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(ɾʈʌʍʆ, ʊ. 83, ʚʳʧ. ˉ 2) 

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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ɺɺɽɼɽʅʀɽ ɺ ɺɽʈʉɸʃʔʅʋʖ ʌʀɿʀʂʋ 

 

ɸʥʛʝʣ ʀʚʘʥʦʚ 

(ɹʦʣʛʘʨʠʷ) 

 

ɿʘʜʘʯʘ ʬʠʟʠʢʦʚ-ʪʝʦʨʝʪʠʢʦʚ ï ʩʦʟʜʘʥʠʝ ʛʠʧʦʪʝʟ,  

ɿʘʜʘʯʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʬʠʟʠʢʠ ï ʠʭ ʧʨʦʚʝʨʢʘ.  

 

 

ʌʠʟʠʢʘ ʚ ʩʚʦʤy ʨʘʟʚʠʪʠʠ ʧʨʦʰʣʘ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ 

ʵʪʘʧʳ, ʥʘʯʠʥʘʷ ʦʪ ʥʘʪʫʨʬʠʣʦʩʦʬʠʠ ʜʦ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ, 

ï ʢʚʘʥʪʦʚʦʡ, ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ, ʘʪʦʤʥʦʡ ʠ ̫ʜʝʨʥʦʡ. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʦʥʘ ʚʩ yʝʱy ʥʝ ʤʦʞʝʪ ʜʘʪʴ ʦʪʚʝʪʳ ʥʘ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ. 

ʇʨʠʤʝʥʝʥʠʝ ʠʜʝʡ ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ ʠ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʪʨʫʢʪʫʨ r ʠ ʟʘʢʦʥʦʚ 

ʤʘʢʨʦʤʠʨʘ ʩʚʷʟʘʥʦ ʩ ʩʝʨʴʟyʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ.  

ʕʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʠʩʢʘ ʥʦʚʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʪʝʦʨʠʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʩʦʚʝʨʰʝʥʥʦ ʥʦʚʳʭ ʠʜʝ̫ʭ 

ʦ ʬʠʟʠʯʝʩʢʦʤ ʝʜʠʥʩʪʚʝ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ, ʝʜʠʥʦʡ 

ʪʝʦʨʠʠ ʧʦʣʷ, ï ʪʝʦʨʠʠ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʯʝʪʳʨʝ ʚʠʜʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʦʜʥʦʤ ï ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ. ʊʘʢʘʷ 

ʪʝʦʨʠʷ ʤʦʞʝʪ ʙʳʪʴ ʕʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʪʝʦʨʠʝʡ ʠ 

ʊʝʦʨʠʝʡ ʚʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ (ʊɺʆ). ɼʣʷ ʵʪʦʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʥʦʚʳʝ ʢʦʥʩʪʘʥʪʳ, ʢʦʪʦʨʳʝ ʚʤʝʩʪʝ ʩʦ 

ʩʪʘʨʦʡ ʢʣʘʩʩʠʢʦʡ ʤʦʛʣʠ ʙʳ ʜʦʚʝʩʪʠ ʫʥʠʬʠʢʘʮʠʠ ʟʘʢʦʥʦʚ ʚ 

ʤʠʢʨʦ- ʠ ʤʘʢʨʦʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʥʦʚʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʠʟʠʢʠ ï 

ʥʘʤ ʥʫʞʝʥ ʥʦʚʳʡ ʚʟʛʣʷʜ ʥʘ ʤʠʨ; ʠ, ʦʛʣʷʥʫʚʰʠʩʴ ʥʘʟʘʜ, 

ʧʦʩʤʦʪʨʝʪʴ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʦʪʦʨʦʡ ï ʥʝ ʦʪʨʠʮʘʷ 

ʜʦʩʪʠʞʝʥʠʡ, ʟʘʢʦʥʳ ʠ ʧʨʠʥʮʠʧʳ ï ʜʘʪʴ ʥʦʚʦʝ ʦʙʲʷʩʥʝʥʠʝ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ ʚ ʇʨʠʨʦʜʝ. ʆʪʚʝʪ ʤʦʞʝʪ 

ʜʘʪʴ ʪʦʣʴʢʦ ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ.  

ɺɽʈʉɸʃʔʅɸʗ ʬʠʟʠʢʘ ï ʌʠʟʠʢʘ ʣɻʝʢʪʨʦʛʨʘʚʠʪʘ-

ʮʠʠ, ï ʦʪ ʩʣʦʚʘ Verso, ʢʦʪʦʨʦʝ ʦʙʳʯʥʦ ʦʟʥʘʯʘʝʪ ʦʙʨʘʪʥʫ  ʁ

ʩʪʦʨʦʥʫ ʤʦʥʝʪʳ ʠʣʠ ʤʝʜʘʣʠ. ʕʪʦ ʬʠʟʠʢʘ, ʢʦʪʦʨʘ ̫ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ (ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ) ʠ ʛʨʘʚʠʪʘʮʠʶ, ʢʘʢ 

ʜʚʝ ʩʪʦʨʦʥʳ ʦʜʥʦʡ ʤʝʜʘʣʠ. ʕʪʦ ʬʠʟʠʢʘ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ  
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ʩʠʣʴʥʦʝ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ, ʩʣʘʙʦʝ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʦʙʱʝʤ ï ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ. ɹʫʜʝʪ ʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʠʣʴʥʳʤ ʠʣʠ 

ʩʣʘʙʳʤ ï ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʣʠʰʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʯʘʩʪʠʮʘʤʠ, ʦʙʲʝʢʪʘʤʠ ʠʣʠ ʩʠʩʪʝʤʘʤʠ 

ʠʟ ʥʠʭ. ʀ ʅʴʶʪʦʥ, ʠ ʂʫʣʦʥ ʚ ʩʚʦʠʭ ʟʘʢʦʥʘʭ ʠ ʬʦʨʤʫʣʘʭ ʜʣʷ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʝʥʝ-

ʙʨʝʛʣʠ ʚʣʠʷʥʠʝʤ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ ï çʂʘʞʜʦʝ 

ʜʝʡʩʪʚʠʝ ʧʦʨʦʞʜʘʝʪ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝè. ʅʠʛʜʝ ʚ ʠʭ 

ʬʦʨʤʫʣʘʭ ʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʣʘ ʙʳ 

ʵʪʦʪ ɿʘʢʦʥ.  

ɺʝʨʩʘʣʴʥʘ ̫ ʬʠʟʠʢʘ ʦʧʠʩʳʚʘʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ʠ 

ʛʨʘʚʠʪʘʮʠ,ʁ ʤʘʩʩʫ ʠ ʵʥʝʨʛʠ,ʁ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ï ʢʘʢ ʜʚʝ ʩʪʦʨʦʥʳ ʦʜʥʦʡ 

ʤʝʜʘʣʠ.  

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʧʦʩʪʨʦʝʥʘ ʥʘ ʧʨʠʥʮʠʧʝ ʥʝʧʨʦʪʠʚʦ-

ʨʝʯʠʚʦʩʪʠ ʠ ʬʫʥʢʮʠʠ ʣʦʛʠʯʝʩʢʦʛʦ ʫʤʥʦʞʝʥʠʷ & (çʀè). 

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʥʝ ʠʤʝʝʪ ʜʝʣʦ ʩ ʤʘʛʥʝʪʠʟʤʦʤ, ʪʘʢ ʢʘʢ 

ʵʪʦ ʦʩʦʙʳʡ ʩʣʫʯʘʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ ï (ʝʩʪʴ ʵʣʝʢʪʨʠʯʝʩʪʚʦ ï 

ʝʩʪʴ ʤʘʛʥʝʪʠʟʤ, ʥʝʪ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ï ʥʝʪ ʤʘʛʥʝʪʠʟʤʘ). 

ʂʣʘʩʩʠʯʝʩʢʘʷ ʬʠʟʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤ ʢʘʢ 

ʦʜʥʦ ʷʚʣʝʥʠʝ ʩ ʜʚʫʤʷ ʣʠʮʘʤʠ (ʜʫʘʣʠʩʪʠʯʝʩʢʦʝ) ï ʧʦ ʦʜʥʫ 

ʩʪʦʨʦʥʫ ʦʪ ʵʣʝʢʪʨʦʵʥʝʨʛʠʠ, ʩ ʜʨʫʛʦʡ ï ʤʘʛʥʝʪʠʟʤʘ, ʙʝʟ ʫʯʪyʘ 

ʛʨʘʚʠʪʘʮʠʠ.  

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʥʝ ʫʯʠʪrʚʘʝʪ ʚʨʝʤʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʝʩʪʴ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ ʜʚʠʞʝʥʠ:̫ ʝʩʪʴ ʜʚʠʞʝʥʠʝ ï ʝʩʪʴ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ, ʥʝʪ ʜʚʠʞʝʥʠʷ ï ʥʝʪ ʠ ʚʨʝʤʝʥʠ. ɺʨʝʤʷ ʥʝ 

ʤʦʞʝʪ ʙr ʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʦ ʚ ʤʘʩʩʫ, ʩʠʣʫ ʪʷʞʝʩʪʠ ʠʣʠ ʚ 

ʵʣʝʢʪʨʠʯʝʩʪʚʦ. ʕʪʦ ʤʦʞʝʪ ʪʘʢʞʝ ʦʪʨʘʞʘʪʴ ʦʮʝʥʢʫ ʨʘʩʭʦʜʘ 

ʧʝʨʝʭʦʜʥʦʡ ʬʘʟʳ ʧʨʦʮʝʩʩʠʠ, ʥʦ ʥʝ ʝ yʭʘʨʘʢʪʝʨ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʯʝʪʳʨʭyʤʝʨʥʳʡ ʢʦʥʪʠʥʫʫʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʇʨʦʩʪʨʘʥʩʪʚʦ, 

ʄʘʪʝʨʠ,ʁ ʄʘʩʩʫ (ʕʥʝʨʛʠ)ʁ ʠ ɼʚʠʞʝʥʠʝ. 
 

ʇʨʠʚʦʜʠʤ ʧʦʩʪʫʣʘʪʳ ɺʝʨʩʘʣʴʥʦʡ ʬʠʟʠʢʠ. 
 

1. ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʢʘʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʙʝʟ 

ʛʨʘʚʠʪʘʮʠʠ, ʠ ʛʨʘʚʠʪʘʮʠʠ ʙʝʟ ʵʣʝʢʪʨʠʯʝʩʪʚʘ.  
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ʅʝʣʴʟʷ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʫʣʦʥʦʚʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʟ ʩʦʙʣʶʜʝʥʠʷ ʪʨʝʪʴʝʛʦ ʟʘʢʦʥʘ ʅʴʶʪʦʥʘ.  

ʅʠʢʪʦ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʚ ʣʶʙʦʡ ʣʘʙʦʨʘʪʦʨʠʠ ʥʝ 

ʤʦʞʝʪ ʚʳʧʦʣʥʠʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟʦʣʠʨʫʷ 

ʚʣʠʷʥʠʝ ʛʨʘʚʠʪʘʮʠʠ! ʅʝ ʪʦʣʴʢʦ ʂʫʣʦʥ, ʥʦ ʩʘʤ ʅʴʶʪʦʥ ʚ 

ʟʘʢʦʥʝ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʥʝ ʭʦʯʝʪ ʵʪʦʛʦ ʧʨʠʟʥʘʚʘʪʴ, 

ʧʦʩʣʝ ʫʯʪyʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʚʝʪʘ ʂʫʣʦʥʘ. ɿʜʝʩʴ ʅʴʶʪʦʥ 

ʪʦʣʴʢʦ ʚʳʩʪʫʧʘʝʪ ʧʨʦʪʠʚ ʩʘʤʦʛʦ ʞʝ ʅʴʶʪʦʥʘ.  

2. ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʵʥʝʨʛʠʠ ʙʝʟ ʤʘʩʩʳ, ʢʘʢ ʠ ʤʘʩʩʳ ʙʝʟ 

ʵʥʝʨʛʠʠ. ʂʘʞʜʳʡ ʠʩʪʦʯʥʠʢ ʠʤʝʝʪ ʩʚʦʡ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʚʝʩ. 

ɽʱy ʙʦʣʝʝ ʘʙʩʫʨʜʥʳʤ ʷʚʣʷʝʪʩʷ ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ çʣʫʯʠʩʪʘʷ 

ʵʥʝʨʛʠʷ ʪʦʣʴʢʦ ʬʦʨʤʘ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʳ, ʥʦ ʪʘʢʞʝ ʠ 

ʤʘʪʝʨʠʠè ï (ʩʣʦʚʘʨʴ ʥʘʫʯʥʳʭ ʪʝʨʤʠʥʦʚ, ʩʪʨ. 128, ɽ. ɹ. 

ʋʚʘʨʦʚ ʠ ɸʣʘʥ ɸʡʟʝʢʩ). ʅʝʪ ʥʠ ʦʜʥʦʡ ʪʦʯʢʠ ʇʨʦʩʪʨʘʥʩʪʚʘ ʚʦ 

ɺʩʝʣʝʥʥʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʝ ʙʳʣʦ ʙʳ ʤʘʪʝʨʠʠ. ʃʶʙʘʷ ʵʥʝʨʛʠʷ, 

ʯʝʤ ʙʳ ʦʥʘ ʥʠ ʙʳʣʘ, ʠʤʝʝʪ ʩʚʦʁ ʵʢʚʠʚʘʣʝʥʪʥʫ  ʁʤʘʩʩʫ! ʂʨʦʤʝ 

ʪʦʛʦ, ʚ ʵʪʦʤ ʩʣʦʚʘʨʝ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ ç... ʠʟʣʫʯʝʥʠʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʪʜʝʣʴʥʫʶ ʵʥʝʨʛʠ ʁ ʚ ʚʠʜʝ ʠʟʣʫʯʝʥʠʷ 

(ʬʦʪʦʥʦʚ), ʚʦʣʥʳ ʠʣʠ ʯʘʩʪʠʮʳ (ʘʣʴʬʘ-ʯʘʩʪʠʮʳ, ʙʝʪʘ-

ʯʘʩʪʠʮʳ, ʥʝʡʪʨʦʥʳ) ï ʦʪ ʠʩʪʦʯʥʠʢʘè ï (ʛʣʦʩʩʘʨʠʡ 

ʥʘʫʯʥʳʭ ʪʝʨʤʠʥʦʚ, ʩʪʨ. 215, ʌ. ɹ. ʋʚʘʨʦʚ ʠ ɸʣʘʥ ɸʡʟʝʢʩ). 

ʆʙʝ ʵʪʠ ʮʠʪʘʪʳ ʥʘʭʦʜʷʪʩʷ ʚ ʧʨʦʪʠʚʦʨʝʯʠʠ. 

3. ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʤʘʪʝʨʠʠ ʙʝʟ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʝʟ ʤʘʪʝʨʠʠ: ʤʘʪʝʨʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʬʦʨʤ 

ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ï ʬʦʨʤʦʡ ʤʘʪʝʨʠʠ. ʀʣʠ ʦʪ 

ʦʙʨʘʪʥʦʛʦ ï ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʠʢʦʛʜʘ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ 

ɺʩʝʣʝʥʥʦʡ ï ʜʦ ʠʣʠ ʧʦʩʣʝ çɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘè!  

4. ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʥʠʢʘʢʦʛʦ ʜʝʡʩʪʚʠ ̫ ʙʝʟ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʠ ʥʘʦʙʦʨʦʪ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʨʠʯʠʥʥʦ-

ʩʣʝʜʩʪʚʝʥʥʳʤ ʧʨʠʥʮʠʧʦʤ, ʪʘʢ ʢʘʢ ʥʝʪ ʩʣʝʜʩʪʚʠʷ ʙʝʟ ʧʨʠʯʠʥʳ 

ʠ ʧʨʠʯʠʥʳ ʙʝʟ ʩʣʝʜʩʪʚʠʷ! ɺʩy ʟʘʚʠʩʠʪ ʦʪ ʪʦʯʢʠ ʟʨʝʥʠʷ.  

5. ɸʙʩʫʨʜʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʢʦʩʤʠʯʝʩʢʠʝ ʪʝʣʘ, 

ʚʭʦʜʷʱʠʝ ʚ ʘʪʤʦʩʬʝʨʫ ɿʝʤʣʠ ʠʟ ʢʦʩʤʦʩʘ, ʥʘʛʨʝʚʘʪʁʩʷ ʟʘ 

ʩʯyʪ ʪʨʝʥʠʷ ʚ ʧʣʦʪʥʳʭ ʩʣʦʷʭ ʘʪʤʦʩʬʝʨʳ. ʇʦ ɺʝʨʩʘʣʴʥʦʡ 

ʬʠʟʠʢʝ  ʧʨʠʯʠʥʘ  ʨʘʟʦʛʨʝʚʘ ʥʦʩʠʪ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ  
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ʭʘʨʘʢʪʝʨ ʠ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʚʟʘʠʤʦʠʥʜʫʢʮʠʝʡ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚʳʭʦʜʠʪ, ʯʪʦ ʝʩʣʠ 

ʪʨʫʙʢʘ ʩ ʠʜʝʘʣʴʥʦ ʛʣʘʜʢʦʡ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴ ,ʁ 

ʠʟʦʣʠʨʦʚʘʥʘ ʦʪ ʚʥʝʰʥʝʡ ʩʨʝʜʳ, ʚʦʜʘ ʥʘʭʦʜʠʪʩʷ ʧʦʜ 

ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤ ʜʘʚʣʝʥʠʝʤ, ï ʪʦ ʚ ʢʦʥʮʝ ʪʨʫʙʢʠ 

ʜʦʣʞʥʘ ʠʜʪʠ ʥʝ ʪʦʣʴʢʦ ʛʦʨʷʯʘ ̫ʚʦʜʘ, ʥʦ ʜʘʞʝ ʠ ʧʘʨ. çʂʘʢʦʡ 

ʟʘʤʝʯʘʪʝʣʴʥʳʡ ʩʧʦʩʦʙ ʵʢʦʣʦʛʠʯʝʩʢʠ ʯʠʩʪʦʛʦ ʧʦʣʫʯʝʥʠʷ 

ʪʝʧʣʘ!è ʊʘʤ ʤʦʞʝʪ ʙʳʪʴ ʥʝʢʦʪʦʨʳʡ ʨʘʟʦʛʨʝʚ, ʥʦ ʵʪʦ ʙʫʜʝʪ ʠʟ-

ʟʘ ʧʦʚʳʰʝʥʥʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʦʛʨʘʥʠʯʝʥʥʦʤ ʦʙʲʸʤʝ, ʥʦ ʥʝ ʠʟ-ʟʘ 

ʪʨʝʥʠʷ ʚʦʜʳ ʦ ʩʪʝʥʢʠ ʪʨʫʙʢʠ! ɺ ʘʪʤʦʩʬʝʨʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ 

ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʦʙʲʤy, ʢʘʢ ʚ ʪʨʫʙʝ.  

6. ʈʘʟʦʛʨʝʚ ʢʦʩʤʠʯʝʩʢʠʭ ʪʝʣ, ʚʭʦʜʷʱʠʭ ʚ ʟʝʤʥʫʶ 

ʘʪʤʦʩʬʝʨʫ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʠʥʜʫʢʮʠʠ ʦʙʨʘʪʥʳʭ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʪʦʢʦʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚ ʠʭ ʪʝʣʘ. 

(ʉʤ. ʨʠʩ. 4, 6 ʠ 10). ʇʦʣʫʯʘʝʪʩʷ ʥʝʯʪʦ ʧʦʜʦʙʥʦʝ çʪʦʢʘʤ 

ʌʫʢʦè. ʗ ʜʫʤʘʶ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ:  

ʘ) ʢʦʨʧʫʩʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʟʛʦʪʦʚʣʝʥʳ ʠʟ ʪʦʥʢʠʭ ʩʣʦʚy ʤʝʪʘʣʣʘ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ, ʢʘʢ ʧʣʘʩʪʠʥʳ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʠʣʠ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʩ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʪʚʨyʜʦʩʪʴʶ, ʝʩʣʠ ʵʪʦ ʚʦʟʤʦʞʥʦ;  

ʙ) ʚʟʣʪy ʠ ʧʦʩʘʜʢʘ ʢʦʩʤʠʯʝʩʢʠʭ ʘʧʧʘʨʘʪʦʚ ʜʦʣʞʥʳ 

ʧʨʦʠʟʚʦʜʠʪʴʩʷ ʧʦʜ ʫʛʣʦʤ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦ-

ʚʝʩʠʷ Ŭɞ (ʚ ʟʝʤʥʦʤ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ  Ŭoɿʝʤ = 43,78390739). (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʦʟʠʮʠʷ 

54.) ʊʦ ʝʩʪʴ ʵʪʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ ʧʦ ʘʨʭʠʤʝʜʦʚʦʡ 

ʩʧʠʨʘʣʠ ʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʪ ʧʦʣʶʩʦʚ. (ʉʤ. ʨʠʩ. 5).  

7. ɽʱ yʙʦʣʝʝ ʘʙʩʫʨʜʥʳʤ ʷʚʣʷʝʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ g ʚ ʢʘʯʝʩʪʚʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ. 
ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʦʧʝʨʠʨʫʝʪ ʢʦʥʢʨʝʪʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ, 

ʦʪʥʦʩʷʱʠʤʠʩʷ ʪʦʣʴʢʦ ʢ ʯʘʩʪʠ, ʥʦ ʥʝ ʚʩʝʡ ɺʩʝʣʝʥʥʦʡ. ʕʪʫ 

çʧʦʩʪʦʷʥʥʫʶ ʛʨʘʚʠʪʘʮʠʠè ʥʝʣʴʟʷ ʥʘʟʚrʘʪʴ ʫʥʠʚʝʨʩʘʣʴʥʦʡ, 

ʢʘʢ ʵʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ɿʝʤʣʠ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʦʣʴʢʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʦʡ ʠ ʫʩʢʦʨʝʥʠʝʤ ʩʠʣʳ ʪʷʞʝʩʪʠ ʥʘ 

ɿʝʤʣʝ ʠ ʝ yʨʘʜʠʫʩʦʤ (gɿʝʤ = agʟʝʤĀrʟʝʤ
2
/mgʟʝʤ).  

(ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʦʟʠʮʠʷ 51). ɿʜʝʩʴ ʪʨʠ ʧʝʨʝʤʝʥʥʳʝ 

ʫʥʠʢʘʣʴʥʳ  ʜʣʷ  ɿʝʤʣʠ,  ʦʪ  ʢʦʪʦʨʳʭ  ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʪʦʣʴʢʦ ʠ  
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ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ag 

(9,80665 mĀs
-2
). (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪ 52). ʅʠ ʤʘʩʩʫ, ʥʠ 

ʨʘʜʠʫʩ ɿʝʤʣʠ ʥʝʣʴʟʷ ʠʟʤʝʨʠʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʨʝʘʣʴʥʳʤʠ. ʏʪʦ 

ʧʨʦʠʟʦʡʜʪy, ʝʩʣʠ ʚʳ ʧʦʣʦʞʠʪʝ ʚ ʬʦʨʤʫʣʫ ʤʘʩʩʫ ʠ ʨʘʜʠʫʩ 

ʜʨʫʛʦʡ ʧʣʘʥʝʪʳ? 

ʅʘʧʨʠʤʝʨ, ʚ ʞʫʨʥʘʣʝ çʌʠʟʠʢʘ ʄʆʅè (ʄʠʥʠʩʪʝʨʩʪʚʦ 

ʆʙʨʘʟʦʚʘʥʠʷ ʠ ʅʘʫʢʠ) ʥʦʤʝʨ 3-4, 1997 ʩʪʨ. 37 ʛʦʚʦʨʠʪʩʷ:  

çɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ G ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ 

ʩʘʤʳʭ ʥʝʪʦʯʥʳʭ (ʠʣʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ï  ʩʘʤʘ ̫ʥʝʪʦʯʥʘ)̫, ʠʟ 

ʯʠʩʪʘ ʠʟʤʝʨʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ. 

ʅʘ ʩʝʛʦʜʥʷ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ G = 6,6726Ā10
-11

 m
3
/(s

2
Ākg). 

ʊʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʛʨʫʧʧʘʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʦʧʫʙʣʠʢʦʚʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʧʝʨʝʜʦʚʳʭ ʠʟʤʝʨʝʥʠʡ G ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ 

ʤʝʪʦʜʠʢʘʤʠ; ʫʜʠʚʣʷʝʪ ʪʦ, ʯʪʦ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ 

ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʦʪ ʟʥʘʯʝʥʠʷ ʧʦ ʫʤʦʣʯʘʥʠʶ, 

ʪʘʢ ʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ:  

Å ʫʯyʥʳʝ ʠʟ ʣʘʙʦʨʘʪʦʨʠʠ ʵʪʘʣʦʥʦʚ ʚ ʅʦʚʦʡ ɿʝʣʘʥʜʠʠ:  

G = 6,6659Ā10
-11

 m
3
/(s

2
Ākg);  

Å ʥʝʤʝʮʢʠʝ ʬʠʟʠʢʠ ʚ ʫʥʠʚʝʨʩʠʪʝʪʝ ɺʫʧʧʝʨʪʘʣʴ:  

G = 6,6685Ā10
-11

 ʤ
3
/(s

2
Ākg),  

Å ʥʝʤʝʮʢʠʝ ʫʯʥyʳʝ ʠʟ ʌʝʜʝʨʘʣʴʥʦʛʦ ʬʠʟʠʢʦ- 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ: G = 6,71540Ā10
-11

 m
3
/(s

2
Ākg).  

ʅʝʜʦʩʪʘʪʦʯʥʦ ʦʙʲʷʩʥʝʥ rʥʘʙʣʶʜʘʝʤʳʝ ʨʘʟʣʠʯʠ"̫.  

ʇʦ ɺʝʨʩʘʣʴʥʦʡ ʬʠʟʠʢʝ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʨʘʟʥʠʮʝʡ ʨʘʜʠʫʩʦʚ 

ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʠʟʤʝʨʝʥʠʷ ɿʝʤʣʠ.  

8. ʅʝ ʤʦʞʝʪ ʙʳʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ 

ʤʝʞʜʫ ʜʚʫʤʷ ʪʝʣʘʤʠ, ʝʩʣʠ ʦʥʠ ʠʟ ʪʦʡ ʞʝ ʧʣʘʥʝʪʥʦʡ 

ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʩʨʝʜʠ ʚʩʝʭ ʪʝʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʞʜʫ ʥʠʤʠ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ, ʢʘʢ ʙʳ ʙʣʠʟʢʦ ʵʪʠ ʪʝʣʘ ʥʠ ʥʘʭʦʜʠʣʠʩʴ 

ʨʷʜʦʤ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. (ʉʤ. ʨʠʩʫʥʦʢ ˉ 1).  

ʄʝʞʜʫ ʪʝʣʦʤ ʄ ʠ ʪʝʣʦʤ m, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠ,̫ 

ʢʘʢ ʅʴʶʪʦʥ ʫʪʚʝʨʞʜʘʣ.  

ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʨʝʟʫʣʴʪʘʪʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ  ʧʨʠʪʷʞʝʥʠʷ  ʤʝʞʜʫ  ʪʝʣʦʤ  ʄ  ʠ ɿʝʤʣyʡ, ʠ  
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ʦʜʥʦʚʨʝʤʝʥʥʦ ï ʤʝʞʜʫ ʪʝʣʦʤ m ʠ ɿʝʤʣyʡ (ʢʘʢ ʮʝʥʪʨʘʣʴʥʳʝ 

ʩʠʣʳ). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ 

ʪʝʣʘʤʠ ʄ ʠ m ʙʳʣʦ ʙʳ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʠ 

ʙʳʣʠ ʙʳ ʠʟʦʣʠʨʦʚʘʥʳ ʦʪ ʟʝʤʥʦʡ ʛʨʘʚʠʪʘʮʠʠ ʠʣʠ ï ʝʩʣʠ ʪʝʣʦ 

m ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʣʘʥʝʪʘʨʥʦʡ ʩʠʩʪʝʤʳ M , ʠʣʠ ʠʥʘʯʝ ï 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʩʧʫʪʥʠʢʦʤ (ʩʘʪʝʣʣʠʪʦʤ) M .  

çɻʨʘʚʠʪʘʮʠʦʥʥʦʡ ʢʣʝʪʢʠè, ʧʦʜʦʙʥʦʡ çʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʢʣʝʪʢʝ ʌʘʨʘʜʝʷè, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʥʘʡʜʝʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʟʘʢʦʥ 

ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʜʣʷ ʜʚʫʭ ʪʝʣ. ʀ ʪʦ, 

ʝʩʣʠ (1) ʚʩʷ ʠʭ ʤʘʩʩʘ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ ʮʝʥʪʨʝ ʠ ʝʩʣʠ (2) ʥʝʪ 

ʪʨʝʪʴʝʛʦ ʪʝʣʘ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ɿʝʤʣʠ). ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 

ʬʦʨʤʫʣʘ ʅʴʶʪʦʥʘ ʥʝ ʠʤʝʝʪ ʟʘʢʦʥʥʦʡ ʩʠʣʳ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʡ 

ʬʦʨʤʫʣʳ (FN = gĀmɿʝʤĀmAĀmɹ / (rɿʝʤ
2
Ād(ɸïB)

2
) ʥʝ ʩʫʱʝʩʪʚʫʝʪ (ʩʤ. 

ʨʠʩ. 2). ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʨʠʪʷʞʝʥʠʝ ʤʝʞʜʫ ʄ ʠ m ï ʠʟ-ʟʘ 

ʫʤʝʥʴʰʝʥʠʷ ʚʳʩʦʪ,r ʩʥʠʞʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ d. 

