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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ 

 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ 

ʏʘʩʪʴ I  

 

ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ 
 

ʋʪʚʝʨʞʜʝʥʦ ɹʠʙʣʠʦʪʝʯʥʦ-ʠʟʜʘʪʝʣʴʩʢʦʡ ʢʦʤʠʩʩʠʝʡ 

ʄʀʊʍʊ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʚ ʢʘʯʝʩʪʚʝ ʫʯʝʙʥʦʛʦ 

ʧʦʩʦʙʠʷ ʧʦ ʜʠʩʮʠʧʣʠʥʘʤ "ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʨʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ", 

"ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ", "ɼʠʬʨʘʢʮʠʦʥʥʳʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʠʭ ʵʣʝʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ʥʘ ʠʭ ʦʩʥʦʚʝò, "ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ" ʜʣʷ ʩʪʫʜʝʥʪʦʚ, 

ʦʙʫʯʘʶʱʠʭʩʷ ʚ ʤʘʛʠʩʪʨʘʪʫʨʝ ʄʀʊʍʊ, ʠ ʧʦ 

ʜʠʩʮʠʧʣʠʥʝ "ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʠ ʩʪʨʫʢʪʫʨʳ", ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ 

ʘʩʧʠʨʘʥʪʦʚ, ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-

ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

 

ʄʦʩʢʚʘ 

ʄʀʊʍʊ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ 
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ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, 

ʩʧʝʮʠʬʠʢʘ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʬʠʟʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ  ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɻʣʘʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʦʩʦʙʝʥʥʦʩʪʷʤ ʥʘʥʦʦʙʲʝʢʪʦʚ ʠ ʠʭ 

ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ. 

ɼʣʷ ʩʪʫʜʝʥʪʦʚ ʤʘʛʠʩʪʨʘʪʫʨʳ, ʠʟʫʯʘʶʱʠʭ ʜʠʩʮʠʧʣʠʥʳ 

"ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ", 

"ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ", "ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʜʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝò, "ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ", ʠ ʜʣʷ ʩʪʫʜʝʥʪʦʚ, ʠʟʫʯʘʶʱʠʭ 

ʜʠʩʮʠʧʣʠʥʫ "ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ 

ʩʪʨʫʢʪʫʨʳ", ʘ ʪʘʢʞʝ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʘʩʧʠʨʘʥʪʦʚ, 

ʥʘʫʯʥʳʭ ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ 

ʩʦʩʪʘʚʘ. 

ʋɼʂ 546.562 

ɹɹʂ 47.8  76.17 

                                          âɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ, 2010 

â ʄʀʊʍʊ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ, 2010  
 

ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

ʇʨʝʜʠʩʣʦʚʠʝ 

ʉʚʦʡʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʦʩʪʘʚʦʤ ʠ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʩʪʨʦʝʥʠʷ, ʥʦ ʠ ʠʭ ʨʘʟʤʝʨʥʦʩʪʴʶ.  ʈʘʟʨʘʙʦʪʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʥʝʨʘʟʨʳʚʥʦ ʩʚʷʟʘʥʘ ʩ ʧʦʣʫʯʝʥʠʝʤ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤ.  

ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʢ ʥʘʥʦʦʙʲʝʢʪʘʤ ʚʳʟʚʘʥ ʦʙʥʘʨʫʞʝʥʠʝʤ 

ʫ ʥʠʭ ʫʥʠʢʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʷʚʣʝʥʠʝʤ ʫ ʥʠʭ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ çʢʚʘʥʪʦʚʦʛʦ 

ʨʘʟʤʝʨʥʦʛʦ ʵʬʬʝʢʪʘè. ʕʪʠ ʵʬʬʝʢʪʳ ʚʦʟʥʠʢʘʶʪ ʚ ʪʦʤ ʩʣʫʯʘʝ,  

ʢʦʛʜʘ ʨʘʟʤʝʨ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ ʩʨʘʚʥʠʤ ʩ ʜʣʠʥʦʡ ʜʝ-

ʙʨʦʡʣʝʚʩʢʦʡ ʚʦʣʥʳ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʬʦʪʦʥʦʚ. ʈʘʟʤʝʨ ʤʘʣʦʛʦ 

ʢʨʠʩʪʘʣʣʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʪʦʯʥʦ ʥʝʠʟʚʝʩʪʝʥ, ʦʜʥʘʢʦ ʵʪʦʪ 

ʢʚʘʥʪʦʚʦ-ʨʘʟʤʝʨʥʳʡ ʵʬʬʝʢʪ, ʚʝʜʫʱʠʡ ʢ ʩʘʤʦʛʝʥʝʨʘʮʠʠ 

ʨʝʘʢʪʠʚʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʢʦʛʜʘ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ 

ʥʘʥʦʤʝʪʨʦʚʳʤ ʜʠʘʧʘʟʦʥʦʤ. 

ʆʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʣʳʭ ʯʘʩʪʠʮ ʧʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʠʭ 

ʨʘʟʤʝʨʦʚ ʷʚʣʷʝʪʩʷ ʨʦʩʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʦʣʠ  çʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʘʪʦʤʦʚè ʚ ʯʘʩʪʠʮʝ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʠʥʳʭ ʫʩʣʦʚʠʷʭ 

(ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʣʦʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʠ ʪ. ʧ.), ʯʝʤ 

ʘʪʦʤʦʚ ʦʙʲʝʤʥʦʡ ʬʘʟʳ. ʉ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ   
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʨʦʣʠ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ. 

1. ʆʙʲʝʢʪʳ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ. 

ʉʨʝʜʠ ʦʙʲʝʢʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʚʳʜʝʣʠʤ ʘʤʦʨʬʥʳʝ, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ, ʧʘʨʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ (çʧʘʨʘè ʧʦ-ʛʨʝʯʝʩʢʠ 

çʚʦʟʣʝè) , ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʠ  ʥʘʥʦʦʙʲʝʢʪʳ. 

ɸʤʦʨʬʥʳʝ ʚʝʱʝʩʪʚʘ ï ʦʙʲʝʢʪʳ ʩ ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʩʪʨʫʢʪʫʨʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʷʚʣʷʶʪʩʷ ʤʝʞʘʪʦʤʥʳʝ 

ʨʘʩʩʪʦʷʥʠʷ (ʈʠʩ. 1). 

 

 

 

 

 

 

 

ʈʠʩ. 1. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʦʙʲʝʢʪʘʭ ʩ 

ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ 

 

ʂʨʠʩʪʘʣʣʳ ï ʪʚʝʨʜʳʝ ʪʝʣʘ, ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʝʪʩʷ ʦʜʥʦʡ ʠʟ 230 ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʩʠʤʤʝʪʨʠʠ. ʆʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʜʘʣʴʥʠʡ 

ʧʦʨʷʜʦʢ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʡʩʷ ʥʘ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʠʝ 

ʨʘʩʩʪʦʷʥʠʷ (ʝʩʪʝʩʪʚʝʥʥʦ, ʧʨʝʜʝʣʘʤʠ ʷʚʣʷʶʪʩʷ ʛʨʘʥʠʮʳ 

ʢʨʠʩʪʘʣʣʘ) ʠ ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʝʡ (ʈʠʩ. 

2). 

 

 

 

 

 

 

 

ʈʠʩ. 2. ʉʭʝʤʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ ʚ ʦʙʲʝʢʪʘʭ ʩ 

ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ 

 

ʂ ʘʧʝʨʠʦʜʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʦʪʥʦʩʷʪʩʷ ʢʚʘʟʠʢʨʠʩʪʘʣʣʳ, 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʠ ʢʦʤʧʦʟʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʚʘʟʠʢʨʠʩʪʘʣʣʳ - 

ʦʙʲʝʢʪʳ ʩ ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ, ʥʦ ʙʝʟ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ 

ʩʠʤʤʝʪʨʠʠ, ʪ.ʝ. ʢʚʘʟʠʢʨʠʩʪʘʣʣ ï ʦʙʦʙʱʝʥʠʝ ʢʨʠʩʪʘʣʣʘ, ʛʜʝ 

ʜʘʣʴʥʠʡ ʪʨʘʥʩʣʷʮʠʦʥʥʳʡ ʧʦʨʷʜʦʢ ʟʘʤʝʥʷʝʪʩʷ ʨʦʪʘʮʠʦʥʥʳʤ 

ʧʦʨʷʜʢʦʤ. ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ - ʦʙʲʝʢʪʳ ʩ ʩʦʨʘʟʤʝʨʥʦʡ 

ʠ ʥʝʩʦʨʘʟʤʝʨʥʦʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʘʤʠ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʤʝʱʝʥʠʡ ʘʪʦʤʦʚ ʠʟ ʧʦʣʦʞʝʥʠʡ, 

ʦʧʨʝʜʝʣʷʝʤʳʭ ʪʨʘʥʩʣʷʮʠʷʤʠ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. 

ʂʦʤʧʦʟʠʪʥʳʝ ʢʨʠʩʪʘʣʣʳ - ʦʙʲʝʢʪʳ ʩ ʜʚʫʤʷ ʥʝʩʦʨʘʟʤʝʨʥʳʤʠ 

ʧʦʜʲʷʯʝʡʢʘʤʠ ʚ ʩʪʨʫʢʪʫʨʝ. 

ʂʨʠʩʪʘʣʣʳ ʠ ʘʧʝʨʠʦʜʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʙʲʝʜʠʥʝʥʳ ʦʙʱʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ: ʪʚʝʨʜʳʝ ʪʝʣʘ, ʜʘʶʱʠʝ 

ʪʦʯʝʯʥʫʶ ʜʠʬʨʘʢʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ.  

ɼʣʷ ʧʘʨʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʩʪʨʦʛʘʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ ʥʘʨʫʰʘʝʪʩʷ ʧʦʩʪʝʧʝʥʥʦ, ʧʝʨʠʦʜʠʯʥʦʩʪʴ 

ʩʫʱʝʩʪʚʫʝʪ, ʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, ʠ ʟʘʚʠʩʠʪ ʦʥʘ ʦʪ ʭʘʨʘʢʪʝʨʘ 

ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʠ ʩʠʤʤʝʪʨʠʠ.   

ʅʘʥʦʦʙʲʝʢʪʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʪ.ʝ. ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ), ʦʧʠʩʳʚʘʝʤʳʤ ʪʨʝʭʤʝʨʥʦʡ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʝʪʢʦʡ, ʘʥʘʣʦʛʠʯʥʦ ʢʨʠʩʪʘʣʣʘʤ, ʦʜʥʘʢʦ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʥʘʤʥʦʛʦ ʤʝʥʴʰʠʤʠ ʛʨʘʥʠʮʘʤʠ ʠ ʩ ʤʝʞʛʨʘʥʠʯʥʦʡ 

ʰʠʨʠʥʦʡ ʚ 2-3 ʤʦʥʦʩʣʦʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫ ʥʘʥʦʦʙʲʝʢʪʦʚ 

ʜʘʣʴʥʠʡ ʧʦʨʷʜʦʢ ʥʘʨʫʰʘʝʪʩʷ ʨʝʟʢʦ, ʩʢʘʯʢʦʦʙʨʘʟʥʦ ʠ 

ʫʪʨʘʯʠʚʘʝʪʩʷ ʥʘ ʛʨʘʥʠʮʝ ʢʨʠʩʪʘʣʣʠʪʘ.  

ʈʘʟʤʝʨʳ ʥʘʥʦʦʙʲʝʢʪʦʚ ʭʦʪʷ ʙʳ ʧʦ ʦʜʥʦʤʫ ʠʟʤʝʨʝʥʠʶ ʣʝʞʘʪ ʚ 

ʥʘʥʦʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ (10
-7

-10
-9
ʤ), ʠ ʠʭ ʩʚʦʡʩʪʚʘ ʨʝʟʢʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʢʦʤʧʘʢʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʂʣʘʩʩʠʬʠʢʘʮʠʶ ʥʘʥʦʙʲʝʢʪʦʚ ʧʨʦʚʦʜʷʪ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ (ʈʠʩ. 

3).  ʅʘʥʦʯʘʩʪʠʮʳ ï ʢʚʘʟʠ-ʥʫʣʴʤʝʨʥʳʡ (OD) ʥʘʥʦʦʙʲʝʢʪ, ʫ 

ʢʦʪʦʨʦʛʦ ʚʩʝ ʭʘʨʘʢʪʝʨʥʳʝ ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʠʤʝʶʪ ʚʝʣʠʯʠʥʳ 

ʦʜʥʦʛʦ ʧʦʨʷʜʢʘ (ʥʝ ʙʦʣʴʰʝ 100 ʥʤ) (ʈʠʩ. 3).  (ɿʘʤʝʪʠʤ, ʯʪʦ 

ʫʣʴʪʨʘʜʠʩʧʝʨʩʥʳʝ ʧʦʨʦʰʢʠ ʠʤʝʶʪ ʨʘʟʤʝʨʳ ʯʘʩʪʠʮ 0.5 ʤʢʤ ʠ 

ʚʳʰʝ).  

 

ʈʠʩ. 3. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʥʘʥʦʦʙʲʝʢʪʦʚ ʧʦ ʨʘʟʤʝʨʥʦʩʪʠ (Siegel 

R.W. 1993): OD (0), 1D (1), 2D (2), 3D (3). 
 

ʂʚʘʥʪʦʚʳʝ ʪʦʯʢʠ, ʠʣʠ çʠʩʢʫʩʩʪʚʝʥʥʳʝ ʘʪʦʤʳè -  

ʥʘʥʦʯʘʩʪʠʮʳ  ʩ ʚʳʨʘʞʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴʶ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʨʦʚʥʝʡ ʵʥʝʨʛʠʠ.  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʅʘʥʦʩʪʝʨʞʥʠ, ʥʘʥʦʧʨʦʚʦʣʦʢʠ, ʥʘʥʦʚʦʣʦʢʥʘ, ʥʘʥʦʪʨʫʙʢʠ - 

ʢʚʘʟʠ-ʦʜʥʦʤʝʨʥʳʝ (1D) ʥʘʥʦʦʙʲʝʢʪʳ, ʫ ʢʦʪʦʨʳʭ ʦʜʠʥ ʨʘʟʤʝʨ ʥʘ 

ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʜʚʘ ʜʨʫʛʠʭ, ʣʝʞʘʱʠʭ ʚ ʥʘʥʦʜʠʘʧʘʟʦʥʝ (ʈʠʩ. 

3).  

ʅʘʥʦʜʠʩʢʠ - ʢʚʘʟʠ-ʜʚʫʤʝʨʥʳʝ (2D) ʥʘʥʦʦʙʲʝʢʪʳ, ʫ ʢʦʪʦʨʳʭ 

ʜʚʘ ʨʘʟʤʝʨʘ ʥʘ ʧʦʨʷʜʦʢ ʧʨʝʚʳʰʘʝʪ ʪʨʝʪʠʡ, ʣʝʞʘʱʝʛʦ ʚ 

ʥʘʥʦʜʠʘʧʘʟʦʥʝ (ʈʠʩ. 3). 

ʆʙʲʝʤʥʳʝ ʥʘʥʦʦʙʲʝʢʪʳ ï ʢʚʘʟʠ-ʪʨʝʭʤʝʨʥʳʝ (3D) ʦʙʲʝʢʪʳ, ʚ 

ʢʦʪʦʨʳʭ ʥʘʥʦʯʘʩʪʠʮʳ ʩʦʝʜʠʥʷʶʪʩʷ ʚ ʪʨʝʭ ʠʟʤʝʨʝʥʠʷʭ (ʈʠʩ. 3).  

