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(ɾʈʌʍʆ, ʊ. 85, ʚʳʧ. ˉ 1) 

ʇʨʦʜʦʣʞʝʥʠʝ ʥʘʫʯʥʦʛʦ ʞʫʨʥʘʣʘ ɾʈʌʍʆ 

ʈʋʉʉʂʆɻʆ  ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʆɻʆ  ʆɹʑɽʉʊɺɸ, 

ʚʦʟʦʙʥʦʚʠʚʰʠʭ ʩʚʦʶ ʦʙʱʝʩʪʚʝʥʥʫʶ, ʥʘʫʯʥʫʶ 

ʠ ʠʟʜʘʪʝʣʴʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ ʚ ʈʦʩʩʠʠ 

16 ʘʧʨʝʣʷ 1991 ʛ. 

            ʇʫʙʣʠʢʫʝʪ: 

 ʥʘʠʙʦʣʝʝ  ʘʢʪʫʘʣʴʥʳʝ,   ʧʦʣʝʟʥʳʝ,   ʦʨʠʛʠʥʘʣʴʥʳʝ   ʨʘʙʦʪʳ 
ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʦʚ ʚ ʦʙʣʘʩʪʠ ʝʩʪʝʩʪʚʦʟʥʘʥʠʷ; 

 ʧʠʩʴʤʘ ʯʠʪʘʪʝʣʝʡ ʠ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ, ʧʨʦʛʨʘʤʤʳ ʠ ʤʝʪʦʜʠʢʠ, 
ʨʝʢʣʘʤʫ ʠ ʪʝʭʥʠʯʝʩʢʠʝ ʧʨʝʜʣʦʞʝʥʠʷ, ʘʥʘʣʠʟ, ʦʙʟʦʨ, 

ʧʨʦʛʥʦʟ; 

 ʵʥʝʨʛʝʪʠʢʘ, ʵʢʦʣʦʛʠʷ, ʦʭʨʘʥʘ ʟʜʦʨʦʚʴʷ, ʩʝʣʴʩʢʦʝ ʭʦʟʷʡʩʪʚʦ, 
ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ, ʪʝʭʥʠʢʘ, ʪʝʭʥʦʣʦʛʠʷ, ʵʢʦʥʦʤʠʢʘ, ʥʘʫʢʘ. 

 

ʅʝ ʯʠʥʳ ʠ ʟʚʘʥʠʷ, ʥʠ ʚʦʟʨʘʩʪ ʠ ʧʨʦʬʝʩʩʠʷ ʘʚʪʦʨʦʚ, 

ʘ ʩʪʝʧʝʥʴ ʦʙʱʝʩʪʚʝʥʥʦʡ ʧʦʣʴʟʳ ʠ ʦʨʠʛʠʥʘʣʴʥʦʩʪʴ ʠʭ ʤʳʩʣʠ ï 

ʝʜʠʥʩʪʚʝʥʥʳʡ ʢʨʠʪʝʨʠʡ ʦʪʙʦʨʘ ʨʘʙʦʪ ʜʣʷ ʧʫʙʣʠʢʘʮʠʠ 
 

ʇʨʠʦʨʠʪʝʪʥʘʷ ʟʘʱʠʪʘ ʚʩʝʭ ʧʫʙʣʠʢʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʨʝʜʥʘʟʥʘʯʝʥ 

ʜʣʷ ʚʩʝʭ, ʢʦʤʫ ʥʝ ʙʝʟʨʘʟʣʠʯʥʳ ʩʦʚʨʝʤʝʥʥʳʝ ʟʝʤʥʳʝ ʧʨʦʙʣʝʤʳ, ʢʪʦ 

ʠʱʝʪ ʢʦʥʢʨʝʪʥʦʝ ʧʦʣʝ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʨʠʣʦʞʝʥʠʷ 

ʩʚʦʠʭ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʭ ʩʧʦʩʦʙʥʦʩʪʝʡ. 
 
 

ɼɽɺʀɿ  ɾʋʈʅɸʃɸ: 
 

ç EXPERIMENTIA  EST  OPTIMA  RERUM  MAGISTRA è 
 

ç ʇʨʘʢʪʠʢʘ ï ʟʘʤʝʯʘʪʝʣʴʥʦʡ ʤʳʩʣʠ ʥʘʩʪʘʚʥʠʮʘ è 

                                                                                      ʜʘ ɺʠʥʯʠ 
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ʕʌʀʈʅʆɽ  ʀɿʃʋʏɽʅʀɽ  ʇʆʉʊʆʗʅʅʆɻʆ  ʄɸɻʅʀʊʅʆɻʆ 

ʇʆʃʗ 

 

ʄʠʰʠʥ ɸ.ʄ. 

(ʈʦʩʩʠʷ) 

 

 

ɺ ʨʘʙʦʪʘʭ [1,2] ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦ 

ʚʦʟʙʫʞʜʝʥʠʠ ʥʝʪʨʘʜʠʮʠʦʥʥʳʭ (ʥʝʢʣʘʩʩʠʯʝʩʢʠʭ) ʵʬʠʨʥʳʭ ʚʦʣʥ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʚʠʞʫʱʠʭʩʷ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ (ʯʘʩʪʠʮ) ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ-ʵʬʠʨʦʤ. ɹʳʣ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʢʘʟʘʥ 

çʆʩʥʦʚʥʦʡ ʟʘʢʦʥ ʵʬʠʨʦʜʠʥʘʤʠʢʠè [2], ʦʧʨʝʜʝʣʷʶʱʠʡ ʚʠʜʳ 

ʠʟʣʫʯʘʝʤʳʭ ʚʦʣʥ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʜʠʘʛʨʘʤʤʫ ʠʟʣʫʯʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʦʟʙʫʜʠʪʝʣʝʡ (ʛʝʥʝʨʘʪʦʨʦʚ) ʵʬʠʨʥʳʭ ʚʦʣʥ ʨʘʩʩʤʘʪʨʠ-

ʚʘʣʠʩʴ ï ʤʘʷʪʥʠʢ ʘʚʪʦʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʧʝʨʝʤʝʥʥʳʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, ʧʦʪʦʢ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʚʠʞʫʱʝʝʩʷ ʚ ʣʶʙʦʤ 

ʬʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʬʠʟʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ, ʚʢʣʶʯʘʷ ʥʝʙʝʩʥʳʝ ʪʝʣʘ. 

ɻʣʘʚʥʘʷ ʜʠʘʛʨʘʤʤʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʠ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 8-ʣʫʯʝʚʫʶ ʨʦʟʫ ʠʟʣʫʯʝʥʠʷ. ʕʪʠ ʥʝ ʚʦʩʧʨʠʥʠ-

ʤʘʝʤʳʝ ʦʙʳʯʥʳʤʠ ʢʣʘʩʩʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠ ʪʝʭʥʠʯʝʩʢʠʤʠ 

ʩʨʝʜʩʪʚʘʤʠ ʚʦʣʥʳ ʚ ʚʠʜʝ ʫʟʢʠʭ ʣʫʯʝʡ ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʴʥʳʤʠ, 

ʧʦʧʝʨʝʯʥʳʤʠ ʠ ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʳʤʠ ʘʥʘʣʦʛʘʤʠ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʚʦʣʥ ʠ ʚʦʣʥ ʜʝ ɹʨʦʡʣʷ. ʉʫʱʝʩʪʚʫʶʪ ʦʥʠ ʚ ʜʨʫʛʦʤ çʪʤyʥʦʤè 

ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʝ. ʕʬʠʨʥʳʝ ʚʦʣʥʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʨʠʙʦʨʦʤ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʙʠʦʧʦʣʝʤ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ [3] ʠ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ. ɺʳʟʳʚʘʝʪ 

ʫʜʠʚʣʝʥʠʝ, ʯʪʦ ʧʦ ʦʜʥʦʤʫ ʦʙʱʝʤʫ ʟʘʢʦʥʫ ʚʦʟʙʫʞʜʘʶʪʩʷ ʚʦʣʥʳ ʪʦʛʦ 

ʞʝ ʚʠʜʘ ï ʢʘʢ ʚ ʣʘʙʦʨʘʪʦʨʠʠ, ʪʘʢ ʠ ʧʨʠ ʚʨʘʱʝʥʠʠ ʠ ʦʨʙʠʪʘʣʴʥʦʤ 

ʜʚʠʞʝʥʠʠ ɿʝʤʣʠ, ʃʫʥʳ, ʉʦʣʥʮʘ ʠ ʜʨʫʛʠʭ ʥʝʙʝʩʥʳʭ ʪʝʣ. 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʦʪʢʨʳʪʳʡ ʟʘʢʦʥ ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʵʪʦʛʦ ʟʘʢʦʥʘ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʦʯʥʳʝ 

ʢʦʦʨʜʠʥʘʪʳ ʎʝʥʪʨʘ ɺʩʝʣʝʥʥʦʡ.  

ɺ 2012 ʛʦʜʫ ʟʥʘʯʝʥʠʝ çʦʩʥʦʚʥʦʛʦ ʟʘʢʦʥʘè ʧʦʣʫʯʠʣʦ ʝʱ y

ʦʜʥʦ ʧʦʜʪʚʝʨʞʜʝʥʠʝ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʬʘʢʪʦʚ ʧʨʠʚʝʣʘ ʢ ʥʝʦʞʠʜʘʥʥʦʤʫ ʚʳʚʦʜʫ, ʯʪʦ ʵʬʠʨʥʳʝ ʚʦʣʥʳ 

ʜʦʣʞʥʳ ʠʟʣʫʯʘʪʴ ʧʦʣʷ ʧʦʩʪʦʷʥʥʳʭ ʤʘʛʥʠʪʦʚ. ʕʪʦʪ ʚʳʚʦʜ ʧʦʜʪʚʝʨ-

ʜʠʣʩʷ ʚ ʣʘʙʦʨʘʪʦʨʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʙʳʣ 

ʥʘʟʚʘʥ çʕʬʬʝʢʪʦʤ ʠʟʣʫʯʝʥʠʷ ʵʬʠʨʥʳʭ ʚʦʣʥ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪ-

ʥʳʤ ʧʦʣʝʤè.  
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ʉʭʝʤʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʥʦʚʳʡ ʧʨʠʥʮʠʧ ʛʝʥʝʨʠʨʦʚʘʥʠʷ 

ʵʬʠʨʥʳʭ ʚʦʣʥ, ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩʫʥʢʝ. 

ʈʠʩʫʥʦʢ

N

S

ʇʦɺ

ʇʇɺ(+)

ʇʨɺ

ʇʇɺ(-)

 
ɿʜʝʩʴ ʛʦʣʫʙʳʤʠ ʢʨʫʞʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʜʚʘ ʧʦʩʪʦʷʥʥʳʭ 

ʤʘʛʥʠʪʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ ʚ ʚʠʜʝ ʜʠʩʢʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ ʩ ʨʘʟʣʠʯʥʦʡ ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʣʶʩʦʚ. 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʘʛʥʠʪʘʤʠ ʨʘʚʥʦ ʠʭ ʜʠʘʤʝʪʨʫ. ɼʣʷ ʤʘʛʥʠʪʦʚ, 

ʚʳʩʦʪʘ (ʜʣʠʥʘ) ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ ʠʭ ʜʠʘʤʝʪʨʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʥʠʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ ʚʳʩʦʪʝ ʤʘʛʥʠʪʘ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ 

ʥʘʧʨʘʚʣʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʚʦʣʥ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ. ʋʢʘʟʘʥʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ï ʵʪʦ ʪʨʘʩʩʳ ʚʦʣʥ, ʢʦʪʦʨʳʝ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʚ ʚʠʜʝ 

ʫʟʢʠʭ ʧʫʯʢʦʚ ʧʦ ʣʘʟʝʨʥʦʤʫ ʪʠʧʫ ʠ ʫʭʦʜʷʪ ʥʘʧʨʘʚʦ ʠ ʥʘʣʝʚʦ ʚ 

ʙʝʩʢʦʥʝʯʥʦʩʪʴ. 
 

ʅʘ ʩʭʝʤʝ ʦʙʦʟʥʘʯʝʥʦ:  
 

ʇʦɺ ï ʧʦʧʝʨʝʯʥʘʷ ʚʦʣʥʘ, ʚʠʭʨʝʚʦʡ ʵʬʠʨʥʳʡ ʘʥʘʣʦʛ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ (ʧʦ ɸʮʶʢʦʚʩʢʦʤʫ ï 

çʜʦʨʦʞʢʘ ʂʘʨʤʘʥʘè [4]);  

ʇʇɺ(+) ï ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʘʷ  ʚʦʣʥʘ ʜʝ ɹʨʦʡʣʷ, ʚʠʭʨʝʚʦʡ 

ʘʥʘʣʦʛ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʥʘ (ʪʦʨʦʠʜʘʣʴʥʳʝ ʚʠʭʨʠ);  

ʇʨɺ ï ʧʨʦʜʦʣʴʥʘʷ ʚʦʣʥʘ ʜʝ ɹʨʦʡʣʷ, ʚʠʭʨʝʚʦʡ ʘʥʘʣʦʛ ʤʝʟʦʥʘ;  

ʇʇɺ(-) ï ʧʨʦʜʦʣʴʥʦ-ʧʦʧʝʨʝʯʥʘʷ ʚʦʣʥʘ ʜʝ ɹʨʦʡʣʷ, ʚʠʭʨʝʚʦʡ 

ʘʥʘʣʦʛ ʧʦʟʠʪʨʦʥʘ (ʘʥʪʠʵʣʝʢʪʨʦʥʘ). 
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ʌʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʜʠʘʛʨʘʤʤʘ ʠʟʣʫʯʝʥʠʷ ʵʪʠʭ ʚʦʣʥ 

ʧʦʣʥʦʩʪʴʶ ʧʦʜʯʠʥʷʶʪʩʷ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ ʵʬʠʨʦʜʠʥʘʤʠʢʠ [2]. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦʣʥʘ ʇʦɺ ʠʤʝʝʪ ʩʧʠʥʦʚʦʝ ʯʠʩʣʦ S = 1,0; ʚʦʣʥʘ 

ʇʇɺ(+) ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ S = 0,5; ʚʦʣʥʘ ʇʨɺ ï S = 0 ʠ ʇʇɺ(-) ï S =  

-0,5. ɺ ʨʘʙʦʪʝ [2] ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʦʧʠʩʘʥ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ɺ 

ʯʘʩʪʥʦʩʪʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʢʨʦʤʝ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʦʣʥ ʩʫʱʝʩʪʚʫʶʪ 

ʚʦʣʥʳ ʥʝʠʟʚʝʩʪʥʦʡ ʧʨʠʨʦʜʳ ʤʝʞʜʫ ʫʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩʫʥʢʝ (ʯʝʨʝʟ 

ʢʘʞʜʳʝ 15ę) ʠ ʯʪʦ ʜʠʘʛʨʘʤʤʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠʤʝʝʪ ʪʘʢʦʡ ʞʝ ʚʠʜ ʠ 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ 

ʵʬʠʨʥʳʝ ʚʦʣʥʳ ʠʟʣʫʯʘʝʪ ʠ ʧʦʜʢʦʚʦʦʙʨʘʟʥʳʡ ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ, 

ʧʦʩʪʘʚʣʝʥʥʳʡ ʧʦʣʶʩʘʤʠ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʣʦʩʢʦʩʪʴ. 

ʆʧʠʨʘʷʩʴ ʥʘ ʵʤʧʠʨʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ 

ʠʟʫʯʝʥʠʠ ʬʠʟʠʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘïɻ ʬʠʨʘ [3], ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʡ ʛʝʥʝʨʘʪʦʨ ʵʬʠʨʥʳʭ ʚʦʣʥ ʠʩʧʦʣʴʟʫʝʪ ʵʥʝʨʛʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʳʤ ʜʚʠʞʝʥʠʝʤ ʚ 

ʪʝʣʝ ʤʘʛʥʠʪʦʚ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʩʝ ʦʧʠʩʘʥʥʳʝ ʚʦʣʥʳ ʩʦʜʝʨʞʘʪ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

(ʤʝʪʘʣʣʦʚ, ʬʝʨʨʠʪʦʚ ʠ ʜʨ.). ʅʘʧʨʠʤʝʨ, ʫ ʚʦʩʢʘ, ʟʘʩʪʳʚʰʝʛʦ ʚ 

ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ, ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ çʤʘʛʥʠʪʥʳʝè ʩʚʦʡʩʪʚʘ, ʘ 

ʮʠʣʠʥʜʨʳ ʠʟ ʪʘʢʦʛʦ ʚʦʩʢʘ ʧʦ ʩʭʝʤʝ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩʫʥʢʝ, 

ʠʟʣʫʯʘʶʪ ʵʬʠʨʥʳʝ ʚʦʣʥʳ ʧʦ ʦʩʥʦʚʥʦʤʫ ʟʘʢʦʥʫ. ʅʦ ʚʠʭʨʝʚʦʡ 

ʩʧʝʢʪʨ ʵʪʠʭ ʚʦʣʥ ʪʝʧʝʨʴ ʦʪʨʘʞʘʝʪ ʘʪʦʤʥʦ-ʤʦʣʝʢʫʣʷʨʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʚʦʩʢʘ. 

ʆʪʢʨʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʛʦ ʦʪʢʨʳʪʠʷ 

ʠʟʫʯʘʪʴ ʵʬʠʨʥʳʝ ʚʦʣʥʳ ʜʚʫʭ ʩʦʣʝʥʦʠʜʦʚ, ʥʘʧʦʣʥʷʝʤʳʭ 

ʨʘʟʣʠʯʥʳʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʧʠʪʘʝʤʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ 

ʨʘʟʣʠʯʥʦʡ ʬʦʨʤʳ ʠ ʯʘʩʪʦʪʳ. ʎʝʣʴʶ ʪʘʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ 

ʠʟʫʯʝʥʠʝ ʩʧʦʩʦʙʦʚ ʥʘʧʨʘʚʣʝʥʥʦʡ ʧʝʨʝʜʘʯʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 

ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʚʝʱʝʩʪʚ, ʠʩʧʦʣʴʟʫʷ ʚʦʣʥʳ ʫʢʘʟʘʥʥʳʭ 

ʚʠʜʦʚ. ɺʦʟʤʦʞʥʦ, ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʵʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʤʝʶʪ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʧʦʩʦʙʦʚ ʮʝʣʝʙʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ 

ʦʙʲʝʢʪʳ. ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʘʯʝʩʪʚʘ 

ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦʪ ʚʠʜʘ ʚʦʣʥʳ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʧʠʩʘʥʥʳʝ ʵʬʠʨʥʳʝ ʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ 

ʚʦʟʤʫʱʘʶʪ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʵʬʠʨ, ʩʦʟʜʘʚʘʷ ʢʚʘʟʠʚʝʱʝʩʪʚʝʥʥʳʝ 

ʬʦʨʤʳ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʤʘʩʩʦʡ ʠ ʦʩʝʜʘʶʪ ʚ ʧʦʣʝ ʪʷʞʝʩʪʠ. 

 

20 ʜʝʢʘʙʨʷ 2012 ʛ.              ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ 
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The science of today is the technology of tomorrow. 

(ʉʝʛʦʜʥʷʰʥʷʷ ʥʘʫʢʘ ʟʘʚʪʨʘ ʩʪʘʥʦʚʠʪʩʷ ʪʝʭʥʦʣʦʛʠʝʡ)  

Edward Teller  

 

ɸʥʥʦʪʘʮʠʷ 

ʇʨʠʚʦʜʠʪʩʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʦʙʱʝʥʘʫʯʥʦʛʦ ʧʨʠʥʮʠʧʘ ʬʠʟʠʠ-

ʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʢʦʪʦʨʳʡ ʙʝʟʦʪʥʦʩʠʪʝʣʴʥʦ ʢ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ MINOS, OPERA ʠ ICARUS ʦʧʨʦʚʝʨʛʘʝʪ 

ʩʫɦʝʩʪʚʫʶʱʫʶ ʪʨʘʢʪʦʚʢʫ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʇʨʠʚʦʜʷʪʩʷ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ 

ʧʨʦʩʪʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ ʣʶʙʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠʥʮʠʧʘ 

ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʣʦʞʠʪʴ 

ʛʠʧʦʪʝʟʫ ʤʫʣʴʪʠ-ʚʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʫʞʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʤʦʞʝʪ 

ʧʦʣʫʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʧʫʪʤy ʧʦʩʝʱʝʥʠʷ 

http://www.brainyquote.com/quotes/quotes/e/edwardtell102595.html
http://www.brainyquote.com/quotes/quotes/e/edwardtell102595.html
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ʯʝʨʝʟ ʧʦʨʪʘʣʳ ʩʤʝʞʥʳʭ ʩ ʥʘʰʝʡ ʚʩʝʣʝʥʥʦʡ ʜʨʫʛʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʩʝʣʝʥʥʳʭ. ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʭʦʪʷ ʚ ʵʪʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ 

ʜʝʡʩʪʚʫʶʪ ʦʜʠʥʘʢʦʚʳʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʦʥʠ ʚ ʨʘʟʥʳʭ ʚʩʝʣʝʥ-

ʥʳʭ ʨʝʘʣʠʟʫʶʪʩʷ ʧʦ-ʨʘʟʥʦʤʫ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʨʝʤʷ ʚ ʥʠʭ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʚʨʝʤʝʥʠ ʚ ʥʘʰʝʡ ʚʩʝʣʝʥʥʦʡ ʤʦʞʝʪ ʪʝʯʴ ʚ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠ ʜʘʞʝ ʚ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

ʇʦʩʝʱʝʥʠʝ ʵʪʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʩʦʟʜʘʩʪ ʤʦʱʥʳʡ ʩʪʠʤʫʣ 

ʨʘʟʚʠʪʠʶ ʥʘʰʝʡ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ.  

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ, ʤʥʠʤʳʝ ʯʠʩʣʘ, 

ʣʠʥʝʡʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ, ʨʝʟʦʥʘʥʩ, ʩʢʨʳʪʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʟʤʝʨʝʥʠʷ ʚʩʝʣʝʥʥʦʡ, ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ, ʤʫʣʴʪʠʚʩʝʣʝʥʥʘʷ, ʧʦʨʪʘʣʳ, ʧʫʪʝʰʝʩʪʚʠʷ 

ʚʦ ʚʨʝʤʝʥʠ. 

 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ ʥʘʯʘʣʝ 21-ʛʦ ʚʝʢʘ ʦʪʤʝʯʘʣʩʷ 100-ʣʝʪʥʠʡ ʶʙʠʣʝʡ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ), ʩʦʟʜʘʥʥʦʡ ɼʞʦʟʝʬʦʤ 

ʃʘʨʤʦʨʦʤ (1857-1842) [1], ʣʘʫʨʝʘʪʦʤ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1902 ʛ. 

ʍʝʥʜʨʠʢʦʤ ɸʥʪʦʥʦʤ ʃʦʨʝʥʮʦʤ (1853 - 1928) [2], ɸʥʨʠ ʇʫʘʥʢʘʨʝ 

(1854 ï 1912) [3] ʠ ʣʘʫʨʝʘʪʦʤ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1921 ʛ. 

ɸʣʴʙʝʨʪʦʤ ʕʡʥʰʪʝʡʥʦʤ [4] (1879 ï 1955). 

ʆʜʥʘʢʦ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʪyʝ, ʭʦʪʷ ʉʊʆ ʥʝʨʝʜʢʦ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʢʘʢ ʦʜʥʦ ʠʟ ʚʘʞʥʝʡʰʠʭ ʜʦʩʪʠʞʝʥʠʡ ʬʠʟʠʢʠ 20-ʛʦ 

ʚʝʢʘ, ʩʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʚ ʤʠʥʫʚʰʝʤ ʩʪʦʣʝʪʠʠ ʠʟ ʩʪʨʦʛʦʡ ʪʝʦʨʠʠ 

ʧʨʝʚʨʘʪʠʣʘʩʴ ʚ ʩʤʝʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦ ʩʫʱʝʩʪʚʫ ʠʥʦʛʜʘ ʜʘʞʝ ʥʝ 

ʪʝʦʨʠʡ, ʘ ʛʠʧʦʪʝʟ ad hoc. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʨʝʜʩʢʘʟʘʪʝʣʴʥʳʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʡ ʬʠʟʠʢʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʥʝʢʦʪʦʨʳʤ 

ʢʦʥʢʨʝʪʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ (ʥʘʧʨʠʤʝʨ, ʥʘ ɹʦʣʴʰʦʤ ɸʜʨʦʥʥʦʤ 

ʂʦʣʣʘʡʜʝʨʝ) ʦʢʘʟʘʣʠʩʴ ʙʣʠʟʢʠʤʠ ʢ ʥʫʣʝʚʳʤ
1
.  

                                                 
1
ɹʦʣʝʝ ʪʦʛʦ, ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʘ ɹʦʣʴʰʦʤ ɸʜʨʦʥʥʦʤ ʂʦʣʣʘʡʜʝʨʝ (ɹɸʂ) ʧʦ 

ʤʥʝʥʠʶ ʤʥʦʛʠʭ ʫʯʥyʳʭ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ñʯʨyʥʳʭ ʜʳʨè", 

ʢʦʪʦʨʳʝ ʧʦʛʣʦʪʷʪ ʠ ɿʝʤʣʶ ʠ ʚʩʶ ʉʦʣʥʝʯʥʫʶ ʩʠʩʪʝʤʫ. ɸ ʫʪʚʝʨʞʜʝʥʠʷ ʠʭ 

ʦʧʧʦʥʝʥʪʦʚ, ʫʪʚʝʨʞʜʘʶʱʠʭ, ʯʪʦ ʵʪʦ ʠʩʢʣʶʯʝʥʦ, ʬʘʢʪʠʯʝʩʢʠ 

http://traditio-ru.org/w/index.php?title=%D0%9B%D0%B0%D1%80%D0%BC%D0%BE%D1%80,_%D0%94%D0%B6%D0%BE%D0%B7%D0%B5%D1%84&action=edit&redlink=1
http://www.google.de/url?sa=t&rct=j&q=%D1%85.%D0%B0.%D0%BB%D0%BE%D1%80%D0%B5%D0%BD%D1%86%20%D0%B1%D0%B8%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F&source=web&cd=1&ved=0CC0QFjAA&url=http%3A%2F%2Fru.wikipedia.org%2Fwiki%2F%25D0%259B%25D0%25BE%25D1%2580%25D0%25B5%25D0%25BD%25D1%2586%2C_%25D0%25A5%25D0%25B5%25D0%25BD%25D0%25B4%25D1%2580%25D0%25B8%25D0%25BA_%25D0%2590%25D0%25BD%25D1%2582%25D0%25BE%25D0%25BD&ei=zjvoUIGzEsmOtAaIoIDYAg&usg=AFQjCNGq-PSf32rAWjOVeJ7cI-i36UGPQw&cad=rja
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ʅʝ ʫʜʠʚʠʪʝʣʴʥʦ ʧʦʵʪʦʤʫ, ʯʪʦ ʪʘʢʫʶ ʉʊʆ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ 

ʢʨʠʪʠʢʦʚʘʣʠ ʅʠʢʦʣʘʡ ɽʛʦʨʦʚʠʯ ɾʫʢʦʚʩʢʠʡ (1847 ï 1921), ʆʣʠʚʝʨ 

ʍʵʚʠʩʘʡʜ (1850ï1925), ʅʠʢʦʣʘ ʊʝʩʣʘ (1856 ï1943), ʣʘʫʨʝʘʪ 

ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1906 ʛ. ɼʞʦʟʝʬ ɼʞʦʥ ʊʦʤʩʦʥ (1856 ï 1940), 

ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1903 ʛ. ʉʚʘʥʪʝ ɸʫʛʫʩʪ ɸʨʨʝʥʠʫʩ (1859 

ï  1927), ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1920 ʛ. ɺʘʣʴʪʝʨ ɻʝʨʤʘʥ 

ʅʝʨʥʩʪ (1864 ï 1941), ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1908 ʛ. ʕʨʥʩʪ 

ʈʝʟʝʨʬʦʨʜ (1871 ï 1937), ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1921 ʛ. 

ʌʨʝʜʝʨʠʢ ʉʦʜʜʠ (1877 ï 1956), ʣʘʫʨʝʘʪ ʅʦʙʝʣʝʚʩʢʦʡ ʧʨʝʤʠʠ 1946 

ʛ. ʇʝʨʩʠ ʋʠʣʴʘʤʩ ɹʨʠʜʞʤʝʥ (1882 ï 1961), ʃʝʦʥ ʅʠʢʦʣʘʩ 

ɺʨʠʣʣʶʵʥ (1889 ï 1969) ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʚʝʣʠʢʠʝ ʫʯʥyʳʝ.  