ʊʘʢ ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʫ ʁ

ʧʦʩʪʦʷʥʥʫ  ʁ g, ʠʟʚʝʩʪʥʫ  ʁ ʢʘʢ çʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 

ʂʘʚʝʥʜʠʰʘè, ʢʘʢ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʛʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʧʦʩʪʦʷʥʥʘ ̫ 

ɿʝʤʣʠ. (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʦʟʠʮʠʷ 51). ʃʶʙʘʷ ʠʥʘʷ ʯʘʩʪʠʮʘ, 

ʦʙʲʝʢʪ ʠʣʠ ʩʠʩʪʝʤʘ ʠʟ ʥʠʭ ʠʤʝʝʪ ʩʚʦ ʁ ʩʧʝʮʠʬʠʯʝʩʢʫ  ʁ

ʛʨʘʚʠʪʘʮʠʦʥʥʫ  ʁʧʦʩʪʦʷʥʥʫ,ʁ ʢʦʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʥʦʚʦʡ 

ʤʝʪʦʜʦʣʦʛʠʠ ʠ ʬʦʨʤʫʣʝ ʯʝʨʝʟ ʵʣʝʤʝʥʪʘʨʥʳʡ ʛʨʘʚʠʪʘʮʠʠ-

ʦʥʥrʡ ʟʘʨʷʜ g0 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʛʨʘʚʠʪʘʮʠʦʥʥʫ  ʁʤʘʩʩʫ 

ʪʘʢ: gx = 2ˊĀg0Āmgx, ʛʜʝ g0 ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʤr ʛʨʘʚʠʪʘ-

ʮʠʦʥʥʳʤ ʟʘʨʷʜʦʤ, ʠʟʤʝʨʷʝʪʩʷ ʚ gV (ʛʨʘʚʠʪʦʥʚʦʣʴʪ). (ʉʤ. 

ʪʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪʳ 2 ʠ 51). ʕʪʘ ʬʦʨʤʫʣʘ ʚʨʷʜ ʣʠ ʙʫʜʝʪ 

ʧʨʠʥʷʪʘ ʬʠʟʠʢʘʤʠ-ʢʦʥʩʝʨʚʘʪʦʨʘʤʠ... 

ɸʢʘʜʝʤʠʢ ɺʠʢʪʦʨ ɸʤʙʘʨʮʫʤʷʥ ʩʢʘʟʘʣ: çʉʝʛʦʜʥʷ ʤʥʦʛʠʝ 

ʩʯʠʪʘʶʪ, ʯʪʦ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʦʚʳʭ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʠʟʚʝʩʪʥʳʭ ʟʘʢʦʥʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠè.  

ʉʝʛʦʜʥʷ ʩʦʚʨʝʤʝʥʥʘ ̫ ʬʠʟʠʢʘ ʚʠʜʠʪ ʀʩʪʠʥʫ ʪʦʣʴʢʦ ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ (ʠʣʠ ʩʦ ʩʪʦʨʦʥʳ ʵʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ï ʠʣʠ ʩʦ 

ʩʪʦʨʦʥʳ ʛʨʘʚʠʪʘʮʠʠ). ɺʩ̫ ɺʩʝʣʝʥʥʘ,̫ ʚʩʝ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ, 

ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʥʝʡ, ʨʝʛʫʣʠʨʫʶʪʩʷ, ʚ ʜʦʧʦʣʥʝʥʠʝ, 

ʵʣʝʢʪʨʠʯʝʩʪʚʦʤ ʠ ʛʨʘʚʠʪʘʮʠʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʝ 

ʧʝʨʝʤʝʥʥʳʝ ʠ ʢʦʥʩʪʘʥʪʳ ʚʦ ʚʩʝʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʘʭ ʜʦʣʞʥ r 
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ʫʯʘʩʪʚʦʚʘʪʴ, ʚʢʣʶʯʘʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʟʘʨʷʜ r(ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ag). ʇʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʟʘʢʦʥ ʵʥʝʨʛʠʠ 

ʕʡʥʰʪʝʡʥʘ E = mĀc
2
, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʝʥ ʪʦʣʴʢʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʦʡ ʠ ʩʢʦʨʦʩʪʴ ʁʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ.  

ɺ ʩʣʫʯʘʝ ʝʩʣʠ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʠʤʧʫʣʴʩʘ, 

ʬʦʨʤʫʣʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʢʘʢ E = mĀV, ʛʜʝ V = c
2
 = 

8,9875517Ā10
16

 m/s. ɺ ʬʦʨʤʫʣʝ ʥʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʠʩʧʦʣʴʟʫʝʪ ï ʢʘʢ ʢʣʘʩʩʠʯʝʩʢʠʝ ʠ 

ʨʝʘʣʴʥʦ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʢʦʥʩʪʘʥʪ,r ʪʘʢ ʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʦʚʳʝ. ʏʝʨʝʟ ʥʠʭ ʦʙʲʝʜʠʥʷʶʪʩʷ 

ʕʣʝʢʪʨʠʯʝʩʪʚʦ ʠ ɻʨʘʚʠʪʘʮʠ,̫ ʥʘ ʦʩʥʦʚʝ ʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

çʀè ʠ ʊʝʦʨʠʠ ɺʝʣʠʢʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ï GUT. 

ʕʪʦ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʧʝʨʝʤʝʥʥʳʝ ʠ ʢʦʥʩʪʘʥʪʳ. 

1. ɸʪʦʤʥʘ ̫ʝʜʠʥʠʮʘ ʤʘʩʩ r mu =1,6605655Ā10
-27

 [kg]. 

2. ɸʪʦʤʥʘ ̫ʝʜʠʥʠʮʘ ʕʥʝʨʛʠʠ  Eu = 9,315015Ā10
8
 [eV]. 

3. ʕʣʝʤʝʥʪʘʨʥr ʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ  go 

    go = mu /Eu = 1,78267582Ā10
-36 

 [gV]. 

4. ʕʣʝʤʝʥʪʘʨʥr ʡ ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ  ʝo 

     ʝo = 1,6021892Ā10
-19

 [eV]. 

5. ɽʣʝʤʝʥʪʘʨʥʳʡ ʣɻʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ  Zo  

     Zo = eo /go = c
2
 = 8,9875518Ā10

16
 [eVĀgV

-1
]. 

6. ʕʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʘ ̫ ʥɻʝʨʛʠʷ ʯʘʩʪʠʮ, ʘʪʦʤʦʚ ʠ ʪʝʣ  E 

    E= mgĀZo = mgĀeo /go [kgĀeVĀgV
-1
].  

 

ʇʨʠʤʝʯʘʥʠʝ: ʕʪʦ ʬʦʨʤʫʣʘ ʕʡʥʰʪʝʡʥʘ ʚ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʤ ʚʠʜʝ, ʛʜʝ ʥʝ ʫʯʘʩʪʚʫʶʪ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ.  
 

7. ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʨʠ 

ʠʟʣʫʯʝʥʠʠ/ʧʦʛʣʦʱʝʥʠʠ ʵʥʝʨʛʠʠ c0; ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʤʝʥ-

ʪʘʨʥʳʡ ʢʚʘʥʪ ʠʟʣʫʯʝʥʠʷ/ʧʦʛʣʦʱʝʥʠ̫ ʵʥʝʨʛʠʠ:  

               co = eoĀZo = goĀZo
2
 = 1,4399758Ā10

-2
  [eV

2
 gV

-1
]. 

 

8. ʕʣʝʤʝʥʪʘʨʥr ʡ ʫʛʦʣ ʣɻʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠ ̫Ŭɞ = ln mg Ñ ln qe = Ñ 43,27774582
o
,  

ʛʜʝ: mg ï ʛʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʩʘ,  

        qe ï ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʣɻʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮr. 
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9.   ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʢʦʩʠʥʫʩ ʫʛʣʘ Ŭ:  chŬɞ = 3,12073Ā10
18

; 

10. ʇʝʨʝʭʦʜʥʳʝ ʣɻʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩ:r  

      a) ʧʝʨʝʭʦʜ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩ rmg ʚ ʩʧʝʮʠʬʠʯʝʩʢʠʡ  

          ɻ ʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ  q = 1/(2ĀmgĀchŬɞ); 

     ʙ) ʧʝʨʝʭʦʜ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʣɻʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ q 

         ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʫ ʁʤʘʩʩʫ  mg = 1/ (2qĀchŬɞ).  

ʇʨʠʤʝʯʘʥʠʝ: ʕʪʦ ʦʙʲʷʩʥʷʝʪ, ʧʦʯʝʤʫ ʷʜʝʨʥʳʡ ʨʘʜʠʦʘʢ-

ʪʠʚʥʳʡ ʨʘʩʧʘʜ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʝʨʠʦʜʦʤ ʧʦʣʫʨʘʩʧʘʜʘ. 

11. ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʘ ʣɻʝʢʪʨʦʥʘ   mg e- =  

 eoĀco /(n
2 
kaĀ10

7
) = co /(2n

2
ĀchŬɞĀkaĀ10

7
) = mg nĀmq e- /(ag ErtĀqp) =  

         = mg nĀmq e-ĀRErt
2
/(g ErtĀmg ErtĀqp) = 9,1095335Ā10

-31
 [kg],  

ʛʜʝ: 

eo ï ʕʣʝʤʝʥʪʘʨʥʳʡ ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ 1,6021892Ā10
-19

 [ʝV]; 

co ïʂʦɻʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ 1,4399758Ā10
-2
[eV

2
gV

-1
]; 

mg n ï ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ 1,674944Ā10
-27

 [kg]; 

ka ï ʆʨʙʠʪʘʣʴʥʳʡ ʢʦɻʬʬʠʮʠʝʥʪ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨ r253,263632; 

n ï ɻʣʘʚʥʦʝ ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ; 

mq e- ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʩʩʘ ʣɻʝʢʪʨʦʥʘ;  

RErt
2
 ï ʈʘʜʠʫʩ ɿʝʤʣʠ; 

g Ert ï ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʢʦʥʩʪʘʥʪʘ ɿʝʤʣʠ;  

mg Ert ï ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʩʘ ɿʝʤʣʠ;  

qp ï ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʦʪʦʥʘ. 

ʇʨʠʤʝʯʘʥʠʝ. ɺʩʝ ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮʳ ʷʚʣʷʶʪʩʷ ʵʤʘʥʘ-

ʮʠʝʡ ʵʣʝʢʪʨʦʥʘ. 

12. ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʩʩʘ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ mq 

       mq = mge- / go = 5,0011339Ā10
5
  [kgĀgV

-1
] ; 

13. ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ ʧʦʢʦʷ ʵʣʝʢʪʨʦʥʘ g e- 

      g e- = eo
2
/(mge-Āco) = 1/ mq e- = 1,9569067Ā10

-6
 [kg

-1
ĀgV]; 

14. ɻʨʘʚʠʪʘʮʠʦʥʥʘ ʤʘʩʘ ʥʘ ʧʨʦʪʦʥʘ mg p 

 mg p = eo mg e-ĀgErtĀmg Ert /(mg nĀmq e-ĀRErt
2
) =  

        = eo mg e-ĀGErt /(mg nĀmq e-ĀRErt
2
) = 1,6726608Ā10

-27
 [kg]; 

15. ʉʧʝʮʠʬʠʯʝʩʢʠʡ ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʦʪʦʥʘ qp 

       qp = mg n Āmq e- /(ag Ert Āmg e-) = 9,578685649Ā10
7
 [eVĀkg

-1
]; 

16. ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ mg n 

mg n = ag ErtĀmg e-Āqp / mq e- = gErtĀmg ErtĀmg e-Āqp /(ag Ert Āmq e-) =  

       =  GErtĀmg e-Āqp /(ag ErtĀmq e-) = 1,6747324Ā10
-27

 [kg]; 
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ʇʨʠʤʝʯʘʥʠʝ. ʇʫʥʢʪʳ 11, 12, 13, 14, 15, 16 ʧʦʢʘʟʳʚʘʪʁ, 

ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ ʠ ʥʝʡʪʨʦʥʦʚ 

ʟʘʚʠʩʷʪ ʦʪ ʫʩʢʦʨʝʥʠʷ ʩʠʣʳ ʪʷʞʝʩʪʠ (agErt) ʠ ʛʝʦʮʝʥʪʨʠʯʝʩʢʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ (GErt), ʠ ʦʥʠ ʷʚʣʷʶʪʩʷ ʪʘʢʦʚʳʤʠ 

ʪʦʣʴʢʦ ʧʦ ʧʣʦʱʘʜʠ ɿʝʤʣʠ ʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʧʦʷʩʘ ɿʝʤʣʠ (ʧʦʷʩʘ 

ɺʘʥ ɸʣʣʝʥʘ). ɿʘ ʧʨʝʜʝʣʘʤʠ ʧʣʦʱʘʜʠ ʦʥʠ ʙʫʜʫʪ ʠʤʝʪʴ ʜʨʫʛʠʝ 

ʟʥʘʯʝʥʠʷ. 
 

17. ʉʧʝʮʠʬʠʯʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥr ʡ ʟʘʨʷʜ ɿʝʤʣʠ  gErt 

gErt = 2́  goĀmg Ert = mg nĀmq e-ĀRErt
2
 /(qpĀmg ErtĀmg e-) = 6,672Ā10

-11
  

[gVĀkg], ï ʧʨʠ ʤʘʩʩʝ ɿʝʤʣʠ  5,9566734Ā10
24

 kg;  

18. ɻʝʦʮʝʥʪʨʠʯʝʩʢʠʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ ɿʝʤʣʠ GErt 

GErt = gErtĀmg Ert = 2́  goĀmg Ert
2
 = 3,9742924Ā10

14
  [gVĀkg

2
]; 

19. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ɿʝʤʣʠ  QErt 

QErt = ́  qe- / (eoĀmg Ert) = ́  / (mg e-Āmg Ert) =  

        = ́  qe-Āag ɽrtĀqp  / (mg n ĀZoĀmg ɿʝʤ) = 5,767926984Ā10
5
 [C] 

20. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ɿʝʤʣʠ ag Ert 

      ag Ert = GErt / RErt = mg nĀmq e- /(mg e-Āqp) = 9,807697 [mĀs
-2
]; 

21. ʈʘʜʠʫʩ ɿʝʤʣʠ  RErt 

RErt = (GErt/ag Ert)
1/2

 = [GErtĀmg e-Āqp/(mg nĀmq e-)]
1/2

 =  

       = 6,3657032Ā10
6
 [m]; 

22. ɻʨʘʚʠʪʘʮʠʦʥʥʘ ʤʘʩʩʘ ʬʦʪʦʥʘ  mg f 

      mg f = mg f = 2́  eo
2
Āmg e- /co = 2́  goĀmg e- =  

            = 2́  mg nĀmg e- / (ag ErtĀq p ) = 1,0203482Ā10
-65

 [kg]; 

23. ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʩʘ ʛʨʘʚʠʪʦʥʘ  mg ɔ 

       mg ɔ = mg ɔ  = 2́  goĀmg e-Āag Ert =  

              = mg f  Āag Ert = 1,0006197Ā10
-64

  [kg]; 

24. ɻʨʘʚʠʪʘʮʠʦʥʥʘ ̫ʤʘʩʩʘ ʥʝʡʪʨʠʥʦ  mg ɜ 

      mg ɜ = eoĀgo = coĀeo /Zo
2
 = 2,8561839Ā10

-55
 [eVĀgo];  

25. ʋʛʦʣ ʣɻʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʚʥʦʚʝʩʠ ̫ ʚ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ  Ŭɞ Ert = ln mg Ert ï ln QErt = 43,7850698;  

26. ɻʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʢʦʩʠʥʫʩ ʚ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʝ  

      chŬoErtt = 5,1920373.10
18

;  

27. ʉʦʣʥʝʯʥʳʡ ʧʘʨʘʤʝʪʨ  PSol  

       PSol = co lnDSol = 0,3031726;  

28. ʆʨʙʠʪʘʣʥɹr ʡ ʨʘʜʠʫʩ Rorb ʧʣʘʥʝʪ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤ r

ʥʘ ʢʚʘʥʪʦʚʦʤ ʧʨʠʥʮʠʧʝ ʚ ʘ.ʝ.  R = Rx-1 + pSolĀn
ǎ
 ; (ʩʤ. ʊʘʙ. 2) 
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29.  ʇʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ  h 

       h = mg nĀmq e-ĀZo /(agertĀqpĀ fce-) =  6,6261772Ā10
-34

 ; 
 

30. ʇʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨ rʚ ʘʪʦʤʥʦʡ ʧʣʘʥʝʪʘʨʥʦʡ 

ʩʠʩʪʝʤʝ  

             a = mgnĀcoĀɛɞĀ(Zo)
1/2

 /(2h ag Ert qp  ) = 7,2973504Ā10
-3
 ; 

          1/a = 137,0360386; 

31. ʇʦʩʪʦʷʥʥʘʷ ɹʦʣʮʤʘʥʘ k = R/NA = 1,3806577Ā10
-23

 [JK
-1
]; 

32.  ʇʦʩʪʦʷʥʥʘʷ ʯʸʨʥʳʭ ʜʳʨ (ʢʦʣʣʘʧʩʘ) kBH Schw 

       kBH Schw = 2gx /Zo = 1,4847202Ā10
-27

. 
 