ʅʘʥʦʤʘʪʝʨʠʘʣʳ ï ʤʘʪʝʨʠʘʣʳ, ʦʩʥʦʚʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʜʝʨʞʘʱʠʤʠʩʷ ʚ ʥʠʭ 

ʥʘʥʦʦʙʲʝʢʪʘʤʠ. ʆʪʩʶʜʘ ʩʪʘʥʦʚʠʪʩʷ ʧʦʥʷʪʥʳʤ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʟʥʘʥʠʝ ʩʦʩʪʘʚʘ ʥʘʥʦʦʙʲʝʢʪʦʚ, ʠʭ ʨʘʟʤʝʨʦʚ, ʦʙʲʝʤʥʦʡ ʠ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ. ʕʪʠ ʜʘʥʥʳʝ ʩʦʚʤʝʩʪʥʦ ʩ  

ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʝʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ 

ʩʚʦʡʩʪʚ ʧʦʟʚʦʣʷʶʪ  ʫʩʪʘʥʦʚʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘʧʨʘʚʣʝʥʥʦʤʫ 

ʧʦʣʫʯʝʥʠʶ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʩ ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ, 

ʥʦ ʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʰʠʨʠʪʴ ʥʘʰʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʪʠʭ 

ʫʥʠʢʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

2. ʇʦʥʷʪʠʷ ʩʪʨʫʢʪʫʨʳ 

ʇʦʥʷʪʠʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʴʤʘ ʦʙʰʠʨʥʦ: ʤʘʢʨʦʩʪʨʫʢʪʫʨʘ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ, ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

ʚʝʱʝʩʪʚʘ, ɻ ʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʘʪʦʤʦʚ. 

ʕʣʝʤʝʥʪʳ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ: ʟʦʥʳ ʩʣʠʪʢʘ, ʨʘʢʦʚʠʥʳ, 

ʚʦʣʦʢʥʠʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʣʠʢʚʘʮʠʦʥʥʘʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʤʘʢʨʦʪʨʝʱʠʥʳ, ʠʟʣʦʤ ʠ ʧʨ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ - ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʠ g-ʜʝʬʝʢʪʦʩʢʦʧʠʷ, 

ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ ʠ ʟʚʫʢʦʚʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ 

ʣʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʵʣʝʤʝʥʪʦʚ ʤʘʢʨʦʩʪʨʫʢʪʫʨʳ ʠʣʠ ʧʨʦʷʚʣʷʶʪ 

ʚʥʫʪʨʝʥʥʠʝ ʩʢʨʳʪʳʝ ʵʣʝʤʝʥʪʳ. 

ʕʣʝʤʝʥʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ: ʟʝʨʥʘ ʠ ʛʨʘʥʠʮʳ ʟʝʨʝʥ, ʬʘʟʳ 

ʚʢʣʶʯʝʥʠʷ, ʧʦʣʦʩʳ ʜʝʬʦʨʤʘʮʠʠ, ʜʚʦʡʥʠʢʠ, ʪʝʢʩʪʫʨʘ, 

ʤʠʢʨʦʪʨʝʱʠʥʳ; ʵʣʝʤʝʥʪʳ ʩʫʙʩʪʨʫʢʪʫʨʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ: 

ʩʫʙʟʝʨʥʘ, ʩʫʙʛʨʘʥʠʮʳ, ʜʠʩʣʦʢʘʮʠʠ, ʜʝʬʝʢʪʳ ʫʧʘʢʦʚʢʠ. ʄʝʪʦʜʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ - ʦʧʪʠʯʝʩʢʘʷ ʠ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʠ, 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʪʦʧʦʛʨʘʬʠʷ.  

ʕʣʝʤʝʥʪʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨ:r ʢʦʦʨʜʠʥʘʪ r

ʘʪʦʤʦʚ (ʘ ʦʪʩʶʜʘ, ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ), 

ʟʘʩʝʣʝʥʥʦʩʪʴ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʡ (ʪ.ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʦʥʦʚ ʠ/ʠʣʠ ʧʨʠʤʝʩʥʳʭ ʘʪʦʤʦʚ ʧʦ ʧʦʟʠʮʠʷʤ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʩʪʨʫʢʪʫʨʳ). ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʦʨʦʰʢʦʚʘʷ ʠ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ. 

ʕʣʝʤʝʥʪʳ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨ r ʘʪʦʤʦʚ: ʫʨʦʚʥʠ 

ʵʥʝʨʛʠʠ ʫ ʵʣʝʢʪʨʦʥʦʚ ʘʪʦʤʘ. ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ - 

ʢʚʘʥʪʦʤʝʪʨʠʷ ʠʣʠ ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʬʬʝʢʪʦʚ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʠʟʣʫʯʝʥʠʡ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʷʚʣʝʥʠʷ ʠʩʧʫʩʢʘʥʠʷ 

ʠʟʣʫʯʝʥʠʷ ʩ ʣʠʥʝʡʯʘʪʳʤ ʩʧʝʢʪʨʦʤ ʜʣ ̫ʩʚʝʪʦʚʳʭ, ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʠ g ʣʫʯʝʡ.  

ʅʘʥʦʦʙʲʝʢʪʳ ʠʤʝʶʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʥʦ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʦʙʲʝʤʥʦʡ ʬʘʟʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʤʝʨʥʦʛʦ 

ʵʬʬʝʢʪʘ: ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʝ ʤʦʛʫʪ ʙʳʪʴ ʢʘʢ ʤʝʥʴʰʝ, ʪʘʢ ʠ ʙʦʣʴʰʝ, 

ʬʘʢʪʦʨʳ ɼʝʙʘʷ-ɺʘʣʣʝʨʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʦʣʴʰʝ ʠʟ-ʟʘ ʩʪʘʪʠʯʝʩʢʠʭ 

ʦʪʢʣʦʥʝʥʠʡ ʘʪʦʤʦʚ ʦʪ ʩʨʝʜʥʠʭ ʧʦʣʦʞʝʥʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʨʝʰʝʪʢʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʣʝʤʝʥʪʘʤʠ 

ʩʫʙʩʪʨʫʢʪʫʨʳ ʥʘʥʦʦʙʲʝʢʪʦʚ ʷʚʣʷʶʪʩʷ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʠʪʘ 

(ʦʙʣʘʩʪʴ ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ), ʤʠʢʨʦʠʩʢʘʞʝʥʠʷ, ʧʘʨʘʤʝʪʨʳ, 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʪʦʚ ʧʦ ʨʘʟʤʝʨʘʤ, 

ʢʦʪʦʨʳʝ ʠʟʫʯʘʶʪʩʷ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ. 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

3. ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 
ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʇʨʦʛʨʝʩʩ ʚ ʠʟʫʯʝʥʠʠ ʣʶʙʦʛʦ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʘʚʠʩʠʪ ʦʪ ʥʘʙʦʨʘ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʩʨʝʜʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʋʩʣʦʚʥʦ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʝ ʯʝʨʪʳ ʬʠʟʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚ ʭʠʤʠʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ  ʚ ʚʠʜʝ ʩʭʝʤʳ (ʈʠʩ.  4) 

 

 

 

 

 

 

 

ʈʠʩ. 4. ʆʙʱʘʷ ʩʭʝʤʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʱʝʩʪʚ. 

 

ɺ ʦʩʥʦʚʝ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʦʪʦʢʘ ʯʘʩʪʠʮ ʠʣʠ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʦʣʷ ʩ 

ʚʝʱʝʩʪʚʦʤ ʠ ʠʟʤʝʨʝʥʠʝ ʨʝʟʫʣʴʪʘʪʘ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɽʩʣʠ 

ʦʙʦʟʥʘʯʠʪʴ ʠʟʤʝʨʷʝʤʦʝ ʬʠʟʠʯʝʩʢʦʝ ʩʚʦʡʩʪʚʦ ʢʘʢ ʭ, ʘ ʧʘʜʘʶʱʝʝ 

ʠʟʣʫʯʝʥʠʝ ʢʘʢ I(0), ʪʦ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ I (x) ʙʫʜʝʪ 

ʩʦʜʝʨʞʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʚʦʡʩʪʚʝ ʭ.  
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I(0) x I (x) 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʠ ʢʚʘʥʪʦʚʘʷ ʬʠʟʠʢʘ: 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ 

ʊʝʦʨʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ 

ʇʨʷʤʘʷ ʟʘʜʘʯʘ 

ʆʙʨʘʪʥʘʷ ʟʘʜʘʯʘ 



 

             

 

ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʆʧʨʝʜʝʣʷʝʤʦʝ ʩʚʦʡʩʪʚʦ ʤʦʞʝʪ ʠʤʝʪʴ ʨʘʟʣʠʯʥʫʶ ʧʨʠʨʦʜʫ: 

ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʬʠʟʠʯʝʩʢʦʝ (ʥʘʧʨʠʤʝʨ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ), ʭʠʤʠʯʝʩʢʦʝ (ʥʘʧʨʠʤʝʨ, ʩʦʩʪʘʚ ʠʣʠ  

ʬʦʨʤʘʣʴʥʳʡ ʟʘʨʷʜ), ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʝ (ʥʘʧʨʠʤʝʨ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ) ʩʚʦʡʩʪʚʦ 

ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ (ʥʘʧʨʠʤʝʨ, ʥʘʙʦʨʳ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ ʚ 

ʤʦʣʝʢʫʣʝ ʠʣʠ ʥʘʙʦʨʳ ʯʘʩʪʦʪ ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ). ʇʨʠ ʵʪʦʤ 

I(0) ʠ I(x)  ʤʦʛʫʪ ʙʳʪʴ ʦʜʥʦʡ ʧʨʠʨʦʜʳ (ʥʘʧʨʠʤʝʨ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʣʫʯʠ, ʧʘʜʘʶʱʠʝ ʥʘ ʢʨʠʩʪʘʣʣ  I(0) ʠ ʨʘʩʩʝʷʥʥʳʝ ʢʨʠʩʪʘʣʣʦʤ 

ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ I(q), ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ ʚʝʱʝʩʪʚʘ, ʪʦʯʥʝʝ ʦ ʢʦʦʨʜʠʥʘʪʘʭ 

ʘʪʦʤʦʚ).  

ʅʘʧʨʘʚʣʝʥʠʝ ʩʪʨʝʣʦʢ ʦʪ ʙʣʦʢʘ I(0) ʢ ʙʣʦʢʫ ʭ ʧʦʢʘʟʳʚʘʝʪ 

ʚʦʟʜʝʡʩʪʚʠʝ  ʥʘ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʘ ʩʪʨʝʣʢʘ ʦʪ ʙʣʦʢʘ ʭ ʢ 

ʙʣʦʢʫ I(x)  ʦʟʥʘʯʘʝʪ ʨʝʟʫʣʴʪʘʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʝʩʣʠ ʠʟʚʝʩʪʝʥ 

ʬʠʟʠʯʝʩʢʠʡ ʟʘʢʦʥ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʟʚʝʩʪʥʦ ʩʚʦʡʩʪʚʦ ʭ. 

ʊʘʢʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʟʥʘʯʘʝʪ ʧʨʷʤʫʶ ʟʘʜʘʯʫ ʤʝʪʦʜʘ, ʥʦ 

ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʠ ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʢʦʪʦʨʘʷ ʚʩʪʨʝʯʘʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ: ʧʦ ʨʝʟʫʣʴʪʘʪʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘʡʪʠ ʩʚʦʡʩʪʚʦ ʭ.  

ɺʝʨʪʠʢʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʙʣʦʢʦʚ ʩʭʝʤʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʠʣʠ ʢʚʘʥʪʦʚʦʡ 

ʤʝʭʘʥʠʢʠ. ʇʦʩʢʦʣʴʢʫ ʣʶʙʘʷ ʬʠʟʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʦʧʠʨʘʝʪʩʷ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʤʦʜʝʣʴ ʤʦʣʝʢʫʣʳ ʠʣʠ ʚʝʱʝʩʪʚʘ, ʪʦ ʩʨʘʚʥʝʥʠʝ 

ʪʝʦʨʠʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʠʪʴ ʵʪʫ ʤʦʜʝʣʴ, 

ʪ.ʝ. ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ. ɿʥʘʥʠʝ ʦʩʥʦʚ ʦʨʛʘʥʠʯʝʩʢʦʡ, 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ, ʬʠʟʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʢʨʠʩʪʘʣʣʦʭʠʤʠʠ ʠ ʜʨ. 

ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʪʴ ʤʦʜʝʣʴ ʩʪʨʦʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ, ʘ ʦʪʩʶʜʘ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠ ʥʝʢʦʪʦʨʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʧʦʣʫʯʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʞʝ ʩʘʤʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ (ʠ ʥʝ 

ʪʦʣʴʢʦ!) ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʙʦʪʘ ʥʝ ʟʘʢʘʥʯʠʚʘʝʪʩʷ. ʊʦʣʴʢʦ 

ʟʥʘʥʠʝ ʠ ʦʧʳʪ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʘ, ʦʧʠʨʘʶʱʠʝʩʷ ʥʘ ʜʦʩʪʠʞʝʥʠʷ 

ʥʘʫʢʠ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʠ ʜʦʩʪʦʚʝʨʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʩʠʣʫ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʠʟʠʯʝʩʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʩ ʚʝʱʝʩʪʚʦʤ ʥʝʪ ʝʜʠʥʦʛʦ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʷʣ ʙ  r ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ ʠʣʠ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʦʡʩʪʚ. ʄʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʩʧʝʮʠʘʣʠʟʘʮʠʠ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ. ʌʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʨʘʟʥʳʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʘʶʪ ʥʝ ʪʦʣʴʢʦ 

ʙʦʣʝʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʝʱʝʩʪʚ, ʥʦ ʠ 

ʙʦʣʝʝ ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ.  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

4. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʬʠʟʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʘʙʩʦʣʶʪʥʦ ʩʪʨʦʛʦʡ, 

ʧʦʩʢʦʣʴʢʫ ʥʝ ʚʩʝʛʜʘ ʫʜʘʝʪʩʷ ʚʳʜʝʣʠʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, 

ʦʧʨʝʜʝʣʷʝʤʳʝ ʜʘʥʥʳʤ ʤʝʪʦʜʦʤ, ʦʜʥʘʢʦ ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ.  

ɸ. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʤʝʪʦʜʦʚ ʥʘ ʦʪʜʝʣʴʥʳʝ ʛʨʫʧʧʳ: ʥʘʧʨʠʤʝʨ, 

ʩʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ, ʦʧʪʠʯʝʩʢʠʝ, ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʠ ʤʥʦʛʠʝ 

ʜʨʫʛʠʝ. 

ʉʧʝʢʪʨʦʩʢʦʧʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʵʪʠʭ ʤʝʪʦʜʦʚ 

ʠʟʫʯʘʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ I , ʧʨʦʰʝʜʰʝʛʦ 

ʯʝʨʝʟ ʚʝʱʝʩʪʚʦ ʠʣʠ ʨʘʩʩʝʷʥʥʦʛʦ ʚʝʱʝʩʪʚʦʤ, ʦʪ ʯʘʩʪʦʪʳ n, ʪ.ʝ. 

ʦʧʨʝʜʝʣʷʶʪ ʬʫʥʢʮʠʶ I(n). ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʧʦʣʫʯʠʣʠ ʢʦʣʝʙʘʪʝʣʴʥʘʷ (ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ ʩʠʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ) ʠ ʵʣʝʢʪʨʦʥʥʘʷ 

(ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʨʠʩʫʪʩʪʚʠʷ ʪʝʭ ʠʣʠ ʠʥʳʭ ʛʨʫʧʧ ʚ ʤʦʣʝʢʫʣʝ, ʪ.ʝ. 

ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʛʨʫʧʧʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʘ ʵʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʠ ʩʪʨʦʝʥʠʷ ʤʦʣʝʢʫʣ, 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʘʫʪʦʤʝʨʠʠ ʠ ʜʨʫʛʠʭ ʧʨʝʚʨʘʱʝʥʠʡ) 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘ ʪʘʢʞʝ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʜʝʨʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ï ʗʄʈ (ʦʧʨʝʜʝʣʝʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚ, 

ʢʦʥʬʦʨʤʘʮʠʠ ʤʦʣʝʢʫʣ, ɻ ʬʬʝʢʪʦʚ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ,  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ). ʅʘ ʧʨʘʢʪʠʢʝ ʠʟʫʯʘʶʪ: 

- ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ 

ʯʘʩʪʦʪʘʤʠ, ʙʣʠʟʢʠʤʠ ʢ ʯʘʩʪʦʪʘʤ ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ 

(ʠʥʬʨʘʢʨʘʩʥʳʡ -ʀʂ ʜʠʘʧʘʟʦʥ: 10-10000 ʩʤ
-1

); 

-ʩʧʝʢʪʨʳ ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʚʠʜʠʤʦʛʦ ʠʣʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʛʦ (ʋʌ) ʜʠʘʧʘʟʦʥʘ 

(ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ ʨʘʩʩʝʷʥʠʝ ʩʚʝʪʘïʂʈʉ), ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʪʝʧʣʦʚʳʭ ʥʝʡʪʨʦʥʦʚ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʂʈʉ ʜʘʶʪ ʠʥʬʦʨʤʘʮʠʶ 

ʦ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʦʩʪʦʷʥʠʷʭ ʚʙʣʠʟʠ ʮʝʥʪʨʘ ʟʦʥʳ ɹʨʠʣʣʶʵʥʘ: ʚ 

ʀʂ-ʩʧʝʢʪʨʘʭ ʥʘʙʣʶʜʘʶʪʩʷ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʤʦʜʳ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʠʟʤʝʥʝʥʠʝʤ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, ʘ ʚ 

ʩʧʝʢʪʨʘʭ ʂʈʉ ï ʢʦʣʝʙʘʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪʩʷ 

ʢʚʘʜʨʫʧʦʣʴʥʳʡ ʤʦʤʝʥʪ, ʪ.ʝ. ʵʪʠ ʜʚʝ ʤʝʪʦʜʠʢʠ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ 

ʜʨʫʛʘ, ʦʜʥʘʢʦ ʯʘʩʪʴ ʢʦʣʝʙʘʥʠʡ ʦʩʪʘʝʪʩʷ ʥʝʘʢʪʠʚʥʦʡ. ʅʝʡʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʣʠʰʝʥʘ ʚʩʝʭ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʦʜʥʘʢʦ ʪʨʝʙʫʝʪ ʤʥʦʛʦ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ʆʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ. ʆʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʟʫʯʘʶʪ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ, ʨʘʩʩʝʷʥʠʝ ʠ ʧʦʛʣʦʱʝʥʠʝ ʩʚʝʪʘ ʚ ʚʝʱʝʩʪʚʝ, ʘ 

ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝʣʦʤʣʝʥʠʷ, ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʧʣʦʩʢʦʩʪʠ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʧʦʣʷʨʠʟʘʮʠʠ ʣʠʥʝʡʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ ʧʨʠ ʧʨʦʭʦʞʜʝʥʠʠ 

ʯʝʨʝʟ ʦʧʪʠʯʝʩʢʠ ʘʢʪʠʚʥʦʝ ʚʝʱʝʩʪʚʦ, ʚʨʘʱʘʶʱʝʛʦ ʧʣʦʩʢʦʩʪʴ 

ʧʦʣʷʨʠʟʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪ ʜʝʧʦʣʷʨʠʟʘʮʠʠ (ʦʪʥʦʰʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʧʦʜ ʫʛʣʦʤ 90̄  ʩʚʝʪʘ ʩ ʧʦʣʷʨʠʟʘʮʠʝʡ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʣʠʥʝʡʥʦ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʩʚʝʪʘ). ʈʝʟʫʣʴʪʘʪʳ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʝʱʝʩʪʚ, ʚʳʷʚʣʝʥʠʷ 

ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ ʘʪʦʤʦʚ ʚ ʤʦʣʝʢʫʣʝ ʠ ʪ.ʜ. 

ɼʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ɺ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʘʭ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʦʣʥʦʚʳʝ ʩʚʦʡʩʪʚʘ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ  

ʠ ʥʝʡʪʨʦʥʦʚ ʠ ʠʟʤʝʨʷʶʪ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʫʛʣʘ ʨʘʩʩʝʷʥʠʷ q, ʪ.ʝ. ʬʫʥʢʮʠʶ I(q). ɺ 

ʦʩʥʦʚʝ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʣʝʞʠʪ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʜʣʠʥʳ 

ʚʦʣʥʳ (l) ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʩʩʝʠʚʘʶʱʠʤʠ ʘʪʦʤʘʤʠ r: l¢r, 

ʪʘʢ ʢʘʢ ʜʣʠʥʳ ʩʚʷʟʝʡ ʥʘʭʦʜʷʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ 0.1-0.25ʥʤ, ʪʦ l¢

0.25ʥʤ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ, ʧʦʣʫʯʘʝʤʳʝ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʪʨʫʙʢʘʭ, ʠʤʝʶʪ ʜʣʠʥʳ ʚʦʣʥ ʧʦʨʷʜʢʘ 0.07-0.2ʥʤ, ʜʣʠʥʳ ʚʦʣʥ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʫʯʢʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʩʦʩʪʘʚʣʷʶʪ 

ʚʝʣʠʯʠʥʳ ʧʦʨʷʜʢʘ 0.005ʥʤ, ʧʦʪʦʢʠ ʥʝʡʪʨʦʥʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ, 

ʢʘʢ ʧʨʘʚʠʣʦ, ʜʣʠʥʘʤʠ ʚʦʣʥ ʦʢʦʣʦ 0.15ʥʤ.  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʍʦʪʷ ʵʪʠ ʪʨʠ ʪʠʧʘ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʦʩʥʦʚʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ ʜʠʬʨʘʢʮʠʠ, ʦʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʧʦ-ʨʘʟʥʦʤʫ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʘʟʣʠʯʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʵʣʝʢʪʨʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ ʩ 

ʚʝʱʝʩʪʚʦʤ:  

-ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚʩʝʤʠ ʵʣʝʢʪʨʦʥʘʤʠ 

ʘʪʦʤʘ,  

-ʨʘʩʩʝʠʚʘʶʱʝʡ ʤʘʪʝʨʠʝʡ ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʵʣʝʢʪʨʦʥʦʚ, 

ʢʦʪʦʨʳʝ ʨʘʩʩʝʠʚʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ, ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ, ʠʛʨʘʶʱʠʡ ʨʦʣʴ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ,   

-ʥʝʡʪʨʦʥʳ ʨʘʩʩʝʠʚʘʶʪʩʷ ʷʜʨʘʤʠ, ʘ ʪʘʢʞʝ ʥʝʩʧʘʨʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʘʤʠ ʘʪʦʤʦʚ, ʧʨʠʯʝʤ ʷʜʨʦ ʨʘʩʩʝʠʚʘʝʪ ʚʦ ʤʥʦʛʦ ʨʘʟ 

ʩʣʘʙʝʝ, ʯʝʤ ʵʣʝʢʪʨʦʥ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʦʙʲʝʢʪʦʚ 

ʨʘʟʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʚ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ (ʫʩʣʦʚʥʦ) ʨʘʟʤʝʨʘʭ, ʘ 

ʵʣʝʢʪʨʦʥʦʛʨʘʬʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʦʥʢʠʭ ʧʣʝʥʦʢ, 

ʩʣʦʝʚ, ʧʦʚʝʨʭʥʦʩʪʝʡ ʠ ʛʘʟʦʚ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʠ ʥʝʡʪʨʦʥʦʛʨʘʬʠʷ 

ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ ʪʝʤ, ʯʪʦ ʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʧʨʝʜʝʣʷʶʪ ʧʦʣʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 
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ʧʣʦʪʥʦʩʪʠ, ʘ ʚ ʥʝʡʪʨʦʥʦʛʨʘʬʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ - ʧʦʣʦʞʝʥʠʝ 

ʷʜʝʨ ʘʪʦʤʦʚ ʚʝʱʝʩʪʚ. ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʡʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ ʠʩʪʦʯʥʠʢ ʩʚʷʟʘʥ ʩ 

ʷʜʝʨʥʳʤ ʨʝʘʢʪʦʨʦʤ, ʧʦʵʪʦʤʫ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʝʥʪʛʝʥʦʛʨʘʬʠʷ ʚ ʩʠʣʫ ʩʚʦʝʡ ʜʦʩʪʫʧʥʦʩʪʠ.  

ʄʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʘ 

ʛʨʫʧʧʘ ʤʝʪʦʜʦʚ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʝʜʳʜʫʱʠʭ ʪʝʤ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʘʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠʣʠ ʧʦʪʦʢʘ 

ʯʘʩʪʠʮ ʥʘ ʚʝʱʝʩʪʚʦ ʠʟʤʝʨʷʶʪʩʷ ʧʦʪʦʢʠ ʜʨʫʛʠʭ ʯʘʩʪʠʮ. ʊʘʢ, ʚ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʧʘʜʘʶʱʠʤ ʧʦʪʦʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʪʦʢ 

ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʋʌ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʳʝ ʧʦʨʦʞʜʘʶʪ ʧʦʪʦʢʠ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʦʥʦʚ ʠʟʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ. ʕʪʠʤ ʤʝʪʦʜʦʤ 

ʦʧʨʝʜʝʣʷʶʪ ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ, ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʚʝʱʝʩʪʚʘ, 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʭʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʠʟʫʯʘʶʪ ʤʝʭʘʥʠʟʤʳ 

ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʠʟʤʝʨʷʶʪ ʧʦʪʝʥʮʠʘʣʳ ʠʦʥʠʟʘʮʠʠ ʠ 

ʵʥʝʨʛʠʠ ʨʘʟʨʳʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ.  

ɹ. ʈʝʥʪʛʝʥʦʚʩʢʠʝ ʤʝʪʦʜʳ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʦʩʥʦʚʝ 

ʧʨʦʮʝʩʩʦʚ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʟʣʫʯʝʥʠʷ ʩ 

ʚʝʱʝʩʪʚʦʤ: ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʨʝʥʪʛʝʥʵʣʝʢʪʨʦʥʥʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʤʝʪʦʜʳ ʥʘ ʦʩʥʦʚʝ ʜʠʬʨʘʢʮʠʠ ʠ ʥʝʫʧʨʫʛʦʛʦ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ. 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

5. ʆʩʥʦʚʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 
ʩ ʚʝʱʝʩʪʚʦʤ 

 
ʄʥʦʛʠʝ ʧʨʠʤʝʥʷʝʤʳʝ ʤʝʪʦʜʳ ʦʩʥʦʚʘʥʳ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʚʝʱʝʩʪʚʘ ʩ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ:  

-ʨʘʜʠʦʯʘʩʪʦʪʥʦʝ (ɽ=10
-4

 ʵʚ, l=10
-2

 ʤ),  

-ʀʂ-ʠʟʣʫʯʝʥʠʝ (ɽ=10
0
-10

-3
ʵʚ, l=10

-6
-10

-3
ʤ),  

-ʚʠʜʠʤʳʡ ʩʚʝʪ (ɽ=10
0
 ʵʚ, l=10

-6
ʤ), 

-ʋʌ-ʠʟʣʫʯʝʥʠʝ (ɽ=10
1
ʵʚ, l=10

-7
ʤ),  

-ʨʝʥʪʛʝʥʦʚʩʢʦʝ (ɽ=10
4
-10

2
ʵʚ, l=10

-10
-10

-9
ʤ).  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʫʞʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʟʥʳʝ 

ʠʩʪʦʯʥʠʢʠ ʠʟʣʫʯʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʪʨʫʙʢʠ), ʧʨʠʯʝʤ 

ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʪʨʝʙʫʝʪʩʷ ʠ ʩʚʦʷ ʪʝʭʥʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, 

ʢʦʪʦʨʘʷ ʫʯʠʪʳʚʘʝʪ ʦʩʦʙʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʘʥʥʦʛʦ ʚʠʜʘ 

ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ. ʕʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ ʚʦʟʥʠʢʘʝʪ 

ʧʨʠ ʫʩʢʦʨʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʧʦʟʠʪʨʦʥʦʚ), ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʛʝʥʝʨʘʮʠʶ ʣɻʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʨʘʟʥʳʭ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʜʠʘʧʘʟʦʥʦʚ. ʊʘʢ, ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʠʝʩʷ  ʧʦ 

ʦʢʨʫʞʥʦʩʪʠ ʚ ʧʦʩʪʦʷʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ ʩʦ ʩʢʦʨʦʩʪʴʶ, 

ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʧʦʨʦʞʜʘʶʪ ʧʦʪʦʢʠ ʬʦʪʦʥʦʚ ʚ  
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ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʵʥʝʨʛʠʡ (ɽ=10
-4

-10
5
 ʵʚ) ʠ ʜʣʠʥ ʚʦʣʥ (l=10

-2
-

10
-11

 ʤ) ï ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ (ʉʀ). 

ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʚʝʱʝʩʪʚʦʤ 

ʤʦʞʝʪ ʨʘʩʩʝʠʚʘʪʴʩʷ ʠ ʧʦʛʣʦʱʘʪʴʩʷ (ʈʠʩ. 5)  

 

ʘ. 

 

ʙ. 

ʈʠʩ. 5. çʆʪʨʘʞʝʥʠʝ" ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ: 

ʦʙʳʯʥʦʝ ʧʘʜʝʥʠʝ (ʘ), ʩʢʦʣʴʟʷʱʝʝ ʧʘʜʝʥʠʝ (ʙ) (ʗ.ɺ.ɿʫʙʘʚʠʯʫʩ ʠ  

ʖ.ʃ.ʉʣʦʚʦʭʦʪʦʚ, 2001) 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʉ ʨʦʩʪʦʤ ʫʛʣʘ ʤʝʞʜʫ ʧʘʜʘʶʱʠʤ ʣʫʯʦʤ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ 

ʦʙʨʘʟʮʘ ʚʝʨʦʷʪʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩ. 5ʘ), ʘ 

ʟʘʤʝʪʥʦʝ ʦʪʨʘʞʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʦʯʝʥʴ 

ʤʘʣʳʭ ʫʛʣʘʭ ʧʘʜʝʥʠʷ  (~0.1)̄ (ʈʠʩ. 5ʙ). 

ʇʨʠ ʨʘʩʩʝʷʥʠʠ ʬʦʪʦʥʦʚ ʥʘ ʦʙʲʝʢʪʘʭ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠʭ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʣʠʙʦ 

ʩʦʭʨʘʥʷʪʴʩʷ (ʢʦʛʝʨʝʥʪʥʦʝ ʨʘʩʩʝʷʥʠʝ) ʠʣʠ ʯʘʩʪʠʯʥʦ ʧʝʨʝʜʘʚʘʪʴʩʷ 

ʚʝʱʝʩʪʚʫ (ʥʝʢʦʛʝʨʝʥʪʥʦʝ ʨʘʩʩʝʷʥʠʝ). 

ʋʧʨʫʛʦʝ (ʢʦʛʝʨʝʥʪʥʦʝ) ʨʘʩʩʝʷʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʦʪʦʥʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ 

ʦʙʦʣʦʯʢʘʤʠ ʘʪʦʤʦʚ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʵʥʝʨʛʠʷ (ʘ ʦʪʩʶʜʘ, ʠ 

ʜʣʠʥʘ ʚʦʣʥʳ) ʫ ʚʩʝʭ ʨʘʩʩʝʷʥʥʳʭ ʬʦʪʦʥʦʚ ʦʜʠʥʘʢʦʚʘ, ʪʦ ʫʧʨʫʛʦʝ 

ʨʘʩʩʝʷʥʠʝ ʧʦʨʦʞʜʘʝʪ ʜʠʬʨʘʢʮʠʶ ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ 

(ʜʠʬʨʘʛʠʨʦʚʘʥʥʦʛʦ) ʠʟʣʫʯʝʥʠʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ 

ʣʫʯʝʡ ʦʪ ʨʘʟʥʳʭ ʘʪʦʤʦʚ.   

