ʟʘʣʝʞʠ ʠ ʝʝ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ; 
- ʮʠʥʢ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʟʦʥʝ ʟʘʣʝʞʠ, ʦʜʥʘʢʦ, ʥʘʨʷʜʫ ʩ ʵʪʠʤ ʦʥ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ; 
- ʩʝʨʥʦʢʦʣʯʝʜʘʥʥʳʝ ʨʫʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʚ ʣʝʞʘʯʝʤ ʙʦʢʫ ʨʫʜʥʦʛʦ 

ʪʝʣʘ; 

- ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʙʘʣʴʪʘ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʧʦʚʝʜʝʥʠʝʤ ʩʝʨʥʦʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 
ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʧʦ ʨʘʟʨʝʟʫ ʩʢʚʘʞʠʥʳ ˉ31, ʧʝʨʝʩʝʢʘʶʱʝʡ ʨʫʜʥʦʝ ʪʝʣʦ ʦʪ ʚʠʩʷʯʝʛʦ ʙʦʢʘ ʢ ʣʝʞʘʯʝʤʫ ʧʦʜ ʫʛʣʦʤ ʩ 
ʧʘʜʝʥʠʝʤ ʚ ʩʪʦʨʦʥʫ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʦʙʘʣʴʪʘ ʩ 
ʪʝʢʪʦʥʠʯʝʩʢʠ ʥʘʨʫʰʝʥʥʳʤʠ ʫʯʘʩʪʢʘʤʠ ʨʫʜ ʚ ʚʠʩʷʯʝʤ ʙʦʢʫ ʠ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ɻʣʘʚʥʦʡ ʟʘʣʝʞʠ, ʠʟ-ʟʘ ʯʝʛʦ ʦʥ ʠʤʝʝʪ ʚ 
ʵʪʦʡ ʟʦʥʝ ʩʢʘʯʢʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʝʨʝʩʝʯʝʥʠʠ. 



 
 
ʅʘ ʬʣʘʥʛʘʭ ʟʘʣʝʞʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʘʣʴʮʝʚʘʥʠʝ ʠ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʩʧʣʦʰʥʳʭ ʨʫʜ (ʨʠʩ. 1). ɺ ʵʪʠʭ 

ʟʦʥʘʭ ʚʠʜʥʘ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢʦʙʘʣʴʪʘ ʢ ʧʠʨʠʪʫ, ʘ ʠʤʝʥʥʦ ʚ ʠʥʪʝʨʚʘʣʘʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʚ ʨʫʜʝ ʠ ʚ ʧʠʨʠʪʝ 
ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ, ʯʪʦ ʜʘʝʪ ʥʘʤ ʧʦʚʦʜ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʭ ʛʝʥʝʪʠʯʝʩʢʫʶ ʩʚʷʟʴ. ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʚ 
ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʨʫʜʝ, ʦʜʥʘʢʦ, ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʚ ʨʫʜʘʭ, ʪʘʢ ʠ ʚ 
ʤʝʪʘʩʦʤʘʪʠʪʘʭ. ʇʦʚʳʰʝʥʠʝ ʞʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʧʠʨʠʪʝ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʦʥʠ 
ʧʦʜʚʝʨʛʘʣʠʩʴ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʩʠʥʨʫʜʥʳʤʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʫʜʦʛʝʥʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ. ʕʪʦ 
ʧʨʠʚʝʣʦ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʠʟʦʤʦʨʬʥʦʤʫ ʟʘʤʝʱʝʥʠʶ ʢʦʙʘʣʴʪʦʤ ʞʝʣʝʟʘ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʆʜʥʘʢʦ, ʥʠʟʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʚ ʵʪʠʭ ʧʦʨʦʜʘʭ (ʤʝʪʘʩʦʤʘʪʠʪʘʭ) ʜʘʝʪ ʥʘʤ ʠ ʥʠʟʢʦʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʙʘʣʴʪʘ. 

ɿʘʣʝʞʴ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʨʫʜ ʧʦʜʚʝʨʛʘʣʘʩʴ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʩ ʧʨʠʚʥʦʩʦʤ ʢʦʙʘʣʴʪʘ, ʧʨʠʯʝʤ 

ʢʦʙʘʣʴʪʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘʣʦʞʝʥʥʘʷ. ʆʜʥʘʢʦ ʥʝʣʴʟʷ ʦʪʨʠʮʘʪʴ ʩʚʷʟʴ ʧʨʦʮʝʩʩʦʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʢʦʙʘʣʴʪʘ ʚ ʨʫʜʘʭ ɻʣʘʚʥʦʡ ʟʘʣʝʞʠ ʩ ʧʨʦʮʝʩʩʘʤʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘ ʧʦʟʜʥʠʭ ʩʪʘʜʠʷʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʦʩʪʘʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʣ, ʥʘʯʘʣʦʩʴ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ 
ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʟʘʤʝʱʝʥʠʝʤ ʥʦʚʳʤʠ (ʧʨʠʥʝʩʝʥʥʳʤʠ ʠʟʚʥʝ) ʵʣʝʤʝʥʪʘʤʠ. 
ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʝʟʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ ʥʘʤ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʨʫʜʦʛʝʥʝʨʠʨʫʶʱʘʷ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʨʦʜʦʣʞʘʣʘ ʜʝʡʩʪʚʦʚʘʪʴ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ, ʠ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʝʝ 
ʚɻʦʣʶʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠ ʥʘʢʦʧʣʝʥʠʶ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʚʝʨʰʘʶʱʠʝ ʵʪʘʧʳ 
ʨʫʜʦʛʝʥʝʟʘ. 
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ɼ.ʎ. ɼʫʛʘʨʦʚʘ, ɼ.ʀ. ʎʘʨʝʚ, ɺ.ʀ. ɻʘʣʴʯʝʥʢʦ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɼ.ʀ. ʎʘʨʝʚ 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ, ʛ. ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 
ʈʘʥʝʝ ʨʘʟʚʝʜʘʥʥʦʝ ʢʘʢ ʧʣʘʩʪ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʧʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʷʚʣʷʝʪʩʷ ʧʣʘʩʪʦʦʙʨʘʟʥʳʤ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʪʝʣʦʤ ʢʚʘʨʮʠʪʦʚ (ɿʘʧʘʜʥʦʝ ɿʘʙʘʡʢʘʣʴʝ). ʕʪʦ ʪʝʣʦ ʜʣʠʥʦʶ 8 ʢʤ ʠ ʤʦʱʥʦʩʪʴʶ 20-50 ʤ ʟʘʣʝʛʘʝʪ 
ʩʦʛʣʘʩʥʦ ʩ ʚʤʝʱʘʶʱʠʤʠ ʩʠʣʠʢʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʛʦ ʧʨʦʪʝʨʦʟʦʷ; ʧʨʝʜʩʪʘʚʣʷʝʪ 
ʩʦʙʦʶ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʨʝʤʥʝʟʝʤʥʦʛʦ ʩʳʨʴʷ ʩʦ ʩʨʝʜʥʠʤ ʩʦʜʝʨʞʘʥʠʝʤ SiO2 - 99,2%. 

 
 

ʈʠʩ.1. ʀʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʙʘʣʴʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʨʫʜ (ʚ ʧʠʨʠʪʝ ʠ ʚ ʨʫʜʘʭ) ʧʦ ʨʘʟʨʝʟʫ 

ʩʢʚʘʞʠʥʳ ˉ 31 



ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʨʝʤʥʝʟʝʤʘ ʚ ʥʝʤ ʙʳʣʘ ʧʨʠʚʥʝʩʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʬʠʣʴʪʨʘʮʠʠ ʝʛʦ ʚ ʧʦʨʦʚʦʤ ʠ ʪʨʝʱʠʥʥʦʤ 
ʨʘʩʪʚʦʨʦʚ. ɺ ʩʦʩʪʘʚʝ ʩʠʣʠʢʘʪʥʦʡ ʠʪʘʥʮʠʥʩʢʦʡ ʩʚʠʪʳ ʤʥʦʛʦ ʢʨʝʤʥʝʟʝʤʘ, ʘ ʚ ʚʳʰʝʣʝʞʘʱʝʡ ʙʫʨʣʠʥʩʢʦʡ - ʦʩʥʦʚʘʥʠʡ (ʉʘʆ 
ʠ MgO). ʇʣʘʩʪ ʧʝʩʯʘʥʠʢʦʚ, ʥʘʭʦʜʷʱʠʡʩʷ ʤʝʞʜʫ ʩʠʣʠʢʘʪʥʦʡ ʠ ʢʘʨʙʦʥʘʪʥʦʡ (ʜʦʣʦʤʠʪʦʚʦʡ) ʩʚʠʪʘʤʠ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʡ 

ʙʦʣʝʝ ʢʨʫʧʥʦʡ, ʯʝʤ ʚ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜʘʭ ʧʦʨʠʩʪʦʩʪʠ, ʙʳʣ ʚʝʣʠʢʦʣʝʧʥʳʤ ʧʨʦʚʦʜʥʠʢʦʤ ʬʣʶʠʜʦʚ. ʕʪʦʤʫ 
ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ, ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ ʚ ʥʝʤ, ʢʘʢ ʧʨʦʜʦʣʴʥʘʷ, ʪʘʢ ʠ ʧʦʧʝʨʝʯʥʘʷ, ʚʦʟʥʠʢʰʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʘʚʣʝʥʠʷ ʚ ʭʨʫʧʢʠʭ 
ʪʝʣʘʭ. ɽʩʣʠ ʚ ʘʣʝʚʨʠʪʦʚʳʭ ʠ ʧʝʣʠʪʦʚʳʭ ʧʣʘʩʪʘʭ ʧʨʠ ʩʞʘʪʠʠ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʨʘʩʩʣʘʥʮʝʚʘʥʠʝ, ʪʦ ʚ ʧʩʘʤʤʠʪʦʚʳʭ 
ʧʨʝʦʙʣʘʜʘʣʘ ʭʨʫʧʢʘʷ ʜʝʬʦʨʤʘʮʠʷ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʝʢ ʚ ʧʣʘʩʪʝ ʢʚʘʨʮʠʪʦʚ (ʙʳʚʰʠʭ 
ʧʝʩʯʘʥʠʢʦʚ) ʢʘʢ ʧʦʧʝʨʝʯʥʳʭ, ʪʘʢ ʧʨʦʜʦʣʴʥʳʭ. 

ʇʨʠ ʧʨʦʛʨʝʚʝ ʛʨʘʥʠʪʦʠʜʥʦʡ ʤʘʛʤʦʡ ʛʦʨʥʳʭ ʧʦʨʦʜ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 
ʫʯʘʩʪʢʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʙʫʨʣʠʥʩʢʦʡ ʩʚʠʪʳ, ʧʨʦʠʩʭʦʜʠʣʘ ʠʭ ʘʢʪʠʚʠʟʘʮʠʷ ʠ ʧʝʨʝʪʦʢ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʞʘʪʠʷ. ʅʘʠʙʦʣʝʝ ʘʢʪʠʚʥʦ ʦʥʠ ʧʨʦʪʝʢʘʣʠ ʚ ʧʣʘʩʪʝ ʧʝʩʯʘʥʠʢʦʚ, ʢʘʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʦʧʦʨʠʩʪʳʭ ʠ 

ʪʨʝʱʠʥʦʚʘʪʳʭ ʧʦʨʦʜʘʭ. ʌʠʣʴʪʨʘʮʠʷ ʨʘʩʪʚʦʨʦʚ ʚ ʧʦʨʦʜʘʭ ʘʣʝʚʨʠʪʦʚʳʭ ʠ ʧʝʣʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ ʙʳʣʘ ʦʩʣʘʙʣʝʥʘ ʚʚʠʜʫ ʠʭ 
ʪʦʥʢʦʡ ʧʦʨʠʩʪʦʩʪʠ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʝ ʤʝʭʘʥʠʟʤʳ ʷʚʣʷʶʪʩʷ ʛʦʩʧʦʜʩʪʚʫʶʱʠʤʠ ʚ 
ʧʝʨʝʥʦʩʝ ʚʝʱʝʩʪʚʘ (ʊʨʫʭʠʥ, ʇʦʩʢʦʣʦʚ). 

ʌʠʟʠʢʦ-ʭʠʤʠʢʠ, ʧʨʠʰʣʠ ʢ ʤʥʝʥʠʶ, ʯʪʦ ʚʩʝ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʠ ʤʠʥʝʨʘʣʳ ʷʚʣʷʶʪʩʷ ʧʦʨʠʩʪʳʤʠ ʪʝʣʘʤʠ ʠ 
ʧʦʜʯʠʥʷʶʪʩʷ ʟʘʢʦʥʘʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ ʩʠʩʪʝʤ. ʂʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʝ ʪʝʣʘ ʧʦ ʩʚʦʝʤʫ ʩʫʱʝʩʪʚʫ 
ʷʚʣʷʶʪʩʷ ʩʚʷʟʥʳʤʠ ʜʠʩʧʝʨʩʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʏʝʤ ʪʦʥʴʰʝ ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ, ʪʝʤ ʦʥʘ ʙʦʣʝʝ ʘʢʪʠʚʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʝ, ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ, ʢ ʩʪʝʥʢʘʤ ʧʦʨ. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ, ʢʨʦʤʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʠ ʜʘʚʣʝʥʠʷ, ʟʘʚʠʩʠʪ ʦʪ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʪ.ʝ. ʢʨʠʚʠʟʥʳ (1/r) ʧʦʨ, ʟʘʧʦʣʥʝʥʥʳʭ ʨʘʩʪʚʦʨʦʤ ʠʣʠ ʛʘʟʦʤ. ʏʝʤ ʪʦʥʴʰʝ ʧʦʨʳ, ʪʝʤ 

ʚʳʰʝ ʜʠʩʧʝʨʩʥʦʩʪʴ ʠ ʚʳʰʝ ʘʢʪʠʚʥʦʩʪʴ ʨʘʩʪʚʦʨʘ (ʎʘʨʝʚ, 2002). 
ʅʘ ʏʝʨʝʤʰʘʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʦʡ ʰʠʨʠʥʦʡ ʧʦʨʠʩʪʦʩʪʠ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʨʘʩʪʚʦʨʝʥʠʝ 

ʢʨʝʤʥʝʟʝʤʘ ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ ʧʨʦʠʩʭʦʜʠʣʦ ʙʦʣʝʝ ʘʢʪʠʚʥʦ ʚ ʪʦʥʢʦʧʦʨʠʩʪʳʭ ʘʣʝʚʨʠʪ-ʧʝʣʠʪʦʚʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ 
(ʘʣʝʚʨʦʣʠʪʘʭ, ʘʨʛʠʣʣʠʪʘʭ), ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʨʫʙʦʧʦʨʠʩʪʳʤʠ ʧʩʘʤʤʠʪʦʚʳʤʠ (ʧʝʩʯʘʥʠʢʘʤʠ). ʑʝʣʦʯʥʳʝ ʧʦʨʦʚʦ-
ʪʨʝʱʠʥʥʳʝ ʨʘʩʪʚʦʨʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ, ʚʝʨʦʷʪʥʦ, ʠ ʧʨʠ ʦʪʜʝʣʝʥʠʠ ʦʪ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ 
ʛʨʘʥʠʪʦʠʜʦʚ, ʠ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʙʫʨʣʠʥʩʢʦʡ ʩʚʠʪʳ ʧʨʠ ʥʘʩʳʱʝʥʠʠ ʠʭ ʉʘ ʠ Mg. 

ʇʦʩʪʫʧʣʝʥʠʝ ʨʘʩʪʚʦʨʦʚ ʚ ʧʣʘʩʪ ʧʝʩʯʘʥʠʢʦʚ, ʚʝʨʦʷʪʥʦ, ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʢʘʢ ʠʟ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ, ʪʘʢ ʠ ʠʟ 
ʪʦʥʢʦʧʦʨʠʩʪʳʭ ʘʣʝʚʨʠʪʦʚʳʭ ʧʦʨʦʜ ʚ ʩʚʷʟʠ ʩ ʦʪʞʠʤʦʤ ʠʭ ʧʨʠ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʩʞʘʪʠʠ. ʅʘʩʳʱʝʥʠʝ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʢʨʝʤʥʝʟʝʤʦʤ ʧʨʠʚʦʜʠʣʦ ʢ ʠʭ ʨʘʩʢʠʩʣʝʥʠʶ. ʂʠʩʣʳʝ ʨʘʩʪʚʦʨʳ, ʧʦʧʘʜʘʷ ʠʟ ʪʦʥʢʦʧʦʨʠʩʪʳʭ ʧʦʨʦʜ ʚ ʰʠʨʦʢʦʧʦʨʠʩʪʳʝ 
ʧʝʩʯʘʥʠʢʠ, ʩʪʘʥʦʚʠʣʠʩʴ ʧʝʨʝʩʳʱʝʥʥʳʤʠ ʠʟ-ʟʘ ʧʘʜʝʥʠʷ ʜʘʚʣʝʥʠʷ, ʠ ʢʨʝʤʥʝʟʝʤ ʦʩʘʞʜʘʣʩʷ ʚ ʚʠʜʝ ʢʚʘʨʮʘ. ʇʨʦʠʩʭʦʜʠʣʦ 
ʢʠʩʣʦʪʥʦʝ ʚʳʱʝʣʘʯʠʚʘʥʠʝ (ʂʦʨʞʠʥʩʢʠʡ, 1953). ʇʝʩʯʘʥʠʢ ʧʨʝʚʨʘʱʘʣʩʷ ʚ ʢʚʘʨʮʠʪ. ɺ ʢʚʘʨʮʠʪʳ ʤʝʩʪʘʤʠ ʧʨʝʚʨʘʱʝʥʳ ʠ 
ʜʦʣʦʤʠʪʳ, ʠ ʛʨʘʥʠʪʦʠʜʳ, ʨʘʥʝʝ ʧʨʝʪʝʨʧʝʚʰʠʝ ʢʘʪʘʢʣʘʟ, ʙʨʝʢʯʠʨʦʚʘʥʠʝ ʠ ʨʘʩʩʣʘʥʮʝʚʘʥʠʝ. ʇʨʦʩʣʦʠ ʧʝʩʯʘʥʠʢʦʚ ʚ 
ʩʣʘʥʮʘʭ ʠʪʘʥʮʠʥʩʢʦʡ ʩʚʠʪʳ ʪʘʢʞʝ ʦʢʚʘʨʮʦʚʘʥʳ. 

ʉʘʤʦʦʯʠʱʝʥʠʝ ʢʚʘʨʮʠʪʦʚ. ʉʬʦʨʤʠʨʦʚʘʥʥʳʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ, ʚ ʦʩʥʦʚʥʦʤ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʦʤ, 
ʢʚʘʨʮʠʪʳ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʦʯʠʱʘʣʠʩʴ ʦʪ ʧʨʠʤʝʩʝʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʣ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʤ ʧʫʪʝʤ 
ʧʨʠ ʧʦʩʣʝʜʫʶʱʝʤ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʠ ʧʝʨʝʪʦʢʝ ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʥ ʩʧʦʩʦʙʩʪʚʦʚʘʣ 
ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʚʘʨʮʠʪʦʚ ʩ ʦʪʪʦʨʞʝʥʠʝʤ ʠ ʚʳʥʦʩʦʤ ʧʨʠʤʝʩʝʡ. ʅʘ ʵʪʦʤ ʬʦʥʝ ʙʦʣʝʝ ʢʘʯʝʩʪʚʝʥʥʦʝ ʦʯʠʱʝʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘ ʬʨʦʥʪʝ ʬʠʣʴʪʨʫʶʱʝʛʦʩʷ ʨʘʩʪʚʦʨʘ ʩʢʘʧʣʠʚʘʣʠʩʴ ʚʳʥʦʩʠʤʳʝ 
ʢʦʤʧʦʥʝʥʪʳ - ʧʨʠʤʝʩʠ. ʇʨʠ ʧʘʜʝʥʠʠ ʛʨʘʜʠʝʥʪʘ ʜʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨ ʦʩʪʘʥʘʚʣʠʚʘʣʩʷ. ʆʩʪʘʥʦʚʢʝ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʚʳʧʘʜʝʥʠʝ 
ʠʟ ʥʝʛʦ ʚʳʥʦʩʠʤʳʭ ʧʨʠʤʝʩʝʡ ʠ ʧʝʨʝʤʝʱʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ɼ.ʉ. ʂʦʨʞʠʥʩʢʦʤʫ (1969), ʬʦʨʤʠʨʫʶʱʠʭ ʤʠʥʝʨʘʣʳ: 
ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʭʘʣʴʢʦʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʙʣʝʢʣʳʝ ʨʫʜʳ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ ʠ ʜʨ. ʕʪʠ ʤʠʥʝʨʘʣʳ 
ʦʯʝʨʯʠʚʘʣʠ ʛʨʘʥʠʮʫ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʬʨʦʥʪʘʣʴʥʦʛʦ ʚʳʥʦʩʘ. ʌʨʦʥʪʘʣʴʥʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ ʦʯʠʱʝʥʠʝ 
ʥʘʯʠʥʘʣʦʩʴ ʦʪ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʪʨʝʱʠʥ, ʦʢʦʥʪʫʨʠʚʘʶʱʠʭ ʙʣʦʢʠ ʢʚʘʨʮʠʪʦʚ ʠ ʦʪ ʧʝʨʝʩʝʢʘʶʱʠʭ ʠʭ ʜʘʝʢ, ʪ.ʝ. ʦʪ ʣʠʥʝʡʥʳʭ 
ʧʫʪʝʡ ʬʠʣʴʪʨʘʮʠʠ ʨʘʩʪʚʦʨʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʢʦʥʪʫʨʳ ʤʠʥʝʨʘʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ ʚʳʥʝʩʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʦʙʳʯʥʦ ʟʘʤʢʥʫʪʳʝ. 
ʏʝʤ ʙʦʣʴʰʝ ʩʭʦʜʠʣʩʷ ʧʝʨʠʤʝʪʨ ʢʦʥʪʫʨʘ ʢ ʮʝʥʪʨʫ, ʪʝʤ ʦʥ ʙʦʣʝʝ ʩʪʨʝʤʠʣʩʷ ʢ ʧʨʘʚʠʣʴʥʦʡ ʩʬʝʨʝ. ʀʟ ʮʝʥʪʨʘʣʴʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʩʬʝʨʳ ʚ ʩʪʦʨʦʥʫ ʢʦʥʪʫʨʘ ʦʩʘʜʠʚʰʠʭʩʷ ʤʠʥʝʨʘʣʦʚ ʧʨʦʠʩʭʦʜʠʣ ʚʩʪʨʝʯʥʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʚʳʥʦʩ ʧʨʠʤʝʩʝʡ. 
ʂʦʥʪʫʨ ʜʠʬʬʫʟʠʦʥʥʦ ʚʳʥʝʩʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʩʣʠʚʘʣʩʷ ʩ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʳʤ ʠʣʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʨʷʜʦʤ ʩ ʥʠʤ. ʏʘʩʪʦ ʚ 
ʮʝʥʪʨʝ ʜʠʬʬʫʟʠʦʥʥʦʡ ʩʬʝʨʳ ʦʯʠʱʝʥʥʳʭ ʢʚʘʨʮʠʪʦʚ ʩʦʭʨʘʥʠʣʠʩʴ ʨʝʣʠʢʪʳ ʥʝʜʦʟʘʤʝʱʝʥʥʳʭ ʧʝʩʯʘʥʠʢʦʚ. ʅʘʠʙʦʣʝʝ 
ʦʯʠʱʝʥʥʳʤʠ ʦʪ ʧʨʠʤʝʩʝʡ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʦʥʥʳʝ ʨʘʟʥʦʩʪʠ ʢʚʘʨʮʠʪʦʚ. ʩ ʕʪʦ ʭʦʨʦʰʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʠʤʠʯʝʩʢʠʤʠ 
ʩʠʣʠʢʘʪʥʳʤʠ ʘʥʘʣʠʟʘʤʠ (ʪʘʙʣ.). 

 

ʊʘʙʣʠʮʘ 

ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ ʢʨʝʤʥʝʟʝʤʘ ʠ ʚʨʝʜʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʟʦʥʘʣʴʥʳʭ ʤʝʞʪʨʝʱʠʥʥʳʭ ʙʣʦʢʘʭ ʢʚʘʨʮʠʪʦʚ 

 
ɺʠʜʳ 

ʚʳʩʦʢʨʝʤʥʝʟʝ-

ʤʠʩʪʳʭ ʧʦʨʦʜ 

 

 

ʉʦʜʝʨʞʘʥʠʝ ʦʢʩʠʜʦʚ (ʤʘʩʩ %) 

SiO2 ɸ12ʆ3 Fe2O3 TiO2 MnO CaO MgO 

1 
99,61 

99,68 

0,110 

0,120 

0,028 

0,027 

0,002 

0,004 
- 

0,005 

0,004 
- 

2 
99,40 

99,30 

0,110 

0,130 

0,058 

0,059 

0,004 

0,004 
- 

0,002 

0,004 
- 

3 99,30 0,200 0,070 0,005 - 0,010 - 

4 
98,50 

98,71 

0,276 

0,270 

0,463 

0,120 

0,013 

0,007 
0,057 

0,15 

0,01 
0,07 

5 
75,60 

68,30 

0,424 

0,373 

2,930 

3,760 

0,019 

0,020 

0,119 

0,218 

11,90 

15,01 

8,65 

11,10 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʊʆʇʆʄʀʅɽʈɸʃʆɻʀʗ ʅɽʂʆʊʆʈʓʍ ʇʈʆɺʀʅʎʀʁ ʉʈɽɼʅɽɻʆ ʀ ʖɾʅʆɻʆ 

ʋʈɸʃɸ 
ʅ.ʄ. ʀʚʘʥʦʚʘ 

ʉʘʤʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʤʘʨʘ, ʈʦʩʩʠʷ 
 

ʃʝʪʦʤ 2004 ʛʦʜʘ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤʠ ʉʘʤɻʊʋ ʉʠʜʦʨʦʚʳʤ ɸ.ɸ., ʀʚʘʥʦʚʦʡ ʅ.ʄ. ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʫʯʝʙʥʘʷ 
ʧʨʘʢʪʠʢʘ ʧʦ ʛʝʦʣʦʛʠʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ 1-2 ʢʫʨʩʦʚ ʥʝʬʪʝʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʥʘ ʋʨʘʣʝ. ɺ ʩʦʪʨʫʜʥʠʯʝʩʪʚʝ ʩ 
ʛʝʦʣʦʛʦʤ ʋʇʇ çɻʣʦʙʫʩè ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛʘ ʄʘʣʠʢʦʚʳʤ ɸ.ʀ. ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʥʝʜʝʣʴ ʩʪʫʜʝʥʪʳ ʟʥʘʢʦʤʠʣʠʩʴ ʩ ʨʷʜʦʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʠʥʝʨʘʣʦʚ ʉʨʝʜʥʝʛʦ ʠ ʖʞʥʦʛʦ ʋʨʘʣʘ ʦʪ ʦʢʨʝʩʪʥʦʩʪʝʡ ʅʠʞʥʝʛʦ ʊʘʛʠʣʘ (ʉʚʝʨʜʣʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) ʜʦ 
ɺʠʰʥʝʚʳʭ ʛʦʨ (ʩʝʚʝʨ ʏʝʣʷʙʠʥʩʢʦʡ ʦʙʣʘʩʪʠ). ʎʝʣʴʶ ʥʘʰʝʡ ʵʢʩʧʝʜʠʮʠʠ ʷʚʣʷʣʦʩʴ ʟʥʘʢʦʤʩʪʚʦ ʩ ʛʝʦʣʦʛʠʝʡ ʋʨʘʣʘ ʠ ʩʙʦʨ 
ʦʙʨʘʟʮʦʚ ʜʣʷ ʢʦʣʣʝʢʮʠʡ. 

ʋʨʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʩʘʤʳʭ ʠʟʚʝʩʪʥʳʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʨʝʛʠʦʥʦʚ ʤʠʨʘ. ɼʣʠʪʝʣʴʥʦʩʪʴ ʠ 
ʩʣʦʞʥʦʩʪʴ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʋʨʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʧʨʦʪʝʢʘʚʰʠʭ ʟʜʝʩʴ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʝʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʫʥʠʢʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʤʠʨʘ ʋʨʘʣʘ. 
ʋʨʘʣʴʩʢʠʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʧʦʷʩ (ʩʫʧʝʨʧʨʦʚʠʥʮʠʷ) ʧʦʜʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ - 

ʫʯʘʩʪʢʠ ʟʝʤʥʦʡ ʢʦʨʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ ʠ ʨʘʟʚʠʪʠʝʤ ʦʜʥʠʭ ʠ ʪʝʭ 
ʞʝ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʩʥʦʚʥʦʡ ʧʨʠʥʮʠʧ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ - ʛʝʦʣʦʛʠʯʝʩʢʠʡ: ʚ ʨʘʥʛʝ 
ʧʨʦʚʠʥʮʠʡ ʚʳʜʝʣʷʶʪʩʷ ʨʝʛʠʦʥʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʧʨʠʤʝʨʥʦ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʨʝʞʠʤʦʤ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 
ʨʘʟʚʠʪʠʷ, ʦʜʠʥʘʢʦʚʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, ʤʘʛʤʘʪʠʟʤʘ ʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɻʨʘʥʠʮʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ 
ʧʨʦʚʠʥʮʠʡ ʦʙʳʯʥʦ ʩʦʚʧʘʜʘʶʪ ʩ ʢʦʥʪʫʨʘʤʠ ʢʨʫʧʥʳʭ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʝʚ ʠ ʤʝʛʘʩʠʥʢʣʠʥʦʨʠʝʚ, ʥʦ ʫʯʠʪʳʚʘʶʪʩʷ ʠ 
ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʝ, ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. 

ɺʳʜʝʣʷʝʪʩʷ 29 ʧʨʦʚʠʥʮʠʡ, ʦʙʲʝʜʠʥʷʶʱʠʭʩʷ ʚ 6 ʛʨʫʧʧ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚʥʳʤ ʩʪʨʫʢʪʫʨʥʳʤ ʵʣʝʤʝʥʪʘʤ 
ʋʨʘʣʘ. 

ʆʪʤʝʪʠʤ ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʚʠʥʮʠʠ ʠʣʠ ʛʨʫʧʧʳ ʧʨʦʚʠʥʮʠʡ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ. 
ʇʨʦʚʠʥʮʠʠ ʇʨʝʜʫʨʘʣʴʩʢʦʛʦ ʢʨʘʝʚʦʛʦʧʨʦʛʠʙʘ ʦʭʚʘʪʳʚʘʶʪ ʧʨʝʜʫʨʘʣʴʩʢʫʶ ʯʘʩʪʴ ʧʦʷʩʘ, ʧʝʨʝʭʦʜʥʫʶ ʦʪ 

ʧʣʘʪʬʦʨʤʳ ʢ ʩʢʣʘʜʯʘʪʦʤʫ ʋʨʘʣʫ. ʇʷʪʴ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʡ ʩʦʚʧʘʜʘʶʪ ʩ ʢʨʫʧʥʳʤʠ ʚʧʘʜʠʥʘʤʠ, 
ʫʩʪʘʥʘʚʣʠʚʘʝʤʳʤʠ ʧʦ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦ-ʧʝʨʤʩʢʠʤ ʦʪʣʦʞʝʥʠʷʤ; ʜʨʝʚʥʠʝ ʪʦʣʱʠ ʤʦʥʦʢʣʠʥʘʣʴʥʦ ʧʦʛʨʫʞʘʶʪʩʷ ʥʘ ʚʦʩʪʦʢ.  

ʇʨʦʚʠʥʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʘʟʚʠʪʠʝʤ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
ʚʩʝʭ ʪʠʧʦʚ - ʛʘʣʦʛʝʥʥʳʭ, ʢʘʨʙʦʥʘʪʥʳʭ, ʪʝʨʨʠʛʝʥʥʳʭ. ɻʘʣʦʛʝʥʥʳʝ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʥʠʤʘʶʪ ʚʝʜʫʱʝʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʚʝʨʭʥʠʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʦʤʧʣʝʢʩʳ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠ ʠʥʪʝʨʝʩʥʳʤʠ 
ʷʚʣʷʶʪʩʷ ʤʝʜʠʩʪʳʝ ʧʝʩʯʘʥʠʢʠ. ʕʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚ ʦʩʥʦʚʥʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ, 
ʛʠʜʨʦʛʝʥʥʳʝ. ʍʘʨʘʢʪʝʨʥʳ ʤʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʥʘ ʚʦʜʦʥʝʬʪʷʥʳʭ ʢʦʥʪʘʢʪʘʭ ʠ ʦʪʤʝʯʘʶʱʠʝ ʩʣʝʜʳ 
ʤʠʛʨʘʮʠʠ ʥʝʬʪʠ. 

ʇʨʦʚʠʥʮʠʠ ʤʠʦʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʟʦʥʳ ʚʢʣʶʯʘʶʪ ʧʣʦʱʘʜʴ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʠ ʎʝʥʪʨʘʣʴʥʦ- ʋʨʘʣʴʩʢʦʛʦ 
ʧʦʜʥʷʪʠʷ. ʂʘʞʜʘʷ ʧʨʦʚʠʥʮʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʛʨʘʥʠʮʘʭ ʦʜʥʦʠʤʝʥʥʦʛʦ ʤʝʛʘʘʥʪʠʢʣʠʥʦʨʠʷ ʠʣʠ ʢʨʫʧʥʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ. 

ʅʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʭʦʜʷʪ ʧʘʣʝʦʟʦʡʩʢʠʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʩʝʤʠ ʪʠʧʘʤʠ 
ʧʦʨʦʜ. ɺ ʎʝʥʪʨʘʣʴʥʦ-ʋʨʘʣʴʩʢʦʤ ʧʦʜʥʷʪʠʠ ʚ ʚʳʩʪʫʧʘʭ ʦʙʥʘʞʝʥʳ ʜʨʝʚʥʝʡʰʠʝ ʘʨʭʝʡʩʢʦ-ʥʠʞʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ 
ʦʪʣʦʞʝʥʠʷ, ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʜʦ ʛʥʝʡʩʦʚ, ʤʝʩʪʘʤʠ ʙʣʘʩʪʦʤʠʣʦʥʠʪʦʚ. ɿʜʝʩʴ ʠʟʚʝʩʪʥʳ ʧʨʦʷʚʣʝʥʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʚʩʝʭ ʩʪʫʧʝʥʝʡ ʠ ʚʩʝ ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. 
ɼʣʷ ʚʩʝʭ ʧʨʦʚʠʥʮʠʡ ʭʘʨʘʢʪʝʨʥʳ ʧʦʣʠʭʨʦʥʥʳʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʢ ʠʥʪʨʫʟʠʚʥʦʡ, ʪʘʢ ʠ 
ʵʬʬʫʟʠʚʥʦʡ ʧʨʠʨʦʜʳ, ʢʠʩʣʳʝ ʠ ʦʩʥʦʚʥʳʝ ʚʧʣʦʪʴ ʜʦ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥ r ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ 
ʢʦʤʧʣʝʢʩʳ. 

ʕʪʘ ʛʨʫʧʧʘ ʧʨʦʚʠʥʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ: 
ʬʦʩʬʦʨʠʪʦʚ, ʙʦʢʩʠʪʦʚ, ʞʝʣʝʟʠʩʪʳʭ ʢʚʘʨʮʠʪʦʚ, ʩʠʜʝʨʠʪʦʚ, ʤʘʛʥʝʟʠʪʦʚ, ʤʝʜʠ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʨʝʜʢʠʭ ʠ ʙʣʘʛʦʨʦʜʥʳʭ 
ʤʝʪʘʣʣʦʚ ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ. 

ʇʦ ʧʣʦʱʘʜʠ ʧʨʦʚʠʥʮʠʠ ʟʘʥʠʤʘʶʪ ʦʩʥʦʚʥʫʶ ʯʘʩʪʴ ʋʨʘʣʘ. 

ʇʨʦʚʠʥʮʠʠ ɻʣʘʚʥʦʡ ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʟʦʥʳ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʩ ʟʘʧʘʜʘ ɻʣʘʚʥʳʤ ʋʨʘʣʴʩʢʠʤ ʨʘʟʣʦʤʦʤ, ʘ ʩ 
ʚʦʩʪʦʢʘ ʧʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʤ ʨʘʟʨʳʚʘʤ ʛʨʘʥʠʯʘʪ ʩ ʙʣʦʢʘʤʠ ʜʦʧʘʣʝʦʟʦʡʩʢʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ. ɺʝʜʫʱʠʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ 
ʢʦʤʧʣʝʢʩʘʤʠ ʚ ʵʪʦʡ ʛʨʫʧʧʝ ʧʨʦʚʠʥʮʠʡ ʷʚʣʷʶʪʩʷ ʚʫʣʢʘʥʦʛʝʥʥʳʝ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʝ (ʦʪ ʦʨʜʦʚʠʢʩʢʠʭ 
ʜʦ ʩʨʝʜʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ), ʤʘʛʤʘʪʦʛʝʥʥʳʝ ʬʦʨʤʘʮʠʠ ʠ ʠʥʪʨʫʟʠʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ, ʙʘʟʠʪʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ, ʘ ʪʘʢʞʝ 
ʧʝʛʤʘʪʠʪʦʚ. ʐʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɼʣʷ ʧʨʦʚʠʥʮʠʡ ʧʦʷʩʘ ʭʘʨʘʢʪʝʨʥʳ 
ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʞʝʣʝʟʘ, ʭʨʦʤʠʪʦʚ, ʤʝʜʠ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʨʝʜʢʠʭ ʟʝʤʝʣʴ, ʭʨʠʟʦʪʠʣ-ʘʩʙʝʩʪʘ, 
ʘʥʪʦʬʠʣʣʠʪ-ʘʩʙʝʩʪʘ, ʢʠʘʥʠʪʘ, ʚʝʨʤʠʢʫʣʠʪʘ, ʢʦʨʫʥʜʘ, ʛʨʘʬʠʪʘ ʠ ʜʨ. 

ʇʨʦʚʠʥʮʠʠ ɺʦʩʪʦʯʥʦʫʨʘʣʴʩʢʦʡ ʟʦʥʳ ʦʭʚʘʪʳʚʘʶʪ ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʫʶ ʯʘʩʪʴ ɺʦʩʪʦʯʥʦʡ ʟʦʥʳ, ʩʦʩʪʦʷʱʫʶ ʠʟ 

ʧʦʜʥʷʪʠʡ ʩ ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʠʣʠ ʧʦʨʦʜʘʤʠ ʜʦʧʘʣʝʦʟʦʡʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʩʥʦʚʘʥʠʷ ʚ ʷʜʨʘʭ ʠ 
ʦʧʫʩʢʘʥʠʡ ʩ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʩʠʣʫʨʦ-ʢʘʨʙʦʥʘ. ʐʠʨʦʢʦ ʨʘʟʚʠʪʳ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ ʠ 
ʛʨʘʥʠʪʦʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʩʚʷʟʘʥʥrʝ ʩ ʛʥʝʡʩʦʚʦ-ʤʘʛʤʘʪʠʪʦʚʳʤʠ ʢʫʧʦʣʘʤʠ. ʍʘʨʘʢʪʝʨʥʳ ʤʘʛʤʘʪʦʛʝʥʥʳʝ ʤʠʥʝʨʘʣʴʥʳʝ 
ʢʦʤʧʣʝʢʩʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ ʪʠʧʦʚ ʛʣʫʙʠʥʥʦʡ ʧʨʠʨʦʜʳ. ɼʣʷ ʧʨʦʚʠʥʮʠʡ ʭʘʨʘʢʪʝʨʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʭʨʦʤʠʪʦʚ, ʞʝʣʝʟʘ, ʤʝʜʠ, ʧʦʣʠʤʝʪʘʣʣʦʚ, ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ, ʭʨʠʟʦʪʠʣ- ʠ ʘʥʪʦʬʠʣʣʠʪ-ʘʩʙʝʩʪʘ, ʤʫʩʢʦʚʠʪʘ, ʛʨʘʥʘʪʘ ʠ ʜʨ. 

ʇʨʦʚʠʥʮʠʠ ɿʘʫʨʘʣʴʩʢʦʡ ʟʦʥʳ ʩʦʚʧʘʜʘʶʪ ʩ ʢʨʫʧʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʣʦʢʘʤʠ ʩ ʨʘʟʚʠʪʠʝʤ ʚʫʣʢʘʥʦʛʝʥʥʦ-
ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʅʘʙʦʣʴʰʝʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʧʨʦʚʠʥʮʠʡ ʦʙʥʘʞʘʶʪʩʷ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ. 

ʄʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʦʝ ɿʘʫʨʘʣʴʝ ʷʚʣʷʝʪʩʷ ʚʦʩʪʦʯʥʳʤ ʢʨʘʝʤ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʵʧʠʧʘʣʝʦʟʦʡʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʅʘ 

ʧʦʚʝʨʭʥʦʩʪʴ ʚʳʭʦʜʷʪ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʩʝʜʠʤʝʥʪʦʛʝʥʥʳʝ ʠ ʛʠʧʝʨʛʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ. 
ʇʦʯʪʠ ʚ ʣʶʙʦʡ ʠʟ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʚʠʥʮʠʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ 

ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʆʜʥʘʢʦ ʩʪʝʧʝʥʴ ʨʘʟʚʠʪʠʷ ʠ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 
ʧʨʦʚʠʥʮʠʷʭ ʩʧʝʮʠʬʠʯʥʳ. (ʖʰʢʠʥ ʠ ʜʨ., 1986) 



ʄʘʨʰʨʫʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʭʚʘʪʠʣ ʪʨʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʦʚʠʥʮʠʠ ʋʨʘʣʘ: ɸʨʘʤʠʣʴʩʢʦ-ʀʩʝʪʩʢʫʶ, ʉʳʩʝʨʪʴ-
ʀʣʴʤʝʥʦʛʦʨʩʢʫʶ ʠ ʄʫʨʟʠʥʩʢʦ-ɸʜʫʡʩʢʫʶ. ʇʝʨʚʳʝ ʜʚʝ ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʚʠʥʮʠʷʤ ɻʣʘʚʥʦʡ ʵʚʛʝʦʩʠʥʢʣʠʥʘʣʴʥʦʡ ʟʦʥʳ, ʘ 
ʧʦʩʣʝʜʥʷʷ ï ʢ ʧʨʦʚʠʥʮʠʷʤ ɺʦʩʪʦʯʥʦʫʨʘʣʴʩʢʦʡ ʟʦʥʳ. 

ɺ ʧʨʝʜʝʣʘʭ ʉʳʩʝʨʪʴ-ʀʣʴʤʝʥʦʛʦʨʩʢʦʡ ʧʨʦʚʠʥʮʠʠ ʙʳʣʠ ʧʦʩʝʱʝʥʳ ɺʠʰʥʝʚʳʝ ʛʦʨʳ. ɺ ʂʫʨʦʯʢʠʥʦʤ ʣʦʛʫ ʥʘ 
ʨʫʜʥʠʢʝ çʐʧʘʪè ʙʳʣʠ ʩʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʠʣʴʤʝʥʠʪʘ, ʢʘʥʢʨʠʥʠʪʘ, ʢʦʣʫʤʙʠʪʘ, ʵʛʠʨʠʥ-ʘʚʛʠʪʘ, ʙʠʦʪʠʪʘ, ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, 
ʥʝʬʝʣʠʥʘ, ʬʣʶʦʨʠʪʘ, ʮʠʨʢʦʥʘ, ʩʦʜʘʣʠʪʘ. ʅʝʬʝʣʠʥ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʝ ʞʠʣʳ ʂʫʨʦʯʢʠʥʘ ʃʦʛʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʨʝʜʥʝʡ 
ʯʘʩʪʠ ʎʝʥʪʨʘʣʴʥʦʛʦ ʤʘʩʩʠʚʘ ʥʝʬʝʣʠʥʦʚʳʭ ʩʠʝʥʠʪʦʚ. 

ʅʘ ʛʦʨʝ ʂʘʨʘʚʘʡ ʫ ɺʠʰʥʝʚʦʛʦʨʩʢʘ ʩʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʮʠʨʢʦʥʘ, ʧʠʨʦʭʣʦʨʘ, ʠʣʴʤʝʥʠʪʘ, ʚʠʰʥʝʚʠʪʘ, ʩʦʜʘʣʠʪʘ, 
ʙʠʦʪʠʪʘ, ʤʠʘʩʢʠʪʘ. ʊʝʣʘ ʧʝʛʤʘʪʠʪʦʚ ʥʘ ʛʦʨʝ ʂʘʨʘʚʘʡ ʩʣʘʛʘʶʪʩʷ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʤ ʥʝʬʝʣʠʥ-ʤʠʢʨʦʢʣʠʥʦʚʳʤ ʘʛʨʝʛʘʪʦʤ ʩ 
ʫʯʘʩʪʢʘʤʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʤʠʢʨʦʢʣʠʥʘ. ɿʜʝʩʴ ʚʝʣʘʩʴ ʨʘʟʚʝʜʢʘ ʩʥʘʯʘʣʘ ʥʘ ʮʠʨʢʦʥ, ʧʦʪʦʤ ʥʘ ʧʠʨʦʭʣʦʨ. (ʇʦʧʦʚ, ʇʦʧʦʚʘ, 
2004) 

ʇʨʦʚʠʥʮʠʷ ʄʫʨʟʠʥʩʢʦ-ɸʜʫʡʩʢʘʷ ʚʢʣʶʯʘʝʪ ʨʷʜ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʧʨʦʣʝʛʘʣ ʤʘʨʰʨʫʪ. 
çɻʝʤʘʪʠʪʦʚʘʷ ʛʦʨʢʘè ʫ ʩʝʣʘ ʐʘʙʨʳ ï ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʘʣʴʢʘ, ʛʝʤʘʪʠʪʘ, ʙʨʝʡʥʝʨʠʪʘ. 
ʄʘʣʦ-ʉʠʜʝʣʴʥʠʢʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʦʜʦʥʠʪʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʛʨʘʥʘʪʘ ʘʣʴʤʘʥʜʠʥʘ ʫ ʜʝʨ. ʂʘʜʥʠʢʦʚʦ ʥʘ 

ʙʝʨʝʛʫ ʨ. ɸʨʘʤʠʣʢʠ. 
ɹʝʨʝʟʦʚʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ɿʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣʘʭ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʠʪʦʤ, 

ʚʭʦʜʷ ʚ ʩʦʩʪʘʚ ʝʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʘʤʦʨʦʜʥʦʡ ʬʦʨʤʦʡ. ɹʝʨʝʟʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩʣʘʚʠʪʩʷ 
ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ. ʉʪʫʜʝʥʪ rʩʧʫʩʢʘʣʠʩʴ ʚ ʰʘʭʪʫ ʥʘ ʛʣʫʙʠʥʫ 462-512 ʤ ʠ ʨʘʙʦʪʘʣʠ ʥʘ ʦʪʚʘʣʘʭ. 
ʉʦʙʨʘʣʠ ʚ ʨʘʟʨʝʟʘʭ ʤʥʦʞʝʩʪʚʦ ʦʙʨʘʟʮʦʚ - ʧʠʨʠʪ, ʢʚʘʨʮ, ʛʣʠʥʢʘ ʩʢʦʣʴʞʝʥʠʷ; ʚ ʦʪʚʘʣʘʭ - ʙʝʨʝʟʠʪ, ʣʠʩʪʚʝʥʠʪ, ʢʚʘʨʮ, 

ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʬʫʢʩʠʪ, ʢʘʣʴʮʠʪ, ʛʝʤʘʪʠʪ, ʢʨʦʢʦʠʪ. ʂʨʦʢʦʠʪ ʙʳʣ ʦʪʢʨʳʪ ʥʘ ʊʦʯʠʣʴʥʦʡ ʛʦʨʝ, ʟʘʪʝʤ ʚ ɹʝʨʝʟʦʚʩʢʝ. ʆʥ 
ʩʪʘʣ ʧʝʨʚʳʤ ʫʨʘʣʴʩʢʠʤ ʤʠʥʝʨʘʣʦʤ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ, ʟʘʚʝʨʰʠʚʰʝʛʦʩʷ ʦʪʢʨʳʪʠʝʤ ʥʦʚʦʛʦ 
ʵʣʝʤʝʥʪʘ ï ʭʨʦʤʘ. (ʖʰʢʠʥ ʠ ʜʨ.,. 1986). 

ʊʘʢ ʞʝ ʧʦʩʝʪʠʣʠ ʈʝʞʝʚʩʢʦʡ ʟʘʢʘʟʥʠʢ. ʋ ʧʦʩ. ʆʟʝʨʥʳʡ ʨʘʙʦʪʘʣʠ ʥʘ ʢʦʧʠ çɽʞʠʢè, ʛʜʝ ʠʤʝʶʪʩʷ ʢʨʠʩʪʘʣʣʳ 
ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ ʠ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʢʚʘʨʮʘ. ʅʘ ʢʦʧʠ ʉʘʥʥʠʢʦʚʘ ʩʦʙʠʨʘʣʠ ʘʛʘʪʳ. 

ɺ ʧʝʛʤʘʪʠʪʦʚʦʡ ʞʠʣʝ ʢʦʧʠ ʌʠʨʩʦʚʘ 
ʩʪʫʜʝʥʪʢʦʡ ʙʳʣ ʥʘʡʜʝʥ ʢʨʠʩʪʘʣʣ ʙʝʨʠʣʣʘ (ʌʦʪʦ 1). 
ʕʪʦʪ ʢʨʠʩʪʘʣʣ ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ, ʩʚʝʪʣʦ-ʟʝʣʸʥʦʛʦ, 

ʞʸʣʪʦʛʦ ʮʚʝʪʘ, ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʨʘʟʤʝʨʘ 
(12,5*3ʩʤ). ʆʥ ʙʳʣ ʨʝʜʢʦʩʪʴʶ ʜʣʷ ʜʘʥʥʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɽʛʦ ʧʝʨʝʜʘʣʠ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ 
ʤʫʟʝʡ ʈʝʞʝʚʩʢʦʛʦ ʟʘʢʘʟʥʠʢʘ. 

ɺ ʢʘʨʴʝʨʘʭ ʃʠʧʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʩʦʙʠʨʘʣʠ ʦʧʘʣ, ʭʘʣʮʝʜʦʥ, ʤʨʘʤʦʨ ʙʝʣʳʡ, ʩʝʨʳʡ, 
ʧʦʣʦʩʯʘʪʳʡ, ʪʫʨʤʘʣʠʥ, ʬʫʢʩʠʪ. 

ʉ ɸʨʘʤʠʣʴʩʢʦ-ʀʩʝʪʩʢʦʡ ʧʨʦʚʠʥʮʠʝʡ 
ʩʪʫʜʝʥʪʳ ʟʥʘʢʦʤʠʣʠʩʴ ʥʘ ʧʨʠʤʝʨʝ ɽʩʪʶʥʠʥʩʢʦʛʦ 

ʨʫʜʥʦʛʦ ʢʘʨʴʝʨʘ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ 
ʦʜʥʦʤʫ ʠʟ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʦʩʪʘʥʮʦʚ ʚʤʝʱʘʶʱʠʭ 
ʧʦʨʦʜ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʦʥʪʘʢʪʦʚʦ-ʪʝʨʤʘʣʴʥʳʤʠ 
ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ 
ʩʦʩʪʘʚʘ ʛʘʙʙʨʦðʛʘʙʙʨʦ-ʥʦʨʠʪ. ʕʪʦ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ ʞʝʣʝʟʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʩ ʨʘʟʚʠʪʠʝʤ 
ʤʘʛʥʝʪʠʪʦʚʦʛʦ ʦʨʫʜʝʥʝʥʠʷ (ʉʠʜʦʨʝʥʢʦ, 1973). ɹʳʣʠ ʩʦʙʨʘʥʳ ʦʙʨʘʟʮʳ ʤʝʜʥʦʡ ʨʫʜʳ, ʤʘʛʥʝʪʠʪʘ, ʵʧʠʜʦʪʘ, ʧʠʨʠʪʘ, 
ʭʘʣʴʢʦʧʠʨʠʪʘ, ʙʦʨʥʠʪʘ, ʤʝʜʥʦʡ ʟʝʣʝʥʠ (ʤʘʣʘʭʠʪ), ʪʫʣʠʪʘ, ʩʬʝʥʘ ʪʠʪʘʥʠʪʘ ʜʠʦʧʩʠʜ-ʧʣʘʛʠʦʢʣʘʟʦʚʦʡ ʧʦʨʦʜ,r ʧʦʣʝʚʦʛʦ 
ʰʧʘʪʘ, ʭʣʦʨʠʪʘ. 

ʊ.ʦ., ʧʦʩʪʘʚʣʝʥʥʫʶ ʚ ʥʘʯʘʣʝ ʧʨʘʢʪʠʢʠ ʮʝʣʴ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʦʩʪʠʛʥʫʪʦʡ. ɿʘ ʚʨʝʤʷ ʜʘʥʥʦʡ ʧʨʘʢʪʠʢʠ ʙʳʣʦ 
ʩʦʙʨʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʮʦʚ ʜʣʷ ʫʯʝʙʥʦʡ ʢʦʣʣʝʢʮʠʠ ʠ ʵʢʩʧʦʥʘʪʦʚ ʜʣʷ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʤʫʟʝʷ ʉʘʤɻʊʋ. 
ʉʪʫʜʝʥʪʳ ʧʦʣʫʯʠʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʤʠʥʝʨʘʣʴʥʳʤʠ ʩʦʦʙʱʝʩʪʚʘʤʠ, ʥʝ ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʉʘʤʘʨʩʢʦʡ 
ʦʙʣʘʩʪʠ ʠ ʥʘ ʧʨʘʢʪʠʢʝ ʟʘʢʨʝʧʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʥʠʷ ʧʦ ʦʙʱʝʡ ʛʝʦʣʦʛʠʠ. 
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ɸʂʊʋʈʇɸʂ 
ʕ.ʕ. ʀʛʘʤʙʝʨʜʠʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʈ.ɻ. ʖʩʫʧʦʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɿʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʢʪʫʨʧʘʢ ʥʘʭʦʜʠʪʩʷ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɸʣʤʘʣʳʢʩʢʦʛʦ ʛʦʨʥʦʨʫʜʥʦʛʦ ʨʘʡʦʥʘ. 
ʄʠʥʝʨʘʣʦʛʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʫʯʘʣʘʩʴ ɹʘʜʘʣʦʚʦʡ ʈ.ʇ., ʄʝʱʠʥʠʥʦʚʦʡ ɻ.ʉ., ʗʢʦʚʣʝʚʦʡ ʅ.ɸ, ɸʣʝʭʠʥʦʡ ɿ.ɺ. ʠ 

ʜʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ. 
ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʠʝʥʠʪʦ-ʜʠʦʨʠʪʘʤʠ ʉ2, ʧʨʦʨʚʘʥʥʳʤʠ ʜʘʡʢʘʤʠ 

ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ ʈ1. ɺ ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʪʷʛʦʪʝʝʪ ʢ ʙʣʦʢʫ, ʦʛʨʘʥʠʯʝʥʥʦʤʫ ʩ ʩʝʚʝʨʘ ʠ ʶʛʘ 
ʨʝʛʠʦʥʘʣʴʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ʉʠʩʪʝʤʘ ʩʙʣʠʞʝʥʥʳʭ ʩʥʦʧʦʚʠʜʥʳʭ ʥʘʨʫʰʝʥʠʡ ʙʦʣʝʝ ʤʝʣʢʦʛʦ ʧʦʨʷʜʢʘ ʠ ʦʧʝʨʷʶʱʠʝ ʠʭ 

 
ʌʦʪʦ 1. ʂʨʠʩʪʘʣʣ ʙʝʨʠʣʣʘ 



ʪʨʝʱʠʥʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʨʫʜʝʥʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʟʦʥ ʧʦʜʚʝʨʛʣʠʩʴ 
ʧʨʦʮʝʩʩʘʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʧʝʨʝʨʘʙʦʪʢʠ (ʦʢʚʘʨʮʝʚʘʥʠʝ, ʧʠʨʠʪʠʟʘʮʠʷ, ʩʝʨʠʮʠʪʠʟʘʮʠʷ, ʭʣʦʨʠʪʠʟʘʮʠʷ ʠ ʜʨ.). ʅʦʩʠʪʝʣʠ 
ʦʨʫʜʝʥʝʥʠʷ - ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ, ʧʨʦʞʠʣʢʠ ʠ ʢʚʘʨʮʝʚʳʝ ʦʙʦʩʦʙʣʝʥʠʷ, ʥʝʨʝʜʢʦ, ʛʥʝʟʜʦʦʙʨʘʟʥʦʡ ʠʣʠ ʪʨʫʙʦʦʙʨʘʟʥʦʡ ʬʦʨʤ. 

ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʥʳʭ ʪʝʣ - ʢʚʘʨʮ, ʢʘʨʙʦʥʘʪʳ, ʩʫʣʴʬʠʜʥʦ- ʠ ʩʫʣʴʬʘʩʦʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʙʦʨʥʠʪ ʠ ʜʨ. ʀʟ ʥʠʭ 
ʛʣʘʚʥʳʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ - ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʛʘʣʝʥʠʪ, ʙʣʝʢʣʘʷ ʨʫʜʘ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʠ ʜʨ. ɺ ʟʦʥʝ 
ʦʢʠʩʣʝʥʠʷ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ, ʮʝʨʫʩʩʠʪ, ʘʥʛʣʝʟʠʪ, ʙʠʨʶʟʘ, ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ, ʢʝʨʘʨʛʠʨʠʪ. ʅʘ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʚʘʨʮ-ʧʠʨʠʪʦʚʘʷ (ʨʘʥʥʷʷ) ʠ ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ (ʧʦʟʜʥʷʷ) ʘʩʩʦʮʠʘʮʠʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 
ʧʨʦʜʫʢʪʠʚʥʳʭ ʥʘ ʟʦʣʦʪʦ. ʆʜʥʠʤ ʠʟ ʥʦʩʠʪʝʣʝʡ ʠ ʢʦʥʮʝʥʪʨʘʪʦʨʦʚ ʟʦʣʦʪʘ ʩʣʫʞʠʪ ʨʫʜʦʥʦʩʥʳʡ ʢʚʘʨʮ. 

ʈʘʥʥʷʷ ʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʝʣʦʡ ʧʦ ʮʚʝʪʫ, ʩʚʝʪʣʦ-ʩʝʨʦʡ ʠ ʜʨʫʛʠʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ 
ʢʨʠʧʪʦʟʝʨʥʠʩʪʦʛʦ ʪʠʧʘ. ʊʝʢʩʪʫʨʘ ʤʘʩʩʠʚʥʘʷ, ʨʝʞʝ ʙʨʝʢʯʠʝʚʘʷ ʠ ʧʝʨʠʩʪʘʷ. ʂʚʘʨʮ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʘʣʴʙʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ, 
ʭʣʦʨʠʪʦʤ, ʢʘʣʴʮʠʪʦʤ, ʧʠʨʠʪʦʤ ʠ ʤʦʣʠʙʜʝʥʠʪʦʤ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʨʫʜʝ ʥʘʭʦʜʠʪʩʷ ʚ ʚʠʜʝ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʚʳʜʝʣʝʥʠʡ (ʤʝʥʝʝ 1 ʤʤ.), ʥʘʭʦʜʷʩʴ ʚ ʧʳʣʝʚʠʜʥʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʧʠʨʠʪʘʭ ʟʦʣʦʪʦ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʩʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ 
ʚʳʜʝʣʝʥʠʷ. 

ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ ʢʚʘʨʮʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʚʝʪʣʦ-ʩʝʨʦʡ, ʩʝʨʦʡ ʠ ʙʝʣʦʚʘʪʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ, ʩʨʝʜʥʝʛʦ ʠ 
ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʪʠʧʘ. ʊʝʢʩʪʫʨʘ ʚʳʜʝʣʝʥʠʷ ʙʨʝʢʯʝʚʠʜʥʘʷ, ʰʝʩʪʦʚʘʪʘʷ ʠ ʜʨʫʟʦʚʘʷ. ʄʝʪʘʤʦʨʬʠʟʤ ʢʚʘʨʮʘ ʧʨʦʷʚʠʣʩʷ 
ʦʪʯʝʪʣʠʚʦ. ɺ ʵʪʦʡ ʛʝʥʝʨʘʮʠʠ ʢʚʘʨʮʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ, ʨʝʞʝ ʧʨʦʞʠʣʢʦʚ ʧʠʨʠʪʘ, 
ʭʘʣʴʢʦʧʠʨʠʪʘ, ʩʬʘʣʝʨʠʪʘ, ʙʣʝʢʣʦʡ ʨʫʜʳ, ʛʘʣʝʥʠʪʘ. ʇʦ ʤʝʣʢʠʤ ʪʨʝʱʠʥʘʤ, ʠʥʪʝʨʩʪʠʮʠʷʤ ʢʚʘʨʮʘ ʨʘʟʚʠʪʳ ʚʠʜʠʤʳʝ 
ʚʳʜʝʣʝʥʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʩʫʣʴʬʠʜʘʭ ʠ 
ʩʫʣʴʬʦʩʦʣʷʭ. ʈʘʟʤʝʨʳ ʚʳʜʝʣʝʥʠʡ ʩʘʤʦʨʦʜʥʦʛʦ ɸu ʤʝʥʝʝ 0,05 ʠ ʜʦ 0,2 ʤʤ. ʇʨʦʙʠʨʥʳʤ ʘʥʘʣʠʟʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ 0,5 ʜʦ 

50 ʛ/ʪ Au ʚ ʤʦʥʦʤʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʢʚʘʨʮʘ. ɺʦʟʤʦʞʥʦ, ʯʘʩʪʴ ʟʦʣʦʪʘ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ. 
ʇʠʨʠʪ ʚ ʨʫʜʘʭ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʘʤ. ɺ ʧʠʨʠʪʘʭ I ʛʝʥʝʨʘʮʠʠ ʬʠʢʩʠʨʫʶʪʩʷ 

ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ɸu (ʜʦ 1443 ʛ/ʪ). ʇʦʩʣʝʜʫʶʱʘʷ ʛʝʥʝʨʘʮʠʷ ʧʠʨʠʪʘ ʠʟ ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩ Au ʘʩʩʦʮʠʘʮʠʠ, 
ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʨʝʣʠʢʪʦʚʦʛʦ ʚʢʣʶʯʝʥʠʷ ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ, ʩʬʘʣʝʨʠʪʝ ʠ ʙʣʝʢʣʦʡ ʨʫʜʝ. ɺʩʝ ʛʝʥʝʨʘʮʠʠ 
ʧʠʨʠʪʘ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʣʫʞʘʪ ʥʦʩʠʪʝʣʷʤʠ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ɸu, ɸg) ʠ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʳʤʠ 
ʵʣʝʤʝʥʪʘʤʠ-ʧʨʠʤʝʩʷʤʠ (Cu, Mo, Pb, Zn, As, Sb ʠ ʜʨ.). 

ʉʬʘʣʝʨʠʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʞʠʣʢʦʚ. ʕʣʝʤʝʥʪʳ - ʧʨʠʤʝʩʠ: ʄn, Ti, Mo, Cu, Pb, Cd, 
Ag, Gb, Bi, As, Gn, Ga, Au, Te, In. ʀʟ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ ʟʘʩʣʫʞʠʚʘʝʪ Cd (1900 ʛ/ʪ), In (70ʛ/ʪ) ʘ ʪʘʢʞʝ ʩʝʣʝʥ ʠ 

ʪʝʣʣʫʨ. ɺ ʩʬʘʣʝʨʠʪʘʭ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚʠʩʤʫʪʘ (5 ʛ/ʪ) ʠ Ag (ʦʢʦʣʦ 4 ʛ/ʪ). 
ʍʘʣʴʢʦʧʠʨʠʪ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʚʘʨʮ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʞʠʣʢʘʭ, ʘʩʩʦʮʠʠʨʫʷ ʩʦ ʩʬʘʣʝʨʠʪʦʤ, ʙʣʝʢʣʳʤʠ 

ʨʫʜʘʤʠ, ʛʘʣʝʥʠʪʦʤ, ʧʠʨʠʪʦʤ ʠ ʩʘʤʦʨʦʜʥʳʤ ɸu. ɺ ʩʦʩʪʘʚʝ ʭʘʣʴʢʦʧʠʨʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʠʧʦʤʦʨʬʥʳʝ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ, 
ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʠ ʜʣʷ ʩʘʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʮʝʣʦʤ. ɼʨʫʛʘʷ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʘʷ ʛʝʥʝʨʘʮʠʷ ʭʘʣʴʢʦʧʠʨʠʪʘ - 
ʵʤʫʣʴʩʠʦʥʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʚ ʩʦʩʪʘʚʝ ʩʬʘʣʝʨʠʪʘ. 

ɹʣʝʢʣʳʝ ʨʫʜʳ ʦʙʨʘʟʫʶʪ ʛʥʝʟʜʦʦʙʨʘʟʥʳʝ ʩʢʦʧʣʝʥʠʷ (ʜʦ 5 ʩʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ) ʠ ʨʝʜʢʠʝ, ʚ ʚʠʜʝ ʝʜʠʥʠʯʥʦʡ 
ʚʢʨʘʧʣʝʥʥʦʩʪʠ, ʚʳʜʝʣʝʥʠʷ ʚ ʨʫʜʥʦʤ ʢʚʘʨʮʝ. ʄʠʥʝʨʘʣ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʟʜʥʠʭ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʩʦʩʪʘʚʝ ʢʚʘʨʮ-
ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ. ʇʦ ʩʦʩʪʘʚʫ ʙʣʝʢʣʳʝ ʨʫʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʪʨʘʵʜʨʠʪʦʚʦʡ ʠ ʟʘʥʜʙʝʨʛʠʪʦʚʦʡ 
ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. 

ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʢʪʫʨʧʘʢ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʛʠʧʦʛʝʥʥʳʤʠ ʠ ʛʠʧʝʨʛʝʥʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ. 
ɻʠʧʦʛʝʥʥʦʝ (ʧʝʨʚʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ) ʟʦʣʦʪʦ ʦʙʣʘʜʘʝʪ ʟʦʣʦʪʠʩʪʦ-ʞʝʣʪʦʡ ʦʢʨʘʩʢʦʡ, ʩʠʣʴʥʳʤ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʣʝʩʢʦʤ. 
ʇʨʦʙʘ ʟʦʣʦʪʘ ʚʳʩʦʢʘ (ʦʢʦʣʦ 900). ʈʘʟʤʝʨʳ ʚʳʜʝʣʝʥʠʡ (ʦʪ 0,01 ʜʦ 0,05-0,2 ʤʤ). ɿʦʣʦʪʦ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʅ.ɺ. 
ʇʝʨʪʦʚʩʢʦʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢ ʯʠʩʣʫ ʤʝʣʢʦʛʦ ʠ ʧʳʣʝʚʠʜʥʦʛʦ ʢʣʘʩʩʦʚ. ɻʠʧʝʨʛʝʥʥʦʝ (ʚʪʦʨʠʯʥʦʝ) ʟʦʣʦʪʦ ʦʙʨʘʟʫʝʪ ʚ ʟʦʥʝ 
ʦʢʠʩʣʝʥʠʷ ʛʫʙʯʘʪʳʝ ʬʦʨʤʳ ʚʳʜʝʣʝʥʠʡ, ʜʝʥʜʨʠʪʳ ʠʣʠ ʪʦʥʢʠʝ ʤʝʣʢʠʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʫʩʪʦʪʢʘʭ. ʇʨʦʙʘ 
ʛʠʧʝʨʛʝʥʥʦʛʦ ʟʦʣʦʪʘ ʦʪ 950 ʠ ʙʦʣʝʝ. 

 
ʃʠʪʝʨʘʪʫʨʘ. 
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ʄʀʅɽʈɸʃʔʅʓɽ ʇɸʈɸɻɽʅɽɿʀʉʓ ʂʗʍʊʀʅʉʂʆɻʆ ʉʀʃʃʀʄɸʅʀʊʆɺʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ɿɸʇɸɼʅʆɽ ɿɸɹɸʁʂɸʃʔɽ) 
ʀ.ɸ. ʀʟʙʨʦʜʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ɻ.ʉ. ʈʠʧʧ 
ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʉʆ ʈɸʅ, ʛ. ʋʣʘʥ-ʋʜʵ, ʈʦʩʩʠʷ 

 
ɺ ʖʛʦ-ɿʘʧʘʜʥʦʤ ɿʘʙʘʡʢʘʣʴʝ ʚʳʷʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʫʯʘʩʪʢʦʚ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʧʦʨʦʜ 

(ʀʯʝʪʫʡʩʢʦʝ, ʂʷʭʪʠʥʩʢʦʝ, ʍʘʨʘʥʭʦʡʩʢʦʝ, ʃʝʚʦ-ʏʝʤʫʨʪʘʡʩʢʦʝ). ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʩʫʙʰʠʨʦʪʥʦʡ ʧʦʣʦʩʝ, 
ʧʨʦʪʷʛʠʚʘʶʱʝʡʩʷ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ ɼʞʠʜʳ ʠ ʏʠʢʦʷ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʚ ʩʦʩʪʘʚʝ ʧʦʨʦʜ ʦʪʤʝʯʘʝʪʩʷ ʩʤʝʥʘ 
ʢʠʘʥʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ (ʀʯʝʪʫʡʩʢʦʝ), ʯʝʨʝʟ ʢʠʘʥʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʫʶ (ʍʘʨʘʥʭʦʡʩʢʦʝ) ʢ ʩʠʣʣʠʤʘʥʠʪʦʚʦʡ (ʂʷʭʪʠʥʩʢʦʝ). 

ʂʷʭʪʠʥʩʢʦʝ ʩʠʣʣʠʤʘʥʠʪʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ɹʫʨʷʪʠʷ, ʚʢʣʶʯʘʝʪ 

ʫʯʘʩʪʢʠ: ʏʝʨʥʘʷ ʉʦʧʢʘ, ʂʷʭʪʠʥʩʢʠʡ ʠ ʋʩʪ-ɹʂʷʭʪʠʥʩʢʠʡ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʝʨʠʝʡ ʧʣʘʩʪʦʦʙʨʘʟʥʳʭ ʣʠʥʟ 
ʩʠʣʣʠʤʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʩʣʘʥʮʝʚ ʤʦʱʥʦʩʪʴʶ ʜʦ 40 ʤ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 70 ʤ), ʟʘʣʝʛʘʶʱʠʭ ʚ ʪʦʣʱʝ 
ʙʠʦʪʠʪʦʚʳʭ ʠ ʙʠʦʪʠʪïʘʤʬʠʙʦʣʦʚʳʭ ʛʥʝʡʩʦʚ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʂ ʚʦʩʪʦʢʫ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʫ ʦʪ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʥʝʡʩʳ ʩʤʝʥʷʶʪʩʷ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʤʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ ʢʠʩʣʦʛʦ ʠ ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ. 
ʄʝʪʘʤʦʨʬʠʯʝʩʢʘʷ ʪʦʣʱʘ ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʛʤʘʪʠʪʦʚʳʭ ʞʠʣ, ʘ ʫʯʘʩʪʢʘʤʠ ʠʥʪʝʥʩʠʚʥʦ ʤʠʛʤʘʪʠʟʠʨʦʚʘʥʘ. 

ʉʠʣʣʠʤʘʥʠʪʩʦʜʝʨʞʘʱʠʝ ʩʣʘʥʮʳ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʩ ʙʠʦʪʠʪʦʚʳʤʠ, ʙʠʦʪʠʪ-ʩʠʣʣʠʤʘʥʠʪʦʚʳʤʠ ʛʥʝʡʩʘʤʠ ʠ 
ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʪ ʚʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ. ʈʫʜʥʳʝ ʪʝʣʘ ʥʝʦʜʥʦʨʦʜʥʳ ʠ ʩʦʩʪʦʷʪ ʠʟ ʩʣʦʝʚ ʠ ʣʠʥʟ ʧʦʨʦʜ ʩʦ 
ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʩʦʜʝʨʞʘʥʠʡ ʩʠʣʣʠʤʘʥʠʪʘ. ʆʥʠ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʩʠʣʣʠʤʘʥʠʪïʢʚʘʨʮʝʚʳʝ ʠ ʩʠʣʣʠʤʘʥʠʪï



ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʳʝ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʩʣʶʜ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʠʣʣʠʤʘʥʠʪʘ ʚ ʩʠʣʣʠʤʘʥʠʪ-
ʢʚʘʨʮʝʚʳʭ ʧʦʨʦʜʘʭ ʩʦʩʪʘʚʣʷʝʪ 15-20%, ʘ ʚ ʩʠʣʣʠʤʘʥʠʪ-ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʩʣʘʥʮʘʭ - 3-5%. 

ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʴʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʚʫʭ ʵʪʘʧʘʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ 

ʧʦʨʦʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʘʜʠʷʤ ʧʨʦʛʨʝʩʩʠʚʥʦʛʦ ʠ ʨʝʛʨʝʩʩʠʚʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɼʣʷ ʧʝʨʚʦʡ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡʩʷ ʚ 
ʫʩʣʦʚʠʷʭ ʬʘʮʠʠ ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʛʥʝʡʩʦʚ (ʜʦ ʛʨʘʥʫʣʠʪʦʚ), ʭʘʨʘʢʪʝʨʥʳ: ʩʠʣʣʠʤʘʥʠʪ, ʢʦʨʫʥʜ, ʪʦʧʘʟ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, 
ʤʫʩʢʦʚʠʪ, ʢʚʘʨʮ, ʨʫʪʠʣ, ʪʠʪʘʥʦʛʝʤʘʪʠʪ, ʛʨʘʩʩʫʣʷʨ-ʘʥʜʨʘʜʠʪ, ʙʠʦʪʠʪ, ʧʠʨʦʢʩʝʥ, ʘʤʬʠʙʦʣʳ, ʣʘʟʫʣʠʪ, ʪʨʦʣʣʝʠʪ, ʚʘʛʥʝʨʠʪ. 
ɺ ʨʝʛʨʝʩʩʠʚʥʫʶ ʩʪʘʜʠʶ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ: ʘʥʜʘʣʫʟʠʪ, ʜʠʘʩʧʦʨ, ʢʚʘʨʮ, ʧʠʨʦʬʠʣʣʠʪ, ʤʫʩʢʦʚʠʪ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ, ʘʧʘʪʠʪ, 
ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʨʫʪʠʣ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʘʷ ʛʨʫʧʧʘ ʬʦʩʬʘʪʥʳʭ, ʩʫʣʴʬʘʪ ï ʬʦʩʬʘʪʥʳʭ ʠ ʩʫʣʴʬʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. 

ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ ʩʠʣʣʠʤʘʥʠʪ. ʆʥ ʩʣʘʛʘʝʪ ʧʫʯʢʠ 
ʠʛʦʣʴʯʘʪʳʭ ʟʝʨʝʥ ʠ ʬʠʙʨʦʣʠʪʦʚʳʭ ʘʛʨʝʛʘʪʦʚ, ʠʣʠ ʙʦʣʝʝ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, 
ʥʘʭʦʜʷʱʠʝʩʷ ʩʨʝʜʠ ʟʝʨʝʥ ʜʨʫʛʠʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. ʏʘʱʝ ʪʘʢʠʤ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʢʚʘʨʮ. ʅʝʢʦʪʦʨʘʷ 

ʯʘʩʪʴ ʪʦʥʢʠʭ ʠʛʦʣʦʯʝʢ ʩʠʣʣʠʤʘʥʠʪʘ ʦʪʤʝʯʘʝʪʩʷ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʤʫʩʢʦʚʠʪʦʤ, ʨʝʞʝ ʩ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ. ɼʣʠʥʘ ʝʛʦ 
ʠʛʣ ʠ ʧʫʯʢʦʚ ʜʦʩʪʠʛʘʝʪ 20-25 ʤʤ. ɸʛʨʝʛʘʪʳ ʩʠʣʣʠʤʘʥʠʪʘ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʪʦʥʢʠʝ ʧʦʣʦʩʢʠ ʠ ʣʠʥʟʦʯʢʠ ʪʦʣʱʠʥʦʡ ʦʪ 
ʥʝʩʢʦʣʴʢʠʭ ʤʤ ʜʦ 1 ʩʤ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʣʦʩʯʘʪʦʩʪʠ ʧʦʨʦʜ. ʉ ʩʠʣʣʠʤʘʥʠʪʦʤ ʘʩʩʦʮʠʠʨʫʶʪ ʪʘʢʞʝ 
ʤʫʩʢʦʚʠʪ, ʣʘʟʫʣʠʪ, ʨʫʪʠʣ, ʪʠʪʘʥʦʛʝʤʘʪʠʪ. ʉʦʩʪʘʚ ʤʠʥʝʨʘʣʘ ʙʣʠʟʦʢ ʢ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ. ʆʪʤʝʯʘʶʪʩʷ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 
ʧʨʠʤʝʩʠ FeO (ʜʦ 1.16 ʤʘʩ.%) ʠ MgO (0.08 ʤʘʩ.%). 

ʇʦʣʝʚʳʝ ʰʧʘʪʳ ʦʪʥʦʩʷʪʩʷ ʢ ʯʠʩʣʫ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʨʝʜʠ ʥʠʭ ʫʩʪʘʥʦʚʣʝʥʳ ʢʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ 
ʰʧʘʪ, ʧʣʘʛʠʦʢʣʘʟ. ʇʣʘʛʠʦʢʣʘʟ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʠʣʣʠʤʘʥʠʪïʧʦʣʝʚʦʰʧʘʪ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʝʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥ ʦʣʠʛʦʢʣʘʟʦʤ 
ʠ ʘʣʴʙʠʪʦʤ. ʂʘʣʠʝʚʳʡ ʧʦʣʝʚʦʡ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʛʥʝʡʩʘʭ, ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʪʝʣʘʭ ʧʝʛʤʘʪʠʪʦʚ ʠ, ʦʙʳʯʥʦ, ʚ ʩʣʘʥʮʘʭ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʦʚʳʰʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʣʶʜ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠʟ ʛʥʝʡʩʦʚ ʠ ʧʝʛʤʘʪʠʪʦʚ ʷʚʣʷʝʪʩʷ 
ʧʨʠʩʫʪʩʪʚʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ Nʘ2O (2.51 ʠ 1.83 ʤʘʩ.%) ʠ BʘO (0.57 ʠ 0.73 ʤʘʩ.%), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ɺ ʥʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʘʷ ʤʠʢʨʦʢʣʠʥʦʚʘʷ ʨʝʰʝʪʢʘ. 

ʄʫʩʢʦʚʠʪ ʢʘʢ ʚʪʦʨʦʩʪʝʧʝʥʥʳʡ, ʘ ʫʯʘʩʪʢʘʤʠ ʠ ʛʣʘʚʥʳʡ ʤʠʥʝʨʘʣ, ʧʦʩʪʦʷʥʥʦ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 
ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʧʦʨʦʜʘʭ. ɺ ʩʠʣʣʠʤʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʩʣʘʥʮʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʜʚʝ ʝʛʦ ʛʝʥʝʨʘʮʠʠ. ʆʜʥʘ ʠʟ ʥʠʭ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʤʠ ʯʝʰʫʡʢʘʤʠ (ʜʦ 5-7 ʤʤ), ʢʦʪʦʨʳʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʘʨʘʣʣʝʣʴʥʦ ʧʦʣʦʩʯʘʪʦʩʪʠ 
ʧʦʨʦʜ. ʕʪʦʪ ʤʫʩʢʦʚʠʪ  ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʩʠʣʣʠʤʘʥʠʪʦʤ. 

ɹʦʣʝʝ ʨʝʜʢʠʡ ʙʠʦʪʠʪ ʦʙʳʯʥʦ ʦʙʨʘʟʫʝʪ ʦʪʜʝʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ ʠʣʠ, ʢʘʢ ʠ ʤʫʩʢʦʚʠʪ, ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ 

ʩ ʩʠʣʣʠʤʘʥʠʪʦʤ. ɹʠʦʪʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʪʥʦʰʝʥʠʷʤʠ Fe/ (Fe+Mg)- 0,630-0,594. ʉʦʜʝʨʞʘʥʠʝ TiO2 ʚ ʥʝʤ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 
2,14 ʜʦ 3,21 ʤʘʩ.%. 

ʂ ʯʠʩʣʫ ʪʠʧʦʤʦʨʬʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʥʝʡʩʘʭ ʦʪʥʦʩʷʪʩʷ ʘʤʬʠʙʦʣʳ ʠ ʛʨʘʥʘʪ. ʉʨʝʜʠ ʘʤʬʠʙʦʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ 
ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ ʠ ʞʝʜʨʠʪ. ʏʘʩʪʴ ʘʤʬʠʙʦʣʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ ʢʘʣʴʮʠʝʚʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ 
(Ca+Na)B>1,50 ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʥʳʤʠ ʢ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʠ ʞʝʣʝʟʠʩʪʦʡ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʝ. ʆʥʘ ʦʙʳʯʥʦ ʧʦ ʢʨʘʷʤ ʟʸʨʝʥ, 
ʪʨʝʱʠʥʢʘʤ ʩʧʘʡʥʦʩʪʠ ʟʘʤʝʱʘʝʪ ʜʠʦʧʩʠʜ (ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ). ɼʨʫʛʘʷ ʯʘʩʪʴ ʘʤʬʠʙʦʣʦʚ ʦʪʥʦʩʠʪʩʷ ʢ 
ʞʝʜʨʠʪʫ, ʢʦʪʦʨʳʡ ʚʩʪʨʝʯʝʥ ʚ ʩʠʣʣʠʤʘʥʠʪʩʦʜʝʨʞʘʱʠʭ ʩʣʘʥʮʘʭ, ʚ ʢʦʪʦʨʳʭ ʩʣʘʛʘʝʪ ʣʫʯʠʩʪʳʝ ʘʛʨʝʛʘʪʳ. 

ɺ ʢʘʯʝʩʪʚʝ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʙʠʦʪʠʪʦʚʳʭ ʠ ʙʠʦʪʠʪïʦʣʠʛʦʢʣʘʟʦʚʳʭ ʛʥʝʡʩʘʭ ʚʩʪʨʝʯʘʝʪʩʷ ʛʨʘʥʘʪ. ʆʥ 
ʩʦʜʝʨʞʠʪ 49% ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʠ 33% ʘʥʜʨʘʜʠʪʦʚʦʛʦ ʤʠʥʘʣʦʚ, ʧʦ ʩʦʩʪʘʚʫ ʙʣʠʟʦʢ ʢ ʛʨʘʥʘʪʘʤ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ 

ʬʘʮʠʠ ʤʝʪʘʤʦʨʬʠʟʤʘ. 
ʅʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʤʝʪʘʤʦʨʬʠʟʤʘ ʧʦʨʦʜ ʂʷʭʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʩʦʩʪʘʚ 

ʪʠʪʘʥʦʛʝʤʘʪʠʪʘ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʟʝʨʥʘʤʠ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʤ, ʨʘʩʩʝʷʥʥʳʤʠ ʚ ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʩʣʘʥʮʘʭ. ɺʳʩʦʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ (ʜʦ 18 ʤʘʩ.%) ʚ ʛʝʤʘʪʠʪʝ ʦʙʫʩʣʦʚʠʣʦ ʧʦʷʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨ ʨʘʩʧʘʜʘ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʨʫʪʠʣ-ʛʝʤʘʪʠʪ. 
ɺ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʤʠʥʝʨʘʣʝ ʦʙʥʘʨʫʞʝʥʳ Al2ʆ3, MnO, V2ʆ5, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.09 ʜʦ 0.13 
ʤʘʩ.%. 

ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʬʦʩʬʘʪʥʳʤ ʤʠʥʝʨʘʣʦʤ ʚ ʧʦʨʦʜʘʭ ʧʨʦʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʷʚʣʷʝʪʩʷ ʣʘʟʫʣʠʪ. ʆʥ 
ʚʩʪʨʝʯʝʥ ʚ ʚʠʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʩʠʣʣʠʤʘʥʠʪʦʚʳʭ ʧʦʨʦʜʘʭ, ʛʜʝ ʘʩʩʦʮʠʠʨʫʝʪ ʩ ʩʠʣʣʠʤʘʥʠʪʦʤ, 

ʤʫʩʢʦʚʠʪʦʤ, ʨʫʪʠʣʦʤ ʠ ʪʠʪʘʥʦ-ʛʝʤʘʪʠʪʦʤ. ʃʘʟʫʣʠʪ ʢʦʨʨʦʜʠʨʫʝʪʩʷ ʪʨʦʣʣʝʠʪʦʤ, ʚʫʜʭʘʫʟʝʠʪïʩʚʘʥʙʝʨʛʠʪʦʤ, 
ʩʫʣʴʬʘʪʘʧʘʪʠʪʦʤ ʠ ʛʝʤʘʪʠʪʦʤ. 

ʉʨʝʜʠ ʤʠʥʝʨʘʣʦʚ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʬʦʩʬʘʪʥʳʝ (ʣʘʟʫʣʠʪ, ʘʧʘʪʠʪ, ʢʨʘʥʜʘʣʣʠʪ), ʩʫʣʴʬʘʪ-
ʬʦʩʬʘʪʥʳʝ (ʚʫʜʭʘʫʟʝʠʪ, ʩʚʘʥʙʝʨʛʠʪ, ʞʜʝʛʦʚʝʨʠʪ, ʩʫʣʴʬʘʪʘʧʘʪʠʪ) ʠ ʩʫʣʴʬʘʪʥʳʝ (ʙʘʨʠʪ, ʙʘʨʠʪʦ-ʮʝʣʝʩʪʠʥ) ʤʠʥʝʨʘʣʳ. 
ɸʥʜʘʣʫʟʠʪ ʦʪʥʦʩʠʪʩʷ ʢ ʨʝʜʢʦʚʩʪʨʝʯʘʶʱʠʤʩʷ ʤʠʥʝʨʘʣʘʤ ʠ ʫʩʪʘʥʦʚʣʝʥ ʪʦʣʴʢʦ ʚ ʩʠʣʣʠʤʘʥʠʪ-ʢʚʘʨʮʝʚʳʭ ʩʣʘʥʮʘʭ, ʛʜʝ 
ʦʙʨʘʟʫʝʪ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʟʝʨʥʘ ʠ ʪʘʙʣʠʪʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ. 

ʃʘʟʫʣʠʪ ʚ ʘʩʩʦʮʠʘʮʠʷʭ ʵʪʦʡ ʩʪʘʜʠʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʨʘʩʩʝʷʥʥʳʭ ʟʝʨʝʥ ʠʣʠ ʥʝʙʦʣʴʰʠʭ ʛʥʝʟʜ, ʘ ʪʘʢʞʝ ʤʝʣʢʠʭ 
(ʧʝʨʚʳʝ ʤʠʣʣʠʤʝʪʨʳ) ʢʨʠʩʪʘʣʣʦʚ ʦʩʪʨʦʧʠʨʘʤʠʜʘʣʴʥʦʡ ʬʦʨʤʳ. ʈʝʞʝ ʤʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʤʘʣʦʤʦʱʥʳʝ ʧʨʦʞʠʣʢʠ, 

ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʟʦʥʘʤ ʜʨʦʙʣʝʥʠʷ. ʉʦʜʝʨʞʘʥʠʝ ʩʢʦʨʮʘʣʠʪʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʣʘʟʫʣʠʪʝ ʚʘʨʴʠʨʫʝʪ ʦʪ 0.75 ʜʦ 12.68 ʤʘʩ.% 
FeO. 

ʄʫʩʢʦʚʠʪ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʧʦʣʝʚʳʤ ʰʧʘʪʘʤ, ʦʙʨʘʟʫʝʪ ʧʩʝʚʜʦʤʦʨʬʦʟʳ ʧʦ ʩʠʣʣʠʤʘʥʠʪʫ, 
ʣʘʟʫʣʠʪʫ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʝʛʦ ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʜʦ 22% ʧʘʨʘʛʦʥʠʪʦʚʦʛʦ ʤʠʥʘʣʘ ʠ ʜʝʬʠʮʠʪ ʛʣʠʥʦʟʝʤʘ ʚ 
ʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʧʦʟʠʮʠʠ, ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʛʦ ʪʨʝʭʚʘʣʝʥʪʥʳʤ ʞʝʣʝʟʦʤ. ɼʣʷ ʤʫʩʢʦʚʠʪʘ, ʢʘʢ ʠ ʚ ʮʝʣʦʤ ʜʣʷ 
ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʩʣʶʜ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʪʠʪʘʥʘ ʠ ʬʝʥʛʠʪʦʚʦʛʦ ʤʠʥʘʣʘ. 

ʄʠʥʝʨʘʣʳ ʨʷʜʘ ʚʫʜʭʘʫʟʝʠʪ-ʩʚʘʥʙʝʨʛʠʪ ʚʩʪʨʝʯʝʥʳ ʚ ʣʘʟʫʣʠʪʩʦʜʝʨʞʘʱʠʭ ʫʯʘʩʪʢʘʭ ʧʦʨʦʜ. ʆʥʠ ʩʣʘʛʘʶʪ 
ʧʨʦʞʠʣʢʠ, ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʠ ʥʝʙʦʣʴʰʠʝ ʛʥʝʟʜʘ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ. ɺ ʧʫʩʪʦʪʘʭ ʚʫʜʭʘʫʟʝʠʪ ʠ ʩʚʘʥʙʝʨʛʠʪ ʦʙʨʘʟʫʶʪ 

ʢʨʠʩʪʘʣʣʳ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʛʦ ʦʙʣʠʢʘ. ʉʦʜʝʨʞʘʥʠʷ ʩʚʘʥʙʝʨʛʠʪʦʚʦʛʦ ʠ ʚʫʜʭʘʫʟʝʠʪʦʚʦʛʦ ʤʠʥʘʣʦʚ ʚ ʥʠʭ ʚʘʨʴʠʨʫʶʪ, ʨʝʜʢʦ 
ʦʥʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʨʘʡʥʠʤʠ ʯʣʝʥʘʤʠ. 

ɸʧʘʪʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʜʚʫʤʷ ʛʝʥʝʨʘʮʠʷʤʠ. ʈʘʥʥʷʷ ʠʟ ʥʠʭ ʦʪʥʦʩʠʪʩʷ ʢʦ ʬʪʦʨʘʧʘʪʠʪʫ, ʚʪʦʨʘʷ - ʢ 
ʩʫʣʴʬʘʪʬʪʦʨʘʧʘʪʠʪʫ. ʆʙʳʯʥʦ ʩʫʣʴʬʘʪʘʧʘʪʠʪ ʩʣʘʛʘʝʪ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʧʨʦʞʠʣʢʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʛʨʘʥʠʮʘʭ ʟʝʨʝʥ 
ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʚʳʧʦʣʥʷʝʪ ʠʥʪʝʨʩʪʠʮʠʠ ʠʣʠ ʦʙʨʘʟʫʝʪ ʩʢʦʧʣʝʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ. ʆʥ ʩʦʜʝʨʞʠʪ 
ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʝ ʟʝʨʥʘ ʣʘʟʫʣʠʪʘ, ʚʘʛʥʝʨʠʪʘ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʝʱʝ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʤʠ ʬʦʩʬʘʪʘʤʠ ʙʘʨʠʷ ʠ ʞʝʣʝʟʘ 
ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʠʟ ʛʨʫʧʧʳ ʙʴʷʨʙʠʠʪʘ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʘʧʘʪʠʪʘ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʩʦʩʪʘʚʘ, ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 
ʩʫʣʴʬʘʪʥʦʡ ʩʝʨʳ ʠ ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʷʤʦʡ ʢʦʨʨʝʣʷʮʠʠ ʩ ʥʠʤʠ - ʥʘʪʨʠʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ SO3 ʜʦʩʪʠʛʘʶʪ 14,06 

ʤʘʩ.%, ʘ Na2O - 4,56 ʤʘʩ.% 



ɺ ʣʠʪʝʨʘʪʫʨʝ, ʝʱʝ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ, ʦʩʚʝʱʝʥʦ ʧʦʚʝʜʝʥʠʝ ʛʣʠʥʦʟʝʤʘ ʧʨʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʚ 
ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʬʦʩʬʘʪʘ ʠ ʩʫʣʴʬʘʪʥʦʡ ʩʝʨʳ. ʄʥʦʛʦʦʙʨʘʟʠʝ ʤʠʥʝʨʘʣʴʥʳʭ ʚʠʜʦʚ ʩ ʫʯʘʩʪʠʝʤ ʘʣʶʤʠʥʠʷ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʨʝʛʨʝʩʩʠʚʥʦʤ ʵʪʘʧʝ 

ʤʠʥʝʨʘʣʦʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʨʷʜʫ ʤʠʛʨʘʮʠʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʘʣʶʤʠʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ 
ʤʘʣʦʧʦʜʚʠʞʥʳʤ ʢʦʤʧʦʥʝʥʪʘʤ ʠ ʧʦʵʪʦʤʫ ʚʦʟʤʦʞʥʦʩʪʴ ʤʘʩʰʪʘʙʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʝʛʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʳʭ 
ʤʠʥʝʨʘʣʦʚ ʥʘ ʨʝʛʨʝʩʩʠʚʥʦʡ ʩʪʘʜʠʠ ʤʘʣʦʚʝʨʦʷʪʥʘ. ʆʮʝʥʢʘ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʧʨʠʨʦʜʳ 
ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʧʦʨʦʜ ʖʛʦ-ɿʘʧʘʜʥʦʛʦ ɿʘʙʘʡʢʘʣʴʷ (ʀʟʙʨʦʜʠʥ, 2003) ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʠʭ ʟʘ ʩʯʝʪ ʢʦʨ 
ʚʳʚʝʪʨʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ, ʚ ʣʘʟʫʣʠʪʝ ʠ ʪʠʪʘʥʦʛʝʤʘʪʠʪʝ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
ï0,2 ʠ -7,2ă ŭ18ʆ SMOW) ʦʪʯʝʪʣʠʚʦ ʬʠʢʩʠʨʫʝʪʩʷ ʫʯʘʩʪʠʝ ʚʘʜʦʟʦʚʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʈʝʢʦʥʩʪʨʫʢʮʠʷ ʧʝʨʚʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 
ʧʦʨʦʜ, ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʪʘʢʞʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʛʣʠʥʠʩʪʦʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦ ʧʦʨʦʜʘʤ 
ʙʦʛʘʪʳʭ ʪʠʪʘʥʦʤ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɼɽʂʈʀʇʊʆʄɽʊʈʀʏɽʉʂʀɽ ʇʈʀɿʅɸʂʀ ʇʃɸʊʀʅʆʀɼʆʅʆʉʅʆʉʊʀ 

ɸɺʊʆʅʆʄʅʓʍ ɸʅʆʈʊʆɿʀʊʆɺ ʅɸ ʇʈʀʄɽʈɽ ɻɽʈɸʅʉʂʆɻʆ ʄɸʉʉʀɺɸ 
(ɼɸʃʔʅʀʁ ɺʆʉʊʆʂ) 
ʅ.ɺ. ʂʘʨʘʟʠʥʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ɻ. ʇʘʨʘʜʘ 
ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

 
ɿʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʣʘʪʠʥʦʠʜʦʥʦʩʥʦʡ ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʘ 

ʜʝʢʨʠʧʪʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʣʘʛʠʦʢʣʘʟʦʚ ɻʝʨʘʥʩʢʦʛʦ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʩ ʮʝʣʴʶ ʚʳ̫ ʚʣʝʥʠʷ 
ʜʝʢʨʠʧʪʦʤʝʪʨʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʧʣʘʪʠʥʦʠʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʩʦʙʨʘʥ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʧʝʨʠʦʜ ʧʦʣʝʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ 2003 ʛ. 

ʈʦʣʴ ʬʣʶʠʜʦʚ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʧʝʥʪʣʘʥʜʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʳʭ ʨʫʜ ʩ ʥʘʣʦʞʝʥʥʳʤ 
ʧʣʘʪʠʥʦʠʜʦʤʝʪʘʣʴʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ ʚ ʨʘʩʩʣʦʝʥʥʳʭ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʧʨʠʟʥʘʸʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦʤ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʨʫʜʦʥʦʩʥʳʭ ʠ ʙʝʟʨʫʜʥʳʭ ʠʥʪʨʫʟʠʡ, ʧʦ ʜʘʥʥʳʤ ɺ.ʉ. ɸʧʣʦʥʦʚʘ (ɸʧʣʦʥʦʚ, 
ɼʦʜʠʥʘ, 1995), ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʥʘʣʦʞʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʥʘʰʝʜʰʠʭ ʩʚʦʸ ʦʪʨʘʞʝʥʠʝ ʚ ʪʦʤ 
ʯʠʩʣʝ ʠ ʚ ʚʠʜʝ ʛʘʟʦʚʳʭ ʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʨʝʜ. ʏʝʤ ʚʳʰʝ ʩʪʝʧʝʥʴ ʨʫʜʦʥʦʩʥʦʩʪʠ, ʪʝʤ 
ʙʦʣʴʰʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ. ɺ ʙʝʟʨʫʜʥʳʭ ʠʥʪʨʫʟʠʚʘʭ ʚʩʪʨʝʯʘʁ ʪʩʷ 

ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʣʠʙʦ ʦʥʠ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʋʞʝ ʵʪʦʪ ʧʨʠʟʥʘʢ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʦʞʝʥ ʚ ʦʩʥʦʚʫ 
ʨʘʟʙʨʘʢʦʚʢʠ ʫʯʘʩʪʢʦʚ ʠʥʪʨʫʟʠʚʥʳʭ ʪʝʣ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʨʫʜʦʥʦʩʥʦʩʪʠ. 

ʇʣʘʛʠʦʢʣʘʟʳ ɻʝʨʘʥʩʢʠʭ ʘʥʦʨʪʦʟʠʪʦʚ, ʧʦ ʜʘʥʥʳʤ ɸ.ʄ. ʃʝʥʥʠʢʦʚʘ (1979), ʩʦʜʝʨʞʘʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ 0,5-1 ʤʢʤ ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ (ʜʦ 8-10 ʤʢʤ), ʥʦ ʤʝʥʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩ ʛʘʟʦʚʳʤ ʧʫʟʳʨʴʢʦʤ ʠ ʙʝʟ ʥʝʛʦ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ 
ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 1551,2-3845,1 ʩʤ3/ʪ ʠʣʠ 0,17-0,31 ʚʝʩ.%. ʇʨʝʦʙʣʘʜʘʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʛʘʟʦʚʦʡ ʬʘʟʳ 

ʦʢʘʟʘʣʘʩʴ ʅ2ʆ. ɽʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʠʣʦʩʴ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 600ʉ̄, ʥʦ ʠ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 1000ʉ̄ ʚʦʜʘ 

ʧʨʦʜʦʣʞʘʣʘ ʚʳʜʝʣʷʪʴʩʷ, ʭʦʪʷ ʢʦʣʠʯʝʩʪʚʦ ʝʝ ʩʦʢʨʘʪʠʣʦʩʴ. ɺʪʦʨʦʩʪʝʧʝʥʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʉʆ2, ʉʆ, ʅ2; ʚ ʟʥʘʯʠʪʝʣʴʥʦ 
ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʳʜʝʣʷʣʠʩʴ ʉʅ4 ʠ N2 

(ʃʝʥʥʠʢʦʚ, 1979). 
ʇʨʦʚʝʜʝʥʥʳʝ ʥʘʤʠ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʩʚʳʰʝ 60% ʬʣʶʠʜʘ ʚʳʜʝʣʷʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʝ ʜʦ 

600̄ ʉ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʚ ɻʝʨʘʥʩʢʠʭ 

ʘʥʦʨʪʦʟʠʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 
ʩʠʩʪʝʤ ʚʢʣʶʯʝʥʠʡ, ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʥʘʣʦʞʝʥʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʠ 
ʦʯʝʥʴ ʤʝʣʢʠʭ ʨʘʟʤʝʨʘʭ ʚʢʣʶʯʝʥʠʡ, ʥʘʠʙʦʣʝʝ 
ʦʧʪʠʤʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʣʷ ʠʭ 
ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʘ ʪʝʨʤʦʚʘʢʫʫʤʥʦʡ ʜʝʢʨʠʧʪʘʮʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʜʛʦʪʦʚʣʝʥʳ 
ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʬʨʘʢʮʠʠ ʧʣʘʛʠʦʢʣʘʟʦʚ, 
ʦʪʦʙʨʘʥʥʳʭ ʠʟ ʘʥʦʨʪʦʟʠʪʦʚ ɻʝʨʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, 
ʩʦʜʝʨʞʘʱʠʭ ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʩʫʣʴʬʠʜʥʦ-
ʚʢʨʘʧʣʝʥʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ʇʦʜʛʦʪʦʚʢʘ ʧʨʦʙ 
ʧʨʦʚʦʜʠʣʘʩʴ ʧʦ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ 
ʧʦʨʦʜʘ ʜʨʦʙʠʣʘʩʴ, ʘ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 
ʧʨʦʧʫʩʢʘʣʘʩʴ ʯʝʨʝʟ ʩʠʪʘ 1,0 ʠ 0,5 ʤʤ. ʀʟ ʬʨʘʢʮʠʠ 

+0,5...-1,0 ʤʤ ʧʦʜ ʙʠʥʦʢʫʣʷʨʦʤ ʙʳʣʠ ʦʪʦʙʨʘʥʳ 
ʪʦʣʴʢʦ ʩʪʝʢʣʷʥʥʦ-ʧʨʦʟʨʘʯʥʳʝ ʟʝʨʥʘ ʧʣʘʛʠʦʢʣʘʟʘ, 
ʣʠʰʝʥʥʳʝ ʧʦʩʪʦʨʦʥʥʠʭ ʚʢʣʶʯʝʥʠʡ ʠ ʚʠʜʠʤʳʭ 
ʧʨʠʟʥʘʢʦʚ ʚʪʦʨʠʯʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʆʪʦʙʨʘʥʥʳʝ 
ʟʝʨʥʘ ʙʳʣʠ ʝʱʝ ʨʘʟ ʧʝʨʝʜʨʦʙʣʝʥʳ ʠ ʧʨʦʧʫʱʝʥʳ 
ʯʝʨʝʟ ʩʠʪʘ 0,5 ʠ 0,25 ʤʤ. ʇʦʣʫʯʝʥʥʘʷ ʬʨʘʢʮʠʷ -

0,5...+0,25 ʤʤ ʧʦʜʚʝʨʛʘʣʘʩʴ ʤʘʛʥʠʪʥʦʡ ʩʝʧʘʨʘʮʠʠ ʜʣʷ ʦʯʠʩʪʢʠ ʦʪ ʚʦʟʤʦʞʥʳʭ ʤʠʢʨʦʧʨʠʤʝʩʝʡ ʧʠʨʨʦʪʠʥʘ ʠ ʜʨʫʛʠʭ 

 
 

ʈʠʩ.1. ʉʚʦʜʥʳʡ ʛʨʘʬʠʢ ʜʝʢʨʠʧʪʦʘʢʪʠʚʥʦʩʪʠ ʧʣʘʛʠʦʢʣʘʟʦʚ 

ʘʚʪʦʥʦʤʥʳʭ ʘʥʦʨʪʦʟʠʪʦʚ ɻʝʨʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʠʟ ʟʦʥ 

ʧʣʘʪʠʥʦʠʜʦʥʦʩʥʦʡ ʩʫʣʴʬʠʜʥʦʚʢʨʘʧʣʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 

(ʦʙʨʘʟʮʳ 2/1, 2/2,7, 15, 3) ʠ ʠʟ ʙʝʟʨʫʜʥʳʭ ʫʯʘʩʪʢʦʚ (12, 14, 10). 

ʉʝʨʦʡ ʟʘʣʠʚʢʦʡ ʧʦʢʘʟʘʥʳ ʪʠʧʦʤʦʨʬʥʳʝ ʠʥʪʝʨʚʘʣʳ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ 



ʤʘʛʥʠʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʀʟ ʦʯʠʱʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʪʙʠʨʘʣʠʩʴ ʥʘʚʝʩʢʠ ʚʝʩʦʤ 160 ʤʛ ʠ ʧʦʤʝʱʘʣʠʩʴ ʚ ʢʚʘʨʮʝʚʫʶ ʧʨʦʙʠʨʢʫ 
ʜʣʷ ʘʥʘʣʠʟʘ. ɸʥʘʣʠʟʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʅʀʀ ʌʠʟʠʯʝʩʢʦʡ ʠ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɻʋ ʥʘ ʚʘʢʫʫʤʥʦʤ 
ʜʝʢʨʠʧʪʦʛʨʘʬʝ ɺɼ-5 ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ (ʊʨʫʬʘʥʦʚ ʠ ʜʨ., 1992). ʀʟ ʧʨʦʙʠʨʢʠ ʦʪʢʘʯʠʚʘʣʩʷ ʚʦʟʜʫʭ ʜʦ ʜʦʩʪʠʞʝʥʠʷ 

ʚʘʢʫʫʤʘ 5-6Ā10-3 ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘʛʨʝʚ ʩʦ ʩʢʦʨʦʩʪʴʶ 30ʦʉ ʚ ʤʠʥʫʪʫ ʜʦ 800 - 900 ʦʉ. 
ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʠʣʠʩʴ ʜʚʝ ʛʨʫʧʧʳ ʜʝʢʨʠʧʪʦʛʨʘʤʤ (ʨʠʩ.1), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʧʣʘʛʠʦʢʣʘʟʘʤ, ʦʪʦʙʨʘʥʥʳʤ ʠʟ ʫʯʘʩʪʢʦʚ ʧʦʨʦʜ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʦʙʨʘʟʮʳ 2/1, 2/2, 7, 15, ʠ 3) ʠ ʠʟ ʫʯʘʩʪʢʦʚ 
ʙʝʟ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ (ʦʙʨʘʟʮʳ 12, 14, 10). ʅʘ ʜʝʢʨʠʧʪʦʛʨʘʤʤʘʭ ʧʣʘʛʠʦʢʣʘʟʦʚ ʠʟ ʙʝʟʨʫʜʥʳʭ ʫʯʘʩʪʢʦʚ 

ʚrʜʝʣʷʶʪʩʷ ʧʷʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʥʪʝʨʚʘʣʦʚ ʛʘʟʦʚʳʜʝʣʝʥʠʷ: 0 - 100̄ ʉ, ʭʘʨʘʢʪʝʨ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʦʜʥʦʤʦʜʘʣʴʥʳʡ ʩ 

ʤʘʢʩʠʤʫʤʦʤ 30ʉ̄; 130 - 300̄ ʉ ï ʚʳʜʝʣʝʥʠʝ ʛʘʟʘ ʠʤʝʝʪ ʙʠʤʦʜʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ï ʧʝʨʚʘʷ ʤʦʜʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 185ʉ̄, 

ʚʪʦʨʘʷ ï 255̄ ʉ (ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ 13 0- 200̄ ʉ ʩʚʦʡʩʪʚʝʥʥʦ ʪʦʣʴʢʦ ʧʣʘʛʠʦʢʣʘʟʘʤ 

ʙʝʟʨʫʜʥʳʭ ʫʯʘʩʪʢʦʚ); 315 - 430̄ ʉ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʣʠʤʦʜʘʣʴʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʠ ʥʠʟʢʦʡʜʝʢʨʠʧʪʦʘʢʪʠʚʥʦʩʪʴʶ; 

470 - 630̄ ʉ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ ʨʘʟʥʳʭ ʜʝʢʨʠʧʪʦʛʨʘʤʤʘʭ ʦʪ 585 ʜʦ 

600̄ ʉ; 720 - 820̄ ʉ ï ʦʜʥʦʤʦʜʘʣʴʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʩ ʚʳʨʘʞʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʪ 750 ʜʦ 800ʉ̄. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʜʝʢʨʠʧʪʦʛʨʘʤʤ ï ʠʟ ʦʙʨʘʟʮʦʚ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ï ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʣʠʤʦʜʘʣʴʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ: 0 - 100̄ ʉ ï ʩ ʤʘʢʩʠʤʫʤʦʤ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʡ ʛʨʫʧʧʝ, ʧʨʠ 30ʉ̄; ʚʪʦʨʦʡ ʠʥʪʝʨʚʘʣ 

ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʥʘ ʨʘʟʥʳʭ ʜʝʢʨʠʧʪʦʛʨʘʤʤʘʭ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 200 - 250̄ ʉ ʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʧʨʠ 230 - 270̄ ʉ, ʜʣʷ ʵʪʦʡ 

ʛʨʫʧʧʳ ʜʝʢʨʠʧʪʦʛʨʘʤʤ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ ʛʘʟʦʚʳʜʝʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 120 ʜʦ 200ʉ̄, ʯʪʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪ 

ʠʭ ʦʪ ʜʝʢʨʠʧʪʦʛʨʘʤʤ ʧʝʨʚʦʡ ʛʨʫʧʧʳ; 280 - 360̄ ʉ ï ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʤʦʜʘʣʴʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ; 360 - 500̄ ʉ ï 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʤʦʜʘʣʴʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 400 - 460̄ ʉ (ʜʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʷʚʣʷʝʪʩʷ 

ʪʠʧʦʤʦʨʬʥʳʤ ʪʦʣʴʢʦ ʜʣʷ ʦʨʫʜʝʥʝʣʳʭ ʧʦʨʦʜ, ʚ ʧʣʘʛʠʦʢʣʘʟʘʭ ʠʟ ʙʝʟʨʫʜʥʳʭ ʫʯʘʩʪʢʦʚ ʦʥ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ); 500 - 635̄ ʉ ï 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʜʝʢʨʠʧʪʦʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʣʠʤʦʜʘʣʴʥʳʤ ʛʘʟʦʚʳʜʝʣʝʥʠʝʤ; 660 - 760̄ ʉ ï ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʚʳʩʦʢʦʡ ʜʝʢʨʠʧʪʦʘʢʪʠʚʥʦʩʪʴʶ ʠ ʧʦʣʠʤʦʜʘʣʴʥʳʤ ʭʘʨʘʢʪʝʨʦʤ ʛʘʟʦʚʳʜʝʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʜʚʝ ʛʨʫʧʧʳ ʜʝʢʨʠʧʪʦʛʨʘʤʤ ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ ʚ ʭʘʨʘʢʪʝʨʝ 
ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʥʘʠʙʦʣʝʝ ʯʝʪʢʠʝ ʠʟ ʢʦʪʦʨʳʭ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ (ʨʠʩ. 1): ʚ ʙʝʟʨʫʜʥʳʭ ʦʙʨʘʟʮʘʭ ʦʪʯʝʪʣʠʚʦ 
ʧʨʦʷʚʣʝʥʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 130-200ʦʉ, ʘ ʚ ʨʫʜʥʳʭ ʦʙʨʘʟʮʘʭ ʦʥʦ ʦʪʩʫʪʩʪʚʫʝʪ; ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ 
ʨʫʜʥʳʭ ʦʙʨʘʟʮʘʭ ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʦ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 430-470ʦʉ, ʘ ʚ ʙʝʟʨʫʜʥʳʭ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ 
ʵʪʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪʩʫʪʩʪʚʫʝʪ. ɼʘʥʥʳʡ ʠʥʪʝʨʚʘʣ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʧʠʨʨʦʪʠʥʘ, ʦʮʝʥʝʥʥʦʡ ʧʦ 
ʩʪʨʫʢʪʫʨʘʤ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʧʠʨʨʦʪʠʥʘ ʠ ʧʝʥʪʣʘʥʜʠʪʘ ʚ ʪʝʭ ʞʝ ʩʘʤʳʭ ʦʙʨʘʟʮʘʭ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 
ʜʘʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʛʨʫʧʧʘ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʧʣʘʛʠʦʢʣʘʟʘʭ ʩʚʷʟʘʥʘ ʩ ʠʭ ʧʨʦʨʘʙʦʪʢʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 
ʨʘʩʪʚʦʨʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʦʪʣʦʞʠʣʩʷ ʧʠʨʨʦʪʠʥ. ʉʫʜʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʛʘʟʦʚ, ʦʥʠ ʦʙʣʘʜʘʣʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʅʘʣʠʯʠʝ ʚ ʙʝʟʨʫʜʥʳʭ ʦʙʨʘʟʮʘʭ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʛʘʟʦʚʳʜʝʣʝʥʠʷ (130-200ʦʉ) ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ 
ʚ ʨʫʜʥʳʭ ʦʙʨʘʟʮʘʭ ʦʙʲʷʩʥʷʝʪʩʷ, ʦʯʝʚʠʜʥʦ, ʨʝʤʦʙʠʣʠʟʘʮʠʝʡ ʩʘʤʦʨʦʜʥʦʡ ʩʝʨʳ ʧʝʨʚʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 
ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʜʝʬʝʢʪʘʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʣʘʛʠʦʢʣʘʟʦʚ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʘʩʪʚʦʨʦʚ. 
ʀʤʝʥʥʦ ʵʪʘ ʩʝʨʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʫʯʘʩʪʚʦʚʘʣʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʫʣʴʬʠʜʦʚ. 
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ʈɻʋ, 1992. 175 ʩ. 

 
ʇɸʈɸɻɽʅɽɿʀʉʓ ɸʂʉʀʅʀʊɸ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɼɸʃʔʅɽɻʆʈʉʂʆʁ ɻʈʋʇʇʓ 

ʆ.ɸ ʂʘʨʘʩʴ 

ʅʘʫʯʥʳʡ ʨʫʢʦʜʠʪʝʣʴ ɹ.ʃ ɿʘʣʠʱʘʢ 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

 
ɸʢʩʠʥʠʪ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʦʧʫʣʷʨʥʳʭ 

ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʢʘʤʥʝʡ, ʢʦʪʦʨʳʝ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʟʘʥʷʣʠ 
ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʚ ʨʷʜʫ ʚʘʞʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʈʦʩʩʠʠ. 
ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʛʜʝ ʢ ʥʘʩʪʦʷʱʝʤʫ 
ʚʨʝʤʝʥʠ ʠʟʚʝʩʪʥʦ ʥʝ ʤʝʥʝʝ ʩʪʘ ʚʠʜʦʚ ʶʚʝʣʠʨʥʳʭ, ʧʦʜʝʣʦʯʥʳʭ ʠ 
ʢʦʣʣʝʢʮʠʦʥʥʳʭ ʢʘʤʥʝʡ ʠ ʥʝʩʢʦʣʴʢʦ ʩʦʪ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
ɺʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴ ʢʘʤʥʝʩʘʤʦʮʚʝʪʦʚ ʚ ʈʦʩʩʠʠ ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʫʶ 
ʪʝʥʜʝʥʮʠʶ ʢ ʨʦʩʪʫ, ʢʘʢ ʥʘ ʚʥʫʪʨʝʥʥʝʤ ʨʳʥʢʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ, 
ʧʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʘʢʩʠʥʠʪʘ ʪʘʢ ʞʝ ʥʝʦʙʭʦʜʠʤʦ, ʢʘʢ ʠ 

ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʫʜʥʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. 

ɸʢʩʠʥʠʪ ï Ca2(Fe, Mn, Mg)AlAl(OH)[BO3][Si4 O12], ʦʪ 

ʛʨʝʯʝʩʢʦʛʦ ʘʢʩʠʥʝ ï ʪʦʧʦʨ, ʪʨʠ ʠʟʦʤʦʨʬʥʳʭ ʨʘʟʥʦʩʪʠ ʩʦʜʝʨʞʘʪ 
ʞʝʣʝʟʦ (ʜʦ 7,5% FeO), ʤʘʛʥʠʡ (ʜʦ 3% MgO) ʠ ʤʘʨʛʘʥʝʮ (ʜʦ 14% 
MnO) ï ʵʪʦ ʬʝʨʨʦʘʢʩʠʥʠʪ, ʤʘʛʥʝʟʠʦʘʢʩʠʥʠʪ, ʤʘʥʛʘʥʦʘʢʩʠʥʠʪ, ʪʠʥʮʝʥʠʪ. ɼʣʷ ʘʢʩʠʥʠʪʘ ʭʘʨʘʢʪʝʨʥʳ ʢʨʠʩʪʘʣʣʳ, ʥʘʨʦʩʰʠʝ 
ʨʘʟʨʦʟʥʝʥʥʦ ʠʣʠ ʩʦʝʜʠʥʝʥʥʳʝ ʚ ʜʨʫʟʳ, ʩ ʦʯʝʥʴ ʦʩʪʨʳʤʠ ʨʝʙʨʘʤʠ, ʢʣʠʥʦʦʙʨʘʟʥʳʝ, ʙʦʛʘʪʳʝ ʛʨʘʥʷʤʠ; ʘ ʪʘʢʞʝ ʩʧʣʦʰʥʳʝ, 
ʧʣʘʩʪʠʥʯʘʪʳʝ (ʜʦ ʩʣʦʠʩʪʳʭ) ʘʛʨʝʛʘʪʳ (ʬʦʪʦ 1). ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʘʢʩʠʥʠʪʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʜʦʩʪʘʪʦʯʥʳʭ 
ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜʘʭ (ʦʩʘʜʦʯʥʳʭ, ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ, ʤʘʛʤʘʪʠʯʝʩʢʠʭ) ʚʦʨʘ ʠ ʢʘʣʴʮʠʷ. ɸʢʩʠʥʠʪ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʚ ʢʦʥʪʘʢʪʦʚʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜʘʭ ï ʢʘʣʴʮʠʬʠʨʘʭ, ʨʦʛʦʚʠʢʘʭ, ʩʢʘʨʥʘʭ, 

 
ʌʦʪʦ 1.ɸʢʩʠʥʠʪ 



ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ, ʘ ʪʘʢʞʝ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣʘʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʞʠʣʘʭ 
ʘʣʴʧʠʡʩʢʦʛʦ ʪʠʧʘ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʛʝʥʝʟʠʩʳ ʘʢʩʠʥʠʪʘ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʘʢʩʠʥʠʪʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɼʣʷ ʧʨʦʞʠʣʢʦʚʦʛʦ ʪʠʧʘ 

ʭʘʨʘʢʪʝʨʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʘʢʩʠʥʠʪʘ ʩ ʢʘʣʴʮʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʢʚʘʨʮʝʤ, ʵʧʠʜʦʪʦʤ, ʠʥʦʛʜʘ ʘʣʴʙʠʪʦʤ ʠ ʧʨʝʥʠʪʦʤ. ɼʣʷ 
ʘʢʩʠʥʠʪʘ ʦʢʦʣʦʨʫʜʥʦʛʦ ʪʠʧʘ ʭʘʨʘʢʪʝʨʥʘ ʘʩʩʦʮʠʘʮʠʷ ʩ ʢʚʘʨʮʝʤ, ʪʫʨʤʘʣʠʥʦʤ ʠ ʢʘʣʴʮʠʪʦʤ. ɸʢʩʠʥʠʪ ʦʢʦʣʦʩʢʘʨʥʦʚʦʛʦ 
ʪʠʧʘ ʩʦʧʨʦʚʦʞʜʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʘʪʦʣʠʪʦʚʫʶ, ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʠ ʠʥʦʛʜʘ ʦʣʦʚʦʨʫʜʥʫʶ, ʤʝʜʥʫʶ ʠ ʞʝʣʝʟʦʨʫʜʥʫʶ 
ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ʅʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʦʢʦʣʦʩʢʘʨʥʦʚʦʛʦ ʘʢʩʠʥʠʪʘ ʷʚʣʷʝʪʩʷ ʘʩʩʦʮʠʘʮʠʷ ʩ ʢʘʣʴʮʠʪʦʤ, ʛʨʘʥʘʪʦʤ, 
ʵʧʠʜʦʪʦʤ, ʠʥʦʛʜʘ ʩ ʜʘʪʦʣʠʪʦʤ ʠ ʩʫʣʴʬʠʜʘʤʠ. 

 

 
 

 
 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʖʞʥʦʝ, ʟʘʣʝʛʘʶʱʝʝ ʚ ʩʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʠʢʦʚʦʡ ʪʦʣʱʝ, ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʂʨʘʩʥʦʨʝʯʝʥʩʢʦʛʦ 
ʨʫʜʥʦʛʦ ʫʟʣʘ ɺʝʨʭʥʝ-ʋʩʩʫʨʩʢʦʛʦ ʨʘʡʦʥʘ. ʅʘ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʟʚʝʩʪʥʦ ʦʢʦʣʦ ʜʝʩʷʪʢʘ ʨʫʜʥʳʭ ʞʠʣ ʠ 
ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥ, ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʟʘʣʝʛʘʝʪ ʚ ʨʦʛʦʚʠʢʘʭ. ʇʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʦʣʦʞʝʥʠʶ ʦʥʠ ʜʝʣʷʪʩʷ ʥʘ 
ʥʝʩʢʦʣʴʢʦ ʯʝʪʢʦ ʦʙʦʩʦʙʣʝʥʥʳʭ ʛʨʫʧʧ, ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʨʘʟʣʦʤʘʤ ʈʫʜʥʦʤʫ, ʉʦʣʥʝʯʥʦʤʫ, ɸʨʩʝʥʦʧʠʨʠʪʦʚʦʤʫ ʠ ʜʨʫʛʠʤ. 

ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʢʦʣʦʞʠʣʴʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʠʟʤʝʥʥʝʥʳʝ ʧʦʨʦʜʳ, ʢʦʪʦʨʳʝ ʩʣʦʞʝʥʳ, ʛʣʘʚʥʳʤ 
ʦʙʨʘʟʦʤ, ʘʢʩʠʥʠʪʦʤ, ʛʨʘʥʘʪʦʤ, ʢʘʣʠʝʚʳʤ ʧʦʣʝʚʳʤ ʰʧʘʪʦʤ, ʘʤʬʠʙʦʣʦʤ, ʙʠʦʪʠʪʦʤ, ʣʠʤʦʥʪʠʪʦʤ, ʭʣʦʨʠʪʦʤ, ʪʫʨʤʘʣʠʥʦʤ, 
ʜʘʪʦʣʠʪʦʤ, ʩʝʨʠʮʠʪʦʤ ʠ ʢʚʘʨʮʝʤ. ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʘʢʩʠʥʠʪʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ (ʬʦʪʦ 2, 3, 4, 5). 

ʆʙʨ. ʖ-31. ɸʢʩʠʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʦʞʠʣʢʘʤʠ, ʘʛʨʝʛʘʪʘʤʠ ʠ ʦʪʜʝʣʴʥʳʤʠ ʟʝʨʥʘʤʠ ʚ ʛʨʘʥʘʪʦʚʦʤ ʩʢʘʨʥʝ, ʢʚʘʨʮʝ 
ʠ ʢʘʣʴʮʠʪʝ, ʩʦʟʜʘʚʘʷ ʧʦʣʦʩʯʘʪʫʶ ʪʝʢʩʪʫʨʫ ʧʦʨʦʜʳ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʖʞʥʦʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʘʨʘʛʝʥʝʟʠʩʳ ʘʢʩʠʥʠʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɸʩʩʦʮʠʘʮʠʠ ʦʢʦʣʦʞʠʣʴʥʳʭ ʠʟʤʝʥʝʥʥʳʭ ʧʦʨʦʜ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ:  

1) ʚʦʟʥʠʢʰʠʝ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʙʝʟʚʦʜʥʳʭ ʤʘʨʛʘʥʮʝʚʳʭ ʩʠʣʠʢʘʪʦʚ;  
2) ʦʙʨʘʟʦʚʘʚʰʠʝʩʷ ʧʨʠ ʦʪʣʦʞʝʥʠʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʠʜʥʳʭ ʨʫʜ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʌʦʪʦ 2. ʂʚʘʨʮ-ʭʣʦʨʠʪʦʚʘʷ ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ, 

ʟʦʥʘ ʩ ʧʨʠʤʝʩʴʶ ʘʢʩʠʥʠʪʘ, ʢʘʣʴʮʠʪʘ, ʩʬʝʥʘ, 

ʛʨʘʥʘʪʘ, ʩʫʣʴʬʠʜʦʚ.  

1 ï ʩʬʝʥ, 2 ïʘʢʩʠʥʠʪ, 3 ï ʭʣʦʨʠʪ, 

ʚʤʝʱʘʶʱʘʷ ʧʦʨʦʜʘ ï ʘʣʝʚʨʦʣʠʪ ʋʚ.³15  

 
ʌʦʪʦ 3. ɿʦʥʘ ʛʨʘʥʘʪʦʚʦʛʦ ʩʢʘʨʥʘ, 

ʨʘʩʩʝʯʝʥʥʘʷ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ 

(ʤʦʱʥʦʩʪʴʶ 1-5 ʤʤ) ʘʢʩʠʥʠʪʘ. 

1 ï ʘʢʩʠʥʠʪ,2 ï ʢʚʘʨʮ, 3 ï ʛʨʘʥʘʪ ʋʚ.³15 

 
ʌʦʪʦ 4.  ɿʦʥʘ ʢʚʘʨʮʘ (1),  ʢʘʣʴʮʠʪʘ (2) ʠ 

ʘʢʩʠʥʠʪʘ (3).ʋʚ.³15  

 
ʌʦʪʦ 5.  ʆʙʨ. ʖ-46-1. ʈʝʣʠʢʪʳ ʘʢʩʠʥʠʪʘ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʦʤ 

ʤʝʪʘʩʦʤʘʪʠʪʝ. ʇʦʨʦʜʘ ʩʣʦʞʝʥʘ 

ʢʘʣʴʮʠʪʦʤ, ʪʨʝʤʦʣʠʪʦʤ, ʭʣʦʨʠʪʦʤ, 

ʧʨʝʥʠʪʦʤ. ʍʣʦʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʠʜʝʘʣʴʥʳʤʠ 

ʩʬʝʨʦʣʠʪʘʤʠ.  

1 ï ʭʣʦʨʠʪ,2 ï ʘʢʪʠʥʦʣʠʪ,3 ï ʢʘʣʴʮʠʪ,4 - 

ʟʝʨʥʘ ʘʢʩʠʥʠʪʘ 



ʉɸʄʆʈʆɼʅʓɽ ʄɽʊɸʃʃʓ ʇʆʃʀʄɽʊɸʃʃʀʏɽʉʂʆɻʆ ʈʋɼʆʇʈʆʗɺʃɽʅʀʗ 
çʂʋʈʏʀʎʓè (ɺʆʃʓʅʉʂʀʁ ʄɽɻɸɹʃʆʂ, ʋʂʈɸʀʅʉʂʀʁ ʑʀʊ) 

ʀ.ɺ. ʂʚʘʩʥʠʮʘ1, ʆ.ɺ. ɿʠʥʯʝʥʢʦ2 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʀ. ʇʘʚʣʠʰʠʥ 
1
ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 

2
ʀʥʩʪʠʪʫʪ ʪʝʣʝʢʦʤʤʫʥʠʢʘʮʠʡ ʠ ʛʣʦʙʘʣʴʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ 

ɸʢʘʜʝʤʠʠ ʅʘʫʢ, ʛ. ʂʠʝʚ, ʋʢʨʘʠʥʘ 
 
ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚʦʟʣʝ ʩʝʣʘ ʂʫʨʯʠʮʳ ɾʠʪʦʤʠʨʩʢʦʡ ʦʙʣʘʩʪʠ ʥʘ ʋʢʨʘʠʥʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ ʢʦʥʮʝ 

80-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ ʠ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ (ɻʘʣʣʠʡ ʠ ʜʨ., 1990). ʆʥʦ ʥʝʦʙʳʯʥʦ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ, ʥʦ 
ʦʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʬʘʢʪ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩʫʣʴʬʠʜʦʚ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʩ ʩʘʤʦʨʦʜʥʳʤʠ ʬʦʨʤʘʤʠ ʵʪʠʭ ʤʝʪʘʣʣʦʚ. 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʂʫʨʯʠʮʢʦʡ ʩʠʥʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʉʘʨʥʝʥʩʢʦ-
ɺʘʨʚʘʨʦʚʩʢʘʷ ʪʝʢʪʦʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ ʟʦʥʘ), ʩʣʦʞʝʥʥʦʡ ʜʦʢʝʤʙʨʠʡʩʢʠʤʠ ʤʨʘʤʦʨʘʤʠ ʠ ʢʘʣʴʮʠʬʠʨʘʤʠ, ʢʦʪʦʨʳʝ 
ʟʘʣʝʛʘʶʪ ʩʨʝʜʠ ʨʦʛʦʚʦʦʙʤʘʥʢʦʚʦ-ʙʠʦʪʠʪʦʚʳʭ ʛʥʝʡʩʦʚ, ʢʨʠʩʪʘʣʣʦʩʣʘʥʮʝʚ ʠ ʘʤʬʠʙʦʣʠʪʦʚ ʪʝʪʝʨʝʚʩʢʦʡ ʩʝʨʠʠ. 
ʇʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʦʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚʩʪʨʝʯʝʥʦ ʚ ʜʦʣʦʤʠʪ-ʢʘʣʴʮʠʪʦʚʳʭ ʤʨʘʤʦʨʘʭ ʠ ʢʘʣʴʮʠʬʠʨʘʭ. 

ʇʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ ʨʫʜʥʳʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʦʧʩʠʜʦʤ, ʬʦʨʩʪʝʨʠʪʦʤ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, ʬʣʦʛʦʧʠʪʦʤ, 
ʩʝʨʧʝʥʪʠʥʦʤ, ʢʘʣʴʮʠʪʦʤ ʠ ʜʦʣʦʤʠʪʦʤ. ɸʢʮʝʩʩʦʨʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʤʘʛʥʝʪʠʪ, ʙʘʜʝʣʣʝʠʪ, ʰʧʠʥʝʣʴ, ʘʧʘʪʠʪ, 
ʛʝʡʢʝʣʠʪ. ɺ ʩʦʩʪʘʚ ʢʦʤʧʣʝʢʩʘ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʭʦʜʷʪ ʤʦʣʠʙʜʝʥʠʪ, ʧʠʨʨʦʪʠʥ, ʧʠʨʠʪ, ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʟʠʥ, 
ʭʘʣʴʢʦʧʠʨʠʪ, ʛʨʠʥʦʢʠʪ, ʢʦʚʝʣʣʠʥ, ʙʦʨʥʠʪ, ʘ ʪʘʢʞʝ ʩʘʤʦʨʦʜʥʳʝ ʤʝʜʴ ʠ ʩʚʠʥʝʮ. ʇʦʩʣʝ ʛʘʣʝʥʠʪʘ, ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʥʝ ʚʩʝʛʜʘ 
ʦʪʚʝʯʘʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ, ʩʘʤʦʨʦʜʥʘʷ ʤʝʜʴ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ. 
ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʦʪʥʝʩʝʥʦ ʢ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʤʫ ʩʪʨʘʪʠʬʦʨʤʥʦʤʫ ʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ. 

ʅʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʜʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʘʤʦʨʦʜʥʳʭ ʤʝʜʠ ʠ 
ʩʚʠʥʮʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʝ. 

ʉʘʤʦʨʦʜʥʘʷ ʤʝʜʴ, ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ (ɻʘʣʣʠʡ ʠ ʜʨ., 1990), ʧʨʦʥʠʟʳʚʘʝʪ ʢʘʣʴʮʠʪ, ʦʙʨʘʟʫʝʪ ʤʝʣʢʠʝ ʚʢʨʘʧʣʝʥʠʷ ʠ 
ʦʪʦʨʦʯʢʠ, ʥʘʨʘʩʪʘʶʱʠʝ ʥʘ ʛʘʣʝʥʠʪ, ʠʥʦʛʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʭʘʣʴʢʦʟʠʥʝ. ɿʘʬʠʢʩʠʨʦʚʘʥʳ ʪʘʢʞʝ 
ʜʝʥʜʨʠʪʦʚʠʜʥʳʝ ʩʨʘʩʪʘʥʠʷ ʤʝʣʢʠʭ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʜʠ (ʨʠʩ.1). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʬʦʨʤʘʤʠ 
ʚʳʜʝʣʝʥʠʷ ʤʝʜʠ ʷʚʣʷʶʪʩʷ ʧʣʝʥʦʯʥʳʝ ʠ ʧʣʘʩʪʠʥʯʘʪʳʝ, ʨʝʞʝ ʧʨʦʞʠʣʢʦʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʧʣʝʥʢʠ ʠ 
ʧʣʘʩʪʠʥʢʠ ʤʝʜʠ ʥʘʨʘʩʪʘʶʪ ʥʘ ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʛʘʣʝʥʠʪʘ ʠʣʠ ʝʛʦ ʘʛʨʝʛʘʪʳ. ɺʩʪʨʝʯʘʶʪʩʷ ʥʘʨʘʩʪʘʥʠʷ ʧʣʝʥʦʢ 

 
 

ʈʠʩ.1. ʉʘʤʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ ʠʭ ʘʩʩʦʮʠʘʮʠʠ: I- ʩʨʦʩʪʦʢ ʩʘʤʦʨʦʜʥʳʭ ʤʝʜʠ 

 ʠ ʩʚʠʥʮʘ; II  ïʧʣʝʥʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʘ; III, IV ï ʩʨʦʩʪʢʠ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ 

ʠ ʛʘʣʝʥʠʪʘ; V ï ʩʨʦʩʪʦʢ ʩʘʤʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʛʘʣʝʥʠʪʘ; VI  ïʩʨʦʩʪʦʢ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ ʠ 

ʩʣʶʜʳ (native metals) 



ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ ʩʦʚʤʝʩʪʥʦ ʩ ʩʘʤʦʨʦʜʥʳʤ ʩʚʠʥʮʦʤ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʛʘʣʝʥʠʪʘ, ʘ ʪʘʢʞʝ ʚʢʣʶʯʝʥʠʷ ʤʝʜʠ ʚ ʛʘʣʝʥʠʪʝ 
(ʚʦʟʤʦʞʥʦʝ ʟʘʤʝʱʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʭʘʣʴʢʦʟʠʥʘ ʚ ʵʪʦʤ ʤʠʥʝʨʘʣʝ). ʆʩʦʙʝʥʥʦ ʥʝʦʙʳʯʥʳʤʠ ʷʚʣʷʶʪʩʷ ʧʨʦʞʠʣʢʦʧʦʜʦʙʥʳʝ ʠ 
ʧʣʝʥʦʯʥʳʝ ʩʨʘʩʪʘʥʠʷ ʩʘʤʦʨʦʜʥʳʭ ʤʝʜʠ ʠ ʩʚʠʥʮʘ, ʘ ʪʘʢʞʝ ʩʨʦʩʪʢʠ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ ʩʦ ʩʣʶʜʦʡ: ʤʝʜʴ ʣʠʙʦ ʥʘʨʘʩʪʘʝʪ ʥʘ 

ʩʚʝʪʣʦ-ʞʝʣʪʦʚʘʪʳʝ ʠʣʠ ʙʝʩʮʚʝʪʥʳʝ ʧʣʘʩʪʠʥʯʘʪʳʝ ʢʨʠʩʪʘʣʣʳ ʩʣʶʜʳ, ʣʠʙʦ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚʢʣʶʯʝʥʠʝ ʚ ʧʦʩʣʝʜʥʝʡ. 
ʇʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ (ɻʘʣʣʠʡ ʠ ʜʨ., 1990) ʚ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʤʝʩʠ ʬʦʩʬʦʨʘ, ʠʥʦʛʜʘ 
ʮʠʥʢʘ ʠ ʩʫʨʴʤʳ. ʇʦ ʜʘʥʥʳʤ ʤʠʢʨʦʟʦʥʜʦʚʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʘʤʦʨʦʜʥʘʷ ʤʝʜʴ ʩʦʜʝʨʞʠʪ ʪʦʣʴʢʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʨʠʤʝʩʠ 
ʩʝʨʝʙʨʘ (0,03-0,04%), ʧʣʘʪʠʥʳ (0,02%), ʩʣʝʜʳ ʩʫʨʴʤʳ. ʊʘʢʠʝ ʵʣʝʤʝʥʪʳ ʢʘʢ ʟʦʣʦʪʦ, ʧʘʣʣʘʜʠʡ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʚʠʩʤʫʪ, 
ʦʣʦʚʦ, ʤʳʰʴʷʢ, ʥʠʢʝʣʴ, ʭʨʦʤ, ʪʠʪʘʥ, ʢʦʙʘʣʴʪ, ʤʘʨʛʘʥʝʮ, ʞʝʣʝʟʦ, ʚʘʥʘʜʠʡ, ʩʝʨʘ, ʨʪʫʪʴ, ʬʦʩʬʦʨ ʚ ʤʝʜʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ. 

ʅʘʭʦʜʢʠ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʘ ʦʪʤʝʯʘʣʠʩʴ ʨʘʥʥʝʝ (ɻʘʣʣʠʡ ʠ ʜʨ., 1990) ʚ ʢʘʣʴʮʠʪʝ. ʉʚʠʥʝʮ 
ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʠ ʮʠʥʢʘ ʠ ʩʝʨʳ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʳʜʝʣʝʥʠʡ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʘ ʠ 
ʨʘʟʥʦʦʙʨʘʟʥʫʶ ʠʭ ʤʦʨʬʦʣʦʛʠʶ. ʄʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʤʘʩʩʠʚʥʳʝ ʠʣʠ ʧʣʝʥʦʯʥʳʝ ʥʘʨʦʩʪʳ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʛʘʣʝʥʠʪʘ ʠ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʜʝʥʜʨʠʪʦ-, ʧʨʦʚʦʣʢʦ-, ʧʨʦʞʠʣʢʦʧʦʜʦʙʥʳʝ ʠ ʧʣʝʥʦʯʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʩʨʦʩʪʢʘʭ ʩ 
ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʴʶ. ʄʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ ʥʘʣʠʯʠʝ ʩʣʝʜʫʶʱʠʭ ʧʨʠʤʝʩʝʡ ʚ ʚʳʜʝʣʝʥʠʷʭ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʘ: 
ʮʠʥʢ (0,05%), ʤʝʜʴ (0,03%), ʦʣʦʚʦ (0,01%). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ ʦ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʩʘʤʦʨʦʜʥʳʭ ʬʦʨʤ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʚ 
ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ ʂʫʨʯʠʮʳ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʛʠʧʦʪʝʟʫ ʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ 
ʤʝʪʘʤʦʨʬʠʟʤʝ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ ʠ ʦʙʨʘʟʦʚʘʥʠʠ ʩʘʤʦʨʦʜʥʳʭ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʟʘ ʩʯʝʪ ʠʭ ʧʝʨʚʠʯʥʳʭ ʩʫʣʴʬʠʜʦʚ (ɻʘʣʣʠʡ ʠ 
ʜʨ., 1990). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʘʤʦʨʦʜʥʳʡ ʩʚʠʥʝʮ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʜʫʢʪʘʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ 
ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʅʘʧʨʠʤʝʨ, ʪʝʩʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʩʘʤʦʨʦʜʥʦʛʦ ʩʚʠʥʮʘ ʩ ʛʘʣʝʥʠʪʦʤ ʚ ʤʝʪʘʤʦʨʬʠʟʠʨʦʚʘʥʥʦʤ 

ʠʟʚʝʩʪʥʷʢʝ (ʰʪʘʪ ɺʝʨʘʢʨʫʩ, ʄʝʢʩʠʢʘ) ʫʧʦʤʠʥʘʝʪʩʷ ʚ ʨʘʙʦʪʝ ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦ (ɺʝʨʥʘʜʩʢʠʡ, 1955). ʌʦʨʤʳ ʚʳʜʝʣʝʥʠʡ 
ʩʘʤʦʨʦʜʥʳʭ ʤʝʜʠ ʠ ʩʚʠʥʮʘ, ʠʭ ʪʝʩʥʳʝ ʩʨʘʩʪʘʥʠʷ ʠ ʥʘʨʘʩʪʘʥʠʷ ʥʘ ʛʘʣʝʥʠʪʝ, ʘ ʤʝʜʠ ʥʘ ʭʘʣʴʢʦʟʠʥʝ ʚ ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ 
ʂʫʨʯʠʮʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʤʠʥʝʨʘʣʳ ʚʦʟʥʠʢʣʠ ʧʨʠ ʨʘʩʧʘʜʝ ʛʘʣʝʥʠʪʘ ʠ ʭʘʣʴʢʦʟʠʥʘ, ʦ ʯʝʤ ʪʘʢʞʝ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʠʟʣʠʰʝʢ ʩʝʨʳ ʚ ʠʟʤʝʥʝʥʥʦʤ ʛʘʣʝʥʠʪʝ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʘʤʦʨʦʜʥʳʭ ʤʝʜʠ ʠ ʩʚʠʥʮʘ ʦʛʨʘʥʠʯʝʥʦ 
ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʨʘʩʧʘʜʘ ʭʘʣʴʢʦʟʠʥʘ (ʚʦʟʤʦʞʥʦ ʭʘʣʴʢʦʧʠʨʠʪʘ) ʠ ʛʘʣʝʥʠʪʘ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʣʶʜʳ ʠ 
ʢʘʣʴʮʠʪʘ. 
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ʉʈɸɺʅɽʅʀɽ ʂʈʀʉʊɸʃʃʆʄʆʈʌʆʃʆɻʀʏɽʉʂʀʍ ʆʉʆɹɽʅʅʆʉʊɽʁ ɸʃʄɸɿʆɺ 
ʀɿ ʕʂʉʇʃʋɸʊʀʈʋɽʄʓʍ ʂʀʄɹɽʈʃʀʊʆɺʓʍ ʊʈʋɹʆʂ çɼɸʏʅɸʗè ʀ 

çɿɸʈʅʀʎɸè 
(ɼɸʃɼʓʅʉʂʆɽ ʇʆʃɽ) 

ʊ.ɺ. ʂʝʜʨʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ɿʠʥʯʫʢ 
ʗʢʫʪʩʢʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʎʅʀɻʈʀ, 

ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 
 

ʊʨʫʙʢʠ ʋʜʘʯʥʘʷ ʠ ɿʘʨʥʠʮʘ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʤʠ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ 
ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʜʦʣʶ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʭʦʜʠʪʩʷ ʙʦʣʝʝ 
ʧʦʣʦʚʠʥʳ ʦʪ ʚʩʝʡ ʜʦʙʳʪʦʡ ɸʂ çɸʃʈʆʉɸè ʘʣʤʘʟʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ ʜʝʥʝʞʥʦʤ ʚʳʨʘʞʝʥʠʠ. ʀʟʫʯʝʥʠʝ ʠ ʩʨʘʚʥʝʥʠʝ 
ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʪʨʫʙʦʢ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ ʛʝʥʝʟʠʩʘ ʘʣʤʘʟʦʚ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 
ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ɿʘʨʥʠʮʘ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ (ʧʦ ʜʘʥʥʳʤ ʧʨʝʜʳʜʫʱʠʭ 
ʠʩʩʣʝʜʦʚʘʥʠʡ) ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʢʦʤʧʣʝʢʩʫ ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʩʚʦʡʩʪʚ, 
ʧʨʝʜʣʦʞʝʥʥʦʡ ʖ.ʃ. ʆʨʣʦʚʳʤ (ʆʨʣʦʚ, 1984). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʥʝʝ ʚʳʧʦʣʥʝʥʥʳʝ ʨʘʙʦʪʳ (ɹʘʨʘʰʢʦʚ, 
ɸʣʪʫʭʦʚʘ, 2002; ɹʦʙʨʠʝʚʠʯ ʠ ʜʨ., 1959; ɹʘʨʪʦʰʠʥʩʢʠʡ, 1968; ɻʥʝʚʫʰʝʚ ʠ ʜʨ., 1961; ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2002; ʂʦʧʪʠʣʴ, 

ɿʠʥʯʫʢ, 2000; ʂʦʧʪʠʣʴ, ʃʠʧʘʪʦʚʘ, 1998), ʘ ʪʘʢʞʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʣʤʘʟʦʚ ʠʟ ʛʣʫʙʠʥʥʳʭ ʢʩʝʥʦʣʠʪʦʚ ʠ ʪʚʝʨʜʳʭ 
ʚʢʣʶʯʝʥʠʡ ʚ ʥʠʭ (ʂʦʧʪʠʣʴ ʠ ʜʨ., 1975; ʇʦʥʦʤʘʨʝʥʢʦ ʠ ʜʨ., 1973, 1976; ʇʦʭʠʣʝʥʢʦ ʠ ʜʨ., 1982, 1976; ʉʦʙʦʣʝʚ, 1974). ʇʨʠ 
ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʠʟʫʯʘʣʠʩʴ ʚʝʣʠʯʠʥʘ ʘʣʤʘʟʦʚ, ʩʦʭʨʘʥʥʦʩʪʴ 
(ʮʝʣʦʩʪʥʦʩʪʴ), ʭʘʨʘʢʪʝʨ ʩʢʦʣʦʚ, ʩʪʝʧʝʥʴ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʛʘʙʠʪʫʩ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 
ʢʨʠʩʪʘʣʣʦʚ, ʜʚʦʡʥʠʢʠ ʠ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʩʨʦʩʪʢʠ, ʩʢʫʣʴʧʪʫʨʳ ʨʦʩʪʘ, ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʢʦʨʨʦʟʠʠ (ʪʨʘʚʣʝʥʠʷ), ʧʨʦʟʨʘʯʥʦʩʪʴ, 
ʦʢʨʘʩʢʘ, ʦʞʝʣʝʟʥʝʥʠʝ, ʧʠʛʤʝʥʪʘʮʠʷ, ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʪʚʝʨʜʳʝ ʚʢʣʶʯʝʥʠʷ. 

ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʩʦʧʨʷʞʝʥʥʳʭ ʪʝʣ (ʚʦʩʪʦʯʥʦʛʦ ʠ ʟʘʧʘʜʥʦʛʦ) ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚ 
ʧʣʘʥʝ ʠʤʝʝʪ ʬʦʨʤʫ ʠʩʢʘʞʝʥʥʦʡ ʚʦʩʴʤʝʨʢʠ (ɿʠʥʯʫʢ ʠ ʜʨ., 1993; ʍʘʨʴʢʠʚ ʠ ʜʨ., 1998). ʇʨʠ ʨʘʟʚʝʜʢʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ɸʤʘʢʠʥʩʢʦʡ ɻʈʕ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʣʦʞʥʦʝ ʩʪʨʦʝʥʠʝ ʝʝ ʚʦʩʪʦʯʥʦʛʦ ʪʝʣʘ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʤʥʦʛʦʬʘʟʥʳʤ 
ʚʥʝʜʨʝʥʠʝʤ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʨʘʟʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʦ 
ʩʦʦʪʥʦʰʝʥʠʶ ʧʠʨʦʧʘ ʠ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʦʩʦʙʝʥʥʦʩʪʷʤ ʤʦʨʬʦʣʦʛʠʠ ʘʣʤʘʟʦʚ, ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʦʜ. 
ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ɿʘʨʥʠʮʘ ʚ ʝʝ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʝʯʝʥʠʠ ʠʤʝʝʪ ʧʦʯʪʠ ʧʨʘʚʠʣʴʥʫʶ ʦʚʘʣʴʥʦ-ʦʢʨʫʛʣʫʶ, ʙʣʠʟʢʫʶ ʢ 
ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʫ. ʈʘʟʤʝʨ ʪʨʫʙʢʠ ʟʘʢʦʥʦʤʝʨʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʛʣʫʙʠʥʦʡ ʠ ʧʦʩʪʝʧʝʥʥʦ ʦʥʘ ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʥʠʯʝʩʢʫʶ 
ʬʦʨʤʫ. ʇʦ ʚʥʝʰʥʝʤʫ ʦʙʣʠʢʫ ʢʠʤʙʝʨʣʠʪ ʪʨʫʙʢʠ ɿʘʨʥʠʮʘ ʥʝʢʦʪʦʨʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʨʘʟʜʝʣʝʥ ʥʘ ʧʷʪʴ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, 
ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦ ʦʢʨʘʩʢʝ, ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʥʦʩʪʠ ʢʩʝʥʦʣʠʪʘʤʠ ʠ ʠʟʤʝʥʝʥʥʦʩʪʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʠ ʛʠʧʝʨʛʝʥʥʳʤʠ 
ʧʨʦʮʝʩʩʘʤʠ (ʍʘʨʴʢʠʚ ʠ ʜʨ., 1998). ʇʦ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʤ ʧʨʠʟʥʘʢʘʤ ʩʨʝʜʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ ʪʨʫʙʢʠ 

ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ: ʚ ʧʨʝʜʝʣʘʭ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʫʜʥʦʝ ʪʝʣʦ ʩʣʦʞʝʥʦ ʚ ʦʩʥʦʚʥʦʤ ʘʚʪʦʣʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ ʠ 



ʣʠʰʴ ʥʘ ʛʣʫʙʠʥʘʭ ʥʠʞʝ 450 ʤ ʪʨʫʙʢʫ ʩʣʘʛʘʶʪ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ ʩ ʤʘʩʩʠʚʥʦʡ ʪʝʢʩʪʫʨʦʡ ʮʝʤʝʥʪʘ. ɺ 
ʧʨʠʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʷʭ ʪʨʫʙʢʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʛʣʫʙʠʥʘʭ ʚʩʪʨʝʯʝʥʳ ʦʪʜʝʣʴʥʳʝ ʙʣʦʢʠ ʘʪʘʢʩʠʪʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ. 

ʇʦ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ʠ ɿʘʨʥʠʮʘ ʩʙʣʠʞʘʶʪ ʦʙʱʠʝ ʯʝʨʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ 

ɼʘʣʜʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ. ʂ ʥʠʤ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʥʦʩʷʪʩʷ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʘʤʠʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩ 
ʟʘʥʦʟʠʩʪʦʡ ʰʪʨʠʭʦʚʢʦʡ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ), ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʝʨʳʭ 
ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʨʦʩʪʢʦʚ VIII ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʩʚʦʝʦʙʨʘʟʥʳʭ ʨʘʚʥʦʤʝʨʥʦ ʦʢʨʘʰʝʥʥʳʭ ʚ ʞʝʣʪʳʡ ʮʚʝʪ 
ʣʘʤʠʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʨʷʜʘ ʦʢʪʘʵʜʨ-ʨʦʤʙʦʜʦʜʝʢʘʵʜʨ IIʚ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ ʷʨʢʦ-ʞʝʣʪʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʚʳʩʦʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʦʢʨʘʰʝʥʥʳʭ ʚ ʜʳʤʯʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ (ʠʟ-ʟʘ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ) 
ʢʨʠʩʪʘʣʣʦʚ, ʧʨʝʦʙʣʘʜʘʶʱʘʷ ʩʠʥʝ-ʛʦʣʫʙʘʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ. 

ʆʩʥʦʚʥʳʝ ʦʪʣʠʯʠʷ ʘʣʤʘʟʦʚ ʪʨʫʙʦʢ ʋʜʘʯʥʘʷ ʠ ɿʘʨʥʠʮʘ ʩʣʝʜʫʶʱʠʝ. ʊʨʫʙʢʘ ɿʘʨʥʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʦ 
ʧʦʚʳʰʝʥʥʳʤ (ʚ 3 ʨʘʟʘ) ʢʦʣʠʯʝʩʪʚʦʤ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ çʫʨʘʣʴʩʢʦʛʦè (çʙʨʘʟʠʣʴʩʢʦʛʦè) ʪʠʧʘ (ʨʠʩ. 1), 

ʷʚʣʷʶʱʠʭʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ (ʂʦʧʪʠʣʴ, 1994) (ʧʨʠʯʝʤ ʠʭ ʩʦʜʝʨʞʘʥʠʝ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʢʨʫʧʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʦʚ), ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʢʨʘʰʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʩʨʝʜʠ 
ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ ʜʚʦʡʥʠʢʦʚ ʧʦ ʰʧʠʥʝʣʝʚʦʤʫ ʟʘʢʦʥʫ, ʘ ʪʘʢʞʝ ʧʦʚʳʰʝʥʥʳʤ ʢʘʯʝʩʪʚʦʤ ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ. ɺ ʪʨʫʙʢʝ 
ɿʘʨʥʠʮʘ ʥʝ ʚʩʪʨʝʯʝʥʳ ʩʝʨʳʝ ʢʫʙʳ III ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʵʢʣʦʛʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ, ʷʚʣʷʶʱʠʝʩʷ ʪʠʧʦʤʦʨʬʥʳʤ ʧʨʠʟʥʘʢʦʤ 
ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ, ʦʩʦʙʝʥʥʦ ʝʝ ʟʘʧʘʜʥʦʛʦ ʪʝʣʘ. 

