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ʜʣʷ ʢʦʣʦʥʢʦʚʦʛʦ ʙʫʨʝʥʠʷ ʩ ʧʨʦʜʫʚʢʦʡ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʚ ʦʩʣʦʞʥʝʥʥʳʭ 

 ʫʩʣʦʚʠʷʭéééééééééééééééééééééééééééééé 122 



5 

 

ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʇʨʦʢʦʧʴʝʚ ɸ.ɺ., ʂʘʟʘʢʦʚʘ ɻ.ɻ., ʂʨʦʧʘʯʝʚ ɸ.ʇ.  

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʤʘʩʰʪʘʙʘ 1:1 000 000 ʟʦʥʳ ʧʝʨʝʭʦʜʘ 

çʉʠʙʠʨʩʢʘʷ ʧʣʘʪʬʦʨʤʘ ˈ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴè:   ʥʦʚʦʝ ʚ 

ʨʝʛʠʦʥʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʪʝʨʨʠʪʦʨʠʠéééééé 128 

ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʂʥʷʟʝʚ ɺ.ɻ.  

ʂʳʙʳʪʪʳʛʘʩʩʢʘʷ ʩʚʠʪʘ ʚ ʩʪʨʘʪʦʪʠʧʝ ʠ ʧʨʦʙʣʝʤʘ ʛʨʘʥʠʮʳ ʪʨʠʘʩʘˈʶʨʳ ʚ 

ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ɺʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʷ)é. 135 

ɼʨʦʟʜʦʚ ɸ.ɺ., ʏʝʨʢʘʰʠʥ ʉ.ɻ., ʗʮʝʥʢʦ ʉ.ɺ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʥʘ ʨʫʜʥʠʢʝ  çʄʠʨèéééé 140 

ɼʨʦʟʜʦʚ ɸ.ɺ., ʂʘʚʝʨʠʥ ʉ.ɺ., ʇʦʧʦʚ ɺ.ʌ.  

ɻʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʶʛʘ ɿʘʧʘʜʥʦʡ 

ʗʢʫʪʠʠééééééééééééééééééééééééééééééé 

 

 

145 

ɼʨʦʟʜʦʚ ɸ.ɺ., ʇʦʧʦʚ ɺ.ʌ.  

ʈʝʰʝʥʠʝ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʧʨʠ ʚʩʢʨʳʪʠʠ ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ 

ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʘʣʤʘʟʦʚ ʚ ʅʘʢʳʥʩʢʦʤ ʠ ɸʣʘʢʠʪʩʢʦʤ ʨʘʡʦʥʘʭ ʗʢʫʪʠʠé 150 

ɼʷʛʠʣʝʚʘ ɸ.ɻ.  

ʋʩʪʦʡʯʠʚʦʩʪʴ ʤʝʨʟʣʦʪʥʳʭ ʧʦʯʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʘʣʤʘʟʦʚ ʚ ʗʢʫʪʠʠééééééééééééééé. 155 

ɽʛʦʨʦʚ ʂ.ʅ.  

ʇʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʝ ʤʦʜʝʣʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʚ ʢʨʘʝʚʳʭ 

ʩʪʨʫʢʪʫʨʘʭ ʖʛʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳééééééééééééééééé 159 

ɽʛʦʨʦʚ ʂ.ʅ., ʂʦʰʢʘʨʝʚ ɼ.ɸ.  

ɺʘʨʠʘʮʠʠ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʨʫʙʢʠ 

çʅʶʨʙʠʥʩʢʘʷèééééééééééééééééééééééééééé.. 163 

ɽʩʠʧʝʥʢʦ ɸ.ɻ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʥʝʢʦʪʦʨʳʝ ʩʣʝʜʩʪʚʠʷ 

ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʦʮʝʥʦʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ ʠ ʯʘʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ 

ʜʘʥʥʳʤ ʵʥʜʦʛʝʥʥʳʭ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʨʝʦʣʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʄʘʡʩʢʦʝ 

(ʎʝʥʪʨʘʣʴʥʘʷ ʏʫʢʦʪʢʘ)éééééééééééééééééééééééé. 167 

ɽʬʠʤʦʚ ɼ.ʅ.  

ɸʥʘʣʠʟ ʦʩʣʦʞʥʝʥʠʡ ʧʨʠ ʪʘʤʧʦʥʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʢʨʠʦʣʠʪʦʟʦʥʳéééééééééééééééééééé.................................. 171 

ɾʘʥʠʙʝʢʦʚ ɹ.ʆ., ɼʫʣʘʙʦʚʘ ʅ.ʖ., ʊʫʨʘʧʦʚ ʄ.ʂ.  

ʉʪʨʫʢʪʫʨʥʦ-ʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ɸʜʞʠʙʫʛʫʪ 

(ʎʝʥʪʘʨʣʴʥʳʝ ʂʳʟʳʣʢʫʤʳ)ééé............................................................................... 

 

 

175 

ɾʘʥʠʙʝʢʦʚ ɹ.ʆ., ʊʫʨʘʧʦʚ ʄ.ʂ., ɼʫʣʘʙʦʚʘ ʅ.ʖ., ɿʦʢʠʨʦʚ ʆ.ʊ.  

ɻʝʦʜʠʥʘʤʠʢʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘééééééééééééééééé 179 
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ɿʘʡʮʝʚ ɸ.ʀ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɹʘʙʫʰʢʠʥʘ ʉ.ɸ., ɸʣʪʫʭʦʚʘ ɿ.ɸ., 

ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ., ʇʘʚʣʦʚ ɺ.ʀ.  

ʅʦʚʘʷ ʤʝʟʦʟʦʡʩʢʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ ʉʪʘʨʦʨʝʯʝʥʩʢʦʛʦ ʧʦʣʷéééééé. 

 

 

183 

ɿʘʷʢʠʥʘ ʅ.ɺ., ɽʤʝʣʴʷʥʦʚʘ ʅ.ʅ.  

ɸʨʘʥʛʘʩʠʪ. ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʠʥʝʨʘʣʘ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚéééééééééééééééééééééééé 187 

ɿʠʥʯʫʢ ʅ.ʅ.  

ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ  ʩʦʩʪʘʚʘ ʚ ʩʚʷʟʠ ʩ 

ʘʣʤʘʟʦʧʦʠʩʢʦʚʳʤʠ ʨʘʙʦʪʘʤʠ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝééééééééé...... 

 

 

191 

ɿʠʥʯʫʢ ʅ.ʅ.  

ʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʦʚ ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝééééééééééééééééééééééééééééé.. 196 

ɿʠʥʯʫʢ ʅ.ʅ., ʂʦʧʪʠʣʴ ɺ.ʀ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳééééééééééééééééééééééééééééé.. 201 

ʀʚʘʥʦʚ ɸ.ɻ.  

ʄʝʪʦʜʳ ʫʣʫʯʰʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʢʨʠʦʣʠʪʦʟʦʥʳéééééééééééééééééééééééééééé 

 

 

205 

ʀʚʘʥʦʚ ɸ.ʀ. 

 ɻʨʘʥʠʪʦʠʜʳ ʏʠʤʘʣʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ (ʉʝʚʝʨʦ-ɺʦʩʪʦʢ ʗʢʫʪʠʠ)ééééééé. 209 

ʀʚʘʥʯʝʥʢʦ ɺ.ɺ., ʏʫʛʫʥʦʚ ʖ.ɼ., ʏʫʛʫʥʦʚ ʉ.ɼ.  

ʄʠʥʝʨʘʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʮʝʥʢʠ 

ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘéééééééééééé... 213 

ʀʫʜʠʥ ʄ.ʄ.  

ʇʨʦʙʣʝʤʳ ʧʨʦʛʥʦʟʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜéééé. 217 

ʂʝʣʴʮʠʝʚ ʉ.ʉ.   

ʆʩʦʙʝʥʥʦʩʪʠ ʙʫʨʝʥʠʷ ʠʥʞʝʥʝʨʥʦ-ʠʟʳʩʢʘʪʝʣʴʩʢʠʭ ʩʢʚʘʞʠʥ ʚ ʤʥʦʛʦʣʝʪʥʝʡ 

ʤʝʨʟʣʦʪʝ ʚ ʟʠʤʥʠʡ ʧʝʨʠʦʜééééééééééééééééééééééééé.. 221 

ʂʦʟʴʤʠʥ ɹ.ʄ., ʇʝʪʨʦʚ ɸ.ʌ., ʐʠʙʘʝʚ ʉ.ɺ., ʊʠʤʠʨʰʠʥ ʂ.ɺ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʆʣʸʢʤʦ-ʩʪʘʥʦʚʦʡ ʩʝʡʩʤʠʯʝʩʢʦʡ ʟʦʥʝ 

 (ʖʞʥʘʷ ʗʢʫʪʠʷ)éééééééééééééééééééééééééé... 223 

ʂʦʢʠʥ ɸ.ɺ., ʉʠʣʘʝʚ ɺ.ʀ., ʌʠʣʠʧʧʦʚ ɺ.ʅ., ʃʶʪʦʝʚ ɺ.ʇ.  

ʅʝʪʨʘʜʠʮʠʦʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʪʝʥʮʠʘʣʴʥʦ ʧʨʦʤʳʰʣʝʥʥʳʡ ʪʠʧ ʤʘʨʛʘʥʮʝʚʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʚ ʗʢʫʪʠʠéééééééééé.............................................................. 

 

 

227 

ʂʦʢʠʥ ɸ.ɺ., ʉʠʣʘʝʚ ɺ.ʀ., ʌʠʣʠʧʧʦʚ ɺ.ʅ., ʅʝʬʝʜʴʝʚʘ ʅ.ʉ.  

ɾʝʣʝʟʥʳʡ ʤʝʪʝʦʨʠʪ ɹʦʣʴʰʦʡ ɼʦʣʛʫʯʘʥ ʠʟ ʗʢʫʪʠʠ ʢʘʢ ʦʙʲʝʢʪ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷééééééééééééééééééééééé.... 232 

ʂʦʣʦʤʠʝʮ ɺ.ʃ., ɹʫʜʘʝʚ ʈ.ʎ.  

ʄʦʨʬʦʣʠʪʦʛʝʥʝʟ ʟʦʣʦʪʦ-ʨʦʩʩʳʧʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɺʝʨʰʠʥʘ ʏʠʥʳ 

(ɺʠʪʠʤʩʢʦʝ ʧʣʦʩʢʦʛʦʨʴʝ)ééééééééé.......................................................... 
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ʂʦʣʦʤʠʝʮ ɺ.ʃ., ɹʫʜʘʝʚ ʈ.ʎ.  

ʉʳʨʴʝʚʦʡ ʧʦʪʝʥʮʠʘʣ ʥʝʦʧʣʝʡʩʪʦʮʝʥʦʚʳʭ ʦʪʣʦʞʝʥʠʡ ʜʦʣʠʥʳ ʨ. ɿʫʥ-ʍʦʣʙʦ 

(ɺʦʩʪʦʯʥʳʡ ʉʘʷʥ)éééééééééééééééééééééééééé. 240 

ʂʦʥʜʨʘʪʴʝʚʘ ʃ.ɸ., ɸʥʠʩʠʤʦʚʘ ɻ.ʉ.  

Au-ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʄʫʛʫʥʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ (ɺʦʩʪʦʯʥʘʷ 

ʗʢʫʪʠʷ)ééééééééééééééééééééééééééééééé 243 

ʂʦʩʪʠʥ ɸ.ɺ.  

ɻʠʩ ʢʘʢ ʦʩʥʦʚʘ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠ ʧʦʠʩʢʦʚ ʥʦʚʳʭ ʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʪʠʧʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭééééééééééééééééé.. 247 

ʂʦʩʪʠʥ ɸ.ɺ., ʊʨʫʥʠʣʠʥʘ ɺ.ɸ.  

ʄʘʛʤʘʪʠʟʤ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ: ʛʠʩ-ʧʨʦʝʢʪ, ʙʘʟʳ ʜʘʥʥʳʭ, ʧʦʣʝʟʥʳʝ ʠʩʢʦʧʘʝʤʳʝ 252 

ʂʨʠʚʦʰʘʧʢʠʥ ʀ.ʀ.  

ʎʠʬʨʦʚʦʡ ʨʝʣʴʝʬ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʤʘʛʤʘʪʦʛʝʥʥʳʭ ʩʪʨʫʢʪʫʨ (ʥʘ ʧʨʠʤʝʨʝ ʚʦʩʪʦʢʘ 

ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʠʢʣʠʟʳ)ééééééééééééééééééééééé.. 256 

ʂʫʣʘʛʠʥʘ ʃ.ɸ., ʌʘʨʙʝʨ ʄ.ʈ.  

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥ ʚ ʞʠʣʴʥʦʤ ʢʚʘʨʮʝééééééééééééé. 259 

ʂʳʯʢʠʥ ɺ.ɸ., ʉʦʣʦʚʴʝʚ ɽ.ʕ.  

ɺʦʟʤʦʞʥʦʩʪʠ ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʭ ʤʝʪʦʜʦʚ ʧʨʠ ʧʦʠʩʢʘʭ ʟʦʣʦʪʦ-ʩʫʨʴʤʷʥʦʛʦ 

ʦʨʫʜʝʥʝʥʠʷ ʚ ʤʦʥʦʪʦʥʥʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭééééééééééééé.. 261 

ʃʝʛʦʩʪʘʝʚʘ ʗ.ɹ., ʂʩʝʥʦʬʦʥʪʦʚʘ ʄ.ʀ.  

ʆʮʝʥʢʘ ʛʝʦʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʥʘʟʝʤʥʳʭ ʠ ʚʦʜʥʳʭ ʵʢʦʩʠʩʪʝʤ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɺʝʨʭʥʝʤʫʥʩʢʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʧʦʣʷéééééééééééé. 
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ʃʦʩʢʫʪʦʚ ɽ.ɽ.  

ʉʨʘʚʥʝʥʠʝ ʚʦʟʨʘʩʪʘ ʦʨʫʜʝʥʝʥʠʷ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʵʪʘʧʦʚ ʪʝʢʪʦʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʡ 

ʘʢʪʠʚʠʟʘʮʠʠ ʕʣʴʢʦʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʨʘʡʦʥʘéééééééééééééééé. 269 

ʄʘʢʘʨʦʚ ɺ.ʅ.  

ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʠʩʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʝʨʝʢʨʳʪʳʭ ʣʝʜʥʠʢʘʤʠééééééé. 271 

ʄʘʢʦʰʠʥ ɺ.ʀ., ʂʫʪʳʛʠʥ ʈ.ɺ.  

ɹʠʦʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʨʘʭʠʦʧʦʜ ʨʦʜʘ jakutoproductus ʚ 

ɸʩʩʝʣʴʩʢʦ-ʉʘʢʤʘʨʩʢʠʭ ʦʪʣʦʞʝʥʠʷʭ ʂʫʙʘʣʘʭʩʢʦʛʦ ʨʘʟʨʝʟʘ (ʥʠʟʦʚʴʝ ʨ. ʃʝʥʳ)é.. 276 

ʄʠʭʘʣʠʮʳʥʘ ʊ.ʀ.,
 
ʅʠʢʠʪʝʥʢʦ ɽ.ʄ.  

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʅʘʪʘʣʢʠʥʩʢʦʛʦ 
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ʄʠʭʘʣʠʮʳʥʘ ʊ.ʀ., ʅʠʢʠʪʝʥʢʦ ɽ.ʄ., ʌʦʤʠʥʘ ʄ.ʀ.  

ʄʠʥʝʨʘʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʅʘʪʘʣʢʠʥʩʢʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʣʷ ʨʝʰʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯéééééééééé....... 283 

ʄʠʰʥʠʥ ɺ.ʄ., ɻʨʠʥʝʥʢʦ ɺ.ʉ.
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ʄʦʠʩʝʝʚ ʉ.ɸ., ʃʝʙʝʜʝʚ ʄ.ɺ., ʌʦʤʠʥ ɸ.ʄ., ʊʦʧʝʰʢʦ ɺ.ɸ.  

ʃʠʪʦʩʪʨʘʪʠʛʨʘʬʠʷ ʪʝʨʨʠʛʝʥʥʦʛʦ ʚʝʥʜʘ ʮʝʥʪʨʘʣʴʥʳʭ ʨʘʡʦʥʦʚ ʅʝʧʩʢʦ-

ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳééééééééééééééééééé.ééé...... 
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ʄʫʨʟʠʥ ʖ.ɸ., ɾʠʞʠʥ ɺ.ʀ.  

ɻʝʦʢʨʠʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʠʤʧʠʯʝ (ʧʨʠʪʦʢ ɹʳʪʘʥʪʘʷ)éé..... 298 

ʄʫʩʪʘʬʠʥ ʉ.ʂ.  

ɻʝʦʣʦʛʠʷ ʠ ʪʠʧʦʤʦʨʬʠʟʤ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ ʨʦʩʩʳʧʝʡ ʖʞʥʦʛʦ ʋʨʘʣʘéé...... 303 

ʄʫʩʪʘʬʠʥ ʉ.ʂ.  

ɿʘʜʘʯʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  ʧʨʠʨʦʜʥʳʭ ʠ ʪʝʭʥʦʛʝʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʩʪʘʨʳʭ ʛʦʨʥʦʨʫʜʥʳʭ ʨʝʛʠʦʥʦʚ ʖʞʥʦʛʦ ʋʨʘʣʘéééééééééééééé.. 307 

ʅʠʢʠʬʦʨʦʚʘ ɿ.ʉ.   

ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘ ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʛʝʥʝʟʠʩʘ 

ʨʦʩʩʳʧʝʡéééééééééééééééééééééééééééééé. 311 

ʅʠʢʠʬʦʨʦʚʘ ɿ.ʉ. 

 ʂʨʠʪʝʨʠʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʪʠʧʦʚ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚ ʧʣʘʪʬʦʨʤʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʧʦ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʨʠʟʥʘʢʘʤ ʨʦʩʩʳʧʥʦʛʦ ʟʦʣʦʪʘéé........ 315 

ʅʠʢʦʣʘʝʚʘ ʄ.ɺ.   

ʄʦʜʝʣʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʠʩʪʝʤʳ çʧʦʜʟʝʤʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ï ʤʝʨʟʣʳʡ ʛʨʫʥʪèé 319 

ʅʠʤ ʖ.ɸ.  

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠʤʧʫʣʴʩʥʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʣʷʨʠʟʫʶʱʝʛʦʩʷ 

ʠ ʜʠʩʧʝʨʛʠʨʫʶʱʝʛʦʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʣʘʩʪʘ ʧʨʠ ʝʛʦ ʚʦʟʙʫʞʜʝʥʠʠ 

ʚʝʨʪʠʢʘʣʴʥʳʤ ʤʘʛʥʠʪʥʳʤ ʜʠʧʦʣʝʤééééééééééééééééééé 323 

ʆʢʨʫʛʠʥ ɸ.ɺ.  

ʎʠʢʣʠʯʥʘʷ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʫʤʫʣʷʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʨʠʪʤʠʯʝʩʢʦʡ ʨʘʩʩʣʦʝʥʥʦʩʪʠ ʚ 

ʤʘʬʠʪ-ʫʣʴʪʨʘʤʘʬʠʪʦʚʳʭ ʠʥʪʨʫʟʠʚʘʭéééééééééééééééééé.. 326 

ʆʢʨʫʛʠʥ ɸ.ɺ., ɾʫʨʘʚʣʝʚ ɸ.ʀ., ʄʦʭʥʘʯʝʚʩʢʠʡ ɻ.ɺ., ʀʙʨʘʛʠʤʦʚ ʂ.ɿ.  

ʊʠʧʦʭʠʤʠʟʤ ʟʦʣʦʪʘ, ʧʣʘʪʠʥʳ ʠ ʜʨʫʛʠʭ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʄʘʢʳʣʛʘʥʩʢʦʛʦ 

ʨʦʩʩʳʧʝʧʨʦʷʚʣʝʥʠʷ ʨ. ɸʣʜʘʥééééééééééééééééééééé.. 
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ʆʢʨʫʛʠʥ ɸ.ɺ., ʄʦʭʥʘʯʝʚʩʢʠʡ ɻ.ɺ.   

ʉʦʩʪʘʚ ʠ ʠʩʪʦʯʥʠʢʠ ʤʘʛʤ ʢʘʡʥʦʟʦʡʩʢʠʭ ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʚʫʣʢʘʥʦʚ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠéééééééé.................................................................. 
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ʆʧʘʨʠʥ ʅ.ɸ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɿʘʷʢʠʥʘ ʅ.ɺ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʢʠʤʙʝʨʣʠʪʦʚ ʍʦʤʧʫ-ʄʘʡʩʢʦʛʦ ʧʦʣʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘééééééééééééé... 341 

ʆʨʣʷʥʢʠʥ ɺ.ʅ.  

ɻʣʫʙʠʥʥʳʝ ʫʛʣʝʚʦʜʦʨʦʜʥʳʝ ʬʣʶʠʜʳ ï ʦʜʠʥ ʠʟ ʛʣʘʚʥʳʭ ʥʦʩʠʪʝʣʝʡ ʤʘʥʪʠʡʥʦʛʦ 

ʟʦʣʦʪʘ ʚ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ ʟʦʣʦʪʦʥʦʩʥʳʭ ʧʦʷʩʘʭ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠéé... 345 

ʇʘʚʣʦʚ ɸ.ɻ., ʌʠʣʣʠʧʦʚ ɺ.ʈ., ɻʫʩʝʚʘ ɽ.ʉ. 

 ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʠʟʫʯʝʥʠʷ ɺʝʨʭʥʝʩʫʦʣʴʩʢʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ 

ʞʝʣʝʟʘééééééééééééééééééééééééééééééé 349 
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ʇʘʚʣʦʚʘ ʅ.ɸ., ɽʬʨʝʤʦʚ ɺ.ʉ. 

 ʆʮʝʥʢʘ ʦʟʝʨʥʳʭ ʚʦʜʥʳʭ ʨʝʩʫʨʩʦʚ ʠ ʦʩʦʙʝʥʥʦʩʪʠ  ʧʠʪʘʥʠʷ ʧʦʜʦʟʝʨʥʳʭ ʪʘʣʠʢʦʚ 

ʥʘ ʦʩʥʦʚʝ ʠʟʫʯʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚʦʜʥʦʛʦ ʙʘʣʘʥʩʘéééééééééééééé 351 

ʇʘʚʣʫʰʠʥ ɸ.ɼ., ʆʣʝʡʥʠʢʦʚ ʆ.ɹ., ɻʨʘʭʘʥʦʚ ʉ.ɸ.  

ʄʦʨʬʦʛʝʥʝʟʠʩ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʩʢʫʣʴʧʪʫʨ ʤʠʢʨʦʨʝʣʴʝʬʘ ʨʘʩʪʚʦʨʝʥʠʷ ʥʘ 

ʢʨʠʚʦʛʨʘʥʥʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʘʭ ʘʣʤʘʟʘ ʠʟ ʨʦʩʩʳʧʝʡ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳééééééééééé.......................................................................... 355 

ʇʘʨʘʜʘ ʉ.ɻ.  

ʆ ʩʦʦʪʥʦʰʝʥʠʠ ʟʦʣʦʪʦʡ ʠ ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʟʦʣʦʪʦʨʫʜʥʦʤ 

ʄʝʩʪʦʨʦʞʜʝʥʠʠ ʄʘʣʦʤʳʨ (ɸʤʫʨʩʢʘʷ ʦʙʣʘʩʪʴ) ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤéé.. 359 

ʇʘʨʬʝʥʦʚʘ ʊ.ʄ., ʂʘʰʠʨʮʝʚ ɺ.ɸ.  

ɻʦʨʶʯʠʝ ʩʣʘʥʮʳ ʠ ʧʨʠʨʦʜʥʳʝ ʙʠʪʫʤʳ ʩʝʚʝʨʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳéééé... 364 

ʇʦʣʫʬʫʥʪʠʢʦʚʘ ʃ.ʀ.  

ʈʝʢʦʥʩʪʨʫʢʮʠʠ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ 

(ʂʫʣʘʨ-ʅʝʨʩʢʠʡ ʩʣʘʥʮʝʚʳʡ ʧʦʷʩ)ééééééé..................................................... 368 

ʇʦʤʦʨʮʝʚ ʆ.ɸ., ʉʢʘʯʢʦʚ ʖ.ɹ., ɺʘʩʠʣʴʝʚʘ ʆ.ʀ.  

ʆʧʘʩʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ 600-700 ʢʤ ʪʨʘʩʩʳ 

ʗʢʫʪʩʢ-ʄʘʛʘʜʘʥéé...................................................................................................... 

 

 

372 

ʇʦʧʦʚ ɺ.ɺ.  

ʆ ʚʣʠʷʥʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʜʘʚʣʝʥʠʷ ʥʘ ʬʠʣʴʪʨʘʮʠʦʥʥʦ-ʝʤʢʦʩʪʥʳʝ ʩʚʦʡʩʪʚʘ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜéééééééééééééééééééé........................ 376 

ʇʦʧʦʚ ɻ.ʀ. 

 ʇʨʦʭʦʜʢʘ ʪʨʘʥʰʝʡ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʵʢʩʢʘʚʘʪʦʨʦʚ ʠ ʛʠʜʨʦʤʦʣʦʪʦʚéééééé.. 381 
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 ʆ ʥʝʢʦʪʦʨʳʭ ʧʨʦʙʣʝʤʘʭ ʬʣʶʠʜʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʧʨʦʮʝʩʩʘʭ ʫʛʣʝʬʠʢʘʮʠʠé..... 414 
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ʉʠʚʮʝʚ ɸ.ʀ., ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ʈ. 
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ʉʠʜʦʨʠʥʘ ʖ.ʅ, ʅʠʢʦʣʘʝʚ ʖ.ʅ., ʇʦʧʦʚʘ ʊ.ɺ.  
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ʉʠʪʥʠʢʦʚ ɺ.ʉ.  

ɸʢʪʫʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʦʧʪʠʤʠʟʘʮʠʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʩʥʦʚʳ ʧʨʠ ʨʘʟʤʝʱʝʥʠʠ 
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ʊʨʫʥʠʣʠʥʘ ɺ. ɸ., ʈʦʝʚ ʉ.ʇ.  

ʉʦʦʪʥʦʰʝʥʠʝ ʜʘʝʢ ʠ ʦʨʫʜʝʥʝʥʠʷ ʚ ɼʝʨʙʝʢʝ-ʅʝʣʴʛʝʭʠʥʩʢʦʡ ʨʫʜʥʦ-
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ʊʨʫʥʠʣʠʥʘ ɺ. ɸ., ʈʦʝʚ ʉ.ʇ.  

ʂʦʤʧʦʟʠʪʥʳʝ ʜʘʡʢʠ ʊʘʢʘʣʢʘʥʩʢʦʛʦ ʨʫʜʥʦ-ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʫʟʣʘéééééé..... 504 

ʋʛʘʧʴʝʚʘ ʉ.ʉ., ʇʠʨʦʛʦʚʩʢʘʷ ʂ.ʃ.  

ɺʢʣʶʯʝʥʠʷ ʦʣʠʚʠʥʦʚ ʚ ʘʣʤʘʟʘʭ ʠʟ ʨʦʩʩʳʧʠ ʙʘʩʩʝʡʥʘ ʨ. ʕʙʝʣʷʭ: ʤʦʨʬʦʣʦʛʠʷ, 
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ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʦʣʦʚʦ-ʢʨʠʦʛʝʥʥʳʭ ʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʎʝʥʪʨʘʣʴʥʦʡ ʗʢʫʪʠʠééééééééééééééééééééééééé. 
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ʌʸʜʦʨʦʚ ɺ.ʀ., ʍʦʶʪʘʥʦʚ ɽ.ɸ., ɻʘʚʨʠʣʦʚ ɺ.ʃ.  
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ʌʨʠʜʦʚʩʢʠʡ ɺ.ʖ., ɽʨʸʤʝʥʢʦ ɻ.ʅ.  

ʊʝʢʪʦʥʠʯʝʩʢʠʝ ʜʝʬʦʨʤʘʮʠʠ ʄʘʣʦ-ʊʘʨʳʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʧʦʣʷéééééééé.. 

 

530 

ʎʦʡ ɺ.ɼ., ʂʦʨʦʣʝʚʘ ʀ.ɺ. 

ʅʝʪʨʘʜʠʮʠʦʥʥʳʡ ʘʧʦʢʘʨʙʦʥʘʪʥʳʡ ʪʠʧ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʋʟʙʝʢʠʩʪʘʥʘéé.... 535 

ʏʞʘʥ ʊ.ʈ., ʉʘʤʳʨʦʚʘ ɸ.ʀ.  

ʆʧʘʩʥʳʝ ʠʥʞʝʥʝʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ 

(ʗʢʫʪʠʷ) ʚ ʩʚʷʟʠ ʩ ʧʦʪʝʧʣʝʥʠʝʤ ʢʣʠʤʘʪʘééééééééééééééééé. 539 

ʏʫʜʥʝʥʢʦ ʂ.ɺ., ʇʘʣʴʷʥʦʚʘ ɻ.ɸ., ɸʥʠʩʠʤʦʚʘ ɻ.ʉ., ʄʦʩʢʚʠʪʠʥ ʉ.ɻ.
  

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʦʙʨʘʟʦʚʘʥʠʷ Ag-Au-Hg ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚ 

ʧʨʠʨʦʜʥʳʭ ʧʨʦʮʝʩʩʘʭ (ʥʘ ʧʨʠʤʝʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʂʶʯʶʩ)ééé........................
 

543 

ʐʘʭʫʨʜʠʥʘ ʅ.ʂ. 

ʆʢʦʥʪʫʨʠʚʘʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ ʤʝʪʦʜʦʤ çʙʫʬʝʨʠʟʘʮʠʠèééééééé. 548 

ʐʝʧʝʣʝʚʘ ʗ.ʇ.  

ʅʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʨʘʥʥʝʶʨʩʢʠʭ ʚʫʣʢʘʥʠʪʦʚ ʂʦʙʶʤʠʥʩʢʦʡ 

ʩʠʩʪʝʤʳ ʩʢʣʘʜʦʢééééééééééééééééééééééééééé 553 

ʐʠʙʘʝʚ ʉ.ɺ., ʇʝʪʨʦʚ ɸ.ʌ., ʄʘʢʢʝʡ ʂ.ɼ., ʂʦʟʴʤʠʥ ɹ.ʄ., ʇʝʪʨʫʥʠʥ ʉ.ɺ., 

ʇʝʨʝʩʳʧʢʠʥ ɼ.ʄ., ʉʪʘʨʢʦʚʘ ʅ.ʅ., ʊʠʤʠʨʰʠʥ ʂ.ɺ.  

ʉʠʣʴʥʦʝ ɸʙʳʡʩʢʦʝ ʟʝʤʣʝʪʨʷʩʝʥʠʝ 2013 ʛʦʜʘ ʥʘ ʛʨʘʥʠʮʝ ɽʚʨʘʟʠʘʪʩʢʦʡ ʠ 

ʉʝʚʝʨʦʘʤʝʨʠʢʘʥʩʢʦʡ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʗʢʫʪʠʠéééé..... 555 

ʐʢʦʜʟʠʥʩʢʠʡ ɺ.ʉ.  

ɺʝʣʠʯʠʥʘ ʫʜʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʘʣʤʘʟʦʚ ʢʘʢ 

ʧʦʢʘʟʘʪʝʣʴ ʵʚʦʣʶʮʠʠ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʧʨʠ ʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠééééééé. 560 

ʐʢʦʜʟʠʥʩʢʠʡ ɺ.ʉ. 

 ʇʨʠʨʦʜʘ ʷʚʣʝʥʠʡ ʨʝʟʦʨʙʮʠʠ ʘʣʤʘʟʦʚéééééééééééééééééé.. 564 

ʖʬʝʨʝʚ ʈ.ɹ.  

ʇʨʠʤʝʥʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʪʦʤʦʛʨʘʬʠʠ ʚ ʛʝʦʣʦʛʠʠééééééééé.. 568 
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ʇʈʆɻʅʆɿʅʓɽ ʊɽʈʈʀʊʆʈʀʀ ɿʆʃʆʊʆɻʆ ʆʈʋɼɽʅɽʅʀʗ  

ɺ ʖɾʅʆʄ ɺɽʈʍʆʗʅʔɽ 

 

ɸʜʘʨʦʚ ʊ.ɼ., ʉʦʣʦʚʴʝʚ ɽ.ʕ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

 

ʖʞʥʦʝ ɺʝʨʭʦʷʥʴʝ ʦʙʣʘʜʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ 

ʚʳʷʚʣʝʥʠʷ ʢʨʫʧʥʦʪʦʥʥʘʞʥʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ ʦʙʲʝʢʪʦʚ. ɿʜʝʩʴ ʨʘʟʤʝʱʝʥʦ 

ʅʝʞʜʘʥʠʥʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʠ ʠʟʚʝʩʪʥʦ ʙʦʣʝʝ 450 ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ.  

ɼʣʷ ʦʮʝʥʢʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʧʨʦʛʥʦʟʘ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʨʘʩʩʤʦʪʨʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʝʡ.   

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʘʥʦʤʘʣʴʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʦʣʝʡ ʚʳʧʦʣʥʝʥʳ ʜʣʷ ʢʘʞʜʦʛʦ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ, ʜʣʷ ʣʦʢʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʨʘʚʠ-ʤʘʛʥʠʪʥʳʭ ʧʦʣʝʡ ʭʘʨʘʢʪʝʨʝʥ ʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ, ʜʣʷ ʧʦʣʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ï 

ʣʦʛʥʦʨʤʘʣʴʥʳʡ ʟʘʢʦʥ. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʟʦʣʦʪʦʨʫʜʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʠʤʝʶʪ 

ʙʣʠʟʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʦʣʝʡ ʠ ʨʘʩʧʦʣʦʞʝʥʳ ʚ 

ʩʣʘʙʦʛʨʘʜʠʝʥʪʥʳʭ ʟʦʥʘʭ. ʕʪʦ ʦʙʦʩʥʦʚʘʥʦ ʪʝʤ, ʯʪʦ ʟʦʣʦʪʦʨʫʜʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʫʜʘʣʝʥʠʠ 

ʦʪ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ (ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʪʝʣʘ ʠʣʠ ʢʨʫʧʥʳʝ ʨʘʟʣʦʤʳ).  

ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʛʦ 

ʧʨʦʷʚʣʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʷ ʧʨʠ ʚʳʙʦʨʝ ʨʘʟʤʝʨʦʚ ʠʥʪʝʨʚʘʣʦʚ ʨʘʚʥʳʤ 

ʯʝʪʳʨʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʟʥʘʯʝʥʠʡ.  

ʊʘʙʣʠʮʘ 1 

ʊʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʝʡ ɺʝʨʦʷʪʥʦʩʪʴ, % 

ʃʦʢʘʣʴʥʦʝ ʘʥʦʤʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ 95.75 

ʇʦʣʥʳʡ ʛʨʘʜʠʝʥʪ ʣʦʢʘʣʴʥʦʛʦ ʘʥʦʤʘʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 96.58 

ʃʦʢʘʣʴʥʦʝ ʘʥʦʤʘʣʴʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ 94.06 

ʇʦʣʥʳʡ ʛʨʘʜʠʝʥʪ ʣʦʢʘʣʴʥʦʛʦ ʘʥʦʤʘʣʴʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ 

94.86 
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ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʨʘʚʥʳʤ 

ʯʝʪʳʨʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʭ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʠʟʫʯʝʥʥʳʭ ʧʦʣʝʡ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʝʨʝʩʝʯʝʥʠʷ ʠʥʪʝʨʚʘʣʦʚ ʨʘʚʥʳʭ ʯʝʪʳʨʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ 

ʦʪʢʣʦʥʝʥʠʝʤ ʟʥʘʯʝʥʠʡ ʜʣʷ ʚʩʝʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʧʦʣʝʡ  
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ P ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʧʘʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʦʙʣʘʩʪʴ ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʚʥʘ ʧʦ ʬʦʨʤʫʣʝ:  

ὖ= ὖ1 ὖz2 ὖz3 ὖz4 = 82.51 %, 

ʛʜʝ, P1, P2, P3 ʠ P4 ï ʵʪʦ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʧʘʜʘʥʠʷ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʳ ʚ 

ʠʥʪʝʨʚʘʣ ʨʘʚʥʳʤ ʯʝʪʳʨʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʤ ʦʪʢʣʦʥʝʥʠʷʤ ʜʣʷ ʢʘʞʜʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʧʦʣʝʡ.  

ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʟʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʪʷʛʦʪʝʶʪ ʢ ʚʳʜʝʣʝʥʥʳʤ 

ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʦʮʝʥʢʘʤ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʦʙʣʘʩʪʷʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

82.51 %. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʦʠʩʢʦʚʳʝ ʦʙʲʝʢʪʳ ʩʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʝʡ 

ʚʝʨʦʷʪʥʦʩʪʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʧʨʝʜʝʣʘʭ ʚʳʜʝʣʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ. 

 

 

 

 

ʆ ʊɽʂʊʆʅʀʏɽʉʂʆʄ ʉʊʈʆɽʅʀʀ ʂɽʄʇɽʅɼʗʁʉʂʆʁ 

ɺʇɸɼʀʅʓ  

 

ɸʣʝʢʩʘʥʜʨʦʚ ɸ.ʈ., ʉʠʚʮʝʚ ɸ.ʀ. 

ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʥʝʬʪʠ ʠ ʛʘʟʘ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʝʡʰʠʭ ʥʘ ʥʝʬʪʴ ʠ ʛʘʟ ʪʝʨʨʠʪʦʨʠʡ ɿʘʧʘʜʥʦʡ 

ʗʢʫʪʠʠ ʷʚʣʷʝʪʩʷ ʂʝʤʧʝʥʜʷʡʩʢʘʷ ʚʧʘʜʠʥʘ. ʆʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ɿʘʧʘʜʥʦ-ɺʠʣʶʡʩʢʦʛʦ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ ʃʝʥʦ-ʊʫʥʛʫʩʩʢʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʧʨʦʚʠʥʮʠʠ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ.  

ʇʨʠʩʫʪʩʪʚʠʝ ʜʦʚʦʣʴʥʦ ʤʦʱʥʦʛʦ (ʜʦ 2 ʢʤ) ʢʦʤʧʣʝʢʩʘ 

ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʭ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ, ʥʝʩʦʤʥʝʥʥʦ, ʫʯʘʩʪʚʫʶʪ 

ʚ ʩʪʨʦʝʥʠʠ ʙʦʣʴʰʠʥʩʪʚʘ (ʝʩʣʠ ʥʝ ʚʩʝʭ) ʣʦʢʘʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʝʜʝʣʘʭ 

ʚʧʘʜʠʥʳ ʠ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦʝ ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʛʣʫʙʠʥʥʳʭ ʵʪʘʞʘʭ ʚʝʥʜʩʢʦ-

ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʦʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʝʜʦʧʨʝʜʝʣʷʶʪ ʫʥʠʢʘʣʴʥʦʩʪʴ 

ʂʝʤʧʝʥʜʷʡʩʢʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ. 

ʆʜʥʘʢʦ ʥʘʣʠʯʠʝ ʚʪʦʨʦʛʦ ʥʠʞʥʝʛʦ ʩʦʣʝʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʟʠʮʠʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʤʦʞʝʪ ʠʤʝʪʴ 

ʥʝʦʜʥʦʟʥʘʯʥʦʝ ʚʣʠʷʥʠʝ. ʋʛʣʝʚʦʜʦʨʦʜʳ ʚʳʷʚʣʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ 

ʶʛʦ-ʟʘʧʘʜʝ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), ʧʦ ʤʥʝʥʠʶ ʚʝʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ 
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ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʩʚʷʟʘʥʳ ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. ʗʚʣʷʷʩʴ ʠʜʝʘʣʴʥʳʤ ʬʣʶʠʜʦʫʧʦʨʦʤ 

ʩʦʭʨʘʥʷʶʱʠʤ ʩʢʦʧʣʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʦʚ, ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʡ 

ʩʦʣʝʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʛ ʩʪʘʪʴ ʥʘ ʧʫʪʠ ʨʝʘʣʠʟʘʮʠʠ 

ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ 

ʥʝʜʦʩʪʫʧʥʳʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʛʣʫʙʠʥʘʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʴ ʤʝʞʩʦʣʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ, ʪʦʣʴʢʦ 

ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʤʝʞʩʦʣʝʚʳʭ ʦʪʣʦʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʧʦ 

ʛʝʦʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʩʤʝʞʥʳʭ ʪʝʨʨʠʪʦʨʠʡ ʚʝʩʴʤʘ ʩʢʨʦʤʥʳʝ, ʚ 

ʣʫʯʰʝʤ ʩʣʫʯʘʝ, ʙʫʜʫʪ ʚʳʷʚʣʝʥʳ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʟʘʧʘʩʘʤ ʟʘʣʝʞʠ ʩ 

ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʧʣʘʩʪʦʚʳʤʠ ʜʘʚʣʝʥʠʷʤʠ. 

ʂʘʨʪʠʥʫ ʧʝʨʩʧʝʢʪʠʚ ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʩʪʠ ʂʝʤʧʝʥʜʷʡʩʢʦʡ ʚʧʘʜʠʥʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʨʝʘʣʠʟʘʮʠʷ ʥʝʬʪʝʤʘʪʝʨʠʥʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʟʘ ʩʯʝʪ ʛʘʣʦʢʠʥʝʟʘ - ʧʣʘʩʪʠʯʝʩʢʦʛʦ ʪʝʯʝʥʠʷ 

ʢʘʤʝʥʥʦʡ ʩʦʣʠ.  

ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʙʦʣʴʰʠʥʩʪʚʦ ʚʳʷʚʣʝʥʥʳʭ ʠ ʯʘʩʪʠʯʥʦ 

ʥʘʙʣʶʜʘʝʤʳʭ ʥʘ ʜʥʝʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʭ ʩʦʣʷʥʦʢʫʧʦʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʂʝʤʧʝʥʜʷʡʩʢʦʡ ʚʧʘʜʠʥʳ ʦʙʷʟʘʥʳ ʥʝ ʠʭ ʩʦʙʩʪʚʝʥʥʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʘ ʧʨʦʮʝʩʩʘʤ ʛʘʣʦʢʠʥʝʟʘ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʥʠʞʥʝʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʵʪʘʞʘ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ ʚʧʘʜʠʥʳ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʨʘʜʠ, ʥʫʞʥʦ ʟʘʤʝʪʠʪʴ, ʚʧʝʨʚʳʝ ʚʦʟʤʦʞʥʫʶ ʩʚʷʟʴ ʩʦʣʷʥʦʢʫʧʦʣʴʥʳʭ 

ʩʪʨʫʢʪʫʨ ʩ ʜʠʘʧʠʨʠʟʤʦʤ ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʩʦʣʝʡ ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʅ.ʄ. 

ʏʫʤʘʢʦʚʳʤ [2].  

ɿʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʤʦʱʥʳʝ ʪʦʣʱʠ ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 

ʩʦʣʝʡ ʘʥʘʣʦʛʠʯʥʦ ʚʩʪʨʝʯʘʝʤʳʤ ʚ ʩʦʧʨʝʜʝʣʴʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ (ɹʝʨʝʟʦʚʩʢʘʷ ʠ 

ʅʶʡʩʢʦ-ɼʞʝʨʙʠʥʩʢʘʷ ʚʧʘʜʠʥʳ). ʂʦʩʚʝʥʥʦ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʣʘʥʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳʭʦʜʦʚ 

ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ ʩʨʝʜʥʝʛʦ ʧʘʣʝʦʟʦʷ ʠʤʝʥʥʦ ʚ ʦʩʝʚʦʡ ʯʘʩʪʠ 

ʂʝʤʧʝʥʜʷʡʩʢʦʡ ʚʧʘʜʠʥʳ. ʀʤʝʥʥʦ ʚ ʵʪʦʡ ʟʦʥʝ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʘʢʪʠʚʥʦʩʪʠ 

ʩʦʣʝʥʦʩʥʳʭ ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʠʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʦʡ 

ɺʘʥ ʊʘʠʣʦʤ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʦ ʛʣʫʙʠʥʘʤ ʟʘʣʝʛʘʥʠʷ 

ʦʪʨʘʞʘʶʱʠʭ ʛʦʨʠʟʦʥʪʦʚ ʂ ʠ ʂɺ [1], ʦʪʥʦʩʷʱʠʭʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʛʨʘʥʠʮʘʤ 

ʚʝʥʜ-ʢʝʤʙʨʠʡ ʠ ʢʦʥʝʮ ʢʝʤʙʨʠʷ ʠ ʧʦʣʴʟʫʷʩʴ ʟʘʚʠʩʠʤʦʩʪʴʶ ɺʘʥ ʊʘʠʣʘ, 

ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʠ ʧʨʦʮʝʩʩʳ ʛʘʣʦʢʠʥʝʟʘ ʚ ʦʩʝʚʳʭ ʯʘʩʪʷʭ 
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ʂʝʤʧʝʥʜʷʡʩʢʦʡ ʚʧʘʜʠʥʳ ʤʦʛʣʠ ʨʝʘʣʠʟʦʚʳʚʘʪʴʩʷ, ʫʞʝ ʥʘʯʠʥʘʷ ʩ 

ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʟʘ ʩʯʝʪ ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʩʦʣʝʡ ʠ 

ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʣʱʠʥʳ ʚʳʰʝʟʘʣʝʛʘʶʱʠʭ ʦʪʣʦʞʝʥʠʡ. ɻʝʦʣʦʛʠʯʝʩʢʠ ʵʪʦ 

ʬʠʢʩʠʨʫʝʪʩʷ ʫʪʦʥʝʥʠʝʤ ʚ ʧʨʠʩʚʦʜʦʚʳʭ ʯʘʩʪʷʭ ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ ʦʪʜʝʣʴʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ ʢʫʨʫʥʛʫʨʷʭʩʢʦʡ ʩʚʠʪʳ, ʪ.ʝ. ʯʝʪʢʦ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘʯʘʣʦ ʨʦʩʪʘ 

ʩʪʨʫʢʪʫʨ ʚ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʝ ʚʨʝʤʷ. ɸʩʩʠʤʝʪʨʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʨʦʝʥʠʷ ʢʨʳʣʴʝʚ ʩʦʣʝʥʦʩʥʳʭ ʩʪʨʫʢʪʫʨ ʚʳʭʦʜʷʱʠʭ ʥʘ ʜʥʝʚʥʦʡ ʩʚʝʪ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʦʙʱʝʥʥʦʩʪʠ ʦʩʘʜʦʯʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʩʦʣʷʥʳʭ ʢʫʧʦʣʦʚ ʩ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. ʊʘʢ,  ʥʘ 

ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʢʨʳʣʴʷʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ  ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʭ ʧʦʨʦʜʘʭ 

ʥʘʣʝʛʘʶʪ ʦʪʣʦʞʝʥʠʷ ʚʝʨʭʥʝʡ ʶʨʳ ʠ ʥʠʞʥʝʛʦ ʤʝʣʘ, ʘ ʥʘ ʶʛʦ-ʚʦʩʪʦʯʥʳʭ ï 

ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʷʤʠ ʚʩʝʭ 

ʪʨʝʭ ʦʪʜʝʣʦʚ ʶʨʩʢʦʡ ʩʠʩʪʝʤʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʝ ʩʦʣʷʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʧʨʦʷʚʣʷʶʪ ʢʦʥʩʝʜʠʤʝʥʪʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

 

 

 

ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʂʝʤʧʝʥʜʷʡʩʢʦʡ ʚʧʘʜʠʥʳ. 

ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ 1 - ʚʦʟʤʦʞʥʳʝ ʟʦʥʳ ʘʢʢʫʤʫʣʷʮʠʠ ʋɺ, 2 - ʨʘʟʜʝʣʳ ʤʝʞʜʫ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʪʘʞʘʤʠ ʠ ʣʠʪʦʣʦʛʦ-ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʤʠ ʛʦʨʠʟʦʥʪʘʤʠ, 3 - 

ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʝ ʩʦʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ, 4 - ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʝ ʙʝʩʩʦʣʝʚʳʝ ʦʪʣʦʞʝʥʠʷ, 5 

- ʢʘʤʝʥʥʦʫʛʣʦʣʴʥʳʝ ʦʪʣʦʞʝʥʠʷ, 6 - ʤʝʟʦʟʦʡʩʢʠʝ ʫʛʣʝʥʦʩʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ, 7 - 

ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʩʦʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ, 8 - ʚʝʥʜ-

ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʝ ʩʦʣʝʥʦʩʥʳʝ ʦʪʣʦʞʝʥʠʷ, 9 - ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ  ʦʪʣʦʞʝʥʠʷ, 10 ï 

ʬʫʥʜʘʤʝʥʪ, 11 - ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʧʫʪʠ ʤʠʛʨʘʮʠʠ ʋɺ. 
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ɺ ʩʣʫʯʘʝ ʙʣʠʟʦʩʪʠ ʢ ʠʩʪʠʥʝ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʯʘʩʪʷʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʚʳʭʦʜʦʚ ʚʝʨʭʥʝʜʝʚʦʥʩʢʠʭ ʩʦʣʷʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʦʞʠʜʘʝʪʩʷ ʠʭ ʫʪʦʥʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʟʤʦʞʥʳʭ ʧʣʘʩʪʦʚʳʭ 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʦʚʫʰʝʢ ʩ ʧʦʚʳʰʝʥʥʦʡ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴʶ ʚ ʧʦʜʩʦʣʝʚʳʭ 

ʦʪʣʦʞʝʥʠʷʭ. ʊʘʢʞʝ ʚʝʨʦʷʪʥʦ ʥʘʣʦʞʝʥʠʝ (ʩʦʝʜʠʥʝʥʠʝ) ʥʠʞʥʝʛʦ ʩʦʣʝʚʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʚʝʨʭʥʠʤ ʩʦʣʝʚʳʤ ʢʦʤʧʣʝʢʩʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʣʠʪʦʣʦʛʠʯʝʩʢʠ 

ʵʢʨʘʥʠʨʦʚʘʥʥʳʭ ʟʘʣʝʞʝʡ ʋɺ. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ ʂʝʤʧʝʥʜʷʡʩʢʦʡ ʚʧʘʜʠʥʳ ʩ ʥʘʣʦʞʝʥʠʝʤ ʜʚʫʭ ʩʦʣʝʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ  ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

ʇʦʩʢʦʣʴʢʫ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʝ ʧʦʩʣʝ ʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 

ʧʨʦʜʦʣʞʘʣʦʩʴ ʚ ʧʨʠʩʚʦʜʦʚʳʭ ʯʘʩʪʷʭ (ʢʨʘʝʚʳʭ ʩʠʥʢʣʠʥʘʣʷʭ) 

ʩʦʣʷʥʦʢʫʧʦʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʜʘʚʣʝʥʠʝ ʥʘ ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʡ 

ʩʦʣʝʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʦʜʦʣʞʘʣʦ ʨʘʩʪʠ, ʪʦ ʚʝʩʴʤʘ ʚʝʨʦʷʪʥʦ, ʜʚʠʞʝʥʠʝ 

ʰʪʦʢʘ ʧʨʦʜʦʣʞʘʣʦʩʴ ʜʦ ʠʩʪʦʱʝʥʠʷ ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʩʦʣʝʡ.  ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʦʩʥʦʚʥʘʷ ʧʨʦʙʣʝʤʘ ʥʘʣʠʯʠʷ ʧʨʦʪʝʨʦʟʦʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʫʛʣʝʚʦʜʦʨʦʜʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʭ ʧʝʨʝʪʦʢʦʚ ʠʟ-ʧʦʜ 

ʚʝʥʜ-ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʩʦʣʝʥʦʩʥʳʭ ʦʪʣʦʞʝʥʠʡ.  

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʄʷʩʦʝʜʦʚ  ʅ.ʂ.  ʆʪʯʝʪ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʩʝʡʩʤʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ ʄʆɻʊ  ʥʘ 

ɸʪʳʷʭʩʢʦʡ ʧʣʦʱʘʜʠ ʟʘ 1991-92ʛ.ʛ. (ɸʪʳʷʭʩʢʘʷ ʩ/ʧ 18/91-92). 

2. ʏʫʤʘʢʦʚ ʅ.ʄ. ʉʪʨʘʪʠʛʨʘʬʠʷ ʠ ʪʝʢʪʦʥʠʢʘ ʶʛʦ-ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ɺʠʣʶʡʩʢʦʡ ʚʧʘʜʠʥʳ              
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ɻɽʆʃʆɻʆ-ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ, 

ʇʈʀʈʆɼʅʓɽ ʊʀʇʓ ʈʋɼ ʅɸ ɿʆʃʆʊʆʈʋɼʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ ʋɿɹɽʂʀʉʊɸʅɸ 

 

ɸʣʠʤʦʚ ʐ.ʇ., ʎʦʡ ɺ.ɼ., ʂʦʨʦʣʝʚʘ ʀ.ɺ. 

ɻʇ ñʅʀʀʄʈò ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ, ʛ. ʊʘʰʢʝʥʪ 

 

ʀʟʫʯʝʥʥʳʝ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʨʘʟʥʳʭ 

ʨʝʛʠʦʥʘʭ ʋʟʙʝʢʠʩʪʘʥʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ (ʩʪʨʘʪʠʛʨʘʬʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʤʠ, ʩʪʨʫʢʪʫʨʥʳʤʠ), 

ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. 

ɿʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ 

ʧʨʠʫʨʦʯʝʥʳ ʢ ʢʘʨʙʦʥʘʪʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʤ ʪʦʣʱʘʤ ʜʦʢʝʤʙʨʠʷ-

ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩʚʷʟʘʥʘ ʩ 

ʨʘʥʥʝʩʫʣʴʬʠʜʥʦʡ ʩʪʘʜʠʝʡ ʠ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ ʩ ʟʦʣʦʪʦʤ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ ʤʠʥʝʨʘʣʴʥʦʡ ʘʩʩʦʮʠʘʮʠʝʡ (ʇʄɸ). ʇʦʟʜʥʠʝ ʇʄɸ 

ʟʦʣʦʪʦʩʝʨʝʙʨʷʥʦʡ ʩʪʘʜʠʠ ʧʨʦʷʚʣʝʥʳ ʩʣʘʙʦ ʠʣʠ ʩʦʚʩʝʤ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ʅʫʨʘʪʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʥʠʞʥʝ-

ʧʘʣʝʦʟʦʡʩʢʠʭ ʢʘʨʙʦʥʘʪʥʦ-ʪʝʨʨʠʛʝʥʥʳʭ ʠ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱʘʭ. ɿʦʣʦʪʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʪʘʢʞʝ ʚ ʦʩʥʦʚʥʦʤ ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʨʘʥʥʝʩʫʣʴʬʠʜʥʫʶ ʩʪʘʜʠʶ 

(ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʘʷ ʩ ʟʦʣʦʪʦʤ ʇʄɸ). ʅʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʄʘʨʞʘʥʙʫʣʘʢ ʠ ɻʫʞʫʤʩʘʡ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʦʷʚʣʝʥʳ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʘʷ ʠ 

ʩʦʙʩʪʚʝʥʥʦ ʩʝʨʝʙʨʷʥʘʷ ʇʄɸ. 

ɺ ɿʠʘʵʪʜʠʥʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ ʨʫʜʦʚʤʝʱʘʶʱʠʤʠ ʷʚʣʷʶʪʩʷ 

ʢʘʨʙʦʥʘʪʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʦ-ʪʝʨʨʠʛʝʥʥʳʝ ʪʦʣʱʠ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ ʟʦʣʦʪʦʝ 

ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ ʇʄɸ ʠ ʦʪʯʘʩʪʠ ʩ 

ʧʦʟʜʥʝʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ. 

ɺ ʶʞʥʦʤ ʋʟʙʝʢʠʩʪʘʥʝ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ 

ʦʢʨʝʤʥʝʥʥʳʭ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜʘʭ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ. ɿʜʝʩʴ ʟʦʣʦʪʦ 

ʩʬʦʨʤʠʨʦʚʘʣʦʩʴ ʚ ʨʘʥʥʝʩʫʣʴʬʠʜʥʫʶ ʩʪʘʜʠʶ (ʟʦʣʦʪʦ-ʧʠʨʠʪ-

ʘʨʩʝʥʦʧʠʨʠʪʦʚʫʶ ʇʄɸ).  

ɿʦʣʦʪʦʨʫʜʥʳʝ ʦʙʲʝʢʪʳ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʛʦ ʨʝʛʠʦʥʘ ʨʘʩʧʦʣʦʞʝʥʳ 

ʚ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʚʫʣʢʘʥʠʪʘʭ (ʉ1-ʈ2). ɿʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ ʟʜʝʩʴ 

ʩʚʷʟʘʥʦ ʩ ʧʦʟʜʥʝʡ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʩʪʘʜʠʝʡ (ʟʦʣʦʪʦ-ʛʝʩʩʠʪʦʚʦʡ, ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʡ ʇʄɸ). 
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ʊʦ ʝʩʪʴ ʥʘʤʝʯʘʝʪʩʷ ʨʝʛʠʦʥʘʣʴʥʘʷ ʟʘʢʦʥʦʤʝʨʥʘʷ ʠʟʤʝʥʯʠʚʦʩʪʴ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ. ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʩ ʟʘʧʘʜʘ 

ʥʘ ʚʦʩʪʦʢ ʦʤʦʣʘʞʠʚʘʶʪʩʷ (ʦʪ ʜʦʢʝʤʙʨʠʷ, ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ ʜʦ ʚʝʨʭʥʝʛʦ 

ʧʘʣʝʦʟʦʷ). ɺ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʠʩʭʦʜʠʪ ʦʤʦʣʦʞʝʥʠʝ ʟʦʣʦʪʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʅʘ ʟʘʧʘʜʝ ʦʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʷʟʘʥʘ ʩ ʨʘʥʥʝʩʫʣʴʬʠʜʥʦʡ 

ʩʪʘʜʠʝʡ (ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ ʇʄɸ), ʘ ʥʘ ʚʦʩʪʦʢʝ ʩ ʧʦʟʜʥʝʡ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ (ʟʦʣʦʪʦ-ʛʝʩʩʠʪʦʚʦʡ, ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʇʄɸ). 

ʉʦʛʣʘʩʥʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢ ʦʪʯʝʪʘʤ ʩ ʧʦʜʩʯʝʪʦʤ ʟʘʧʘʩʦʚ 

ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʝʥʠʝ ʧʨʠʨʦʜʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ 

(ʪʠʧʦʚ) ʨʫʜ. ʇʨʠʨʦʜʥʳʡ ʪʠʧ ʨʫʜ - ʵʪʦ ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦʨʦʜ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʞʠʣʴʥʳʝ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ) ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʠ 

ʤʠʥʝʨʘʣʴʥʳʤ ʩʦʩʪʘʚʦʤ, ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʝ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʧʨʦʤʳʰʣʝʥʥʳʝ (ʟʥʘʯʠʤʳʝ) 

ʩʦʜʝʨʞʘʥʠʷ ʧʦʣʝʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ [1]. 

ʅʘ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʋʟʙʝʢʠʩʪʘʥʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʧʨʠʨʦʜʥʳʝ ʪʠʧʳ ʨʫʜ: 

1. ʄʝʪʘʪʝʨʨʠʛʝʥʥʳʡ (ʤʝʪʘʚʫʣʢʘʥʦʛʝʥʥʳʡ) ʩ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ ʠ ʥʘʣʦʞʝʥʥʳʤ ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʤ 

ʦʨʫʜʝʥʝʥʠʝʤ. 

2. ʂʚʘʨʮʝʚʦ-ʞʠʣʴʥʳʡ ʩ ʟʦʣʦʪʦʤ. 

3. ʆʢʠʩʣʝʥʥʳʡ, ʧʨʦʜʫʢʪ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ ʨʫʜ. 

ʅʘ ʨʘʟʣʠʯʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʫʢʘʟʘʥʥʳʝ ʧʨʠʨʦʜʥʳʝ 

ʪʠʧʳ. ɺ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʘʭ ʧʨʦʷʚʣʝʥʳ ʚʩʝ ʪʨʠ ʪʠʧʘ, ʚ ʜʨʫʛʠʭ 

ʨʝʛʠʦʥʘʭ 2 (ʂʦʰʘʨ) ʠʣʠ 1 (ɸʢʙʘ). ɺ ʧʝʨʚʦʤ ʪʠʧʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʣʠʪʦʣʦʛʠʯʝʩʢʠʭ ʨʘʟʥʦʩʪʝʡ ʧʦʨʦʜ ʚʳʜʝʣʷʝʶʪ ʧʦʜʪʠʧʳ. ɼʣʷ ʢʘʞʜʦʛʦ ʇʊʈ 

ʧʨʠʚʦʜʠʪʩʷ ʭʠʤʠʯʝʩʢʠʡ (ʩʠʣʠʢʘʪʥʳʡ) ʩʦʩʪʘʚ, ʧʝʨʝʩʯʠʪʘʥʥʳʡ ʩ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ, ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ ʧʦ ʜʘʥʥʳʤ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʠ ʀʉʇ-ʤʘʩʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʠ ʜʝʪʘʣʴʥʦʝ 

ʦʧʠʩʘʥʠʝ ʨʫʜʥʳʭ ʠ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ. 

ʇʦʣʦʞʝʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʜʚʫʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ: 

ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʩʨʝʜʘ ï ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘʛʣʷʜʥʦ ʧʦʢʘʟʘʥʦ ʥʘ 

ʩʪʨʘʪʠʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʪʘʙʣʠʮʘʭ (ʉʄʊ), ʩʦʩʪʘʚʣʝʥʥʳʭ ʜʣʷ 
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ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʅʘ ʉʄʊ ʤʦʞʥʦ ʧʨʦʩʣʝʜʠʪʴ ʚʳʰʝʫʢʘʟʘʥʥʫʶ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ. 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝʦʙʳʯʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʟʤʝʱʝʥʠʷ ʟʦʣʦʪʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ʊʘʢ, ʥʘ ʫʯʘʩʪʢʝ ʊʠʣʣʷ-ʊʘʛ 

ʦʙʥʘʨʫʞʝʥʦ ʟʦʣʦʪʦ ʚ ʨʫʪʠʣʝ (ʜʘʥʥʳʝ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʣʦʢʘʣʴʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʨʠʩ. 1). 

ʅʘ ʫʯʘʩʪʢʝ ʂʦʰʘʨ ʠ ʜʨʫʛʠʭ ʦʙʲʝʢʪʘʭ ʦʪʤʝʯʝʥʘ ʩʚʷʟʴ ʟʦʣʦʪʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʢʘʨʙʦʥʘʪʘʤʠ ʦʙʦʛʘʱʝʥʥʳʤʠ ʞʝʣʝʟʦʤ ʠ ʤʳʰʴʷʢʦʤ. ʇʦ-

ʚʠʜʠʤʦʤʫ, ʵʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʦʞʝʥʠʝʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ 

ʨʫʜʦʥʦʩʥʳʭ  ʨʘʩʪʚʦʨʦʚ ʥʘ ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʢʘʨʙʦʥʘʪʥʳʝ 

ʧʦʨʦʜʳ ʧʨʝʪʝʨʧʝʚʘʶʪ ʦʢʨʝʤʥʝʥʠʝ ʠ ʚʢʣʶʯʘʶʪ ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʫʶ ʩ 

ʟʦʣʦʪʦʤ ʤʠʥʝʨʘʣʠʟʘʮʠʶ. ɺ ʧʨʦʮʝʩʩʝ ʛʠʧʝʨʛʝʥʝʟʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʣʦʞʝʥʠʝ 

ʢʘʨʙʦʥʘʪʦʚ ʠ ʩʫʣʴʬʠʜʦʚ, ʧʦʵʪʦʤʫ ʥʘ ʨʘʩʪʨʦʚʳʭ ʩʥʠʤʢʘʭ ʤʳ ʠʤʝʝʤ 

ʩʤʝʰʘʥʥʫʶ ʢʘʨʪʠʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ Ca, Mg, Fe, As (ʙʝʟ ʯʝʪʢʠʭ ʛʨʘʥʠʮ ʢʘʢ 

ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʠʥʝʨʘʣʦʚ). 

ɼʣʷ ʋʟʙʝʢʠʩʪʘʥʘ ʩʦʩʪʘʚʣʝʥʘ ʩʚʦʜʥʘʷ ʩʭʝʤʘ ʛʠʧʦʛʝʥʥʦʛʦ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʘʷ ʜʚʘ ʵʪʘʧʘ (ʧʥʝʚʤʘʪʦ-ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ 

ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ), 13 ʩʪʘʜʠʡ ʠ 23 ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʤʠʥʝʨʘʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ.  

ɿʦʣʦʪʦʝ  ʦʨʫʜʝʥʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʜʚʫʤʷ  ʩʪʘʜʠʷʤʠ, ʨʘʥʥʝʩʫʣʴʬʠʜʥʦʡ (ʩ 

ʟʦʣʦʪʦ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ ʇʄɸ) ʠ ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ (ʟʦʣʦʪʦ-

ʛʝʩʩʠʪʦʚʦʡ, ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʇʄɸ). 

ʋʯʘʩʪʢʠ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʩʦʚʤʝʱʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʨʘʥʥʝʩʫʣʴʬʠʜʥʦʡ ʠ 

ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʦʡ ʩʪʘʜʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ  ʙʦʛʘʪʳʤʠ ʨʫʜʘʤʠ. ʇʦʵʪʦʤʫ 

ʜʣʷ ʧʦʠʩʢʦʚ ʙʦʛʘʪʳʭ ʨʫʜ ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʣʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʟʦʣʦʪʦ-

ʩʝʨʝʙʨʷʥʦʡ ʩʪʘʜʠʠ. ɹʣʘʛʦʧʨʠʷʪʥʦʡ ʨʫʜʦʚʤʝʱʘʶʱʝʡ ʩʨʝʜʦʡ ʜʣʷ ʟʦʣʦʪʘ 

ʷʚʣʷʶʪʩʷ ʧʝʩʪʨʳʝ ʧʦ ʣʠʪʦʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʩʚʠʪʳ (ʢʘʨʙʦʥʘʪʳ, 

ʚʫʣʢʘʥʠʪʳ, ʪʝʨʨʠʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ). ɺ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʘʭ, ʥʘ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʘʭ ʵʪʦ ʢʦʩʙʫʣʘʢʩʢʘʷ (ʢʫʰʢʫʤʙʘʡʩʢʘʷ) ʩʚʠʪʘ, ʚ 

ɿʠʨʘʙʫʣʘʢ-ɿʠʘʵʪʜʠʥʩʢʠʭ ʛʦʨʘʭ ï ʵʪʦ ʨʘʙʠʥʜʞʘʥʩʢʘʷ, ʙʫʣʣʷʤʫʰʩʢʘʷ ʠ ʪ.ʧ. ɺ 

ʧʨʝʜʝʣʘʭ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʪʦʣʱ (ʚ ʏʘʪʢʘʣʦ-ʂʫʨʘʤʠʥʩʢʦʤ ʨʝʛʠʦʥʝ) 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʛʦʨʠʟʦʥʪʳ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ. ʕʪʦ 

ʦʩʥʦʚʘʥʠʷ ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʩʚʠʪ, ʛʜʝ ʤʳ ʠʤʝʝʤ ʦʙʣʦʤʢʠ, ʛʘʣʴʢʠ 

ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ, ʢʦʪʦʨʳʝ ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʢʠʩʣʳʭ 
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(ʩʠʣʠʢʘʪʥʳʭ) ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠʟʤʝʥʷʶʪʩʷ ʜʦ ʢʚʘʨʮʠʪʦʚʠʜʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠ ʚʤʝʱʘʶʪ ʟʦʣʦʪʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʟʦʣʦʪʦʥʦʩʥʳʤʠ ʤʦʛʫʪ ʙʳʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʧʘʢʝʪʳ, ʚʳʧʦʣʥʝʥʥʳʝ 

ʢʘʨʙʦʥʘʪʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʧʨʝʪʝʨʧʝʚʘʶʪ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʝ 

ʦʢʚʘʨʮʝʚʘʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ʉʚʠʪʳ, ʠʤʝʶʱʠʝ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʥʘʨʷʜʫ ʩ ʚʫʣʢʘʥʠʪʘʤʠ ʢʘʨʙʦʥʘʪʥʳʝ 

ʧʦʨʦʜʳ ʷʚʣʷʶʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ ʟʦʣʦʪʦʧʨʦʜʫʢʪʠʚʥʳʤʠ ʧʨʠ  ʥʘʣʠʯʠʠ 

ʨʫʜʦʧʦʜʚʦʜʷʱʠʭ ʨʘʟʨʳʚʥʳʭ ʥʘʨʫʰʝʥʠʡ. 

 

 
ʈʠʩ. 1. ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʚ ʨʫʪʠʣʝ, ʚʘʥʘʜʠʡʩʦʜʝʨʞʘʱʝʤ. ʈʘʩʪʨʦʚʳʝ ʩʥʠʤʢʠ ʚ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ ʠʟʣʫʯʝʥʠʠ: 1 ï ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, 2 ï ʨʫʪʠʣ. 

ɸʥʰʣʠʬ ʊʠʣ-3-1ʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʎʦʡ ɺ.ɼ., ʂʦʨʦʣʝʚʘ ʀ.ɺ. ʇʨʠʨʦʜʥʳʝ ʪʠʧʳ ʨʫʜ ʦʮʝʥʠʚʘʝʤʳʭ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋʟʙʝʢʠʩʪʘʥʘ // ɻʝʦʣʦʛʠʷ ʠ ʤʠʥʝʨʘʣʴʥʳʝ ʨʝʩʫʨʩʳ. 2007.- ˉ 5. - ʉ. 64-73. 
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ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ  ʂʀʄɹɽʈʃʀʊɸ 

ʊʈʋɹʂʀ ʄɸʅʏɸɸʈʓ, ʋʉʃʆɺʀʗ ʆɹʈɸɿʆɺɸʅʀʗ  

 

ɸʣʪʫʭʦʚʘ ɿ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʩʢʦʛʦ ʧʦʛʨʝʙʝʥʥʦʛʦ ʧʦʜʥʷʪʠʷ ʧʨʠ ʟʘʚʝʨʢʝ 

ʛʝʦʬʠʟʠʯʝʩʢʦʡ ʘʥʦʤʘʣʠʠ [1] ʧʦʜ ʪʝʨʨʠʛʝʥʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʥʠʞʥʝʡ ʶʨʳ 

ʥʘ ʛʣʫʙʠʥʝ 104 ʤʝʪʨʘ ʚʩʢʨʳʣʘ ʩʝʨʧʝʥʪʠʥʠʟʠʨʦʚʘʥʥʳʝ ʧʦʨʬʠʨʦʚʳʝ 

ʢʠʤʙʝʨʣʠʪʳ ʪʨʫʙʢʠ ʄʘʥʯʘʨ .r ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʘ 

ʦʙʫʩʣʦʚʣʝʥʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʨʝʣʠʢʪʦʚ (3,5-5,6 ʭ 3,0-4,5 ʩʤ) ʩʣʶʜʠʩʪʳʭ, 

ʠʣʴʤʝʥʠʪʩʦʜʝʨʞʘʱʠʭ ʠ ʛʨʘʥʘʪʦʚʳʭ ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʧʨʦʮʝʩʩʦʚ ʨʝʟʦʨʙʮʠʠ ʠ ʨʘʩʪʚʦʨʝʥʠʷ ʠʤʝʶʪ ʦʢʨʫʛʣʳʝ, ʫʜʣʠʥʝʥʥʳʝ, 

ʥʝʧʨʘʚʠʣʴʥʳʝ ʬʦʨʤʳ ʩ ʥʝʨʦʚʥʳʤʠ ʢʦʥʪʫʨʘʤʠ. 

ʈʘʟʣʠʯʥʳʝ ʩʪʘʜʠʠ ʨʘʩʪʚʦʨʝʥʠʷ ʩʝʨʧʝʥʪʠʥʠʪʦʚ ʦʧʨʝʜʝʣʷʶʪ ʠʭ 

ʧʦʨʬʠʨʦʙʣʘʩʪʦʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʙʦʣʝʝ ʢʨʫʧʥʳʝ ʙʣʦʢʠ ʩʝʨʧʝʥʪʠʥʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʨʝʜʠ  ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʩʝʨʧʝʥʪʠʥʦʚʦʛʦ ʙʘʟʠʩʘ ʩ ʤʝʣʢʠʤʠ 

ʚʳʜʝʣʝʥʠʷʤʠ ʤʘʛʥʝʪʠʪʘ. ʏʘʩʪʦ ʨʝʣʠʢʪʳ ʩʝʨʧʝʥʪʠʥʠʪʘ ʦʩʪʘʶʪʩʷ ʚ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʧʦ ʧʝʨʠʬʝʨʠʠ  ʦʙʨʘʟʫʝʪʩʷ ʫʟʢʘʷ (0,4 ʩʤ) ʦʙʦʣʦʯʢʘ 

ʪʝʤʥʦ-ʩʝʨʦʛʦ  ʘʬʠʨʦʚʦʛʦ ʢʠʤʙʝʨʣʠʪʘ (ʨʠʩ. 2, ɸ, ɹ) 

ʈʘʟʤʝʨʳ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʩʝʨʧʝʥʪʠʥʘ, ʬʣʦʛʦʧʠʪʘ, ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, 

ʨʝʞʝ ʛʨʘʥʘʪʘ. ɺʘʨʴʠʨʫʶʪ ʦʪ 0,6 ʜʦ 10 ʤʤ. ʂʨʫʧʥʳʝ (10ʭ7; 7ʭ3; 4ʭ3; ʤʤ) 

ʟʝʨʥʘ ʤʠʥʝʨʘʣʦʚ ï ʤʘʢʨʦʢʨʠʩʪʳ,  ʠʥʪʝʥʩʠʚʥʦ ʨʝʟʦʨʙʠʨʦʚʘʥʳ, ʢʦʥʪʫʨʳ 

ʟʝʨʝʥ ʥʝʨʦʚʥʳʝ, ʟʘʣʠʚʦʦʙʨʘʟʥʳʝ (ʨʠʩ.2 ɹ).  ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʤʘʢʨʦʢʨʠʩʪ ʦʧʨʝʜʝʣʷʝʪ ʣʦʢʘʣʴʥʫʶ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʭ 

ʧʨʠʟʥʘʢʦʚ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʨʦʜ (ʨʠʩ.2, ɻ, ɼ). ʋʯʘʩʪʢʠ  ʩ ʚʳʩʦʢʠʤ ʠʭ 

ʩʦʜʝʨʞʘʥʠʝʤ (15 ʦʙ.%) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʨʠʩ. 2, ɹ, ɺ). ʏʘʩʪʦ ʚ ʦʜʥʦʤ ʦʙʨʘʟʮʝ ʦʪʤʝʯʘʝʪʩʷ ʯʝʨʝʜʦʚʘʥʠʝ ʢʨʫʧʥʦ- 

ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʭ (ʨʘʟʤʝʨʳ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʥʝ ʧʨʝʚʳʰʘʶʪ 2 ʤʤ) ʫʯʘʩʪʢʦʚ 

(ʨʠʩ. 2ɸ, 2ɼ)  
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ʈʠʩ. 2.  ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʩʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʢʠʤʙʝʨʣʠʪʘ ʚ ʠʥʪʝʨʚʘʣʝ 168-186  ʤ 

ɸ - ɻ - ʤʝʣʢʦʟʝʨʥʠʩʪʳʝ ʫʯʘʩʪʢʠ ʪʝʤʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ, ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ 2,2ʭ2,5 ʩʤ 

ʦʢʨʫʞʝʥʳ ʦʙʦʣʦʯʢʦʡ  ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʩʝʨʧʝʥʪʠʥʘ, ɹ ï ʢʠʤʙʝʨʣʠʪ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʡ, ɺ 

- ʫʟʢʠʝ ʢʦʨʦʪʢʠʝ ʧʨʦʞʠʣʢʠ ʢʘʨʙʦʥʘʪʘ ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʨʫʧʥʦʧʦʨʬʠʨʦʚʳʝ ʫʯʘʩʪʢʠ, ɻ ï 

ʨʝʣʠʢʪʳ ʩʝʨʧʝʥʪʠʥʠʪʘ  ʨʘʟʜʝʣʝʥʳ ʤʠʢʨʦʟʝʨʥʠʩʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. ɼ ï ʢʠʤʙʝʨʣʠʪ 

ʤʝʣʢʦʧʦʨʬʠʨʦʚʳʡ 

 

ʉʦʜʝʨʞʘʥʠʝ ʬʣʦʛʦʧʠʪʘ  ʚ ʚʠʜʝ ʢʨʫʧʥʳʭ ʦʢʨʫʛʣʳʭ ʠʣʠ ʫʜʣʠʥʝʥʥʳʭ 

ʧʣʘʩʪʠʥʦʢ  (0,5 ʭ 1,0 ʩʤ; 0,3 ʭ 0,7 ʩʤ) ʩʦʩʪʘʚʣʷʝʪ 5-10 ʦʙ.%. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʤʘʢʨʦʢʨʠʩʪʳ  ʬʣʦʛʦʧʠʪʘ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ, 

ʛʠʜʨʘʪʠʨʦʚʘʥʳ. ʈʝʣʠʢʪʳ ʩʣʶʜʳ ʩ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʦʡ ʩʧʘʡʥʦʩʪʴʶ, 

ʧʣʝʦʭʨʦʠʨʫʶʱʠʝ ʧʦ ʩʭʝʤʝ Np>Ng, ʩʦʭʨʘʥʷʶʪʩʷ ʣʠʰʴ ʚ ʮʝʥʪʨʝ ʧʣʘʩʪʠʥʦʢ 

(ʨʠʩ. 3 ɹ). ɺ ʩʣʶʜʝ ʧʦʩʪʦʷʥʥʦ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʢʣʶʯʝʥʠʷ ʠʜʠʦʤʦʨʬʥʳʭ 

ʟʝʨʝʥ ʧʝʨʦʚʩʢʠʪʘ, ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʬʣʦʛʦʧʠʪ 

ʤʘʛʥʝʟʠʘʣʴʥʳʡ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʥʦʟʝʤʘ (8,40 ð11,35 ʤʘʩ.%) ʠ 

ʥʠʟʢʠʤ - ʦʢʩʠʜʘ ʪʠʪʘʥʘ (0.00ð0.60 ʤʘʩ.%). ɺ ʩʦʩʪʘʚʝ ʩʣʶʜʳ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ɺʘʆ, ʚ ʢʦʣʠʯʝʩʪʚʝ 2,69 ð8,13 ʤʘʩ.%. 

ʀʟʦʤʝʪʨʠʯʥʳʝ, ʦʢʨʫʛʣʳʝ ʤʘʢʨʦʢʨʠʩʪʳ (0,5-1,2 ʩʤ) ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ 

ʦʙʳʯʥʦ ʦʢʨʫʞʝʥʳ ʨʝʘʢʮʠʦʥʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ (ʦʪ 0,5 ʜʦ 1 ʤʤ) ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʢʠʭ ʟʝʨʝʥ ʧʝʨʦʚʩʢʠʪʘ ʠ ʬʝʨʨʠʰʧʠʥʝʣʝʡ (ʨʠʩ. 3, ɽ, ɾ)  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʢʠʤʙʝʨʣʠʪʘ ʤʝʣʢʦʧʣʘʩʪʠʥʯʘʪʘʷ ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʘʷ 

(0,05 ʜʦ 0,1 ʤʤ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʶʜʠʩʪʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʤʝʣʢʦʧʨʠʟʤʘʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 3, ɹ, ɻ) ʠ ʩʝʨʧʝʥʪʠʥ-ʭʣʦʨʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ (ʨʠʩ. 3 ɺ). ʍʘʨʘʢʪʝʨʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʧʘʪʠʪʘ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʬʣʦʛʦʧʠʪʦʤ ʠ ʫʜʣʠʥʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʘʥʜʨʘʜʠʪʘ.  



25 

 

 

ʈʠʩ. 3. ɺʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʠʥʝʨʘʣʦʚ ʤʘʢʨʦʢʨʠʩʪ, ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʠ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʳ. 

3 ɸ ï ʨʘʩʪʚʦʨʝʥʠʝ  ʤʘʢʨʦʢʨʠʩʪʳ ʩʝʨʧʝʥʪʠʥʘ;  ɹ, ɺ ʟʘʤʝʱʝʥʠʝ ʤʘʢʨʦʢʨʠʩʪ ʩʝʨʧʝʥʪʠʥʘ 

ʤʝʣʢʦʧʣʘʩʪʠʥʯʘʪʦʡ ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ  ʩʣʶʜʠʩʪʦʛʦ (ɹ), ʠ ʢʘʨʙʦʥʘʪ-ʩʣʁʜʠʩʪʦʛʦ  ʩʦʩʪʘʚʘ 

(ɺ) ʩʦʩʪʘʚʘ; ɻ -  ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ  ʬʣʦʛʦʧʠʪ-ʢʘʨʙʦʥʘʪʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ; .ɼ ï ʨʝʟʦʨʙʠʨʦʚʘʥʥʘʷ ʧʣʘʩʪʠʥʢʘ ʬʣʦʛʦʧʠʪʘ ʚ 

ʘʩʩʦʮʠʘʮʠʠ ʩ ʚʢʨʘʧʣʝʥʥʠʢʦʤ ʩʝʨʧʝʥʪʠʥʘ; ɽ, ɾ ï ʨʘʩʪʚʦʨʝʥʠʝ  ʢʨʫʧʥʳʭ  ʟʝʨʝʥ 

ʠʣʴʤʝʥʠʪʘ, ʟʘʤʝʱʝʥʠʝ ʧʦ ʧʝʨʠʬʝʨʠʠ ʤʝʣʢʦʧʣʘʩʪʠʥʯʘʪʳʤ ʩʝʨʧʝʥʪʠʥʦʤ ʠ ʩʣʶʜʦʡ (ɽ)  ʠ 

ʨʘʩʧʘʜ ʟʝʨʥʘ ʥʘ ʬʨʘʛʤʝʥʪʳ (ɾ); ɿ, ʀ ï ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ ʢʠʤʙʝʨʣʠʪʘ, 

ʚʢʨʘʧʣʝʥʥʠʢʠ ʟʘʤʝʱʝʥʳ ʢʘʨʙʦʥʘʪʦʤ ʠ ʛʠʜʨʦʦʢʠʩʣʘʤʠ ʞʝʣʝʟʘ. 

 

ʇʦ ʤʠʥʝʨʘʣʴʥʦʤʫ ʩʦʩʪʘʚʫ ʧʦʨʬʠʨʦʚʳʡ ʩʣʶʜʠʩʪʳʡ ʢʠʤʙʝʨʣʠʪ ʪʨʫʙʢʠ 

ʄʘʥʯʘʘʨʳ ʦʪʥʦʩʠʪʩʷ ʢ ʣʘʤʧʨʦʬʠʨʦʚʦʤʫ ʨʷʜʫ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʬʦʨʤʘʮʠʠ. 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʛʦ ʪʠʧʘ ʧʦʨʦʜ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ 

ʢʨʫʧʥʳʭ ʧʣʘʩʪʠʥʦʢ (ʤʘʢʨʦʢʨʠʩʪʦʚ) ʬʣʦʛʦʧʠʪʘ ʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʩʣʶʜʠʩʪʳʡ ʩʦʩʪʘʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʝʣʢʠʭ ʟʝʨʝʥ 

ʦʢʩʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʩʦʩʪʘʚʘ ʤʘʥʪʠʡʥʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʤʘʢʨʦʢʨʠʩʪ 

ʛʣʘʚʥʳʭ ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ 

ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʤʘʛʤʘ ʦʙʨʘʟʦʚʘʣʘʩʴ ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʛʦ 

ʧʣʘʚʣʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʡ ʧʦʨʦʜʳ 
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ʦʣʠʚʠʥ-ʬʣʦʛʦʧʠʪ-ʠʣʴʤʝʥʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʥʘ ʥʠʟʢʫʶ 

ʩʪʝʧʝʥʴ ʧʣʘʚʣʝʥʠʷ ʧʦʨʦʜ ʫʢʘʟʳʚʘʶʪ ʠʥʪʝʥʩʠʚʥʘʷ ʨʘʩʪʚʦʨʝʥʠʝ  ʚʢʣʶʯʝʥʠʡ 

ʩʝʨʧʝʥʪʠʥʠʪʦʚ, ʚʟʘʠʤʦʩʚʷʟʠ,  ʠʭ ʩ ʤʘʢʨʦʢʨʠʩʪʘʤʠ ʩʝʨʧʝʥʪʠʥʘ, ʬʣʦʛʦʧʠʪʘ, 

ʠʣʴʤʝʥʠʪʘ,  ʦʪʩʫʪʩʪʚʠʝ ʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʦʣʠʚʠʥʘ ʧʦʟʜʥʝʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ. 
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ʀʥʩʪʠʪʫʪ ʤʝʨʟʣʦʪʦʚʝʜʝʥʠʷ ʠʤ. ʇ.ʀ. ʄʝʣʴʥʠʢʦʚʘ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʂʦʣʳʤʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ ʷʚʣʷʝʪʩʷ 

ʧʦʚʩʝʤʝʩʪʥʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ  çʝʜʦʤʳè ʠʣʠ ʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʳʣʝʚʘʪʳʝ ʦʪʣʦʞʝʥʠʷ ʩ ʚʳʩʦʢʠʤ, ʩʦʜʝʨʞʘʥʠʝʤ  

ʩʝʛʨʝʛʘʮʠʦʥʥʳʭ ʠ ʧʦʣʠʛʦʥʘʣʴʥʦ ʞʠʣʴʥʳʭ ʣʴʜʦʚ. ʕʪʠ ʧʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʠʝ 

70-90% ʣʴʜʘ, ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʫʷʟʚʠʤʳ ʜʣʷ ʨʘʟʚʠʪʠʷ ʪʝʨʤʦʢʘʨʩʪʦʚʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʆʟʝʨʥʦ-ʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʢʦʪʣʦʚʠʥʳ, ʟʘʣʝʛʘʶʱʠʝ ʥʘ ʨʘʟʣʠʯʥʳʭ 

ʚʳʩʦʪʥʳʭ ʫʨʦʚʥʷʭ, ʷʚʣʷʶʪʩʷ ʭʘʨʘʢʪʝʨʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʨʝʣʴʝʬʘ 

ʂʦʣʳʤʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ. ʆʟʝʨʥʦïʪʝʨʤʦʢʘʨʩʪʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʩʪʠʛʘʶʪ 

60-70% ʧʣʦʱʘʜʠ ʪʝʨʨʠʪʦʨʠʠ, ʘ ʣʝʜʦʚʳʡ ʢʦʤʧʣʝʢʩ  ʟʘʥʠʤʘʝʪ 41% ʦʪ ʚʩʝʡ 

ʧʣʦʱʘʜʠ ʥʠʟʤʝʥʥʦʩʪʠ. 

ɺʝʨʭʥʝʧʣʝʡʩʪʦʮʝʥʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʝʜʦʤʥʦʡ ʩʚʠʪʳ, ʰʠʨʦʢʦ ʨʘʟʚʠʪʳʝ 

ʚ ʧʨʝʜʝʣʘʭ ʂʦʣʳʤʩʢʦʡ ʥʠʟʤʝʥʥʦʩʪʠ, ʜʦʚʦʣʴʥʦ ʦʜʥʦʨʦʜʥʳ ʧʦ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ. ʆʙʳʯʥʦ ʚ ʥʠʭ ʧʨʝʦʙʣʘʜʘʝʪ ʬʨʘʢʮʠʷ 0,05-

0,01 ʤʤ, ʩʦʜʝʨʞʘʥʠʝ ʢʦʪʦʨʦʡ ʥʝʨʝʜʢʦ ʜʦʩʪʠʛʘʝʪ 65-75%. ɺ ʵʪʠʭ 
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ʦʪʣʦʞʝʥʠʷʭ ʨʘʟʚʠʪʳ ʧʦʚʪʦʨʥʦ ʞʠʣʴʥʳʝ ʣʴʜʳ ʨʘʟʣʠʯʥʦʡ ʤʦʱʥʦʩʪʠ, ʘ 

ʢʨʠʦʛʝʥʥʳʝ ʪʝʢʩʪʫʨʳ ʩʘʤʠʭ ʦʪʣʦʞʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳ: ʪʦʣʩʪʦ-, ʪʦʥʢʦ- ʠ 

ʤʠʢʨʦʰʣʠʨʦʚʳʝ, ʥʝʧʦʣʥʦ ʩʝʪʯʘʪʳʝ, ʤʘʩʩʠʚʥʳʝ ʠ ʜʨʫʛʠʝ, ʢʦʪʦʨʳʝ ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ ʦʪʨʘʞʘʶʪ ʫʩʣʦʚʠʷ ʧʨʦʤʝʨʟʘʥʠʷ ʠ ʟʘʚʠʩʠʪ ʦʪʦʩʦʙʝʥʥʦʩʪʝʡ 

ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ [1]. 

ɸʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠ ʬʦʥʜʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦʢʘʟʘʣ, 

ʯʪʦ ʚʦʧʨʦʩʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʪʣʦʞʝʥʠʡ 

ʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʦʩʚʝʱʝʥʳ ʩʣʘʙʦ. 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʥʘʤʠ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʤʘʪʝʨʠʘʣ 

ʧʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʧʨʝʦʙʣʘʜʘʶʱʝʡ 

ʬʨʘʢʮʠʠ ʵʪʠʭ ʦʪʣʦʞʝʥʠʡ (0,05-0,01 ʤʤ) ʥʘ ʢʣʶʯʝʚʳʭ ʫʯʘʩʪʢʘʭ ʠʟ ʜʚʫʭ 

ʩʢʚʘʞʠʥ, ʧʨʦʙʫʨʝʥʥʳʭ ʥʘʤʠ ʚ ʨʘʡʦʥʝ ʧʦʩ. ʏʝʨʩʢʠʡ ʚ 2012 ʛ. ʅʘ ʧʝʨʚʦʤ 

ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ, ʥʘ ʧʦʣʦʛʦʤ ʩʢʣʦʥʝ ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʘʙʩ. 

ʦʪʤ. 60 ʤ (ʩʢʚ. 12/1 ʛʣʫʙʠʥʦʡ 15,1 ʤ, ʢʦʦʨʜʠʥʘʪʳ: N68ę44.682ô, 

E161ę23.048ô) ʙʳʣʠ ʚʩʢʨʳʪʳ ʘʣʝʚʨʠʪʳ ʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɺ ʩʢʚʘʞʠʥʝ, 

ʧʨʦʙʫʨʝʥʥʦʡ ʥʘ ʚʪʦʨʦʤ ʢʣʶʯʝʚʦʤ ʫʯʘʩʪʢʝ ʥʘ ʩʦʚʨʝʤʝʥʥʦʡ ʚʳʩʦʢʦʡ 

ʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʝ ʩ ʘʙʩ. ʦʪʤ. ʦʢʦʣʦ 3 ʤ (ʩʢʚ. 12/2 ʛʣʫʙʠʥʦʡ 13,4 ʤ, 

ʢʦʦʨʜʠʥʘʪʳ:  683̄0.795ô E 161̄ 29.952ô) ʙʳʣʠ ʚʩʢʨʳʪʳ ʘʣʝʚʨʠʪʳ ʠ ʩʫʧʝʩʠ, 

ʦʪʥʝʩʝʥʥʦʛʦ ʥʘʤʠ ʢ ʧʦʡʤʝʥʥʦʡ ʬʘʮʠʠ [2]. 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʦʙʨʘʟʝʥ  

ʠ ʚʢʣʶʯʘʝʪ 21 ʤʠʥʝʨʘʣ. ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ (ʫʜ. 

ʚʝʩ> 2,9) ʧʦʢʘʟʘʣ ʯʪʦ ʚ ʨʘʟʨʝʟʝ ʥʘʠʙʦʣʝʝ ʧʨʝʦʙʣʘʜʘʶʪ ʘʤʬʠʙʦʣʳ ʪʝʤʥʦ-

ʟʝʣʝʥʦʡ ʦʢʨʘʩʢʠ, ʨʝʞʝ ʙʫʨʳʝ ʠ ʧʦʯʪʠ ʙʝʩʮʚʝʪʥʳʝ, ʚʩʪʨʝʯʘʝʪʩʷ ʱʝʣʦʯʥʘʷ 

ʨʦʛʦʚʘʷ ʦʙʤʘʥʢʘ. ʏʘʩʪʦ ʩ ʪʨʝʱʠʥʘʤʠ ʠ ʯʝʨʥʳʤʠ ʪʦʯʢʘʤʠ, ʷʤʢʘʤʠ. ʉʨʝʜʥʝʝ 

ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʬʠʙʦʣ ʧʦ ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʩʦʩʪʘʚʣʷʝʪ 37,7 %.   

ʕʧʠʜʦʪʳ ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʟʝʨʝʥ ʠ ʦʙʣʦʤʢʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʬʠʩʪʘʰʢʦʚʳʤ ʮʚʝʪʦʤ ʠ ʟʘʤʫʪʥʝʥʥʳʝ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʵʧʠʜʦʪʘ ʚ 

ʦʪʣʦʞʝʥʠʷʭ 12, 4%. ʍʣʦʨʠʪ - 7,35 %. ɹʦʣʴʰʠʥʩʪʚʦ ʤʠʥʝʨʘʣʦʚ ʧʣʦʭʦ-

ʦʢʘʪʘʥʥʳʝ ʠ ʫʛʣʦʚʘʪʦ-ʦʢʘʪʘʥʥʳʝ. ɹʠʦʪʠʪ, ʠ ʭʣʦʨʠʪ ʭʦʨʦʰʦ ʦʢʘʪʘʥʥʳʝ. 

ʄʠʥʝʨʘʣʳ ʯʘʩʪʦ ʟʘʛʨʷʟʥʝʥʳ ʯʝʨʥʳʤʠ, ʙʫʨʳʤʠ ʚʢʨʘʧʣʝʥʠʷʤʠ.  

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʣʝʛʢʦʡ ʬʨʘʢʮʠʠ (ʫʜ. ʚʝʩ< 2,9) ʧʦʢʘʟʘʣ ʯʪʦ ʚ 

ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ (1,7 ï 1,75 ʤ) ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʢʚʘʨʮ 
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(31,2%), ʧʦʣʝʚʳʝ ʰʧʘʪʳ (37,2%) ʠ ʭʣʦʨʠʪ (15,0%). ʍʣʦʨʠʪʳ ʧʣʦʭʦʡ 

ʩʦʭʨʘʥʥʦʩʪʠ, ʨʘʩʪʨʝʩʢʘʚʰʠʝʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʘʟʨʫʰʘʶʱʠʝʩʷ).  

ɸʛʨʝʛʘʪʳ ʛʣʠʥʠʩʪʦ-ʩʣʶʜʠʩʪʳʝ ï ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʝ, ʤʘʣʦʧʨʦʯʥʳʝ, 

ʩʣʘʙʦʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʝ, ʩʚʝʪʣʦ-ʩʝʨʳʝ, ʙʝʣʝʩʳʝ, ʩʣʝʛʢʘ ʦʞʝʣʝʟʥʝʥʥʳʝ 

ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 71,7% ʚ ʠʥʪʝʨʚʘʣʝ 6,58-6,62 ʤ.  ɺ ʚʝʨʭʥʝʡ 

ʞʝ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʩʦʜʝʨʞʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 6%. 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʧʦʡʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʷʞʝʣʦʡ ʬʨʘʢʮʠʠ (ʫʜ. ʚʝʩ> 2,9) ʧʦʢʘʟʘʣ 

ʯʪʦ ʚ ʦʪʣʦʞʝʥʠʷʭ ʧʦʡʤʝʥʥʦʡ ʪʝʨʨʘʩʳ, ʪʘʢʞʝ ʢʘʢ ʠ ʥʘ ʚʦʜʦʨʘʟʜʝʣʝ ʥʘʠʙʦʣʝʝ 

ʧʨʝʦʙʣʘʜʘʶʪ ʘʤʬʠʙʦʣʳ. ʉʨʝʜʥʝʝ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʘʤʬʠʙʦʣ ʧʦ 

ʚʩʝʤʫ ʨʘʟʨʝʟʫ ʩʦʩʪʘʚʣʷʝʪ 54,6%. ʅʘ ʛʣʫʙʠʥʝ 12 ʤ, ʛʜʝ ʦʪʣʦʞʝʥʠʷ ʩʣʦʞʝʥʳ 

ʧʝʩʢʘʤʠ, ʩʦʜʝʨʞʘʥʠʝ ʘʤʬʠʙʦʣ ʨʝʟʢʦ ʫʚʝʣʠʯʠʣʦʩʴ ʩ 46% ʜʦ 74,8%.   

ʕʧʠʜʦʪʳ ʚ ʚʠʜʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʟʝʨʝʥ ʠ ʦʙʣʦʤʢʦʚ ʩ ʭʘʨʘʢʪʝʨʥʳʤ 

ʬʠʩʪʘʰʢʦʚʳʤ ʮʚʝʪʦʤ ʠ ʟʘʤʫʪʥʝʥʥʳʝ. ʉʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʪʣʦʞʝʥʠʷʭ 

12,2%. ʇʠʨʦʢʩʝʥ ï 8,9 %.  ʀʟ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʚʩʪʨʝʯʘʶʪʩʷ ʛʠʜʨʦʦʢʠʩʣʳ 

ʞʝʣʝʟʘ ʩʦ ʩʨʝʜʥʠʤ  ʩʦʜʝʨʞʘʥʠʝʤ 13%. 

ʀʟ ʜʠʘʛʨʘʤʤʳ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʦʪʯʝʪʣʠʚʦ ʚʠʜʥʦ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʘʛʨʝʛʘʪʦʚ ʪʦʥʢʦ-ʜʠʩʧʝʨʩʥʳʭ ʛʣʠʥʠʩʪʦ-ʩʣʶʜʠʩʪʳʭ ʚ ʚʝʨʭʥʝʡ 

ʯʘʩʪʠ ʨʘʟʨʝʟʘ, ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʜʦʩʪʠʛʘʝʪ ʧʦʯʪʠ 90% (ʨʠʩ. 1). ʂʚʘʨʮ, ʧʦʣʝʚʳʝ 

ʰʧʘʪʳ ʠ ʭʣʦʨʠʜʳ ʠʤʝʶʪ ʩʭʦʞʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ 

ʨʘʟʨʝʟʝ. ʉ ʛʣʫʙʠʥʳ 3,9 ʤ ʜʦ 7,5 ʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʠʭ 

ʩʦʜʝʨʞʘʥʠʷ. ɼʘʣʝʝ ʜʦ ʟʘʙʦʷ ʩʢʚʘʞʠʥʳ ʠʭ ʩʦʜʝʨʞʘʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ. 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ ʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ 

ʚʦʜʦʨʘʟʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʚ ʦʪʣʦʞʝʥʠʷʭ ʦʪʯʝʪʣʠʚʦ ʜʦʤʠʥʠʨʫʝʪ ʘʣʝʚʨʠʪ, ʩʨʝʜʥʝʝ ʧʨʦʮʝʥʪʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʨʘʚʥʦ 85%. ʉʦʜʝʨʞʘʥʠʝ ʚ ʨʘʟʨʝʟʝ ʧʝʩʢʘ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʨʝʜʥʝʤ 

ʦʪ 10 ʜʦ 18%. ʅʘ ʛʣʫʙʠʥʝ 0,6 ʤ ʧʨʦʮʝʥʪʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʝʩʢʘ ʜʦʩʪʠʛʘʝʪ 

73%.  

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ ʩʣʘʛʘʶʱʠʭ ʚʳʩʦʢʫʶ 

ʧʦʡʤʝʥʥʫʶ ʪʝʨʨʘʩʫ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʧʳʣʝʚʘʪʦʛʦ ʤʘʪʝʨʠʘʣʘ ï ʘʣʝʚʨʠʪʘ (70-96%). 

ʄʝʣʢʦʧʝʩʯʘʥʠʩʪʳʡ ʠ ʛʣʠʥʠʩʪʳʡ ʤʘʪʝʨʠʘʣ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʦʜʯʠʥʝʥʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ. 
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ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʳ ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʪʷʞʝʣʳʭ ʠ ʣʝʛʢʠʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʦʪʣʦʞʝʥʠʷʭ ʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʩʢʚ. 12/1, 12/2). 

 

ɿʘʢʣʶʯʝʥʠʝ. ʅʘʢʦʧʣʝʥʠʝ ʦʩʘʜʢʦʚʣʝʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʩʢʚ. 12/1) 

ʧʨʦʠʩʭʦʜʠʣʦ ʚ ʤʝʣʢʦʚʦʜʥʦʡ ʩʨʝʜʝ ʙʣʠʟʢʦ ʢ ʙʘʟʠʩʫ ʵʨʦʟʠʠ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʘʣʝʚʨʠʪʦʚʳʡ (ʛʨʫʙʳʝ ʘʣʝʚʨʠʪʳ) ʩʦʩʪʘʚ ʠ 

ʧʣʦʭʘʷ ʩʦʨʪʠʨʦʚʢʘ. ɸʣʝʚʨʠʪʦʚʳʡ ʤʘʪʝʨʠʘʣ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʨʘʟʦʚʘʣʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʨʠʦʛʝʥʥʦʛʦ ʚʳʚʝʪʨʠʚʘʥʠʷ ʠ ʧʨʦʰʝʣ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʢʨʠʦʛʝʥʥʫʶ ʧʝʨʝʨʘʙʦʪʢʫ ʫʞʝ ʚ ʙʘʩʩʝʡʥʝ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. ʕʪʘ 

ʧʝʨʝʨʘʙʦʪʢʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʥʝʧʨʝʨʳʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʛʨʫʥʪʘ ʚ ʟʦʥʝ 

ʛʦʜʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨ ʢʨʠʦʛʝʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ: ʤʦʨʦʟʦʙʦʡʥʳʤ 

ʨʘʩʪʨʝʩʢʠʚʘʥʠʝʤ, ʧʫʯʝʥʠʝʤ, ʚʳʜʘʚʣʠʚʘʥʠʝʤ, ʧʣʘʩʪʠʯʝʩʢʠʤ ʪʝʯʝʥʠʝʤ ʠ 
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ʢʨʠʦʛʝʥʥʳʤʠ ʜʝʬʦʨʤʘʮʠʷʤʠ ʚ ʟʦʥʝ ʩʝʟʦʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 

ʀʥʪʝʥʩʠʚʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ ʦʩʘʜʢʦʚ ʧʨʠʚʝʣʘ ʢ ʠʭ ʦʜʥʦʨʦʜʥʦʤʫ ʩʦʩʪʘʚʫ ʠ 

ʦʜʥʦʨʦʜʥʦʡ ʩʦʨʪʠʨʦʚʢʝ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʩʘʜʢʦʚ (ʧʨʝʦʙʣʘʜʘʥʠʝ ʨʦʛʦʚʦʡ ʦʙʤʘʥʢʠ ʠ 

ʵʧʠʜʦʪʘ) ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʯʘʩʪʠʝ ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ, 

ʛʜʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠʥʪʨʫʟʠʚʥʳʝ ʠ ʚʫʣʢʘʥʠʯʝʩʢʠʝ  ʧʦʨʦʜʳ 

ʩʨʝʜʥʝʛʦ ʩʦʩʪʘʚʘ.  

ʆʪʣʦʞʝʥʠʷ ʚ ʨʘʟʨʝʟʝ ʚʳʩʦʢʦʡ ʧʦʡʤʳ (ʩʢʚ. 12/2) ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʛʨʫʙʦʟʝʨʥʠʩʪʳʤʠ ʘʣʝʚʨʠʪʘʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦʙ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʳʭ ʪʝʯʝʥʠʷʭ ʚʦʜʳ ʚʨʝʤʝʥʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭ ʧʦʡʤʝʥʥʳʡ ʨʝʞʠʤ. ʆʜʥʘʢʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ ʚ ʩʢʚ. 12/1, ʚ ʨʘʟʨʝʟʝ ʧʨʦʩʣʝʞʠʚʘʶʪʩʷ 

ʵʧʠʟʦʜʳ ʫʩʠʣʝʥʠʷ ʪʝʯʝʥʠʡ, ʚʳʨʘʞʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʥʝʙʦʣʴʰʠʤʠ ʧʠʢʘʤʠ ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ 

ʤʝʣʢʦ- ʠ ʩʨʝʜʥʝʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ [2]. 
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RB-SR ʀɿʆʊʆʇʅɸʗ ʉʀʉʊɽʄɸʊʀʂɸ ʉʀɽʅʀʊʆɺ 
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ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʐʠʨʦʢʠʥʩʢʠʡ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʡ ʫʟʝʣ (ʐʈʈʋ) ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʶʛʝ 

ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ, ʚ ʧʨʝʜʝʣʘʭ ʩʪʨʫʢʪʫʨ ɹʝʣʦʨʝʯʝʥʩʢʦʡ ʟʦʥʳ 

ʉʝʪʪʝ- ɼʘʙʘʥʩʢʦʛʦ ʧʘʣʝʦʨʠʬʪʘ [4].  
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ɺʤʝʱʘʶʱʠʡ ʢʦʤʧʣʝʢʩ ʐʈʈʋ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʨʙʦʥʘʪʥʦʡ (ʠʟʚʝʩʪʥʷʢʠ, 

ʩʝʨʠʮʠʪ-ʭʣʦʨʠʪʦʚʳʝ ʩʣʘʥʮʳ, ʜʦʣʦʤʠʪʳ) ʪʦʣʱʝʡ PZ1-2, ʧʨʦʨʚʘʥʥʦʡ ʨʝʜʢʠʤʠ 

ʜʘʡʢʘʤʠ ʜʠʘʙʘʟʦʚ (D) ʠ ʪʝʨʨʠʛʝʥʥʳʤʠ (ʧʝʩʯʘʥʠʢʠ, ʘʣʝʚʨʦʣʠʪʳ) 

ʦʪʣʦʞʝʥʠʷʤʠ ʉ1-2. ʉʝʨʠʷ ʜʘʝʢ ʜʠʘʙʘʟʦʚ, ʨʘʟʚʠʪʳʭ ʚ ʥʘʠʙʦʣʝʝ ʧʨʠʧʦʜʥʷʪʦʡ 

ʯʘʩʪʠ ʩʚʦʜʘ ʍʦʯʫʣʶʢʘʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ,  ʧʦʜʚʝʨʞʝʥʘ ʠʥʪʝʥʩʠʚʥʦʤʫ 

ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʜʠʥʘʤʦʪʝʨʤʘʣʴʥʦʤʫ ʤʝʪʘʤʦʨʬʠʟʤʫ.  

ɺ ʠʩʪʦʢʘʭ ʨʫʯ. ʋʜʘʨʥʠʢ  ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʫʣʴʪʨʘʢʘʣʠʝʚʳʝ 

ʩʠʝʥʠʪʳ [2]. ʇʦʨʦʜʳ ʦʙʨʘʟʫʶʪ ʵʣʶʚʠʘʣʴʥʳʡ ʛʣʳʙʦʚʳʡ ʚʳʭʦʜ ʠ ʧʦ 

ʭʘʨʘʢʪʝʨʫ ʟʘʣʝʛʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʫʩʣʦʚʥʦ ʥʘʤʠ ʢʘʢ ʜʘʡʢʘ ʚ 

ʘʣʝʚʨʠʪʠʩʪʳʭ ʜʦʣʦʤʠʪʘʭ ʢʫʣʦʥʩʢʦʡ ʩʚʠʪʳ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ.  ʇʦʨʦʜʘ 

ʠʤʝʝʪ ʩʪʝʢʣʦʚʘʪʳʡ ʦʙʣʠʢ ʚʠʰʥʝʚʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ ʠ ʥʘʩʳʱʝʥʘ ʣʠʥʟʦʯʢʘʤʠ 

ʩʚʝʪʣʦʛʦ ʩʝʨʠʮʠʪ-ʢʘʣʠʰʧʘʪʦʚʦʛʦ ʘʛʨʝʛʘʪʘ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ  ʩʠʝʥʠʪʦʚ 

ʩʣʦʞʝʥʘ ʛʠʜʨʦʩʣʶʜʠʩʪʦ-ʢʘʣʠʰʧʘʪʦʚʳʤ cʫʙʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʤ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʤ ʘʛʨʝʛʘʪʦʤ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʦʨʦʜ 

ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʨʝʣʠʢʪʦʚ ʠʥʪʨʘʪʝʣʣʫʨʠʯʝʩʢʠʭ (?) ʟʝʨʝʥ ʢʚʘʨʮʘ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʦʢʨʫʛʣʳʝ ʠʟʦʤʝʪʨʠʯʥʳʝ ʠ ʫʧʣʦʱʝʥʥʳʝ ʬʦʨʤʳ. ɻʠʜʨʦʩʣʶʜʘ ʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʥʝʧʨʘʚʠʣʴʥʦʡ ʬʦʨʤʳ ʦʜʠʥʦʯʥʳʝ ʟʝʨʥʘ (ʠ ʩʢʦʧʣʝʥʠʷ) 

ʧʠʨʠʪʘ ʷʚʣʷʶʪʩʷ ʚʪʦʨʠʯʥʳʤʠ. ɻʠʜʨʦʩʣʶʜʘ ʨʘʟʚʠʪʘ ʢʘʢ ʧʦ ʢʘʣʠʰʧʘʪʦʚʦʡ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ, ʪʘʢ ʠ ʧʨʦʥʠʟʳʚʘʝʪ  ʧʦ ʪʦʥʢʠʤ ʪʨʝʱʠʥʢʘʤ ʚʢʨʘʧʣʝʥʥʠʢʠ 

ʢʚʘʨʮʘ. 

ʇʦʨʦʜʳ ʠʤʝʶʪ ʥʝʩʢʦʣʴʢʦ ʥʝʩʪʘʥʜʘʨʪʥʳʡ ʩʦʩʪʘʚ (ʪʘʙʣ. 1).  

ʅʘ ʜʠʘʛʨʘʤʤʝ (Na2O+K2O)ïSiO2  ʪʦʯʢʠ ʧʦʨʦʜ ʣʝʞʘʪ ʩ ʰʠʨʦʢʠʤ 

ʨʘʟʙʨʦʩʦʤ ʚ ʧʦʣʝ ʧʦʣʝʚʦʰʧʘʪʦʚʳʭ ʩʠʝʥʠʪʦʚ, ʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʣʴʪʨʘʢʘʣʠʝʚʳʤ  ʩʦʩʪʘʚʦʤ (K2O ʜʦ 15,03 %) ʠ ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

Na2O (0,07-0,26%), ʯʪʦ ʥʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʧʦʨʦʜ ʩʠʝʥʠʪʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʠ ʨʝʟʢʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʤʘʩʩʠʚʦʚ ɻʦʨʥʦʛʦ ʦʟʝʨʘ 

[5], ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʟʘʧʘʜʥʝʝ ʐʈʈʋ. ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ɹ.ʈ. ʌʨʦʩʪʘ 

[7] ʚʩʝ ʦʙʨʘʟʮʳ ʧʨʠʥʘʜʣʝʞʘʪ ʤʘʛʥʝʟʠʘʣʴʥʦʡ ʩʝʨʠʠ, ʷʚʣʷʶʪʩʷ  ʧʦʚʳʰʝʥʥʦ 

ʱʝʣʦʯʥʳʤʠ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʠʣʴʥʦʡ ʚʘʨʠʘʙʠʣʴʥʦʩʪʴʶ ʠʥʜʝʢʩʘ 

ʛʣʠʥʦʟʝʤʠʩʪʦʩʪʠ (ASI), ʦʪ ʤʝʪʘʣʶʤʠʥʝʚʳʭ  (0,858) ʜʦ ʧʝʨʘʣʶʤʠʥʠʝʚʳʭ (ʜʦ 

1,768). 

ʅʠʞʥʠʡ ʚʦʟʨʘʩʪʥʦʡ ʧʨʝʜʝʣ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʨʦʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʣʦʢʘʣʠʟʘʮʠʠ ʪʝʣʘ ʩʨʝʜʠ  ʘʣʝʚʨʠʪʠʩʪʳʭ ʜʦʣʦʤʠʪʦʚ ʢʫʣʦʥʩʢʦʡ ʩʚʠʪʳ (ʆ2), 

ʯʪʦ ʦʧʨʝʜʝʣʷʝʪ ʠʭ  ʚʦʟʨʘʩʪ ʢʘʢ ʧʦʩʣʝ ʩʨʝʜʥʝ-ʦʨʜʦʚʠʢʩʢʠʡ. 
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ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʠʝʥʠʪʦʚ ʐʠʨʦʢʠʥʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ 

 

ʂʦʤʧʦʥʝ

ʥʪʳ, % 

ˉ ʧʨʦʙʳ 

67-ɸʅ-

02 

67ʘ-ɸʅ-02 68-ɸʅ-02 70-ɸʅ-02 71-ɸʅ-

02 

443-ʂ-96 

SiO2 57,36 58,44 63,78 63,16 65,65 60,6 

TiO2 0,49 0,45 0,15 0,63 0,68 0,4 

Al 2O3 16,29 18,42 17,22 17,6 16,86 18,74 

FeO 0,49 0,5 0,49 0,55 0,51 0,57 

Fe2O3 2,58 1,36 0,53 1,2 1,01 2,37 

MnO 0 0 0 0 0 0 

MgO 1,98 3,6 0,3 0,81 2,9 0 

CaO 3,39 0,98 0,96 0,93 0,48 1,02 

Na2O 0,1 0,16 0,22 0,1 0,07 0,26 

K2O 11,74 11,73 15,03 12,72 7,93 13,83 

P2O5 0.14 0.15 0.03 0.12 0.03 0.08 

CO2 2,90 0,78 0,81 0,26 0,26 0,27 

F 0,48 0,75 0,06 0,02 0,64 0,10 

S 0,42 0,15 0,03 0,06 0,36 0,40 

H2O
+ 

1,43 1,44 0,07 0,54 2,37 0,00 

Ba 510 400 180 160 160 270 

Rb 108,5 140,43 82,36 58,84 86,05 86,86 

Sr 14,68 8,64 7,35 21,48 3,80 3,60 

Zr 270 250 72 170 200 180 

Nb 36,0 39,0 6,5 10,0 14,0 7,8 

Ni 17,0 18,0 11,0 12,0 6,8 25,0 

Co 8,5 8,2 3,0 3,0 3,0 4,6 

Cr 33,0 23,0 61,0 45,0 31,0 14,0 

Yb 1,9 2,1 1,7 2,7 3,2 1,6 

Y 17,0 23,0 13,0 20,0 18,0 11,0 

Sc 3.6 5.1 <3.1 6.9 10.0 5.8 

V 58.0 86.0 9.3 15.0 23.0 45.0 

 

ʀʟʚʝʩʪʥʳʝ K-Ar ʜʘʪʠʨʦʚʢʠ ʩʠʝʥʠʪʦʚ  ʧʨʘʚʦʶʜʦʤʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ 

ʧʨʝʜʝʣʘʭ ʉʝʪʪʝ-ɼʘʙʘʥʘ ʦʧʨʝʜʝʣʷʶʪ ʠʭ ʚʦʟʨʘʩʪ  ʚ ʠʥʪʝʨʚʘʣʝ 186 ï 128 ʤʣʥ. 

ʣʝʪ [6]. ʄʘʩʩʠʚʳ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʩ ʢʘʨʙʦʥʘʪʠʪʘʤʠ ɻʦʨʥʦʦʟʝʨʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʩʨʝʜʥʝʤ ʧʘʣʝʦʟʦʝ [1]. ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʧʦʨʦʜʳ 
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ʚ ʩʚʷʟʠ ʩ ʠʭ ʠʟʤʝʥʝʥʠʝʤ ʧʨʠ ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʝ ʠ ʚʪʦʨʠʯʥʳʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʪʨʫʜʥʦ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ ʪʝʤʠ ʠ ʜʨʫʛʠʤʠ. ɼʣʷ ʫʪʦʯʥʝʥʠʷ  

ʚʝʨʦʷʪʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʦʨʦʜ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ Rb-Sr ʠʟʦʪʦʧʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʪʘʙʣ. 2).  

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ Rb-Sr ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʩʠʝʥʠʪʦʚ 

 

ˉ ʧʨʦʙʳ 
87

Rb 
86

Sr 
87

Rb
86

/Sr 
87

Sr/
86

Sr I 151 

67-ɸʅ-02 30,7660 1,4238 21,3600 0,7573 0,7114 

67ʘ-ɸʅ-02 39,8120 0,8376 46,9840 0,8158 0,7147 

68-ɸʅ-02 23,3500 2,0835 11,0780 0,7364 0,7126 

70-ɸʅ-02 16,6810 0,7229 22,5910 0,7641 0,7155 

71-ɸʅ-02 24,3940 0,3906 61,7350 0,8436 0,7108 

443-ʂ-96 24,6230 0,4033 60,3530 0,8444 0,7146 

Rb-Sr ʠʟʦʭʨʦʥʥʳʡ ʚʦʟʨʘʩʪ (n=6) = 151Ñ3 ʤʣʥ. ʣʝʪ, I0=0,7133Ñ0,0019 

 

ɸʥʘʣʠʟ Rb-Sr ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʘʪʠʢʠ ʧʦʨʦʜ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʤʝʨʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Rb (93,84Ñ27,76 

ppm) ʠ ʦʯʝʥʴ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ Sr (9,93Ñ6,97 ppm), ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ 
87

Rb/
86

Sr (37.3501Ñ21.819). 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʨʘʩʪ ʧʦʨʦʜ ʧʦ ʠʟʦʭʨʦʥʥʦʡ ʤʦʜʝʣʠ. Rb-

Sr ʠʟʦʭʨʦʥʥʳʡ ʚʦʟʨʘʩʪ ʩʠʝʥʠʪʦʚ ʨʘʚʝʥ 151Ñ3 ʤʣʥ. ʣʝʪ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʧʦ 

ʠʟʦʭʨʦʥʝ ʧʝʨʚʠʯʥʳʡ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Sr - 0,7133Ñ0,0019  ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʨʘʜʠʦʛʝʥʥʳʤ. ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʚʠʯʥʳʭ ʠʟʦʪʦʧʥʳʭ 

ʦʪʥʦʰʝʥʠʡ ʵʣʝʤʝʥʪʘ ʚ ʧʦʨʦʜʘʭ ʥʝ ʦʜʥʦʨʦʜʥʳ ʠ ʚʘʨʴʠʨʫʶʪ ʦʪ 0,7108 ʜʦ 

0,7155 (ʪʘʙʣ. 2). ʕʪʠ ʚʝʣʠʯʠʥʳ ʚ ʮʝʣʦʤ ʚʳʰʝ ʯʝʤ ʚ ʚʤʝʱʘʶʱʠʭ ʠʭ 

ʢʘʨʙʦʥʘʪʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ ʩʨʝʜʥʝʛʦ ʦʨʜʦʚʠʢʘ (0,7097Ñ0,0004)  ʠ 

ʢʘʨʙʦʥʘʪʘʭ ʞʠʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʟʦʥʘʭ ʩʨʝʜʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ (0,7092-0,7104), ʠ ʦʪʚʝʯʘʶʪ ʢʦʨʦʚʦʤʫ ʠʩʪʦʯʥʠʢʫ  ʧʦʨʦʜ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ Rb-Sr ʤʦʜʝʣʴʥʳʝ ʜʘʪʠʨʦʚʢʠ (TDM2st) ʧʦʨʦʜ ʧʨʝʜʧʦʣʘʛʘʶʪ, 

ʯʪʦ ʚʝʨʦʷʪʥʳʤ ʧʨʦʪʦʣʠʪʦʤ ʩʠʝʥʠʪʦʚ ʤʦʛʣʠ ʙʳʪʴ ʥʠʞʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʝ 

(2471+/-371 ʤʣʥ. ʣʝʪ) ʢʦʨʦʚʳʝ ʧʦʨʦʜʳ. 

Rb-Sr ʜʘʪʠʨʦʚʢʘ ʧʦʨʦʜ, ʫʯʠʪʳʚʘʷ ʥʘʣʦʞʝʥʥʳʡ ʥʘ ʥʠʭ ʧʨʦʮʝʩʩ   

ʜʠʥʘʤʦʤʝʪʘʤʦʨʬʠʟʤʘ, ʚʝʨʦʷʪʥʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʨʝʤʷ ʵʪʦʛʦ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ 

ʩʦʙʳʪʠʷ. ʆʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ Ar-Ar ʜʘʪʦʡ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʥʦʛʦ ʤʫʩʢʦʚʠʪʘ ʠʟ ʨʘʩʩʣʘʥʮʦʚʘʥʥʳʭ  ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ 
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ʧʦʨʦʜ ʥʠʞʥʝʛʦ ʦʨʜʦʚʠʢʘ - 151Ñ1 ʤʣʥ. ʣʝʪ [3]. ʇʦʩʣʝʜʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʟʦʥʳ ʜʠʩʣʦʢʘʮʠʦʥʥʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ ʭʣʦʨʠʪ-

ʙʠʦʪʠʪʦʚʦʡ ʩʫʙʬʘʮʠʠ ʟʝʣʝʥʳʭ ʩʣʘʥʮʝʚ ʚ ʧʨʝʜʝʣʘʭ ʐʠʨʦʢʠʥʩʢʦʛʦ ʫʟʣʘ. 

 ʅʝʩʦʤʥʝʥʥʦ, ʵʪʘ ʜʘʪʠʨʦʚʢʘ ʦʧʨʝʜʝʣʷʝʪ ʚʨʝʤʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʙʳʪʠʷ, ʥʦ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʚ ʧʣʘʥʝ - ʷʚʣʷʶʪʩʷ  ʩʠʝʥʠʪʳ 

ʩʠʥʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʠʣʠ ʙʦʣʝʝ ʨʘʥʥʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ. 
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ʉʊʈɸʊʀʌʆʈʄʅʆɽ Pb-Zn ʆʈʋɼɽʅɽʅʀɽ ɺ 

ʂɸʈɹʆʅɸʊʅʆ-ʊɽʈʈʀɻɽʅʅʓʍ ʆʊʃʆɾɽʅʀʗʍ ʂɸʈɹʆʅɸ ɺ 

ɸʃʃɸʍ-ʖʅʔʉʂʆʁ ʄɽʊɸʃʃʆɻɽʅʀʏɽʉʂʆʁ ɿʆʅɽ 

(ɺʆʉʊʆʏʅɸʗ ʗʂʋʊʀʗ) 

 

ɸʥʠʩʠʤʦʚʘ ɻ.ʉ.
 1
, ʃʳʪʢʠʥ ʉ.ʌ.

2
 

1  ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

2 ï ʆʆʆ çɿʘʨʷ+ʄè, ʛ. ʗʢʫʪʩʢ 

 

ʅʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ ʚʳʜʝʣʷʶʪʩʷ ʧʦʨʷʜʢʘ 20 ʧʣʦʱʘʜʝʡ 

ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ Pb, Zn  ʠ Cu [2]. ʅʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʦʢʦʥʪʫʨʝʥʳ ʂʫʦʥʘʤʩʢʘʷ, ʉʠʣʠʛʠʨʩʢʘʷ, ʅʶʡʩʢʘʷ, ɹʝʨʝʟʦʚʩʢʘʷ ʠ ʋʛʫʡʩʢʘʷ 

ʧʣʦʱʘʜʠ c ʧʨʦʷʚʣʝʥʠʷʤʠ Pb, Zn ʠ Cu ʚ PR1 ʠ PZ1-2 ʦʪʣʦʞʝʥʠʷʭ. ɺʦ ʚʥʝʰʥʝʡ 

ʟʦʥʝ ʚʦʩʪʦʯʥʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʨʘʩʧʦʣʦʞʝʥʳ 

ʊʫʦʨʘʩʠʩʩʢʘʷ, ɸʛʘ-ʂʫʢʘʥʩʢʘʷ, ʂʳʣʣʘʭʩʢʘʷ ʠ ʉʝʪʪʝ-ɼʘʙʘʥʩʢʘʷ ʧʣʦʱʘʜʠ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʤʝʜʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʚ ʦʪʣʦʞʝʥʠʷʭ RF, V, ú ʠ PZ2. ɺʦ 

ʚʥʝʰʥʝʡ ʟʦʥʝ ʶʞʥʦʛʦ ʩʢʣʘʜʯʘʪʦʛʦ ʦʙʨʘʤʣʝʥʠʷ ʧʣʘʪʬʦʨʤʳ ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʦʨʫʜʝʥʝʥʠʝ ʚ ʦʪʣʦʞʝʥʠʷʭ RF  ʠ V  ʇʘʪʦʤʩʢʦʡ ʠ 

ʋʨʠʥʩʢʦʡ ʧʣʦʱʘʜʝʡ. ɺ ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ 

ʩʢʣʘʜʯʘʪʦʡ ʩʠʩʪʝʤʳ ʦʢʦʥʪʫʨʝʥʳ ʋʤʙʠʥʩʢʘʷ, ʂʘʤʝʥʩʢʘʷ, ʄʫʘʩʪʘʭʩʢʘʷ, 

ʆʤʫʣʝʚʩʢʘʷ ʠ ʆʨʦʝʢʩʢʘʷ ʧʣʦʱʘʜʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʜʥʳʝ ʠ 

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʚ ʦʙʨʘʟʦʚʘʥʠʷʭ PZ2 ʠ PR2.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʪʨʘʪʠʬʦʨʤʥʳʝ ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ 

ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʩʝʤʝʡʩʪʚʦ, ʚʢʣʶʯʘʶʱʝʝ ʰʝʩʪʴ 

ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʳʭ ʪʠʧʦʚ: ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʡ ʩ ʛʝʨʤʘʥʠʝʤ 

(ʩʘʨʜʘʥʠʥʩʢʠʡ), ʬʣʶʦʨʠʪ-ʧʠʨʠʪ-ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʡ (ʤʠʩʩʠʩʠʧʩʢʠʡ), 

ʧʠʨʠʪ-ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʡ (ʩʠʣʝʟʢʦ-ʢʨʘʢʦʚʩʢʠʡ), ʙʘʨʠʪ-ʩʚʠʥʮʦʚʦ-

ʮʠʥʢʦʚʳʡ (ʤʠʨʛʘʣʠʤʩʘʡʩʢʠʡ), ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʡ (ʰʘʣʢʠʥʩʢʠʡ) ʠ ʧʠʨʠʪ-

ʙʘʨʠʪ-ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʳʡ (ʫʯʢʫʣʘʯʩʢʠʡ) [3]. ɺʘʞʥʦʝ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʠʭ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʨʘʟʤʝʨʘʤʠ, 

ʢʨʫʧʥʳʤʠ ʟʘʧʘʩʘʤʠ ʠ ʚʳʜʝʨʞʘʥʥʦʩʪʴʶ ʨʫʜʥʳʭ ʪʝʣ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʠ 

ʧʘʜʝʥʠʶ, ʯʪʦ ʩʦʟʜʘʝʪ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ.  