ʅʝʫʧʨʫʛʦʝ (ʥʝʢʦʛʝʨʝʥʪʥʦʝ) ʨʘʩʩʝʷʥʠʝ ʩʚʷʟʘʥʦ ʩ 

ʚʦʟʙʫʞʜʝʥʠʝʤ ʠ ʧʝʨʝʭʦʜʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚʘʣʝʥʪʥʦʡ ʟʦʥʳ ʥʘ 

ʚʘʢʘʥʪʥʳʝ ʫʨʦʚʥʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʘʨ çʵʣʝʢʪʨʦʥ-ʜʳʨʢʘè ʠ ʩ 

ʠʦʥʠʟʘʮʠʝʡ ʚʥʫʪʨʝʥʥʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʚ ʣʝʛʢʠʭ ʘʪʦʤʘʭ 

(ʨʝʥʪʛʝʥʦʚʩʢʦʝ ʢʦʤʙʠʥʘʮʠʦʥʥʦʝ, ʠʣʠ ʨʘʤʘʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ). ɺ  
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ʆʙʳʯʥʦʝ ʧʘʜʝʥʠʝ 

ʉʢʦʣʴʟʷʱʝʝ ʧʘʜʝʥʠʝ 

a 

90 -̄a<0.1 



ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʩʣʫʯʘʝ ʦʯʝʥʴ ʞʝʩʪʢʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ (ɽ=10
4
 ʵɺ, 

l=10
-10

 ʤ) ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʦʚ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʱʝʡ 

ʵʥʝʨʛʠʶ ʩʚʷʟʠ ʵʣʝʢʪʨʦʥʦʚ ʚ ʚʝʱʝʩʪʚʝ, ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʥʝʫʧʨʫʛʦʛʦ ʨʘʩʩʝʷʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʪʦʥʦʚʩʢʦʝ ʨʘʩʩʝʷʥʠʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʦʪʦʥʦʚ ʥʘ ʢʚʘʟʠʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʘʭ.  

ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʦʪʦʥʦʚ, ʦʩʣʘʙʣʷʶʱʝʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʦʪʦʥʥʦʛʦ ʧʫʯʢʘ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ 

ʚʝʱʝʩʪʚʝ, ʩʚʷʟʘʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʬʦʪʦʠʦʥʠʟʘʮʠʝʡ ï 

çʚʳʙʠʚʘʥʠʝʤè ʠʟ ʘʪʦʤʦʚ ʵʣʝʢʪʨʦʥʦʚ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʚʘʢʘʥʩʠʠ (ʜʳʨʢʠ) ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ 

ʵʣʝʢʪʨʦʥʥʦʤ ʫʨʦʚʥʝ ʘʪʦʤʘ ʠ ʩʚʦʙʦʜʥʦʛʦ ʬʦʪʦʵʣʝʢʪʨʦʥʘ.  

ɿʘʧʦʣʥʝʥʠʝ ʚʘʢʘʥʩʠʠ ʵʣʝʢʪʨʦʥʦʤ, ʧʝʨʝʰʝʜʰʝʤ ʩ ʙʦʣʝʝ 

ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ, ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʩ ʠʩʧʫʩʢʘʥʠʝʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʦʪʦʥʘ ʤʝʥʴʰʝʡ ʵʥʝʨʛʠʠ (ʨʝʥʪʛʝʥʦʚʩʢʘʷ 

ʬʣʫʦʨʝʩʮʝʥʮʠʷ) ʠʣʠ ʟʘ ʩʯʝʪ ʙʝʟʠʟʣʫʯʘʪʝʣʴʥʦʛʦ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʚʢʣʶʯʘʶʱʝʛʦ ʧʝʨʝʭʦʜ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʥʘ ʩ ʚʝʨʭʥʝʡ 

ʦʨʙʠʪʘʣʠ ʥʘ ʚʘʢʘʥʩʠʶ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʦʪʨʳʚʦʤ ʚʪʦʨʦʛʦ (ʦʞʝ-

ʧʨʦʮʝʩʩ). ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʠ ʦʞʝ-ʧʨʦʮʝʩʩ ʧʨʠʚʦʜʷʪ 

ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʳʭ ʜʳʨʦʢ, ʚʳʟʳʚʘʶʱʠʭ ʢʘʩʢʘʜ ʚʪʦʨʠʯʥʳʭ 

ʧʨʦʮʝʩʩʦʚ-ʠʩʧʫʩʢʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, ʬʣʫʦʨʝʩʮʝʥʮʠʶ ʚ 

ʙʦʣʝʝ ʤʷʛʢʦʡ ʦʙʣʘʩʪʠ. 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʅʘ ʚʪʦʨʠʯʥʳʭ ʧʨʦʮʝʩʩʘʭ, ʚʳʟʳʚʘʝʤʳʭ ʧʦʛʣʦʱʝʥʠʝʤ ʢʚʘʥʪʘ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʩʥʦʚʘʥʳ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ: ʨʝʥʪʛʝʥʬʣʫʦʨʝʩʮʝʥʪʥʘʷ (ʵʤʠʩʩʠʦʥʥʘʷ) 

(ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʘʥʘʣʠʟʘ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ), ʦʞʝ-ʵʣʝʢʪʨʦʥʥʘʷ, ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʚʪʦʨʠʯʥʳʭ 

ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨ.  

ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʦʪʦʥʦʚ ʚʝʱʝʩʪʚʦʤ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʠ ʟʘ ʩʯʝʪ ʧʝʨʝʭʦʜʘ ʘʪʦʤʥʳʭ ʷʜʝʨ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ. ʅʘ ʵʪʦʤ ʷʚʣʝʥʠʠ ʦʩʥʦʚʘʥʘ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʘʷ 

(ʤʝʩʩʙʘʫʵʨʦʚʩʢʘʷ) ʩʧʝʢʪʨʦʩʢʦʧʠʷ (ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦʪ ʚʠʜ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʜʝʣʷʶʪ ʚ ʦʪʜʝʣʴʥʫʶ ʦʙʣʘʩʪʴ ï ʛʘʤʤʘ-

ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʘ ʥʝ ʨʝʥʪʛʝʥʦʚʩʢʘʷ!). ʕʪʠʤ ʤʝʪʦʜʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʘ ʪʦʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʬʦʨʤʘʣʴʥʳʭ ʟʘʨʷʜʘʭ ʠ ʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ 

ʦʛʨʘʥʠʯʝʥʦ ʥʝʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʵʣʝʤʝʥʪʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, Fe, 

Sn). 

ʗʚʣʝʥʠʝ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʚʷʟʫʶʱʠʤ 

ʟʚʝʥʦʤ ʤʝʞʜʫ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʨʘʩʩʝʷʥʠʝʤ ʠ ʧʦʛʣʦʱʝʥʠʝʤ. ʌʘʟʘ 

ʨʘʩʩʝʷʥʥʦʛʦ ʣʫʯʘ ʦʙʳʯʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʘʟʳ ʧʘʜʘʶʱʝʛʦ, 

ʧʝʨʚʠʯʥʦʛʦ ʣʫʯʘ ʥʘ p. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʧʘʜʘʶʱʝʛʦ 

ʣʫʯʘ ʙʣʠʟʢʘ ʢ ʢʨʘʶ ʧʦʛʣʦʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ,  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʚʭʦʜʷʱʝʛʦ ʚ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʷ, ʜʘʥʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʥʘʨʫʰʘʝʪʩʷ 

ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʘʥʦʤʘʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ. ʇʨʠ ʵʪʦʤ ʚʥʫʪʨʝʥʥʠʝ 

ʵʣʝʢʪʨʦʥʳ ʥʘʯʠʥʘʶʪ ʨʘʩʩʝʠʚʘʪʴ ʩ ʨʘʟʥʦʩʪʴʶ ʬʘʟ, ʦʪʣʠʯʘʶʱʝʡʩʷ 

ʦʪ ʜʨʫʛʠʭ ʵʣʝʢʪʨʦʥʦʚ. ɺ ʪʝʦʨʠʠ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ 

ʥʘ ʘʪʦʤʝ ʦʩʥʦʚʥʦʡ ʚʝʣʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʘʪʦʤʥʳʡ ʬʘʢʪʦʨ 

ʨʘʩʩʝʷʥʠʷ (ʬʦʨʤ-ʬʘʢʪʦʨ) ʚʝʣʠʯʠʥʘ f0, ʢʦʪʦʨʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʵʥʝʨʛʠʠ ʧʝʨʚʠʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʦʤ 

ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ. ɺ ʩʣʫʯʘʝ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʘʪʦʤʘ ʝʛʦ 

ʬʦʨʤ-ʬʘʢʪʦʨ ʩʪʘʥʦʚʠʪʩʷ ʢʦʤʧʣʝʢʩʥʦʡ ʚʝʣʠʯʠʥʦʡ: f=f0+f¡+if¡¡  

(f0 ï ʦʙʳʯʥʳʡ ʬʦʨʤ-ʬʘʢʪʦʨ, ʥʝ ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ, ʥʦ 

ʟʘʚʠʩʷʱʠʡ ʦʪ ʫʛʣʘ q,  f¡  ʠ f¡¡- ʚʝʱʝʩʪʚʝʥʥʘʷ ʠ ʤʥʠʤʘʷ ʧʦʧʨʘʚʢʠ 

ʥʘ ʘʥʦʤʘʣʴʥʦʝ ʨʘʩʩʝʷʥʠʝ, ʧʨʠʯʝʤ ʤʥʠʤʘʷ ʯʘʩʪʴ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʘʣʴʥʘ ʢʦʵʬʬʠʮʠʝʥʪʫ ʧʦʛʣʦʱʝʥʠʷ m). ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ 

ʩʣʘʛʘʝʤʳʝ f¡  ʠ f¡¡ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʣʥ, ʥʦ ʤʘʣʦ ʦʪ ʫʛʣʘ 

q, ʚʢʣʘʜ ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚʳʰʝ ʜʣʷ ʨʘʩʩʝʷʥʠʷ ʥʘ ʙʦʣʴʰʠʭ 

ʫʛʣʘʭ. ɺʢʣʘʜ ʘʥʦʤʘʣʴʥʦʡ ʜʠʩʧʝʨʩʠʠ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʣʠʯʠʥʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ f0. ɹʦʣʝʝ 

ʪʦʛʦ, ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʜʚʠʛʦʚ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʚ 

ʨʘʟʥʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʵʣʝʤʝʥʪʘ ʬʘʢʪʦʨʳ  

24 

ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʨʘʩʩʝʷʥʠʷ ʜʣʷ ʘʪʦʤʦʚ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʨʘʟʥʦʤ ʭʠʤʠʯʝʩʢʦʤ 

ʦʢʨʫʞʝʥʠʠ ʠʣʠ ʩ ʨʘʟʥʳʤ ʬʦʨʤʘʣʴʥʳʤ ʟʘʨʷʜʦʤ ʤʦʛʫʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʚ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʥʝʦʙʭʦʜʠʤʦ ʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʤʘʩʩʠʚʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʣʝʛʢʦ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʀ. 

 

6. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʤʝʪʦʜʳ ʝʝ ʠʟʫʯʝʥʠʷ.  

6.1. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ (ʈʉɸ) ï ʦʜʠʥ ʠʟ ʦʩʥʦʚʥʳʭ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʭʠʤʠʠ, 

ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ: ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʩʠʤʤʝʪʨʠʶ, ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʪʠʧ 

ʘʪʦʤʦʚ ʠ ʠʭ ʢʦʣʠʯʝʩʪʚʦ, ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʜʨ. 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʨʘʩʩʝʷʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

I hkl=kLPB¼Fhkl¼
2
GE (1) (k-ʧʦʩʪʦʷʥʥʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ 

ʜʘʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, L-ʬʘʢʪʦʨ ʃʦʨʝʥʮʘ, P- ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʡ 

ʬʘʢʪʦʨ, G-ʬʘʢʪʦʨ ʘʥʦʤʘʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, Bïʬʘʢʪʦʨ 

ʧʦʛʣʦʱʝʥʠʷ, ɽ-  
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ʵʢʩʪʠʥʢʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, F
2
hkl ï ʩʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ). 

ʂ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʩʪʨʫʢʪʫʨʥʳʡ 

ʬʘʢʪʦʨ, ʪʘʢ ʢʘʢ ʚ ʝʛʦ ʚʳʨʘʞʝʥʠʝ ʚʭʦʜʷʪ ʦʧʨʝʜʝʣʷʝʤʳʝ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʝ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ- x,y,z : 

F(H)=äf jTexp2pi(r jʅ)=äf jTexp2pi(hx j+ky j+lzj),   

 f jT=f j³fT: f j  ï ʬʘʢʪʦʨ ʘʪʦʤʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, fT=exp[-Bj(sinq/l)] 

ï ʬʘʢʪʦʨ ɼʝʙʘʷ-ɺʘʣʣʝʨʘ, ʢʦʪʦʨʳʡ ʟʘʚʠʩʠʪ ʦʪ ʪʝʧʣʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʘʪʦʤʦʚ (ɺj~Õu
2
ïʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʤʫ ʦʪʢʣʦʥʝʥʠʶ ʘʪʦʤʦʚ ʦʪ ʠʭ 

ʩʨʝʜʥʠʭ ʟʥʘʯʝʥʠʡ), ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʚ ʠʟʦʪʨʦʧʥʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ. ɿʥʘʷ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ 

ʢʨʠʩʪʘʣʣʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʪʘʢʠʝ ʚʘʞʥʝʡʰʠʝ ʩʪʨʫʢʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʚʘʣʝʥʪʥʳʝ ʠ 

ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ ʠ ʜʨ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʥʦʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ, ʈʉɸ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ ʢʨʠʩʪʘʣʣʘ ʙʝʟ ʢʘʢʠʭ-ʣʠʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʩʚʝʜʝʥʠʡ 

ʦ ʝʛʦ ʩʪʨʦʝʥʠʠ ʠ ʜʘʞʝ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ. ʇʦ ʤʘʩʩʠʚʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʈʉɸ, ʚʢʣʶʯʘʶʱʝʛʦ ʚ ʩʝʙʷ ʫʛʣʦʚʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ  ʦʪʨʘʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ 

ʧʨʠ ʜʠʬʨʘʢʮʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ  
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ʣʫʯʝʡ ʥʘ ʢʨʠʩʪʘʣʣʝ, ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ r(r ) ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ:  

r(xyz)=(1/V)äääFhklexp[-2pi(hx+ky+lz)] (2).. 

ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʨʝʥʪʛʝʥʦʚʩʢʦʤ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʪʦʯʥʠʢʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ 

ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʘʯʝʩʪʚʫ ʦʙʨʘʟʮʘ: ʭʦʨʦʰʦ ʦʙʨʘʟʦʚʘʥʥʳʡ 

ʤʦʥʦʢʨʠʩʪʘʣʣ ʩ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ 0.1-1.0ʤʤ ʩ ʚʳʩʦʢʦʡ 

ʦʪʨʘʞʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʥʘ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. 

ɽʩʣʠ ʢʨʠʩʪʘʣʣ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ ʠ ʧʣʦʭʦʛʦ ʢʘʯʝʩʪʚʘ (ʩʦʜʝʨʞʠʪ 

ʨʘʟʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʙʣʦʢʠ ʠʣʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʬʨʘʛʤʝʥʪʳ ʠ ʜʨ), ʪʦ 

ʨʘʩʰʠʬʨʦʚʢʘ ʨʫʪʠʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʟʘʪʨʫʜʥʝʥʘ, ʘ ʠʥʦʛʜʘ ʠ 

ʥʝʚʦʟʤʦʞʥʘ. ʇʦʛʣʦʱʝʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ ʚʝʱʝʩʪʚʦʤ, 

ʘʥʦʤʘʣʴʥʘʷ ʜʠʩʧʝʨʩʠʷ, ʤʥʦʛʦʢʨʘʪʥʦʝ ʦʪʨʘʞʝʥʠʝ (ʵʬʬʝʢʪ 

ʈʝʥʥʠʥʛʝʨʘ), ʵʢʩʪʠʥʢʮʠʷ (ʦʪʢʣʦʥʝʥʠʝ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ  ʦʪ ʟʥʘʯʝʥʠʡ, ʧʨʝʜʩʢʘʟʳʚʘʝʤʳʭ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʝʡ), ʪʦʞʝ ʧʦʥʠʞʘʶʪ ʪʦʯʥʦʩʪʴ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʉʀ ʚ ʈʉɸ 

ʩʥʠʤʘʶʪ ʤʥʦʛʠʝ ʦʛʨʘʥʠʯʝʥʠʷ ʵʪʦʛʦ ʤʝʪʦʜʘ.  
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6.2. ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʧʦʣʠʢʨʠʩʪʘʣʣʦʚ 

ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ ï ʦʩʥʦʚʥʦʡ ʜʠʬʨʘʢʮʠʦʥʥʳʡ 

ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʦʝʥʠʷ ʚʝʱʝʩʪʚ, ʛʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʠʟʣʫʯʝʥʠʷ ʦʪ ʫʛʣʘ 2q. 

