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 Physical and mathematical sciences 

ʌʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʢʠ 

 

 

ʋɼʂ 530.1 

 

ʅʆɺɸʗ ʈɽʃʗʊʀɺʀʉʊʉʂɸʗ ʊɽʆʈʀʗ ʇʈʆʉʊʈɸʅʉʊɺɸ-ɺʈɽʄɽʅʀ 
 

 
ɸ.ɺ. ʄʘʤʘʝʚ, ʢʘʥʜʠʜʘʪ ʪʝʭʥʠʯʝʩʢʠʭ ʥʘʫʢ, ʥʘʯʘʣʴʥʠʢ ʙʶʨʦ 

ʅʇʆ çʃʠʘʥʦʟʦʚʩʢʠʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʡ ʟʘʚʦʜè (ʄʦʩʢʚʘ), ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ʇʨʝʜʣʦʞʝʥʘ ʥʦʚʘʷ ʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʪʝʦʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ (ʅʈʊʇɺ), ʦʩʥʦʚʘʥʥʘʷ 

ʥʘ ʝʜʠʥʩʪʚʝʥʥʦʤ ʧʨʠʥʮʠʧʝ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ɺʚʝʜʝʥʦ ʧʦʥʷʪʠʝ "ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨ-

ʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʀʉʆ)", ʟʘʚʠʩʷʱʘʷ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʀʉʆ ʧʦ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʫʣʝ. ʕʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʜʘʪʴ ʥʦʚʦʝ ʠ ʝʜʠʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʪʘʢʠʤ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ, ʢʘʢ ʤʠʢʨʦʚʦʣʥʦʚʦʝ 

ʬʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʦʚ ʜʘʣʝʢʠʭ ʟʚʝʟʜ, ʥʦʚʳʝ ʠ ʩʚʝʨʭʥʦʚʳʝ ʟʚʝʟʜʳ, ʧʫʣʴʩʘʨʳ, ʦʙʲʝʢʪ SS-

433 ʠ ʜʨ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥ ʅʈʊʇɺ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʠʥʚʘʨʠʘʥʪʥʦʩʪʴ ʯʝʪʳʨʝʭʤʝʨʥʦʛʦ ʠʥ-

ʪʝʨʚʘʣʘ, ʧʦʟʚʦʣʷʶʪ ʚʳʷʚʠʪʴ ʠʩʪʠʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ: ʩʦʢʨʘʱʝʥʠʝ ʠʭ ʧʨʦʜʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʙʝʟ 

ʦʪʩʪʘʚʘʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʪ ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ, ʙʝʟ ʟʘʧʨʝʪʘ ʩʚʝʨʭʩʚʝʪʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠʷ ʠ ʙʝʟ 

ʟʘʚʠʩʠʤʦʩʪʠ ʤʘʩʩʳ ʦʪ ʩʢʦʨʦʩʪʠ, ʥʦ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ. ʇʨʠʚʝʜʝʥʦ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʤʶʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ ʠ ʧʨʝʜʣʦʞʝʥ ʢʦʤʤʝʨ-

ʯʝʩʢʠ ʚʳʛʦʜʥʳʡ ʩʧʦʩʦʙ ʭʦʣʦʜʥʦʛʦ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ - ʢʘʪʘʣʠʟ ʵʣʝʢʪʨʦʥʘʤʠ ʩʦ ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʦʚʘʷ ʪʝʦʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ 

ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʨʷʜʘ ʯʘʩʪʠʮʳ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ, 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʤʶʦʥ-ʵʣʝʢʪʨʦʥʥʦʡ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʢʦʤʤʝʨʯʝʩʢʠ ʚʳʛʦʜʥʳʡ 

ʩʧʦʩʦʙ ʭʦʣʦʜʥʦʛʦ ʷʜʝʨʥʦʛʦ ʩʠʥʪʝʟʘ.  

 

1. ɺɺɽɼɽʅʀɽ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ), ʩʦʟʜʘʥʥʘʷ ʃʦʨʝʥʮʝʤ [66], ʇʫʘʥʢʘʨʝ [67], 

ʕʡʥʰʪʝʡʥʦʤ [68], ʄʠʥʢʦʚʩʢʠʤ [2, 69] (ʧʝʨʝʚʦʜʳ ʨʘʙʦʪ [66]...[69] ʠʤʝʶʪʩʷ ʚ [3]) ʠ ɸ. ɸ. ʃʦʛʫʥʦʚʳʤ [4], ʩʥʦʚʘ ʟʘʥʠ-

ʤʘʝʪ ʩʨʝʜʠ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ ʪʝʦʨʠʡ ʦʩʦʙʦʝ ʧʦʣʦʞʝʥʠʝ - ʦʥʘ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʥʘʫʯʥʦʡ ʪʝʦʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ, ʧʨʠʟʥʘʥʥʦʡ ʙʦʣʴʰʠʥʩʪʚʦʤ ʬʠʟʠʢʦʚ. 

ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʧʦʩʣʝʜʥʝʡ ʥʘʫʯʥʦʡ ʪʝʦʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʯʠʪʘʣʘʩʴ ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ (ʆʊʆ). ʅʦ ʢʘʢ ʧʦʢʘʟʘʣ ɸ. ɸ. ʃʦʛʫʥʦʚ [4], ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩʧʨʘʚʝʜʣʠʚʘ ʥʝ ʪʦʣʴʢʦ 

ʜʣʷ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ (ʀʉʆ), ʥʦ ʪʘʢʞʝ ʠ ʜʣʷ ʥʝʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ. ʇʦʵʪʦʤʫ ʧʨʦʠʟʚʝ-

ʜʝʥʥʦʝ ɸ. ɸ. ʃʦʛʫʥʦʚʳʤ ʨʘʩʰʠʨʝʥʠʝ ʉʊʆ ʥʘ ʥʝʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʚʝʨʥʫʣʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ ʩʪʘʪʫʩ ʧʦʩʣʝʜʥʝʡ ʥʘʫʯʥʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʝʜʥʠʡ ʢʨʘʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʠʤʝʶʱʠʭ ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘʰʠʭ ʩʘʤʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ, ʫʞʝ 

ʧʝʨʝʤʝʩʪʠʣʩʷ ʩ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʘ ʩʧʝʮʠʘʣʴʥʫʶ ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʉʦʛʣʘʩʥʦ ʥʘʫʯʥʦʡ ʪʝʦʨʠʠ ʧʦʟʥʘʥʠʷ ʨʘʟʚʠʪʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʪʝʦʨʠʡ ʧʨʦʠʩʭʦʜʠʪ ʧʫʪʝʤ ʧʨʝʦʜʦʣʝʥʠʷ 

ʧʨʦʪʠʚʦʨʝʯʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʥʷʪʠʡ ʧʦʜ ʚʣʠʷʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ 

ʯʝʣʦʚʝʢʘ. 