ʅʘʤʠ ʩʪʨʘʪʠʬʦʨʤʥʳʝ Pb-Zn ʨʫʜʳ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʳ ʚ ʢʘʨʙʦʥʘʪʥʦ-

ʪʝʨʨʠʛʝʥʥʳʭ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚ ʧʨʝʜʝʣʘʭ ʓʥʳʢʯʘʥʩʢʦʛʦ 
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ʨʫʜʥʦʛʦ ʫʟʣʘ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ [1]. ʕʪʠ ʨʫʜʳ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʭʘʨʦʚʠʜʥʳʝ ʙʝʣʳʝ ʜʦʣʦʤʠʪʳ ʩ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ 

ʩʬʘʣʝʨʠʪʘ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʛʥʝʟʜʘʤʠ ʛʘʣʝʥʠʪʘ, ʨʝʞʝ ʧʠʨʠʪʘ, 

ʦʙʨʘʟʫʶʱʠʝ ʧʦʣʦʩʯʘʪʦ-ʨʠʪʤʠʯʥʳʝ ʚʳʜʝʣʝʥʠʷ (ʨʠʩ.1). 

 

 
ʈʠʩ. 1. ʉʪʨʘʪʠʬʦʨʤʥʳʝ Pb-Zn ʨʫʜʳ ʓʥʳʢʯʘʥʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʫʟʣʘ. ɼʣ ï 

ʜʦʣʦʤʠʪ, ʉʬ ï ʩʬʘʣʝʨʠʪ, ɻʣ ï ʛʘʣʝʥʠʪ, ʇʠ ï ʧʠʨʠʪ, ʂʚ ïʢʚʘʨʮ. 

 

ʇʦʣʦʩʳ ʩ ʨʘʟʣʠʯʥʳʤʠ  ʩʦʦʪʥʦʰʝʥʠʷʤʠ ʩʬʘʣʝʨʠʪʘ ʯʝʨʝʜʫʶʪʩʷ ʤʝʞʜʫ 

ʩʦʙʦʡ: ʧʦʣʦʩʘ ʧʨʠʤʝʨʥʦ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʯʘʩʪʷʤʠ ʜʦʣʦʤʠʪʘ (60%) ʠ 

ʩʬʘʣʝʨʠʪʘ (40%) ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ  ʜʦʣʦʤʠʪʦʤ (10%) ʩ ʠʥʪʝʥʩʠʚʥʳʤʠ 

ʚʢʨʘʧʣʝʥʠʷʤʠ ʩʬʘʣʝʨʠʪʘ (85%) ʠ ʨʝʜʢʦ ʧʠʨʠʪʘ (5%), ʢʦʪʦʨʘʷ ʧʣʘʚʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʩʣʦʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʫʙʳʚʘʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʬʘʣʝʨʠʪʘ ʚʧʣʦʪʴ 

ʜʦ ʩʘʭʘʨʦʚʠʜʥʦʛʦ ʜʦʣʦʤʠʪʘ ʩ ʨʝʜʢʠʤʠ ʚʢʨʘʧʣʝʥʠʷʤʠ ʩʬʘʣʝʨʠʪʘ (5%). 

ɺʥʫʪʨʠ ʧʦʩʣʝʜʥʠʭ ʩʣʦʝʚ ʦʪʤʝʯʘʶʪʩʷ ʛʥʝʟʜʘ ʤʘʩʩʠʚʥʦʛʦ ʛʘʣʝʥʠʪʘ ʠ ʧʨʦʩʣʦʡ 

ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʬʘʣʝʨʠʪʘ ʠ ʧʠʨʠʪ-ʤʘʨʢʘʟʠʪ-ʢʚʘʨʮʝʚʦʛʦ 

ʤʘʪʝʨʠʘʣʘ. 

ʈʘʥʝʝ ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʤʠʥʝʨʘʣʳ ï ʩʬʘʣʝʨʠʪ, 

ʛʘʣʝʥʠʪ ʠ ʢʘʨʙʦʥʘʪʳ [1]. ʇʦ ʵʪʠʤ ʜʘʥʥʳʤ ʩʬʘʣʝʨʠʪ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʠʟʢʦʞʝʣʝʟʠʩʪʦʡ (ʜʦ 2%) ʨʘʟʥʦʩʪʴʶ ʩ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʛʝʨʤʘʥʠʷ 
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(1,15%) ʠ ʢʘʜʤʠʷ (0,42%). ɻʘʣʝʥʠʪ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʦʨʝʪʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ, ʧʨʠʤʝʩʠ ʚ ʧʨʝʜʝʣʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ 

ʥʝ ʦʙʥʘʨʫʞʝʥʳ. ʂʘʨʙʦʥʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʦʣʦʤʠʪʦʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʦʧʠʩʳʚʘʝʤʳʝ ʨʫʜʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʥʘ ʧʨʝʜʤʝʪ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ-

ʧʨʠʤʝʩʝʡ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʠ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʳʤ ʩʧʝʢʪʨʘʣʴʥʳʤ 

ʤʝʪʦʜʘʤʠ, ʘ ʪʘʢʞʝ  ʥʘ  ʘʥʘʣʠʟʘʪʦʨʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʘʪʦʤʥʦ-ʵʤʠʩʩʠʦʥʥʳʭ 

ʩʧʝʢʪʨʦʚ (ʄɸʕʉ). ʂʨʦʤʝ ʛʣʘʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʚʠʥʮʘ,  ʮʠʥʢʘ ʠ ʞʝʣʝʟʘ, 

ʦʙʨʘʱʘʶʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʷ ʚʳʩʦʢʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʨʤʘʥʠʷ, ʢʘʜʤʠʷ, 

ʚʦʣʴʬʨʘʤʘ, ʤʳʰʴʷʢʘ, ʤʘʨʛʘʥʮʘ, ʯʫʪʴ ʤʝʥʴʰʝ ʩʝʨʝʙʨʘ, ʤʝʜʠ, ʢʦʙʘʣʴʪʘ, 

ʥʠʢʝʣʷ, ʚʘʥʘʜʠʷ, ʪʠʪʘʥʘ, ʥʠʦʙʠʷ, ʠʪʪʝʨʙʠʷ, ʠʪʪʨʠʷ ʠ ʮʠʨʢʦʥʠʷ ʚ ʵʪʠʭ ʨʫʜʘʭ 

(ʪʘʙʣ.1, 2). 

ʊʘʙʣʠʮʘ 1 

ʈʝʟʫʣʴʪʘʪʳ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

  ʕʣʝʤʝʥʪʳ, ʛ/ʪ 

ˉʦʙʨ. Au Ag Co Ni 

0302ʙ 0,08 32,7 1,76 2,48 

0302ʚ 0,18 1,12 3,35 6,66 

0302ʛ 0,04 12,8 0,25 0,84 

ʇʨʠʤʝʯʘʥʠʝ. ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ. ɸʥʘʣʠʪʠʢʠ ʉʘʥʥʠʢʦʚʘ ɸ.ɽ., 

ʄʠʭʘʡʣʦʚ ɽ.ʀ., ʅʘʨʳʰʢʠʥʘ ɽ.ʃ. 

 

ʊʘʙʣʠʮʘ 2 

ʉʦʜʝʨʞʘʥʠʝ (ʛ/ʪ) ʵʣʝʤʝʥʪʦʚ-ʧʨʠʤʝʩʝʡ ʚ ʨʫʜʘʭ ʓʥʳʢʯʘʥʩʢʦʛʦ ʧʦʣʷ 

ˉʧʨʦʙʳ 

ʕʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ, ʛ/ʪ 

As* Sb* Mn W*  Ge* V Ti Cu Cd* Ag*  Zr*  Nb Yb Y 

0302ʙ 300  170  500 <5 97 13 1000 30 70 19 <1 5,0 

0302ʚ   240 700 200 14 270 15 500 7 70 31 1,1 11 

0302ʛ 1000 100 170 200 300 9 210 17 700 20 70 14 <1 4,7 

ʇʨʠʤʝʯʘʥʠʝ. * - ʜʘʥʥʳʝ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ, ʦʩʪʘʣʴʥʳʝ 

ʧʨʦʚʝʜʝʥʳ ʥʘ ʄɸʕʉ. ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʚ ʀɻɸɹʄ ʉʆ ʈɸʅ. ɸʥʘʣʠʪʠʢʠ ʂʦʨʢʠʥʘ ʉ.ʖ., 

ɿʘʤʠʡʩʢʘʷ ʆ.ɼ. 

 

ɿʦʣʦʪʦ ʚ ʨʫʜʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʢʦʣʠʯʝʩʪʚʝ ʩʦʪʳʭ ʠ ʜʝʩʷʪʳʭ ʛ/ʪ. 

ʉʝʨʝʙʨʦ ʚ ʨʫʜʘʭ ʦʪʤʝʯʘʝʪʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʳʰʝ (1,12-32,7 ʛ/ʪ). ʈʘʥʝʝ ʚ 

ʛʘʣʝʥʠʪʝ ʠ ʩʬʘʣʝʨʠʪʝ ʵʪʦʪ ʵʣʝʤʝʥʪ ʚ ʧʨʝʜʝʣʘʭ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 

ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʩʷ [1].  
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ʂʘʜʤʠʡ ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦ ʠ ʚ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ (300-1000 

ʛ/ʪ). ʆʩʥʦʚʥʳʤ ʢʦʥʮʝʥʪʨʘʪʦʨʦʤ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʩʬʘʣʝʨʠʪ. 

ɻʝʨʤʘʥʠʡ ʪʘʢʞʝ, ʢʘʢ ʠ ʢʘʜʤʠʡ, ʥʦ  ʤʝʥʝʝ ʥʠʟʢʠʭ ʢʦʣʠʯʝʩʪʚʘʭ (200-

500 ʛ/ʪ) ʩʦʜʝʨʞʠʪʩʷ ʚ ʨʫʜʘʭ. ʂʦʥʮʝʥʪʨʘʪʦʨʦʤ Ge ʚʳʩʪʫʧʘʝʪ ʪʦʪ ʞʝ 

ʩʬʘʣʝʨʠʪ. 

ɺʦʣʴʬʨʘʤ, ʧʨʠʩʫʪʩʪʚʠʝ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ (ʜʦ 700 ʛ/ʪ) ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʧʨʦʙ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʠʥʪʝʨʝʩʥʳʤ. ʌʦʨʤʘ ʤʠʥʝʨʘʣʴʥʦʛʦ ʥʘʭʦʞʜʝʥʠʷ 

ʵʣʝʤʝʥʪʘ ʧʦʢʘ ʥʝʠʟʚʝʩʪʥʘ. 

ʄʳʰʴʷʢ ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴʩʷ ʚ ʨʫʜʘʭ ʚ ʚʠʜʝ ʘʨʩʝʥʦʧʠʨʠʪʘ ʠ ʚʦʟʤʦʞʥʦ 

ʚʭʦʜʠʪ ʢʘʢ ʧʨʠʤʝʩʴ ʚ ʧʠʨʠʪ. 

ʄʘʨʛʘʥʝʮ, ʩʢʦʨʝʡ ʚʩʝʛʦ ʚ ʚʠʜʝ ʧʨʠʤʝʩʠ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʜʦʚʤʝʱʘʶʱʠʭ 

ʜʦʣʦʤʠʪʘʭ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʘʥʘʣʠʟʳ ʢʘʨʙʦʥʘʪʥʳʭ ʧʦʨʦʜ [1]. 

ʂʦʙʘʣʴʪ ʠ ʥʠʢʝʣʴ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʚ ʞʝʣʝʟʠʩʪʳʭ ʩʫʣʴʬʠʜʘʭ: 

ʘʨʩʝʥʦʧʠʨʠʪʝ ʠ ʧʠʨʠʪʝ. 

ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: ʥʠʦʙʠʡ, ʠʪʪʝʨʙʠʡ ʠ ʠʪʪʨʠʡ 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ, ʭʦʪʷ ʥʘʭʦʜʷʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʤʫ ʪʠʧʫ, ʧʦ ʵʣʝʤʝʥʪʘʤ-

ʧʨʠʤʝʩʷʤ ʨʫʜ ʠ ʦʩʥʦʚʥʳʭ ʤʠʥʝʨʘʣʦʚ ʠʟʫʯʝʥʥʳʝ ʨʫʜʳ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ 

ʨʫʜʘʤʠ ʠʟʚʝʩʪʥʦʛʦ Pb-Zn ʩʪʨʘʪʠʬʦʨʤʥʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʘʨʜʘʥʘ, 

ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʦʩʝʜʥʝʡ ʂʳʣʣʘʭʩʢʦʡ ʟʦʥʝ [4,5]. ɻʣʘʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʵʪʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʷʚʣʷʝʪʩʷ ʚʦʟʨʘʩʪ ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʉʘʨʜʘʥʘ ï ʵʪʦ ʚʝʥʜ, ʪʦʛʜʘ ʢʘʢ ʦʧʠʩʳʚʘʝʤʳʝ ʥʘʤʠ ʨʫʜʳ 

ʥʘʡʜʝʥʳ ʚ ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱʘʭ ʚʝʨʭʥʝʛʦ ʢʘʨʙʦʥʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ ʩʣʝʜʫʶʱʝʝ: 

1. ɺʧʝʨʚʳʝ ʥʘ ʧʣʦʱʘʜʠ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʟʦʥʳ ʦʙʥʘʨʫʞʝʥʳ 

ʩʪʨʘʪʠʬʦʨʤʥʳʝ Pb-Zn ʨʫʜʳ ʩ ʛʝʨʤʘʥʠʝʤ, ʢʘʜʤʠʝʤ ʠ ʚʦʣʴʬʨʘʤʦʤ. 

2. ʊʠʧʦʤʦʨʬʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʪʠʭ ʨʫʜ ʷʚʣʷʝʪʩʷ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ Ge, Cd, W, ʠʭ ʨʝʜʢʦʟʝʤʝʣʴʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ. 

3. ɿʘʬʠʢʩʠʨʦʚʘʥ ʩʘʤʳʡ ʤʦʣʦʜʦʡ ʚʦʟʨʘʩʪ ï ʢʘʨʙʦʥ (ʉ) 

ʨʫʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʩʪʨʘʪʠʬʦʨʤʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɸʥʠʩʠʤʦʚʘ ɻ.ʉ., ʃʳʪʢʠʥ ʉ.ʌ. ʂʦʨʝʥʥʘʷ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʠ ʩʝʨʝʙʨʦʥʦʩʥʦʩʪʴ 

ʓʥʳʢʯʘʥʩʢʦʛʦ ʨʫʜʥʦ-ʨʦʩʩʳʧʥʦʛʦ ʧʦʣʷ ɸʣʣʘʭ-ʖʥʴʩʢʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 

ʟʦʥʳ//ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ, 2013, ˉ 5. ʉ.10-18. 
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ʄɽʊʆɼʀʂɸ ʇʈʆʈɸɹʆʊʂʀ ʉʊɺʆʃɸ ʉʂɺɸɾʀʅʓ  

ʇɽʈɽɼ ʉʇʋʉʂʆʄ ʆɹʉɸɼʅʆʁ ʂʆʃʆʅʅʓ 

 

ɸʪʣʘʩʦʚ ʈ.ɸ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

 

ʊʘʢ ʢʘʢ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʠʯʠʥ ʥʝʜʦʩʧʫʩʢʘ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ ʜʦ 

ʧʨʦʝʢʪʥʦʡ ʛʣʫʙʠʥʳ ʷʚʣʷʝʪʩʷ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʚ ʥʠʭ ʤʝʩʪʥʳʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ (ʫʩʪʫʧʦʚ, ʩʫʞʝʥʠʡ, 

ʣʦʢʘʣʴʥʳʭ ʠʩʢʨʠʚʣʝʥʠʡ, ʧʝʨʝʛʠʙʦʚ ʠ ʜʨ.). ʇʨʦʨʘʙʦʪʢʘ (ʧʦʚʪʦʨʥʦʝ 

ʧʨʦʭʦʞʜʝʥʠʝ ʧʨʦʙʫʨʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ) ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʢʣʶʯʝʚʳʭ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʢʦʣʦʥʥʳ ʦʙʩʘʜʥʳʭ 

ʪʨʫʙ. 

ʇʨʦʨʘʙʦʪʢʫ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʨʦʪʦʨʥʳʤ ʩʧʦʩʦʙʦʤ, ʪʘʢ ʢʘʢ 

ʧʨʠ ʵʪʦʤ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʚʨʘʱʝʥʠʝ ʜʦʣʦʪʘ, ʘ ʚʨʘʱʘʶʱʘʷ 

ʢʦʣʦʥʥʘ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʫʣʫʯʰʘʝʪ ʫʩʣʦʚʠʷ ʚʳʥʦʩʘ ʰʣʘʤʘ ʠʟ ʩʢʚʘʞʠʥʳ [1]. 

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʨʘʙʦʪ 

(ʢʘʨʦʪʘʞ, ʢʘʚʝʨʥʦʤʝʪʨʠʷ, ʠʥʢʣʠʥʦʤʝʪʨʠʷ, ʦʧʨʦʙʦʚʘʥʠʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ 

ʦʙʲʝʢʪʦʚ ʠ ʪ.ʜ.) ʧʦ ʜʘʥʥʳʤ ʢʘʚʝʨʥʦʤʝʨʘ ʦʧʨʝʜʝʣʷʶʪ ʫʯʘʩʪʢʠ ʩʫʞʝʥʠʷ 

ʩʪʚʦʣʘ. 
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ʉʢʦʨʦʩʪʴ ʧʨʦʨʘʙʦʪʢʠ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʚ ʵʪʠʭ ʫʯʘʩʪʢʘʭ ʥʝ ʜʦʣʞʥʘ 

ʧʨʝʚʳʰʘʪʴ 12 - 15 ʤ/ʯ; ʧʦʜʘʯʘ ʠʥʩʪʨʫʤʝʥʪʘ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʦʤʝʨʥʦʡ, 

ʥʝʧʨʝʨʳʚʥʦʡ ʩ ʫʩʠʣʠʝʤ 20 - 40 ʢʅ, ʥʝ ʜʦʧʫʩʢʘʷ ʜʣʠʪʝʣʴʥʦʡ ʨʘʙʦʪʳ ʜʦʣʦʪʘ 

ʥʘ ʦʜʥʦʤ ʤʝʩʪʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʟʘʙʫʨʠʚʘʥʠʷ ʥʦʚʦʛʦ ʩʪʚʦʣʘ. ʇʨʠ 

ʧʨʦʨʘʙʦʪʢʝ ʩʪʚʦʣʘ ʨʘʩʭʦʜ ʠ ʩʢʦʨʦʩʪʴ ʚʦʩʭʦʜʷʱʝʛʦ ʧʦʪʦʢʘ ʙʫʨʦʚʦʛʦ 

ʨʘʩʪʚʦʨʘ, ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʜʦʣʞʥʳ ʙʳʪʴ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʧʨʠ 

ʙʫʨʝʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʠʥʪʝʨʚʘʣʘ. 

ʇʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʪʱʘʪʝʣʴʥʦʡ ʠ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʡ ʧʨʦʨʘʙʦʪʢʝ ʩʪʚʦʣʘ 

ʩʢʚʘʞʠʥʳ ʠʣʠ ʧʨʠ ʝʝ ʦʪʩʫʪʩʪʚʠʠ ʥʘ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥʳ ʦʩʪʘʶʪʩʷ ʤʝʩʪʘ 

ʧʦʩʘʜʦʢ, ʘ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʨʝʮʝʧʪʫʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʦʪʣʦʞʝʥʠʝ ʛʣʠʥʠʩʪʦʡ ʢʦʨʢʠ ʩ ʥʘʣʠʧʰʠʤ ʰʣʘʤʦʤ. ɻʣʠʥʠʩʪʘʷ 

ʢʦʨʢʘ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ ʧʝʨʝʧʘʜʘ ʜʘʚʣʝʥʠʷ ʚ ʩʠʩʪʝʤʝ ʩʢʚʘʞʠʥʘ-ʧʣʘʩʪ, 

ʥʘʣʠʯʠʷ ʧʨʦʥʠʮʘʝʤʦʛʦ ʧʣʘʩʪʘ, ʚʨʝʤʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʜʨ. 

ʅʘʣʠʯʠʝ ʛʣʠʥʠʩʪʦʡ ʢʦʨʢʠ ʥʘ ʩʪʝʥʢʘʭ ʩʢʚʘʞʠʥʳ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ: 

- ʦʙʝʟʚʦʞʠʚʘʥʠʝ ʮʝʤʝʥʪʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʬʠʣʴʪʨʘʮʠʠ 

ʯʝʨʝʟ ʩʪʝʥʢʠ ʩʢʚʘʞʠʥʳ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʝʜʝʪ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ; 

- ʥʝʢʘʯʝʩʪʚʝʥʥʦʝ ʩʮʝʧʣʝʥʠʝ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʦʚ; 

- ʤʠʛʨʘʮʠʷ ʬʣʶʠʜʦʚ ʧʦ ʢʦʨʢʝ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ; 

- ʫʩʳʭʘʥʠʝ ʛʣʠʥʠʩʪʦʡ ʢʦʨʢʠ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʫʩʘʜʢʦʡ ʮʝʤʝʥʪʘ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʬʦʨʤʠʨʦʚʘʥʠʶ ʙʦʣʴʰʠʭ ʟʘʟʦʨʦʚ ʥʘ ʛʨʘʥʠʮʘʭ ʨʘʟʜʝʣʦʚ, ʢʘʢ ʩ 

ʧʦʨʦʜʦʡ, ʪʘʢ ʠ ʩ ʢʦʣʦʥʥʦʡ [2]. 

ɼʣʷ ʩʥʠʞʝʥʠʷ ʣʠʧʢʦʩʪʠ ʛʣʠʥʠʩʪʦʡ ʢʦʨʢʠ, ʧʝʨʝʜ ʧʨʦʨʘʙʦʪʢʦʡ, ʧʦ 

ʩʦʛʣʘʩʦʚʘʥʠʶ ʩ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʩʣʫʞʙʦʡ, ʚ ʨʘʩʪʚʦʨ 

ʜʦʙʘʚʣʷʝʪʩʷ ʥʝʬʪʴ ʠʣʠ ʘʥʘʣʦʛʠʯʥʳʝ ʧʦ ʩʚʦʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʬʪʝʩʦʜʝʨʞʘʱʠʝ 

ʚʝʱʝʩʪʚʘ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʘʜʦʢ ʠ ʟʘʪʷʞʝʢ ʠʥʩʪʨʫʤʝʥʪʘ, 

ʧʨʠʭʚʘʪʦʚ ʙʫʨʠʣʴʥʳʭ ʠ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʚ  ʠʥʪʝʨʚʘʣʘʭ, 

ʩʣʦʞʝʥʥʳʭ ʩʣʘʙʳʤʠ ʠ ʧʨʦʥʠʮʘʝʤʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʳʭ ʧʦ 

ʚʝʣʠʯʠʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʟʙʫʨʠʚʘʥʠʠ 

ʤʘʛʥʠʝʚʳʭ ʩʦʣʝʡ ʦʯʝʥʴ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʩʫʞʝʥʠʷ ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʪʝʢʫʯʝʩʪʴʶ ʢʘʤʝʥʥʳʭ ʩʦʣʝʡ, ʘ ʥʘʣʠʯʠʝ ʛʠʧʩʦʚʳʭ ʧʨʦʧʣʘʩʪʢʦʚ 

ʚ ʨʘʟʨʝʟʝ ʦʪʜʝʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʨʠʭʚʘʪʳ ʠʟ-ʟʘ ʠʭ 
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ʨʘʟʙʫʭʘʥʠʷ. ɺ ʠʥʪʝʨʚʘʣʘʭ, ʛʜʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʜʘʚʣʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ 

3 - 4 ʄʇʘ, ʦʩʣʦʞʥʝʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʦʩʣʦʞʥʝʥʠʷ ʧʨʠ ʙʫʨʝʥʠʠ ʚʳʟʳʚʘʶʪʩʷ ʥʝ ʪʦʣʴʢʦ 

ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʙʫʨʝʥʠʷ ʧʦʨʦʜ, ʥʦ ʠ ʥʝʧʨʘʚʠʣʴʥʳʤ ʚʳʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʢʘʯʝʩʪʚʦ ʙʫʨʦʚʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦʣʞʥʦ ʩʪʨʦʛʦ ʦʪʚʝʯʘʪʴ 

ʪʨʝʙʦʚʘʥʠʷʤ ʛʝʦʣʦʛʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʨʷʜʘ.  

ʇʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʢʦʤʧʦʥʦʚʢʫ ʜʣʷ ʧʨʦʨʘʙʦʪʢʠ ʚʢʣʶʯʘʶʪ 

ʚʩʝʚʦʟʤʦʞʥʳʝ ʥʘʜʜʦʣʦʪʥʳʝ ʢʘʣʠʙʨʘʪʦʨʳ ʠ ʨʘʩʰʠʨʠʪʝʣʠ, ʥʘʧʨʠʤʝʨ ʚ 

ʩʫʞʝʥʥʦʤ ʩʪʚʦʣʝ ʨʘʟʨʝʟ, ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʝʧʢʠʤʠ ʘʙʨʘʟʠʚʥʳʤʠ 

ʧʦʨʦʜʘʤʠ. 

ʇʦʩʣʝ ʧʨʦʨʘʙʦʪʢʠ ʩʪʚʦʣʘ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʝʛʦ 

ʰʘʙʣʦʥʠʨʦʚʢʫʢʦʤʧʦʥʦʚʢʦʡ, ʧʨʠʙʣʠʞʘʶʱʝʡʩʷ ʧʦ ʞʝʩʪʢʦʩʪʠ ʢ ʦʙʩʘʜʥʦʡ 

ʢʦʣʦʥʥʝ, ʢʦʪʦʨʘʷ ʧʦʜʛʦʪʦʚʣʝʥʘ ʢ ʩʧʫʩʢʫ ʚ ʩʢʚʘʞʠʥʫ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʚ 

ʩʢʚʘʞʠʥʫ, ʥʘ ʙʫʨʠʣʴʥʦʡ ʢʦʣʦʥʥʝ, ʩʧʫʩʢʘʶʪ ʢʦʤʧʦʥʦʚʢʫ ʠʟ ʪʨʝʭ-ʯʝʪʳʨʝʭ 

ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʠ ʫʙʝʞʜʘʶʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʜʦʭʦʜʷʪ ʜʦ ʟʘʙʦʷ ʙʝʟ ʧʦʩʘʜʦʢ. 

ʇʦ ʦʢʦʥʯʘʥʠʠ ʰʘʙʣʦʥʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʫ ʧʨʦʤʳʚʘʶʪ, ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʧʨʦʤʳʚʢʠ ï ʦʜʠʥ-ʜʚʘ ʮʠʢʣʘ ʮʠʨʢʫʣʷʮʠʠ. 

ʂ ʩʧʫʩʢʫ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ ʧʨʠʩʪʫʧʘʶʪ ʩʨʘʟʫ ʞʝ ʧʦʩʣʝ 

ʰʘʙʣʦʥʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥʳ, ʝʩʣʠ ʚʦ ʚʨʝʤʷ ʧʦʜʲʝʤʘ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ ʩ 

ʰʘʙʣʦʥʦʤ ʥʝ ʙʳʣʦ ʟʘʪʷʞʝʢ. 

ɺʩʝ ʦʧʝʨʘʮʠʠ ʧʦ ʩʪʨʦʠʪʝʣʴʩʪʚʫ ʩʢʚʘʞʠʥ ʧʨʦʚʦʜʷʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʣʘʤʝʥʪʦʚ ʠ ʩʪʘʥʜʘʨʪʦʚ, ʦʭʚʘʪʳʚʘʶʱʠʭ 

ʚʩʝ ʘʩʧʝʢʪʳ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥ ʚʩʝʭ ʪʠʧʦʚ ʠ ʥʘʟʥʘʯʝʥʠʡ.  

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʨʝʛʣʘʤʝʥʪ ʦʧʠʩʳʚʘʝʪ ʧʨʦʮʝʜʫʨʫ ʧʨʦʨʘʙʦʪʢʠ 

ʩʪʚʦʣʘ ʩʢʚʘʞʠʥʳ ʧʝʨʝʜ ʩʧʫʩʢʦʤ ʦʙʩʘʜʥʦʡ ʢʦʣʦʥʥʳ. ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ 

ʪʦ, ʯʪʦ ʥʦʨʤʘʪʠʚʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʙʘʟʘ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, 

ʨʝʛʣʘʤʝʥʪʳ ʠ ʉʊʆ ʨʝʛʫʣʷʨʥʦ ʢʦʨʨʝʢʪʠʨʫʶʪʩʷ, ʜʦʧʦʣʥʷʶʪʩʷ ʥʦʚʳʤʠ 

ʨʘʟʨʘʙʦʪʢʘʤʠ, ʚ ʧʨʦʮʝʩʩʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʩʢʚʘʞʠʥʳ ʚʩʝʛʜʘ ʝʩʪʴ ʨʠʩʢ 

ʩʪʦʣʢʥʫʪʴʩʷ ʩ ʥʝʧʨʝʜʚʠʜʝʥʥʳʤʠ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʤʠ. 
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ʇʆʃʀɻɽʅɽɿ ɸʃʄɸɿʆɺ ʀ ʂʆʈɽʅʅʓʍ ʀʉʊʆʏʅʀʂʆɺ 

ɸʃʄɸɿʆɺ ʉɽɺɽʈʆ-ɺʆʉʊʆʂɸ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ 

 

ɸʬʘʥʘʩʴʝʚ ɺ.ʇ., ʇʦʭʠʣʝʥʢʦ ʅ.ʇ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʠ ʤʠʥʝʨʘʣʦʛʠʠ ʠʤ. ɺ.ʉ.ʉʦʙʦʣʝʚʘ  ʉʆ ʈɸʅ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ  

 

ʊʝʨʤʠʥ çʧʦʣʠʛʝʥʝʟè ʥʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʡ ʠ ʪʨʝʙʫʝʪ ʫʪʦʯʥʝʥʠʷ ʧʦ 

ʩʬʝʨʝ ʧʨʠʤʝʥʝʥʠʷ. ɺ ʦʪʥʦʰʝʥʠʠ ʘʣʤʘʟʦʚ ʜʘʥʥʳʡ ʪʝʨʤʠʥ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʠʡ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʣʠʛʝʥʝʟ ʘʣʤʘʟʦʚ ʧʦ 

ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʙʳʣ ʦʪʤʝʯʝʥ ʖ.ʃ. ʆʨʣʦʚʳʤ  ʥʘ ʧʨʠʤʝʨʝ ʘʣʤʘʟʦʚ ʠʟ 

ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʩ ʧʦʟʠʮʠʡ ʪʠʧʦʤʦʨʬʠʟʤʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʩ ʨʘʟʥʳʭ 

ʩʪʦʨʦʥ: ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʡ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ (ʧʝʨʠʜʦʪʠʪʦʚʳʝ ʠ ʵʢʣʦʛʠʪʦʚʳʝ), 

ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʫʛʣʝʨʦʜʘ (ʤʘʥʪʠʡʥʳʡ ʨʝʟʝʨʚʫʘʨ ʠʣʠ ʢʦʨʦʚʳʝ 

ʠʩʪʦʯʥʠʢʠ), ʤʦʨʬʦʣʦʛʠʠ ʠ ʪ.ʜ.  

ʅʦ ʧʨʘʚʦʤʦʯʥʦ ʧʦʣʠʛʝʥʝʟ ʘʣʤʘʟʦʚ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʚ ʜʨʫʛʠʭ 

ʘʩʧʝʢʪʘʭ. ʇʦʣʠʛʝʥʝʟ ʘʣʤʘʟʦʚ ʧʦ ʪʠʧʘʤ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʢʪʫʘʣʝʥ ʚ 

ʪʦʤ ʧʣʘʥʝ, ʯʪʦ ʘʣʤʘʟʳ ʫʩʪʘʥʦʚʣʝʥʳ ʥʝ ʪʦʣʴʢʦ ʚ ʢʠʤʙʝʨʣʠʪʘʭ, ʥʦ ʠ 

ʣʘʤʧʨʦʠʪʘʭ ʠ ʚ ʠʥʳʭ ʪʠʧʘʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ. 

ʇʨʠʯʝʤ ʪʦʣʴʢʦ ʜʣʷ ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʟʨʘʙʦʪʘʥʘ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʘʷ 

ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʘʷ ʩʠʩʪʝʤʘ, ʥʘʭʦʜʢʠ ʠʥʳʭ ʪʠʧʦʚ ʘʣʤʘʟʦʥʦʩʥʳʭ 

ʤʘʛʤʘʪʠʪʦʚ ʠʤʝʣʠ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʜʣʷ ʥʠʭ ʥʝ ʚʳʨʘʙʦʪʘʥʦ ʢʘʢʠʭ ʣʠʙʦ 

ʥʘʜʝʞʥʳʭ ʢʨʠʪʝʨʠʝʚ ʧʨʦʛʥʦʟʘ. ʀʟʫʯʝʥʠʝ ʧʦʣʠʛʝʥʝʟʘ ʘʣʤʘʟʦʚ ʧʦ ʪʠʧʘʤ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʢʪʫʘʣʴʥʦ ʥʝ ʪʦʣʴʢʦ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʧʣʘʥʝ, ʥʦ ʠ ʚ 

ʧʨʘʢʪʠʯʝʩʢʦʤ, ʧʦʩʢʦʣʴʢʫ ʨʦʩʩʳʧʠ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʘʣʤʘʟʳ, ʢʦʪʦʨʳʝ ʧʦ 

ʢʦʤʧʣʝʢʩʫ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʥʝ ʫʢʣʘʜʳʚʘʶʪʩʷ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʝʜʠʥʦʤ ʠʩʪʦʯʥʠʢʝ, ʥʘʧʨʠʤʝʨ ʢʠʤʙʝʨʣʠʪʝ. ʕʪʦ ʟʘʩʪʘʚʣʷʝʪ ʫʪʦʯʥʷʪʴ, 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʧʦʠʩʢʦʚʫʶ ʧʘʨʘʜʠʛʤʫ ʩ ʫʯʝʪʦʤ ʠʥʳʭ, ʥʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 
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ʪʠʧʦʚ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ, ʧʨʠʯʝʤ ʥʝ ʪʦʣʴʢʦ ʬʘʥʝʨʦʟʦʡʩʢʦʛʦ, ʥʦ ʠ 

ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ, ʚ ʪʦʤ ʯʠʩʣʝ ʘʨʭʝʡʩʢʦʛʦ, ʚʦʟʨʘʩʪʘ. 

ʅʝʠʟʚʝʩʪʥʦʩʪʴ ʠʥʜʠʢʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʢʟʦʪʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʠ ʩʣʫʯʘʡʥʦʩʪʴ ʥʘʭʦʜʦʢ ʙʦʣʴʰʠʥʩʪʚʘ ʠʭ ʥʠʭ 

ʟʘʩʪʘʚʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʘ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʠʟ 

ʦʙʱʝʡ ʠʭ ʩʦʚʦʢʫʧʥʦʩʪʠ. ʇʦʜʪʚʝʨʞʜʝʥʠʝʤ ʵʪʦʤʫ ʩʣʫʞʠʪ ʦʛʨʦʤʥʦʝ 

ʨʘʟʥʦʦʙʨʘʟʠʝ ʘʣʤʘʟʦʚ ʚ ʨʦʩʩʳʧʷʭ ʚʩʝʛʦ ʤʠʨʘ, ʚʳʭʦʜʷʱʝʝ ʜʘʣʝʢʦ ʟʘ ʨʘʤʢʠ 

ʪʠʧʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ. ʀʤʝʥʥʦ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʪʠʧʦʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ ʩ ʘʣʤʘʟʘʤʠ ʠʟ ʢʦʥʢʨʝʪʥʳʭ 

ʨʦʩʩʳʧʝʡ ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʠʤʝʝʪʩʷ ʣʠ ʚ ʨʦʩʩʳʧʷʭ ʧʨʠʤʝʩʴ ʘʣʤʘʟʦʚ ʠʟ 

ʵʢʟʦʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʦʧʳʪʘʪʴʩʷ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʵʪʠʭ ʠʩʪʦʯʥʠʢʘʭ.  

ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ ʦʪʣʠʯʠʷ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ ʦʪ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʩʣʫʞʘʪ ʨʦʩʩʳʧʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ. ʇʨʠʟʥʘʢʠ ʦʪʣʠʯʠʷ 

ʚʳʷʚʣʷʶʪʩʷ ʯʝʨʝʟ ʢʦʤʧʣʝʢʩʳ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ, ʥʘʨʷʜʫ 

ʩ ʠʭ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʧʦʟʠʮʠʝʡ ʠ ʠʩʪʦʨʠʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʦʚ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʣʠʰʴ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ 

ʢʠʤʙʝʨʣʠʪʳ ʥʝʩʫʪ ʧʨʦʤʳʰʣʝʥʥʫʶ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ. ʉʨʝʜʠ ʪʨʠʘʩʦʚʳʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʦʣʴʢʦ ʝʜʠʥʠʯʥʳʝ ʪʨʫʙʢʠ ʩʦʜʝʨʞʘʪ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʘʣʤʘʟʦʚ, ʘ ʶʨʩʢʦ-ʤʝʣʦʚʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʘʣʤʘʟʦʥʦʩʥʳ. ʇʨʠ  ʵʪʦʤ ʙʦʣʝʝ 

ʜʚʫʭ ʪʨʝʪʝʡ ʥʘʡʜʝʥʥʳʭ ʥʘ ʧʣʘʪʬʦʨʤʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʧʣʘʪʬʦʨʤʳ, ʠ ʵʪʦ ʪʝʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʟʦʟʦʡʩʢʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʧʦʵʪʦʤʫ ʦʥʠ ʤʘʣʦ ʚʝʨʦʷʪʥʳ ʢʘʢ ʠʩʪʦʯʥʠʢʠ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ.  

ʀ ʠʤʝʥʥʦ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʚʳʨʠʩʦʚʳʚʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ  ʤʝʞʜʫ ʚʳʩʦʢʦʡ 

ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ ʠ ʧʨʘʢʪʠʯʝʩʢʠʤ ʦʪʩʫʪʩʪʚʠʝʤ ʚʳʷʚʣʝʥʥʦʡ 

ʢʦʨʝʥʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ʂ ʪʦʤʫ ʞʝ ʧʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʷʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʅ.ɺ. ʉʦʙʦʣʝʚʘ ʟʜʝʩʴ ʥʝʪ ʧʨʠʟʥʘʢʦʚ 

ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚ.  ʕʪʦ ʟʘʩʪʘʚʣʷʝʪ ʧʨʝʜʧʦʣʘʛʘʪʴ 

ʨʦʩʩʳʧʝʦʙʨʘʟʫʶʱʫʶ ʨʦʣʴ ʠʥʳʭ, ʥʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ. 

ʇʦʢʘ ʘʨʛʫʤʝʥʪʘʮʠʷ ʚ ʧʦʣʴʟʫ ʥʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ 

ʦʩʥʦʚʘʥʘ ʥʘ ʢʦʩʚʝʥʥʳʭ ʧʨʠʟʥʘʢʘʭ, ʥʦ ʤʳ ʩʯʠʪʘʝʤ ʥʝʦʙʭʦʜʠʤʳʤ ʦʙʩʫʜʠʪʴ 

ʠʭ ʢʘʢ ʨʘʙʦʯʫʶ ʛʠʧʦʪʝʟʫ, ʧʨʦʚʝʨʢʘ ʢʦʪʦʨʦʡ ʙʫʜʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʝʰʝʥʠʶ 
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ʩʣʦʞʥʦʛʦ ʚʦʧʨʦʩʘ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ.    

ɽʩʣʠ ʥʝ ʠʟʚʝʩʪʝʥ ʪʠʧ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʘʣʤʘʟʦʚ, ʪʦ ʝʜʠʥʩʪʚʝʥʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʝʤ ʩʣʫʞʘʪ ʩʘʤʠ ʘʣʤʘʟʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʯʘʩʪʴ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʠʟʚʝʩʪʥʳʭ ʥʘ 

ʧʣʘʪʬʦʨʤʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣʘʭ, ʯʘʩʪʴ ʠʤʝʝʪʩʷ ʚ ʥʝʩʦʧʦʩʪʘʚʠʤʦ ʤʝʥʴʰʠʭ 

ʧʨʦʧʦʨʮʠʷʭ, ʠ ʣʠʰʴ ʤʘʣʘʷ ʯʘʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʳʯʥʳʤ ʢʠʤʙʝʨʣʠʪʦʚʳʤ.  

ɺʩʝʛʦ ʥʘʤʠ ʚʳʜʝʣʷʝʪʩʷ ʧʷʪʴ ʪʠʧʦʚ ʘʣʤʘʟʦʚ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ. 

ʊʠʧ 1 (ʢʠʤʙʝʨʣʠʪʦʚʳʡ) ʚʢʣʶʯʘʝʪ ʘʣʤʘʟʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʘʣʤʘʟʘʤ 

ʠʟ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʦʚ. ɼʣʷ ʥʠʭ ʩʚʦʡʩʪʚʝʥʥʦ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʘʣʤʘʟʦʚ I  ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʖ.ʃ. ʆʨʣʦʚʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʣʘʤʠʥʘʨʥʳʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʤʝʞʜʫ ʥʠʤʠ ʛʘʙʠʪʫʩʘ, ʦʙʨʘʟʫʶʱʠʤʠ ʥʝʧʨʝʨʳʚʥʳʡ ʨʷʜ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʣʘʤʠʥʘʨʥʳʤ ʩʪʨʦʝʥʠʝʤ ʛʨʘʥʝʡ. ʈʝʟʢʦ ʧʨʝʦʙʣʘʜʘʶʪ ʘʣʤʘʟʳ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ ʩ ʤʘʥʪʠʡʥʳʤ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ 

(s
13

 ʉ = -(3-9ă)), ʵʢʣʦʛʠʪʦʚʳʝ ʠʛʨʘʶʪ ʧʦʜʯʠʥʝʥʥʫʶ ʨʦʣʴ ʅʝ ʭʘʨʘʢʪʝʨʥʳ 

ʦʢʨʫʛʣʳʝ ʩʢʨʳʪʦʣʘʤʠʥʘʨʥʳʝ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʩ ʯʘʩʪʦʪʦʡ ʚʩʪʨʝʯʘʝʤʦʩʪʠ 

ʙʦʣʝʝ 10-25%, ʢʫʙʦʠʜʳ II  ʠ III  ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʚ ʢʦʣʠʯʝʩʪʚʝ ʙʦʣʝʝ 3-5%, 

ʧʦʣʥʦʩʪʴʶ ʦʪʩʫʪʩʪʚʫʶʪ ʘʣʤʘʟʳ VI ʨʘʟʚʥʦʚʠʜʥʦʩʪʠ (ʙʘʣʣʘʩʳ), V-VII  

ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʢʘʨʙʦʥʘʜʦ ʍ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʠʤʧʘʢʪʥʳʝ ʘʣʤʘʟʳ XI 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. 

ʊʠʧ 2 (ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ) ʚʢʣʶʯʘʝʪ 

ʦʢʨʫʛʣʳʝ (ʩʢʨʳʪʦʣʘʤʠʥʘʨʥʳʝ) ʘʣʤʘʟʳ ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʘ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʛʦ ñʙʨʘʟʠʣʴʩʢʦʛʦò ʠʣʠ ñʫʨʘʣʴʩʢʦʛʦò ʪʠʧʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤ, ʯʘʩʪʦ 

ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʘʣʤʘʟʦʚ ʵʢʣʦʛʠʪʦʚʳʭ ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ʂʨʠʩʪʘʣʣʳ 

ʦʙʳʯʥʦ ʠʤʝʶʪ ʧʨʠʟʥʘʢʠ  ʧʦʚʳʰʝʥʥʦʛʦ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ, ʩʚʷʟʘʥʥʦʛʦ ʩ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʦʩʩʳʧʝʡ. 

ʉʢʨʳʪʦʣʘʤʠʥʘʨʥʳʝ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʚʠʥʮʠʷʭ ʄʠʨʘ, ʜʦʤʠʥʠʨʫʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʨʦʩʩʳʧʷʭ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʦʩʘʜʦʯʥʳʤʠ ʢʦʣʣʝʢʪʦʨʘʤʠ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ʊʠʧ 

ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʦʢʨʫʛʣʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʣʘʤʧʨʦʠʪʦʚʳʤ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʧʨʦʪʝʨʦʟʦʡʩʢʠʤʠ ʘʣʤʘʟʦʥʦʩʥʳʤʠ 

ʣʘʤʧʨʦʠʪʘʤʠ ʇʨʠʩʘʷʥʴʷ (ʀʥʛʘʰʠʥʩʢʦʝ ʧʦʣʝ), ʠʥʜʠʡʩʢʦʡ ʪʨʫʙʢʦʡ 

ʧʨʦʪʝʨʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ ʄʘʜʞʛʘʚʘʥ, ʩʦʜʝʨʞʘʱʠʤʠ ʦʢʨʫʛʣʳʝ ʘʣʤʘʟʳ. ɼʣʷ 
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ʦʢʨʫʛʣʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʚ ʤʦʣʦʜʳʭ ʢʦʣʣʝʢʪʦʨʘʭ ʥʝ ʚʳʜʝʣʝʥʳ ʤʠʥʝʨʘʣʳ-

ʠʥʜʠʢʘʪʦʨʳ, ʩʦʧʫʪʩʪʚʫʶʱʠʝ ʠʤ ʚ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʘʭ. ʇʨʠ ʪʦʡ ʩʪʝʧʝʥʠ 

ʠʟʥʦʩʘ, ʢʦʪʦʨʫʶ ʧʨʠʦʙʨʝʪʘʶʪ ʜʦʜʝʢʘʵʜʨʦʠʜʳ ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʨʝʚʥʠʭ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʨʦʩʩʳʧʝʡ, ʠʥʜʠʢʘʪʦʨʥʳʝ ʤʠʥʝʨʘʣʳ 

ʫʥʠʯʪʦʞʘʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ, ʧʦʵʪʦʤʫ ʦ ʭʘʨʘʢʪʝʨʝ ʢʦʨʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʣʠʰʴ ʧʦ ʘʣʤʘʟʘʤ.     

ʊʠʧ 3 (ʥʝʠʟʚʝʩʪʥʳʡ ʪʠʧ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ) ʚʢʣʶʯʘʝʪ ʞʝʣʪʦ-

ʦʨʘʥʞʝʚʳʝ, ʟʝʣʝʥʳʝ ʢʫʙʦʠʜʳ II  ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʩ 

ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ñʧʨʦʤʝʞʫʪʦʯʥʦʛʦò ʪʠʧʘ  (s
13
ʉ ʚ ʩʨʝʜʥʝʤ  -13,6 ă), ʚ 

ʥʝʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʢʠʤʙʝʨʣʠʪʘʭ, ʦʜʥʘʢʦ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʦʩʩʳʧʷʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʛʜʝ 

ʠʭ ʜʦʣʷ ʤʦʞʝʪ ʩʦʩʪʘʚʣʷʪʴ ʦʪ 10% ʠ ʚʳʰʝ.   

ʊʠʧ 4 (ʥʝʠʟʚʝʩʪʥʳʡ ʪʠʧ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ) ʚʢʣʶʯʘʝʪ ʘʣʤʘʟʳ  V ʠ 

VII ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʧʦ ʖ.ʃ. ʆʨʣʦʚʫ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ ʚ ʨʦʩʩʳʧʷʭ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʧʣʘʪʬʦʨʤʳ, ʩʦʩʪʘʚʣʷʷ ʤʝʩʪʘʤʠ ʜʦ ʧʦʣʦʚʠʥʳ ʠ ʙʦʣʝʝ 

ʧʨʦʜʫʢʮʠʠ ʨʦʩʩʳʧʝʡ. ɺ ʠʟʚʝʩʪʥʳʭ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʢʠʤʙʝʨʣʠʪʘʭ ʘʣʤʘʟʳ V-VII  

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʠʟʦʙʠʣʠʠ ʪʦʣʴʢʦ ʚ ʨʦʩʩʳʧʷʭ 

ʝʝ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʨʝʛʠʦʥʘ ʥʘ ʧʣʦʱʘʜʠ ʧʦ ʰʠʨʦʪʝ ʦʪ ʚʥʫʪʨʝʥʥʠʭ ʯʘʩʪʝʡ 

ɸʥʘʙʘʨʩʢʦʛʦ ʱʠʪʘ ʜʦ ɿʘʧʘʜʥʦʛʦ ɺʝʨʭʦʷʥʴʷ ʠ ʚ ʤʝʨʠʜʠʦʥʘʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʦʙʝʨʝʞʴʷ ʤʦʨʷ ʃʘʧʪʝʚʳʭ ʧʨʠʤʝʨʥʦ ʜʦ ʰʠʨʦʪʳ ʨʝʢʠ 

ʄʫʥʘ. ʇʦʵʪʦʤʫ ʤʳ ʧʨʝʜʧʦʣʘʛʘʝʤ ʵʥʜʝʤʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʜʘʥʥʦʛʦ ʪʠʧʘ 

ʘʣʤʘʟʦʚ.  ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʘʣʤʘʟʳ ʚ ʨʦʩʩʳʧʷʭ ʚʳʜʝʣʷʶʪʩʷ ʢʘʢ ʧʨʘʚʠʣʦ 

ʧʦʚʳʰʝʥʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʦʚʘʣʠʟʘʮʠʠ.  

ʊʠʧ 5 (ʠʤʧʘʢʪʥʳʡ) ʚʢʣʶʯʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ñʷʢʫʪʠʪʳò - 

ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʚʠʜʝ ʙʝʩʬʦʨʤʝʥʥʳʭ, ʥʝʨʝʜʢʦ 

ʧʣʘʩʪʠʥʯʘʪʳʭ ʟʝʨʝʥ ʞʝʣʪʦʚʘʪʦʛʦ, ʪʝʤʥʦ-ʙʫʨʦʛʦ ʜʦ ʩʪʘʣʴʥʦ-ʩʝʨʦʛʦ ʮʚʝʪʘ. 

ʉʨʘʚʥʝʥʠʝ ʧʦ ʰʠʨʦʢʦʤʫ ʢʦʤʧʣʝʢʩʫ ʪʠʧʦʤʦʨʬʥʳʭ ʧʨʠʟʥʘʢʦʚ ʷʢʫʪʠʪʦʚ ʩ 

ʘʣʤʘʟʘʤʠ ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʳ ʧʦʢʘʟʘʣʦ ʠʭ ʧʦʣʥʦʝ ʩʭʦʜʩʪʚʦ. ʕʪʦ ʜʘʝʪ 

ʦʩʥʦʚʘʥʠʝ ʩʚʷʟʘʪʴ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʷʢʫʪʠʪʦʚ ʩ ʇʦʧʠʛʘʡʩʢʦʡ ʘʩʪʨʦʙʣʝʤʦʡ, 

ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʡ ʧʦʟʜʥʝʵʦʮʝʥʦʚʳʡ (ʦʢʦʣʦ 36 ʤʣʥ. ʣʝʪ).  

ʀʪʘʢ, ʜʣʷ ʪʨʝʭ ʚʳʜʝʣʝʥʥʳʭ ʪʠʧʦʚ ʘʣʤʘʟʦʚ ʪʠʧ ʢʦʨʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʥʝ ʠʟʚʝʩʪʝʥ. ʅʦ ʝʩʣʠ ʧʳʪʘʪʴʩʷ ʠʭ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʠʩʢʘʪʴ, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 



46 

 

ʟʥʘʪʴ ʠʭ ʚʦʟʨʘʩʪ. ɺ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʚʘʞʥʳʤ ʧʨʠʟʥʘʢʦʤ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʠ 

ʬʦʨʤʘ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ. 

ʀʟʥʦʩ ʥʘ ʘʣʤʘʟʘʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʜʚʫʭ ʬʦʨʤʘʭ: ʘ) 

çʣʝʜʝʥʮʦʚʘʷè ʩʢʫʣʴʧʪʫʨʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʤʝʭʘʥʦʛʝʥʥʫʶ ʧʦʣʠʨʦʚʢʫ 

ʨʝʙʝʨ ʠ ʚʝʨʰʠʥ ʢʨʠʩʪʘʣʣʘ ʠ ʩʢʦʣʦʚ ʥʘ ʥʝʤ; ʙ) ʰʝʨʦʭʦʚʘʪʳʝ ʤʝʭʘʥʦʛʝʥʥʳʝ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ ʠ ʱʝʨʙʠʥʢʠ ʥʘ ʦʩʪʨʳʭ ʨʝʙʨʘʭ ʩʢʦʣʦʚ. 

ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʦʚ ʤʝʥʷʝʪʩʷ ʦʪ ʝʜʚʘ ʟʘʤʝʪʥʦʡ ʚ ʬʦʨʤʝ 

ʧʦʚʨʝʞʜʝʥʠʡ ʚʝʨʰʠʥ ʜʦ ʧʦʣʥʦʡ ʦʚʘʣʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʦʚ.  

ɸʥʘʣʠʟ ʧʨʦʷʚʣʝʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʘʣʤʘʟʦʚ ʧʦʢʘʟʳʚʘʝʪ 

ʩʣʝʜʫʶʱʝʝ. ɺ ʨʦʩʩʳʧʷʭ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʜʦʩʪʦʚʝʨʥʦ ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ, ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ 

ʤʝʥʷʝʪʩʷ ʦʪ ʚʠʟʫʘʣʴʥʦ ʥʝ ʬʠʢʩʠʨʫʝʤʦʡ ʜʦ ʩʣʘʙʦʡ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʚ 

ʬʦʨʤʝ çʣʝʜʝʥʮʦʚʳʭè ʩʢʫʣʴʧʪʫʨ. ʉʪʝʧʝʥʴ ʠʟʥʦʩʘ ʦʪ ʩʨʝʜʥʝʡ ʜʦ ʧʨʝʜʝʣʴʥʦʡ 

ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʦʢʨʫʛʣʳʭ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ, 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚ ʨʦʩʩʳʧʷʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʠ ʶʛʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʘʣʤʘʟʦʚ V-VII  ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʭ 

ʢʫʙʦʠʜʦʚ II  ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʧʣʘʪʬʦʨʤʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʣʤʘʟʳ ʠʟ ʨʦʩʩʳʧʝʡ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʟʘ ʩʯʝʪ 

ʢʠʤʙʝʨʣʠʪʦʚ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʠʤʝʶʪ ʩʪʝʧʝʥʴ ʠʟʥʦʩʘ ʥʝ ʚʳʰʝ 

ʩʣʘʙʦʡ. ʀʟʥʦʩ ʦʪ ʩʨʝʜʥʝʡ ʜʦ ʚʳʩʦʢʦʡ ʭʘʨʘʢʪʝʨʝʥ ʜʣʷ ʘʣʤʘʟʦʚ, ʦʪʥʦʩʠʤʳʭ 

ʥʘʤʠ ʢ ʵʢʟʦʪʠʯʝʩʢʠʤ ʪʠʧʘʤ. 

ɺ ʮʝʣʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʙʣʘʛʦʧʨʠʷʪʥʘ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʚ ʫʩʣʦʚʠʷʭ ʪʨʘʥʩʛʨʝʩʩʠʠ ʙʘʩʩʝʡʥʘ.  

ɺ ʬʘʥʝʨʦʟʦʝ ʪʘʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʩʫʱʝʩʪʚʦʚʘʣʘ ʥʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ ʚ ʬʘʤʝʥʝ ʠ ʙʳʣʠ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʠʟʥʦʩʘ 

ʠʥʜʠʢʘʪʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʠ ʧʦʷʚʣʝʥʠʷ ʥʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʘʣʤʘʟʘʭ ʩʣʘʙʦʛʦ ʠʟʥʦʩʘ. ɺ ʜʦʢʝʤʙʨʠʠ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʦʝ 

ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʝ ʨʘʟʚʠʚʘʣʦʩʴ ʥʘ ʞʝʩʪʢʦʤ ʣʦʞʝ ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʭ ʧʦʨʦʜ 

ʚ ʞʝʩʪʢʦʡ ʘʙʨʘʟʠʚʥʦʡ ʩʨʝʜʝ, ʯʪʦ ʠ ʦʙʝʩʧʝʯʠʚʘʣʦ ʧʦʚʳʰʝʥʥʫʶ, ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ, ʩʪʝʧʝʥʴ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʠʟʥʦʩʘ ʠ ʧʦʷʚʣʝʥʠʝ ʧʨʠʟʥʘʢʦʚ 

ʫʜʘʨʦʚ ʥʘ ʘʣʤʘʟʘʭ. ʇʦʵʪʦʤʫ ʝʩʪʴ ʦʩʥʦʚʘʥʠʷ ʧʨʝʜʧʦʣʘʛʘʪʴ ʜʦʢʝʤʙʨʠʡʩʢʠʡ 

ʚʦʟʨʘʩʪ ʵʢʟʦʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘ ʠʭ ʩʯʝʪ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʨʦʩʩʳʧʝʡ, ʠʟ ʢʦʪʦʨʳʭ ʘʣʤʘʟʳ 

ʤʦʛʣʠ ʧʦʧʘʩʪʴ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʝ ʢʦʣʣʝʢʪʦʨʳ. 
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ɽʩʣʠ ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʜʦʢʝʤʙʨʠʡʩʢʦʤ ʚʦʟʨʘʩʪʝ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʪʦ ʧʦʷʚʣʝʥʠʝ ʵʢʟʦʪʠʯʝʩʢʠʭ ʘʣʤʘʟʦʚ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʭ 

ʦʪʣʦʞʝʥʠʷʭ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʙʥʘʞʝʥʠʝ ʜʨʝʚʥʠʭ ʨʦʩʩʳʧʝʡ ʠʟ-ʧʦʜ ʧʦʢʨʦʚʘ 

ʥʠʞʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʠʭ ʨʘʟʤʳʚ. ʉ ʥʘʯʘʣʘ ʤʝʟʦʟʦʷ ʥʘ ʩʝʚʝʨʝ-

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʧʣʘʪʬʦʨʤʳ ʥʘʯʘʣʦʩʴ ʘʢʪʠʚʥʦʝ ʚʦʟʜʳʤʘʥʠʝ ɸʥʘʙʘʨʩʢʦʡ 

ʘʥʪʝʢʣʠʟʳ, ʆʣʝʥʝʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʋʜʞʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ, ʚʝʨʦʷʪʥʦ ʩ 

ʧʝʨʤʠ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʣ ʅʠʞʥʝʣʝʥʩʢʠʡ ʚʳʩʪʫʧ, ʥʳʥʝ ʧʦʛʨʝʙʝʥʥʳʡ ʚ 

ʇʨʝʜʚʝʨʭʦʷʥʩʢʦʤ ʧʨʦʛʠʙʝ. ʊʘʢ ʜʨʝʚʥʠʝ ʘʣʤʘʟʳ ʤʦʛʣʠ ʚʢʣʶʯʠʪʴʩʷ ʚ 

ʧʨʦʮʝʩʩʳ ʤʝʟʦʟʦʡʩʢʦʛʦ ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʷ.  

ʉʦʚʦʢʫʧʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʘʨʛʫʤʝʥʪʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʥʝʠʟʚʝʩʪʥʳʭ ʪʠʧʦʚ 

ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʜʦʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ, ʘʣʤʘʟʳ ʢʦʪʦʨʳʭ 

ʯʝʨʝʟ ʜʦʢʝʤʙʨʠʡʩʢʠʝ ʨʦʩʩʳʧʠ, ʵʨʦʜʠʨʫʝʤʳʝ ʚ ʧʨʝʜʝʣʘʭ ʚʳʩʪʫʧʦʚ 

ʜʦʢʝʤʙʨʠʷ, ʧʦʧʘʜʘʶʪ ʚ ʬʘʥʝʨʦʟʦʡʩʢʠʝ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʤʝʟʦʟʦʡʩʢʠʝ ʠ 

ʢʘʡʥʦʟʦʡʩʢʠʝ ʨʦʩʩʳʧʠ. ʇʦʠʩʢʠ ʵʢʟʦʪʠʯʝʩʢʠʭ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ 

ʘʣʤʘʟʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʚ ʧʨʝʜʝʣʘʭ ʚʳʩʪʫʧʦʚ ʜʦʢʝʤʙʨʠʷ. ʆʜʥʘʢʦ 

ʥʝʟʥʘʥʠʝ ʥʘʤʠ ʠʥʜʠʢʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʥʳʭ ʧʦʨʦʜ, ʚʦʟʤʦʞʥʘʷ 

ʩʠʣʴʥʘʷ ʠʟʤʝʥʝʥʥʦʩʪʴ ʵʪʠʭ ʧʦʨʦʜ ʘʥʘʣʦʛʠʯʥʦ, ʥʘʧʨʠʤʝʨ, ʘʣʤʘʟʦʥʦʩʥʳʤ 

ʬʠʣʣʠʪʘʤ ɹʨʘʟʠʣʠʠ, ʚʦʟʤʦʞʥʘʷ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ, ʠʟ-ʟʘ 

ʢʦʪʦʨʦʛʦ ʤʦʛʣʠ ʦʩʪʘʪʴʩʷ ʣʠʰʴ ʢʦʨʥʝʚʳʝ ʠʭ ʯʘʩʪʠ, ʜʝʣʘʶʪ ʵʪʫ ʟʘʜʘʯʫ 

ʧʨʘʢʪʠʯʝʩʢʠ ʪʨʫʜʥʦ ʚʳʧʦʣʥʠʤʦʡ. ʇʦʵʪʦʤʫ, ʥʘ ʥʘʰ ʚʟʛʣʷʜ, ʧʦ ʯʘʩʪʠ 

ʵʢʟʦʪʠʯʝʩʢʠʭ ʪʠʧʦʚ ʘʣʤʘʟʦʚ ʩʣʝʜʫʝʪ ʦʛʨʘʥʠʯʠʪʴʩʷ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ, ʘ ʧʝʨʩʧʝʢʪʠʚʳ ʢʦʨʝʥʥʦʡ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩʚʷʟʳʚʘʪʴ ʩʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʤʠ ʢʠʤʙʝʨʣʠʪʘʤʠ. 
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ʂ ɺʆʇʈʆʉʋ ɹʀʆɻɽʆʍʀʄʀʏɽʉʂʆɻʆ ʈɸʁʆʅʀʈʆɺɸʅʀʗ 

ɿʆʃʆʊʆʈʋɼʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ  

ɿɸɹɸʁʂɸʃʔʉʂʆɻʆ ʂʈɸʗ 

 

ɹʘʨʘʙʘʰʝʚʘ ɽ.ɽ. 

ɿʘʙʘʡʢʘʣʴʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʏʠʪʘ 

 

ɺʘʞʥʝʡʰʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ɿʘʙʘʡʢʘʣʴʩʢʦʛʦ ʢʨʘʷ ʷʚʣʷʝʪʩʷ ʠʭ ʟʦʥʘʣʴʥʦʝ ʨʘʟʤʝʱʝʥʠʝ. 

ʉʦʛʣʘʩʥʦ ʧʦʩʣʝʜʥʝʡ ʩʭʝʤʝ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ ɺ.ʉ. 

ʏʝʯʝʪʢʠʥʘ ʠ ʜʨ. (1996) ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʢʨʘʷ ʚʳʜʝʣʝʥʳ ʧʷʪʴ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʧʦʷʩʦʚ. ɼʨʫʛʦʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ ʨʘʟʤʝʱʝʥʠʷ ʧʦʣʝʟʥʳʭ 

ʠʩʢʦʧʘʝʤʳʭ ʚ ʢʨʘʝ, ʧʦ ʤʥʝʥʠʶ ʀ.ɻ. ʈʫʪʰʪʝʡʥʘ (1997), ʷʚʣʷʝʪʩʷ ʠʭ 

ʛʨʫʧʧʠʨʦʚʢʘ ʚ ʨʫʜʥʳʭ ʨʘʡʦʥʘʭ, ʨʫʜʥʳʭ ʫʟʣʘʭ ʠ ʨʫʜʦʥʦʩʥʳʭ ʧʣʦʱʘʜʷʭ.  

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʘʷ ʫʥʠʢʘʣʴʥʦʩʪʴ ʨʘʟʤʝʱʝʥʠʷ 

ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʚʷʟʘʥʘ ʪʘʢ ʞʝ ʩ ʦʩʥʦʚʥʳʤʠ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤʠ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʠ ʘʩʩʦʮʠʘʪʠʚʥʳʤʠ ʨʫʜʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠ ʦʨʛʘʥʠʢʦʡ, çʨʘʙʦʪʘʶʱʝʡè ʚ ʵʪʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ ʟʦʥʝ. ʇʨʠ 

ʚʳʜʝʣʝʥʠʠ ʟʦʥ ʫʯʠʪʳʚʘʣʠʩʴ ʪʝʢʪʦʛʝʥʝʟ ʨʫʜʦʥʦʩʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʧʦʨʦʜʳ 

ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʙʠʦʛʝʦʭʠʤʠʯʝʩʢʦʤ ʨʝʮʠʢʣʠʥʛʝ, ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʬʦʨʤʳ 

ʙʠʦʬʠʣʴʥʳʭ ʩʧʫʪʥʠʢʦʚ ʟʦʣʦʪʘ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʡ ʟʦʣʦʪʘ (ʥʘ 

ʢʦʥʢʨʝʪʥʳʭ ʨʫʜʥʳʭ ʦʙʲʝʢʪʘʭ), ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ ʧʝʨʚʦʩʪʝʧʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʟʦʣʦʪʘ, ʚʠʜ ʙʠʦʪʳ, ʫʯʘʩʪʚʦʚʘʚʰʝʡ ʚ ʧʨʦʮʝʩʩʘʭ ʘʢʢʫʤʫʣʷʮʠʠ, 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ, ʤʠʛʨʘʮʠʠ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʟʦʣʦʪʘ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ɹʠʦʛʝʦʭʠʤʠʯʝʩʢʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 
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ʇʝʨʚʘʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʤʝʜʥʦ-ʨʫʜʥʘʷ, ʦʭʚʘʪʳʚʘʝʪ 

ʩʝʚʝʨʥʫʶ ʪʝʨʨʠʪʦʨʠʶ ʂʦʜʘʨʦ-ʋʜʦʢʘʥʩʢʦʛʦ ʠ ʏʘʨʩʢʦʛʦ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. 

ʆʨʛʘʥʠʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʣʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ ʠ 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ. ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʚ ʧʨʝʜʝʣʘʭ 

ʟʦʥʳʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠʟʤʝʥʷʪʁʩʷ ʦʪ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʜʦ ʧʝʨʚʦʛʦ ʜʝʩʷʪʢʘ. 

ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʘʨʭʝʡ-ʨʘʥʥʠʡ ʧʘʣʝʦʟʦʡ. 

ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʠʤʝʝʪ Cu ʠ Fe, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʨʝʜʢʠʝ, ʨʝʜʢʦ-ʟʝʤʝʣʴʥʳʝ, U ʠ Mo. 

ɿʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʜʠʩʧʝʨʩʥʦʡ ʠ ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʬʦʨʤʘʭ.  

ɺʪʦʨʘʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʩʝʨʝʙʨʷʥʘʷ ʦʭʚʘʪʳʚʘʝʪ 

ɼʘʨʘʩʫʥʩʢʠʡ ʠ ɹʘʣʝʡʩʢʠʡ ʨʫʜʥʳʝ ʨʘʡʦʥʳ. ʆʨʛʘʥʠʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ 

ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʣʦʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ, ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʠʜʘʤʠ ʣʠʩʪʦʚʦʡ ʬʣʦʨʳ, ʦʪʤʝʨʰʝʡ ʙʠʦʤʘʩʩʳ, ʫʛʣʠʩʪʳʭ 

ʧʨʦʩʣʦʝʚ, ʢʝʨʦʛʝʥʘ, ʬʫʣʴʚʠʦ- ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʠʟʤʝʥʷʶʪʩʷ ʦʪ ʩʢʘʯʢʦʦʙʨʘʟʥʳʭ ʩʦ ʟʥʘʯʝʥʠʷʤʠ 

ʦʪ 0,1 ʜʦ 10-12% ʚ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʩ ʪʦʥʢʦʜʠʩʧʝʨʩʥʳʤ ʠ ʦʨʛʘʥʦ-

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʟʦʣʦʪʦʤ ʜʦ ʧʦʩʪʦʷʥʥʳʭ ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʚ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʩ ʚʠʜʠʤʳʤ ʟʦʣʦʪʦʤ. ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ï ʧʨʦʪʝʨʦʟʦʡ-ʤʝʟʦʟʦʡ. ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʠʦʬʠʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʤʝʝʪ Ag, Mo, Cu ʠFe, ʚ ʤʝʥʴʰʝʡ 

ʩʪʝʧʝʥʠ Pb, Zn, Sb ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʪʦʥʢʦʝ 

ʚʠʜʠʤʦʝ ʞʠʣʴʥʦʝ ʟʦʣʦʪʦ (~ 60%) ʠ ʜʠʩʧʝʨʩʥʦʝ ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʟʦʣʦʪʦ (~ 40%). 

ʊʨʝʪʴʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʤʦʣʠʙʜʝʥʦʚʘʷ ʦʭʚʘʪʳʚʘʝʪ ɺʝʨʭʥʝ-

ʆʣʝʢʤʠʥʩʢʠʡ, ʆʨʝʢʠʢʘʥʩʢʠʡ, ʄʦʛʦʯʠʥʩʢʠʡ, ɾʠʨʝʢʝʥʩʢʠʡ, ʐʘʭʪʘʤʠʥʩʢʠʡ 

ʠ ʋʩʪʴ-ʂʘʨʩʢʠʡ ʨʫʜʥʳʝ ʨʘʡʦʥʳ. ʆʨʛʘʥʠʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʣʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ, ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ (ʚ ʦʩʥʦʚʥʦʤ ʜʣʷ 

ʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʧʘʣʝʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ), ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʣʠʩʪʦʚʦʡ 

ʬʣʦʨʳ, ʫʛʣʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ, ʢʝʨʦʛʝʥʦʤ, ʬʫʣʴʚʠʦ- ʠ ʛʫʤʠʥʦʚʳʤʠ 

ʢʠʩʣʦʪʘʤʠ. ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ 
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ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʦʪ 0,1 

ʜʦ 10-12% ʧʨʦʮʝʥʪʦʚ. ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï 

ʘʨʭʝʡ-ʤʝʟʦʟʦʡ. ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʤʝʝʪ Mo, ʨʝʞʝ W, Cu, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ Pb, 

Zn, Sb ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʚ ʦʩʥʦʚʥʦʤ ʪʦʥʢʦʝ 

ʚʠʜʠʤʦʝ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʦʝ ʟʦʣʦʪʦ, ʚ ʧʦʜʯʠʥʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ - 

ʜʠʩʧʝʨʩʥʦʝ ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʦʣʦʪʦ. 

ʏʝʪʚʝʨʪʘʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʘʷ (ʟʦʣʦʪʦ-

ʩʚʠʥʮʦʚʦ-ʮʠʥʢʦʚʘʷ) ʚʢʣʶʯʘʝʪ ʂʣʠʯʢʠʥʩʢʠʡ, ʅʝʨʯʠʥʩʢʦ-ɿʘʚʦʜʩʢʦʡ, 

ɻʘʟʠʤʫʨʦʟʘʚʦʜʩʢʦʡ, ɹʫʜʶʤʢʘʥʦ-ʂʫʣʪʫʤʠʥʩʢʠʡ, ʐʠʣʢʠʥʩʢʦ-ɿʘʚʦʜʩʢʠʡ, 

ɸʣʝʢ-ɿʘʚʦʜʩʢʠʡ ʨʫʜʥʳʝ ʨʘʡʦʥʳ. ʆʨʛʘʥʠʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʫʯʘʩʪʠʝ ʚ 

ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʣʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ, ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ (ʜʣʷ ʜʨʝʚʥʠʭ 

ʢʦʤʧʣʝʢʩʦʚ),ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʠʜʘʤʠ ʣʠʩʪʦʚʦʡ ʬʣʦʨʳ, ʫʛʣʠʩʪʳʤʠ 

ʧʨʦʩʣʦʷʤʠ, ʢʝʨʦʛʝʥʦʤ, ʬʫʣʴʚʠʦ- ʠ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ ʜʣʷ ʤʝʟʦʟʦʡʩʢʠʭ 

ʨʘʟʨʝʟʦʚ. ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʢʘʢ ʠ ʜʣʷ ʧʨʝʜʳʜʫʱʝʡ ʟʦʥʳ, ʚ ʦʩʥʦʚʥʦʡ 

ʤʘʩʩʝʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʳʝ ʜʦʣʠ ʧʨʦʮʝʥʪʘ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʷʶʪʩʷ 

ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʦʪ 0,1 ʜʦ 10-12% ʧʨʦʮʝʥʪʦʚ. ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ 

ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʘʨʭʝʡ-ʤʝʟʦʟʦʡ. ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ 

ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʤʝʝʪ ʩʚʠʥʝʮ ʠ ʮʠʥʢ, 

ʨʝʞʝ ʤʝʜʴ, ʞʝʣʝʟʦ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʩʫʨʴʤʘ ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ. ʌʦʨʤʳ 

ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʚ ʦʩʥʦʚʥʦʤ ʪʦʥʢʦʝ ʚʠʜʠʤʦʝ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʦʝ, ʚ 

ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʝ ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʦʣʦʪʦ. 

ʇʷʪʘʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʫʨʘʥʦʚʘʷ ʦʭʚʘʪʳʚʘʝʪ ʪʝʨʨʠʪʦʨʠʶ 

ʋʨʦʚʩʢʦʛʦ ʠ ɿʘʫʨʫʣʶʥʛʫʝʚʩʢʦʛʦ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. ʆʨʛʘʥʠʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ 

ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʣʦʪʘ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ, ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ (ʜʣʷ 

ʘʨʭʝʡʩʢʦ-ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ), ʰʠʨʦʢʠʤ ʩʧʝʢʪʦʨʦʤ 

ʤʝʟʦʟʦʡʩʢʦʡ ʬʣʦʨʳ ʠ ʧʨʝʩʥʦʚʦʜʥʦʡ ʙʠʦʪʳ, ʫʛʣʠʩʪʳʤʠ ʧʨʦʩʣʦʷʤʠ, 

ʢʝʨʦʛʝʥʦʤ, ʬʫʣʴʚʠʦ- ʠ ʛʫʤʠʥʦʚʳʤʠ ʢʠʩʣʦʪʘʤʠ (ʜʣʷ ʤʝʟʦʟʦʡʩʢʠʭ 

ʬʦʨʤʘʮʠʡ). ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʘʥʘʣʦʛʠʯʥʳ 

ʟʥʘʯʝʥʠʷʤ ʧʨʝʜʳʜʫʱʝʡ ʟʦʥʳ. ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ï ʘʨʭʝʡ-ʤʝʟʦʟʦʡ. ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʤʝʝʪ ʫʨʘʥ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʤʦʣʠʙʜʝʥ, 
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ʩʚʠʥʝʮ, ʮʠʥʢ, ʦʣʦʚʦ ʠ ʨʝʜʢʠʝ ʵʣʝʤʝʥʪʳ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʚ 

ʦʩʥʦʚʥʦʤ ʪʦʥʢʦʝ ʚʠʜʠʤʦʝ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʦʝ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʜʠʩʧʝʨʩʥʦʝ ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʦʣʦʪʦ. 

ʐʝʩʪʘʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʦʣʦʚʦ-ʚʦʣʴʬʨʘʤʦʚʘʷ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ɹʘʣʴʜʞʠʢʘʥʩʢʦʛʦ ʠ ʍʘʧʯʝʨʘʥʛʠʥʩʢʦʛʦ ʨʫʜʥʳʭ ʫʟʣʦʚ. ʆʨʛʘʥʠʢʘ, 

ʧʨʠʥʠʤʘʶʱʘʷ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʟʦʣʦʪʘ, ʜʣʷ ʜʨʝʚʥʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ, 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ, ʜʣʷ ʤʝʟʦʟʦʡʩʢʠʭ ʬʦʨʤʘʮʠʡ - ʣʠʩʪʦʚʦʡ 

ʬʣʦʨʦʡ ʚ ʚʠʜʝ ʫʛʣʠʩʪʳʭ ʧʨʦʩʣʦʝʚ, ʢʝʨʦʛʝʥʘ, ʬʫʣʴʚʠʦ- ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ. 

ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʜʣʷ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʨʫʜʦʧʨʦʷʚʣʝʥʠʡ ʩʦʩʪʘʚʣʷʶʪ ʜʝʩʷʪʳʝ 

ʜʦʣʠ ʧʨʦʮʝʥʪʘ, ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʦʪ 0,1 ʜʦ 10-

12% ʧʨʦʮʝʥʪʦʚ ɺʨʝʤʷ ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï 

ʧʨʦʪʝʨʦʟʦʡ-ʤʝʟʦʟʦʡ. ʉʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʠʤʝʝʪ ʚʦʣʴʬʨʘʤ ʠ ʦʣʦʚʦ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʩʚʠʥʝʮ, ʮʠʥʢ, ʩʝʨʝʙʨʦ ʠ ʩʫʨʴʤʘ. ʌʦʨʤʳ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʚ ʦʩʥʦʚʥʦʤ 

ʪʦʥʢʦʝ ʚʠʜʠʤʦʝ ʧʨʦʞʠʣʢʦʚʦ-ʞʠʣʴʥʦʝ, ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʜʠʩʧʝʨʩʥʦʝ 

ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʦʣʦʪʦ. 

ʉʝʜʴʤʘʷ ʚʳʜʝʣʷʝʤʘʷ ʟʦʥʘ ï ʟʦʣʦʪʦ-ʫʛʣʝʨʦʜʠʩʪʘʷ ʚʢʣʶʯʘʝʪ 

ʪʝʨʨʠʪʦʨʠʶ ʄʫʡʩʢʦʛʦ, ʍʦʣʦʜʞʠʢʘʥʩʢʦʛʦ ʠ ɿʘʯʠʢʦʡʩʢʦʛʦ ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. 

ʆʨʛʘʥʠʢʘ, ʧʨʠʥʠʤʘʶʱʘʷ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʥʘʢʦʧʣʝʥʠʷ, ʤʠʛʨʘʮʠʠ ʠ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʟʦʣʦʪʘ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʙʠʦʪʦʡ, 

ʮʠʘʥʦʙʘʢʪʝʨʠʘʣʴʥʳʤʠ ʤʘʪʘʤʠ (ʜʣʷ ʧʨʦʪʝʨʦʟʦʡʩʢʦ-ʧʘʣʝʦʟʦʡʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ), ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʚʠʜʘʤʠ ʣʠʩʪʦʚʦʡ ʬʣʦʨʳ, ʘ ʪʘʢʞʝ ʚ ʚʠʜʝ 

ʫʛʣʠʩʪʳʭ ʧʨʦʩʣʦʝʚ, ʢʝʨʦʛʝʥʘ, ʬʫʣʴʚʠʦ- ʠ ʛʫʤʠʥʦʚʳʭ ʢʠʩʣʦʪ (ʜʣʷ 

ʤʝʟʦʟʦʡʩʢʠʭ ʬʦʨʤʘʮʠʡ). ɿʥʘʯʝʥʠʷ ʉʦʨʛ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ 

ʠʟʤʝʥʷʶʪʩʷ ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 0.1% ʜʦ 10-12%. ɺʨʝʤʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʦʛʝʥʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ï ʧʨʦʪʝʨʦʟʦʡ-ʤʝʟʦʟʦʡ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʩʨʝʜʠ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʙʠʦʬʠʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʟʦʣʦʪʘ ʚ ʵʪʠʭ 

ʬʦʨʤʘʮʠʷʭ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʝʨʝʙʨʦ, ʤʝʜʴ ʩ ʧʨʠʤʝʩʴʶ ʥʠʢʝʣʷ, ʮʠʥʢʘ, 

ʤʦʣʠʙʜʝʥʘ. ʌʦʨʤʘ ʥʘʭʦʞʜʝʥʠʷ ʟʦʣʦʪʘ ï ʜʠʩʧʝʨʩʥʘʷ ʦʨʛʘʥʦ-ʤʝʪʘʣʣʠʯʝʩʢʘʷ.  

ɺʦ ʚʩʝʭ ʚʳʜʝʣʝʥʥʳʭ ʟʦʥʘʭ ʧʨʠʩʫʪʩʪʚʫʝʪ ʩʣʦʞʥʦʝ ʦʨʛʘʥʦ-

ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʟʦʣʦʪʦ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ çʪʨʫʜʥʳʤʠè ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʬʦʨʤʘʤʠ. ɼʣʷ ʝʛʦ ʚʳʷʚʣʝʥʠʷ ʠ ʠʟʚʣʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʘ 

ʨʘʟʨʘʙʦʪʢʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʭ ʤʝʪʦʜʦʚ. 
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ʆɹʆʉʅʆɺɸʅʀɽ ʈɽɿɽʈɺʆɺ ʇʆɺʓʐɽʅʀʗ 

ɻɽʆʃʆɻʀʏɽʉʂʆɻʆ ʇʆʊɽʅʎʀɸʃɸ ʈʋɼʅʓʍ ʀ 

ʈʆʉʉʓʇʅʓʍ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 

ɹʘʨʘʢʘʝʚʘ ʀ.ɼ., ɹʘʪʫʛʠʥʘ ʅ.ʉ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʠʤ. ʅ.ɺ. ʏʝʨʩʢʦʛʦ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ. 

 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʨʫʜʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʢʘʟʘʪʝʣʴ 

(ʦʙʱʝʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ), ʢʦʪʦʨʳʡ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʪʨʘʜʠʮʠʦʥʥʦʝ ʛʦʨʥʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʝ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʠ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ.  

ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʫʜʦʥʦʩʥʦʩʪʠ, 

ʢʣʘʩʪʝʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠ ʛʝʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʥʘʨʘʩʪʘʝʪ ʧʦʩʪʝʧʝʥʥʦ, ʥʘʯʠʥʘʷ ʩ ʵʪʘʧʦʚ 

ʘʥʘʣʠʟʘ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʠ ʧʨʦʛʥʦʟʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʦ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʨʘʟʚʝʜʢʠ ʠ ʨʘʟʨʘʙʦʪʢʠ. ʅʦ 

ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʨʠʨʦʩʪ ʠʥʬʦʨʤʘʮʠʠ ʠʤʝʝʪ ʤʝʩʪʦ ʫʞʝ ʥʘ ʵʪʘʧʘʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ ʠ ʩʦʙʩʪʚʝʥʥʦ ʨʘʟʨʘʙʦʪʢʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʠʨʦʜʥʦʡ ʠʝʨʘʨʭʠʠ ʫʨʦʚʥʝʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ 

ʢʣʘʩʪʝʨʠʟʘʮʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʤʥʦʛʦʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ ʵʪʘʧʝ 

ʚʳʝʤʢʠ ʧʦʣʝʟʥʦʛʦ ʠʩʢʦʧʘʝʤʦʛʦ. 

ʀʩʩʣʝʜʫʷ ʤʝʭʘʥʠʟʤ ʚʣʠʷʥʠʷ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʛʝʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʠʙʳʣʠ, ʥʘ 

ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠʙʳʣʠ ʦʪ ʨʝʘʣʠʟʘʮʠʠ 

ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ (ʨʫʜʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ) ʧʨʠʭʦʜʠʤ ʢ 

ʚʳʚʦʜʫ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʟʥʘʯʝʥʠʷ ʦʙʱʝʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʜʠʘʧʘʟʦʥ 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʧʨʠʙʳʣʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʤ. ʇʨʠ 

ʵʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ  ʦʙʱʝʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʫʛʣʷ ʙʫʜʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʚ ʨʝʰʘʶʱʝʡ ʩʪʝʧʝʥʠ ʟʘ ʩʯʝʪ ʫʤʝʥʴʰʝʥʠʷ ʛʝʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ [1-2]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʝʪʦʚ ʧʦ ʜʘʥʥʦʡ 

ʤʦʜʝʣʠ ʧʦʣʫʯʝʥʳ ʧʨʝʜʝʣʳ ʠʟʤʝʥʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

Б =Ὥ=1
Ὥ=4 1 ὙὭ ʧʨʠ ʤʦʜʘʣʴʥʳʭ ʟʥʘʯʝʥʠʷʭ ʚʩʝʭ ʚʠʜʦʚ ʨʘʟʫʙʦʞʠʚʘʥʠʷ Ri 

(ʢʨʠʚʘʷ 2) ʠ ʩʪʝʧʝʥʴ ʧʘʜʝʥʠʷ ʚʦʟʤʦʞʥʦʡ ʧʨʠʙʳʣʠ ʥʘ ʝʜʠʥʠʮʫ ʧʦʛʘʰʘʝʤʳʭ 

ʟʘʧʘʩʦʚ ʨʫʜʳ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʉʪʝʧʝʥʴ ʟʘʥʠʞʝʥʠʷ ʛʝʦʧʦʪʝʥʮʠʘʣʘ ʨʫʜʥʦʛʦ (ʨʦʩʩʳʧʥʦʛʦ) ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʦʪ ʦʙʱʝʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ. 

 

ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʠʟʚʝʩʪʥʦʤ ʦʙʱʝʤ ʨʘʟʫʙʦʞʠʚʘʥʠʠ (ʥʘʧʨʠʤʝʨ, 

ʧʨʠ Ro=0,25) ʛʝʦʧʦʪʝʥʮʠʘʣ ʟʘʥʠʞʘʝʪʩʷ ʥʘ 70% (ʢʨʠʚʘʷ 2), ʘ ʧʨʠ ʫʯʝʪʝ 

ʪʦʣʴʢʦ ʛʦʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ʧʨʷʤʘʷ 1) ʟʘʥʠʞʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 25%. 

ʆʮʝʥʢʫ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʢʠ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʠ ʨʫʜʦʥʦʩʥʦʩʪʠ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʚ ʚʠʜʝ ʪʘʙʣʠʮʳ 

1. 

ʌʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʦʙʱʝʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ ʧʦ ʥʘʰʠʤ ʦʮʝʥʢʘʤ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʢʦʣʦ 0,5 ʠ ʚʳʰʝ. ʕʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʧʨʠ ʩʦʚʨʝʤʝʥʥʳʭ 

ʛʝʦʪʝʭʥʦʣʦʛʠʷʭ ʠ ʥʦʨʤʘʪʠʚʘʭ ʦʮʝʥʢʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ  ʛʝʦʧʦʪʝʥʮʠʘʣ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʳʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʥʝʜʦʠʩʧʦʣʴʟʫʝʪʩʷ 

ʤʥʦʛʦʢʨʘʪʥʦ. 

ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʳʭ ʠʟʜʝʨʞʝʢ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʨʫʜʝ 

ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 2.  
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ʊʘʙʣʠʮʘ 1 

ʆʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʵʬʬʝʢʪʠʚʥʦʛʦ ʦʩʚʦʝʥʠʷ ʢʨʫʧʥʦʦʙʲʝʤʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

 

ɻʣʘʚʥʳʝ ʨʝʟʝʨʚʳ ʆʩʥʦʚʘ ʨʝʟʝʨʚʘ ʆʮʝʥʢʘ ʨʝʟʝʨʚʘ 

1. ʅʘ ʦʩʥʦʚʝ ʥʦʚʦʛʦ 

ʤʝʪʦʜʘ ʦʮʝʥʢʠ 

ʢʦʥʜʠʮʠʦʥʥʦʡ 

ʨʫʜʦʥʦʩʥʦʩʪʠ ʠ ʛʝʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʨʘʟʫʙʦʞʠʚʘʥʠʷ 

Ὑ̄ =̞
ὅὯ ὅέ
ὅὯ

= 1 ὑὴ
ήέ
ᶻ

ήὯ
 

ʂʦʤʧʣʝʢʩʥʦʝ ʦʩʚʦʝʥʠʝ ʨʝʩʫʨʩʘ ʥʝʜʨ 

ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʧʝʨʝʨʘʙʦʪʢʘ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ 

ʇʦʚʳʰʘʝʪ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ 

ʧʝʨʝʨʘʙʦʪʘʥʥʦʡ ʨʫʜʝ 

ʚ 2-4 ʨʘʟʘ 

ʇʦʚʳʰʘʝʪ ʮʝʥʥʦʩʪʴ 1 

ʪ ʨʫʜʳ ʚ 1,25-2 ʨʘʟʘ 

2. ʇʦʚʳʰʝʥʠʝ ʩʨʝʜʥʝʛʦ 

ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʦʛʦ ʠ 

ʧʦʧʫʪʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʦʩʥʦʚʘ 

ʧʨʝʜʩʪʘʚʠʪʝʣʴʥʦʛʦ ʦʧʨʦʙʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʂʨʘʪʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

3. ʈʘʩʰʠʨʝʥʠʝ 

ʘʩʩʦʨʪʠʤʝʥʪʘ, ʢʘʯʝʩʪʚʘ 

ʠ ʮʝʥʥʦʩʪʠ ʢʦʥʝʯʥʳʭ 

ʧʨʦʜʫʢʪʦʚ 

ʂʦʤʙʠʥʠʨʦʚʘʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ 

ʜʦʙʳʯʠ, ʧʨʝʜʢʦʥʮʝʥʪʨʘʮʠʠ ʠ 

ʦʙʦʛʘʱʝʥʠʷ ʨʫʜ (ʢʫʯʥʦʝ (ʂɺ) ʠ 

ʧʦʜʟʝʤʥʦʝ  ʚʳʱʝʣʘʯʠʚʘʥʠʝ (ʇɺ), 

ʨʫʜʦʩʦʨʪʠʨʦʚʦʯʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʚ ʪ.ʯ. 

ʤʘʣʳʝ ʧʝʨʝʜʚʠʞʥʳʝ) 

ʇʦʚʳʰʘʝʪʩʷ ʮʝʥʥʦʩʪʴ 

ʢʦʥʝʯʥʦʡ ʧʨʦʜʫʢʮʠʠ ʚ 

1,5-2,5 ʨʘʟʘ, ʘ ʪʘʢʞʝ 

ʩʦʢʨʘʱʘʶʪʩʷ ʦʙʱʠʝ 

ʟʘʪʨʘʪʳ ʚ 1,2-3 ʨʘʟʘ 

ʇʨʠʤʝʯʘʥʠʝ: *ὅέï ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʜʠʮʠʦʥʥʳʭ ʢʫʩʢʘʭ ʠ 

ʧʦʨʮʠʷʭ; ὅέ - ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʦʪʨʘʙʦʪʘʥʥʳʭ ʟʘʧʘʩʘʭ; ὑὴ- 

ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʜʠʮʠʦʥʥʦʡ ʨʫʜʦʥʦʩʥʦʩʪʠ; ήέ- ʟʘʧʘʩʳ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ  ʚ ʦʙʱʠʭ 

ʟʘʧʘʩʘʭ ʨʫʜʥʦʡ ʤʘʩʩʳ; ήʢ- ʟʘʧʘʩʳ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʢʦʥʜʠʮʠʦʥʥʳʭ ʢʫʩʢʘʭ ʠ 

ʧʦʨʮʠʷʭ. 

 

ʇʨʝʦʙʨʘʟʫʷ ʠ ʜʦʧʦʣʥʷʷ ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʦʮʝʥʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʚʳʜʝʣʠʤ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʚʘʞʥʳʝ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʧʨʦʙʣʝʤʳ (ʨʠʩ. 2): 

- ʩ ʨʦʩʪʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʨʫʜʥʠʢʘ ʧʦ ʨʫʜʝ ʩʥʠʞʘʶʪʩʷ 

ʫʜʝʣʴʥʳʝ ʠʟʜʝʨʞʢʠ ʧʨʠ ʢʫʯʥʦʤ ʚʳʱʝʣʘʯʠʚʘʥʠʠ (ʂɺ) ï ʚ 2 ʨʘʟʘ (ʧʨʷʤʘʷ 3), 

ʧʨʠ ʦʪʢʨʳʪʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ (ʆɻʈ) ï ʚ 5 ʨʘʟ (ʧʨʷʤʘʷ 2), ʧʨʠ ʧʦʜʟʝʤʥʳʭ 

ʛʦʨʥʳʭ ʨʘʙʦʪʘʭ (ʇɻʈ) ï ʚ 6 ʨʘʟ (ʧʨʷʤʘʷ 1);  

- ʧʨʠ ʨʘʚʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʨʫʜʝ ʫʜʝʣʴʥʳʝ ʠʟʜʝʨʞʢʠ  

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʥʝʨʘʚʝʥʩʪʚʫ ʂɺ<ʆɻʈ<ʇɻʈ;  

- ʩ ʨʦʩʪʦʤ ʟʘʧʘʩʦʚ ʨʫʜʳ ʨʘʩʪʝʪ ʛʦʜʦʚʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʦ 

ʨʫʜʝ ʠ ʤʝʪʘʣʣʫ;  

- ʩ ʨʦʩʪʦʤ ʛʦʜʦʚʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʨʫʜʝ ʩʥʠʞʘʝʪʩʷ ʩʨʝʜʥʝʝ 

ʩʦʜʝʨʞʘʥʠʝ ʚ ʜʦʙʳʚʘʝʤʦʡ ʨʫʜʝ ʩ 6 ʜʦ 0,9 ʛ/ʪ (ʧʨʠ ʂɺ), ʩ 14 ʜʦ ʤʝʥʝʝ 2 ʛ/ʪ 

(ʧʨʠ ʆɻʈ), ʩ 26 ʜʦ 2 ʛ/ʪ.  
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ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʳʭ ʠʟʜʝʨʞʝʢ ʦʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʦ ʨʫʜʝ: 1 ï ʧʨʠ 

ʧʦʜʟʝʤʥʳʭ ʨʘʙʦʪʘʭ (ʇɻʈ); 2 ï ʧʨʠ ʦʪʢʨʳʪʳʭ ʨʘʙʦʪʘʭ (ʆɻʈ); 3 ï ʧʨʠ ʢʫʯʥʦʤ 

ʚʳʱʝʣʘʯʠʚʘʥʠʠ (ʂɺ) 
 

 

ɺʦʚʣʝʯʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʫ ʨʫʜʳ ʩ ʢʨʘʪʥʦ ʙʦʣʝʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʝʩʴʤʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʤʝʥʷʝʪ ʤʦʨʬʦʣʦʛʠʶ ʦʪʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʣʝʞʠ, 

ʫʚʝʣʠʯʠʚʘʷ ʝʝ ʢʦʥʜʠʮʠʦʥʥʫʶ ʩʧʣʦʰʥʦʩʪʴ, ʯʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ ʜʣʷ ʨʘʟʚʠʪʠʷ 

ʩʪʨʘʪʝʛʠʠ ʦʩʚʦʝʥʠʷ ʄʉɹ ʢʨʠʦʣʠʪʦʟʦʥʳ. ʇʨʠ ʵʪʦʤ ʢʦʥʜʠʮʠʦʥʥʘʷ  

ʩʧʣʦʰʥʦʩʪʴ ʦʪʨʘʙʘʪʳʚʘʝʤʦʡ ʟʘʣʝʞʠ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʪʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ 

ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʠ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʫʙʦʞʠʚʘʥʠʷ, ʧʦʚʳʰʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʜʦʙʳʪʦʛʦ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʫʧʨʦʱʝʥʠʶ ʚʝʜʝʥʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 

ʫʣʫʯʰʝʥʠʶ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦʤʫ 

ʧʦʚʳʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʟʦʣʦʪʘ ʠ ʨʷʜʘ ʧʦʧʫʪʥʳʭ ʮʝʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʩʚʦʝʥʠʷ ʨʫʜʥʳʭ ʠ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ / ʉ. ʄ. ʊʢʘʯ; ʦʪʚ. 
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ʇʈʆɹʃɽʄɸ ɺɽʈʍʅɽʁ ɻʈɸʅʀʎʓ ʇʈɸɾʉʂʆɻʆ ʗʈʋʉɸ 

(ʅʀɾʅʀʁ ɼɽɺʆʅ) ɺ ʉʊʈɸʊʆʊʀʇʀʏɽʉʂʆʄ ʈɽɻʀʆʅɽ 

(ʏɽʍʀʗ) ʀ ʅɸ ʉɽɺɽʈʆ-ɺʆʉʊʆʂɽ ɽɺʈɸɿʀʀ 

 

ɹʘʨʘʥʦʚ ɺ.ɺ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʧʦʜʢʦʤʠʩʩʠʝʡ ʧʦ ʜʝʚʦʥʩʢʦʡ 

ʩʪʨʘʪʠʛʨʘʬʠʠ (ʄʇɼʉ) ʚ ʥʠʞʥʝʤ ʜʝʚʦʥʝ ʚʳʜʝʣʷʝʪʩʷ ʪʨʠ ʷʨʫʩʘ: ʣʦʭʢʦʚʩʢʠʡ, 

ʧʨʘʞʩʢʠʡ ʠ ʵʤʩʩʢʠʡ. ʉʪʨʘʪʦʪʠʧʳ ʧʝʨʚʳʭ ʜʚʫʭ ʷʨʫʩʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʚ 

ʛʣʠʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʬʘʮʠʷʭ ɹʘʨʨʘʥʜʠʥʘ (ʏʝʭʠʷ), ʘ ʩʪʨʘʪʦʪʠʧ ʧʦʩʣʝʜʥʝʛʦ 

ʷʨʫʩʘ ï ʚ ʪʝʨʨʠʛʝʥʥʳʭ ʬʘʮʠʷʭ ɸʨʜʝʥʥʦ-ʈʝʡʥʩʢʦʡ ʦʙʣʘʩʪʠ. ʉʪʨʘʪʦʪʠʧ 

ʛʨʘʥʠʮʳ (ñʟʦʣʦʪʦʡ ʛʚʦʟʜʴò) ʧʦ ʨʝʰʝʥʠʶ ʄʇɼʉ ʫʩʪʘʥʦʚʣʝʥ ʤʝʞʜʫ 

ʧʨʘʞʩʢʠʤ ʠ ʵʤʩʩʢʠʤ ʷʨʫʩʘʤʠ ʟʘ ʧʨʝʜʝʣʘʤʠ ʵʪʠʭ ʨʝʛʠʦʥʦʚ ʚ ʨʘʟʨʝʟʝ 

ʂʠʪʘʙʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʧʦʚʝʜʥʠʢʘ (ʋʟʙʝʢʠʩʪʘʥ) ʧʦ ʧʦʷʚʣʝʥʠʶ 

ʢʦʥʦʜʦʥʪʦʚ Polygnathus kitabicus Yolkin et al. ʏʝʰʩʢʠʝ ʧʘʣʝʦʥʪʦʣʦʛʠ 

ʢʘʪʝʛʦʨʠʯʝʩʢʠ ʥʝ ʩʦʛʣʘʩʥʳ ʩ ʪʘʢʠʤ ʨʝʰʝʥʠʝʤ, ʪʘʢ ʢʘʢ ʵʪʘ ʛʨʘʥʠʮʘ 

ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʇʨʘʞʩʢʦʡ ʬʦʨʤʘʮʠʠ [12]. ʏʪʦʙʳ ʨʘʟʨʫʙʠʪʴ 

ʵʪʦʪ ñʛʦʨʜʠʝʚ ʫʟʝʣò, ʦʥʠ ʧʨʝʜʣʘʛʘʶʪ ʧʨʦʚʦʜʠʪʴ ʧʨʘʞʩʢʦ/ʵʤʩʩʢʫʶ ʛʨʘʥʠʮʫ 

ʧʦ ʢʨʦʚʣʝ ʵʪʦʡ ʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʘʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ 

ʧʦʷʚʣʝʥʠʝʤ Polygnathus excavatus Carls & Gandl ï ʚʠʜʦʤ-ʠʥʜʝʢʩʦʤ 

ʩʣʝʜʫʶʱʝʡ ʢʦʥʦʜʦʥʪʦʚʦʡ ʟʦʥʳ ʵʤʩʘ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʳʡ 

ʚʘʨʠʘʥʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ. 
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ʅʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ɽʚʨʘʟʠʠ ʧʦʣʦʞʝʥʠʝ ʧʨʘʞʩʢʦ/ʵʤʩʩʢʦʡ ʛʨʘʥʠʮʳ ʠ 

ʦʙʲʝʤ ʧʨʘʞʩʢʦʛʦ ʠ ʵʤʩʩʢʦʛʦ ʷʨʫʩʦʚ ʥʝʦʜʥʦʢʨʘʪʥʦ ʠʟʤʝʥʷʣʠʩʴ ʠ, ʚʠʜʠʤʦ, 

ʵʪʘ ʧʨʦʙʣʝʤʘ ʦʩʪʘʥʝʪʩʷ ʦʪʢʨʳʪʦʡ, ʧʦʢʘ ʦʥʘ ʥʝ ʙʫʜʝʪ ʨʝʰʝʥʘ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʚ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʤ ʨʘʡʦʥʝ ɹʘʨʨʘʥʜʠʝʥʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʜʣʷ ʙʠʦʟʦʥʘʣʴʥʦʛʦ ʨʘʩʯʣʝʥʝʥʠʷ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ ʜʦʤʠʥʘʥʪʥʦʡ 

ʛʨʫʧʧʦʡ ʩʣʫʞʘʪ ʢʦʥʦʜʦʥʪʦʬʦʨʠʜʳ, ʘ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʧʨʘʛʠʝʥ ï ʵʤʩ 

ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʩʝʤʝʡʩʪʚʘ ʧʦʣʠʛʥʘʪʠʜ. ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ, ʚ ʠʥʪʝʨʚʘʣʝ 

ʧʦʟʜʥʠʡ ʧʨʘʛʠʝʥ ï ʨʘʥʥʠʡ ʵʤʩ ʚʳʜʝʣʷʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ 

ʢʦʥʦʜʦʥʪʦʚʳʝ ʟʦʥʳ pireneae, dehiscens, gronbergi ʠ perbonus. ɻʨʘʥʠʮʘ 

ʤʝʞʜʫ ʧʨʘʞʩʢʠʤ ʠ ʵʤʩʩʢʠʤ ʷʨʫʩʘʤʠ ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʦʩʥʦʚʘʥʠʠ ʟʦʥʳ 

dehiscens. ɺʠʜ Polygnathus dehiscens ʙʳʣ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʦʧʠʩʘʥ ʠʟ Cavan 

Limestone ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʋʵʣʴʩʘ ɸʚʩʪʨʘʣʠʠ. ʇʦʟʜʥʝʝ, ʈ. ʄʝʡʩʦʥ [11] 

ʫʩʪʘʥʦʚʠʣ ʩʣʝʜʫʶʱʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʦʣʠʛʥʘʪʠʜ ʚ 

ɸʚʩʪʨʘʣʠʠ: Polygnathus pireneae Ÿ P. dehiscens Ÿ P. nothoperbonus Ÿ P. 

inversus Ÿ P. serotinus. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ 

ʨʘʙʦʪʘʭ [14] ʵʪʘ ʬʠʣʦʛʝʥʝʪʠʯʝʩʢʷ ʣʠʥʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ 

ʶʞʥʦʡ ɻʦʥʜʚʘʥʳ. ɼʣʷ ʩʝʚʝʨʘ ɻʦʥʜʚʘʥʳ ɽ.ɸ. ɽʣʢʠʥ ʠ ʜʨ. [13] ʚʳʷʚʠʣʠ 

ʥʝʩʢʦʣʴʢʦ ʠʥʫʶ ʬʠʣʦʣʠʥʠʶ ʨʘʥʥʝʵʤʩʩʢʠʭ ʧʦʣʠʛʥʘʪʠʜ: Polygnathus 

pireneae Ÿ P. kitabicus Ÿ P. excavatus Ÿ P. nothoperbonus, ʢʦʪʦʨʘʷ ʣʝʛʣʘ ʚ 

ʦʩʥʦʚʫ ʛʣʦʙʘʣʴʥʦʡ ʢʦʥʦʜʦʥʪʦʚʦʡ ʰʢʘʣʳ [10]. ʆʜʥʘʢʦ, ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ʀ.ɸ. ɹʘʨʜʘʰʝʚʳʤ ʠ ʜʨ. [9] ʩʭʝʤʝ ʤʦʨʬʦʬʠʣʦʛʝʥʝʟʘ, Polygnathus excavatus ʠ 

Polygnathus nothoperbonus ʚʭʦʜʷʪ ʚ ʨʘʟʥʳʝ ʬʠʣʦʣʠʥʠʠ, ʪ. ʝ. ʫʟʘʢʦʥʝʥʥʘʷ 

ʛʣʦʙʘʣʴʥʘʷ ʰʢʘʣʘ ʷʚʣʷʝʪʩʷ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʠ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʠʥʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʣʠʛʥʘʪʠʜ ʚ ʧʨʘʞʩʢʦ-ʵʤʩʩʢʦʤ ʠʥʪʝʨʚʘʣʝ ʢʘʢ ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʛʦ ʨʘʡʦʥʘ, 

ʪʘʢ ʠ ʜʨʫʛʠʭ ʨʝʛʠʦʥʘʭ ʤʠʨʘ. 

ʇʦʣʦʞʝʥʠʝ ʷʨʫʩʥʳʭ ʛʨʘʥʠʮ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ 

ɽʚʨʘʟʠʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʪʨʝʡʰʠʭ 

ʧʨʦʙʣʝʤ ʩʪʨʘʪʠʛʨʘʬʠʠ. ʇʠʦʥʝʨʳ ʠʟʫʯʝʥʠʷ ʩʪʨʘʪʠʛʨʘʬʠʠ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ 

ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ A.A. ʅʠʢʦʣʘʝʚ ʠ ʄ.ɸ. ʈʞʦʥʩʥʠʮʢʘʷ [12], P.E. 

ɸʣʝʢʩʝʝʚʘ [1], ʩʦʛʣʘʩʥʦ ʧʨʠʥʷʪʦʡ ʚ ʪʦ ʚʨʝʤʷ ʚ ʉʉʉʈ ʢʦʥʮʝʧʮʠʠ 

ʨʘʩʯʣʝʥʝʥʠʷ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ, ʦʪʥʦʩʠʣʠ ñʥʠʞʥʠʡ ʵʤʩò ʢ ʚʝʨʭʘʤ ʥʠʞʥʝʛʦ 

ʜʝʚʦʥʘ, ʘ ñʚʝʨʭʥʠʡ ʵʤʩò ï ʢ ʵʡʬʝʣʴʩʢʦʤʫ ʷʨʫʩʫ ʩʨʝʜʥʝʛʦ ʜʝʚʦʥʘ, ʪ. ʝ. 

ʥʘʙʣʶʜʘʣʦʩʴ ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ ʷʨʫʩʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ 
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ʨʘʩʯʣʝʥʝʥʠʷ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ CCCP ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʟʘʧʘʜʥʦ-

ʝʚʨʦʧʝʡʩʢʠʤʠ ʷʨʫʩʘʤʠ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʣʘ ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʢʘʢ 

ʟʘʧʘʜʥʦ-ʝʚʨʦʧʝʡʩʢʦʡ, ʪʘʢ ʠ ʨʦʩʩʠʡʩʢʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʰʢʘʣ. ɺ ʈʦʩʩʠʠ 

ñʥʠʞʥʝʵʤʩʩʢʠʝò ʦʪʣʦʞʝʥʠʷ ʚʦʰʣʠ ʚ ʩʦʩʪʘʚ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʳ ʧʨʘʞʩʢʦʛʦ 

ʷʨʫʩʘ, ʘ ñʚʝʨʭʥʝʵʤʩʩʢʠʝò ï ʚ ʵʤʩʩʢʠʡ ʷʨʫʩ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ, ʭʦʪʷ P.E. 

ɸʣʝʢʩʝʝʚʘ ʠ ɸ.ʀ. ʉʠʜʷʯʝʥʢʦ [2] ʩʯʠʪʘʣʠ, ʯʪʦ ʚʝʨʭʥʶʶ ʠʭ ʯʘʩʪʴ ʩʣʝʜʫʝʪ 

ʦʩʪʘʚʠʪʴ ʚ ʥʠʞʥʝʤ ʵʡʬʝʣʝ. ʀʟʫʯʝʥʠʝ ʢʦʥʦʜʦʥʪʦʚ ʄ.ʍ. ɻʘʛʠʝʚʳʤ [8] ʚ 

ʆʤʫʣʝʚʩʢʠʭ ʛʦʨʘʭ ʠ ʇʨʠʢʦʣʳʤʴʝ, ʪʘʙʫʣʷʪ ʠ ʨʫʛʦʟ ʊ.ʉ. ɸʣʴʭʦʚʠʢ ʠ ɹ.ʀ. 

ʀʚʘʥʦʚʩʢʠʤ [4], ʙʨʘʭʠʦʧʦʜ ʠ ʢʦʥʦʜʦʥʪʦʚ ɺ.ɺ. ɹʘʨʘʥʦʚʳʤ ʚ ʛʦʨʥʦʡ ʩʠʩʪʝʤʝ 

ʏʝʨʩʢʦʛʦ ʠ ʉʝʣʝʥʥʷʭʩʢʦʤ ʢʨʷʞʝ [3, 5] ʧʦʟʚʦʣʠʣʦ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʯʪʦ ʦʪʣʦʞʝʥʠʷ ʨʘʥʝʝ ʦʪʥʦʩʠʤʳʝ ʢ ñʚʝʨʭʥʝʤʫ ʵʤʩʫò (ñɻ ʡʬʝʣʶò), 

ʧʨʠʥʘʜʣʝʞʘʪ ʵʤʩʩʢʦʤʫ ʷʨʫʩʫ ʥʠʞʥʝʛʦ ʜʝʚʦʥʘ. 

 

 
ʈʠʩ. 1. ʕʚʦʣʶʮʠʷ ʚʟʛʣʷʜʦʚ ʥʘ ʧʦʣʦʞʝʥʠʝ ʧʨʘʞʩʢʦ/ʵʤʩʩʢʦʡ ʛʨʘʥʠʮʳ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ 

ɽʚʨʘʟʠʠ. 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʦʙʣʝʤʦʡ ʛʨʘʥʠʮ ʧʨʘʞʩʢʦʛʦ ʷʨʫʩʘ ʉʝʚʝʨʦ-

ɺʦʩʪʦʢʘ ɽʚʨʘʟʠʠ ʟʘʥʠʤʘʣʠʩʴ ɺ.ɺ. ɹʘʨʘʥʦʚ ʠ ʈ.ɹ. ɹʣʦʜʞʝʪʪ [7]. ɺʝʨʭʥʶʶ 

ʛʨʘʥʠʮʫ ʧʨʘʞʩʢʦʛʦ ʤʳ ʧʨʦʚʦʜʠʣʠ ʚ ʦʩʥʦʚʘʥʠʠ ʥʠʢʦʣʘʝʚʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

(ʨʝʛʠʦʷʨʫʩʘ) ʠ ʝʛʦ ʚʦʟʨʘʩʪʥʦʛʦ ʘʥʘʣʦʛʘ ʚʝʯʝʨʥʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ 

ʆʤʫʣʝʚʩʢʠʭ ʛʦʨ. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʦʥʘ ʙʳʣʘ ʫʪʚʝʨʞʜʝʥʘ ʠ ʥʘ 



59 

 

ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʤ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʤ ʩʦʚʝʱʘʥʠʠ ʚ 2002 ʛ. ʆʜʥʘʢʦ, ʧʦ 

ʥʦʚʳʤ ʜʘʥʥʳʤ (Baranov, Slavik & Blodgett, 2014, in press) ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʥʠʢʦʣʘʝʚʩʢʦʛʦ ʨʝʛʠʦʷʨʫʩʘ ʩʦʚʧʘʜʘʝʪ ʩ ʥʠʞʥʝʡ ʛʨʘʥʠʮʝʡ ʢʦʥʦʜʦʥʪʦʚʦʡ 

ʟʦʥʳ Polygnathus excavatus ʠ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʝʡ ʇʨʘʞʩʢʦʡ ʬʦʨʤʘʮʠʠ ʚ ʝʝ 

ʪʨʘʜʠʮʠʦʥʥʦʤ ʦʙʲʝʤʝ, ʘ ʛʨʘʥʠʮʘ ʧʨʘʛʠʝʥ / ʵʤʩ ʧʨʦʚʦʜʠʪʩʷ ʚ ʦʩʥʦʚʘʥʠʠ 

ʛʘʣʢʠʥʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ (ʨʝʛʠʦʷʨʫʩʘ) ʠ ʚ ʦʩʥʦʚʘʥʠʠ ʢʦʥʦʜʦʥʪʦʚʦʡ ʟʦʥʳ 

Polygnathus kitabicus. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʯʘʩʪʠʯʥʦʡ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 13-05-

00520) ʠ ʇʨʦʛʨʘʤʤʘ ʇʨʝʟʠʜʠʫʤʘ ʈɸʅ ˉ 23, ʧʨʦʝʢʪ ˉ 23.1. 
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ʂ ɺʆʇʈʆʉʋ  ʉʋʑɽʉʊɺʆɺɸʅʀʗ ɻʀɻɸʅʊʉʂʀʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʋɻʃɽɺʆɼʆʈʆɼʆɺ ʅɸ ʖɻʆ-ɿɸʇɸɼɽ 

ʗʂʋʊʀʀ 

 

ɹʝʨʟʠʥ ɸ.ɻ.
1
, ʄʘʨʩʘʥʦʚʘ ʄ.ʈ. 

2
, ʀʚʘʥʦʚ ʀ. C.

3 

1 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ; 

2 ï ʆɸʆ çʗʢʫʪʩʢʛʝʦʬʠʟʠʢʘè, ʛ. ʗʢʫʪʩʢ; 

3 ï ʆɸʆ ñʉʫʨʛʫʪʥʝʬʪʝʛʘʟò 

 

ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʦʮʝʥʢʘʤ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʨʘʟʚʝʜʘʥʥʳʭ ʠ 

ʧʨʦʛʥʦʟʥʳʭ ʟʘʧʘʩʦʚ ʛʘʟʘ ʧʦ ʤʝʪʦʜʠʢʝ ʌ.ʅ. ɸʣʝʢʩʝʝʚʘ ʚ ʧʨʠʨʦʜʥʳʭ 

ʩʦʚʦʢʫʧʥʦʩʪʷʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ 

ʥʝʬʪʝʛʘʟʦʥʦʩʥʦʡ ʦʙʣʘʩʪʠ (ʅɻʆ)  ʚ ʧʨʝʜʝʣʘʭ ʗʢʫʪʠʠ  ʚʦʟʤʦʞʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʨʘʟʚʝʜʘʥʥʳʭ ʟʘʧʘʩʦʚ ʋɺ ʚ 3,8 ʨʘʟʘ [1]. ʕʪʘ ʦʮʝʥʢʘ, ʚ ʩʣʫʯʘʝ ʝʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʦʮʝʥʢʝ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʥʘʯʠʤʦʩʪʠ 

ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʅɻʆ ʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʧʣʘʥʠʨʦʚʘʥʠʷ ʥʘ ʝʝ 

ʪʝʨʨʠʪʦʨʠʠ ʜʘʣʴʥʝʡʰʠʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. ʆʜʥʘʢʦ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ  

ʧʣʦʪʥʦʩʪʴ ʩʝʡʩʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʄʆɻʊ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅʝʧʩʢʦ-

ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʅɹɸ), ʜʦʩʪʠʛʥʫʪʫʶ ʚ ʭʦʜʝ ʤʥʦʛʦʣʝʪʥʠʭ ʧʦʠʩʢʦʚ 

ʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʠ ʥʝʘʥʪʠʢʣʠʥʘʣʴʥʳʭ ʣʦʚʫʰʝʢ, ʦʞʠʜʘʪʴ ʦʪʢʨʳʪʠʝ ʥʦʚʳʭ 

ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʛʣʝʚʦʜʦʨʦʜʦʚ (ʋɺ) ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʨʝʟʝʨʚʫʘʨʘʭ  

ʚʝʥʜʘ ʠ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ, ʠʟʣʠʰʥʝ ʦʧʪʠʤʠʩʪʠʯʥʦ. ɿʜʝʩʴ, ʥʘʨʷʜʫ ʩ 

ʥʘʨʘʱʠʚʘʥʠʝʤ ʟʘʧʘʩʦʚ ʋɺ ʚ ʥʘʜʬʫʥʜʘʤʝʥʪʥʦʤ ʨʘʟʨʝʟʝ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʚʢʣʶʯʘʪʴ ʚ ʧʦʠʩʢʦʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʟʫʯʝʥʠʝ  ʩʘʤʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʬʫʥʜʘʤʝʥʪʘ ʠ ʧʦʜʬʫʥʜʘʤʝʥʪʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʛʜʝ ʬʦʨʤʠʨʦʚʘʥʠʝ 
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ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʚʦʟʤʦʞʥʦ ʥʘ  ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦʙ 

ʠʩʪʦʯʥʠʢʘʭ ʋɺ ʠ ʤʝʭʘʥʠʟʤʝ  ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʣʝʞʝʡ 

ʉʦʚʨʝʤʝʥʥʳʝ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʮʝʧʮʠʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʬʠʣʦʩʦʬʩʢʠʤ ʧʨʠʥʮʠʧʦʤ ɻʝʛʝʣʷ ñʪʝʟʠʩ - ʘʥʪʠʪʝʟʠʩ ï ʩʠʥʪʝʟò ʜʦʧʫʩʢʘʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʟʘʣʝʞʝʡ ʋɺ ʟʘ ʩʯʝʪ ʬʣʶʠʜʦʚ  ʙʠʦʛʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ ʠ ʠʭ 

ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ, ʪʘʢ ʠ ʬʣʶʠʜʦʚ ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʙʘʩʩʝʡʥ ʧʫʪʝʤ  

ʚʝʨʪʠʢʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ  ʧʨʠ ʨʘʩʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʣʝʞʝʡ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ 

ʠʣʠ ʠʟ ʛʣʫʙʠʥʥʳʭ  ʵʥʜʦʛʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ: ʧʦʜʬʫʥʜʘʤʝʥʪʥʳʭ     

(ʢʨʠʧʪʦʛʝʥʥʳʭ), ʤʘʥʪʠʡʥʳʭ ʠʣʠ ʤʝʪʘʤʦʨʬʦʛʝʥʥʳʭ.  

ɺ ʩʚʷʟʠ ʩ ʚʳʷʚʠʚʰʠʤʠʩʷ ʛʠʛʘʥʪʩʢʠʤʠ ʤʘʩʰʪʘʙʘʤʠ ʛʣʫʙʠʥʥʦʡ 

ʜʝʛʘʟʘʮʠʠ ɿʝʤʣʠ,  ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʫʛʣʝʚʦʜʦʨʦʜʥʦʡ, ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʩʭʝʤʳ  

ʧʨʦʮʝʩʩʦʚ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ, ʧʦʤʠʤʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʙʠʦʛʝʥʥʦʡ, ʪʘʢʞʝ ʟʘ 

ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ  ʜʝʛʘʟʘʮʠʠ ʢʘʢ ʧʨʷʤʳʝ ʪʘʢ ʠ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ  

ʥʘʢʦʧʣʝʥʠʝʤ  ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʤʘʩʩʳ ʠ ʝʝ ʧʝʨʝʨʘʙʦʪʢʠ ʚ ʥʝʬʪʴ [3]. 

ʊʝʦʨʠʷ ʢʦʥʚʝʨʛʝʥʮʠʠ  ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʣʝʞʝʡ ʋɺ ʷʚʣʷʝʪʩʷ, ʥʘ ʥʘʰ 

ʚʟʛʣʷʜ, ʥʘʠʙʦʣʝʝ ʧʨʠʝʤʣʝʤʦʡ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʧʨʠʨʦʜʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʅɻʆ. ɺ ʦʩʥʦʚʝ ʪʝʦʨʠʠ  ʜʚʝ ʚʝʪʚʠ: ʥʠʩʭʦʜʷʱʘʷ 

ʵʢʟʦʛʝʥʥʘʷ ʚʝʪʚʴ - ʨʘʩʧʘʜ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʥʘ ʧʨʦʩʪʳʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʧʨʦʜʫʢʪʳ ʠ ʵʤʠʛʨʘʮʠʷ ʧʦʩʣʝʜʥʠʭ ʠʟ ʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ ʚ 

ʢʦʣʣʝʢʪʦʨʳ ʠ ʚʦʩʭʦʜʷʱʘʷ ʵʥʜʦʛʝʥʥʘʷ ʚʝʪʚʴ - ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ 

ʤʝʪʘʥʘ ʠ ʝʛʦ ʛʦʤʦʣʦʛʦʚ ʥʘ ʛʨʘʥʠʮʝ ʤʘʥʪʠʠ ɿʝʤʣʠ ʠ ʚʝʨʪʠʢʘʣʴʥʘʷ ʤʠʛʨʘʮʠʷ 

ʠʭ ʧʦ ʨʘʟʣʦʤʘʤ ʚ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ-ʢʦʣʣʝʢʪʦʨʳ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ 

ʩʭʦʜʷʪʩʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʚʝʪʚʠ ʠʣʠ ʥʝʪ, ʚ ʧʣʘʩʪʘʭ ʢʦʣʣʝʢʪʦʨʘʭ 

ʦʙʨʘʟʫʶʪʩʷ ʥʝʬʪʷʥʳʝ,  ʛʘʟʦʚʳʝ ʠʣʠ ʛʘʟʦʢʦʥʜʝʥʩʘʪʥʳʝ ʠ ʛʘʟʦʛʠʜʨʘʪʥʳʝ 

ʟʘʣʝʞʠ [4]. 

ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʨʠʟʥʘʝʪʩʷ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʦʩʦʙʘʷ ʨʦʣʴ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʟʘʣʝʞʝʡ ʜʦʣʞʥʘ ʧʨʠʥʘʜʣʝʞʘʪʴ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤ 

ʟʦʥʘʤ ʠ ʘʢʪʠʚʠʟʠʨʦʚʘʥʥʳʤ ʨʘʟʣʦʤʥʳʤ ʩʠʩʪʝʤʘʤ, ʷʚʣʷʶʱʠʤʠʩʷ ʟʦʥʘʤʠ 

ʨʘʟʛʨʫʟʢʠ ʛʣʫʙʠʥʥʳʭ ʬʣʶʠʜʦʚ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʠ ʧʨʦʚʦʜʷʱʠʤʠ 

ʢʘʥʘʣʘʤʠ ʜʣʷ ʩʫʙʚʝʨʪʠʢʘʣʴʥʳʭ ʤʠʛʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʀʟʫʯʝʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʦʡ ʛʝʦʜʠʥʘʤʠʢʠ ʥʝʬʪʝʛʘʟʦʥʦʩʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʘʟʥʳʭ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʢʘʭ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʟʦʥʳ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ 

ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʩʠʩʪʝʤʘʤʠ ʛʣʫʙʠʥʥʳʭ ʨʘʟʣʦʤʦʚ, ʫʭʦʜʷʱʠʭ ʚ ʤʘʥʪʠʶ ʠ ʠʭ 

ʘʢʪʠʚʥʦʩʪʴʶ [5].  
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ʉʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʨʝʘʣʠʟʦʚʘʪʴ ʧʨʦʛʥʦʟʥʦʝ ʢʨʘʪʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʟʘʧʘʩʦʚ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ ʗʢʫʪʠʠ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʧʨʠ ʦʪʢʨʳʪʠʠ 

ʛʠʛʘʥʪʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʩʳʨʴʷ, ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʥʝʩʦʤʥʝʥʥʳʡ ʥʘʫʯʥʳʡ ʠ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʅʘ ʧʨʠʤʝʨʘʭ ʢʨʫʧʥʝʡʰʠʭ ʩʫʧʝʨʙʘʩʩʝʡʥʦʚ ʤʠʨʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʦʩʥʦʚʥʳʝ ʩʢʦʧʣʝʥʠʷ ʥʝʬʪʠ ʠ ʛʘʟʘ ʚ ʛʠʛʘʥʪʩʢʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪʩʷ  ʠʭ ʧʦʟʠʮʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʩʝʜʥʝʛʦ ʛʦʨʥʦʛʦ ʩʦʦʨʫʞʝʥʠʷ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʪʘʢʠʭ  ʙʘʩʩʝʡʥʦʚ ʩʦʩʪʦʠʪ ʠʟ ʚʳʪʷʥʫʪʦʛʦ ʞʝʣʦʙʦʦʙʨʘʟʥʦʛʦ 

ʧʨʦʛʠʙʘ ʠ ʢʨʫʧʥʦʡ ʠʟʦʤʝʪʨʠʯʥʦʡ ʚʧʘʜʠʥʳ, ʩʦʩʝʜʩʪʚʫʶʱʠʭ ʩ ʛʦʨʥʳʤ 

ʩʦʦʨʫʞʝʥʠʝʤ ʅʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ ʙʘʩʩʝʡʥʦʚ, ʫʩʪʘʥʘʚʣʠʚʘʶʱʠʤ 

ʩʚʷʟʴ  ʩ ʬʣʶʠʜʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʘʨʘʜʠʛʤʘʤʠ, ʷʚʣʷʝʪʩʷ  ʛʘʟʦʧʠʪʘʶʱʠʡ 

ʨʘʟʣʦʤ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʛʠʙʦʚ, ʫʭʦʜʷʱʠʡ ʚ ʤʘʥʪʠʶ, ʩ 

ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʠʛʨʘʮʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʚʝʱʝʩʪʚʘ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷ ʝʛʦ ʚ ʣʦʚʫʰʢʘʭ ʋɺ [4].  