ʇʨʠʤʝʯʘʥʠʝ. ʉʤ.ʪʘʙʣʠʮʫ ˉ1, ʧʦʟʠʮʠʠ 76, 77, 78, 79, 80 

ɺ ɺʝʨʩʘʣʴʥʦʡ ʬʠʟʠʢʝ c
2
 ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʝ ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩ
2
 = 1/(ŮɞĀɛɞ)), ʥʦ ʢʘʢ ʵʣʝʤʝʥ-

ʪʘʨʥʳʡ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ (Zo = e0 / g0 = c
2
). (ʉʤ. 

ʪʘʙʣʠʮʫ ˉ 1, ʧʦʟʠʮʠʷ 17), ʛʜʝ e0 ʠ g0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʠ ʵʣʝʤʝʥʪʘʨʥʳʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ. ʊʦʛʜʘ ʬʦʨʤʫʣʘ ʜʣʷ ʵʥʝʨʛʠʠ 

ʕʡʥʰʪʝʡʥʘ ɽ = mgĀc
2
 ʙʫʜʝʪ: E = mgĀZo = mgĀe0 / g0 .ʀʟʤʝʨʷʝʪʩʷ 

ʚ ʢʠʣʦʛʨʘʤʤ ʵʣʝʢʪʨʦʥʚʦʣʴʪ ʟʘ ʦʜʠʥ ʛʨʘʚʠʪʦʥʚʦʣʴʪ 

[kgĀɻ ɺĀ(gV)
-1
]. ʕʥʝʨʛʠʷ ʧʦʣʫʯʘʝʪʩʷ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʤʘʩʩʘ 

ʪʝʣʘ ʫʤʥʦʞʘʝʪʩʷ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʨʷʜʳ, ï ʵʣʝʢʪʨʠʯʝʩ-

ʢʠʝ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ.  
 

ʉʦʛʣʘʩʥʦ ʕʡʥʰʪʝʡʥʫ, ʥʝʪ ʩʢʦʨʦʩʪʠ ʙʦʣʴʰʝ, ʯʝʤ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ (c
2
 = 8,9875518Ā10

16
), ʘ ʚ ʬʦʨʤʫʣʘʭ ɺʝʨʩʘʣʴʥʦʡ 

ʬʠʟʠʢʠ ʨʝʯʴ ʠʜʪy ʥʝ ʦ ʩʢʦʨʦʩʪʠ, ʥʦ ʦʙ ɻʣʝʤʝʥʪʘʨʥʦʤ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʟʘʨʷʜʝ Zo ʧʦʣ̫.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʧʘʜʘʝʪ ʧʦʩʪʫʣʘʪ ʕʡʥʰʪʝʡʥʘ ʦ ʪʦʤ, ʯʪʦ 

ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʧʨʠʨʦʜʝ ʩʢʦʨʦʩʪʴ ʙʦʣʴʰʝ, ʯʝʤ 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʕʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʨʘʱʝʥʠ ʁʘʩʪʨʦʥʦʤʠʯʝʩ-

ʢʠʭ ʦʙʲʝʢʪʦʚ (ʧʫʣʴʩʘʨʳ, ʢʚʘʟʘʨʳ ʠ ʜʨ.), ʛʜʝ ʠʭ ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ.  

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʨʠʥʮʠʧ ʚ ɺʝʨʩʘʣʴʥʦʡ ʬʠʟʠʢʝ: 

ʕʣʝʢʪʨʠʯʝʩʪʚʦ ʵʪʦ ʘʥʪʠʛʨʘʚʠʪʘʮʠʷ, ʘ ʛʨʘʚʠʪʘʮʠʷ ʵʪʦ 

ʘʥʪʠʵʣʝʢʪʨʠʯʝʩʪʚʦ, ʧʨʠʥʮʠʧ, ʚ ʢʦʪʦʨʦʤ ʫʪʚʝʨʞʜʘʝʪʩʷ ʩʠʣʘ 

ʣʦʛʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ çʀè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʇʨʦʩʪʨʘʥʩʪʚʝ 

ʩʫʱʝʩʪʚʫʝʪ ï ʠ ʛʨʘʚʠʪʘʮʠʷ, ʠ ʵʣʝʢʪʨʠʯʝʩʪʚʦ; ʠ ʤʘʩʩʘ, ʠ ʟʘʨʷʜ;  
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ʠ ʧʨʠʪʷʞʝʥʠʝ, ʠ ʦʪʪʘʣʢʠʚʘʥʠʝ. ɺ ʩʣʫʯʘʝ ʨʘʚʝʥʩʪʚʘ ʤʝʞʜʫ 

ʥʠʤʠ ï ʧʨʦʠʩʭʦʜʠʪ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪ ɹʚ ʯʘʩʪʠʮʘʭ, ʘʪʦʤʘʭ, ʤʦʣʝʢʫʣʘʭ, ʪʚʨyʜʳʭ ʪʝʣʘʭ 

ʠ ʩʠʩʪʝʤʘʭ ʠʟ ʥʠʭ, ʚʳʨʘʞʝʥʥʳʭ ʢʦʥʩʪʘʥʪʦʡ ʵʣʝʢʪʨʦʛʨʘʚʠ-

ʪʘʮʠʦʥʥʦʛʦ  ʨʘʚʥʦʚʝʩʠʷ (c0), ʧʨʝʜʩʪʘʚʣʷʶʱʝʡ ʦʪʥʦʰʝʥʠʝ 

ʠʟʣʫʯʝʥʠʷ/ʧʦʛʣʦʱʝʥʠʷ. (ʉʤ. ʊʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪ 9). ʀʟ ʵʪʦʛʦ 

ʧʦʩʪʫʣʘʪʘ ʧʨʦʠʩʪʝʢʘʶʪ ʥʠʞʝʩʣʝʜʫʶʱʠʝ ʩʣʝʜʩʪʚʠʷ. 

ʘ) ɺʦʟʤʦʞʥʦʩʪ ɹ ʩʦʟʜʘʥʠʷ ʝʜʠʥʦʡ ʪʝʦʨʠʠ ʧʦʣ̫ GUM 

(Grand United Teory), ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ  mg nĀmq e- = ag ErtĀmg e-Āq p  

ʠ mg e-Āmq p = mq e-Āmg p. (ʊʘʙʣʠʮʘ ˉ 1, ʧʦʟʠʮʠʠ ˉ  ̄1 ï 80).  

ʙ) ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʚ ʩʪʨʫʢʪʫʨʝ 

ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ. (ʊʘʙʣʠʮʘ ˉ 2, ʧʦʟ. 35 ï 47, ʠ ʪʘʙʣʠʮʫ 2).  

ʚ) ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʵʣʝʤʝʥʪʦʚ ʚ ʦʙʱʝʡ ʊʘʙʣʠʮʝ ˉ 3.  

 

ɺ ʧʨʠʨʦʜʝ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ ʪʠʧʘ ʤʘʩʩ: 

ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ (mg) ʠ ʵʣʝʢʪʨʠʯʝʩʢʘ ̫(mq), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ï 

ʠ ɻʣʝʤʝʥʪʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ (e0), ʠ ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ (g0), ʘ ʪʘʢʞʝ ï ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʘ ̫

ʵʥʝʨʛʠ ̫ Eg, ʠ ʵʣʝʢʪʨʠʯʝʩʢʘ ̫ ʵʥʝʨʛʠ ̫ Eq. ʅʝ ʩʫʱʝʩʪʚʫʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʠ 

ʪʦʢʦʚ. ʀʭ ʦʧʨʝʜʝʣʝʥʠʝ, ʢʘʢ ʪʘʢʦʚʦʝ, ʙʳʣʦ ʧʨʠʥʷʪʦ ʫʩʣʦʚʥʦ. 

ʉʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʦʪʪʘʣʢʠʚʘʶʱʠʝ ʩʠʣʳ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ (ʘʥʪʠʵʣʝʢʪʨʠʯʝʩʢʠʝ) ʪʦʢʠ, ʪʘʢ ʢʘʢ 

ʩʫʱʝʩʪʚʫʶʪ ï ʠ ɻʣʝʢʪʨʦʥ,r ʠ ʘʥʪʠʵʣʝʢʪʨʦʥʳ (ʧʦʟʠʪʨʦʥ)r.  

ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʮʝʧʠ ʧʨʦʪʝʢʘʶʪ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʟʘʨʷʜʳ, ʠ ï ʚ ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ï ʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ 

ʟʘʨʷʜ,r ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʝʧʣʦʚʳʤ ʧʦʪʝʨʷʤ ʠʟ-ʟʘ ʚʩʪʨʝʯʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʜʚʫʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʪʝʯʝʥʠʡ. (ʉʤ. ʨʠʩ. 4). 

ɺ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ï ʵʪʦ ʵʣʝʢʪʨʦʥʥʘ ̫

(ʵʣʝʢʪʨʠʯʝʩʢʘ)̫ ʠ ʜʳʨʦʯʥʘʷ (ʛʨʘʚʠʪʘʮʠʦʥʥʘ)̫ ʧʨʦʚʦʜʠʤʦʩʪʠ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʟʘʨʷʜʘʤʠ 

(ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʤʘʩʩʘʤʠ) ʧʨʠʚʦʜʠʪ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ 

ʧʨʠʪʷʞʝʥʠ ʁ(ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ), ʘ ʤʝʞʜʫ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʟʘʨʷʜʘʤʠ ï ʢ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʦʪʪʘʣʢʠʚʘʥʠ ʁ

(ʟʘʢʦʥ  ʂʫʣʦʥʘ,  ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ  ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ).  ʅʴʶʪʦʥ  
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ʩʯʠʪʘʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ (ʧʨʠʪʷʞʝʥʠʝ) ʦʜʥʦʡ 

ʩʪʦʨʦʥʦʡ çʤʦʥʝʪʳè ï (ɻʨʘʚʠʪʘʮʠʷ), ʘ ʂʫʣʦʥ ï ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ï ʜʨʫʛʦʡ ʩʪʦʨʦʥʦʡ (ʕʣʝʢʪʨʠʯʝʩʪʚʦ). ʆʙʘ ʪʠʧʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʨʘʚʥʳ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. 

ʆʜʥʦ ï ʧʨʦʠʩʭʦʜʠʪ ï ʢʘʢ ʨʝʘʢʮʠʷ ʥʘ ʜʨʫʛʦʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʪʨʝʪʴʠʤ ʟʘʢʦʥʦʤ ʅʴʶʪʦʥʘ.  

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʨʘʙʦʪ ʵʪʠʭ ʜʚʫʭ ʩʠʣ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʚʥʦ ʝʜʠʥʠʮʝ (FNĀFC = 1), FN = c0ĀgɿʝʤĀm1Ām2 / 

r
2
, ʠ FC = ʩ0Āq1Āq2 / (2ˊ Ů0Ār

2
). ʂʦʛʜʘ ʜʝʣʦ ʜʦʭʦʜʠʪ ʜʦ ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʠ ɻʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʤʳ 

ʜʦʣʞʥʳ ʟʥʘʪʴ, ʯʪʦ ʵʪʦ ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʦʮʝʩʩ r

(ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʚʥʝʰʥʝʡ ʩʠʣʳ).  

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʛʨʘʚʠʪʘʮʠʠ ʠʣʠ ʘʥʪʠʵʣʝʢʪʨʠ-

ʯʝʩʪʚʘ (çʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʪʚʘè) ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʣʦʞʠʪʴ ʚʥʝʰʥ ʁʩʠʣʫ, ï ʵʣʝʢʪʨʠʯʝʩʢʫ  ʁʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʫ .ʁ  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤʠ ʠ ɻʣʝʢʪʨʠʯʝʩ-

ʢʠʤʠ ʟʘʨʷʜʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʜʚʠʞʝʥʠʶ ʯʘʩʪʠʮ ʠ ʪʝʣ, ʙʫʜʴ ʪʦ ʥʘ 

ʦʨʙʠʪʝ, ʢʦʛʜʘ ʦʥʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʴʶ ʧʣʘʥʝʪʘʨʥʦʛʦ ʪʝʣʘ ʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ɻʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʙʘʣʘʥʩʝ ʠʣʠ ʜʚʠʞʝʥʠʝ 

ʟʘʨʷʜʦʚ ʚʜʦʣʴ ʮʝʧʠ, ʙʫʜʴ ʪʦ ʵʣʝʢʪʨʦʥʥʳʡ ʠʣʠ ʜʳʨʦʯʥʳʡ 

(ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ), ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʦʩʝʚʳʤ ʚʨʘʱʝʥʠʝʤ 

(ʩʧʠʥ) ï ʪʦ ʝʩʪʴ ʧʨʠʚʦʜʠʪ ʢ ʜʚʠʞʝʥʠʶ ʪʦʢʦʚ ʵʣʝʢʪʨʦʛʨʘʚʠ-

ʪʘʮʠʠ (ʵʣʝʢʪʨʦʥʥʘ ̫ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʜʳʨʦʯʥʘʷ ʧʨʦʚʦʜʠ-

ʤʦʩʪʴ). ʂʦʛʜʘ ʜʚʠʞʝʥʠʝ ʥʘ ʦʨʙʠʪʝ ʩʠʣʳ ʦʪ ʦʨʙʠʪʘʣʴʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ korb = rorbĀVorb2, ʪʦʛʜʘ ʢʘʢ ʜʣʷ ʘʪʦʤʦʚ kʦʨʙ.a = 

253,26362, ʠ ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤʳ  korb.sol = 1,3443363Ā10
20

. 