ɺ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʷʚʣʷʶʪʩʷ "ʢʦʦʨʜʠʥʘʪʳ ʩʦʙʳʪʠʷ" (ʧʦʣʦʞʝʥʠʝ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ ʪʦʡ ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʩʦʙʳʪʠʝ ʧʨʦʠʩʭʦʜʠʪ) ʠ "ʚʨʝʤʷ ʩʦʙʳʪʠʷ" (ʚʨʝʤʝʥʥʘʷ ʢʦʦʨʜʠʥʘʪʘ ʩʦʙʳʪʠʷ). 

ɺ ʩʪʘʪʴʝ 1905 ʛ. [68] ɸ. ʕʡʥʰʪʝʡʥ ʜʘʣ ʪʘʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʶ "ʚʨʝʤʷ ʩʦʙʳʪʠʷ": 

"Die "Zeit" eines Ereignisses ist die mit dem Ereignis gleichzeitige Angabe einer am Orte des Ereignisses be-

findlichen, ruhenden Uhr, welche mit einer bestimmten, ruhenden Uhr, und zwar f¿r alle Zeitbestimmungen mit der 

nªmlichen Uhr, synchron lªuft". 

ɺ ʧʝʨʝʚʦʜʝ ʥʘ ʨʫʩʩʢʠʡ ʷʟʳʢ ʦʥʦ ʟʚʫʯʠʪ ʪʘʢ [1]: 

çɺʨʝʤʷ ʩʦʙʳʪʠʷè ï ʵʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩ ʩʦʙʳʪʠʝʤ ʧʦʢʘʟʘʥʠʝ ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚ 

ʤʝʩʪʝ ʩʦʙʳʪʠʷ ʠ ʢʦʪʦʨʳʝ ʠʜʫʪ ʩʠʥʭʨʦʥʥʦ ʩ ʥʝʢʦʪʦʨʳʤʠ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʢʦʷʱʠʤʠʩʷ ʯʘʩʘʤʠ, ʧʨʠʯʝʤ ʩ ʦʜʥʠ-

ʤʠ ʠ ʪʝʤʠ ʞʝ ʯʘʩʘʤʠ ʧʨʠ ʚʩʝʭ ʦʧʨʝʜʝʣʝʥʠʷʭ ʚʨʝʤʝʥʠè. 

ʅʦ ʨʘʟʚʠʪʠʝ ʵʣʝʢʪʨʦʥʠʢʠ ʠ ʤʘʩʩʦʚʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʣʝʢʪʨʦʥʥʳʭ ʮʠʬʨʦʧʦʢʘʟʳʚʘʶʱʠʭ ʯʘʩʦʚ ʧʨʠʚʝʣʦ ʢ 

ʦʩʦʟʥʘʥʠʶ ʪʦʛʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩ ʩʦʙʳʪʠʝʤ ʧʦʢʘʟʘʥʠʝ ʯʘʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʚʩʝʛʦ ʣʠʰʴ ʥʘʙʦʨ ʮʠʬʨ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʬʦʪʦʛʨʘʬʠʨʦʚʘʚ ʧʦʢʘʟʘʥʠʝ ʯʘʩʦʚ ʚ ʢʘʢʦʡ-ʥʠʙʫʜʴ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʤʳ ʩʤʦʞʝʤ ʟʘʬʠʢʩʠʨʦ-

ʚʘʪʴ ʥʘ ʩʥʠʤʢʝ ʣʠʰʴ ʥʘʙʦʨ ʧʦʢʘʟʳʚʘʝʤʳʭ ʯʘʩʘʤʠ ʮʠʬʨ. ʏʪʦʙʳ ʩ ʧʦʤʦʱʴʶ ʯʘʩʦʚ ʦʧʨʝʜʝʣʠʪʴ ʚʨʝʤʷ ʩʦʙʳʪʠʷ, ʥʘʤ 

                                                           
 É ʄʘʤʘʝʚ ɸ.ɺ. / Mamaev A.V., 2014 
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ʩʥʘʯʘʣʘ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʝʚʨʘʪʠʪʴ ʧʦʢʘʟʳʚʘʝʤʳʡ ʯʘʩʘʤʠ ʥʘʙʦʨ ʮʠʬʨ ʚ ʙʝʟʨʘʟʤʝʨʥʦʝ ʯʠʩʣʦ, ʘ ʟʘʪʝʤ ʤʳʩʣʝʥʥʦ 

ʫʤʥʦʞʠʪʴ ʵʪʦ ʙʝʟʨʘʟʤʝʨʥʦʝ ʯʠʩʣʦ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʵʪʠʤʠ ʯʘʩʘʤʠ.  

 

 
 

ʈʠʩ. 1.1. ʌʦʪʦʛʨʘʬʠʷ ʮʠʬʝʨʙʣʘʪʘ ʩʪʨʝʣʦʯʥʳʭ ʯʘʩʦʚ 

 
 

ʈʠʩ. 1.2. ʌʦʪʦʛʨʘʬʠʷ ʮʠʬʝʨʙʣʘʪʘ ʵʣʝʢʪʨʦʥʥʳʭ ʯʘʩʦʚ 

 

ʂʘʢ ʙʳ ʥʘʤ ʵʪʦʛʦ ʥʠ ʭʦʪʝʣʦʩʴ, ʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʥʘ ʬʦʪʦʛʨʘʬʠʯʝʩʢʦʤ ʩʥʠʤʢʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʦ ʚʨʝʤʝʥʠ 

ʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʝʜʠʥʠʮʝʡ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʵʪʠʭ ʯʘʩʦʚ, - ɻ ʪʦ ʥʘʤ ʥʝ ʫʜʘʩʪʩʷ. 

ɸ ʧʦʜ ʧʦʥʷʪʠʝʤ "ʚʨʝʤʷ ʩʦʙʳʪʠʷ", ʦʙʦʟʥʘʯʘʝʤʳʤ ʯʘʱʝ ʚʩʝʛʦ ʩʠʤʚʦʣʦʤ t, ʢʦʪʦʨʦʝ ʚʭʦʜʠʪ ʚʦ ʤʥʦʛʠʝ ʫʨʘʚʥʝʥʠʷ 

ʬʠʟʠʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʠʟʚʝʩʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ [1] 

 

                                0 0 0' ( ), ' ( ), ' , ' ,c t c t x x x c t y y z zg b g bÖ = Ö Ö - Ö = Ö - Ö Ö = =                   (1.1) 

 

ʛʜʝ     V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ; x, y, z; ʭ', ʫ', z' ï ʧʨʦ-ʩʪʨʘʥʩʪʚʝʥʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʦʜʥʦ-