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʦʧʫʙʣʠʢʦʚʘʥʦ ʧʦʯʪʠ 1000 ʩʪʘʪʝʡ ʠ 

ʤʦʥʦʛʨʘʬʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʢʨʠʪʠʢʫ ʉʊʆ. ʀʟ ʧʦʩʣʝʜʥʠʭ ʪʘʢʠʭ ʨʘʙʦʪ 

ʤʦʞʥʦ ʫʧʦʤʷʥʫʪʴ [5] ï [13]. ɸ ʢ ʥʝʢʦʨʨʝʢʪʥʳʤ ʧʦʧʳʪʢʘʤ 

ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʉʊʆ ʤʦʞʥʦ ʦʪʥʝʩʪʠ [14] ï [19]. 

ʇʨʠʯyʤ, ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʪʠʯʝʩʢʠʭ ʧʫʙʣʠʢʘʮʠʡ ʚʣʠʷʣʠ ʥʝ 

ʪʦʣʴʢʦ ʥʘʫʯʥʳʝ, ʥʦ ʪʘʢʞʝ ʧʦʣʠʪʠʯʝʩʢʠʝ ʠ ʠʥʳʝ, ʜʘʣyʢʠʝ ʦʪ ʥʘʫʢʠ, 

ʩʦʦʙʨʘʞʝʥʠʷ. ʊʘʢ, ʪʦʣʴʢʦ ʚ ʉʉʉʈ ʟʘ ʤʠʥʫʚʰʝʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʦ 

ʟʘʧʨʝʪʝ ʥʘ ʢʨʠʪʠʢʫ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʠʥʠʤʘʣʠʩʴ ʪʨʠʞʜʳ: 

ʚ 1934 ʛ. ï ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʎʂ ɺʂʇ(ʙ) ʧʦ ʜʠʩʢʫʩʩʠʠ ʦ 

ʨʝʣʷʪʠʚʠʟʤʝ, ʚ 1942 ʛ. ï ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʇʨʝʟʠʜʠʫʤʘ ɸʅ ʉʉʉʈ ʧʦ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ,  ʠ  ʚ 1964 ʛ. ï ʟʘʢʨʳʪʳʤ ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ 

ʇʨʝʟʠʜʠʫʤʘ ɸʅ ʉʉʉʈ, ʟʘʧʨʝʪʠʚʰʠʤ ʚʩʝʤ ʥʘʫʯʥʳʤ ʩʦʚʝʪʘʤ, 

ʞʫʨʥʘʣʘʤ, ʢʘʬʝʜʨʘʤ ʧʨʠʥʠʤʘʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʦʙʩʫʞʜʘʪʴ ʠ 

ʧʫʙʣʠʢʦʚʘʪʴ ʨʘʙʦʪʳ, ʢʨʠʪʠʢʫʶʱʠʝ ʪʝʦʨʠʶ ʕʡʥʰʪʝʡʥʘ. 

ʅʝʦʜʥʦʟʥʘʯʥʳʤ ʙʳʣʦ ʦʪʥʦʰʝʥʠʝ ʢ ʉʊʆ ʠ ʨʫʢʦʚʦʜʩʪʚʘ ʜʨʫʛʠʭ 

ʩʪʨʘʥ. ʅʘʧʨʠʤʝʨ, ɻʝʨʤʘʥʠʠ. 

ɺ ʧʦʩʣʝʜʥʠʝ ʞʝ ʛʦʜʳ ʙʦʨʴʙʘ ʤʝʞʜʫ ʧʨʦʪʠʚʥʠʢʘʤʠ ʠ 

ʩʪʦʨʦʥʥʠʢʘʤʠ ʉʊʆ ʧʨʠʦʙʨʝʣʘ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ, ʥʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ï ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʠʟʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ MINOS [20], OPERA [21] ʠ ICARUS 

[22], ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ɺ ʵʪʠʭ 

                                                                                                             
ʦʧʨʦʚʝʨʛʥʫʪʳ ʢʨʫʧʥʝʡʰʝʡ ʚ ʠʩʪʦʨʠʠ ʯʝʣʦʚʝʯʝʩʪʚʘ ʪʝʭʥʦʛʝʥʥʦʡ 

ʢʘʪʘʩʪʨʦʬʦʡ ʥʘ ʏʝʨʥʦʙʳʣʴʩʢʦʡ ʘʪʦʤʥʦʡ ʵʣʝʢʪʨʦʩʪʘʥʮʠʠ, 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʠʩʢʣʶʯʘʣʘʩʴ.  

http://www.google.de/url?sa=t&rct=j&q=%D0%BD.%D0%B5.%D0%B6%D1%83%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9%20%D0%B2%D0%B8%D0%BA%D0%B8%D0%BF%D0%B5%D0%B4%D0%B8%D1%8F&source=web&cd=1&cad=rja&ved=0CC0QFjAA&url=http%3A%2F%2Fru.wikipedia.org%2Fwiki%2F%25D0%2596%25D1%2583%25D0%25BA%25D0%25BE%25D0%25B2%25D1%2581%25D0%25BA%25D0%25B8%25D0%25B9%2C_%25D0%259D%25D0%25B8%25D0%25BA%25D0%25BE%25D0%25BB%25D0%25B0%25D0%25B9_%25D0%2595%25D0%25B3%25D0%25BE%25D1%2580%25D0%25BE%25D0%25B2%25D0%25B8%25D1%2587&ei=CSLoULfrEMvFtAaZ_oCQAw&usg=AFQjCNGsh3KCWgnVYBRghWbL4qS7DrFaAA


ʈʫʩʩʢʦʝ ʌʠʟʠʯʝʩʢʦʝ ʆʙʱʝʩʪʚʦ 
 

çɾʫʨʥʘʣ ʈʫʩʩʢʦʡ ʌʠʟʠʯʝʩʢʦʡ ʄʳʩʣʠè, 2013, ˉ 1-12, ʩʪʨ. 9 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʦʜʥʠ ʫʯʥyʳʝ ʧʳʪʘʣʠʩʴ ʜʦʢʘʟʘʪʴ, ʘ ʜʨʫʛʠʝ 

ʦʧʨʦʚʝʨʛʥʫʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʝʡʪʨʠʥʦ ʩʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ 

ʩʢʦʨʦʩʪʴʶ. ʀ ʪʝʤ ʩʘʤʳʤ, ʯʪʦ ʝʱ yʚʘʞʥʝʝ, ʦʥʠ ʧʳʪʘʣʠʩʴ ʜʦʢʘʟʘʪʴ 

ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ ʤʥʠʤʳʭ ʯʠʩʝʣ, ʢʦʪʦʨʳʝ 

ʥʘ ʪʘʢʠʭ ʩʢʦʨʦʩʪʷʭ ʧʦʷʚʣʷʶʪʩʷ ʚ ʬʦʨʤʫʣʘʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʣʷʪʠ-

ʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ. ʀʣʠ ʜʘʞʝ ʜʦʢʘʟʘʪʴ/ʦʧʨʦʚʝʨʛʥʫʪʴ ʠʩʪʠʥʥʦʩʪʴ 

ʩʘʤʠʭ ʵʪʠʭ ʬʦʨʤʫʣ. 

ʅʦ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʨʘʢʪʦʚʢʘ
1
 ʉʊʆ ʫʞʝ 

ʦʧʨʦʚʝʨʛʥʫʪʘ ʜʨʫʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ
2
, ʦʪʥʦʩʷʱʠ-

ʤʠʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʕʪʠʤʠ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʜʦʢʘʟʘʥʘ ʠ ʬʠʟʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. 

 

1. ʇʨʠʥʮʠʧ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ  

 

2.1. ʀʩʪʦʨʠʷ ʦʪʢʨʳʪʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ 

ʂʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʠʤʝʶʪ ʜʘʚʥʶʶ ʠ ʜʨʘʤʘʪʠʯʝʩʢʫʶ 

ʠʩʪʦʨʠʶ, ʢʦʪʦʨʘʷ ʥʝ ʟʘʚʝʨʰʝʥʘ ʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ. 

ʄʥʠʤʳʝ ʯʠʩʣʘ ʙʳʣʠ ʦʪʢʨʳʪʳ ʉʮʠʧʠʦʥʦʤ ʜʝʣʴ ʌʝʨʨʦ (1465 

ï 1525), ʅʠʢʦʣʦ  ʊʘʨʪʘʣʴʷ (1499 ï 1557), ɼʞʝʨʦʣʘʤʦ ʂʘʨʜʘʥʦ (1501  

ï  1576), ʃʦʜʦʚʠʢʦ ʌʝʨʨʘʨʠ (1522 ï 1565), ʈʘʬʘʵʣʝʤ ɹʦʤʙʝʣʣʠ 

(1526 ï 1572) [23]. ʀ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʝʱ yʨʘʥʴʰʝ ʥʠʭ ʇʘʦʣʦ 

ɺʘʣʴʤʝʩʦʤ
3
 (m. 1486), ʢʦʪʦʨʦʛʦ ʟʘ ʵʪʦ ʥʘʫʯʥʦʝ ʦʪʢʨʳʪʠʝ ʠʩʧʘʥʩʢʠʡ 

                                                 
1
ʉʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʠʢʘʢʠʝ ʬʠʟʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ, 

ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ, ʥʝ ʤʦʛʫʪ ʜʚʠʛʘʪʴʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʝʚʳʰʘʶ-

ʱʝʡ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ.  

2
ʂʦʪʦʨʳʝ ʦʧʠʩʘʥʳ ʥʠʞʝ. 

3
ɺ 15-ʤ ʚʝʢʝ ʨʝʰʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʙʳʣʦ ʤʦʜʥʦʡ ʪʝʤʦʡ 

ʩʘʣʦʥʥʳʭ ʙʝʩʝʜ. ɺ ʥʠʭ ʥʝʨʝʜʢʦ ʧʨʠʥʠʤʘʣ ʫʯʘʩʪʠʝ ʠʩʧʘʥʩʢʠʡ ʠʥʢʚʠʟʠʪʦʨ ʊ. 

ʊʦʨʢʚʝʤʘʜʘ, ʢʦʪʦʨʳʡ ʧʨʠʛʦʚʦʨʠʣ ʢ ʩʦʞʞʝʥʠʶ ʙʦʣʝʝ 10 ʪʳʩʷʯ ʝʨʝʪʠʢʦʚ. 

ʆʥ ʩʯʠʪʘʣ ʩʝʙʷ ʙʦʣʴʰʠʤ ʟʥʘʪʦʢʦʤ ʤʘʪʝʤʘʪʠʢʠ ʠ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ ʚʦʣʝʡ ɻʦʩʧʦʜʘ 

ʩʜʝʣʘʥʦ ʜʣʷ ʣʶʜʝʡ ʥʝʚʦʟʤʦʞʥʳʤ. ʅʦ ʚʦ ʚʨʝʤʷ ʦʜʥʦʡ ʠʟ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ 

ʙʝʩʝʜ ʤʘʪʝʤʘʪʠʢ ʇ. ɺʘʣʴʤʝʩ ʦʩʤʝʣʠʣʩʷ ʚʦʟʨʘʟʠʪʴ ʠ ʩʢʘʟʘʣ, ʯʪʦ ʦʥ ʟʥʘʝʪ, 

ʢʘʢ ʪʘʢʠʝ ʫʨʘʚʥʝʥʠʷ ʨʝʰʘʪʴ. ɺ ʪʫ ʞʝ ʥʦʯʴ ʝʛʦ ʘʨʝʩʪʦʚʘʣʠ ʠ ʯʝʨʝʟ ʪʨʠ 
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ʠʥʢʚʠʟʠʪʦʨ ʊʦʤʘʩ ʜʝ ʊʦʨʢʚʝʤʘʜʘ (1420 ï 1498) ʧʨʠʛʦʚʦʨʠʣ ʢ 

ʩʦʞʞʝʥʠʶ ʞʠʚʴʤy ʥʘ ʢʦʩʪʨʝ [24].  

ʉ ʤʥʝʥʠʝʤ ʠʥʢʚʠʟʠʮʠʠ
1
 ʧʦ ʵʪʦʤʫ ʧʦʚʦʜʫ ʙʳʣ  ʚʳʥʫʞʜʝʥ 

ʩʯʠʪʘʪʴʩʷ ʜʘʞʝ ʀʩʘʘʢ ʅʴʶʪʦʥ
2 

(1642 ï 1727), ʢʦʪʦʨʳʡ ʚ ʩʚʦʠʭ 

ʪʨʫʜʘʭ ʪʘʢ ʠ ʥʝ ʨʠʩʢʥʫʣ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʠʤʳʝ ʯʠʩʣʘ. ʀ ʭʦʪʷ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʪʨʫʜʘʤʠ ʚʳʜʘʶʱʠʭʩʷ ʤʘʪʝʤʘʪʠʢʦʚ  ɸʙʨʘʭʘʤʘ 

ʜʝ ʄʫʘʚʨʘ (1667 ï 1754), ʃʝʦʥʘʨʜʘ ʕʡʣʝʨʘ (1707 ï 1783), ɾʘʥʘ 

ʃʝʨʦʥʘ ʜ'ɸʣʘʤʙʝʨʘ (1717 ï 1783), ʂʘʩʧʘʨʘ ɺʝʩʩʝʣʷ (1745 ï 1818), 

ʇʴʝʨʘ-ʉʠʤʦʥʘ ʃʘʧʣʘʩʘ (1749 ï 1827),  ɾʘʥʘ ʈʦʙʝʨʘ ɸʨʛʘʥʘ (1768 ï 

1822), ʂʘʨʣʘ ʌʨʠʜʨʠʭʘ ɻʘʫʩʩʘ (1777 ï 1856), ʆʛʶʩʪʝʥʘ ʃʫʠ ʂʦʰʠ 

(1789 ï 1857), ʂʘʨʣʘ ʊʝʦʜʦʨʘ ɺʠʣʴʛʝʣʴʤʘ ɺʝʡʝʨʰʪʨʘʩʩʘ (1815 ï 

1897), ʋʠʣʴʷʤʘ ʈʦʫʵʥʘ ɻʘʤʠʣʴʪʦʥʘ (1805 ï 1865), ɻʝʦʨʛʘ ʌʨʠʜʨʠʭʘ 

ɹʝʨʥʭʘʨʜʘ ʈʠʤʘʥʘ (1826 ï 1866),  ʆʣʠʚʝʨʘ ʍʵʚʠʩʘʡʜʘ (1850 ï 1925) 

ʠ ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʩʦʟʜʘʥʘ ʩʦʚʝʨʰʝʥʥʘʷ ʪʝʦʨʠʷ ʬʫʥʢʮʠʡ 

ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʝʨʝʤʝʥʥʦʛʦ, ʬʠʟʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ ʩʘʤʠʭ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʠʟ-ʟʘ ʝ yʦʪʨʠʮʘʥʠʷ ʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʢʪʦʚʢʝ 

ʉʊʆ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʷʚʣʷʝʪʩʷ  ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚ 

ʤʘʪʝʤʘʪʠʢʝ ʚʩ yʝʱy ʥʝ ʜʘʥ ʯʪyʢʠʡ ʦʪʚʝʪ ʥʘ ʚʦʧʨʦʩ ï ʧʨʠʟʥʘʚʘʪʴ ʠʣʠ 

ʥʝ ʧʨʠʟʥʘʚʘʪʴ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳʤʠ ʨʝʰʝʥʠʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ. ɸ ʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʝ ʠ 

ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ ʜʦ ʩʘʤʦʛʦ ʧʦʩʣʝʜʥʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ 

ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʝʮʠʟʠʦʥʥʦʛʦ 

                                                                                                             
ʥʝʜʝʣʠ ñʟʘ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʣʝ ɹʦʞʴʝʡò ʧʨʠʛʦʚʦʨʠʣʠ ʢ ʢʘʟʥʠ ñʙʝʟ 

ʧʨʦʣʠʪʠʷ ʢʨʦʚʠ ï ʢ ʩʦʞʞʝʥʠʶ ʞʠʚʴʸʤ ʥʘ ʢʦʩʪʨʝò. ʂʘʢʠʤ ʦʙʨʘʟʦʤ ʇ. 

ɺʘʣʴʤʝʩ ʩʦʙʠʨʘʣʩʷ ʨʝʰʘʪʴ ʘʣʛʝʙʨʘʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚʳʩʦʢʠʭ ʩʪʝʧʝʥʝʡ, 

ʦʩʪʘʣʦʩʴ ʥʝʠʟʚʝʩʪʥʳʤ.  

1
ʌʦʨʤʘʣʴʥʦ ʧʝʨʝʠʤʝʥʦʚʘʥʥʘʷ ʚ 1965 ʛʦʜʫ  ʚ ñCongregation for the Doctrine 

of the Faithò ʠʥʢʚʠʟʠʮʠʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦ ʩʠʭ ʧʦʨ. 

2
ɺ ʩʫʱʝʩʪʚʦʚʘʚʰʝʡ ʚ ʪʦ ʚʨʝʤʷ ʦʙʩʪʘʥʦʚʢʝ ʚʩʝʩʠʣʠʷ ʠʥʢʚʠʟʠʮʠʠ ʠ 

ʥʝʪʝʨʧʠʤʦʩʪʠ ʠʥʘʢʦʤʳʩʣʠʷ ʜʨʫʛ ʅʴʶʪʦʥʘ ʋʠʣʴʷʤ ʋʠʩʪʦʥ ʟʘ ʥʝʢʦʪʦʨʳʝ 

ʩʚʦʠ ʥʝʦʩʪʦʨʦʞʥʳʝ ʚʳʩʢʘʟʳʚʘʥʠʷ ʚ 1710 ʛʦʜʫ ʙʳʣ ʣʠʰʥy ʧʨʦʬʝʩʩʦʨʩʢʦʛʦ 

ʟʚʘʥʠʷ ʠ ʠʟʛʥʘʥ ʠʟ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ. 
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ʘʥʘʣʠʟʘ ʣʶʙʳʭ ʬʠʟʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ
1
, ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʦʪʦʨʳʭ ʵʪʠ ʯʠʩʣʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʦʛʦ ʧʨʝʜʤʝʪʘ ʪʘʢʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʳ ʚʦʟʴʤʤy ʨʝʟʦʥʘʥʩʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʪʘʢ 

ʢʘʢ ʧʝʨʝʭʦʜʥʳʝ ʢʦʣʝʙʘʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘʤʠ ʫʞʝ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʥʝʝ ʚ [25] ï [26]. ʇʨʠʯʤy, ʠʩʩʣʝʜʦʚʘʪʴ ʠʭ ʙʫʜʝʤ 

ʚ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʠʭ ʥʘʠʙʦʣʝʝ 

ʣʝʛʢʦ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʣʶʙʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʠ ʠ ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʙʳʯʥʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʧʨʠʙʦʨʦʚ, 

ʠʤʝʶʱʠʭʩʷ ʚ ʢʘʞʜʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʜʦʩʪʫʧʥʳ ʜʣʷ ʧʨʦʚʝʨʢʠ ʣʶʙʦʤʫ 

ʩʧʝʮʠʘʣʠʩʪʫ, ʫʤʝʶʱʝʤʫ ʜʝʨʞʘʪʴ ʚ ʨʫʢʘʭ ʧʘʷʣʴʥʠʢ.  

 

2.2. ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʠʥʮʠʧʘ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ  

 

2.2.1. ʆʪʢʨʳʪʠʝ ʨʝʟʦʥʘʥʩʘ  

 ʈʝʟʦʥʘʥʩ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʚʧʝʨʚʳʝ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʚ 

1826 ʛʦʜʫ ʌʝʣʠʢʩʦʤ ʉʘʚʘʨʠ (1797 ï 1841) [27].  ɺ 1853 ʛʦʜʫ 

ʋʠʣʴʷʤ ʊʦʤʩʦʥ, 1-ʡ ʙʘʨʦʥ ʂʝʣʴʚʠʥ  (1824 ï 1907) ʦʧʠʩʘʣ ʵʪʦʪ 

ʧʨʦʮʝʩʩ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʠ ʚʳʚʝʣ ʬʦʨʤʫʣʫ ʜʣʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ 

[28]. ʊʝʨʤʠʥ ñʩʦʧʨʦʪʠʚʣʝʥʠʝò ʚ 1886 ʛʦʜʫ ʧʨʝʜʣʦʞʠʣ ʆ. ʍʵʚʠʩʘʡʜ 

[29]. ʈʝʟʦʥʘʥʩʥʫʶ ʢʨʠʚʫʶ ʜʣʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚʧʝʨʚʳʝ ʚ 

1887 ʛʦʜʫ ʧʦʩʪʨʦʠʣ ɻʝʥʨʠʭ ʈʫʜʦʣʴʬ ɻʝʨʮ (1857 ï 1894) [27]. ɺ 1900 

ʛʦʜʫ ʨʝʟʦʥʘʥʩ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ ʚʧʝʨʚʳʝ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ɻʫʣʴʝʣʴʤʦ ʄʘʨʢʦʥʠ (1874 ï 1937) [27]. ʇʦʟʜʥʝʝ ʙʳʣʦ 

ʚʳʷʚʣʝʥʦ ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʨʝʟʦʥʘʥʩʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʥʝ ʨʘʚʥʘ ʯʘʩʪʦʪʝ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʚ 1932 ʛʦʜʫ ʧʳʪʘʣʩʷ ʦʙʲʷʩʥʠʪʴ 

ʘʢʘʜʝʤʠʢ ʃʝʦʥʠʜ ʀʩʘʘʢʦʚʠʯ ʄʘʥʜʝʣʴʰʪʘʤ (1879 ï 1944) [30], ʥʦ 

ʙʝʟʫʩʧʝʰʥʦ. ɸʨʪʫʨ ʕʜʚʠʥ ʂʝʥʥʝʣʣʠ (1861 ï 1939) ʚ 1893 ʙʳʣ 

ʧʝʨʚʳʤ, ʢʪʦ ʠʩʧʦʣʴʟʦʚʘʣ ʧʦʥʷʪʠʝ ñʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷò 

[31]. 

                                                 
1
ʅʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʠʭ. 
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ʀ ʩ ʪʝʭ ʧʦʨ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʢʨʘʪʠ-

ʣʦʩʴ. ʂ ʩʦʞʘʣʝʥʠʶ, ʟʘ ʤʠʥʫʚʰʝʝ ʩʪʦʣʝʪʠʝ ʪʝʦʨʠʶ ʨʝʟʦʥʘʥʩʘ ʪʘʢ ʠ 

ʥʝ ʫʜʘʣʦʩʴ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʝʦʨʠʷ 

ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʠʟʣʘʛʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʪʘʢʞʝ, 

ʢʘʢ ʝʱ yʚ 1905 ʛ. ʧʨʦʬʝʩʩʦʨʦʤ ʤʦʩʢʦʚʩʢʦʛʦ ʚʳʩʰʝʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʫʯʠʣʠʱʘ ʂʘʨʣʦʤ ɸʜʦʣʴʬʦʚʠʯʝʤ ʂʨʫʛʦʤ (1872 ï 1952) [32] ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭ ʞʝ ʧʨʠʙʣʠʞʥyʥʳʭ ʬʦʨʤʫʣ, ʤʘʩʢʠʨʫʶʱʠʭ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦ ʧʨʠʚʦʜʠʤʳʭ ʦʙʲʷʩʥʝʥʠʡ. 

ʀ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʨʝʟʦʥʘʥʩ, ʢʘʢ ʬʠʟʠʯʝʩʢʦʝ ʷʚʣʝʥʠʝ, 

ʦʢʘʟʘʣʩʷ ʠʟ ʧʨʝʜʤʝʪʘ ʠʟʫʯʝʥʠʷ ʬʠʟʠʢʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʥyʥʳʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʘʣʬʘʚʠʪʥʦʤ ʫʢʘʟʘʪʝʣʝ PACS 2010 (Physics and 

Astronomy Classification Scheme) ʫʧʦʤʠʥʘʥʠʝ ʦ ʨʝʟʦʥʘʥʩʝ ʚ 

ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʦʪʩʫʪʩʪʚʫʝʪ. ɺ ʨʘʟʜʝʣʘʭ  ñList of 

Topicsò ʠʣʠ ñAims and Scoreò ʬʠʟʠʯʝʩʢʠʭ ʞʫʨʥʘʣʦʚ ʵʪʦʪ ʪʝʨʤʠʥ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʣʠʥʝʡʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʮʝʧʷʤ ʪʘʢʞʝ ʥʝ 

ʫʧʦʤʠʥʘʝʪʩʷ.  

 

2.2.2. ʈʝʟʦʥʘʥʩ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-ʮʝʧʷʭ ʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʘ ʥʘʯʥʝʤ ʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʚ ʪʦʤ ʚʠʜʝ, ʢʘʢ 

ʦʥʘ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʣʘʛʘʝʪʩʷ ʚ ʫʯʝʙʥʠʢʘʭ ʠ ʤʦʥʦʛʨʘʬʠʷʭ. 

ʆʙʳʯʥʦ ʵʪʦ ʠʟʣʦʞʝʥʠʝ ʥʘʯʠʥʘʶʪ ʩ ʘʥʘʣʠʟʘ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-

ʮʝʧʝʡ
1
, ʧʦʩʢʦʣʴʢʫ ʦʥ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʠ ʧʦʥʷʪʥʦ 

ʦʙʲʷʩʥʠʪʴ ʩʫʪʴ ʠ ʧʨʠʟʥʘʢʠ ʨʝʟʦʥʘʥʩʘ.  

ʅʦ ʧʘʩʩʠʚʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ LC-ʮʝʧʠ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʚ 

ʧʨʠʨʦʜʝ ʥʝ ʩʫʱʝʩʪʚʫʶʪ
2
, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʥʝʠʟʙʝʞʥʦʛʦ ʥʘʣʠʯʠʷ ʚ 

                                                 
1
ɺʦ ʠʟʙʝʞʘʥʠʝ ʥʝʜʦʨʘʟʫʤʝʥʠʡ ʦʪʤʝʪʠʤ ʧʨʠ ʵʪʦʤ, ʯʪʦ ʪʘʢʦʡ ʘʥʘʣʠʟ 

ʦʙʳʯʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʠʤʚʦʣʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʪʦ ʝʩʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ 

2
 ɼʘʞʝ ʝʩʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨ ʠ ʩʧʘʷʝʪ ʚʤʝʩʪʝ ʧʦʢʫʧʥʳʝ ʢʦʥʜʝʥʩʘʪʦʨ ʠ 

ʢʘʪʫʰʢʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
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ʵʣʝʤʝʥʪʘʭ ʪʘʢʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʪʝʧʣʦʚʳʭ ʠ ʠʥʳʭ ʧʦʪʝʨʴ ʦʥʠ 

ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ LCR-ʮʝʧʷʤʠ
1
.  

ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-ʮʝʧʝʡ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʛʦ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʝʩʘ. ʅʦ ʦʥʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʪʳʤ ʠ ʧʦʥʷʪʥʳʤ ʦʙʨʘʟʦʤ ʧʦʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʙʘʟʦʚʳʝ ʟʥʘʥʠʷ, ʫʜʦʙʥʳʝ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʘʣʴʥʝʡʰʝʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʝʡ. 

ʀʤʝʥʥʦ ʚ ʪʘʢʦʤ ʧʦʨʷʜʢʝ ʤʳ ʠ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʦʙʱʝʧʨʠʥʷʪʫʶ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʘʢʪʦʚʢʫ ʨʝʟʦʥʘʥʩʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ ʜʚʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

LC-ʮʝʧʝʡ: ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ (ʨʠʩ. 

1a) ʠ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ (ʨʠʩ. 1b).  

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LC-

ʢʦʥʪʫʨʘ ʨʘʚʥʦ 

2
0

22

jLLC
1

jL
Cj

1
lj)j(Z               (1)  

ɸ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LC-ʢʦʥʪʫʨʘ 

ʨʘʚʥʘ 

2
0

22

jCLC
1

jC
Lj

1
Cj)j(Y             (2) 

ʛʜʝ   1j   ï   ʤʥʠʤʘʷ  ʝʜʠʥʠʮʘ  (ʪʘʢ  ʝy  ʧʨʠʥʷʪʦ  ʦʙʦʟʥʘʯʘʪʴ  ʚ  

ʪʝʦʨʠʠ  ʵʣʝʢʪʨʠʯʝʩʢʠʭ  ʮʝʧʝʡ,  ʚ   ʦʪʣʠʯʠʝ   ʦʪ   ʤʘʪʝʤʘʪʠʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʚ  ʪʝʦʨʠʠ  ʵʣʝʢʪʨʠʯʝʩʢʠʭ  ʮʝʧʝʡ
  

i
   
ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ); 

L  ï ʚʝʣʠʯʠʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʢʘʪʫʰʢʠ; 

C  ï ʚʝʣʠʯʠʥʘ ʝʤʢʦʩʪʠ ʢʦʥʜʝʥʩʘʪʦʨʘ; 

f2 ï ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ. 