(ʉʤ. ʪʘʙʣʠʮʫ ˉ 1 ʧʫʥʢʪʳ 24, 25 ʠ 26). ʕʪʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ 

ʪʦʢʠ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʦʛʨʝʚʫ (ʚrʜʝʣʝʥʠʶ ʪʝʧʣʘ), ʧʨʠ ʢʦʪʦʨʦʤ 

ʠʟʣʫʯʘʝʪʩʷ ʠʣʠ ʧʦʛʣʦʱʘʝʪʩʷ ʢʚʘʥʪ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʢʦʣʠʯʝʩʪ-

ʚʘ ʠʟʣʫʯʘʝʤʦʡ ʠ ʧʦʛʣʦʱʘʝʤʦʡ ʵʥʝʨʛʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʵʣʝʤʝʥʪʘʨʥʳʡ ʢʚʘʥʪ ʵʥʝʨʛʠʠ ʦʙʤʝʥʘ, ʚʳʨʘʞʝʥʥʳʡ ʢʘʢ 

ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʣʫʯʝʥʠʷ ʬʦʪʦʥʦʚ f ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦ-

ʛʣʦʱʝʥʠʷ ʛʨʘʚʠʪʦʥʦʚ ɔ. (ʉʤ. ʨʠʩʫʥʦʢ ˉ1). ʊʘʢʞʝ ʥʘʟʳʚʘʝʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʤ  ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ  ʨʘʚʥʦʚʝʩʠʷ (c0).  
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(ʊʘʙʣʠʮʘ ˉ 1, ʧʦʟʠʮʠʷ 9). ʕʪʦʪ ʦʙʤʝʥ ʟʘʨʷʜʘʤʠ (ʵʥʝʨʛʠʝʡ) 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʚʠʥʝ ʧʝʨʠʦʜʘ ʚʨʝʤʝʥʠ. ɽʩʣʠ ʚ ʧʝʨʚʳʡ 

ʧʦʣʫʧʝʨʠʦʜ ʧʨʦʠʩʭʦʜʠʪ ʠʟʣʫʯʝʥʠʝ, ʪʦ ʚʦ ʚʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʛʣʦʱʝʥʠʝ ï ʠ ʥʘʦʙʦʨʦʪ. ʊʘʢ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʚʦʣʥ ʚ ʇʨʦʩʪʨʘʥʩʪʚʝ. ʈʘʚʥʦʚʝʩʠʝ ʚ 

ʩʠʩʪʝʤʘʭ ʧʦʜʯʠʥʷʝʪʩʷ ʧʨʠʥʮʠʧʫ ʃʝ ʐʘʪʝʣʴʝïɹʨʘʫʥʘ, 

ʢʦʪʦʨʳʡ ʫʪʚʝʨʞʜʘʝʪ: çɽʩʣʠ ʥʘ ʩʠʩʪʝʤʫ, ʥʘʭʦʜʷʱʫʶʩʷ ʚ 

ʫʩʪʦʡʯʠʚʦʤ ʨʘʚʥʦʚʝʩʠʠ, ʜʝʡʩʪʚʦʚʘʪʴ ʚʦʟʤʫʱʘʶʱʠʤ 

ʬʘʢʪʦʨʦʤ ï ʦʥʘ ʩʪʨʝʤʠʪʩʷ ʨʝʘʛʠʨʦʚʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦʙʳ ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʵʬʬʝʢʪʫ ʥʘʨʫʰʝʥʠʷè. (ɻʣʦʩʩʘʨʠʡ 

ʥʘʫʯʥʳʭ ʪʝʨʤʠʥʦʚ. ʉʪʨ. 317. ɽ. ɹ. ʋʚʘʨʦʚ ʠ ɸʣʘʥ ɸʡʟʝʢʩ) ï ʪʦ 

ʝʩʪʴ ʩʤʝʱʘʝʪʩʷ ʢ ʮʝʥʪʨʫ ʙʘʣʘʥʩ (ʨʘʜʠʫʩ ʦʨʙʠʪʳ).  

ʇʨʦʩʪʨʘʥʩʪʚʦ, ʦʙʣʘʜʘʶʱʝʝ ʵʣʝʤʝʥʪʘʨʥʳʤ ʵʣʝʢʪʨʦʛʨʘ-

ʚʠʪʘʮʠʦʥʥʳʤ ʟʘʨʷʜʦʤ Z0 = e0 / g0, ʥʘʟʳʚʘʝʪʩʷ ʤʠʨʦʚʳʤ 

ʵʬʠʨʦʤ. ʇʦʣʝ ʤʠʨʦʚʦʛʦ ʵʬʠʨʘ ʦʜʥʦʨʦʜʥʦ (ʠʤʝʝʪ ʦʜʥʦʨʦʜʥʳʡ 

ʩʦʩʪʘʚ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ) ʠ ʠʟʦʪʨʦʧʥʦ (ʦʜʠʥʘʢʦʚʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʦʷʚʣʷʶʪʩʷ ʚʝʟʜʝ ʠ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ). ʅʝ 

ʩʫʱʝʩʪʚʫʝʪ ʥʠ ʦʜʥʦʡ ʪʦʯʢʠ ʚʦ ʚʩʸʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ɺʩʝʣʝʥʥʦʡ 

ʙʝʟ ʛʨʘʚʠʪʘʮʠʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ. ʕʬʠʨʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʷʚʣʷʝʪʩʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʤ (ʦʪʢʨʳʪʳʤ) ʠ ʚ ʥʸʤ 

ʜʝʡʩʪʚʫʶʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʝ ʟʘʢʦʥ rʠ ʦʪʥʦʰʝʥʠ,̫ ʚ ʪʦ ʚʨʝʤʷ 

ʢʘʢ ʩʬʝʨʠʯʝʩʢʘʷ ʦʙʣʘʩʪʴ ʟʘʢʨʳʪʘ ʠ ʚ ʥʝʡ ʜʝʡʩʪʚʫʶʪ 

ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠ.̫ (ʉʤ. ʨʠʩ. 6).  

ɺ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ 

(mg) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ (q) ʧʦ ʬʦʨʤʫʣʝ  

q = 1 / (2ĀmgĀchŬ0), ʠ ʥʘʦʙʦʨʦʪ: ʢʦʥʢʨʝʪʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ (q) ï ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʫ  ʁʤʘʩʩʫ  

mg = 1 / (2qĀchŬ0). (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪ 14). ʇʨʦʮʝʩʩ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ; ʠ ʦʥ ʧʨʦʪʝʢʘʝʪ ʩʦʛʣʘʩʥʦ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. (ʉʤ. ʨʠʩ. 6). ʕʪʦ ʦʙʲʷʩʥʷʝʪ, 

ʧʦʯʝʤʫ ʢʦʥʚʝʨʩʠ ̫ ʠ ʜʝʛʨʘʜʘʮʠ ̫ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ. ɿʜʝʩʴ (Ŭ0) ʥʘʟʳʚʘʝʪʩʷ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ (ʫʛʦʣ) ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ (Ŭ0 = ln (mg) Ñ ln(q). (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪ 

10). ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʪ ʚ ʬʦʨʤʝ ʵʣʝʢʪʨʦ-

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʟʘʠʤʦʠʥʜʫʢʮʠʠ.  
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ʆʙʨʘʟʥʦ ʛʦʚʦʨʷ, ʥʝʡʪʨʘʣʴʥʳʡ (ʩʧʦʢʦʡʥʳʡ) ʤʠʨʦʚʦʡ 

ʵʬʠʨ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ çʢʘʢ ʪʠʭʦʝ ʠ ʩʧʦʢʦʡʥʦʝ ʤʦʨʝè. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʤʠʨʦʚʦʡ ʵʬʠʨ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʩʠʣ, ʝʛʦ ʚʦʣʥʳ ʥʝʩʫʪ ɻʣʝʢʪʨʦʛʨʘʚʠ-

ʪʘʮʠʦʥʥʳʝ ʟʘʨʷʜ r ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʚ ʜʨʫʛʫʶ ʯʝʨʝʟ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʚʟʘʠʤʦʠʥʜʫʢʮʠʶ ʠ ɻʣʝʢʪʨʦʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʝ ʚʦʟʙʫʞʜʝʥʠʝ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʩʪʫʧʘʝʪ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʠʨʦʚʦʛʦ ʕʬʠʨʘ ï 

(çʪʠʭʦʝ ʠ ʩʧʦʢʦʡʥʦʝ ʵʬʠʨʥʦʝ ʧʦʣʝè). ɽʩʣʠ ʨʘʚʥʦʚʝʩʠʝ 

ʥʘʨʫʰʘʝʪʩʷ ʚʥʫʪʨʝʥʥʠʤʠ ʠʣʠ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ, ʪʦ ʯʝʨʝʟ 

ʦʧʨʝʜʝʣʸʥʥʦʝ ʚʨʝʤʷ ʥʘʩʪʫʧʘʝʪ ʨʘʚʥʦʚʝʩʠʝ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʃʝ ʐʘʪʝʣʴʝïɹʨʘʫʥʘ. ʉʪʨʫʢʪʫʨʘ ʕʬʠʨʥʦʛʦ ʧʦʣʷ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʬʝʨʠʯʝʩʢʠ-ʨʘʜʠʘʣʴʥʫ  ʁʩʝʪɹ, ʚ ʢʦʪʦʨʦʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʬʝʨʠʯʝʩʢʠʝ 

ʢʨʫʛʠ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʳʩʦʪʝ 

(ʨʘʜʠʫʩʫ), ʘ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ï ʮʝʥʪʨʦʙʝʞʥʦ 

ʨʘʜʠʘʣʴʥʳʝ ʣʠʥʠʠ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʚʳʩʦʪʝ (ʨʘʜʠʫʩʫ). (ʉʤ. ʨʠʩ.10). ɺ ʮʝʥʪʨʝ ʩʬʝʨʳ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʷʜʨʘ ʟʘʨʷʜ G = gĀmg = 2ˊĀg0Āmg; (2Ā́g0Āmgɿʝʤ
2
). 

(ʊʘʙʣʠʮʘ ˉ 1, ʧʦʟʠʮʠʷ 53).  

ʆʙʨʘʟʥʦ ï ʤʠʨʦʚʦʝ ʵʬʠʨʥʦʝ ʧʦʣʝ ʚʳʛʣʷʜʠʪ ʢʘʢ ʧʘʫʪʠʥʘ. 

ʇʘʫʢ ʩʪʨʦʠʪ ʩʚʦʠ ʩʝʪʠ ʥʘ ʦʜʥʫ ʥʦʯʴ ʠ ʩʪʦʠʪ ʚ ʮʝʥʪʨʝ ʜʣʷ 

ʦʭʦʪʳ (ʨʝʘʛʠʨʦʚʘʥʠʷ), ʯʪʦʙʳ ʙʳʣʘ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʣʶʙʘʷ 

ʪʦʯʢʘ ʩʝʪʠ.  

ʄʠʨʦʚʦʡ ʕʬʠʨ ʤʦʞʝʪ ʙʳʪʴ ʚʦʟʙʫʞʜʸʥ (çʚʟʚʦʣʥʦʚʘʥè), 

ʢʘʢ ʤʳ ʫʞʝ ʛʦʚʦʨʠʣʠ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ 

ʩʝʪʠ. ʇʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ï ʦʪ ʠʩʪʦʯʥʠʢʘ 

ʧʝʨʝʜʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʚʦʣʥʳ ʚ ʚʠʜʝ ʬʦʪʦʥʦʚ ʧʦ 

ʨʘʜʠʘʣʴʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʡ ʩʝʪʠ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ɺ ʭʦʜʝ 

ʩʪʦʣʢʥʦʚʝʥʠʷ ʯʘʩʪʠʮ, ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠʣʠ ʦʨʛʘʥʦʚ 

ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʚʪʦʨʠʯʥʘ ̫ ʵʤʠʩʩʠ,̫ ʪʦ ʝʩʪʴ ʫʥʠʯʪʦʞʝʥʠʝ 

ʦʙʨʘʪʥʳʭ ʘʥʪʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʚʦʣʥ (ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ). 

ʇʨʠ ʚʩʪʨʝʯʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʣʫʯʝʥʠʡ ʠ ʦʪʨʘʞʸʥʥʳʭ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ ï ʧʨʦʠʩʭʦʜʠʪ ʜʠʬʨʘʢʮʠ,̫ ʠʙʦ ʩʚʝʪ 

ʠʤʝʝʪ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʠʣʠ ʧʨʦʠʩʭʦʜʠʪ 

ʠʥʪʝʨʬʝʨʝʥʮʠʷ  (ʥʘʣʦʞʝʥʠʝ  ʧʨʷʤʳʭ  ʠ  ʦʪʨʘʞʥyʥʳʭ  ʚʦʣʥ  
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(ʟʘʨʷʜʦʚ). ʆʜʠʥ ʧʝʨʠʦʜ çɻ ʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳè ʷʚʣʷʝʪʩʷ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʦʣʥʦʡ ʚ ʚʠʜʝ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘ-

ʮʠʦʥʥʦʛʦ ʜʠʧʦʣ ̫(ʩʤ. ʈʠʩ. 9). ʆʙʘ ʟʘʨʷʜʘ ʩʜʚʠʥʫʪʳ ʥʘ ʫʛʦʣ Ŭ0. 

ɺʠʜ ʚʦʟʙʫʞʜʥyʥʳʭ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʜʠʧʦʣʝʡ ʧʦʭʦʞ 

ʥʘ ʙʫʢʚʫ "V" , ʪʦ ʝʩʪʴ ʧʦʭʦʞʝʝ ʥʘ çʙʫʤʝʨʘʥʛè, ʢʦʪʦʨʳʡ 

ʚʨʘʱʘʝʪʩʷ ʚʦʢʨʫʛ ʩʨʝʜʥʝʡ ʪʦʯʢʠ (ʢʨʘʡ ʙʫʤʝʨʘʥʛʘ). ɺ ʠʜʝʘʣʝ, 

ʵʪʦʪ ʫʛʦʣ ʩʦʩʪʘʚʣʷʝʪ 45 ʛʨʘʜʫʩʦʚ Ñ 2Á. ɺʘʨʠʘʥʪ (45Áï 2Á) 

ʦʪʥʦʩʠʪʩʷ ʢ ʤʠʢʨʦʩʠʩʪʝʤʘʤ, ʘ (45 Á + 2Á) ï ʜʣʷ ʤʘʢʨʦ-ʩʠʩʪʝʤ). 

(ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪ 10). ʇʨʠ ʪʘʢʦʤ ʫʛʣʝ ʧʨʦʠʩʭʦʜʠʪ 

ʧʝʨʝʭʦʜ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ (q) ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʫ  ʁʤʘʩʩʫ 

(mg). ʕʪʦʪ ʫʛʦʣ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʚʩʝʭ ʜʨʫʛʠʭ 

ʧʝʨʝʭʦʜʥʳʭ ʷʚʣʝʥʠʡ ʠ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʚʟʣʪyʘ ʠ ʧʦʩʘʜʢʠ 

ʢʦʩʤʠʯʝʩʢʠʭ ʢʦʨʘʙʣʝʡ ʠ ʩʘʤʦʣʪyʦʚ ʧʦ ʘʨʭʠʤʝʜʦʚʦʡ ʩʧʠʨʘʣʠ 

(ʨʠʩ. ˉ 5), ʪʘʢ ʢʘʢ ʧʨʠ ʵʪʦʤ ʧʦʪʨʝʙʣʷʝʪʩ ̫ ʤʠʥʠʤʘʣʴʥʘ ̫

ʵʥʝʨʛʠ ̫ʠ ʚʳʜʝʣʷʝʪʩʷ ʤʠʥʠʤʫʤ ʪʝʧʣʘ ʦʪ ʠʭ ʪʝʣ ʧʨʠ ʧʦʩʘʜʢʝ.  