ʛʦ ʠ ʪʦʛʦ ʞʝ ʩʦʙʳʪʠʷ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʀʉʆ ï ʥʝ ʰʪʨʠʭʦʚʘʥʥʦʡ ʠ ʰʪʨʠʭʦʚʘʥ-ʥʦʡ; ʧʦʜ ʩʠʤʚʦʣʘʤʠ t ʠʣʠ tô ʠʩʧʦʢʦʥ 

ʚʝʢʦʚ ʧʦʥʠʤʘʣʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ (ʥʘʧʨʠʤʝʨ, "ʨʦʞʜʝʥʠʝʤ ʀʠʩʫʩʘ ʍʨʠ-

ʩʪʘ") ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʤ ʩʦʙʳʪʠʝʤ, ʨʘʚʥʳʡ ʧʨʦʠʟʚʝʜʝʥʠʶ ʙʝʟʨʘʟ-ʤʝʨʥʦʛʦ ʯʠʩʣʘ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʝʜʠʥʠʮʳ ʠʟ-

ʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ, ʪʦ ʝʩʪʴ 

 

                                                      { } [ ],t t t= Ö     ' { '} [ '],t t t= Ö                                                           (1.2) 

 

ʛʜʝ { }t ʠ { '}t ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ (ʧʦʢʘʟʘʥʠʷ ʯʘʩʦʚ); [ ]t ʠ [ ']t  ʷʚʣʷʶʪʩʷ ʩʠʤʚʦʣʘʤʠ ʝʜʠʥʠʮ ʠʟ-

ʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ. 

ɻʦʚʦʨʷʪ, ʯʪʦ ʩʠʤʚʦʣʘʤʠ t  ʠ 't , ʘ ʪʘʢʞʝ [ ]t ʠ [ ']t  ʚ ʚʳʨʘʞʝʥʠʷʭ (1.2) ʦʙʦʟʥʘʯʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ 

(ʬʠʟʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʠʟʚʝʜʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʯʠʩʣʘ ʥʘ ʝʜʠʥʠʮʫ 

ʠʟʤʝʨʝʥʠʷ ʵʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ) [5]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʧʦʥʷʪʠʷ "ʧʦʢʘʟʘʥʠʝ ʯʘʩʦʚ" ʠʟ ʧʦʥʷʪʠʷ "ʚʨʝʤʷ ʩʦʙʳʪʠʷ", ʦʧʨʝʜʝ-

ʣʸʥʥʦʛʦ ʕʡʥʰʪʝʡʥʦʤ ʚ [1] ʢʘʢ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩ ʩʦʙʳʪʠʝʤ ʧʦʢʘʟʘʥʠʝ ʯʘʩʦʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʝʩʪʝ ʩʦʙʳʪʠʷ, ʧʦʣ-

ʥʦʩʪʴʶ ʠʩʢʣʶʯʝʥʳ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ. 

ʏʪʦ ʪʦʛʜʘ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʧʦʜ ʩʠʤʚʦʣʘʤʠ tʠ 't  ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ? ʉʣʝʜʫʝʪ ʣʠ ʧʦʥʠʤʘʪʴ 

ʧʦʜ ʵʪʠʤʠ ʩʠʤʚʦʣʘʤʠ ʬʠʟʠʯʝʩʢʠʝ ʚʝʣʠʯʠʥʳ ʠʣʠ ʧʦʜ ʩʠʤʚʦʣʘʤʠ tʠ 't  ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ ʩʣʝʜʫʝʪ 

ʧʦʜʨʘʟʫʤʝʚʘʪʴ ʙʝʟʨʘʟʤʝʨʥʳʝ ʯʠʩʣʘ? 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʜ ʩʠʤʚʦʣʘʤʠ t  ʠ 't  ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʬʠʟʠʯʝʩʢʠʝ 

ʚʝʣʠʯʠʥʳ. ʅʦ ʪʦʛʜʘ ʢ ʯʝʤʫ ʩʣʝʜʫʝʪ ʦʪʥʦʩʠʪʴ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʞʠʪʝʣʴ ʚ ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦ-

ʨʝʥʮʘ ʬʦʨʤʫʣʝ 
 

                                                                          
2 2

0{ '} [ '] { } [ ] 1 / ,t t t t V cÖ = Ö Ö -                                                               (1.3) 

 

ʛʜʝ 0c  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ,  V  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʀʉʆ? 

ɽʩʣʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʞʠʪʝʣʴ ʦʪʥʦʩʠʪʴ ʢ ʙʝʟʨʘʟʤʝʨʥʳʤ ʯʠʩʣʘʤ, ʧʦʣʫʯʠʤ ʜʚʘ ʨʘʚʝʥʩʪʚʘ 

 

                                                2 2

0{ '} { } 1 / , [ '] [ ].t t v c t t= Ö - =                                                           (1.4) 

 

ɸ ʝʩʣʠ ʨʝʣʷʪʠʚʠʩʪʩʢʠʡ ʤʥʦʞʠʪʝʣʴ ʦʪʥʝʩʪʠ ʢ ʝʜʠʥʠʮʝ ʚʨʝʤʝʥʠ, ʚʤʝʩʪʦ (1.4) ʧʦʣʫʯʠʤ ʜʚʘ ʜʨʫʛʠʭ ʨʘ-

ʚʝʥʩʪʚʘ 
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                                                2 2

0{ '} { }, [ '] [ ] 1 / .t t t t v c= = Ö -                                                             (1.5) 

 

ɻʦʚʦʨʷʪ, ʯʪʦ ʙʳʣʦ ʙʳ ʧʨʘʚʠʣʴʥʝʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʧʨʘʚʝʜʣʠʚʳ ʬʦʨʤʫʣʳ (1.4). ɺʝʜʴ ʝʩʣʠ ʩʧʨʘʚʝʜʣʠʚʳʤʠ 

ʩʯʠʪʘʪʴ ʬʦʨʤʫʣʳ (1.5), ʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʕʡʥʰʪʝʡʥʘ ʦʙ ʦʪʩʪʘʚʘʥʠʠ ʧʦʢʘʟʘʥʠʡ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʦʪ ʧʦʢʘʟʘʥʠʡ 

ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ ʦʢʘʞʝʪʩʷ ʦʰʠʙʦʯʥʳʤ. ʀʙʦ ʩʦʛʣʘʩʥʦ ʧʝʨʚʦʤʫ ʨʘʚʝʥʩʪʚʫ ʠʟ ʬʦʨʤʫʣ (1.5) ʠʤʝʝʤ { '} { }t t= , ʪʦ 

ʝʩʪʴ ʧʦʢʘʟʘʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʦʚ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʢʘʟʘʥʠʷʤʠ ʧʦʢʦʷʱʠʭʩʷ ʯʘʩʦʚ. 