 

 
 

ʈʠʩ.1. ʊʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ (ʛʘʙʠʪʫʩ, ʨʘʟʥʦʚʠʜʥʦʩʪʠ) ʠʟ ʚʝʨʭʥʠʭ ʠ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʜʚʫʭ ʨʫʜʥʳʭ 

ʩʪʦʣʙʦʚ ʪʨʫʙʢʠ ʋʜʘʯʥʘʷ ʠ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ ɿʘʨʥʠʮʘ: II -V, VIII , IX - ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʘʣʤʘʟʦʚ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ (ʆ - 

ʦʢʪʘʵʜʨʳ, ʆɼ - ʧʝʨʝʭʦʜʥʳʝ ʬʦʨʤʳ, ʈ - ʣʘʤʠʥʘʨʥʳʝ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʳ, ʊʆ - ʪʠʧʠʯʥʳʝ ʦʢʨʫʛʣʳʝ ʘʣʤʘʟʳ, ʂ -ʢʫʙʳ, 

ʙ/ʪ- ʦʩʢʦʣʢʠ) 

 

ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ çʫʨʘʣʴʩʢʦʛʦè (çʙʨʘʟʠʣʴʩʢʦʛʦè) ʪʠʧʘ, ʷʚʣʷʶʱʠʭʩʷ 
ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʩʙʣʠʞʘʝʪ ʘʣʤʘʟʳ ʪʨʫʙʢʠ ɿʘʨʥʠʮʘ ʩ ʜʨʫʛʠʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ ʪʝʣʘʤʠ 
ɼʘʣʜʳʥʩʢʦʛʦ ʧʦʣʷ ʩ ʫʙʦʛʦʡ ʠ ʧʦʣʫʧʨʦʤʳʰʣʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ (ʪʨʫʙʢʠ ʀʨʝʣʷʭʩʢʘʷ, ʌʝʩʪʠʚʘʣʴʥʘʷ, ɼʦʣʛʦʞʜʘʥʥʘʷ 
ʠ ʜʨ.). ʊʘʢʦʛʦ ʨʦʜʘ ʘʣʤʘʟʳ ʷʚʣʷʶʪʩʷ ʪʠʧʦʤʦʨʬʥʳʤʠ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʞʠʣ ɿʘʧʘʜʥʦʡ ʗʢʫʪʠʠ ʠ ʧʨʠʩʫʱʠ ʜʣʷ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ ʬʘʟʳ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʠʤʝʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʫʶ ʛʣʫʙʠʥʫ ʟʘʣʦʞʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʦʯʘʛʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʬʘʟʦʡ, ʩʣʦʞʝʥʥʦʡ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ (ʂʦʧʪʠʣʴ, 
ʃʠʧʘʪʦʚʘ, 1998). ɸʣʤʘʟʳ ʪʨʫʙʢʠ ɿʘʨʥʠʮʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ ʩʨʝʜʥʠʤ ʚʝʩʦʤ (ʚʳʰʝ, ʯʝʤ ʚ ʪʨʫʙʢʝ ʋʜʘʯʥʘʷ). 
ʆʪʤʝʯʘʝʪʩʷ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʢʦʨʨʦʟʠʝʡ ʠ ʤʘʪʠʨʦʚʢʦʡ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʫʶ ʜʣʷ ʜʚʫʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩʪʝʧʝʥʴ ʧʨʦʷʚʣʝʥʠʷ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʪʨʘʚʣʝʥʠʷ. ɸ ʪʘʢʞʝ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʪʚʝʨʜʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʨʫʙʢʦʡ ʋʜʘʯʥʘʷ). 
ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʦʪʣʠʯʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʣʠʯʠʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɼʘʣʜʳʥʩʢʦʛʦ ʧʦʣʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʵʪʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʳ ɼʘʣʜʳʥʩʢʦʛʦ ʧʦʣʷ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʶʞʥʳʭ 
ʧʦʣʝʡ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (ʄʠʨʥʠʥʩʢʦʝ ʠ ʅʘʢʳʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʧʦʣʷ), ʦʜʥʘʢʦ ʠʤʝʶʪ ʨʷʜ ʩʭʦʜʥʳʭ ʯʝʨʪ ʩ ɸʣʘʢʠʪ-
ʄʘʨʭʠʥʩʢʠʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʧʦʣʝʤ (ʂʦʧʪʠʣʴ, ʃʠʧʘʪʦʚʘ, 1998). ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʚʦʝʦʙʨʘʟʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 
ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʨʘʟʦʙʱʝʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʷʭ 

ʗʢʫʪʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ. 
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ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽ ʂʆʈɽʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ʈʆʉʉʓʇʅʓʍ 
ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɿʆʃʆʊɸ ɺ ɼʆʃʀʅɽ ʈɽʂʀ ɹʆʃʔʐʀɽ ɼɸʄɹʋʂʀ 

ɽ.ʀ. ʂʦʛʫʪ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʇ. ʂʦʯʥʝʚ 
ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʧʨʘʢʪʠʢʝ ʛʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʠ ʥʘʣʠʯʠʠ ʙʦʛʘʪʳʭ ʨʦʩʩʳʧʝʡ ʟʦʣʦʪʘ, ʥʝʨʝʜʢʦ ʦʪʩʫʪʩʪʚʫʶʪ ʝʛʦ 
ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ, ʣʠʙʦ ʦʥʠ ʠʤʝʶʪʩʷ ʚ ʥʘʣʠʯʠʠ, ʥʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʥʠʭ ʥʠʞʝ ʧʨʦʤʳʰʣʝʥʥʳʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʥʦʛʜʘ 
ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʰʠʨʦʢʦʛʦ 
ʨʘʟʚʠʪʠʷ ʥʘ ʪʘʢʠʭ ʫʯʘʩʪʢʘʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

ʅʘʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʫʯʘʩʪʢʝ ɹʦʣʴʰʠʝ ɼʘʤʙʫʢʠ ʚ ɿʝʡʩʢʦʤ ʨʘʡʦʥʝ ɸʤʫʨʩʢʦʡ 
ʦʙʣʘʩʪʠ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʚʫʶʪ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ, ʧʨʦʨʳʚʘʝʤʳʝ 
ʠʥʪʨʫʟʠʷʤʠ ʦʩʥʦʚʥʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʦʚ (ʨʠʩ. 1).ʄʦʱʥʦʩʪʴ ʯʝʩʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚ ʜʦʣʠʥʝ ʨʝʢʠ ʦʪ 0,5 ʜʦ 6 
ï 7 ʤʝʪʨʦʚ. ʉʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 10 ʢʤ ʩʫʙʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʨʦʩʩʳʧʠ, ʥʘʭʦʜʠʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʄʘʣʳʡ ʄʦʛʦʪ. ɺ ʭʦʜʝ ʦʪʨʘʙʦʪʢʠ ʵʪʦʡ ʨʘʩʩʳʧʠ, ʚ 1998 ʛʦʜʫ, ʙʳʣʘ ʚʩʢʨʳʪʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 
ʢʚʘʨʮʝʚʘʷ ʞʠʣʘ, ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʫʣʴʬʠʜʦʚ ʠ ʚʠʜʠʤʦʛʦ ʟʦʣʦʪʘ. ʇʨʦʩʪʠʨʘʥʠʝ ʞʠʣʳ ʦʢʦʣʦ 40 ï 50ʦ. ʆʥʘ 
ʧʝʨʝʩʝʢʘʝʪ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʣʫʙʠʥʝ ʨ. ɹ. ɼʘʤʙʫʢʠ ʠ ʚʳʭʦʜʠʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ʢʦʨʝʥʥʳʭ ʧʨʦʨʜʘʭ ʚ ʜʦʣʠʥʝ ʨ. ʄʘʣʳʡ 
ʄʦʛʦʪ. 

ʈʝʢʘ ɹ. ɼʘʤʙʫʢʠ ʦʪʨʘʙʘʪʳʚʘʣʘʩʴ ʚ ʥʠʞʥʝʤ ʠ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʜʨʘʞʥʳʤ ʩʧʦʩʦʙʦʤ ʚ 80-ʭ ʛʦʜʘʭ. ɹʦʣʝʝ ʤʝʣʢʠʝ 
ʨʦʩʩʳʧʠ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ʠ ʚʜʦʣʴ ʧʨʠʪʦʢʦʚ ʦʪʨʘʙʘʪʳʚʘʶʪʩʷ ʩʪʘʨʘʪʝʣʴʩʢʠʤʠ ʘʨʪʝʣʷʤʠ. ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ 
ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʝʨʭʥʝʤ ʪʝʯʝʥʠʠ ʚ 3,5 ʢʤ ʦʪ ʠʩʪʦʢʘ. ɺ ʭʦʜʝ ʦʪʨʘʙʦʪʢʠ ʨʦʩʩʳʧʠ ʙʳʣʦ ʩʤʝʱʝʥʠʝ ʧʦʚʳʰʝʥʥʦʛʦ 
ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʦʪ ʣʝʚʦʛʦ ʢ ʧʨʘʚʦʤʫ ʙʦʨʪʫ (ʨʠʩ.2), ʧʨʠʯʝʤ ʵʪʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʙʳʣʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʟʦʥʝ 

ʧʦʚʳʰʝʥʥʦʡ ʨʘʩʩʣʘʥʮʦʚʘʥʥʦʩʪʠ ʠ ʠʤʣʦʥʠʪʠʟʘʮʠʠ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ. ʐʠʨʠʥʘ ʟʦʥʳ ʧʝʨʝʨʘʙʦʪʢʠ ʚʜʦʣʴ ʨʘʟʣʦʤʘ ʙʳʣʘ 
ʦʢʦʣʦ 100 ʤʝʪʨʦʚ. 



ʂ ʢʦʥʮʫ ʨʘʙʦʪ 2000 ʛʦʜʘ ʙʳʣ ʚʩʢʨʳʪ ʨʝʟʢʠʡ 
ʢʦʥʪʘʢʪ ʵʪʠʭ ʧʦʨʦʜ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. ʊʘʢʘʷ ʞʝ 
ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ 900 ʤʝʪʨʘʭ ʚʳʰʝ ʧʦ ʪʝʯʝʥʠʶ, ʛʜʝ 

ʰʣʘ ʦʪʨʘʙʦʪʢʘ ʚʝʨʭʥʠʭ ʧʦʣʠʛʦʥʦʚ. ʂʦʨʝʥʥʳʝ ʧʦʨʦʜʳ 
ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʙʳʣʠ ʪʘʢʞʝ ʩʠʣʴʥʦ ʤʠʣʦʥʠʪʠʟʠʨʦʚʘʥʳ ʠ ʧʨʠ 
ʦʪʪʘʪʚʘʥʠʠ ʧʨʝʚʨʘʱʘʣʠʩʴ ʚ ʛʣʠʥʠʩʪʫʶ ʤʘʩʩʫ. ɺ ʣʝʚʦʤ 
ʙʣʨʪʫ ʥʘʭʦʜʠʣʠʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʝ 
ʧʦʨʦʜʳ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʣʝʚʦʤ ʙʦʨʪʫ ʟʦʣʦʪʦ 
ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʦʚʘʣʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʮʝʥʪʨʝ ʠ ʚ 
ʧʨʘʚʦʤ ʙʦʨʪʫ ʙʳʣʠ ʚʝʩʴʤʘ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ (ʨʠʩ. 
2). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʘʚʳʡ ʩʢʣʦʥ ʜʦʣʠʥʳ ʚ ʧʨʝʜʝʣʘʭ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʫʯʘʩʪʢʘ ʦʯʝʥʴ ʢʨʫʪʦʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʣʝʚʦʛʦ ʩʢʣʦʥʘ. ɿʜʝʩʴ ʞʝ ʥʘ ʚʝʨʰʠʥʝ ʚʦʜʦʨʘʟʜʝʣʘ ʥʘʭʦʜʷʪʩʷ 
ʩʘʤʳʝ ʚʳʩʦʢʠʝ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʦʪʤʝʪʢʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 
ʨʘʡʦʥʘ. 

ʀʟ ʚʩʝʛʦ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʦʛʦ ï ʥʘʣʠʯʠʝ ʨʘʟʣʦʤʦʚ, 
ʨʝʟʢʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʘʚʦʛʦ ʩʢʣʦʥʘ ʥʘʜ ʣʝʚʳʤ ï ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʥʘʨʫʰʝʥʠʝ, ʚʩʢʨʳʪʦʝ 
ʚʳʨʘʙʦʪʢʘʤʠ, ʷʚʣʷʝʪʩʷ ʥʝ ʯʝʤ ʠʥʳʤ ʢʘʢ ʚʟʙʨʦʩʦʤ. ʆʯʝʥʴ 

ʭʦʨʦʰʦ ʵʪʦ ʚʠʜʥʦ ʥʘ ʨʘʟʨʝʟʝ (ʨʠʩ. 1). ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ 
ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʧʨʦʚʦʜʠʪʴ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʩ ʮʝʣʴʶ 
ʚʳʷʚʣʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦ ʜʦʣʠʥʝ ʨʝʢʠ ʥʘ ʣʝʚʦʤ ʙʦʨʪʫ, 
ʢʦʪʦʨʳʡ ʚ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʧʦʣʦʛʠʡ. ʀʩʭʦʜʷ ʠʟ 
ʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 
ʨʫʜʥʳʭ ʪʝʣ, ʩ ʜʦʩʪʘʯʥʦ ʥʝʧʣʦʭʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʟʦʣʦʪʘ, 
ʟʘʣʝʛʘʶʪ ʥʘ ʥʝʙʦʣʴʰʦʡ ʛʣʫʙʠʥʝ ʧʦʜ ʨʦʩʩʳʧʴʶ. ɺ 
ʨʝʟʫʣʴʪʘʪʝ ʧʦʜʥʷʪʠʷ ʙʣʦʢʘ ʚ ʧʨʘʚʦʤ ʙʦʨʪʫ, ʯʘʩʪʴ 

ʦʙʦʛʘʱʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʙʳʣʘ ʧʨʠʧʦʜʥʷʪʘ ʚʤʝʩʪʝ ʩ 
ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ, ʠ ʟʦʣʦʪʦ, ʦʩʚʦʙʦʞʜʘʷʩʴ, 
ʦʪʣʘʛʘʣʦʩʴ ʚ ʜʦʣʠʥʝ ʨʝʢʠ. ɸ ʪʘʢ ʢʘʢ ʘʤʧʣʠʪʫʜʘ ʩʤʝʱʝʥʠʷ 
ʙʣʦʢʘ ʦʪʥʦʩʠʪʝʣʴʥʘ ʥʝʙʦʣʴʰʘʷ, ʦʢʦʣʦ 70 ï 80 ʤʝʪʨʦʚ, ʪʦ 
ʩʘʤʠ ʨʫʜʥʳʝ ʪʝʣʘ ʤʦʛʫʪ ʟʘʣʝʛʘʪʴ ʥʘ ʛʣʫʙʠʥʝ ʥʝ ʙʦʣʝʝ 30 ï 
40 ʤ. 

ʀʩʧʦʣʴʟʫʷ ʤʝʪʦʜʳ ʛʝʦʬʠʟʠʢʠ, ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ 
ʦʪʢʘʨʪʠʨʦʚʘʪʴ ʨʫʜʥʳʝ ʪʝʣʘ, ʠ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʦʚʦʜʠʪʴ ʢʦʤʧʣʝʢʩ ʨʘʙʦʪ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʚʝʜʢʦʡ ʠ ʦʮʝʥʢʦʡ ʵʪʠʭ ʨʫʜʥʳʭ ʪʝʣ. 

 
 
 
 
 

ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɸʃʄɸɿʆɺ ʀɿ ɸʃʃʖɺʀʗ ʈɽʂ ʍɸʍʏɸʅ, 
ʂʖʃɽʅʂɽ ʀ ʊʖʅɻ 
ɸ.ʅ. ʃʠʧʘʰʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ɿʠʥʯʫʢ 
ʗʢʫʪʩʢʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʎʅʀɻʈʀ, 

ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 
 
ɸʣʤʘʟʳ ʨʝʢ ʍʘʭʯʘʥ ʠ ʂʶʣʝʥʢʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʢʨʫʧʥʦʩʪʴʶ, ʯʪʦ ʩʙʣʠʞʘʝʪ ʠʭ ʩ 

ʢʨʠʩʪʘʣʣʘʤʠ ʜʨʫʛʠʭ ʫʯʘʩʪʢʦʚ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩʨʝʜʥʝʪʨʠʘʩʦʚʦʛʦ, ʥʠʞʥʝʚʦʣʞʩʢʦʛʦ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʨʘʩʪʦʚ 
ʚʦʩʪʦʯʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʫʯʘʩʪʢʠ ɹʫʣʢʫʨ, ʤʝʞʜʫʨʝʯʴʝ pp. ʄʦʣʦʜʦ-ʉʶʥʛʶʜʵ-
ʃʝʥʘ, ʨ. ʉʶʥʛʶʜʵ, ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ pp. ʄʫʥʘ ʠ ʄʦʪʦʨʯʫʥʘ ʠ ʨʦʩʩʳʧʠ ʩʨʝʜʥʝʛʦ ʪʝʯʝʥʠʷ ʨ. ʊʶʥʛ) (ɿʠʥʯʫʢ ʠ ʜʨ. 1998, 
ʃʠʧʘʰʦʚʘ, 1999). 

ʇʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʨʝʟʢʦ (ʧʨʠʤʝʨʥʦ 3/4) ʧʨʝʦʙʣʘʜʘʶʪ ʙʝʩʮʚʝʪʥʳʝ, 
ʨʝʞʝ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠ ʦʢʨʘʰʝʥʥʳʝ ʚ ʜʳʤʯʘʪʦ-ʢʦʨʠʯʥʝʚʳʝ ʮʚʝʪʘ ʩʣʘʙʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʨʠʩʪʘʣʣʳ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ 
(ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ), ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʢʨʳʪʦʩʣʦʠʩʪʳʤʠ ʘʣʤʘʟʘʤʠ "ʫʨʘʣʴʩʢʦʛʦ" 
("ʙʨʘʟʠʣʴʩʢʦʛʦ") ʪʠʧʘ (å1/3), ʨʝʞʝ, ʜʦʜʝʢʘʵʜʨʦʠʜʘʤʠ ʩ ʰʘʛʨʝʥʴʶ ʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ "ʞʠʣʴʥʦʛʦ" 

ʪʠʧʘ (14-18%). ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʝʨʳʭ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ ʠ ʩʣʦʞʥʦʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ V ʠ VII 
ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩ ʦʙʣʝʛʯʝʥʥʳʤ (ŭ 13 ʉ - 22,60ă) ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ ʠ ʵʢʣʦʛʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʚʢʣʶʯʝʥʠʡ 
ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʠʟʢʠʭ (15,8%) ʩʨʝʜʠ ʨʦʩʩʳʧʝʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʊʘʢʠʝ ʘʣʤʘʟʳ 
ʧʨʠʥʘʜʣʝʞʘʪ ʢ III ʪʠʧʫ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ I ʥʝʚʳʷʩʥʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ (ʂʦʧʪʠʣʴ, 1994), ʢʦʪʦʨʳʝ ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʨʦʩʩʳʧʷʭ 
ʕʙʝʣʷʭʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʣʦʱʘʜʠ ʠ ʜʨʫʛʠʭ ʨʦʩʩʳʧʷʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʜʦ ʩʠʭ ʧʦʨ ʥʝ 
ʦʙʥʘʨʫʞʝʥʥʳʭ ʚ ʠʟʚʝʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. ʊʘʢʞʝ ʟʘʤʝʪʥʦ (4,5-5,2%) ʩʦʜʝʨʞʘʥʠʝ ʞʝʣʪʦ-
ʦʨʘʥʞʝʚʳʭ ʢʫʙʦʠʜʦʚ II ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟ II ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ ʩ "ʦʙʣʝʛʯʝʥʥʳʤ" (ŭ 13 ʉ =- 13,60ă) ʠʟʦʪʦʧʥʳʤ 
ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ II -V- VII  ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʨʫʧʥʦʩʪʠ ʘʣʤʘʟʦʚ, ʩʦʩʪʘʚʣʷʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 1/6 ʠ 1/3 ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʷʚʣʷʝʪʩʷ 
ʦʜʥʦʡ ʠʟ ʧʨʠʯʠʥ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ. 

 

 
ʈʠʩ.1. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ 

 

  

 
ʈʠʩ.2. ʂʘʨʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʩʦʜʝʨʞʘʥʠʡ 

ʟʦʣʦʪʘ ʚ ʨʦʩʩʳʧʠ 



ʅʘ ʜʦʣʶ ʣʘʤʠʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ 
ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ, I ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ, ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʚ ʙʦʛʘʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
ʪʝʣʘʭ ɿʘʧʘʜʥʦʡ ʗʢʫʪʠʠ, ʧʨʠʭʦʜʠʪʩʷ ʚ ʩʫʤʤʝ ʣʠʰʴ 1/8 ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʯʝʤ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʠʤʙʝʨʣʠʪʦʚ ɸʨʭʘʥʛʝʣʴʩʢʦʡ ʧʨʦʚʠʥʮʠʠ, ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʚ ʤʝʣʢʦʤ ʢʣʘʩʩʝ - 1+0,5ʤʤ. ʇʦ 
ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ ʪʠʧʘʤ, ʩʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʪʠʧʠʯʥʳʝ ʦʢʨʫʛʣʳʝ ʘʣʤʘʟʳ "ʫʨʘʣʴʩʢʦʛʦ" 
("ʙʨʘʟʠʣʴʩʢʦʛʦ") ʪʠʧʘ, ʷʚʣʷʶʱʠʝʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʬʘʢʪʦʨʦʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʦʚ ʬʘʥʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 
(ɿʠʥʯʫʢ ʜʨ., 1999), ʘ ʩʨʝʜʠ ʣʘʤʠʥʘʨʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʧʨʝʦʙʣʘʜʘʶʪ ʠʥʜʠʚʠʜʳ ʩʦ ʩʥʦʧʦʚʠʜʥʦʡ 
ʰʪʨʠʭʦʚʢʦʡ. ʆʪʣʠʯʠʝ ʘʣʤʘʟʦʚ ʧʦ ʦʪʜʝʣʴʥʳʤ ʫʯʘʩʪʢʘʤ ʚ ʮʝʣʦʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. 

ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟʫʯʘʣʠʩʴ ʚ ʣʫʯʘʭ ʣʘʟʝʨʘ ʃɻʀ-503. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʧʦ 
ʭʘʨʘʢʪʝʨʫ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ (ʩʚʳʰʝ 2/5) ʢʨʠʩʪʘʣʣʳ ʩ ʨʦʟʦʚʦ-ʩʠʨʝʥʝʚʳʤ ʩʚʝʯʝʥʠʝʤ ʧʨʠ ʩʦʧʦʩʪʘʚʠʤʳʭ 
(1/5-1/4) ʩʦʜʝʨʞʘʥʠʷʭ ʠʥʜʠʚʠʜʦʚ ʩ ʩʠʥʝ-ʛʦʣʫʙʳʤ ʠ ʞʝʣʪʦ-ʟʝʣʝʥʳʤ ʩʚʝʯʝʥʠʝʤ. ʈʝʞʝ (3,8-6,2%) ʚʩʪʨʝʯʘʶʪʩʷ ʘʣʤʘʟʳ ʩ 

ʞʝʣʪʳʤ ʩʚʝʯʝʥʠʝʤ, ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ II ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ, ʦʯʝʥʴ ʨʝʜʢʦ (0,6-1,3%) ʩʦ ʩʣʘʙʳʤ ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ 
ʮʚʝʪʘ ʟʦʥʘʣʴʥʳʤ ʩʚʝʯʝʥʠʝʤ, ʘ ʪʘʢʞʝ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʚʠʜʠʤʦʛʦ ʩʚʝʯʝʥʠʷ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʘʭ. ʇʦʚʳʰʝʥʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʩ ʞʝʣʪʦ-ʟʝʣʝʥʳʤ ʠ ʧʦʥʠʞʝʥʥʳʤ - ʩ ʩʠʥʝ-ʛʦʣʫʙʳʤ ʩʚʝʯʝʥʠʝʤ ʠʟʫʯʝʥʥʳʝ ʘʣʤʘʟʳ ʥʝʩʢʦʣʴʢʦ 
ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʙʣʠʟʣʝʞʘʱʠʭ ʨʦʩʩʳʧʝʡ ʚʦʩʪʦʯʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. 

ɼʣʷ ʠʟʫʯʝʥʥʳʭ ʘʣʤʘʟʦʚ ʭʘʨʘʢʪʝʨʥʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ (ʮʝʣʦʩʪʥʦʩʪʴ) ʧʨʠ ʨʝʟʢʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ 
(56,2-64,2%) ʮʝʣʳʭ ʠ ʚ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʯʝʥʴ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʦʙʣʦʤʢʦʚ ʠ 
ʙʝʩʬʦʨʤʝʥʥʳʭ ʦʩʢʦʣʢʦʚ. 

ɸʣʤʘʟʳ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ "ʠʩʪʠʨʘʥʠʷ" ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʚʩʪʨʝʯʝʥʳ ʪʦʣʴʢʦ ʧʦ ʫʯʘʩʪʢʫ 

ʍʘʭʯʘʥ, ʛʜʝ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ 6,0% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʩʝʭ ʢʨʠʩʪʘʣʣʦʚ, ʘ ʧʦ ʫʯʘʩʪʢʘʤ ʂʶʣʝʥʢʝ (ʥʘʭʦʜʢʘ 1999ʛ), ʃʠʥʜʝ 
ʠ ʉʝʨʢʝ - ʥʝ ʚʩʪʨʝʯʝʥʳ. 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʧʦʣʦʩʳ 
ʇʨʠʣʝʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʅʠʞʥʝʧʨʠʣʝʥʩʢʦʝ, ʉʨʝʜʥʝʧʨʠʣʝʥʩʢʦʝ ʠ ɺʝʨʭʥʝʧʨʠʣʝʥʩʢʦʝ ʧʦʣʷ) ʙʣʠʟʢʠ ʧʦ ʩʚʦʠʤ 
ʪʠʥʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʱʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʥʳʭ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 
ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ V ʠ VII 
ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ çʫʨʘʣʴʩʢʦʛʦè (çʙʨʘʟʠʣʴʩʢʦʛʦè) 
ʪʠʧʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʢʨʫʧʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʨʦʩʩʳʧʷʭ ʩʘʤʦʡ 

ʶʞʥʦʡ ʯʘʩʪʠ ʇʨʠʣʝʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʨ. ʂʶʣʝʥʢʝ) ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ V ʠ VII ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚ 
ʢʨʫʧʥʦʤ ʢʣʘʩʩʝ - 4+2 ʤʤ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 20,7%, ʯʪʦ ʟʘʤʝʪʥʦ ʥʠʞʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʢʘʢ ʩ ʨʦʩʩʳʧʷʤʠ ʠʟ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ 
ʢʦʣʣʝʢʪʦʨʦʚ ʕʙʝʣʷʭʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʧʣʦʱʘʜʠ, ʪʘʢ ʠ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʅʠʞʥʝʣʝʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ 
ʨʘʡʦʥʘ ʠ ʩʙʣʠʞʘʝʪ ʠʭ ʩ ʨʦʩʩʳʧʷʤʠ ʉʨʝʜʥʝʦʣʝʥʝʢʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. ʕʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʨʘʟʣʠʯʠʝ ʪʠʧʦʚ 
ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʚ ʧʨʝʜʝʣʘʭ ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʠ ʠʭ ʧʦʣʠʛʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 
ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʧʦʥʠʞʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʢʘʤʥʝʡ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 
ʨ. ʕʣʠʝʪʠʙʠʝ), ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʢʘʢ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠʭ ʜʨʝʚʥʠʭ ʚʪʦʨʠʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʣʝʥʥʦʩʪʠ 
ʦʪ ʙʝʨʝʛʦʚʦʡ ʣʠʥʠʠ, ʪʘʢ ʠ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʣʠʟʢʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. ʀʟ ʜʨʫʛʠʭ ʪʠʧʦʤʦʨʬʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʧʦʥʠʞʝʥʥʦʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʨʝʛʠʦʥʘʤʠ ʩʦʜʝʨʞʘʥʠʝ ʜʚʦʡʥʠʢʦʚ ʠ 

ʩʨʦʩʪʢʦʚ, ʘ ʪʘʢʞʝ ʢʘʤʥʝʡ ʩ ʪʚʝʨʜʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ. ɺ ʮʝʣʦʤ ʪʠʧʦʤʦʨʬʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠʟ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 
ʨʦʩʩʳʧʝʡ ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ ʙʣʠʟʢʠ ʢ ʢʨʠʩʪʘʣʣʘʤ ʠʟ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʶʨʩʢʦʛʦ 
(ʥʠʞʥʝʚʦʣʞʩʢʦʛʦ) ʚʦʟʨʘʩʪʘ ʤʝʞʜʫʨʝʯʴʷ pp. ʄʦʣʦʜʦ-ʉʶʥʛʶʜʵ-ʃʝʥʘ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʵʪʠ ʘʣʤʘʟʦʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ 
ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʝʯʝʥʳ ʠ ʚ ʜʨʫʛʠʭ ʤʝʩʪʘʭ ʚʦʩʪʦʯʥʦʛʦ ʠ ʶʛʦ-ʚʦʩʪʦʯʥʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ. ʇʦ ʩʚʦʠʤ 
ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʳ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ 
ʇʨʠʣʝʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ (ʂʶʪʶʥʛʜʠʥʩʢʦʝ ʠ ʄʦʣʦʜʦ-ɼʘʣʜʳʥʩʢʦʝ ʧʦʣʝ) ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʘʩʩʦʮʠʘʮʠʠ 
çʢʁʪʶʥʛʜʠʥʩʢʦʛʦè ʪʠʧʘ. 

ɸʥʘʣʠʟ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ɺʝʨʭʥʝʪʶʥʛʩʢʦʛʦ ʧʦʣʷ (pp. ʊʶʥʛ, ʏʠʤʠʜʠʢʵʵʥ, 

ʉʘʣʘʢʫʪ, ʋʣʘʭʘʥ-ɼʘʣʜʳʥ, ɼʘʘʣʜʳʢʘʥ, ʄʫʥʘʢʘʘʥ, ɸʪʳʨʜʞʘʭ ʠ ʜʨ.) ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʝʝ. ɼʣʷ ʘʣʤʘʟʦʚ 
ʭʘʨʘʢʪʝʨʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ ʢʨʫʧʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʩʦʢʦʝ (ʜʦ 40-50%) ʩʦʜʝʨʞʘʥʠʝ ʦʢʨʫʛʣʳʭ ʬʦʨʤ 
çʫʨʘʣʴʩʢʦʛʦè (çʙʨʘʟʠʣʴʩʢʦʛʦè) ʪʠʧʘ, ʷʚʣʷʶʱʠʭʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ 
ʮʝʥʪʨʘʣʴʥʦ-ʩʠʙʠʨʩʢʦʛʦ ʪʠʧʘ. ʀ ʠʤʝʥʥʦ ʦʥʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ɿʠʥʯʫʢ ʠ ʜʨ., 1999). 
ʇʦ ʩʚʦʠʤ ʪʠʧʦʤʦʨʬʥʳʤ ʩʦʙʝʥʥʦʩʪʷʤ ʵʪʠ ʘʣʤʘʟʳ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʠʟ ʜʨʫʛʠʭ ʙʣʠʟʣʝʞʘʱʠʭ ʨʦʩʩʳʧʥʳʭ ʧʦʣʝʡ ʩʝʚʝʨʦ-
ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (pp. ʍʘʭʯʘʥ, ʂʶʣʝʥʢʝ, ʩʨʝʜʥʝʝ ʪʝʯʝʥʠʝ ʨ. ʄʫʥʘ, ʥʠʞʥʝʝ ʪʝʯʝʥʠʝ ʨ. ʄʦʪʦʨʯʫʥʘ ʠ ʜʨ.), 
ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʢʦʪʦʨʳʭ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ (ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003). ɸʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʚʦʠʤ 
ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʘʣʤʘʟʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʬʦʨʤʘʮʠʡ ʄʠʨʘ 

(ʄʝʪʝʣʢʠʥʘ ʠ ʜʨ., 1976). ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʥʠʤʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʠʧʦʤʦʨʬʥʳʝ ʜʣʷ ʜʨʫʛʠʭ ʨʦʩʩʳʧʝʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ 
ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʘʣʤʘʟʳ V ʠ VII (ʚ ʩʫʤʤʝ ʜʦ 10-15%) ʠ II (ʜʦ 5%) ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ (ɿʠʥʯʫʢ, ʂʦʧʪʠʣʴ, 2003). ɺʤʝʩʪʝ 
ʩ ʪʝʤ, ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ I 
ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʛʘʙʠʪʫʩʦʚ (ʚ ʩʫʤʤʝ 35-40%) ʩʨʝʜʠ ʘʣʤʘʟʦʚ ʄʫʥʦ-ʊʶʥʛʩʢʦʛʦ ʨʘʡʦʥʘ ʚ ʜʚʘ-ʯʝʪʳʨʝ ʨʘʟʘ ʚʳʰʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʙʣʠʟʣʝʞʘʱʠʤʠ ʨʦʩʩʳʧʷʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʯʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ 
ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ ʥʘʭʦʞʜʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 
ʨʝʛʠʦʥʘ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ, ʰʣʝʡʬʳ ʨʘʟʤʳʚʘ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ 
ʥʝʙʦʣʴʰʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʩʠʩʪʝʤʦʡ ʪʨʫʙʢʠ ɺʝʨʭʥʝʤʫʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ - ʨʦʩʩʳʧʴ ʋʫʣʘʘʭ-

ʄʫʥʘ ʜʣʠʥʦʡ ʜʦ 30 ʢʤ). ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʦʩʩʳʧʷʭ ɺʝʨʭʥʝʪʶʥʛʩʢʦʛʦ ʨʦʩʩʳʧʥʦʛʦ ʧʦʣʷ ʧʦʣʥʦʩʪʴʶ 
ʦʪʩʫʪʩʪʚʫʶʪ ʪʠʧʦʤʦʨʬʥʳʝ ʜʣʷ ʵʪʠʭ ʪʨʫʙʦʢ ʣʠʣʦʚʦ-ʢʦʨʠʯʥʝʚʳʝ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʩ ʰʘʛʨʝʥʴʶ ʠ ʧʦʣʦʩʘʤʠ ʧʣʘʩʪʠʯʝʩʢʦʡ 
ʜʝʬʦʨʤʘʮʠʠ, ʘʥʘʣʦʛʠʯʥʳʝ ʘʣʤʘʟʘʤ ʞʠʣʴʥʦʛʦ ʪʠʧʘ, ʘ ʪʘʢʞʝ ʩ ʢʘʚʝʨʥʘʤʠ, ʩ ʟʝʣʝʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, ʧʦʥʠʞʝʥʥʳʤ 
ʩʦʜʝʨʞʘʥʠʝʤ ʘʟʦʪʘ ʚ ʬʦʨʤʝ ɸ-ʮʝʥʪʨʘ ʠ ʙʝʟʘʟʦʪʥʳʝ. ʕʪʦ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʩʥʦʩʘ ʩ ʪʨʫʙʦʢ 
ɺʝʨʭʥʝʤʫʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʚ ʶʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʠʩʪʦʨʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 
ʪʝʨʨʠʪʦʨʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʄ.ɸ. ʄʠʰʝʥʠʥʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʀ. ʏʝʨʥʳʰʦʚ 
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ɺ ʧʨʝʜʝʣʘʭ ʂʘʥʩʢʦʡ ʛʣʳʙʳ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʢʨʘʝʚʦʡ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʚʳʷʚʣʝʥʳ 
ʟʝʣʝʥʦʢʘʤʝʥʥʳʝ ʧʦʷʩʘ, ʩʣʦʞʝʥʥʳʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ (ʛʥʝʡʩʘʤʠ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʣʘʥʮʘʤʠ, 
ʘʤʬʠʙʦʣʠʪʘʤʠ, ʤʨʘʤʦʨʘʤʠ), ʦʪʚʝʯʘʶʱʠʤʠ ʫʩʣʦʚʠʷʤ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʠ ʵʧʠʜʦʪ-ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʡ (ʅʦʞʢʠʥ ʠ ʜʨ., 
1996). ʉʨʝʜʠ ʥʠʭ ʢʘʨʪʠʨʫʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʪʝʣʘ ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʜʚʫʤ ʛʝʥʝʪʠʯʝʩʢʠʤ ʪʠʧʘʤ ï 
ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʠ ʨʝʩʪʠʪʦʚʦʤʫ, ʦʙʲʝʜʠʥʷʝʤʳʭ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʜʚʘ ʢʦʤʧʣʝʢʩʘ: ʢʠʥʛʘʰʩʢʠʡ ʜʫʥʠʪ-ʚʝʨʣʠʪ-ʧʠʢʨʠʪʦʚʳʡ 
ʠ ʠʜʘʨʩʢʠʡ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʳʡ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʫʣʴʪʨʘʤʘʬʠʪʳ ʢʠʥʛʘʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ ʩʚʦʝʤʫ ʩʦʩʪʘʚʫ ʙʣʠʟʢʠ 
ʧʦʨʦʜʘʤ ʂʠʥʛʘʰʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʏʝʨʥʳʰʦʚ ʠ ʜʨ., 2004), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʵʪʘʣʦʥʥʳʡ ʦʙʲʝʢʪ ʜʣʷ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 
ʷʚʣʷʝʪʩʷ ʨʫʜʦʚʤʝʱʘʶʱʠʤ ʜʣʷ ʦʜʥʦʠʤʝʥʥʦʛʦ Pt-Cu-Ni ï ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʂʦʨʥʝʚ, ɽʭʘʥʠʥ, 1997). ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ 

ʦʙʲʝʜʠʥʷʝʪ ʜʫʥʠʪʳ, ʚʝʨʣʠʪʳ, ʠʭ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʤʝʪʘʧʠʢʨʠʪʳ - ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ 
ʤʝʪʘʢʦʤʘʪʠʠʪʳ, ʜʣʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʥʳʤʠ ʷʚʣʷʶʪʩʷ ʢʫʤʫʣʷʪʠʚʥʳʝ ʠ ʙʣʘʩʪʦʧʦʨʬʠʨʦʚʳʝ ʩʪʨʫʢʪʫʨʳ. ʈʘʟʥʦʦʙʨʘʟʠʝ 
ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʦʯʝʚʠʜʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ ʢʦʤʘʪʠʠʪ-ʧʠʢʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʢʦʪʦʨʘʷ 
ʧʨʦʠʩʭʦʜʠʣʘ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨʘʭ. ʈʝʩʪʠʪʦʚʳʝ ʫʣʴʪʘʤʘʬʠʪʳ ʠʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʝʥʳ, 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʜʫʥʠʪʘʤʠ, ʛʘʨʮʙʫʨʛʠʪʘʤʠ ʠ ʠʭ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʷʤʠ. ɼʣʷ ʜʫʥʠʪʦʚ ʠ ʛʘʨʮʙʫʨʛʠʪʦʚ 
ʭʘʨʘʢʪʝʨʥʳ ʩʪʨʫʢʪʫʨʳ, ʩʚʦʡʩʪʚʝʥʥʳʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤ ʧʦʨʦʜʘʤ: ʛʨʘʥʦʙʣʘʩʪʦʚʳʝ ʠ ʧʦʨʬʠʨʦʢʣʘʩʪʦʚʳʝ. ʆʣʠʚʠʥ ʠ 

ʵʥʩʪʘʪʠʪ ʦʙʳʯʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʠʟʥʘʢʠ 
ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ: ʥʝʦʜʥʦʨʦʜʥʦʝ 

ʧʦʛʘʩʘʥʠʝ ʠ ʧʦʣʦʩʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʟʣʦʤʘ. 
ʇʦʜʦʙʥʳʝ ʜʫʥʠʪʳ ʠ ʛʘʨʮʙʫʨʛʠʪʳ ʩʣʘʛʘʶʪ 
ʢʨʫʧʥʳʡ ʆʩʧʠʥʩʢʠʡ ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʡ ʤʘʩʩʠʚ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ 
ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ, ʠ ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ 
ʬʨʘʛʤʝʥʪ ʥʠʞʥʝʡ ʯʘʩʪʠ ʦʬʠʦʣʠʪʦʚʦʛʦ ʧʦʢʨʦʚʘ 
(ɻʦʥʯʘʨʝʥʢʦ, ʏʝʨʥʳʰʦʚ, 1990). 

ɹʳʣʘ ʧʨʦʚʝʜʝʥʘ ʧʝʪʨʦʭʠʤʠʯʝʩʢʘʷ 

ʪʠʧʠʟʘʮʠʷ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʂʘʥʩʢʦʛʦ 
ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʦʩʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʥʳʤʠ 
ʤʘʩʩʠʚʘʤʠ: ʂʠʥʛʘʰʩʢʠʤ ʠ ʆʩʧʠʥʩʢʠʤ. ʅʘ 
ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʃ.ɺ. ɼʤʠʪʨʠʝʚʘ 
(ʨʠʩ.1) ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʦʙʦʠʭ 
ʢʦʤʧʣʝʢʩʦʚ ʦʙʨʘʟʫʶʪ ʦʙʦʩʦʙʣʝʥʥʳʝ, ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʧʝʨʝʩʝʢʘʶʱʠʝʩʷ ʧʦʣʷ. ʄʘʛʤʘʪʠʯʝʩʢʠʝ 
ʫʣʴʪʨʘʤʘʬʠʪʳ ʢʠʥʛʘʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ 

ʵʪʘʣʦʥʥʦʛʦ ʢʠʥʛʘʰʩʢʦʛʦ ʤʘʩʩʠʚʘ ʬʦʨʤʠʨʫʶʪ 
ʝʜʠʥʦʝ ʥʝʧʨʝʨʳʚʥʦʝ ʣʠʥʝʡʥʦ ʚʳʪʷʥʫʪʦʝ ʧʦʣʝ, 
ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʧʦ ʩʦʩʪʘʚʫ 
ʧʦʣʷʤ ʧʦʨʦʜ. ʊʘʢʦʡ ʥʘʧʨʘʚʣʝʥʥʳʡ ʪʨʝʥʜ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ 

ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʚʝʨʦʷʪʥʦ, ʦʪʚʝʯʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʘʪʠʠʪ-ʧʠʢʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. 
ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʨʝʩʪʠʪʦʚʳʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʠʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʆʩʧʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ 
ʢʦʤʧʘʢʪʥʦʝ ʧʦʣʝ ʚ ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʦʡ ʦʙʣʘʩʪʠ ʜʠʘʛʨʘʤʤʳ, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʶ ʩʦʩʪʘʚʘ ʛʘʨʮʙʫʨʛʠʪʦʚ. ʇʨʠ 

ʵʪʦʤ ʫʣʴʪʨʘʤʘʬʠʪʳ ʠʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʆʩʧʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʚʝʣʠʯʠʥʳ çSè, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʧʣʝʪʠʨʦʚʘʥʥʦʩʪʠ. 

 
 

ʈʠʩ.1. ʇʦʣʦʞʝʥʠʝ ʩʦʩʪʘʚʦʚ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʂʘʥʩʢʦʛʦ 

ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʦʷʩʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʃ.ɺ. ɼʤʠʪʨʠʝʚʘ 

ʋʣʴʪʨʘʤʘʬʠʪʳ: 1-ʢʠʥʛʘʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 2-ʂʠʥʛʘʰʩʢʦʛʦ 

ʤʘʩʩʠʚʘ; 3-ʠʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ; 4-ʆʩʧʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʇʦʣʷ 

ʩʦʩʪʘʚʦʚ: I-ʜʫʥʠʪʦʚ, II -ʛʘʨʮʙʫʨʛʠʪʦʚ, III -ʣʝʨʮʦʣʠʪʦʚ,  

IV-ʚʝʨʣʠʪʦʚ, V-ʦʨʪʦʧʠʨʦʢʩʝʥʠʪʦʚ, VI-ʚʝʙʩʪʝʨʠʪʦʚ,  

VII -ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚ, VIII ʘ-ʤʝʡʤʝʯʠʪʦʚ, VIII ʙ-ʧʠʢʨʠʪʦʚ, 

 IX-ʢʦʤʘʪʠʠʪʦʚ. ɸ=(Al2O3+CaO+Na2O+K2O); S=SiO2 -

(MgO+FeO+TiO2+MnO-ʛʘʨʮʙʫʨʛʠʪʦʚ) 



ʅʘ ʙʠʥʘʨʥʳʭ ʜʠʘʛʨʘʤʤʘʭ çMgO-SiO2è, çAl 2O3-TiO2è (ʨʠʩ.2) ʪʘʢʞʝ ʦʪʯʝʪʣʠʚʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 
ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʢ ʜʚʫʤ ʢʦʤʧʣʝʢʩʘʤ: ʢʠʥʛʘʰʩʢʦʤʫ ʠ ʠʜʘʨʩʢʦʤʫ. ʇʦʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 
ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʢʠʥʛʘʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʨʘʞʘʶʪ ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʚʳʩʦʛʦ ʤʘʛʥʝʟʠʘʣʴʥʦʛʦ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ. ʊʦʯʢʠ ʩʦʩʪʘʚʦʚ ʨʝʩʪʠʪʦʚʳʭ ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʠʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʯʝʥʴ 
ʢʦʤʧʘʢʪʥʦ, ʯʪʦ ʦʪʨʘʞʘʝʪ ʠʭ ʙʣʠʟʢʠʡ ʩʦʩʪʘʚ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʚʘʨʠʘʮʠʷʤʠ. ʇʨʠ ʵʪʦʤ ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʦʪʣʠʯʠʷ ʦʪ 
ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʆʩʧʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʝʧʣʝʪʠʨʦʚʘʥʥʳʤʠ. 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʫʣʴʪʨʘʤʘʬʠʪʳ ʢʠʥʛʘʰʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʦ 

ʩʪʨʫʢʪʫʨʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʘʛʤʘʪʠʯʝʩʢʠʤ ʦʙʨʘʟʦʚʘʥʠʷʤ 
ʢʦʤʘʪʠʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʩʣʘʛʘʶʱʝʡ ʛʠʧʘʙʠʩʩʘʣʴʥʳʝ ʠ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ. ʋʣʴʪʨʘʤʘʬʠʪʳ ʠʜʘʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʙʣʠʟʢʠ ʪʘʢʦʚʳʤ ʚ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʣʝʢʩʘʭ. ʆʥʠ ʷʚʣʷʶʪʩʷ ʤʘʥʪʠʡʥʳʤʠ ʨʝʩʪʠʪʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʢʦʪʦʨʳʝ, ʦʯʝʚʠʜʥʦ, 
ʙʳʣʠ ʧʝʨʝʤʝʱʝʥʳ ʚ ʚʝʨʭʥʠʝ ʵʪʘʞʠ ʣʠʪʦʩʬʝʨʳ ʚʜʦʣʴ ʛʣʫʙʠʥʥʳʭ ʥʘʜʚʠʛʦʚ, ʪʨʘʩʩʠʨʫʶʱʠʭ ʩʫʪʫʨʥʳʝ ʰʚʳ ʪʝʢʪʦʥʠʯʝʩʢʠ 
ʩʙʣʠʞʝʥʥʳʭ ʧʦʢʨʦʚʦʚ ʂʘʥʩʢʦʛʦ ʟʝʣʝʥʦʢʘʤʝʥʥʦʛʦ ʧʦʷʩʘ. 
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ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʧʨʦʛʥʦʟʥʳʭ ʧʨʠʟʥʘʢʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʰʣʳʭ ʣʝʪ ʚʳʙʠʨʘʶʪʩʷ 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ, ʥʦ ʥʝʜʦʠʟʫʯʝʥʥʳʝ ʧʣʦʱʘʜʠ, ʥʘ ʢʦʪʦʨʳʭ ʤʳ ʧʨʦʚʦʜʠʤ ʧʦʣʝʚʳʝ ʨʘʙʦʪʳ, ʯʪʦʙʳ ʜʘʪʴ ʦʙʦʩʥʦʚʘʥʥʦʝ 
ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʝʨʩʧʝʢʪʠʚʘʭ ʚʳʷʚʣʝʥʠʷ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʳʭ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɻʦʨʳ 
ʂʘʨʘʢʯʘʪʘʫ ʷʚʣʷʶʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʭʨʝʙʪʘ ʖʞʥʳʡ ʅʫʨʘʪʘʫ ʠ ʚʳʪʷʥʫʪʳ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ʈʘʟʤʝʱʝʥʠʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʪʦʯʝʢ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʦʣʦʪʘ ʚ ʧʨʝʜʝʣʘʭ ʛʦʨ ʂʘʨʘʢʯʘʪʘʫ ʠʤʝʝʪ ʦʪʯʝʪʣʠʚʳʡ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ï ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʦʪʣʦʞʝʥʠʷʤ ʢʝʤʙʨʠʡʩʢʦʛʦ ʠ ʦʨʜʦʚʠʢʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 
ɹʣʘʛʦʧʨʠʷʪʥʳʤʠ ʜʣʷ ʨʫʜʦʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʝʤʙʨʠʡ ï ʦʨʜʦʚʠʢʩʢʠʭ ʪʦʣʱ: 
ʧʦʚʳʰʝʥʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜ, ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʨʘʟʨʝʟʘ ʠ ʨʠʪʤʠʯʥʦʩʪʴ ʯʝʨʝʜʦʚʘʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʘʮʠʡ. ʇʦʚʳʰʝʥʥʘʷ 
ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʥʘʧʨʠʤʝʨ, ʧʦʚʳʰʝʥʥʘʷ 

ʭʨʫʧʢʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ), ʧʨʠʚʦʜʷʱʠʭ ʧʨʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʛʨʫʟʢʘʭ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʚʳʩʦʢʦʧʨʦʥʠʮʘʝʤʳʭ ʟʦʥ ʤʝʣʢʦʡ 
ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʦʪʩʣʦʝʥʠʶ ʧʣʘʩʪʦʚ. 

ʉʪʨʫʢʪʫʨʥʳʝ ʬʘʢʪʦʨʳ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʚ ʨʘʟʤʝʱʝʥʠʠ ʧʨʦʷʚʣʝʥʠʡ ʟʦʣʦʪʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʦʨ ʂʘʨʘʢʯʘʪʘʫ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʨʝʛʠʦʥʘʣʴʥʳʝ ʠ ʣʦʢʘʣʴʥʳʝ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

 
 

ʈʠʩ.2.  ɹʠʥʘʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʫʣʴʪʨʘʤʘʬʠʪʦʚʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʩʤ. ʨʠʩ.1 



ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʨʘʟʨʳʚʥʳʭ ʠ ʩʢʣʘʜʯʘʪʳʭ ʩʪʨʫʢʪʫʨ. ʇʦ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʤʫ ʟʥʘʯʝʥʠʶ ʨʘʟʨʳʚʥʳʝ 
ʩʪʨʫʢʪʫʨʳ ʪʝʨʨʠʪʦʨʠʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʨʫʜʦʚʳʚʦʜʷʱʠʝ, ʨʫʜʦʧʦʜʚʦʜʷʱʠʝ ʠ ʨʫʜʦʨʘʩʧʨʝʜʝʣʷʶʱʠʝ, ʨʫʜʦʣʦʢʘʣʠʟʫʶʱʠʝ. 
ɻʣʘʚʥʦʝ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʚ ʨʘʟʤʝʱʝʥʠʠ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʦʨ 

ʂʘʨʘʢʯʘʪʘʫ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʫʜʦʛʝʥʝʨʠʨʫʶʱʝʡ ʨʦʣʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʤʝʱʝʥʠʝ 
ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʥʘʜʠʥʪʨʫʟʠʚʥʳʤʠ ʧʦʟʠʮʠʷʤʠ ʥʝʵʨʦʜʠʨʦʚʘʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʪʝʣ, 
ʧʦʟʠʮʠʷʤʠ ʠʭ ʵʢʟʦʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʝʡ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʜʘʡʢʦʚʳʭ ʧʦʣʝʡ ʠ ʧʦʷʩʦʚ. ʈʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʧʦʠʩʢʦʚʳʝ 
ʧʨʠʟʥʘʢʠ ʵʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʬʘʢʪʳ, ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ ʥʘʣʠʯʠʝ ʠʣʠ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʣʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ 
ʠʩʢʦʧʘʝʤʳʭ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ: ʩʣʝʜʳ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ, ʠʟʤʝʥʝʥʠʶ ʠ 
ʨʘʟʨʫʰʝʥʠʶ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʦʩʦʙʝʥʥʳʝ ʬʠʟʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ 
ʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ʂ ʧʨʷʤʳʤ ʧʦʠʩʢʦʚʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 
ʧʨʠʟʥʘʢʘʤ ʦʪʥʦʩʷʪʩʷ ʢʦʨʝʥʥʳʝ ʚʳʭʦʜʳ ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʦʡ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʧʦ ʜʘʥʥʳʤ ʦʧʨʦʙʦʚʘʥʠʷ (ʦʪ 1 ʛ/ʪ ʠ ʙʦʣʝʝ), ʰʣʠʭʦʚʳʝ ʦʨʝʦʣʳ 
ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. ʊʘʢʠʭ ʧʨʠʟʥʘʢʦʚ ʚ ʛʦʨʘʭ ʂʘʨʘʢʯʘʪʘʫ ʠʤʝʝʪʩʷ ʥʝʤʥʦʛʦ, ʠ ʦʥʠ ʦʪʨʘʞʝʥʳ ʚ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪʝ 
ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ʆʙʳʯʥʦ ʧʨʷʤʳʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʩʦʧʨʦʚʦʞʜʘʶʪ ʵʨʦʜʠʨʦʚʘʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ 
ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʨʫʜʥʳʭ ʪʝʣ, ʥʦ ʪʘʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚ ʛʦʨʘʭ ʂʘʨʘʢʯʘʪʘʫ ʥʝ ʚʳʷʚʣʝʥʦ. ʇʨʠ ʧʦʠʩʢʘʭ 
ʩʢʨʳʪʦʛʦ ʠ ʩʣʘʙʦʵʨʦʜʠʨʦʚʘʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʩʙʦʨ ʠ ʫʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ 
ʠʥʬʦʨʤʘʮʠʠ ï ʢʦʩʚʝʥʥʳʭ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ. ʂ ʢʦʩʚʝʥʥʳʤ ʧʦʠʩʢʦʚʳʤ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʦʪʥʦʩʷʪʩʷ 
ʧʨʠʟʥʘʢʠ, ʬʠʢʩʠʨʫʶʱʠʝ ʩʣʝʜʳ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʧʨʦʛʥʦʟʠʨʫʝʤʦʝ ʦʨʫʜʝʥʝʥʠʝ ʟʦʣʦʪʦ-
ʢʚʘʨʮʝʚʦʛʦ ʠ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ ʛʝʦʣʦʛʦ-ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ. 

ʈʘʟʙʨʘʢʦʚʢʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʧʨʦʚʦʜʠʪʩʷ ʩ ʮʝʣʴʶ ʦʧʦʟʥʘʥʠʷ ʩʨʝʜʠ ʥʠʭ ʦʨʝʦʣʦʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 
ʨʫʜʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʈʫʜʥʘʷ ʧʨʠʨʦʜʘ ʘʥʦʤʘʣʠʡ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ, ʥʝ ʪʦʣʴʢʦ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ. ʄʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʮʝʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ʙʘʟʠʨʫʶʪʩʷ ʥʘ 
ʜʘʥʥʳʭ ʦʙʲʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ ʨʫʜʥʦ-ʦʨʝʦʣʴʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʵʪʘʣʦʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʧʨʠʤʝʥʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʥʦ-
ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʧʦ ʘʥʘʣʦʛʠʠ (ʫʨʦʚʥʶ ʧʦʜʦʙʠʷ) ʠʟʫʯʘʝʤʳʭ ʘʥʦʤʘʣʠʡ ʩ ʘʥʦʤʘʣʠʷʤʠ ʵʪʘʣʦʥʥʳʭ 
ʦʙʲʝʢʪʦʚ. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʨʫʜʦʛʝʥʥʦʡ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʝʨʦʷʪʥʦʩʪʥʳʭ 
ʤʘʩʰʪʘʙʦʚ ʦʞʠʜʘʝʤʦʛʦ (ʧʨʦʛʥʦʟʠʨʫʝʤʦʛʦ) ʦʨʫʜʝʥʝʥʠʷ ʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʧʨʦʛʥʦʟʥʳʭ 
ʨʝʩʫʨʩʦʚ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʢʨʳʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʨʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʨʝʦʣʦʚ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʥʘʜʨʫʜʥʳʭ ʫʨʦʚʥʝʡ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʦʨʝʦʣʳ ʟʦʣʦʪʘ ʠ ʵʣʝʤʝʥʪʦʚ-ʩʧʫʪʥʠʢʦʚ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʘ ʜʝʩʷʪʢʠ, ʧʝʨʚʳʝ ʩʦʪʥʠ ʤʝʪʨʦʚ ʦʪ 
ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳ ʨʫʜʥʦʛʦ ʪʝʣʘ ʠ ʨʝʜʢʦ ʙʦʣʝʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʣʦʢʘʣʠʟʘʮʠʠ 
ʦʨʫʜʝʥʝʥʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʥʜʦʛʝʥʥʳʤʠ ʦʢʦʣʦʨʫʜʥʳʤʠ ʧʦʣʠʢʦʤʧʦʥʝʥʪʥʳʤʠ ʦʨʝʦʣʘʤʠ, ʩʢʨʳʪʦʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ 
ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʥʘʜʨʫʜʥʦʡ ʯʘʩʪʠ ʩʣʘʙʳʤʠ ʠ ʤʘʣʦʢʦʥʪʨʘʩʪʥʳʤʠ ʦʨʝʦʣʘʤʠ ʨʫʜʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʥʘ ʙʦʣʝʝ ʫʜʘʣʝʥʥʳʭ 
ʧʦ ʚʝʨʪʠʢʘʣʠ ʫʨʦʚʥʷʭ ʤʘʨʢʠʨʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʰʠʨʦʢʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʪʘʢʠʭ ʢʘʢ 
J, Hg, Br, Cl, B, Sb, Ag, As, Cs, Rb ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʫʜʥʦʬʦʨʤʘʮʠʦʥʥʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʨʫʜʝʥʝʥʠʷ. 
ʇʦʠʩʢʠ ʩʢʨʳʪʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʧʦ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ ʨʘʩʩʝʷʥʠʷ ʠʟ-ʟʘ ʧʦʥʠʞʝʥʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʠ 
ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʥʘʙʦʨʘ ʵʣʝʤʝʥʪʦʚ-ʠʥʜʠʢʘʪʦʨʦʚ ʥʝ ʚʩʝʛʜʘ ʵʬʬʝʢʪʠʚʥʳ. 

ʂ ʯʠʩʣʫ ʧʨʷʤʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʛʦʨ ʂʘʨʘʢʯʘʪʘʫ ʦʪʥʦʩʷʪʩʷ: 
1) ʪʦʯʢʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ ʚ ʢʦʨʝʥʥʳʭ ʚʳʭʦʜʘʭ (ʦʪ ʩʦʪʳʭ ʛ/ʪ Au ʠ ʙʦʣʝʝ); 2) ʚʪʦʨʠʯʥʳʝ ʦʨʝʦʣʳ 
ʨʘʩʩʝʷʥʠʷ ʟʦʣʦʪʘ ʠ ʤʳʰʴʷʢʘ, ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʥʦʛʦ ʩ ʟʦʣʦʪʦʤ ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʧʨʦʮʝʩʩʘʭ; 3) ʚʳʩʦʢʘʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʂʦʩʚʝʥʥʳʤʠ ʧʦʠʩʢʦʚʳʤʠ ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʷʚʣʷʶʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʦʨʝʦʣʳ ʵʣʝʤʝʥʪʦʚ-
ʠʥʜʠʢʘʪʦʨʦʚ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ï As, Ag, Pb, Cu, Hg, Cd, Zn. ɺ ʛʦʨʘʭ ʂʘʨʘʢʯʘʪʘʫ ʦʥʠ ʥʝ ʠʤʝʶʪ ʧʣʦʱʘʜʥʦʛʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʧʦʵʪʦʤʫ ʚ ʘʥʘʣʠʟʝ ʧʝʨʩʧʝʢʪʠʚ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʥʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ. ʆʨʝʦʣʳ ʨʪʫʪʠ ʚʳʩʦʢʦʡ 
ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʪʫʪʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʟʦʣʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʣʣʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʦʙ ʧʦʢʘʟʳʚʘʶʪ ʥʘʣʠʯʠʝ ʟʦʣʦʪʘ ʦʪ 0.005 ʜʦ 0.04 
ʛ/ʪ. ʇʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʨʝʦʣʘʭ > 0.04 ʛ/ʪ ʦʪʤʝʯʝʥʳ ʚ 5 ʤʝʩʪʘʭ ʥʘ ʫʯʘʩʪʢʝ ʂʦʢʩʘʡ ʠ 2-ʭ ʤʝʩʪʘʭ ʥʘ ʫʯʘʩʪʢʝ 
ɸʣʷʤʜʳ. ʊʘʢʞʝ ʥʘ ʫʯʘʩʪʢʝ ʅʘʡʤʘʥʙʫʣʘʢ ʠʤʝʝʪʩʷ ʥʘʣʠʯʠʝ Au ʜʦ 0.04 ʛ/ʪ ʚ 4-ʭ ʤʝʩʪʘʭ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ As ʦʜʠʥʘʢʦʚʦ (ʜʦ 
0.009 ʛ/ʪ) ʯʘʩʪʦʝ ʥʘ ʫʯʘʩʪʢʘʭ ʂʦʢʩʘʡ ʠ ɸʣʷʤʜʳ ʠ ʤʝʥʝʝ ʯʘʩʪʦʝ ʥʘ ʫʯʘʩʪʢʘʭ ʊʫʩʫʥ ʠ ʅʘʡʤʘʥʙʫʣʘʢ. 

ɸʥʘʣʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ Au ʠ As ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʧʨʝʜʝʣʘʭ ʂʘʨʘʢʯʘʪʘʫʩʢʦʡ 
ʟʦʥʳ ʩʤʷʪʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʷ ʘʨʝʘʣʦʚ (ʦʙʣʘʩʪʝʡ) ʩ ʨʘʟʚʠʪʠʝʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ Au ʠ 
As, ʪʦʛʜʘ ʢʘʢ ʥʘ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʛʦʨ ʂʘʨʘʢʯʘʪʘʫ ʦʥʠ ʯʘʩʪʦ ʧʨʦʷʚʣʷʶʪ ʨʘʟʦʙʱʝʥʥʦʩʪʴ ʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ. ɺ ʧʨʝʜʝʣʘʭ 
ʦʨʝʦʣʦʚ ʤʳʰʴʷʢʘ ʠ ʟʦʣʦʪʘ ʯʘʩʪʦ ʬʠʢʩʠʨʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʙʦʚʘʥʠʷ ʢʦʨʝʥʥʳʭ 

ʧʦʨʦʜ ʚ ʢʦʣʠʯʝʩʪʚʝ 0,01-0,1 ʛ/ʪ, ʨʝʞʝ ï ʤʳʰʴʷʢʘ ʚ ʩʦʜʝʨʞʘʥʠʷʭ 0,02-0,06%, ʘ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʦʙʦʚʘʥʠʷ ʢʦʨʝʥʥʳʭ 
ʧʦʨʦʜ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ (ʢʘʥʘʚ) ʚ ʩʦʜʝʨʞʘʥʠʷʭ > 0,1 ʛ/ʪ. ʆʪʤʝʯʘʝʪʩʷ ʦʪʯʝʪʣʠʚʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ 
ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʪʦʯʝʯʥʳʭ ʘʥʦʤʘʣʠʡ ʟʦʣʦʪʘ ʢ ʂʘʨʘʢʯʘʪʘʫʩʢʦʡ ʟʦʥʝ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʧʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤ ʪʦʯʢʘʤ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʣʘʩʩ ʩʦʜʝʨʞʘʥʠʡ 0,1-1,0 ʛ/ʪ ʩʦʩʪʘʚʣʷʝʪ 95%. ɹʦʣʝʝ 
ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʜʦʩʪʠʛʘʷ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ʟʥʘʯʝʥʠʡ 3,0-4,5 ʛ/ʪ ʠ ʨʝʜʢʦ ʙʦʣʝʝ. 
ʇʦʩʣʝʜʥʠʝ ʩʚʷʟʘʥʳ ʩ ʫʯʘʩʪʢʘʤʠ ʦʩʚʝʪʣʝʥʠʷ ʠ ʣʠʤʦʥʠʪʠʟʘʮʠʠ ʧʦʨʦʜ, ʧʨʦʷʚʣʝʥʠʷ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ 
ʧʨʝʜʝʣʘʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʟʦʥ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʜʨʦʙʣʝʥʠʷ, ʙʨʝʢʯʠʨʦʚʘʥʠʷ ʧʦʨʦʜ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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(ʅɸ ʇʈʀʄɽʈɽ ɸɹɼɾɸɿʉʂʆʁ ʇʃʆʑɸɼʀ ʈɽʉʇʋɹʃʀʂʀ ʋɿɹɽʂʀʉʊɸʅ) 



ʖ.ʉ. ʄʫʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʟʘʚʝʜʫʶʱʠʡ ʢʘʬʝʜʨʦʡ ʈ.ʀ. ʂʦʥʝʝʚ 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʋʟʙʝʢʠʩʪʘʥʘ ʠʤʝʥʠ ʄʠʨʟʦ ʋʣʫʛʙʝʢʘ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

 
ɸʙʜʞʘʟʩʢʘʷ ʧʦʠʩʢʦʚʘʷ ʧʣʦʱʘʜʴ ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʩʝʚʝʨʥʦʤ ʩʢʣʦʥʝ ʂʫʨʘʤʠʥʩʢʦʛʦ ʭʨʝʙʪʘ ʚʙʣʠʟʠ ʛ. ɸʣʤʘʣʳʢ ʠ 

ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ ʤʝʞʜʫʨʝʯʴʷ ʇʠʩʪʘʣʠ ï ɸʙʜʞʘʟ ʚ ʠʭ ʥʠʞʥʝʤ ʪʝʯʝʥʠʠ. 
ʇʣʦʱʘʜʴ ʙʳʣʘ ʚʳʜʝʣʝʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 1989-2004 ʛʛ. ʧʦ ʣʝʚʦʙʝʨʝʞʴʶ ɸʙʜʞʘʟʩʢʘʷ ɺ.ʀ. 

ɺʦʢʘʣʦʤ, ɺ.ɻ. ɺʘʩʠʣʴʝʚʦʡ, ʈ.ʀ. ʂʦʥʝʝʚʳʤ ʠ ʜʨ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʣʠʥʝʡʥʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ 
ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʙʣʘʛʦʧʨʠʷʪʥʫʶ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ɺ ʩʪʨʦʝʥʠʠ ʩʪʨʫʢʪʫʨʳ 
ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʧʘʣʝʦʟʦʡʩʢʠʝ ʠ ʤʝʟʦ-ʢʘʡʥʦʟʦʡʩʢʠʝ ʧʦʨʦʜʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ, ʚ ʦʩʥʦʚʥʦʤ, ʪʝʨʨʠʛʝʥʥʳʤʠ, 
ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʠ ʠʥʪʨʫʟʠʚʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ. ɸʙʜʞʘʟʩʢʘʷ 
ʣʠʥʝʡʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʦʩʣʝʞʝʥʘ ʥʘ 7,5 ʢʤ. ʆʙʱʘʷ ʝʝ ʤʦʱʥʦʩʪʴ 1,5 ʢʤ. ɺ ʝʝ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʷʶʪʩʷ ʟʦʥʳ 
ʨʘʟʣʦʤʦʚ ʩʫʙʰʠʨʦʪʥʦʛʦ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʡ. ʋʟʣʳ ʩʦʧʨʷʞʝʥʠʡ ʵʪʠʭ ʩʪʨʫʢʪʫʨ 

ʚʳʧʦʣʥʝʥʳ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʤʦʱʥʦʩʪʴʶ ʜʦ 1ʤ., ʣʠʥʟʦʦʙʨʘʟʥʳʤʠ ʪʝʣʘʤʠ ʠ ʛʫʩʪʦʡ ʩʝʪʴʶ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʦʚ, 
ʤʦʱʥʦʩʪʴʶ 0,1-0,2 ʤ. ʂʘʢ ʧʨʘʚʠʣʦ ʚ ʤʝʩʪʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʩ ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʦʪʤʝʯʘʶʪʩʷ 
ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ. ɹʫʨʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʛʣʫʙʠʥʘʭ 80 - 200ʤ ʚʩʢʨʳʪʦ ʩʣʝʧʦʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʠ 
ʚʳʜʝʣʝʥ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʫʯʘʩʪʦʢ ʊʝʨʝʢʣʠ. 

ʋʯʘʩʪʦʢ ʊʝʨʝʢʣʠ ʧʨʠʫʨʦʯʝʥ ʢ ʫʟʣʫ ʧʝʨʝʩʝʯʝʥʠʷ ɸʙʜʞʘʟʩʢʦʡ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤʠ ʨʘʟʣʦʤʘʤʠ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ 
ʘʥʜʝʟʠʪʦʚ, ʘʥʜʝʟʠʪʦ-ʜʘʮʠʪʦʚ, ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʥʘʜʘʢʩʢʦʛʦ, ʘʢʯʠʥʩʢʦʛʦ ʠ ʯʘʰʣʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʦʚ, ʜʘʡʢʠ ʠ ʰʪʦʢʠ 
ʛʨʘʥʦʜʠʦʨʠʪ-ʧʦʨʬʠʨʦʚ ʠ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ. ʈʫʜʥʳʝ ʪʝʣʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ʧʦʣʦʛʠʤ ʠ ʢʨʫʪʳʤ ʪʨʝʱʠʥʘʤ ʩʨʝʜʠ 

ʠʟʤʝʥʝʥʥʳʭ ʚʫʣʢʘʥʠʪʦʚ. ʉʨʝʜʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʳʜʝʣʷʶʪʩʷ ʛʘʣʝʥʠʪ, ʪʝʪʨʘʵʜʨʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʬʨʝʡʙʝʨʛʠʪ, 
ʘʨʩʝʥʦʧʠʨʠʪ. ʇʦ ʜʘʥʥʳʤ ICP MS Elan-DRSII ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʢʝʨʥʦʚʳʭ ʧʨʦʙʘʭ ʨʘʟʣʠʯʥʳʭ ʩʢʚʘʞʠʥ ʢʦʣʝʙʣʝʪʩʷ ʚ 
ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0,30 ʜʦ 70 ʛ/ʪ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʘʥʘʣʠʟʦʚ ʚʘʣʦʚʳʭ ʧʨʦʙ ʠ ʢʦʥʮʝʥʪʨʘʪʦʚ ʚ ʧʦʩʣʝʜʥʠʭ ʚʳʷʚʣʝʥʦ 
ʧʨʠʩʫʪʩʪʚʠʝ Pt, Pd, Se, Te, Sb, Hg. ɸʥʘʣʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ ʷʚʣʷʝʪʩʷ ʛʦʨʘʟʜʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤ, ʯʝʤ ʘʥʘʣʠʟ ʚʘʣʦʚʳʭ ʧʨʦʙ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠ ʤʠʢʨʦʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʥʥʦ-ʟʦʥʜʦʚʦʛʦ 
ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʘ Jeol ʚʳʷʚʠʣʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʪʝʣʣʫʨʠʜʦʚ ʠ ʩʝʣʝʥʠʜʦʚ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʜʝʣʝʥʦ 5 
ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ (ʪʘʙʣ.). ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʷʶʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ 
ʫʯʘʩʪʢʝ ʊʝʨʝʢʣʠ ɸʙʜʞʘʟʩʢʦʡ ʧʦʠʩʢʦʚʦʡ ʧʣʦʱʘʜʠ ʫʩʪʘʥʦʚʣʝʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʟʦʣʦʪʦ-ʪʝʣʣʫʨʦʚʦʡ 

ʬʦʨʤʘʮʠʠ. ʇʦʜʯʠʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʠ ʟʦʣʦʪʦ-ʤʳʰʴʷʢʦʚʦʡ ʬʦʨʤʘʮʠʡ, 
ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʟʙʝʢʠʩʪʘʥʘ (ʂʦʥʝʝʚ, 2003;  ʈʫʜʥʳʝé2001). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʪʠʧʠʟʘʮʠʠ ʠ ʦʮʝʥʢʝ 
ʧʝʨʩʧʝʢʪʠʚ ʩʢʨʳʪʦʛʦ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 

 

ʊʘʙʣʠʮʘ 

ʆʩʥʦʚʥʳʝ ʧʨʠʟʥʘʢʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʚʳʷʚʣʝʥʥʳʭ ʥʘ ʫʯʘʩʪʢʝ ʊʝʨʝʢʣʠ 
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ɸʩʩʦʮʠʘʮʠʷ 

ʂʚʘʨʮ-ʩʝʨʠʮʠʪ- 

ʛʠʜʨʦʩʣʶʜʠʩʪʦ- 

ʧʠʨʠʪʦʚʘʷ 

ɿʦʣʦʪʦ-ʧʠʨʠʪ- 

ʘʨʩʝʥʦʧʠʨʠʪʦ-

ʚʘʷ 

ɿʦʣʦʪʦ-ʪʝʣʣʫʨʠʜʥʘʷ 
ʕʣʝʢʪʨʫʤ-

ʧʦʣʠʩʫʣʴʬʠʜʥʘʷ 
ɻʠʧʝʨʛʝʥʥʘʷ 

ʉʦʩʪʘʚ 

ʂʚʘʨʮ 

ʉʝʨʠʮʠʪ 

ɻʠʜʨʦʩʣʶʜʘ 

ʇʠʨʠʪ 

ʍʣʦʨʠʪ 

ʕʧʠʜʦʪ 

ʈʫʪʠʣ 

As-ʧʠʨʠʪ 

ɸʨʩʝʥʦʧʠʨʠʪ 

ʍʘʣʴʢʦʧʠʨʠʪ 

ʇʠʨʨʦʪʠʥ 

ʊʝʪʨʘʵʜʨʠʪ                ɻʸʩʩʠʪ 

ʍʘʣʴʢʦʧʠʨʠʪ       ʉʬʘʣʝʨʠʪ 

ɻʘʣʝʥʠʪ               ɺʠʩʤʫʪʠʥ 

ʇʠʨʠʪ                       ʇʝʪʮʠʪ 

ɻʦʣʜʬʠʣʜʠʪ              ɸʣʪʘʠʪ 

ʉʠʣʴʚʘʥʠʪ            ʐʪʶʪʮʠʪ 

ʊʝʣʣʫʨʦʚʠʩʤʫʪʠʪ    ʂʘʚʘʮʫʣʠʪ 

ʊʝʪʨʘʜʠʤʠʪ       ʇʦʫʙʘʠʪ 

ʈʘʢʣʠʜʞʠʪ 

ʌʨʝʡʙʝʨʛʠʪ 

ʍʘʣʴʢʦʧʠʨʠʪ 

ɻʘʣʝʥʠʪ 

ʉʬʘʣʝʨʠʪ 

ʇʠʨʠʪ 

ɸʢʘʥʪʠʪ 

ʇʦʣʠʙʘʟʠʪ 

ɻʘʣʝʥʦʢʣʘʫʩʪʘʣʠʪ 

ɸʛʚʠʣʘʨʠʪ 

Ag ʩʘʤʦʨʦʜʥʦʝ 

ɻʸʪʠʪ 

ɻʠʜʨʦʛʸʪʠʪ 

ʇʠʨʦʣʶʟʠʪ 

ʇʩʠʣʦʤʝʣʘʥ 

ʗʨʦʟʠʪ 

ʄʘʣʘʭʠʪ 

ʄʠʤʝʪʠʪ 

 

ʌʦʨʤʘ 

ʧʨʦʷʚʣʝʥʠʷ 

ʇʦ ʚʩʝʡ 

ʤʝʨʠʜʠʦʥʘʣʴʥʦʡ 

ʩʪʨʫʢʪʫʨʝ 

ʃʠʥʝʡʥʳʝ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥ

ʥʳʝ ʟʦʥʳ 

ʤʦʱʥʦʩʪʴʶ 

10-15 ʤ ʚ 

ʤʝʨʠʜʠʦʥʘʣʴʥ

ʦʡ ʩʪʨʫʢʪʫʨʝ 

ʋʯʘʩʪʢʠ (ʫʟʣʳ) ʚ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʟʦʥʘʭ. 

ɺʦʟʤʦʞʥʦ ʪʨʫʙʯʘʪʳʝ ʈʕʉ r

ʋʯʘʩʪʢʠ (ʫʟʣʳ) ʥʘ 

ʚʝʨʭʥʠʭ ʫʨʦʚʥʷʭ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ 

ʟʦʥ 

ʈʘʟʚʠʚʘʶʪʩʷ 

ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ 

ʧʦ 

ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʟʦʥʘʤ, 

ʣʦʢʘʣʠʟʫʷʩʴ ʚ 

ʩʪʨʫʢʪʫʨʥʳʭ 

ʣʦʚʫʰʢʘʭ, ʥʘʜ 

ʵʢʨʘʥʘʤʠ 

ʉʦʜʝʨʞʘʥʠʝ 

Au ʠ Ag 

Au ʜʦ 0,5 ʛ/ʪ 

Ag ʜʦ 2,0 ʛ/ʪ 

Au 1-3 ʛ/ʪ 

Ag1-3 ʛ/ʪ 

Au ʜʦ 70 ʛ/ʪ 

Ag ʜʦ 50 ʛ/ʪ 

Au ʜʦ 5 ʛ/ʪ 

Ag ʜʦ 40 ʛ/ʪ 
Au ʜʦ 1500 ʛ/ʪ 

ʌʦʨʤʘ 

ʟʦʣʦʪʘ 
ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ 

ʪʦʥʢʦ-

ʜʠʩʧʝʨʩʥʦʝ 
ʪʝʣʣʣʫʨʠʜʥʦʝ ʵʣʝʢʪʨʫʤ (500-700) 900-1000 

ʕʣʝʤʝʥʪʳ 

ʠʥʜʠʢʘʪʦʨʳ 
- As, W, Ni, Co Te, Bi, Se, As, Sb Ag, Se, Sb Au 
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ʇɽʊʈʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʊʀʂɸ ɻɸɹɹʆʀɼʆɺ ɹɽʃɸʈʋʉʀ 

ʉ.ʅ. ʄʳʰʢʦʚʝʮ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʃ.ɺ. ʐʪʝʬʘʥ 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 

ɻʘʙʙʨʦʠʜʳ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʬʫʥʜʘʤʝʥʪʝ ɹʝʣʘʨʫʩʠ. ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ 
ʠʥʪʨʫʟʠʚʘʤ, ʟʘʣʝʛʘʶʱʠʤ ʩʨʝʜʠ ʘʨʭʝʡʩʢʠʭ ʠ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʇʦʨʦʜʳ ʬʫʥʜʘʤʝʥʪʘ ʧʝʨʝʢʨʳʪʳ ʤʦʱʥʳʤ ʦʩʘʜʦʯʥʳʤ ʯʝʭʣʦʤ, ʯʪʦ ʟʘʪʨʫʜʥʷʝʪ ʠʟʫʯʝʥʠʝ ʵʪʠʭ ʧʦʨʦʜ. ʅʦ, 
ʥʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʠʩʧʦʣʴʟʫʷ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʢʘʨʪʠʨʦʚʘʪʴ ʛʘʙʙʨʦʠʜʳ. ʎʝʥʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ʧʦʣʫʯʘʶʪ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʧʦʠʩʢʦʚʦ-ʩʲʸʤʦʯʥʳʭ ʨʘʙʦʪ. 

ɺ ʩʪʨʦʝʥʠʠ ʜʦʨʠʬʝʡʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ ɹʝʣʘʨʫʩʠ ʦʪʯʸʪʣʠʚʦ ʚʳʨʘʞʘʶʪʩʷ ʯʝʪʳʨʝ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʘ: 
ʥʠʞʥʝʘʨʭʝʡʩʢʠʡ, ʚʝʨʭʥʝʘʨʭʝʡʩʢʠʡ, ʥʠʞʥʠʡ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʠ ʚʝʨʭʥʠʡ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ. 

ʆʩʥʦʚʥʳʝ ʧʦʨʦʜʳ (ʛʘʙʙʨʦʠʜʳ) ʥʠʞʥʝʘʨʭʝʡʩʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʞʘ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʢʦʤʧʣʝʢʩʘ: 

ʛʦʣʝʥʦʚʩʢʠʡ ʠ ʙʝʨʸʟʦʚʩʢʠʡ, ʢʦʪʦʨʳʝ ʘʩʩʦʮʠʠʨʫʶʪ ʩ ʛʨʘʥʠʪʦʠʜʘʤʠ ʵʥʜʝʨʙʠʪ-ʯʘʨʥʦʢʠʪʦʚʦʛʦ ʨʷʜʘ. 
ɺʝʨʭʥʝʘʨʭʝʡʩʢʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ ʧʨʝʜʩʪʘʚʣʝʥ ʤʠʛʤʘʪʠʪ-ʛʨʘʥʠʪʦʛʥʝʡʩʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 

ʟʘʣʝʛʘʶʪ ʤʝʪʘʛʘʙʙʨʦ-ʥʦʨʠʪʳ ʢʦʨʝʣʠʯʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʅʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʵʪʘʞ ʩʣʦʞʝʥ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʚ 

ʩʝʙʷ ʤʝʪʘʤʦʨʬʠʪʳ ʘʤʬʠʙʦʣʠʪʦʚʦʡ ʬʘʮʠʠ ʠ ʛʘʙʙʨʦʠʜʳ ʨʫʩʠʥʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʉʨʝʜʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʚ ʚʝʨʭʥʝʤ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʦʤ ʩʪʨʫʢʪʫʨʥʦʤ ʵʪʘʞʝ ʚʳʜʝʣʝʥ ʢʘʤʝʥʝʮʢʠʡ ʢʦʤʧʣʝʢʩ. 
ɻʘʙʙʨʦʠʜʳ ʚʩʝʭ ʚʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ ʨʘʟʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤ, ʚʩʝ ʦʥʠ 

ʨʘʟʣʠʯʥʳ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ, ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ, ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʠ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʛʘʙʙʨʦʠʜʦʚ ɹʝʣʘʨʫʩʠ ʭʘʨʘʢʪʝʨʝʥ ʦʧʨʝʜʝʣʸʥʥʳʡ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ. ʕʪʠ ʧʦʨʦʜʳ 
ʩʦʜʝʨʞʘʪ ʧʣʘʛʠʦʢʣʘʟ, ʤʦʥʦʢʣʠʥʥʳʝ ʠ ʨʦʤʙʠʯʝʩʢʠʝ ʧʠʨʦʢʩʝʥʳ, ʨʦʛʦʚʫʶ ʦʙʤʘʥʢʫ. ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʛʘʙʙʨʦʠʜʘʭ 
ʩʦʜʝʨʞʘʪʩʷ ʠʣʴʤʝʥʠʪ ʠ ʤʘʛʥʝʪʠʪ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ ʠ ʭʘʣʴʢʦʧʠʨʠʪ, 
ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʘʧʘʪʠʪ ʠʣʠ ʛʨʘʥʘʪ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʪʦ ʛʣʘʚʥʳʤʠ ʦʢʠʩʣʘʤʠ ʷʚʣʷʶʪʩʷ: SiO2, Al 2O3, MgO, CaO, Na2O, Fe2O3, 
FeO ʠ ʜʨʫʛʠʝ ʧʝʪʨʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. 

ɻʘʙʙʨʦʠʜʳ ɹʝʣʘʨʫʩʠ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʧʣʘʪʬʦʨʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 
(ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ). ʊʝʣʘ ʛʘʙʙʨʦʠʜʦʚ ʠʤʝʶʪ ʧʣʘʩʪʦʦʙʨʘʟʥʫʶ ʠʣʠ ʣʠʥʟʦʚʠʜʥʫʶ ʬʦʨʤʫ, ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʘʙʦ 

ʣʠʙʦ ʩʠʣʴʥʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʳ: ʚ ʥʠʞʥʠʭ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʚʘ ʟʘʣʝʛʘʶʪ ʧʦʨʦʜʳ ʦʣʠʚʠʥʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʚʳʰʝ ʟʘʣʝʛʘʶʪ ʚʩʸ 
ʙʦʣʝʝ ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʨʘʟʥʦʩʪʠ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʚʷʟʘʥʘ ʩ ʫʯʘʩʪʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʠʥʪʨʫʟʠʚʘ. 

ʂ ʦʙʨʘʟʦʚʘʥʠʷʤ ʢʦʤʧʣʝʢʩʦʚ ʛʘʙʙʨʦʠʜʦʚ ɹʝʣʘʨʫʩʠ ʧʨʠʫʨʦʯʝʥʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʠʣʴʤʝʥʠʪ-
ʤʘʛʥʝʪʠʪʦʚʳʭ, ʤʘʛʥʝʪʠʪʦʚʳʭ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʬʦʨʤʘʮʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʥʪʨʫʟʠʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ. 
ɻʝʥʝʟʠʩ ʨʫʜ, ʩʦʜʝʨʞʘʱʠʭʩʷ ʚ ʛʘʙʙʨʦʠʜʘʭ, ʥʝʷʩʝʥ. ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʛʠʧʦʪʝʟ, ʢʦʪʦʨʳʝ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 
ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ. 

ʀʟʫʯʝʥʠʝ ʛʘʙʙʨʦʠʜʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʟʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ. ʕʪʦ 
ʩʚʷʟʘʥʥʦ ʩ ʚʳʩʦʢʦʡ ʧʝʨʩʧʝʢʪʠʚʦʡ ʨʫʜʦʥʦʩʥʦʩʪʠ ʛʘʙʙʨʦʠʜʥʳʭ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 
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ʇɽʊʈʆʍʀʄʀʏɽʉʂɸʗ ʊʀʇʀɿɸʎʀʗ ʇʆʈʆɼ ɿʄɽʀʅʆɻʆʈʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ 

(ʖɻʆ-ɿɸʇɸɼʅʓʁ ɸʃʊɸʁ) 
ʅ.ɸ. ʅʘʜʪʦʯʝʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʀ. ʏʝʨʥʳʰʦʚ 
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʆʙʲʝʢʪʦʤ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʧʦʨʦʜʳ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʷʚʣʷʶʱʝʛʦʩʷ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʛʘʙʙʨʦ-ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ ʠ ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʣʪʘʷ. ʂʦʤʧʣʝʢʩ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʷʜ ʤʘʩʩʠʚʦʚ, ʩʘʤʳʤʠ ʢʨʫʧʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ: ɿʤʝʠʥʦʛʦʨʩʢʠʡ, ɸʣʝʡʩʢʠʡ, ʈʝʚʥʝʚʩʢʦ-
ɸʤʝʣʠʭʠʥʩʢʠʡ. ʆʥʠ ʟʘʣʝʛʘʶʪ ʩʨʝʜʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʝʚʦʥʘ ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ɿʤʝʠʥʦʛʦʨʩʢʦ-
ɹʳʩʪʨʫʰʠʥʩʢʦʤʫ ʧʨʦʛʠʙʫ. ɺ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ: ʧʝʨʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʙʙʨʦ, 

ʛʘʙʙʨʦ-ʥʦʨʠʪʘʤʠ, ʛʘʙʙʨʦ-ʜʠʦʨʠʪʘʤʠ, ʜʠʦʨʠʪʘʤʠ ʠ ʢʚʘʨʮʝʚʳʤʠ ʜʠʦʨʠʪʘʤʠ; ʚʪʦʨʘʷ ï ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ; ʪʨʝʪʴʷ ï 
ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ ʠ ʣʝʡʢʦʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ ʠ ʯʝʪʚʝʨʪʘʷ ï ʛʨʘʥʠʪʘʤʠ ʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʤ ʧʨʝʦʙʣʘʜʘʥʠʠ 
ʜʚʫʭ ʧʦʩʣʝʜʥʠʭ ʬʘʟ (ʄʫʨʟʠʥ, 2000). ɺ ʨʘʟʣʠʯʥʳʭ ʤʘʩʩʠʚʘʭ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʪʤʝʯʘʶʪʩʷ ʚʘʨʠʘʮʠʠ 



ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʘʟʥʳʭ ʪʠʧʦʚ ʧʦʨʦʜ, ʥʦ ʚʩʝʛʜʘ ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʶʪ ʛʨʘʥʠʪʦʠʜʳ. ʄʘʩʩʠʚʳ ʢʦʤʧʣʝʢʩʘ 
ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʜʘʡʢʘʤʠ ʠ ʞʠʣʴʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʜʦʣʝʨʠʪʘʤʠ ʜʠʦʨʠʪ-ʧʦʨʬʠʨʠʪʘʤʠ, ʧʣʘʛʠʦʛʨʘʥʠʪ-
ʧʦʨʬʠʨʘʤʠ, ʨʠʦʣʠʪʘʤʠ ʠ ʨʠʦʜʘʮʠʪʘʤʠ. 

ɼʣʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʜ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘʤʠ ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʘʷ 
ʚʳʙʦʨʢʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʩʪʘʚʦʚ ʠʟ ʚʦʩʴʤʠ ʪʠʧʦʚ ʧʦʨʦʜ: ʛʘʙʙʨʦʠʜʦʚ, ʜʦʣʝʨʠʪʦʚ, ʜʠʦʨʠʪʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪʦʚ, ʧʣʘʛʠʦʛʨʘʥʠʪ-
ʧʦʨʬʠʨʦʚ, ʧʣʘʛʠʦʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʛʨʘʥʠʪʦʚ ʠ ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʦʯʝʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʭ 
ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʉʪʘʪʠʩʪʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʚʳʷʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʧʝʪʨʦʛʝʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ (ʪʘʙʣ.), ʩʨʘʚʥʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʪʨʝʥʜ ʠʟʤʝʥʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʢʦʤʧʣʝʢʩʘ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʷʚʣʷʶʪʩʷ ʛʘʙʙʨʦʠʜʳ ʠ ʜʦʣʝʨʠʪʳ, 
ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʙʣʠʟʢʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʝʨʚʫʶ ʬʘʟʫ ʚʥʝʜʨʝʥʠʷ. ɺ ʩʣʝʜʫʶʱʫʶ ʩʪʘʜʠʶ ʦʙʨʘʟʦʚʘʣʠʩʴ 
ʜʠʦʨʠʪʳ, ʚ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ SiO2, K2O ʠ ʫʤʝʥʴʰʘʝʪʩʷ ï MgO, CaO. ɺ ʪʨʝʪʴʶ ʬʘʟʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʣʘʛʠʦʛʨʘʥʠʪʳ, ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨʳ ʠ ʧʣʘʛʠʦʣʝʡʢʦʛʨʘʥʠʪʳ. ʇʦ ʤʝʨʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʥʠʭ 
ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ SiO2, ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʫʤʝʥʴʰʝʥʠʝ TiO2, Al 2O3, FeO (ʦʙʱ.), MnO, MgO ʠ CaO. ʏʝʪʚʝʨʪʘʷ 
ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʥʠʪʘʤʠ ʠ ʣʝʡʢʦʛʨʘʥʠʪʘʤʠ, ʚ ʢʦʪʦʨʳʭ ʩʦʭʨʘʥʷʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʛʨʘʥʠʪʦʠʜʦʚ, ʚ 
ʥʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ SiO2, ʠ ʫʤʝʥʴʰʘʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ TiO2, Al2O3, FeO (ʦʙʱ.), MnO, MgO ʠ CaO, 
ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʱʝʣʦʯʝʡ. 

ʊʘʙʣʠʮʘ 

ʉʨʝʜʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʨʦʜʘʭ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
 

ʦʢʠʩʣʳ ʇʦʨʦʜʳ 

 1 2 3 4 5 6 7 8 

SiO2 49,60 48,57 56,93 72,85 75,84 74,80 71,97 75,59 

TiO2 1,31 1,25 1,37 0,34 0,25 0,23 0,45 0,13 

Al 2O3 17,09 16,56 16,74 13,19 12,05 12,43 14,10 12,76 

Fe2O3 4,78 5,63 4,11 1,84 1,75 1,56 1,47 1,09 

FeO 5,60 4,88 3,81 2,03 1,77 1,38 1,43 1,22 

MnO 0,17 0,19 0,15 0,10 0,08 0,07 0,08 0,07 

MgO 6,89 7,55 3,46 0,70 0,51 0,40 0,80 0,39 

CaO 10,60 10,46 6,71 2,66 1,78 1,34 2,26 1,02 

Na2O 3,05 2,32 3,49 4,13 4,76 4,15 3,82 3,95 

K2O 0,27 0,55 1,21 1,38 1,20 2,78 3,62 3,32 

 

ʇʨʠʤʝʯʘʥʠʝ: ʇʦʨʦʜʳ: 1 ï ʛʘʙʙʨʦ, 2 ï ʜʦʣʝʨʠʪ, 3 ï ʜʠʦʨʠʪ, 4 ï ʧʣʘʛʠʦʛʨʘʥʠʪ, 5 ï ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨ, 6 ï 

ʧʣʘʛʠʦʣʝʡʢʦʛʨʘʥʠʪ, 7 ï ʛʨʘʥʠʪ, 8 ï ʣʝʡʢʦʛʨʘʥʠʪ. 

 

ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʧʝʪʨʦʭʠʤʠʯʝʩʢʦʡ ʜʠʘʛʨʘʤʤʝ (ʨʠʩ.) ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʩʦʩʪʘʚʦʚ 
ʧʦʨʦʜ ʧʦʧʘʜʘʶʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʠʟʚʝʩʪʢʦʚʦʝ ʧʦʣʝ ʱʝʣʦʯʥʦʩʪʠ. ɺ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʤ ʧʦʣʝ ʦʙʦʩʦʙʣʷʶʪʩʷ 
ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʦʬʠʨʦʚ, ʣʝʡʢʦʛʨʘʥʠʪʦʚ ʠ, ʯʘʩʪʠʯʥʦ, ʧʣʘʛʠʦʣʝʡʢʦʛʨʘʥʠʪʦʚ. ʇʨʠ ʵʪʦʤ 
ʨʘʩʧʦʣʦʞʝʥʠʝ ʪʦʯʝʢ ʩʦʩʪʘʚʦʚ ʧʦʨʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʢʦʚʦʤʫ ʪʨʝʥʜʫ ʠʭ ʵʚʦʣʶʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʜʨʫʛʠʭ 
ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ (ʅʠʢʦʥʦʚ, ʐʦʢʘʣʴʩʢʠʡ, 1988) ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ ʢ ʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ, 

 
 

ʈʠʩ. ɼʠʘʛʨʘʤʤʘ (Na + K)/Ca ï Ac ʜʣʷ ʪʠʧʠʟʘʮʠʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ ʠ ʩʝʨʠʡ. 

Ac = Si/Bo, ʛʜʝ Ac ï ʢʠʩʣʦʪʥʦʩʪʴ, Bo ï ʦʙʱʘʷ ʦʩʥʦʚʥʦʩʪʴ. 

 1 ï ʛʘʙʙʨʦ, 2 ï ʜʦʣʝʨʠʪ, 3 ï ʜʠʦʨʠʪ, 4 ï ʧʣʘʛʠʦʛʨʘʥʠʪ, 5 ï ʧʣʘʛʠʦʛʨʘʥʠʪ-ʧʦʨʬʠʨ, 6 ï 

ʧʣʘʛʠʦʣʝʡʢʦʛʨʘʥʠʪ, 7 ï ʛʨʘʥʠʪ, 8 ï ʣʝʡʢʦʛʨʘʥʠʪ. ʇʦʣʷ ʱʝʣʦʯʥʦʩʪʠ: I ï ʠʟʚʝʩʪʢʦʚʦʝ; II  ï 

ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʦʝ; III  ï ʩʫʙʱʝʣʦʯʥʦʝ; IV ï ʫʤʝʨʝʥʥʦ-ʱʝʣʦʯʥʦʝ; V ï ʱʝʣʦʯʥʦʝ. ʊʨʝʥʜʳ: ʉɸ ï 

ʛʣʘʚʥʳʡ ʠʟʚʝʩʪʢʦʚʦ-ʱʝʣʦʯʥʳʡ; ɸɺ ï ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʚʳʡ; ʆʉ ï ʠʟʚʝʩʪʢʦʚʳʡ 



ʩʬʦʨʤʠʨʦʚʘʚʰʝʤʫʩʷ ʠʟ ʝʜʠʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʦʯʘʛʘ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʯʝʪʳʨʝʭʬʘʟʥʦʝ ʚʥʝʜʨʝʥʠʝ, ʦʯʝʚʠʜʥʦ, ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʢʘʤʝʨʘʭ, 
ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʧʫʪʝʤ ʠʭ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. 

 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʄʫʨʟʠʥ ʆ.ɺ. ɻʝʦʣʦʛʠʯʝʩʢʠʡ ʦʪʯʸʪ ʦ ʨʘʙʦʪʘʭ ʧʦ ʩʦʩʪʘʚʣʝʥʠʶ ʠ ʧʦʜʛʦʪʦʚʢʝ ʢ ʠʟʜʘʥʠʶ ʢʦʤʧʣʝʢʪʘ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʤ-ʙʘ 1: 200 000 ʥʘ ɿʤʝʠʥʦʛʦʨʩʢʦʡ ʧʣʦʱʘʜʠ, ʣʠʩʪʳ M-44-X, M-44-XI (ʈʦʩʩʠʡʩʢʘʷ ʯʘʩʪʴ) ʚ 
1996-2000 ʛ.ʛ. - ɿʤʝʠʥʦʛʦʨʩʢ, 2000. ï ʪ. 1-5. 

2. ʅʠʢʦʥʦʚ ʆ.ʀ., ʐʦʢʘʣʴʩʢʠʡ ʉ.ʇ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʠ ʧʝʪʨʦʭʠʤʠʷ ʛʨʘʥʠʪʦʠʜʦʚ ɿʤʝʠʥʦʛʦʨʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 
ɿʘʧʘʜʥʦʤ ɸʣʪʘʝ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ. // ɻʝʦʣʦʛʠʷ ʠ ʛʝʦʬʠʟʠʢʘ. ï ʄ., 1988. - ˉ7. 
- ʉ.35-43. 

 
ʂʈʀʉʊɸʃʃʆʄʆʈʌʆʃʆɻʀʗ ʀ ʊɺɽʈɼʆʉʊʔ ɻɸʃɸʂʉʀʊɸ 

ɸ.ɸ. ʅʘʟʘʨʦʚʘ, ʀ.ʉ. ɸʨʭʠʧʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ɸ. ʇʝʨʤʷʢʦʚ 
ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 
 
ɼʣʷ ʩʚʘʨʢʠ ʩʪʘʣʝʡ ʧʨʠʤʝʥʷʶʪ ʵʣʝʢʪʨʦʜʳ ʩ ʘʣʶʤʠʥʠʡ-ʪʠʪʘʥʦ-ʤʘʨʛʘʥʮʝʚʳʤ ʧʦʢʨʳʪʠʝʤ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʜʣʷ ʧʦʢʨʳʪʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʨʫʪʠʣʦʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʠ ʬʝʨʨʦʤʘʨʛʘʥʝʮ. ɺ 
ʩʚʷʟʠ ʩ ʚʳʩʦʢʠʤʠ ʮʝʥʘʤʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʢʪʫʘʣʴʥʦ ʟʘʤʝʥʠʪʴ ʠʭ ʙʦʣʝʝ ʜʝʰʝʚʳʤ ʠʣʴʤʝʥʠʪʦʚʳʤ ʢʦʥʮʝʥʪʨʘʪʦʤ 
ʊʫʛʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (58% TiO2) ʠ ʤʘʨʛʘʥʮʝʚʦʨʫʜʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʤ ɾʘʡʨʝʤʩʢʦʛʦ ɻʆʂʘ (42% Mn). ɺ 
ʧʨʦʠʟʚʦʜʩʪʚʝ ʵʣʝʢʪʨʦʜʥʦʛʦ ʮʝʭʘ ʆɸʆ ɿʉʄʂ ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʰʠʭʪʳ ʧʦʜʙʠʨʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʠʟʚʦʣʴʥʦ 
ʙʝʟ ʯʝʪʢʠʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʙʦʩʥʦʚʘʥʠʡ ʠ ʪʝʭʥʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ. ɺ ʉʠʙɻʀʋ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʅ.ʌ. 
ʗʢʫʰʝʚʠʯʘ (ʗʢʫʰʝʚʠʯ, 2002) ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʩʦʩʪʘʚʳ ʠʩʭʦʜʥʳʭ ʰʠʭʪ, ʧʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʣʠʛʘʪʫʨ. ʊʝʭʥʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʭʦʜʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ 
ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʵʢʦʣʦʛʠʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʦʪʭʦʜʦʚ ʉʠʙɻʀʋ. ɺ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʤʠʥʝʨʘʣʳ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʤʳʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 
ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʛʘʣʘʢʩʠʪ MgAl 2O4. ɺ ʩʧʨʘʚʦʯʥʠʢʝ (ʄʠʥʝʨʘʣʳ, 1967) ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʦʯʝʥʴ ʩʢʫʜʥʦʝ, ʘ 
ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ ʦʛʨʘʥʠʯʝʥ ʜʝʚʷʪʴʶ ʥʘʠʤʝʥʦʚʘʥʠʷʤʠ. ʇʨʦʩʤʦʪʨ ʈɾ çɻʝʦʣʦʛʠʷè ʧʦʧʦʣʥʠʣ ʵʪʦʪ ʩʧʠʩʦʢ ʥʘ 
ʪʨʠ ʥʘʠʤʝʥʦʚʘʥʠʷ. 

ʉʠʥʪʝʟ ʣʠʛʘʪʫʨʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʢʨʫʧʥʦʣʘʙʦʨʘʪʦʨʥʦʡ 
ʫʩʪʘʥʦʚʢʝ, ʩʦʙʨʘʥʥʦʡ ʠʟ ʜʚʫʭ ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ ʝʤʢʦʩʪʴʶ 10 ʣ. 
ʅʠʞʥʠʡ ʪʠʛʝʣʴ ʩʣʫʞʠʣ ʧʨʠʝʤʥʠʢʦʤ ʞʠʜʢʦʛʦ ʤʝʪʘʣʣʘ, 
ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ʠ ʚʳʪʝʢʘʶʱʝʛʦ ʠʟ ʨʝʘʢʪʦʨʘ ʯʝʨʝʟ 
ʦʪʚʝʨʩʪʠʝ (ʜʠʘʤʝʪʨʦʤ 9 ʤʤ) ʚ ʜʥʠʱʝ ʨʝʘʢʪʦʨʘ. ʕʪʦ 

ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʥʘʫʛʣʝʨʦʞʠʚʘʥʠʝ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʜʣʠʪʝʣʴʥʦʛʦ 
ʢʦʥʪʘʢʪʘ ʩ ʜʥʠʱʝʤ ʛʨʘʬʠʪʦʚʦʛʦ ʪʠʛʣʷ ʧʨʠ ʚʳʩʦʢʠʭ 
ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦ ʭʦʨʦʰʝʝ ʦʪʜʝʣʝʥʠʝ ʤʝʪʘʣʣʘ ʦʪ ʰʣʘʢʘ, 
ʟʘʢʘʣʢʫ ʤʝʪʘʣʣʘ ʚ ʭʦʣʦʜʥʦʤ ʧʨʠʝʤʥʠʢʝ ʠ ʦʪʩʫʪʩʪʚʠʝ ʣʠʢʚʘʮʠʠ ʚ 
ʩʧʣʘʚʝ. ɺʝʨʭʥʠʡ ʪʠʛʝʣʴ ʩʣʫʞʠʣ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʨʝʘʢʪʦʨʦʤ. ɺ ʥʝʛʦ 
ʟʘʛʨʫʞʘʣʦʩʴ 12 ʢʛ ʧʦʨʦʰʢʦʚʦʡ ʰʠʭʪʳ. ʆʙʱʘʷ ʚʳʩʦʪʘ ʩʣʦʷ ʰʠʭʪʳ 
ʩʦʩʪʘʚʠʣʘ 230 ʤʤ. ʊʝʤʧʝʨʘʪʫʨʘ ʚ ʨʝʘʢʪʦʨʝ ʠʟʤʝʨʷʣʘʩʴ ʩ 
ʧʦʤʦʱʴʶ ʚʦʣʴʬʨʘʤ-ʨʝʥʠʝʚʦʡ ʪʝʨʤʦʧʘʨʳ. ɺ ʟʘʛʨʫʞʝʥʥʦʤ ʚʠʜʝ 

ʨʝʘʢʪʦʨ ʧʦʤʝʱʘʣʩʷ ʚ ʥʘʛʨʝʚʘʪʝʣʴʥʫʶ ʫʩʪʘʥʦʚʢʫ, ʛʜʝ ʚ ʪʝʯʝʥʠʝ 6 ʯʘʩʦʚ 
ʥʘʛʨʝʚʘʣʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 400ʦʉ. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʯʘʩʪʴ ʰʠʭʪʳ (5,5 
ʢʛ) ʙʳʣʘ ʟʘʛʨʫʞʝʥʘ ʚ 7 ʘʣʶʤʠʥʠʝʚʳʭ ʢʦʥʪʝʡʥʝʨʦʚ, ʢʦʪʦʨʳʝ 
ʥʘʛʨʝʚʘʣʠʩʴ ʚʤʝʩʪʝ ʩ ʨʝʘʢʪʦʨʦʤ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 400ʦʉ. 
ʅʘʛʨʝʪʳʡ ʜʦ 390ʦʉ ʨʝʘʢʪʦʨ ʩ ʰʠʭʪʦʡ ʧʦʤʝʱʘʣʩʷ ʚ 
ʤʝʪʘʣʣʦʧʨʠʝʤʥʠʢ. ɺ ʣʫʥʢʠ ʜʣʷ ʟʘʧʘʣʴʥʦʡ ʩʤʝʩʠ ʫʢʣʘʜʳʚʘʣʠʩʴ ʪʨʠ 
ʙʫʤʘʞʥʳʭ ʧʘʪʨʦʥʘ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʦʤʝʱʘʣʘʩʴ ʩʤʝʩʴ: 2 ʛ ʩʝʣʠʪʨʳ, 2 ʛ ʘʣʶʤʠʥʠʝʚʦʛʦ ʧʦʨʦʰʢʘ, 1 ʛ ʤʘʛʥʠʝʚʦʡ 
ʩʪʨʫʞʢʠ. ʈʝʘʢʪʦʨ ʥʘʢʨʳʚʘʣʩʷ ʢʨʳʰʢʦʡ ʩ ʦʪʚʝʨʩʪʠʝʤ ʜʣʷ ʚʳʭʦʜʘ ʛʘʟʦʚ ʠ ʚʚʦʜʘ ʢʦʥʪʝʡʥʝʨʦʚ ʩ ʜʦʙʘʚʢʘʤʠ ʰʠʭʪʳ, ʧʦʩʣʝ 

ʯʝʛʦ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʟʘʧʘʣ ʰʠʭʪʳ. ʇʨʦʧʣʘʚʣʝʥʠʝ ʰʠʭʪʳ ʧʨʦʭʦʜʠʣʦ ʩʧʦʢʦʡʥʦ, ʙʝʟ ʚʳʙʨʦʩʦʚ ʰʠʭʪʳ ʠ ʚʳʧʣʝʩʢʦʚ 
ʰʣʘʢʘ. ʈʦʩʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʘʢʪʦʨʘ ʚ ʤʝʩʪʝ ʫʩʪʘʥʦʚʢʠ ʪʝʨʤʦʧʘʨʳ ʥʘʯʘʣʩʷ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 1 ʤʠʥ ʩ 
ʤʦʤʝʥʪʘ ʟʘʞʠʛʘʥʠʷ ʟʘʧʘʣʴʥʦʡ ʩʤʝʩʠ ʠ ʯʝʨʝʟ 1,5 ʤʠʥ ʜʦʩʪʠʛ ʪʝʤʧʝʨʘʪʫʨʳ 1650ʦʉ. ʉ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʥʘʯʘʣʦʩʴ ʢʠʧʝʥʠʝ 
ʨʘʩʧʣʘʚʘ, ʩʦʧʨʦʚʦʞʜʘʚʰʝʝʩʷ ʦʙʠʣʴʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʛʘʟʦʚ ʠ ʧʳʣʠ. ʂʦʥʪʝʡʥʝʨʳ ʩ ʘʣʶʤʠʥʠʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʚʦʜʠʣʠ ʚ 
ʟʦʥʫ ʨʝʘʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʫʚʝʣʠʯʠʪʴ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʧʨʠ 1650-1910ʦʉ ʜʦ 5 ʤʠʥ ʠ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ 
ʭʦʨʦʰʫʶ ʦʪʩʘʜʢʫ ʤʝʪʘʣʣʘ. ʂ ʢʦʥʮʫ ʚʦʩʴʤʦʡ ʤʠʥʫʪʳ ʩʠʥʪʝʟ ʠ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠʣʠʩʴ (t=1600ʦʉ), ʘ ʢ 
ʢʦʥʮʫ ʜʝʚʷʪʦʡ ʤʠʥʫʪʳ ʧʨʠ t=1450ʦʉ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʢʨʘʪʠʣʦʩʴ (ʥʘʯʘʣʘʩʴ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ 
ʢʦʥʝʯʥʦʛʦ ʨʘʩʧʣʘʚʘ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʢʠ ʧʦʣʫʯʝʥʦ: ʣʠʛʘʪʫʨʳ ʚ ʚʠʜʝ ʩʣʠʪʢʘ ʠ ʢʦʨʦʣʴʢʦʚ-4,165 ʢʛ ʠ ʰʣʘʢʘ - 12,863 ʢʛ. 

ʀʟ ʰʣʘʢʘ ʜʣʷ ʪʝʭʥʦʣʦʛʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʥʘ ʧʨʝʜʤʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 
ɺʳʧʦʣʥʝʥ ʭʠʤʠʯʝʩʢʠʡ ʠ ʩʧʝʢʪʨʘʣʴʥʳʡ ʘʥʘʣʠʟ ʰʣʘʢʘ: SiO2 - 18.2; Al 2O3 - 32.2; K2O - 1.6; CaO - 1.3; FeO - 3.3; 

MgO - 3.0; MnO - 34.9; BaO - 5.2; S - 0.02; Cr - 0.02; Sn - 6.10-4; V - 7.10-4; W - 2.10-4; Mo - 10-3; Ni - 0.01; Co - 10-3; Ta - 
0.03; Sc - <10-4; Nb - 3.10-4; I - 10-4; Sr - 10-3. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʥʘ ʤʠʢʨʦʩʢʦʧʘʭ ʄɹʉ-2, ʇɸʃɸʄ-ʃʄʇʈ, ʄʀʄ-9, ʄʀʄ-10, 
ʄʀʋ-5ʄ-1 ʠ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3ʄ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ɼʈʆʅ-2. ʅʘ 
ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʯʝʪʢʦ ʚʳʷʚʠʣʘʩʴ ʰʧʠʥʝʣʝʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʚʳʩʦʢʠʡ ʬʦʥ ʟʘ ʩʯʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 
ʩʪʝʢʣʦʦʙʨʘʟʥʦʡ ʬʘʟʳ. ʇʘʨʘʤʝʪʨ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʛʘʣʘʢʩʠʪ (a0=8,043é8,12) ʠʤʝʝʪ ʟʘʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦ 

 
ʈʠʩ.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ 

ʦʪʧʝʯʘʪʢʦʚ ʘʣʤʘʟʥʦʡʧʠʨʘʤʠʜʳ ʥʘ 

ʩʝʯʝʥʠʠ (100) ʩʢʝʣʝʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ 

ʛʘʣʘʢʩʠʪʘ 



ʩʨʘʚʥʝʥʠʶ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ (ʄʠʥʝʨʘʣʳ, 1967). ʊʝʨʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʜʝʨʠʚʘʪʦʛʨʘʬʝ Paulik, 
Paulik ʠ Erdei. 

ʄʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʰʣʘʢ ʚ ʢʫʩʢʘʭ ʦʙʣʘʜʘʝʪ ʯʝʨʥʳʤ ʮʚʝʪʦʤ, ʚ ʧʦʨʦʰʢʝ ʢ ʯʝʨʥʦʤʫ ʮʚʝʪʫ ʜʦʙʘʚʣʷʝʪʩʷ ʰʦʢʦʣʘʜʥʦ-

ʙʫʨʳʡ ʦʪʪʝʥʦʢ. ʀʩʩʣʝʜʦʚʘʥʥʳʡ ʰʣʘʢ ʧʨʝʜʩʪʘʚʣʝʥ ʠʜʠʦʤʦʨʬʥʦ-ʩʢʝʣʝʪʥʳʤ ʛʘʣʘʢʩʠʪʦʤ ʜʚʫʭ ʛʝʥʝʨʘʮʠʠ (62,5%) ʠ 
ʢʨʠʧʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠ-ʩʪʝʢʣʦʚʘʪʦʡ ʮʝʤʝʥʪʠʨʫʶʱʝʡ ʤʘʩʩʦʡ (35,5%) ʩ ʚʢʣʶʯʝʥʠʷʤʠ ʢʦʨʦʣʴʢʦʚ ʤʝʪʘʣʣʘ (2%). ɻʘʣʘʢʩʠʪ 
ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʦʙʨʘʟʫʝʪ ʤʘʩʩʠʚʥʳʝ ʩʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʢʦʤʙʠʥʘʮʠʝʡ ʛʝʢʩʘʨʝʙʝʨʥʦʛʦ ʧʫʯʢʘ ʠ 
ʨʦʤʙʦʜʦʜʝʢʘʨʝʙʝʨʥʦʛʦ ʢʘʨʢʘʩʘ (ʨʠʩ. 1). ʆʥʠ ʧʦʜʦʙʥʳ ʩʢʝʣʝʪʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʤʘʛʥʝʪʠʪʘ (ʇʝʨʤʷʢʦʚ, 1974; ɼʳʤʢʠʥ, 
ʇʝʨʤʷʢʦʚ, 1984). ʇʦ ʚʝʨʰʠʥʘʤ: 100: ʠ ʚ ʮʝʥʪʨʝ ʩʢʝʣʝʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʩʫʙʠʥʜʠʚʠʜʳ. 
ʈʘʟʤʝʨʳ ʢʨʠʩʪʘʣʣʦʚ ʛʘʣʘʢʩʠʪʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 0,4é1,4 ʤʤ, ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ - 0,01é0,05 ʤʤ. ʊʦʣʱʠʥʘ 
ʨʝʙʝʨ-ʙʘʣʦʢ ʩʢʝʣʝʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 20é40 ʤʢʤ. ʈʝʙʨʘ ʛʝʢʩʘʨʝʙʝʨʥʦʛʦ ʧʫʯʢʘ ʦʙʳʯʥʦ ʧʣʦʩʢʠʝ 
ʙʝʟʨʝʣʴʝʬʥʳʝ, ʨʝʞʝ ʠʤʝʶʪ ʢʦʤʙʠʥʘʮʠʦʥʥʫʶ ʨʦʤʙʦʜʦʜʝʢʘʢʨʠʩʪʦʛʦʥʦʵʜʨʠʯʝʩʢʫʶ ʰʪʨʠʭʦʚʢʫ, ʠʥʦʛʜʘ ʦʙʨʘʟʫʶʪ 

ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʫʙʠʥʜʠʚʠʜʦʚ. ʈʝʙʨʘ ʨʦʤʙʦʜʦʜʝʢʘʨʝʙʝʨʥʦʛʦ ʧʫʯʢʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʫʙʠʥʜʠʚʠʜʦʚ. 

ɺ ʧʨʦʭʦʜʷʱʝʤ ʩʚʝʪʝ ʛʘʣʘʢʩʠʪ ʙʫʨʦʚʘʪʦ-ʢʨʘʩʥʳʡ, ʦʧʪʠʯʝʩʢʠ ʠʟʦʪʨʦʧʝʥ. ʋ ʛʘʣʘʢʩʠʪʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ 
n=1,850é1,858, ʫ ʛʘʣʘʢʩʠʪʘ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ n=1,920é1,925.ɺ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʛʘʣʘʢʩʠʪ ʩʝʨʳʡ, ʦʪʨʘʞʝʥʠʝ ʫ 
ʛʘʣʘʢʩʠʪʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ 10, ʫ ʛʘʣʘʢʩʠʪʘ ʚʪʦʨʦʡ - 11. ɺ ʥʝʢʦʪʦʨʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʘʨʘʣʣʝʣʴʥʦ ʛʨʘʥʷʤ [111] ʧʦʷʚʣʷʶʪʩʷ 
ʩʚʝʪʣʳʝ ʙʫʨʦʚʘʪʦ-ʞʝʣʪʦʚʘʪʦ-ʙʝʣʳʝ ʨʝʬʣʝʢʩʳ. ʆʩʦʙʝʥʥʦ ʯʝʪʢʦ ʦʥʠ ʚʠʜʥʳ ʥʘ ʩʝʯʝʥʠʷʭ (110) ʚ ʚʠʜʝ ʨʘʜʠʘʣʴʥʦ 
ʨʘʩʭʦʜʷʱʠʭʩʷ ʣʫʯʝʡ, ʩʫʙʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʨʝʙʨʘʤ ʨʦʤʙʦʚʠʜʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʊʚʝʨʜʦʩʪʴ ʠ ʭʨʫʧʢʦʩʪʴ ʛʘʣʘʢʩʠʪʘ ʠʟʤʝʨʝʥʘ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3ʄ ʧʨʠ ʥʘʛʨʫʟʢʝ 100ʛ. ɺ ʦʪʧʝʯʘʪʢʘʭ 

ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʳ ʠʟʤʝʨʷʣʠ ʦʙʝ ʜʠʘʛʦʥʘʣʠ. ʊʚʝʨʜʦʩʪʴ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ H=1854P/d2, ʭʨʫʧʢʦʩʪʴ - ʧʦ ʬʦʨʤʫʣʝ F= 

S/P=Sld/14P. ʇʦ ʚʩʝʤ ʠʟʤʝʨʝʥʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʪʚʝʨʜʦʩʪʴ ʛʘʣʘʢʩʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1400-1760 ʢʛʩ/ʤʤ2, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ 1575 ʢʛʩ/ʤʤ2. ɺ ʛʘʣʘʢʩʠʪʝ ʚʳʷʚʣʝʥʘ ʨʝʪʠʢʫʣʷʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʪʚʝʨʜʦʩʪʠ (H (hkl)): ʅ(100)=1589,1; 
ʅ(110)=1559,6; ʅ(111)=1546,8 ʢʛʩ/ʤʤ2. ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʪʠʢʫʣʷʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʪʚʝʨʜʦʩʪʠ ʂʅ(100)/(111)=1,03. ʊʘʢʞʝ 
ʚʳʷʚʣʝʥʘ ʨʝʪʠʢʫʣʷʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʭʨʫʧʢʦʩʪʠ (F (hkl)): F(100)=184,2*10-6; F(110)=177,8*10-6; F(111)=146,6*10-6 ʤʤ2/ʢʛʩ. 
ʂʦʵʬʬʠʮʠʝʥʪ ʨʝʪʠʢʫʣʷʨʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʭʨʫʧʢʦʩʪʠ ʂF(100)/(111)=1,26. ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʦʙʣʘʜʘʶʪ 
ʚʝʢʪʦʨʠʘʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʚʝʨʜʦʩʪʠ. ʉʝʯʝʥʠʝ (100) ʚ ʥʘʧʨʘʚʣʝʥʠʠ [010] ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ 1573,9, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 
[110] - 1604,3 ʢʛʩ/ʤʤ2. ʉʝʯʝʥʠʝ (110) ʚ ʥʘʧʨʘʚʣʝʥʠʠ [100] ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ 1571,3, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [001] - 1548,0 ʢʛʩ/ʤʤ2. 
ʉʝʯʝʥʠʝ (111) ʚ ʥʘʧʨʘʚʣʝʥʠʠ [110] ʠʤʝʝʪ ʪʚʝʨʜʦʩʪʴ 1552,1, ʚ ʥʘʧʨʘʚʣʝʥʠʠ [211] - 1530,9, ʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ [221] - 1576,7 
ʢʛʩ/ʤʤ2. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ, ʛʘʣʘʢʩʠʪ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʙʨʘʟʠʚʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʆ ʇʀʈɸʌʆʅʀʊɽ ʀɿ ʊʀʊɸʅʆ-ʄɸʈɻɸʅʎɽɺʓʍ ʃʀɻɸʊʋʈ 

ɸ.ɸ. ʅʘʟʘʨʦʚʘ, ʅ.ʀ. ʂʫʚʰʠʥʥʠʢʦʚʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ɸ. ʇʝʨʤʷʢʦʚ 

ʉʠʙʠʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʠʥʜʫʩʪʨʠʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʢʫʟʥʝʮʢ, ʈʦʩʩʠʷ 
 
ʇʨʦʚʝʜʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʶʤʦ-ʪʠʪʘʥʦ-ʤʘʨʛʘʥʮʝʚʳʭ ʣʠʛʘʪʫʨ (ʗʢʫʰʝʚʠʯ, 2002) ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʙʣʝʤʦʡ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ ʰʠʭʪʳ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʢʘʯʝʩʪʚʝ ʬʣʶʩʫʶʱʝʡ ʦʙʤʘʟʢʠ ʩʚʘʨʦʯʥʳʭ ʵʣʝʢʪʨʦʜʦʚ. 
ʆʙʳʯʥʦ ʜʣʷ ʬʣʶʩʫʶʱʠʭ ʧʦʢʨʳʪʠʡ ʠʩʧʦʣʴʟʫʶʪ ʜʦʨʦʛʦʩʪʦʷʱʠʝ ʨʫʪʠʣʦʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ ʠ ʬʝʨʨʦʤʘʨʛʘʥʝʮ. ɺ ʩʚʷʟʠ ʩ 
ʚʳʩʦʢʠʤʠ ʮʝʥʘʤʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʘʢʪʫʘʣʴʥʦ ʟʘʤʝʥʠʪʴ ʠʭ ʙʦʣʝʝ ʜʝʰʝʚʳʤ ʠʣʴʤʝʥʠʪʦʚʳʤ ʢʦʥʮʝʥʪʨʘʪʦʤ ʊʫʛʘʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ (58% TiO2) ʠ ʤʘʨʛʘʥʮʝʚʦʡ ʨʫʜʦʡ 2 ʠ 3 ʩʦʨʪʘ. ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʣʠʛʘʪʫʨʳ ʠ ʰʣʘʢ. ʅʘʤʠ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʤʠʥʝʨʘʣʦʛʠʷ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʠʥʝʨʘʣʦʚ 
ʧʦʣʫʯʝʥʥʦʛʦ ʰʣʘʢʘ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʤʠʥʝʨʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʠʨʦʬʘʥʠʪ MnTiO3, ʨʝʜʢʦ ʚʩʪʨʝʯʘʝʤʳʡ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦ ʦʧʠʩʘʥʥʳʡ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʃʠʛʘʪʫʨʳ ʩʠʥʪʝʟʠʨʦʚʘʣʘʩʴ ʘʣʶʤʠʥʦʪʝʨʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʫʩʪʘʥʦʚʢʝ, ʩʦʙʨʘʥʥʦʡ ʠʟ ʜʚʫʭ 
ʛʨʘʬʠʪʦʚʳʭ ʪʠʛʣʝʡ ʝʤʢʦʩʪʴʶ 10 ʣ (ʗʢʫʰʝʚʠʯ,2002). ɺʦ ʚʨʝʤʷ ʩʠʥʪʝʟʘ ʚ ʟʦʥʝ ʨʝʘʢʮʠʠ ʨʘʟʚʠʚʘʣʘʩʴ ʠ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ 
ʪʝʤʧʝʨʘʪʫʨʘ 1650-1910 ʦʉ ʚ ʪʝʯʝʥʠʠ 5 ʤʠʥ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʣʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʭʦʨʦʰʫʶ ʦʪʩʘʜʢʫ 
ʤʝʪʘʣʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʚʢʠ ʧʦʣʫʯʝʥ ʩʣʠʪʦʢ ʣʠʛʘʪʫʨʳ ʠ ʰʣʘʢ. ʀʟ ʤʝʪʘʣʣʘ ʠ ʰʣʘʢʘ ʦʪʦʙʨʘʥʳ ʧʨʦʙʳ ʜʣʷ ʪʝʭʥʦʣʦʛʦ-
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ɺʳʧʦʣʥʝʥ rʭʠʤʠʯʝʩʢʠʝ, ʩʧʝʢʪʨʘʣʴʥʳʝ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ, ʪʝʨʤʠʯʝʩʢʠʝ, ʤʠʥʝʨʘʛʨʘʬʠʯʝʩʢʠʝ, 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʠ ʪʚʝʨʜʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  
ʇʠʨʦʬʘʥʠʪ ʄnTiO3 ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ Fe2O3, Al 2O3 ʠ MgTiO3. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʭʦʜʥʘ ʩ ʛʝʤʘʪʠʪʦʤ, 

a0-5,13, c0-14,33. ʆʙʨʘʟʫʝʪ ʫʧʣʦʱʝʥʥʦ-ʟʝʨʥʠʩʪʳʝ ʘʛʨʝʛʘʪʳ. ʅʘ ʩʪʝʥʢʘʭ ʧʫʩʪʦʪ ʥʘʙʣʶʜʘʶʪʩʷ ʜʨʫʟʳ ʠʜʠʦʤʦʨʬʥʳʭ 

ʪʘʙʣʠʪʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʢʨʘʩʠʚʦʝ ʜʚʦʡʥʠʢʦʚʘʥʠʝ ʧʦ (101̀1); ʠʥʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʧʦ ʚʩʝʤ ʧʣʦʩʢʦʩʪʷʤ ((101̀1)) ʚʦʟʥʠʢʘʝʪ ʪʦʥʢʦʝ ʨʝʰʝʪʯʘʪʦʝ ʩʪʨʦʝʥʠʝ. ɻʨʘʥʠ ʧʠʥʘʢʦʠʜʘ 

ʭʦʨʦʰʦ ʨʘʟʚʠʪʳ ʠ ʧʦʢʨʳʪʳ ʪʦʥʢʦʩʣʦʠʩʪʳʤ ʨʝʣʴʝʬʦʤ. ɿʘ ʩʯʝʪ ʟʘʨʦʞʜʝʥʠʷ ʩʣʦʝʚ ʨʦʩʪʘ ʩʦ ʩʪʦʨʦʥʳ ʨʝʙʝʨ ʚ ʩʝʨʝʜʠʥʝ 
ʛʨʘʥʝʡ ʧʠʥʘʢʦʠʜʘ ʦʙʨʘʟʫʶʪʩʷ ʫʛʣʫʙʣʝʥʠʷ ʠʣʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʦʨʦʥʢʠ. ʉʢʝʣʝʪʥʳʝ ʢʨʠʩʪʘʣʣʳ ʧʠʨʦʬʘʥʠʪʘ ʦʙʨʘʟʦʚʘʥʳ 
ʥʘʨʘʩʪʘʥʠʝʤ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʭ ʩʫʙʠʥʜʠʚʠʜʦʚ, ʘʥʘʣʦʛʠʯʥʦ ʩʢʝʣʝʪʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʛʝʤʘʪʠʪʘ (ʇʝʨʤʷʢʦʚ, 1975). ʍʦʨʦʰʘʷ 



ʩʧʘʡʥʦʩʪʴ // (101̀1) ʦʙʫʩʣʦʚʣʝʥʘ ʵʪʠʤʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʠʤʠ ʩʫʙʠʥʜʠʚʠʜʘʤʠ ʠ ʩʨʝʟʘʥʠʝʤ ʧʦ ʜʚʦʡʥʠʢʦʚʳʤ ʧʣʘʩʪʠʥʢʘʤ. ɺ 

ʥʘʠʪʦʥʯʘʡʰʠʭ ʦʩʢʦʣʢʘʭ ʤʠʥʝʨʘʣ ʪʝʤʥʳʡ, ʢʨʘʩʥʦʚʘʪʦ - ʢʦʨʠʯʥʝʚʳʡ,  n0=2,46, nE=2,07. 
ʇʠʨʦʬʘʥʠʪ ʧʦʩʣʝ ʪʱʘʪʝʣʴʥʦʛʦ ʪʦʥʢʦʛʦ ʰʣʠʬʦʚʘʥʠʷ ʧʦʣʠʨʫʝʪʩʷ ʦʯʝʥʴ ʭʦʨʦʰʦ. ɺ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʦʥ ʩʝʨʳʡ 

ʩʦ ʩʣʘʙʳʤ ʙʫʨʦʚʘʪʳʤ ʦʪʪʝʥʢʦʤ; ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚ ʚʦʟʜʫʭʝ: RO=18, RE=12; ʚ ʠʤʤʝʨʩʠʠ - RO=7.5, RE=5. 

ɼʚʫʦʪʨʘʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʧʠʨʦʬʘʥʠʪʘ. ɺ ʚʦʟʜʫʭʝ ʦʥʦ ʦʪʯʝʪʣʠʚʦʝ, ʚ ʠʤʤʝʨʩʠʠ ʦʯʝʥʴ 
ʩʠʣʴʥʦʝ. ʎʚʝʪʦʚʳʝ ʦʪʪʝʥʢʠ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʆ ʠ ɽ ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ, ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ 
ʛʫʩʪʦʪʦʡ ʩʝʨʦʛʦ ʮʚʝʪ. ʕʬʬʝʢʪʳ ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ ʦʪʯʝʪʣʠʚʳ ʫʞʝ ʚ ʚʦʟʜʫʭʝ, ʚ ʠʤʤʝʨʩʠʠ ʷʨʢʠʝ. ɿʘ ʩʯʝʪ 
ʚʳʩʦʢʦʛʦ ʜʚʫʦʪʨʘʞʝʥʠʷ ʦʯʝʥʴ ʯʝʪʢʦ ʚʳʷʚʣʷʶʪʩʷ ʜʚʦʡʥʠʢʠ ʧʨʦʨʘʩʪʘʥʠʷ. 

ɺʥʫʪʨʝʥʥʠʝ ʨʝʬʣʝʢʩʳ ʥʘʙʣʶʜʘʶʪʩʷ ʨʝʜʢʦ ʠ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚʦʢʨʫʛ ʦʪʧʝʯʘʪʢʦʚ ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʳ. ʂʘʢ 
ʧʨʘʚʠʣʦ, ʧʦ ʩʪʦʨʦʥʘʤ ʢʚʘʜʨʘʪʥʦʛʦ ʦʪʧʝʯʘʪʢʘ ʥʘʙʣʶʜʘʶʪʩʷ ʩʚʝʪʣʦ-ʞʝʣʪʳʝ, ʘ ʧʦ ʚʝʨʰʠʥʘʤ - ʟʝʣʝʥʦʚʘʪʦ-ʞʝʣʪʳʝ 
ʨʝʬʣʝʢʩʳ. ɺʙʣʠʟʠ ʪʨʝʱʠʥ ʩʧʘʡʥʦʩʪʠ ʤʳ ʥʘʙʣʶʜʘʣʠ ʢʨʘʩʥʦʚʘʪʦ-ʙʫʨʳʝ ʠ ʷʨʢʦ-ʟʝʣʝʥʳʝ ʨʝʬʣʝʢʩʳ. 

ʊʨʘʚʣʝʥʠʝ HF ʥʝ ʚʳʷʚʠʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʠʨʦʬʘʥʠʪʘ, ʦʜʥʘʢʦ ʭʦʨʦʰʦ 

ʦʪʧʨʝʧʘʨʠʨʦʚʘʣʦ ʝʛʦ ʢʨʠʩʪʘʣʣʳ ʟʘ ʩʯʝʪ ʚʳʪʨʘʚʣʠʚʘʥʠʷ ʩʠʣʠʢʘʪʥʦʛʦ ʩʪʝʢʣʘ. 
ʊʚʝʨʜʦʩʪʴ ʠ ʭʨʫʧʢʦʩʪʴ ʧʠʨʦʬʘʥʠʪʘ ʠʟʤʝʨʝʥʘ ʥʘ ʤʠʢʨʦʪʚʝʨʜʦʤʝʨʝ ʇʄʊ-3ʄ ʧʨʠ ʥʘʛʨʫʟʢʝ 100 ʛ. ɺ ʦʪʧʝʯʘʪʢʘʭ 

ʘʣʤʘʟʥʦʡ ʧʠʨʘʤʠʜʳ ʠʟʤʝʨʷʣʠ ʦʙʝ ʜʠʘʛʦʥʘʣʠ. ʊʚʝʨʜʦʩʪʴ ʚʳʯʠʩʣʷʣʠ ʧʦ ʬʦʨʤʫʣʝ H=1854P/d2, ʭʨʫʧʢʦʩʪʴ - ʧʦ ʬʦʨʤʫʣʝ F= 

S/P=Sld/14P. ʇʦ ʚʩʝʤ ʠʟʤʝʨʝʥʥʳʤ ʢʨʠʩʪʘʣʣʘʤ ʪʚʝʨʜʦʩʪʴ ʧʠʨʦʬʘʥʠʪʘ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 1080 - 1520 ʢʛʩ/ʤʤ2, ʩʨʝʜʥʝʝ 

ʟʥʘʯʝʥʠʝ ʪʚʝʨʜʦʩʪʠ 1285 ʢʛʩ/ʤʤ2. ɺ ʧʠʨʦʬʘʥʠʪʝ ʚʳʷʚʣʝʥʘ ʨʝʪʠʢʫʣʷʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʪʚʝʨʜʦʩʪʠ: ʅ(0001)=1238.3; 

ʅ(10̀ 11)=1317.3; ʅ(10̀ 10)=1144.0 ʢʛʩ/ʤʤ2. ʊʘʢʞʝ ʚʳʷʚʣʝʥʘ ʨʝʪʠʢʫʣʷʨʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʭʨʫʧʢʦʩʪʠ: F(0001)=99.7.10-6; 

F(10̀ 11)=151.5.10-6; F(10̀ 11)=163.9.10-6 ʤʤ2/ʢʛʩ. 

ɺʩʝ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʩʝʯʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʦʙʣʘʜʘʶʪ ʚʝʢʪʦʨʠʘʣʴʥʦʡ ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʚʝʨʜʦʩʪʠ, ʦʜʥʘʢʦ ʠʟʤʝʨʠʪʴ 
ʦʨʠʝʥʪʘʮʠʶ ʚ ʩʝʯʝʥʠʷʭ ʢʨʠʩʪʘʣʣʘ ʥʝ ʫʜʘʣʦʩʴ. 
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ʄɽʍɸʅʀɿʄ ʌʆʈʄʀʈʆɺɸʅʀʗ ʀ ʄʀʅɽʈɸʃʓ ɸɻɸʊʆɺʓʍ ʄʀʅɼɸʃʀʅ 
ɹɸɿɸʃʔʊʆɺ ʂɸʈɸʂɸʅʉʂʆɻʆ ʍʈɽɹʊɸ (ʖɻ ʂʋɿɹɸʉʉɸ) 

ɸ.ɺ. ʅʘʩʪʘʚʢʦ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʂ.ʃ. ʅʦʚʦʩʝʣʦʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʂʘʨʘʢʘʥʩʢʦʛʦ ʭʨʝʙʪʘ ʙʘʟʘʣʴʪʳ ʦʙʨʘʟʫʶʪ ʜʚʘ 

ʧʦʢʨʦʚʥʳʭ ʪʝʣʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʘʣʦʤʦʱʥʳʤ ʧʣʘʩʪʦʤ 
ʪʫʬʦʛʝʥʥʳʭ ʦʩʘʜʢʦʚ. ʆʙʘ ʧʦʢʨʦʚʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʠʣʠ ʩʣʘʙʦ 

ʥʘʢʣʦʥʥʳʤ ʩʦʛʣʘʩʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʩʨʝʜʠ ʥʠʞʥʝʪʨʠʘʩʦʚʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʘʣʝʚʨʦʣʠʪʘʤʠ, ʘʨʛʠʣʣʠʪʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ. ʇʦʢʨʦʚʥʳʝ ʪʝʣʘ 
ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʘ ʧʣʦʱʘʜʠ ʦʢʦʣʦ 20 ʢʤ2, ʠʤʝʶʪ ʜʦʚʦʣʴʥʦ ʚʳʜʝʨʞʘʥʥʫʶ 
ʤʦʱʥʦʩʪʴ ï 95 ïï 115 ʤ ʠ ʦʙʣʘʜʘʶʪ ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʦʨʦʜ 
ʤʠʥʜʘʣʝʢʘʤʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʈʘʟʤʝʨʳ ʤʠʥʜʘʣʠʥ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʦʜʦʰʚʳ ʢ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʘʟʘʣʴʪʦʚʦʛʦ ʧʦʢʨʦʚʘ ʜʦ 50 ï 
70 ʤʤ ʧʦ ʜʣʠʥʝ ʠ 35 ï 40 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʨʝʞʝ ʦʪʤʝʯʘʶʪʩʷ ʙʦʣʝʝ 
ʢʨʫʧʥʳʝ ʞʝʦʜʳ. ɺ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʨʘʩʪʝʪ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ 
ʤʠʥʜʘʣʠʥ (ʜʦ 20 ï 30 ʚʳʜʝʣʝʥʠʡ ʥʘ 1 ʤ2), ʘ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠʭ 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʧʦʜʯʝʨʢʠʚʘʶʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʯʝʥʠʷ ʣʘʚʳ. 
ʄʠʥʜʘʣʠʥʳ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʠ ʨʘʟʤʝʨʦʚ. ɺʳʧʦʣʥʝʥʳ 

ʤʠʥʝʨʘʣʘʤʠ ʛʨʫʧʧʳ ʢʨʝʤʥʝʟʝʤʘ, ʛʣʘʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʭʘʣʮʝʜʦʥ. 
ʊʝʢʩʪʫʨʥʳʡ ʨʠʩʫʥʦʢ ʤʠʥʜʘʣʠʥ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʝʥ ï ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-
ʟʦʥʘʣʴʥʳʡ, ʯʝʨʝʜʫʶʱʠʡʩʷ ʩ ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʣʦʩʯʘʪʳʤ, ʧʦʣʦʩʯʘʪʳʡ ʩ 
ʚʳʢʣʠʥʠʚʘʶʱʠʤʠʩʷ ʠʣʠ ʣʠʥʟʦʚʠʜʥʳʤʠ ʩʣʦʷʤʠ, ʧʝʡʟʘʞʥʳʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ 
ʧʨʠʯʫʜʣʠʚʳʤʠ ʮʝʧʦʯʢʘʤʠ ʛʘʟʦʚʳʭ ʧʫʟʳʨʴʢʦʚ. ʊʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʛʘʪʦ-
ʦʥʠʢʩʦʚʳʭ ʤʠʥʜʘʣʠʥ ʯʝʨʝʜʫʶʱʠʭʩʷ ʦʪʪʝʥʢʦʚ ʦʢʨʘʩʦʢ ʦʪ ʤʦʣʦʯʥʦ-ʙʝʣʳʭ ʜʦ 

ʛʦʣʫʙʦʚʘʪʳʭ, ʩʠʥʠʭ, ʬʠʦʣʝʪʦʚʳʭ, ʨʦʟʦʚʳʭ ʠ ʜʨʫʛʠʭ, ʙʝʟʫʩʣʦʚʥʦ, 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʢʘʢ ʤʫʟʝʡʥʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʠ ʢʘʢ ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʘʤʥʠ. ɺ 
ʤʠʥʜʘʣʠʥʘʭ ʥʝʨʝʜʢʦ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʣʦʩʪʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʜʨʫʟʘʤʠ ʤʝʣʢʠʭ 
ʢʨʠʩʪʘʣʣʦʚ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ, ʘʤʝʪʠʩʪʘ, ʤʦʨʠʦʥʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ (ʅʘʩʪʘʚʢʦ, 2004). 

ʂʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʩʣʦʠ, ʦʥʠʢʩʦʚʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʛʝʥʝʨʘʮʠʶ ʤʠʥʝʨʘʣʦʚ ʛʨ. ʢʨʝʤʥʝʟʝʤʘ. ʅʘ ʨʘʟʥʦʚʨʝʤʝʥʥʦʩʪʴ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʨʘʟʣʠʯʥʳʝ 
ʦʪʪʝʥʢʠ ʚ ʦʢʨʘʩʢʝ ʩʣʦʝʚ (ʦʪ ʤʦʣʦʯʥʦ-ʙʝʣʳʭ ʜʦ ʛʦʣʫʙʦʚʘʪʳʭ ʠ ʩʠʥʝʚʘʪʳʭ), ʤʝʥʷʶʱʠʝʩʷ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ 
ʢʨʠʩʪʘʣʣʦʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʘʣʮʝʜʦʥʘ ʠ ʟʝʨʥʠʩʪʳʭ ʘʛʨʝʛʘʪʦʚ ʢʚʘʨʮʘ, ʨʝʥʪʛʝʥʦ- ʠ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʭ ʩʚʦʡʩʪʚʘ. 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʥʠʢʩʦʚʳʭ ʧʦʣʦʩ ʠ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠʭ ʘʛʘʪʦʚʳʭ ʟʦʥ ʦʙʷʟʘʥʦ ʛʣʫʙʠʥʥʳʤ ʛʠʜʨʦʪʝʨʤʘʤ, 
ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ ʜʣʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʫʶ ʪʠʧʠʯʥʦ ʢʦʣʣʦʠʜʥʫʶ ʩʠʩʪʝʤʫ ʩ ʥʝʦʜʥʦʢʨʘʪʥʳʤ 
ʚʧʨʳʩʢʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʦʚ ʚ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ ʧʫʩʪʦʪʳ. ʂʦʥʮʝʥʪʨʠʯʝʩʢʠʝ ʩʣʦʠ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʧʦʣʦʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʧʨʦʜʫʢʪ ʢʦʘʛʫʣʷʮʠʠ ʟʦʣʷ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʝʣʷ. ʆʪʣʦʞʝʥʠʝ ʩʣʦʝʚ ʥʘʯʠʥʘʣʦʩʴ ʦʪ ʦʩʥʦʚʘʥʠʷ 
ʤʠʥʜʘʣʠʥʳ ʩ ʧʦʩʪʝʧʝʥʥʳʤ ʤʝʜʣʝʥʥʳʤ ʥʘʨʘʱʠʚʘʥʠʝʤ ʩʣʦʝʚ ʢ ʮʝʥʪʨʫ ʛʘʟʦʚʦʛʦ ʧʫʟʳʨʷ, ʚ ʫʩʣʦʚʠʷʭ ʧʘʜʘʶʱʝʡ 

 
 

ʈʠʩ.1. ʉʦʜʝʨʞʘʥʠʝ 

ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʬʝʨʨʠʪʝ  



ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʥʠʞʘʶʱʝʡʩʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʠ ʥʘʢʦʧʣʝʥʠʷ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ, ʢʦʪʦʨʘʷ, ʧʦ ʩʫʪʠ, 
ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʠʩʪʠʥʥʳʡ ʨʘʩʪʚʦʨ ʩ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʢʨʝʤʥʝʟʝʤʘ, ʩʣʫʞʠʚʰʝʛʦ ʩʨʝʜʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʢʨʠʩʪʘʣʣʦʚ ʛʦʨʥʦʛʦ ʭʨʫʩʪʘʣʷ, ʘʤʝʪʠʩʪʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ. 

ʀʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʠʥʜʘʣʠʥ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 
ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʰʣʠʭʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʨʫʯʥʳʤ ʜʨʦʙʣʝʥʠʝʤ ʚ ʩʪʘʣʴʥʦʡ ʩʪʫʧʝ ʩ 
ʧʦʩʣʝʜʫʶʱʝʡ ʦʙʨʘʙʦʪʢʦʡ ʨʘʟʜʨʦʙʣʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʩʭʝʤʝ. 
ʂʨʦʤʝ ʪʦʛʦ, ʠʟʫʯʝʥʳ ʦʪʜʝʣʴʥʳʝ ʘʢʮʝʩʩʦʨʥʳʝ ʤʠʥʝʨʘʣʳ ʠʟ ʧʨʦʪʦʣʦʯʝʢ ʙʘʟʘʣʴʪʦʚ. 
ʍʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʘʛʘʪʦʚʳʭ ʟʦʥ ʠ ʦʥʠʢʩʦʚʳʭ ʧʦʣʦʩ, ʧʨʠʤʝʩʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 
ʥʠʭ ʚʳʧʦʣʥʝʥ ʥʘ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ CAMEBAX-MICRO (ʛ. 
ʅʦʚʦʩʠʙʠʨʩʢ, ʆʀɻɻʠʄ, ʉʆ ʈɸʅ, ʘʥʘʣʠʪʠʢ ʩ.ʥ.ʩ. ʃ.ʅ. ʇʦʩʧʝʣʦʚʘ). 
ʉʧʝʢʪʨʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʘʥʘʣʠʟʦʤ ʚ ʩʦʩʪʘʚʝ ʧʦʣʦʩ ʠ ʟʦʥ ʘʛʘʪʘ ʫʩʪʘʥʦʚʣʝʥ 

ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ: Cu, Ga, Ag, Ge, Ni, Co, Fe, Mn, Ti, Be, ʚ 
ʪʦʤ ʯʠʩʣʝ ʧʨʠʙʣʠʞʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ï ʦʧʨʝʜʝʣʝʥʳ ʪʘʢʠʝ ʣʠʪʦʬʠʣʳ, ʢʘʢ Na, 
Ca, Mg, Al, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ɺ ʩʦʩʪʘʚʝ ʘʛʘʪʦ-ʦʥʠʢʩʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ 
ʤʠʥʝʨʘʣʳ: ʩʝʨʝʙʨʦ, ʤʝʜʴ, ʬʝʨʨʠʪ, ʧʠʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ, ʛʘʣʝʥʠʪ, ʤʘʛʥʝʪʠʪ, 
ʠʣʴʤʝʥʠʪ, ʬʘʷʣʠʪ, ʦʣʠʚʠʥ, ʘʣʴʤʘʥʜʠʥ, ʪʠʪʘʥʦʚʳʡ ʘʚʛʠʪ, ʜʠʦʧʩʠʜ, ʛʝʜʝʥʙʝʨʛʠʪ, 
ʥʘʪʨʦʣʠʪ, ʢʘʣʴʮʠʪ, ʠʟ ʢʦʪʦʨʳʭ ʪʦʣʴʢʦ ʧʠʨʠʪ ʦʙʨʘʟʫʝʪ ʚʝʩʦʚʳʝ ʢʦʣʠʯʝʩʪʚʘ. 
ɼʨʫʛʠʝ ʤʠʥʝʨʘʣʳ ʫʩʪʘʥʦʚʣʝʥʳ ʣʠʰʴ ʚ ʠʩʢʫʩʩʪʚʝʥʥʳʭ ʰʣʠʭʘʭ ʚ ʝʜʠʥʠʯʥʳʭ 

ʟʝʨʥʘʭ ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 0,01 ï 0,1 ʤʤ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʛʘʪʦ-
ʦʥʠʢʩʦʚ ʥʘ ʤʠʢʨʦʩʢʦʧʝ OLYMPUS BX51, ʝʜʠʥʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ ʧʠʨʦʢʩʝʥʦʚ, 
ʦʣʠʚʠʥʘ, ʧʨʠʫʨʦʯʝʥʳ ʢ ʚʥʝʰʥʝʡ ʦʙʣʝʢʘʶʱʝʡ ʢʦʥʮʝʥʪʨʠʯʝʩʢʦʡ ʟʦʥʝ ʭʘʣʮʝʜʦʥʘ, 
ʠ ʠʭ ʧʦʷʚʣʝʥʠʝ ʚ ʤʠʥʜʘʣʠʥʘʭ ʦʙʷʟʘʥʦ ʧʨʦʮʝʩʩʫ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʦʜʪʦʢʘ 
ʨʘʩʪʚʦʨʦʚ ʠʟ ʙʘʟʘʣʴʪʦʚʦʡ ʣʘʚʳ. ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʛʦʣʴʯʘʪʳʝ ʘʛʨʝʛʘʪʳ 
ʥʘʪʨʦʣʠʪʘ, ʟʝʨʥʘ ʢʘʣʴʮʠʪʘ ʚʳʧʦʣʥʷʶʪ ʪʨʝʱʠʥʳ ʠʣʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʛʨʘʥʠʮʘʤ 
ʭʘʣʮʝʜʦʥʦʚʳʭ ʧʦʣʦʩ. 

ʉʘʤʦʨʦʜʥʳʝ ʤʝʪʘʣʣʠʜʳ ï ʩʝʨʝʙʨʦ, ʤʝʜʴ ʚʩʪʨʝʯʝʥʳ ʚ ʟʝʨʥʘʭ ʦʢʨʫʛʣʦʡ 

ʠʣʠ ʙʣʠʟʢʦʡ ʢ ʥʝʡ ʬʦʨʤʳ ʨʘʟʤʝʨʦʤ 0,01 ʤʤ. ʅʝʩʢʦʣʴʢʦ ʚ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪʤʝʯʘʝʪʩʷ ʬʝʨʨʠʪ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ 
ʬʦʨʤʝ ʩʠʣʴʥʦʤʘʛʥʠʪʥʳʭ ʛʣʦʙʫʣʝʡ ʨʘʟʤʝʨʦʤ 0,05 ï 0,1 ʤʤ. ɺ ʨʘʟʨʝʟʝ ʛʣʦʙʫʣʠ ʩʦʜʝʨʞʘʪ ʢʘʧʣʝʚʠʜʥʳʝ ʷʜʨʘ ʬʝʨʨʠʪʘ 
(ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Fe 95%), ʟʘʢʣʶʯʝʥʥʳʝ ʚ ʤʘʛʥʝʪʠʪʦʚʫʶ ʦʙʦʣʦʯʢʫ. ɺ ʩʦʩʪʘʚʝ ʬʝʨʨʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʠʤʝʩʠ Cr, 
Mn, Au, Ag, Ni, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʜʦʤʠʥʠʨʫʶʪ ʩʦʜʝʨʞʘʥʠʷ Cr ʠ 
Mn (ʨʠʩ.1). ʌʝʨʨʠʪʳ ʠʟ ʙʘʟʘʣʴʪʦʚ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ Fe 
98,8%)ʩʦʜʝʨʞʘʪ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʨʠʤʝʩʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʟʘʤʝʪʥʦ 
ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Au, ʩʦʜʝʨʞʘʥʠʝ 
ʢʦʪʦʨʦʛʦ ʧʦʯʪʠ ʚʜʚʦʝ ʚʳʰʝ, ʘ ʧʨʠʤʝʩʴ Ag ʚ ʬʝʨʨʠʪʝ ʙʘʟʘʣʴʪʦʚ 
ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʝʪʠʪʦʚʳʭ ʦʙʦʣʦʯʝʢ, 

ʧʝʨʝʩʯʠʪʘʥʥʳʡ ʥʘ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, 
ʚʳʨʘʞʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʬʦʨʤʫʣʦʡ: 
(Fe2+

0,816Mg0,078Mn0,042Ca0,002)0,938(Fe3+
1,804Ti0,084Al 0,071Si0,015V0,007C

r0,001)1,982O4. 
ʇʠʨʠʪ ʚ ʤʠʥʜʘʣʠʥʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʜʚʫʭ ʛʝʥʝʨʘʮʠʷʭ. 

ʇʠʨʠʪ 1, ʨʘʥʥʠʡ, ʦʙʨʘʟʫʝʪ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʢʨʘʧʣʝʥʥʠʢʠ 
ʢʨʠʩʪʘʣʣʦʚ, ʨʘʟʤʝʨʦʤ 0,01 ʤʤ ʚ ʭʘʣʮʝʜʦʥʦʚʳʭ ʧʦʣʦʩʘʭ 
ʤʠʥʜʘʣʠʥ. ʇʠʨʠʪ 2, ʧʦʟʜʥʠʡ, ʥʘʙʣʶʜʘʝʪʩʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚ 

ʚʠʜʝ ʥʝʨʘʚʥʦʤʝʨʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʚ ʘʛʘʪʦ-ʦʥʠʢʩʦʚʳʭ 
ʤʠʥʜʘʣʠʥʘʭ ʠ ʙʘʟʘʣʴʪʘʭ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠʭ ʟʘʤʝʪʥʦ 
ʨʘʟʣʠʯʘʝʪʩʷ (ʨʠʩ.2). ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʭʠʤʠʟʤʘ ʨʘʥʥʝʛʦ 
ʧʠʨʠʪʘ ï ʢʦʥʮʝʥʪʨʘʮʠʷ ʚ ʥʝʤ Au, Ag, ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʨʠʤʝʩʴ 
Ni, ʦʪʩʫʪʩʪʚʠʝ Co, Cu. 

ʆʢʪʘʵʜʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʤʘʛʥʝʪʠʪʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ 
ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʤʠʥʜʘʣʠʥʘʭ, ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʳʤ ʘʢʮʝʩʩʦʨʠʝʤ ʚʦ 
ʚʤʝʱʘʶʱʠʭ ʙʘʟʘʣʴʪʘʭ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʤʘʛʥʝʪʠʪʦʚ 

ʤʠʥʜʘʣʠʥ ʠ ʙʘʟʘʣʴʪʦʚ ʜʦʚʦʣʴʥʦ ʙʣʠʟʦʢ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 
ʝʜʠʥʳʡ ʙʘʟʘʣʴʪʦʠʜʥʳʡ ʠʩʪʦʯʥʠʢ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʍʘʨʘʢʪʝʨʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʭʠʤʠʟʤʘ ï ʩʪʘʙʠʣʴʥʦ ʧʦʚʳʰʝʥʥʳʝ 
ʩʦʜʝʨʞʘʥʠʷ SiO2, V2O5, P2O5. ʄʠʥʘʣʴʥʳʡ ʩʦʩʪʘʚ ʤʘʛʥʝʪʠʪʦʚʦʡ ʬʘʟʳ ʤʠʥʜʘʣʠʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʘʢʪʠʯʝʩʢʠ ʯʠʩʪʦʤʫ 
ʤʘʛʥʝʪʠʪʫ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʧʨʠʤʝʩʴʶ ʷʢʦʙʩʠʪʦʚʦʛʦ ʤʠʥʘʣʘ. ɺ ʤʘʛʥʝʪʠʪʝ ʙʘʟʘʣʴʪʦʚ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʘʝʪʩʷ ʨʦʣʴ 
ʛʝʨʮʠʥʠʪʦʚʦʛʦ ʠ ʭʨʦʤʠʪʦʚʦʛʦ ʤʠʥʘʣʦʚ (ʨʠʩ.3). ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʫʣʳ ʤʘʛʥʝʪʠʪʘ ʤʠʥʜʘʣʠʥ: 
(Fe2+

0,986Mn0,005Mg0,001)0,992(Fe3+
1,976Cr0,007V0,004Ti0,001Si0,001)1,989O4, ʤʘʛʥʝʪʠʪʘ ʙʘʟʘʣʴʪʦʚ: 

(Fe2+
0,985Ca0,008Mn0,001Mg0,001)0,995(Fe3+

1,972Cr0,016V0,007Ti0,001Al 0,001Si0,001)1,999O4. 
ʀʣʴʤʝʥʠʪ ʚ ʤʠʥʜʘʣʠʥʘʭ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʤʘʛʥʝʪʠʪʦʤ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ, ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʘʢʮʝʩʩʦʨʥʦʛʦ ʠʣʴʤʝʥʠʪʘ ʙʘʟʘʣʴʪʦʚ ʙʦʣʴʰʝʡ ʤʘʨʛʘʥʮʦʚʠʩʪʦʩʪʴʶ. ʋʩʨʝʜʥʝʥʥʘʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ 
ʠʣʴʤʝʥʠʪʘ ʤʠʥʜʘʣʠʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʥʛʘʥʠʣʴʤʝʥʠʪʫ: (Fe2+

0,198Fe3+
0,396Mn0,357Mg0,001)0,952(Ti0,919V0,005)0,924O3. ʌʦʨʤʫʣʘ 

ʠʣʴʤʝʥʠʪʘ ʙʘʟʘʣʴʪʦʚ: (Fe2+
0,295Fe3+

0,627Mn0,031Mg0,001)0,954(Ti0,984V0,008)0,992O3. 
ɺʳʚʦʜʳ. 
1. ʆʙʨʘʟʦʚʘʥʠʝ ʘʛʘʪʦʚʳʭ ʤʠʥʜʘʣʠʥ ʦʙʷʟʘʥʦ ʜʣʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʤʫ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ. 

ʀʩʪʦʯʥʠʢʦʤ ʛʠʜʨʦʪʝʨʤ ʩʣʫʞʠʣ ʛʣʫʙʠʥʥʳʡ ʙʘʟʘʣʴʪʦʠʜʥʳʡ ʨʘʩʧʣʘʚ. 
2. ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʥʘʯʘʣʴʥʦʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʜʠʠ ʧʨʦʮʝʩʩʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ 

ʪʠʧʠʯʥʳʝ ʛʠʜʨʦʟʦʣʠ ʩ ʜʠʩʧʝʨʩʥʳʤʠ ʬʘʟʘʤʠ SiO2, ʩʫʣʴʬʠʜʦʚ, ʤʝʪʘʣʣʦʚ (Au, Ag, Cu, Fe) ʠ ʜʨ. ʇʨʠ ʧʦʩʪʫʧʣʝʥʠʠ 

ʨʘʩʪʚʦʨʦʚ ʚ ʤʠʥʜʘʣʝʢʘʤʝʥʥʳʝ ʧʫʩʪʦʪʳ ʚʩʣʝʜʩʪʚʠʝ ʨʝʟʢʦʛʦ ʧʘʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʘ ʢʦʘʛʫʣʷʮʠʷ ʩ 
ʦʙʦʩʦʙʣʝʥʠʝʤ ʛʝʣʷ ʢʨʝʤʥʝʟʝʤʘ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɼʠʩʢʨʝʪʥʦʩʪʴ ʦʪʣʦʞʝʥʠʷ ʟʦʥ ʠ ʩʣʦʝʚ ʤʠʥʝʨʘʣʦʚ ʛʨʫʧʧʳ 

 
 

ʈʠʩ.2. ʉʦʜʝʨʞʘʥʠʝ 

ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʠʨʠʪʝ 

 
 

ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʘ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʛʥʝʪʠʪʘ ʤʠʥʜʘʣʠʥ 

ʠ ʙʘʟʘʣʴʪʦʚ  



ʢʨʝʤʥʝʟʝʤʘ ʠ ʤʝʭʘʥʠʟʤ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʤʠʥʜʘʣʠʥʘʭ ʚʫʣʢʘʥʠʪʦʚ ʦʩʚʝʱʝʥ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (ɻʦʜʦʚʠʢʦʚ ʠ ʜʨ., 1987, 
ʅʘʩʪʘʚʢʦ, 2004, ʇʫʥʠʥ ʠ ʜʨ., 2004). ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʫʜʥʦʛʦ ʛʝʣʷ ʚ ʭʘʣʮʝʜʦʥʦʚʳʭ ʩʣʦʷʭ ʚʳʜʝʣʷʣʠʩʴ 
ʧʠʨʠʪ 1, ʦʢʨʫʛʣʳʝ ʟʝʨʥʘ ʤʝʪʘʣʣʠʜʦʚ. 

3. ɺ ʧʨʦʮʝʩʩʝ ʜʣʠʪʝʣʴʥʦʡ ʵʚʦʣʶʮʠʠ ʢʦʣʣʦʠʜʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʨʘʩʪʚʦʨʳ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʠʩʪʠʥʥʳʝ, 
ʦʙʦʛʘʱʝʥʥʳʝ ʣʝʪʫʯʠʤʠ, ʱʝʣʦʯʥʳʤʠ ʠ ʨʫʜʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʎʠʨʢʫʣʷʮʠʷ ʨʘʩʪʚʦʨʦʚ ʦʙʫʩʣʦʚʠʣʘ ʧʦʷʚʣʝʥʠʝ ʚ 
ʤʠʥʜʘʣʠʥʘʭ ʧʠʨʠʪʘ 2, ʛʘʣʝʥʠʪʘ, ʤʦʣʠʙʜʝʥʠʪʘ, ʤʘʛʥʝʪʠʪʘ, ʠʣʴʤʝʥʠʪʘ, ʥʘʪʨʦʣʠʪʘ. 

4. ɹʣʘʛʦʧʨʠʷʪʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʠʩʫʪʩʪʚʠʝ ʤʠʥʝʨʘʣʦʚ ʚʳʩʰʝʡ 
ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʥʘʣʠʯʠʝ ʥʘ ʛʣʫʙʠʥʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʞʠʣ ʩ ʟʦʣʦʪʦʩʫʣʴʬʠʜʥʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʉʈɸɺʅʀʊɽʃʔʅɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʆʉʆɹɽʅʅʆʉʊɽʁ ɺʅʋʊʈɽʅʅɽɻʆ 
ʉʊʈʆɽʅʀʗ ɸʃʄɸɿʆɺ ʀɿ ʂʀʄɹɽʈʃʀʊʆɺʓʍ ʊʈʋɹʆʂ çʅʖʈɹʀʅʉʂɸʗè, 

çɹʆʊʋʆɹʀʅʉʂɸʗè (ʗʂʋʊʀʗ) 
ɹ.ʉ. ʇʦʤʘʟʘʥʩʢʠʡ, ɸ.ʀ. ʊʘʪʴʷʥʯʝʥʢʦ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ɿʠʥʯʫʢ  
ʗʢʫʪʩʢʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʎʅʀɻʈʀ, 

ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 
 
ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʧʦʣʷ, ʚ ʧʨʝʜʝʣʘʭ ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩ ʮʝʣʴʶ ʧʦʢʘʟʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʜʣʷ ʧʨʠʚʷʟʢʠ ʚʦʟʤʦʞʥʳʭ ʦʨʝʦʣʦʚ ʨʘʩʩʝʷʥʠʷ ʠ ʨʦʩʩʳʧʝʡ, 
ʦʙʨʘʟʦʚʘʥʥʳʭ ʦʪ ʫʢʘʟʘʥʥʳʭ ʪʨʫʙʦʢ ʧʦ ʮʚʝʪʫ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʦʚ. 

ɸʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʦʙʲʸʤʝ ʠʥʜʠʚʠʜʦʚ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 
ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʧʨʦʟʨʘʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ ʘʣʤʘʟ. 
ʉʫʪʴ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʙʠʨʘʪʝʣʴʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʩʣʦʝʚ ʢʨʠʩʪʘʣʣʘ ʘʣʤʘʟʘ ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ, ʚʳʪʷʥʫʪʳʤ ʚ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʣʫʯʦʤ ʣʘʟʝʨʘ ʠ ʥʘʙʣʶʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʚʝʪʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʬʦʨʤʳ 
ʬʘʥʪʦʤʦʚ ʚ ʜʘʥʥʦʤ çʩʨʝʟʝè ʯʝʨʝʟ ʦʩʪʘʣʴʥʦʡ ʦʙʲʝʤ. ɼʘʣʝʝ ʧʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʚ ʚʠʜʝ 

ʨʘʟʥʦʮʚʝʪʥʳʭ ʦʙʣʘʩʪʝʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʟʘ ʩʯʝʪ ʚʦʟʙʫʞʜʝʥʠʷ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ ʨʷʜʘ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʟʫʯʝʥʠʷ ʩʣʫʞʠʣʠ ʧʨʠʨʦʜʥʳʝ ʘʣʤʘʟʳ ʩ ʨʘʟʤʝʨʦʤ ʠʥʜʠʚʠʜʦʚ ʥʝ ʤʝʥʝʝ +0,5 ʤʤ, 
ʦʙʣʘʜʘʶʱʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ. 

ʈʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʥʪʦʛʝʥʠʯʝʩʢʦʡ ʬʦʨʤʫʣʳ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʘ. ɺ ʥʝʡ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʟʘʧʠʩʘʥʳ ʮʚʝʪ (ʚ ʚʠʜʝ ʮʠʬʨʳ) ʠ ʬʦʨʤʘ (ʩʦʢʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʥʘʧʨʠʤʝʨ 
okt - ʦʢʪʘʵʜʨ) ʢʘʞʜʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʢʨʠʩʪʘʣʣʘ. ɼʘʣʴʥʝʡʰʘʷ ʦʙʨʘʙʦʪʢʘ 
ʧʦʣʫʯʝʥʥʦʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʩʦʩʪʦʠʪ ʠʟ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚʳʙʦʨʢʠ ʧʦ ʚʳʷʚʣʝʥʥʳʤ ʪʠʧʘʤ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʧʦ ʪʠʧʘʤ ʩʦʢʨʘʱʝʥʥʳʭ ʦʥʪʦʛʝʥʠʯʝʩʢʠʭ ʬʦʨʤʫʣ). ʉʨʘʚʥʝʥʠʝ ʧʦ ʢʣʘʩʩʘʤ 

ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʥʘʠʙʦʣʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʢʣʘʩʩʦʚ -2+1 ʠ -4+2 ʤʤ. 
ʊʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʘʣʤʘʟʦʚ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʜʥʦʨʦʜʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʬʠʢʩʠʨʫʝʪʩʷ ʜʣʷ 46,78% ʮʝʣʳʭ, ʧʦʚʨʝʞʜʝʥʥʳʭ ʠ ʦʙʣʦʤʘʥʥʳʭ ʘʣʤʘʟʦʚ. 
ʅʘʠʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ð 34,26% - ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʦʝ ʨʦʟʦʚʦʝ, ʨʦʟʦʚʦ-ʩʠʨʝʥʝʚʦʝ ʩʚʝʯʝʥʠʝ. ɸʣʤʘʟʦʚ ʩ 
ʦʜʥʦʨʦʜʥʳʤ ʞʝʣʪʦ-ʟʝʣʝʥʳʤ ʩʚʝʯʝʥʠʝʤ 6,4%, ʩʠʥʝ-ʛʦʣʫʙʳʤ ʩʚʝʯʝʥʠʝʤ - 3,3%. ʂʨʠʩʪʘʣʣʦʚ ʪʠʧʘ 1 (ʦʜʥʦʨʦʜʥʦʝ ʞʝʣʪʦ-
ʟʝʣʝʥʦʝ ʩʚʝʯʝʥʠʝ) ʙʦʣʴʰʝ ʚ ʢʣʘʩʩʝ -2+1ʤʤ, ʘ ʪʠʧʘ 2 (ʦʜʥʦʨʦʜʥʦʝ ʩʠʥʝ-ʛʦʣʫʙʦʝ ʩʚʝʯʝʥʠʝ) - ʚ ʢʣʘʩʩʝ -4+2ʤʤ. 

ʅʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʟ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʚʠʟʫʘʣʠʟʠʨʫʶʪʩʷ ʵʣʝʤʝʥʪʳ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ð ʧʠʨʘʤʠʜʳ, ʟʦʥʳ ʨʦʩʪʘ ʛʨʘʥʝʡ, ʦʙʣʘʩʪʠ ʟʘʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʮʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦʙ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʦʥʪʦʛʝʥʠʠ ʘʣʤʘʟʦʚ ʪʨʫʙʢʠ. 
ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʨʫʙʢʠ ʠ ʩʨʘʚʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʧʦ ʛʦʨʠʟʦʥʪʘʤ ʠ ʬʣʘʥʛʘʤ 

ʪʨʫʙʢʠ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʮʝʣʳʭ, ʧʦʚʨʝʞʜʝʥʥʳʭ ʠ ʦʙʣʦʤʘʥʥʳʭ ʠʥʜʠʚʠʜʦʚ. ʕʪʦʪ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʨʠʝʤ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ ʚ 
ʤʝʪʦʜʝ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʦʡ ʯʘʩʪʴʶ 
ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʠʥʜʠʚʠʜʘ ʙʳʣʠ ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʚʳʙʦʨʢʝ ʦʩʢʦʣʢʠ ʠʣʠ ʦʙʣʦʤʢʠ. 

ʂʨʠʩʪʘʣʣʦʚ ʩ ʜʚʫʤʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʚ ʚʳʙʦʨʢʝ 39%. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʝʥʳ ʘʣʤʘʟʳ ʪʠʧʘ 13 -22%, ʟʘʪʝʤ 
14 ð 6%, 23 - 2%, 24 ð 1% ʠ 34 - 1%. ɺ ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ ʧʦʚʪʦʨʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ ʩ 
ʤʥʦʛʦʟʦʥʘʣʴʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʪʨʝʭ ʠ ʙʦʣʝʝ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

14%. ʂʨʠʩʪʘʣʣʳ ʩ ʪʨʝʤʷ ʠ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʢʦʣʝʙʘʥʠʷ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʚ ʣʦʢʘʣʴʥʳʭ 
ʠʣʠ ʙʦʣʴʰʠʭ ʧʦ ʨʘʟʤʝʨʘʤ ʦʙʣʘʩʪʷʭ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʪʨʫʙʢʝ ʅʶʨʙʠʥʩʢʘʷ ʥʘ ʫʨʦʚʥʝ ʧʝʨʚʳʭ 
ʧʨʦʮʝʥʪʦʚ. 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʚʳʙʦʨʢʝ ʠʟ ʮʝʣʳʭ, ʧʦʚʨʝʞʜʝʥʥʳʭ, ʦʙʣʦʤʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʧʦ ʚʳʙʦʨʢʝ ʠʟ 
ʦʙʣʦʤʢʦʚ ʠ ʦʩʢʦʣʢʦʚ ʧʦʢʘʟʳʚʘʝʪ ʩʪʘʙʠʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʜʦʣʠ ʚʩʝʭ ʪʠʧʦʚ ʦʜʥʦʨʦʜʥʦʛʦ ʩʚʝʯʝʥʠʷ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 
ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʦʣʶ ʦʜʥʦʨʦʜʥʳʭ ʠʥʜʠʚʠʜʦʚ ʩʨʝʜʠ ʚʳʙʦʨʢʠ ʠʟ ʦʙʣʦʤʢʦʚ ʠ ʦʩʢʦʣʢʦʚ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʚ ʦʙʣʦʤʢʠ ʠ 
ʦʩʢʦʣʢʠ, ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʣʠ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʨʘʟʨʫʰʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʘʱʝ ʦʪʭʦʜʷʪ ʦʜʥʦʨʦʜʥʳʝ ʧʦ ʬʠʟʠʯʝʩʢʠʤ 
ʩʚʦʡʩʪʚʘʤ ʦʙʣʘʩʪʠ ʟʦʥʘʣʴʥʳʭ ʘʣʤʘʟʦʚ. 



ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʚʳʙʦʨʢʘ ʙʳʣʘ ʨʘʟʙʠʪʘ ʧʦ ʛʦʨʠʟʦʥʪʘʤ, ʙʝʟ ʨʘʟʙʨʘʢʦʚʢʠ ʥʘ 
ʶʞʥʫʶ ʠ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ʪʨʫʙʢʠ. ʉʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʢ ʠʟ ʛʦʨʠʟʦʥʪʦʚ +145, +160, +175 ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʥʝ 
ʦʙʥʘʨʫʞʠʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʪʝʥʜʝʥʮʠʡ. ʉʨʘʚʥʝʥʠʝ ʚʳʙʦʨʦʢ ʠʟ ʶʞʥʦʡ ʠ ʩʝʚʝʨʥʦʡ ʯʘʩʪʝʡ ʪʝʣʘ ʦʙʥʘʨʫʞʠʣʦ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʝ ʪʝʥʜʝʥʮʠʠ. ʀʭ ʷʚʥʦ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʧʦ ʪʠʧʘʤ 14, 31 ʠ ʧʦ ʦʙʱʝʤʫ ʩʦʜʝʨʞʘʥʠʶ ʪʨʝʭ- ʠ ʙʦʣʝʝ 
ʟʦʥʘʣʴʥʳʭ ʪʠʧʦʚ. 

ʆʜʥʦʟʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠʟ ʜʘʥʥʳʭ ʯʘʩʪʝʡ ʪʨʫʙʢʠ ʦʪʣʠʯʘʶʪʩʷ ʩʣʘʙʦ. ɼʘʥʥʳʝ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ 
ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʜʨʫʛʠʤʠ ʦʙʲʝʢʪʘʤʠ. ɺ ʮʝʣʦʤ, ʘʣʤʘʟʳ I 
ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ ʧʦ ʜʘʥʥʳʤ ʣʘʟʝʨʥʦʡ ʪʦʤʦʛʨʘʬʠʠ ʙʦʣʝʝ ʙʣʠʟʢʠ ʢ ʢʨʠʩʪʘʣʣʘʤ ʠʟ 
ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʨʘʡʦʥʘ, ʯʝʤ ʢ ʘʣʤʘʟʘʤ ʠʟ ʜʨʫʛʠʭ ʨʘʡʦʥʦʚ. 

ʊʨʫʙʢʘ ɹʦʪʫʦʙʠʥʩʢʘʷ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʟʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʮʝʣʳʭ 
ʢʨʠʩʪʘʣʣʘʭ ʠ ʧʣʘʩʪʠʥʢʘʭ ʠʟ ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʅʶʨʙʠʥʩʢʘʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ 

ʩʣʘʙʦʢʦʥʪʨʘʩʪʥʳʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ, ʨʦʟʦʚʦ-ʩʠʨʝʥʝʚʳʡ ʦʪʪʝʥʦʢ ʮʝʣʳʭ ʠʥʜʠʚʠʜʦʚ ʠ ʟʦʥ ʪʠʧʘ 3. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʚʦ 
ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʪʨʫʜʥʦ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʝʨʠʬʝʨʠʡʥʘʷ ʥʝ ʣʶʤʠʥʝʩʮʠʨʫʶʱʘʷ ʟʦʥʘ. 

ʋ 75% ʚʩʝʭ ʘʣʤʘʟʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʦʜʥʦʨʦʜʥʦʝ ʩʚʝʯʝʥʠʝ ʠ 25% - ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʮʝʥʪʨʦʚ 
ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 
ʚʩʪʨʝʯʘʶʪʩʷ ʠʥʜʠʚʠʜʳ ʩ ʨʦʟʦʚʦ-ʩʠʨʝʥʝʚʳʤ ʩʚʝʯʝʥʠʝʤ (ʪʠʧ 3) - 58%. ʀʥʜʠʚʠʜʳ ʩ ʩʠʥʝ-ʛʦʣʫʙʳʤ (ʪʠʧ 2) ʠ ʞʝʣʪʦ-ʟʝʣʸʥʳʤ 
(ʪʠʧ 1) ʩʚʝʯʝʥʠʝʤ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʞʝ - 4% ʠ 7% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʨʝʜʠ ʜʚʦʡʥʠʢʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʪʠʧʦʚ ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. 

ɼʣʷ ʠʥʜʠʚʠʜʦʚ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʪʘʢʠʝ 

ʪʠʧʳ: 13 - 10%, 14 - 4%, 134 - 2% ʠ 23-2%. ɺʩʝ ʜʨʫʛʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʚʩʪʨʝʯʝʥʳ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʤʝʥʝʝ 1%. 
ɺ ʠʟʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʮʝʥʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʞʝʣʪʦ-ʟʝʣʸʥʦʝ ʩʚʝʯʝʥʠʝ 

ʣʦʢʘʣʠʟʫʝʪʩʷ "ʚ ʧʠʨʘʤʠʜʘʭ ʨʦʩʪʘ ʢʫʙʘ, ʟʦʥʘʭ ʨʦʩʪʘ ʧʦ ʢʫʙʦʦʢʪʘʵʜʨʫ, ʚ ʦʢʨʫʛʣʳʭ, ʦʜʥʦʨʦʜʥʦ ʩʚʝʪʷʱʠʭʩʷ ʦʙʣʘʩʪʷʭ ʚ 
ʮʝʥʪʨʝ ʠʥʜʠʚʠʜʦʚ, ʠʣʠ ʟʦʥʘʭ ʨʦʩʪʘ ʧʦ {111} ʥʘ ʙʦʣʝʝ ʧʦʟʜʥʝʡ, ʥʝ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʦʩʪʘ ʦʪʜʝʣʴʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠʣʠ 
ʜʚʦʡʥʠʢʘ. 

ʀʟʫʯʝʥʠʝ ʚʩʝʭ ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʪʨʫʙʢʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 
ʠʥʬʦʨʤʘʮʠʶ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʮʝʥʪʨʦʚ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʠʥʜʠʚʠʜʘʭ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ 
ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʦʚ I ʠ (ʚ ʥʝʢʦʪʦʨʳʭ ʘʣʤʘʟʘʭ) IV 

ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɺ ʪʨʫʙʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʪʠʧʦʚ 1, 4 ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʢʪʘʵʜʨŸʧʝʨʝʭʦʜʥʘʷ 
ʬʦʨʤʘŸʨʦʤʙʦʜʦʜʝʢʘʵʜʨŸʛʨʫʧʧʘ ʢʫʙ, ʢʫʙʦʨʦʤʙʦʜʦʜʝʢʘʵʜʨ, ʪʝʪʨʘʛʝʢʩʘʵʜʨ ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʠʧʦʚ 13, 14 ʠ ʜʨʫʛʠʭ ʟʦʥ ʚ 
ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʢʫʙʠʯʝʩʢʦʛʦ, ʢʫʙʦʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ, ʪʝʪʨʘʛʝʢʩʘʵʜʨʦʠʜʥʦʛʦ ʛʘʙʠʪʫʩʘ 
ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʥʜʠʚʠʜʳ I, II, III, IV ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɺ ʛʨʫʧʧʝ ʘʣʤʘʟʦʚ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʪʤʝʯʘʶʪʩʷ 15% ʢʨʠʩʪʘʣʣʦʚ 
ʪʠʧʘ 1,36%- ʪʠʧʘ 3, 32% - ʪʠʧʘ 4,9%- ʪʠʧʘ 13,4%- ʪʠʧʘ 14, ʘ ʜʣʷ ʠʥʜʠʚʠʜʦʚ I ʨʘʟʥʦʚʠʜʥʦʩʪʠ ð ʪʠʧʘ 1 - 6%, ʪʠʧʘ 3 - 69%, 
ʪʠʧʘ 4 - 1%, ʪʠʧʘ 13 - 12%, ʪʠʧʘ 14 - 4%, ʪ.ʝ. ʦʙʲʷʩʥʠʤʳʝ ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʵʪʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʩʦʦʪʥʦʰʝʥʠʷ. 
ʆʪʚʝʪʩʪʚʝʥʥʳʤʠ ʟʘ ʧʦʚʳʰʝʥʥʳʝ ʜʦʣʠ ʘʣʤʘʟʦʚ ʪʠʧʦʚ 1 ʠ 4 ʚ ʛʨʫʧʧʝ ʛʘʙʠʪʫʩʘ ʢʫʙ, ʢʫʙʦʨʦʤʙʦʜʦʜʝʢʘʵʜʨ, ʪʝʪʨʘʛʝʢʩʘʵʜʨ 
ʷʚʣʷʶʪʩʷ ʢʨʠʩʪʘʣʣʳ IV ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ɽʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʨʫʛʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ 
ʚʣʠʷʥʠʷ ʥʘ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʪʠʧʦʚ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʣʘʩʩʦʚ ʢʨʫʧʥʦʩʪʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʨʦʜʥʦʡ 
ʞʝʣʪʦ-ʟʝʣʸʥʦʡ, ʩʠʥʝ-ʛʦʣʫʙʦʡ ʠ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ ʩ ʦʜʥʦʨʦʜʥʦʡ ʨʦʟʦʚʦ-ʩʠʨʝʥʝʚʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʝʡ, 
ʘ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʥʠʝʤ ʯʠʩʣʘ ʠʥʜʠʚʠʜʦʚ ʪʠʧʘ 14 (ʞʝʣʪʦ-ʟʝʣʸʥʦʝ ʷʜʨʦ ʠ ʥʝʩʚʝʪʷʱʘʷʩʷ ʦʙʦʣʦʯʢʘ). ɺ ʢʣʘʩʩʘʭ -1+0,5 ʠ -4+2 
ʤʤ ʥʝʩʢʦʣʴʢʦ ʧʦʚʳʰʝʥʳ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʙʝʟ ʚʠʜʠʤʦʛʦ ʩʚʝʯʝʥʠʷ ʚ ʋʌ-ʣʫʯʘʭ, ʘ ʜʣʷ ʪʠʧʘ 13 ʧʦʚʳʰʝʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʣʘʩʩʘʭ -0,5 +0,2 ʠ -4+2 ʤʤ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ 
ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩʨʝʜʠ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʘʚʪʦʣʠʪʦʚʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʪʘʣʴʥʳʤʠ 
ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ), ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʦʚ 1, 2 ʠ ʧʦʥʠʞʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʠʥʜʠʚʠʜʦʚ ʪʠʧʘ 

3. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʪʠʧʘ 14, ʠ ʫʤʝʥʴʰʝʥʠʷ ʪʠʧʘ 13 ʚ ʨʷʜʫ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ Ÿ ʧʦʨʬʠʨʦʚʳʡ 
ʢʠʤʙʝʨʣʠʪŸʘʚʪʦʣʠʪʦʚʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ. ɺʚʠʜʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʠʡ ʩʦʜʝʨʞʘʥʠʡ ʢʦʥʢʨʝʪʥʳʭ ʪʠʧʦʚ 
ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʢʠʤʙʝʨʣʠʪʦʚ, ʥʘʜʝʞʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʚʳʙʦʨʦʢ 
ʠʟ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʨʫʙʢʘ ɹʦʪʫʦʙʠʥʩʢʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʝʟʢʠʤ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʚʳʙʦʨʢʝ ʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ 3 ʥʘʜ 
ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ. ʊʝʥʜʝʥʮʠʠ ʚ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʪʠʧʦʚ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʚ ʨʷʜʫ ʢʠʤʙʝʨʣʠʪʦʚʘʷ 
ʙʨʝʢʯʠʷŸʧʦʨʬʠʨʦʚʳʡ ʢʠʤʙʝʨʣʠʪŸʘʚʪʦʣʠʪʦʚʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ ʠʤʝʶʪ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ ʠ ʤʦʛʫʪ ʥʝ 
ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʜʨʫʛʠʭ ʢʦʥʢʨʝʪʥʳʭ ʚʳʙʦʨʢʘʭ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʢʣʘʩʩʘ ʢʨʫʧʥʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ 

ʜʦʣʠ ʪʠʧʦʚ 1 ʠ 2 ʠ ʫʤʝʥʴʰʝʥʠʝ ʪʠʧʘ 3. 
ɺ ʮʝʣʦʤ, ʠʟʫʯʝʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʘʣʤʘʟʦʚ ʪʨ. ʅʶʨʙʠʥʩʢʘʷ ʠ ɹʦʪʫʦʙʠʥʩʢʘʷ ʤʝʪʦʜʦʤ ʣʘʟʝʨʥʦʡ 

ʪʦʤʦʛʨʘʬʠʠ ʧʦʢʘʟʘʣʦ ʠʜʝʥʪʠʯʥʦʩʪʴ ʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʪʤʝʯʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʨʦʜʥʦʡ ʨʦʟʦʚʦ-
ʩʠʨʝʥʝʚʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʧʨʠ ʥʠʟʢʦʤ ʢʦʣʠʯʝʩʪʚʝ ʠʥʜʠʚʠʜʦʚ ʩ ʩʠʥʝ-ʛʦʣʫʙʳʤ ʩʚʝʯʝʥʠʝʤ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ 
ʥʘʠʙʦʣʴʰʝʝ ʯʠʩʣʦ ʢʨʠʩʪʘʣʣʦʚ ʟʘʨʦʞʜʘʣʦʩʴ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ. ɺ ʪʨʫʙʢʝ ɹʦʪʫʦʙʠʥʩʢʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʩʦʜʝʨʞʘʥʠʝ 
ʢʨʠʩʪʘʣʣʦʚ ʩ ʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʩʚʝʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʪʣʠʯʠʷ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʘʣʤʘʟʦʚ ʠʟ ʵʪʠʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʧʦʟʚʦʣʷʪ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʦʤ 

ʘʣʤʘʟʦʥʦʩʥʦʤ ʨʘʡʦʥʝ. 
 

ʊʀʇʆʄʆʈʌʅʓɽ ʇʈʀɿʅɸʂʀ ʀ ʋʉʃʆɺʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ 
ʇʃɸʊʀʅʆʀɼʆʅʆʉʅʆʁ ʄɸʃʆʉʋʃʔʌʀɼʅʆʁ ʄʀʅɽʈɸʃʀɿɸʎʀʀ ɻɽʈɸʅʉʂʆɻʆ 

ʄɸʉʉʀɺɸ ɸɺʊʆʅʆʄʅʓʍ ɸʅʆʈʊʆɿʀʊʆɺ (ɼɸʃʔʅʀʁ ɺʆʉʊʆʂ) 
ʉ.ɺ. ʉʘʚʯʫʢ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ɻ. ʇʘʨʘʜʘ 
ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 



 
ʆʩʥʦʚʥʦʡ ʟʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ: ʠʟʫʯʠʪʴ ʪʠʧʦʤʦʨʬʥʳʝ ʩʚʦʡʩʪʚʘ ʧʠʨʨʦʪʠʥʘ ʠʟ ʟʦʥ ʧʣʘʪʠʥʦʠʜʦʥʦʩʥʦʡ 

ʚʢʨʘʧʣʝʥʥʦʡ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɻʝʨʘʥʩʢʦʛʦ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚʳʭ ʧʨʠʟʥʘʢʦʚ. ʂʘʤʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʪʦʙʨʘʥ 
ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʚʝʜʝʥʠʷ ʧʦʣʝʚʳʭ ʨʘʙʦʪ ʚʦ ʚʨʝʤʷ ʧʨʦʭʦʞʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ. 

ɺ ʧʨʝʜʝʣʘʭ ɻʝʨʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ ʘʚʪʦʥʦʤʥʳʭ ʘʥʦʨʪʦʟʠʪʦʚ (ʭʨʝʙʝʪ ɼʞʫʛʜʞʫʨ) ʢʦʤʧʣʝʢʩʦʤ ʛʝʦʣʦʛʠʯʝʩʢʠʭ, 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʳʷʚʣʝʥʳ ʦʨʝʦʣʳ ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʰʠʨʠʥʦʡ ʦʪ 10 ʜʦ 100 ʤ. ʆʥʠ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʟʦʥʫ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʰʪʫʬʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ 
ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʚ ʧʦʚʳʰʝʥʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ: ʤʝʜʴ, ʥʠʢʝʣʴ, ʢʦʙʘʣʴʪ, ʧʣʘʪʠʥʫ, ʧʘʣʣʘʜʠʡ, ʦʩʤʠʡ, 
ʠʨʠʜʠʡ, ʩʝʨʝʙʨʦ ʠ ʟʦʣʦʪʦ. 

ʌʦʨʤʘ ʚʳʜʝʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʚʢʨʘʧʣʝʥʥʘʷ, ʛʥʝʟʜʦʚʘʷ, ʧʨʦʞʠʣʢʦʚʘʷ. ʄʝʩʪʘʤʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ 

ʣʠʥʟʳ ʤʘʩʩʠʚʥʳʭ ʨʫʜ ʠ ʰʣʠʨʦʧʦʜʦʙʥʳʝ ʚʳʜʝʣʝʥʠʷ ʛʫʩʪʦʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ. ɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʦʚ ʩʫʣʴʬʠʜʠʟʘʮʠʠ 
ʦʪʤʝʯʘʶʪʩʷ ʚʪʦʨʠʯʥʳʝ ʥʝʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʣʦʨʠʪ, ʵʧʠʜʦʪ, ʢʘʨʙʦʥʘʪ, ʧʨʦʞʠʣʢʠ ʢʚʘʨʮʘ. ʉʦʜʝʨʞʘʥʠʝ 
ʩʫʣʴʬʠʜʦʚ ʚ ʟʦʥʝ ʦʪ ʝʜʠʥʠʯʥʳʭ ʟʝʨʝʥ ʜʦ 1-2%, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʜʦʩʪʠʛʘʝʪ 5%. ɻʣʘʚʥʳʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ 
ʷʚʣʷʝʪʩʷ ʧʠʨʨʦʪʠʥ. ʆʥ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʠʢʦʚ, ʬʦʨʤʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʤʝʞʟʝʨʥʦʚʳʭ 
ʧʨʦʤʝʞʫʪʢʦʚ. ɺ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʧʝʥʪʣʘʥʜʠʪ. ɺʩʝ ʪʨʠ ʤʠʥʝʨʘʣʘ ʦʙʨʘʟʫʶʪ 
ʫʩʪʦʡʯʠʚʫʶ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʫʶ ʘʩʩʦʮʠʘʮʠʶ. 

ʇʨʦʚʝʜʝʥʥʦʝ ʥʘʤʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʨʫʜ ʧʦʟʚʦʣʠʣʦ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʧʝʨʝʯʠʩʣʝʥʥʳʝ ʤʠʥʝʨʘʣʳ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʨʦʜʫʢʪʳ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ɼʣʷ ʧʠʨʨʦʪʠʥʘ ʭʘʨʘʢʪʝʨʥʳ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ. 

ʇʝʥʪʣʘʥʜʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ʧʠʨʨʦʪʠʥʘ ʠ ʧʦ ʪʨʝʱʠʥʢʘʤ ʚ ʥʝʤ ʚ ʬʦʨʤʝ ʧʣʘʤʝʚʠʜʥʳʭ ʚʳʜʝʣʝʥʠʡ. ʊʘʢʠʝ 
ʚʳʜʝʣʝʥʠʷ ʦʪʤʝʯʘʶʪʩʷ ʚʝʟʜʝ, ʛʜʝ ʝʩʪʴ ʭʦʪʷ ʙʳ ʤʘʣʝʡʰʠʝ ʜʝʬʝʢʪʳ ʚ ʧʠʨʨʦʪʠʥʝ. ʍʘʣʴʢʦʧʠʨʠʪ ʨʘʟʚʠʪ ʚ ʧʠʨʨʦʪʠʥʝ ʚ 
ʬʦʨʤʝ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʭ ʧʨʷʤʦʫʛʦʣʴʥʠʢʦʚ ʩ ʨʦʚʥʳʤʠ ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ. ɺ ʩʢʨʝʱʝʥʥʳʭ ʥʠʢʦʣʷʭ ʚ ʥʝʤ ʥʘʙʣʶʜʘʶʪʩʷ 
ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ ʠ ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʥʘʣʦʞʝʥʥʳʭ ʜʝʬʦʨʤʘʮʠʷʭ. ɺʩʝ ʵʪʦ ʚ 
ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʩʧʘʜʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʫʩʣʦʚʠʷʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ 
ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦʝ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ ʟʘʤʝʱʝʥʠʝ ʧʠʨʨʦʪʠʥʦʤ ʞʝʣʝʟʠʩʪʦʛʦ ʩʠʣʠʢʘʪʘ. 
ɺʦʟʤʦʞʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʠʨʨʦʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʟʜʥʝʡ ʛʝʥʝʨʘʮʠʝʡ. ɺ ʜʘʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
ʩʣʝʜʫʶʱʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ: ʧʠʨʨʦʪʠʥ ï ʭʘʣʴʢʦʧʠʨʠʪ ï ʧʝʥʪʣʘʥʜʠʪ. 

ɹʦʣʝʝ ʧʦʟʜʥʷʷ ʘʩʩʦʮʠʘʮʠʷ ʩʫʣʴʬʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʬʘʣʝʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ-2, ʧʠʨʠʪʦʤ ʠ ʧʠʨʨʦʪʠʥʦʤ-2. 
ʉʬʘʣʝʨʠʪ ʚʳʜʝʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʦʤʝʪʨʠʯʥʳʭ ʟʝʨʝʥ, ʚʢʣʶʯʝʥʥʳʭ ʚ ʭʘʣʴʢʦʧʠʨʠʪ. ʉʘʤ ʩʬʘʣʝʨʠʪ ʩʦʜʝʨʞʠʪ 
ʵʤʫʣʴʩʠʦʥʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʭʘʣʴʢʦʧʠʨʠʪʘ. ʇʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʭʘʣʴʢʦʧʠʨʠʪʘ. ɹʣʠʞʝ ʢ 
ʢʨʘʶ ʟʝʨʝʥ ʩʬʘʣʝʨʠʪʘ - ʵʤʫʣʴʩʠʷ ʭʘʣʴʢʦʧʠʨʠʪʘ ʤʝʣʢʘʷ ʠ ʛʫʩʪʘʷ. ʂ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʟʝʨʝʥ ʨʘʟʤʝʨ ʚʳʜʝʣʝʥʠʡ 
ʭʘʣʴʢʦʧʠʨʠʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʫʤʝʥʴʰʘʝʪʩʷ. ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦʤ çʦʩʪʳʚʘʥʠʠè 
ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʦʙʨʘʟʦʚʘʚʰʝʛʦʩʷ, ʩʦʛʣʘʩʥʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʪʝʨʤʦʤʝʪʨʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 550-470ʦʉ (ʈʘʤʜʦʨ, 
1962). ʇʠʨʠʪ ʦʙʨʘʟʫʝʪ ʤʝʪʘʢʨʠʩʪʘʣʣʳ ʩ ʩʠʪʦʚʠʜʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʧʨʠʟʥʘʢʘʤʠ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʯʘʩʪʦ ʟʘʤʝʱʘʝʪ 
ʥʝʨʫʜʥʳʝ  ʤʠʥʝʨʘʣʳ ʧʦ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ 
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʤ ʦʙʨʘʟʦʚʘʥʠʠ (ʀʩʘʝʥʢʦ, 1986). ɺ ʭʘʣʴʢʦʧʠʨʠʪʝ ʥʘʙʣʶʜʘʶʪʩʷ ʧʦʟʜʥʠʝ ʧʨʦʞʠʣʢʠ ʥʝʨʫʜʥʦʛʦ ʤʠʥʝʨʘʣʘ, 

ʧʨʠ ʵʪʦʤ ʦʥʠ ʦʢʘʡʤʣʷʶʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʢʦʚʝʣʣʠʥʦʤ. ɺ ʵʪʦʡ ʘʩʩʦʮʠʘʮʠʠ ʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʦʟʜʥʠʤ ʩʫʣʴʬʠʜʦʤ. 
ʂʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʫʣʴʬʠʜʦʚ ʥʘʤʠ ʦʙʥʘʨʫʞʝʥʳ ʝʜʠʥʠʯʥʳʝ ʟʝʨʥʘ ʘʡʢʠʥʠʪʘ (ʤʠʥʝʨʘʣ ʚʠʩʤʫʪʘ), ʰʪʨʦʤʝʡʨʠʪʘ 
(AgCuS) ʠ ʣʘʫʪʠʪʘ (CuAsS). 

ʀʟ ʦʢʩʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜʘʭ ʚʳʷʚʣʝʥʳ ʠʣʴʤʝʥʠʪ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ. ʀʣʴʤʝʥʠʪ 
ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʟʦʥʘʭ, ʛʜʝ ʚʳʜʝʣʷʝʪʩʷ ʚ ʬʦʨʤʝ ʤʝʣʢʠʭ ʧʣʘʩʪʠʥʦʢ, ʥʘʩʳɦ ʘʶʱʠʭ 
ʧʣʘʛʠʦʢʣʘʟʳ ʠ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʘʨʘʣʣʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʫ ʠ ʧʣʦʩʢʦʩʪʷʤ ʜʚʦʡʥʠʢʦʚʘʥʠʷ ʚ ʧʣʘʛʠʦʢʣʘʟʘʭ. ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ 
ʦʪʤʝʯʘʝʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ ʚ ʢʘʯʝʩʪʚʝ ʨʝʣʠʢʪʦʚʳʭ ʟʝʨʝʥ ʦʢʨʫʛʣʦʡ (ʢʘʧʣʝʚʠʜʥʦʡ) ʬʦʨʤʳ ʚ ʥʝʨʫʜʥʳʭ ʤʠʥʝʨʘʣʘʭ. 

ʂʨʦʤʝ ʠʟʫʯʝʥʠʷ ʘʥʰʣʠʬʦʚ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʩʧʝʮʠʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʧʠʨʨʦʪʠʥʘ, ʢʘʢ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʤʠʥʝʨʘʣʘ ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʟʦʥ. ɺ ʤʦʥʦʬʨʘʢʮʠʷʭ ʧʠʨʨʦʪʠʥʦʚ ʦʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ, ʚʢʣʶʯʘʷ ʵʣʝʤʝʥʪʳ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʕʇɻ). ʀʟ ʕʇɻ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʦʩʤʠʡ (1-
10 ʛ/ʪ), ʠʨʠʜʠʡ (1-10 ʛ/ʪ) ʠ ʧʘʣʣʘʜʠʡ (1-18 ʛ/ʪ). ʉʦʜʝʨʞʘʥʠʝ ʧʣʘʪʠʥʳ ʤʝʥʴʰʝ 1 ʛ/ʪ, ʘ ʟʦʣʦʪʦ ʚʦʦʙʱʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 
ʉʝʨʝʙʨʦ ʦʪʤʝʯʘʝʪʩʷ ʚ ʜʚʫʭ ʧʨʦʙʘʭ ʧʠʨʨʦʪʠʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ 30 ʠ 50 ʛ/ʪ, ʤʝʜʴ ï ʦʪ 0,3% ʠ ʚʳʰʝ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʧʘʣʣʘʜʠʷ, 
ʦʩʤʠʷ ʠ ʠʨʠʜʠʷ ʩʨʝʜʠ ʕʇɻ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʧʣʘʪʠʥʳ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʨʠʚʥʦʩʝ ʕʇɻ ʚ ʧʝʥʪʣʘʥʜʠʪ-
ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʳʝ ʨʫʜʳ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʛʘʟʦ-ʚʦʜʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ (ʈʫʜʘʰʝʚʩʢʠʡ, 1984). 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ (ʎʘʤʙʝʣ, ʗʨʢʦʚʩʢʠʡ, 1972) ʩʦʜʝʨʞʘʥʠʷ Ni ʠ Co ʠ ʠʭ ʦʪʥʦh ʝʥʠʝ 
ʚ ʠʟʫʯʘʝʤʳʭ ʧʠʨʨʦʪʠʥʘʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʤʠʥʝʨʘʣʘ ʠʟ ʛʣʫʙʠʥʥʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʪ 

ʣʠʢʚʘʮʠʦʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʠʨʨʦʪʠʥʦʚ ʦʥʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʫʢʘʟʘʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ. 



ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʠʨʨʦʪʠʥʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʵʢʟʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ: ʧʝʨʚʳʡ - ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 130-150ʦʉ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʥʘʣʠʯʠʠ l-ʬʘʟʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʛʦ ʧʠʨʨʦʪʠʥʘ, ʧʝʨʝʩʳʱʝʥʥʦʛʦ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʨʦʡ, ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʩʫʙʣʠʤʘʮʠʝʡ ʠʟʙʳʪʦʯʥʦʡ ʩʝʨʳ ʠʟ ʜʝʬʝʢʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ 

ʤʠʥʝʨʘʣʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʦʙʳ ʚ ʚʘʢʫʫʤʝ; ʚʪʦʨʦʡ - ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 305-315ʦʉ, ʬʠʢʩʠʨʫʶʱʠʡ a-b ʧʝʨʝʭʦʜ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʡ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʨʦʪʠʥʘ. 
ʅ

ʘ 
ʚʘʢʫʫʤʥ

ʳʭ 
ʜʝʢʨʠʧʪʦ
ʛʨʘʤʤʘʭ 
ʠʩʩʣʝʜʫʝ
ʤʳʭ 

ʧʠʨʨʦʪʠ

ʥʦʚ 
(ʨʠʩ.) 

ʬʠʢʩʠʨʫ
ʝʪʩʷ 

ʥʠʟʢʦʪʝʤ
ʧʝʨʘʪʫʨʥ
ʡr ʧʠʢ 
ʛʘʟʦʚʳʜʝ

ʣʝʥʠʷ 
(ʜʦ 

100ʦʉ), 
ʩʚʷʟʘʥʥʳ
ʡ ʩ 
ʦʪʜʝʣʝʥʠ

ʝʤ 
ʘʜʩʦʨʙʠʨ

ʦʚʘʥʥʦʡ 
ʚʣʘʛʠ. ɺʪʦʨʦʡ ʠʥʪʝʨʚʘʣ ʛʘʟʦʚʳʜʝʣʝʥʠʷ (160-240ʦʉ) ʦʙʫʩʣʦʚʣʝʥ ʩʙʨʦʩʦʤ ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʝʨʳ (ʈʳʣʦʚ, ʉʘʚʠʥ, 
ɾʘʤʛʦʮʝʚ, ɺʝʜʨʠʥʩʢʘʷ, 1984). ʇʦ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʢʦʣʠʯʝʩʪʚʝ ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʨʦʪʠʥʘ ʚ ʠʟʫʯʘʝʤʳʭ 
ʦʙʨʘʟʮʘʭ. ʉʣʝʜʫʶʱʠʡ ʠʥʪʝʨʚʘʣ ʛʘʟʦʚʳʜʝʣʝʥʠʷ (320-400ʦʉ) ʦʙʫʩʣʦʚʣʝʥ ʧʦʣʠʤʦʨʬʥʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʤʦʥʦʢʣʠʥʥʦʡ 
ʤʦʜʠʬʠʢʘʮʠʠ ʧʠʨʨʦʪʠʥʘ ʚ ʛʝʢʩʘʛʦʥʘʣɹʥʫʶ ʤʦʜʠʬʠʢʘʮʠʶ. ʇʦʣʠʤʦʜʘʣʴʥʦʝ ʛʘʟʦʚʳʜʝʣʝʥʠʝ ʚ ʠʥʪʝʨʚʘʣʝ 350-600ʦʉ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʪʝʨʤʠʯʝʩʢʦʤʫ ʨʘʟʣʦʞʝʥʠʶ a, l ʠ b-ʧʠʨʨʦʪʠʥʘ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʘʝʤʳʝ ʧʠʨʨʦʪʠʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ Ŭ- ʠ ɚ-ʧʠʨʨʦʪʠʥʦʚ 

ʠ ʤʦʥʦʢʣʠʥʥʦʛʦ ɓ-ʧʠʨʨʦʪʠʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. ʉʨʝʜʠ ʥʠʭ ʚʳʜʝʣʷʶʪʩʷ ʤʠʥʝʨʘʣʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʠʣʠ 
ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʠʣʠ ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ. 

ʇʠʨʨʦʪʠʥʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʦʥʦʢʣʠʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʦʙʝʜʥʝʥʳ ʵʣʝʤʝʥʪʘʤʠ-ʧʨʠʤʝʩʷʤʠ. ʉʦʜʝʨʞʘʥʠʷ Ni ʠ 
Co ʚ ʥʠʭ ʩʦʩʪʘʚʣʷʶʪ 0,02-0,03% ʠ 0,0001-0,0013%, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʦʪʥʦʰʝʥʠʝ Ni/Co ʙʦʣʴʰʝ 23. ʀʟ ʕʇɻ ʦʙʥʘʨʫʞʝʥʳ 
ʪʦʣʴʢʦ Os (0,00065-0,001%) ʠ Ir (ʤʝʥʝʝ 0,0001%). ʇʠʨʨʦʪʠʥʳ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʙʦʣʝʝ 
ʦʙʦʛʘʱʝʥʳ ʕʇ, ʚ ʪʦʤ ʯʠʩʣʝ ʕʇɻ. ʆʥʠ ʩʦʜʝʨʞʘʪ Co (0,02-0,04%), Ni (0,03-0,04%), Cu (ʦʪ 0,3 ʜʦ 3% ʠ ʙʦʣʝʝ). ʂʨʦʤʝ Os 
(0,0002-0,0005%) ʠ Ir (0,0002-0,0004%) ʦʥʠ, ʚ ʦʪʣʠʯʠʝ ʦʪ ɓ-ʧʠʨʨʦʪʠʥʦʚ, ʩʦʜʝʨʞʘʪ ʝʱʝ Pd (0,0004-0,0018%) ʠ Ag (0,003-
0,005%). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ ʧʨʦʠʟʦʰʣʦ ʧʦʩʣʝ ʨʘʩʩʣʦʝʥʠʷ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʤʘʛʤʳ ʟʘ ʩʯʝʪ ʚʦʟʛʦʥʢʠ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʜʦʥʥʦʡ ʯʘʩʪʠ ʨʘʩʩʣʦʝʥʥʦʛʦ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʝʨʭʥʶʶ ʝʝ ʯʘʩʪʴ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʨʘʩʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʤʠ ʘʥʦʨʪʦʟʠʪʘʤʠ. ʈʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʟʘʧʦʣʥʷʣʠ ʧʫʩʪʦʪʳ ʤʝʞʜʫ ʟʝʨʥʘʤʠ 
ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʟʘʤʝɦ ʘʣʠ ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʩʠʣʠʢʘʪʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 550-470ʦʉ. ʇʦʩʣʝʜʫʶʱʝʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 
ʤʘʩʩʠʚʘ ʧʨʠʚʝʣʦ ʢ ʢʦʥʜʝʥʩʘʮʠʠ ʬʣʶʠʜʥʦʡ ʬʘʟʳ ʠ ʧʦʷʚʣʝʥʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 
ʨʘʩʪʚʦʨʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʪʣʘʛʘʣʠʩʴ ʙʦʣʝʝ ʧʦʟʜʥʠʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʠ, ʚʝʨʦʷʪʥʦ ʄʇɻ. 
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ʂʆʈʈɽʃʗʎʀʆʅʅɸʗ ʉɺʗɿʔ ʋʈɸʅɸ ʀ ʊʆʈʀʗ ɺʆ ɺʉɽʍ ɺʄɽʑɸʖʑʀʍ 
ɺʋʃʂɸʅʀʊɸʍ ʄɽʉʊʆʈʆɾɼɽʅʀʗ çɹʆʃʔʐʆʁ ʂɸʅʀʄɸʅʉʋʈè (ʉɽɺɽʈʅʓʁ 

ʊɸɼɾʀʂʀʉʊɸʅ) 

 
 

ʈʠʩ. ʊʠʧʦʚʳʝ ʜʝʢʨʠʧʪʦʛʨʘʤʤʳ ʧʠʨʨʦʪʠʥʦʚ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ (ɸ) ʠ ʤʦʥʦʢʣʠʥʥʦʡ 

(ɹ) ʤʦʜʠʬʠʢʘʮʠʡ: 1-3 ï ʧʠʢʠ ʛʘʟʦʚʳʜʝʣʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʠʩʫʪʩʪʚʠʝʤ Ŭ-ʧʠʨʨʦʪʠʥʘ (1), ɚ-

ʧʠʨʨʦʪʠʥʘ (2) ʠ ɓ-ʧʠʨʨʦʪʠʥʘ (3) 



ʄ.ɹ. ʉʘʤʠʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʈ. ʌʘʡʟʠʝʚ 
ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʅʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɹʦʣʴʰʦʡ ʂʘʥʠʤʘʥʩʫʨ ʧʨʠʫʨʦʯʝʥʥʦ ʢ ɸʜʨʘʩʤʘʥʩʢʦʡ ʤʫʣʴʜʝ ʧʨʦʩʝʜʘʥʠʷ ʚ ʩʪʨʦʝʥʠʠ ʢʦʪʦʨʦʡ 

ʫʯʘʩʪʚʫʶʪ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ ʉ2-ʈ1 ʚʦʟʨʦʩʪʘ. ʉ ʚʦʩʪʦʢʘ ʦʥʠ ʧʨʝʢʨʳʪʳ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ʩʘʪʪʘʨʩʢʦʡ ʪʦʣʱʠ (ʈ2-ʊ1) ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʤʠ ʧʨʠʙʨʝʞʥʦʤʦʨʩʢʠʤʠ ʠ ʣʘʛʫʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʂ2-ʈg2. ʇʦ ʩʦʜʝʨʞʘʥʠʶ 
ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʚʠʥʮʦʚʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʩʣʫʞʠʣʠ 
ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʶʪ ʢʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ. 

ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʡ ʢʦʨʝʣʣʷʮʠʠ ʤʝʞʜʫ ʫʨʘʥʦʤ ʠ ʪʦʨʠʝʤ ʚʦ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ 
ʦʪʦʙʨʘʥʥʦ ʦʢʦʣʦ 1000 ʧʨʦʙ ʧʦ ʛʦʨʠʟʦʥʪʫ 1305 ʤ. ʰʘʭʪʳ ˉ8. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʮʝʥʢʘ ʤʝʞʜʫ ʥʘʤʝʯʝʥʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 
ʧʦʢʘʟʘʣʘ ʠʭ ʩʣʘʙʫʶ ʚʟʘʠʤʦʩʚʷʟʴ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʝʠʟʤʝʥʝʥʥʳʝ ʨʘʟʥʦʩʪʠ ʧʦʨʦʜ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 
ʚʩʪʨʝʯʘʶʪʩʷ, ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʟʤʝʥʝʥʠʷ, ʦʥʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʝ, 

ʠʟʤʝʥʝʥʥʳʝ ʠ ʩʠʣʴʥʦʠʟʤʝʥʝʥʥʳʝ. 
ɺ ʥʘʠʙʦʣʝʝ ʜʨʝʚʥʳʭ ʧʦʨʦʜʘʭ ʛʦʨʠʟʦʥʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʚʠʜʝ ʣʘʚ ʠ ʣʘʚʦʙʨʝʢʯʠʡ ʪʨʘʭʠʜʘʮʠʪʦʣʠʧʘʨʠʪʦʚ 

ʪʘʨʳʵʢʘʥʩʢʦʡ ʪʦʣʱʠ (ʉɿtr) ʚ ʠʭ ʠʟʤʝʥʝʥʥʳʭ ʨʘʟʥʦʩʪʷʭ, ʥʘʙʣʶʜʘʣʦʩʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ U-Th ʚʟʘʠʤʦʩʚʷʟʴ (0,275), ʘ ʚ 
ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʭ ʩʚʷʟʴ ʦʩʣʘʙʝʚʘʣʘʩʴ ʠ ʩʪʘʥʦʚʠʣʘʩʴ ʦʪʨʠʮʘʪʝʣʴʥʳʡ (- 0,168). 

ɺ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʭ ʬʝʣʴʟʦʣʠʧʘʨʠʪʘʭ ʩʬʝʨʦʣʠʪʦʚʦʡ ʪʦʣʱʠ (ʉɿsf) ʧʘʨʥʘʷ ʚʟʘʠʤʦʩʚʷʟʴ u-Th ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʘʷ 
(0,52) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʟʤʝʥʝʥʥʳʤ ʬʝʣʴʟʠʪ-ʧʦʨʬʠʨʘʤ (0,051) ʠ ʩʠʣʴʥʦʠʟʤʝʥʝʥʥʳʤ ʩʬʝʨʦʣʠʪ-ʧʦʨʬʠʨʘʤ (0,0132). 

ɺ ʚʫʣʢʘʥʠʪʘʭ ʪʘʚʘʢʩʢʦʡ ʪʦʣʱʠ (P1tv) ʧʦ ʥʠʞʥʝʤʫ ʛʦʨʠʟʦʥʪʫ (P1tv2) ʚ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʭ ʣʠʧʘʨʠʪʘʭ ʥʘʤʝʯʝʥʘ 
ʧʦʣʦʞʠʪʝʣʴʥʘʷ (0,11) ʥʦ ʩʣʘʙʘʷ ʚʟʘʠʤʦʩʚʷʟʴ. ɺ ʠʟʤʝʥʝʥʥʳʭ ʣʠʧʘʨʠʪʘʭ ʠ ʩʬʝʨʦʣʠʪ-ʧʦʨʬʠʨʘʭ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ 

ʚʟʘʠʤʦʩʚʷʟʴ ʦʩʣʘʙʣʝʥʘ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ (-0,051). ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʝ ʪʦʨʠʷ ʢʦʣʠʯʝʩʪʚʦ ʫʨʘʥʘ 
ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʩʠʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʚʫʣʢʘʥʠʪʘʭ ʠʭ ʚʟʘʠʤʦʟʘʚʠʩʠʤʦʩʪʴ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ (0,164). ʇʦ ʚʝʨʭʥʝʤʫ ʛʦʨʠʟʦʥʪʫ ʪʘʚʘʢʩʢʦʡ ʪʦʣʱʠ (P1tv3) ʚ ʩʣʘʙʦʠʟʤʝʥʝʥʥʳʭ ʘʥʘʣʦʛʘʭ ʪʨʘʭʠʪʦʚ (0,31) ʠ 
ʚ ʠʟʤʝʥʝʥʥʳʭ ʩʬʝʨʦʣʠʪ-ʧʦʨʬʠʨʘʭ (0,096) ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʡ ʢʦʨʨʝʣʷʮʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ, 
ʪ.ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʫʨʘʥʘ ʩʦʜʝʨʞʘʥʠʝ ʪʦʨʠʷ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ. 

ʀʟʫʯʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ ʚ ʩʨʝʜʝ ʠʭ ʤʠʛʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ʕʪʦʪ ʧʨʠʟʥʘʢ 
ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʦʮʝʥʢʝ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ 
ʜʣʷ ʧʦʧʫʪʥʦʡ ʜʦʙʳʯʠ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɺʠʥʦʛʨʘʜʦʚ ɸ.ʇ. ɻʝʦʭʠʤʠʷ. ï ʄ., 1962. - 7. - ʉ. 555-564. 
2. ʃʫʪʢʦʚ B.C.,ʄʦʛʘʨʦʚʩʢʠʡ ɺ.ɺ., ʌʘʡʟʠʝʚ ɸ.ʈ. // ʊʨ. ʠʥ-ʪʘ ʛʝʦʣʦʛʠʠ. ï ɼʫʰʘʥʙʝ, 2003. ï ʚ.2. - ʉ. 92-110. 
3. ɼʘʣʠʤʦʚ ʊ.ʅ. ʂʠʩʣʳʡ ʚʫʣʢʘʥʠʟʤ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ. ï ʊʘʰʢʝʥʪ: ʀʟʜ-ʚʦ ʌʘʥ, 1981. - 295 ʩ. 
4. ʌʘʡʟʠʝʚ ɸ.ʈ. ʉʘʤʠʝʚ ʄ.ɹ. // ɼʦʢʣʘʜʳ ɸʅʈʊ. ï ɼʫʰʘʥʙʝ, 2003. ï ʪ.15. ï ʚ. 7-8. - ʉ. 66-79. 

 

ʄʀʅɽʈɸʃʆɻʆ-ʇɽʊʈʆɻʈɸʌʀʏɽʉʂɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʇʆʆɿɽʈʉʂʀʍ 
ʄʆʈɽʅʅʓʍ ʆʊʃʆɾɽʅʀʁ ɺ ʉɽɺɽʈʆ-ɿɸʇɸɼʅʆʁ ɹɽʃɸʈʋʉʀ 

ɽ.ɺ. ʉʝʣʠʚʘʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʃ.ɺ. ʐʪʝʬʘʥ 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 
ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʢʦʪʦʨʘʷ ʚʦ ʚʨʝʤʷ ʧʦʦʟʸʨʩʢʦʛʦ 

ʦʣʝʜʝʥʝʥʠ ̫ʦʢʘʟʘʣʘʩʴ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚ ʝʛʦ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʡ ʟʦʥʝ. ɺ ʥʝʡ ʦʪʨʘʞʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ ʢʘʨʜʠʥʘʣʴʥʳʭ ʧʨʦʙʣʝʤ ʯʝʪʚʝʨʪʠʯʥʦʡ ʛʝʦʣʦʛʠʠ. ʆʩʥʦʚʥʘʷ ʮʝʣʴ ï ʠʟʫʯʝʥʠʝ ʘʥʪʨʦʧʦʛʝʥʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ ʨʝʣʴʝʬʘ ʩʝʚʝʨʦïʟʘʧʘʜʘ ɹʝʣʘʨʫʩʠ. ʆʩʥʦʚʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ: ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ 
ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ, ʚʳʷʚʣʝʥʠʝ ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʨʘʩʩʤʦʪʨʝʥʠʷ ʢʨʘʝʚʳʭ 
ʢʦʤʧʣʝʢʩʦʚ; ʠʟʫʯʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʦʚ ʧʦʦʟʸʨʩʢʦʡ ʤʦʨʝʥʳ (ʛʨʘʚʠʷ ʠ ʛʘʣʴʢʠ ʚ 
ʦʩʦʙʝʥʥʦʩʪʠ), ʠʭ ʬʦʨʤʳ, ʨʘʟʤʝʨʦʚ ʠ ʦʨʠʝʥʪʠʨʦʚʢʠ; ʚʳʷʚʣʝʥʠʝ ʨʫʢʦʚʦʜʷʱʠʭ ʬʦʨʤ ʠ ʛʨʘʥʠʮ ʠʭ ʢʦʥʫʩʦʚ ʨʘʩʩʝʠʚʘʥʠʷ; 
ʫʪʦʯʥʝʥʠʝ ʮʝʥʪʨʦʚ ʦʣʝʜʝʥʝʥʠʷ ʠ ʧʫʪʝʡ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ; ʚʳʷʩʥʝʥʠʝ ʟʥʘʯʝʥʠʷ ʨʫʢʦʚʦʜʷʱʠʭ ʚʘʣʫʥʦʚ ʜʣʷ 
ʩʪʨʘʪʠʛʨʘʬʠʠ ʠ ʧʘʣʝʦʛʝʦʛʨʘʬʠʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ɹʝʣʘʨʫʩʠ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʚʝʨʪʳʚʘʥʠʝ 
ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩ ʧʦʠʩʢʘʤʠ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝʤ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʪʨʝʙʫʝʪ ʙʦʣʝʝ 
ʪʦʯʥʦʛʦ ʫʩʪʘʥʦʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʩʪʨʦʝʥʠʷ ʧʨʝʜʝʣʴʥʳʭ ʧʦʦʟʸʨʩʢʠʭ ʬʦʨʤ ʠ ʦʪʣʦʞʝʥʠʡ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʳʭ ʟʘʜʘʯ ʙʳʣʠ ʠʟʫʯʝʥʳ ʯʝʪʚʝʨʪʠʯʥʳʝ ʦʪʣʦʞʝʥʠʷ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʣʘʨʫʩʠ: ʧʝʩʯʘʥʦï
ʛʨʘʚʠʡʥʦïʛʘʣʝʯʥʳʡ ʤʘʪʝʨʠʘʣ ʠ ʜʘʥʥʳʝ ʙʫʨʝʥʠʷ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʘʨʪʳ ʜʚʠʞʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʝʜʥʠʢʦʚ, 
ʚʦʟʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʘ ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʠʭ ʦʩʥʦʚʥʳʝ ʩʝʢʪʦʨʘ ʠ ʧʦʪʦʢʠ. ɼʘʥʘ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʦʟʸʨʩʢʦʡ ʤʦʨʝʥʳ. 

ʇʦʦʟʸʨʩʢʠʡ ʣʝʜʥʠʢ ʧʦʢʨʳʚʘʣ ʣʠʰʴ ʩʝʚʝʨʥʫʶ ʯʘʩʪʴ ɹʝʣʘʨʫʩʠ, ʧʨʠʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʙʣʘʩʪʠ 
ɹʝʣʦʨʫʩʩʢʦʛʦ ʇʦʦʟʝʨʴʷ. ʆʜʥʘʢʦ ʢʦʤʧʣʝʢʩ ʚʦʜʥʦ-ʣʝʜʥʠʢʦʚʳʭ ʠ ʧʝʨʠʛʣʷʮʠʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʵʪʦʛʦ ʚʨʝʤʝʥʠ 
ʨʘʩʧʨʦʩʪʨʘʥʸʥ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ. 

ʆʪʣʦʞʝʥʠʷ ʧʦʦʟʸʨʩʢʦʛʦ ʣʝʜʥʠʢʘ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤʫ ʟʘʣʝʛʘʥʠʶ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʚʳʭʦʜʘʤ ʥʘ 

ʟʝʤʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʟʫʯʝʥʳ ʣʫʯʰʝ ʦʪʣʦʞʝʥʠʡ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʣʝʜʥʠʢʦʚʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʧʦʵʪʦʤʫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʩʚʦʝʦʙʨʘʟʥʦʡ ʤʦʜʝʣʴʶ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʵʪʘʧʥʦʩʪʠ ʨʘʟʚʠʪʠʷ ʚʩʝʭ ʧʣʝʡʩʪʦʮʝʥʦʚʳʭ 
ʦʣʝʜʝʥʝʥʠʡ. 

ʆʪʣʦʞʝʥʠʷ ʧʦʦʟʸʨʩʢʦʛʦ ʚʨʝʤʝʥʠ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʥʝʨʘʚʥʳʭ ʧʦ ʩʚʦʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʵʪʘʧʦʚ: 
ʘ) ʧʝʨʠʦʜʘ ʨʘʟʨʘʩʪʘʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʜʦ ʜʦʩʪʠʞʝʥʠʷ ʠʤ ʩʚʦʝʛʦ ʤʘʢʩʠʤʫʤʘ; ʙ) ʚʨʝʤʝʥʠ ʧʨʝʙʳʚʘʥʠʷ ʣʝʜʥʠʢʘ ʥʘ 



ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ; ʚ) ʧʝʨʠʦʜʘ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʘ ʠ ʦʪʩʪʫʧʘʥʠʷ ʝʛʦ ʟʘ ʧʨʝʜʝʣʳ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ (ʄʘʭʥʘʯ, 
ɻʘʨʝʮʢʠʡ, 2001). 

ʆʙʣʘʩʪʷʤʠ ʧʠʪʘʥʠʷ ʧʦʩʣʝʜʥʝʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ ʩʣʫʞʠʣʘ ʌʝʥʦʩʢʘʥʜʠʥʘʚʠʷ 

(ʉʢʘʥʜʠʥʘʚʩʢʠʡ, ʂʦʣʴʩʢʠʡ ʧʦʣʫʦʩʪʨʦʚʘ, ʢʦʪʣʦʚʠʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ). ɼʘʥʥʳʝ ʦ ʣʝʜʥʠʢʦʚʦʤ ʨʘʟʥʦʩʝ ʚʘʣʫʥʦʚ 
ʧʦʟʚʦʣʷʶʪ ʚʳʜʝʣʠʪʴ ʩʝʢʪʦʨʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʠʪʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʭ ʣʝʜʥʠʢʦʚʳʭ ʧʦʪʦʢʦʚ. 
ʅʘ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʦʨʫʩʩʢʦʛʦ ʇʦʦʟʝʨʴʷ ʙʳʣ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʐʚʝʜʩʢʦïʌʠʥʩʢʦïʂʘʨʝʣʴʩʢʠʡ ʣʝʜʥʠʢʦʚʳʡ ʧʦʪʦʢ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʳʝ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʣʝʜʦʨʘʟʜʝʣʴʥʳʭ ʟʦʥ ʩʥʘʯʘʣʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ 
ʫʩʣʦʚʠʷʭ ʧʦʩʣʝʜʥʝʡ ʘʢʢʫʤʫʣʷʮʠʠ, ʟʘʪʝʤ, ʚ ʥʘʯʘʣʝ ʨʝʛʨʝʩʩʠʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʚʦʟʥʠʢʣʘ ʚʥʫʪʨʠʣʝʜʥʠʢʦʚʘʷ 
ʘʢʢʫʤʫʣʷʮʠʷ ʚ ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʪʨʝʱʠʥʘʭ. ɺ ʫʩʣʦʚʠʷʭ ʜʝʛʨʘʜʘʮʠʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʚ ʣʝʜʦʨʘʟʜʝʣʴʥʳʭ ʟʦʥʘʭ 
ʧʨʦʠʩʭʦʜʠʣʠ ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʥʘʜʚʠʛʘʥʠʷ ʠ ʦʪʩʪʫʧʘʥʠʷ ʣʴʜʦʚ, ʘ ʧʦʟʜʥʝʝ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʩʪʘʣʘ ʠʛʨʘʪʴ ʘʢʢʫʤʫʣʷʮʠʷ ʧʦ 
ʧʝʨʝʬʠʨʠʠ ʚʦʟʚʳʰʝʥʥʦʩʪʝʡ. 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʝʜʥʝʧʦʦʟʸʨʩʢʦʛʦ ʤʝʛʘʠʥʪʝʨʩʪʘʜʠʘʣʘ ʚ ʜʦʣʠʥʘʭ ʨʝʢ ʰʣʦ ʥʘʢʦʧʣʝʥʠʝ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʛʦ 
ʘʣʣʶʚʠʷ ʫʩʚʷʯʩʢʦʡ ʩʚʠʪʳ, ʢʦʪʦʨʳʡ ʟʘ ʧʨʝʜʝʣʘʤʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʝʜʥʠʢʘ ʫʯʘʩʪʚʫʝʪ ʚ ʩʪʨʦʝʥʠʠ 
ʚʝʨʭʥʝʡ ʧʦʦʟʝʨʩʢʦʡ ʪʝʨʨʘʩʳ. ɺ ʧʨʝʜʝʣʘʭ ʞʝ ʪʝʨʨʠʪʦʨʠʡ, ʧʦʢʨʳʚʘʚʰʠʭʩʷ ʣʴʜʘʤʠ, ʵʪʘ ʩʚʠʪʘ ʥʝ ʧʦʣʫʯʠʣʘ ʧʦʣʥʦʛʦ 
ʨʘʟʚʠʪʠʷ, ʠ ʝʝ ʚʝʨʭʥʶʶ ʯʘʩʪʴ ʥʘʜʩʪʨʘʠʚʘʶʪ ʦʟʝʨʥʦ-ʣʝʜʥʠʢʦʚʳʝ ʠ ʧʝʨʠʛʣʷʮʠʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʙʳʯʥʦ 
ʧʨʠʫʨʦʯʝʥʳ ʥʘʭʦʜʢʠ ʣʝʜʥʠʢʦʚʳʭ ʘʨʢʪʠʯʝʩʢʠʭ ʬʣʦʨ ʠ ʬʘʫʥ. 

ʄʦʨʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʦʦʟʸʨʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʨʘʟʚʠʪʳ ʚ ʩʝʚʝʨʥʦʡ ɹʝʣʘʨʫʩʠ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʦʙʨʘʟʦʚʘʥʠʷʤ 
ʧʦʩʣʝʜʥʝʡ, ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʘʜʠʠ ʦʣʝʜʝʥʝʥʠʷ. ɻʨʘʥʠʮʘ ʧʨʝʜʝʣʴʥʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʧʨʦʭʦʜʠʪ 
ʚʜʦʣʴ ʩʝʚʝʨʥʳʭ ʩʢʣʦʥʦʚ ɻʨʦʜʥʝʥʩʢʦʡ ʚʦʟʚʳʰʝʥʥʦʩʪʠ, ʶʞʥʝʝ ʜ. ʆʟʝʨʮʳ ʟʘʧʘʜʥʝʝ ʛ.ʧ. ʆʩʪʨʳʥʘ, ʚʜʦʣʴ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʛʦ 

ʢʨʘʷ ʃʠʜʩʢʦʡ ʨʘʚʥʠʥʳ ʠ ʟʘʧʘʜʥʝʝ ʛ.ʧ. ʈʘʜʫʥʴ ʫʭʦʜʠʪ ʥʘ ʪʝʨʨʠʪʦʨʠʶ ʃʠʪʚʳ. ɺ ʧʨʝʜʝʣʘʭ ɹʝʣʦʨʫʩʩʢʦʛʦ ʇʦʦʟʝʨʴʷ ʛʨʘʥʠʮʘ 
ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʟʘʧʘʜʥʝʝ ʛ.ʧ. ʉʚʠʨʴ, ʩʝʚʝʨʥʝʝ ʛ. ɺʠʣʝʡʢʘ, ʛ.ʧ. ʂʨʠʚʠʯʠ, ʫ ʜ.ʂʨʫʣʝʚʱʠʥʘ, ʛ.ʧ. ʇʦʜʩʚʠʣʴʝ, ʟʘʧʘʜʥʝʝ ʛ.ʧ. 
ʋʰʘʯʠ, ʛ. ʃʝʧʝʣʴ, ʚʦʩʪʦʯʥʝʝ ʛ.ʧ. ʍʦʣʦʧʝʥʠʯʠ, ʫ ʛ. ʉʝʥʥʦ, ɻʦʨʦʜʦʢ ʠ ʜʨ., ʩʝʚʝʨʥʝʝ ʛʛ. ʆʨʰʘ ʠ ɼʫʙʨʦʚʥʦ. ɿʥʘʯʠʪʝʣʴʥʳʝ ʧʦ 
ʧʣʦʱʘʜʠ ʫʯʘʩʪʢʠ ʤʦʨʝʥʥʳʭ ʨʘʚʥʠʥ ʚʳʜʝʣʷʶʪʩʷ ʚ ʨʘʡʦʥʘʭ ʛʛ. ʇʦʩʪʘʚʳ, ɻʣʫʙʦʢʦʝ, ʏʘʰʥʠʢʠ, ʉʝʥʥʦ. ʈʘʟʤʳʪʳ ʤʦʨʝʥʥʳʝ 
ʦʪʣʦʞʝʥʠʷ ʚ ʜʦʣʠʥʘʭ ɺʠʣʠʠ, ɿʘʧ. ɼʚʠʥʳ ʠ ʠʭ ʧʨʠʪʦʢʦʚ, ʯʘʩʪʠʯʥʦ ʚ ʧʨʝʜʝʣʘʭ ʉʫʨʘʞʩʢʦʡ ʠ ʇʦʣʦʮʢʦʡ ʥʠʟʠʥ. ɿʘʣʝʛʘʝʪ 
ʤʦʨʝʥʘ ʥʘ ʩʦʞʩʢʦïʧʦʦʟʸʨʩʢʠʭ, ʩʦʞʩʢʠʭ, ʤʫʨʘʚʠʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʠʣʠ ʜʝʚʦʥʩʢʠx ʧʦʨʦʜʘʭ, ʧʝʨʝʢʨʳʪʳʭ ʧʦʦʟʸʨʩʢʠʤʠ 
ʚʦʜʥʦïʣʝʜʥʠʢʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ ʠʣʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʦʩʘʜʢʘʤʠ. 

ʇʦʦʟʸʨʩʢʠʤ ʣʝʜʥʠʢʦʤ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ, ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʢʨʘʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ 

ʟʘʧʘʜʝ ɹʝʣʘʨʫʩʠ (ʫ ʛ.ʧ. ʉʦʧʦʮʢʠʥ, ʜ. ʆʟʝʨʳ, ʛ.ʧ. ʆʩʪʨʳʥʘ) ʠ ʚ ʧʨʝʜʝʣʘʭ ʇʦʦʟʝʨʴʷ (ʉʚʠʨʩʢʘʷ ʠ ʉʚʝʥʮʷʥʩʢʠʝ ʛʨʷʜʳ, 
ʋʰʘʯʩʢʘʷ, ɺʠʪʝʙʩʢʘʷ, ɻʦʨʦʜʦʢʩʢʘʷ ʠ ɹʨʘʩʣʘʚʩʢʘʷ ʚʦʟʚʳʰʝʥʥʦʩʪʠ ʠ ʜʨʫʛʠʝ). ɸʙʩʦʣʶʪʥʳʝ ʚʳʩʦʪʳ ʵʪʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 
ʜʦʩʪʠʛʘʶʪ 210 ï 296 ʤ ʥʘʜ ʫʨʦʚʥʝʤ ʤʦʨʷ. ʂ ʥʠʤ ʧʨʠʤʳʢʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʣʦʞʝʥʥʳʝ ʦʩʥʦʚʥʦʡ ʤʦʨʝʥʦʡ, ʩ 
ʘʙʩʦʣʶʪʥʳʤʠ ʚʳʩʦʪʘʤʠ 150 ï 200 ʤ. 

ʄʦʱʥʦʩʪʴ ʧʦʦʟʸʨʩʢʦʡ ʤʦʨʝʥʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 5 ï 2 ʜʦ 70 ʤ, ʩʦʩʪʘʚʣʷʷ ʚ ʩʨʝʜʥʝʤ 10 ï 15 ʤ. ʄʘʢʩʠʤʘʣʴʥʳʝ 
ʤʦʱʥʦʩʪʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʦʥʝʯʥʦïʤʦʨʝʥʥʳʤ ʚʦʟʚʳʰʝʥʥʦʩʪʷʤ ʠ ʣʝʜʥʠʢʦʚʳʤ ʣʦʞʙʠʥʘʤ. 

ʇʦʤʠʤʦ ʦʪʣʦʞʝʥʠʡ ʣʝʜʥʠʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʟʜʥʝʧʦʦʟʸʨʩʢʦʝ ʚʨʝʤʷ ʚ ʧʨʠʣʝʜʥʠʢʦʚʦʡ ʠ ʚʦ ʚʥʝʣʝʜʥʠʢʦʚʦʡ 
ʟʦʥʘʭ, ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʘʣʣʶʚʠʘʣʴʥʳʝ, ʦʟʝʨʥʦïʘʣʣʶʚʠʘʣʴʥʳʝ, ʣʸʩʩʦʚʠʜʥʳʝ ʠ ʧʝʩʯʘʥʳʝ ʵʦʣʦʚʳʝ ʪʦʣʱʠ. 

ɺ ʇʦʦʟʸʨʩʢʦʤ ʣʠʪʦʛʣʷʮʠʦʨʝʛʠʦʥʝ ʧʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʣʝʜʥʠʢʦʚʳʭ ʧʦʪʦʢʦʚ ʪʨʝʭ ʮʝʥʪʨʦʚ ʦʣʝʜʝʥʝʥʠʷ ʠ ʤʝʩʪʥʳʭ 

ʧʦʜʩʪʠʣʘʶʱʠʭ ʧʦʨʦʜ ʚ ʧʨʝʣʝʣʘʭ ʇʦʣʦʮʢʦʡ ʧʦʛʨʝʙʥʦʡ ʥʠʟʠʥʳ ʠ ʆʨʰʘʥʩʢʦïɺʠʪʝʙʩʢʦʡ ʧʦʛʨʝʙʥʦʡ ʥʘʢʣʦʥʥʦʡ ʨʘʚʥʠʥʳ 
ʚʳʜʝʣʝʥʦ ʪʨʠ ʣʠʪʦʧʨʦʚʠʥʮʠʠ: ɹʨʘʩʣʘʚʩʢʦïʉʚʠʥʪʷʥʩʢʘʷ, ʇʦʣʦʮʢʘʷ ʠ ɻʦʨʦʜʦʢʩʦïɺʠʪʝʙʩʢʘʷ. 

ɹʨʘʩʣʘʚʩʢʦïʉʚʠʥʪʷʥʩʢʘʷ ʧʨʦʚʠʥʮʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʜʠʫʩʝ ʜʝʡʩʪʚʠʷ ɼʠʩʥʝʥʩʢʦʛʦ (ɹʘʣʪʠʡʩʢʦʛʦ) ʣʝʜʥʠʢʦʚʦʛʦ 
ʧʦʪʦʢʘ, ʧʦʩʪʘʚʣʷʶʱʝʛʦ ʵʨʨʘʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʠʟ ʨʘʡʦʥʦʚ ʉʝʚʝʨʥʦʡ ʠ ʎʝʥʪʨʘʣʴʥʦʡ ʐʚʝʮʠʠ ʩʦ ʜʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ, 
ɸʣʘʥʜʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʘ ʪʘʢʞʝ ʤʘʪʝʨʠʘʣʘ, ʯʘʩʪʠʯʥʦ ʦʙʦʛʘʪʠʚʰʝʛʦʩʷ ʤʘʪʝʨʠʘʣʦʤ ʌʠʥʩʢʦʡ ʧʠʪʘʶʱʝʡ ʧʨʦʚʠʥʮʠʠ. 
ʄʝʩʪʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʦʢʘʟʘʚʰʠʤʠ ʚʣʠʷʥʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʦʨʝʥ, ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʛʝʥʥʳʝ ʪʦʣʱʠ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ 
(ʥʘʨʦʚʩʢʠʡ ʠ ʩʪʘʨʦʦʩʦʣʴʩʢʠʡ ʛʦʨʠʟʦʥʪʳ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʦïʛʣʠʥʠʩʪʳʤʠ, ʘʣʝʚʨʠʪʦʚʳʤʠ ʠ 
ʘʣʝʚʨʠʪʦïʛʣʠʥʠʩʪʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʩʣʶʜʠʩʪʦïʧʦʣʝʚʦʰʧʘʪʦʚʦïʢʚʘʨʮʝʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʭʘʨʘʢʪʝʨʥʳʤʠ ʘʫʪʠʛʝʥʥʳʤʠ 

ʤʠʥʝʨʘʣʘʤʠ (ʩʠʜʝʨʠʪ, ʧʠʨʠʪ, ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʦʣʦʤʠʪ, ʬʦʩʬʘʪʳ, ʛʣʘʫʢʦʥʠʪ). ʅʘ ʪʝʨʨʠʪʦʨʠʠ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʝʛʠʦʥʘ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ, ʧʦʩʪʨʦʝʥ ʧʨʦʬʠʣʴ ʦʪʣʦʞʝʥʠʡ ʚʜʦʣʴ ʟʘʧʘʜʥʦʛʦ ʙʝʨʝʛʘ ʦʟʝʨʘ ʅʘʨʦʯʴ. 

ɺʝʜʫʱʝʡ ʘʩʩʦʮʠʘʮʠʝʡ ʩʨʝʜʠ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʤʝʩʪʥʳʭ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʮʠʨʢʦʥ, ʛʨʘʥʘʪ ʠ ʠʣʴʤʝʥʠʪ. ɺ 
ʛʣʠʥʠʩʪʦʤ ʚʝʱʝʩʪʚʝ ʤʦʨʝʥ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʦʣʠʥʠʪïʛʠʜʨʦʩʣʶʜʠʩʪʳʡ ʩʦʩʪʘʚ ʩ ʥʝʙʦʣʴʰʦʡ ʧʨʠʤʝʩʴʶ ʭʣʦʨʠʪʘ. 

ʇʦʣʦʮʢʘʷ ʧʨʦʚʠʥʮʠʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʨʘʜʠʫʩʝ ʚʣʠʷʥʠʷ ʇʦʣʦʮʢʦïɹʝʨʝʟʠʥʩʢʦʛʦ (ʌʠʥʩʢʦʛʦ) ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʪʦʢʘ 
ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʧʦʛʨʝʙʸʥʥʦʡ ʇʦʣʦʮʢʦʡ ʥʠʟʠʥʳ. ʆʥʘ ʠʤʝʝʪ 
ʵʢʟʦʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʤʦʨʝʥ ʠʟ ʶʞʥʦʡ ʌʠʥʣʷʥʜʠʠ ʠ ʜʥʘ ʌʠʥʩʢʦʛʦ ʟʘʣʠʚʘ ʠ ʤʝʩʪʥʡr - ʩʪʘʨʦʦʩʢʦʣʴʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 
ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʪʝʨʨʠʛʝʥʥʦʡ ʥʝʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝʡ ʧʝʩʯʘʥʦïʛʣʠʥʠʩʪʳʭ ʦʪʣʦʞʝʥʠʡ ʩ ʘʫʪʠʛʝʥʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ (ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ, ʩʠʜʝʨʠʪ, ʧʠʨʠʪ) ʠ ʩ ʚʝʜʫʱʝʡ ʪʫʨʤʘʣʠʥïʛʨʘʥʘʪïʮʠʨʢʦʥʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʪʷʞʝʣʳʭ 
ʤʠʥʝʨʘʣʦʚ. 

ɻʦʨʜʦʢʩʢʦïɺʠʪʝʙʩʢʘʷ ʣʠʪʦʧʨʦʚʠʥʮʠʷ ʚʳʜʝʣʷʝʪʩʷ ʩʚʦʝʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʆʨʰʘʥʩʢʦïɺʠʪʝʙʩʢʦʡ 
ʧʦʛʨʝʙʝʥʥʦʡ ʥʘʢʣʦʥʥʦʡ ʨʘʚʥʠʥʝ, ʩʣʦʞʝʥʥʦʡ ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʜʦʣʦʤʠʪʘʤʠ, ʨʝʞʝ ʠʟʚʝʩʪʥʷʢʘʤʠ ʠ ʛʣʠʥʘʤʠ. ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʩʦʜʝʨʞʘʥʠʝ ʢʨʝʤʥʠʩʪʳʭ ʢʦʥʢʨʝʮʠʡ, 
ʬʦʩʬʘʪʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʵʢʟʦʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ ʧʨʠʩʫʪʩʪʚʫʶʪ, ʢʨʦʤʝ ʧʦʨʦʜ ʌʠʥʩʢʦʡ ʧʠʪʘʶʱʝʡ 
ʧʨʦʚʠʥʮʠʠ, ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʧʦʨʦʜ ʃʘʜʦʞʩʢʦʡ ʧʨʦʚʠʥʮʠʠ (ʣʘʜʦʞʩʢʠʝ ʨʘʧʘʢʠʚʠïʛʨʘʥʠʪʳ), ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʝʜʧʦʣʘʛʘʪʴ 
ʚʣʠʷʥʠʝ ʃʘʜʦʞʩʢʦʛʦ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʪʦʢʘ, ʠʤʝʚʰʝʛʦ ʶʛʦïʟʘʧʘʜʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʮʝʥʪʨʫ 

ɹʝʣʘʨʫʩʠ (ɸʩʪʘʧʦʚʘ, 1993). 
ʇʨʦʚʦʜʠʣʩʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʛʨʘʚʠʡʥʦïʛʘʣʝʯʥʳʭ ʬʨʘʢʮʠʡ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʤʦʨʝʥ ʚ ʧʨʝʜʝʣʘʭ 

ʫʯʘʩʪʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ ʢʦʥʝʯʥʳʭ ʤʦʨʝʥ ʧʨʦʙʣʝʤʘʪʠʯʥʦʛʦ ʢʨʘʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʚ 
ʢʘʨʴʝʨʘʭ, ʧʨʠʜʦʨʦʞʥʳʭ ʠ ʙʝʨʝʛʦʚʳʭ ʩʢʣʦʥʘʭ, ʥʠʞʝ ʧʦʯʚʳ. ʆʧʨʝʜʝʣʷʣʩʷ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʙʣʦʤʢʦʚ ʬʨʘʢʮʠʡ 30 
- 10, 10 - 7 ʠ 7 - 5 ʤʤ (ʥʝ ʤʝʥʝʝ 300 ʰʪʫʢ ʚ ʢʘʞʜʦʡ ʯʘʩʪʠ). 

ɼʣʷ ʨʝʣʴʝʬʦʦʙʨʘʟʫʶʱʠʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʦʧʘʩʪʝʡ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʘʢ ʠ ʜʣʷ ʙʦʣʝʝ ʜʨʝʚʥʝʡ ʤʦʨʝʥʳ, 
ʭʘʨʘʢʪʝʨʥʳ ʨʫʢʦʚʦʜʷʱʠʝ ʛʨʘʚʠʡʥʦïʛʘʣʝʯʥʳʝ ʦʙʣʦʤʢʠ ʘʣʘʥʜʩʢʦʛʦ ʢʚʘʨʮʝʚʦʛʦ ʧʦʨʬʠʨʘ, ʛʨʘʥʠʪʘ, ʙʘʣʪʠʡʩʢʦʛʦ ʢʨʘʩʥʦʛʦ 
ʢʚʘʨʮʝʚʦʛʦ ʧʦʨʬʠʨʘ ʠ ʜʨʫʛʠʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʜʥʘ ɹʘʣʪʠʡʩʢʦʛʦ ʤʦʨʷ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʛʨʘʚʠʡʥʦï

ʛʘʣʝʯʥʳʭ ʬʨʘʢʮʠʡ ʤʦʨʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɹʝʣʘʨʫʩʠ ʠ ʶʛʦïʚʦʩʪʦʯʥʦʡ ʃʠʪʚʳ. 



ɸʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʞʸʣʪʳʤʠ, ʩʝʨʦʚʘʪʦïʞʸʣʪʳʤʠ, ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ ʩʫʧʝʩʝʡ, 
ʣʠʥʟʘʤʠ ʧʝʩʯʘʥʦïʛʨʘʚʠʡʥʦʛʦ ʤʘʪʝʨʠʘʣʘ (ʨʫʩʣʦʚʘʷ ʬʘʮʠʷ), ʠ ʣʠʥʟʘʤʠ ʪʦʥʢʠʭ ʩʫʧʝʩʝʡ, ʠʣʦʚ, ʛʠʪʪʠʡ. ʄʦʱʥʦʩʪʴ ʘʣʣʶʚʠʷ 
ʜʦ 12 ï 18 ʤ. ʇʨʝʜʩʪʘʚʣʝʥʘ ʤʦʨʝʥʘ ʚʘʣʫʥʥʳʤʠ ʩʫʧʝʩʷʤʠ ʠ ʩʫʛʣʠʥʢʘʤʠ ʢʨʘʩʥʦïʙʫʨʳʤʠ, ʙʫʨʳʤʠ ʠʣʠ ʞʸʣʪʦʚʘʪʦïʙʫʨʳʤʠ, 

ʩ ʛʥʸʟʜʘʤʠ ʠ ʧʨʦʩʣʦʷʤʠ ʧʝʩʢʘ ʨʘʟʥʦʟʝʨʥʠʩʪʦʛʦ, ʛʣʠʥʠʩʪʦʛʦ, ʩ ʛʨʘʚʠʝʤ ʠ ʛʘʣʴʢʦʡ. ʂʦʥʝʯʥʳʝ ʤʦʨʝʥʳ ʩʣʦʞʝʥʳ ʩʫʧʝʩʷʤʠ ʠ 
ʩʫʛʣʠʥʢʘʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ ʛʨʘʚʠʡʥʳʤ ʠ ʛʘʣʝʯʥʦïʚʘʣʫʥʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʨʘʟʥʦʟʝʨʥʠʩʪʳʤʠ ʧʝʩʢʘʤʠ, ʯʝʨʝʜʫʶʱʠʤʠʩʷ ʩ 
ʧʝʩʯʘʥʦïʛʨʘʚʠʡʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʚ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʛʣʠʥʠʟʠʨʦʚʘʥʥʳʤ ʠ ʩʦʨʪʠʨʦʚʘʥʥʳʤ, ʠʥʦʛʜʘ ʩ ʦʪʪʦʨʞʝʥʮʘʤʠ 
ʜʦʯʝʪʚʝʨʪʠʯʥʳʭ ʧʦʨʦʜ. ʆʪʣʦʞʝʥʠʷ ʨʘʟʙʠʪʳ ʥʘ ʦʪʜʝʣʴʥʳʝ ʧʘʯʢʠ ʠ ʙʣʦʢʠ, ʧʝʨʝʚʸʨʥʫʪʳ ʠʣʠ ʩʤʝʱʝʥʳ ʧʦ ʣʠʥʠʷʤ 
ʨʘʟʨʳʚʦʚ. 

ʇʦʦʟʸʨʩʢʠʝ ʥʘʜʤʦʨʝʥʥʳʝ ʚʦʜʥʦïʣʝʜʥʠʢʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʩʬʦʨʤʠʨʦʚʘʥʳ ʦʪʩʪʫʧʘʶʱʠʤ ʣʝʜʥʠʢʦʤ ɿʥʘʯʠʪʝʣʴʥʘʷ 
ʨʦʣʴ ʚ ʵʪʦʤ ʢʦʤʧʣʝʢʩʝ ʧʨʠʥʘʜʣʝʞʠʪ ʬʣʶʚʠʦʛʣʷʮʠʥʘʣʴʥʳʤ ʦʙʨʘʟʦʚʘʥʠʷʤ. 

ʆʟʦʚʳʝ ʛʨʷʜʳ ʩʣʦʞʝʥʳ ʯʘʱʝ ʚʩʝʛʦ ʩʣʦʠʩʪʳʤʠ ʧʝʩʢʘʤʠ ʩ ʛʘʣʝʯʥʠʢʘʤʠ ʠ ʚʘʣʫʥʘʤʠ. 

ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʝʚʝʨʦïʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ɹʝʣʘʨʫʩʠ, ʢʦʪʦʨʘʷ ʚʦ ʚʨʝʤʷ 
ʧʦʦʟʸʨʩʢʦʛʦ ʦʣʝʜʝʥʝʥʠʝ ʦʢʘʟʘʣʘʩʴ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʣʝʜʥʠʢʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʚ ʝʛʦ ʧʝʨʠʛʣʷʮʠʘʣʴʥʦʡ ʟʦʥʝ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʧʨʦʩʳ ʯʝʪʚʝʨʪʠʯʥʦʡ ʛʝʦʣʦʛʠʠ, ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʦʨʬʦʣʦʛʠʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʘ ɹʝʣʘʨʫʩʠ. 
ʀʟʫʯʝʥ ʤʠʥʝʨʘʣʦʛʦïʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʣʝʜʥʠʢʦʚʳʭ ʚʘʣʫʥʦʚ ʧʦʦʟʸʨʩʢʦʡ ʤʦʨʝʥʳ. ɺʳʷʩʥʝʥʘ ʪʝʨʨʠʪʦʨʠʷ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ ʧʦʩʣʝʜʥʝʛʦ ʦʣʝʜʝʥʝʥʠʷ. ʋʪʦʯʥʝʥʳ ʮʝʥʪʨʳ ʦʣʝʜʝʥʝʥʠʷ ʠ ʧʫʪʠ ʜʚʠʞʝʥʠʷ ʣʝʜʥʠʢʦʚ, ʟʥʘʯʝʥʠʝ 
ʨʫʢʦʚʦʜʷʱʠʭ ʚʘʣʫʥʦʚ ʜʣʷ ʩʪʨʘʪʠʛʨʘʬʠʠ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ɹʝʣʘʨʫʩʠ. ʈʘʩʩʤʦʪʨʝʥʳ ʢʘʨʪʳ ʜʚʠʞʝʥʠʷ ʠ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʣʝʜʥʠʢʦʚ, ʚʦʟʜʝʡʩʪʚʦʚʘʚʰʠʭ ʥʘ ʜʘʥʥʫʶ ʪʝʨʨʠʪʦʨʠʶ, ʠʭ ʦʩʥʦʚʥʳʝ ʩʝʢʪʦʨʘ ʠ ʧʦʪʦʢʠ. 

ʅʘ ʢʦʥʢʨʝʪʥʦʤ ʧʨʠʤʝʨʝ ʚʳʷʚʣʝʥʳ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʩʯʣʝʥʷʪʴ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ 

ʤʦʨʝʥʳ ʠ, ʪʝʤ ʩʘʤʳʤ, ʜʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʦʡ ʢʦʨʨʝʣʷʮʠʠ. ʆʩʚʝʱʝʥʳ ʚʦʧʨʦʩʳ ʣʠʪʦʣʦʛʦï
ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ʣʝʜʥʠʢʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʩʝʚʝʨʦïʟʘʧʘʜʘ ɹʝʣʘʨʫʩʠ. ɼʘʸʪʩʷ ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ 
ɹʨʘʩʣʘʚʦïʉʚʝʥʪʷʥʩʢʦʡ, ʇʦʣʦʮʢʦʡ, ʆʰʤʷʥʩʢʦʡ, ʅʘʨʘʯʘʥʦïɺʠʣʝʡʩʢʦʡ ʣʠʪʦʧʨʦʚʠʥʮʠʷʤ. 
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ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɿʆʃʆʊʆʅʆʉʅʓʍ ɿʆʅ 
ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʍʋɾʀʈ (ɺʆʉʊʆʏʅʓʁ ʉɸʗʅ) 

ɸ.ɺ. ʉʠʚʷʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʉ. ʄʝʭʦʥʦʰʠʥ  

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʍʫʞʠʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʀʷ-ʋʨʜʦ-ʆʢʠʥʩʢʦʡ ʟʦʣʦʪʦʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʟʦʥʳ, ʚʭʦʜʷʱʝʡ ʚ ʩʦʩʪʘʚ ʍʘʤʩʘʨʠʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʳ (ʉʌɿ) ʚʜʦʣʴ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ 
ʨʘʟʣʦʤʘ. 

ʆʥʦ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʉʘʡʣʘʛʩʢʦʛʦ ʤʘʩʩʠʚʘ ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ɽʭʝ-ʉʘʛʘʥ-ʉʘʡʨ ʠ 
ʩʦʩʪʦʠʪ ʠʟ ʩʝʨʠʠ ʧʘʨʘʣʣʝʣʴʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʟʦʥ. 

ʈʫʜʥʳʝ ʟʦʥʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʦʣʦʩʳ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʸʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ, ʧʨʦʪʷʞʸʥʥʦʩʪʴʶ ʙʦʣʝʝ 
500 ʤʝʪʨʦʚ ʠ ʤʦʱʥʦʩʪʴʶ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ, ʚʳʜʝʣʷʝʤʳʝ ʧʦ ʧʨʦʤʳʰʣʝʥʥʳʤ ʢʦʥʮʝʥʪʨʘʮʠʷʤ ʟʦʣʦʪʘ. ʆʥʠ 

ʥʘʩʳʱʝʥʥʳ ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʠ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ. ʄʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ 
ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʟʦʥ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʝʨʝʟʠʪʘʤʠ ʠ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ. ʋʯʘʩʪʢʠ 
ʠʥʪʝʥʩʠʚʥʦʡ ʙʝʨʝʟʠʪʠʟʘʮʠʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʳʤ ʧʨʦʞʠʣʢʦʚʘʥʠʝʤ. 

ʈʫʜʳ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʙʝʨʝʟʠʪʘʭ, ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʠ ʚ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣʘʭ. ʆʩʥʦʚʥʳʝ 
ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ: ʟʦʣʦʪʦ, ʧʠʨʠʪ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʣʠʤʦʥʠʪ. 

ʀʩʩʣʝʜʦʚʘʣʘʩʴ ʩʝʨʠʷ ʦʙʨʘʟʮʦʚ, ʦʪʦʙʨʘʥʥʳʭ ʚʢʨʝʩʪ ʧʨʦʩʪʠʨʘʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʂʦʥʪʘʢʪ ʤʝʞʜʫ ʛʨʘʥʠʪʘʤʠ ʠ 
ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʮʝʩʩʦʤ ʙʝʨʝʟʠʪʠʟʘʮʠʠ, ʢʦʪʦʨʳʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʚʳʨʘʞʝʥ ʚ 
ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ. 

ɾʠʣʘ ʩʣʦʞʝʥʘ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʢʚʘʨʮʝʤ ʜʚʫʭ ʛʝʥʝʨʘʮʠʡ ʠ ʨʝʜʢʠʤʠ ʢʨʫʧʥʳʤʠ ʦʙʦʩʦʙʣʝʥʠʷʤʠ ʢʘʨʙʦʥʘʪʘ. ʇʦ 
ʢʦʥʪʘʢʪʫ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦ ʨʘʟʚʠʪʳ ʙʦʣʝʝ ʤʝʣʢʠʝ ʟʝʨʥʘ ʢʚʘʨʮʘ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʠ 
ʚʳʜʝʣʝʥʠʷ ʩʝʨʠʮʠʪʘ ʠ ʭʣʦʨʠʪʘ. ʍʣʦʨʠʪ ʦʙʥʘʨʫʞʝʥ ʢʘʢ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʚʘʨʮʘ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʪʘʢ ʠ 
ʚʥʫʪʨʠ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʢʚʘʨʮʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ, ʦʙʨʘʟʫʷ ʩʚʦʝʦʙʨʘʟʥʳʝ "ʟʤʝʝʚʠʜʥʳʝ" ʮʝʧʦʯʢʠ, ʠʥʦʛʜʘ ʚ ʩʨʘʩʪʘʥʠʠ ʩʦ 
ʰʧʠʥʝʣʴʶ. ɿʜʝʩʴ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʟʝʨʥʘ ʩʬʝʥʘ. 

ʇʦ ʦʙʝ ʩʪʦʨʦʥʳ ʦʪ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ ʨʘʟʚʠʪʘ ʦʢʦʣʦʞʠʣʴʥʘʷ ʦʪʦʨʦʯʢʘ ʙʝʨʝʟʠʪʦʚ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʘʡʥʝ 
ʠʥʪʝʥʩʠʚʥʦ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʛʘʨʥʦʜʠʦʨʠʪʘʤʠ, ʧʣʘʛʠʦʢʣʘʟ-ʢʘʣʠʰʧʘʪ-ʢʚʘʨʮʝʚʦʛʦ ʩʦʩʪʘʚʘ. ʉʝʨʠʮʠʪ ʨʘʟʚʠʚʘʝʪʩʷ ʧʦ 
ʢʘʣʠʰʧʘʪʫ ʠ ʧʣʘʛʠʦʢʣʘʟʫ. ʇʦʩʣʝʜʥʠʡ, ʧʦ ʫʛʣʫ ʧʦʛʘʩʘʥʠʷ ʜʚʦʡʥʠʢʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʣʠʛʦʢʣʘʟ, ʚ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘʣʴʥʦʩʪʴ: ʦʪ ʮʝʥʪʨʘ ʢ ʧʝʨʠʬʝʨʠʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʘʣʴʙʠʪʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɺ ʤʝʞʟʝʨʥʦʚʳʭ 
ʪʝʨʱʠʥʘʭ ʠ ʪʨʝʱʠʥʘʭ ʢʘʪʘʢʣʘʟʘ ʩʝʨʠʮʠʪ ʧʝʨʝʭʦʜʠʪ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʟʝʨʥʘ, ʜʠʘʛʥʦʩʪʠʨʫʶʱʠʝʩʷ ʢʘʢ ʤʫʩʢʦʚʠʪ. ʈʫʜʥʘʷ 
ʤʠʥʠʨʘʣʠʟʘʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʤʫʩʢʦʚʠʪʫ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʢ ʩʝʨʠʮʠʪʫ. 

ʉʘʤʦ ʨʫʜʥʦʝ ʪʝʣʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʪʝʥʩʠʚʥʦ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 
ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʤʠ ʪʝʣʘʤʠ, ʥʝʩʫʱʠʤʠ ʨʫʜʥʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʧʠʨʠʪʘ ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ. 

ɿʦʣʦʪʦ ʚ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʚ ʦʩʥʦʚʥʦʤ ʛʠʧʠʜʠʦʤʦʨʬʥʦʝ, ʨʝʞʝ ʠʜʠʦʤʦʨʬʥʦʝ (ʢʫʙʠʯʝʩʢʠʝ 
ʢʨʠʩʪʘʣʣʳ), ʢʩʝʥʦʤʦʨʬʥʳʝ ʚʳʜʝʣʝʥʠʷ ʢʘʧʣʝʚʠʜʥʦʡ ʬʦʨʤʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʢʚʘʨʮʝʚʦʡ ʞʠʣʳ. ɺ ʙʝʨʝʟʠʪʘʭ ʦʥʦ 
ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʟʝʨʥʘʭ ʩʝʨʠʮʠʪʘ ʠ ʚ ʤʝʞʟʝʨʥʦʚʳʭ ʪʨʝʱʠʥʘʭ ʢʚʘʨʮʘ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʩʚʷʟʴ ʩ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ. ɺ ʢʚʘʨʮ-ʢʘʣʴʮʠʪʦʚʳʭ ʧʨʦʞʠʣʢʘʭ ʟʦʣʦʪʦ ʩʚʷʟʘʥʦ ʩ ʢʘʨʙʦʥʘʪʦʤ. ʈʘʟʤʝʨ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ 
ʢʦʣʝʙʣʝʪʩʷ ʦʪ ñʨʫʜʥʦʡ ʧʳʣʠò ʜʦ 0,15 ʤʤ. ʂʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʧʨʦʞʠʣʢʦʚ ʠ ʞʠʣ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʝʣʢʠʝ 



ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʙʝʨʝʟʠʪʘʭ ʠ ʛʨʘʥʦʜʠʦʨʠʪʘʭ. ʄʠʥʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʦʪʤʝʯʝʥʳ ʚ ʢʚʘʨʮʝʚʦʡ ʞʠʣʝ (6 ʛ/ʪ), ʤʘʢʩʠʤʘʣʴʥʳʝ 
- ʚ ʙʝʨʝʟʠʪʘʭ ʠʟ ʦʢʦʣʦʞʠʣʴʥʦʡ ʦʪʦʨʦʯʢʠ (11 ʛ/ʪ). 

ʇʠʨʠʪ ʛʠʧʠʜʠʦʤʦʨʬʥʳʡ: ʥʝʢʦʪʦʨʳʝ ʛʨʘʥʠ ʩʦʭʨʘʥʠʣʠʩʴ, ʥʦ ʯʘʩʪʠʯʥʦ ʙʳʣʠ ʨʘʟʨʫʰʝʥʳ ʦʩʪʘʪʦʯʥʳʤʠ 

ʨʘʩʪʚʦʨʘʤʠ. ʀʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʚʩʪʨʝʯʘʝʪʩʷ ʨʝʞʝ. ɻʠʧʠʜʠʦʤʦʨʬʥʳʡ ʠ ʠʜʠʦʤʦʨʬʥʳʡ ʧʠʨʠʪ ʥʘʭʦʜʷʪʩʷ ʚ ʤʝʞʟʝʨʥʦʚʳʭ 
ʪʨʝʱʠʥʘʭ ʢʚʘʨʮʘ ʠ, ʚʤʝʩʪʝ ʩ ʩʝʨʠʮʠʪʦʤ, ʚ ʪʨʝʱʠʥʘʭ ʢʘʪʘʢʣʘʟʘ. ɺ ʩʝʨʠʮʠʪʝ ʧʠʨʠʪ ʨʘʩʧʦʣʦʞʝʥ ʢʘʢ ʚ ʤʝʞʟʝʨʥʦʚʳʭ 
ʪʨʝʱʠʥʘʭ, ʪʘʢ ʠ ʚ ʩʘʤʠʭ ʟʝʨʥʘʭ. ʂʩʝʥʦʤʦʨʬʥʳʡ ʢʘʧʣʝʚʠʜʥʳʡ ʧʠʨʠʪ ʥʘʙʣʶʜʘʝʪʩʷ ʚʥʫʪʨʠ ʟʝʨʝʥ ʢʚʘʨʮʘ. ʕʪʦ ʥʝ ʧʦʟʚʦʣʠʣʦ 
ʝʤʫ ʦʙʨʘʟʦʚʘʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʦʨʤʫ. ɺ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʦʤ ʧʨʦʞʠʣʢʝ ʦʥ ʥʝ ʚʩʪʨʝʯʝʥ. ʈʘʟʤʝʨ ʦʪʜʝʣʴʥʳʭ ʟʝʨʝʥ 
ʧʠʨʠʪʘ ʜʦʩʪʠʛʘʝʪ 0,7 ʤʤ. ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʠʨʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʙʝʨʝʟʠʪʘʭ ʠʟ ʦʢʦʣʦʞʠʣʴʥʦʡ ʦʪʦʨʦʯʢʠ; 
ʤʠʥʠʤʘʣʴʥʦʝ - ʚ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʘʭ (ʛʜʝ ʦʥ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ). ɺ ʢʚʘʨʮʝʚʦʡ ʞʠʣʝ ʦʩʥʦʚʥʘʷ 
ʤʘʩʩʘ ʧʠʨʠʪʘ ʙʳʣʘ ʟʘʤʝʱʝʥʘ ʣʠʤʦʥʠʪʦʤ (ʧʦ ʧʝʨʠʬʝʨʠʠ ʟʝʨʝʥ ñʣʠʤʦʥʠʪʦʚʘʷ ʨʫʙʘʰʢʘò) ʠ ʩʠʜʝʨʠʪʦʤ (ʩ ʩʦʭʨʘʥʝʥʠʝʤ 
ʢʫʙʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ). ɺ ʦʢʦʣʦʞʠʣʴʥʳʭ ʙʝʨʝʟʠʪʘʭ ʟʘʤʝʱʝʥʠʝ ʥʦʩʠʪ ʯʘʩʪʠʯʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʙʨʘʟʦʚʘʥʠʝ ʩʠʜʝʨʠʪʘ 

ʩʚʷʟʘʥʦ ʩ ʧʦʩʣʝʜʥʝʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʜʠʝʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʃʠʤʦʥʠʪ ʧʨʝʜʩʪʘʚʣʝʥ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʧʠʨʠʪʫ ʠ ʩʠʜʝʨʠʪʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʦʙʨʘʟʫʶʪʩʷ 

ʨʘʩʪʘʱʝʥʥʳʝ ʟʝʨʥʘ (ʬʦʨʤʘ ñʱʝʧʢʠò). ʉʦʜʝʨʞʘʥʠʷ: ʤʠʥʠʤʘʣʴʥʳʝ ʚ ʢʚʘʨʮʝʚʦʡ ʞʠʣʝ, ʤʘʢʩʠʤʘʣʴʥʳʝ ʚ ʙʝʨʝʟʠʪʘʭ ʠʟ 
ʦʢʦʣʦʞʠʣʴʥʦʡ ʦʪʦʨʦʯʢʠ (ʩʦ ʩʪʦʨʦʥʳ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʨʘʥʦʜʠʦʨʠʪʦʚ).  

ɻʝʤʘʪʠʪ ʦʙʨʘʟʦʚʘʣʩʷ ʧʦ ʤʘʛʥʝʪʠʪʫ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 
ʄʘʛʥʝʪʠʪ ʠʤʝʝʪ ʤʘʛʤʘʪʦʛʝʥʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʷʚʣʷʝʪʩʷ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤ ʜʣʷ ʛʨʘʥʦʜʠʦʨʠʪʦʚ. 
ʀʟ ʘʢʮʝʩʩʦʨʥʳʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦʚʢʨʘʧʣʝʥʥʳʝ ʟʝʨʥʘ ʨʫʪʠʣʘ. 
ʆʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʜʠʡ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʝ: ʚ ʥʘʯʘʣʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʠʟ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʢʚʘʨʮ ʠ ʢʘʨʙʦʥʘʪʳ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʛʨʘʥʦʜʠʦʨʠʪʘʭ 
ʧʨʦʠʟʦʰʣʦ ʟʘʤʝʱʝʥʠʝ ʢʘʣʠʰʧʘʪʦʚ ʩʝʨʠʮʠʪʦʤ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʧʦʣʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʨʝʱʠʥ 
ʢʘʪʘʢʣʘʟʘ ʚ ʢʚʘʨʮʝ, ʧʨʦʠʩʭʦʜʠʣʦ ʨʫʜʦʦʪʣʦʞʝʥʠʝ, ʚ ʚʠʜʝ ʩʢʦʧʣʝʥʠʡ ʧʠʨʠʪʘ ʠ ʟʦʣʦʪʘ. ʇʦʩʣʝʜʫʶʱʘʷ ʩʪʘʜʠʷ ʩʚʷʟʘʥʘ ʩ ʝʱʝ 
ʙʦʣʝʝ ʦʩʪʳʚʰʠʤ ʨʘʩʪʚʦʨʦʤ, ʠʟ ʢʦʪʦʨʦʛʦ ʚʳʜʝʣʠʣʠʩʴ ʢʘʧʣʝʚʠʜʥʳʝ ʢʩʝʥʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʧʠʨʠʪʘ ʠ ʟʦʣʦʪʘ ʚʥʫʪʨʠ ʟʝʨʝʥ 
ʢʚʘʨʮʘ ʠ ʚ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʢʦʥʮʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʦʩʪʳʚʰʠʭ, ʦʙʝʜʥʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʧʦ 
ʧʠʨʠʪʫ ʠ ʤʘʛʥʝʪʠʪʫ ʨʘʟʚʠʚʘʣʠʩʴ ʛʝʤʘʪʠʪ ʠ ʩʠʜʝʨʠʪ. ɺ ʵʢʟʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʞʝʣʝʟʦʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ ʙʳʣʠ ʯʘʩʪʠʯʥʦ 
ʟʘʤʝʱʝʥʳ ʣʠʤʦʥʠʪʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟʫʯʝʥʥʳʝ ʨʫʜʳ ʠʤʝʶʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʝʥʝʟʠʩ ʠ ʦʪʥʦʩʷʪʩʷ ʢ ʢʚʘʨʮ-

ʟʦʣʦʪʦʨʫʜʥʦʡ ʬʦʨʤʘʮʠʠ. 
 

ʋʃʔʊʈɸɿɺʋʂʆɺɸʗ ʀʅʊɽʅʉʀʌʀʂɸʎʀʗ ʇʈʆʎɽʉʉɸ ʂʀʉʃʆʊʅʆɻʆ 
ʈɸɿʃʆɾɽʅʀʗ ɻɽʆʃʆɻʀʏɽʉʂʀʍ ʆɹʈɸɿʎʆɺ, ʉʆɼɽʈɾɸʑʀʍ ɹʃɸɻʆʈʆɼʅʓɽ 

ʄɽʊɸʃʃʓ 
ʅ.ʄ. ʉʤʠʪʶʢ, ʕ.ɻ. ʂʦʚʳʨʝʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʌ.ɸ. ʏʤʠʣʝʥʢʦ 
ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 

 
ʇʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʟʦʣʦʪʦʜʦʙʳʚʘʶʱʝʡ ʠ ʧʝʨʝʨʘʙʘʪʳʚʘʶʱʝʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʚʩʝʭ ʵʪʘʧʦʚ ʧʝʨʝʨʘʙʦʪʢʠ. ʇʨʠ ʚʳʙʦʨʝ ʤʝʪʦʜʘ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ 
ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʡ: ʩʦʜʝʨʞʘʥʠʝ ʚ ʧʦʨʦʜʘʭ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʠʭ ʥʘʭʦʞʜʝʥʠʷ, 
ʥʘʣʠʯʠʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʠʭ ʛʨʫʧʧ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴ ʘʥʘʣʠʟʠʨʫʝʤʳʝ ʤʝʪʘʣʣʳ ʚ 
ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʣʠ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ çʢʘʪʘʣʠʟʘʪʦʨʘè, ʩʧʦʩʦʙʩʪʚʫʶʱʝʛʦ ʩʦʨʙʮʠʠ ʥʘ ʬʠʣʴʪʨʝ ʠʣʠ ʥʝ 
ʨʘʩʪʚʦʨʠʚʰʝʤʩʷ ʦʩʘʜʢʝ, ʧʨʠʚʦʜʠʪ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʢ ʟʘʥʠʞʝʥʠʶ ʠʣʠ ʟʘʚʳʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʵʪʦʡ ʩʚʷʟʠ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ: ʤʝʪʦʜ ʩʝʣʝʢʪʠʚʝʥ, 
ʯʫʚʩʪʚʠʪʝʣʝʥ, ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʘʥʘʣʠʟ ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʠʟ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʠʭ ʬʘʟ 
ʢʘʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ, ʪʘʢ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʛʦʨʥʳʝ ʧʦʨʦʜʳ ʢʨʘʡʥʝ ʥʝʦʜʥʦʨʦʜʥʳ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ, ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʦʢʘʟʳʚʘʶʪ ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʵʣʝʤʝʥʪʳ. ʅʘʣʠʯʠʝ ʠʟʙʳʪʢʘ ʩʠʣʠʢʘʪʦʚ ʠʣʠ ʩʝʨʳ ʚ ʦʙʨʘʟʮʘʭ ʚʣʠʷʝʪ ʥʘ 
ʧʨʦʮʝʩʩ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʙ ʠ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ɿʘʯʘʩʪʫʶ ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʘʷ ʧʦʜʛʦʪʦʚʢʘ ʧʨʦʙ, ʢʘʢ 
ʧʝʨʝʜ ʧʨʦʮʝʩʩʦʤ ʚʩʢʨʳʪʠʷ ʥʘʚʝʩʦʢ, ʪʘʢ ʠ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʜʣʠʪʝʣʴʥʳʡ ʦʪʞʠʛ 
ʧʨʦʙ ʧʦʟʚʦʣʷʝʪ ʫʜʘʣʠʪʴ ʩʝʨʫ ʠʟ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʦʚ, ʘ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʝ ʧʝʨʝʜ ʦʧʨʝʜʝʣʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ - ʫʩʠʣʠʪʴ 
ʘʥʘʣʠʪʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʠ ʫʩʪʨʘʥʠʪʴ ʤʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʘʥʘʣʠʟʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʫʣʴʬʠʜʥʳʝ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʝ ʢʦʥʮʝʥʪʨʘʪʳ (2487 ʠ 2488), ʘ ʪʘʢʞʝ 
ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʡ ʢʦʥʮʝʥʪʨʘʪ (ʂ-25/1). ʆʜʥʠʤ ʠʟ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʘʟʣʦʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ 

ʷʚʣʷʝʪʩʷ ʢʠʧʷʯʝʥʠʝ ʩ ʢʠʩʣʦʪʘʤʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʧʨʦʙʝ ʩʠʣʠʢʘʪʦʚ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʟʘʥʠʞʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʘʥʘʣʠʟʘ, ʪʘʢ 
ʢʘʢ ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʥʠʭ ʚ ʚʠʜʝ ʚʢʨʘʧʣʝʥʠʡ, ʨʘʟʨʫʰʝʥʠʝ ʢʦʪʦʨʳʭ ʜʝʡʩʪʚʠʝʤ ʤʠʥʝʨʘʣʴʥʳʭ 
ʢʠʩʣʦʪ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ. ʇʦʵʪʦʤʫ ʜʣʷ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʦʙʨʘʟʮʦʚ ʣʫʯʰʝ ʨʘʟʣʦʞʝʥʠʝ ʧʨʦʙ ʧʨʦʚʦʜʠʪʴ ʚ 
ʧʨʠʩʫʪʩʪʚʠʠ ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʣʠʙʦ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ, ʯʪʦ ʥʝ ʚʩʝʛʜʘ ʚʦʟʤʦʞʥʦ ʠ ʧʨʠʚʦʜʠʪ ʢ 
ʫʩʣʦʞʥʝʥʠʶ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʠ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʳʭ ʨʫʜ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩʚʝʜʝʥʠʷ 
ʦ ʧʨʠʤʝʥʝʥʠʠ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʩʪʘʜʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʩ ʮʝʣʴʶ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʥʝ ʥʘʡʜʝʥʳ. 

ɺʧʝʨʚʳʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʫʣʴʪʨʘʟʚʫʢʘ (ʯʘʩʪʦʪʳ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ) ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʥʘ ʩʪʘʜʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʦʙʨʘʟʮʦʚ ʂ-25/1, 2488 ʠ 2487 ʧʨʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʤ 
ʦʧʨʝʜʝʣʝʥʠʠ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ ʠ ʧʘʣʣʘʜʠʷ. ʋʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 
ʜʠʩʧʝʨʛʘʪʦʨʦʚ ʋɿɼʅ-1 ʠ ʋɿɼʅ-1ʄ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟʤʝʥʷʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʠʥʪʝʨʚʘʣʝ 1,48-14,2 ɺʪ/ʩʤ2, 
ʯʘʩʪʦʪʫ - 18-47 ʢɻʮ. ɺʨʝʤʷ ʚʦʟʜʝʡʩʪʚʠʷ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 1 ʜʦ 15 ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʤʝʩʴ 
ʩʦʣʷʥʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ (3:1) (çʮʘʨʩʢʘʷ ʚʦʜʢʘè - ʎɺ) ʢʘʢ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ, ʪʘʢ ʠ ʨʘʟʙʘʚʣʝʥʥʳʝ ʚʦʜʦʡ ʚ 
ʩʦʦʪʥʦʰʝʥʠʠ 1:1; 1:2 ʠ 1:3. ʇʨʦʙʳ, ʧʨʦʰʝʜʰʠʝ ʫʣʴʪʨʘʟʚʫʢʦʚʫʶ ʦʙʨʘʙʦʪʢʫ, ʫʧʘʨʠʚʘʣʠ ʜʦʩʫʭʘ, ʦʩʪʘʪʦʢ ʨʘʩʪʚʦʨʷʣʠ ʚ 1,0 



ʄ ʅCl. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʤ ʂ 25/1 ʠ ʩʫʣʴʬʠʜʥʳʭ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʳʭ 
ʢʦʥʮʝʥʪʨʘʪʘʭ 2488 ʠ 2487 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʣʠʯʠʥʦʡ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ (Wʵʣ), ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʬʦʨʤʫʣʝ 

Wʵʣ = Ö
ʢʠʩʣ

ʦʧʨ

ʉ

ʉ
100%, 

ʛʜʝ Cʦʧʨ ï ʢʦʥʮʝʥʪʨʘʮʠ ̫ʵʣʝʤʝʥʪʘ ʚ ʘʥʘʣʠʟʠʨʫʝʤʦʤ ʨʘʩʪʚʦʨʝ ʩʫʯʝʪʦʤ ʥʘʯʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʘ, 
ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ ʉ=ʉt-C0, ʛ/ʪ, ʉt -ʚʳʭʦʜ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʤ ʨʘʟʣʦʞʝʥʠʠ ʧʨʦʙʳ, ʉʦ - 

ʥʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʟʘ ʚʨʝʤʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʧʨʦʙʳ (ʩʤʝʰʠʚʘʥʠʝ ʥʘʚʝʩʢʠ ʦʙʨʘʟʮʘ ʩ 
ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʠ ʧʦʜʛʦʪʦʚʢʘ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʜʠʩʧʝʨʛʘʪʦʨʘ), ʉʢʠʩʣ - ʚʳʭʦʜ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʢʠʩʣʦʪʥʦʤ 
ʨʘʟʣʦʞʝʥʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦ ʚʩʝʭ ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʦʙʨʘʟʮʘʭ 
ʧʦʢʘʟʘʣ, ʯʪʦ ʥʘ ʧʨʦʮʝʩʩ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʚʦʨ ʚʣʠʷʝʪ ʢʘʢ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʋɿ ʦʙʨʘʙʦʪʢʠ, ʪʘʢ ʠ ʧʨʠʨʦʜʘ 
ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʩʘʤʦʛʦ ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʵʣʝʤʝʥʪʘ. ɺʝʨʦʷʪʥʦ, ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ ʚ ʜʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ 
ʤʦʞʝʪ ʨʘʩʪʚʦʨʷʪʴʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝʥʠ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʝʧʝʥʴ ʚʳʭʦʜʘ 
ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʥʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ. 

ɺʠʜ ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʪʚʨʠʪʝʣʴ ʦʪ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ 
ʧʦʟʚʦʣʠʣ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʨʘʚʥʝʥʠʝʤ 

)W(Wk
dt

dW
tss -=

 
 ʛʜʝ ks - ʫʩʣʦʚʥʘ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʥʥʦʤ ʨʘʩʪʚʦʨʠʪʝʣʝ; Ws - ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʵʪʦʪ ʨʘʩʪʚʦʨʠʪʝʣʴ; Wt - ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 
ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʪʝʯʝʥʠʝ t ʤʠʥ. ɹʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ks ʠ Ws ʜʣʷ Ag, ɸu ʠ 
Pd ʚʦ ʚʩʝʭ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ (ʪʘʙʣ. 1 ʠ 2). 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʩʪʘʜʠʠ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʫʩʣʦʚʥʘʷ 
ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʤʝʪʘʣʣʦʚ ks ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ ʘʥʘʣʠʟʠʨʫʝʤʦʛʦ ʦʙʨʘʟʮʘ: ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ 
ʨʘʩʪʚʦʨʝʥʠʷ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ ʜʣʷ ʦʙʨʘʟʮʘ ʂ-25/1 ʚʳʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʝ ʜʣʷ ʦʙʨʘʟʮʦʚ 2487 ʠ 2488. ʄʘʢʩʠʤʘʣʴʥʘʷ 

ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳʙʨʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 
ʩʪʝʧʝʥʠ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʚ ʨʘʩʪʚʦʨʳ ʎɺ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʣʠʯʥʦʝ ʚʨʝʤʷ ʋɿ ʚʦʟʜʝʡʩʪʚʠʷ, ʠ 
ʨʝʟʫʣʴʪʘʪʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʠ ʙʣʠʟʢʠ ʢ Ws ʧʨʠ 15 ʤʠʥ ʦʙʨʘʙʦʪʢʝ ʋɿ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 
ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʋɿ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʫʯʝʪʦʤ ʚʳʙʨʘʥʥʦʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ. 

 

ʊʘʙʣʠʮʘ 1 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʘ ʂ-25/1 ʚ ʨʘʩʪʚʦʨʳ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʫʣʴʪʨʘʟʚʫʢʦʤ 

(t=l-15 ʤʠʥ, f=22 ʢɻʮ, I=3,28 ɺʪ/ʩʤ") ʠ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʨʘʩʪʚʦʨʝʥʠʷ ks 

 

ʈʘʩʪʚʦʨʠʪʝʣʴ 
Ag ɸʠ 

ws ,% ks Ws ,% ks 

ʎɺʢ 43,98 0,84 67,43 0,84 

ʎɺ (1:1) 78.18 0,21 65,62 0,70 

ʎɺ (1:2) 61,20 0,64 53,07 1,84 

ʎɹ (1:3) 42,60 0,76 53,84 1,41 

 

ʊʘʙʣʠʮʘ 2 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠʟ ʢʦʥʮʝʥʪʨʘʪʦʚ 2487 ʠ 2488 ʚ ʨʘʩʪʚʦʨ ʎɺʢ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʫʣʴʪʨʘʟʚʫʢʦʤ (t=l-15 ʤʠʥ, f=22 ʢɻʮ, I=3.28 ɺʪ/ʩʤ2) ʠ ʫʩʣʦʚʥʳʝ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ks 

 

ʇʨʦʙʘ 
Ag ɸʠ Pd 

Ws ,% ks Ws ,% ks Ws ,% ks 

2487 45,11 0,28 89,11 0,16 60,92 0,29 

2488 60,92 0,67 80,78 0,55 75,75 0,48 

 
ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʫʣʴʪʨʘʟʚʫʢʘ ʜʣʷ ʨʘʟʣʦʞʝʥʠʷ ʢʦʥʮʝʥʪʨʘʪʘ 2487 ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʢʠʧʷʯʝʥʠʝʤ ʚ ʮʘʨʩʢʦʡ ʚʦʜʢʝ 

ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʙʳʣʠ ʥʠʞʝ, ʯʝʤ ʧʨʠ ʢʠʩʣʦʪʥʦʤ ʨʘʟʣʦʞʝʥʠʠ. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʝʥʳ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʥʝʦʜʥʦʢʨʘʪʥʳʤ ʢʠʧʷʯʝʥʠʝʤ ʢʘʢ ʩ çʮʘʨʩʢʦʡ 
ʚʦʜʢʦʡè, ʪʘʢ ʠ ʩʦ ʩʤʝʩʴʶ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ ʘʥʘʣʠʟʠʨʫʝʤʫʶ ʥʘʚʝʩʢʫ ʟʘʣʠʚʘʣʠ 
10 ʤʣ ʎɺʢ ʠ ʢʠʧʷʪʠʣʠ ʜʦ ʧʦʣʥʦʛʦ ʚʳʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʜʘʣʝʝ ʜʦʙʘʚʣʷʣʠ ʥʦʚʫʶ ʧʦʨʮʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ (10 ʤʣ ʎɺʢ) 
ʠ ʩʤʝʩʴ ʦʙʨʘʙʘʪʳʚʘʣʠ ʫʣʴʪʨʘʟʚʫʢʦʤ 5 ʤʠʥ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 3,28 ɺʪ/ʩʤ ʠ ʯʘʩʪʦʪʦʡ 22 ʢɻʮ, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ 
ʦʪʬʠʣʴʪʨʦʚʳʚʘʣʠ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʇʨʠ ʬʠʣʴʪʨʦʚʘʥʠʠ ʩʣʝʜʠʣʠ ʟʘ ʪʝʤ, ʯʪʦʙʳ ʦʩʪʘʪʢʠ ʥʝʨʘʟʣʦʞʠʚʰʝʡʩʷ ʥʘʚʝʩʢʠ ʦʙʨʘʟʮʘ 
ʥʝ ʧʦʧʘʜʘʣʠ ʥʘ ʬʠʣʴʪʨ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʧʨʦʙʝ ʧʨʠʣʠʚʘʣʠ ʦʯʝʨʝʜʥʫʶ ʥʦʚʫʶ ʧʦʨʮʠʶ ʨʘʩʪʚʦʨʠʪʝʣʷ (10 ʤʣ ʎɺʢ) ʠ ʧʦʚʪʦʨʷʣʠ 
ʦʙʨʘʙʦʪʢʫ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʬʠʣʴʪʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʭʝʤʘʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʘʩʴ ʪʨʝʭʢʨʘʪʥʘʷ ʋɿ ʦʙʨʘʙʦʪʢʘ 

ʘʥʘʣʠʟʠʨʫʝʤʦʡ ʥʘʚʝʩʢʠ. ʇʦʩʣʝ ʋɿ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ ʦʩʪʘʪʦʢ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʟʘʣʠʚʘʣʠ 10 ʤʣ 
ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ ʠʣʠ ʨʘʩʪʚʦʨʦʤ ʎɺʢ ʠ ʢʠʧʷʪʠʣʠ ʜʦ ʧʦʣʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʅʝʢʦʪʦʨʳʝ ʩʭʝʤʳ 
ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠ ʜʚʫʢʨʘʪʥʦʝ ʧʦʚʪʦʨʝʥʠʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ, ʧʦʩʣʝ ʯʝʛʦ ʢ ʥʝ ʨʘʩʪʚʦʨʠʚʰʝʤʫʩʷ ʦʩʪʘʪʢʫ ʥʘʚʝʩʢʠ ʜʦʙʘʚʣʷʣʠ 
ʧʦʨʮʠʶ (10 ʤʣ) 1,0 ʄ ʨʘʩʪʚʦʨʘ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʳ. ʉʤʝʩʴ ʢʠʧʷʪʠʣʠ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ, ʠ ʨʘʩʪʚʦʨ ʬʠʣʴʪʨʦʚʘʣʠ ʚ ʪʫ ʞʝ ʢʦʣʙʫ, 
ʯʪʦ ʠ ʨʘʥʝʝ. ɺ ʧʦʣʫʯʝʥʥʦʤ ʨʘʩʪʚʦʨʝ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʘʪʦʤʥʦʡ ʘʙʩʦʨʙʮʠʠ ʩʦʜʝʨʞʘʥʠʝ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 
ʄʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʧʨʠ ʜʚʫʢʨʘʪʥʦʡ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʝ ʧʨʦʙ ʠ ʜʚʫʢʨʘʪʥʦʤ 
ʢʠʧʷʯʝʥʠʠ ʩʦ ʩʤʝʩʴʶ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ. 



ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʘ ʤʝʪʦʜʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʧʝʨʝʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ 
ʦʧʨʝʜʝʣʝʥʠʝʤ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ ʠ ʧʘʣʣʘʜʠʷ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʘʷ ʫʣʴʪʨʘʟʚʫʢʦʚʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʧʨʦʙʫ ʠ ʢʠʩʣʦʪʥʦʝ 
ʢʠʧʷʯʝʥʠʝ ʩʦ ʩʤʝʩʴʶ ʧʣʘʚʠʢʦʚʦʡ ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪ, ʘʧʨʦʙʠʨʦʚʘʥʥʘʷ ʧʨʠ ʘʥʘʣʠʟʝ ʩʫʣʴʬʠʜʥʦʛʦ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ 2487. ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 
ʪʘʙʣʠʮʝ 3. 

ʄʝʪʦʜʠʢʘ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʫʣʴʬʠʜʥʦʛʦ ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ. 
ʅʘʚʝʩʢʫ (1,0000 ʛ) ʦʙʨʘʟʮʘ, ʧʨʦʩʝʷʥʥʫʶ ʯʝʨʝʟ ʩʠʪʦ ʩ ʜʠʘʤʝʪʨʦʤ ʦʪʚʝʨʩʪʠʡ 0,35 ʤʤ, ʟʘʣʠʪʴ 10 ʤʣ ʎɺ ʢʦʥʮ. ʠ 

ʦʙʨʘʙʦʪʘʪʴ ʫʣʴʪʨʘʟʚʫʢʦʤ ʚ ʪʝʯʝʥʠʝ 5 ʤʠʥ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 3,28 ɺʪ/ʩʤ2 ʩ ʯʘʩʪʦʪʦʡ 22 ʢɻʮ, ʨʘʩʪʚʦʨ ʦʪʬʠʣʴʪʨʦʚʘʪʴ ʚ 
ʤʝʨʥʫʶ ʢʦʣʙʫ ʙʝʟ ʧʝʨʝʥʦʩʘ ʧʨʦʙʳ ʥʘ ʬʠʣʴʪʨ. ʆʙʨʘʙʦʪʢʫ ʦʩʪʘʪʢʘ ʧʨʦʙʳ ʋɿ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʦʚʦʡ ʧʦʨʮʠʠ 
ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʦʚʪʦʨʠʪʴ. ʇʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʢ ʦʩʪʘʪʢʫ ʦʙʨʘʟʮʘ ʜʦʙʘʚʠʪʴ 10 ʤʣ ʩʤʝʩʠ ʬʪʦʨʠʩʪʦʚʦʜʦʨʦʜʥʦʡ ʠ ʘʟʦʪʥʦʡ 
ʢʠʩʣʦʪ (3:1) ʠ ʢʠʧʷʪʠʪʴ ʜʦ ʧʦʣʫʯʝʥʠʷ ʚʣʘʞʥʳʭ ʩʦʣʝʡ, ʧʦʚʪʦʨʠʪʴ ʦʧʝʨʘʮʠʶ ʝʱʝ ʨʘʟ, ʟʘʪʝʤ ʜʦʙʘʚʠʪʴ 10 ʤʣ 1,0 ʄ ʨʘʩʪʚʦʨʘ 

ʅʉl, ʜʦʚʝʩʪʠ ʜʦ ʢʠʧʝʥʠʷ ʠ ʬʠʣʴʪʨʦʚʘʪʴ ʚ ʤʝʨʥʫʶ ʢʦʣʙʫ. ʉʦʜʝʨʞʘʥʠʝ ɸu, Ag ʠ Pd ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʦʧʨʝʜʝʣʷʪʴ ʘʪʦʤʥʦ-
ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʚ ʧʣʘʤʝʥʠ ʘʮʝʪʠʣʝʥ-ʚʦʟʜʫʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʳ ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʪʝʧʝʥʴ ʨʘʩʪʚʦʨʝʥʠʷ 
ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨʘʭ ʎɺ ʨʘʟʣʠʯʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ, ʧʦʜʦʙʨʘʥ ʦʧʪʠʤʘʣʴʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ (ʎɺ ʢʦʥʮ) ʜʣʷ 
ʠʟʚʣʝʯʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʪʚʦʨ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʠʟʘ ʩ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʦʙʨʘʙʦʪʢʦʡ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʪʘʭ ʦʧʪʠʤʘʣʴʥʦʡ 
ʩʭʝʤʦʡ ʚʩʢʨʳʪʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʜʚʫʢʨʘʪʥʫʶ ʦʙʨʘʙʦʪʢʫ ʥʘʚʝʩʢʠ ʦʙʨʘʟʮʘ ʫʣʴʪʨʘʟʚʫʢʦʤ (f=22 ʢɻʮ, I=3,28 ɺʪ/ʩʤ2, t=5 ʤʠʥ) 
ʠ ʧʦʩʣʝʜʫʶʱʝʝ ʢʠʧʷʯʝʥʠʝ ʜʚʘʞʜʳ ʚ ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʝ. ʅʘ ʦʩʥʦʚʝ ʦʧʪʠʤʘʣʴʥʦʡ ʩʭʝʤʳ ʚʩʢʨʳʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʫʩʢʦʨʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʨʘʟʣʦʞʝʥʠʷ ʧʨʦʙ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʪʘʜʠʠ 
ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʧʝʨʝʜ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ ʠ ʧʘʣʣʘʜʠʷ. 

ʊʘʙʣʠʮʘ 3 

ʄʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʢʠʩʣʦʪʥʦʡ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʡ ʤʝʪʦʜʠʢ ʨʘʟʣʦʞʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʫʣʴʬʠʜʥʦ-ʤʝʜʥʦ-ʥʠʢʝʣʝʚʦʛʦ 

ʢʦʥʮʝʥʪʨʘʪʘ 2487 (n=3, ʈ=0,95) 

 

ʕʣʝ 

ʤʝʥʪ 

ʉʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʛ/ʪ 

ʂʠʩʣʦʪʥʦʝ ʢʠʧʷʯʝʥʠʝ ʆʙʨʘʙʦʪʢʘ ʫʣʴʪʨʘʟʚʫʢʦʤ ʠ ʢʠʧʷʯʝʥʠʝ ʩ HF 

CcpÑ ȹʉ Sr ʉcpÑȹʉ Sr 

Ag 65.5Ñ10.1 0,06 64.3+2.9 0,02 

ɸʠ 9.1+3.1 0,14 14.2Ñ3.8 0,11 

Pd 78.5Ñ15.2 0,08 83.1+8.9 0,04 

 

ɹʀʊʋʄʀʅʆʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʆʊʃʆɾɽʅʀʁ ɸʏʀʄʆɺʉʂʆʁ 
ʊʆʃʑʀ ʅɸ ɽʅ-ʗʍʀʅʉʂʆʁ ʇʃʆʑɸɼʀ. ʉɽɺɽʈ ɿɸʇɸɼʅʆʁ ʉʀɹʀʈʀ 

ʄ.ɸ. ʉʦʢʦʣʦʚʘ 
ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ʅ.ʌ. ʉʪʦʣʙʦʚʘ, ʜʦʮʝʥʪ ʄ.ʀ. ʐʘʤʠʥʦʚʘ 

ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 
 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʙʦʣʴʰʦʛʦ ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦ ʣʠʪʦʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʠ ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʦʪʣʦʞʝʥʠʡ ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʚʳʷʚʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʤʝʱʝʥʠʠ ʟʘʣʝʞʝʡ ʫʛʣʝʚʦʜʦʨʦʚ, ʘ ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʭ ʛʝʥʝʟʠʩʘ. 
ʊʝʭʥʦʣʦʛʠʷ ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʚ ʧʝʪʨʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʡ 

ʣʘʙʦʨʘʪʦʨʠʠ ʀɻʅɼ ʊʇʋ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʬʪʝʛʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʦʚʨʝʤʝʥʥʳʭ 
ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦ ʟʘʢʦʥʦʤʝʨʥʦʤ ʨʘʟʚʠʪʠʠ ʧʨʦʮʝʩʩʦʚ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ʦʢʦʣʦ 
320 ʧʨʦʙ), ʜʘʥʥʳʝ ʧʦ ʷʜʝʨʥʦ-ʭʠʤʠʯʝʩʢʠʤ ʠʩʧʳʪʘʥʠʷʤ 216 ʧʨʦʙ, ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ 4 ʧʨʦʙʳ 
ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ. ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʢʝʨʥʘ ɽʥ-ʗʭʠʥʩʢʦʡ ʩʚʝʨʭʛʣʫʙʦʢʦʡ 
ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʉɻ-7 ʚ ʠʥʪʝʨʚʘʣʝ ʛʣʫʙʠʥ 3620,5-3834,5 ʤ. 

ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ ʨʘʙʦʪʳ ʷʚʣʷʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ɽʥ-ʗʭʠʥʩʢʦʡ 
ʩʚʝʨʭʛʣʫʙʦʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʉɻ-7, ʚʳʧʦʣʥʝʥʥʳʝ ʚ ʧʝʪʨʦʣʦ-ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʣʘʙʦʨʘʪʦʨʠʝʡ ʀɻʅɼ ʊʇʋ, ʘ 
ʪʘʢʞʝ ʜʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ɽʥ-ʗʭʠʥʩʢʦʡ ʩʚʝʨʭʛʣʫʙʦʢʦʡ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʢʚʘʞʠʥʳ ʉɻ-7, ʧʦʣʫʯʝʥʥʳʝ 
ʂʘʤʅʀʀʂʀɻʉ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
- ʚʳʚʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ʦʪ 

ʣʠʪʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʟʨʝʟʘ; 
- ʚʳʷʚʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ʚʳʜʝʣʝʥʠʷ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ, ʚ ʧʨʝʜʝʣʘʭ ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʚʳʜʝʣʝʥʳ 
ʠʥʪʝʨʚʘʣʳ ʧʦʨʦʜ ʩ ʧʦʥʠʞʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʦʪʥʦʰʝʥʠʡ U/Al2O3 (ʤʝʥʝʝ 0,18), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʨʠʮʘʪʝʣʴʥʳʤ 
ʘʥʦʤʘʣʠʷʤ, ʠ ʠʥʪʝʨʚʘʣʳ ʧʦʨʦʜ ʩ ʚʝʣʠʯʠʥʘʤʠ U/Al2O3, ʧʨʝʚʳʰʘʶʱʠʤʠ 0,18 x 10-4% ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 
ʘʥʦʤʘʣʠʷʤ. ɺ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʳʜʝʣʝʥʦ ʧʷʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʜʚʝ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʠ. ʇʦʨʦʜʳ ʚ 
ʘʥʦʤʘʣʴʥʳʭ ʠʥʪʝʨʚʘʣʘʭ ʩʣʦʞʝʥʳ ʧʝʩʯʘʥʠʢʘʤʠ, ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ. ɺʝʣʠʯʠʥʘ 
ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʡ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢʘ, ʘ ʟʥʘʯʝʥʠʷ U/Al2O3 ʥʝ ʚʳʜʝʨʞʘʥʳ ʧʦ ʨʘʟʨʝʟʫ. ʇʦʩʣʝʜʥʝʝ 



ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʟʢʦʡ ʩʤʝʥʝ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʉʦʜʝʨʞʘʥʠʷ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ ʢʝʨʦʛʝʥʘ ʪʠʧʘ II (ʉʦʨʛ), ʚʳʯʠʩʣʝʥʥʳʝ ʧʦ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʤʫ ʫʨʘʥʫ, ʨʝʜʢʦ ʧʨʝʚʳʰʘʶʪ 1 %. 

ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʦʩʘʜʦʯʥʳʭ ʙʘʩʩʝʡʥʘʭ ʯʘʱʝ ʚʩʝʛʦ 

ʦʙʫʩʣʦʚʣʝʥʳ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʧʦʨʦʜʘʭ ʫʨʘʥʦʥʦʩʥʦʛʦ ʢʝʨʦʛʝʥʘ ʪʠʧʘ II ʠʣʠ ʫʨʘʥʦʥʦʩʥʳʭ ʙʠʪʫʤʦʚ ï ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ 
ʤʠʛʨʘʮʠʦʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ. ɺ ʩʨʘʚʥʠʪʝʣʴʥʦ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʦʙʫʩʣʦʚʣʝʥʳ 
ʧʨʦʮʝʩʩʘʤʠ ʠʥʬʠʣʴʪʨʘʮʠʦʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ. 
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ʈʠʩ.1. ʉʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ 

(ɹʭʣ, %) ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʘʥʦʤʘʣʠʷʭ 

ʈʠʩ.2. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʡʪʨʘʣʴʥʦʩʪʠ 

(ʂʥ) ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʘʥʦʤʘʣʠʷʭ 
 

ʊʘʙʣʠʮʘ 1 

ʃʶʤʠʥʝʩʮʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ  
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13 

0,16 

13 

0,08 

2 

87,9 

4 

0,16 

4 

0,20 

4 

0,002 

6 

0,04 

6 

0,08 

6 

0,0017 

6 

24,2 

6 

0,48 

4 

3 
3641,62 - 
3641,90 

ʧʝʩʯʘʥʠʢʠ, ʧʝʩʯʘʥʠʢʠ ʩ ʟʘʧʘʭʦʤ 

ʋɺ 
1,76 

3 
12,5 

3 
0,14 

3 
- 

86,0 
1 

0,52 
1 

0,65 
1 

0,002 
2 

0,04 
2 

0,08 
2 

0,0019 
2 

6,15 
2 

0,50 
1 

4 
3826,15 - 
3829,45 

ʧʝʩʯʘʥʠʢʠ ʩ ʟʘʧʘʭʦʤ ʋɺ 2,10 
8 

12,6 
8 

0,17 
8 

0,12 
2 

83,0 
5 

0,37 
5 

0,47 
5 

0,009 
7 

0,07 
7 

0,10 
7 

0,0019 
7 

14,8 
7 

0,69 
5 

5 
3831,55 - 

3833,15 

ʧʝʩʯʘʥʠʢʠ ʩ ʟʘʧʘʭʦʤ ʋɺ, ʧʨʦʩʣʦʠ 

ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʘʨʛʠʣʣʠʪʦʚ; 

ʙʠʪʫʤ  r

1,97 

5 

13,6 

5 

0,14 

5 
- 

84,8 

1 

0,44 

1 

0,55 

1 

0,015 

2 

0,06 

2 

0,14 

2 

0,0011 

2 

14,5 

2 

0,43 

1 

ʬ
ʦ
ʥ 

3620,5 - 

3833,15 

 

2,67 14,01 0,199 0,23 83,98 0,35 0,43 0,004 0,037 0,09 0,0016 0,41 12,04 

 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʪʷʛʦʪʝʶʪ ʢ ʧʝʩʯʘʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʧʦʨʦʜ ʠ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 
ʥʠʞʥʝʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʚʳʜʝʣʝʥʥʳʝ ʧʦ ʚʝʣʠʯʠʥʝ ʦʪʥʦʰʝʥʠʷ 
U/Al 2O3, ʫʢʘʟʳʚʘʶʪ ʥʘ ʟʦʥʳ ʤʠʛʨʘʮʠʠ ʫʨʘʥʘ ʠ ʢʦʩʚʝʥʥʦ ʥʘ ʟʦʥʳ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʨʦʜ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʡ ʘʥʦʤʘʣʠʠ 
ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʚʝʣʠʯʠʥ: ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ ʦʩʪʘʪʦʢ (ʅ.ʆ.), ʢʦʣʠʯʝʩʪʚʦ 
ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ʆɺ), ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʫʛʣʝʨʦʜʘ (ʉʦʨʛ), ʩʦʜʝʨʞʘʥʠʝ ʧʝʪʨʦʣʝʡʥʦʵʬʠʨʥʳʭ 
ʙʠʪʫʤʦʠʜʦʚ (ɹʧ)ɻ, ʘ ʪʘʢʞʝ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ (ɹʭʣ) ʠ ʢʠʩʣʳʭ ʩʧʠʨʪʦʙʝʥʟʦʣʴʥʳʭ (ɹʩʙ), ʩʨʝʜʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʥʝʡʪʨʘʣʴʥʦʩʪʠ (ʂʥ = ɹʭʣ/ɹʩʙ), ʙʠʪʫʤʦʠʜʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ (ɓʭʣ), ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ 

ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʚ ʠʥʪʝʨʚʘʣʝ 3620,5-3834,5, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 1, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 
- ʚ ʧʨʝʜʝʣʘʭ ʨʘʟʨʝʟʘ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ ʙʠʪʫʤʦʠʜʦʚ ʤʘʩʣʷʥʠʩʪʦ-ʩʤʦʣʠʩʪʦʛʦ ʪʠʧʘ (61,11%) , ʦʩʥʦʚʥʘʷ ʠʭ ʯʘʩʪʴ 

ʧʨʠʫʨʦʯʝʥʘ ʢ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʢ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʘʥʦʤʘʣʠʷʤ (ʠʥʪʝʨʚʘʣ ʛʣʫʙʠʥ 3620,5 - 3636,21 ʤ); 
- ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʩʣʷʥʠʩʪʳʝ ʙʠʪʫʤʦʠʜʳ (27,78 %), ʢʦʪʦʨʳʝ ʪʷʛʦʪʝʶʪ ʢ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʘʯʠʤʦʚʩʢʦʡ 

ʪʦʣʱʠ, ʠ ʚ ʦʩʥʦʚʥʦʡ ʩʚʦʝʡ ʤʘʩʩʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚʦ ʚʪʦʨʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ (3636,3 - 3639,23 ʤ), ʛʜʝ ʪʘʢʞʝ 
ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʤʦʣʠʩʪʳʭ ʙʠʪʫʤʦʠʜʦʚ (1,85%) ʥʘ ʛʣʫʙʠʥʝ 3636,63 ʤ, ʠ ʢʦʪʦʨʳʝ ʥʝ 
ʦʙʥʘʨʫʞʝʥʳ ʚ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ; 

- ʢʦʣʠʯʝʩʪʚʦ ʣʝʛʢʠʭ-ʤʘʩʣʷʥʠʩʪʳʭ ʙʠʪʫʤʦʠʜʦʚ ʚ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʙʦʣʴʰʝ ʯʝʤ ʩʤʦʣʠʩʪʳʭ (9,26%), ʭʦʪʷ ʪʘʢʞʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʙʠʪʫʤʦʠʜʦʚ ʤʘʩʣʷʥʠʩʪʦ-ʩʤʦʣʠʩʪʦʛʦ ʪʠʧʘ. ʃʝʛʢʠʝ-ʤʘʩʣʷʥʠʩʪʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 
ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʷʭ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʣʠʰʴ ʚ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʷ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʝʣʦʚʳʭ 
ʦʪʣʦʞʝʥʠʡ. 



ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʷʜ ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʵʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʅ.ʆ., ʉʦʨʛ, ʆ.ɺ., ɹʧ,ɻ 
ɹʩʙ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ) ʥʝ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʷʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ U/Al2O3. ɼʘʥʥʦʝ 
ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʬʘʢʪʦʨʦʚ, ʦʢʘʟʳʚʘʶʱʠʭ ʚʣʠʷʥʠʝ ʥʘ ʵʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʦʪʥʦʰʝʥʠʷ U/Al 2O3. ʆʜʥʘʢʦ, ʥʘ ʨʷʜʫ ʩ ʵʪʠʤ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʦʪʥʦʰʝʥʠʠ ʟʥʘʯʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʪʘʢʠʭ ʢʘʢ: ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ, ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʙʠʪʫʤʠʥʦʟʥʳʡ 
ʢʦʵʬʬʠʮʠʝʥʪ - ʥʘʙʣʶʜʘʝʪʩʷ ʩʚʷʟʴ ʩ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʦʪʣʦʞʝʥʠʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʠʟʫʯʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʛʜʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
ʘʥʦʤʘʣʠʠ, ʭʘʨʘʢʪʝʨʥʳ ʧʦʥʠʞʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʚ ʦʪ 0,021 - 0,024 %, ʧʨʠ ʟʥʘʯʝʥʠʷʭ ɹʭʣ ʜʣʷ 
ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʦʪ 0,038 % ʜʦ 0,066 %. ʇʨʠ ʵʪʦʤ ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʚ 
ʢʦʪʦʨʦʡ ɹʭʣ = 0,020 % (ʨʠʩ. 1). 

ʊʘʢʞʝ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʡʪʨʘʣʴʥʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʦʛʦ ʧʦ ʬʦʨʤʫʣʝ 1, ʚ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʷʭ: 

ʩʙ

ʭʣ
ʥ
ɹ

ɹ
ʂ = ,  (1) 

- ʛʜʝ ɹʭʣ  - ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ, %; ɹʩʙ - ʩʦʜʝʨʞʘʥʠʝ ʩʧʠʨʪʦʙʝʥʟʦʣʴʥʳʭ ʙʠʪʫʤʦʠʜʦʚ, %. 
- ʂʥ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,27 %, ʧʨʠ ʵʪʦʤ ʜʣʷ ʟʥʘʯʝʥʠʷ ʂʥ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ 

0,43 - 0,69 %, ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ, ʜʣʷ ʢʦʪʦʨʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʩʪʘʚʣʷʝʪ 

0,25 %(ʨʠʩ.2). 
ɼʣʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʙʠʪʫʤʠʥʦʟʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 2, ʚ ʧʨʝʜʝʣʘʭ 4,33-4,99, ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʵʪʘ ʚʝʣʠʯʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 6,15 ʜʦ 
24,20. 

,
100

ʆɺ

ɹʭʣÖ=b  %  (2) 

- ʛʜʝ ɹʭʣ- ʩʦʜʝʨʞʘʥʠʝ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ, %;ʆɺ ï ʩʦʜʝʨʞʘʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, %. 
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ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʀʂ-ʩʧʝʢʪʨʦʚ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ ʧʦʨʦʜ 
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ʇʨʠʤʝʯʘʥʠʝ: 1ʧ ï ʥʦʤʝʨ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ, 1 ï ʥʦʤʝʨ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ. 
 
ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʩʪʘʚʘ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʀʂ-ʩʧʝʢʪʨʳ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ ʦʙʨʘʟʮʦʚ ʧʦʨʦʜ ʠʟ ʧʝʨʚʦʡ 
ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʦʙʨ. ˉ 16), ʠʟ ʚʪʦʨʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ (ʦʙʨ. ˉ 118), ʠʟ ʯʝʪʚʝʨʪʦʡ 
(ʦʙʨʘʟʝʮ ˉ 271) ʠ ʧʷʪʦʡ (ʦʙʨ. ˉ 229) ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ (ʨʠʩ. 2). ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʀʂ-ʩʧʝʢʪʨʦʚ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ 
ʙʠʪʫʤʦʠʜʦʚ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʀʂ-ʩʧʝʢʪʨʦʚ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 
ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʠʩʣʦʨʦʜ-ʩʦʜʝʨʞʘʱʠʭ ʩʪʨʫʢʪʫʨ (D1740, D1720, D950, D3400, D1170, D1080, D1650), ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʘʣʠʬʘʪʠʯʝʩʢʠʭ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʵʬʠʨʦʚ ʧʨʦʩʪʦʛʦ ʠ ʩʣʦʞʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʭʠʥʦʠʜʥʳʭ ʩʪʨʫʢʪʫʨ 
ʚ ʩʦʩʪʘʚʝ ʙʠʪʫʤʦʠʜʦʚ. ɺ ʀʂ-ʩʧʝʢʪʨʝ ʭʣʦʨʦʬʦʨʤʝʥʥʦʛʦ ʙʠʪʫʤʦʠʜʘ ʘʣʝʚʨʦʣʠʪʘ ʠʟ ʚʪʦʨʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ 
(3636,28 ʤ) ʭʦʪʷ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʫʢʘʟʘʥʥʳʭ ʯʘʩʪʦʪʘʭ, ʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʘ 
ʧʦʣʦʩʘ ʧʦʛʣʦʱʝʥʠʷ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʦʪʩʫʪʩʪʚʫʝʪ (ɜ=950 ʩʤ-1). ɺʦʟʨʘʩʪʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʛʨʫʧʧʳ S=O 
(D1040), ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʵʪʦʡ ʛʨʫʧʧʳ ʚ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʷʭ. ɼʣʷ ʀʂ-ʩʧʝʢʪʨʦʚ 
ʭʣʦʨʦʬʦʨʤʝʥʦʛʦ ʙʠʪʫʤʦʠʜʘ ʚʦ ʚʪʦʨʦʡ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʠ ʭʘʨʘʢʪʝʨʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʣʦʩʳ 

ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʉʅ2  - ʛʨʫʧʧ (D2900) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʀʂ-ʩʧʝʢʪʨʫ ʙʠʪʫʤʦʠʜʘ ʠʟ ʜʨʫʛʠʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ ʠ 
ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʘʥʦʤʘʣʠʷʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ 
ʘʯʠʤʦʚʩʢʦʡ ʪʦʣʱʠ ʥʘ ɽʥ-ʗʭʠʥʩʢʦʡ ʧʣʦʱʘʜʠ: 



- ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʣʶʤʠʥʠʩʪʝʥʪʥʦ-ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 
ʚʝʱʝʩʪʚʘ ʧʦʨʦʜ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʨʝʜʝʣʘʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʘʥʦʤʘʣʠʡ; 

- ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʘʥʦʤʘʣʠʡ, ʚ ʟʦʥʘʭ ʘʵʨʘʮʠʠ, ʥʘʨʷʜʫ ʩ ʧʨʦʮʝʩʩʘʤʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ 
ʭʠʤʠʯʝʩʢʦʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʝʥʟʦʣʴʥʳʭ ʠ ʩʧʠʨʪʦ-ʙʝʥʟʦʣʴʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ; 

- ʧʦ ʤʝʨʝ ʫʛʣʫʙʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʟʘʭʦʨʦʥʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ (ɿʆɺ) ʧʨʦʠʩʭʦʜʠʪ 
ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʙʠ- ʠ ʧʦʣʠʮʠʢʣʠʯʝʩʢʠʭ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; 

- ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʛʜʝ ʧʨʝʦʙʣʘʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʘʥʦʤʘʣʠʠ, ʚ ʟʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʡ ʬʣʶʠʜʦʤʠʛʨʘʮʠʠ, 
ʨʦʣʴ ʦʢʠʩʣʝʥʠʷ ʠ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ʠ ʥʝ ʪʘʢ ʚʝʣʠʢʘ, ʧʦ ʩʨʘʚʥʝʥʠʠʶ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ 
ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝʡʪʨʘʣʴʥʳʭ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ ʚ ʧʦʨʦʜʘʭ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-

ʙʠʪʫʤʠʥʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ɹʭʣ. 
ʍʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʡ ʤʦʞʝʪ ʥʝ ʪʦʣʴʢʦ ʤʦʞʝʪ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʛʝʦʣʦʛʦʚ ʧʦʠʩʢʦʚʠʢʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʥʝʬʪʝʥʦʩʥʦʩʪʠ ʥʝʜʨ, ʥʦ ʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʜʘʝʪ ʢʣʶʯ ʢ ʧʨʦʛʥʦʟʫ 
ʚʝʨʦʷʪʥʳʭ ʢʘʯʝʩʪʚ ʦʞʠʜʘʝʤʦʡ ʥʝʬʪʠ. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

ʄʀʅɽʈɸʃʔʅʓɽ ɸʉʉʆʎʀɸʎʀʀ ʈʋɼʅʓʍ ɿʆʅ ʉɽʈɻɽɽɺʉʂʆɻʆ 
ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɿʆʃʆʊɸ (ʉʈɽɼʅɽɽ ʇʈʀɼʅɽʇʈʆɺʔɽ) 

ɼ.ɸ. ʉʪʘʨʠʥ  
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʅ.ʌ. ɼʫʜʥʠʢ 

ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 
 
ʇʦʟʜʥʝʘʨʭʝʡʩʢʘʷ ʵʧʦʭʘ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʝʡ ʚ ʤʠʨʝ ʧʦ ʟʘʧʘʩʘʤ ʠ ʢʦʣʠʯʝʩʪʚʫ ʢʨʫʧʥʳʭ ʵʥʜʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʟʦʣʦʪʘ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʩʝʛʦ ʟʦʣʦʪʘ, ʜʦʙʳʪʦʛʦ ʚ ʤʠʨʝ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʨʭʝʡʩʢʠʭ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʷʩʦʚ, 
ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʟʘʣʝʛʘʶʱʠʝ ʚ ʧʦʨʦʜʘʭ ʫʣʴʪʨʘʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʂ ʥʠʤ ʦʪʥʦʩʠʪʩʷ ʢʨʫʧʥʝʡʰʠʝ 

ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ - ʇʦʨʢʴʶʣʘʡʥ ʚ ʂʘʥʘʜʝ, ʂʦʣʘʨ ʚ ʀʥʜʠʠ, ʂʘʣʛʫʨʠ ʚ ɸʚʩʪʨʘʣʠʠ ʠ ʜʨ. (ʂʦʥʜʠ, 1983). 
ʅʘ ʋʢʨʘʠʥʝ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʵʪʦʛʦ ʪʠʧʘ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʷʚʣʷʝʪʩʷ ʉʝʨʛʝʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʨʘʩʧʦʣʦʞʝʥʥʦʝ 

ʚ ʶʞʥʦʡ ʯʘʩʪʠ ʉʫʨʩʢʦʡ ʟʝʣʝʥʦʢʘʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʉʨʝʜʥʝʛʦ ʇʨʠʜʥʝʧʨʦʚʴʷ. ʈʘʟʨʝʟ ʩʫʨʩʢʦʡ ʩʚʠʪʳ ʚ ʧʨʝʜʝʣʘʭ 
ʫʢʘʟʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʧʦʜʩʚʠʪʳ: 

1) ʥʠʞʥʶʶ - ʯʝʨʝʜʦʚʘʥʠʝ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʪʦʣʝʠʪʦʚʦʛʦ ʠ ʢʦʤʘʪʠʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ ʧʨʦʩʣʦʷʤʠ ʠ ʣʠʥʟʘʤʠ ʢʚʘʨʮ-
ʤʘʛʥʝʪʠʪ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ; 

2)  ʚʝʨʭʥʶʶ - ʯʝʨʝʜʦʚʘʥʠʝ ʤʝʪʘʚʫʣʢʘʥʠʪʦʚ ʙʘʟʘʣʴʪʦʠʜʥʦʛʦ ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. 

 
ʈʠʩ.3. ʀʂ-ʩʧʝʢʪʨʳ ʭʣʦʨʦʬʦʨʤʝʥʥʳʭ ʙʠʪʫʤʦʠʜʦʚ 

ɽʥ-ʗʭʠʥʩʢʦʡ ʩʚʝʨʛʣʫʙʦʢʦʡ ʩʢʚʘʞʠʥʳ ʉɻ-7 



ɺʫʣʢʘʥʠʪʳ ʥʠʞʥʝʡ ʧʦʜʩʚʠʪʳ ʦʪʢʘʨʪʠʨʦʚʘʥʳ ʧʦ ʧʝʨʠʬʝʨʠʠ ʩʪʨʫʢʪʫʨʳ, ʚʝʨʭʥʷʷ ʧʦʜʩʚʠʪʘ ʩʣʘʛʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ 
ʝʝ ʯʘʩʪʴ. 

ʉʫʨʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʢʨʫʞʝʥʘ ʛʨʘʥʠʪʦʠʜʘʤʠ ʩʦʩʢʣʘʜʯʘʪʦʡ ʬʦʨʤʘʮʠʠ - ʪʦʥʘʣʠʪʘʤʠ, ʧʣʘʛʠʦʛʨʘʥʠʪʘʤʠ, ʛʨʘʥʠʪʘʤʠ 

çʩʫʨʩʢʦ-ʪʦʢʦʚʩʢʦʛʦè ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚʝʨʭʥʝʛʦ ʘʨʭʝʷ. ɺʥʝʜʨʝʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʤʠʛʤʘʪʠʟʘʮʠʝʡ, 
ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʠ ʤʝʪʘʩʦʤʘʪʦʟʦʤ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʦʣʱ. 

ɺ ʵʢʟʦʢʦʥʪʘʢʪʘʭ ʤʘʩʩʠʚʦʚ, ʚ ʥʘʜʠʥʪʨʫʟʠʚʥʳʭ ʟʦʥʘʭ ʩ ʥʠʤʠ ʩʚʷʟʘʥʘ ʠʥʪʝʥʩʠʚʥʘʷ ʘʤʬʠʙʦʣʠʟʘʮʠʷ, 
ʩʢʘʨʥʠʨʦʚʘʥʠʝ ʚʫʣʢʘʥʠʪʦʚ ʢʦʥʢʩʢʦʡ ʩʝʨʠʠ. ʇʨʦʧʠʣʠʪʠʟʠʨʦʚʘʥʥʳʝ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʝʥʥʳʝ, 
ʩʢʘʨʥʠʨʦʚʘʥʥʳʝ ʚʫʣʢʘʥʠʪʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʪʨʫʜʥʦ ʜʠʘʛʥʦʩʮʠʨʦʚʘʪʴ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʪʝʣʘ ʦʜʥʦʛʦ 
ʢʦʤʧʣʝʢʩʘ (ʜʘʞʝ ʨʘʟʥʦʛʦ ʩʦʩʪʘʚʘ, ʨʘʟʥʳʭ ʬʘʟ ʚʥʝʜʨʝʥʠʷ) ʠʩʧʦʣʴʟʫʶʪ ʦʜʥʫ ʩʠʩʪʝʤʫ ʪʨʝʱʠʥ. 

ɺ ʧʦʟʜʥʝʘʨʭʝʡʩʢʠʭ ʟʝʣʝʥʦʩʣʘʥʮʝʚʳʭ ʧʦʨʦʜʘʭ ʚʳʷʚʣʝʥʦ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ 
ʩʫʣʴʬʠʜʘʤʠ. 

ʌʦʨʤʠʨʦʚʘʣʠʩʴ ʜʘʥʥʳʝ ʧʦʨʦʜʳ ʚ ʫʩʣʦʚʠʷʭ ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ ʧʦ ʚʫʣʢʘʥʠʪʘʤ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ , ʦʩʥʦʚʥʦʛʦ 
ʠ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ. ʇʦʨʦʜʳ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʢʘʪʘʢʣʘʟʠʨʦʚʘʥʳ, ʙʨʝʢʯʠʨʦʚʘʥʳ, ʦʢʚʘʨʮʦʚʘʥʳ, ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ, 
ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʳ, ʵʧʠʜʦʪʠʟʠʨʦʚʘʥʳ ʠ ʪʫʨʤʘʣʠʥʠʟʠʨʦʚʘʥʳ. ɿʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ 
ʞʠʣʴʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ: 1) ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ ʠ ʞʠʣʳ, 2) 
ʢʘʨʙʦʥʘʪʥʳʝ ʧʨʦʞʠʣʢʠ, 3) ʢʘʨʙʦʥʘʪ-ʪʨʝʤʦʣʠʪʦʚʳʝ ʧʨʦʞʠʣʢʠ, 4) ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ, 5) ʘʣʴʙʠʪ-ʢʚʘʨʮʝʚʳʝ 
ʧʨʦʞʠʣʢʠ. 

ɺ ʤʝʩʪʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʴ ʧʨʦʞʠʣʢʦʚ, ʧʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ ʧʦʜʩʯʝʪʘʤ, ʤʦʞʝʪ 
ʜʦʩʪʠʛʘʪʴ 60-70 ʠ ʙʦʣʝʝ ʰʪ/ʤ3, ʧʨʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʨʦʞʠʣʢʦʚ 1-1,5 ʤʤ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʘʣʠʮʦ ʧʨʠʩʫʪʩʪʚʠʝ 

ʪʠʧʠʯʥʳʭ ʰʪʦʢʚʝʨʢʦʚʳʭ ʟʦʥ ʩ ʚʳʩʦʢʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʧʨʦʞʠʣʢʘʤʠ (ʧʨʦʞʠʣʢʦʚʘʷ ʤʘʩʩʘ=7-15%). ʇʦ ʩʚʦʝʤʫ 
ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʞʠʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ (ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʠʭ ʧʦʜʘʚʣʷʶʱʘʷ ʯʘʩʪʴ) ʦʪʥʦʩʠʪʩʷ ʢ ʞʠʣʘʤ ʚʳʧʦʣʥʝʥʠʷ. 

ɻʨʘʥʠʮʳ ʤʝʞʜʫ ʥʠʤʠ ʠ ʙʦʢʦʚʳʤʠ ʧʦʨʦʜʘʤʠ ʦʙʳʯʥʦ ʨʝʟʢʠʝ. ʅʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʧʨʷʤʦʣʠʥʝʡʥʳʝ, ʪʘʢ ʠ 
ʠʟʚʠʣʠʩʪʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʠʟʤʝʥʯʠʚʦʡ ʤʦʱʥʦʩʪʴʶ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʧʨʦʞʠʣʢʠ ʠ ʞʠʣʳ. ʀʥʦʛʜʘ ʚʩʣʝʜʩʪʚʠʝ 
ʩʤʝʱʝʥʠʷ ʦʜʥʠʭ ʧʨʦʞʠʣʢʦʚ ʜʨʫʛʠʤʠ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ. 

ɼʦʤʠʥʠʨʫʶʱʠʤ ʨʫʜʥʳʤ ʤʠʥʝʨʘʣʦʤ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʝʛʦ ʦʨʫʜʝʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʠʨʠʪ, ʚ ʧʦʜʯʠʥʝʥʥʳʭ 
ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʭʘʣʴʢʦʧʠʨʠʪ, ʧʠʨʨʦʪʠʥ, ʤʘʛʥʝʪʠʪ, ʠʣʴʤʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʤʦʣʠʙʜʝʥʠʪ ʠ ʜʨ. 

ʇʠʨʠʪ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ, ʨʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʥʘʜ ʜʨʫʛʠʤʠ ʩʫʣʴʬʠʜʘʤʠ ʤʠʥʝʨʘʣʦʤ. ɼʦʣʷ ʝʛʦ ʚ ʦʙʱʝʤ 

ʙʘʣʘʥʩʝ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 90 ʦʪʥ. ʧʨʦʮʝʥʪʦʚ. ɽʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟʦʤʝʪʨʠʯʥʦʡ, ʙʣʠʟʠʟʦʤʝʪʨʠʯʥʦʡ ʠ 
ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʧʨʦʞʠʣʢʘʭ, ʞʠʣʘʭ, ʣʠʥʟʦʯʢʘʭ, ʘ ʪʘʢʞʝ ʠʤʧʨʝʛʥʠʨʫʶʪ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ. 
ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʠʥʝʨʘʣʘ ʚʦ ʚʩʝʭ ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʞʠʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʟʝʣʝʥʦʢʘʤʝʥʥʳʭ ʧʦʨʦʜʘʭ, ʢʘʢ ʧʨʘʚʠʣʦ, 
ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʅʘʨʷʜʫ ʩ ʧʨʦʞʠʣʢʘʤʠ ʠ ʞʠʣʘʤʠ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʩʦʜʝʨʞʘʱʠʤʠ ʧʠʨʠʪʘ, ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ, ʚ ʢʦʪʦʨʳʭ 
ʦʥ ʟʘʥʠʤʘʝʪ ʦʢʦʣʦ ʧʦʣʦʚʠʥʳ ʦʙʲʝʤʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚʳʜʝʣʝʥʠʷ ʧʠʨʠʪʘ ʪʷʛʦʪʝʶʪ ʢ ʧʨʠʟʘʣʴʙʘʥʜʦʚʳʤ ʯʘʩʪʷʤ 
ʧʨʦʞʠʣʢʦʚ, ʘ ʢ ʮʝʥʪʨʫ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʦʙʳʯʥʦ ʩʥʠʞʘʝʪʩʷ. ʀʥʦʛʜʘ ʛʫʩʪʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʟʝʨʝʥ ʧʠʨʠʪʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 
ʙʣʠʞʘʡʰʝʤ ʵʢʟʦʢʦʥʪʘʢʪʝ ʧʨʦʞʠʣʢʦʚ. ʀʥʦʛʜʘ ʚʢʨʘʧʣʝʥʥʠʢʠ ʠ ʛʥʝʟʜʦʦʙʨʘʟʥʳʝ ʩʢʦʧʣʝʥʠʷ ʤʠʥʝʨʘʣʘ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʚʦ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʝ ʧʠʨʠʪʦʤ ʫʯʘʩʪʢʠ ʦʙʳʯʥʦ ʠ ʠʥʪʝʥʩʠʚʥʦ 

ʦʢʚʘʨʮʦʚʘʥʳ. ɺ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʠʪʘ ʜʦʩʪʠʛʘʝʪ 20-25 % ʠ ʙʦʣʝʝ. ʈʘʟʤʝʨ ʚʳʜʝʣʝʥʠʡ ʧʠʨʠʪʘ 
ʚʘʨʴʠʨʫʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ - ʦʪ ʜʦʣʝʡ ʤʠʢʨʦʥʘ ʜʦ 6ʭ6 ʤʤ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʚʩʪʨʝʯʘʶʪʩʷ 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʘʭ, ʞʠʣʘʭ ʠ ʛʥʝʟʜʘʭ. 

ɻʣʘʚʥʳʤ ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʧʠʨʠʪʫ ʤʠʥʝʨʘʣʦʤ ʷʚʣʷʝʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ. ʅʘʠʙʦʣʝʝ ʪʠʧʠʯʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ 
ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʡ ʵʪʠʭ ʜʚʫʭ ʤʠʥʝʨʘʣʦʚ: 1) ʥʘʙʣʶʜʘʶʪʩʷ ʪʝʩʥʳʝ ʩʨʘʩʪʘʥʠʷ ʚʳʜʝʣʝʥʠʡ ʧʠʨʠʪʘ ʠ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʳʭ ʪʨʫʜʥʦ ʩʫʜʠʪʴ ʦʙ ʦʯʝʨʝʜʥʦʩʪʠ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ, ʭʦʪʷ ʚʳʜʝʣʝʥʠʷ ʧʠʨʠʪʘ ʦʙʳʯʥʦ ʙʦʣʝʝ ʠʜʠʦʤʦʨʬʥʳ 
ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʭʘʣʴʢʦʧʠʨʠʪʫ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʧʝʨʚʳʤʠ; 2) ʧʠʨʠʪ ʷʚʥʦ ʢʦʨʨʦʜʠʨʫʝʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪʦʤ; 
3) ʭʘʣʴʢʦʧʠʨʠʪ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʧʠʨʠʪʝ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʧʠʨʠʪ ʘʩʩʮʠʠʨʫʝʪ ʩ ʧʠʨʨʦʪʠʥʦʤ, ʩʬʘʣʝʨʠʪʦʤ, 

ʤʘʛʥʝʪʠʪʦʤ. ʅʘʙʣʶʜʘʶʪʩʷ ʢʘʝʤʢʠ ʤʘʛʥʝʪʠʪʘ ʧʦ ʧʝʨʠʬʝʨʠʠ ʚʳʜʝʣʝʥʠʡ ʧʠʨʠʪʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʠʤʝʝʪʩʷ, ʢʘʢ ʤʠʥʠʤʫʤ, ʜʚʝ ʛʝʥʝʨʘʮʠʠ ʧʠʨʠʪʘ. ɺʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʝʛʦ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʤʦʞʥʦ ʦʪʥʝʩʪʠ 
ʢ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ. ʂʦ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʙʦʣʝʝ ʤʝʣʢʠʝ ʦʙʳʯʥʦ ʩʫʙʤʠʢʨʦʥʥʳʝ ʟʝʨʥʘ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ, 
ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ ʥʘʨʘʩʪʘʶʪ ʥʘ ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʚʳʜʝʣʝʥʠʷ ʧʠʨʠʪʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ. 

ɺ ʧʠʨʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠʤʝʩʠ: ʄn, V, ʉu, Ag, Ti, Co, Ni, ɸu, ʘ ʪʘʢʞʝ ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ: 
As, Sc, Pb, Sn, W, Ge, Zn, V, Mo. 

ʂʨʦʤʝ ʧʨʠʚʝʜʝʥʥʳʭ ʦʩʥʦʚʥʳʭ ʠ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʧʠʨʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦ 0,7% 
ʮʠʨʢʦʥʠʷ, ʜʦ 3% ʭʨʦʤʘ, ʜʦ ʙʦʣʝʝ 3% ʤʘʛʥʠʷ ʠ ʘʣʶʤʠʥʠʷ, ʜʦ 10% ʠ ʙʦʣʝʝ - ʢʨʝʤʥʠʷ ʠ ʢʘʣʴʮʠʷ. 

ʍʘʣʴʢʦʧʠʨʠʪ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʧʦʩʣʝ ʧʠʨʠʪʘ ʩʫʣʴʬʠʜʦʤ ʨʫʜʥʳʭ ʟʦʥ. ʇʨʝʦʙʣʘʜʘʶʱʝʝ 
ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʧʠʨʠʪʦʤ, ʧʠʨʨʦʪʠʥʦʤ, ʩʬʘʣʝʨʠʪʦʤ. ʆʪʤʝʯʘʶʪʩʷ ʩʣʫʯʘʠ ʢʦʨʨʦʟʠʠ ʠʤ 
ʤʘʛʥʝʪʠʪʘ. ʉʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʚʳʜʝʣʝʥʠʷ ʭʘʣʴʢʦʧʠʨʠʪʘ ʦʯʝʥʴ ʤʝʣʢʠʝ (ʩʫʙʤʠʢʨʦʥʥʳʝ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʝʜʢʠʝ. ʅʘʠʙʦʣʝʝ 
ʢʨʫʧʥʳʝ ʠʟ ʥʠʭ, ʧʨʝʚʳʰʘʶʱʠʝ 150-200 ʤʠʢʨʦʥ, ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʞʠʣʘʭ, ʧʨʦʞʠʣʢʘʭ ʠ ʛʥʝʟʜʘʭ ʢʚʘʨʮʘ, ʙʦʣʝʝ ʨʝʜʢʦ ʚʦ 
ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ. ɹʣʠʟʠʟʦʤʝʪʨʠʯʥʘʷ ʬʦʨʤʘ ʨʝʜʢʘ. ʆʙʳʯʥʦ ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʦʪʥʦh ʝʥʠʡ ʙʣʠʟ ʠʣʠ 
ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʥʠʤ ʦʙʨʘʟʦʚʘʥʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʣʷʝʪʩʷ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʪʨʝʱʠʥʦʢ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ 
ʣʦʢʘʣʠʟʦʚʘʥ.r ʅʘʙʣʶʜʘʝʤʝr ʚ ʘʥʰʣʠʬʘʭ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʭʘʣʴʢʦʧʠʨʠʪ ʦʙʨʘʟʫʝʪʩʷ 
ʧʦʩʣʝ ʧʠʨʠʪʘ ʧʝʨʚʦʡ ʛʝʥʝʨʘʮʠʠ, ʥʦ ʨʘʥʝʝ ʧʠʨʠʪʘ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ʠ ʤʘʛʥʝʪʠʪʘ ʠ, ʙʣʠʟ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʩ ʧʠʨʨʦʪʠʥʦʤ 

ʠ ʩʬʘʣʝʨʠʪʦʤ. ʅʝʨʝʜʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʩʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʭʘʣʴʢʦʧʠʨʠʪʘ, ʧʠʨʨʦʪʠʥʘ ʠ ʩʬʘʣʝʨʠʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ, 
ʦʪʦʨʚʘʥʥʘʷ ʦʪ ʧʠʨʠʪʘ. 

ɺ ʭʘʣʴʢʦʧʠʨʠʪʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ: ʄn, V, ʉu, Ag, Ti, Co, Ni, ɸu, ʘ ʪʘʢʞʝ 
ʚʪʦʨʦʩʪʝʧʝʥʥʳʝ As, Sc, Pb, Sn, W, Ge, Zn, V, Mo. ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʭʘʣʴʢʦʧʠʨʠʪʳ ʩʦʜʝʨʞʘʪ ʧʨʠʤʝʩʠ ʭʨʦʤʘ ʜʦ 
0,15%, ʤʘʛʥʠʷ - ʜʦ 3% ʠ ʙʦʣʝʝ, ʘʣʶʤʠʥʠʷ ʠ ʢʘʣʴʮʠʷ - ʜʦ 10% ʠ ʙʦʣʝʝ. 

ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʩʚʷʟʘʥʦ ʩ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʦʢʚʘʨʮʝʚʘʥʠʷ ʠ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ. ʅʝʨʝʜʢʦ 
ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʦʩʪʢʘʭ ʩ ʧʠʨʠʪʦʤ ʠ ʦʙʨʘʟʫʝʪ ʚʢʣʶʯʝʥʠʷ ʚ ʥʝʤ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʬʘʟʳ ʟʦʣʦʪʘ ʚ 
ʩʫʣʴʬʠʜʘʭ, ʧʦʩʢʦʣʴʢʫ ʚʳʷʚʣʝʥʳ ʟʦʣʦʪʦʥʦʩʥʳʝ ʧʠʨʠʪʳ (ɸu ʜʦ 5000 ʛ/ʪ), ʭʘʣʴʢʦʧʠʨʠʪʳ (ɸʠ ʜʦ 1000 ʛ/ʪ) ʠ ʜʨʫʛʠʝ 

ʩʫʣʴʬʠʜʳ. 



ʂʨʦʤʝ ʵʪʦʛʦ, ʦʙʥʘʨʫʞʝʥʳ ʪʝʣʣʫʨʠʜʳ ʩʝʨʝʙʨʘ ʠ ʟʦʣʦʪʘ. ʃʦʢʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʚʳʩʦʢʘʷ ʝʛʦ 
ʧʨʦʙʥʦʩʪʴ - ɸu 86,5-95,4 %, Ag 12,6-3,5%. ʂʦʨʨʝʣʷʮʠʦʥʥʳʤ ʘʥʘʣʠʟʦʤ ʦʩʥʦʚʘʥʥʳʤ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʣʘʟʝʨʥʦʛʦ 
ʤʠʢʨʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʵʤʠʩʩʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ ʚ ʩʫʣʴʬʠʜʘʭ ʚʳʷʚʣʝʥ ʘʩʩʦʮʠʠʨʫʶʱʠʡ ʧʘʨʘʛʝʥʝʟʠʩ ʟʦʣʦʪʘ, 

ʩʝʨʝʙʨʘ, ʢʦʙʘʣʴʪʘ ʠ ʤʝʜʠ, ʧʨʠ ʵʪʦʤ, ʟʦʣʦʪʦʥʦʩʥʳʝ ʧʠʨʠʪʳ ʥʘʙʣʶʜʘʶʪʩʷ ʢʘʢ ʚ ʦʩʥʦʚʥʳʭ, ʪʘʢ ʠ ʚ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ, 
ʟʦʣʦʪʦʥʦʩʥʳʝ ʭʘʣʴʢʦʧʠʨʠʪʳ - ʪʦʣʴʢʦ ʚ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ. ʊʝʣʣʫʨʠʜʳ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʚʳʷʚʣʝʥʳ ʚ ʤʝʪʘʩʦʤʘʪʠʪʘʭ ʠ 
ʠʟʤʝʥʝʥʥʳʭ ʢʠʩʣʳʭ ʵʬʬʫʟʠʚʘʭ (ʀʣʴʚʠʮʢʠʡ ʠ ʜʨ., 1995). 

ɺʳʩʦʢʘʷ ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ, ʦʪʩʫʪʩʪʚʠʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʨʷʜ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ ʫʢʘʟʳʚʘʶʪ ʥʘ 
ʛʣʫʙʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ - ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʛʝʥʝʟʠʩ ʟʦʣʦʪʦʨʫʜʥʳʭ ʟʦʥ. 
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ʉʆʇʈʗɾɽʅʀɽ ɻʀʇʆɻɽʅʅʓʍ ʀ ɻʀʇɽʈɻɽʅʅʓʍ ʋʉʃʆɺʀʁ 

ʄʀʅɽʈɸʃʆʆɹʈɸɿʆɺɸʅʀʗ ʇʈʀ ʌʆʈʄʀʈʆɺɸʅʀʀ ʄʀʅɽʈɸʃʔʅʓʍ 
ɸɻʈɽɻɸʊʆɺ ɺ ɾʀʃʔʅʓʍ ʊɽʃɸʍ ɹɽʈɽɿʆɺʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʀ.ɸ. ʉʪʘʨʠʮʳʥʘ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʕ.ʌ. ɽʤʣʠʥ 

ʋʨʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʨʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
 

ʆʩʥʦʚʘʪʝʣʴ ʦʥʪʦʛʝʥʠʯʝʩʢʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ɼ.ʇ. ɻʨʠʛʦʨʴʝʚ, ʛʦʚʦʨʠʣ ʦ ʪʦʤ, ʯʪʦ 

çʢʘʞʜʳʡ ʤʠʥʝʨʘʣʴʥʳʡ ʠʥʜʠʚʠʜ ʩʦʜʝʨʞʠʪ ʠʩʪʦʨʠʶ ʩʚʦʝʛʦ ʨʘʟʚʠʪʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝè, ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʠ ʢ 
ʤʠʥʝʨʘʣʴʥʳʤ ʘʛʨʝʛʘʪʘʤ (ɻʨʠʛʦʨʴʝʚ, 1961). ʀʟʫʯʝʥʠʝ ʦʥʪʦʛʝʥʠʠ ʪʘʢʠʭ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ-
ʰʝʩʪʦʚʘʪʳʝ ʘʛʨʝʛʘʪʳ ɹʝʨʸʟʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʩʣʦʞʥʳʭ ʧʦʣʠʩʪʘʜʠʡʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟʚʝʩʪʥʳʭ ʧʦʜ ʥʘʟʚʘʥʠʝʤ 
çʰʘʡʪʘʥʩʢʠʡ ʧʝʨʝʣʠʚʪè, ʧʦʟʚʦʣʠʣʦ ʦʙʥʘʨʫʞʠʪʴ ʥʝʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʳʝ ʯʝʨʪʳ ʩʭʦʜʩʪʚʘ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʠʩʪʦʨʠʠ ʧʨʠ 

ʦʯʝʚʠʜʥʦʤ ʚʥʝʰʥʝʤ ʨʘʟʣʠʯʠʠ. 
ɹʝʨʸʟʦʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʥʘʤʝʥʠʪʦ ʥʘ 

ʚʝʩʴ ʤʠʨ ʢʘʢ ʦʜʥʦ ʠʟ ʧʝʨʚʳʭ ʥʘ ʋʨʘʣʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ, 

ʵʢʩʧʣʫʘʪʠʨʫʝʪʩʷ ʫʞʝ ʙʦʣʝʝ 250 ʣʝʪ ʠ ʙʦʛʘʪʦ ʩʚʦʝʡ 
ʠʩʪʦʨʠʝʡ. ɻʠʜʨʦʪʝʨʤʘʣʴʥʘʷ ʢʚʘʨʮʝʚʦ-
ʟʦʣʦʪʦʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ ʐʘʨʪʘʰʩʢʠʤ ʛʨʘʥʠʪʥʳʤ 
ʤʘʩʩʠʚʦʤ. 

ʅʘʤʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʡ ʧʝʨʠʬʝʨʠʠ 
ɹʝʨʸʟʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʙʥʘʨʫʞʝʥʳ 
çʩʦʩʪʘʚʥʳʝè ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ ʚ 
ʣʠʩʪʚʝʥʠʪʘʭ, ʚʳʧʦʣʥʝʥʥʳʝ ʧʘʨʘʣʣʝʣʴʥʦ-

ʰʝʩʪʦʚʘʪʳʤ ʘʛʨʝʛʘʪʦʤ II -ʛʦ ʪʠʧʘ, ʥʦ ʵʪʠ 
ʘʛʨʝʛʘʪʳ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʠʩʪʦʨʠʶ ʨʘʟʚʠʪʠʷ, 
ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʣʝʜʫʶʱʠʤ 
ʦʙʨʘʟʦʤ (ʨʠʩ. 1). 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ, ʚ ʣʠʩʪʚʝʥʠʪʝ 
ʦʙʨʘʟʦʚʘʣʘʩʴ ʫʟʢʘʷ ʪʨʝʱʠʥʘ, ʢʦʪʦʨʘʷ ʤʛʥʦʚʝʥʥʦ 
ʟʘʧʦʣʥʠʣʘʩʴ ʞʠʣʴʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ï ʢʚʘʨʮʝʤ ʠ 
ʢʘʨʙʦʥʘʪʦʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʞʠʣʝ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʧʠʨʠʪ, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʬʦʨʤʫ ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʘ. 
ɿʸʨʥʘ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʘ ʚ ʞʠʣʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ 
ʥʝʟʘʢʦʥʦʤʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʨʦʩʪʝ ʧʘʨʘʣʣʝʣʴʥʦ-
ʰʝʩʪʦʚʘʪʦʛʦ ʘʛʨʝʛʘʪʘ II-ʛʦ ʪʠʧʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ 
ʦʪʙʦʨ ʦʪʩʫʪʩʪʚʫʝʪ (ɻʨʠʛʦʨʴʝʚ, 1961). ɼʘʣʝʝ 
ʧʨʦʠʟʦʰʣʦ ʥʦʚʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥʳ ʚʜʦʣʴ 
ʦʜʥʦʛʦ ʠʟ ʟʘʣʴʙʘʥʜʦʚ. ʅʘ ʞʠʣʝ ʦʩʪʘʣʠʩʴ 
ʬʨʘʛʤʝʥʪʳ ʚʤʝʱʘʶʱʝʛʦ ʣʠʩʪʚʝʥʠʪʘ, ʢʦʪʦʨʳʝ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʚʠʜʝ ʧʦʣʦʩ ʢʥʠʞʥʦʡ ʪʝʢʩʪʫʨʳ. ʈʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥʳ ʚʜʦʣʴ ʟʘʣʴʙʘʥʜʘ ʥʘ ʛʠʧʦʛʝʥʥʦʤ ʵʪʘʧʝ 
ʧʨʦʠʩʭʦʜʠʣʦ ʥʝʦʜʥʦʢʨʘʪʥʦ, ʢʘʞʜʦʝ ʥʦʚʦʝ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥʳ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʚʠʜʝ ʧʦʣʦʩ ʢʥʠʞʥʦʡ ʪʝʢʩʪʫʨʳ. 
ʇʦʣʦʩʳ ʢʥʠʞʥʦʡ ʪʝʢʩʪʫʨʳ ʚ ʞʠʣʴʥʳʭ ʠʥʜʠʚʠʜʘʭ ʨʘʩʧʨʝʜʝʣʝʥʳ ʠʟʙʠʨʘʪʝʣʴʥʦ. 

ɻʠʧʦʛʝʥʥʳʡ ʵʪʘʧ ʨʦʩʪʘ ʞʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʩʤʝʥʠʣʩʷ ʛʠʧʝʨʛʝʥʥʳʤ, ʧʨʦʠʟʦʰʣʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʞʠʣʳ ʠ 
ʚʤʝʱʘʶʱʝʛʦ ʣʠʩʪʚʝʥʠʪʘ. ʇʠʨʠʪ ʟʘʤʝʩʪʠʣʩʷ ʛʸʪʠʪʦʤ. ʇʦʣʦʩʳ ʢʥʠʞʥʦʡ ʪʝʢʩʪʫʨʳ, ʨʘʥʝʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʣʠʩʪʚʝʥʠʪʦʤ, 
ʧʨʠʦʙʨʝʣʠ ʦʨʘʥʞʝʚʦ-ʢʦʨʠʯʥʝʚʫʶ ʦʢʨʘʩʢʫ, ʚʳʟʚʘʥʥʫʶ ʧʦʷʚʣʝʥʠʝʤ ʛʸʪʠʪʘ. ɻʸʪʠʪ ʦʙʨʘʟʦʚʘʣʩʷ ʟʘ ʩʯʸʪ ʞʝʣʝʟʘ, 
ʧʨʠʩʫʪʩʪʚʫʶʱʝʛʦ ʚ ʜʦʣʦʤʠʪʝ. ɺʤʝʱʘʶʱʠʡ ʣʠʩʪʚʝʥʠʪ ʧʨʝʦʙʨʘʟʦʚʘʣʩʷ ʚ ʛʸʪʠʪ-ʛʠʜʨʦʩʣʶʜʘ-ʤʘʛʥʝʟʠʪ-ʢʚʘʨʮʝʚʳʡ 
ʤʘʪʝʨʠʘʣ, ʚ ʥʸʤ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʛʠʧʝʨʛʝʥʥʳʝ ʦʦʠʜʳ. 

ʀʤʧʫʣʴʩʳ ʧʨʦʜʦʣʞʘʣʠʩʴ ʥʘ ʛʠʧʝʨʛʝʥʥʦʤ ʵʪʘʧʝ, ʩʥʦʚʘ ʧʨʦʠʩʭʦʜʠʣʦ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥʳ ʚʜʦʣʴ ʟʘʣʴʙʘʥʜʘ. 
ʂʨʦʤʝ ʢʚʘʨʮʘ ʠ ʢʘʨʙʦʥʘʪʘ ʚ ʩʪʨʦʝʥʠʠ ʘʛʨʝʛʘʪʘ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʛʸʪʠʪ, ʦʥ ʦʙʨʘʟʫʝʪ çʢʦʥʫʩʳè ʤʝʞʜʫ ʞʠʣʴʥʳʤʠ 
ʠʥʜʠʚʠʜʘʤʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʧʦʣʦʩ ʢʥʠʞʥʦʡ ʪʝʢʩʪʫʨʳ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʧʦʣʦʩʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʪʝʨʠʘʣʦʤ ʚʳʚʝʪʨʝʣʦʡ 

 

 
ʈʠʩ.1. ʇʦʷʩʥʠʪʝʣʴʥʘʷ ʩʭʝʤʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦ-

ʰʝʩʪʦʚʘʪʦʛʦ ʘʛʨʝʛʘʪʘ II -ʛʦ ʪʠʧʘ ʩ ʢʥʠʞʥʦʡ ʪʝʢʩʪʫʨʦʡ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ: ɸ ï ʥʘʯʘʣʴʥʳʡ ʝʜʠʥʠʯʥʳʡ ʠʥʪʝʨʚʘʣ 

ʨʦʩʪʘ, ɹ ï ʛʠʧʦʛʝʥʥʦʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ, ɺ ï  ʛʠʧʝʨʛʝʥʥʦʝ  

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ. 1 ï ʢʘʨʙʦʥʘʪ (ʜʦʣʦʤʠʪ), 2 ï ʢʚʘʨʮ, 3 - 

ʛʸʪʠʪ, 4 - ʢʥʠʞʥʘʷ ʪʝʢʩʪʫʨʘ, 5 - ʛʠʧʝʨʛʝʥʥʦʠʟʤʝʥʸʥʥʘʷ 

ʚʤʝʱʘʶʱʘʷ ʧʦʨʦʜʘ,6 - ʛʠʧʝʨʛʝʥʥʳʝ ʦʦʠʜʳ, 7 ï ʩʨʝʟʘʥʥʳʡ 

ʟʘʣʴʙʘʥʜʦʤ ʦʦʠʜ) 



ʧʦʨʦʜʳ. ʆʜʠʥ ʠʟ ʛʠʧʝʨʛʝʥʥʳʭ ʦʦʠʜʦʚ ʧʦʟʜʥʝʝ ʙʳʣ ʩʨʝʟʘʥ ʟʘʣʴʙʘʥʜʦʤ ʞʠʣʳ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʦʦʠʜʘ ʦʢʘʟʘʣʘʩʴ ʚʥʫʪʨʠ 
ʞʠʣʳ, ʘ ʥʠʞʥʷʷ ʦʩʪʘʣʘʩʴ ʚʦ ʚʤʝʱʘʶʱʝʡ ʧʦʨʦʜʝ. 

ʉʦʯʝʪʘʥʠʝ ʛʠʧʦ- ʠ ʛʠʧʝʨʛʝʥʥʳʭ ʵʪʘʧʦʚ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʠ ʘʛʨʝʛʘʪʦʤ II-ʛʦ ʪʠʧʘ ʚʳʷʚʣʝʥʦ ʧʦ 

ʩʣʝʜʫʶʱʠʤ ʧʨʠʟʥʘʢʘʤ: 1) ʛʠʧʦʛʝʥʥʘʷ ʯʘʩʪʴ ʚʳʷʚʣʝʥʘ ʧʦ ʥʘʣʠʯʠʶ ʚ ʞʠʣʝ ʧʩʝʚʜʦʤʦʨʬʦʟ ʛʸʪʠʪʘ ʧʦ ʧʠʨʠʪʫ; ʢʨʠʩʪʘʣʣʳ 
ʧʠʨʠʪʘ ʠʤʝʣʠ ʬʦʨʤʫ ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʦʚ ʠ ʤʦʛʣʠ ʦʙʨʘʟʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʛʠʧʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ; ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʨʘʮʠʡ 
ʛʸʪʠʪʘ ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʥʳʝ ʫʩʣʦʚʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ; 2) ʥʘʣʠʯʠʝ ʩʨʝʟʘʥʥʳʭ ʟʘʣʴʙʘʥʜʦʤ ʛʠʧʝʨʛʝʥʥʳʭ ʦʦʠʜʦʚ 
ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʢʘʢʘʷ-ʪʦ ʯʘʩʪʴ ʞʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʥʘ ʛʠʧʝʨʛʝʥʥʦʤ ʵʪʘʧʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, çʨʘʟʨʘʩʪʘʥʠʝè ʞʠʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ II-ʛʦ ʪʠʧʘ ʧʨʦʠʩʭʦʜʠʣʦ ʫʞʝ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʸʪʠʪʦʚʳʭ 
ʦʦʠʜʦʚ, ʪʦ ʝʩʪʴ ʚ ʩʦʩʪʘʚ ʞʠʣʳ ʚʭʦʜʠʪ ʧʘʨʘʣʣʝʣʴʥʦ-ʰʝʩʪʦʚʘʪʳʡ ʛʸʪʠʪ-ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʡ ʘʛʨʝʛʘʪ ʛʠʧʝʨʛʝʥʥʦʛʦ 
ʛʝʥʝʟʠʩʘ. 

ʐʘʡʪʘʥʩʢʠʡ ʧʝʨʝʣʠʚʪ ï ʵʪʦ ʧʦʜʝʣʦʯʥʳʡ ʢʘʤʝʥʴ ʧʦʣʦʩʯʘʪʦʡ ʪʝʢʩʪʫʨʳ, ʩʣʦʠ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʚ ʢʦʪʦʨʦʤ çʢʘʢ ʙʳ 

ʧʝʨʝʣʠʚʘʶʪʩʷè ʦʪ ʦʜʥʦʛʦ ʢ ʜʨʫʛʦʤʫ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠ ʧʝʨʝʣʠʚʪ ʷʚʣʷʝʪʩʷ ʜʠʢʢʠʪ-ʢʚʘʨʮʝʚʳʤ ʘʛʨʝʛʘʪʦʤ, ʯʪʦ ʚʧʝʨʚʳʝ 
ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʊ.ɸ. ɻʣʘʟʦʚʦʡ (ɻʣʘʟʦʚʘ ʠ ʜʨ., 1985). ʇʦʣʦʩʯʘʪʦʩʴ ʧʝʨʝʣʠʚʪʘ ʚʥʝʰʥʝ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʝʪ ʘʛʘʪ, ʧʦʵʪʦʤʫ 
ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʝ ʠʭ ʦʪʣʠʯʠʝ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʫʟʦʨʯʘʪʦʛʦ ʧʝʨʝʣʠʚʪʘ ʥʘʭʦʜʠʪʩʷ ʥʘ ʉʨʝʜʥʝʤ ʋʨʘʣʝ, ʙʣʠʟ ʜʝʨʝʚʥʠ ʐʘʡʪʘʥʢʠ. ʇʣʦʱʘʜʴ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥʘ ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤʫ ʢʦʥʪʘʢʪʫ ɸʜʫʡʩʢʦʛʦ 
ʛʨʘʥʠʪʥʦʛʦ ʤʘʩʩʠʚʘ. ʇʝʨʝʣʠʚʪ ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʚʳʭ ʞʠʣʘʭ ʣʠʥʟʦʚʠʜʥʦʡ ʬʦʨʤʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 
ʧʨʦʠʩʭʦʞʜʝʥʠʷ (ɽʤʣʠʥ ʠ ʜʨ., 2002). 

ʎʚʝʪʦʚʘʷ ʧʘʣʠʪʨʘ ʧʝʨʝʣʠʚʪʘ ï ʙʝʣʳʡ, ʩʝʨʳʡ, 

ʩʝʨʦ-ʛʦʣʫʙʦʡ, ʟʝʣʸʥʳʡ, ʞʸʣʪʳʡ, ʢʨʘʩʥʳʡ ʜʦ ʙʫʨʦʛʦ. 
ʇʝʨʚʠʯʥʘʷ ʦʢʨʘʩʢʘ ʧʝʨʝʣʠʚʪʘ ʙʝʣʘʷ ʠ ʩʝʨʦ-ʛʦʣʫʙʘʷ, 
ʦʙʫʩʣʦʚʣʝʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʨʝʜʳ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 
ʧʝʨʝʣʠʚʪ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʴ ʧʠʨʠʪʘ, ʥʘ ʟʸʨʥʘʭ ʢʦʪʦʨʦʛʦ 
ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘ, ʟʘ ʩʯʸʪ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ 
ʦʢʨʘʩʢʘ. ʇʦʧʘʜʘʷ ʚ ʛʠʧʝʨʛʝʥʥʳʝ ʫʩʣʦʚʠʷ, ʧʝʨʝʣʠʚʪ 
ʧʨʠʦʙʨʝʪʘʝʪ ʚʪʦʨʠʯʥʫʶ ʦʢʨʘʩʢʫ ï ʚʩʝ ʦʪʪʝʥʢʠ ʞʸʣʪʦʛʦ ʠ 

ʢʨʘʩʥʦʛʦ. ʇʠʨʠʪ ʧʨʠ ʛʠʧʝʨʛʝʥʝʟʝ ʟʘʤʝʱʘʝʪʩʷ ʛʝʪʠʪʦʤ ʠ 
ʵʪʦ ʪʘʢʞʝ ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʝʨʚʠʯʥʦʡ ʦʢʨʘʩʢʠ. 
ʂʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʚʳʝ ʞʠʣʳ ʩʣʦʞʝʥʳ ʥʝʩʢʦʣʴʢʠʤʠ 
ʩʪʨʫʢʪʫʨʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ: ʜʨʫʟʦʚʳʤ ʢʚʘʨʮʝʤ, 
ʫʟʦʨʯʘʪʳʤ ʧʝʨʝʣʠʚʪʦʤ (ʧʦʣʦʩʯʘʪʳʤ ʜʠʢʢʠʪ-ʢʚʘʨʮʝʚʳʤ 
ʘʛʨʝʛʘʪʦʤ) ʠ ʬʘʨʬʦʨʦʚʠʜʥʳʤ ʢʚʘʨʮʝʤ (ɻʣʘʟʦʚʘ ʠ ʜʨ., 
1985). 

ʇʨʦʮʝʩʩ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮ-
ʧʝʨʝʣʠʚʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ.2). ʉʥʘʯʘʣʘ, ʠʟ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʘʛʨʝʛʘʪ 
ʢʚʘʨʮʘ I-ʛʦ ʪʠʧʘ, ʧʘʨʘʣʣʝʣʴʥʦ-ʰʝʩʪʦʚʘʪʦʝ ʩʪʨʦʝʥʠʝ 
ʢʦʪʦʨʦʛʦ ʥʘʨʫʰʝʥʦ ʨʘʩʱʝʧʣʝʥʠʝʤ ʠʥʜʠʚʠʜʦʚ. ʂʨʠʩʪʘʣʣʳ 
ʢʚʘʨʮʘ ʨʘʩʱʝʧʣʝʥʳ ʟʘ ʩʯʸʪ ʚʢʣʶʯʝʥʠʡ ʜʠʢʢʠʪʘ. 
ʉʣʝʜʫʶʱʠʤ, ʠʟ ʚʷʟʢʦʛʦ ʛʝʣʷ ʦʪʣʘʛʘʝʪʩʷ ʫʟʦʨʯʘʪʦ-
ʧʦʣʦʩʯʘʪʳʡ ʧʝʨʝʣʠʚʪ, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʚʘʝʪ 
ʤʝʣʢʦʟʝʨʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ. ɺʦʣʥʠʩʪʦʩʪʴ 

ʧʝʨʝʣʠʚʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ 
ʧʨʠʯʠʥʘʤʠ: 1) ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʚʷʟʢʠʡ 
ʢʦʣʣʦʠʜʥʳʡ ʨʘʩʪʚʦʨ, ʠʟ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʝʣʠʚʪ; 2) 
ʩʣʝʜʳ ʪʝʯʝʥʠʷ ʚʷʟʢʦʛʦ ʨʘʩʪʚʦʨʘ ʧʦ ʥʘʢʣʦʥʥʦʡ, ʣʠʙʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʪʝʥʢʝ ʪʨʝʱʠʥʳ; 3) ʥʘʨʘʩʪʘʥʠʝ ʧʝʨʝʣʠʚʪʘ ʥʘ 
ʙʫʛʨʠʩʪʫʶ ʠʣʠ ʧʦʯʢʦʚʠʜʥʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʱʝʧʣʸʥʥʳʭ ʛʦʣʦʚʦʢ ʢʨʠʩʪʘʣʣʦʚ ʜʨʫʟʦʚʦʛʦ ʢʚʘʨʮʘ. ʇʦʩʣʝ ʧʝʨʝʣʠʚʪʘ, 
ʦʩʪʘʚʰʝʝʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʘʧʦʣʥʷʝʪʩʷ ʬʘʨʬʦʨʦʚʠʜʥʳʤ ʢʚʘʨʮʝʤ, ʵʪʦ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʮʚʝʪʘ, 
ʥʝʧʨʦʟʨʘʯʥʳʡ, ʦʜʥʦʨʦʜʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʌʘʨʬʦʨʦʚʠʜʥʳʡ ʢʚʘʨʮ ʩʦʜʝʨʞʠʪ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʜʠʢʢʠʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
ʜʨʫʛʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʢʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʚʳʭ ʞʠʣ. ʀʥʦʛʜʘ, ʚ ʬʘʨʬʦʨʦʚʠʜʥʦʤ ʢʚʘʨʮʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ. ʕʪʦ ʚʳʨʘʞʝʥʦ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʤʦʣʦʯʥʦ-ʙʝʣʳʭ (ʢʚʘʨʮ-ʜʠʢʢʠʪʦʚʳʭ) ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʠ 
ʧʨʦʟʨʘʯʥʳʭ (ʢʚʘʨʮʝʚʳʭ) ʩʣʦʸʚ, ʪʘʢʦʝ ʷʚʣʝʥʠʝ ʚʳʟʚʘʥʦ ʨʘʩʩʣʦʝʥʠʝʤ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 
ʧʦʣʝ. 

ʇʨʦʮʝʩʩ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʵʪʦʤ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʉʪʠʭʘʝʪ ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ 
ʨʘʩʪʚʦʨʘ ʤʝʜʣʝʥʥʦ ʥʘʯʠʥʘʝʪ ʦʩʘʞʜʘʪʴʩʷ ʨʦʚʥʦ-ʧʦʣʦʩʯʘʪʳʡ ʧʝʨʝʣʠʚʪ, ʬʦʨʤʠʨʫʝʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ çʦʪʩʪʦʡʥʠʢè, 
ʥʝʙʦʣʴʰʘʷ ʦʩʪʘʪʦʯʥʘʷ ʧʦʣʦʩʪʴ. ʅʘ ʜʥʝ çʦʪʩʪʦʡʥʠʢʘè, ʠʥʦʛʜʘ, ʥʘʙʣʶʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʦʙʣʦʤʢʠ ʧʝʨʝʣʠʚʪʘ ʚ ʦʪʦʨʦʯʢʝ, 
ʧʝʨʝʤʝʱʸʥʥʳʝ ʥʘ ʜʥʦ ʧʦʣʦʩʪʠ, ʚʠʜʠʤʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ. 

ʊʝʢʩʪʫʨʥʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʚ ʩʪʨʦʝʥʠʝ ʢʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʚʳʭ ʞʠʣ ʚʥʦʩʷʪ ʙʨʝʢʯʠʠ. ɺ ʙʨʝʢʯʠʷʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 

ʯʸʪʢʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʜʘʞʝ ʨʘʟʜʝʣʠʪʴ ʧʝʨʝʣʠʚʪ ʥʘ ʛʝʥʝʨʘʮʠʠ. ʇʝʨʝʣʠʚʪ I-ʦʡ ʛʝʥʝʨʘʮʠʠ 
ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʛʠʧʦʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʮʚʝʪ ʪʘʢʦʛʦ ʧʝʨʝʣʠʚʪʘ ʙʝʣʳʡ, 
ʩʝʨʦ-ʛʦʣʫʙʦʡ. ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʵʪʦʪ ʧʝʨʝʣʠʚʪ ʩʦʩʪʘʚʣʷʣ ʘʛʨʝʛʘʪ ʩ ʥʝʥʘʨʫʰʝʥʥʦʡ ʪʝʢʩʪʫʨʦʡ. ʇʝʨʝʣʠʚʪ I-ʦʡ ʛʝʥʝʨʘʮʠʠ ï ʵʪʦ 
ʦʙʣʦʤʢʠ ʚʥʫʪʨʠ ʙʨʝʢʯʠʠ. ʅʝʨʝʜʢʦ ʦʙʣʦʤʢʠ ʚ ʙʨʝʢʯʠʠ ʠʤʝʶʪ ʦʪʦʨʦʯʢʠ, ʪʘʢʞʝ ʩʦʩʪʦʷʱʠʝ ʠʟ ʧʝʨʝʣʠʚʪʘ, ʥʦ ʵʪʦ ʫʞʝ II-ʘʷ 
ʛʝʥʝʨʘʮʠʷ. ʇʝʨʝʣʠʚʪ II-ʦʡ ʛʝʥʝʨʘʮʠʠ ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʛʠʧʝʨʛʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʝʛʦ ʷʨʢʘʷ ʢʨʘʩʥʘʷ 
ʦʢʨʘʩʢʘ, ʧʦ ʜʨʫʛʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ (ʨʘʟʤʝʨ, ʬʦʨʤʘ ʟʸʨʝʥ) ʧʝʨʝʣʠʚʪʳ I-ʦʡ ʠ II-ʦʡ ʛʝʥʝʨʘʮʠʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ  ʜʨʫʛ ʦʪ 
ʜʨʫʛʘ. ʉʣʝʜʫʶʱʘʷ, III -ʘʷ ʛʝʥʝʨʘʮʠʷ, ʦʙʨʘʟʫʝʪ ʮʝʤʝʥʪ ʙʨʝʢʯʠʠ, ʥʦ ʥʝ ʚʩʝʛʜʘ ʵʪʦ ʧʝʨʝʣʠʚʪ, ʮʝʤʝʥʪ ʤʦʞʝʪ ʪʘʢʞʝ ʩʦʩʪʦʷʪʴ 
ʠʟ ʬʘʨʬʦʨʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ. 

ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʠʚʣʝʢʘʶʪ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʣʠʷʥʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʩʠʣʳ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʥʝʢʦʪʦʨʳʭ ʪʝʢʩʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʳʭ ʘʛʨʝʛʘʪʦʚ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ çʛʝʦʣʦʛʠʯʝʩʢʠʝ 

 
 

ʈʠʩ.2. ʉʭʝʤʘ ʩʪʨʦʝʥʠʷ ʰʘʡʪʘʥʩʢʦʛʦ 

ʧʝʨʝʣʠʚʪʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ:  

1 ï ʙʝʨʝʟʠʪʠʟʠʨʦʚʘʥʥʳʡ ʛʨʘʥʠʪ; 2 ï ʟʦʥʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ; 3 ï ʜʨʫʟʦʚʳʡ ʢʚʘʨʮ;  

4 ï ʨʘʩʱʝʧʣʝʥʠʝ ʜʨʫʟʦʚʦʛʦ ʢʚʘʨʮʘ; 5 ï 

ʫʟʦʨʯʘʪʦ-ʧʦʣʦʩʯʘʪʳʡ (ʩʦʙʩʪʚʝʥʥʦ) ʧʝʨʝʣʠʚʪ; 

6 ï ʬʘʨʬʦʨʦʚʠʜʥʳʡ ʢʚʘʨʮ; 7 ï ʨʦʚʥʦ-

ʧʦʣʦʩʯʘʪʳʡ ʧʝʨʝʣʠʚʪ ʚ çʦʪʩʪʦʡʥʠʢʝè; 8 ï 

ʦʙʣʦʤʢʠ ʚ ʧʝʨʝʣʠʚʪʦʚʦʡ ʦʪʦʨʦʯʢʝ ʥʘ ʜʥʝ 

çʦʪʩʪʦʡʥʠʢʘè 



ʫʨʦʚʥʠè: 1) çʦʪʩʪʦʡʥʠʢʠè ʩ ʨʦʚʥʦ-ʧʦʣʦʩʯʘʪʦʡ ʩʣʦʠʩʪʦʩʪʴʶ ʧʝʨʝʣʠʚʪʘ; 2) ʦʙʣʦʤʢʠ ʧʝʨʝʣʠʚʪʘ ʥʘ ʜʥʝ çʦʪʩʪʦʡʥʠʢʘè; 3) 
ʛʝʤʘʪʠʪʦʚʘʷ ʧʨʠʩʳʧʢʘ ʥʘ ʨʘʩʱʝʧʣʸʥʥʳʭ ʛʦʣʦʚʢʘʭ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ, ʨʘʟʚʠʪʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦ; 4) ʥʘʪʸʯʥʳʝ ʠ ʜʨʫʛʠʝ 
ʢʦʣʣʦʤʦʨʬʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʩʪʘʣʘʢʪʠʪʳ ʠ ʧʩʝʚʜʦʩʪʘʣʘʢʪʠʪʳ; 5) ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʩʣʦʠʩʪʦʩʪʴ ʬʘʨʬʦʨʦʚʠʜʥʦʛʦ ʢʚʘʨʮʘ; 6) 

ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʦʪʦʨʦʯʢʘ ʚʦʢʨʫʛ ʦʙʣʦʤʢʦʚ ʚ ʙʨʝʢʯʠʠ. ɺʩʝ ʵʪʠ, ʦʙʥʘʨʫʞʝʥʥʳʝ ʥʘʤʠ ʚ ʢʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʚʳʭ ʘʛʨʝʛʘʪʘʭ 
çʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʨʦʚʥʠè ʷʚʠʣʠʩʴ ʦʧʨʝʜʝʣʸʥʥʳʤʠ ʨʝʧʝʨʘʤʠ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʣʠ ʦʧʨʝʜʝʣʠʪʴ ʠ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʣʦʞʝʥʠʝ 
ʚʝʢʪʦʨʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʪʘʢʠʭ ʘʛʨʝʛʘʪʦʚ, ʠ ʩʦʩʪʘʚʠʪʴ ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʚʝʨʥʫʶ 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʝʩʪʴ ʤʝʩʪʦ ʛʠʧʦʛʝʥʥʳʤ ʠ ʛʠʧʝʨʛʝʥʥʳʤ 
ʷʚʣʝʥʠʷʤ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʥʘʤʠ ʘʛʨʝʛʘʪʳ II-ʛʦ ʪʠʧʘ ʠ ʢʚʘʨʮ-ʧʝʨʝʣʠʚʪʦʚʳʝ ʞʠʣʳ, ʷʚʣʷʷʩʴ ʧʦʩʪʢʦʣʣʠʟʠʦʥʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʤʘʨʢʠʨʫʶʪ ʛʨʘʥʠʮʫ ʧʝʨʝʭʦʜʘ ʦʪ ʛʠʧʦʛʝʥʥʳʭ ʫʩʣʦʚʠʡ ʢ ʛʠʧʝʨʛʝʥʥʳʤ, ʠ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʵʪʘ ʛʨʘʥʠʮʘ 
ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʥʘ. ɼʣʷ ʨʘʩʪʫʱʝʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ ʥʝʪ ʥʠʢʘʢʠʭ ʛʨʘʥʠʮ. ʀʟʫʯʝʥʥʳʝ ʘʛʨʝʛʘʪʳ ʟʘʚʝʨʰʘʶʪ 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʪʝʩʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʛʨʘʥʠʪʥʳʤ ʤʘʛʤʘʪʠʟʤʦʤ 
ʋʨʘʣʘ (ɸʜʫʡʩʢʠʡ ʛʨʘʥʠʪʥʳʡ ʤʘʩʩʠʚ, ʐʘʨʪʘʰʩʢʠʡ ʛʨʘʥʠʪʥʳʡ ʤʘʩʩʠʚ). ɿʘʚʝʨʰʝʥʠʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ 
ʟʘʪʫʭʘʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʜʚʠʞʝʢ, ʧʝʨʝʭʦʜ ʢ ʛʠʧʝʨʛʝʥʝʟʫ, ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʯʝʨʪʘʤʠ, ʘ ʚʦʪ ʘʛʨʝʛʘʪʳ 
ʧʦʨʦʡ ʚʳʛʣʷʜʷʪ ʘʙʩʦʣʶʪʥʦ ʥʝʧʦʭʦʞʠʤʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ, ʥʝʪ ʚʥʝʰʥʠʭ ʧʨʠʟʥʘʢʦʚ ʩʭʦʜʩʪʚʘ. ʊʘʢʠʝ ʘʛʨʝʛʘʪʳ ʰʠʨʦʢʦ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʦʟʜʥʠʤʠ, ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʤʠ ʜʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 
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ɸʅʆʈʊʆɿʀʊʆɺ ʅɸ ʇʈʀʄɽʈɽ ɻɽʈɸʅʉʂʆɻʆ ʄɸʉʉʀɺɸ (ɼɸʃʔʅʀʁ ɺʆʉʊʆʂ) 

ɸ.ɺ. ʉʪʝʙʣʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʉ.ɻ. ʇʘʨʘʜʘ 
ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 

 
ɿʘʜʘʯʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ: ʚʳʷʚʠʪʴ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʪʨʝʥʜʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʦʨʦʜ ɻʝʨʘʥʩʢʦʛʦ 

ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʝʛʦ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ ʧʝʨʩʧʝʢʪʠʚ ʧʣʘʪʠʥʦʠʜʦʥʦʩʥʦʩʪʠ. 
ʌʘʢʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʩʦʙʨʘʥ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʭʦʞʜʝʥʠʷ ʧʦʣʝʚʦʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʧʨʘʢʪʠʢʠ. 

ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʚ ʤʠʨʝ ʘʥʦʨʪʦʟʠʪʳ ʫʩʣʦʚʥʦ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʪʨʘʪʠʬʦʨʤʥʳʝ ʠ ʘʚʪʦʥʦʤʥʳʝ (ʃʝʥʥʢʦʚ, 1979). 
ʉʪʨʘʪʠʬʦʨʤʥʳʝ ʘʥʦʨʪʦʟʠʪʳ ʩʣʘʛʘʶʪ ʧʣʘʩʪʦʚʳʝ ʟʘʣʝʞʠ ʚ ʨʘʩʩʣʦʝʥʥʳʭ ʫʣʴʪʨʘʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʭ ʠ ʙʘʟʠʪʦʚʳʭ ʠʥʪʨʫʟʠʚʘʭ 
ʣʶʙʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʪʘʤʠ ʙʘʟʠʪʦʚʦʡ ʤʘʛʤʳ. ɸʚʪʦʥʦʤʥʳʝ ʘʥʦʨʪʦʟʠʪʳ ʦʙʨʘʟʫʶʪ ʢʨʫʧʥʳʝ 
ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʪʝʣʘ ʪʦʣʴʢʦ ʩʨʝʜʠ ʛʣʫʙʦʢʦʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʪʦʣʱ. ʇʨʦʠʩʭʦʞʜʝʥʠʝ ʘʚʪʦʥʦʤʥʳʭ 
ʘʥʦʨʪʦʟʠʪʦʚ ʜʦ ʩʠʭ ʧʦʨ ʷʚʣʷʝʪʩʷ ʥʝ ʨʝʰʝʥʥʦʡ ʧʨʦʙʣʝʤʦʡ. ʀʭ ʩʯʠʪʘʶʪ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ, ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ ʠʣʠ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ɸʥʦʨʪʦʟʠʪʳ ʉʉʉʈ, 1974). ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʵʪʘ ʧʨʦʙʣʝʤʘ ʧʨʠʦʙʨʝʪʘʝʪ ʚ ʥʘʩʪʦʷʱʝʝ 
ʚʨʝʤʷ ʚ ʩʚʷʟʠ ʩ ʦʪʢʨʳʪʠʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʷʚʣʝʥʠʡ ʚʢʨʘʧʣʝʥʥʦʡ ʧʝʥʪʣʘʥʜʠʪ-ʭʘʣʴʢʦʧʠʨʠʪ-ʧʠʨʨʦʪʠʥʦʚʦʡ ʩ 
ʤʠʥʝʨʘʣʘʤʠ ʧʣʘʪʠʥʦʚʦʡ ʛʨʫʧʧʳ (ʄʇɻ) ʠ ʟʦʣʦʪʦʤ ʚ ʥʝʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʘʚʪʦʥʦʤʥʳʭ ʘʥʦʨʪʦʟʠʪʘʭ ʭʨʝʙʪʘ ɼʞʫʛʜʞʫʨ. 

ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʧʦʜʦʙʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʠʟʫʯʘʣʘʩʴ ʪʦʣʴʢʦ ʚ ʨʘʩʩʣʦʝʥʥʳʭ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ 
ʤʘʩʩʠʚʘʭ, ʜʣʷ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʢʦʪʦʨʳʭ, ʚ ʨʘʤʢʘʭ ʬʝʜʝʨʘʣʴʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ (ʌʎʇ) çʇʣʘʪʠʥʘ ʈʦʩʩʠʠè 
ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ ʧʝʪʨʦʭʠʤʠʯʝʩʢʘʷ ʜʠʘʛʨʘʤʤʘ (ɹʝʟʤʝʥ, 1992). ʆʥʘ ʦʩʥʦʚʘʥʘ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʬʝʤʠʯʝʩʢʠʭ, 
ʩʘʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʨʝʤʥʝʟʝʤʘ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʥʘʛʣʷʜʥʦ ʚʳʜʝʣʷʶʪʩʷ ʪʦʥʢʠʝ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʧʦʨʦʜ, ʪʘʢ 
ʢʘʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʩʝ ʛʣʘʚʥʳʝ ʧʝʪʨʦʛʝʥʥʳʝ ʵʣʝʤʝʥʪʳ. ʇʦ ʢʦʥʬʠʛʫʨʘʮʠʠ ʧʦʣʝʡ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʚʳʷʚʣʷʶʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʤʝʥʯʠʚʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ; ʧʦʣʷʨʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʡ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʨʝʥʜʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʜʠʘʛʨʘʤʤʳ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ 
ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʪʘʣʦʥʥʳʭ ʧʨʦʤʳʰʣʝʥʥʦ-ʧʣʘʪʠʥʦʠʜʦʥʦʩʥʳʭ ʨʘʩʩʣʦʝʥʥʳʭ ʙʘʟʠʪ-ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ï 
ɹʫʰʚʝʣʴʜʩʢʦʛʦ, ʉʪʠʣʣʫʦʪʝʨʩʢʦʛʦ, ʉʘʜʙʝʨʠʡʩʢʦʛʦ, ʉʢʘʝʨʛʘʘʨʜʩʢʦʛʦ, ʇʝʯʝʥʛʩʢʦʛʦ ʠ ʊʘʣʥʘʭʩʢʦʛʦ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ 
(ɼʦʜʠʥ ʠ ʜʨ., 1995). ɸʚʪʦʥʦʤʥʳʝ ʘʥʦʨʪʦʟʠʪʦʚʳʝ ʤʘʩʩʠʚʳ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʥʝ ʠʟʫʯʘʣʠʩʴ. ʅʘʤʠ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ 
ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʧʨʦʙʝʣ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʧʦʨʦʜʳ ɼʞʫʛʜʞʫʨʩʢʦʛʦ ʠʥʪʨʫʟʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʤʦʱʴʶ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʡ 
ʜʠʘʛʨʘʤʤʳ ʅ.ʀ.ɹʝʟʤʝʥʘ (ɹʝʟʤʝʥ, 1992). 

ɼʞʫʛʜʞʫʨʩʢʠʡ ʤʘʩʩʠʚ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʘʚʪʦʥʦʤʥʳʭ ʘʥʦʨʪʦʟʠʪʦʚ. ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ  

ʤʦʥʦʢʣʠʥʘʣʴʥʦʝ ʧʣʘʩʪʦʦʙʨʘʟʥʦʝ ʪʝʣʦ ʩʨʝʜʠ ʘʨʭʝʡʩʢʠʭ ʧʠʨʦʢʩʝʥʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ, ʘ 
ʪʘʢʞʝ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʘʤʬʠʙʦʣʠʪʦʚ, ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʠ ʘʤʬʠʙʦʣʦʚʳʭ ʛʥʝʡʩʦʚ. ʂʦʥʪʘʢʪʠʨʫʶʱʠʝ ʩ ʤʘʩʩʠʚʦʤ ʘʨʭʝʡʩʢʠʝ 
ʧʦʨʦʜʳ ʠʤʝʶʪ ʩʫʙʰʠʨʦʪʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. ɺʳʪʷʥʫʪʦʩʪʴ ɼʞʫʛʜʞʫʨʩʢʠʭ ʘʥʦʨʪʦʟʠʪʦʚ ʠ ʧʘʜʝʥʠʝ ʧʨʦʪʦʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ ʙʣʠʟʢʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ ʧʘʜʝʥʠʶ ʚʤʝʱʘʶʱʠʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ɸʙʩʦʣʶʪʥʳʡ ʚʦʟʨʘʩʪ ʘʥʦʨʪʦʟʠʪʦʚ 2250 ° 150 ʤʣʥ. ʣʝʪ, ʚʦʟʨʘʩʪ ʧʨʦʨʳʚʘʶʱʠʭ ʠʭ ʛʨʘʥʠʪʦʠʜʦʚ ʫʣʢʘʥʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ï 2000 ° 100 ʤʣʥ. ʣʝʪ (ʊʫʛʘʨʠʥʦʚ, ʉʪʫʧʥʠʢʦʚʘ, ɿʳʢʦʚ, 1965). ʉʯʠʪʘʝʪʩʷ (ʃʝʥʥʠʢʦʚ, 1979), ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʘʥʦʨʪʦʟʠʪʦʚ ʥʘʯʘʣʦʩʴ ʧʦʩʣʝ ʨʘʥʥʝʛʦ ʵʪʘʧʘ ʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʩʢʣʘʜʯʘʪʦʩʪʠ ʠ ʤʝʪʘʤʦʨʬʠʟʤʘ.  
ɼʞʫʛʜʞʫʨʩʢʠʡ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ ʩʣʘʛʘʶʪ ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʦʨʦʜ: 1) ʘʥʭʠʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʘʥʦʨʪʦʟʠʪʳ 

(ʪʝʤʥʦʮʚʝʪʥʳʭ 0-10%); 2) ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʥʦʨʠʪʳ ʠ ʥʦʨʠʪʳ (ʪʝʤʥʦʮʚʝʪʥʳʭ 10-40%); 3) ʧʝʛʤʘʪʠʪʳ 
ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ; 4) ʤʝʣʘʥʦʢʨʘʪʦʚʳʝ ʦʣʠʚʠʥʦʚʳʝ ʛʘʙʙʨʦ ʠ ʥʦʨʠʪʳ (ʪʝʤʥʦʮʚʝʪʥʳʭ 40-60%); 5) ʧʠʨʦʢʩʝʥʠʪʳ ʠ 
ʧʝʨʠʜʦʪʠʪʳ. 

ʎʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʤʘʩʩʠʚʘ ʩʣʦʞʝʥʘ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʘʥʭʠʤʦʥʦʤʠʥʝʨʘʣʴʥʳʤʠ ʘʥʦʨʪʦʟʠʪʘʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
ʚʩʪʨʝʯʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʰʣʠʨʦʚʳʝ ʚʢʣʶʯʝʥʠʷ ʧʠʨʦʢʩʝʥʦʚʳʭ ʘʥʦʨʪʦʟʠʪʦʚ, ʛʘʙʙʨʦ, ʛʘʙʙʨʦ-ʥʦʨʠʪʦʚ, ʧʠʨʦʢʩʝʥʠʪʦʚ 



ʠ ʦʩʥʦʚʥʳʭ ʧʝʛʤʘʪʠʪʦʚ. ʖʞʥʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʧʠʨʦʢʩʝʥʦʚʳʭ ʘʥʦʨʪʦʟʠʪʦʚ ʠ 
ʜʨʫʛʠʭ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʧʦʨʦʜ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʚ ʚʠʜʝ ʥʝʙʦʣʴʰʠʭ ʠʟʦʤʝʪʨʠʯʥʳʭ ʠ ʣʠʥʟʦʚʠʜʥʳʭ ʪʝʣ ʚʩʪʨʝʯʘʶʪʩʷ 
ʘʥʭʠʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʘʥʦʨʪʦʟʠʪʳ ʠ ʦʩʥʦʚʥʳʝ ʧʝʛʤʘʪʠʪʳ. ʂ ʵʪʦʡ ʟʦʥʝ ʧʨʠʫʨʦʯʝʥʳ ʪʝʣʘ ʦʣʠʚʠʥʦʚʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ, 

ʛʘʙʙʨʦ-ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʛʘʙʙʨʦ, ʩʦʜʝʨʞʘʱʠʭ ʩʢʦʧʣʝʥʠʷ ʠʣʴʤʝʥʠʪʘ ʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. ɿʜʝʩʴ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʢʩʝʥʦʣʠʪʳ 
ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʘʤʬʠʙʦʣʠʪʦʚ ʠ ʘʤʬʠʙʦʣʦʚʳʭ ʛʥʝʡʩʦʚ. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʟʦʥʘ ʩʣʦʞʝʥʘ ʘʥʦʨʪʦʟʠʪʘʤʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 
ʪʝʣʘʤʠ ʙʦʣʝʝ ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʛʘʙʙʨʦʠʜʦʚ. ɿʜʝʩʴ ʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ- ʠ ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʝ ʦʣʠʚʠʥʦʚʳʝ 
ʛʘʙʙʨʦ ʠ ʛʘʙʙʨʦ-ʧʠʨʦʢʩʝʥʠʪʳ, ʩʨʘʚʥʠʪʝʣʴʥʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʘʥʦʨʪʦʟʠʪʳ ʩ ʪʨʘʭʠʪʦʠʜʥʦʡ ʪʝʢʩʪʫʨʦʡ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ 
ʢʩʝʥʦʣʠʪʳ ʘʨʭʝʡʩʢʠʭ ʧʠʨʦʢʩʝʥʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʣʘʥʮʝʚ ʠ ʛʥʝʡʩʦʚ. 

ʇʦ ʠʤʝʶʱʠʤʩʷ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʘʤ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ, ʘ ʪʘʢʞʝ ʤʝʣʘʥʦʚʦʢʨʘʪʦʚʳʭ ʠ ʣʝʡʢʦʢʨʘʪʦʚʳʭ ʦʩʥʦʚʥʳʭ 
ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ, ʩʣʘʛʘʶʱʠʭ ʠʥʪʨʫʟʠʚʥʳʡ ʤʘʩʩʠʚ, (ʃʝʥʥʠʢʦʚ, 1979) ʥʘʤʠ ʚʳʯʠʩʣʝʥʳ ʘʪʦʤʥʳʝ ʢʦʣʠʯʝʩʪʚʘ 
ʵʣʝʤʝʥʪʦʚ, ʨʘʩʩʯʠʪʘʥʳ ʩʫʤʤʳ ʬʝʤʠʯʝʩʢʠʭ, ʩʘʣʠʯʝʩʢʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʢʨʝʤʥʝʟʝʤʘ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʢ 100%. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʘʥʝʩʝʥʳ ʥʘ ʪʨʝʫʛʦʣʴʥʳʝ ʜʠʘʛʨʘʤʤʳ ʅ.ʀ.ɹʝʟʤʝʥʘ, ʧʦʩʪʨʦʝʥʥʳʝ ʜʣʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ 
ʵʪʘʣʦʥʥʳʭ ʨʘʩʩʣʦʝʥʥʳʭ ʛʠʧʝʨʙʘʟʠʪ-ʙʘʟʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ʊʦʯʢʠ ʩʦʩʪʘʚʦʚ ʚʳʜʝʣʝʥʥʳʭ ʜʚʫʭ ʛʨʫʧʧ ʧʦʨʦʜ ʥʘ ʫʢʘʟʘʥʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʦʙʨʘʟʫʶʪ ʜʚʘ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʪʨʝʥʜʘ 
ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʟʥʘʢʘʭ ʚʥʫʪʨʠʢʘʤʝʨʥʦʛʦ ʨʘʩʩʣʦʝʥʠʷ. ʇʦʣʝ ʪʦʯʝʢ 
ʤʝʣʘʥʦʢʨʘʪʦʚʳʭ ʧʦʨʦʜ ʦʩʥʦʚʥʦʛʦ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ɼʞʫʛʜʞʫʨʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʚʢʣʶʯʘʶʱʠʭ ʧʨʦʷʚʣʝʥʠʷ 
ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ, ʙʦʣʝʝ ʚʩʝʛʦ ʩʦʚʧʘʜʘʶʪ ʩ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʛʘʙʙʨʦ-ʛʨʘʥʦʬʠʨʦʚʦʡ ʣʠʥʠʝʡ ʪʨʝʥʜʘ ɹʫʰʚʝʣʴʜʩʢʦʛʦ 
ʧʣʫʪʦʥʘ (ʨʠʩ. 1). ʃʝʡʢʦʨʘʪʦʚʳʝ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳʡ ʨʦʡ ʪʦʯʝʢ, ʩʦʚʧʘʜʘʶʱʠʡ ʩʦ 

ʩʨʝʜʥʝʡ ʯʘʩʪʴʶ ʣʠʥʠʠ ʧʠʨʦʢʩʝʥʠʪ-ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʪʨʝʥʜʘ, ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʨʦʷʚʣʝʥʥʦʛʦ ʚ ɹʫʰʚʝʣʴʜʩʢʦʤ, 
ʉʪʠʣʣʫʦʪʝʨʩʢʦʤ ʠ ʉʢʘʝʨʛʘʘʨʜʩʢʦʤ ʤʦʜʝʣʴʥʳʭ ʧʣʫʪʦʥʘʭ. ʕʤʧʠʨʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ (ɼʦʜʠʥ ʠ ʜʨ., 1995), ʯʪʦ ʧʨʦʷʚʣʝʥʠʝ 
ʠʤʝʥʥʦ ʘʥʦʨʪʦʟʠʪʦʚʦʛʦ ʪʨʝʥʜʘ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ʨʘʩʩʣʦʝʥʥʳʭ ʤʘʩʩʠʚʘʭ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʣʝʡʢʦʢʨʘʪʦʚʳʭ 
ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʩ ʤʘʣʦʩʫʣʴʬʠʜʥʳʤ ʧʣʘʪʠʥʦʠʜʦʤʝʪʘʣʴʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʣʠʯʠʝ ʵʪʦʛʦ ʪʨʝʥʜʘ ʚ 
ɼʞʫʛʜʞʫʨʩʢʦʤ ʧʣʫʪʦʥʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʥʘ ʧʣʘʪʠʥʦʠʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʅʘʣʠʯʠʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-
ʛʘʙʙʨʦ-ʛʨʘʥʦʬʠʨʦʚʦʛʦ ʪʨʝʥʜʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʙʦʣʝʝ ʯʝʪʢʦ ʧʦʟʠʮʠʦʥʠʨʦʚʘʪʴ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ ʟʦʥʫ 
ʤʘʩʩʠʚʘ ʢʘʢ ʘʧʠʢʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʨʘʩʩʣʦʝʥʥʦʛʦ ʧʣʫʪʦʥʘ, ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʫʶ ʥʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʝ ʦʨʫʜʝʥʝʥʠʝ. 
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ʈʠʩ.1. ʇʝʪʨʦʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ɼʞʫʛʜʞʫʨʩʢʠʭ ʤʘʩʩʠʚʦʚ ʘʚʪʦʥʦʤʥʳʭ ʘʥʦʨʪʦʟʠʪʦʚ ʥʘʣʦʞʝʥʥʘʷ ʥʘ 

ʧʝʪʨʦʛʝʥʝʪʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ɹʫʰʚʝʣʴʜʩʢʦʛʦ ʨʘʩʩʣʦʝʥʥʦʛʦ ʧʣʫʪʦʥʘ, ʧʦʩʪʨʦʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ ʜʠʘʛʨʘʤʤʳ 

ʅ.ʀ.ɹʝʟʤʝʥʘ (ʮʝʥʘ ʜʝʣʝʥʠʷ 10 %) 

I-V ï ʣʠʥʠʠ ʧʝʪʨʦʛʝʥʝʪʠʯʝʩʢʠʭ ʪʨʝʥʜʦʚ ɹʫʰʚʝʣʴʜʩʢʦʛʦ ʪʠʧʘ: I ï ʧʝʨʚʠʯʥʳʡ ʪʨʝʥʜ ʚʥʫʪʨʠʢʘʤʝʨʥʦʛʦ 

ʨʘʩʩʣʦʝʥʠʷ; II  ï ʜʫʥʠʪʳ, ʛʘʨʮʙʫʨʛʠʪʳ, ʙʨʦʥʟʠʪʠʪʳ; III  ï Pl-ʙʨʦʥʟʠʪʠʪ, ʥʦʨʠʪʳ, ʘʥʦʨʪʦʟʠʪʳ; IV ï 

ʛʨʘʥʦʬʠʨʳ, ʛʘʙʙʨʦ, Fe-ʜʠʦʨʠʪʳ, ʤʘʛʥʝʪʠʪʦʚʳʝ ʨʫʜʳ; V ï ʙʨʦʥʟʠʪʠʪʳ ʭʨʦʤʠʪʳ. ʌʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ 

ʩʦʩʪʘʚʘ ʘʥʦʨʪʦʟʠʪʦʚ ɻʝʨʘʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʢʚʘʜʨʘʪʠʢʠ) ʠ ʃʘʥʪʘʨʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʢʨʫʞʦʯʢʠ) ʉʦʢʨʘʱʝʥʠʷ: Mt ï 

ʤʘʛʥʝʪʠʪ, An ï ʘʥʦʨʪʠʪ, Or,Ab ï ʦʨʪʦʢʣʘʟ, ʘʣʴʙʠʪ, Ol ï ʦʣʠʚʠʥ, Px ï ʧʠʨʦʢʩʝʥ, Q ï ʢʚʘʨʮ 



ʂ.ɸ. ʋʜʦʜ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʅ.ʌ. ʉʪʦʣʙʦʚʘ1, ʛʣʘʚʥʳʡ ʛʝʦʣʦʛ ʀ.ɺ. ɻʦʥʯʘʨʦʚ2 

1
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

2
ʊʶʤʝʥʩʢʘʷ ʥʝʬʪʷʥʘʷ ʢʦʤʧʘʥʠʷ, ʛ. ʅʠʞʥʝʚʘʨʪʦʚʩʢ, ʈʦʩʩʠʷ 

 
ʃʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʦʚ ʠʟʫʯʝʥʳ ʶʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʚ 

ʨʘʟʨʝʟʘʭ ʛʣʫʙʦʢʠʭ ʩʢʚʘʞʠʥ 31, 32ʧ, 44, 45 ɿʘʧʘʜʥʦ-ʄʘʣʦʙʘʣʳʢʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ 
ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʚʳʚʦʜʳ. 

ʉʢʚʘʞʠʥʘʤʠ ʚʩʢʨʳʪʳ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪʣʦʞʝʥʠʷ ʩʨʝʜʥʝʡ ʠ ʚʝʨʭʥʝʡ ʶʨʳ (ʪʶʤʝʥʩʢʘʷ, ʚʘʩʶʛʘʥʩʢʘʷ, ʙʘʞʝʥʦʚʩʢʘʷ 
ʩʚʠʪʳ) ʠ ʦʪʣʦʞʝʥʠʷ ʥʠʞʥʝʛʦ ʤʝʣʘ (ʩʦʨʪʳʤʩʢʘʷ ʩʚʠʪʘ, ʘʯʠʤʦʚʩʢʘʷ ʪʦʣʱʘ), ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʦʣʱʘʤʠ, ʧʘʯʢʘʤʠ, ʧʣʘʩʪʘʤʠ, 

ʩʣʦʷʤʠ ʦʙʣʦʤʦʯʥʳʭ ʠ ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. ʇʦʨʦʜʳ ʧʝʨʝʩʣʘʠʚʘʶʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʨʦʧʦʨʮʠʷʭ. ʊʝʢʩʪʫʨʥʦ-
ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʠʟʥʘʢʠ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʧʦʨʦʜ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʨʘʟʥʦʦʙʨʘʟʠʠ ʫʩʣʦʚʠʡ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ 
ʩʪʘʜʠʷʭ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʠ ʜʠʘʛʝʥʝʟʘ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ - ʥʘ ʩʪʘʜʠʷʭ ʢʘʪʘʛʝʥʝʟʘ, ʤʝʪʘʛʝʥʝʟʘ ʠ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ. 

ɸʥʘʣʠʟ ʬʘʮʠʘʣʴʥʳʭ ʦʙʩʪʘʥʦʚʦʢ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʪʣʦʞʝʥʠʡ ʥʘ ʵʪʘʧʝ ʧʦʛʨʫʞʝʥʠʷ ʦʩʘʜʦʯʥʦʛʦ ʙʘʩʩʝʡʥʘ ʫʢʘʟʳʚʘʝʪ 
ʥʘ ʧʨʝʦʙʣʘʜʘʶʱʫʶ ʨʦʣʴ ʤʦʨʩʢʠʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʧʘʣʝʦʣʘʥʜʰʘʬʪʥʳʭ ʦʙʩʪʘʥʦʚʦʢ, ʚ ʯʘʩʪʥʦʩʪʠ ʪʘʢʠʭ ʢʘʢ ʬʘʮʠʠ ʣʘʛʫʥ ʠ 
ʣʠʤʘʥʦʚ, ʜʝʣʴʪ ʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ. 

ɼʝʪʘʣʴʥʦʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʧʦʨʦʜ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʩʣʘʛʘʶʱʠʭ ʠʭ ʦʙʣʦʤʦʯʥʳʭ ʠ 
ʛʣʠʥʠʩʪʳʭ ʧʦʨʦʜ. 

ʆʙʣʦʤʦʯʥʳʝ ʧʦʨʦʜʳ ʦʪʥʝʩʝʥʳ ʢ ʧʝʩʯʘʥʠʢʘʤ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ, ʠ ʘʣʝʚʨʦʣʠʪʘʤ. ʇʦ ʩʦʩʪʘʚʫ 
ʩʣʘʛʘʶʱʠʭ ʦʙʣʦʤʢʦʚ, ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʫʚʘʢʢʦʚʳʤ ʘʨʢʦʟʘʤ ʠ ʧʦʣʝʚʦʰʧʘʪʦʚʦ-ʢʚʘʨʮʝʚʳʤ ʛʨʘʫʚʘʢʢʘʤ. ʇʦʨʦʜʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʨʝʜʥʝʡ ʠ ʭʦʨʦʰʝʡ ʩʦʨʪʠʨʦʚʘʥʥʦʩʪʴʶ ʦʙʣʦʤʦʯʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʨʘʟʣʠʯʥʦʡ ʝʛʦ ʦʢʘʪʘʥʥʦʩʪʴʶ. ʎʝʤʝʥʪ 
ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʨʙʦʥʘʪʥʳʤ, ʢʨʝʤʥʠʩʪʳʤ ʠ ʛʣʠʥʠʩʪʳʤ ʤʘʪʝʨʠʘʣʦʤ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʦʩʣʝʜʥʝʛʦ. 

ɻʣʠʥʠʩʪʳʝ ʧʦʨʦʜʳ ʢʘʦʣʠʥʠʪʦʚʦ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʝ ʩ ʭʣʦʨʠʪʦʤ ʠ ʙʠʦʪʠʪʦʤ, ʩ ʧʨʠʤʝʩʴʶ ʘʣʝʚʨʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ 
ʠ ʟʘʭʦʨʦʥʝʥʥʦʛʦ ʆɺ. ɿʘʭʦʨʦʥʝʥʥʦʝ ʆɺ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʤʠ ʦʩʪʘʪʢʘʤʠ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʜʝʪʨʠʪʘ ʠ 
ʨʘʟʣʦʞʝʥʥʦʛʦ ʆɺ. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ ʠʭ ʤʠʢʨʦʪʝʢʩʪʫʨʥʳʭ ʠ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʠʙʦʣʝʝ ʦʙʱʠʝ ʚʳʚʦʜʳ.  
ɺ ʧʨʦʮʝʩʩʝ ʩʪʘʥʦʚʣʝʥʠʷ ʧʦʨʦʜ ʧʨʦʷʚʠʣʠʩʴ ʢʘʢ ʩʪʘʜʠʘʣʴʥʳʝ ï ʜʠʘʛʝʥʝʪʠʯʝʩʢʠʝ, ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʝ ʠ 

ʤʝʪʘʛʝʥʝʪʠʯʝʩʢʠʝ ʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʪʘʢ ʠ ʠʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʧʨʦʮʝʩʩʘʤʠ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ. 
ʉʪʘʜʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚʳʨʘʟʠʣʠʩʴ ʚ ʨʘʟʚʠʪʠʠ ʢʦʥʬʦʨʤʥʦ-ʨʝʛʝʥʝʨʘʮʠʦʥʥʳʭ ʠ ʠʥʢʦʨʧʦʨʘʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨ 

ʮʝʤʝʥʪʘʮʠʠ ʦʙʣʦʤʦʯʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʦʜ. 
ɼʠʩʣʦʢʘʮʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ ʚʳʨʘʟʠʣʠʩʴ ʚ ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʷʭ 

ʤʠʥʝʨʘʣʦʚ (ʥʘʨʫʰʝʥʥʦʝ ʧʦʛʘʩʘʥʠʝ ʠ ʛʨʘʥʫʣʷʮʠʷ ʢʚʘʨʮʘ, ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, çʩʨʳʚʳè ʛʨʘʥʠʮ ʦʙʣʦʤʢʦʚ, ʧʦʷʚʣʝʥʠʝ 
ʤʠʢʨʦʪʨʝʱʠʥ ʠ ʵʬʬʝʢʪʦʚ ʜʨʦʙʣʝʥʠʷ). 

ʄʠʥʝʨʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʥʘ ʩʪʘʜʠʠ ʥʘʣʦʞʝʥʥʦʛʦ ʵʧʠʛʝʥʝʟʘ ʚʳʨʘʟʠʣʠʩʴ ʚ ʛʠʜʨʦʩʣʶʜʠʟʘʮʠʠ, ʤʫʩʢʦʚʠʪʠʟʘʮʠʠ ʠ 
ʙʠʦʪʠʪʠʟʘʮʠʠ, ʦʙʠʣʴʥʦʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʧʦʨʦʜ, ʨʝʛʝʥʝʨʘʮʠʠ ʢʚʘʨʮʘ ʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʥʦʩʝ ʧʝʪʨʦʛʝʥʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʫʩʪʦʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʇʨʠ ʵʪʦʤ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʦʪʜʝʣʴʥʳʝ ʧʦʨʳ 
ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʳ, ʧʦʨʳ ʚ ʛʫʙʯʘʪʳʭ ʠ ʩʢʝʣʝʪʥʳʭ ʤʠʥʝʨʘʣʘʭ ʠ ʧʦʨʳ ʩʣʦʞʥʦʡ ʪʨʝʱʠʥʥʦ-ʧʦʨʦʚʦʡ ʤʦʨʬʦʣʦʛʠʠ, ʯʘʱʝ 
ʚʩʝʛʦ, ʧʦʚʳʰʘʶʱʠʝ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ. 

ɺ ʮʝʣʦʤ ʨʝʟʫʣʴʪʘʪʳ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʥʘʣʦʞʝʥʥʦʛʦ 
ʵʧʠʛʝʥʝʟʘ ʦʢʘʟʘʣʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʌɽʉ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ɿʘʧʘʜʥʦ-ʄʘʣʦʙʘʣʳʢʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʆ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʌɽʉ ʧʦʨʦʜ-ʢʦʣʣʝʢʪʦʨʦʚ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ 
ʨʝʟʫʣʴʪʘʪʘʤ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʚʝʣʠʯʠʥʳ U/Al 2O3 ʚ ʦʙʨʘʟʮʘʭ  ʢʝʨʥʘ ʠ ʦʪʢʣʦʥʝʥʠʷ ʵʪʠʭ ʦʧʨʝʜʝʣʝʥʠʡ ʦʪ 

ʚʝʣʠʯʠʥʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ɺʳʜʝʣʝʥʥʳʝ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʯʘʩʪʢʘʤ ʨʘʟʫʧʣʦʪʥʝʥʥʳʭ ʠ ʫʧʣʦʪʥʝʥʥʳʭ ʧʦʨʦʜ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ 
ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʯʘʩʪʢʘʤ ʨʘʟʫʧʣʦʪʥʝʥʠʷ ʧʦʨʦʜ, ʚʳʷʚʣʝʥʳ ʠ ʥʘʠʙʦʣʝʝ ʧʨʦʷʚʣʝʥʳ ʚ 
ʩʢʚ.32. ʆʥʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ   ʭʦʨʦʰʠʭ ʢʦʣʣʝʢʪʦʨʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʧʦʨʦʜ, ʚʩʢʨʳʪʳʭ ʵʪʦʡ ʩʢʚʘʞʠʥʦʡ. ɿʜʝʩʴ ʞʝ 
ʠʩʧʳʪʘʥʠʷ ʚʳʷʚʠʣʠ ʧʨʠʟʥʘʢʠ ʥʝʬʪʠ. ɺ ʦʩʪʘʣʴʥʳʭ ʪʨʝʭ ʩʢʚʘʞʠʥʘʭ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳ. 

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ ʨʘʟʨʝʟʦʚ ʩʢʚ. 45, 44, 32 ʠ 31ʇ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠ 
ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʥʘ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʥʘ ɿʘʧʘʜʥʦ-ʄʘʣʦʙʘʣʳʢʩʢʦʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʷʚʣʷʶʪʩʷ ʦʪʣʦʞʝʥʠʷ, ʚʩʢʨʳʪʳʝ ʩʢʚ.32, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʈʘʟʨʝʟʳ 

ʜʨʫʛʠʭ ʠʟʫʯʝʥʥʳʭ ʩʢʚʘʞʠʥ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʥʦ ʦʥʠ ʤʝʥʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʉʆʉʊɸɺɸ ʀ ɻɽʅɽɿʀʉɸ ʅɽʌʈʀʊʆɺ ʉɸʗʅʆ-ɹɸʁʂɸʃʔʉʂʆʁ 
ɻʆʈʅʆʁ ʆɹʃɸʉʊʀ 
ʄ.ʉ. ʍʦʣʴʢʠʥ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʊ.ɽ.ʄʘʨʪʳʥʦʚʘ1, ɸ.ʇ.ʉʝʢʝʨʠʥ2 
1
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

2
ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 

 

ɺʦʟʨʦʩʰʠʡ ʠʥʪʝʨʝʩ ʢ ʥʝʬʨʠʪʫ ʢʘʢ ʶʚʝʣʠʨʥʦ-ʧʦʜʝʣʦʯʥʦʤʫ ʢʘʤʥʶ ʩʪʠʤʫʣʠʨʦʚʘʣ ʠʟʫʯʝʥʠʝ ʝʛʦ ʩʦʩʪʘʚʘ ʠ 
ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʠʨʦʜʝ ʧʦʜʦʙʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʚʦʣʴʥʦ ʨʝʜʢʠ ʠ ʧʦʣʫʯʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʠʤʝʝʪ 
ʚʘʞʥʦʝ ʧʝʪʨʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝʬʨʠʪʦʤ ʥʘʟʳʚʘʝʪʩʷ ʧʦʨʦʜʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ ʪʦʥʯʘʡʰʠʭ ʚʦʣʦʢʦʥ 
ʪʨʝʤʦʣʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʛʦ ʘʤʬʠʙʦʣʘ ʩ ʭʘʨʘʢʪʝʨʥʦʡ ʩʧʫʪʘʥʥʦ-ʚʦʣʦʢʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʅʝʦʙʳʯʥʘʷ ʧʨʦʯʥʦʩʪʴ ʥʝʬʨʠʪʘ, 
ʜʦʩʪʠʛʘʶʱʘʷ ʧʨʠ ʦʜʥʦʦʩʥʦʤ ʩʞʘʪʠʠ 12 000 ʢʛ/ʩʤ2, ʦʙʫʩʣʦʚʣʝʥʘ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʝʛʦ ʩʪʨʫʢʪʫʨʳ. ʋʜʝʣʴʥʳʡ ʚʝʩ ʝʛʦ 
ʩʦʩʪʘʚʣʷʝʪ 2,8-3,1 ʛ/ʩʤ3, ʪʚʝʨʜʦʩʪʴ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ 5,0ð6,5. ʎʚʝʪ ʥʝʬʨʠʪʦʚ ʚʘʨʴʠʨʫʝʪ ʦʪ ʩʥʝʞʥʦ-ʙʝʣʦʛʦ ʜʦ ʪʝʤʥʦ-
ʟʝʣʝʥʦʛʦ ʠ ʯʝʨʥʦʛʦ, ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʛʫʩʪʦʪʳ ʪʦʥʘ. ʉ ʧʦʤʦʱʴʶ ʤʝʪʦʜʦʚ ʦʧʪʠʯʝʩʢʦʡ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʙʳʣʦ 
ʚʳʷʩʥʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʦʢʨʘʩʢʫ ʥʝʬʨʠʪʦʚ ʚʥʦʩʷʪ ʠʦʥʳ Cr3+, Ni2+ ʠ Fe2+, ʚʭʦʜʷʱʠʝ ʚ ʠʩʢʘʞʝʥʥʳʝ ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ ʥʘ ʤʝʩʪʦ ʠʦʥʦʚ Mg2+ (ʇʣʘʪʦʥʦʚ ʠ ʜʨ., 1975). ʎʚʝʪ ʥʝʬʨʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʤʝʥʝʝ 1% ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʞʝʣʝʟʘ, 
ʦʙʳʯʥʦ ʙʝʣʳʡ. ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ Fe2+ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʠ, ʘ ʥʘʣʠʯʠʝ ʭʨʦʤʘ ʫʩʠʣʠʚʘʝʪ ʝʛʦ 
ʷʨʢʦʩʪʴ ʜʦ ʠʟʫʤʨʫʜʥʦ-ʟʝʣʝʥʳʭ ʪʦʥʦʚ. ʏʝʨʥʳʡ ʮʚʝʪ ʥʝʢʦʪʦʨʳʭ ʥʝʬʨʠʪʦʚ ʦʙʫʩʣʦʚʣʝʥ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʠʩʧʝʨʩʥʦʛʦ 
ʛʨʘʬʠʪʘ. ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʡ ʥʝʬʨʠʪ ʧʦʣʫʧʨʦʟʨʘʯʝʥ ʠ ʚ ʪʦʥʢʠʭ ʩʢʦʣʘʭ ʧʨʦʩʚʝʯʠʚʘʝʪ ʥʘ ʛʣʫʙʠʥʫ ʜʦ 1 ʩʤ. ʉʣʝʜʫʝʪ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʚʝʪʣʦʦʢʨʘʰʝʥʥʳʝ ʥʝʬʨʠʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʧʝʨʙʘʟʠʪʘʤʠ, ʚʩʪʨʝʯʘʶʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ ʠ 
ʚ ʦʩʥʦʚʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ (ʘʧʦʜʦʣʦʤʠʪʦʚʳʝ ʥʝʬʨʠʪʳ). 

ʅʝʬʨʠʪʘʤ ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʘʩʩʠʚʦʚ ʩʚʦʡʩʪʚʝʥʥʘ ʠʜʝʥʪʠʯʥʦʩʪʴ ʢʘʢ ʤʘʢʨʦ-, ʪʘʢ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ. ʉʦʩʪʦʷʪ ʦʥʠ ʠʟ ʪʦʥʢʠʭ ʚʦʣʦʢʦʥ ʪʨʝʤʦʣʠʪʘ, ʩʦʙʨʘʥʥʳʭ ʚ ʧʫʯʢʠ, ʢʦʪʦʨʳʝ, ʪʝʩʥʦ ʧʝʨʝʧʣʝʪʘʷʩʴ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ, ʦʙʨʘʟʫʶʪ ʩʧʫʪʘʥʥʦ-ʚʦʣʦʢʥʠʩʪʳʡ ʘʛʨʝʛʘʪ. ʂʘʞʜʳʡ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʡ ʧʫʯʦʢ ʩʦʩʪʦʠʪ ʠʟ 10ð30 ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ 
ʚʦʣʦʢʦʥ ʨʘʟʤʝʨʦʤ ʦʪ 0,005x0,01 ʜʦ 0,01x0,2 ʤʤ. ɺ ʥʝʬʨʠʪʘʭ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʬʠʙʨʦʙʣʘʩʪʦʚʘʷ (ʩʧʫʪʘʥʥʦ-
ʚʦʣʦʢʥʠʩʪʘʷ), ʩʧʫʪʘʥʥʦ-ʧʘʨʘʣʣʝʣʴʥʦ-ʚʦʣʦʢʥʠʩʪʘʷ, ʧʦʨʬʠʨʦ-ʙʣʘʩʪʦʚʘʷ ʩʥʦʧʦʚʘʷ ʩ ʬʠʙʨʦʙʣʘʩʪʦʚʦʡ ʦʩʥʦʚʥʦʡ ʪʢʘʥʴʶ 
(ʗʢʰʠʥ, ɿʘʤʘʣʝʪʜʠʥʦʚ, 1971). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʬʨʠʪʝ ʚʩʪʨʝʯʘʶʪʩʷ ʭʣʦʨʠʪ, ʪʘʣʴʢ, ʩʝʨʧʝʥʪʠʥ, ʢʘʨʙʦʥʘʪʳ, ʜʠʦʧʩʠʜ, 
ʧʨʝʥʠʪ, ʵʧʠʜʦʪ, ʮʦʠʟʠʪ, ʛʨʘʥʘʪ, ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ ʪʨʝʤʦʣʠʪ, ʘʧʘʪʠʪ, ʩʬʝʥ, ʤʘʛʥʝʪʠʪ, ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʩʫʣʴʬʠʜʳ, 
ʛʠʜʨʦʦʢʠʩʣʳ ʞʝʣʝʟʘ, ʠʟ ʢʦʪʦʨʳʭ ʩʝʨʧʝʥʪʠʥ, ʤʘʛʥʝʪʠʪ, ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʠʥʦʛʜʘ ʜʠʦʧʩʠʜ ʷʚʣʷʶʪʩʷ ʨʝʣʠʢʪʦʚʳʤʠ, ʘ 
ʦʩʪʘʣʴʥʳʝ ʚʪʦʨʠʯʥʳʤʠ ʠʣʠ ʩʠʥʛʝʥʝʪʠʯʥʳʤʠ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʥʝʬʨʠʪʦʚ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʂʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʦʛʦ ʘʤʬʠʙʦʣʘ (ʪʨʝʤʦʣʠʪʘ) ʩ ʥʝʬʨʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʖ. ʅ. ʂʦʣʝʩʥʠʢʦʤ (1966). ʀʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʩʪʘʥʦʚʣʝʥ ʠʟʦʤʦʨʬʠʟʤ ʧʦ ʩʭʝʤʝ Si ï>ɸl ʠ 3Mg ï> 
2Fe3+. ɺ ʮʝʣʦʤ ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ ʪʨʝʤʦʣʠʪʘ, ʩʣʘʛʘʶʱʝʛʦ ʥʝʬʨʠʪ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
Ca8(Mg4,5Fe0,5)5[Si4O11]2(OH)2. 

ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʥʝʬʨʠʪʦʚ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ 
ʤʝʪʦʜʦʤ ʢʣʘʩʪʝʨ-ʘʥʘʣʠʟʘ (ʨʠʩ. 1). ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʘʪʨʠʮʘ ʧʍʪ (ʧ ð ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʙ, ʨʘʚʥʦʝ 120; ʪ 
ð ʧʝʪʨʦʛʝʥʥʳʝ ʦʢʠʩʣʳ ð SiO2, TiO2, A12O3, Fe2O3, FeO, MgO, CaO, Na2O, K2O, ʧ. ʧ. ʧ.). ʇʨʦʙʳ ʜʣʷ ʢʣʘʩʪʠʨʦʚʘʥʠʷ 
ʧʦʜʦʙʨʘʥʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʦʭʚʘʪʳʚʘʶʪ ʚʩʝ ʪʠʧʳ ʥʝʬʨʠʪʦʚ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʪʩʷ ʠʭ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ 
ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʨʝʛʠʦʥʫ, ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠ ʧʦʣʦʞʝʥʠʶ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʩʦʩʪʘʚ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ, 

ʢʦʥʪʘʢʪʠʨʫʶʱʝʡ ʩ ʥʝʬʨʠʪʦʤ, ʧʘʨʘʛʝʥʝʟʠʩʳ ʨʦʜʠʥʛʠʪʦʚ ʠ ʪ. ʜ.). ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʨʨʝʣʷʮʠʠ ʧʨʠ 
ʩʪʝʧʝʥʷʭ ʩʚʦʙʦʜʳ f = 118 ʨʘʚʥʦ 0,2 (ʅʘʣʠʤʦʚ, 1960). 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʥʝʬʨʠʪʦʚ ʠ ʪʨʝʤʦʣʠʪʠʪʦʚ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ, ʚʝʩ. % 

 
ʆʢʠʩʣʳ 1 2 3 4 

SiO2 55,99 56,40 57,40 53,38 

TiO2 0,04 0,12 0,04 0,05 
A12O3 1,29 1,59 1.44 1,82 

Fe2O3 0,63 0,47 0,82 1,22 
FeO 4,42 4,58 3,65 4,26 
MnO 0,10 0,17 0,19 0,12 
CaO 12,30 12,51 12,37 12,59 

MgO 22,69 21,98 21,32 22,73 

Na2O 0,12 0,17 0,12 0,19 

K2O 0,06 0,08 0,08 0,07 
Cr2O3 0,36 0,23 0,29 0,21 

ʏʠʩʣʦ ʘʥʘʣʠʟʦʚ 13 5 11 7 

ʇʨʠʤʝʯʘʥʠʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ: 1 ð ɻʦʨʣʳʢʛʦʣʴʩʢʦʝ, 2 ð ʆʩʧʠʥʩʢʦʝ, 3 ð ʍʘʤʘʨʭʫʜʠʥʩʢʦʝ, 4 ð 
ʘʧʦʥʝʬʨʠʪʦʚʳʝ ʪʨʝʤʦʣʠʪʠʪʳ. 

 
ʇʝʨʚʘʷ ʛʨʫʧʧʘ ʦʢʠʩʣʦʚ, ʚ ʢʦʪʦʨʫʶ 

ʚʭʦʜʷʪ SiO2ð CaO ð MgO ð ʂ2ʆ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 
ʠʜʝʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʨʝʤʦʣʠʪʘ, ʘ ʚʦ ʚʪʦʨʫʶ 
(ɸ12ʆ3 ð TiO2 ï FeO ð Fe2O3 ï Na2O) ʚʭʦʜʷʪ 

ʧʨʠʤʝʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ. ɼʣʷ ʧʝʨʚʦʡ ʛʨʫʧʧʳ 
ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 
ʢʦʨʨʝʣʷʪʠʚʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ SiO2 ʠ ʉʘʆ ʠ ʧʦʯʪʠ 

 
ʈʠʩ.1. ʉʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʧʝʪʨʦʛʝʥʥʳʤʠ 

ʦʢʠʩʣʘʤʠ ʚ ʥʝʬʨʠʪʘʭ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ. 



ʧʦʣʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʝʝ ʩ Mg, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʩʪʦʷʥʩʪʚʝ ʩʦʜʝʨʞʘʥʠʷ Mg ʚ ʥʝʬʨʠʪʘʭ ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ Si ʠ ʉʘ ʩʧʦʩʦʙʥʦʩʪʠ Mg ʢ ʠʟʦʤʦʨʬʥʦʤʫ ʟʘʤʝʱʝʥʠʶ. ʊʘʢʞʝ ʧʦʩʪʨʦʝʥʘ ʜʠʘʛʨʘʤʤʘ (ʬʘʢʪʦʨ-ʘʥʘʣʠʟ), 
ʧʦʢʘʟʳʚʘʶʱʘʷ ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʦʢʠʩʣʦʚ ʚ ʥʝʬʨʠʪʘʭ ʠ ʘʧʦʥʝʬʨʠʪʦʚʳʭ ʪʨʝʤʦʣʠʪʠʪʘʭ (ʨʠʩ. 2). ʇʨʠ ʝʝ ʧʦʩʪʨʦʝʥʠʠ 

TiO2, Na2O ʠ ʂ2ʆ ʠʩʢʣʶʯʝʥʳ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳ ʦʯʝʥʴ ʤʘʣʳʝ ʩʦʜʝʨʞʘʥʠʷ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʧʦʢʘʟʘʥʳ 
ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʥʝʬʨʠʪʦʚ ʠ ʪʨʝʤʦʣʠʪʠʪʦʚ ʩ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʉʶʜʘ ʞʝ ʜʣʷ 
ʩʨʘʚʥʝʥʠʷ ʥʘʥʝʩʝʥ ʠʜʝʘʣʴʥʳʡ ʩʦʩʪʘʚ ʪʨʝʤʦʣʠʪʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʜʠʘʛʨʘʤʤʳ, ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʥʝʬʨʠʪʳ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʞʝʣʝʟʠʩʪʦʩʪʴʶ ʠ ʦʙʨʘʟʫʶʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ ʧʦʣʝ, ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʦʙʣʘʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʪʨʝʤʦʣʠʪʠʪʦʚ. ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʧʦʣʷ ʪʨʝʤʦʣʠʪʠʪʦʚ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʧʦʨʦʜʳ, ʧʦʜʚʝʨʛʰʠʝʩʷ ʚʪʦʨʠʯʥʳʤ ʠʟʤʝʥʝʥʠ̫ʤ, ʚ 
ʯʘʩʪʥʦʩʪʠ ʭʣʦʨʠʪʠʟʘʮʠʠ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʝʡ, ʯʝʤ ʥʝʬʨʠʪʳ, ʞʝʣʝʟʠʩʪʦʩʪʴʶ. ɺ ʮʝʣʦʤ ʞʝ ʜʣʷ ʥʝʬʨʠʪʦʚ ʠ 
ʪʨʝʤʦʣʠʪʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʦʪʩʫʪʩʪʚʠʝ ʨʝʟʢʠʭ ʨʘʟʣʠʯʠʡ ʚ ʭʠʤʠʯʝʩʢʦʤ ʩʦʩʪʘʚʝ. 

ʀʟʫʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʥʝʬʨʠʪʠʟʘʮʠʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʧʦ ʤʝʪʦʜʫ 

ʀ.ɺ. ɼʘʚʠʜʝʥʢʦ (1975). ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʣʝʞʠʪ ʩʨʘʚʥʠʚʘʥʠʝ ʩʦʜʝʨʞʘʥʠʡ ʢʦʤʧʦʥʝʥʪʦʚ (ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʠʩʣʦʚ) ʠʟ 
ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ. ɽʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʳʙʦʨʢʘʭ ʦʜʠʥʘʢʦʚʦ, ʪʦ ʦʪʥʦʰʝʥʠʝ ʠʭ 
ʩʦʜʝʨʞʘʥʠʡ ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʠ ʪʘʢʦʡ ʢʦʤʧʦʥʝʥʪ ʙʫʜʝʪ ʥʘʠʤʝʥʝʝ ʧʦʜʚʠʞʝʥ. ʇʨʠ ʨʘʟʥʳʭ ʩʦʜʝʨʞʘʥʠʷʭ ʦʪʥʦʰʝʥʠʝ ʙʫʜʝʪ 
ʦʪʣʠʯʥʦ ʦʪ ʝʜʠʥʠʮʳ ʥʘ ʚʝʣʠʯʠʥʫ (X1/X2 ð 1), ʛʜʝ ʍ1 ð ʤʝʪʘʩʦʤʘʪʠʪ, ʍ2 ð ʠʩʭʦʜʥʘʷ ʧʦʨʦʜʘ. ʆ ʩʪʝʧʝʥʠ ʧʦʜʚʠʞʥʦʩʪʠ 
ʢʦʤʧʦʥʝʥʪʘ ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʝʣʠʯʠʥʳ (ʍ1/ʍ2 ð 1), ʘ ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʥʘʢʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 
ʧʨʠʚʥʦʩʝ (+) ʠʣʠ ʚʳʥʦʩʝ (ð). ɺʳʯʠʩʣʝʥʥʳʝ ʧʦ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ʨʷʜʳ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 
ʤʝʪʘʩʦʤʘʪʠʪʘ ʠ ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʳ ʧʦ ʤʝʪʘʩʦʤʘʪʠʪʫ ʦʢʘʟʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ. ɼʣʷ ʫʜʦʙʩʪʚʘ 
ʨʘʩʯʝʪʦʚ ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʬʦʨʤʫʣʝ ʧʦʤʝʥʷʣʠ ʤʝʩʪʘʤʠ ʯʠʩʣʠʪʝʣʴ ʠ ʟʥʘʤʝʥʘʪʝʣʴ. ɺ ʯʠʩʣʠʪʝʣʝ ʩʪʘʚʠʪʩʷ ʙʦʣʴʰʝʝ ʧʦ 

ʩʚʦʝʤʫ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʯʠʩʣʦ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ð ʤʝʥʴʰʝʝ. ɽʩʣʠ ʚ ʯʠʩʣʠʪʝʣʝ ʥʘʭʦʜʠʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʚ 
ʠʩʭʦʜʥʦʡ ʧʦʨʦʜʝ, ʧʦ ʧʦʣʫʯʝʥʥʦʤʫ ʦʪʥʦʰʝʥʠʶ ʩʪʘʚʠʪʩʷ ʟʥʘʢ (ð), ʠ ʥʘʦʙʦʨʦʪ, ʟʥʘʢ (+) ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʦʪʥʦʰʝʥʠʶ, ʚ 
ʢʦʪʦʨʦʤ ʚ ʯʠʩʣʠʪʝʣʝ ʥʘʭʦʜʠʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʤʝʪʘʩʦʤʘʪʠʪʝ. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʨʝʜʥʠʝ ʩʦʩʪʘʚʳ ʥʝʬʨʠʪʦʚ ʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʠʤʠ 
ʩʝʨʧʝʥʪʠʥʠʪʦʚ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʨʷʜ ʧʦʜʚʠʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: ʉʘʆ (+17,72) > ʅ2ʆ (-
5,06) > MgO (- 0,60) > ʂ2ʆ (+0,55) >Feʦʙ ɦ( - 0,30) > SiO2 ( + 0,29) > Na2O (+0,27) >ɸ12ʆ3 (+0,24) > TiO2 (-0,20). 

ɻʣʘʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ 
ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʠʚʥʦʩ ʉʘ ʚ 

ʩʝʨʧʝʥʪʠʥʠʪʳ ʠ ʚʳʥʦʩ ʅ2ʆ. ʆʩʪʘʣʴʥʳʝ 
ʢʦʤʧʦʥʝʥʪʳ ʠʩʧʳʪʳʚʘʶʪ ʛʦʨʘʟʜʦ ʤʝʥʴʰʫʶ 
ʧʦʜʚʠʞʥʦʩʪʴ. ɼʠʬʬʫʟʠʦʥʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ 
ʘʣʶʤʦʩʠʣʠʢʘʪʥʦʡ ʧʦʨʦʜʦʡ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʤ ʥʘ 
ʬʦʥʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʨʠʚʥʦʩʘ ʉʘ ʧʦʟʚʦʣʷʝʪ 
ʦʪʥʝʩʪʠ ʥʝʬʨʠʪʦʦʙʨʘʟʦʚʘʥʠʝ ʢ 
ʙʠʤʝʪʘʩʦʤʘʪʦʟʫ. ɻʝʥʝʨʘʮʠʷ ʅ2ʆ ʧʨʠ ʵʪʦʤ 
ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʝ ʧʨʦʪʝʢʘʥʠʝ 
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʨʝʦʙʣʘʜʘʥʠʝ 

ʧʨʠʚʥʦʩʘ ʥʘʜ ʚʳʥʦʩʦʤ ʧʨʠʚʦʜʠʪ ʢ 
ʫʚʝʣʠʯʝʥʠʶ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ ʥʝʬʨʠʪʘ ʧʦ 
ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ. ɺʳʷʚʣʝʥʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ 
ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʥʝʬʨʠʪʦʦʙʨʘʟʦʚʘʥʠʝ ʢ Fe ï Mg ï 
ʉʘ ï ʤʝʪʘʩʦʤʘʪʦʟʫ. 

ɸʥʪʠʛʦʨʠʪʦʚʳʤ ʩʝʨʧʝʥʪʠʥʠʪʘʤ, 
ʚʤʝʱʘʶʱʠʤ ʥʝʬʨʠʪʦʚʳʝ ʞʠʣʳ, ʚ ʩʚʷʟʠ ʩ ʤʘʣʦʡ 

ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ ʩʚʦʡʩʪʚʝʥʝʥ 
ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʨʝʞʠʤ ʬʦʨʤʠʨʦʚʘʥʠʷ. ɺ 
ʥʝʬʨʠʪʘʭ ʵʪʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʧʨʦʷʚʣʝʥʘ ʙʦʣʝʝ 
ʯʝʪʢʦ. ʉʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʳʭ 
ʥʝʬʨʠʪʦʚ (ʧʦ ɸ.ʈʠʪʤʘʥʫ) ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,1 ʜʦ 29,3% 
(ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ 25 ʧʨʦʙʘʤ ʩʦʩʪʘʚʣʷʝʪ 
10,6%). ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 
ʫʩʣʦʚʠʡ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʚ 

ʥʝʢʦʪʦʨʳʭ ʥʝʬʨʠʪʘʭ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ 
ʛʨʘʬʠʪʘ. 

ʆʙʱʘʷ ʞʝ ʩʭʝʤʘ ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʬʨʠʪʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʥʘ ʧʝʨʚʳʭ ʵʪʘʧʘʭ ʧʦ ʪʨʝʱʠʥʘʤ 
ʩʧʘʡʥʦʩʪʠ ʘʥʪʠʛʦʨʠʪʘ ʦʙʨʘʟʫʶʪʩʷ ʚʦʣʦʩʦʚʠʜʥʳʝ ʢʨʠʩʪʘʣʣʠʢʠ ʪʨʝʤʦʣʠʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʧʦʩʪʝʧʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ. 
ʇʨʠ ʧʦʣʥʦʤ ʟʘʤʝʱʝʥʠʠ ʘʥʪʠʛʦʨʠʪʘ ʪʨʝʤʦʣʠʪʦʤ ʦʙʨʘʟʫʶʪʩʷ ʧʫʯʢʠ ʩʫʙʧʘʨʘʣʣʝʣʴʥʳʭ ʚʦʣʦʢʦʥ ʪʨʝʤʦʣʠʪʘ. ʊʘʢʘʷ 
ʩʪʨʫʢʪʫʨʘ ʥʝʬʨʠʪʘ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʡ ʠ ʥʘʩʣʝʜʫʝʪʩʷ ʦʪ ʠʩʭʦʜʥʦʡ ʩʝʨʧʝʥʪʠʥʠʪʦʚʦʡ ʤʘʩʩʳ, ʧʦʜʚʝʨʛʰʝʡʩʷ 
ʟʘʤʝʱʝʥʠʶ. ʇʦʩʣʝ ʵʪʦʛʦ ʚ ʤʘʩʩʝ ʥʝʬʨʠʪʘ, ʦʩʦʙʝʥʥʦ ʚʜʦʣʴ ʪʨʝʱʠʥʦʢ, ʥʘʯʠʥʘʝʪʩʷ ʨʘʚʥʦʚʝʩʥʘʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩ 
ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʫʜʣʠʥʝʥʥʳʭ ʧʨʠʟʤʘʪʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʪʨʝʤʦʣʠʪʘ. ɽʩʣʠ ʵʪʦʪ ʧʨʦʮʝʩʩ ʟʘʢʦʥʯʠʪʩʷ, ʪʦ ʚʤʝʩʪʦ ʞʠʣʳ 

ʥʝʬʨʠʪʘ ʙʫʜʝʪ ʦʙʨʘʟʦʚʘʥʦ ʪʘʢʦʝ ʞʝ ʧʦ ʨʘʟʤʝʨʘʤ ʪʝʣʦ ʪʨʝʤʦʣʠʪʠʪʦʚ. 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʥʝʬʨʠʪʘ ʚ ʪʨʝʤʦʣʠʪʠʪ ʣʠʤʠʪʠʨʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʧʨʦʮʝʩʩʘ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʚ ʨʝʞʠʤʝ ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʥʠʷ, ʠʙʦ ʨʝʰʘʶʱʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʥʝʬʨʠʪʘ 
ʷʚʣʷʝʪʩʷ ʥʝʟʘʚʝʨʰʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ʆʪʩʶʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʦʪʩʫʪʩʪʚʠʝ ʢʨʫʧʥʳʭ ʪʝʣ ʥʝʬʨʠʪʘ. ʆʙʳʯʥʦ ʵʪʦ 
ʤʘʣʦʤʦʱʥʳʝ ʞʠʣʳ, ʣʠʥʟʳ ʠ ʛʥʝʟʜʘ, ʧʦʜʚʝʨʛʥʫʪʳʝ ʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʝʤʦʣʠʪʠʪʦʚ. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʝʬʨʠʪʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ɼ. ɺ. ʂʘʣʠʥʠʥʘ ʩ 
ʩʦʘʚʪʦʨʘʤʠ (1975). ʀʤʠ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʦʥʢʦʚʦʣʦʢʥʠʩʪʳʝ ʘʤʬʠʙʦʣʳ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 
ʫʩʣʦʚʠʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʧʳʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚʦʣʦʢʦʥ ʚ 

ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʨʠ ʪʝʭ ʞʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʊʘʢʦʡ ʞʝ ʵʬʬʝʢʪ ʠʤʝʝʪ ʤʝʩʪʦ ʠ ʩ ʨʦʩʪʦʤ 
ʪʝʤʧʝʨʘʪʫʨʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʬʨʠʪ ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘ 

 
 

ʈʠʩ.2. ɺʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʦʢʠʩʣʦʚ ʚ ʥʝʬʨʠʪʘʭ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʠ ʪʨʝʤʦʣʠʪʠʪʘʭ: 

1 ï ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʳʝ ʥʝʬʨʠʪʳ, 2 ï ʘʧʦʜʦʣʦʤʠʪʦʚʳʝ 

ʥʝʬʨʠʪʳ, 3 ï ʪʨʝʤʦʣʠʪʠʪʳ, 4 ï ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʩʦʩʪʘʚ ʪʨʝʤʦʣʠʪʘ. 
 



ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ, ʢʦʛʜʘ ʤʘʣʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʪʨʝʤʦʣʠʪʘ, ʥʦ ʚʳʩʦʢʘ ʩʢʦʨʦʩʪʴ 
ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʚʝʜʝʪ ʢ ʩʧʦʥʪʘʥʥʦʤʫ ʧʨʦʮʝʩʩʫ ʨʦʩʪʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʪʦʥʢʠʭ 
ʧʩʝʚʜʦʤʦʨʬʥʳʭ ʚʦʣʦʢʦʥ ʪʨʝʤʦʣʠʪʘ ʧʦ ʘʥʪʠʛʦʨʠʪʫ ʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʬʨʠʪʘ. ʆ ʥʝʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠ 

ʥʝʬʨʠʪʦʦʙʨʘʟʦʚʘʥʠʠ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʩʦʩʪʘʚʘʤ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʨʦʜʠʥʛʠʪʦʚ (ʧʦʩʪʦʷʥʥʳʝ ʩʧʫʪʥʠʢʠ ʥʝʬʨʠʪʦʚ), 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ. 

ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʥʝʟʠʩʘ 
ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʦʛʦ ʥʝʬʨʠʪʘ, ʩʣʝʜʫʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ʫʩʣʦʚʠʡ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʚ 
ʚʳʩʦʢʦʤʘʛʥʝʟʠʘʣʴʥʳʭ ʩʨʝʜʘʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ. 
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(ʅɸ ʇʈʀʄɽʈɽ ɺʆʉʊʆʏʅʆɻʆ ʉɸʗʅɸ) 
ʄ.ʉ. ʍʦʣʴʢʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʖ.ʉ.ɸʥʘʥʴʝʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʉʨʝʜʠ ʛʠʧʝʨʙʘʟʠʪʦʚ ʉʘʷʥʦ-ɹʘʡʢʘʣʴʩʢʦʡ ʛʦʨʥʦʡ ʦʙʣʘʩʪʠ ʨʦʜʠʥʛʠʪʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʦʚʦʣʴʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ. 

ʅʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʦʥʠ ʨʘʟʚʠʪʳ ʥʘ ʂʫʨʪʫʰʠʙʠʥʩʢʦʤ (ɿʘʧʘʜʥʳʝ ʉʘʷʥʳ), ʆʩʧʠʥʦ-ʂʠʪʦʡʩʢʦʤ ʠ ʍʘʨʘʥʫʨʩʢʦʤ (ɺʦʩʪʦʯʥʳʡ 
ʉʘʷʥ) ʤʘʩʩʠʚʘʭ. ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤʫ ʧʦʣʦʞʝʥʠʶ ʨʦʜʠʥʛʠʪʳ ʤʦʞʥʦ ʜʦʚʦʣʴʥʦ ʯʝʪʢʦ 
ʧʦʜʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ. 

ʇʝʨʚʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʩʨʝʜʠ ʣʠʟʘʨʜʠʪʦʚʳʭ ʠ ʭʨʠʟʦʪʠʣ-ʣʠʟʘʨʜʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ. ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʜʦʚʦʣʴʥʦ ʧʦʩʪʦʷʥʝʥ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʛʨʘʥʘʪʳ ʘʥʜʨʘʜʠʪ-ʛʨʦʩʩʫʣʷʨʦʚʦʛʦ ʨʷʜʘ, ʚʝʟʫʚʠʘʥ, ʜʠʦʧʩʠʜ, ʚʦʣʣʘʩʪʦʥʠʪ, ʩʬʝʥ, 
ʣʝʡʢʦʢʩʝʥ, ʤʘʛʥʝʪʠʪ, ʛʝʤʘʪʠʪ, ʘ ʪʘʢʞʝ ʚʪʦʨʠʯʥʳʝ ï ʧʨʝʥʠʪ, ʭʣʦʨʠʪ, ʢʣʠʥʦʮʦʠʟʠʪ, ʢʘʣʴʮʠʪ, ʘʤʬʠʙʦʣ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ 
ʬʘʢʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʜʠʦʧʩʠʜ-ʛʨʘʥʘʪʦʚʳʝ, ʚʦʣʣʘʩʪʦʥʠʪ-ʚʝʟʫʚʠʘʥʦʚʳʝ, ʚʦʣʣʘʩʪʦʥʠʪ-
ʚʝʟʫʚʠʘʥ-ʛʨʘʥʘʪʦʚʳʝ, ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʚʝʟʫʚʠʘʥʦʚʳʝ ʠ ʛʨʘʥʘʪʦʚʳʝ ʨʦʜʠʥʛʠʪʳ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ 
ʤʠʥʝʨʘʣʦʚ. ʅʝʙʦʣʴʰʠʝ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʠʤʝʶʪ ʨʝʜʢʦ ʚʧʘʷʥʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʚʤʝʱʘʶʱʠʤʠ ʭʨʠʟʦʪʠʣ-ʣʠʟʘʨʜʠʪʦʚʳʤʠ 
ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ. ʇʨʠʢʦʥʪʘʢʪʦʚʘʷ ʘʤʬʠʙʦʣʠʟʘʮʠʷ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʥʪʘʢʪʝ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʟʦʥʳ ʩʝʨʧʝʥʪʠʥ-ʭʣʦʨʠʪʦʚʳʭ ʧʦʨʦʜ ʤʦʱʥʦʩʪʴʶ 5-15 ʩʤ. 

ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʨʦʜʠʥʛʠʪʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʰʠʨʝ. ʄʠʥʝʨʘʣʴʥʳʡ ʘʩʩʦʮʠʘʮʠʷ ʠʭ ʩʦʩʪʦʠʪ ʠʟ 
ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ ʮʦʠʟʠʪʘ, ʢʣʠʥʦʮʦʠʟʠʪʘ, ʵʧʠʜʦʪʘ, ʪʨʝʤʦʣʠʪ-ʘʢʪʠʥʦʣʠʪʦʚʦʛʦ ʘʤʬʠʙʦʣʘ, ʜʠʦʧʩʠʜʘ, ʢʚʘʨʮʘ, ʘʣʴʙʠʪʘ, 

ʭʣʦʨʠʪʘ, ʩʬʝʥʘ, ʣʝʡʢʦʢʩʝʥʘ. ʕʪʠ ʨʦʜʠʥʛʠʪʳ ʪʘʢʞʝ ʦʙʨʘʟʫʶʪ ʜʘʡʢʦʦʙʨʘʟʥʳʝ ʪʝʣʘ ʠ ʦʪʦʨʦʯʢʠ ʚʦʢʨʫʛ ʢʨʫʧʥʳʭ ʪʝʣ 
ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʦʩʘʜʦʯʥʦ-ʤʝʪʘʤʦʨʬʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 
ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʱʝʥʠʝ ʠʤʠ ʨʦʜʠʥʛʠʪʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʠʟ ʟʘʤʝʱʘʶʱʠʭ - ʭʣʦʨʠʪ-
ʘʤʬʠʙʦʣ-ʮʦʠʟʠʪʦʚʳʡ, ʢʚʘʨʮ-ʢʣʠʥʦʮʦʠʟʠʪʦʚʳʝ, ʘʣʴʙʠʪ-ʢʣʠʥʦʮʦʠʟʠʪ-ʘʤʬʠʙʦʣʦʚʳʝ, ʜʠʦʧʩʠʜ-ʮʦʠʟʠʪʦʚʳʝ, ʢʚʘʨʮ-
ʜʠʦʧʩʠʜ-ʢʣʠʥʦʮʦʠʟʠʪʦʚʳʝ. ʆʜʥʘʢʦ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʜʣʷ ʥʠʭ ʷʚʣʷʶʪʩʷ ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ, 
ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʭʨʠʟʦʪʠʣ-ʣʠʟʘʨʜʠʪʦʚʳʭ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʦʩʣʘʙʣʝʥʥʳʭ ʟʦʥʘʭ. 

ʍʠʤʠʯʝʩʢʠʝ ʦʪʣʠʯʠʷ ʨʦʜʠʥʛʠʪʦʚ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʚʤʝʱʘʶʱʠʭ ʠʭ, ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʳ ʜʘʞʝ ʧʨʠ ʩʦʧʦʩʪʘʚʣʝʥʠʠ 
ʩʦʜʝʨʞʘʥʠʡ ʦʩʥʦʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʦʢʠʩʣʦʚ (ʪʘʙʣ. 1). ʅʘʠʙʦʣʝʝ ʯʝʪʢʦ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʦʛʘʱʝʥʥʦʩʪʠ 

ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʭ ʨʦʜʠʥʛʠʪʦʚ ʢʘʣʴʮʠʝʤ, ʦʢʠʩʥʳʤ ʞʝʣʝʟʦʤ, ʠ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ. ʉʪʝʧʝʥʴ 
ʦʢʠʩʣʝʥʥʦʩʪʠ, ʚʳʯʠʩʣʝʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɸ.ʈʠʪʤʘʥʦʤ, ʜʣʷ ʨʦʜʠʥʛʠʪʦʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ 54,6% 
(n=20), ʚʪʦʨʦʡ ʛʨʫʧʧʳ ï 22,9% (n=20). ʊʦ ʞʝ ʩʘʤʦʝ ʦʪʤʝʯʘʝʪʩʷ ʠ ʫ ʚʤʝʱʘʶʱʠʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʜʣʷ ʭʨʠʟʦʪʠʣ-
ʣʠʟʘʨʜʠʪʦʚʳʭ ï 77,5% (n=16), ʜʣʷ ʘʥʪʠʛʦʨʠʪʦʚʳʭ ï 41,5% (n=16). ʇʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʦʜʚʠʞʥʦʩʪʠ 
ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʮʝʩʩ ʨʦʜʠʥʛʠʪʠʟʘʮʠʠ ʦʩʥʦʚʥʳʭ ʠ ʢʠʩʣʳʭ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ Fe-Mg-Caïʪʠʧʫ 
ʤʝʪʘʩʦʤʘʪʦʟʘ. ʇʦʵʪʦʤʫ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʚʝʜʝʥʠʡ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʨʘʟʣʠʯʠʷʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 
ʫʩʣʦʚʠʷʭ ʛʝʥʝʟʠʩʘ ʨʦʜʠʥʛʠʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʛʨʘʥʘʪʩʦʜʝʨʞʘʱʠʝ ʨʦʜʠʥʛʠʪʳ  ʚʦʟʥʠʢʣʠ ʧʨʠ ʤʘʩʩʦʚʦʡ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ 
ʛʠʧʝʨʙʘʟʠʪʦʚ. ʆʙ ʵʪʦʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʪʩʫʪʩʪʚʠʝ ʠʭ ʚ ʥʝʠʟʤʝʥʝʥʥʳʭ ʛʠʧʝʨʙʘʟʠʪʘʭ ʠ ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʩʨʝʜʠ ʧʝʪʝʣʴʯʘʪʳʭ ʭʨʠʟʦʪʠʣ-ʣʠʟʘʨʜʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʘʭ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝ ʥʝʩʫʪ ʩʣʝʜʦʚ ʜʘʚʣʝʥʠʷ ʠ ʩʤʷʪʠʷ, 
ʚʳʨʘʞʘʶʱʠʭʩʷ ʦʙʳʯʥʦ ʚ ʥʘʨʫʰʝʥʠʠ ʧʝʪʝʣʴʯʘʪʦʡ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʫʶ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ. ɹʫʜʠʥʘʞ 
ʨʦʜʠʥʛʠʪʦʚʳʭ ʪʝʣ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʠʜʠʤʳʭ ʩʣʝʜʦʚ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʟʘ ʩʯʝʪ 
ʜʘʚʣʝʥʠʷ ʦʪ ʫʚʝʣʠʯʝʥʠʷ ʦʙʲʝʤʘ ʧʨʠ ʩʝʨʧʝʥʪʠʥʠʟʘʮʠʠ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ ʨʦʜʠʥʛʠʪʦʚ ʠ ʩʝʨʧʝʥʪʠʥʠʪʦʚ 
ʫʢʘʟʳʚʘʝʪ ʥʘ ʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚ ʩʨʝʜʝ, ʙʣʠʟʢʦʡ ʧʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʈʦʜʠʥʛʠʪʳ ʚʪʦʨʦʡ 
ʛʨʫʧʧʳ ʷʚʥʦ ʥʘʣʦʞʝʥʳ ʥʘ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʛʠʧʝʨʙʘʟʠʪʳ. ɺʩʝ ʧʨʦʷʚʣʝʥʠʷ ʨʦʜʠʥʛʠʪʦʚ ʵʪʦʛʦ ʪʠʧʘ ʧʨʠʫʨʦʯʝʥʳ ʢ 
ʨʘʟʨʳʚʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʨʝʘʣʴʥʳʤʠ ʟʦʥʘʤʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʭʨʠʟʦʪʠʣ-ʣʠʟʘʨʜʠʪʦʚʳʭ ʚ 
ʘʥʪʠʛʦʨʠʪʦʚʳʝ ʩʝʨʧʝʥʪʠʥʠʪʳ. ɼʣʷ ʨʦʜʠʥʛʠʪʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʩʚʦʡʩʪʚʝʥʥʘ ʤʘʣʘʷ 



ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʥʦʩʪʠ ʞʝʣʝʟʘ. ʅʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʫʢʘʟʳʚʘʝʪ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʥʠʭ 
ʛʨʘʬʠʪʘ. 

ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʜʚʫʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʨʦʜʠʥʛʠʪʦʚ ʛʣʘʚʝʥʩʪʚʫʶʱʫʶ ʨʦʣʴ ʠʛʨʘʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʪʘʢ ʢʘʢ ʥʠ ʧʦ ʨʘʩʯʝʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʨʅ, ʥʠ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ (300-450ʦʉ), ʧʦ ʜʘʥʥʳʤ 
ʢʦʩʚʝʥʥʳʭ ʤʝʪʦʜʦʚ (ʘʥʘʣʠʟ ʩʦʩʪʘʚʦʚ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʠ ʜʨ.) ʦʥʠ ʥʝ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ. ʄʘʩʰʪʘʙʳ ʧʨʦʷʚʣʝʥʠʷ 
ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʪʠʧʘ ʨʦʜʠʥʛʠʪʠʟʘʮʠʠ ʦʙʥʘʨʫʞʠʚʘʶʪ ʧʨʷʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʨʘʡʦʥʦʚ 
ʣʦʢʘʣʠʟʘʮʠʠ ʛʠʧʝʨʙʘʟʠʪʦʚ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʨʦʜʠʥʛʠʪʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʦʪʤʝʯʘʝʪʩʷ ʜʣʷ ʨʝʛʠʦʥʦʚ ʩ ʤʥʦʛʦʢʨʘʪʥʦ 
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʦʡ ʢʦʨʦʡ. ɺʩʝ ʠʟʚʝʩʪʥʳʝ ʟʘʣʝʞʠ ʥʝʬʨʠʪʘ ʥʘ ʘʧʦʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ 
ʨʘʟʤʝʱʘʶʪʩʷ ʪʦʣʴʢʦ ʩʨʝʜʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʘʥʪʠʛʦʨʠʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʥʘ ʢʦʥʪʘʢʪʝ ʩ ʨʦʜʠʥʛʠʪʘʤʠ ʚʪʦʨʦʡ 
ʛʨʫʧʧʳ. ʈʦʜʠʥʛʠʪʳ, ʩʣʦʞʝʥʥʳʝ ʞʝ ʚ ʦʩʥʦʚʥʦʤ ʛʨʘʥʘʪʦʤ, ʜʠʦʧʩʠʜʦʤ, ʚʝʟʫʚʠʘʥʦʤ, ʚ ʦʪʥʦʰʝʥʠʠ ʥʝʬʨʠʪʦʥʦʩʥʦʩʪʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʳ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʷʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʦʜʠʥʛʠʪʠʟʘʮʠʠ ʚ ʛʠʧʝʨʙʘʟʠʪʘʭ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ ʥʝʬʨʠʪ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʧʦʟʜʥʝʡ ʨʦʜʠʥʛʠʪʠʟʘʮʠʠ ʚ 
ʛʠʧʝʨʙʘʟʠʪʘʭ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʥʠʭ ʥʝʬʨʠʪʦʚʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʨʦʜʠʥʛʠʪʦʚ, ʥʝʬʨʠʪʦʚ ʠ ʚʤʝʱʘʶʱʠʭ ʠʭ ʧʦʨʦʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

 

ʊʘʙʣʠʮʘ 1 

ʉʨʝʜʥʠʝ ʭʠʤʠʯʝʩʢʠʝ ʩʦʩʪʘʚʳ ʛʠʧʝʨʙʘʟʠʪʦʚ, ʥʝʬʨʠʪʦʚ, ʨʦʜʠʥʛʠʪʦʚ ʠ ʠʩʭʦʜʥʳʭ ʜʣʷ ʥʠʭ ʧʦʨʦʜ 
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ʨ
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ʳ ʆʩʥʦʚʥʳʝ ʧʦʨʦʜʳ 

(ʦʨʪʦʘʤʬʠʙʦʣʠʪʳ, 

ʤʝʪʘʵʬʬʫʟʠʚʳ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʛʘʙʙʨʦ-ʜʠʘʙʘʟʳ) 

ʂʠʩʣʳʝ ʧʦʨʦʜʳ 

(ʘʣʴʙʠʪʠʪʳ, ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʳ, ʛʨʘʥʘʪʳ, 

ʢʚʘʨʮʝʚʳʝ ʜʠʦʨʠʪʳ 

SiO2 

TiO2 

Al2O3 

Fe2O3 

FeO 

CaO 

MgO 

K2O 

Na2O 

H2O 
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0,01 

0,43 

1,28 

6,95 

0,40 
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0,13 

1,59 
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0,21 
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0,71 
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0,05 

1,60 

0,93 
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22,48 

0,14 
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1,86 

42,25 

0,46 

15,40 

4,20 

3,06 
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5,91 

0,62 

0,32 

2,05 

48,77 

0,45 

12,56 

2,18 

5,23 
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11,63 

1,05 

1,19 

2,42 

51,65 

1,07 

14,54 

1,95 

6,76 

10,05 

7,77 

1,07 

2,71 

1,99 

65,19 

0,32 

16,84 

0,82 

1,97 

2,77 

1,79 

3,43 

5,28 

0,75 
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ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ɼʓʄʏɸʊʆɻʆ ʂɺɸʈʎɸ ɺɽʈʍʅɽ-ʐʀɹɸʅʆɺʉʂʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇʆ ɼɸʅʅʓʄ ʊɽʈʄʆʄɽʊʈʀʀ 
ʖ.ɸ. ʐʘʙʘʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ɸ. ʇʘʭʦʤʦʚʘ 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɺʣʘʜʠʚʦʩʪʦʢ, ʈʦʩʩʠʷ 

 
ʂʨʠʩʪʘʣʣʦʩʳʨʴʸ ʛʨʫʧʧʳ ʢʚʘʨʮʘ ʠʟʜʘʚʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʯʝʣʦʚʝʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʚ ʩʚʷʟʠ 

ʩ ʪʝʤ, ʯʪʦ ʢʚʘʨʮ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʯʘʱʝ ʦʙʨʘʟʫʝʪʩʷ ʚ ʚʠʜʝ ʩʦʚʝʨʰʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 
ʂʨʠʩʪʘʣʣʳ ʢʚʘʨʮʘ ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʦʡ ʮʚʝʪʦʚʦʡ ʛʘʤʤʦʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʧʨʦʟʨʘʯʥʦʩʪʴʶ, ʩʠʣʴʥʳʤ ʩʪʝʢʣʷʥʥʳʤ ʙʣʝʩʢʦʤ, 
ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʧʨʦʟʨʘʯʥʦʩʪʴʶ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʝʡ ʪʝʭʥʦʣʦʛʠʯʥʦʩʪʴʶ ʦʙʨʘʙʦʪʢʠ, ʯʪʦ ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʠ ʦʧʨʝʜʝʣʠʣʦ ʝʛʦ ʧʦʧʫʣʷʨʥʦʩʪʴ ʢʘʢ 
ʶʚʝʣʠʨʥʦʛʦ ʢʘʤʥʷ. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʩʝ ʮʚʝʪʦʚʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʚʘʨʮʘ 
ʧʨʦʠʟʚʦʜʷʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʸʤʘʭ ʚ ʈʦʩʩʠʠ, ɻʝʨʤʘʥʠʠ, 
ʌʨʘʥʮʠʠ ʠ ʉʐɸ, ʮʝʥʳ ʥʘ ʧʨʠʨʦʜʥʳʝ ʢʘʤʥʠ ʥʝʚʳʩʦʢʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, 

ʝʩʣʠ ʧʨʠʨʦʜʥʳʝ ʢʘʤʥʠ ʪʦʯʥʦ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ, ʦʥʠ ʮʝʥʷʪʩʷ ʚʳʰʝ 
ʚʳʨʘʱʝʥʥʳʭ. ʎʝʥʳ ʥʘ ʦʛʨʘʥʸʥʥʳʡ ʮʠʪʨʠʥ ʩʦʩʪʘʚʣʷʶʪ 1,0-10,0 ʜʦʣ. ʟʘ 
ʢʘʨʘʪ, ʥʘ ʜʳʤʯʘʪʳʡ ʢʚʘʨʮ-0,25-2,00 ʜʦʣ. ʟʘ ʢʘʨʘʪ. ɸʤʝʪʠʩʪ 
ʮʝʥʠʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ-3-30 ʜʦʣ. ʟʘ ʢʘʨʘʪ ʦʛʨʘʥʸʥʥʦʛʦ ʢʘʤʥʷ 
(ʖʨʛʝʥʩʦʥ, 2001). 

ʊʠʧʦʤʦʨʬʠʟʤ ʢʚʘʨʮʘ ʢʘʢ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʠʜʘ 
ʠʩʩʣʝʜʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʯʪʠ ʮʝʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʧʨʘʢʪʠʯʝʩʢʠ ʩ 
ʥʘʯʘʣʘ XX ʚ., ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʧʝʨʚʳʝ ʩʚʦʜʢʠ ʦ ʩʚʷʟʠ ʬʦʨʤ ʝʛʦ 

ʢʨʠʩʪʘʣʣʦʚ ʠ ʦʢʨʘʩʢʠ ʩ ʫʩʣʦʚʠʷʤʠ ʦʙʨʘʟʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʷʨʢʦ 
ʧʦʢʘʟʘʥʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʝʛʦ ʠʟʫʯʝʥʠʷ ɸ.ɽ.ʌʝʨʩʤʘʥʦʤ (1940), ʘʥʘʣʠʟ 
ʩʦʩʪʦʷʥʠʷ ʧʨʦʙʣʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʝ ɻ.ɸ. ʖʨʛʝʥʩʦʥʘ (ʖʨʛʝʥʩʦʥ, 1984). 