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʤʧʫʣʴʩʦʚ ï ʮʝʥʪʨʦ-

ʙʝʞʥʦ-ʨʘʜʠʘʣʴʥʦʝ (ʦʪ ʮʝʥʪʨʘ ʧʣʘʥʝʪʘʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʠʭ ʧʣʦʪʥʦʩʪʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʦʨʙʠʪʘʣʴʥʦʛʦ 

ʨʘʜʠʫʩʘ (Iq = 2n
ǎ
ĀQĀrorb), ʛʜʝ Q ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʦʣʷ, ʚ 

ʪʦ ʚʨʝʤʷ ʢʘʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʠʤʧʫʣʴʩʳ ï ʜʚʠʞʝʥʠʝ 

ʮʝʥʪʨʦʩʪʨʝʤʠʪʝʣʴʥʦʝ ʠ ʥʘʧʨʦʪʠʚ ï ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ (Ig = G / (2nĀr)).  

ʆʢʦʣʦ ʠʩʪʦʯʥʠʢʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʩʣʦʡ ʵʥʝʨʛʠʠ. ɺʦʢʨʫʛ ɿʝʤʣʠ ʦʥ 

ʠʟʚʝʩʪʝʥ ʢʘʢ ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ ɺʘʥ ɸʣʝʥʘ, ʦʙʥʘʨʫʞʝʥʥʳʡ ɻ. 

ɺʘʥ ɸʣʝʥʦʤ ʚ 1958 ʛʦʜʫ ʠ ʩʦʩʪʦʷʱʠʡ ʠʟ ʚʥʝʰʥʝʛʦ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʣʦʷ ʥʘ ʚʳʩʦʪʝ ʤʝʞʜʫ 13 000 ʠ 19 000 ʢʤ, ʘ 

ʚʥʫʪʨʝʥʥʠʡ ʧʨʦʪʦʥʥʳʡ ʩʣʦʡ ï ʦʪ 2400 ʜʦ 5 600 ʢʤ.  

ʉʦʛʣʘʩʥʦ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ, ʥʘʨʫʞʥʳʡ ʩʣʦʡ ʩʦʩʪʦʠʪ 

ʠʟ ʵʣʝʢʪʨʦʥʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʉʦʣʥʮʝʤ ʠ ʟʘʭʚʘʯʝʥʥʳʭ ɿʝʤʣʸʡ 

(ʨʠʩ. 7).  

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʩʯʠʪʘʝʪ ʠʥʘʯʝ: ʪɻʦ ʩʦʙʩʪʚʝʥʥʳʡ 

ʨʘʜʠʘʮʠʦʥʥʳʡ ʧʦʷʩ ɿʝʤʣʠ ʠ ʦʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʘʡ 

ʵʬʠʨʥʦʛʦ ʧʦʣʷ (ʵʥʝʨʛʠʠ) ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʝʛʦ 

ʩʦʩʪʘʚ ʩʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʵʣʝʢʪʨʦʥʳ ʠ ʧʨʦʪʦʥʳ, ʥʦ ʪʘʢʞʝ ʥʝʡ-

ʪʨʦʥʳ, ʥʝʡʪʨʠʥʦ, ʬʦʪʦʥ rʠ ʛʨʘʚʠʪʦʥ.r ʊʘʢʠʝ ʟʦʥʳ, ʚʝʨʦʷʪʥʦ,  
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ʝʩʪʴ ʫ ʢʘʞʜʦʡ ʧʣʘʥʝʪʘʨʥʦʡ ʩʠʩʪʝʤʳ, ï ʫ ʟʚyʟʜʥʳʭ ʠʣʠ 

ʷʜʝʨʥʳʭ ʩʠʩʪʝʤ. ʗʚʣʷʝʪʩʷ ʣʠ ʵʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ ʷʜʨʦʤ ʠ 

ʨʘʟʨʳʚ ʤʝʞʜʫ ʧʨʦʪʦʥʥʳʤ ʠ ʵʣʝʢʪʨʦʥʥʳʤ ʩʣʦʝʤ ʧʫʩʪʳʤ? 

ʆʪʚʝʪ ʪʦʣʴʢʦ ʦʜʠʥ: ʵʪʦ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʵʥʝʨʛʝʪʠ-

ʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʢʘʞʜʦʡ ʧʣʘʥʝʪʥʦʡ ʩʠʩʪʝʤʳ ʩ ʵʣʝʤʝʥ-

ʪʘʨʥrʤ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʟʘʨʷʜʦʤ Zo.  

ɺʦʪ ʢʘʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʨʘʜʠʘʮʠʦʥʥʳʡ 

ʧʦʷʩ ɿʝʤʣʠ ï (ʩʤ. ʨʠʩ 8.). ɺʥʝ ʬʦʪʦʥʥʦʛʦ ʧʦʷʩʘ ʥʘʭʦʜʠʪʩʷ 

ʩʣʦʡ ʦʢʦʣʦʟʝʤʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (çʢʦʨʦʥʘè), ʯʪʦ ʜʘʪy ʩʠʥʠʡ 

ʮʚʝʪ ʥʘʰʝʡ ʇʣʘʥʝʪʝ, ʥʘʙʣʶʜʘʝʤʦʡ ʠʟ ʢʦʩʤʠʯʝʩʢʦʛʦ ʢʦʨʘʙʣʷ.  

ʂʦʨʦʥʦʡ ʦʙʣʘʜʘʝʪ ʣʶʙʘ ̫ʧʣʘʥʝʪʘʨʥʘ ̫ʩʠʩʪʝʤʘ, ʙʫʜʴ ʪʦ 

ʷʜʝʨʥʘ ̫ʠʣʠ ʟʚʟyʜʥʘ.̫ ʌʦʪʦʥʥʳʡ ʩʣʦʡ ʦʧʨʝʜʝʣʷʝʪ ʢʘʢ ʮʚʝʪ, 

ʪʘʢ  ʠ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʫ. ɺʧʦʣʥʝ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʪʝʤʧʝʨʘʪʫʨʘ 

ʷʜʨʘ ʉʦʣʥʮʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 13 ʤʠʣʣʠʦʥʦʚ ʛʨʘʜʫʩʦʚ 

ʎʝʣʴʩʠʷ, ʜʘʞʝ ʭʦʣʦʜʥʝʝ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʢʦʨʦʥʳ ʩʦʩʪʘʚʣʷʝʪ 

ʦʢʦʣʦ 6000 ÁC. ɺʦʟʤʦʞʥʦ, ʛʦʨʷʯʠʡ ʥʘʨʫʞʥʳʡ ʩʣʦʡ ʉʦʣʥʮʘ 

ʷʚʣʷʝʪʩʷ ʱʠʪʦʤ ʜʣʷ ʫʜʝʨʞʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʜʨʘ. ʉʨʘʚʥʠʪʝ: 

ʢʨʘʡ ʧʣʘʤʝʥʠ ʛʘʟʦʚʦʡ ʛʦʨʝʣʢʠ ʜʦʩʪʠʛʘʝʪ ʪʳʩʷʯʠ ʠ ʙʦʣʝʝ 

ʛʨʘʜʫʩʦʚ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʩʦʧʣʘ ʚʩʝʛʜʘ ʥʘʤʥʦʛʦ ʥʠʞʝ.  

ʅʝʡʪʨʠʥʦ ʠ ʘʥʪʠʥʝʡʪʨʠʥʦ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʦʡ, ï ʵʣʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮ r ʪʠʧʘ 

ʣʝʧʪʦʥʦʚ, ï ʯʘʩʪʠʮ ʙʝʟ ʤʘʩʩʳ, ʥʦ ʩ ʟʘʨʷʜʦʤ (ʵʥʝʨʛʠʝʡ). 

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʩʯʠʪʘʝʪ, ʯʪʦ ʣʝʧʪʦʥʳ ʷʚʣʷʶʪʩʷ ʩʚʦʝʛʦ 

ʨʦʜʘ ʯʘʩʪʠʮʘʤʠ-ʥʦʩʠʪʝʣʷʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ 

ʟʘʨʷʜʦʚ. ʆʥʠ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʨʦʞʜʝʥʠʝ ʠʣʠ ʧʦʙʫʞʜʝʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʦʚ ʚ ʭʦʜʝ 

ʚʩʪʨʝʯʠ ʩ ʜʨʫʛʠʤʠ ʯʘʩʪʠʮʘʤʠ ʩ ʤʘʩʩʦʡ ʠ ʟʘʨʷʜʦʤ. ʆʥʠ 

ʫʧʨʘʚʣʷʶʪ ʵʣʝʢʪʨʦʥʥʳʤʠ ʠ ʙʘʨʠʦʥʥʳʤʠ, ʤʝʟʦʥʥʳʤʠ 

ʧʝʨʝʭʦʜʥʦ-ʬʘʟʦʚʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʆʥʠ ʦʧʨʝʜʝʣʷʶʪ, ʩʣʝʜʫʝʪ 

ʣʠ ʠʤʝʪʴ ʠʟʣʫʯʝʥʠʝ ʬʦʪʦʥʦʚ ʠʣʠ ʧʦʛʣʦʱʝʥʠʝ ʛʨʘʚʠʪʦʥʦʚ 

ʯʝʨʝʟ ʩʚʦʡ ʥʝʡʪʨʠʥʥʳʡ ʟʘʨʷʜ). ʆʥʠ ʥʝʩʫʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ 

ʧʦʜʜʝʨʞʘʥʠʝ ʙʘʣʘʥʩʘ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʚʟʘʠʤʦʠʥʜʫʢ-

ʮʠʠ ʚ ʇʨʦʩʪʨʘʥʩʪʚʝ.  

ɽʩʣʠ ʙʫʜʝʪ ʥʘʨʫʰʝʥʦ ʨʘʚʥʦʚʝʩʠʝ ʚ ʤʠʨʦʚʦʤ ʕʬʠʨʝ ï 

ʚʦʟʥʠʢʥʝʪ ʪʘʢʘʷ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʚʟʘʠʤʦʠʥʜʫʢʮʠʷ, ʯʪʦ 

ʨʦʜʠʪʩʷ ï ʠʣʠ ʜʚʘ ʵʣʝʤʝʥʪʘʨʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʟʘʨʷʜʘ (Eɜq =  
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mɜĀZo = e0
2
) ʠʣʠ ʦʜʠʥ ʵʣʝʤʝʥʪʘʨʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ 

(Eɜg = mɜĀ2chŬ0 = g0), ʛʜʝ g0 = e0
2
 / c0. (ʉʤ. ʪʘʙʣ. 2, ʧʦʟʠʮʠʷ 2).  

ɸʙʩʦʣʶʪʥʦ ʥʝʚʝʨʥʦ ʫʪʚʝʨʞʜʝʥʠʝ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, 

ʙʫʜʪʦ ʥʝʡʪʨʠʥʦ ʵʪʦ ʚʳʩʦʢʦ ʧʨʦʥʠʢʘʶʱʘʷ ʠ ʥʝʫʣʦʚʠʤʘʷ 

ʯʘʩʪʠʮʘ, ʜʘʞʝ ʜʣʷ ʪʦʣʩʪʳʭ ʩʪʝʥ ʩʚʠʥʮʘ, ʪʦʣʱʠʥʦʡ ʚ 

ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ ʜʦ ʃʫʥʳ. ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ ʛʦʚʦʨʠʪ, 

ʯʪʦ ʥʝʡʪʨʠʥʦ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʚʳʩʦʢʦ ʧʨʦʥʠʢʘʶʱʘʷ ʯʘʩʪʠʮʘ, 

ʥʦ ʦʥʘ ʧʦʛʣʦʱʘʝʪʩʷ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʷʜʨʦʤ ʣʶʙʦʡ 

ʧʣʘʥʝʪʘʨʥʦʡ ʩʠʩʪʝʤʳ (ʘʪʦʤʘ, ʧʣʘʥʝʪʳ ʠʣʠ ʟʚʝʟʜʳ) ï ʪʦ ʝʩʪʴ 

ʦʪ ʯʸʨʥʦʡ ʜʳʨʳ ʜʦ ʘʪʦʤʥʦʛʦ ʷʜʨʘ.  

ʂʦʥʬʠʛʫʨʘʮʠʷ ʵʬʠʨʥʦʛʦ ʧʦʣ̫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʥʝʨʛʠʝʡ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʩʣʦ̫ (ʫʨʦʚʥ)̫ ʧʦ ʬʦʨʤʫʣʝ 2n
ǎ
, ʢʘʢ 

ʧʨʦʜʫʢʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʟʘʨʷʜʦʚ, ʚ ʢʘʞʜʦʤ 

ʩʣʦʝ ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ ʧʦʩʪʦʷʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʘʩʩʦʡ-

ʟʘʨʷʜʦʤ ʥʝʡʪʨʠʥʦ  ɜ (mɜ = e0Āg0). (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʫʥʢʪ 71). 

ʇʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʯʘʩʪʠ ʧʦʣʷ ʥʘʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʨʘʜʠʫʩʘ (e0ĀR), ʘ ʧʣʦʪʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʯʘʩʪʠ ʧʦʣʷ ï 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ (g0 / R). (ʉʤ. ʨʠʩ. 10, 

11 ʠ 12). ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʫʤʷ 

ʚʦʣʥʘʤʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ  

ʩʝʪʠ SPG (Spider griyd). ʕʪʦ ʧʦʜʦʙʥʦ ʪʝʦʨʠʠ ʩʪʨʫʥ, ʢʦʪʦʨʦʡ 

ʙʦʣʝʝ 20 ʣʝʪ ʧʨʝʥʝʙʨʝʛʘʶʪ ʧʦ ʧʨʠʯʠʥʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʝ yʧʨʦʪʠʚʥʠʢʦʚ.  

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʝʛʦʜʥʷʰʥʠʤ ʫʨʦʚʥʝʤ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʬʠʟʠʢʠ, ʄʘʪʝʨʠʷ ʙʳʚʘʝʪ ʪʨʸʭ ʚʠʜʦʚ: 

ʘ) ɺʠʜʠʤʘʷ ʤʘʪʝʨʠ,̫ ʩʦʩʪʦʷʱʘ ̫ʠʟ ʵʣʝʢʪʨʦʥʦʚ, ʧʨʦʪʦʥʦʚ 

ʠ ʥʝʡʪʨʦʥʦʚ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʙʘʨʠʦʥʳ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ 

ʣʠʰʴ 4% ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʦʪ ʪʦʛʦ, ʯʪʦ ʠʤʝʝʪʩ ̫ʚʦ ɺʩʝʣʝʥʥʦʡ;  

ʙ) ʊʸʤʥʘʷ ʤʘʪʝʨʠʷ, ʢʦʪʦʨʘʷ ʥʝ ʠʟʣʫʯʘʝʪ ʠ ʥʝ ʧʦʛʣʦʱʘʝʪ 

ʣʶʙʦʡ ʥʦʨʤʘʣʴʥʳʡ ʩʚʝʪ ʠʣʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʦ 

ʚʩʸʤ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ. ʆʥʘ ʩʦʩʪʘʚʣʷʝʪ 22%;  

ʚ) ʦʩʪʘʣʴʥʳʝ 74 ʧʨʦʮʝʥʪʘ ʦʩʪʘʶʪʩʷ ʟʘʛʘʜʢʦʡ ʜʣʷ ʥʘʫʢʠ.  