ʅʦ ʝʩʣʠ ʩʯʠʪʘʪʴ ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʬʦʨʤʫʣʳ (1.4), ʪʦ ʢʘʢ ʦʙʲʷʩʥʠʪʴ ʯʪʦ ʦʜʠʥ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʧʨʠ-

ʥʷʪʳʡ ʟʘ ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ) ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʦʜʥʦʡ ʀʉʆ ʢ ʜʨʫʛʦʡ ʀʉʆ ʧʦʜʯʠʥʷʝʪʩʷ ʦʜʥʦʡ ʬʦʨʤʫʣʝ 

(ʬʦʨʤʫʣʝ [ '] [ ]t t=  - ʚʪʦʨʦʡ ʬʦʨʤʫʣʝ ʠʟ ʜʚʫʭ ʬʦʨʤʫʣ (1.4)), ʘ ʜʨʫʛʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʩʦʛʣʘʩʥʦ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷʤ ʃʦʨʝʥʮʘ ʧʦʜʯʠʥʷʝʪʩʷ ʩʦʚʝʨʰʝʥʥʦ ʜʨʫʛʦʡ ʬʦʨʤʫʣʝ 
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0' 1 /t t v cD =D Ö - ,                                                                   (1.6) 

 

ʛʜʝ 'tD  ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʦʜʥʦʡ ʀʉʆ, tD  ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʜʨʫʛʦʡ ʀʉʆ. ʌʦʨʤʫʣʘ (1.6) ʚʳʪʝ-

ʢʘʝʪ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʉʊʆ. 

ɿʜʨʘʚʳʡ ʩʤʳʩʣ ʧʦʜʩʢʘʟʳʚʘʝʪ ʥʘʤ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ [ ']t  ʠ [ ]t ʜʦʣʞʥʘ ʙʳʪʴ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ, ʢʘʢ ʠ ʩʚʷʟʴ 

ʤʝʞʜʫ 'tD ʠ tD. ʅʦ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʵʪʦʛʦ ʥʝʪ. ʂʘʢ ʙʳʪʴ? 

ʄʦʞʥʦ, ʢʦʥʝʯʥʦ ʞʝ, ʧʦʩʨʘʤʠʪʴ ʟʜʨʘʚʳʡ ʩʤʳʩʣ. ɸ ʤʦʞʥʦ ʧʦʧʳʪʘʪʴʩʷ ʥʘʡʪʠ ʪʘʢʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʝʩʣʠ [ '] ([ ])t f t= , ʪʦ ʠ ' ( )t f tD = D, ʛʜʝ f  ï ʦʜʥʘ ʠ ʪʘ ʞʝ ʬʫʥʢʮʠʷ. 

ʇʦʧʳʪʘʝʤʩʷ ʩʜʝʣʘʪʴ ʵʪʦ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʥʠʚ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʷ "ʚʨʝʤʷ ʩʦʙʳʪʠʷ" ʪʘʢ, ʯʪʦʙʳ "ʚʨʝ-

ʤʷ ʩʦʙʳʪʠʷ" ʙʳʣʦ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ. 

ɼʣʷ ʵʪʦʛʦ ʚʚʝʜʝʤ ʪʘʢʦʝ ʥʦʚʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʧʦʥʷʪʠʷ "ʚʨʝʤʷ ʩʦʙʳʪʠʷ": 

ɺʨʝʤʷ ʩʦʙʳʪʠʷ ï ʵʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ 

ʚʨʝʤʝʥʠ ʠ ʤʦʤʝʥʪʦʤ, ʚ ʢʦʪʦʨʳʡ ʩʦʙʳʪʠʝ ʧʨʦʠʟʦʰʣʦ, ʨʘʚʥʘʷ ʧʨʦʠʟʚʝʜʝʥʠʶ ʦʜʥʦʚʨʝʤʝʥʥʦʛʦ ʩ ʩʦʙʳʪʠʝʤ 

ʧʦʢʘʟʘʥʠʷ ʯʘʩʦʚ (ʢʦʪʦʨʳʝ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʠʤʝʣʠ ʥʫʣʝʚʦʝ ʧʦʢʘʟʘʥʠʝ) ʥʘ ʝʜʠʥʠʮʫ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʠ ʵʪʠʤʠ ʯʘʩʘʤʠ. 

ɺʭʦʜʷʱʝʝ ʚ ʵʪʦ ʦʧʨʝʜʝʣʝʥʠʝ ʧʦʥʷʪʠʝ "ʧʦʢʘʟʘʥʠʝ ʯʘʩʦʚ" ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʯʠʩʣʫ. ɸ ʩʘʤʦ 

"ʚʨʝʤʷ ʩʦʙʳʪʠʷ" ʦʢʘʟʳʚʘʝʪʩʷ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ. 

2. ʉʋʑʅʆʉʊʔ ɺʊʆʈʆɻʆ ʇʆʉʊʋʃɸʊɸ ʕʁʅʐʊɽʁʅɸ 

ʆʨʠʛʠʥʘʣʴʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʷʚʥʦʤ ʠʣʠ 

ʥʝʷʚʥʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʚʫʭ ʧʦʩʪʫʣʘʪʦʚ: ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠʥʮʠʧʘ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ʅʦ ʩʦʛʣʘʩʥʦ ʕʡʥʰʪʝʡʥʫ [6]. "ʎʝʣʴ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʩʠʩʪʝʤʫ ʧʦʥʷʪʠʡ, ʦʩʥʦ-

ʚʘʥʥʫʶ ʥʘ ʚʦʟʤʦʞʥʦ ʤʝʥʴʰʝʤ ʯʠʩʣʝ ʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʛʠʧʦʪʝʟ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʙʳ ʫʩʪʘʥʦʚʠʪʴ 

ʧʨʠʯʠʥʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ ʚʩʝʛʦ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ". 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʧʦʣʦʞʝʥʠʝʤ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʧʨʝʜʧʨʠʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʩʜʝʣʘʪʴ ʵʪʦ. ʉ ʵʪʦʡ 

ʮʝʣʴʶ ʃ.ɼ. ʃʘʥʜʘʫ ʠ ɽ.ʄ. ʃʠʬʰʠʮ ʚ  [8], ʥʘʧʨʠʤʝʨ, ʦʙʘ ʫʢʘʟʘʥʥʳʭ ʧʨʠʥʮʠʧʘ ʦʙʲʝʜʠʥʷʣʠ ʚ ʦʜʠʥ "ʧʨʠʥʮʠʧ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ", ɸ.ɸ. ʃʦʛʫʥʦʚ ʚ [4] ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʉʊʆ ʤʦʞʝʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʘ ʥʘ ʦʜʥʦʤ ʣʠʰʴ ʧʦ-

ʩʪʫʣʘʪʝ ʦ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʝ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʠ ʯʪʦ ʧʦʩʪʫʣʘʪ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ʷʢʦʙʳ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʘ ʅ.ɼ. ʄʝʨʤʠʥ ʚ [9] ʜʦʢʘʟʳʚʘ-

ʝʪ, ʯʪʦ ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʕʡʥʰʪʝʡʥʘ (ʧʨʠʥʮʠʧ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʧʝʨʚʦʛʦ ʧʦʩʪʫʣʘʪʘ (ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ). 