ʄʝʪʦʜ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʢʦʪʦʨʳʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʦʪʥʦʩʷʪ ʢ ʣʘʙʦʨʘʪʦʨʥʳʤ ʤʝʪʦʜʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ 

ʦʙʲʝʢʪʦʚ (ʤʥʦʛʦʬʘʟʥʳʝ ʩʠʩʪʝʤʳ, ʧʦʣʠʤʝʨʳ, ʯʘʩʪʠʯʥʦ 

ʫʧʦʨʷʜʦʯʝʥʥʳʝ ʩʠʩʪʝʤʳ, ʥʘʥʦʩʠʩʪʝʤʳ, ʪʝʢʩʪʫʨʠʨʦʚʘʥʥʳʝ 

ʦʙʨʘʟʮʳ ʠ ʜʨ) ʠ ʜʣʷ ʨʝʰʝʥʠʷ ʚʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʟʘʜʘʯ 

(ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, ʦʧʨʝʜʝʣʝʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʬʘʟʳ 

ʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʨʘʟʤʝʨʳ 

ʢʨʠʩʪʘʣʣʠʪʦʚ,  ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ, ʠʟʫʯʝʥʠʝ ʬʘʟʦʚʳʭ 

ʧʝʨʝʭʦʜʦʚ; ʤʦʥʠʪʦʨʠʥʛ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʠ ʧʨ). ʇʨʠʯʝʤ 

ʢʘʞʜʳʡ ʥʦʚʳʡ ʦʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʟʜʘʥʠʶ 

ʥʦʚʳʭ ʤʝʪʦʜʠʢ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ ʜʣʷ ʨʝʰʝʥʠʷ 

ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʙʣʝʤ ʠ ʦʪʜʝʣʴʥʳʭ ʟʘʜʘʯ. 

ɺ ʩʣʫʯʘʝ ʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʩʠʤʤʝʪʨʠʠ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʤʘʪʝʨʠʘʣʴʥʳʭ ʯʘʩʪʠʮ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʚʦʟʥʠʢʘʶʪ ʦʩʪʨʳʝ  
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ʤʘʢʩʠʤʫʤʳ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʡ ʚʦʣʥʳ - ʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʨʝʬʣʝʢʩʳ (ʧʠʢʠ) (ʈʠʩ. 6).  

 

ʈʠʩ. 6. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʲʝʢʪʘ ʩ ʜʘʣʴʥʠʤ ʧʦʨʷʜʢʦʤ 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʧʦʨʦʰʢʦʚʳʭ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʜʘʥʥʳʭ ʠ ʫʪʦʯʥʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʳʡ ʤʝʪʦʜ ï ʤʝʪʦʜ ʈʠʪʚʝʣʴʜʘ. ʕʪʦʪ ʤʝʪʦʜ ʩʦʩʪʦʠʪ 

ʚ çʧʦʜʛʦʥʢʝè ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ yi ʚʩʝʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʧʨʠ ʧʦʤʦʱʠ ʫʪʦʯʥʷʝʤʳʭ ʧʨʦʬʠʣʴʥʳʭ 

ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʌ=ävi[(yi-bi)- äI jBij]
2
­min (3), 

ʛʜʝ vi ï ʚʝʩʘ, ʧʨʠʧʠʩʘʥʥʳʝ ʢ ʪʦʯʢʝ i: vi=1/yi, N- 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʯʠʩʣʦ ʪʦʯʝʢ ʧʨʦʬʠʣʷ, bi- ʬʦʥ ʚ ʪʦʯʢʝ i, I j   - 

ʠʥʪʝʛʨʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʦʪʨʘʞʝʥʠʷ  j, Bij  ï  
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ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʬʦʨʤʫ ʧʠʢʘ j  ʚ ʪʦʯʢʝ i.  

ɼʣʷ ʦʮʝʥʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʚʳʯʠʩʣʷʶʪ ʬʘʢʪʦʨʳ 

ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ - R-ʬʘʢʪʦʨ: 

Rp=S¼yi -ɻSyiʚ¼/(Syi )ɻ -ʧʨʦʬʠʣʴʥʳʡ, 

Rwp=[Svi(yi -ɻSyiʚ)
2
/(Svyiʵ

2
]
1/2 

- ʚʝʩʦʚʦʡ ʧʨʦʬʠʣʴʥʳʡ, 

RB=S¼I i -ɻI iʚ¼/(SI i )ɻ-ʙʨʵʛʛʦʚʩʢʠʡ, 

RF=|S¼Fi |ɻ-|Fiʚ||/(S|Fi |ɻ)-ʩʪʨʫʢʪʫʨʥʳʡ. 

¼Fi |ɻ ʠ |Fiʚ| - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʚʳʯʠʩʣʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʘʤʧʣʠʪʫʜʘ, ¼I i |ɻ ʠ |I iʚ| - ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʚʳʯʠʩʣʝʥʥʘʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʪʨʘʞʝʥʠʷ, S- ʥʦʨʤʠʨʫʶʱʠʡ ʤʥʦʞʠʪʝʣʴ 

(ʰʢʘʣʴʥʳʡ ʬʘʢʪʦʨ). ʂʨʦʤʝ ʪʦʛʦ, ʨʘʩʩʯʠʪʳʚʘʶʪ 

c
2
=(Rwp/ Rexp) ­1-ʠʥʜʠʢʘʪʦʨ ʪʦʯʥʦʩʪʠ, 

Rexp=[(N -P+ʉ)/(Svyiʵ
2
]
1/2

-ʦʞʠʜʘʝʤʳʡ R-ʬʘʢʪʦʨ. 

N-ʯʠʩʣʦ ʪʦʯʝʢ ʠʟʤʝʨʝʥʠʷ, ʈ-ʯʠʩʣʦ ʫʪʦʯʥʷʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʉ-

ʯʠʩʣʦ ʧʨʠʤʝʥʷʝʤʳʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ʉʨʝʜʠ ʧʨʠʚʝʜʝʥʥʳʭ ʚʝʣʠʯʠʥ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ Rwp 

ʠ c
2
. ʇʨʠ ʫʪʦʯʥʝʥʠʠ ʩʪʨʫʢʪʫʨʳ ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 

ʩʦʦʪʥʦʰʝʥʠʝ ʥʘʙʣʶʜʘʝʤʳʭ ʦʪʨʘʞʝʥʠʡ ʦʪ ʫʪʦʯʥʷʝʤʦʡ ʬʘʟʳ  

 

30 

.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʜʝʣʝʥʥʦʝ ʥʘ ʯʠʩʣʦ ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʪʨʫʢʪʫʨʳ ²5.  

ʌʘʢʪʦʨ Rp ʥʘʭʦʜʷʪ ʩʫʤʤʠʨʦʚʘʥʠʝʤ ʧʦ ʚʩʝʤ ʪʦʯʢʘʤ ʧʨʦʬʠʣʷ, 

ʘ Rɺ - ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʣʠʥʠʡ. ʆʙʳʯʥʦ 

ʚʝʣʠʯʠʥʘ Rp ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ Rɺ ʚ 2 ʨʘʟʘ, ʚʝʣʠʯʠʥʘ Rɺ, ʚ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʙʦʣʴʰʝ ʬʘʢʪʦʨʘ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ RF, 

ʧʨʠʤʝʥʷʝʤʦʤ ʚ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʤ ʤʝʪʦʜʝ, ʚ 1.5-2 ʨʘʟʘ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʧʦʨʦʰʢʦʚʳʤ 

ʜʘʥʥʳʤ ʚʦʟʤʦʞʥʦ ʧʦ ʤʘʩʩʠʚʫ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ (ʚ ʯʘʩʪʥʦʩʪʠ, ʇʘʪʝʨʩʦʥʘ, ʧʨʷʤʳʝ 

ʤʝʪʦʜʳ ʠ ʧʨ). 

 
6.3.ʉʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʧʘʨʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. 
 

6.3.1.ʇʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ. 

ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʠ ʜʨʫʛʠʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʜʘʶʪ 

ʪʦʯʥʳʝ ʩʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʦʚ,  ʦʜʥʘʢʦ ʩ ʠʭ ʧʦʤʦʱʴʶ 

ʤʦʞʥʦ ʠʟʫʯʘʪʴ ʩʪʨʦʝʥʠʝ ʠ ʤʝʥʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʚʩʝ ʙʦʣʴʰʝʛʦ ʠʟʤʝʣʴʯʝʥʠʷ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʤʘʩʩʳ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʩʪʘʥʦʚʠʪʩʷ ʘʤʦʨʬʥʳʤ, ʥʦ ʜʘʞʝ ʚ ʥʝʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʘʪʦʤʦʚ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ 

ʥʝʫʧʦʨʷʜʦʯʝʥʥʳʤ. ʅʝʚʦʟʤʦʞʥʦʩʪʴ ʚʟʘʠʤʥʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʘʪʦʤʦʚ ʠ ʥʘʣʠʯʠʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʧʨʠʚʦʜʷʪ ʢ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʪʦʤʫ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʨʘʩʧʦʣʦʞʝʥʠʷ ʣʶʙʦʛʦ ʜʘʥʥʦʛʦ ʘʪʦʤʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʝʛʦ ʩʦʩʝʜʷʤ ʙʦʣʝʝ ʚʝʨʦʷʪʥʳ, ʯʝʤ ʜʨʫʛʠʝ.  

ɺ ʩʣʫʯʘʝ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ʚ ʦʢʨʫʞʝʥʠʠ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʡ 

ʠʤʝʝʪʩʷ ʚ ʘʤʦʨʬʥʳʭ ʩʨʝʜʘʭ (ʈʠʩ. 1), ʥʘ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʝ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʥʫʩʦʠʜʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʣʘʜʢʦʛʦ (ʙʝʟ ʦʩʪʨʳʭ 

ʤʘʢʩʠʤʫʤʦʚ) ʫʧʨʫʛʦ ʨʘʩʩʝʷʥʥʦʛʦ ʬʦʥʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ 

ʨʘʩʩʝʷʥʠʷ (ʈʠʩ. 7).  

 

ʈʠʩ. 7. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʲʝʢʪʘ ʩ ʙʣʠʞʥʠʤ ʧʦʨʷʜʢʦʤ 
 

ʇʘʨʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʙʫʜʫʪ ʚ ʦʙʨʘʪʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʟʤʳʪʳʤʠ ʫʟʣʘʤʠ ʦʙʨʘʪʥʦʡ ʨʝʰʝʪʢʠ, ʧʨʠʯʝʤ 

ʨʘʟʤʳʪʠʝ ʙʳʩʪʨʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʦʪ ʙʣʠʞʥʠʭ ʫʟʣʦʚ 

ʢ ʙʦʣʝʝ ʜʘʣʴʥʠʤ ʠ F(S) ʧʨʠ ʥʝʢʦʪʦʨʳʭ  |Smax|=R
-1

 ʦʙʨʘʱʘʝʪʩʷ ʚ 

ʥʫʣʴ (R-ʩʨʝʜʥʠʡ ʨʘʜʠʫʩ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʪ.ʝ. ʨʘʩʩʝʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ 

32 

ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

ʝʱʝ ʤʦʞʥʦ ʥʘʡʪʠ ʢʦʨʨʝʣʷʮʠʶ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʘʪʦʤʦʚ ʦʙʲʝʢʪʘ). 

ʉʪʨʫʢʪʫʨʘ ʠ ʨʘʟʤʳʪʠʝ ʬʫʥʢʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ I(S) ʙʫʜʝʪ 

ʦʪʨʘʞʘʪʴ ʠ ʘʥʠʟʦʪʨʦʧʠʶ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ: ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʝ 

ʧʠʢʠ çʦʩʪʨʝʝè ʚ ʪʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚ ʢʦʪʦʨʳʭ ʦʙʲʝʢʪ ʫʧʦʨʷʜʦʯʝʥ, ʠ 

ʨʘʟʤʳʪʳ ʚ ʪʝʭ, ʚ ʢʦʪʦʨʳʭ ʦʥ ʤʝʥʝʝ ʫʧʦʨʷʜʦʯʝʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ 

ʧʘʨʘʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʤʳ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʢʘʢ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʠ 

ʘʤʦʨʬʥʳʤʠ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʢʨʠʩʪʘʣʣʠʯʥʦʩʪʠ, ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʝ ʬʠʢʩʠʨʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʝ ʯʠʩʣʦ ʦʪʨʘʞʝʥʠʡ ʚ 

ʥʝʙʦʣʴʰʦʤ ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ ʨʘʩʩʝʷʥʠʷ. (ʈʠʩ.8). 

S30.txt

ʉʧʝʢʪʨʳ

8070605040302010

I
,
 
ʦ
ʪ
ʥ
.
ʝ
ʜ
.

400

350

300

250

200

150

100

50

0

 

ʈʠʩ. 8. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʘʨʘʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ  

 

ʊʘʢʦʡ ʞʝ ʚʠʜ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʜʣʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʲʝʢʪʦʚ. 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ɺ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ 

(ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʠʥʪʝʨʢʘʣʷʪʳ ʛʨʘʬʠʪʘ ʠ ʧʨ.) ʠ ʚ ʬʘʟʘʭ ʩ 

ʘʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ (ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʦʨʘʟʤʝʨʥʳʝ ʠ  

ʥʝʩʦʨʘʟʤʝʨʥʳʝ ʬʘʟʳ, ʢʦʤʧʦʟʠʪʥʳʝ ʩʠʩʪʝʤʳ, ʢʚʘʟʠʢʨʠʩʪʘʣʣʳ) 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʠʤʤʝʪʨʠʷ ʨʘʟʥʘʷ ʠʣʠ ʜʣʷ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ, ʠʣʠ ʜʣʷ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʦʙʨʘʟʮʘ. ʅʘʧʨʠʤʝʨ, 

ʜʣʷ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʳʭ ʩʠʩʪʝʤ - ʠʥʪʝʨʢʘʣʷʪʦʚ, 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʪʨʦʛʦ ʧʘʨʘʣʣʝʣʴʥʳʝ, ʥʦ ʦʨʠʝʥʪʘʮʠʦʥʥʦ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʩʣʦʠ çʭʦʟʷʠʥʘè, ʩ 

ʜʘʣʴʥʳʤ ʧʦʨʷʜʢʦʤ çʛʦʩʪʷè ʚʥʫʪʨʠ ʩʣʦʷ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʘʷ 

ʢʘʨʪʠʥʘ ʯʘʩʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʫʟʢʠʭ ʨʝʬʣʝʢʩʦʚ 

ʥʘʨʷʜʫ ʩ ʜʠʬʬʫʟʥʳʤʠ ʦʪʨʘʞʝʥʠʷʤʠ (ʈʠʩ. 9).  
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ʈʠʩ. 9. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʦʙʨʘʟʮʘ ʩ ʯʘʩʪʠʯʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ 

34 

ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʏʝʤ ʩʠʩʪʝʤʘ ʙʣʠʞʝ ʧʦ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʢ ʢʨʠʩʪʘʣʣʫ, ʪʝʤ 

ʙʦʣʴʰʝ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʧʨʠʩʫʱʠʭ ʜʠʬʨʘʢʮʠʠ ʦʪ ʢʨʠʩʪʘʣʣʘ, 

ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʚ ʨʘʩʩʝʷʥʠʠ ʦʪ ʪʘʢʦʡ ʩʠʩʪʝʤʳ.   

ɺʚʠʜʫ ʦʪʩʫʪʩʪʚʠʷ ʜʘʣʴʥʝʛʦ ʧʦʨʷʜʢʘ ʫ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʳʤ ʚʳʯʠʩʣʷʪʴ ʜʣʷ ʥʠʭ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ, ʦʜʥʘʢʦ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ 

ʦʩʫʱʝʩʪʚʠʤʦ.  