ʂʘʢ ʚʠʜʥʦ, ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʢʦʥʪʫʨʘ ʦʪ ʯʘʩʪʦʪʳ ʷʚʣʷʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤʠ. ʊʘʢʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ ʥʘʟʳʚʘʶʪʩʷ ʜʫʘʣʴʥʳʤʠ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʜʣʷ 

                                                 
1
ʆʜʥʘʢʦ ʵʪʠ ʧʦʪʝʨʠ ʚ ʘʢʪʠʚʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʟʘ ʩʯʪy ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʤʦʛʫʪ ʙʳʪʴ ʢʦʤʧʝʥʩʠʨʦʚʘʥʳ; ʠ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ LC-ʢʦʥʪʫʨ ʚʩ yʞʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ   
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ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʧʝʨʚʫʶ ʠʟ ʠʟʦʙʨʘʞʥyʥʳʭ ʥʘ 

ʨʠʩ. 1 ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-ʮʝʧʝʡ. 

 

 

ʈʠʩ. 1  ʈʝʟʦʥʘʥʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ LC-ʮʝʧʠ 

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʤʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ )j(Z
 
ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LC-

ʢʦʥʪʫʨʘ, ʧʨʠʚʝʜʥyʥʦʛʦ ʥʘ ʨʠʩ.1a
1
, ʨʘʚʥʘ  

2
0

22

LLC
1

L)j(ZIm                                 (3) 

ʇʨʠʨʘʚʥʠʚʘʷ ʝ y ʥʫʣʶ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʤ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 

01res LC1 . ʅʘ ʵʪʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʚʳʥʫʞʜʝʥʥʳʝ 

ʢʦʣʝʙʘʥʠʷ ʩʦʚʧʘʜʘʶʪ ʧʦ ʬʘʟʝ ʩ ʢʦʣʝʙʘʥʠʷʤʠ ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʅʘ ʯʘʩʪʦʪʘʭ ʞʝ, ʦʪʣʠʯʥʳʭ ʦʪ ʨʝʟʦʥʘʥʩʥʦʡ, ʪʦ ʝʩʪʴ ʧʨʠ 1res , 

ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʵʪʦʡ LC-ʮʝʧʠ ʙʫʜʫʪ ʥʘʭʦʜʠʪʴʩʷ ʚ 

ʢʚʘʜʨʘʪʫʨʝ (ʪʦ ʝʩʪʴ ʩʜʚʠʥʫʪʳʤʠ ʧʦ ʬʘʟʝ ʥʘ 2) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʚʭʦʜʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. 

ʄʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʪʦʛʦ ʞʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LC-ʢʦʥʪʫʨʘ
2
 ʨʘʚʝʥ   

2
0

22

LLC
1

L|)j(Z|                                    (4) 

                                                 
1
ɽy ʛʨʘʬʠʢ, ʥʘʟʳʚʘʝʤʳʡ ʬʘʟʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʠʟʦʙʨʘʞʥy 

ʥʘ ʨʠʩ. 2ʘ 

2
ɽʛʦ ʛʨʘʬʠʢ, ʥʘʟʳʚʘʝʤʳʡ ʘʤʧʣʠʪʫʜʥʦ-ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, 

ʧʨʠʚʝʜʥy ʥʘ ʨʠʩ. 2b 
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ʇʨʠʨʘʚʥʷʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʥʫʣʶ, ʧʦʣʫʯʘʝʤ ʝʱ y ʦʜʥʦ 

ʫʨʘʚʥʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʤ ʜʨʫʛʫʶ 

ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ 02res LC1 . ʅʘ ʵʪʦʡ ʯʘʩʪʦʪʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LC-ʢʦʥʪʫʨʘ 

ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ  (ʩʤ. ʨʠʩ. 2b). ʇʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʟʘʢʦʥʦʤ ʆʤʘ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 2res  
ʘʤʧʣʠʪʫʜʘ 

ʚʳʥʫʞʜʝʥʥʳʭ ʚʳʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ forc)t(y
 

ʧʨʠʥʠʤʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ (ʪʦ ʝʩʪʴ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʝ) ʟʥʘʯʝʥʠʝ.  

ʂʘʢ ʚʠʜʥʦ, ʦʙʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʪʘʢ ʢʘʢ ʦʥʠ ʦʪʥʦʩʷʪʩʷ ʢ 

ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʬʠʟʠʯʝʩʢʦʤʫ ʷʚʣʝʥʠʶ ï ʨʝʟʦʥʘʥʩʫ. 

ʇʨʠ ʵʪʦʤ ʧʦʜʯʝʨʢʥʤy, ʯʪʦ ʭʦʪʷ ʘʥʘʣʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-

ʮʝʧʝʡ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩʠʤʚʦʣʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʪʦ ʝʩʪʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʥʘʡʜʝʥʥʘʷ ʨʝʟʦʥʘʥʩʥʘʷ 

ʯʘʩʪʦʪʘ  0  
ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʠ ʛʦʚʦʨʠʪʩʷ ʦ ʪʨʘʢʪʦʚʢʝ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪʘʭ. 

 

ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ  LC-ʢʦʥʪʫʨʘ 

ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʤʝʩʪʦ ʧʨʠʚʝʜʥyʥʳʭ ʚʳʰʝ 

ʚʳʨʘʞʝʥʠʡ (1) ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴ-

ʥʦʛʦ LC-ʢʦʥʪʫʨʘ ʠ (2) ʜʣʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘ-

ʪʝʣʴʥʦʛʦ LC-ʢʦʥʪʫʨʘ ʩ ʦʜʠʥʘʢʦʚʳʤ ʫʩʧʝʭʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 



ʈʫʩʩʢʦʝ ʌʠʟʠʯʝʩʢʦʝ ʆʙʱʝʩʪʚʦ 
 

çɾʫʨʥʘʣ ʈʫʩʩʢʦʡ ʌʠʟʠʯʝʩʢʦʡ ʄʳʩʣʠè, 2013, ˉ 1-12, ʩʪʨ. 16 

ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

LC-ʢʦʥʪʫʨʘ  

2
0LC

1L

j
)j(Y                                                            (5) 

ʠ ʜʣʷ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LC-ʢʦʥʪʫʨʘ 

2
0LC

1C

j
)j(Z                                                           (6) 

ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʝʟʦʥʘʥʩ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʭ 

ʤʘʢʩʠʤʘʣʴʥʦʤʫ (ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʤʫ) ʟʥʘʯʝʥʠʶ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ 

ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʟʥʘʢʘ ʨʝʟʦʥʘʥʩʘ ʧʨʘʚʠʣʴʥʳʤ ʙʫʜʝʪ ʫʧʦʤʠʥʘʪʴ 

ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʤʠʪʘʥʩʥʦʡ
1
 ʬʫʥʢʮʠʠ, ʘ ʥʝ ʝ y

ʤʘʢʩʠʤʘʣʴʥʦʝ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ. ɻʦʚʦʨʠʪʴ ʞʝ ʦ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʣʠ ʤʠʥʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʝ ʧʝʨʝʤʝʥʥʦʡ ʠʣʠ 

ʬʫʥʢʮʠʠ ʜʦʧʫʩʪʠʤʦ ʣʠʰʴ ʚ ʦʜʥʦʟʥʘʯʥʦ ʢʦʥʢʨʝʪʠʟʠʨʦʚʘʥʥʳʭ 

ʩʠʪʫʘʮʠʷʭ, ʢʦʛʜʘ ʚʤʝʩʪʦ ʧʝʨʝʤʝʥʥʦʡ ʛʦʚʦʨʠʪʩʷ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʪʦʢʝ, ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʠ ʪ. ʜ., ʘ 

ʚʤʝʩʪʦ ʠʤʤʠʪʘʥʩʥʦʡ ʬʫʥʢʮʠʠ ʨʝʯʴ ʠʜʪy ʦ ʩʦʧʨʦʪʠʚʣʝʥʠʠ, 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʣʠ ʧʝʨʝʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ. 

ʅʘʡʜyʤ ʪʝʧʝʨʴ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ LC-

ʢʦʥʪʫʨʝ ʯʘʩʪʦʪʫ ʫʜʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʥʘʡʜʤy 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʦʪʝʢʘʶʱʠʭ ʚ ʥʤy ʧʨʦʮʝʩʩʦʚ.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ï ʚʦʟʴʤʤy ʦʯʝʚʠʜʥʦʝ ʚʳʨʘʞʝʥʠʝ 

Idt
C

1

dt

dI
LU                                                                  (7) 

ʛʜʝ  U
 
ï ʧʨʠʣʦʞʝʥʥʦʝ ʢ ʢʦʥʪʫʨʫ ʚʭʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ;  

I
 
ï ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ,

 
ʧʨʦʜʠʬ-

ʬʝʨʝʥʮʠʨʦʚʘʚ ʢʦʪʦʨʦʝ, ʧʦʣʫʯʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  
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1
   immitance = impedance + admitance 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 0LC1p
2 , ʨʝʰʠʚ ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʤ 

ʝʛʦ ʢʦʨʥʠ:  LCjp 2,1 . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʯʘʩʪʦʪʘ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʚʥʘ 02,1free LC1pIm .  

ʂʘʢ ʚʠʜʥʦ, ʯʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ 

ʨʝʟʦʥʘʥʩʥʳʤ ʯʘʩʪʦʪʘʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʦʠʤ ʧʨʠʟʥʘʢʘʤ ʨʝʟʦ-

ʥʘʥʩʘ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʝʥʦ ʨʘʚʝʥʩʪʚʦ 0free2res1res . ʀ ʵʪʦ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ. 

ʇʦʵʪʦʤʫ ʧʦʜ ʧʨʠʟʥʘʢʘʤʠ ʨʝʟʦʥʘʥʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-

ʮʝʧʷʭ ʧʨʠʥʷʪʦ ʧʦʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ:  

1. ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʤʥʠʤʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʠʤʤʠʪʘʥʩʥʦʡ ʬʫʥʢʮʠʠ ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ; 

2. ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ ʤʦʜʫʣʴ ʠʤʤʠʪʘʥʩʥʦʡ ʬʫʥʢʮʠʠ 

ʧʨʠʥʠʤʘʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ; 

3. ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʦʠʤ ʧʨʠʟʥʘ-

ʢʘʤ ʨʝʟʦʥʘʥʩʘ, ʨʘʚʥʳ ʜʨʫʛ ʜʨʫʛʫ ʠ ʯʘʩʪʦʪʝ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. 

 

 2.2.3. ʈʝʟʦʥʘʥʩ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ ʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʇʨʠ ʘʥʘʣʠʟʝ ʨʝʟʦʥʘʥʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ ʚʩʝʛʜʘ 

ʤʦʣʯʘʣʠʚʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʥʝʛʦ ʩʧʨʘʚʝʜʣʠʚʳ ʚʩʝ ʧʨʠʟʥʘʢʠ 

ʨʝʟʦʥʘʥʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-ʮʝʧʷʭ. 

ʅʘ ʩʘʤʦʤ ʞʝ ʜʝʣʝ ʚ ʨʝʘʣʴʥʳʭ LCR-ʮʝʧʷʭ ʪʘʢ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʙʳʚʘʝʪ ʥʠʢʦʛʜʘ. ʀ ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʦʪ ʩʪʫʜʝʥʪʦʚ ʚʩʝʛʜʘ 

ʩʪʘʨʘʪʝʣʴʥʦ ʩʢʨʳʚʘʝʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʨʠʰʣʦʩʴ 

ʙʳ ʦʙʲʷʩʥʷʪʴ, ʧʦʯʝʤʫ ʪʘʢ ʧʦʣʫʯʘʝʪʩʷ. ʆʙʲʷʩʥʝʥʠʷ ʞʝ ʥʠʢʪʦ ʜʘʪʴ ʥʝ 

ʤʦʞʝʪ, ʪʘʢ ʢʘʢ ʩʦʟʜʘʥʠʝ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʡ ʪʝʦʨʠʠ ʨʝʟʦʥʘʥʩʘ ʚ 

ʬʠʟʠʢʝ ʜʘʚʥʦ ʧʨʝʢʨʘʱʝʥʦ, ʘ ʚ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʙʝʟ ʧʨʠʟʥʘʥʠʷ ʧʨʠʥʮʠʧʘ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʩʦʟʜʘʥʠʝ ʪʝʦʨʠʠ ʨʝʟʦʥʘʥʩʘ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞ-

ʥʳʤ. 

ʇʦʵʪʦʤʫ ʚ ʥʘʫʯʥʦʡ ʠ ʫʯʝʙʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʝʡ ʧʦʣʴʟʫʶʪʩʷ ʧʨʠʙʣʠʞʥyʥʳʤʠ ʬʦʨʤʫʣʘ-

ʤʠ, ʭʦʪʴ ʢʘʢ-ʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʪʦʣʴʢʦ ʯʪʦ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ 

ʧʨʠʟʥʘʢʘʤ ʨʝʟʦʥʘʥʩʘ.  
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ɽʩʣʠ ʞʝ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʢʘʟʘʥʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʨʝʟʦ-

ʥʘʥʩʘ, ʚʳʚʝʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʦʯʥʳʝ ʬʦʨʤʫʣʳ, ʪʦ ʦʢʘʞʝʪʩʷ, 

ʯʪʦ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʨʝʟʦʥʘʥʩʘ, ʙʫʜʫʪ ʨʘʟʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ, ʜʘʞʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ ʚ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʙʫʜʝʪ ʧʦʣʫʯʝʥʦ 

ʥʝʩʢʦʣʴʢʦ. ʀ ʬʦʨʤʫʣʳ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ ʜʣʷ ʨʘʟʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʝʡ ʪʘʢʞʝ ʦʢʘʞʫʪʩʷ ʨʘʟʥʳʤʠ. ʅʘʢʦʥʝʮ, 

ʥʠʢʦʛʜʘ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʥʝ ʙʫʜʫʪ ʨʘʚʥʳ ʯʘʩʪʦʪʘʤ ʩʚʦʙʦʜʥʳʭ 

ʢʦʣʝʙʘʥʠʡ. ʀ ʪʦʛʜʘ ʥʝʠʟʙʝʞʥʦ ʧʦʷʚʠʪʩʷ ʦʩʦʟʥʘʥʠʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ 

ʪʘʢʦʡ ʪʨʘʢʪʦʚʢʠ ʨʝʟʦʥʘʥʩʘ. 

 

ʋʙʝʜʠʤʩʷ ʚ ʵʪʦʤ ʩʘʤʠ. ʈʘʟʣʠʯʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʝʡ ʙʦʣʴʰʝ, ʯʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-ʮʝʧʝʡ. 

ɼʘʞʝ ʧʨʦʩʪʝʡʰʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. ɼʘʞʝ 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʪʨʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʘ ï ʢʘʪʫʰʢʫ 

ʠʥʜʫʢʪʠʚʥʦʩʪʠ L, ʢʦʥʜʝʥʩʘʪʦʨ ʉ ʠ ʨʝʟʠʩʪʦʨ R . 

 

 

ʈʠʩ. 3. ʈʝʟʦʥʘʥʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ LCR-ʮʝʧʠ, ʷʚʣʷʶʱʠʝʩʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʢʦʥʪʫʨʘʤʠ    
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ʀ ʠʭ ʘʥʘʣʠʟ ʧʦʢʘʞʝʪ ʥʘʤ, ʥʘʩʢʦʣʴʢʦ ʠʩʪʠʥʥʘʷ ʢʘʨʪʠʥʘ 

ʨʝʟʦʥʘʥʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ ʠʩʢʫʩʥʦ ʟʘʤʘʩʢʠʨʦʚʘʥʘ 

ʧʨʠʨʦʜʦʡ ʧʨʠ ʧʦʤʦʱʠ ʛʨʦʤʦʟʜʢʠʭ ʬʦʨʤʫʣ. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʜʦ 

ʩʠʭ ʧʦʨ ʥʝ ʥʘʭʦʜʠʣʦʩʴ ʦʭʦʪʥʠʢʦʚ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʨʘʟʙʠʨʘʪʴʩʷ. 

ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

LCR-ʮʝʧʝʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʳ ʥʘ 

ʨʠʩ. 3a, b, c. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʞʝ LCR-ʮʝʧʠ ʪʦʞʝ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (ʥʦ 

ʩʦʜʝʨʞʘʱʠʝ ʧʦ ʜʚʘ ʨʝʟʠʩʪʦʨʘ), ʢʦʥʬʠʛʫʨʘʮʠʠ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʳ 

ʥʘ ʨʠʩ. 3d, e, ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʪʝʭ ʯʠʪʘʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʟʘʭʦʪʷʪ ʩʘʤʠ 

ʧʦʧʨʦʙʦʚʘʪʴ ʠʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ, ʯʪʦʙʳ ʫʙʝʜʠʪʴʩʷ, ʥʘʩʢʦʣʴʢʦ ʵʪʦ 

ʥʝʧʨʦʩʪʦ. 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-

ʢʦʥʪʫʨʘ, ʧʨʠʚʝʜʥyʥʦʛʦ ʥʘ ʨʠʩ. 3a, ʨʘʚʥʦ 
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ʛʜʝ       LC10 ; LR2 0 . 

 
ʈʠʩ. 4. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ  LCR-ʢʦʥʪʫʨʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 3a 

ʄʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʝ y

ʛʨʘʬʠʢ ʩʤ. ʥʘ ʨʠʩ. 4a) ʨʘʚʥʘ 
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ʇʨʠʨʘʚʥʠʚʘʷ ʝ y ʥʫʣʶ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ, ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʤ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʧʝʨʚʦʤʫ ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ 

01res LC1 . 

ʄʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʪʦʛʦ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ (ʝʛʦ ʛʨʘʬʠʢ ʧʨʠʚʝʜʥy ʥʘ 

ʨʠʩ. 4b) ʨʘʚʝʥ 

2

22
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222
0 )(4

L|)j(Z|                                     (11) 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ ʵʢʩʪʨʝʤʫʤ ʝʛʦ ʧʦʜʢʦʨʝʥʥʦʛʦ 

ʚʳʨʘʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 

02
)(4

d

d
3

4
0

4

2

2
0

222
0                        (12)  

ʥʘʭʦʜʠʤ ʜʨʫʛʫʶ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʚʪʦʨʦʤʫ 

ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ 02res . 

ʂʘʢ ʚʠʜʥʦ, ʚ ʵʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ LCR-ʮʝʧʠ 2res1res , 

ʯʪʦ ʢʘʢ ʙʫʜʪʦ ʦʧʨʦʚʝʨʛʘʝʪ ʥʘʰʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ. ʅʦ ʥʝ ʙʫʜʝʤ 

ʪʦʨʦʧʠʪʴʩʷ ʩ ʚʳʚʦʜʘʤʠ. ʇʦʩʤʦʪʨʠʤ, ʯʪʦ ʤʳ ʧʦʣʫʯʠʤ ʜʘʣʴʰʝ. 

ʆʙʲʷʩʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 4) ʷʚʣʷʝʪʩʷ 

ʜʦʚʦʣʴʥʦ ʦʯʝʚʠʜʥʳʤ. ʅʘ ʯʘʩʪʦʪʘʭ , ʧʨʝʚʳʰʘʶʱʠʭ ʨʝʟʦʥʘʥʩʥʫʶ 

ʯʘʩʪʦʪʫ 0, ʙ·ʣʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʘ ʥʘ ʯʘʩʪʦʪʘʭ , ʤʝʥʴʰʠʭ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ 

0, ʙ·ʣʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʷʚʣʷʝʪʩʷ ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʅʘ 

ʨʝʟʦʥʘʥʩʥʦʡ ʞʝ ʯʘʩʪʦʪʝ 0  ʦʥʠ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ, 

ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʧʦ ʟʥʘʢʫ. ʇʦʵʪʦʤʫ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ 

ʨʝʘʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ ʥʘ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 0  ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ (ʨʠʩ.4ʘ). ʅʦ 

ʪʘʢ ʢʘʢ ʚ ʵʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʠʤʝʝʪʩʷ ʝʱ y ʨʝʟʠʩʪʦʨ R, ʪʦ 

ʤʦʜʫʣʴ ʝ yʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ 

LC-ʢʦʥʪʫʨʘ, ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 0  ʙʫʜʝʪ ʥʝ ʥʫʣʝʚʳʤ (ʨʠʩ.4b). 

ɼʣʷ ʵʪʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ ʪʘʢʞʝ ʥʘʡʜʤy 

ʯʘʩʪʦʪʫ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʦʮʝʩʩʳ ʚ ʥʤy ʦʧʠʩʳʚʘʶʪʩʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 
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ʛʜʝ       U  
 
ï  ʧʨʠʣʦʞʝʥʥʦʝ ʢ  LCR-ʢʦʥʪʫʨʫ  ʚʭʦʜʥʦʝ  ʵʣʝʢʪʨʠʯʝʩʢʦʝ  

ʥʘʧʨʷʞʝʥʠʝ; 
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ï ʧʨʦʪʝʢʘʶʱʠʡ ʚ LCR-ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ. 
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ʛʜʝ       00 2Q   ï ʜʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʩʣʝʜʫʝʤʦʤ LCR-ʢʦʥʪʫʨʝ ʦʙʝ 

ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʦʢʘʟʘʣʠʩʴ ʨʘʚʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ, ʯʪʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʙʘ ʧʨʠʟʥʘʢʘ 

ʨʝʟʦʥʘʥʩʘ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ ʦʜʥʦ ʠ ʪʦ ʞʝ ʷʚʣʝʥʠʝ. 

ʆʜʥʘʢʦ ʥʝʧʦʥʷʪʥʦ ʧʦʯʝʤʫ ʯʘʩʪʦʪʘ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʝ 

ʢʘʟʘʣʦʩʴ ʙʳ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʘʠʙʦʣʝʝ ʚʳʛʦʜʥʦʤʫ (ʪʦ ʝʩʪʴ 

ʨʝʟʦʥʘʥʩʥʦʤʫ) ʵʥʝʨʛʝʪʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʢʦʣʝʙʘʥʠʡ, ʦʢʘʟʘʣʘʩʴ ʥʝ 

ʨʘʚʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ. ʉʫʱʝʩʪʚʫʶʱʘʷ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʪʘʢʫʶ ʩʠʪʫʘʮʠʶ ʦʙʲʷʩʥʠʪʴ ʥʝ ʚ 

ʩʦʩʪʦʷʥʠʠ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʜʨʫʛʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʡ LCR-ʢʦʥʪʫʨ, ʠʟʦʙʨʘʞʥyʥʳʡ ʥʘ ʨʠʩ. 3b. ɽʛʦ ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʘʚʥʦ 

0

2
0

2
0

2

2j

)(j2
L

RC
1j

)
LC

1(j
RC

1

L)j(Z

         
                         (16)  

ʛʜʝ       LC10 ; RC12 0 . 
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ʇʨʠʨʘʚʥʠʚʘʷ ʝ yʥʫʣʶ, ʥʘʭʦʜʠʤ ʫʞʝ ʥʝ ʦʜʥʫ ʨʝʟʦʥʘʥʩʥʫʶ 

ʯʘʩʪʦʪʫ, ʘ ʩʦʚʦʢʫʧʥʦʩʪʴ ʜʚʫʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ (ʧʦʩʢʦʣʴʢʫ 

ʛʨʘʬʠʢ ʥʘ ʨʠʩ. 5ʘ ʠʤʝʝʪ ʜʚʝ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʩ ʦʩʴʶ ), 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʝʨʚʦʤʫ ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ 
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ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ, ʧʨʠʚʝʜʥyʥʦʛʦ ʥʘ ʨʠʩ. 3b,  ʨʘʚʝʥ 
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ʥʘʭʦʜʠʤ ʝʱ yʜʚʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ (ʧʦʩʢʦʣʴʢʫ ʛʨʘʬʠʢ ʥʘ ʨʠʩ. 

5b ʠʤʝʝʪ ʜʚʘ ʵʢʩʪʨʝʤʫʤʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʪʦʨʦʤʫ 
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ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ (ʨʠʩ. 5) ʦʙʲʷʩʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʅʘ ʯʘʩʪʦʪʘʭ , ʤ®ʥʴʰʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ 1res  
ʠ 

2res , ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʦ ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ ʷʚʣʷʝʪʩʷ ʝʤʢʦʩʪʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ 0
 
ʧʨʠʥʠʤʘʝʪ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʦʝ 
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ʟʥʘʯʝʥʠʝ. ʅʦ ʪʘʢ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ ʢʦʥʜʝʥʩʘʪʦʨʫ C
 
ʚʢʣʶʯʥy 

ʨʝʟʠʩʪʦʨ R, ʠʭ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 0
 

ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤ R . ʇʦʵʪʦʤʫ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

)j(Z  ʧʨʠ 0
 
ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ R, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʥʘ ʵʪʦʡ 

ʯʘʩʪʦʪʝ 0)j(ZIm  (ʨʠʩ.5a), ʘ |)j(Z|
 
ʠʤʝʝʪ ʚʪʦʨʦʡ 

ʵʢʩʪʨʝʤʫʤ (ʨʠʩ.5b). ʅʘ ʯʘʩʪʦʪʘʭ ʞʝ, ʙ·ʣʴʰʠʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ 

1res  
ʠ 2res , ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ  ʩʪʘʥʦʚʠʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ ʨʝʟʠʩʪʦʨʘ R. ʇʦʵʪʦʤʫ 

ʰʫʥʪʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ ʨʝʟʠʩʪʦʨʘ ʫʞʝ ʥʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠ ʧʦʪʦʤʫ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ  )j(ZIm  ʠ |)j(Z|
 
ʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʠʤ ʞʝ, 

ʢʘʢ ʠ ʚ LC-ʢʦʥʪʫʨʝ (ʨʠʩ.2). 

ʅʦ ʧʦʯʝʤʫ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 1res  
ʠ 2res , 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʳʤ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠʟʥʘʢʘʤ ʨʝʟʦʥʘʥʩʘ, ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ LCR-ʮʝʧʠ ʦʢʘʟʘʣʠʩʴ ʨʘʟʣʠʯʥʳʤʠ, 

ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʦʙʲʷʩʥʠʪʴ ʥʝ ʤʦʞʝʪ. 

ʈʠʩ. 5. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ  LCR-ʢʦʥʪʫʨʘ, ʠʟʦʙʨʘʞʥyʥʦʛʦ ʥʘ ʨʠʩ. 3b 

 

ɼʘʣʝʝ, ʜʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ, ʠʟʦʙʨʘʞʥyʥʦʛʦ ʥʘ 

ʨʠʩ. 3b, ʦʧʷʪʴ ʥʘʡʜʤy ʯʘʩʪʦʪʫ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʦʮʝʩʩʳ ʚ 

ʥyʤ ʦʧʠʩʳʚʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 
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ʛʜʝ       U
  
ï  ʧʨʠʣʦʞʝʥʥʦʝ    ʢ     ʢʦʥʪʫʨʫ    ʚʭʦʜʥʦʝ    ʵʣʝʢʪʨʠʯʝʩʢʦʝ  

 ʥʘʧʨʷʞʝʥʠʝ; 

I
 
ï ʧʨʦʪʝʢʘʶʱʠʡ ʚ ʢʦʥʪʫʨʝ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ.
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʠʩʩʣʝʜʫʝʤʦʤ LCR-ʢʦʥʪʫʨʝ ʫʞʝ ʦʙʝ 

ʥʝʥʫʣʝʚʳʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ ʦʢʘʟʘʣʠʩʴ ʥʝ ʨʘʚʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ, 

ʘ ʪʘʢʞʝ ʥʝ ʨʘʚʥʳʤʠ ʯʘʩʪʦʪʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʀ ʪʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʥʠʢʘʢ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʟʜʨʘʚʳʤ ʩʤʳʩʣʦʤ. ʉʦʚʩʝʤ ʥʝ 

ʧʦʥʷʪʥʦ, ʧʦʯʝʤʫ ʦʜʥʦ ʠ ʪʦ ʞʝ ʷʚʣʝʥʠʝ ï ʨʝʟʦʥʘʥʩ ʧʨʠ ʝʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʩ ʨʘʟʥʳʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʦʚʘʥʠʶ 

ʨʘʟʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ.  