ʆʜʠʥ ʠʟ ʪʚʦʨʮʦʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ï ɸ. ʕʡʥʰʪʝʡʥ ʪʦʞʝ "ʦʙʲʝʜʠʥʷʣ" ʜʚʘ ʠʩʭʦʜʥʳʭ 

ʧʨʠʥʮʠʧʘ ʉʊʆ. ʅʘʧʨʠʤʝʨ, ʚ 1914 ʛʦʜʫ ʦʥ ʧʠʩʘʣ [10]: "ʆʙʲʝʜʠʥʷʷ ʟʘʢʦʥ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʧʫʩʪʦʪʝ ʠ 

ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʧʨʠʭʦʜʷʪ ʯʠʩʪʦ ʜʝʜʫʢʪʠʚʥʳʤ ʧʫʪʝʤ ʢ ʪʝʦʨʠʠ, ʥʘʟʳʚʘʝʤʦʡ ʥʳʥʝ "ʪʝʦʨʠʝʡ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ". ʀʣʠ ʚ 1916 ʛʦʜʫ [11]: "ʀʪʘʢ, ʩʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝ-

ʭʘʥʠʢʠ ʥʝ ʪʦʣʴʢʦ ʧʦʩʪʫʣʘʪʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʚ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʣʘʪʦʤ ʧʦʩʪʦʥ̫ʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ 

ʧʫʩʪʦʪʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʠ ʦʙʲʝʜʠʥʝʥʠʠ ʝʛʦ ʩʦ ʩʧʝʮʠʘʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʠʟʚʝʩʪʥʳʤ ʦʙʨʘʟʦʤ 

ʚʳʪʝʢʘʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʠ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʃʦʨʝʥʮʘ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʧʦʩʣʝʜʥʠʤ ʟʘʢʦʥʳ, ʢʘʩʘ-

ʶʱʠʝʩʷ ʧʦʚʝʜʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʪʚʝʨʜʳʭ ʪʝʣ ʠ ʯʘʩʦʚ". ʀ ʜʘʞʝ ʚ 1950 ʛʦʜʫ ʕʡʥʰʪʝʡʥ ʧʠʩʘʣ ʥʝ ʦʙ ʦʜʥʦʤ, ʘ ʦ 

ʜʚʫʭ ʧʨʠʥʮʠʧʘʭ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʉʊʆ [12]: "ʍʦʪʷ ʦʙʘ ʫʧʦʤʷʥʫʪʳʝ ʤʥʦʡ ʧʨʠʥʮʠʧʘ ʭʦʨʦʰʦ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʦʤ, ʦʥʠ ʥʝ ʢʘʞʫʪʩʷ ʣʦʛʠʯʝʩʢʠ ʩʦʚʤʝʩʪʠʤʳʤʠ. ʉʧʝʮʠʘʣʴʥʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩʫʤʝʣʘ ʠʭ 

ʧʨʠʤʠʨʠʪʴ ʮʝʥʦʡ ʚʠʜʦʠʟʤʝʥʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ ʠʣʠ, ʠʥʘʯʝ ʛʦʚʦʨʷ, ʮʝʥʦʡ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ 

ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝʤʝʥʠ". ʇʦʜ ʦʙʲʝʜʠʥʝʥʠʝʤ ʦʙʦʠʭ ʧʨʠʥʮʠʧʦʚ ʕʡʥʰʪʝʡʥ ʚʩʝʛʜʘ ʧʦʜʨʘʟʫʤʝʚʘʣ ʠʭ ʧʨʠʤʠʨʝʥʠʝ, 

ʣʦʛʠʯʝʩʢʫʶ ʩʦʚʤʝʩʪʠʤʦʩʪʴ, ʥʦ ʩʯʠʪʘʣ ʠʭ ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ [13]: "ʊʝʦʨʠʷ, ʥʘʟʳʚʘʝʤʘʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ "ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ" ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʜʚʫʭ ʧʨʠʥʮʠʧʘʭ, ʩʦʚʝʨʰʝʥʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ 
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ʦʪ ʜʨʫʛʘ, ʘ ʠʤʝʥʥʦ: 1) ʥʘ ʧʨʠʥʮʠʧʝ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʨʘʚʥʦʤʝʨʥʦʛʦ ʧʨʷʤʦʣʠʥʝʡʥʦʛʦ ʜʚʠʞʝʥʠʷ; 2) ʥʘ 

ʧʨʠʥʮʠʧʝ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ". 

ʅʘ ʩʪʨ. 93 ʚ [4] ɸ.ɸ. ʃʦʛʫʥʦʚ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ "ʧʦʩʪʫʣʘʪ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʤʦʞʥʦ ʩʬʦʨʤʫ-

ʣʠʨʦʚʘʪʴ ʚ ʀʉʆ ʚ ʣʶʙʳʭ ʜʦʧʫʩʪʠʤʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʢʘʢ ʯʘʩʪʥʦʝ ʩʣʝʜʩʪʚʠʝ ʧʩʝʚʜʦʝʚʢʣʠ-

ʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʥʘ ʦʩʥʦʚʝ ʚʚʝʜʝʥʥʦʛʦ ʥʘʤʠ ʧʦʥʷʪʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ". ʀʟ ʵʪʦʛʦ 

ʫʪʚʝʨʞʜʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʩʪʫʣʘʪ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʷʚʣʷʝʪʩʷ ʷʢʦʙʳ ʩʣʝʜʩʪʚʠʝʤ 

ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. 

ʅʦ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ (ʩʤ. ʨʘʟʜʝʣʳ 4 ʠ 5 ʜʘʣʝʝ), ʯʪʦ ʚʩʝ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʥʘʙʣʶ-

ʜʝʥʠʷ ʥʝ ʦʧʨʦʚʝʨʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʥʥʦ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʦʪ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 

 

                                                                              
2 2

0 01 /uc c u c= + ,                                                                  (2.1) 

 

ʛʜʝ 
0c  ï ʬʠʟʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪɹ  ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʪʦʡ ʀʉʆ, ʛʜʝ ʥʝʧʦʜʚʠʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢ 

ʩʚʝʪʘ; u ï ʬʠʟʠʯʝʩʢʘʷ ʛʘʣʠʣʝʝʚʩʢʘʷ (ʠʟʤʝʥʷʶʱʘʷʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ) ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠ̫ 

ʠʩʪʦʯʥʠʢʘ; uc
 ï ʬʠʟʠʯʝʩʢʘ ̫ʩʢʦʨʦʩʪɹ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʪʦʡ ʀʉʆ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʩʦ ʩʢʦʨʦʩʪɹ  ʁ u . 