ʆʪʤʝʪʠʤ  ʩʫʱʝʩʪʚʫʶʱʠʝ ʘʥʘʣʦʛʠʠ ʩ ʪʘʢʠʤʠ ʙʘʩʩʝʡʥʘʤʠ ʪʝʨʨʠʪʦʨʠʠ 

ʧʨʠʙʦʨʪʦʚʦʡ ʯʘʩʪʠ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʦʡ ʘʥʪʝʢʣʠʟʳ (ʚ ʧʨʝʜʝʣʘʭ  ʅʝʧʩʢʦ- 

ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ ʠ ʄʠʨʥʠʥʩʢʦʛʦ ʚʳʩʪʫʧʘ) ʠ ʟʘʧʘʜʥʦʛʦ ʩʝʛʤʝʥʪʘ 

ʅʶʡʩʢʦ-ɼʞʝʨʙʠʥʩʢʦʡ ʚʧʘʜʠʥʳ  ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ ʥʘ ʶʛʦ-ʟʘʧʘʜʝ 

ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ), ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ  

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ  ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʨʠʪʠʯʥʦʩʪʴʶ 

ʨʘʩʮʝʥʠʚʘʪʴ ʢʘʢ ʧʨʝʜʧʦʩʳʣʢʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ  ʟʜʝʩʴ  ʛʠʛʘʥʪʩʢʠʭ ʤʝʩʪʦʨʦʞ-

ʜʝʥʠʡ. 

ʌʦʨʤʘʣʴʥʳʝ ʧʨʠʟʥʘʢʠ  ʥʘʣʠʯʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʫʧʝʨʙʘʩʩʝʡʥʘ  

ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʠʤʝʶʪʩʷ. ʅʘ ʶʛʦ-ʚʦʩʪʦʢʝ ʪʝʨʨʠʪʦʨʠʠ 

ʨʘʩʧʦʣʦʞʝʥʘ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʘʷ ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴ (ɹʇʉʆ), ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜʝ  

ʥʘ ʨʘʩʩʪʦʷʥʠʠ 150-200 ʢʤ ʦʪ ʥʝʛʦ ʨʘʩʧʦʣʦʞʝʥʘ ʅʝʧʩʢʦ-ɹʦʪʫʦʙʠʥʩʢʘʷ 

ʘʥʪʝʢʣʠʟʘ, ʷʚʣʷʶʱʘʷʩʷ ʦʙʣʘʩʪʴʶ ʥʝʬʪʝʛʘʟʦʥʘʢʦʧʣʝʥʠʷ, ʘ ʤʝʞʜʫ ʥʠʤʠ 

ʨʘʩʧʦʣʦʞʝʥ ʩʝʛʤʝʥʪ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ 

ʧʨʦʜʫʢʪʠʚʥʳʝ ʧʦ ʥʝʬʪʝʛʘʟʦʛʝʥʝʨʘʮʠʦʥʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʛʣʠʥʠʩʪʳʝ, 

ʛʣʠʥʠʩʪʦ-ʘʣʝʚʨʠʪʠʩʪʳʝ ʠ ʤʝʨʛʝʣʠʩʪʳʝ ʦʪʣʦʞʝʥʠʷ, ʦʙʦʛʘʱʝʥʥʳʝ ʋɺ 

ʩʣʘʛʘʶʪ  ʫʛʣʝʨʦʜʠʩʪʳʝ ʬʦʨʤʘʮʠʠ ʩʨʝʜʥʝʛʦ ʠ ʚʝʨʭʥʝʛʦ ʨʠʬʝʷ. ʈʠʬʝʡʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ ʚʳʭʦʜʷʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʚ ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ 

ʦʙʣʘʩʪʠ; ʝʱʝ ʥʝ ʚʩʢʨʳʪʳ ʙʫʨʝʥʠʝʤ  ʚ ʧʨʦʛʠʙʝ, ʛʜʝ ʠʧʨʝʜʧʦʣʦʛʘʝʪʩʷ  ʠʭ 
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ʟʥʘʯʠʪʝʣʴʥʘʷ ʤʦʱʥʦʩʪʴ ʚ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʠ, ʘ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʅɹɸ ʦʥʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

 ʆʩʘʜʦʯʥʳʡ ʯʝʭʦʣ ʚʝʥʜ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʅɹɸ ʥʝ ʩʦʜʝʨʞʠʪ 

ʥʝʬʪʝʛʘʟʦʤʘʪʝʨʠʥʩʢʠʭ ʧʦʨʦʜ  ʠ ʧʦʵʪʦʤʫ  ʛʝʥʝʟʠʩ ʦʪʢʨʳʪʳʭ ʟʜʝʩʴ ʢʨʫʧʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʋɺ ʠ ʫʥʢʘʣʴʥʦʛʦ  ʥʝʬʪʝʛʘʟʦʢʦʥʜʝʥʩʘʪʥʦʛʦ ʏʘʷʥʜʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠ ʷʚʣʷʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ. ʆʜʥʘ ʪʦʯʢʘ ʟʨʝʥʠʷ ʦʙʲʷʩʥʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʘ ʩʯʝʪ ʜʘʣʴʥʝʡ  ʣʘʪʝʨʘʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʠʟ 

ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ  ɹʘʡʢʘʣʦ-ʇʘʪʦʤʩʢʦʡ ʢʨʘʝʚʦʡ ʩʠʩʪʝʤʳ, ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ 

ʪʦʯʢʘ ʟʨʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ  ʧʦʜʬʫʥʜʘʤʝʥʪʥʳʡ  ʠʩʪʦʯʥʠʢ  ʠ ʚʝʨʪʠʢʘʣʴʥʫʶ 

ʤʠʛʨʘʮʠʶ  ʬʣʶʠʜʥʳʭ ʧʦʪʦʢʦʚ. ʆʪʤʝʪʠʤ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʩʫʤʤʘʨʥʳʝ   

ʨʘʟʚʝʜʘʥʥʳʝ ʟʘʧʘʩʳ ʦʪʢʨʳʪʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʅɹɸ ʩʦʩʪʘʚʣʷʶʪ ʧʝʨʚʳʝ 

ʧʨʦʮʝʥʪʳ ʦʪ ʛʝʥʝʨʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʛʤʝʥʪʝ 

ʇʨʝʜʧʘʪʦʤʩʢʦʡ ʢʨʘʝʚʦʡ ʩʠʩʪʝʤʳ. 

ʇʨʠʚʝʜʝʤ ʨʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʤʝʶʱʠʭ ʦʪʥʦʰʝʥʠʝ ʢ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʚʦʧʨʦʩʫ  [2]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʷʜʘ (ʘʥʪʝʢʣʠʟʘ, ʧʨʦʛʠʙ, 

ʩʢʣʘʜʯʘʪʘʷ ʦʙʣʘʩʪʴ) ʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʷʭ ʘʨʛʫʤʝʥʪʠʨʫʝʪʩʷ, ʯʪʦ  ʚ 

ʦʩʥʦʚʘʥʠʠ ʅʝʧʩʢʦ-ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ ʅɹɸ ʟʘʣʝʛʘʝʪ ʧʝʨʝʢʨʳʪʳʡ 

ʨʝʣʠʢʪʦʚʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʧʣʘʩʪʠʥʦʡ ʘʚʣʘʢʦʛʝʥ,  ʚʳʧʦʣʥʝʥʥʳʡ 

ʤʦʱʥʳʤʠ ʪʦʣʱʘʤʠ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʠ ʷʚʣʷʶʱʠʡʩʷ  ʧʨʦʜʦʣʞʝʥʠʝʤ 

ʀʨʢʠʥʝʝʚʦ-ʏʘʜʦʙʝʮʢʦʛʦ  ʧʘʣʝʦʨʠʬʪʘ  ɸʨʝʘʣ ʨʘʟʚʠʪʠʷ  ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʧʣʘʩʪʠʥʳ ʟʘ ʧʨʝʜʝʣʳ ʩʚʦʜʘ ʧʦʢʘ ʥʝ ʫʩʪʘʥʦʚʣʝʥ 

ʇʣʘʪʬʦʨʤʝʥʥʳʡ ʦʙʣʠʢ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʠ ʦʙʱʘʷ ʧʨʠʧʦʜʥʷʪʦʩʪʴ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʣʘʥʘ, ʧʨʠʩʫʱʠʝ  ʘʥʪʝʢʣʠʟʝ ʥʘ ʫʨʦʚʥʝ ʥʠʞʥʝʛʦ ʚʝʥʜʘ, 

ʩʦʭʨʘʥʷʶʪʩʷ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚ ʩʪʦʨʦʥʫ ʇʨʝʜʧʘʪʦʤʩʢʦʛʦ ʧʨʦʛʠʙʘ 

ʥʘ 100-150 ʢʤ,  ʯʪʦ ʦʟʥʘʯʘʝʪ  ʚʳʨʦʞʜʝʥʠʝ ʚʥʝʰʥʝʡ ʯʘʩʪʠ ʧʨʦʛʠʙʘ  ʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʰʦʚʥʳʡ ʭʘʨʘʢʪʝʨʝ ʩʦʧʨʷʞʝʥʠʷ ʅɹɸ ʩ  ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʴʶ 

ʧʨʦʛʠʙʘ  ʚ ʝʛʦ  ʟʘʧʘʜʥʦʤ ʩʝʛʤʝʥʪʝ ʠ ɹʇʉʆ. 

ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʧʦʣʝʡ ʚ  ʧʨʝʜʝʣʘʭ ʵʪʦʡ 

ʢʨʘʝʚʦʡ  ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ ʜʦ ʰʦʚʥʦʛʦ  ʩʦʝʜʠʥʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʡ 

ʤʦʱʥʳʡ ʨʘʟʨʝʟ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʚʝʨʦʷʪʥʦ, ʦʪʩʫʪʩʪʚʫʝʪ. ɺʧʦʣʥʝ 

ʚʦʟʤʦʞʥʦ, ʯʪʦ ʚʳʜʝʣʷʝʤʘʷ ʟʜʝʩʴ ʨʘʥʝʝ ʚʥʝʰʥʷʷ ʯʘʩʪʴ ʧʨʦʛʠʙʘ  ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʧʣʘʥʝ ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʠ ʚʳʨʘʞʝʥʘ ʣʠʰʴ ʧʦ ʢʨʦʚʣʝ 

ʘʚʪʦʭʪʦʥʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʠ ʚ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʧʣʘʥʝ ʚʳʰʝʣʝʞʘʱʝʡ ʯʘʩʪʠ 
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ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʘʧʦʣʥʝʥʘ, ʚ ʦʩʥʦʚʥʦʤ, ʤʥʦʛʦʵʪʘʞʥʳʤʠ ʜʫʧʣʝʢʩʘʤʠ 

ʘʣʣʦʭʪʦʥʥʳʭ ʧʣʘʩʪʠʥ, ʥʘʜʚʠʥʫʪʳʭ ʩ ʚʦʩʪʦʢʘ ʠ  ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʦʩʘʜʦʯʥʳʤʠ ʪʦʣʱʘʤʠ ʚʝʥʜ - ʢʝʤʙʨʠʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ.  

ʂ ʶʛʦ-ʚʦʩʪʦʢʫ ʦʪ ʰʦʚʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ  ʧʨʦʛʥʦʟʠʨʫʝʪʩʷ ʨʝʟʢʦʝ 

ʧʦʛʨʫʞʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʬʫʥʜʘʤʝʥʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʠ 

ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʟʘ ʩʯʝʪ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʦʡ ʪʦʣʱʠ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʧʣʘʥʝ ʝʡ, ʦʯʝʚʠʜʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʦʥʘ ʧʦʣʥʦʡ 

ʜʝʩʪʨʫʢʮʠʠ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʚʩʣʝʜʩʪʚʠʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʥʘʜʚʠʛʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʩʢʣʘʜʯʘʪʦʩʪʠ, ʢʦʪʦʨʘʷ ʧʨʝʜʰʝʩʪʚʫʝʪ ʛʦʨʥʦʤʫ 

ʬʨʦʥʪʫ. 

ʇʨʝʜʧʦʣʘʛʘʝʤʦʝ ʧʦʢʘ ʰʦʚʥʦʝ ʩʦʯʣʝʥʝʥʠʝ ʅɹɸ  ʩ ʜʠʩʪʘʣʴʥʦʡ ʯʘʩʪʴʶ 

ʧʨʦʛʠʙʘ, ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ, ʥʝʩʦʤʥʝʥʥʦ ʷʚʣʷʝʪʩʷ ʛʣʫʙʠʥʥʳʤ ʨʘʟʣʦʤʦʤ  

ʠ  ʜʦʧʦʣʥʷʝʪ  ʦʪʤʝʯʝʥʥʳʡ ʚʳʰʝ ʩʪʨʫʢʪʫʨʥʳʡ ʨʷʜ ʩʫʧʝʨʙʘʩʩʝʡʥʘ ʝʛʦ 

ʥʝʦʪʲʝʤʣʝʤʳʤ ʵʣʝʤʝʥʪʦʤ.    

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ 

ʧʦʜʬʫʥʜʘʤʝʥʪʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʅʝʧʩʢʦ-ʇʝʣʝʜʫʡʩʢʦʛʦ ʩʚʦʜʘ ʅɹɸ  ʤʦʞʝʪ  

ʙʳʪʴ ʦʪʢʨʳʪʦ ʛʠʛʘʥʪʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʨʝʘʣʠʟʫʝʪʩʷ 

ʩʫʤʤʘʨʥʳʡ ʛʝʥʝʨʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʨʠʬʝʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʧʘʣʝʦʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ ʠ ʇʨʝʜʧʘʪʦʤʩʢʦʡ ʢʨʘʝʚʦʡ ʩʠʩʪʝʤʳ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʝʛʤʝʥʪʝ. 
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ʅɽʆɼʅʆʈʆɼʅʆʉʊʀ ʂʋɹʀʏɽʉʂʀʍ ʂʈʀʉʊɸʃʃʆɺ ɸʃʄɸɿɸ 

ɺʊʆʈʆʁ ʄʀʅɽʈɸʃʆɻʀʏɽʉʂʆʁ ʈɸɿʅʆɺʀɼʅʆʉʊʀ 

 

ɹʝʩʢʨʦʚʘʥʦʚ ɺ.ɺ.
1,2 

1 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

2 ï ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʠʤ. ɺ.ʇ. ʃʘʨʠʦʥʦʚʘ ʉʆ ʈɸʅ,        

ʛ. ʗʢʫʪʩʢ 

 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪ ɹ II  ʧʨʠʚʣʝʢʣʘ ʚʥʠʤʘʥʠʝ ʪʝʤ, ʯʪʦ 

ʩʦʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ (5 ð 50 %) ʘʣʤʘʟʦʚ ʚ ʨʦʩʩʳʧʷʭ ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʩ ʥʝʫʩʪʘʥʦʚʣʝʥʥrʤʠ ʢʦʨʝʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ [2]. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩʣʫʞʠʪ 

ʢʫʙʠʯʝʩʢʘʷ ʬʦʨʤʘ, ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʞʝʣʪʘʷ ʦʢʨʘʩʢʘ ʠ ʢʦʤʧʣʝʢʩ ʧʨʠʟʥʘʢʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʧʨʠʩʫʪʩʪʚʠʝʤ ʜʠʩʧʝʨʩʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʘʪʦʤʦʚ ʘʟʦʪʘ:  

ʀʂ-ʩʠʩʪʝʤʘ ʉ, ʪʨʠʧʣʝʪ ʚ ʩʧʝʢʪʨʝ ʕʇʈ, ʛʨʘʥʠʮʘ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ l < 500 

½ 550 ʥʤ, ʵʤʠʩʩʠʦʥʥʳʝ ʩʠʩʪʝʤʳ S1 ʠ 440 ʥʤ. ɿʘʤʝʯʝʥʦ, ʯʪʦ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʥʝ ʛʦʤʦʛʝʥʥʘ ʠ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʝ ʛʨʫʧʧʳ [3], ʢʘʞʜʘʷ ʠʟ 

ʢʦʪʦʨʳʭ  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʫʤʤʘʨʥʳʤ ʚʣʠʷʥʠʝʤ ʜʝʬʝʢʪʦʚ ɸ ʠ ʉ. ʇʝʨʚʘʷ 

ʛʨʫʧʧʘ ʦʙʨʘʟʫʝʪ ʩʤʝʰʘʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʪʠʧ Ia+Iʚ, ʫ ʚʪʦʨʦʡ ʜʨʫʛʦʡ ʛʨʫʧʧʳ 

ʜʝʬʝʢʪ ʉ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʜʝʬʝʢʪʦʤ ɸ (Iʚ+Iʘ), ʯʪʦ ʩʙʣʠʞʘʝʪ ʝʝ ʩ 

ʩʠʥʪʝʪʠʯʝʩʢʠʤʠ ʘʣʤʘʟʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʕ.ʄ. ɻʘʣʠʤʦʚʘ ʛʨʫʧʧʳ ʦʪʣʠʯʘʶʪʩʷ 

ʠ ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ, ʯʪʦ  ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʥʳʝ ʠʩʪʦʯʥʠʢʠ ʝʛʦ 

ʧʦʩʪʫʧʣʝʥʠʷ. ɺ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ŭ 13
ʉ  ʠʟʤʝʥʷʝʪʩʷ ʦʪ ð7,0 ʜʦ ð 8,9 ă, ʚʦ 

ʚʪʦʨʦʡ ʦʪ  ð 9,9 ʜʦ ð 16,8 ă. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ II ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʨʫʙʦʢ ʄʠʨ ʠ ʋʜʘʯʥʘʷ; ʠʟ 

ʦʢʦʣʦʪʨʫʙʦʯʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʞʠʣ, ʩʦʧʨʷʞʝʥʥʳʭ ʩ ʪʨʫʙʢʘʤʠ ʄʠʨ, 

ʋʜʘʯʥʘʷ ʠ ʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷ; ʘ ʪʘʢʞʝ ʠʟ ʵʢʣʦʛʠʪʦʚʳʭ ʢʩʝʥʦʣʠʪʦʚ. 

ʀʟʫʯʝʥʳ  ʮʝʣʝr ʢʨʠʩʪʘʣʣʳ ʠ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ð ʚʳʨʝʟʘʥʥʳʝ ʠʟ ʥʠʭ 
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ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ. ɺʩʝ ʘʣʤʘʟʳ ʦʢʨʘʰʝʥʳ ʚ ʞʝʣʪʳʡ ʮʚʝʪ 

ʨʘʟʣʠʯʥʳʭ ʦʪʪʝʥʢʦʚ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ,  ʘ ʪʘʢʞʝ ʩʢʫʣʴʧʪʫʨʳ ʠʟ 

ʧʠʨʘʤʠʜʘʣʴʥʳʭ ʷʤʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʤʝʶʪ ʥʠʟʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚʧʣʦʪʴ 

ʜʦ ʧʦʣʥʦʡ ʥʝʧʨʦʟʨʘʯʥʦʩʪʠ. ʋ ʢʘʞʜʦʛʦ ʠʥʜʠʚʠʜʘ ʧʦ ʜʚʫʤ ʚʟʘʠʤʥʦ 

ʧʘʨʘʣʣʝʣʴʥʳʤ ʛʨʘʥʷʤ  (100) ʚʳʰʣʠʬʦʚʳʚʘʣʠʩʴ "ʦʢʥʘ", ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʨʦʩʤʘʪʨʠʚʘʣʦʩʴ ʚʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʙʳʣʠ ʟʘʧʠʩʘʥʳ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ɿʘʪʝʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʚʳʨʝʟʘʥʳ ʮʝʥʪʨʘʣʴʥʳʝ ʧʣʦʩʢʦʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʣʘʩʪʠʥʳ. 

ɺʦ ʚʩʝʭ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʚ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʤ ʩʚʝʪʝ, ʥʘ ʢʘʨʪʠʥʘʭ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ  ʪʦʧʦʛʨʘʤʤʘʭ ʋʌ- ʧʦʛʣʦʱʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ 

ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ. ʇʦ ʜʨʫʛʠʤ ʩʚʦʡʩʪʚʘʤ ʠʟʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʨʘʟʜʝʣʠʣʠʩʴ ʥʘ ʜʚʝ ʛʨʫʧʧʳ ʩ ʥʝʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ. ɸʣʤʘʟʳ 

ʵʪʠʭ ʛʨʫʧʧ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʙʣʠʟʢʠ ʘʣʤʘʟʘʤ ʜʚʫʭ ʛʨʫʧʧ, ʚʳʜʝʣʝʥʥʳʭ ʚ 

ʨʘʙʦʪʝ [3]. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʦʪʣʠʯʠʷ ʙʳʣʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʚ ʩʧʝʢʪʨʘʭ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ. ʋ ʘʣʤʘʟʦʚ ʚʪʦʨʦʡ ʛʨʫʧʧʳ Iʚ+Iʘ ʚ ʩʧʝʢʪʨʝ 

ʩʦʜʝʨʞʘʣʘʩʴ ʠʥʜʠʚʠʜʫʘʣʴʥʘʷ ʩʠʩʪʝʤʘ S1, ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʤʘʷ 

ʩʠʩʪʝʤʦʡ 440,3 ʥʤ. ɺ ɻ ʤʠʩʩʠʦʥʥʳʭ ʩʧʝʢʪʨʘʭ ʛʨʫʧʧʳ Ia+Iʚ  

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʶʪʩʷ ʵʤʠʩʩʠʦʥʥʳʝ ʩʠʩʪʝʤʳ S2, S3,  693, 708, 

793 ʥʤ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʘʣʤʘʟʦʚ ʨʘʟʥʦʚʠʜʥʦʩʪʠ III. ɼʚʘ ʢʨʠʩʪʘʣʣʘ 

ʘʣʤʘʟʘ ʧʦʩʣʝʜʥʝʡ ʛʨʫʧʧʳ ʠʩʩʣʝʜʦʚʘʥʳ ɻ.ɸ. ʇʦʜʟʷʨʝʝʤ (ʀʉʄ, ʛ. ʂʠʝʚ) 

ʩ ʧʦʤʦʱʴʶ ʕʇʈ [1]. ɺ ʨʝʟʫʣʴʪʘʪʝ,  ʫ ʥʠʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʦʙʲʝʤʥʘʷ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʜʚʫʤʷ ʩʧʝʢʪʨʘʤʠ ʚ ʢʘʞʜʦʤ ʦʙʨʘʟʮʝ ʩ 

ʦʪʯʝʪʣʠʚʦ ʨʘʟʣʠʯʘʶʱʝʡʩʷ ʰʠʨʠʥʦʡ ʣʠʥʠʠ ʘʟʦʪʥʦʛʦ ʪʨʠʧʣʝʪʘ:  (0,3 õ 

0,5) ʠ ~3 ɻʩ. ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʣʠʯʠʶ ʚ ʢʘʞʜʦʤ ʢʨʠʩʪʘʣʣʝ ʜʚʫʭ ʟʦʥ ʩ 

ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʘʟʦʪʘ:  (1 õ 3)Ā10 17 
 ʠ (1 õ 2)Ā10 19

 ʩʤ ñ
3
, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

ʀʟ ʞʝʣʪʦʛʦ ʢʫʙʘ 3027 (ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ) ʙʳʣʘ ʚʳʨʝʟʘʥʘ ʧʦ  (100)  

ʧʣʘʩʪʠʥʘ. ɺ ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ, ʥʘ ʪʦʧʦʛʨʘʤʤʘʭ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʧʣʘʩʪʠʥʝ ʥʘ ʬʦʥʝ ʪʦʥʢʦʡ ʢʫʙʠʯʝʩʢʦʡ ʟʦʥʘʣʴʥʦʩʪʠ 

ʧʦ (100) ʚʳʜʝʣʷʶʪʩʷ ʰʠʨʦʢʠʝ ʟʦʥʳ (ʨʠʩ. 1 ). ʅʘʠʙʦʣʝʝ ʦʪʯʝʪʣʠʚʳ ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʰʠʨʦʢʦʡ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʟʦʥʦʡ ʛ ʠ  ʟʦʥʘʤʠ ʚ ʛʣʫʙʠʥʝ ʢʨʠʩʪʘʣʣʘ. 

ʇʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʟʦʥʘ ʛ ʠʤʝʝʪ ʥʘʩʳʱʝʥʥʳʡ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʡ ʮʚʝʪ, 

ʢʦʪʦʨʳʡ ʠ ʦʧʨʝʜʝʣʷʝʪ ʮʚʝʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʚ ʮʝʣʦʤ. ʇʦʜ ʥʝʡ ʣʝʞʠʪ ʟʦʥʘ ʚ ʩ 
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ʝʜʚʘ ʟʘʤʝʪʥʳʤ ʞʝʣʪʳʤ ʦʪʪʝʥʢʦʤ ʠ ʟʘʪʝʤ ʙʝʩʮʚʝʪʥʘʷ ʰʠʨʦʢʘʷ ʢʫʙʠʯʝʩʢʘʷ 

ʟʦʥʘ ʙ. ʀ, ʥʘʢʦʥʝʮ, ʮʝʥʪʨʘʣʴʥʘʷ ʟʦʥʘ ʘ ʠʤʝʝʪ ʩʣʘʙʫʶ ʦʢʨʘʩʢʫ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʛʦ ʮʚʝʪʘ (ʚʦʟʤʦʞʥʦ ʩʝʨʦʛʦ), ʚʩʣʝʜʩʪʚʠʝ ʪʨʫʜʥʦʩʪʠ ʮʚʝʪʦʚʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʅʘ ʪʦʧʦʛʨʘʤʤʘʭ ʋʌ-ʧʦʛʣʦʱʝʥʠʷ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ ʞʝʣʪʦ-

ʦʨʘʥʞʝʚʘʷ ʟʦʥʘ ʛ ʥʝʧʨʦʟʨʘʯʥʘ ʫʞʝ ʩ l < 350 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʧʨʦʤʝʞʫʪʦʯʥʘʷ ʙʝʩʮʚʝʪʥʘʷ ʟʦʥʘ ʙ ʧʨʦʟʨʘʯʥʘ ʜʦ l < 290 ʥʤ. ʇʦʜ 

ʤʠʢʨʦʩʢʦʧʦʤ ʚʠʜʥʦ, ʯʪʦ ʩʚʝʯʝʥʠʝ ʚʦʟʙʫʞʜʘʝʪʩʷ ʚ ʙʝʩʮʚʝʪʥʦʡ ʟʦʥʝ ʙ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚʥʝʰʥʷʷ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʘʷ ʟʦʥʘ ʛ ʥʝ ʣʶʤʠʥʝʩʮʠʨʫʝʪ.  ʕʪʘ 

ʢʘʨʪʠʥʘ ʚʦʩʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʋʌ-ʪʦʧʦʛʨʘʤʤʝ ʩ l = 306 ʥʤ. 

 

 
ʈʠʩ 1. ɺʥʫʪʨʝʥʥʝʝ   ʩʪʨʦʝʥʠʝ (ʘʥʘʪʦʤʠʷ) ʘʣʤʘʟʥʦʡ ʧʣʘʩʪʠʥʳ, ʚʳʨʝʟʘʥʥʦʡ ʧʦ 

(100) ʠʟ ʢʨʠʩʪʘʣʣʘ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ II (ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ). ʊʦʧʦʛʨʘʤʤʘ 

ʧʦʛʣʦʱʝʥʠʷ ʋʌ-ʩʚʝʪʘ ʩ l = 330 ʥʤ (ʯʝʨʥʦʝ ½ ʧʦʛʣʦʱʝʥʠʝ, ʙʝʣʦʝ ½ ʧʨʦʧʫʩʢʘʥʠʝ). 

 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʧʝʢʪʨʳ ʀʂ-ʧʦʛʣʦʱʝʥʠʷ, ʟʘʧʠʩʘʥʥrʝ ʩ ʨʘʟʥʳʭ 

ʯʘʩʪʝʡ ʧʣʘʩʪʠʥʳ 3027; ʦʜʠʥ ʩ ʦʙʝ̡ʜʠʥʝʥʥʦʛʦ ʫʯʘʩʪʢʘ (ʟʦʥʳ ʘ + ʙ), ʚʪʦʨʦʡ 

½ ʩ ʦʢʨʘʰʝʥʥʦʡ ʚʥʝʰʥʝʡ ʟʦʥʳ ʛ  ʦʪʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ ʧʦʣʦʩʳ 

1135 ʩʤ-1 ʚ ʩʧʝʢʪʨʝ ʦʢʨʘʰʝʥʥʦʡ ʟʦʥʳ ʛ ʠ ʦʪʩʫʪʩʪʚʫʶʱʝʡ ʚ ʩʧʝʢʪʨʝ ʷʜʨʘ 

(ʟʦʥʳ ʘ + ʙ). 

ʋʢʘʟʘʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʞʝʣʪʦʛʦ ʢʫʙʘ 3027 ʧʦʟʚʦʣʠʣʦ ʧʦʥʷʪʴ 

ʩʚʷʟʘʥʥʳʡ ʩ ʵʪʠʤ ʢʨʠʩʪʘʣʣʦʤ ʧʘʨʘʜʦʢʩ. ʄʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ 

ʧʨʠʟʥʘʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʝʛʦ ʢʘʢ ʘʣʤʘʟ ʨʘʟʥʦʚʠʜʥʦʩʪʠ II. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʚ ʩʧʝʢʪʨʝ ʝʛʦ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʜʝʨʞʘʪʩʷ ʵʣʝʢʪʨʦʥʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ S2, 693, 708 ʠ 788/793, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʘʣʤʘʟʳ III 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʅʘʙʣʶʜʘʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʜʣʷ 
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ʨʘʟʥʦʚʠʜʥʦʩʪʠ II ʩʣʘʙʘʷ ʩʠʩʪʝʤʘ S1. ʆʙʦʙʱʘʷ ʧʨʠʟʥʘʢʠ ʦʪʣʠʯʘʶʱʠʝ 

ʦʢʨʘʰʝʥʥʫʶ ʟʦʥʫ ʠ ʙʝʩʮʚʝʪʥʦʝ ʷʜʨʦ, ʧʨʠʭʦʜʠʤ ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʚʦʡʩʪʚʘʤʠ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ II ʦʙʣʘʜʘʝʪ ʪʦʣʴʢʦ ʥʘʨʫʞʥʘʷ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʘʷ ʟʦʥʘ ʛ. ʗʜʨʦ 

(ʟʦʥʘ ʘ + ʟʦʥʘ ʙ) ʧʦ ʢʦʤʧʣʝʢʩʫ ʧʨʠʟʥʘʢʦʚ ʩʣʝʜʫʝʪ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʢʘʢ 

ʘʣʤʘʟ ʨʘʟʥʦʚʠʜʥʦʩʪʠ III. ʕʪʦ ʷʜʨʦ ʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ 

ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪʠʧʠʯʥʳʡ ʜʣʷ ʘʣʤʘʟʦʚ ʨʘʟʥʦʚʠʜʥʦʩʪʠ III, ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʠʥʪʝʛʨʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʫʙʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ 3027, ʚ ʮʝʣʦʤ, 

ʬʦʨʤʠʨʫʶʪʩʷ ʥʝʣʶʤʠʥʝʩʮʠʨʫʶʱʝʡ ʥʘʨʫʞʥʦʡ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʦʡ ʟʦʥʦʡ 

ʘʣʤʘʟʘ ʨʘʟʥʦʚʠʜʥʦʩʪʠ II.  

ʉʦʚʤʝɦʝʥʠʝ ʘʣʤʘʟʘ ʜʚʫʭ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʠ III ʚ ʦʜʥʦʤ ʢʫʙʠʯʝʩʢʦʤ 

ʢʨʠʩʪʘʣʣʝ ʦʙʥʘʨʫʞʝʥʦ ʚʧʝʨʚʳʝ ʠ ʥʝ ʦʧʠʩʘʥʦ ʚ ʠʟʚʝʩʪʥʦʡ ʥʘʤ ʣʠʪʝʨʘʪʫʨʝ. 

ʆʜʥʘʢʦ ʥʘʭʦʜʢʘ ʝʱʝ ʦʜʥʦʛʦ ʢʨʠʩʪʘʣʣʘ    3113 (ʪʨʫʙʢʘ ʋʜʘʯʥʘʷ) ʩ ʦʙʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʠʥʜʠʚʠʜʘ 3027 ʫʢʘʟʳʚʘʝʪ ʥʘ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʦʧʠʩʘʥʥʦʝ 

ʩʦʚʤʝʱʝʥʠʝ ʥʝ ʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʝʥʠʝʤ. ɺ ʵʤʠʩʩʠʦʥʥʦʤ ʩʧʝʢʪʨʝ  ʞʝʣʪʦʛʦ 

ʢʫʙʘ 3113 ʩʦʜʝʨʞʘʣʠʩʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʥʥʦ-ʢʦʣʝʙʘʪʝʣʴʥʳʝ 

ʩʠʩʪʝʤʳ S2, 693, 708 ʠ 788/793, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʨʘʟʥʦʚʠʜʥʦʩʪʴ III .  

ɾʝʣʪʳʡ ʢʫʙ 193 (ʪʨʫʙʢʘ ʄʠʨ) ʨʘʟʥʦʚʠʜʥʦʩʪʠ II  ʦʙʥʘʨʫʞʠʣ ʝʱʝ ʦʜʠʥ 

ʚʘʨʠʘʥʪ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ. ɺʥʫʪʨʠ ʝʛʦ ʚ  ʜʦʧʦʣʥʝʥʠʝ ʢ ʚʦʣʦʢʥʠʩʪʦʡ 

ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʷʜʨʦ. ɼʝʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ  

ʘʥʘʪʦʤʠʠ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ.   

ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ ʘʚʪʦʨʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʣʠ ʥʘʩ 

ʢ ʚʳʚʦʜʫ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʨʠ ʚʘʨʠʘʥʪʘ ʘʥʘʪʦʤʠʠ ʞʝʣʪʳʭ ʢʫʙʠʯʝʩʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʦʚʠʜʥʦʩʪʠ II: ʘ) ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ; ʙ) ʚʦʣʦʢʥʠʩʪʘʷ 

ʩʪʨʫʢʪʫʨʘ ʩ ʢʫʙʠʯʝʩʢʠʤ ʷʜʨʦʤ ʘʣʤʘʟʘ ʨʘʟʥʦʚʠʜʥʦʩʪʠ III  (ʦʙʨʘʟʮʳ 3027, 

3113); ʚ) ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ ʦʢʪʘʵʜʨʠʯʝʩʢʠʤ ʷʜʨʦʤ (ʦʙʨʘʟʝʮ 193).  

ʕʪʦʪ ʚʳʚʦʜ ʜʠʢʪʫʝʪ ʪʨʝʙʦʚʘʥʠʝ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʘʥʘʪʦʤʠʠ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʛʝʥʝʪʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʫʢʘʞʝʤ ʚʣʠʷʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʧʣʘʩʪʠʥʝ 3027 ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ 

ʦʙʲʝʤʥʳʝ ʚʘʨʠʘʮʠʠ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ [2]. ɺ ʩʧʝʢʪʨʝ ʞʝʣʪʦʡ ʦʙʦʣʦʯʢʠ 

ʥʘʙʣʶʜʘʶʪʩʷ ʤʘʢʩʠʤʫʤʳ ʬʦʪʦʪʦʢʘ ʧʨʠ 460 ʠ 500 ʥʤ. ʇʨʠ ʵʪʦʤ ʧʠʢ 500 

ʥʤ ʠʥʪʝʥʩʠʚʥʝʝ ʧʠʢʘ 460 ʥʤ. ɺ ʩʧʝʢʪʨʝ ʷʜʝʨʥʦʡ  ʙʝʩʮʚʝʪʥʦʡ (ʩʝʨʦʡ) 

ʯʘʩʪʠ ʢʨʠʩʪʘʣʣʘ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʪʥʦʝ ʠ ʧʦʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʫʤ ʧʨʠ 
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760 ʥʤ, ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʚ ʩʧʝʢʪʨʝ ʦʙʦʣʦʯʢʠ. ɺ ʩʧʝʢʪʨʘʭ ʦʙʝʠʭ ʯʘʩʪʝʡ 

ʢʨʠʩʪʘʣʣʘ  ʥʘʙʣʶʜʘʶʪʩʷ ʧʠʢʠ ʬʦʪʦʪʦʢʘ  260 ʠ 290 ʥʤ.  
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 2 ï ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʠʤ. ɺ.ʇ. ʃʘʨʠʦʥʦʚʘ ʉʆ ʈɸʅ,  

ʛ. ʗʢʫʪʩʢ 

 

ʋʛʣʝʨʦʜ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʦʙʳʯʘʡʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʞʝʣʝʟʫ. ʅʘ ʵʪʦ 

ʦʙʨʘʪʠʣ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪ ʠ ʚ 1922 ʛʦʜʫ ʨʘʟʜʝʣʠʣ ʚʩʝ ʵʣʝʤʝʥʪʳ ʥʘ 

ʭʘʣʴʢʦʬʠʣʴʥʳʝ ʣʠʪʦʬʠʣʴʥʳʝ ʠ ʩʠʜʝʨʦʬʠʣʴʥʳʝ. ʂ ʩʠʜʝʨʦʬʠʣʴʥʳʤ ʦʥ 

ʦʪʥʝʩ ʵʣʝʤʝʥʪʳ, ʙʣʠʟʢʠʝ ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢ ʞʝʣʝʟʫ (ʦʪ ʛʨʝʯ. 

Siderros ï ʞʝʣʝʟʦ + phileoj ˈ ʣʶʙʣʶ). ʉʨʝʜʠ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʳ, 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʤʝʪʘʣʣʳ Pd, Pt, Mo, ʉʦ,  Ni, Os, Re ʠ ʜʨ. (ʚʩʝʛʦ 11 

ʵʣʝʤʝʥʪʦʚ), ʘ ʠʟ ʥʝʤʝʪʘʣʣʦʚ ½ ʬʦʩʬʦʨ ʠ ʫʛʣʝʨʦʜ [9]. ʉʨʦʜʩʪʚʦ ʫʛʣʝʨʦʜʘ ʢ 

ʞʝʣʝʟʫ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʘʢʞʝ ʬʘʢʪʦʤ ʦʙʥʘʨʫʞʝʥʠʷ ʛʨʘʬʠʪʘ ʠ ʘʣʤʘʟʘ ʚ 

ʞʝʣʝʟʥʳʭ ʤʝʪʝʦʨʠʪʘʭ [2]. ʋʛʣʝʨʦʜ ʚʭʦʜʠʪ ʩ ʩʦʩʪʘʚ ʯʫʛʫʥʦʚ ʠ ʩʪʘʣʝʡ, 
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ʦʙʨʘʟʫʝʪ ʩ ʞʝʣʝʟʦʤ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʪʘʢʠʝ ʢʘʢ: ʬʝʨʨʠʪ ʘʫʩʪʝʥʠʪ, ʧʝʨʣʠʪ, 

ʤʘʨʪʝʥʩʠʪ, ʙʝʡʥʠʪ. ɺ ʯʫʛʫʥʘʭ ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ ʫʛʣʝʨʦʜʘ ʩ ʞʝʣʝʟʦʤ 

ʩʦ ʩʣʦʞʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʬʦʨʤʫʣʘʤʠ FenC, ʚ ʯʘʩʪʥʦʩʪʠ ʮʝʤʝʥʪʠʪ Fe3C, 

ʧʨʠʨʦʜʘ ʢʦʪʦʨʦʛʦ ʚʦ ʤʥʦʛʦʤ ʥʝ ʷʩʥʘ. 

ʇʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʞʝʣʝʟʦ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʧʝʨʝʭʦʜʥʳʝ 

ʤʝʪʘʣʣʳ, ʘʢʪʠʚʥʦ ʚʧʠʪʳʚʘʝʪ ʫʛʣʝʨʦʜ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥ ʪʝʨʤʦʭʠʤʠʯʝʩʢʦʡ 

ʩʧʦʩʦʙ ʨʘʟʤʝʨʥʦʡ ʦʙʨʘʙʦʪʢʠ ʘʣʤʘʟʘ, ʧʦʟʚʦʣʷʶʱʠʡ ʠʟ ʩʚʝʨʭʧʨʦʯʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʠʟʛʦʪʦʚʣʷʪʴ ʠʟʜʝʣʠʷ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ ʠ ʧʨʦʜʝʣʳʚʘʪʴ ʚ ʘʣʤʘʟʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ ʦʪʚʝʨʩʪʠʷ ʬʠʛʫʨʥʦʛʦ ʧʨʦʬʠʣʷ [3]. ʅʘ ʢʨʠʩʪʘʣʣ ʘʣʤʘʟʘ 

ʧʦʤʝʱʘʝʪʩʷ ʞʝʣʝʟʥʘʷ ʧʣʘʩʪʠʥʘ ʠ ʚʩʷ ʩʠʩʪʝʤʘ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʫʛʣʝʨʦʜ ʘʣʤʘʟʘ ʥʘʯʠʥʘʝʪ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ 

ʞʝʣʝʟʝ ʠ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ ʧʦʛʨʫʞʘʝʪʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʫʛʣʝʨʦʜ. 

ɼʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʝʥʠʷ ʧʨʦʮʝʩʩ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʝ, ʘ ʜʣʷ ʦʪʚʦʜʘ ʫʛʣʝʨʦʜʘ ʠʟ ʤʝʪʘʣʣʘ ʚ ʛʘʟʦʚʫʶ ʩʤʝʩʴ 

ʜʦʙʘʚʣʷʝʪʩʷ ʚʦʜʦʨʦʜ. 

ʉʧʦʩʦʙʥʦʩʪʴ ʫʛʣʝʨʦʜʘ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʞʝʣʝʟʝ ʜʠʢʪʫʝʪ ʪʨʫʜʥʦʩʪʠ 

ʦʙʨʘʙʦʪʢʠ ʞʝʣʝʟʥʳʭ ʠʟʜʝʣʠʡ ʘʣʤʘʟʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ. ʇʨʠ ʪʦʢʘʨʥʳʭ 

ʨʘʙʦʪʘʭ ʘʣʤʘʟʥʳʡ ʨʝʟʝʮ ʙʳʩʪʨʦ ʧʨʠʭʦʜʠʪ ʚ ʥʝʛʦʜʥʦʩʪʴ, ʝʛʦ ʨʝʞʫʱʠʡ 

ʵʣʝʤʝʥʪ ʠʟʥʘʰʠʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʫʙʯʘʪʦʡ ʢʨʦʤʢʠ, 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʤʝʣʢʠʤʠ ʩʢʦʣʘʤʠ. ʕʪʦ ʩʣʝʜʩʪʚʠʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʠʟʥʦʩʘ, ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʘʪʦʤʳ ʫʛʣʝʨʦʜʘ ʘʣʤʘʟʘ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ  ʪʨʝʥʠʠ ʥʘ ʢʦʥʪʘʢʪʝ, ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʞʝʣʝʟʥʦʡ ʤʘʪʨʠʮʝ 

ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʦʙʨʘʟʮʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʜʝʣʴʥʳʝ ʫʯʘʩʪʢʠ ʨʝʞʫʱʝʡ 

ʢʨʦʤʢʠ çʩʭʚʘʪʳʚʘʶʪʩʷè ʩ ʤʝʪʘʣʣʦʤ ʦʙʨʘʙʘʪʳʚʘʝʤʦʛʦ ʠʟʜʝʣʠʷ ʠ 

ʚʳʨʳʚʘʶʪʩʷ ʠʤ, ʦʙʨʘʟʫʷ ʟʘʟʫʙʨʠʥʳ.  

ʂʨʘʪʢʠʡ ʘʥʘʣʠʟ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʛʣʝʨʦʜʘ ʩ ʞʝʣʝʟʥʦʡ 

ʤʘʪʨʠʮʝʡ ʧʦʟʚʦʣʷʶʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ  ʜʚʘ ʪʝʟʠʩʘ. ʇʝʨʚʳʡ ʪʝʟʠʩ ½  ʫʛʣʝʨʦʜ 

ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʥʝʦʙʳʯʘʡʥʦʝ ʩʨʦʜʩʪʚʦ ʢ ʞʝʣʝʟʫ ʠ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʞʠʜʢʦʤ ʞʝʣʝʟʥʦʤ ʨʘʩʧʣʘʚʝ, ʚʪʦʨʦʡ ½  

ʫʛʣʝʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʚʳʩʦʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

(ʢʘʪʝʥʘʮʠʷ) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʞʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʈʝʟʫʣʴʪʘʪʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʩʦʟʜʘʥʠʝ ʫʛʣʝʨʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ.  

ʆʙʲʝʜʠʥʝʥʠʝ ʵʪʠʭ ʪʝʟʠʩʦʚ ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʳʚʦʜ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʫʛʣʝʨʦʜ ʧʦʛʣʦʱʘʝʪʩʷ ʞʝʣʝʟʥʳʤ 
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ʨʘʩʧʣʘʚʦʤ, ʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʤʦʞʝʪ ʚʳʜʝʣʷʪʴʩʷ ʚ ʚʠʜʝ ʢʣʘʩʪʝʨʦʚ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ. ʂʣʘʩʪʝʨʳ, ʢʘʢ ʠ 

ʬʣʦʢʝʥʳ, ʚʳʟʳʚʘʶʪ ʚʥʫʪʨʝʥʥʠʝ ʥʘʜʨʳʚʳ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʨʝʟʫʣʴʪʘʪʝ, 

ʩʥʠʞʘʶʪ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ ʞʝʣʝʟʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ʀʟ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʞʠʜʢʦʛʦ ʞʝʣʝʟʘ, ʧʝʨʝʩʳʱʝʥʥʦʛʦ ʚ ʧʝʯʠ ʫʛʣʝʨʦʜʦʤ, ʚʳʜʝʣʷʝʪʩʷ ʛʨʘʬʠʪ. ʕʪʦ 

ʟʘʢʣʶʯʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʪʦʤ, ʯʪʦ ʨʘʥʝʝ ʙʳʣʠ ʥʝʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʬʦʨʤʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫʛʣʝʨʦʜʘ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʛʨʘʬʠʪʘ 

ʠ ʘʣʤʘʟʘ. ʉʦʚʨʝʤʝʥʥʝr ʚʟʛʣʷʜʳ ʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ 

ʞʝʣʝʟʦʫʛʣʝʨʦʜʠʩʪʳʭ ʩʧʣʘʚʦʚ ʜʦʧʦʣʥʷʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʚ ʥʠʭ ʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʝʨʝʯʝʥʴ ʩʘʤʦʨʦʜʥʳʭ ʬʦʨʤ ʫʛʣʝʨʦʜʘ  ʠ ʝʛʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʠʣʩʷ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʫʛʣʝʨʦʜ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩ ʚʦʟʨʘʩʪʘʶʱʝʡ ʩʣʦʞʥʦʩʪʴʶ 

ʩʪʨʫʢʪʫʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ.  

ɺ ʥʘʫʢʦʝʤʢʠʭ ʦʪʨʘʩʣʷʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʩʝ ʯʘʱʝ ʚʦʩʪʨʝʙʦʚʘʥʳ 

ʥʦʚʳʝ ʫʛʣʝʨʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʥʠʢʘʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ 

ʚʦʟʤʦʞʥʦʩʪʷʤʠ: ʥʘʥʦʘʣʤʘʟʳ, ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ, ʬʫʣʣʝʨʝʥʳ ʠ 

ʬʫʣʣʝʨʠʪʳ, ʧʝʥʦʫʛʣʝʨʦʜ, ʘʣʤʘʟʥʳʝ ʧʣʝʥʢʠ ʠ ʘʣʤʘʟʦʧʦʜʦʙʥʳʝ ʧʦʢʨʳʪʠʷ, 

ʢʘʨʙʠʥʳ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʷʭ ʩ ʜʨʫʛʠʤʠ ʫʛʣʝʨʦʜʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ [5].  

ʌʠʟʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʨʘʟʥʦʦʙʨʘʟʠʷ ʫʛʣʝʨʦʜʘ ʩʣʫʞʠʪ ʫʥʠʢʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ 

ʝʛʦ  ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ɸʪʦʤ ʫʛʣʝʨʦʜʘ ʤʦʞʝʪ ʠʤʝʪʴ ʪʨʠ 

ʚʘʣʝʥʪʥʦʩʪʠ, ʘ ʪʨʠ ʝʛʦ ʛʠʙʨʠʜʥʳʭ ʩʦʩʪʦʷʥʠʷ sp
3
, sp

2
, sp

1
 ʦʙʨʘʟʫʶʪ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʝ 3D, ʧʣʦʩʢʠʝ 2D ʠ ʣʠʥʝʡʥʳʝ 1D ʩʪʨʫʢʪʫʨʥʳʝ ʝʜʠʥʠʮʳ. 

ʆʥʠ ʩʣʫʞʘʪ ʩʪʨʦʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʘʣʣʦʪʨʦʧʦʚ ʫʛʣʝʨʦʜʘ, ʪʘʢʠʭ ʢʘʢ 

ʘʣʤʘʟ, ʣʦʥʩʜʝʡʣʠʪ, ʛʨʘʬʠʪʳ, ʢʘʨʙʠʥʳ, ʬʫʣʣʝʨʝʥʳ, ʛʨʘʬʝʥʳ ʠ ʜʨʫʛʠʝ. ʂ ʥʠʤ 

ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʘʤʦʨʬʥʳʡ ʫʛʣʝʨʦʜ, ʩʪʝʢʣʦʫʛʣʝʨʦʜ ʠ ʜʨʫʛʠʝ ʘʤʦʨʬʥʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʫʛʣʝʨʦʜʘ. ʉʦʟʜʘʪʝʣʴ ʢʘʨʙʠʥʘ ɸ.ʄ. ʉʣʘʜʢʦʚ ʧʨʠʰʝʣ ʢ 

ʚʳʚʦʜʫ ʦ ʤʥʦʞʝʩʪʚʝʥʥʦʩʪʠ ʝʛʦ ʚʠʜʦʚ ʠ ʙʝʩʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʘʣʣʦʪʨʦʧʥʳʭ 

ʤʦʜʠʬʠʢʘʮʠʡ ʫʛʣʝʨʦʜʘ ʩʦ ʩʤʝʰʘʥʥʳʤʠ ʪʠʧʘʤʠ ʩʚʷʟʝʡ [5].  

ʕʢʩʧʣʫʘʪʘʮʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʚʳʩʦʢʦʧʨʦʯʥʳʭ ʟʘʢʘʣʠʚʘʶʱʠʭʩʷ 

ʩʪʘʣʝʡ ʚ ʩʝʚʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʚʳʷʚʠʣʘ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

çʭʦʣʦʜʥʳʭ ʪʨʝʱʠʥè ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʝʥʠʝ, ʯʪʦ  

ʦʙʨʘʟʦʚʘʥʠʶ ʪʘʢʦʛʦ ʨʦʜʘ ʪʨʝʱʠʥ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʤʝʪʘʣʣʝ 
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ʚʦʜʦʨʦʜʘ [7], ʢʦʪʦʨʳʡ ʧʦʧʘʜʘʝʪ ʚ ʩʪʘʣʴ ʚʤʝʩʪʝ ʩ ʚʣʘʛʦʡ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ 

ʪʦʧʣʠʚʝ ʠ ʨʫʜʝ. ɺ ʨʘʩʧʣʘʚʝ ʦʥ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʥʦ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʘʜʘʝʪ ʠ ʚʦʜʦʨʦʜʘ ʚʳʜʝʣʷʝʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ 

ʟʝʨʥʘʤʠ, ʚʳʟʳʚʘʷ ʚ ʩʪʘʣʠ ʚʥʫʪʨʝʥʥʠʝ ʥʘʜʨʳʚʳ, ʯʪʦ  ʜʝʣʘʝʪ ʝʝ ʭʨʫʧʢʦʡ. 

ʅʘʢʦʧʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦ ʜʘʥʥʳʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʥʝʧʦʣʥʦʪʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʚʦʜʦʨʦʜʥʦʛʦ ʦʭʨʫʧʯʠʚʘʥʠʷ. ɽʱʝ ʚ 1947 ʛ. ʂʦʪʨʝʣʣ 

ʧʨʝʜʣʦʞʠʣ ʤʦʜʝʣʴ ʦʙʲʷʩʥʝʥʠʷ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʤʷʛʢʦʡ ʩʪʘʣʠ ʚʣʠʷʥʠʝʤ 

ʫʛʣʝʨʦʜʘ.  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʥʘʥʦʩʪʨʫʢʪʫʨʘʤ, 

ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʫʛʣʝʨʦʜʥʳʝ. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʤ ʜʣʷ 

ʥʘʥʦʯʘʩʪʠʮʳ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʨʘʟʤʝʨ, ʘ ʦʪʣʠʯʠʝ ʠʭ ʩʚʦʡʩʪʚ ʦʪ 

ʩʚʦʡʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʘʢʨʦʤʘʪʝʨʠʘʣʘ [10]. ʅʝ ʩʣʝʜʫʝʪ ʠʩʢʣʶʯʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʫʛʣʝʨʦʜʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʞʝʣʝʟʝ. 

ɺʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʢʣʘʩʪʝʨʦʚ ʚ ʚʠʜʝ ʬʫʣʣʝʨʝʥʦʚ ʚ ʟʦʥʝ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʩʦʛʣʘʩʫʝʪʩʷ ʠ ʩ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʬʫʣʣʝʨʝʥʦʚ.  ɺ 

1991 ʛ. ʥʝʤʝʮʢʠʡ ʫʯʝʥʳʡ ɺʦʣʴʬʛʘʥʛ ʂʨʵʯʤʝʨ ʧʦʣʫʯʠʣ ʠʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʝ ʤʝʞʜʫ, ʚʦʟʥʠʢʘʶʱʝʡ ʤʝʞʜʫ ʫʛʣʝʨʦʜʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʘʪʤʦʩʬʝʨʝ 

ʛʝʣʠʷ. ʇʨʠ ʦʩʪʳʚʘʥʠʠ ʞʝʣʝʟʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʦʙʲʝʤʝ ʠ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ 

ʩʚʘʨʥʦʛʦ ʰʚʘ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʝʪ ʩʠʥʪʝʟʫ ʬʫʣʣʝʨʝʥʘ 

ʇʦ ʜʘʥʥʳʤ ɼ.ɺ. ʂʫʣʠʢʦʚʘ ʠ ʜʨ. [6, ʩʪʨ. 259] ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ 

ʫʛʣʝʨʦʜʘ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʪʨʫʢʪʫʨʝ ʘʫʩʪʝʥʠʪʘ, ʚ ʧʨʦʮʝʩʩʝ ʦʭʣʘʞʜʝʥʠʷ (ʧʨʠ 

ʧʝʨʣʠʪʦʚʦʤ ʧʨʝʚʨʘʱʝʥʠʠ) ʚʩʣʝʜʩʪʚʠʝ ʩʥʠʞʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʫʛʣʝʨʦʜʘ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʢʘʭ g ʠ a-Fe ʚʳʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ ʬʫʣʣʝʨʝʥʦʚ, ʘ ʥʝ 

ʮʝʤʝʥʪʠʪʘ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʦʜʭʦʜʘʭ. ɼʘʣʝʝ ʙʫʜʫʪ 

ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʢʣʘʩʪʝʨʳ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʷʩʴ ʦʙʨʘʟʫʶʪ ʙʦʣʝʝ ʢʨʫʧʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ. ʂʦʥʝʯʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʙʫʜʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʪʨʝʱʠʥʳ.  ɺ 

ʩʪʨʫʢʪʫʨʝ ʩʚʘʨʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʬʫʣʣʝʨʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʜʛʝʟʠʦʥʥʦʛʦ 

ʢʦʥʪʘʢʪʘ ʩ ʤʘʪʨʠʮʝʡ ʞʝʣʝʟʘ ʤʦʛʫʪ ʷʚʣʷʪʴʩʷ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʡ, 

ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʳʭ ʚ 2 ˈ 3 ʨʘʟʘ ʧʨʝʚʳʰʘʶʪ ʜʦʧʫʩʪʠʤʳʝ [4]. ʆʥʠ ʦʢʘʟʳʚʘʶʪ 

ʚʣʠʷʥʠʝ ʥʘ ʩʚʘʨʥʦʡ hʦʚ ʠ ʩʥʠʞʘʶʪ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ.  

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘʤʠ ʘʥʘʣʠʟ ʫʙʝʞʜʘʝʪ, ʯʪʦ ʞʝʣʝʟʥʘʷ ʤʘʪʨʠʮʘ ʤʦʞʝʪ 

ʩʣʫʞʠʪʴ ʤʝʩʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʛʣʝʨʦʜʘ. ʕʪʦ ʤʦʛʫʪ ʙʳʪʴ ʢʣʘʩʪʝʨʳ ʠʣʠ 

ʜʘʞʝ ʤʠʥʝʨʘʣʳ ʫʛʣʝʨʦʜʘ ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʚʳʰʝ ʧʝʨʝʯʥʷ. ʇʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʫʛʣʝʨʦʜʘ ʚ ʩʨʝʜʝ ʞʝʣʝʟʘ ʫʞʝ ʦʪʤʝʯʘʣʠʩʴ ʇʦʩʣʝ 
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ʩʦʦʙʱʝʥʠʷ ɸʥʨʠ ʄʫʘʩʩʘʥʘ ʚ 1893 ʛ. ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʘʣʤʘʟʘ, ʧʫʪʝʤ ʧʣʘʚʣʝʥʠʷ ʯʫʛʫʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʜʫʛʦʡ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʭʣʘʞʜʝʥʠʷ, ʦʪʤʝʯʝʥʳ ʘʢʪʠʚʥʳʝ ʧʦʠʩʢʠ ʘʣʤʘʟʦʚ ʚ 

ʩʪʘʣʷʭ. ʀ ʭʦʪʷ, ʧʦʟʜʥʝʝ ʚʳʷʩʥʠʣʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ ʵʪʠʭ ʧʦʠʩʢʦʚ, 

ʵʪʦ ʝʱʝ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʨʦʜʩʪʚʦ ʜʚʫʭ ʵʣʝʤʝʥʪʦʚ.  

ɺʳʚʦʜ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʠʩʧʝʨʩʥʳʭ ʘʪʦʤʦʚ ʚ ʪʚʝʨʜʦʡ ʬʘʟʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ɺ.ʇ. ʉʘʤʫʩʠʢʦʚʘ [8] ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʝʨʝʙʨʘ ʚ ʟʦʣʦʪʝ ʨʘʟʥʦʡ ʧʨʦʙʳ. ʉʦʛʣʘʩʥʦ ʠʭ ʚʳʚʦʜʘʤ ʚ 

ʧʨʠʨʦʜʥʦʡ ʩʠʩʪʝʤʝ  AuˈAg ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʧʦʩʣʝʜʥʝʛʦ ʜʦ 15-20 ʤʘʩʩ. % 

ʵʣʝʤʝʥʪʳ ʠʟʦʤʦʨʬʥʦ ʟʘʤʝʱʘʶʪ ʜʨʫʛ ʜʨʫʛʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ, 

ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʘ ʧʨʠ  ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʩʦʜʝʨʞʘʥʠʠ Ag ˈ ʵʪʦ 

ʩʤʝʩʴ ʤʠʢʨʦʯʘʩʪʠʮ ʯʠʩʪʦʛʦ ʟʦʣʦʪʘ ʠ ʯʠʩʪʦʛʦ  ʩʝʨʝʙʨʘ. 
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ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʃʗ ʈɽʂʆʅʉʊʈʋʂʎʀʀ ʇʈʆʎɽʉʉʆɺ 

ɿɸʈʆɾɼɽʅʀʗ ɸʃʄɸɿɸ 

 

ɹʝʩʢʨʦʚʘʥʦʚ ɺ.ɺ.
1,2

, ʖʨʴʝʚ ɻ.ʉ.
 1
, ʇʨʷʜʝʟʥʠʢʦʚ ɹ.ʖ. 

1,2
 

1 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ; 

2 ï ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ ʉʝʚʝʨʘ ʠʤ. ɺ.ʇ. ʃʘʨʠʦʥʦʚʘ ʉʆ ʈɸʅ,  

ʛ. ʗʢʫʪʩʢ 

  

ʇʝʨʩʧʝʢʪʠʚʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʘʣʤʘʟʦʚʝʜʝʥʠʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʝʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʣʠ ʠ, 

ʚʦʟʤʦʞʥʦ, ʧʨʦʠʩʭʦʜʷʪ ʚ ʫʩʣʦʚʠʷʭ, ʥʝʜʦʩʪʫʧʥʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ 

ʥʘʙʣʶʜʝʥʠʶ. ɼʣʷ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʘʥʥʳʝ ʠʟ ʧʨʘʢʪʠʢʠ cʠʥʪʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʢʘʟʳʚʘʝʪʩʷ ʜʘʞʝ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘ 6 ð 12% ʦʪ ʩʨʝʜʥʝʡ: ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʙʨʘʟʫʶʪʩʷ ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʧʨʠ ʩʨʝʜʥʠʭ ð 

ʢʫʙʦʦʢʪʘʵʜʨʠʯʝʩʢʠʝ ʠ ʧʨʠ ʚʳʩʦʢʠʭ ð ʦʢʪʘʵʜʨʠʯʝʩʢʠʝ [1, 3]. C 

ʚʦʟʨʘʩʪʘʥʠʝʤ ʜʘʚʣʝʥʠʷ ʘʢʪʠʚʠʟʠʨʫʶʪʩʷ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʟʘʨʦʜʳʰʝʡ 

(ʥʫʢʣʝʘʮʠʷ) ʠ ʨʘʩʪʝʪ ʩʢʦʨʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʣʤʘʟʘ [1]. ɺʝʨʦʷʪʥʦ ʩ 

ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʩʨʝʜʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʣʫʯʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʵʥʝʨʛʠʶ, 

ʥʝʦʙʭʦʜʠʤʫʶ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʛʨʘʥʠʮ ʨʘʟʜʝʣʘ ʞʠʜʢʦʡ ʠ ʪʚʝʨʜʦʡ ʬʘʟ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʌʦʣʴʤʝʨʘ, ʵʪʘ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʟʳʩʢʘʥʘ ʩʠʩʪʝʤʦʡ ʟʘ 

ʩʯʝʪ ʬʣʫʢʪʫʘʮʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʬʣʫʢʪʫʘʮʠʠ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʟʨʳʚʥʳʝ 

ʧʨʦʮʝʩʩʳ ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʚʦʜʷʪ ʩʠʥʪʝʟ ʜʝʪʦʥʘʮʠʦʥʥʳʭ ʘʣʤʘʟʦʚ.  

ʂʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʧʨʦʮʝʩʩʳ ʟʘʨʦʞʜʝʥʠʷ ʘʣʤʘʟʘ ʚ ʧʨʠʨʦʜʥʳʭ ʫʩʣʦʚʠʷʭ ʠ 
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ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨ ʩ ʨʝʘʣʴʥʳʤʠ 

ʥʘʥʦʦʙʲʝʢʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʫʩʣʦʚʠʷʭ ʜʝʪʦʥʘʮʠʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʩʦʩʪʘʚʣʷʶʪʩʷ ʢʦʤʧʴʪʝʨʥʳʝ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ ʘʣʤʘʟʘ ʠ  ʧʦ ʥʠʤ ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʦʪʨʘʞʝʥʠʷ. ʇʦʣʫʯʝʥʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʢʘʨʪʠʥʳ (t-XRD) ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʢʘʨʪʠʥʘʤʠ (e-XRD) 

ʥʘʥʦʘʣʤʘʟʦʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʝʪʦʥʘʮʠʠ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ 

ʦʪʨʘʞʝʥʠʷ ʥʘ ʢʘʨʪʠʥʘʭ e-XRD ʧʦʣʫʯʝʥʳ ʜʠʬʨʘʢʪʦʤʝʪʨʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʚʳʩʦʢʦʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ. ʂʘʨʪʠʥʳ t-XRD ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ 

[4] ʤʝʞʜʫ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ ʢʘʨʪʠʥʳ (2q
0
 ʠʣʠ s =(4l£p) sinq, 

A
-1
) ʠ ʤʝʞʘʪʦʤʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ (rij =ri - rj) ʚ 3D-ʤʦʜʝʣʠ.  ɼʣʷ ʨʘʩʯʝʪʘ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʠʩʧʦʣʴʟʦʚʘʥʘ ʬʦʨʤʫʣʘ:  

I(s) =ä äf i(s)f j(s) sin srij/srij =äf i
2
(s) +2äf i(s)f j(s) sin srij/srij, ; i(s) = 

äf i(s)f j(s) sin srij/srij 

ʛʜʝ, äf i
2
(s) ï ʜʠʬʨʘʢʮʠʷ ʥʘ ʘʪʦʤʘʭ ʚ ʛʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ; 

ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʯʘʩʪʴ 2äf i(s)f j(s) sin srij/srij  ï ʜʠʬʨʘʢʮʠʷ ʥʘ ʘʪʦʤʘʭ ʚ 3D 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʪʩʪʦʷʱʠʭ ʥʘ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ r ij ;  f(s) ï ʘʪʦʤʥʳʡ 

ʬʘʢʪʦʨ ʨʘʩʩʝʷʥʠʷ, s =(4l£p) sinq; ʠ A
-1
; q

0
 ï ʧʦʣʦʚʠʥʘ ʙʨʵʛʛʦʚʩʢʦʛʦ ʫʛʣʘ 

ʜʠʬʨʘʢʮʠʠ. ʀʩʧʦʣʴʟʫʝʤʳʡ ʥʘʤʠ ʤʝʪʦʜ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʥʘʥʦʦʙʲʝʢʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮ 

ʚʳʙʠʨʘʶʪʩʷ ʥʝ ʦʪʜʝʣʴʥʳʝ ʘʪʦʤʳ ʢʘʢ ʵʪʦ ʜʝʣʘʝʪʩʷ ʧʨʠ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʧʦʜʭʦʜʘʭ (ʘʪʦʤ ʟʘ ʘʪʦʤʦʤ), ʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʦʟʜʘʥʥʳʝ ʩʣʦʞʥʳʝ 

ʛʠʙʨʠʜʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʠʟ ʦʩʪʦʚʘ ʠ ʦʙʦʣʦʯʝʢ ʨʘʟʥʳʭ ʬʘʟ. ʂʦʤʧʴʶʪʝʨʥʳʝ 

3D ʤʦʜʝʣʠ ʩʬʝʨʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ (ʦʩʪʦʚ ʦʙʦʣʦʯʢʘ) ʩʦʟʜʘʶʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʠʟʫʯʝʥʥʳʭ ʚʝʱʝʩʪʚ [2, 4]. ɼʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʘʨʘʤʝʪʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ 

3D ʧʨʦʩʪʨʘʥʩʪʚʝ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʘʪʦʤʦʚ ʧʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʬʝʨʘʤ  ʦʪʥʦʩʠʪʝʣʴʥʦ ʘʪʦʤʘ, ʧʨʠʥʷʪʦʛʦ ʟʘ 

ʮʝʥʪʨʘʣʴʥʳʡ.  

ʇʨʠ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ ʥʘʥʦʘʣʤʘʟʦʚ ʧʘʨʘʤʝʪʨʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʨʝʰʝʪʢʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘ ʦʩʥʦʚʝ ʩʨʘʚʥʝʥʠʷ t-XRD  

ʩ e-XRD, ʘ ʟʘʪʝʤ ʩ ʪʘʢʦʚʳʤʠ ʜʣʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʘʣʤʘʟʘ. ʉʨʘʚʥʝʥʠʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʩʬʝʨ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ 
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ʙʳʪʴ ʨʘʚʥʳ ʠ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢ ʵʪʦʤʫ ʧʦʢʘʟʘʪʝʣʶ ʜʣʷ ʧʨʠʨʦʜʥʦʛʦ ʘʣʤʘʟʘ.  

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ ʠʟ ʧʨʘʢʪʠʢʠ ʩʠʥʪʝʟʘ. ɼʣʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʘʥʦʘʣʤʘʟʦʚ 

ʩʨʝʜʥʝʛʦ ʢʘʯʝʩʪʚʘ ʨʘʟʤʝʨʦʤ R =10,51 ¡ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷʤ 

ʩʦʩʪʘʚʠʣʠ r(C ï C) =1,54 ¡, ʧʘʨʘʤʝʪʨʳ ʜʦ 10-ʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʥʘʪʫʨʘʣʴʥʦʤʫ ʘʣʤʘʟʫ, ʚʢʣʶʯʠʪʝʣʴʥʦ, ʘ ʧʦʩʪʦʷʥʥʘʷ 

ʨʝʰʝʪʢʘ ʘ =3,6024 ¡ (ʫ ʥʘʪʫʨʘʣʴʥʦʛʦ ʘʣʤʘʟʘ ʘ =3,5667 ¡). ʋ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʥʦʘʣʤʘʟʦʚ ʨʘʟʤʝʨʦʤ R =14,78 ¡ ʠ ʭʦʨʦʰʝʛʦ ʢʘʯʝʩʪʚʘ ʫʩʪʘʥʦʚʣʝʥʳ 

ʧʘʨʘʤʝʪʨʳ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʠʨʦʜʥʦʤʫ ʘʣʤʘʟʫ.  

ʀʩʧʦʣʴʟʫʷ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ  ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʦʪʨʘʞʝʥʠʡ ʥʘ ʤʦʜʝʣʴʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʘʣʤʘʟʘ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʩ ʪʘʢʦʚʳʤʠ ʫ ʨʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʤʦʞʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ 

ʫʩʣʦʚʠʷ ʟʘʨʦʞʜʝʥʠʷ (ʥʫʢʣʝʘʮʠʶ) ʘʣʤʘʟʘ ʚ ʫʩʣʦʚʠʷʭ, ʥʝʜʦʩʪʫʧʥʳʭ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ.  
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ʇɽʊʈʆɻʈɸʌʀʏɽʉʂʀʁ ʉʆʉʊɸɺ ʄɸɻʄɸʊʀʏɽʉʂʀʍ ʇʆʈʆɼ 

ʏʀɹɸɻɸʃɸʍʉʂʆɻʆ ɻʈɸʅʀʊʆʀɼʅʆɻʆ ʄɸʉʉʀɺɸ 

 

ɹʠʢʙʘʝʚʘ ɽ.ɽ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʏʠʙʘʛʘʣʘʭʩʢʠʡ ʤʘʩʩʠʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ɻʣʘʚʥʦʛʦ 

ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ ɺʝʨʭʦʷʥʦ-ʂʦʣʤrʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ, ʠ ʷʚʣʷʝʪʩʷ 

ʢʨʫʧʥʝʡʰʠʤ ʧʣʠʪʦʦʙʨʘʟʥʳʤ ʪʝʣʦʤ, ʧʨʦʪʷʛʠʚʘʶʱʠʤʩʷ ʚ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 210 ʢʤ ʧʨʠ ʰʠʨʠʥʝ ʦʪ 10 ʜʦ 45 ʢʤ (ʨʠʩ. 1) [2].  

 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʛʣʘʚʥʦʛʦ 

ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ. 1 - ʧʣʫʪʦʥʳ 

ʛʨʘʥʦʜʠʦʨʠʪ-ʛʨʘʥʠʪʥʦʡ ʬʦʨʤʘʮʠʠ (1 ï 

ɺʝʨʭʥʝ-ʪʠʨʝʭʪʷʭʩʢʠʡ ʤʘʩʩʠʚ), 2 - ʧʣʫʪʦʥʳ 

ʛʨʘʥʠʪ-ʣʝʡʢʦʛʨʘʥʠʪʥʦʡ ʬʦʨʤʘʮʠʠ (2 - 

ʏʠʙʘʛʘʣʘʭʩʢʠʡ ʤʘʩʩʠʚ), 3 - ʧʦʣʷ 

ʚʫʣʢʘʥʠʪʦʚ. 

 

ɺʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʧʨʝʪʝʨʧʝʣʠ ʢʦʥʪʘʢʪʦʚʳʡ ʤʝʪʘʤʦʨʬʠʟʤ ʠ 

ʧʨʝʦʙʨʘʟʦʚʘʣʠʩʴ ʚ ʨʦʛʦʚʠʢʠ. 

ʋʩʣʦʚʠʷ ʩʪʘʥʦʚʣʝʥʠʷ ʏʠʙʘʛʘʣʘʭʩʢʦʛʦ ʧʣʫʪʦʥʘ ʥʝ ʤʦʛʣʠ ʙʳʪʴ 

ʦʜʠʥʘʢʦʚʳʤʠ ʧʨʠ ʝʛʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʣʠʥʝ, ʯʪʦ ʚʳʟʚʘʣʦ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ 

ʝʛʦ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʦʢʦʚʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʥʪʘʢʪʦʚ 

ʤʘʩʩʠʚʘ ʘʩʠʤʤʝʪʨʠʯʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʢʨʫʪʳʤ ʥʘʢʣʦʥʦʤ 

ʧʦʚʝʨʭʥʦʩʪʠ ʶʛʦ-ʟʘʧʘʜʥʦʛʦ ʢʦʥʪʘʢʪʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʧʦʣʦʛʠʤ 

ʥʘʢʣʦʥʦʤ ʧʦʚʝʨʭʥʦʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʢʦʥʪʘʢʪʘ (ʨʠʩ. 2) [3]. 
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ʈʠʩ. 2. ʇʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʏʠʙʘʛʘʣʘʭʩʢʦʛʦ ʤʘʩʩʠʚʘ. ʄʘʩʰʪʘʙ 1:150 000. ʘ - ʩʝʚʝʨʥʘʷ 

ʯʘʩʪʴ, ʙ - ʮʝʥʪʨʘʣʴʥʘʷ ʯʘʩʪʴ, ʚ - ʶʞʥʘʷ ʯʘʩʪʴ ʤʘʩʩʠʚʘ. 1 - ʛʨʘʥʠʪʳ, 2 - ʶʨʩʢʠʝ ʠ 

ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʝ ʧʝʩʯʘʥʠʢʠ, ʛʣʠʥʠʩʪʳʝ ʩʣʘʥʮʳ ʠ ʘʣʝʚʨʦʣʠʪʳ, 3 - ʧʨʝʜʧʦʣʘʛʘʝʤʘʷ ʣʠʥʠʷ 

ʢʦʥʪʘʢʪʘ. 

 

ɺʤʝʱʘʶʱʠʝ ʤʘʩʩʠʚ ʧʦʨʦʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʘʜʦʯʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʚʩʝʭ ʪʨʝʭ ʦʪʜʝʣʦʚ ʶʨʩʢʦʡ ʩʠʩʪʝʤʳ ʠ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ. ʖʨʩʢʠʝ ʦʪʣʦʞʝʥʠʷ 

ʩʦʩʪʦʷʪ ʠʟ ʧʣʘʩʪʦʚ ʧʝʩʯʘʥʠʢʦʚ, ʨʘʟʜʝʣʝʥʥʳʭ ʧʝʨʝʩʣʘʠʚʘʶʱʠʤʠʩʷ 

ʛʣʠʥʠʩʪʳʤʠ ʠ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʤʠ ʩʣʘʥʮʘʤʠ, ʘʣʝʚʨʦʣʠʪʘʤʠ ʠ ʨʝʜʢʠʤʠ 

ʧʨʦʩʣʦʷʤʠ ʧʝʩʯʘʥʠʢʦʚ. ɺʝʨʭʥʝʪʨʠʘʩʦʚʳʝ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʝʨʝʩʣʘʠʚʘʥʠʝʤ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʧʝʩʯʘʥʠʢʦʚ, ʧʨʠ ʵʪʦʤ ʶʨʩʢʠʝ 

ʦʪʣʦʞʝʥʠʷ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʧʝʩʯʘʥʠʩʪʦʛʦ ʤʘʪʝʨʠʘʣʘ [1]. ʅʘ ʢʦʥʪʘʢʪʝ ʩ ʛʨʘʥʠʪʦʠʜʥʳʤ ʤʘʩʩʠʚʦʤ. 

ɼʘʪʠʨʦʚʘʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʏʠʙʘʛʘʣʘʭʩʢʦʛʦ ʤʘʩʩʠʚʘ 
40

Ar-
39

Ar ʤʝʪʦʜʦʤ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʧʣʫʪʦʥʘ ʫʢʣʘʜʳʚʘʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣ 138-143 ʤʣʥ 

ʣʝʪ [4], ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʟʜʥʝʶʨʩʢʦʡ-ʨʘʥʥʝʤʝʣʦʚʦʡ ʵʧʦʭʝ. 

ʏʠʙʘʛʘʣʘʭʩʢʠʡ ʤʘʩʩʠʚ ʩʣʦʞʝʥ ʩʨʝʜʥʝ- ʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ 

ʙʠʦʪʠʪʦʚʳʤʠ (ʨʠʩ. 3 ʘ) ʠ ʜʚʫʩʣʶʜʷʥʳʤʠ ʛʨʘʥʠʪʘʤʠ (ʨʠʩ. 3 ʙ). ʆʥʠ 

ʧʨʝʦʙʣʘʜʘʶʪ ʚ ʶʞʥʦʡ ʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ, ʘ ʚ ʩʝʚʝʨʥʦʡ ʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʨʝʜʥʝ- ʜʦ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʨʘʟʥʦʩʪʠ (ʨʠʩ. 3 ʚ). ʇʦʨʦʜʳ 

ʛʨʘʥʦʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ (ʨʠʩ. 3 ʛ) ʩʣʘʛʘʶʪ ʦʢʦʣʦ 12 % ʠʟʫʯʝʥʥʦʡ 

ʧʣʦʱʘʜʠ ʤʘʩʩʠʚʘ, ʠ ʦʪʤʝʯʝʥʳ ʪʦʣʴʢʦ ʚ ʟʦʥʘʭ ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʘʩʩʠʤʠʣʷʮʠʠ 

[3]. 
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ʨʝʰʝʪʯʘʪʳʤ ʤʠʢʨʦʢʣʠʥʦʤ (fsp), ʧʣʘʛʠʦʢʣʘʟʦʤ (pl), ʙʠʦʪʠʪʦʤ (bt), ʠ ʤʫʩʢʦʚʠʪʦʤ (mu), 

ʧʦʩʣʝʜʥʠʡ ʚʳʧʦʣʥʷʝʪ ʤʝʞʟʝʨʥʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪʨʝʱʠʥʳ ʤʠʥʝʨʘʣʦʚ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʵʪʘʧʘ. ʉʪʨʫʢʪʫʨʘ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʢʚʘʨʮ ʘʣʣʦʪʨʠʦʤʦʨʬʥʳʡ. 

ʐʣʠʬ 080/1, ʫʚʝʣ. 40, ʥʠʢ. +; ʚ - ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ ʙʠʦʪʠʪʦʚʳʡ ʛʨʘʥʠʪ, ʩʦʩʪʦʠʪ ʠʟ 

ʢʚʘʨʮʘ (q), ʢʧʰ (fsp), ʧʣʘʛʠʦʢʣʘʟʘ (pl), ʙʠʦʪʠʪʘ (bt). ʉʪʨʫʢʪʫʨʘ 

ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʢʚʘʨʮ ʦʪʣʠʯʘʝʪʩʷ ʥʘʠʤʝʥʴʰʠʤ ʠʜʠʦʤʦʨʬʠʟʤʦʤ, ʠ 

ʧʨʝʜʩʪʘʚʣʝʥ ʦʢʨʫʛʣʳʤʠ ʟʝʨʥʘʤʠ. ʐʣʠʬ 59/7, ʫʚʝʣ. 40, ʥʠʢ.+; ʛ ï ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʡ 

ʙʠʦʪʠʪʦʚʳʡ ʛʨʘʥʦʜʠʦʨʠʪ, ʩʦʩʪʦʠʪ ʠʟ ʧʣʘʛʠʦʢʣʘʟʘ (pl), ʢʧʰ (fsp), ʢʚʘʨʮʘ (q), ʙʠʦʪʠʪʘ (bt). 

ʉʪʨʫʢʪʫʨʘ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʘʷ, ʧʣʘʛʠʦʢʣʘʟ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʧʝʥʴʶ 

ʠʜʠʦʤʦʨʬʠʟʤʘ. ʉʦʜʝʨʞʘʥʠʝ ʙʠʦʪʠʪʘ ʜʦʩʪʠʛʘʝʪ 10 %, ʪʦʛʜʘ ʢʘʢ ʚ ʛʨʘʥʠʪʘʭ ʝʛʦ 

ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 %. ʐʣʠʬ 042/5, ʫʚʝʣ. 40, ʥʠʢ. +; ʜ - ʨʘʟʚʠʪʠʝ 

ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʪʫʨʤʘʣʠʥʘ ʚ ʛʨʘʥʠʪʝ. ʐʣʠʬ 60/5, ʫʚʝʣ. 100, ʥʠʢ. +. 

ʈʠʩ. 3. ʘ - ʌʨʘʛʤʝʥʪ ʛʠʧʠʜʠʦʤʦʨʬ-

ʥʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʫʧʥʦʟʝʨ-

ʥʠʩʪʦʛʦ ʙʠʦʪʠʪʦʚʦʛʦ ʛʨʘʥʠʪʘ, ʩʦʩʪʦ-

ʷʱʝʛʦ ʠʟ ʢʚʘʨʮʘ (q), ʨʝʰʝʪʯʘʪʦʛʦ 

ʤʠʢʨʦʢʣʠʥʘ (fsp), ʧʣʘʛʠʦʢʣʘʟʘ (pl), 

ʙʠʦʪʠʪʘ (bt). ʂʚʘʨʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʥʘʠʤʝʥʴʰʠʤ ʠʜʠʦʤʦʨʬʠʟʤʦʤ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ. ʐʣʠʬ 57/7, ʫʚʝʣ. 40; ʥʠʢ. +; 

ʙ - ʜʚʫʩʣʶʜʷʥʦʡ  ʢʨʫʧʥʦ-ʟʝʨʥʠʩʪʳʡ   

ʛʨʘʥʠʪ,   ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʢʚʘʨʮʝʤ (q), 
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ʉʦʩʪʘʚ ʛʨʘʥʠʪʦʚ ʚʘʨʴʠʨʫʝʪ ʚ ʩʣʝʜʫʶʱʠʭ ʜʠʘʧʘʟʦʥʘʭ: ʢʚʘʨʮ ï 30-40 

%, ʢʧʰ ï 25-30 %, ʧʣʘʛʠʦʢʣʘʟ ï 20-25 %, ʙʠʦʪʠʪ ï 3-5 %, ʤʫʩʢʦʚʠʪ ï 2-3 %. 

ɻʨʘʥʠʪʳ ʦʙʣʘʜʘʶʪ ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʦʡ, ʛʨʘʥʠʪʦʚʦʡ, ʤʝʩʪʘʤʠ ʩʣʘʙʦ 

ʧʦʨʬʠʨʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʧʦʨʬʠʨʦʠʜʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʙʦʣʝʝ ʢʨʫʧʥʳʤʠ 

ʠʥʜʠʚʠʜʘʤʠ ʢʧʰ ʠ ʧʣʘʛʠʦʢʣʘʟʘ. ʅʘʠʙʦʣʝʝ ʢʩʝʥʦʤʦʨʬʥʳʤ ʤʠʥʝʨʘʣʦʤ 

ʷʚʣʷʝʪʩʷ ʢʚʘʨʮ, ʚʳʧʦʣʥʷʶʱʠʡ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʤʠʥʝʨʘʣʘʤʠ (ʨʠʩ. 3 ʘ, ʙ, ʚ).  

ɺ ʜʚʫʩʣʶʜʷʥʳʭ ʛʨʘʥʠʪʘʭ ʧʦʤʠʤʦ ʙʠʦʪʠʪʘ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ 

ʧʣʘʩʪʠʥʢʘʤʠ ʩ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤ ʠʜʠʦʤʦʨʬʠʟʤʦʤ, ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʤʫʩʢʦʚʠʪ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʪʦʤ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʟʘʧʦʣʥʷʝʪ ʤʝʞʟʝʨʥʦʚʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ ʪʨʝʱʠʥʳ ʚ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʤʠʥʝʨʘʣʘʭ (ʨʠʩ. 3 ʙ). 

ɻʨʘʥʦʜʠʦʨʠʪʳ ʵʥʜʦʢʦʥʪʘʢʪʦʚ ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʡ ʩʦʩʪʘʚ: ʧʣʘʛʠʦʢʣʘʟ - 

35-45 %, ʢʧʰ ï 20-25 %, ʢʚʘʨʮ ï 15-20 %, ʙʠʦʪʠʪ ï 7-10 %. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʦʩʥʦʚʥʦʩʪʠ ʧʦʨʦʜ ʢ ʧʝʨʠʬʝʨʠʠ ʤʘʩʩʠʚʘ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʩʪʝʧʝʥʥʳʤ ʧʝʨʝʭʦʜʦʤ ʛʨʘʥʠʪʦʚ ʢ ʛʨʘʥʦʜʠʦʨʠʪʘʤ, 

ʚʳʨʘʞʝʥʥʦʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʧʣʘʛʠʦʢʣʘʟʘ ʠ ʙʠʦʪʠʪʘ 

(ʨʠʩ. 3 ʛ). ʇʦʤʠʤʦ ʧʣʦʱʘʜʥʦʡ ʤʫʩʢʦʚʠʪʠʟʘʮʠʠ ʧʦʩʪʤʘʛʤʘʪʠʯʝʩʢʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʛʨʘʥʠʪʦʠʜʦʚ ʧʨʦʷʚʣʝʥʦ ʚ ʠʭ ʠʥʪʝʥʩʠʚʥʦʡ ʪʫʨʤʘʣʠʥʠʟʘʮʠʠ 

(ʨʠʩ. 3 ʜ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʩʚʦʝʤʫ ʩʪʨʦʝʥʠʶ ʏʠʙʘʛʘʣʘʭʩʢʠʡ ʤʘʩʩʠʚ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʬʘʟʥʳʤ, ʠ ʬʦʨʤʠʨʦʚʘʣʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʦʢʦʡʥʦʡ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʝ, ʤʥʦʛʦʘʢʪʥʳʭ ʚʥʝʜʨʝʥʠʡ ʤʘʛʤʳ ʚʦ ʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ. 
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ʍʈʆʄʐʇʀʅɽʃʀɼʓ ʉɺʗɿʋʖʑɽʁ ʄɸʉʉʓ 

ɸʃʄɸɿʆʅʆʉʅʓʍ ʊʋʌʌʀʊʆɺ  

ʉɽɺɽʈʆ-ɺʆʉʊʆʏʅʆʁ ʏɸʉʊʀ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ 

 

ɹʠʣʣʝʨ ɸ.ʗ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʅʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠʟʚʝʩʪʥʘ ʫʥʠʢʘʣʴʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʨʦʩʩʳʧʥʳʭ ʘʣʤʘʟʦʚ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʠʭ ʦʩʦʙʘʷ 

ʨʘʟʥʦʚʠʜʥʦʩʪʴ, ʥʝ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʠ ʚ ʦʜʥʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʪʨʫʙʢʝ 

ʗʢʫʪʠʠ. ɼʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʠʨʦʜʘ ʢʦʨʝʥʥʦʛʦ  ʠʩʪʦʯʥʠʢʘ 

ʵʪʠʭ ʨʦʩʩʳʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʫʩʣʦʚʠʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʥʪʠʠ. 

ɸʣʤʘʟʦʥʦʩʥʳʤ ʷʚʣʷʝʪʩʷ ʙʘʟʘʣʴʥʳʡ ʛʦʨʠʟʦʥʪ ʚ ʫʩʪʴʝ ʨʝʢʠ ʃʝʥʘ, ʤʦʱʥʦʩʪʴʶ 

ʦʪ 0,1 ʜʦ1 ʤ ʠ ʚʩʢʨʳʚʘʝʪʩʷ ʚ ʢʨʦʚʣʷʭ ʢʨʫʧʥʳʭ ʘʥʪʠʢʣʠʥʘʣʝʡ. ʉʣʘʛʘʶʱʠʝ 

ʝʛʦ ʧʦʨʦʜʳ, ʧʦ ʧʦʩʣʝʜʥʠʤ ʜʘʥʥʳʤ, ʷʚʣʷʶʪʩʷ ʪʫʬʬʠʪʘʤʠ, ʩ ʚʦʟʨʘʩʪʦʤ 226-

228 ʤʣʥ ʣʝʪ (U-Pb ʤʝʪʦʜ ʧʦ ʮʠʨʢʦʥʘʤ) [3, 5]. ɺ ʪʫʬʬʠʪʘʭ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʦʪʤʝʯʝʥʳ ʤʠʥʝʨʘʣʳ- ʩʧʫʪʥʠʢʠ ʘʣʤʘʟʘ: ʛʨʘʥʘʪʳ ʠ 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ. 

ʇʦʤʠʤʦ ʠʟʫʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʤʘʢʨʦʤʠʥʝʨʘʣʦʚ, 

ʠʥʬʦʨʤʘʪʠʚʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʦʩʪʘʚʘ ʤʠʢʨʦʨʠʩʪʘʣʣʠʜʦʚ 

ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ [1, 2, 4]. ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʷʚʣʷʶʪʩʷ ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ ʣʘʧʠʣʣʝʡ ʠʟ ʘʣʤʘʟʦʥʦʩʥʦʛʦ 

ʙʘʟʘʣʴʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ɹʫʣʢʫʨʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ.  

ɸʥʘʣʠʟʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʢʘʥʠʨʫʶʱʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

JEOL JSM 6480 LV ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʧʨʠʩʪʘʚʢʦʡ çOXFORDè INCA-sight ʚ 

ʀʥʩʪʠʪʫʪʝ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 50 ʟʝʨʝʥ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʰʧʠʥʝʣʠʜʦʚ, ʨʘʟʤʝʨ ʦʪ 

20 ʜʦ 100 ʤʢʤ (ʨʠʩ. 1). ʉʦʩʪʘʚ ʠʟʫʯʝʥʥʳʭ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʰʠʨʦʢʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

Cr2O3 - 17,14-56,53 ʤʘʩ. %, Al2O3 - 3,57-24,96 ʤʘʩ. %, TiO2 - 0,82-11,32 ʤʘʩ. 

%, MgO - 1,74-13,31 ʤʘʩ. %. ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʥʜʳ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʘʚʦʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʰʧʠʥʝʣʠʜʦʚ ʠʟ ʪʫʬʬʠʪʦʚ ɹʫʣʢʫʨʩʢʦʡ 

ʘʥʪʠʢʣʠʥʘʣʠ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʚʘ ʪʨʝʥʜʘ - ʧʠʢʨʦʠʣʴʤʝʥʠʪʦʚʳʡ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʭʨʦʤʘ ʠ 
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ʘʣʶʤʦ-ʭʨʦʤʠʪʦʚʳʡ, ʢʦʪʦʨʳʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʫʯʘʩʪʠʠ ʚ ʨʘʩʧʣʘʚʘʭ 

ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʭ ʛʣʫʙʠʥʥʳʭ ʧʦʨʦʜ. ʇʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, 

ʭʨʦʤʰʧʠʥʝʣʠʜʳ, ʥʘʠʙʦʣʝʝ ʦʙʦʛʘʱʝʥʥʳʝ ʭʨʦʤʦʤ, ʩ ʥʠʟʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ 

ʪʠʪʘʥʘ ʠ ʦʢʠʩʥʦʛʦ ʞʝʣʝʟʘ, ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʛʣʫʙʠʥʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘ ʫʨʦʚʥʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʥʪʠʡʥʳʭ ʤʘʛʤ. 

ʅʝʧʦʣʥʳʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʝ ʪʨʝʥʜʳ ʰʧʠʥʝʣʠʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʠʟʢʦʡ ʩʪʝʧʝʥʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʦʩʪʠ ʢʠʤʙʝʨʠʣʪʦʚʦʡ ʤʘʛʤʳ ʠ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʳʩʪʨʦʤ ʧʦʜʲʝʤʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʨʘʩʧʣʘʚʦʚ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

[1, 4].  

 

  

ʈʠʩ. 1. ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ ʣʘʧʠʣʣʝʡ ɹʫʣʢʫʨʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ.  

ʌʦʪʦ ʚ ʦʙʨʘʪʥʦʨʘʩʩʝʷʥʥʳʭ ʵʣʝʢʪʨʦʥʘʭ. 

 

 
ʈʠʩ. 2. ʊʨʝʥʜʳ ʩʦʩʪʘʚʦʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʩʚʷʟʫʶʱʝʡ 

ʤʘʩʩʳ ʪʫʬʬʠʪʦʚ ɹʫʣʢʫʨʩʢʦʡ ʘʥʪʠʢʣʠʥʘʣʠ. 
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ʅʘ ʜʠʘʛʨʘʤʤʝ ʧʦ Mitchel and Bergman, 1991 [6] (ʨʠʩ. 3) ʰʧʠʥʝʣʠʜʳ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʪʫʬʬʠʪʦʚ ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ 

ʪʘʢʦʚʳʤʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʠ ʣʘʤʧʨʦʠʪʦʚʳʭ ʧʦʨʦʜ. 

 

 
ʈʠʩ. 3. ʍʨʦʤʰʧʠʥʝʣʠʜʳ ʩʚʷʟʫʶʱʝʡ ʤʘʩʩʳ ʪʫʬʬʠʪʦʚ ʫʯʘʩʪʢʘ ɹʫʣʢʫʨ ʥʘ 

ʜʠʘʛʨʘʤʤʝ ʚ ʢʦʦʨʜʠʥʘʪʘʭ (Fe
2+

/Fe
2+

+Mg)-Ti /(Ti+Cr+Al) ʧʦ [6] 

 

ɺ ʮʝʣʦʤ, ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʭʨʦʤʰʧʠʥʝʣʠʜʳ ʪʫʬʬʠʪʦʚ ʫʯʘʩʪʢʘ 

ɹʫʣʢʫʨ ʩʭʦʞʠ ʧʦ ʩʦʩʪʘʚʫ ʩ ʰʧʠʥʝʣʠʜʘʤʠ ʠʟ  ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʦʢ ʗʢʫʪʩʢʦʡ ʧʨʦʚʠʥʮʠʠ. ʇʨʠʩʫʪʩʪʚʠʝ ʚʳʩʦʢʦ ʠ ʩʨʝʜʥʝʭʨʦʤʠʩʪʳʭ 

ʰʧʠʥʝʣʠʜʦʚ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʛʣʫʙʠʥʥʦʤ ʟʘʨʦʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ. ʅʝʧʦʣʥʳʡ 

ʪʨʝʥʜ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʰʧʠʥʝʣʠʜʦʚ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʙʳʩʪʨʦʛʦ 

ʧʦʜʲʝʤʘ ʚʝʱʝʩʪʚʘ, ʘ ʧʦʚʳʰʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ Al 2O3 ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʳʡ ʛʣʫʙʠʥʥʳʡ ʠʩʪʦʯʥʠʢ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʪʠʭ 

ʤʠʥʝʨʘʣʦʚ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ ˉ 12-05-98551-ʨ_ʚʦʩʪʦʢ_ʘ.  
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ɻɽʆʃʆɻʀʏɽʉʂʆɽ ʉʊʈʆɽʅʀɽ,  

ʄʀʅɽʈɸʃʆɻʀʗ ʀ ʇɽʊʈʆɻʈɸʌʀʗ ʈʋɼʆʇʈʆʗɺʃɽʅʀʗ 

ʊɽʄʅʓʁ 

 

ɹʠʨʶʢʦʚ ɸ.ɸ.
1
, ʄʠʭʘʣʠʮʳʥʘ ʊ.ʀ.

2
, ʌʦʤʠʥʘ ʄ.ʀ.

 2
 

1 ï ʆɸʆ ç2ʉè, ʛ. ʄʘʛʘʜʘʥ; 

2 ï ʉʝʚʝʨʦïɺʦʩʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ.ɸ. 

ʐʠʣʦ ɼɺʆ ʈɸʅ, ʛ. ʄʘʛʘʜʘʥ 

 

ʈʫʜʦʧʨʦʷʚʣʝʥʠʝ ʊʝʤʥʳʡ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʨʝʜʝʣʘʭ ʐʘʤʘʥʠʭʦ-

ʉʪʦʣʙʦʚʩʢʦʡ ʧʣʦʱʘʜʠ  ʇʨʠʢʦʣʳʤʩʢʦʛʦ ʪʝʨʨʝʡʥʘ.  ʇʦʠʩʢʦʚʳʡ ʠʥʪʝʨʝʩ ʢ 

ʫʯʘʩʪʢʫ ʦʙʫʩʣʦʚʣʝʥ ʥʘʣʠʯʠʝʤ ʧʨʦʤʳʰʣʝʥʥʦʡ ʨʦʩʩʳʧʠ ʠ ʝʜʠʥʠʯʥʳʭ 

ʧʫʥʢʪʦʚ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ ʩʦʜʝʨʞʘʥʠʷʤʠ ʟʦʣʦʪʘ 0,3 ï 0,8 ʛ/ʪ, ʩʝʨʝʙʨʘ 10 ʛ/ʪ 

ʠ ʮʠʥʢʘ 0,04 %.  ʇʦ ʜʘʥʥʳʤ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʧʦʠʩʢʦʚ ʥʘ ʫʯʘʩʪʢʝ ʊʝʤʥʳʡ 

ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʥʪʨʘʩʪʥʳʝ ʚʪʦʨʠʯʥʳʝ ʩʦʨʙʮʠʦʥʥʦ-ʩʦʣʝʚʳʝ ʦʨʝʦʣʳ  ʟʦʣʦʪʘ 

(ʜʦ 0,028 ʛ/ʪ), ʩʝʨʝʙʨʘ, ʩʫʨʴʤʳ; ʦʨʝʦʣʳ ʩʨʝʜʥʝʡ ʠ ʥʠʟʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ï 

ʚʦʣʴʬʨʘʤʘ, ʩʚʠʥʮʘ, ʚʠʩʤʫʪʘ, ʤʝʜʠ, ʨʪʫʪʠ, ʤʘʨʛʘʥʮʘ, ʤʳʰʴʷʢʘ ʠ ʤʦʣʠʙʜʝʥʘ. 

ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ 

ʢʘʨʙʦʥʘʪʥʳʝ ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʨʘʟʥʦʩʪʠ ʯʝʙʫʢʫʣʘʭʩʢʦʡ ʩʝʨʠʠ ʥʠʞʥʝʛʦ-
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ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ: ʠʟʚʝʩʪʢʦʚʠʩʪʳʝ ʩʣʘʥʮʳ, ʜʦʣʦʤʠʪʳ ʠ ʤʨʘʤʦʨʘ ʥʘ 

ʮʝʥʪʨʘʣʴʥʦʤ ʠ ʟʘʧʘʜʥʦʤ ʬʣʘʥʛʘʭ; ʬʠʣʣʠʪʳ, ʢʚʘʨʮʠʪʦ-ʧʝʩʯʘʥʠʢʠ ʠ 

ʢʚʘʨʮʠʪʳ ʶʢʘʛʠʨʩʢʦʡ ʩʝʨʠʠ ʥʠʞʥʝʛʦ-ʩʨʝʜʥʝʛʦ ʨʠʬʝʷ ʥʘ ʚʦʩʪʦʯʥʦʤ ʬʣʘʥʛʝ.  

ɺ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʨʫʜʝʥʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʥʥʳʤ,  ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ  ʥʘʧʣʘʩʪʦʚʘʥʠʝʤ 

ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʭ ʠ ʤʨʘʤʦʨʠʟʦʚʘʥʥʳʭ ʜʦʣʦʤʠʪʦʚ ʯʝʙʫʢʫʣʘʭʩʢʦʡ ʩʝʨʠʠ. 

ʉʨʝʜʠ ʠʥʪʨʫʟʠʚʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʣʦʤʦʱʥʳʝ ʜʘʡʢʠ 

ʜʠʦʨʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ.  ɼʘʡʢʠ 

ʨʘʟʚʠʪʳ ʚ ʘʧʠʢʘʣʴʥʦʡ ʯʘʩʪʠ ʩʢʨʳʪʦʛʦ ʠʥʪʨʫʟʠʚʘ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʘʥʦʤʘʣʴʥʦʡ ʟʦʥʳ. ʀʭ 

ʢʦʣʠʯʝʩʪʚʦ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ  ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʥʘ ʶʛʦ-ʟʘʧʘʜ.  

ɻʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʫʯʘʩʪʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʰʪʦʢʚʝʨʢʦʚʳʤ ʧʨʦʞʠʣʢʦʚʘʥʠʝʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʙʝʟʨʫʜʥʳʤ) ʠ ʟʦʥʘʤʠ 

ʩʫʙʩʦʛʣʘʩʥʦʛʦ (ʩʦ ʩʣʘʥʮʝʚʘʪʦʩʪʴʶ) ʧʨʦʞʠʣʢʦʚʘʥʠʷ ʚ ʩʣʘʥʮʘʭ ʩ  

ʤʘʣʦʤʦʱʥʳʤʠ (ʜʦ 2 ʩʤ) ʠʟʚʠʣʠʩʪʳʤʠ ʧʨʦʞʠʣʢʘʤʠ ʂʚʘʨʮ ʤʝʣʢʦʟʝʨʥʠʩʪʳʡ, 

ʩʝʨʦʚʘʪʦ-ʙʝʣʳʡ, ʩʝʨʳʡ, ʭʘʣʮʝʜʦʥʦʚʠʜʥʳʡ ʙʝʟ ʚʠʜʠʤʦʡ ʨʫʜʥʦʡ 

ʤʠʥʝʨʘʣʠʟʘʮʠʠ. ɺ ʩʣʘʥʮʘʭ ʯʘʩʪʦ ʦʪʤʝʯʘʶʪʩʷ ʟʦʥʳ ʩʣʘʙʦʡ ʧʠʨʠʪʠʟʘʮʠʠ 

(ʨʝʜʢʠʝ ʚʢʨʘʧʣʝʥʥʠʢʠ ʧʠʨʠʪʘ ʜʦ 2ï3 ʤʤ, ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ). ʇʦʯʪʠ 

ʧʦʚʩʝʤʝʩʪʥʦ ʥʘ ʫʯʘʩʪʢʝ ʨʘʟʚʠʪʳ ʩʣʘʙʳʝ ʟʦʥʳ ʣʠʤʦʥʠʪʠʟʘʮʠʠ ʢʘʢ ʧʦ ʚʩʝʡ 

ʤʘʩʩʝ ʧʦʨʦʜʳ, ʪʘʢ ʠ ʧʦ ʪʨʝʱʠʥʘʤ.  

ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ, ʩʣʦʞʝʥʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʤʠ ʤʘʩʩʠʚʥʳʤʠ ʤʨʘʤʦʨʘʤʠ  ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩ 

ʠʟʦʤʝʪʨʠʯʥʦʡ ʬʦʨʤʦʡ ʟʝʨʝʥ, ʨʝʞʝ ʛʝʪʝʨʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 

ʤʨʘʤʦʨʦʚʠʜʥʦʡ ʪʝʢʩʪʫʨʳ (ʨʠʩ. 1. 1).  ɺ ʩʦʩʪʘʚʝ ʩʦʜʝʨʞʠʪʩʷ ʢʘʣʴʮʠʪ ʩ 

ʚʢʣʶʯʝʥʠʝʤ ʜʦʣʦʤʠʪʘ (ʦʪ 60 ʜʦ 85%),  ʢʚʘʨʮ, ʤʫʩʢʦʚʠʪ (1ï3%) ʦʙʨʘʟʫʶʪ 

ʛʥʝʟʜʦʚʠʜʥʳʝ ʩʨʘʩʪʘʥʠʷ ~1ï2%, ʝʜ. ʩʬʝʥ, ʛʠʜʨʦʦʢʩʠʜʳ Fe.  

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʜʦʣʦʤʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʩʥʦ ʩʨʦʩʰʠʤʠʩʷ 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʟʝʨʥʘʤʠ ʢʘʣʴʮʠʪʘ ʠ ʜʦʣʦʤʠʪʘ (ʨʘʟʤʝʨʥʦʩʪʴ ʚʘʨʴʠʨʫʝʪ ʦʪ 

0,03 ʤʤ ʜʦ 0,1 ʤʤ) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʤʫʩʢʦʚʠʪʦʤ ʠ ʛʨʘʥʦʙʣʘʩʪʦʚʳʤʠ ʟʝʨʥʘʤʠ  

ʢʚʘʨʮʘ (0,03ï0,05 ʤʤ), ʚ ʢʦʪʦʨʫʶ ʚʢʣʶʯʝʥʳ ʫʜʣʠʥʝʥʥʳʝ, ʦʢʨʫʛʣʳʝ 

ʧʦʨʬʠʨʦʙʣʘʩʪʳ ʢʘʨʙʦʥʘʪʘ  (0,5ï1,0 ʤʤ), ʥʝʨʝʜʢʦ ʦʙʨʘʟʫʶʱʠʝ ʣʠʥʟʦʚʠʜʥʳʝ 

ʤʠʢʨʦʩʣʦʡʢʠ (ʨʠʩ. 1. 2). ʉʣʘʥʮʝʚʘʪʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ  ʫʜʣʠʥʝʥʥʦʡ 

ʦʨʠʝʥʪʠʨʦʚʢʦʡ ʟʝʨʝʥ ʢʘʨʙʦʥʘʪʘ, ʯʝʰʫʝʢ ʩʣʶʜʳ, ʛʠʜʨʦʦʢʠʩʠʜʦʚ Fe. 
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ɼʦʣʦʤʠʪ  ʦʙʨʘʟʫʝʪ ʠʟʦʤʝʪʨʠʯʥʳʝ ʟʝʨʥʘ,  ʣʠʰʝʥʥʳʝ ʜʚʦʡʥʠʢʦʚ, ʩ 

ʨʦʤʙʦʚʠʜʥʳʤ ʩʝʯʝʥʠʝʤ  ʚ ʪʝʩʥʦʤ ʩʨʘʩʪʘʥʠʠ ʩ ʧʦʨʬʠʨʦʙʣʘʩʪʘʤʠ ʢʘʣʴʮʠʪʘ.  

ʂʘʣʴʮʠʪ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʦʙʦʛʘʱʝʥ ʧʝʣʠʪʦʤʦʨʬʥʳʤ ʤʘʪʝʨʠʘʣʦʤ,  ʚ 

ʧʦʨʬʠʨʦʙʣʘʩʪʘʭ ʙʦʣʝʝ ʯʠʩʪʳʡ. ʆʙʨʘʟʫʝʪ ʧʦʣʠʩʠʥʪʝʪʠʯʝʩʢʠʝ ʜʚʦʡʥʠʢʠ.  

 

 
ʈʠʩ. 1. ʈʫʜʦʚʤʝʱʘʶʱʠʝ ʧʦʨʦʜʳ ʫʯʘʩʪʢʘ ʊʝʤʥʳʡ: 1. ʄʨʘʤʦʨ ʩ ʛʘʣʝʥʠʪ-

ʢʚʘʨʮʝʚʳʤʠ ʧʨʦʞʠʣʢʘʤʠ, ʰʣʠʬ. ʋʚ.25. ʅʠʢʦʣʠ +; 2. ɼʦʣʦʤʠʪ, ʰʣʠʬ. ʋʚ. 200. ʅʠʢʦʣʠ 

+; 3. ɾʠʣʴʥʳʡ ʢʚʘʨʮ, ʰʣʠʬ. ʋʚ. 25. ʅʠʢʦʣʠ +. 

 

ʈʫʜʥʳʡ ʢʚʘʨʮ ʧʨʝʜʩʪʘʚʣʝʥ  ʜʚʫʤʷ ʛʝʥʝʨʘʮʠʷʤʠ: ʢʚʘʨʮ ʧʝʨʚʦʡ 

ʛʝʥʝʨʘʮʠʠ ï ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ, ʪʨʝʱʠʥʦʚʘʪʳʝ; ʠʤʝʶʪ ʨʦʚʥʳʝ, ʯʘʩʪʦ 

ʟʫʙʯʘʪʳʝ  ʦʛʨʘʥʠʯʝʥʠʷ, ʨʘʟʤʝʨʦʤ ʦʪ 0,5ï0,8 ʜʦ 1,0 ʤʤ. ʍʘʨʘʢʪʝʨʥʦ 

ʦʙʣʘʯʥʦ-ʚʦʣʥʠʩʪʦʝ ʧʦʛʘʩʘʥʠʝ, ʠʥʦʛʜʘ ʦʪʤʝʯʘʝʪʩʷ ʙʣʦʢʦʚʦ-ʩʝʢʪʦʨʥʦʝ. 

ʂʚʘʨʮ ʚʪʦʨʦʡ ʛʝʥʝʨʘʮʠʠ ï ʠʤʝʝʪ ʛʨʘʥʦʙʣʘʩʪʦʚʫʶ ʩʪʨʫʢʪʫʨʫ, ʚʳʧʦʣʥʷʝʪ 

ʪʨʝʱʠʥʢʠ ʚ ʢʚʘʨʮʝ I ʛʝʥʝʨʘʮʠʠ, ʦʙʣʘʯʥʦ-ʚʦʣʥʠʩʪʦʝ ʧʦʛʘʩʘʥʠʝ, ʙʦʣʝʝ 

ʯʠʩʪʳʡ (ʨʠʩ. 1.3). ʈʫʜʥʳʡ ʤʠʥʝʨʘʣ ʦʙʨʘʟʫʝʪ ʩʪʷʞʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ 

ʧʨʠʫʨʦʯʝʥ ʢ ʫʯʘʩʪʢʘʤ ʛʨʘʥʦʙʣʘʩʪʦʚʦʛʦ ʢʚʘʨʮʘ. 

ʌʨʘʛʤʝʥʪʘʤʠ, ʨʫʜʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʠʪ ʠʟ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ ʠʟʤʝʥʝʥʥʳʭ 

ʙʨʝʢʯʠʡ ʩ ʢʚʘʨʮʝʚʳʤ, ʣʠʤʦʥʠʪ-ʢʚʘʨʮʝʚʳʤ ʠʣʠ ʩʫʣʴʬʠʜʥʦ-ʣʠʤʦʥʠʪ 

ʢʚʘʨʮʝʚʳʤ ʘʛʨʝʛʘʪʦʤ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʚʢʨʘʧʣʝʥʥʘʷ, ʛʥʝʟʜʦʚʘʷ, ʯʘʩʪʦ 

ʚʳʧʦʣʥʷʝʪ ʪʨʝʱʠʥʳ ʠ ʤʠʢʨʦʪʨʝʱʠʥʳ ʠʣʠ ʨʘʟʚʠʪʘ ʚ ʠʥʪʝʨʩʪʠʮʠʷʭ 

ʦʙʣʦʤʢʦʚ ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ ʠ ʢʚʘʨʮʘ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ 

ʢʚʘʨʮʝʚʦʡ ʤʘʩʩʝ ʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʜʦ ʚʝʩʴʤʘ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ, ʦʪ 1ï2% ʜʦ 

5ï15%. 

Cʨʝʜʠ ʨʫʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥ ʛʘʣʝʥʠʪ, ʧʠʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʩʬʘʣʝʨʠʪ, ʘʣʪʘʠʪ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪ, ʙʣʝʢʣʘʷ ʨʫʜʘ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ ʠ 

ʩʝʨʝʙʨʦ. ʆʩʥʦʚʥʘʷ ʨʫʜʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʧʨʠʫʨʦʯʝʥʘ ʢ ʢʚʘʨʮʝʚʳʤ ʞʠʣʘʤ ʩ 

ʛʘʣʝʥʠʪʦʤ, ʩʘʤʦʨʦʜʥʳʤ ʟʦʣʦʪʦʤ ʠ ʪʝʣʣʫʨʠʜʘʤʠ Bi ʠ Pb. ɺʤʝʱʘʶʱʠʝ 
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ʧʦʨʦʜʳ ʩʦʜʝʨʞʘʪ ʪʦʥʢʫʶ ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ 

ʣʠʤʦʥʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʧʠʨʠʪʘ. 

 ɺʳʜʝʣʝʥʦ ʜʚʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʨʘʟʥʦʩʪʠ ʧʠʨʠʪʘ: ʘ) ʢʫʙʠʯʝʩʢʦʡ 

ʬʦʨʤʳ, ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥʥʳʡ ʣʠʤʦʥʠʪʦʤ (0,025ï0,3 ʤʤ) ʠ 

ʙ) ʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ï ʥʝʠʟʤʝʥʝʥʥʳʡ, ʪʷʛʦʪʝʝʪ ʢ ʣʠʥʟʘʤ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ (ʨʘʟʤʝʨ ʜʦ 0,015 ʤʤ). 

ɻʣʘʚʥʳʡ ʨʫʜʥʳʡ ʤʠʥʝʨʘʣ ï ʛʘʣʝʥʠʪ ï ʦʙʨʘʟʫʝʪ ʛʥʝʟʜʦʚʫʶ 

ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʠʜʠʦʤʦʨʬʥʳʭ ʟʝʨʝʥ ʚ ʞʠʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ. ʂʨʫʧʥʳʝ 

ʢʨʠʩʪʘʣʣʳ ʪʨʝʱʠʥʦʚʘʪʳʝ, ʠʭ ʨʘʟʤʝʨ ʦʪ 0,1 ʜʦ 9 ʤʤ. ɻʘʣʝʥʠʪ ʧʦ ʢʨʘʷʤ ʠ ʧʦ 

ʤʠʢʨʦʪʨʝʱʠʥʘʤ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʱʝʥ ʮʝʨʫʩʩʠʪʦʤ, ʣʠʤʦʥʠʪʦʤ 

ʠ ʢʦʚʝʣʣʠʥʦʤ (ʨʠʩ. 2.).  

 

 

ʈʠʩ. 2. ʄʠʥʝʨʘʣʴʥʳʝ ʘʩʩʦʮʠʘʮʠʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʊʝʤʥʳʡ. 1. ɺʢʣʶʯʝʥʠʷ ʘʣʪʘʠʪʘ 

(Alt) ʠ ʪʝʣʣʫʨʦʚʠʤʫʪʠʪʘ (TeBi) ʚ ʛʘʣʝʥʠʪʝ (Gn). ʋʚ. 1000; 2. ɺʢʣʶʯʝʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ (Au) ʚ ʘʣʪʘʪʠʪʝ (Alt). ɸʣʪʘʠʪ (Alt) ʦʙʨʘʟʫʝʪ ʚʢʣʶʯʝʥʠʝ ʚ ʛʘʣʝʥʠʪʝ (Gn). ʋʚ. 1000; 

3. ʉʨʘʩʪʘʥʠʝ ʭʘʣʴʢʦʧʠʨʠʪʘ (Chp), ʙʣʝʢʣʦʡ ʨʫʜʳ (Fh) ʠ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au). ʋʚ. 

1000; 4. ɻʘʣʝʥʠʪ (Gn) ʢʦʨʨʦʜʠʨʦʚʘʥʥʳʡ ʮʝʨʫʩʩʠʪʦʤ (Ce). ɺ ʮʝʨʫcʩʠʪʝ (Ce) ʚʢʣʶʯʝʥʠʝ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au). ʋʚ. 200; 5. ɺʢʣʶʯʝʥʠʝ ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (Au) ʚ ʢʚʘʨʮʝ (Q). 

ɿʦʣʦʪʦ ʚ ʨʫʙʘʰʢʝ ʣʠʤʦʥʠʪʘ (Lim). ʋʚ. 1000; 6. ʉʨʘʩʪʘʥʠʝ ʛʘʣʝʥʠʪʘ (Gn) ʠ ʩʘʤʦʨʦʜʥʦʛʦ 

ʟʦʣʦʪʘ (Au). ʋʚ. 1000. 

 

ɺ ʛʘʣʝʥʠʪʝ ʚʩʪʨʝʯʝʥʳ ʚʢʣʶʯʝʥʠʷ ʘʣʪʘʠʪʘ, ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʘ ʠ 

ʩʘʤʦʨʦʜʥʦʛʦ ʟʦʣʦʪʘ (ʨʠʩ. 2.1, 2.2). ɺ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʘʣʝʥʠʪʦʤ ʫʩʪʘʥʦʚʣʝʥʳ 

ʙʣʝʢʣʘʷ ʨʫʜʘ, ʭʘʣʴʢʦʧʠʨʠʪ ʠ ʧʠʨʠʪ (ʨʠʩ. 2.3). ʉʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʥʝʩʢʦʣʴʢʠʭ ʚʠʜʘʭ: ʘ) ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ; ʙ)  ʚ ʩʨʘʩʪʘʥʠʠ 

ʩ ʛʘʣʝʥʠʪʦʤ, ʨʘʟʤʝʨ ʟʝʨʝʥ 0,1 ï 0,01 ʤʤ (ʨʠʩ. 2.6); ʚ) ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ 
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ʘʣʪʘʠʪʝ, ʨʘʟʤʝʨ 0,005 ʤʤ (ʨʠʩ. 2.2); ʛ) ʚ ʨʫʙʘʰʢʝ ʛʠʜʨʦʢʩʠʜʦʚ Fe (ʨʠʩ. 2.5). 

ɿʦʣʦʪʦ ʦʪʣʘʛʘʝʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʢʚʘʨʮʝ, ʨʘʟʤʝʨ ʚʘʨʴʠʨʫʝʪ ʦʪ 

0,015 ʜʦ 0,005 ʤʤ; ʜ) ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʙʣʝʢʣʦʡ ʨʫʜʦʡ ʠ ʭʘʣʴʢʦʧʠʨʠʪʦʤ (ʨʠʩ. 

2.3); ʝ) ʚ ʚʠʜʝ ʚʢʣʶʯʝʥʠʡ ʚ ʮʝʨʫʩʩʠʪʝ (ʨʠʩ. 2.4). ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ ʛʘʣʝʥʠʪʘ ʮʝʨʫʩʩʠʪʦʤ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʨʫʙʘʰʢʝ ʠʟ 

ʮʝʨʫʩʩʠʪʘ. ɺ ʮʝʨʫʩʩʠʪʝ ʦʥʦ ʦʙʨʘʟʫʝʪ ʤʘʣʦʤʦʱʥʳʝ ʚʳʜʝʣʝʥʠʷ, ʘ ʧʨʠ 

ʩʨʘʩʪʘʥʠʠ ʩ ʛʘʣʝʥʠʪʦʤ ʦʙʦʩʦʙʣʝʥʠʷ ʟʦʣʦʪʘ ʜʦʩʪʠʛʘʶʪ 0,2 ʤʤ. ɿʦʣʦʪʦ ʷʨʢʦ-

ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʩ ʥʝʙʦʣʴʰʠʤ ʨʦʟʦʚʳʤ ʦʪʪʝʥʢʦʤ, ʚʦʟʤʦʞʥʘ ʧʨʠʤʝʩʴ Cu. 

ɿʘʧʦʣʥʷʝʪ ʧʫʩʪʦʪʳ ʚ ʢʚʘʨʮʝʚʦʤ ʤʝʞʟʝʨʥʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʪʷʛʦʪʝʝʪ ʢ ʛʘʣʝʥʠʪʫ.  

ʋʩʪʘʥʦʚʣʝʥʥʘʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʧʦʣʠʩʫʣʴʬʠʜʥʘʷ ʠ 

ʟʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ  ʥʘ ʨʫʜʦʧʨʦʷʚʣʝʥʠʠ ʊʝʤʥʳʡ  ʧʨʠʫʨʦʯʝʥʘ ʢ 

ʢʚʘʨʮʝʚʳʤ ʧʨʦʞʠʣʢʘʤ ʛʨʘʥʦʙʣʘʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ. ʉʨʝʜʠ ʨʫʜʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥ ʛʘʣʝʥʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, ʩʘʤʦʨʦʜʥʦʝ ʟʦʣʦʪʦ, ʙʣʝʢʣʘʷ 

ʨʫʜʘ, ʪʝʣʣʫʨʠʜʳ ʚʠʩʤʫʪʘ ʠ ʩʚʠʥʮʘ. ɿʦʣʦʪʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʥʘʠʙʦʣʝʝ 

ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʝʥʘ ʚ ʟʦʥʘʭ ʦʢʠʩʣʝʥʠʷ, ʛʜʝ ʟʦʣʦʪʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʚʦʙʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʚ ʩʨʘʩʪʘʥʠʠ ʩ ʛʘʣʝʥʠʪʦʤ  ʠʣʠ ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʮʝʨʫʩʩʠʪʦʤ. ɼʣʷ 

ʚʳʷʚʣʝʥʠʷ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʦʙʲʝʢʪʘ 

ʊʝʤʥʳʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʜʝʪʘʣʴʥʳʭ ʧʦʠʩʢʦʚʦ-ʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ.  

 

 

 

 

ʃʀʊʆʍʀʄʀʗ ʉʈɽɼʅɽʖʈʉʂʀʍ-ʅʀɾʅɽʄɽʃʆɺʓʍ 

ʊɽʈʈʀɻɽʅʅʓʍ ʇʆʈʆɼ ʉɽɺɽʈʅʆʁ ʏɸʉʊʀ 

ʇʈʀɺɽʈʍʆʗʅʉʂʆɻʆ ʇʈʆɻʀɹɸ 

(ɾʀɻɸʅʉʂʀʁ ʈɸʁʆʅ ʗʂʋʊʀʀ) 

 

ɺʘʩʠʣʴʝʚ ɼ.ɸ.
1
, ʀʚʝʥʩʝʥ ɻ.ɺ.

1
, ɽʨʰʦʚʘ ɺ.ɹ.

2 

1
 
ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ; 

2 ï ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 

 

ʀʩʩʣʝʜʫʝʤʘʷ ʪʝʨʨʠʪʦʨʠʷ ʨʘʩʧʦʣʦʞʝʥʘ ʚʜʦʣʴ ʧʦʙʝʨʝʞʴʷ ʨ. ʃʝʥʳ ʦʪ ʧ. 

ɾʠʛʘʥʩʢ ʜʦ ʫʩʪʴ ̫ʨ. ʂʳʩʪʘʪʳʘʤ [1]. ɿʜʝʩʴ ʦʙʥʘʞʘʶʪʩʷ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʝ 

ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʝ ʪʝʨʨʠʛʝʥʥʳʝ ʧʦʨʦʜʳ ʩʨʝʜʥʝʡ, ʚʝʨʭʥʝʡ ʶʨʳ ʠ ʥʠʞʥʝʛʦ 
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ʤʝʣʘ. ʅʘʤʠ ʙʳʣʠ ʦʧʨʦʙʦʚʘʥʳ ʦʪʣʦʞʝʥʠʷ ʙʘʡʦʩ-ʙʘʪʩʢʦʛʦ ʷʨʫʩʘ (ʩʨʝʜʥʷʷ 

ʶʨʘ), ʜʞʘʩʢʦʡʩʢʦ-ʩʳʪʦʛʠʥʩʢʦʡ (ʩʨʝʜʥʷʷ - ʚʝʨʭʥʷʷ ʶʨʘ) ʠ ʳʥʛʳʨʩʢʦʡ 

(ʥʠʞʥʠʡ ʤʝʣ) ʩʚʠʪ [1]. ɺ ʪʝʢʪʦʥʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʨʘʡʦʥ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʟʘʧʘʜʥʦʤ ʢʨʳʣʝ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʇʨʠʚʝʨʭʦʷʥʩʢʦʛʦ ʧʨʦʛʠʙʘ,  ʥʘ ʛʨʘʥʠʮʝ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ ʍʘʨʘʫʣʘʭʩʢʦʛʦ ʩʝʛʤʝʥʪʘ ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-

ʥʘʜʚʠʛʦʚʦʛʦ ʧʦʷʩʘ [3].  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʣʠʪʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʨʦʜ 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʭ ʤʦʜʫʣʝʡ [5], ʛʜʝ ʘʚʪʦʨʳ ʜʣʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ ʧʨʝʜʣʘʛʘʶʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʛʠʜʨʦʣʠʟʘʪʥʳʡ 

ʤʦʜʫʣʴ ɻʄ=(Al2O3+TiO2+Fe2O3+FeO+MnO)/SiO2. ɼʘʥʥʳʡ ʤʦʜʫʣʴ 

ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʜʚʫʭ ʚʘʞʥʝʡʰʠʭ ʛʠʧʝʨʛʝʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ï ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠ ʛʠʜʨʦʣʠʟʘ. ʇʦ ʟʥʘʯʝʥʠʶ ɻʄ ʚʩʝ 

ʠʩʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʧʦʜʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʧʩʘʤʤʠʪʦʚʳʝ ʘʣʢʘʣʠʪʳ, 

ʤʠʦʩʠʣʠʪʳ, ʩʠʘʣʣʠʪʳ, ʘʣʝʚʨʠʪʦʚʳʝ ʤʠʦʩʠʣʠʪʳ ʠ ʩʠʘʣʣʠʪʳ ʠ ʧʝʣʠʪʦʚʳʝ 

ʩʠʘʣʣʠʪʳ. ɺʩʝ ʦʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʚʳʜʝʨʞʘʥʥʳʤ ʧʦ ʨʘʟʨʝʟʫ ʠ 

ʧʨʦʩʪʠʨʘʥʠʶ ʭʠʤʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ (ʪʘʙʣ.1) ʠ ʫ ʥʠʭ ʥʘʙʣʶʜʘʶʪʩʷ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷ SiO2 ʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ ʠ ʥʠʟʢʠʝ ï ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ. ɺʳʩʦʢʘʷ ʱʝʣʦʯʥʦʩʪʴ ʥʝ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ ʪʝʨʨʠʛʝʥʥʳʭ ʪʦʣʱ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʝʪʨʦʛʝʥʥʳʝ ʠ ʧʠʨʦʛʝʥʥʳʝ ʧʦʨʦʜʳ ʯʘʩʪʦ ʘʪʪʝʩʪʫʶʪʩʷ ʢʘʢ 

ʱʝʣʦʯʥʳʝ ʩʠʣʠʪʳ ʠ ʩʠʘʣʣʠʪʳ (Na2O+K2O>5%) [5]. 