ʈʠʩ. 6. ʏʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ 

ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ  LCR-ʢʦʥʪʫʨʘ, ʠʟʦʙʨʘʞʥyʥʦʛʦ ʥʘ ʨʠʩ. 3c 

ʇʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʦ ʙʳ ʦʯʝʥʴ ʥʝʧʦʥʷʪʥʦ, ʝʩʣʠ ʙʳ ʧʨʠ 

ʚʟʚʝʰʠʚʘʥʠʠ ʯʝʣʦʚʝʢʘ ʝʛʦ ʚʝʩ ʦʢʘʟʘʣʩʷ ʨʘʟʥʳʤ ʚ ʨʘʟʥʳʭ ʧʦʟʘʭ 

(ʥʘʧʨʠʤʝʨ, ʣʝʞʘ ʠ ʩʪʦʷ). ʅʦ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʚʝʩʘ ʪʘʢ ʥʝ ʙʳʚʘʝʪ. ɸ 

ʚʦʪ ʩʫʱʝʩʪʚʫʶʱʘʷ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʥʝ ʩʧʦʩʦʙʥʘ 
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ʭʦʪʴ ʢʘʢ-ʪʦ ʦʙʲʷʩʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʨʝʟʫʣʴʪʘʪʳ, ʙʝʟʫʩʣʦʚʥʦ, 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝʩʦʚʝʨʰʝʥʥʦʡ. 

ʆʜʥʘʢʦ ʧʨʦʜʦʣʞʠʤ ʥʘʰʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. ʂʦʤʧʣʝʢʩʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ, 

ʧʨʠʚʝʜʥyʥʦʛʦ ʥʘ ʨʠʩ. 3c,  ʨʘʚʥʦ 
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ʛʜʝ       RC/12 0 ;  LC/10 . 

 

ʄʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ ʵʪʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

(ʩʤ. ʨʠʩ. 6a) 
 
ʨʘʚʥʘ 
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ʇʨʠʨʘʚʥʠʚʘʷ ʝ yʥʫʣʶ, ʥʘʭʦʜʠʤ ʜʚʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 

(ʧʦʩʢʦʣʴʢʫ ʥʘ ʦʜʥʦʡ ʠʟ ʥʠʭ ʛʨʘʬʠʢ ʧʝʨʝʩʝʢʘʝʪ ʦʩʴ ,  ʘ  ʥʘ ʜʨʫʛʦʡ 

ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ ʩʪʨʝʤʠʪʩʷ ʢ ʦʩʠ ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʝʨʚʦʤʫ 

ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ 
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ʄʦʜʫʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʩʤ. ʨʠʩ. 6b)
 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ, ʧʨʠʚʝʜʥyʥʦʛʦ ʥʘ 

ʨʠʩ. 3c,  ʨʘʚʝʥ 
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ʀʩʩʣʝʜʫʷ ʝʛʦ ʧʦʜʢʦʨʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʥʘ ʵʢʩʪʨʝʤʫʤ, ʪʦ ʝʩʪʴ 

ï ʨʝʰʘʷ ʫʨʘʚʥʝʥʠʝ 

 

]
4

4)(
[

d

d
42

0
24

0

22
0

222
0  

0
)4(

]8)168[(2
222

0
4
0

3

8
0

22
0

4
0

44
0

2
0

2
0

4
0  ,          (29)  

ʥʘʭʦʜʠʤ ʝʱ yʜʚʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ (ʧʦʩʢʦʣʴʢʫ ʛʨʘʬʠʢ ʠʤʝʝʪ 

ʜʚʘ ʵʢʩʪʨʝʤʫʤʘ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʶʱʝʤʫ 

ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ 
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ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ (ʨʠʩ. 6) ʦʙʲʷʩʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ. ʅʘ ʯʘʩʪʦʪʘʭ , ʧʨʝʚʳʰʘʶʱʠʭ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 1res  
ʠ 2res , ʧʨʝʦʙʣʘʜʘʶʱʠʤ ʧʦ ʩʚʦʝʡ ʚʝʣʠʯʠʥʝ ʷʚʣʷʝʪʩʷ ʠʥʜʫʢʪʠʚʥʦʝ  

ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʠ 
 
ʧʨʠʥʠʤʘʝʪ ʙʝʩʢʦʥʝʯʥʦ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ. ʅʦ ʪʘʢ ʢʘʢ ʧʘʨʘʣʣʝʣʴʥʦ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ  

L
   
ʚʢʣʶʯʥy ʨʝʟʠʩʪʦʨ R, ʠʭ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʧʨʠ 

 
ʩʪʘʥʦʚʠʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʳʤ R, ʘ ʤʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ 

)j(ZIm
 
ʧʦʣʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ )j(Z , ʧʦʩʪʝʧʝʥʥʦ 

ʫʤʝʥʴʰʘʷʩʴ, ʚ ʢʦʥʝʯʥʦʤ ʩʯyʪʝ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ (ʨʠʩ.6a). ʇʦ ʪʦʡ 

ʞʝ ʧʨʠʯʠʥʝ ʧʨʠ 
 
ʚʝʣʠʯʠʥʘ |)j(Z|

 
ʘʩʠʤʧʪʦʪʠʯʝʩʢʠ 

ʩʪʨʝʤʠʪʩʷ ʢ ʚʝʣʠʯʠʥʝ R
 
(ʨʠʩ. 6b). ʕʪʠʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʯʪyʦʚ ʚʪʦʨʳʭ ʨʝʟʦʥʘʥʩʥʳʭ 

ʯʘʩʪʦʪ 1res  
ʠ 2res , ʧʦʩʢʦʣʴʢʫ ʬʦʨʤʘʣʴʥʦ ʦʥʠ 

ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠʟʥʘʢʘʤ ʨʝʟʦʥʘʥʩʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ. 
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ʈʠʩ. 7. ʈʝʟʦʥʘʥʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ LCR-ʮʝʧʠ, ʷʚʣʷʶʱʠʝʩʷ 

ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʢʦʥʪʫʨʘʤʠ   

ɼʣʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ LCR-ʢʦʥʪʫʨʘ, ʠʟʦʙʨʘʞʥyʥʦʛʦ ʥʘ ʨʠʩ. 

3c, ʥʘʡʜʤy ʪʘʢʞʝ ʯʘʩʪʦʪʫ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʇʨʦʮʝʩʩʳ ʚ ʥʤy 

ʦʧʠʩʳʚʘʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ 
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ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ 

ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ  
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ʢʦʨʥʠ ʢʦʪʦʨʦʛʦ ʨʘʚʥʳ 
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ɺ ʠʩʩʣʝʜʫʝʤʦʤ LCR-ʢʦʥʪʫʨʝ ʦʙʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ 

ʦʧʷʪʴ ʦʢʘʟʘʣʠʩʴ ʥʝ ʨʘʚʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ, ʘ ʪʘʢʞʝ ʥʝ ʨʘʚʥʳʤʠ 

ʯʘʩʪʦʪʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. 

ʄʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʝʱ y ʥʝʩʢʦʣʴʢʦ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-

ʮʝʧʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 7. ʅʦ, ʢʘʢ ʚʠʜʥʦ, ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʜʫʘʣʴʥʳʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʵʣʝʢʪʨʠʯʝʩʢʠʤ LCR-ʮʝʧʷʤ, ʧʨʠʚʝʜʥy-

ʥʳʤ ʥʘ ʨʠʩ. 3. ʀ ʧʦʵʪʦʤʫ ʨʘʩʯʪyʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʥʠʭ ʙʫʜʫʪ 

ʘʥʘʣʦʛʠʯʥʳʤʠ.  

ʂ ʧʦʜʦʙʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʧʨʠʚʦʜʠʪ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠ ʣʶʙʳʭ ʜʨʫʛʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʝʡ, ʢʘʢ 

ʜʚʫʭʧʦʣʶʩʥʠʢʦʚ, ʪʘʢ ʠ ʤʥʦʛʦʧʦʣʶʩʥʠʢʦʚ, ʢʘʢ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʪʘʢ 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʦʨʷʜʢʦʚ.  

ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʳʷʚʣʝʥʥʳʝ ʚ ʧʨʦʮʝʩʩʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʳʭ LCR-ʮʝʧʝʡ ʦʪʣʠʯʠʷ ʨʝʟʦʥʘʥʩʥʳʭ 

ʯʘʩʪʦʪ 1res  
ʠ 2res , ʘ ʪʘʢʞʝ ʯʘʩʪʦʪʳ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ free   

ʦʪ ʯʘʩʪʦʪʳ 0  
ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʩʴʤʘ ʥʝʚʝʣʠʢʠ

1
 (ʩʤ. ʪʘʙʣʠʮʫ 1) ʠ 

ʩʦʠʟʤʝʨʠʤʳ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ
2
. ʇʦʵʪʦʤʫ ʫʢʘʟʘʥʥʦʝ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʫʩʢʦʣʴʟʘʣʦ ʦʪ ʚʥʠʤʘʥʠʷ ʠʩʩʣʝʜʦ-

ʚʘʪʝʣʝʡ. ʀʣʠ, ʢʘʢ ʠʤ ʢʘʟʘʣʦʩʴ, ʥʝ ʧʨʝʜʩʪʘʚʣʷʣʦ ʠʥʪʝʨʝʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʨʘʢʪʦʚʢʫ ʨʝʟʦʥʘʥʩʘ ʠʟ-ʟʘ 

ʩʚʦʝʡ ʥʝʧʦʣʥʦʪʳ, ʥʝʣʦʛʠʯʥʦʩʪʠ ʠ ʚʥʫʪʨʝʥʥʝʡ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ, ʘ 

ʪʘʢʞʝ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʦʙʲʷʩʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ
3
 ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ. ʇʦʵʪʦʤʫ ʠʤʝʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʨʘʟʨʘʙʦʪʢʝ ʩʦʚʝʨʰʝʥʥʦʡ ʪʝʦʨʠʠ ʵʪʦʛʦ ʯʨʝʟʚʳʯʘʡ-

ʥʦ ʚʘʞʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʷʚʣʝʥʠʷ, ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʦʡ ʦʪ 

ʚʳʷʚʣʝʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʢʪʦʚʢʠ ʨʝʟʦʥʘʥʩʘ.  

 

 

 

                                                 
1
ɼʝʬʝʢʪ ʤʘʩʩ ʪʦʞʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʯʝʥʴ ʥʝʚʝʣʠʢ, ʥʦ ʢʘʢʦʚʘ ʙʳʣʘ ʙʳ 

ʬʠʟʠʢʘ, ʝʩʣʠ ʙʳ ʝʛʦ ʧʨʦʠʛʥʦʨʠʨʦʚʘʣʠ? 

2
ɸ ʤʥʦʛʠʝ ʦ ʥʤy ʜʦ ʩʠʭ ʧʦʨ ʜʘʞʝ ʥʝ ʧʦʜʦʟʨʝʚʘʶʪ  

3
ʂʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʦʚ OPERA, MINOS, ICARUS, ʣʝʛʢʦ 

ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʦʚʝʨʝʥʳ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʣʶʙʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ  
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ɽʩʪʝʩʪʚʝʥʥʦ, ʥʦʚʘʷ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ, ʯʪʦʙʳ ʩʪʘʪʴ ʧʨʠʟʥʘʥ-

ʥʦʡ, ʜʦʣʞʥʘ: 

 ʢʦʨʨʝʢʪʥʦ ʦʧʠʩʳʚʘʪʴ ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ; 

 ʦʙʲʷʩʥʠʪʴ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʥʝʩʫʨʘʟʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʪʨʘʢʪʦʚʢʠ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ; 

 ʧʦʣʫʯʠʪʴ ʥʝʜʚʫʩʤʳʩʣʝʥʥʳʝ1
 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʷ. 

                                                 
1
ʊʦ ʝʩʪʴ ʥʝʦʙʲʷʩʥʠʤʳʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʢʪʦʚʢʦʡ 

ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʠ ʦʙʲʷʩʥʠʤʳʝ ʪʦʣʴʢʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ 
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 2.2.4. ʈʝʟʦʥʘʥʩ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ 

ʇʦʩʢʦʣʴʢʫ ʤʳ ʭʦʪʠʤ ʧʦʥʷʪʴ ʠʩʪʠʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ 

ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʦʩʪʘʨʘʝʤʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ 

ʘʧʧʘʨʘʪ ʦʩʪʦʨʦʞʥʦ, ʯʪʦʙʳ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʜʝʙʨʷʭ ʥʝ ʧʦʪʝʨʷʪʴ 

ʝʱy ʥʝ ʥʘʡʜʝʥʥʫʶ ʢʨʫʧʠʮʫ ʬʠʟʠʯʝʩʢʦʡ ʠʩʪʠʥʳ. ʊʦʣʴʢʦ ʪʘʢʦʡ 

ʧʦʜʭʦʜ ʤʦʞʝʪ ʧʦʟʚʦʣʠʪʴ ʚʳʷʚʠʪʴ ʧʝʨʚʦʧʨʠʯʠʥʫ ʨʝʟʦʥʘʥʩʘ, ʧʦʩʣʝ 

ʯʝʛʦ ʠ ʩʪʘʥʝʪ ʚʦʟʤʦʞʥʳʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʢʦʨʨʝʢʪʥʦ ʩʬʦʨʤʫʣʠʨʦ-

ʚʘʪʴ ʚʳʷʚʣʝʥʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ.  

ʀʪʘʢ, ʟʘʜʘʜʠʤ ʩʝʙʝ ʧʨʦʩʪʦʡ ʚʦʧʨʦʩ ï ʚ ʯyʤ ʞʝ ʥʘʩʪʦʷʱʘʷ 

ʧʨʠʯʠʥʘ ʨʝʟʦʥʘʥʩʘ?  

ʏʪʦʙʳ ʦʪʚʝʪʠʪʴ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʡ ʚʦʧʨʦʩ, ʚʥʠʤʘʪʝʣʴʥʦ 

ʨʘʩʩʤʦʪʨʠʤ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ ʟʘʚʠʩʠʤʦʩʪʠ
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ʕʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʠʩʳʚʘʶʪ ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ  LCR-ʮʝʧʷʭ, ʧʨʠʚʝʜʥyʥʳʭ ʥʘ ʨʠʩ. 3a,b,c.   ʀ, ʢʘʢ ʤʳ 

ʧʦʤʥʠʤ, ʧʨʦʮʝʩʩʳ ʚ ʵʪʠʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʩʦʜʝʨʞʘʣʠ ʧʦʤʠʤʦ 

ʥʝʢʦʝʡ ʦʙʱʝʡ ʜʣʷ ʚʩʝʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʨʝʟʦʥʘʥʩʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʪʘʢʞʝ ʥʝʦʙʲʷʩʥʠʤʳʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ.   

ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʫ ʵʪʠʭ ʪʨʭy ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʜʠʥʘʢʦʚʳʤʠ ʷʚʣʷʶʪʩʷ ʯʠʩʣʠʪʝʣʠ ʧʦʜʢʦʨʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʘ 

ʨʘʟʥʳʤʠ ï ʠʭ ʟʥʘʤʝʥʘʪʝʣʠ.  ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, 

ʯʪʦ ʟʥʘʥʠʷ ʦ ʧʝʨʚʦʧʨʠʯʠʥʝ ʨʝʟʦʥʘʥʩʘ ʩʦʜʝʨʞʘʪʩʷ ʚ ʚʳʨʘʞʝʥʠʠ  
22

0
222

0 )(4 , ʢʦʪʦʨʦʝ ʩ ʫʯʪyʦʤ ʬʦʨʤʫʣ (15),  (24)  ʠ  (33) 

ʤʦʞʝʪ ʙʳʪʴ ʧʝʨʝʧʠʩʘʥʦ ʚ ʚʠʜʝ 22
0

2
free

222
0 )(4 . ɼʘʣʝʝ 

ʦʩʪʘʣʦʩʴ ʣʠʰʴ  ʧʦʥʷʪʴ ʩʤʳʩʣ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ.  

ʀ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʵʪʦ ʞʝ ʚʳʨʘʞʝʥʠʝ ʬʠʛʫʨʠʨʫʝʪ ʚ 

ʫʨʘʚʥʝʥʠʠ ʦʚʘʣʦʚ ʂʘcʩʠʥʠ [33] 
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 (35)      

ʛʜʝ      2,1freeʨ    ï    ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʝ  ʯʘʩʪʦʪʳ   ʩʚʦʙʦʜʥʳʭ   

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ;     

2,1ʨ ï ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʝ ʯʘʩʪʦʪʳ ʚʭʦʜʥʳʭ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ʇʦʩʣʝʜʥʝʝ ʚʳʨʘʞʝʥʠʝ ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʝʪ ʛʝʦʤʝʪʨʠʯʝʩ-

ʢʠʡ ʩʤʳʩʣ ʦʚʘʣʦʚ ʂʘʩʩʠʥʠ, ʢʦʪʦʨʳʝ, ʢʘʢ ʚʠʜʥʦ (ʨʠʩ. 8ʘ), 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ 

)j,(ʨ free01free  ʠ )j,(ʨ free02free  ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ j, , ʧʨʦʠʟʚʝʜʝʥʠʝ ʢʚʘʜʨʘʪʦʚ ʨʘʩʩʪʦʷʥʠʡ ʢʦʪʦʨʳʭ 
2
1d ʠ 2

2d  ʦʪ ʜʚʫʭ ʜʨʫʛʠʭ ʪʦʯʝʢ )j,0(ʨ1  ʠ )j,0(ʨ2  ʝʩʪʴ 

ʚʝʣʠʯʠʥʘ ʧʦʩʪʦʷʥʥʘʷ ʠ ʨʘʚʥʘʷ 
4

d . ʅʦ ʪʘʢ ʢʘʢ ʬʠʟʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ 

ʪʦʯʝʢ 1freeʨ  ʠ 2freeʨ  ʥʘ ʨʠʩ.8a ʷʚʣʷʶʪʩʷ ʩʚʦʙʦʜʥʳʝ ʟʘʪʫʭʘʶʱʠʝ 

ʢʦʣʝʙʘʥʠʷ, ʘ ʬʠʟʠʯʝʩʢʠʤ ʦʙʨʘʟʦʤ ʪʦʯʝʢ 1ʨ ʠ 2ʨ ï ʚʭʦʜʥʳʝ 

ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ, ʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʝʟʦʥʘʥʩ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ LCR-ʮʝʧʷʭ ʦʙʫʩʣʦʚʣʝʥ ʠʭ ʩʙʣʠʞʝʥʠʝʤ, ʪʦ ʝʩʪʴ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʣʠʯʠʥʳ 
4

d .   

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʦ ʠ ʝʩʪʴ ʬʠʟʠʯʝʩʢʘʷ ʧʝʨʚʦʧʨʠʯʠʥʘ ʨʝʟʦ-

ʥʘʥʩʘ! 

ʇʦʵʪʦʤʫ ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠ-

ʨʦʚʘʪʴ ʩʣʝʜʫʶʱʝʝ ʦʧʨʝʜʝʣʝʥʠʝ. ʈʝʟʦʥʘʥʩ ï ʵʪʦ ʷʚʣʝʥʠʝ 

ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ ʚʳʥʫʞʜʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶ-

ʱʝʡ ʦʪʢʣʠʢʘ (ʜʣʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ï ʥʘʧʨʷʞʝʥʠʷ, ʪʦʢʘ, 

ʤʦʱʥʦʩʪʠ, ʟʘʧʘʩʥyʥʦʡ ʵʥʝʨʛʠʠ) ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʧʨʠ 

ʩʙʣʠʞʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʩʚʦʙʦʜʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ. ʊʦ ʝʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʝʟʦʥʘʥʩ ʥʘ 

ʩʘʤʦʤ ʜʝʣʝ ʠʤʝʝʪ ʤʝʩʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ [34] ï [36]. 

ʇʦʢʘʞʝʤ ʪʝʧʝʨʴ, ʯʪʦ ʧʨʠʚʝʜʥyʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʫʞʝ ʙʝʟʫ-

ʧʨʝʯʥʦ; ʪʦ ʝʩʪʴ ʫʙʝʜʠʤʩʷ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʧʝʨʚʘʷ ʠ ʚʪʦʨʘʷ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʚʥʳ ʜʨʫʛ 
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ʜʨʫʛʫ ʠ ʯʘʩʪʦʪʝ ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ, 

ʥʘʧʨʠʤʝʨ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ LCR-ʢʦʥʪʫʨ, ʠʟʦʙʨʘ-

ʞyʥʥʳʡ ʥʘ ʨʠʩ. 3a. ɽʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʙʦʙʱʥyʥʳʤ ʩʠʤʚʦʣʠ-

ʯʝʩʢʠʤ ʤʝʪʦʜʦʤ (ʧʦʜʨʦʙʥʝʝ ʦ ʥʤy ʩʤ. ʥʠʞʝ), ʪʦ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶ-

ʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 
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ʂʘʢ ʚʠʜʥʦ, ʧʨʠ ʨʝʟʦʥʘʥʩʝ, ʢʦʛʜʘ freepʨ , ʵʪʦ ʚʳʨʘʞʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. ʇʦʵʪʦʤʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʤʝʶʪ ʤʝʩʪʦ ʠ 

0)p(ZImlim
2,1free2,1 pp  ʠ  0)p(Zlim

2,1free2,1 pp
, ʪʦ ʝʩʪʴ ï ʠ 

ʧʝʨʚʘʷ, ʠ ʚʪʦʨʘʷ ʨʝʟʦʥʘʥʩʥʘʷ ʯʘʩʪʦʪʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʨʘʚʥʳ ʯʘʩʪʦʪʝ 

ʩʚʦʙʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ.  

ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʚʳʥʫʞʜʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʢʦʣʝʙʘʥʠʡ ʪʦʢʘ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ LCR-ʢʦʥʪʫʨʝ ʤʦʞʝʪ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ (ʝʩʣʠ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ ʧʨʦʮʝʩʩ ʥʝ ʧʨʝʨʚʘʪʴ) 

ʚʦʟʨʘʩʪʘʪʴ. ʅʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʚʦʟʨʘʩʪʘʝʪ ʦʥʘ ʥʝ ʧʨʦʠʟʚʦʣʴʥʳʤ 

ʦʙʨʘʟʦʤ, ʘ ʧʦ ʤʝʨʝ ʪʦʛʦ, ʢʘʢ ʩ ʢʘʞʜʳʤ ʮʠʢʣʦʤ ʢʦʣʝʙʘʥʠʡ ʚ 

ʨʝʟʦʥʘʥʩʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʧʦʩʪʫʧʘʝʪ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʘʷ 

ʩʦʜʝʨʞʠʪʩʷ ʚʦ ʚʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʷʭ. ʅʝ ʙʦʣʴʰʝ. ʇʦʵʪʦʤʫ, ʯʪʦʙʳ 

ʥʘʢʦʧʣʝʥʥʘʷ ʚ ʨʝʟʦʥʘʥʩʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ ʢʦʥʪʫʨʝ ʵʥʝʨʛʠʷ 

ʟʘʤʝʪʥʦ ʚʦʟʨʦʩʣʘ, ʥʝʦʙʭʦʜʠʤʘ ʦʧʨʝʜʝʣʥyʥʘʷ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʚʭʦʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ.  

ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʧʦʣʫʯʘʶʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ LCR-ʮʝʧʝʡ. 
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ʈʠʩ. 8. ʆʚʘʣʳ ʂʘʩʩʠʥʠ ʜʣʷ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʥʝʟʘʪʫʭʘʶʱʝʛʦ ʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʟʘʪʫʭʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʡ 

 

ʀ ʚʦʪ ʪʝʧʝʨʴ, ʢʦʛʜʘ ʚʩ y ʩʪʘʣʦ ʧʦʥʷʪʥʳʤ, ʫʞʝ ʤʦʞʥʦ ʚ 

ʧʦʣʥʦʤ ʦʙʲʤyʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʫʶ ʪʝʦʨʠʶ ʘʥʘʣʠʟʘ ʠ 

ʩʠʥʪʝʟʘ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ 

[37] ï [41], ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠʤʤʠʪʘʥʩʥʳʝ ʬʫʥʢʮʠʠ 

ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʜʨʦʙʥʦ-

ʨʘʮʠʦʥʘʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ. ʀ ʟʥʘʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ, ʥʘ ʢʦʪʦʨʳʭ ʯʠʩʣʠʪʝʣʠ ʜʨʦʙʥʦ-ʨʘʮʠʦʥʘʣʴʥʳʭ 

ʠʤʤʠʪʘʥʩʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʥʠʤʘʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʚ ʥʝʡ ʪʘʢ ʠ 

ʥʘʟʚʘʥʳ ñʥʫʣʷʤʠò, ʘ ʟʥʘʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ, ʥʘ ʢʦʪʦʨʳʭ 

ʟʥʘʤʝʥʘʪʝʣʠ ʵʪʠʭ ʬʫʥʢʮʠʡ ʧʨʠʥʠʤʘʶʪ ʥʫʣʝʚʳʝ ʟʥʘʯʝʥʠʷ, ʥʘʟʚʘʥʳ 

ñʧʦʣʶʩʘʤʠò. ʇʨʠʯʤy ʵʪʠ ñʥʫʣʠò  ʠ ñʧʦʣʶʩʘò ʚʳʯʠʩʣʷʶʪʩʷ ʧʦ  

ʧʨʦʩʪʳʤ ʝʜʠʥʦʦʙʨʘʟʥʳʤ ʬʦʨʤʫʣʘʤ ʜʣʷ ʣʶʙʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʮʝʧʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʵʪʠʭ ʟʥʘʯʝʥʠʷʭ ñʥʫʣʝʡò ʠ ñʧʦʣʶʩʦʚò ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʠʤʝʶʪ ʤʝʩʪʦ ʚʩʝ ʧʨʠʟʥʘʢʠ ʨʝʟʦʥʘʥʩʘ. ʅʦ ʚ ʵʪʦʡ 

ʪʝʦʨʠʠ ʚ ʩʠʣʫ ʚʳʰʝʫʧʦʤʷʥʫʪʦʛʦ ñʟʘʧʨʝʪʘ ʉʊʆò ʚʦʧʨʦʩ ʦ 

ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ  ñʥʫʣʝʡò ʠ ñʧʦʣʶʩʦʚò, ʪʦ ʝʩʪʴ ʦ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʵʪʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ ʚʦʦʙʱʝ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʩʘʤʦʛ· ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʙʳʣ ʦʩʪʘʚʣʝʥ 

ʦʪʢʨʳʪʳʤ. 
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ʊʝʧʝʨʴ ʞʝ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʪʝʦʨʠʠ ʫʞʝ 

ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʥʳʝ ʯʘʩʪʦʪʳ ʠ ʨʝʟʦʥʘʥʩ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳ. ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʠ 

ʦʧʠʩʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ʩʤ. ʥʠʞʝ), ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʩʧʨʘʚʝʜʣʠ-

ʚʦʩʪʴ ʪʘʢʠʭ ʫʪʚʝʨʞʜʝʥʠʡ. ʊʝʨʤʠʥ rʞʝ ñʥʫʣʠò ʠ ñʧʦʣʶʩʘò ʚ ʵʪʦʡ 

ʪʝʦʨʠʠ ʩʣʝʜʫʝʪ ʟʘʤʝʥʠʪʴ ʥʘ ʪʝʨʤʠʥʳ ñʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪ·ʪʳò ʢʘʢ 

ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʧʨʦʪʝʢʘʶʱʠʭ 

ʧʨʦʮʝʩʩʦʚ. ʀ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʦʜʦʣʝʚ ñʟʘʧʨʝʪ ʉʊʆò, ʚʦʟʚʨʘʪʠʪʴ 

ʠʟʫʯʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʚ ʪʝʦʨʠʶ ʣʠʥʝʡʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. 