ɸ ʪɻʘ ʟʘʚʠʩʠʤʦʩʪɹ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʦʩʥʦʚʥʦʤʫ ʧʦʩʪʫʣʘʪʫ ɸ. ɸ. ʃʦʛʫʥʦʚʘ (ʩʤ. [4, ʩʪʨ. 31]): "ʌʠʟʠʯʝ-

ʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʪʝʢʘʶʪ ʚ ʯʝʪrʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʛʝʦʤʝʪʨʠʷ ʢʦʪʦʨʦʛʦ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʘ". 

ɼʝʡʩʪʚʠʪʝʣɹʥʦ, ʤʦʞʥʦ ʧʦʢʘʟʘʪɹ , ʯʪʦ ʝʩʣʠ ʩʦʙʳʪʠ̫  ʧʨʦʠʩʭʦʜ̫ʪ ʩ ʪʝʣʦʤ, ʧʦʢʦ̫ ʠɦʤʩ ̫ʚ ʀʉʆ ʩ ʛʘʣʠʣʝʝ-

ʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ', y', z', t', ʢʦʪʦʨʘ ̫ʜʚʠʞʝʪʩ ̫ʩ ʧʦʩʪʦ̫ʥʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪɹ  ʁu ʦʪʥʦʩʠʪʝʣɹʥʦ ʜʨʫʛʦʡ 

ʀʉʆ ʩ ʛʘʣʠʣʝʝʚrʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ ʭ, y, z, t ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣɹʥ ʭr ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪr ʭ, ʪʦ ʢʦʦʨʜʠ-

ʥʘʪr  ʩʦʙrʪʠʡ, ʧʨʦʠʩʭʦʜ̫ ʠɦʭ ʩ ʪɻʠʤ ʪʝʣʦʤ, ʚ ʪɻʠʭ ʜʚʫʭ ʀʉʆ ʩʚ̫ʟʘʥr  ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘʚʠʩʠʤʦʩʪ̫ ʤʠ 

                          

                               (2.2) 
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ʧʨʠʯʝʤ uc  ʦʧʨʝʜʝʣ̫ʝʪʩ ̫ʟʘʚʠʩʠʤʦʩʪɹ  ʁ(2.1). 

ɺʟ̫ʚ ʜʠʬʬʝʨʝʥʮʠʘʣr  ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚ (2.2), ʧʦʣʫʯʠʤ 

 

         (2.5) 

 

ʇʦʜʩʪʘʚʠʤ ʪʝʧʝʨɹ ʜʠʬʬʝʨʝʥʮʠʘʣr (2.5) ʚ ʚrʨʘʞʝʥʠʝ ʜʣ̫ ʠʥʪʝʨʚʘʣʘ ʚ ʰʪʨʠʭʦʚʘʥʥʦʡ ʧʦʢʦʷʱʝʡʩʷ 

ʀʉʆ 

                                                                   
2 2 2 2 2

0[ ( ')] ( ') ( ') ( ')ds d c t dx dy dz= Ö - - -.                                          (2.6) 

ʇʦʣʫʯʠʤ 

                               

2 2 2 2 2

2 2 2 2 2

{ ( ) 2 ( )

( ) 2 ( ) } .

u u

u u

ds d c t dx d c t dx

d c t dx d c t dx dy dz

g b b

b b

= Ö Ö - Ö Ö Ö Ö + Ö -

- Ö Ö + Ö Ö Ö Ö - - -
                                (2.7) 

 

ʇʦʩʣʝ ʦʯʝʚʠʜʥrʭ ʫʧʨʦʱʝʥʠʡ ʠʤʝʝʤ 

 

                                                                       
2 2 2 2 2[ ( )]uds d c t dx dy dz= Ö - - -.                                                    (2.8) 
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ʅʝʥʫʣʝʚʳʝ ʢʦʤʧʦʥʝʥʪr  ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʚ ʪhʨʠʭʦʚʘʥʥʦʡ ʀʉʆ, ʦʧʨʝʜʝʣ̫ -

ʝʤr ʝ ʠʥʪʝʨʚʘʣʦʤ (2.6), ʨʘʚʥr   

 

                                                                       
' ' ' '

00 11 22 331, 1.g g g g= = = =-                                                        (2.9) 

 

ʅʝʥʫʣʝʚʳʝ ʞʝ ʢʦʤʧʦʥʝʥʪr  ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʚ ʥʝ ʪhʨʠʭʦʚʘʥʥʦʡ ʀʉʆ, 

ʦʧʨʝʜʝʣ̫ʝʤr ʝ ʠʥʪʝʨʚʘʣʦʤ (2.8), ʠʤʝʶʪ ʚʠʜ  

 

                                                                    00 11 22 331, 1.g g g g= = = =-                                                   (2.10) 

 

ʀʟ ʚrʨʘʞʝʥʠʡ (2.9) ʠ (2.10) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʘ ʩʪʨʫʢʪʫʨʘ ʛʝʦʤʝʪʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

ʩʦʭʨʘʥ̫ʝʪʩ̫ ʥʝ ʪʦʣɹʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʠʟʠʯʝʩʢʘ ̫ʩʢʦʨʦʩʪɹ ʩʚʝʪʘ ʚ ʀʉʆ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠ̫ ʠʩʪʦʯʥʠʢʘ, ʥʦ ʠ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʠʟʠʯʝʩʢʘ ̫ʩʢʦʨʦʩʪɹ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʦ 

ʬʦʨʤʫʣʝ (2.1). ʇʦɻʪʦʤʫ, ʭʦʪ̫ ʧʦʩʪʫʣʘʪ ʦ ʧʦʩʪʦ̫ʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʠ ʥʝ ʚ̫ʣ̫ʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʧʩʝʚʜʦʝʚʢʣʠ-

ʜʦʚʦʡ ʩʪʨʫʢʪʫʨr  ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʦʩʥʦʚʥʦʡ ʧʦʩʪʫʣʘʪ ɸ.ɸ. ʃʦʛʫʥʦʚʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚrʤ ʠ 

ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠ̫  ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ (2.1). 