ʈʘʩʩʤʦʪʨʠʤ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʘʪʦʤʘ ʯʘʩʪʠʮʳ ʆ ʠ ɸ, 

ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʥʘ ʢʦʪʦʨʫʶ ʧʘʜʘʝʪ 

ʧʣʦʩʢʘʷ ʚʦʣʥʘ (ʈʠʩ. 10). 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 10. ʆʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʜʚʫʤʷ ʘʪʦʤʘʤʠ 

ʆ ʠ ɸ ʚ ʤʦʣʝʢʫʣʝ 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʈʝʟʫʣʴʪʘʪ ʩʣʦʞʝʥʠʷ ʚʦʣʥ ʚ ʟʘʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʢ  

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ ʚʠʜʘ F(S)=äf jTexp2pi(r jS) (4), 

ʢʦʪʦʨʦʝ ʫʥʠʚʝʨʩʘʣʴʥʦ: ʦʥʦ ʜʘʝʪ ʘʤʧʣʠʪʫʜʫ ʨʘʩʩʝʷʥʠʷ ( F(S)) ʦʪ 

ʩʢʦʧʣʝʥʠʷ ʣʶʙʳʭ N ʘʪʦʤʦʚ ʩ ʘʪʦʤʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʳʤʠ 

ʬʘʢʪʦʨʘʤʠ f jT, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʧʦʣʦʞʝʥʠʷʭ r j. ʆʜʥʘʢʦ, ʝʩʣʠ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʚʦʟʤʦʞʥʳ ʣʠʰʴ ʩʪʨʦʛʦ ʜʠʩʢʨʝʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ 

ʨʘʩʩʝʷʥʥʳʭ ʧʫʯʢʦʚ (F(H)=äf jTexp2pi(r jʅ)),  ʪʦ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʦʙʲʝʢʪʘ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ S-ʣʶʙʦʝ, ʪ.ʝ. ʨʘʩʩʝʷʥʠʝ ʩ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʚʦʟʤʦʞʥʦ ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

I (S)=|F(S)|
2
=F(S)³F*(S) (5) ʠ ʩ ʫʯʝʪʦʤ (4) ʧʦʣʫʯʘʝʤ 

I (S)=ääf jT fkTexp2pi[(r j  ïr k)S] (6). ɺ ʵʪʦʡ ʬʦʨʤʫʣʝ ʘʪʦʤʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʤʥʦʞʠʪʝʣʠ, ʚʭʦʜʷʱʠʝ ʚ (4), ʟʘʤʝʥʝʥʳ ʥʘ ʠʭ 

ʧʨʦʠʟʚʝʜʝʥʠʷ, ʘ ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ r j  ʟʘʤʝʥʝʥʳ ʥʘ ʨʘʟʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʪ r j  ïr k =r jk , ʢʦʪʦʨʳʝ ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ.   

ɺʳʨʘʞʝʥʠʝ (6) ʩʦʜʝʨʞʠʪ N
2
 ʯʣʝʥʦʚ, ʧʨʠʯʝʤ ʠʟ ʥʠʭ N ʧʨʠ 

j=k ʚʳʜʝʣʷʝʪʩʷ ʚ ñʥʫʣʝʚʦʡò ʯʣʝʥ äf jT
2
 ʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʤʥʦʞʠʪʝʣʝʤ, ʦʙʨʘʱʘʶʱʠʤʩʷ ʚ ʝʜʠʥʠʮʫ, ʪʘʢ ʢʘʢ r j  ïr k =r jk  =0. 

ʕʪʦʪ ʯʣʝʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʩʩʪʦʷʥʠʷʤ ʘʪʦʤʦʚ ʜʦ çʩʘʤʠʭ ʩʝʙʷè. ɺ 

ʩʬʝʨʠʯʝʩʢʠ-ʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤʘʭ (ʛʘʟ, ʞʠʜʢʦʩʪʴ, ʘʤʦʨʬʥʳʝ 

ʚʝʱʝʩʪʚʘ) ʧʨʠʩʫʪʩʪʚʫʶʪ ʣʶʙʳʝ ʦʨʠʝʥʪʘʮʠʠ ʘʪʦʤʦʚ, ʠ 

ʩʬʝʨʠʯʝʩʢʠ ʫʩʨʝʜʥʝʥʥʘʷ ʬʫʥʢʮʠʷ I (S) (6) ʠʤʝʝʪ ʚʠʜ: 

I (S)=äf jT
2
+2ääf jT fkT[(sin2pSrjk)/2pSrjk ](7).  

ʈʘʩʩʤʦʪʨʠʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʩʣʫʯʘʡ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ 

ʣʫʯʝʡ ʤʦʣʝʢʫʣʘʤʠ ʚ ʧʫʯʢʝ ʧʘʨʘ ʙʝʥʟʦʣʘ (ʈʠʩ. 11ʘ). 

 

 

 

ʈʠʩ. 11. ʄʦʣʝʢʫʣʘ ʙʝʥʟʦʣʘ (ʘ) ʠ ʢʨʠʚʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ 

ʙʝʥʟʦʣʦʤ (ʙ) (ʅ.ɸ.ʐʠʰʘʢʦʚ, 1961) 
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sinq/l 

       ʘ.                                             ʙ. 



ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʋʨʘʚʥʝʥʠʝ (6) ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  

I=fʉ
2
{1+[(2sin1.39S)/1.39S]+[(2sin2.41S)/2.41S]+ 

+(sin2.78S)/2.78S]} 

(ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʚ ʨʘʩʯʝʪ ʥʝ ʧʨʠʥʠʤʘʶʪʩʷ; ʘʪʦʤʳ ʩ ʤʝʞʘʪʦʤʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ 1.39¡, 2.41¡, 2.78¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʚʪʦʨʷʶʪʩʷ 12, 

12 ʠ 6 ʨʘʟ; 6 ʯʣʝʥʦʚ ʩ ʥʫʣʝʚʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʩʦʛʣʘʩʥʦ (7)). 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʫ ʬʦʨʤʫʣʫ ʚʩʝʚʦʟʤʦʞʥʳʝ ʟʥʘʯʝʥʠʷ sinɗ/ɚ,  

ʧʦʣʫʯʘʝʤ ʠʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ I  (ʦʪʥ. ʝʜ) ʦʪ sinɗ/ɚ (ʈʠʩ.11ʙ). 

ɼʘʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ.  

ʌʦʨʤʫʣʘ (7) ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʘʩʯʝʪʘ 

ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʤʦʣʝʢʫʣ ʚ ʧʘʨʘʭ, ʥʦ ʦʥʘ ʧʨʠʤʝʥʠʤʘ ʠ 

ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ. ʅʘ ʈʠʩ. 12 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ I  (ʦʪʥ. ʝʜ) ʦʪ sinɗ/ɚ ʜʣʷ ʨʘʩʩʝʠʚʘʶʱʝʛʦ ʦʙʲʝʢʪʘ, 

ʩʦʩʪʦʷʱʝʛʦ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʯʘʩʪʠʮ ʢʫʙʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʩ ʦʙʲʝʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (ʈʠʩ.12ʘ) (ʯʘʩʪʠʮʘ ʩʦʜʝʨʞʠʪ 

91 ʘʪʦʤ) ʠ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ (ʈʠʩ.12ʙ) (ʯʘʩʪʠʮʘ ʩʦʜʝʨʞʠʪ 

172 ʦʜʠʥʘʢʦʚʳʭ ʘʪʦʤʦʚ) ʷʯʝʡʢʘʤʠ ɹʨʘʚʵ ʩ ʧʘʨʘʤʝʪʨʦʤ ʘ=3.00¡ 

(ʙʝʟ ʫʯʝʪʘ ʘʪʦʤʥʦʛʦ ʬʘʢʪʦʨʘ).  
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ʘ. 

 

ʙ. 

ʈʠʩ. 12. ʍʘʨʘʢʪʝʨ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮʘʤʠ 

ʢʫʙʠʯʝʩʢʦʡ ʬʦʨʤʳ ʩ I (ʘ) ʠ F (ʙ)  ʢʫʙʠʯʝʩʢʠʤʠ ʷʯʝʡʢʘʤʠ ɹʨʘʚʵ 

(ʅ.ɸ.ʐʠʰʘʢʦʚ, 1961) 
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʅʘ ʛʨʘʬʠʢʘʭ ʩʪʨʝʣʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʦʣʦʞʝʥʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʧʨʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʲʝʤʢʝ.  

ɽʩʣʠ ʯʘʩʪʠʮʳ ʜʨʫʛʦʡ ʬʦʨʤʳ (ʧʣʘʩʪʠʥʯʘʪʦʡ ʠʣʠ ʠʛʦʣʴʯʘʪʦʡ), 

ʪʦ ʤʘʢʩʠʤʫʤʳ ʩʤʝʱʘʶʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʶʱʠʭ ʫʛʣʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʭ ʧʦʣʦʞʝʥʠʡ. ʊʘʢ, ʜʣʷ ʯʘʩʪʠʮ ʚ ʬʦʨʤʝ ʛʝʢʩʘʛʦʥʦʚ 

ʩ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʦʡ ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ʩ ʧʘʨʘʤʝʪʨʦʤ 

ʘ=2.00¡ (ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʯʘʩʪʠʮʝ 57)  ʟʘʚʠʩʠʤʦʩʪʴ I  (ʦʪʥ. ʝʜ) ʦʪ 

sinɗ/ɚ ʠʥʘʷ (ʈʠʩ. 13). 

 

ʈʠʩ.13. ʍʘʨʘʢʪʝʨ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʠʷ ʯʘʩʪʠʮʘʤʠ ʧʣʘʩʪʠʥʯʘʪʦʡ 

ʬʦʨʤʳ F ʢʫʙʠʯʝʩʢʦʡ ʷʯʝʡʢʦʡ ɹʨʘʚʵ  (ʅ.ɸ.ʐʠʰʘʢʦʚ, 1961) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʚʘʷ ʨʘʩʩʝʷʥʠʷ ʜʘʝʪ ʤʘʢʩʠʤʫʤʳ ʪʦʯʥʦ ʥʘ 

ʦʞʠʜʘʝʤʳʭ ʤʝʩʪʘʭ, ʧʨʠʯʝʤ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʨʘʩʰʠʨʝʥʥʳʝ ʠʟ-ʟʘ  

40 
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ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ. ʋʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʨʘʩʩʝʷʥʠʷ (7) 

ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʥʘʥʦʦʙʲʝʢʪʦʚ, ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ 

ʙʝʩʧʦʨʷʜʦʯʝʥʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʤʘʣʦʫʧʦʨʷʜʦʯʝʥʥʳʭ 

ʫʯʘʩʪʢʦʚ. 

ɺʳʨʘʞʝʥʠʝ I (S)=ääf jT fkTexp2pi[(r jïr k)S](6)  ʦʧʠʩʳʚʘʝʪ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʨʘʩʩʝʠʚʘʝʤʳʭ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʩʢʦʧʣʝʥʠʝʤ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ 

ʪʦʯʢʠ, ʩ ʤʝʞʘʪʦʤʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ r ij .  ʅʘ ʩʘʤʦʤ ʜʝʣʝ 

ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ ʨʘʩʩʝʠʚʘʶʪʩʷ ʚʩʝʤʠ ʯʘʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʦʙʦʣʦʯʝʢ ʘʪʦʤʦʚ, ʧʦʵʪʦʤʫ ʬʦʨʤʫʣʫ (4) ʩʣʝʜʫʝʪ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ 

ʥʘ ʩʠʩʪʝʤʫ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʘʩʩʝʠʚʘʶʱʝʛʦ 

ʚʝʱʝʩʪʚʘ, ʠ ʩʫʤʤʠʨʦʚʘʥʠʝ ʟʘʤʝʥʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ: 

F(S)=ñr(r )exp[2pi(Sr)]dvr (8). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʨʘʞʝʥʠʝ 

I (S)=äf jT
2
+2ääf jT fkT[(sin2pSrjk)/2pSrjk ](7) ʚʳʛʣʷʜʠʪ ʢʘʢ 

I (S)=Nf
2
{1+ñ4pr

2
r(r )[(sinSr)/Sr]dS} (9) (ʦʜʥʘ ʯʘʩʪʠʮʘ 

ʩʦʩʪʦʠʪ ʠʟ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʘʪʦʤʦʚ, ʫ ʥʘʩ N ʪʘʢʠʭ ʯʘʩʪʠʮ), ʛʜʝ  

S=4śinɗ/ɚ - ʪʝʢʫʱʘʷ ʢʦʦʨʜʠʥʘʪʘ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʈʠʩ. 

10), ɟ(r) ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ.  
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I, ʦʪʥ.ʝʜ 

sinq/l 
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ɺ ʩʬʝʨʠʯʝʩʢʦʤ ʩʣʦʝ ʪʦʣʱʠʥʦʡ dr ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  

ʥʘʭʦʜʠʪʩʷ 4pr
2
r(r )dr  =U(r )dr  ʵʣʝʢʪʨʦʥʦʚ, ʘ ʬʫʥʢʮʠʷ U(r) 

ʥʘʟʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ (ʈʈʕʇ), ʢʦʪʦʨʘʷ ʦʧʠʩʳʚʘʝʪ ʩʪʨʦʝʥʠʝ  ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʠʟʦʪʨʦʧʥʳʭ ʩʨʝʜ.   

ʇʨʠʙʘʚʣʷʷ ʠ ʚʳʯʠʪʘʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (9) ʦʜʥʦ ʠ ʪʦ 

ʞʝ ʚʳʨʘʞʝʥʠʝ 4p r0 ñr
2
 [sin(Sr)/Sr]dS, ʧʦʣʫʯʠʤ 

I(S)=Nf
2
{1+4pñr

2
[r(r) -r0][(sinSr)/Sr]dS+ 

+4pr0 ñr
2
[(sinSr)/Sr]dS} (10). 

ɼʣʷ ʚʩʝʭ ʠʤʝʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʦʚ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʨʘʩʩʝʷʥʠʝ, ʧʦʩʣʝʜʥʝʝ ʩʣʘʛʘʝʤʦʝ 

ʙʣʠʟʢʦ ʢ ʥʫʣʶ:  

I(S)=Nf
2
{1+4pñr

2
[r(r) -r0][(sinSr)/Sr]dS} (11), 

S{[I(S)/ Nf
2
]-1}=4pñr[r(r) -r0]sin(Sr)dS (12). 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ {[ I (S)/Nf
2
]-1}=i(S), ʪʦ ʠʟ (12) ʧʦʣʫʯʠʤ  

Si(S)=4pñr [r(r )-r0]sin(Sr)dS (13) - ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʌʫʨʴʝ, ʧʨʠ ʦʙʨʘʱʝʥʠʠ ʢʦʪʦʨʦʛʦ ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

4pr[r(r) -r0]=2/pñSi(S)sin(Sr)dS. ʋʤʥʦʞʘʷ ʦʙʝ ʯʘʩʪʠ 

ʧʦʩʣʝʜʥʝʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ r, ʧʦʣʫʯʘʝʤ ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ:  
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4pr
2
[r(r) -r0]=2r/p ñSi(S)sin(Sr)dS (14). 

ɺʝʣʠʯʠʥʘ r0=( än1k1)
2
dN)/M ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʨʝʜʥʝʝ 

ʯʠʩʣʦ ʘʪʦʤʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ, ʢʦʪʦʨʦʝ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ ʯʘʩʪʠʮʳ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʚʝʟʜʝ ʦʜʠʥʘʢʦʚʳʤ (n1 ï 

ʢʦʣʠʯʝʩʪʚʦ ʘʪʦʤʦʚ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʚ ʬʦʨʤʫʣʴʥʦʡ ʝʜʠʥʠʮʝ, k1- 

ʵʬʬʝʢʪʠʚʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ ʧʝʨʚʦʛʦ ʩʦʨʪʘ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʦʙʱʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʵʣʝʢʪʨʦʥʦʚ, d (ʛ/ʩʤ3
) ï 

ʧʣʦʪʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ, N-ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, M-ʤʦʣʝʢʫʣʷʨʥʘʷ 

ʤʘʩʩʘ). ʌʦʨʤʫʣʘ (14) ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ ʬʫʥʢʮʠʶ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ r(r ), ʠʩʭʦʜʷ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʘʨʪʠʥʳ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ 

ʣʫʯʝʡ ʚ ʤʘʢʩʠʤʘʣʴʥʦ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʦʙʨʘʪʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʂʨʠʚʘʷ ʈʈʕʇ ʩʪʨʦʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʬʝʨʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

4pr
2
r(r ) - f(r ), ʛʜʝ ʨʘʩʩʪʦʷʥʠʝ r ʚʳʨʘʞʝʥʦ ʚ Ȕ, ʘ ʵʣʝʢʪʨʦʥʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ɟ(r) ʚ ʵʣ.2
/Ȕ (ʥʘ ʈʠʩ. 14 ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ).  

ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʷʪ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʨʠ ʦʙʳʯʥʳʭ 

ʧʨʝʮʠʟʠʦʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ: ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʠʟʤʝʨʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʨʦʪʢʠʭ ʜʣʠʥ ʚʦʣʥ (ʥʘʧʨʠʤʝʨ, ʄʦʂŬ ʩ 

ʩ ɚ = 0.7107 Ȕ ʠʣʠ Cʀ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʠʘʧʘʟʦʥʝ) ʩ ʚʳʩʦʢʦʡ 
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 ʪʦʯʥʦʩʪʴʶ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʠʚʳʝ ʈʈʕʇ ʩʦʧʦʩʪʘʚʣʷʶʪʩʷ ʩ 

ʤʦʜʝʣʴʥʳʤʠ ʢʨʠʚʳʤʠ, ʧʦʩʪʨʦʝʥʥʳʤʠ ʜʣʷ ʩʪʨʫʢʪʫʨ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʬʘʟ ʠʟʫʯʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘ ʈʠʩ. 14 ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ). ɼʣʷ ʵʪʦʛʦ ʠʟ 

ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ, ʢʦʦʨʜʠʥʘʪʳ ʘʪʦʤʦʚ, ʟʘʩʝʣʝʥʥʦʩʪʴ 

ʧʦʟʠʮʠʡ) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ, ʘ ʜʘʣʝʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʣʦʱʘʜʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ ʧʠʢʦʚ.  

 

 

ʈʠʩ.14. ʂʨʠʚʘʷ ʈʈʕʇ ʜʣʷ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ɔ ï Al2O3  

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ  ʢʨʠʚʘʷ -ʩʧʣʦʰʥʘʷ ʣʠʥʠʷ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʢʨʠʚʳʝ 

ʈʈʕʇ -ʧʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ)  (ʉ.ɺ.ʎʳʙʫʣʷ ʠ ʉ.ɺ.ʏʝʨʝʧʘʥʦʚʘ. 2008) 
 

ʂʦʣʠʯʝʩʪʚʝʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

44 
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ʧʦʣʫʯʘʶʪ ʠʟ ʢʨʠʚʳʭ ʈʈʕʇ, ʷʚʣʷʶʪʩʷ: 

- ʨʘʚʥʦʚʝʩʥʳʝ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʪ.ʝ. ʟʥʘʯʝʥʠʷ r, ʧʨʠ 

ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʧʠʢʠ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ; 

- ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʝ ʯʠʩʣʘ ï n, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ 

ʧʣʦʱʘʜʷʤ ʧʠʢʦʚ: S=n1k1
2
n11 ʠ S=2n1k1k2n12 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʦʜʥʦʛʦ ʠ ʜʚʫʭ ʩʦʨʪʦʚ ʘʪʦʤʦʚ;  

- ʩʨʝʜʥʠʝ ʢʚʘʜʨʘʪʠʯʥʳʝ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ, ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦ ʰʠʨʠʥʝ  ʧʠʢʦʚ;  

 - ʨʘʩʩʪʦʷʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʠʩʯʝʟʘʝʪ ʢʦʨʨʝʣʷʮʠʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ 

ʘʪʦʤʦʚ, ʪ.ʝ. ʨʘʩʩʪʦʷʥʠʝ r, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ɟ(r)=ɟ0. ʕʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟʤʝʨʦʚ ʦʙʣʘʩʪʠ 

ʢʦʛʝʨʝʥʪʥʦʛʦ ʨʘʩʩʝʷʥʠʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʤʝʪʦʜʘ ʈʈʕʇ ʠʩʧʦʣʴʟʫʶʪʩʷ  ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʥʘʡʜʝʥʥʳʭ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʩ ʤʝʞʘʪʦʤʥʳʤʠ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʳʭ 

ʘʥʘʣʦʛʦʚ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʥʘʥʦʙʲʝʢʪʦʚ ʩ ʧʨʝʜʝʣʴʥʦ ʤʘʣʳʤʠ 

ʨʘʟʤʝʨʘʤʠ (< 3 ʥʤ), ʜʣʷ ʢʦʪʦʨʳʭ ʫʞʝ ʥʝ ʥʘʙʣʶʜʘʶʪʩʷ ʯʝʪʢʦ 

ʚʳʨʘʞʝʥʥʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ ʠ ʦʙʳʯʥʳʡ ʬʘʟʦʚʳʡ 

ʘʥʘʣʠʟ ʟʘʪʨʫʜʥʝʥ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ 

ʦʪʢʣʦʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ ʦʪ ʩʪʨʫʢʪʫʨʳ  
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʜʝʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʆʛʨʘʥʠʯʝʥʠʷ ʤʝʪʦʜʘ ʈʈʕʇ ʩʚʷʟʘʥʳ ʩ ʩʦʩʪʘʚʦʤ (ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʪʷʞʝʣʦʛʦ ʘʪʦʤʘ ʠ ʪʦʯʥʦʝ 

ʟʥʘʥʠʝ ʩʦʩʪʘʚʘ), ʩʪʨʫʢʪʫʨʦʡ (ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦʩʪʘʷ ʩʪʨʫʢʪʫʨʘ ʩ 

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʤʦʜʝʣʴʶ ʠ ʥʝʙʦʣʴʰʠʤ ʥʘʙʦʨʦʤ ʤʝʞʘʪʦʤʥʳʭ 

ʨʘʩʩʪʦʷʥʠʡ ʩ ʙʦʣʴʰʠʤʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤʠ ʯʠʩʣʘʤʠ ʜʣʷ 

ʘʪʦʤʦʚ). ʈʘʩʰʠʨʝʥʠʝ ʧʨʠʤʝʥʠʤʦʩʪʠ ʤʝʪʦʜʘ ʈʈʕʇ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝʤ ʉʀ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʳ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʣʝʛʢʠʭ ʘʪʦʤʘʭ ʩʪʘʥʦʚʷʪʩʷ ʤʘʣʳʤʠ ʠ ʥʘ ʢʨʠʚʦʡ ʈʈʕʇ 

ʧʨʦʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʨʘʩʩʪʦʷʥʠʷʤ ʤʝʞʜʫ ʪʷʞʝʣʳʤʠ ʘʪʦʤʘʤʠ. ɸʥʘʣʠʟ ʢʦʣʝʙʘʥʠʡ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʬʦʥʘ ʜʦ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʡ ʤʦʜʫʣʝʡ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ S=4psinq/l ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ 

ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ 0.01¡. 

 

6.3.2.  ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ. 

ʄʝʪʦʜʳ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʣʫʞʘʪ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʦʙʲʝʢʪʘ, ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʪʦʨʳʭ 

ʷʚʣʷʝʪʩʷ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ, ʪʘʢ ʢʘʢ ʵʪʠ ʤʝʪʦʜʳ ʜʘʶʪ ʢʨʠʚʫʶ 

ʨʘʜʠʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʘʪʦʤʦʚ ʠʟ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ 

ʢʦʥʢʨʝʪʥʦʛʦ ʚʳʙʨʘʥʥʦʛʦ ʘʪʦʤʘ ʚ ʩʪʨʫʢʪʫʨʝ ʦʙʨʘʟʮʘ.  
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ɺ ʤʝʪʦʜʘʭ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ 

ʠʟʤʝʨʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ (m) ʦʪ ʵʥʝʨʛʠʠ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʦʪʦʥʦʚ (m(ɽ)). ɺ 

ʩʧʝʢʪʨʘʭ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʬʦʥʝ ʤʦʥʦʪʦʥʥʦʛʦ 

ʩʥʠʞʝʥʠʷ m(ɽ) ʩ ʨʦʩʪʦʤ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʵʥʝʨʛʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʨʝʟʢʦ 

ʚʦʟʨʘʩʪʘʝʪ. ʕʪʦ ʨʝʟʦʥʘʥʩʥʦʝ ʧʦʛʣʦʱʝʥʠʝ, ʚʳʟʚʘʥʥʦʝ 

ʬʦʪʦʠʦʥʠʟʘʮʠʝʡ ʘʪʦʤʦʚ ʢʦʥʢʨʝʪʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʜʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʬʦʨʤʫ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʦʣʦʩ (ʈʠʩ. 15).  

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʘʪʦʤʘ ʝʛʦ ʚʳʨʘʞʘʶʪ 

ʯʝʨʝʟ ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ (k), ʚʳʙʠʪʦʛʦ ʠʟ ʘʪʦʤʘ ʵʣʝʢʪʨʦʥʘ. 

ʆʩʮʠʣʣʠʨʫʶʱʫʶ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʦʧʠʩʳʚʘʶʪ ʬʦʨʤʫʣʦʡ: 

c(k)=(m(k)-m0(k))/(m0(k)-m1(k)), ʛʜʝ m - ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʦʛʣʦʱʝʥʠʷ, m0 ï ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʬʫʥʢʮʠʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʙʝʟ 

ʦʩʮʠʣʣʷʮʠʡ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ,  m1 ï ʢɻʩʪʨʘʧʦʣʷʮʠʷ 

ʛʣʘʜʢʦʡ ʯʘʩʪʠ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʡ, ʤʝʥʴʰʠʭ 

ʵʥʝʨʛʠʠ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ (ʈʠʩ.16).  ɻʣʘʜʢʘʷ ʯʘʩʪʴ ʩʧʝʢʪʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʧʠʩʘʥʘ ʧʦʣʠʥʦʤʦʤ m=ʉl
3
-Dl

4
 , ʦʜʥʘʢʦ ʜʣʷ ʪʦʯʥʦʛʦ ʝʝ 

ʚʳʜʝʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʬʫʨʴʝ-ʬʠʣʴʪʨʘʮʠʠ. 
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ʈʠʩ. 15. ʉʪʘʜʠʠ ʦʙʨʘʙʦʪʢʠ EXAFS-ʩʧʝʢʪʨʘ 

(ʗ.ɺ.ɿʫʙʘʚʠʯʫʩ,ʖ.ʃ.ʉʣʦʚʦʭʦʪʦʚ,2001):ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʩʧʝʢʪʨ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʘ), ʦʙʣʘʩʪʴ XANES (ʙ), 

ʢʨʠʚʘʷ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ EXAFS-ʦʩʮʠʣʣʠʨʫʶʱʘʷ ʯʘʩʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʚ), ʬʫʨʴʝ-

ʪʨʘʥʩʬʦʨʤʘʥʪʘ ʢʨʠʚʦʡ ʥʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ EXAFS 

(ʤʘʢʩʠʤʫʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʩʬʝʨʘʤ ʚʦʢʨʫʛ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ) (ʛ) 
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ʈʠʩ. 16.  ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʩʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ (ʂʥʦʪʴʢʦ ɸ.ɺ., 

ʇʨʝʩʥʷʢʦʚ ʀ.ɸ.,  ʊʨʝʪʴʷʢʦʚ ʖ.ɼ. 2006) 

 

ɺʙʣʠʟʠ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ m(ɽ)  ʦʙʣʘʜʘʝʪ ʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ: ʦʢʦʣʦʢʨʘʝʚʘʷ ʩʪʨʫʢʪʫʨʘ XANES (X-ray absorption 

near-edge structure) (ʈʠʩ. 15ʙ) ʠ ʧʨʦʪʷʞʝʥʥʦʡ ʦʩʮʠʣʷʮʠʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʦʡ EXAFS (extended X-ray absorption fine structure), 

ʚʳʨʘʞʘʝʤʫʶ ʬʫʥʢʮʠʝʡ c(k) (ʈʠʩ. 15ʚ). ʉʪʨʫʢʪʫʨʘ XANES 

ʟʘʥʠʤʘʝʪ ʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʦʪ ~50ʵɺ ʧʝʨʝʜ ʢʨʘʝʤ 

ʧʦʛʣʦʱʝʥʠʷ ʜʦ 100-150ʵɺ ʧʦʩʣʝ ʢʨʘʷ. ʆʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʥʘʙʦʨ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʫʟʢʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʧʦʣʦʩ, ʧʦʨʦʞʜʘʝʤʳʭ 

ʧʝʨʝʭʦʜʦʤ ʵʣʝʢʪʨʦʥʘ ʩ ʦʩʥʦʚʥʦʛʦ ʥʘ ʚʘʢʘʥʪʥʳʝ ʫʨʦʚʥʠ ʚʧʣʦʪʴ 

ʜʦ ʝʛʦ ʧʦʣʥʦʛʦ ʦʪʨʳʚʘ, ʪ.ʝ. ʬʦʪʦʠʦʥʠʟʘʮʠʠ, ʠ ʙʦʣʝʝ ʫʰʠʨʝʥʥʳʝ 

ʧʦʣʦʩʳ ʟʘ ʢʨʘʝʤ ʧʦʛʣʦʱʝʥʠʷ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʵʣʝʢʪʨʦʥʥʳʤ  
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c(k) 

ɸʤʧʣʠʪʫʜʘ ʬʫʨʴʝ-
ʢʦʤʧʦʥʝʥʪʳ 

 
E, ʵɺ 

R,¡ 

ʘ. 
ʙ. 
 

ʚ. 
 

ʛ. 
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ʧʝʨʝʭʦʜʦʤ ʚ ʢʚʘʟʠʩʚʷʟʘʥʥʳʝ ʩʦʩʪʦʷʥʠʷ. ʄʝʪʦʜʦʤ XANES 

ʠʩʩʣʝʜʫʶʪ ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʚʝʱʝʩʪʚʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʦʨʤʘʣʴʥʳʭ ʟʘʨʷʜʘʭ ʧʦʛʣʦʱʘʶʱʝʛʦ 

ʘʪʦʤʘ ʠ ʦ ʩʠʤʤʝʪʨʠʠ ʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ.  

ʉʪʨʫʢʪʫʨʘ EXAFS, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʨʘʩʩʝʷʥʠʝʤ ʬʦʪʦʵʣʝʢʪʨʦʥʦʚ 

ʥʘ ʘʪʦʤʘʭ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ, ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʠʥʪʝʨʚʘʣʝ ʵʥʝʨʛʠʡ 100-1000 ʵɺ ʚʳʰʝ ʢʨʘʷ ʧʦʛʣʦʱʝʥʠʷ. ɸʥʘʣʠʟ 

EXAFS ʜʘʝʪ ʙʦʣʝʝ ʦʙʰʠʨʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʣʦʢʘʣʴʥʦʤ 

ʦʢʨʫʞʝʥʠʠ  ʧʦʛʣʦʱʘʶʱʝʛʦ ʘʪʦʤʘ: ʦʧʨʝʜʝʣʷʝʪ ʪʠʧ ʠ ʯʠʩʣʦ 

ʙʣʠʞʘʡʰʠʭ ʩʦʩʝʜʝʡ, ʚʘʣʝʥʪʥʳʝ ʫʛʣʳ. ʤʝʞʘʪʦʤʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʚ 

ʩʬʝʨʝ ʨʘʜʠʫʩʦʤ 5-6¡ (ʈʠʩ. 15ʛ).  