ʂ ʪʠʧʫ ʘʣʢʘʣʠʪʦʚ (Na2O+K2O>8%) ʦʪʥʦʩʷʪʩʷ ʥʝ ʦʯʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʝ, ʥʦ ʟʘʪʦ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʥʳʝ ʩʝʜʠʤʝʥʪʠʪʳ ʩ 

ʩʦʚʝʨʰʝʥʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʦʡ, ʥʘʧʨʠʤʝʨ, ʱʝʣʦʯʥʳʝ 

ʪʫʬʳ ʠ ʧʨʦʜʫʢʪʳ ʠʭ ʧʝʨʝʨʦʞʜʝʥʠʷ ʚ ʵʧʠʛʝʥʝʟʝ [5]. ʆʪ ʧʩʘʤʤʠʪʦʚʳʭ 

ʘʣʢʘʣʠʪʦʚ ʢ ʘʣʝʚʨʠʪʦʚʳʤ ʠ ʧʝʣʠʪʦʚʳʤ ʩʠʘʣʣʠʪʘʤ ʤʳ ʥʘʙʣʶʜʘʝʤ 

ʧʦʩʪʝʧʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ SiO2, Na2O ʠ ʩʫʤʤʳ ʱʝʣʦʯʝʡ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ Al 2O3 ʠ ʥʝʠʟʤʝʥʥʦʤ K2O, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ɻʄ 

(ʚʣʠʷʥʠʷ ʛʠʧʝʨʛʝʥʥʳʭ ʧʨʦʮʝʩʩʦʚ). ɺ ʩʫʤʤʝ ʱʝʣʦʯʝʡ ʧʩʘʤʤʠʪʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ Na2O (ʥʘ 0,01-1,27%) ʚ 29 ʦʙʨʘʟʮʘʭ, ʚ 10 

ʦʙʨʘʟʮʘʭ ʥʝ ʟʥʘʯʠʪʝʣʴʥʦ (0,03-0,41%) ʧʨʝʦʙʣʘʜʘʝʪ K2O. ʆʩʥʦʚʥʳʤ 

ʦʪʣʠʯʠʝʤ ʘʣʝʚʨʠʪʦʚʳʭ ʠ ʧʝʣʠʪʦʚʳʭ ʩʠʘʣʣʠʪʦʚ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ K2O 

ʚ ʩʫʤʤʝ ʱʝʣʦʯʝʡ ʠʟ 20-ʪʠ ʦʙʨʘʟʮʦʚ ʪʦʣʴʢʦ ʚ ʪʨʝʭ Na2O ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʴʰʝ. 

ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʧʩʘʤʤʠʪʳ ʠʤʝʶʪ ʟʥʘʯʝʥʠʝ ʅʄ 

(ʥʘʪʨʠʝʚʳʡ ʤʦʜʫʣʴ ʅʄ=Na2O/Al2O3) ʙʦʣʴʰʝ 0,20, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʪʦʣʴʢʦ 
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ʛʨʘʫʚʘʢʢʦʚʳʤ ʧʩʘʤʤʠʪʘʤ [4]. ʂ ʵʪʦʤʫ ʞʝ ʪʠʧʫ ʧʩʘʤʤʠʪʦʚ ʦʥʠ ʦʪʥʦʩʷʪʩʷ 

ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ ʌ. ʇʝʪʪʠʜʞʦʥʘ [2].  

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ (ʚ %) ʪʝʨʨʠʛʝʥʥʳʭ ʧʦʨʦʜ ʩʨʝʜʥʝʶʨʩʢʦ-ʥʠʞʥʝʤʝʣʦʚʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʧʦ [5] 

 

ʊʠʧ ʧʦʨʦʜ 

ʇʩʘʤʤʠʪʦʚ

ʳʝ 

ʘʣʢʘʣʠʪʳ 

ʇʩʘʤʤʠʪʦʚ

ʳʝ 

ʤʠʦʩʠʣʠʪʳ 

ʇʩʘʤʤʠʪʦʚ

ʳʝ 

ʩʠʘʣʣʠʪʳ 

ɸʣʝʚʨʠʪʦʚʳ

ʝ 

ʤʠʦʩʠʣʠʪʳ 

ɸʣʝʚʨʠʪʦʚʳ

ʝ ʩʠʘʣʣʠʪʳ 

ʇʝʣʠʪʦʚʳʝ 

ʩʠʘʣʣʠʪʳ 

ʂ-ʚʦ ʦʙʨʘʟʮʦʚ 6 28 5 2 11 9 

SiO2 

69,58 

(68,13-

71,00) 

68,40 

(64,83-

72,31) 

63,08 

(60,69-

66,15) 

66,85 

(66,66-

67,04) 

62,18 

(57,89-

65,90) 

60,09 

(57,42-61,74) 

TiO2 
0,38 

(0,21-0,66) 

0,55 

(0,29-0,93) 

0,65 

(0,51-0,77) 

0,63 

(0,55-0,71) 

0,70 

(0,47-0,83) 

0,76 

(0,64-0,90) 

Al2O3 

15,81 

(14,83-

16,88) 

14,85 

(14,10-

16,06) 

15,19 

(14,35-

16,79) 

15,33 

(15,11-

15,54) 

15,77 

(14,33-

16,59) 

16,48 

(15,35-17,93) 

Fe2O3 
0,22 

(0,00-0,39) 

0,80 

(0,00-2,06) 

1,41 

(0,33-1,99) 

0,86 

(0,42-1,30) 

1,48 

(0,00-3,17) 

1,80 

(1,06-3,01) 

FeO 
1,95 

(1,57-2,53) 

2,37 

(0,85-3,18) 

4,24 

(3,31-5,02) 

2,43 

(2,31-2,55) 

3,94 

(1,88-6,67) 

4,27 

(2,92-6,67) 

MnO 
0,04 

(0,03-0,05) 

0,05 

(0,02-0,08) 

0,09 

(0,08-0,10) 

0,06 

(0,06) 

0,07 

(0,04-0,12) 

0,12 

(0,05-0,32) 

MgO 
0,68 

(0,50-0,99) 

0,98 

(0,12-1,63) 

1,96 

(1,17-2,50) 

1,56 

(1,43-1,69) 

2,11 

(1,01-2,94) 

2,64 

(2,25-2,92) 

CaO 
2,05 

(1,66-2,42) 

2,38 

(1,38-3,86) 

2,20 

(1,85-2,75) 

2,03 

(1,75-2,30) 

1,90 

(1,50-2,43) 

1,86 

(1,36-2,25) 

Na2O 
4,39 

(4,18-4,66) 

3,90 

(3,37-4,48) 

3,47 

(3,27-3,65) 

3,66 

(3,55-3,77) 

3,40 

(3,01-4,18) 

2,96 

(2,32-3,32) 

K2O 
3,78 

(3,44-4,42) 

3,53 

(2,90-4,06) 

3,44 

(3,05-3,71) 

3,78 

(3,62-3,93) 

3,70 

(3,02-4,09) 

3,78 

(2,37-4,18) 

PPP 
0,97 

(0,67-1,28) 

1,46 

(0,43-2,91) 

3,01 

(2,13-4,85) 

1,81 

(1,63-1,99) 

3,75 

(2,27-7,76) 

4,31 

(3,29-6,35) 

P2O5 
0,15 

(0,11-0,20) 

0,21 

(0,10-0,39) 

0,23 

(0,17-0,28) 

0,27 

(0,26-0,27) 

0,21 

(0,15-0,27) 

0,24 

(0,19-0,32) 

CO2 0,00 
0,44 

(0,00-1,61) 

0,98 

(0,00-1,81) 

0,69 

(0,00-1,38) 

0,74 

(0,00-2,23) 

0,66 

(0,00-2,14) 

S 
0,02 

(0,00-0,06) 

0,08 

(0,00-0,45) 

0,12 

(0,11-0,13) 
0,00 

0,14 

(0,07-0,22) 

0,04 

(0,00-0,08) 

F 0,00 0,00 0,00 0,00 0,00 0,00 

ʉʫʤʤʘ 

100,02 

(99,75-

100,32) 

99,98 

(99,00-

100,67) 

100,01 

(99,76-

100,32) 

99,94 

(99,54-

100,34) 

100,01 

(99,54-

100,36) 

99,98 

(99,65-

100,40) 
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ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʩʝ ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪ ʠʭ ʦʪ ʥʦʨʤʘʣʴʥʳʭ 

ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ: 1) ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʱʝʣʦʯʝʡ (ʦʪ 5,14% ʫ ʧʝʣʠʪʦʚ ʜʦ 

8,63% ʫ ʘʣʢʘʣʠʪʦʚ); 2) ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ SiO2 ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ ʛʠʜʨʦʣʠʟʘʪʥʦʛʦ ʤʦʜʫʣʷ; 

3) ʛʨʘʫʚʘʢʢʦʚʳʡ ʪʠʧ ʧʩʘʤʤʠʪʦʚ; 4) ʥʝ ʩʦʙʣʶʜʘʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ 

ʄʠʛʜʠʩʦʚʘ (ʫ ʧʝʣʠʪʦʚʳʭ ʧʦʨʦʜ ʊʄ ʚʳʰʝ, ʯʝʤ ʫ ʧʩʘʤʤʠʪʦʚ) [5]; 5) 

ʠʩʩʣʝʜʫʝʤʳʝ ʦʪʣʦʞʝʥʠʷ ʥʘʢʘʧʣʠʚʘʣʠʩʴ ʧʨʠ ʛʫʤʠʜʥʦʤ ʢʣʠʤʘʪʝ ʚ 

ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ ʠ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʵʪʦʤ ʠʤʝʶʪ 

ʧʦʥʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʊʄ [5]; 6) ʚʦ ʚʩʝʭ ʧʨʦʙʘʭ ʧʨʝʦʙʣʘʜʘʝʪ FeO ʥʘʜ Fe2O3, 

ʯʪʦ ʥʝ ʩʚʦʡʩʪʚʝʥʥʦ ʜʣʷ ʥʦʨʤʘʣʴʥʳʭ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜ. 

ʇʦʨʦʜʳ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ ʧʨʝʜʳʜʫʱʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʙʳʣʠ 

ʦʪʥʝʩʝʥʳ ʢ ʥʦʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʤ ʦʪʣʦʞʝʥʠʷʤ [1]. ʀʭ ʚʳʚʦʜ ʙʘʟʠʨʦʚʘʣʩʷ 

ʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʰʣʠʬʦʚ, ʦʜʥʘʢʦ ʦʧʳʪ ʧʦʩʣʝʜʥʠʭ ʣʝʪ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʝʩʣʠ ʧʩʘʤʤʠʪʦʚʳʡ ʪʫʬ ʦʪʣʠʯʠʪʴ ʦʪ ʧʝʩʯʘʥʠʢʘ ʧʨʦʩʪʦ, ʪʦ 

ʦʪʣʠʯʠʪʴ ʪʫʬʬʦʠʜ, ʪʝʤ ʙʦʣʝʝ ʪʝʬʨʦʠʜ, ʦʯʝʥʴ ʩʣʦʞʥʦ ʠ ʙʝʟ ʙʦʣʴʰʦʛʦ 

ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʦʧʳʪʘ, ʧʦʯʪʠ ʥʝʚʦʟʤʦʞʥʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ ʵʪʠ ʥʝ ʩʚʦʡʩʪʚʝʥʥʳʝ ʥʦʨʤʘʣʴʥʦ-ʦʩʘʜʦʯʥʳʤ 

ʦʪʣʦʞʝʥʠʷʤ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʨʝʜʥʝʶʨʩʢʦ-ʥʠʞʥʝʤʝʣʦʚʦʤ 

ʨʘʟʨʝʟʝ ʵʪʦʡ ʯʘʩʪʠ ʇʨʠʚʝʨʭʦʷʥʩʢʦʛʦ ʧʨʦʛʠʙʘ ʱʝʣʦʯʥʳʭ ʪʫʬʬʦʠʜʦʚ ʠ 

ʚʫʣʢʘʥʦʛʝʥʥʦ-ʦʩʘʜʦʯʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʧʦʨʦʜ.  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ˉ14-05-31298, 13-05-

00700, 13-05-0094, ʛʨʘʥʪʘ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʄʂ-2044.2010.5. 
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ɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ʌɸʅɽʈʆɿʆʁʉʂʀʍ 

ɹɸɿʀʊʆɺ ʆʃɽʅɽʂʉʂʆɻʆ ʇʆɼʅʗʊʀʗ  

(ɼʆʃʀʅɸ ʈ. ʂʋʆʁʂɸ) 

 

ɺʘʩʠʣʴʝʚʘ ɸ.ɽ., ʂʦʧʳʣʦʚʘ ɸ.ɻ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʀʥʪʝʨʝʩ ʢ ʙʘʟʠʪʘʤ ʨ. ʂʫʦʡʢʠ (ʶʛʦ-ʟʘʧʘʜʥʳʡ ʙʦʨʪ ʆʣʝʥʝʢʩʢʦʛʦ 

ʧʦʜʥʷʪʠʷ) ʦʙʫʩʣʦʚʣʝʥ ʩʦʯʝʪʘʥʠʝʤ ʟʜʝʩʴ ʜʚʫʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʛʨʫʧʧ 

ʤʘʛʤʘʪʠʪʦʚ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ [1]. ɹʦʣʝʝ ʨʘʥʥʷʷ ʠʟ ʥʠʭ ʩʚʷʟʘʥʘ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʆʣʝʥʝʢʩʢʦʛʦ ʧʘʣʝʦʨʠʬʪʘ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʤʘʛʤʘʪʠʟʤʘ - ʩʪʘʥʦʚʣʝʥʠʝ ʚ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʝ ʚʨʝʤʷ 

ʆʣʝʥʝʢʩʢʦʡ ʪʨʘʧʧʦʚʦʡ ʩʠʥʝʢʣʠʟʳ [2]. ɺ ʜʘʥʥʦʤ ʩʦʦʙʱʝʥʠʠ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʪʦʚ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʦʝ ʚʨʝʤʷ ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʥʘ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʙʳʣʘ ʩʚʷʟʘʥʘ ʩ ʚʥʝʜʨʝʥʠʝʤ ʤʘʛʤʳ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʡ ʧʨʦʪʷʞʝʥʥʫʶ (ʜʦ 80 ʢʤ) ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʫʶ ʟʘʣʝʞʴ ʠ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʡʢʠ ʪʨʘʧʧʦʚʦʡ 

ʬʦʨʤʘʮʠʠ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʪʨʘʧʧʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʫʟʢʠʤ ʜʠʘʧʘʟʦʥʦʤ 

ʧʦʨʦʜʦʦʙʨʘʟʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʩʦʜʝʨʞʘʥʠʷ SiO2 (ʤʘʩ. %) ʥʘʭʦʜʷʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ 48-50, TiO2 -  1,1-1,5, K2O -  0,3-0,5, P2O5 - 0,12-0,30, ʩʫʤʤʘʨʥʘʷ 

ʞʝʣʝʟʠʩʪʦʩʪʴ 11-13, ʠʥʜʝʢʩ Mg# = 51-56. ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ  

ʜʠʘʛʨʘʤʤʝ SiO2 ï (NaO2+K2O) ʬʠʛʫʨʘʪʠʚʥʳʝ ʪʦʯʢʠ ʠʭ ʩʦʩʪʘʚʦʚ ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʘʢʪʥʦʝ ʧʦʣʝ ʚ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʘʟʠʪʦʚ ʥʦʨʤʘʣʴʥʦʡ ʪʦʣʝʠʪ-

ʙʘʟʘʣʴʪʦʚʦʡ ʩʧʝʮʠʘʣʠʟʘʮʠʠ (ʨʠʩ. 1).  
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ʈʠʩ. 1. ʇʦʣʦʞʝʥʠʝ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʝʢ ʩʦʩʪʘʚʦʚ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʙʘʟʠʪʦʚ ʜʦʣʠʥʳ ʨ. 

ʂʫʦʡʢʘ ʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ ʜʠʘʛʨʘʤʤʝ. 1 ï ʪʨʘʧʧʳ, ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʙʘʟʠʪʳ: 2 ï

ʫʤʝʨʝʥʥʦ-Ti ,  3 ï ʚʳʩʦʢʦ-Ti. 

 

ʅʘ ʤʫʣʴʪʠʵʣʝʤʝʥʪʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʪʨʝʥʜʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʪʨʘʧʧʘʭ ʧʦʢʘʟʳʚʘʶʪ ʦʜʥʦʪʠʧʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠ 

ʧʦ ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʙʣʠʟʢʠ ʢ ʙʘʟʘʣʴʪʘʤ ʪʠʧʘ E-MORB (ʨʠʩ. 2).  

 
ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʧʦ ʧʨʠʤʠʪʠʚʥʦʡ ʤʘʥʪʠʠ [2] ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʙʘʟʠʪʘʭ  ʜʦʣʠʥʳ ʨ. ʂʫʦʡʢʘ. ʋʩʣʦʚʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʥʘ ʨʠʩ. 1. 
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ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʦʣʦʛʦʝ ï ʟʥʘʯʝʥʠʝ 

(La/Yb)n, ʥʝ ʧʨʝʚʳʰʘʝʪ 2,40, ʩʫʤʤʘʨʥʦʝ ʟʥʘʯʝʥʠʝ REE (ppm) ʣʝʞʠʪ ʚ 

ʧʨʝʜʝʣʘʭ 57-60. ɻʝʦʭʠʤʠʯʝʩʢʠʝ ʠʥʜʠʢʘʪʦʨʳ ʢʦʨʦʚʦʛʦ ʚʢʣʘʜʘ Nb/Nb*=0,38-

0,43,  ʦʪʥʦʰʝʥʠʝ La/Nb>1,2 ʠ ʦʙʦʛʘʱʝʥʠʝ ʪʨʘʧʧʦʚ Th, U ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ʚ ʧʦʨʦʜʘʭ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ. 

ɺ ʩʨʝʜʥʝʤ ʧʘʣʝʦʟʦʝ (ʜʝʚʦʥ) ʚ ʮʝʥʪʨʠʢʣʠʥʘʣʴʥʦʤ ʟʘʤʳʢʘʥʠʠ 

ʆʣʝʥʝʢʩʢʦʛʦ ʧʘʣʝʦʨʠʬʪʘ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʛʨʫʧʧʘ  ʜʘʝʢ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ. ʅʘ ʢʣʘʩʩʠʬʠʢʘʮʠʦʥʥʦʡ  ʜʠʘʛʨʘʤʤʝ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ 

ʤʘʛʤʘʪʠʪʳ ʙʦʣʴʰʝʡ ʩʚʦʝʡ ʯʘʩʪʴʶ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʦʣʝ ʩʫʙʱʝʣʦʯʥʳʭ 

ʙʘʟʠʪʦʚ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʘʟʠʪʳ ʩʨʝʜʥʝʛʦ ʧʘʣʝʦʟʦʷ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʨʦʜ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʧʦʚʳʰʝʥʥʳʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ  Ti, 

K, P, ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ  SiO2, MgO, CaO. ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʪʠʪʘʥʘ 

ʜʘʡʢʠ ʨʘʟʜʝʣʷʶʪʩʷ ʥʘ ʫʤʝʨʝʥʥʦ-ʪʠʪʘʥʠʩʪʫʶ (TiO2 ʦʪ 2,4 ʜʦ 3,1 %) ʠ 

ʚʳʩʦʢʦ-ʪʠʪʘʥʠʩʪʫʶ (TiO2 ʦʪ 3,2 ʜʦ 5,1 %) ʛʨʫʧʧʳ. ɺʳʩʦʢʦ-Ti ʙʘʟʠʪʳ  

ʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ ʙʦʣʝʝ ʜʠʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʨʘʩʧʣʘʚʦʤ. 

ʆʙ ʵʪʦʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʥʠʟʢʦʤʫ ʟʥʘʯʝʥʠʶ Mg = 34-39 ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤʫ 

ʩʦʜʝʨʞʘʥʠʶ ʚʩʝʭ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ.  

 ɽʱʝ ʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʝ ʙʘʟʠʪʳ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ 

ʤʠʢʨʦʵʣʝʤʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ. ʅʘ ʩʧʘʡʜʝʨ-ʜʠʘʛʨʘʤʤʘʭ ʜʝʚʦʥʩʢʠʝ ʙʘʟʠʪʳ 

ʚʳʜʝʣʷʶʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ, ʠʭ ʟʥʘʯʝʥʠʷ ʙʣʠʟʢʠ ʙʘʟʘʣʴʪʘʤ ʪʠʧʘ OIB. 

ʍʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ REE  ʚ ʥʠʭ ʦʪʣʠʯʘʝʪʩʷ ʟʘʤʝʪʥʳʤ 

ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝʤ (La/Ybn = 6,7- 8,7), ʩʫʤʤʘʨʥʦʝ ʩʦʜʝʨʞʘʥʠʝ REE (ppm)  

(150-340) ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʝʛʦ ʟʥʘʯʝʥʠʝ ʚ ʪʨʘʧʧʘʭ. ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

Ta-Nb ʘʥʦʤʘʣʠʷ, ʦʪʥʦʰʝʥʠʝ La/Nb<1,2 ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʢʦʨʦʚʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ ʨʘʩʧʣʘʚʘ, ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʟʘ ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʤʘʛʤʘʪʠʪʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʪʨʘʧʧʦʚ ʜʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʝʥ 

ʩʪʨʦʥʮʠʝʚʳʡ ʤʠʥʠʤʫʤ, ʢʦʪʦʨʳʡ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʦʷʚʣʝʥ ʚ  ʚʳʩʦʢʦ-Ti 

ʙʘʟʠʪʘʭ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʧʦʥʠʞʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ Al 2O3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʤʠʥʠʤʘʣʴʥʦʤ ʫʯʘʩʪʠʠ ʵʣʝʤʝʥʪʘ ʚʦ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʠ ʧʣʘʛʠʦʢʣʘʟʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʵʣʝʤʝʥʪʦʚ (Ni, Cr, Co, Zn, Cu) ʧʝʨʤʦ-

ʪʨʠʘʩʦʚʳʝ ʪʨʘʧʧʳ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʦʩʭʦʜʷʪ ʜʝʚʦʥʩʢʠʝ ʙʘʟʠʪʳ.  

 ʉʦʛʣʘʩʥʦ [4], ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʜʣʷ 

ʜʝʚʦʥʩʢʠʭ ʙʘʟʠʪʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʛʨʘʥʘʪʘ 
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(ʦʪʥʦʰʝʥʠʝ Tb/Ybn= 1,8-2,5), ʘ ʜʣʷ ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʪʨʘʧʧʦʚ ʦʥ ʟʘʥʠʤʘʝʪ 

ʤʝʥʝʝ ʛʣʫʙʠʥʥʦʝ ʧʦʣʦʞʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʰʧʠʥʝʣʠ 

(Tb/Ybn= 1,2-1,3) ʀʩʧʦʣʴʟʫʷ  ʜʨʫʛʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

(Sm/Ybn=3,2-3,8, Lu/Hf=0,058-0,086, Ti/Y=400-600) ʪʘʢʞʝ ʧʦʣʫʯʘʝʤ, ʯʪʦ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʨʠʬʪʦʛʝʥʥʳʝ ʙʘʟʠʪʳ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʦʙʦʛʘʱʝʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʦʤ OIB ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʛʨʘʥʘʪʦʤ, ʘ 

ʤʘʛʤʘʪʠʪʳ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ (Sm/Ybn=1,40-1,46, Lu/Hf=0,180-0,205, 

Ti/Y=330-340) ʩ ʫʨʦʚʥʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʰʧʠʥʝʣʠ. ʀʤʝʥʥʦ 

ʨʘʟʣʠʯʠʝ ʚ ʩʦʩʪʘʚʝ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ ʜʣʷ ʜʝʚʦʥʩʢʠʭ ʙʘʟʠʪʦʚ ʠ 

ʧʝʨʤʦ-ʪʨʠʘʩʦʚʳʭ ʪʨʘʧʧʦʚ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʨʘʟʥʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʦʙʩʪʘʥʦʚʢʦʡ (ʨʠʬʪʦʛʝʥʝʟ ʠ ʪʨʘʧʧʦʚʘʷ ʩʠʥʝʢʣʠʟʘ) ʧʨʦʷʚʠʣʦʩʴ ʚ ʩʧʝʮʠʬʠʢʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʘʟʠʪʦʚ ʜʦʣʠʥʳ ʨ. ʂʫʦʡʢʘ. ʉʫʱʝʩʪʚʫʶʱʝʝ 

ʨʘʟʣʠʯʠʝ ʚ ʚʝʱʝʩʪʚʝʥʥʦʤ ʩʦʩʪʘʚʝ ʫʤʝʨʝʥʥʦ-Ti ʠ ʚʳʩʦʢʦ-Ti 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ ʙʘʟʠʪʦʚ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʷʪʴ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʩʪʝʧʝʥʴʶ ʧʣʘʚʣʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʜʣʷ ʧʦʩʣʝʜʥʠʭ ʠʣʠ ʝʱʝ ʙʦʣʝʝ ʛʣʫʙʠʥʥʳʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ.  

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʆʣʝʡʥʠʢʦʚ ɹ.ɺ., ʉʘʚʠʥʦʚ ɺ.ʊ. ʇʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʙʘʟʠʪʦʚ 

ʆʣʝʥʝʢʩʢʦʛʦ ʠ ɹʠʣʠʨʦ-ʋʜʞʠʥʩʢʦʛʦ ʧʦʜʥʷʪʠʡ (ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ). 

//ʂʠʤʙʝʨʣʠʪʦʚʳʡ ʠ ʙʘʟʠʪʦʚʳʡ ʤʘʛʤʘʪʠʟʤ ʨʘʡʦʥʘ ʆʣʝʥʝʢʩʢʦʛʦ ʧʦʜʥʷʪʠʷ. ï ʗʢʫʪʩʢ. 1980. 

ʩ. 120-144. 

2. ʆʣʝʡʥʠʢʦʚ ɹ.ɺ., ʐʧʫʥʪ ɹ.ʈ., ʊʦʤʰʠʥ ʄ.ɼ. ɻʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʦʙʩʪʘʥʦʚʢʠ 

ʧʨʦʷʚʣʝʥʠʡ ʙʘʟʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ ʚ ʥʝʦʛʝʝ // ʄʘʛʤʘʪʠʯʝʩʢʠʝ 

ʬʦʨʤʘʮʠʠ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʩʪʦʨʠʠ ʠ ʩʪʨʫʢʪʫʨʝ ɿʝʤʣʠ. ʉʚʝʨʜʣʦʚʩʢ. 1989. ʉ. 86-108. 

3. Sun S.-S., McDonough W.F. Chemical and isotopic systematics of oceanic basalts; 

implications for mantle composition and processes / Ed. A.D. Saunders, M.J. Norry //  

Magmatism in ocean basins. Geol. Soc. London Spec. Publ. 1989. ˉ 42. P. 313-345. 

4. Wang K., Plank T., Walker J.D., Smith E.L. A mantle melting profile across the Basin 

and Range, SW USA // J. Geophys. Res., 2002. V.107. ˉ B1. 10.1029/2001JB000209. 

 

 

 

 

 

 

 



96 

 

ʈɿʕ ɺ ʂɸʈɹʆʅɸʊɸʍ ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʇʈʆɻʅʆɿ  

ʂɸʂ ʀʅɼʀʂɸʊʆʈ ʋʉʃʆɺʀʁ ʄʀʅɽʈɸʃʆʆɹʈɸɿʆɺɸʅʀʗ 

 

ɺʠʢʝʥʪʴʝʚʘ ʆ.ɺ.
1
, ɻʘʤʷʥʠʥ ɻ.ʅ.

1,2 

1 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʛʨʘʬʠʠ ʠ  

ʛʝʦʭʠʤʠʠ ʈɸʅ, ʛ. ʄʦʩʢʚʘ                             

2 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʇʨʦʛʥʦʟ, ʢʨʫʧʥʦʝ ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʥʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʝ ʈʦʩʩʠʠ, ʣʦʢʘʣʠʟʦʚʘʥʦ ʚ ʧʨʝʜʝʣʘʭ 

ʉʘʨʪʘʥʛʩʢʦʛʦ ʩʠʥʢʣʠʥʦʨʠʷ ʦʢʦʣʦ ʩʦʯʣʝʥʝʥʠʷ ʝʛʦ ʩ ɸʜʳʯʘʥʩʢʠʤ 

ʙʨʘʭʠʘʥʪʠʢʣʠʥʦʨʠʝʤ. ʆʥʦ ʧʨʠʫʨʦʯʝʥʦ ʢ ʩʚʦʜʫ ɸʨʘʥʛʘʩʯʘʥʩʢʦʡ 

ʘʥʪʠʢʣʠʥʘʣʠ. ɽʝ ʷʜʨʦ ʩʣʦʞʝʥʦ ʧʦʨʦʜʘʤʠ ʩʨʝʜʥʝʛʦ ʪʨʠʘʩʘ, ʩ ʢʦʪʦʨʳʤʠ ʚ 

ʟʘʧʘʜʥʦʡ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʧʦ ʪʝʢʪʦʥʠʯʝʩʢʦʤʫ ʰʚʫ ʛʨʘʥʠʯʘʪ 

ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʝ ʦʪʣʦʞʝʥʠʷ ʢʨʳʣʘ ʩʪʨʫʢʪʫʨʳ. ʇʦʨʦʜʳ ʪʨʠʘʩʘ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʧʝʩʯʘʥʠʢʘʤʠ ʩ ʧʨʦʩʣʦʷʤʠ ʘʣʝʚʨʦʣʠʪʦʚ.  

ɸʥʪʠʢʣʠʥʘʣʴ ʨʘʟʙʠʪʘ ʥʘ ʪʨʠ ʙʣʦʢʘ ʜʚʫʤʷ ʢʨʫʧʥʳʤʠ ʩʜʚʠʛʦʚʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ. ʄʘʛʤʘʪʠʟʤ ʚ ʩʝʚʝʨʥʦʤ ʠ 

ʶʞʥʦʤ ʙʣʦʢʘʭ ʧʨʦʷʚʠʣʩʷ ʩʣʘʙʦ. ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʜʘʝʢ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʮʝʥʪʨʘʣʴʥʦʤ  ʙʣʦʢʝ ʠ ʧʨʠʫʨʦʯʝʥʘ ʢ ʩʚʦʜʫ ʘʥʪʠʢʣʠʥʘʣʠ. ʋʩʪʘʥʦʚʣʝʥʳ ʜʚʘ 

ʪʠʧʘ ʜʘʡʢʦʚʳʭ ʧʦʨʦʜ: ʜʦʨʫʜʥʳʝ ʜʠʦʨʠʪʦʚʳʝ ʧʦʨʬʠʨʳ (113°1 ʤʣʥ. ʣʝʪ, K-

Ar-ʤʝʪʦʜ) ʠ ʚʥʫʪʨʠʨʫʜʥʳʝ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʝ ʢʚʘʨʮʝʚʳʝ ʧʦʨʬʠʨʳ 

(81,6°1.3ʤʣʥ. ʣʝʪ, Ar-Ar-ʤʝʪʦʜ). ʇʦ ʤʘʛʥʠʪʥʳʤ ʘʥʦʤʘʣʠʷʤ ʥʘ ʩʝʚʝʨʥʦʤ ʠ 

ʶʞʥʦʤ ʬʣʘʥʛʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʛʨʘʥʠʪʥʳʝ ʪʝʣʘ, ʥʝ 

ʚʳʭʦʜʷʱʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ. ʈʫʜʥʳʝ ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʧʨʦʪʷʞʝʥʥʳʤʠ (ʜʦ 5-7 ʢʤ) ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʰʠʨʦʪʥʳʤʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʤʠ ʟʦʥʘʤʠ ʜʨʦʙʣʝʥʠʷ ʩ ʠʟʤʝʥʯʠʚʦʡ (0,5-17ʤ) ʤʦʱʥʦʩʪʴʶ 

ʠ ʧʨʠʫʨʦʯʝʥʳ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ, ʦʧʫʱʝʥʥʦʤʫ, ʙʣʦʢʫ ʤʝʞʜʫ ʥʝʚʩʢʨʳʪʳʤʠ 

ʚʳʩʪʫʧʘʤʠ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʩʩʠʚʘ ʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʚ ʜʚʘ ʵʪʘʧʘ.  

ʉʫʙʰʠʨʦʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʤʝʱʘʶʪ ʥʘʠʙʦʣʝʝ ʨʘʥʥʝʝ ʧʦʩʪʜʘʡʢʦʚʦʝ (113 

ʤʣʥ.ʣʝʪ) ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʩʝʨʝʙʨʘ. ʇʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʤʦʣʦʜʳʭ ʢʠʩʣʳʭ ʩʫʙʚʫʣʢʘʥʠʯʝʩʢʠʭ ʜʘʝʢ 

ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ, ʚʥʦʚʴ ʘʢʪʠʚʠʟʠʨʫʝʪʩʷ ʩʫʙʰʠʨʦʪʥʘʷ ʩʠʩʪʝʤʘ ʨʘʟʣʦʤʦʚ 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʨʘʩʢʨʳʪʠʝʤ ʥʘʨʫʰʝʥʠʡ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʦʛʦ ʧʨʦʩʪʠʨʘʥʠʷ. 

ʆʩʥʦʚʥʘʷ ʧʨʦʜʫʢʪʠʚʥʘʷ ʩʝʨʝʙʨʷʥʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʝʨʝʙʨʦ-
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ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ʚʪʦʨʦʛʦ ʵʪʘʧʘ ʥʘʣʦʞʝʥʘ ʥʘ ʧʦʟʜʥʠʝ ʜʘʡʢʠ 

ʢʚʘʨʮʝʚʳʭ ʧʦʨʬʠʨʦʚ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʠʜʝʨʠʪ-ʛʘʣʝʥʠʪ-ʩʬʘʣʝʨʠʪʦʚʦʡ, ʢʚʘʨʮ-

ʩʫʣʴʬʠʜʥʦ-ʩʫʣʴʬʦʩʦʣʴʥʦʡ, ʢʚʘʨʮ-ʧʠʨʠʪ-ʩʬʘʣʝʨʠʪ-ʘʥʢʝʨʠʪ-ʜʦʣʦʤʠʪʦʚʦʡ ʠ 

ʢʚʘʨʮ-ʢʘʣʴʮʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʷʤʠ. ʄʠʥʝʨʘʣʘʤʠ-ʥʦʩʠʪʝʣʷʤʠ ʩʝʨʝʙʨʘ 

ʷʚʣʷʶʪʩʷ ʛʘʣʝʥʠʪ, ʬʨʝʡʙʝʨʛʠʪ ʠ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʦʩʦʣʠ. 

ʄʠʥʝʨʘʣʦʛʠʯʝʩʢʠʝ, ʠʟʦʪʦʧʥʳʝ ʠ ʪʝʢʩʪʫʨʥʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʦʨʫʜʝʥʝʥʠʷ ʵʪʦʛʦ ʵʪʘʧʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠʟ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʬʣʶʠʜʘ ʚ ʫʩʣʦʚʠʷʭ ʤʘʣʳʭ ʛʣʫʙʠʥ.  

ʂʘʨʙʦʥʘʪʳ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʇʨʦʛʥʦʟ ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ 

ʞʠʣʴʥʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. ʇʦ ʜʘʥʥʳʤ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʳʜʝʣʷʝʪʩʷ ʯʝʪʳʨʝ ʛʝʥʝʨʘʮʠʠ ʢʘʨʙʦʥʘʪʘ.  

ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʤʘʩʩʠʚʥʳʡ ʩʠʜʝʨʠʪ-I ʩ ʢʨʫʧʥʦʙʣʦʯʥʦʡ ʠʣʠ 

ʛʠʛʘʥʪʦʟʝʨʥʠʩʪʦʡ ʩʪʨʫʢʪʫʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʚ ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʳʡ ʵʪʘʧ 

ʩʦʚʤʝʩʪʥʦ ʩ ʧʠʨʨʦʪʠʥʦʤ, ʩʬʘʣʝʨʠʪʦʤ, ʤʘʨʢʘʟʠʪʦʤ ʠ ʛʘʣʝʥʠʪʦʤ. ʆʥ 

ʦʪʣʠʯʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʞʝʣʝʟʠʩʪʦʩʪʴʶ (ʜʣʷ 80% ʧʨʦʙ f ' = 

Fe/(Fe+Mg+Mn)(ʘʪ.) = 0.9-0.95), ʤʠʥʠʤʘʣʴʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʤʘʛʥʠʷ (ʚ 

ʦʩʥʦʚʥʦʤ ʉMgO =0-1%) ʠ ʧʨʠʩʫʪʩʪʚʠʝʤ 2-5% Mnʆ. 

ɺʪʦʨʘʷ ʛʝʥʝʨʘʮʠʷ ʢʘʨʙʦʥʘʪʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʨʠʪʤʠʯʥʦ-ʟʦʥʘʣʴʥʳʤ 

ʩʠʜʝʨʠʪʦʤ-II, ʢʦʪʦʨʳʡ ʥʘʨʘʩʪʘʝʪ ʥʘ ʱʝʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʩʠʜʝʨʠʪʘ-I, 

ʮʝʤʝʥʪʠʨʫʝʪ ʝʛʦ, ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʝʤ ʚ ʚʠʜʝ ʩʝʢʫʱʠʭ ʧʨʦʞʠʣʢʦʚ. C 

ʩʠʜʝʨʠʪʦʤ-II ʧʦʩʪʦʷʥʥʦ ʘʩʩʦʮʠʠʨʫʶʪ ʛʘʣʝʥʠʪ, ʤʘʣʦʞʝʣʝʟʠʩʪʳʡ ʩʬʘʣʝʨʠʪ, 

ʨʝʜʢʦ ʧʠʨʠʪ. ʆʙʳʯʥʦ ʩʠʜʝʨʠʪ-II ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʯʘʩʪʷʭ 

ʧʦʣʠʢʘʨʙʦʥʘʪʥʳʭ ʞʠʣ, ʟʘʣʴʙʘʥʜʳ ʢʦʪʦʨʳʭ ʩʣʦʞʝʥʳ ʩʠʜʝʨʠʪʦʤ-I. ʈʝʞʝ 

ʦʙʨʘʟʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʧʨʦʞʠʣʢʠ ʠ ʞʠʣʳ. ɼʣʷ ʩʠʜʝʨʠʪʘ-II  ʭʘʨʘʢʪʝʨʥʳ 

ʙʦʣʝʝ ʰʠʨʦʢʠʝ ʚʘʨʠʘʮʠʠ ʞʝʣʝʟʠʩʪʦʩʪʠ (f ' = 0.7-0.95) ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʩʦʜʝʨʞʘʥʠʷʤʠ MnO (ʜʦ 10 %) ʠ MgO (ʜʦ 9 %), ʯʝʤ ʚ ʩʠʜʝʨʠʪʝ-I. 

ʂʘʨʙʦʥʘʪ ʪʨʝʪʴʝʡ ʛʝʥʝʨʘʮʠʠ ʧʦ ʩʦʩʪʘʚʫ ʦʪʚʝʯʘʝʪ ʘʥʢʝʨʠʪʫ-ʜʦʣʦʤʠʪʫ 

ʩ ʞʝʣʝʟʠʩʪʦʩʪʴʶ 0.06-0.53, ʢʦʪʦʨʘʷ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʉʦʜʝʨʞʘʥʠʝ MnO ʟʘʚʠʩʠʪ ʦʪ ʞʝʣʝʟʠʩʪʦʩʪʠ ʘʥʢʝʨʠʪʘ (MnO=5.45fô-0.50; 

r=0.64), ʧʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʳʝ ʩʦʜʝʨʞʘʥʠʷ Mn ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʥʘʠʙʦʣʝʝ 

ʨʘʥʥʠʭ ʞʝʣʝʟʠʩʪʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ. ɺ ʧʦʟʜʥʠʭ ʤʘʣʦʞʝʣʝʟʠʩʪʳʭ 

ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʪʦʚʦʛʦ ʤʠʥʝʨʘʣʘ (ʉʘ 

(ʬ.ʝ.)=-0.21fô+0.63; r =0.71). ʂʘʨʙʦʥʘʪ ʯʝʪʚʝʨʪʦʡ ʛʝʥʝʨʘʮʠʠ ʩʝʯʝʪ ʠ  
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ʮʝʤʝʥʪʠʨʫʝʪ ʚʩʝ ʨʘʥʥʠʝ ʘʩʩʦʮʠʘʮʠʠ. ʇʦ ʩʦʩʪʘʚʫ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʢʘʣʴʮʠʪʫ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʈɿʕ ʠ ʧʦʚʝʜʝʥʠʝ ʠʭ ʚ ʭʦʜʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʨʘʩʩʤʦʪʨʝʥʳ ʚ ʢʘʨʙʦʥʘʪʘʭ ʚʩʝʭ ʛʝʥʝʨʘʮʠʡ 

ʨʘʟʥʳʭ ʨʫʜʥʳʭ ʟʦʥ (ʨʠʩ. 1). ʉʦʜʝʨʞʘʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ 

ʧʦʤʦʱʴʶ ICP-MS (ʀɻɽʄ ʈɸʅ).  

 

 

ʈʠʩ. 1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʈɿʕ ʚ ʢʘʨʙʦʥʘʪʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ. ʘ ï ʩʠʜʝʨʠʪ-I, ʙ 

- ʩʠʜʝʨʠʪ-II, ʚ ï ʘʥʢʝʨʠʪ, ʛ ï ʢʘʣʴʮʠʪ. ʈʫʜʥʳʝ ʪʝʣʘ: 1 ï ɻʣʘʚʥʦʝ, 2 ï ɺʝʩʝʥʥʝʝ, 3 ï 

ɹʦʣʦʪʦ, 4 ï ʖʞʥʦʝ, 5 ï ɼʘʣʴʥʝʝ, 6 ï ʉʦʣʥʝʯʥʦʝ. 

 

ɺ ʨʘʥʥʝʤ ʩʠʜʝʨʠʪʝ-I ʩʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚʘʨʴʠʨʫʶʪ ʦʪ 0.3 ʜʦ 26 

ʛ/ʪ (80% ʘʥʘʣʠʟʦʚ ï 0.3-7.7). ɼʣʷ ʥʝʛʦ ʭʘʨʘʢʪʝʨʥʦ ʦʙʦʛʘʱʝʥʠʝ ʪʷʞʝʣʳʤʠ 

ʣʘʥʪʘʥʦʠʜʘʤʠ (La/Yb=0.1-1.6, ʚ ʦʩʥʦʚʥʦʤ <1), ʥʠʟʢʠʝ ʦʪʥʦʰʝʥʠʷ La/Sm 

(0.1-2.9) ʠ ʟʥʘʯʠʤʘʷ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʨʝʜʠ ʪʷʞʝʣʳʭ ʣʘʥʪʘʥʦʠʜʦʚ 

(Gd/Yb=0.4-7.3). ʇʨʠʩʫʪʩʪʚʫʝʪ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʝʚʨʦʧʠʷ 

(Eu/Eu*=1.7-9.7), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨ.ʪ. ɼʘʣʴʥʝʛʦ (Eu/Eu*=0.6), ʠ 
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ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʮʝʨʠʷ (ʉʝ/ʉʝ*=0.2-0.8). ɿʘʤʝʪʥʳ ʨʘʟʣʠʯʠʷ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʈɿʕ ʜʣʷ ʨʘʟʥʳʭ ʨʫʜʥʳʭ ʪʝʣ ʠ ʛʣʫʙʠʥ ʦʧʨʦʙʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʟʜʥʝʛʦ ʩʠʜʝʨʠʪʘ-II  ʩʧʝʢʪʨʳ ʙʦʣʝʝ ʧʦʣʦʛʠʝ, ʤʝʥʝʝ ʧʨʦʷʚʣʝʥʘ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʠ ʩʨʝʜʠ ʣʝʛʢʠʭ (La/Sm=0.4-2.4), ʠ ʩʨʝʜʠ ʪʷʞʝʣʳʭ 

(Gd/Yb=1.1-2.7) ʣʘʥʪʘʥʦʠʜʦʚ. ʉʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʨʦʚʥʶ ʨʘʥʥʝʛʦ ʩʠʜʝʨʠʪʘ (0.7-11.7 ʛ/ʪ, ʚ ʦʩʥʦʚʥʦʤ 0.7-7.2). ʇʦʣʦʞʠʪʝʣʴʥʘʷ 

ʘʥʦʤʘʣʠʷ Eu ʥʝʩʢʦʣʴʢʦ ʚʳʰʝ ʧʦ ʘʤʧʣʠʪʫʜʝ (Eu/Eu*=2.5-13.1), ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʘ ʘʥʦʤʘʣʠʷ Ce (ʉʝ/ʉʝ*=0.6-1).  

ʉʫʤʤʘʨʥʳʝ ʩʦʜʝʨʞʘʥʠʷ ʚ ʘʥʢʝʨʠʪʝ ʥʝʦʜʥʦʨʦʜʥʳ (2.1-4.4 ʠ 14.7-16.2 

ʛ/ʪ) ʜʣʷ ʨʘʟʥʳʭ ʨʫʜʥʳʭ ʪʝʣ. ɼʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʨʝʜʠ ʣʝʛʢʠʭ ʠ ʪʷʞʝʣʳʭ 

ʣʘʥʪʘʥʦʠʜʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ (La/Yb=1Ñ0.3). ʍʘʨʘʢʪʝʨʥʳ ʥʠʟʢʠʝ ʚʝʣʠʯʠʥʳ 

La/Sm<1 (0.4-0.9), Gd/Yb ʠʟʤʝʥʷʝʪʩʷ ʦʪ 1.6 ʜʦ 5.2. ʇʨʦʷʚʣʝʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ Eu (1.2-7.3), ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʉʝ 

(0.6-1). ɺ ʢʘʣʴʮʠʪʝ ʦʙʥʘʨʫʞʝʥʳ ʤʘʢʩʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʈɿʕ (3.4-74.5 

ʛ/ʪ), ʥʘʧʨʷʤʫʶ ʢʦʨʨʝʣʠʨʫʷ ʩ ʝʛʦ ʞʝʣʝʟʠʩʪʦʩʪʴʶ, ʠ ʦʙʦʛʘʱʝʥʠʝ ʣʝʛʢʠʤʠ 

ʣʘʥʪʘʥʦʠʜʘʤʠ (La/Yb=1.4-10.5), ʧʨʠ ʵʪʦʤ ʜʠʬʬʝʨʝʥʮʠʘʮʠʷ ʩʨʝʜʠ ʠ ʣʝʛʢʠʭ, 

ʠ ʪʷʞʝʣʳʭ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ (1-3 ʠ 1.6-2.6, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠʩʫʪʩʪʚʫʝʪ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ Eu (1.1-9.4), ʘʥʦʤʘʣʠʷ Ce ʥʝ ʩʫʱʝʩʪʚʝʥʥʘ (0.9-

1.1). 

ʂʘʨʙʦʥʘʪʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʚʳʩʦʢʠʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʈɿʕ. ʆʪʥʦʰʝʥʠʷ La/Yb<1 ʠ La/Sm<1 ʚ ʩʠʜʝʨʠʪʝ, ʚʝʨʦʷʪʥʦ, 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʈɿʕ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʢʦʥʪʨʦʣʝʤ [1]. ʅʘ ʵʪʦ ʞʝ ʫʢʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʠ La/Yb>1 ʚ ʢʘʣʴʮʠʪʝ. ɺʦ ʚʩʝʭ ʢʘʨʙʦʥʘʪʘʭ 

ʦʙʥʘʨʫʞʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ ʝʚʨʦʧʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ (<200Áʉ) ʫʩʣʦʚʠʷʭ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ [2]. ʋʚʝʣʠʯʝʥʠʝ 

ʚʝʣʠʯʠʥʳ La/Yb ʦʪ ʨʘʥʥʠʭ ʛʝʥʝʨʘʮʠʡ ʢ ʧʦʟʜʥʠʤ, ʚʦʟʤʦʞʥʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʅ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. ɺ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʥʠʞʘʝʪʩʷ ʨʦʣʴ ʤʝʭʘʥʠʟʤʦʚ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʦʟʨʘʩʪʘʝʪ ï ʩʦʨʙʮʠʠ. 

ɿʥʘʯʠʤʘʷ ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʘʥʦʤʘʣʠʷ Ce ʚ ʨʘʥʥʝʤ ʩʠʜʝʨʠʪʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦʙ ʦʢʠʩʣʝʥʥʦʡ ʧʨʠʨʦʜʝ ʨʘʩʪʚʦʨʦʚ ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʦʛʦ ʵʪʘʧʘ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʝʢʪʳ 12-05-00623ʘ, 12-0598506 ʨ-ʚʦʩʪʦʢ-ʘ. 
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ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʠʤ ʅ.ɺ. ʏʝʨʩʢʦʛʦ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ɼʣʷ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ ʗʢʫʪʠʠ ʭʘʨʘʢʪʝʨʥʘ ʧʨʘʢʪʠʯʝʩʢʠ 100% 

ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʟʘʚʦʟʥʳʭ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʨʝʩʫʨʩʦʚ (ʊʕʈ). ɺ 

ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʦʩʪʘ ʮʝʥ ʥʘ ʥʠʭ, ʫʜʦʨʦʞʘʥʠʷ ʠ ʙʝʟ ʪʦʛʦ ʚʳʩʦʢʦʡ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʧʦʚʳʰʝʥʠʷ ʨʠʩʢʦʚ ʥʝʩʚʦʝʚʨʝʤʝʥʥʦʛʦ ʟʘʚʦʟʘ 

ʛʨʫʟʦʚ ʠʟ-ʟʘ ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʝʯʥʦʛʦ ʬʣʦʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ ʜʘʥʥʦʛʦ ʦʙʰʠʨʥʦʛʦ ʨʝʛʠʦʥʘ. ʇʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʬʦʨʩ-ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʩ ʟʘʚʠʜʥʳʤ 

ʧʦʩʪʦʷʥʩʪʚʦʤ, ʧʨʠʭʦʜʠʪʩʷ ʧʨʠʥʠʤʘʪʴ ʘʚʨʘʣʴʥʳʝ, ʦʯʝʥʴ ʜʦʨʦʛʦʩʪʦʷʱʠʝ 

ʤʝʨʳ ʧʦ ʵʢʩʪʨʝʥʥʦʤʫ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤ ʪʦʧʣʠʚʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʊʕʈ ʷʚʣʷʝʪʩʷ 

ʫʛʦʣʴ, ʟʘʚʦʟʠʤʳʡ ʚ ɸʨʢʪʠʢʫ ʚ ʢʦʣʠʯʝʩʪʚʝ ʜʦ 300 ʪʳʩ. ʪ ʚ ʛʦʜ ʚ ʦʩʥʦʚʥʦʤ ʦʪ 

ʤʝʩʪʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ (ʰʘʭʪʘ ɼʞʝʙʘʨʠʢʠ-ʍʘʷ, ʨʘʟʨʝʟʳ ɿʳʨʷʥʩʢʠʡ, 

ʍʘʨʙʘʣʘʭʩʢʠʡ). ʇʨʠ ʜʦʚʦʣʴʥʦ ʫʩʧʝʰʥʦʤ ʠʩʪʦʨʠʯʝʩʢʦʤ ʦʧʳʪʝ ʥʠ ʦʜʥʦ 

ʥʦʚʦʝ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʧʨʦʷʚʣʝʥʠʡ ʨʝʛʠʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʨʘʟʨʘʙʘʪʳʚʘʝʪʩʷ, ʘ ʙʣʘʛʠʝ 

ʥʘʤʝʨʝʥʠʷ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʪʘʢʦʡ ʜʦʙʳʯʠ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʨʘʤʢʠ ʨʘʟʛʦʚʦʨʦʚ. 

ʈʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʟʘʤʝʱʝʥʠʷ ʧʨʠʚʦʟʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ 

ʤʝʩʪʥʳʤʠ ʨʝʩʫʨʩʘʤʠ ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʢʘʞʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʳʤ. ʅʦ 

ʵʪʦ ʪʦʣʴʢʦ ʢʘʞʫʱʘʷʩʷ ʧʨʦʩʪʦʪʘ. ʇʨʦʚʦʜʠʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, 

ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʥʘʫʯʥʳʭ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ, ʛʝʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, 
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ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʭ, ʵʢʦʥʦʤʠʯʝʩʢʠʭ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʝʜʧʦʩʳʣʦʢ [2] 

ʵʬʬʝʢʪʠʚʥʦʝ ʚ ʩʨʝʜʥʝ- ʠ ʜʦʣʛʦʩʨʦʯʥʦʡ ʧʝʨʩʧʝʢʪʠʚʝ ʦʩʚʦʝʥʠʝ ʫʛʦʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʗʢʫʪʠʠ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʚ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʨʝʰʝʥʠʷ ʚʩʝʭ ʩʪʦʷʱʠʭ ʧʝʨʝʜ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ 

çʛʝʦʨʝʩʫʨʩ ï ʧʦʪʨʝʙʠʪʝʣʴè ʟʘʜʘʯ. 

ʂ ʯʠʩʣʫ ʚʘʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʪʨʘʪʝʛʠʠ ʠ ʪʘʢʪʠʢʠ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʦʩʚʦʝʥʠʷ ʨʝʩʫʨʩʦʚ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʨʝʛʠʦʥʘ ʧʦ ʘʥʘʣʦʛʠʠ ʩ [1] ʩʣʝʜʫʝʪ, ʚ 

ʯʠʩʣʝ ʧʨʦʯʠʭ, ʦʪʥʝʩʪʠ: ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʝʸ ʵʣʝʤʝʥʪʦʚ, ʫʩʣʦʚʠʡ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʩ ʮʝʣʴʶ ʚʳʙʦʨʘ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ; 

ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʘʯʝʩʪʚʘ ʫʛʣʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʦʮʝʥʢʦʡ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʪʝʭʥʦʣʦʛʠʡ 

ʧʝʨʝʨʘʙʦʪʢʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ; ʩʦʟʜʘʥʠʝ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʦ ʛʝʦʨʝʩʫʨʩʝ ʠ ʜʦʙʳʚʘʶʱʠʭ ʝʛʦ 

ʧʨʝʜʧʨʠʷʪʠʷʭ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʜʣʷ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʠʞʝʥʠʝ ʦʙʲʝʤʘ ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʫʛʣʷ. ʆʮʝʥʢʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘ 

ʩʨʝʜʥʝʩʨʦʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ, ʘ ʧʨʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʝʥʜʝʥʮʠʷʭ ʨʘʟʚʠʪʠʷ 

ʨʝʛʠʦʥʘ ʠ ʥʘ ʜʦʣʛʦʩʨʦʯʥʫʶ, ʛʦʚʦʨʠʪʴ ʦ ʢʘʢʦʤ-ʣʠʙʦ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʫʚʝʣʠʯʝʥʠʠ ʩʧʨʦʩʘ ʥʝʣʴʟʷ. ɺʥʫʪʨʝʥʥʠʡ ʨʳʥʦʢ ʢʨʘʡʥʝ ʤʘʣ, ʘ ʚʥʝʰʥʠʡ ʠʟ-ʟʘ 

ʜʝʡʩʪʚʠʷ ʢʨʘʪʥʦ ʫʜʦʨʦʞʘʶʱʠʭ ʧʨʦʠʟʚʦʜʩʪʚʦ ʬʘʢʪʦʨʦʚ ʩ ʵʢʦʥʦʤʠʯʝʩʢʦʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʝ ʧʨʠʚʣʝʢʘʪʝʣʝʥ. ɺ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʦʙʨʘʪʠʪʴ ʥʘ ʛʝʦʣʦʛʦ-ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʦʮʝʥʢʫ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʨʝʛʠʦʥʘ, ʢʘʢ ʦʙʲʝʢʪʦʚ ʤʘʣʦʤʘʩʰʪʘʙʥʦʛʦ 

ʦʩʚʦʝʥʠʷ. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʙʣʦʢʦʚ ʚ ʢʦʤʧʣʝʢʩʝ ʟʘʜʘʯ, ʪʨʝʙʫʶʱʠʭ 

ʧʝʨʚʦʦʯʝʨʝʜʥʦʛʦ ʨʝʰʝʥʠʷ, ʜʦʣʞʝʥ ʙʳʪʴ ʛʝʦʣʦʛʠʯʝʩʢʠʡ. ɺ ʧʦʩʣʝʜʥʠʝ 

ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʦʣʴʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʨʝʟʢʦ ʟʘʪʦʨʤʦʟʠʣʩʷ. ʉʣʝʜʩʪʚʠʝ ʪʘʢʦʡ ʩʠʪʫʘʮʠʠ: 

ʥʝʜʦʦʮʝʥʢʘ ʨʦʣʠ ʠ ʤʝʩʪʘ ʛʝʦʨʝʩʫʨʩʘ; ʦʛʨʘʥʠʯʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʨʘʙʦʪʳ ʧʦ ʨʘʮʠʦʥʘʣʴʥʦʤʫ ʚʳʙʦʨʫ ʦʩʥʦʚʥʳʭ ʧʨʦʝʢʪʥʳʭ ʠ 

ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʨʝʰʝʥʠʡ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʧʦʠʩʢʘʤ, ʦʮʝʥʢʝ ʠ 

ʨʘʟʚʝʜʢʝ ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʧʦ ʪʚʝʨʜʦʤʫ ʪʦʧʣʠʚʫ, ʧʦʣʫʯʝʥʥʦʡ ʨʘʟʣʠʯʥʳʤʠ 
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ʦʨʛʘʥʠʟʘʮʠʷʤʠ ʟʘ ʚʝʩʴ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ ʠ ʥʘʭʦʜʷʱʝʡʩʷ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʚ ʬʦʥʜʘʭ ɻʋʇ ʈʉ (ʗ) çʉʘʭʘʛʝʦʠʥʬʦʨʤè (ʗʢʫʪʩʢ), ʧʦʢʘʟʳʚʘʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʝʸ ʘʢʪʫʘʣʠʟʘʮʠʠ ʠ ʧʦʧʦʣʥʝʥʠʷ. ʇʦ ʚʩʝʤ ʫʛʣʝʧʨʦʷʚʣʝʥʠʷʤ 

ʪʨʝʙʫʝʪʩʷ: ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʛʦʨʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʠʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ; 

ʫʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ ʚʘʨʴʠʨʦʚʘʥʠʷ, ʭʘʨʘʢʪʝʨʘ ʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʫʛʣʷ 

ʚ ʥʝʜʨʘʭ (ʤʦʱʥʦʩʪʴ, ʟʦʣʴʥʦʩʪ ɹ ʦʙʘɦʷ ʠ ʙʝʟ ʫʯʝʪʘ ʧʦʨʦʜʥʳʭ ʧʨʦʩʣʦʝʚ, 

ʪʝʧʣʦʪʘ ʩʛʦʨʘʥʠʷ); ʚʳʷʚʣʝʥʠʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʫʩʣʦʚʥʦ ʚʳʜʝʣʝʥʥʳʤʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʫʯʘʩʪʢʘʤʠ, ʙʣʦʢʘʤʠ ʠ ʧʣʘʩʪʘʤʠ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ 

ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʥʝʜʨʘʭ, ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ 

ʨʘʟʚʝʜʘʥʥʦʩʪʠ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʦʚ; ʧʨʦʚʝʜʝʥʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʧʝʨʝʦʮʝʥʢʠ 

ʠ ʥʦʚʦʡ ʦʮʝʥʢʠ ʤʝʩʪʥʦʛʦ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʜʣʷ ʮʝʣʝʡ ʩʞʠʛʘʥʠʷ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ʩ ʫʯʝʪʦʤ ʠʟʤʝʥʝʥʠʷ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʢʘʯʝʩʪʚʫ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʫʛʣʷ; ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʟʘʢʦʥʦʜʘʪʝʣʴʥʦʡ ʙʘʟʳ ʚ 

ʯʘʩʪʠ ʫʧʨʦʱʝʥʠʷ ʧʦʨʷʜʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʜʨ ʜʣʷ ʮʝʣʝʡ ʨʘʟʚʝʜʢʠ ʠ 

ʨʘʟʨʘʙʦʪʢʠ. ʇʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʨʝʰʝʥʠʝ ʦʙʦʟʥʘʯʝʥʥʳʭ ʟʘʜʘʯ ʧʦʟʚʦʣʠʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʠʥʚʝʩʪʠʮʠʦʥʥʳʭ ʧʨʦʝʢʪʘʭ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢ ʨʝʘʣʠʟʘʮʠʠ, 

ʙʦʣʝʝ ʨʘʮʠʦʥʘʣʴʥʳʝ ʠ ʦʙʲʝʢʪʠʚʥʳʝ ʧʦʜʭʦʜʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʫʩʣʦʚʠʷʭ 

ʨʝʘʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦ-ʯʘʩʪʥʦʛʦ ʧʘʨʪʥʝʨʩʪʚʘ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʟʘʜʘʯ ʧʨʠ ʦʩʚʦʝʥʠʠ ʥʦʚʳʭ ʫʛʦʣʴʥʳʭ ʨʝʩʫʨʩʦʚ 

ʷʚʣʷʝʪʩʷ ʨʘʮʠʦʥʘʣʴʥʳʡ ʚʳʙʦʨ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ/ʠʣʠ ʠʭ ʫʯʘʩʪʢʦʚ, ʥʘ ʙʘʟʝ 

ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʩʦʟʜʘʥʳ ʠʣʠ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʥʝʙʦʣʴʰʠʝ ʣʦʢʘʣʴʥʳʝ 

ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʜʦʣʞʥʘ ʩʪʘʪʴ ʧʝʨʝʦʮʝʥʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʢ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʪʦʷʱʠʭ ʥʘ 

ʙʘʣʘʥʩʝ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ ʧʦʩʪʘʥʦʚʢʘ ʥʘ ʙʘʣʘʥʩ ʥʦʚʳʭ. 

ʅʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʢʦʥʜʠʮʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʯʝʩʪʴ 

ʧʦʩʪʦʷʥʥʳʡ ʨʦʩʪ ʟʘʪʨʘʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ 

ʫʛʣʝʚʦʜʦʨʦʜʥʦʝ ʪʦʧʣʠʚʦ ʚ ʫʩʣʦʚʠʷʭ ʠʥʬʣʷʮʠʦʥʥʦʡ ʵʢʦʥʦʤʠʢʠ. ʇʨʠ 

ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʦʮʝʥʢʝ ʠʥʚʝʩʪʠʮʠʦʥʥʦʡ ʧʨʠʚʣʝʢʘʪʝʣʴʥʦʩʪʠ 

ʧʨʦʝʢʪʦʚ ʦʩʚʦʝʥʠʷ ʤʝʩʪʥʳʭ ʪʦʧʣʠʚʥʳʭ ʨʝʩʫʨʩʦʚ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʷʶʱʝʛʦ 

ʚʘʨʠʘʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʪʘʢʦʡ ʤʝʪʦʜʠʯʝʩʢʠʡ ʧʦʜʭʦʜ, ʧʨʠ 

ʢʦʪʦʨʦʤ ʦʪʜʝʣʴʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʠʭ ʫʯʘʩʪʢʠ ʠ ʩʦʟʜʘʚʘʝʤʳʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 
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ʜʦʙʳʚʘʶʱʠʝ ʧʨʝʜʧʨʠʷʪʠʷ, ʜʘʞʝ ʪʝʨʨʠʪʦʨʠʘʣʴʥʦ ʫʜʘʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʝʜʠʥʦʝ ʮʝʣʦʝ. ɺ ʵʪʠʭ ʨʘʤʢʘʭ ʩʦʟʜʘʪʁʩʷ ʦʙʱʘʷ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ (ʪʨʘʥʩʧʦʨʪʥʘʷ, ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ), ʩʠʩʪʝʤ r ʩʥʘʙʞʝʥʠʷ ʠ 

ʩʙʳʪʘ ʧʨʦʜʫʢʮʠʠ, ʧʦʜʛʦʪʦʚʢʠ ʢʘʜʨʦʚ ʠ ʜʨ., ʧʦʟʚʦʣʷʶʱʠʝ ʩʥʠʟʠʪʴ ʦʙʱʠʝ 

ʠʟʜʝʨʞʢʠ ʧʦ ʩʠʩʪʝʤʝ ʩ ʧʦʚʳʰʝʥʠʝʤ ʢʘʯʝʩʪʚʘ ʝʸ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. 

ɺ ʮʝʣʦʤ ʫʨʦʚʝʥʴ ʧʨʦʛʥʦʟʥʳʭ ʠ ʧʨʦʤʳʰʣʝʥʥʳʭ ʟʘʧʘʩʦʚ ʚ ɿʳʨʷʥʩʢʦʤ 

ʫʛʦʣʴʥʦʤ ʙʘʩʩʝʡʥʝ, ɾʠʛʘʥʩʢʦʤ, ɹʫʣʫʥʩʢʦʤ, ʆʣʝʥʝʢʩʢʦʤ, ɸʥʘʙʘʨʦ-

ʍʘʪʘʥʛʩʢʦʤ ʫʛʣʝʥʦʩʥʳʭ ʨʘʡʦʥʘʭ ʃʝʥʩʢʦʛʦ ʫʛʦʣʴʥʦʛʦ ʙʘʩʩʝʡʥʘ ʦʮʝʥʠʚʘʝʪʩʷ 

ʚ ʤʠʣʣʠʘʨʜʳ ʠ ʩʦʪʥʠ ʤʠʣʣʠʦʥʦʚ ʪʦʥʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʣʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʨʝʛʠʦʥʘ ʭʘʨʘʢʪʝʨʥʦ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ, 

ʥʦ ʥʝʦʮʝʥʝʥʥʳʭ ʟʘʧʘʩʦʚ ʪʦʨʬʘ ʠ ʛʦʨʶʯʠʭ ʩʣʘʥʮʝʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ 

ʨʝʘʣʴʥʦʡ ʨʘʙʦʪʝ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʬʘʢʪʠʯʝʩʢʠʝ ʢʨʘʡʥʝ ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʦʙʲʝʤʳ ʧʦʪʨʝʙʣʝʥʠʷ ʫʛʣʷ ʚ ʨʝʛʠʦʥʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʝʯʴ ʜʦʣʞʥʘ ʠʜʪʠ ʥʝ ʦ 

ʚʩʝʭ ʦʛʨʦʤʥʳʭ ʟʘʧʘʩʘʭ, ʘ ʪʦʣʴʢʦ ʦ ʪʝʭ ʠʟ ʥʠʭ (ʧʝʨʚʳʝ ʩʦʪʥʠ ʪʳʩʷʯ ʪʦʥʥ ʧʦ 

ʢʘʞʜʦʤʫ ʠʟ ʚʦʚʣʝʢʘʝʤʳʭ ʚ ʦʩʚʦʝʥʠʝ ʫʛʦʣʴʥʳʭ ʫʯʘʩʪʢʦʚ), ʦʪʨʘʙʦʪʢʘ 

ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʠʟʜʝʨʞʢʘʤʠ, ʨʘʩʩʯʠʪʳʚʘʝʤʳʤʠ ʚ 

ʮʝʣʦʤ ʧʦ ʩʠʩʪʝʤʝ çʛʝʦʨʝʩʫʨʩ ï ʧʦʪʨʝʙʠʪʝʣʴè, ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ 

ʥʘ ʝʸ ʚʳʭʦʜʝ ʢʘʯʝʩʪʚʦʤ ʧʦʣʫʯʘʝʤʦʡ ʫʛʦʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʅʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʝʨʚʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʘʢʢʫʤʫʣʠʨʫʝʪʩʷ ʚ ʧʦʩʪʦʷʥʥʦ ʧʦʧʦʣʥʷʝʤʦʡ ʵʣʝʢʪʨʦʥʥʦʡ 

ʙʘʟʝ ʜʘʥʥʳʭ çʋʛʦʣʴ ʘʨʢʪʠʯʝʩʢʦʡ ʟʦʥʳ ʗʢʫʪʠʠè. ʎʝʣʷʤʠ ʝʸ ʩʦʟʜʘʥʠʷ 

ʷʚʣʷʶʪʩʷ ʩʙʦʨ, ʦʙʨʘʙʦʪʢʘ, ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ, ʭʨʘʥʝʥʠʝ, ʦʮʝʥʢʘ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʝʨʚʠʯʥʳʭ ʜʘʥʥʳʭ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʪʦʚ ʧʦ ʦʩʥʦʚʥʳʤ 

ʘʩʧʝʢʪʘʤ ʨʘʟʚʝʜʢʠ, ʦʩʚʦʝʥʠʷ ʠ ʦʪʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʈʌʌʀ-ɺʦʩʪʦʢ ˉ12-05-98549. 
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ʆ ɺʃʀʗʅʀʀ ʉʃʆɾʅʆʉʊʀ ʉʊʈʆɽʅʀʗ ʕʃʔɻʀʅʉʂʆɻʆ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ʅɸ ʇʆʃʅʆʊʋ ʀ ʂɸʏɽʉʊɺʆ 

ʀɿɺʃɽʏɽʅʀʗ ʋɻʃʗ 

 

ɻʘʚʨʠʣʦʚ ɺ.ʃ., ʍʦʶʪʘʥʦʚ ɽ.ɸ. 

ʀʥʩʪʠʪʫʪ ʛʦʨʥʦʛʦ ʜʝʣʘ ʉʝʚʝʨʘ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ  

 

ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʥʦʚʦʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʙ ʫʛʦʣʴʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʩʣʦʞʥʳʭ ʧʦ ʩʪʨʫʢʪʫʨʝ ʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦ ʢʘʯʝʩʪʚʫ, ʫʯʠʪʳʚʘʶʱʠʡ 

ʚʦʟʤʦʞʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʢʦ 

ʟʘʪʦʨʤʦʟʠʣʩʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ï ʥʝʜʦʦʮʝʥʢʘ ʨʦʣʠ ʠ ʤʝʩʪʘ ʛʝʦʨʝʩʫʨʩʘ, 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʠ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ 

ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʥʝʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʩʝʛʦ 

ʩʧʝʢʪʨʘ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʨʝʟʝʨʚʦʚ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ [1]. 

ʇʨʠ ʦʮʝʥʢʝ ʢʘʯʝʩʪʚʘ ʛʦʨʶʯʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ (ʫʛʣʠ, ʩʣʘʥʮʳ) 

ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʪʘʢʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ ʢʘʢ ʟʦʣʴʥʦʩʪʴ 

(ʩʦʜʝʨʞʘʥʠʝ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʩʩʳ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʠʩʭʦʜʥʦʡ 

ʤʘʩʩʳ ʧʨʦʜʫʢʪʘ). ʄʠʥʝʨʘʣʴʥʳʝ ʧʨʠʤʝʩʠ ʚ ʫʛʣʝ [3] - ʥʝʦʨʛʘʥʠʯʝʩʢʦʝ 

ʚʝʱʝʩʪʚʦ, ʢʦʪʦʨʦʝ ʘʩʩʦʮʠʠʨʦʚʘʣʦʩʴ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʫʛʣʝʡ ʚʦ 

ʚʨʝʤʷ ʠʭ ʥʘʢʦʧʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ 

ʫʛʣʝʬʠʢʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʝʨʠʥʩʢʦʡ ʟʦʣʴʥʦʩʪʴʶ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʪʦʥʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʨʘʩʪʘʥʠʷ ʟʝʨʝʥ ʤʠʥʝʨʘʣʦʚ ʩ ʤʘʮʝʨʘʣʘʤʠ ʫʛʣʝʡ, ʘ 

ʪʘʢʞʝ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʝ ʤʠʥʝʨʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʫʛʣʷ. 

ʊʘʢʠʝ ʩʨʘʩʪʘʥʠʷ ʦʙʨʘʟʫʶʪ ʦʙʱʫʶ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʫʛʣʷ, ʧʦʵʪʦʤʫ ʦʪ 

ʤʘʪʝʨʠʥʩʢʦʡ ʟʦʣʴʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ 

ʩʦʚʨʝʤʝʥʥʤrʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʦʙʦʛʘʱʝʥʠʷ. ɺ ʧʨʦʮʝʩʩʝ 

ʫʛʣʝʥʘʢʦʧʣʝʥʠʷ ʟʦʣʴʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʟʘʩʦʨʝʥʠʷ ʧʦʨʦʜʦʡ ʠʟ 

ʧʨʦʧʣʘʩʪʢʦʚ, ʧʦʨʦʜʘʤʠ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ ʧʣʘʩʪʘ ʧʨʠ ʜʦʙʳʯʝ ʫʛʣʷ, ʘ ʪʘʢʞʝ 

ʤʠʥʝʨʘʣʘʤʠ ʠʟ ʪʨʝʱʠʥ ʚ ʧʣʘʩʪʘʭ. ʋʛʣʠ ʩ ʪʘʢʠʤʠ ʚʠʜʘʤʠ ʟʘʩʦʨʝʥʠʷ 

ʧʦʜʜʘʶʪʩʷ ʦʙʦʛʘʱʝʥʠʶ ʩ ʧʨʠʝʤʣʝʤʳʤ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʫʨʦʚʥʝʤ. 
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ɺ ʀɻɼʉ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʙʦʪʢʠ ʧʝʨʚʠʯʥʦʡ ʛʝʦʣʦʛʦ-ʤʘʨʢʰʝʡʜʝʨʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʕʣʴʛʠʥʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʚʳʚʦʜʳ: 

- ʫʩʪʘʥʦʚʣʝʥʦ ʤʝʞʩʢʚʘʞʠʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʟʥʘʯʝʥʠʡ ʟʦʣʴʥʦʩʪʠ 

ʦʙʱʝʡ ʠ ʙʝʟ ʫʯʝʪʘ ʧʦʨʦʜʥʳʭ ʧʨʦʩʣʦʝʚ; 

- ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ ʤʝʞʜʫ ʫʩʣʦʚʥʦ ʚʳʜʝʣʝʥʥʳʤʠ 

ʙʣʦʢʘʤʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʧʣʘʩʪʦʚ; 

- ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʛʫʱʝʥʠʠ ʨʘʟʚʝʜʦʯʥʦʡ ʩʝʪʠ ʧʨʦʠʩʭʦʜʠʪ 

ʫʩʣʦʞʥʝʥʠʝ ʛʨʘʥʠʮ, ʤʦʱʥʦʩʪʠ ʠ ʩʪʨʫʢʪʫʨʳ ʧʣʘʩʪʦʚ, ʯʪʦ ʪʨʝʙʫʝʪ 

ʧʦʩʪʦʷʥʥʦʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʧʘʨʘʤʝʪʨʦʚ ʛʝʦʪʝʭʥʦʣʦʛʠʡ ʚ ʜʠʥʘʤʠʢʝ; 

- ʚr ʷʚʣʝʥʘ ʠʟʤʝʥʯʠʚʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʩʪʠ 

(ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʧʣʘʩʪʢʦʚ ʢ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʧʣʘʩʪʘ); 

- ʠʟʫʯʝʥʳ ʭʘʨʘʢʪʝʨ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʨʦʜʥʳʭ ʧʨʦʩʣʦʝʚ ʚ ʦʩʥʦʚʥʳʭ ʨʘʙʦʯʠʭ ʧʣʘʩʪʘʭ; 

- ʫʩʪʘʥʦʚʣʝʥʳ ʤʝʞʧʣʘʩʪʦʚʳʝ, ʤʝʞʩʢʚʘʞʠʥʥʳʝ, ʤʝʞʙʣʦʯʥʳʝ 

ʨʘʟʣʠʯʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʚʝʜʝʥʠʠ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ. 

ʆʙʫʩʣʦʚʣʝʥʥʘʷ ʢʦʣʠʯʝʩʪʚʦʤ, ʨʘʟʤʝʨʘʤʠ, ʤʦʱʥʦʩʪʴʶ ʧʣʘʩʪʦʚ, 

ʠʟʤʝʥʯʠʚʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʦ-ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʩʪʨʦʝʥʠʝʤ 

ʟʦʥ ʦʢʠʩʣʝʥʠʷ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʠʟʤʝʥʯʠʚʦʩʪʴʶ 

ʢʘʯʝʩʪʚʝʥʥʳʭ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʦʞʥʦʩʪʴ ʩʪʨʦʝʥʠʷ 

ʕʣʴʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʦʣʥʦʪʫ ʠ ʢʘʯʝʩʪʚʦ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʷ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ, ʚ ʯʠʩʣʝ ʧʨʦʯʝʛʦ, ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʩʪʝʤ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʠʟʫʯʝʥʠʷ ʛʝʦʨʝʩʫʨʩʘ. 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʟʝʨʚʦʚ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʪʳ ʠ ʢʘʯʝʩʪʚʘ 

ʜʦʙʳʚʘʝʤʦʛʦ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʤʦʞʝʪ ʙʳʪʴ ʘʥʘʣʠʟ ʠ ʫʯʸʪ ʦʪʜʝʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʟʦʣʴʥʦʩʪʠ ʫʛʣʷ. ʈʘʥʝʝ ʚ ʀɻɼʉ ʚ ʨʘʤʢʘʭ ʨʘʩʩʤʦʪʨʝʥʠʷ ʫʛʣʷ 

ʢʘʢ ʦʙʲʝʢʪʘ ʦʙʦʛʘʱʝʥʠʷ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʢʦʥʮʝʧʪʫʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ʤʠʥʝʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʚʝʨʜʦʛʦ ʪʦʧʣʠʚʘ ʩ ʚʳʜʝʣʝʥʠʝʤ ʯʝʪʳʨʝʭ ʛʨʫʧʧ 

ʦʙʨʘʟʦʚʘʥʠʡ.  

ɼʨʫʛʦʡ ʚʦʟʤʦʞʥʳʡ ʧʦʜʭʦʜ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ [2]. ɸʚʪʦʨ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʦʣʴʥʦʩʪʴ ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ ʩʫʤʤʦʡ ʛʝʥʝʪʠʯʝʩʢʦʡ ʠ 

ʪʝʭʥʦʛʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚʳʨʘʞʝʥʥʳʭ ʟʦʣʴʥʦʩʪʴʶ ʤʘʪʝʨʠʥʩʢʦʡ, 
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ʚʥʫʪʨʠʧʣʘʩʪʦʚʳʭ ʧʨʦʩʣʦʝʚ ʠ ʧʦʨʦʜ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʢʨʦʚʣʝ ʠ ʧʦʯʚʝ ʧʣʘʩʪʘ. 

ʇʨʠʥʠʤʘʷ ʚʦ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʤʘʪʝʨʠʥʩʢʦʡ ʟʦʣʴʥʦʩʪʠ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ, ʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʩʫʱʝʩʪʚʠʤʦ 

ʧʨʦʤʳʰʣʝʥʥʦ ʦʩʚʦʝʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ, ʘʚʪʦʨ ʧʠʰʝʪ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʟʦʣʴʥʦʩʪʠ ʫʛʦʣʴʥʦʡ ʤʘʩʩʳ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝʤ ʩʝʣʝʢʮʠʠ ʠ 

ʩʥʠʞʝʥʠʝʤ ʟʘʩʦʨʝʥʠʷ ʫʛʣʷ ʧʦʨʦʜʘʤʠ ʢʨʦʚʣʠ ʠ ʧʦʯʚʳ. 

ʆʧʠʩʘʥʥʳʝ ʚʳʰʝ ʧʨʝʜʧʦʩʳʣʢʠ (ʨʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʢʠ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʕʣʴʛʠʥʩʢʦʤʫ ʤʝʩʪʦʨʦʞʜʝʥʠʶ) ʧʨʠʚʝʣʠ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ (ʨʠʩ. 1), ʧʦ ʢʘʞʜʦʡ ʠʟ ʢʦʪʦʨʳʭ ʧʦʩʣʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʤʝʪʦʜʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

(ʩʥʠʞʝʥʠʶ) ʜʣʷ ʢʦʥʢʨʝʪʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʣʘʩʪʦʚ ʠʣʠ ʫʯʘʩʪʢʦʚ.  

 

 
ʈʠʩ 1. ʉʪʨʫʢʪʫʨʘ ʟʦʣʴʥʦʩʪʠ 

 

ʏʘʩʪʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʦʮʝʥʢʝ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʟʦʣʴʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʝ ʕʣʴʛʠʥʩʢʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.  

ʇʨʝʜʣʘʛʘʝʤʦʝ ʤʝʪʦʜʠʯʝʩʢʦʝ ʚʳʜʝʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʟʦʣʴʥʦʩʪʠ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʦʣʫʯʝʥʥʳʤʠ ʚʳʚʦʜʘʤʠ ʦ ʩʣʦʞʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʕʣʴʛʠʥʩʢʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʠʪʴ ʨʝʟʝʨʚʳ ʧʦʚʳʰʝʥʠʷ ʧʦʣʥʦʪʳ ʠ 



107 

 

ʢʘʯʝʩʪʚʘ ʠʟʚʣʝʯʝʥʠʷ ʫʛʣʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʘʮʠʦʥʘʣʴʥʦʤ ʠ ʦʙʦʩʥʦʚʘʥʥʦʤ 

ʚʳʙʦʨʝ ʤʝʨ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʦʩʪʘʚʣʷʶʱʠʤʠ A
d
. 

ʊʘʙʣʠʮʘ 1 

ɺʦʟʤʦʞʥʳʝ ʩʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʠ ʤʝʨʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʟʦʣʴʥʦʩʪʠ 

 

ʉʦʩʪ

ʘʚʣʷ

ʶʱʘ

 ̫

ʉʨʝʜʩʪʚʘ ʘʥʘʣʠʟʘ ʄʝʨʳ ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

A
d
1 

ʂʘʨʪʠʨʦʚʘʥʠʝ ʟʦʥ ʥʘʨʫʰʝʥʥʦʩʪʠ, 

ʢʦʥʪʘʢʪʦʚ ʧʦʨʦʜʳ ʢʨʦʚʣʠ-ʧʦʯʚʳ ʩ 

ʫʛʦʣʴʥʳʤ ʤʘʩʩʠʚʦʤ ʧʣʘʩʪʦʚ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʠʧʩʦʤʝʪʨʠʠ 

ʢʨʦʚʣʠ-ʧʦʯʚʳ 

ʇʦʟʘʙʦʡʥʦʝ ʥʦʨʤʠʨʦʚʘʥʠʝ, 

ʨʘʟʫʧʨʦʯʥʝʥʠʝ ʧʨʠ ɹɺʈ, ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʦʪʝʨʴ ʠ ʨʘʟʫʙʦʞʠʚʘʥʠʷ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʘʡʥʦʚ ʪʠʧʘ ʂʉʄ 

A
d
2 

ʇʦʩʪʨʦʝʥʠʝ ʢʘʨʪ ʠʟʦʣʠʥʠʡ 

ʩʫʤʤʘʨʥʦʡ ʤʦʱʥʦʩʪʠ ʧʨʦʧʣʘʩʪʢʦʚ, 

ʦʮʝʥʢʘ ʧʦʪʝʥʮʠʘʣʘ ʩʥʠʞʝʥʠʷ ʥʘ 

ʦʩʥʦʚʝ ʨʘʩʯʸʪʦʚ ʧʦ ʩʨʝʜʥʝʡ 

ʟʦʣʴʥʦʩʪʠ ʦʙʱʝʡ ʠ ʙʝʟ ʫʯʝʪʘ 

ʟʘʩʦʨʝʥʠʷ ʧʦʨʦʜʥʳʤʠ ʧʨʦʩʣʦʷʤʠ, 

ʦʮʝʥʢʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ 

ʩʣʦʞʥʦʩʪʨʫʢʪʫʨʥʦʩʪʠ 

ʉʝʣʝʢʪʠʚʥʘʷ ʚʳʝʤʢʘ ʧʦʨʦʜʥʳʭ 

ʧʨʦʩʣʦʡʢʦʚ ʧʦ ʩʣʦʷʤ ʠ ʙʣʦʢʘʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʙʘʡʥʦʚ ʧʦʩʣʦʡʥʦʛʦ 

ʬʨʝʟʝʨʦʚʘʥʠʷ, ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ 

ʵʢʩʢʘʚʘʪʦʨʦʚ, ʙʫʣʴʜʦʟʝʨʦʚ ʠ ʜʨ. 

A
d
3 

ʅʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʥʘʪʫʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʫʛʣʝʧʦʪʦʢʦʚ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʥʷʪʠʷ ʤʝʨ ʧʦ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

A
d
4 

ʅʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʫʭʦʝ ʦʙʦʛʘʱʝʥʠʝ, ʧʨʠʤʝʥʝʥʠʝ 

ʬʨʝʟʝʨʥʳʭ ʵʢʩʢʘʚʘʪʦʨʦʚ, 

ʜʦʜʨʘʙʣʠʚʘʥʠʝ, ʨʘʩʢʨʳʪʠʝ ʟʸʨʝʥ ʧʦ 

ʪʨʝʱʠʥʘʤ ʠ ʧʦʨʘʤ 

A
d
5 

ʅʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʦʮʝʥʢʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ (ʦʧʨʝʜʝʣʝʥʠʝ ʯʠʩʪʳʭ 

ʫʛʦʣʴʥʳʭ ʧʘʯʝʢ, ʛʝʦʣʦʛʦ-

ʵʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ) 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɹʘʪʫʛʠʥ ʉ.ɸ. ɻʝʦʪʝʭʥʦʣʦʛʠʠ ʦʪʢʨʳʪʦʡ ʜʦʙʳʯʠ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʩʦ ʩʣʦʞʥʳʤʠ 

ʛʦʨʥʦ-ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ / ʉ.ɸ. ɹʘʪʫʛʠʥ, ɺ.ʀ. ʏʝʩʢʠʜʦʚ, ɺ.ʉ. ʃʠʪʚʠʥʮʝʚ ʠ ʜʨ. 

ʆʪʚ. ʨʝʜ. ʉ.ʄ. ʊʢʘʯ // ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ-ʚʦ ɻʝʦ, 2013.  309 ʩ. 

2. ʊʘʥʘʡʥʦ ɸ.ʉ. ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʪʦʜʠʢʠ ʦʙʦʩʥʦʚʘʥʠʷ ʛʨʘʥʠʮ ʨʘʟʨʝʟʘ ʧʦ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ // ɻʦʨʥ. ʠʥʬʦʨʤ.-ʘʥʘʣʠʪ. ʙʶʣ. 2006. ˉ 4. ʉ.368-377. 

3. ʐʝʩʪʘʢʦʚʘ ʆ. ɽ. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʩʪʨʦʝʥʠʝ ʠ ʛʝʥʝʟʠʩ ʠʩʢʦʧʘʝʤʳʭ ʫʛʣʝʡ 

// ɺʝʩʪʥʠʢ ʂʫʟʙʘʩʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 2010. ˉ 1. ʉ. 3-

10. 
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ʂʓʉʓʃʊɸʉʉʂɸʗ ʉʊʈʋʂʊʋʈʅʆ-ʌʆʈʄɸʎʀʆʅʅɸʗ ɿʆʅɸ:  

ɻɽʅɽʊʀʏɽʉʂʀɽ ʊʀʇʓ ʄɽʉʊʆʈʆɾɼɽʅʀʁ 

 

ɻʘʤʷʥʠʥ ɻ.ʅ. 
1, 2 

1 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʈɸʅ, ʛ. ʄʦʩʢʚʘ; 

2 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ɺ ʧʨʝʜʝʣʘʭ ʂʳʛʳʣ-ʊʘʩʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʳ 

ʨʘʟʚʠʪʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʳʝ ʩʝʨʝʙʨʦʩʦʜʝʨʞʘʱʠʝ,  

ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ ʠ ʟʦʣʦʪʦʨʫʜʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ɹʣʠʟ ʦʩʝʚʦʡ 

ʯʘʩʪʠ ʘʥʪʠʢʣʠʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʨʢʘʯʘʥ, 

ʂʳʩʳʣ-ʊʘʩ, ʏʦʯʠʤʙʘʣ, ʀʤʪʘʥʜʞʘ ʠ ʂʠʤʧʝʯʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʷ 

ʄʘʥʛʘʟʝʡʩʢʦʝ, ʕʨʛʝʣʷʭ ʠ ʕʯʠʡʩʢʦʝ ʣʦʢʘʣʠʟʫʁ ʪʩʷ ʥʘ ʚʦʩʪʦʯʥʦʤ ʢʨʳʣʝ 

ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1). ʄʝʩʪʦʨʦʞʜʝʥʠʷ ʄʘʥʛʘʟʝʡʩʢʦʝ ʠ ɸʨʢʘʯʘʥ 

ʥʘʠʙʦʣʝʝ ʨʘʟʚʝʜʘʥʥʳʝ,  ʦʪʥʦʩʷʪʩʷ ʢ ʧʨʦʤʳʰʣʝʥʥʦ ʚʘʞʥʳʤ ʠ ʠʭ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ ʵʪʘʣʦʥʥʳʤʠ ʜʣʷ ʜʘʥʥʦʡ ʟʦʥʳ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʶʱʝʛʦʩʷ ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʝʜʝʣʘʭ ʨʫʜʥʦʛʦ ʧʦʣʷ 

ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʧʷʪʴ ʪʠʧʦʚ ʦʨʫʜʝʥʝʥʠʷ: 

1. ɻʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʝ ʦʨʫʜʝʥʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʚʷʟʘʥʦ ʩ 

ʧʣʦʱʘʜʥʳʤ ʨʘʩʩʝʷʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʫʙʦʛʦʩʫʣʴʬʠʜʥʳʭ ʞʠʣ 

(ʤʦʱʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 10 ʩʤ) ʠ ʧʨʦʞʠʣʢʦʚ ʤʦʣʦʯʥʦ-ʙʝʣʦʛʦ ʢʚʘʨʮʘ. 

2. ɿʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʦʝ ʤʘʣʦʩʫʣʴʬʠʜʥʦʝ ʦʨʫʜʝʥʝʥʠʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ 

ʧʨʝʜʝʣʘʭ ʕʥʜʳʙʘʣʴʩʢʦʛʦ ʠ ʍʦʙʦʷʪʫ-ʕʯʠʡʩʢʦʛʦ ʤʘʩʩʠʚʦʚ ʛʨʘʥʠʪʦʠʜʦʚ ʠ ʠʭ 

ʙʣʠʞʘʡʰʠʭ ɻ ʢʟʦʢʦʥʪʘʢʪʦʚ. ʆʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʞʠʣʢʘʤʠ ʠ 

ʤʘʣʦʤʦʱʥʳʤʠ (ʜʦ 20ʩʤ) ʤʘʣʦʩʫʣʴʬʠʜʥʳʤʠ ʞʠʣʘʤʠ ʚʦʜʷʥʦ- ʠ 

ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʚʘʨʮʘ ʩ ʢʦʙʘʣʴʪʦʥʦʩʥʳʤ (ʜʦ 

2% Co) ʘʨʩʝʥʦʧʠʨʠʪʦʤ, ʨʝʞʝ ʛʝʨʩʜʦʨʬʠʪʦʤ (%: Ni-15-8; Co-2,6; Fe-14,2; 

As-48,3; Sb-04;  S-17,7), ʚʦʣʴʬʨʘʤʠʪʦʤ (3% MnO), ʤʦʣʠʙʜʝʥʠʪʦʤ ʠ 

ʧʨʦʜʫʢʪʠʚʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʤʠʥʝʨʘʣʦʚ ʚʠʩʤʫʪʘ ï ʩʫʣʴʬʠʜʦʚ, 

ʩʫʣʴʬʦʚʠʩʤʫʪʠʪʦʚ ʠ ʪʝʣʣʫʨʦʚʠʩʤʫʪʠʪʦʚ. 
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ʈʠʩ. 1. ʂʘʨʪʘ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʂʳʩʳʣ-ʊʘʩʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦ-ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ 

ʟʦʥʳ 

1-ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʝ ʨʘʥʥʝʤʝʟʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ;  ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʦʪʣʦʞʝʥʠʷ: 2 ï 

ʨʘʥʥʝ-ʧʦʟʜʥʝʧʝʨʤʩʢʠʝ ʧʝʩʯʘʥʦ-ʛʣʠʥʠʩʪʳʝ; 3 ï ʨʘʥʥʝʧʝʨʤʩʢʠʝ ʛʣʠʥʠʩʪʳʝ; 4ï 

ʨʘʥʥʝʧʝʨʤʩʢʠʝ ʢʦʥʛʣʦʤʝʨʘʪ-ʧʝʩʯʘʥʠʩʪʳʝ; 5 ï ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʝ ʬʣʠʰʦʠʜʥʳʝ; 6-

ʍʦʙʦʷʪʫ-ʕʯʠʡʩʢʠʡ ʤʘʩʩʠʚ ʛʨʘʥʠʪʦʠʜʦʚ; 7-ʨʘʟʨʳʚʥʳʝ ʥʘʨʫʰʝʥʠʷ. ʂʦʥʪʫʨʳ ʨʫʜʥʳʭ 

ʨʘʡʦʥʦʚ: I ï ʍʦʙʦʪʫ-ʕʯʠʡʩʢʠʡ; II ï ʅʶʵʢʪʦʤʠʥʩʢʠʡ;  III ï ʄʘʥʛʘʟʝʡʩʢʠʡ;   IV ï 

ɸʨʢʘʯʘʥʩʢʠʡ. ʄʝʩʪʨʦʞʜʝʥʠʷ ʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ: Au ï ʟʦʣʦʪʦ-ʚʠʩʤʫʪ-ʩʠʜʝʨʠʪ-

ʧʦʣʠʩʫʣʴʬʠʜʥʳʝ;  Ag-Sn ï ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʝ;  Sn ï ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʳʝ; 

Au-Bi ï ʟʦʣʦʪʦ-ʚʠʩʤʫʪʦʚʳʝ. 

 

3. ʂʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʳʡ ʩʝʨʝʙʨʦʥʦʩʥʳʡ ʪʠʧ ʦʨʫʜʝʥʝʥʠ ̫

ʧʨʝʜʩʪʘʚʣʝʥ ʩʠʜʝʨʠʪ-ʧʠʨʨʦʪʠʥ-ʣʝʣʣʠʥʛʠʪ-ʧʠʨʠʪ-ʘʨʩʝʥʦʧʠʨʠʪʦʚʦʡ, 

ʭʘʣʴʢʦʧʠʨʠʪ-ʩʬʘʣʝʨʠʪ-ʛʘʣʝʥʠʪ-ʢʚʘʨʮʝʚʦʡ ʠ ʩʝʨʝʙʨʦ-ʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪ-
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ʘʥʢʝʨʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʷʤʠ. ʇʠʨʠʪ, ʧʠʨʨʦʪʠʥ ʠ ʣʝʣʣʠʥʛʠʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʥʳ, ʘʨʩʝʥʦʧʠʨʠʪ ʚʳʩʦʢʦ ʤʳʰʴʷʢʦʚʠʩʪʳʡ (As:S ï 1,2-1,4), 

ʭʘʣʴʢʦʧʠʨʠʪ ʩʦʜʝʨʞʠʪ  ʜʦ 3% Zn, ʟʘ ʩʯʝʪ ʫʣʴʪʨʘʪʦʥʢʦʡ ʵʤʫʣʴʩʠʦʥʥʦʡ 

ʦʢʨʫʛʣʦʡ ʚʢʨʘʧʣʝʥʥʦʩʪʠ ʩʬʘʣʝʨʠʪʘ, ʘ ʠʟʨʝʜʢʘ ʠ ʚʘʣʣʝʨʠʠʪʘ. ʉʦʜʝʨʞʘʥʠʝ Fe 

ʚ ʩʬʘʣʝʨʠʪʝ ʚʘʨʴʠʨʫʝʪ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ (6-12%) ʠ ʥʝʨʝʜʢʦ ʝʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʟʦʥʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. ʕʤʫʣʴʩʠʦʥʥʘʷ ʚʢʨʘʧʣʝʥʥʦʩʪʴ 

ʭʘʣʴʢʦʧʠʨʠʪʘ ʚ ʩʬʘʣʝʨʠʪʝ ʯʘʱʝ ʚʩʝʛʦ ʪʷʛʦʪʝʝʪ ʢ ʢʨʘʝʚʳʤ ʟʦʥʘʤ, ʛʜʝ ʝʝ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʦʩʪʠʛʘʝʪ 50% ʧʣʦʱʘʜʠ ʟʝʨʥʘ. ɻʘʣʝʥʠʪ ʩʦʜʝʨʞʠʪ 

ʧʦʩʪʦʷʥʥʫʶ ʧʨʠʤʝʩʴ Ag, Sb, Bi ʚ ʧʨʝʜʝʣʘʭ 1-2%. ʇʨʠʩʫʪʩʪʚʠʝ ʧʝʨʚʳʭ ʜʚʫʭ 

ʵʣʝʤʝʥʪʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʢʨʘʧʣʝʥʥʦʩʪʴʶ ʧʠʨʘʨʛʠʨʠʪʘ ʠ 

ʤʠʘʨʛʠʨʠʪʘ, ʘ Bi ʠʤʝʝʪ ʠʟʦʤʦʨʬʥʫʶ ʧʨʠʨʦʜʫ. ʉʝʨʝʙʨʦ-

ʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʦʩʥʦʚʥʦʤ ʩʚʠʥʮʦʚʦ-

ʩʫʨʴʤʷʥʳʤʠ, ʨʝʞʝ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʳʤʠ ʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪʘʤʠ. 

ʅʘʠʙʦʣʴʰʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʦʣʴʟʫʝʪʩʷ ʤʘʣʦʩʝʨʝʙʨʠʩʪʘʷ  (ʜʦ 5% Ag) 

ʙʣʝʢʣʘʷ ʨʫʜʘ, ʙʫʨʥʦʥʠʪ ʠ ʙʫʣʘʥʞʝʨʠʪ. ʇʦʩʣʝʜʥʠʡ ʯʘʱʝ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ 

ʧʠʨʘʨʛʠʨʠʪʦʤ ʠ ʤʠʘʨʛʠʨʠʪʦʤ. 

4. ʉʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʡ ʪʠʧ  ʦʨʫʜʝʥʝʥʠ ̫ ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ. ʆʥ ʧʨʝʜʩʪʘʚʣʝʥ ʄʘʥʛʘʟʝʡʩʢʠʤ ʠ ʍʦʩʩʢʠʤ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʤʠ. ɺ ʵʪʦʤ ʪʠʧʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʫʩʪʦʡʯʠʚʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʩʤʝʥʘ ʘʩʩʦʮʠʘʮʠʡ, 

ʦʪʨʘʞʘʶʱʘʷ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʤʠʥʝʨʘʣʦʙʨʘʟʦʚʘʥʠ:̫ 

ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʘʷ ʢʚʘʨʮ-ʢʘʨʙʦʥʘʪ-ʧʠʨʠʪ-I-ʘʨʩʝʥʦʧʠʨʠʪʦʚʘ-̫I Ÿ ʩʠʜʝʨʠʪ-I-

ʧʠʨʠʪ-II -ʘʨʩʝʥʦʧʠʪʦʚʦʡ-II  ʞʠʣʴʥʘ,̫ ʠʥʦʛʜʘ ʨʠʪʤʠʯʥʘʷ, Ÿ ʩʠʜʝʨʠʪ-II -

ʩʬʘʣʝʨʠʪ-I-ʛʘʣʝʥʠʪʦʚʘ-̫I, ʦʙʳʯʥʦ ʨʠʪʤʠʯʥʘ,̫ Ÿ ʢʚʘʨʮ-ʘʥʢʝʨʠʪ-I-

ʧʦʣʠʩʫʣʴʬʠʜʥʦ-ʩʫʣʴʬʦʩʦʣʴʥʘ,̫ Ÿ ʩʬʘʣʝʨʠʪ-IIIïʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪ-

ʩʚʠʥʮʦʚʦ- ʘʥʢʝʨʠʪʦʚʘ-̫II .   

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʘʩʩʦʮʠʘʮʠʡ ʚ ʨʘʟʥʳʭ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʷʭ ʠ ʚ ʨʘʟʥʳʭ ʨʫʜʥʳʭ ʪʝʣʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʥʝʦʜʠʥʘʢʦʚʘ. 

ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʦʛʠʯʥʦʛʦ ʢʨʫʧʥʦʛʦ ʠ ʨʘʟʚʝʜʘʥʥʦʛʦ 

ʥʘ ʛʣʫʙʠʥʫ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʇʨʦʛʥʦʟ [1] ʫʩʪʘʥʦʚʣʝʥʘ ʠʥʜʠʢʘʪʦʨʥʦʩʪʴ 

ʥʘʠʙʦʣʝʝ ʧʦʟʜʥʝʡ ʘʩʩʦʮʠʘʮʠʠ, ʦʪʨʘʞʘʶʱʝʡ ʥʘʠʙʦʣʝʝ ʚʝʨʭʥʠʝ ʫʨʦʚʥʠ 

ʦʨʫʜʝʥʝʥʠʷ. ʆʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʯʠʚʦʩʪʴ ʤʦʨʬʦʣʦʛʠʠ ʠ ʪʠʧʦʤʦʨʬʥʳʭ 

ʩʚʦʡʩʪʚ ʦʜʥʦʪʠʧʥʳʭ ʤʠʥʝʨʘʣʦʚ ʘʩʩʦʮʠʘʮʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʪʦʥʢʦʠʛʦʣʴʯʘʪʳʡ 

ʘʨʩʝʥʦʧʠʨʠʪ ʠʟ ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩʤʝʥʷʝʪʩʷ 
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ʢʦʨʦʪʢʦʧʨʠʟʤʘʪʠʯʝʩʢʠʤʠ ʠ ʨʦʤʙʦʚʠʜʥʳʤʠ ʬʦʨʤʘʤʠ ʚ ʞʠʣʴʥʳʭ 

ʘʩʩʦʮʠʘʮʠʷʭ. ɺ ʵʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʥʠʞʘʝʪʩʷ ʠʭ As/S ʦʪʥʦʰʝʥʠʝ, 

ʚʦʟʨʘʩʪʘʝʪ ʥʘʙʦʨ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʚʦʟʨʘʩʪʘʥʠʝ ʚ ʥʠʭ ʩʦʜʝʨʞʘʥʠʡ 

ʵʣʝʤʝʥʪʦʚ ʩʚʦʡʩʪʚʝʥʥʳʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ (Cu, Zn, Sn, Pb) ʠ 

ʩʫʣʴʬʦʩʦʣʴʥʦʡ (Sb, Ag) ʘʩʩʦʮʠʘʮʠʷʤ. ʍʘʨʘʢʪʝʨʥʦ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʧʦʟʜʥʝʤ 

ʘʨʩʝʥʦʧʠʨʠʪʝ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʠʤʝʩʠ (ʜʦ 3%) ʩʫʨʴʤʳ. ʆʪ ʨʘʥʥʠʭ ʩʠʜʝʨʠʪʦʚ 

ʢ ʧʦʟʜʥʠʤ ʚʦʟʨʘʩʪʘʝʪ ʩʦʜʝʨʞʘʥʠʝ Mn ʠ ʧʦʥʠʞʘʝʪʩʷ   Fe. ʄʠʢʨʦʟʝʨʥʠʩʪʳʡ 

ʢʚʘʨʮ ʚ ʧʦʟʜʥʠʭ ʘʩʩʦʮʠʘʮʠʷʭ ʩʤʝʥʷʝʪʩʷ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤ ʠʣʠ 

ʭʨʫʩʪʘʣʝʚʠʜʥʳʤ, ʦʙʨʘʟʫʶʱʠʤ ʚ ʧʫʩʪʦʪʢʘʭ ʤʝʣʢʠʝ ʱʝʪʢʠ ʢʨʠʩʪʘʣʣʦʚ. 

5. ɺʳʷʚʣʝʥʥʦʝ ʠ ʨʘʟʚʝʜʘʥʥʦʝ ʚ ʜʘʥʥʦʡ ʟʦʥʝ ʢʨʫʧʥʦʝ ʟʦʣʦʪʦʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʧʦ ʜʘʥʥʳʤ ʨʘʟʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʪʥʝʩʝʥʦ ʢ ʟʦʣʦʪʦ-

ʩʫʣʴʬʠʜʥʦʤʫ ʪʠʧʫ. ʅʘʤʠ ʦʙʦʩʥʦʚʘʥʦ ʚʳʜʝʣʝʥʠʝ ʥʦʚʦʛʦ ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ 

ʟʦʣʦʪʦ-ʚʠʩʤʫʪ-ʩʠʜʝʨʠʪ-ʧʦʣʠʩʫʣʴʬʠʜʥʦʛʦ [2], ʷʚʣʷʶʱʝʛʦʩʷ ʧʨʦʠʟʚʦʜʥʳʤ 

ʦʣʦʚʦʨʫʜʥʳʭ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʇʦʜʯʝʨʢʠʚʘʝʪʩʷ ʪʠʧʦʤʦʨʬʠʟʤ 

ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʛʦ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʩʠʜʝʨʠʪʘ, ʢʦʪʦʨʦʛʦ ʥʝʪ ʥʠ ʚ 

ʦʜʥʦʤ ʟʦʣʦʪʦʨʫʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʟʦʣʦʪʦʥʦʩʥʦʡ 

ʧʨʦʚʠʥʮʠʠ, ʠ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʦʙʱʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʨʫʜ ʩ ʟʦʣʦʪʦ-

ʚʠʩʤʫʪʦʚʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʦʣʦʚʦʨʫʜʥʳʭ ʫʟʣʦʚ ʠ ʩ ʩʝʨʝʙʨʦʥʦʩʥʳʤʠ 

ʢʘʩʩʠʪʝʨʠʪ-ʩʫʣʴʬʠʜʥʳʤʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ ʧʦʧʝʨʝʯʥʳʭ ʨʷʜʦʚ. ʈʫʜʥʳʝ 

ʪʝʣʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʰʪʦʢʚʝʨʢʦʚʳʤʠ ʟʦʥʘʤʠ, ʥʘʩʳʱʝʥʥʳʤʠ 

(ʜʦ 10-20%) ʚʝʪʚʷʱʠʤʠʩʷ ʧʨʦʞʠʣʢʘʤʠ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʤʦʱʥʦʩʪʴʶ 3Ñ2ʩʤ. 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʩʬʦʨʤʠʨʦʚʘʥʦ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʡ ʩʪʘʜʠʠ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʩ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʪʣʦʞʝʥʠʝʤ ʤʠʥʝʨʘʣʦʚ: ʢʚʘʨʮʘ, ʧʠʨʨʦʪʠʥʘ, ʧʠʨʠʪʘ, 

ʘʨʩʝʥʦʧʠʨʠʪʘ, ʭʘʣʴʢʦʧʠʨʠʪʘ, ʩʠʜʝʨʠʪʘ, ʢʦʤʧʣʝʢʩʘ ʚʠʩʤʫʪʦʚʳʭ ʤʠʥʝʨʘʣʦʚ ʠ 

ʧʦʟʜʥʠʭ ʢʘʨʙʦʥʘʪʦʚ (ʘʥʢʝʨʠʪ, ʢʘʣʴʮʠʪ). ɻʨʘʥʠʮʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʤʝʞʥʳʭ ʤʠʥʝʨʘʣʦʚ ʧʝʨʝʢʨʳʚʘʶʪʩʷ. ɿʦʣʦʪʦ ʚ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʧʠʨʠʪʝ ʠ, ʚ ʦʩʥʦʚʥʦʤ, ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ, ʥʦ ʦʩʥʦʚʥʘʷ ʝʛʦ ʤʘʩʩʘ ʦʪʣʘʛʘʝʪʩʷ ʚ 

ʚʠʜʝ ʩʚʦʙʦʜʥʦʛʦ ʟʦʣʦʪʘ ʪʦʥʢʦʛʦ ʢʣʘʩʩʘ ʚ ʪʝʩʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʚʨʝʤʝʥʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʩ ʭʘʣʴʢʦʧʠʨʠʪʦʤ ʠ ʚʠʩʤʫʪʦʚʳʤʠ ʤʠʥʝʨʘʣʘʤʠ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʜʝʪ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʚ ʦʪʢʨʳʪʳʭ ʧʦʣʦʩʪʷʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʧʝʨʝʞʘʶʱʝʤ ʨʘʩʢʨʳʪʠʠ ʪʨʝʱʠʥ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʢʦʨʦʩʪʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ. ʕʪʠʤ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʦʙʣʘʜʘʥʠʝ 

ʢʨʫʧʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʜʨʫʟʦʚʠʜʥʳʭ ʘʛʨʝʛʘʪʦʚ. ʋʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 
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ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʘʷ ʠ ʩʢʨʳʪʘʷ ʟʦʥʘʣʴʥʦʩʪʴ. ʇʝʨʚʘʷ ʩʚʷʟʘʥʘ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩ 

ʛʣʫʙʠʥʦʡ ʢʚʘʨʮʝʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʚʦʟʨʘʩʪʘʥʠʠ ʨʦʣʠ ʘʨʩʝʥʦʧʠʨʠʪʘ. 

ʉʢʨʳʪʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʬʠʢʩʠʨʫʝʪʩʷ ʟʘʢʦʥʦʤʝʨʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʴ  ʁ

ʫʚʝʣʠʯʝʥʠʷ ʠʣʠ ʫʤʝʥʴʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʡ ʵʣʝʤʝʥʪʦʚ ʚ ʤʠʥʝʨʘʣʘʭ ʨʫʜ. 

ʅʝʟʥʘʯʠʪʝʣʴʥʳʝ ʚʘʨʠʘʮʠʠ ʠʟʤʝʥʯʠʚʦʩʪʠ ʪʠʧʦʤʦʨʬʥʳʭ ʩʚʦʡʩʪʚ ʤʠʥʝʨʘʣʦʚ 

(ʩʦʩʪʘʚ, ʵʣʝʤʝʥʪʳ-ʧʨʠʤʝʩʠ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ) ʠ ʤʘʣʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʛʨʘʜʠʝʥʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʣʫʙʠʥʥʳʭ ʫʩʣʦʚʠʷʭ (>1,5ʢʤ) ʠ ʩʪʘʙʠʣʴʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ,  

ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʨʝʜʧʦʩʳʣʢʠ ʜʣʷ ʙʦʣʴʰʦʛʦ ʚʝʨʪʠʢʘʣʴʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʦʨʫʜʝʥʝʥʠʷ. ɺ ʂr ʩʳʣ-ʊʘʩʩʢʦʡ ʟʦʥʝ ʠʤʝʝʪʩʷ ʦʜʥʦʠʤʝʥʥʦʝ 

ʨʫʜʦʧʨʦʷʚʣʝʥʠʝ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ ʤʠʥʝʨʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ ʚ 

ʧʨʠʢʦʥʪʘʢʪʦʚʦʡ ʨʦʛʦʚʠʢʦʚʦʡ ʟʦʥʝ, ʘ ʚ ʏʦʯʠʤʙʘʣʴʩʢʦʤ ʨʫʜʥʦʤ ʧʦʣʝ  

ʚʳʷʚʣʝʥ ʨʷʜ ʪʦʯʝʢ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ɸʨʢʘʯʘʥʫ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ, 

ʟʦʣʦʪʦʥʦʩʥʦʩʪʴ ʢʦʪʦʨʳʭ ʚʘʨʴʠʨʫʝʪ ʚ ʧʨʝʜʝʣʘʭ 2-10 ʛ/ʪ.  

ʀʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʚʩʝ ʚʳʜʝʣʝʥʥʳʝ 

ʛʝʥʝʪʠʯʝʩʢʠʝ ʪʠʧʳ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʢʨʦʤʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ 

ʤʝʪʘʤʦʨʬʦʛʝʥʥʦʛʦ, ʷʚʣʷʶʪʩʷ ʧʨʦʠʟʚʦʜʥʳʤʠ ʟʘʨʦʞʜʝʥʠʷ ʠ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʣʦʚʦʨʫʜʥʳʭ ʈʄʉ. ʆʙʨʘʟʦʚʘʥʠʝ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ  

ʛʝʥʝʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʦʙʫʩʣʦʚʣʝʥʦ ʫʨʦʚʥʝʤ ʩʪʘʥʦʚʣʝʥʠʷ,  

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʠ ʵʚʦʣʶʮʠʠ   ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʯʘʛʦʚ ʠ ʤʦʣʦʜʳʭ 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʟʘʪʨʘʛʠʚʘʶʱʠʭ ɿʘʧʘʜʥʦ-ɺʝʨʭʦʷʥʩʢʠʡ ʨʝʛʠʦʥ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʧʨʦʝʢʪʦʚ ʈʌʌʀ ï 12-05-623ʘ ʠ 12-05-98506 

ʘ- ʚʦʩʪʦʢ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʘʤʷʥʠʥ ɻ.ʅ., ɸʥʠʢʠʥʘ ɽ.ʖ., ɹʦʨʪʥʠʢʦʚ ʅ.ʉ., ɸʣʧʘʪʦʚ ɺ.ɺ. ʉʝʨʝʙʨʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʇʨʦʛʥʦʟ: ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠ 

ʛʝʥʝʟʠʩ. ɻʝʦʣʦʛʠʷ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 1998. ʊ.40. ˉ 5. ʉ.440-458. 

2. ɻʘʤʷʥʠʥ ɻ.ʅ., ɹʦʨʦʚʠʢʦʚ.ɸ.ɸ. ʅʦʚʳʡ ʚʠʩʤʫʪ-ʩʠʜʝʨʠʪ-ʧʦʣʠʩʫʣʴʬʠʜʥʳʡ ʪʠʧ  

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ. ɿʦʣʦʪʦ ʉʠʙʠʨʠ ʠ ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ: ʛʝʦʣʦʛʠʷ, 

ʛʝʦʭʠʤʠʷ, ʵʢʦʥʦʤʠʢʘ, ʵʢʦʣʦʛʠʷ. ʋʣʘʥ-ʋʜʵ, ɹʅʎ ʉʆ ʈɸʅ, 2004. ʉ. 47-49. 
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ʄʆɼɽʃʔ ʌʆʈʄʀʈʆɺɸʅʀʗ ɸʃʗʉʂʀʊʆɺʆɻʆ  

ʆʃʆɺʆ-ɺʆʃʔʌʈɸʄʆɺʆɻʆ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

 

ɻʘʤʷʥʠʥ ɻ.ʅ.
1, 2

 , ɸʥʠʢʠʥʘ ɽ.ʖ. 
1
 

1 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʧʝʪʨʦʛʨʘʬʠʠ, ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

ʈɸʅ, ʛ. ʄʦʩʢʚʘ; 

2 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʆʣʦʚʦ-ʚʦʣʴʬʨʘʤʦʚʦʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʣʷʩʢʠʪʦʚʦʝ ï ʦʜʠʥ ʠʟ 

ʠʥʪʝʨʝʩʥʝʡʰʠʭ ʚ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʤ ʠ ʛʝʥʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʙʲʝʢʪʦʚ 

ʚʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʧʠʩʘʥʦ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ 

ɸʣʷʩʢʠʪʦʚʦʝ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʩʨʝʜʥʝʤ ʪʝʯʝʥʠʠ ʦʜʥʦʠʤʝʥʥʦʛʦ ʨʫʯʴʷ ʥʘ 

ʣʝʚʦʙʝʨʝʞʴʝ ʨʯ. ʕʣʴʛʘ (ʙʘʩʩ. ʨ. ʀʥʜʠʛʠʨʢʠ). ʇʦʣʦʞʝʥʠʝ ʝʛʦ ʚ ʦʙʱʝʡ 

ʩʪʨʫʢʪʫʨʝ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ ʩʢʣʘʜʯʘʪʦʡ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴʶ ʢ ʛʨʘʥʠʮʝ ʂʫʣʘʨ-ʅʝʨʩʢʦʛʦ ʪʫʨʙʠʜʠʪʦʚʦʛʦ ʪʝʨʨʝʡʥʘ ʠ 

ɺʝʨʭʦʷʥʩʢʦʛʦ ʩʢʣʘʜʯʘʪʦ-ʥʘʜʚʠʛʦʚʦʛʦ ʧʦʷʩʘ, ʨʘʟʜʝʣʝʥʥʳʭ ʟʦʥʦʡ ɸʜʳʯʘ-

ʊʘʨʳʥʩʢʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʣʦʤʘ. ɺ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʦʥʦ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ʊʘʨʳʥʦ-ʕʣʴʛʠʥʩʢʦʡ ʟʦʥʝ ʩʢʣʘʜʯʘʪʦ-ʛʣʳʙʦʚʳʭ ʩʪʨʫʢʪʫʨ, 

ʢʦʪʦʨʘʷ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʟʦʣʦʪʦʝ ʠ ʟʦʣʦʪʦ-

ʩʫʨʴʤʷʥʦʝ ʦʨʫʜʝʥʝʥʠʝ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ɸʣʷʩʢʠʪʦʚʦʝ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ 

ʩʫʙʰʠʨʦʪʥʦʡ ʦʣʦʚʦ-ʚʦʣʴʬʨʘʤʦʚʦʡ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ, ʧʨʠʤʳʢʘʶʱʝʡ 

ʢ ɸʜʳʯʘ-ʊʘʨʳʥʩʢʦʡ ʟʦʥʝ ʨʘʟʣʦʤʘ ʧʦʜ ʦʩʪʨʳʤ ʫʛʣʦʤ.   

ʈʘʡʦʥ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʩʣʦʞʝʥ ʧʝʩʯʘʥʦ-ʩʣʘʥʮʝʚʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ 

ʥʦʨʠʡʩʢʦʛʦ ʷʨʫʩʘ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ, ʢʦʪʦʨʳʝ ʧʨʦʨʚʘʥʳ ʰʪʦʢʦʤ 

ʩʨʝʜʥʝʟʝʨʥʠʩʪʳʭ ʜʚʫʩʣʶʜʷʥʳʭ ʧʦʨʬʠʨʦʚʠʜʥʳʭ ʛʨʘʥʠʪʦʚ ʠ ʛʨʘʥʠʪ-

ʧʦʨʬʠʨʦʚ ʐʪʦʢ ɸʣʷʩʢʠʪʦʚʳʡ ʦʪʥʦʩʠʪʩʷ ʢ ʬʦʨʤʘʮʠʠ ʤʦʣʦʜʳʭ (98 ʤʣʥ.ʣʝʪ. 

Rb-Sr) ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʭ ʛʨʘʥʠʪʦʚ [1]. ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʛʨʘʥʠʪʘʭ  

ʧʦʚʳʰʝʥʥʳʭ ʩʦʜʝʨʞʘʥʠʡ P2O5 ï (0,22-0,56%) ʠ F (0,12-0,21%) ʧʦ ʜʘʥʥʳʤ 

ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, Sr (9224-688ʛ/ʪ), Li (47-252ʛ/ʪ) ʠ Rb (61-194ʛ/ʪ) ʧʦ 

ʜʘʥʥʳʤ ICP MS ʧʦʜʪʚʝʨʞʜʘʶʪ ʝʛʦ ʧʨʠʥʘʜʣʝʞʥʦʩʪ ɹʢ ʣʠʪʠʡ-ʬʪʦʨʠʩʪʳʤ 

ʨʘʟʥʦʩʪʷʤ. ʐʪʦʢ ʠ ʚʤʝʱʘʶʱʠʝ ʨʦʛʦʚʠʢʠ ʨʘʩʩʝʯʝʥʳ ʩʝʨʠʝʡ 

ʢʨʫʪʦʧʘʜʘʶʱʠʭ ʢʚʘʨʮʝʚʳʭ ʞʠʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʫʙʤʝʨʠʜʠʦʥʘʣʴʥʦʛʦ 

ʧʨʦʩʪʠʨʘʥʠʷ (L ï ʜʦ 700ʤ, ʄ ï 0,4-0,6ʤ). ɾʠʣʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʦʢʦʣʦʨʫʜʥʳʤʠ ʤʝʪʘʩʦʤʘʪʠʪʘʤʠ. ɺ ʛʨʘʥʠʪʦʠʜʘʭ ʵʪʦ ʜʦʚʦʣʴʥʦ ʠʥʪʝʥʩʠʚʥʘʷ 
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ʦʢʦʣʦʞʠʣʴʥʘʷ (ʜʦ 3ʤ) ʛʨʝʡʟʝʥʠʟʘʮʠʷ, ʚ ʨʦʛʦʚʠʢʘʭ ï ʪʫʨʤʘʣʠʥʠʟʘʮʠʷ (0,5 

ʤ). ʄʠʥʝʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʨʫʜʥʳʭ ʪʝʣ ʚʝʩʴʤʘ ʨʘʟʥʦʦʙʨʘʟʝʥ. ʅʘʨʷʜʫ ʩ 

ʢʚʘʨʮʝʤ ʚ ʞʠʣʘʭ ʠ ʦʢʦʣʦʞʠʣʴʥʳʭ ʧʦʨʦʜʘʭ ʰʠʨʦʢʦ ʨʘʟʚʠʪʳ ʤʫʩʢʦʚʠʪ, 

ʪʫʨʤʘʣʠʥ, ʘʧʘʪʠʪ, ʬʣʶʦʨʠʪ, ʘʨʩʝʥʦʧʠʨʠʪ, ʧʠʨʠʪ, ʩʬʘʣʝʨʠʪ, ʭʘʣʴʢʦʧʠʨʠʪ, 

ʩʪʘʥʥʠʥ, ʚʦʣʴʬʨʘʤʠʪ, ʢʘʩʩʠʪʝʨʠʪ, ʪʨʠʧʣʠʪ, ʢʦʤʧʣʝʢʩ ʩʝʨʝʙʨʦ-ʚʠʩʤʫʪʦʚʳʭ, 

ʩʝʨʝʙʨʦ-ʩʚʠʥʮʦʚʦ-ʩʫʨʴʤʷʥʦ-ʚʠʩʤʫʪʦʚʳʭ ʠ ʩʝʨʝʙʨʦ-ʩʫʨʴʤʷʥʳʭ 

ʩʫʣʴʬʦʩʦʣʝʡ. 

ɺ ʨʫʜʘʭ ʠ ʦʢʦʣʦʨʫʜʥʳʭ ʤʝʪʘʩʦʤʘʪʠʪʘʭʭ ʚʳʜʝʣʷʝʪʩʷ ʨʷʜ 

ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ. ʇʣʦʱʘʜʥʳʝ ʤʝʪʘʩʦʤʘʪʠʪʳ ʩʚʷʟʘʥʳ ʩ 

ʛʨʝʡʟʝʥʠʟʘʮʠʝʡ ʧʦʨʦʜ ʰʪʦʢʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʦʣʠʙʜʝʥʠʪïʘʧʘʪʠʪ-Iï

ʪʫʨʤʘʣʠʥ-Iïʢʚʘʨʮïʤʫʩʢʦʚʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʝʡ. ɺʙʣʠʟʠ ʛʨʝʡʟʝʥʦʚ ʨʘʟʚʠʪʘ 

ʙʦʣʝʝ ʧʦʟʜʥʷʷ ʪʫʨʤʘʣʠʥ-IIïʘʧʘʪʠʪ-IIïʬʣʶʦʨʠʪïʘʨʩʝʥʦʧʠʨʠʪï

ʛʠʜʨʦʩʣʶʜʠʩʪʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʆʜʥʠ ʠ ʪʝ ʞʝ ʤʠʥʝʨʘʣʳ ʚ ʢʘʞʜʦʡ ʘʩʩʦʮʠʘʮʠʠ 

ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʦʩʪʘʚʫ.  

ɺ ʨʫʜʥʳʭ ʪʝʣʘʭ ʥʘʤʝʯʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʨʷʜ 

ʘʩʩʦʮʠʘʮʠʡ: ʢʘʩʩʠʪʝʨʠʪïʚʦʣʴʬʨʘʤʠʪïʪʫʨʤʘʣʠʥïʘʨʩʝʥʦʧʠʨʠʪïʢʚʘʨʮʝʚʘʷ, 

ʧʠʨʨʦʪʠʥïʩʪʘʥʥʠʥïʩʬʘʣʝʨʠʪïʧʠʨʠʪʦʚʘʷ, ʤʦʣʠʙʜʝʥʠʪïʤʘʪʠʣʴʜʠʪï

ʘʨʘʤʘʡʦʠʪïʛʘʣʝʥʠʪï(Bi-ʘʥʜʦʨʠʪ)Sb-ʛʫʩʪʦʚʠʪʦʚʘʷ, ʛʶʙʥʝʨʠʪï

ʩʝʨʝʙʨʦʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪïʢʘʣʴʮʠʪïʢʚʘʨʮʝʚʘʷ. ʆʩʥʦʚʫ ʨʫʜʥʳʭ ʪʝʣ ʥʘ 80-

90% ʩʦʩʪʘʚʣʷʝʪ ʢʘʩʩʠʪʝʨʠʪïʚʦʣʴʬʨʘʤʠʪïʪʫʨʤʘʣʠʥïʘʨʩʝʥʦʧʠʨʠʪïʢʚʘʨʮʝʚʘʷ 

ʘʩʩʦʮʠʘʮʠʷ. ʇʨʝʦʙʣʘʜʘʶʱʘʷ ʨʦʣʴ ʚ ʥʝʡ ʧʨʠʥʘʜʣʝʞʠʪ ʢʚʘʨʮʫ (90%). 

ʇʦʩʣʝʜʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʧʦʣʫʧʨʦʟʨʘʯʥʳʤʠ ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʤʠ (5-10 ʤʤ) 

ʘʣʣʦʪʨʠʘʤʦʨʬʥʦʟʝʨʥʠʩʪʳʤʠ ʘʛʨʝʛʘʪʘʤʠ. ʉʧʝʮʠʬʠʢʦʡ ʵʪʦʡ ʘʩʩʦʮʠʘʮʠʠ ʥʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʚ ʫʯʘʩʪʢʘʭ ʨʘʟʜʫʚʦʚ ʢʚʘʨʮʝʚʳʭ ʞʠʣ 

ʢʨʫʧʥʳʭ ʧʦʣʦʩʪʝʡ ʩ ʜʨʫʟʘʤʠ ʜʳʤʯʘʪʦʛʦ (ʜʦ ʤʦʨʠʦʥʘ) ʠʣʠ ʭʨʫʩʪʘʣʝʚʠʜʥʦʛʦ 

ʢʚʘʨʮʘ. ʈʘʟʤʝʨ ʦʪʜʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦʩʪʠʛʘʝʪ ʚ ʜʣʠʥʫ 20 ʩʤ. ɻʦʣʦʚʢʠ 

ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʪʣʳʝ ʠ ʟʦʥʘʣʴʥʳʝ. ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʥʘ ʚ ʤʠʥʝʨʘʣʦʛʦ-

ʛʝʥʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ ʤʘʪʠʣʴʜʠʪïʘʨʘʤʘʡʦʠʪïʛʘʣʝʥʠʪï (Bi-ʘʥʜʦʨʠʪ)Sb-

ʛʫʩʪʘʚʠʪʦʚʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʕʪʘ ʘʩʩʦʮʠʘʮʠʷ ʥʝ ʠʤʝʝʪ ʰʠʨʦʢʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚ ʨʫʜʘʭ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘʤʠ 

ʩʫʙʛʨʘʬʠʯʝʩʢʠʭ ʩʨʘʩʪʘʥʠʡ ʤʠʥʝʨʘʣʦʚ ʠ ʠʭ ʚʝʩʴʤʘ ʠʟʤʝʥʯʠʚʳʤ ʩʦʩʪʘʚʦʤ. 