ɺʩʣʝʜʩʪʚʠʝ ʪɻʦʛʦ ʩʧʝʮʠʘʣɹʥʘ ̫ʪʝʦʨʠ̫ ʦʪʥʦʩʠʪʝʣɹʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ɸ.ɸ. ʃʦʛʫʥʦʚʘ [4] ʬʘʢʪʠʯʝʩʢʠ ʦʩʥʦʚʘʥʘ ʥʝ 

ʪʦʣɹʢʦ ʥʘ ʦʩʥʦʚʥʦʤ ʧʦʩʪʫʣʘʪʝ ɸ.ɸ. ʃʦʛʫʥʦʚʘ, ʥʦ ʠ ʥʘ ʥʝ̫ʚʥʦʤ ʠʩʧʦʣɹʟʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥhʪʝʡʥʘ, 

ʢʦʪʦʨrʡ ʬʦʨʤʫʣʠʨʫʝʪʩ ̫ʚ [4, ʩʪʨ. 93] ʩʣʝʜʫʁ ʠɦʤ ʦʙʨʘʟʦʤ: 

"ʌʠʟʠʯʝʩʢʘ̫  ʩʢʦʨʦʩʪɹ  ʩʚʝʪʘ ʚ ʀʉʆ ʚ ʣʁʙʭr ʜʦʧʫʩʪʠʤʳʭ ʩʠʩʪʝʤʘʭ ʢʦʦʨʜʠʥʘʪ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

ʚʩʝʛʜʘ ʨʘʚʥʘ 
0c  ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ". 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩ ̫ʠʤʝʶʠɦʭʩ ̫ʚ [9] ʫʪʚʝʨʞʜʝʥʠʡ ʅ. ɼ. ʄʝʨʤʠʥʘ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʉʊʆ 

ʦʪ ʧʝʨʚʦʛʦ ʠ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʩʪʨʦʝʥʠ̫ ʉʊʆ ʙʝʟ ʧʦʩʪʫʣʘʪʘ ʦ ʧʦʩʪʦ̫ʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʪʦ ʦʥʠ ʦʩʥʦʚr ʚʘʁʪ-

ʩ̫ ʥʘ ʧʨʠʚʝʜʝʥʥʦʤ ʚ [9] ʚrʚʦʜʝ ʨʝʣ̫ʪʠʚʠʩʪʩʢʦʛʦ ʟʘʢʦʥʘ ʩʣʦʞʝʥʠ̫ ʩʢʦʨʦʩʪʝʡ u ʠ V ʚʠʜʘ 
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ʙʝʟ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥh ʪʝʡʥʘ (ʚ ʚr ʨʘʞʝʥʠʠ (2.11) k ʝʩʪʴ ʥʝʦʪʨʠʮʘʪʝʣɹʥʘ̫ ʧʦʩʪʦ̫ʥʥʘ̫, 

ʥʝ ʟʘʚʠʩ̫ʱʘʷ ʥʠ ʦʪ u, ʥʠ ʦʪ V). ʀ, ʜʝʡʩʪʚʠʪʝʣɹʥʦ, ʧʨʠʥʮʠʧ ʧʦʩʪʦ̫ʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʥʝ ʠʩʧʦʣɹʟʫʝʪʩ ̫ʚ [9] 

ʥʠ ʧʨʠ ʚrʚʦʜʝ ʟʘʢʦʥʘ (2.11) ʧʝʨʚrʤ ʩʧʦʩʦʙʦʤ (ʩ ʠʩʧʦʣɹʟʦʚʘʥʠʝʤ ʤr ʩʣʝʥʥʦʛʦ ʢɻʩʧʝʨʠʤʝʥʪʘ "ʙʝʛʦʚrʝ ʩʦʩʪ̫ ʟʘ-

ʥʠ̫ ʚ ʜʚʠʞʫʱʝʤʩʷ ʧʦʝʟʜʝ"), ʥʠ ʧʨʠ ʚrʚʦʜʝ ʟʘʢʦʥʘ (2.11) ʚʪʦʨʤr ʩʧʦʩʦʙʦʤ (ʩ ʠʩʧʦʣɹʟʦʚʘʥʠʝʤ ʤr ʩʣʝʥʥʦʛʦ ɻ ʢʩ-

ʧʝʨʠʤʝʥʪʘ "ʤ̫ʯ-ʦʩʮʠʣʣ̫ʪʦʨ"). 

ʆʜʥʘʢʦ ʚ [9] ʫʙʝʜʠʪʝʣɹʥʝʡh ʠʤ ʦʙʨʘʟʦʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʥʝ ʠʩʧʦʣɹʟʦʚʘʪɹ ʧʨʠʥʮʠʧ ʧʦʩʪʦ̫ʥʩʪʚʘ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʪʦ ʟʘʢʦʥ ʩʣʦʞʝʥʠ̫ ʩʢʦʨʦʩʪʝʡ (2.11) ʤʦʞʥʦ ʧʦʣʫʯʠʪɹ ʣʠh  ɹʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʢʦʨʦʩʪɹ V ʜʚʠ-

ʞʝʥʠʷ ʜʚʫʭ ʀʉʆ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣɹʥʦ ʜʨʫʛʘ ʟʥʘʯʠʪʝʣɹʥʦ ʤʝʥɹ ʰʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ (ʚ ʧʨʝʜʝʣʝ ʧʨʠ 0V  ). ɺ ʩʘ-

ʤʦʤ ʜʝʣʝ, ʦʙʦʟʥʘʯʠʚ ʧʨʠ ʚrʚʦʜʝ ʟʘʢʦʥʘ (2.11) ʧʝʨʚrʤ ʩʧʦʩʦʙʦʤ ʩʢʦʨʦʩʪɹ ʦʜʥʦʛʦ ʙʝʛʫʥʘ ʙʫʢʚʦʡ s , ʩʢʦʨʦʩʪɹ 

ʚʪʦʨʦʛʦ ʙʝʛʫʥʘ ʙʫʢʚʦʡ u , ʘ ʩʢʦʨʦʩʪɹ ʧʦʝʟʜʘ - ʙʫʢʚʦʡ V, ʅ. ɼ. ʄʝʨʤʠʥ ʧʦʣʫʯʘʝʪ ʚ [9] ʨʘʚʝʥʩʪʚʦ 
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Ö - = Ö -.                                                    (2.12) 

 

ʛʜʝ h'(z) ï ʧʨʦʠʟʚʦʜʥʘ ̫ʧʦ ʘʨʛʫʤʝʥʪʫ z ʦʪ ʚʚʝʜʝʥʥʦʡ ʚ [9] ʬʫʥʢʮʠʠ h(z). ɸ ʜʘʣʝʝ ʅ. ɼ. ʄʝʨʤʠʥ ʨʘʩʩʫʞʜʘʝʪ ʩʣʝ-

ʜʫʁ ʠɦʤ ʦʙʨʘʟʦʤ: 

"ʇʦʩʢʦʣɹʢʫ ʣʝʚʘʷ ʯʘʩʪɹ ʪɻʦʛʦ ʨʘʚʝʥʩʪʚʘ ʟʘʚʠʩʠʪ ʣʠh  ɹʦʪ s, ʘ ʧʨʘʚʘ ̫ï ʪʦʣɹʢʦ ʦʪ u, ʢʘʞʜʦʝ ʠʟ ʪɻʠʭ ʚr -

ʨʘʞʝʥʠʡ ʜʦʣʞʥʦ ʙr ʪɹ ʨʘʚʥrʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʧʦʩʪʦ̫ʥʥʦʡ k , ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ s ʠ u ". 