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʠ ʟʘʛʘʜʦʯʥʳʝ ʩʠʣʳ ï ʛʨʘʚʠʪʘʮʠ-

ʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚʦ ɺʩʝʣʝʥʥʦʡ.  

ʇʦ ɺʝʨʩʘʣʴʥʦʡ ʬʠʟʠʢʝ, ʤʘʪʝʨʠʷ ʚʦ ɺʩʝʣʝʥʥʦʡ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʯʝʪʳʨʭy ʬʦʨʤʘʭ:  
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ʘ) ʢʘʢ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ (mg), ʩ ʝ yʵʢʚʠʚʘʣʝʥʪʦʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ, ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʷʜʨʘʭ ʚʩʝʭ 

ʯʘʩʪʠʮ, ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ ʩʠʩʪʝʤ ʠʟ ʥʠʭ, ʠʟʤʝʨʝʥʥʘʷ ʚ 

ʛʨʘʚʠʪʦʥʚʦʣʴʪʘʭ gV (ʚ ʬʦʨʤʝ ɻʨʘʚʠʪʘʮʠʠ  G);  

ʙ) ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʘ ̫ ʤʘʩʩʘ (mq), ʩ ʝ y ʵʢʚʠʚʘʣʝʥʪʦʤ 

ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚ ʚʠʜʝ ʩʚʝʪʘ ʠ ʠʟʣʫʯʝʥʠʷ ʚʦ ʚʩʤy 

ʜʠʘʧʘʟʦʥʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ, ʠʟʤʝʨʷʝʪʩʷ ʚ 

ʵʣʝʢʪʨʦʥʚʦʣʴʪʘʭ ʵɺ (ʚ ʚʠʜʝ ʕʣʝʢʪʨʠʯʝʩʪʚʘ  Q);  

ʚ) ʢʘʢ ʵʥʝʨʛʠ ̫ʇʨʦʩʪʨʘʥʩʪʚʘ, ʩʦ ʩʚʦʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʷʜʘ ʕʬʠʨʘ  Z0 = e0 /g0, ʠʟʤʝʨʷʝʪʩʷ 

ʚ eVĀgV
-1
. ʂʘʢ ʧʝʨʝʥʦʩʯʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʝʡʪʨʠʥʦ ʠ 

ʘʥʪʠʥʝʡʪʨʠʥʦ ʧʨʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʨʘʚʥʦʚʝʩʠʷ c0);  

ʛ) ʢʘʢ ʵʥʝʨʛʠʷ ʯʨyʥʳʭ ʜʳʨ, ʩ ʠʭ ʵʢʚʠʚʘʣʝʥʪʦʤ çʩʞʘʪʦʡè 

ʵʣʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʳ, ʢʦʪʦʨʘ ̫ʥʝ ʠʟʣʫʯʘʝʪ ʥʠʢʘʢʦʡ 

ʵʥʝʨʛʠʠ. ʕʪʦ çʟʘʧʘʩè (ʨʝʟʝʨʚ) ʤʘʪʝʨʠʠ. ɺ ʩʣʫʯʘʝ 

ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʢʨʘʭʘ ʩʠʩʪʝʤʳ, ʵʪʘ ʵʥʝʨʛʠʷ ʨʦʞʜʘʝʪ ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʦʚʫ  ʁʄʘʪʝʨʠʶ.  

ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʤʠʨ ʙʳ ʠʩʯʝʟ ʥʘʚʩʝʛʜʘ. ʊʘʢ, 

ʩʝʛʦʜʥʷʰʥʷʷ ʤʘʪʝʨʠʷ, ʷʢʦʙʳ, ʨʦʞʜʝʥʘ ʧʦʩʣʝ çɹʦʣʴʰʦʛʦ 

ɺʟʨʳʚʘè. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʙʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣ ʪʘʢʦʡ 

ʚʟʨʳʚ, ʪʦ ʜʦ ʥʝʛʦ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʙʳ ʥʠʢʘʢʦʡ ʜʨʫʛʦʡ 

ɺʩʝʣʝʥʥʦʡ...  

ʏyʨʥʳʝ ʜʳʨʳ ʧʨʠʪʷʛʠʚʘʶʪ ʚʩʝ ʷʜʨʘ, ʢʘʢ ʫʞʝ 

ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʚʩʝ ʯʘʩʪʠʮʳ, ʘʪʦʤʳ ʠ ʩʠʩʪʝʤʳ ʠʟ ʥʠʭ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʯʨyʥʘʷ ʜʳʨʘ ʧʨʠʪʷʛʠʚʘʝʪ ʠ ɿʝʤʣ,ʁ ʠ ʉʦʣʥʮʝ, ʠ 

ʟʚyʟʜr, ʠ ʛʘʣʘʢʪʠʢʠ, ʠ ʚʩʶ ɺʩʝʣʝʥʥʫ.ʁ ʅʘʧʨʠʤʝʨ, ʯʪʦʙʳ 

ʦʙʨʘʟʦʚʘʣʩʷ ɼʝʡʪʝʨʠʡ ʠ ʊʨʠʪʠʡ ï ʥʝʦʙʭʦʜʠʤʦ ʚ ʷʜʨʦ ʇʨʦʪʠ ̫

ʜʦʙʘʚʠʪʴ 1 ʠʣʠ 2 ʥʝʡʪʨʦʥʘ. (ʉʤ. ʨʠʩʫʥʦʢ ˉ 13). ɺʦʧʨʦʩ ʚ ʪʦʤ, 

ʛʜʝ ʦʥʠ ʙʫʜʫʪ ʧʨʠʭʦʜʠʪʴ, ï ʚ çʏʸʨʥʦʡ ʜʳʨʝè (ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʷʜʨʦ ɺʦʜʦʨʦʜʘ ʇʨʦʪʠ)̫? ɸʪʦʤ ʚʦʜʦʨʦʜʘ ʩʦʜʝʨʞʠʪ ʥʝ ʪʦʣʴʢʦ 

ʧʨʦʪʦʥ ʠ ʵʣʝʢʪʨʦʥ, ʥʦ ʠ ʛʨʘʚʠʪʦʥ ɔ, ʢʦʪʦʨʳʡ ʚʨʘʱʘʝʪʩʷ 

ʚʦʢʨʫʛ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʠʧʦʣ ̫ p ź e
-
. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ, 

ʥʠʯʪʦ ʙʳ ʥʝ ʫʜʝʨʞʘʣʦ ʧʨʦʪʦʥ ʠ ʵʣʝʢʪʨʦʥ ʚ ʩʠʩʪʝʤʝ ɺʦʜʦʨʦʜ. 

ɺ ʢʘʞʜʦʤ ʘʪʦʤʝ ï ʠ ʥʝʡʪʨʦʥʳ, ʠ ʧʨʦʪʦʥ,r ʠ ɻʣʝʢʪʨʦʥ r

ʢʨʫʞʘʪ ʧʦ ʩʚʦʠʤ ʦʨʙʠʪʘʤ, ʩʦ ʩʚʦʠʤʠ ʨʘʜʠʫʩʘʤʠ ʦʨʙʠʪ ʠ 

ʦʨʙʠʪʘʣʴʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ,  ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʪʁʩʷ ʯʝʨʝʟ ʦʨ- 
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ʙʠʪʘʣʴʥʡr ʢʦʵʬʬʠʮʠʝʥʪ ka = rorbĀvorb
2
. (ʉʤ. ʪʘʙʣ. ˉ 1, ʧʫʥʢʪʳ 

24, 25, 26). 

 

ɽʜʠʥʳʤ ʥʘʯʘʣʦʤ ʄʘʪʝʨʠʠ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥ ʝ
-
, ï ʩʦ 

ʩʚʦʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʦʡ mg e- , ʵʣʝʢʪʨʠʯʝʩʢʦʡ (ʵʣʝʢʪʨʦʥ-

ʥʦʡ) ʤʘʩʩʦʡ mqe- ʠ ʟʘʨʷʜʦʤ (ʵʥʝʨʛʠʝʡ) e0. ɺʩʝ ʦʩʪʘʣʴʥʳʝ 

ʯʘʩʪʠʮʳ ï ʧʨʦʠʟʚʦʜʥʳʝ (ʵʤʘʥʘʮʠʠ) ʵʣʝʢʪʨʦʥʦʚ, ʢʘʢ  ʠ ʚʩʝ 

ʘʪʦʤʳ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʦʤ ɺʦʜʦʨʦʜʘ ʇʨʦʪʠʡ. ɸʪʦʤʥʳʡ 

ʥʦʤʝʨ ʭʠʤʠʯʝʩʢʦʛʦ ʵʣʝʤʝʥʪʘ ʫʢʘʟʳʚʘʝʪ, ʩʢʦʣʴʢʦ 

ʵʣʝʤʝʥʪʘʨʥʳʭ ʘʪʦʤʦʚ ʚʦʜʦʨʦʜʘ ʩʦʜʝʨʞʠʪ ʪʦʪ ʠʣʠ ʠʥʦʡ 

ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʊʘʙʣʠʮʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ.  

 

ɼʝʬʝʢʪʘ ʤʘʩʩʳ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ɽʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʵʢʚʠʚʘʣʝʥʪʥʘ ̫ (ʨʝʟʝʨʚʥʘ)̫ ʤʘʩʩʘ çʯyʨʥʦʡ ʜʳʨʳè ʚ ʷʜʨʝ 

ʵʣʝʤʝʥʪʦʚ ʠ ʪʝʣ. ʈʝʟʝʨʚʥʘʷ ʤʘʩʩʘ ʚ ʷʜʨʝ ʚʩʝʛʜʘ 2/3 ʦʯʝʚʠʜʥʦʡ, 

ʚʠʜʠʤʦʡ ʤʘʪʝʨʠʠ. ʇʨʠ ʨʘʩʱʝʧʣʝʥʠʠ ʘʪʦʤʥʳʭ ʷʜʝʨ ʦʙʨʘʟʫʝʪʩʷ 

ʚ 3 ʨʘʟʘ ʙʦʣʴʰʝ ʵʥʝʨʛʠʠ, ʯʝʤ ʥʘ ʘʪʦʤʥʳʭ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷʭ. ʅʦ 

ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʚʩʷ ʵʥʝʨʛʠʷ, ʘ 

ʠʟʣʫʯʘʝʪʩʷ ʥʝʡʪʨʠʥʦ ʚ ʧʦʣʝʚʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ, ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʝʟʝʨʚ ʧʦʣʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʥʝʡʪʨʠʥʦ 

ï ʧʨʦʠʟʚʝʜʝʥʠʝ ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ e0 ʠ 

ʵʣʝʤʝʥʪʘʨʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʷʜʘ g0 (mgɜ = e0Āg0 = 

2,856Ā10
-55

 kg). (ʉʤ. ʪʘʙʣʠʮʫ ˉ 1, ʧʦʟ. 71).  

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʠʟʚʝʩʪʥʳʭ 

ʧʦʩʪʦʷʥʥʳʭ ʠ ʧʝʨʝʤʝʥʥʳʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʠʩʧʦʣʴʟʫʝʪ 

ʥʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ ʠ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʠʟʤʝʥʷʶʪ ʥʘʰʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ɺʩʝʣʝʥʥʦʡ. (ʉʤ. ʪʘʙʣ. ˉ 1 ʠ 2).  

ɺʝʨʩʘʣʴʥʘʷ ʬʠʟʠʢʘ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʨʳʭ 

ʢʣʘʩʩʠʯʝʩʢʠʭ ʢʦʥʩʪʘʥʪ ʠ ʧʝʨʝʤʝʥʥʳʭ ʚʤʝʩʪʝ ʩ ʥʦʚʳʤʠ 

ʧʨʝʜʣʦʞʝʥʠʷʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʤʘʩʩʳ 

ʵʣʝʢʪʨʦʥʘ ï ʚ ʪʘʙʣʠʮʝ ˉ 1, ʧʦʟ. 12.  

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʷʜʝʨʥʘʷ ʬʠʟʠʢʘ ʦʧʨʝʜʝʣʷʝʪ 

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʤʘʩʩʫ ʵʣʝʢʪʨʦʥʘ, ʚʝʜʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʧʨʠʥʮʠʧʦʤ ʥʝʦʧʨʝʜʝʣʥyʥʦʩʪʠ ɻʝʡʟʝʥʙʝʨʛʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ (ʢʦʦʨʜʠʥʘʪʳ) 

ʵʣʝʢʪʨʦʥʘ  ʠʣʠ  ʝʛʦ  ʩʢʦʨʦʩʪʠ  ʠ  ʨʘʜʠʫʩ  ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ.  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʣʝʢʪʨʦʥ ʩʯʠʪʘʝʪʩʷ ʜʚʦʡʥʦʡ ʯʘʩʪʠʮʝʡ, ï 

ʢʦʨʧʫʩʢʫʣʦʡ (ʯʘʩʪʠʮʝʡ-ʛʨʘʚʠʪʦʥʦʤ) ʠ ʚʦʣʥʦʡ (ʬʦʪʦʥʦʤ).  

ɻʝʦʨʛʠʡ ɻʘʤʦʚ, ɸ. ʇʝʥʟʠʘʩ ʠ ʈ. ɺʠʣʴʩʦʥ ʚ 1965 ʛʦʜʫ 

ʠʟʫʯʘʚʰʠʝ ʩʚʦʡʩʪʚʘ ʥʝʜʘʚʥʦ ʧʦʩʪʨʦʝʥʥʦʛʦ ʠʤʠ ʧʨʠʙʦʨʘ ʥʘ 

ʥʘʣʠʯʠʝ ʚ ʥʸʤ ʩʦʙʩʪʚʝʥʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʰʫʤʦʚ, ʟʘʤʝʪʠʣʠ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʩʪʦʷʥʥʳʡ ʰʫʤ, ʯʪʦ ʥʝ ʩʚʷʟʘʥʦ ʩ ʢʦʥʩʪʨʫʢʮʠʝʡ 

ʘʥʪʝʥʥʳ ʠʣʠ ɿʝʤʣʠ, ʉʦʣʥʮʘ ʠʣʠ ʜʘʞʝ ʦʪ ʛʘʣʘʢʪʠʯʝʩʢʠʭ 

ʠʩʪʦʯʥʠʢʦʚ. ʕʪʦʪ çh ʫʤè ʷʚʣʷʣʩʷ ʧʦʩʪʦʷʥʥʳʤ ʠ ʧʨʠʭʦʜʠʣ ʚ 

ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʩʦ ʚʩʝʭ ʩʪʦʨʦʥ ʤʠʨʘ, ʚ ʣʶʙʦʝ ʚʨʝʤʷ ʜʥʷ ʠ 

ʛʦʜʘ. ʕʪʦ ʥʝʧʨʝʨʳʚʥʦʝ ʠʟʣʫʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ 

3 ʛʨʘʜʫʩʘ ʚʳʰʝ ʘʙʩʦʣʶʪʥʦʛʦ ʥʫʣʷ (ʪʦ ʝʩʪʴ 3Áʂ). ʀʟʣʫʯʝʥʠʝ 

ʥʘʟʚʘʣʠ ʨʝʣʠʢʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ, çɻ ʭʦʤ ʧʨʦʰʣʳʭ ʵʧʦʭè ʩ 

ʤʦʤʝʥʪʘ çɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘè. ʅʘʟʚʘʥʠʝ ʫʩʣʦʚʥʦʝ.  