ʀʟʣʦʞʝʥʥʳʡ ʤʘʪʝʨʠʘʣ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʝ 

ʠʥʪʝʨʝʩʥʳʝ ʠ ʥʝʦʯʝʚʠʜʥʳʝ ʬʘʢʪʳ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘ-

ʥʠʝ ʨʝʟʦʥʘʥʩʘ ʠʤʝʥʥʦ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʅʘʧʨʠʤʝʨ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʯʪʦ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ 

ʚʦʟʜʝʡʩʪʚʠʠ (ʩʤ. ʨʠʩ. 8ʘ) ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʭ ʯʘʩʪʦʪʘʭ 

jp  ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʳʡ LCR-ʢʦʥʪʫʨ ʧʦʣʫʯʠʪʴ 0d  

ʥʝʚʦʟʤʦʞʥʦ ʧʦʪʦʤʫ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʘʤʠ )j,0(ʨ1 , 

)j,0(ʨ2  ʠ ʪʦʯʢʘʤʠ )j,(ʨ free01free , )j,(ʨ free02free  

ʥʠ ʧʨʠ ʢʘʢʦʡ ʚʝʣʠʯʠʥʝ  ʚ ʩʣʫʯʘʝ 0  ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʫʣʝʚʳʤ. 

ʇʦʵʪʦʤʫ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʪʘʢʦʤ LCR-ʢʦʥʪʫʨʝ (ʩʤ. ʨʠʩ. 4b) 

ʥʠ ʧʨʠ ʢʘʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʥʫʣʝʚʳʤ.   

ʕʪʦ ï ʚʩʝʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ
1
 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ. 

ʌʠʟʠʯʝʩʢʠ ʦʥ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʥʝʨʝʟʦʥʘʥʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

ʵʥʝʨʛʠʷ ʚʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʩʪʫʧʘʝʪ ʚ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩ 

ʧʦʪʝʨʷʤʠ. 

ʇʦʣʫʯʠʪʴ 0d  ʚʦʟʤʦʞʥʦ ʧʨʠ ʛʘʨʤʦʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ 

(ʩʤ. ʨʠʩ. 8ʘ) ʥʘ Lʉ-ʢʦʥʪʫʨ, ʪʦ ʝʩʪʴ ʧʨʠ 00  ʠ 0free , ʢʦʛʜʘ 

ʪʦʯʢʘ )j,0(ʨ1  ʩʦʚʧʘʜʪy ʩ ʪʦʯʢʦʡ )j,0(ʨ free1free , ʘ ʪʦʯʢʘ 

)j,0(ʨ2  ʩʦʚʧʘʜʪy ʩ ʪʦʯʢʦʡ )j,0(ʨ free2free , ʠ ʟʘ ʩʯʪy ʵʪʦʛʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ 1d   ʩʪʘʥʝʪ ʨʘʚʥʳʤ ʥʫʣʶ. ʇʨʠ ʵʪʦʤ ʦʚʘʣʳ ʂʘʩʩʠʥʠ 

ʚʳʨʦʜʷʪʩʷ ʚ ʜʚʝ ʪʦʯʢʠ. ʕʪʦ ï ʪʦʞʝ ʚʩʝʤ ʠʟʚʝʩʪʥʳʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʬʘʢʪ. ʌʠʟʠʯʝʩʢʠ ʦʥ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʨʝʟʦʥʘʥʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʵʥʝʨʛʠʷ ʚʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ LC-ʢʦʥʪʫʨ ʙʝʟ ʧʦʪʝʨʴ.  

                                                 
1
ʅʦ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʙʲʷʩʥʥyʥʳʡ 
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ʅʦ ʧʦʣʫʯʠʪʴ 0d  ʚʦʟʤʦʞʥʦ ʪʘʢʞʝ ʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

LCR-ʢʦʥʪʫʨ ʟʘʪʫʭʘʶʱʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ
1
 (ʩʤ. ʨʠʩ. 8b), ʢʦʛʜʘ 0 . 

ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʚʘʣʳ ʂʘʩʩʠʥʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʤʝʩʪʦ ʪʦʯʝʢ free02,1free jʨ  ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ j, , ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʚ ʫʢʘʟʘʥʥʦʤ ʚʳʰʝ 

ʩʤʳʩʣʝ ʦʪ ʜʚʫʭ ʜʨʫʛʠʭ ʪʦʯʝʢ jʨ2,1 .  

ʊʘʢʦʤʫ ʧʦʜʭʦʜʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʧʠʩʴ ʫʨʘʚʥʝʥʠʷ ʦʚʘʣʦʚ 

ʂʘʩʩʠʥʠ ʚ ʚʠʜʝ 
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free0free0

1free22free12free21free1
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)]j(j[)]j(j[

)pp)(pp)(pp)(pp(

 (37)  

ʀ ʪʦʛʜʘ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ LCR-ʢʦʥʪʫʨ ʟʘʪʫʭʘʶʱʠʤʠ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ (ʩʤ. ʨʠʩ. 8b) ʥʘ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʝʥʥʳʭ ʯʘʩʪʦʪʘʭ free0 jp  ʧʦʣʫʯʠʪʴ ʥʫʣʝʚʫʶ 

ʚʝʣʠʯʠʥʫ ʚʳʥʫʞʜʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ ʟʘ ʩʯʪy 0d  ʫʞʝ 

ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ. ʅʠʞʝ ʧʨʠʚʝʜʝʥʦ ʦʧʠʩʘʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʧʦʜʪʚʝʨʞʜʘʶʱʠʭ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʠʭ ʦʙʲʷʩʥʝʥʠʷ. 

ʌʠʟʠʯʝʩʢʠ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʦʧʷʪʴ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ 

ʨʝʟʦʥʘʥʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʵʥʝʨʛʠʷ ʚʭʦʜʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʦʩʪʫʧʘʝʪ ʚ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʧʦʣʥʦʩʪʴʶ ʙʝʟ ʧʦʪʝʨʴ. ʅʦ ʧʦʩʢʦʣʴʢʫ ï ʠ 

ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʠ ʚʳʥʫʞʜʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʷʚʣʷʶʪʩʷ ʟʘʪʫʭʘʶʱʠʤʠ, ʵʥʝʨʛʠʷ ʚ LCR-ʢʦʥʪʫʨʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ LC-

ʢʦʥʪʫʨʘ, ʥʝ ʥʘʢʘʧʣʠʚʘʝʪʩʷ.  

ʀʟʣʦʞʝʥʥʦʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʙʝʜʠʪʝʣʴʥʦ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʨʝʟʦʥʘʥʩ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ, ʘ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ. ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʦʙʱʝʠʟʚʝʩʪʥʳʡ ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʨʝʟʦʥʘʥʩ ʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ ʥʘ ʩʘʤʦʤ 

ʜʝʣʝ ʪʘʢʦʚʳʤ ʥʝ ʷʚʣʷʝʪʩʷ, ʘ ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ ʚʩʝʛʦ ʣʠʰʴ 

                                                 
1
ɸ ʵʪʦʪ ʬʘʢʪ ʫʞʝ ʥʠʢʦʤʫ ʥʝ ʠʟʚʝʩʪʝʥ, ʥʠ ʪʝʦʨʝʪʠʯʝʩʢʠ, ʥʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 
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ʥʝʢʠʤ ʦʢʦʣʦʨʝʟʦʥʘʥʩʥʳʤ ʠʣʠ ʢʚʘʟʠʨʝʟʦʥʘʥʩʥʳʤ ʧʨʦʮʝʩʩʦʤ. ʏʝʤ ʠ 

ʦʙʲʷʩʥʷʶʪʩʷ ʝʛʦ ʩʪʨʘʥʥʦʩʪʠ.  

ɸ ʪʘʢ ʢʘʢ ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʘʚʪʦʨʦʤ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʢʨʠʪʝʨʠʷʤ ʩʦʚʝʨʰʝʥʥʦʡ 

ʪʝʦʨʠʠ, ʦʥʘ ʤʦʞʝʪ ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʠʪʴ ʠ ʦʪʤʝʯʝʥʥʳʝ ʩʪʨʘʥʥʦʩʪʠ 

ʪʨʘʢʪʦʚʢʠ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʅʘʢʦʥʝʮ, ʦʯʝʚʠʜʥʦ, ʯʪʦ ʪʝʦʨʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʘʩʪʦʪʘʭ ʜʦʢʘʟʳʚʘʝʪ ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ ʩʘʤʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʠ ʥʝ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪ, ʥʦ ʠ ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ 

ʥʝy ʚʝʣʠʯʠʥ. ɺ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʥʘʧʨʠʤʝʨ, ʵʪʦ ï ʢʦʤʧʣʝʢʩʥʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʢʦʤʧʣʝʢʩʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ ʢʦʤʧʣʝʢʩʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ, 

ʢʦʤʧʣʝʢʩʥʘʷ ʤʦʱʥʦʩʪʴ ʠ ʢʦʤʧʣʝʢʩʥʘʷ ʵʥʝʨʛʠʷ.  

 

 2.2.5. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʚʳʰʝ ʥʝʧʦʥʷʪʥʳʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʝʢʪʦʨʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʘʩʪʦʪʘʭ [35]. ʇʨʠ ʵʪʦʤ ʦʙʦʙʱʠʤ ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʨʘʥʝʝ 

ʩʠʤʚʦʣʠʯʝʩʢʠʡ ʤʝʪʦʜ [42], ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ 1893 ʛʦʜʫ ʏʘʨʣʴʟʦʤ 

ʇʨʦʪʝʫʩʦʤ ʐʪʝʡʥʤʝʮʦʤ (1865 ï 1923), ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʠ ʢ ʟʘʪʫʭʘʶʱʠʤ ʢʦʣʝʙʘʥʠʷʤ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʠʩʩʣʝʜʫʝʤʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ  
)tj(

m
pt

m eIeI)t(i                                                   (38)  
)tj(

m
pt

m eUeU)t(u                                                (39)  

ʛʜʝ      )t(i  ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ; 

mI  ï ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ; 

)t(u  ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ;  

mU  ï ʢʦʤʧʣʝʢʩʥʘʷ ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ; 

jp  ï ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʦʪʘ. 

ʊʦʛʜʘ, ʠʩʧʦʣʴʟʫʷ ʠʟʚʝʩʪʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʪʦʢʦʤ ʠ 

ʧʘʜʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʢʦʥʜʝʥʩʘ-

ʪʦʨʝ, ʧʦʣʫʯʠʤ:  
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LeU                                                      (40)  
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pt
m epCU

dt
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CeI                                                    (41)  

ʆʪʩʶʜʘ ʥʘʭʦʜʠʤ ʦʯʝʚʠʜʥʳʝ ʬʦʨʤʫʣʳ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ 

ʠʥʜʫʢʪʠʚʥʦʛʦ ʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʝʤʢʦʩʪʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ 

pLXL                                                                                (42)  

pC
1XC                                                                    (43)  

ʀʭ ʪʘʢʞʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  

 LjLL)j(),(X)p(X LL                  (44)  

C)(

j

C)(

C)j(

1
),(X)p(X

2222

CC

@

                              (45)  

ʂʘʢ ʚʠʜʥʦ, ʵʪʠ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʦʜʝʨʞʘʪ ï ʠ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʫ,ʁ ʠ ʤʥʠʤʫʶ ʢʦʤʧʦʥʝʥʪʫ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʩʧʦʤʥʠʤ, ʯʪʦ ʚ ʠʟʚʝʩʪʥʦʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʚʦʟʜʝʡʩʪʚʠʝ ï ʛʘʨʤʦʥʠʯʝʩʢʦʝ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʢʦʤʧʣʝʢʩʥʘʷ 

ʯʘʩʪʦʪʘ jp , ʪʦ ʠʥʜʫʢʪʠʚʥʦʝ ʠ ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʷʚʣʷʶʪʩʷ ʤʥʠʤʳʤʠ ʯʠʩʣʘʤʠ Lj),0(XL , 

Cj),0(XC @ . ɸ ʩʜʚʠʛ ʧʦ ʬʘʟʝ ʤʝʞʜʫ ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʠʤ 

ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʥʠʭ ʪʦʢʦʤ ʨʘʚʝʥ 2. 

ɺ ʜʨʫʛʦʤ (ʤʥʦʛʠʤ ʝʱ yʥʝ ʠʟʚʝʩʪʥʦʤ) ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʚʦʟʜʝʡʩʪʚʠʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʠʤʧʫʣʴ-

ʩʘʤʠ, ʪʦ ʝʩʪʴ ʢʦʛʜʘ ʢʦʤʧʣʝʢʩʥʘʷ ʯʘʩʪʦʪʘ p , ʪʦ ʝʤʢʦʩʪʥʦʝ ʠ 

ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʫʜʫʪ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘ-

ʤʠ L)0,(XL , C1)0,(XC . ʇʨʠʯʤy ʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʤ 

ʜʣʷ ʧʨʘʢʪʠʢʠ ʩʣʫʯʘʝ, ʢʦʛʜʘ 0, ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʠʥʜʫʢʪʠʚʥʦʝ 

ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʶʪʩʷ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʪʦ ʝʩʪʴ ʩʜʚʠʛ ʧʦ ʬʘʟʝ ʤʝʞʜʫ 

ʧʨʠʣʦʞʝʥʥʳʤ ʢ ʥʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʠ ʧʨʦʪʝʢʘʶʱʠʤ ʯʝʨʝʟ ʥʠʭ 

ʪʦʢʦʤ ʙʫʜʝʪ ʨʘʚʝʥ .  
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ɺ ʦʙʱʝʤ ʞʝ ʩʣʫʯʘʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʭ ʯʘʩʪʦ-

ʪʘʭ jp  ʝʤʢʦʩʪʥʦʝ ʠ ʠʥʜʫʢʪʠʚʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʙʫʜʫʪ 

ʢʦʤʧʣʝʢʩʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʇʦʵʪʦʤʫ ʩʜʚʠʛ ʧʦ ʬʘʟʝ ʤʝʞʜʫ 

ʪʦʢʦʤ ʠ ʧʘʜʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʥʜʫʢʪʠʚʥʦʩʪʠ ʠ ʤyʢʦʩʪʠ ʜʣʷ 

ʚʳʥʫʞʜʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʦʪʣʠʯ-

ʥʳʝ ʦʪ 2 ʠ ʦʪ  ʟʥʘʯʝʥʠʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ  

)]tcos()t[exp(I)t(i 0m                                    (46)  

ʧʦʣʫʯʘʝʤ 

 
)]

2
tcos(L

)tcos(L)[texp(I)t(u

0

0mL
                          (47)                                                                      

)]
2

tcos(
)(C

)tcos(
)(C

)[texp(I)t(u

022

022mC

            (48)  

ʀʟ ʵʪʠʭ ʬʦʨʤʫʣ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʝʟʦʥʘʥʩ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʚʦʟʤʦʞʝʥ ʚʩʝʛʦ ʣʠʰʴ ʚ ʪʨʭy ʩʣʫʯʘʷʭ: 

 ɺ ʠʟʚʝʩʪʥʦʤ ʚʩʝʤ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ 

ʵʣʝʢʪʨʠʯʝʩʢʫʶ LC-ʮʝʧʴ (ʨʠʩ. 9a) ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʝʟʘʪʫʭʘʶʱʠʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʭ ʯʘʩʪʦʪʘʭ 

jp 2,1 . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʥʘʧʨʷʞʝʥʠʷ Lu  ʠ Cu , 

ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ (47) ʠ (48),  ʙʫʜʫʪ ʤʥʠʤʳʤʠ 

ʨʘʟʥʦʧʦʣʷʨʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʇʦʵʪʦʤʫ ʥʘ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ res2,1res jp , ʢʦʛʜʘ ʦʥʠ 

ʙʫʜʫʪ ʧʦ ʤʦʜʫʣʶ ʦʜʠʥʘʢʦʚʳʤʠ, ʠʭ ʩʫʤʤʘ ʙʫʜʝʪ 

ʨʘʚʥʘ ʥʫʣʶ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ 

ʨʝʟʦʥʘʥʩ (ʩʤ. ʨʠʩ. 10a). 

 ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʚ ʥʝʠʟʚʝʩʪʥʦʤ ʜʦ ʩʠʭ ʧʦʨ ʯʘʩʪʥʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ RC- ʠʣʠ RL-ʮʝʧʴ (ʨʠʩ. 9b) 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʚʠʜʝʦʠʤ-

ʧʫʣʴʩʘʤʠ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʝ p , ʥʘʧʨʷʞʝʥʠʷ 

Lu  ʠ Cu , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʬʦʨʤʫʣ (47) ʠ (48), ʙʫʜʫʪ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ. 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʥʠ ʙʫʜʫʪ ʨʘʟʥʦʧʦʣʷʨʥʳʤʠ ʩ ʥʘʧʨʷʞʝʥʠ-

ʝʤ Ru  ʠ ʧʦʵʪʦʤʫ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 

resresp  ʠʭ ʩʫʤʤʘ ʩʪʘʥʝʪ ʥʫʣʝʚʦʡ (ʨʠʩ. 10b), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʠʶ ʨʝʟʦʥʘʥʩʘ. 

 

ʈʠʩ.9.  ʈʝʟʦʥʘʥʩʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ LC-, RL- ʠ LCR-ʮʝʧʠ 

 ʅʘʢʦʥʝʮ, ʚ ʩʘʤʦʤ ʦʙʱʝʤ, ʪʘʢʞʝ ʥʝ ʠʟʚʝʩʪʥʦʤ ʜʦ ʩʠʭ ʧʦʨ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘ ʵʣʝʢʪʨʠʯʝʩʢʫʶ LCR-ʮʝʧʴ (ʨʠʩ. 9c) 

ʚʦʟʜʝʡʩʪʚʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʨʘʜʠʦʠʤ-

ʧʫʣʴʩʘʤʠ (ʪʦ ʝʩʪʴ ʟʘʪʫʭʘʶʱʠʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ) ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʭ ʯʘʩʪʦʪʘʭ 

jp ,  ʥʘʧʨʷʞʝʥʠʷ Lu  ʠ Cu , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʬʦʨʤʫʣ (47) ʠ (48),  ʙʫʜʫʪ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʤʠ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɸ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ 

res02,1res jp  ʩʫʤʤʘ Lu , Cu  ʠ Ru  ʩʪʘʥʝʪ 

ʥʫʣʝʚʦʡ, ʪʦ ʝʩʪʴ ʙʫʜʫʪ ʨʘʚʥʳ ʥʫʣʶ ʩʫʤʤʳ ʠʭ ï ʠ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ, ʠ ʤʥʠʤʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ; ʠ ʧʦʵʪʦʤʫ 

ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʨʝʟʦʥʘʥʩ (ʨʠʩ. 10ʩ).  

ʀʟʣʦʞʝʥʥʦʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʚʳʰʝ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ LCR-ʮʝʧʷʭ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʙʲʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʚ 

ʨʘʟʥʳʭ LCR-ʮʝʧʷʭ ʧʦʣʫʯʘʣʦʩʴ ʨʘʟʣʠʯʥʦʝ ʯʠʩʣʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪ. 

ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ LCR-ʢʦʥʪʫʨʘ (ʨʠʩ. 11), ʠʟʦʙʨʘ-

ʞyʥʥʦʛʦ ʥʘ ʨʠʩ. 3ʘ, ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʦʪʝ 02res1res  

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠ ʧʝʨʚʦʤʫ ʠ ʚʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠʟʥʘʢʘʤ 

ʨʝʟʦʥʘʥʩʘ. ʂʘʢ ʚʠʜʥʦ, ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʚʝʢʪʦʨ R  ʩʫʤʤʘʨʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʘʢʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ: 
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ʈʠʩ.10  ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩ-

ʥʳʭ ʯʘʩʪʦʪʘʭ ʚ LC-, RL- ʠ LCR-ʮʝʧʷʭ 

 ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢ ʢʦʥʝʯʥʦʤʫ ʚ ʩʫʤʤʝ 

R)j,0(X resL )j,0(X resC  ʚʝʢʪʦʨʫ 

)j,0(X resC , ʪʦ ʝʩʪʴ ʠʤʝʝʪ ʤʠʥʠʤʘʣʴʥʫʶ ʧʦ ʤʦʜʫʣʶ 

ʚʝʣʠʯʠʥʫ |Z|  ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʝʨʚʦʤʫ 

ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ; 

 ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ ZRe , ʪʦ ʝʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʪʦʨʦʤʫ 

ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ. 

ʅʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 10c, ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʡ ʞʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ LCR-ʮʝʧʠ (ʨʠʩ. 3ʘ) 

ʥʘ ʢʦʤʧʣʝʢʩʥʦ-ʩʦʧʨʷʞʥyʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ 

free02,1res jp . ʂʘʢ ʚʠʜʥʦ, ʠʟ-ʟʘ ʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʯʪʦ ʥʘ  

ʵʪʠʭ ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ ï ʠ ʠʥʜʫʢʪʠʚʥʦʝ 

)j,(X free0L , ʠ ʝʤʢʦʩʪʥʦʝ )j,(X free0C  ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʧʦ ʟʥʘʢʫ ʜʝʡʩʪʚʠʪʝʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʤʝʩʪʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʧʦ 

ʟʥʘʢʫ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R   ʚ ʩʫʤʤʝ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʨʠʩ. 10c ʠ ʨʠʩ 11 ʦʙʲʷʩʥʷʝʪ, 

ʧʦʯʝʤʫ ʧʨʠ ʨʝʟʦʥʘʥʩʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ, ʠʟʦʙʨʘʞʥyʥʳʡ ʥʘ ʨʠʩ. 3a, ʥʝʟʘʪʫʭʘʶʱʠʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʪʫʨʝ ʚʳʥʫʞʜʝʥʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ ʧʦʣʫʯʘʝʪʩʷ ʥʝʥʫʣʝʚʳʤ, ʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ 

ʟʘʪʫʭʘʶʱʠʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ï ʥʫʣʝʚʳʤ.  
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ʈʠʩ. 11. ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʜʣʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʚ LCR-ʮʝʧʠ, ʠʟʦʙʨʘʞʥyʥʦʡ ʥʘ ʨʠʩ. 3ʘ 

ʅʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 12a, ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 3b ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

LCR-ʮʝʧʠ, ʥʘ ʯʘʩʪʦʪʝ 02res1res , ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠ ʧʝʨʚʦʤʫ 

ʠ ʚʪʦʨʦʤʫ ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʠʟʥʘʢʘʤ ʨʝʟʦʥʘʥʩʘ. ʂʘʢ ʚʠʜʥʦ, ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʝ 0j0p   

0L0j)0,0(XL                                                        (49)  

C0j

1
)0,0(Xʉ                                                      (50)  

R

)0,0(X

R
1

R

)0,0(XR

)0,0(RX
)0,0(Z

C

C

C
RC                    (51)  

R)0,0(Z)0,0(X)0,0(Z RCLres                                  (52)  

 

ʇʦʵʪʦʤʫ ʚʝʢʪʦʨ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʘʢʦʡ 

LCR-ʮʝʧʠ ʥʘ ʯʘʩʪʦʪʝ 02res1res  ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ R .  

ʅʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 12c, ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 3b ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

LCR-ʮʝʧʠ ʥʘ ʯʘʩʪʦʪʝ 1res  (18), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʝʨʚʦʤʫ ʦʧʨʝʜʝ-

ʣʷʶʱʝʤʫ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ.  
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ʂʘʢ ʚʠʜʥʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

Lj),0(X 1res1resL                                                        (53)  
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1resC
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1resRC            (55)  

RC

L
),0(Z),0(X),0(Z 1resRC1resL1resres           (56)  

ʀ ʧʦʵʪʦʤʫ ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʡ LCR-ʮʝʧʠ ʥʘ 

ʯʘʩʪʦʪʝ 1res  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʝʨʚʳʤ ʧʨʠʟʥʘʢʦʤ ʨʝʟʦʥʘʥʩʘ ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʨʘʚʥʦʡ RCL . 

ʅʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩ. 12b, ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 3b ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

LCR-ʮʝʧʠ ʥʘ ʜʨʫʛʦʡ ʯʘʩʪʦʪʝ 2res  (21), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʚʪʦʨʦʤʫ 

ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʧʨʠʟʥʘʢʫ ʨʝʟʦʥʘʥʩʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ  
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ʇʦʵʪʦʤʫ ʚʝʢʪʦʨ ʩʫʤʤʘʨʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ),0(Z 2res  

ʪʘʢʦʡ LCR-ʮʝʧʠ ʥʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 2res  ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʢʦʥʝʯʥʦʤʫ ʚ ʩʫʤʤʝ ʚʝʢʪʦʨʫ ),0(Z 2resRC  ʠ ʧʦ 

ʤʦʜʫʣʶ ʥʝʤʥʦʛʦ ʤʝʥʴʰʠʤ, ʯʝʤ ʨʝʟʫʣʴʪʠʨʫʶʱʝʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

),0(Z 1res  ʥʘ ʧʝʨʚʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ 1res . ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʦʯʝʥʴ ʥʝʙʦʣʴʰʫʶ ʤʥʠʤʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ.  

                                                 
1
ɼʣʷ ʬʦʨʤʫʣʳ (60) ʪʦʯʥʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʥʝ ʧʨʠʚʦʜʠʪʩʷ 

ʠʟ-ʟʘ ʝʛʦ ʙʦʣʴʰʦʡ ʩʣʦʞʥʦʩʪʠ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʨʠʩʫʥʢʦʚ 12a, 12b ʠ 12c  

ʧʦʟʚʦʣʷʝʪ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʢʦʣʝʙʘʪʝʣʴʥʦʤ 

ʢʦʥʪʫʨʝ, ʠʟʦʙʨʘʞʥyʥʦʤ ʥʘ ʨʠʩ. 3b, ʠʤʝʶʪʩʷ ʪʨʠ ʨʘʟʥʳʝ ʧʦ 

ʚʝʣʠʯʠʥʝ ʨʝʟʦʥʘʥʩʥʳʝ ʯʘʩʪʦʪʳ.   

ʈʠʩ. 12. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʚ LCR-ʮʝʧʠ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ 

ʨʠʩ. 3b 

ʅʘ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 12d, ʧʦʢʘʟʘʥ 

ʨʝʟʫʣʴʪʘʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʡ ʞʝ LCR-ʮʝʧʠ (ʩʤ. ʨʠʩ. 3b), ʥʦ ʫʞʝ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʯʘʩʪʦʪʘʭ free02,1res jp - .  
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ʂʘʢ ʚʠʜʥʦ, ʠʟ-ʟʘ ʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ, ʯʪʦ ʥʘ ʢʦʤʧʣʝʢʩʥʦ-

ʩʦʧʨʷʞʥyʥʳʭ ʯʘʩʪʦʪʘʭ free02,1res jp -  ï ʠ ʠʥʜʫʢʪʠʚʥʦʝ, ʠ 

ʨʝʟʠʩʪʠʚʥʦ-ʝʤʢʦʩʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʵʪʦʡ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ 

ʠʤʝʶʪ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʧʦ ʟʥʘʢʫ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʠ ʤʥʠʤʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ, ʚʝʢʪʦʨʳ ʩʦʧʨʦʪʠʚʣʝʥʠʡ ʠʥʜʫʢʪʠʚʥʦʡ ʠ ʨʝʟʠʩʪʠʚʥʦ-

ʝʤʢʦʩʪʥʦʡ ʚʝʪʚʝʡ ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʦʢʘʟʳʚʘʶʪʩʷ ʝʱ yʠ ʨʘʚʥʳʤʠ ʧʦ 

ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ. ʇʦʵʪʦʤʫ ʩʫʤʤʘʨʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʪʘʢʦʡ 

LCR-ʮʝʧʠ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʚʝʢʪʦʨʥʳʝ 

ʜʠʘʛʨʘʤʤʳ ʜʣʷ ʨʝʟʦʥʘʥʩʘ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʘʩʪʦʪʘʭ ʚ LCR-ʮʝʧʠ, ʧʨʠʚʝʜʥyʥʦʡ ʥʘ ʨʠʩ. 3ʩ, ʢʦʪʦʨʳʝ 

ʧʦʣʥʦʩʪʴʶ ʦʙʲʷʩʥʷʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʥʝ yʨʝʟʫʣʴʪʘʪʳ. 

 

 2.2.6. ʕʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC-, LCR-, 

RL- ʠ RC-ʮʝʧʷʭ 

ʅʝʢʦʪʦʨʳʝ ʠʟ ʧʨʠʚʝʜʥyʥʳʭ ʚʳʰʝ ʫʪʚʝʨʞʜʝʥʠʡ ʩʪʦʣʴ 

ʥʝʦʙʳʯʥʳ, ʯʪʦ ʚ ʥʠʭ, ʢʘʟʘʣʦʩʴ ʙʳ, ʧʨʦʩʪʦ ʥʝʚʦʟʤʦʞʥʦ ʧʦʚʝʨʠʪʴ ʙʝʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʩʢʦʣʴ ʙʳ ʙʝʟʫʧʨʝʯʥʳʤʠ ʥʝ ʙʳʣʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʠ ʦʙʲʷʩʥʝʥʠʷ.  