ʇʝʨʝʭʦʜ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʫʥʢʮʠʠ c(k) ʢ 

ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʣʝʢʪʨʦʥʥʦʡ (ʘʪʦʤʥʦʡ) ʧʣʦʪʥʦʩʪʠ F(R) ʧʦ 

ʨʘʩʩʪʦʷʥʠʷʤ ʦʪ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʛʦ ʩ ʨʝʥʪʛʝʥʦʚʩʢʠʤ 

ʠʟʣʫʯʝʥʠʝʤ ʘʪʦʤʘ ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

F(R)=(1/Õp)ñc(k)exp(2ikR)dk (ʩʨʘʚʥʠʪʴ ʩ ʚʳʨʘʞʝʥʠʝʤ 

F(S)=ñr(r )exp[2pi(Sr)]dvr (8)). ɼʘʥʥʦʝ  ʚʳʨʘʞʝʥʠʝ 

ʘʥʘʣʦʛʠʯʥʦ ʬʫʥʢʮʠʠ ʤʝʞʘʪʦʤʥʳʭ ʚʝʢʪʦʨʦʚ ïʬʫʥʢʮʠʠ 

ʇʘʪʝʨʩʦʥʘ, ʦʜʥʘʢʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʬʫʥʢʮʠʠ F(R) ʥʝ ʧʦʣʥʳʡ 

ʥʘʙʦʨ ʧʦʧʘʨʥʳʭ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ, ʘ ʥʘʙʦʨ ʨʘʩʩʪʦʷʥʠʡ ʦʪ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʢʦʥʢʨʝʪʥʦʛʦ ʘʪʦʤʘ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʫʯʘʩʪʢʝ ʩʧʝʢʪʨʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʝʞʘʪʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʡ ʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʯʠʩʣʘ ʟʘʪʝʤ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ ʠʟʫʯʘʝʤʦʡ ʬʘʟʳ. ɺ ʊʘʙʣ. 1 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ EXAFS ï ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ 

ʦʙʲʝʤʥʦʡ ʠ ʣʦʢʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘʥʦʯʘʩʪʠʮ Co ʨʘʟʤʝʨʦʤ 3-4 

ʥʤ, ʧʦʣʫʯʝʥʥʳʭ ʣʘʟʝʨʥʳʤ ʠʩʧʘʨʝʥʠʝʤ. 

 

ʊʘʙʣʠʮʘ 1. ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʢʦʙʘʣʴʪʘ 

ʤʝʪʦʜʦʤ EXAFS ( ʉ.ʇ.ɻʫʙʠʥ ʠ ʜʨ. 2005) 

 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʆʙʲʝʤʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ʃʦʢʘʣʴʥʘʷ 

ʩʪʨʫʢʪʫʨʘ 

ʄʝʞʘʪʦʤʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ Co-Co, ¡ 

2.50 2.80 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʯʠʩʣʦ 

12 11 

 

ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʘʪʦʤʳ ʠʤʝʶʪ ʙ·ʣʴʰʝʝ ʤʝʞʘʪʦʤʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ 

ʤ®ʥʴʰʝʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ, ʯʝʤ  ʪʝ ʞʝ ʘʪʦʤʳ ʚ ʦʙʲʝʤʝ 

ʦʙʨʘʟʮʘ (ʊʘʙʣ. 1).  

 

6.3.3.  ʄʘʣʦʫʛʣʦʚʦʝ ʨʘʩʩʝʷʥʠʝ. 

ɺ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ  

ʣʝʞʠʪ ʷʚʣʝʥʠʝ ʨʘʩʩʝʷʥʠʷ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʬʦʪʦʥʦʚ ʥʘ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʭ ʦʙʨʘʟʮʘ ʩ ʨʘʟʤʝʨʘʤʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ 

ʨʘʟʤʝʨʘʤʠ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʥʘʥʦʤʝʪʨʦʚ. ʇʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʠʟʤʝʨʷʶʪ ʢʨʠʚʫʶ ʩʧʘʜʘ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʫʛʣʘ ʨʘʩʩʝʷʥʠʷ ʚ 

ʙʣʠʞʥʝʡ ʦʙʣʘʩʪʠ ʫʛʣʦʚ, ʪ.ʝ. ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʫʛʣʦʚʳʭ ʤʠʥʫʪ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʛʨʘʜʫʩʦʚ (ʠʥʪʝʨʚʘʣ ʠʟʤʝʥʝʥʠʷ ʤʦʜʫʣʷ 

ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʚʝʢʪʦʨʘ 0<4psinq/l¢0.2) (ʈʠʩ. 17). 

 

ʈʠʩ. 17.  ʆʙʱʠʡ ʚʠʜ ʢʨʠʚʦʡ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ ʥʘ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʦʙʲʝʢʪʝ  (ʗ.ɺ.ɿʫʙʘʚʠʯʫʩ,ʖ.ʃ.ʉʣʦʚʦʭʦʪʦʚ,2001): 

R1-ʨʘʜʠʫʩ ʘʪʦʤʥʦʛʦ ʘʛʨʝʛʘʪʘ, R2-ʨʘʜʠʫʩ ʯʘʩʪʠʮ, 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʬʨʘʢʪʘʣʴʥʳʡ ʘʛʨʝʛʘʪ, Rg-ʨʘʜʠʫʩ ʠʥʝʨʮʠʠ 

ʘʛʨʝʛʘʪʘ, D ïʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, Q=(4p/l)sinq. 

 

ɺ ʤʘʣʦʫʛʣʦʚʦʡ ʦʙʣʘʩʪʠ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʪʘʢʞʝ ʤʦʛʫʪ 

ʧʨʦʷʚʣʷʪʴʩʷ ʦʩʪʨʳʝ ʜʠʬʨʘʢʮʠʦʥʥʳʝ ʤʘʢʩʠʤʫʤʳ,  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʪʨʘʞʝʥʠʷʤ ʦʪ ʘʪʦʤʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʩ 

ʚʝʣʠʯʠʥʦʡ d ʦʪ 100 ʜʦ 500¡. ʇʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʘ ʫʧʘʢʦʚʢʦʡ ʥʘʜʤʦʣʝʢʫʣʷʨʥʳʭ ʦʙʲʝʢʪʦʚ 

(ʧʦʣʠʤʝʨʥʳʭ ʛʣʦʙʫʣ, ʥʘʥʦʯʘʩʪʠʮ ʠ ʜʨ). ɸʥʘʣʠʟʠʨʫʷ ʢʨʠʚʫʶ 

ʩʧʘʜʘ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʩʩʝʷʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʣʷ ʦʙʲʝʢʪʦʚ ʩ 

ʧʦʣʥʦʩʪʴʶ ʥʝʫʧʦʨʷʜʦʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʨʝʜʥʝʤ ʨʘʟʤʝʨʝ ʯʘʩʪʠʮ (ʦʙʣʘʩʪʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ) ʠ ʦʮʝʥʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʘʢʠʭ ʯʘʩʪʠʮ ʧʦ 

ʨʘʟʤʝʨʝ ʠ ʬʦʨʤʝ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʠʤʝʨʦʚ,  ʯʘʩʪʠʮ ʩʫʙʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ ʠ 

ʥʘʥʦʯʘʩʪʠʮ ʠ ʜʨ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʤʘʣʦʫʛʣʦʚʦʛʦ ʨʘʩʩʝʷʥʠʷ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʟʦʚʦʡ ʩʝʛʨʝʛʘʮʠʠ ʚ ʘʤʦʨʬʥʳʭ 

ʩʪʝʢʣʘʭ, ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʘʤʦʨʬʠʟʘʮʠʠ, ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ 

ʠ ʜʨ. ɺʳʩʦʢʘʷ ʧʘʨʘʣʣʝʣʴʥʦʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʧʫʯʢʦʚ ʉʀ 

ʧʦʚʳʰʘʝʪ ʠʥʬʦʨʤʘʪʠʚʥʦʩʪʴ ʤʝʪʦʜʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ 

ʜʘʥʥʳʝ ʦ ʨʘʩʩʝʷʥʠʠ ʥʘ ʦʯʝʥʴ ʤʘʣʳʝ ʫʛʣʳ (ʚʧʣʦʪʴ ʜʦ d ~10000¡) 

 

7. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʥʘʥʦʦʙʲʝʢʪʦʚ ʠ ʤʝʪʦʜʳ ʝʝ ʠʟʫʯʝʥʠʷ 

7.1. ʇʦʣʫʯʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ ʤʝʪʦʜʘʤʠ ʦʧʪʠʯʝʩʢʦʡ, 
ʵʣʝʢʪʨʦʥʥʦʡ ʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. 

 
ɼʣʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʦʧʪʠʯʝʩʢʠʝ ʠʣʠ ʵʣʝʢʪʨʦʥʥʳʝ ʤʠʢʨʦʩʢʦʧʳ.  
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I~Q
-4 

ʆʙʣʘʩʪʴ ɻʠʥʴʝ 

lnI~Rg
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Q
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʈʘʟʨʝʰʝʥʠʝ ʦʧʪʠʯʝʩʢʠʭ ʤʠʢʨʦʩʢʦʧʦʚ ʠʤʝʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ (l) ʧʨʠʤʝʥʷʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʫʛʣʦʚʦʝ 

ʨʘʟʨʝʰʝʥʠʝ- 1.22l/D, ʛʜʝ D-ʜʠʘʤʝʪʨ ʦʙʲʝʢʪʠʚʘ). ɼʘʣʴʥʝʡʰʝʝ 

ʧʦʚʳʰʝʥʠʝ ʨʘʟʨʝʰʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʪʨʝʙʫʝʪ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ 

ʜʣʠʥ ʚʦʣʥ,  ʜʣʷ ʯʝʛʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʥʳ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʫʩʢʦʨʝʥʥʳʝ ʜʦ ʨʘʟʣʠʯʥʳʭ ʵʥʝʨʛʠʡ ʠ 

ʬʦʢʫʩʠʨʫʝʤʳʝ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚ ʩʧʝʮʠʘʣʴʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʣʠʥʟʘʭ.  

ɼʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʥʘ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʠʤʧʫʣʴʩʦʤ (ʨ) 

ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʝ ɹʨʦʡʣʷ l=h/p, ʘ ʠʤʧʫʣʴʩ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ (U): p=Õ2meU (ʚ ʩʣʫʯʘʝ ʤʘʣʳʭ 

ʵʥʝʨʛʠʡ) ʠ p=Õ(eU/c)
2 
+2meU (ʚ ʩʣʫʯʘʝ ʙʦʣʴʰʠʭ ʵʥʝʨʛʠʡ), ʛʜʝ 

h - ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ,  c - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ, e - ʟʘʨʷʜ 

ʵʣʝʢʪʨʦʥʘ, m ï ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ.  

ɼʣʷ ʧʨʦʩʚʝʯʠʚʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ (ʇʕʄ) ʧʨʠ 

U=200 ʢɺ - l=0.0025 ʥʤ, ʧʨʠ U=400 ʢɺ - l=0.0016 ʥʤ 

(ʤʠʢʨʦʩʢʦʧʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ), ʧʨʠ U=0.1 ʢɺ - l=0.123 ʥʤ 

(ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ - ʉʕʄ), ʦʜʥʘʢʦ ʠʟ-ʟʘ 

ʩʬʝʨʠʯʝʩʢʦʡ ʠ ʭʨʦʤʘʪʠʯʝʩʢʦʡ ʘʙʝʨʘʮʠʷʭ ʨʘʟʨʝʰʘʶʱʘʷ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʩʧʦʩʦʙʥʦʩʪʴ ʨʝʘʣʴʥʦ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʡ ʧʦʨʷʜʢʘ 0.1 ʥʤ.  

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ ï ʇʕʄ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʢʪʨʦʥʦʚ ʩ ʚʝʱʝʩʪʚʦʤ ʦʙʫʩʣʦʚʣʝʥʦ  

ʨʘʟʣʠʯʠʷʤʠ ʢʘʢ ʚ ʵʣʝʤʝʥʪʥʦʤ ʩʦʩʪʘʚʝ ʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ 

ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʟʤʝʨʦʚ ʠ ʬʦʨʤʳ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʙʨʘʟʝʮ ʥʘʥʦʯʘʩʪʠʮ, ʚʢʣʶʯʝʥʠʷ ʧʨʠʤʝʩʥʦʡ ʬʘʟʳ 

ʚ ʥʘʙʣʶʜʘʝʤʳʝ ʯʘʩʪʠʮʳ, ʚʘʨʠʘʮʠʷ ʩʦʩʪʘʚʘ ʙʝʟ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʨʠʤʝʩʥʳʭ ʬʘʟ), ʪʘʢ ʠ ʚ ʦʨʠʝʥʪʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʬʨʘʛʤʝʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʧʘʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʫʯʢʘ (ʠʟʫʯʝʥʠʝ ʤʘʣʦʫʛʣʦʚʳʭ ʛʨʘʥʠʮ ʚʥʫʪʨʠ ʟʝʨʝʥ, ʤʝʭʘʥʠʯʝʩʢʠ 

ʥʘʧʨʷʞʝʥʥʳʭ ʫʯʘʩʪʢʦʚ ʯʘʩʪʠʮ, ʧʨʦʪʷʞʝʥʥʳʭ ʜʝʬʝʢʪʦʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ). 

ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʇʕʄ) ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʤʦʨʬʦʣʦʛʠʠ  

ʥʘʥʦʦʙʲʝʢʪʦʚ (ʈʠʩ. 17, 18), ʢʦʪʦʨʘʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʢʘʟʳʚʘʝʪ 

ʠʭ ʥʘʣʠʯʠʝ ʠ ʚʠʜ ʚ ʠʩʩʣʝʜʫʝʤʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ. ʉʚʝʜʝʥʠʷ ʦ ʬʘʟʦʚʦʤ ʩʦʩʪʘʚʝ ʥʘʥʦʯʘʩʪʠʮ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʵʣʝʢʪʨʦʥʦʛʨʘʤʤ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ 

ʩ ʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ ʚ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʉ ʧʦʤʦʱʴʶ ʇʕʄ 

ʚʦʟʤʦʞʥʦ ʠʟʫʯʝʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʨʘʟʚʠʪʠʝ ʜʠʩʣʦʢʘʮʠʡ ʚ  
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ɻ.ʄ.ʂʫʟʴʤʠʯʝʚʘ    ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʦʙʲʝʢʪʦʚ. ʏʘʩʪʴ I 

 

ʥʘʥʦʢʨʠʩʪʘʣʣʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʦʙʨʘʟʮʘ. ʉ ʧʦʤʦʱʴʶ 

ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚʳʩʦʢʦʛʦ 

ʨʘʟʨʝʰʝʥʠʷ (ʈʠʩ. 17) ʤʦʞʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʙʦʣʝʝ ʪʦʥʢʠʝ ʵʬʬʝʢʪʳ, 

ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʨ ʠ ʬʦʨʤʫ ʥʘʥʦʯʘʩʪʠʮ, ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʷʯʝʡʢʠ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ. 

 

 

 

ʈʠʩ. 17. ʇʕʄ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʳ ʢʦʙʘʣʴʪʘ ʚ 

ʤʘʪʨʠʮʝ ʧʦʣʠʵʪʠʣʝʥʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ.  (ʉ.ʇ.ɻʫʙʠʥ ʠ ʜʨ. 2005) 

 

ɸʥʘʣʦʛʠʯʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʠʪʴ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʩʪʨʫʢʪʫʨʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʥʦʛʦʩʣʦʡʥʳʝ ʫʛʣʝʨʦʜʥʳʝ 

ʥʘʥʦʪʨʫʙʢʠ (ʈʠʩ. 18). 
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ʈʠʩ. 18. ʇʕʄ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʥʘʥʦʪʨʫʙʦʢ (P.Mu et al. 2004) 

 

ʀʤʝʶʱʝʝʩʷ ʨʘʟʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ ʜʠʘʤʝʪʨ 

ʫʛʣʝʨʦʜʥʦʡ ʥʘʥʦʪʨʫʙʢʠ, ʯʠʩʣʦ ʩʣʦʝʚ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʩʣʦʷʤʠ. 

ʉʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ  ï ʉʕʄ.  ʄʝʪʦʜ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʢʘʥʠʨʦʚʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʤʘʢʩʠʤʘʣʴʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʥʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ  ʧʫʯʢʦʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʦʡ 

ʨʝʛʠʩʪʨʘʮʠʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʵʪʠʤ ʧʫʯʢʦʤ ʠʟʣʫʯʝʥʠʷ.  

ʀʟʦʙʨʘʞʝʥʠʝ ʚʦ ʚʪʦʨʠʯʥʳʭ ʵʣʝʢʪʨʦʥʘʭ ʧʦʟʚʦʣʷʝʪ ʠʟʫʯʘʪʴ 

ʨʝʣʴʝʬ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʥʘ ʪʱʘʪʝʣʴʥʦ  
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