ʅʘʠʙʦʣʝʝ ʧʦʟʜʥʝʡ ʷʚʣʷʝʪʩʷ ʛʶʙʥʝʨʠʪïʩʝʨʝʙʨʦʩʫʣʴʬʦʘʥʪʠʤʦʥʠʪïʢʘʣʴʮʠʪï

ʢʚʘʨʮʝʚʘʷ ʘʩʩʦʮʠʘʮʠʷ. ʆʥʘ ʥʝʨʝʜʢʦ ʬʦʨʤʠʨʫʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʧʨʦʞʠʣʢʠ, 
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ʩʝʢʫʱʠʝ ʚʩʝ ʨʘʥʥʠʝ ʘʩʩʦʮʠʘʮʠʠ. ʆʩʥʦʚʫ ʘʩʩʦʮʠʘʮʠʠ ʩʦʩʪʘʚʣʷʶʪ ʢʘʣʴʮʠʪ 

(50%) ʠ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ (40%). ʉʂʉ ʝʛʦ 44-48%, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ 

ʢʚʘʨʮʫ ʵʧʠʪʝʨʤʘʣʴʥʦʛʦ ʛʝʥʝʟʠʩʘ. 

ɹʳʣʠ ʠʟʫʯʝʥʳ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʛʨʝʡʟʝʥʘ ʠ ʨʫʜʥʳʭ 

ʞʠʣ. ɺ ʢʚʘʨʮʝ ʛʨʝʟʝʥʦʚ ʧʝʨʚʠʯʥʳʝ ʚʢʣʶʯʝʥʠʷ ʠʤʝʶʪ ʠʟʦʤʝʪʨʠʯʥʫ  ʁʬʦʨʤʫ 

ʠ ʯʘʩʪʦ ʩʦʜʝʨʞʘʪ ʪʨʫʜʥʦ ʨʘʩʪʚʦʨʠʤʫʶ ʬʘʟʫ ʚ ʚʠʜʝ ʤʝʣʢʦʡ ʩʳʧʠ ʥʘ ʩʪʝʥʢʘʭ 

ʚʘʢʫʦʣʝʡ ʠʣʠ ʪʦʥʢʠʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʧʣʘʩʪʠʥʦʢ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʛʦʤʦʛʝʥʝʟʘʮʠʡ ʵʪʠʭ ʚʢʣʶʯʝʥʠʡ ï 460-480Áʉ. ɺʢʣʶʯʝʥʠʷ ʩʦʜʝʨʞʘʪ ʩʣʘʙʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʝ ʨʘʩʪʚʦʨʳ (4,9-3,3 ʤʘʩ.% ʵʢʚ. NaCl), ʛʘʟʦʚʘʷ ʬʘʟʘ 

ʚʢʣʶʯʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʉʆ2 (29,6-78,2 ʤʦʣ.%), N2 (0-25,2 ʤʦʣ.%), ʉʅ4 

(11,1-21,8 ʤʦʣ.%). ʇʝʨʚʠʯʥʳʝ ʬʣʶʠʜʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚ ʢʚʘʨʮʝ ʨʫʜʥʳʭ ʞʠʣ 

ʩʦʜʝʨʞʘʪ ʞʠʜʢʫʶ ʬʘʟʫ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 9,2-3,3 ʤʘʩ.% ʵʢʚ. NaCl ʠ 

ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 290-380Áʉ. ɺ ʛʘʟʦʚʦʡ ʬʘʟʝ ʚʢʣʶʯʝʥʠʡ 

ʩʦʜʝʨʞʠʪʩʷ ʉʆ2 (53,1-97,4 ʤʦʣ.%), N2 (0-35,7 ʤʦʣ.%), ʉʅ4 (2,6-11,2 ʤʦʣ.%). 

ɺ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʧʦʟʜʥʝʛʦ ʢʚʘʨʮʘ ʩʦʜʝʨʞʘʪʩ ̫ ʧʝʨʚʠʯʥʳʝ 

ʦʜʥʦ-, ʜʨʫʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ. ɼʚʫʭʬʘʟʥʳʝ ʚʢʣʶʯʝʥʠʷ ʛʦʤʦʛʝʥʠʟʠʨʫʶʪʩʷ 

ʦʪ 180 ʜʦ 150Áʉ. ɺʦ ʚʢʣʶʯʝʥʠʷʭ ʫʩʪʘʥʦʚʣʝʥʳ ʨʘʩʪʚʦʨʳ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

4,9-3,3 ʤʘʩ.% ʵʢʚ NaCl ʠ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʚ ʩʦʩʪʘʚʝ CaCl2 ʠ KCl (ʊʵʚʪ. -51· -

49̄ ʉ). ɻʘʟʦʚʘ ̫ʬʘʟʘ ʚʢʣʶʯʝʥʠʡ ʩʦʜʝʨʞʠʪ ʉʆ2 (0-93,0 ʤʦʣ.%), N2 (0-79.6 

ʤʦʣ.%), ʉʅ4 (7,0-20,4 ʤʦʣ.%).  

ɼʣʷ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʢʚʘʨʮʝ ʦʙʱʠʤ ʷʚʣʷʝʪʩʷ ʧʨʝʚʘʣʠʨʫʶʱʘʷ 

ʨʦʣʴ ʙʠʢʘʨʙʦʥʘʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʬʣʶʠʜʘ ʧʨʠ ʠʟʤʝʥʯʠʚʦʡ ʜʦʣʠ ʭʣʦʨ-

ʠʦʥʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ HCO3
-
 : Cl

-
 ʦʪ 1,5 ʜʦ 100. ʇʨʠ ʚʳʩʦʢʠʭ ʩʦʜʝʨʞʘʥʠʷʭ 

ʢʘʨʙʦʥʘʪ-ʠʦʥʘ ʩʨʝʜʠ ʢʘʪʠʦʥʦʚ ʧʨʝʦʙʣʘʜʘʝʪ Ca. ʄʠʢʨʦʢʦʤʧʦʥʝʥʪʥʳʡ 

ʩʦʩʪʘʚ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ 

ʛʣʘʚʥʳʭ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ï Sn, W, Mo, Sb, As, Zn, Cu, Pb. 

ʆʥʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚʦ ʚʢʣʶʯʝʥʠʷʭ ʠʟ ʢʚʘʨʮʘ ʣʝʡʢʦʛʨʘʥʠʪʦʚ, ʛʨʝʡʟʝʥʘ, ʠ 

ʞʠʣʴʥʦʛʦ ʢʚʘʨʮʘ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʨʷʜʳ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʤʛ/ʢʛ ʅ2ʆ) 

ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʢʚʘʨʮʘʭ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ï ʀʟ ʚʢʨʘʧʣʝʥʥʠʢʦʚ ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʧʦʨʬʠʨʦʚʠʜʥʦʛʦ ʛʨʘʥʠʪʘ: Sb 

(40272); Tl (17128);  As (8406);  B (2096); Br (982);  Fe (943);  Mn (136);  Sr 

(120); Rb (51); Li  (42);  Bi (18); ʉu (17); Pb (7); Ag (1,6); Sn (1,5); W (0,6) 
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ï ʀʟ ʧʦʣʫʧʨʦʟʨʘʯʥʦʛʦ ʢʨʫʧʥʦʟʝʨʥʠʩʪʦʛʦ ʨʫʜʥʳʭ ʞʠʣ: Sb (245219); B 

(24274);  As (3855);  Fe (1346);  Sr (713);  Zn (533);  Li  (155);  Cu (116);  Mo 

(37); W (17); Pb (13,6);  Sn (1,5);  Bi (0,4); Ag (0,2) 

ï ʀʟ ʤʠʢʨʦʟʝʨʥʠʩʪʦʛʦ ʩ ʩʫʣʴʬʦʩʦʣʷʤʠ: Pb (22284);  Sb (18796);  As 

(3349);  Zn (2711); Bi (1138);  Br( 1113);  Mn (389);  B (348);  W (85);  Ni 

(81); Ag (44); Sn (8). 

ɹʳʣ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʨʳ ʩʫʣʴʬʠʜʦʚ ʠ 

ʩʫʣʴʬʦʩʦʣʝʡ. ɿʥʘʯʝʥʠʷ ŭ
34

S, ʠʟʤʝʨʝʥʥʳʝ ʚ ʘʨʩʝʥʦʧʠʨʠʪʝ ʧʦʧʘʜʘʶʪ ʚ 

ʠʥʪʝʨʚʘʣ ʦʪ -3,0 ʜʦ -5,6ă, ʚ ʧʠʨʠʪʝ ʠ ʤʦʣʠʙʜʝʥʠʪʝ ï ʦʪ -4,1 ʜʦ -5,7ă, ʚ 

ʩʫʣʴʬʦʩʦʣʷʭ ï ʦʪ -7,5 ʜʦ -9,1ă. ɺ ʮʝʣʦʤ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʝʙʦʣʴʰʠʝ 

ʚʘʨʠʘʮʠʠ ʠ ʩʤʝʱʝʥʠʝ ʚ ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ ʟʥʘʯʝʥʠʡ ŭ
34

S. 

ʇʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʤʥʦʛʦʢʨʘʪʥʦʝ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʝ ʠʟʦʪʦʧʦʚ 

ʩʝʨʳ ʤʝʞʜʫ ʫʞʝ ʦʪʣʦʞʠʚʰʠʤʠʩʷ ʤʠʥʝʨʘʣʘʤʠ ʠ ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʤ 

ʬʣʶʠʜʦʤ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʷʯʝʡʢʠ ʠ 

ʠʟʥʘʯʘʣʴʥʦʝ ʚʳʩʦʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ H2S/SO4 ʚ ʨʫʜʦʦʙʨʘʟʫʶʱʝʤ ʨʘʩʪʚʦʨʝ 

ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ.  

ɸʥʘʣʠʟ ʠʟʦʪʦʧʥʦʛʦ ʩʦʩʪʘʚʘ ʢʠʩʣʦʨʦʜʘ ʢʚʘʨʮʘ ʧʦʢʘʟʘʣ ʥʝʢʦʪʦʨʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʡ ŭ
18

O ʦʪ ʢʚʘʨʮʘ ʛʨʘʥʠʪʦʚ (+13,4ă) ʢ ʢʚʘʨʮʫ ʞʠʣʴʥʦʛʦ 

ʚʳʧʦʣʥʝʥʠʷ (+14,1é+16,3ă). ʇʨʠ ʠʟʫʯʝʥʠʠ ʢʨʫʧʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ (l 

- 8ʩʤ) ʙʳʣʘ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ŭ
18

O ʦʪ ʦʩʥʦʚʘʥʠʷ 

(+13,6ă) ʢ ʛʦʣʦʚʢʝ (+18,0ă). ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʮʝʥʝʥʥʳʭ ʧʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʫʯʝʥʠʷ ʬʣʶʠʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, ʚʦʜʘ ʬʣʶʠʜʘ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩ 

ʞʠʣʴʥʳʤ ʢʚʘʨʮʝʤ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ +6,0 ʜʦ +11,3ă, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʚʦʜʝ ʤʘʛʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ʇʦʟʜʥʠʡ ʤʠʢʨʦʟʝʨʥʠʩʪʳʡ ʢʚʘʨʮ 

ʠʤʝʝʪ ʙʦʣʝʝ ʣʝʛʢʠʡ ʩʦʩʪʘʚ ʠʟʦʪʦʧʘ ʢʠʩʣʦʨʦʜʘ (+3é+4,5ă). ʉ ʙʦʣʴʰʦʡ 

ʜʦʣʝʡ ʫʚʝʨʝʥʥʦʩʪʠ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʚʢʣʘʜʝ ʤʝʪʝʦʨʥʳʭ ʚʦʜ ʥʘ ʧʦʩʣʝʜʥʠʭ 

ʩʪʘʜʠʷʭ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɺ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʣʝʞʠʪ ʪʝʩʥʘʷ ʛʝʥʝʪʠʯʝʩʢʘʷ ʩʚʷʟʴ 

ʦʣʦʚʦ-ʚʦʣʴʬʨʘʤʦʚʦʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʣʷʩʢʠʪʦʚʦʝ ʩ ʤʦʣʦʜʳʤ  

ʤʘʛʤʘʪʠʟʤʦʤ ʣʠʪʠʝʚʦ-ʬʪʦʨʠʩʪʦʛʦ ʪʠʧʘ, ʛʝʦʭʠʤʠʯʝʩʢʠ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʥʘ ʨʷʜ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʵʪʦʛʦ ʪʠʧʘ ʵʣʝʤʝʥʪʦʚ: Sr, B, 

P, F, Li , Rb,Tl ʠ ʜʨ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʤʘʩʩʠʚʘ ʟʘʚʝʨʰʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

600-650Áʉ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʄʦʜʝʣʴ 

ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʣʦʚʦ-

ʚʦʣʴʬʨʘʤʦʚʦʛʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ɸʣʷʩʢʠʪʦʚʦʝ. 

 

ʆʨʫʜʝʥʝʥʠʝ ʬʦʨʤʠʨʫʝʪʩʷ ʥʘ ʤʘʣʦʛʣʫʙʠʥʥʦʤ ʫʨʦʚʥʝ (~ 1ʢʤ) ʠʟ ʛʘʟʦʚʦ 

ʥʘʩʳʱʝʥʥʦʛʦ ʬʣʶʠʜʘ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʛʣʫʙʦʢʠʝ 

ʫʨʦʚʥʠ ʤʘʛʤʘʪʠʯʝʩʢʦʡ ʢʘʤʝʨʳ. ʇʦʜ ʨʦʛʦʚʠʢʦʚʦʡ ʧʦʢʨʳʰʢʦʡ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʜʘʥʥʦʛʦ ʬʣʶʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʘʷ ʧʣʦʱʘʜʥʘʷ 

ʛʨʝʡʟʝʥʠʟʘʮʠʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʢʚʘʨʮïʘʧʘʪʠʪïʤʫʩʢʦʚʠʪʦʚʦʡ ʘʩʩʦʮʠʘʮʠʠ. 

ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʦʩʪʳʚʘʥʠʠ ʤʘʩʩʠʚʘ, ʠʥʪʝʥʩʠʚʥʦʛʦ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʢʦʥʜʝʥʩʘʮʠʠ ʬʣʶʠʜʘ ʬʦʨʤʠʨʫʶʪʩʷ Sn-W ʨʫʜʥʳʝ ʪʝʣʘ (ʊ-290-380Áʉ), 

ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʦʢʦʣʦʞʠʣʴʥʳʡ ʛʨʝʡʟʝʥʠʟʘʮʠʝʡ (ʊ-469-480Áʉ). 

ɻʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʨʫʜʦʥʦʩʥʦʛʦ ʬʣʶʠʜʘ (ʩʤ. ʚʳʰʝ ʚ ʪʝʢʩʪʝ) 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʨʫʜʦʦʙʨʘʟʫʶʱʝʛʦ ʧʨʦʮʝʩʩʘ, 

ʦʪʣʠʯʘʶʱʘʷʩʴ ʣʠʰʴ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʨʦʣʴʶ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʩʩʦʮʠʘʮʠʡ ʩ ʧʦʟʜʥʠʤ ʢʚʘʨʮʝʤ, ʭʦʪʴ 

ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ (ʊ-150-180Áʉ), ʥʦ 

ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ ʝʝ ʘʥʘʣʦʛʠʯʥʘ ʧʝʨʚʳʤ ʜʚʫʤ. ɻʣʘʚʥʳʤʠ 

(>1000 ʤʛ/ʢʛ ʅ2ʆ) ʤʠʥʝʨʘʣʦʦʙʨʘʟʫʶʱʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʦ ʬʣʶʠʜʝ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʷʚʣʷʶʪʩʷ Sb ʠ As. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʦʚ ʈʌʌʀ ï 12-05-623ʘ ʠ 

12-05-98506 ʘ- ʚʦʩʪʦʢ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʅʝʜʦʩʝʢʠʥ ʖ.ɼ. ʈʝʜʢʦʤʝʪʘʣʴʥʳʝ ʛʨʘʥʠʪʳ  ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʉʉʉʈ. ʄ. ʅʘʫʢʘ. 

1988.121 ʩ. 
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ʉʆɺʈɽʄɽʅʅɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʀʉʊʆʈʀʗ ʌʆʈʄʀʈʆɺɸʅʀʗ 

ɿɽʄʅʆʁ ʂʆʈʓ ʎɽʅʊʈɸʃʔʅʆ-ɸʃɼɸʅʉʂʆɻʆ ʆʈʆɻɽʅʅʆɻʆ 

ʇʆʗʉɸ ɺɼʆʃʔ ʆʇʆʈʅʆɻʆ ʇʈʆʌʀʃʗ 3-ɼɺ 

 

ɻʦʰʢʦ ɽ.ʖ., ɽʬʠʤʦʚ ɸ.ʉ., ʉʘʣʴʥʠʢʦʚ ɸ.ʉ.  

ʉʠʙʠʨʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ, ʛʝʦʬʠʟʠʢʠ ʠ ʤʠʥʝʨʘʣʴʥʦʛʦ 

ʩʳʨʴʷ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʌʠʟʠʯʝʩʢʠʝ ʠ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʝʤʥʦʡ 

ʢʦʨʳ ʚʝʩʴʤʘ ʢʦʥʩʝʨʚʘʪʠʚʥʳ. ʄʝʜʣʝʥʥʦ ʪʝʨʷʷ ʢʦʥʪʨʘʩʪʥʦʩʪʴ, ʦʥʠ ʩʧʦʩʦʙʥʳ 

ʩʦʭʨʘʥʷʪʴʩʷ ʚ ʪʝʯʝʥʠʝ ʩʦʪʝʥ ʤʠʣʣʠʦʥʦʚ ʣʝʪ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʪʝʢʪʦʛʝʥʝʟʘ. 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʠʥʘʤʠʢʘ ʠ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʨʫʧʥʳʭ ʙʣʦʢʦʚ ʥʘʜʦʣʛʦ 

ʬʠʢʩʠʨʫʶʪʩʷ ʚ ʧʦʨʦʜʥʦʤ ʚʝʱʝʩʪʚʝ ʣʠʪʦʩʬʝʨʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ  

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʨʝʤʝʥʥʳʭ ʛʣʫʙʠʥʥʳʭ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʧʨʠ ʚʦʩʩʦʟʜʘʥʠʠ ʠʩʪʦʨʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʨʝʚʥʠʭ ʦʙʣʘʩʪʝʡ ʥʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʜʘʥʥʳʤʠ ʦ ʩʦʩʪʘʚʝ ʠ ʚʦʟʨʘʩʪʝ 

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʦʨʦʜ.  

ʉʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʩʝʡʩʤʠʯʝʩʢʠʭ 

ʜʘʥʥʳʭ ʦʧʦʨʥʦʛʦ ʧʨʦʬʠʣʷ 3-ɼɺ (ʨʠʩ. 1), ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʧʨʦʛʨʘʤʤʥʦʤ 

ʢʦʤʧʣʝʢʩʝ çStreamSDSè [1], ʧʦʟʚʦʣʠʣʘ ʦʙʥʘʨʫʞʠʪʴ ʘʨʭʝʡ-ʧʨʦʪʝʨʦʟʦʡʩʢʠʝ 

ʷʜʨʘ ʢʦʥʩʦʣʠʜʘʮʠʠ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʠ ʩʢʨʳʪʦʤ ʚʝʥʜ-

ʢʝʤʙʨʠʡʩʢʠʤʠ ʦʩʘʜʢʘʤʠ ʬʫʥʜʘʤʝʥʪʝ ʉʨʝʜʥʝʣʝʥʩʢʦʡ ʤʦʥʦʢʣʠʟʳ, 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʛʝʦʤʝʪʨʠʶ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʵʚʦʣʶʮʠʶ. 

ʄʘʪʝʨʠʘʣʳ ʩʝʡʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʝʤʥʦʡ ʢʦʨʳ ʦʪʨʘʞʝʥʥʳʤʠ 

ʚʦʣʥʘʤʠ ʙʳʣʠ ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʢʦʤʧʣʝʢʩʝ çStreamSDSè 

ʚ ʯʘʩʪʦʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʩʣʝʜʫʶʱʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʠʟʥʘʢʦʚ: 

ʩʫʤʤʘʨʥʦʡ ʵʥʝʨʛʠʠ ʦʪʨʘʞʝʥʥʳʭ ʚʦʣʥ ʚ ʣʦʢʘʣʴʥʦʤ ʦʢʥʝ, ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ 

ʚʦʣʥʦʚʳʭ ʧʘʢʝʪʦʚ, ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʡ ʵʥʝʨʛʠʠ ʚʦʣʥ ʚ ʠʥʪʝʨʚʘʣʝ ʚʳʩʦʢʠʭ 

ʯʘʩʪʦʪ. ʏʘʩʪʦʪʥʦ- ʥɻʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʧʦʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʳ ʩ ʬʠʟʠʯʝʩʢʠʤ ʩʦʩʪʦʷʥʠʝʤ ʚʝʱʝʩʪʚʘ ʟʝʤʥʦʡ 

ʢʦʨʳ.  
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ʈʠʩ. 1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʬʠʣʷ 3-ɼɺ  ʥʘ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʝ 

 

ʉʫʤʤʘʨʥʘʷ ʵʥʝʨʛʠʷ ʦʪʨʘʞʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʢʫʩʪʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ 

(ʟʚʫʯʥʦʩʪʠ) ʩʨʝʜʳ ʚ ʤʘʩʰʪʘʙʝ ʣʦʢʘʣʴʥʦʛʦ ʦʢʥʘ ʩʢʘʥʠʨʦʚʘʥʠʷ 

ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ. ʆʩʥʦʚʥʘʷ ʯʘʩʪʦʪʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʛʦ ʚʦʣʥʦʚʦʛʦ 

ʧʘʢʝʪʘ ʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʘʩʰʪʘʙʘ ʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ. ʕʥʝʨʛʠʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ 

ʧʦʛʣʦʱʘʶʱʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ. ʅʘʠʙʦʣʴʰʘʷ ʥʘʛʣʷʜʥʦʩʪʴ ʯʘʩʪʦʪʥʦ-

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʜʙʦʨʦʤ ʦʧʪʠʤʘʣʴʥʳʭ ʩʧʦʩʦʙʦʚ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʠ ʧʘʣʠʪʨ ʜʣʷ ʧʨʦʷʚʣʝʥʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ ʠ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ (ʨʠʩ. 2).  

ʇʦʣʫʯʝʥʥʳʝ ʯʘʩʪʦʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʨʘʟʨʝʟʳ ʟʝʤʥʦʡ ʢʦʨʳ 

ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʙʳʣʠ ʩʦʧʦʩʪʘʚʣʝʥʳ ʚ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʩ 

ʠʟʚʝʩʪʥʳʤʠ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʦʩʪʨʦʝʥʠʷʤʠ ʜʣʷ ʜʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ.  

ɺʘʨʠʘʥʪʳ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʩʪʨʦʝʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʇʘʨʬʝʥʦʚʳʤ, ʈʦʟʝʥʦʤ, Nokleberg ʠ ʜʨʫʛʠʤʠ [2, 3, 4]. ʉ ʫʯʝʪʦʤ 

ʵʪʠʭ ʧʦʩʪʨʦʝʥʠʡ ʠ ʠʤʝʶʱʠʭʩʷ ʠʟʦʪʦʧʥʳʭ ʜʘʥʥʳʭ ɸ.ʇ. ʉʤʝʣʦʚʳʤ ʚ 2003 ʛ. 

ʙʳʣʠ ʩʦʩʪʘʚʣʝʥʳ ʧʦʜʨʦʙʥʳʝ ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʭʝʤʳ ʠʩʪʦʨʠʠ 
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ʬʦʨʤʠʨʦʚʘʥʠʷ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʚ ʘʨʭʝʡʩʢʦ-ʧʨʦʪʝʨʦʟʦʡʩʢʠʡ 

ʧʝʨʠʦʜ [5]. ɺ ʪʝʯʝʥʠʝ ʧʦʩʣʝʜʥʝʛʦ ʜʝʩʷʪʠʣʝʪʠʷ ʵʪʠ ʩʭʝʤʳ ʧʦʣʫʯʠʣʠ ʥʦʚʳʝ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ [6] ʠ ʙʳʣʠ ʧʦʣʦʞʝʥʳ ʥʘʤʠ ʚ ʦʩʥʦʚʫ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʝʡʩʤʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʧʨʦʬʠʣʶ 3-ɼɺ.  

 

 
ʈʠʩ. 2. ʏʘʩʪʦʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʡʩʤʠʯʝʩʢʦʛʦ ʚʦʣʥʦʚʦʛʦ ʧʦʣʷ 

ʟʝʤʥʦʡ ʢʦʨʳ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ 

 

ʉʦʚʨʝʤʝʥʥʳʡ ʬʫʥʜʘʤʝʥʪ ʉʝʚʝʨʦ-ɸʟʠʘʪʩʢʦʛʦ ʢʨʘʪʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʝʜʠʥʫʶ ʩʪʨʫʢʪʫʨʫ. ʆʜʥʘʢʦ ʚ ʘʨʭʝʝ (> 2500 ʤʣʥ ʣʝʪ), ʩʦʛʣʘʩʥʦ 

ʧʘʣʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤ ʧʦʩʪʨʦʝʥʠʷʤ ʉʤʝʣʦʚʘ, ʥʘ ʵʪʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚʜʦʣʴ 

ʧʨʦʬʠʣʷ 3-ɼɺ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʝʨʚʠʯʥʳʝ ʛʨʘʥʠʪ-ʟʝʣʝʥʦʢʘʤʝʥʥʳʝ ʪʝʨʨʝʡʥʳ, 

ʨʘʟʜʝʣʝʥʥʳʝ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʦʡ: ɸʣʜʘʥʩʢʠʡ ʠ ɹʘʪʦʤʛʩʢʠʡ (ʨʠʩ. 3, ɸ).  

ʇʦʟʜʥʝʝ, ʚ ʧʘʣʝʦʧʨʦʪʝʨʦʟʦʝ (2500-2000 ʤʣʥ ʣʝʪ), ʢʘʢ ʧʦʣʘʛʘʝʪ 

ʉʤʝʣʦʚ, ʧʨʦʠʩʭʦʜʠʣʦ ʩʙʣʠʞʝʥʠʝ ʪʝʨʨʝʡʥʦʚ. ʅʘ ʟʘʧʘʜʥʦʤ ʙʝʨʝʛʫ 

ʨʘʟʜʝʣʷʚʰʝʛʦ ʠʭ ʦʢʝʘʥʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ ʠʤ ʨʝʢʦʥʩʪʨʫʠʨʫʝʪʩʷ ʦʙʩʪʘʥʦʚʢʘ 

ʘʢʪʠʚʥʦʡ ʩʫʙʜʫʢʮʠʠ ʢʦʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʢʢʨʝʮʠʦʥʥʦʛʦ ʢʣʠʥʘ  ʠ ʨʦʩʪʦʤ 

ɸʣʜʘʥʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʟʘ ʩʯʝʪ ʜʝʡʩʪʚʠʷ ʥʘʜʩʫʙʜʫʢʮʠʦʥʥʦʛʦ ʚʫʣʢʘʥʠʟʤʘ 

(ʨʠʩ. 3, ɸ, ɹ). ʇʨʠ ʵʪʦʤ ʥʘ ʚʦʩʪʦʯʥʦʤ ʙʝʨʝʛʫ ʦʢʝʘʥʘ, ʥʘ ʩʢʣʦʥʝ ʠ ʰʝʣʴʬʝ 

ʧʦʛʨʫʞʝʥʥʦʡ ʯʘʩʪʠ ɹʘʪʦʤʛʩʢʦʛʦ ʪʝʨʨʝʡʥʘ ʩʫʱʝʩʪʚʦʚʘʣʘ ʦʙʩʪʘʥʦʚʢʘ 

ʧʘʩʩʠʚʥʦʡ ʢʦʥʪʠʥʝʥʪʘʣʴʥʦʡ ʦʢʨʘʠʥʳ. ɺ ʧʝʨʠʦʜ 2000-1900 ʤʣʥ ʣʝʪ ʉʤʝʣʦʚ 

ʧʨʝʜʧʦʣʘʛʘʣ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʟʘʢʨʳʪʠʝ ʘʨʭʝʡʩʢʦʛʦ ʦʢʝʘʥʘ. ʇʨʠʯʣʝʥʝʥʠʝ ʜʨʫʛ 
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ʢ ʜʨʫʛʫ ɸʣʜʘʥʩʢʦʛʦ ʠ ɹʘʪʦʤʛʩʢʦʛʦ ʪʝʨʨʝʡʥʦʚ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʛʨʘʥʫʣʠʪʦ-

ʛʥʝʡʩʦʚʳʤ ʤʝʪʘʤʦʨʬʠʟʤʦʤ ʚ ʟʝʤʥʦʡ ʢʦʨʝ, ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʠʣʩʷ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʠʡ ʦʨʦʛʝʥʥʳʡ ʧʦʷʩ (ʨʠʩ. 3, ɺ).  

 

 
ʈʠʩ. 3. ɻʝʦʜʠʥʘʤʠʢʘ ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ 

 

ʏʘʩʪʦʪʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʟʝʤʥʦʡ ʢʦʨʳ 

ʎʝʥʪʨʘʣʴʥʦ-ɸʣʜʘʥʩʢʦʛʦ ʦʨʦʛʝʥʥʦʛʦ ʧʦʷʩʘ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʚʠʜʝʪʴ 

ʦʚʝʱʝʩʪʚʣʝʥʥʳʝ ʩʣʝʜʳ ʘʨʭʝʡʩʢʦ-ʧʨʦʪʝʨʦʟʦʡʩʢʦʡ ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ 

ʠʩʪʦʨʠʠ ʨʝʛʠʦʥʘ, ʧʨʝʜʣʦʞʝʥʥʦʡ ɸ.ʇ. ʉʤʝʣʦʚʳʤ. ʅʘʡʜʝʥʳ ʦʙʨʘʟʳ 

ʧʝʨʚʠʯʥʳʭ ʷʜʝʨ ʢʦʥʩʦʣʠʜʘʮʠʠ ʢʦʨʳ, ʥʘʧʨʘʚʣʝʥʠʡ ʠʭ ʧʝʨʝʤʝʱʝʥʠ,̫ 

ʥʘʨʘʱʠʚʘʥʠʷ ʦʙʱʝʡ ʤʦʱʥʦʩʪʠ ʢʦʨʳ ɸʣʜʘʥʩʢʦʛʦ ʱʠʪʘ ʟʘ ʩʯʝʪ ʧʦʜʚʠʛʘ ʠ 

ʧʨʠʯʣʝʥʝʥʠʷ ʩʥʠʟʫ ʦʢʝʘʥʠʯʝʩʢʦʡ ʢʦʨʳ, ʢʘʥʘʣʦʚ ʩ ʧʦʚʳʰʝʥʥʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴʶ ʢʦʨ rʜʣʷ ʧʦʜʲʝʤʘ ʤʘʥʪʠʡʥʳʭ ʤʘʩʩ.  
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ʀʅʅʆɺɸʎʀʆʅʅʓɽ ʇʋʊʀ ʉʆɺɽʈʐɽʅʉʊɺʆɺɸʅʀʗ 

ʇʆʈʆɼʆʈɸɿʈʋʐɸʖʑʀʍ ʀʅʉʊʈʋʄɽʅʊʆɺ ɼʃʗ 

ʂʆʃʆʅʂʆɺʆɻʆ ɹʋʈɽʅʀʗ ʉ ʇʈʆɼʋɺʂʆʁ ʉɾɸʊʓʄ 

ɺʆɿɼʋʍʆʄ ɺ ʆʉʃʆɾʅɽʅʅʓʍ ʋʉʃʆɺʀʗʍ 

 

ɻʨʠʛʦʨʴʝʚ ɹ.ɺ., ʉʢʨʷʙʠʥ ʈ.ʄ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ.ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

 

ʂʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠʢʘ, ʧʨʦʭʦʜʢʘ ʥʘ ʢʦʨʦʥʢʫ ʠ ʨʘʩʭʦʜ ʘʣʤʘʟʦʚ ʥʘ 

1 ʤ ʙʫʨʝʥʠʷ ʩ ʧʨʦʜʫʚʢʦʡ ʩʝʨʠʡʥʳʤʠ ʪʠʧʘʤʠ ʘʣʤʘʟʥʳʭ ʢʦʨʦʥʦʢ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʙʫʨʝʥʠʷ ʩ ʧʨʦʤʳʚʢʦʡ, ʫʩʪʫʧʘʶʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ 

ʧʦʢʘʟʘʪʝʣʷʤ ʙʫʨʝʥʠʷ ʵʪʠʤʠ ʢʦʨʦʥʢʘʤʠ ʧʨʠ ʧʨʦʤʳʚʢʝ, ʧʦʵʪʦʤʫ ʘʣʤʘʟʥʦʝ 

ʙʫʨʝʥʠʝ ʩʝʨʠʡʥʳʤʠ ʢʦʨʦʥʢʘʤʠ ʩ ʧʨʦʜʫʚʢʦʡ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʚ ʧʦʨʦʜʘʭ 

ʚʳʩʦʢʠʭ ʢʘʪʝʛʦʨʠʡ ʧʦʢʘ ʥʝ ʵʬʬʝʢʪʠʚʥʦ ʠ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ 

ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʘʣʤʘʟʥʦʛʦ ʙʫʨʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʙʫʨʝʥʠʷ ʩ 

ʧʨʦʜʫʚʢʦʡ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ. ʊʘʢ ʧʦ ʜʘʥʥʳʤ çɸʨʢʪʠʯʝʩʢʦʡ ʵʢʩʧʝʜʠʮʠʠè 

ɸʂ çɸʃʈʆʉɸè ʫ ʪʚʝʨʜʦʩʧʣʘʚʥʳʭ ʙʫʨʦʚʳʭ ʢʦʨʦʥʦʢ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ 

ʙʫʨʝʥʠʠ ʨʘʟʚʝʜʦʯʥʳʭ ʩʢʚʘʞʠʥ ʚ ʧʦʨʦʜʘʭ VII -VIII  ʢʘʪʝʛʦʨʠʠ ʧʦ ʙʫʨʠʤʦʩʪʠ 
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ʨʝʩʫʨʩ ʩʦʩʪʘʚʣʷʝʪ - 11 ʤ ʩ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪ 0.6-1.1 ʤ/ʯʘʩ. ʇʨʠ 

ʙʫʨʝʥʠʠ ʘʣʤʘʟʥʳʤʠ ʢʦʨʦʥʢʘʤʠ  ʚ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ VIII  ʢʘʪʝʛʦʨʠʠ ʠ ʚʳʰʝ 

ʧʦ ʙʫʨʠʤʦʩʪʠ  ʩʨʝʜʥʠʡ ʨʝʩʫʨʩ ʥʘ ʢʦʨʦʥʢʫ ʩʦʩʪʘʚʣʷʝʪ 2.0-2.6 ʤ, ʘ 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʙʫʨʝʥʠʷ ï 1.6 ʤ/ʯʘʩ.  

ʅʝʦʜʥʦʨʦʜʥʦʩʪʴ ʫʩʣʦʚʠʡ ʠʟʥʘʰʠʚʘʥʠʷ ʥʘ ʧʦʨʦʜʦʨʘʟʨʫʰʘʶʱʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʫʧʧʘʤʠ ʧʨʠʯʠʥʥʳʭ ʬʘʢʪʦʨʦʚ: 

- ʪʝʭʥʠʯʝʩʢʠʭ: ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʥʦʨʤʘʣʴʥʳʭ ʠ ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʨʝʟʮʫ; ʨʘʟʣʠʯʠʷ ʚ ʣʠʥʝʡʥʳʭ 

ʩʢʦʨʦʩʪʷʭ ʧʝʨʝʤʝʱʝʥʠʷ ʫʯʘʩʪʢʦʚ ʨʝʞʫʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʦʨʦʥʦʢ; ʨʘʟʣʠʯʠʷ 

ʚ ʚʝʣʠʯʠʥʘʭ ʧʫʪʠ ʧʝʨʝʤʝʱʝʥʠʷ (ʪʨʝʥʠʷ) ʠ ʦʙʲʝʤʘ ʨʘʟʨʫʰʘʝʤʦʡ ʥʘ ʟʘʙʦʝ 

ʧʦʨʦʜʳ;  

- ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ: ʠʟʤʝʥʝʥʠʝ ʢʠʥʝʤʘʪʠʢʠ ʜʚʠʞʝʥʠʷ ʢʦʨʦʥʦʢ; 

ʫʨʦʚʥʷ ʥʦʨʤʘʣʴʥʳʭ ʠ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ ʚʝʣʠʯʠʥʳ 

ʦʪʥʦʰʝʥʠʷ ʦʩʝʚʦʡ ʥʘʛʨʫʟʢʠ ʢ ʫʛʣʦʚʦʡ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʢʦʨʦʥʢʠ; 

ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ, ʚ ʙʫʨʦʚʦʤ ʩʥʘʨʷʜʝ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʚ ʢʦʣʦʥʥʝ ʙʫʨʠʣʴʥʳʭ ʪʨʫʙ; ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʠ ʙʫʨʝʥʠʷ ʠ ʪ.ʧ.; 

- ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ: ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʪʨʫʢʪʫʨ 

ʠ ʪʝʢʩʪʫʨ ʙʫʨʠʤʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ ʟʘʙʦʷ ʩʢʚʘʞʠʥʳ; ʠʭ ʪʨʝʱʠʥʦʚʘʪʦʩʪʴ; 

ʧʝʨʝʤʝʞʘʝʤʦʩʪʴ ʧʦ ʪʚʝʨʜʦʩʪʠ; ʨʘʟʣʠʯʠʷ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʪ.ʧ. [2]. 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʚ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʨʘʟʚʝʜʦʯʥʦʛʦ 

ʙʫʨʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʢʨʠʦʣʠʪʦʟʦʥʳ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ 

ʦʯʠʩʪʥʦʛʦ ʘʛʝʥʪʘ ʩʞʘʪʦʛʦ ʚʦʟʜʫʭʘ. ʉʞʘʪʳʡ ʚʦʟʜʫʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʚʦʜʳ ʠ 

ʛʣʠʥʠʩʪʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʝ ʟʘʤʝʨʟʘʝʪ, ʧʦʵʪʦʤʫ ʧʦʣʥʦʩʪʴʶ ʫʩʪʨʘʥʷʶʪʩʷ 

ʦʩʣʦʞʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʟʘʤʝʨʟʘʥʠʝʤ ʠ ʧʦʪʝʨʝʡ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʚ 

ʩʢʚʘʞʠʥʝ. ʇʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚʦʟʜʫʭ ʥʝʩʝʪ ʚ 60ï

100 ʨʘʟ ʤʝʥʴʰʝ ʪʝʧʣʘ, ʯʝʤ ʧʨʦʤʳʚʦʯʥʘʷ ʞʠʜʢʦʩʪʴ. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʘʣʤʘʟʘʭ ʠʤʝʶʪ ʤʝʩʪʦ ʥʘ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʚ ʟʦʥʝ ʩʦʧʨʠʢʦʩʥʦʚʝʥʠʷ ʩ ʦʯʠʩʪʥʳʤ ʘʛʝʥʪʦʤ (ʨʠʩ. 1., ʪʘʙʣ. 

1.) [1]: 

„Ὕ= Ὁ‍ὸὥ ὸ0 1 ‘ 1 —̒ ̑ —̃ 10 6 

ʛʜʝ E - ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ ʧʝʨʚʦʛʦ ʨʦʜʘ (ʤʦʜʫʣʴ ʖʥʛʘ), ʄʇʘ;  

Õ - ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ (ʜʣʷ ʘʣʤʘʟʦʚ Õ=0,3);  
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—̒  ̑ - ʩʨʝʜʥʷʷ ʧʦ ʦʙʲʝʤʫ ʘʣʤʘʟʘ çʙʝʟʨʘʟʤʝʨʥʘʷè ʪʝʤʧʝʨʘʪʫʨʘ 

(ʩʨʝʜʥʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʨʠʪʝʨʠʡ); —̃ - ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʨʠʪʝʨʠʡ ʜʣʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʘ. 

ʊʘʙʣʠʮʘ 1 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʢʨʠʪʝʨʠʠ Ᵽ̃  ʠ Ᵽ̒  ̑ʜʣ̫ ʘʣʤʘʟʦʚ ʨʘʟʣʠʯʥʦʡ ʟʝʨʥʠʩʪʦʩʪʠ 

 

ɿʝʨʥʠʩʪʦʩʪʴ 

ʘʣʤʘʟʦʚ, 

ʰʪ/ʢʘʨ 
ὙϽ103, ʤ ɺ ʊ ɺ

2
ʊ —ʇ —ʩʨ 

20-30 0,816 0,138 3,39 0,065 0,75 0,60 

30-40 0,730 0,124 4,20 0,065 0,77 0,64 

40-60 0,648 0,110 5,31 0,065 0,80 0,68 

60-90 0,566 0,097 6,94 0,065 0,83 0,72 

120-150 0,466 0,080 10,22 0,065 0,86 0,78 

150-400 0,067 0,063 16,48 0,065 0,92 0,87 

 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʨʠʪʝʨʠʡ ʜʣʷ ʘʣʤʘʟʥʦʛʦ ʟʝʨʥʘ 

—= ὸ ὸ0 ὸὥ ὸ0
1 

ʛʜʝ t - ʪʝʢʫʱʘʷ ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʦʙʲʝʤʝ ʘʣʤʘʟʘ, ʟʘʚʠʩʷʱʘʷ 

ʦʪ ʚʨʝʤʝʥʠ ʧʨʦʛʨʝʚʘ ʠ ʟʥʘʯʝʥʠʷ ʪʝʢʫʱʝʛʦ ʨʘʜʠʫʩʘ, Áʉ. 

 

 
ʈʠʩ. 1. ʅʦʤʦʛʨʘʤʤʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʢʨʠʪʝʨʠʝʚ: ʘ - ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʘʣʤʘʟʦʚ Ᵽ̃  ; ʙ - ʩʨʝʜʥʝʛʦ ʧʦ ʦʙʲʝʤʫ Ᵽ̒  ̑
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ʀʟ ʪʘʙʣ. 2 ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʢʨʫʧʥʳʭ ʘʣʤʘʟʦʚ ʟʝʨʥʠʩʪʦʩʪʴʶ 20-90 

ʰʪ./ʢʘʨ ʨʘʟʨʫʰʘʶʱʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʥʘʛʨʝʚʝ ʦʪ 300 ʜʦ 600 Áʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʢʘʢ ʙʦʣʝʝ ʤʝʣʢʠʝ ʘʣʤʘʟʳ (120-400 ʰʪ./ʢʘʨ) 

ʚʳʜʝʨʞʠʚʘʶʪ ʥʘʛʨʝʚ ʜʦ 700-1000 Áʉ ʙʝʟ ʥʘʨʫʰʝʥʠʷ ʮʝʣʦʩʪʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʧʨʠ ʪʘʢʦʤ ʥʘʛʨʝʚʝ ʘʣʤʘʟ ʚʩʝ ʞʝ ʪʝʨʷʝʪ ʚ ʧʨʦʯʥʦʩʪʠ, ʯʪʦ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʟʘʰʣʠʬʦʚʘʥʠʡ (ʧʣʘʩʪʠʯʝʩʢʠʭ ʜʝʬʦʨʤʘʮʠʡ) ʨʘʙʦʯʠʭ 

ʛʨʘʥʝʡ. 

ʊʘʙʣʠʮʘ 2  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʙʫʨʦʚʳʭ ʘʣʤʘʟʦʚ ʨʘʟʣʠʯʥʦʡ 

ʟʝʨʥʠʩʪʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʠʭ ʥʘʛʨʝʚʘ (ʪʝʤʧʝʨʘʪʫʨʘ ʦʯʠʩʪʥʦʛʦ ʘʛʝʥʪʘ ◄=10 ) 
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ʇʨʝʜʣʘʛʘʝʤʦʝ ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʧʦʚʳʰʝʥʠʝ 

ʩʪʦʡʢʦʩʪʠ ʙʫʨʦʚʳʭ ʢʦʨʦʥʦʢ ʠ ʩʥʠʞʝʥʠʝ ʵʥʝʨʛʦʝʤʢʦʩʪʠ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ 

ʙʫʨʝʥʠʠ ʩ ʧʨʦʜʫʚʢʦʡ ʩʞʘʪʳʤ ʚʦʟʜʫʭʦʤ ʟʘ ʩʯʝʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʛʦ 

ʦʭʣʘʞʜʝʥʠʷ ʪʦʨʮʘ ʙʫʨʦʚʦʡ ʢʦʨʦʥʢʠ, ʟʘʱʠʪʳ ʠʭ ʦʪ ʦʢʠʩʣʝʥʠʷ ʠ ʩʥʠʞʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ ʦ ʛʦʨʥʫʶ ʧʦʨʦʜʫ. 

ɼʣʷ ʙʫʨʝʥʠʷ ʚ ʪʚʝʨʜʳʭ ʠ ʢʨʝʧʢʠʭ ʛʦʨʥʳʭ ʧʦʨʦʜʘʭ ʧʨʝʜʣʘʛʘʝʪʩʷ 

ʩʧʝʮʠʘʣʴʥʘʷ ʘʣʤʘʟʥʘʷ ʢʦʨʦʥʢʘ (ʨʠʩ. 2), ʦʪʣʠʯʘʶʱʘʷʩʷ ʦʩʦʙʳʤ 

ʚʳʧʦʣʥʝʥʠʝʤ ʩʝʢʪʦʨʦʚ ʤʘʪʨʠʮʳ ð ʧʣʘʚʥʦ ʚʦʟʨʘʩʪʘʶʱʝʡ ʰʠʨʠʥʦʡ ʠ 

ʫʙʳʚʘʶʱʝʡ ʚʳʩʦʪʦʡ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʘʱʝʥʠʷ 

ʢʦʨʦʥʢʠ ʥʘ ʟʘʙʦʝ ʩʢʚʘʞʠʥʳ. ʊʘʢʦʝ ʠʩʧʦʣʥʝʥʠʝ ʢʦʨʦʥʢʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 
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ʫʤʝʥʴʰʝʥʠʝ ʢʦʥʪʘʢʪʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 20% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʨʠʡʥʦʡ 

ʢʦʨʦʥʢʦʡ ʪʠʧʘ K-09.  

ɺ ʧʨʦʮʝʩʩʝ ʨʘʟʨʫʰʝʥʠʷ ʟʘʙʦʷ ʧʦʩʪʝʧʝʥʥʦ ʚʥʝʜʨʷʶʪʩʷ ʠ ʦʩʪʘʣʴʥʳʝ 

ʯʘʩʪʠ ʩʝʢʪʦʨʦʚ ʩʦ ʚʩʝʡ ʤʘʩʩʦʡ ʘʨʤʠʨʫʶʱʠʭ ʢʦʨʦʥʢʫ ʘʣʤʘʟʦʚ. ʇʨʠ ʵʪʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʢʣʠʥʦʚʦʝ ʨʘʩʰʠʨʝʥʠʝ ʨʘʟʨʫʰʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʙʦʷ ʩʢʚʘʞʠ-

ʥʳ, ʦʪ ʯʝʛʦ ʟʘʙʦʡ ʩʪʘʥʦʚʠʪʩʷ ʫʩʪʫʧʦʦʙʨʘʟʥʳʤ, ʘ ʩʘʤʠ ʫʩʪʫʧʳ ʧʨʠʦʙʨʝʪʘʶʪ 

ʚʠʜ ʚʳʪʷʥʫʪʳʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʨʝʘʢʮʠʠ 

ʟʘʙʦʷ ʩʥʠʟʫ ʚʚʝʨʭ ʩ ʧʝʨʝʜʘʯʝʡ ʥʘ ʫʩʪʫʧʳ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʫʩʠʣʠʡ, ʚ ʨʝʟʫʣʴ-

ʪʘʪʝ ʯʝʛʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʧʦʨʦʜʳ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʥʩʠʚʥʳʡ ʚʳʥʦʩ ʰʣʘʤʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ [3]. 

 
ʈʠʩ. 2. ɸʣʤʘʟʥʘʷ ʢʦʨʦʥʢʘ ʜʣʷ ʙʫʨʝʥʠʷ ʚ ʪʚʝʨʜʳʭ ʠ ʢʨʝʧʢʠʭ ʧʦʨʦʜʘʭ: 1 ð ʢʦʨʧʫʩ; 2 

ð ʩʧʝʮʠʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʬʠʣʠʨʦʚʘʥʥʳʝ ʩʝʢʪʦʨʘ; 3 ð ʟʘʜʥʷʷ ʩʪʝʥʢʘ ʩʝʢʪʦʨʘ; 4 ð 

ʧʨʦʤʳʚʦʯʥʳʡ ʢʘʥʘʣ; 5 ð ʧʝʨʝʜʥʷʷ ʩʪʝʥʢʘ ʩʝʢʪʦʨʘ. 

 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʧʨʦʤʳʚʦʯʥʳʭ ʢʘʥʘʣʦʚ ʧʦ ʩʭʝʤʝ ʨʠʩ. 2 ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʚ ʧʨʠʟʘʙʦʡʥʦʡ ʟʦʥʝ ʠ 

ʫʚʝʣʠʯʝʥʠʶ ʛʣʫʙʠʥʳ ʙʫʨʝʥʠʷ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʤʦʱʥʦʩʪʠ ʢʦʤʧʨʝʩʩʦʨʦʚ. ʂʘʢ 

ʩʣʝʜʫʝʪ ʠʟ ʨʠʩ. 2, ʩʝʢʪʦʨʘ ʤʘʪʨʠʮʳ ʩʤʝʱʘʶʪʩʷ ʦʪ ʩʨʝʜʥʝʡ ʦʢʨʫʞʥʦʩʪʠ 

ʢʦʨʦʥʢʠ ʧʦʧʝʨʝʤʝʥʥʦ ʪʦ ʢ ʧʝʨʠʬʝʨʠʠ, ʪʦ ʢ ʮʝʥʪʨʫ, ʦʙʨʘʟʫʷ ʘʤʧʣʠʪʫʜʥʦʝ 

ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʝʢʪʦʨʦʚ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ ʧʦʣʦʩʪʝʡ, ʟʘʧʦʣʥʷʝʤʳʭ 
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ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʴʶ ʥʘ ʙʦʢʦʚʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ, 

ʠʛʨʘʷ ʨʦʣʴ ʨʝʟʝʨʚʫʘʨʦʚ ʜʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʤʘʟʢʠ ʪʨʫʱʠʭʩʷ 

ʧʦʚʝʨʭʥʦʩʪʝʡ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʪʦʢʘ ʥʘ 

ʢʝʨʥ ʠ ʧʦʚʳʰʝʥʠʶ ʝʛʦ ʚʳʭʦʜʘ ʧʨʠ ʙʫʨʝʥʠʠ. 

ɸʥʘʣʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠ ʜʘʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʦ ʥʠʤ 

ʧʦʟʚʦʣʠʣ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʤʝʨʦʧʨʠʷʪʠʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʠʣʠ 

ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʪʨʝʱʠʥʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʘʪʨʠʮʘʭ ʘʣʤʘʟʥʳʭ 

ʢʦʨʦʥʦʢ ʠʟ-ʟʘ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʥʘʧʨʷʞʝʥʠʡ: 

- ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʤʘʪʨʠʮʫ ʪʝʧʣʦʚʦʛʦ 

ʧʦʪʦʢʘ, ʯʪʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʫʤʝʥʴʰʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʧʦʩʪʫʧʣʝʥʠʷ 

ʪʝʧʣʘ, ʥʘʧʨʠʤʝʨ, ʟʘ ʩʯʝʪ çʘʤʧʣʠʪʫʜʥʦʛʦè ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʝʢʪʦʨʦʚ ʤʘʪʨʠʮʳ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʜʚʦʝ ʩʦʢʨʘʱʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʚʜʚʦʝ 

ʩʥʠʞʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ (ʨʠʩ. 1); 

- ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʩʚʷʟʢʠ ʚ ʤʘʪʨʠʮʝ ʢʦʨʦʥʢʠ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʤʦʜʫʣʷ ʫʧʨʫʛʦʩʪʠ ʧʨʠ ʨʘʩʪʷʞʝʥʠʠ-ʩʞʘʪʠʠ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʇʫʘʩʩʦʥʘ ʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʘ ʪʘʢʞʝ 

ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʫʜʝʣʴʥʦʡ ʨʘʙʦʪʳ ʨʘʟʨʫʰʝʥʠʷ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʥʦʚʳʭ 

ʧʦʚʝʨʭʥʦʩʪʝʡ [4]. 
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ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ʂɸʈʊʆɻʈɸʌʀʈʆɺɸʅʀɽ ʄɸʉʐʊɸɹɸ 

1:1 000 000 ɿʆʅʓ ʇɽʈɽʍʆɼɸ çʉʀɹʀʈʉʂɸʗ ʇʃɸʊʌʆʈʄɸ ˈ 

ɺɽʈʍʆʗʅʆ-ʂʆʃʓʄʉʂɸʗ ʉʂʃɸɼʏɸʊɸʗ ʆɹʃɸʉʊʔè:   

ʅʆɺʆɽ ɺ ʈɽɻʀʆʅɸʃʔʅʓʍ ʀʉʉʃɽɼʆɺɸʅʀʗʍ ʀ 

ɻɽʆʃʆɻʀʏɽʉʂʆʁ ʆʎɽʅʂɽ ʊɽʈʈʀʊʆʈʀʀ 

 

ɻʨʠʥʝʥʢʦ ɺ.ʉ.
1
, ʇʨʦʢʦʧʴʝʚ ɸ.ɺ.

1
, ʂʘʟʘʢʦʚʘ ɻ.ɻ.

 2
, ʂʨʦʧʘʯʝʚ ɸ.ʇ.

2 

1 ï ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ;  

2 ï ɺʩʝʨʦʩʩʠʡʩʢʠʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʛʝʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʇ. 

ʂʘʨʧʠʥʩʢʦʛʦ, ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ  

 

ʋʪʚʝʨʞʜʸʥʥʘʷ ʇʨʘʚʠʪʝʣʴʩʪʚʦʤ ʈʌ ʩʪʨʘʪʝʛʠʷ ʨʘʟʚʠʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʈʦʩʩʠʠ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛ. ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʦʟʜʘʥʠʝ 

çʤʠʥʝʨʘʣʴʥʦˈʩʳʨʴʝʚʳʭ ʢʣʘʩʪʝʨʦʚè, ʧʦʜ ʢʦʪʦʨʳʤʠ ʧʦʥʠʤʘʶʪʩʷ ʛʨʫʧʧʳ 

ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʦʙʲʝʢʪʦʚ, ʩʚʷʟʘʥʥʳʭ, ʜʣʷ ʜʦʩʪʘʚʢʠ ʧʦʪʨʝʙʠʪʝʣʶ, ʦʙʱʝʡ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʦʡ ʠ ʠʤʝʶʱʠʭ ʝʜʠʥʳʝ ʧʫʥʢʪʳ ʦʪʛʨʫʟʢʠ ʜʦʙʳʚʘʝʤʦʛʦ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʠʣʠ ʧʨʦʜʫʢʪʦʚ ʝʛʦ ʦʙʦʛʘʱʝʥʠʷ ʚ ʬʝʜʝʨʘʣʴʥʫʶ ʠʣʠ 

ʨʝʛʠʦʥʘʣʴʥʫʶ ʪʨʘʥʩʧʦʨʪʥʫʶ ʩʠʩʪʝʤʫ. ʇʣʦʱʘʜʥʦʡ ʦʩʥʦʚʦʡ ʪʘʢʠʭ 

çʢʣʘʩʪʝʨʦʚè (ʚ ʛʨʘʥʠʮʘʭ ʈʝʩʧʫʙʣʠʢʠ ʉʘʭʘ (ʗʢʫʪʠʷ)), ʤʦʛʫʪ ʩʪʘʪʴ ʙʣʦʢʠ 

(ʚʩʝʛʦ 11) ɻʝʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʗʢʫʪʠʠ ʤʘʩʰʪʘʙʘ 1:500 000 [4], 

ʦʭʚʘʪʳʚʘʶʱʠʝ ʩʚʦʝʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʨʝʟʢʦʡ ʠʟʚʝʩʪʥʳʝ ʧʨʦʚʠʥʮʠʠ, ʢ 

ʧʨʠʤʝʨʫ, ʪʘʢʠʝ ʢʘʢ ʗʢʫʪʩʢʘʷ ʘʣʤʘʟʦʥʦʩʥʘʷ, ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʘʷ (ʗʥʦ-

ʂʦʣʳʤʩʢʘʷ ʟʦʣʦʪʦʨʫʜʥʘʷ) ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʘʷ ʠ ʜʨ., ʦʙʣʘʜʘʶʱʠʝ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʨʝʩʫʨʩʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʚʢʣʶʯʘʶʱʠʤ ʨʦʩʩʳʧʠ ʠ ʢʦʨʝʥʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʘʣʤʘʟʦʚ, ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʡ ʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʛʨʫʧʧ, ʘ ʪʘʢʞʝ ʨʫʜʦʧʨʦʷʚʣʝʥʠʷ ʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʜʨʫʛʠʭ 

ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʨʘʙʦʪ ʧʦ 

ʩʦʟʜʘʥʠʶ ʛʝʦʣʦʛʠʯʝʩʢʠ ʤʥʦʛʦʧʨʦʬʠʣʴʥʳʭ çʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʳʭ 

ʢʣʘʩʪʝʨʦʚè, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʥʘ ʜʦʙʳʯʫ ʥʝ ʦʜʥʦʛʦ, ʘ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʦʬʠʣʠʨʫʶʱʠʭ ʚʠʜʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʧʨʦʚʝʜʝʥʠʝ 

ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ 

ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ ʠ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʫʞʝ 

ʠʟʚʝʩʪʥʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ, ʪʨʝʙʫʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʤʝʣʢʦʤʘʩʰʪʘʙʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʩʥʦʚ, ʩʦʟʜʘʥʥʳʭ ʥʘ 
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ʦʩʥʦʚʝ ʥʦʚʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʦʙʦʙʱʝʥʠʡ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ɻʀʉ-

ʪʝʭʥʦʣʦʛʠʷʤʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʤʠʩʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʜʦʩʪʦʚʝʨʥʳʝ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʠ ʧʨʦʛʥʦʟʪʠʯʝʩʢʠʝ 

ʧʦʩʪʨʦʝʥʠʷ. ɺ ʌɻʋʇ çɺʉɽɻɽʀè, ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʉ (ʗ),  ʀɻɸɹʄ ʉʆ 

ʈɸʅ ʥʘʢʦʧʣʝʥ ʦʧʳʪ ʧʦ ʨʝʛʠʦʥʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʠ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ 

ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ [4 ʠ ʜʨ.], ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʮʝʥʥʦ ʠʩʧʦʣʴʟʦʚʘʥ 

ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʘʥʘʣʠʟʘ çʟʦʥʳ ʧʝʨʝʭʦʜʘè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-

ʪʝʭʥʦʣʦʛʠʡ. ʊʘʢʘʷ ʥʦʚʘʪʦʨʩʢʘʷ ʨʘʙʦʪʘ ʧʦʜ ʤʝʪʦʜʠʯʝʩʢʠʤ ʢʫʨʘʪʦʨʩʪʚʦʤ 

ʌɻʋʇ çɺʉɽɻɽʀè ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʚ 2003-2010 ʛʦʜʘʭ ʚ  çʎʇʉʕè ɻʋɻɻʇ 

ʈʉ (ʗ) çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè), ʚ ʩʦʜʨʫʞʝʩʪʚʝ ʩʦ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʠʟ ʀɻɸɹʄ ʉʆ 

ʈɸʅ, ʚ ʭʦʜʝ ʩʦʩʪʘʚʣʝʥʠʷ ʠ ʧʦʜʛʦʪʦʚʢʠ ʢ ʠʟʜʘʥʠʶ ɻʦʩʛʝʦʣʢʘʨʪʳ-1000/3 ʈʌ 

(ʠʟʜʘʥʠʝ ʪʨʝʪʴʝ) ʣʠʩʪʦʚ  Q-52 çɺʝʨʭʦʷʥʩʢʠʝ ʮʝʧʠè ʠ  R-51 çɼʞʘʨʜʞʘʥè [1, 

2]. ʇʨʠ ʠʟʫʯʝʥʠʠ çʟʦʥʳ ʧʝʨʝʭʦʜʘè ʠ ʨʝʛʠʦʥʘʣʴʥʦʤ ʦʙʦʙʱʝʥʠʠ ʤʘʪʝʨʠʘʣʘ 

ʝʸ ʪʝʨʨʠʪʦʨʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɻʀʉ-ʪʝʭʥʦʣʦʛʠʡ ʩʦʩʪʘʚʣʝʥʳ ʥʦʚʳʝ 

ʢʦʤʧʣʝʢʪʳ ʢʘʨʪ ʨʘʟʥʦʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʝ, ʢʨʦʤʝ 

ʦʙʷʟʘʪʝʣʴʥʳʭ, ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʢʘʨʪʳ ʠ ʩʭʝʤʳ: ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ, 

ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʛʦ ʨʘʡʦʥʠʨʦʚʘʥʠʷ; ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ; 

ʛʣʫʙʠʥʥʦʛʦ ʩʪʨʦʝʥʠʷ; ʛʝʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ, ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʠ ʜʨ. ʕʪʠ 

ʨʘʟʥʦʤʘʩʰʪʘʙʥʳʝ ʤʘʪʝʨʠʘʣʳ ʘʜʘʧʪʠʨʦʚʘʥʳ ʢ ʠʥʩʪʨʫʢʪʠʚʥʳʤ ʠ 

ʜʠʨʝʢʪʠʚʥʳʤ ʜʦʢʫʤʝʥʪʘʤ, ʚʳʧʦʣʥʝʥʳ ʚ ʨʘʤʢʘʭ ʨʝʢʦʤʝʥʜʘʮʠʡ ʅʈʉ 

ʈʦʩʥʝʜʨʘ ʠ ʌɻʋʇ çɺʉɽɻɽʀè, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪ ʜʦʩʪʠʞʝʥʠʷ ʤʥʦʛʠʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʬʦʨʫʤʦʚ ï ʧʦ ʩʪʨʘʪʠʛʨʘʬʠʠ, ʣʠʪʦʣʦʛʠʠ, ʪʝʢʪʦʥʠʢʝ, 

ʧʝʪʨʦʣʦʛʠʠ ʦʩʘʜʦʯʥʦ-ʚʫʣʢʘʥʦʛʝʥʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ 

ʢʦʤʧʣʝʢʩʦʚ, ʧʦ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʠ ʈʌ (ʚ ʪ.ʯ. ɿʘʧʘʜʥʦʡ ʠ 

ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ). ɺ ʭʦʜʝ ʩʦʟʜʘʥʠʷ ɻʦʩʛʝʦʣʢʘʨʪ-1000/3 ʈʌ, ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʦʙʨʘʟʦʚʘʥʠʷʤ ʦʩʘʜʦʯʥʦʛʦ ʯʝʭʣʘ ʠ ʢʦʤʧʣʝʢʩʘ 

ʦʩʥʦʚʘʥʠʷ ʙʳʣʘ ʤʦʜʝʣʴʥʦ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʥʘ ʧʦʩʨʝʜʩʪʚʦʤ ʩʦʟʜʘʥʠʷ 

ʣʠʪʦʣʦʛʦ-ʬʘʮʠʘʣʴʥʳʭ ʧʨʦʬʠʣʝʡ, ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʦʣʦʛʦ- ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʨʘʟʨʝʟʦʚ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʨʦʩʣʝʜʠʪʴ ʚ ʧʨʝʜʝʣʘʭ çʟʦʥʳ ʧʝʨʝʭʦʜʘè ʵʚʦʣʶʮʠʶ 

ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʠ ʬʘʥʝʨʦʟʦʡʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʠ ʵʪʦʤ, ʜʦʩʪʠʛʥʫʪʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ 

ʦʪʦʙʨʘʞʝʥʠʝ ʨʝʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʢʘʨʪʠʨʦʚʘʥʠʷ ʩ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʫʯʝʪʦʤ ʜʦʩʪʠʞʝʥʠʡ ʪʝʤʘʪʠʯʝʩʢʠʭ, 



130 

 

ʥʘʫʯʥʦˈʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʠ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ, ʚʢʣʶʯʘʷ ʠ 

ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʦʚ ʩʨʝʜʥʝ- ʠ ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʢʘʨʪʦʩʦʩʪʘʚʣʝʥʠʷ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʩʚʦʜʷʪʩʷ ʢ cʦʟʜʘʥʠʶ, 

ʘʧʨʦʙʘʮʠʠ ʚ ʅʈʉ ʈʦʩʥʝʜʨʘ ʠ ʧʫʙʣʠʢʘʮʠʠ ʚ ʦʪʢʨʳʪʦʡ ʧʝʯʘʪʠ ʥʘ ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʦʡ ʢʘʨʪʬʘʙʨʠʢʝ ʌɻʋʇ çɺʉɽɻɽʀè ʢʦʤʧʣʝʢʪʦʚ ɻʦʩʛʝʦʣʢʘʨʪ-

1000/3 ʈʌ (ʧʦʢʦʣʝʥʠʝ ʪʨʝʪʴʝ) ʠ ʆʙʲʷʩʥʠʪʝʣʴʥʳʭ ʟʘʧʠʩʦʢ ʢ ʥʠʤ ʥʘ ʣʠʩʪʳ: 

Q-52 çɺʝʨʭʦʷʥʩʢʠʝ ʮʝʧʠè ʠ R-51 çɼʞʘʨʜʞʘʥè. ʕʪʠ ʢʦʤʧʣʝʢʪʳ ʢʘʨʪ 

ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʛʝʦʣʦʛʦ-ʢʘʨʪʦʛʨʘʬʠʯʝʩʢʠʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ 

ʦʩʥʦʚʘʤʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʡ ʠ ɺʦʩʪʦʯʥʦʡ ʗʢʫʪʠʠ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʝʜʠʥʦʛʦ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʚ ʩʬʝʨʝ ʥʝʜʨʦʧʦʣʴʟʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʦʙʱʝʡ ʩʠʩʪʝʤʳ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʦʜʜʝʨʞʢʠ ʧʨʠʥʷʪʠʷ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʥʘ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʨʦʚʥʝ. 

ʅʘ ʨʝʰʝʥʠʝ ʦʩʥʦʚʥʦʡ ʟʘʜʘʯʠ ï ʩʦʟʜʘʥʠʝ ɻʦʩʛʝʦʣʢʘʨʪʳ-1000/3 ʈʌ ʙʳʣʠ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʧʦʣʝʚʳʝ, ʣʘʙʦʨʘʪʦʨʥʳʝ ʠ ʢʘʤʝʨʘʣʴʥʳʝ 

(ʢʘʨʪʦʩʦʩʪʘʚʠʪʝʣʴʩʢʠʝ) ʨʘʙʦʪʳ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʝʜʦʤʩʪʚ, ʟʘʚʝʨʰʠʚʰʠʝʩʷ 

ʧʦʜʛʦʪʦʚʢʦʡ ʢ ʠʟʜʘʥʠʶ ʠʪʦʛʦʚʳʭ ʜʦʢʫʤʝʥʪʦʚ. 

I. ʅʘ ʣʠʩʪʝ R-51 çɼʞʘʨʜʞʘʥè ʚʳʧʦʣʥʝʥʳ ʥʦʚʝʡʰʠʝ 

ʨʘʜʠʦʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʠʝ ʜʘʪʠʨʦʚʢʠ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ 

ʢʦʤʧʣʝʢʩʘ ʦʩʥʦʚʘʥʠʷ. ɺʳʜʝʣʝʥ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʡ, çʨʵʪʩʢʠʡè, ʫʨʦʚʝʥʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʘʟʘʣʴʥʳʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʚ ʦʩʥʦʚʘʥʠʠ ʢʳʨʠʥʩʢʦʡ ʩʚʠʪʳ, 

ʢʦʪʦʨʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʪ ʢʨʫʧʥʫʶ ʧʦʛʨʝʙʸʥʥʫʶ 

ʧʦʪʝʥʮʠʘʣʴʥʦˈʧʨʦʤʳʰʣʝʥʥʫʶ ʨʦʩʩʳʧʴ ʘʣʤʘʟʦʚ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʘʟʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ ʩʚʠʪʳ (ʦʙʨʘʟʮʳ 

ʧʨʝʜʦʩʪʘʚʣʝʥʳ ʆɸʆ çʅʠʞʥʝʝ-ʃʝʥʩʢʦʝè, ʘʥʘʣʠʟʳ ʥʘ ʙʝʟʚʦʟʤʝʟʜʥʦʡ ʦʩʥʦʚʝ 

ʚʳʧʦʣʥʝʥʳ ʚ 2008-2010 ʛʛ. ʚ çʎʇʉʕè ɻʋɻɻʇ ʈʉ (ʗ) çʗʢʫʪʩʢʛʝʦʣʦʛʠʷè), 

ʚʧʝʨʚʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʠʥʝʨʘʣʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʦʡ ʛʨʫʧʧʳ - ʮʝʨʠʷ, ʠʪʪʨʠʷ ʠ 

ʣʘʥʪʘʥʘ. ɼʘʥʘ ʩʦʚʨʝʤʝʥʥʘʷ ʦʮʝʥʢʘ ʨʝʩʫʨʩʦʚ ʧʨʠʦʨʠʪʝʪʥʳʭ ʚʠʜʦʚ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ (ʦʪʨʘʞʝʥʥʳʭ ʥʘ ʢʘʨʪʘʭ ʢʦʤʧʣʝʢʪʘ ʠ ʚ ʦʙʲʷʩʥʠʪʝʣʴʥʦʡ 

ʟʘʧʠʩʢʝ ʢ ʥʝʤʫ). ʄʠʥʝʨʘʛʝʥʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ R-51 

çɼʞʘʨʜʞʘʥè ʩʦʩʪʘʚʣʷʝʪ: ʧʦ ʘʣʤʘʟʘʤ - 137,459 ʤʣʥ. ʢʘʨʘʪ; ʧʦ ʟʦʣʦʪʫ - 48,43 

ʪ. ɺ ʌɻʋʇ ɺʉɽɻɽʀ ʠ ʅʈʉ ʈʦʩʥʝʜʨʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ 

ʧʦʩʪʘʥʦʚʢʝ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʧʨʝʜʝʣʘʭ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 
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ʧʣʘʪʬʦʨʤʳ (ʆʣʝʥʝʢʩʢʦʝ ʧʦʜʥʷʪʠʝ), ʦʬʦʨʤʣʝʥʥʳʝ ʚ ʚʠʜʝ ʧʘʩʧʦʨʪʦʚ ʫʯʝʪʘ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʜʣʷ ʧʣʦʱʘʜʝʡ (ɹʫʣʫʥʢʘʥʩʢʘʷ, ʋʛʶʩ-ʖʨʶʝ, 

ʍʘʨʳʷʣʘʭ). ʅʝʩʦʤʥʝʥʥʦ, ʯʪʦ ʚ ʙʣʠʞʘʡʰʠʝ 10-15 ʣʝʪ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʣʠʩʪʘ 

R-51 çɼʞʘʨʜʞʘʥè ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʢʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʦʧʠʨʘʶʱʠʡʩʷ ʥʘ ʥʦʚʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʨʠʝʤʳ ʩʠʩʪʝʤʥʦʛʦ ʠʟʫʯʝʥʠʷ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʜʦʢʝʤʙʨʠʷ ʠ ʬʘʥʝʨʦʟʦʷ ʩ ʨʘʟʥʳʤ ʠʝʨʘʨʭʠʯʝʩʢʠʤ 

ʫʨʦʚʥʝʤ ʩʦʧʦʜʯʠʥʝʥʠʷ, ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦʠʩʢʦʚ 

ʧʨʠʦʨʠʪʝʪʥʳʭ ʠ ʚʳʩʦʢʦʣʠʢʚʠʜʥʳʭ ʚʠʜʦʚ ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʥʘ ʟʘʢʨʳʪʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ.  

II. ʉʦʟʜʘʥʠʝ ɻʦʩʛʝʦʣʢʘʨʪʳ-1000/3 ʣʠʩʪʘ Q-52 çɺʝʨʭʦʷʥʩʢʠʝ ʮʝʧʠè 

ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʨʝʩʫʨʩʥʳʡ ʧʦʪʝʥʮʠʘʣ  ʚʳʩʦʢʦʣʠʢʚʠʜʥʳʭ (Au, Ag) ʚʠʜʦʚ 

ʤʠʥʝʨʘʣʴʥʦʛʦ ʩʳʨʴʷ ʚ ʧʨʝʜʝʣʘʭ ʂʫʨʘʥʘʭʩʢʦʛʦ ʘʥʪʠʢʣʠʥʦʨʠʷ (ɺʝʨʭʦʷʥʩʢʠʡ 

ʩʢʣʘʜʯʘʪʦˈʥʘʜʚʠʛʦʚʳʡ ʧʦʷʩ). ɺʳʷʚʣʝʥʳ ʧʝʨʚʦʦʯʝʨʝʜʥʳʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʧʣʦʱʘʜʠ ʠ ʦʙʲʝʢʪʳ, ʦʧʨʝʜʝʣʝʥʳ ʥʘʧʨʘʚʣʝʥʠʷ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʦʜʷʪʩʷ ʢ ʩʣʝʜʫʶʱʝʤʫ: 

II.1. ɺ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʚʳʷʚʣʝʥʳ ʧʦʚʳʰʝʥʥʳʝ 

ʩʦʜʝʨʞʘʥʠʷ ʉʦʨʛ (ʦʪ 0,8-1,5 ʜʦ 4,6 %), ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʪʥʝʩʪʠ ʠʭ ʢ 

ʪʝʨʨʠʛʝʥʥʦ-ʫʛʣʝʨʦʜʠʩʪʦʡ ʛʨʫʧʧʝ ʬʦʨʤʘʮʠʡ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʘʥʥʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʦʙʣʘʜʘʶʪ ʬʦʥʦʚʦʡ ʟʦʣʦʪʦʥʦʩʥʦʩʪʴʶ ʠ ʩʦʜʝʨʞʘʥʠʷʤʠ Cʦ, Ni, 

Cu, Pb, Zn, Ag, As, ʧʨʝʚʳʰʘʶʱʠʤʠ ʠʭ ʢʣʘʨʢʠ ʚ 2-10 ʨʘʟ, ʩʦʜʝʨʞʘʪ 

ʩʠʥʛʝʥʝʪʠʯʝʩʢʫʶ ʨʘʩʩʝʷʥʥʫʶ (0,5-1 % ʜʦ 3-5 %) ʚʢʨʘʧʣʝʥʥʦʩʪʴ ʩʫʣʴʬʠʜʦʚ, 

ʚ ʢʦʪʦʨʳʭ ʢʦʣʠʯʝʩʪʚʦ ʙʣʘʛʦʨʦʜʥʳʭ ʠ ʨʫʜʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ (ʚ 

ʩʨʝʜʥʝʤ, ʛ/ʪ): Auˈ1,14; Agˈ12,5; ʉoˈ190, Niˈ250, Cu̍ 254, Pb̍ 956, 

Znˈ409, Asˈ1467. ʆʪʤʝʯʝʥʳ ʕʇɻ (ʧʘʣʣʘʜʠʡ). ʊʦʣʱʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʢʘʢ ʨʫʜʦʤʘʪʝʨʠʥʩʢʠʝ, ʦʧʨʝʜʝʣʠʚʰʠʝ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʪʝʨʨʠʪʦʨʠʠ. 

II.2. ɺ ʧʨʝʜʝʣʘʭ ʂʫʨʘʥʘʭʩʢʦʛʦ (ʕʯʠʡʩʢʦʛʦ, ʧʦ [3]) ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ 

ʨʘʩʰʠʨʝʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʥʘ ʩʝʨʝʙʨʦ (4768 ʪ ʧʦ ʈ3) ʠ ʤʝʜʴ (108 ʪʳʩ.ʪ ʧʦ ʈ3) 

ʂʠʤʧʠʯʝ-ɹʝʨʝʣʝʭʩʢʦʛʦ ʤʝʜʥʦ-ʩʝʨʝʙʨʦʨʫʜʥʦʛʦ ʫʟʣʘ, ʥʘ ʩʝʨʝʙʨʦ (885 ʪ ʧʦ 

ʈ2) ʠ ʟʦʣʦʪʦ (0,72 ʪ ʧʦ ʈ3) ɺʝʨʭʥʝ-ʕʯʠʡʩʢʦʛʦ ʟʦʣʦʪʦˈ 

ʦʣʦʚʦˈʩʝʨʝʙʨʦʨʫʜʥʦʛʦ ʫʟʣʘ. 

II.3. ʇʨʠ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ  ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʩʝʨʳ ʩʠʥʛʝʥʝʪʠʯʥʳʭ ʧʠʨʠʪʦʚ ʠʟ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ 
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ʦʪʣʦʞʝʥʠʡ ʠʤʝʝʪ ʫʟʢʠʡ ʜʠʘʧʘʟʦʥ ʚʘʨʠʘʮʠʡ (ʦʪ +0,7 ʜʦ -4,5, ʚ ʩʨʝʜʥʝʤ -1,45) 

ʠ ʛʝʦʭʠʤʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘ Cʦ, Ni, Cu, Pb, Zn, Ag, As. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʩʢʦʨʝʝ, ʚ ʧʦʣʴʟʫ ʥʠʞʥʝʢʦʨʦʚʦ-ʤʘʥʪʠʡʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ  ʩʬʦʨʤʠʨʦʚʘʚʰʠʭ ʩʫʣʴʬʠʜʳ ʨʫʜʦʥʦʩʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʂʨʦʤʝ 

ʵʪʦʛʦ, ʠʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʫʛʣʝʨʦʜʘ (ŭ
13
ʉˈ2,5-8,5 ă.), ʢʠʩʣʦʨʦʜʘ          

(ŭ
18

Oˈ10-20 ă) ʚ ʞʠʣʴʥʳʭ ʢʘʨʙʦʥʘʪʘʭ ʠ ʩʝʨʳ (ŭ
34

 S ʚ ʜʠʘʧʘʟʦʥʝ + 0,5 + 11 

ă , ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ + 3 + 5 ă)  ʚ ʩʫʣʴʬʠʜʘʭ ʠʟ ʨʫʜ ʨʘʟʣʠʯʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʪʝʨʨʠʪʦʨʠʠ ʜʦʩʪʘʪʦʯʥʦ ʦʜʥʦʦʙʨʘʟʝʥ. ʉʨʘʚʥʠʪʝʣʴʥʦ 

ʥʝʚʳʩʦʢʠʝ ʠʭ ʚʘʨʠʘʮʠʠ ʚ ʨʫʜʘʭ ʨʘʟʥʦʪʠʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʟʘʣʝʛʘʶʱʠʭ 

ʥʘ ʨʘʟʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ 

ʩʚʷʟʠ ʨʫʜʦʦʙʨʘʟʫʶʱʠʭ ʬʣʶʠʜʥʳʭ ʩʠʩʪʝʤ ʩ ʧʨʦʮʝʩʩʘʤʠ ʦʩʘʜʢʦʥʘʢʦʧʣʝʥʠʷ. 

ʊʘʢʞʝ, ʥʘʣʠʯʠʝ ʚ ʞʠʣʴʥʳʭ ʩʝʨʝʙʨʦˈʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ (ʄʘʥʛʘʟʝʡʩʢʘʷ 

ʛʨʫʧʧʘ ʤʝʩʪʦʨʦʞʜʝʥʠʡ), ʟʦʣʦʪʦˈʩʫʣʴʬʠʜʥʦˈʢʚʘʨʮʝʚʳʭ (ʧʨʦʷʚʣʝʥʠʝ 

ʇʝʥʪʠʫʤ)  ʠ ʚʦ ʚʢʨʘʧʣʝʥʥʳʭ  ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʳʭ (ʧʨʦʷʚʣʝʥʠʝ  ʂʳʩʳʣ-ʊʘʩ) 

ʨʫʜʘʭ ʕʥʜʳʙʘʣʴʩʢʦʡ ʨʫʜʥʦʡ ʟʦʥʳ ʠ ʅʴʶʢʪʦʤʠʥʩʢʦʛʦ ʨʫʜʥʦʛʦ ʫʟʣʘ 

ʚʳʩʦʢʦʡ ʜʦʣʠ ʤʘʥʪʠʡʥʦʛʦ ʛʝʣʠʷ (ʦʪ 6 % ʜʦ 49 %). ʇʦ ʘʥʘʣʦʛʠʠ ʩ  

ʢʨʫʧʥʝʡʰʠʤʠ ʥʘ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʝ ʈʦʩʩʠʠ ʩʝʨʝʙʨʦʨʫʜʥʳʤʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʤʠ - çɼʫʢʘʪè (ʣʠʩʪ ʈ-56) ʠ çʇʨʦʛʥʦʟè (ʣʠʩʪ Q-53), ʛʜʝ ʜʦʣʷ 

ʤʘʥʪʠʡʥʦʛʦ ʛʝʣʠʷ ʚ ʨʫʜʘʭ ʚʘʨʴʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ 15-54 % ʠ 

16-49 %, ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʧʦʢʘʟʘʪʝʣʷʤʠ ʤʘʩʰʪʘʙʥʦʩʪʠ 

ʦʨʫʜʝʥʝʥʠʷ ʚ ʠʟʫʯʝʥʥʳʭ ʦʙʲʝʢʪʘʭ, ʘ ʧʨʠʩʫʪʩʪʚʠʝ ʤʘʥʪʠʡʥʦʛʦ ʛʝʣʠʷ ʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʠ ʧʨʦʷʚʣʝʥʠʷʭ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ ʠʭ 

ʧʨʦʤʳʰʣʝʥʥʦʡ ʟʥʘʯʠʤʦʩʪʠ.  

II.4. ʇʨʦʛʥʦʟʥʦ-ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʇʄʀ) ʧʦʟʚʦʣʠʣʠ: 

ʪʠʧʠʟʠʨʦʚʘʪʴ ʨʘʟʚʠʪʳʝ   ʥʘ   ʪʝʨʨʠʪʦʨʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ   ʠ   ʧʨʦʷʚʣʝʥʠʷ   

Ag, Au, Pb, Zn, Sn, Cu, Hg, Sb, Mo,W ʧʦ ʠʭ ʨʫʜʥʦ-ʬʦʨʤʘʮʠʦʥʥʦʡ   

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ,  ʫʩʪʘʥʦʚʠʪʴ ʧʨʦʬʠʣʠʨʫʶʱʫʶ ʚ ʧʨʦʤʳʰʣʝʥʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʨʦʣʴ ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ,  ʦʣʦʚʦ ˈ ʩʝʨʝʙʨʦ-

ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ, ʟʦʣʦʪʦ ˈ ʚʠʩʤʫʪ ˈ ʧʦʣʠʩʫʣʴʬʠʜʥʦʡ, ʟʦʣʦʪʦ ˈ 

ʩʫʣʴʬʠʜʥʦ- ʢʚʘʨʮʝʚʦʡ, ʟʦʣʦʪʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʠ, ʚʧʝʨʚʳʝ ʚʳʜʝʣʝʥʥʦʡ 

ʚ ʂʫʨʘʥʘʭʩʢʦʤ ʘʥʪʠʢʣʠʥʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ɺʝʨʭʦʷʥʴʷ, 

ʟʦʣʦʪʦˈ(ʤʳʰʴʷʢʦʚʦ)ˈʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʡ. ʊʘʢʞʝ ʚʳʷʚʠʪʴ: ʘ) ʨʷʜ 

ʥʦʚʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʝʩʝʥʳ: ʵʣʝʤʝʥʪʳ ʛʣʫʙʠʥʥʦʛʦ 
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ʩʪʨʦʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʚ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʦʤ ʬʫʥʜʘʤʝʥʪʝ 

ʪʨʝʭʣʫʯʝʚʦʡ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʨʠʬʪʦʚʦʡ ʩʠʩʪʝʤʳ; ʙ) 

ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʪʝʨʨʠʛʝʥʥʦ-

ʫʛʣʝʨʦʜʠʩʪʳʭ ʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʠ ʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ, ʥʘʢʘʧʣʠʚʘʚʰʠʭʩʷ, 

ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʣʫʙʦʢʦʚʦʜʥʳʭ ʯʘʩʪʷʭ 

ʚʥʫʪʨʠʢʦʥʪʠʥʝʥʪʘʣʴʥʦʛʦ ʧʘʣʝʦʙʘʩʩʝʡʥʘ; ʚ) ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʠ ʜʦʩʪʘʪʦʯʥʦ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʡ ʤʘʛʤʘʪʠʟʤ, ʩʚʷʟʘʥʥʳʡ ʩ ʨʘʟʚʠʪʠʝʤ 

ɿʘʧʘʜʥʦ-ɺʝʨʭʦʷʥʩʢʦʛʦ ʧʦʷʩʘ ʛʨʘʥʠʪʦʠʜʦʚ; ʛ) ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʷʚʣʝʥʠʷ, 

ʛʣʫʙʠʥʫ ʟʘʣʝʛʘʥʠʷ ʧʦʟʜʥʝʤʝʟʦʟʦʡʩʢʠʭ ʛʨʘʥʠʪʦʠʜʥʳʭ ʠʥʪʨʫʟʠʡ ʠ 

ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʠʭ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʤʘʛʤʘʪʠʯʝʩʢʦʤʫ ʢʦʤʧʣʝʢʩʫ; ʜ) 

ʥʘʤʝʪʠʪʴ ʚ ʩʪʨʦʝʥʠʠ ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʦʛʦ ʂʫʨʘʥʘʭʩʢʦʛʦ (ʕʯʠʡʩʢʦʛʦ, ʧʦ 

[3]) ʨʫʜʥʦʛʦ ʨʘʡʦʥʘ ʣʘʪʝʨʘʣʴʥʫʶ ʟʦʥʘʣʴʥʦʩʪʴ, ʧʨʠ ʢʦʪʦʨʦʡ ʨʫʜʥʳʝ ʫʟʣʳ ʩ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʟʦʣʦʪʦ- ʠ ʩʝʨʝʙʨʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ 

ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʝʛʦ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ, ʘ ʩʝʨʝʙʨʦʨʫʜʥʳʝ ˈ ʧʦ ʝʛʦ 

ʧʝʨʠʬʝʨʠʠ. ɼʘʥʥʘʷ ʟʦʥʘʣʴʥʦʩʪʴ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ 

ʨʘʟʤʝʱʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʙʣʘʛʦʨʦʜʥʦʤʝʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ ʤʝʥʝʝ 

ʠʟʫʯʝʥʥʳʭ ʨʫʜʥʳʭ ʨʘʡʦʥʘʭ; ʝ) ʫʪʦʯʥʠʪʴ ʛʨʘʥʠʮʳ, ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ, ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʫʜʥʫʶ ʩʧʝʮʠʘʣʠʟʘʮʠʶ  ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʧʦʜʨʘʟʜʝʣʝʥʠʡ 

ʥʘ ʠʟʫʯʝʥʥʦʡ ʪʝʨʨʠʪʦʨʠʠ ʚ ʨʘʤʢʘʭ ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʦʡ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ (ʗʥʦ-ʂʦʣʳʤʩʢʦʡ ʟʦʣʦʪʦʨʫʜʥʦʡ) ʧʨʦʚʠʥʮʠʠ. 

ʇʨʦʜʦʣʴʥʳʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʥʦʚʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʨʝʛʠʦʥʘ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʝ ʟʦʥʳ (ɿʘʧʘʜʥʦ-ɺʝʨʭʦʷʥʩʢʘʷ, ʆʤʦʣʦʡʩʢʘʷ, ɼʫʣʛʘʣʘʭ-

ɹʨʶʥʛʘʜʠʥʩʢʘʷ) ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʫʶ ʠʩʪʦʨʠʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

(Pz3, J, K) ʠ ʩʧʝʮʠʘʣʠʟʘʮʠʶ ʥʘ Ag, Au, Pb, Zn, Hg, Sb. ʇʦʧʝʨʝʯʥʘʷ, ʗʥʦ-

ɸʜʳʯʘʥʩʢʘʷ ʟʦʥʘ, ʥʘʣʦʞʝʥʘ ʥʘ ʧʨʦʜʦʣʴʥʫʶ, ɼʫʣʛʘʣʘʭ-ɹʨʶʥʛʘʜʠʥʩʢʫʶ. 

ɺʨʝʤʷ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʭʚʘʪʳʚʘʝʪ ʤʝʣʦʚʦʡ ʧʝʨʠʦʜ, ʨʫʜʥʘʷ ʩʧʝʮʠʘʣʠʟʘʮʠʷ 

ˈ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʨʝʜʢʦʤʝʪʘʣʴʥʘʷ (ʦʣʦʚʦʨʫʜʥʘʷ). ɺ ʧʨʝʜʝʣʘʭ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʟʦʥ ʚʳʜʝʣʝʥʦ 36 ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ, ʫʟʣʦʚ ʠ ʨʫʜʦʥʦʩʥʳʭ 

ʟʦʥ, ʠʟ ʥʠʭ ʚʧʝʨʚʳʝ ˈ 2 ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʨʫʜʥʳʭ ʨʘʡʦʥʘ, 13 ʫʟʣʦʚ ʠ 

ʨʫʜʦʥʦʩʥʳʭ ʟʦʥ. ʂʨʦʤʝ ʵʪʦʛʦ, ʫʜʘʣʦʩʴ ʨʘʩʰʠʨʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʪʝʨʨʠʪʦʨʠʠ 

ʥʘ Ag ʠ Au. ʆʩʥʦʚʥʦʡ ʧʨʠʨʦʩʪ ʨʝʩʫʨʩʦʚ ʧʨʠʫʨʦʯʝʥ ʢ ʂʫʨʘʥʘʭʩʢʦʤʫ 

(ʕʯʠʡʩʢʦʤʫ, ʧʦ [3]) ʨʫʜʥʦʤʫ ʨʘʡʦʥʫ ʠ ɺʝʨʭʥʝʝ-ɼʫʣʛʘʣʘʭʩʢʦʤʫ 

ʧʨʦʛʥʦʟʠʨʫʝʤʦʤʫ ʨʫʜʥʦʤʫ ʨʘʡʦʥʫ ʠ ʩʚʷʟʘʥ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʩ ʩʝʨʝʙʨʦ-
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ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ (9907 ʪ Ag ʧʦ ʈ3), ʦʣʦʚʦ-ʩʝʨʝʙʨʦ-ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ 

(1115 ʪ Ag ʧʦ ʈ2+3) ʠ ʟʦʣʦʪʦ-(ʤʳʰʴʷʢʦʚʦ)-ʩʫʣʴʬʠʜʥʦʡ (219 ʪ Au, 10469 ʪ Ag 

ʧʦ ʈ3) ʬʦʨʤʘʮʠʷʤʠ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʤʤʘʨʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ ʚʩʝʭ 

ʢʘʪʝʛʦʨʠʡ (Au ʦʢʦʣʦ 530 ʪ, Ag ˈ 57900 ʪ) ʧʨʠʨʦʩʪ ʨʝʩʫʨʩʦʚ ʩʦʩʪʘʚʠʣ ʜʣʷ 

Au ˈ 41%, Ag ˈ 37 %.  

 II .5.  ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʧʦʣʥʝʥʥʳʭ ʇʄʀ ʧʨʝʜʣʘʛʘʝʪʩʷ: ʘ) 

ʧʨʦʚʝʜʝʥʠʝ ɻɼʇ-200 ʧʦ 5-ʪʠ ʥʦʤʝʥʢʣʘʪʫʨʥʳʤ ʣʠʩʪʘʤ ʩ ʦʮʝʥʢʦʡ 

ʧʝʨʩʧʝʢʪʠʚ ʪʝʨʨʠʪʦʨʠʡ ʥʘ ʩʝʨʝʙʨʷʥʦʝ (Q-52-X, ʂʠʤʧʠʯʝ-ɹʝʨʝʣʝʭʩʢʠʡ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʫʜʥʳʡ ʫʟʝʣ; Q-52-XIX ,XX, ɹʘʷʥʜʠʥʩʢʠʡ 

ʧʨʦʛʥʦʟʠʨʫʝʤʳʡ ʨʫʜʥʳʡ ʫʟʝʣ), ʟʦʣʦʪʦʝ ʠ ʩʝʨʝʙʨʷʥʦʝ (Q-52-I,II , 

ʉʳʥʯʠʥʩʢʠʡ ʠ ʉʳʣʳʛʳʨʢʘʥʩʢʠʡ ʧʨʦʛʥʦʟʠʨʫʝʤʳʝ ʨʫʜʥʳʝ ʫʟʣʳ) 

ʦʨʫʜʝʥʝʥʠʝ.  ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ 

ʚʳʷʚʣʝʥʠʝ ʙ) ʨʫʜʥʳʭ ʧʦʣʝʡ ʢʨʫʧʥʳʭ ʦʙʲʝʢʪʦʚ ʩ ʙʝʜʥʳʤʠ ʨʫʜʘʤʠ 

ʟʦʣʦʪʦˈ(ʤʳʰʴʷʢʦʚʦ)ˈʩʫʣʴʬʠʜʥʦʡ ʬʦʨʤʘʮʠʠ ʩ ʩʝʨʝʙʨʦʤ ʥʘ 2-ʭ 

ʧʣʦʱʘʜʷʭ: ʊʘʨʳʥʥʘʭʩʢʦʡ (120 ʢʤ
2
) ʩ ʨʝʩʫʨʩʘʤʠ ʧʦ ʈ3 Au ˈ 156ʪ, Ag ˈ 

8424 ʪ (ɺʝʨʭʥʝ-ɼʫʣʛʘʣʘʭʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ), ʠ ʂʨʘʩʥʦʛʦʨʩʢʦʡ (60 ʢʤ
2
) ʩ 

ʨʝʩʫʨʩʘʤʠ ʧʦ ʈ3 Au ˈ 63 ʪ, Ag ˈ 2045 ʪ (ʅʴʶʢʪʦʤʠʥʩʢʠʡ ʨʫʜʥʳʡ ʫʟʝʣ). 

ʇʦʠʩʢʦʚʳʭ ʨʘʙʦʪ, ʩ ʮʝʣʴʶ ʚʳʷʚʣʝʥʠʷ: ʚ) ʩʝʨʝʙʨʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʚ 

ʞʠʣʴʥʳʭ ʪʝʣʘʭ ʦʣʦʚʦˈʩʝʨʝʙʨʦˈʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʬʦʨʤʘʮʠʠ ʥʘ  

ʍʘʜʘʨʳʥʥʷ-ʀʤʪʘʥʜʞʠʥʩʢʦʡ ʧʣʦʱʘʜʠ (55 ʢʤ
2
) ʩ ʨʝʩʫʨʩʘʤʠ ʧʦ ʈ2 Ag ˈ 885 

ʪ  (ɺʝʨʭʥʝ-ʕʯʠʡʩʢʠʡ ʨʫʜʥʳʡ ʨʘʡʦʥ). 

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʊʨʫʱʝʣʝʚ ɸ.ʄ., ʉʤʝʪʘʥʥʠʢʦʚʘ ʃ.ʀ., ʂʨʦʧʘʯʝʚ ɸ.ʇ., ʑʝʨʙʘʢʦʚ 

ʆ.ʀ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ. Q-52 (ɺʝʨʭʦʷʥʩʢʠʝ ʮʝʧʠ). ɺʝʨʭʦʷʥʦˈʂʦʣʳʤʩʢʘʷ ʩʝʨʠʷ 

//ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʘ ʈʌ ʤʘʩʰʪʘʙʘ 1:1 000 000 (ʪʨʝʪʴʝ ʧʦʢʦʣʝʥʠʝ). 

ʉʇʙ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʘʷ ʢʘʨʪʬʘʙʨʠʢʘ ɺʉɽɻɽʀ, 2008.  

2. ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʖʛʘʥʦʚʘ ʃ.ɸ., ʊʨʫʱʝʣʝʚ ɸ.ʄ., ʄʘʣʘʥʠʥ ʖ.ɸ., ʉʤʝʪʘʥʥʠʢʦʚʘ 

ʃ.ʀ.,  ʂʥʷʟʝʚ ɺ.ɻ., ʇʨʦʢʦʧʴʝʚ ɸ.ɺ., ʂʘʟʘʢʦʚʘ ɻ.ɻ., ʇʨʦʪʦʧʦʧʦʚ ʈ.ʀ. ɻʝʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʨʪʘ. R-51 (ɼʞʘʨʜʞʘʥ). ɸʥʘʙʘʨʦˈɺʠʣʶʡʩʢʘʷ ʩʝʨʠʷ //ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 
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ʂʓɹʓʊʊʓɻɸʉʉʂɸʗ ʉɺʀʊɸ ɺ ʉʊʈɸʊʆʊʀʇɽ ʀ ʇʈʆɹʃɽʄɸ 

ɻʈɸʅʀʎʓ ʊʈʀɸʉɸˈʖʈʓ ɺ ʉʂʃɸɼʏɸʊʆʄ ʆɹʈɸʄʃɽʅʀʀ 

ɺʆʉʊʆʂɸ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ  

(ɺʆʉʊʆʏʅɸʗ ʗʂʋʊʀʗ) 

 

ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʂʥʷʟʝʚ ɺ.ɻ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʇʨʦʙʣʝʤʘ ʛʨʘʥʠʮʳ ʪʨʠʘʩʘˈʶʨʳ, ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʦʙʣʝʤʘ ʢʦʨʨʝʣʷʮʠʠ  

ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭˈʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʥʘ ʚʦʩʪʦʢʝ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ ʠ 

ʚ ʝʸ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ, ʚʥʦʚʴ ʧʨʠʦʙʨʝʣʠ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚ ʩʚʷʟʠ ʩ 

ʧʨʦʚʝʜʝʥʠʝʤ ʚ ʜʘʥʥʦʤ ʨʝʛʠʦʥʝ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʨʘʙʦʪ ʧʦ 

ʤʝʣʢʦʤʘʩʰʪʘʙʥʦʤʫ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤʫ ʢʘʨʪʦʛʨʘʬʠʨʦʚʘʥʠʶ ʪʝʨʨʠʪʦʨʠʠ. ɺ 

ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʫʯʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʇʨʝʜʚʝʨʭʦʷʥʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ (ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʠ) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ 

[1, 2], ʯʪʦ ʚʳʭʦʜʳ ʤʘʨʢʠʨʫʶʱʝʛʦ ʛʦʨʠʟʦʥʪʘ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ 

ʤʫʦʩʫʯʘʥʩʢʦʡ ʩʚʠʪʳ, ʧʦ ʢʨʦʚʣʝ ʢʦʪʦʨʳʭ ʥʘ ʂʠʪʯʘʥʩʢʦʤ ʧʦʜʥʷʪʠʠ ʨʘʥʝʝ 

ʧʨʦʚʦʜʠʣʘʩʴ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʪʨʠʘʩʦʤ ʠ ʶʨʦʡ, ʜʦʩʪʘʪʦʯʥʦ ʫʚʝʨʝʥʥʦ 

ʨʘʩʧʦʟʥʘʶʪʩʷ ʠ ʢʘʨʪʠʨʫʶʪʩʷ ʪʦʣʴʢʦ ʚ ʙʘʩʩʝʡʥʘʭ ʤʝʞʜʫʨʝʯʴʷ ʨʨ. ɼʷʥʳʰʢʘ, 

ʃʝʤʧʠʩʢʝ ʠ ɹʝʣʷʥʢʘ. ʅʘ ʙʦʣʴʰʝʡ ʞʝ ʯʘʩʪʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʠ ʚʦʩʪʦʢʘ 

ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ, ʘ ʪʘʢʞʝ ʚ ʃʝʥʩʢʦʡ ʠ ɸʣʜʘʥʩʢʦʡ ʚʝʪʚʷʭ ʢʨʘʝʚʦʛʦ 

ʧʨʦʛʠʙʘ ʵʪʦʪ ʨʝʛʠʦʥʘʣʴʥʳʡ ʣʠʪʦʣʦʛʠʯʝʩʢʠʡ ʤʘʨʢʝʨ, ʚ ʚʠʜʫ ʩʫʱʝʩʪʚʝʥʥʳʭ 

ʬʘʮʠʘʣʴʥʳʭ ʟʘʤʝʱʝʥʠʡ ʧʦ ʣʘʪʝʨʘʣʠ ʠ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʨʘʟʨʝʟʝ, ʥʘ ʟʘʢʨʳʪʳʭ 

ʪʝʨʨʠʪʦʨʠʷʭ ʦʪʩʫʪʩʪʚʫʝʪ (ʜʘʥʥʳʝ ʛʣʫʙʦʢʦʛʦ ʙʫʨʝʥʠʷ), ʠʣʠ ʩ ʪʨʫʜʦʤ 

ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚ ʦʙʥʘʞʝʥʠʷʭ, ʧʦʵʪʦʤʫ  ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʦʙʲʝʤ ʝʛʦ 



136 

 

ʘʥʘʣʦʛʦʚ ʚ ʨʘʟʥʳʭ ʨʘʡʦʥʘʭ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ, ʘ ʪʘʢʞʝ ʣʠʪʦˈ ʠ ʬʘʮʠʘʣʴʥʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʧʣʘʪʬʦʨʤʳ ʧʦʥʠʤʘʶʪʩʷ ʨʘʟʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʥʝ ʚʝʟʜʝ ʦʜʥʦʟʥʘʯʥʦ. ɽʱʝ ʙʦʣʝʝ ʟʘʚʫʘʣʠʨʦʚʘʥʥʦʡ, ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ɻɻʉ-200 ʠ ʧʦʜʛʦʪʦʚʢʠ ʣʠʩʪʦʚ ʢ ʠʟʜʘʥʠʶ ʚ ʧʨʝʜʝʣʘʭ 

ʂʠʪʯʘʥʩʢʦʛʦ ʧʦʜʥʷʪʠʷ ʠ, ʚʦ ʤʥʦʛʦʤ, ʜʦ ʩʠʭ ʧʦʨ ʟʘʧʫʪʘʥʥʦʡ, ʦʩʪʘʝʪʩʷ 

ʧʨʦʙʣʝʤʘ ʛʨʘʥʠʮʳ ʪʨʠʘʩʘˈʶʨʳ ʚ ʨʘʟʨʝʟʘʭ ʚʥʫʪʨʝʥʥʝʡ ʟʦʥʳ 

ʇʨʝʜʚʝʨʭʦʷʥʩʢʦʛʦ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ.  ʇʦʩʣʝ ʧʨʦʚʝʜʝʥʠʷ ʚ 2002 ʛ. ʚʦ 

ɺʉɽɻɽʀ ʄʝʞʚʝʜʦʤʩʪʚʝʥʥʦʛʦ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ 

ʩʦʚʝʱʘʥʠʷ (ʄʈʉʉ) ʧʦ ʜʦʢʝʤʙʨʠʶ, ʧʘʣʝʦʟʦʶ ʠ ʤʝʟʦʟʦʶ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ 

ʈʦʩʩʠʠ, ʦʙʦʟʥʘʯʝʥʥʳʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʡ ʨʫʙʝʞ ʥʘʯʘʣʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʩ 

ʫʯʝʪʦʤ ʨʘʥʝʝ ʠʟʚʝʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʚʫʩʪʚʦʨʦʢ, ʨʘʟʚʠʪʦʛʦ ʚ 

ʩʪʨʘʪʦʪʠʧʠʯʝʩʢʦʡ ʤʝʩʪʥʦʩʪʠ, ʠ, ʢʘʢ ʚʩʝʛʜʘ,  ʩʨʘʟʫ ʙʳʣ ʦʙʦʟʥʘʯʝʥ ʧʨʠʦʨʠʪʝʪ 

ʚ ʧʨʦʚʝʜʝʥʠʠ ʛʨʘʥʠʮʳ ʩʠʩʪʝʤ ˈ çʧʦ ʢʨʦʚʣʝ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳè [7]. ɺ 

ʨʷʜʝ ʨʘʡʦʥʦʚ ʢʨʘʝʚʦʛʦ ʧʨʦʛʠʙʘ, ʩʭʦʜʥʳʝ ʨʘʢʦʚʠʥʳ ʜʚʫʩʪʚʦʨʦʢ, 

ʦʙʥʘʨʫʞʝʥʥʳʝ ʧʨʠ ʜʝʪʘʣʴʥʳʭ ʨʘʙʦʪʘʭ, ʥʝʨʝʜʢʦ çʷʚʣʷʶʪʩʷ ʪʨʘʥʟʠʪʥʳʤʠ, ʠ 

ʢʘʢ ʯʘʩʪʦ ʚ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʙʳʚʘʝʪ, ʦʥʠ ʧʦʣʫʯʘʶʪ ʨʘʟʥʳʝ ʨʦʜʦʚʳʝ ʠ ʚʠʜʦʚʳʝ 

ʥʘʟʚʘʥʠʷ, ʭʦʪʷ ʚʝʩʴʤʘ ʙʣʠʟʢʠ ʧʦ ʤʦʨʬʦʣʦʛʠʠèé (ʥʘʧʨʠʤʝʨ, Plicatula ʠ 

Harpax). ʋʯʠʪʳʚʘʷ ʧʦʣʦʞʝʥʠʝ ʫʨʦʚʥʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ Pseudomytiloides 

ex gr. sinuosus Polub. (ʦʧʨʝʜʝʣʝʥʠʝ ʀ.ɺ. ʇʦʣʫʙʦʪʢʦ) ʥʘ ʨ. ɼʷʥʳʰʢʘ (70 ʤ ʦʪ 

ʧʦʜʦʰʚʳ) ʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʥʠʞʝ ʵʪʦʡ ʥʘʭʦʜʢʠ ɼ-ʟʦʥʳ Tosapecten efimovae 

(ʦʧʨʝʜeʣʝʥʠʝ ɸ.ʄ. ʊʨʫʱʝʣʝʚʘ) ʥʘ ʨ. ʃʝʧʠʩʢʝ ʠ ʋʥʜʶʣʶʥʛ, ʫ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʦʜʠʪʴ ʛʨʘʥʠʮʫ ʪʨʠʘʩʘ-ʶʨʳ ʫʞʝ ʥʝ ʚ ʢʨʦʚʣʝ, ʘ 

ʚʥʫʪʨʠ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳ, ʧʨʠʯʝʤ, ʥʘ ʨʘʟʥʳʭ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʫʨʦʚʥʷʭ ʣʠʪʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ. ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʦʛʦ ʨʘʟʥʦʯʪʝʥʠʷ ʠ, 

ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴʶ ʠʟʣʦʞʝʥʥʦʡ ʧʦʟʠʮʠʠ ʀ.ɺ. ʇʦʣʫʙʦʪʢʦ (ɺʉɽɻɽʀ) çʦ 

ʚʦʟʨʘʩʪʝ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳ, ʘ ʪʘʢʞʝ ʠ ʝʸ ʚʝʨʭʥʝʡ ʛʨʘʥʠʮʳè ʚ ʨʘʙʦʪʝ 

[7], ʠʩʢʦʤʳʡ ʨʫʙʝʞ ʩʠʩʪʝʤ ʚ ʩʢʣʘʜʯʘʪʦʤ ʦʙʨʘʤʣʝʥʠʠ ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ 

ʧʣʘʪʬʦʨʤʳ ʩʪʘʣ ʚʥʦʚʴ ʧʦʚʩʝʤʝʩʪʥʦ ʥʝʷʩʥʳʤ. ʕʪʦ ʦʪʥʦʩʠʪʩʷ, ʪʘʢʞʝ, ʢ ʧʦʢʘ 

ʥʝʦʙʲʷʩʥʠʤʦʤʫ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʣʦʛʠʢʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʶ (ʩ 

ʩʝʚʝʨʘ ʥʘ ʶʛ ʇʨʝʜʚʝʨʭʦʷʥʩʢʦʛʦ ʧʨʦʛʠʙʘ) ʤʦʱʥʦʩʪʠ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳ 

ˈ ʜʦ 260-280 ʤ ʥʘ ʩʝʚʝʨʝ ʧʨʦʛʠʙʘ (ʙʘʩʩʝʡʥʳ ʨʨ. ʄʝʥʛʢʝʨʝ, ɹʝʛʠʜʞʘʥ, 

ʋʥʜʶʣʶʥʛ, ɼʷʥʳʰʢʘ ʠ ʃʝʤʧʠʩʢʝ), ʙʣʠʟʢʦ ʢ 150 ʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ (ʚ 

ʙʘʩʩʝʡʥʳ ʨʨ. ɹʝʣʷʥʢʘ, ʊʫʤʘʨʘ) ʠ, ʜʦ 200 ʤ, ʥʘ ʶʛʝ ʧʨʦʛʠʙʘ (ʙʘʩʩʝʡʥʳ ʨʨ. 
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ɹʘʡʙʳʢʘʥ, ʂʝʣʝ, ɿʘʧ. ɻʨʘʜʳʛʘ). ʂ ʵʪʦʤʫ, ʪʘʢʞʝ, ʩʣʝʜʫʝʪ ʜʦʙʘʚʠʪʴ ʨʘʟʣʠʯʥʦʝ 

ʧʦʣʦʞʝʥʠʝ ʚ ʨʘʟʨʝʟʝ ʥʘʭʦʜʦʢ Tosapecten efimovae Polub. (ʦʧʨʝʜʝʣʝʥʠʝ ɸ.ʄ. 

ʊʨʫʱʝʣʝʚʘ), ʚ ʨʘʟʥʳʝ ʛʦʜʳ ʦʙʥʘʨʫʞʝʥʥʳʭ ɺ.ʉ. ɻʨʠʥʝʥʢʦ ʠ ɺ.ɹ. ʇʝʪʨʦʚʳʤ 

ʥʘ ʋʥʜʶʣʶʥʛʩʢʦʤ (ʚ ʙʘʩʩʝʡʥʝ ʨ. ʋʥʜʶʣʶʥʛ, ʚ 6 ʤ ʦʪ ʧʦʜʦʰʚʳ ʩʚʠʪʳ) ʠ ʥʘ 

ʂʠʪʯʘʥʩʢʦʤ ʧʦʜʥʷʪʠʷʭ (ʙʘʩʩʝʡʥ ʨ. ʃʝʤʧʠʩʢʝ, ʚ 33 ʤ ʦʪ ʧʦʜʦʰʚʳ ʩʚʠʪʳ) ʚ 

ʭʦʜʝ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ [3, 4, 5]. 

ʀʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚʦʟʨʘʩʪ ʩʚʠʪʳ ʙʳʣ 

ʚʧʝʨʚʳʝ ʦʙʦʩʥʦʚʘʥ ʚ 1963 ʛ. ʥʘʭʦʜʢʘʤʠ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ Nucula cf. 

strigilata Goldf. ʚ ʦʧʠʩʘʥʥʦʤ ɺ.ʇ. ʉʝʤʝʥʦʚʳʤ ʩʪʨʘʪʦʪʠʧʝ ʧʦ ʨʫʯʴʶ 

ʂʳʙʳʪʪʘʛʘʩ (ʙʘʩʩʝʡʥ ʨ. ʅʫʦʨʘ). ʆʥʘ ʜʦʠʟʫʯʘʣʘʩʴ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 50-ʪʠ ʣʝʪ ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʘʡʦʥʘʭ ʇʨʝʜʚʝʨʭʦʷʥʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦˈʬʘʮʠʘʣʴʥʦʡ ʟʦʥʳ ʚ ʭʦʜʝ 

ʛʝʦʣʦʛʦʩʲʝʤʦʯʥʳʭ ʠ ʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʠ ʝʸ ʚʦʟʨʘʩʪ ʜʠʩʢʫʪʠʨʫʝʪʩʷ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ʊʘʢ, ʚ 1964 ʛ. ʈ.ɸ. ɹʠʜʞʠʝʚʳʤ ʚ ʧʦʨʦʜʘʭ, ʦʪʥʝʩʝʥʥʳʭ ʢ 

ʛʝʪʪʘʥʛʫˈʩʠʥʝʤʶʨʫ, ʤʦʱʥʦʩʪʴ ʢʦʪʦʨʳʭ ʙʳʣʘ ʫʩʪʘʥʦʚʣʝʥʘ çʠʟʤʝʥʯʠʚʦʡè 

ʥʘ ʨʝʢʘʭ ɹʝʛʠʜʞʘʥ, ʊʘʨʳʥʥʘʭ (180-280 ʤ), ʂʫʯʫ (190-200 ʤ), ʂʶʥʜʶʜʝʡ 

(230-240 ʤ), ʠ ʟʘʣʝʛʘʶʱʠʭ ʩ ʨʘʟʤʳʚʦʤ ʥʘ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʘʭ 

ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ, ʙʳʣʠ ʥʘʡʜʝʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ: Otapiria limaeformis, Otapiria 

sp., Cardinia aff. copides, Crenatula sp. ind., Myophoria sp., Mytilus cf. 

scalprum. ʋ ʜʘʥʥʦʛʦ ʘʚʪʦʨʘ, ʬʘʫʥʘ çʦʪʘʧʠʨʠʡè ʚ ʨʘʟʨʝʟʘʭ ʦʙʳʯʥʦ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʢʨʦʚʣʝ ʦʧʠʩʘʥʥʦʡ ʪʦʣʱʠ ʛʝʪʪʘʥʛʘˈʩʠʥʝʤʶʨʘ, ʦʩʪʘʣʴʥʳʝ 

ʜʚʫʩʪʚʦʨʢʠ, ʫʢʘʟʘʥʥʳʝ ʚʳʰʝ ˈ ʥʘʡʜʝʥʳ ʚ ʧʦʜʦʰʚʝ ʪʦʣʱʠ, ʠʣʠ, ʚ 

ʥʝʢʦʪʦʨʳʭ ʨʘʟʨʝʟʘʭ, ʧʫʥʢʪʳ ʥʘʭʦʜʦʢ ʠʭ ʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʳ ʧʦ 

ʨʘʟʨʝʟʫ ʜʦ ʝʸ ʩʝʨʝʜʠʥʳ. 

ɺ 1976 ʛʦʜʫ ɺ.ʅ. ɿʠʥʯʝʥʢʦ  (ɺʅʀɻʈʀ) ʩʦʙʨʘʣ ʦʪʧʝʯʘʪʢʠ ʜʚʫʩʪʚʦʨʦʢ 

Tosapecten hiemalis (Tell.) ʚ ʙʘʩʩʝʡʥʝ ʨ. ɹʝʛʠʜʷʥ (ʋʥʜʶʣʶʥʛʩʢʦʝ ʧʦʜʥʷʪʠʝ), 

ʚ 30 ʠ 65 ʤ ʚʳʰʝ ʢʨʦʚʣʠ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ.  

ʅʘ ʨ. ʃʝʤʧʠʩʢʝ (ʂʠʪʯʘʥʩʢʦʝ ʧʦʜʥʷʪʠʝ) ʖ.ʃ. ʉʣʘʩʪʝʥʦʚʳʤ, ʚ 1977-78 

ʛʛ., ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʘʟʨʝʟʘ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳ, ʚ ʪʦʣʱʝ ʪʦʥʢʦʛʦ 

ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʧʝʩʯʘʥʠʢʦʚ ʠ ʘʣʝʚʨʦʣʠʪʦʚ ʙʳʣʠ ʩʦʙʨʘʥʳ ʠ ʦʧʨʝʜʝʣʝʥʳ 

ʖ.ʉ. ʈʝʧʠʥʳʤ (ɺʅʀɻʈʀ) ʠ ʀ.ɺ. ʇʦʣʫʙʦʪʢʦ (ɺʉɽɻɽʀ) ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʝ 

ʜʚʫʩʪʚʦʨʢʠ Tancredia cf. tuchkovi Kipar. ʠ Neoschisodus rotundus (Alberti). 
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ʂʨʦʤʝ ʵʪʦʛʦ, ʟʜʝʩʴ ʞʝ, ʚ ʨʘʟʨʝʟʝ ʩʚʠʪʳ, ʚ ʩʣʦʷʭ ʟʘʣʝʛʘʶʱʠʭ ʚ 50 ʤʝʪʨʘʭ 

ʚʳʰʝ ʢʨʦʚʣʠ ʤʫʦʩʫʯʘʥʩʢʦʡ ʩʚʠʪʳ, ʦʙʥʘʨʫʞʝʥʳ Plarorhynchia sp.  

ɺ 1978 ʛ. ʖ.ʃ. ʉʣʘʩʪʝʥʦʚʳʤ ʢʦʤʧʣʝʢʩ ʚʝʨʭʥʝʪʨʠʘʩʦʚʳʭ ʤʦʣʣʶʩʢʦʚ 

ʙʳʣ ʩʦʙʨʘʥ ʚ 30 ʤ ʚʳʰʝ ʢʨʦʚʣʠ ʢʚʘʨʮʝʚʳʭ ʧʝʩʯʘʥʠʢʦʚ ʚ ʨʘʟʨʝʟʝ ʧʦ ʨ. 

ɼʷʥʳʰʢʘ. ɺ ʥʝʛʦ ʚʭʦʜʠʣʠ ʜʚʫʩʪʚʦʨʢʠ Tosapecten efimovae Polub., 

Neoschizodus rotundus (Alberti), N. cf. laevigatus (Zietcn). ɿʜʝʩʴ ʞʝ, ʚ 60-ʪʠ 

ʤʝʪʨʘʭ ʚʳʰʝ ʢʨʦʚʣʠ, ʦʙʥʘʨʫʞʝʥʳ Parallelodon sp. (P. aff. subnavicellus 

Hayami), Tancredia tuchkovi Kipar. ɺʳʰʝ ʧʦ ʨʘʟʨʝʟʫ ʥʘ ʨ. ɼʷʥʳʰʢʘ, ʚ 70-ʪʠ 

ʤʝʪʨʘʭ ʦʪ ʢʨʦʚʣʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ, ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʶʨʩʢʠʝ 

ʜʚʫʩʪʚʦʨʢʠ ˈ Pseudomytiloides ex gr. sinuosus Polubotko (ʦʧʨʝʜʝʣʝʥʠʝ ʀ.ɺ. 

ʇʦʣʫʙʦʪʢʦ).  

ɺ ʵʪʦʤ ʞʝ 1978 ʛ., ʥʦ ʫʞʝ ʧʦ ʨ. ʂʶʥʜʶʜʝʡ ʖ.ʃ. ʉʣʘʩʪʝʥʦʚʳʤ ʚ 

ʢʨʦʚʣʝ 9-ʪʠ ʤʝʪʨʦʚʦʡ ʧʘʯʢʠ ʧʝʩʯʘʥʠʢʦʚ ʟʘʣʝʛʘʶʱʠʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʨʘʟʤʳʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʫʦʩʫʯʘʥʩʢʦʡ ʩʚʠʪʳ, ʩʦʙʨʘʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʷʜʨʘ 

ʤʝʣʢʠʭ çMytilusè, ʘ ʚ ʦʩʥʦʚʘʥʠʠ ʵʪʦʡ ʧʘʯʢʠ ʧʝʨʝʩʣʘʠʚʘʥʠʷ ˈ ʦʙʥʘʨʫʞʝʥʳ 

Tancredia tuchkovi Kipar., Neoschisodus ex gr. laevigatus (Zieten),  

Parallelodon sp., Faleimytilus sp., Pseudomytiloides sp., ʩʦʚʤʝʩʪʥʦ ʩ 

ʦʩʪʘʪʢʘʤʠ ʤʦʨʩʢʠʭ ʣʠʣʠʡ ʠ ʟʚʝʟʜ.  

ɺʝʨʭʥʝʪʨʠʘʩʦʚʳʝ ʜʚʫʩʪʚʦʨʢʠ Tancredia tuchkovi Kipar.,  Parallelodon 

sp. ʙʳʣʠ cʦʙʨʘʥʳ ʚ 1979-1981 ʛʛ. ʖ.ʃ. ʉʣʘʩʪʝʥʦʚʳʤ ʧʦ ʨʫʯ. ɽʣʶʥʜʞʝʥ 

(ʙʘʩʩʝʡʥ ʨ. ʊʫʤʘʨʘ), ʚ ʦʩʥʦʚʘʥʠʠ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳ, ʚ ʧʘʯʢʝ 

ʧʝʨʝʩʣʘʠʚʘʥʠʷ ʘʣʝʚʨʦʣʠʪʦʚ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʳʭ ʧʝʩʯʘʥʠʢʦʚ.  

ɺ 1982 ʛʛ. ʚ ʙʘʩʩʝʡʥʝ ʨ. ɹʝʣʷʥʢʘ ɸ.ʅ. ɻʦʤʦʡ ʤʦʱʥʦʩʪʴ  

ʢʳʙʳʪʪʘʛʘʩʩʢʦʡ ʩʚʠʪʳ ʙʳʣʘ ʦʮʝʥʝʥʘ ʚ 150 ʤ ʠ ʦʥʘ ʧʦʣʥʦʩʪʴʶ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʨʵʪʫ ʚ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʚ 1986 ʛ. ʩʭʝʤʝ ʢʦʨʨʝʣʷʮʠʠ 

ʨʘʟʨʝʟʦʚ. ʉʚʠʪʘ  ʩ ʨʘʟʤʳʚʦʤ ʟʘʣʝʛʘʝʪ ʥʘ ʤʫʦʩʫʯʘʥʩʢʫʦʡ ʩʚʠʪʝ ʚʝʨʭʥʝʛʦ 

ʪʨʠʘʩʘ ʠ ʧʝʨʝʢʨʳʪʘ, ʪʘʢʞʝ, ʩ ʨʘʟʤʳʚʦʤ, ʥʠʞʥʝʶʨʩʢʦʡ ʘʤʙʘʨʶʣʝʛʠʨʩʢʦʡ 

ʩʚʠʪʦʡ. ɺ ʥʠʞʥʝʡ ʝʸ ʯʘʩʪʠ ʙʳʣʠ ʩʦʙʨʘʥʳ ʙʨʘʭʠʦʧʦʜʳ ʧʣʦʭʦʡ ʩʦʭʨʘʥʥʦʩʪʠ. 

ɺ ʚʝʨʭʥʝʡ ʧʦʣʦʚʠʥʝ ʨʘʟʨʝʟʘ, ʚ 90 ʤ ʦʪ ʧʦʜʦʰʚʳ ʩʚʠʪʳ ˈ ʦʪʧʝʯʘʪʢʠ 

Tancredia sp. indet. (Tancredia tuchkovi Kipar.) ʠ Pleuromya sp. ind. (ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ɸ.ʅ. ʊʨʫʱʝʣʝʚʘ ʥʦʨʠʡʩʢʦ-ʨʵʪʩʢʦʛʦ ʚʦʟʨʘʩʪʘ). ɺʳʰʝ ʥʠʭ, ʚ 

ʠʥʪʝʨʚʘʣʝ 110-125 ʤ ʦʪ ʧʦʜʦʰʚʳ ʩʚʠʪʳ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʙʨʘʭʠʦʧʦʜʳ, 

ʙʣʠʟʢʠʝ ʢ ʚʠʜʘʤ Plarorhynchia formalis Dagis, P. diva Dagis (ʧʦ 
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ʦʧʨʝʜʝʣʝʥʠʶ ɸ.ʉ. ɼʘʛʠʩʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʝʨʭʥʝʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ). ɽʱʝ 

ʚʳʰʝ ʧʦ ʨʘʟʨʝʟʫ, ʥʦ ʫʞʝ ʚ ʧʦʜʦʰʚʝ ʥʠʞʥʝʶʨʩʢʦʡ ʘʤʙʘʨʶʣʝʛʠʨʩʢʦʡ ʩʚʠʪʳ 

ʙʳʣʠ ʥʘʡʜʝʥʳ ʥʠʞʥʝʶʨʩʢʠʝ ʜʚʫʩʪʚʦʨʢʠ Harpax laevigatus (Orb.), 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʥʳʝ ʚʝʨʭʥʠʤ ʧʣʠʥʩʙʘʭʦʤ (ʧʦ ʤʦʱʥʦʩʪʠ ʨʘʟʨʝʟʘ, ʚ 160 ʤ 

ʚʳʰʝ ʦʪ ʢʨʦʚʣʠ ʢʚʘʨʮʠʪʦʚʠʜʥʳʭ ʧʝʩʯʘʥʠʢʦʚ ʚʝʨʭʥʝʛʦ ʪʨʠʘʩʘ). 

ʇʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠʝ ʤʘʪʝʨʠʘʣʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ, ʧʦʟʚʦʣʷʶʪ 

ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʟʚʫʯʝʥʥʳʡ ʚ ʈʝʰʝʥʠʷʭ ʄʈʉʉ [7] ʪʦʣʴʢʦ çʨʵʪʩʢʠʡ ʚʦʟʨʘʩʪ 

ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳè ʧʨʦʙʣʝʤʘʪʠʯʝʥ ʧʦ ʩʚʦʝʡ ʩʫʪʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʚʦʸʤ, ʚʝʨʭʥʷʷ ʯʘʩʪʴ ʨʘʟʨʝʟʦʚ ʢʳʙʳʪʪʳʛʘʩʩʢʦʡ ʩʚʠʪʳ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʦʙʦʩʥʦʚʘʥʘ ʧʘʣʝʦʥʪʦʣʦʛʠʯʝʩʢʠ. ɺ ʈʝʰʝʥʠʷʭé [7], ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʦʟʨʘʩʪ 

ʩʚʠʪʳ ʜʦʣʞʝʥ ʙʳʣ ʙʳʪʴ ʦʙʦʟʥʘʯʝʥ ʢʘʢ T3r2-J1s1, ʪʘʢ ʢʘʢ ʚ ʪʘʢʠʭ ʨʫʙʝʞʘʭ 

ʩʚʦʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʜʘʥʥʳʡ ʩʪʨʘʪʦʥ ʩ ʤʝʩʪʥʳʤ ʛʝʦʛʨʘʬʠʯʝʩʢʠʤ 

ʥʘʟʚʘʥʠʝʤ ʙʳʣ ʦʧʫʙʣʠʢʦʚʘʥ ʨʘʥʝʝ [6]. ʇʦʣʦʞʝʥʠʝ ʵʪʦʡ ʛʨʘʥʠʮʳ ʚ 

ʢʦʥʢʨʝʪʥʳʭ ʨʘʟʨʝʟʘʭ ʦʩʪʘʸʪʩʷ ʥʝʷʩʥʳʤ ʠ ʤʥʦʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ ʵʪʘ 

ʧʨʦʙʣʝʤʘ, ʦʙʩʫʞʜʘʝʤʘʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 50-ʪʠ ʣʝʪ, ʩʯʠʪʘʝʪʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦ 

ʥʝ ʨʝʰʝʥʥʦʡ.   