ʅʘʧʨʠʤʝʨ, ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʨʝʟʦʥʘʥʩʝ ʚ LCR-ʮʝʧʠ ʧʦʜ 

ʚʦʟʜʝʡʩʪʚʠʝʤ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʥʠʡ. ʀʣʠ ʫʪʚʝʨʞʜʝʥʠʝ ʦ 

ʨʝʟʦʥʘʥʩʝ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʧʝʨʠʦʜʠʯʝʩʢʠʭ
1
 RC-ʮʝʧʷʭ ʠ RL-ʮʝʧʷʭ 

ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʦʧʠʩʘʥʥʳʝ ʥʠʞʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʛʦʚʦʨʷʪ ʩʘʤʠ 

ʟʘ ʩʝʙʷ. ʇʨʠʯʤy ʦʥʠ ʥʘʩʪʦʣʴʢʦ ʧʨʦʩʪʳ, ʯʪʦ ʣʶʙʦʡ ʠʥʞʝʥʝʨ ʠʣʠ 

ʬʠʟʠʢ ʤʦʞʝʪ ʠʭ ʧʨʦʚʝʨʠʪʴ.  

ɸ ʟʘ ʥʝʠʤʝʥʠʝʤ ʠʥʳʭ ʦʙʲʷʩʥʝʥʠʡ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ 

ʧʨʠʭʦʜʠʪʩʷ ʩʦʛʣʘʩʠʪʴʩʷ ʩ ʪʝʤ, ʯʪʦ ʟʥʘʢʦʤʦʝ ʚʩʝʤ ʦʧʠʩʘʥʠʝ 

ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ 

ʷʚʣʷʝʪʩʷ ʚʩʝʛʦ ʣʠʰʴ ʧʨʠʙʣʠʞʥyʥʳʤ ʠ ʥʝʧʦʣʥʳʤ. ʇʦʵʪʦʤʫ ʦʥʦ ʚ 

ʭʦʜʝ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʟʥʘʥʠʷ ʧʦʪʨʝʙʦʚʘʣʦ ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʝʛʦ ʫʪʦʯʥʝʥʠʷ. 

                                                 
1
ʅʘʟʚʘʥʥʳʭ ʪʘʢ, ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʥʠʭ ʷʢʦʙʳ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʝʚʦʟʤʦʞʥʳ ʨʝʟʦʥʘʥʩʥʳʝ ʧʨʦʮʝʩʩʳ 
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ʅʦ ʧʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʦʧʠʩʘʥʠʶ ʢʦʥʢʨʝʪʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʦʜʥʦ ʚʘʞʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, 

ʢʦʪʦʨʦʝ ʧʨʠ ʠʭ ʚʳʧʦʣʥʝʥʠʠ ʦʙʷʟʘʪʝʣʴʥʦ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʨʝʟʦʥʘʥʩ ï ʵʪʦ ʷʚʣʝʥʠʝ, ʦʪʥʦʩʷʱʝʝʩʷ ʪʦʣʴʢʦ ʢ 

ʚʳʥʫʞʜʝʥʥʳʤ ʢʦʣʝʙʘʥʠʷʤ. ɺ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʞʝ ʮʝʧʷʭ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʠʭ ʪʝʤ ʠʣʠ ʠʥʳʤ ʩʠʛʥʘʣʦʤ ʦʙʳʯʥʦ ʚʦʟʥʠʢʘʶʪ ʥʝ 

ʪʦʣʴʢʦ ʚʳʥʫʞʜʝʥʥʳʝ, ʥʦ ʠ ʩʚʦʙʦʜʥʳʝ ʢʦʣʝʙʘʥʠʷ
1
, ʢʦʪʦʨʳʝ ʤʝʰʘʶʪ 

ʥʘʙʣʶʜʝʥʠʶ ʚʳʥʫʞʜʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ. ɺ ʧʘʩʩʠʚʥʳʭ
2
 ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʮʝʧʷʭ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚʩʝʛʜʘ ʷʚʣʷʶʪʩʷ ʟʘʪʫʭʘʶʱʠʤʠ 

ʠ ʧʦʵʪʦʤʫ ʯʝʨʝʟ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʦʥʠ ʠʩʯʝʟʘʶʪ.  

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʥʠʩʢʦʣʴʢʦ ʥʝ 

ʤʝʰʘʶʪ ʥʘʙʣʶʜʝʥʠʶ ʚʳʥʫʞʜʝʥʥʳʭ ʥʝʟʘʪʫʭʘʶʱʠʭ ʩʠʥʫʩʦʠʜʘʣʴ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʠʟʫʯʝʥʠʶ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʠʤ ʨʝʟʦʥʘʥʩʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

ʅʦ ʧʦ ʵʪʦʡ ʞʝ ʧʨʠʯʠʥʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘʩʪʦʣʴʢʦ 

ʩʠʣʴʥʦ ʤʝʰʘʶʪ ʥʘʙʣʶʜʝʥʠʶ ʚʳʥʫʞʜʝʥʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ 

ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʠ ʚʳʥʫʞʜʝʥʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʚʠʜʝʦʠʤʧʫʣʴ-

ʩʦʚ, ʯʪʦ ʜʦ ʩʠʭ ʧʦʨ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʢʠʤ ʩʠʛʥʘʣʘʤ ʨʝʟʦʥʘʥʩ ʥʝ 

ʙʳʣ ʦʙʥʘʨʫʞʝʥ. ʊʦ ʝʩʪʴ ʚ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʦʥʘʥʩʘ ʥʝʟʘʪʫʭʘʶʱʠʭ 

ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʪʦʨʳʡ ʦʙʥʘʨʫʞʠʣʩʷ ʬʘʢʪʠʯʝʩʢʠ ʩʘʤ 

ʩʦʙʦʡ, ʨʝʟʦʥʘʥʩ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʨʘʜʠʦʠʤʧʫʣʴʩʦʚ ʠ ʨʝʟʦʥʘʥʩ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʚʠʜʝʦʠʤʧʫʣʴʩʦʚ ʪʨʝʙʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʫʩʠʣʠʡ ʧʦ ʝʛʦ ʦʙʥʘʨʫʞʝʥʠʶ.  

ʀ ʚ ʵʪʦʤ ʥʝʪ ʥʠʯʝʛʦ ʥʝʦʙʳʯʥʦʛʦ. ʇʨʠʨʦʜʘ, ʢʦʥʝʯʥʦ, ʠʥʦʛʜʘ 

ʧʦʜʩʢʘʟʳʚʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠʭ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ
3
. ʅʦ ʜʝʣʘʝʪ ʵʪʦ 

ʦʯʝʥʴ ʨʝʜʢʦ. ʆʙʳʯʥʦ ʫʯʥyʳʤ ʧʨʠʭʦʜʠʪʩʷ ʩʚʦʠ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ 

ʜʦʣʛʦ ʠ ʮʝʣʝʫʩʪʨʝʤʣʝʥʥʦ ʠʩʢʘʪʴ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʠʟʫʯʝʥʠʷ 

ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʪʦʞʝ ʥʫʞʥʦ ʧʨʠʥʠʤʘʪʴ 

ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʨʳ, ʯʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʤʝʰʘʶʱʝʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

                                                 
1
ʅʘʟʳʚʘʝʤʳʝ ʪʘʢʞʝ ʧʝʨʝʭʦʜʥʳʤ ʧʨʦʮʝʩʩʦʤ 

2
ʂʦʪʦʨʳʝ ʥʝ ʩʦʜʝʨʞʘʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ï 

ʪʨʘʥʟʠʩʪʦʨʦʚ, ʤʠʢʨʦʩʭʝʤ ʠ ʜʨʫʛʠʭ, ʩʣʫʞʘʱʠʭ ʜʣʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʧʠʪʘʥʠʷ ʚ ʵʥʝʨʛʠʶ ʩʠʛʥʘʣʘ 

3
ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʳʣʠ ʦʪʢʨʳʪʳ ʨʘʜʠʦʘʢʪʠʚʥʦʩʪʴ ʠ ʧʝʥʠʮʠʣʣʠʥ  
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ʥʳʤ ʥʘʙʣʶʜʝʥʠʷʤ ʜʝʡʩʪʚʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɼʣʷ ʵʪʦʛʦ ʚ 

ʠʩʩʣʝʜʫʝʤʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʮʝʧʠ ʤʦʞʥʦ ʚʚʦʜʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ 

ʟʘʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ
1
. ʄʦʞʥʦ ʪʘʢʞʝ ʚʳʙʦʨʦʤ 

ʧʘʨʘʤʝʪʨʦʚ ʠʩʪʦʯʥʠʢʘ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʣʠʪʝʣʴ-

ʥʦʩʪʴ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʤʥʦʛʦ ʙʦʣʴʰʫʶ ʠʣʠ, ʥʘʦʙʦʨʦʪ, 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʫʶ ʜʣʠʪʝʣʴʥʦʩʪʠ ʚʭʦʜʥʳʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ 

ʚʠʜʝʦ- ʠ ʨʘʜʠʦʩʠʛʥʘʣʦʚ. 

ʉ ʫʯʪyʦʤ ʵʪʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠ ʧʨʠʩʪʫʧʠʤ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ 

ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ: 

 ʜʦʢʘʟʳʚʘʶʪ ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ ʨʝʟʦʥʘʥʩʘ ʥʘ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ; 

 ʷʚʣʷʶʪʩʷ ʥʝʦʙʲʷʩʥʠʤʳʤʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʱʝʩʪʚʫʶ-

ʱʝʡ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ 

ʯʘʩʪʦʪʘʭ. 

ʅʦ ʜʣʷ ʵʢʦʥʦʤʠʠ ʤʝʩʪʘ ʨʘʩʩʤʦʪʨʠʤ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ. 

ʆʧʠʩʘʥʠʷ ʠ ʦʙʲʷʩʥʝʥʠʷ ʦʩʪʘʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ 

ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʈʠʩ. 13 ʠʣʣʶʩʪʨʠʨʫʝʪ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʜʣʷ ʣʫʯʰʝʛʦ 

ʧʦʥʠʤʘʥʠʷ ʧʨʝʜʥʘʤʝʨʝʥʥʦ ʠʟʦʙʨʘʞʥyʥʳʝ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, 

ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʘ ʚ LC-, RL- ʠ LCR-

ʜʚʫʭʧʦʣʶʩʥʠʢʘʭ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʟʚʦʣʷʶʪ 

ʫʛʣʫʙʠʪʴ ʥʘʰʠ ʟʥʘʥʠʷ ʦ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʣʠʥʝʡʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ. ʇʨʠ ʵʪʦʤ ʨʠʩ. 13a ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʟʦʥʘʥʩ ʚ  

LC- ʜʚʫʭʧʦʣʶʩʥʠʢʝ. ʈʠʩ. 13b ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʟʦʥʘʥʩ ʚ  RL-  

ʜʚʫʭʧʦʣʶʩʥʠʢʝ. ʈʠʩ. 13ʩ ʠʣʣʶʩʪʨʠʨʫʝʪ ʨʝʟʦʥʘʥʩ ʚ LCR - 

ʜʚʫʭʧʦʣʶʩʥʠʢʝ.    

ʂʘʢ ʚʠʜʥʦ (ʨʠʩ. 13ʘ), ʚ LC-ʜʚʫʭʧʦʣʶʩʥʠʢʝ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʚʭʦʜʥʳʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ 

inpU  ʚʳʥʫʞʜʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʝ CforcU  ʠ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ LforcU  ʨʘʚʥʳ ʧʦ 

ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʚʳʥʫʞʜʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʘʜʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

                                                 
1
ɺ ʚʠʜʝ, ʥʘʧʨʠʤʝʨ, ʦʧʨʝʜʝʣʥyʥʦʛʦ ʟʘʨʷʜʘ ʢʦʥʜʝʥʩʘʪʦʨʘ ʠʣʠ ʪʦʢʘ, 

ʧʨʦʪʝʢʘʶʱʝʛʦ ʯʝʨʝʟ ʢʘʪʫʰʢʫ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 
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ʢʦʣʝʙʘʪʝʣʴʥʦʤ LC-ʢʦʥʪʫʨʝ CforcLforcOUTforc UUU  ʦʢʘʟʳʚʘʝʪʩʷ 

ʨʘʚʥʦʡ ʥʫʣʶ. ʀ ʧʦʵʪʦʤʫ ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ ʙʫʜʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʠʡ ʨʘʜʠʦʠʤʧʫʣʴʩ 

ʩʚʦʙʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ OUTfreeU . ʅʦ ʵʪʦ ï ʚʩʝʤ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʀ ʦʧʠʩʘʥʠʝ ʵʪʦʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʧʨʠʚʝʜʝʥʦ ʣʠʰʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʦʢʘʟʘʪʴ ʝʛʦ ʧʦʣʥʫʶ 

ʘʥʘʣʦʛʠʶ ʩ ʧʨʦʮʝʩʩʘʤʠ ʚ RL- ʠ LCR-ʮʝʧʷʭ. 

ʈʠʩ. 13.  ʉʠʛʥʘʣʦʛʨʘʤʤʳ ʚ LC-, RL- ʠ LCR-ʜʚʫʭʧʦʣʶʩʥʠʢʘʭ 

ʧʨʠ ʨʝʟʦʥʘʥʩʝ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ 

ɸ ʚ RL-ʜʚʫʭʧʦʣʶʩʥʠʢʝ (ʨʠʩ. 13b) ʩʦʚʝʨʰʝʥʥʦ 

ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʚʭʦʜʥʳʤʠ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤʠ ʚʠʜʝʦʠʤʧʫʣʴʩʘʤʠ
1
 inpU  ʚʳʥʫʞʜʝʥʥʳʝ 

                                                 
1
  ʊʦ ʝʩʪʴ ʜʘʞʝ ʥʝ ʢʦʣʝʙʘʥʠʷʤʠ 
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ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ 

LforcU  ʠ ʨʝʟʠʩʪʦʨʝ RforcU  ʚ ʚʠʜʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʠʤʧʫʣʴʩʦʚ 

ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ. ʇʦʵʪʦʤʫ 

ʚʳʥʫʞʜʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʜʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ RL-ʮʝʧʠ LforcOUTforc UU  

RforcU  ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ʀ ʧʦʵʪʦʤʫ ʞʝ ʥʘ ʵʢʨʘʥʝ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʨʦʪʢʠʡ ʠʤʧʫʣʴʩ ʩʚʦʙʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ OUTfreeU . 

ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʳʜʫʱʝʛʦ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʙʳʣ 

ʠʟʚʝʩʪʝʥ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʥ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʲʷʩʥʥy
1
 ʪʝʦʨʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴ-

ʥʳʭ ʯʘʩʪʦʪʘʭ. 

ʊʦʣʴʢʦ ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʜʚʘ ʨʝʟʦʥʘʥʩʥʳʭ ʧʨʦʮʝʩʩʘ ʚ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ LC- ʠ RL-ʮʝʧʷʭ, ʢʘʢ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, 

ʷʚʣʷʶʪʩʷ ʯʘʩʪʥʳʤʠ ʩʣʫʯʘʷʤʠ ʙʦʣʝʝ ʦʙʱʝʛʦ ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʧʨʦʮʝʩʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ LCR-ʮʝʧʠ. ʂʘʢ ʚʠʜʥʦ (ʨʠʩ. 13ʩ), 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʠʤ ʨʝʟʦʥʘʥʩʥʳʤ ʧʨʦʮʝʩʩʘʤ, ʚ 

ʠʩʩʣʝʜʫʝʤʦʤ LCR-ʜʚʫʭʧʦʣʶʩʥʠʢʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ 

ʚʭʦʜʥʳʤʠ ʟʘʪʫʭʘʶʱʠʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ inpU  

ʚʳʥʫʞʜʝʥʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʧʘʜʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʥʜʝʥ-

ʩʘʪʦʨʝ CforcU  ʠ ʢʘʪʫʰʢʝ ʠʥʜʫʢʪʠʚʥʦʩʪʠ LforcU  ʨʘʚʥʳ ʧʦ 

ʚʝʣʠʯʠʥʝ ʠ ʩʜʚʠʥʫʪʳ ʧʦ ʬʘʟʝ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʥʘ 

ʚʝʣʠʯʠʥʫ, ʥʝʤʥʦʛʦ ʦʪʣʠʯʥʫʶ ʦʪ , ʘ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʨʝʟʠʩʪʦʨʝ RforcU  ʠʤʝʝʪ ʟʘʤʝʪʥʦ ʤʝʥʴʰʫʶ ʚʝʣʠʯʠʥʫ
2
. ʇʦʵʪʦʤʫ 

                                                 
1
  ʊʘʢ ʢʘʢ ʵʪʘ ʪʝʦʨʠʷ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʚ ʘʧʝʨʠʦʜʠʯʝʩʢʦʡ RL-ʮʝʧʠ ʩʜʚʠʛ 

ʧʦ ʬʘʟʝ ʤʝʞʜʫ ʚʭʦʜʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ ʠ ʣʶʙʦʡ ʠʟ ʩʧʝʢʪʨʘʣʴʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʪʢʣʠʢʘ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 2. ʇʦʵʪʦʤʫ, ʢʘʢʠʤ 

ʦʙʨʘʟʦʤ ʠʟ ʪʘʢʠʭ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʧʦʣʫʯʘʝʪʩʷ ʠʤʧʫʣʴʩ 

LforcU , ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʦ ʟʥʘʢʫ inpU , ʵʪʘ ʪʝʦʨʠʷ ʥʝ ʦʙʲʷʩʥʷʝʪ. 

2
ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʪʝʤ ʙʦʣʝʝ ʢʘʞʝʪʩʷ ʥʝʦʙʲʷʩʥʠʤʳʤ ʧʦʪʦʤʫ, ʯʪʦ ʚʩʝʤ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʜʨʫʛʦʡ ʢʘʟʘʣʦʩʴ ʙʳ ʧʨʦʪʠʚʦʨʝʯʘʱʠʡ ʝʤʫ ʨʝʟʫʣʴʪʘʪ (ʦʜʥʘʢʦ 

ʦʙʲʷʩʥʝʥʥʳʡ ʚʳʰʝ ʩ ʧʦʤʦʱʴʶ ʦʚʘʣʦʚ ʂʘʩʩʠʥʠ) ï ʚ LCR-ʢʦʥʪʫʨʝ ʧʨʠ 

ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʥʝʛʦ ʥʝʟʘʪʫʭʘʶʱʠʤʠ ʩʠʥʫʩʦʠʜʘʣʴʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ ʥʘ 

ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʝ  0  ʧʦʣʫʯʠʪʴ 0UUUU RforcCforcLforcOUTforc  

ʥʝʚʦʟʤʦʞʥʦ 
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ʚʳʥʫʞʜʝʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʘʜʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʢʦʣʝʙʘʪʝʣʴʥʦʤ LCR-ʢʦʥʪʫʨʝ
1
 LforcOUTforc UU  

RforcCforc UU  ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ʀ ʧʦʵʪʦʤʫ ʥʘ ʵʢʨʘʥʝ 

ʦʩʮʠʣʣʦʛʨʘʬʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪ-

ʢʠʡ ʨʘʜʠʦʠʤʧʫʣʴʩ ʩʚʦʙʦʜʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʦʪʢʣʠʢʘ OUTfreeU . 

ʕʪʦ ï ʪʘʢʞʝ ʥʝ ʠʟʚʝʩʪʥʳʡ ʜʦ ʩʠʭ ʧʦʨ ʨʝʟʫʣʴʪʘʪ. ɹʦʣʝʝ ʪʦʛʦ, 

ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʝʦʨʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ ʥʘ 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʪʘʢʞʝ ʥʝ ʦʙʲʷʩʥʥy. 

ʂʘʢ ʚʠʜʥʦ, ʚʦ ʚʩʝʭ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʩʣʫʯʘʷʭ ʚʳʥʫʞʜʝʥʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʠʩʩʣʝʜʫʝʤʳʭ LC-, RL 

ʠ LCR-ʜʚʫʭʧʦʣʶʩʥʠʢʘʭ  OUTforcU  ʧʨʠʥʠʤʘʝʪ ʥʫʣʝʚʦʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠ ʥʝʥʫʣʝʚʳʭ ʟʥʘʯʝʥʠʷʭ ʚʳʥʫʞʜʝʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʧʘʜʝʥʠʷ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʪʜʝʣʴʥʳʭ ʩʭʝʤʥʳʭ ʵʣʝʤʝʥʪʘʭ ʵʪʠʭ ʜʚʫʭʧʦʣʶʩ-

ʥʠʢʦʚ.  

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ï ʚʦ ʚʩʝʭ ʨʘʩʩʤʦ-

ʪʨʝʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ ʠʤʝʝʪ ʤʝʩʪʦ ʨʝʟʦʥʘʥʩ ʚ ʧʦʣʥʦʤ 

ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʳʭʦʜʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʵʪʠʭ ʜʚʫʭʧʦʣʶʩʥʠʢʘʭ ʩʦʜʝʨʞʘʪ ʪʦʣʴʢʦ ʩʚʦʙʦʜʥʫʶ ʩʦʩʪʘʚ-

ʣʷʶʱʫʶ ʦʪʢʣʠʢʘ OUTfreeU . 

ɽʱy ʦʜʠʥ ʧʨʠʤʝʨ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ 

ʨʝʟʦʥʘʥʩʘ ʥʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʘʩʪʦʪʘʭ ʦʧʠʩʘʥ ʚ ʧʘʪʝʥʪʝ [43]. 

 

3. ʇʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ, ʤʫʣʴʪʠʚʩʝʣʝʥʥʘʷ. 

ʅʦʚʳʝ ʟʥʘʥʠʷ ï ʵʪʦ ʚʩʝʛʜʘ ʤʦʱʥʳʡ ʬʘʢʪʦʨ, ʩʧʦʩʦʙ-

ʩʪʚʫʶʱʠʡ ʨʘʟʚʠʪʠʶ ʯʝʣʦʚʝʯʝʩʪʚʘ. ʀʤʝʥʥʦ ʢ ʪʘʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ 

ʧʦʵʪʦʤʫ ʧʨʠʚʝʣʠ ʚʝʣʠʢʠʝ ʛʝʦʛʨʘʬʠʯʝʩʢʠʝ ʦʪʢʨʳʪʠʷ ʚ ʩʨʝʜʥʠʝ ʚʝʢʘ 

ʠ ʥʘʫʯʥʳʝ ʦʪʢʨʳʪʠʷ ʚ 20-ʤ ʚʝʢʝ
2
.  

                                                 
1
ʋʢʘʟʘʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ CforcU , LforcU  ʠ RforcU  ʠʣʣʶʩʪʨʠʨʫʶʪʩʷ ʚʝʢʪʦʨ-

ʥʦʡ ʜʠʘʛʨʘʤʤʦʡ ʥʘ ʨʠʩ. 10ʩ. 

2
ɸ ʧʨʝʜʩʪʘʚʴʪʝ ʩʝʙʝ, ʚ ʢʘʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʭʦʜʠʣʘʩʴ ʙʳ ʩʝʡʯʘʩ 

ʯʝʣʦʚʝʯʝʩʢʘʷ ʮʠʚʠʣʠʟʘʮʠʷ, ʝʩʣʠ ʙʳ ʚʩʝ ʵʪʠ ʦʪʢʨʳʪʠʷ ʙʳʣʠ ʟʘʧʨʝʱʝʥʳ 

(ʥʘʧʨʠʤʝʨ, ʠʥʢʚʠʟʠʮʠʝʡ) ʠ ʥʝ ʙʳʣʠ ʙʳ ʦʪʢʨʳʪʳ ï ʥʠ ɸʤʝʨʠʢʘ, ʥʠ ɼʅʂ, ʥʠ 

ʧʝʥʠʮʠʣʣʠʥ, ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʘ ʙʳ ʘʚʠʘʮʠʷ, ʨʘʜʠʦʩʚʷʟʴ ʠ ʜʨʫʛʠʝ ʜʦʩʪʠ-

ʞʝʥʠʷ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʛʝʥʠʷ. 
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ʅʦ ʵʪʦ ʧʨʦʠʟʦʰʣʦ ʥʝ ʩʘʤʦ ʩʦʙʦʡ, ʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʦʩ-

ʩʘʣʴʥʦʡ ʧʦ ʩʚʦʝʤʫ ʦʙʲʤyʫ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘʫʯʥʦʡ ʠ ʧʨʝʜ-

ʧʨʠʥʠʤʘʪʝʣʴʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. ʀʛʥʦʨʠʨʦʚʘʥʠʝ
1
 ʞʝ ʩʪʦʨʦʥʥʠʢʘʤʠ 

ʩʫʱʝʩʪʚʫʶʱʝʡ ʪʨʘʢʪʦʚʢʠ ʉʊʆ ʤʥʦʛʦʯʠʩʣʝʥʥʦʡ ʢʨʠʪʠʢʠ ʠ 

ʦʪʩʪʘʠʚʘʥʠʝ ʚ ʥʝʡ ʫʩʪʘʨʝʚʰʠʭ ʜʦʛʤ ʧʨʠʚʝʣʠ ʢ ʟʘʢʦʥʦʤʝʨʥʦʤʫ 

ʨʝʟʫʣʴʪʘʪʫ ï ʬʘʢʪʠʯʝʩʢʦʤʫ ʟʘʩʪʦʶ ʚ ʬʠʟʠʢʝ ʠ ʟʘʤʝʪʥʦʤʫ 

ʪʦʨʤʦʞʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʮʠʚʠʣʠʟʘʮʠʠ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʙʨʦʩʘʝʪʩʷ ʚ ʛʣʘʟʘ ʥʘ ʬʦʥʝ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ, ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʢʦʤʧʴʶʪʝʨʥʳʭ, 

ʤʝʜʠʢʦ-ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʥʘʫʢ. 

  

3.1. ʉʢʨʳʪʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʩʝʣʝʥʥʦʡ 

ʇʨʠʚʝʜʥyʥʳʝ ʚʳʰʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʨʠʥʮʠʧʘ ʬʠʟʠʯʝʩʢʦʡ 

ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʧʦʨʦʞʜʘʶʪ ʥʝʠʟʙʝʞʥʳʡ ʚʦʧʨʦʩ ï ʘ 

ʯʪʦ ʠʟ ʩʝʙʷ ʵʪʘ ʬʠʟʠʯʝʩʢʘʷ ʨʝʘʣʴʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ? ʀʣʠ, ʝʱ y

ʧʨʦʱʝ ï ʢʘʢ ʵʪʠ ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʥʳʝ ʯʠʩʣʘ ʫʚʠʜʝʪʴ, 

ʧʦʪʨʦʛʘʪʴ ʠʣʠ ʢʘʢ-ʪʦ ʠʥʘʯʝ ʦʱʫʪʠʪʴ? ʂʘʢ ʵʪʠ ʥʦʚʳʝ ʟʥʘʥʠʷ 

ʨʘʟʤʝʩʪʠʪʴ ʥʘ ʬʫʥʜʘʤʝʥʪʝ ʫʞʝ ʠʤʝʶʱʠʭʩʷ ʪʝʦʨʝʪʠʢʦ-ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʠ ʙʳʪʦʚʳʭ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʥʘʥʠʡ? 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦ ï ʦʯʝʥʴ ʥʝʧʨʦʩʪʦ. ʅʦ ʚʦʟʤʦʞʥʦ. ʀ ʪʘʢʘʷ 

ʩʠʪʫʘʮʠʷ ʦʪʥʶʜʴ ʥʝ ʫʥʠʢʘʣʴʥʘ. ʄʳ ʪʦʯʥʦ ʪʘʢʞʝ ʥʝ ʦʱʫʱʘʝʤ 

ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʥʝ ʤʦʞʝʤ ʫʚʠʜʝʪʴ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ ʠʣʠ ʧʦʪʨʦʛʘʪʴ 

ʯyʨʥʫʶ ʜʳʨʫ. ɺ ʵʪʠʭ ʚʦʧʨʦʩʘʭ ʤʳ ʚʝʨʠʤ ʫʯʥyʳʤ ʥʘ ʩʣʦʚʦ ʠʣʠ 

ʜʦʚʝʨʷʝʤ ʧʦʢʘʟʘʥʠʷʤ ʧʨʠʙʦʨʦʚ. ʄʳ ʜʘʞʝ ʥʝʨʝʜʢʦ ʥʝ ʧʦʥʠʤʘʝʤ
2
 

ʫʩʪʨʦʡʩʪʚʦ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʚʝʱʝʡ, ʢʦʪʦʨʳʤʠ ʚʩ y ʚʨʝʤʷ 

ʧʦʣʴʟʫʝʤʩʷ ï ʘʚʪʦʤʦʙʠʣʷ, ʪʝʣʝʚʠʟʦʨʘ, ʢʦʤʧʴʶʪʝʨʘ, ʭʦʣʦʜʠʣʴʥʠʢʘ ʠ 

ʤʥʦʛʠʭ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʚʝʱʝʡ. ʊʘʢ ʠ ʩ ʢʦʤʧʣʝʢʩʥʳʤʠ ʯʠʩʣʘʤʠ ï 

ʧʨʠʜʪyʩʷ ʜʦʚʝʨʠʪʴʩʷ ʩʧʝʮʠʘʣʠʩʪʘʤ. 