ʇʣʦʱʘʜʴ ɺʝʨʭʥʝ-ʐʠʙʘʥʦʚʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʭʨʫʩʪʘʣʝʥʦʩʥʳʤʠ ʧʝʛʤʘʪʠʪʘʤʠ ʠ ʨʦʩʩʳʧʴʶ ʩ 
ʤʦʨʠʦʥʦʤ ʠ ʜʳʤʯʘʪʳʤ ʢʚʘʨʮʝʤ. ɻʝʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʡʦʥʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʠ ʧʦʩʚʷʱʝʥʳ, ʚ ʦʩʥʦʚʥʦʤ, 
ʧʨʦʙʣʝʤʘʤ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʦʣʦʚʦ ï ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʇʨʦʙʣʝʤʘ ʛʝʥʝʟʠʩʘ 

 
 

ʌʦʪʦ 1. ʂʚʘʨʮ ɺʝʨʭʥʝ-ʐʠʙʘʥʦʚʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ  



ʢʚʘʨʮʘ ʩʯʠʪʘʣʘʩʴ ʚʪʦʨʦʩʪʝʧʝʥʥʦʡ ʠ ʩʝʨʴʸʟʥʦ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ. ɿʘ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʢʘʤʥʝʩʘʤʦʮʚʝʪʳ ʚ ʈʦʩʩʠʠ 
ʟʘʥʷʣʠ ʜʦʩʪʦʡʥʦʝ ʤʝʩʪʦ ʩʨʝʜʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ ʜʘʣʴʥʝʚʦʩʪʦʯʥʳʭ ʢʘʤʥʝʩʘʤʦʮʚʝʪʦʚ, 
ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʚ ʠʟʚʝʩʪʥʳʭ ʪʠʧʘʭ ʵʥʜʦʛʝʥʥʳʭ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɿʘʜʘʯʘ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʘ ɺʝʨʭʥʝ-
ʐʠʙʘʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 
ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ, ʢʦʪʦʨʳʝ, ʧʨʠ ʙʝʟʫʩʣʦʚʥʦʡ ʚʘʞʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ 
ʧʨʦʙʣʝʤʳ, ʷʚʣʷʶʪʩʷ ʢʘʯʝʩʪʚʝʥʥʳʤʠ ʠ ʚʝʨʦʷʪʥʦʩʪʥʳʤʠ. ʇʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ 
ʤʠʥʝʨʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʢʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ, ʧʨʠʚʣʝʢʘʶʪʩʷ ʙʦʣʝʝ ʪʦʯʥʳʝ ʩʚʝʜʝʥʠʷ ʦʙ ʫʩʣʦʚʠʷʭ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʘʤʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ. 

ʆʙʣʠʢ ʢʨʠʩʪʘʣʣʦʚ ʜʳʤʯʘʪʦʛʦ ʢʚʘʨʮʘ ɺʝʨʭʥʝ-
ʐʠʙʘʥʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʬʦʪʦ 1) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʢʦʨʦʪʢʦʩʪʦʣʙʯʘʪʳʡ, ʭʦʪʷ ʚʩʪʨʝʯʘʶʪʩʷ ʰʝʩʪʦʚʘʪʳʝ 
ʢʨʠʩʪʘʣʣʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʚʠʪʠʝʤ ʛʨʘʥʝʡ 
ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʧʨʠʟʤʳ. ɻʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ ʪʨʠʛʦʥʘʣʴʥʦ- ʠ 
ʛʝʢʩʘʛʦʥʘʣʴʥʦ-ʧʨʠʟʤʘʪʠʯʝʩʢʠʡ. ʎʚʝʪʦʚʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ: 
ʥʘʩʳʱʝʥʥʳʡ ʞʝʣʪʦʚʘʪʦ-ʢʦʨʠʯʥʝʚʳʡ ʮʚʝʪ, ʧʨʠʨʦʜʥʳʡ 
ʜʳʤʯʘʪʳʡ ʦʪʪʝʥʦʢ, ʠʟʨʝʜʢʘ ʚʩʪʨʝʯʘʶʪʩʷ ʬʠʦʣʝʪʦʚʳʝ 
ʨʘʟʥʦʩʪʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʨʦʟʨʘʯʥʦʩʪʴ 
ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘʣʠʯʠʝʤ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʜʝʬʝʢʪʦʚ ʠ 

ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʦʢʨʘʩʢʠ. 
ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʚ ʧʨʝʜʣʘʛʘʝʤʦʡ ʨʘʙʦʪʝ ʫʜʝʣʝʥʦ 

ʧʨʠʥʮʠʧʘʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 
ʦʧʨʝʜʝʣʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 
ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʢʨʠʪʝʨʠʷʤ ʚʳʙʦʨʘ ʚʢʣʶʯʝʥʠʡ ʜʣʷ 
ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʠʭ ʦʧʳʪʦʚ.ʆʪʙʦʨʫ ʜʣʷ ʪʝʨʤʦʤʝʪʨʠʯʝʩʢʦʛʦ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ ʚʠʟʫʘʣʴʥʦ ï ʦʧʪʠʯʝʩʢʦʝ 
ʥʘʙʣʶʜʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʧʦʜ ʙʠʥʦʢʫʣʷʨʥʦʤ (ʦʢʦʣʦ 50 ʦʙʨʘʟʮʦʚ), ʟʘʪʝʤ ʠʟ ʵʪʦʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʪʝ, 

ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʣʠ ʚʢʣʶʯʝʥʠʷ, ʧʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʥʘ ʬʦʨʤʳ ʢʨʠʩʪʘʣʣʦʚ, ʮʚʝʪʦʚʳʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʟʦʥʘʣʴʥʦʩʪʴ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʪʦʙʨʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʨʘʩʧʠʣʝʥʳ ʥʘ ʧʣʘʩʪʠʥʢʠ ʨʘʟʣʠʯʥʦʡ ʪʦʣʱʠʥʳ, 
ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʠ ʦʪʧʦʣʠʨʦʚʘʥʳ. 

ʇʦʩʣʝʜʫʶʱʠʡ ʧʨʦʩʤʦʪʨ ʧʣʘʩʪʠʥ ʧʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʧʨʠ 100-1000-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ, ʘʥʘʣʠʟ ʦʙʲʸʤʥʦʛʦ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʢʣʶʯʝʥʠʡ ʠ ʧʨʠʚʷʟʢʠ ʠʭ ʢ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʦʥʘʤ ʨʦʩʪʘ ʠ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʧʦʟʚʦʣʠʣ 
ʧʨʦʚʝʩʪʠ ʠʭ ʪʠʧʠʟʘʮʠʶ ʠ ʚʳʷʚʠʪʴ ʚʨʝʤʝʥʥʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ. ɺʳʜʝʣʷʶʪʩʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʯʝʪʳʨʝ ʛʨʫʧʧʳ 
ʚʢʣʶʯʝʥʠʡ ʧʦ ʬʘʟʦʚʦʤʫ ʩʦʩʪʘʚʫ ʠ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʷ: 1) ʢʨʠʩʪʘʣʣʦ-ʬʣʶʠʜʥʳʝ (ʬʦʪʦ 2); 2) ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʩ ʪʚʸʨʜʳʤʠ 
ʬʘʟʘʤʠ (ʬʦʪʦ 3); 3) ʩʫʱʝʩʪʚʝʥʥʦ- ʛʘʟʦʚʳʝ (ʬʦʪʦ 4); 4) ʛʘʟʦʚʦ-ʞʠʜʢʠʝ ʜʚʫʭʬʘʟʦʚʳʝ (ʬʦʪʦ 5). 

 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ, ʩ ʫʯʝʪʦʤ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ 

ʨʘʙʦʪʘʭ ʖ.ɸ. ɼʦʣʛʦʚʘ, ʕ.ʈʝʜʜʝʨʘ. ɼʣʷ ʦʧʳʪʦʚ ʩ ʬʣʶʠʜʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʝʨʤʦʢʘʤʝʨʘ ʢʦʥʩʪʨʫʢʮʠʠ 
ʄ.ʂ. ʂʘʥʜʠʥʦʚʘ (ɺʀʄʉ) ʩ ʭʨʦʤʝʣʴ-ʘʣʶʤʝʣʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ (ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ 50 - 

450oC - ʥʝ ʙʦʣʝʝ ° 5Áʉ). 

ʊʝʨʤʦʤʝʪʨʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʜʚʝ ʪʚʸʨʜʳʝ ʬʘʟʳ ʢʫʙʠʯʝʩʢʦʡ 
ʬʦʨʤʳ ʠ ʦʜʥʫ ʜʣʠʥʥʦʧʨʠʟʤʘʪʠʯʝʩʢʫʶ ʬʘʟʫ, ʩʫʤʤʘʨʥʳʡ ʦʙʲʸʤ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 35 %, ʦʙʲʸʤ ʛʘʟʦʚʦʡ ʬʘʟʳ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 25 % ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʛʦ ʦʙʲʸʤʘ ʚʘʢʫʦʣʠ. ɻʦʤʦʛʝʥʠʟʘʮʠʷ ʠʜʸʪ ʧʦ ʧʝʨʚʦʤʫ ʪʠʧʫ. ʅʘʯʘʣʦ ʧʣʘʚʣʝʥʠʷ 
ʪʚʸʨʜʦʡ ʬʘʟʳ - 118ʆʉ, ʠʩʯʝʟʥʦʚʝʥʠʝ ʪʚʸʨʜʦʡ ʬʘʟʳ - 320ʆʉ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʥʦʡ ʛʦʤʦʛʝʥʠʟʘʮʠʠ - 465ʆʉ. ɸʥʘʣʠʟ 
ʧʨʦʚʝʜʸʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʜʘʚʣʝʥʠʠ 355-360 ʙʘʨ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 450ʆʉ-465ʆʉ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

 

 
 

ʌʦʪʦ 3 ʇʝʨʚʠʯʥʦ-ʚʪʦʨʠʯʥʳʝ 

ʚʢʣʶʯʝʥʠʷ 

 

 
ʌʦʪʦ 4 ʈʘʥʥʠʝ ʚʪʦʨʠʯʥʳʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʛʘʟʦʚʳʝ ʚʢʣʶʯʝʥʠʷ, 

ʦʙʨʘʟʫʶʱʠʝ ʰʣʝʡʬʳ, 

ʧʝʨʝʩʝʢʘʶʱʠʝ ʠ ʧʝʨʝʥʘʧʦʣʥʷʶʱʠʝ 

ʙʦʣʝʝ ʨʘʥʥʠʝ ʚʘʢʫʦʣʠ  

 
 

ʌʦʪʦ 5 ʇʦʟʜʥʠʝ ʚʪʦʨʠʯʥʳʝ 

ʚʢʣʶʯʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʟʘʣʝʯʠʚʘʶʱʠʝ ʧʦʟʜʥʠʝ 

ʪʨʝʱʠʥʳ ʚ ʢʚʘʨʮʝ 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʌʦʪʦ 2. ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ 

 ʛʘʣʠʪ NaCl (1), ʩʠʣʴʚʠʥ KCl (2) ʠ 

ʚʳʩʦʢʦʧʨʝʣʦʤʣʷʶʱʫʶ ʢʘʨʙʦʥʘʪʥʫʶ ʬʘʟʫ  



1. ʈʸʜʜʝʨ ʕ. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ. - ʄ.: ʄʠʨ, 1987. ï ʪ.1. - 560 ʩ. 
2. ʈʸʜʜʝʨ ʕ. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʤʠʥʝʨʘʣʘʭ. - ʄ.: ʄʠʨ, 1987. ï ʪ.2. - 632 ʩ. 
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4. ʖʨʛʝʥʩʦʥ ɻ.ɸ ʊʠʧʦʤʦʨʬʠʟʤ ʠ ʨʫʜʥʳʝ ʬʦʨʤʘʮʠʠ. - ʅʦʚʦʩʠʙʠʨʩʢ: ʅʘʫʢʘ, 2003. - 341 ʩ. 

 
ɻɸʈʎɹʋʈɻʀʊʓ ʀɿ ʂʉɽʅʆʃʀʊʆɺ ɸɺɸʏʀʅʉʂʆɻʆ ɺʋʃʂɸʅɸ (ʂɸʄʏɸʊʂɸ) 

ɸ.ʅ. ʖʨʠʯʝʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʀ. ʏʝʨʥʳʰʦʚ 
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʆʙʲʝʢʪʦʤ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʛʘʨʮʙʫʨʛʠʪʳ, ʢʦʪʦʨʳʝ ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʚʠʜʝ ʢʩʝʥʦʣʠʪʦʚ (ʨʘʟʤʝʨʦʤ 

25*25*30 ʩʤ3) ʚ ʧʦʪʦʢʘʭ ʘʥʜʝʟʠʙʘʟʘʣʴʪʦʚ ʫ ʧʦʜʥʦʞʠʷ ʚʫʣʢʘʥʘ ɸʚʘʯʘ. ʅʘʨʷʜʫ ʩ ʛʘʨʮʙʫʨʛʠʪʘʤʠ ʢʩʝʥʦʣʠʪʳ ʩʣʘʛʘʶʪ 
ʧʦʨʦʜʳ ʜʫʥʠʪ-ʛʘʨʮʙʫʨʛʠʪʦʚʦʡ ʠ ʧʠʨʦʢʩʝʥʠʪ-ʢʦʨʪʣʘʥʜʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʡ (ʂʦʣʦʩʢʦʚ, 1978). 

ɻʘʨʮʙʫʨʛʠʪʳ ʠʤʝʶʪ ʩʚʝʞʠʡ ʦʙʣʠʢ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʨʫʧʥʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʝ ʧʦʨʦʜʳ ʟʝʣʝʥʦʛʦ ʮʚʝʪʘ 
ʩ ʙʫʛʨʠʩʪʳʤʠ ʚʳʩʪʫʧʘʤʠ ʩʪʨʫʡʯʘʪʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʚʘʣʴʥʳʭ ʧʦ ʬʦʨʤʝ ʟʝʨʝʥ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʥʘ ʦʪʧʨʝʧʘʨʠʨʦʚʘʥʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʜʣʷ ʥʠʭ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ: ʦʣʠʚʠʥ 
80-90%, ʵʥʩʪʘʪʠʪ 10-20%, ʭʨʦʤʰʧʠʥʝʣʠʜʳ 0,5-2,0%. ɺʪʦʨʠʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʷʚʣʝʥʳ ʦʯʝʥʴ ʩʣʘʙʦ ʚ ʚʠʜʝ 
ʪʨʝʤʦʣʠʪʠʟʘʮʠʠ. ɼʣʷ ʛʘʨʮʙʫʨʛʠʪʦʚ ʭʘʨʘʢʪʝʨʥʘ ʧʦʨʬʠʨʦʢʣʘʩʪʦʚʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ.1), ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʪʦʨʦʡ ʦʯʝʚʠʜʥʦ 
ʦʙʫʩʣʦʚʣʝʥʦ ʠʥʪʝʥʩʠʚʥʦʡ ʩʠʥʪʝʢʪʦʥʠʯʝʩʢʦʡ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʩʭʦʜʥʳʭ ʟʝʨʝʥ ʦʣʠʚʠʥʘ ʠ ʵʥʩʪʘʪʠʪʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ 
ʢʨʫʧʥʳʝ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʝ 
ʧʦʨʬʠʨʦʢʣʘʩʪʳ ʦʙʦʠʭ ʤʠʥʝʨʘʣʦʚ (ʨʘʟʤ. 2-4,5 ʤʤ) 
ʦʢʘʟʳʚʘʶʪʩʷ ʩʨʝʜʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʤʦʟʘʠʯʥʦʛʦ 
ʘʛʨʝʛʘʪʘ ʩ ʨʘʟʤʝʨʘʤʠ ʦʪʜʝʣʴʥʳʭ ʠʥʜʠʚʠʜʦʚ ʦʪ 0,5 ʜʦ 

1,5 ʤʤ. ɺ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʘʨʝʘʣʳ 
ʤʝʟʦʛʨʘʥʫʣʷʨʥʦʛʦ ʪʠʧʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, 
ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʩʢʦʧʣʝʥʠʝʤ ʢʨʫʧʥʳʭ ʟʝʨʝʥ, ʛʨʘʥʠʮʳ 
ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʝ ʥʘʨʫʰʝʥʳ. ʆʙʳʯʥʦ ʫʜʣʠʥʝʥʥʳʝ 
ʠʥʜʠʚʠʜʳ ʦʣʠʚʠʥʘ ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʘ ʦʨʠʝʥʪʠʨʫʶʪʩʷ 
ʩʫʙʧʘʨʘʣʣʝʣʴʥʦ, ʧʦʜʯʝʨʢʠʚʘʷ ʤʠʥʝʨʘʣʴʥʫʶ 
ʫʧʣʦʱʝʥʥʦʩʪʴ. ʇʦʜʦʙʥʳʝ ʪʠʧʳ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 
ʩʪʨʫʢʪʫʨ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʠ 

ʫʣʴʪʨʘʤʘʬʠʪʦʚ ʦʬʠʦʣʠʪʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ (ɻʦʥʯʘʨʝʥʢʦ, 
ʏʝʨʥʳʰʦʚ, 1990; ʏʝʨʥʳʰʦʚ, 2001). 

ʇʦʨʬʠʨʦʢʣʘʩʪʳ ʦʣʠʚʠʥʘ ʦʙʳʯʥʦ ʧʣʘʩʪʠʯʝʩʢʠ 
ʜʝʬʦʨʤʠʨʦʚʘʥʳ (ʨʠʩ.1), ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ 
ʥʝʦʜʥʦʨʦʜʥʦʝ ʚʦʣʥʠʩʪʦʝ, ʦʙʣʘʯʥʦʝ ʧʦʛʘʩʘʥʠʝ ʠ 
ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʧʦʣʦʩʳ ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʟʣʦʤʘ ʧʦ 
ʩʠʩʪʝʤʝ {0kl}[100]. ɻʨʘʥʠʮʳ ʧʦʣʦʩ ʠʟʣʦʤʘ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʢ ʫʜʣʠʥʝʥʠʶ ʟʝʨʝʥ ʧʦʜ ʫʛʣʦʤ 45-70̄ . ɼʣʷ ʤʝʣʢʠʭ ʤʦʟʘʠʯʥʳʭ ʟʝʨʝʥ ʦʣʠʚʠʥʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʘʢ 

ʦʜʥʦʨʦʜʥʦʝ, ʪʘʢ ʠ ʚʦʣʥʠʩʪʦʝ ʧʦʛʘʩʘʥʠʝ, ʚʩʪʨʝʯʘʶʪʩʷ ʧʦʣʦʩʳ 
ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʠʟʣʦʤʘ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʦʣʠʚʠʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʦʨʩʪʝʨʠʪʫ (Fa=8,5-10%). 
ɿʝʨʥʘ ʵʥʩʪʘʪʠʪʘ ʦʙʣʘʜʘʶʪ ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʦʡ 

ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʩʧʘʡʥʦʩʪʴʶ (110) (ʨʠʩ.1), ʪʨʝʱʠʥʢʠ ʢʦʪʦʨʦʡ ʦʙʳʯʥʦ 

ʦʨʠʝʥʪʠʨʫʶʪʩʷ ʧʦʜ ʫʛʣʦʤ 30 ̄ʢ ʫʜʣʠʥʝʥʠʶ ʟʝʨʝʥ. ɺ ʵʥʩʪʘʪʠʪʝ, ʪʘʢʞʝ ʢʘʢ 

ʠ ʚ ʦʣʠʚʠʥʝ, ʧʦʩʪʦʷʥʥʦ ʦʪʤʝʯʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ: 
ʚʦʣʥʠʩʪʦʝ ʧʦʛʘʩʘʥʠʝ, ʧʦʣʦʩʳ ʠʟʣʦʤʘ, ʛʨʘʥʠʮʳ ʢʦʪʦʨʳʭ ʦʙʳʯʥʦ 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʥʦʨʤʘʣʴʥʦ ʢ ʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʩʧʘʡʥʦʩʪʠ. ɺʜʦʣʴ ʪʨʝʱʠʥʦʢ 
ʩʧʘʡʥʦʩʪʠ ʦʪʤʝʯʘʝʪʩʷ çʚʥʝʜʨʝʥʠʝè ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʘʛʨʝʛʘʪʘ ʦʣʠʚʠʥʦʚʳʭ 
ʟʝʨʝʥ. ʏʘʩʪʦ ʥʘʙʣʶʜʘʶʪʩʷ ʤʝʣʢʠʝ ʟʘʢʦʥʦʤʝʨʥʳʝ ʚʨʦʩʪʢʠ ʟʝʨʝʥ 
ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ ʚ ʚʠʜʝ ʣʠʥʟʦʯʝʢ, ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ (ʨʠʩ.2), ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʨʘʩʧʘʜʘ ʪʚʝʨʜʳʭ 
ʨʘʩʪʚʦʨʦʚ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʨʪʦʧʠʨʦʨʢʩʝʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʥʩʪʘʪʠʪʫ ʩ 
ʞʝʣʝʟʠʩʪʦʩʪʴʶ 8-9%. 

ɼʣʷ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʚ ʛʘʨʮʙʫʨʛʠʪʘʭ ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʥʘ 
ʢʩʝʥʦʤʦʨʬʥʘʷ, ʦʢʨʫʛʣʘʷ ʣʠʙʦ ʵʣʣʠʧʩʦʠʜʘʣʴʥʘʷ ʬʦʨʤʘ. ʆʜʥʘʢʦ ʥʝʨʝʜʢʦ 
ʚʩʪʨʝʯʘʶʪʩʷ ʛʠʧʠʜʠʦʤʦʨʬʥʳʝ ʠʥʜʠʚʠʜʳ, ʠʤʝʶʱʠʝ ʨʦʤʙʦʚʠʜʥʳʝ ʠ 
ʪʨʝʫʛʦʣʴʥʳʝ ʦʯʝʨʪʘʥʠʷ. ʈʘʟʤʝʨʥʦʩʪʴ ʟʝʨʝʥ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,1 ʜʦ 1,1 ʤʤ, ʩ 
ʧʨʝʦʙʣʘʜʘʥʠʝʤ 0,1-0,5 ʤʤ. ɿʝʨʥʘ ʭʨʦʤʰʧʠʥʝʣʠʜʘ ʦʙʳʯʥʦ ʦʢʨʘʰʝʥʳ ʚ 

ʙʫʨʳʡ ʮʚʝʪ, ʥʦ ʧʦ ʢʨʘʷʤ ʠ ʚʜʦʣʴ ʪʨʝʱʠʥʦʢ ʦʥʠ ʧʨʝʦʙʨʝʪʘʶʪ ʯʝʨʥʳʡ 
ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʟʘʤʝʱʝʥʠʷ ʤʘʛʥʝʪʠʪʦʤ. ɺ ʫʯʘʩʪʢʘʭ ʠʥʪʝʥʩʠʚʥʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʟʠʥʪʝʛʨʘʮʠʷ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʭʨʦʤʰʧʠʥʝʣʠʜʘ ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ ʠʥʜʠʚʠʜʳ, ʢʦʪʦʨʳʝ 
ʩʝʛʨʝʛʠʨʫʶʪʩʷ ʚ ʮʝʧʦʯʢʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʩʦʛʣʘʩʥʦ ʩ ʤʠʥʝʨʘʣʴʥʦʡ ʫʧʣʦʱʝʥʥʦʩʪʴʶ ʦʣʠʚʠʥʘ ʠ ʦʨʪʦʧʠʨʦʢʩʝʥʘ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʚʥʦʚʝʩʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʦʣʠʚʠʥ-ʭʨʦʤʰʧʠʥʝʣʠʜʦʚʦʤʫ ʛʝʦʪʝʨʤʦʤʝʪʨʫ ʌʘʙʨʠ (ʄʘʣʘʭʦʚ, 

2002) ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʛʘʨʮʙʫʨʛʠʪʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 850-980̄ ʉ 

(ʪʘʙʣ.1), ʢʦʪʦʨʳʝ, ʚʝʨʦʷʪʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʚʝʨʭʥʝʡ ʤʘʥʪʠʠ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʯʠʪʘʥʥʳʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʯʝʚʠʜʥʦ 
ʦʪʚʝʯʘʶʪ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ ʛʘʨʮʙʫʨʛʠʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʚʰʠʭʩʷ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 
ʪʚʝʨʜʦʧʣʘʩʪʠʯʝʩʢʠʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠʭ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. 

 
 

ʈʠʩ.1. ɻʘʨʮʙʫʨʛʠʪ ʩ ʧʦʨʬʠʨʦʢʣʘʩʪʦʚʦʡ 

ʩʪʨʫʢʪʫʨʦʡ. ʆʣ ï ʦʣʠʚʠʥ, OPx ï ʵʥʩʪʘʪʠʪ, ʍʨ ï 

ʭʨʦʤʰʧʠʥʝʣʠʜ. 

ʆʙʨ. ɸʚ-4. ʋʚʝʣ. ʭ30. ʅʠʢ. ʍ.  
 

 
 

ʈʠʩ.2. ɿʘʢʦʥʦʤʝʨʥʳʝ ʚʨʦʩʪʢʠ 

ʤʦʥʦʢʣʠʥʥʦʛʦ ʧʠʨʦʢʩʝʥʘ (CPx) ʚ 

ʵʥʩʪʘʪʠʪʝ (OPx) 
 



 

ʊʘʙʣʠʮʘ 1 

ʈʘʩʯʝʪ ʪʝʤʧʝʨʘʪʫʨ ʦʣʠʚʠʥ-ʭʨʦʤʠʪʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʛʘʨʮʙʫʨʛʠʪʘʭ 

 

 ̄
ʧ/ʧ 

 ̄
ʦʙʨʘʟʮʘ 

ʆʣʠʚʠʥ ʍʨʦʤʰʧʠʥʝʣʠʜ  
Kd 

T C̄ 

ʇʦ ʌʘʙʨʠ X    Mg X    Fe2+ X    Mg X    Fe2+ Y    Cr 

1 ɸʚ-1 0,9098 0,0902 0,6407 0,3593 0,5951 5,6583 955 

2 ɸʚ-2 0,8978 0,1021 0,5658 0,4342 0,5778 6,7461 862 

3 ɸʚ-3 0,9090 0,0910 0,6457 0,3543 0,6077 5,4794 981 

4 ɸʚ-4 0,9077 0,0923 0,6727 0,3273 0,4965 4,7863 955 

6 ɸʚ-5 0,9059 0,0941 0,6256 0,3744 0,4850 5,7627 853 
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ʃʀʊʆʃʆɻʀʗ ʀ ʆʉʆɹɽʅʅʆʉʊʀ ʆʉɸɼʂʆʅɸʂʆʇʃɽʅʀʗ ʆʊʃʆɾɽʅʀʁ 
ʄɽɾʉʆʃɽɺʆɻʆ ʂʆʄʇʃɽʂʉɸ ɺʆ ɺʅʋʊʈɽʅʅɽʄ ɻʈɸɹɽʅɽ ʇʈʀʇʗʊʉʂʆɻʆ 

ʇʈʆɻʀɹɸ 
ʀ.ɸ. ʗʰʠʥ 

ʅʘʫʯʥʳʝ ʨʫʢʦʚʦʜʠʪʝʣʠ ʜʦʮʝʥʪ ʉ.ʄ. ʆʙʨʦʚʝʮ, ʜʦʮʝʥʪ ʉ.ɸ. ʂʨʫʯʝʢ 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 
ʄʝʞʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤ ʥʝʬʪʝʥʦʩʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʇʨʠʧʷʪʩʢʦʤ ʧʨʦʛʠʙʝ. ʄʦʱʥʦʩʪʴ 

ʤʝʞʩʦʣʝʚʦʡ ʪʦʣʱʠ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʧʦʣʥʦʛʦ ʦʪʩʫʪʩʪʚʠʷ ʥʘ ʩʚʦʜʘʭ ʦʪʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʚ ʨʷʜʝ ʟʦʥ 
ʧʨʠʨʘʟʣʦʤʥʳʭ ʧʦʜʥʷʪʠʡ - ʜʦ 800 - 1200 ʤ ʚ ʧʨʠʙʦʨʪʦʚʳʭ ʟʦʥʘʭ ʧʨʦʛʠʙʘ, ʘ ʪʘʢʞʝ ʫ ʶʞʥʦʛʦ ʙʦʨʪʘ ʄʠʢʘʰʝʚʠʯʩʢʦ-

ɾʠʪʢʦʚʠʯʩʢʦʛʦ ʚʳʩʪʫʧʘ. ɺ ʩʦʩʪʘʚʝ ʤʝʞʩʦʣʝʚʦʡ ʪʦʣʱʠ ʚʳʜʝʣʷʶʪʩʷ ʜʦʤʘʥʦʚʠʯʩʢʠʡ, ʟʘʜʦʥʩʢʠʡ, ʝʣʝʮʢʠʡ ʠ ʧʝʪʨʠʢʦʚʩʢʠʡ 
ʛʦʨʠʟʦʥʪʳ ʥʠʞʥʝʬʘʤʝʥʩʢʦʛʦ ʧʦʜʲʷʨʫʩʘ ʠ ʤʝʩʪʘʤʠ ʙʦʨʠʯʝʚʩʢʠʝ ʩʣʦʠ ʣʝʙʝʜʷʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʚʝʨʭʥʝʛʦ ʬʘʤʝʥʘ. ɺʝʨʭʥʷʷ 
ʛʨʘʥʠʮʘ ʤʝʞʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ñʩʢʦʣʴʟʷʱʝʡò. ʅʝʬʪʝʛʝʦʣʦʛʠʯʝʩʢʦʝ ʨʘʡʦʥʠʨʦʚʘʥʠʝ 
ʤʝʞʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʝʜʝʥʦ ʧʦ ʜʚʫʤ ʛʦʨʠʟʦʥʪʘʤ - ʟʘʜʦʥʩʢʦʤʫ ʠ ʝʣʝʮʢʦʤʫ. ɿʘʜʦʥʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩʦʩʪʦʠʪ ʠʟ 
ʢʫʟʴʤʠʯʝʚʩʢʠʭ, ʠʛʨʘʝʚʩʢʠʭ ʠ ʚʠʰʘʥʩʢʠʭ ʩʣʦʝʚ, ʘ ʝʣʝʮʢʠʡ - ʠʟ ʪʫʨʦʚʩʢʠʭ ʠ ʜʨʦʟʜʦʚʩʢʠʭ. ʆʪʣʦʞʝʥʠʷ ʤʝʞʩʦʣʝʚʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʦʡ ʬʘʮʠʘʣʴʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ. ɺ ʩʦʩʪʘʚʝ ʟʘʜʦʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʥʘ 
ʩʝʚʝʨʝ ʠ ʟʘʧʘʜʝ ʧʨʦʛʠʙʘ ʧʨʝʦʙʣʘʜʘʶʪ ʠʟʚʝʩʪʥʷʢʠ ʠ ʜʦʣʦʤʠʪʳ (ʢʘʨʙʦʥʘʪʥʳʡ ʠ ʢʘʨʙʦʥʘʪʥʦ-ʨʠʬʦʛʝʥʥʳʡ ʪʠʧʳ ʨʘʟʨʝʟʦʚ), ʚ 
ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʠ ʥʘ ʚʦʩʪʦʢʝ - ʛʣʠʥʠʩʪʳʝ ʠʟʚʝʩʪʥʢ̫ʠ, ʤʝʨʛʝʣʠ, ʛʣʠʥʳ (ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʡ ʪʠʧ), ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʠ 

ʶʛʝ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ (ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ 
ʪʠʧ). ʄʦʱʥʦʩʪʴ ʦʪʣʦʞʝʥʠʡ ʟʘʜʦʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʥʫʣʷ ʜʦ 600 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. 

ʄʝʞʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʟʘʥʠʤʘʶʪ ʯʝʪʢʦʝ ʧʦʣʦʞʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʜʝʚʦʥʘ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʅʘ ʙʦʣʴʰʝʡ ʯʘʩʪʠ 
ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ ʦʥʠ ʟʘʣʝʛʘʶʪ ʥʘ ʥʠʞʥʝʡ ʩʦʣʝʥʦʩʥʦʡ ʪʦʣʱʝ ʠ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʢʘʨʙʦʥʘʪʥʦ-ʩʫʣʴʬʘʪʥʳʤʠ, ʩʫʣʴʬʘʪʥʳʤʠ ʠ 
ʩʦʙʩʪʚʝʥʥʦ ʩʦʣʷʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʝʨʭʥʝʡ ʩʦʣʝʥʦʩʥʦʡ ʪʦʣʱʠ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʠʭ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʛʨʘʥʠʮʳ ʚ ʵʪʠʭ 
ʩʣʫʯʘʷʭ ʭʦʨʦʰʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʢʘʢ ʧʦ ʢʝʨʥʫ, ʪʘʢ ʠ ʧʦ ʢʘʨʘʪʘʞʫ.  

ʉʣʦʞʝʥʳ ʤʝʞʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ ʢʘʨʙʦʥʘʪʥʳʤʠ (ʠʟʚʝʩʪʥʷʢʠ, ʜʦʣʦʤʠʪʳ), ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʤʠ 
(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʨʛʝʣʠ), ʛʣʠʥʠʩʪʳʤʠ (ʘʨʛʠʣʣʠʪʳ, ʛʣʠʥʳ), ʢʣʘʩʪʦʛʝʥʥʳʤʠ (ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ), ʘ ʪʘʢʞʝ 

ʚʫʣʢʘʥʦʛʝʥʥʳʤʠ, ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ, ʚ ʤʝʥʴʰʝʡ ʤʝʨʝ ʩʫʣʴʬʘʪʥʳʤʠ ʧʦʨʦʜʘʤʠ. ɽʣʝʮʢʠʝ ʦʪʣʦʞʝʥʠʷ ʬʘʮʠʘʣʴʥʦ 
ʙʦʣʝʝ ʠʟʤʝʥʯʠʚʳ, ʯʝʤ ʟʘʜʦʥʩʢʠʝ. ɺʳʜʝʣʝʥʦ ʩʝʤʴ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʨʘʟʨʝʟʦʚ: ʢʘʨʙʦʥʘʪʥʳʡ, ʤʝʩʪʘʤʠ ʢʘʨʙʦʥʘʪʥʦ-
ʨʠʬʦʛʝʥʥʳʡ (ʩʝʚʝʨ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʧʨʦʛʠʙʘ), ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʡ (ʩʝʚʝʨ), ʢʘʨʙʦʥʘʪʥʦ-ʛʣʠʥʠʩʪʳʡ (ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ 
ʧʨʦʛʠʙʘ), ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʡ (ʶʛʦ-ʟʘʧʘʜ), ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʡ (ʶʛ), ʪʝʨʨʠʛʝʥʥʳʡ (ʶʞʥʘʷ ʧʨʠʙʦʨʪʦʚʘʷ ʟʦʥʘ) 
ʠ ʚʫʣʢʘʥʦʛʝʥʥʳʡ (ʚʦʩʪʦʢ ʧʨʦʛʠʙʘ ʠ ɹʨʘʛʠʥʩʢʦ-ʃʦʝʚʩʢʘʷ ʩʝʜʣʦʚʠʥʘ). ʄʦʱʥʦʩʪʴ ʝʣʝʮʢʠʭ ʦʪʣʦʞʝʥʠʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0 ʜʦ 
700 ʠ ʙʦʣʝʝ ʤʝʪʨʦʚ. 

ʇʨʠʧʷʪʩʢʠʡ ʧʨʦʛʠʙ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʯʘʩʪʝʡ: ɺʥʫʪʨʝʥʥʝʛʦ ʛʨʘʙʝʥʘ ʠ ʇʨʝʜʧʨʠʧʷʪʩʢʦʛʦ ʩʝʚʝʨʥʦʛʦ ʧʣʝʯʘ. 
ɺʥʫʪʨʝʥʥʠʡ ʛʨʘʙʝʥ ʦʙʲʝʜʠʥʷʝʪ ʨʘʥʝʝ ʚʳʜʝʣʷʚʰʠʝʩʷ ʎʝʥʪʨʘʣʴʥʫʶ ʠ ʖʞʥʫʶ ʩʪʨʫʢʪʫʨʥʳʝ ʟʦʥʳ ʠ ʨʘʩʯʣʝʥʝʥ ʨʘʟʣʦʤʘʤʠ 
ʢʦʨʦʚʦʛʦ ʟʘʣʦʞʝʥʠʷ ʥʘ ʩʪʨʫʢʪʫʨʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ɺʥʫʪʨʝʥʥʝʛʦ ʛʨʘʙʝʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʩʦʙʦ ʩʣʦʞʥʳʤ ʩʪʨʦʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʨʫʰʝʥʳ ʩʫʙʰʠʨʦʪʥʳʤ ʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʳʤʠ ʩʙʨʦʩʘʤʠ 
ʨʘʟʥʦʛʦ ʨʘʥʛʘ ʠ ʦʙʨʘʟʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʙʣʦʢʠ. ɿʜʝʩʴ ʯʝʪʢʦ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʴʥʘʷ ʠ ʧʦʧʝʨʝʯʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 
ʟʦʥʘʣʴʥʦʩʪʴ. ʆʟʝʨʝʮʢʦ-ɺʝʣʠʢʦʙʦʨʩʢʠʡ, ʐʝʩʪʦʚʠʯʩʢʦ-ɻʦʩʪʦʚʩʢʠʡ ʣʠʩʪʨʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ ʢʦʨʦʚʦʛʦ ʟʘʣʦʞʝʥʠʷ ʠ 
ʚʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ɹʫʡʥʦʚʠʯʩʢʦ-ʅʘʨʦʚʣʷʥʩʢʦʛʦ ʨʘʟʣʦʤʘ ʪʦʛʦ ʞʝ ʪʠʧʘ ʦʪʜʝʣʷʶʪ ʟʦʥʫ ʦʩʝʚʳʭ ʧʦʛʨʫʞʝʥʥʳʭ ʚʳʩʪʫʧʦʚ ʠ ʠʭ 
ʧʝʨʠʢʣʠʥʘʣʝʡ ʦʪ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢ ʩʝʚʝʨʫ ʠ ʶʛʫ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʫʧʝʥʝʡ. 

ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʟʦʥʫ, ʦʢʘʡʤʣʷʶʱʫʶ ʄʠʢʘʰʝʚʠʯʩʢʦ-ɾʠʪʢʦʚʠʯʩʢʠʡ ʚʳʩʪʫʧ - ʊʫʨʦʚʩʢʦ-

ʂʫʟʴʤʠʯʸʚʩʢʫʶ. ɿʜʝʩʴ ʚ ʊʫʨʦʚʩʢʠʭ ʩʢʚʘʞʠʥʘʭ 1 ʠ 2, ʅʘʡʜʦʚʩʢʦʡ ʩʢʚʘʞʠʥʝ 1, ʂʫʟʴʤʠʯʸʚʩʢʦʡ ʩʢʚʘʞʠʥʝ 1, ʖʞʥʦ-
ɿʘʣʝʩʩʢʦʡ ʩʢʚʘʞʠʥʝ 1 ʠ ʜʨʫʛʠʭ ʦʪʤʝʯʘʶʪʩʷ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠ ʦʥʢʦʣʠʪʦʚʳʝ, ʞʝʣʚʘʢʦʚʦ-ʦʥʢʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ. ɺ 
ʇʝʪʨʠʢʦʚʩʢʦʡ ʩʢʚʘʞʠʥʝ 5 (ʧʦ ʜʘʥʥʳʤ ʊ.ɸ. ʐʝʚʯʝʥʢʦ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʨʦʩʣʦʠ ʦʦʣʠʪʦʚ. ʇʦ ʜʘʥʥʳʤ ɺ.ʀ. ʇʫʰʢʠʥʘ ʠ ʉ.ɸ. 



ʂʨʫʯʝʢʘ (1998) ʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʜʨʦʟʜʦʚʩʢʠʭ ʩʣʦʸʚ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʦʪʤʝʯʘʝʪʩʷ ʧʘʯʢʘ (ʜʦ 100 ʤ) ʚʦʜʦʨʦʩʣʝʚʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ. ʉ.ɺ ɸʥʪʠʧʝʥʢʦ (1998), ʦʙʦʙʱʠʚ ʠʤʝʶʱʠʡʩʷ ʤʘʪʝʨʠʘʣ ʧʦ ʫʯʘʩʪʠʶ ʚʦʜʦʨʦʩʣʝʡ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 
ʤʝʞʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʩʯʠʪʘʝʪ, ʯʪʦ ʩʪʦʣʙʯʘʪʳʝ ʠ ʞʝʣʚʘʢʦʚʳʝ ʩʪʨʦʤʘʪʦʣʠʪʳ, ʘ ʪʘʢʞʝ ʞʝʣʚʘʢʦʚʦ-ʦʥʢʦʣʠʪʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ɹʨʠʥʸʚʩʢʦʡ 
ʩʢʚʘʞʠʥʝ 10 ʚ ʘʥʛʠʜʨʠʪʘʭ ʛʘʣʠʪʦʚʦʡ ʩʫʙʬʦʨʤʘʮʠʠ  (ʠʥʪ. 460-480 ʤ), ʟʘʣʝʛʘʶʱʠʭ ʥʘ ʠʟʚʝʩʪʥʷʢʘʭ ʤʝʞʩʦʣʝʚʦʡ ʪʦʣʱʠ, 
ʦʪʤʝʯʘʶʪʩʷ ʧʨʦʞʠʣʢʠ ʙʠʪʫʤʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʥʝʬʪʠ ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

ʇʝʨʚʘʷ (ʟʘʧʘʜʥʘʷ) ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʘʷ ʟʦʥʘ ʨʘʩʧʦʣʘʛʘʝʪʩʷ  ʢ ʚʦʩʪʦʢʫ ʦʪ ʄʠʢʘʰʝʚʠʯʩʢʦïɾʠʪʢʦʚʠʯʩʢʦʛʦ 
ʚʳʩʪʫʧʘ ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩ ʚʦʩʪʦʢʘ ʄʘʣʳʥʩʢʦ-ʉʠʤʦʥʦʚʠʯʩʢʦʡ ʟʦʥʦʡ ʨʘʟʣʦʤʦʚ. ɺ ʩʢʚʘʞʠʥʘʭ ʅʘʡʜʦʚʩʢʘʷ 1 ʥʘ ʛʣʫʙʠʥʝ 
1888,0-1889,6, 1993-1995,5, 2060,5-2061,6 ʤ, ʅʘʡʜʦʚʩʢʘʷ 2 - ʛʣ.1827,7-1832,5, 1938,5-1947,0 ʤ; ʇʝʪʨʠʢʦʚʩʢʘʷ 469 - 
ʛʣ.333,2-477,9,535,4-608,0,748,8-771,0 ʤ; ʊʫʨʦʚʩʢʘʷ 5 - ʛʣ.1657,0-1664,8 ʤ ʧʦ ʜʘʥʥʳʤ (ʉ.ɺ. ɸʥʪʠʧʝʥʢʦ, 1998) ʦʪʤʝʯʘʶʪʩʷ 
ʥʝʙʦʣʴʰʠʝ ʧʦ ʤʦʱʥʦʩʪʠ (ʜʦ 2,0-2,5 ʤ) ʧʦʩʪʨʦʡʢʠ ʪʠʧʘ ʙʠʦʛʝʨʤʦʚ ʠʣʠ ʢʘʣʠʧʪʨ. ɹʘʛʨʷʥʳʝ ʚʦʜʦʨʦʩʣʠ ʚ ʥʠʭ ʷʚʣʷʣʠʩʴ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ. 
ʊʝʨʨʠʛʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦ ʩʠʩʪʝʤʝ ʇʝʨʚʦʤʘʡʩʢʦ-ɿʘʦʟʝʨʥʦʡ ʟʦʥʳ ʨʘʟʣʦʤʦʚ ʧʦʩʪʫʧʘʣ ʚ ʮʝʥʪʨʘʣʴʥʫʶ ʢʦʪʣʦʚʠʥʫ 

ʙʘʩʩʝʡʥʘ ʚ ʚʠʜʝ ʪʫʨʙʠʜʠʪʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʬʦʨʤʠʨʦʚʘʣ ʧʦʜʚʦʜʥʳʝ ʜʝʣʴʪʳ ʢʦʥʫʩʦʚ ʚʳʥʦʩʘ ʚ ʚʠʜʝ ʷʟʳʢʦʚ ʪʝʨʨʠʛʝʥʥʦʛʦ 
ʤʘʪʝʨʠʘʣʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʣʠʥʟʦʚʠʜʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʪʝʣʘ. ʕʪʠ ʘʢʢʫʤʫʣʷʪʠʚʥʳʝ ʪʝʣʘ ʦʪʨʘʞʘʶʪʩʷ  ʥʘ 
ʩʝʡʩʤʦʧʨʦʬʠʣʷʭ ʠ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ ʚʳʜʝʣʝʥʳ ʢʘʢ ɻʦʨʥʦʚʩʢʠʡ ʠ ʀʚʘʥʢʦʚʠʯʩʢʠʡ ʦʙʲʝʢʪʳ. ɻʦʨʥʦʚʩʢʠʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ 
ʦʙʲʝʢʪ - ʵʪʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʝ ʪʝʣʦ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0 ʜʦ125 ʤ. ʊʝʨʨʠʛʝʥʥʳʝ ʪʝʣʘ ʚʳʢʣʠʥʠʚʘʶʪʩʷ ʚ 
ʙʘʩʩʝʡʥʝ. ʈʘʟʨʝʟʳ ʩʢʚʘʞʠʥ ʂʘʤʝʥʩʢʦʡ ʧʣʦʱʘʜʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʙʦʨʦʤ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ʊʘʢ, ʚ ʩʢʚ.7 ʚ 
ʟʘʜʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʥʝ ʦʙʥʘʨʫʞʝʥʳ ʧʝʩʯʘʥʠʢʠ, ʘ ʧʨʝʦʙʣʘʜʘʶʪ (50%) ʤʝʨʛʝʣʠ ʠ 30-40% ʩʦʩʪʘʚʣʷʶʪ ʠʟʚʝʩʪʥʷʢʠ. ɺ 

ʩʢʚ.3 ʚʩʪʨʝʯʝʥ ʧʣʘʩʪ ʧʝʩʯʘʥʠʢʦʚ, ʥʦ ʚ ʦʩʥʦʚʥʦʤ ʨʘʟʨʝʟ ʩʣʦʞʝʥ ʤʝʨʛʝʣʷʤʠ (34-61%). ʀʟʚʝʩʪʥʷʢʠ ʩʦʩʪʘʚʣʷʶʪ 23-35%, 
ʘʨʛʠʣʣʠʪʳ 18-32%. ɺʦ ʚʩʝʭ ʧʦʨʦʜʘʭ ʦʪʤʝʯʘʶʪʩʷ ʫʛʣʝʬʠʮʠʨʦʚʘʥʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʦʩʪʘʪʢʠ. ʉ ʵʪʠʤʠ ʪʝʣʘʤʠ, ʚʝʨʦʷʪʥʦ, 
ʩʚʷʟʘʥʘ ʟʘʣʝʞʴ ʥʝʬʪʠ ʥʘ ʂʘʤʝʥʩʢʦʡ ʧʣʦʱʘʜʠ. 

ʂʘʢ ʦʪʤʝʯʘʣʠ ʨʘʥʝʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ (ʇʨʦʟʦʨʦʚʠʯ ʠ ʜʨ., 1983) ʚ ʂʘʤʝʥʩʢʠʭ ʩʢʚʘʞʠʥʘʭ ʧʝʩʯʘʥʠʢʠ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ 
ʤʝʞʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ (ʩʫʤʤʘ ʧʝʩʯʘʥʳʭ ʬʨʘʢʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 48-59%), ʘʣʝʚʨʠʪʦʚʳʝ (ʩʦʜʝʨʞʘʥʠʝ 
ʘʣʝʚʨʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 20-45%) ʩ ʧʨʠʤʝʩʴʶ ʩʨʝʜʥʝ ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʡ ʬʨʘʢʮʠʡ. ʇʨʠʩʫʪʩʪʚʠʝ ʧʝʩʯʘʥʠʢʦʚ ʚ ʢʫʟʴʤʠʯʝʚʩʢʠʭ, 
ʪʨʝʤʣʷʥʩʢʠʭ ʠ ʚʠʰʘʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʩʢʚʘʞʠʥʘʭ 1,2,4 ʚʝʨʦʷʪʥʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʵʪʠ ʩʢʚʘʞʠʥʳ 
ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʫʯʘʩʪʢʝ ʪʝʨʨʠʪʦʨʠʠ ʦʩʥʦʚʥʦʛʦ ʪʫʨʙʠʜʠʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠʣʠ ʧʨʦʪʦʢʠ (ʢʘʥʘʣʘ). ɺ ʨʘʟʨʝʟʝ ʤʝʞʩʦʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʡ ʚ ʨʘʡʦʥʝ ʂʘʤʝʥʩʢʦʡ ʠ ʄʦʟʳʨʩʢʦʡ ʧʣʦʱʘʜʝʡ, ʢʨʦʤʝ ʤʘʣʦʤʦʱʥʳʭ ʧʝʩʯʘʥʳʭ ʧʣʘʩʪʦʚ ʚ ʟʘʜʦʥʩʢʦʤ ʛʦʨʠʟʦʥʪʝ, ʩ 
ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʧʨʠʪʦʢʠ ʥʝʬʪʠ ʚ ʂʘʤʝʥʩʢʦʡ ʩʢʚʘʞʠʥʝ 4, ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʥʝʙʦʣʴʰʦʡ ʤʦʱʥʦʩʪʠ ʧʝʩʯʘʥʳʝ ʧʣʘʩʪʳ ʚ 
ʝʣʝʮʢʦʤ ʛʦʨʠʟʦʥʪʝ; ʩʝʚʝʨʥʝʝ ʵʪʦʡ ʟʦʥʳ ʦʥʠ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ. ɺ ʵʪʠʭ ʧʝʩʯʘʥʠʢʘʭ ʚ ʩʢʚʘʞʠʥʘʭ ɿʘʧʘʜʥʦ-ʂʘʤʝʥʩʢʦʡ, 
ʉʢʨʳʛʘʣʦʚʩʢʦʡ, ʄʦʟʳʨʩʢʦʡ, ʂʘʟʠʤʠʨʦʚʩʢʦʡ ʧʣʦʱʘʜʝʡ ʦʙʥʘʨʫʞʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʙʠʪʫʤʠʥʦʟʥʦʩʪʴ ʠ ʥʘʣʠʯʠʝ 
ʤʘʣʦʧʦʜʚʠʞʥʦʡ ʥʝʬʪʠ (ɼʝʤʠʜʦʚʠʯ ʠ ʜʨ., 1981). ʂʘʤʝʥʩʢʘʷ ʥʝʬʪʝʧʝʨʧʝʢʪʠʚʥʘʷ ʟʦʥʘ (I) ʦʙʫʩʣʦʚʣʝʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 
ʪʝʨʨʠʛʝʥʥʳʭ ʪʝʣ ʚ ʨʝʟʫʣʴʪʘʪʝ ʪʫʨʙʠʜʠʪʦʚʦʛʦ ʩʝʜʠʤʝʥʪʦʛʝʥʝʟʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʇʨʠʧʷʪʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʅʘ ʝʛʦ 
ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʦʣʦʞʝʥʘ ʂʘʤʝʥʩʢʘʷ ʥʝʬʪʷʥʘʷ ʟʘʣʝʞʴ, ʢʦʪʦʨʘʷ ʧʦ ʜʘʥʥʳʤ ɺ.ɸ. ɹʦʛʠʥʦ ʠ ʜʨ. (1981) ʩʚʷʟʘʥʘ ʩ 
ʢʘʨʙʦʥʘʪʥʦïʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʤʝʞʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʂʦʤʘʨʦʚʠʯʩʢʦ-ʉʘʚʠʯʩʢʘʷ (II) ʟʦʥʘ ʩʚʷʟʘʥʘ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʟʘʜʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʦʜʦʨʦʩʣʝʚʳʭ 

ʠʟʚʝʩʪʥʷʢʦʚ, ʢʦʪʦʨʳʝ ʚʦʟʤʦʞʥʦ ʷʚʣʷʶʪʩʷ ʢʦʣʣʝʢʪʦʨʘʤʠ. ʆʥʢʦʣʠʪʦʚʳʝ ʠ ʩʪʨʦʤʘʪʦʣʠʪʦʚʳʝ ʠʟʚʝʩʪʥʷʢʠ ʦʪʤʝʯʝʥʳ ʧʦ 
ʢʝʨʥʫ ʚ ʟʘʜʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʉʘʚʠʯʩʢʦʡ ʩʢʚ. 5 ʠ ʚ ʂʦʤʘʨʦʚʠʯʩʢʦʡ ʩʢʚ. 1. ɺ ʉʘʚʠʯʩʢʦʡ ʩʢʚ. 1 ʧʨʠ ʦʧʠʩʘʥʠʠ ʰʣʠʬʦʚ 
ʥʘʤʠ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʛʝʥʝʪʠʯʝʩʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠʟʚʝʩʪʥʷʢʦʚ ʩ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʪʝʢʩʪʫʨʘʤʠ: ʢʦʧʨʦʣʠʪʦʚʳʝ, 
ʢʦʤʢʦʚʘʪʳʝ (ʨʘʟʣʠʯʥʳʝ ʧʦ ʨʘʟʤʝʨʫ), ʙʠʦʤʦʨʬʥʦ-ʜʝʪʨʠʪʦʚʳʝ, ʫʟʦʨʯʘʪʳʝ. ʉʝʚʝʨʥʝʝ ʚ ʧʨʠʨʘʟʣʦʤʥʦʡ ʧʘʣʝʦʜʦʣʠʥʝ, ʧʦ 
ʜʘʥʥʳʤ ʕ.ɸ. ɺʳʩʦʮʢʦʛʦ (ɺʳʩʦʮʢʠʡ, 1997), ʚ ʟʘʜʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥ ʧʣʘʩʪ ʘʥʛʠʜʨʠʪʦʚ. ɺʳʜʝʣʝʥʥʦʡ 
ʘʥʛʠʜʨʠʪʦʚʦʡ ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʝ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʘʮʠʘʣʴʥʳʡ ʘʥʘʣʦʛ - ʚʦʜʦʨʦʩʣʝʚʳʝ ʠʟʚʝʩʪʥʷʢʠ, 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʬʦʨʤʝ ʧʘʣʝʦʨʝʣʴʝʬʘ - ʂʦʤʘʨʦʚʠʯʩʢʦ-ʉʘʚʠʯʩʢʦʡ ʛʨʷʜʝ. ʉ ʧʦʟʠʮʠʠ 
ʧʘʣʝʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʝʬʪʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʡʦʥ ʂʦʤʘʨʦʚʠʯʩʢʦ-ʉʘʚʠʯʩʢʦʡ ʟʦʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʡ. ʇʦ 

ʜʘʥʥʳʤ ɽ.ʌ. ʅʠʢʫʣʝʥʢʦ (ɻʝʦʣʦʛʠʷ ʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴé, 1998) ʚ ʵʪʦʡ ʟʦʥʝ ʦʨʛʘʥʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʜʦ 
ʩʪʘʜʠʠ ʄʂ2. ʂʨʦʤʝ ʪʦʛʦ, ʧʦ ʜʘʥʥʳʤ ɻ.ʀ. ʄʦʨʦʟʦʚʘ (ʄʦʨʦʟʦʚ ʠ ʜʨ., 1981) ʤʘʣʦʤʦʱʥʳʝ ʧʣʘʩʪʳ ï ʢʦʣʣʝʢʪʦʨʳ (ʜʦ 8 ʤ) ʚ 
ʧʝʩʯʘʥʠʢʘʭ ʚʳʜʝʣʷʶʪʩʷ ʚ ʉʘʚʠʯʩʢʦʡ ʩʢʚʘʞʠʥʝ 1. ʆʥʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʦʩʥʦʚʘʥʠʶ ʟʘʜʦʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʚʝʨʦʷʪʥʳʡ 
ʘʥʘʣʦʛ ʂʘʤʝʥʩʢʠʭ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʭ ʦʪʣʦʞʝʥʠʡ). ɺ ʉʘʚʠʯʩʢʠʭ ʩʢʚ. 2, 3 ʠ 4 ʥʘ ʵʪʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʫʨʦʚʥʝ 
ʚʳʜʝʣʷʶʪʩʷ ʚʦʟʤʦʞʥʳʝ ʢʦʣʣʝʢʪʦʨ.r ɿʜʝʩʴ ʦʪʤʝʯʝʥʦ ʥʘʣʠʯʠʝ ʩʫʙʢʦʣʣʝʢʪʦʨʦʚ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʤʝʞʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ. 
ʀʟ ʥʠʭ ʚ ʩʢʚ.3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠʪʦʢʠ ʧʣʘʩʪʦʚʳʭ ʚʦʜ ʚ ʵʢʩʧʣʫʪʘʮʠʦʥʥʦʡ ʢʦʣʦʥʥʝ ʜʝʙʠʪʦʤ 1-1,4 ʤʟ/ʩʫʪ. ɺ ʩʢʚʘʞʠʥʘʭ 1, 
3, 8 ʦʪʤʝʯʝʥʳ ʚʳʧʦʪʳ ʥʝʬʪʠ. 

ʆʙʦʩʦʙʣʝʥʳ ʝʱʝ ʯʝʪʳʨʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʟʦʥʳ - ɸʥʠʩʠʤʦʚʩʢʦ-ɻʦʩʪʦʚʩʢʘʷ (III), ʅʠʢʦʣʘʝʚʩʢʦ-ɽʣʴʩʢʘʷ (IV), 

ʋʩʦʚʩʢʦ-ʅʦʚʦʨʫʜʥʝʥʩʢʘʷ (V) ʠ ɺʳʩʪʫʧʦʚʠʯʩʢʦ-ʈʘʜʦʤʣʷʥʩʢʘʷ (VI). ɺ ʧʨʝʜʝʣʘʭ ɸʥʠʩʠʤʦʚʩʢʦ-ɻʦʩʪʦʚʩʢʦʡ ʟʦʥʳ 

ʚʳʷʚʣʝʥʳ ɸʥʠʩʠʤʦʚʩʢʠʝ ʠ ʀʚʘʥʢʦʚʱʠʥʩʢʘʷ ʧʝʨʩʧʝʢʪʠʚʥʳʝ (ʚʳʷʚʣʝʥʥʳʝ) ʣʦʚʫʰʢʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʣʠʪʦʣʦʛʠʯʝʩʢʠʤ 
ʟʘʤʝʱʝʥʠʝʤ ʚ ʪʫʨʦʚʩʢʠʭ ʩʣʦʷʭ. ɺ ʵʪʦʡ ʟʦʥʝ ʫʩʪʘʥʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʚ ʧʣʘʩʪʘʭ ʪʝʨʨʠʛʝʥʥʦʛʦ 
ʩʦʩʪʘʚʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʥʦʩʘ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʫʨʙʠʜʠʪʦʚʳʤʠ ʧʦʪʦʢʘʤʠ ʚ ʮʝʥʪʨʘʣʴʥʫʶ 
ʢʦʪʣʦʚʠʥʥʫʶ ʯʘʩʪʴ ɺʥʫʪʨʝʥʥʝʛʦ ʛʨʘʙʝʥʘ. ʊʫʨʦʚʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʟʫʯʝʥʥʦʩʪʠ ɺʥʫʪʨʝʥʥʝʛʦ ʛʨʘʙʝʥʘ 
ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʩʝʡʩʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ 
ʤʦʱʥʦʩʪɹʁ  ʠ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʥʘʠʙʦʣʴʰʝʡ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʥʘ ʧʦʠʩʢʠ ʥʝʩʪʨʫʢʪʫʨʥʳʭ ʣʦʚʫʰʝʢ. ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʨʷʜ 
ʦʙʦʩʦʙʣʝʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʣʦʚʫʰʝʢ ʠ ʫʯʘʩʪʢʦʚ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʟʘ ʧʨʝʜʝʣʘʤʠ ʚʳʜʝʣʝʥʥʳʭ ʟʦʥ ʠ ʫʯʘʩʪʢʦʚ. ɽʩʪʴ 
ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʜʧʦʩʳʣʢʠ, ʯʪʦ ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʦʙʦʩʦʙʣʝʥʥʳʭ ʟʦʥ ʙʫʜʫʪ ʦʪʢʨʳʪʳ ʩʢʦʧʣʝʥʠʷ ʥʝʬʪʠ 
ʚ ʣʦʚʫʰʢʘʭ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʤʝʞʩʦʣʝʚʳʭ ʜʝʚʦʥʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ. 
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ʇʦʜʩʝʢʮʠʷ 3 ï ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʄʝʪʦʜʠʢʘ ʧʦʠʩʢʦʚ 

ʠ ʨʘʟʚʝʜʢʠ 
 

ɺɸʈʀɸʅʊʓ ʊɽʈʈʀʊʆʈʀɸʃʔʅʓʍ ʄʆɼʀʌʀʂɸʎʀʁ ʀʉʂʃʖʏʀʊɽʃʔʅʆʁ 
ʕʂʆʅʆʄʀʏɽʉʂʆʁ ɿʆʅʓ ʈʆʉʉʀʀ ʇʈʀ ɺʆɿʄʆɾʅʆʄ ʀɿʄɽʅɽʅʀʀ ʉʊɸʊʋʉɸ 

ʖɾʅʆʁ ɻʈʋʇʇʓ ʂʋʈʀʃʔʉʂʀʍ ʆʉʊʈʆɺʆɺ 
ɼ.ɽ. ɸʥʜʨʝʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɻ.ʖ. ɹʦʷʨʢʦ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʊʦʤʩʢ ʈʦʩʩʠʷ  

 
ʇʨʘʚʦ ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʵʪʠʯʝʩʢʠʭ ʦʙʱʝʩʪʚʝʥʥʳʭ ʮʝʥʥʦʩʪʝʡ (ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ, ʧʦʨʷʜʦʢ, ʚʝʨʥʦʩʪʴ, ʧʨʘʚʜʠʚʦʩʪʴ ʠ 

ʪ.ʜ.), ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʧʦʢʦʷʱʠʭʩʷ ʥʘ ʠʜʝʝ ʨʘʚʝʥʩʪʚʘ, ʢʦʛʜʘ ʨʘʚʥʳʤ ʦʙʷʟʘʥʥʦʩʪʷʤ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʚʥʳʝ ʧʨʘʚʘ. 
ʄʦʨʩʢʦʝ ʧʨʘʚʦ, ʨʝʛʫʣʠʨʫʶʱʝʝ ʦʙʱʝʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʦʨʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʜʣʷ 
ʩʫʜʦʭʦʜʩʪʚʘ, ʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʦʭʨʘʥʳ ʤʦʨʩʢʠʭ ʨʝʩʫʨʩʦʚ, ʷʚʣʷʝʪʩʷ ʦʪʨʘʩʣʴʶ ʧʨʘʚʘ. 

ʀʩʭʦʜʷ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, ʜʘʥʥʳʡ ʧʨʝʜʤʝʪ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʠ ʘʢʪʫʘʣʴʥʩʪʴ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ çʈʦʩʩʠʷ 
ʧʨʠʟʥʘʝʪ ʦʙʝʱʘʥʠʝ ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ʧʝʨʝʜʘʪʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʗʧʦʥʠʠ ʜʚʘ ʦʩʪʨʦʚʘ ʂʫʨʠʣʴʩʢʦʡ ʛʨʷʜʳ 
(ʐʠʢʦʪʘʥ ʠ ʍʘʙʦʤʘʠ)è. ʉ ʵʪʠʤ ʟʘʷʚʣʝʥʠʝʤ ʚʳʩʪʫʧʠʣ ʚ ʵʬʠʨʝ ʪʝʣʝʢʘʥʘʣʘ ʅʊɺ ʤʠʥʠʩʪʨ ʠʥʦʩʪʨʘʥʥʳʭ ʜʝʣ ʈʦʩʩʠʠ 

ʉʝʨʛʝʡ ʃʘʚʨʦʚ. (14.11.2004 ʛ.). ɺ ʵʪʦʪ ʞʝ ʜʝʥʴ ʦʬʠʮʠʘʣʴʥʘʷ ʗʧʦʥʠʷ ʩʜʝʣʘʣʘ ʟʘʷʚʣʝʥʠʝ, ʯʪʦ ʭʦʪʝʣʘ ʙʳ ʧʦʣʫʯʠʪʴ ʚʩʝ 
ʯʝʪʳʨʝ ʦʩʪʨʦʚʘ ʶʞʥʦʡ ʛʨʷʜʳ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ (ʐʠʢʦʪʘʥ, ʍʘʙʦʤʘʠ, ʀʪʫʨʫʧ ʠ ʂʫʥʘʰʠʨ). ʋ ʨʦʩʩʠʡʩʢʦ-ʷʧʦʥʩʢʦʛʦ 
ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʩʧʦʨʘ ʥʝʧʨʦʩʪʘʷ ʧʦʜʦʧʣʝʢʘ. ɺ ʥʝʡ ʧʝʨʝʧʣʝʣʠʩʴ ʚʦʝʜʠʥʦ ʠʩʪʦʨʠʷ, ʛʝʦʛʨʘʬʠʷ, ʜʚʝ ʢʨʦʚʦʧʨʦʣʠʪʥʳʭ 
ʚʦʡʥʳ ʠ ʫʱʝʤʣʝʥʥʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʛʦʨʜʦʩʪʴ. ʊʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʩʧʦʨ ʚʦʢʨʫʛ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ ʚʦʪ ʫʞʝ ʧʦʯʪʠ 60 ʣʝʪ 
ʦʤʨʘʯʘʝʪ ʨʦʩʩʠʡʩʢʦ-ʷʧʦʥʩʢʠʝ ʦʪʥʦʰʝʥʠʷ. ʗʧʦʥʠʷ ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʯʝʨʢʠʚʘʣʘ, ʯʪʦ ʥʝʨʝʰʝʥʥʳʡ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʡ ʩʧʦʨ 
ï ʛʣʘʚʥʦʝ ʧʨʝʧʷʪʩʪʚʠʝ ʢ ʫʚʝʣʠʯʝʥʠʶ ʷʧʦʥʩʢʠʭ ʠʥʚʝʩʪʠʮʠʡ ʚ ʨʦʩʩʠʡʩʢʫʶ ʵʢʦʥʦʤʠʢʫ. ʀ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ 
ʂʫʨʠʣʴʩʢʦʡ ʧʨʦʙʣʝʤʳ ï ʩʝʡʯʘʩ ʚ ʠʥʪʝʨʝʩʘʭ ʦʙʝʠʭ ʩʪʨʘʥ. ʇʦʵʪʦʤʫ, ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ, ʯʪʦ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʵʪʦʪ 
ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʝʰʝʥ, ʘ ʟʥʘʯʠʪ ʝʩʣʠ ʥʝ ʚʜʘʚʘʪʴʩʷ ʚ ʭʨʦʥʦʣʦʛʠʶ ʩʧʦʨʘ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ ʧʦʪʝʨʴ 

ʈʦʩʩʠʠ, ʚ ʩʣʫʯʘʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠʩʭʦʜʘ ʚ ʩʪʦʨʦʥʫ ʗʧʦʥʠʠ ʜʘʥʥʦʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʩʧʦʨʘ. ɼʣʷ ʥʘʯʘʣʘ, ʩʪʦʠʪ 
ʦʪʤʝʪʠʪʴ, ʥʝʢʦʪʦʨʳʝ ʶʨʠʜʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʝʤʳ. ʃʶʙʳʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʝʞʜʫ ʈʦʩʩʠʝʡ ʠ ʗʧʦʥʠʝʡ 
ʚʩʪʫʧʠʣʠ ʙʳ ʚ ʢʦʥʬʣʠʢʪ ʩ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ ʍʍ ʚʝʢʘ ï ʉʘʥ-ʌʨʘʥʮʠʩʩʢʠʤ 
ʜʦʛʦʚʦʨʦʤ ï ʶʨʠʜʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩ-ʢʚʦ ʥʘ ɼʘʣʴʥʝʤ ɺʦʩʪʦʢʝ, ʩʪʘʪʫʩʘ ɺʥʝʰʥʝʡ 
ʄʦʥʛʦʣʠʠ, ʤʥʦʛʠʭ ʦʩʪʨʦʚʦʚ, ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʂʦʨʝʠ. 

ʀʥʳʝ ʩʣʝʜʩʪʚʠʷ ʠʤʝʣʠ ʙʳ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ 
ʧʨʝʪʝʥʟʠʡ ʥʘ çʚʦʟʚʨʘʱʝʥʠʝè ʦʩʪʨʦʚʦʚ, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʣʦ 
ʙʳ ʧʨʷʤʦʡ ʧʦʜʨʳʚ ʧʨʠʥʮʠʧʘ ʥʝʦʩʧʘʨʠʚʘʝʤʦʩʪʠ ʠʪʦʛʦʚ 
ɺʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ ʠ ʧʦʟʚʦʣʠʣʦ ʙʳ ʩʪʘʚʠʪʴ ʧʦʜ 

ʩʦʤʥʝʥʠʝ ʠ ʜʨʫʛʠʝ ʘʩʧʝʢʪʳ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦʛʦ ʩʪʘʪʫʩ-ʢʚʦ 
ʥʝ ʪʦʣʴʢʦ ʩʪʨʘʥ ɸʟʠʠ, ʥʦ ʠ ɽʚʨʦʧʳ. 

 

 
 

ʈʠʩ. 1. ʀʩʢʣʶʯʠʪʝʣʴʥʘʷ ʵʢʦʥʦʤʠʯʝʩʢʘʷ ʟʦʥʘ ʗʧʦʥʠʠ 
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ʀʤʝʥʥʦ ʪʝʨʤʠʥ çʧʝʨʝʜʘʯʘè, ʘ ʥʝ çʚʦʟʚʨʘʱʝʥʠʝè ʜʦʣʞʝʥ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʣʶʙʳʭ ʦʙʩʫʞʜʝʥʠʷʭ ʵʪʦʡ ʪʝʤʳ, ʪʦ ʝʩʪʴ 
ʦ ʛʦʪʦʚʥʦʩʪʠ ʨʘʩʧʦʨʷʜʠʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʘ ʜʦʙʨʦʡ ʚʦʣʠ ʩʚʦʝʡ ʪʝʨʨʠʪʦʨʠʝʡ, ʯʪʦ ʥʝ ʩʦʟʜʘʝʪ ʧʨʝʮʝʜʝʥʪʘ ʨʝʚʠʟʠʠ ʠʪʦʛʦʚ 
ʚʦʡʥʳ. ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʈʦʩʩʠʷ ʧʝʨʝʜʘʩʪ ʗʧʦʥʠʠ ʜʚʘ ʦʩʪʨʦʚʘ (ʐʠʢʦʪʘʥ ʠ ʍʘʙʦʤʘʠ), ʪʦ ʧʨʠʨʦʩʪ ʪʝʨʨʠʪʦʨʠʠ 200-ʤʠʣʴʥʦʡ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʳ (ʀʕɿ) ʗʧʦʥʠʠ ʧʨʠʤʝʨʥʦ ʩʦʩʪʘʚʠʪ 38000 ʢʚ. ʤʠʣʠ (ʨʠʩ. 1), ʝʩʣʠ ʩʯʠʪʘʪʴ ʛʨʘʥʠʮʫ 
ʀʕɿ ʤʝʪʦʜʦʤ ʩʝʨʝʜʠʥʥʦʡ ʣʠʥʠʠ, ʷʚʣʷʶʱʝʡʩʷ ʨʘʚʥʦʫʜʘʣʝʥʥʦʡ ʦʪ ʙʣʠʞʘʡʰʠʭ ʟʝʤʝʣʴʥʳʭ ʚʣʘʜʝʥʠʡ ʠ ʙʘʟʦʚʳʭ ʣʠʥʠʡ 
ʦʙʝʠʭ ʩʪʦʨʦʥ, ʦʪʩʯʠʪʳʚʘʝʤʦʡ ʥʘ ʶʛʝ ʦʪ ʤʘʪʝʨʠʢʦʚʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠ ʜʘʣʝʝ ʥʘ ʩʝʚʝʨʝ ʦʪ ʦʩʪʨʦʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʩʪʦʨʦʥ. ɺ 
ʩʣʫʯʘʝ ʝʩʣʠ ʈʦʩʩʠʷ ʦʪʜʘʩʪ ʗʧʦʥʠʠ ʯʝʪʳʨʝ ʦʩʪʨʦʚʘ (ʐʠʢʦʪʘʥ ʠ ʍʘʙʦʤʘʠ, ʀʪʫʨʫʧ ʠ ʂʫʥʘʰʠʨ), ʪʦ ʧʨʠʨʦʩʪ 
ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʳ ʗʧʦʥʠʠ ʧʨʠʤʝʨʥʦ ʩʦʩʪʘʚʠʪ 86000 ʢʚ. ʤʠʣʠ ʢʤ2 ʧʣʦʱʘʜʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦʡ 
ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʟʦʥʳ (ʨʠʩ. 2), ʦʜʥʘʢʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʜʦʙʳʚʘʝʪʩʷ ʪʨʝʪʴ ʚʩʝʡ ʤʦʨʩʢʦʡ ʨʳʙʳ ʈʦʩʩʠʠ ʠ ʥʘʭʦʜʷʪʩʷ 
ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʰʝʣʴʬʝ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ.  

ʂʨʦʤʝ ʦʛʨʦʤʥʳʭ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ (ʥʝʬʪʠ, ʤʘʛʥʠʷ, ʨʝʥʠʷ, ʪʠʪʘʥʘ, ʩʝʨʳ) ʦʩʪʨʦʚʘ ʦʙʣʘʜʘʶʪ ʪʘʢʞʝ  

ʨʝʢʨʝʘʮʠʦʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʧʦʯʪʠ ʥʝʪʨʦʥʫʪʦʡ ʧʨʠʨʦʜʳ. ʂʫʨʠʣʳ ʠ ʧʨʠʣʝʛʘʶʱʠʝ ʢ ʥʠʤ ʤʦʨʩʢʠʝ ʘʢʚʘʪʦʨʠʠ 
ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʫʥʠʢʘʣʴʥʳʭ ʧʦ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʘʡʦʥʦʚ ʄʠʨʦʚʦʛʦ ʦʢʝʘʥʘ. ʆʥʠ ʷʚʣʷʶʪʩʷ 
ʤʝʩʪʘʤʠ ʥʝʨʝʩʪʘ, ʦʙʠʪʘʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʦʩʦʙʦ ʮʝʥʥʳʭ ʧʨʦʤʳʩʣʦʚʳʭ ʨʳʙ ʠ ʞʠʚʳʭ ʦʙʲʝʢʪʦʚ ʥʘ ʧʣʦʱʘʜʠ 196 ʪʳʩ. ʢʚ.ʢʤ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ. ɺʝʨʦʷʪʥʘʷ ʩʫʤʤʘʨʥʘʷ ʚʝʣʠʯʠʥʘ ʧʦʪʝʨʴ ʜʣʷ ʈʦʩʩʠʠ ʦʪ ʦʪʯʫʞʜʝʥʠʷ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ, ʧʦ ʩʘʤʳʤ 
ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʤ ʦʮʝʥʢʘʤ, ʩʦʩʪʘʚʠʪ ʧʦʨʷʜʢʘ 2,5 ʪʨʣʥ. ʜʦʣʣʘʨʦʚ. 

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʚʦʧʨʦʩ: ʥʘʩʪʦʣʴʢʦ ʣʠ ʙʦʛʘʪʘ ʥʘʰʘ ʩʪʨʘʥʘ, ʯʪʦʙʳ ʧʦʞʝʨʪʚʦʚʘʪʴ ʵʪʦʡ 
ʙʝʩʮʝʥʥʦʡ ʜʘʣʴʥʝʚʦʩʪʦʯʥʦʡ ʞʝʤʯʫʞʠʥʦʡ. ʂ ʪʦʤʫ ʞʝ ʟʜʝʩʴ ʧʨʦʭʦʜʠʪ ʚʘʞʥʝʡʰʠʡ ʩʪʨʘʪʝʛʠʯʝʩʢʠʡ ʨʫʙʝʞ ʥʘʮʠʦʥʘʣʴʥʦʡ 
ʙʝʟʦʧʘʩʥʦʩʪʠ ʈʦʩʩʠʠ. ɸ ʵʪʘ ʩʬʝʨʘ ʞʠʟʥʝʥʥʳʭ ʠʥʪʝʨʝʩʦʚ ʛʦʩʫʜʘʨʩʪʚʘ ʥʝ ʜʦʣʞʥʘ ʩʪʘʥʦʚʠʪʴʩʷ ʧʨʝʜʤʝʪʦʤ ʪʦʨʛʘ.  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʧʦʛʨʘʥʠʯʥʦʡ ʣʠʥʠʠ ʈʦʩʩʠʠ ʥʝ ʧʨʦʰʣʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 
ʤʝʞʜʫʥʘʨʦʜʥʦ-ʧʨʘʚʦʚʦʛʦ ʦʬʦʨʤʣʝʥʠʷ ʠ ʥʝ ʠʤʝʝʪ ʩʪʘʪʫʩʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʛʨʘʥʠʮʳ, ʧʦʪʦʤʫ, ʯʪʦ ʥʝ ʜʝʣʠʤʠʪʠʨʦʚʘʥʘ 
(ʪʦʯʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʤʝʩʪʥʦʩʪʠ) ʠ ʥʝ ʜʝʤʘʨʢʠʨʦʚʘʥʘ (ʥʝ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʛʨʘʥʠʯʥʳʝ ʟʥʘʢʠ). ʄʥʦʛʠʝ ʧʦʛʨʘʥʠʯʥʳʝ 
ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʩʠʠ ʠ ʩʦʩʝʜʥʠʭ ʛʦʩʫʜʘʨʩʪʚ ʷʚʣʷʶʪʩʷ ʩʧʦʨʥʳʤʠ, ʩʨʝʜʠ ʥʠʭ ʠʤʝʶʪʩʷ ʢʘʢ çʦʬʠʮʠʘʣʴʥʳʝè (ʥʘ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ), ʪʘʢ ʠ ʥʝ çʦʬʠʮʠʘʣʴʥʳʝè (ʥʘ ʫʨʦʚʥʝ ʦʙʩʫʞʜʝʥʠʡ ʦʙʱʝʩʪʚʝʥʥʳʤʠ ʦʨʛʘʥʠʟʘʮʠʷʤʠ).  

ʅʘʧʨʠʤʝʨ, ʅʦʨʚʝʛʠʷ ʧʨʝʜʣʘʛʘʝʪ ʦʪʦʜʚʠʥʫʪʴ ʟʘʧʘʜʥʫʶ ʛʨʘʥʠʮʫ ʈʦʩʩʠʠ ʥʘ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ ʥʘ ʚʦʩʪʦʢ ʠ ʧʨʠʥʷʪʴ 
ʧʦʜ ʩʚʦʶ ʶʨʠʩʜʠʢʮʠʶ ʙʦʣʝʝ 150 ʪʳʩ. ʢʚ. ʢʤ ʘʢʚʘʪʦʨʠʠ. ʈʦʩʩʠʷ ʫʞʝ ʰʣʘ ʥʘ ʫʩʪʫʧʢʠ ʚ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʦʩʪʨʦʚʘ 
ʐʧʠʮʙʝʨʛʝʥ, ʢʦʛʜʘ ʚ 1925 ʛʦʜʫ ʅʦʨʚʝʛʠʷ ʚʩʪʫʧʠʣʘ ʚ ʝʛʦ ʫʧʨʘʚʣʝʥʠʝ ʢʘʢ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʢʦʨʦʣʝʚʩʪʚʘ ʧʦʜ ʜʨʝʚʥʠʤ 

ʥʘʟʚʘʥʠʝʤ ʉʚʘʣʴʙʘʨʜ (ʉʉʉʈ ʧʨʠʩʦʝʜʠʥʠʣʩʷ ʢ ʵʪʦʤʫ ʜʦʛʦʚʦʨʫ ʚ 1935 ʛʦʜʫ). ɺ 1944 ʛʦʜʫ ʩʦʚʝʪʩʢʦʝ ʧʨʘʚʠʪʝʣʴʩʪʚʦ 
ʧʨʝʜʣʦʞʠʣʦ ʠʟʤʝʥʠʪʴ ʩʪʘʪʫʩ ʉʚʘʣʴʙʘʨʜʘ, ʧʨʝʜʣʦʞʠʚ ʚʚʝʩʪʠ ʩʦʚʤʝʩʪʥʦʝ ʝʛʦ ʫʧʨʘʚʣʝʥʠʝ ʅʦʨʚʝʛʠʝʡ ʠ ʉʉʉʈ ʚ ʢʘʯʝʩʪʚʝ 
ʢʦʥʜʦʤʠʥʠʫʤʘ. ʇʝʨʚʳʝ ʧʝʨʝʛʦʚʦʨʳ ʧʦ ʜʝʣʠʤʠʪʘʮʠʠ ʟʦʥ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʰʝʣʴʬʘ ʈʦʩʩʠʠ ʠ ʅʦʨʚʝʛʠʠ ʥʘʯʘʣʠʩʴ ʚ 1970 
ʛʦʜʫ. ʆʙʝ ʩʪʨʘʥʳ ʷʚʣʷʣʠʩʴ ʫʯʘʩʪʥʠʮʘʤʠ ʂʦʥʚʝʥʮʠʠ ʦ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʤ ʰʝʣʴʬʝ 1958 ʛʦʜʘ, ʠ ʧʦʣʦʞʠʣʠ ʝʝ ʚ ʦʩʥʦʚʫ 
ʩʚʦʠʭ ʦʙʩʫʞʜʝʥʠʡ. ʇʦʟʠʮʠʷ ʅʦʨʚʝʛʠʠ ʩʦʩʪʦʷʣʘ ʚ ʪʦʤ, ʯʪʦ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʡ ʢʦʥʚʝʥʮʠʠ, ʧʨʠʤʝʥʷʪʴʩʷ ʜʦʣʞʥʦ 
ʧʨʘʚʠʣʦ ʩʝʨʝʜʠʥʥʦʡ ʣʠʥʠʠ. ʉʦʚʝʪʩʢʘʷ ʩʪʦʨʦʥʘ ʟʘʷʚʣʷʣʘ ʦ ʥʘʣʠʯʠʠ ʦʩʦʙʳʭ ʫʩʣʦʚʠʡ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʤʝʥʷʪʴ 
ʣʠʥʠʶ, ʫʩʪʘʥʦʚʣʝʥʥʫʶ ɼʝʢʨʝʪʦʤ 1926 ʛʦʜʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʢ ʉʉʉʈ ʟʝʤʝʣʴ ʠ ʦʩʪʨʦʚʦʚ ʚ ɸʨʢʪʠʢʝ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʘʷ çʩʝʢʪʦʨʘʣʴʥʘʷ ʣʠʥʠʷè). ʉʧʦʨʥʳʡ ʨʘʡʦʥ ʰʝʣʴʬʘ 
ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʥʠʷʤʠ ʩʦʩʪʘʚʣʷʝʪ ʚ ʮʝʣʦʤ 175 ʪʳʩʷʯ ʢʚ.ʢʤ, ʠʟ 

ʢʦʪʦʨʳʭ 155 ʪʳʩʷʯ ʢʚ.ʢʤ ʥʘʭʦʜʷʪʩʷ ʚ ɹʘʨʝʥʮʝʚʦʤ ʤʦʨʝ (ʵʪʦ 11 
ʧʨʦʮʝʥʪʦʚ ʝʛʦ ʦʙʱʝʡ ʧʣʦʱʘʜʠ). ʆʙʝ ʩʪʦʨʦʥʳ ʧʦʜʭʦʜʷʪ ʢ 
ʧʝʨʝʛʦʚʦʨʘʤ ʩ ʩʝʨʴʝʟʥʦʩʪʴʶ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʝʨʝʛʦʚʦʨʳ ʚ ʵʪʦʤ 
ʢʣʶʯʝ ʧʨʦʜʦʣʞʘʶʪʩʷ.  

ɼʘʥʥʘʷ ʧʦʟʠʮʠʷ ʧʦ ʩʧʦʨʥʦʤʫ ʚʦʧʨʦʩʫ ʩ ʅʦʨʚʝʛʠʝʡ, 
ʤʦʞʝʪ ʙʳʪʴ ʚʟʷʪʘ, ʢʘʢ ʟʘ ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 
ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʛʜʝ ʧʝʨʝʜʘʯʘ ʦʩʪʨʦʚʦʚ, ʥʝ ʣʠʰʘʣʘ ʙʳ 
ʈʦʩʩʠʠ ʧʨʘʚʘ ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʨʦʜʥʳʤʠ ʨʝʩʫʨʩʘʤʠ 

ʘʢʚʘʪʦʨʠʠ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ. ʇʦʵʪʦʤʫ ʢ ʚʦʧʨʦʩʫ ʚʦʟʤʦʞʥʦʡ 
ʧʝʨʝʜʘʯʠ ʂʫʨʠʣʴʩʢʠʭ ʦʩʪʨʦʚʦʚ, ʩʪʦʠʪ ʧʦʜʭʦʜʠʪʴ ʙʦʣʝʝ ʪʨʝʟʚʦ ʠ 
ʦʩʤʳʩʣʝʥʠʝ, ʠ ʫʯʠʪʳʚʘʪʴ ʚʩʝ ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʪʘʢ ʚ 
ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʳ ʧʦʪʝʨʷʝʤ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʴ ʪʝʨʨʠʪʦʨʠʠ, ʥʦ ʠ 
ʤʥʦʛʦʤʠʣʣʠʘʨʜʥʳʝ ʧʦʩʪʫʧʣʝʥʠʷ ʚ ʙʶʜʞʝʪ ʦʪ ʨʳʙʥʦʡ ʣʦʚʣʠ ʠ 
ʙʫʜʫʱʝʛʦ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ʥʘ 
ʰʝʣʴʬʝ ʆʭʦʪʩʢʦʛʦ ʤʦʨʷ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ɼʣʷ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ ʨʘʟʨʘʙʦʪʘʥ ʨʷʜ ʤʝʪʦʜʠʢ, ʢʦʤʧʣʝʢʩʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʦʩʪʘʚ ʠ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʦʣʝʚʳʭ ʠ ʛʘʟʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʨʘʩʪʚʦʨʦʚ. ʕʪʠ ʤʝʪʦʜʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: ʥʘʮʝʣʝʥʥʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ 
ʚʢʣʶʯʝʥʠʡ ʠ ʥʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʣʘʩʪʠʥʢʘʭ ʢʚʘʨʮʘ ʪʦʣʱʠʥʦʡ 0,3-0,5 ʤʤ., ʦʪʧʦʣʠʨʦʚʘʥʥʳʭ 
ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ. ʌʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʙʳʣʠ ʧʨʦʩʤʦʪʨʝʥʳ ʠ ʠʟʫʯʝʥʳ ʚ 9 ʧʣʘʩʪʠʥʢʘʭ. ʀʟʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ 
ʦʪʦʙʨʘʥʳ ʥʘ 19 ʛʦʨʠʟʦʥʪʝ ʦʩʥʦʚʥʦʡ ʨʫʜʥʦʡ ʞʠʣʳ ˉ87 
ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʧʨʦʜʫʢʪʳ ʛʣʘʚʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʪʘʜʠʠ 
ʬʦʨʤʠʨʦʚʘʥʠʷ ʂʘʣʛʫʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʘʣʦʚʦʛʦ ʩʦʩʪʘʚʘ 
ʚʢʣʶʯʝʥʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʛʘʟʦʚʦʡ 
ʭʨʦʤʘʪʦʛʨʘʬʠʠ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʅ2ʆ, ʉʆ2, 
ʉʆ, ʅ2, N2, ʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʳʝ (ʉʅ4, ʉ2ʅ6, ʉ3ʅ8, ʉ4ʅ10, 
ʉ5ʅ12, ʉ6ʅ14) ʠ ʥʝʧʨʝʜʝʣʴʥʳʝ (ʉ2ʅ2, ʉ2ʅ4) 
ʫʛʣʝʚʦʜʦʨʦʜʳ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ 
ʧʨʦʚʦʜʠʣʦʩʴ ʤʝʪʦʜʦʤ ʢʨʠʦʤʝʪʨʠʠ, ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʠ 

ʨʦʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʄʝʪʦʜ ʢʨʠʦʤʝʪʨʠʠ, ʧʦ 
ʤʥʝʥʠʶ ɸ.ʉ. ɹʦʨʠʩʝʥʢʦ (ɹʦʨʠʩʝʥʢʦ, 1977), ʷʚʣʷʝʪʩʷ 
ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ ʧʨʠ ʘʥʘʣʠʟʝ 
ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʉ ʝʛʦ ʧʦʤʦʱʴʶ ʤʦʞʥʦ 
ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʪʚʝʨʜʳʭ ʬʘʟ, ʘ ʪʘʢʞʝ ʩʦʩʪʘʚ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʶ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 
ʨʘʩʪʚʦʨʝ ʠ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʢʣʶʯʝʥʠʡ. ʅʘʠʙʦʣʝʝ 
ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʜʦʩʪʘʪʦʯʥʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʚ 
ʢʦʪʦʨʳʭ ʪʚʝʨʜʳʝ ʬʘʟʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʣʠ ʚʦʟʥʠʢʘʶʪ ʚʦ 
ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ʉʦʣʝʚʦʡ ʩʦʩʪʘʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʆʥ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ ʨʘʩʪʚʦʨʘ. ʈʘʩʪʚʦʨ ʢʦʥʢʨʝʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʵʚʪʝʢʪʠʢʦʡ, ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʧʨʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʊʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
ʵʚʪʝʢʪʠʢʠ ʠʥʜʠʚʠʜʫʘʣʴʥʘ ʜʣʷ ʢʘʞʜʦʡ ʩʦʣʝʚʦʡ ʩʠʩʪʝʤʳ ʠ ʩʣʫʞʠʪ ʦʜʥʠʤ ʠʟ ʥʘʜʝʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʠʭ ʜʠʘʛʥʦʩʪʠʢʠ. 
ʆʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ ʣʶʙʦʛʦ ʩʦʩʪʘʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʝʪʦʜʦʤ 
ʢʨʠʦʤʝʪʨʠʠ. ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʠʟ ʨʘʩʪʚʦʨʘ, ʝʩʣʠ ʦʥ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʚʪʝʢʪʠʯʝʩʢʦʤʫ, ʚʳʧʘʜʘʶʪ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʬʘʟ (ʩʦʣʴ 

ʠʣʠ ʣʝʜ) ʢʦʤʧʦʥʝʥʪʳ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʠʟʙʳʪʢʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ 
ʦʩʪʘʪʦʯʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʵʚʪʝʢʪʠʯʝʩʢʦʤʫ ʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʠʢʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʢʘʢ 
ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʤʝʩʴ. ʈʘʩʪʚʦʨʳ ʦʜʠʥʘʢʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ, ʥʦ ʨʘʟʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʜʥʦʡ ʠ 
ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʤʝʨʟʘʥʠʷ ʵʚʪʝʢʪʠʢʠ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ ʠʭ ʤʦʞʥʦ ʦʪʣʠʯʠʪʴ ʦʪ ʨʘʩʪʚʦʨʦʚ ʜʨʫʛʦʛʦ ʩʦʩʪʘʚʘ. ʕʪʦ 
ʩʚʦʡʩʪʚʦ ʨʘʩʪʚʦʨʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʚʪʝʢʪʠʢʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʯʝʩʪʚʘ 
ʠʩʩʣʝʜʫʝʤʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʢʨʠʦʤʝʪʨʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ (ɹʦʨʠʩʝʥʢʦ, 1977). 

ʅʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʨʘʩʪʚʦʨʦʚ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 
ʦʧʨʝʜʝʣʝʥʠʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʣʠ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʪʚʝʨʜʳʭ ʬʘʟ. ʆʥʠ ʫʢʘʟʳʚʘʶʪ ʥʘ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 

ʨʘʩʪʚʦʨʦʚ ʢ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʦʣʝʚʦʡ ʩʠʩʪʝʤʝ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʭ ʧʣʘʚʣʝʥʠʷ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʨʘʩʪʚʦʨʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʩʥʦʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʚʝʨʜʳʭ ʬʘʟ, ʧʦ ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʠʭ ʜʠʘʛʥʦʩʪʠʢʫ ʚʦ 
ʚʢʣʶʯʝʥʠʷʭ, ʷʚʣʷʶʪʩʷ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʬʦʨʤʘ ʢʨʠʩʪʘʣʣʦʚ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʤʢʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. 

ɺʘʞʥʳʤ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʦʤ ʪʚʝʨʜʳʭ ʬʘʟ ʷʚʣʷʝʪʩʷ ʬʦʨʤʘ ʠʭ ʢʨʠʩʪʘʣʣʦʚ. ɹʦʣʴʰʠʥʩʪʚʦ ʠʟʫʯʝʥʥʳʭ 
ʩʦʣʝʡ ʦʙʣʘʜʘʝʪ ʜʦʚʦʣʴʥʦ ʭʘʨʘʢʪʝʨʥʳʤʠ ʬʦʨʤʘʤʠ ʢʨʠʩʪʘʣʣʦʚ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʚʝʨʜʳʭ ʬʘʟ ʷʚʣʷʪʁʩʷ 
ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʤʢʠ ʠʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɼʣʷ ʢʘʞʜʦʡ ʩʦʣʠ ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 
ʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʨʘʩʪʚʦʨʦʤ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʣʠʩʴ ʩʚʦʡʩʪʚʝʥʥʳʝ ʛʘʣʠʪʫ (NaCl) ʦʛʨʘʥʝʥʥʳʝ ʢʫʙʠʯʝʩʢʠʝ 

ʢʨʠʩʪʘʣʣʳ (ʨʠʩ.1), ʢʦʪʦʨʳʝ ʥʘʭʦʜʠʣʠʩʴ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʨʘʩʪʚʦʨʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 0Üʉ. ɼʣʷ ʣʴʜʘ (ʅ2ʆ) 
ʥʘʙʣʶʜʘʣʠʩʴ ʭʘʨʘʢʪʝʨʥʳʝ ʛʝʢʩʘʛʦʥʘʣʴʥʳʝ ʧʣʘʩʪʠʥʢʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʥʠʞʝ 0Üʉ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ ʪʚʝʨʜʳʭ ʬʘʟ ʜʘʝʪ ʠʟʫʯʝʥʠʝ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚʢʣʶʯʝʥʠʡ. 
ʄʝʪʦʜʦʤ ʨʦʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʛʘʟʦʚʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ ʛʘʟʦʚʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʢʣʶʯʝʥʠʡ ʙʳʣʘ 
ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʘ ʢʘʢ ʉʆ2. ʅʘʣʠʯʠʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʢʣʶʯʝʥʠʡ ʵʪʦʛʦ ʛʘʟʘ ʠʩʢʣʶʯʘʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʘʚʥʦʚʝʩʥʦʤ ʩ ʥʝʡ 
ʨʘʩʪʚʦʨʝ Na2CO3 ʠ K2CO3. ɿʘʤʝʨʟʘʥʠʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʙʦʣʝʝ ʨʝʟʢʠʤ ʧʦʪʝʤʥʝʥʠʝʤ 
ʚʢʣʶʯʝʥʠʡ, ʯʝʤ ʨʘʟʙʘʚʣʝʥʥʳʭ. ʍʣʦʨʠʜʥʳʝ ʨʘʩʪʚʦʨʳ ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʪʝʤʥʳʡ ʥʝʧʨʦʟʨʘʯʥʳʡ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ ʘʛʨʝʛʘʪ. 
ɸʚʪʦʨʦʤ ʧʨʠ ʢʨʠʦʤʝʪʨʠʠ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʥʘʙʣʶʜʘʣʠʩʴ ʵʪʠ ʷʚʣʝʥʠʷ, ʯʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʘʚʠʣʴʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʜʠʘʛʥʦʩʪʠʢʠ ʩʦʣʝʚʦʛʦ ʩʦʩʪʘʚʘ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ. 
ɼʘʣʝʝ, ʧʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʵʚʪʝʢʪʠʢʠ ʩʦʣʝʚʦʛʦ ʨʘʩʪʚʦʨʘ, ʧʨʦʚʦʜʠʪʩʷ ʠʟʤʝʨʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ. ʀʟʤʝʨʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ ʚ 
ʨʘʩʪʚʦʨʝ ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ NaCl. 

ɺ ʧʣʘʩʪʠʥʢʘʭ ʢʚʘʨʮʘ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʟʤʝʨʦʤ 5-45 ʤʢʤ, ʠʤʝʶʱʠʝ ʢʘʢ ʧʨʘʚʠʣʴʥʳʝ, 
ʪʘʢ ʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʦʯʝʨʪʘʥʠʷ (ʬʦʨʤʳ). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʦ ʚʨʝʤʝʥʠ ʟʘʭʚʘʪʘ ʦʥʠ 
ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʝʨʚʠʯʥʳʝ, ʧʝʨʚʠʯʥʦ-ʚʪʦʨʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ. ʇʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ 
ʨʘʚʥʦʤʝʨʥʦ ʚ ʦʙʲʝʤʝ ʤʠʥʝʨʘʣʘ-ʭʦʟʷʠʥʘ, ʧʝʨʚʠʯʥʦ-ʚʪʦʨʠʯʥʳʝ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʨʝʱʠʥʘʤ, ʥʝ ʚʳʭʦʜʷʱʠʤ ʟʘ ʧʨʝʜʝʣʳ ʟʝʨʥʘ 

ʢʚʘʨʮʘ. ɺʢʣʶʯʝʥʠʷ, ʟʘʣʝʯʠʚʘʶʱʠʝ ʪʨʝʱʠʥʳ ʚ ʢʚʘʨʮʝ, ʦʪʥʝʩʝʥʳ ʢ ʚʪʦʨʠʯʥʳʤ. ʅʝʧʨʘʚʠʣʴʥʳʝ ʦʯʝʨʪʘʥʠʷ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ 
ʚʪʦʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ. 
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ʈʠʩ.1. ʊʠʧʳ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ: ɸ) 3-ʬʘʟʥʦʝ 

ʚʢʣʶʯʝʥʠʝ (1 ï ʧʫʟʳʨʝʢ ʉʆ2, 2 ï ʢʨʠʩʪʘʣʣ ʩʦʣʠ, 3 

ï ʚʦʜʘ), B) ʦʙʲʝʤʥʦʝ ʚʢʣʶʯʝʥʠʝ ʩ ʉʆ2, ʉ) 2-ʬʘʟʥʦʝ 

ʚʢʣʶʯʝʥʠʝ (1-ʞʠʜʢʦʩʪʴ (ʅ2ʆ), 2 ï ʧʫʟʳʨʝʢ ʛʘʟʘ 

(ʉʆ2), D) 3-ʬʘʟʥʦʝ ʚʢʣʶʯʝʥʠʝ (1 ï ʧʫʟʳʨʝʢ ʉʆ2, 2 

ï ʢʨʠʩʪʘʣʣ ʩʦʣʠ, 3 ï ʚʦʜʘ). ʈʘʟʤʝʨ ʚʢʣʶʯʝʥʠʡ 

ʩʦʩʪʘʚʣʷʝʪ 20     35 ʤʢʤ  



ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1. ʇʦ ʬʦʨʤʝ, ʩʦʩʪʘʚʫ ʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ɻ.ɻ. 
ʃʝʤʤʣʝʡʥʘ (ʃʝʤʤʣʝʡʥ, 1973) ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ ʧʝʨʚʠʯʥʳʤ ï ʢʩʝʥʦʛʝʥʥʳʤ, ʘʫʪʠʛʝʥʥʳʤ (ʨʠʩ.1, ɸ, ɺ, ʉ) ʠ ʚʪʦʨʠʯʥʳʤ 
(ʨʠʩ.1, D). ɺ ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʜʚʫʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʯʫʪʴ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʦʜʥʦʬʘʟʥʳʝ (ʦʙʲʝʤʥʳʝ ʛʘʟʦʚʳʝ ʠ 

ʞʠʜʢʠʝ). ɺ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ. ɾʠʜʢʘʷ ʬʘʟʘ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 
ʦʩʥʦʚʥʦʤ ʅ2ʆ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤʠ ʚ ʥʝʡ ʩʦʣʷʤʠ. ʊʚʝʨʜʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʘʤʠ ʩʦʣʝʡ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. 
ɻʘʟʦʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʛʘʟʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʉʆ2. 

ʂʨʠʦʤʝʪʨʠʯʝʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʢʨʠʦʢʘʤʝʨʝ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʆʀɻɻʠʄ ʉʆ ʈɸʅ                    ʛ. 
ʅʦʚʦʩʠʙʠʨʩʢ. 

ʄʝʪʦʜʦʤ ʢʨʠʦʤʝʪʨʠʠ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 30 ʚʢʣʶʯʝʥʠʡ. ɸʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʚ ʦʩʥʦʚʥʦʤ ʜʚʫʭʬʘʟʥʳʝ ʛʘʟʦʚʦ-
ʞʠʜʢʠʝ (ʨʠʩ. 1, ʉ) ʠ ʪʨʝʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ (ʨʠʩ. 1, ɸ), ʪʘʢ ʢʘʢ ʦʥʠ ʠʤʝʶʪ ʥʘʠʙʦʣʴʰʠʝ ʨʘʟʤʝʨʳ (ʜʦ 45 ʤʢʤ). ɺ 
ʪʨʝʭʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʷʭ, ʛʜʝ ʪʚʝʨʜʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʘʤʠ ʩʦʣʝʡ, ʦʥʠ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝʪʦʜʠʢʝ 

(ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ, ʬʦʨʤʝ ʢʨʠʩʪʘʣʣʦʚ, ʦʧʪʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ, ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʨʘʤʢʘʤ 
ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʛʘʟʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ) ʙʳʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʢʘʢ ʛʘʣʠʪ (NaCl). ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʵʚʪʝʢʪʠʢʠ 
ʨʘʩʪʚʦʨʦʚ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʤʧʦʥʝʥʪʥʳʡ ʩʦʩʪʘʚ ʩʦʣʝʚʳʭ ʩʠʩʪʝʤ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʵʪʠʭ 
ʩʠʩʪʝʤ ʥʘ ʠʟʫʯʘʝʤʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʷʚʣʷʝʪʩʷ NaCl. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚ ʚʠʜʝ ʧʨʠʤʝʩʝʡ 
ʧʨʠʩʫʪʩʪʚʫʶʪ KCl, MgCl2, ʭʣʦʨʠʜʳ Fe. 

ʂʦʥʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʣʴʜʘ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʦʣʴʰʠʥʩʪʚʦ 
ʚʢʣʶʯʝʥʠʡ ʠʤʝʶʪ ʨʘʩʪʚʦʨʳ ʩ ʫʤʝʨʝʥʥʦʡ ʩʦʣʝʥʦʩʪʴʶ 7-16 ʤʘʩ.% - ʵʢʚ. NaCl. ɺʦ ʚʢʣʶʯʝʥʠʷʭ, ʛʜʝ ʪʚʝʨʜʘʷ ʬʘʟʘ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʘʣʠʪʦʤ (NaCl), ʩʦʣʝʥʦʩʪʴ ʜʦʚʦʣʴʥʦ ʚʳʩʦʢʘʷ (17-26 ʤʘʩ.% - ʵʢʚ. NaCl), ʠ ʚʩʝʛʜʘ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʫʭ 

ï ʠ ʦʜʥʦʬʘʟʥʳʤʠ ʚʢʣʶʯʝʥʠʷʤʠ (ʞʠʜʢʠʝ ʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʝ). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʠʟ ʩʨʝʜʥʝʩʦʣʝʥʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʄʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʘʷ ʩʨʝʜʘ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ ʛʝʪʝʨʦʛʝʥʥʳʡ ʬʣʶʠʜ, ʩʦʩʪʦʷʚʰʠʡ ʠʟ ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʠ 
ʫʛʣʝʢʠʩʣʦʪʥʦ-ʫʛʣʝʚʦʜʦʨʦʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ɺʆɼɸ ʂɸʂ ʆʉʅʆɺʅʆʁ ʂʆʄʇʆʅɽʅʊ ɻɸɿʆɺʆ-ɾʀɼʂʀʍ ɺʂʃʖʏɽʅʀʁ ʂɺɸʈʎɸ 

ʂɸʃɻʋʊʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
ɼ.ʀ. ɹʘʙʢʠʥ, ɸ.ʇ. ɹʘʪʘʣʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɸ.ɸ. ʇʦʮʝʣʫʝʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʬʨʘʢʮʠʠ ʢʚʘʨʮʘ (ʨʘʟʤʝʨ 

0,5é0,25 ʤʤ) ʠʟ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʂʘʣʛʫʪʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɻʘʟʦʚʦʭʨʦʤʘʪʦʛʨʘʬʠʯʝʩʢʠʡ 
ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʪʝʨʤʦʙʘʨʦʛʝʦʭʠʤʠʠ ʠʥʩʪʠʪʫʪʘ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʧʝʪʨʦʛʨʘʬʠʠ ʉʆ ʈɸʅ (ʛ. ʅʦʚʦʩʠʙʠʨʩʢ) ʥʘ 
ʫʩʪʘʥʦʚʢʝ ʃʍʄ-80 (ʟʘʚʝʜʫʶʱʠʡ ʣʘʙʦʨʘʪʦʨʠʝʡ ɸ.ɸ. ʊʦʤʠʣʝʥʢʦ, ʘʥʘʣʠʪʠʢ ʃ.ʅ. ʌʦʤʠʥʘ). ɹʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ 
ʩʣʝʜʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ: ʅ2ʆ, ʉʆ2, ʉʆ, ʅ2, ʘ ʪʘʢʞʝ ʧʨʝʜʝʣʴʥʳʝ (ʉʅ4, ʉ2ʅ6, ʉ3ʅ8, ʉ4ʅ10, 

ʉ5ʅ12, ʉ6ʅ14) ʠ ʥʝʧʨʝʜʝʣʴʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʳ (ʉ2ʅ2, ʉ2ʅ4). 
ʀʟʫʯʝʥʠʝ ʚʢʣʶʯʝʥʠʡ ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʦʣʠʨʦʚʘʥʥʳʭ ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʧʣʘʩʪʠʥʢʘʭ ʢʚʘʨʮʘ ʪʦʣʱʠʥʦʡ 0,2 ʤʤ. 

ʇʨʦʩʤʦʪʨʝʥʦ 9 ʧʣʘʩʪʠʥʦʢ ʢʚʘʨʮʘ ʧʦ ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʞʠʣʝ 87. ɺʩʝʛʦ ʠʟʫʯʝʥʦ ʦʢʦʣʦ 100 ʚʢʣʶʯʝʥʠʡ. 
ɸʥʘʣʠʟ ʚʢʣʶʯʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʧʨʝʦʙʣʘʜʘʶʪ ʜʚʫʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ, ʯʫʪʴ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ 

ʦʜʥʦʬʘʟʥʳʝ (ʦʙʲʝʤʥʳʝ ʛʘʟʦʚʳʝ ʠ ʞʠʜʢʠʝ). ɺ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʪʩʷ ʪʨʝʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ. ɾʠʜʢʘʷ 
ʬʘʟʘ ʚ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʅ2ʆ ʩ ʥʝʙʦʣʴʰʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʩʦʣʝʡ. ʊʚʝʨʜʘʷ ʬʘʟʘ 
ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʨʠʩʪʘʣʣʘʤʠ ʩʦʣʝʡ ʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɻʘʟʦʚʘʷ ʬʘʟʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ ʛʘʟʘʤʠ, ʚ ʦʩʥʦʚʥʦʤ ʉʆ2. 

ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʤʦʛʝʥʠʟʘʮʠʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʤʝʥʷʝʪʩʷ ʦʪ 290é340ʉ̄ ʜʦ 140é160ʉ̄ (ʤʠʥʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʠ ʚʪʦʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɿʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ 

ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ ʚʢʣʶʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʢʚʘʨʮʘ 
ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʢʘʢ ʤʠʥʠʤʫʤ 290é340Áʉ; ʙʦʣʝʝ ʧʦʟʜʥʝʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (140é160ʉ̄) ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚʪʦʨʠʯʥʳʭ ʚʢʣʶʯʝʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʨʘʥʝʝ 
(ɼʝʨʛʘʯʝʚ, 1983) ʧʦ ʂʘʣʛʫʪʠʥʩʢʦʤʫ ʠ ʜʨʫʛʠʤ ʨʝʜʢʦʤʝʪʘʣʣʴʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. 

ʆʩʥʦʚʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʷʚʣʷʶʪʩʷ ʚʦʜʘ (ʜʦ 92%) ʠ ʫʛʣʝʢʠʩʣʦʪʘ (ʜʦ 8%), 
ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʦʜʝʨʞʘʪʩʷ ʚ ʤʝʥʝʝ ʟʥʘʯʠʤʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ. 

ʇʦ ʦʙʱʝʡ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʠ (ʩʫʤʤʘ ʚʩʝʭ ʛʘʟʦʚ ʠ ʚʦʜʳ) ʢʚʘʨʮʘ ʨʫʜʦʥʦʩʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʤʝʪʥʦ 
ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɹʦʣʝʝ ʥʘʩʳʱʝʥ ʢʚʘʨʮ ʛʨʝʡʟʝʥʦʚʦʛʦ ʪʝʣʘ çʄʦ-ʰʪʦʢ 1è ʠ ʞʠʣʳ 1ï2 (ʚ ʩʨʝʜʥʝʤ 1630 ʠ 1600 
ʤʛ/ʢʛ), ʚ ʢʚʘʨʮʘʭ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʪʝʣ ʩʦʜʝʨʞʘʥʠʝ ʬʣʶʠʜʘ ʩʥʠʞʘʝʪʩʷ ʜʦ 1050é1220 ʤʛ/ʢʛ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʜʘʥʥʳʭ ʵʪʦ ʨʘʟʣʠʯʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʦʚʣʝʥʦ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʨʘʟʣʠʯʥʦʡ ʠʟʫʯʝʥʥʦʩʪʴʶ ʨʫʜʥʳʭ ʪʝʣ ʧʦ ʚʝʨʪʠʢʘʣʠ 
(ʨʘʟʣʠʯʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʨʦʚʥʝʤ ʩʝʯʝʥʠʡ ʪʝʣ). ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʪʤʝʯʘʝʪʩʷ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʫʤʝʥʴʰʝʥʠʠ 
ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʠ ʢʚʘʨʮʘ ʩ ʛʣʫʙʠʥʦʡ. ɻʨʘʜʠʝʥʪ ʫʤʝʥʴʰʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʬʣʶʠʜʘ ʚ ʢʚʘʨʮʝ ʩ ʛʣʫʙʠʥʦʡ (ʚ ʨʘʩʯʝʪʝ ʥʘ 
10 ʤ) ʧʦ ʨʫʜʥʳʤ ʪʝʣʘʤ ʩʦʩʪʘʚʣʷʝʪ: ʞʠʣʘ 87 (ʦʪ 20 ʢ 19 ʛʦʨʠʟʦʥʪʫ) 58 ʤʛ/ʢʛ; ʞʠʣʘ 69ï70 ï 47 ʤʛ/ʢʛ; çʄʦ-ʰʪʦʢ 1è ï 37 
ʤʛ/ʢʛ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʞʠʣʘ 87, ʛʜʝ ʦʪ ʛʦʨʠʟʦʥʪʘ ʰʪʦʣʴʥʠ 19 ʢ 18 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʬʣʶʠʜʦʥʘʩʳʱʝʥʥʦʩʪʴ ʢʚʘʨʮʘ. 
ʋʯʠʪʳʚʘʷ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʟʦʥʘʣʴʥʦʩʪʠ ʦʨʫʜʝʥʝʥʠʷ (ʇʦʮʝʣʫʝʚ, ʂʦʪʝʛʦʚ, 2002), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ 



ʷʨʫʩʥʦʤ (ʚʦʣʥʦʚʦʤ) ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʫʜʥʦʡ ʞʠʣʳ 87 ʠ ʚʳʩʦʢʠʭ 
ʧʝʨʩʧʝʢʪʠʚʘʭ ʨʫʜʦʥʦʩʥʦʩʪʠ ʝʝ ʙʦʣʝʝ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ. 

ʉʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʚ ʢʚʘʨʮʝ ʨʫʜʦʥʦʩʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 880 ʜʦ 1500 ʤʛ/ʢʛ. 

ʄʘʢʩʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚʦʜʳ ʨʝʟʢʦ ʚʳʜʝʣʷʶʪʩʷ (ʥʘ ʬʦʥʝ ʜʨʫʛʠʭ ʦʙʨʘʟʦʚʘʥʠʡ) ʄʦ-ʰʪʦʢ 1 ʠ ʞʠʣʘ 1ï2, ʛʜʝ ʝʝ 
ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 1500 ʤʛ/ʢʛ. ʄʦ-ʰʪʦʢ 2 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʚʦʜʳ ï 880 ʤʛ/ʢʛ. 
ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʨʫʜʦʥʦʩʥʳʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʢʦʥʮʝʥʪʨʘʮʠʷ ʚʦʜʳ ʩ ʛʣʫʙʠʥʦʡ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. ʇʨʠ ʵʪʦʤ ʚ ʢʚʘʨʮʝ 
ʦʩʥʦʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʡ ʞʠʣʳ 87 ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 19 ʛʦʨʠʟʦʥʪʘ ʢ 18 ʦʪʤʝʯʘʝʪʩʷ ʟʘʤʝʪʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʚʦʜʳ ʠ ʦʩʪʘʣʴʥʳʭ ʛʘʟʦʚ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʪʝʥʜʝʥʮʠʷ (ʫʤʝʥʴʰʝʥʠʝ ʩ ʛʣʫʙʠʥʦʡ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ) ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʧʨʠ 
ʩʨʘʚʥʝʥʠʠ ʨʘʟʥʦʛʣʫʙʠʥʥʳʭ ʚʦʣʴʬʨʘʤʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ʆʪ ʤʘʣʦʛʣʫʙʠʥʥʳʭ ʢ ʛʣʫʙʠʥʥʳʤ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʫʤʝʥʴʰʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ ʠ ʦʙʱʝʡ ʩʫʤʤʳ ʛʘʟʦʚ (ʂʫʞʝʣʴʩʢʘʷ, ɼʝʨʛʘʯʝʚ 1990). ɺʦʟʤʦʞʥʦ, ʵʪʘ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʜʠʥʘʢʦʚʦ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ ʨʘʟʥʦʤ ʤʘʩʰʪʘʙʥʦʤ ʫʨʦʚʥʝ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ (ʦʪ ʦʪʜʝʣʴʥʳʭ ʨʫʜʥʳʭ ʞʠʣ ʜʦ 
ʨʫʜʥʳʭ ʧʦʣʝʡ ʠ ʫʟʣʦʚ). 

ʉʦʜʝʨʞʘʥʠʝ ʫʛʣʝʢʠʩʣʦʪʳ ʚ ʢʚʘʨʮʘʭ ʨʘʟʣʠʯʥʳʭ ʨʫʜʦʥʦʩʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 43 ʜʦ 
85 ʤʛ/ʢʛ. ɺ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʘʨʴʠʨʫʶʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʆ ʦʪ 7 ʜʦ 43 ʤʛ/ʢʛ. ʄʝʞʜʫ ʨʫʜʦʥʦʩʥʳʤʠ 
ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʦʪʤʝʯʘʝʪʩʷ ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ (ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʦʪʤʝʯʘʶʪʩʷ ʚ ʄʦ-ʰʪʦʢʝ 2, ʘ ʤʠʥʠʤʘʣʴʥʳʝ ʚ ʞʠʣʝ 69ï70). 

ʅʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʤʝʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʢʠʩʣʦʪʳ ʩ ʛʣʫʙʠʥʦʡ. ʅʦ ʚ ʩʚʷʟʠ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 
ʩʥʠʞʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʜʳ çʫʛʣʝʢʠʩʣʦʪʥʦʩʪʴè ʬʣʶʠʜʘ (ʉʆ2Ā100/ʅ2ʆ) ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ 

ʚʥʠʤʘʥʠʝ ʥʝ ʪʦʣʴʢʦ ʦʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʚ ʫʚʝʣʠʯʝʥʠʠ çʫʛʣʝʢʠʩʣʦʪʥʦʩʪʠè ʬʣʶʠʜʘ, ʥʦ ʠ ʙʣʠʟʦʩʪʴ ʚʝʣʠʯʠʥʳ ʛʨʘʜʠʝʥʪʘ 
(ʚ ʨʘʩʯʝʪʝ ʥʘ 10 ʤ) ʫʚʝʣʠʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩ ʛʣʫʙʠʥʦʡ. ɺ ʞʠʣʝ 87 (ʦʪ 20 ʢ 19 ʛʦʨʠʟʦʥʪʫ) ʦʥ ʩʦʩʪʘʚʣʷʝʪ 0,13 ʝʜ.; ʚ 
ʞʠʣʝ 69ï70 ï 0,17 ʝʜ.; ʚ çʄʦ-ʰʪʦʢʝ 1è ï 0,15 ʝʜ. ɺ ʞʠʣʝ 87 ʩ ʛʣʫʙʠʥʦʡ ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ. 

ʈʘʥʝʝ, ɺ.ɹ. ɼʝʨʛʘʯʝʚʳʤ ʩ ʢʦʣʣʝʛʘʤʠ (ɼʝʨʛʘʯʝʚ, ʅʠʢʠʪʠʥʘ, 1983), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʙʣʠʟʢʠʝ ʜʘʥʥʳʝ ʧʦ 
ʩʦʜʝʨʞʘʥʠʶ ʚʦʜʳ, ʫʛʣʝʢʠʩʣʦʪʳ ʠ çʫʛʣʝʢʠʩʣʦʪʥʦʩʪʠè ʢʚʘʨʮʝʚ ʂʘʣʛʫʪʠʥʩʢʦʛʦ ʠ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ. ɺ 
ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʜʝʣʘʶʪ ʚʳʚʦʜ ʦ ʪʦʤ ʯʪʦ çʫʛʣʝʢʠʩʣʦʪʥʦʩʪʴè ʬʣʶʠʜʘ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʦʪ ʨʘʥʥʝʛʦ ʛʨʝʡʟʝʥʦʚʦʛʦ ʵʪʘʧʘ 
ʨʫʜʦʦʦʙʨʘʟʦʚʘʥʠʷ ʢ ʙʦʣʝʝ ʧʦʟʜʥʝʤʫ ʞʠʣʴʥʦʤʫ ʧʨʦʜʫʢʪʠʚʥʦʤʫ (ʦʪ 20é50 ʜʦ 2é10 ʝʜ.). ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʜʘʥʥʳʝ 
ʧʦʢʘʟʳʚʘʶʪ ʦʪʩʫʪʩʪʚʠʝ ʦʪʣʠʯʠʷ ʧʦ ʵʪʦʤʫ ʧʘʨʘʤʝʪʨʫ ʤʝʞʜʫ ʨʘʥʥʠʤʠ ʛʨʝʡʟʝʥʦʚʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ (ʘʚʪʦʥʦʤʥʦʝ 

ʛʨʝʡʟʝʥʦʚʦʝ ʪʝʣʦ çʄʦ-ʰʪʦʢ 1è) ʠ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ. ʆʯʝʚʠʜʥʦ, ʛʣʘʚʥʳʤ ʬʘʢʪʦʨʦʤ 
ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ çʫʛʣʝʢʠʩʣʦʪʥʦʩʪʠè ʬʣʶʠʜʘ ʩ ʛʣʫʙʠʥʦʡ, ʯʪʦ ʨʘʥʝʝ ʥʝ ʙʳʣʦ ʠʟʫʯʝʥʦ. 

ɺʦʜʦʨʦʜ ʦʙʥʘʨʫʞʝʥ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ (5é8 ʤʛ/ʢʛ) ʚ ʢʚʘʨʮʝ çʄʦ-ʰʪʦʢʘ 2è. ɺ ʧʨʝʜʝʣʘʭ ʦʩʥʦʚʥʦʡ 
ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʫʜʥʦʡ ʞʠʣʳ 87 ʥʘ ʚʝʨʭʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʅ2 ʥʠʞʝ ʧʦʨʦʛʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʠʟʘ, ʥʦ ʥʘ 
ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʝ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʘ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʶʪ ʜʦ 5 ʤʛ/ʢʛ. 

ʉʨʝʜʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ) ʚʝʜʫʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʤʝʪʘʥ, ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ (ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ) ʉ2ʅ2, 
ʉ3ʅ8, ʉ4ʅ10, ʉ5ʅ12, ʉ4ʅ4,6, ʉ6ʅ14. ɺ ʠʟʤʝʥʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʦʪʤʝʯʘʝʪʩʷ 
ʧʨʷʤʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʋɺ ʚ ʤʘʢʩʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʜʝʨʞʘʪʩʷ ʚ ʢʚʘʨʮʝ çʄʦ-ʰʪʦʢʘ 2è. ʉ ʛʣʫʙʠʥʦʡ ʦʪʤʝʯʘʝʪʩʷ 
ʦʙʱʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʋɺ ʚ ʢʚʘʨʮʝ, ʘ ʧʨʠ ʦʙʱʝʡ ʪʝʥʜʝʥʮʠʠ ʩʥʠʞʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ, ʚ ʝʱʝ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ 

ʚʦʟʨʘʩʪʘʝʪ ʦʪʥʦʰʝʥʠʝ ʋɺ ʢ ʅ2ʆ. 
ʀʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʢʚʘʨʮʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʮʝʣʦʤ ʟʘ ʩʯʝʪ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ ï ʆ, ʅ ʠ ʉ. ʅʘʤʠ ʧʨʦʚʝʜʝʥ 

ʧʝʨʝʩʯʝʪ ʩʦʜʝʨʞʘʥʠʷ ʛʘʟʦʚ ʠ ʚʦʜʳ ʚ ʢʚʘʨʮʝ ʞʠʣʳ 87 ʥʘ ʚʝʨʭʥʝʤ ʠ ʥʠʞʥʝʤ ʛʦʨʠʟʦʥʪʝ ʥʘ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 
ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ.1). ɸʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʮʝʣʦʤ ʢʘʨʪʠʥʫ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ 
ʬʣʶʠʜʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʤʠʛʨʘʮʠʠ ʚ ʦʙʣʘʩʪʠ ʨʫʜʦʦʪʣʦʞʝʥʠʷ. 

ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʬʣʶʠʜʘ ʚʚʝʨʭ ʧʦ ʚʦʩʩʪʘʥʠʶ ʥʘ 120 ʤ. ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ 29% 
ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ ʜʦʣʠ ʵʣʝʤʝʥʪʘ, ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʛʘʟʳ, ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʅ2ʆ ʠ ʉʆ2). ɸ ʜʦʣʷ ʵʣʝʤʝʥʪʘ, 
ʩʚʷʟʘʥʥʘʷ ʩ ʛʘʟʦʤ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ (ʉʆ), ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ (ʥʘ 44%). ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪʩʷ 

ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʦʨʦʜʘ. ɺ ʮʝʣʦʤ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 26 %, ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʟʘ ʩʯʝʪ ʦʢʠʩʣʝʥʥʦʡ 
ʬʦʨʤʳ (ʅ2ʆ), ʘ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʚʠʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ ʬʦʨʤ (ʅ2+ʋɺ) ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ (ʥʘ 40%). 

ɽʩʣʠ ʩʦʜʝʨʞʘʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠ ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʧʦ ʚʦʩʩʪʘʥʠʶ ʨʫʜʥʦʛʦ ʪʝʣʘ ʚ ʮʝʣʦʤ ʨʘʩʪʝʪ, ʪʦ ʩʦʜʝʨʞʘʥʠʝ 
ʫʛʣʝʨʦʜʘ ʟʘʤʝʪʥʦ ʩʥʠʞʘʝʪʩʷ ʥʘ 15% (9,6 ʤʛ/ʢʛ). ʇʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪʩʷ ʜʦʣʷ ʫʛʣʝʨʦʜʘ ʚ ʚʠʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 
ʬʦʨʤ (ʋɺ) ʠ ʉʆ, ʠ ʵʪʦ ʩʥʠʞʝʥʠʝ ʥʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʩʣʘʙʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʉʆ2. ʇʦʪʝʨʷ ʫʛʣʝʨʦʜʘ ʠʟ ʩʠʩʪʝʤʳ 
ʪʦʣʴʢʦ ʧʦ ʩʦʩʪʘʚʫ ʟʘʢʦʥʩʝʨʚʠʨʦʚʘʥʥʦʛʦ ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʬʣʶʠʜʘ ʩʦʩʪʘʚʣʷʝʪ 9,6 ʤʛ/ʢʛ. 

 

ʊʘʙʣʠʮʘ 1 

ʉʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʩʪʘʚʝ ʛʘʟʦʚ ʢʚʘʨʮʘ ʞʠʣʳ 87, ʛ/ʪ 

 

ɻʦʨʠʟʦʥʪ 

ʂʠʩʣʦʨʦʜ ɺʦʜʦʨʦʜ ʋʛʣʝʨʦʜ 

ʌʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ 

ʅ2ʆ ʉʆ2 ʉʆ ʅ2ʆ ʅ2 + ʋɺ ʉʆ2 ʉʆ ʋɺ 

 

20 

1133 

(+31,4%) 

58 

(+11,5 %) 

8,6 

(-44 %) 

142 

(+31,4%) 

5,6 

(-40 %) 

21,8 

(+12 %) 

6,4 

(-45 %) 

26,3 

(-20 %) 

×1200 (+29 %) ×147,6 (+26 %) ×54,5 (-15 %) 

18 863 52 15,4 108 9,2 19,5 11,6 33 

×930,4 ×117,2 ×64,1 

ʇʨʠʤʝʯʘʥʠʝ. ɺ ʩʢʦʙʢʘʭ ʜʘʥʳ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ % ʦʪ ʥʠʞʥʝʛʦ ʢ ʚʝʨʭʥʝʤʫ ʛʦʨʠʟʦʥʪʫ 

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʣʝʥʠʝ ʚ ʞʠʣʘʭ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʨʝʟʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʬʣʶʠʜʥʦʡ 

ʬʘʟʳ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʛʨʘʬʠʪʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʩʦʩʪʘʚʝ 
ʬʣʶʠʜʘ ʠ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʩʠʩʪʝʤʫ ʢʠʩʣʦʨʦʜʘ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʥʝʜʦʩʪʘʪʦʯʥʳʭ ʜʣʷ ʧʦʣʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʚʩʝʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʜʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʚʢʣʶʯʝʥʠʡ (ʜʦ 92%) ʠ ʩʦʜʝʨʞʠʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 
ʢʠʩʣʦʨʦʜʘ. ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʠ ʧʨʦʜʚʠʞʝʥʠʠ ʬʣʶʠʜʘ ʚʚʝʨʭ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʩʠʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ ʠ ʧʦʯʪʠ ʚʝʩʴ 
ʚʦʜʦʨʦʜ, ʩʦʜʝʨʞʘʱʠʡʩʷ ʚ ʥʝʤ, ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʳ. 



ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʋʈ ˉ 09.01.415. 
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ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʀ ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ʆʉʅʆɺʅʓʍ 

ʄʀʅɽʈɸʃʆɺ ʈʋɼʅʓʍ ɾʀʃ ʂɸʃɻʋʊʀʅʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 
ɸ.ʇ. ɹʘʪʘʣʦʚ, ɼ.ʀ. ɹʘʙʢʠʥ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɸ.ɸ. ʇʦʮʝʣʫʝʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʥʦʚʥʳʭ ʨʫʜʦ- ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ ʦʪʦʙʨʘʥʳ ʧʦʜ 

ʙʠʥʦʢʫʣʷʨʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʝ ʬʨʘʢʮʠʠ ʚʦʣʴʬʨʘʤʠʪʘ, ʤʦʣʠʙʜʝʥʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʧʠʨʠʪʘ, ʤʫʩʢʦʚʠʪʘ, 
ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ ʠ ʢʚʘʨʮʘ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 
ʵʣʝʤʝʥʪʦʚ. 

ɸʥʘʣʠʟ ʚʦʣʴʬʨʘʤʠʪʘ ʠʟ ʞʠʣʳ 87 ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʦʪʤʝʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Sc, Cr, Cu, 
Nb, Ag, Sb, Ta, Au, Bi. ʉʦʜʝʨʞʘʥʠʝ Sc ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5 ʜʦ 54 ʛ/ʪ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʞʠʣʝ 87 - 15 ʛ/ʪ. ʅʝʦʙʭʦʜʠʤʦ 
ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʥʠʟʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Sc ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʦʣʴʬʨʘʤʠʪʦʚ ɸʣʪʘʷ, ʋʨʘʣʘ, ɿʘʙʘʡʢʘʣʴʷ ʠ ʥʝʢʦʪʦʨʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʄʦʥʛʦʣʠʠ (ʀʚʘʥʦʚʘ ʠ ʜʨ., 1978). ɺʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ Cu ʦʪʤʝʯʘʶʪʩʷ ʚ ʚʦʣʴʬʨʘʤʠʪʝ ʞʠʣʳ 87. ʉʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʝʪ 0,18% ʠ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0,06 ʜʦ 0,3%. ʉʦʜʝʨʞʘʥʠʝ Nb ʠʟʤʝʥʷʝʪʩʷ ʦʪ 20 ʜʦ 800 ʛ/ʪ ʠ ʚ 
ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 290 ʛ/ʪ. ɺ ʮʝʣʦʤ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʷʚʣʷʶʪʩʷ ʥʝ ʚʳʩʦʢʠʤʠ. ɺ ʚʦʣʴʬʨʘʤʠʪʘʭ ʤʥʦʛʠʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ Nb ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ. ʉʦʜʝʨʞʘʥʠʝ Ta ʠʟʤʝʥʷʝʪʩʷ ʧʦʯʪʠ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʦʪ 8 ʜʦ 690 ʛ/ʪ. 
ɹʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʊʘ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʚʦʣʴʬʨʘʤʠʪʦʚ ʞʠʣʳ 87 (190 ʛ/ʪ). ʆʯʝʚʠʜʥʦ ʚ ʧʨʝʜʝʣʘʭ ʂʘʣʛʫʪʠʥʩʢʦʛʦ 
ʨʫʜʥʦʛʦ ʧʦʣʷ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʊʘ ʚ ʚʦʣʴʬʨʘʤʠʪʘʭ. ʋʯʠʪʳʚʘʷ ʦʙʱʝʝ ʥʠʟʢʦʝ 
ʩʦʜʝʨʞʘʥʠʝ ʊʘ ʚ ʨʫʜʘʭ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚʦʣʴʬʨʘʤʠʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʠʥʝʨʘʣʦʤ-ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ 
ʵʣʝʤʝʥʪʘ ʚ ʨʫʜʘʭ. Ag ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʪ 0,5 ʜʦ 5,4 ʛ/ʪ. ɹʦʣʴʰʠʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʦʪʤʝʯʘʶʪʩʷ ʚ 
ʚʦʣʴʬʨʘʤʠʪʝ ʞʠʣʳ 87. ʕʪʦ ʚ ʮʝʣʦʤ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʱʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʵʣʝʤʝʥʪʘ ʚ ʨʫʜʘʭ. ʉʦʜʝʨʞʘʥʠʝ Au ʷʚʣʷʝʪʩʷ 
ʩʪʘʙʠʣʴʥʳʤ ʚʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʚʦʣʴʬʨʘʤʠʪʘʭ ʠ ʩʦʩʪʘʚʣʷʝʪ 25 ʤʛ/ʪ. ʂʦʥʮʝʥʪʨʘʮʠʷ Sb ʚ ʚʦʣʴʬʨʘʤʠʪʝ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 0,1 ʜʦ 602 ʛ/ʪ. ɹʦʣʝʝ ʚʳʩʦʢʦʝ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ Sb ʚʳʷʚʣʝʥʦ ʚ ʨʫʜʘʭ ʞʠʣʳ 87. ʉʦʜʝʨʞʘʥʠʷ Bi 
ʠʟʤʝʥʷʶʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 30 ʜʦ 3000 ʛ/ʪ, ʩʨʝʜʥʷʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ï 1760 ʛ/ʪ. ʀʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 
ʚʦʣʴʬʨʘʤʠʪʝ ʦʪʤʝʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Sc, Cr, Nb, Ta, Sb. 

ʄʦʣʠʙʜʝʥʠʪ ʠʟ ʞʠʣʳ 87 ʠʤʝʝʪ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ï Co, Cu, Ag, W, Au, Bi. ʇʦʤʠʤʦ ʵʪʦʛʦ ʚ ʤʦʣʠʙʜʝʥʠʪʝ 
ʦʧʨʝʜʝʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ Re, In, Te, Se. ʉʦʜʝʨʞʘʥʠʝ Ag ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʨʝʜʝʣʘʭ ʦʪ 11 ʜʦ 260 ʛ/ʪ. 
ʄʘʢʩʠʤʘʣʴʥʦʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʩʪʘʚʣʷʝʪ 78 ʛ/ʪ ʚ ʤʦʣʠʙʜʝʥʠʪʝ ʞʠʣʳ 87. Au ʩʦʜʝʨʞʠʪʩʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʦʪ 10 ʜʦ 15 
ʤʛ/ʪ ʠ ʝʛʦ ʚʘʨʠʘʮʠʠ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʉʦʜʝʨʞʘʥʠʷ In, Te, ʠ Se ʩʦʩʪʘʚʣʷʶʪ 0,2%, 0,004% ʠ 0,01% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
ʉʦʜʝʨʞʘʥʠʝ Re ʧʦ ʝʜʠʥʠʯʥʦʤʫ ʦʧʨʝʜʝʣʝʥʠʶ ʩʦʩʪʘʚʣʷʝʪ 0,87 ʛ/ʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. ɺ 

ʤʦʣʠʙʜʝʥʠʪʝ ʥʝʢʦʪʦʨʳʭ ʤʝʜʥʦ-ʤʦʣʠʙʜʝʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦʜʝʨʞʘʥʠʝ ʵʪʦʛʦ ʮʝʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʩʪʠʛʘʝʪ 400-1200 
ʛ/ʪ. ʉʦʜʝʨʞʘʥʠʝ Bi ʚ ʤʦʣʠʙʜʝʥʠʪʝ ʜʦʩʪʠʛʘʝʪ 6000 ʛ/ʪ. 

ʍʘʣʴʢʦʧʠʨʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Co, Zn, Ag, W, Ag, Pb, Bi, Re, In, Te, Se. ʉʦʜʝʨʞʘʥʠʝ 
Zn ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʦʝ, ʜʦʩʪʠʛʘʝʪ 2 % ʠ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 
ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʩʬʘʣʝʨʠʪʘ. Ag ʦʙʨʘʟʫʝʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʦ 200 ʛ/ʪ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʚ 
ʭʘʣʴʢʦʧʠʨʠʪʝ ʞʠʣʳ 87 (ʦʪ 0,2 ʜʦ 110 ʛ/ʪ). ʉʦʜʝʨʞʘʥʠʝ Au ʚ ʭʘʣʴʢʦʧʠʨʠʪʝ ʞʠʣʳ 87 ʩʪʘʙʠʣʴʥʦʝ ʠ ʥʝ ʚʳʩʦʢʦʝ ï 15 ʤʛ/ʪ. 
ʂʦʥʮʝʥʪʨʘʮʠʠ Bi ʤʝʥʷʶʪʩʷ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʦʪ 80 ʜʦ 6000 ʛ/ʪ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ ʜʦʩʪʠʛʘʶʪ ʚʝʣʠʯʠʥʳ 5,08%. ʕʪʦ 
ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʤʠʢʨʦʚʢʣʶʯʝʥʠʷʤʠ ʩʦʙʩʪʚʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ Bi. 

ʇʠʨʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ Co, Ni, Cu, Zn, W, Ag, Au, Pb, Bi, In, Te, Se. ʇʠʨʠʪ ʩʦʜʝʨʞʠʪ 
ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Co ʠʟ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʉʦʜʝʨʞʘʥʠʝ Co ʚ ʤʠʥʝʨʘʣʝ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 62 ʜʦ 790 ʛ/ʪ. 
Cu ʠ Zn ʚʳʷʚʣʝʥʳ ʚ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦ 2 ʠ 1,5% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. Ag ʚ ʧʠʨʠʪʝ ʩʦʜʝʨʞʠʪʩʷ ʦʪ 0,2 ʜʦ 29 ʛ/ʪ. ʉʦʜʝʨʞʘʥʠʝ Au 
ʚ ʧʠʨʠʪʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʩʪʘʚʣʷʝʪ 15 ʤʛ/ʪ. ʅʦ ʚ ʦʜʥʦʡ ʠʟ ʧʨʦʙ ʞʠʣʳ 87 ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʩʦʩʪʘʚʣʷʶʪ 160 ʤʛ/ʪ. 
ʂʦʥʮʝʥʪʨʘʮʠʠ Bi ʚ ʧʠʨʠʪʝ ʷʚʣʷʶʪʩʷ ʚʝʩʴʤʘ ʚʳʩʦʢʠʤʠ ʦʪ 300 ʜʦ 3000 ʛ/ʪ. ʉʦʜʝʨʞʘʥʠʷ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʠʨʠʪʝ 
ʩʦʩʪʘʚʣʷʶʪ: Re-0,37, In-400, Te-42, Se-25 ʛ/ʪ. 

ʄʫʩʢʦʚʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʥʘʨʷʜʫ ʩ ʦʩʥʦʚʥʳʤʠ ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ (W, Mo, Cu, 
Bi) ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ï Li, Rb, Cs, Nb ʠ Ta. ʉʦʜʝʨʞʘʥʠʝ Li ʚ ʤʫʩʢʦʚʠʪʘʭ ʷʚʣʷʝʪʩʷ ʩʪʘʙʠʣʴʥʦ ʚʳʩʦʢʠʤ 

ï 600-800 ʛ/ʪ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Rb ʚʳʷʚʣʝʥʳ ʚ ʤʫʩʢʦʚʠʪʘʭ ʞʠʣʳ 87 (ʜʦ 2490 ʛ/ʪ). ʉʦʜʝʨʞʘʥʠʝ Cs ʚ 



ʤʫʩʢʦʚʠʪʘʭ ʠʟʫʯʝʥʥʳʭ ʪʝʣ ʙʦʣʝʝ ʥʝʦʜʥʦʨʦʜʥʦ. ʅʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʤʠʥʝʨʘʣʝ ʞʠʣʳ 
87 (340 ʛ/ʪ). 

ɺ ʢʚʘʨʮʝ ʨʫʜʥʳʭ ʞʠʣ ʦʪʤʝʯʘʝʪʩʷ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Cu, Mo, W. ɺʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ Ag (l,4 ʛ/ʪ) ʦʪʤʝʯʘʝʪʩʷ 

ʚ ʢʚʘʨʮʝ ʞʠʣʳ 87. ʈʘʩʧʨʝʜʝʣʝʥʠʝ Au ʙʦʣʝʝ ʥʝʨʘʚʥʦʤʝʨʥʦ. ɺ ʢʚʘʨʮʝ ʞʠʣ ʩʦʜʝʨʞʘʥʠʝ Au ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ï 1-38 ʤʛ/ʪ. ɺ 
ʩʦʩʪʘʚʝ ʩʫʣʴʬʠʜʥʳʭ çʦʪʭʦʜʦʚè, ʥʘʢʘʧʣʠʚʘʶʱʠʭʩʷ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʚʦʣʴʬʨʘʤʠʪʦʚʦʛʦ ʢʦʥʮʝʥʪʨʘʪʘ ʚʳʷʚʣʝʥ ʛʨʘʬʠʪ. 
ʄʠʥʝʨʘʣ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʡ, ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʝʨʝʭʦʜʥʦʡ ʢ ʧʦʣʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ 
ʩʦʩʪʦʷʥʠʶ. ʈʘʟʤʝʨ ʤʠʢʨʦʢʨʠʩʪʘʣʣʦʚ ʛʨʘʬʠʪʘ ʩʦʩʪʘʚʣʷʝʪ 4é6 ʥʤ. ɻʨʘʬʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ çʣʝʛʢʠʤè ʠʟʦʪʦʧʥʳʤ 
ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ. ɺ ʟʝʨʥʘʭ ʛʨʘʬʠʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Au, Ag, Hg, Te, Sb, Bi, Cu, Pb, Zn, Fe, S. 
ɺʳʷʚʣʝʥʦ ʟʘʢʦʥʦʤʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʛʣʝʨʦʜʘ ʩ ʛʣʫʙʠʥʦʡ, ʘ ʪʘʢʞʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʚʷʟʴ ʚ 
ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʣʝʤʝʥʪʘ ʠ W, Mo, Cu, Au, Pt, Pd ʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ɻʨʘʬʠʪ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʩʦʩʪʘʚʝ ʛʣʘʚʥʳʭ 
ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʦʩʥʦʚʥʦʛʦ ʵʪʘʧʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʚ ʤʠʥʝʨʘʣʘʭ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʈɿʕ ʚ ʤʠʥʝʨʘʣʘʭ ʨʘʟʣʠʯʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʦʙʨʘʟʦʚʘʥʠʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʛʝʥʝʪʠʯʝʩʢʠʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʠ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ 
ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɹʳʣʠ ʠʟʫʯʝʥʳ ʫʨʦʚʥʠ ʥʘʢʦʧʣʝʥʠʷ ʠ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʤʦʥʦʤʠʥʝʨʘʣʴʥʳʭ 
ʬʨʘʢʮʠʷʭ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ ʠʩʩʣʝʜʦʚʘʪʴ ʈɿʕ ʚ ʨʷʜʝ çʩʢʚʦʟʥʳʭè 
ʤʠʥʝʨʘʣʦʚ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʚʩʝʭ ʠʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ (ʢʚʘʨʮ, ʧʦʣʝʚʳʝ ʰʧʘʪʳ, ʤʫʩʢʦʚʠʪ). 

ɺ ʢʚʘʨʮʝ ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ - ʦʪ 2,2 ʛ/ʪ ʜʦ 37 ʛ/ʪ. ʄʠʥʠʤʫʤ ʦʪʤʝʯʘʝʪʩʷ ʚ ʢʚʘʨʮʝ 
ʞʠʣʳ ˉ87. ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʙʣʠʟʦʩʪʴ ʩʦʜʝʨʞʘʥʠʡ ʈɿʕ ʧʦʜʯʝʨʢʠʚʘʝʪ ʧʝʨʚʠʯʥʦ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ ʦʩʥʦʚʥʦʡ 
ʤʘʩʩʳ ʢʚʘʨʮʘ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. 

ɾʠʣʴʥʳʡ ʢʚʘʨʮ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʈɿʕ (2,2 ʛ/ʪ). ʇʨʠ ʵʪʦʤ ʚ ʥʠʭ ʤʠʥʠʤʘʣʴʥʳʤ 
ʷʚʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʩʝʭ ʣʘʥʪʘʥʦʠʜʦʚ. ʇʨʝʦʙʣʘʜʘʥʠʝ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ ʥʘʜ ʪʷʞʝʣʳʤʠ, ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʝʪʩʷ, Eu-
ʤʠʥʠʤʫʤ ʩʣʘʙʦ ʚʳʨʘʞʝʥ, ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʢʨʠʚʘʷ ʧʨʝʜʝʣʴʥʦ ʚʳʨʦʚʥʝʥʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʚʘʨʮʝʚ ʞʠʣʳ ˉ 87 ʠ ʄʦ-ʰʪʦʢʘ 
ʠʜʝʘʣʴʥʦ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʠʭ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʨʦʜʩʪʚʘ. 

ɺ ʤʫʩʢʦʚʠʪʘʭ ʩʦʜʝʨʞʘʥʠʝ ʈɿʕ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 11 ʜʦ 89 ʛ/ʪ. ʀʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʤʫʩʢʦʚʠʪʘʭ 
ʧʨʷʤʦ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʧʦʨʦʜʝ. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʚʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʤʫʩʢʦʚʠʪʘʭ 
ʦʪʨʘʞʘʶʪ ʧʨʝʦʙʣʘʜʘʥʠʝ ʣʝʛʢʠʭ ʈɿʕ ʠ ʚ ʮʝʣʦʤ ʧʦʜʦʙʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 
ʦʙʨʘʟʦʚʘʥʠʷʭ. 

ɺ ʚʦʣʴʬʨʘʤʠʪʘʭ ʦʪʤʝʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʦʪʣʠʯʠʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʈɿʕ. ɺ ʚʦʣʴʬʨʘʤʠʪʘʭ ʞʠʣʳ ˉ 87 ʠʭ 
ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʦ 4,8 ʛ/ʪ. ɼʣʷ ʥʠʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Eu, Tb, Yb, Lu. ɺ ʮʝʣʦʤ ʜʣʷ 
ʚʦʣʴʬʨʘʤʠʪʦʚ ʭʘʨʘʢʪʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʨʝʜʥʠʭ ʠ ʦʩʦʙʝʥʥʦ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʜ ʣʝʛʢʠʤʠ, ʚ ʩʠʣʫ 
ʯʝʛʦ ʥʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʧʨʠʧʦʜʥʷʪʦʝ ʧʨʘʚʦʝ ʢʨʳʣʦ. 

ʄʦʣʠʙʜʝʥʠʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʠʤʝʥʴʰʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʈɿʕ (1,8-2,1 ʛ/ʪ). ʂʨʘʡʥʝ 
ʥʠʟʢʠʤʠ ʥʘ ʫʨʦʚʥʝ ʭʦʥʜʨʠʪʦʚ ʷʚʣʷʶʪʩʷ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʢʨʠʚʘʷ ʠʤʝʝʪ ʩʣʘʙʦ 
ʧʦʜʥʷʪʦʝ ʧʨʘʚʦʝ ʢʨʳʣʦ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʝʚʦʛʦ ʢʨʳʣʘ. 

ʉʦʜʝʨʞʘʥʠʝ ʈɿʕ ʚ ʧʠʨʠʪʝ ʠ ʭʘʣʴʢʦʧʠʨʠʪʝ ʧʦʯʪʠ ʦʜʠʥʘʢʦʚʦ ʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʦʯʝʥʴ ʥʠʟʢʦʤ ʫʨʦʚʥʝ (ʦʪ 1,8 ʜʦ 6,2 
ʛ/ʪ). ɺ ʮʝʣʦʤ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʦʜʝʨʞʘʥʠʶ ʵʣʝʤʝʥʪʦʚ ʚ ʤʦʣʠʙʜʝʥʠʪʝ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʢʘʟʘʪʴ ʥʘ ʢʨʘʡʥʝ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʫʣʴʬʠʜʘʭ ʚʦʦʙʱʝ. ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʚʳʝ ʠʤʝʶʪ ʚʦʣʥʦʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʩ ʧʨʦʷʚʣʝʥʥʳʤ 
ʤʘʢʩʠʤʫʤʦʤ ʉʝ ʠ Lu ʠ ʭʘʨʘʢʪʝʨʥʳʤ Eu-ʤʠʥʠʤʫʤʦʤ. 

ɺ ʮʝʣʦʤ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʷʭ ʠ ʠʭ 
ʤʠʥʝʨʘʣʘʭ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʟʘ ʩʯʝʪ ʛʦʤʦʛʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʨʫʜʦ - 
ʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʭ ʩʫʣʴʬʠʜʦʚ ʥʘ ʬʦʥʝ ʵʚʦʣʶʮʠʠ ʠʭ ʩʦʩʪʘʚʘ ʠ ʢʠʩʣʦʪʥʦ-ʱʝʣʦʯʥʳʭ ʩʚʦʡʩʪʚ. 

ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ. ɸʚʪʦʨʘʤʠ ʙʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʩʦʩʪʘʚ ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ. 
ɺ ʩʦʩʪʘʚʝ ʛʘʟʦʚ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʵʪʠʭ ʛʘʟʦʚ 
ʧʦʢʘʟʳʚʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʉʆ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩʦ ʚʩʝʤʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʤʠ ʛʘʟʘʤʠ, ʅ2ʆ ʠʤʝʝʪ ʩʣʘʙʫʶ 

ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʪʦʣʴʢʦ ʩ ʉʅ4, ʉ2ʅ2, ʉ2ʅ4, ʉ2ʅ6. ʅ2 ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʚʷʟʴ ʩʦ ʚʩʝʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺʩʝ 
ʦʩʪʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʠʤʝʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ. 

ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʅ2ʆ ʠ ʉʆ2 ʚ ʢʚʘʨʮʝ ʞʠʣʳ 87 ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʛʣʫʙʠʥʦʡ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷ 
ʫʤʝʥʴʰʘʝʪʩʷ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʪʤʝʯʘʶʪʩʷ ʥʘ 20 ʛʦʨʠʟʦʥʪʝ (ʚʝʨʭʥʠʡ ʛʦʨʠʟʦʥʪ). ʇʨʠ ʵʪʦʤ ʩ 
ʛʣʫʙʠʥʦʡ ʨʘʩʪʝʪ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʣʝʜʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ: ʉʆ, ʉʅ4, ʉ2ʅ4, ʉ2ʅ6, ʉ3ʅ8, ʉ4ʅ10, ʉ5ʅ12, ʉ6ʅ14. ʅʘ ʥʠʞʥʝʤ 18 
ʛʦʨʠʟʦʥʪʝ ʚ ʩʦʩʪʘʚʝ ʚʢʣʶʯʝʥʠʡ ʧʦʷʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜ (ʜʦ 5 ʤʢʛ/ʢʛ). ʀʟ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʪʤʝʯʘʝʪʩʷ 
ʪʦʣʴʢʦ ʫ ʉ2ʅ2. ɺ ʦʢʦʣʦʞʠʣʴʥʳʭ ʛʨʝʡʟʝʥʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʘʷ ʞʝ ʢʘʨʪʠʥʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʉ6ʅ14, 
ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʪʦʨʦʛʦ ʩ ʛʣʫʙʠʥʦʡ ʩʥʠʞʘʝʪʩʷ, ʠ ʉ2ʅ2 ï ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʩ ʛʣʫʙʠʥʦʡ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʕʪʠ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʩ ʛʣʫʙʠʥʦʡ ʨʘʩʪʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʩʪʴ ʬʣʶʠʜʥʦʡ ʩʠʩʪʝʤʳ. ʄʦʞʥʦ 
ʧʨʝʜʧʦʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʨʝʞʠʤ ʨʘʟʚʠʪʠʷ ʬʣʶʠʜʘ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ: 1ï ʨʝʟʢʦ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ, 
2 - ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʡ, 3 - ʧʦʩʪʝʧʝʥʥʘʷ ʩʤʝʥʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʨʝʞʠʤʘ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʩʦʩʪʘʚʘ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʘʭ 
ʚʦʣʴʬʨʘʤʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɻʦʨʥʦʛʦ ɸʣʪʘʷ (ɼʝʨʛʘʯʝʚ, 1983). ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʤʘʪʝʨʠʘʣʘʤʠ 
ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʦʨʫʜʝʥʝʥʠʷ ʩ ʛʣʫʙʠʥʦʡ. ɸʥʘʣʠʟ ʠʟʤʝʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʫʛʣʝʨʦʜʘ ʠ 
ʚʦʜʦʨʦʜʘ ʚ ʩʠʩʪʝʤʝ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʝʪʘʣʣʦʥʦʩʥʦʤ ʬʣʶʠʜʝ ʙʳʣʦ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʥʘʭʦʞʜʝʥʠʷ ʵʪʠʭ 
ʵʣʝʤʝʥʪʦʚ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʤʝʥʷʣʦʩʴ ʢʘʢ ʚʦ ʚʨʝʤʝʥʠ, ʪʘʢ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʭ ʜʘʥʥʳʭ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʟʥʘʯʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʥʘ ʬʣʶʠʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʛʣʫʙʠʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʚʝʱʝʩʪʚʘ ʠ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʤʘʥʪʠʡʥʳʤ ʧʣʶʤʦʤ. ɸʥʘʣʠʟ 
ʛʘʟʦʚʦ-ʞʠʜʢʠʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʨʫʜʥʳʭ ʞʠʣ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʩʥʦʚʥʦʡ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ 
ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. 
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4. ʇʦʮʝʣʫʝʚ ɸ.ɸ., ʂʦʪʝʛʦʚ ɺ.ʀ. ɿʦʥʘʣʴʥʦʩʪʴ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 
ʞʠʣʘʭ ʠ ʦʢʦʣʦʞʠʣʴʥʳʭ ʛʨʝʡʟʝʥʘʭ (ʂʘʣʛʫʪʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ). // ʀʟʚʝʩʪʠʷ ʚʫʟʦʚ: ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ. ï ʄ., 
2002. ï ˉ4. ï ʉ. 59ï66. 