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʂʥʷʟʝʚ ɺ.ɻ. ʉʪʨʘʪʠʛʨʘʬʠʷ ʶʨʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʍʘʧʯʘʛʘʡʩʢʦʛʦ ʠ 

ʃʝʥʦˈɺʠʣʶʡʩʢʦʛʦ ʨʘʡʦʥʦʚ: ʨʘʩʯʣʝʥʝʥʠʝ ʠ ʤʝʞʨʝʛʠʦʥʘʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ // 

ʆʪʝʯʝʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʷ, ˉ 5, 2008ʘ. ʉ. 72-78. 

2. ɻʨʠʥʝʥʢʦ ɺ.ʉ., ʂʥʷʟʝʚ ɺ.ɻ. ʖʨʩʢʘʷ ʩʠʩʪʝʤʘ // ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʛʝʦʣʦʛʠʯʝʩʢʘʷ 
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ʆʉʆɹɽʅʅʆʉʊʀ ɻʀɼʈʆɻɽʆʄɽʍɸʅʀʏɽʉʂʆɻʆ 

ʄʆʅʀʊʆʈʀʅɻɸ ʅɸ ʈʋɼʅʀʂɽ çʄʀʈè 

 

ɼʨʦʟʜʦʚ ɸ.ɺ., ʏʝʨʢʘʰʠʥ ʉ.ɻ., ʗʮʝʥʢʦ ʉ.ɺ.  

ʀʥʩʪʠʪʫʪ çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ 

 

ʂʨʫʧʥʝʡʰʝʝ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ʘʣʤʘʟʦʚ ï ʪʨʫʙʢʘ çʄʠʨè, ʥʘʭʦʜʠʪʩʷ ʚ 

ʩʣʦʞʥʳʭ ʢʨʠʦʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʦʨʥʦʪʝʭʥʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʆʩʥʦʚʥʳʤʠ ʥʝʛʘʪʠʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ ʧʨʠ ʝʝ ʧʦʜʟʝʤʥʦʡ ʨʘʟʨʘʙʦʪʢʝ ʷʚʣʷʶʪʩʷ: 

ʨʘʟʚʠʪʠʝ ʚʳʩʦʢʦʥʘʧʦʨʥʦʛʦ ʤʝʪʝʛʝʨʦ-ʠʯʝʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

(ʄʀɺʂ), ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʢʦʪʦʨʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʳ  ʘʛʨʝʩʩʠʚʥʳʤʠ 

ʛʘʟʦʥʘʩʳʱʝʥʥʳʤʠ ʨʘʩʩʦʣʘʤʠ ʩ ʩʝʨʦʚʦʜʦʨʦʜʦʤ; ʧʨʠʫʨʦʯʝʥʥʦʩʪʴ ʪʨʫʙʢʠ ʢ 

ʇʘʨʘʣʣʝʣʴʥʦʤʫ ʨʘʟʣʦʤʫ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʟʦʥʦʡ ʧʦʚʳʰʝʥʥʦʡ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʨʦʜ; ʧʨʠʩʫʪʩʪʚʠʝ ʥʘ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʘʭ ʛʘʣʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ (ʜʦ 300 ʤ); ʥʘʣʠʯʠʝ ʙʘʟʠʪʦʚʳʭ ʪʝʣ ʠ ʪ.ʜ. 

ɺ 2009 ʛ.ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʚʚʝʜʝʥ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʧʦʜʟʝʤʥʳʡ ʨʫʜʥʠʢ ʩ 

ʧʨʦʝʢʪʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ 1 ʤʣʥ ʪʦʥʥ ʚ ʛʦʜ. ɼʦʙʳʯʘ ʨʫʜʳ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʣʦʝʚʦʡ ʩʠʩʪʝʤʳ ʨʘʟʨʘʙʦʪʢʠ ʧʨʠ  

ʢʦʤʙʘʡʥʦʚʦʡ ʦʪʙʦʡʢʝ ʩ ʟʘʢʣʘʜʢʦʡ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʪʚʝʨʜʝʶʱʠʤʠ ʩʤʝʩʷʤʠ ʠ ʥʠʩʭʦʜʷʱʠʤ ʧʦʨʷʜʢʦʤ ʚʳʝʤʢʠ ʩʣʦʝʚ. 

ɼʣʷ ʟʘʱʠʪʳ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʦʪ ʦʙʚʦʜʥʝʥʠʷ 

ʨʝʘʣʠʟʦʚʘʥ ʧʨʦʝʢʪ çʩʫʭʦʡè ʢʦʥʩʝʨʚʘʮʠʠ ʢʘʨʴʝʨʘ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʩʚʦʜʠʣʘʩʴ ʢ 

ʟʘʩʳʧʢʝ ʧʦʣʦʪʥʘ ʜʦ ʦʪʤʝʪʢʠ -160 ʘʙʩ. ʤ ʛʨʫʙʦʦʙʣʦʤʦʯʥʳʤʠ ʜʦʣʝʨʠʪʘʤʠ, 

ʩʦʟʜʘʥʠʶ ʛʨʫʥʪʦʚʦ-ʧʣʸʥʦʯʥʦʛʦ ʵʢʨʘʥʘ ʠ ʟʘʛʣʫʙʣʝʥʥʦʛʦ ʢʘʨʴʝʨʥʦʛʦ 

ʚʦʜʦʦʪʣʠʚʘ ʥʘ ʦʪʤʝʪʢʝ -141 ʘʙʩ. ʤ. ʄʝʞʜʫ ʜʥʦʤ ʢʘʨʴʝʨʘ ʠ ʧʦʜʟʝʤʥʳʤʠ 

ʚʳʨʘʙʦʪʢʘʤʠ ʦʩʪʘʚʣʝʥ ʨʫʜʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʮʝʣʠʢ ʤʦʱʥʦʩʪʴʶ 20 ʤ 

ʚ ʦʪʤʝʪʢʘʭ -190é-210 ʘʙʩ. ʤ. ɺ ʩʚʷʟʠ ʩ ʥʘʯʘʣʦʤ ʨʘʟʚʠʪʠʷ ʛʦʨʥʳʭ ʨʘʙʦʪ, 
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ʦʪʩʪʘʚʘʥʠʝʤ ʟʘʢʣʘʜʢʠ ʚ ʧʨʦʡʜʝʥʥʳʭ ʣʝʥʪʘʭ, ʥʝʩʚʦʝʚʨʝʤʝʥʥʳʤ 

ʚʳʧʦʣʥʝʥʠʝʤ ʤʝʨʦʧʨʠʷʪʠʡ ʧʦ ʚʦʜʦʦʪʚʝʜʝʥʠʶ ʥʘ ʨʫʜʥʠʢʝ ʩʣʦʞʠʣʘʩʴ 

ʥʝʧʨʦʩʪʘʷ ʩʠʪʫʘʮʠʷ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʦʧʘʩʥʳʭ ʧʨʦʷʚʣʝʥʠʡ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʫʜʥʦʤ ʮʝʣʠʢʝ ʠ 

ʟʘʢʣʘʜʦʯʥʦʤ ʤʘʩʩʠʚʝ. 

ɼʣʷ ʩʙʦʨʘ ʠ ʦʪʚʦʜʘ ʜʨʝʥʘʞʥʳʭ ʚʦʜ, ʧʨʦʬʠʣʴʪʨʦʚʘʚʰʠʭʩʷ ʯʝʨʝʟ 

ʨʫʜʥʳʡ ʮʝʣʠʢ, ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʝʛʫʣʠʨʫʝʤʦʝ ʚʦʜʦʦʪʚʝʜʝʥʠʝ ʧʨʦʩʢʦʢʘ 

ʨʘʩʩʦʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʢʚʘʞʠʥ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʧʦʜʘʯʝʡ ʥʘ ʂɻɺʋ ʠ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʫʶ ʥʘʩʦʩʥʫʶ ʩʪʘʥʮʠʶ. ʇʦ ʤʝʨʝ ʩʦʦʨʫʞʝʥʠʷ ʜʨʝʥʘʞʥʳʭ 

ʩʢʚʘʞʠʥ ʚ ʜʦʣʝʨʠʪʦʚʫʶ ʪʦʣʱʫ ʦʙʲʝʤ ʧʦʩʪʫʧʣʝʥʠʷ ʢ ʥʠʤ ʨʘʩʩʦʣʦʚ ʜʦʩʪʠʛʘʣ 
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3
/ʯ (ʥʦʷʙʨʴ 2012 ʛ.). ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʜʦʧʨʠʪʦʢʘ ʢ 

ʩʢʚʘʞʠʥʘʤ ʩʥʠʞʘʣʩʷ ʦʙʲʝʤ ʧʝʨʝʪʦʢʘ ʯʝʨʝʟ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʮʝʣʠʢ, 

ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʣ 100 ʤ
3
/ʯ. ʇʦʟʜʥʝʝ ʩʦʦʪʥʦʰʝʥʠʝ ʩʧʫʩʢʘʝʤʳʭ ʚʦʜ ʯʝʨʝʟ 

ʜʨʝʥʘʞʥʳʝ ʩʢʚʘʞʠʥʳ ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʳʭ ʩʪʦʢʦʚ ʠʟʤʝʥʠʣʦʩʴ. ʉ ʘʧʨʝʣʷ 2013 

ʛ. ʚʦʜʦʧʨʠʪʦʢ ʢ ʜʨʝʥʘʞʥʳʤ ʩʢʚʘʞʠʥʘʤ ʩʪʘʣ ʩʥʠʞʘʪʴʩʷ, ʘ ʧʝʨʝʪʦʢ ʯʝʨʝʟ 

ʨʫʜʥʳʡ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʳʡ ʵʢʨʘʥ, ʥʘʦʙʦʨʦʪ, ʫʚʝʣʠʯʠʣʩʷ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʙʲʝʤ ʧʝʨʝʪʦʢʘ ʯʝʨʝʟ ʨʫʜʥʳʡ ʮʝʣʠʢ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 150 ʤ
3
/ʯ. 

ɺʦʜʦʚʳʧʫʩʢ ʠʟ ʜʨʝʥʘʞʥʳʭ ʩʢʚʘʞʠʥ ʦʮʝʥʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʚ 30ī35 ʤ
3
/ʯ.  

ɻʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʠʡ ʤʦʥʠʪʦʨʠʥʛ ʟʘ ʩʦʩʪʦʷʥʠʝʤ 

ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ ʧʦʜ ʄʀɺʂ ʧʨʦʚʦʜʠʪʩʷ ʚ ʨʘʤʢʘʭ 

ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʧʨʦʝʢʪʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʢʦʤʧʣʝʢʩ ʩʝʡʩʤʠʯʝʩʢʦʛʦ 

ʧʨʦʩʚʝʯʠʚʘʥʠʷ ʠ ʫʣʴʪʨʘʟʚʫʢʦʚʦʛʦ ʢʘʨʦʪʘʞʘ, ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʤʘʨʢʰʝʡʜʝʨʩʢʠʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʠ 

ʜʘʥʥʳʭ ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʤʝʨʦʚ ʧʦ ʢʦʥʪʨʦʣʴʥʳʤ ʩʢʚʘʞʠʥʘʤ. ʉ 

ʟʘʧʫʩʢʦʤ ʧʦʜʟʝʤʥʦʛʦ ʨʫʜʥʠʢʘ ʩʧʝʮʠʘʣʠʩʪʘʤʠ ʄʠʨʥʠʥʩʢʦʛʦ ɻʆʂʘ ʥʘʯʘʣʠ 

ʧʨʦʚʦʜʠʪʴʩʷ ʨʝʛʫʣʷʨʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʜʦʧʨʦʷʚʣʝʥʠʡ 

ʯʝʨʝʟ ʨʫʜʥʳʡ ʮʝʣʠʢ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʫʜʥʳʭ, ʧʦʨʦʜʥʳʭ ʠ 

ʟʘʢʣʘʜʦʯʥʳʭ ʤʘʩʩʠʚʦʚ. ɺ ʟʘʝʟʜʝ ʢ ɺɺ-4 ʥʘ ʦʪʤʝʪʢʝ -210 ʘʙʩ. ʤ ʙʳʣʘ 

ʩʦʦʨʫʞʝʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ ʩʪʘʥʮʠʷ, ʦʙʦʨʫʜʦʚʘʥʥʘʷ ʨʝʧʝʨʘʤʠ, ʥʘ ʢʦʪʦʨʦʡ 

ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʜʚʘ ʟʘʤʝʨʘ: ʥʫʣʝʚʦʡ ʮʠʢʣ ʠ ʩʧʫʩʪʷ ʜʚʘ ʤʝʩʷʮʘ, ʨʝʟʫʣʴʪʘʪʳ 

ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʠʟʤʝʨʝʥʥʳʝ ʩʤʝʱʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ɺ ʩʚʷʟʠ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʚʦʜʦʧʨʠʪʦʢʦʚ ʚ ʜʘʥʥʫʶ ʚʳʨʘʙʦʪʢʫ ʙʳʣʦ ʧʨʠʥʷʪʦ ʨʝʰʝʥʠʝ ʦ ʝʝ 
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ʣʠʢʚʠʜʘʮʠʠ ʧʫʪʝʤ ʟʘʧʦʣʥʝʥʠʷ ʪʚʝʨʜʝʶʱʝʡ ʩʤʝʩʴʶ, ʧʦʵʪʦʤʫ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʟʘʤʝʨʳ ʧʦ ʨʝʧʝʨʘʤ ʙʳʣʠ ʧʨʝʢʨʘʱʝʥʳ. 

ʇʦʟʜʥʝʝ, ʥʘ ʛʦʨʠʟʦʥʪʝ -210 ʘʙʩ. ʤ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʝʪʴ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ 

ʩʪʘʥʮʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʲʝʟʦʤʝʪʨʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥ, ʘʢʫʩʪʠʯʝʩʢʠʭ ʟʦʥʜʦʚ ʠ 

ʪʝʥʟʦʤʝʪʨʠʯʝʩʢʠʭ ʨʝʧʝʨʦʚ. ʇʨʦʙʫʨʝʥʦ 8 ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʢʚʘʞʠʥ 

ʛʣʫʙʠʥʦʡ ʦʪ 49 ʜʦ 58 ʤ, ʢʦʪʦʨʳʝ ʦʙʩʘʞʝʥʳ ʛʠʙʢʠʤʠ ʧʣʘʩʪʠʢʦʚʳʤʠ ʪʨʫʙʘʤʠ 

ʜʠʘʤʝʪʨʦʤ 70 ʤʤ. ʌʠʢʩʘʮʠʷ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʨʝʧʝʨʦʚ ʚ 

ʩʢʚʘʞʠʥʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʤʘʛʥʠʪʦ-ʛʝʨʢʦʥʦʚʦʛʦ 

ʵʢʩʪʝʥʟʦʤʝʪʨʘ. ɺʝʨʪʠʢʘʣʴʥʳʝ ʩʤʝʱʝʥʠʷ ʬʠʢʩʠʨʫʶʪʩʷ ʧʫʪʝʤ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʦʡ ʩʲʝʤʢʠ ʩʢʚʘʞʠʥ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʩʪʝʤʳ DIS 500. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʥʘ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ (ʛʦʨ. -210 ʤ), ʨʘʟʤʝʱʝʥʥʳʭ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ 

ʧʦʨʦʜ ʚ ʧʝʨʝʭʦʜʥʦʡ ʟʦʥʝ ʨʫʜʥʠʢʘ çʄʠʨè ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ 

ʚʳʚʦʜ:r ʧʨʦʠʩʭʦʜʷʱʠʝ ʜʝʬʦʨʤʘʮʠʠ ʥʦʩʷʪ ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʡ, 

ʥʝʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʙʣʦʯʥʦʛʦ ʩʪʨʦʝʥʠʷ 

ʤʘʩʩʠʚʘ. ɻʝʦʤʝʭʘʥʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʨʫʜʥʳʡ ʤʘʩʩʠʚ, ʩʚʷʟʘʥʥʦʝ ʩ 

ʧʦʜʟʝʤʥʳʤʠ ʨʘʙʦʪʘʤʠ ʠ ʥʝʜʦʟʘʢʣʘʜʘʤ ʚ ʣʝʥʪʘʭ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʫʧʨʫʛʠʤ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʧʨʠ ʪʨʝʱʠʥʦʚʘʪʦʡ, ʤʝʣʢʦʙʣʦʯʥʦʡ ʝʛʦ 

ʩʪʨʫʢʪʫʨʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʜʠʩʢʨʝʪʥʳʡ ʭʘʨʘʢʪʝʨ 

ʩʤʝʱʝʥʠʡ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʫʜʥʠʢʝ ʚʳʧʦʣʥʝʥʦ ʥʝʩʢʦʣʴʢʦ ʩʝʨʠʡ 

ʥʘʙʣʶʜʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʫʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ 

ʜʝʬʦʨʤʘʮʠʠ ʙʣʦʢʦʚ ʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʤ ʨʫʜʥʦʤ ʮʝʣʠʢʝ. ɸʥʘʣʠʟ 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʷʤʳʭ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʤʘʩʩʠʚ 

ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʛʦʨʠʟʦʥʪʝ -210 ʘʙʩ. ʤ ʥʘʭʦʜʠʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʥʝʫʩʪʦʡʯʠʚʦʤ ʩʦʩʪʦʷʥʠʠ. ʅʘʧʨʷʞʝʥʠʷ ʚ ʨʫʜʝ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ 

ʜʦʩʪʠʛʣʠ ʩʚʦʠʭ ʢʨʠʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʙʳʣʘ ʥʘʨʫʰʝʥʘ 

ʮʝʣʦʩʪʥʦʩʪʴ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ. ʉʜʝʣʘʥʥʳʡ ʚʳʚʦʜ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ, ʟʘʬʠʢʩʠʨʦʚʘʚʰʠʝ ʤʝʩʪʘ ʠ ʚʝʣʠʯʠʥʳ 

ʜʠʩʢʨʝʪʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʤʘʩʩʠʚʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ʅʘ 

ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʵʪʠ ʚʝʣʠʯʠʥʳ ʜʦʩʪʠʛʘʣʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ (ʙʦʣʝʝ 0,5 
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ʤ), ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ ʨʘʟʨʳʚʥʳʤʠ ʥʘʨʫʰʝʥʠʷʤʠ 

ʚ ʵʪʠʭ ʙʣʦʢʘʭ (ʢ ʧʨʠʤʝʨʫ, ʩʨʝʟ ʠ ʟʘʤʷʪʠʷ ʦʙʩʘʜʢʠ ʩʢʚʘʞʠʥ).  

ʊʘʢ, ʚ ʙʫʨʦʚʦʡ ʢʘʤʝʨʝ ˉ 3, ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʢʨʳʪʠʝ ʪʨʝʱʠʥʳ ʚ 

ʧʦʪʦʣʦʯʠʥʝ ʛʨʫʜʠ ʟʘʙʦʷ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʧʨʦʩʘʜʢʦʡ ʫʩʪʴʝʚ ʩʢʚʘʞʠʥ 

ˉ 4 ʠ ˉ 5. ʆʩʝʜʘʥʠʝ ʫʩʪʴʝʚʦʡ ʯʘʩʪʠ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 20 ʩʤ, ʘ ʟʘ ʧʝʨʠʦʜ 

ʧʦʣʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ī 38 ʩʤ.ʂ ʩʦʞʘʣʝʥʠʶ, ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʤʦʤʝʥʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʨʦʝʢʪʥʳʝ ʥʘʙʣʶʜʘʪʝʣʴʥʳʝ ʩʢʚʘʞʠʥʳ ʚʳʚʝʜʝʥʳ ʠʟ 

ʨʘʙʦʯʝʛʦ ʩʦʩʪʦʷʥʠʷ. ɺ ʧʦʩʣʝʜʫʶʱʝʤ, ʟʘ ʧʝʨʠʦʜ ʚʳʧʦʣʥʝʥʠʷ ʨʝʛʫʣʷʨʥʦʛʦ 

ʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ (ʩ ʠʶʣʷ 2012 ʛ.) ʙʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ 19 

ʮʠʢʣʦʚ ʠʟʤʝʨʝʥʠʡ ʧʦ ʩʦʟʜʘʥʥʳʤ ʨʝʧʝʨʘʤ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʥʘʙʣʶʜʝʥʠʡ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʤʝʱʝʥʠʷ ʚ ʩʨʝʜʥʝʤ ʚ ʧʣʘʥʦʚʦʤ ʧʦʣʦʞʝʥʠʠ ʧʦ ʦʩʠ ʍ 

ʩʦʩʪʘʚʣʷʶʪ  51 ʤʤ, ʧʦ ʦʩʠ Y ï 29 ʤʤ, ʚ ʚʳʩʦʪʥʦʤ ʧʦʣʦʞʝʥʠʠ ï 58 ʤʤ. 

ʉʪʦʠʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʠ ʙʣʦʢʦʚ ʧʦʨʦʜ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʟʚʠʚʘʪʴʩʷ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 25ī30 ʤ ʦʪ ʢʦʥʪʫʨʘ ʨʫʜʥʦʛʦ 

ʪʝʣʘ ʚ ʥʘʙʣʶʜʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʦʠʟʦʰʝʣ ʦʪʨʳʚ (ʠʣʠ ʩʜʚʠʛ, ʩʨʝʟ) ʚ ʨʘʡʦʥʝ 

ʛʨʘʥʠʮʳ ʧʣʦʩʢʦʛʦ ʜʥʘ ʤʫʣʴʜʳ ʦʩʝʜʘʥʠʷ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʛʦʨʥʳʝ ʧʦʨʦʜʳ, 

ʩʣʘʛʘʶʱʠʝ ʨʫʜʥʳʡ ʮʝʣʠʢ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʘʚʥʦʤʝʨʥʳʭ ʦʩʝʜʘʥʠʡ ʙʣʦʢʦʚ, 

ʠʩʧʳʪʳʚʘʶʪ ʨʘʩʪʷʞʝʥʠʝ. ɼʘʥʥʳʡ ʧʨʦʮʝʩʩ ʟʘʬʠʢʩʠʨʦʚʘʥ ʥʘ ʚʩʝʭ 

ʠʥʢʣʠʥʦʤʝʪʨʠʯʝʩʢʠʭ ʩʢʚʘʞʠʥʘʭ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ˉ 4. ʇʨʠ ʵʪʦʤ 

ʥʘʙʣʶʜʝʥʠʷ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʨʳʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʟʥʘʢʦʧʝʨʝʤʝʥʥʳʭ ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʧʦʩʣʝ ʫʚʝʣʠʯʠʚʰʝʛʦʩʷ 

ʦʩʝʜʘʥʠʷ. ʆʩʪʘʚʰʘʷʩʷ ʯʘʩʪʴ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ, ʜʦʩʪʫʧʥʘʷ ʜʣʷ 

ʠʟʤʝʨʝʥʠʡ, ʧʦʩʣʝ ʦʙʨʳʚʘ ʠʩʧʳʪʳʚʘʝʪ ʧʦʜʥʷʪʠʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩʥʷʪʠʝʤ 

ʥʘʛʨʫʟʢʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʨʳʚʘ ʩʧʣʦʰʥʦʩʪʠ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʤʘʩʩʠʚʘ. 

ʎʝʣʠʢ, ʚ ʩʝʛʦʜʥʷʰʥʝʤ ʝʛʦ ʩʦʩʪʦʷʥʠʠ, ʛʝʦʤʝʭʘʥʠʯʝʩʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʪʦʡʯʠʚ, ʥʦ ʧʨʦʥʠʟʘʥ ʩʝʪʴʶ ʚʳʩʦʢʦʧʨʦʚʦʜʷʱʠʭ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠ 

ʩʦʝʜʠʥʝʥʥʳʭ ʪʨʝɦʠʥ ʠ ʥʝ ʚ ʥʝʧʦʣʥʦʡ ʤʝʨʝ ʚʳʧʦʣʥʷʝʪ ʚʦʟʣʦʞʝʥʥʫʶ ʥʘ 

ʥʝʛʦ ʛʠʜʨʦʠʟʦʣʠʨʫʶʱʫʶ ʬʫʥʢʮʠʶ. 

ʅʘʙʣʶʜʘʝʤʳʝ ʜʝʬʦʨʤʘʮʠʠ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʩʩʠʚʝ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ 

ʷʚʥʦ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʥʦ ʚʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʧʦʣʥʳʭ ʠ ʥʝʧʨʝʨʳʚʥʳʭ ʜʘʥʥʳʭ ʦ 

ʬʘʢʪʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʫʯʘʩʪʢʦʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ, ʘ ʪʘʢʞʝ ʩ 

ʫʚʷʟʢʦʡ ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʧʝʨʠʦʜʳ ʧʨʦʚʝʜʝʥʠʷ ʮʠʢʣʦʚ 
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ʠʟʤʝʨʝʥʠʡ ʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ, ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʩʪʝʧʝʥʴ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʝʬʦʨʤʘʮʠʡ ʚ ʨʫʜʥʦʤ ʤʘʩʩʠʚʝ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. 

ɿʘʢʣʘʜʢʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʥʘ 

ʥʠʭ ʦʩʫʱʝʩʪʚʣʷʶʪʩʷ, ʢ ʩʦʞʘʣʝʥʠʶ, ʧʦʩʣʝ ʥʘʯʘʣʘ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʯʪʦ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʥʝ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʠʩʪʠʥʥʳʝ ʚʝʣʠʯʠʥʳ 

ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʘʩʩʠʚʘ, ʪʘʢ ʢʘʢ ʠʟʤʝʨʝʥʠʷʤʠ ʙʳʣʠ 

ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʪʦʣʴʢʦ ʯʘʩʪʴ ʦʩʪʘʪʦʯʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʨʘʟʚʠʚʘʶʱʠʝʩʷ 

ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ. ɼʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʠʥʥʳʭ ʚʝʣʠʯʠʥ ʠ ʭʘʨʘʢʪʝʨʘ 

ʨʘʟʚʠʪʠʷ ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʩʩʠʚʝ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʘ ʪʘʢʞʝ 

ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʛʦʨʥʳʭ ʨʘʙʦʪ, ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʚʳʧʦʣʥʝʥʠʝʤ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʥʘ ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʷʭ ʠ 

ʧʨʦʠʟʚʦʜʠʪʴ ʘʥʘʣʠʟ ʵʪʠʭ ʠʟʤʝʨʝʥʠʡ ʩ ʚʳʜʘʯʝʡ ʧʨʦʛʥʦʟʦʚ ʧʦ 

ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʘʥʘʣʠʟʫ ʚʩʝʭ ʠʤʝʶʱʠʭʩʷ ʜʘʥʥʳʭ 

ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʘʷ ʩʠʪʫʘʮʠʷ ʥʘ ʨʫʜʥʠʢʝ çʄʠʨè ʚ ʦʩʪʘʚʣʝʥʥʦʤ ʨʫʜʥʦʤ 

ʮʝʣʠʢʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʪʘʝʪʩʷ ʩʣʦʞʥʦʡ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ 

ʜʝʬʦʨʤʘʮʠʡ ʧʦʨʦʜ ʨʫʜʥʦʛʦ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʛʦ ʮʝʣʠʢʘ ʩʯʠʪʘʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʜʠʩʮʠʧʣʠʥʳ ʠ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʩʘʤʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʛʦʨʥʳʭ ʨʘʙʦʪ ʩ ʨʝʛʫʣʷʨʥʳʤ ʥʝʜʦʟʘʢʣʘʜʦʤ ʚ ʦʯʠʩʪʥʳʭ ʣʝʥʪʘʭ 

ʪʚʝʨʜʝʶʱʝʡ ʟʘʢʣʘʜʢʠ ʠ ʢʦʥʬʠʛʫʨʘʮʠʝʡ ʢʨʦʚʣʠ ʦʪ ʧʨʦʭʦʜʢʠ ʩ çʤʝʰʢʘʤʠè ʚ 

ʦʯʠʩʪʥʳʭ ʣʝʥʪʘʭ. 

ɼʘʣʴʥʝʡʰʝʝ ʚʥʝʰʥʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʛʦʨʥʳʡ ʤʘʩʩʠʚ ʚ ʨʘʡʦʥʝ 

ʧʨʦʚʝʜʝʥʠʷ ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ, ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʫʩʫʛʫʙʣʝʥʠʶ ʩʠʪʫʘʮʠʠ ʥʘ ʨʫʜʥʠʢʝ. ɸ ʠʤʝʥʥʦ, ʢ ʧʦʷʚʣʝʥʠʶ ʥʦʚʳʭ 

ʚʦʜʦʧʨʦʚʦʜʷʱʠʭ ʥʘʨʫʰʝʥʠʡ ʠ ʫʚʝʣʠʯʝʥʠʶ ʙʣʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʫʜʥʦʛʦ ʮʝʣʠʢʘ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʥʠʞʝʥʠʷ ʥʝʛʘʪʠʚʥʦʛʦ ʚʣʠʷʥʠʷ 

ʛʦʨʥʳʭ ʨʘʙʦʪ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʤʘʩʩʠʚ. ɼʣʷ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʳʭ ʧʨʦʛʥʦʟʥʳʭ 

ʦʮʝʥʦʢ ʩʦʩʪʦʷʥʠʷ ʨʫʜʥʦʛʦ ʮʝʣʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʨʘʟʚʠʚʘʪʴ ʠ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʩʠʩʪʝʤʫ ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʤʦʥʠʪʦʨʠʥʛʘ ʩ 

ʧʨʦʜʦʣʞʝʥʠʝʤ ʨʝʛʫʣʷʨʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʨʘʟʚʠʪʠʝʤ ʛʝʦʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 
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ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʨʝʜʦʭʨʘʥʠʪʝʣʴʥʦʤ ʵʢʨʘʥʝ ʠ ʦʢʨʫʞʘʶʱʝʤ 

ʝʛʦ ʛʦʨʥʦʤ ʤʘʩʩʠʚʝ ʩ ʧʨʠʚʷʟʢʦʡ ʠʭ ʢ ʩʨʦʢʘʤ ʧʨʦʚʝʜʝʥʠʷ ʧʦʜʟʝʤʥʳʭ ʛʦʨʥʳʭ 

ʨʘʙʦʪ, ʘ ʪʘʢʞʝ ʚʳʧʦʣʥʷʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʠʜʨʦʛʝʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʚ ʪʨʝʙʫʝʤʳʭ ʦʙʲʝʤʘʭ. 

 

 

 

 

ɻʀɼʈʆɻɽʆʍʀʄʀʏɽʉʂʀɽ ʆʉʆɹɽʅʅʆʉʊʀ ɸʃʄɸɿʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ʖɻɸ ɿɸʇɸɼʅʆʁ ʗʂʋʊʀʀ 

 

ɼʨʦʟʜʦʚ ɸ.ɺ.
1
, ʂʘʚʝʨʠʥ ʉ.ɺ.

2
, ʇʦʧʦʚ ɺ.ʌ.

3 

1 ï ʀʥʩʪʠʪʫʪ çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ; 

2 ï ʄʠʨʥʠʥʩʢʠʡ ɻʆʂ ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ; 

3 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

 

ɸʣʤʘʟʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷʶʛʘ ɿʘʧʘʜʥʦʡ ʗʢʫʪʠʠ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ɸʂ 

çɸʃʈʆʉɸè ʦʪʢʨʳʪʦ-ʧʦʜʟʝʤʥʳʤʩʧʦʩʦʙʦʤ. ʀʟʚʣʝʯʝʥʠʝ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʨʫʜ 

ʩ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʦʩʣʦʞʥʝʥʦ ʧʦʩʪʫʧʣʝʥʠʝʤ ʚ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʚʳʩʦʢʦʪʦʢʩʠʯʥʳʭ ʨʘʩʩʦʣʦʚ ʩ ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʩʚʳʰʝ 350 ʛ/ʜʤ
3
, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʚʦʜʘʤʠ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʠʪʦʢʘ ʧʦʜʟʝʤʥʳʭ 

ʬʣʶʠʜʦʚʨʘʟʣʠʯʥʘʷ, ʠ ʟʘʚʠʩʠʪ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʦʪ ʧʨʠʫʨʦʯʝʥʥʦʩʪʠ ʢ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʚʦʜʦʥʦʩʥʦʡ ʪʦʣʱʝ. ʀʟ-ʟʘ ʧʨʝʚʳʰʝʥʠʷ ʧʨʝʜʝʣʴʥʦʜʦʧʫʩʪʠʤʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʦʪʜʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʩʦʣʘʭ, ʠʭ ʧʨʷʤʦʡ ʩʙʨʦʩ ʚ 

ʨʝʯʥʫʶ ʩʝʪʴ ʥʝʜʦʧʫʩʪʠʤ. ʇʦʵʪʦʤʫ ʄʠʨʥʠʥʩʢʠʤ ɻʆʂʦʤ ʧʨʠʤʝʥʷʝʪʩʷ 

ʦʙʨʘʪʥʘʷ ʟʘʢʘʯʢʘ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʩʪʦʢʦʚ ʚ ʩʫʱʝʩʪʚʫʶʱʠʝ ʧʦʜʟʝʤʥʳʝ 

ʚʦʜʦʥʦʩʥʳʝ ʩʪʨʫʢʪʫʨʳ ʩ ʫʯʝʪʦʤ ʢʨʠʦʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ 

ʧʦʣʠʛʦʥʦʚ. 

ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʥʦʛʦʣʝʪʥʝʤʸʨʟʣʳʤ ʧʦʨʦʜʘʤ (ʄʄʇ) ʚʳʜʝʣʷʶʪʩʷ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ: ʥʘʜ-, ʤʝʞ- ʠ ʧʦʜʤʝʨʟʣʦʪʥʳʝ. ʇʝʨʚʳʝ 

ʜʚʘ ʪʠʧʘ ʚ ʩʚʷʟʠ ʩʦʛʨʘʥʠʯʝʥʥʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤʠ ʤʘʣʦʡ 

ʚʦʜʦʦʙʠʣʴʥʦʩʪʴʶʥʝ ʚʣʠʷʶʪ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. 

ʇʦʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʧʦʚʩʝʤʝʩʪʥʦ ʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʭʣʦʨʠʜʥʳʤʠ ʥʘʪʨʠʝʚʳʤʠ ʠ ʢʘʣʴʮʠʝʚʳʤʠ ʨʘʩʩʦʣʘʤʠ. ʅʘʣʠʯʠʝ ʚ ʨʝʛʠʦʥʝ 
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ʤʦʱʥʦʡ ʪʦʣʱʠ ʛʘʣʦʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʧʦʟʚʦʣʷʝʪ ʩʪʨʘʪʠʬʠʮʠʨʦʚʘʪʴ 

ʧʦʜʤʝʨʟʣʦʪʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʩʠʩʪʝʤʳ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʦʚ ʥʘ ʩʣʝʜʫʶʱʠʝ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʬʦʨʤʘʮʠʠ: ʥʘʜʩʦʣʝʚʦʡ, ʤʝʞʩʦʣʝʚʦʡ ʠ ʧʦʜʩʦʣʝʚʦʡ 

ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ [2]. 

ʆʩʥʦʚʥʦʡ ʦʙʚʦʜʥʷʶʱʝʡ ʪʦʣʱʝʡ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʝʡ ʥʘ 

ʦʪʨʘʙʦʪʢʫ ʪʨʫʙʦʢ çʄʠʨè ʠ çʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʘʷè, ʷʚʣʷʝʪʩʷ 

ʥʘʜʩʦʣʝʚʦʡʥʠʞʥʝ-ʩʨʝʜʥʝʢʝʤʙʨʠʡʩʢʠʡ ʚʦʜʦʥʦʩʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʦʚʩʝʤʝʩʪʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʡ ʚ ʨʘʡʦʥʝ. ʊʨʝʱʠʥʥʦ-ʧʦʨʦʚʦ-ʧʣʘʩʪʦʚʳʝ ʚʦʜʳ 

ʧʦʜʤʝʨʟʣʦʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʚʷʟʘʥʳ ʩ ʦʪʣʦʞʝʥʠʷʤʠ ʠʯʝʨʩʢʦʡ ʠ ʤʝʪʝʛʝʨʩʢʦʡ 

ʩʚʠʪʳ. ɺʦʜʦʫʧʦʨʥʦʡ ʢʨʦʚʣʝʡ ʢʦʤʧʣʝʢʩʘ ʷʚʣʷʝʪʩʷ ʧʦʜʦʰʚʘ ʄʄʇ, 

ʧʦʜʦʰʚʦʡ ʪʦʣʱʠ ï ʩʫʣʴʬʘʪʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʚ ʧʦʜʦʰʚʝ ʠʯʝʨʩʢʦʡ 

ʩʚʠʪʳ ʠ ʛʘʣʦʛʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷʚ ʢʨʦʚʝʣʴʥʦʡ ʯʘʩʪʠ ʯʘʨʩʢʦʡ ʩʚʠʪʳ. ɺ ʮʝʣʦʤ 

ʦʪʤʝʯʘʝʪʩʷ ʦʙʱʝʝ ʧʦʣʦʛʦʝ ʧʦʛʨʫʞʝʥʠʝ ʢʨʦʚʣʠ ʚʦʜʦʥʦʩʥʦʡ ʪʦʣʱʠ ʩ ʶʛʘ-

ʟʘʧʘʜʘ (+220 ʘʙʩ. ʤ) ʥʘ ʩʝʚʝʨʦ-ʟʘʧʘʜ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ (-100 ʘʙʩ. ʤ) ʠ ʢʨʫʪʦʝ 

ʩʪʫʧʝʥʯʘʪʦʝ ʧʘʜʝʥʠʝ ʚ ʚʦʩʪʦʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ʉʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ 

ʤʦʱʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 50 ʜʦ 80 ʤ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳ ʢʦʤʧʣʝʢʩʘ 

ʥʘʧʦʨʥʳʝ, ʚʝʣʠʯʠʥʳ ʥʘʧʦʨʘ ʩʦʩʪʘʚʣʷʶʪ ʚ ʩʪʘʪʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʜʦ 220 ʤ ʠ 

ʙʦʣʝʝ. 

ʅʘʜʩʦʣʝʚʘʷ ʚʦʜʦʥʦʩʥʘʷ ʪʦʣʱʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ 

ʬʠʣʴʪʨʘʮʠʦʥʥʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴʶ, ʢʘʢ ʚ ʧʣʘʥʝ, ʪʘʢ ʠ ʚ ʨʘʟʨʝʟʝ, ʢʦʪʦʨʘʷ 

ʩʚʷʟʘʥʘ ʩ ʟʦʥʘʤʠ ʨʝʛʠʦʥʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ. ʋʜʝʣʴʥʳʝ 

ʜʝʙʠʪʳ ʩʢʚʘʞʠʥ ʠʟʤʝʥʷʶʪʩʷ ʦʪ 0,0005 ʜʦ 1,88 ʣ/ʩĬʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ ʦʪ 0,04 ʜʦ 188 ʤ
2
/ʩʫʪ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚ ʪʨʝʱʠʥʥʳʭ ʟʦʥʘʭ 

ʜʦ 360 ʤ
2
/ʩʫʪ. ɿʘ ʧʝʨʠʦʜ ʦʪʨʘʙʦʪʢʠ ʪʨʫʙʢʠ çʄʠʨè ʧʴʝʟʦʤʝʪʨʠʯʝʩʢʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʧʨʝʪʝʨʧʝʚʘʣʘ ʩʣʦʞʥʳʝ ʠ ʨʘʟʥʦʥʘʧʨʘʚʣʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ɿʘ ʧʝʨʚʳʡ ʵʪʘʧ ʦʩʫʰʝʥʠʷ ʢʘʨʴʝʨʘ (1977ï1988 ʛʛ.) 

ʩʬʦʨʤʠʨʦʚʘʣʘʩʴ ʨʝʛʠʦʥʘʣʴʥʘʷ ʜʝʧʨʝʩʩʠʦʥʥʘʷ ʚʦʨʦʥʢʘ ʩ ʨʘʜʠʫʩʦʤ ʩʚʳʰʝ 70 

ʢʤ ʠ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʚ ʮʝʥʪʨʝ ʜʝʧʨʝʩʩʠʠ ʜʦ 340 ʤ. ʉ 1988 ʛ. ʧʦʩʣʝ 

ʦʪʢʣʶʯʝʥʠʷ ʩʠʩʪʝʤʳ ʚʦʜʦʧʦʥʠʞʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ 

ʚʦʜʳ ʩ ʟʘʧʦʣʥʝʥʠʝʤ ʚʳʨʘʙʦʪʘʥʥʦʛʦ ʢʘʨʴʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʉ 1992 ʛ. 

ʚʳʧʦʣʥʷʶʪʩʷ ʨʘʙʦʪʳ ʧʦ ʦʩʫʰʝʥʠʶ ʢʘʨʴʝʨʘ, ʧʦʵʪʦʤʫ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ 

ʫʨʦʚʥʷ ʚ ʜʝʧʨʝʩʩʠʦʥʥʦʡ ʚʦʨʦʥʢʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʷʥʚʘʨʷ 1993 ʛ. ʥʘʯʘʣʘʩʴ ʠ 
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ʧʨʦʜʦʣʞʘʝʪʩʷ ʧʦ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʠʩʪʝʤʳ ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ 

ʨʘʩʩʦʣʦʚ ʥʘ ʧʦʣʠʛʦʥʘʭ. 

ʅʠʞʝ ʧʦ ʨʘʟʨʝʟʫ ʚ ʦʪʣʦʞʝʥʠʷʭ ʵʣʴʛʷʥʩʢʦʡ, ʪʦʣʙʘʯʘʥʩʢʦʡ, 

ʦʣʸʢʤʠʥʩʢʦʡ ʠ ʯʘʨʩʢʦʡ ʩʚʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʤʝʞʩʦʣʝʚʦʡ ʩʣʘʙʦʚʦʜʦʥʦʩʥʳʡ 

ʢʦʤʧʣʝʢʩ. ɺʦʜʦʥʘʩʳʱʝʥʥʳʝ ʦʪʣʦʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʨʝʱʠʥʦʚʘʪʳʤʠ ʠ 

ʢʘʚʝʨʥʦʟʥʳʤʠ ʜʦʣʦʤʠʪʘʤʠ ʠ ʘʥʛʠʜʨʠʪʘʤʠ. ɺʝʨʭʥʠʤ ʚʦʜʦʫʧʦʨʦʤ ʩʣʫʞʠʪ 

ʩʦʣʝʥʦʩʥʘʷ ʪʦʣʱʘ ʯʘʨʩʢʦʡ ʩʚʠʪʳ. ʄʝʞʩʦʣʝʚʦʡʢʦʤʧʣʝʢʩ ʦʙʣʘʜʘʝʪ ʥʠʟʢʠʤʠ 

ʢʦʣʣʝʢʪʦʨʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʦʜʝʨʞʠʪ ʥʝʩʢʦʣʴʢʦ ʧʣʘʩʪʦʚ-ʢʦʣʣʝʢʪʦʨʦʚ 

ʩʦʙʱʝʡ ʤʦʱʥʦʩʪʴʶ ʦʪ 19,1 ʜʦ 30 ʤ ʠ ʵʬʬʝʢʪʠʚʥʦʡ ï ʦʪ 3 ʜʦ 5,2 ʤ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʧʳʪʘʥʠʷ ʂʀʀ-95 ʧʨʠʪʦʢʠ ʩʦʩʪʘʚʠʣʠ 0,01ï0,04 ʤ
3
/ʯ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʦʜʦʧʨʦʚʦʜʠʤʦʩʪʠ nĬ10
-3
 ʤ

2
/ʩʫʪ. ʇʨʠ ʦʪʨʘʙʦʪʢʝ ʛʣʫʙʦʢʠʭ 

ʛʦʨʠʟʦʥʪʦʚ ʨʫʜʥʠʢʘ çʀʥʪʝʨʥʘʮʠʦʥʘʣʴʥʳʡè ʚ ʠʥʪʝʨʚʘʣʘʭ ʦʣʸʢʤʠʥʩʢʦʡ 

ʩʚʠʪʳ ʨʘʩʩʦʣʳ ʚʩʢʨʳʚʘʣʠʩʴ ʧʨʠ ʧʦʜʩʝʯʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʥʘʨʫʰʝʥʠʡ ʠ ʧʨʦʩʣʦʝʚ ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʦʪʣʦʞʝʥʠʡ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʨʠʪʦʢ ʥʝ ʧʨʝʚʳʰʘʣ 15 ʤ
3
/ʯ ʠ ʜʘʣʝʝ ʩʥʠʞʘʣʩʷ ʜʦʧʦʣʥʦʡ 

ʨʘʟʛʨʫʟʢʠ, ʣʠʙʦ ʩ ʜʝʙʠʪʦʤ ʤʝʥʝʝ 1 ʤ
3
/ʯ.    

ʇʦʜʩʦʣʝʚʳʝ ʚʦʜʦʥʦʩʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠʫʨʦʯʝʥʳ ʢ ʪʝʨʨʠʛʝʥʥʳʤ 

ʨʘʟʥʦʩʪʷʤ ʦʪʣʦʞʝʥʠʡ, ʨʝʞʝ ï ʢ ʢʘʨʙʦʥʘʪʥʳʤ, ʟʘʣʝʛʘʶʱʠʤ ʥʘ ʛʣʫʙʠʥʝ 

ʙʦʣʝʝ 1,5 ʢʤ. ʈʘʩʩʦʣʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʘʣʦʤʦʱʥʳʤʠ (10ï

15 ʤ) ʧʘʯʢʘʤʠ ʧʦʨʦʜ, ʚʳʜʝʨʞʘʥʥʳʤʠ ʧʦ ʧʨʦʩʪʠʨʘʥʠʶ. ɼʝʙʠʪʳ ʩʢʚʘʞʠʥ 

ʧʨʠ ʠʩʧʳʪʘʥʠʷʭ ʩʦʩʪʘʚʣʷʶʪ 1ï10 ʤ
3
/ʩʫʪ ʧʨʠ ʧʦʥʠʞʝʥʠʷʭ 1000ï1200 ʤ. ɺ 

ʨʝʛʠʦʥʝ ʚʳʜʝʣʷʶʪʩʷ ʚʝʨʭʥʝʚʝʥʜʩʢʦ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʡ ʠ ʚʝʥʜʩʢʠʡ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʢʦʤʧʣʝʢʩʳ. ɺʝʨʭʥʝʚʝʥʜʩʢʦ-ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʡ 

ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʦʩʠʥʩʢʠʡ,ʚʝʨʭʥʝ- ʠʥʠʞʥʝʜʘʥʠʣʦʚʩʢʠʡ ʛʦʨʠʟʦʥʪʳ. ʕʪʦʪ 

ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤʠ ʧʣʘʩʪʦʚʳʤʠ 

ʜʘʚʣʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʚ ʩʨʝʜʥʝʤ ʧʨʝʚʳʰʘʶʪ ʥʘ 5ï10% ʫʩʣʦʚʥʳʝ 

ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʠʝ. ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷʚ ʥʠʞʥʝ-, ʚʝʨʭʥʝʜʘʥʠʣʦʚʩʢʦʤ (28ï29 

ʄʇʘ) ʠ ʚ ʦʩʠʥʩʢʦʤ (32 ʄʇʘ) ʛʦʨʠʟʦʥʪʘʭ, ʩʚʷʟʘʥʳ ʩ ʥʠʩʭʦʜʷʱʠʤʠ 

ʧʝʨʝʪʦʢʘʤʠ ʨʘʩʩʦʣʦʚ ʠʟ ʛʘʣʦʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʭ ʪʦʣʱ ʧʦʨʦʜ ʚ 

ʧʦʜʩʪʠʣʘʶʱʠʝ ʩʣʦʠ ʚ ʥʘʯʘʣʴʥʳʝ ʧʝʨʠʦʜʳ ʬʦʨʤʠʨʦʚʘʥʠʷ ʙʘʩʩʝʡʥʘ, 

ʦʙʫʩʣʦʚʣʠʚʘʷ ʚʳʩʦʢʫʶ ʤʠʥʝʨʘʣʠʟʘʮʠʶ ʨʘʩʩʦʣʦʚ ʪʝʨʨʠʛʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺʝʥʜʩʢʠʡ ʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʚʢʣʶʯʘʝʪ ʙʦʪʫʦʙʠʥʩʢʠʡ, 

ʚʝʨʭʥʝ- ʠ ʥʠʞʥʝʥʝʧʩʢʠʡ ʪʝʨʨʠʛʝʥʥʳʝ ʚʦʜʦʥʦʩʥʳʝ ʛʦʨʠʟʦʥʪʳ. ʂʦʤʧʣʝʢʩ 
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ʠʩʧʳʪʳʚʘʝʪ ʜʝʬʠʮʠʪ ʧʣʘʩʪʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 20ï25 %. ʈʘʟʣʠʯʠʷ ʚ 

ʩʦʚʨʝʤʝʥʥʦʤ ʛʠʜʨʦʛʝʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʛʦʨʠʟʦʥʪʦʚ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ 

ʧʦʜ ʚʣʠʷʥʠʝʤ ʘʢʪʠʚʥʦʡ ʪʝʢʪʦʥʠʢʠ, ʦʙʫʩʣʦʚʠʚ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ 

ʛʠʜʨʦʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʦʣʝʡ ʧʦ ʣʘʪʝʨʘʣʠ. ɻʠʜʨʦʛʝʦʜʠʥʘʤʠʯʝʩʢʘʷ 

ʠʟʦʣʠʨʦʚʘʥʥʦʩʪʴ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚʳʷʚʣʝʥʥʦʡ ʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʝʡ ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʜʘʚʣʝʥʠʷʤ. ʆʙʱʠʡ ʧʝʨʝʧʘʜ ʜʘʚʣʝʥʠʡ ʥʘ 

ʧʣʦʩʢʦʩʪʠ ʩʨʘʚʥʝʥʠʷ (-2300 ʤ) ʚ ʚʝʥʜʩʢʦʤ ʢʦʤʧʣʝʢʩʝ ʜʦʩʪʠʛʘʝʪ 11 ʄʇʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʜʤʝʨʟʣʦʪʥʘʷ ʪʦʣʱʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʦʝʦʙʨʘʟʥʫʶ 

ʚʦʜʦʥʘʧʦʨʥʫʶ ʩʠʩʪʝʤʫ, ʛʜʝ ʦʙʦʩʦʙʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʚʦʜʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ-ʩʪʨʘʪʦʥʦʚ: ʚʝʨʭʥʝ-, ʩʨʝʜʥʝ-, ʥʠʞʥʝʢʝʤʙʨʠʡʩʢʠʡ ʠ 

ʚʝʨʭʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ. ɺʩʝʛʦ ʚ ʦʩʘʜʦʯʥʦʤ ʯʝʭʣʝ ʨʝʛʠʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ 

ʧʷʪʴ ʚʦʜʦʥʦʩʥʳʭ ʩʠʩʪʝʤ, ʧʦʜʟʝʤʥʳʝ ʚʦʜʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʝʪʳʨʴʤʷ 

ʪʠʧʘʤʠ. I ʩʠʩʪʝʤʘ ï ʟʦʥʘ ʨʘʟʚʠʪʠʷ ʧʨʝʩʥʳʭ, ʫʣʴʪʨʘʧʨʝʩʥʳʭ 

ʛʠʜʨʦʢʘʨʙʦʥʘʪʥʳʭ ʢʘʣʴʮʠʝʚʳʭ, ʤʘʛʥʠʝʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʚʦʜ ʩʝʟʦʥʥʦ-ʪʘʣʦʛʦ 

ʩʣʦʷ ʠ ʥʝʩʢʚʦʟʥʳʭ ʪʘʣʠʢʦʚ. II ʩʠʩʪʝʤʘ ï ʟʦʥʘ ʣʦʢʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʞʤʝʨʟʣʦʪʥʳʭ ʩʦʣʝʥʳʭ ʚʦʜ ʚ ʪʦʣʱʝ ʄʄʇ, ʷʚʣʷʶʱʠʭʩʷ ʨʝʛʠʦʥʘʣʴʥʳʤ 

ʚʦʜʦʫʧʦʨʦʤ. ʄʦʱʥʦʩʪʴ ʟʦʥʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʱʥʦʩʪʠ ʤʝʨʟʣʦʛʦ ʷʨʫʩʘ ʠ 

ʩʦʩʪʘʚʣʷʝʪ 300ï385 ʤ. ʇʦʜʟʝʤʥʳʝ ʚʦʜʳʟʜʝʩʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʚʠʜʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʣʠʥʟ. ʉʦʩʪʘʚ ʠʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʡ, ʘ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʠʢʨʦʢʦʤʧʦʥʝʥʪʦʚ ʥʝʚʳʩʦʢʘʷ. III  ʩʠʩʪʝʤʘ ï ʟʦʥʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʩʝʨʦʚʦʜʦʨʦʜʥʳʭ ʭʣʦʨʠʜʥʳʭ ʥʘʪʨʠʝʚʳʭ ʨʘʩʩʦʣʦʚ ʧʦʜʤʝʨʟʣʦʪʥʦʛʦ 

ʥʘʜʩʦʣʝʚʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. IV ʩʠʩʪʝʤʘ ï ʟʦʥʘ ʣʦʢʘʣʴʥʦʛʦ 

ʨʘʟʚʠʪʠʷ ʤʝʞʩʦʣʝʚʳʭ ʭʣʦʨʠʜʥʳʭ ʢʘʣʴʮʠʝʚʳʭ ʨʘʩʩʦʣʦʚ ʚ ʛʘʣʦʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʦʡ ʪʦʣʱʝ ʥʠʞʥʝʛʦ ʢʝʤʙʨʠʷ. ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʩʪʚʦʨʦʚʜʦʩʪʠʛʘʝʪ 

515 ʛ/ʜʤ
3
. ʇʦʜʟʝʤʥʳʝ ʨʘʩʩʦʣʳ ʦʙʦʛʘʱʝʥʳ ʙʨʦʤʦʤ, ʩʪʨʦʥʮʠʝʤ, ʨʝʜʢʠʤʠ 

ʱʝʣʦʯʘʤʠ ʠ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʳʤʠ ʚʦʜʘʤʠ, ʠʟ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ 

ʠʟʚʣʝʯʝʥʠʝ ʤʥʦʛʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. V ʩʠʩʪʝʤʘ ï ʟʦʥʘ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʘʩʩʦʣʦʚ ʚ ʧʦʜʩʦʣʝʚʳʭ ʪʝʨʨʠʛʝʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʜʦʢʝʤʙʨʠʷ. 

ʄʠʥʝʨʘʣʠʟʘʮʠʷ ʨʘʩʩʦʣʦʚ, ʠʭ ʛʝʦʭʠʤʠʯʝʩʢʠʡ ʦʙʣʠʢ ʙʣʠʟʢʠ ʢ ʤʝʞʩʦʣʝʚʳʤ, 

ʥʦ ʩʦʩʪʘʚ ʠʭ ʙʦʣʝʝ ʦʜʥʦʨʦʜʝʥ, ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʛʥʠʷ, ʙʨʦʤʘ, ʩʪʨʦʥʮʠʷ 

ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ. 

ʂʘʞʜʘʷ ʠʟ ʛʨʫʧʧ ʩʦʣʸʥʳʭ ʚʦʜ ʠ ʨʘʩʩʦʣʦʚ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʚʝʣʠʯʠʥʘʤ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ (ʪʘʙʣ. 1). 
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ʍʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥ ʛʠʜʨʦʭʠʤʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʩʦʣʸʥʳʭ 

ʚʦʜ ʜʦ ʚʝʩʴʤʘ ʢʨʝʧʢʠʭ ʨʘʩʩʦʣʦʚ ʠʤʝʝʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʪʝʥʜʝʥʮʠʶ ï 

ʧʦʩʪʝʧʝʥʥʫʶ ʤʝʪʘʤʦʨʬʠʟʘʮʠʶ ʠ ʟʘʢʦʥʦʤʝʨʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʥʝʪʠʯʝʩʢʦʛʦ 

ʦʙʣʠʢʘ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʤʠʥʝʨʘʣʠʟʘʮʠʠ.  

ʊʘʙʣʠʮʘ 1 

ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʣʸʥʳʭ ʚʦʜ ʠ 

ʨʘʩʩʦʣʦʚ 

 

ʍʘʨʘʢʪʝʨʥʳʝ  

ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʈʘʟʜʝʣʝʥʠʝ ʚʦʜʳ ʧʦ ʤʠʥʝʨʘʣʠʟʘʮʠʠ [3], ʛ/ʜʤ
3 

ʉʦʣʸʥʳʝ ʚʦʜʳ 

(1ï35) 

ʉʣʘʙʳʝ ʨʘʩʩʦʣʳ 

(35ï150) 

ʂʨʝʧʢʠʝ ʨʘʩʩʦʣʳ 

(150ï320) 

ɺʝʩʴʤʘ 

ʢʨʝʧʢʠʝ 

(>320) 

rNa/rCl
 

0,74ï0,96 0,83ï1,0 0,78ï0,99 0,01ï0,6 

rCa/rMg
 

0,83ï3,25 0,56ï2,61 0,71ï3,15 2,04ï3,6 

Cl/Br
 

390ï831 300ï2477 411ï3889 59ï67 

rSO4³100/rCl
 

9,26ï48,7 3,84ï17,4 0,48ï3,99 0,01ï1,28 

K³100/M
 

0,23 0,068ï0,157 0,05ï0,79 1,84ï3,59 

Br³100/M
 

0,06ï0,13 0,02ï0,25 0,03ï0,15 0,93ï1,07 
 

 

ɺʳʜʝʣʝʥʥʳʝ ʚ ʨʝʛʠʦʥʝ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʷʚʣʷʶʪʩʷ 

ʚʳʜʝʨʞʘʥʥʳʤʠ ʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʩʪʦʷʥʥʦ. ɺ ʮʝʣʦʤ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ 

ʨʘʡʦʥ ʦʪʥʦʩʠʪʩʷ ʢ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ ʩ ʟʦʥʘʣʴʥʳʤ 

ʠʥʚʝʨʩʠʦʥʥʳʤ ʨʘʟʚʠʪʠʝʤ ʨʘʟʨʝʟʘ, ʛʜʝ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʤʝʞʩʦʣʝʚʳʭ ʨʘʩʩʦʣʦʚ 

ʚʳʰʝ, ʯʝʤ ʫ ʥʘʜ- ʠ ʧʦʜʩʦʣʝʚʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʤʝʥʘ ʪʠʧʦʚ ʚʦʜ ʦʙʫʩʣʦʚʣʝʥʘ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʪʦʨʠʝʡ ʨʘʟʚʠʪʠʷ ʨʝʛʠʦʥʘ ʩʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ 

ʧʦʣʦʞʝʥʠʝʤ ʝʝ ʯʘʩʪʝʡ ʚ ʢʘʞʜʫʶ ʛʝʦʣʦʛʠʯʝʩʢʫʶ ʵʧʦʭʫ ʠ ʩʚʷʟʘʥʥʳʤ ʩ ʵʪʠʤ 

ʠʟʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʦʩʘʜʢʦʦʙʨʘʟʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʦʤ ʤʘʩʩʦʦʙʤʝʥʘ 

ʚ ʪʦʣʱʘʭ ʧʦʨʦʜ.  

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʧʨʠʨʦʜʥʳʭ ʚʦʜ ʠʟʫʯʘʣʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦ ʨʘʡʦʥʫ. ʉʦʜʝʨʞʘʥʠʝ ʜʝʡʪʝʨʠʷ ʚ ʥʘʜʩʦʣʝʚʳʭ 

ʭʣʦʨʠʜʥʳʭ ʥʘʪʨʠʝʚʳʭ ʨʘʩʩʦʣʘʭ ʤʝʪʝʛʝʨʦ-ʠʯʝʨʩʢʦʛʦ ʚʦʜʦʥʦʩʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ï113,17 ʜʦ ï184 ă, ʘ ʠʟʦʪʦʧʘ ʢʠʩʣʦʨʦʜʘï18 ʦʪ ï

9,57 ʜʦ ï21,7 ă, ʧʨʠ ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʷʭ ï143 ʠ ï15 ă, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʭʣʦʨʘ (ŭ
37

Cl) ʜʣʷ ʵʪʠʭ ʚʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 1,536 ă [1]. 

ʉʦʜʝʨʞʘʥʠʝ ʜʝʡʪʝʨʠʷ ʚ ʤʝʞʩʦʣʝʚʳʭ ʨʘʩʩʦʣʘʭ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 
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ʠʟʤʝʥʷʝʪʩʷ ʦʪ ï23 ʜʦ ï94 ă, ʘ ʠʟʦʪʦʧʘ ʢʠʩʣʦʨʦʜʘï18 ʦʪ ï0,6 ʜʦ ï10,4 ă. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʭʣʦʨʘ (ŭ
37

Cl) ʜʣʷ ʵʪʠʭ ʚʦʜ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ï0,318é+0,044 

ă.  

ʀʟʫʯʝʥʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʨʦʜʥʳʭ ʨʘʩʩʦʣʦʚ ʥʘ 

ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʦʟʚʦʣʷʪʁ ʚʳʜʝʣʠʪʴ ʢʘʢ ʦʙʱʠʝ ʯʝʨʪʳ ʠʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ, ʪʘʢ ʠ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʩʦʩʪʘʚʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʯʪʦ 

ʘʢʪʫʘʣʴʥʦ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ, ʩʪʨʦʠʪʝʣʴʩʪʚʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʘʨʴʝʨʦʚ, 

ʧʦʜʟʝʤʥʳʭ ʨʫʜʥʠʢʦʚ, ʦʩʚʦʝʥʠʠ ʥʝʬʪʝʛʘʟʦʚʳʭ ʠ ʜʨʫʛʠʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ 

ʨʝʛʠʦʥʝ.  
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ʈɽʐɽʅʀɽ ɻɽʆʕʂʆʃʆɻʀʏɽʉʂʀʍ ʇʈʆɹʃɽʄ ʇʈʀ 

ɺʉʂʈʓʊʀʀ ɺʆɼʆʅʆʉʅʓʍ ɻʆʈʀɿʆʅʊʆɺ ʅɸ ʂʆʈɽʅʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ ɸʃʄɸɿʆɺ  

ɺ ʅɸʂʓʅʉʂʆʄ ʀ ɸʃɸʂʀʊʉʂʆʄ ʈɸʁʆʅɸʍ ʗʂʋʊʀʀ 

 

ɼʨʦʟʜʦʚ ɸ.ɺ.
1
, ʇʦʧʦʚ ɺ.ʌ.

2 

1 ï ʀʥʩʪʠʪʫʪ çʗʢʫʪʥʠʧʨʦʘʣʤʘʟè ɸʂ çɸʃʈʆʉɸè, ʛ. ʄʠʨʥʳʡ; 

2 ï ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

 

ɺ ʨʘʟʨʘʙʘʪʳʚʘʝʤʳʭ ʧʨʦʝʢʪʘʭ ʟʘʱʠʪʳ ʛʦʨʥʳʭ ʧʨʝʜʧʨʠʷʪʠʡ ɸʂ 

çɸʃʈʆʉɸè ʦʪ ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ ʚʘʞʥʳʤ ʵʢʦʣʦʛʠʯʝʩʢʠʤ ʧʦʢʘʟʘʪʝʣʝʤ 

ʷʚʣʷʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʨʝʥʘʞʥʳʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʘʷ ʚ ʙʦʣʴʰʝʡ ʤʝʨʝ 

ʟʘʚʠʩʷʪ ʦʪ ʧʨʠʥʠʤʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʝʜʝʥʠʷ ʜʦʙʳʯʥʳʭ ʨʘʙʦʪ. ɿʘ 
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ʤʥʦʛʦʣʝʪʥʠʡ ʧʝʨʠʦʜ ʦʩʫʰʝʥʠʷ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʗʢʫʪʠʠ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʫʜʘʣʝʥʠʝʤ ʩʪʦʢʦʚ ʚ ʥʝʜʨʘ ʢʨʠʦʣʠʪʦʟʦʥʳ ʚʙʣʠʟʠ ʢʘʨʴʝʨʦʚ ʠ 

ʨʫʜʥʠʢʦʚ ʬʦʨʤʠʨʫʶʪʩʷ ʤʥʦʛʦʢʠʣʦʤʝʪʨʦʚʳʝ ʜʝʧʨʝʩʩʠʦʥʥʳʝ ʚʦʨʦʥʢʠ ʠ 

ʨʝʧʨʝʩʩʠʚʥʳʝ ʢʫʧʦʣʳ ʩ ʠʟʤʝʥʠʚʰʠʤʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʨʝʞʠʤʦʤ 

ʧʦʜʟʝʤʥʳʭ ʚʦʜ. ʇʦʵʪʦʤʫ ʜʣʷ ʧʨʦʛʥʦʟʦʚ ʚʦʜʦʧʨʠʪʦʢʦʚ ʚ ʛʦʨʥʳʝ ʚʳʨʘʙʦʪʢʠ 

ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʟʘʭʦʨʦʥʝʥʠʷ (ʦʙʨʘʪʥʦʡ ʟʘʢʘʯʢʠ) ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ 

ʦʪʩʪʨʘʠʚʘʶʪʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʧʨʦʚʦʜʷʪʩʷ ʤʥʦʛʦʚʘʨʠʘʥʪʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʂʨʠʦʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪʩʢʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ, ʛʜʝ ʨʘʟʨʘʙʘʪʳʚʘʶʪʩʷ ʪʨʫʙʢʠ çɸʡʭʘʣè, 

çʂʦʤʩʦʤʦʣʴʩʢʘʷè, çʖʙʠʣʝʡʥʘʷè, çʅʶʨʙʠʥʩʢʘʷè ʠ ʜʨʫʛʠʝ, ʠʤʝʶʪ ʨʷʜ 

ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪʣʠʯʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʥʘʣʠʯʠʝʤ ʤʝʞ- ʠ ʧʦʜʤʝʨʟʣʦʪʥʳʭ 

ʚʦʜʦʥʦʩʥʳʭ ʛʦʨʠʟʦʥʪʦʚ, ʠʭ ʥʠʟʢʦʡ ʚʦʜʦʦʙʠʣʴʥʦʩʪʴʶ, ʩʪʨʦʝʥʠʝʤ 

ʚʦʜʦʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ, ʩʦʩʪʘʚʦʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦʜʟʝʤʥʳʭ ʨʘʩʩʦʣʦʚ, 

ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʟʘʪʨʘʪʳ ʥʘ ʠʭ ʫʪʠʣʠʟʘʮʠʶ ʠ ʚ ʮʝʣʦʤ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʩʚʦʝʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʈʘʟʨʘʙʦʪʢʘ ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʪʨʫʙʦʢ ʚ ʵʪʠʭ ʨʘʡʦʥʘʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ, ʚ ʦʩʥʦʚʥʦʤ, ʦʪʢʨʳʪʳʤ ʩʧʦʩʦʙʦʤ ʩ 

ʦʩʫʰʝʥʠʝʤ ʛʦʨʥʳʭ ʚʳʨʘʙʦʪʦʢ ʟʘ ʩʯʝʪ ʚʥʫʪʨʠʢʘʨʴʝʨʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ. 

ɺr ʩʦʢʘʷ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʜʨʝʥʘʞʥʳʭ ʚʦʜ, ʥʘʣʠʯʠʝ ʨʘʩʪʚʦʨʝʥʥʳʭ 

ʛʘʟʦʚ, ʟʘʩʦʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʪʦʢʦʚʟʘ ʩʯʝʪ ʩʢʣʘʜʠʨʦʚʘʥʠʷ ʚʩʢʨʳʰʥʳʭ 

ʧʦʨʦʜ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʤʫ ʠ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʦʤʫ ʫʜʘʣʝʥʠʶ ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ 

ʩ ʫʯʝʪʦʤ ʩʝʟʦʥʥʳʭ ʦʙʲʝʤʦʚ ʘʪʤʦʩʬʝʨʥʳʭ ʦʩʘʜʢʦʚ ʩ ʚʦʜʦʩʙʦʨʥʦʡ ʧʣʦʱʘʜʠ, 

ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʩʣʦʞʥʦʩʪʴ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, 

ʧʨʠʫʨʦʯʝʥʥʳʭ ʢ ʟʦʥʝ ɸʨʢʪʠʯʝʩʢʦʛʦ ʙʘʩʩʝʡʥʘ. 

ʉʫʱʝʩʪʚʫʶʱʠʡ ʤʥʦʛʦʣʝʪʥʠʡ ʦʧʳʪ ʋʜʘʯʥʠʥʩʢʦʛʦ ɻʆʂʘ ɸʂ 

çɸʃʈʆʉɸè ʧʦʟʚʦʣʠʣ ʫʩʧʝʰʥʦ ʚʥʝʜʨʠʪʴ ʩʧʦʩʦʙ ʟʘʭʦʨʦʥʝʥʠʷ ʜʨʝʥʘʞʥʳʭ 

ʨʘʩʩʦʣʦʚ ʚ ʤʝʨʟʣʳʡ ʷʨʫʩ ʢʨʠʦʣʠʪʦʟʦʥʳ ʚ ʅʶʨʙʠʥʩʢʦʤ (ɹʦʪʫʦʙʠʥʩʢʠʡ 

ʫʯʘʩʪʦʢ) ʠ ɸʡʭʘʣʴʩʢʦʤ (ʅʦʷʙʨʴʩʢʠʡ ʫʯʘʩʪʦʢ) ɻʆʂʘʭ ʩ ʩʦʙʣʶʜʝʥʠʝʤ ʚʩʝʭ 

ʪʨʝʙʦʚʘʥʠʡ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦʧʘʩʥʦʩʪʠ. ɺ ʦʩʥʦʚʝ ʧʨʠʤʝʥʷʝʤʦʛʦ ʩʧʦʩʦʙʘ 

ʫʜʘʣʝʥʠʷ ʩʪʦʢʦʚ ʟʘʜʝʡʩʪʚʦʚʘʥʦ ʩʚʦʡʩʪʚʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʣʝʟʥʦʡ ʝʤʢʦʩʪʠ 

ʨʝʟʝʨʚʫʘʨʘ ʚ ʢʨʠʦʛʝʥʥʦʤ ʤʘʩʩʠʚʝ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚʦʜʳ ʠʟ ʪʚʝʨʜʦʛʦ ʚ ʞʠʜʢʦʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʨʘʩʩʦʣʦʚ. 
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ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʄʄʇ ʧʨʠ ʟʘʭʦʨʦʥʝʥʠʠ 

(ʫʪʠʣʠʟʘʮʠʠ) ʞʠʜʢʠʭ ʦʪʭʦʜʦʚ ʛʦʨʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ ʷʚʣʷʝʪʩʷ ʙʝʟʥʘʧʦʨʥʳʡ 

ʨʝʞʠʤ ʩʙʨʦʩʘ ʨʘʩʩʦʣʦʚ ʩ ʧʦʜʜʝʨʞʘʥʠʝʤ ʫʨʦʚʥʝʡ ʚʦʜʳ ʚ ʬʦʨʤʠʨʫʶʱʝʤʩʷ 

ʨʝʟʝʨʚʫʘʨʝ ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʢʦʣʦʛʠʯʝʩʢʠ ʙʝʟʦʧʘʩʥʳʭ ʦʪʤʝʪʢʘʭ. ɼʣʷ 

ʢʘʞʜʦʛʦ ʫʯʘʩʪʢʘ (ʧʦʣʠʛʦʥʘ) ʟʘʭʦʨʦʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʥʦʡ ʫʨʦʚʝʥʥʦʡ 

ʛʨʘʥʠʮʝʡ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʩʥʦʚʥʳʭ ʜʨʝʥ (ʚʦʜʦʪʦʢʦʚ) ʷʚʣʷʝʪʩʷ ʦʪʤʝʪʢʘ 

ʧʦʜʦʰʚʳ ʧʦʜʨʫʩʣʦʚʳʭ ʪʘʣʠʢʦʚ. ɼʣʷ ʨʘʡʦʥʘ ʪʨʫʙʢʠ çʅʶʨʙʠʥʩʢʘʷè 

ʛʨʘʥʠʮʝʡ ʙʝʟʦʧʘʩʥʦʛʦ ʫʨʦʚʥʷ ʚ ʬʦʨʤʠʨʫʝʤʦʤ ʪʝʭʥʦʛʝʥʥʦʤ ʪʘʣʠʢʝ ʄʄʇ 

ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʦʪʤʝʪʢʫ +110 ʘʙʩ. ʤ, ʜʣʷ ʪʨʫʙʢʠ çɸʡʭʘʣè +500 ʘʙʩ. ʤ.  

ʇʨʠʫʨʦʯʝʥʥʦʩʪʴ ʅʘʢʳʥʩʢʦʛʦ ʠ ɸʣʘʢʠʪʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʢ 

ʟʦʥʝ ʨʘʟʚʠʪʠʷ ʨʘʥʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʩʣʘʙʦʚʦʜʦʥʦʩʥʦʡ ʬʦʨʤʘʮʠʠ ʚ ʨʝʛʠʦʥʝ  

ʧʨʝʜʦʧʨʝʜʝʣʷʝʪ ʥʠʟʢʫʶ ʚʝʣʠʯʠʥʫ ʧʨʠʪʦʢʦʚ ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ ʚ ʢʘʨʴʝʨ r

ʠ ʢ ʧʦʜʟʝʤʥʳʤ ʛʦʨʥʳʤ ʚʳʨʘʙʦʪʢʘʤ (150ï300 ʤ
3
/ʩʫʪ), ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ 

ʫʧʨʦʱʘʝʪ ʧʨʦʙʣʝʤʫ ʫʜʘʣʝʥʠʷ ʜʨʝʥʘʞʥʳʭ ʚʦʜ ʚ ʄʄʇ ʩ ʪʨʘʥʩʧʦʨʪʠʨʦʚʢʦʡ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʩʪʦʢʦʚ ʜʦ ʫʯʘʩʪʢʦʚ ʟʘʢʘʯʢʠ ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ. ɼʣʷ 

ʫʢʘʟʘʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʜʘʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ, ʪʘʢ ʢʘʢ ʜʨʝʥʘʞʥʳʝ ʨʘʩʩʦʣʳ ʠʤʝʶʪ ʚʳʩʦʢʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ (ʜʦ 300 ʛ/ʜʤ
3
). 

ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʦʝʢʪʥʳʭ ʨʝʰʝʥʠʡ, 

ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʭ ʧʦ ʫʯʘʩʪʢʘʤ ʟʘʢʘʯʢʠ ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ. 

ʉʪʨʦʠʪʝʣʴʩʪʚʦ ʠ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʠʩʪʝʤʳ ʫʜʘʣʝʥʠʷ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʥʘ 

ʦʜʥʦʤ ʠʟ ʫʯʘʩʪʢʦʚ ʨʘʟʣʦʤʘ çɹʦʪʫʦʙʠʥʩʢʠʡè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʙʨʦʩ ʣʠʰʴ 

ʯʘʩʪʠ ʦʙʲʝʤʦʚ ʚʦʜʦʧʨʠʪʦʢʦʚ ʠʟ ʢʘʨʴʝʨʘ çʅʶʨʙʠʥʩʢʠʡè, ʘ ʠʤʝʥʥʦ ï 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʧʦʜʟʝʤʥʳʭ ʚʦʜ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʠʭ ʧʦʧʘʜʘʥʠʷ ʚ 

ʤʝʩʪʥʳʝ ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʦʪʦʢʠ. 

ʇʨʦʝʢʪʦʤ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʨʘʟʜʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠʟ ʢʘʨʴʝʨʘ ʢ ʦʙʲʝʢʪʘʤ ʩʙʨʦʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʫʯʘʩʪʢʫ 

ʟʘʭʦʨʦʥʝʥʠʷ ʨʘʩʩʦʣʦʚ ï ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʚ ʝʤʢʦʩʪʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ 

ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ ˉ 16 ï ʧʦ ʚʦʜʦʚʦʜʘʤ. ɼʣʷ ʧʝʨʝʭʚʘʪʘ ʠ ʥʘʢʦʧʣʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʚ ʚʝʩʝʥʥʝ-ʣʝʪʥʠʝ ʧʝʨʠʦʜʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʫʤʧʬʦʚ-ʧʝʨʝʭʚʘʪʘ ʥʘ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʨʘʟʥʳʭ 

ʛʦʨʠʟʦʥʪʘʭ ʢʘʨʴʝʨʘ. ɺ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʛʦʜʘ, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ 

ʨʘʟʙʘʚʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ ʚ ʢʘʨʴʝʨʝ ʘʪʤʦʩʬʝʨʥʳʤʠ ʦʩʘʜʢʘʤʠ, 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘʭʦʨʦʥʝʥʠʝ ʥʘ ʧʦʣʠʛʦʥʝ ʪʦʣʴʢʦ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʚʦʜ, 

ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʩʪʦʢʠ ʢʘʨʴʝʨʘ ʧʨʠ ʵʪʦʤ ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʠ ʫʜʘʣʷʶʪʩʷ ʚ 

ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʝ ʬʘʙʨʠʢʠ ˉ 16.  

ʅʘ çɹʦʪʫʦʙʠʥʩʢʦʤè ʫʯʘʩʪʢʝ ʟʘʢʘʯʢʠ ʅʶʨʙʠʥʩʢʦʛʦ ɻʆʂʘ ʧʨʦʙʫʨʝʥʦ 6 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ (2 ï ʦʩʥʦʚʥʳʭ, 4 ï ʨʝʟʝʨʚʥʳʭ) ʛʣʫʙʠʥʦʡ 210 ʤ 

ʠ 8 ʥʘʙʣʶʜʘʪʝʣʴʥʳʭ. ɼʨʝʥʘʞʥʳʝ ʚʦʜʳ ʠʟ ʢʘʨʴʝʨʘ ʚʳʚʦʟʠʣʠʩʴ 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʩʣʠʚʘʣʠʩʴ ʚ ʩʪʘʮʠʦʥʘʨʥʳʝ ʠ ʧʝʨʝʜʚʠʞʥʳʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ 

ʨʝʟʝʨʚʫʘʨʳ, ʠʟ ʢʦʪʦʨʳʭ ʩʘʤʦʪʝʢʦʤ ʧʦʜʘʚʘʣʠʩʴ ʚ ʟʘʢʘʯʥʳʝ ʩʢʚʘʞʠʥʳ (1ī2 

ʰʪ.). ɿʘʢʘʯʢʘ ʜʨʝʥʘʞʥʳʭ ʚʦʜ ʚ ʩʢʚʘʞʠʥʳ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʚ ʧʝʨʠʦʜ ʩ ʠʶʣʷ 

ʧʦ ʦʢʪʷʙʨʴ ʤʝʩʷʮʳ. ɺʦʜʦʧʨʠʪʦʢʠ ʨʘʩʩʦʣʦʚ ʚ ʢʘʨʴʝʨ çʅʶʨʙʠʥʩʢʠʡè, ʢ 

ʧʨʠʤʝʨʫ, ʚ ʠʶʥʝ-ʩʝʥʪʷʙʨʝ 2012 ʛ. ʜʦʩʪʠʛʘʣʠ 64,5 ʤ
3
/ʩʫʪ. ɼʝʙʠʪ ʟʘʢʘʯʢʠ ʚ 

ʩʢʚʘʞʠʥʳ ʥʘ ʫʯʘʩʪʢʝ ʠʟʤʝʥʷʣʩʷ ʦʪ 25 ʜʦ 100 ʤ
3
/ʩʫʪ. ʉʦʛʣʘʩʥʦ ʧʨʠʚʝʜʸʥʥʳʤ 

ʜʘʥʥʳʤ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠʝʤʠʩʪʦʩʪʠ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ, ʚ ʩʨʝʜʥʝʤ, 

ʩʦʩʪʘʚʣʷʣ 25,9 ʤ
3
/ʯĬʤ. ɺʩʝʛʦ ʙʳʣʦ ʟʘʢʘʯʘʥʦ ʥʘ çɹʦʪʫʦʙʠʥʩʢʦʤè ʫʯʘʩʪʢʝ ʚ 

2011 ʛ. ī 2375, ʚ 2012 ʛ. ï 1941,5, ʚ 2013 ʛ. ī 3690 ʤ
3
 ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ ʩ 

ʤʠʥʝʨʘʣʠʟʘʮʠʝʡ ʦʪ 76 ʜʦ 215 ʛ/ʜʤ
3
. 

ʇʨʦʝʢʪʦʤ ʥʘ ʧʦʜʟʝʤʥʫʶ ʦʪʨʘʙʦʪʢʫ ʪʨʫʙʢʠ çɸʡʭʘʣè ʧʨʝʜʫʩʤʦʪʨʝʥʦ 

ʨʘʟʜʝʣʴʥʦʝ ʫʜʘʣʝʥʠʝ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʚʦʜ ʠʟ ʨʫʜʥʠʢʘ ʢ 

ʦʙʲʝʢʪʘʤ ʩʙʨʦʩʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢ ʫʯʘʩʪʢʫ ʟʘʢʘʯʢʠ ʨʘʩʩʦʣʦʚï 

ʘʚʪʦʪʨʘʥʩʧʦʨʪʦʤ, ʘ ʚ ʝʤʢʦʩʪʠ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ ʬʘʙʨʠʢʠ 

ˉ 8 ï ʧʦ ʚʦʜʦʚʦʜʘʤ. ʆʪʢʘʯʠʚʘʝʤʳʝ ʩ ʥʠʞʥʠʭ ʛʦʨʠʟʦʥʪʦʚ ʨʫʜʥʠʢʘ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʝ ʚʦʜʳ ʧʦʜʘʶʪʩʷ ʯʝʨʝʟ ʥʘʩʦʩʥʫʶ ʩʪʘʥʮʠʶ ʥʘ ʛʦʨʠʟʦʥʪʝ 

+100 ʘʙʩ. ʤ ʧʦ ʚʦʜʦʚʦʜʘʤ ʚ ʨʝʟʝʨʚʫʘʨʳ ʈɺʉ-200 (V=400 ʤ
3
), 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʧʨʦʤʧʣʦʱʘʜʢʝ. ʇʦʩʣʝ ʩʣʠʚʘ ʠʟ ʚʦʜʦʚʦʟʦʢ ʚ 2-ʘ 

ʧʝʨʝʜʚʠʞʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʝʟʝʨʚʫʘʨʘ ʈɻ-25 (V=25 ʤ
3 
ʢʘʞʜʘʷ), ʢʦʪʦʨʳʝ 

ʨʘʩʧʦʣʦʞʝʥʳ ʫ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥ, ʜʨʝʥʘʞʥʳʝ ʨʘʩʩʦʣʳ ʩʘʤʦʪʝʢʦʤ 

ʧʦʩʪʫʧʘʶʪ ʚ ʧʦʛʣʦʱʘʶʱʠʝ ʠʥʪʝʨʚʘʣʳ ʄʄʇ. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʚʦʜʳ ʚ 

ʪʝʧʣʳʝ ʧʝʨʠʦʜʳ ʛʦʜʘ (ʤʘʡ-ʩʝʥʪʷʙʨʴ) ʦʪ ʟʫʤʧʬʘ-ʧʝʨʝʭʚʘʪʘ ʥʘʛʦʨ. +163 ʘʙʩ. 

ʤ ʨʫʜʥʠʢʘ ʯʝʨʝʟ ʥʘʩʦʩʥʳʝ ʩʪʘʥʮʠʠ ʰʘʭʪʥʦʛʦ ʚʦʜʦʦʪʣʠʚʘ ʧʦ ʩʠʩʪʝʤʝ 

ʚʦʜʦʚʦʜʦʚ ʧʦʩʪʫʧʘʶʪ ʚ ʝʤʢʦʩʪʴ ʭʚʦʩʪʦʭʨʘʥʠʣʠʱʘ ʬʘʙʨʠʢʠ ˉ 8. 

ʅʘ çʅʦʷʙʨʴʩʢʦʤè ʫʯʘʩʪʢʝ ʟʘʢʘʯʢʠ ɸɻʆʂʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʙʫʨʝʥʠʝ 6 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʢʚʘʞʠʥ (2 ï ʦʩʥʦʚʥʳʭ, 4 ï ʨʝʟʝʨʚʥʳʭ) ʛʣʫʙʠʥʦʡ 230 ʤ. 

ɼʣʷ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʭʦʜʦʤ ʧʨʦʮʝʩʩʘ ʨʘʩʪʝʢʘʥʠʷ ʨʘʩʩʦʣʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʘ 



154 

 

ʥʘʙʣʶʜʘʪʝʣʴʥʘʷ ʩʝʪʴ ʠʟ 10 ʩʢʚʘʞʠʥ, ʠʟ ʢʦʪʦʨʳʭ ʜʚʝ (1 ʠ 2) ʫʞʝ ʧʨʦʙʫʨʝʥʳ 

ʥʘ ʧʦʠʩʢʦʚʦʡ ʩʪʘʜʠʠ ʨʘʙʦʪ, ʧʦʟʜʥʝʝ ʢ ʩʫʱʝʩʪʚʫʶʱʝʡ ʩʝʪʠ ʩʦʦʨʫʞʘʝʪʩʷ ʝʱʝ 

ʨʷʜ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʢʚʘʞʠʥ ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ ʦʩʥʦʚʥʳʭ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ 

ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʳʭ ʩʪʦʢʦʚ. ɼʣʷ ʢʦʥʪʨʦʣʷ ʚʦʟʤʦʞʥʦʛʦ ʧʝʨʝʪʦʢʘ ʚ 

ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʪʦʣʱʠ ʤʝʞʤʝʨʟʣʦʪʥʦʛʦ ʠ ʧʦʜʤʝʨʟʣʦʪʥʦʛʦ ʚʦʜʦʥʦʩʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪʩʷ ʦʩʫʱʝʩʪʚʣʷʪʴ ʨʝʞʠʤʥʳʝ ʥʘʙʣʶʜʝʥʠʷ ʧʦ 

ʩʢʚʘʞʠʥʘʤ 7ʅ ʠ 8ʅ, ʛʣʫʙʠʥʦʡ 400 ʠ 600 ʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʣʠʯʝʩʪʚʦ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʩʢʚʘʞʠʥ ʚʘʨʴʠʨʫʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ 

ʧʨʠʝʤʠʩʪʦʩʪʠ, ʦʙʲʝʤʦʚ ʧʦʩʪʫʧʣʝʥʠʷ ʜʨʝʥʘʞʥʳʭ ʨʘʩʩʦʣʦʚ ʠ ʜʨʫʛʠʭ 

ʬʘʢʪʦʨʦʚ.  

ɺ ʧʦʩʣʝʜʫʶʱʝʤ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ ʧʦʩʪʦʷʥʥʳʡ ʨʝʞʠʤ ʧʨʦʤʳʰʣʝʥʥʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ, ʧʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʛʝʥʥʦʛʦ ʪʘʣʠʢʘ ʚ ʄʄʇ ʠ 

ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ ʨʘʟʚʠʪʠʷ ʨʝʧʨʝʩʩʠʚʥʦʛʦ ʢʫʧʦʣʘ, ʥʘʙʣʶʜʘʪʝʣʴʥʫʶ 

ʩʝʪʴ ʩʢʚʘʞʠʥ ʩʣʝʜʫʝʪ ʨʘʩʰʠʨʷʪʴ ʩ ʙʫʨʝʥʠʝʤ ʩʢʚʘʞʠʥʢʘʢ ʚ ʷʨʫʩʝ ʄʄʇ, ʪʘʢ 

ʠ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʦʟʤʦʞʥʦʛʦ ʧʝʨʝʪʦʢʘ ʚ ʚʦʜʦʥʘʩʳʱʝʥʥʳʝ ʪʦʣʱʠ 

ʤʝʞʤʝʨʟʣʦʪʥʦʛʦ ʠ ʧʦʜʤʝʨʟʣʦʪʥʦʛʦ ʚʦʜʦʥʦʩʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʦʙʲʝʤ ʥʝʦʙʭʦʜʠʤʳʭ ʨʘʙʦʪ ʙʫʜʝʪ ʫʪʦʯʥʝʥ ʧʦʩʣʝ 

ʧʨʦʚʝʜʝʥʠʷ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʦʡ ʩʪʘʜʠʠ ʟʘʢʘʯʢʠ ʨʘʩʩʦʣʦʚ ʥʘ ʫʯʘʩʪʢʝ. 

 ɺ ʮʝʣʦʤ ʜʣʷ ʚʩʝʡ ʩʠʩʪʝʤʳ ʟʘʭʦʨʦʥʝʥʠʷ ʩʪʦʢʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥ 

çʩʚʦʙʦʜʥʳʡè ʥʘʣʠʚ ʨʘʩʩʦʣʦʚ ʧʦʜ ʥʘʧʦʨʦʤ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʳʩʦʪʳ 

ʧʦʜʲʝʤʘ ʫʨʦʚʥʷ ʚʦʜʳ ʚ ʝʤʢʦʩʪʠ ʥʘʢʦʧʣʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʧʘʜʝʥʠʷ 

ʧʨʠʝʤʠʩʪʦʩʪʠ ʠʣʠ ʜʣʠʪʝʣʴʥʦʛʦ (2ï3 ʤʝʩʷʮʘ) ʚʳʩʦʢʦʛʦ ʩʪʦʷʥʠʷ ʫʨʦʚʥʝʡ ʚ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʳʭ ʟʘʢʘʯʥʳʭ ʩʢʚʘʞʠʥʘʭ (20ï50 ʤ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ) ʥʘʣʠʚ 

ʜʦʣʞʝʥ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥ ʚ ʜʨʫʛʠʝ ʨʝʟʝʨʚʥʳʝ ʚʳʨʘʙʦʪʢʠ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʜʥʦʡ ʩʢʚʘʞʠʥʳ ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʪʨʝʭ-ʧʷʪʠ ʣʝʪ. ʇʦʩʣʝ 

ʯʝʛʦ ʦʥʘ ʧʦʜʣʝʞʠʪ ʧʣʘʥʦʚʦʡ ʯʠʩʪʢʝ, ʨʝʛʝʥʝʨʘʮʠʠ ʩʧʝʮʠʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ 

(ʧʨʦʤʳʚʢʝ ʢʨʝʧʢʠʤʠ ʨʘʩʩʦʣʘʤʠ ʄ>250 ʛ/ʜʤ
3
) ʠʣʠ ʧʝʨʝʙʫʨʢʝ ʧʨʠ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʝʝ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ɺ ʩʚʦʝʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʗʢʫʪʠʠ ɸʂ çɸʃʈʆʉɸè 

ʧʦʩʪʦʷʥʥʦ ʨʘʟʨʘʙʘʪʳʚʘʝʪ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ ʦʜʥʦ ʠʟ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ 

ʥʘʧʨʘʚʣʝʥʠʡ ï ʩʦʟʜʘʥʠʝ ʤʘʣʦʦʪʭʦʜʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʦʪʨʘʙʦʪʢʝ 

ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ, ʫʯʠʪʳʚʘʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. ʇʨʠ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʷ ʦ ʤʝʩʪʝ ʟʘʭʦʨʦʥʝʥʠʷ ʜʨʝʥʘʞʥʳʭ 
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ʨʘʩʩʦʣʦʚ ʜʝʣʘʝʪʩʷ ʦʙʦʩʥʦʚʘʥʥʳʡ ʚʳʙʦʨ ʠʟ ʤʥʦʞʝʩʪʚʘ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ 

ʚʘʨʠʘʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʦʛʠʜʨʦʛʝʦʣʦʛʠʯʝʩʢʠʭ 

ʫʩʣʦʚʠʡ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʮʝʩʩ ʫʪʠʣʠʟʘʮʠʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ. 

 

 

 

 

ʋʉʊʆʁʏʀɺʆʉʊʔ ʄɽʈɿʃʆʊʅʓʍ ʇʆʏɺ ʂ ʍʀʄʀʏɽʉʂʆʄʋ 

ɿɸɻʈʗɿʅɽʅʀʖ ʇʈʀ ʆʊʈɸɹʆʊʂɽ ʂʆʈɽʅʅʓʍ 

ʄɽʉʊʆʈʆɾɼɽʅʀʁ ɸʃʄɸɿʆɺ ɺ ʗʂʋʊʀʀ 

 

ɼʷʛʠʣʝʚʘ ɸ.ɻ. 

ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʵʢʦʣʦʛʠʠ ʩʝʚʝʨʘ, ʛ. ʗʢʫʪʩʢ 

 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʤʝʨʟʣʦʪʥʳʭ ʧʦʯʚ ï ʵʪʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʢ ʠʟʤʝʥʠʚʰʠʤʩʷ ʫʩʣʦʚʠʷʤ ʩʨʝʜʳ ʠ ʩʦʭʨʘʥʝʥʠʶ 

ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʦʟʤʫʱʘʶʱʠʭ 

ʬʘʢʪʦʨʦʚ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ ʥʝʦʙʭʦʜʠʤʦ ʚʳʜʝʣʷʪʴ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʚʠʜ ʚʦʟʜʝʡʩʪʚʠʷ (ʤʝʭʘʥʠʯʝʩʢʦʝ, ʛʠʜʨʘʚʣʠʯʝʩʢʦʝ, 

ʭʠʤʠʯʝʩʢʦʝ, ʨʘʜʠʦʭʠʤʠʯʝʩʢʦʝ, ʪʝʧʣʦʚʦʝ ʠʣʠ ʙʠʦʣʦʛʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʷ). 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʚʦʟʜʝʡʩʪʚʠʷ ʚʳʜʝʣʷʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ. ɺ ʩʠʣʫ ʪʦʛʦ ʯʪʦ ʦʪʨʘʙʦʪʢʘ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ 

ʘʣʤʘʟʦʚ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʵʨʦʪʝʭʥʦʛʝʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʧʦʣʣʶʪʘʥʪʦʚ 

ʦʩʝʜʘʶʱʠʭ ʚ ʧʦʯʚʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʛʝʦʭʠʤʠʯʝʩʢʘʷ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʵʢʦʣʦʛʠʯʝʩʢʫʶ 

ʦʧʘʩʥʦʩʪʴ, ʜʘʥʥʘʷ ʨʘʙʦʪʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʝʨʟʣʦʪʥʳʭ ʧʦʯʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʤʝʨʟʣʦʪʥʳʝ ʧʦʯʚʳ 

ʩʝʚʝʨʦ-ʪʘʝʞʥʳʭ ʣʘʥʜʰʘʬʪʦʚ ɿʘʧʘʜʥʦʡ ʗʢʫʪʠʠ ï ʢʨʠʦʟʝʤʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʥʘ ʍʘʥʥʷ-ʅʘʢʳʥʩʢʦʤ ʤʝʞʜʫʨʝʯʴʝ, ʛʜʝ ʥʘʭʦʜʷʪʩʷ ʢʦʨʝʥʥʳʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʘʣʤʘʟʦʚ ï ʅʘʢʳʥʩʢʦʝ ʢʠʤʙʝʨʣʠʪʦʚʦʝ ʧʦʣʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʪʨʝʤʷ ʪʨʫʙʢʘʤʠ 

ï çʅʶʨʙʠʥʩʢʘʷè, çɹʦʪʫʦʙʠʥʩʢʘʷè ʠ çʄʘʡʩʢʘʷè. 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ (ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ) ʧʨʦʚʦʜʠʣʠʩʴ ʘʪʦʤʥʦ-ʘʙʩʦʨʙʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʥʘ ʄɻɸ-915. 
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ʉʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʫ ʀ.ɺ. ʊʶʨʠʥʘ, ʢʠʩʣʦʪʥʦ-

ʱʝʣʦʯʥʳʝ ʫʩʣʦʚʠʷ ï ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʥʘ ʨʅ-ʤʝʪʨʝ ɸʅʀʆʅ-

4100. ɸʥʘʣʠʪʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʅʀʀʇʕʉ ʉɺʌʋ (ʘʪʪʝʩʪʘʪ ʘʢʢʨʝʜʠʪʘʮʠʠ ʈʆʉʉ.RU 

0001.517741). 

ʆʧʨʝʜʝʣʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʯʝʨʝʟ ʢʨʠʪʝʨʠʠ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. 

ɺʳʙʦʨ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʯʚ ʦʩʥʦʚʘʥ ʥʘ ʦʧʳʪʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʤʝʶʱʠʭʩʷ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʤʠʨʦʚʦʡ ʥʘʫʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ 

ʦ ʢʦʨʨʝʣʷʪʠʚʥʳʭ ʩʚʷʟʷʭ ʤʝʞʜʫ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʤ ʩʦʩʪʘʚʦʤ, ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤ, ʭʠʤʠʯʝʩʢʠʤ, ʩʚʦʡʩʪʚʘʤʠ ʧʦʯʚ ʠ ʥʘʢʦʧʣʝʥʠʝʤ, ʘʢʢʫʤʫʣʷʮʠʝʡ 

ʚʨʝʜʥʳʭ ʠ ʦʧʘʩʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʝʜʠʥʝʥʠʡ, ʧʦʩʪʫʧʘʶʱʠʭ ʚ ʧʦʯʚʫ ʠʟ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. 

ʇʨʠ ʚʳʙʦʨʝ ʧʦʢʘʟʘʪʝʣʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʳ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʠʩʴ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ ʦ ʚʣʠʷʥʠʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʦʯʚʘʭ, ʥʘ ʥʘʢʦʧʣʝʥʠʝ ʠ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʠ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʊʘʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʷʚʣʷʶʪʩʷ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʥʠʝ ʛʫʤʫʩʘ, ʝʤʢʦʩʪʴ 

ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʦʩʥʦʚʥʳʝ ʦʢʩʠʜʳ. 

ʉʦʨʙʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʯʚʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʦʧʨʝʜʝʣʷʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʏʝʤ ʚʳʰʝ ʩʦʨʙʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ, ʪʝʤ ʥʠʞʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʇʨʠ 

ʵʪʦʤ ʢʘʞʜʳʡ ʛʝʥʝʪʠʯʝʩʢʠʡ ʛʦʨʠʟʦʥʪ ʦʙʣʘʜʘʝʪ ʩʚʦʝʡ ʩʦʨʙʮʠʦʥʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ, ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʧʨʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʨʘʟʚʠʪʠʷ 

ʧʨʦʮʝʩʩʦʚ ʜʝʛʨʘʜʘʮʠʠ ʧʦʯʚʝʥʥʦʛʦ ʧʦʢʨʦʚʘ. 

ʇʦ ʛʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʢʨʠʦʟʝʤʳʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʣʝʛʢʠʭ ʩʫʛʣʠʥʢʦʚ. ʅʘʠʙʦʣʴʰʝʝ ʧʦʛʣʦʱʝʥʠʝ 

ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʚʦ ʬʨʘʢʮʠʷʭ ʨʘʟʤʝʨʦʤ 0,01-0,005ʤʤ: 

CuŸNiŸCoŸMnŸZn. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʜʦʣʠ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ 

ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʩʦʨʙʮʠʠ Pb, Cuʠ Ni ʧʦʯʚʘʤʠ ʠ ʧʨʦʯʥʦʩʪʠ ʠʭ 

ʟʘʢʨʝʧʣʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʯʘʩʪʠʮ. 
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ʋʩʣʦʚʠʷ ʧʦʯʚʝʥʥʦʡ ʩʨʝʜʳ ʢʨʠʦʟʝʤʦʚ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʘʙʦʢʠʩʣʳʝ 

ʚ ʚʝʨʭʥʠʭ ʦʨʛʘʥʦʛʝʥʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʠ ʙʣʠʟʢʦ ʥʝʡʪʨʘʣʴʥʳʤʠ ʚ ʤʠʥʝʨʘʣʴʥʦʡ 

ʯʘʩʪʠ ʧʦʯʚʝʥʥʦʛʦ ʧʨʦʬʠʣʷ, ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦʯʚʝʥʥʦʤ ʧʨʦʬʠʣʝ. ɺʳʷʚʣʝʥʘ ʩʦʨʙʮʠʷ ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʚ ʢʠʩʣʦʡ 

ʩʨʝʜʝ ʥʠʟʢʘʷ ʩʦʨʙʮʠʷ: PbŸAs, ʚ ʱʝʣʦʯʥʦʡ ʩʨʝʜʝ ʚʳʩʦʢʘʷ ʩʦʨʙʮʠʷ: 

NiŸZnŸCuŸPb. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʛʫʤʫʩʘ ʢʨʠʦʟʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʠʤʠʟʥʘʯʝʥʠʷʤʠʧʦ ʚʩʝʤʫ ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʡ 

ʪʘʢʞʝ ʚʭʦʜʷʪ ʪʝʭʥʦʛʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʨʦʤʳʰʣʝʥʥʦʡ ʧʣʦʱʘʜʢʠ. 

ʍʘʨʘʢʪʝʨʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʛʫʤʫʩʘ ʚ ʥʘʜʤʝʨʟʣʦʪʥʦʤ ʛʦʨʠʟʦʥʪʝ ʩʚʷʟʘʥʦ ʩ 

ʤʝʭʘʥʠʯʝʩʢʠʤ ʟʘʥʦʩʦʤ ʛʫʤʫʩʘ ʚ ʥʠʞʥʠʝ ʛʦʨʠʟʦʥʪʳ ʧʨʠ ʤʝʨʟʣʦʪʥʦʡ 

ʧʝʨʝʤʝʰʘʥʥʦʩʪʠ ʧʦʯʚʳ, ʘ ʪʘʢʞʝ ʧʦ ʤʦʨʦʟʦʙʦʡʥʳʤ ʪʨʝʱʠʥʘʤ. ɺʳʷʚʣʝʥʘ 

ʩʚʷʟʴ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʛʫʤʫʩʘ ʢʘʢ ʚ ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ, 

ʪʘʢ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʣʝʜʫʶʱʠʡ ʨʷʜ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ: ʦʨʛʘʥʦ-ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ: 

AsŸPbŸCdŸMn, ʤʠʥʝʨʘʣʴʥʳʭ ʛʦʨʠʟʦʥʪʦʚ: AsŸCdŸPbŸMnŸCu. 

ɽʤʢʦʩʪʴ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʨʠʦʟʝʤʦʚ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʅ, 

ʩʦʜʝʨʞʘʥʠʷ ʛʫʤʫʩʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠʩʪʦʡ ʬʨʘʢʮʠʠ. ɺʝʣʠʯʠʥʘ ɽʂʆ ʚ 

ʢʨʠʦʟʝʤʘʭ ʩʚʷʟʘʥʘ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʬʠʟʠʯʝʩʢʦʡ ʛʣʠʥʳ, 

ʯʝʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʚʝʱʝʩʪʚʦʤ ʠ ʠʛʨʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʩʦʨʙʮʠʠ 

ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʝʤʢʦʩʪʠ ʢʘʪʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʥʘ 

ʵʣʝʤʝʥʪʳ Ni,Zn ʠ Cu, ʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʜʚʠʞʥʦʡ ʬʦʨʤʳ Cu ʧʦ 

ʧʦʯʚʝʥʥʦʤʫ ʧʨʦʬʠʣʶ. 

ʇʨʠʘʥʘʣʠʟʝ ʚʘʣʦʚʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʦʚ 

ʢʨʠʦʟʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʠʣʠ ʩʣʘʙʦ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʤ ʧʦʯʚʝʥʥʳʤ ʧʨʦʬʠʣʝʤ. ʇʦ ʚʝʩʦʚʦʤʫ ʩʦʜʝʨʞʘʥʠʶ 

ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʦʚ ʚʦ ʚʩʝʭ ʧʦʜʪʠʧʘʭ ʢʨʠʦʟʝʤʦʚ ʭʘʨʘʢʪʝʨʥʦ ʜʦʤʠʥʠʨʦʚʘʥʠʝ 

SiO2, Al 2O3, Fe2O3 ʠ K2O. ʅʘʠʙʦʣʴʰʘʷ ʩʦʨʙʮʠʷ ʧʦʜʚʠʞʥʳʭ ʬʦʨʤ 

ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ ʫʩʪʘʥʦʚʣʝʥʘ ʚ ʦʢʩʠʜʘʭ ʛʨʫʧʧʳ ʞʝʣʝʟʘ. ʊʘʢʠʝ 

ʤʠʢʨʦʵʣʝʤʝʥʪʳ, Zn ʠ Cu ʦʪʨʘʞʘʶʪ ʩʧʝʮʠʬʠʢʫ ʩʦʨʙʮʠʠ ʦʩʥʦʚʥʳʭ ʦʢʩʠʜʦʚ ʚ 

ʢʨʠʦʟʝʤʘʭ ʍʘʥʥʷ-ʅʘʢʳʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ. ɸʢʢʫʤʫʣʷʮʠʷ As ʠ Pbʩʚʷʟʘʥʦ ʩ 
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ʨʝʟʫʣʴʪʘʪʦʤ ʪʝʭʥʦʛʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʦʯʚʳ ʚ ʟʦʥʝ ʚʣʠʷʥʠʷ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʅɻʆʂʘ. 

ʊʘʙʣʠʮʘ 1 

ʀʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʨʠʦʟʝʤʦʚ ʪʝʨʨʠʪʦʨʠʠ ʍʘʥʥʷ-ʅʘʢʳʥʩʢʦʛʦ 

ʤʝʞʜʫʨʝʯʴʷ 

 

 

 

ʇʦ ʜʘʥʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʙʦʪʳ ʧʨʦʚʝʜʝʥʘ ʠʥʪʝʛʨʘʣʴʥʘʷ ʦʮʝʥʢʘ 

ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦʯʚʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʦʯʚ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ (ʪʘʙʣ. 1). 

ʇʨʠ ʦʙʦʙʱʝʥʠʠ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʚʳʚʦʜʦʚ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʢʨʠʦʟʝʤʳ ʍʘʥʥʷ-ʅʘʢʳʥʩʢʦʛʦ ʤʝʞʜʫʨʝʯʴʷ ʚ ʮʝʣʦʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʩʦʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʠ ʥʠʟʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ 

ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. ʀ ʪʦʣʴʢʦ ʢʨʠʦʟʝʤ ʛʦʤʦʛʝʥʥʳʡ ʛʣʝʝʚʘʪʳʡ 

ʦʧʦʜʟʦʣʝʥʥʳʡ ʦʪʣʠʯʘʝʪʩʷ ʥʠʟʢʦʡ ʩʦʨʙʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴ ʠ, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʳʩʦʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʭʠʤʠʯʝʩʢʦʤʫ ʟʘʛʨʷʟʥʝʥʠʶ. 
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ʇʈʆɻʅʆɿʅʆ-ʇʆʀʉʂʆɺʓɽ ʄʆɼɽʃʀ ʂʆʈɽʅʅʓʍ 

ʀʉʊʆʏʅʀʂʆɺ ɸʃʄɸɿʆɺ ɺ ʂʈɸɽɺʓʍ ʉʊʈʋʂʊʋʈɸʍ ʖɻɸ 

ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄʓ 

 

ɽʛʦʨʦʚ ʂ.ʅ. 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ 

 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʢʦʨʝʥʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʥʘ ʶʛʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ, ʢʘʢ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʘʣʤʘʟʦʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ ʚ ʵʪʦʤ ʨʝʛʠʦʥʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʟʘʚʠʩʷʪ ʦʪ 

ʦʮʝʥʢʠ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʥʦʛʦʬʘʢʪʦʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ 

ʤʦʜʝʣʝʡ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ.  

ɼʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʤʦʜʝʣʝʡ ʚ ʧʨʝʜʝʣʘʭ ʢʨʘʝʚʳʭ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʟʦʥ ʶʛʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʦʚʳʝ ʜʘʥʥʳʝ ʧʦ ʧʨʦʷʚʣʝʥʠʶ ʨʘʟʥʦʚʦʟʨʘʩʪʥʦʛʦ ʤʘʥʪʠʡʥʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ, ʘ ʪʘʢʞʝ 

ʪʠʧʦʤʦʨʬʠʟʤʫ ʘʣʤʘʟʦʚ ʠ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ ʠʥʜʠʢʘʪʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ/ʣʘʤʧʨʦʠʪʦʚ. ʈʘʥʝʝ, ʥʘ ʪʝʨʨʠʪʦʨʠʠ ʦʢʨʘʠʥʥʳʭ 

ʩʪʨʫʢʪʫʨ ʶʛʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʨʠ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʮʠʢʣʘ (1268 ʤʣʥ. ʣʝʪ; 660-630 ʤʣʥ. ʣʝʪ: 370-350 ʤʣʥ. ʣʝʪ), ʩ 

ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʘʣʤʘʟʦʥʦʩʥʳʭ ʠʣʠ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ [4]. ʂ ʜʦʢʝʤʙʨʠʡʩʢʠʤ ʘʣʤʘʟʦʥʦʩʥʳʤ 

ʪʝʣʘʤ ʦʪʥʦʩʠʪʩʷ ʩʝʨʠʷ ʞʠʣʴʥʳʭ ʪʝʣ ʣʘʤʧʨʦʠʪʦʚ ʀʥʛʘʰʠʥʩʢʦʛʦ 

ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʧʦʣʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 30 ʢʤ, ʧʨʠ ʰʠʨʠʥʝ 5-8 ʢʤ [2].  

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʧʦʷʚʠʣʦʩʴ ʩʦʦʙʱʝʥʠʝ ʦ ʙʦʣʝʝ ʤʦʣʦʜʦʤ ʚʦʟʨʘʩʪʝ 

(ʤʝʥʝʝ 300 ʤʣʥ. ʣʝʪ) ʣʘʤʧʨʦʠʪʦʚ ʥʘ ʧʨʠʤʝʨʝ ʧʦʨʦʜ ʞʠʣʳ çʀʩʢʨʘè 

ʀʥʛʘʰʠʥʩʢʦʛʦ ʧʦʣʷ, ʧʦʣʫʯʝʥʥʳʤ ʧʦ U-Pb ʜʘʪʠʨʦʚʘʥʠʶ ʢʩʝʥʦʛʝʥʥʳʭ 

ʮʠʨʢʦʥʦʚ [1]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʚʪʦʨʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ 

ʛʝʦʭʨʦʥʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʘʤʧʨʦʠʪʦʚ ʞʠʣʳ çʇʨʘʚʦʙʝʨʝʞʥʘʷè ʩ 

ʚʦʟʨʘʩʪʦʤ 1268 ʤʣʥ. ʣʝʪ [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ. ɼʣʷ ʵʪʦʛʦ ʠʟ ʢʝʨʥʦʚʦʡ ʧʨʦʙʳ ʧʣʦʪʥʳʭ, ʤʘʩʩʠʚʥʳʭ ʣʘʤʧʨʦʠʪʦʚ 

ʞʠʣʳ çʇʨʘʚʦʙʝʨʝʞʥʘʷè ʙʳʣʘ ʦʪʦʙʨʘʥʘ ʤʦʥʦʤʠʥʝʨʘʣʴʥʘʷ ʬʨʘʢʮʠʷ 

ʬʣʦʛʦʧʠʪʘ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʧʦʨʦʜʳ. ɼʘʪʠʨʦʚʘʥʠʝ 
40
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ʬʣʦʛʦʧʠʪʘ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʀʥʩʪʠʪʫʪʝ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʫʣʴʪʠʢʦʣʣʝʢʪʦʨʥʦʛʦ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʘ Argus VI  ʩ 

ʚʳʩʦʢʦʚʘʢʫʫʤʥʦʡ ʧʝʯʴʶ ʜʚʦʡʥʦʛʦ ʚʘʢʫʫʤʘ. ʈʘʩʯʝʪ ʚʦʟʨʘʩʪʘ ʦʩʫʱʝʩʪʚʣʷʣʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʘ BERN4M, ʚʦʟʨʘʩʪ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʣʩʷ ʨʘʚʥʳʤ 

18.7 Ñ 0.096 ʤʣʥ. ʣʝʪ [5]. ʅʘ ʨʠʩ. 1 ʧʦʢʘʟʘʥ ʚʦʟʨʘʩʪʥʦʡ ʩʧʝʢʪʨ 

ʜʘʪʠʨʦʚʘʥʥʦʛʦ ʬʣʦʛʦʧʠʪʘ ʠʟ ʦʙʨʘʟʮʘ ʇ-1 ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 510
ʦ 
ʉ 

ʜʦ ʧʦʣʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1185
ʦ 
ʉ (21 ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʩʪʫʧʝʥʴ).  

ʏʝʪʳʨʝ ʩʪʫʧʝʥʠ ʚ ʩʨʝʜʥʝʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʬʦʨʤʠʨʫʶʪ ʧʣʘʪʦʧʦʜʦʙʥʳʡ 

ʫʯʘʩʪʦʢ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤ ʚʦʟʨʘʩʪʦʤ 1480.9 Ñ 3.2 ʤʣʥ. ʣʝʪ (ʨʠʩ. 1).  

 

 
ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʩʪʫʧʝʥʯʘʪʦʛʦ ʥʘʛʨʝʚʘ ʤʦʥʦʤʠʥʝʨʘʣʴʥʦʡ ʬʨʘʢʮʠʠ ʬʣʦʛʦʧʠʪʘ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ ʠʟ ʣʘʤʧʨʦʠʪʘ ʞʠʣʳ çʇʨʘʚʦʙʝʨʝʞʥʘʷè. 

 

ʅʘʣʠʯʠʝ ʜʦʢʝʤʙʨʠʡʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʥʘʭʦʜʢʘʤʠ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʘʣʤʘʟʦʚ ʚ ʢʣʘʩʩʝ -2+1 ʠʟ ʚʝʥʜʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʤʦʪʩʢʦʡ 

ʩʚʠʪʳ ʋʨʠʢʩʢʦ-ʀʡʩʢʦʛʦ ʛʨʘʙʝʥʘ ɺʦʩʪʦʯʥʦʛʦ ʇʨʠʩʘʷʥʴʷ. ʇʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʳ ʧʨʦʷʚʣʷʝʪ ʘʙʩʦʣʶʪʥʦʝ ʩʭʦʜʩʪʚʦ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʛʨʫʧʧʦʡ ʘʣʤʘʟʦʚ ʐʝʣʝʭʦʚʩʢʦʡ ʨʦʩʩʳʧʠ ʶʛʘ ʉʠʙʠʨʩʢʦʛʦ 

ʢʨʘʪʦʥʘ [3], ʢʦʪʦʨʳʝ ʧʨʝʪʝʨʧʝʣʠ ʠʥʪʝʥʩʠʚʥʳʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ, 

ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʘʣʤʘʟʦʚ ʠʟ ʜʦʢʝʤʙʨʠʡʩʢʠʭ ʧʨʠʙʨʝʞʥʦ-ʤʦʨʩʢʠʭ 

ʢʦʣʣʝʢʪʦʨʦʚ.  
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ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ, ʠʟʦʪʦʧʥʦ-

ʛʝʦʭʠʤʠʯʝʩʢʠʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʣʘʤʧʨʦʠʪʳ ʞʠʣʳ çʇʨʘʚʦʙʝʨʝʞʥʘʷè 

ʥʝʩʢʦʣʴʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʧʦʨʦʜ ʞʠʣʳ çʀʩʢʨʘè [2], ʯʪʦ ʤʦʞʝʪ, ʚ ʢʘʢʦʡ-ʪʦ 

ʤʝʨʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʜʚʫʭ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʵʪʘʧʘʭ ʧʨʦʷʚʣʝʥʠʷ 

ʣʘʤʧʨʦʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʥʘ ʶʛʝ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʥʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʚʝʱʝʩʪʚʝʥʥʦʤʫ 

ʩʦʩʪʘʚʫ ʧʦʣʠʭʨʦʥʥʳʭ ʠ ʨʘʟʥʦʪʠʧʥʳʭ ʤʘʥʪʠʡʥʳʭ ʧʦʨʦʜ ʚʳʜʝʣʷʶʪʩʷ 

ʩʣʝʜʫʶʱʠʝ ʪʠʧʳ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʤʦʜʝʣʝʡ ʇʨʠʩʘʷʥʩʢʦʡ 

ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʘʣʤʘʟʦʥʦʩʥʦʡ ʟʦʥʳ. 

1. ʇʝʨʚʳʡ ʪʠʧ ʤʦʜʝʣʠ ï ʤʝʟʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (1.4 ï 1.2 ʤʣʨʜ. ʣʝʪ) 

ʬʣʦʛʦʧʠʪ-ʦʣʠʚʠʥʦʚʳʝ ʣʘʤʧʨʦʠʪʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʨʷʜʘ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ Mn-ʠʣʴʤʝʥʠʪ (Mnʆ 2-3 ʤʘʩ.%, ʧʨʠʤʝʩʴ Nb2ʆ5 ʜʦ 3.5 ʤʘʩ. 

%), F-Sr-ʘʧʘʪʠʪ (Srʆ 1.5-12 ʤʘʩ.%, F 2-4 ʤʘʩ. %), La-Ce ʨʘʙʜʦʬʘʥʠʪ (La2ʆ3 

20-22 ʤʘʩ.%, Ce2ʆ3 34-36 ʤʘʩ. %). ʉʨʝʜʠ ʙʘʨʦʬʠʣʴʥʳʭ ʘʢʮʝʩʩʦʨʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʧʠʨʦʧʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ (12%) ʠ ʵʢʣʦʛʠʪʦʚʦʛʦ 

(88%) ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ ʣʘʤʧʨʦʠʪʦʚ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʵʪʠʭ ʧʦʨʦʜ ʚ ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʥʪʠʠ 

ʧʝʨʚʦʛʦ ʪʠʧʘ (EM-1). ʄʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ TNd(DM) ʦʙʦʛʘʱʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʣʘʤʧʨʦʠʪʦʚ ʨʘʚʝʥ 2.1-2.0 ʤʣʨʜ. ʣʝʪ.  

2. ɺʪʦʨʦʡ ʪʠʧ ʤʦʜʝʣʠ ï ʥʝʦʧʨʦʪʝʨʦʟʦʡʩʢʠʝ (660 ï 630 ʤʣʥ. ʣʝʪ) 

ʩʣʶʜʷʥʳʝ ʢʠʤʙʝʨʣʠʪʳ, ʩʣʦʞʝʥʥʳʝ ʚʢʨʘʧʣʝʥʥʠʢʘʤʠ ʠʟʤʝʥʝʥʥʦʛʦ ʦʣʠʚʠʥʘ, 

ʬʣʦʛʦʧʠʪʘ, ʢʘʣʴʮʠʝʚʦʛʦ ʜʠʦʧʩʠʜʘ ʠ ʭʨʦʤʜʠʦʧʩʠʜʘ (Cr2O3 1.5-2.5 ʤʘʩ.%). ɺ 

ʢʠʤʙʝʨʣʠʪʝ ʦʪʤʝʯʘʶʪʩʷ ʨʝʜʢʠʝ ʟʝʨʥʘ ʧʠʢʨʦʠʣʴʤʝʥʠʪʘ, ʘ ʪʘʢʞʝ 

ʤʘʥʛʘʥʦʠʣʴʤʝʥʠʪʘ ʩ ʘʥʦʤʘʣʴʥʦ ʚʳʩʦʢʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʦʢʩʠʜʘ ʤʘʨʛʘʥʮʘ 

(ʜʦ 17 ʤʘʩ.%). ʇʦ ʠʟʦʪʦʧʠʠ (-9.0 eNd ʠ 0.7050 
87

Sr/
86

Sr(t)) ʤʘʥʪʠʡʥʳʡ 

ʠʩʪʦʯʥʠʢ ʢʠʤʙʝʨʣʠʪʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʥʪʠʠ ʧʝʨʚʦʛʦ ʪʠʧʘ 

(EM-1). ʄʦʜʝʣʴʥʳʡ ʚʦʟʨʘʩʪ TNd(DM) ʦʙʦʛʘʱʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʚʝʥ 2.1 ʤʣʨʜ. ʣʝʪ.  

3. ʊʨʝʪʠʡ ʪʠʧ ʤʦʜʝʣʠ ï ʣʘʤʧʨʦʠʪʦʠʜʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʣʘʛʘʶʱʠʝ 

ʜʘʡʢʦʚʳʝ ʪʝʣʘ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (370 ʤʣʥ. ʣʝʪ). ʉʨʝʜʠ 

ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʪʤʝʯʘʶʪʩʷ ʤʠʢʨʦʘʣʤʘʟʳ, ʝʜʠʥʠʯʥʳʝ ʧʠʨʦʧʳ 

ʣʝʨʮʦʣʠʪʦʚʦʛʦ ʧʘʨʘʛʝʥʝʟʠʩʘ, ʧʠʨʦʧ-ʘʣɹʤʘʥʜʠʥʳ, ʛʨʘʥʘʪʳ ʛʦʣʜʤʘʥʜʠʪ-

ʫʚʘʨʦʚʠʪʦʚʦʛʦ ʨʷʜʘ, ʭʨʦʤʛʨʦʩʩʫʣʷʨʳ, ʭʨʦʤʰʧʠʥʝʣʠʜʳ (Cr2ʆ3 40-59 
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ʤʘʩ.%). ʉʦʛʣʘʩʥʦ ʠʟʦʪʦʧʠʠ (ŮNd = -8.39, 
87

Sr/
86

Sr(t) = 0.7086) ʠʩʪʦʯʥʠʢ 

ʣʘʤʧʨʦʠʪʦʠʜʦʚ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʦʣʝ ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʥʪʠʠ. ʄʦʜʝʣʴʥʳʡ 

ʚʦʟʨʘʩʪ TNd(DM) ʦʙʦʛʘʱʝʥʠʷ ʤʘʥʪʠʡʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʣʘʤʧʨʦʠʪʦʠʜʦʚ ʨʘʚʝʥ 

1.8 ʤʣʨʜ. ʣʝʪ, ʪ. ʝ. ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʤʦʜʝʣʴʥʳʭ ʚʦʟʨʘʩʪʦʚ ʠʩʪʦʯʥʠʢʦʚ EM1-

ʪʠʧʘ (AR3-PR1). 

4. ʏʝʪʚʝʨʪʳʡ ʪʠʧ ʤʦʜʝʣʠ ï ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʝ (ʤʝʥʝʝ 300 ʤʣʥ. ʣʝʪ) 

ʣʘʤʧʨʦʠʪʳ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩ ʬʣʦʛʦʧʠʪ-ʘʧʘʪʠʪ-ʨʫʪʠʣʦʚʦʡ 

ʦʩʥʦʚʥʦʡ ʤʘʩʩʦʡ. ɺ ʧʦʨʦʜʘʭ ʚʩʪʨʝʯʘʶʪʩʷ ʪʝʪʨʘʬʝʨʨʠʬʣʦʛʦʧʠʪ (TiO2 6-8 

ʤʘʩ.%, Al 2O3 5-7 ʤʘʩ.%), ʧʨʘʡʜʝʨʠʪ, Nb-ʨʫʪʠʣ (Nb2ʆ5 ʜʦ 1.61 ʤʘʩ. %) ʠ ʜʨ. 

ʉʨʝʜʠ ʙʘʨʦʬʠʣʴʥʳʭ ʘʢʮʝʩʩʦʨʥʳʭ ʤʠʥʝʨʘʣʦʚ ʫʩʪʘʥʦʚʣʝʥʳ ʘʣʤʘʟʳ, ʧʠʨʦʧʳ 

ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʠ ʵʢʣʦʛʠʪʦʚʦʛʦ (ʚ ʪ.ʯ. ʘʣʤʘʟʦʥʦʩʥʳʭ) ʧʘʨʘʛʝʥʝʟʠʩʦʚ. ʇʦ 

ʠʟʦʪʦʧʥʦʤʫ ʩʦʩʪʘʚʫ ʤʘʥʪʠʡʥʳʡ ʠʩʪʦʯʥʠʢ ʣʘʤʧʨʦʠʪʦʚ ʦʪʥʦʩʠʪʩʷ ʢ 

ʦʙʦʛʘʱʝʥʥʦʡ ʤʘʥʪʠʠ ʧʝʨʚʦʛʦ ʪʠʧʘ (EM-1).  

ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʥʳʝ ʧʨʦʛʥʦʟʥʦ-

ʧʦʠʩʢʦʚʳʝ ʤʦʜʝʣʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ ʶʛʘ ʉʠʙʠʨʩʢʦʛʦ ʢʨʘʪʦʥʘ 

ʠʤʝʶʪ ʦʙʱʠʝ ʠʟʦʪʦʧʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ ʨʝʟʢʦ ʦʪʣʠʯʥʳʝ ʦʪ 

ʩʣʶʜʷʥʳʭ ʧʠʢʨʠʪʦʚ ʠ ʱʝʣʦʯʥʳʭ ʧʦʨʦʜ ʟʠʤʠʥʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʇʨʠʩʘʷʥʴʷ. 
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ɺɸʈʀɸʎʀʀ ʆʉʅʆɺʅʓʍ ʇɸʈɸʄɽʊʈʆɺ ɸʃʄɸɿʆʅʆʉʅʆʉʊʀ 

ɻɽʆʃʆɻʆ-ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʊʀʇʆɺ ʂʀʄɹɽʈʃʀʊʆɺ  

ʅɸ ʅʀɾʅʀʍ ɻʆʈʀɿʆʅʊɸʍ ʄɽʉʊʆʈʆɾɼɽʅʀʗ  

ʊʈʋɹʂʀ çʅʖʈɹʀʅʉʂɸʗè 

 

ɽʛʦʨʦʚ ʂ.ʅ., ʂʦʰʢʘʨʝʚ ɼ.ɸ. 