ʅʦ ʢʦʝ ʚ ʯʤy ʤʳ ʚʩ-yʪʘʢʠ ʤʦʞʝʤ ʫʙʝʜʠʪʴʩʷ ʠ ʩʘʤʠ. ɼʣʷ 

ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʬʦʨʤʫʣʦʡ ʕʡʣʝʨʘ
3
 

                                                 
1
ʂʦʥʢʫʨʝʥʪʥʘʷ ʩʨʝʜʘ ʚ ʥʘʫʢʝ ʪʘʢ ʞʝ ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʘ, ʢʘʢ ʠ ʚ 

ʵʢʦʥʦʤʠʢʝ. 

2
ʇʦʵʪʦʤʫ ʧʨʦʩʠʤ ʠʭ ʦʪʨʝʤʦʥʪʠʨʦʚʘʪʴ ʢʦʛʦ-ʪʦ ʜʨʫʛʦʛʦ. 

3
ʊʦʯʥʝʝ, ʦʜʥʦʡ ʠʟ ʬʦʨʤʫʣ ʕʡʣʝʨʘ. 
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xsinixcose
ix                                                                (61)  

ʢʦʪʦʨʫʶ ʥʝʩʣʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʚʠʜʫ  

)tsinjt(cosee
tt)j(                                        (62)  

ʛʜʝ      1i   ï    ʤʥʠʤʘʷ      ʝʜʠʥʠʮʘ       (ʥʘʧʦʤʥʠʤ,        ʯʪʦ    ʚ  

ʤʘʪʝʤʘʪʠʢʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʣʝʢʪʨʦʪʝʭʥʠʢʠ, ʤʥʠʤʘʷ ʝʜʠʥʠʮʘ 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ). 

ɺ ʧʦʢʘʟʘʪʝʣʝ ʩʪʝʧʝʥʠ ʣʝʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (62), ʢʘʢ ʚʠʜʥʦ, 

ʠʤʝʝʪʩʷ ʫʞʝ ʟʥʘʢʦʤʦʝ ʯʠʩʣʦ j , ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠ 

ʨʝʘʣʴʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʦʪʦʡ ʟʘʪʫʭʘʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʦʡ ʷʚʣʷʝʪʩʷ ʠ ʚʩʷ ʣʝʚʘʷ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (62), ʘ 

ʟʥʘʯʠʪ ʠ ʝ yʧʨʘʚʘʷ ʯʘʩʪʴ. ɼʝʡʩʪʚʠʪʝʣʴʥʦʝ ʞʝ ʩʣʘʛʘʝʤʦʝ ʚ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʬʦʨʤʫʣ (62) ʚʩʝʛʜʘ ʪʝʤ ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ 

ʟʘʨʝʛʠʩʪʠʨʦʚʘʪʴ (ʠʥʦʛʜʘ ʜʘʞʝ ʧʦʪʨʦʛʘʪʴ ï ʥʘʧʨʠʤʝʨ, ʟʚʫʯʘʱʠʝ 

ʩʪʨʫʥʳ ʛʠʪʘʨʳ) ʠ ʫʙʝʜʠʪʴʩʷ ʚ ʝʛʦ ʨʝʘʣʴʥʦʤ ʬʠʟʠʯʝʩʢʦʤ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤ ʩʘʤʳʤ ʤʳ ʚʩʝʛʜʘ ʤʦʞʝʤ 

ʢʦʩʚʝʥʥʦ ʫʙʝʜʠʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤ ʬʠʟʠʯʝʩʢʦʤ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠ 

ʤʥʠʤʦʡ ʢʦʤʧʦʥʝʥʪʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʬʦʨʤʫʣʳ (62), ʢʘʢ 

ʥʝʧʨʝʤʝʥʥʦʛʦ ʩʧʫʪʥʠʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʢʦʣʝʙʘʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʦʨʤʫʣʘ ʕʡʣʝʨʘ ʬʘʢʪʠʯʝʩʢʠ ʩʣʫʞʠʪ ʪʝʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʚ ʪʦ ʠʣʠ ʠʥʦʝ ʢʦʣʝʙʘʥʠʝ, ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʠ ʤʥʠʤʘʷ ʝʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

ʆʧʠʩʘʥʥʘʷ ʩʠʪʫʘʮʠʷ ʧʦʜʦʙʥʘ ʪʦʤʫ, ʢʘʢ ʫʚʠʜʝʚ ʪʦʣʴʢʦ ʪʝʥʴ 

ʯʝʣʦʚʝʢʘ, ʤʳ ʜʦʛʘʜʳʚʘʝʤʩʷ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʛʜʝ-ʪʦ ʨʷʜʦʤ ʩ ʪʝʥʴʶ 

ʠ ʩʘʤʦʛʦ ʯʝʣʦʚʝʢʘ (ʜʘʞʝ ʝʩʣʠ ʦʥ ʩʧʨʷʪʘʣʩʷ).  

ʅʦ ʵʪʦ ï ʦʪʚʝʪ ʥʘ ʚʪʦʨʦʡ ʚʦʧʨʦʩ (ʢʘʢ ʧʦʪʨʦʛʘʪʴ ʠʣʠ 

ʫʚʠʜʝʪʴ?). 

ɸ ʥʘ ʧʝʨʚʳʡ ʚʦʧʨʦʩ (ʯʪʦ ʠʟ ʩʝʙʷ ʧʨʝʜʩʪʘʚʣʷʝʪ?) ʦʪʚʝʪ ʙʫʜʝʪ 

ʝʱy ʫʜʠʚʠʪʝʣʴʥʝʝ. ɺ ʧʦʠʩʢʘʭ ʵʪʦʛʦ ʦʪʚʝʪʘ ʨʘʩʩʫʞʜʘʪʴ ʙʫʜʝʤ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʃʶʙʳʝ ʯʠʩʣʘ ʩʣʫʞʘʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʤʦʱʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʯʠʩʝʣ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʯʪʦ ʪʘʢʦʝ 3 ʤʝʪʨʘ, 15 ʢʠʣʦʛʨʘʤʤ, 2 ʘʚʪʦʤʦʙʠʣʷ, $ 20 ʠ ʪ.ʜ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʤʥʠʤʳʝ ʯʠʩʣʘ ʩʣʫʞʘʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʯʝʛʦ-ʪʦ 

ʪʘʢʦʛʦ, ʯʪʦ ʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʦʱʫʪʠʪʴ ʥʝ ʤʦʞʝʤ. ɺ ʩʠʣʫ ʵʪʦʛʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʠʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʩʢʨʳʪʳʤʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʧʦʜʦʙʥʦ ʩʢʨʳʪʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ, 
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ʦʧʠʩʘʥʥʳʤ ʚ [44]. ʅʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʦʧʠʩʘʥʥʳʭ ʚ [44] ʩʢʨʳʪʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ, ʩʫʱʝʩʪʚʫʶʱʠʭ ʪʦʣʴʢʦ ʚ ʤʠʢʨʦʤʠʨʝ, ʠ 

ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ ʝʱʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʪʢʨʳʪʴ ʥʘ ɹɸʂ, ʦʧʠʩʳʚʘʝʤʳʝ 

ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʩʢʨʳʪʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʦʪʥʦʩʷʪʩʷ 

ʢ ʣʶʙʳʤ ʬʠʟʠʯʝʩʢʠʤ ʦʙʲʝʢʪʘʤ ʠ ʷʚʣʝʥʠʷʤ. ʀ ʵʪʠ ʩʢʨʳʪʳʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʩʝʣʝʥʥʦʡ ʘʚʪʦʨʦʤ ʫʞʝ ʦʪʢʨʳʪʳ [45] ï 

[48]. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ ʩʢʨʳʪʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠʥʳʭ, ʦʧʠʩʘʥʥʳʭ ʥʠʞʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ, ʩ ʢʦʪʦʨʳʤʠ ʥʘʰʘ ʚʩʝʣʝʥʥʘʷ ʦʧʠʩʘʥʥʳʤ 

ʥʠʞʝ ʦʙʨʘʟʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ
1
 ʠ ʠʥʦʛʜʘ ʢʦʥʪʘʢʪʠʨʫʝʪ, ʦʙʨʘʟʫʷ 

ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʩ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʤʫʣʴʪʠʚʩʝʣʝʥʥʘʷ. ʂʦʪʦʨʫʶ 

ʘʩʪʨʦʥʦʤʳ ʥʝ ʚʠʜʷʪ, ʪʘʢ ʢʘʢ ʦʥʘ ʠʟ ʥʘʰʝʡ ʚʩʝʣʝʥʥʦʡ ʥʝʚʠʜʠʤʘ. ʅʦ 

ʢʦʪʦʨʫʶ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʫʞʝ ʩʝʡʯʘʩ ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʠ 

ʜʘʞʝ ʧʦʩʝʪʠʪʴ
2
, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʩʝʪʠʪʴ ʨʘʥʝʝ ʜʦ ʵʪʦʛʦ ʥʝʚʠʜʠʤʫʶ 

(ʧʦʢʘ ʤʳ ʥʘʭʦʜʠʣʠʩʴ ʚ ʜʨʫʛʦʡ ʢʦʤʥʘʪʝ) ʩʦʩʝʜʥʶʶ ʢʦʤʥʘʪʫ ʩʚʦʝʛʦ 

ʞʠʣʠʱʘ. 

 

3.2. ʉʪʨʦʝʥʠʝ ʤʫʣʴʪʠʚʩʝʣʝʥʥʦʡ 

ʊʝʨʤʠʥ ʤʫʣʴʪʠʚʩʝʣʝʥʥʘʷ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 1895 ʛʦʜʫ 

ʘʤʝʨʠʢʘʥʩʢʠʤ ʬʠʣʦʩʦʬʦʤ-ʧʩʠʭʦʣʦʛʦʤ ʋʠʣʴʷʤʦʤ ɼʞʝʡʤʩʦʤ (1842 

ï 1910) ʠ ʚʚʝʜʥy ʚ ʫʧʦʪʨʝʙʣʝʥʠʝ ʧʠʩʘʪʝʣʝʤ-ʬʘʥʪʘʩʪʦʤ ʄʘʡʢʣʦʤ 

ɼʞʦʥʦʤ ʄʫʨʢʦʢʦʤ (ʨ. 1939 ʛ.). ɻʠʧʦʪʝʟʳ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʤʫʣʴʪʠʚʩʝʣʝʥʥʦʡ ʩʣʝʜʦʤ ʟʘ ʧʠʩʘʪʝʣʷʤʠ-ʬʘʥʪʘʩʪʘʤʠ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʩʪʘʣʠ ʧʨʝʜʣʘʛʘʪʴ ʪʘʢʞʝ ʩʧʝʮʠʘʣʠʩʪʳ ʧʦ ʢʦʩʤʦʣʦʛʠʠ ʠ 

ʘʩʪʨʦʥʦʤʠʠ, ʬʠʣʦʩʦʬʠʠ ʠ ʬʠʟʠʢʝ, ʜʨʫʛʠʝ ʫʯʥyʳʝ. ʆʧʠʩʘʥʠʷ 

ʤʫʣʴʪʠʚʩʝʣʝʥʥʦʡ, ʢʘʢ ʦʢʘʟʘʣʦʩʴ, ʩʫʱʝʩʪʚʫʶʪ ʜʘʞʝ ʚ ʨʝʣʠʛʠʷʭ.  

ʇʦʜ ʪʝʨʤʠʥʦʤ ʤʫʣʴʪʠʚʩʝʣʝʥʥʘʷ ʚ ʥʘʫʢʝ ʩʝʡʯʘʩ ʧʨʠʥʷʪʦ 

ʧʦʥʠʤʘʪʴ ʥʝʢʫʶ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʩʝʣʝʥʥʳʭ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 

ʯʘʱʝ ʚʩʝʛʦ ʧʦʣʘʛʘʝʪʩʷ ʥʝʦʧʨʝʜʝʣʥyʥʦ ʙʦʣʴʰʠʤ ʠ ʩʪʨʦʝʥʠʝ ʢʦʪʦʨʦʡ 

ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʨʘʟʥʦʦʙʨʘʟʥʳʤ. ʅʘʠʙʦʣʝʝ ʩʦʜʝʨʞʘʪʝʣʴʥʳʝ 

                                                 
1
   ʂʘʢ ʙʳ ʧʣʘʚʘʷ ʚ ʯʝʪʚʨyʪʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʠʟʤʝʨʝʥʠʠ  

2
  ʇʦʩʣʝ ʯʝʛʦ ʦʥʘ ʩʪʘʥʝʪ ʚʠʜʠʤʦʡ 

http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0
http://translate.googleusercontent.com/translate_c?hl=ru&prev=/search%3Fq%3DStructure%2Bof%2Bthe%2BMultiverse%26hl%3Dru%26sa%3DN%26biw%3D1015%26bih%3D597%26prmd%3Dimvns&rurl=translate.google.de&sl=en&u=http://en.wikipedia.org/wiki/Religion&usg=ALkJrhgYPfSqEa9AWCdTXKpZEYcuAh2A-g
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ʛʠʧʦʪʝʟʳ ʦʧʠʩʘʥʳ ʚ [49] ï [58]. ʆʙʱʠʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʠʭ ʠ ʚʩʝʭ ʜʨʫʛʠʭ ʛʠʧʦʪʝʟ ʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠʚʩʝʣʝʥʥʦʡ 

ʷʚʣʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝ ʜʘʞʝ ʚ ʜʘʣʢyʦʤ ʙʫʜʫʱʝʤ ʢʘʢʦʡ-ʣʠʙʦ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʫʪʤy ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʨʫʛʠʭ, ʢʨʦʤʝ ʥʘʰʝʡ, ʚʩʝʣʝʥʥʳʭ [59].  

ʈʘʩʩʤʦʪʨʝʥʥʘʷ ʞʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʛʠʧʦʪʝʟʘ ʩʪʨʦʝʥʠʷ 

ʤʫʣʴʪʠʚʩʝʣʝʥʥʦʡ  [26],  [60] ï [63] ʚʧʦʣʥʝ ʤʦʞʝʪ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 

ʪʝʦʨʠʶ, ʧʦʩʢʦʣʴʢʫ ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʜʦʢʘʟʘʥʥʦʤ ʚʳʰʝ ʧʨʠʥʮʠʧʝ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ ʠ ʧʦʵʪʦʤʫ ʧʦʟʚʦʣʷʝʪ ʫʞʝ ʩʝʡʯʘʩ ʦʩʫʱʝʩʪʚʠʪʴ ʝ yʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʫʶ ʧʨʦʚʝʨʢʫ ʧʫʪʤy ʦʙʥʘʨʫʞʝʥʠʷ ʧʦʨʪʘʣʦʚ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ 

ʧʦʩʝʱʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʨʫʛʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ (ʠʥʘʯʝ 

ʛʦʚʦʨʷ, ʠʭ ʦʪʢʨʳʪʠʝ) ʩʪʘʥʦʚʠʪʩʷ ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ.  

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʧʦʜʦʙʠʷ ʚʩʝʣʝʥʥʳʭ, ʢʦʪʦʨʳʡ ʠ 

ʧʦʟʚʦʣʷʝʪ ʠʭ ʥʘʟʳʚʘʪʴ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʩʝʣʝʥʥʳʤʠ, ʚ ʥʠʭ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʤʝʩʪʦ ʦʜʠʥʘʢʦʚʳʝ
1
 ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʳ ʨʘʟʣʠʯʥʳʤ ʦʙʨʘʟʦʤ. ɺ ʵʪʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʩʝʣʝʥʥʳʭ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʜʝʡʩʪʚʫʶʪ ʪʝ ʞʝ ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠ-

ʯʝʩʢʠʝ ʠ ʠʥʳʝ ʟʘʢʦʥʳ, ʚ ʩʠʣʫ ʯʝʛʦ ʚ ʥʠʭ ʠʤʝʝʪʩʷ ʩʚʦʷ ʩʦʚʤʝʩʪʠʤʘʷ 

ʩ ʥʘʰʝʡ ʞʠʟʥʴ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩʚʦʠ ʨʘʟʫʤʥʳʝ ʦʙʠʪʘʪʝʣʠ, ʢʦʪʦʨʳʝ 

ʫʤʝʶʪ ʧʦʩʝʱʘʪʴ ʥʘʰʫ ɿʝʤʣʶ. ʇʦʵʪʦʤʫ ʪʘʢʠʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʩʝʣʝʥʥʳʝ ʚʧʦʣʥʝ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳʤʠ ʜʣʷ ʧʦʩʝʱʝʥʠʷ ʠ 

ʦʙʠʪʘʪʝʣʷʤʠ ɿʝʤʣʠ. ʇʨʠʯʤy ʪʘʢʠʝ ʧʦʩʝʱʝʥʠʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, 

ʤʦʛʫʪ ʙʳʪʴ ʩʦʧʨʷʞʝʥʳ ʩ ʧʝʨʝʤʝʱʝʥʠʷʤʠ ʥʝ ʪʦʣʴʢʦ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʥʦ ʠ ʚʦ ʚʨʝʤʝʥʠ (ʢʘʢ ʚ ʧʨʦʰʣʦʝ, ʪʘʢ ʠ ʚ ʙʫʜʫʱʝʝ). 

 

3.3. ʇʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ ʉʊʆ, ʦʧʠʩʳʚʘʶʱʠʤʠ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ, ʥʘʧʨʠʤʝʨ, ʬʦʨʤʫʣʦʡ ʃʦʨʝʥʮʘ-ʕʡʥʰ-

ʪʝʡʥʘ 

2

0

)cv(1

m
m                                                                  (63)  

                                                 
1
 ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ ʦʢʘʞʫʪʩʷ ʜʣʷ ʥʘʩ ʥʘʚʩʝʛʜʘ 

ʥʝʧʦʟʥʘʚʘʝʤʳʤʠ ʠ ʥʝʜʦʩʪʫʧʥʳʤʠ. 
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ʘ ʪʘʢʞʝ ʬʦʨʤʫʣʦʡ        

2
0 )cv(1tt  ,                                                          (64)  

ʚ ʢʦʪʦʨʳʭ ʧʨʠʥʷʪʳ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ: 

0m  ï ʤʘʩʩʘ ʧʦʢʦʷ; 

0t  ï ʚʨʝʤʷ ʧʦʢʦʷ; 

m   ï ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʤʘʩʩʘ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ; 

t   ï ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʚʨʝʤʷ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ; 

v    ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʪʝʣʘ (ʥʘʧʨʠʤʝʨ, ʥʝʡʪʨʠʥʦ); 

c     ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; 

ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ cv  ʩʪʘʥʦʚʷʪʩʷ ʤʥʠʤʳʤʠ ï ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ 

ʤʘʩʩʘ m, ʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʝ ʚʨʝʤʷ t , ʠ ʜʨʫʛʠʝ ʬʠʟʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ. 

ʅʝ ʫʤʝʷ ʪʘʢʦʡ ʨʝʟʫʣʴʪʘʪ ʦʙʲʷʩʥʠʪʴ, ʩʫʱʝʩʪʚʫʶʱʘʷ 

ʪʨʘʢʪʦʚʢʘ ʉʊʆ ʧʦʵʪʦʤʫ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʵʪʦʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʢʦʛʜʘ, ʪʘʢ ʢʘʢ é  ʤʥʠʤʳʝ ʚʝʣʠʯʠʥʳ ʚ ʧʨʠʨʦʜʝ ʥʝ ʩʫʱʝʩʪʚʫʶʪ. 

ʅʦ ʜʦʢʘʟʘʥʥʳʡ ʚʳʰʝ ʧʨʠʥʮʠʧ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ ʪʘʢʦʝ ʙʝʟʜʦʢʘʟʘʪʝʣʴʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʉʊʆ 

ʜʦʢʘʟʘʪʝʣʴʥʦ ʦʧʨʦʚʝʨʛʘʝʪ.  

ʈʠʩ. 14  ɻʨʘʬʠʢʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʘʩʩʳ  m   ʠ  im, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʘʤ (71) ʠ (73)  

ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʣʦʞʠʪʴ ʫʙʝʜʠʪʝʣʴʥʳʡ ʚʳʭʦʜ ʠʟ 

ʩʦʟʜʘʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ
1
, ʪʦ ʝʩʪʴ ʦʙʲʷʩʥʠʪʴ, ʢʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ 

                                                 
1
ʂʦʪʦʨʫʶ ʚ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ, ʢʘʢ ʠʩʧʳʪʘʥʠʝ ʥʘ 

ʧʨʦʚʝʨʢʫ ʟʜʨʘʚʳʤ ʩʤʳʩʣʦʤ ʧʨʠʥʮʠʧʘ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ 

ʯʠʩʝʣ.  
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ʩʣʝʜʫʝʪ ʚ ʉʊʆ ʧʦʥʠʤʘʪʴ ʤʥʠʤʳʝ ʤʘʩʩʫ, ʤʥʠʤʦʝ ʚʨʝʤʷ ʠ ʜʨʫʛʠʝ 

ʤʥʠʤʳʝ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. ʀ ʧʨʝʜʣʘʛʘʝʪʩʷ ʩʣʝʜʫʶʱʠʡ ʚʘʨʠʘʥʪ 

ʦʙʲʷʩʥʝʥʠʷ. ɺ ʬʠʟʠʢʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ, ʜʚʠʞʫʱʠʝʩʷ ʩʦ 

ʩʚʝʨʭʩʚʝʪʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʪʘʭʠʦʥʘʤʠ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʯʘʩʪʠʮ, ʜʚʠʞʫʱʠʭʩʷ ʩ ʜʦʩʚʝʪʦʚʳʤʠ ʩʢʦʨʦʩʪʷʤʠ, 

ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʪʘʨʜʠʦʥʘʤʠ (ʠʣʠ ʙʨʘʜʠʦʥʘʤʠ). ʇʨʠʯʤy 

ʠʟ ʥʘʰʝʡ ʪʘʨʜʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ ʪʘʭʠʦʥʳ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʙʳʪʴ 

ʥʝ ʤʦʛʫʪ
1
. ʇʦʵʪʦʤʫ ʜʦʧʫʩʪʠʤʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʤʥʠʤʳʝ ʚʝʣʠʯʠʥʳ 

ʤʘʩʩʳ, ʚʨʝʤʝʥʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʧʦʩʪʦ ʦʟʥʘʯʘʶʪ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝ ʚ ʥʘʰʝʡ ʪʘʨʜʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ 

ʪʘʭʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ (ʠʣʠ ʪʘʭʠʦʥʥʦʡ ʘʥʪʠʚʩʝʣʝʥʥʦʡ ï ʩʤ. ʥʠʞʝ).  

ʅʦ ʦʥʠ ʪʘʤ ʩʫʱʝʩʪʚʫʶʪ ʥʝ ʧʦʪʦʤʫ, ʯʪʦ ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʃʦʨʝʥʮʘ ʠ ʜʨʫʛʠʤʠ, ʦʧʠʩʳʚʘʶʱʠʤʠ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ, ʧʨʝʦʜʦʣʝʣʠ ʩʚʝʪʦʚʦʡ ʧʦʨʦʛ, ʪʘʢ ʢʘʢ ʥʘ 

ʪʘʢʦʡ ʧʝʨʝʭʦʜ
2
 ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʪʝʣ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʦʡ ʧʦʢʦʷ 

ʥʝʦʙʭʦʜʠʤʘ ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ. ɸ ʧʦʪʦʤʫ, ʯʪʦ ʵʪʦʪ 

ʧʝʨʝʭʦʜ ʦʩʫʱʝʩʪʚʣʥy ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʨʫʛʦʡ ʬʦʨʤʫʣʦʡ ï 

ʬʦʨʤʫʣʦʡ ʕʡʣʝʨʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʬʦʨʤʫʣʘ (63) 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʭʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ ʥʝ ʚʝʨʥʘ
3
 (ʩʤ. ʨʠʩ 14), ʪʘʢ 

ʢʘʢ ʧʨʠ cv  ʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʥʘʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʦʡ 

ʚʩʝʣʝʥʥʦʡ, ʚ ʢʦʪʦʨʦʡ ʤʘʣʝʡʰʝʝ ʚʦʟʤʫʱʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ v, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ v  ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ.  

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʬʦʨʤʫʣʳ  (64), ʪʦ ʠ ʦʥʘ ʧʦ ʪʝʤ ʞʝ 

ʧʨʠʯʠʥʘʤ ʥʝ ʚʝʨʥʘ, ʪʘʢ ʢʘʢ ʧʨʠ cv  ʠ cv  ʟʘʚʠʩʠʤʦʩʪʠ 

ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʚʨʝʤʝʥʠ t  ʦʪ ʩʢʦʨʦʩʪʠ v  ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʥʳʡ ʚʠʜ (ʨʠʩ. 14a). 

                                                 
1
ʇʦʯʝʤʫ ʪʘʢ, ʥʝ ʦʙʲʷʩʥʷʝʪʩʷ. 

2
ʊʘʢʦʡ ʧʝʨʝʭʦʜ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʧʨʠʨʦʜʦʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ ʕʡʣʝʨʘ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʵʪʦ ʢʘʞʝʪʩʷ 

ʥʝʧʦʥʷʪʥʳʤ. ʅʦ ʚʝʜʴ ʫ ʩʝʙʷ ʜʦʤʘ ʠʟ ʦʜʥʦʡ ʢʦʤʥʘʪʳ ʚ ʜʨʫʛʫʶ ʪʦʞʝ 

ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʡʪʠ ʯʝʨʝʟ ʨʘʟʜʝʣʷʶʱʠʝ ʠʭ ʩʪʝʥʳ, ʘ ʯʝʨʝʟ ʜʚʝʨʠ 

ʚʦʟʤʦʞʥʦ. 

3
ʊʘʢ ʢʘʢ ʦʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʮʠʧʫ ʧʦʜʦʙʠʷ ʚʩʝʣʝʥʥʳʭ 
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ʆʜʥʘʢʦ ʧʦʩʢʦʣʴʢʫ ʜʦʧʫʩʪʠʤʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʧʨʠʥʮʠʧʦʤ ʧʦʜʦʙʠʷ ʚʩʝʣʝʥʥʳʭ ʪʘʨʜʠʦʥʥʘʷ ʠ ʪʘʭʠʦʥʥʘʷ 

ʚʩʝʣʝʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʜʦʙʥʳ,  ʚ ʥʠʭ ʜʦʣʞʥʳ ʜʝʡʩʪʚʦʚʘʪʴ ʦʜʥʠ 

ʠ ʪʝ ʞʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ. ʊʦʛʜʘ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʘʭʠʦʥʥʦʡ ʠ 

ʜʨʫʛʠʤ ʧʘʨʘʣʣʝʣʴʥʳʤ ʚʩʝʣʝʥʥʳʤ ʬʦʨʤʫʣʳ (63), (64) ʠ ʦʩʪʘʣʴʥʳʝ, 

ʦʧʠʩʳʚʘʶʱʠʝ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ, ʜʦʣʞʥʳ ʙʳʪʴ ʠʩʧʨʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

2

0
k

2

0
k

)
c

w(1

m)i(

)k
c

v(1

m)i(
m                                    (65)  

2
0

k
)cw(1t)i(t                                                    (66)  

ʛʜʝ       
c

vk   ï ʜʠʩʢʨʝʪʥʘʷ ʬʫʥʢʮʠʷ çfloorè
1
 ʦʪ  ʘʨʛʫʤʝʥʪʘ 

c
v ; 

kcvw  ï ʣʦʢʘʣʴʥʘʷ ʜʣʷ ʢʘʞʜʦʡ ʚʩʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʴ,  

ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʩw0 ; 

v  ï ʩʢʦʨʦʩʪʴ, ʠʟʤʝʨʷʝʤʘʷ ʠʟ ʥʘʰʝʡ ʪʘʨʜʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ,  

ʢʦʪʦʨʫʶ ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʘʨʜʠʦʥʥʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʈʠʩ. 15  ɻʨʘʬʠʢʠ ʨʝʣʷʪʠʚʠʩʪʩʢʦʛʦ ʚʨʝʤʝʥʠ  t   ʠ  ti , ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʝ ʬʦʨʤʫʣʘʤ (72) ʠ (74)  

                                                 
1
ʊʦ ʝʩʪʴ ʬʫʥʢʮʠʝʡ x  ʦʪ ʘʨʛʫʤʝʥʪʘ x  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦ-

ʣʦʛʠʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ 1962 ʛʦʜʫ ʂʝʥʥʝʪʦʤ ɸʡʚʝʨʩʦʥʦʤ (1920 ï 2004), 

ʨʘʥʝʝ ʞʝ ʵʪʫ ʬʫʥʢʮʠʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʨʤʠʥʦʣʦʛʠʝʡ, ʧʨʝʜʣʦʞʝʥʥʦʡ  

ʀʦʛʘʥʥʦʤ ʂʘʨʣʦʤ ʌʨʠʜʨʠʭʦʤ ɻʘʫʩʩʦʤ, ʥʘʟʳʚʘʣʠ  entier ʠ ʦʙʦʟʥʘʯʘʣʠ x . 