 
ʇɽʈʉʇɽʂʊʀɺʓ ɹʀʊʋʄʆʅʆʉʅʆʉʊʀ ɺɽʈʍʅɽʇɽʈʄʉʂʀʍ ʆʊʃʆɾɽʅʀʁ 

ʈɽʉʇʋɹʃʀʂʀ ʊɸʊɸʈʉʊɸʅ ɺ ʇʈɽɼɽʃɸʍ ʏɽʈɽʄʋʍʆɺʉʂʆ-ʂɸɼɽɽɺʉʂʆʁ ʀ 
ɽʅʆʈʋʉʂʀʅʆ-ʂʋʊʋʐʉʂʆʁ ʉʊʈʋʂʊʋʈʅʓʍ ɿʆʅ 
ʈ.ʌ. ɺʘʬʠʥ, ɸ.ɺ. ʂʘʣʴʯʝʚʘ, ɼ.ɿ. ʐʘʢʠʨʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ʄ. ʉʤʝʣʢʦʚ 
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʂʘʟʘʥʴ, ʈʦʩʩʠʷ 

 
ɺʳʩʦʢʠʝ ʪʝʤʧʳ ʨʦʩʪʘ ʧʦʪʨʝʙʣʝʥʠʷ ʥʝʬʪʠ, ʥʝʫʢʣʦʥʥʦʝ ʠʩʪʦʱʝʥʠʝ ʥʝʬʪʷʥʳʭ ʨʝʩʫʨʩʦʚ ʦʧʨʝʜʝʣʷʶʪ ʚʦʟʨʦʩʰʠʡ 

ʠʥʪʝʨʝʩ ʢ ʥʦʚʳʤ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤ ʠʩʪʦʯʥʠʢʘʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ ï ʧʨʠʨʦʜʥʳʤ ʙʠʪʫʤʘʤ (ʇɹ). 

ʇʨʠʨʦʜʥʳʝ ʙʠʪʫʤʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʚʳʩʦʢʦʚʷʟʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ ʥʝʬʪʠ (ʄʫʩʣʠʤʦʚ, ɺʦʡʪʦʚʠʯ, 1999) ʠ ʷʚʣʷʶʪʩʷ 
ʮʝʥʥʳʤ ʩʳʨʴʝʤ, ʩʦʜʝʨʞʘʱʠʤ ʢʨʦʤʝ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ ʦʩʥʦʚʳ ʨʝʜʢʠʝ ʤʝʪʘʣʣʳ, ʩʝʨʫ ʠ ʜʨʫʛʠʝ ʧʨʦʜʫʢʪʳ (ɹʘʪʤʘʥʦʚ, 1994). 
ɺ ʢʦʤʧʣʝʢʩʝ ʦʥʦ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ ï ʦʪ ʜʦʨʦʞʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ 
ʥʝʬʪʝʭʠʤʠʠ ʜʦ ʤʝʜʠʮʠʥʳ. 

ʈʝʩʧʫʙʣʠʢʘ ʊʘʪʘʨʩʪʘʥ (ʈʊ) ʷʚʣʷʣʘʩʴ ʜʦʣʛʠʝ 
ʛʦʜʳ ʢʨʫʧʥʝʡʰʠʤ ʥʝʬʪʝʛʘʟʦʜʦʙʳʚʘʶʱʠʤ ʨʝʛʠʦʥʦʤ 
ʩʪʨʘʥʳ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʫʨʦʚʝʥʴ 
ʜʦʙʳʯʠ ʥʝʬʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʩʷ, ʘ ʥʘʜʝʞʥʳʝ 

ʨʝʟʝʨʚʳ ʜʣʷ ʝʛʦ ʧʦʚʳʰʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʩʚʝʪʝ ʵʪʦʛʦ 
ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʧʦʠʩʢ ʩʢʦʧʣʝʥʠʡ ʇɹ, ʘ ʪʘʢʞʝ 
ʠʭ ʦʩʚʦʝʥʠʝ. ʂ ʪʦʤʫ ʞʝ ʊʘʪʘʨʩʪʘʥ ʟʘʥʠʤʘʝʪ ʚʝʜʫʱʝʝ 
ʤʝʩʪʦ ʚ ʈʦʩʩʠʠ ʧʦ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ ʠ ʢʦʣʠʯʝʩʪʚʫ 
ʟʘʧʘʩʦʚ ʇɹ. ʊʘʢ, ʧʦ ʤʥʝʥʠʶ ʨʷʜʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 
ʦʙʱʠʝ ʟʘʧʘʩʳ ʇɹ ʚ ʈʊ ʩʦʩʪʘʚʣʷʶʪ ʦʪ 2-7 ʤʣʨʜ.ʪ ʜʦ 21 
ʤʣʨʜ.ʪ. 

ʀʟʫʯʝʥʠʝ ʙʠʪʫʤʦʥʦʩʥʦʩʪʠ ʦʪʣʦʞʝʥʠʡ 
ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʚ ʧʨʝʜʝʣʘʭ ɺʦʣʛʦ-ʋʨʘʣʴʩʢʦʡ ʅɻʇ 

ʥʘʩʯʠʪʳʚʘʝʪ ʙʦʣʝʝ ʯʝʤ 250-ʣʝʪʥʶʶ ʠʩʪʦʨʠʶ. 
ʂʘʟʘʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʦʣʛʠʝ ʛʦʜʳ 
ʚʝʜʝʪ ʧʣʘʥʦʤʝʨʥʳʝ ʠ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʇɹ ï ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʚʦʡʩʪʚ ʠ 
ʩʦʩʪʘʚʘ, ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ ʠ ʧʝʨʩʧʝʢʪʠʚʳ 
ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʈʊ ʚʳʷʚʣʝʥʦ ʙʦʣʝʝ 
450 ʩʢʦʧʣʝʥʠʡ ʇɹ (ʄʫʩʣʠʤʦʚ ʠ ʜʨ., 1999). ɺʩʝ ʦʥʠ 

ʩʚʷʟʘʥʳ ʩ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʧʝʨʤʩʢʦʛʦ 
ʚʦʟʨʘʩʪʘ, ʟʘʣʝʛʘʶʱʠʤʠ ʥʘ ʛʣʫʙʠʥʘʭ ʜʦ 300-400 ʤ ʠ 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʪʝʨʨʠʛʝʥʥʳʤʠ ʠ ʢʘʨʙʦʥʘʪʥʳʤʠ 
ʦʪʣʦʞʝʥʠʷʤʠ ï ʵʪʦ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ ʢʘʟʘʥʩʢʦʛʦ, 
ʫʬʠʤʩʢʦʛʦ ʷʨʫʩʦʚ ʚʝʨʭʥʝʡ ʧʝʨʤʠ ʠ ʩʘʢʤʘʨʩʢʦʛʦ ʷʨʫʩʘ 
ʥʠʞʥʝʡ ʧʝʨʤʠ. 

ʅʘʠʙʦʣʝʝ ʠʩʩʣʝʜʦʚʘʥʥʳʤʠ ʨʘʡʦʥʘʤʠ ʈʊ 
ʷʚʣʷʶʪʩʷ ʪʝʨʨʠʪʦʨʠʠ ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʖʞʥʦ-

ʊʘʪʘʨʩʢʦʛʦ ʩʚʦʜʘ ʠ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʄʝʣʝʢʝʩʩʢʦʡ 
ʚʧʘʜʠʥʳ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ʷʚʣʷʶʪʩʷ ʚʝʨʭʥʝʧʝʨʤʩʢʠʝ, ʭʦʪʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʥʠʞʥʝʧʝʨʤʩʢʠʭ ʦʥʠ ʠʟʫʯʝʥʳ ʩʣʘʙʦ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʚ 70-80-ʭ ʛʦʜʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 
ʨʘʡʦʥʘʭ ʈʊ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʣʠ 
ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʤʩʢʠʝ ʇɹ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʊʘʪʘʨʩʪʘʥʘ ʥʝ ʦʙʨʘʟʫʶʪ ʩʧʣʦʰʥʳʭ ʙʠʪʫʤʠʥʦʟʥʳʭ 

"ʧʦʣʝʡ", ʘ ʟʘʣʝʛʘʶʪ ʚ ʚʠʜʝ ʣʦʢʘʣʴʥʳʭ ʩʢʦʧʣʝʥʠʡ, ʯʪʦ 
ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʚʳʜʝʨʞʘʥʥʦʩʪʴʶ ʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ 
ʢʦʣʣʝʢʪʦʨʦʚ, ʠʭ ʟʘʤʝʱʝʥʠʝʤ ʧʦ ʧʣʦʱʘʜʠ 
ʩʣʘʙʦʧʨʦʥʠʮʘʝʤʳʤʠ ʠ ʥʝʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʨʦʜʘʤʠ, ʘ 
ʪʘʢʞʝ ʚʣʠʷʥʠʝʤ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ 
ʛʝʥʝʪʠʯʝʩʢʠʡ, ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʡ, ʩʦʚʨʝʤʝʥʥʳʡ 
ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʜʨ. 

ɻʝʥʝʪʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʩʳʛʨʘʣ ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʚ ʠʭ ʨʘʩʧʨʝʜʝʣʝʥʠʠ, ʢʦʪʦʨʦʝ ʦʙʲʷʩʥʷʝʪʩʷ ʚʝʨʪʠʢʘʣʴʥʦʡ 

ʤʠʛʨʘʮʠʝʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʠʟ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʠʤʝʥʥʦ ʵʪʦ ʦʙʫʩʣʦʚʠʣʦ ʩʦʚʧʘʜʝʥʠʝ ʧʝʨʤʩʢʠʭ ʙʠʪʫʤʠʥʦʟʥʳʭ 
ʘʨʝʘʣʦʚ ʚ ʧʣʘʥʝ ʩ ʧʣʦʱʘʜʷʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʘʣʝʞʝʡ ʥʝʬʪʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. 

 
ʈʠʩ.1. ʉʭʝʤʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʡ ʚ 

ʫʬʠʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʚʝʨʭʥʝʡ ʧʝʨʤʠ 



ɺʧʦʣʥʝ ʧʦʥʷʪʝʥ ʠʥʪʝʨʝʩ ʥʝʬʪʷʥʳʭ ʢʦʤʧʘʥʠʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʱʠʭ ʪʝ ʠʣʠ ʠʥʳʝ ʥʝʬʪʷʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢ 
ʥʘʣʠʯʠʶ ʇɹ ʠ ʚʳʩʦʢʦʚʷʟʢʠʭ ʥʝʬʪʝʡ ʚ ʚʳʰʝʣʝʞʘʱʠʭ ʦʪʣʦʞʝʥʠʷʭ ʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. 

ʆʙʲʝʢʪʘʤʠ ʥʘʰʝʛʦ ʠʟʫʯʝʥʠʷ ʷʚʠʣʠʩʴ ʫʯʘʩʪʢʠ, ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʏʝʨʝʤʫʭʦʚʩʢʦʤʫ, ɽʥʦʨʫʩʢʠʥʩʢʦʤʫ, 

ʄʝʣʴʥʠʢʦʚʩʢʦʤʫ ʠ ʂʠʷʟʣʠʥʩʢʦʤʫ ʥʝʬʪʷʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ, ʛʜʝ ʦʩʥʦʚʥʳʝ ʟʘʧʘʩʳ ʥʝʬʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʚ ʥʠʞʥʝʤ ʠ 
ʩʨʝʜʥʝʤ ʢʘʨʙʦʥʝ. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʵʪʠ ʫʯʘʩʪʢʠ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʄʝʣʝʢʝʩʩʢʦʡ 
ʚʧʘʜʠʥʳ ï ʚ ʧʨʝʜʝʣʘʭ ʏʝʨʝʤʫʭʦʚʩʢʦ-ʂʘʜʝʝʚʩʢʦʡ ʠ ɽʥʦʨʫʩʢʠʥʦ-ʂʫʪʫʰʩʢʦʡ ʩʪʨʫʢʪʫʨʥʳʭ ʟʦʥ. 

ɸʥʘʣʠʟ ʢʘʨʪʳ ʨʘʟʤʝʱʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʟʘʣʝʞʝʡ) ʧʨʠʨʦʜʥʳʭ ʙʠʪʫʤʦʚ ʈʊ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʚʳʷʚʣʝʥʥʳʭ 
ʟʘʣʝʞʝʡ ʇɹ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʢʘʟʘʥʩʢʦʛʦ ʠ ʫʬʠʤʩʢʦʛʦ ʷʨʫʩʦʚ. ʅʘʰʘ ʟʘʜʘʯʘ ï ʫʩʪʘʥʦʚʠʪʴ ʥʘʣʠʯʠʝ 
ʚʦʟʤʦʞʥʳʭ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʡ ʥʘ ʠʟʫʯʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ, ʘ ʠʤʝʥʥʦ ʚ ʦʪʣʦʞʝʥʠʷʭ 
ʫʬʠʤʩʢʦʛʦ ʷʨʫʩʘ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʥʳʭ (ʚ ʧʣʘʥʝ ʦʩʚʝʱʝʥʥʦʩʪʠ ʢʝʨʥʦʚʳʤ ʤʘʪʝʨʠʘʣʦʤ ʠ ʝʛʦ ʣʘʙʦʨʘʪʦʨʥʳʤʠ 
ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʥʘ ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʩʚʦʡʩʪʚʘ). ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʦʙʨʘʙʦʪʘʥʳ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʠ ʩʧʝʮʠʘʣʴʥʦʛʦ ʙʠʪʫʤʥʦʛʦ ʙʫʨʝʥʠʷ ʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʩ ʜʘʥʥʳʤʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʝʨʥʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʀʟ 
ʦʧʠʩʘʥʠʡ ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʙʳʣʠ ʚʳʙʨʘʥʳ ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʥʘʩʳʱʝʥʠʷ. 

ʂʘʢ ʚʠʜʥʦ, ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʫʬʠʤʩʢʦʛʦ ʷʨʫʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʯʪʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 
ʠʩʩʣʝʜʦʚʘʥʠʡ (ʨʠʩ. 1). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ, ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʇɹ: 1) ʟʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʩʣʘʙʦ ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ, ʢ ʢʦʪʦʨʦʡ ʦʪʥʦʩʷʪʩʷ ʟʝʤʣʠ ɽʥʦʨʫʩʢʠʥʩʢʦʛʦ ʠ ʂʠʷʟʣʠʥʩʢʦʛʦ ʥʝʬʪʷʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ; 2) ʟʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ, ʢ ʥʝʡ ʦʪʥʦʩʷʪʩʷ ʟʝʤʣʠ ʏʝʨʝʤʫʭʦʚʩʢʦʛʦ 
ʠ ʄʝʣʴʥʠʢʦʚʩʢʦʛʦ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʨʠʩ.2). 

ʇʦ ʜʘʥʥʳʤ ɽ.ɼ. ɺʦʡʪʦʚʠʯʘ, ʅ.ʉ. 
ɻʘʪʠʷʪʫʣʣʠʥʘ ʢ ʜʦʩʪʦʚʝʨʥʦʡ ʯʘʩʪʠ ʧʝʨʤʩʢʦʛʦ 
ʙʠʪʫʤʦʥʦʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʦʪʥʝʩʝʥʳ ʨʝʩʫʨʩʳ 
ʠ ʟʘʧʘʩʳ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʙʠʪʫʤʘ ʚ ʧʦʨʦʜʝ ʧʦ 
ʣʘʙʦʨʘʪʦʨʥʳʤ ʘʥʘʣʠʟʘʤ ʥʝ ʤʝʥʝʝ 4% ʢ ʚʝʩʫ 
ʧʦʨʦʜʳ. 

ɼʣʷ ʪʝʨʨʠʪʦʨʠʠ ʧʝʨʚʦʡ ʟʦʥʳ 
ʭʘʨʘʢʪʝʨʥʳ ʥʝʨʘʚʥʦʤʝʨʥʳʝ 

ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ ʚ ʦʪʣʦʞʝʥʠʷʭ ʫʬʠʤʩʢʦʛʦ 
ʷʨʫʩʘ. ʂʦʣʣʝʢʪʦʨʘʤʠ ʟʜʝʩʴ ʩʣʫʞʘʪ ʧʝʩʯʘʥʠʢʠ 
ʩʣʘʙʦ, ʧʷʪʥʘʤʠ ʥʘʩʳʱʝʥʥʳʝ ʙʠʪʫʤʦʤ ʠʣʠ ʩʦ 
ʩʣʝʜʘʤʠ ʩʫʭʦʛʦ ʚʳʚʝʪʨʝʣʦʛʦ ʙʠʪʫʤʘ. ʃʠʰʴ ʚ 
ʩʢʚ. 33 ʠ 420 ɽʥʦʨʫʩʢʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʠ ʚ ʩʢʚ. 6564, 6651, 402 ʂʠʷʟʣʠʥʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʤʝʯʝʥʳ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ, 
ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʢʘʢ ʩʠʣʴʥʦʥʘʩʳʱʝʥʥʳʝ, 
ʥʦ ʚʩʝ ʞʝ, ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʦʨʠʩʪʦʩʪʴ ʧʦʨʦʜ 

ʠʟʤʝʥʷʝʪʩʷ ʦʪ 12% ʜʦ 20%, 
ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʦʩʪʴ ʢ ʚʝʩʫ ʦʪ 0,37% ʜʦ 
0,42%. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʫʶ ʟʦʥʫ ʤʳ 
ʦʪʥʝʩʣʠ ʢ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʣʘʙʦ 
ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ.  

ʂ ʪʝʨʨʠʪʦʨʠʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʠʥʪʝʥʩʠʚʥʦ ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ ï 
ʚʪʦʨʘʷ ʟʦʥʘ ï ʤʳ ʦʪʥʝʩʣʠ ʨʘʡʦʥʳ 

ʏʝʨʝʤʫʭʦʚʩʢʦʛʦ ʠ ʄʝʣʴʥʠʢʦʚʩʢʦʛʦ ʥʝʬʪʷʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ɿʜʝʩʴ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ ʚ ʫʬʠʤʩʢʠʭ 
ʦʪʣʦʞʝʥʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʙʦʣʝʝ 
ʨʘʚʥʦʤʝʨʥʦ. 

ʍʘʨʘʢʪʝʨ ʥʘʩʳʱʝʥʠʷ ʧʦʨʦʜ ʙʠʪʫʤʦʤ 
ʨʘʟʣʠʯʝʥ ï ʦʪ ʩʣʝʜʦʚ, ʧʷʪʝʥ ʜʦ ʩʨʝʜʥʝʛʦ ʠ 
ʩʠʣʴʥʦʛʦ, ʩʧʣʦʰʥʦʛʦ. ɺ ʧʨʝʜʝʣʘʭ ʟʦʥʳ 2 ʧʦ 

ʩʪʝʧʝʥʠ ʥʘʩʳʱʝʥʠʷ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 
ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘ (ʨʠʩ.1). - 
ʯʘʩʪʦʢ ɸ, ʧʨʠʫʨʦʯʝʥʥʳʡ ʢ ʏʝʨʝʤʫʭʦʚʩʢʦʤʫ 
ʥʝʬʪʷʥʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠ ʫʯʘʩʪʦʢ ɺ, 
ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʄʝʣʴʥʠʢʦʚʩʢʦʤʫ ʥʝʬʪʷʥʦʤʫ 
ʤʝʩʪʦʨʦʞʜʝʥʠʶ. 

ɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ɸ ʤʘʩʩʦʚʳʝ 
ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʶʛʦ-

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʪʝʨʨʠʪʦʨʠʠ ʏʝʨʝʤʫʭʦʚʩʢʦʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʦʣʣʝʢʪʦʨʘʤʠ ʟʜʝʩʴ 
ʷʚʣʷʶʪʩʷ ʧʝʩʯʘʥʦ-ʘʣʝʚʨʦʣʠʪʦʚʳʝ ʧʦʨʦʜʳ, ʭʘʨʘʢʪʝʨ ʥʘʩʳʱʝʥʠʷ ʢʦʪʦʨʳʭ ʙʠʪʫʤʦʤ ʩʠʣʴʥʳʡ ʠ ʨʘʚʥʦʤʝʨʥʳʡ. ʆʙʱʘʷ 
ʤʦʱʥʦʩʪʴ ʫʬʠʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 15 ʜʦ 28 ʤ, ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ʦʪ 3 ʜʦ 8 ʤ ʠ ʚ ʩʨʝʜʥʝʤ 
ʩʦʩʪʘʚʣʷʝʪ 7,5 ʤ, ʠʟ ʢʦʪʦʨʳʭ 6 ʤ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʦʜʳ, ʠʥʪʝʥʩʠʚʥʦ ʥʘʩʳʱʝʥʥʳʝ ʙʠʪʫʤʦʤ. ʇʦʨʠʩʪʦʩʪʴ ʧʦʨʦʜ ʚʘʨʴʠʨʫʝʪ ʚ 
ʧʨʝʜʝʣʘʭ 7,7-28,7 %, ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʦʩʪʴ ʢ ʚʝʩʫ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 8,6 %. 

ɺ ʧʨʝʜʝʣʘʭ ʫʯʘʩʪʢʘ ɺ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʟʘʧʘʜʥʦʡ ʯʘʩʪʷʭ ʪʝʨʨʠʪʦʨʠʠ 
ʄʝʣʴʥʠʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʂʦʣʣʝʢʪʦʨʘʤʠ ʟʜʝʩʴ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʧʝʩʯʘʥʠʢʠ ʠ ʘʣʝʚʨʦʣʠʪʳ, ʩʠʣʴʥʦ ʠ  ʨʘʚʥʦʤʝʨʥʦ 

ʥʘʩʳʱʝʥʥʳʝ ʙʠʪʫʤʦʤ. ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ʫʬʠʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 12-16 ʤ, ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʘʷ 

 
 

ʈʠʩ.2.  ʈʘʩʧʨʝʜʝʣʝʥʝʷ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʡ ʚ ʫʬʠʤʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʚʝʨʭʥʝʡ ʧʝʨʤʠ 
 



ʤʦʱʥʦʩʪʴ ʦʪ 4 ʜʦ 11 ʤ ʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 8 ʤ. ʇʦʨʠʩʪʦʩʪʴ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ 29,7%, 
ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʦʩʪʴ ʢ ʚʝʩʫ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʦʧʨʝʜʝʣʷʣʘʩʴ. 

ʀʪʘʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ: 

1. ʋʩʪʘʥʦʚʣʝʥʳ ʙʠʪʫʤʦʧʨʦʷʚʣʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʪʣʦʞʝʥʠʷʭ ʚʝʨʭʥʝʧʝʨʤʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦ 
ʧʣʦʱʘʜʠ. 

2. ɺ ʨʘʟʨʝʟʝ ʢʘʞʜʦʡ ʩʢʚʘʞʠʥʳ (ʚʩʝʛʦ ʦʢʦʣʦ 400) ʚʳʜʝʣʝʥʳ ʠʥʪʝʨʚʘʣʳ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 
ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʦʩʪʠ ʧʦʨʦʜ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 

3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʥʘʥʝʩʝʥʳ ʥʘ ʩʭʝʤʫ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʢʚʘʞʠʥ, ʚʳʜʝʣʝʥʳ ʟʦʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʨʦʜ ʩ 
ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʙʠʪʫʤʦʥʘʩʳʱʝʥʠʷ. 

4. ʊʝʨʨʠʪʦʨʠʷ ɽʥʦʨʫʩʢʠʥʩʢʦʛʦ ʠ ʂʠʷʟʣʠʥʩʢʦʛʦ ʥʝʬʪʷʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʥʝʩʝʥʳ ʢ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʩʣʘʙʦ ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ (1-ʷ ʟʦʥʘ), ʪʝʨʨʠʪʦʨʠʷ ʞʝ ʏʝʨʝʤʫʭʦʚʩʢʦʛʦ ʠ ʄʝʣʴʥʠʢʦʚʩʢʦʛʦ ʥʝʬʪʷʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʪʥʝʩʝʥʳ ʢ ʟʦʥʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ ʙʠʪʫʤʦʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ (2-ʷ ʟʦʥʘ). 
5. ɺ ʧʨʝʜʝʣʘʭ ʚʪʦʨʦʡ ʟʦʥʳ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʳʜʝʣʝʥʳ ʜʚʘ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘ ʩ ʥʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʳʤ 

ʙʠʪʫʤʦʥʘʩʳʱʝʥʠʝʤ ʧʦʨʦʜ. 
6. ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʧʨʠ ʙʫʨʝʥʠʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ ʥʘ ʵʪʠʭ ʜʚʫʭ ʚʳʜʝʣʝʥʥʳʭ ʣʦʢʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ 

ʦʪʙʠʨʘʪʴ ʢʝʨʥ ʠʟ ʠʥʪʝʨʚʘʣʦʚ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʝʛʦ ʠʟʫʯʝʥʠʷ ʩ ʮʝʣʴʶ ʚʳʨʘʙʦʪʢʠ 
ʨʝʢʦʤʝʥʜʘʮʠʡ ʜʣʷ ʚʦʟʤʦʞʥʦʡ ʨʘʟʨʘʙʦʪʢʠ ʇɹ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɹʘʪʤʘʥʦʚ ʂ.ɹ. ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʠʩʪʦʯʥʠʢ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ. // ʇʨʦʙʣʝʤʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 
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ʂʆʃɽɹɸʅʀʁ 
ɺ.ɸ. ɺʦʨʦʧʘʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʌ.ɸ.ʏʤʠʣʝʥʢʦ 
ɼʥʝʧʨʦʧʝʪʨʦʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ɼʥʝʧʨʦʧʝʪʨʦʚʩʢ, ʋʢʨʘʠʥʘ 

 
ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ (ɹʄ) ʚ ʨʫʜʘʭ ʠ ʧʨʦʜʫʢʪʘʭ ʠʭ ʧʝʨʝʨʘʙʦʪʢʠ ʦʩʥʦʚʥʳʤ 

ʩʧʦʩʦʙʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʦʙʠʨʥʘʷ ʧʣʘʚʢʘ. ʂʦʣʣʝʢʪʠʨʦʚʘʥʠʝ ʚ ʩʚʠʥʮʦʚʳʡ ʢʦʣʣʝʢʪʦʨ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ 
ʙʳʩʪʨʦ ʧʦʣʫʯʘʪʴ ʢʦʥʮʝʥʪʨʘʪ ɹʄ. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʝʪ 103-104, ʘ ʩʪʝʧʝʥʴ ʠʟʚʣʝʯʝʥʠʷ ʟʦʣʦʪʘ, 
ʩʝʨʝʙʨʘ, ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʧʣʘʚʢʝ ʜʦʩʪʠʛʘʝʪ 90 - 95% ʧʨʠ ʫʜʘʯʥʦʤ ʚʳʙʦʨʝ ʩʦʩʪʘʚʘ ʰʠʭʪʳ. ʆʜʥʘʢʦ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʧʦʪʝʨʴ ɹʄ ʚ ʰʣʘʢʘʭ ʧʨʦʙʠʨʥʦʡ ʧʣʘʚʢʠ. ʂ ʧʨʠʯʠʥʘʤ 
ʧʦʪʝʨʴ ɹʄ ʚ ʰʣʘʢʘʭ ʦʪʥʦʩʷʪ ʚʷʟʢʦʩʪʴ ʨʘʩʧʣʘʚʣʝʥʥʦʡ ʩʤʝʩʠ, ʧʨʠʩʫʪʩʪʚʠʝ ʥʝʙʣʘʛʦʨʦʜʥʳʭ ʧʨʠʤʝʩʝʡ, ʪʝʤʧʝʨʘʪʫʨʫ ʠ 
ʚʨʝʤʷ ʧʣʘʚʢʠ, ʥʝʜʦʩʪʘʪʦʯʥʫʶ ʩʪʝʧʝʥʴ ʠʟʤʝʣʴʯʝʥʠʷ ʠ ʢʘʯʝʩʪʚʦ ʩʤʝʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ. 

ʎʝʣʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʦʪʝʨʴ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʚ 
ʰʣʘʢʘʭ ʧʨʦʙʠʨʥʦʡ ʧʣʘʚʢʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʘ ʠʭ ʫʩʪʨʘʥʝʥʠʷ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ (ʏʤʠʣʝʥʢʦ, 2001). ʋʩʣʦʚʠʷ 
ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʧʠʩʘʥʳ ʌ.ɸ. ʏʤʠʣʝʥʢʦ (ʏʤʠʣʝʥʢʦ, 2002). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʥʠʤʘʣʴʥʳʝ ʧʦʪʝʨʠ ɹʄ ʚ ʰʣʘʢʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 
ʢʠʩʣʦʛʦ ʬʣʶʩʘ, ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʢʚʘʨʮʘ. ʇʦʪʝʨʠ ʟʦʣʦʪʘ ʠ ʩʝʨʝʙʨʘ ʤʘʣʦ ʟʘʚʠʩʷʪ ʦʪ ʢʠʩʣʦʪʥʦʩʪʠ ʰʠʭʪʳ ʠ ʩʦʩʪʘʚʣʷʶʪ 

4-6% ʜʣʷ ʟʦʣʦʪʘ ʠ ʜʦ 11% ʜʣʷ ʩʝʨʝʙʨʘ. ʇʦʪʝʨʠ ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʡ ʧʝʨʝʧʣʘʚʢʝ ʟʥʘʯʠʪʝʣʴʥʳ ʠ ʪʝʤ 
ʙʦʣʴʰʝ, ʯʝʤ ʢʠʩʣʝʝ ʰʣʘʢ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʨʠ ɹʄ ʚ ʰʣʘʢʘʭ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʭ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʠ ʜʘʞʝ 
ʧʨʠ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʣʘʚʢʠ ʜʦʩʪʠʛʘʶʪ 40-50% ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʥʘʚʝʩʢʝ ʥʘ ʫʨʦʚʥʝ ʤʠʢʨʦʛʨʘʤʤʦʚ. 
ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʩʪʘʜʠʠ ʧʣʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʩʥʠʟʠʪʴ ʧʦʪʝʨʠ ɹʄ ʜʦ 1-2% ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʚʘʨʮʘ ʚ 
ʰʠʭʪʝ. 

ʆʜʥʠʤ ʠʟ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʧʨʦʚʝʜʝʥʠʷ ʧʣʘʚʢʠ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʦʝ ʠʟʤʝʣʴʯʝʥʠʝ ʠ ʩʤʝʰʝʥʠʝ 
ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣ. 1 ʧʦʪʝʨʠ ʟʦʣʦʪʘ ʚʦʟʨʘʩʪʘʶʪ ʧʨʠ ʧʣʘʚʢʝ ʧʣʦʭʦ ʠʟʤʝʣʴʯʝʥʥʳʭ ʧʨʦʙ. ɼʣʷ 
ʫʩʪʨʘʥʝʥʠʷ ʧʦʪʝʨʴ ɹʄ ʚ ʰʣʘʢʘʭ ʚʳʟʚʘʥʥʳʭ ʧʣʦʭʠʤ ʩʤʝʰʝʥʠʝʤ ʠ ʠʟʤʝʣʴʯʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ ʪʘʢʞʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ. 

 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʚ ʨʫʜʝ ʧʨʦʙʠʨʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ 

ʠʟʤʝʣʴʯʝʥʠʷ ʧʨʦʙ ʠ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ (ʧ=3, ʈ = 0,95) 
 

ʀʟʤʝʣʴʯʝʥʠʝ, 
ʤʤ 

ʆʧʨʝʜʝʣʝʥʦ ʟʦʣʦʪʘ, ʛ/ʪ 

 
 

ʇʇ (ʦʜʥʦʢʨʘʪʥʘʷ 
ʧʣʘʚʢʘ) 

ʇʇʩʋɿ 

0,074-0,104 7,92 Ñ 0,32 8,59 Ñ0,37 

0,104-0,147 7,65 Ñ 0,30 8,91 Ñ0,33 



0,200-0,350 7,23 Ñ 0,47 8.83 Ñ 0,34 

0,500-1,000 5,12 Ñ0,67 8,78 Ñ 0,33 

0,074-1,500 5,01 Ñ 0,64 8,56 Ñ 0,38 

 
ɺ ʪʘʙʣʠʮʝ 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʣʘʚʢʠ ʤʦʜʝʣʴʥʳʭ ʩʤʝʩʝʡ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʦʙʭʦʜʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʚʠʥʮʘ ʧʦʤʝʱʝʥʦ ʥʘ ʜʥʦ ʪʠʛʣʷ ʠ ɹʄ ʤʦʛʫʪ ʢʦʣʣʝʢʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʜʠʬʬʫʟʠʠ ʯʝʨʝʟ ʧʦʚʝʨʭʥʦʩʪʴ 
ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʚʠʥʮʘ ʠ ʰʣʘʢʘ. ʐʠʭʪʘ ʩʦʜʝʨʞʠʪ 10 % ʢʚʘʨʮʘ ʠ ʠʤʝʝʪ ʢʠʩʣʦʪʥʦʩʪʴ 1,5. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 
ʜʘʥʥʳʭ, ʧʦʪʝʨʠ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʧʣʘʚʢʠ ʜʦʩʪʠʛʘʶʪ ~ 50 % ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʣʘʚʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ. 

ʉʪʨʦʝʥʠʝ ʢʠʩʣʦʛʦ ʰʣʘʢʦʚʦʛʦ ʨʘʩʧʣʘʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩ ʧʦʟʠʮʠʡ ʢʦʣʣʦʠʜʥʦʡ ʭʠʤʠʠ (ʉʦʢʦʣʴʩʢʠʡ, 1993). 
ʇʦʩʣʝ ʧʣʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʦʙʨʘʟʫʝʪʩʷ ʩʨʝʜʘ, ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʰʣʘʢʦʚʳʭ "ʤʠʮʝʣʣ" ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ 

ʩʣʦʝʤ. '"ʄʠʮʝʣʣʳ" ʩʣʘʙʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ, ʝʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʚʥʝʰʥʝʝ ʜʘʚʣʝʥʠʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. ʊʘʢʠʤ 
ʦʙʨʘʟʦʤ, ʝʩʣʠ ʯʘʩʪʠʮʘ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ ʧʦʧʘʜʘʝʪ ʚʥʫʪʨʴ "ʤʠʮʝʣʣʳ", ʪʦ ʚʝʨʦʷʪʥʦʩʪʴ ʢʦʥʪʘʢʪʘ ʩ ʢʦʣʣʝʢʪʦʨʦʤ ʙʫʜʝʪ 
ʦʯʝʥʴ ʤʘʣʘ, ʠ ʠʟʚʣʝʯʴ ʝʝ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʝʥ ʟʘʭʚʘʪ ʯʘʩʪʠʮ ɹʄ ʚ "ʤʠʮʝʣʣʳ" ʜʣʷ 
ʪʦʥʢʦʚʢʨʘʧʣʝʥʥʳʭ ʨʫʜ. 

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʠʡ ʤʝʭʘʥʠʟʤ ʚʦʟʜʝʡʩʪʚʠʷ ʫʣʴʪʨʘʟʚʫʢʘ, ʢʦʪʦʨʳʡ 
ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʵʬʬʝʢʪʦʚ ʢʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʟʨʫʰʝʥʠʷ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʧʣʝʥʦʢ, ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʰʣʘʢʘ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʘʢʫʩʪʠʯʝʩʢʠʭ ʪʝʯʝʥʠʡ ʠ ʫʩʢʦʨʝʥʥʦʛʦ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʯʘʩʪʠʮ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚʦ ʚʥʫʪʨʴ ʤʘʩʩʳ 
ʢʦʣʣʝʢʪʦʨʘ. 

ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʧʣʘʚʢʠ, ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʠʭ ʢʘʧʝʣʴ ʢʦʣʣʝʢʪʦʨʘ, ʫʣʴʪʨʘʟʚʫʢ ʧʦʟʚʦʣʷʝʪ 
ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʦʝ ʠ ʛʦʤʦʛʝʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʣʣʝʢʪʦʨʘ ʚ ʰʣʘʢʝ, ʥʝ ʧʦʟʚʦʣʷʷ ʝʛʦ ʤʝʣʢʠʤ ʢʘʧʣʷʤ 
ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʩʦʙʠʨʘʪʴʩʷ ʚ ʙʦʣʝʝ ʢʨʫʧʥʳʝ. ʂʘʧʣʠ ʢʦʣʣʝʢʪʦʨʘ, ʥʘʭʦʜʷʩʴ ʚ ʧʦʣʝ ʫʣʴʪʨʘʟʚʫʢʘ, ʩʦʚʝʨʰʘʶʪ 
ʠʥʪʝʥʩʠʚʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʤʘʩʩʦʦʙʤʝʥʘ ʢʦʣʣʝʢʪʦʨʘ ʩ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 
ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʫʣʴʪʨʘʟʚʫʢʘ ʫʩʢʦʨʷʝʪʩʷ ʨʝʘʢʮʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʬʣʶʩʘ ʠ ʨʫʜʳ. ɺ ʵʪʦʪ ʧʝʨʠʦʜ, 
ʜʣʷʱʠʡʩʷ ʦʢʦʣʦ 6-7 ʤʠʥ, ʰʣʘʢ ʜʦʩʪʘʪʦʯʥʦ ʚʷʟʢʠʡ ʠ ʚʳʜʝʣʝʥʠʷ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʭʦʪʷ, ʥʝʩʦʤʥʝʥʥʦ, 
ʠʜʝʪ ʘʢʪʠʚʥʦʝ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʦʥ ʢʘʢ ʙʳ "ʟʘʚʠʩʘʝʪ" ʚ ʰʣʘʢʝ. 

 

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ, ʩʝʨʝʙʨʘ, ʧʣʘʪʠʥʳ ʠ ʧʘʣʣʘʜʠʷ ʚ ʩʤʝʩʠ ʩʦʜʝʨʞʘʱʝʡ ʧʦ 10 ʛ/ʪ ʢʘʞʜʦʛʦ ʤʝʪʘʣʣʘ 

ʧʨʦʙʠʨʥʦ-ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʩʧʦʩʦʙʝ ʢʦʥʪʘʢʪʘ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʦʣʣʝʢʪʦʨʘ 

(ʦʜʥʦʢʨʘʪʥʘʷ ʧʝʨʝʧʣʘʚʢʘ, ʧ=3,ʈ = 0,95) 

 

 
 

 

ʆʧʨʝʜʝʣʝʥʦ ʤʝʪʘʣʣʘ, ʛ/ʪ 

ʆʙʳʯʥʘʷ ʧʣʘʚʢʘ 
ʧʣʘʚʢʘ 

ʇʣʘʚʢʘ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʋɿ Pb ʥʘ ʜʥʝ ʈb ʦʙʨʘʟʫʝʪʩʷ ʚʦ 

ʚʩʝʡ ʰʠʭʪʝ 
ʈb ʥʘ ʜʥʝ ʈb ʦʙʨʘʟʫʝʪʩʷ ʚʦ ʚʩʝʡ 

ʰʠʭʪʝ 

ɸu 5,52 Ñ 0,68 9,61 Ñ 0,29 9,89 Ñ0,21 9,92 Ñ0,14 

Ag 4,81 Ñ0,70 9,23 Ñ 0,33 9,93 Ñ 0,24 9,94 Ñ0,19 

Pd 5,15 Ñ0,54 9,34 Ñ 0,40 9,82 Ñ 0,30 9,79 Ñ0,21 

Pt 5,08 Ñ 0,63 9,07 Ñ 0,36 9,85 Ñ 0,23 9,86 Ñ0,19 

 
ʉʣʝʜʫʶʱʠʡ ʧʝʨʠʦʜ (3-4 ʤʠʥ) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʫʨʥʳʤ ʚʳʜʝʣʝʥʠʝʤ ʜʠʦʢʩʠʜʘ ʫʛʣʝʨʦʜʘ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʧʦʜʥʠʤʘʝʪʩʷ ʜʦ 900Áʉ, ʰʣʘʢ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʞʠʜʢʠʤ, ʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʟʚʝʩʠ ʛʘʟʘ ʠ ʯʘʩʪʠʮ ʢʦʣʣʝʢʪʦʨʘ ʙʳʪʴ ʫʩʪʦʡʯʠʚʦʡ 

- ʯʘʩʪʠʮʳ ʩʣʠʧʘʶʪʩʷ ʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ, ʢʦʣʣʝʢʪʦʨ ʦʩʝʜʘʝʪ, ʘ ʜʠʦʢʩʠʜ ʫʛʣʝʨʦʜʘ ʧʦʜʥʠʤʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʚʳʟʳʚʘʷ 
ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʝʨʝʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʰʠʭʪʳ. ʇʦʩʣʝ ʦʙʨʘʟʦʚʘʥʠʷ ʰʣʘʢʦʚʳʭ ʩʠʣʠʢʘʪʦʚ ʠ ʙʦʨʘʪʦʚ ʚ ʦʪʩʫʪʩʪʚʠʝ 
ʫʣʴʪʨʘʟʚʫʢʘ ʥʘʯʠʥʘʝʪʩʷ ʘʢʪʠʚʥʳʡ ʨʦʩʪ ʰʣʘʢʦʚʳʭ ʤʠʮʝʣʣ. ʅʘʧʨʦʪʠʚ, ʫʣʴʪʨʘʟʚʫʢ ʨʘʟʨʫʰʘʝʪ ʤʠʮʝʣʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʟʘ 
ʩʯʝʪ ʚʪʦʨʠʯʥʳʭ ʵʬʬʝʢʪʦʚ (ʢʘʚʠʪʘʮʠʷ, ʘʢʫʩʪʠʯʝʩʢʠʝ ʪʝʯʝʥʠʷ, ʨʘʜʠʘʮʠʦʥʥʦʝ ʜʘʚʣʝʥʠʝ - ʚʳʟʳʚʘʶʪ ʠʥʪʝʥʩʠʚʥʳʝ 
ʪʫʨʙʫʣʝʥʪʥʳʝ ʧʦʪʦʢʠ ʚʦ ʚʩʝʤ ʦʙʲʝʤʝ ʰʣʘʢʘ ʨʘʟʨʫʰʘʷ ʩʥʘʯʘʣʘ ʜʠʬʬʫʟʥʳʡ ʩʣʦʡ ʤʠʮʝʣʣ, ʘ ʟʘʪʝʤ ʠ ʩʘʤʠ ʤʠʮʝʣʣʳ) ʪʘʢʠʤ 
ʦʙʨʘʟʦʤ ʚʳʩʚʦʙʦʞʜʘʷ ʟʘʭʚʘʯʝʥʥʳʝ ʯʘʩʪʠʮʳ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʘʞʝ ʧʨʠ ʧʣʘʚʢʝ ʩʦ ʩʚʠʥʮʦʤ, ʧʦʤʝʱʝʥʥʳʤ ʥʘ 
ʜʥʦ ʪʠʛʣʷ ʵʬʬʝʢʪ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʫʣʴʪʨʘʟʚʫʢʦʤ ʥʠʚʝʣʠʨʫʝʪ ʚʩʝ ʜʠʬʬʫʟʠʦʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʪʝʨʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʰʣʘʢʘʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʨʘʩʧʣʘʚʝ ʜʠʩʢʨʝʪʥʳʭ 

ʛʨʫʧʧʠʨʦʚʦʢ (ʰʣʘʢʦʚʳʭ "ʤʠʮʝʣʣ"), ʢʦʪʦʨʳʝ ʟʘʪʨʫʜʥʷʶʪ ʠʭ ʢʦʥʪʘʢʪ ʩ ʢʦʣʣʝʢʪʦʨʦʤ. ʅʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 
"ʤʠʮʝʣʣ" ʚ ʰʣʘʢʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʜʠʦʢʩʠʜ ʢʨʝʤʥʠʷ. ʇʦʭʦʞʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʦʙʣʘʜʘʝʪ, ʚʝʨʦʷʪʥʦ, ʦʢʩʠʜ ʘʣʶʤʠʥʠʷ. 
ʇʨʠʤʝʥʝʥʠʝ ʫʣʴʪʨʘʟʚʫʢʘ ʥʘ ʩʪʘʜʠʠ ʧʣʘʚʢʠ ʧʦʟʚʦʣʷʝʪ ʫʩʪʨʘʥʠʪʴ ʧʦʪʝʨʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 
ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʠʦʢʩʠʜʘ ʢʨʝʤʥʠʷ. 
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ɻɽʆʃʆɻʆ-ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʄɽɼʅʆ-ʂʆʃʏɽɼɸʅʅʆɻʆ 

ʆʈʋɼɽʅɽʅʀʗ ʅɸ ʂɸʊɸɹʋʂʉʂʆʄ ʋʏɸʉʊʂɽ (ɸʃɽʂʉɸʅɼʈʀʅʉʂʀʁ ʈʋɼʅʓʁ 
ʈɸʁʆʅ, ʖɾʅʓʁ ʋʈɸʃ) 



ʃ.ʌ. ɻʘʣʠʘʢʙʘʨʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ʀ. ʑʝʛʣʦʚ 
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 

 
ʂʘʪʘʙʫʢʩʢʠʡ ʫʯʘʩʪʦʢ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ɸʣʝʢʩʘʥʜʨʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʶʛʝ ʋʯʘʣʠʥʦ-

ɸʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʧʦʜʟʦʥʳ ɺʦʩʪʦʯʥʦʤʘʛʥʠʪʦʛʦʨʩʢʦʡ ʟʦʥʳ ʄʘʛʥʠʪʦʛʦʨʩʢʦʡ ʤʝʛʘʟʦʥʳ. 
ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʂʘʪʘʙʫʢʩʢʦʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʧʦʩʪʨʦʡʢʝ, ʩʣʦʞʝʥʥʦʡ ʬʣʶʠʜʘʣʴʥʳʤʠ ʢʚʘʨʮ-

ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ ʨʠʦʣʠʪʘʤʠ ʘʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʪʦʣʱʠ. ʇʦʩʪʨʦʡʢʘ ʨʘʩʯʣʝʥʝʥʘ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʝʤ ʩʝʚʝʨʦ-

ʚʦʩʪʦʯʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʠ ʥʘ ʜʚʘ ʙʣʦʢʘ. ʂʠʩʣʳʝ ʚʫʣʢʘʥʠʪʳ ʚ ʦʙʦʠʭ ʙʣʦʢʘʭ ʧʘʜʘʶʪ ʥʘ ʩʝʚʝʨ ʧʦʜ ʫʛʣʦʤ 50-80̄ . ʈʫʜʥʘʷ ʟʦʥʘ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʦʩʪʨʦʡʢʠ, ʟʘʣʝʛʘʝʪ ʩʫʙʩʦʛʣʘʩʥʦ ʚʤʝʱʘʶʱʠʤ ʚʫʣʢʘʥʠʪʘʤ. ɺ ʚʦʩʪʦʯʥʦʤ ʙʣʦʢʝ ʚʳʷʚʣʝʥʳ 
ʟʦʥʳ ʩ ʚʢʨʘʧʣʝʥʥʦʡ ʠ ʛʥʝʟʜʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʩʬʘʣʝʨʠʪʘ ʩʨʝʜʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʨʠʦʣʠʪʦʚ 
(ʉʦʢʦʣʦʚ, 1998). ʂʦʣʠʯʝʩʪʚʦ ʩʫʣʴʬʠʜʦʚ ʥʝʧʦʩʪʦʷʥʥʦ, ʚʘʨʴʠʨʫʝʪ ʦʪ 3 ʜʦ 5%. ʄʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ 
ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʳʭ ʧʨʦʙʘʭ ʜʦʩʪʠʛʘʶʪ: Zn ï 0,78%, Cu ï 0,77%. 

ɺ ʟʘʧʘʜʥʦʤ ʙʣʦʢʝ ʚʳʷʚʣʝʥʳ ʟʦʥʳ ʩ ʛʫʩʪʦʚʢʨʘʧʣʝʥʥʦʡ ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪ-ʧʠʨʠʪʦʚʦʡ ʠ ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʨʝʜʠ ʩʝʨʠʮʠʪʠʟʠʨʦʚʘʥʥʳʭ ʨʠʦʣʠʪʦʚ ʠ ʤʝʣʢʠʝ ʣʠʥʟʳ ʩʝʨʥʦʛʦ ʢʦʣʯʝʜʘʥʘ. ʈʫʜʥʘʷ ʟʦʥʘ ʚ ʵʪʦʤ ʙʣʦʢʝ 
ʧʨʠʫʨʦʯʝʥʘ ʢ ʦʩʥʦʚʘʥʠʶ ʵʢʩʪʨʫʟʠʚʥʦʛʦ ʢʫʧʦʣʘ, ʢʦʪʦʨʳʡ ʩʣʦʞʝʥ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʤʠ ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʤʠ 
ʨʠʦʣʠʪʘʤʠ (ʊʝʩʘʣʠʥʘ ʠ ʜʨ., 1998). 

ʇʦ ʜʘʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʪʨʸʭ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʨʘʩʰʠʬʨʦʚʢʠ ʩʪʨʫʢʪʫʨʳ 
ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʫʯʘʩʪʢʘ ʠ ʨʘʟʨʘʙʦʪʢʠ ʛʝʥʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʨʫʜʝʥʝʥʠʷ. ɺ ʨʘʟʨʝʟʝ ʨʫʜʥʦʡ ʟʦʥʳ 
ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʜʠ, ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʦʣʠʙʜʝʥʘ, ʛʘʣʠʷ, ʩʝʨʝʙʨʘ ʦʙʱʠʤ ʦʙʲʸʤʦʤ 134 
ʧʨʦʙʳ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʘ ʚʢʣʶʯʘʣʘ ʢʦʤʧʦʥʝʥʪʥʳʡ ʘʥʘʣʠʟ ʢʦʦʨʜʠʥʘʪʥʦ-ʧʨʠʚʷʟʘʥʥʳʭ ʛʝʦʣʦʛʦ-
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ (ʤʝʪʦʜ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪ), ʧʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʟʥʘʯʝʥʠʡ 

ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʧʦʠʩʢʦʚʦʤʫ ʨʘʟʨʝʟʫ, ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʢʘʨʪ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ GEOMAP 4 (ʨʘʟʨʘʙʦʪʘʥʘ ɺ.ʀ. ʑʝʛʣʦʚʳʤ). 

ʇʦ ʜʘʥʥʳʤ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʘ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ɿʥʘʯʝʥʠʷ ʛʣʘʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

 

ʇʨʠʟʥʘʢʠ ʂʦʤʧʦʥʝʥʪ 1 ʂʦʤʧʦʥʝʥʪ 2 

Cu 0,42 -0,41 

Zn 0,9 0,31 

Pb 0,87 0,18 

Co 0,04 -0,65 

Ni 0,08 -0,71 

Mo 0,3 -0,05 

Ga 0,14 -0,19 

Ag 0,32 0 

 
ʇʝʨʚʳʡ ʢʦʤʧʦʥʝʥʪ ʷʚʣʷʝʪʩʷ ʚʝʜʫʱʠʤ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʬʠʣʴ ʦʨʫʜʝʥʝʥʠʷ, ʫʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʠʙʦʣʝʝ ʢʨʝʧʢʫʶ 

ʩʚʷʟʴ ʤʝʜʠ, ʮʠʥʢʘ, ʩʚʠʥʮʘ, ʤʦʣʠʙʜʝʥʘ, ʩʝʨʝʙʨʘ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʦʪʩʫʪʩʪʚʠʝ ʩʚʷʟʠ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʛʘʣʣʠʷ 
ʩ ʜʘʥʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. ʅʘ ʢʘʨʪʘʭ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʨʘʟʦʙʱʸʥʥʳʡ ʭʘʨʘʢʪʝʨ 
ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʦʙʘʣʴʪʘ, ʥʠʢʝʣʷ ʠ ʛʘʣʣʠʷ. ɺ ʨʘʟʨʝʟʝ ʚʳʜʝʣʷʶʪʩʷ ʫʨʦʚʥʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʘ. 
ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʫʬʘʤ ʜʘʮʠʪʦʚ ʠ ʨʠʦʣʠʪʦʚ ʧʦʨʬʠʨʦʚʳʭ, ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʤʝʜʴ, ʮʠʥʢ, ʩʚʠʥʝʮ ʠ ʤʦʣʠʙʜʝʥ ʟʜʝʩʴ ʢʦʥʮʝʥʪʨʠʨʦʚʘʣʠʩʴ ʙʣʘʛʦʜʘʨʷ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ 
ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʥʘʨʫʰʝʥʠʷʤ. ʆʪʤʝʯʘʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʦʩʪʘʚʘ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ ʦʪ ʧʦʣʦʞʝʥʠʷ ʠʭ ʚ 
ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʨʦʩʪʝ çʧʦʣʠʤʝʪʘʣʣʠʯʥʦʩʪʠè ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ. 

ɺʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪ ʫʩʪʘʥʦʚʠʣ ʩʚʷʟʴ ʪʦʣʴʢʦ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ ï ʮʠʥʢʘ ʠ ʩʝʨʝʙʨʘ. ʆʩʪʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ ʠʤʝʶʪ 
ʨʘʟʦʙʱʸʥʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʦʚ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʧʨʠʟʥʘʢʦʚ ʧʨʠʫʨʦʯʝʥʳ ʢ 
ʨʫʜʦʧʦʜʚʦʜʷʱʠʤ ʢʘʥʘʣʘʤ (ʩʠʩʪʝʤʘʤ ʪʨʝʱʠʥ) ʚ ʚʠʜʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠʥʪʨʫʟʠʡ. ʈʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ, 
ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʨʝʦʣʘʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʠʟʤʝʥʸʥʥʳʭ ʧʦʨʦʜ, ʙʣʘʛʦʧʨʠʷʪʥʳ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʧʨʦʞʠʣʢʦʚʦ-
ʚʢʨʘʧʣʝʥʥʦʛʦ ʩʫʣʴʬʠʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʋʢʘʟʘʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʨʝʮʠʢʣʠʥʛʘ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ʉʦʢʦʣʦʚ ʉ.ɺ. ʉʪʨʫʢʪʫʨʳ ʘʥʦʤʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʧʨʦʛʥʦʟ ʦʨʫʜʝʥʝʥʠʷ. ï ʉʇʙ: ʅʘʫʢʘ, 1998. ï 154ʩ. 

2. ʊʝʩʘʣʠʥʘ ʉ.ɻ., ʄʘʩʣʝʥʥʠʢʦʚ ɺ.ɺ., ʉʫʨʠʥ ʊ.ʅ. ɸʣʝʢʩʘʥʜʨʠʥʩʢʦʝ ʤʝʜʥʦ-ʮʠʥʢʦʚʦ-ʢʦʣʯʝʜʘʥʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ. ï 
ʄʠʘʩʩ, 1998. ï ʉ.14-15. 

 
ʆʉʆɹɽʅʅʆʉʊʀ ʄɸɻʅɽʊʀʊ-ʀʃʔʄɽʅʀʊʆɺʆʁ ʄʀʅɽʈɸʃʀɿɸʎʀʀ  

ɾʆʄɹʆʃʆʂʉʂʆɻʆ ʀ ʍɸɸɻʊʓɻ-ʆʁʉʂʆɻʆ ɻɸɹɹʈʆʀɼʅʓʍ ʄɸʉʉʀɺʆɺ  
(ɺʆʉʊʆʏʅʓʁ ʉɸʗʅ) 
ʂ.ɸ. ɻʘʤʘʶʥʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʉ.ʄʝʭʦʥʦʰʠʥ 



ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ 
 
ɻʘʙʙʨʦʠʜʥʳʝ ʤʘʩʩʠʚʳ ʷʚʣʷʶʪʩʷ ʚʤʝʱʘʶʱʠʤʠ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʠʪʘʥʘ, ʚʘʥʘʜʠʷ, ʞʝʣʝʟʘ, ʥʠʢʝʣʷ, ʢʦʙʘʣʴʪʘ, 

ʧʣʘʪʠʥʦʠʜʦʚ. ʄʥʦʛʠʝ ʛʘʙʙʨʦʠʜʥʳʝ ʤʘʩʩʠʚʳ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʝʜʠʥʘʷ ʩʝʨʠʷ, ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʢʦʪʦʨʦʡ ʧʨʠʚʦʜʠʪ ʢ 
ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʣʘʛʘʶʱʠʭ ʠʭ ʧʦʨʦʜ  ʦʪ ʦʣʠʚʠʥʦʚʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ ʜʦ ʘʥʦʨʪʦʟʠʪʦʚ, ʚʢʣʶʯʘʷ 
ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʝ ʠ ʠʣʴʤʝʥʠʪʦʚʳʝ ʨʫʜʳ. 

ʇʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʧʨʦʷʚʣʝʥʳ ʚ ʜʚʫʭ ʛʘʙʙʨʦʠʜʥʳʭ ʤʘʩʩʠʚʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 
ɺʦʩʪʦʯʥʦʤ ʉʘʷʥʝ: ɾʦʤʙʦʣʦʢʩʢʦʤ ʠ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʤ ʩ ʞʝʣʝʟʦ-ʚʘʥʘʜʠʡ-ʪʠʪʘʥʦʚʳʤ ʦʨʫʜʝʥʝʥʠʝʤ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ 

ʧʝʪʨʦʣʦʛʠʯʝʩʢʠʡ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʠ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʝʜʝʥ ʜʣʷ ʥʠʭ ʩ ʮʝʣʴʶ ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ  
ʚr ʷʩʥʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʂʨʦʤʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 
ʤʘʪʝʨʠʘʣʳ ɺ.ʀ ɹʦʛʥʠʙʦʚʘ, ɺ.ɽ ʂʦʚʘʣʝʚʩʢʦʛʦ, ɸ.ʉ ʄʝʭʦʥʦʰʠʥʘ (1990). 

ɾʦʤʙʦʣʦʢʩʢʠʡ ʠ ʍʘʘʛʪʳʛ-ʆʡʩʢʠʡ ʤʘʩʩʠʚʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʍʘʤʩʘʨʠʥʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ɺʦʩʪʦʯʥʦʛʦ 
ʉʘʷʥʘ, ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʚ ʶʞʥʦʤ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʩʚʷʟʘʥʳ ʩ ʢʦʣʣʠʟʠʦʥʥʳʤʠ 
ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʠʚʰʠʤʠ ʚ ʥʠʞʥʝʤ ʧʘʣʝʦʟʦʝ. 

ɾʦʤʙʦʣʦʢʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʚʝʨʭʦʚʴʷʭ ʨʝʢʠ ɾʦʤʙʦʣʦʢ, ʧʦ ʣʝʚʳʤ ʝʸ ʧʨʠʪʦʢʘʤ ʨʫʯʴʝʚ ɹʫʨʩʘʢ ʠ 
ʂʘʜʳʨïʆʩ ʠ ʜʘʣʝʝ ʢ ʩʝʚʝʨʫ ʦʥ ʧʨʦʪʷʛʠʚʘʝʪʩʷ ʚ ʠʩʪʦʢʠ ʨʝʢʠ ʍʦʡʪʦïʆʢʘ. ʕʪʦ ʜʦʚʦʣʴʥʦ ʢʨʫʧʥʳʡ ʠʥʪʨʫʟʠʚ, ʧʣʦʱʘʜʴʶ ʥʝ 

ʤʝʥʝʝ 50ʢʤ2, ʢʦʪʦʨʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʍʦʡʪʦ - ʆʢʠʥʩʢʦʤʫ ʠʥʪʨʫʟʠʚʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʫʧʥʳʡ ʦʩʪʘʥʝʮ 
ʩʨʝʜʠ ʛʨʘʥʠʪʦʠʜʦʚ. ʄʘʩʩʠʚ ʨʘʟʙʠʪ ʜʠʟʲʶʢʪʠʚʘʤʠ ʥʘ ʨʷʜ ʙʣʦʢʦʚ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʯʘʰʝʦʙʨʘʟʥʘʷ ʬʦʨʤʘ ʝʛʦ ʚʳʨʠʩʦʚʳʚʘʝʪʩʷ 
ʜʦʚʦʣʴʥʦ ʦʪʯʝʪʣʠʚʦ. ɼʣʷ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʤʘʩʩʠʚʘ ʭʘʨʘʢʪʝʨʥʘ ʛʨʫʙʘʷ ʨʘʩʩʣʦʝʥʥʦʩʪʴ, ʪʦʥʢʦʧʦʣʦʩʯʘʪʳʝ ʨʘʟʥʦʩʪʠ 
ʛʘʙʙʨʦʠʜʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʜʢʦ, ʥʦ ʟʘʪʦ ʦʯʝʥʴ ʦʪʯʝʪʣʠʚʦ ʠ ʧʦʚʩʝʤʝʩʪʥʦ ʧʨʦʷʚʣʝʥʘ ʪʨʘʭʠʪʦʠʜʥʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ 
ʩʫʙʧʘʨʘʣʣʝʣʴʥʦʡ ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʢʣʠʥʦʧʠʨʦʢʩʝʥʘ. ɺ ʩʦʩʪʘʚʝ ʤʘʩʩʠʚʘ ʧʨʝʦʙʣʘʜʘʶʪ ʦʣʠʚʠʥʦʩʦʜʝʨʞʘʱʠʝ 
ʧʦʨʦʜʳ, ʛʘʙʙʨʦ-ʥʦʨʠʪʳ. ɿʥʘʯʠʪʝʣʴʥʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʝʨʩʫʪʠʪʦʚʳʝ ʛʘʙʙʨʦ. ɸʤʬʠʙʦʣʠʟʠʨʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʠ ʛʘʙʙʨʦʠʜʦʚ, 
ʷʚʣʷʶʱʠʝʩʷ ʧʨʦʜʫʢʪʘʤʠ ʥʘʣʦʞʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʢʦʥʪʘʢʪʦʚʳʭ ʯʘʩʪʷʭ ʠʥʪʨʫʟʠʠ ʠ ʚʜʦʣʴ ʧʨʦʨʳʚʘʶʱʠʭ 
ʤʘʩʩʠʚ ʛʨʘʥʠʪʦʠʜʥʳʭ ʪʝʣ. 

ʄʘʩʩʠʚ ʍʘʘʢʪʳʛ-ʆʡ ʧʨʠʫʨʦʯʝʥ ʢ ʋʪʭʫʤʩʢʦʡ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ. ʄʘʩʩʠʚ ʨʘʟʤʝʱʘʝʪʩʷ ʚ ʤʝʞʜʫʨʝʯʴʝ ʍʦʡʪʦ-
ʆʢʘ - ʀʷ, ʚ ʚʝʨʭʦʚʴʷʭ ʨʯ. ʍʘʘʢʪʳʛ-ʆʡ - ʧʨʘʚʦʛʦ ʧʨʠʪʦʢʘ ʨ. ʀʷ. ʊʘʢ ʞʝ, ʢʘʢ ɾʦʤʙʦʣʦʢʩʢʠʡ, ʦʥ ʷʚʣʷʝʪʩʷ ʬʨʘʛʤʝʥʪʦʤ 
ʥʝʢʦʛʜʘ ʢʨʫʧʥʦʛʦ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʦʛʦ ʨʘʩʩʣʦʝʥʥʦʛʦ ʧʣʫʪʦʥʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʢʨʫʧʥʳʡ ʢʩʝʥʦʣʠʪ-ʦʩʪʘʥʝʮ 
ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 2,5x5 ʢʤ, ʨʘʟʤʝʱʘʶʱʠʡʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʩʨʝʜʠ ʩʠʝʥʠʪʦʚ ʠ ʛʨʘʥʠʪʦʠʜʦʚ ʦʛʥʠʪʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʄʘʩʩʠʚ ʠʤʝʝʪ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʧʦʣʦʩʯʘʪʦʩʪʴ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʟʘʢʦʥʦʤʝʨʥʳʤ 
ʯʝʨʝʜʦʚʘʥʠʝʤ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ-ʥʦʨʠʪʦʚ ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʤʝʣʘʥʦʢʨʘʪʦʚʦʩʪʠ, ʨʫʜʥʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ ʠ ʘʥʦʨʪʦʟʠʪʦʚ. 
ʅʘʠʙʦʣʝʝ ʨʘʟʚʠʪʳ ʤʝʟʦʢʨʘʪʦʚʳʝ ʨʘʟʥʦʩʪʠ ʧʦʨʦʜ. ʂʘʞʜʳʡ ʩʣʦʡ ʠʤʝʝʪ ʩʣʦʞʥʦʝ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʠʟ-ʟʘ 
ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʚʳʢʣʠʥʠʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦʨʦʜ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ. ɺ ʦʩʥʦʚʥʦʤ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʩʣʦʝʚ 

ʨʫʜʥʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʨʘʟʣʠʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ-ʠʣʴʤʝʥʠʪʦʚʳʭ ʦʙʦʩʦʙʣʝʥʠʡ. ʀʥʦʛʜʘ ʵʪʦ 
ʩʧʣʦʰʥʳʝ ʘʛʨʝʛʘʪʳ ʚʥʫʪʨʠ ʧʣʘʩʪʘ ʧʠʨʦʢʩʝʥʠʪʘ ʚ ʚʠʜʝ ʣʠʥʟ ʠʣʠ ʰʣʠʨʦʚʠʜʥʳʭ ʦʙʦʩʦʙʣʝʥʠʡ. ɺ ʥʝʢʦʪʦʨʳʭ ʨʘʟʥʦʩʪʷʭ 
ʧʦʤʠʤʦ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʧʘʪʠʪʘ. ʅʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ 
ʨʫʜʳ ʚ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʤ ʤʘʩʩʠʚʝ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ: ʬʦʩʬʦʨʩʦʜʝʨʞʘʱʠʝ, ʠʣʠ ʣʠʰʝʥʥʳʝ ʜʘʥʥʦʛʦ ʵʣʝʤʝʥʪʘ ʠ, 
ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʧʘʪʠʪʘ. 

ɹʣʠʟʢʦʝ ʩʭʦʜʩʪʚʦ ʤʘʩʩʠʚʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʧʦʨʦʜʘʭ ʤʝʟʦʢʨʘʪʦʚʳʭ ʦʣʠʚʠʥʦʚʳʭ ʛʘʙʙʨʦ, ʚ ʪʦʤ 
ʯʠʩʣʝ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. ɻʣʘʚʥʳʤʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʛʘʙʙʨʦʠʜʦʚ ʦʙʦʠʭ 
ʤʘʩʩʠʚʦʚ ʷʚʣʷʶʪʩʷ ʧʣʘʛʠʦʢʣʘʟ (40ï70% ʘʥʦʨʪʠʪʘ), ʦʣʠʚʠʥ (ʩ 20-30% ʬʘʷʣʠʪʘ), ʢʣʠʥʦʧʠʨʦʢʩʝʥ, ʢʝʨʩʫʪʠʪ, 
ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ, ʘʧʘʪʠʪ. ɺ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʙʠʦʪʠʪ ʠ ʩʫʣʴʬʠʜʳ. 

ʆʨʫʜʝʥʝʥʠʝ ʜʚʫʭ ʤʘʩʩʠʚʦʚ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʧʦʣʦʩ ʠ ʣʠʥʟ ʩʦʛʣʘʩʥʦ ʩ ʨʘʩʩʣʦʝʥʥʦʩʪʴʶ, ʯʪʦ, ʥʝʩʦʤʥʝʥʥʦ, 
ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʚ ʤʘʛʤʘʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ. ʊʠʪʘʥʦʤʘʛʥʝʪʠʪ ʦʙʨʘʟʫʝʪ 
ʪʠʧʠʯʥʫʶ ʩʠʜʝʨʦʥʠʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʦʥ ʮʝʤʝʥʪʠʨʫʝʪ ʩʠʣʠʢʘʪʳ (ʧʣʘʛʠʦʢʣʘʟ, ʦʣʠʚʠʥ ʠ ʧʠʨʦʢʩʝʥ). ʇʨʠ ʵʪʦʤ ʰʠʨʦʢʦ 
ʨʘʟʚʠʪʘ ʢʦʨʨʦʟʠʷ ʩʠʣʠʢʘʪʦʚ, ʦʩʦʙʝʥʥʦ ʧʣʘʛʠʦʢʣʘʟʘ, ʩ ʦʙʨʘʟʦʚʘʥʠʝ ʨʝʘʢʮʠʦʥʥʳʭ ʦʪʦʨʦʯʝʢ ʚ ʚʠʜʝ ʙʫʨʦʛʦ ʘʤʬʠʙʦʣʘ, 
ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʣʘʛʠʦʢʣʘʟ ʜʝʬʦʨʤʠʨʫʝʪʩʷ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ, ʠʤʝʚʰʠʭʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʟʚʦʣʠʣʦ ʠʩʩʣʝʜʦʚʘʪʴ ʧʝʪʨʦʭʠʤʠʯʝʩʢʫʶ 
ʩʪʨʫʢʪʫʨʫ ʚʩʝʡ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʨʦʜ. ʇʦ ʙʦʣʴʰʠʥʩʪʚʫ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʩʝ ʧʦʨʦʜʳ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʠ 
ʍʘʘʛʪʳʛ-ʆʡʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ ʝʜʠʥʫʶ ʛʨʫʧʧʫ ʧʦʨʦʜ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʩʧʝʮʠʬʠʢʠ ʭʠʤʠʟʤʘ ʠ ʩʨʘʚʥʝʥʠʷ ʤʘʩʩʠʚʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ ʛʣʘʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ 
ʵʣʝʤʝʥʪʦʚ: TiO2, Fe2O3, FeO, P2O5, MgO ʠ Al 2O3 ʥʘʠʙʦʣʝʝ ʯʝʪʢʦ ʧʦʜʯʝʨʢʠʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ ʤʘʛʤʘʪʠʯʝʩʢʦʡ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ, ʧʨʦʠʩʭʦʜʠʚʰʠʝ ʚ ʵʪʠʭ ʤʘʩʩʠʚʘʭ. 

ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ SiO2 ï Na2O+K2O ʪʦʯʢʠ ʩʦʩʪʘʚʘ ʛʘʙʙʨʦʠʜʦʚ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʣʠʥʠʠ, ʨʘʟʜʝʣʷʶʱʝʡ ʥʠʟʢʦʱʝʣʦʯʥʳʝ ʠ ʩʫʙʱʝʣʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʪʦʯʝʢ 
ʧʦʧʘʜʘʝʪ ʚ ʧʦʣʝ ʩʫʙʱʝʣʦʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɻʘʙʙʨʦʠʜʳ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʩʫʙʱʝʣʦʯʥʳʤʠ, ʪʘʢ ʠ 
ʥʠʟʢʦʱʝʣʦʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ. ʅʘ ʜʘʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʚʠʜʥʦ, ʯʪʦ ʍʘʘʛʪʳʛ-ʆʡʩʢʠʡ ʤʘʩʩʠʚ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʢʘʢ ʧʦ ʢʨʝʤʥʠʶ, ʪʘʢ ʠ ʧʦ ʱʝʣʦʯʘʤ, ʦʙʨʘʟʫʷ ʝʜʠʥʦʝ ʧʦʣʝ ʙʝʟ ʨʘʟʨʳʚʦʚ, ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʷʱʝʝ ʚ 

ʧʦʣʝ ʧʦʨʦʜ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʥʘ ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʝʜʠʥʘʷ ʣʠʥʠʷ ʪʨʝʥʜʘ. ɾʦʤʙʦʣʦʢʩʢʠʝ ʛʘʙʙʨʦʠʜʳ ʷʚʣʷʶʪʩʷ ʤʝʥʝʝ 
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤʠ, ʘ ʪʘʢ ʞʝ ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʨʝʤʥʝʟʝʤʘ ʠ ʱʝʣʦʯʝʡ. 

ɺ ʦʙʦʠʭ ʤʘʩʩʠʚʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʤʘʛʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ, 
ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʟʜʝʣʝʥʠʝʤ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʪʝʤʥʦʮʚʝʪʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʦʯʢʠ ʩʦʩʪʘʚʦʚ ʵʪʠʭ 
ʤʘʩʩʠʚʦʚ ʦʙʨʘʟʫʶʪ ʝʜʠʥʦʝ ʧʦʣʝ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʠʜʝʪ ʚʜʦʣʴ ʣʠʥʠʠ ʧʣʘʛʠʦʢʣʘʟ-ʢʣʠʥʦʧʠʨʧʦʢʩʝʥ, ʧʨʠ ʵʪʦʤ ʨʫʜʥʳʝ 
ʛʘʙʙʨʦ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʤʘʛʥʝʟʠʘʣʴʥʳʤʠ. 

ʅʘ ʜʠʘʛʨʘʤʤʝ P2O5 ʠ TiO2 ʚʳʜʝʣʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʦʙʦʩʦʙʣʝʥʥʳʭ ʧʦʣʝʡ, ʚ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʢʘʢ ʤʠʥʠʤʫʤ 
ʪʨʠ ʣʠʥʠʠ ʪʨʝʥʜʘ. ʇʦʣʷ ʩʦʩʪʘʚʦʚ ʤʘʩʩʠʚʦʚ ʥʝ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ɻʘʙʙʨʦʠʜʳ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʦʙʨʘʟʫʶʪ ʜʚʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʨʝʥʜʘ ʩ ʚʳʩʦʢʦʡ ʠ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʬʦʩʬʦʨʘ, ʘ ʛʘʙʙʨʦʠʜʳ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ 
ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʨʝʥʜ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʛʘʙʙʨʦʠʜʦʚ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʛʦ ʤʘʩʩʠʚʘ ʷʚʣʷʝʪʩʷ 
ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ, ʩʚʦʡʩʪʚʝʥʥʦʝ ʚʩʝʤ ʛʨʫʧʧʘʤ ʧʦʨʦʜ. ɿʜʝʩʴ ʩʦʜʝʨʞʘʥʠʝ ʪʠʪʘʥʘ ʚʘʨʴʠʨʫʝʪ ʦʪ 0,5 ʜʦ 12%, ʧʨʠ 
ʪʦʤ, ʯʪʦ ʨʫʜʥʦʝ ʛʘʙʙʨʦ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʪʠʪʘʥʘ ʦʪ 4%. ɺʳʩʦʢʘʷ ʪʠʪʘʥʠʩʪʦʩʪʴ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʠʪʘʥʘ ʦʢʩʠʜʥʳʭ 



ʤʠʥʝʨʘʣʦʚ - ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʠ ʠʣʴʤʝʥʠʪʘ, ʢʦʪʦʨʳʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʧʦʨʦʜ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ. 
ʉʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʘ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʢʦʣʝʙʣʶʪʩʷ ʦʪ 0,13 ʜʦ 6,8%. 

ʅʘ ʜʠʘʛʨʘʤʤʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʫʤʤʘʨʥʦʛʦ ʞʝʣʝʟʘ ʠ ʤʘʛʥʠʷ ʤʘʩʩʠʚʳ ʯʝʪʢʦ ʨʘʟʜʝʣʷʶʪʩʷ. ɺ ʩʨʝʜʥʝʤ ʛʘʙʙʨʦʠʜʳ 

ʦʮʝʥʠʚʘʶʪʩʷ ʢʘʢ ʫʤʝʨʝʥʥʦ ʤʘʛʥʠʝʚʳʝ. ʀʩʢʣʶʯʝʥʠʝ, ʝʩʪʝʩʪʚʝʥʥʦ, ʩʦʩʪʘʚʣʷʝʪ ʪʠʪʘʥ-ʞʝʣʝʟʦʨʫʜʥʘʷ ʛʨʫʧʧʘ, ʢʦʪʦʨʘʷ 
ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʢ ʫʤʝʨʝʥʥʦ ʚʳʩʦʢʦʞʝʣʝʟʠʩʪʘʷ. ɾʦʤʙʦʣʦʢʩʢʠʡ ʤʘʩʩʠʚ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʤʘʛʥʠʷ, ʯʪʦ 
ʛʦʚʦʨʠʪ ʦ ʨʘʥʥʝʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʘʩʩʠʚʘ. 

ʇʨʠʥʷʪʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʡ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ʚʥʝʜʨʷʣʩʷ ʚ ʢʨʠʩʪʘʣʣʠʟʫʶʱʫʶʩʷ ʩʠʣʠʢʘʪʥʫʶ 
ʯʘʩʪʴ ʛʘʙʙʨʦʠʜʦʚ ʧʦʜ ʙʦʣʴʰʠʤ ʜʘʚʣʝʥʠʝʤ ʠ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʣ ʩʠʣʠʢʘʪʥʳʝ ʤʠʥʝʨʘʣʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʝʨʩʫʪʠʪʦʚʳʭ 
ʦʪʦʨʦʯʝʢ. ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʜʝʣʝʥʠʝ ʥʘ ʩʠʣʠʢʘʪʥʫʶ ʠ ʨʫʜʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʥʦ ʥʝ 
ʥʘʭʦʜʠʪ ʦʪʨʘʞʝʥʠʝ ʚʨʝʤʝʥʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʟʜʝʣʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. ʅʘ ʜʠʘʛʨʘʤʤʝ ʪʠʪʘʥʘ ʠ ʬʦʩʬʦʨʘ ʥʘʙʣʶʜʘʝʪʩʷ 
ʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʥʠʡ ʪʨʝʥʜʘ ʜʣʷ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʠ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʛʦ ʤʘʩʩʠʚʦʚ, ʦʙʫʩʣʦʚʣʝʥʦʛʦ ʨʘʟʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʤʘʩʩʠʚʘʭ. ɺʩʣʝʜʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ 
ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʚ ɾʦʤʙʦʣʦʢʩʢʦʤ ʤʘʩʩʠʚʝ ʙʦʣʝʝ ʣʝʛʢʠʝ ʤʠʥʝʨʘʣʳ (ʘʧʘʪʠʪ) ʧʦʜʥʠʤʘʣʠʩʴ ʚ ʚʝʨʭʥʠʝ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʘ 
ʙʦʣʝʝ ʪʷʞʝʣʳʝ ʦʧʫʩʢʘʣʠʩʴ ʚʥʠʟ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʘʧʘʪʠʪʘ ʠ ʞʝʣʝʟʦʦʢʠʩʥʳʭ ʤʠʥʝʨʘʣʦʚ ʍʘʘʛʪʳʛ-ʆʡʩʢʦʛʦ ʤʘʩʩʠʚʘ 
ʧʨʦʠʩʭʦʜʠʣʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ: ʝʩʣʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ ʩʚʷʟʘʥʘ ʩ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʤ ʵʪʘʧʦʤ, 
ʪʦ ʘʧʘʪʠʪ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʚ ʨʘʥʥʝʤʘʛʤʘʪʠʯʝʩʢʫʶ ʩʪʘʜʠʶ ʠ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʝʩʝʥ ʢ 
çʘʢʢʫʤʫʣʷʮʠʦʥʥʳʤè ʘʧʘʪʠʪʘʤ. 

ʌʦʨʤʘʮʠʦʥʥʘʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʤʘʩʩʠʚʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʘʥʦʨʪʦʟʠʪʦʚʦʡ, 
ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʦʚʦʡ ʠ ʙʘʟʠʪʦʚʦʡ (ʤʘʬʠʪʦʚʦʡ) ʧʦʨʦʜʥʳʭ ʛʨʫʧʧ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤ ʫʯʘʩʪʠʝʤ ʫʣʴʪʨʘʤʘʬʠʪʦʚ, ʛʣʘʚʥʳʤ 

ʦʙʨʘʟʦʤ ʨʫʜʥʳʭ ʧʣʘʛʠʦʧʝʨʠʜʦʪʠʪʦʚ, ʪʝʩʥʦ ʧʨʠʤʳʢʘʶʱʠʭ ʢ ʪʠʪʘʥʞʝʣʝʟʠʩʪʦʡ ʛʨʫʧʧʝ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʤʘʩʩʠʚʳ ʤʦʞʥʦ 
ʦʪʥʝʩʪʠ ʢ ʘʥʦʨʪʦʟʠʪ-ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪ ʛʘʙʙʨʦʚʦʡ ʬʦʨʤʘʮʠʠ. ʊʠʪʘʥʦʥʦʩʥʳʝ ʤʘʩʩʠʚʳ ʜʘʥʥʦʡ ʬʦʨʤʘʮʠʠ ʜʝʣʷʪʩʷ ʥʘ ʜʚʘ 
ʪʠʧʘ. ɺ ʧʝʨʚʦʤ ʠʟ ʥʠʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʣʠʢʚʘʮʠʠ ʙʘʟʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ, ʠʟʥʘʯʘʣʴʥʦ 
ʦʙʦʛʘʱʝʥʥʳʭ ʪʠʪʘʥʦʤ, ʞʝʣʝʟʦʤ ʠ ʬʦʩʬʦʨʦʤ, ʥʘʩʳʱʝʥʥʳʝ ʦʢʠʩʥʳʤʠ ʨʫʜʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ 
(ʫʣʴʪʨʘʤʘʬʠʪʳ ʠ ʩʣʠʚʥʳʝ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʝ ʨʫʜʳ) ʧʨʠʫʨʦʯʝʥʳ ʢ ʥʠʞʥʠʤ, ʧʨʠʧʦʜʦʰʚʝʥʥʳʤ ʯʘʩʪʷʤ ʤʘʩʩʠʚʦʚ. ʂ 
ʵʪʦʤʫ ʪʠʧʫ ʦʪʥʦʩʠʪʩʷ ʍʘʘʛʪʳʛ-ʆʡʩʢʠʡ ʤʘʩʩʠʚ. ɺ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ ʟʦʥʘʣʴʥʳʭ ʠʥʪʨʫʟʠʚʘʭ ʜʨʫʛʦʛʦ ʪʠʧʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪ ʚ 
ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʨʘʩʩʝʠʚʘʝʪʩʷ ʚ ʛʘʙʙʨʦʠʜʘʭ, ʦʙʨʘʟʫʷ ʧʨʦʩʣʦʠ ʨʫʜʥʳʭ ʛʘʙʙʨʦ ʩ 
ʦʙʠʣʴʥʦʡ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ. ʕʪʦʪ ʪʠʧ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ɾʦʤʙʦʣʦʢʩʢʠʤ ʤʘʩʩʠʚʦʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʚʝʜʝʥʥʘʷ ʚʳʰʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ 
ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʘʩʩʠʚʦʚ ʚʳʷʚʠʣʘ ʨʷʜ ʩʭʦʜʥʳʭ ʯʝʨʪ: 

- ʛʝʥʝʟʠʩ ʨʫʜ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʠʡ ʠʟ ʦʩʪʘʪʦʯʥʦʛʦ ʨʘʩʧʣʘʚʘ; 
- ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʛʘʙʙʨʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʚʩʝʛʦ ʨʘʟʥʦʦʙʨʘʟʠʷ ʩʣʘʛʘʶʱʠʭ ʠʭ ʧʦʨʦʜ 

ʦʪ ʦʣʠʚʠʥʦʚʳʭ ʧʠʨʦʢʩʝʥʠʪʦʚ ʜʦ ʘʥʦʨʪʦʟʠʪʦʚ, ʚʢʣʶʯʘʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʝ ʠ ʠʣʴʤʝʥʠʪʦʚʳʝ ʨʫʜʳ; 
- ʩʭʦʞʝʩʪʴ ʤʘʩʩʠʚʦʚ ʧʦ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤʫ, ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ, ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʚ 

ʧʨʝʜʝʣʘʭ ɾʦʤʙʦʣʦʢʩʢʦʛʦ ʤʘʩʩʠʚʘ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. 
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1. ɹʘʟʠʪʦʚʳʝ ʢʦʤʧʣʝʢʩʳ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ. // ʉʙʦʨʥʠʢ ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 1983. 

2. ɹʦʛʥʠʙʦʚ ɺ.ʀ, ʄʝʭʦʥʦʰʠʥ ɸ.ʉ. ʇʝʪʨʦʭʠʤʠʷ ʠ ʚʦʧʨʦʩʳ ʛʝʥʝʟʠʩʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʦʛʦ ʛʘʙʙʨʦʠʜʥʦʛʦ ʤʘʩʩʠʚʘ 
ʍʘʘʛʪʳʛ-ʆʡ. ï ʅʦʚʦʩʠʙʠʨʩʢ, 1990. 

 
 

ɻɸɿʆʅʆʉʅʆʉʊʔ ʋɻʆʃʔʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʂʋɿɹɸʉʉɸ 
ʅ.ʖ. ɻʨʠʛʦʨʴʝʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʖ.ʅ. ʇʦʧʦʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 

ʄʝʪʘʥ ʚ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱʘʭ ʜʘʚʥʦ ʦʙʨʘʪʠʣ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ ʜʚʫʭ 
ʘʩʧʝʢʪʘʭ. ɺʦ-ʧʝʨʚʳʭ ï ʵʪʦ ʚʘʞʥʝʡʰʠʡ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʬʘʢʪʦʨ, ʦʩʣʦʞʥʷʶʱʠʡ ʚʝʜʝʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʘ ʚʦ-ʚʪʦʨʳʭ ï 
ʮʝʥʥʦʝ ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ. ʆʜʥʘʢʦ ʤʥʦʛʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʠ ʬʦʨʤʘʭ ʥʘʭʦʞʜʝʥʠʷ ʛʘʟʦʚ ʚ ʫʛʣʷʭ ʠ 
ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ, ʧʨʠʯʠʥʘʭ ʥʘʢʦʧʣʝʥʠʷ ʠ ʚʥʝʟʘʧʥʳʭ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʭ ʨʘʟʛʨʫʟʦʢ ʦʩʪʘʶʪʩʷ ʥʝ ʚʧʦʣʥʝ ʚʳʷʩʥʝʥʥʳʤʠ, 
ʘ ʧʦʪʦʤʫ ʪʨʫʜʥʦ ʧʨʦʛʥʦʟʠʨʫʝʤʳʤʠ. ʇʨʠʤʝʨʦʤ ʪʦʤʫ ï ʥʝʜʘʚʥʠʡ ʚʟʨʳʚ ʤʝʪʘʥʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʥʘ ʰʘʭʪʝ "ʊʘʡʞʠʥʘ", 
ʫʥʝʩʰʠʡ ʜʝʩʷʪʢʠ ʞʠʟʥʝʡ, ʢʦʛʜʘ ʧʨʠʙʦʨʳ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʪʘʥʘ ʚ ʨʫʜʥʠʯʥʦʡ ʘʪʤʦʩʬʝʨʝ ʟʘʰʢʘʣʠʣʠ. ɺ ʪʦ ʞʝ 
ʚʨʝʤʷ ʇʦʩʪʘʥʦʚʣʝʥʠʝʤ ʘʜʤʠʥʠʩʪʨʘʮʠʠ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ ʦʪ 30.03.98 ʛ. ˉ 14 ʫʪʚʝʨʞʜʝʥʘ "ʇʨʦʛʨʘʤʤʘ ʧʦʠʩʢʦʚʦ-
ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʠ ʦʨʛʘʥʠʟʘʮʠʠ ʜʦʙʳʯʠ ʤʝʪʘʥʘ ʠʟ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ", ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʝʥʥʦ ʠʥʪʝʥʩʠʬʠʮʠʨʦʚʘʣʘ 

ʨʘʙʦʪʳ, ʚʳʧʦʣʥʷʚʰʠʝʩʷ ʩ 1992 ʛ. ʄɻʈʀ ʠ ʀʇʂʆʅ ʈɸʅ ʩʦʚʤʝʩʪʥʦ ʩ ɿɸʆ "ʄʝʪʘʥ ʂʫʟʙʘʩʩʘ", ʘ ʥʘʯʠʥʘʷ ʩ 1994 ʛ. ï ʠ ɻʇʂ 
"ʂʫʟʥʝʮʢ".  ɺ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʧʨʠʥʠʤʘʣʘʩʴ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ ʜʦʙʳʯʘ ʤʝʪʘʥʘ ʠʟ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱ ʚ ʉʐɸ ʨʝʟʢʦ 
ʚʦʟʨʦʩʣʘ ʦʪ 5 ʤʣʨʜ ʤ3 ʚ 1990 ʛ. ʜʦ 40 ʤʣʨʜ ʤ3 ʚ 2002 ʛ. ʋʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʤʝʪʘʥʘ ʚ ʦʙʱʝʤ ʙʘʣʘʥʩʝ ʜʦʙʳʯʠ ʧʨʠʨʦʜʥʦʛʦ 
ʛʘʟʘ ʚ ʉʐɸ: ʚ 1990 ʛ. ï 1%, ʘ ʚ 2002 ʛ. ï ʙʦʣʝʝ 7%. 

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʤʘʩʰʪʘʙʘʭ ʜʦʙʳʯʘ ʤʝʪʘʥʘ ʠʟ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʚ ʈʦʩʩʠʠ ʧʦʢʘ ʥʝ ʧʨʦʠʟʚʦʜʠʪʩʷ, ʭʦʪʷ ʝʛʦ 
ʨʝʩʫʨʩʳ ʚ ʥʝʜʨʘʭ ʂʫʟʙʘʩʩʘ ʜʦ ʛʣʫʙʠʥʳ 1,8 ʢʤ ʩʦʩʪʘʚʣʷʶʪ ʧʦʯʪʠ 14% ʦʪ ʨʦʩʩʠʡʩʢʠʭ ʠ ʦʢʦʣʦ 6% ʦʪ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ 
ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʘ. 

ʉʧʝʮʠʘʣʠʩʪʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʩʨʝʜʠ ʤʝʪʘʥʦʫʛʦʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ ʤʠʨʘ ʥʝʪ ʨʘʚʥʳʭ ʂʫʟʙʘʩʩʫ ʧʦ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠ 

ʫʛʣʝʛʘʟʦʧʨʦʤʳʩʣʦʚʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʇʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʤʝʪʘʥʘ ʥʘ ʧʣʦʱʘʜʠ 21 ʪʳʩ. ʢʤ2 ʦʮʝʥʠʚʘʶʪʩʷ ʚ 13 ʪʨʣʥ ʤ3. 
ɺʝʣʠʢʘ ʜʦʣʷ ʫʛʣʝʡ ʩʨʝʜʥʠʭ ʩʪʘʜʠʡ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʢʦʪʦʨʳʤ ʩʚʦʡʩʪʚʝʥʥʳ ʚʳʩʦʢʘʷ ʛʘʟʦʥʦʩʥʦʩʪʴ ʠ ʠʥʪʝʥʩʠʚʥʘʷ 
ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʚʳʩʦʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʣʘʩʪʦʚ ʚ ʝʩʪʝʩʪʚʝʥʥʦʤ ʟʘʣʝʛʘʥʠʠ. ʂʦʥʮʝʥʪʨʘʮʠʠ ʨʝʩʫʨʩʦʚ 
ʤʝʪʘʥʘ ʚ ʂʫʟʙʘʩʩʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʩʦʢʘʷ ʫʛʣʝʧʣʦʪʥʦʩʪʴ. 



ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʛʘʟʦʥʦʩʥʦʩʪʴ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠʟʫʯʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ. ʇʨʦʤʳʰʣʝʥʥʦ ʫʛʦʣʴʥʳʝ 
ʪʦʣʱʠ ʙʘʣʘʭʦʥʩʢʦʡ ʠ ʢʦʣʴʯʫʛʠʥʩʢʦʡ ʩʝʨʠʡ ʠʟʫʯʝʥʳ ʜʦʚʦʣʴʥʦ ʜʝʪʘʣʴʥʦ ʜʦ ʛʣʫʙʠʥʳ 600ï700 ʤ, ʤʝʥʝʝ ʧʦʣʥʦ ï ʜʦ 
ʛʣʫʙʠʥʳ 700ï1000 ʤ ʠ ʬʨʘʛʤʝʥʪʘʨʥʦ ï ʥʘ ʛʣʫʙʠʥʘʭ ʙʦʣʝʝ 1 ʢʤ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠ ʧʨʦʮʝʩʩʦʚ 

ʤʝʪʘʤʦʨʬʠʟʤʘ ʫʛʣʝʡ ʛʝʥʝʨʠʨʦʚʘʣʠ 800ï1000 ʪʨʣʥ ʤ3 ʤʝʪʘʥʘ, ʩʦʭʨʘʥʠʣʦʩʴ 50ï70 ʪʨʣʥ ʤ3. ʉʶʜʘ ʚʢʣʶʯʘʶʪ ʥʝ ʪʦʣʴʢʦ 
ʤʝʪʘʥ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠ ʟʘʣʝʞʝʡ ʩʚʦʙʦʜʥʳʭ ʛʘʟʦʚ (ʧʦʣʝʟʥʦʝ ʠʩʢʦʧʘʝʤʦʝ), ʥʦ ʠ ʦʛʨʦʤʥʳʝ ʤʘʩʩʳ ʤʝʪʘʥʘ, ʨʘʩʩʝʷʥʥʦʛʦ, 
ʦʢʢʣʶʜʠʨʦʚʘʥʥʦʛʦ ʚ ʫʛʣʝʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜʘʭ (ʜʦ 1ï2 ʤ3/ʪ), ʢʦʪʦʨʳʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʝʩʪʝʥ ʠ ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ 
ʧʦʣʝʟʥʳʤ ʠʩʢʦʧʘʝʤʳʤ. 

ʅʘʨʷʜʫ ʩ ʤʝʪʘʥʦʤ (ʜʦ 90ï98%), ʫʛʣʝʥʦʩʥʳʝ ʪʦʣʱʠ ʩʦʜʝʨʞʘʪ ʪʷʞʝʣʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʛʘʟʳ (ʵʪʘʥ, ʙʫʪʘʥ, 
ʧʨʦʧʘʥ), ʚʦʜʦʨʦʜ, ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʘʟʦʪ, ʩʝʨʦʚʦʜʦʨʦʜ, ʚ ʧʨʠʤʝʩʷʭ ï ʚ ʤʠʢʨʦʢʦʥʮʝʥʪʨʘʮʠʷʭ ï ʠʥʝʨʪʥʳʝ ʛʘʟʳ: ʘʨʛʦʥ, 
ʛʝʣʠʡ ʠ ʜʨ. 

ʆʢʦʣʦ ʧʦʣʦʚʠʥʳ ʤʝʪʘʥʘ ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʨʦʜʫʢʪʠʚʥʳʭ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʘʭ, ʭʦʪʷ ʦʥʠ ʩʦʩʪʘʚʣʷʶʪ ʦʙʳʯʥʦ 

ʧʝʨʚʳʝ ʧʨʦʮʝʥʪʳ ʦʪ ʤʦʱʥʦʩʪʠ ʫʛʣʝʥʦʩʥʦʡ ʪʦʣʱʠ. ɺ ʛʨʘʥʫʣʷʨʥʳʭ ʧʦʨʘʭ ʠ ʪʨʝʱʠʥʘʭ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (ʚ ʛʘʟʦʚʳʭ 
ʣʦʚʫʰʢʘʭ) ʧʨʝʦʙʣʘʜʘʝʪ ʛʘʟ ʚ ʩʚʦʙʦʜʥʦʡ ʬʘʟʝ, ʚ ʦʙʚʦʜʥʝʥʥʳʭ ʧʦʨʦʜʘʭ ʤʝʪʘʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʩʥʦʚʥʦʤ ʚ ʨʘʩʪʚʦʨʝʥʥʦʤ 
ʩʦʩʪʦʷʥʠʠ. ɸ ʚʦʦʙʱʝ ʚʦʟʤʦʞʥʳ ʯʝʪʳʨʝ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʷ ʧʨʠʨʦʜʥʳʭ ʛʘʟʦʚ ʚ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱʘʭ: ʚ ʩʚʦʙʦʜʥʦʡ ʬʘʟʝ, ʚ 
ʚʠʜʝ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʬʘʟʳ, ʚ ʚʠʜʝ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʝ. 

ɺʝʜʫʱʫʶ ʨʦʣʴ ʧʨʠ ʘʥʘʣʠʟʝ ʠʤʝʶʱʠʭ ʤʝʩʪʦ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʚʦʜʷʪ 
ʩʣʦʞʥʦʤʫ ʷʚʣʝʥʠʶ ʩʦʨʙʮʠʠ, ʚʢʣʶʯʘʶʱʝʤʫ ʘʜʩʦʨʙʮʠʶ ʠ ʘʙʩʦʨʙʮʠʶ, ʦʜʥʘʢʦ ʦʮʝʥʠʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʨʦʣʴ ʦʪʜʝʣʴʥʦ 
ʦʙʝʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʦʨʙʮʠʠ ʠ ʚ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ, ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚ ʠʟʫʯʝʥʠʠ ʵʥʝʨʛʝʪʠʢʠ ʬʘʟʦʚʳʭ ʚʟʘʠʤʦʧʝʨʝʭʦʜʦʚ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʟʘʜʘʯʘ  ʧʨʠʨʦʜʳ 

ʛʘʟʦʥʦʩʥʦʩʪʠ ʫʛʣʝʥʦʩʥʳʭ ʪʦʣʱ. ʌʘʢʪʦʨ ʜʘʚʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʝʜʫʱʝʛʦ ʧʨʠ ʩʠʩʪʝʤʥʦʤ ʘʥʘʣʠʟʝ 
ʛʘʟʦʥʦʩʥʦʩʪʠ. ʅʦ ʜʘʚʣʝʥʠʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʷʚʣʷʶʪʩʷ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʠʦʥʘʣʴʥʦʛʦ, 
ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʚʦʣʶʮʠʦʥʥʦʛʦ, ʩʚʷʟʘʥʥʦʛʦ ʵʧʝʡʨʦʛʝʥʥʦʡ ʪʝʢʪʦʥʠʢʦʡ ʤʝʪʘʤʦʨʬʠʟʤʘ. ɺʧʦʣʥʝ ʦʱʫʪʠʤʦʝ ʚʣʠʷʥʠʝ ʥʘ 
ʭʘʨʘʢʪʝʨ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʤʦʛʣʠ ʦʢʘʟʳʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʩʢʣʘʜʦʢ ʠ ʜʠʟʲʶʥʢʪʠʚʦʚ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʭ 
ʚ ʂʫʟʙʘʩʩʝ ʠ ʦʙʷʟʘʥʥʳʭ, ʚ ʦʩʥʦʚʥʦʤ, ʪʘʥʛʝʥʮʠʘʣʴʥʳʤ ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʜʚʠʞʝʥʠʷʤ. ʇʦʩʣʝʜʥʠʝ, ʥʘʨʷʜʫ ʩ ʥʝʦʪʝʢʪʦʥʠʢʦʡ, 
ʧʨʠʚʦʜʠʣʠ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʦʚʳʭ ʠ ʦʩʪʘʪʦʯʥʳʭ ʥʘʧʨʷʞʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʘʩʩʠʚʦʚ, ʨʘʟʨʜ̫ʢʝ ʵʪʠʭ ʩʦʩʪʦʷʥʠʡ, 
ʠʥʠʮʠʠʨʦʚʘʥʥʘʷ ʚʝʜʝʥʠʝʤ ʙʫʨʦʚʳʭ ʠ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʧʨʠʚʦʜʠʪ ʢ ʛʦʨʥʳʤ ʫʜʘʨʘʤ ʠʥʪʝʥʩʠʚʥʳʤ ʨʘʟʨʷʜʢʘʤ ʵʥʝʨʛʠʠ, 
ʢʦʪʦʨʳʝ ʦʯʝʥʴ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʤʦʱʥʳʤʠ ʚʳʙʨʦʩʘʤʠ ʛʘʟʘ ʚʤʝʩʪʝ ʩ ʫʛʣʝʤ. ʊʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʛʘʟʘ, ʚʳʩʚʦʙʦʞʜʘʝʤʦʛʦ ʧʨʠ ʛʦʨʥʦʤ ʫʜʘʨʝ, ʤʦʛʣʦ ʩʦʭʨʘʥʷʪʴʩʷ ʜʦʣʛʦʝ ʚʨʝʤʷ ʚ ʫʛʦʣʴʥʦʤ ʧʣʘʩʪʝ ʚ ʩʚʦʙʦʜʥʦʡ 
ʬʘʟʝ. ɿʜʝʩʴ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠʤʝʶʪ ʤʝʩʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʦʙʝʩʧʝʯʝʥʥʳʝ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. 

ʅʝʚʳʷʩʥʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʩʦʨʙʮʠʠ ʤʝʪʘʥʘ ʚ ʫʛʣʝ ʟʘʩʪʘʚʣʷʝʪ ʟʘʜʫʤʳʚʘʪʴʩʷ ʦ ʪʦʤ, ʢʘʢʘʷ ʯʘʩʪʴ ʛʘʟʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠ ʦʧʨʦʙʦʚʘʥʠʠ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʠ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʦʮʝʥʠʚʘʶʪʩʷ ʠ 
ʧʦʜʩʯʠʪʳʚʘʶʪʩʷ ʟʘʧʘʩʳ ʠ ʨʝʩʫʨʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʥʷʝʤʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠʥʪʝʥʩʠʬʠʢʘʮʠʠ ʜʦʙʳʯʠ ʤʝʪʘʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ 
ʛʠʜʨʦʨʘʟʨʳʚ, ʪʦʞʝ ʜʦʩʪʘʪʦʯʥʦ ʵʥʝʨʛʦʝʤʢʠ, ʠ ʟʘʪʨʘʯʠʚʘʝʤʘʷ ʵʥʝʨʛʠʷ ʚʧʦʣʥʝ ʤʦʞʝʪ ʠʥʠʮʠʠʨʦʚʘʪʴ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ. 
ʇʦʢʘ ʪʦʣʴʢʦ ʦʩʪʘʝʪʩʷ ʟʘʜʫʤʳʚʘʪʴʩʷ ʢʘʢ ʧʦʚʣʠʷʝʪ ʧʨʦʝʢʪʠʨʫʝʤʘʷ ʧʨʦʤʳʰʣʝʥʥʘʷ ʜʦʙʳʯʘ ʛʘʟʘ ʠʟ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ 
ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʠʭ ʦʪʨʘʙʦʪʢʠ. 

 
ʄʀʅɽʈɸʃʆɻʀʗ ʀ ɻɽʆʍʀʄʀʗ ɺʓʉʆʂʆʄɽɼʀʉʊʓʍ ʍʃʆʈʀʊʆʃʀʊʆɺ 
ʉʂɸʃʀʉʊʆɻʆ ʄɽɼʅʆ-ʂʆʃʏɽɼɸʅʅʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ (ʉɽɺɽʈʅʓʁ 

ʂɸɺʂɸɿ) 
ʀ.ʅ. ɼʫʙʨʦʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʅ.ʉ. ʉʢʨʠʧʯʝʥʢʦ 
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 

 
ʉʢʘʣʠʩʪʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʋʨʫʧʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ (ʉʝʚʝʨʥʳʡ ʂʘʚʢʘʟ), ʦʧʠʩʘʥʥʦʤ ʚ ʨʘʙʦʪʘʭ 

ʅ.ʉ. ʉʢʨʠʧʯʝʥʢʦ, ɸ.ʉ. ʊʘʤʙʠʝʚʘ ʠ ʜʨʫʛʠʭ ʛʝʦʣʦʛʦʚ (ʉʢʨʠʧʯʝʥʢʦ, ʊʘʤʙʠʝʚ, 1983). ʈʫʜʦʤʝʱʘʶʱʘʷ ʦʩʪʨʦʚʦʜʫʞʥʘʷ 
ʙʘʟʘʣʴʪ-ʘʥʜʝʟʠʪ-ʨʠʦʣʠʪʦʚʘʷ ʪʦʣʱʘ ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʘ ʚ ʫʩʣʦʚʠʷʭ ʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ ʠ 
ʩʤʷʪʘ ʚ ʧʦʣʦʛʠʝ ʩʢʣʘʜʢʠ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʣʘʩʪʦʦʙʨʘʟʥʦʡ ʩʦʛʣʘʩʥʦʡ ʟʘʣʝʞʴʶ ʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ, 
ʟʘʢʣʶʯʝʥʥʦʡ ʚ ʨʘʩʩʣʦʝʥʥʦʤ ʧʦʢʨʦʚʝ ʩʫʙʤʘʨʠʥʥʳʭ ʙʘʟʘʣʴʪʦʚʳʭ ʧʦʨʬʠʨʠʪʦʚ. ʆʙʱʘʷ ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʟʘʣʝʞʠ 
ʩʣʦʠʩʪʘʷ. ɺ ʝʸ ʩʦʩʪʘʚʝ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʧʣʘʩʪʘ ʤʦʱʥʦʩʪʴʶ ʢʘʞʜʦʛʦ ʦʢʦʣʦ 1,5 ʤ. ʅʠʞʥʠʡ ʧʣʘʩʪ ʩʦʩʪʦʠʪ ʠʟ ʩʧʣʦʰʥʳʭ 
ʩʝʨʥʦʢʦʣʯʝʜʘʥʥʳʭ ʨʫʜ, ʚʝʨʭʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʭʣʦʨʠʪ-ʧʠʨʠʪ-ʭʘʣʴʢʦʧʠʨʠʪʦʚʳʤʠ ʨʫʜʘʤʠ. ɺ ʩʦʩʪʘʚʝ ʧʦʩʣʝʜʥʠʭ 

ʭʣʦʨʠʪʦʚʳʡ ʘʛʨʝʛʘʪ ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʙʲʝʤʥʦ ʧʨʝʦʙʣʘʜʘʶʱʠʡ ʤʘʪʨʠʢʩ, ʩʦʩʪʘʚʣʷʶʱʠʡ ʦʢʦʣʦ 70% ʦʙʲʝʤʘ. ʍʘʣʴʢʦʧʠʨʠʪ 
(ʜʦ 20%) ʠ ʧʠʨʠʪ (10-15%) ʨʘʩʧʨʝʜʝʣʝʥʳ ʚ ʚʠʜʝ ʨʘʩʩʣʘʥʮʦʚʘʥʥʦʡ ʘʛʨʝʛʘʪʥʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʛʣʘʟʢʦʚʦʛʦ, ʣʝʥʪʦʯʥʦʛʦ, 
ʧʣʘʩʪʠʥʯʘʪʦʛʦ ʠ ʛʥʝʟʜʦʚʦʛʦ ʪʠʧʦʚ. ʇʦʜ ʤʠʢʨʦʩʢʦʧʦʤ ʭʣʦʨʠʪʦʚʳʡ ʙʘʟʠʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʘʥʮʝʚʘʪʳʡ 
ʤʦʥʦʭʣʦʨʠʪʦʚʳʡ ʘʛʨʝʛʘʪ. ɺ ʚʠʜʝ ʧʨʠʤʝʩʠ (1-2%) ʚ ʥʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʣʢʦʯʝʰʫʡʯʘʪʳʡ ʩʝʨʠʮʠʪ, ʤʠʢʨʦʟʝʨʥʘ ʢʚʘʨʮʘ ʠ 
ʨʫʪʠʣʘ. ɺʳʜʝʣʝʥʠʷ ʩʫʣʴʬʠʜʦʚ ʦʙʨʘʩʪʘʶʪ ʚʝʥʯʠʢʘʤʠ ʢʨʫʧʥʦʧʣʘʩʪʠʥʯʘʪʦʛʦ ʭʣʦʨʠʪʘ. 

ɿʘ ʚʳʯʝʪʦʤ ʩʫʣʴʬʠʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʭʣʦʨʠʪʩʫʣʴʬʠʜʥʳʝ ʨʫʜʳ ʉʢʘʣʠʩʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ 
ʪʠʧʫ ʭʣʦʨʠʪʦʣʠʪʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʧʠʩʘʥʥʳʭ ɺ.ɺ. ɿʘʡʢʦʚʳʤ (ɿʘʡʢʦʚ, 1991), ɺ.ɺ. ʄʘʩʣʝʥʠʢʦʚʳʤ (ʄʘʩʣʝʥʠʢʦʚ, 1999) ʠ 
ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʋʨʘʣʴʩʢʦʤ ʨʝʛʠʦʥʝ. 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʪʘʙʣ.1) ʭʣʦʨʠʪʘ ʭʣʦʨʠʪʩʫʣʴʬʠʜʥʦʡ ʟʘʣʝʞʠ ʉʢʘʣʠʩʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʨʘʚʥʠʚʘʣʩʷ ʩ 
ʩʦʩʪʘʚʦʤ ʞʠʣʴʥʳʭ ʭʣʦʨʠʪʦʚ ʠʟ ʧʠʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʧʦʜʨʫʜʥʳʭ ʦʨʝʦʣʦʚ ʋʨʫʧʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺ 
ʭʣʦʨʠʪʘʭ ʉʢʘʣʠʩʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʨʦʣʴ ʦʢʠʩʣʦʚ ʞʝʣʝʟʘ, ʪʠʪʘʥʘ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʦ 
ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʦʢʠʩʠ ʤʘʛʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʭʣʦʨʠʪʦʣʠʪʘʤʠ ʧʦʜʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ. ʇʦ ʫʩʣʦʚʠʷʤ ʟʘʣʝʛʘʥʠʷ 
ʠ ʜʨʫʛʠʤ ʩʦʦʪʥʦʰʝʥʠʷʤ ʩ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʚʳʩʦʢʦʤʝʜʠʩʪʳʝ ʭʣʦʨʠʪʦʣʠʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʅ.ʉ. ʉʢʨʠʧʯʝʥʢʦ ʢʘʢ 
ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ. ʀʭ ʦʩʘʞʜʝʥʠʝ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʫʩʣʦʚʠʷʭ ʜʝʬʠʮʠʪʘ ʩʫʣʴʬʠʜʥʦʡ ʩʝʨʳ. 
ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʞʝʣʝʟʦ ʛʠʜʨʦʪʝʨʤ ʧʨʠ ʨʘʟʛʨʫʟʢʝ ʥʘ ʤʦʨʩʢʦʝ ʜʥʦ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʦʩʘʞʜʘʣʦʩʴ ʚ ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʝ. ɺ 
ʪʦʞʝ ʚʨʝʤʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʯʘʩʪʴ ʩʚʷʟʳʚʘʣʘʩʴ ʚ ʚʠʜʝ ʞʝʣʝʟʠʩʪʦʛʦ ʭʣʦʨʠʪʘ. 

 

ʊʘʙʣʠʮʘ 1 



ʉʨʝʜʥʠʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʭʣʦʨʠʪʦʚ ʋʨʫʧʩʢʦʡ ʛʨʫʧʧʳ ʤʝʜʥʦʢʦʣʯʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʝʩ.% 

(ʧʦ ʜʘʥʥʳʤ ɸ.ʉ. ʊʘʤʙʠʝʚʘ) 

 

ʂʦʤʧʦʥʝʥʪʳ ʉʦʜʝʨʞʘʥʠʝ, ʚʝʩ. % 

 ʍʣʦʨʠʪ ʧʦʜʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ 

ʋʨʫʧʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʍʣʦʨʠʪ ʚʳʩʦʢʦʤʝʜʠʩʪʳʭ ʭʣʦʨʠʪʦʣʠʪʦʚ 

ʉʢʘʣʠʩʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

SiO2 23,12 23,7 

TiO2 0,46 2,8 

Al 2O3 19,79 16,32 

Fe2O3 7,62 5,92 

FeO 12 23,05 

MnO 0,08 0,24 

MgO 20,61 13,1 

CaO 0,1 0,35 

Na2O - - 

K2O - - 

Na2O+K2O - 1,55 

CO2 0,2 - 

S 5,34 1,8 

 
ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʘʷ ʧʨʠʨʦʜʘ ʚʳʩʦʢʦʤʝʜʠʩʪʳʭ ʭʣʦʨʠʪʦʣʠʪʦʚ ʉʢʘʣʠʩʪʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʨʝʜʠ ʩʫʣʴʬʠʜʥʳʭ ʚʳʜʝʣʝʥʠʡ ʢʦʣʴʮʝʚʳʭ ʧʦʣʳʭ ʚʳʜʝʣʝʥʠʡ ʭʘʣʴʢʦʧʠʨʠʪʘ ʩ ʙʦʣʝʝ ʠʣʠ 
ʤʝʥʝʝ ʧʦʩʪʦʷʥʥʳʤ ʜʠʘʤʝʪʨʦʤ - ʦʢʦʣʦ 2-3 ʤʤ. ʆʥʠ ʠʥʪʝʨʧʨʝʪʠʨʫʶʪʩʷ ʢʘʢ ʩʨʝʟʳ ʙʠʦʤʦʨʬʥʳʭ ʪʨʫʙʯʘʪʳʭ ʩʫʣʴʬʠʜʥʳʭ 
ʚʳʜʝʣʝʥʠʡ, ʠʟʚʝʩʪʥʳʭ ʚ ʦʙʨʘʟʦʚʘʥʠʷʭ ʪʠʧʘ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ (ɹʦʨʦʜʘʝʚ ʠ ʜʨ., 2004). 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʛʣʘʚʥʦʤʫ ʛʝʦʣʦʛʫ ʋʨʫʧʩʢʦʛʦ ɻʆʂʘ ɸʥʜʨʝʝʚʫ ɺ.ʃ. ʟʘ ʦʢʘʟʘʥʥʦʝ ʩʦʜʝʡʩʪʚʠʝ. 

 
 
 
 

ʃʠʪʝʨʘʪʫʨʘ 
 

1. ɹʦʨʦʜʘʝʚ ʖ.ʉ., ʄʦʟʛʦʚʘ ʅ.ʅ., ɻʘʙʣʠʥʘ ʀ.ʌ. ʠ ʜʨ. ɿʦʥʘʣʴʥʳʝ ʪʨʫʙʢʠ ʯʝʨʥʳʭ ʢʫʨʠʣʴʱʠʢʦʚ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ 
ʧʦʣʷ ʈʝʡʥʙʦʫ (ʉʨʝʜʠʥʥʦ-ɸʪʣʘʥʪʠʯʝʩʢʠʡ ʭʨʝʙʝʪ, 36014ô ʩ.ʰ.). // ɺʝʩʪʥʠʢ ʄʦʩʢ. ʫʥ-ʪʘ. ʉʝʨ. 4. ɻʝʦʣʦʛʠʷ. ï ʄ., 2004. ï 
ˉ3. ï ʉ. 35-48. 

2. ɿʘʡʢʦʚ ɺ.ɺ. ɺʫʣʢʘʥʠʟʤ ʠ ʩʫʣʴʬʠʜʥʳʝ ʭʦʣʤʳ ʧʘʣʝʦʦʢʝʘʥʠʯʝʩʢʠʭ ʦʢʨʘʠʥ. ï ʄ.:ʅʘʫʢʘ, 1991. ï 206 ʩ. 
3. ʄʘʩʣʝʥʥʠʢʦʚ ɺ.ɺ. ʉʝʜʠʤʝʥʪʦʛʝʥʝʟ, ʛʘʣʴʤʠʨʦʣʠʟ ʠ ʵʢʦʣʦʛʠʷ ʢʦʣʯʝʜʘʥʦʥʦʩʥʳʭ ʧʘʣʝʦʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʧʦʣʝʡ (ʥʘ 
ʧʨʠʤʝʨʝ ʖʞʥʦʛʦ ʋʨʘʣʘ). ʅʘʫʯʥʦʝ ʠʟʜʘʥʠʝ. ï ʄʠʘʩʩ: ɻʝʦʪʫʨ, 1999. ï 348 ʩ. 

4. ʉʢʨʠʧʯʝʥʢʦ ʅ.ʉ., ʊʘʤʙʠʝʚ ɸ.ʉ., ʉʘʚʯʝʥʢʦ ʅ.ɸ. ʄʝʜʥʦʢʦʣʯʝʜʘʥʥʳʝ ʠ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʘʚʢʘʟʘ. ɿʦʥʘ ʇʝʨʝʜʦʚʦʛʦ ʭʨʝʙʪʘ ʉʝʚʝʨʥʦʛʦ ʂʘʚʢʘʟʘ. // ʂʦʣʯʝʜʘʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʉʉʈ. ï ʄ.: 
ʅʘʫʢʘ, 1983. ï ʉ. 19-38. 

 
ʄʀʅɽʈɸʃʆɻʆ-ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʋɻʃɽʁ ʇʈʆʂʆʇʔɽɺʉʂʆɻʆ ʀ 

ʂʓʈɻɸʁʉʂʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 
ɽ.ɹ. ɽʚʜʦʢʠʤʦʚʘ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺ.ɽ. ʂʦʥʦʧʣʝʚʘ 
ʉʨʝʜʥʷʷ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʰʢʦʣʘ ˉ17 ʠʤʝʥʠ ʂʠʨʠʣʣʘ ʠ ʄʝʬʦʜʠʷ, ʛ. ʇʨʦʢʦʧʴʝʚʩʢ, ʈʦʩʩʠʷ 

 
ʂʫʟʥʝʮʢʠʡ ʫʛʦʣʴʥʳʡ ʙʘʩʩʝʡʥ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʂʝʤʝʨʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʠʤʝʝʪ ʧʣʦʱʘʜʴ 26 ʪʳʩ. ʢʤ2. 
ɺ ʜʘʣʝʢʦʤ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʰʣʦʤ ʨʘʡʦʥ ʥʳʥʝʰʥʝʛʦ ʂʫʟʙʘʩʩʘ ʥʘʭʦʜʠʣʩʷ ʥʘ ʩʪʳʢʝ ʤʦʨʷ ʠ ʩʫʰʠ. 

ʅʝʦʜʥʦʢʨʘʪʥʳʝ ʥʘʩʪʫʧʣʝʥʠʷ (ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʭʦʜʦʤ) ʤʦʨʷ ʥʘ ʩʫʰʫ, ʧʨʠʚʦʜʠʣʠ ʢ ʟʘʙʦʣʘʯʠʚʘʥʠʶ ʵʪʦʡ ʤʝʩʪʥʦʩʪʠ ʠ 
ʙʣʘʛʦʧʨʠʷʪʥʦʤʫ ʨʘʟʚʠʪʠʶ ʨʘʩʪʠʪʝʣʴʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʦʩʣʫʞʠʣʘ ʦʩʥʦʚʦʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. ʂʫʟʥʝʮʢʠʡ 
ʙʘʩʩʝʡʥ ʩ ʪʨʝʭ ʩʪʦʨʦʥ ï ʶʛʘ, ʟʘʧʘʜʘ ʠ ʚʦʩʪʦʢʘ ï ʦʢʨʫʞʝʥ ʛʦʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢʦʝ ʝʛʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ 

ʩʦʭʨʘʥʝʥʠʶ ʥʘʢʦʧʣʝʥʥʦʛʦ ʫʛʦʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʤʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʧʝʨʠʦʜʘʤʠ, ʢʦʪʦʨʳʝ 
ʙʣʘʛʦʧʨʠʷʪʩʪʚʦʚʘʣʠ ʥʘʢʦʧʣʝʥʠʶ ʨʘʩʪʠʪʝʣʴʥʳʭ ʦʩʪʘʪʢʦʚ ʚ ʂʫʟʙʘʩʩʝ, ʦʙʨʘʟʦʚʘʣʠʩʴ ʪʨʠ ʤʦʱʥʳʭ ʫʛʣʝʥʦʩʥʳʭ ʩʝʨʠʠ ï 
ɹʘʣʘʭʦʥʩʢʘʷ, ʂʦʣʴʯʫʛʠʥʩʢʘʷ ʠ ʊʘʨʙʘʛʘʥʩʢʘʷ, ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʚʫʤʷ ʙʝʟʫʛʦʣʴʥʳʤʠ ʩʝʨʠʷʤʠ ï ʂʫʟʥʝʮʢʦʡ ʠ 
ʄʘʣʴʮʝʚʩʢʦʡ. 

ʀʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʫʛʣʝʡ ʂʫʟʙʘʩʩʘ ʧʦʩʣʫʞʠʣʠ ʪʦʨʬʷʥʠʢʠ. ʅʘ ʥʠʟʰʝʡ ʩʪʘʜʠʠ 
ʤʝʪʘʤʦʨʬʠʟʘʮʠʠ ʦʥʠ ʜʘʣʠ ʙʫʨʳʡ ʫʛʦʣʴ, ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ï ʢʘʤʝʥʥʳʡ, ʠ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ï ʘʥʪʨʘʮʠʪʳ. ʂʫʟʙʘʩʩʢʠʡ 
ʙʘʩʩʝʡʥ ï ʵʪʦ ʙʘʩʩʝʡʥ ʢʘʤʝʥʥʳʭ ʫʛʣʝʡ, ʭʦʪʷ ʟʜʝʩʴ ʠʤʝʶʪʩʷ ʥʝʙʦʣʴʰʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʫʨʳʭ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʫʛʦʣʴʥʳʝ ʠ ʙʝʟʫʛʦʣʴʥʳʝ ʪʦʣʱʠ ʂʫʟʙʘʩʩʘ, ʥʝʢʦʛʜʘ ʣʝʞʘʚʰʠʝ 
ʛʦʨʠʟʦʥʪʘʣʴʥʦ, ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ ʫʰʣʠ ʥʘ ʟʥʘʯʠʪʝʣʴʥʫʶ ʛʣʫʙʠʥʫ, ʘ ʥʘ ʦʢʨʘʠʥʘʭ ʙʳʣʠ ʚʳʞʘʪʳ ʥʘ ʜʥʝʚʥʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ. ɺ ʠʪʦʛʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠ ʥʠʞʥʠʝ ʧʣʘʩʪʳ ɹʘʣʘʭʦʥʩʢʦʡ ʩʝʨʠʠ ʥʘ ʦʢʨʘʠʥʘʭ ʂʫʟʙʘʩʩʘ ʧʨʠʥʷʣʠ ʢʨʫʪʦʝ 
ʧʦʣʦʞʝʥʠʝ ʠ ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʢ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʯʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʟʜʘʣʦ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʠʭ 
ʨʘʟʨʘʙʦʪʢʠ ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ. 

ʀʩʭʦʜʷ ʠʟ ʪʨʝʙʦʚʘʥʠʡ ʧʨʘʢʪʠʢʠ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʫʛʣʝʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ 
ʠʟʫʯʝʥʠʝ ʤʥʦʞʝʩʪʚʘ ʩʚʦʡʩʪʚ ʫʛʣʝʡ, ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʦʩʥʦʚʫ ʨʘʮʠʦʥʘʣʴʥʦʡ ʥʦʤʝʥʢʣʘʪʫʨʳ ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʠ 
ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʣʦʞʝʥʳ ʩʣʝʜʫʶʱʠʝ ʧʨʠʟʥʘʢʠ: 



1) ʠʩʭʦʜʥʘʷ ʧʨʠʨʦʜʘ ʨʘʩʪʝʥʠʡ-ʫʛʣʝʦʙʨʘʟʦʚʘʪʝʣʝʡ; 
2) ʩʪʝʧʝʥʴ ʧʝʨʚʠʯʥʦʡ ʦʢʠʩʣʝʥʥʦʩʪʠ; 
3) ʩʪʝʧʝʥʴ ʛʝʣʠʬʠʢʘʮʠʠ; 

4) ʧʘʨʘʛʝʥʝʟʠʩ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʬʘʮʠʘʣʴʥʳʝ ʦʙʩʪʘʥʦʚʢʠ 
ʪʦʨʬʦʥʘʢʦʧʣʝʥʠʷ; 

5) ʩʦʩʪʘʚ ʠ ʬʦʨʤʘ ʟʘʣʝʛʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 
ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʩʣʦʚʠʷ, ʜʦʣʞʝʥ ʩʦʙʣʶʜʘʪʴʩʷ ʧʨʠʥʮʠʧ ʚʳʜʝʣʝʥʠʷ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ 

ʢʘʢ ʪʘʢʦʚʳʭ, ʘ ʥʝ ʠʭ ʘʛʨʝʛʘʪʦʚ. 
ʉʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʢʦʤʧʣʝʢʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʚʝʨʜʳʭ ʛʦʨʶʯʠʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʱʠʭ 

ʠʟʫʯʝʥʠʝ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʩʧʝʢʘʝʤʦʩʪʠ, ʛʘʟʦʥʦʩʥʦʩʪʠ ʠ ʧʦʞʘʨʦʦʧʘʩʥʦʩʪʠ ʚ ʚʠʜʝ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʠʩʭʦʜʥʦʡ 
ʧʨʠʨʦʜʳ, ʩʪʝʧʝʥʠ ʧʝʨʚʠʯʥʦʡ ʦʢʠʩʣʝʥʥʦʩʪʠ, ʛʝʣʠʬʠʢʘʮʠʠ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ ʫʛʣʝʡ ʨʘʟʜʝʣʷʪʴ ʚ ʦʪʨʘʞʝʥʥʦʤ ʩʚʝʪʝ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʥʘ ʨʷʜ ʛʨʫʧʧ ʧʦ 
ʧʨʠʟʥʘʢʘʤ. 

ʇʦ ʙʦʪʘʥʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 
1) ʜʨʝʚʝʩʠʥʥʳʝ; 
2) ʧʘʨʝʥʭʠʤʥʳʝ; 
3) ʢʦʨʦʚʳʝ ʪʢʘʥʠ; 
4) ʣʠʧʦʠʜʳ; 
5) ʚʦʜʦʨʦʩʣʠ. 

ʇʝʨʚʳʝ ʪʨʠ ʛʨʫʧʧʳ ʥʘʟʳʚʘʶʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 
1) ʢʩʠʣʠʥʠʪʳ ʠ ʢʩʠʣʦ-ʚʠʪʨʠʥʠʪʳ; 
2) ʧʘʨʝʥʭʦ-ʚʠʪʨʠʥʠʪʳ; 
3) ʩʫʙʝʨʚʠʪʨʠʥʠʪʳ. 
ɺ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʙʦʪʘʥʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʪʢʘʥʝʡ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʘʥʦʚʣʝʥʘ ʚʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ 

ʤʝʪʘʤʦʨʬʠʟʤʘ, ʛʝʣʠʬʠʢʘʮʠʠ (ʩ ʫʪʨʘʪʦʡ ʩʣʝʜʦʚ ʢʣʝʪʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ) ʠʣʠ ʧʦ ʜʨʫʛʠʤ ʧʨʠʯʠʥʘʤ, ʪʦʛʜʘ ʪʘʢʠʤ ʪʢʘʥʷʤ 
ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʛʨʫʧʧʦʚʦʝ ʥʘʟʚʘʥʠʝ ï ʚʠʪʨʠʥʠʪʳ. ʊʢʘʥʠ, ʠʩʧʳʪʘʚʰʠʝ ʩʠʣʴʥʦʝ ʦʢʠʩʣʝʥʠʝ (ʬʶʟʝʥʠʟʘʮʠʶ), ʦʙʲʝʜʠʥʷʶʪʩʷ 
ʧʦʜ ʦʙʱʠʤ ʥʘʟʚʘʥʠʝʤ ʬʶʟʝʥʠʪʳ, ʧʦʩʢʦʣʴʢʫ ʙʦʪʘʥʠʯʝʩʢʠʝ ʨʘʟʣʠʯʠʷ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʥʝ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ. 

ʇʦ ʩʪʨʫʢʪʫʨʥʦʤʫ ʧʨʠʟʥʘʢʫ (ʩʪʝʧʝʥʠ ʛʝʣʠʬʠʢʘʮʠʠ) ʚʳʜʝʣʷʶʪʩʷ ʯʝʪʳʨʝ ʛʨʫʧʧʳ ʪʢʘʥʝʡ: 
1) ʦʪʯʝʪʣʠʚʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʧʦʣʦʩʪʷʤʠ ʢʣʝʪʦʢ, ʟʘʥʠʤʘʶʱʠʤʠ ʙʦʣʝʝ 50% ʦʙʲʝʤʘ ʨʘʩʪʠʪʝʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ (ʚ ʦʩʥʦʚʥʦʤ ʢʩʠʣʝʥʳ ʠ ʬʶʟʝʥʳ); 
2) ʩʪʨʫʢʪʫʨʥʳʝ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʣʥʳʭ ʷʯʝʝʢ ʤʝʥʝʝ 50% (ʚ ʦʩʥʦʚʥʦʤ ʢʩʠʣʦ-ʚʠʪʨʝʥʳ ʠ ʢʩʠʣʦ-ʬʶʟʝʥʳ); 
3) ʥʝʷʩʥʦ ʩʪʨʫʢʪʫʨʥʳʝ ʩ ʝʜʠʥʠʯʥʳʤʠ ʥʝʙʦʣʴʰʠʤʠ ʧʨʦʩʚʝʪʘʤʠ ʢʣʝʪʦʯʥʳʭ ʧʦʣʦʩʪʝʡ ʠʣʠ ʜʨʫʛʠʤʠ ʩʣʝʜʘʤʠ 

ʨʘʩʪʠʪʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʩʪʨʫʢʪʫʨʥʳʝ ʚʠʪʨʝʥʳ); 
4) ʩʢʨʳʪʦ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ (ʙʝʩʩʪʨʫʢʪʫʨʥʳʝ ʚʠʪʨʝʥʳ). 
ʇʦ ʩʪʝʧʝʥʠ ʧʝʨʚʠʯʥʦʡ ʦʢʠʩʣʝʥʥʦʩʪʠ ʚʩʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʳ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʥʝʦʢʠʩʣʝʥʥʳʝ, ʩʣʘʙʦ-

ʩʨʝʜʥʝ- ʠ ʩʠʣʴʥʦ ʦʢʠʩʣʝʥʥʳʝ, ʦʙʦʟʥʘʯʘʝʤʳʝ ʮʠʬʨʘʤʠ 1, 2, 3, 4 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 1-ʡ, 2-ʡ, 3-ʡ ʠ 4-ʡ ʩʪʘʜʠʷʤ ʦʢʠʩʣʝʥʠʷ. 

ʇʦ ʩʪʝʧʝʥʠ ʧʦʨʠʩʪʦʩʪʠ ʚʳʜʝʣʷʶʪʩʷ ʧʷʪʴ ʛʨʫʧʧ ʢʦʤʧʦʥʝʥʪʦʚ: ʥʝʧʦʨʠʩʪʳʝ, ʩʣʘʙʦ ʧʦʨʠʩʪʳʝ, ʧʦʨʠʩʪʳʝ, ʩʠʣʴʥʦ 
ʧʦʨʠʩʪʳʝ, ʨʘʟʥʦ ʧʦʨʠʩʪʳʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʠʥʮʠʧʝ 
ʨʘʟʜʝʣʝʥʠʷ ʠʭ ʧʦ ʠʩʭʦʜʥʦʡ ʧʨʠʨʦʜʝ, ʩʪʝʧʝʥʠ ʛʝʣʠʬʠʢʘʮʠʠ, ʧʝʨʚʠʯʥʦʡ ʦʢʠʩʣʝʥʥʦʩʪʠ ʠ ʧʦʨʠʩʪʦʩʪʠ, ʪ. ʝ. ʧʦ ʩʫʤʤʝ ʪʝʭ 
ʬʘʢʪʦʨʦʚ, ʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʝ ʩʚʦʡʩʪʚʘ ʫʛʣʷ. 

ɺ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʘʢʮʝʥʪʠʨʫʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʠʩʭʦʜʥʫʶ ʧʨʠʨʦʜʫ ʫʛʣʝʡ. ʕʪʦ ʜʝʣʘʝʪʩʷ ʩ ʮʝʣʴʶ 
ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʝ ʥʝʜʦʦʮʝʥʢʠ, ʯʪʦ ʥʝʨʝʜʢʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʫʛʣʝʡ.  

ʕʪʠʤ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʫʛʣʝʡ ʇʨʦʢʦʧʴʝʚʩʢʦʛʦ ʠ ɽʨʫʥʘʢʦʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʳ ʝʱʝ ʨʘʟ 

ʫʙʝʜʠʣʠʩʴ ʚ ʪʦʤ, ʯʪʦ ʫʛʣʠ ʂʫʟʙʘʩʩʘ ʥʘʠʣʫʯʰʠʝ. 
ʈʘʙʦʪʘ ʦʩʥʦʚʘʥʘ ʥʘ ʘʥʘʣʠʟʝ ʥʝʩʢʦʣʴʢʠʭ ʧʣʘʩʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʢʘʯʝʩʪʚʦ ʫʛʣʷ ʇʨʦʢʦʧʴʝʚʩʢʦ-

ʂʳʨʛʘʡʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʘʥʘʣʠʟʘ ʧʣʘʩʪʘ ʂʳʨʛʘʡʩʢʠʡ 20. 

ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʫʛʣʷ ʧʣʘʩʪʘ ʂʳʨʛʘʡʩʢʦʛʦ 20. 
ʆʙʱʘʷ ʤʦʱʥʦʩʪʴ ï 2,75 ʤ. 
ʇʦʯʚʘ ʠ ʢʨʦʚʣʷ ʧʣʘʩʪʘ ʩʣʦʞʝʥʳ ʪʝʤʥʦ-ʩʝʨʳʤ ʘʨʛʠʣʣʠʪʦʤ. 
ʇʣʘʩʪ ʂʳʨʛʘʡʩʢʠʡ 20 ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʘʯʝʢ ʫʛʣʷ, ʦʪʜʝʣʷʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʦʩʣʦʝʤ ʘʣʝʚʨʦʣʠʪʘ, 

ʤʦʱʥʦʩʪʴʶ 0,15 ʤ. 

ʇʝʨʚʘʷ (ʥʠʞʥʷʷ) ʧʘʯʢʘ ʧʣʘʩʪʘ (ʩʣʦʠ 1, 2, 3), ʤʦʱʥʦʩʪʴʶ 1,2 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʝʩʪʷʱʠʤ (ʩʣʦʠ 2, 3) ʠ 
ʧʦʣʫʙʣʝʩʪʷʱʠʤ (ʩʣʦʡ 1) ʧʦʣʦʩʯʘʪʳʤʠ ʫʛʣʷʤʠ ʩ ʣʠʥʟʘʤʠ ʬʶʟʝʥʘ ʜʠʘʤʝʪʨʦʤ 2-3 ʤʤ, ʜʣʠʥʦʡ 1,5 ʩʤ, ʥʘʣʝʪʘʤʠ ʢʘʨʙʦʥʘʪʦʚ 
ʧʦ ʪʨʝʱʠʥʘʤ ʠ ʨʘʟʤʝʨʘʤʠ ʵʥʜʦʛʝʥʥʦʡ ʦʪʜʝʣʴʥʦʩʪʠ 2-3 ʤʤ. 

ɺʪʦʨʘʷ (ʚʝʨʭʥʷʷ) ʧʘʯʢʘ ʧʣʘʩʪʘ (ʩʣʦʠ 5-8), ʤʦʱʥʦʩʪʴʶ 1,4 ʤ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʣʝʩʪʷʱʠʤ ʧʦʣʦʩʯʘʪʳʤ (ʩʣʦʠ 5, 6, 8) 
ʠ ʤʘʪʦʚʳʤ ʪʦʥʢʦ ʧʦʣʦʩʯʘʪʳʤ (ʩʣʦʡ 7) ʫʛʣʷʤʠ ʩ ʣʠʥʟʘʤʠ ʬʶʟʝʥʘ ʜʠʘʤʝʪʨʦʤ 1-2 ʤʤ, ʜʣʠʥʦʡ 1 ʩʤ, ʥʘʣʝʪʘʤʠ ʛʠʜʨʦʦʢʠʩʣʦʚ 
ʞʝʣʝʟʘ ʧʦ ʧʣʦʩʢʦʩʪʷʤ ʦʪʜʝʣʴʥʦʩʪʠ. 

ʇʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʙʣʝʩʪʷʱʠʡ ʠ ʧʦʣʫʙʣʝʩʪʷʱʠʡ ʫʛʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʙʣʦʤʦʯʥʳʝ ʢʣʘʨʝʥʳ ʩ ʧʦʣʦʩʘʤʠ 
ʚʠʪʨʝʥʘ ʠ ʦʙʣʦʤʦʯʥʳʝ ʜʶʨʝʥʦ-ʢʣʘʨʝʥʳ ʩ ʰʠʨʦʢʠʤʠ ʧʦʣʦʩʘʤʠ ʚʠʪʨʝʥʘ, ʤʘʪʦʚʳʡ ï ʟʦʣʴʥʦ-ʦʙʣʦʤʦʯʥʳʡ ʢʣʘʨʝʥʦ-ʜʶʨʝʥ ʩ 

ʣʠʥʟʘʤʠ ʠ ʧʦʣʦʩʘʤʠ ʚʠʪʨʝʥʘ. ʌʦʨʤʝʥʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʥʟʘʤʠ ʬʶʟʝʥʘ, ʢʩʠʣʝʥʦʬʶʟʝʥʘ ʠ ʠʭ 
ʤʠʢʨʦʜʝʪʨʠʪʦʤ. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʬʦʨʤʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʥʦʚʥʦʡ ʚʠʪʨʝʥʦʦʙʨʘʟʥʦʡ ʤʘʩʩʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʀʟ 
ʢɻʟʝʥʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘʙʣʶʜʘʶʪʩʷ ʢʫʪʠʢʫʣʘ ʠ ʩʧʦʨʳ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʭ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. ʉʢʣʝʨʦʮʠʠ 
ʨʝʜʢʠ, ʢʩʠʣʝʥʦʬʶʟʝʥʦʚʦʡ ʠ ʚʠʪʨʝʥʦʬʶʟʝʥʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʄʠʥʝʨʘʣʴʥʳʝ ʚʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʣʢʦʨʘʩʩʝʷʥʥʦʡ 
ʬʨʘʢʮʠʝʡ ʛʣʠʥʠʩʪʳʭ ʤʠʥʝʨʘʣʦʚ, ʞʠʣʢʘʤʠ ʠ ʟʝʨʥʘʤʠ ʢʘʨʙʦʥʘʪʦʚ ʠ ʨʝʜʢʠʤʠ ʟʝʨʥʘʤʠ ʧʠʨʠʪʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʤʠʥʝʨʘʣʴʥʳʭ ʧʨʠʤʝʩʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦʝ. 
ʇʦ ʮʚʝʪʫ ʩʧʦʨ (ʩʝʨʦ-ʢʦʨʠʯʥʝʚʳʝ) ʠ ʦʩʥʦʚʥʦʡ ʚʠʪʨʝʥʦʦʙʨʘʟʥʦʡ ʤʘʩʩʳ ʩ ʠʤʤʝʨʩʠʝʡ (ʩʝʨʳʡ) ʫʛʦʣʴ ʧʣʘʩʪʘ 

ʂʳʨʛʘʡʩʢʦʛʦ 20 ʧʦ ʩʪʝʧʝʥʠ ʤʝʪʘʤʦʨʬʠʟʤʘ ʦʪʥʦʩʠʪʩʷ ʢ ʛʘʟʦʚʳʤ ʚʳʩʦʢʦʤʝʪʘʤʦʨʬʠʟʠʨʦʚʘʥʥʳʤ ʠʣʠ ʧʦ ʰʢʘʣʝ ɸʤʦʩʦʚʘ ʢ 

ʛʨʫʧʧʝ ʇĮ. ʇʦʜʩʯʝʪ ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʧʨʦʠʟʚʦʜʠʣʩʷ ʩʨʝʜʥʝʜʠʥʘʤʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ: ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʢʘʞʜʦʛʦ 



ʪʠʧʘ, ʩʣʘʛʘʶʱʝʛʦ ʧʣʘʩʪ, ʫʤʥʦʞʘʣʘʩʴ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚ ʵʪʦʤ ʪʠʧʝ ʚʠʪʨʝʥʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʉʫʤʤʘ ʵʪʠʭ ʧʨʦʠʟʚʝʜʝʥʠʡ, 
ʜʝʣʝʥʥʘʷ ʥʘ ʦʙʱʫʶ ʤʦʱʥʦʩʪʴ ʧʣʘʩʪʘ, ʜʘʣʘ ʢʦʣʠʯʝʩʪʚʦ ʚʠʪʨʝʥʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦ ʚʩʝʤʫ ʧʣʘʩʪʫ. 

I. ʉʠʣʴʥʦ ʧʣʘʚʢʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʛʨʫʧʧʘ ʚʠʪʨʠʥʠʪʘ ï 73,8%, ʛʨʫʧʧʘ ʣʝʡʧʪʠʥʠʪʦʚ ï 1,0%. 

II. ʉʣʘʙʦ ʧʣʘʚʢʠʝ (ʩʣʠʧʘʶʱʠʝʩʷ) ʢʦʤʧʦʥʝʥʪʳ: ʛʨʫʧʧʘ ʩʝʤʠʚʠʪʨʠʥʠʪʘ ï 9,0%. 
III. ʅʝʧʣʘʚʢʠʝ (ʦʪʦʱʘʶʱʠʝ) ʢʦʤʧʦʥʝʥʪʳ: ʛʨʫʧʧʘ ʬʶʟʝʥʠʪʘ ï 13,8%. 
IV.ʄʠʥʝʨʘʣʴʥʳʝ ʧʨʠʤʝʩʠ: ʢʘʨʙʦʥʘʪʳ ï 1,4%, ʛʣʠʥʠʩʪʦʝ ʚʝʱʝʩʪʚʦ ï 0,4%, ʧʠʨʠʪ ï 0,2%. 
ʇʝʨʝʩʯʝʪ ʥʘ çʦʨʛʘʥʠʯʝʩʢʫʶ ʤʘʩʩʫè. 
1. ʉʠʣʴʥʦ ʧʣʘʚʢʠʝ ʢʦʤʧʦʥʝʥʪʳ: ʛʨʫʧʧʘ ʚʠʪʨʠʥʠʪʘ ï 75,7%, ʛʨʫʧʧʘ ʣʝʡʧʪʠʥʠʪʦʚ ï 1,0%. 
2. ʉʣʘʙʦ ʧʣʘʚʢʠʝ (ʩʣʠʧʘʶʱʠʝʩʷ) ʢʦʤʧʦʥʝʥʪʳ:ʛʨʫʧʧʘ ʩʝʤʠʚʠʪʨʠʥʠʪʘ - 9,2%. 
3. ʅʝʧʣʘʚʢʠʝ (ʦʪʦʱʘʶʱʠʝ) ʢʦʤʧʦʥʝʥʪʳ: ʛʨʫʧʧʘ ʬʶʟʠʥʠʪʘ ï 14,1%. 
ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʚʠʪʨʝʥʦʦʙʨʘʟʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʛʨʫʧʧʳ ʣʝʡʧʪʠʥʠʪʦʚ 74,8% ʫʛʦʣʴ ʧʣʘʩʪʘ ʂʳʨʛʘʡʩʢʦʛʦ 20 ʚʭʦʜʠʪ 

ʚʦ II ʛʨʫʧʧʫ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʂʫʟʙʘʩʩʘ. 
ʇʦʩʣʝ ʘʥʘʣʠʟʘ ʩʨʘʚʥʠʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʳ ʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ. ʂʫʟʙʘʩʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʭ 

ʫʛʣʷʤʠ ʙʘʩʩʝʡʥʦʚ ʟʝʤʣʠ, ʠ ʥʝʜʨʘ ʝʛʦ, ʧʨʠ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʚʳʭʦʜʦʚ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʦʢʦʣʦ 26000 ʢʤ2, ʩʦʜʝʨʞʘʪ ʜʦ 
ʛʣʫʙʠʥʳ 1500 ʤ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʟʘʧʘʩʳ ʫʛʣʝʡ ʚ ʨʘʟʤʝʨʘʭ ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ 1000 ʤʣʨʜ. ʪ. 

ʆʩʦʙʝʥʥʦ ʥʘʩʳʱʝʥʘ ʫʛʣʝʤ ɹʘʣʘʭʦʥʩʢʘʷ ʩʚʠʪʘ, ʧʣʘʩʪʳ ʢʦʪʦʨʦʡ ʦʪʣʠʯʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠ ʨʝʜʢʦ 
ʙʳʚʘʶʪ ʩʣʦʞʥʳʤʠ, ʧʨʠʯʝʤ, ʠʤʝʶʪ ʦʙʳʯʥʦ ʧʦʣʦʩʘʪʫʶ ʪʝʢʩʪʫʨʫ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʛʘʪʩʪʚʦ ʂʫʟʙʘʩʩʘ ʫʛʣʝʤ, ʚʩʢʨʳʪʠʝ ʙʘʩʩʝʡʥʘ ʜʣʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʠʝ ʪʨʫʜʥʦʩʪʠ 
ʚ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʪʝʢʪʦʥʠʢʠ ʧʨʦʜʫʢʪʠʚʥʦʡ ʪʦʣʱʠ ʠ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʦʩʥʦʚʘʪʝʣʴʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʕʪʘ ʩʚʠʪʘ 

ʦʙʨʘʟʫʝʪ ʦʩʥʦʚʥʫʶ ʤʫʣʴʜʫ ʉ-ʉɿ, ʧʨʦʩʪʠʨʘʥʠʷ ʩ ʢʨʳʣʴʷʤʠ, ʧʨʠʧʦʜʥʷʪʳʤʠ ʚʜʦʣʴ ʛʨʘʥʠʮʳ ʙʘʩʩʝʡʥʘ, ʛʜʝ ʠ ʚʳʭʦʜʷʪ ʥʘ 
ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʞʥʠʝ ʩʚʠʪʳ, ʪʦʛʜʘ ʢʘʢ ʚʝʨʭʥʠʝ ʩʚʠʪʳ ʫʮʝʣʝʣʠ ʦʪ ʜʝʥʫʜʘʮʠʠ ʩʫʱʝʩʪʚʝʥʥʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʙʘʩʩʝʡʥʘ. 
ʆʩʥʦʚʥʘʷ ʤʫʣʴʜʘ ʦʩʣʦʞʥʝʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʩʢʣʘʜʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʧʦʨʷʜʢʦʚ, ʢʦʪʦʨʳʝ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ ʩʞʘʪʳʤʠ 
ʠ ʥʘʧʨʷʞʝʥʥʳʤʠ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʝʨʠʬʝʨʠʠ, ʦʩʦʙʝʥʥʦ ï ʢ ʟʘʧʘʜʥʦʡ ʛʨʘʥʠʮʝ ʙʘʩʩʝʡʥʘ, ʙʫʜʫʯʠ ʚʳʟʚʘʥʳ 
ʜʘʚʣʝʥʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʧʦʜʥʠʤʘʚʰʠʭʩʷ ʛʦʨʩʪʦʚ ʉʘʣʘʠʨʩʢʦʛʦ ʢʨʷʞʘ ʠ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ, ʘ ʪʘʢ ʞʝ ʤʦʱʥʦʛʦ ʥʘʨʫʰʝʥʠʷ 
ʪʠʧʘ ʰʘʨʴʷʞʘ, ʥʘʜʚʠʥʫʚʰʝʛʦʩʷ ʥʘ ʉɿ ʛʨʘʥʠʮʫ ʙʘʩʩʝʡʥʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʣʘʩʪʳ ʫʛʣʷ ʧʦʯʪʠ ʚʩʝʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʫʟʙʘʩʩʘ ʷʚʣʷʶʪʩʷ ʥʘʨʫʰʝʥʥʳʤʠ, ʘ ʚʙʣʠʟʠ ʦʩʥʦʚʥʳʭ 
ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʛʨʘʥʠʮ ʥʝʢʦʪʦʨʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ɹʘʣʘʭʦʥʩʢʦʡ ʩʚʠʪʝ, ʥʘʩʪʦʣʴʢʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʳ, ʯʪʦ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʚʠʜʫ ʧʦʩʣʦʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ 
ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʘʨʫʰʝʥʠʡ, ʧʣʘʩʪʳ ʫʛʣʷ ʚʦ ʤʥʦʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠʥʜʠʚʠʜʫʘʣʴʥʳ ʧʦ ʩʪʝʧʝʥʠ ʠʭ ʜʠʩʣʦʮʠʨʦʚʘʥʥʦʩʪʠ, ʘ 
ʵʪʦ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ ʠ ʤʦʱʥʦʩʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʫʯʘʩʪʢʦʚʳʭ ʧʦʨʦʜ. 
ɺʦʦʙʱʝ, ʪʝʢʪʦʥʠʢʘ ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʤʳʰʣʝʥʥʫʶ ʮʝʥʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ʂʫʟʙʘʩʩʘ. 

ʉʠʩʪʝʤʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʂʫʟʥʝʮʢʦʛʦ ʙʘʩʩʝʡʥʘ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʝʱʝ ʨʷʜ ʥʦʚʳʭ ʠ ʚʝʩʴʤʘ ʮʝʥʥʳʭ ʜʘʥʥʳʭ ʚ 
ʦʪʥʦʰʝʥʠʠ ʝʛʦ ʛʝʦʣʦʛʠʠ, ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ ʠ ʧʣʦʱʘʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʳʜʝʣʝʥʥʳʭ ʩʚʠʪ, ʠʟʫʯʝʥʠʷ ʨʘʟʨʝʟʦʚ, ʠʭ 
ʩʦʧʦʩʪʘʚʣʝʥʠ.̫ ʆʪʢʨʳʪʦʝ ʚ 1916 ʛʦʜʫ ʫʥʠʢʘʣʴʥʦʝ ʇʨʦʢʦʧʴʝʚʩʢʦ-ʂʦʩʝʣʝʚʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʦ 
ʟʘʧʘʩʘʤ ʢʦʢʩʦʚʳʭ ʫʛʣʝʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʚʝʜʘʥʥʦʩʪʠ ʂʫʟʙʘʩʩʘ ʤʘʣʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʩ ʟʘʧʨʦʩʘʤʠ, ʢʦʪʦʨʳʝ ʧʨʝʜʲʷʚʣʝʥʳ ʢ ʜʦʙʳʯʝ ʫʛʣʷ ʚ ʵʪʦʤ 
ʙʘʩʩʝʡʥʝ. ʇʨʠ ʩʦʚʨʝʤʝʥʥʦʤ ʧʦʣʦʞʝʥʠʠ ʢʨʫʧʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʤʦʞʥʦ ʨʘʟʚʠʪʴ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʱʥʳʭ ʟʘʧʘʩʘʭ 
ʇʨʦʢʦʧʴʝʚʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʫʯʠʪʳʚʘʷ, ʯʪʦ ʚ ʈʦʩʩʠʠ ʟʘʧʘʩʦʚ ʥʝʬʪʠ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ. 
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ʅɽʂʆʊʆʈʓɽ ʆʉʆɹɽʅʅʆʉʊʀ ʄɽʊʆɼʀʂʀ ʇʈʆɺɽɼɽʅʀʗ ʇʆʀʉʂʆɺʓʍ ʀ 

ʈɸɿɺɽɼʆʏʅʓʍ ʈɸɹʆʊ ʅɸ ʋɻʆʃʔ ɺ ʖɾʅʆʁ ʗʂʋʊʀʀ 
ɼ.ʖ. ɽʨʦʬʝʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʖ. ʅ. ʇʦʧʦʚ. 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʅʘ ʨʫʙʝʞʝ ʜʚʘʜʮʘʪʴ ʧʝʨʚʦʛʦ ʚʝʢʘ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳʡ ʤʝʞʜʫʥʘʨʦʜʥʳʡ ʠ ʨʝʛʠʦʥʘʣʴʥʳʡ ʩʧʨʦʩ 

ʥʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʝ ʢʦʢʩʫʶʱʠʝʩʷ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ (ʦʢʠʩʣʝʥʥʳʝ) ʫʛʣʠ ʖʞʥʦʡ ʗʢʫʪʠʠ. ʇʦʵʪʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʩʣʦʞʥʫʶ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʪʫʘʮʠʶ, ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʘʷ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʛʣʝʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʪʝʨʨʠʪʦʨʠʠ 
ʖʞʥʦ-ʗʢʫʪʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ (ʖʗʋɹ). 

ʅʝʜʦʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʘʥʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʠʦʣʠʪʦʟʦʥʦʡ ʠ ʛʝʦʤʦʨʬʦʣʦʛʠʝʡ, 
ʩʪʠʤʫʣʠʨʦʚʘʣʠ ʨʘʟʨʘʙʦʪʢʫ ʠʥʳʭ ʚʘʨʠʘʥʪʦʚ ʚʩʢʨʳʪʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ 
ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʫʛʦʣʴʥʳʝ ʧʣʘʩʪʳ ʧʨʦʱʝ ʚʩʢʨʳʚʘʪʴ ʠ ʦʧʨʦʙʦʚʘʪʴ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ, 
ʥʘʧʨʠʤʝʨ, ʩʢʚʘʞʠʥʘʤʠ. 

ʅʝʜʦʩʪʘʪʢʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʘʥʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ: 
- ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʤʦʚ ʛʦʨʥʳʭ ʨʘʙʦʪ ʚʚʠʜʫ ʥʝʥʘʜʝʞʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ 

ʟʦʥ ʦʞʠʜʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ; 



- ʥʠʟʢʠʡ ʚʳʭʦʜ ʜʦʩʪʦʚʝʨʥʳʭ ʧʣʘʩʪʦʩʝʯʝʥʠʡ ʫʛʣʷ ʠʟ-ʟʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʟʚʝʜʦʯʥʳʭ 
ʚʳʨʘʙʦʪʦʢ ʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʘʟʚʝʜʳʚʘʝʤʳʭ ʦʙʲʝʢʪʘʭ ʠ ʠʟ-ʟʘ ʧʣʦʭʠʭ ʫʩʣʦʚʠʡ ʚʩʢʨʳʪʠʷ ʫʛʣʝʡ ʚ 
çʥʝʜʦʙʠʪʳʭè, ʦʧʣʳʚʘʶʱʠʭ ʠ ʦʙʚʦʜʥʝʥʥʳʭ ʢʘʥʘʚʘʭ; 

- ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʤʝʪʨʦʣʦʛʠʠ ʜʦʢʫʤʝʥʪʘʮʠʠ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. ɺʥʝʤʝʪʦʜʠʯʝʩʢʠʝ ʥʝʜʦʩʪʘʪʢʠ 
ʢʘʥʘʚʥʦʡ ʪʝʭʥʦʣʦʛʠʠ; 

- ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦ ʧʣʘʩʪʦʩʝʯʝʥʠʶ ʩʫʙʢʠʣʦʛʨʘʤʤʦʚʦʛʦ ʥʘʙʦʨʘ ʧʨʦʙ ʚʳʧʦʣʥʷʝʪʩʷ ʢʦʣʦʩʩʘʣʴʥʘʷ çʚʩʢʨʳʰʥʘʷè 
ʨʘʙʦʪʘ ʧʦ ʧʝʨʝʤʝʱʝʥʠʶ ʜʝʩʷʪʢʦʚ ʠ ʩʦʪʝʥ ʪʦʥʥ ʛʦʨʥʳʭ ʧʦʨʦʜ; ʚʝʩʦʚʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʢʨʳʰʠ ʧʨʝʚʳʰʘʝʪ 1000; 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ - ʵʪʦ ʙʝʟʫʤʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʨʝʟʫʣʴʪʘʪʘ, ʥʝ ʦʧʨʘʚʜʳʚʘʝʤʳʡ ʥʠ ʜʝʰʝʚʠʟʥʦʡ ʯʝʣʦʚʝʯʝʩʢʠʭ ʠ 
ʤʘʪʝʨʠʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʥʠ ʩʫʱʝʩʪʚʦʚʘʚʰʠʤ ʨʘʥʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʩʧʣʘʪʥʳʤ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʝʤ; 

- ʙʦʣʴʰʘʷ ʪʝʭʥʦʛʝʥʥʘʷ ʥʘʛʨʫʟʢʘ ʥʘ ʣʘʥʜʰʘʬʪʳ ʧʨʠ ʨʘʙʦʪʝ ʦʩʥʦʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʨʦʭʦʜʢʠ ʢʘʥʘʚ - ʩ ʙʫʨʦ-
ʚʟʨʳʚʥʳʤʠ ʨʘʙʦʪʘʤʠ (ɹɺʈ) ʥʘ çʚʳʙʨʦʩè, ʧʨʠ ʢʦʪʦʨʦʤ ʚ ʟʦʥʝ 30-40 ʤʝʪʨʦʚ ʚʦʢʨʫʛ ʢʘʥʘʚʳ ʧʦʣʥʦʩʪʴʶ ʫʥʠʯʪʦʞʘʝʪʩʷ 

ʨʘʩʪʠʪʝʣʴʥʳʡ ʠ ʞʠʚʦʪʥʳʡ ʤʠʨ; 
- ʧʨʦʚʝʜʝʥʠʝ ʚʟʨʳʚʥʳʭ ʨʘʙʦʪ ʥʘ ʨʘʩʩʨʝʜʦʪʦʯʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʪʨʝʙʫʝʪ ʵʢʦʥʦʤʠʯʝʩʢʠ ʟʘʪʨʘʪʥʳʭ ʤʝʨ 

ʙʝʟʦʧʘʩʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʘʥʪʠʪʝʨʨʦʨʠʩʪʠʯʝʩʢʠʤʠ ʤʝʨʦʧʨʠʷʪʠʷʤʠ; ʠʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷ ʧʦ 
ʠʩʧʦʣʴʟʦʚʘʥʠʶ ɹɺʈ ʙʣʠʟ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʜʝʡʩʪʚʫʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚ; 

- ʵʢʦʥʦʤʠʯʝʩʢʠ ʮʝʣʝʩʦʦʙʨʘʟʥʘʷ ʧʨʦʭʦʜʢʘ ʢʘʥʘʚ ʩ ɹɺʈ ʪʨʝʙʫʝʪ ʧʦʩʪʦʷʥʥʦʛʦ ʠ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʛʦ ʬʨʦʥʪʘ ʨʘʙʦʪ; ʚ 
ʩʦʚʨʝʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʣʫʯʝʥʠʷ ʠ ʠʩʧʦʣʥʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʢʦʥʪʨʘʢʪʦʚ ʵʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʝʘʣʠʟʫʝʤʦʝ 
ʫʩʣʦʚʠʝ. 

ɺʣʘʜʠʤʠʨ ʅʠʢʦʣʘʝʚʠʯ ʐʚʝʮ (ʐʚʝʮ, 2002) ʚʧʝʨʚʳʝ ʨʘʟʨʘʙʦʪʘʣ ʤʝʪʦʜʠʢʫ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ 

ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʢʘʢ ʝʜʠʥʫʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʫʶ ʮʝʧʦʯʢʫ, ʚʢʣʶʯʘʶʱʫʶ ʩʧʦʩʦʙʳ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ 
ʚʳʭʦʜʦʚ ʫʛʣʝʡ, ʢʝʨʥʦʚʦʝ ʠ ʙʝʩʢʝʨʥʦʚʦʝ ʙʫʨʝʥʠʝ, ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʝ ʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʢʝʨʥʦʚʦʝ ʦʧʨʦʙʦʚʘʥʠʝ, 
ʦʙʝʩʧʝʯʠʚʘʶʱʫʶ ʜʦʩʪʦʚʝʨʥʳʝ ʜʘʥʥʳʝ ʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʘʭ ʠ ʢʘʯʝʩʪʚʝ ʫʛʣʝʡ. ʇʨʝʜʣʦʞʠʣ ʨʫʢʦʚʦʜʩʪʚʫ ʖʞʥʦ-
ʗʢʫʪʩʢʦʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʡ ʵʢʩʧʝʜʠʮʠʠ (ʖʗɻʈʕ) ʠ ʇɻʆ çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè ʚ 1985 ʛʦʜʫ ʠʜʝʶ ʠ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ 
ʥʦʚʦʛʦ ʩʧʦʩʦʙʘ ʠʟʫʯʝʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. 

ɺ 1987-88 ʛʦʜʘʭ ʆʪʨʷʜʦʤ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ 
çʖʞʷʢʫʪʛʝʦʣʦʛʠʷè ʧʨʦʚʝʜʝʥʳ ʦʧʳʪʥʳʝ ʨʘʙʦʪʳ, ʜʦʢʘʟʘʚʰʠʝ ʩʦʩʪʦʷʪʝʣʴʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʧʣʘʩʪʦʚ ʚ ʟʦʥʝ ʠʭ çʚʳʭʦʜʦʚè ʥʦʚʳʤ, ʙʦʣʝʝ ʧʨʦʛʨʝʩʩʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʵʢʦʣʦʛʠʠ ʠ ʦʧʝʨʘʪʠʚʥʦʩʪʠ 

ʩʧʦʩʦʙʦʤ. 
ʉ 1989 ʛʦʜʘ ʧʨʠ ʫʛʣʝʨʘʟʚʝʜʢʝ ʚ ɸʣʜʘʥʦ-ʏʫʣʴʤʘʥʩʢʦʤ ʫʛʣʝʥʦʩʥʦʤ ʨʘʡʦʥʝ ʖʗʋɹ ʧʨʠʤʝʥʷʝʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʮʝʧʦʯʢʘ: 
- ʧʦ ʜʘʥʥʳʤ ʜʝʰʠʬʨʠʨʦʚʘʥʠʷ, ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤ, ʛʝʦʙʦʪʘʥʠʯʝʩʢʠʤ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʚʳʭʦʜ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʧʦʜ ʨʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ; 
- ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚʳʭʦʜ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʦʧʦʠʩʢʦʚʳʚʘʝʪʩʷ ʤʝʣʢʦʡ (6-20 ʤʝʪʨʦʚ) ʩʢʚʘʞʠʥʦʡ ʙʝʩʢʝʨʥʦʚʦʛʦ 

ʙʫʨʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 59 ʤʤ, ʧʦ ʚʳʥʦʩʫ ʰʣʘʤʘ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʣʠʯʠʝ ʣʠʙʦ ʦʪʩʫʪʩʪʚʠʝ ʫʛʣʝʡ, ʩʢʚʘʞʠʥʘ ʦʙʩʘʞʠʚʘʝʪʩʷ 
ʛʝʨʤʝʪʠʯʥʳʤ ʩʪʘʢʘʥʦʤ ʠʟ ʜʶʨʘʣʝʚʳʭ ʪʨʫʙ ʃɹʊʅ-55 ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʘʨʘʥʪʠʨʦʚʘʥʥʦʡ ʩʢʚʦʟʥʦʩʪʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ 
ʚʣʠʷʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʟʦʥʳ ʥʘ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʧʨʦʙʦʚʘʥʠʷ (ʗʌʆ); 

- ʚ ʩʢʚʘʞʠʥʝ ʚʳʧʦʣʥʷʶʪʩʷ ʗʌʆ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʱʥʦʩʪʠ ʠ ʩʪʨʦʝʥʠʷ ʚʩʢʨʳʪʦʛʦ ʧʣʘʩʪʘ ʫʛʣʷ, ʘ ʪʘʢʞʝ ʝʛʦ 
ʟʦʣɹʥʦʩʪʠ (ɸd); 

- ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʦʭʦʜʷʪʩʷ ʚʪʦʨʘʷ ʠ ʪʨʝʪʴʷ ʩʢʚʘʞʠʥʳ, ʚ ʥʠʭ ʚʳʧʦʣʥʷʶʪʩʷ  ʗʌʆ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʛʝʦʤʝʪʨʠʟʘʮʠʶ ʧʣʘʩʪʘ; 

- ʧʦ ʪʨʝʙʦʚʘʥʠʶ ʟʘʢʘʟʯʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʲʝʤ ʢʦʥʜʠʮʠʦʥʥʦʛʦ ʢʝʨʥʘ ʚ ʣʶʙʦʡ ʠʟ ʩʢʚʘʞʠʥ; ʥʘ ʦʪʦʙʨʘʥʥʳʭ 
ʧʨʦʙʘʭ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʣʘʙʦʨʘʪʦʨʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʇʦʟʜʥʝʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʥʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʩʪʘʨʳʝ: 
- ʨʘʟʨʘʙʦʪʘʥ ʦʨʠʛʠʥʘʣʴʥʳʡ 4ʣ ʟʦʥʜ ɻɻʆ-ʉ ʥʘ ʦʩʥʦʚʝ ʠʩʪʦʯʥʠʢʘ ʩʪʨʦʥʮʠʡ-90 ʚ ʩʙʦʨʢʝ ʩʦ ʩʚʠʥʮʦʚʦʡ ʤʠʰʝʥʴʶ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʗʌʆ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʠʟ ʩʢʚʘʞʠʥ, ʦʙʩʘʞʝʥʥʳʭ ʜʶʨʘʣʝʚʳʤʠ ʩʪʘʢʘʥʘʤʠ; 
 - ʚʧʝʨʚʳʝ ʩ ʮʝʣʴʶ ʣʦʢʘʣʠʟʘʮʠʠ ʫʛʣʝʡ ʗʌʆ ʚ ʖʞʥʦʡ ʗʢʫʪʠʠ ʧʨʠʤʝʥʝʥ ʪʦʯʝʯʥʳʡ ʥʝʡʪʨʦʥ-ʥʝʡʪʨʦʥʥʳʡ ʟʦʥʜ; 
- ʚʧʝʨʚʳʝ ʜʣʷ ʖʞʥʦʡ ʗʢʫʪʠʠ ʥʘ ʙʘʟʝ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʛʣʝʡ ʨʘʩʯʝʪʥʳʤ 

ʧʫʪʝʤ ʦʧʨʝʜʝʣʝʥʳ ʫʨʦʚʥʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʪʦʯʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʴʥʦʩʪʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʷʜʝʨʥʦ-
ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʦʧʨʦʙʦʚʘʥʠʷ; 

- ʚʧʝʨʚʳʝ ʜʣʷ ʖʞʥʦʡ ʗʢʫʪʠʠ ʥʘ ʙʘʟʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʢʝʨʥʦʚʦʛʦ ʠ ʙʦʨʦʟʜʦʚʦʛʦ 
ʦʧʨʦʙʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʦʰʠʙʦʢ ʦʧʨʝʜʝʣʝʥʠʷ ʟʦʣʴʥʦʩʪʠ, ʦʙʷʟʘʥʥʳʭ ʠʟʙʠʨʘʪʝʣʴʥʦʤʫ ʠʩʪʠʨʘʥʠʶ ʢʝʨʥʘ ʠ ʚʳʭʦʜʘ 
ʢʝʨʥʘ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʧʦʧʨʘʚʦʢ ʟʦʣʴʥʦʩʪʠ ʧʣʘʩʪʦʩʝʯʝʥʠʡ ʟʘ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʠʩʪʠʨʘʥʠʝ ʢʝʨʥʘ; 

- ʥʘ ʙʘʟʝ ʬʠʟʠʯʝʩʢʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʪʦʜʠʯʝʩʢʠʤʠ ʨʘʙʦʪʘʤʠ ʫʩʪʘʥʦʚʣʝʥʳ ʩʣʫʯʘʡʥʳʝ ʠ 
ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʢʝʨʥʦʚʦʛʦ ʠ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʝʪʦʜʠʢʘ, ʚ ʯʘʩʪʠ ʩʦʙʩʪʚʝʥʥʦ ʷʜʝʨʥʦ-ʬʠʟʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ, ʦʪʥʦʩʠʪʩʷ ʢ ʛʨʫʧʧʝ 
ʩʢʚʘʞʠʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ, ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʱʠʭʩʷ ʨʦʩʩʠʡʩʢʠʤʠ 
ʛʝʦʣʦʛʘʤʠ ʠ ʛʝʦʬʠʟʠʢʘʤʠ. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʧʨʦʮʝʩʩʝ ʫʛʣʝʨʘʟʚʝʜʢʠ ʚ ʖʗʋɹ ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʪʝʩʥʠʣʘ ʚʩʝ ʠʥʳʝ 
ʩʧʦʩʦʙʳ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ. ʇʦʟʚʦʣʠʣʘ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʠʪʴ 
ʪʨʘʜʠʮʠʦʥʥʳʡ ʢʘʥʘʚʥʳʡ ʩʧʦʩʦʙ ʠʟʫʯʝʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʚ ʖʗʋɹ ʥʘ ʧʨʝʜʩʪʘʚʣʷʝʤʫʶ ʪʝʭʥʦʣʦʛʠʶ, ʢʦʪʦʨʘʷ 

ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʙʘʩʩʝʡʥʝ ʢʘʢ ʩʪʘʥʜʘʨʪ. ʇʨʠʤʝʥʝʥʠʝ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʫʤʝʥʴʰʘʝʪ ʩʪʦʠʤʦʩʪʴ 
ʧʦʣʫʯʝʥʠʷ ʧʣʘʩʪʦʩʝʯʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʫʛʦʣʴʥʦʛʦ ʧʣʘʩʪʘ ʙʦʣʝʝ ʯʝʤ ʥʘ ʪʨʝʪʴ (27-44%). ʇʣʦʱʘʜʴ ʧʦʨʘʞʝʥʠʷ ʣʘʥʜʰʘʬʪʘ ʧʨʠ 
ʠʟʫʯʝʥʠʠ ʦʜʥʦʛʦ ʧʣʘʩʪʦʩʝʯʝʥʠʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʘʥʘʚʥʳʤ ʙʫʨʦ-ʚʟʨʳʚʥʳʤ ʩʧʦʩʦʙʦʤ ʩʦʢʨʘʱʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ ʩʦʨʦʢ ʨʘʟ (ʩ 
3200 ʜʦ 80 ʤ). ɺʳʩʦʢʠʝ ʦʧʝʨʘʪʠʚʥʦʩʪʴ ʠ ʵʢʦʣʦʛʠʯʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ - ʢʘʯʝʩʪʚʘ ʥʳʥʝ ʚʝʩʴʤʘ ʢʦʥʲʶʥʢʪʫʨʥʳʝ, 
ʧʦʟʚʦʣʷʶʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʫʛʣʝʨʘʟʚʝʜʢʫ ʚ ʯʝʨʪʝ ʥʘʩʝʣʝʥʥʳʭ ʧʫʥʢʪʦʚ ʠ ʠʥʞʝʥʝʨʥʳʭ ʢʦʤʤʫʥʠʢʘʮʠʡ ʪʝʨʨʠʪʦʨʠʡ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ. 

ɺ ʦʩʚʦʝʥʥʦʤ ɸʣʜʘʥʦ-ʏʫʣʴʤʘʥʩʢʦʤ ʨʘʡʦʥʝ ʖʗʋɹ ʚ ʜʝʚʷʥʦʩʪʳʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʩʪʘʣʠ ʩʦʟʜʘʚʘʪʴʩʷ ʤʘʣʳʝ 
ʫʛʦʣʴʥʳʝ ʨʘʟʨʝʟʳ, ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʝ ʚʳʭʦʜʳ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʬʣʘʥʛʘʭ ʫʞʝ ʨʘʟʚʝʜʘʥʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠʣʠ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʘʣʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʪʘʢʞʝ ʩʣʘʙʦʨʘʟʚʝʜʘʥʥʳʭ. ʀʩʪʦʨʠʯʝʩʢʠ ʩʣʦʞʠʣʦʩʴ ʪʘʢ, 
ʯʪʦ ʚʳʭʦʜʳ ʧʣʘʩʪʦʚ ʥʘ ʤʥʦʛʠʭ ʦʙʲʝʢʪʘʭ, ʜʘʞʝ ʧʨʦʰʝʜʰʠʭ ʘʧʨʦʙʘʮʠʶ ʚ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʠ ʧʦ ʟʘʧʘʩʘʤ, ʙʳʣʠ 



ʥʝʜʦʨʘʟʚʝʜʘʥʳ ʧʦʜ ʪʨʝʙʦʚʘʥʠʷ ʦʪʢʨʳʪʦʡ ʜʦʙʳʯʠ. ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʚʳʩʦʢʘʷ ʤʦʙʠʣʴʥʦʩʪʴ, ʦʧʝʨʘʪʠʚʥʦʩʪʴ, ʜʦʩʪʦʚʝʨʥʦʩʪʴ 
ʠ ʥʠʟʢʘʷ ʩʪʦʠʤʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʷʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʢʘʟʘʣʠʩʴ ʚʝʩʴʤʘ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤʠ ʜʘʞʝ ʚ 
ʢʨʠʟʠʩʥʳʭ ʫʩʣʦʚʠʷʭ. ɺ 1988-2000 ʛʦʜʘʭ ʪʝʭʥʦʣʦʛʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʥʘ 12 ʫʯʘʩʪʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘ ʧʷʪʠ ʠʟ ʵʪʠʭ 

ʦʙʲʝʢʪʦʚ ʩʝʡʯʘʩ ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʫʛʣʝʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ (ɸʆ çɼʝʥʠʩʦʚʩʢʦʝè, ʨʘʟʨʝʟ ʋʛʦʣʴʥʳʡ ɸʆ ʉʇ çʕʨʵʣè, 
ʨʘʟʨʝʟ ʀʥʘʛʣʠʥʩʢʠʡ ɸʆ ʉʇ çʕʨʵʣè, ɸʆ ʨʘʟʨʝʟ ʆʣʦʥʛʨʠʥʩʢʠʡ, ɸʆ çʄʘʣʳʝ ʨʘʟʨʝʟʳ ʅʝʨʶʥʛʨʠè). ʇʷʪʥʘʜʮʘʪʠʣʝʪʥʠʡ 
ʦʧʳʪ ʨʘʟʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʭʥʦʣʦʛʠʠ ʥʘ 12 ʫʯʘʩʪʢʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ 
ʚʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʧʦʜʭʦʜʘ ʙʫʜʫʪ ʠ ʜʘʣʝʝ ʧʨʠʤʝʥʷʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ. 

ʃʶʙʦʧʳʪʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʭʦʜʦʚ 
ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʅʠʨʝʢʪʘ-ʍʦʣʦʜʥʠʢʘʥʩʢʦʡ ʧʣʦʱʘʜʠ ʩ ʪʘʢʦʚʦʡ ʧʦ ʨʘʥʝʝ ʩʦʩʪʦʷʚʰʠʤʩʷ ʨʘʙʦʪʘʤ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ. 
ʇʦ ʚʩʝʤ ʧʘʨʘʤʝʪʨʘʤ ʦʪʯʝʪʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʚʦʩʭʦʜʷʪ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʤʳʩʣʫ ʨʘʙʦʪʳ 1956-1990 ʛʦʜʦʚ (ʪʘʙʣ. 1). 

ɺ 2004 ʛ. ʘʚʪʦʨ ʩʪʘʪʴʠ ʧʨʦʭʦʜʠʣ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʫʶ ʧʨʘʢʪʠʢʫ ʚ ʆʗʌʄ ɻʇ ʌʠʣʠʘʣʘ ɻʋʇ ʈʉ (ʗ) 

çɸʣʜʘʥʛʝʦʣʦʛʠʷè çʖʞʥʦʷʢʫʪʩʢʘʷ ʵʢʩʧʝʜʠʮʠʷè. ɺ ʧʨʦʮʝʩʩʝ ʧʨʘʢʪʠʢʠ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʚ ʧʨʦʛʥʦʟʥʦïʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ 
ʥʘ ʫʛʦʣʴ ʚ ʧʨʠʥʘʜʚʠʛʦʚʦʡ ʟʦʥʝ ʥʘ ʅʠʨʝʢʪʘ-ʍʦʣʦʜʥʠʢʘʥʩʢʦʡ ʧʣʦʱʘʜʠ ɸʣʜʘʥʦ-ʏʫʣʴʤʘʥʩʢʦʛʦ ʨʘʡʦʥʘ ʖʗʋɹ. 
ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʧʦʣʥʷʣ ʪʦʧʨʘʙʦʪʳ, ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʣʦʢʘʣʠʟʘʮʠʠ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ (ɼʕʇ, ɼʆɿ), 
ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʤʘʨʰʨʫʪʳ, ʤʘʛʥʠʪʦʨʘʟʚʝʜʢʫ, ʠʟʫʯʝʥʠʝ ʨʘʟʨʝʟʦʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʧʨʠ ʦʪʙʦʨʝ ʦʙʨʘʟʮʦʚ ʥʘ 
ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (5 ʩʢʚ., 1500 ʧʦʛ. ʤ., 400 ʦʙʨʘʟʮʦʚ), ʢʦʣʣʝʢʪʦʨʩʢʠʝ ʨʘʙʦʪʳ ʧʨʠ ʚʩʢʨʳʪʠʠ ʚʳʭʦʜʦʚ 
ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʧʨʦʬʠʣʝ 5-5. ɿʘ ʚʨʝʤʷ ʧʨʘʢʪʠʢʠ, ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʚ ʩʪʘʪʴʝ 
ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʮʝʧʦʯʢʝ, (ʚ ʢʨʘʪʯʘʡʰʠʝ ʩʨʦʢʠ), ʧʦʣʫʯʠʣ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʪʦʜʠʢʝ ʠ ʪʝʭʥʠʢʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʥʘ 
ʫʛʦʣʴ ʚ ʫʩʣʦʚʠʷʭ ʖʗʋɹ. 

ɺʩʢʨʳʪʠʝ ʠ ʦʧʨʦʙʦʚʘʥʠʝ ʟʦʥ ʦʞʠʜʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʚʳʧʦʣʥʝʥʦ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʆʗʌʄ ʚ 49 
ʪʦʯʢʘʭ ʧʨʦʬʠʣʝʡ 5-5 ʠ 4-4. ɺ 17 ʟʘʚʝʨʝʥʥʳʭ ʟʦʥʘʭ ʦʞʠʜʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʘ ʫʛʣʝʥʦʩʥʦʩʪʴ, ʚ ʪʦʤ ʯʠʩʣʝ: ʚ ʜʝʚʷʪʠ ï 
ʧʨʦʤʳʰʣʝʥʥʘʷ (>0,7 ʤ); ʚ ʩʝʤʠ ï ʩ ʧʣʘʩʪʘʤʠ ʤʦʱʥʦʩʪʴʶ > 1,0 ʤ; ʚ ʜʚʫʭ ï ʤʦɦʥʳʡ ʧʣʘʩʪ (> 3,5 ʤ) ʠ ʧʣʘʩʪ ʧʦʚʳʰʝʥʥʦʡ 
ʤʦʱʥʦʩʪʠ (5,3 ʤ) (ʣʦʢʘʣʠʟʦʚʘʥ ʠ ʚʩʢʨʳʪ ʧʨʠ ʧʨʷʤʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʚʝʨʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ 
ʫʛʣʝʥʦʩʥʦʩʪʠ 3,1 ʫʛʣʝʧʨʦʷʚʣʝʥʠʷ ʥʘ ʢʠʣʦʤʝʪʨ ʧʨʦʬʠʣʷ. ʇʣʦʪʥʦʩʪʴ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʛʣʝʥʦʩʥʦʩʪʠ 1,6 ʧʣʘʩʪʘ ʥʘ 
ʢʠʣʦʤʝʪʨ, ʧʣʦʪʥʦʩʪʴ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʩ ʤʦʱʥʦʩʪʴʶ ʙʦʣʝʝ ʤʝʪʨʘ ï 1,3 ʧʣʘʩʪʘ ʥʘ ʢʠʣʦʤʝʪʨ, ʧʣʦʪʥʦʩʪʴ ʧʣʘʩʪʦʚ ʤʦʱʥʳʭ 
ʠ ʧʦʚʳʰʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ï 0,36 ʧʣʘʩʪʘ ʥʘ ʢʠʣʦʤʝʪʨ ʟʘʚʝʨʝʥʥʦʛʦ ʚʩʢʨʳʪʠʷʤʠ ʧʨʦʬʠʣʷ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʠ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʠʟʫʯʝʥʥʦʡ 

ʯʘʩʪʠ ʧʣʦʱʘʜʠ: ʧʦ ʫʛʣʝʧʨʦʷʚʣʝʥʠʷʤ ï 17 : 49 = 35%; ʧʦ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʛʣʝʥʦʩʥʦʩʪʠ ï 18%; ʧʦ ʤʦʱʥʳʤ ʠ ʧʦʚʳʰʝʥʥʦʡ 
ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʘʤ ï 4%. 

ʊʘʙʣʠʮʘ 1 

ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʅʠʨʝʢʪʘ-

ʍʦʣʦʜʥʠʢʘʥʩʢʦʡ ʧʣʦʱʘʜʠ ʚ ʨʘʙʦʪʘʭ ʨʘʟʥʳʭ ʣʝʪ 
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ʏʠʩʣʦ 

ʢʘʥʘʚ, 

ʰʫʨʬ. 

ʢʫʩʪʦʚ 

ʆʙʲʝʤ 

ʚʳʨʘʙʦʪʦ

ʢ ʢʫʙ.ʤ./ʤ 

ɺʳʷʚʣʝʥʦ ʪʦʯʝʢ 

ʫʛʣʝʥʦʩʥʦʩʪʠ 

ʕʬʬʝʢʪʠʚʥʦ

ʩʪʴ 

ʚʩʢʨʪrʠʡ % 

ʇʣʦʪʥʦʩʪʴ 

ʫʛʣʝʥʦʩʥʦʩʪʠ 

ʪʦʯʝʢ ʥʘ 

ʢʠʣʦʤʝʪʨ 

ɺʩʝ-

ʛʦ 
ʨʘʙʦʯʝʡ 

ʆʙ-

ʱʘʷ 

ʧʣ. 

> 

0,7ʤ 

ɺʩʝ-

ʛʦ 

ʈʘʙʦ-

ʯʝʡ 

1 ʂʦʚʘʣʠʥʩʢʘʷ 
1956 

1957 
32,8 1248 

7337 / 

656 
98 29 7,9 2,3 3 0,9 

2 ʅʘʣʜʠʥʩʢʘʷ 
1960  

1961 
10,5 270 

3393 / 

- 
25 3 9,3 1,1 2,4 0,3 

3 ʅʘʣʜʠʥʩʢʘʷ 
1964 

1965 
8,4 394 12560 / - 43 18 10,9 4,6 5,1 2,1 

4 

ɸʣʜʘʥʦ-

ʏʫʣʴʤʘʥʩʢʘʷ. 

ʛʝʦʬ 

1989 

1990 
33,6 94 5214 / - 21 3 22,3 3,2 0,6 0,1 

ʀʪʦʛʦ ʧʦ ʢʘʥʘʚʘʤ 
1956 

1990 
85,3 2006 

28504 / 

656 
187 53 9,3 2,6 2,2 0,6 

5 ʆʗʌʄ ɻʇ 2004 5,5 49 -/ 950,6 17 9 34,7 18,4 3,1 1,6 

ʂʦʵʬʬʠʮʠʝʥʪʳ ʨʦʩʪʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ, ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ 

ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʚ ʦʪʯʝʪʥʳʭ ʨʘʙʦʪʘʭ 
3,7 7,1 1,4 2,7 

 
ʅʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʟʦʥ ʦʞʠʜʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ ʥʘ ʧʨʦʬʠʣʝ 5-5 ʧʦʜ ʚʩʢʨʳʪʠʝ ʠ 

ʦʧʨʦʙʦʚʘʥʠʝ ʠʩʭʦʜʠʣʠ ʠʟ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʩʢʨʳʪʠʷ ʚʩʝʭ ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʟʘʚʝʨʢʠ ʟʦʥ ʠ ʥʝ ʙʨʘʢʦʚʘʣʠ ʤʘʣʦʜʦʩʪʦʚʝʨʥʳʝ 
ʟʦʥʳ ʦʞʠʜʘʥʠʷ (ʥʝ ʤʠʥʠʤʠʟʠʨʦʚʘʣʠ ʦʰʠʙʢʠ ʧʝʨʚʦʛʦ ʨʦʜʘ). ʇʦʵʪʦʤʫ ʚʳʰʝʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʢʦʨʝʝ ʦʪʨʘʞʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʥʘ ʦʪʯʝʪʥʦʡ ʧʣʦʱʘʜʠ ʧʦ ʤʠʥʠʤʫʤʫ, ʘ ʥʝ ʧʦ ʦʧʪʠʤʫʤʫ. 
ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʚ ʩʫʱʝʩʪʚʫʶʱʝʤ ʚʠʜʝ ʪʝʭʥʦʣʦʛʠʷ ʚʩʢʨʳʪʠʷ ʠ ʦʧʨʦʙʦʚʘʥʠʷ ʚʳʭʦʜʦʚ ʫʛʦʣʴʥʳʭ ʧʣʘʩʪʦʚ 

ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ ʫʛʣʝʨʘʟʚʝʜʢʠ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʥʝ ʪʦʣʴʢʦ ʚ ʖʗʋɹ. 
ʊʝʭʥʦʣʦʛʠʷ ʠʤʝʝʪ ʚʳʩʦʢʠʡ ʧʦʪʝʥʮʠʘʣ ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʡ ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʠʥʚʝʩʪʠʮʠʡ ʥʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʢʫ ʚ ʖʗʋɹ. ʇʝʨʝʚʦʜ ʘʧʧʘʨʘʪʫʨʥʳʭ ʨʝʰʝʥʠʡ ʥʘ ʩʦʚʨʝʤʝʥʥʳʡ ʮʠʬʨʦʚʦʡ ʫʨʦʚʝʥʴ, 
ʦʧʪʠʤʠʟʘʮʠʷ ʙʫʨʦʚʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʵʥʝʨʛʦʧʦʪʨʝʙʣʝʥʠʷ ʙʫʨʦʚʦʡ ʪʝʭʥʠʢʠ ʠ ʝʝ ʥʝʩʫʱʝʛʦ ʰʘʩʩʠ, ʙʝʟʫʩʣʦʚʥʦ, ʝʱʝ ʙʦʣʝʝ 
ʫʚʝʣʠʯʘʪ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 
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ʂʆʃʇʀʅʉʂʆɽ ɿʆʃʆʊʆʈʋɼʅʆɽ ʇʈʆʗɺʃɽʅʀɽ ï ʅʆɺʓʁ ʇɽʈʉʇɽʂʊʀɺʅʓʁ 

ʆɹʒɽʂʊ 
ʆʃʔʍʆɺʉʂʆ-ʏʀɹʀɾɽʂʉʂʆɻʆ ʈʋɼʅʆɻʆ ʋɿʃɸ 

ʉ.ɸ. ɿʝʤʣʷʥʩʢʠʡ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ ʉ.ʉ. ʉʝʨʜʶʢ 

ʂʨʘʩʥʦʷʨʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, 
ʛ. ʂʨʘʩʥʦʷʨʩʢ, ʈʦʩʩʠʷ 

 
ʆʣʴʭʦʚʩʢʦ-ʏʠʙʠʞʝʢʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦʛʦ ʉʘʷʥʘ, ʚʙʣʠʟʠ 

ʩʝʚʝʨʥʦʛʦ ʢʦʥʪʘʢʪʘ ʐʠʥʜʠʥʩʢʦʛʦ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʧʣʫʪʦʥʘ ʦʣʴʭʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ɭ2. ɺʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʩʣʫʞʘʪ 
ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ V-ɭ2, ʥʘ ʢʦʪʦʨʳʭ ʟʘʣʝʛʘʶʪ ʦʩʪʘʪʢʠ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʧʦʢʨʦʚʘ ʚ ʚʠʜʝ 
ʥʝʚʳʜʝʨʞʘʥʥʳʭ ʧʦʣʦʩ ʟʘʧʘʜ-ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, ʩʣʦʞʝʥʥʳʝ ʟʝʣʝʥʳʤʠ ʩʣʘʥʮʘʤʠ ʣʳʩʘʥʩʢʦʡ ʩʚʠʪʳ R3 
(ɺʦʨʦʙʴʝʚ, 1992). ʉʨʝʜʠ ʩʣʘʥʮʝʚ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʝʥʥʳʝ ʵʬʬʫʟʠʚʳ, ʘ ʪʘʢʞʝ ʤʝʣʢʠʝ ʪʝʣʘ ʙʘʟʠʪʦʚ ʠ 
ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʣʳʩʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ R3 (?), ʥʝʨʝʜʢʦ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʠʣʠ ʧʦʜʚʝʨʞʝʥʥʳʝ ʣʠʩʪʚʝʥʠʪʠʟʘʮʠʠ. 
ʉʢʣʘʜʯʘʪʦʩʪʴ ʚʳʨʘʞʝʥʘ ʧʣʦʭʦ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʩʠʥʢʣʠʥʘʣʠ ʠ ʘʥʪʠʢʣʠʥʘʣʠ ʩ ʢʨʫʪʳʤʠ ʫʛʣʘʤʠ ʧʘʜʝʥʠʷ 
ʢʨʳʣʴʝʚ. ʇʨʝʦʙʣʘʜʘʝʪ ʩʣʦʞʥʘʷ, ʥʝʦʜʥʦʢʨʘʪʥʦ ʧʦʜʥʦʚʣʝʥʥʘʷ, ʨʘʟʨʳʚʥʘʷ ʪʝʢʪʦʥʠʢʘ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ; ʩʤʝʩʪʠʪʝʣʠ 

ʟʘʯʘʩʪʫʶ ʦʩʣʦʞʥʷʶʪ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʥʪʘʢʪ ʠ ʤʘʨʢʠʨʫʶʪʩʷ ʜʘʡʢʘʤʠ ʦʩʥʦʚʥʳʭ ʠ ʩʨʝʜʥʠʭ ʧʦʨʦʜ. 
ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʫʣʴʬʠʜʥʳʤʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤʠ, ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʳʤʠ ʞʠʣʴʥʳʤʠ ʠ ʞʠʣʴʥʦ-ʧʨʦʞʠʣʢʦʚʳʤʠ ʟʘʣʝʞʘʤʠ ʚ ʵʢʟʦ- ʠ ʵʥʜʦʢʦʥʪʘʢʪʘʭ ʛʨʘʥʠʪʦʠʜʦʚ, ʘ ʪʘʢʞʝ 
ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʜʘʡʢʘʤʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ. ʐʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʣʦʪʦʥʦʩʥʳʝ, 
ʚʩʢʨʳʪʳʝ ʩʢʚʘʞʠʥʘʤʠ ʠ ʧʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʜʦ ʛʣʫʙʠʥ 50-150 ʤ. 

ɹʦʣʴʰʠʥʩʪʚʦʤ ʛʝʦʣʦʛʦʚ ʧʨʠʟʥʘʝʪʩʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʠʥʪʨʫʟʠʷʤʠ ʛʨʘʥʠʪʦʠʜʦʚ 
ʦʣʴʭʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʩʥʦʚʳʚʘʶʱʠʝʩʷ ʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʣʦʱʘʜʥʦʡ 
ʛʝʦʭʠʤʠʠ ʠ ʘʥʘʣʠʟʝ ʩʪʨʫʢʪʫʨʳ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ (ɻʫʥʜʦʙʠʥ, 1980; ʉʝʨʝʜʝʥʢʦ, 2004). 

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʣʠʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ. ʅʘ ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɻ.ʄ. 
ɻʫʥʜʦʙʠʥ (1980) ʥʘʤʝʪʠʣ ʨʷʜ ʟʦʥʘʣʴʥʦʩʪʠ ʦʪ ʮʝʥʪʨʘ ʢ ʬʣʘʥʛʘʤ: Au, Bi, Mo, Co, Cu ï Ag, As, Cu, Pb ï Ag, Li , Ni ʠ ʫʢʘʟʘʣ 
ʥʘ ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʙʦʣʴʰʠʥʩʪʚʘ ʵʣʝʤʝʥʪʦʚ. ʇʦʟʜʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʂʦʥʩʪʘʥʪʠʥʦʚʩʢʦʛʦ ʠ ʄʝʜʚʝʞʴʝʛʦ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʫʜʥʦʛʦ ʫʟʣʘ ʙʳʣ ʩʦʩʪʘʚʣʝʥ ʨʷʜ ʟʦʥʘʣʴʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʦʨʝʦʣʦʚ (ʂʦʨʦʙʝʡʥʠʢʦʚ, 1987): ʥʘʜʨʫʜʥʳʝ 
ʵʣʝʤʝʥʪʳ ï Ba, Sb, Hg; ʦʢʦʣʦʨʫʜʥʳʝ ï Cu, Bi, Au, Ag, Pb, Zn, Te, As1 ʠ ʧʦʜʨʫʜʥʳʝ ï Cr, Ni, Co, V, Ti, W, Mo, Be, As2. 
ɸ.ʇ. ɹʝʣʦʟʝʨʮʝʚ (1990 ʛ.) ʜʣʷ ʧʝʨʚʠʯʥʳʭ ʦʨʝʦʣʦʚ ʂʘʨʘʪʘʚʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʨʠʚʦʜʠʪ ʨʷʜʳ ʟʦʥʘʣʴʥʦʩʪʠ (ʩʚʝʨʭʫ 
ʚʥʠʟ): ʟʦʥʘ ʨʫʜʥʳʭ ʪʝʣ 1-3 ï Au-W-Bi-Mo-Ag-As-Cu-Zn; ʪʝʣ 5-6 ï Pb-Mo-Au-As-Cu-Zn-Ag; ʪʝʣʘ 4 ï (CuZn)-Pb-Mo-Ag-Au 
ʠ ʜʝʣʘʝʪʩʷ ʚʳʚʦʜ ʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʠ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. 

ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ ʨʫʜʥʦʛʦ ʫʟʣʘ ʷʚʣʷʣʘʩʴ ʂʦʣʧʠʥʩʢʘʷ ʟʦʥʘ, ʧʨʠʫʨʦʯʝʥʥʘʷ ʢ 

ʦʜʥʦʡ ʠʟ ʩʣʘʥʮʝʚʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʧʦʣʦʩ, ʛʜʝ ʨʘʥʝʝ ʙʳʣʦ ʚʳʷʚʣʝʥʦ ʦʜʥʦʠʤʝʥʥʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʟʦʣʦʪʘ (ɹʝʣʦʟʝʨʮʝʚ, 
1990), ʘ ʧʦ ʩʪʘʨʳʤ ʤʘʪʝʨʠʘʣʘʤ ɸʨʪʝʤʦʚʩʢʦʛʦ ʨʫʜʥʠʢʘ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʦʪʜʝʣʴʥʳʝ ʩʣʘʙʦ ʟʦʣʦʪʦʥʦʩʥʳʝ ʢʚʘʨʮʝʚʳʝ ʞʠʣʳ 
(ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʉʨʝʜʥʝ-ʂʦʣʧʠʥʩʢʦʝ ʠ ʈʫʯʴʷ ʏʠʩʪʦʛʦ). 

ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚ ʠ ʚʳʷʩʥʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʂʦʣʧʠʥʩʢʦʡ ʟʦʥʳ ʚ 2002-2004 ʛʛ. 
ʢʦʣʣʝʢʪʠʚʦʤ ʂʅʀʀɻʠʄʉ ʩ ʫʯʘʩʪʠʝʤ ʘʚʪʦʨʘ ʧʨʦʚʝʜʝʥʦ ʤʝʪʘʣʣʦʤʝʪʨʠʯʝʩʢʦʝ ʦʧʨʦʙʦʚʘʥʠʝ ʧʨʘʚʦʙʝʨʝʞʴʷ ʨ. ʂʦʣʧʘ ʥʘ 
ʧʣʦʱʘʜʠ 7 ʢʤ2 ʧʦ ʩʝʪʠ 100ʭ20 ʤ, ʩ ʦʭʚʘʪʦʤ ʚʩʝʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ ʦʪʙʦʨʦʤ ʩʢʦʣʢʦʚʳʭ ʠ ʰʪʫʬʥʳʭ ʧʨʦʙ. ʇʨʦʙʳ ʚʝʩʦʤ 
200-400 ʛ ʦʪʙʠʨʘʣʠʩʴ ʠʟ ʧʦʜʧʦʯʚʝʥʥʦʛʦ ʩʣʦʷ ʩ ʛʣʫʙʠʥʳ 0,2-0,4 ʤ, ʚʳʩʫʰʠʚʘʣʠʩʴ ʠ ʧʨʦʩʝʠʚʘʣʠʩʴ ʯʝʨʝʟ ʩʪʘʣʴʥʦʝ ʩʠʪʦ 1 
ʤʤ. ʀʩʪʠʨʘʥʠʝ ʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 2002 ʠ 2004 ʛʛ. ʚ ʀʩʧʳʪʘʪʝʣʴʥʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʆɸʆ 

çʄʠʥʫʩʠʥʩʢʘʷ ɻʈʕè ʠ ʚʢʣʶʯʘʣʠ ʚ ʩʝʙʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʥʘ 24 ʵʣʝʤʝʥʪʘ ʠ 
ʩʧʝʢʪʨʦʟʦʣʦʪʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʩ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 0,002 ʛ/ʪ. 

ɺ ʮʝʣʦʤ Au ʧʨʦʷʚʣʷʝʪ ʟʥʘʯʠʤʫʶ ʧʘʨʥʫʶ ʢʦʨʨʝʣʷʮʠʶ ʩ W, ʙʣʠʟʢʫʶ ʢ ʟʥʘʯʠʤʦʡ ï ʩ V ʠ As. ʈʝʟʫʣʪɹʘʪʳ 
ʢʣʘʩʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚ ʧʨʦʛʨʘʤʤʝ Statistica 6.0, ʩʛʨʫʧʧʠʨʦʚʘʥʥʳʝ ʧʦ ʚʳʙʦʨʢʘʤ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʉ ʫʯʝʪʦʤ ʨʘʙʦʪ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʡ ʧʣʦʱʘʜʠ ʚʳʜʝʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʘʩʩʦʮʠʘʮʠʠ: 1. ʅʘʜʨʫʜʥʘʷ 
ï Ba; 2. ʈʫʜʥʘʷ ï Au, W, Te, Bi, V, As, Sb, Mo, Ag, Se, B, Pb, Tl; ʥʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʩʶʜʘ ʯʘʩʪʠʯʥʦ ʚʢʣʶʯʝʥʳ ʵʣʝʤʝʥʪʳ 
ʥʘʜʨʫʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ, ʪʘʢʠʝ ʢʘʢ Sb ʠ B; 3. ʇʦʜʨʫʜʥʘʷ ï Sn, Co, Ni, Cr. 

ʈʫʜʥʘʷ ʘʩʩʦʮʠʘʮʠʷ ʪʷʛʦʪʝʝʪ ʢ ʂʦʣʧʠʥʩʢʦʤʫ ʨʫʜʦʧʨʦʷʚʣʝʥʠʶ, ʛʜʝ ʦʢʦʥʪʫʨʝʥ ʢʨʫʧʥʳʡ ʦʨʝʦʣ Au ʨʘʟʤʝʨʘʤʠ 

1000ʭ200-300 ʤ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʜʦ 1-10 ʛ/ʪ. ʐʣʠʭʦʚʳʝ ʧʨʦʙʳ ʠʟ ʨʳʭʣʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʜʝʨʞʘʪ ʟʦʣʦʪʦ, 
ʰʝʝʣʠʪ, ʣʠʤʦʥʠʪ, ʵʧʠʜʦʪ ʠ ʛʝʤʘʪʠʪ. ʉʨʝʜʥʝ-ʂʦʣʧʠʥʩʢʦʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʬʠʢʩʠʨʫʝʪʩʷ ʫʟʢʠʤʠ ʚʪʦʨʠʯʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ 
Ag, Bi, Mo, Pb, ʚʳʪʷʥʫʪʳʤʠ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʱʠʤ ʨʘʟʤʝʨʦʤ 600ʭ100-200 ʤ, ʩ ʘʥʦʤʘʣʴʥʳʤʠ ʪʦʯʢʘʤʠ 
Au ʠ W. ʆʧʨʦʙʦʚʘʥʠʝ ʩʚʘʣʦʚ ʦʙʦʭʨʝʥʥʳʭ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʩʣʘʥʮʝʚ ʚ ʜʦʣʠʥʝ ʜʨʝʥʠʨʫʶʱʝʛʦ ʨʫʯʴʷ ʧʦʢʘʟʘʣʦ ʩʦʜʝʨʞʘʥʠʝ 
Au 0,05 ʛ/ʪ, Ag 150 ʛ/ʪ, Bi 0,007%, Mo 0,015% ʠ Pb 0,03%. ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʨʫʯʴʷ ʏʠʩʪʦʛʦ ʚʳʜʝʣʷʝʪʩʷ ʘʥʦʤʘʣʠʷʤʠ Au, 
Cu, Bi, Mo, Sn, Cr, Co ʠ Ni. ʊʘʢʦʝ ʥʝʦʙʳʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʙʣʠʟʦʩʪʴʶ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʠ ʥʝʙʦʣʴʰʦʛʦ (ʧʦʨʷʜʢʘ 1000ʭ400 ʤ) ʪʝʣʘ ʠʥʪʝʥʩʠʚʥʦ ʣʠʩʪʚʝʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜ ʣʳʩʘʥʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʭʦʜʢʘʤʠ ʚ ʜʝʣʶʚʠʘʣʴʥʳʭ ʩʚʘʣʘʭ ʦʙʣʦʤʢʦʚ ʢʚʘʨʮʘ ʩ ʣʠʤʦʥʠʪʦʤ, ʩʦʜʝʨʞʘʱʠʭ Au ʜʦ 7 

ʛ/ʪ ʠ W 0,003%, ʛʣʳʙ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʣʠʩʪʚʝʥʠʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Cr ʜʦ 0,3%, Ni ʜʦ 0,2%, Co ʜʦ 0,01%, W ʜʦ 
0,003% ʠ Au ʜʦ 0,3-0,5 ʛ/ʪ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʘʩʪʥʦʡ ʘʵʨʦʤʘʛʥʠʪʥʦʡ ʘʥʦʤʘʣʠʝʡ (ʄʘʨʫʰʢʦ, 2001). ɺ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʠ 
ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʳʭ ʩʣʘʥʮʘʭ ʩʦʜʝʨʞʘʥʠʝ Au ʠʥʦʛʜʘ ʩʦʩʪʘʚʣʷʝʪ 0,008 ʛ/ʪ. 

 

ʊʘʙʣʠʮʘ 1 



ɸʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʚʦ ʚʪʦʨʠʯʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ ʧʦʣʝ ʂʦʣʧʠʥʩʢʦʡ ʟʦʥʳ 

 

ɺʳʙʦʨʢʘ 
ɸʩʩʦʮʠʘʮʠʠ 

1 2 3 4 5 

ɺʩʝ ʜʘʥʥʳʝ Cr+Ni+Co+Sn (La+Y)+(Be+Mn) 
(Zr+Ti)+(Ba+P)+ 

(Bi+V) 
(Zn+Ag+As)+ 
(Mo+Pb)+Cu 

Au+W+Te 

ʂʦʣʧʘ-I Cr+Ni+Co+Sn 
(La+Y)+(Ag+P+ 

Ba+Mn+Be) 
(Zn+Cu)+ 

(Zr+Ti+As) 
(Pb+W+Mo)+ 

(Bi+V+Te)+Au 
ï 

ʂʦʣʧʘ-II  (Cr+Co+Ni)+Sn (La+Y)+(Be+Mn) (Zr+Ti)+(V+Mo) 
(Cu+Zn+Ba+P)+ 

(Pb+Ag+As) 
(W+Bi)+(Te+Au) 

ʂʦʣʧʘ-III  Sn+Ni+Co+Cr Pb+Y+Mo 
(Ba+Zn+Cu)+P+ 

(Mn+Ti+Ag) 
(Bi+Tl+Se)+(As+ 

B+V)+(Sb+W+Au) 
ï 

ʂʦʣʧʠʥʩʢʦʝ 
ʨ/ʧ 

Cr+Ni+Co+Sn Zn+Cu La+Y+Mn 
(Zr+Ti+Ba)+ 
(Ag+P+Be) 

(Pb+W+Mo)+(Bi+ 

V+Te)+(As+Au) 

ʈ/ʧ ʈʫʯʴʷ 
ʏʠʩʪʦʛʦ 

(Sn+Cr)+ 
(Co+Ni) 

(Ba+Y)+(Be+La) 
(Ag+Zr+P+Pb)+ 
(Zn+Ti+Mo)+As 

(V+Mn)+ 

(Bi+Cu)+(W+Au)  
ï 

 
ʆʨʝʦʣʳ ʧʦʜʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʦʩʦʙʣʝʥʳ ʦʯʝʥʴ ʯʝʪʢʦ, ʦʙʳʯʥʦ ʥʝʩʢʦʣʴʢʦ ʶʞʥʝʝ ʠ ʚʳʰʝ ʧʦ ʨʝʣʴʝʬʫ, ʜʦʩʪʠʛʘʷ 

ʥʘʠʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘʜ ʪʝʣʘʤʠ ʙʘʟʠʪʦʚ ʠ ʫʣʴʪʨʘʙʘʟʠʪʦʚ ʣʳʩʘʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
ʇʨʦʩʪʠʨʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʨʫʜʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠʤʝʝʪ ʘʟʠʤʫʪ 295-3050 ʠ ʦʙʨʘʟʫʝʪ ʦʩʪʨʳʡ ʫʛʦʣ ʩ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʳʤ ʧʨʦʩʪʠʨʘʥʠʝʤ ʦʩʥʦʚʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʂʦʣʧʠʥʩʢʦʡ ʟʦʥʳ. ʀʥʘʯʝ ʚʝʜʫʪ ʩʝʙʷ ʦʨʝʦʣʳ Y, Zr, La ʠ Mn, 

ʬʦʨʤʠʨʫʷ ʜʚʝ ʛʨʫʧʧʳ ʩʫʙʰʠʨʦʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. 
ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʝʯʝʥʳ ʪʨʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʵʣʝʤʝʥʪʦʚ, ʥʝ ʠʤʝʶʱʠʝ ʧʨʷʤʦʛʦ ʦʪʥʦʰʝʥʠʷ ʢ 

ʠʩʢʦʤʦʤʫ ʦʨʫʜʝʥʝʥʠʶ: 
1. ɸʩʩʦʮʠʘʮʠʷ Y+La ʫʚʝʨʝʥʥʦ ʪʨʘʩʩʠʨʫʝʪ ʩʝʨʠʶ ʨʦʜʥʠʢʦʚ ʥʘ ʚʦʩʪʦʢʝ ʫʯʘʩʪʢʘ (ʧʨʦʬʠʣʠ XIII-XXVII) ʥʘ 

ʠʥʪʝʨʚʘʣʝ ʘʙʩʦʣʶʪʥʳʭ ʦʪʤʝʪʦʢ 750-800 ʤ, ʚʦʟʤʦʞʥʦ ʦʪʚʝʯʘʷ ʥʝ ʟʘʢʘʨʪʠʨʦʚʘʥʥʦʤʫ ʤʦʣʦʜʦʤʫ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ 
ʥʘʨʫʰʝʥʠʶ. 

2. ɸʩʩʦʮʠʘʮʠʷ P+Ba ʧʨʠʫʨʦʯʠʚʘʝʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʚʦʟʚʳʰʝʥʥʳʤ ʫʯʘʩʪʢʘʤ ʅʠʞʥʝʙʘʣʘʭʪʠʩʦʥʩʢʦʛʦ ʛʘʙʙʨʦ-
ʜʠʦʨʠʪʦʚʦʛʦ ʤʘʩʩʠʚʘ. ɿʜʝʩʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʪʘʢʠʝ ʵʣʝʤʝʥʪʳ, ʢʘʢ As, Cu, Sn, Ni, Cr, Y, La. 

3. ʅʘ ʟʘʧʘʜʝ ʫʯʘʩʪʢʘ ʦʢʦʥʪʫʨʝʥ ʢʦʤʧʣʝʢʩʥʳʡ ʦʨʝʦʣ Y+Be+Mn+Zr ʨʘʟʤʝʨʘʤʠ 400ʭ700 ʤ ʩ ʘʥʦʤʘʣʴʥʦʡ ʪʦʯʢʦʡ 
Au ï 0,01 ʛ/ʪ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʂʦʣʧʠʥʩʢʦʛʦ 
ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʢ ʤʘʣʦʩʫʣʴʬʠʜʥʦʤʫ ʧʨʦʞʠʣʢʦʚʦ-ʰʪʦʢʚʝʨʢʦʚʦʤʫ ʪʠʧʫ ʟʦʣʦʪʦ-ʢʚʘʨʮ-ʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ ʥʘ 
ʦʩʥʦʚʘʥʠʠ ʩʭʦʜʩʪʚʘ ʩ ʉʝʡʙʠʥʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʝʤ ʚ ʉʠʩʠʤʩʢʦʤ ʨʫʜʥʦʤ ʨʘʡʦʥʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʩʠʣʴʥʦ 
ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤʠ ʩʣʘʥʮʘʤʠ, ʛʜʝ Au ʚ ʧʝʨʚʠʯʥʳʭ ʦʨʝʦʣʘʭ ʘʩʩʦʮʠʠʨʫʝʪ ʩ As, W, Ag ʠ Cu. ʆʜʥʘʢʦ 
ʥʘ ʭʘʨʘʢʪʝʨ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʂʦʣʧʠʥʩʢʦʡ ʟʦʥʳ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʧʦʙʣʠʟʦʩʪʠ 
ʨʫʜʦʦʙʨʘʟʫʶʱʘʷ ʩʠʩʪʝʤʘ ʆʣʴʭʦʚʩʢʦ-ʏʠʙʠʞʝʢʩʢʦʛʦ ʫʟʣʘ, ʚʳʨʘʞʘʶʱʝʝʩʷ ʚ ʧʦʷʚʣʝʥʠʠ Bi, Te, Sb, ʯʪʦ ʙʣʠʟʢʦ ʟʦʥʝ ʨʫʜʥʳʭ 
ʪʝʣ 1-3 ʂʘʨʘʪʘʚʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʂʦʣʧʠʥʩʢʦʡ ʟʦʥʳ, ʢʘʢ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʬʣʘʥʛʘ ʆʣʴʭʦʚʩʢʦ-
ʏʠʙʠʞʝʢʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ, ʷʚʣʷʶʪʩʷ: 1 ï ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʢ ʟʝʣʝʥʦʩʣʘʥʮʝʚʦʡ ʪʦʣʱʝ ʣʳʩʘʥʩʢʦʡ ʩʚʠʪʳ; 2 ï ʨʫʜʥʘʷ 
ʘʩʩʦʮʠʘʮʠʷ Au, W, Te, Bi, V, As, Sb, Mo, Ag, Se, B, Pb, Tl; 3 ï ʧʘʨʥʘʷ ʢʦʨʨʝʣʷʮʠʷ Au ʩ W, V ʠ As. ʇʦ ʘʥʦʤʘʣʠʷʤ 
ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʂʦʣʧʠʥʩʢʦʛʦ ʠ ʈʫʯʴʷ ʏʠʩʪʦʛʦ ʧʦʜʩʯʠʪʘʥʳ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ ʢʦʨʝʥʥʦʛʦ ʟʦʣʦʪʘ ʧʦ ʢʘʪʝʛʦʨʠʠ ʈ2, ʘ 
ʟʦʥʘ ʚ ʮʝʣʦʤ ʨʝʢʦʤʝʥʜʦʚʘʥʘ ʜʣʷ ʧʦʩʪʘʥʦʚʢʠ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ (ʆʷʙʝʨʴ, 2004). ɺʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʧʨʠʟʥʘʢʠ ʤʦʛʫʪ 
ʧʦʩʣʫʞʠʪʴ ʜʣʷ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʧʦʠʩʢʦʚ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʩʦʧʨʝʜʝʣʴʥʳʭ ʧʣʦʱʘʜʷʭ ʠ ʨʘʩʰʠʨʝʥʠʷ ʤʠʥʝʨʘʣʴʥʦ-
ʩʳʨʴʝʚʦʡ ʙʘʟʳ ɸʨʪʝʤʦʚʩʢʦʡ ɿʀʌ. 
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ɺʓʗɺʃɽʅʀɽ çʐɸɻɸ ʆʈʋɼɽʅɽʅʀʗè ɺ ɾʀʃɸʍ ʎɽʅʊʈɸʃʔʅʆɻʆ  
ɿʆʃʆʊʆʈʋɼʅʆɻʆ ʇʆʃʗ 

ɽ.ʇ. ʀʟʘʢʝʥʘʩ 



ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ɻ. ɺʦʨʦʰʠʣʦʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʎʝʣʴ ʧʨʦʚʝʜʸʥʥʦʡ ʨʘʙʦʪʳ - ʚʳʷʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʚ ʞʠʣʘʭ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʫʜʥʦʛʦ 

ʧʦʣʷ. 
ʎʝʥʪʨʘʣʴʥʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʢʚʘʨʮʝʚʦ-ʞʠʣʴʥʦʤʫ ʪʠʧʫ ʟʦʣʦʪʦʥʦʩʥʳʭ ʦʙʲʝʢʪʦʚ 
ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʚ ɸʣʪʘʝ - ʉʘʷʥʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ. ʈʫʜʥʦʝ ʧʦʣʝ ʧʨʠʫʨʦʯʝʥʦ ʢ 
ʎʝʥʪʨʘʣʴʥʠʥʩʢʦʤʫ ʛʨʘʥʠʪʦʠʜʥʦʤʫ ʤʘʩʩʠʚʫ, 
ʧʨʦʨʳʚʘʶʱʝʤʫ ʚʫʣʢʘʥʦʛʝʥʥʦ - ʦʩʘʜʦʯʥʫʶ ʪʦʣʱʫ 
ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ ʂʫʟʥʝʮʢʦʛʦ ɸʣʘʪʘʫ. 
ʉʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʦʢʘʡʤʣʷʶʱʠʝ 
ʎʝʥʪʨʘʣʴʥʠʥʩʢʠʡ ʤʘʩʩʠʚ, ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝʡ ʝʥʠʩʝʡʩʢʦʡ ʩʝʨʠʠ ʧʨʦʪʝʨʦʟʦʷ, 
ʢʝʤʙʨʠʡʩʢʠʤʠ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ ʙʝʨʠʢʫʣʴʩʢʦʡ ʩʚʠʪʳ, ʢʨʘʩʥʦʛʦʨʩʢʦʡ ʠ 
ʧʘʣʘʪʥʠʥʩʢʦʡ ʩʚʠʪ ʜʝʚʦʥʘ. ʈʳʭʣʳʝ ʦʪʣʦʞʝʥʠʷ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʝʨʭʥʝʯʝʪʚʝʨʪʠʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 
ʧʦʡʤ ʠ ʥʘʜʧʦʡʤʝʥʥʳʭ ʪʝʨʨʘʩ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʩʣʘʛʘʶʪ ʙʦʣʝʝ ʜʚʫʭ 
ʪʨʝʪʝʡ ʪʝʨʨʠʪʦʨʠʠ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ. ʆʧʨʝʜʝʣʷʶʱʫʶ 
ʨʦʣʴ ʚ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʠʛʨʘʝʪ 
ʄʘʨʪʘʡʛʠʥʩʢʠʡ ʠʥʪʨʫʟʠʚʥʳʡ ʢʦʤʧʣʝʢʩ, 

ʦʙʲʝʜʠʥʷʶʱʠʡ ʨʷʜ ʢʨʫʧʥʳʭ ʛʨʘʥʠʪʦʠʜʥʳʭ ʧʣʫʪʦʥʦʚ 
ʦʪʯʝʪʣʠʚʦʛʦ ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ. ʎʝʥʪʨʘʣʴʥʠʥʩʢʠʡ 
ʛʨʘʥʠʪʦʠʜʥʳʡ ʤʘʩʩʠʚ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ 
ʨʘʟʤʝʱʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʧʦʣʷ, 
ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ ʪʘʢʠʭ ʧʣʫʪʦʥʦʚ. 
ʄʘʩʩʠʚ ʚʳʪʷʥʫʪ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʜʦʣʴ ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʩʢʦʛʦ ʛʣʫʙʠʥʥʦʛʦ ʨʘʟʣʦʤʘ, ʠ ʠʤʝʝʪ ʧʣʦʱʘʜʴ ʦʢʦʣʦ 300 ʢʤ2. ʉʣʦʞʝʥ ʦʥ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ, 
ʛʨʘʥʠʪʘʤʠ, ʜʠʦʨʠʪʘʤʠ. 

ʀʟʫʯʘʝʤʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʠʤʝʝʪ 
ʙʣʦʢʦʚʦʝ ʩʪʨʦʝʥʠʝ, ʢʦʪʦʨʦʝ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʝʩʝʯʝʥʠʝʤ ʨʘʟʨʳʚʦʚ 
ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 
ʧʨʦʩʪʠʨʘʥʠʡ. ʇʦʩʣʝʜʥʠʝ 
ʩʫʙʧʘʨʘʣʣʝʣʴʥʳ ʦʩʥʦʚʥʦʡ ʚʝʪʚʠ 
ʂʫʟʥʝʮʢʦ-ɸʣʘʪʘʫʩʩʢʦʛʦ ʨʘʟʣʦʤʘ ʠ 
ʚʳʜʝʨʞʘʥʳ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʥʘ 
ʨʘʩʩʪʦʷʥʠʷ ʩʚʳʰʝ 10 ʢʤ. ʕʪʠʤʠ 

ʨʘʟʨʳʚʘʤʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ 
ʨʘʟʤʝʱʝʥʠʝ ʜʘʡʢʦʚʳʭ ʧʫʯʢʦʚ, ʘ ʚ 
ʶʞʥʦʡ ʯʘʩʪʠ ʨʫʜʥʦʛʦ ʧʦʣʷ ʪʘʢʞʝ 
ʢʚʘʨʮʝʚʳʭ ʞʠʣ. ɼʠʟʲʶʥʢʪʠʚʳ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʨʘʟʜʝʣʷʶʪ 
ʨʫʜʥʦʝ ʧʦʣʝ ʥʘ ʨʷʜ ʙʣʦʢʦʚ. ʕʪʠʤ 
ʦʙʫʩʣʦʚʣʝʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ 
ʟʦʥʘʣʴʥʦʩʪʴ ʦʨʫʜʝʥʝʥʠʷ ʚ ʤʘʩʰʪʘʙʘʭ 

ʨʫʜʥʦʛʦ ʧʦʣʷ. ʂ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤ 
ʨʘʟʨʳʚʘʤ ʠʥʦʛʜʘ ʧʨʠʫʨʦʯʝʥʥʳ 
ʢʨʫʧʥʳʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʞʠʣʳ. 
ʉʫʙʰʠʨʦʪʥʳʝ ʪʨʝʱʠʥʳ ʢʦʥʪʨʦʣʠʨʫʶʪ 
ʨʘʟʤʝʱʝʥʠʝ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ 
ʟʦʣʦʪʦʥʦʩʥʳʭ ʞʠʣ. 

ɿʦʣʦʪʦʥʦʩʥʳʝ ʦʙʲʝʢʪʳ 
ʜʘʥʥʦʛʦ ʧʦʣʷ ʦʪʥʦʩʷʪʩʷ ʢ ʫʤʝʨʝʥʥʦ-

ʩʫʣʴʬʠʜʥʦʡ ʟʦʣʦʪʦ-ʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʩ ʦʪʦʨʦʯʢʘʤʠ ʙʝʨʝʟʠʪʦʚ. 
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʧʦ ʢʚʘʨʮʝʚʳʤ ʞʠʣʘʤ ʎʝʥʪʨʘʣʴʥʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʙʳʣ 

ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʪʝʤ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʦʙʣʘʜʘʶʪ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʚʦʡʩʪʚ, ʢʦʪʦʨʳʡ 
ʚʳʨʘʞʘʝʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʭʘʨʘʢʪʝʨʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ. ɸʥʘʣʠʟ ʚʳʷʚʣʝʥʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ 
ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʫʶ ʨʦʣʴ ʧʦʧʝʨʝʯʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʩʪʘʥʦʚʠʪʴ çʰʘʛ ʦʨʫʜʝʥʝʥʠʷè, ʪʦ 
ʝʩʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʢʩʠʤʫʤʘʤʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ʦʙʲʝʢʪʘʭ ʨʘʟʣʠʯʥʦʛʦ ʨʘʥʛʘ. 

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʠ ʦʧʠʩʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʦʜʝʣʴ ʧʦʣʠʛʘʨʤʦʥʠʯʝʩʢʦʡ 

ʩʣʫʯʘʡʥʦʡ ʬʫʥʢʮʠʠ. ɺ ʛʝʦʣʦʛʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʮʝʥʢʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 
ʜʠʩʧʝʨʩʠʠ, ʧʦʣʫʯʘʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʦʞʝʥʠʷ ʚ ʨʷʜ ʌʫʨʴʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ. ʇʦ ʧʦʣʫʯʝʥʥʦʤʫ ʩʧʝʢʪʨʫ 
ʘʤʧʣʠʪʫʜ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʫʨʘʚʥʝʥʠʝ ʨʝʛʨʝʩʩʠʠ ʚ ʚʠʜʝ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʦʣʠʥʦʤʘ ʠ ʚʳʯʠʩʣʠʪʴ ʧʨʝʜʩʢʘʟʘʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ. ʉʨʘʚʥʠʚʘʷ ʠʩʭʦʜʥʳʝ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʨʠʛʦʜʥʦʩʪʴ ʫʨʘʚʥʝʥʠʷ 
ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʠʟʫʯʘʝʤʦʛʦ ʩʚʦʡʩʪʚʘ. 

 
 

ʈʠʩ.1. ɻʨʘʬʠʢ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ 

ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ ʙʝʨʝʟʠʪʘʭ ʞʠʣʳ ʉʠʙʟʦʣʦʪʦʚʩʢʦʡ-2 

(ʛʦʨ. +336 ʤ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.2. ʇʝʨʠʦʜʠʯʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʦʣʦʪʘ ʚ ʞʠʣʝ ʠ 

ʙʝʨʝʟʠʪʘʭ ʠ ʚ ʠʟʤʝʥʝʥʠʠ ʤʦʱʥʦʩʪʠ ʞʠʣʴʥʦʛʦ ʚʳʧʦʣʥʝʥʠʷ ʧʦ 

ʧʨʦʩʪʠʨʘʥʠʶ ʞʠʣʳ ʉʠʙʟʦʣʦʪʦʚʩʢʦʡ-2 (ʛʦʨ. +336 ʤ): 

1 ï ʙʝʨʝʟʠʪʳ; 2 ï ʞʠʣʴʥʦʝ ʚʳʧʦʣʥʝʥʠʝ; 3 ï ʜʘʡʢʘ 

ʩʧʝʩʩʘʨʪʠʪʘ; 4 ï ʠʩʭʦʜʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ; 5 ï ʪʦ ʞʝ, 

ʧʨʝʜʩʢʘʟʘʥʥʳʝ ʧʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʌʫʨʴʝ 



ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʠʚʝʜʝʥ ʛʨʘʬʠʢ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʬʫʥʢʮʠʠ ʜʣʷ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ ʙʝʨʝʟʠʪʘʭ ʧʦ ʦʜʥʦʡ ʠʟ 
ʞʠʣ. ʅʘ ʬʦʥʝ ʩʣʫʯʘʡʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʦʛʨʘʥʠʯʝʥʳ ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ) ʦʪʯʝʪʣʠʚʦ ʚʳʜʝʣʷʝʪʩʷ ʧʠʢ ʧʨʠ ʣʘʛʝ 10, ʯʪʦ, 
ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʦʧʨʦʙʦʚʘʥʠʷ 2 ʤ, ʦʟʥʘʯʘʝʪ ʥʘʣʠʯʠʝ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʰʘʛʦʤ 20 ʤ. 

ʇʨʠʤʝʥʝʥʠʝ ʦʧʠʩʳʚʘʝʤʦʡ ʤʝʪʦʜʠʢʠ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʚ ʞʠʣʘʭ ʊʳʩʷʯʥʦʡ, ɺʝʩʝʣʦʡ, 
ʉʠʙʟʦʣʦʪʦʚʩʢʦʡ-2, ɸʣʤʘʟʥʦʡ ʧʦʟʚʦʣʠʣʦ ʚʳʷʚʠʪʴ ʰʘʛ ʦʨʫʜʝʥʝʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ʨʫʜʥʳʭ ʩʪʦʣʙʦʚ, ʢʨʘʪʥʳʡ 20 ʤʝʪʨʘʤ, 
ʢʦʪʦʨʳʡ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʟʦʥʘʤʠ ʧʦʚʳʰʝʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʤʝʩʪʘʭ ʩʦʧʨʷʞʝʥʠʷ ʞʠʣ ʩ ʜʠʟʴʶʥʢʪʠʚʘʤʠ ʩʝʚʝʨʦ-
ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʢʦʪʦʨʳʝ ʤʘʨʢʠʨʫʶʪʩʷ ʟʦʥʘʤʠ ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. 

ʉ ʵʪʠʤʠ ʞʝ ʟʦʥʘʤʠ ʩʚʷʟʘʥʳ ʫʯʘʩʪʢʠ ʨʝʟʢʦʛʦ ʫʚʝʣʠʯʝʥʠʷ ʤʦʱʥʦʩʪʠ ʞʠʣ. ɺ ʦʢʘʡʤʣʷʶʱʠʭ ʙʝʨʝʟʠʪʘʭ ʰʘʛ 
ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʚ ʞʠʣʝ, ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʩʤʝɦy ʥ. ʇʠʢʠ ʩʦʜʝʨʞʘʥʠʡ ʟʦʣʦʪʘ ʚ ʞʠʣʝ ʯʘʩʪʦ  
ʩʦʚʧʘʜʘʶʪ ʩ ʦʙʣʘʩʪʷʤʠ ʚʳʥʦʩʘ ʝʛʦ ʚ ʙʝʨʝʟʠʪʘʭ. 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʦʣʦʪʘ ʧʦ ʦʜʥʦʡ ʠʟ ʞʠʣ. ɺʠʜʥʦ ʭʦʨʦʰʝʝ 

ʩʦʚʧʘʜʝʥʠʝ ʠʩʭʦʜʥʳʭ ʠ ʧʨʝʜʩʢʘʟʘʥʥʳʭ ʧʦ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦʤ ʥʘʣʠʯʠʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ  ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʟʦʣʦʪʘ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠʟʫʯʝʥʥʳʭ ʞʠʣ. 

 

ʉʊʈʋʂʊʋʈɸ ʌʀʅɸʅʉʀʈʆɺɸʅʀʗ ʈɸɹʆʊ ʇʆ ɺʆʉʇʈʆʀɿɺʆɼʉʊɺʋ 
ʄʀʅɽʈɸʃʔʅʆ-ʉʓʈʔɽɺʆʁ ɹɸɿʓ ʈʆʉʉʀʀ 

ʇ.ʉ. ʂʝʨʥʷʢʝʚʠʯ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɺ.ʀ. ʂʘʥʦʚ 
ʊʦʤʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʉ 01.01.2002 ʛ. ʬʝʜʝʨʘʣʴʥʳʡ ʟʘʢʦʥ N 126-ʌɿ ʦʪ 8 ʘʚʛʫʩʪʘ 2001 ʛʦʜʘ ʫʧʨʘʟʜʥʠʣ ʮʝʣʝʚʦʡ ʬʦʥʜ ʠ ʦʪʯʠʩʣʝʥʠʷ ʥʘ 

ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ. ʇʦʩʣʝ ʧʨʠʥʷʪʠʷ ʟʘʢʦʥʘ ʪʝʢʫʱʘʷ ʩʠʪʫʘʮʠʷ ʩ ʦʙʲʝʤʘʤʠ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 
ɺʄʉɹ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʩʪʘʣʘ ʫʣʫʯʰʘʪʴʩʷ. ʉʫʱʝʩʪʚʝʥʥʦ, ʚ 3,5 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 1998 ʛ., ʫʚʝʣʠʯʠʣʠʩʴ ʦʙʲʝʤʳ 

ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ɻʈʈ ʩʦ ʩʪʦʨʦʥʳ ʧʨʝʜʧʨʠʷʪʠʡ (ʪʘʙʣ. 1). 

 

ʊʘʙʣʠʮʘ 1 

ʈʘʟʤʝʨʳ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩʭʦʜʦʚ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

 

 ʈʘʩʭʦʜʳ ʧʦ ʛʦʜʘʤ, ʤʣʥ. 
ʨʫʙ. 

ʉʪʨʫʢʪʫʨʘ ʨʘʩʭʦʜʦʚ ʧʦ 

ʛʦʜʘʤ 

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʨʘʩʭʦʜʦʚ ʧʦ ʛʦʜʘʤ, 1998 ʛ - 

100% 

 1998 2002 2003 1998 2002 2003 1998 2002 2003 

ʇʨʦʬʠʥʘʥʩʠʨʦʚʘʥʥʳʝ 
ʨʘʙʦʪʳ ʟʘ ʩʯʝʪ: 

20967 38255 48060 100,00 100,0
0 

100,00 100,00 182,45 229,22 

ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ 3617 4858 5239 17,25 12,70 10,90 17,25 23,17 24,99 

ʙʶʜʞʝʪʦʚ ʩʫʙʲʝʢʪʦʚ ʈʌ  7250 8503 7407 34,58 22,23 15,41 34,58 40,55 35,32 

ʩʨʝʜʩʪʚ ʧʨʝʜʧʨʠʷʪʠʡ 10100 24894 35415 48,17 65,07 73,69 48,17 118,73 168,91 

ʀʩʪʦʯʥʠʢ: ʉʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ: 1. ʕʢʦʣʦʛʠʯʝʩʢʠʡ ʚʝʩʪʥʠʢ ʈʦʩʩʠʠ.-2000.-ˉ4.-ʉ.37. 2.ɿʠʥʘʪʫʣʠʥ ʄ.ɿ. ʆ 
ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ // ʄʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʈʦʩʩʠʠ. ʕʢʦʥʦʤʠʢʘ 
ʠ ʫʧʨʘʚʣʝʥʠʝ.-2003.-ˉ 1-2.-ʉ. 9. 

 
ʕʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ. ɸʥʘʣʠʟ ʠʩʪʦʯʥʠʢʦʚ ʠ ʨʘʟʤʝʨʦʚ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʦʣʷ ʨʘʩʭʦʜʦʚ ʚ ʧʨʦʮʝʥʪʘʭ ʩʦ ʩʪʦʨʦʥʳ ʛʦʩʫʜʘʨʩʪʚʘ (ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʠ ʙʶʜʞʝʪʦʚ ʩʫʙʲʝʢʪʦʚ 
ʬʝʜʝʨʘʮʠʠ) ʟʥʘʯʠʪʝʣʴʥʦ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʠ ʠʤʝʝʪ ʥʝʯʝʪʢʦ ʚʳʨʘʞʝʥʥʫʶ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ. ʉʫʙʲʝʢʪʳ ʬʝʜʝʨʘʮʠʠ 
ʥʘʭʦʜʷʪʩʷ ʚ ʩʘʤʦʤ ʥʝʚʳʛʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ: ʠʭ ʜʦʣʷ ʨʘʩʭʦʜʦʚ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʩʨʝʜʩʪʚ ʩ 1998 ʧʦ 2003 ʛʦʜʳ ʩʥʠʟʠʣʘʩʴ 
ʧʦʯʪʠ ʥʘ 20% (34,58-15,41=19,17%). ʇʦ ʩʫʤʤʘʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʪʘʢʞʝ ʥʘʤʝʪʠʣʘʩʴ ʪʝʥʜʝʥʮʠʷ ʢ ʩʥʠʞʝʥʠʶ (ʩ 2002 ʛ. ʧʦ 
2003 ʛ. ʩʥʠʞʝʥʠʝ ʩʦʩʪʘʚʠʣʦ 8503-7407=1096 ʤʣʥ ʨʫʙ.). ɼʦʣʷ ʬʝʜʝʨʘʣʴʥʦʛʦ ʙʶʜʞʝʪʘ ʚ ʦʙʱʝʤ ʦʙʲʝʤʝ ʩʨʝʜʩʪʚ ʪʘʢʞʝ 
ʩʥʠʞʘʝʪʩʷ (ʩ 17,25% ʜʦ 10,90%), ʭʦʪʷ ʚ ʘʙʩʦʣʶʪʥʦʤ ʚʳʨʘʞʝʥʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʜʣʝʥʥʳʡ, ʥʦ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʩ 

7250 ʤʣʥ ʨʫʙ. ʚ 1998 ʛ. ʜʦ 7407 ʤʣʥ ʨʫʙ. ʚ 2003ʛ. 
 

ʊʘʙʣʠʮʘ 2 

ʉʪʘʪʴʠ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩʭʦʜʦʚ ʥʘ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʦ ʠʩʪʦʯʥʠʢʘʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ɿʘ 

100% ʧʨʠʥʷʪʳ ʨʘʩʭʦʜʳ ʥʘ ɺʄʉɹ ʚ 2002 ʛ. 
 

 2002 2003 

ʌʝʜʝʨʘʣʴ 
ʥʳʡ 
ʙʶʜʞʝʪ 

ʉʫʙʲʝʢʪʳ 
ʬʝʜʝʨʘʮʠʠ 

ʇʨʝʜʧʨ
ʠʷʪʠʷ 

ʀʪʦʛʦ ʌʝʜʝʨʘʣʴ 
ʥʳʡ 
ʙʶʜʞʝʪ 

ʉʫʙʲʝʢʪʳ 
ʬʝʜʝʨʘʮʠʠ 

ʇʨʝʜʧʨʠʷ
ʪʠʷ 

ʀʪʦʛʦ 

ʈʝʛʠʦʥʘʣʴʥʦʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ 
ʠʟʫʯʝʥʠʝ ʥʝʜʨ 

4,99 0,40 0,19 5,58 4,57 0,42 0,46 5,45 

ʇʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ 7,49 14,83 1,07 23,39 8,94 12,88 13,82 35,64 

ʇʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʝ 

ʨʘʙʦʪʳ 

0,22 6,35 18,77 25,34 0,18 5,52 23,03 28,73 

ʈʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ 0,00 0,64 45,05 45,69 0,00 0,53 55,27 55,80 



ɺʩʝ ʚʠʜʳ ʨʘʙʦʪ 12,70 22,23 65,07 100,00 13,69 19,36 92,58 125,63 

ʀʩʪʦʯʥʠʢ: ʉʦʩʪʘʚʣʝʥʦ ʥʘ ʦʩʥʦʚʝ: ɿʠʥʘʪʫʣʠʥ ʄ. ɿ. ʆ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ // ʄʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ ʈʦʩʩʠʠ. ʕʢʦʥʦʤʠʢʘ ʠ ʫʧʨʘʚʣʝʥʠʝ.-2003.-ˉ 1-2.-ʉ. 9. 

 
ɹʦʣʝʝ ʧʦʣʥʫʶ ʠ ʘʜʝʢʚʘʪʥʫʶ ʢʘʨʪʠʥʫ ʦ ʩʦʩʪʦʷʥʠʠ ʠ ʪʝʤʧʘʭ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʄʉɹ ʤʦʞʥʦ ʩʦʩʪʘʚʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʘʥʘʣʠʟʘ ʩʪʘʪʝʡ ʨʘʩʭʦʜʦʚ. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʦʜʷʪʩʷ ʩʫʤʤʳ ʟʘʪʨʘʪ ʥʘ ɺʄʉɹ (ʧʦ ʜʘʥʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʳ ʄʇʈ ʈʌ). 

ʉʣʝʜʫʝʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʚʩʝ ʩʪʘʪʴʠ ʨʘʩʭʦʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 2, ʷʚʣʷʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤʠ 
ʵʪʘʧʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ɻʈʈ (ʉʣʦʚʘʨʴ é, 1988) ʠ ɺʄʉɹ. ʕʪʠ ʵʪʘʧʳ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʤʦʞʥʦ ʫʩʣʦʚʥʦ 
ʨʘʟʜʝʣʠʪʴ ʥʘ ʥʘʯʘʣʴʥʳʝ ʠ ʟʘʚʝʨʰʘʶʱʠʝ. ʅʘʯʘʣʴʥʳʝ ʵʪʘʧʳ ʩʚʷʟʘʥʳ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʠʟʫʯʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʤʝʩʪʥʦʩʪʠ ʠ 
ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʅʘ ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʘʭ ʧʨʦʠʟʚʦʜʠʪʩʷ ʠʟʫʯʝʥʠʝ ʥʘʡʜʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 
ʦʮʝʥʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʜʩʯʝʪ ʟʘʧʘʩʦʚ. ɼʣʷ ʫʜʦʙʩʪʚʘ ʩʦʧʦʩʪʘʚʣʝʥʠʷ, ʘʥʘʣʠʟʘ ʠ 
ʨʘʩʩʤʦʪʨʝʥʠʷ, ʚʩʝ ʩʫʤʤʳ ʨʘʩʭʦʜʦʚ ʚ ʪʘʙʣʠʮʝ 2 ʚʳʨʘʞʝʥʳ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʚʩʝʡ ʩʫʤʤʳ ʨʘʩʭʦʜʦʚ ʩʨʝʜʩʪʚ ʥʘ ɺʄʉɹ ʚ 2002 
ʛ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣʠʮʝ 2 ʨʘʩʭʦʜʦʚ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʟʘʚʝʨʰʘʶʱʠʝ ʵʪʘʧʳ ɻʈʈ - ʧʨʦʚʝʜʝʥʠʝ 

ʧʦʠʩʢʦʚʦ-ʦʮʝʥʦʯʥʳʭ ʠ ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ɺ 2002-2003 ʛ.ʛ. ʨʘʩʭʦʜʳ ʥʘ ʵʪʠ ʮʝʣʠ ʩʦʩʪʘʚʠʣʠ 71,0%-84,5% ʦʪ ʩʫʤʤʳ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ɺʄʉɹ ʟʘ 2002 ʛ. ʇʨʦʚʝʜʝʥʠʝ ʵʪʠʭ ʨʘʙʦʪ ʩʚʷʟʘʥʦ ʩ ʦʮʝʥʢʦʡ ʠ ʫʪʦʯʥʝʥʠʝʤ ʟʘʧʘʩʦʚ ʫʞʝ ʥʘʡʜʝʥʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʌʠʥʘʥʩʠʨʦʚʘʥʠʝ ʨʘʙʦʪ ʧʦ ʧʦʠʩʢʫ ʥʦʚʳʭ, ʝʱʝ ʥʝ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʦʩʪʘʪʦʯʥʦʤʫ 
ʧʨʠʥʮʠʧʫ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʟʘʤʝʪʥʦ ʜʣʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʥʝʜʨ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʨʘʩʭʦʜʦʚ ʥʘ ʵʪʠ ʮʝʣʠ (ʩ 
5,58% ʚ 2002 ʛ. ʜʦ 5,45% ʚ 2003 ʛ.), ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʦʙʲʝʤʘ ʚʳʧʦʣʥʷʝʤʳʭ ʨʘʙʦʪ. ʅʘ ʥʘʯʘʣʴʥʳʝ 
ʵʪʘʧʳ ɻʈʈ (ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʠ ʨʝʛʠʦʥʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʥʝʜʨ) ʚʳʜʝʣʷʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʩʨʝʜʩʪʚ: 29% ʚ 2002 ʛ. ʠ 
41% ʚ 2003 ʛ. ʦʪ ʚʩʝʡ ʩʫʤʤʳ ɺʄʉɹ ʟʘ 2002 ʛ. (ʪʘʙʣ. 2). ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʝʤʧʳ 

ʟʘʢʣʶʯʠʪʝʣʴʥʳʭ ʩʪʘʜʠʡ ɻʈʈ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ ʪʝʤʧʦʚ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ɻʈʈ (29% ʧʨʦʪʠʚ 71% ʚ 2002 ʛ. ʠ 41% ʧʨʦʪʠʚ 
84% ʚ 2003 ʛ.). 

ʇʦʜʛʦʪʦʚʢʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʠ ʨʘʟʨʘʙʦʪʢʝ ʪʨʝʙʫʝʪ ʚʳʧʦʣʥʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʧʦ ʚʨʝʤʝʥʠ ʚʩʝʛʦ 
ʢʦʤʧʣʝʢʩʘ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ. ʇʦʵʪʦʤʫ ʥʘʯʘʣʴʥʳʝ ʧʦʠʩʢʠ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʚʝʩʪʠ 
ʫʧʨʝʞʜʘʶʱʠʤʠ ʪʝʤʧʘʤʠ. ʅʘʯʘʣʴʥʳʝ ʩʪʘʜʠʠ ɻʈʈ, ʦʩʦʙʝʥʥʦ ʨʝʛʠʦʥʘʣʴʥʦʝ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ ʥʝʜʨ, ʧʨʝʜʧʨʠʷʪʠʷʤʠ 
ʠ ʛʦʩʫʜʘʨʩʪʚʦʤ ʬʠʥʘʥʩʠʨʫʶʪʩʷ ʩʣʘʙʦ. ʇʨʝʜʧʨʠʷʪʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʬʠʥʘʥʩʠʨʫʶʪ ʧʦʠʩʢʠ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦ 
ʧʨʠʯʠʥʝ ʠʭ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ʀʥʚʝʩʪʠʨʦʚʘʥʠʝ ʧʨʝʜʧʨʠʷʪʠʷʤʠ ʩʨʝʜʩʪʚ ʥʘ ɻʈʈ ʚ ʫʞʝ ʦʪʢʨʳʪʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʙʝʟʨʠʩʢʦʚʳʤ ʠ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʦʪʜʘʯʠ ʨʘʩʭʦʜʫʝʤʳʭ ʩʨʝʜʩʪʚ. 
ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʨʘʟʚʝʜʢʘ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʡ. ɻʦʩʫʜʘʨʩʪʚʦ ʞʝ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʬʠʥʘʥʩʠʨʫʝʪ ʵʪʠ ʨʘʙʦʪʳ ʧʦ ʧʨʠʯʠʥʝ ʥʝʭʚʘʪʢʠ ʬʠʥʘʥʩʦʚʳʭ ʨʝʩʫʨʩʦʚ ʥʘ ʵʪʠ ʮʝʣʠ. ʕʪʦ ʚʳʟʚʘʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʮʝʣʝʚʦʛʦ 
ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʟʜʥʝʥʠʝʤ ʬʦʥʜʘ ɺʄʉɹ. ʋʧʨʘʟʜʥʝʥʠʝ ʵʪʦʛʦ ʬʦʥʜʘ ʩ 2002 ʛ. ʥʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʪʝʢʫʱʝʤʫ 
ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʄʉɹ. ɺʦ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʦʥʜʘ ʮʝʣʝʚʦʝ ʨʘʩʭʦʜʦʚʘʥʠʝ 
ʩʨʝʜʩʪʚ ʩʦʩʪʘʚʣʷʣʦ 70% ʚ ʩʨʝʜʥʝʤ ʧʦ ʩʪʨʘʥʝ. ʈʘʩʭʦʜʦʚʘʥʠʝ 30% ʮʝʣʝʚʳʭ ʩʨʝʜʩʪʚ ʥʦʩʠʣʦ ʥʝʮʝʣʝʚʦʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ 
ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʠʟʢʦʤ ʫʨʦʚʥʝ ʢʦʥʪʨʦʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʮʝʣʝʚʳʭ ʩʨʝʜʩʪʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʠʩʪʦʯʥʠʢ ʪʘʢʠʭ ʮʝʣʝʚʳʭ 
ʩʨʝʜʩʪʚ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʠʭ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʦ 2002 ʛʦʜʘ, ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ. 

ɺ ʠʪʦʛʝ, ʪʝʤʧʳ ʧʨʠʨʦʩʪʘ ʟʘʧʘʩʦʚ ʄʉɹ ʙʫʜʫʪ ʤʝʥʷʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ, ʪʘʢ ʢʘʢ ʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ ʚ 
ʪʨʠ ʩ ʧʦʣʦʚʠʥʦʡ ʨʘʟʘ ʫʚʝʣʠʯʠʣʠ ʦʙʲʝʤʳ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʟʘʚʝʨʰʘʶʱʠʭ ʩʪʘʜʠʡ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʥʘ ʫʞʝ 

ʥʘʡʜʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ (ʪʘʙʣ. 1) ʩ ʮʝʣʴʶ ʚʦʚʣʝʯʝʥʠʷ ʠʭ ʚ ʨʘʟʨʘʙʦʪʢʫ, ʧʨʠʯʝʤ ʪʝʤʧʳ ʵʪʠʭ ʨʘʙʦʪ ʦʯʝʥʴ ʚʳʩʦʢʠ ʠ 
ʧʦʩʪʦʷʥʥʦ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʪʘʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʦʙʳʚʘʶʱʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʷʚʣʷʝʪʩʷ ʠʩʪʦʱʝʥʠʝ 
ʫʞʝ ʦʪʨʘʙʦʪʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ, ʪʨʝʙʫʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʦʠʩʢ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ. 

ʊʝʤʧʳ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ɻʈʈ ʦʩʪʘʣʠʩʴ ʧʨʝʞʥʠʤʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʝʥʠʝ 
ʟʘʚʝʨʰʘʶʱʠʭ ʵʪʘʧʦʚ ɻʈʈ ʥʘʜ ʥʘʯʘʣʴʥʳʤʠ ʧʨʠʚʝʜʝʪ ʢ ʨʝʟʢʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʠʤʝʶʱʠʭʩʷ ʥʘ ʙʘʣʘʥʩʝ ʦʪʢʨʳʪʳʭ, ʥʦ ʜʦ 
ʢʦʥʮʘ ʥʝ ʨʘʟʚʝʜʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɽʩʣʠ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʙʫʜʝʪ ʩʦʭʨʘʥʷʪʴʩʷ, ʪʦ ʠʩʯʝʨʧʘʥʠʝ ʄʉɹ ʠ ʜʘʣʴʰʝ ʙʫʜʝʪ 
ʧʨʦʭʦʜʠʪʴ ʧʦʚʳʰʝʥʥʳʤʠ ʪʝʤʧʘʤʠ. ʊʝʤʧ ʢʦʥʝʯʥʳʭ ʩʪʘʜʠʡ ɻʈʈ, ʚ ʜʚʘ ʨʘʟʘ ʧʨʝʚʳʰʘʶʱʠʡ ʪʝʤʧ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ ɻʈʈ, 
ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʩʢʦʨʦʤ ʚʨʝʤʝʥʠ ʧʨʝʜʧʨʠʷʪʠʷ ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʜʣʷ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ. ʇʦʵʪʦʤʫ ʦʙʱʠʡ ʚʩʧʣʝʩʢ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʦʚ ʧʨʝʜʧʨʠʷʪʠʡ ʥʘ ɻʈʈ (ʪʘʙʣ. 1) ʥʝ ʛʘʨʘʥʪʠʨʫʝʪ 
ʥʝʦʙʭʦʜʠʤʳʭ ʪʝʤʧʦʚ ʧʨʠʨʦʩʪʘ ɺʄʉɹ, ʘ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʬʬʝʢʪʫ. 

ʇʨʠʥʠʤʘʷ ʵʪʦ ʚʦ ʚʥʠʤʘʥʠʝ, ʤʦʞʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʪʝʤʧʦʚ ʠ ʦʙʲʝʤʦʚ ʧʨʠʨʦʩʪʘ ɺʄʉɹ 
ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʮʝʣʝʚʦʛʦ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ. ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʚʦʩʧʨʦʠʟʚʦʜʩʪʚʘ ʥʘ ʫʨʦʚʥʝ 100-105% ʦʪ ʦʙʲʝʤʦʚ 
ʠʩʯʝʨʧʘʥʠʷ ʄʉɹ ʥʝʦʙʭʦʜʠʤʦ 5.0 ʤʣʨʜ. ʜʦʣʣ. (150 ʤʣʨʜ. ʨʫʙ.) ʚ ʛʦʜ. ʈʘʩʭʦʜʳ ʥʘ ɺʄʉɹ ʚ 2003 ʛ. (48 060 ʤʣʥ. ʨʫʙ., ʪʘʙʣ. 
1) ʩʦʩʪʘʚʠʣʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 30% ʵʪʦʡ ʩʫʤʤʳ. 

ʇʨʠʨʦʩʪ ʟʘʧʘʩʦʚ ʄʉɹ ʢʦʤʧʝʥʩʠʨʫʝʪ ʦʙʲʝʤʳ ʝʞʝʛʦʜʥʦʡ ʜʦʙʳʯʠ ʞʝʣʝʟʥʳʭ ʨʫʜ ʥʘ 15-20%, ʨʫʜ ʮʚʝʪʥʳʭ ʠ 
ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚ ï 30-40%, ʛʘʟʘ ï 40-50%. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʝʚʠʟʠʠ ʟʘʧʘʩʦʚ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʦʚʝʜʝʥʥʦʡ 

ʚ 1995-1999 ʛʛ., ʠʭ ʦʙʲʝʤʳ ʩʦʢʨʘʪʠʣʠʩʴ ʥʘ 28-30%. ʇʦ ʵʢʩʧʝʨʪʥʳʤ ʦʮʝʥʢʘʤ ʚ ʩʫʱʝʩʪʚʫʶʱʠʭ ʫʩʣʦʚʠʷʭ ʥʝʨʝʥʪʘʙʝʣʴʥʘ 
ʦʪʨʘʙʦʪʢʘ ʙʦʣʝʝ 50% ʙʘʣʘʥʩʦʚʳʭ ʟʘʧʘʩʦʚ ʙʦʢʩʠʪʦʚ, ʦʣʦʚʘ, ʩʚʠʥʮʘ, ʮʠʥʢʘ. ʇʦʵʪʦʤʫ ʪʨʝʙʫʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ 
ʦʙʲʝʤ ʬʠʥʘʥʩʠʨʦʚʘʥʠʷ ʨʘʙʦʪ ʧʦ ɺʄʉɹ ʠ ʠʟʤʝʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʨʘʩʭʦʜʦʚ ʥʘ ʵʪʠ ʮʝʣʠ, ʩʜʝʣʘʪʴ ʝʝ ʨʘʮʠʦʥʘʣʴʥʦʡ ʠ 
ʩʙʘʣʘʥʩʠʨʦʚʘʥʥʦʡ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʉʣʦʚʘʨʴ ʧʦ ʛʝʦʣʦʛʠʠ ʥʝʬʪʠ ʠ ʛʘʟʘ. ï ʃ.: ʅʝʜʨʘ, 1988. ï ʉ. 559, 560-562. 

 
ʌɸʂʊʆʈʓ ʃʆʂɸʃʀɿɸʎʀʀ ʄɸɻʄɸʊʀʏɽʉʂʀʍ ʆɹʈɸɿʆɺɸʅʀʁ ɺ ʈɸɿʈʓɺʅʓʍ 

ʉʊʈʋʂʊʋʈɸʍ ʅɸʂʓʅʉʂʆɻʆ ʂʀʄɹɽʈʃʀʊʆɺʆɻʆ ʇʆʃʗ ɺ ʉɺʗɿʀ ʉ 
ʇʈʆɻʅʆɿʀʈʆɺɸʅʀɽʄ ʂʆʈɽʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ ɸʃʄɸɿʆɺ 

ɸ.ɸ. ʂʦʥʜʨʘʪʴʝʚ 



ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʅ. ɿʠʥʯʫʢ 
ʗʢʫʪʩʢʦʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʝ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʦʝ ʧʨʝʜʧʨʠʷʪʠʝ ʎʅʀɻʈʀ, 

ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ, ʈʦʩʩʠʷ 
 
ʅʘʢʳʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ, ʚ 

ʤʝʞʜʫʨʝʯʴʝ ʣʝʚʳʭ ʧʨʠʪʦʢʦʚ p. Mapxa p.p. ʅʘʢʳʥ ʠ ʍʘʥʥʷ. ɺ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ 
ʵʪʘʞʘ: ʥʠʞʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʤʠ ʧʦʨʦʜʘʤʠ ʬʫʥʜʘʤʝʥʪʘ ʠ ʚʝʨʭʥʠʡ, ʦʪʚʝʯʘʶʱʠʡ ʦʩʘʜʦʯʥʦʤʫ ʯʝʭʣʫ. 
ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʧʨʦʨʳʚʘʶʪ ʦʪʣʦʞʝʥʠʷ ʦʨʜʦʚʠʢʘ ʠ ʧʝʨʝʢʨʳʪʳ ʦʩʘʜʢʘʤʠ ʥʠʞʥʝʡ ʶʨʳ ʤʦʱʥʦʩʪʴʶ 60-80 ʤ. 

ʊʝʨʨʠʪʦʨʠʷ ʨʘʡʦʥʘ ʟʘʥʠʤʘʝʪ ʬʨʘʛʤʝʥʪʳ ʩʪʨʫʢʪʫʨ I ʧʦʨʷʜʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʅʘʢʳʥʩʢʦʤʫ ʧʦʣʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
ʩʣʦʞʥʦ ʧʦʩʪʨʦʝʥʥʘʷ ʬʣʝʢʩʫʨʦʦʙʨʘʟʥʘʷ ʟʦʥʘ (ʉʘʨʘʝʚ ʠ ʜʨ., 2003), ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʧʨʝʜʝʣʘʭ 
ʜʦʚʦʣʴʥʦ ʢʨʫʪʦʡ ʤʦʥʦʢʣʠʥʘʣʠ, ʥʘʣʦʞʝʥʥʦʡ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʳʡ ʩʢʣʦʥ ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, ʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ 
ʧʦʛʨʫʞʝʥʠʝʤ ʬʫʥʜʘʤʝʥʪʘ ʠ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʚ ɺʠʣʶʡʩʢʫʶ ʩʠʥʝʢʣʠʟʫ. 

ʄʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷ ʦʪʥʦʩʷʪʩʷ ʢ ʦʩʥʦʚʥʦʡ ʠ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 
ʬʦʨʤʘʮʠʷʤ, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʨʘʩʢʨʳʪʠʝʤ ʇʘʪʦʤʩʢʦ-ɺʠʣʶʡʩʢʦʛʦ ʘʚʣʘʢʦʛʝʥʘ. ɺʳʨʘʞʝʥʠʝʤ ʵʪʠʭ 
ʧʨʦʮʝʩʩʦʚ ʷʚʠʣʦʩʴ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʝʢʫʱʠʭ ʠ ʧʣʘʩʪʦʚʳʭ ʛʠʧʘʙʠʩʩʘʣʴʥʳʭ ʠʥʪʨʫʟʠʡ, ʪʨʫʙʦʢ ʚʟʨʳʚʘ, ʣʘʚʦʚʳʭ ʠ ʪʫʬʦʚʳʭ 
ʚʫʣʢʘʥʠʪʦʚ ʙʘʟʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʪʨʫʙʦʢ ʠ ʜʘʝʢ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʎʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʦʪʚʝʯʘʝʪ ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʙʣʦʢ (S= 600 ʢʤ2), ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʝʨʠʶ 
ʨʘʟʥʦʨʘʥʛʦʚʳʭ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. ɹʣʦʢ ʦʛʨʘʥʠʯʝʥ ʨʘʟʣʦʤʘʤʠ ɺʠʣʶʡʩʢʦ-ʄʘʨʭʠʥʩʢʦʡ ʟʦʥʳ, 
ʠʤʝʶʱʠʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ (30-45Á) ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʙʦʣʝʝ 700 ʢʤ. ʄʥʦʛʠʝ ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ 
ʚʳʧʦʣʥʝʥʳ ʜʘʡʢʦʦʙʨʘʟʥʳʤʠ ʪʝʣʘʤʠ ʜʦʣʝʨʠʪʦʚ, ʦʪʯʝʪʣʠʚʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʣʠʥʝʡʥʳʤʠ 
ʤʘʛʥʠʪʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ ʠ ʧʦʜʪʚʝʨʞʜʝʥʥʳʝ ʙʫʨʝʥʠʝʤ. ɼʘʡʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʘʟʣʠʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ (ʦʪ 2 ʜʦ 35 
ʢʤ) ʠ ʤʦʱʥʦʩʪʴʶ ʦʪ 5-8 ʤ ʜʦ 50-80 ʤ; ʦʥʠ ʨʘʩʧʦʣʦʞʝʥʳ ʢʫʣʠʩʦʦʙʨʘʟʥʦ ʠʣʠ ʧʦʜ ʫʛʣʦʤ ʜʨʫʛ ʢ ʜʨʫʛʫ, ʠʤʝʶʪ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʤ ʟʘʣʝʛʘʥʠʝʤ ʩʦ ʩʢʣʦʥʝʥʠʝʤ ʥʘ ʶʛʦ-ʚʦʩʪʦʢ. ʅʘʨʫʰʝʥʠʷ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʚʭʦʜʷʱʠʝ ʚ ʉʨʝʜʥʝ-ʄʘʨʭʠʥʩʢʫʶ ʟʦʥʫ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʠʤʝʶʪ ʧʨʝʨʳʚʠʩʪʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʪʜʝʣʴʥʳʤʠ ʜʫʛʦʦʙʨʘʟʥʳʤʠ, ʠʟʦʛʥʫʪʳʤʠ ʠ ʨʝʞʝ ʧʨʷʤʦʣʠʥʝʡʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, ʯʘʩʪʦ 
ʟʘʣʝʯʝʥʥʳʤʠ ʜʘʡʢʘʤʠ ʜʦʣʝʨʠʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʟʣʦʤʦʚ ʚ ʧʨʝʜʝʣʘʭ ʅʘʢʳʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 
ʧʦʣʷ ʚʳʩʪʫʧʘʝʪ ʦʜʥʠʤ ʠʟ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʬʘʢʪʦʨʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʵʢʩʧʣʦʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. 

ɺ ʧʨʝʜʝʣʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʙʣʦʢʘ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ ʉʝʚʝʨʥʳʡ ʠ ʖʞʥʳʡ ʨʘʟʣʦʤʳ. ʂ ʥʠʤ ʧʦʜ ʫʛʣʦʤ 15-20Á 
ʨʘʩʧʦʣʘʛʘʶʪʩʷ ɼʷʭʪʘʨʩʢʠʡ ʠ ɹʦʪʫʦʙʠʥʩʢʠʡ ʨʘʟʣʦʤʳ, ʠʤʝʶʱʠʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ 50-65Á (ʏʝʨʥʳʡ ʠ ʜʨ., 
1999). ɼʘʡʢʠ ʚʳʧʦʣʥʝʥʳ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ ʧʦʡʢʠʣʦʬʠʪʦʚʳʤʠ ʠ ʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʦʬʠʪʦʚʳʤʠ ʜʦʣʝʨʠʪʘʤʠ. ʇʦ ʤʥʝʥʠʶ 
ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʜʘʥʥʳʝ ʨʘʟʣʦʤʳ ʷʚʣʷʶʪʩʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʤʠ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ, 
ʧʦʩʢʦʣʴʢʫ ʠʟʚʝʩʪʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʥʠʭ. 

ɺ ʦʢʦʣʦʪʨʫʙʦʯʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ (ɿʫʝʚ ʠ ʜʨ., 
1998). ʆʥʠ ʠʤʝʶʪ ʢʨʫʪʦʝ ʧʘʜʝʥʠʝ, ʨʘʟʣʠʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ ʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʷʚʣʷʶʪʩʷ ʩʢʨʳʪʳʤʠ. 
ʂʠʤʙʝʨʣʠʪʦʚʤʝʱʘʶʱʘʷ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʢʨʳʪʳʤ ʨʘʟʣʦʤʦʤ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ (15-20Á) 
ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʥʝʩʢʦʣʴʢʦ ʢʠʣʦʤʝʪʨʦʚ, ʷʚʣʷʶʱʠʤʩʷ ʜʠʘʛʦʥʘʣʴʥʳʤ (ʧʦʣʫʯʠʣ ʥʘʟʚʘʥʠʝ ɼʠʘʛʦʥʘʣʴʥʳʡ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 
ʨʘʟʣʦʤʘʤ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʅʘʢʳʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ. ɼʘʥʥʦʝ ʜʠʟʲʶʥʢʪʠʚʥʦʝ 
ʥʘʨʫʰʝʥʠʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʧʦ ʧʨʠʟʥʘʢʘʤ ʩʙʨʦʩʦʚʳʭ ʠ ʩʜʚʠʛʦʚʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʢʝʨʥʝ ʠ ʜʘʥʥʳʤ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 
ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʠʨʦʚʘʥʠʷ. ɺ ʧʨʝʜʝʣʘʭ ɼʠʘʛʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ ʚʳʜʝʣʷʶʪʩʷ ʜʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 
ʰʚʘ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʧʦ ʜʘʥʥʳʤ ʙʫʨʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʝʨʚʳʝ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ, ʘ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʩʦʪʥʠ ʤʝʪʨʦʚ (ʀʛʥʘʪʦʚ 
ʠ ʜʨ., 2001). ɺʦ ʬʣʝʢʩʫʨʥʦʤ ʧʝʨʝʛʠʙʝ ʦʜʥʦʛʦ ʠʭ ʥʠʭ ʣʦʢʘʣʠʟʦʚʘʥʘ ʪʨʫʙʢʘ ɹʦʪʫʦʙʠʥʩʢʘʷ. ʕʪʠ ʥʘʨʫʰʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ 

ʩʫʙʧʘʨʘʣʣʝʣʴʥʦ ɼʠʘʛʦʥʘʣʴʥʦʤʫ ʨʘʟʣʦʤʫ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 350ʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʠ ʢʘʨʪʠʨʫʶʪʩʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʜʝʪʘʣʴʥʦʛʦ 
ʠʟʫʯʝʥʠʷ ʢʝʨʥʘ ʢʠʤʙʝʨʣʠʪʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʧʦ ʥʘʣʠʯʠʶ ʨʷʜʘ ʧʨʠʟʥʘʢʦʚ (ʤʠʢʨʦʙʨʝʢʯʠʠ, ʨʝʟʢʠʝ ʠʟʤʝʥʝʥʠʷ 
ʩʫʙʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʟʘʣʝʛʘʥʠʷ ʧʣʘʩʪʦʚ, ʤʠʢʨʦʩʙʨʦʩʳ, ʩʙʣʠʞʝʥʥʳʝ ʢʨʫʪʦʧʘʜʘʶʱʠʝ ʧʨʦʞʠʣʢʠ, ʚʳʧʦʣʥʝʥʥʳʝ ʢʘʣʴʮʠʪʦʤ, 
ʧʠʨʠʪʦʤ, ʜʦʣʦʤʠʪʦʤ, ʪʝʢʪʦʥʠʯʝʩʢʠʡ ʢʣʠʚʘʞ, ʟʝʨʢʘʣʘ ʩʢʦʣʴʞʝʥʠʷ) (ʀʛʥʘʪʦʚ ʠ ʜʨ., 2001). ʂʠʤʙʝʨʣʠʪʦʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ, 
ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ ʚ ɼʠʘʛʦʥʘʣʴʥʦʤ ʨʘʟʣʦʤʝ, ʦʙʨʘʟʫʶʪ ʣʠʥʝʡʥʫʶ ʛʨʫʧʧʫ (ʮʝʧʦʯʢʫ) ʪʝʣ. ɼʣʠʥʥʳʝ ʦʩʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ 
(ʪʨʫʙʢʘ ɹʦʪʫʦʙʠʥʩʢʘʷ ʧʦ ʜʣʠʥʥʦʡ ʦʩʠ ʠʤʝʝʪ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ-25-28Á, ʘ ʪʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ - 12-15Á) 
ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ. ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʪʨʫʙʦʢ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 
ɼʠʘʛʦʥʘʣʴʥʳʡ ʨʘʟʣʦʤ ʷʚʣʷʝʪʩʷ ʢʠʤʙʝʨʣʠʪʦʚʤʝʱʘʶʱʠʤ, ʚʳʷʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ 

ʢʘʢ ʚ ʥʸʤ ʦʪʩʫʪʩʪʚʫʶʪ ʪʨʘʧʧʳ, ʠ ʧʦʵʪʦʤʫ ʵʪʦ ʜʠʟʲʶʥʢʪʠʚʥʦʝ ʥʘʨʫʰʝʥʠʝ ʥʝ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʘʥʦʤʘʣʠʠ ʤʘʛʥʠʪʥʦʛʦ 
ʧʦʣʷ. 

ʅʘ ʧʣʦʱʘʜʠ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʘʷ ʱʝʣʦʯʥʦ-ʫʣʴʪʨʘʦʩʥʦʚʥʘʷ ʬʦʨʤʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʨʝʤʷ 
ʩʣʦʞʥʦʧʦʩʪʨʦʝʥʥʳʤʠ ʪʝʣʘʤʠ - ʪʨʫʙʢʘʤʠ ɹʦʪʫʦʙʠʥʩʢʘʷ, ʅʶʨʙʠʥʩʢʘʷ ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤ ʪʝʣʦʤ ʄʘʨʭʠʥʩʢʦʝ. ʊʨʫʙʢʠ 
ɹʦʪʫʦʙʠʥʩʢʘʷ ʠ ʅʶʨʙʠʥʩʢʘʷ ʙʳʣʠ ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʜʚʝ ʬʘʟʳ ʚʥʝʜʨʝʥʠʷ; ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʫʶ - I ʬʘʟʘ ʚʥʝʜʨʝʥʠʷ - ʜʘʡʢʠ 
ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ; ʚʳʧʦʣʥʝʥʥʳʝ ʧʦʨʬʠʨʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ, ʠ ʚʫʣʢʘʥʠʯʝʩʢʫʶ - II ʬʘʟʘ ʚʥʝʜʨʝʥʠʷ 
- ʜʠʘʪʨʝʤʘ ʠ ʢʨʘʪʝʨʥʘʷ ʧʦʩʪʨʦʡʢʘ (ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʪʨʫʙʢʠ ɹʦʪʫʦʙʠʥʩʢʘʷ), ʚʳʧʦʣʥʝʥʥʳʝ ʘʚʪʦʣʠʪʦʚʳʤʠ ʢʠʤʙʝʨʣʠʪʦʚʳʤʠ 
ʙʨʝʢʯʠʷʤʠ ʠ ʪʫʬʦʙʨʝʢʯʠʷʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʨʫʙʢʘ ʅʶʨʙʠʥʩʢʘʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʩʝʨʠʝʡ ʤʘʣʦʤʦʱʥʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʞʠʣ ʠ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ, ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʝ ʧʨʝʩʝʯʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ɼʘʥʥʳʡ 
ʮʝʥʪʨ ʦʙʨʘʟʦʚʘʥ ʪʨʝʤʷ ʩʠʩʪʝʤʘʤʠ ʪʨʝʱʠʥ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ, ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ 
(ɼʠʘʛʦʥʘʣʴʥʳʡ ʨʘʟʣʦʤ). ʄʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʝʣ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʚʫʤʷ ʧʝʨʚʳʤʠ ʩʠʩʪʝʤʘʤʠ. ʊʘʢ, ʚ 
ʜʠʟʲʶʥʢʪʠʚʥʦʤ ʥʘʨʫʰʝʥʠʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʩʫʙʧʘʨʘʣʣʝʣʴʥʦʤ ɹʦʪʫʦʙʠʥʩʢʦʤʫ ʨʘʟʣʦʤʫ, ʨʘʩʧʦʣʦʞʝʥʳ 
ʜʚʘ ʪʝʣʘ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʠʟ ʧʷʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʪʨʫʙʢʠ ʅʶʨʙʠʥʩʢʘʷ. ɺ 
ɼʷʭʪʘʨʩʢʦʤ ʨʘʟʣʦʤʝ ʨʘʩʧʦʣʦʞʝʥʳ ʪʨʠ ʪʝʣʘ. ʇʦʧʝʨʝʯʥʳʝ ʢ ʥʠʤ ʨʘʟʣʦʤʳ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ ʥʘʤʝʯʘʶʪʩʷ ʧʦ 
ʣʠʥʠʷʤ, ʚ ʢʦʪʦʨʳʝ ʦʙʲʝʜʠʥʝʥʳ ʪʦʯʢʠ ʧʦʷʚʣʝʥʠʡ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ ʠ ʢʠʤʙʝʨʣʠʪʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ (ɼʫʢʘʨʜʪ, ɹʦʨʠʩ, 2000) ʦ ʪʦʤ, ʯʪʦ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʵʢʩʧʣʦʟʠʚʥʦʡ 

ʧʨʠʨʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʫʟʣʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. 
ʇʦʜʚʦʜʷ ʠʪʦʛ ʚʳʰʝʩʢʘʟʘʥʥʦʤʫ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʵʢʩʧʣʦʟʠʚʥʳʭ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʅʘʢʳʥʩʢʦʛʦ ʧʦʣʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʪʝʣʘʤʠ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʵʢʩʧʣʦʟʠʚʥʳʭ ʙʨʝʢʯʠʡ 
ʙʘʟʘʣʴʪʦʠʜʦʚ; ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 



- ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʠʤʙʝʨʣʠʪʦʚʳʝ ʪʝʣʘ ʧʨʠʫʨʦʯʝʥʳ ʢ ɼʠʘʛʦʥʘʣʴʥʦʤʫ ʨʘʟʣʦʤʫ ʩʢʨʳʪʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʡ ʧʣʦʭʦ 
ʢʘʨʪʠʨʫʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʩʣʘʙʦ ʚʳʨʘʞʝʥ ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ; 

- ʢʠʤʙʝʨʣʠʪʳ ʣʦʢʘʣʠʟʫʶʪʩʷ ʚ ʫʟʣʘʭ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ ʪʨʝʭ ʥʘʧʨʘʚʣʝʥʠʡ: ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ, ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʠ ʚʦʩʪʦʢ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ; 
- ʵʢʩʧʣʦʟʠʚʥʳʝ ʪʝʣʘ ʙʘʟʘʣʴʪʦʠʜʦʚ ʯʘʩʪʦ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʢʠʤʙʝʨʣʠʪʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʨʘʟʣʦʤʦʚ ʠ 

ʠʟʚʝʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʷʚʣʝʥʠʝ ʠ ʧʨʦʩʣʝʞʠʚʘʥʠʝ ʤʘʣʦʘʤʧʣʠʪʫʜʥʳʭ ʠ ʩʢʨʳʪʳʭ ʨʘʟʣʦʤʦʚ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʫʯʘʩʪʢʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʦʙʥʘʨʫʞʝʥʠʷ ʥʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
ʪʝʣ. 
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ɺɽʑɽʉʊɺɽʅʅʓʁ ʉʆʉʊɸɺ ʀ ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ ʂʀʄʄɽʈʀʁʉʂʀʍ 
ʊʀʊɸʅ-ʎʀʈʂʆʅʀɽɺʓʍ ʈʆʉʉʓʇɽʁ ʊɸʄɸʅʉʂʆɻʆ ʇʆʃʋʆʉʊʈʆɺɸ 

ɸ.ɺ. ʂʦʨʢʦʰʢʦ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʅ.ʀ. ɹʦʡʢʦ 

ʈʦʩʪʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, ʈʦʩʩʠʷ 
 
ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ ʠʩʧʳʪʳʚʘʝʪ ʦʩʪʨʳʡ ʜʝʬʠʮʠʪ ʚ ʪʠʪʘʥʦʚʦʤ ʠ 

ʮʠʨʢʦʥʠʝʚʦʤ ʢʦʥʮʝʥʪʨʘʪʘʭ. ʈʘʩʧʦʣʘʛʘʷ ʢʨʫʧʥʳʤʠ ʤʦʱʥʦʩʪʷʤʠ ʧʦ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʝʨʝʨʘʙʦʪʢʝ ʨʫʜ, ʧʨʝʜʧʨʠʷʪʠʷ 
ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʣʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʤʧʦʨʪʘ ʵʪʠʭ ʢʦʥʮʝʥʪʨʘʪʦʚ ʠʟ ʋʢʨʘʠʥʳ. ʇʦʪʨʝʙʥʦʩʪʠ ʚ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʦʤ ʩʳʨʴʝ 

ʚʝʩʴʤʘ ʚʝʣʠʢʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ ʜʦʣʞʥʳ ʙʳʪʴ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʩʚʦʝʥʳ ʨʦʩʩʳʧʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, 
ʦʙʣʘʜʘʶʱʠʝ ʧʦʚʳʰʝʥʥʦʡ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʴʶ, ʪʘʢ ʢʘʢ ʜʣʷ ʠʭ ʦʩʚʦʝʥʠʷ ʪʨʝʙʫʶʪʩʷ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʳʝ 
ʢʘʧʠʪʘʣʦʚʣʦʞʝʥʠʷ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʩʨʦʢ ʚʚʦʜʘ ʚ ʜʝʡʩʪʚʠʝ ʜʦʙʳʚʘʶʱʝʛʦ ʧʨʝʜʧʨʠʷʪʠʷ. 

ʉʝʡʯʘʩ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠʟʚʝʩʪʥʳ ʜʚʝ ʢʨʫʧʥʳʝ ʧʨʦʚʠʥʮʠʠ ʜʨʝʚʥʠʭ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʭ ʨʦʩʩʳʧʝʡ: ʦʜʥʘ 
ʧʨʠʫʨʦʯʝʥʘ ʢ ʈʫʩʩʢʦʡ ʧʣʘʪʬʦʨʤʝ, ʘ ʚʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʝʨʠʬʝʨʠʡʥʳʤʠ ʩʪʫʢʪʫʨʘʤʠ ɿʘʧʘʜʥʦ-ʉʠʙʠʨʩʢʦʡ ʧʣʠʪʳ. ʂ ʧʝʨʚʦʡ 
ʦʪʥʦʩʠʪʩʷ ʠ ʖʞʥʦ-ʈʦʩʩʩʠʡʩʢʠʡ ʨʦʩʩʳʧʥʦʡ ʙʘʩʩʝʡʥ, ʛʜʝ ʧʦʣʝʟʥʳʝ ʤʠʥʝʨʘʣʳ ʦʪʤʝʯʝʥʳ ʥʘ ʨʘʟʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 
ʧʦʜʨʘʟʜʝʣʝʥʠʷʭ. ɿʜʝʩʴ ʩʘʤʳʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʦʙʲʝʢʪʦʤ ʩʯʠʪʘʝʪʩʷ ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʨʦʩʩʳʧʥʦʡ ʙʘʩʩʝʡʥ. 

ʅʘʤʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʝʨʨʠʪʦʨʠʷ ʊʘʤʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʩʪʘʪʴ ʚʪʦʨʦʡ, ʧʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ, 

ʧʣʦʱʘʜʴʶ ʥʘ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʝ ʨʦʩʩʳʧʠ ʥʘ ʶʛʝ ʈʦʩʩʠʠ. ʇʨʦʷʚʣʝʥʠʷ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʭ ʤʠʥʝʨʘʣʦʚ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ 
ʚ ʢʠʤʤʝʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ (ʧʘʥʪʠʢʘʧʝʡʩʢʠʝ ʥʘʜʨʫʜʥʳʝ ʩʣʦʠ). ʎʝʣʴ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʠʟʫʯʝʥʠʝ ʩʦʩʪʘʚʘ ʠ 
ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʠʤʤʝʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʜʣʷ ʚʦʩʩʦʟʜʘʥʠʷ ʧʘʣʝʦʬʘʮʠʘʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʠʭ 
ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦʩʪʫʧʣʝʥʠʷ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʙʘʩʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʚʳʷʚʣʝʥʠʷ ʥʦʚʳʭ 
ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʣʦʱʘʜʝʡ. 

ʇʨʦʜʫʢʪʠʚʥʘʷ ʪʦʣʱʘ ʩʣʦʞʝʥʘ ʧʝʩʢʘʤʠ ʢʚʘʨʮʝʚʳʤʠ ʩʝʨʳʤʠ, ʙʝʣʳʤʠ, ʞʝʣʪʳʤʠ ʜʦ ʙʫʨʳʭ ʢʦʩʦ-, ʚʦʣʥʠʩʪʦ-, ʨʝʞʝ 
ʧʘʨʘʣʣʝʣʴʥʦʩʣʦʠʩʪʳʭ. ʇʦ ʩʪʝʧʝʥʠ ʣʠʪʠʬʠʢʘʮʠʠ ʦʪʤʝʯʘʶʪʩʷ ʨʳʭʣʳʝ ʠ ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʠ. ʈʳʭʣʳʝ 
ʨʘʟʥʦʩʪʠ ʧʨʝʦʙʣʘʜʘʶʪ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʠʤʤʝʨʠʡʩʢʠʝ ʨʦʩʩʳʧʠ 
ʩʣʦʞʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤ ʘʣʝʚʨʠʪʦʤ (ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʈʦʩʩʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 
ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʝʬʪʠ ʠ ʛʘʟʘ), ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ ʨʘʟʥʦʩʪʠ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ ʦʪ 0,1 ʜʦ 0,063 ʤʤ, ʙʦʣʝʝ ʛʨʫʙʳʝ 
ʠ ʪʦʥʢʠʝ ʬʨʘʢʮʠʠ ʥʘʭʦʜʷʪʩʷ ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. 

ʅʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʦʡ ʪʷʞʝʣʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʦʢʘʟʘʣʘʩʴ ʬʨʘʢʮʠʷ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʝʥ 0,063 ʤʤ ʠ ʤʝʥʝʝ. 
ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʵʪʦʡ ʬʨʘʢʮʠʠ ʚʦ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʧʨʦʙʘʭ ʜʦʚʦʣʴʥʦ ʦʜʥʦʦʙʨʘʟʝʥ. ʇʦʣʝʟʥʳʝ ʤʠʥʝʨʘʣʳ ʟʜʝʩʴ 
ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʣʴʤʝʥʠʪʦʤ, ʮʠʨʢʦʥʦʤ, ʨʫʪʠʣʦʤ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ ʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʠʤ ʜʠʩʪʝʥʦʤ, ʩʬʝʥʦʤ, ʪʫʨʤʘʣʠʥʦʤ, 



ʩʪʘʚʨʦʣʠʪʦʤ, ʵʧʠʜʦʪʦʤ, ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʦʡ, ʛʨʘʥʘʪʦʤ ʠ ʝʜʠʥʠʯʥʳʤʠ ʟʝʨʥʘʤʠ ʜʨʫʛʠʭ ʤʠʥʝʨʘʣʦʚ. ʄʠʥʝʨʘʣʳ ʪʷʞʝʣʦʡ 
ʬʨʘʢʮʠʠ ʭʦʨʦʰʦ ʦʢʘʪʘʥʳ, ʨʝʜʢʦ ʚʩʪʨʝʯʘʶʪʩʷ ʦʩʢʦʣʢʠ ʢʨʠʩʪʘʣʣʦʚ. ʉʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚʘʨʴʠʨʫʝʪ 
ʦʪ 4,9 ʜʦ 16,9 ʢʛ/ʤ3. ʃʝʛʢʘʷ ʬʨʘʢʮʠʷ ʦʪʣʦʞʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 94-96% ʠ ʚʳʨʘʞʝʥʘ ʚ ʦʩʥʦʚʥʦʤ 93-98% ʢʨʠʩʪʘʣʣʘʤʠ ʢʚʘʨʮʘ 

ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʠ ʦʢʘʪʘʥʥʦʩʪʠ ʠ ʧʨʦʟʨʘʯʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʤʠ ʟʝʨʥʘʤʠ ʧʦʣʝʚʳʭ ʰʧʘʪʦʚ ʠ ʯʝʰʫʡʢʘʤʠ 
ʤʫʩʢʦʚʠʪʘ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʠ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʘ ʪʘʢʞʝ ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ (ʥʘʣʠʯʠʝ ʢʦʩʦʡ ʠ ʚʦʣʥʠʩʪʦʡ 
ʩʣʦʠʩʪʦʩʪʠ) (ʨʠʩ. 1) ʫʢʘʟʳʚʘʶʪ ʥʘ 
ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʨʦʩʩʳʧʝʡ ʢ ʦʙʣʘʩʪʠ 
ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʡ ʩʝʜʠʤʝʥʪʘʮʠʠ. 

ʉʭʦʜʩʪʚʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʦʩʪʘʚʘ, 
ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʦʨʪʠʨʦʚʢʠ ʧʨʦʜʫʢʪʠʚʥʳʭ 

ʦʪʣʦʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ 
ʧʦʣʝʟʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢ ʪʦʥʢʠʤ ʬʨʘʢʮʠʷʤ, 
ʫʢʘʟʳʚʘʶʪ ʥʘ ʠʭ ʤʥʦʛʦʢʨʘʪʥʦʝ 
ʧʝʨʝʦʪʣʦʞʝʥʠʝ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʟʘ ʩʯʝʪ 
ʧʝʨʝʤʳʚʘ ʙʦʣʝʝ ʜʨʝʚʥʠʭ ʦʩʘʜʢʦʚ. 
ʇʠʪʘʶʱʝʡ ʧʨʦʚʠʥʮʠʝʡ ʤʦʛʣʠ ʩʣʫʞʠʪʴ 
ʢʦʨʳ ʭʠʤʠʯʝʩʢʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʈʫʩʩʢʦʡ 
ʧʣʘʪʬʦʨʤʳ, ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ 

ʋʨʘʣʴʩʢʦʛʦ ʭʨʝʙʪʘ (ɹʦʡʢʦ, 2003) ʠ 
ʧʝʨʝʦʪʣʦʞʝʥʥʳʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ 
ʂʘʚʢʘʟʩʢʦʡ ʩʫʰʠ. 

ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ 
ʨʦʩʩʳʧʝʦʙʨʘʟʫʶʱʠʝ ʤʠʥʝʨʘʣʳ 
ʧʦʩʪʘʚʣʷʣʠʩʴ ʚ ʙʘʩʩʝʡʥ ʩʝʜʠʤʝʥʪʘʮʠʠ 
ʢʨʫʧʥʳʤʠ ʨʝʢʘʤʠ ʇʘʣʝʦʜʦʥʦʤ ʠ 
ʇʘʣʝʦʚʦʣʛʦʡ. ʄʘʪʝʨʠʘʣ, ʧʦʩʪʘʚʣʷʝʤʳʡ 

ʇʘʣʝʦʚʦʣʛʦʡ, ʧʝʨʝʤʝʱʘʣʩʷ ʯʝʨʝʟ ʉʪʘʚʨʦʧʦʣʴʩʢʠʡ ʩʚʦʜ ʢ ɽʥʠʢʘʣʴʩʢʦʤʫ (ʂʝʨʯʝʥʩʢʦʤʫ) ʧʨʦʣʠʚʫ ʥʘ ʪʝʨʨʠʪʦʨʠʶ 
ʩʦʚʨʝʤʝʥʥʦʛʦ ʊʘʤʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ. ɿʜʝʩʴ ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʛʝʥʝʪʠʯʝʩʢʦʡ ʩʚʷʟʠ ʤʝʞʜʫ 
ʢʠʤʤʝʨʠʡʩʢʠʤʠ ʊʘʤʘʥʩʢʠʤʠ ʠ, ʢ ʪʦʤʫ ʚʨʝʤʝʥʠ ʫʞʝ ʩʬʦʨʤʠʨʦʚʘʚʰʠʤʠʩʷ, ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʤʠ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʤʠ 
ʨʦʩʩʳʧʷʤʠ ʉʪʘʚʨʦʧʦʣʴʷ. 

 
ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʝ ʧʦʩʪʨʦʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʅ.ʀ. ɹʦʡʢʦ ʚ 2003 ʛ., ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʢʠʤʤʝʨʠʡʩʢʠʭ ʨʦʩʩʳʧʝʡ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʩʳʛʨʘʣʠ ʧʦʜʩʪʠʣʘʶʱʠʝ ʤʝʦʪʠʯʝʩʢʠʝ ʤʰʘʥʢʦʚʳʝ ʧʦʩʪʨʦʡʢʠ, ʢʦʪʦʨʳʝ 
ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʘʥʦʤʘʣʴʥʳʭ ʜʣʷ ʙʠʦʛʝʨʤʦʦʙʨʘʟʦʚʘʥʠʷ ʫʩʣʦʚʠʷʭ ʚ ɽʥʠʢʘʣʴʩʢʦʤ ʧʨʦʣʠʚʝ, ʩʦʝʜʠʥʷʚʰʝʤ ʤʝʣʢʦʚʦʜʥʳʡ 
ɸʟʦʚʦ-ʂʫʙʘʥʩʢʠʡ ʤʝʦʪʠʯʝʩʢʠʡ ʙʘʩʩʝʡʥ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʤ ʏʝʨʥʦʤʦʨʩʢʠʤ ʙʘʩʩʝʡʥʦʤ. ɹʣʘʛʦʜʘʨʷ 

ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʚʳʨʘʞʝʥʥʦʩʪʠ, ʧʦʩʪʨʦʡʢʠ ʷʚʣʷʣʠʩʴ ʩʚʦʝʛʦ ʨʦʜʘ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʙʘʨʦʤ ʠ ʚʣʠʷʣʠ ʥʘ ʧʨʦʮʝʩʩʳ 
ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʦʪʠʯʝʩʢʦʤ ʤʦʨʝ, ʥʦ ʠ ʚ ʩʤʝʥʠʚʰʝʤ ʝʛʦ ʧʦʥʪʠʯʝʩʢʦʤ ʠ ʢʠʤʤʝʨʠʡʩʢʦʤ ʙʘʩʩʝʡʥʝ 
ʩʝʜʠʤʝʥʪʘʮʠʠ. ɺ ʢʠʤʤʝʨʠʡʩʢʦʝ ʚʨʝʤʷ ʠʤʝʥʥʦ ʵʪʦʪ ʙʘʨ ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʚʳʥʦʩʫ ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠʟ ɸʟʦʚʦ-
ʂʫʙʘʥʩʢʦʛʦ ʚʦʜʦʝʤʘ ʚ ʏʝʨʥʦʝ ʤʦʨʝ. ʇʦʩʪʫʧʘʚʰʠʝ ʩ ʩʝʚʝʨʥʦʡ, ʟʘʧʘʜʥʦʡ ʠ ʚʦʩʪʦʯʥʦʡ ʩʫʰʠ ʨʦʩʩʳʧʝʦʙʨʘʟʫʶʱʠʝ 
ʤʠʥʝʨʘʣʳ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʩ ʩʝʚʝʨʘ ʥʘ ʶʛ ʪʝʯʝʥʠʷʤʠ ʧʝʨʝʥʦʩʠʣʠʩʴ ʚ ʩʪʦʨʦʥʫ ɽʥʠʢʘʣʴʩʢʦʛʦ ʧʨʦʣʠʚʘ, ʛʜʝ ʚ ʦʩʥʦʚʥʦʡ 
ʤʝʩʩʝ ʦʩʘʞʜʘʣʠʩʴ ʚ ʧʨʝʜʝʣʘʭ ʙʘʨʦʚʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʨʝʜʥʝʩʘʨʤʘʪʩʢʠʭ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʭ ʨʦʩʩʳʧʝʡ ʉʪʘʚʨʦʧʦʣʴʷ, ʪʘʢʞʝ 
ʫʯʘʩʪʚʦʚʘʣʠ ʤʰʘʥʢʦʚʳʝ ʧʦʩʪʨʦʡʢʠ ʟʘʧʘʜʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ ʩʢʣʦʥʘ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʩʚʦʜʘ. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʭ ʨʦʩʩʳʧʝʡ ʥʘ 
ʊʘʤʘʥʩʢʦʤ ʧʦʣʫʦʩʪʨʦʚʝ ʜʦʣʞʥʳ ʧʦʟʚʦʣʠʪʴ ʥʝ ʪʦʣʴʢʦ ʦʮʝʥʠʪʴ ʠʟʚʝʩʪʥʳʝ ʨʦʩʩʳʧʠ ʚ ʧʨʝʜʝʣʘʭ ʉʪʘʚʨʦʧʦʣʴʩʢʦʛʦ ʙʘʩʩʝʡʥʘ, 
ʥʦ ʠ ʚʳʷʚʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʧʣʦʱʘʜʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʦʩʪʦʚʩʢʦʡ ʦʙʣʘʩʪʠ, ʂʨʘʩʥʦʜʘʨʩʢʦʛʦ ʢʨʘʷ, ɸʜʳʛʝʠ ʠ ʂʘʨʘʯʘʝʚʦ-
ʏʝʨʢʝʩʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ɹʦʡʢʦ ʅ.ʀ. ʂ ʤʝʪʘʣʣʦʛʝʥʠʠ ʨʠʬʦʛʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. // ʈʫʜʳ ʠ ʤʝʪʘʣʣʳ. ï ʄ., 1999. ï ˉ6. ï ʉ. 18-25. 

2. ɹʦʡʢʦ ʅ.ʀ. ʃʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʦʪʠʯʝʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ɸʟʦʚʦ-ʂʫʙʘʥʩʢʦʛʦ 
ʨʝʛʠʦʥʘ. // ʃʠʪʦʣʦʛʠʷ ʠ ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ. ï ʄ., 2001. ï ˉ2. ï ʉ. 182-186. 

3. ɹʦʡʢʦ ʅ.ʀ. ʆ ʤʝʪʘʣʣʦʛʝʥʠʠ ʨʠʬʦʚ. // ʀʟʚʝʩʪʠʷ ʩʝʢʮʠʠ ʥʘʫʢ ʦ ɿʝʤʣʝ ʈɸɽʅ. ï ʄ., 2003. ï ˉ10. ï C. 16-28. 
4. ʋʩʢʦʚ ʄ.ɺ. ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʊʘʤʘʥʩʢʦʛʦ ʧʦʣʫʦʩʪʨʦʚʘ: ʉʚʦʜʥʳʡ ʦʪʯʝʪ 1945-46/ʄʠʥʠʩʪʝʨʩʪʚʦ ɻʝʦʣʦʛʠʠ 
ʉʉʉʈ ɸʟʦʚʦ ʏʝʨʥʦʤʦʨʩʢʦʝ ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʋʧʨʘʚʣʝʥʠʝ; ʈʫʢʦʚʦʜ. ʋʩʢʦʚ ʄ.ɺ; ʠʥʚ. N 06439. ï ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ, 1946. 
ï 437 ʩ. 

5. ʍʦʣʦʜʥʘʷ ʀ.ɸ., ʍʘʨʜʠʢʦʚ ɸ.ʕ. ʂʨʠʪʝʨʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʢʠʤʤʝʨʠʡʩʢʠʭ ʪʠʪʘʥ-ʮʠʨʢʦʥʠʝʚʳʭ ʨʦʩʩʳʧʝʡ ʶʛʘ 
ʈʦʩʩʠʠ. // ʀʟʚʝʩʪʠʷ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʡ. ɻʝʦʣʦʛʠʷ ʠ ʨʘʟʚʝʜʢʘ. ï ʄ., 2004. ï ˉ6. ï ʉ. 31-35. 

 
ʃʀʊʆʍʀʄʀʏɽʉʂʀɽ ʇʆʊʆʂʀ ʈɸʉʉɽʗʅʀʗ ʉʀʅʖʍʀʅʉʂʆɻʆ ʈʋɼʅʆɻʆ ʋɿʃɸ 

ɸ.ʅ. ʂʨʘʩʥʦʱʝʢʦʚ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ɻ. ɺʦʨʦʰʠʣʦʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 
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ʈʠʩ. 1. ʊʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʊʘʤʘʥʩʢʠʭ ʂʠʤʤʝʨʠʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʡ. ɺ 800 ʤ ʢ ʶʛʦ-ʟʘʧʘʜʫ ʚʜʦʣʴ ʏʝʨʥʦʛʦ ʤʦʨʷ ʦʪ ʦʟʝʨʘ 

ʉʦʣʝʥʦʛʦ (ʦʙʥ.7 GIF) 

ɸ ï ʚʦʣʥʠʩʪʘʷ ʩʣʦʠʩʪʦʩʪʴ; ɺ ï ʢʦʩʘʷ ʩʣʦʠʩʪʦʩʪʴ 

 



ʧʨʦʤʳʰʣʝʥʥʦ - ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ. ʉʦʩʪʘʚ ʨʫʜ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʦʨʥʠʪ-ʭʘʣʴʢʦʟʠʥʦʚʳʡ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ. ɺ ʧʨʝʜʝʣʘʭ 
ʨʫʜʥʦʛʦ ʫʟʣʘ, ʧʦʤʠʤʦ ʉʠʥʶʭʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ, ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʪʘʢʞʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 
ɸʰʧʘʥʘʢʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ. 

ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʣʝʞʘʪ ʨʝʟʫʣʴʪʘʪʳ ʣʠʪʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʦʜʦʪʦʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʥʘʟʚʘʥʳʭ 
ʨʫʜʥʳʭ ʧʦʣʝʡ. ʇʦ ʵʪʠʤ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʬʦʥʦʚʳʝ ʠ ʤʠʥʠʤʘʣʴʥʦ ʘʥʦʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 
ʵʣʝʤʝʥʪʦʚ. ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ 
ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (A/SA>3 ʠ E/SE>3), ʧʨʠ ʨʘʩʯʝʪʝ ʬʦʥʦʚʳʭ ʠ ʘʥʦʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ 
ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʀʥʩʪʨʫʢʮʠʠ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʠʩʢʦʚ 
(ʀʥʩʪʨʫʢʮʠʷ ʧʦé, 1983). ɺʳʯʠʩʣʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦ ʘʥʦʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

ʍʘʥʦʤ,= Xʬʦʥ *e
m

3

, 
 

ʛʜʝ m ï ʯʠʩʣʦ ʪʦʯʝʢ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ; Xʬʦʥ. - ʬʦʥʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʣʝʤʝʥʪʘ, e- ʩʪʘʥʜʘʨʪʥʳʡ ʤʥʦʞʠʪʝʣʴ. 

ɹʳʣʘ ʧʦʜʩʯʠʪʘʥʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴ (P) ʠ ʧʨʦʛʥʦʟʥʳʝ ʨʝʩʫʨʩʳ (QH) ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: Zn, Cu, Pb, Ni, Mo, 

V, Sr, Ba,  Mn, Co, Sn, Ti, Cr. 
ʈʘʩʯʝʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

P = (Xi-Xʬʦʥ.)*Si, 
ʛʜʝ Xi ï ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʘ ʚ ʪʦʯʢʝ I; Si ï ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʚ ʪʦʯʢʝ i (ʉʦʣʦʚʦʚ, 1985). 

ʋʩʣʦʚʠʷ ʠʜʝʘʣʴʥʦʛʦ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʥʳ ʪʦʣʴʢʦ ʜʣʷ ʚʝʨʭʦʚʠʡ ʨʫʯʴʝʚ (ʚʦʜʦʪʦʢʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ). ɼʣʷ ʚʩʝʭ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ ʨʘʩʯʝʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʨʝʘʣʴʥʦʛʦ ʧʦʪʦʢʘ: ʈʠʩʪ. = ʈʤʘʢʩ.*l, 
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 - ʩʦʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʚʦʜʦʩʙʦʨʘ ʚ ʪʦʯʢʘʭ ʥʘʯʘʣʘ ʠ ʦʢʦʥʯʘʥʠʷ ʧʦʩʪʫʧʣʝʥʠʷ ʨʫʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ; a - 

ʢʦʵʬʬʠʮʠʝʥʪ, ʫʯʠʪʳʚʘʶʱʠʡ ʚʣʠʷʥʠʝ ʙʣʠʞʘʡʰʠʭ ʩʢʣʦʥʦʚ. 
ɼʣʷ ʧʦʜʩʯʝʪʘ ʧʨʦʛʥʦʟʥʳʭ ʨʝʩʫʨʩʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ: 

QH = .

'40
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** , 

ʛʜʝ 'k  - ʤʝʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ ʚʪʦʨʠʯʥʳʤ ʦʨʝʦʣʘʤ; k ï ʢʦʵʬʬʠʮʠʝʥʪ 

ʦʩʪʘʪʦʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʚʪʦʨʠʯʥʳʭ ʦʨʝʦʣʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʠʯʥʳʭ; ʅ ï ʨʘʮʠʦʥʘʣʴʥʘʷ ʛʣʫʙʠʥʘ ʧʦʜʩʯʝʪʘ ʨʝʩʫʨʩʦʚ. 

ʇʦʣʫʯʝʥʥʳʝ ʪʘʢʠʤ ʧʫʪʝʤ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʚʫʭ ʧʦʣʝʡ ʩʨʘʚʥʠʚʘʣʠʩʴ ʤʝʞʜʫ ʩʦʙʦʡ ʧʦ ʪʨʝʤ ʢʨʠʪʝʨʠʷʤ: 
ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ, ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦ ʧʣʦʱʘʜʠ. ɼʣʷ ʉʠʥʶʭʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ 
ʭʘʨʘʢʪʝʨʝʥ ʩʣʝʜʫʶʱʠʡ ʵʣʝʤʝʥʪʥʳʡ ʩʦʩʪʘʚ ʘʥʦʤʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ: Zn, Cu, Pb, Ni, V, Co, Ba. ɸʥʦʤʘʣʴʥʳʝ 
ʧʦʣʷ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʴʰʠʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʧʣʘʥʝ ʠ ʥʘʣʠʯʠʝʤ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ. ʇʨʦʛʥʦʟʥʳʝ 
ʨʝʩʫʨʩʳ ʦʮʝʥʠʚʘʶʪʩʷ ʦʪ ʜʝʩʷʪʢʦʚ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪʝʥ ʪʦʥʥ. ɸʰʧʘʥʘʢʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ 
ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ Cr ʠ Mo, ʧʨʠ ʩʣʘʙʦʤ ʧʨʦʷʚʣʝʥʠʠ ʠʭ ʥʘ ʉʠʥʶʭʠʥʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ, ʠ ʩʣʝʜʫʶʱʠʤ ʩʦʩʪʘʚʦʤ 
ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ Zn, Cu, Pb, Ni, V, Co, Ti. ʇʨʦʜʫʢʪʠʚʥʦʩʪʴ ʠ ʨʘʟʤʝʨʳ ʘʥʦʤʘʣʴʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʵʪʠʭ 
ʵʣʝʤʝʥʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ, ʠ ʦʮʝʥʠʚʘʝʪʩʷ ʧʨʦʛʥʦʟʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ 

ʪʦʥʥ. ɺ ʮʝʣʦʤ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʨʫʜʥʦʛʦ ʫʟʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʧʦʩʪʝʧʝʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 
ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ ʦʪ ʉʠʥʶʭʠʥʩʢʦʛʦ ʢ ɸʰʧʘʥʘʢʩʢʦʤʫ ʨʫʜʥʦʤʫ ʧʦʣʶ. 

ʈʘʟʤʝʱʝʥʠʝ ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ ʵʣʝʤʝʥʪʦʚ-ʩʧʫʪʥʠʢʦʚ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʧʣʦʱʘʜʠ ʨʫʜʥʦʛʦ ʫʟʣʘ ʦʙʨʘʟʫʝʪ 
ʩʣʝʜʫʶʱʫʶ ʩʪʨʫʢʪʫʨʫ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ: ʉʠʥʶʭʠʥʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʬʠʢʩʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ ʘʥʦʤʘʣʴʥʳʭ ʧʦʣʝʡ Zn, 
Cu, Pb, Ni, Co, ʠ ʦʪʚʝʯʘʝʪ ʟʦʥʝ ʷʜʝʨʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ (ʨʠʩ. 1). ʇʦ ʝʝ ʧʝʨʠʬʝʨʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʟʦʥʘ 
ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʤʝʥʪʦʚ. ɺ ʵʪʦʡ ʟʦʥʝ ʥʘʭʦʜʠʪʩʷ ʟʦʥʘ ʷʜʝʨʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 
ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ɸʰʧʘʥʘʢʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ, ʢʦʪʦʨʦʝ ʬʠʢʩʠʨʫʝʪʩʷ ʘʥʦʤʘʣʠʷʤʠ ʘʩʩʦʮʠʘʮʠʠ Zn, Cu, Pb, Ni, Co ʧʦ 
ʨʘʟʤʝʨʘʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʪʫʧʘʶʱʠʤ ʘʥʘʣʦʛʠʯʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʉʠʥʶʭʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ. ʇʦ ʧʝʨʠʬʝʨʠʠ 
ɸʰʧʘʥʘʢʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷ ʧʨʦʨʠʩʦʚʳʚʘʝʪʩʷ ʟʦʥʘ ʬʨʦʥʪʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʨʘʟʨʦʟʥʝʥʥʳʝ ʘʥʦʤʘʣʴʥʳʝ ʧʦʣʷ Cu, Zn ʠ Ni. 



 
ʉ

ʫʤʤʘʨ

ʥʘʷ 
ʧʨʦʜʫ
ʢʪʠʚʥʦ
ʩʪʴ 

ʘʩʩʦʮʠ
ʘʮʠʠ 

Zn, 
Cu, Pb, 

Ni, Co 
ʜʣʷ 

ʉʠʥʶ
ʭʠʥʩʢ
ʦʛʦ 

ʨʫʜʥʦʛ
ʦ ʧʦʣʷ 
ʩʦʩʪʘʚ

ʣʷʝʪ 
2070%
*ʤ2, 
ʜʣʷ 

ɸʰʧʘ
ʥʘʢʩʢʦ
ʛʦ 

391%*

ʤ2. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʵʪʦ ʨʘʟʣʠʯʠʝ ʤʦʞʥʦ ʦʮʝʥʠʚʘʪʴ ʢʘʢ ʩʦʦʪʥʦʰʝʥʠʝ ʤʘʩʰʪʘʙʦʚ ʧʨʦʷʚʣʝʥʠʷ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ 
ʧʨʦʮʝʩʩʘ, ʧʦʩʢʦʣʴʢʫ ʥʘʟʚʘʥʥʳʝ ʵʣʝʤʝʥʪʳ ʷʚʣʷʶʪʩʷ ʥʘ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʩʧʫʪʥʠʢʘʤʠ ʟʦʣʦʪʘ. 

ʈʝʩʫʨʩʳ ʟʦʣʦʪʘ ʚ ɸʰʧʘʥʘʢʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʝ: 
Qɸʰʧ=Qʉʠʥ*(391/2070)= Qʉʠʥ*0,19 

ɺʩʷ ʦʙʨʘʙʦʪʢʘ ʘʥʘʣʠʟʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʧʝʨʩʦʥʘʣʴʥʦʤ ʢʦʤʧʴʶʪʝʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤ: Grapher, Arc 
View, Excel, Statistica, Easy Trace, CorelDRAW. 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʠʩʢʦʚ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ï ʄ: ʅʝʜʨʘ, 1983. 
2. ʉʦʣʦʚʦʚ ɸ.ʇ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ï ʄ: ʅʝʜʨʘ, 1985. 

 
ʂ ʄɽʊʆɼʀʂɽ ʆʎɽʅʂʀ ʇʈʆɼʋʂʊʀɺʅʆʉʊʀ ʇʆʊʆʂʆɺ ʈɸʉʉɽʗʅʀʗ 

ɸ.ʃ. ʂʫʟʴʤʝʥʢʦ 
ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ɻ.ɺʦʨʦʰʠʣʦʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʬʦʥʦʚʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʪʦʢʘʭ ʨʘʩʩʝʷʥʠʷ ʠ ʚʝʣʠʯʠʥʦʡ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ (ʧʦʨʷʜʢʦʤ ʚʦʜʦʪʦʢʘ). ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʠʩʧʦʣʴʟʦʚʘʥʥʳ ʧʦʪʦʢʠ ʨʘʩʩʝʷʥʠʷ ʙʘʩʩʝʡʥʘ ʨʝʢʠ ɹʘʣʘʭʪʠʩʦʥ (ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ). ʇʦʩʢʦʣʴʢʫ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ (A/SA>3 ʠ E/SE>3), ʧʨʠ ʨʘʩʯʝʪʝ ʬʦʥʦʚʳʭ ʠ 
ʘʥʦʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ ʣʦʛʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 
ʀʥʩʪʨʫʢʮʠʠ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʠʩʢʦʚ (1983 ʛ). ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʩʣʝʜʫʶʱʘʷ: 

- ʧʦ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ ʬʦʨʤʠʨʫʝʪʩʷ ʚʳʙʦʨʢʘ ʠʟ ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʟʘʚʝʜʦʤʦ ʘʥʦʤʘʣʴʥʳʭ 
ʧʨʦʙ (ʥʘʧʨʠʤʝʨ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ Pb>10*10-3 %); 

- ʚʩʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʘ ʚ ʚʳʙʦʨʢʝ ʟʘʤʝʥʷʶʪʩʷ ʠʭ ʣʦʛʘʨʠʬʤʘʤʠ; 
- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʣʦʛʘʨʠʬʤʦʚ: 

ä=
N

XLn
XLn i )(

)( ; 

- ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʪʘʥʜʘʨʪʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʣʦʛʘʨʠʬʤʦʚ ʟʥʘʯʝʥʠʡ: 
[ ]

1

)()(
2

-

-
=
ä

N

XLnXiLn
SLn ; 

- ʜʣʷ ʚʦʟʚʨʘʪʘ ʢ ʦʙʳʯʥʳʤ ʯʠʩʣʘʤ ʚʳʯʠʩʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʪʘ ʩʨʝʜʥʝʛʦ ʣʦʛʘʨʠʬʤʘ (ʩʨʝʜʥʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ): 

[ ])(exp
~

XLnX = ; 

- ʚʳʯʠʩʣʷʝʪʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʤʥʦʞʠʪʝʣʴ: e=exp(SLn); 

- ʚʳʯʠʩʣʷʝʪʩʷ ʤʠʥʠʤʘʣʴʥʦ ʘʥʦʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: ʍʘʥʦʤ.= X
~

*e3. 
ʕʪʦ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤ ʜʣʷ ʦʜʥʦʡ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʪʦʯʢʠ. ɽʩʣʠ ʪʦʯʝʢ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʵʣʝʤʝʥʪʘ ʥʝʩʢʦʣʴʢʦ, ʫʨʦʚʝʥʴ ʘʥʦʤʘʣʴʥʦʩʪʠ ʜʣʷ ʥʠʭ ʩʥʠʞʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ: 

 
 

ʈʠʩ.1. ʉʪʨʫʢʪʫʨʘ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʦʢʦʚ ʨʘʩʩʝʷʥʠʷ 

ʉʠʥʶʭʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ 

1-ʨʝʢʠ; 2-ʛʘʙʙʨʦʠʜʳ; 3-ʙʘʟʘʣʴʪʳ; 4-ʘʥʜʝʟʠʪʳ ʠ ʠʭ ʪʫʬʳ; 5-ʛʨʘʥʠʪʦʠʜʳ; 6-ʧʣʘʛʠʦʛʨʘʥʠʪʳ;  

7-ʘʥʦʤʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ; 8-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ; 9-ʩʢʘʨʥʳ; 10-ʠʟʚʝʩʪʥʷʢʠ 
 



ʍʘʥʦʤ.= X
~

*e
m

3

, 
ʛʜʝ m ï ʯʠʩʣʦ ʪʦʯʝʢ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʭ ʥʝʧʨʝʨʳʚʥʳʡ ʧʦʪʦʢ. 