ʀʥʩʪʠʪʫʪ ʟʝʤʥʦʡ ʢʦʨʳ ʉʆ ʈɸʅ, ʛ. ʀʨʢʫʪʩʢ 

 

ʅʘ ʦʩʥʦʚʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʨʦʝʥʠʷ ʪʨʫʙʢʠ 

çʅʶʨʙʠʥʩʢʘʷè, ʚʝʱʝʩʪʚʝʥʥʦʛʦ ʩʦʩʪʘʚʘ ʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʩʣʘʛʘʶʱʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʥʘ ʛʣʫʙʦʢʠʭ ʛʦʨʠʟʦʥʪʘʭ ʨʫʜʥʦʛʦ ʪʝʣʘ (+70ʤ ï -5ʤ) ʚʳʜʝʣʝʥʳ 

ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʅʘ ʢʘʞʜʦʤ ʵʪʘʧʝ 

ʩʪʘʥʦʚʣʝʥʠʷ ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʨʦʠʩʭʦʜʠʣʦ ʚʥʝʜʨʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʧʦ 

ʚʝʱʝʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʛʝʦʣʦʛʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ 

ʙʳʣ ʠʟʫʯʝʥ ʢʝʨʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʧʦ 540 ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʩʢʚʘʞʠʥʘʤ ʠ 

ʧʨʦʚʝʜʝʥ ʦʙʱʠʡ ʘʥʘʣʠʟ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ (ʩʦʜʝʨʞʘʥʠʝ, ʩʠʪʦʚʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʩʪʦʠʤʦʩʪʥʘʷ ʦʮʝʥʢʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʪ.ʜ.) ʧʦ 475 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤ ʧʨʦʙʘʤ.  

ɺ ʧʝʨʚʳʡ ʵʪʘʧ ʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙʢʠ çʅʶʨʙʠʥʩʢʘʷè ʦʙʨʘʟʦʚʘʣʠʩʴ 

ʧʨʠʢʦʥʪʘʢʪʦʚʳʝ ʩʠʣʴʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʝ ʙʨʝʢʯʠʠ. ʆʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʙʱʠʤʠ ʩʦʜʝʨʞʘʥʠʷʤʠ ʧʦʣʝʟʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʨʘʡʥʝ ʨʝʜʢʦ ʧʨʝʚʳʰʘʝʪ 50 ʫ.ʝ. ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ 2 ʨʘʟʘ ʥʠʞʝ ʩʨʝʜʥʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʧʦ ʚʩʝʤʫ ʦʙʲʝʤʫ ʨʫʜʥʦʛʦ 

ʪʝʣʘ. ʇʨʠ ʵʪʦʤ ʘʥʘʣʠʟ ʩʠʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ ʧʦʢʘʟʘʣ ʷʚʥʦʝ 

ʧʨʝʦʙʣʘʜʘʥʠʝ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ. ʉ ʚʦʟʨʘʩʪʘʥʠʝʤ ʛʣʫʙʠʥʳ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ 

ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʙʨʝʢʯʠʡ ʠʤʝʝʪ ʥʝʙʦʣʴʰʫʶ 

ʪʝʥʜʝʥʮʠʶ ʢ ʚʦʟʨʘʩʪʘʥʠʶ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʝʨʚʳʭ 10%. 

ʆʪʨʠʮʘʪʝʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʡ ʦʪʨʘʙʦʪʢʠ ʜʘʥʥʦʛʦ ʛʝʦʣʦʛʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ 

ʚʪʦʨʠʯʥʦʡ ʥʘʣʦʞʝʥʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʘʣʴʮʠʪʠʟʘʮʠʠ, ʩʫʣʴʬʠʜʠʟʘʮʠʠ ʠ 

ʦʢʚʘʨʮʝʚʘʥʠʷ. 
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ɹʣʠʟʢʦ ʧʦ ʚʨʝʤʝʥʠ ʩʪʘʥʦʚʣʝʥʠʷ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʘʚʪʦʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ 

(ɸʂɹ I), ʩʣʘʛʘʶʱʠʝ ʦʩʥʦʚʥʦʡ ʦʙʲʝʤ ʨʫʜʥʦʡ ʤʘʩʩʳ ʚ ʧʨʝʜʝʣʘʭ ʶʞʥʦʛʦ 

ʬʣʘʥʛʘ ʪʨʫʙʢʠ, ʘ ʚ ʩʝʚʝʨʥʦʡ ʯʘʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʪʁ ʦʛʨʘʥʠʯʝʥʥʦʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ. ʀʭ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʡ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ʧʦ ʤʝʩʪʦʨʦʞʜʝʥʠʶ ʠ ʩʦʩʪʘʚʣʷʝʪ 45-50 ʫ.ʝ. ʆʜʥʘʢʦ ʜʘʥʥʳʡ 

ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʪʠʧ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʦʚʳʰʝʥʥʳʤ ʢʘʯʝʩʪʚʦ 

ʢʘʤʥʝʡ ʢʨʫʧʥʳʭ ʢʣʘʩʩʦʚ (+4). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ 

ʢʨʫʧʥʳʭ ʢʘʤʥʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʩʝʛʦ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʩʨʝʜʥʠʡ ʚʝʩ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʝʥʘ ʧʦʢʘʟʘʣʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (212 ʤʛ ʧʨʦʪʠʚ 

175.9 ʤʛ ʧʦ ʨʫʜʘʤ ʩʝʚʝʨʥʳʭ ʬʣʘʥʛʦʚ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ 198.1 ʤʛ ʧʦ ʨʫʜʘʤ 

ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ). ʂ ʪʦʤʫ ʞʝ, ɸʂɹ I ʦʪʣʠʯʘʝʪʩʷ ʫʩʪʦʡʯʠʚʳʤʠ 

ʩʦʜʝʨʞʘʥʠʷʤʠ ʤʝʣʢʠʭ ʢʣʘʩʩʦʚ (-1+0.5 ʠ -2+1) ʢʦʪʦʨʳʝ ʠʤʝʶʪ 

ʤʠʥʠʤʘʣʴʥʳʝ ʚʘʨʠʘʮʠʠ.  

ɺʦ ʚʪʦʨʦʡ ʵʪʘʧ ʩʪʘʥʦʚʣʝʥʠʷ ʪʨʫʙʢʠ çʅʶʨʙʠʥʩʢʘʷè ʩʬʦʨʤʠʨʦʚʘʥʳ 

ʘʚʪʦʣʠʪʦʚʳʝ ʙʨʝʢʯʠʠ (ɸʂɹ II), ʩʣʘʛʘʶʱʠʝ ʩʝʚʝʨʥʫʶ ʠ ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʫʶ 

ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʥʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ɸʂɹ I ʶʞʥʳʭ ʬʣʘʥʛʦʚ 

ʨʫʜʥʦʛʦ ʪʝʣʘ ʧʦ ʧʝʪʨʦʛʨʘʬʦ-ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ 

ʧʘʨʘʤʝʪʨʘʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ʇʦ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ ɸʂɹ II ʩʝʚʝʨʘ, ʩʝʚʝʨʦ-

ʚʦʩʪʦʢʘ ʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ ʙʦʛʘʪʳʤʠ ʨʫʜʘʤʠ (45-50 ʫ.ʝ.) ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʫʩʪʦʡʯʠʚʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠ ʩʠʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʣʤʘʟʦʚ. ʇʨʠ ʵʪʦʤ ʦʥʠ 

ʦʪʣʠʯʘʶʪʩʷ ʢʨʘʡʥʝ ʢʦʥʪʨʘʩʪʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴʶ. ʅʘʙʣʶʜʘʶʪʩʷ ʩʠʣʴʥʳʝ 

ʚʘʨʠʘʮʠʠ ʩʦʜʝʨʞʘʥʠʡ ʢʘʢ ʤʝʣʢʠʭ, ʪʘʢ ʠ ʢʨʫʧʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʣʘʩʩʦʚ. 

ɸʂɹ II  ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʘʤʥʝʡ ʩʨʝʜʥʠʭ ʠ 

ʢʨʫʧʥʳʭ ʩʠʪʦʚʳʭ ʢʣʘʩʩʦʚ, ʥʦ ʧʨʠ ʵʪʦʤ ʢʘʤʥʠ ʨʘʟʤʝʨʦʤ -4+2 ʙʫʜʫʪ ʠʤʝʪʴ 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʮʝʥʦʚʳʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʢʘʤʥʠ ʨʘʥʛʘ -8+4 ʤʠʥʠʤʘʣʴʥʳʝ. 

ʂʦʥʪʨʘʩʪʥʦʩʪʴ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ɸʂɹ II  ʯʘʩʪʠʯʥʦ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʣʠʯʠʝʤ 

ʦʙʦʩʦʙʣʝʥʥʳʭ ʟʦʥ ʩ ʧʦʚʳʰʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʦʙʣʦʤʢʦʚ ʚʤʝʱʘʶʱʠʭ 

ʧʦʨʦʜ.  

ɺ ʪʨʝʪʠʡ, ʟʘʚʝʨʰʘʶʱʠʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʨʫʙʢʠ çʅʶʨʙʠʥʩʢʘʷè, 

ʧʨʦʠʟʦʰʣʦ ʚʥʝʜʨʝʥʠʝ ʘʚʪʦʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ (ɸʂɹ III), ʩʣʘʛʘʶʱʝʡ 

ʮʝʥʪʨʘʣʴʥʫʶ ʯʘʩʪʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ (ʨʠʩ. 1). 
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ʈʠʩ. 1. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ɸʂɹ III  ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ 

çʅʶʨʙʠʥʩʢʘʷè ʥʘ ʛʦʨʠʟʦʥʪʘʭ +70ʤ õ-5ʤ. 

 

ɼʣʷ ɸʂɹ III  ʭʘʨʘʢʪʝʨʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʢʣʶʯʝʥʠʡ 

ʧʝʨʠʜʦʪʠʪʦʚ ʠ ʵʢʣʦʛʠʪʦʚ, ʢʨʫʧʥʳʭ ʧʩʝʚʜʦʤʦʨʬʦʟ ʧʦ ʦʣʠʚʠʥʫ, ʘ ʪʘʢʞʝ 

ʧʠʨʦʧʦʚ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ. ɸʂɹ III  ʚʳʧʦʣʥʷʝʪ ʤʦʱʥʦʝ ʰʪʦʢʦʦʙʨʘʟʥʦʝ 

ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʪʝʣʦ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ ʠ ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʦʙʲʝʤʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʛʣʫʙʦʢʠʭ (ʥʠʞʝ +25) 

ʛʦʨʠʟʦʥʪʘʭ (ʨʠʩ. 1). ɸʂɹ II I ʬʦʨʤʠʨʫʶʪ ʥʘ ʢʦʥʪʘʢʪʘʭ ʩ ʜʨʫʛʠʤʠ ʪʠʧʘʤʠ 

(ɸʂɹ I ʠ ɸʂɹ II) ʤʦʱʥʳʝ ʟʦʥʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʤʝʰʘʥʥʳʭ ʛʠʙʨʠʜʥʳʭ 

ʪʠʧʦʚ ʢʠʤʙʝʨʣʠʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʫʩʨʝʜʥʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ 

ʚʝʱʝʩʪʚʝʥʥʦʤʫ ʩʦʩʪʘʚʫ ʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ.  

ɸʂɹ III  ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʨʦʜʫʢʪʠʚʥʳʤʠ ʧʦ ʫʨʦʚʥʶ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʠ ʢʘʯʝʩʪʚʫ ʘʣʤʘʟʦʚ (ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʧʦ ʢʣʘʩʩʫ +0.5 ï 

60.3% ʠ ʧʦ ʢʣʘʩʩʫ -4+1 ï 48.9%) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʦ-

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʪʠʧʘʤʠ. ʆʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʙʳʯʥʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 

55-70 ʫ.ʝ. ʆʩʥʦʚʥʘʷ ʥʘʛʨʫʟʢʘ ʦʙʱʝʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʚ ʨʘʚʥʦʡ ʤʝʨʝ ʣʦʞʠʪʩʷ 

ʥʘ ʢʣʘʩʩʳ -2+1 ʠ -4+2. ɼʨʫʛʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ɸʂɹ III  ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʤʥʝʡ ʩʨʝʜʥʠʭ ʠ ʢʨʫʧʥʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʚ ʩʨʘʚʥʝʥʠʠ 

ʩ ɸʂɹ I ʠ ɸʂɹ II  ʶʞʥʳʭ ʠ ʩʝʚʝʨʥʳʭ ʬʣʘʥʛʦʚ ʪʨʫʙʢʠ. ʇʨʠ ʵʪʦʤ ʩʨʝʜʥʠʡ ʚʝʩ 

(199 ʤʛ) ʢʨʠʩʪʘʣʣʦʚ ʩ ʨʘʟʤʝʨʘʤʠ +4 ʚ ɸʂɹ III  ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʪʨʫʙʢʠ 

ʥʠʞʝ, ʯʝʤ ʚ ɸʂɹ I (ʩʨʝʜʥʠʡ ʚʝʩ 212 ʤʛ) ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʚ ɸʂɹ 
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II  (ʩʨʝʜʥʠʡ ʚʝʩ 175,9 ʤʛ). ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʘʣʤʘʟʦʚ ʢʨʫʧʥʳʭ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʢʣʘʩʩʦʚ ʠʟ ʨʘʟʥʳʭ ʛʝʦʣʦʛʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʠʧʦʚ 

ʢʠʤʙʝʨʣʠʪʦʚ ʪʨʫʙʢʠ çʅʶʨʙʠʥʩʢʘʷè ʭʘʨʘʢʪʝʨʥʘ ʦʙʨʘʪʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩ 

ʦʙʱʠʤ ʫʨʦʚʥʝʤ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ. ɺ ʜʨʫʛʠʭ ʢʨʫʧʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ 

ʘʣʤʘʟʦʚ ʗʢʫʪʠʠ (ʪʨʫʙʢʠ çʖʙʠʣʝʡʥʘʷè, çʂʦʤʩʦʤʦʣʴʩʢʘʷè ʠ ʜʨ.) ʧʦʜʦʙʥʦʡ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ [1-3 ʠ ʜʨ.].  

ɺ ʮʝʣʦʤ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʫʩʨʝʜʥʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦ ʚʘʨʠʘʮʠʷʤ ʩʠʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʮʝʥʦʚʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʪ.ʜ., ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʘʣʤʘʟʦʚ, ʧʦʢʘʟʳʚʘʶʪ ʠʭ ʥʝʙʦʣʴʰʠʝ 

ʚʘʨʠʘʮʠʠ ʧʦ ʚʝʨʪʠʢʘʣʠ ʨʫʜʥʦʛʦ ʪʝʣʘ. ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʧʘʨʘʤʝʪʨʳ 

ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠʤʝʶʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʦʪ 2 ʜʦ 10 

ʧʦʨʷʜʢʦʚ) ʧʦ ʣʘʪʝʨʘʣʠ ʢʘʞʜʦʛʦ ʛʦʨʠʟʦʥʪʘ ʪʨʫʙʦʯʥʦʛʦ ʪʝʣʘ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʫʨʦʚʝʥʴ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʧʦ ʣʘʪʝʨʘʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʥʘ ʛʦʨʠʟʦʥʪʝ +70ʤ 

ʚʘʨʴʠʨʫʝʪ ʦʪ 15 ʜʦ 110 ʫ.ʝ., ʧʨʠ ʵʪʦʤ ʚʘʨʠʘʙʝʣʴʥʦʩʪʴ ʩʠʪʦʚʳʭ ʢʣʘʩʩʦʚ 

ʘʣʤʘʟʦʚ ʧʦ ʣʘʪʝʨʘʣʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʛʦʨʠʟʦʥʪʘʭ ʪʘʢʞʝ ʦʯʝʥʴ ʟʥʘʯʠʪʝʣʴʥʘ. 

ɼʘʥʥʘʷ ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʝʡʰʠʤ ʵʣʝʤʝʥʪʦʤ ʚ ʭʦʜʝ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦʙʳʯʠ, ʪʘʢ ʢʘʢ ʧʦʟʚʦʣʷʝʪ ʤʘʥʝʚʨʠʨʦʚʘʪʴ 

ʧʦʢʚʘʨʪʘʣʴʥʳʤ ʚʳʭʦʜʦʤ ʧʦʣʝʟʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʦʙʦʛʘʪʠʪʝʣʴʥʦʡ 

ʬʘʙʨʠʢʝ. 
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ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ɻɽʆʍʀʄʀʏɽʉʂʀʍ ʕʃɽʄɽʅʊʅʓʍ 

ɸʉʉʆʎʀɸʎʀʁ ʀ ʅɽʂʆʊʆʈʓɽ ʉʃɽɼʉʊɺʀʗ ʄɽʊʆɼɸ 

ʇʆʃʋʏɽʅʀʗ ʆʎɽʅʆʂ ʀʅʌʆʈʄɸʎʀʆʅʅʆʁ ʕʅʊʈʆʇʀʀ ʀ 

ʏɸʉʊʅʆʁ ʀʅʌʆʈʄɸʎʀʀ ʇʆ ɼɸʅʅʓʄ ʕʅɼʆɻɽʅʅʓʍ 

ɻɽʆʍʀʄʀʏɽʉʂʀʍ ʆʈɽʆʃʆɺ ʄɽʉʊʆʈʆɾɼɽʅʀʗ 

ʄɸʁʉʂʆɽ (ʎɽʅʊʈɸʃʔʅɸʗ ʏʋʂʆʊʂɸ) 

 

ɽʩʠʧʝʥʢʦ ɸ.ɻ. 

ʉʝʚʝʨʦïɺʦʩʪʦʯʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʅ.ɸ. ʐʠʣʦ 

ɼɺʆ ʈɸʅ, ʛ. ʄʘʛʘʜʘʥ 

 

ɺ ʨʘʙʦʪʝ ʨʝʘʣʠʟʦʚʘʥ ʩʠʩʪʝʤʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠ 

ʦʙʦʩʥʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʣʠ ʧʥʝʚʤʘʪʦʣʠʪʦ-

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʚ ʫʩʣʦʚʠʷʭ ʦʙʱʝʛʦ ʨʘʩʩʝʷʥʠʷ ʚʝʱʝʩʪʚʘ ʛʠʜʨʦʪʝʨʤʳ, 

ʚʥʝʜʨʷʶʱʝʛʦʩʷ ʟʘ ʦʜʥʫ ʠʣʠ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ ʚ ʪʝʢʪʦʥʠʯʝʩʢʠ 

ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʚʤʝʱʘʶʱʠʝ ʪʦʣʱʠ, ʚʦʟʤʦʞʥʦ ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʟʦʥʝ 

ʜʝʡʩʪʚʠʷ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠʣʠ ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ (ʠʣʠ ʩʫʤʤʳ ʵʪʠʭ 

ʬʘʢʪʦʨʦʚ). ɼʘʥʳ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʥʦʡ ʘʩʩʦʮʠʘʮʠʠ ʠ 

ʢʦʥʮʝʧʮʠʷ ʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʦʙʲʝʢʪʘ-ʠʤʧʫʣʴʩʘ, 

ʢʘʢ ʜʠʩʩʠʧʘʪʠʚʥʦ-ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ,  ʨʝʘʣʠʟʫʶʱʝʡʩʷ ʚ ʚʠʜʝ 

ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʩ ʠʭ ʚʟʘʠʤʥʳʤʠ ʩʚʷʟʷʤʠ. ʈʝʰʝʥʘ 

ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ, ʥʘ ʦʩʥʦʚʝ ʘʧʧʘʨʘʪʘ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ ʠ ʯʘʩʪʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʤʝʨ ʦʨʛʘʥʠʟʘʮʠʠ 

ʚʝʱʝʩʪʚʘ ʧʦʣʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʚʳʯʠʩʣʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʣʘʪʝʨʘʣʴʥʫʶ ʠ 

ʚʝʨʪʠʢʘʣʴʥʫʶ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʟʦʥʘʣʴʥʦʩʪʠ, ʫʩʪʘʥʦʚʠʪʴ ʢʘʯʝʩʪʚʝʥʥʫʶ 

ʪʝʨʤʘʣʴʥʦʩʪʴ ʘʩʩʦʮʠʘʮʠʡ, ʥʘ ʢʦʪʦʨʳʝ ʨʘʩʩʣʘʠʚʘʝʪʩʷ ʤʥʦʛʦʵʣʝʤʝʥʪʥʳʡ 

ʵʥʜʦʛʝʥʥʳʡ ʦʨʝʦʣ ʠʩʩʣʝʜʫʝʤʦʛʦ ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʝʜʣʦʞʝʥʥʳʡ 

ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʫ  ʁ ʜʚʦʡʩʪʚʝʥʥʦʩʪ ɹ

ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʜʦʛʝʥʥʦʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ, ʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʲʷʩʥʠʪʴ ʵʪʫ ʜʚʦʡʩʪʚʝʥʥʦʩʪʴ ʜʝʡʩʪʚʠʝʤ ʘʜʜʠʪʠʚʥʦʛʦ 

ʪʝʨʤʘʣʴʥʦʛʦ ʬʘʢʪʦʨʘ (ɸʊʌ). ʄʝʪʦʜ ʙʳʣ ʧʨʠʤʝʥʝʥ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʜʥʦʛʦ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ ʈʦʩʩʠʠ. ʆʥ 
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ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʫʪʦʯʥʝʥʠʷ ʩʦʩʪʘʚʘ, ʩʪʘʜʠʡʥʦʩʪʠ, ʚʦʟʤʦʞʥʦʡ 

ʧʦʣʠʭʨʦʥʥʦʩʪʠ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ ʨʘʟʥʳʭ ʤʘʩʰʪʘʙʦʚ, ʘʜʝʢʚʘʪʥʳʭ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʩʠʩʪʝʤʥʦʡ ʤʦʜʝʣʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʠ ʜʨʫʛʠʭ ʜʠʩʮʠʧʣʠʥ ʧʦʟʚʦʣʠʣʠ 

ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʥʠʭ, ʧʨʝʜʣʦʞʝʥʥʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʂ. ʐʝʥʥʦʥʦʤ [3] 

ʫʥʠʚʝʨʩʘʣʴʥʳʝ ʤʝʨʳ. ʆʥʠ ʜʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʠʪʴ ʩʫʱʥʦʩʪʴ ʥʦʚʦʡ 

ʥʘʫʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʦʥʷʪʠʷ çʠʥʬʦʨʤʘʮʠʷè ʢʘʢ ʤʝʨʳ ʩʪʨʫʢʪʫʨʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʦʨʛʘʥʠʟʘʮʠʠ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ 

ʦʙʲʝʢʪʦʚ. ʆʨʛʘʥʠʟʘʮʠʠ, ʢʘʢ ʬʠʟʠʯʝʩʢʦʤʫ ʘʥʘʣʦʛʫ ʨʦʣʠ, ʢʦʪʦʨʫʶ ʠʛʨʘʝʪ 

ʰʝʥʥʦʥʦʚʩʢʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʵʥʪʨʦʧʠʡʥʳʭ, ʪʝʦʨʝʪʠʢʦ-

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ  ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ʦʙʲʝʢʪʦʚ, ʠ ʧʨʠʡʪʠ ʢ ʧʦʥʷʪʠʶ ʦʙ 

ʦʨʛʘʥʠʟʘʮʠʠ ʬʠʟʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ, ʢʘʢ ʜʠʘʣʝʢʪʠʯʝʩʢʦʤ ʧʘʨʪʥʝʨʝ ʝʛʦ ʞʝ 

ʵʥʪʨʦʧʠʠ ʠʣʠ ʭʘʦʩʘ. ʊʘʢʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʨʛʘʥʠʟʘʮʠʶ ʢʘʢ 

ʩʠʩʪʝʤʫ, ʬʦʨʤʠʨʫʶʱʫʶʩʷ ʠʟ çʩʦʙʩʪʚʝʥʥʦʛʦè ʥʘʯʘʣʴʥʦʛʦ ʦʙʲʝʤʘ çʭʘʦʩʘè 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʦʙʲʝʢʪʘ, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ, ʨʘʩʩʝʠʚʘʷʩʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ (ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ) ʩʦʙʩʪʚʝʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. 

ʉʠʩʪʝʤʫ, ʨʝʘʣʠʟʫʶʱʫʶ ʯʘʩʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ ʧʫʪʝʤ ʯʘʩʪʠʯʥʦʡ 

ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʝʩʪʚʘ ʦʙʲʝʤʘ ʦʙʲʝʢʪʘ-ʠʤʧʫʣʴʩʘ (ʚ ʚʠʜʝ ʢʦʥʮʝʥʪʨʘʮʠʠ), 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʛʦ ʦʙʱʝʡ ʩʦʚʝʨʰʠʚʰʝʡʩʷ (ʚ ʨʝʟʫʣʴʪʘʪʝ) ʜʠʩʩʠʧʘʮʠʠ.  

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʷʚʣʷʶʪʩʷ ʜʠʘʣʝʢʪʠʯʝʩʢʠʝ ʜʠʩʩʠʧʘʪʠʚʥʦ-

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʦʙʲʝʢʪʳ ï ʨʫʜʥʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ ï ʤʥʦʛʠʝ  

ʵʥʜʦʛʝʥʥʳʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʧʦʣʷ.  

ʊʝʭʥʠʢʘ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʘ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʦʤ ʧʣʘʥʝ ʩʚʦʜʠʪʩʷ ʢ 

ʪʦʤʫ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ (ʥʘʧʨʠʤʝʨ, ʠʟ ʬʦʨʤʘʮʠʦʥʥʳʭ 

ʧʦʩʳʣʦʢ) ʵʣʝʤʝʥʪʘ-ʘʩʩʦʮʠʘʪʦʨʘ, ʧʦʣʫʯʘʶʪʩʷ ʜʚʘ ʨʷʜʘ ʦʮʝʥʦʢ: ʣʘʪʝʨʘʣʴʥʳʝ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʣʘʪʝʨʘʣʴʥʦʛʦ ʫʤʝʥʴʰʝʥʠʷ ʦʮʝʥʦʢ ȹhe - ʩʦʘʥʦʤʘʣʴʥʦʩʪʠ 

ʨʷʜʦʚʳʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʩʩʦʮʠʘʪʦʨʦʤ) ʠ ʚʝʨʪʠʢʘʣʴʥʳʝ (ʩʨʝʜʥʠʝ ʤʝʞʜʫ 

ʪʝʥʜʝʥʮʠʝʡ ʟʦʥʠʨʦʚʘʥʠʷ ʚʚʝʨʭ ʠ ʚʥʠʟ ʚ ʨʘʤʢʘʭ ʜʠʘʧʘʟʦʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ), 

ʊʘʢ ʧʦʣʫʯʘʶʪʩʷ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʥʳʝ ʘʩʩʦʮʠʘʮʠʠ. ɼʣʷ 

ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʘʩʩʦʮʠʘʮʠʡ, ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʩʦʦʪʥʝʩʝʥʳ ʩ ʜʘʥʥʳʤʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʥʳʭ ʤʘʩʩ, ʢʦʨʨʝʣʷʮʠʝʡ ʵʣʝʤʝʥʪʦʚ, 

ʤʠʥʝʨʘʣʴʥʳʤʠ ʘʩʩʦʮʠʘʮʠʷʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦʙ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
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(ʵʪʘʧʘʭ, ʩʪʘʜʠʷʭ), ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʤʘʛʤʘʪʠʟʤʝ, 

ʜʘʥʥʳʤʠ ʧʦ ʬʣʶʠʜʥʳʤ ʚʢʣʶʯʝʥʠʷʤ, ʪʝʤʧʝʨʘʪʫʨʘʤ, ʛʣʫʙʠʥʘʤ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ, ʠ ʪ.ʜ. ʂʘʞʜʳʡ ʪʠʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʦʥʘʣʴʥʦʩʪʠ ʠʟ 

ʜʚʫʭ ʚʦʟʤʦʞʥʳʭ ʥʘʟʦʚʝʤ ʬʦʨʤʠʥʛʦʤ, 1 (ʛʦʨʷʯʠʡ) ʠʣʠ 2 (ʭʦʣʦʜʥʳʡ).  

ɺ ʢʣʶʯʝ ʨʘʟʚʠʚʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ ʦʜʥʦʤ 

ʛʠʧʩʦʤʝʪʨʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʚ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ʨʝʘʣʠʟʦʚʘʣʠʩʴ ʯʝʪʳʨʝ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʠ: 1) +[Bi, Sn, W, Be, Mo]ùī[Y, Zn], ʫʩʣʦʚʥʦ 

ʨʝʜʢʦʤʝʪʘʣʣʴʥʘʷ, t = 530
0
ʉ, ʛʣʫʙʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 3 ʢʤ, ʪʠʧ 1; 2) +[Au, As, 

Sb, Mn, Ba]ùī[Cr], ʟʦʣʦʪʦ-ʩʫʣʴʬʠʜʥʦ-ʚʢʨʘʧʣʝʥʥʘʷ, t = 400
0
ʉ, ʛʣʫʙʠʥʘ 

ʬʦʨʤʠʨʦʚʘʥʠʷ 3 ʢʤ, ʪʠʧ 1; 3) +[Ag, Cu] ùī[Co, V, Ni], t = 330
0
ʉ ʚ ʷʜʨʝ, ʠ 

ʚʪʦʨʦʡ ʪʠʧ ʬʦʨʤʠʥʛʘ ʜʣʷ ʝʝ ʟʦʥʳ ʚʳʥʦʩʘ (ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʦʭʣʘʞʜʝʥʠʝ, ʧʨʠ ʛʦʨʷʯʝʤ ʷʜʨʝ ʩ t ɸʊʌ ʚ ʧʦʣʦʩʝ ʙʠʬʫʨʢʘʮʠʠ ʬʦʨʤʠʥʛʘ), 

ʛʣʫʙʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 1,2 ʢʤ; 4) +[Ag, Pb, Au, Sr], ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʘʷ, 

ʚʪʦʨʦʡ ʪʠʧ ʬʦʨʤʠʥʛʘ, t ʦʪ 280
0
ʉ ʠ ʥʠʞʝ ʚ ʩʨʝʜʥʝʤ, ʛʣʫʙʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʦʢʦʣʦ 500 ʤ (ʦʮʝʥʢʠ t ʤʘʨʢʠʨʫʶʱʠʭ ʤʠʥʝʨʘʣʦʚ ʠ ʛʣʫʙʠʥ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʜʘʥʳ ʧʦ [1]). ʇʦʣʫʯʝʥʥʘʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʭʘʨʘʢʪʝʨʦʤ 

ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʚ ʮʝʣʦʤ ʩ ʵʪʘʧʥʦʩʪʴʶ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ [2, 1]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʛʝʦʭʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʣʫʯʠʣʘʩʴ ʜʦʩʪʘʪʦʯʥʦ ʥʦʚʦʡ ʠ ʯʘʩʪʠʯʥʦ ʤʝʥʷʶʱʝʡ 

ʧʨʝʜʳʜʫʱʠʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʝʦʭʠʤʠʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʠʘʣʝʢʪʠʢʘ ʜʠʩʩʠʧʘʮʠʠ ʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ 

ʛʝʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚ ʮʝʣʦʤ ʨʘʩʩʝʠʚʘʶʱʝʛʦʩʷ ʚ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʠʤʧʫʣʴʩʘ, ʚ ʩʚʦʝʤ ʧʨʝʣʦʤʣʝʥʠʠ ʯʝʨʝʟ ʬʠʟʠʢʦ-

ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʤʝʪʦʜʘ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʥʳʭ 

ʘʩʩʦʮʠʘʮʠʡ, ʧʦʟʚʦʣʷʶʪ ʫʩʪʘʥʦʚʠʪʴ ʩʪʨʦʝʥʠʝ ʧʦʣʷ, ʩʪʨʫʢʪʫʨʫ ʠ ʟʦʥʘʣʴʥʦʩʪʴ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠʭ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʪʝʨʤʘʣʴʥʦʩʪʠ).  

1. ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʜʝʣʝʥʠʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʩ 

ʫʯʝʪʦʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʧʦʜʦʙʠʷ ʨʘʙʦʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʭʘʥʠʟʤʘ 

ʠʥʲʝʢʮʠʠ ʠ ʨʘʟʤʝʱʝʥʠʷ ʵʣʝʤʝʥʪʥʳʭ ʤʘʩʩ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʢʨʠʪʠʯʥʳʤ ʬʘʢʪʦʨʦʤ, ʜʝʪʝʨʤʠʥʠʨʫʶʱʠʤ ʪʠʧ ʬʦʨʤʠʥʛʘ ʚ ʧʨʦʮʝʩʩʝ 

ʠʥʲʝʢʮʠʠ ʚʝʱʝʩʪʚʘ ʛʠʜʨʦʪʝʨʤʳ, ʦʢʘʟʳʚʘʝʪʩʷ ʘʜʜʠʪʠʚʥʳʡ ʪʝʨʤʘʣʴʥʳʡ 

ʬʘʢʪʦʨ (ɸʊʌ), ʦʙʝʩʧʝʯʠʚʘʝʤʳʡ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʯʠʥʘʤʠ: ʛʝʦʪʝʨʤʠʯʝʩʢʠʤ 
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ʛʨʘʜʠʝʥʪʦʤ, ʧʨʝʙʳʚʘʥʠʝʤ ʙʣʦʢʘ ʚ ʩʦʩʪʦʷʥʠʠ ʨʝʛʠʦʥʘʣʴʥʦʛʦ ʠ/ʠʣʠ 

ʢʦʥʪʘʢʪʦʚʦʛʦ ʤʝʪʘʤʦʨʬʠʟʤʘ, ʚ ʧʨʦʮʝʩʩʝ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʠʥʲʝʢʮʠʠ. 

2. ʇʨʠ ʥʘʣʦʞʝʥʠʠ ʨʘʟʥʳʭ ʘʩʩʦʮʠʘʮʠʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʦʟʤʦʞʥʦ 

ʚʳʩʦʢʠʝ ʢʨʦʩʩ-ʘʩʩʦʮʠʘʪʠʚʥʳʝ ʢʦʨʨʝʣʷʮʠʠ ʜʣʷ ʨʷʜʘ ʵʣʝʤʝʥʪʦʚ, ʩʦʭʨʘʥʷʝʪʩʷ 

ʩʦʙʩʪʚʝʥʥʘʷ (ʧʝʨʚʦʥʘʯʘʣʴʥʘʷ) ʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʩʩʦʮʠʘʮʠʡ ʚʥʫʪʨʠ 

ʢʘʞʜʦʡ ʠʟ ʥʠʭ (ʦʪʨʘʞʘʷ ʝʜʠʥʩʪʚʦ ʝʝ ʛʝʥʝʟʠʩʘ). 

3. çʆʪʜʝʣʴʥʦʩʪʴè ʘʩʩʦʮʠʘʮʠʡ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʝʩʣʠ ʥʦʚʳʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʠʤʧʫʣʴʩ ʩʧʦʩʦʙʝʥ ʧʝʨʝʤʝʱʘʪʴ ʚʝʱʝʩʪʚʦ ʫʞʝ ʠʤʝʶʱʠʭʩʷ 

ʵʣʝʤʝʥʪʥʳʭ ʤʘʩʩ, ʪʦ ʦʥ ʩʪʘʥʦʚʠʪʩʷ ʣʠʰʴ ʩʪʘʜʠʝʡ ʠʣʠ ʩʝʨʠʝʡ ʥʦʚʳʭ ʩʪʘʜʠʡ 

ʧʨʝʜʳʜʫʱʝʡ ʘʩʩʦʮʠʘʮʠʠ. ʀ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʘʩʩʳ ʩʦʩʪʘʚʣʷʶʱʠʭ ʝʛʦ 

ʵʣʝʤʝʥʪʦʚ ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʩʪʨʦʷʪʩʷ ʚ ʥʝʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʠʧʦʤ 

ʬʦʨʤʠʥʛʘ, ʠ ʦʥʠ ʦʙʨʘʟʫʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʮʝʣʦʝ. ʀʥʘʯʝ, ʙʫʜʝʪ 

ʨʝʘʣʠʟʦʚʘʥʘ ʩʠʪʫʘʮʠʷ ʥʘʣʦʞʝʥʠʷ ʜʚʫʭ ʘʩʩʦʮʠʘʮʠʡ, ʢʘʞʜʦʡ ʩ ʨʘʟʣʠʯʠʤʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

4. çɿʘʚʝʨʰʝʥʥʦʩʪʴ ʢʘʢ ʦʪʜʝʣʴʥʦʩʪʴè ʵʣʝʤʝʥʪʥʳʭ ʘʩʩʦʮʠʘʮʠʡ (ʘ 

ʟʥʘʯʠʪ, ʠʭ ʧʦʣʠʭʨʦʥʥʦʩʪʴ) ʥʘʢʣʘʜʳʚʘʝʪ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʠ ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʠʭ ʚʦʟʤʦʞʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʛʝʥʝʟʠʩʘ. ʊʘʢ ʢʘʢ ʜʣʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʴʥʳʭ ʘʩʩʦʮʠʘʮʠʡ ʥʝʦʙʭʦʜʠʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʥʘʣʠʯʠʝ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʝʥʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʫʩʣʦʚʠʡ. 

5. ʇʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʠʣ ʫʩʪʘʥʦʚʠʪʴ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʲʷʩʥʠʪʴ ʷʚʣʝʥʠʝ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʜʦʛʝʥʥʦʡ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʟʦʥʘʣʴʥʦʩʪʠ. 
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ɸʅɸʃʀɿ ʆʉʃʆɾʅɽʅʀʁ ʇʈʀ ʊɸʄʇʆʅʀʈʆɺɸʅʀʀ 

ʉʂɺɸɾʀʅ ʅɸ ʄɽʉʊʆʈʆɾɼɽʅʀʗʍ ʂʈʀʆʃʀʊʆɿʆʅʓ 

 

ɽʬʠʤʦʚ ɼ.ʅ. 

ʉʝʚʝʨʦ-ɺʦʩʪʦʯʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʄ.ʂ. ɸʤʤʦʩʦʚʘ, ʛ. ʗʢʫʪʩʢ 

 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʦʧʣʠʚʥʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʮʝʥʪʨʦʚ ʥʘʰʝʡ ʩʪʨʘʥʳ 

ʷʚʣʷʶʪʩʷ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʉʝʚʝʨʦ-ɺʦʩʪʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʥʘʣʠʯʠʝʤ 

ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ (ʄʄʇ) ʤʦʱʥʦʩʪʴʶ ʜʦ 

600 ʤ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʦ ʤʠʥʫʩ 10 Áʉ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʩʣʦʞʥʷʝʪ 

ʩʦʦʨʫʞʝʥʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʶ ʩʢʚʘʞʠʥ. 

ʄʥʦʛʦʣʝʪʥʠʡ ʦʪʝʯʝʩʪʚʝʥʥʳʡ ʠ ʟʘʨʫʙʝʞʥʳʡ ʦʧʳʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ, 

ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʢʨʠʦʣʠʪʦʟʦʥʳ 

ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʩʢʚʘʞʠʥʘʭ ʨʘʟʣʠʯʥʳʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ 

ʦʩʣʦʞʥʝʥʠʡ ʠ ʘʚʘʨʠʡ ʪʘʢʠʭ ʢʘʢ: ʠʥʪʝʥʩʠʚʥʦʝ ʢʘʚʝʨʥʦʦʙʨʘʟʦʚʘʥʠʝ, ʨʘʟʤʳʚ 

ʠ ʧʨʦʩʘʜʢʘ ʫʩʪʴʷ ʩʢʚʘʞʠʥʳ, ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʢʨʝʧʠ ʩʢʚʘʞʠʥ ʠ ʜʨ. 

ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ ʪʷʞʝʣʳʭ ʧʦ ʧʦʩʣʝʜʩʪʚʠʷʤ ʦʩʣʦʞʥʝʥʠʡ ʷʚʣʷʝʪʩʷ 

ʩʤʷʪʠʝ ʦʙʩʘʜʥʳʭ ʪʨʫʙ ʚ ʠʥʪʝʨʚʘʣʝ ʄʄʇ ʚʦ ʚʨʝʤʷ ʜʣʠʪʝʣʴʥʳʭ ʧʨʦʩʪʦʝʚ 

ʩʢʚʘʞʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʟʘʢʦʣʦʥʥʳʝ ʛʘʟʦʧʨʦʷʚʣʝʥʠʷ, 

ʥʘʥʦʩʷʱʠʝ ʦʛʨʦʤʥʳʡ ʫʱʝʨʙ ʵʢʦʣʦʛʠʠ ʜʘʥʥʦʛʦ ʨʘʡʦʥʘ, ʯʪʦ ʧʦʨʦʞʜʘʝʪ 

ʩʦʮʠʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ ʜʣʷ ʤʘʣʳʭ ʥʘʨʦʜʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ [2]. ɼʣʷ 

ʣʠʢʚʠʜʘʮʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʩʤʷʪʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ ʪʨʝʙʫʶʪʩʷ ʙʦʣʴʰʠʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ.  

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʤʷʪʠʷ ʢʨʝʧʠ ʩʢʚʘʞʠʥ ʧʨʝʜʣʦʞʝʥʳ ʨʘʟʣʠʯʥʳʝ 

ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʥʦ ʚʩʣʝʜʩʪʚʠʝ ʠʭ ʟʥʘʯʠʪʝʣʴʥʦʡ ʪʨʫʜʦʝʤʢʦʩʪʠ ʠ 

ʥʠʟʢʦʡ ʥʘʜʝʞʥʦʩʪʠ ʦʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʠʤʝʥʷʶʪʩʷ. 

ʂʘʯʝʩʪʚʝʥʥʦʝ ʮʝʤʝʥʪʠʨʦʚʘʥʠʝ ʠ ʪʘʤʧʦʥʠʨʦʚʘʥʠʝ ʩʢʚʘʞʠʥ 

ʧʨʝʜʫʧʨʝʞʜʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ, ʧʦʪʝʨʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ. 

ʅʘ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʪʘʤʧʦʥʘʞʥʦʡ ʩʤʝʩʠ ʚʣʠʷʝʪ ʥʠʟʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʛʦʨʥʳʭ ʧʦʨʦʜ. ɺ ʟʦʥʘʭ ʄʄʇ ʪʘʤʧʦʥʘʞʥʳʝ ʩʤʝʩʠ, ʩʦʩʪʦʷʱʠʝ 

ʠʟ ʮʝʤʝʥʪʘ ʠ ʚʦʜʳ, ʙʳʩʪʨʦ ʦʭʣʘʞʜʘʶʪʩʷ ʠ ʜʘʞʝ ʟʘʤʦʨʘʞʠʚʘʶʪʩʷ. ʉʠʩʪʝʤʘ 

çʮʝʤʝʥʪ-ʚʦʜʘè ʩʯʠʪʘʝʪʩʷ ʥʝ ʧʨʠʛʦʜʥʦʡ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʚ 
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ʄʄʇ [3]. ʆʙʳʯʥʳʝ ʪʘʤʧʦʥʘʞʥʳʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʦʣʴʢʦ ʚ ʧʦʨʦʜʘʭ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʝ ʥʠʞʝ 4,5-7,2 
0
ʉ ʠ ʧʨʠ 

ʫʩʣʦʚʠʠ ʧʨʦʛʨʝʚʘ ʩʢʚʘʞʠʥʳ ʚ ʧʝʨʠʦʜ ʩʭʚʘʪʳʚʘʥʠʷ ʪʘʤʧʦʥʘʞʥʦʡ ʩʤʝʩʠ. 

ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ ʩʯʠʪʘʶʪʩʷ ʮʝʤʝʥʪʥʦ-ʛʠʧʩʦʚʳʝ ʩʤʝʩʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʤʠʥʠʤʫʤ ʩʚʦʙʦʜʥʦʡ ʚʦʜʳ. ɻʠʧʩ ʠʟʤʝʥʷʝʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʟʘʜʘʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ ʚʦʜʘ-ʮʝʤʝʥʪ, ʨʝʛʫʣʠʨʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚʦʜʳ ʚ ʨʘʩʪʚʦʨʝ ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʝʝ ʥʝʞʝʣʘʪʝʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʚ ʩʤʝʩʠ. ɼʣʷ ʙʫʨʝʥʠʷ ʩʢʚʘʞʠʥ 

ʚ ʘʨʢʪʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʛʠʧʩʦʩʦʜʝʨʞʘʱʫʶ ʩʤʝʩʴ [3].  

ɼʣʷ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʦʩʣʦʞʥʝʥʠʡ ʪʘʤʧʦʥʘʞʥʘʷ ʩʤʝʩʴ ʥʝ ʜʦʣʞʥʘ 

ʚʳʟʳʚʘʪʴ ʦʪʪʘʠʚʘʥʠʷ ʣʴʜʘ ʠ ʧʦʨʦʜ, ʩʮʝʤʝʥʪʠʨʦʚʘʥʥʳʭ ʣʴʜʦʤ, ʠ 

ʨʘʟʨʫʰʝʥʠʷ ʣʴʜʘ ʬʠʣʴʪʨʘʪʦʤ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ 

ʦʧʪʠʤʘʣʴʥʳʤ ʩʨʦʢʘʤ ʩʭʚʘʪʳʚʘʥʠʷ. ɺʨʝʤʷ ʩʭʚʘʪʳʚʘʥʠʷ ʛʠʧʩʦʚʦʡ ʩʤʝʩʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʨʝʜʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʝʝ ʪʚʝʨʜʝʥʠʝ. ʋ 

ʩʤʝʩʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠ ʫʩʢʦʨʠʪʝʣʷ ʩʭʚʘʪʳʚʘʥʠʷ, ʚʨʝʤʷ 

ʩʭʚʘʪʳʚʘʥʠʷ ʚ ʞʠʜʢʦʡ ʩʨʝʜʝ ʚʳʰʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʚʝʨʜʝʥʠʝʤ ʝʝ ʥʘ 

ʚʦʟʜʫʭʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʠʤʝʥʷʶʪ ʨʘʟʜʝʣʠʪʝʣʴʥʳʝ ʙʫʬʝʨʥʳʝ ʞʠʜʢʦʩʪʠ, 

ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʝ ʨʘʟʫʙʦʞʠʚʘʥʠʝ ʮʝʤʝʥʪʥʳʭ ʠ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʢʦʥʪʘʢʪʝ ʠʭ ʩ ʧʨʦʜʘʚʦʯʥʦʡ ʠ ʚʳʜʘʚʣʠʚʘʝʤʦʡ ʠʟ ʩʢʚʘʞʠʥʳ ʞʠʜʢʦʩʪʷʤʠ. 

ʉʤʝʩʠ, ʪʚʝʨʜʝʶʱʠʝ ʚ ʘʪʤʦʩʬʝʨʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʝ ʩʭʚʘʪʳʚʘʶʪʩʷ ʧʨʠ ʧʦʛʨʫʞʝʥʠʠ ʠʭ ʚ ʤʠʥʝʨʘʣʠʟʦʚʘʥʥʫʶ 

ʚʦʜʫ [4]. 

ʆʩʣʦʞʥʝʥʠʷ ʧʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʠ ʪʘʤʧʦʥʠʨʦʚʘʥʠʠ ʧʨʠ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʥʦ ʧʨʝʜʫʧʨʝʜʠʪʴ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʚ, ʚ 

ʢʣʠʥʢʝʨʥʦʤ ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪʩʷ ʙʦʣʝʝ 50% C3S ʠ ʦʢʦʣʦ 20% 

C3A+C4AF. ʉ ʨʦʩʪʦʤ ʩʫʤʤʳ ʤʠʥʝʨʘʣʦʚ C3S+C3A>60% ʧʨʦʯʥʦʩʪʴ 

ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʨʘʩʪʝʪ ʚ ʨʘʥʥʠʝ ʩʨʦʢʠ ʪʚʝʨʜʝʥʠʷ.  

ɹʳʩʪʨʳʡ ʨʦʩʪ ʧʨʦʯʥʦʩʪʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ ʚ ʧʝʨʚʳʝ ʩʨʦʢʠ 

ʪʚʝʨʜʝʥʠʷ ʜʘʶʪ ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʠ ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʠʝ ʮʝʤʝʥʪʳ ʥʘ ʦʩʥʦʚʝ 

ʘʣʠʪʦʚʦʛʦ ʢʣʠʥʢʝʨʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʜʦ 85% ʘʣʠʪʘ. ʅʘ ʧʨʦʯʥʦʩʪʴ ʚ ʵʪʦʪ 

ʧʝʨʠʦʜ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʤʠʥʝʨʘʣ C3A.  ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ C3A 

ʜʦ 15% ʮʝʤʝʥʪ ʥʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʜʨʫʛʠʭ ʜʦʙʘʚʦʢ, ʢʨʦʤʝ ʛʠʧʩʘ, 

ʚʚʦʜʠʤʦʛʦ ʚ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʦʣʠʯʝʩʪʚʝ. ʎʝʤʝʥʪʳ ʩ ʫʜʝʣʴʥʦʡ 
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ʧʦʚʝʨʭʥʦʩʪʴʶ 5000-6500 ʩʤ
2
/ʛ ʚʝʜʫʪ ʢ ʧʦʣʫʯʝʥʠʶ ʙʳʩʪʨʦʩʭʚʘʪʳʚʘʶʱʠʭʩʷ 

ʪʘʤʧʦʥʘʞʥʳʭ ʩʤʝʩʝʡ [3].  

ʀʟʦʣʷʮʠʷ ʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʠ ʢʨʝʧʣʝʥʠʝ ʩʪʝʥʦʢ ʩʢʚʘʞʠʥʳ ʵʬʬʝʢʪʠʚʥʳ 

ʤʝʪʦʜʦʤ ʩʫʭʦʛʦ ʪʘʤʧʦʥʠʨʦʚʘʥʠʷ. ʕʪʠʤ ʤʝʪʦʜʦʤ ʠʟʦʣʠʨʫʶʪʩʷ ʟʦʥʳ 

ʧʦʛʣʦʱʝʥʠʷ, ʚʦʜʦʧʨʠʪʦʢʠ, ʫʢʨʝʧʣʷʶʪʩʷ ʠʥʪʝʨʚʘʣʳ ʥʝʫʩʪʦʡʯʠʚʳʭ ʧʦʨʦʜ 

ʧʨʠ ʙʫʨʝʥʠʠ ʩʢʚʘʞʠʥ. ʇʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʘ ï ʠʩʢʣʶʯʝʥʠʝ ʚʨʝʤʝʥʠ ʥʘ 

ʦʞʠʜʘʥʠʝ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʮʝʤʝʥʪʘ ʠ ʨʘʟʙʫʨʠʚʘʥʠʷ ʮʝʤʝʥʪʥʦʡ ʧʨʦʙʢʠ.  

ʃʠʢʚʠʜʘʮʠʷ ʟʦʥ ʧʦʛʣʦʱʝʥʠʷ ʧʨʦʤʳʚʦʯʥʦʡ ʞʠʜʢʦʩʪʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʤʧʦʥʘʞʥʳʭ ʧʘʩʪ ʠ ʥʝʪʚʝʨʜʝʶʱʠʭ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʮʝʣʝʡ ʭʦʨʦʰʦ ʩʝʙʷ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʠ ʮʝʤʝʥʪʥʦ-ʛʠʧʩʦʚʦ-

ʛʣʠʥʠʩʪʳʝ, ʮʝʤʝʥʪʥʦ-ʛʠʧʩʦʚʳʝ ʠ ʛʠʧʩʦʚʳʝ ʧʘʩʪʳ ʥʘ ʜʠʟʝʣʴʥʦʤ ʪʦʧʣʠʚʝ. 

ɼʣʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʘʤʧʦʥʠʨʦʚʘʥʠʷ ʧʘʩʪʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʪʱʘʪʝʣʴʥʦ 

ʧʝʨʝʤʝʰʠʚʘʪʴ ʚʷʞʫʱʠʝ ʤʘʪʝʨʠʘʣʳ. ʅʘʨʷʜʫ ʩ ʪʨʘʜʠʮʠʦʥʥʳʤʠ ʚʷʞʫʱʠʤʠ 

ʚʝʱʝʩʪʚʘʤʠ ï ʮʝʤʝʥʪʦʤ ʠ ʛʠʧʩʦʤ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʥʳʝ ʤʘʪʝʨʠʘʣʳ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ ʜʣʷ ʨʘʡʦʥʦʚ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ.  

ʀʥʩʪʠʪʫʪʦʤ çʇʝʯʦʨʅʀʇʀʥʝʬʪʴè ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʧʳʪʘʥʠʷ 

ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʨʘʡʦʥʘʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ 

[1]. ʈʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʩʣʝʜʫʶʱʝʝ: 

1. ɺʨʝʤʷ ʟʘʛʫʩʪʝʚʘʥʠʷʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʩ 

ʧʦʤʦʱʴʶ ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʙʳʣ ʠʩʧʳʪʘʥ 

ʢʦʤʧʣʝʢʩ ʬʦʩʬʦʥʦʚʳʭ ʢʠʩʣʦʪ ï ʥʠʪʨʠʣʦʪʨʠʤʝʪʠʣʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ. 

2. ʊʘʤʧʦʥʘʞʥʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʜʦʙʘʚʢʘʤʠ 

ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʠ ʫʛʣʝʢʠʩʣʦʛʦ ʢʘʣʠʷ ʠ ʧʣʘʩʪʠʬʠʢʘʪʦʨʘ ʅʊʌ 

(ʥʠʪʨʠʣʦʪʨʠʤʝʪʠʣʬʦʩʬʦʥʦʚʘʷ ʢʠʩʣʦʪʘ)   ʙʳʩʪʨʦ ʩʭʚʘʪʳʚʘʶʪʩʷ ï ʢʦʥʝʮ 

ʩʭʚʘʪʳʚʘʥʠʷ (ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʪʚʝʨʜʝʥʠʷ 5
ʦ
ʉ) 8 ʯ. ʇʨʠ ʵʪʦʤ ʜʦʩʪʘʪʦʯʥʦʡ 

ʧʨʦʢʘʯʠʚʘʝʤʦʩʪʴʶ ʦʙʣʘʜʘʶʪ ʨʘʩʪʚʦʨʳ ʩ ʜʦʙʘʚʢʘʤʠ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ 

ʩʦʜʳ ʠ ʅʊʌ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʪʝʯʝʥʠʝ 2 ʩʫʪ. ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦ ʥʘʙʠʨʘʝʪ 

ʧʨʦʯʥʦʩʪʴ ʨʘʩʪʚʦʨ ʩ ʜʦʙʘʚʢʦʡ ʫʛʣʝʢʠʩʣʦʛʦ ʢʘʣʠʷ ʠ ʅʊʌ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʜʦʙʘʚʢʦʡ ʢʘʣʴʮʠʥʠʨʦʚʘʥʥʦʡ ʩʦʜʳ ʠ ʅʊʌ) ʠ ʩʦʩʪʘʚʣʷʝʪ 1,75 ʄʇʘ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʧʳʪʘʥʠʷ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʠʟ ʮʝʤʝʥʪʘ ʪʘʤʧʦʥʘʞʥʦʛʦ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (ʎʊʅ). 

ɼʘʥʥʳʡ ʨʘʩʪʚʦʨ, ʩʦʭʨʘʥʷʷ ʧʨʦʢʘʯʠʚʘʝʤʦʩʪʴ ʙʦʣʝʝ 3 ʯ., ʠʤʝʝʪ ʢʦʨʦʪʢʠʝ 
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ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʙʳʩʪʨʦ ʥʘʙʠʨʘʝʪ ʧʨʦʯʥʦʩʪʴ, ʯʝʨʝʟ 1 ʩʫʪ. ʧʨʠʪʚʝʨʜʝʥʠʷ 

5
ʦ
ʉ ʧʨʦʯʥʦʩʪʴ ʜʦʩʪʠʛʘʝʪ 2,3 ʄʇʘ. ʊʘʤʧʦʥʘʞʥʳʡ ʨʘʩʪʚʦʨ ʩʪʘʙʠʣʝʥ ʠ ʥʝ 

ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʪʝʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʪʚʦʨʝʥʠʷ. ʎʝʤʝʥʪʥʳʡ ʨʘʩʪʚʦʨ ʠʟ 

ʎʊʅ ʠʤʝʝʪ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʥʫʶ ʧʨʦʯʥʦʩʪʴ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤʠ ʮʝʤʝʥʪʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʦʞʠʜʘʥʠʷ ʟʘʪʚʝʨʜʝʚʘʥʠʷ ʮʝʤʝʥʪʘ ʜʦ 6 ʯ. ʠ ʧʦʚʳʩʠʪʴ 

ʢʘʯʝʩʪʚʦ ʢʨʝʧʣʝʥʠʷ ʩʢʚʘʞʠʥ.  

ʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʟʘʜʘʯʠ ʪʨʝʙʫʶʪ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤʳ 

ʪʘʤʧʦʥʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʚ ʟʦʥʘʭ ʄʄʇ. ʈʝʰʝʥʠʝ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ 

ʪʨʝʙʫʝʪ ʥʘʫʯʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 

ʦʧʪʠʤʠʟʘʮʠʠ ʢʨʝʧʠ ʩʢʚʘʞʠʥ ʚ ʢʨʠʦʣʠʪʦʟʦʥʝ, ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʧʝʮʠʘʣʴʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ 

ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʢʚʘʞʠʥ. ʆʜʥʠʤ ʠʟ ʠʥʥʦʚʘʮʠʦʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 

ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʤʦʞʝʪ ʙʳʪʴ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʪʘʤʧʦʥʠʨʦʚʘʥʠʷ ʧʫʪʝʤ 

ʟʘʢʘʯʠʚʘʥʠʷ ʚ ʩʢʚʘʞʠʥʫ ʨʘʩʪʚʦʨʦʚ ʩ ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʫʚʝʣʠʯʠʚʘʷ ʧʨʠ ʵʪʦʤ ʩʨʦʢʠ ʧʨʦʢʘʯʠʚʘʝʤʦʩʪʠ, ʧʨʠʤʝʥʝʥʠʝʤ ʞʠʜʢʦʩʪʠ ʩ 

ʧʦʥʠʞʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʜʣʷ ʧʨʦʜʘʚʢʠʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ.  
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ʉʊʈʋʂʊʋʈʅʆ-ɻɽʆɼʀʅɸʄʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

ʄɽʉʊʆʈʆɾɼɽʅʀʗ ɿʆʃʆʊɸ ɸɼɾʀɹʋɻʋʊ  

(ʎɽʅʊɸʈʃʔʅʓɽ ʂʓɿʓʃʂʋʄʓ) 

 

ɾʘʥʠʙʝʢʦʚ ɹ.ʆ.
1
, ɼʫʣʘʙʦʚʘ ʅ.ʖ.

2
, ʊʫʨʘʧʦʚ ʄ.ʂ.

1
 

1 ï ɻʇ ñʅʀʀʄʈò ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ, ʛ. ʊʘʰʢʝʥʪ; 

2 ï ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʋʟ, ʛ. ʊʘʰʢʝʥʪ 

 

ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʟʦʣʦʪʘ ɸʜʞʠʙʫʛʫʪ ʦʜʥʦ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ 

ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ ʜʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ ʠ ʥʘʭʦʜʠʪʩʷ ʚ 

ʶʛʦ-ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ɸʫʤʠʥʟʘʪʘʫʩʢʠʭ ʛʦʨ. ɺ ʝʛʦ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʩʪʨʦʝʥʠʠ 

ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʙʝʩʩʘʧʘʥʩʢʘʷ (ʤʝʪʘʤʦʨʬʠʟʦʚʘʥʥʳʝ ʧʝʩʯʘʥʠʢʠ ʠ 

ʘʣʝʚʨʦʣʠʪʳ, ʩʣʘʥʮʳ ʩ ʧʨʦʩʣʦʷʤʠ ʢʨʝʤʥʠʷ ʠ ʢʘʨʙʦʥʘʪʦʚ) ʠ ʪʘʩʢʘʟʛʘʥʩʢʘʷ 

(ʤʝʪʘʪʝʨʨʠʛʝʥʥʳʝ, ʢʨʝʤʥʠʩʪʦ-ʢʘʨʙʦʥʘʪʥʦ-ʩʣʘʥʮʝʚʳʝ ʦʙʨʘʟʦʚʘʥʠʷ) ʩʚʠʪʳ 

ʚʙʦʣʴʰʠʥʩʪʚʝ ʯʘʩʪʠ ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʦʥʘ ʧʝʨʝʢʨʳʪʳ ʤʝʟʦʟʦʡʩʢʦ-

ʢʘʡʥʦʟʦʡʩʢʠʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ [3]. 

ʉʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʘʷ ʧʦʟʠʮʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʦʥʦʡ ʧʝʨʝʩʝʯʝʥʠʷ 

ʢʨʫʧʥʳʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ. ʉ ʧʝʨʝʩʝʯʝʥʠʝʤ ʨʘʟʣʦʤʦʚ ʩʚʷʟʘʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʣʠʥʦʚʠʜʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʢ ʮʝʥʪʨʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʢʦʪʦʨʦʡ 

ʧʨʠʫʨʦʯʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʜʞʠʙʫʛʫʪ. 

ɻʝʦʣʦʛʦ-ʨʘʟʚʝʜʦʯʥʳʝ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʥʳʝ ʖ.ʀ. ʇʘʨʘʤʘʥʦʚʳʤ, ɸ.ɺ. 

ʄʫʨʦʚʮʝʚʳʤ, ʖ.ʅ. ɿʚʝʨʝʚʳʤ ʠ ʜʨ. ʚ ʛʦʨʘʭ ɸʫʤʠʥʟʘʪʘʫ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ 

ʢʨʫʧʥʫʶ ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʝʜʠʥʠʮʫ ï ʛʨʘʙʝʥ ï ʩʠʥʢʣʠʥʘʣʴ ʢʣʠʥʦʦʙʨʘʟʥʦʡ 

ʬʦʨʤʳ. ʇʦ ʠʭ ʤʥʝʥʠʶ, ʵʪʘ ʩʪʨʫʢʪʫʨʘ ʢʦʥʪʨʦʣʠʨʫʝʪ ʟʦʣʦʪʫʶ 

ʤʠʥʝʨʘʣʠʟʘʮʠʶ ɸʫʤʠʥʟʘʪʘʫ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʙʳʣʦ ʦʪʢʨʳʪʦ ʚ 1994 ʛ. ʚ 

ʧʨʦʮʝʩʩʝ ʦʧʝʨʝʞʘʶʱʝʡ ʣʠʪʦʛʝʦʭʠʤʠʯʝʩʢʦʡ ʩʲʝʤʢʠ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʡ 

ʩʲʝʤʢʠ ʥʘ ʚʦʩʪʦʯʥʦʡ ʯʘʩʪʠ ʛʦʨ ɸʫʤʠʥʟʘʪʘʫ ʙʳʣʘ ʦʢʦʥʪʫʨʝʥʘ ʘʥʦʤʘʣʴʥʘʷ 

ʟʦʥʘ ʟʦʣʦʪʘ. ɿʦʥʘ ʘʥʦʤʘʣʠʠ ʧʨʦʪʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ 2 ʢʤ ʧʨʠ ʤʦʱʥʦʩʪʠ 300-

500 ʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʝ ʦʪʜʝʣʴʥʳʝ ʟʘʣʝʞʠ ʨʫʜ ʧʨʠ ʰʠʨʠʥʝ 20-150 ʤ ʠ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ ʜʦ 800 ʤ. ʄʝʩʪʦʨʦʞʜʝʥʠʝ ʠʟʫʯʝʥʦ ʜʦ ʛʣʫʙʠʥʳ 300 ʤ ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʦʱʥʦʩʪʠ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ ʩ ʛʣʫʙʠʥʦʡ ʩʦʢʨʘʱʘʶʪʩʷ [3]. 

ʆʩʥʦʚʘʥʠʝ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʨʝʟʘ ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʦʜʳ ʪʘʩʢʘʟʛʘʥʩʢʦʡ 

ʩʚʠʪʳ, ʥʘ ʢʦʪʦʨʫʶ ʟʘʣʝʛʘʶʪ ʨʫʜʦʚʤʝʱʘʶʱʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʙʝʩʩʘʧʘʥʩʢʦʡ 

ʪʦʣʱʠ.  
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ʂʘʢ ʧʨʠʟʥʘʶʪ ʛʝʦʣʦʛʠ ʠʟ-ʟʘ ʤʘʣʦʡ ʠʟʫʯʝʥʥʦʩʪʠ ʛʝʦʣʦʛʦ-ʛʝʥʝʪʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʝʛʦ ʛʣʫʙʦʢʠʭ ʟʦʥ, ʠ ʨʷʜʘ 

ʦʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ, ʜʘʥʥʳʡ ʟʦʣʦʪʦʨʫʜʥʳʡ ʦʙʲʝʢʪ ʞʜʝʪ ʩʚʦʝʛʦ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʦʩʚʦʝʥʠʷ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʛʦʩʟʘʢʘʟʘ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʩ ʮʝʣʴʶ ʠʟʫʯʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʧʣʦʱʘʜʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʠ ʨʝʢʦʥʩʪʨʫʢʮʠʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʠʟʦʰʣʠ ʧʨʦʮʝʩʩʳ ʨʫʜʦʦʪʣʦʞʝʥʠʷ. ʕʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦ ʧʦʥʷʪʴ ʧʨʠʨʦʜʥʳʝ ʛʝʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʤʝʩʪʦʨʦʞʜʝʥʠʝ ɸʜʞʠʙʫʛʫʪ ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʧʦʣʫʯʠʪʴ ʥʦʚʳʝ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʠʟʥʘʢʠ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʝ, ʢʦʪʦʨʳʝ ʧʦʩʣʫʞʘʪ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʤʠ 

ʢʨʠʪʝʨʠʷʤʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʤʠʥʝʨʘʣʦʛʦ-ʛʝʦʭʠʤʠʯʝʩʢʠʤʠ, 

ʣʠʪʦʣʦʛʦ-ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʤʠ, ʛʝʦʬʠʟʠʯʝʩʢʠʤʠ ʠ ʜʨʫʛʠʤʠ ʧʦʠʩʢʦʚʳʤʠ 

ʧʨʠʟʥʘʢʘʤʠ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʜʦʩʪʦʚʝʨʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʧʨʦʛʥʦʟ ʠ ʵʬʬʝʢʪʠʚʥʦ 

ʧʨʦʚʝʩʪʠ ʧʦʠʩʢʦʚʳʝ ʨʘʙʦʪʳ ʥʘ ʬʣʘʥʛʘʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʮʝʣʝʚʦʛʦ ʟʘʜʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʝʪʦʜʳ ʛʝʦʣʦʛʦ-

ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʟʚʦʣʠʚʰʠʝ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ (ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ, 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ) ʧʨʠ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʦʚʘʣʦʩʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʝ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʧʦʣʷʨʠʟʘʮʠʦʥʥʦ-ʦʧʪʠʯʝʩʢʦʛʦ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʯʘʩʪʢʘ ʟʝʤʥʦʡ 

ʢʦʨʳ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʤʝʪʦʜʠʢ ʷʚʠʣʠʩʴ 

ʦʩʥʦʚʦʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʝʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʙʩʪʘʥʦʚʦʢ ʧʣʦʱʘʜʠ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʚ ʜʘʣʝʢʦʤ ʧʨʦʰʣʦʤ. 

ʈʝʟʫʣʴʪʘʪʳ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ 

ʨʘʥʞʠʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʳ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʶ, 

ʧʦ ʵʪʠʤ ʜʘʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʦ ʩʪʨʫʢʪʫʨʥʦʝ ʩʪʨʦʝʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ 

ʧʝʨʠʦʜʘ ʨʫʜʦʦʪʣʦʞʝʥʠʷ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʩʪʘʚʠʣʠ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʤʦʜʝʣʝʡ ʩʪʨʫʢʪʫʨ ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ 

ʚ ʤʦʜʝʣʷʭ ʩʪʨʫʢʪʫʨ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʜʞʠʙʫʛʫʪ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʣʘʙʦʨʘʪʦʨʠʠ 
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ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ɻʇ çʅʀʀʄʈè ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ 

ʈʋʟ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

+21
0
ʉ; ʤʦʜʝʣʴ ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʞʝʣʘʪʠʥ-ʛʣʠʮʝʨʠʥʦʚʦʡ (23%) ʩʤʝʩʠ; ʤʦʜʝʣʴ 

ʨʘʟʤʝʨʦʤ 1ʤ ʭ 1ʤ, ʧʨʠ ʪʦʣʱʠʥʝ 0,03. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʦʩʥʦʚʝ 

ʧʨʠʥʮʠʧʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄ.ɺ. ɻʟʦʚʩʢʦʛʦ, ʘ ʤʦʜʝʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ 

ʨʝʮʝʧʪʫʨʝ ɼ.ʅ. ʆʩʦʢʠʥʦʡ [1, 2]. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʚʘʨʠʘʥʪʘʭ, ʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʵʪʘʧʘʤ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ. ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʚʘʨʠʘʥʪʝ, ʛʜʝ ʩʪʨʦʝʥʠʝ ʤʦʜʝʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʦʡ ʦʙʩʪʘʥʦʚʢʝ ʧʝʨʠʦʜʘ ʨʫʜʦʦʪʣʦʞʝʥʠʷ, 

ʩʪʨʫʢʪʫʨʥʫʶ ʦʩʥʦʚʫ ʩʦʩʪʘʚʣʷʶʪ ʩʝʨʠʷ ʩʫʙʰʠʨʦʪʥʳʭ ʨʘʟʣʦʤʦʚ ʷʚʣʷʶʱʠʝʩʷ 

ʵʣʝʤʝʥʪʘʤʠ ʛʨʘʙʝʥ-ʩʠʥʢʣʠʥʘʣʠ ʠ ʩʝʨʠʷ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʭ ʨʘʟʨʳʚʦʚ, 

ʦʩʣʦʞʥʷʶʱʠʭ ʚʥʫʪʨʝʥʥʝʝ ʩʪʨʦʝʥʠʝ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʅʘ ʤʦʜʝʣʴ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʨʠʣʦʞʝʥʳ ʩʠʣʳ, ʠʤʠʪʠʨʫʶʱʠʝ ʨʝʛʠʦʥʘʣʴʥʦʝ 

ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʞʘʪʠʝ ʧʝʨʠʦʜʘ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʘʷ ʧʨʠ ʵʪʦʤ 

ʢʘʨʪʠʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʢʘʩʘʪʝʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʤʦʜʝʣʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʚʘʨʠʘʮʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠʤʝʝʪ ʰʠʨʦʢʠʡ ʜʠʘʧʘʟʦʥ ï ʦʪ 

ʥʝʡʪʨʘʣʴʥʦʡ ʟʦʥʳ (Űmax=0) ʜʦ ʩʠʣʴʥʳʭ ʚʝʣʠʯʠʥ ʥʘʧʨʷʞʝʥʠʡ (Űmax=21ʛ/ʩʤ
2
). 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʠʡ ʦʯʝʥʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ  

ɿʦʥʳ ʩʦʧʨʷʞʝʥʠʡ ʠ ʧʝʨʝʩʝʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʡ ʷʚʣʷʶʱʠʝʩʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʥʳʤʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʢʩʠʤʫʤʘ ʥʘʧʨʷʞʝʥʠʡ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʟʦʥʘʭ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʠ ʥʝʡʪʨʘʣʠʟʘʮʠʶ ʥʘʧʨʷʞʝʥʠʡ ʜʦ 

ʥʫʣʷ. ʇʦʯʝʤʫ ʚ ʦʜʥʠʭ ʩʣʫʯʘʷʭ ʚ ʟʦʥʘʭ ʩʦʧʨʷʞʝʥʠʡ-ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʟʣʦʤʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʢʦʥʮʝʥʪʨʘʮʠʷ, ʘ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ï ʥʘʦʙʦʨʦʪ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ 

ʥʘʧʨʷʞʝʥʠʡ. ɺʩʸ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʨʘʟʣʦʤʦʚ. ʂʦʛʜʘ ʘʢʪʠʚʥʦʩʪʴ ʠʭ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʩʦʧʨʷʞʝʥʠʡ ʠ 

ʧʝʨʝʩʝʯʝʥʠʡ ʨʘʟʣʦʤʦʚ ï ʧʨʦʠʩʭʦʜʠʪ ʧʦʚʳʰʝʥʠʝ ʪʝʢʪʦʥʠʯʝʩʢʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫʯʘʩʪʢʘ, ʘ ʢʦʛʜʘ ʘʢʪʠʚʥʦʩʪʴ ʠʭ ʥʘʧʨʘʚʣʝʥʳ ʦʪ ʟʦʥʳ 

ʩʦʧʨʷʞʝʥʠʷ ʠʣʠ ʧʝʨʝʩʝʯʝʥʠʷ ʨʘʟʣʦʤʦʚ - ʧʨʦʠʩʭʦʜʠʪ ʧʘʜʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʚʧʣʦʪʴ ʜʦ ʝʝ ʧʦʣʥʦʡ ʥʝʡʪʨʘʣʠʟʘʮʠʠ. ʅʝʡʪʨʘʣʠʟʘʮʠʷ 
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ʥʘʧʨʷʞʝʥʠʡ ʦʪʤʝʯʘʝʪʩʷ ʢʘʢ ʚʜʦʣʴ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʘ ʪʘʢʞʝ ʚʥʫʪʨʠ 

ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʠ ʩʚʷʟʘʥʳ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

ʨʘʟʣʦʤʦʚ, ʘ ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ï ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ. 

ʐʠʨʦʢʘʷ ʚʘʨʠʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʝʢʪʦʥʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʩʪʨʫʢʪʫʨ, ʠʤʠʪʠʨʫʶʱʠʭ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʝ ʨʘʟʣʦʤʳ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʛʣʘʚʥʳʝ ʵʣʝʤʝʥʪʳ ʚ 

ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʦʜʝʣʠ ʤʝʩʪʦʨʦʞʜʝʥʠʷ.  

ʆʥʠ ʞʝ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʙʣʦʢʦʚ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʥʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʫʶ ʨʦʣʴ ʛʨʘʙʝʥʘ, ʢ ʢʦʪʦʨʦʡ ʧʨʠʫʨʦʯʝʥʦ ʤʝʩʪʦʨʦʞʜʝʥʠʝ 

ɸʜʞʠʙʫʛʫʪ. ɸʥʘʣʠʟ ʪʝʢʪʦʥʦʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʦʜʝʣʠ ʩʪʨʫʢʪʫʨ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚʥʫʪʨʝʥʥʷʷ ʧʣʦʱʘʜʴ ʛʨʘʙʝʥʘ ʤʝʥʝʝ 

ʥʘʧʨʷʞʝʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʥʝʰʥʝʡ ʪʝʨʨʠʪʦʨʠʝʡ. ʇʦʣʷ ʫʤʝʨʝʥʥʳʭ ʠ 

ʩʠʣʴʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʟʘʥʠʤʘʶʪ ʚʤʝʩʪʝ ʦʢʦʣʦ 8% ʚʥʫʪʨʝʥʥʝʡ ʧʣʦʱʘʜʠ 

ʛʨʘʙʝʥʘ, ʪʦʛʜʘ ʢʘʢ ʚʦ ʚʥʝʰʥʝʡ ʦʥʠ ʟʘʥʠʤʘʶʪ ʦʪ 40% (ʥʘ ʩʝʚʝʨʝ) ʜʦ 20 % (ʥʘ 

ʶʛʝ). ʅʘ ʦʩʪʘʣʴʥʳʭ ʧʣʦʱʘʜʷʭ ʧʨʦʷʚʣʝʥʳ ʧʦʣʷ ʩʣʘʙʳʭ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʥʝʡʪʨʘʣʴʥʳʝ ʟʦʥʳ, ʧʨʠʯʝʤ ʥʝʡʪʨʘʣʠʟʘʮʠʷ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ, 

ʧʨʦʠʟʦʰʣʘ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʯʘʩʪʠ ʛʨʘʙʝʥʘ ʠ ʢʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʩʚʷʟʘʥ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʟʣʦʤʦʚ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʙʣʦʢʦʚ, ʛʜʝ 

ʨʘʟʣʦʤʳ ʷʚʣʷʶʪʩʷ ʠʭ ʛʨʘʥʠʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ. 

ʇʣʦʱʘʜʴ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʩʣʘʙʣʝʥʠʝʤ 

ʪʝʢʪʦʥʠʯʝʩʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʛʜʝ ʛʦʩʧʦʜʩʪʚʫʶʪ ʧʦʣʷ ʩʣʘʙʳʭ ʥʘʧʨʷʞʝʥʠʡ 

ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʟʦʥʳ. ɻʝʦʜʠʥʘʤʠʯʝʩʢʘʷ ʦʙʩʪʘʥʦʚʢʘ ʧʝʨʠʦʜʘ ʨʫʜʦʦʪʣʦʞʝʥʠʷ 

ʪʘʢʦʚʘ: ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ, ʷʚʣʷʶʱʠʝʩʷ ʦʜʥʠʤ ʠʟ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʧʣʦʱʘʜʠ-ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʪʝʢʪʦʥʠʯʝʩʢʠ ʘʢʪʠʚʠʟʠʨʦʚʘʣʠʩʴ, ʠʭ 

ʘʢʪʠʚʥʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʩʜʚʠʛʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʧʦ ʠʭ ʛʨʘʥʠʯʥʳʤ 

ʩʪʨʫʢʪʫʨʘʤ. ʈʘʟʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʴ ʩʜʚʠʛʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʧʦ ʨʘʟʣʦʤʘʤ, 

ʦʪʩʶʜʘ ʠ ʥʝʦʜʥʦʨʦʜʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʙʣʦʢʦʚ ʧʦʩʣʫʞʠʣʠ ʧʨʠʯʠʥʦʡ ʚ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʥʘʧʨʷʞʝʥʠʡ, ʠʟʤʝʥʝʥʠʷ ʜʝʬʦʨʤʘʮʠʠ ʧʦʨʦʜ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥ ʣʦʢʘʣʴʥʦʛʦ ʩʞʘʪʠʷ ʠ ʨʘʩʪʷʞʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʟʣʦʤʦʚ ʠ ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʙʣʦʢʦʚ, ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ 

ʨʘʟʨʫʰʝʥʠʶ ʩʪʨʫʢʪʫʨ ʛʦʨʥʳʭ ʧʦʨʦʜ, ʚʳʨʘʞʘʚʰʠʭʩʷ ʚ ʬʦʨʤʝ 
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ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʜʨʦʙʣʝʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ ʵʪʠ ʷʚʣʝʥʠʷ ʩʦʟʜʘʶʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʣʦʢʘʣʠʟʘʮʠʠ 

ʵʥʜʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ɺʦʟʤʦʞʥʦ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʦʠʟʦʰʣʦ 

ʨʘʟʤʝʱʝʥʠʝ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʜʞʠʙʫʛʫʪ. 

ʌʘʢʪʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʚʷʟʠ ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʩ ʧʦʣʷʤʠ 

ʧʦʥʠʞʝʥʥʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʛʜʝ ʥʘʙʣʶʜʘʝʪʩʷ ʣʦʢʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʜʝʬʦʨʤʘʮʠʠ ʚ ʬʦʨʤʝ ʨʘʩʪʷʞʝʥʠʷ, ʚʳʟʳʚʘʶʱʝʝ ʦʙʨʘʟʦʚʘʥʠʝ ʟʦʥ 

ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ ʠ ʜʨʦʙʣʝʥʠʷ ʧʦʨʦʜ, ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ 

ʧʨʦʷʚʣʝʥʠʷ ʵʥʜʦʛʝʥʥʦʛʦ ʦʨʫʜʝʥʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʠʭ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʛʥʦʟʥʦ ʧʦʠʩʢʦʚʳʭ ʢʨʠʪʝʨʠʝʚ ʧʦʟʚʦʣʠʪ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʬʣʘʥʛʦʚ 

ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʜʞʠʙʫʛʫʪ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʥʦʚʳʭ ʨʫʜʥʳʭ ʟʘʣʝʞʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʙʣʠʞʘʡʰʝʤ ʙʫʜʫʱʝʤ 

ʧʨʦʠʟʚʝʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʩʚʦʝʥʠʝ ʜʘʥʥʦʛʦ ʟʦʣʦʪʦʨʫʜʥʦʛʦ ʦʙʲʝʢʪʘ. 
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ʨʝʩʫʨʩʦʚ. ʉʦʟʜʘʥʥʘʷ ʚ ʨʝʩʧʫʙʣʠʢʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʘʷ ʙʘʟʘ ʠʛʨʘʝʪ 

ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦʡ ʨʘʟʚʠʪʠʷ ʋʟʙʝʢʠʩʪʘʥʘ.  

ɺʘʞʥʝʡʰʠʤ ʬʘʢʪʦʨʦʤ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʵʢʦʥʦʤʠʢʠ ʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʚ ʙʣʠʞʘʡʰʝʡ ʧʝʨʩʧʝʢʪʠʚʝ ʙʫʜʝʪ ʦʩʪʘʚʘʪʴʩʷ ʤʠʥʝʨʘʣʴʥʦ-

ʩʳʨʴʝʚʦʡ ʧʦʪʝʥʮʠʘʣ, ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʝʞʝʛʦʜʥʦ ʙʫʜʝʪ ʚʦʟʨʘʩʪʘʪʴ. 

ʆʩʚʦʝʥʠʝ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʩʧʫʙʣʠʢʠ ʚ ʫʩʣʦʚʠʷʭ 

ʧʦʩʪʦʷʥʥʦʛʦ ʨʝʬʦʨʤʠʨʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʠ, ʚ ʩʠʣʫ ʦʙʲʝʢʪʠʚʥʳʭ ʠ 

ʩʫʙʲʝʢʪʠʚʥʳʭ ʧʨʠʯʠʥ ʧʨʦʠʩʭʦʜʠʪ ʧʦʜ ʚʣʠʷʥʠʝʤ ʨʷʜʘ ʧʨʦʙʣʝʤ, ʩʨʝʜʠ 

ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ: ʫʚʝʣʠʯʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ɻʈʈ; ʩʦʢʨʘʱʝʥʠʝ 

ʟʘʧʘʩʦʚ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ; ʩʦʢʨʘʱʝʥʠʝ ʦʙʲʝʤʦʚ ɻʈʈ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ 

ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ ʨʝʩʧʫʙʣʠʢʠ ʠ ɻʦʩʢʦʤʛʝʦʣʦʛʠʠ ʈʝʩʧʫʙʣʠʢʠ ʋʟʙʝʢʠʩʪʘʥ 

ʨʘʟʨʘʙʦʪʘʥʳ ʤʝʨʦʧʨʠʷʪʠʷ ʧʦ ʨʘʟʚʠʪʠʶ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʜʦ 2020 ʠ 

ʙʣʠʞʘʡʰʠʝ ʛʦʜʳ, ʛʜʝ ʩ ʫʯʝʪʦʤ ʟʘʨʦʜʠʚʰʠʭʩʷ ʧʨʦʙʣʝʤ ʫʢʘʟʘʥʳ ʧʫʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʦ ʫʢʨʝʧʣʝʥʠʶ ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʋʟʙʝʢʠʩʪʘʥʘ. 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʧʦʣʠʪʠʢʘ ʦʙʝʩʧʝʯʠʣʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʫʩʣʦʚʠʡ ʜʣʷ 

ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʦʩʚʦʝʥʠʷ 

ʤʠʥʝʨʘʣʴʥʦ-ʩʳʨʴʝʚʦʡ ʙʘʟʳ ʨʝʩʧʫʙʣʠʢʠ. ʀʟ ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ 

ʜʘʥʥʦʡ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʛʝʦʣʦʛʦʚ ʠ ʫʯʝʥʳʭ ʥʘʫʯʥʦ-

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʠʥʩʪʠʪʫʪʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ: 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠʟʚʝʩʪʥʳʭ ʠ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʦʜʦʚ ʧʦʠʩʢʦʚ ʠ 

ʨʘʟʚʝʜʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʠ 

ʧʦʚʳʰʝʥʠʝ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʨʦʛʥʦʟʦʚ ʥʘ ʦʩʥʦʚʝ ʥʦʚʳʭ ʜʘʥʥʳʭ ʧʦ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ ʨʘʟʤʝʱʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. 

ʈʝʘʣʠʟʘʮʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʪʨʘʪʝʛʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʧʦ ʫʢʘʟʘʥʥʳʤ 

ʧʫʪʷʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʪʨʝʙʫʝʪ ʵʢʩʧʝʨʪʥʦʛʦ ʧʝʨʝʩʤʦʪʨʘ ʚʩʝʭ 

ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʧʦ ʨʫʜʦʥʦʩʥʦʩʪʠ ʢʘʢ ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʨʝʩʧʫʙʣʠʢʠ, 

ʪʘʢ ʦʪʜʝʣʴʥʦ ʚʟʷʪʳʭ ʛʦʨʥʦ-ʨʫʜʥʳʭ ʨʘʡʦʥʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʚʝʜʝʥʠʶ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʛʝʦʜʠʥʘʤʠʢʠ ʟʦʣʦʪʦʨʫʜʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʎʝʥʪʨʘʣʴʥʳʭ 

ʂʳʟʳʣʢʫʤʦʚ ʧʨʝʜʰʝʩʪʚʦʚʘʣʠ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ ʛʝʦʣʦʛʦ-ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ 

ʨʘʟʤʝʱʝʥʠʷ ʦʨʫʜʝʥʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʫʜʘʣʝʥʦ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʢʦʥʪʨʦʣʶ ʦʨʫʜʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʨʘʟʣʦʤʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ 
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ʛʣʘʚʥʳʭ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʘʟʤʝʱʝʥʠʠ 

ʟʦʣʦʪʦʛʦ ʦʨʫʜʝʥʝʥʠʷ ʨʝʛʠʦʥʘ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʦʟʠʮʠʠ ʟʦʣʦʪʦʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʘʭ ʨʝʛʠʦʥʘ ʠ ʧʦ ʚʳʷʚʣʝʥʠʶ ʩʪʨʫʢʪʫʨ 

ʢʦʥʪʨʦʣʠʨʦʚʘʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʦʙʲʝʢʪʦʚ [2] ʧʦʢʘʟʘʣ, ʯʪʦ ʜʠʘʧʘʟʦʥ 

ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʵʪʦʪ ʢʦʥʪʨʦʣʴ, ʤʝʥʷʝʪʩʷ ʩ ʟʘʧʘʜʘ 

ʨʝʛʠʦʥʘ ʥʘ ʚʦʩʪʦʢ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ 

ʩʪʨʫʢʪʫʨ, ʢʦʥʪʨʦʣʠʨʦʚʘʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ. ɽʩʣʠ 

ʥʘ ʟʘʧʘʜʝ ʨʝʛʠʦʥʘ, ʚ ʛʦʨʘʭ ɹʫʢʘʥʪʘʫ, ʧʦʜʘʚʣʷʶʱʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʟʦʣʦʪʘ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʦʜʠʥʦʯʥʳʤʠ ʩʝʚʝʨʦ-ʟʘʧʘʜʥʳʤʠ, 

ʩʝʚʝʨʦ-ʚʦʩʪʦʯʥʳʤʠ, ʩʫʙʰʠʨʦʪʥʳʤʠ ʨʘʟʣʦʤʘʤʠ, ʪʦ ʥʘ ʚʦʩʪʦʢʝ ʦʪ ʥʠʭ, ʚ 

ʛʦʨʘʭ ʊʘʤʜʳʪʘʫ ï ʩʣʝʜʩʪʚʠʷʤʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ ʵʪʠʭ ʠ 

ʜʨʫʛʠʭ ʨʘʟʣʦʤʦʚ. ʕʪʠ ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʟʦʥʘʤʠ ʩʦʧʨʷʞʝʥʠʡ ʠ 

ʧʝʨʝʩʝʯʝʥʠʡ, ʟʦʥʘʤʠ ʠʩʢʨʠʚʣʝʥʠʡ ʠ ʨʘʟʚʝʪʚʣʝʥʠʡ ʨʘʟʣʦʤʦʚ. ʖʛʦ-

ʚʦʩʪʦʯʥʝʝ ʦʪ ʊʘʤʜʳʪʘʫ, ʚ ʛʦʨʘʭ ɹʝʣʴʪʘʫ ʜʠʘʧʘʟʦʥ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʝʱʝ ʙʦʣʝʝ ʰʠʨʦʢ. 

ʊʘʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨ ʨʝʛʠʦʥʘ 

ʚʳʥʫʜʠʣʠ ʥʘʩ ʠʩʢʘʪʴ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ï ʚ ʯʝʤ ʧʨʠʯʠʥʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʪʘʢʦʡ 

ʩʪʨʫʢʪʫʨʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ? 

ʇʨʠʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟ ʠʤʝʶʱʠʭʩʷ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʟʦʣʦʪʦʨʫʜʥʳʤ ʤʝʩʪʦʨʦʞʜʝʥʠʷʤ ʨʝʛʠʦʥʘ ʧʦʟʚʦʣʠʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʚʳʜʝʣʠʪʴ ʜʚʝ ʧʨʠʯʠʥʳ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ ʩʪʨʫʢʪʫʨʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʠʭ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʘʭ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʝʨʚʘʷ ʧʨʠʯʠʥʘ: 

ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʦʪʤʝʯʘʶʪ ʩʪʫʧʝʥʯʘʪʦʝ ʧʦʛʨʫʞʝʥʠʝ ʥʘ ʟʘʧʘʜ 

ʪʝʨʨʠʪʦʨʠʠ ɿʘʧʘʜʥʦʛʦ ʋʟʙʝʢʠʩʪʘʥʘ. ʆʥʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʸʭ ʩʪʫʧʝʥʝʡ ï 

ʙʣʦʢʦʚ: ʟʘʧʘʜʥʳʡ-ɹʫʢʘʥʪʘʫʩʢʠʡ; ʮʝʥʪʨʘʣʴʥʳʡïʊʘʤʜʳʪʘʫʩʢʠʡ ʠ 

ʚʦʩʪʦʯʥʳʡïʅʫʨʘʪʠʥʩʢʠʡ[3]. ʂʘʞʜʳʡ ʙʣʦʢ ʦʪʣʠʯʘʝʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʠʤ 

ʩʪʨʦʝʥʠʝʤ, ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʦʤ, ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʠʤ 

ʦʙʣʠʢʦʤ, ʧʨʦʷʚʣʝʥʠʝʤ ʤʘʛʤʘʪʠʟʤʘ ʠ ʫʨʦʚʥʝʤ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ. 

ɻʝʦʣʦʛʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʨʘʟʣʦʤʥʘʷ ʪʝʢʪʦʥʠʢʘ, ʫʨʦʚʝʥʴ ʵʨʦʟʠʦʥʥʦʛʦ ʩʨʝʟʘ 

ʠ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʢʦʤʧʣʝʢʩʝ ʦʧʨʝʜʝʣʠʣʠ ʠʭ ʤʝʪʘʣʣʦʛʝʥʠʯʝʩʢʫʶ 

ʩʧʝʮʠʘʣʠʟʘʮʠʶ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʣʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʦ-ʣʠʪʦʣʦʛʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʧʨʦʪʝʢʘʥʠʷ ʨʫʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʪʦʨʘʷ ʧʨʠʯʠʥʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 
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ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚʥʝʜʨʝʥʠʝ 

ʛʨʘʥʠʪʦʠʜʦʚ. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʛʤʘʪʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʥʘ 

ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ 

ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʦʨʦʜʳ ʠ ʟʘʥʠʤʘʝʤʦʝ ʠʤʠ ʛʝʦʣʦʛʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋʤʝʩʪʥʦ ʥʘʧʦʤʥʠʪʴ, ʯʪʦ ʜʠʘʧʘʟʦʥ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʢʦʥʪʨʦʣʠʨʦʚʘʚʰʠʭ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ʨʘʩʰʠʨʷʝʪʩʷ ʚ ʪʘʢʦʡ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʩʥʦ ʚʟʘʠʤʦʩʚʷʟʘʥʦ ʩ 

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʯʝʤ ʠʥʪʝʥʩʠʚʥʝʝ ʤʘʛʤʘʪʠʟʤ, ʪʝʤ ʙʦʣʴʰʝ 

ʩʪʨʫʢʪʫʨʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ. ɿʜʝʩʴ ʥʝʣʴʟʷ ʟʘʙʳʚʘʪʴ ʦ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʩʨʝʜʝ, 

ʪ.ʢ. ʩʦʩʪʘʚ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʭʘʨʘʢʪʝʨ ʭʨʫʧʢʦʡ ʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʦʪʩʶʜʘ ʛʝʥʝʪʠʯʝʩʢʠʡ ʪʠʧ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ ʠ 

ʠʭ ʤʦʨʬʦʣʦʛʠʷ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʫʜʦʚʤʝʱʘʶʱʘʷ ʩʨʝʜʘ ʦʪ ɹʫʢʘʥʪʘʫ ʥʘ 

ʟʘʧʘʜʝ ʜʦ ɹʝʣʴʪʘʫ ʥʘ ʚʦʩʪʦʢʝ ï ʦʜʥʦʡ ʬʦʨʤʘʮʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʤʦʞʥʦ ʩ 

ʫʚʝʨʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʬʦʨʤ 

ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʠʭ ʧʨʦʷʚʣʝʥʠʷ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʠʭ ʦʩʣʦʞʥʝʥʠʝʤ, ʩʚʷʟʘʥʦ ʩ ʪʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʛʝʨʮʠʥʩʢʠʡ ʵʪʘʧ ʨʘʟʚʠʪʠʷ, ʨʝʛʠʦʥʘ. ʀʟ ʵʪʦʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ ʦʙʩʪʘʥʦʚʢʫ ʧʣʦʱʘʜʝʡ ʧʨʦʷʚʣʝʥʠʷ 

ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʦʧʨʝʜʝʣʠʣʠ ʪʝʢʪʦʥʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ 

(ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʙʣʦʢʠ) ʨʝʛʠʦʥʘ, ʘ ʪʘʢʞʝ ʤʘʛʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ. ʂʨʫʧʥʳʝ 

ʨʝʛʠʦʥʘʣʴʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʠʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚʩʪʫʧʠʣʠ ʚ 

ʩʪʘʜʠʶ ʘʢʪʠʚʠʟʘʮʠʠ ʚ ʬʦʨʤʝ ʚʝʨʪʠʢʘʣʴʥʦ-ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ [1, 4]. 

ɸʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʝʱʝ ʩʚʷʟʘʥʘ ʩ ʛʣʫʙʠʥʥʳʤʠ ʤʘʛʤʘʪʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, 

ʢʦʪʦʨʳʝ ʥʝʨʝʜʢʦ ʧʨʦʪʝʢʘʣʠ ʚ ʟʦʥʘʭ ʨʝʛʠʦʥʘʣʴʥʳʭ ʨʘʟʣʦʤʦʚ, ʠ ʵʥʝʨʛʠʷ 

ʤʘʛʤʳ ʧʨʠʚʦʜʠʣʘ ʚ ʜʚʠʞʝʥʠʝ ʨʘʟʨʳʚʥʳʝ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʜʚʠʞʝʥʠʷ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʜʝʩʪʨʫʢʮʠʠ ʪʝʨʨʠʪʦʨʠʠ ʨʝʛʠʦʥʘ, ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʳʭ 

ʩʪʨʫʢʪʫʨ ʠ ʵʣʝʤʝʥʪʦʚ ʠʭ ʩʦʯʝʪʘʥʠʡ ʩ ʨʘʥʥʝʝ ʬʦʨʤʠʨʦʚʘʥʥʳʤʠ ʨʘʟʨʳʚʘʤ, 

ʢʦʪʦʨʳʝ ʚʧʦʩʣʝʜʩʪʚʠʠ ʩʳʛʨʘʣʠ ʚʝʩʴʤʘ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʟʦʣʦʪʦʨʫʜʥʦʤ 

ʧʨʦʮʝʩʩʝ, ʚʳʩʪʫʧʘʷ ʚ ʨʦʣʠ ʨʫʜʦʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. ʊʝʢʪʦʥʦ-

ʤʘʛʤʘʪʠʯʝʩʢʘʷ ʘʢʪʠʚʠʟʘʮʠʷ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʥʝ ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʦʚʳʭ 

ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ ʠ ʘʢʪʠʚʠʟʘʮʠʝʡ ʨʘʥʝʝ ʟʘʣʦʞʝʥʥʳʭ, ʥʦ ʪʘʢʞʝ 

ʬʦʨʤʠʨʦʚʘʣʘ ʚʫʣʢʘʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʟʦʥʳ ʣʠʥʝʘʤʝʥʪʦʚ ʠ 
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ʪʨʝʱʠʥʦʚʘʪʦʩʪʠ, ʢʦʪʦʨʳʝ ʩʳʛʨʘʣʠ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʘʭ 

ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʝʦʜʠʥʘʤʠʢʘ ʨʝʛʠʦʥʘ ʠ ʝʛʦ ʨʫʜʦʥʦʩʥʳʭ ʧʣʦʱʘʜʝʡ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʷʚʣʝʥʠʷʤʠ ʛʦʨʠʟʦʥʪʘʣʴʥʦ-ʚʝʨʪʠʢʘʣʴʥʳʭ ʜʚʠʞʝʥʠʡ, 

ʘʢʪʠʚʥʦʩʪʴʶ ʨʘʟʨʳʚʥʳʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʧʦʚʣʝʢʣʦ ʟʘ ʩʦʙʦʡ ʦʙʨʘʟʦʚʘʥʠʝ 

ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʠ ʦʩʣʦʞʥʝʥʠʝ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢʘʢ, ʚ 

ʮʝʣʦʤ, ʚʩʝʡ ʪʝʨʨʠʪʦʨʠʠ ʎʝʥʪʨʘʣʴʥʳʭ ʂʳʟʳʣʢʫʤʦʚ, ʪʘʢ, ʚ ʦʪʜʝʣʴʥʦʩʪʠ, 

ʧʣʦʱʘʜʝʡ ʧʨʦʷʚʣʝʥʠʷ ʟʦʣʦʪʦʨʫʜʥʦʡ ʤʠʥʝʨʘʣʠʟʘʮʠʠ. 
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ɺʦ ʚʨʝʤʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʨʘʙʦʪ, ʧʨʦʚʝʜʝʥʥʳʭ ʆɸʆ çɸʣʤʘʟʳ 

ɸʥʘʙʘʨʘè ʧʦʜ ʘʣʣʶʚʠʘʣʴʥʳʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʨ. ɹʦʣʴʰʘʷ ʂʫʦʥʘʤʢʘ ʚ ʧʦʡʤʝ 

ʨʝʢʠ, ʚʩʢʨʳʪʘ ʥʦʚʘʷ ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ. ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʦʥʘ 
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ʦʪʥʦʩʠʪʩʷ ʢ ʉʪʘʨʦʨʝʯʝʥʩʢʦʤʫ ʧʦʣʶ ʗʢʫʪʩʢʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʧʨʦʚʠʥʮʠʠ, 

ʢʦʪʦʨʦʝ ʨʘʩʧʦʣʦʞʝʥʥʦ ʚ ʧʨʝʜʝʣʘʭ ʍʘʧʯʘʥʦ-ʋʯʫʨʩʢʦʛʦ ʛʨʘʥʫʣʠʪʦʚʦʛʦ ʧʦʷʩʘ 

(ʍʘʧʯʘʥʩʢʠʡ ʪʝʨʨʝʡʥ) ʩ ʚʦʟʨʘʩʪʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ 2,1ï1,9 ʤʣʨʜ. ʣʝʪ ʠ 

ʧʨʠʫʨʦʯʝʥʦ ʢ ɸʥʘʙʘʨʩʢʦʡ ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʦʡ ʟʦʥʝ ʨʘʟʣʦʤʦʚ [3]. 

ɺʤʝʱʘʶʱʠʤʠ ʦʪʣʦʞʝʥʠʷʤʠ ʪʨʫʙʢʠ ʷʚʣʷʶʪʩʷ ʦʩʘʜʦʯʥʳʝ ʧʦʨʦʜʳ 

ʤʝʟʦʧʨʦʪʝʨʦʟʦʷ. 

ʊʨʫʙʢʘ ʩʣʦʞʝʥʘ ʩʝʨʦʡ ʠ ʟʝʣʝʥʦʚʘʪʦ-ʩʝʨʦʡ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʝʡ, 

ʧʨʝʪʝʨʧʝʚʰʝʡ ʚ ʢʦʨʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʝ ʛʠʧʝʨʛʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʩʠʣʠʢʘʪʥʳʭ ʤʠʥʝʨʘʣʦʚ. ʊʝʢʩʪʫʨʘ ʧʦʨʦʜʳ ʙʨʝʢʯʠʝʚʘʷ, ʤʝʩʪʘʤʠ 

ʘʚʪʦʣʠʪʦʧʦʜʦʙʥʘʷ. ʂʩʝʥʦʣʠʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʤʠ 

ʩʝʨʧʝʥʪʠʥʠʪʘʤʠ ʠ ʠʟʤʝʥʝʥʥʳʤʠ ʦʩʘʜʦʯʥʳʤʠ ʧʦʨʦʜʘʤʠ, ʨʘʟʤʝʨʦʤ ʥʝ ʙʦʣʝʝ 

4 ʩʤ. ʀʭ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5 ʦʙ. %. ʄʘʢʨʦʢʨʠʩʪʥʘʷ 

ʘʩʩʦʮʠʘʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʣʴʤʝʥʠʪ, ʧʠʢʨʦʠʣʴʤʝʥʠʪ ʠ ʨʝʜʢʠʝ ʟʝʨʥʘ 

ʭʨʦʤʜʠʦʧʩʠʜʘ ʠ ʧʠʨʦʧʘ.  

ʉʪʨʫʢʪʫʨʘ ʧʦʨʦʜʳ ʧʦʨʬʠʨʦʚʘʷ. ʇʦʨʬʠʨʦʚʳʝ ʚʳʜʝʣʝʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʝʛʘ- ʠ ʤʘʢʨʦʢʨʠʩʪʘʣʣʘʤʠ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʥʦʛʦ ʬʣʦʛʦʧʠʪʘ 

(ʜʦ 4 ʩʤ) ʠ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʳʤʠ ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʧʦ 

ʦʣʠʚʠʥʫ (ʜʦ 3 ʤʤ). ʂʦʣʠʯʝʩʪʚʦ ʢʨʫʧʥʳʭ ʟʝʨʝʥ ʩʣʶʜʳ ʚ ʦʪʜʝʣʴʥʳʭ ʦʙʨʘʟʮʘʭ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʧʝʨʚʳʭ ʧʨʦʮʝʥʪʦʚ. 

ʆʩʥʦʚʥʘʷ ʤʘʩʩʘ ʠʟʥʘʯʘʣʴʥʦ ʩʝʨʧʝʥʪʠʥ-ʬʣʦʛʦʧʠʪʦʚʦʛʦ ʩʦʩʪʘʚʘ ʩ 

ʤʝʣʢʠʤʠ ʟʝʨʥʘʤʠ ʢʘʣʴʮʠʪʘ. ʊʘʙʣʠʯʢʠ ʩʚʝʪʣʦ-ʙʫʨʦʛʦ ʬʣʦʛʦʧʠʪʘ ʯʘʩʪʦ 

ʜʝʬʦʨʤʠʨʦʚʘʥʳ ʠ ʯʘʩʪʠʯʥʦ ʭʣʦʨʠʪʠʟʠʨʦʚʘʥʳ. ʆʙʳʯʥʦ ʠʭ ʨʘʟʤʝʨ ʥʝ 

ʧʨʝʚʳʰʘʝʪ 50 ʤʢʤ. ʌʣʦʛʦʧʠʪ ʩʦʜʝʨʞʠʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ TiO2 (ʜʦ 4,6 ʤʘʩ. %) ʠ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʟʝʨʥʘʭ 

ʧʨʠʩʫʪʩʪʚʫʝʪ F (ʜʦ 4,4 ʤʘʩ. %). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʳ ʠʜʠʦʤʦʨʬʥʳʝ ʟʝʨʥʘ ʧʝʨʦʚʩʢʠʪʘ, ʨʝʟʦʨʙʠʨʦʚʘʥʥʳʝ 

ʚʳʜʝʣʝʥʠʷ ʘʧʘʪʠʪʘ ʠ ʤʘʛʥʝʟʠʘʣʴʥʦ-ʘʣʶʤʠʥʠʝʚʦʛʦ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. ʈʝʜʢʦ 

ʚ ʤʝʟʦʩʪʘʟʠʩʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʟʝʨʥʘ ʭʨʦʤʰʧʠʥʝʣʠʜʦʚ ʨʘʟʤʝʨʦʤ ʜʦ 30 ʤʢʤ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʥʠ ʷʚʣʷʶʪʩʷ ʷʜʨʘʤʠ ʬʫʪʣʷʨʦʚʠʜʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʢʘʡʤʘ 

ʢʦʪʦʨʳʭ ʩʣʦʞʝʥʘ ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʦʤ. 

ʂʠʤʙʝʨʣʠʪʦʚʘʷ ʙʨʝʢʯʠʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʘ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʢʘʢ ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʨʦʜ. ʀʟ-ʟʘ ʥʘʣʦʞʝʥʥʦʡ ʢʘʨʙʦʥʘʪʠʟʘʮʠʠ ʪʝʢʩʪʫʨʘ ʧʦʨʦʜʳ ʚ 
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ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʩʪʘʥʦʚʠʪʩʷ ʘʚʪʦʣʠʪʦʧʦʜʦʙʥʦʡ. ɸʚʪʦʣʠʪʦʚʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʣʠʙʦ ʦʚʘʣʴʥʳʤʠ ʬʨʘʛʤʝʥʪʘʤʠ ʤʝʟʦʩʪʘʟʠʩʘ, ʣʠʙʦ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʦʣʠʚʠʥʫ, ʦʢʨʫʞʝʥʥʳʤʠ ʨʝʣʠʢʪʘʤʠ ʦʩʥʦʚʥʦʡ ʤʘʩʩʳ. 

ʉʚʷʟʫʶʱʘʷ ʤʘʩʩʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʦʛʘʱʝʥʘ ʢʘʣʴʮʠʪʦʤ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʩʝʨʧʝʥʪʠʥʘ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʤʝʣʢʠʭ ʟʝʨʝʥ 

ʪʠʪʘʥʦʤʘʛʥʝʪʠʪʘ. 

ʇʦ ʩʦʜʝʨʞʘʥʠʶ ʛʣʘʚʥʳʭ ʧʝʪʨʦʛʝʥʥʳʭ ʵʣʝʤʝʥʪʦʚ (MgO, CaO, CO2 ʠ 

SiO2) ʧʦʨʦʜʘ ʷʚʣ̫ʝʪʩʷ ʢʠʤʙʝʨʣʠʪʦʤ (ʪʘʙʣ. 1), ʘ ʧʦ ʢʦʣʠʯʝʩʪʚʫ ʦʢʩʠʜʦʚ Ti, 

Fe ʠ K (ʪʘʙʣ. 1) ʦʥʘ ʦʪʥʦʩʠʪʩʷ ʢ ʞʝʣʝʟʦ-ʪʠʪʘʥʠʩʪʳʤ ʚʳʩʦʢʦʢʘʣʠʝʚʳʤ 

ʨʘʟʥʦʩʪʷʤ [6]. ʇʝʪʨʦʛʨʘʬʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʠ ʧʝʪʨʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʦʨʦʜʳ ʧʦʟʚʦʣʷʶʪ ʦʪʥʝʩʪʠ ʝʝ ʢ ʩʝʤʝʡʩʪʚʫ ʩʣʶʜʠʩʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʥʜʝʢʩʘ ʢʦʥʪʘʤʠʥʘʮʠʠ (C.I.) ʢʦʨʦʚʦʛʦ ʢʦʤʧʦʥʝʥʪʘ 

[5] ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʨʘʚʥʳ 1,94 ʠ 1,86. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʪʦʤ, 

ʯʪʦ ʩʦʩʪʘʚ ʩʫʙʩʪʨʘʪʘ, ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦ ʪʨʫʙʢʫ, ʧʨʝʪʝʨʧʝʣ ʥʝʢʦʪʦʨʳʝ 

ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʢʦʨʦʚʳʤ ʚʝʱʝʩʪʚʦʤ ʣʠʪʦʩʬʝʨʳ.  

ʊʘʙʣʠʮʘ 1 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ 

ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ʥʦʚʦʡ ʪʨʫʙʢʠ ʉʪʘʨʦʨʝʯʝʥʩʢʦʛʦ ʧʦʣʷ 

ʂʦʤʧʦʥʝʥʪ r 1 2 
SiO2 20,17 27,91 
TiO2 2,4 2,74 
Al2O3 6,53 5,55 
Fe2O3 4,51 7,71 
FeO 8,45 5,82 
MnO 0,14 0,14 
MgO 12,97 15,81 
CaO 20,31 16,36 
Na2O 0,04 0,09 
K2O 0,42 1,1 
H2O

- 1,9 1,2 
H2O

+ 6,22 6,57 
P2O5 0,83 0,72 
CO2 16,68 8,86 
Li2O 0,0019 0,0059 
Rb2O 0,0020 0,0051 

S 0,12 0,01 
F 0,11 0,12 

ʉʫʤʤʘ 99,84 99,47 
Q 8,49 12,02 

C.I. 1,94 1,86 
CaO/MgO 1,57 1,03 
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ʂʦʣʠʯʝʩʪʚʦ ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʢʨʝʤʥʝʢʠʩʣʦʪʳ ï ʥʦʨʤʘʪʠʚʥʳʡ 

ʢʚʘʨʮ Q, ʦʪʨʘʞʘʶʱʝʝ ʩʪʝʧʝʥʴ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʪʦʨʠʯʥʳʭ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ-ʤʝʪʘʩʦʤʘʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʩʦʩʪʘʚʣʷʝʪ 8,49 ʠ 12,02 %. 

ɼʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʨʝʚʳʰʘʶʪ 5% ʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʜʘʥʥʳʝ 

ʧʝʪʨʦʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʙ ʫʤʝʨʝʥʥʳʭ ʛʠʧʝʨʛʝʥʥʳʭ 

ʠʟʤʝʥʝʥʠʷʭ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ [2]. ʇʦ ʪʠʧʦʭʠʤʠʯʝʩʢʦʤʫ ʧʨʠʟʥʘʢʫ 

CaO/MgO (1,57 ʠ 1,03) ʦʙʘ ʦʙʨʘʟʮʘ ʦʪʥʦʩʷʪʩʷ ʢ ʢʘʨʙʦʥʘʪʠʟʠʨʦʚʘʥʥʦʤʫ 

ʢʠʤʙʝʨʣʠʪʫ [1]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʨʘʩʪʘ ʪʨʫʙʢʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ Rb-Sr 

ʠʟʦʪʦʧʥʦʡ ʩʠʩʪʝʤʳ ʤʝʛʘʢʨʠʩ-ʪʘʣʣʦʚ ʬʣʦʛʦʧʠʪʘ, ʦʩʥʦʚʥʦʡ ʠ ʩʚʷʟʫʶʱʝʡ 

ʤʘʩʩʳ (ʆʉʄ) ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ.  

ʇʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʝ [4] ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʠʩʣʦʪ-ʥʦʛʦ 

ʚʳʱʝʣʘʯʠʚʘʥʠʷ ʠʟ ʆʉʄ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʜʝʣʷʣʘʩʴ ʩʠʣʠʢʘʪ-ʥʘʷ (ʉʌ) ʠ 

ʢʘʨʙʦʥʘʪʥʘʷ (ʂʌ) ʬʨʘʢʮʠʷ. 

ʀʟʦʪʦʧʥʳʡ ʩʦʩʪʘʚ Sr ʘʥʘʣʠʟʠʨʦʚʘʣʩʷ ʥʘ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʝ ʄʀ-1201-

ʊ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘ, ʘ ʩʦʜʝʨ-ʞʘʥʠʷ Rb ʠ Sr ʠʟʤʝʨʷʣʠʩʴ ʤʝʪʦʜʦʤ 

ʜʚʦʡʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ [4]. 

ʀʟʫʯʝʥʠʝ Rb-Sr ʩʠʩʪʝʤ ʆʉʄ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ʧʦʟʚʦ-ʣʠʣʦ 

ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ Rb ʠ Sr ʚ ʧʨʝʜʝʣʘʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʘʪʨʠʮʫ ʬʨʘʢʮʠʡ 

(ʪʘʙʣ. 2) ʠ Rb-Sr ʚʦʟʨʘʩʪ ʧʦʨʦʜ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʪʠʨʦʚʢʠ ʣʝʞʘʪ ʚ ʠʥʪʝʨʚʘʣʝ 

177Ñ1 ʤʣʥ. ʣʝʪ (I=070679Ñ0.00004) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʭʪʦʯʝʯʥʦʡ 

ʠʟʦʭʨʦʥʦʡ ʜʣʷ ʧʦʨʦʜʳ ʠ 169Ñ1 ʤʣʥ. ʣʝʪ (I=070685Ñ0.00014) ʩ ʫʯʝʪʦʤ 

ʜʘʥʥʳʭ ʧʦ ʬʣʦʛʦʧʠʪʫ.

ʊʘʙʣʠʮʘ 2 

ʈʝʟʫʣʴʪʘʪʳ Rb-Sr ʠʟʦʪʦʧʥʦʛʦ ʘʥʘʣʠʟʘ ʢʠʤʙʝʨʣʠʪʦʚʦʡ ʙʨʝʢʯʠʠ ʪʨʫʙʢʠ  

ʄʘʪʝʨʠʘʣ 
87

Rb, ppm 
86

Sr, ppm 
87

Rb/
86

Sr 
87

Sr/
86

Sr 

ʂʠʤʙʝʨʣʠʪ, ʆʉʄ 13,7922 67,1229 0,2031 0,7073 

ʉʌ 15,8544 6,4666 2,4235 0,7129 

ʂʌ (53,66) 9,5072 193,1588 0,0486 0,70691 

ʌʣʦʛʦʧʠʪ 26,6048 6,7342 3,5093 0,7161 

 

ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʜʦʧʦʣʥʷʶʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦ ʚʦʟʨʘʩʪʫ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʨʘʡʦʥʘ ʠ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʜʘʪʠʨʦʚʢʘʤ, 

ʠʤʝʶʱʠʤʩʷ ʜʣʷ ʝʜʠʥʠʯʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ 
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ʧʨʝʜʝʣʘʭ ʍʘʧʯʘʥʩʢʦʛʦ ʛʨʘʥʫʣʠʪ-ʧʘʨʘʛʥʝʡʩʦʚʦʛʦ ʪʝʨʨʝʡʥʘ (ɼʶʢʝʥʩʢʦʝ, 

ɸʨ-rʄʘʩʪʘʭʩʢʦʝ, ʉʪʘʨʦʨʝʯʝʥʩʢʦʝ ʧʦʣʝ) [3]. ɼʘʥʥʘ ̫ʢʠʤʙʝʨʣʠʪʦʚʘʷ ʪʨʫʙʢʘ 

ʪʘʢʞʝ ʦʪʥʦʩʠʪʩʷ ʢ ʤʝʟʦʟʦʡʩʢʦʤʫ ʥʝʘʣʤʘʟʦʥʦʩʥʦʤʫ ʵʪʘʧʫ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ 

ʤʘʛʤʘʪʠʟʤʘ. 
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ɸʈɸʅɻɸʉʀʊ.  

ʀɿʋʏɽʅʀɽ ʉʊɸɹʀʃʔʅʆʉʊʀ ʄʀʅɽʈɸʃɸ ʄɽʊʆɼɸʄʀ 

ʈɽʅʊɻɽʅʆʌɸɿʆɺʆɻʆ ʀ ʊɽʈʄʀʏɽʉʂʆɻʆ ɸʅɸʃʀɿʆɺ  

 

ɿʘʷʢʠʥʘ ʅ.ɺ., ɽʤʝʣʴʷʥʦʚʘ ʅ.ʅ.  

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 
 

 

ʈʝʜʢʠʡ ʚʦʜʥʳʡ ʩʫʣʴʬʘʪ-ʬʦʩʬʘʪ-ʬʪʦʨʠʜ ʘʣʶʤʠʥʠʷ ʘʨʘʥʛʘʩʠʪ ʩʦʩʪʘʚʘ 

Al 2(PO4)(SO4)FĿ7.5H2O ʙʳʣ ʦʪʢʨʳʪ ʥʝʜʘʚʥʦ ʚ ʢʘʩʩʠʪʝʨʠʪ-ʩʠʣʠʢʘʪʥʦ-

ʩʫʣʴʬʠʜʥʦʤ ʤʝʩʪʦʨʦʞʜʝʥʠʠ ɸʣʷʩʢʠʪʦʚʦʝ, (ʙʘʩʩʝʡʥ ʨʝʢʠ ʀʥʜʠʛʠʨʢʘ, 

ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʷ) ʚ ʘʩʩʦʮʠʘʮʠʠ ʩ ʛʠʧʩʦʤ, ʬʦʩʬʦʩʢʦʨʦʜʠʪʦʤ, ʷʨʦʟʠʪʦʤ ʠ 

ʬʣʶʵʣʣʠʪʦʤ [1]. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʠʥʝʨʘʣʘ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʥ ʧʦʜʦʙʥʦ 

ʤʥʦʛʠʤ ʜʨʫʛʠʤ ʚʦʜʥʳʤ ʩʫʣʴʬʘʪʘʤ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʜʳ ʣʝʛʢʦ 

ʪʝʨʷʝʪ ʚʦʜʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʧʨʦʷʚʣʷʝʪʩʷ ʥʘ 
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ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ. ɹʳʣʦ ʦʪʤʝʯʝʥʦ ʪʘʢʞʝ, ʯʪʦ ʘʨʘʥʛʘʩʠʪ ʩʧʦʩʦʙʝʥ ʢ 

ʨʝʛʠʜʨʘʪʘʮʠʠ, ʩʪʨʫʢʪʫʨʘ ʤʠʥʝʨʘʣʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʧʦʤʝʱʝʥʠʠ 

ʦʙʨʘʟʮʦʚ ʚʦ ʚʣʘʞʥʫʶ ʘʪʤʦʩʬʝʨʫ ʠʣʠ ʧʨʦʩʪʦ ʥʘʩʳʱʝʥʠʠ ʠʭ ʚʦʜʦʡ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʛʥʦʩʪʠʨʦʚʘʪʴ ʤʠʥʝʨʘʣ ʩʨʘʚʥʝʥʠʝʤ ʩ 

ʵʪʘʣʦʥʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʤʤʦʡ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʝʛʦ ʜʝʛʠʜʨʘʪʘʮʠʠ.  

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʜʣʷ 

ʘʨʘʥʛʘʩʠʪʘ ʧʨʝʜʣʦʞʝʥʘ ʬʦʨʤʫʣʘ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʚʦʜʳ ʥʝ 7.5, ʘ 9 ʤʦʣʝʢʫʣ 

[2]. ɿʜʝʩʴ ʞʝ ʦʪʤʝʯʘʝʪʩʷ ʚʘʞʥʘʷ ʨʦʣʴ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ ʤʝʞʩʣʦʝʚʳʭ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʪʨʫʢʪʫʨʳ. ʇʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩ 

ʚʳʷʩʥʠʪʴ, ʚ ʢʘʢʠʭ ʧʨʝʜʝʣʘʭ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʢʘʢ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʷ ʚʦʜʳ ʚ ʤʠʥʝʨʘʣʝ, ʚʦʟʤʦʞʥʦʩʪʴ ʩʪʨʫʢʪʫʨʳ ʢ 

ʨʝʛʠʜʨʘʪʘʮʠʠ. ʈʝʰʝʥʠʶ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʨʘʙʦʪʘ. 

ʄʠʥʝʨʘʣ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ D2 

PHASER, CuKŬ, ʨʝʞʠʤ ʨʘʙʦʪʳ - 30 ʢʚ, 10 ʤʘ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʘʟʫ ʜʘʥʥʳʭ 

PDF-2; ʪʝʨʤʦʛʨʘʬʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʥʘ ʪʝʨʤʠʯʝʩʢʦʤ 

ʘʥʘʣʠʟʘʪʦʨʝ NETZSCH STA 449 C Jupiter (ʤʘʩʩʘ ʦʙʨʘʟʮʦʚ ʦʪ 3.2 ʜʦ 14 ʤʛ, 

ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ 10 Ü/ ʤʠʥ, ʘʪʤʦʩʬʝʨʘ Ar).   

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʥʪʛʝʥʦʛʨʘʤʤ, ʧʦʣʫʯʝʥʥʳʭ ʩ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʧʦʨʦʰʢʦʚʦʛʦ ʧʨʝʧʘʨʘʪʘ, ʣʝʞʘʚʰʝʛʦ ʚ ʩʫʭʦʤ ʧʦʤʝʱʝʥʠʠ ʚ ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ 

ʛʦʜʘ, ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ: ʚ ʤʘʣʦʫʛʣʦʚʦʡ 

ʦʙʣʘʩʪʠ ʧʦʤʠʤʦ ʦʪʨʘʞʝʥʠʡ ~10.57 ʠ 9.6 ¡ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʠʢ 

~8.3 ¡, ʤʝʥʷʝʪʩʷ ʪʘʢʞʝ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʢʦʪʦʨʳʭ ʦʪʨʘʞʝʥʠʡ [1]. ʅʘ ʨʠʩ. 

1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʨʘʛʤʝʥʪʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʨʘʥʝʝ 

(çʵʪʘʣʦʥʥʦʛʦè, ʫʪʚʝʨʞʜʝʥʥʦʛʦ ʂʅʄ ʤʠʥʝʨʘʣʘ) ʠ ʚʥʦʚʴ ʦʪʦʙʨʘʥʥʦʛʦ 

ʘʨʘʥʛʘʩʠʪʘ (ʤʠʥʝʨʘʣ ʭʨʘʥʠʣʩʷ ʚ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ), ʘ ʪʘʢʞʝ 

ʨʝʛʠʜʨʘʪʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʚʥʦʚʴ 

ʦʪʦʙʨʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʪʘʣʦʥʥʦʡ: ʦʪʨʘʞʝʥʠʷ ~10.57 ʠ 9.6 ¡ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʣʠ. ʇʦʩʣʝ ʨʝʛʠʜʨʘʪʘʮʠʠ ʩʪʨʫʢʪʫʨʘ ʤʠʥʝʨʘʣʘ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʙʣʠʟʢʘ ʢ ʵʪʘʣʦʥʥʦʡ. ʊ.ʝ. ʧʨʠ ʭʨʘʥʝʥʠʠ 

ʤʠʥʝʨʘʣʘ ʚ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʦʙʨʘʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʪʨʫʢʪʫʨʝ.  
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ʈʠʩ. 1. ʈʝʥʪʛʝʥʦʛʨʘʤʤʳ ʘʨʘʥʛʘʩʠʪʘ: ʘ ï  ʠʩʭʦʜʥʳʡ (ʵʪʘʣʦʥʥʳʡ) ʦʙʨʘʟʝʮ, ʙ ï  ʦʙʨʘʟʝʮ 

ʧʦʩʣʝ ʭʨʘʥʝʥʠʷ, ʚ ï ʨʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ. 

 

ɸʥʘʣʠʟ ʪʝʨʤʦʛʨʘʤʤʳ ʤʠʥʝʨʘʣʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦʪʝʨʷ ʚʦʜʳ ʚ ʥʝʤ 

ʧʨʦʠʩʭʦʜʠʪ ʤʥʦʛʦʩʪʫʧʝʥʯʘʪʦ: ʥʘʙʣʶʜʘʶʪʩʷ 4 ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʘ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʦ 600 ÜC, ʧʨʠʯʝʤ, ʦʙʱʘʷ ʧʦʪʝʨʷ ʚʦʜʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʨʠʤʝʨʥʦ 7.5 ʤʦʣʝʢʫʣ. ʇʨʦʢʘʣʠʚʘʥʠʝ ʤʠʥʝʨʘʣʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 60 ÜC 

(ʪʝʤʧʝʨʘʪʫʨʘ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʨʙʠʨʦʚʘʥʥʦʡ ʚʦʜʳ [1]) ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʵʥʜʦʪʝʨʤʠʯʝʩʢʠʭ ʧʠʢʦʚ 105, 145, 

180, 240 Üʉ. ʆʪʙʦʨ ʤʠʥʝʨʘʣʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʥʪʛʝʥʦʛʨʘʤʤʳ ʧʨʦʚʦʜʠʣʠ 

ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʪʦʤ ʧʨʦʜʦʣʞʘʣʠ ʥʘʛʨʝʚ 

ʜʦ ʩʣʝʜʫʶʱʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʨʦʢʘʣʠʚʘʥʠʷ. ʆʪʩʥʷʪʳʝ ʦʙʨʘʟʮʳ ʟʘʣʠʚʘʣʠ 

ʚʦʜʦʡ, ʦʩʪʘʚʣʷʣʠ ʥʘ ʩʫʪʢʠ, ʚʳʩʫʰʠʚʘʣʠ ʠ ʧʨʦʚʦʜʠʣʠ ʩʲʝʤʢʫ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤ ʧʦʚʪʦʨʥʦ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʦʢʘʣʠʚʘʥʠʝ ʧʨʠ 60 Üʉ ʧʨʠʚʦʜʠʪ 
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ʣʠʰʴ ʢ ʥʝʙʦʣʴʰʦʤʫ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʫʰʠʨʝʥʠʶ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ, ʪ.ʝ. ʧʨʦʮʝʩʩ ʜʝʛʠʜʨʘʪʘʮʠʠ ʥʘʯʠʥʘʝʪʩʷ, ʦʜʥʘʢʦ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʥʝʚʝʣʠʢʘ, ʠ ʦʥ ʥʝ ʬʠʢʩʠʨʫʝʪʩʷ ʥʘ ʢʨʠʚʦʡ ɼʊɸ. ʇʦʩʣʝ 

ʧʨʦʢʘʣʢʠ ʧʨʠ 105 Üʉ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʪʘʣʦʥʥʦʡ ʠ ʙʣʠʟʢʘ ʢ 

ʨʝʥʪʛʝʥʦʛʨʘʤʤʝ ʦʙʨʘʟʮʘ, ʭʨʘʥʠʚʰʝʛʦʩʷ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʈʝʛʠʜʨʘʪʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʜʘʝʪ ʨʝʥʪʛʝʥʦʛʨʘʤʤʫ ʙʣʠʟʢʫʶ ʢ ʵʪʘʣʦʥʥʦʡ 

(ʨʠʩ. 1,ʚ). ʇʦʪʝʨʷ ʚʦʜʳ ʧʨʠ 105 Üʉ ʧʦ ʜʘʥʥʳʤ ɼʊɸ ʧʦʨʷʜʢʘ 1 ʤʦʣʝʢʫʣʳ ʥʝ 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʘʨʘʥʛʘʩʠʪʘ, ʚʦʜʘ ʣʝʛʢʦ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʦʙʨʘʪʥʦ. ɺ ʦʙʨʘʟʮʘʭ ʧʨʦʢʘʣʝʥʥʳʭ ʧʨʠ 145, 180, 240 Üʉ ʩʪʨʫʢʪʫʨʘ ʧʦʩʣʝ 

ʨʝʛʠʜʨʘʪʘʮʠʠ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʥʝʦʙʨʘʪʠʤʦʝ ʨʘʟʨʫʰʝʥʠʝ ʩʪʨʫʢʪʫʨʳ 

ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʧʨʦʢʘʣʠʚʘʥʠʠ ʧʨʠ 145 Üʉ ʩ ʧʦʪʝʨʝʡ ʧʨʠʤʝʨʥʦ 2 ʤʦʣʝʢʫʣ 

ʚʦʜʳ. ɸʤʦʨʬʠʟʘʮʠʷ ʤʠʥʝʨʘʣʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 240 Üʉ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ 

ʘʨʘʥʛʘʩʠʪʘ ʥʝʩʪʘʙʠʣʴʥʘ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʣʘʞʥʦʩʪʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʚ ʩʪʨʫʢʪʫʨʝ ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʣʠʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʦʜʳ, ʪ.ʝ. ʨʘʟʣʠʯʠʝ ʚ 

ʬʦʨʤʫʣʘʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʭʨʘʥʝʥʠʷ ʤʠʥʝʨʘʣʘ. 