 

 

http://ru.wikipedia.org/wiki/%D0%90%D0%B9%D0%B2%D0%B5%D1%80%D1%81%D0%BE%D0%BD,_%D0%9A%D0%B5%D0%BD%D0%BD%D0%B5%D1%82_%D0%AE%D0%B4%D0%B6%D0%B8%D0%BD
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ʇʨʠ 0k  ʬʦʨʤʫʣʳ (65) ʠ (66) ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʘʨʜʠʦʥʥʦʡ 

ʚʩʝʣʝʥʥʦʡ, ʘ ʧʨʠ 1k  ʪʘʭʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ. ʀ ʠʭ ʛʨʘʬʠʢʠ ʫʞʝ 

ʚʳʛʣʷʜʷʪ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ɸ ʧʨʠ 2k  ʠ ʧʨʠ 3k  ʵʪʠ 

ʬʦʨʤʫʣʳ, ʦʢʘʟʳʚʘʝʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʝʱ y ʜʚʫʤ ʧʘʨʘʣʣʝʣʴʥʳʤ 

ʚʩʝʣʝʥʥʳʤ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʪʘʨʜʠʦʥʥʦʡ ʘʥʪʠʚʩʝʣʝʥʥʦʡ ʠ 

ʪʘʭʠʦʥʥʦʡ ʘʥʪʠʚʩʝʣʝʥʥʦʡ. ʀʣʠ ʘʥʪʠʪʘʨʜʠʦʥʦʡ ʠ ʘʥʪʠʪʘʭʠʦʥʥʦʡ 

ʚʩʝʣʝʥʥʳʤʠ. ɼʘʣʝʝ ʞʝ ʧʨʠ 4k , ʢʘʢ ʚʠʜʥʦ, ʧʦʣʫʯʘʝʤ ʦʧʷʪʴ 

ʬʦʨʤʫʣʳ (63) ʠ (64). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʣʫʯʝʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʫʝʪ ʤʫʣʴʪʠʚʩʝʣʝʥʥʫʶ ʠ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʯʝʪʳʨʝ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ: 

 ʥʘʰʫ ʪʘʨʜʠʦʥʥʫʶ ʚʩʝʣʝʥʥʫʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ 

ʬʦʨʤʫʣʘʤ (65), (66) ʠ ʧʨʠ 0k  ʦʧʠʩʳʚʘʝʤʫʶ 

ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ; 

 ʪʘʭʠʦʥʥʫʶ ʚʩʝʣʝʥʥʫʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʩʦʛʣʘʩʥʦ 

ʬʦʨʤʫʣʘʤ (65), (66) ʠ ʦʧʠʩʳʚʘʝʤʫʶ ʧʨʠ 1k  

ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳʤʠ ʤʥʠʤʳʤʠ ʯʠʩʣʘʤʠ; 

 ʪʘʨʜʠʦʥʥʫʶ ʘʥʪʠʚʩʝʣʝʥʥʫʶ (ʠʣʠ ʘʥʪʠʪʘʨʜʠʦʥʥʫʶ 

ʚʩʝʣʝʥʥʫʶ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʦʨʤʫʣʘʤ (65), (66)  ʠ 

ʦʧʠʩʳʚʘʝʤʫʶ ʧʨʠ 2k  ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳʤʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʯʠʩʣʘʤʠ; 

 ʪʘʭʠʦʥʥʫʶ ʘʥʪʠʚʩʝʣʝʥʥʫʶ (ʠʣʠ ʘʥʪʠʪʘʭʠʦʥʥʫʶ 

ʚʩʝʣʝʥʥʫʶ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʬʦʨʤʫʣʘʤ (65), (66) ʠ 

ʦʧʠʩʳʚʘʝʤʫʶ ʧʨʠ 3k  ʬʠʟʠʯʝʩʢʠ ʨʝʘʣʴʥʳʤʠ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʤʥʠʤʳʤʠ ʯʠʩʣʘʤʠ. 

ʀʟ ʨʠʩ. (14b) ʠ (15b) ʚʠʜʥʦ, ʯʪʦ ʚʩʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʦʨʤʫʣʘʤ (65) ʠ (66) ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ ʫʞʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʨʠʥʮʠʧʫ ʧʦʜʦʙʠʷ ʚʩʝʣʝʥʥʳʭ.  

ʅʦ ʚʳʰʝ ʙʳʣ ʜʦʢʘʟʘʥ ʧʨʠʥʮʠʧ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʥʳʭ ʯʠʩʝʣ, ʘ ʥʝ ʧʨʠʥʮʠʧ ʬʠʟʠʯʝʩʢʦʡ ʨʝʘʣʴʥʦʩʪʠ ʤʥʠʤʳʭ 

ʯʠʩʝʣ, ʢʦʪʦʨʳʤ ʧʦ-ʩʫʱʝʩʪʚʫ ʤʳ ʪʦʣʴʢʦ ʯʪʦ ʚʦʩʧʦʣʴʟʦʚʘʣʠʩʴ. 

ʆʯʝʚʠʜʥʦ, ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʤʫʣʴʪʠʚʩʝʣʝʥʥʘʷ, ʧʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ 

ʚʳʰʝ ʦʩʥʦʚʥʳʭ ʚʩʝʣʝʥʥʳʭ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʝʱ y ʠ ʢʘʢʠʝ-ʪʦ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʚʩʝʣʝʥʥʳʝ, ʦʙʣʘʜʘʶʱʠʝ ʥʝʩʢʦʣʴʢʦ ʠʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ.  
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3.4. ʇʦʨʪʘʣʳ.  

ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʧʝʨʝʭʦʜʳ ʠʟ ʦʜʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʚʩʝʣʝʥʥʦʡ ʚ ʜʨʫʛʫʶ ʜʣʷ ʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʦʡ 

ʧʦʢʦʷ 0m  ʚ ʪʦʯʢʘʭ ʩʠʥʛʫʣʷʨʥʦʩʪʠ c)1k(v  ʬʠʟʠʯʝʩʢʠ 

ʥʝʚʦʟʤʦʞʥʳ (ʨʘʟʚʝ ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʪʦʯʥʝʥʠʷ ʩ ʫʯʪyʦʤ ʥʝʢʠʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʦʨʤʫʣ, 

ʦʧʠʩʳʚʘʶʱʠʭ ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ, ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʚ ʥʠʭ 

ʠʩʯʝʟʥʝʪ), ʪʘʢ ʢʘʢ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠʤ ʧʦʪʨʝʙʫʝʪʩʷ 

ʙʝʩʢʦʥʝʯʥʦ ʙʦʣʴʰʘʷ ʵʥʝʨʛʠʷ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʧʦʜʦʙʠʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ, ʚ ʥʠʭ ʜʝʡʩʪʚʫʶʪ 

ʦʜʥʠ ʠ ʪʝ ʞʝ ʬʠʟʠʯʝʩʢʠʝ ʟʘʢʦʥʳ, ʘʪʦʤʳ ʠ ʤʦʣʝʢʫʣʳ ʠʤʝʶʪ 

ʦʜʠʥʘʢʦʚʦʝ ʩʪʨʦʝʥʠʝ, ʚʩʝʣʝʥʥʳʝ ʧʦʩʪʨʦʝʥʳ ʠʭ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʥʠʭ ʩʫʱʝʩʪʚʫʶʪ ʚʦ ʤʥʦʛʦʤ ʧʦʭʦʞʠʝ ʥʘ 

ʥʘʰʠʭ ʞʠʚʳʝ ʩʫʱʝʩʪʚʘ, ʚ ʪʦʤ ʯʠʩʣʝ, ʨʘʟʫʤʥʳʝ. ʀ ʥʝ ʠʩʢʣʶʯʝʥʦ, 

ʯʪʦ ʦʥʠ ʫʞʝ ʦʪʢʨʳʣʠ ʜʣʷ ʩʝʙʷ, ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʩʝʱʘʪʴ 

ʜʨʫʛʠʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ. ɺ ʪʦʤ ʯʠʩʣʝ ï ʥʘʰʫ. 

ɸ ʧʦʩʢʦʣʴʢʫ ʪʘʢʠʝ ʧʦʩʝʱʝʥʠʷ ɿʝʤʣʠ ʠʤʝʣʠ ʤʝʩʪʦ ʚ 

ʧʨʦʰʣʦʤ ʠ ʠʤʝʶʪ ʤʝʩʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʵʪʦ ʜʘʪy ʦʩʥʦʚʘʥʠʷ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʧʝʨʝʭʦʜʳ ʠʟ ʦʜʥʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʚʩʝʣʝʥʥʳʭ ʚ ʜʨʫʛʠʝ ʚʩ-yʪʘʢʠ ʨʝʘʣʴʥʦ ʚʦʟʤʦʞʥʳ. ʇʦʵʪʦʤʫ ʠʤʝʝʪ 

ʩʤʳʩʣ ʧʦʧʳʪʘʪʴʩʷ ʧʦʥʷʪʴ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʪʘʢʠʭ 

ʧʝʨʝʭʦʜʦʚ. 

ɼʣʷ ʵʪʦʛʦ ʦʙʨʘʪʠʤʩʷ ʢ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ (61). ʂʘʢ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʜʝʡʩʪʚʠʪʝʣʴʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʚ ʧʨʘʚʦʡ ʝ y ʯʘʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʨʝʥʠʷʤ ʚ ʥʘʰʝʡ ʪʘʨʜʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ, ʘ 

ʤʥʠʤʘʷ ʢʦʤʧʦʥʝʥʪʘ ï ʩʢʨʳʪʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʟʤʝʨʝʥʠʷʤ ʚ 

ʪʘʭʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʧʝʨʝʭʦʜ ʠʟ 

ʦʜʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ ʚʩʝʣʝʥʥʦʡ ʚ ʜʨʫʛʫʶ ʚʩʝʛʦ-ʥʘʚʩʝʛʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʚ ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ ʬʘʟʳ ʢʦʣʝʙʘʥʠʡ. 

ʇʨʠʯyʤ, ʝʩʣʠ ʵʪʘ ʬʘʟʘ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʥʘ  2  ʠʣʠ ʥʘ , ʪʦ 

ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥ ʧʝʨʝʭʦʜ ʠʭ ʦʜʥʦʡ ʦʩʥʦʚʥʦʡ ʧʘʨʘʣʣʝʣʴʥʦʡ 

ʚʩʝʣʝʥʥʦʡ ʚ ʜʨʫʛʫʶ, ʘ ʝʩʣʠ ʵʪʫ ʬʘʟʫ ʠʟʤʝʥʷʪʴ ʥʘ ʢʘʢʫʶ-ʪʦ ʜʨʫʛʫʶ, 

ʦʪʣʠʯʥʫʶ ʦʪ 2  ʠʣʠ  ʚʝʣʠʯʠʥʫ, ʪʦ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥ ʧʣʘʚʥʳʡ 

ʧʝʨʝʭʦʜ ʚ ʥʝʢʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ.  
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ʕʪʦ ʘʥʘʣʦʛʠʯʥʦ ʧʝʨʝʭʦʜʫ ʠʟ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʳ ʚ ʚʦʜʥʫʶ ʠ 

ʦʙʨʘʪʥʦ ʚʦ ʚʨʝʤʷ ʢʫʧʘʥʠʷ ʚ ʤʦʨʝ: ʝʩʣʠ ʧʨʳʛʥʫʪʴ ʚ ʤʦʨʝ, ʪʦ ʙʫʜʝʪ 

ʦʙʝʩʧʝʯʝʥ ʙʳʩʪʨʳʡ ʧʝʨʝʭʦʜ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ, ʘ ʝʩʣʠ ʠʜʪʠ ʧʦ 

ʤʦʨʩʢʦʤʫ ʜʥʫ, ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʡ 

ʩʨʝʜʳ ʚ ʜʨʫʛʫʶ. 

ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʤʫʣʴʪʠʚʩʝʣʝʥʥʦʡ 

ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʦʡ ʚʩʝʣʝʥʥʦʡ ʚ ʜʨʫʛʫʶ ʨʝʘʣʴʥʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʯʝʨʝʟ ʧʦʨʪʘʣʳ, ʧʨʠʥʮʠʧ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  

ʬʦʨʤʫʣʝ ʕʡʣʝʨʘ, ʠʤʝʶʱʝʡ: 

 ʜʣʷ ʪʘʨʜʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ ï ʚʠʜ (61), 

 ʜʣʷ ʪʘʭʠʦʥʥʦʡ ʚʩʝʣʝʥʥʦʡ          ï ʚʠʜ xsinʝ
2xi

 
xcosi                                                                          (67)  

 ʜʣʷ ʪʘʨʜʠʦʥʥʦʡ ʘʥʪʠʚʩʝʣʝʥʥʦʡ  ï ʚʠʜ xcosʝ
xi

 
xsini                                                                           (68)  

 ʜʣʷ ʪʘʭʠʦʥʥʦʡ ʘʥʪʠʚʩʝʣʝʥʥʦʡ ï ʚʠʜ  xsinʝ
x23xi

 
xcosi                                                                          (69)  

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʬʦʨʤʫʣʘʤ, ʢʦʣʝʙʘʥʠʷ ʚ ʩʤʝʞʥʳʭ ʦʩʥʦʚʥʳʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʥʘʭʦʜʷʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʜʨʫʛ ʢ ʜʨʫʛʫ ʚ 

ʢʚʘʜʨʘʪʫʨʝ.  

ʏʪʦ ʞʝ ʵʪʦ ʟʘ ʢʦʣʝʙʘʥʠʷ? ʂʘʢ ʠʟʚʝʩʪʥʦ, ʣʶʜʠ ʞʠʚʫʪ ʚ ʤʠʨʝ 

ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʅʦ ʢʘʢʠʤʠ ʠʟ ʥʠʭ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʬʦʨʤʫʣʦʡ ʕʡʣʝʨʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʠʧ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʠ 

ʧʝʨʝʭʦʜ ʠʟ ʦʜʥʠʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʚ ʜʨʫʛʠʝ? ʇʦʯʝʤʫ ʦʥʠ 

ʠʛʨʘʶʪ ʪʘʢʫʶ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʫʣʴʪʠʚʩʝ-

ʣʝʥʥʦʡ?  

ɽʩʪʝʩʪʚʝʥʥʦ, ʵʪʦʪ ʚʦʧʨʦʩ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ. 

ʅʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʠ ʤʦʛʫʪ ʙʳʪʴ ʠʥʬʨʘʥʠʟʢʦ-

ʯʘʩʪʦʪʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ (ʩʢʦʨʝʝ ʚʩʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ), ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʚʨʘʱʝʥʠʝʤ ɿʝʤʣʠ ʚʦʢʨʫʛ ʩʚʦʝʡ 

ʦʩʠ ʠ ʃʫʥʳ ʚʦʢʨʫʛ ɿʝʤʣʠ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʥʥʦ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʥʘʰʫ ʚʩʝʣʝʥʥʫʶ. ʀ ʌʠʣʘʜʝʣʴʬʠʡʩʢʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʵʩʤʠʥʮʝʤ ʕʣʜʨʠʜʞ, ʧʦʭʦʞʝ, ʪʘʢʦʝ ʧʨʝʜʧʦʣʦ-

ʞʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ.  

ʇʦʤʠʤʦ ʫʧʦʤʷʥʫʪʳʭ ʧʦʩʪʦʷʥʥʦ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʡ 

ʠʥʦʛʜʘ ʥʘ ɿʝʤʣʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʣʦʢʘʣʴʥʳʝ ʫʜʘʨʥʳʝ ʢʦʣʝʙʘʥʠʷ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚʥʫʪʨʠ ɿʝʤʣʠ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ 
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ʧʨʦʮʝʩʩʘʤʠ. ʀ ʵʪʠ ʢʦʣʝʙʘʥʠʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʯʘʩʪʢʘʭ 

ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʪʦʛʜʘ ʙʫʜʫʪ ʠʟʤʝʥʷʪʴ ʬʘʟʫ ʩʫʤʤʘʨʥʳʭ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʥʘ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ 

ʠ ʙʫʜʫʪ ʦʪʢʨʳʚʘʪʴʩʷ ʧʦʨʪʘʣʳ, ʷʚʣʷʶʱʠʝʩʷ ʧʝʨʝʭʦʜʘʤʠ ʤʝʞʜʫ 

ʩʤʝʞʥʳʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʚʩʝʣʝʥʥʳʤʠ. ɺʦʪ ʚ ʵʪʠʭ ʧʦʨʪʘʣʘʭ ʠ 

ʩʫʱʝʩʪʚʫʶʪ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʚʩʝʣʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʚʦʟʤʦʞʥʳʤ ʧʦʩʪʝʧʝʥʥʳʡ ʧʝʨʝʭʦʜ ʠʟ 

ʦʜʥʠʭ ʦʩʥʦʚʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʚ ʜʨʫʛʠʝ. 

ʉ ʫʯʪyʦʤ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʚ ʬʦʨʤʫʣʘʭ (65) ʠ (66) 

ʧʘʨʘʤʝʪʨ  k  ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʱʥy ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ   

2

c
vk                                                                     (70)  

ʛʜʝ         ï   ʬʘʟʘ    ʚʨ®ʤʝʥʥʳʭ    ʧʨʦʤʝʞʫʪʦʯʥʳʭ    ʧʘʨʘʣʣʝʣʴʥʳʭ  

ʚʩʝʣʝʥʥʳʭ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʫʶʪ ʚ ʚʦʟʥʠʢʘʶʱʠʭ ʠʥʦʛʜʘ 

ʧʦʨʪʘʣʘʭ
1
.  

ʅʦ ʧʦʩʢʦʣʴʢʫ ʛʨʘʥʠʮʳ ʧʦʨʪʘʣʦʚ ʷʚʣʷʶʪʩʷ ʥʝʚʠʜʠʤʳʤʠ, ʪʦ 

ʧʦʧʘʚ ʚ ʥʠʭ, ʥʘʧʨʠʤʝʨ, ʚ ʣʝʩʫ ʠ ʦʙʥʘʨʫʞʠʚ ʚʦʢʨʫʛ ʩʝʙʷ ʥʝʟʥʘʢʦʤʫʶ 

ʦʙʩʪʘʥʦʚʢʫ, ʣʶʜʠ ʦʙʳʯʥʦ ʜʫʤʘʶʪ, ʯʪʦ ʟʘʙʣʫʜʠʣʠʩʴ. ʀ ʧʦʢʘ ʦʥʠ 

ʙʫʜʫʪ ʥʘʫʛʘʜ ʙʣʫʞʜʘʪʴ, ʧʦʨʪʘʣ ʤʦʞʝʪ ʟʘʢʨʳʪʴʩʷ ʠ ʯʝʣʦʚʝʢ ʥʝ 

ʩʤʦʞʝʪ ʚʝʨʥʫʪʴʩʷ ʚ ʥʘʰʫ ʚʩʝʣʝʥʥʫʶ. ʇʦʵʪʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʨʝʜʩʪʚ ʧʦʨʪʘʣʦʥʘʚʠʛʘʮʠʠ ʙʫʜʝʪ ʥʝ ʤʝʥʝʝ ʦʧʘʩʥʳʤ 

ʟʘʥʷʪʠʝʤ, ʯʝʤ ʤʦʨʝʧʣʘʚʘʥʠʝ ʙʝʟ ʢʦʤʧʘʩʘ. ʊʝʤ ʙʦʣʝʝ ʯʪʦ ʦʙʠʪʘʪʝʣʠ 

ʠʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʤʦʛʫʪ ʥʝ ʟʘʭʦʪʝʪʴ ʢʦʥʪʘʢʪʦʚ ʩ ʥʘʤʠ 

ʧʦ ʥʘʰʝʡ ʠʥʠʮʠʘʪʠʚʝ ʠ ʧʦʵʪʦʤʫ ʤʦʛʫʪ ʥʝ ʦʪʧʫʩʪʠʪʴ ʦʙʨʘʪʥʦ 

ʩʣʫʯʘʡʥʦ ʟʘʙʨʝʜʰʝʛʦ ʢ ʥʠʤ ʟʝʤʣʷʥʠʥʘ.  

ɸʤʧʣʠʪʫʜʘ ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʛʝʦʪʝʢʪʦʥʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ 

ʧʦʨʪʘʣʦʦʙʨʘʟʫʶʱʠʭ ʫʜʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʝʩʪʝʩʪʚʝʥʥʦ, ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʦʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʟʤʝʨʳ ʧʦʨʪʘʣʦʚ ʠ ʚʨʝʤʷ ʠʭ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ. ʆʯʝʥʴ ʙʦʣʴʰʘʷ 

ʘʤʧʣʠʪʫʜʘ ʫʜʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʧʨʠʚʦʜʠʪ ʢ ʟʝʤʣʝʪʨʷʩʝʥʠʷʤ. ʅʦ ʚʦ 

ʚʨʝʤʷ ʟʝʤʣʝʪʨʷʩʝʥʠʡ ʣʶʜʷʤ ʥʝ ʜʦ ʧʦʨʪʘʣʦʚ. ɸ ʧʨʠ ʤʝʥʴʰʝʡ 

                                                 
1
ʂʘʢ ʜʚʝʨʴ ʠʟ ʦʜʥʦʡ ʢʦʤʥʘʪʳ ʚ ʜʨʫʛʫʶ, ʢʦʪʦʨʘʷ ʦʙʳʯʥʦ ʟʘʢʨʳʪʘ, ʥʦ 

ʠʥʦʛʜʘ ʤʦʞʝʪ ʦʪʢʨʳʚʘʪʴʩʷ ʧʦʣʥʦʩʪʴʶ ʠʣʠ ʯʘʩʪʠʯʥʦ. 
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ʘʤʧʣʠʪʫʜʝ ʫʜʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʢʦʛʜʘ ʢʦʣʝʙʘʥʠʷ ʧʦʯʚʳ ʥʝ 

ʦʱʫʱʘʶʪʩʷ, ʪʘʢʞʝ ʤʦʛʫʪ ʚʦʟʥʠʢʘʪʴ ʥʝʚʠʜʠʤʳʝ ʠ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʧʦʨʪʘʣʳ. ʀ, ʥʘʢʦʥʝʮ, ʢʦʛʜʘ 

ʘʤʧʣʠʪʫʜʘ ʪʘʢʠʭ ʫʜʘʨʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʯʝʥʴ ʤʘʣʘ, ʥʦ ʦʥʠ 

ʩʫʱʝʩʪʚʫʶʪ ʧʦʯʪʠ ʥʝʧʨʝʨʳʚʥʦ, ʚʦʟʥʠʢʘʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʛʝʦʧʘʪʦʛʝʥʥʳʝ ʟʦʥʳ
1
, ʢʦʪʦʨʳʝ ʣʶʜʠ ʪʘʢʞʝ ʥʝ ʟʘʤʝʯʘʶʪ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʜʨʫʛʠʝ ʞʠʚʳʝ ʩʫʱʝʩʪʚʘ ʠʭ ʤʦʛʫʪ ʦʱʫʱʘʪʴ. ʅʘʧʨʠʤʝʨ, 

ʩʦʙʘʢʠ ʛʝʦʧʘʪʦʛʝʥʥʳʝ ʟʦʥʳ ʠʟʙʝʛʘʶʪ, ʘ ʢʦʰʢʠ, ʥʘʦʙʦʨʦʪ, ʚ ʥʠʭ 

ʧʨʝʢʨʘʩʥʦ ʩʝʙʷ ʯʫʚʩʪʚʫʶʪ
2
. 

ʀʟ ʠʟʣʦʞʝʥʥʦʛʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʨʪʘʣʳ ʥʝ 

ʠʤʝʶʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ ñʢʨʦʪʦʚʳʤʠ ʥʦʨʘʤʠò ʠ 

ñʯʝʨʚʦʪʦʯʠʥʘʤʠò
3
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʝʨʝʭʦʜʘʤ ʤʝʞʜʫ ʧʘʨʘʣ-

ʣʝʣʴʥʳʤʠ ʚʩʝʣʝʥʥʳʤʠ ʚ ʜʨʫʛʠʭ ʛʠʧʦʪʝʟʘʭ ʩʪʨʦʝʥʠʷ ʤʫʣʴʪʠ-

ʚʩʝʣʝʥʥʦʡ. 

ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ, ʯʪʦ ʧʦʩʣʝ ʧʦʟʥʘʥʠʷ ʤʝʭʘʥʠʟʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʧʦʨʪʘʣʦʚ ʨʘʟʫʤʥʳʤʠ ʦʙʠʪʘʪʝʣʷʤʠ ʪʝʭ 

ʠʣʠ ʠʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʩʝʣʝʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʠ 

ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʧʦʨʪʘʣʳ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʪʘʢʠʝ ʩʨʝʜʩʪʚʘ 

ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧʦʨʪʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʫʞʝ ʠʤʝʶʪʩʷ ʥʘ ʙʦʨʪʫ ʅʃʆ. ʀ 

ʧʦʵʪʦʤʫ ʦʥʠ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʯʝʟʘʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʭʦʜʘ 

ʯʝʨʝʟ ʪʘʢʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʦʟʜʘʥʥʳʝ ʧʦʨʪʘʣʳ ʚ ʩʤʝʞʥʳʝ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʩʝʣʝʥʥʳʝ. ɸ ʌʠʣʘʜʝʣʴʬʠʡʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ʩ 

ʵʩʤʠʥʮʝʤ ʕʣʜʨʠʜʞ ʚ ʵʪʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ (ʭʦʪʷ ʝʛʦ 

ʨʝʟʫʣʴʪʘʪʳ ɸ. ʕʡʥʰʪʝʡʥʦʤ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʣʠʩʴ ʠʥʘʯʝ) ʢʘʢ 

ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʚʫʶ ʧʦʧʳʪʢʫ ʩʦʟʜʘʥʠʷ ʫʯʥyʳʤʠ ɿʝʤʣʠ ʠʩʢʫʩʩʪʚʝʥ-

ʥʦʛʦ ʧʦʨʪʘʣʘ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʥʦʛʦʢʨʘʪʥʦ ʦʧʠʩʘʥʥʳʝ ʧʠʩʘʪʝʣʷʤʠ-

ʬʘʥʪʘʩʪʘʤʠ ʧʦʣʪyʳ ʚ ʜʘʣʴʥʠʡ ʢʦʩʤʦʩ ʥʘ ʨʘʢʝʪʘʭ, ʠʩʧʦʣʴʟʫʶʱʠʭ 

ʨʝʣʷʪʠʚʠʩʪʩʢʠʝ ʵʬʬʝʢʪʳ ʉʊʆ, ʫʯʥyʳʤʠ, ʠʥʞʝʥʝʨʘʤʠ ʠ 

ʢʦʩʤʦʥʘʚʪʘʤʠ ʥʠʢʦʛʜʘ ʨʝʘʣʠʟʦʚʘʥʳ ʥʝ ʙʫʜʫʪ.  
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