ʋʨʦʚʝʥʴ ʤʝʩʪʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 
ʬʦʥʘ ʫʞʝ ʧʨʠ ʜʣʠʥʝ ʧʨʦʬʠʣʝʡ, 
ʧʨʝʚʳʰʘʶʱʠʭ ʧʝʨʚʳʝ ʢʠʣʦʤʝʪʨʳ, ʩ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ 
ʛʣʘʟ, ʧʫʪʝʤ ʨʘʩʩʤʦʪʨʝʥʠʷ ʛʨʘʬʠʢʦʚ 
ʩʦʜʝʨʞʘʥʠʡ ʵʣʝʤʝʥʪʦʚ ʠ ʧʨʦʚʝʜʝʥʠʷ 
ʫʩʨʝʜʥʷʶʱʝʡ ʧʨʷʤʦʡ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦ 
ʥʠʟʢʠʭ ʩʦʜʝʨʞʘʥʠʡ ʨʫʜʥʦʛʦ ʵʣʝʤʝʥʪʘ. 
ʉʧʦʩʦʙ ʟʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ ʬʦʥʘ ʫʩʧʝʰʥʦ 
ʧʨʠʤʝʥʷʣʩʷ ʩ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 
ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʘ ʠ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦ-ʧʨʝʞʥʝʤʫ ʦʧʨʘʚʜʘʥʦ ʥʘ 
ʩʪʘʜʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 
ʜʘʥʥʳʭ ʠʣʠ ʧʨʠ ʜʝʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʫʞʝ 
ʚʳʷʚʣʝʥʥʳʭ ʘʥʦʤʘʣʠʡ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʵʪʦʛʦ 
ʩʧʦʩʦʙʘ ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʦʥʘ 
ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ 
ʵʣʝʤʝʥʪʘ ʉʬ ʙʝʟ ʫʯʝʪʘ ʩʪʝʧʝʥʠ ʝʛʦ 

ʧʦʩʪʦʷʥʩʪʚʘ ʠ ʩʫʙʲʝʢʪʠʚʥʳʡ ʚʳʙʦʨ ʥʠʞʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ, ʧʨʠʟʥʘʚʘʝʤʦʛʦ ʘʥʦʤʘʣʴʥʳʤ (ʉʦʣʦʚʦʚ, 1985). 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝʠʟʙʝʞʝʥ ʧʨʦʧʫʩʢ ʯʘʩʪʠ ʙʦʣʝʝ ʩʣʘʙʳʭ ʘʥʦʤʘʣʠʡ ʠʣʠ ʦʰʠʙʦʯʥʦʝ ʚʳʜʝʣʝʥʠʝ ʬʠʢʪʠʚʥʳʭ ʘʥʦʤʘʣʠʡ, 
ʩʚʷʟʘʥʥʳʭ ʩʦ ʩʣʫʯʘʡʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʫʨʦʚʥʷ ʬʦʥʘ.  

ʉʨʝʜʠ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʧʦ ʧʨʦʬʠʣʶ ʦʧʨʦʙʦʚʘʥʠʷ ʩʣʝʜʫʝʪ 
ʨʘʟʣʠʯʘʪʴ ʷʚʥʳʝ ʘʥʦʤʘʣʠʠ, ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʢʦʣʣʝʢʪʠʚʥʳʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʦʧʳʪ 
(ʨʠʩ. 1). ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʷʚʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʘʥʦʤʘʣʠʷʭ ʧʦʟʚʦʣʷʶʪ ʫʪʦʯʥʠʪʴ ʧʦʥʷʪʠʝ ʦ ʤʝʩʪʥʦʤ ʛʝʦʭʠʤʠʯʝʩʢʦʤ 
ʬʦʥʝ, ʟʘ ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʨʦʜʥʦʛʦ ʫʯʘʩʪʢʘ, ʚ 
ʫʜʘʣʝʥʠʠ ʦʪ ʷʚʥʳʭ ʘʥʦʤʘʣʠʡ. ʃʠʪʦʭʠʤʠʯʝʩʢʠʤ ʧʦʪʦʢʦʤ ʨʘʩʩʝʷʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘʟʳʚʘʝʪʩʷ ʦʙʣʘʩʪʴ ʧʦʚʳʰʝʥʥʳʭ 
ʩʦʜʝʨʞʘʥʠʡ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʘʥʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʨʠʣʝʛʘʶʱʘʷ ʢ ʚʪʦʨʠʯʥʦʤʫ ʦʨʝʦʣʫ 

ʨʘʩʩʝʷʥʠʷ ʠ ʨʘʟʚʠʚʘʶʱʘʷʩʷ ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʥʘ ʧʫʪʷʭ ʪʚʝʨʜʦʛʦ ʠ ʚʦʜʥʦʛʦ ʩʪʦʢʘ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʦʢʘ ʩʦʜʝʨʞʘʥʠʷ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʟʘʪʫʭʘʶʪ, ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʙʣʠʞʘʷʩʴ ʢ ʟʥʘʯʝʥʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʤʝʩʪʥʦʤʫ ʛʝʦʭʠʤʠʯʝʩʢʦʤʫ 
ʬʦʥʫ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʧʨʠ ʨʘʩʯʝʪʝ ʬʦʥʘ ʚ ʧʦʪʦʢʘʭ ʨʘʩʩʝʷʥʠʷ ʩʚʦʡ ʚʢʣʘʜ ʚʥʦʩʠʪ ʥʝ ʪʦʣʴʢʦ ʨʫʜʥʳʡ 
ʤʘʪʝʨʠʘʣ, ʩʥʦʩʠʤʳʡ ʩʦ ʩʢʣʦʥʦʚ, ʥʦ ʠ ʧʫʩʪʳʝ ʧʦʨʦʜʳ ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʙʫʜʫʪ ʚʣʠʷʪʴ ʥʘ ʫʨʦʚʝʥʴ ʤʝʩʪʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ 
ʬʦʥʘ. ɺ ʥʘʧʨʘʚʣʝʥʠʠ ʩʪʦʢʘ, ʧʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʦʪ ʨʫʜʥʦʛʦ ʦʙʲʝʢʪʘ, ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʵʣʝʤʝʥʪʘ ʤʦʛʫʪ ʧʦʩʪʝʧʝʥʥʦ 
ʩʥʠʞʘʪʴʩʷ ʠ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʢʣʘʨʢʦʚʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʨʘʩʯʝʪʫ ʬʦʥʘ, ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʜʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ (Ag,Ba,Ni,Ti,Zn) ʟʥʘʯʝʥʠʷ ʬʦʥʘ ʚ 
ʧʦʪʦʢʘʭ ʨʘʟʥʳʭ ʧʦʨʷʜʢʦʚ ʠʟʤʝʥʷʶʪʩʷ. ʌʦʥʦʚʳʝ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʦʪʦʢʘʭ ʨʘʩʩʝʷʥʠʷ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ 
ʩʪʨʝʤʷʪʩʷ ʢ ʤʠʥʠʤʫʤʫ. ʕʪʦ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ɺ.ɸ. ʈʦʤʘʥʦʚʳʤ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʘʥʘʣʠʟʦʚ ʦʧʨʦʙʦʚʘʥʠʷ ʧʦ ʨ.ʨ. ʆʩʘ ʠ 

ʆʙʫʩʘ ʙʘʩʩʝʡʥʘ ʨ. ɸʥʛʘʨʳ (ʈʦʤʘʥʦʚ, 2000). ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. ɺʦ-ʧʝʨʚʳʭ, ʧʦʪʦʢ ʨʘʩʩʝʷʥʠʷ ï ʵʪʦ 
ʥʝ ʪʦʣʴʢʦ ʨʘʟʨʫʰʝʥʥʘʷ ʯʘʩʪʴ ʢʦʨʝʥʥʳʭ ʧʦʨʦʜ, ʥʦ ʠ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʠ ʚʟʚʝʩʠ. ʇʦ ɻ.ɺ. ʃʦʧʘʪʠʥʫ (ʃʦʧʘʪʠʥ 1952), ʧʦʪʦʢ 
ʨʘʩʩʝʷʥʠʷ ʚʳʨʘʞʘʝʪʩʷ ʟʥʘʯʝʥʠʷʤʠ 3,5;0,35;1, ʪ.ʝ. 3,5 ï ʚʟʚʝʩʠ, 0,35 ï ʚʣʝʢʦʤʳʡ ʧʦ ʜʥʫ ʤʘʪʝʨʠʘʣ, 1 ï ʨʘʩʪʚʦʨʝʥʥʦʝ ʚʦʜʦʡ 
ʚʝʱʝʩʪʚʦ. ʇʦʩʢʦʣʴʢʫ ʚ ʧʨʦʙʫ ʦʪʙʠʨʘʝʪʩʷ ʠʣʠʩʪʘʷ ʬʨʘʢʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʘʥʘʣʠʟʫ ʧʦʜʚʝʨʛʘʝʪʩʷ ʥʝ ʚʩʷ ʤʘʩʩʘ ʩʪʦʢʘ 
ʚʝʱʝʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʪʚʦʨʝʥʠʝ ʚʝʱʝʩʪʚ ʠ ʧʝʨʝʭʦʜ ʠʭ ʠʟ ʪʚʝʨʜʦʡ ʬʘʟʳ ʚ ʚʦʜʥʳʝ ʨʘʩʪʚʦʨʳ, ʢʦʪʦʨʳʝ ʚ 
ʩʚʦʶ ʦʯʝʨʝʜʴ ʨʘʟʙʘʚʣʷʶʪʩʷ ʥʦʚʳʤʠ ʧʦʨʮʠʷʤʠ ʚʦʜʳ ʩ ʧʨʠʣʝʛʘʶʱʠʭ ʪʝʨʨʠʪʦʨʠʡ. 

ʉʣʝʜʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʨʫʜʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚʤʝʱʘʶʱʠʤʠ ʧʦʨʦʜʘʤʠ ʧʦ ʤʝʨʝ ʠʭ ʩʥʦʩʘ 
ʚʥʠʟ. ʇʦ ʤʝʨʝ ʫʜʘʣʝʥʠʷ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ ʦʪ ʥʘʯʘʣʘ ʧʦʪʦʢʘ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʫʜʥʳʡ 

ʦʙʲʝʢʪ, ʧʦʧʘʚʰʠʡ ʚ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʦʢʘʟʳʚʘʝʪ ʥʘʤʥʦʛʦ ʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʫʨʦʚʝʥʴ ʬʦʥʘ ʠ ʩʠʣʫ 
ʘʥʦʤʘʣʠʡ, ʯʝʤ ʪʘʢʦʝ ʞʝ ʨʫʜʥʦʝ ʪʝʣʦ, ʥʘ ʧʣʦʱʘʜʴ ʚʦʜʦʩʙʦʨʘ ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ. ʉʦʜʝʨʞʘʥʠʝ 
ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʝʜʠʥʠʮʫ ʦʙʲʝʤʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʝʧʝʥʥʦ ʧʘʜʘʝʪ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʦʪʦʢʝ ʨʘʩʩʝʷʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʝʩʪʝʩʪʚʝʥʥʳʡ ʧʨʦʮʝʩʩ ʨʘʩʩʝʠʚʘʥʠʷ ʚʝʱʝʩʪʚʘ (ʨʘʟʫʙʦʞʠʚʘʥʠʝ, 
ʚʳʥʦʩ, ʨʘʩʪʚʦʨʝʥʠʝ). ʀ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʨʷʜʢʘ ʚʦʜʦʪʦʢʘ ʵʪʦʪ ʧʨʦʮʝʩʩ ʫʩʢʦʨʷʝʪʩʷ. 

ʀʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʚʳʪʝʢʘʝʪ ʚʳʚʦʜ, ʯʪʦ ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʘʥʦʤʘʣʠʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʵʪʠ ʬʘʢʪʦʨʳ ʠ 
ʩʥʠʞʘʪʴ çʧʣʘʥʢʫè ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʬʦʥʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʝʣʠʯʠʥʦʡ ʧʣʦʱʘʜʠ ʚʦʜʦʩʙʦʨʘ (ʪʘʙʣ. 1, 2). 

 

ʊʘʙʣʠʮʘ 1 

ʄʠʥʠʤʘʣʴʥʦ-ʘʥʦʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʜʣʷ ʙʘʩʩʝʡʥʘ ʨ. ɹʘʣʘʭʪʠʩʦʥ (ʚ n*10
-3 

% (Au, Pt, Ag  ï ʚ  ʤʛ/ʪ)) 

 

 

 

Ag Au Ba Bi Co Cr Cu Mn Mo Ni Pb Ti Zn Sn

1 ʧʦʨʷʜʦʢ
49,47 8,24 96,96 0,15 11,57 21,49 2,69 72,89 0,38 20,50 2,57 502,7 12,26 0,31

2 ʧʦʨʷʜʦʢ
28,87 8,01 13,12 0,10 1,62 8,86 2,80 72,38 0,39 14,34 2,26 523,9 7,35 0,27

3 ʧʦʨʷʜʦʢ
14,48 5,33 12,68 0,10 0,65 23,10 2,40 62,97 0,45 4,64 3,01 433,2 8,03 0,10

ʤʠʥʠʤʘʣʴʥʦ - ʘʥʦʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ n*10-3 % (Au, Pt, Ag  ï ʚ  ʤʛ/ʪ)  
ʧʦʨʷʜʦʢ

 
 

ʈʠʩ.1. ɻʨʘʬʠʢ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʘ ʧʦ ʧʨʦʬʠʣʶ 

ʦʧʨʦʙʦʚʘʥʠʷ 



ʊʘʙʣʠʮʘ 2 

ʉʨʝʜʥʠʝ ʬʦʥʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʙʘʩʩʝʡʥʘ ʨ. ɹʘʣʘʭʪʠʩʦʥ (ʚ n*10
-3 

% (Au, Pt, Ag  ï ʚ  ʤʛ/ʪ)) 

 
ʃʠʪʝʨʘʪʫʨʘ 

 
1. ʀʥʩʪʨʫʢʮʠʷ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʤʝʪʦʜʘʤ ʧʦʠʩʢʦʚ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ï ʄ.: ʅʝʜʨʘ, 1985. 
2. ʃʦʧʘʪʠʥ ɻ.ɺ. ʅʘʥʦʩʳ ʨʝʢ ʉʉʉʈ. ï ʄ.: ɻʝʦʛʨʘʬʛʠʟ, 1952. 
3. ʈʦʤʘʥʦʚ ɺ.ɸ. ʇʦʪʦʢʠ ʨʘʩʩʝʷʥʠʷ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ. // 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ. ï ʄ., 2000. ï ˉ2. ï ʉ 45-50. 
4. ʉʦʣʦʚʦʚ ɸ.ʇ. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʧʦʠʩʢʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ï ʄ.: ʅʝʜʨʘ, 1985. 

 
ʂ ʇʈʆɹʃɽʄɽ ʀɿʋʏɽʅʀʗ ɿʆʅ ɿɸʄɽʑɽʅʀʗ ʅɸ ʉʊɸʈʆɹʀʅʉʂʆʄ 

ʄɽʉʊʆʈʆɾɼɽʅʀʀ ʂɸʃʀʁʅʓʍ ʉʆʃɽʁ 
ɺ.ʕ. ʂʫʪʳʨʣʦ, ʕ.ɸ. ɺʳʩʦʮʢʠʡ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ʕ.ɸ. ɺʳʩʦʮʢʠʡ 
ɹʝʣʦʨʫʩʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʄʠʥʩʢ, ɹʝʣʘʨʫʩʴ 

 

ʀʟʫʯʝʥʠʝ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʩʣʦʝʚ ʢʘʤʝʥʥʦʡ ʩʦʣʴʶ ʩ ʚʳʭʦʜʦʤ ʥʘ ʨʝʛʠʦʥʘʣʴʥʦʝ ʠ 
ʣʦʢʘʣʴʥʦʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ, ʧʦʟʚʦʣʠʣʦ ʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʣʘʥʠʨʦʚʘʥʠʝ ʦʯʠʩʪʥʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʰʘʭʪʥʳʭ ʧʦʣʷʭ 
ʈʋʇ çɹʝʣʘʨʫʩʴʢʘʣʠʡè ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʤ ʫʯʘʩʪʢʝ ʂʨʘʩʥʘʷ ʉʣʦʙʦʜʘ (ʉʪʘʨʦʙʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ). 

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʜʦʙʥʳʭ ʟʦʥ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʘ ʧʦʜʭʦʜʘ: ʧʝʨʚʳʡ, ʚ ʨʫʩʣʝ ʢʦʪʦʨʦʛʦ 
ʨʘʙʦʪʘʣʠ ʪʘʢʠʝ ʫʯʝʥʳʝ ʢʘʢ ʀ. ʍʦʣʴʚʝʨʜ, ʈ. ʍʘʪʯʠʥʩʦʥ, ʌ. ɹʝʩʩʝʨʪ, ʗ.ʗ. ʗʨʞʝʤʩʢʠʡ, ɺ.ʅ. ʑʝʨʙʠʥʘ, ɸ.ɽ. ʍʦʜʴʢʦʚ, ʙʳʣ 
ʥʘʧʨʘʚʣʝʥ ʥʘ ʨʘʩʢʨʳʪʠʝ ʛʝʥʝʟʠʩʘ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʠ ʚʪʦʨʦʡ ʧʦʜʭʦʜ, ʘʢʮʝʥʪʠʨʦʚʘʚʰʠʡ ʚʥʠʤʘʥʠʝ ʥʘ ʣʦʢʘʣʠʟʘʮʠʠ ʠ 
ʤʦʨʬʦʤʝʪʨʠʠ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ (ɺʳʩʦʮʢʠʡ, ʂʠʩʣʠʢ, 1988). 

ɽʱʝ ʚ 60-ʭ ʛʦʜʘʭ ʫʯʝʥʳʝ ʦʪʤʝʯʘʣʠ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʚ ʦʙʲʷʩʥʝʥʠʠ ʛʝʥʝʟʠʩʘ ʟʦʥ ʟʘʤʝʱʝʥʠʷ. ʊʘʢ, ʧʨʠʤʝʥʠʤʦ 

ʢ ʉʪʘʨʦʙʠʥʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʛʝʥʝʪʠʯʝʩʢʠʭ ʛʠʧʦʪʝʟ: 1) ʛʠʧʦʪʝʟʘ ʗ.ʗ. 
ʗʨʞʝʤʩʢʦʛʦ, ʢʦʪʦʨʳʡ, ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʟʦʥʘʤʠ ʟʘʤʝʱʝʥʠʷ ɺʝʨʭʥʝʢʘʤʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚʳʩʢʘʟʘʣ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ 
ʧʝʨʚʠʯʥʦ-ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʤ ʭʘʨʘʢʪʝʨʝ ʠʟʤʝʥʝʥʠʡ ʚ ʛʦʨʠʟʦʥʪʘʭ ʢʘʣʠʡʥʦʡ ʩʦʣʠ ʥʘ ʉʪʘʨʦʙʠʥʩʢʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ; 2) 
ʢʦʥʮʝʧʮʠʷ ɺ.ʅ.ʑʝʨʙʠʥʳ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ 
ʩʦʩʪʘʚʘ ʩʦʣʝʚʦʡ ʤʘʩʩʳ ʜʦʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʨʦʜʥʦʛʦ ʚʦʜʦʝʤʘ ʚ ʧʝʨʠʦʜ ʨʘʥʥʝʛʦ ʜʠʘʛʝʥʝʟʘ; 3) ʧʨʝʜʧʦʣʦʞʝʥʠʝ ɸ.ɽ. 
ʍʦʜʴʢʦʚʘ, ʩʫʱʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʦʥʳ ʟʘʤʝʱʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʘʣʠʡʥʳʝ 
ʛʦʨʠʟʦʥʪʳ ʨʘʩʩʦʣʦʚ, ʦʪʞʠʤʘʶʱʠʭʩʷ ʧʨʠ ʫʧʣʦʪʥʝʥʠʠ ʠ ʦʙʝʟʚʦʞʠʚʘʥʠʠ ʩʦʣʝʥʦʩʥʳʭ ʪʦʣʱ. 

ʀʟʫʯʘʷ ʛʝʥʝʟʠʩ ʟʦʥ ʟʘʤʝʱʝʥʠʷ, ʥʝ 

ʩʣʝʜʫʝʪ ʟʘʙʳʚʘʪʴ ʦ ʧʝʨʚʠʯʥʳʭ 
ʵʤʧʠʨʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʩʪʘʣ 
ʚʦʟʤʦʞʥʳʤ ʩ ʨʘʟʚʠʪʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ 
ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʞʝ ʚʘʞʝʥ ʧʨʘʢʪʠʯʝʩʢʠʡ 
ʨʝʟʫʣʴʪʘʪ (ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʟʦʥ 
ʟʘʤʝʱʝʥʠʷ), ʘ ʥʝ ʧʦʩʪʨʦʝʥʠʝ 
ʠʜʝʘʣʠʟʠʨʦʚʘʥʥʳʭ ʩʭʝʤ ʠʭ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
ʏʫʚʩʪʚʫʷ ʥʝʢʦʪʦʨʳʡ ʩʢʝʧʪʠʮʠʟʤ ʢ 
ʛʝʥʝʪʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʷʤ ʚ ʛʝʦʣʦʛʠʠ, ʤʳ 

ʚʩʝ ʞʝ ʚʟʷʣʠ ʟʘ ʦʩʥʦʚʫ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ɸ.ɽ. 
ʍʦʜʴʢʦʚʘ ʦ ʛʝʥʝʟʠʩʝ ʟʦʥ ʟʘʤʝʱʝʥʠʷ. 

ʇʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʤʠʛʨʘʮʠʦʥʥʘʷ 
ʛʠʧʦʪʝʟʘ ɸ.ɽ. ʍʦʜʴʢʦʚʘ, ʨʘʟʚʠʪʘʷ ʝʛʦ 
ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʤ 
ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʦʡ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ 
ʧʨʦʨʘʙʦʪʘʥʥʦʡ ʚ ʥʘʫʯʥʦʤ ʦʪʥʦʰʝʥʠʠ. 
ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʜʣʷ 

ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʠ ʧʦʜʨʦʙʥʦ ʦʩʚʝʱʝʥʳ ʚ 
ʥʘʫʯʥʳʭ ʨʘʙʦʪʘʭ ɺ.ɿ. ʂʠʩʣʠʢʘ (ʂʠʩʣʠʢ, 
1971), ʢʦʪʦʨʳʡ ʚ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 
ʦʧʠʨʘʣʩʷ ʪʘʢʞʝ ʥʘ ʪʨʫʜʳ ʂ. ɸʜʘʤʩʘ, ʂ. 

1 2 3

Ag 9,19 7,31 5,98

Ba 20,15 9,41 9,48

Mo 0,13 0,13 0,15

Cr 5,85 3,98 3,72

Zn 4,98 3,96 3,56

Sn 0,13 0,12 0,10

Pb 0,94 0,93 0,88

Ti 288,77 261,42 248,23

ʧʦʨʷʜʦʢ ʚʦʜʦʪʦʢʘ

ʵʣʝʤʝʥʪ

 

 
ʈʠʩ.1.  ʄʦʜʝʣʴ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʥʘ ʉʪʘʨʦʙʠʥʩʢʦʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʢʘʣʠʡʥʳʭ ʩʦʣʝʡ 

(ʥʘ ʦʩʥʦʚʝ GIS ʧʨʦʛʨʘʤʤʳ Arcview 3.2) 

1 ï ʛʨʘʥʠʮʳ ʰʘʭʪʥʳʭ ʧʦʣʝʡ, 2 ï ʰʘʭʪʥʳʝ ʮʝʣʠʢʠ, 3 ï 

ʦʪʨʘʙʦʪʘʥʥʳʝ ʫʯʘʩʪʢʠ, 4 ï ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʨʘʟʣʦʤʳ, 5 ï ʛʨʘʥʠʮʘ 

ʚʳʢʣʠʥʠʚʘʥʠʷ II  ʢʘʣʠʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 6 ï ʩʪʨʘʪʦʠʟʦʛʠʧʩʳ ʧʦ 

ʧʦʚʝʨʭʥʦʩʪʠ II  ʢʘʣʠʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, 7 ï ʟʦʥʳ ʟʘʤʝʱʝʥʠʷ. 
 



ʃʠʥʥʘ, ɼ. ʂʝʡʩʘ. ʉʦʛʣʘʩʥʦ ɺ.ɿ. ʂʠʩʣʠʢʫ ʚ ʧʨʝʜʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚʦ II ʢʘʣʠʡʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩʫʱʝʩʪʚʫʶʪ ʜʚʘ ʪʠʧʘ ʟʦʥ 
ʟʘʤʝʱʝʥʠʷ: ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʠʡ ʠ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʠʡ. ʂ ʨʘʥʥʝʜʠʘʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʦʪʥʦʩʷʪʩʷ ʥʝʙʦʣʴʰʠʝ ʧʦ 
ʧʣʦʱʘʜʠ ʟʦʥʳ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 10 ʜʦ 20-30 ʤ. ʌʦʨʤʘ ʠʭ ʚ ʧʣʘʥʝ ʵʣʣʠʧʪʠʯʝʩʢʘʷ ʠ ʦʥʠ ʦʙʳʯʥʦ ʠʤʝʶʪ ʩʫʙʰʠʨʦʪʥʦʝ 

ʧʨʦʩʪʠʨʘʥʠʝ. ʀʟ ʜʚʫʭ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʩʣʦʝʚ, ʩʣʘʛʘʶʱʠʭ ʥʦʨʤʘʣʴʥʳʡ ʨʘʟʨʝʟ ʛʦʨʠʟʦʥʪʘ, ʢʘʤʝʥʥʦʡ ʩʦʣʴʶ ʟʘʤʝʱʘʝʪʩʷ, ʢʘʢ 
ʧʨʘʚʠʣʦ, ʚʝʩʴ ʥʠʞʥʠʡ ʩʠʣʴʚʠʥʠʪʦʚʳʡ ʩʣʦʡ, ʧʨʠʯʝʤ ʢʦʥʪʘʢʪ ʢʘʤʝʥʥʦʡ ʩʦʣʠ ʠ ʩʠʣʴʚʠʥʠʪʦʚ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʟʨʝʟʘ ʨʝʟʢʠʡ. 
ɺʝʨʭʥʠʡ ʩʠʣʴʚʠʥʠʪʦʚʳʡ ʩʣʦʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʭʨʘʥʷʝʪ ʥʦʨʤʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʥʦ ʧʨʦʩʝʜʘʝʪ, ʦʙʨʘʟʫʷ ʧʦʣʦʛʫʶ 
ʩʠʥʢʣʠʥʘʣʴʥʫʶ ʩʢʣʘʜʢʫ ʚ ʟʦʥʝ ʟʘʤʝʱʝʥʠʷ. ʇʨʦʩʣʦʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʩʢʣʘʜʢʫ ʠʟʛʠʙʘʶʪʩʷ, ʥʦ ʥʝ ʤʝʥʷʶʪ ʤʦʱʥʦʩʪʠ. ʆ 
ʧʨʦʩʝʜʘʥʠʠ ʩʣʦʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʪʘʢʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʣʦʢʥʠʩʪʦʛʦ ʩʠʣʴʚʠʥʠʪʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʪʨʝʱʠʥʘʭ. ʊʦʥʢʠʝ 
ʧʨʦʩʣʦʠ ʛʘʣʦʧʝʣʠʪʦʚ ʚ ʟʘʤʝʱʝʥʥʦʤ ʥʠʞʥʝʤ ʩʣʦʝ ʟʘʣʝʛʘʶʪ ʥʝʨʦʚʥʦ, ʨʘʟʦʨʚʘʥʳ ʠ ʩʤʝʱʝʥʳ, ʙʦʣʝʝ ʤʦʱʥʳʝ ʨʘʟʙʠʪʳ 
ʪʨʝʱʠʥʘʤʠ, ʥʝʨʝʜʢʦ ʚʳʧʦʣʥʝʥʥʳʤʠ ʩʠʣʴʚʠʥʦʤ ʠʣʠ ʢʨʘʩʥʳʤ ʛʘʣʠʪʦʤ. ʂ ʢʘʪʘʛʝʥʝʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʟʦʥ ʟʘʤʝʱʝʥʠʷ 
ʦʪʥʦʩʷʪʩʷ ʢʨʫʧʥʳʝ ʟʦʥʳ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʪ 100 ʜʦ 300ð400 ʤ. ɺ ʧʣʘʥʝ ʦʥʠ ʠʤʝʶʪ ʦʢʨʫʛʣʫʶ, ʠʥʦʛʜʘ ʧʨʠʯʫʜʣʠʚʫʶ, 

ʯʘʩʪʦ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ ʠ ʧʨʦʩʪʠʨʘʶʪʩʷ ʚ ʩʫʙʰʠʨʦʪʥʦʤ ʠʣʠ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʵʪʠʭ ʟʦʥʘʭ 
ʦʪʤʝʯʝʥʦ ʟʘʤʝʱʝʥʠʝ ʦʙʦʠʭ ʩʣʦʝʚ, ʥʦ ʥʠʞʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʘʤʝʱʝʥ ʥʘ ʙʦʣʴʰʝʡ ʧʣʦʱʘʜʠ. ɿʘʤʝʱʝʥʠʝ ʩʠʣʴʚʠʥʠʪʦʚ 
ʥʠʞʥʝʛʦ ʩʣʦʷ ʥʦʩʠʪ ʯʘʰʝʦʙʨʘʟʥʳʡ ʭʘʨʘʢʪʝʨ, ʘ ʚʝʨʭʥʝʛʦ ʥʝ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ. ɺ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ ʟʦʥ 
ʥʘʙʣʶʜʘʶʪʩʷ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ çʙʫʛʨʳ ʚʩʧʫʯʠʚʘʥʠʷè (ʂʠʩʣʠʢ, 1965). 

ɺ ʮʝʣʦʤ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠ ʨʝʪʨʦʩʧʝʢʪʠʚʥʳʝ ʧʦʩʪʨʦʝʥʠʷ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 
ʬʘʢʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʢ 1966 ʛʦʜʫ. ʅʦ ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʪʦ, ʯʪʦ ʟʘ ʧʦʩʣʝʜʥʠʝ 37 ʣʝʪ ʥʘʢʦʧʣʝʥ 
ʦʧʨʝʜʝʣʝʥʥʳʡ ʤʘʪʝʨʠʘʣ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʨʘʟʚʠʪʴ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʨʘʙʦʪʘʪʴ, ʘ ʪʘʢʞʝ ʦʪʯʘʩʪʠ ʚʝʨʠʬʠʮʠʨʦʚʘʪʴ 
ʥʝʢʦʪʦʨʳʝ ʧʦʣʦʞʝʥʠʷ ʜʘʥʥʦʡ ʛʠʧʦʪʝʟʳ ʥʘ ʧʨʘʢʪʠʢʝ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʉʪʘʨʦʙʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 
ɽʩʣʠ ʚʟʷʪʴ ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʤʠʛʨʘʮʠʦʥʥʫʶ ʛʠʧʦʪʝʟʫ ʍʦʜʴʢʦʚʘ-ʂʠʩʣʠʢʘ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ ʥʘʫʯʥʳʡ ʙʘʟʠʩ 

ʪʦ, ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ II ʠ III ʢʘʣʠʡʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʥʘʤʠ ʧʨʝʜʣʦʞʝʥʦ 
ʨʫʢʦʚʦʜʩʪʚʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʝʡ ʤʘʪʨʠʮʝʡ ʧʨʠʟʥʘʢʦʚ: (X1, X2, X3, X4, X5, X6, X7, X8, X9, X10, X11), ʛʜʝ X1 ï ʨʘʩʩʪʦʷʥʠʝ 
ʜʦ ʙʣʠʞʘʡʰʝʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʥʘʨʫʰʝʥʠʷ; X2 ï ʛʣʫʙʠʥʘ ʟʘʣʝʛʘʥʠʷ ʢʘʣʠʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʩʪʘʪʠʯʝʩʢʦʛʦ 
ʜʘʚʣʝʥʠʷ); X3 ï ʤʦʱʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʘʣʠʡʥʦʛʦ ʛʦʨʠʟʦʥʪʘ; X4 -ʤʦʱʥʦʩʪʴ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠʣʴʚʠʥʠʪʦʚʳʭ ʩʣʦʝʚ; X5 ï 
ʤʦʱʥʦʩʪʴ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʧʝʨʝʢʨʳʚʘʶʱʠʭ ʠʩʩʣʝʜʫʝʤʳʡ ʢʘʣʠʡʥʳʡ ʛʦʨʠʟʦʥʪ; X6 ï ʤʦʱʥʦʩʪʴ ʛʣʠʥʠʩʪʦ-
ʢʘʨʙʦʥʘʪʥʦʡ ʧʘʯʢʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʩʪʠʣʘʶʱʠʡ ʢʘʣʠʡʥʳʡ ʛʦʨʠʟʦʥʪ; X7 ï ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʣʦʝ NaCl; X8 

ï ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʣʦʝ KCl; X9 ï ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʩʣʦʝ MgCl2; X10 ï ʩʦʜʝʨʞʘʥʠʝ ʚ ʠʩʩʣʝʜʫʝʤʦʤ 
ʩʣʦʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʪʘʪʢʘ; X11 ï ʙʨʦʤ-ʭʣʦʨʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʥʘ ʣʦʢʘʣʴʥʦ ʦʙʚʦʜʥʝʥʥʳʭ ʫʯʘʩʪʢʘʭ ʚʳʰʝ 
ʠ ʥʠʞʝ ʟʘʣʝʛʘʶʱʠʭ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʘʣʠʡʥʦʤʫ ʛʦʨʠʟʦʥʪʫ ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʧʘʯʝʢ (24, 26 ɻʂʇ ʜʣʷ II ʠ 12, 14 ɻʂʇ 
ʜʣʷ III ʢʘʣʠʡʥʳʭ ʛʦʨʠʟʦʥʪʦʚ). 

ɺʥʝʜʨʝʥʠʝ ʛʝʦʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʪʢʘʥʴ ʥʘʫʢ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʮʠʢʣʘ, ʧʦʤʦʛʘʝʪ ʥʝ ʪʦʣʴʢʦ ʦʧʝʨʘʪʠʚʥʦ 
ʠ ʪʦʯʥʦ ʢʘʨʪʠʨʦʚʘʪʴ ʟʦʥʳ ʟʘʤʝʱʝʥʠʷ (ʨʠʩ.1), ʥʦ ʠ ʠʟʫʯʘʪʴ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʞʜʫ ʧʨʠʟʥʘʢʘʤʠ, ʩʪʨʦʠʪʴ 
ʧʦʩʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʛʨʝʩʩʠʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʘ ʚʳʭʦʜʝ ʜʦʣʞʥʳ ʜʘʪʴ ʤʦʜʝʣʴ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʥ ʟʘʤʝʱʝʥʠʷ ʥʘ 
ʥʝʦʪʨʘʙʦʪʘʥʥʳʭ ʫʯʘʩʪʢʘʭ (ʚ ʚʠʜʝ ʢʘʨʪ ʠʟʦʚʝʨʦʷʪ). 

ɺʪʦʨʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʧʘʣʝʦʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʝʣʘʭ ʉʪʘʨʦʙʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɺʝʜʴ ʧʦ ʩʫʱʝʩʪʚʫ, ʚʦʜʘ ʷʚʣʷʝʪʩʷ 
ʛʣʘʚʥʳʤ ʘʛʝʥʪʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʯʪʦ ʩʣʫʞʠʪ ʧʦʷʚʣʝʥʠʶ ʟʦʥ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ 
ʦʧʨʝʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʥʘʧʨʘʚʣʝʥʠʷ ʚ ʧʘʣʝʦʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ: ʦʧʨʝʜʝʣʝʥʠʝ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ 
ʘʢʪʠʚʥʳʭ ʬʣʶʠʜʦʚ; ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʘ ʦʪʞʘʪʦʡ ʚʦʜʳ ʧʨʠ ʩʝʜʠʤʝʥʪʘʮʠʠ ʠ ʜʘʣʴʥʝʡʰʝʤ ʫʧʣʦʪʥʝʥʠʠ 
ʩʦʣʝʥʳʭ ʦʪʣʦʞʝʥʠʡ; ʚʳʯʠʩʣʝʥʠʝ ʩʦʣʝʚʦʛʦ ʙʘʣʘʥʩʘ ʠ ʟʥʘʯʝʥʠʡ ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʩ ʮʝʣʴʶ ʚʝʨʠʬʠʢʘʮʠʠ 
ʧʦʩʪʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦ-ʤʠʛʨʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʍʦʜʴʢʦʚʘ-ʂʠʩʣʠʢʘ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ɻ. ɹʘʨʘʥʥʠʢʦʚ 
ʋʨʘʣʴʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʘʢʘʜʝʤʠʷ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʈʦʩʩʠʷ 
 

ʉʫʨʴʠʥʩʢʦ-ʇʨʦʤʳʩʣʦʚʩʢʘʷ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ (ʉʇʄɿ) ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʟʘʧʘʜʥʦʤ ʩʢʣʦʥʝ ʉʨʝʜʥʝʛʦ ʠ 
ʉʝʚʝʨʥʦʛʦ ʋʨʘʣʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʠ ʧʣʘʪʠʥʳ. ʋʟʣʦʚʦʝ 
ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ ʠ ʠʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ʟʦʥʳ ʦʪʨʘʞʘʝʪ ʩʪʘʜʠʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 
ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʟʦʣʦʪʘ ʚ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʤʝʪʘʚʫʣʢʘʥʦʛʝʥʥʦ-ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ, ʤʘʩʩʠʚʘʭ ʛʘʙʙʨʦ-
ʛʠʧʝʨʙʘʟʠʪʦʚʳʭ ʠ ʛʘʙʙʨʦ-ʛʨʘʥʠʪʦʠʜʥʳʭ ʩʝʨʠʡ, ʧʨʦʜʫʢʪʘʭ ʠʭ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 
ʠʟʤʝʥʝʥʠʡ, ʘ ʪʘʢʞʝ ʤʝʟʦʟʦʡʩʢʠʭ ʢʦʨʘʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʨʦʩʩʳʧʷʭ. 

ʖʞʥʘʷ ʯʘʩʪʴ ʉʇʄɿ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʮʝʣʦʤ ʥʝʚʳʩʦʢʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʴʶ. ɿʜʝʩʴ ʦʪʤʝʯʘʝʪʩʷ ʨʝʟʢʦ 
ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʦʥʦʩʥʳʭ ʠ ʟʦʣʦʪʦ-ʧʣʘʪʠʥʦʚʳʭ ʨʦʩʩʳʧʝʡ. ʆʥʠ ʛʨʫʧʧʠʨʫʶʪʩʷ ʚ ʦʪʜʝʣʴʥʳʝ ʨʫʜʥʦ-



ʨʦʩʩʳʧʥʳʝ ʫʟʣʳ, ʨʘʟʜʝʣʝʥʥʳʝ ʫʯʘʩʪʢʘʤʠ ʩ ʥʠʟʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ. ʈʫʜʥʦ-ʨʦʩʩʳʧʥʳʝ ʫʟʣʳ ʵʪʦʡ ʯʘʩʪʠ ʉʇʄɿ 
ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʈʝʚʜʠʥʩʢʦ-ʐʠʰʠʤʩʢʦʡ ʤʝʟʦʟʦʡʩʢʦʡ ʵʨʦʟʠʦʥʥʦ-ʩʪʨʫʢʪʫʨʥʦʡ ʜʝʧʨʝʩʩʠʝʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʶʞʥʦʤ 
ʧʨʦʜʦʣʞʝʥʠʠ ʚʝʜʫʱʠʭ ʤʝʟʦʟʦʡʩʢʠʭ ʜʝʧʨʝʩʩʠʡ ʋʨʘʣʘ ï ʊʫʨʴʠʥʩʢʦ-ɹʦʛʦʩʣʦʚʩʢʦʡ ʠ ʀʚʜʝʣʴʩʢʦ-ʊʘʛʠʣʴʩʢʦʡ. ʅʘʠʙʦʣʝʝ 

ʢʨʫʧʥʳʝ ʟʦʣʦʪʦ-ʧʣʘʪʠʥʦʚʳʝ ʨʦʩʩʳʧʠ ʠʟʚʝʩʪʥʳ ʣʠʰʴ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʦʪʤʝʯʝʥʥʦʡ ʜʝʧʨʝʩʩʠʠ. ʖʞʥʘʷ ʯʘʩʪʴ ʵʪʦʡ 
ʤʦʨʬʦʩʪʨʫʢʪʫʨʳ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚ ʮʝʣʦʤ ʩʣʘʙʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ. 

ɺʦʧʨʦʩ ʦ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ ʟʦʣʦʪʘ ʨʦʩʩʳʧʝʡ ʈʝʚʜʠʥʩʢʦ-ʐʠʰʠʤʩʢʦʡ ʜʝʧʨʝʩʩʠʠ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ 
ʦʪʢʨʳʪʳʤ. ʀʟʫʯʝʥʠʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ, ʘʨʭʠʚʥʳʭ ʠ ʬʦʥʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʣʠʯʥʳʝ ʛʝʦʣʦʛʦ-ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ 
ʥʘʙʣʶʜʝʥʠʷ ʘʚʪʦʨʘ ʚ ʧʨʝʜʝʣʘʭ ʈʝʚʜʠʥʩʢʦʛʦ ʨʘʡʦʥʘ ʧʦʟʚʦʣʷʶʪ ʦʙʩʫʞʜʘʪʴ ʚʦʧʨʦʩ ʦ ʚʦʟʤʦʞʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 
ʪʠʧʘʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʟʦʣʦʪʦʥʦʩʥʳʭ ʨʦʩʩʳʧʝʡ. ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʠʭ ʥʘ ʧʨʠʤʝʨʝ ʇʝʨʚʦʫʨʘʣʴʩʢʦʛʦ, ʄʘʨʠʠʥʩʢʦʛʦ 
ʠ ʜʨʫʛʠʭ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʳʭ ʫʟʣʦʚ. 

ɼʣʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʟʦʣʦʪʦ-ʧʣʘʪʠʥʦʚʳʭ ʨʦʩʩʳʧʝʡ ʧʣʝʡʩʪʦʮʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʩʝʚʝʨʥʦʡ 

ʯʘʩʪʠ ʜʝʧʨʝʩʩʠʠ (ʐʠʰʠʤʩʢʠʡ ʠ ʇʝʨʚʦʫʨʘʣʴʩʢʠʡ ʫʟʣʳ), ʥʘʠʙʦʣʝʝ ʟʦʣʦʪʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʙʣʘʩʪʠ ʨʘʟʚʠʪʠʷ 
ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʪʦʣʱ ʨʘʥʥʝʛʦ ʩʠʣʫʨʘ. ʆʥʠ ʚʤʝʱʘʶʪ ʤʝʪʘʤʦʨʬʦʛʝʥʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʝ 
ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʢʦʣʯʝʜʘʥʥʳʝ ʠ ʢʦʣʯʝʜʘʥʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʲʝʢʪʳ ʞʠʣʴʥʦʛʦ ʟʦʣʦʪʦ-
ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʛʦ ʪʠʧʘ. ʇʦʚʳʰʝʥʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ "ʚʠʜʠʤʦʛʦ" ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʚ 
ʘʥʪʠʛʦʨʠʪʠʟʠʨʦʚʘʥʥʳʭ ʛʠʧʝʨʙʘʟʠʪʘʭ ʉʝʨʦʚʩʢʦ-ʄʘʫʢʩʢʦʛʦ ʧʦʷʩʘ (ʉʘʟʦʥʦʚ ʠ ʜʨ., 2001). 

ɽʜʠʥʠʯʥʳʝ ʟʦʣʦʪʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʟʚʝʩʪʥʳ ʪʘʢʞʝ ʚ ʧʨʝʜʝʣʘʭ ʈʝʚʜʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
ʇʣʘʪʠʥʦʥʦʩʥʦʛʦ ʧʦʷʩʘ, ʩʣʦʞʝʥʥʦʛʦ ʘʤʬʠʙʦʣʠʪʘʤʠ, ʨʦʛʦʚʠʢʘʤʠ, ʛʠʧʝʨʙʘʟʠʪʘʤʠ ʠ ʛʘʙʙʨʦʠʜʘʤʠ (O3-S1), ʘ ʪʘʢʞʝ 
ʜʠʦʨʠʪʘʤʠ ʠ ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ (S2). ʀʟʫʯʝʥʠʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʠʟ ʘʣʣʶʚʠʷ ʥʘʠʙʦʣʝʝ 

ʢʨʫʧʥʦʡ ɽʣʴʯʝʚʩʢʦʡ ʨʦʩʩʳʧʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʝʝ ʚʦʟʤʦʞʥʳʝ ʢʦʨʝʥʥʳʝ ʠʩʪʦʯʥʠʢʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʟʦʣʦʪʦ-
ʩʫʣʴʬʠʜʥʦ-ʢʚʘʨʮʝʚʦʤʫ ʪʠʧʫ. ɺ ʠʟʫʯʝʥʥʳʭ ʦʙʥʘʞʝʥʠʷʭ ʤʘʩʩʠʚʦʚ ʜʠʦʨʠʪʦʚ ʠ ʢʦʥʪʘʢʪʠʨʫʶʱʠʭ ʩ ʥʠʤʠ ʛʘʙʙʨʦʠʜʦʚ 
ʚʩʪʨʝʯʝʥʳ ʤʘʣʦʤʦʱʥʳʝ ʟʦʥʳ ʤʝʪʘʩʦʤʘʪʠʪʦʚ, ʠʤʝʶʱʠʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʝ ʧʨʦʩʪʠʨʘʥʠʝ. ɺʥʝʰʥʷʷ 
ʟʦʥʘ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʢʦʣʦʥʢʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʧʠʜʦʪ-ʢʚʘʨʮ-ʭʣʦʨʠʪʦʚʳʤʠ ʧʦʨʦʜʘʤʠ, ʘ ʚʥʫʪʨʝʥʥʷʷ ʟʦʥʘ ï ʵʧʠʜʦʪ-
ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪ-ʢʚʘʨʮʝʚʳʤʠ, ʢʚʘʨʮ-ʵʧʠʜʦʪ-ʘʣʴʙʠʪʦʚʳʤʠ, ʘʥʢʝʨʠʪ-ʭʣʦʨʠʪ-ʢʚʘʨʮʝʚʳʤʠ ʠ ʭʣʦʨʠʪ-ʵʧʠʜʦʪ-ʢʚʘʨʮ-
ʘʢʩʠʥʠʪʦʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʢʚʘʨʮʝʚʳʝ ʧʨʦʞʠʣʢʠ ʩ ʩʫʣʴʬʠʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ. 

ɹʣʠʟʢʠʝ ʧʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʰʠʨʦʢʦ ʧʨʦʷʚʣʝʥʳ ʚ ʫʨʘʣʠʪʠʟʠʨʦʚʘʥʥʳʭ 
ʢʣʠʥʦʧʠʨʦʢʩʝʥʠʪʘʭ ʇʝʨʚʦʫʨʘʣʴʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʭ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ 

(ʢʘʯʢʘʥʘʨʩʢʠʡ ʪʠʧ) ʠ ʤʝʜʥʦ-ʩʫʣʴʬʠʜʥʳʭ (ʚʦʣʢʦʚʩʢʠʡ ʪʠʧ) ʨʫʜ. ɿʜʝʩʴ ʥʘ ʢʦʥʪʘʢʪʝ ʛʦʨʥʙʣʝʥʜʠʪʦʚ (ʫʨʘʣʠʪʦʚ) ʩ ʪʝʣʘʤʠ 
ʘʤʬʠʙʦʣ-ʩʦʩʩʶʨʠʪʦʚʦʛʦ ʤʝʪʘʛʘʙʙʨʦ ʥʘʙʣʶʜʘʶʪʩʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʞʠʣʳ ʧʣʘʛʠʦʢʣʘʟʠʪʦʚ, ʢʚʘʨʮ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʭ ʧʦʨʦʜ, 
ʟʦʥʳ ʘʢʪʠʥʦʣʠʪ-ʢʚʘʨʮ-ʭʣʦʨʠʪʦʚʳʭ ʠ ʵʧʠʜʦʪ-ʭʣʦʨʠʪʦʚʳʭ ʤʝʪʘʩʦʤʘʪʠʪʦʚ (ʧʨʦʧʠʣʠʪʦʚ). ʆʥʠ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʦʨʝʦʣʘʤʠ 
ʩʣʘʙʦʡ ʘʥʢʝʨʠʪʠʟʘʮʠʠ, ʧʨʦʞʠʣʢʘʤʠ ʭʣʦʨʠʪʦ-ʘʥʢʝʨʠʪʦʚʦʛʦ, ʘʥʢʝʨʠʪʦʚʦʛʦ ʠ ʘʢʩʠʥʠʪ-ʘʥʢʝʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ʋʯʘʩʪʢʘʤʠ 
ʩʦʜʝʨʞʘʪ ʦʙʠʣʴʥʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʩʫʣʴʬʠʜʦʚ ï ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʙʦʨʥʠʪʘ. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ 
ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʭ ʧʦʨʦʜʘʭ ʜʦʩʪʠʛʘʝʪ 1,5-2,3 ʛ/ʪ (ʀʚʘʥʦʚ, 1997; ʉʘʟʦʥʦʚ ʠ ʜʨ., 1993). ɽʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ 
ʢʘʢʘʷ-ʪʦ ʯʘʩʪʴ ʟʦʣʦʪʘ ʠʟ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʦʪʤʝʯʝʥʥʳʭ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʨʦʜ, ʧʦʩʪʫʧʘʣʘ ʚ ʨʦʩʩʳʧʠ. 

ɺ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ (ʄʘʨʠʠʥʩʢʠʡ ʠ ɹʘʨʜʳʤʩʢʠʡ ʫʟʣʳ) ʚ ʢʘʯʝʩʪʚʝ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 
ʚʳʩʪʫʧʘʶʪ ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʝ ʤʝʪʘʚʫʣʢʘʥʦʛʝʥʥʦ-ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʦʨʜʦʚʠʢʘ. ʈʝʛʠʦʥʘʣʴʥʳʡ ʬʦʥ ʜʣʷ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʭ ʧʦʨʦʜ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʟʦʣʦʪʫ 30 ʤʛ/ʪ, ʩʝʨʝʙʨʫ 160 ʤʛ/ʪ (ɿʦʣʦʝʚ ʠ ʜʨ.,2001). ʉʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʨʝʟʢʦ 
ʚʦʟʨʘʩʪʘʶʪ (ʜʦ 1-2 ʛ/ʪ) ʚ ʟʦʥʘʭ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʛʜʝ ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʝ 
ʧʨʦʮʝʩʩʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʩʝʨʠʷʤʠ ʢʚʘʨʮʝʚʳʭ ʠ ʩʫʣʴʬʠʜʥʦ-ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʭ ʧʨʦʞʠʣʢʦʚ, ʩʝʨʠʮʠʪ-ʢʘʨʙʦʥʘʪ-
ʢʚʘʨʮʝʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʣʠʩʪʚʝʥʠʪ-ʙʝʨʝʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. 

ɺ ʵʪʠʭ ʞʝ ʨʫʜʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʟʦʥʘʭ ʣʦʢʘʣʴʥʦ ʧʨʦʷʚʠʣʠ ʩʝʙʷ ʠ ʟʦʣʦʪʦʧʨʦʜʫʢʪʠʚʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ 
ʘʨʛʠʣʣʠʟʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ, ʩʦʧʦʩʪʘʚʣʷʝʤʳʝ ʧʦ ʚʦʟʨʘʩʪʫ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʤʝʟʦʟʦʡʩʢʠʭ ʭʠʤʠʯʝʩʢʠʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ 
(ɹʘʨʘʥʥʠʢʦʚ, ʋʛʨʶʤʦʚ, 2003). ɸʨʛʠʣʣʠʟʠʪʳ ʥʘʜʝʞʥʦ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ ʢʨʫʧʥʦʛʦ ʐʘʡʪʘʥʩʢʦʛʦ ʨʘʟʣʦʤʘ 
(ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʢʚʘʨʮʠʪʦʚ çɻʦʨʘ ʂʘʨʘʫʣʴʥʘʷè), ʙʫʜʫʯʠ ʧʨʠʫʨʦʯʝʥʥʳʝ ʢ ʢʦʥʪʘʢʪʫ ʧʘʯʢʠ ʢʚʘʨʮʠʪʦʚ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ ʩ 

ʫʛʣʝʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʩʣʶʜʠʩʪʦ-ʢʚʘʨʮʝʚʳʤʠ ʩʣʘʥʮʘʤʠ. ɺʥʝʰʥʷʷ ʟʦʥʘ ʘʨʛʠʣʣʠʟʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʝʡʥʦ 
ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʤʠ ʦʨʝʦʣʘʤʠ ʛʣʠʥʠʟʠʨʦʚʘʥʥʳʭ ʠ "ʧʦʨʠʩʪʳʭ" ʢʚʘʨʮʠʪʦʚ. ɺʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ 
ʢʦʣʦʥʢʠ ʦʪʤʝʯʝʥʥʳʝ ʧʦʨʦʜʳ, ʘ ʪʘʢʞʝ ʩʝʢʫʱʘʷ ʠʭ ʜʘʡʢʘ ʧʦʨʦʜ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ (ʍʦʤʫʪʦʚʩʢʦ-ɻʣʘʜʦʚʩʢʠʡ ʛʨʘʥʦʩʠʝʥʠʪ-
ʛʨʘʥʠʪ-ʧʦʨʬʠʨʦʚʳʡ ʢʦʤʧʣʝʢʩ PZ3 ï MZ1 (?)), ʧʨʝʚʨʘʱʝʥʳ ʚ ʞʝʣʪʦʚʘʪʦ-ʙʝʣʳʝ ʛʣʠʥʳ. ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 
ʠ ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚ ʥʠʭ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʦʙʣʘʜʘʝʪ ʢʘʦʣʠʥʠʪ ʩ ʢʨʠʩʪʘʣʣʦʤʦʨʬʥʳʤʠ ʦʯʝʨʪʘʥʠʷʤʠ 
ʧʣʘʩʪʠʥ. ɺ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʛʠʜʨʦʩʣʶʜʘ. ɺ ʘʨʛʠʣʣʠʟʠʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʘʷ ʛʥʝʟʜʦʚʘʷ ʠ 
ʧʨʦʞʠʣʢʦʚʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʩʫʣʴʬʠʜʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʤʝʣʢʦʟʝʨʥʠʩʪʳʤ ʧʠʨʠʪʦʤ ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʧʠʨʨʦʪʠʥʦʤ, 
ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʙʦʨʥʠʪʦʤ, ʛʘʣʝʥʠʪʦʤ, ʙʣʝʢʣʦʡ ʨʫʜʦʡ, ʚʩʪʨʝʯʘʶʪʩʷ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʚʢʣʶʯʝʥʠʷ ʩʚʦʙʦʜʥʦʛʦ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʨʘʟʤʝʨʘʤʠ ʜʦ 40 ʤʢʤ. 
ʈʦʩʩʳʧʝʦʙʨʘʟʫʶʱʠʡ ʧʦʪʝʥʮʠʘʣ ʦʪʤʝʯʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʠʟʢʠʡ. ɺ ʧʨʝʜʝʣʘʭ ʵʪʦʡ ʯʘʩʪʠ ʜʝʧʨʝʩʩʠʠ ʠʟʚʝʩʪʥʳ 

ʣʠʰʴ ʝʜʠʥʠʯʥʳʝ, ʨʘʟʦʙʱʝʥʥʳʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʨʦʩʩʳʧʠ ʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ 
ʷʚʣʷʶʪʩʷ ʦʙʲʝʢʪʳ ʧʦ ʨ. ɹʦʣ. ɹʘʨʜʳʤ. ʉʫʱʝʩʪʚʫʶʪ ʧʝʨʩʧʝʢʪʠʚʳ ʧʦ ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʡ ʧʣʦʱʘʜʠ ʠ ʥʘ ʚʳʷʚʣʝʥʠʝ 
ʧʦʛʨʝʙʝʥʥʳʭ ʨʦʩʩʳʧʝʡ ʥʝʦʛʝʥʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɿʦʣʦʪʦʥʦʩʥʳʝ ʘʣʣʶʚʠʘʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘʫʨʟʫʤʩʢʦʡ ʩʚʠʪʳ (N1

1-2) 
ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʢʘʨʩʪʦʚʳʭ ʟʦʥʘʭ ɹʠʣʠʤʙʘʝʚʩʢʦʛʦ ʨʘʡʦʥʘ (ʉʪʦʨʦʞʝʥʢʦ, 1971). ɺʙʣʠʟʠ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʦʪʣʦʞʝʥʠʷʭ ʢʨʘʩʥʦʮʚʝʪʥʦʡ ʧʨʦʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʦʡ ʪʦʣʱʠ (N1

2-3) ʠʟʚʝʩʪʥʳ ʨʦʩʩʳʧʠ ʚʘʣʫʥʯʘʪʳʭ 
ʤʘʨʪʠʪʠʟʠʨʦʚʘʥʥʳʭ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʚʳʭ ʨʫʜ (ʇʘʭʦʪʥʳʡ ʨʫʜʥʠʢ). ʉ ʧʨʦʷʚʣʝʥʠʷʤʠ ʨʝʜʢʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʠ ʛʝʥʝʪʠʯʝʩʢʠ ʩʚʷʟʘʥʥʦʡ ʩ ʘʣʴʙʠʪ-ʢʘʨʙʦʥʘʪ-ʢʚʘʨʮʝʚʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ ʚ ʛʨʘʥʠʪʦʠʜʘʭ ʍʦʤʫʪʦʚʩʢʦ-
ɻʣʘʜʦʚʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʵʣʶʚʠʘʣʴʥʦ-ʜʝʣʶʚʠʘʣʴʥʳʝ ʨʦʩʩʳʧʠ ʮʠʨʢʦʥʘ, ʢʩʝʥʦʪʠʤʘ ʠ ʤʦʥʘʮʠʪʘ. ʕʪʠ 
ʤʠʥʝʨʘʣʳ ʥʝʨʝʜʢʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʯʝʪʚʝʨʪʠʯʥʦʤ ʘʣʣʶʚʠʠ. 
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ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʈʋɼʅʆʁ ɿʆʅʓ ʄɽɼʅʆʂʆʃʏɽɼɸʅʅʆɻʆ 

ʈʋɼʆʇʈʆʗɺʃɽʅʀʗ çʂɸʄɽʅʅʓʁ ʇʃɽʉè (ʖɾʅʓʁ ʋʈɸʃ) 
ʉ.ɺ. ʃʷʭʦʚʩʢʠʡ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʩʪʘʨʰʠʡ ʧʨʝʧʦʜʘʚʘʪʝʣʴ ɺ.ɺ. ʂʘʣʘʤʳʡʮʝʚ 
ʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʅʦʚʦʯʝʨʢʘʩʩʢ, ʈʦʩʩʠʷ 

 
ʋʯʘʩʪʦʢ ʂʘʤʝʥʥʳʡ ʇʣʝʩ ʥʘʭʦʜʠʪʩʷ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɸʣʝʢʩʘʥʜʨʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ 

ʶʞʥʦʡ ʯʘʩʪʠ ʋʯʘʣʠʥʩʢʦ-ɸʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʤʝʜʥʦʨʫʜʥʦʡ ʟʦʥʳ. 
ɺ ʩʪʨʦʝʥʠʠ ʫʯʘʩʪʢʘ ʚʳʜʝʣʷʝʪʩʷ ʜʚʘ ʩʪʨʫʢʪʫʨʥʳʭ ʵʪʘʞʘ: ʥʠʞʥʠʡ ï ʫʨʘʣʠʜ, ʠ ʚʝʨʭʥʠʡ ï ʯʝʭʦʣ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ʅʠʞʥʠʡ ʩʪʨʫʢʪʫʨʥʳʡ ʵʪʘʞ ʧʨʝʜʩʪʘʚʣʝʥ ʩʣʦʞʥʦʜʠʩʣʦʮʠʨʦʚʘʥʥʳʤʠ ʧʘʣʝʦʟʦʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ 
ʧʨʝʦʙʣʘʜʘʶʪ ʜʝʚʦʥʩʢʠʝ ʚʫʣʢʘʥʠʪʳ. ʆʙʨʘʟʦʚʘʥʠʷ ʚʝʨʭʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʞʘ (ʧʝʨʚʳʝ ʤʝʪʨʳ, ʨʝʞʝ ʜʦ ʧʝʨʚʳʭ ʜʝʩʷʪʢʦʚ 
ʤʝʪʨʦʚ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʧʣʠʦʮʝʥ-ʯʝʪʚʝʨʪʠʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʚ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʧʨʝʦʙʣʘʜʘʶʪ 
ʛʣʠʥʳ. 

ʉʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʚʝʨʭʥʠʤ ʚ ʢʘʨʘʤʘʣʪʘʰʩʢʦʡ ʩʚʠʪʝ. ɺʫʣʢʘʥʠʯʝʩʢʘʷ 
ʧʦʩʪʨʦʡʢʘ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʫʨʦʯʝʥʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʂʘʤʝʥʥʳʡ ʇʣʝʩ, ʠʤʝʝʪ ʜʚʫʭʲʷʨʫʩʥʦʝ ʩʪʨʦʝʥʠʝ: 
ʥʠʞʥʷʷ ʪʦʣʱʘ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ ʧʝʨʝʢʨʳʪʘ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʙʘʟʘʣʴʪʘʤʠ, ʘ ʪʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʝʨʝʢʨʳʪʳ ʚʝʨʭʥʠʤʠ 
ʢʠʩʣʳʤʠ ʚʫʣʢʘʥʠʪʘʤʠ, ʚʤʝʱʘʶʱʠʤʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ /ʄʘʩʣʝʥʥʠʢʦʚ, 1999/. ʈʫʜʥʳʝ ʪʝʣʘ ʠʤʝʶʪ ʬʦʨʤʫ ʧʣʦʩʢʠʭ ʣʠʥʟ 

ʤʦʱʥʦʩʪʴʶ ʜʦ 16,9 ʤ, ʚ ʩʨʝʜʥʝʤ 3 ʤ, ʟʘʧʘʜʥʦʝ ʧʘʜʝʥʠʝ ʦʪ 30 ʜʦ 60 ʛʨʘʜʫʩʦʚ. ʅʘʠʙʦʣʝʝ ʢʨʫʧʥʳʝ ʜʚʝ: ʶʛʦ-ʚʦʩʪʦʯʥʘʷ ʠ 
ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ. ʆʨʫʜʝʥʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʨʝʜʥʝʦʙʣʦʤʦʯʥʳʤ ʧʦʨʦʜʘʤ ʢʠʩʣʦʛʦ ʩʦʩʪʘʚʘ, ʨʝʞʝ ʢ ʵʬʬʫʟʠʚʥʳʤ ʢʠʩʣʳʤ 
ʨʘʟʥʦʩʪʷʤ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʩʫʣʴʬʠʜʦʚ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ɻʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʫʜʥʦʡ ʬʦʨʤʘʮʠʠ ʋʯʘʣʠʥʦ-ɸʣʝʢʩʘʥʜʨʠʥʩʢʦʡ ʟʦʥʳ (ʊʝʩʩʘʣʠʥʘ, ʄʘʩʣʝʥʥʠʢʦʚ, ʉʫʨʠʥ, 
1998) ʦʧʠʩʳʚʘʝʪ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʨʘʟʤʝʱʝʥʠʷ ʢʦʣʯʝʜʘʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ 
ʛʝʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʦʛʝʥʠʠ ʨʝʛʠʦʥʘ. ʅʘ ʫʯʘʩʪʢʝ ʚʳʷʚʣʝʥʳ ʧʦʠʩʢʦʚʳʝ ʧʨʠʟʥʘʢʠ: 

ï ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʢʠʩʣʳʭ ʚʫʣʢʘʥʠʪʦʚ ʚ ʩʦʩʪʘʚʝ ʧʨʦʜʫʢʪʠʚʥʦʡ ʩʨʝʜʥʝʜʝʚʦʥʩʢʦʡ ʬʦʨʤʘʮʠʠ; 
ï ʧʨʠʟʥʘʢʠ ʨʘʩʯʣʝʥʝʥʥʦʩʪʠ ʧʘʣʝʦʨʝʣʴʝʬʘ ʧʨʦʜʫʢʪʠʚʥʳʭ ʪʦʣʱ, ʚʳʨʘʞʘʶʱʠʝʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʚ ʨʘʟʨʝʟʝ 

ʢʣʘʩʪʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ; 
ï ʥʘʣʠʯʠʝ ʦʨʝʦʣʦʚ ñʩʧʠʣʠʪʠʟʘʮʠʠò, ʧʨʦʧʠʣʠʪʠʟʘʮʠʠ ʠ ʟʦʥ ʦʢʦʣʦʨʫʜʥʦʛʦ ʤʝʪʘʩʦʤʘʪʦʟʘ; 
ï ʥʘʣʠʯʠʝ ʧʨʦʥʠʮʘʝʤʳʭ ʟʦʥ, ʬʠʢʩʠʨʫʶʱʠʭʩʷ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʠ ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ ʧʦʣʷʤʠ 

ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʪʝʣ, ʦʨʝʦʣʘʤʠ ʤʝʪʘʩʦʤʘʪʠʪʦʚ ʠ ʧʨʦʞʠʣʢʦʚʦ-ʚʢʨʘʧʣʝʥʥʳʤ ʦʨʫʜʝʥʝʥʠʝʤ; 
ï ʥʘʣʠʯʠʝ ʧʨʦʷʚʣʝʥʠʡ ʠ ʧʫʥʢʪʦʚ ʢʦʣʯʝʜʘʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ; 
ï ʥʘʣʠʯʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ ʢʦʣʯʝʜʘʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʰʠʨʦʢʦʤ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʧʦʣʠʵʣʝʤʝʥʪʥʳʭ ʦʨʝʦʣʦʚ ʥʘʢʦʧʣʝʥʠʷ ʭʘʣʴʢʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟʨʝʟʝ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʪʦʣʱʠ, 
ʥʘʣʠʯʠʠ ʦʨʝʦʣʦʚ ʚʳʥʦʩʘ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟ ʫʜʘʣʝʥʥʳʭ ʬʣʘʥʛʦʚʳʭ ʠ ʛʣʫʙʦʢʦʟʘʣʝʛʘʶʱʠʭ (ʧʦʜʨʫʜʥʳʭ) ʟʦʥ; 

ï ʥʘʣʠʯʠʝ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʘʥʥʦʛʦ ʫʯʘʩʪʢʘ ʠ ʚʳʷʚʣʝʥʠʝ 
ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ ʧʦ ʜʘʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʚʦʩʴʤʠ ʧʦʠʩʢʦʚʳʭ ʩʢʚʘʞʠʥ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 
ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɺ ʨʘʟʨʝʟʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Cu, Zn, Pb, Ba, Co, Ni, As, Ga, Ag, Cd, Mo, Ge, Sb, Bi, 
ʘ ʪʘʢʞʝ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʙʱʠʤ ʦʙʲʝʤʦʤ 436 ʧʨʦʙ. 

ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʢʣʶʯʘʣʘ ʬʘʢʪʦʨʥʳʡ ʘʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʚʷʟʘʥʥʳʭ ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ 
ʜʘʥʥʳʭ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʝ ʛʨʘʬʠʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʬʘʢʪʦʨʦʚ ʠ ʠʭ ʬʘʢʪʦʨʥʳʝ 
ʤʝʪʢʠ (ʪʘʙʣ.). 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʬʘʢʪʦʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʷʝʪʩʷ 2 ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ. ʇʝʨʚʳʡ ʬʘʢʪʦʨ, ʚʝʜʫʱʠʡ, ʠʤʝʝʪ  ʚʢʣʘʜ ʚ 

ʦʙʱʫʶ ʜʠʩʧʝʨʩʠʶ 9,76%, ʩ ʥʠʤ ʦʙʨʘʪʥʦ ʩʚʷʟʘʥʳ Zn, Pb ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʉu. ʕʪʦʪ ʬʘʢʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʥʘʛʨʫʟʢʫ 
ʮʠʥʢʦʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʄʠʥʠʤʫʤ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ ʤʘʨʢʠʨʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ɺʪʦʨʦʡ ʬʘʢʪʦʨ ʫʯʠʪʳʚʘʝʪ 8,6% ʦʙʱʝʡ ʜʠʩʧʝʨʩʠʠ. ʉ ʥʠʤ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʚʷʟʘʥʳ Cu, Bi, ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩ 
Cd, Sb. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʤʝʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʝ ʛʦʨʠʟʦʥʪʳ ʚ ʮʝʣʦʤ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ 
ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʠ ʫʩʪʦʡʯʠʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ ʚ ʥʠʭ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʘʚʪʦʨʦʤ ʙʳʣʠ 
ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʥʳʭ ʤʝʪʦʢ ʧʨʦʙ, ʘ ʪʘʢʞʝ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʣʫʙʠʥʫ ʧʦ ʦʪʜʝʣʴʥʳʤ ʩʢʚʘʞʠʥʘʤ. 

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʨʝʟʦʤ ʧʦʣʫʯʠʣʦʩʴ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʨʫʜʥʳʭ ʵʣʝʤʝʥʪʦʚ 
ʥʘʙʣʶʜʘʣʠʩʴ ʢʘʢ ʚ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʣʦʷʭ, ʪʘʢ ʠ ʚ ʧʨʦʯʠʭ ʛʦʨʠʟʦʥʪʘʭ. ɸʥʘʣʠʟ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 
ʩʢʚʘʞʠʥʘʭ ʬʘʢʪʦʨʥʳʭ ʤʝʪʦʢ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʣʠʯʥʳʤ ʨʘʟʥʦʚʠʜʥʦʩʪʷʤ ʧʦʨʦʜ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʰʠʨʦʢʠʝ ʜʠʘʧʘʟʦʥʳ 
ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʥʳʭ ʥʘʛʨʫʟʦʢ. 

 

ʊʘʙʣʠʮʘ 

ʌʘʢʪʦʨʥʳʝ ʤʝʪʢʠ ʧʨʠʟʥʘʢʦʚ 

 

ʇʨʠʟʥʘʢʠ ʌʘʢʪʦʨ 1 ʌʘʢʪʦʨ 2 ʇʨʠʟʥʘʢʠ ʌʘʢʪʦʨ 1 ʌʘʢʪʦʨ 2 

Cu -0,17 0,50 Ag -0,046 -0,049 

Zn -0,577 0,004 Cd 0,114 -0,534 

Pb -0,578 0,048 Mo 0,115 0,112 

Ba -0,057 0,008 Ge 0,009 0,030 

Co 0,005 -0,007 Sb -0,033 -0,536 



Ni 0,002 -0,003 Bi 0,096 0,359 

As -0,083 0,071 ʇʦʨʦʜʘ 0,025 -0,046 

Ga 0,056 0,207    

 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʜʝʣʘʥʥʳʝ ʨʘʥʝʝ ʚʳʚʦʜʳ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ ʂʘʤʝʥʥʳʡ 

ʇʣʝʩ ʜʦʩʪʘʪʦʯʥʦ ʤʦʱʥʳʭ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ, ʠ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʦʙʥʘʨʫʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʢʨʫʧʥʳʭ ʨʫʜʥʳʭ 
ʪʝʣ. ʄʝʣʢʠʝ ʢʦʣʯʝʜʘʥʥʳʝ ʪʝʣʘ ʤʦʛʫʪ ʙʳʪʴ ʚʩʪʨʝʯʝʥʳ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʚʝʨʭʥʝʡ ʪʦʣʱʠ 

ʢʘʨʘʤʘʣʪʘʰʩʢʦʡ ʩʚʠʪʳ. ɺ ʨʘʟʨʝʟʝ ʨʫʜʥʦʡ ʟʦʥʳ ʦʪʩʫʪʩʪʚʫʶʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ, ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʜʣʷ ʢʦʣʯʝʜʘʥʥʦʛʦ 
ʦʨʫʜʝʥʝʥʠʷ ʛʦʨʠʟʦʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ. 
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ʋʩʪɹ-ʅʝʨʘ (ʗʢʫʪʠʷ). ʕʪʦ ʥʘʠʙʦʣʝʝ ʢʨʫʧʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʚ ɺʝʨʭʥʝ-ʀʥʜʠʛʠʨʩʢʦʤ ʨʘʡʦʥʝ (ʅʝʫʩʪʨʦʝʚ, 2003). 
ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʥʘʜʚʠʛʦʚʦʡ ʟʦʥʝ (ɹʘʜʨʘʥ-ʕʛʝʣʷʭʩʢʠʡ ʚʟʙʨʦʩʦ-ʩʜʚʠʛ), ʠʤʝʶʱʝʡ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʝ 
ʧʨʦʩʪʠʨʘʥʠʝ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʝ ʧʘʜʝʥʠʝ ʧʦʜ ʫʛʣʦʤ 10-45Á. ʄʦʱʥʦʩʪʴ ʟʦʥʳ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 0.6 ʜʦ 16 ʤ. ʂʦʥʪʘʢʪʳ ʯʸʪʢʠʝ, 
ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʛʣʠʥʢʦʡ ʪʨʝʥʠʷ. ɸʤʧʣʠʪʫʜʘ ʧʝʨʝʤʝʱʝʥʠʷ ʟʦʥʳ 600-1300 ʤ. ʄʠʥʝʨʘʣʠʟʦʚʘʥʥʘʷ 
ʥʘʜʚʠʛʦʚʘʷ ʟʦʥʘ ʧʨʦʩʣʝʞʝʥʘ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʛʦʨʥʳʤʠ ʚʳʨʘʙʦʪʢʘʤʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʥʘ 5,6 ʢʤ ʧʦʜʟʝʤʥʳʤʠ ʛʦʨʥʳʤʠ 

ʚʳʨʘʙʦʪʢʘʤʠ ʜʦ ʛʣʫʙʠʥʳ 360 ʤ. ʩʢʚʘʞʠʥʘʤʠ ʜʦ 1200 ʤ. 
ɹʘʜʨʘʥʩʢʦʝ ʨʫʜʥʦʝ ʧʦʣʝ ʩʣʦʞʝʥʦ ʪʝʨʨʠʛʝʥʥʳʤʠ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʤʠ ʧʦʨʦʜʘʤʠ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ. ʈʫʜʥʳʝ ʪʝʣʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʚʘʨʮʝʚʳʤʠ ʞʠʣʘʤʠ ʠ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪʥʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʩ ʢʩʝʥʦʣʠʪʘʤʠ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɾʠʣʳ 
ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʩʣʘʙʦ ʩʫʣʴʬʠʜʠʟʠʨʦʚʘʥʥʳʤʠ ʦʢʚʘʨʮʦʚʘʥʥʳʤʠ ʤʠʣʦʥʠʪʘʤʠ. 

ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʘʣʦ ʩʫʣʴʬʠʜʥʦʡ ʟʦʣʦʪʦʢʚʘʨʮʝʚʦʡ ʬʦʨʤʘʮʠʝʡ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʦʣʦʪʘ ʥʦʩʠʪ 
ʩʪʦʣʙʦʚʦʡ ʭʘʨʘʢʪʝʨ. ʈʫʜʥʳʝ ʩʪʦʣʙʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʤʦʱʥʳʤ ʢʚʘʨʮʝʚʳʤ ʞʠʣʘʤ. ʂʦʣʠʯʝʩʪʚʦ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʥʝ 
ʧʨʝʚʳʰʘʝʪ 1%. ʉʨʝʜʠ ʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʚ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʛʘʣʝʥʠʪ, 
ʩʬʘʣʝʨʠʪ, ʪʝʪʨʘʵʜʨʠʪ, ʝʱʸ ʨʝʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʭʘʣʴʢʦʧʠʨʠʪ, ʘʥʪʠʤʦʥʠʪ, ʙʫʨʥʦʥʠʪ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʨʫʜʥʳʭ 
ʪʝʣʘʭ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 5-15 ʛ/ʪ ʠ ʜʦ 50 ʛ/ʪ. ʅʘ 50-55% ʟʦʣʦʪʦ ʩʚʦʙʦʜʥʦʝ ʩʘʤʦʨʦʜʥʦʝ ʠ ʩʚʷʟʘʥʦ ʩ ʢʚʘʨʮʝʤ. ʆʩʪʘʣʴʥʦʝ ʟʦʣʦʪʦ 

ʥʘʭʦʜʠʪʩʷ ʚ ʧʠʨʠʪʝ ʠ ʘʨʩʝʥʦʧʠʨʠʪʝ ʚ ʚʠʜʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʭ ʚʢʣʶʯʝʥʠʡ. 
ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ ʨʫʜʥʳʭ ʪʝʣ ɹʘʜʨʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʳʣʘ ʠʟʫʯʝʥʘ ʪʝʨʤʦ-

ʵʣʝʢʪʨʦʜʚʠʞʫʱʘʷ ʩʠʣʘ (ʪʝʨʤʦ-ʵʜʩ) ʧʠʨʠʪʦʚ ʠ ʘʨʩʝʥʦʧʠʨʠʪʦʚ ʠʟ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʦʪʦʙʨʘʥʥʳʭ ʩ ʨʘʟʥʳʭ 
ʛʦʨʠʟʦʥʪʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦ-ʵʜʩ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʛʝʦʣʦʛʠʠ ʟʦʣʦʪʘ ʀɻʅɼ ʊʇʋ ʥʘ 
ʫʩʪʘʥʦʚʢʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʡ ʚ ʣʘʙʦʨʘʪʦʨʠʠ. ʋʩʪʘʥʦʚʢʘ ʩʤʦʥʪʠʨʦʚʘʥʘ ʥʘ ʙʠʥʦʢʫʣʷʨʥʦʤ ʤʠʢʨʦʩʢʦʧʝ, ʥʘ ʢʦʪʦʨʦʡ ʤʦʞʥʦ 
ʠʟʤʝʨʷʪʴ ʪʝʨʤʦ-ʵʜʩ ʤʠʥʝʨʘʣʦʚ ʨʘʟʤʝʨʦʤ ʟʸʨʝʥ ʦʪ 1 ʩʤ ʜʦ 0.1-0.2 ʤʤ. ʀʟʫʯʘʣʘʩʴ ʬʨʘʢʮʠʷ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ 
ʨʘʟʤʝʨʦʤ 0.25-0.5 ʤʤ. ʀʟʤʝʨʝʥʠʝ ʪʝʨʤʦ-ʵʜʩ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʢʘʢ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʨʘʟʥʦʛʦ ʛʘʙʠʪʫʩʘ, ʪʘʢ ʠ ʥʘ ʦʙʣʦʤʢʘʭ 
ʢʨʠʩʪʘʣʣʦʚ. ɺ ʢʘʞʜʦʡ ʧʨʦʙʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʥʝ ʤʝʥʝ 21-36 ʟʘʤʝʨʦʚ ʪʝʨʤʦ-ʵʜʩ ʜʣʷ ʧʠʨʠʪʘ ʠ 20-25 - ʜʣʷ ʘʨʩʝʥʦʧʠʨʠʪʘ. 

ʈʘʥʝʝ ʨʘʙʦʪʘʤʠ ɸ.ʗ. ʇʰʝʥʠʯʢʠʥʘ (1977, 2003) ʠ ʜʨʫʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʝʨʤʦ-ʵʜʩ 
ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʧʠʨʠʪʘ ʩ ʵʣʝʢʪʨʦʥʥʳʤ ʪʠʧʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʟ ʨʘʥʥʠʭ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ 
ʘʩʩʦʮʠʘʮʠʡ ʠ ʧʨʠʢʦʨʥʝʚʳʭ ʯʘʩʪʝʡ ʨʫʜʥʳʭ ʪʝʣ, ʢ ʧʠʨʠʪʘʤ ʩ ʵʣʝʢʪʨʦʥʥʦ-ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠʟ 
ʩʨʝʜʥʝʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʩʨʝʜʥʠʭ ʯʘʩʪʝʡ ʨʫʜʥʳʭ ʪʝʣ, ʢ ʧʠʨʠʪʘʤ ʩ ʜʳʨʦʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠʟ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʚʝʨʭʥʠʭ ʯʘʩʪʝʡ ʨʫʜʥʳʭ ʪʝʣ. 

ʇʨʦʚʝʜʸʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʦ-ʵʜʩ ʧʠʨʠʪʘ ʠ ʘʨʩʝʥʦʧʠʨʠʪʘ ʧʦʢʘʟʘʣʠ ʩʣʝʜʫʶʱʝʝ. 
1. ʇʠʨʠʪʳ ʠʤʝʶʪ ʪʦʣʴʢʦ ʜʳʨʦʯʥʳʡ ʪʠʧ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʘʨʩʝʥʦʧʠʨʠʪʳ - ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʥʳʡ. 
2. ʍʘʨʘʢʪʝʨʝʥ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦ-ʵʜʩ ʧʠʨʠʪʦʚ ʠʟ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ (35-58 

ʤʚ) ʠ ʠʭ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʨʘʟʥʳʭ ʛʦʨʠʟʦʥʪʦʚ (41-48 ʤʚ). 
3. ʅʘʤʝʯʘʝʪʩʷ ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦ-ʵʜʩ ʧʠʨʠʪʘ ʠʟ ʢʚʘʨʮʘ ʠ ʫʚʝʣʠʯʝʥʠʝ - ʜʣʷ 

ʧʠʨʠʪʦʚ ʠʟ ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʤʠʣʦʥʠʪʦʚ ʠ ʤʠʣʦʥʠʪʦʚ (ʨʠʩ. 1). 
 



 
4. ɼʣʷ ʘʨʩʝʥʦʧʠʨʠʪʘ (ʢʘʢ ʠ ʜʣʷ ʧʠʨʠʪʘ) ʭʘʨʘʢʪʝʨʝʥ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦ-ʵʜʩ ʚ ʧʨʝʜʝʣʘʭ 11-

32 ʤʚ, ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ 20-26 ʤʚ ʜʣʷ ʨʘʟʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʛʦʨʠʟʦʥʪʦʚ, ʠ ʚʦʣʥʦʦʙʨʘʟʥʦʝ ʫʤʝʥʴʰʝʥʠʝ 
ʟʥʘʯʝʥʠʡ ʪʝʨʤʦ-ʵʜʩ ʩ ʛʣʫʙʠʥʦʡ (ʨʠʩ. 2). 

5. ʀʟʫʯʝʥʠʝ ʪʝʨʤʦ-ʵʜʩ ʢʨʠʩʪʘʣʣʦʚ ʧʠʨʠʪʘ ʢʫʙʠʯʝʩʢʦʛʦ ʠ ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʦʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 
ʧʨʦʙʳ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʪʝʨʤʦ-ʵʜʩ ʙʦʣʴʰʝ ʥʘ ʢʨʠʩʪʘʣʣʘʭ ʢʫʙʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ, ʚ ʜʨʫʛʠʭ ʧʨʦʙʘʭ - 
ʧʝʥʪʘʛʦʥʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ. 

6. ʇʨʠ ʠʟʤʝʨʝʥʠʠ ʪʝʨʤʦ-ʵʜʩ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʢʨʠʩʪʘʣʣʦʚ ʘʨʩʝʥʦʧʠʨʠʪʘ ʚ ʨʘʟʥʳʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ 
ʥʘʧʨʘʚʣʝʥʠʷʭ ʥʘʤʠ ʚʧʝʨʚʳʝ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʛʨʘʥʷʭ (hk0) - ʨʦʤʙʠʯʝʩʢʘʷ ʧʨʠʟʤʘ 3-ʛʦ ʨʦʜʘ - ʪʝʨʤʦ-ʵʜʩ ʚʩʝʛʜʘ ʥʘ 3-7 

ʤʚ ʙʦʣʴʰʝ, ʯʝʤ ʥʘ ʛʨʘʥʷʭ (0kl) - ʨʦʤʙʠʯʝʩʢʘʷ ʧʨʠʟʤʘ 1-ʛʦ ʨʦʜʘ (ʨʠʩ. 3). 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʪʦʤ, ʯʪʦ ʧʠʨʠʪʳ ɹʘʜʨʘʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʪʦʣʴʢʦ ʜʳʨʦʯʥʳʡ ʪʠʧ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʪʝʨʤʦ-ʵʜʩ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 
ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʩʧʦʢʦʡʥʦʡ ʦʙʩʪʘʥʦʚʢʝ (ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʪʝʨʤʦ-ʵʜʩ), ʯʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʩʨʝʜʥʝ 
ð ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠʤʝʝʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʵʨʦʟʠʦʥʥʳʡ ʩʨʝʟ (ʪʦʣʴʢʦ ʜʳʨʦʯʥʳʡ ʪʠʧ 
ʧʨʦʚʦʜʠʤʦʩʪʠ). ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ɹʘʜʨʘʥʩʢʦʝ ʟʦʣʦʪʦʨʫʜʥʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʦ ʥʘ ʛʣʫʙʠʥʫ. 
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ʄɽʊɸʃʃʆɻɽʅʀʗ ʂʆʅʊʀʅɽʅʊɸʃʔʅʓʍ ʇɸʃɽʆʈʀʌʊʆɺ ʎɽʅʊʈɸʃʔʅʆɻʆ 

ʂɸɿɸʍʉʊɸʅɸ 
ʈ.ɺ. ʈʫʟʘʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʧʨʦʬʝʩʩʦʨ ɸ.ʂ. ʄʘʟʫʨʦʚ 
ʊʦʤʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʊʦʤʩʢ, ʈʦʩʩʠʷ 

 
ɺʪʦʨʘʷ ʧʦʣʦʚʠʥʘ XX ʚʝʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʩʢʦʨʝʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʚʩʝʭ ʦʙʣʘʩʪʝʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʆʩʦʙʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʠ ʵʪʦʤ ʧʨʠʦʙʨʝʪʘʶʪ ʝʩʪʝʩʪʚʝʥʥʳʝ ʥʘʫʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʛʝʦʣʦʛʠʷ ʠ ʝʝ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʤʝʪʘʣʣʦʛʝʥʠʷ, 
ʧʨʠʟʚʘʥʥʳʝ ʨʝʰʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠʝ ʟʘʜʘʯʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʣʥʳʤ ʠ ʩʚʦʝʚʨʝʤʝʥʥʳʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʛʦʩʫʜʘʨʩʪʚʘ ʚʩʝʤʠ 
ʚʠʜʘʤʠ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ. ʅʘ ʧʨʠʤʝʨʝ ʤʝʪʘʣʣʦʛʝʥʠʠ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, 
ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʢʘʢ ʫʯʝʥʠʝ ʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʧʦʩʪʝʧʝʥʥʦ 
ʩʪʘʥʦʚʠʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ, ʧʦʟʚʦʣʷʝʪ ʩ ʧʦʜʣʠʥʥʦ ʥʘʫʯʥʳʭ ʧʦʟʠʮʠʡ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʦʛʥʦʟ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʧʣʘʥʠʨʦʚʘʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. 
ʂʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʨʠʬʪʦʚʳʝ ʟʦʥʳ ʷʚʣʷʶʪʩʷ ʵʧʠʧʣʘʪʬʦʨʤʝʥʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʨʘʟʚʠʚʘʶʱʠʤʠʩʷ ʥʘ 

ʩʢʣʘʜʯʘʪʦʤ ʦʩʥʦʚʘʥʠʠ ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʠʯʝʤ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʪʤʝʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʨʳʚ ʚʦ ʚʨʝʤʝʥʠ 
ʤʝʞʜʫ ʚʦʟʨʘʩʪʦʤ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʩʢʣʘʜʯʘʪʦʩʪʠ ʠ ʥʘʯʘʣʦʤ ʨʠʬʪʦʛʝʥʝʟʘ (ɻʨʘʯʝʚ, 1977). 
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ʈʠʩ.1 ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ (ʤʚ) 

ʧʠʨʠʪʦʚ ʠʟ ʢʚʘʨʮʘ (ʂ), ʤʠʣʦʥʠʪʦʚ (ʄ) ʠ 

ʦʢʚʘʨʮʦʚʘʥʥʳʭ ʤʠʣʦʥʠʪʦʚ (ʆʄ) ʩ ʛʣʫʙʠʥʦʡ 

ʨʫʜʥʳʭ ʪʝʣ 
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ʛʦʨ.

 
 

ʈʠʩ.2 ʍʘʨʘʢʪʝʨ 

ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦ-ʵʜʩ 

(ʤʚ) ʘʨʩʝʥʦʧʠʨʠʪʦʚ ʩ 

ʛʣʫʙʠʥʦʡ ʨʫʜʥʳʭ ʪʝʣ 

 

 

m

e

 
 

 

ʈʠʩ.3 ʂʨʠʩʪʘʣʣ 

ʘʨʩʝʥʦʧʠʨʠʪʘ 

e (okl) ï ʨʦʤʙʠʯʝʩʢʘʷ 

ʧʨʠʟʤʘ 1-ʛʦ ʨʦʜʘ 

m (hkl) ï  ʨʦʤʙʠʯʝʩʢʘʷ 

ʧʨʠʟʤʘ 3-ʛʦ ʨʦʜʘ 

 

 



ʈʠʬʪʦʛʝʥʝʟ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ ʧʨʦʷʚʣʝʥ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ɾʘʠʣʴʤʘ-ʊʘʣʢʫʜʫʢʩʢʦʡ ʠ ʋʩʧʝʥʩʢʦʡ 
ʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ, ʨʘʟʚʠʪʳʭ ʥʘ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʝ ʠ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʜʣʷ ʚʝʨʭʥʝʜʝʚʦʥʩʢʦʛʦ ʚʨʝʤʝʥʠ (ʬʘʤʝʥʩʢʠʡ 
ʚʝʢ). ɺ ʚʝʨʭʥʝʤ ʜʝʚʦʥʝ ʦʥʠ ʨʘʟʚʠʚʘʶʪʩʷ ʚ ʩʫʙʧʣʘʪʬʦʨʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʢʘʣʝʜʦʥʩʢʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʢʦʨʝ, ʥʘʩʣʝʜʫʷ 

ʦʩʣʘʙʣʝʥʥʳʝ ʟʦʥʳ ʬʫʥʜʘʤʝʥʪʘ, ʠ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʠʟʘʮʠʝʡ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ ʠ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 
ʢʘʢ ʥʘ ʩʪʘʜʠʠ ʟʘʣʦʞʝʥʠʷ, ʪʘʢ ʠ ʚ ʧʨʦʮʝʩʩʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ɺ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʩʪʨʫʢʪʫʨʳ ʚʳʨʘʞʝʥʳ 
ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʘʥʦʤʘʣʠʷʤʠ. ʀʭ ʤʝʪʘʣʣʦʛʝʥʠʶ ʚ ʨʘʤʢʘʭ ɸʪʘʩʫʡʩʢʦʛʦ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ 
ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʩʪʘʚʣʷʶʪ ɾʘʠʣʴʤʠʥʩʢʘʷ ʠ ʋʩʧʝʥʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ. 

ɾʘʠʣʴʤʘ-ʊʘʣʢʫʜʫʢʩʢʘ ̫ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ɸʪʘʩʫʡʩʢʦʛʦ 
ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ, ʤʘʩʰʪʘʙʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚʩʝʭ 
ʧʨʦʤʳʰʣʝʥʥʳʭ ʪʠʧʦʚ ɸʪʘʩʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʞʝʣʝʟʦ, ʤʘʨʛʘʥʝʮ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʙʘʨʠʪ), ʦʩʦʙʝʥʥʦʩʪʷʤ ʩʦʩʪʘʚʘ ʠ 
ʩʪʨʦʝʥʠʷ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʨʷʜʫ ʜʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ɾʘʠʣʴʤʠʥʩʢʠʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʪʠʧ ʧʨʠʥʷʪ ʚ ʢʘʯʝʩʪʚʝ 

ʵʪʘʣʦʥʥʦʛʦ. ʉ ɾʘʠʣʴʤʠʥʩʢʠʤ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʤ ʪʠʧʦʤ ʩʚʷʟʘʥʳ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʚʠʥʮʘ, 
ʮʠʥʢʘ ʠ ʙʘʨʠʪʘ (ɾʘʡʨʝʤ, ʋʰʢʘʪʳʥ I, II, ɹʝʩʪʶʙʝ), ʞʝʣʝʟʘ ʠ ʤʘʨʛʘʥʮʘ (ʂʘʨʘʞʘʣ, ʂʝʥʴʪʶʙʝ, ʋʰʢʘʪʳʥ III), 
ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚ ɾʘʠʣʴʤʘ-ʊʘʣʢʫʜʫʢʩʢʦʤ ʠ ʋʩʧʝʥʩʢʦʤ ʨʠʬʪʘʭ. ɺ ʵʪʠʭ ʨʠʬʪʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ ʨʘʟʤʝʱʝʥʠʝ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɾʘʠʣʴʤʠʥʩʢʦʛʦ ʪʠʧʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʚʝʨʭʥʝʜʝʚʦʥʩʢʘʷ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʢʨʝʤʥʠʩʪʦ-ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʘʷ 
ʬʦʨʤʘʮʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʛʣʝʨʦʜʠʩʪʦʛʦ ʚʝʱʝʩʪʚʘ, ʪʝʨʨʠʛʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʚʫʣʢʘʥʠʪʦʚ ʢʦʥʪʨʘʩʪʥʦ-
ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʡ ʙʘʟʘʣʴʪ-ʨʠʦʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ (ʄʘʟʫʨʦʚ, 2003). 

ʋʩʧʝʥʩʢʘʷ ʨʠʬʪʦʚʘʷ ʟʦʥʘ ʚʦ ʚʨʝʤʷ ʩʚʦʝʛʦ ʘʢʪʠʚʥʦʛʦ ʧʝʨʠʦʜʘ ʩ ʜʝʚʦʥʘ ʜʦ ʧʝʨʤʠ, ʧʨʠʤʝʨʥʦ ʟʘ 110 ʤʣʥ. ʣʝʪ, ʚ 
ʩʪʨʫʢʪʫʨʘʭ ʢʘʣʝʜʦʥʩʢʦʛʦ ʦʨʦʛʝʥʘ ʧʨʦʷʚʠʣʘʩʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʚ ʬʦʨʤʝ ʪʨʦʛʘ, ʟʘʪʝʤ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ, ʧʦʷʩʦʚ 

ʚʫʣʢʘʥʠʟʤʘ, ʩʢʣʘʜʯʘʪʦʩʪʠ, ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ, ʠʥʪʨʫʟʠʚʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʚʤʝʩʪʝ ʦʙʨʘʟʦʚʘʚʰʠʭ ʩʫʙʰʠʨʦʪʥʫʶ ʩʪʨʫʢʪʫʨʥʫʶ 
ʟʦʥʫ ʦʪ ɸʪʘʩʫʡʩʢʦʛʦ ʨʘʡʦʥʘ ʥʘ ʟʘʧʘʜʝ ʜʦ ʂʘʨʢʘʨʘʣʠʥʩʢʦʛʦ ʥʘ ʚʦʩʪʦʢʝ. ʋʩʧʝʥʩʢʘʷ ʟʦʥʘ ʧʘʨʘʣʣʝʣʴʥʘ ʧʨʦʭʦʜʷʱʠʤ 
ʩʝʚʝʨʥʝʝ ʊʝʢʪʫʨʤʘʩʩʢʦʡ, ʉʧʘʩʩʢʦʡ ʟʦʥʘʤ ʠ ʧʦʣʦʩʝ ʛʨʘʙʝʥʦʚ (ʂʘʨʘʛʘʥʜʘ ʠ ʜʨ.), ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʦʟʜʘʶʱʠʭ ʢʨʫʧʥʫʶ 
ʩʠʩʪʝʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʨʘʟʚʠʚʘʚʰʠʭʩʷ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʩʫʙʰʠʨʦʪʥʦ-ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ 
ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʂʘʢ ʧʨʝʜʧʦʣʘʛʘʶʪ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʩʪʨʫʢʪʫʨʳ ʧʨʦʪʷʛʠʚʘʶʪʩʷ ʝʱʝ ʜʘʣʝʢʦ ʥʘ ʟʘʧʘʜ, ʚ 
ʧʨʝʜʝʣʳ ʉʝʚʝʨʥʦʛʦ ʇʨʠʘʨʘʣʴʷ, ʦʙʨʝʟʘʷ ʩ ʶʛʘ ʛʦʨʳ ʋʣʫʪʘʫ, ʠ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ, ʛʜʝ ʩʦʧʨʷʛʘʶʪʩʷ ʩ ʘʣʪʘʡʩʢʠʤʠ 
ʩʪʨʫʢʪʫʨʘʤʠ, ʨʘʟʛʨʘʥʠʯʠʚʘʷ ʙʣʦʢʠ ʩ ʨʘʟʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʨʘʟʚʠʪʠʝʤ. 

ʇʨʝʚʨʘʱʝʥʠʝ ʋʩʧʝʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʚ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ, ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ 450 ʢʤ ʠ ʰʠʨʠʥʦʡ 60-80 ʢʤ, 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʘʧʘʤʠ ʨʘʟʚʠʪʠʷ, ʘ ʟʘʚʝʨʰʝʥʠʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʦʢʦʥʯʘʪʝʣʴʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʝʡ ʤʦʙʠʣʴʥʦʡ 
ʩʪʨʫʢʪʫʨʳ ʚ ʧʝʨʤʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʭ ʪʠʧʦʚ ʟʘʚʝʨʰʘʣʠ ʩʚʦʝ ʩʪʘʥʦʚʣʝʥʠʝ 
ʨʘʥʴʰʝ, ʥʘ ʨʘʟʣʠʯʥʳʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʚʩʝʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ, ʚ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʦʪ ʚʝʨʭʥʝʛʦ ʜʝʚʦʥʘ ʜʦ ʧʝʨʤʠ 
(ɻʝʦʣʦʛʠʷé, 1968). 

ɼʣʷ ʋʩʧʝʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ ʭʘʨʘʢʪʝʨʥʦ ʵʧʠʟʦʜʠʯʝʩʢʦʝ ʧʨʦʷʚʣʝʥʠʝ ʤʘʛʤʘʪʠʟʤʘ. ɻʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, 
ʦʥ ʚʳʨʘʞʝʥ ʚ ʰʠʨʦʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚʫʣʢʘʥʠʪʦʚ (ʦʣʠʚʠʥʦʚʳʝ ʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʙʘʟʘʣʴʪʳ, ʪʨʘʭʠʘʥʜʝʟʠʪʳ, ʪʨʘʭʠʪʳ) ʠ 
ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʠ ʤʘʣʳʭ ʠʥʪʨʫʟʠʡ ʧʝʩʪʨʦʛʦ ʩʦʩʪʘʚʘ (ʛʘʙʙʨʦ-ʤʦʥʮʦʥʠʪʳ, ʛʘʙʙʨʦ-ʜʦʣʝʨʠʪʳ, ʜʦʣʝʨʠʪʳ, ʩʠʝʥʦʜʠʦʨʠʪʳ, 
ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʠʪʳ). ɿʘʚʝʨʰʘʝʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʠʬʪʘ ʱʝʣʦʯʥʦʡ ʤʘʛʤʘʪʠʟʤ (ʱʝʣʦʯʥʦ-ʙʘʟʘʣʴʪʦʚʳʡ, 
ʧʠʨʦʢʩʝʥʠʪʦʚʳʡ, ʛʘʙʙʨʦʠʜʥʳʡ, ʩʠʝʥʠʪʦʚʳʡ), ʨʘʟʚʠʪʳʡ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ ʟʦʥʳ, ʣʠʙʦ ʚ ʪʨʘʥʩʬʦʨʤʥʳʭ ʨʘʟʣʦʤʘʭ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʧʦʜ ʫʛʣʦʤ ʢ ʧʨʦʩʪʠʨʘʥʠʶ ʨʠʬʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʄʘʟʫʨʦʚ, 2002). 
ʌʦʨʤʠʨʦʚʘʥʠʝ ʟʦʥʳ ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʚʝʨʭʥʝʜʝʚʦʥʩʢʫʶ ʵʧʦʭʫ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʦʛʦ ʠ ʙʘʨʠʪʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ (ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʛʦ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʛʦ), 
ʧʦʵʪʦʤʫ ʋʩʧʝʥʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʟʦʥʘ ʩʦʜʝʨʞʠʪ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ. ʇʦʣʦʞʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 
ɸʪʘʩʫʡʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʩʪʨʫʢʪʫʨʘʭ ʋʩʧʝʥʩʢʦʡ ʟʦʥʳ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʚ ʩʚʷʟʠ ʩ ʟʦʥʘʤʠ 
ʨʘʟʣʦʤʘ, ʩʤʷʪʠʷ, ʢ ʢʦʪʦʨʳʤ ʪʷʛʦʪʝʶʪ ʢʨʫʧʥʳʝ ʧʨʦʤʳʰʣʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʘʨʠʪʘ, ʞʝʣʝʟʘ, ʤʘʨʛʘʥʮʘ, ʩʚʠʥʮʘ ʠ 
ʮʠʥʢʘ. 

ʉʦʚʤʝʩʪʥʦʝ ʥʘʭʦʞʜʝʥʠʝ ʞʝʣʝʟʥʳʭ ʠ ʤʘʨʛʘʥʮʝʚʳʭ ʨʫʜ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʷʚʣʷʝʪʩʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʚʩʪʨʝʯʘʝʪʩʷ ʢʨʘʡʥʝ ʨʝʜʢʦ. ɾʝʣʝʟʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʠʫʨʦʯʝʥʦ ʢ ʜʚʫʤ ʩʪʨʫʢʪʫʨʥʳʤ ʷʨʫʩʘʤ, 
ʦʪʤʝʯʝʥʥʳʤ ʧʝʨʝʢʨʝʱʠʚʘʶʱʝʡʩʷ ʩʢʣʘʜʯʘʪʦʩʪʴʶ ʜʚʫʭ ʧʣʘʥʦʚ ï ʢʘʣʝʜʦʥʩʢʦʡ ʠ ʛʝʨʮʠʥʩʢʦʡ. ɺ ʦʙʣʘʩʪʠ ʢʘʣʝʜʦʥʠʜ ʚ 
ʨʝʛʠʦʥʝ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʘʮʠʘʣʴʥʳʝ ʟʦʥʳ, ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʩʦʩʪʘʚʣʷʝʪ ʜʝʩʷʪʢʠ ʢʠʣʦʤʝʪʨʦʚ. 
ɼʣʷ ʦʙʝʠʭ ʟʦʥ ʭʘʨʘʢʪʝʨʥʘ ʘʩʩʦʮʠʘʮʠʷ ʞʝʣʝʟʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʢʨʝʤʥʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ ʠ ʦʩʥʦʚʥʳʤʠ ʵʬʬʫʟʠʚʘʤʠ. 
ɻʝʨʮʠʥʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʘʟʥʦʦʙʨʘʟʠʝʤ ʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʘʢ ʞʝʣʝʟʥʳʤʠ, ʪʘʢ ʠ ʤʘʨʛʘʥʮʝʚʳʤʠ 
ʨʫʜʘʤʠ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʚ ʋʩʧʝʥʩʢʦʡ ʟʦʥʝ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ, 
ʩʚʷʟʘʥʥʳʝ ʩ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʬʘʤʝʥʘ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘʪʨʘʛʠʚʘʝʪʩʷ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ 
ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʦʨʫʜʝʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʙʦʣʴʰʠʥʩʪʚʝ ʠʟ ʥʠʭ ʠʤʝʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʝ 

ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʨʫʜʳ. 
ɾʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʋʩʧʝʥʩʢʦʡ ʟʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʘ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʨʠ 

ʫʜʠʚʠʪʝʣʴʥʦʤ ʧʦʩʪʦʷʥʩʪʚʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ, ʩʪʨʫʢʪʫʨʥʦʛʦ ʠ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʨʫʜ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ 
ʦʥʘ ʧʨʦʷʚʣʝʥʘ ʚ ʩʪʨʫʢʪʫʨʘʭ, ʨʘʟʚʠʚʰʠʭʩʷ ʥʘ ʩʦʯʣʝʥʝʥʠʠ ʨʘʟʣʦʤʦʚ ʨʘʟʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ (ɻʝʦʣʦʛʠʷé, 1967). 

ʇʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʤʝʜʥʳʝ ʨʫʜʳ ʋʩʧʝʥʩʢʦʡ ʟʦʥʳ ʟʘʯʘʩʪʫʶ ʦʙʨʘʟʫʶʪ ʩ ʞʝʣʝʟʦ-ʤʘʨʛʘʥʮʝʚʳʤʠ ʠ ʙʘʨʠʪʦʚʳʤʠ 
ʢʦʤʧʣʝʢʩʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʇʨʠʤʝʨʦʤ ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʥʘʣʦʞʝʥʥʳʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʦʨʫʜʝʥʝʥʠʝʤ ʩʣʫʞʘʪ ɾʘʡʨʝʤ, ɹʝʩʪʶʙʝ ʠ ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʰʢʘʪʳʥ. ʂ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-
ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ ʢʚʘʨʮ-ʙʘʨʠʪʦʚʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʦʪʥʝʩʝʥʳ: ʋʩʧʝʥʩʢʦʝ, ɸʣʘʙʫʛʘ, ʂʘʡʨʘʢʪʳ ʠ ʂʘʨʘʛʘʡʣʳ. ʀʟ ʥʠʭ 

ʂʘʨʘʛʘʡʣʳ ʠ ʂʘʡʨʘʢʪʳ ʷʚʣʷʶʪʩʷ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤʠ, ɸʣʘʙʫʛʘ ï ʩʫʱʝʩʪʚʝʥʥʦ ʩʚʠʥʮʦʚʳʤ, ʋʩʧʝʥʩʢʦʝ ï ʤʝʜʥʳʤ. 
ʇʨʝʜʩʪʘʚʠʪʝʣʝʤ ʞʠʣʴʥʳʭ ʢʚʘʨʮʝʚʦ-ʙʘʨʠʪʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʂʫʞʘʣ. ʆʪ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ 
ʵʪʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʤʦʨʬʦʣʦʛʠʝʡ ʨʫʜʥʳʭ ʪʝʣ ʠ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʦʤ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 

ʉ ʶʛʘ ʢ ʋʩʧʝʥʩʢʦʡ ʟʦʥʝ ʧʨʠʤʳʢʘʶʪ ʙʣʠʟʢʠʝ ʧʦ ʩʚʦʝʡ ʤʝʪʘʣʣʦʛʝʥʠʠ ʋʨʘʣʙʘʡʩʢʘʷ, ɸʢʞʘʣʴʩʢʘʷ (ɸʢʞʘʣ-
ɸʢʩʦʨʘʥʩʢʘʷ) ʠ ɸʢʙʘʩʪʘʫʩʢʘʷ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ ʫʩʧʝʥʩʢʦʛʦ ʪʠʧʘ (ʦʩʦʙʝʥʥʦ ʜʚʝ ʧʦʩʣʝʜʥʠʝ) ʩ ʦʨʫʜʝʥʝʥʠʝʤ 
ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ. ʇʦʜʦʙʥʳʭ ʤʝʣʢʠʭ ʬʘʤʝʥʩʢʠʭ ʪʨʦʛʦʚ ʩ ʦʨʫʜʝʥʝʥʠʝʤ ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ ʚ ʎʝʥʪʨʘʣʴʥʦʤ ʂʘʟʘʭʩʪʘʥʝ 
ʠʤʝʝʪʩʷ ʝʱʝ ʥʝʩʢʦʣʴʢʦ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢ ʥʠʤ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʟʦʥʳ ɹʘʪʳʩʪʘʫ-ʂʝʥʴʰʦʢʳ, ʂʳʟʝʤʯʠʢʩʢʫʶ, ɹʝʨʢʘʨʠʥʩʢʫʶ ʠ 
ʜʨʫʛʠʝ. ɿʥʘʯʠʪ, ʨʝʯʴ ʠʜʝʪ ʦ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʨʘʟʚʠʪʠʠ ʨʠʬʪʦʚʳʭ ʟʦʥ ʪʠʧʘ ʋʩʧʝʥʩʢʦʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʭ ʨʫʜʘʤʠ 

ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ ʠ, ʚʝʨʦʷʪʥʦ, ʬʘʤʝʥʩʢʦʛʦ (ʠʣʠ ʬʘʤʝʥ-ʪʫʨʥʝʡʩʢʦʛʦ) ʚʦʟʨʘʩʪʘ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ ʠʭ ʠʟʫʯʝʥʠʠ ʠ 
ʨʘʟʚʝʜʢʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʦʣʞʥʳ ʙʳʪʴ ʫʯʪʝʥʳ ʠ ʪʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʝʥʥʳ ʘʪʘʩʫʡʩʢʠʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ. 



ʇʨʠʥʘʜʣʝʞʥʦʩʪʴ ʋʩʧʝʥʩʢʦʡ ʨʠʬʪʦʚʦʡ ʟʦʥʳ ʢ ʟʦʥʘʤ ʧʦʣʥʦʛʦ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ ʥʘ ʢʘʣʝʜʦʥʩʢʦʡ ʢʦʨʝ 
ʧʨʝʜʦʧʨʝʜʝʣʠʣʘ ʥʝ ʪʦʣʴʢʦ ʝʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʡ ʬʝʤʠʯʝʩʢʦ-ʩʘʣʠʯʝʩʢʠʡ ʧʨʦʬʠʣʴ, ʥʦ ʠ ʠʟʚʝʩʪʥʫʶ ʥʝʜʦʨʘʟʚʠʪʦʩʪʴ 
ʤʝʪʘʣʣʦʛʝʥʠʠ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʦʚ (ʧʨʠʥʮʠʧ ʩʪʫʧʝʥʯʘʪʦʛʦ ʨʘʟʚʠʪʠʷ ʟʝʤʥʦʡ ʢʦʨʳ). ʆʥʘ ʧʨʦʷʚʠʣʘʩʴ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ 

ʦʪʩʫʪʩʪʚʠʠ ʦʨʫʜʝʥʝʥʠʷ ʧʣʘʪʠʥʦʠʜʦʚ, ʭʨʦʤʘ, ʥʠʢʝʣʷ, ʚʘʥʘʜʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʞʝʣʝʟʦ ʫʞʝ ʪʝʩʥʦ ʘʩʩʦʮʠʠʨʦʚʘʣʦʩʴ ʩ 
ʧʦʩʣʝʜʫʶʱʠʤ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʤ ʦʨʫʜʝʥʝʥʠʝʤ. 

ʆʙʦʙʱʘʷ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʋʩʧʝʥʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʨʫʜʝʥʝʥʠʝ 
ʘʪʘʩʫʡʩʢʦʛʦ ʪʠʧʘ ʚ ʦʩʥʦʚʥʦʤ ʦʧʨʝʜʝʣʷʝʪ ʝʝ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʝ çʣʠʮʦè. ʀʣʠ ʛʦʚʦʨʷ ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʋʩʧʝʥʩʢʘʷ ʟʦʥʘ 
ʧʝʨʩʧʝʢʪʠʚʥʘ ʥʘ ʥʘʭʦʞʜʝʥʠʝ ʥʦʚʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɸʪʘʩʫʡʩʢʦʛʦ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʘʣʣʦʛʝʥʠʷ ʧʘʣʝʦʨʠʬʪʦʚ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ - ʩʪʨʫʢʪʫʨ, ʠʤʝʶʱʠʭ ʚʘʞʥʦʝ 
ʟʥʘʯʝʥʠʝ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʟʝʤʥʦʡ ʢʦʨʳ, ʨʘʟʚʠʪʠʷ ʤʘʛʤʘʪʠʟʤʘ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʥʜʦʛʝʥʥʳʭ 
ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ɿʜʝʩʴ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʨʝʩʫʨʩʳ ʵʥʜʦʛʝʥʥʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʪʨʫʢʪʫʨʳ, ʧʦʜʦʙʥʳʝ ʋʩʧʝʥʩʢʦʡ ʟʦʥʝ, ʢʦʥʮʝʥʪʨʠʨʫʶʪ ʚ ʩʝʙʝ ʛʣʘʚʥʳʝ ʵʥʜʦʛʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 
ʦʨʫʜʝʥʝʥʠʝ ʩʠʜʝʨʦ-, ʭʘʣʴʢʦ- ʠ ʣʠʪʦʬʠʣʴʥʦʛʦ ʧʨʦʬʠʣʷ ʎʝʥʪʨʘʣʴʥʦʛʦ ʂʘʟʘʭʩʪʘʥʘ. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɿʆʃʆʊʆʁ ʄʀʅɽʈɸʃʀɿɸʎʀʀ ɺ ʂʈɸʉʅʆʎɺɽʊʅʓʍ 
ʅʀɾʅɽʄɽʃʆɺʓʍ ʆʊʃʆɾɽʅʀʗʍ ʖɾʅʆɻʆ ʋɿɹɽʂʀʉʊɸʅɸ 

ʈ.ɹ. ʉʘʡʜʘʣʠʭʦʜʞʘʝʚ 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ʄ.ɸ. ʄʠʨʫʩʤʘʥʦʚ 
ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʤʠʥʝʨʘʣʴʥʳʭ ʨʝʩʫʨʩʦʚ, ʛ. ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 
 
ʆʜʥʠʤ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʛʝʦʣʦʛʠʠ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ 

ʚʳʷʚʣʝʥʠʝ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʠʧʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʦʣʦʪʦʨʫʜʥʳʭ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʟʘʧʘʩʦʚ 
ʙʦʛʘʪʳʭ ʨʫʜ ʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʘʣʝʦʟʦʷ ʠ ʧʦʷʚʣʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠʤʝʝʪ 
ʩʚʦʠʤ ʩʣʝʜʩʪʚʠʝʤ ʨʘʩʰʠʨʝʥʠʝ ʨʘʙʦʪ ʧʦ ʧʦʠʩʢʘʤ ʠ ʦʩʚʦʝʥʠʶ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʝʜʥʳʤʠ 
ʨʫʜʘʤʠ, ʥʦ ʙʦʣʴʰʠʭ ʧʦ ʟʘʧʘʩʘʤ ʠ ʫʜʦʙʥʳʭ ʜʣʷ ʦʪʨʘʙʦʪʢʠ. 

ʄʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ ʟʘʥʠʤʘʶʱʠʝ ʦʢʦʣʦ 90% ʝʛʦ ʪʝʨʨʠʪʦʨʠʠ, ʠʟʜʘʚʥʘ ʠʥʪʝʨʝʩʫʝʪ 
ʛʝʦʣʦʛʦʚ, ʛʜʝ ʚ ʨʘʡʦʥʘʭ ʨʘʟʚʠʪʠʷ ʥʠʞʥʝʤʝʣʦʚʳʭ ʧʦʨʦʜ ʚ ʰʣʠʭʘʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ 
(ɸʙʜʫʨʘʭʤʘʥʦʚ, 2003;  ɾʫʨʘʚʣʝʚʘ, 1986;  ʂʦʥʩʪʘʥʪʠʥʦʚ, 1988;  ʄʘʛʘʨʦʚʩʢʠʡ, 1974). 

ʈʘʙʦʪʘʤʠ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʦʜʪʚʝʨʞʜʝʥʦ ʥʘʣʠʯʠʝ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʝʪʨʘʜʠʮʠʦʥʥʦʛʦ 
ʪʠʧʘ ʚ ʬʦʨʤʘʮʠʷʭ ʤʝʟʦ-ʢʘʡʥʦʟʦʷ ʠ ʫʪʚʝʨʞʜʘʝʪʩʷ ʝʛʦ ʧʨʝʚʘʣʠʨʫʶʱʘʷ, ʩʪʝʨʞʥʝʚʘʷ ʨʦʣʴ ʚ ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʝ 
ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʖʞʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. ʊʘʢʞʝ ʫʩʪʘʥʦʚʣʝʥʳ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʚ ʚʝʨʭʥʝʶʨʩʢʠʭ ʛʠʧʩʘʭ 
ʛʘʫʨʜʘʢʩʢʦʡ ʩʚʠʪʳ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʦʝ ʤʝʣʢʦʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʛʠʧʩʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ. ʂʨʦʤʝ ʟʦʣʦʪʘ, ʚ ʵʪʦʡ 
ʟʦʥʝ ʫʩʪʘʥʦʚʣʝʥʳ: ʤʳʰʴʷʢ, ʩʝʨʝʙʨʦ, ʤʝʜʴ, ʩʚʠʥʝʮ, ʮʠʥʢ, ʤʦʣʠʙʜʝʥ, ʭʨʦʤ ʠ ʜʨ. ɻʣʘʚʥʳʤ ʪʠʧʦʤ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 
ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦʨʦʜ, ʠʥʦʛʜʘ ʦʪʤʝʯʘʶʪʩʷ ʣʠʤʦʥʠʪʠʟʘʮʠʷ, ʘʥʢʝʨʠʪʠʟʘʮʠʷ, ʦʤʘʨʛʘʥʮʦʚʘʥʠʝ, ʦʧʣʘʚʠʢʦʚʘʥʠʝ. 

ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ: ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʢʦʚʝʣʣʠʥ, ʣʠʤʦʥʠʪ, ʤʘʣʘʭʠʪ ʠ ʘʟʫʨʠʪ. ʅʘ ʧʣʦʱʘʜʠ 
ʦʩʥʦʚʥʦʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ, ʘʥʘʣʦʛʦʚ, ʢʦʪʦʨʦʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʉʅɻ ʥʝ ʠʤʝʝʪʩʷ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʣʦʱʘʜʠ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ, 
ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʪʨʠʘʩʦʚʦʡ, ʶʨʩʢʦʡ, ʤʝʣʦʚʦʡ, ʧʘʣʝʦʛʝʥʦʚʦʡ, ʥʝʦʛʝʥʦʚʦʡ ʠ ʘʥʪʨʦʧʦʛʝʥʦʚʦʡ ʩʠʩʪʝʤ. 

ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʷʛʦʪʝʶʪ ʢ ʟʦʥʝ ʜʨʦʙʣʝʥʠʷ ʨʘʩʩʣʘʥʮʝʚʘʥʠʷ ʩʝʚʝʨʦ-
ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʦʝ, ʤʝʣʢʦʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʛʠʧʩʦʚ ʩ ʧʨʦʩʣʦʷʤʠ ʠʟʚʝʩʪʥʷʢʦʚ, ʛʣʠʥʠʩʪʳʭ 
ʠʟʚʝʩʪʥʷʢʦʚ ʢʦʥʮʝʥʪʨʠʯʝʩʢʠ-ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʤʦʱʥʦʩʪʴʶ 1-5ʩʤ, ʠʤʝʶʪ ʧʦʣʦʩʯʘʪʦʝ ʩʪʨʦʝʥʠʝ ʙʫʨʦʚʘʪʦ-ʩʝʨʦʛʦ 
ʮʚʝʪʘ, ʚ ʛʠʧʩʘʭ ʞʝʣʪʳʝ ʧʦʙʝʞʘʣʦʩʪʠ, ʚʦʟʤʦʞʥʦ ʩʝʨʳʝ. 

ʅʘ ʧʣʦʱʘʜʷʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʜʝʣʝʥʳ ʟʦʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ɻʘʫʨʜʘʢʩʢʦʡ, ʂʘʨʘʙʠʣʴʩʢʦʡ, ɸʣʴʤʫʨʘʜʩʢʦʡ, 
ʂʳʟʳʣʪʘʰʩʢʦʡ, ʆʢʫʟʙʫʣʘʢʩʢʦʡ ʠ ʥʠʟʘʭ ʂʘʣʠʛʨʝʢʩʢʦʡ. 

ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʚ ʵʪʠʭ ʩʚʠʪʘʭ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 0,05-0,09-0,1-0,2 ʛ/ʪ ʨʝʞʝ 0,3-0,5ʛ/ʪ ʦʯʝʥʴ ʨʝʜʢʦ ʜʦ 1,5-1,7 
ʛ/ʪ. 

ʋʩʪʘʥʦʚʣʝʥ ʯʝʪʢʠʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʨʫʜʝʥʝʥʠʷ: ʩʚʠʥʮʦʚʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 
ʪʷʛʦʪʝʝʪ ʢ ʤʘʣʦʤʦʱʥʳʤ (1-3 ʤ) ʛʦʨʠʟʦʥʪʘʤ ʦʦʣʠʪʦʚʳʭ ʠʟʚʝʩʪʥʷʢʦʚ, ʠʟʚʝʩʪʥʷʢʘʤ ʧʝʩʯʘʥʠʩʪʳʤ. ʄʝʜʥʦ-ʩʝʨʝʙʨʷʥʦʝ 
ʦʨʫʜʝʥʝʥʠʝ ʢ ʪʝʤʥʦ-ʩʝʨʳʤ, ʯʝʨʥʳʤ ʫʛʣʝʨʦʜʠʩʪʳʤ ʛʣʠʥʘʤ, ʨʘʢʫʰʥʷʢʘʤ, ʧʝʩʯʘʥʠʢʘʤ ʠ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤ ʯʘʩʪʷʤ ʛʠʧʩʦʚ ʩ 
ʧʝʩʯʘʥʠʢʘʤʠ, ʛʠʧʩʘʤ, ʧʦʚʩʝʤʝʩʪʥʦ ʥʘʭʦʜʠʪʩʷ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠ ʥʠʞʝ ʧʦʣʠʤʝʪʘʣʣʦʚ. 

ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʷʛʦʪʝʝʪ ʢ ʪʝʨʨʠʛʝʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ: ʧʝʩʯʘʥʠʢʠ ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ, 
ʧʝʩʯʘʥʠʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥ, ʯʘʩʪʦʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʛʠʧʩʦʚ ʛʣʠʥ, ʘʣʝʚʨʦʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ. 

ʂʨʦʤʝ ʟʦʣʦʪʘ ʚ ʵʪʠʭ ʟʦʥʘʭ ʫʩʪʘʥʦʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʭʠʤʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: As, 
Ag, Cu, Pb, Zn, Mo, Cr, CaF2.  



ɻʣʘʚʥʳʤ ʪʠʧʦʤ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʦʨʦʜ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʨʙʦʥʘʪʦʚ) ʦʙʳʯʥʦ 
ʩʦʩʪʘʚʣʷʶʱʘʷ 10-15%, ʨʝʞʝ ʜʦ 40% ʠ 70% ʧʨʦʞʠʣʢʦʚʘʷ ʢʘʣʴʮʠʪʠʟʘʮʠʷ. ɺ ʧʨʦʞʠʣʢʘʭ ʙʝʣʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ 
ʢʘʣʴʮʠʪʘ ʠʥʦʛʜʘ ʦʪʤʝʯʘʶʪʩʷ ʛʥʝʟʜʘ ʜʦʣʦʤʠʪʘ, ʫʯʘʩʪʢʘʤʠ ʥʘʨʷʜʫ ʩ ʣʠʤʦʥʠʪʠʟʘʮʠʝʡ ʦʪʤʝʯʘʝʪʩʷ ʘʥʢʝʨʠʪʠʟʘʮʠʷ, ʤʝʩʪʘʤʠ 

ʧʦʨʦʜʳ ʦʤʘʨʛʘʥʮʦʚʘʥʳ, ʩʣʘʙʦ ʦʧʣʘʚʠʢʦʚʘʥʳ. 
ʀʟ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ: ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʢʦʚʝʣʣʠʥ ʠ ʣʠʤʦʥʠʪ, ʠʟ ʚʪʦʨʠʯʥʳʭ ʤʝʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʤʘʣʘʭʠʪ, ʘʟʫʨʠʪ. 
ʆʪʤʝʯʝʥʘ ʪʘʢʞʝ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ ʘʩʩʦʮʠʘʮʠʷ ï ʛʘʣʝʥʠʪ, ʩʬʘʣʝʨʠʪ, ʧʠʨʠʪ, ʯʘʩʪʠʯʥʦ ʦʢʠʩʣʝʥʥʳʡ, ʤʘʨʢʘʟʠʪ, 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʨʘʟʦʙʱʝʥʥʳʭ ʟʝʨʥʝʥ, ʠʥʦʛʜʘ ʥʝʙʦʣʴʰʠʝ ʛʥʝʟʜʘ ʠ ʧʨʦʞʠʣʢʠ. ɺʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ ʚ ʚʠʜʝ ʥʘʣʝʪʦʚ, ʪʦʥʢʠʭ 
ʧʨʠʤʘʟʦʢ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʙʲʝʢʪʘʤ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 
ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

- ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʷʛʦʪʝʝʪ ʢ ʪʝʨʨʠʛʝʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʠ ʢ ʧʝʨʠʬʝʨʠʯʝʩʢʠʤ ʯʘʩʪʷʤ 
ʢʦʣʴʮʝʚʳʭ ʙʨʘʭʠʩʠʥʬʦʨʤʥʳʭ ʠ ʙʨʘʭʠʘʥʪʠʬʦʨʤʥʳʭ ʩʪʨʫʢʪʫʨ, ʦʩʣʦʞʥʝʥʥʳʭ ʚʥʫʪʨʠʬʦʨʤʘʮʠʦʥʥʳʤʠ, 
ʤʝʞʬʦʨʤʘʮʠʦʥʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʩʙʨʦʩʦ-ʚʟʙʨʦʩʦʚʦʛʦ ʭʘʨʘʢʪʝʨʘ ʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ; 

- ʥʘʠʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʨʘʟʨʳʚʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʷʚʣʷʶʪʩʷ 
ʪʨʝʱʠʥʳ ʉɺ ʠ ʰʠʨʦʪʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. ʇʨʠ ʠʟʤʝʥʝʥʠʠ ʘʟʠʤʫʪʘ ʧʘʜʝʥʠʷ ʧʦʨʦʜ ʩ ʉɺ ʥʘ ʉɿ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʟʦʣʦʪʦʡ 
ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʟʘʤʝʪʥʦ ʫʤʝʥʴʰʘʝʪʩʷ; 

- ʦʩʥʦʚʥʳʤʠ ʚʠʜʘʤʠ ʦʢʦʣʦʨʫʜʥʳʭ ʠʟʤʝʥʝʥʠʡ ʷʚʣʷʶʪʩʷ ʣʠʤʦʥʠʪʠʟʘʮʠʷ, ʢʘʣʴʮʠʪʠʟʘʮʠʷ, ʦʛʠʧʩʦʚʘʥʠʝ ʠ 
ʜʦʣʦʤʠʪʠʟʘʮʠʷ ʢʦʪʦʨʳʝ ʥʝʩʫʪ ʦʩʥʦʚʥʳʝ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʨʫʜʥʳʝ ʤʠʥʝʨʘʣʳ; 

- ʦʙʥʘʨʫʞʝʥʳ ʠ ʠʟʫʯʝʥʳ ʜʚʘ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ ʪʠʧʘ ʟʦʣʦʪʘ: ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ ʩ 
ʥʝʦʜʥʦʨʦʜʥʦʡ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʦʡ, ʙʦʣʝʝ ʢʨʫʧʥʦʝ ʜʦ 0,1-0,5ʤʤ; ʥʠʟʢʦʧʨʦʙʥʦʝ ʤʝʜʠʩʪʦʝ ʟʦʣʦʪʦ (ʵʣʝʢʪʨʫʤ) ʚ 
ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʠʧʩʦʤ, ʧʠʨʠʪʦʤ, ʭʘʣʴʢʦʧʠʨʠʪʦʤ, ʘʨʛʝʥʪʠʪʦʤ ʠ ʮʠʥʢʩʦʜʝʨʞʘʱʝʡ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʴʶ. 

ʀʟʫʯʝʥʠʝ ʟʦʣʦʪʦʥʦʩʥʦʩʪʠ ʢʨʘʩʥʦʮʚʝʪʥʳʭ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ ʫʯʘʩʪʢʘʭ ʍʘʥʪʘʭʪʘ ʠ 
ʂʦʢ-ɹʫʣʘʢ. ʅʘ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʦʪʤʝʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʟʠʮʠʡ. ʄʦʱʥʦʩʪʴ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʟʦʥ ʦʪ 1-3 ʜʦ 
100 ʤ ʠ ʙʦʣʝʝ. ʉʦʜʝʨʞʘʥʠʝ ʟʦʣʦʪʘ ʧʦ ʜʘʥʥʳʤ ʘʥʘʣʠʟʦʚ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 0,1 ʜʦ 0,3 ʛ/ʪ, ʨʝʜʢʦ ʜʦ 1-2 ʛ/ʪ. ʋʩʪʘʥʦʚʣʝʥ ʯʝʪʢʠʡ 
ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʦʨʫʜʝʥʝʥʠʷ. ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʪʷʛʦʪʝʝʪ ʢ ʪʝʨʨʠʛʝʥʥʦʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ 
(ʧʝʩʯʘʥʠʢʠ ʩ ʧʨʦʩʣʦʷʤʠ ʛʣʠʥ; ʯʘʩʪʦʝ ʧʝʨʝʩʣʘʠʚʘʥʠʝ ʛʠʧʩʦʚ, ʛʣʠʥ ʘʣʝʚʨʦʣʠʪʦʚ, ʘʨʛʠʣʣʠʪʦʚ, ʧʝʩʯʘʥʠʢʦʚ). ɿʦʣʦʪʦ ʧʦ 

ʨʘʟʤʝʨʫ ʧʦʧʘʜʘʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ ʤʝʣʢʠʝ ʢʣʘʩʩʳ (I, II, III, ʦʪ ʤʝʥʝʝ 0,05 ʜʦ 0,2-1 ʤʤ). 
ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʧʨʠ ʤʠʥʝʨʘʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʩ ʦʯʝʥʴ ʙʦʣʴʰʠʤ ʪʨʫʜʦʤ ʠ ʪʦʣʴʢʦ 

ʧʨʠ ʙʦʣʴʰʠʭ (400ʭ) ʫʚʝʣʠʯʝʥʠʷʭ ʤʠʢʨʦʩʢʦʧʘ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʘʥʰʣʠʬʦʚ ʦʙʥʘʨʫʞʝʥʳ ʧʳʣʝʚʠʜʥʳʝ (0,01ʤʤ) ʠ ʙʦʣʝʝ 
ʤʝʣʢʠʝ ʟʦʣʦʪʠʥʳ, ʥʦ ʧʨʠ ʪʘʢʠʭ ʨʘʟʤʝʨʘʭ ʠʭ ʜʠʘʛʥʦʩʪʠʢʫ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ ʫʚʝʨʝʥʥʦʡ. ɼʣʷ ʠʭ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʙʳʣʠ 
ʧʨʠʤʝʥʝʥʳ ʤʠʢʨʦʟʦʥʜʦʚʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʂʘʯʝʩʪʚʝʥʥʳʝ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ 
ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʥʘ ʧʣʦʱʘʜʠ ʯʝʪʢʦ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʪʠʧʘ. 

ʇʝʨʚʳʡ ʪʠʧ ʵʪʦ ʚʝʩʴʤʘ ʚʳʩʦʢʦʧʨʦʙʥʦʝ ʟʦʣʦʪʦ ʩ ʧʨʦʙʥʦʩʪʴʶ ʦʢʦʣʦ 950 ʠ ʚʳʰʝ, ʠʤʝʶʱʠʡ ʥʝʩʢʦʣʴʢʦ 
ʥʝʦʜʥʦʨʦʜʥʫʶ ʚʥʫʪʨʝʥʥʶʶ ʩʪʨʫʢʪʫʨʫ. ʊʘʢ, ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʦʣʦʪʘ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʟʦʣʦʪʠʥʳ ʠʤʝʶʪ 
ʘʛʨʝʛʘʪʥʦʝ ʤʠʢʨʦʟʝʨʥʠʩʪʦʝ ʩʪʨʦʝʥʠʝ, ʚʥʫʪʨʝʥʥʠʝ ʯʘʩʪʠ ʵʪʠʭ ʟʦʣʦʪʠʥ ʩʣʦʞʝʥʳ ʚʝʩʴʤʘ ʚʳʩʦʢʦʧʨʦʙʥʳʤ (ʦʪ 950 ʜʦ 995) 

ʟʦʣʦʪʦʤ, ʘ ʢʨʘʝʚʳʝ ʯʘʩʪʠ ʩʣʦʞʝʥʳ ʟʦʣʦʪʦʤ ʤʝʥʴʰʝʡ ʧʨʦʙʥʦʩʪʠ (ʦʪ 880 ʜʦ 945). ʆʥʠ ʯʘʩʪʦ ʠʤʝʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 
ʨʘʟʤʝʨʳ ʠ ʢʦʤʢʦʚʠʜʥʳʝ ʬʦʨʤʳ, ʦʙʳʯʥʦ ʥʝʦʢʘʪʘʥʥʳʝ ʠʣʠ ʩʣʘʙʦʦʢʘʪʘʥʥʳʝ, ʯʘʱʝ ʩʚʦʙʦʜʥʳʝ ʦʪ ʩʨʦʩʪʢʦʚ ʩ ʜʨʫʛʠʤʠ 
ʤʠʥʝʨʘʣʘʤʠ. ʄʠʢʨʦʟʦʥʜʦʚʳʡ ʘʥʘʣʠʟ ʟʦʣʦʪʠʥ, ʧʦʢʘʟʘʣ ʩʦʜʝʨʞʘʥʠʝ Au 55,45-61,84%; Ag 8,20-9,18%; Cu 28,54-29,46%, 
ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʘ ʦʪ 595 ʜʦ 620. ʈʘʩʪʨʦʚʳʝ ʢʘʨʪʠʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʳʚʘʶʪ ʜʦʚʦʣʴʥʦ ʨʘʚʥʦʤʝʨʥʦʝ 
ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʵʣʝʢʪʨʫʤʝ. 

ɻʣʘʚʥʳʤʠ ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʪʠʧʦʤʦʨʬʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʚʪʦʨʦʛʦ ʪʠʧʘ ʟʦʣʦʪʘ ʷʚʣʷʶʪʩʷ: 
- ʤʝʣʢʠʝ ʨʘʟʤʝʨʳ ʟʦʣʦʪʠʥ (çʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝè - <0,01ʤʤ, çʧʳʣʝʚʠʜʥʳʝè - 0,01-0,05ʤʤ ʠ çʦʯʝʥʴ ʤʝʣʢʠʝè - 

0,05-0,1ʤʤ); 

- ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʟʦʣʦʪʠʥ ʚ ʚʠʜʝ ʜʝʥʜʨʠʪʦʚ, ʧʣʘʩʪʠʥ, ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʳʭ ʚʳʜʝʣʝʥʠʡ, ʩ ʨʝʜʢʦʡ ʠ 
ʤʘʣʦʡ ʦʢʘʪʘʥʥʦʩʪʴʶ; 

- ʘʩʩʦʮʠʘʮʠʷ ʩ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʤʠ ʤʠʥʝʨʘʣʘʤʠ ʪʘʢʠʤʠ, ʢʘʢ ʧʨʦʞʠʣʢʦʚʳʡ ʛʠʧʩ, ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʳʡ ʜʦʣʦʤʠʪ, 
ʢʘʣʴʮʠʪ, ʮʝʣʝʩʪʠʥ, ʧʠʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʘʨʛʝʥʪʠʪ; 

- ʧʨʦʙʥʦʩʪʴ ʟʦʣʦʪʠʥ (ʦʪ 595 ʜʦ 620), ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʝʜʠʩʪʦʤʫ ʵʣʝʢʪʨʫʤʫ, ʧʨʠ ʦʜʥʦʨʦʜʥʦʤ ʚʥʫʪʨʝʥʥʝʤ 
ʩʪʨʦʝʥʠʠ, ʙʝʟ ʚʳʩʦʢʦʧʨʦʙʥʳʭ ʢʘʝʤʦʢ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʛʠʧʝʨʛʝʥʥʦʛʦ ʟʦʣʦʪʘ. 

ʂʨʦʤʝ ʵʣʝʢʪʨʫʤʘ ʚ ʵʪʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʠʧʩʦʤ ʚʩʪʨʝʯʘʶʪʩʷ ʝʜʠʥʠʯʥʳʝ ʚʢʨʘʧʣʝʥʠʷ ʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, 
ʘʨʛʝʥʪʠʪʘ ʠ ʩʘʤʦʨʦʜʥʦʡ ʤʝʜʠ. 

ʇʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʦʢʦʣʦʨʫʜʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʧʦʨʦʜ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ 
ʗʢʢʘʙʘʛʩʢʠʭ ʛʦʨ ʦʪʥʦʩʠʪʩʷ ʢ ʩʪʨʘʪʠʬʦʨʤʥʦʤʫ ʧʦʣʠʛʝʥʥʦʤʫ (ʢʣʘʩʪʦʛʝʥʥʦ-ʘʫʪʠʛʝʥʥʦ-ʪʝʣʝʪʝʨʤʘʣʴʥʦʤʫ) ʛʝʥʝʪʠʯʝʩʢʦʤʫ 
ʪʠʧʫ. 
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ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ʜʦʮʝʥʪ ɺ.ɺ. ɼʴʷʢʦʥʦʚ 
ʈʦʩʩʠʡʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʜʨʫʞʙʳ ʥʘʨʦʜʦʚ, ʛ. ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 
ʂʠʨʦʚʩʢʦ-ʂʚʘʨʢʝʥʩʢʠʡ ʨʘʡʦʥ ʨʘʩʧʦʣʦʞʝʥ ʚ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʚʙʣʠʟʠ ʛʨʘʥʠʮʳ 

ʝʛʦ ʩ ʄʘʛʥʠʪʦʛʦʨʩʢʠʤ ʧʨʦʛʠʙʦʤ - ʛʣʘʚʥʳʭ ʩʪʨʫʢʪʫʨ ʖʞʥʦʛʦ ʋʨʘʣʘ. ʂʦʥʪʘʢʪʦʤ ʵʪʠʭ ʤʝʛʘʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʛʣʫʙʠʥʥʳʡ 
ʨʘʟʣʦʤ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʠʩʪʝʤʫ ʩʫʙʧʘʨʘʣʝʣʣʴʥʳʭ ʩʢʣʘʜʯʘʪʦ-ʩʜʚʠʛʦʚʳʭ ʩʪʨʫʢʪʫʨ. ʐʦʚʥʦʡ ʟʦʥʦʡ ʤʝʞʜʫ 
ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʠʤ ʧʦʜʥʷʪʠʝʤ ʠ ʄʘʛʥʠʪʦʛʦʨʩʢʠʤ ʧʨʦʛʠʙʦʤ ʩʣʫʞʠʪ ʉʝʚʝʨʦ-ʂʦʩʢʫʣʴʩʢʠʡ ʨʘʟʣʦʤ, ʷʚʣʷʶʱʠʡʩʷ 
ʩʝʚʝʨʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʛʣʫʙʠʥʥʦʛʦ ɼʞʘʨʣʠʥʩʢʦ - ɼʦʤʙʨʦʚʩʢʦʛʦ ʨʘʟʣʦʤʘ, ʘ ʥʘ ʩʝʚʝʨʝ, ʚ ʧʨʝʜʝʣʘʭ ʏʝʣʷʙʠʥʩʢʦʡ 
ʦʙʣʘʩʪʠ, ʦʥ ʠʟʚʝʩʪʝʥ ʢʘʢ ʋʡʩʢʦ-ɹʨʠʝʥʪʩʢʘʷ ʰʦʚʥʘʷ ʟʦʥʘ. ɺʦʩʪʦʯʥʘʷ ʯʘʩʪʴ ʄʘʛʥʠʪʦʛʦʨʩʢʦʛʦ ʧʨʦʛʠʙʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ɺʦʩʪʦʯʥʦ-ʆʨʝʥʙʫʨʛʩʢʦʡ ʉʌɿ. ɺ ʧʨʝʜʝʣʘʭ ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʦʩʪʦʯʥʦ-ʋʨʘʣʴʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ 
ʚʳʜʝʣʷʶʪ: ʅʦʚʦʦʨʝʥʙʫʨʛʩʢʫʶ ʉʌɿ (ʉʦʣʦʥʯʘʥʩʢʠʡ ʛʦʨʩʪ), ʂʚʘʨʢʝʥʩʢʘʷ ʉʌɿ (ʂʠʨʦʚʩʢʠʡ ʛʨʘʙʝʥ), ʨʘʟʜʝʣʝʥʥʳʝ ɿʘʧʘʜʥʦ-
ʂʠʨʦʚʩʢʠʤ ʤʝʨʠʜʠʦʥʘʣʴʥʳʤ ʨʘʟʣʦʤʦʤ, ʠ ʉʫʫʥʜʫʢʩʢʘʷ ʉʌɿ, ʦʪʜʝʣʝʥʥʘʷ ʦʪ ʂʠʨʦʚʩʢʦʛʦ ʛʨʘʙʝʥʘ ɺʦʩʪʦʯʥʦ-ʂʠʨʦʚʩʢʠʤ 

ʨʘʟʣʦʤʦʤ. 
ʆʩʥʦʚʥʦʡ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʩʪʨʫʢʪʫʨʦʡ ʨʘʡʦʥʘ ʷʚʣʷʝʪʩʷ ʤʝʨʠʜʠʦʥʘʣʴʥʦ ʚʳʪʷʥʫʪʳʡ ʂʠʨʦʚʩʢʠʡ ʛʨʘʙʝʥ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʛʦ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦ ʦʩʘʜʦʯʥʳʤ ʧʦʨʦʜʘʤ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʦʟʨʘʩʪʘ. 
ʈʘʟʨʝʟ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʪʦʣʱʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ɺʳʰʝ ʟʘʣʝʛʘʶʪ 

ʢʨʠʧʪʦʚʫʣʢʘʥʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʙʨʝʢʯʠʷʤʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʧʦʨʦʜ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʦʜʝʨʞʘʱʠʭ 
ʧʨʦʩʣʦʠ ʧʝʩʯʘʥʠʢʦʚ, ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ. ʄʦʱʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ 40-80 ʤ. 

ɻʨʫʙʦʦʙʣʦʤʦʯʥʘʷ ʪʦʣʱʘ ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʪʦʣʱʝʡ ʩʦʩʪʦʷʱʝʡ ʠʟ ʩʣʦʝʚ ʟʝʣʝʥʳʭ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʧʝʩʯʘʥʠʢʦʚ, 
ʯʝʨʥʳʭ ʫʛʣʠʩʪʦ-ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ ʧʦ ʘʣʝʚʨʦʣʠʪʘʤ ʠ ʧʝʣʠʪʘʤ. ɼʣʷ ʵʪʠʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʥʘ ʧʠʨʠʪʠʟʘʮʠʷ ʚ ʢʦʣʠʯʝʩʪʚʝ 1-

3%. ʉʦʚʤʝʩʪʥʦ ʩ ʧʠʨʠʪʦʤ ʧʨʠʩʫʪʩʪʚʫʝʪ ʘʨʩʝʥʦʧʠʨʠʪ, ʪʦʥʢʠʝ ʞʠʣʢʠ ʢʚʘʨʮʘ ʠ ʩʣʘʙʦʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ (ʦʨʝʦʣʳ ʟʦʣʦʪʘ 
ʩ ʩʦʜʝʨʞʘʥʠʝʤ 0,1-0,5 ʛ/ʪ). ʉʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʪʦʣʱʠ 80-100 ʤ. ɺʳʰʝ ʯʝʨʥʦʩʣʘʥʮʝʚʦʡ ʥʠʞʥʝʡ ʪʦʣʱʠ ʟʘʣʝʛʘʶʪ ʩʣʦʠ 
ʟʝʣʝʥʳʭ ʛʣʠʥʠʩʪʳʭ ʩʣʘʥʮʝʚ, ʦʢʨʝʤʥʝʥʥʳʭ ʠʟʚʝʩʪʥʷʢʦʚ. ɺ ʩʘʤʦʤ ʚʝʨʭʫ ʟʘʣʝʛʘʝʪ çʨʫʜʦʥʦʩʥʘʷ ʪʦʣʱʘè, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ 
ʛʣʠʥʠʩʪʦ-ʢʨʝʤʥʠʩʪʦ-ʫʛʣʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʘʣʝʚʨʠʪʠʩʪʳʤʠ ʧʝʩʯʘʥʠʢʘʤʠ, ʟʝʣʝʥʳʤʠ ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʫʛʣʠʩʪʦ-
ʛʣʠʥʠʩʪʳʤʠ, ʫʛʣʠʩʪʦ-ʢʨʝʤʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ. ʕʪʠ ʧʦʨʦʜʳ ʥʘʭʦʜʷʪʩʷ ʚ ʪʦʥʢʦʤ ʧʝʨʝʩʣʘʠʚʘʥʠʠ, ʬʘʮʠʘʣʴʥʦ ʙʳʩʪʨʦ 
ʩʤʝʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ. ʄʦʱʥʦʩʪʴ ʦʪʜʝʣʴʥʳʭ ʩʣʦʝʚ ʜʦʩʪʠʛʘʝʪ 20-40 ʤ, ʥʦ ʯʘʱʝ ʧʝʨʚʳʝ ʤʝʪʨʳ (ʈʠʥʜʟʶʥʩʢʘʷ ʠ ʜʨ., 1995). 

ɺ ʧʨʝʜʝʣʘʭ ʨʘʡʦʥʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʛʝʦʭʠʤʠʯʝʩʢʦʝ ʢʘʨʪʠʨʦʚʘʥʠʝ ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ 
ʪʝʨʨʠʪʦʨʠʠ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʦʧʨʦʙʦʚʘʥʠʷ 

ʩʦʩʪʘʚʠʣʦ 1480. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʢʣʘʩʪʝʨʥʦʛʦ ʠ 
ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʦʚ. ʇʨʦʙʳ ʦʪʙʠʨʘʣʠʩʴ ʠʟ-ʧʦʜ ʧʘʭʦʪʥʦʛʦ ʛʦʨʠʟʦʥʪʘ, ʜʣʷ ʯʝʛʦ ʧʨʦʙʠʚʘʣʠʩʴ ʟʘʢʦʧʫʰʢʠ ʛʣʫʙʠʥʦʡ 
ʜʦ 0,5-0,7 ʤ. ʇʦ ʨʷʜʫ ʠʟʚʝʩʪʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʦʧʨʦʙʦʚʘʥʠʝ ʢʝʨʥʘ ʩʢʚʘʞʠʥ ʧʦ ʚʩʝʡ ʛʣʫʙʠʥʝ. 
ʆʪʦʙʨʘʥʥʳʡ ʤʘʪʝʨʠʘʣ ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʥʘ 25 ʵʣʝʤʝʥʪʦʚ ʩʧʝʢʪʨʘʣʴʥʳʤ ʠ ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 
ʬʘʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʦʢʘʟʘʣ: 



 
1

. ɼʣʷ 

ʦʪʣʦʞʝʥ
ʠʡ ʢʦʨ 
ʚʳʚʝʪʨʠʚ

ʘʥʠʷ 
ʨʘʡʦʥʘ 
ʬʦʥʦʚʦʝ 
ʩʦʜʝʨʞʘʥ
ʠʝ ʟʦʣʦʪʘ 

ʥʝ 
ʧʨʝʚʳʰʘ
ʝʪ 1-5 
ʤʛ/ʪ, ʯʪʦ 
ʭʦʨʦʰʦ 
ʩʦʛʣʘʩʫʝ
ʪʩʷ ʩ 
ʩʫʱʝʩʪʚʫ

ʶʱʠʤʠ 
ʪʝʦʨʝʪʠʯ
ʝʩʢʠʤʠ 
ʧʨʝʜʩʪʘʚ
ʣʝʥʠʷʤʠ. 
(ʀʚʘʥʦʚ, 

1997) 
ɺʳʜʝʣʝʥ

ʥʳʝ 
ʘʥʦʤʘʣʴʥ
ʳʝ ʟʦʥʳ 
ʦʢʦʥʪʫʨʝ
ʥʳ ʧʦ 
ʩʦʜʝʨʞʘʥ
ʠʶ 0,5 
ʛ/ʪ. 

2

. 
ʇʨʦʤʳʰ
ʣʝʥʥʘʷ 
ʟʦʣʦʪʦʨʫ
ʜʥʘʷ 

ʤʠʥʝʨʘʣ
ʠʟʘʮʠʷ 
ʩʦʧʨʦʚʦ

ʞʜʘʝʪʩʷ 
ʧʦ 

ʚʝʨʪʠʢʘʣ
ʠ ʭʦʨʦʰʦ 
ʚʳʨʘʞʝʥ
ʥʳʤʠ 

ʧʝʨʚʠʯʥ
ʳʤʠ 

ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʨʝʦʣʘʤʠ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘʜ ʥʠʤʠ ʬʠʢʩʠʨʫʶʪʩʷ ʯʝʪʢʠʝ ʚʪʦʨʠʯʥʳʝ ʦʨʝʦʣʳ ʧʦ ʨʳʭʣʳʤ ʦʪʣʦʞʝʥʠʷʤ. 
ʆʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʠʥʜʠʢʘʪʦʨʳ ʟʦʣʦʪʘ - I, Ag, Hg, Cu, V ʠ ʪ.ʜ. 

3. ɼʣʷ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʬʠʢʩʠʨʫʝʪʩʷ ʩʚʦʝʦʙʨʘʟʥʘʷ ʚʝʨʪʠʢʘʣʴʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ, ʩ 
ʯʝʪʢʦ ʚʳʜʝʣʷʝʤʳʤʠ ʥʘʜʨʫʜʥʦʡ, ʩʦʙʩʪʚʝʥʥʦ ʨʫʜʥʦʡ ʠ ʧʦʜʨʫʜʥʦʡ ʯʘʩʪʷʤʠ. ɼʣʷ ʥʘʜʨʫʜʥʳʭ ʟʦʥ ʭʘʨʘʢʪʝʨʥʳ 
ʧʦʚʳʰʝʥʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: V, Sn, Zr, Ti, Ga. ɼʣʷ ʧʦʜʨʫʜʥʦʡ ï ʬʠʢʩʠʨʫʶʪʩʷ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ 
Ni, Co, Cr, Ge. ʈʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʉu, Zn, Pb, Mo, Ag, As, Sb, W, P, B, 
Hg. ɺʳʧʦʣʥʝʥʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʡʦʜʘ ʚʳʷʚʠʣʠ, ʯʪʦ ʚʳʩʦʢʠʝ ʩʦʜʝʨʞʘʥʠʷ ʡʦʜʘ ʧʨʠʫʨʦʯʝʥʳ ʢ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʫʜʥʳʭ ʪʝʣ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚʚʝʨʭ ʧʦ ʨʘʟʨʝʟʫ ʥʘ ʚʳʩʦʪʫ ʙʦʣʝʝ 100 ʤ ʩ ʥʝʦʩʣʘʙʝʚʘʶʱʝʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 
ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʙʳʣʠ ʚʳʜʝʣʝʥʳ Ti/Ni ʠ Ti*V/Ni*Co ʦʪʥʦʰʝʥʠʷ, ʢʘʢ ʦʪʥʦʰʝʥʠʷ 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʚʳʜʝʣʠʪʴ ʯʝʪʢʦ ʥʘʜʨʫʜʥʳʡ, ʧʦʜʨʫʜʥʳʡ ʠ ʨʫʜʥʳʡ 
ʦʨʝʦʣʳ. 

4. ʇʦ ʧʦʚʝʨʭʥʦʩʪʠ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʭʦʨʦʰʦ ʚʳʨʘʞʝʥʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʦʨʝʦʣʘʤʠ, 
ʩʦʩʪʦʷʱʠʤʠ ʠʟ ʢʦʤʧʣʝʢʩʘ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ. ɻʣʫʙʦʢʦ ʟʘʣʝʛʘʶʱʠʝ ʟʦʥʳ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʥʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʢʦʥʪʨʘʩʪʥʳʤʠ 
ʚʪʦʨʠʯʥʳʤʠ ʦʨʝʦʣʘʤʠ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʳʭ ʪʝʣ (ʉʠ, Pb, Zn ʠ ʪ.ʜ.). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ 
ʵʣʝʤʝʥʪʦʚ ʠʥʜʠʢʘʪʦʨʦʚ ʜʣʷ ʧʦʠʩʢʦʚ ʩʣʝʧʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʫʜʥʳʭ ʪʝʣ ʚʳʩʪʫʧʘʶʪ: V, Sn, Zr, Ti, Ga, I (ʢʘʢ ʥʘʜʨʫʜʥʳʝ 

ʵʣʝʤʝʥʪʳ). 

 
 

ʈʠʩ.1. ʂʘʨʪʘ ʤʦʱʥʦʩʪʝʡ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʨʦʛʥʦʟʘ 

 