ɸʚʪʦʨʳ ʧʨʠʟʥʘʪʝʣʴʥʳ ʩʦʪʨʫʜʥʠʢʘʤ ʀʥʩʪʠʪʫʪʘ ʊʨʦʥʠʥʦʡ ʊ.ʌ. ʠ 

ɻʘʣʝʥʯʠʢʦʚʦʡ ʃ.ʊ, ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ɻʘʤʷʥʠʥʫ ɻ.ʅ. 

ʟʘ ʧʨʝʜʦʩʪʘʚʣʝʥʥʳʡ ʦʙʨʘʟʝʮ.  

 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ɻʘʤʷʥʠʥ ɻ.ʅ., ɿʘʷʢʠʥʘ ʅ.ɺ., ɻʘʣʝʥʯʠʢʦʚʘ ʃ.ʊ. ɸʨʘʥʛʘʩʠʪ Al 2(SO4)(PO4)F 7.5H2O - 

ʥʦʚʳʡ ʤʠʥʝʨʘʣ ʠʟ ʤʝʩʪʦʨʦʞʜʝʥʠʷ ɸʣʷʩʢʠʪʦʚʦʛʦ (ɺʦʩʪʦʯʥʘʷ ʗʢʫʪʠʷ, ʈʦʩʩʠʷ). ɿʈʄʆ, 

2013, ʯ.CXLII, ʚʳʧ. 5, ʩ. 21-30.  

2. Olga V. Yakubovich, Ian M. Steele, Vladimir V. Chernyshov, Nadezhda V. Zayakina, 

Gennady N. Gamyanin, Oxana V. Karimova . The crystal structure of arangasite, 

Al 2F(PO4)(SO4)(H2O)9 determined using low-temperature  synhrotron data (ʚ ʧʝʯʘʪʠ). 

 

 

 

 

 

 

 

 



191 

 

ɿɸʂʆʅʆʄɽʈʅʆʉʊʀ ɺʓɺɽʊʈʀɺɸʅʀʗ ʇʆʈʆɼ 

ʈɸɿʃʀʏʅʆɻʆ ʉʆʉʊɸɺɸ ɺ ʉɺʗɿʀ ʉ 

ɸʃʄɸɿʆʇʆʀʉʂʆɺʓʄʀ ʈɸɹʆʊɸʄʀ  

ʅɸ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄɽ 

 

ɿʠʥʯʫʢ ʅ.ʅ. 

ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʉ(ʗ), ʛ. ʄʠʨʥʳʡ 

 

ɺʳʚʝʪʨʠʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʣʦʙʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʬʠʟʠʢʦ- 

ʭʠʤʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʭ ʢʘʢ ʚ ʩʫʙʘʢʚʘʣʴʥʳʭ, ʪʘʢ ʠ ʚ ʦʩʥʦʚʥʦʤ 

ʩʫʙʘʵʨʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʦʮʝʩʩ ʚʳʚʝʪʨʠʚʘʥʠʷ ʟʘʪʨʘʛʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʩʝ ʩʣʘʛʘʶʱʠʝ ʚʝʨʭʥʶʶ ʦʙʦʣʦʯʢʫ ɿʝʤʣʠ ʧʦʨʦʜʳ (ʠʟʚʝʨʞʝʥʥʳʝ, 

ʤʝʪʘʤʦʨʬʠʯʝʩʢʠʝ ʠ ʦʩʘʜʦʯʥʳʝ, ʚʢʣʶʯʘʷ ʢʘʨʙʦʥʘʪʥʳʝ ʠ ʭʝʤʦʛʝʥʥʳʝ 

ʨʘʟʥʦʩʪʠ ʧʦʩʣʝʜʥʠʭ). ʅʘʠʙʦʣʝʝ ʯʝʪʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʫʢʘʟʘʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʧʨʦʬʠʣʷʭ ʚʳʚʝʪʨʠʚʘʥʠʷ ʘʣʶʤʦʩʠʣʠʢʘʪʥʳʭ ʧʦʨʦʜ 

(ʦʩʦʙʝʥʥʦ ʠʟʚʝʨʞʝʥʥʳʭ), ʦʪʜʝʣʴʥʳʝ ʨʘʟʥʦʩʪʠ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʚʳʨʘʞʝʥʥʦʡ ʢʦʥʪʨʘʩʪʥʦʩʪʴʶ  ʧʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʠ  

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʷʤ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ 

ʚʦʧʨʦʩʦʚ ʤʠʥʝʨʘʣʦʛʠʠ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ  (ʂɺ) ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʘʥʘʣʠʟʝ 

ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚʝʩʴʤʘ ʚʘʞʥʳʝ ʜʘʥʥʳʝ ʤʦʛʫʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʨ ʠ ʥʘ ʦʩʘʜʦʯʥʳʭ ʧʦʨʦʜʘʭ. ʄʝʭʘʥʠʟʤ 

ʛʠʧʝʨʛʝʥʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʛʠʧʦʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ. ʄʠʥʝʨʘʣʳ ʦʩʪʨʦʚʥʦʡ 

(ʦʣʠʚʠʥ), ʮʝʧʦʯʝʯʥʦʡ (ʧʠʨʦʢʩʝʥʳ), ʣʝʥʪʦʯʥʦʡ (ʘʤʬʠʙʦʣʳ) ʠ ʢʘʨʢʘʩʥʦʡ 

(ʧʦʣʝʚʳʝ ʰʧʘʪʳ) ʩʪʨʫʢʪʫʨ ʚ ʧʨʦʮʝʩʩʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʵʪʦʛʦ, ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ (ʢ 

ʛʨʫʧʧʝ ʛʠʧʦʛʝʥʥʳʭ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

ʩʣʶʜʳ ʠ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ ʭʣʦʨʠʪʳ ʠ ʩʝʨʧʝʥʪʠʥʳ) ʚ ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ 

ʠʩʧʳʪʳʚʘʶʪ ʛʘʤʤʫ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʦʬʘʟʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʵʪʦʛʦ ʠʟ ʧʨʦʜʫʢʪʦʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʢʘʞʜʦʡ ʟʦʥʝ 

ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ ʚʪʦʨʠʯʥʳʝ ʤʠʥʝʨʘʣʳ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʙʝʩʩʣʶʜʠʩʪʳʝ ʢʠʩʣʳʝ ʧʦʨʦʜʳ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, 

ʣʝʡʢʦʢʨʘʪʦʚʳʝ ʛʨʘʥʠʪʳ ʦ.ʆʣʴʭʦʥ ʥʘ ɹʘʡʢʘʣʝ), ʩʦʜʝʨʞʘʪ ʜʦ 54% 

ʤʠʢʨʦʢʣʠʥʘ, 22% ʦʣʠʛʦʢʣʘʟʘ, 16% ʢʚʘʨʮʘ ʠ 4% ʩʣʶʜʳ (ʤʫʩʢʦʚʠʪʘ ʠ 

ʙʠʦʪʠʪʘ). ɺ ʥʠʞʥʝʡ ʟʦʥʝ ʧʨʦʬʠʣʷ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʘʢʠʝ ʧʦʨʦʜʳ 

http://science.ykt.ru/index.php?newsid=220
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ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, ʟʘ ʩʯʝʪ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʨʘʟʣʦʞʝʥʠʷ ʧʣʘʛʠʦʢʣʘʟʘ ʠ 

ʥʘʠʤʝʥʝʝ ʫʩʪʦʡʯʠʚʦʡ ʯʘʩʪʠ ʢʘʣʠʝʚʦʛʦ ʧʦʣʝʚʦʛʦ ʰʧʘʪʘ, ʧʦʷʚʣʝʥʠʝʤ ʣʠʰʴ 

ʥʝʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʦ (~4%) ʩʣʘʙʦ ʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ Al-

Fe
3+

-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (b=0,894 ʥʤ) ʠ ʛʘʣʣʫʘʟʠʪʘ (b=0,894 ʥʤ). ʅʝʩʤʦʪʨʷ ʥʘ 

ʦʜʠʥʘʢʦʚʳʝ ʟʥʘʯʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʧʦʩʣʝʜʥʠʡ ʯʝʪʢʦ 

ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʧʦʜ ʵʣʝʢʪʨʦʥʥʳʤ ʤʠʢʨʦʩʢʦʧʦʤ ʧʦ ʪʨʫʙʯʘʪʦʡ ʬʦʨʤʝ 

ʢʨʠʩʪʘʣʣʦʚ. ɺʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʩʣʘʙʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ 

ʩʣʶʜ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʠʤʠ ʘʥʘʣʦʛʘʤʠ, ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʙʳʩʪʨʦʡ ʜʝʛʨʘʜʘʮʠʠ ʪʘʢʞʝ ʙʠʦʪʠʪ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʡ 

ʜʠʦʢʪʘʵʜʨʠʟʘʮʠʝʡ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʥʝʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʦʛʦ ʩʤʝʰʘʥʦʩʣʦʡʥʦʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʯʝʨʝʜʦʚʘʥʠʶ ʧʨʝʦʙʣʘʜʘʶʱʠʭ 

ʥʝʨʘʟʙʫʭʘʶʱʠʭ ʧʘʢʝʪʦʚ. ɺ ʩʨʝʜʥʝʡ ʟʦʥʝ ʧʨʦʬʠʣʷ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʥʩʠʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʠʩʭʦʜʥʳʭ ʤʠʥʝʨʘʣʦʚ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ ʦʩʦʙʝʥʥʦ ʛʘʣʣʫʘʟʠʪʘ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʧʦ ʤʝʨʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʩʥʠʞʝʥʠʷ ʱʝʣʦʯʥʦʩʪʠ ʩʨʝʜʳ ʠʟ ʧʨʦʜʫʢʪʦʚ ʝʛʦ 

ʨʘʟʣʦʞʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʢʘʦʣʠʥʠʪ (b=0,890 ʥʤ) ʚ ʚʠʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʨʫʧʥʳʭ ʧʘʯʝʢ ʢʘʢ ʧʦ ʦʩʠ ʩ, ʪʘʢ ʠ ʚ ʧʣʦʩʢʦʩʪʠ ab. ɺʝʨʭʥʷʷ ʟʦʥʘ, ʙʣʘʛʦʜʘʨʷ 

ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʦʡ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʧʨʦʮʝʩʩʘ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʣʘʚʥʦʡ ʤʘʩʩʳ ʤʠʢʨʦʢʣʠʥʘ ʚ ʢʘʦʣʠʥʠʪ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ, 

ʯʝʤ ʚ ʩʨʝʜʥʝʡ ʟʦʥʝ, ʩʪʝʧʝʥʴʶ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ, ʥʦ ʩ ʤʝʥʴʰʠʤ ʚ 

ʮʝʣʦʤ ʨʘʟʤʝʨʦʤ ʝʛʦ ʜʦʤʝʥʥʳʭ ʤʠʢʨʦʙʣʦʢʦʚ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʷ 

ʛʘʣʣʫʘʟʠʪʘ ʩʥʠʞʘʝʪʩʷ, ʘ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ, ʚ ʩʚʷʟʠ ʩ ʠʥʪʝʥʩʠʚʥʳʤ ʜʨʝʥʘʞʝʤ 

ʠ ʙʳʩʪʨʳʤ ʚʳʥʦʩʦʤ ʠʟ ʵʪʦʡ ʟʦʥʳ ʥʝʫʩʪʦʡʯʠʚʳʭ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʥʝ 

ʚʦʟʥʠʢʘʝʪ ʚʦʦʙʱʝ. 

ʀʟʫʯʝʥʥʳʝ ʥʘʤʠ ʙʝʩʩʣʶʜʠʩʪʳʝ ʦʩʥʦʚʥʳʝ ʧʦʨʦʜʳ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʘʤʬʠʙʦʣ-ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʛʥʝʡʩʳ ʘʨʭʝʷ), ʨʘʟʚʠʪʳʝ ʚ ʫʢʘʟʘʥʥʦʤ ʨʝʛʠʦʥʝ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 60% ʧʣʘʛʠʦʢʣʘʟʦʤ ʪʠʧʘ ʘʥʜʝʟʠʥ-ʣʘʙʨʘʜʦʨʘ ʠ ʥʘ 40% 

ʘʤʬʠʙʦʣʦʤ. ɺ ʥʠʞʥʝʡ ʟʦʥʝ ʧʨʦʬʠʣʷ ʚʳʚʝʪʨʠʚʘʥʠʷ ʵʪʠʭ ʧʦʨʦʜ ʠʟ 

ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ  ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʘʷ ʧʨʠʤʝʩʴ 

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʠʩʣʳʤʠ ʧʦʨʦʜʘʤʠ, ʧʦʩʣʝʜʥʠʡ 

ʦʪʥʦʩʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ Mg-Fe
2+

-ʨʘʟʥʦʚʠʜʥʦʩʪʠ 

(b=0,918 ʥʤ). ʉʨʝʜʥʷʷ ʟʦʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʤʝʥʳ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʦʙʩʪʘʥʦʚʢʠ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 
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ʨʘʟʥʦʚʠʜʥʦʩʪʷʤʠ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʦʪ ʪʨʠ- ʜʦ ʩʦʙʩʪʚʝʥʥʦ 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ (b=0,900 ʥʤ). ɿʘ ʩʯʝʪ ʧʨʦʜʫʢʪʦʚ ʜʝʩʪʨʫʢʮʠʠ ʧʦʩʣʝʜʥʝʡ 

ʨʘʟʚʠʚʘʝʪʩʷ ʢʘʦʣʠʥʠʪ (b=0,892 ʥʤ). ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʠʯʥʦʡ ʟʦʥʳ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʢʠʩʣʳʭ ʙʝʩʩʣʶʜʠʩʪʳʭ ʧʦʨʦʜ, ʚ ʵʣʶʚʠʠ ʦʩʥʦʚʥʳʭ ʧʦʨʦʜ ʵʪʦʪ 

ʤʠʥʝʨʘʣ ʠʤʝʝʪ ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʯʝʪʢʦ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʘʷ ʝʛʦ ʧʦʣʠʪʠʧʥʘʷ ʤʦʜʠʬʠʢʘʮʠʠ 

1ʊʢ. ʂʘʦʣʠʥʠʪ ʚ ʧʨʦʬʠʣʝ ʚʳʚʝʪʨʠʚʘʥʠʷ ʵʪʠʭ ʧʦʨʦʜ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ. ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʥʝʨʘʣʦʚ 

ʮʝʧʦʯʝʯʥʦʡ ʠ ʣʝʥʪʦʯʥʦʡ ʩʪʨʫʢʪʫʨ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʚ 

ʫʩʣʦʚʠʷʭ ʩʦʭʨʘʥʝʥʠʷ ʩʣʘʙʦʱʝʣʦʯʥʦʡ ʩʨʝʜʳ ʧʨʦʜʦʣʞʘʝʪʩʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʢʠʩʣʳʭ ʧʦʨʦʜ, ʠ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʦʮʝʩʩ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʠ- ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʟʘʩʝʣʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ, ʪ.ʝ. ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʠ-

ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ Mg-Fe
3+

-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (b=0,908 ʥʤ). ɺʦʟʨʘʩʪʘʝʪ 

ʩʦʜʝʨʞʘʥʠʝ ʢʘʦʣʠʥʠʪʘ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʚʳʰʘʝʪʩʷ ʩʪʝʧʝʥʴ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ. ʌʦʨʤʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʳʭ ʟʦʥ ʚ ʨʘʟʨʝʟʘʭ ʢʦʨ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʙʝʩʩʣʶʜʠʩʪʳʭ ʠʟʚʝʨʞʝʥʥʳʭ ʧʦʨʦʜ ʢʘʢ ʢʠʩʣʦʛʦ, ʪʘʢ ʠ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ ʠʤʝʶʪ ʚ ʮʝʣʦʤ ʦʙʱʠʝ ʯʝʨʪʳ. ɺ ʧʨʦʬʠʣʝ ʚʳʚʝʪʨʠʚʘʥʠʷ 

ʦʙʦʠʭ ʪʠʧʦʚ ʧʦʨʦʜ ʩʨʝʜʥʷʷ ʟʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʚʠʪʠʝʤ ʚ ʚʠʜʝ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ, ʘ ʚʝʨʭʥʷʷ ï ʚʝʩʴʤʘ ʫʩʪʦʡʯʠʚʦʛʦ ʚ 

ʟʦʥʝ ʛʠʧʝʨʛʝʥʝʟʘ ʢʘʦʣʠʥʠʪʘ. ɹʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ ʚ ʢʠʩʣʳʭ ʧʦʨʦʜʘʭ 

ʘʣʴʙʠʪʘ ʦʙʨʘʟʫʝʪʩʷ ʪʘʢʞʝ ʛʘʣʣʫʘʟʠʪ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʙʝʩʩʣʶʜʠʩʪʳʭ ʧʦʨʦʜ, ʩʣʶʜʠʩʪʳʝ 

ʦʙʨʘʟʦʚʘʥʠʷ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʪʝʨʨʠʛʝʥʥʦ-ʢʘʨʙʦʥʘʪʥʳʝ ʦʪʣʦʞʝʥʠʷ 

ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ ɿʘʧʘʜʥʦʡ ʗʢʫʪʠʠ), ʩʦʜʝʨʞʘʪ ʚ ʥʠʞʥʝʡ ʟʦʥʝ ʧʨʦʬʠʣʷ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʫʶ ʛʠʜʨʦʩʣʶʜʫ (b=0,900 ʥʤ) ʚ ʚʠʜʝ ʩʤʝʩʠ 

ʧʦʣʠʪʠʧʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ 1ʄ ʠ 2ʄ1 (1ʄ>2ʄ1), ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʡ ʭʣʦʨʠʪ 

(b=0,922 ʥʤ) ʠ ʩʝʨʧʝʥʪʠʥ (b=0,935 ʥʤ). ʕʪʠ ʦʪʣʦʞʝʥʠʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʨʘʟʚʠʪʠʝʤ ʥʘ ʥʠʭ ʜʦʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʦʡ ʠ ʜʦʥʠʞʥʝʶʨʩʢʦʡ ʂɺ. 

ʅʘʠʙʦʣʴʰʝʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʩʭʦʜʥʳʝ ʧʦʨʦʜʳ ʧʨʝʪʝʨʧʝʣʠ ʚ ʢʦʨʝ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʨʝʜʥʝ-ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ɺ ʩʨʝʜʥʝʡ ʟʦʥʝ ʂɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʧʦʨʦʜ ʭʣʦʨʠʪ ʠ ʩʝʨʧʝʥʪʠʥ ʧʦʣʥʦʩʪʴʶ ʠʩʯʝʟʘʝʪ. 

ʇʦʜʚʝʨʛʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʡ ʜʝʛʨʘʜʘʮʠʠ ʪʘʢʞʝ ʛʠʜʨʦʩʣʶʜʘ 1ʄ  (ʢʘʢ ʤʝʥʝʝ 

ʫʩʪʦʡʯʠʚʘʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 2ʄ1), ʧʨʠʯʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʩʪʨʫʢʪʫʨʳ ʛʠʜʨʦʩʣʶʜʳ 1ʄ  ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 
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ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʙʫʭʘʶʱʠʭ ʩʣʦʝʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʠʜʨʦʩʣʶʜʘ 2ʄ1 ʦʩʪʘʝʪʩʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʙʠʣʴʥʦʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʦʟʥʠʢʘʝʪ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-

ʛʠʜʨʦʩʣʶʜʠʩʪʦʝ ʩʤʝʰʘʥʦʩʣʦʡʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʚʥʘʯʘʣʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʥʝʝ 40% ʨʘʟʙʫʭʘʶʱʠʭ ʧʘʢʝʪʦʚ, ʥʦ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʥʠʭ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ 40%. ɺʩʣʝʜʩʪʚʠʝ ʚʝʩʴʤʘ ʥʠʟʢʦʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʘ ʩʪʨʫʢʪʫʨʳ ʵʪʦʡ ʬʘʟʳ ʦʥʘ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ, ʩʚʦʡʩʪʚʝʥʥʦʡ 

ʚʝʨʭʥʝʡ ʟʦʥʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʙʳʩʪʨʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʩʪʨʫʢʮʠʠ, ʠ ʠʟ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʚʦʟʥʠʢʘʝʪ ʧʦʣʫʙʝʩʧʦʨʷʜʦʯʥʳʡ ʚ ʩʪʨʫʢʪʫʨʥʦʤ 

ʦʪʥʦʰʝʥʠʠ ʢʘʦʣʠʥʠʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʫʢʘʟʘʥʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩʦʜʝʨʞʘʥʠʝ 

ʛʠʜʨʦʩʣʶʜʳ 1ʄ ʢ ʚʝʨʭʘʤ ʧʨʦʬʠʣʷ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʟʜʝʩʴ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝ ʧʦʣʠʪʠʧʘ 2ʄ1 (2ʄ1>1ʄ). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʣʶʜʠʩʪʳʝ ʧʦʨʦʜʳ ʦʩʥʦʚʥʦʛʦ ʪʠʧʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʤʬʠʙʦʣ-ʬʣʦʛʦʧʠʪ-

ʧʣʘʛʠʦʢʣʘʟʦʚʳʝ ʛʥʝʡʩʳ ʘʨʭʝʷ ʇʨʠʦʣʴʭʦʥʴʷ, ʩʦʜʝʨʞʘʪ ʦʢʦʣʦ 50% ʦʩʥʦʚʥʦʛʦ 

ʧʣʘʛʠʦʢʣʘʟʘ, 30% ʬʣʦʛʦʧʠʪʘ, 20% ʘʤʬʠʙʦʣʘ. ɺ ʥʠʞʥʝʡ ʟʦʥʝ ʂɺ ʦʥʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠʤʝʩʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ 

ʭʣʦʨʠʪʘ (b=0.920 ʥʤ), ʘ ʪʘʢʞʝ ʪʨʠ- (ʠʣʠ Mg-Fe
2+

-) ʠ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʫʶ (ʠʣʠ 

Al-Fe
3+

-) ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (b, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 0,920 ʠ 

0,891 ʥʤ), ʩʚʷʟʘʥʥʳʭ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʝʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʬʣʦʛʦʧʠʪʘ ʚ ʩʚʦʡʩʪʚʝʥʥʦʡ ʵʪʦʡ ʟʦʥʝ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʦʙʩʪʘʥʦʚʢʝ ʠ ʚ ʥʝʙʦʣʴʰʦʤ ʦʙʴʝʤʝ ʩ ʜʝʩʪʨʫʢʮʠʝʡ ʧʣʘʛʠʦʢʣʘʟʘ. ɺ ʩʣʘʙʦ 

ʚʳʚʝʪʨʝʣʳʭ ʯʘʩʪʷʭ ʦʙʱʝʡ ʚʝʨʭʥʝʡ ʟʦʥʳ ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʚʚʝʨʭ ʧʦ 

ʧʨʦʬʠʣʶ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʩʝ ʙʦʣʝʝ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʦʙʩʪʘʥʦʚʢʠ ʬʣʦʛʦʧʠʪ 

ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʚʝʨʤʠʢʫʣʠʪ (b=0,916 ʥʤ). ʇʣʘʛʠʦʢʣʘʟ ʠ ʘʤʬʠʙʦʣ ʚ 

ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʦʜʚʝʨʛʘʶʪʩʷ ʠʥʪʝʥʩʠʚʥʦʤʫ ʨʘʩʪʚʦʨʝʥʠʶ, ʧʨʠʯʝʤ ʠʟ 

ʧʨʦʜʫʢʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʝʨʚʦʛʦ (ʢʘʢ ʠ ʚ ʥʠʞʥʝʡ ʟʦʥʝ) ʚʦʟʥʠʢʘʝʪ ʜʠ- 

(b=0,996 ʥʤ), ʘ ʚʪʦʨʦʛʦ ï ʜʠ-ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʡ, ʠʣʠ Mg-Fe
3+

-

ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ (b=0,906 ʥʤ). ʇʨʠ ʵʪʦʤ, ʫʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʦʩʥʦʚʥʦʩʪʴ 

ʧʣʘʛʠʦʢʣʘʟʘ, ʧʨʠ ʝʛʦ ʜʝʩʪʨʫʢʮʠʠ ʚ ʚʠʜʝ ʧʦʙʦʯʥʦʡ ʬʘʟʳ ʩʠʥʪʝʟʠʨʫʝʪʩʷ 

ʪʘʢʞʝ ʉʘʉʆ3 ʚ ʚʠʜʝ ʢʘʣʴʮʠʪʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʩʪʨʫʢʮʠʠ 

ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ ʠ ʧʦʣʥʦʩʪʴʶ ʜʠʦʢʪʘʵʜʨʠʟʠʨʦʚʘʥʥʦʡ 

ʯʘʩʪʠ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʡ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʵʪʦʛʦ ʤʠʥʝʨʘʣʘ ʚʦʟʥʠʢʘʝʪ 

ʢʘʦʣʠʥʠʪ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʥʦʩʪʴʶ ʯʘʩʪʠʮ. ʅʘʢʦʥʝʮ, ʠʟʫʯʝʥʥʳʝ ʥʘʤʠ ʨʘʟʥʦʩʪʠ 

ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜ, ʢʘʢ ʥʘʧʨʠʤʝʨ, ʢʠʤʙʝʨʣʠʪʳ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʘʛʨʝʛʘʪʘʤʠ ʩʝʨʧʝʥʪʠʥʘ ʠʟ ʩʣʦʝʚ ʪʠʧʘ ɸ ʠ ɺ (b=0,929 ʥʤ) ʠ 
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ʢʘʣʴʮʠʪʘ ʩ ʨʘʩʩʝʷʥʥʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʤʘʛʥʝʪʠʪʘ, ʘ ʪʘʢʞʝ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ 

ʧʩʝʚʜʦʤʦʨʬʦʟʘʤʠ ʧʦ ʦʣʠʚʠʥʫ ʠ ʧʝʨʝʤʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʚʢʨʘʧʣʝʥʥʠʢʦʚ 

ʬʣʦʛʦʧʠʪʘ. ɺ ʥʠʞʥʝʡ ʟʦʥʝ ʢʦʨʳ ʚʳʚʝʪʨʠʚʘʥʠʷ ʪʘʢʠʭ ʧʦʨʦʜ 

ʩʦʜʝʨʞʠʪʩʷ,ʢʨʦʤʝ ʪʦʛʦ,ʧʨʠʤʝʩʴ ʭʣʦʨʠʪʘ (b=0,920 ʥʤ), ʩʝʧʠʦʣʠʪʘ, ʜʠ- 

ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ Mg-Fe
3+

-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ (b=0,905 ʥʤ) ʠ ʛʠʜʨʦʩʣʶʜʳ 

(b=0,900 ʥʤ) 1ʄ, ʘʩʩʦʮʠʠʨʫʶʱʝʡ ʩ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪ-ʛʠʜʨʦʩʣʶʜʠʩʪʳʤʠ 

ʩʤʝʰʘʥʦʩʣʦʡʥʳʤʠ ʦʙʨʘʟʦʚʘʥʠʷʤʠ, ʦʪʥʦʩʷʱʠʤʠʩʷ ʚ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ 

ʩʣʫʯʘʷʭ ʚ ʧʨʦʜʫʢʪʘʭ ʯʘʩʪʠʯʥʦʡ ʜʠʦʢʪʘʵʜʨʠʟʘʮʠʠ ʬʣʦʛʦʧʠʪʘ. ɺ ʩʨʝʜʥʝʡ 

ʟʦʥʝ ʦʪʤʝʯʘʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʩʣʶʜʳ, ʘ 

ʩʝʨʧʝʥʪʠʥ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ ʩʣʦʷʤʠ ɸ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʝʟʢʦ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʢʘʢ Mg-Fe-ʭʣʦʨʠʪʘ, ʪʘʢ ʠ ʙʣʠʟʢʦʛʦ ʢ ʩʦʙʩʪʚʝʥʥʦ 

Mg-ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʘ ʪʘʢʞʝ Mg-Fe
3+

-ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʘ. ʉʤʝʰʘʥʦʩʣʦʡʥʘʷ 

ʬʘʟʘ ʚ ʵʪʠʭ ʜʚʫʭ ʯʘʩʪʷʭ ʨʘʟʨʝʟʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʪʝʥʜʝʥʮʠʝʡ ʢ 

ʫʧʦʨʷʜʦʯʝʥʥʦʤʫ ʯʝʨʝʜʦʚʘʥʠʶ ʧʨʝʦʙʣʘʜʘʶʱʠʭ ï ʥʝʨʘʟʙʫʭʘʶʱʠʭ ʧʘʢʝʪʦʚ ʩ 

ʧʦʜʯʠʥʝʥʥʳʤʠ ï ʨʘʟʙʫʭʘʶʱʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʬʠʣʠ 

ʚʳʚʝʪʨʠʚʘʥʠʷ ʩʣʶʜʠʩʪʳʭ ʧʦʨʦʜ ʦʪ ʢʠʩʣʦʛʦ ʜʦ ʫʣʴʪʨʘʦʩʥʦʚʥʦʛʦ ʩʦʩʪʘʚʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʭʦʜʥʳʤ ʩʪʨʦʝʥʠʝʤ. ʆʩʦʙʝʥʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʧʦʨʦʜ ʫʞʝ 

ʚ ʥʠʞʥʝʡ ʟʦʥʝ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʟʘ ʩʯʝʪ ʧʝʨʚʠʯʥʳʭ ʛʠʧʦʛʝʥʥʳʭ 

ʤʠʥʝʨʘʣʦʚ (ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ, ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʩʣʶʜ) ʛʠʧʝʨʛʝʥʥʦʛʦ 

ʭʣʦʨʠʪʘ. ɺ ʩʨʝʜʥʝʡ ʟʦʥʝ ʥʘʠʙʦʣʴʰʝʝ ʨʘʟʚʠʪʠʝ ʠʤʝʶʪ ʨʘʟʙʫʭʘʶʱʠʝ 

ʤʠʥʝʨʘʣʳ. ʆʜʥʘʢʦ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʝʩʩʣʶʜʠʩʪʳʤʠ ʧʦʨʦʜʘʤʠ, ʦʥʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘʨʷʜʫ ʩ ʤʦʥʪʤʦʨʠʣʣʦʥʠʪʦʤ ʩʤʝʰʘʥʦʩʣʦʡʥʦʡ ʬʘʟʦʡ. ʇʨʠ 

ʵʪʦʤ ʦʙʘ ʫʢʘʟʘʥʥʳʭ ʤʠʥʝʨʘʣʘ ʚ ʦʩʥʦʚʥʳʭ ʠ ʫʣʴʪʨʘʦʩʥʦʚʥʳʭ ʧʦʨʦʜʘʭ 

ʦʪʥʦʩʷʪʩʷ ʥʝ ʪʦʣʴʢʦ ʢ ʩʦʙʩʪʚʝʥʥʦ ʜʠʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ, ʥʦ ʠ ʙʣʠʟʢʦʤʫ ʢ 

ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ ʩ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʠʦʢʪʘʵʜʨʠʟʘʮʠʝʡ ʪʠʧʫ, ʥʦ ʠ 

ʙʣʠʟʢʦʤʫ ʢ ʪʨʠʦʢʪʘʵʜʨʠʯʝʩʢʦʤʫ ʠ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʠʦʢʪʘʵʜʨʠʟʘʮʠʝʡ 

ʧʦʩʣʝʜʥʝʛʦ ʚʚʝʨʭ ʧʦ ʧʨʦʬʠʣʷʤ ʚʳʚʝʪʨʠʚʘʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ ʂɺ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʤʠ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʩʭʦʜʥʳʭ ʧʦʨʦʜ ʠ ʛʠʜʨʦʛʝʦʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʩʨʝʜʳ 

ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʵʣʶʚʠʘʣʴʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʤʝʶʪ ʪʘʢʞʝ 

ʪʨʠ ʩʣʝʜʫʶʱʠʭ ʬʘʢʪʦʨʘ. ʇʝʨʚʳʡ ï ʵʪʦ ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʦʡ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺʪʦʨʦʡ ʩʚʷʟʘʥ ʩ 

ʫʥʘʩʣʝʜʦʚʘʥʥʦʩʪʴʶ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚʥʦʚʴ ʚʦʟʥʠʢʘʶʱʠʤʠ ʬʘʟʘʤʠ. ʀ ʪʨʝʪʠʡ 

ʚʢʣʶʯʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʦʛʝʥʥʳʭ ʠ 



196 

 

ʦʙʨʘʟʦʚʘʥʠʷ ʛʠʧʝʨʛʝʥʥʳʭ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʦʬʠʣʷʭ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʨʘʟʚʠʪʳʭ 

ʥʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʧʦʨʦʜ. ʇʨʠ ʵʪʦʤ ʫʩʧʝʰʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʨʝʭ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʚʳʰʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʣʦʞʝʥʠʡ ʜʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ 

ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʟʦʥʘʣʴʥʦʛʦ ʩʪʨʦʝʥʠʷ ʂɺ ʤʦʞʝʪ ʦʩʥʦʚʳʚʘʪʴʩʷ 

ʪʦʣʴʢʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤ ʦʧʪʠʢʦ-ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʠ 

ʩʪʨʫʢʪʫʨʥʦ-ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʤ ʠʭ ʠʟʫʯʝʥʠʠ. ʋʢʘʟʘʥʥʘʷ ʤʝʪʦʜʦʣʦʛʠʷ 

ʧʦʟʚʦʣʷʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʪʴ ʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʫʨʦʚʥʝ ʦʜʥʠ ʠ ʪʝ ʞʝ ʚʠʜʦʚʳʝ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʧʝʨʚʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ 

ʚʪʦʨʠʯʥʳʝ ʩʣʦʠʩʪʳʝ ʩʠʣʠʢʘʪʳ, ʨʘʟʣʠʯʘʶʱʠʝʩʷ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʣʠʙʦ 

ʭʘʨʘʢʪʝʨʦʤ ʟʘʩʝʣʝʥʠʷ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ, ʣʠʙʦ 

ʩʧʦʩʦʙʦʤ ʚʟʘʠʤʥʦʛʦ ʥʘʣʦʞʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʩʣʦʝʚ ʚ ʩʪʨʫʢʪʫʨʝ 

ʵʪʠʭ ʤʠʥʝʨʘʣʦʚ, ʠʣʠ ʠʭ ʧʦʣʠʪʠʧʠʝʡ. 

 

 

 

 

ʆɹ ʕʌʌɽʂʊʀɺʅʆʉʊʀ ʇʆʀʉʂʆɺ ɸʃʄɸɿʆʅʆʉʅʓʍ  

ʂʀʄɹɽʈʃʀʊʆɺ ʅɸ ʉʀɹʀʈʉʂʆʁ ʇʃɸʊʌʆʈʄɽ 

 

ɿʠʥʯʫʢ ʅ.ʅ. 

ɿʘʧʘʜʥʦ-ʗʢʫʪʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʉ(ʗ), ʛ. ʄʠʨʥʳʡ 

 

 ʆʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʜʨʝʚʥʠʭ ʧʣʘʪʬʦʨʤ ʤʠʨʘ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ 

ʚʦʟʨʘʩʪʥʦʛʦ ʩʪʘʥʦʚʣʝʥʠʷ ʢʠʤʙʝʨʣʠʪʦʚ ï ʛʣʘʚʥʝʡʰʝʡ ʫʣʴʪʨʘʦʩʥʦʚʥʦʡ 

ʧʦʨʦʜʳ, ʩʦʜʝʨʞʘʱʝʡ ʘʣʤʘʟʳ. ʈʘʥʝʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘ ʨʷʜʝ ʜʨʝʚʥʠʭ 

ʧʣʘʪʬʦʨʤ ʤʠʨʘ ʦʩʥʦʚʥʳʤʠ ʵʧʦʭʘʤʠ ʤʦʱʥʦʛʦ ʢʦʨʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʵʥʜʦʛʝʥʥʦʛʦ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ) 

ʷʚʣʷʣʠʩʴ: ʨʘʥʥʠʡ ʜʦʢʝʤʙʨʠʡ (4000-1650 ʤʣʥ.ʣʝʪ), ʧʦʟʜʥʠʡ ʧʨʦʪʝʨʦʟʦʡ 

(1650-570 ʤʣʥ.ʣʝʪ), ʢʘʣʝʜʦʥʩʢʠʡ ʵʪʘʧ (570-400 ʤʣʥ.ʣʝʪ), ʨʘʥʥʝʛʝʨʮʠʥʩʢʠʡ 

(400-310 ʤʣʥ.ʣʝʪ) ʠ ʧʦʟʜʥʝʛʝʨʮʠʥʩʢʠʡ (310-205 ʤʣʥ.ʣʝʪ) ʵʪʘʧʳ, 

ʢʠʤʤʝʨʠʡʩʢʠʡ (205-137 ʤʣʥ.ʣʝʪ), ʨʘʥʥʝʘʣʴʧʠʡʩʢʠʡ (137-65 ʤʣʥ.ʣʝʪ) ʠ 

ʧʦʟʜʥʝʘʣʴʧʠʡʩʢʠʡ (65 ʤʣʥ.ʣʝʪ) ʵʪʘʧʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʥʘ ɸʬʨʠʢʘʥʩʢʦʡ 

ʧʣʘʪʬʦʨʤʝ ʚʩʝ ʵʪʠ ʚʨʝʤʝʥʥʳʝ ʠʥʪʝʨʚʘʣʳ ʷʚʣʷʶʪʩʷ ʧʨʦʤʳʰʣʝʥʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʤʠ, ʥʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʝ (ʉʇ) ʧʨʘʢʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ 

ʧʨʠʟʥʘʶʪʩʷ ʪʦʣʴʢʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʝ ʢʠʤʙʝʨʣʠʪʳ ʠ, ʩ ʙʦʣʴʰʠʤʠ 
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ʦʛʦʚʦʨʢʘʤʠ, ʪʨʠʘʩʦʚʳʝ. ɺʦ ʤʥʦʛʦʤ ʧʨʠʯʠʥʘ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʫʢʪʠʚʥʦʩʪʠ 

ʪʝʨʨʠʪʦʨʠʠ ʉʇ ʩʚʷʟʘʥʘ ʩ ʥʝʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʴʶ ʠʟʫʯʝʥʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʝʸ ʯʘʩʪʝʡ. ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʦ ʚʳʜʝʣʝʥʥʳʤ ʚʨʝʤʝʥʥʳʤ ʩʨʝʟʘʤ-ʵʪʘʧʘʤ ʧʨʦʮʝʩʩ 

ʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʫʢʪʠʚʥʳʭ ʤʘʛʤʘʪʠʪʦʚ ʚ ʧʨʝʜʝʣʘʭ ʉʇ, ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ 

ʦʪʜʝʣʴʥʳʝ ʝʸ ʯʘʩʪʠ ʦʢʘʟʘʣʠʩʴ ʚ ʨʘʟʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʨʠʢʦ-

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʧʨʦʚʠʥʮʠʷʭ (ʀʄʇ), ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʦʚʤʝʱʝʥʠʝ 

ʢʦʪʦʨʳʭ ʦʪʨʘʞʘʝʪ ʤʠʛʨʘʮʠʶ ʢʠʤʙʝʨʣʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ 

ʚʨʝʤʝʥʠ. ʀʩʪʦʨʠʢʦ-ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʤʠ ʧʨʦʚʠʥʮʠʷʤʠ ʤʳ ʠʤʝʥʫʝʤ  

ʧʣʦʘɦʜʠ ʢʦʥʪʠʥʝʥʪʦʚ ʠ ʦʢʝʘʥʠʯʝʩʢʠʭ ʙʘʩʩʝʡʥʦʚ ɿʝʤʣʠ ʩ ʤʘʩʩʦʚʳʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʘʢʢʫʤʫʣʷʮʠʡ ʨʫʜʥʦʛʦ ʠ ʥʝʨʫʜʥʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʩʬʦʨʤʠʨʦʚʘʚʰʝʛʦʩʷ ʚ ʦʧʨʝʜʝʣʸʥʥʳʡ ʠʩʪʦʨʠʢʦ- ʤʠʥʝʨʘʛʝʥʠʯʝʩʢʠʡ ʵʪʘʧ. 

ʅʘʠʙʦʣʝʝ ʨʘʥʥʠʡ ʨʘʥʥʝʧʨʦʪʝʨʦʟʦʡʩʢʠʡ ʵʨʫʧʪʠʚʥʳʡ ʤʘʥʪʠʡʥʳʡ ʤʘʛʤʘʪʠʟʤ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ  ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ɸʣʜʘʥʩʢʦʡ ʀʄʇ ʧʦ ʧʨʠʩʫʪʩʪʚʠʶ 

ʤʠʥʝʨʘʣʦʚ-ʩʧʫʪʥʠʢʦʚ ʘʣʤʘʟʘ ʠ ʤʝʣʢʠʭ ʢʩʝʥʦʣʠʪʦʚ ʵʢʣʦʛʠʪʦʧʦʜʦʙʥʳʭ 

ʧʦʨʦʜ ʚ ʧʝʩʯʘʥʠʢʘʭ ʚʝʥʜʘ ʨ.ɼʞʝʢʦʥʜʘ. ɺ ʧʨʝʜʝʣʘʭ ʋʩʪʴ-ʃʝʥʩʢʦʡ ʀʄʇ 

ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʳʝ ʧʨʠʟʥʘʢʠ ʪʦʛʦ, ʯʪʦ ʩʝʚʝʨʦ-ʚʦʩʪʦʢ ʉʇ ʚ ʨʘʥʥʝʤ 

ʧʨʦʪʝʨʦʟʦʝ ʙʳʣ ʦʙʣʘʩʪʴʶ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ. ɺʢʣʘʜ ʨʠʬʝʡʩʢʦʛʦ 

ʵʪʘʧʘ ʠ ʝʛʦ ʘʚʣʘʢʦʛʝʥʝʟʘ ʚ ʘʣʤʘʟʦʥʦʩʥʦʩʪʴ ʉʇ ʦʧʨʝʜʝʣʷʶʱʠʡ, ʧʦʩʢʦʣʴʢʫ 

ʵʪʦ ʙʳʣʦ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʘʣʤʘʟʦʥʦʩʥʳʭ ʧʨʦʪʦʣʠʪʦʚ ʚ ʮʝʥʪʨʘʣʴʥʳʭ 

ʨʘʡʦʥʘʭ ʠ ʧʦʩʪʫʧʣʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚ ʚʝʨʭʥʠʝ ʛʦʨʠʟʦʥʪʳ ʟʝʤʥʦʡ ʢʦʨʳ ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ. ɼʣʷ ʨʠʬʝʷ ʚʳʜʝʣʷʶʪ ɸʥʘʙʘʨʩʢʦ-

ʆʣʝʥʝʢʩʢʫʶ,ɸʥʛʘʨʩʢʦ-ʊʫʥʛʫʩʩʢʫʶ ʠ ɸʣʜʘʥʦ-ʉʪʘʥʦʚʫʶ ʀʄʇ.ʅʘʠʙʦʣʝʝ 

ʜʨʝʚʥʠʤʠ ʨʠʬʝʡʩʢʠʤʠ ʜʠʘʪʨʝʤʘʤʠ, ʚʳʷʚʣʝʥʥʳʤʠ ʚ ɸʥʘʙʘʨʩʢʦ-

ʆʥʝʥʝʢʩʢʦʤ ʨʝʛʠʦʥʝ, ʷʚʣʷʶʪʩʷ ʪʝʣʘ ʚʫʣʘʥʠʯʝʩʢʠʭ ʙʨʝʢʯʠʡ ʚ ʙʘʩʩʝʡʥʘʭ ʨʝʢ 

ɹʦʣʴʰʘʷ ʂʫʦʥʘʤʢʘ ʠ ʍʦʨʙʫʩʫʦʥʢʘ. ɺ ɸʥʛʘʨʩʢʦ-ʊʫʥʛʫʩʩʢʦʡ ʀʄʇ ʩ 

ʨʠʬʝʡʩʢʠʤ ʚʦʟʨʘʩʪʦʤ ʠʟʚʝʩʪʥʳ ʩʣʘʙʦʘʣʤʘʟʦʥʦʩʥʳʝ ʢʠʤʙʝʨʣʠʪʳ 

ʀʥʛʘʰʠʥʩʢʦʛʦ (ʆʢʠʥʩʢʦʛʦ) ʧʦʣʷ ʇʨʠʩʘʷʥʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ. 

ʈʘʥʥʝʧʘʣʝʦʟʦʡʩʢʠʡ ʵʪʘʧ ʦʪʜʝʣʴʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ  ʩʯʠʪʘʝʪʩʷ 

ʚʨʝʤʝʥʝʤ çʧʨʝʜʨʫʜʥʦʡ ʧʦʜʛʦʪʦʚʢʠè. ʆʙʣʘʩʪʠ ʧʨʦʷʚʣʝʥʠʷ ʢʘʣʝʜʦʥʩʢʦʛʦ 

ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ ʦʪʥʦʩʷʪʩʷ  ʢ ɺʠʣʶʡʩʢʦʡ ʠ ɸʥʘʙʘʨʩʢʦ-

ʆʣʝʥʝʢʩʢʦʡ ʀʄʇ. ɼʣʷ ʨʘʥʥʝʛʝʨʮʠʥʩʢʛʦ ʵʪʘʧʘ (ʩʨʝʜʥʠʡ ʜʝʚʦʥ-ʨʘʥʥʠʡ 

ʢʘʨʙʦʥ) ʚʦʟʨʘʩʪʥʳʝ ʜʘʪʠʨʦʚʢʠ ʠʤʝʶʪʩʷ ʜʣʷ ʪʨʫʙʦʢ 12 ʢʠʤʙʝʨʣʠʪʦʚʳʭ 

ʧʦʣʝʡ ʗɸʇ. ɺʳʜʝʣʷʶʪʩʷ ʨʘʥʥʝʛʝʨʮʠʥʩʢʠʝ ɺʠʣʶʡʩʢʘʷ, ɸʥʘʙʘʨʩʢʦ-

ʆʣʝʥʝʢʩʢʘʷ ʠ ɸʥʛʘʨʦ-ʊʫʥʛʫʩʩʢʘʷ ʀʄʇ. ʆʩʥʦʚʥʳʝ ʧʦʣʷ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 

ʢʠʤʙʝʨʣʠʪʦʚ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ ʧʣʘʪʬʦʨʤʳ, ʝʸ ɺʠʣʶʡʩʢʦʡ 
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ʀʄʇ. ʆʜʥʘʢʦ ʧʦʷʚʣʷʝʪʩʷ ʚʩʸ ʙʦʣʴʰʝ ʜʘʥʥʳʭ ʦ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 

ʘʣʤʘʟʦʥʦʩʥʳʭ ʜʠʘʪʨʝʤʘʭ ɸʥʘʙʘʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ. ʅʘ ʶʛʦ-ʟʘʧʘʜʝ ʉʇ ʚ 

ʧʨʝʜʝʣʘʭ ɸʥʛʘʨʩʢʦʛʦ ʢʨʘʪʦʥʘ ʩ ʚʦʟʨʘʩʪʦʤ ʢʦʥʩʦʣʠʜʘʮʠʠ 2.6 ʤʣʨʜ. ʣʝʪ 

ʚʳʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʨʘʡʦʥʳ: ʇʨʠʩʘʷʥʩʢʠʡ, ʏʫʥʦ-

ɹʠʨʶʩʠʥʩʢʠʡ, ʄʫʨʦ-ʂʦʚʠʥʩʢʠʡ, ʀʣʠʤʦ-ʂʘʪʘʥʛʩʢʠʡ, ʅʠʞʥʝ-ʊʫʥʛʫʩʩʢʠʡ ʠ 

ʊʳʯʘʥʩʢʠʡ, ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʥʘ ʦʙʥʘʨʫʞʝʥʠʝ ʚʳʩʦʢʦʘʣʤʘʟʦʥʦʩʥʳʭ ʜʠʘʪʨʝʤ 

ʢʘʢ ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ, ʪʘʢ ʠ ʤʝʟʦʟʦʡʩʢʦʛʦ ʚʦʟʨʘʩʪʦʚ. ʇʦʪʝʥʮʠʘʣʴʥʦ 

ʘʣʤʘʟʦʥʦʩʥʳʝ ʠ ʘʣʤʘʟʦʥʦʩʥʳʝ ʤʘʛʤʘʪʠʪʳ ʧʦʟʜʥʝʛʝʨʮʠʥʩʢʦʛʦ ʵʪʘʧʘ 

(ʩʨʝʜʥʠʡ ʢʘʨʙʦʥ-ʩʨʝʜʥʠʡ ʪʨʠʘʩ) ʠʟʚʝʩʪʥʳ ʚ ɸʥʘʙʘʨʩʢʦ-ʆʣʝʥʝʢʩʢʦʡ ʠ 

ɸʥʛʘʨʩʢʦ-ʊʫʥʛʫʩʩʢʦʡ ʀʄʇ. ʇʦʟʜʥʝʛʝʨʮʠʥʩʢʠʝ (310-200 ʤʣʥ.ʣʝʪ) 

ʢʠʤʙʝʨʣʠʪʳ ʄʦʣʦʜʠʥʩʢʦʛʦ, ʂʫʦʡʩʢʦʛʦ, ʂʫʨʘʥʘʭʩʢʦʛʦ, ʃʫʯʘʢʘʥʩʢʦʛʦ, ɸʨʳ-

ʄʘʩʪʘʭʩʢʦʛʦ ʠ ʉʪʘʨʦʨʝʯʝʥʩʢʦʛʦ ʦʪʥʦʩʷʪʩʷ ʢ ɸʥʘʙʘʨʩʢʦ-ʆʣʝʥʝʢʩʢʦʡ ʀʄʇ.  

ʉʣʝʜʫʝʪ ʧʦʜʚʝʨʛʘʪʴ ʪʱʘʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ ʛʝʦʣʦʛʦ-ʪʝʢʪʦʥʠʯʝʩʢʫʶ 

(ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʫʶ ʠ ʛʝʦʜʠʥʘʤʠʯʝʩʢʫʶ) ʧʦʟʠʮʠʶ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʡ,ʪʘʢ ʢʘʢ ʚ ʩʣʦʞʥʳʭ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʤʦʛʫʪ ʠʤʝʪʴ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʧʣʦʱʘʜʠ ʠ ʩʪʘʜʠʡʥʦʩʪʠ 

ʧʨʦʚʝʜʝʥʠʷ ʥʘ ʥʝʡ ʜʘʣʴʥʝʡʰʠʭ ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʛʨʝʩʩ ʚ ʚʦʧʨʦʩʘʭ ʦʪʢʨʳʪʠʷ ʥʦʚʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʠʭ ʢʫʩʪʦʚ ʠ 

ʩʘʤʠʭ ʪʨʫʙʦʢ ʚ ʩʣʦʞʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʠʩʢʦʚ ʥʘ ʟʘʢʨʳʪʳʭ ʪʝʨʨʠʪʦʨʠʷʭ 

ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʧʨʠʚʣʝʯʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ ʠ ʛʝʦʬʠʟʠʯʝʩʢʠʭ 

ʧʨʝʜʧʦʩʳʣʦʢ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʚʝʜʝʥʠʡ ʦ ʩʪʨʫʢʪʫʨʥʦ-ʪʝʢʪʦʥʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʷʭ ʨʝʛʠʦʥʘ ʠ ʢʦʥʢʨʝʪʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʧʨʠʤʝʥʷʝʪʩʷ 

ʢʦʤʧʣʝʢʩ ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʢʣʶʯʘʶʱʠʡ ʛʨʘʚʠ- ʠ 

ʤʘʛʥʠʪʦʤʝʪʨʠʶ, ʩʝʡʩʤʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʨʘʟʚʝʜʦʯʥʳʝ ʠ ʜʨʫʛʠʝ ʤʝʪʦʜʳ. 

ɺʳʜʝʣʝʥʥʳʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʝ ʛʝʦʬʠʟʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʛʝʦʣʦʛʠʯʝʩʢʦʡ ʟʘʚʝʨʢʝ ʜʣʷ ʚʳʷʩʥʝʥʠʷ ʠʭ ʧʨʠʨʦʜʳ. 

ʆʩʦʙʝʥʥʦ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ʵʪʠ ʤʝʪʦʜʳ ʙʳʣʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʩʪʘʜʠʷʭ 

ʛʝʦʣʦʛʦ-ʛʝʦʬʠʟʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʥʦʚʳʭ ʪʝʨʨʠʪʦʨʠʷʭ. ɺʘʞʥʦʡ 

ʟʘʜʘʯʝʡ ʧʨʠ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪʘʭ ʥʘ ʘʣʤʘʟʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ 

ʜʨʦʙʥʦʡ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ ʦʪʣʦʞʝʥʠʡ ʠ ʜʨʝʚʥʠʭ ʢʦʣʣʝʢʪʦʨʦʚ, ʚ 

ʩʦʩʪʘʚʝ ʢʦʪʦʨʳʭ ʫʩʪʘʥʦʚʣʝʥʳ ʘʣʤʘʟʳ ʠ ʠʭ ʧʘʨʘʛʝʥʝʪʠʯʝʩʢʠʝ ʤʠʥʝʨʘʣʳ-

ʩʧʫʪʥʠʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʦʩʥʦʚʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ ʗɸʇ 

(ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʤ, ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʤ ʠ ʉʨʝʜʥʝʤʘʨʭʠʥʩʢʦʤ) 

ʧʨʠʤʝʥʷʶʪʩʷ ʠʟʤʝʥʸʥʥʳʝ ʠ ʫʢʨʫʧʥʸʥʥʳʝ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʝ ʩʭʝʤʳ, ʚ 



199 

 

ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʘʣʤʘʟʦʥʦʩʥʳʝ ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ ʣʘʧʯʘʥʩʢʦʡ (ʈ1l) ʠ 

ʠʨʝʣʷʭʩʢʦʡ (T3-J1ir) ʩʚʠʪ, ʷʚʣʷʶʱʠʝʩʷ ʧʦ ʩʫʪʠ ʬʦʨʤʘʮʠʝʡ ʧʝʨʝʤʳʚʘ ʠ 

ʧʝʨʝʦʪʣʦʞʝʥʠʷ ʜʨʝʚʥʠʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ, ʩʦʝʜʠʥʝʥʳ ʩ ʙʦʣʝʝ ʤʦʣʦʜʳʤʠ 

ʦʪʣʦʞʝʥʠʷʤʠ. ʂ ʵʪʠʤ ʩʚʠʪʘʤ ʧʨʠʫʨʦʯʝʥʳ ʜʨʝʚʥʠʝ ʘʣʤʘʟʦʥʦʩʥʳʝ ʨʦʩʩʳʧʠ 

(ʢ ʧʝʨʚʦʡ ï ʉʦʣʫʨ, ʢʦ ʚʪʦʨʦʡ ï ɺʦʜʦʨʘʟʜʝʣʴʥʳʝ ʛʘʣʝʯʥʠʢʠ ʠ ʅʦʚʠʥʢʘ) ʠ ʧʦ 

ʥʠʤ ʧʨʦʚʦʜʠʣʠʩʴ ʧʦʠʩʢʠ ʠ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʘʣʤʘʟʦʚ.  

ʆʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʠʩʢʦʚ ʘʣʤʘʟʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʡ  ʙʳʣ, ʝʩʪʴ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʛʝʦʣʦʛʦ-ʧʦʠʩʢʦʚʳʭ ʦʙʩʪʘʥʦʚʦʢ ʠ ʦʩʪʘʥʝʪʩʷ 

ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʪʦʨʦʛʦ ʚ ʦʯʝʥʴ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ 

ʩʦʟʜʘʥʘ ʤʦʥɦʘʷ ʘʣʤʘʟʦʜʦʙʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ. ɺʦʟʨʘʩʪʘʥʠʝ 

ʩʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʛʝʦʣʦʛʦʨʘʟʚʝʜʦʯʥʳʭ ʟʘʜʘʯ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʯʘʩʪʠ 

ʧʣʘʪʬʦʨʤʳ ʚ ʗɸʇ, ʛʜʝ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʦʩʥʦʚʥʳʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ 

ʤʦʱʥʦʩʪʠ ʘʢʮʠʦʥʝʨʥʦʡ ʢʦʤʧʘʥʠʠ çɸʃʈʆʉɸè, ʘ ʪʘʢʞʝ ʨʘʩʰʠʨʝʥʠʝ 

ʧʦʠʩʢʦʚ ʟʘ ʝʸ ʧʨʝʜʝʣʘʤʠ (ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʴ ʠ ʂʨʘʩʥʦʷʨʩʢʠʡ ʢʨʘʡ) 

ʧʦʚʳʰʘʶʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʥʘ ʪʝʨʨʠʪʦʨʠʷʭ ʩʦ 

ʩʣʦʞʥʳʤ ʛʝʦʣʦʛʠʯʝʩʢʠʤ ʩʪʨʦʝʥʠʝʤ. ʇʦʩʢʦʣʴʢʫ ʘʣʤʘʟ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ 

ʤʠʥʝʨʘʣʦʤ ʦʙʲʝʢʪʘ ʧʦʠʩʢʦʚ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʝʩʴʤʘ ʚʘʞʥʳʤ ʧʨʠʚʣʝʯʴ ʢ 

ʨʝʰʝʥʠʶ ʧʨʦʛʥʦʟʥʦ-ʧʦʠʩʢʦʚʳʭ ʟʘʜʘʯ ʰʠʨʦʢʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʝʛʦ 

ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʣʤʘʟʦʧʦʠʩʢʦʚʳʭ ʨʘʙʦʪ 

ʜʝʪʘʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʶ  ʩʣʝʜʫʝʪ ʧʦʜʚʝʨʛʘʪʴ  ʪʝʨʨʠʛʝʥʥʳʝ 

ʦʩʘʜʦʯʥʳʝ ʪʦʣʱʠ, ʩʦʜʝʨʞʘʱʠʝ ʧʨʦʜʫʢʪʳʚ ʧʝʨʝʤʳʚʘ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ 

ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ ʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʢʠʤʙʝʨʣʠʪʦʚ. ʆʪʣʦʞʝʥʠʷ 

ʧʣʘʪʬʦʨʤʝʥʥʦʡ ʩʫʙʬʦʨʤʘʮʠʠ ʩʚʦʡʩʪʚʝʥʥʳ ʚ ʦʩʥʦʚʥʦʤ ʘʣʣʶʚʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʚʘʥʠʷʤ ʠ ʦʩʘʜʢʘʤ ʥʘʯʘʣʴʥʳʭ, ʨʘʥʥʠʭ, ʧʦʟʜʥʠʭ ʠ ʢʦʥʝʯʥʳʭ ʩʪʘʜʠʡ 

ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʦʟʝʨʥʦ-ʙʦʣʦʪʥʳʭ ʚʦʜʦʸʤʦʚ, ʧʘʨʘʣʠʯʝʩʢʠʭ 

ʦʙʣʘʩʪʝʡ ʧʨʠʙʨʝʞʥʳʭ ʨʘʚʥʠʥ ʠ ʵʧʠʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʙʘʩʩʝʡʥʦʚ. ɺ 

ʦʩʥʦʚʥʳʭ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʘʭ ʉʇ ʙʣʘʛʦʧʨʠʷʪʥʳʝ ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ 

ʫʩʣʦʚʠʷ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʦʱʥʳʭ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ (ʂɺ) ʩʫʱʝʩʪʚʦʚʘʣʠ 

ʚ ʧʦʟʜʥʝʜʝʚʦʥʩʢʦʝ-ʨʘʥʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʦʝ ʠ ʩʨʝʜʥʝ- ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʝ 

ʚʨʝʤʷ. ɺʳʚʝʪʨʠʚʘʥʠʶ ʚ ʵʪʦʪ ʧʝʨʠʦʜ ʧʦʜʚʝʨʛʘʣʠʩʴ: ʪʝʨʨʠʛʝʥʥʦ-

ʢʘʨʙʦʥʘʪʥʳʝ ʧʦʨʦʜʳ ʥʠʞʥʝʛʦ ʧʘʣʝʦʟʦʷ, ʜʦʣʝʨʠʪʳ, ʪʫʬʳ ʠ ʪʫʬʦʙʨʝʢʯʠʠ 

ʪʨʫʙʦʯʥʳʭ ʪʝʣ, ʪʫʬʦʛʝʥʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʨʚʫʥʯʘʥʩʢʦʡ ʩʚʠʪʳ ʠ 

ʢʠʤʙʝʨʣʠʪʳ. ʇʝʨʝʦʪʣʦʞʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚʙʣʠʟʠ ʦʙʣʘʩʪʝʡ 

ʜʝʥʫʜʘʮʠʠ ʠ ʥʘʢʦʧʣʝʥʠʝ ʠʭ ʚ ʦʩʥʦʚʥʦʤ ʚ ʧʨʝʩʥʦʚʦʜʥʳʭ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ 

ʚʦʜʦʸʤʘʭ, ʘ ʪʘʢʞʝ ʥʝʙʦʣʴʰʘʷ ʤʦʱʥʦʩʪʴ ʩʬʦʨʤʠʨʦʚʘʚʰʠʭʩʷ ʦʩʘʜʦʯʥʳʭ 
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ʪʦʣʱ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʫʞʝʥʠʷ ʠʭ ʦʧʨʝʜʝʣʠʣʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʘʙʦʝ 

ʛʠʜʨʦʭʠʤʠʯʝʩʢʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʩʨʝʜʳ ʥʘ ʘʣʣʦʪʠʛʝʥʥʳʝ ʤʠʥʝʨʘʣʳ, ʘ ʪʘʢʞʝ 

ʦʪʩʫʪʩʪʚʠʝ ʥʘʣʦʞʝʥʥʳʭ ʥʘ ʥʠʭ ʧʨʦʮʝʩʩʦʚ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. 

ʕʪʠ ʫʩʣʦʚʠʷ ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ ʛʣʠʥʠʩʪʳʝ ʤʠʥʝʨʘʣʳ ʚʝʨʭʥʝʧʘʣʝʦʟʦʡʩʢʠʭ 

ʠ ʤʝʟʦʟʦʡʩʢʠʭ ʦʪʣʦʞʝʥʠʡ ʘʣʤʘʟʦʥʦʩʥʳʭ ʨʘʡʦʥʦʚ ʉʇ, ʩʚʷʟʘʥʥʳʝ ʚ 

ʦʩʥʦʚʥʦʤ  ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʝʨʝʦʪʣʦʞʝʥʠʷ  ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʂɺ, 

ʦʧʨʝʜʝʣʸʥʥʳʤ ʦʙʨʘʟʦʤ ʥʘʩʣʝʜʫʶʪ ʩʪʨʫʢʪʫʨʥʳʝ ʠ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʠʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʥʝʨʘʣʦʚ ʠʟ ʵʣʶʚʠʘʣʴʥʳʭ ʪʦʣʱ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʠʟʣʦʞʝʥʥʳʝ ʚʳʰʝ ʪʠʧʦʤʦʨʬʥʳʝ ʧʨʠʟʥʘʢʠ ʦʪʜʝʣʴʥʳʭ ʤʠʥʝʨʘʣʦʚ ʣʝʛʢʦʡ, 

ʪʷʞʝʣʦʡ ʠ ʛʣʠʥʠʩʪʦʡ ʬʨʘʢʮʠʡ, ʘ ʪʘʢʞʝ ʛʝʦʭʠʤʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʚʳʚʝʪʨʝʣʳʭ ʧʦʨʦʜ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ ʧʨʦʜʫʢʪʦʚ, 

ʧʦʩʪʫʧʠʚʰʠʭ ʠʟ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʚʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʛʠʧʝʨʛʝʥʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʨʦʜ ʨʘʟʣʠʯʥʦʛʦ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʦʚ. ʂʦʤʧʣʝʢʩ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʥʘʤʠ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʥʝʛʦ ʧʘʣʝʦʟʦʷ ʠ ʤʝʟʦʟʦʷ, ʧʦʟʚʦʣʠʣ ʚʦʩʩʪʘʥʦʚʠʪʴ 

ʧʘʣʝʦʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʢʘʞʜʦʛʦ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʵʪʠʭ ʧʝʨʠʦʜʦʚ 

(ʦʩʦʙʝʥʥʦ ʙʘʟʘʣʴʥʳʭ ʩʣʦʸʚ) ʠ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʤʝʩʪʥʦʛʦ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ) ʤʘʪʝʨʠʘʣʘ ʚ ʧʨʝʜʝʣʘʭ 

ʚʳʜʝʣʝʥʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʫʯʘʩʪʢʦʚ ʠ ʟʦʥ (ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʛʦʨʠʟʦʥʪʦʚ). ʅʝʦʙʭʦʜʠʤʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʧʦʟʜʥʝʧʘʣʝʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʚ 

ʧʨʝʜʝʣʘʭ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʛʦ ʠ ɼʘʣʜʳʥʦ-ɸʣʘʢʠʪʩʢʦʛʦ ʨʘʡʦʥʦʚ, ʫʯʠʪʳʚʘʷ 

ʩʭʦʞʝʩʪʴ ʪʝʢʪʦʥʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʠʭ ʩ 

ʦʩʪʘʣʴʥʦʡ ʪʝʨʨʠʪʦʨʠʝʡ ʚʦʩʪʦʯʥʦʛʦ ʙʦʨʪʘ ʊʫʥʛʫʩʩʢʦʡ ʩʠʥʝʢʣʠʟʳ, ʘ ʚ 

ʤʝʟʦʟʦʡʩʢʦʝ ʚʨʝʤʷ ʩʭʦʜʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʡ ʚ ʄʘʣʦʙʦʪʫʦʙʠʥʩʢʦʤ 

ʨʘʡʦʥʝ ʚ ʮʝʣʦʤ ʩʦ ʚʩʝʡ ʟʦʥʦʡ ɸʥʛʘʨʦ-ɺʠʣʶʡʩʢʦʛʦ ʧʨʦʛʠʙʘ ʠ ʩʝʚʝʨʦ-

ʟʘʧʘʜʥʦʛʦ ʙʦʨʪʘ ɺʠʣʶʡʩʢʦʡ ʩʠʥʝʢʣʠʟʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʥʘ ʦʙʰʠʨʥʳʝ ʩʦʩʝʜʥʠʝ ʪʝʨʨʠʪʦʨʠʠ, ʢʦʪʦʨʳʝ ʚ 

ʤʦʛʫʪ ʷʚʠʪʴʩʷ ʥʦʚʳʤʠ ʘʣʤʘʟʦʥʦʩʥʳʤʠ ʧʨʦʚʠʥʮʠʷʤʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʤʘʪʝʨʠʘʣʘ ʧʦ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ 

ʉʇ ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʝʸ ʧʨʝʜʝʣʘʭ ʠʤʝʶʪʩʷ ʧʣʦʱʘʜʠ ʨʦʩʩʳʧʥʳʭ 

ʫʟʣʦʚ ʠ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʧʦʣʝʡ, ʠʟʫʯʝʥʥʳʭ ʜʝʩʷʪʢʘʤʠ ʠ ʩʦʪʥʷʤʠ ʪʳʩʷʯ 

ʩʢʚʘʞʠʥ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ  ʟʘʧʘʜʥʘʷ ʯʘʩʪʴ ʠ ʪʝʨʨʠʪʦʨʠʠ ʩ ʰʠʨʦʢʠʤ ʨʘʟʚʠʪʠʝʤ 

ʧʦʨʦʜ ʪʨʘʧʧʦʚʦʡ ʬʦʨʤʘʮʠʠ ʦʯʝʥʴ ʩʣʘʙʦ ʠʟʫʯʝʥʳ. ʀʤʝʶʱʠʝʩʷ  ʥʳʥʝ 
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ʥʝʨʘʚʥʦʮʝʥʥʳʝ ʠ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʸʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʦʟʚʦʣʷʶʪ 

ʨʘʟʣʠʯʘʪʴ ʜʚʘ ʤʝʛʘʵʪʘʧʘ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʉʇ. ʈʘʥʥʠʡ 

ʦʭʚʘʪʳʚʘʝʪ ʚʨʝʤʷ ʦʪ ʘʨʭʝʷ ʜʦ ʨʠʬʝʷ ʚʢʣʶʯʠʪʝʣʴʥʦ, ʪ.ʝ. ʦʪ ʧʦʷʚʣʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦ ʘʣʤʘʟʘ ʚ ʥʝʜʨʘʭ ʜʦ ʧʝʨʚʦʛʦ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ ʦʙʩʪʘʥʦʚʢʠ. ɼʣʷ ʤʝʛʘʵʪʘʧʘ ʭʘʨʘʢʪʝʨʥʳ ʧʦʣʠʮʝʥʪʨʠʟʤ, 

ʪʷʛʦʪʝʥʠʝ ʢ ʧʝʨʠʬʝʨʠʡʥʳʤ ʯʘʩʪʷʤ ʧʣʘʪʬʦʨʤʳ ʠ ʨʘʟʥʦʦʙʨʘʟʠʝ 

ʪʨʘʥʩʧʦʨʪʸʨʦʚ. ɺʪʦʨʦʡ ʤʝʛʘʵʪʘʧ (ʩʨʝʜʥʠʡ ʧʘʣʝʦʟʦʡ-ʵʦʮʝʥ) ʦʪʣʠʯʘʣʩʷ ʦʪ 

ʧʝʨʚʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʩʧʦʣʦʞʝʥʠʝʤ ʧʨʦʷʚʣʝʥʠʡ, ʤʦʥʦʮʝʥʪʨʠʟʤʦʤ ʠ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʜʠʘʪʨʝʤ ʢʠʤʙʝʨʣʠʪʦʚ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʨʘʪʠʛʨʘʬʠʯʝʩʢʠʭ 

ʧʦʩʪʨʦʝʥʠʡ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʪʝʨʨʠʪʦʨʠʷʭ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʜʝʪʘʣʴʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠʡ ʠ ʚʳʜʝʣʝʥʠʷ ʪʦʣʱ, ʦʙʦʛʘʱʸʥʥʳʭ ʤʘʪʝʨʠʘʣʦʤ ʠʟ 

ʤʝʩʪʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʥʦʩʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʜʠʘʪʨʝʤ). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʣʝʜʫʝʪ ʫʩʠʣʠʪʴ ʠ ʨʘʩʰʠʨʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʠʧʦʤʦʨʬʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʧʨʦʜʫʢʪʦʚ ʚʳʚʝʪʨʠʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʦʨʦʜ ʩ ʮʝʣʴʶ  ʙʦʣʝʝ 

ʫʚʝʨʝʥʥʦʡ ʜʠʘʛʥʦʩʪʠʢʠ ʧʝʨʝʦʪʣʦʞʝʥʥʦʛʦ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʚ 

ʧʨʦʜʫʢʪʠʚʥʳʭ ʦʩʘʜʦʯʥʳʭ ʪʦʣʱʘʭ. ɺʘʞʥʝʡʰʝʝ ʥʘʧʨʘʚʣʝʥʠʝ ï ʵʪʦ ʠʟʫʯʝʥʠʝ 

ʧʦʣʠʛʝʥʝʟʘ ʘʣʤʘʟʦʚ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʠʧʘ  ʠ ʚʦʟʨʘʩʪʘ ʠʭ ʢʦʨʝʥʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʆʥʪʦʛʝʥʠʯʝʩʢʠʡ ʠ ʪʠʧʦʤʦʨʬʥʳʡ ʘʥʘʣʠʟʳ ʧʝʨʚʠʯʥʳʭ 

ʤʠʥʝʨʘʣʦʚ ʢʠʤʙʝʨʣʠʪʦʚ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩ ʤʝʪʦʜʦʤ ʤʦʨʬʦʛʝʥʝʪʠʯʝʩʢʠʭ 

ʨʷʜʦʚ ʠ ʧʘʨʘʩʪʝʨʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʧʦʟʚʦʣʷʶʪ ʨʝʢʦʥʩʪʨʫʠʨʦʚʘʪʴ ʠʩʪʦʨʠʶ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʨʘʟʚʠʪʠʷ ʨʘʡʦʥʘ ʠ ʦʪʜʝʣʴʥʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʦʙʲʝʢʪʦʚ.     
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ʉʠʙʠʨʩʢʘʷ ʘʣʤʘʟʦʥʦʩʥʘʷ ʧʨʦʚʠʥʮʠʷ  ʧʨʦʚʝʜʝʥʥʳʤʠ  ʢʦʤʧʣʝʢʩʥʳʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ ʨʘʟʜʝʣʝʥʘ ʧʦ ʘʣʤʘʟʘʤ ʥʘ ʯʝʪʳʨʝ ʩʫʙʧʨʦʚʠʥʮʠʠ: 

ʎʝʥʪʨʘʣʴʥʦ-ʉʠʙʠʨʩʢʘʷ, ʃʝʥʦ-ɸʥʘʙʘʨʩʢʘʷ, ʊʫʥʛʫʩʩʢʘʷ ʠ ɸʣʜʘʥʩʢʘʷ. ɺ 

ʮʝʣʦʤ ʘʣʤʘʟʳ ʃʝʥʦ-ɸʥʘʙʘʨʩʢʦʡ ʩʫʙʧʨʦʚʠʥʮʠʠ (ʃɸʉ) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

http://science.ykt.ru/index.php?newsid=220
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ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʘʤʥʝʡ ʐ ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ, ʚ ʦʩʥʦʚʥʦʤ ʥʝʚʳʷʩʥʝʥʥʦʛʦ 

ʛʝʥʝʟʠʩʘ (ʘʩʩʦʮʠʘʮʠʷ çʵʙʝʣʷʭʩʢʦʛʦè ʪʠʧʘ) ʩ ʧʨʝʚʘʣʠʨʦʚʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ 

ʢʫʙʠʯʝʩʢʦʛʦ ʠ ʪʝʪʨʘʛʝʢʩʘʵʜʨʠʯʝʩʢʦʛʦ ʛʘʙʠʪʫʩʦʚ, ʧʦʣʫʢʨʫʛʣʳʭ 

ʦʢʪʘʵʜʨʦʠʜʦʚ, ʩʣʦʞʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ 

ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ, ʘ ʪʘʢʞʝ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʘʣʤʘʟʦʚ ʚʦ ʚʩʝʭ ʚʦʟʨʘʩʪʥʦ-

ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʠʧʘʭ ʦʪʣʦʞʝʥʠʡ, ʥʘʯʠʥʘʷ ʩ ʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ. ʄʘʩʰʪʘʙʳ 

ʧʨʦʷʚʣʝʥʠʷ ʨʦʩʩʳʧʥʦʡ ʘʣʤʘʟʦʥʦʩʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʥʘʤʥʦʛʦ ʙʦʣʴʰʠʤʠ, ʯʝʤ ʚ 

ʜʨʫʛʠʭ ʨʘʡʦʥʘʭ ʧʨʦʚʠʥʮʠʠ, ʦʩʦʙʝʥʥʦ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʜʣʷ 

ʨʦʩʩʳʧʝʦʙʨʘʟʦʚʘʥʠʷ ʨʝʛʠʦʥʘʭ, ʢʘʢʠʤ ʷʚʣʷʝʪʩʷ ɸʥʘʙʘʨʩʢʠʡ (ʕʙʝʣʷʭʩʢʠʡ) 

ʨʘʡʦʥ, ʛʜʝ ʚʳʜʝʣʷʶʪʩʷ ʜʚʝ ʧʣʦʱʘʜʠ (ʅʠʞʥʝʵʙʝʣʷʭʩʢʘʷ ʠ ʄʘʡʘʪ-

ʋʜʞʠʥʩʢʘʷ), ʨʝʟʢʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʘʣʤʘʟʦʚ ʠʟ ʐ ʪʠʧʘ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʢʘʯʝʩʪʚʫ ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ. ʈʦʩʩʳʧʠ ʩ 

ʘʣʤʘʟʘʤʠ 1 ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ çʢʠʤʙʝʨʣʠʪʦʚʦʛʦè ʛʝʥʝʟʠʩʘ ʥʘ ʙʦʣʴʰʝʡ 

ʯʘʩʪʠ ʠʩʩʣʝʜʫʝʤʦʡ ʪʝʨʨʠʪʦʨʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ ʠ ʦʪʤʝʯʝʥʳ ʣʠʰʴ 

ʚ ʨʦʩʩʳʧʷʭ ʂʶʪʶʥʛʜʠʥʩʢʦʛʦ ʠ ʄʦʣʦʜʦ-ɼʘʣʜʳʥʩʢʦʛʦ ʧʦʣʝʡ, ʘ ʪʘʢʞʝ ʨʝʢ 

ʋʣʘʘʭ-ʄʫʥʘ ʠ ʆʤʦʥʦʩ. ʉʚʦʝʦʙʨʘʟʠʝ ʪʠʧʦʤʦʨʬʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʘʣʤʘʟʦʚ 

ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʥʠʞʥʝʢʘʤʝʥʥʦʫʛʦʣʴʥʳʭ ʦʪʣʦʞʝʥʠʡ ʂʶʪʶʥʛʜʠʥʩʢʦʛʦ 

ʧʨʦʛʠʙʘ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʦʢʦʣʦ 90% ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʨʠʩʪʘʣʣʘʤʠ 

ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ (ʪʠʧ 1) ʠ ʦʢʦʣʦ 10% - ʪʠʧʠʯʥʳʤʠ ʦʢʨʫʛʣʳʤʠ 

ʘʣʤʘʟʘʤʠ ʧʨʠ ʧʦʣʥʦʤ ʦʪʩʫʪʩʪʚʠʠ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʜʨʫʛʠʭ ʨʦʩʩʳʧʝʡ 

ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʠʙʠʨʩʢʦʡ ʧʣʘʪʬʦʨʤʳ (ʉʇ) ʢʨʠʩʪʘʣʣʦʚ ʐ ʪʠʧʘ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ. ʂʠʤʙʝʨʣʠʪʦʚʳʡ ʪʠʧ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ ʘʣʤʘʟʦʚ ʜʣʷ ʜʘʥʥʳʭ 

ʦʪʣʦʞʝʥʠʡ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ 

ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʥʝʛʦ ʢ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ ʧʨʠ ʟʘʤʝʪʥʦʤ 

ʩʦʜʝʨʞʘʥʠʠ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ ʩ ʙʣʦʢʦʚʦʡ ʩʢʫʣʴʧʪʫʨʦʡ 1 ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʘʣʤʘʟʦʚ ʩ ʦʙʦʣʦʯʢʦʡ 1ʋ ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʝʞʜʫ ʤʦʨʬʦʣʦʛʠʝʡ ʘʣʤʘʟʦʚ ʠ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ ʚ ʢʠʤʙʝʨʣʠʪʘʭ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʘʣʠʯʠʝ ʚ ʜʘʥʥʦʤ ʨʘʡʦʥʝ ʙʦʛʘʪʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ 

ʩʨʝʜʥʝʧʘʣʝʦʟʦʡʩʢʦʛʦ (ʜʦʢʘʤʝʥʥʦʫʛʦʣʴʥʦʛʦ) ʚʦʟʨʘʩʪʘ ʩʦ ʩʚʦʝʦʙʨʘʟʥʳʤ 

ʪʠʧʦʤʦʨʬʠʟʤʦʤ ʘʣʤʘʟʦʚ. 

ɺ ʧʨʝʜʝʣʘʭ ʦʩʪʘʣʴʥʦʡ ʯʘʩʪʠ ʃɸʉ ʥʘʩʯʠʪʳʚʘʶʪʩʷ ʪʳʩʷʯʠ ʧʫʥʢʪʦʚ ʩ 

ʥʘʭʦʜʢʘʤʠ ʘʣʤʘʟʦʚ, ʛʨʫʧʧʠʨʫʶʱʠʭʩʷ ʚ ʅʠʞʥʝʵʙʝʣʷʭʩʢʦʝ, ɺʝʨʭʥʝ-

ʵʙʝʣʷʭʩʢʦʝ, ʄʘʡʘʪ-ʋʜʞʠʥʩʢʦʝ, ɺʝʨʭʥʝʫʜʞʠʥʩʢʦʝ, ʄʘʩʧʘʢʳ-

ɼʝʣʠʥʛʜʠʥʩʢʦʝ, ɸʥʘʙʘʨʦ-ʇʦʧʠʛʘʡʩʢʦʝ, ʂʫʦʥʘʧʩʢʦʝ, ʉʨʝʜʥʝʤʫʥʩʢʦʝ, 

ɺʝʨʭʥʝʪʶʥʛʩʢʦʝ ʠ ɺʝʨʭʥʝʤʫʥʩʢʦʝ ʨʦʩʩʳʧʥʳʝ ʧʦʣʷ ʯʝʪʳʨʝʭ ʘʣʤʘʟʦʥʦʩʥʳʭ 
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ʨʘʡʦʥʦʚ (ɸʥʘʙʘʨʩʢʠʡ, ʉʨʝʜʥʝʦʣʝʥʝʢʩʢʠʡ, ʅʠʞʥʝʦʣʝʥʝʢʩʢʠʡ ʠ ʄʫʥʦ-

ʊʶʥʛʩʢʠʡ). ʆʙʱʠʤ ʜʣʷ ʵʪʠʭ ʨʘʡʦʥʦʚ ʷʚʣʷʝʪʩʷ ʥʠʟʢʦʝ (10-15%) ʩʫʤʤʘʨʥʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʢʪʘʵʜʨʠʯʝʩʢʦʛʦ ʠ ʧʝʨʝʭʦʜʥʦʛʦ ʦʪ ʥʝʛʦ ʢ 

ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʠʯʝʩʢʦʤʫ ʛʘʙʠʪʫʩʦʚ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʪʠʧʠʯʥʳʭ 

ʦʢʨʫʛʣʳʭ ʢʨʠʩʪʘʣʣʦʚ 1 ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʩʝʨʳʭ ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ ʠ ʙʣʠʟʢʠʭ 

ʢ ʥʠʤ ʩʣʦʞʥʳʭ ʜʚʦʡʥʠʢʦʚ ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʋ ʠ ʋʇ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ 

ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʭ ʢʫʙʦʠʜʦʚ ʇ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʪʠʧʘ 

ʢʘʨʙʦʥʘʜʦ ʩ ʣʦʥʩʜʝʡʣʠʪʦʤ (ʷʢʫʪʠʪ) ʍ1 ʨʘʟʥʦʚʠʜʥʦʩʪʠ. ʀʭ ʨʘʟʣʠʯʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʦʙʨʘʟʫʝʪ ʥʝʩʢʦʣʴʢʦ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʠʭ ʘʩʩʦʮʠʘʮʠʡ 

(çʵʙʝʣʷʭʩʢʘʷè, çʢʫʦʥʘʧʩʢʘʷè, çʫʢʫʢʠʪʩʢʘʷè ʠ ʜʨ.). ɼʣʷ ʘʣʤʘʟʦʚ ʅʠʞʥʝ-

ʵʙʝʣʷʭʩʢʦʛʦ ʧʦʣʷ ʭʘʨʘʢʪʝʨʥʦ ʨʝʟʢʦʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʩʠʣʴʥʦ ʜʝʬʝʢʪʥʳʭ 

ʛʨʘʬʠʪʠʟʠʨʦʚʘʥʥʳʭ ʥʠʟʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʘʤʥʝʡ ʥʘʜ ʪʠʧʠʯʥʳʤʠ ʦʢʨʫʛʣʳʤʠ 

ʠʥʜʠʚʠʜʘʤʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʧʨʠʩʫʪʩʪʚʠʠ ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʭ ʢʫʙʦʠʜʦʚ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʷʢʫʪʠʪʘ (ʜʦ 5 %), ʘ ʪʘʢʞʝ ʧʨʝʦʙʣʘʜʘʥʠʝ ʮʝʣʳʭ ʠʥʜʠʚʠʜʦʚ, 

ʤʘʢʩʠʤʘʣʴʥʳʡ (ʜʦ 30%) ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ ʠ ʚʳʩʦʢʘʷ (ʜʦ 30 ʤʛ) ʩʨʝʜʥʷʷ 

ʤʘʩʩʘ ʢʨʠʩʪʘʣʣʦʚ. ʉʨʝʜʠ ʘʣʤʘʟʦʚ ʄʘʡʘʪ-ʋʜʞʠʥʩʢʦʛʦ ʧʦʣʷ ʦʪʤʝʯʘʝʪʩʷ 

ʧʨʝʚʘʣʠʨʦʚʘʥʠʝ ʪʠʧʠʯʥʳʭ ʦʢʨʫʛʣʳʭ ʢʘʤʥʝʡ ʥʘʜ ʦʢʪʘʵʜʨʘʤʠ ʠ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʘʛʨʝʛʘʪʘʤʠ, ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʩʦʭʨʘʥʥʦʩʪʠ ʘʣʤʘʟʦʚ ʠ 

ʚʳʩʦʢʘʷ ʩʨʝʜʥʷʷ ʤʘʩʩʘ, ʘ ʪʘʢʞʝ ʥʠʟʢʠʡ ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ, ʩʣʝʜʩʪʚʠʝʤ 

ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʘʣʤʘʟʥʦʛʦ ʩʳʨʴʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʅʠʞʥʝʵʙʝʣʷʭʩʢʠʤ ʧʦʣʝʤ. ɺ ʮʝʣʦʤ, ʩʧʝʢʪʨ ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʃɸʉ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʦʜʥʦʦʙʨʘʟʝʥ ʠ ʙʣʠʟʦʢ ʢ ʩʧʝʢʪʨʫ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʦʢʘʡʤʣʷʶʱʠʭ 

ʩ ʚʦʩʪʦʢʘ ʠ ʩʝʚʝʨʘ ɸʥʘʙʘʨʩʢʫʶ ʘʥʪʝʢʣʠʟʫ ʚʪʦʨʠʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʧʦʟʜʥʝʪʨʠʘʩʦʚʦʛʦ ʠ ʨʘʥʥʝʚʦʣʞʩʢʦʛʦ ʚʦʟʨʘʩʪʘ (ʢʨʷʞʠ ʏʝʢʘʥʦʚʩʢʦʛʦ, 

ʇʨʦʥʯʠʱʝʚʘ, ʭʨʝʙʝʪ ʍʘʨʘʫʣʘʭ ʠ ʜʨ.). ɼʣʷ ʥʠʭ ʭʘʨʘʢʪʝʨʥʦ ʥʠʟʢʦʝ 

ʩʦʜʝʨʞʘʥʠʝ ʘʣʤʘʟʦʚ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚʦʛʦ ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʝ ʙʦʣʝʝ 10-15 % ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʱʠʭʩʷ ʚ ʦʪʜʝʣʴʥʳʭ ʨʘʡʦʥʘʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʪʠʧʠʯʥʳʭ 

ʦʢʨʫʛʣʳʭ ʢʘʤʥʝʡ çʫʨʘʣʴʩʢʦʛʦè (çʙʨʘʟʠʣʴʩʢʦʛʦè) ʪʠʧʘ, ʨʦʤʙʦʜʦʜʝʢʘʵʜʨʦʚ ʋ 

ʨʘʟʥʦʚʠʜʥʦʩʪʠ, ʩʣʦʞʥʦ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʜʚʦʡʥʠʢʦʚ ʠ ʩʨʦʩʪʢʦʚ 

ʜʦʜʝʢʘʵʜʨʦʠʜʦʚ ʋʐ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ çʦʙʣʝʛʯʝʥʥʳʤè ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ 

ʫʛʣʝʨʦʜʘ, ʞʝʣʪʦ-ʦʨʘʥʞʝʚʳʭ ʢʫʙʦʠʜʦʚ ʇ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʩ 

çʧʨʦʤʝʞʫʪʦʯʥʳʤè ʠʟʦʪʦʧʥʳʤ ʩʦʩʪʘʚʦʤ ʫʛʣʝʨʦʜʘ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʚ 

ʠʟʚʝʩʪʥʳʭ ʢʦʨʝʥʥʳʭ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʧʨʦʚʠʥʮʠʠ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʚ 

ʨʷʜʝ ʨʝʛʠʦʥʦʚ (ɸʥʘʙʘʨʩʢʠʡ, ʉʨʝʜʥʝʦʣʝʥʝʢʩʢʠʡ ʠ ʅʠʞʥʝʦʣʝʥʝʢʩʢʠʡ 



204 

 

ʨʘʡʦʥʳ) ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʪʠʧʘ çʢʘʨʙʦʥʘʜʦè ʩ ʧʨʠʤʝʩʴʶ ʣʦʥʩʜʝʡʣʠʪʘ 

ʠʟ ʠʤʧʘʢʪʥʦʛʦ ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ. ʆʙʱʠʤ ʜʣʷ ʥʠʭ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʥʳʡ 

ʤʝʭʘʥʠʯʝʩʢʠʡ ʠʟʥʦʩ, ʫʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʦʪ ʢʨʘʝʚʳʭ ʯʘʩʪʝʡ ɸʥʘʙʘʨʩʢʦʡ 

ʘʥʪʝʢʣʠʟʳ ʚ ʩʪʦʨʦʥʫ ɸʥʘʙʘʨʩʢʦʛʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ, ʯʪʦ ʩʦʚʧʘʜʘʝʪ 

ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʨʘʥʩʛʨʝʩʩʠʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʜʘʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʠʩʪʦʨʠʠ ʨʘʟʚʠʪʠʷ ʉʇ. ɸʣʤʘʟʳ ʠʟ ʨʘʟʥʦʚʦʟʨʘʩʪʥʳʭ ʚʪʦʨʠʯʥʳʭ ʢʦʣʣʝʢʪʦʨʦʚ 

ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʠ ʥʝʦʛʝʥ-ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʢʘʨʩʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ 

ʠ ʧʘʣʝʦʛʝʥ-ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʢʘʨʩʪʦʚʦʛʦ ʛʝʥʝʟʠʩʘ ʚ ʧʨʝʜʝʣʘʭ 

ɸʥʘʙʘʨʩʢʦʛʦ (ʕʙʝʣʷʭʩʢʦʛʦ) ʨʘʡʦʥʘ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ (ʧʨʠ 

ʩʦʧʦʩʪʘʚʣʝʥʠʠ ʢʘʤʥʝʡ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʨʫʧʥʦʩʪʠ). ɺ ʮʝʣʦʤ ʞʝ ʢʨʫʧʥʦʩʪʴ 

ʘʣʤʘʟʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʇ ʟʘʤʝʪʥʦ 

ʫʙʳʚʘʝʪ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʦʙʣʘʩʪʝʡ ʧʦʜʥʷʪʠʡ ʢ ʢʨʘʝʚʳʤ ʯʘʩʪʷʤ 

ɸʥʘʙʘʨʩʢʦʡ ʘʥʪʝʢʣʠʟʳ, ʯʪʦ ʪʘʢʞʝ ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ 

ʠʩʪʦʨʠʝʡ ʛʝʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʥʝʦʜʥʦʢʨʘʪʥʳʤ 

ʧʝʨʝʤʳʚʦʤ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝʤ ʘʣʤʘʟʦʚ ʚʦ ʚʪʦʨʠʯʥʳʭ ʢʦʣʣʝʢʪʦʨʘʭ 

ʨʘʟʣʠʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʛʝʥʝʟʠʩʘ ʥʘ ʧʫʪʠ ʦʪ ʢʦʨʝʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʢ ʤʝʩʪʘʤ 

ʠʭ ʩʦʚʨʝʤʝʥʥʦʛʦ ʟʘʭʦʨʦʥʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʣʤʘʟʳ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʢʠʤʙʝʨʣʠʪʦʚʳʭ ʪʝʣ ʩʝʚʝʨʦ-ʚʦʩʪʦʢʘ ʉʇ (ɺʝʨʭʥʝʤʦʪʦʨʯʫʥʩʢʦʝ, 

ʂʫʦʡʩʢʦʝ, ʏʫʤʫʨʜʘʭʩʢʦʝ, ʃʫʯʘʢʘʥʩʢʦʝ, ʆʤʦʥʦʩ-ʋʢʫʢʠʪʩʢʦʝ ʠ ʂʫʨʘʥʘʭʩʢʦʝ 

ʧʦʣʷ) ʧʦ ʪʠʧʦʤʦʨʬʥʳʤ ʦʩʦʙʝʥʥʦʩʪʷʤ ʨʝʟʢʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʧʝʢʪʨʘ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʦʩʩʳʧʝʡ ʜʘʥʥʦʛʦ ʨʝʛʠʦʥʘ, ʘ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʟʥʘʯʠʪʝʣʴʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚ ʘʣʣʶʚʠʠ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ ʧʝʨʚʳʭ ʢʠʣʦʤʝʪʨʦʚ ʦʪ ʪʨʫʙʢʠ, ʧʨʠ ʝʸ ʩʦʚʨʝʤʝʥʥʦʤ ʨʘʟʤʳʚʝ 

ʚʦʜʦʪʦʢʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʤʠʥʝʨʘʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʘʣʤʘʟʦʚ ʠʟ ʦʪʣʦʞʝʥʠʡ 

ʨʘʥʥʝʧʝʨʤʩʢʦʛʦ ʠ ʨʘʥʥʝʤʝʣʦʚʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʢʦʨ ʚʳʚʝʪʨʠʚʘʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 

ɸʥʘʙʘʨʩʢʦʛʦ (ʕʙʝʣʷʭʩʢʦʛʦ) ʨʘʡʦʥʘ, ʩʨʘʚʥʝʥʠʝ ʠʭ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ 

ʩʦʚʨʝʤʝʥʥʳʭ ʦʪʣʦʞʝʥʠʡ ʙʘʩʩʝʡʥʘ ʨ.ʕʙʝʣʷʭ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ 

ʚʝʟʜʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʘʤʥʝʡ ʚ ʧʨʠʤʝʨʥʦ 

ʦʜʠʥʘʢʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ, ʘ ʜʦʣʷ ʘʣʤʘʟʦʚ ʐ ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ 

ʥʝʚʳʷʩʥʝʥʥʦʛʦ ʛʝʥʝʟʠʩʘ ʩʦʩʪʘʚʣʷʝʪ 40-55% ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚ ʢʦʥʪʠʥʝʥʪʘʣʴʥʳʭ ʫʢʘʟʘʥʥʳʭ ʦʪʣʦʞʝʥʠʷʭ ʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʘʣʤʘʟʦʚ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʠʟʥʦʩʦʤ çʠʩʪʠʨʘʥʠʷè ʧʨʠʙʨʝʞʥʦ-

ʤʦʨʩʢʦʛʦ ʛʝʥʝʟʠʩʘ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʠʭ ʩʣʦʞʥʫʶ ʵʢʟʦʛʝʥʥʫʶ 
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ʠʩʪʦʨʠʶ, ʥʝʦʜʥʦʢʨʘʪʥʳʝ ʧʝʨʝʤʳʚ ʠ ʧʝʨʝʦʪʣʦʞʝʥʠʝ, ʯʪʦ ʤʦʛʣʦ ʠʤʝʪʴ ʤʝʩʪʦ 

ʚ ʙʦʣʝʝ ʜʨʝʚʥʠʭ (ʚʦʟʤʦʞʥʦ ʜʦʢʝʤʙʨʠʡʩʢʠʭ) ʢʦʣʣʝʢʪʦʨʘʭ; ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ, 

ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʵʢʟʦʛʝʥʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʜʨʝʚʥʠʭ ʢʦʨʘʭ 

ʚʳʚʝʪʨʠʚʘʥʠʷ. ɸʣʤʘʟʳ ʠʟ ʥʝʦʛʝʥ-ʥʠʞʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ 

ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʧʨʝʜʝʣʘʭ ɸʥʘʙʘʨʩʢʦʛʦ ʘʣʤʘʟʦʥʦʩʥʦʛʦ ʨʘʡʦʥʘ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʨʘʟʣʠʯʥʫʶ ʨʦʣʴ ʦʪʜʝʣʴʥʳʭ ʧʝʨʚʦʠʩʪʦʯʥʠʢʦʚ ʚ ʠʭ 

ʬʦʨʤʠʨʦʚʘʥʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʘʤʥʠ ʠʟ ʫʯʘʩʪʢʘ ʣʝʚʦʙʝʨʝʞʴʷ ʥʠʞʥʝʛʦ 

ʪʝʯʝʥʠʷ ʨ.ʕʙʝʣʷʭ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʤ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ 

ʨʘʟʚʠʪʳʭ ʪʘʤ ʥʠʞʥʝʤʝʣʦʚʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʘʣʤʘʟʳ 

ʢʘʨʩʪʦʚʳʭ ʥʝʦʛʝʥ-ʨʘʥʥʝʯʝʪʚʝʨʪʠʯʥʳʭ ʦʪʣʦʞʝʥʠʡ ʚʝʨʭʦʚʴʷ ʨ.ɹʠʣʣʷʭ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʦʥʠʞʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʢʨʠʩʪʘʣʣʦʚ ʐ ʪʠʧʘ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ ʠ ʚʳʩʦʢʠʤ ï ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ 1ʋ ʪʠʧʘ ʧʝʨʚʦʠʩʪʦʯʥʠʢʘ 

(ʪʠʧʘ çʢʘʨʙʦʥʘʜʦè ʩ ʧʨʠʤʝʩʴʶ ʣʦʥʩʜʝʡʣʠʪʘ). ʊʠʧʦʤʦʨʬʠʟʤ ʘʣʤʘʟʦʚ 

ʄʘʡʘʪ-ʋʜʞʠʥʩʢʦʛʦ ʠ ɺʝʨʭʥʝʵʙʝʣʷʭʩʢʠʭ ʧʦʣʝʡ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʠʭ 

ʩʭʦʜʩʪʚʝ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʘʥʥʳʭ ʪʝʨʨʠʪʦʨʠʡ. ʉʜʝʣʘʥʳ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ ʘʣʤʘʟʳ ʠʟ ʚʝʨʭʥʝʧʝʨʤʩʢʠʭ ʦʪʣʦʞʝʥʠʡ 

ʫʯʘʩʪʢʘ ʇʦʠʩʢʦʚʳʡ, ʥʠʞʥʝʚʦʣʞʩʢʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ ʤʝʞʜʫʨʝʯʴʷ ʄʦʣʦʜʦ-

ʉʶʥʛʶʜʵ-ʃʝʥʘ ʠ ʥʠʞʥʝʶʨʩʢʠʭ ʦʙʨʘʟʦʚʘʥʠʡ ʤʝʞʜʫʨʝʞʴʷ ʊʶʥʛ-ʊʶʥʛʢʵʵʥ 

ʥʝ ʠʤʝʶʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʢʨʠʩʪʘʣʣʘʤʠ ʠʟ ʢʠʤʙʝʨʣʠʪʦʚ 

ɺʝʨʭʥʝʤʦʪʦʯʫʨʩʢʦʛʦ ʧʦʣʷ.  
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ʟʘʜʘʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʟʘʢʦʣʦʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʪʘʤʧʦʥʘʞʥʳʤ ʨʘʩʪʚʦʨʦʤ. 

ʅʘʣʠʯʠʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ 

ʠʥʪʝʨʚʘʣʦʚ ʟʘʣʝʛʘʥʠʷ ʤʥʦʛʦʣʝʪʥʝʤʝʨʟʣʳʭ ʧʦʨʦʜ ʦʙʫʩʣʦʚʣʠʚʘʝʪ 
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ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚ ʩʢʚʘʞʠʥʘʭ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʣʦʞʥʝʥʠʡ. ʆʥʠ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʦʙʩʘʜʥʳʭ ʢʦʣʦʥʥ. ʕʪʠ 

ʦʩʣʦʞʥʝʥʠʷ ʚʳʨʘʞʘʶʪʩʷ ʚ ʧʨʠʫʩʪʴʝʚʳʭ ʦʙʚʘʣʘʭ ʛʦʨʥʦʡ ʧʦʨʦʜʳ, 

ʥʝʜʦʧʦʜʲʝʤʝ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ ʫʩʪʴʷ ʩʢʚʘʞʠʥ, ʩʤʷʪʠʠ ʦʙʩʘʜʥʳʭ 

ʪʨʫʙ ʧʨʠ ʦʙʨʘʪʥʦʤ ʟʘʤʝʨʟʘʥʠʠ. ʅʘʣʠʯʠʝ ʚ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʨʘʟʨʝʟʝ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʧʣʘʩʪʦʚ ʩ ʥʠʟʢʠʤʠ ʛʨʘʜʠʝʥʪʘʤʠ 

ʛʠʜʨʦʨʘʟʨʳʚʘ ʪʘʢʞʝ ʟʘʪʨʫʜʥʷʝʪ ʧʦʜʲʝʤ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ ʫʩʪʴʷ 

ʩʢʚʘʞʠʥʳ. 

ɻʣʘʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʙʦʪ ʧʦ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ 

ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ ʚ ʨʘʡʦʥʘʭ ʟʘʣʝʛʘʥʠʷ ʄʄʇ ʷʚʣʷʝʪʩʷ ʠʟʳʩʢʘʥʠʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʧʦ ʫʤʝʥʴʰʝʥʠʶ ʚʦʜʦʩʦʜʝʨʞʘʥʠʷ ʚ 

ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʪʨʝʙʫʝʤʦʡ ʧʦʜʚʠʞʥʦʩʪʠ, 

ʫʩʢʦʨʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠʭ ʛʠʜʨʘʪʘʮʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʟʛʠʧʩʦʚʳʭ 

ʪʘʤʧʦʥʘʞʥʳʭ ʢʦʤʧʦʟʠʮʠʡ, ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʘʩʰʠʨʝʥʠʶ ʧʨʠ 

ʪʚʝʨʜʝʥʠʠ. ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʣʫʯʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʤʦʞʝʪ ʜʘʪʴ ʧʨʠʤʝʥʝʥʠʝ 

ʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʩʫʧʝʨʧʣʘʩʪʠʬʠʢʘʪʦʨʦʚ, ʚʚʦʜ ʚ ʞʠʜʢʦʩʪʴ ʟʘʪʚʦʨʝʥʠʷ 

ʨʘʩʰʠʨʷʶʱʠʭ ʜʦʙʘʚʦʢ ʠ ʜʦʙʘʚʦʢ-ʫʩʢʦʨʠʪʝʣʝʡ ʩʨʦʢʘ ʩʭʚʘʪʳʚʘʥʠʷ ʮʝʤʝʥʪʘ. 

ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʪʘʤʧʦʥʘʞʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ, ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʘʢʪʠʚʘʮʠʠ: ʚʠʙʨʦʚʦʟʜʝʡʩʪʚʠʷ, 

ʫʣʴʪʨʘʟʚʫʢʦʚʘʷ ʦʙʨʘʙʦʪʢʘ, ʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʠ ʜʨ. 

ʇʨʠ ʮʝʤʝʥʪʠʨʦʚʘʥʠʠ ʩʢʚʘʞʠʥ ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʨʘʡʥʝʛʦ ʉʝʚʝʨʘ ʚ 

ʥʘʝhʡ ʩʪʨʘʥʝ ʚ ʦʩʥʦʚʥʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʚʷʞʫʱʠʝ ʥʘ ʦʩʥʦʚʝ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʩ ʜʦʙʘʚʢʘʤʠ ʭʣʦʨʠʩʪʦʛʦ ʥʘʪʨʠʷ (NaCl) ʠ ʭʣʦʨʠʩʪʦʛʦ 

ʢʘʣʴʮʠʷ (ʉʘʉ12) [1, 4]. ʀʭ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʣʝʤʳʝ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʚ ʫʩʣʦʚʠʷʭ 

ʥʠʟʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ. ʆʜʥʘʢʦ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʦʥʠ ʠʤʝʶʪ ʜʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʜʘʞʝ ʧʨʠ ʙʦʣʴʰʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʫʩʢʦʨʠʪʝʣʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʟʢʠʤ ʟʘʤʝʜʣʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʵʪʪʨʠʥʛʠʪʘ ʚ ʮʝʤʝʥʪʥʦʤ ʪʝʩʪʝ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ [1, 6]. ɼʣʠʪʝʣʴʥʳʝ ʩʨʦʢʠ ʩʭʚʘʪʳʚʘʥʠʷ ʪʘʤʧʦʥʘʞʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʝʛʦ ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʚʳʟʳʚʘʶʪ ʦʙʨʘʟʦʚʘʥʠʝ çʚʦʜʷʥʳʭ ʧʦʷʩʦʚè ʠ ʢʘʥʘʣʦʚ ʚ 

ʮʝʤʝʥʪʥʦʤ ʢʘʤʥʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ (ʙʦʣʝʝ 4 %) 

ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʢʦʨʨʦʟʠʠ ʤʝʪʘʣʣʘ, ʟʘʤʝʜʣʷʶʪ 

ʧʨʦʮʝʩʩʳ ʛʠʜʨʘʪʘʮʠʠ ʘʣʶʤʠʥʘʪʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʦʚ. 
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ʇʨʝʜʣʦʞʝʥʳ [2, 5] ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʳʝ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʝ ʜʦʙʘʚʢʠ 

ʜʣʷ ʪʘʤʧʦʥʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʶʱʠʝ ʥʘ ʢʦʨʨʦʟʠʶ 

ʤʝʪʘʣʣʘ: ʥʠʪʨʘʪ ʥʘʪʨʠʷ (NaN03); ʧʦʪʘʰ (ʂ2ʉ03); ʢʘʫʩʪʠʯʝʩʢʘʷ ʩʦʜʘ 

(NaOH); ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ (ʅʉ1); ʩʫʣʴʬʘʪʳ ʥʘʪʨʠʷ (Na2S04) ʠ ʢʘʣʠʷ 

(K2S04); ʢʦʤʧʣʝʢʩʥʘʷ ʜʦʙʘʚʢʘ (NaCl + NaOH, NaCl + ʂʉ1); ʢʘʣʠʡʥʦ-

ʱʝʣʦʯʥʦʡ ʨʝʘʛʝʥʪ (ʂʑʈ); ʢʦʤʧʣʝʢʩʥʘʷ ʜʦʙʘʚʢʘ (ʂʉʉɹ + ʉʘʉ12 + 

ʭʨʦʤʧʠʢ); ʥʠʪʨʘʪ ʢʘʣʴʮʠʷ ʩ ʤʦʯʝʚʠʥʦʡ (ʅʂʄ); ʥʠʪʨʠʪ-ʥʠʪʨʘʪ ʢʘʣʴʮʠʷ 

(ʅʅʂ); ʥʠʪʨʠʪ-ʥʠʪʨʘʪ ʢʘʣʴʮʠʷ ʩ ʤʦʯʝʚʠʥʦʡ (ʅʅʂʄ) ʠ ʜʨ. ʆʜʥʘʢʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʜʦʙʘʚʦʢ ʪʨʝʙʫʝʪ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ - ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʠʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʅʘ ʵʪʦ 

ʦʪʚʣʝʢʘʶʪʩʷ ʩʠʣʳ ʙʫʨʦʚʦʡ ʙʨʠʛʘʜʳ ʠ ʧʨʠʚʣʝʢʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʛʝʥʪʦʚ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʪʴ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ. ʅʝʢʦʪʦʨʳʝ ʜʦʙʘʚʢʠ 

ʷʚʣʷʶʪʩʷ ʮʝʥʥʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʳʨʴʝʤ, ʣʠʙʦ ʜʝʬʠʮʠʪʥʳ. ɺʚʝʜʝʥʠʝ ʜʨʫʛʠʭ 

ʜʦʙʘʚʦʢ ʫʩʢʦʨʷʝʪ ʟʘʛʫʩʪʝʚʘʥʠʝ ʨʘʩʪʚʦʨʦʚ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʫʤʝʥʴʰʘʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʦʯʥʦʩʪʴ. ʄʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʩʪʴ 

ʦʪʜʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʪʘʢʞʝ ʜʝʣʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʠʭ ʥʝʪʝʭʥʦʣʦʛʠʯʥʳʤʠ. 

ɺ ʧʦʨʷʜʢʝ ʠʩʧʳʪʘʥʠʷ ʦʧʳʪʥʦ-ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʨʪʠʡ ʙʳʣʠ 

ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʮʝʤʝʥʪʠʨʦʚʘʥʠʷ ʩʢʚʘʞʠʥ, ʥʘ ʤʝʩʪʦʨʦʞʜʝʥʠʷʭ ʂʨʘʡʥʝʛʦ 

ʉʝʚʝʨʘ ʩʣʝʜʫʶʱʠʝ ʪʘʤʧʦʥʘʞʥʳʝ ʤʘʪʝʨʠʘʣʳ: ʮʝʤʝʥʪʳ ʥʘ ʘʣʶʤʠʥʘʪʥʦʡ 

ʦʩʥʦʚʝ; ʢ ʥʠʤ ʦʪʥʦʩʷʪ ʙʳʩʪʨʦʪʚʝʨʜʝʶʱʠʡ ʪʘʤʧʦʥʘʞʥʳʡ ʤʘʪʝʨʠʘʣ ʎʊɹʈ 

(ɺʅʀʀʂʈʥʝʬʪʴ, ʅʀʀʮʝʤʝʥʪ), ʚʳʧʫʩʢʘʚʰʠʡʩʷ ʧʦ ʊʋ 21-32-61-74, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʚʳʩʦʢʦʛʣʠʥʦʟʝʤʠʩʪʦʛʦ ʰʣʘʢʘ, ʦʩʥʦʚʥʦʛʦ 

ʜʦʤʝʥʥʦʛʦ ʰʣʘʢʘ ʠ ʛʠʧʩʘ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 2:1:1; ʙʳʩʪʨʦʩʭʚʘʪʳʚʘʶʱʠʝʩʷ 

ʙʝʣʠʪʦ-ʘʣʶʤʠʥʘʪʥʳʡ ʮʝʤʝʥʪ ɹɸʎ (ɺʅʀʀɻʘʟ, ʅʀʀʮʝʤʝʥʪ), 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʩʦʙʦʡ ʩʤʝʩʴ 84-85 % ʦʙʦʞʞʝʥʥʦʛʦ ʙʝʣʠʪʦ-ʘʣʶʤʠʥʘʪʥʦʛʦ 

ʰʣʘʤʘ (ʦʪʭʦʜ ʭʠʤʠʢʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ) ʠ 15-16 % ʛʠʧʩʘ; 

ʢʨʦʤʝ ʥʠʭ ʚ ʵʪʦʤ ʮʝʤʝʥʪʝ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 50 %  2ʉʘʆ Si02 p-ʬʦʨʤʝ, 

ʩʭʦʜʥʦʛʦ ʩ ʤʠʥʝʨʘʣʦʤ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʦʛʦ ʢʣʠʥʢʝʨʘ - ʙʝʣʠʪʦʤ ʠ ʜʨ. [2]; 

ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʝ ʪʝʧʣʦʚʳʜʝʣʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʛʠʜʨʘʪʘʮʠʠ ʚʷʞʫʱʝʛʦ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʩʭʚʘʪʳʚʘʥʠʶ 

ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ, ʥʠʟʢʘʷ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʘ ʪʘʢʞʝ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʩʳʨʴʝʚʳʭ ʨʝʩʫʨʩʦʚ; ʮʝʤʝʥʪʥʦ-ʧʝʩʯʘʥʳʝ ʪʘʤʧʦʥʘʞʥʳʝ 

ʤʘʪʝʨʠʘʣʳ ʩ ʢʦʤʧʝʥʩʠʨʦʚʘʥʥʦʡ ʫʩʘʜʢʦʡ [3]; ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʤʝʩʴ 

ʪʘʤʧʦʥʘʞʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʇʎʊ-ɼ20-50 ʩ 20-30 % (ʧʦ ʤʘʩʩʝ) 
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ʤʝʣʢʦʟʝʨʥʠʩʪʦʛʦ ʧʝʩʢʘ ʧʨʝʚʘʣʠʨʫʶʱʝʡ ʬʨʘʢʮʠʝʡ 0,08-0,1 ʤʤ. ʉʤʝʩʠ 

ʟʘʪʚʦʨʷʶʪ ʥʘ 6-8%-ʥʦʤ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʭʣʦʨʠʜʘ ʢʘʣʴʮʠʷ ʩ ʂʉʉɹ ʧʨʠ ɺ/ʎ 

= 0,40é0,45. 

ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʮʝʤʝʥʪʦʚ - ʙʝʟʛʠʧʩʦʚʳʡ 

ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʥʳʡ - ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ, ʩʝʜʠʤʝʥʪʘʮʠʦʥʥʦʫʩʪʦʡʯʠʚʳʡ, 

ʙʝʟʫʩʘʜʦʯʥʳʡ (ʎʅʋɹ), ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʳʨʴʝʚʫʶ ʩʤʝʩʴ 

ʩʦʚʤʝʩʪʥʦʛʦ ʧʦʤʦʣʘ ʢʣʠʥʢʝʨʘ ʪʘʤʧʦʥʘʞʥʦʛʦ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ ʠ ʧʨʦʜʫʢʪʘ 

ʦʙʞʠʛʘ ʪʚʝʨʜʦʛʦ ʦʩʪʘʪʢʘ ʩʦʜʦʚʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʚ ʩʦʦʪʥʦʰʝʥʠʠ 9:1). ʇʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʫʢʘʟʘʥʥʦʛʦ ʪʘʤʧʦʥʘʞʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʞʠʜʢʦʩʪʴ ʟʘʪʚʦʨʝʥʠʷ 

ʚʚʦʜʠʪʩʷ ʢʦʤʧʣʝʢʩʥʘʷ ʜʦʙʘʚʢʘ ʅʊʌ + Na2C03. ʌʦʨʤʠʨʦʚʘʥʠʝ ʮʝʤʝʥʪʥʦʛʦ 

ʢʘʤʥʷ ʠʜʝʪ ʧʦ ʛʠʜʨʦʘʣʶʤʠʥʘʪʥʦʤʫ ʠ ʛʠʜʨʦʢʘʨʙʦʘʣʶʤʠʥʘʪʥʦʤʫ 

ʤʝʭʘʥʠʟʤʘʤ ʪʚʝʨʜʝʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʧʨʦʯʥʳʡ, 

ʙʝʟʫʩʘʜʦʯʥʳʡ ʢʘʤʝʥʴ, ʠʤʝʶʱʠʡ ʥʠʟʢʫʶ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʧʦʨʠʩʪʦʩʪʴ. 

ʉʫʤʤʘʨʥʘʷ ʧʦʨʠʩʪʦʩʪʴ ʦʙʨʘʟʮʦʚ ʎʅʋɹ, ʪʚʝʨʜʝʶʱʠʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʤʠʥʫʩ 5 Áʉ, ʩʦʩʪʘʚʣʷʝʪ 0,197-0,207 ʤ3/ʢʛ ʯʝʨʝʟ ʜʚʦʝ ʩʫʪʦʢ ʪʚʝʨʜʝʥʠʷ ʠ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0,154-0,168 ʤ3/ʢʛ ʯʝʨʝʟ 28 ʩʫʪ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ 1,71 ʠ 

1,90 ʨʘʟʘ ʤʝʥʴʰʝ, ʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʤʥʷ - ʚ 1,4-1,5 ʥʠʞʝ 

ʯʝʤ ʫ ʧʦʨʪʣʘʥʜʮʝʤʝʥʪʘ, ʪʚʝʨʜʝʚʰʝʛʦ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʚʝʨʜʝʥʠʝ ʎʅʋɹ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʲʝʤʥʳʤ 

ʨʘʩʰʠʨʝʥʠʝʤ ʜʦ 0,23 % [6]. 

ʀʟ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʪʘʤʧʦʥʘʞʥʳʭ ʨʘʩʪʚʦʨʦʚ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʷʚʣʷʝʪʩʷ ʎʅʋɹ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʮʝʤʝʥʪʥʦʛʦ ʢʘʤʥʷ, ʢʦʪʦʨʦʛʦ ʧʦʢʘʟʳʚʘʶʪ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʝʝ ʠ ʵʬʬʝʢʪʠʚʥʝʝ ʙʫʜʝʪ 

ʧʨʠʤʝʥʷʪʴ ʜʘʥʥʳʡ ʚʘʨʠʘʥʪ ʮʝʤʝʥʪʘ ʧʨʠ ʫʩʣʦʚʠʷʭ ʄʄʇ.  
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ɻʈɸʅʀʊʆʀɼʓ ʏʀʄɸʃɻʀʅʉʂʆɻʆ ʄɸʉʉʀɺɸ  

(ʉɽɺɽʈʆ-ɺʆʉʊʆʂ ʗʂʋʊʀʀ) 

 

ʀʚʘʥʦʚ ɸ.ʀ. 

ʀʥʩʪʠʪʫʪ ʛʝʦʣʦʛʠʠ ʘʣʤʘʟʘ ʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʉʆ ʈɸʅ, ʛ. ʗʢʫʪʩʢ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʠʟʫʯʝʥʠʷ ʛʨʘʥʠʪʦʠʜʥʦʛʦ ʤʘʛʤʘʪʠʟʤʘ 

ɺʝʨʭʦʷʥʦ-ʂʦʣʳʤʩʢʠʭ ʤʝʟʦʟʦʠʜ, ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʧʨʦʠʩʭʦʞʜʝʥʠʷ, 

ʛʝʦʜʠʥʘʤʠʯʝʩʢʦʡ ʦʙʩʪʘʥʦʚʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʬʦʨʤʘʮʠʦʥʥʦʡ 

ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ, ʠʟʦʪʦʧʥʦʛʦ ʚʦʟʨʘʩʪʘ ʩʣʘʛʘʶʱʠʭ ʠʭ ʧʦʨʦʜ ʦʩʪʘʶʪʩʷ 

ʜʠʩʢʫʩʩʠʦʥʥʳʤʠ. ɺ ʵʪʦʤ ʧʣʘʥʝ, ʘʢʪʫʘʣʴʥʦ ʠʟʫʯʝʥʠʝ ʦʪʜʝʣʴʥʳʭ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʤʘʩʩʠʚʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʧʦʣʫʯʠʪʴ ʦʙʲʝʢʪʠʚʥʳʝ ʜʘʥʥʳʝ, 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʚʘʞʥʳʝ ʜʣʷ ʨʝʰʝʥʠʷ ʧʨʦʙʣʝʤ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʷʩʥʝʥʠʝʤ 

ʧʨʠʯʠʥ ʠ ʤʝʭʘʥʠʟʤʦʚ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʦʛʦ 

ʛʨʘʥʠʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʪʨʫʢʪʫʨʘʭ ʩʢʣʘʜʯʘʪʳʭ ʦʙʣʘʩʪʝʡ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʛʨʘʥʠʪʦʠʜʥʳʭ ʦʙʨʘʟʦʚʘʥʠʡ, ʷʚʣʷʝʪʩʷ ʏʠʤʘʣʛʠʥʩʢʠʡ ʤʘʩʩʠʚ, ʚʭʦʜʷʱʠʡ ʚ 

ʩʦʩʪʘʚ ɻʣʘʚʥʦʛʦ ʙʘʪʦʣʠʪʦʚʦʛʦ ʧʦʷʩʘ ʠ ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʚ ʧʨʝʜʝʣʘʭ 

ʦʜʥʦʠʤʝʥʥʦʛʦ ʙʣʦʢʘ-ʬʨʘʛʤʝʥʪʘ ʆʤʫʣʝʚʩʢʦʛʦ ʪʝʨʨʝʡʥʘ [5]. 

ʇʣʦʱʘʜʴ ʏʠʤʘʣʛʠʥʩʢʠʡ ʤʘʩʩʠʚʘ ʦʢʦʣʦ 750 ʢʤ
2
, ʜʣʠʥʘ ʤʘʩʩʠʚʘ ʦʢʦʣʦ 

50 ʢʤ ʰʠʨʠʥʘ ï ʦʪ 15 ʜʦ 10 ʢʤ, ʘ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 7-8 ʢʤ. ʄʘʩʩʠʚ 

ʠʤʝʝʪ ʧʦʣʦʛʦ-ʚʦʣʥʠʩʪʫʶ ʢʨʦʚʣʶ, ʢʦʥʪʘʢʪʳ ʤʘʩʩʠʚʘ ʧʦʜ ʫʛʣʘʤʠ ʜʦ 30-40
ʦ
 

ʥʘʢʣʦʥʝʥʳ ʧʦʜ ʚʤʝʱʘʶʱʠʝ ʧʦʟʜʥʝʶʨʩʢʠʝ ʚʫʣʢʘʥʦʛʝʥʥʳʝ ʠ ʪʝʨʨʠʛʝʥʥʳʝ 

ʧʦʨʦʜʳ, ʠʥʪʝʥʩʠʚʥʦ ʧʨʦʜʨʦʙʣʝʥʥʳʝ ʠ ʦʞʝʣʝʟʥʝʥʥʳʝ. ʋʩʪʘʥʦʚʣʝʥʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʝʛʦ ʩʦʩʪʘʚʝ ʨʦʟʦʚʳʭ ʠ ʩʝʨʳʭ ʛʨʘʥʠʪʦʚ [3].  

ʇʦ ʥʘʰʠʤ ʜʘʥʥʳʤ ʛʣʘʚʥʘʷ ʬʘʮʠʷ ʤʘʩʩʠʚʘ ʩʣʦʞʝʥʘ ʩʨʝʜʥʝ- ʠ 

ʤʝʣʢʦʟʝʨʥʠʩʪʳʤʠ, ʯʘʩʪʦ ʧʦʨʬʠʨʦʚʠʜʥʳʤʠ, ʛʠʧʠʜʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʤʠ, 
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ʫʯʘʩʪʢʘʤʠ ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʤʠ ʙʠʦʪʠʪʦʚʳʤʠ ʠ ʘʤʬʠʙʦʣ-

ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ ʩ ʧʝʨʝʭʦʜʦʤ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʚ ʘʤʬʠʙʦʣ-

ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʦʜʠʦʨʠʪʳ, ʥʘʩʳʱʝʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʢʩʝʥʦʣʠʪʘʤʠ 

ʚʤʝʱʘʶʱʠʭ ʧʦʨʦʜ. ɺ ʚʦʩʪʦʯʥʦʡ ʦʢʦʥʝʯʥʦʩʪʠ ʤʘʩʩʠʚʘ ʚ ʙʝʨʝʛʦʚʳʭ ʦʙʨʳʚʘʭ 

ʧʨʘʚʦʛʦ ʙʦʨʪʘ ʨ. ʀʥʜʠʛʠʨʢʘ ʫʩʪʘʥʦʚʣʝʥʳ ʚʳʭʦʜʳ ʩʨʝʜʥʝ-ʢʨʫʧʥʦʟʝʨʥʠʩʪʳʭ, 

ʘʣʣʦʪʨʠʦʤʦʨʬʥʦʟʝʨʥʠʩʪʳʭ ʠ ʧʝʛʤʘʪʠʪʦʚʳʭ ʨʦʟʦʚʳʭ ʛʨʘʥʠʪʦʚ, ʚʠʟʫʘʣʴʥʦ 

ʨʝʟʢʦ ʢʦʥʪʨʘʩʪʠʨʫʶʱʠʭ ʩ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʤʠ ʛʨʘʥʠʪʘʤʠ ʠ 

ʛʨʘʥʦʜʠʦʨʠʪʘʤʠ.  

ʇʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ [7], ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʝ ʛʨʘʥʠʪʳ ʠ ʛʨʘʥʦʜʠʦʨʠʪʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʛʨʘʥʦʜʠʦʨʠʪʘʤ, ʤʦʥʮʦʛʨʘʥʠʪʘʤ, ʠ ʩʠʝʥʦʛʨʘʥʠʪʘʤ, ʪʦʯʢʠ 

ʩʦʩʪʘʚʦʚ ʨʦʟʦʚʳʭ ʛʨʘʥʠʪʦʚ ï ʚ ʧʦʣʝ ʱʝʣʦʯʥʳʭ ʛʨʘʥʠʪʦʚ (ʨʠʩ. 1).  

 

 

ʈʠʩ. 1. ʂʣʘʩʩʠʬʠʢʘʮʠʦʥʥʘʷ ʜʠʘʛʨʘʤʤʘ R1-R2 ʜʣʷ ʛʨʘʥʠʪʦʠʜʦʚ ʏʠʤʘʣʛʠʥʩʢʦʛʦ ʤʘʩʩʠʚʘ, 

ʟʜʝʩʴ ʠ ʜʘʣʝʝ: 1. - ʨʦʟʦʚʳʝ ʛʨʘʥʠʪʳ, 2. - ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʝ:  

ʇʦʣʷ ʜʠʘʛʨʘʤʤʳ [7]: R1=4Si-11(Na+K); R2=6Ca+2Mg+Al . 

 

ʉʦʦʪʥʦʰʝʥʠʷ Sr-Rb/Sr ʚ ʘʤʬʠʙʦʣ-ʙʠʦʪʠʪʦʚʳʭ ʛʨʘʥʠʪʘʭ ʠ 

ʛʨʘʥʦʜʠʦʨʠʪʘʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʪʦʠʜʘʤ I- ʠ S-ʪʠʧʦʚ [6], ʚ ʨʦʟʦʚʳʭ 

ʛʨʘʥʠʪʘʭ ï S- ʠ ɸ-ʪʠʧʦʚ (ʨʠʩ. 2).  

 