ʇʦ ɺʝʨʩʘʣʴʥʦʡ ʬʠʟʠʢʝ çʨʝʣʠʢʪʦʚʦʡ ʪʝʤʧʝʨʘʪʫʨʳè ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ. ɽʩʪʴ ʪʝʤʧʝʨʘʪʫʨʘ ʄʠʨʦʚʦʛʦ ʕʬʠʨʘ, ʦʜʥʦʨʦʜʥʦʛʦ 

ʠ ʠʟʦʪʨʦʧʥʦʛʦ. ɽʛʦ ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʟʳʚʘʝʪʩʷ ʉʧʝʮʠʬʠʯʥʦʡ 

ʊʝʤʧʝʨʘʪʫʨʦʡ ʕʬʠʨʘ  TEtr . 
 

Tɽʪʨ = co
2
/ (kĀchŬo ɽʪʨ) = mg n

2 
 Zo

4
 /(ag ɽʪ

2
Āq p

2
ĀkĀchŬo ɽʪʨ) =  

       = 2,864656023 ÁK, 
 

ʛʜʝ: mg n ï ʛʨʘʚʠʪʘʮʠʦʥʥʘ ̫ ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ; Zo ï 

ʣɻʝʤʝʥʪʘʨʥʳʡ ʣɻʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ ʕʬʠʨʘ; agɿʝʤ ï 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ɿʝʤʣʠ; qp ï ʵʣʝʤʝʥʪʘʨʥʳʡ 

ʣɻʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʦʪʦʥʘ; k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʮʤʘʥʘ; chŬo Eth 

ï ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʢʦʩʠʥʫʩ ʫʛʣʘ ɻʣʝʢ-ʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠ ̫ʚ ʄʠʨʦʚʦʤ ʕʬʠʨʝ. 

 

ʅʘʢʦʥʝʮ, ʚ ʟʘʢʣʶʯʝʥʠʝ ʷ ʭʦʯʫ ʩʢʘʟʘʪʴ, ʯʪʦ ɺʝʨʩʘʣʴʥʘʷ 

ʬʠʟʠʢʘ ʟʘʣʦʞʠʣʘ ʦʩʥʦʚʳ ʪʝʦʨʠʠ ʦʙʲʝʜʠʥʝʥʠ ̫ʤʠʢʨʦ- ʠ 

ʤʘʢʨʦʤʠʨʘ, ʠ ʯʪʦ ʧʨʦʮʝʩʩʳ ʠ ʷʚʣʝʥʠʷ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʝ 

ʩʣʝʜʫʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʪʦʣʴʢʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ "ʤʝʜʘʣʠ", 

ʪʦʣʴʢʦ ï ʢʘʢ ɻʣʝʢʪʨʦʤʘʛʥʝʪʠʟʤʘ ʠʣʠ ʪʦʣʴʢʦ ï ʢʘʢ 

ʛʨʘʚʠʪʘʮʠʠ.  
ʊʦʣʴʢʦ ʚʟʛʣʷʜ ʩ ʦʙʝʠʭ ʩʪʦʨʦʥ ʜʘʩʪ ʥʘʤ ʪʦʯʥʫʶ ʠ ʷʩʥʫʶ 

ʢʘʨʪʠʥʫ ʤʠʨʘ. 
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ʅʦʚʳʝ ʧʦʩʪʦʷʥʥʳʝ ʠ ʧʝʨʝʤʝʥʥʳʝ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʣʘʩʩʠʯʝʩ-

ʢʠʤʠ ʧʨʠʚʝʜʝʥʳ ʚ ʥʠʞʝʩʣʝʜʫʶʱʠʭ ʪʘʙʣʠʮʘʭ ʠ ʨʠʩʫʥʢʘʭ: 

 

Å ʊʘʙʣʠʮʘ ˉ 1 ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʘʥʪ ʠ ʚʝʣʠʯʠʥ, ʜʘʥʥʭr ʚ 

ʢʣʘʩʠʯʝʩʢʦʤ, ʣɻʝʢʪʨʦʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʠ ʦʙʝ̡ʜʠʥʥyʥʦʤ 

ʚʘʨʠʘʥʪʝ;  

 

Å ʊʘʙʣʠʮʘ ˉ 2 ʧʣʘʥʝʪʘʨʥʳʭ s, p, d, f, g ʢʚʘʥʪʦʚʳʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ ʉʦʣʥʝʯʥʦʡ ʩʠʩʪʝʤ;r  

 

Å ʊʘʙʣʠʮʘ ˉ 3, ʦʙ̡ʝʜʠʥʷʶʱʘʷ ʣɻʝʤʝʥʪʘʨʥʳʝ ʯʘʩʪʠʮ r

ʠ ʭʠʤʠʯʝʩʢʠʝ ʣɻʝʤʝʥʪʳ ʊʘʙʣʠʮʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ; 

 

Å ɻʨʘʬʠʢʠ ʠ ʯʝʨʪʝʞʠ ʦʪ ˉ 1 ʜʦ ˉ 13.  
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Grand United Theory (GUT) 
ʋʩʣʦʚʠʷ ʦʙʝ̡ʜʠʥʝʥʠʷ ʤʠʢʨʦ- ʠ ʤʘʢʨʦʟʘʢʦʥʦʚ ʚ 

ʇʨʠʨʦʜʝ 

 

1.  mg nĀmq e- = ag ErtĀmg e-Āq p, 
 

ʛʜʝ:      mg n ï ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ ʥʝʡʪʨʦʥʘ; 

mq e- ï ʕʣʝʢʪʨʠʯʝʩʢʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; 

ag Ert  ï ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ɿʝʤʣʠ; 

mg e- ï ɻʨʘʚʠʪʘʮʠʦʥʥʘʷ ʤʘʩʩʘ ʵʣʝʢʪʨʦʥʘ; 

q p ï ʕʣʝʤʝʥʪʘʨʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʧʨʦʪʦʥʘ 

 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ: 

mg n =  ag ErtĀmg e-Āqp / mq e- = ag ErtĀqp / go =1,674944Ā10
-27

  kg; 

mq e- = mg e-Āag ErtĀq p / mg n = 5,1100329Ā10
5
  kg ; 

ag Ert  = mg nĀmq p /(mg e-Āq p) = 9,808865998  mĀs
-2
 ; 

mg e- = mq e-Āmg p / mq p = mg nĀmq e- /(ag ErtĀq p) = 9,109534Ā10
-31

 kg; 

q p = mg nĀmq e- /(ag ErtĀmg e-) = 9,5787528.10
7
  eVĀkg

-1
; 

 

2.   mg e-Āmq p = mq e-Āmg p. 
 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ: 

mg e- = mq e-Āmg p / mq p = mq e- /(ag ErtĀq p) = 9,109534Ā10
-31

  kg; 

mq p = mq e-Āmg p /mg e-  = 9,3827967Ā10
8
   kg ; 

mq e- = mg e-Āmq p / mg p = 5,1100329Ā10
5
   kg ; 

mg p = mg e-Āmq p / mq e- = 1,6726488Ā10
-27

  kg. 
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ɸʥʛʝʣ ɸʪʘʥʘʩʦʚʠʯ ʀʚʘʥʦʚ, ï ʠʥʞʝʥʝʨ-ʬʠʟʠʢ, 

ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʯʣʝʥ ʙʦʣʛʘʨʩʢʦʛʦ ʦʙʱʝʩʪʚʘ çʄʫʜʨʦʤʝʨè, 

ʯʣʝʥ ɹʦʣʛʘʨʩʢʦʡ ʋʬʦʣʦʛʠʯʝʩʢʦʡ ɸʩʩʦʮʠʘʮʠʠ, ʘʚʪʦʨ ʩʪʘʪʴʠ 

çɺʚʝʜʝʥʠʝ ʚ ɺʝʨʩʘʣʴʥʫʶ ʬʠʟʠʢʫè, 04.10.2010 ʛ. 
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ʅɸʄɸɻʅʀʏɽʅʅʆʉʊʔ ʕʃɽʂʊʈʆʇʈʆɺʆɼʅʀʂɸ 
 

ʂʫʟʥʝʮʦʚ ʖ.ʅ. 

(ʈʦʩʩʠʷ) 

 
 

ʇʦʪʝʥʮʠʘʣʴʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ (ʇʄʇ) ʧʝʨʝʩʪʘʣʦ ʙʳʪʴ 

ʜʣ̫ ʥʘʫʯʥʦʛʦ ʩʦʦʙʱʝʩʪʚʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠʜʝʝʡ. ɺ 2009 ʛʦʜʫ 

ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʥʘʨʫʞʠʣʠ ʚ ʩʧʠʥʦʚʦʤ ʣʴʜʝ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʢʦʣʣʝʢʪʠʚʳ ʠʟ ɻʝʨʤʘʥʠʠ ʠ ɸʥʛʣʠʠ [1]. 

ʆʙʦʩʥʦʚʘʥʥʦʡ ʩʪʘʣʘ ʟʘʜʘʯʘ ʦ ʚʩʝʩʪʦʨʦʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʧʦʣʷ, ʦ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʷʭ ʝʛʦ ʚ 

ʧʨʘʢʪʠʢʝ. ʄʠʥʠʚʢʨʘʧʣʝʥʠʷ ʚ ʩʧʠʥʦʚʦʤ ʣʴʜʝ ʜʣʷ ʵʪʦʛʦ ʥʝ 

ʛʦʜʷʪʩʷ.  

ɺ 1995 ʛʦʜʫ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʩʪʘʪʴʷ ʦ ʙʝʟʚʠʭʨʝʚʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ [2], ʚʢʣʶʯʘʶʱʘʷ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʤʘʛʥʠʪʦʩʪʘʪʠʢʠ ʩ ʇʄʇ. ʉʦʟʜʘʥʳ ʧʨʦʪʠʚʦʪʦʢʦʚʳʝ ʠʩʪʦʯʥʠʢʠ 

[3,4] ʠ ʚʳʷʚʣʝʥʳ ʥʝʢʦʪʦʨʳʝ ʩʚʦʡʩʪʚʘ ʇʄʇ. 

ʆʜʥʦ ʠʟ ʩʚʦʡʩʪʚ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʚʦʟʚʨʘʱʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʵʥʝʨʛʠʠ ʚ ʠʩʪʦʯʥʠʢ ʩ ʩʦʚʤʝʱʸʥʥʳʤʠ 

ʧʨʦʪʠʚʦʪʦʢʘʤʠ. ɺʝʢʪʦʨʳ ʥʘʧʨʷʞʸʥʥʦʩʪʠ ʇʄʇ (ʅʇʄʇ), 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʦʪʠʚʦʪʦʢʘʤʠ ʚ ʢʦʘʢʩʠʘʣʴʥʦʤ ʢʘʙʝʣʝ, ʠʤʝʝʪ 

ʨʘʜʠʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʢ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʚʦʜʫ ʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʧʣʸʪʢʝ (ʈʠʩ.1). ʇʄʇ ʥʝ ʤʦʞʝʪ ʫʤʝʥʴʰʘʪʴʩʷ 

ʧʦʩʣʝ ʦʙʝʩʪʦʯʠʚʘʥʠʷ ʢʘʙʝʣʷ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʩʧʦʩʦʙʥʦ ʥʘʚʝʩʪʠ 

ʵʣʝʢʪʨʦʜʚʠʞʫʱʫʶ ʩʠʣʫ ʚʜʦʣʴ ʧʨʦʚʦʜʥʠʢʦʚ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʝʥʦ ʯʪʦ, ʦʩʪʘʚʘʷʩʴ ʩʪʘʮʠʦ-

ʥʘʨʥʳʤ, ʦʥʦ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʤ ʤʘʪʝʨʠʘʣʝ 

ʢʘʙʝʣʷ ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʦʢʦʣʦ ʥʝʛʦ ʚ ʪʝʯʝʥʠʝ 30ï40 ʤʠʥʫʪ.  
 

 
 

 
 

                                                       ʅʎʆ 

 

                                                                     ʅʇʄʇ 
 

                                                       ʅʎʇ  

                                           ʈʠʩ.1 
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ɼʨʫʛʠʤ ʩʚʦʡʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ ʧʦʣʝʡ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ (+m) ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ (-m) 

ʤʘʛʥʠʪʥʳʭ ʧʩʝʚʜʦʟʘʨʷʜʦʚ ʩ ʜʚʠʞʫʱʠʤʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʟʘʨʷʜʦʤ. ɺ ʪʘʙʣʠʮʝ 1 ʩʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʦʛʦ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ, ʣʦʛʠʯʝʩʢʠ ʩʣʝʜʫʶʱʠʝ ʠʟ [2, ʈʠʩ.3ɹ]. 
 

                                                                       ʊʘʙʣʠʮʘ 1 
 

 

 -m 

              

      ɺ       -v 

 

 

          -q 

ʆʪʪʘʣʢʠʚʘ-

ʥʠʝ 

 

 -m 

              -q 

     ɺ  
 

             +v 

 

ʇʨʠʪʷʛʠʚʘ-

ʥʠʝ 

 

 +m  
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ʆʪʪʘʣʢʠ-

ʚʘʥʠʝ 

ʊʦʨʤʦʞʝʥʠʝ ʟʘʨʷʜʘ ʋʩʢʦʨʝʥʠʝ ʟʘʨʷʜʘ 

 

ʋʩʢʦʨʷʝʪʩʷ ʜʚʠʞʫʱʠʡʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʣʝʢʪʨʠʯʝʩʢʠʡ 

ʟʘʨʷʜ ʧʦʣʝʤ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʩʝʚʜʦʟʘʨʷʜʘ, ʘ 

ʪʦʨʤʦʟʠʪʩʷ ʧʦʣʝʤ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ï ʚʥʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʠʣʠ ʧʨʦʪʠʚʦʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʠ (V) ʠ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ (ɺ). 

ɺʳʧʦʣʥʷʝʪʩʷ ʧʨʘʚʠʣʦ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʧʨʠʪʷʛʠʚʘʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʢ ʤʘʛʥʠʪʥʦʤʫ ʧʩʝʚʜʦʟʘʨʷʜʫ ʧʨʦʠʩ-

ʭʦʜʠʪ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʤʥʦʞʝʥʠʷ ʠʭ 

ʟʥʘʢʦʚ ʠ ʟʥʘʢʘ ʩʢʦʨʦʩʪʠ. ʆʪʪʘʣʢʠʚʘʥʠʝ ï ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʦʤ 

ʨʝʟʫʣʴʪʘʪʝ. ɿʥʘʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʩʝʚʜʦʟʘʨʷʜʘ ʠ ʩʢʦʨʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ 

ʧʨʦʪʠʚʦʪʦʢʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷʶʱʝʛʦʩʷ ʮʝʥʪʨʦʤ ʚʳʜʝʣʝʥ-

ʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʸʪʘ. 

ɺ ʩʪʘʪʴʝ [5] ʧʨʝʜʣʦʞʝʥʦ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʯʠʥʳ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʚʢʨʘʧʣʝʥʠʡ ʇʄʇ ʚ ʩʧʠʥʦʚʦʤ ʣʴʜʝ. ʀʩʪʦʯʥʠʢ ʚ ʚʠʜʝ 

ʦʜʠʥʦʯʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʤʠʢʨʦʤʦʤʝʥʪʘ, ʦʙʣʘʜʘʶʱʠʡ ʦʜʥʦʦʩ- 