ɺʦʟʤʦʞʥʘ ̫ʞʝ ʚ ʧʨʠʥʮʠʧʝ ʟʘʚʠʩʠʤʦʩʪɹ ʚʝʣʠʯʠʥr  k, ʚʭʦʜ̫ ʱʝʡ ʚ ʟʘʢʦʥ (2.11), ʦʪ ʩʢʦʨʦʩʪʠ V ʧʦʝʟʜʘ 

ʄʝʨʤʠʥ ʫʩʪʨʘʥ̫ʝʪ ʚ ʧʨʦʮʝʩʩʝ ʣʦʛʠʯʝʩʢʠʭ ʨʘʩʩʫʞʜʝʥʠʡ ʧʨʠ ʚrʚʦʜʝ ʨʘʚʝʥʩʪʚʘ (2.12) ʧʝʨʝʭʦʜʦʤ ʢ ʧʨʝʜʝʣʫ ʧʨʠ 

0V   (ʩʤ. ʬʦʨʤʫʣr  (3.6) ʠ (3.8) ʚ ʩʪʘʪɹ ʝ [9]). 

ɸ ʧʨʠ ʚrʚʦʜʝ ʟʘʢʦʥʘ (2.11) ʚʪʦʨʤr ʩʧʦʩʦʙʦʤ ʠʟ ʪʝʢʩʪʘ ʩʪʘʪɹ ʠ [9] ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ k ʦʧʨʝ-

ʜʝʣ̫ʝʪʩ ̫ʢʘʢ ʧʨʝʜʝʣ, ʢ ʢʦʪʦʨʦʤʫ ʩʪʨʝʤʠʪʩ ̫ʦʜʥʦ ʠʟ ʚrʨʘʞʝʥʠʡ ʧʨʠ 0V   (ʩʤ. ʬʦʨʤʫʣʫ (4.12) ʠ ʪʝʢʩʪ ʧʦʩʣʝ 

ʬʦʨʤʫʣr (4.11) ʚ ʩʪʘʪɹ ʝ [9]). 

ʉʣʝʜʦʚʘʪʝʣɹʥʦ, ʚ ʩʪʘʪɹ ʝ [9] ʜʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʢʦʥ ʩʣʦʞʝʥʠ̫ ʩʢʦʨʦʩʪʝʡ (2.11), ʚ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ k ʥʝ ʟʘ-

ʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʧʦʝʟʜʘ, ʤʦʞʥʦ ʧʦʣʫʯʠʪɹ ʙʝʟ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥ ʪhʝʡʥʘ ʪʦʣɹʢʦ ʧʨʠ 

0V  . ɸ ʤʦʞʥʦ ʣʠ ʧʦʣʫʯʠʪɹ ʟʘʢʦʥ (2.11) ʙʝʟ ʠʩʧʦʣɹʟʦʚʘʥʠ̫ ʧʦʩʪʫʣʘʪʘ ʦ ʧʦʩʪʦ̫ʥʩʪʚʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʪʘʢʞʝ ʠ 

ʧʨʠ ʟʥʘʯʠʪʝʣɹʥʦ ʙʦʣɹ ʠhʭ ʟʥʘʯʝʥʠ̫ ʭ ʩʢʦʨʦʩʪʠ ʧʦʝʟʜʘ - ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʩʪʘʪɹ ʝ [9] ʦʪʚʝʪʘ ʥʝʪ. ʇʦɻʪʦʤʫ ʧʦʩʪʘʚ-
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ʣʝʥʥʫʶ ʚ ʥʘʟʚʘʥʠʠ ʩʪʘʪʴʠ [9] ʮʝʣʴ (ʩʪʘʪʴʷ ʥʘʟʳʚʘʝʪʩʷ "ʊʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʙʝʟ ʧʦʩʪʫʣʘʪʘ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʩʢʦ-

ʨʦʩʪʠ ʩʚʝʪʘ") ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʜʦʩʪʠʛʥʫʪʦʡ. ɺʝʜʴ ʉʊʆ ʠ ʚʭʦʜʷʱʠʡ ʚ ʥʝʝ ʟʘʢʦʥ (2.11) ʜʦʣʞʥʳ ʙʳʪʴ ʩʧʨʘʚʝʜʣʠʚʳ ʧʨʠ 

ʣʶʙʳʭ ʩʢʦʨʦʩʪʷʭ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʭ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʘ ʥʝ ʪʦʣʴʢʦ ʧʨʠ 0V  . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʧʨʠʥʠʤʘʚʰʠʝʩʷ 

ʨʘʥʝʝ ʧʦʧʳʪʢʠ ʜʦʢʘʟʘʪʴ, ʯʪʦ ʉʊʆ ʦʩʥʦʚʘʥʘ ʥʘ ʚʚʝʜʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʩʪʫʣʘʪʦʚ, ʚʳʛʣʷʜʷʪ ʥʝʩʦʩʪʦʷʪʝʣʴ-

ʥʳʤʠ. ʅʦ ʩʘʤ ʬʘʢʪ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʘʢʠʭ ʧʦʧʳʪʦʢ ʜʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʦʯʪʠ ʩʪʦʣʝʪʥʠʡ ʚʦʟʨʘʩʪ ʉʊʆ 

ʧʦʜʣʠʥʥʘʷ ʩʫʱʥʦʩʪʴ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʧʦʣʥʦʩʪʴʶ ʥʝ ʚʳʷʩʥʝʥʘ. 

ʅʘʟʚʘʥʥrʡ ʕʡʥh ʪʝʡʥʦʤ "ʧʨʠʥʮʠʧʦʤ ʧʦʩʪʦ̫ʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ", ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʉʊʆ ʛʣʘʩʠʪ: 

"ʉʚʝʪ ʚ ʧʫʩʪʦʪʝ ʚʩʝʛʜʘ ʨʘʩʧʨʦʩʪʨʘʥ̫ʝʪʩ ̫ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪɹ  ʁ 0c , ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʦʩʪʦʷʥʠ ̫

ʜʚʠʞʝʥʠ̫  ʠʟʣʫʯʘʁ ʝɦʛʦ ʪʝʣʘ" (ʩʤ. [ 1 ,  ʩʪʨ. 7-8].) ʠʣʠ: "ʂʘʞʜrʡ ʣʫʯ ʩʚʝʪʘ ʜʚʠʞʝʪʩ ̫ʚ "ʧʦʢʦ̫ ʱʝʡʩ̫" ʩʠʩʪʝʤʝ 

ʢʦʦʨʜʠʥʘʪ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪɹ  ʁ 0c , ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʫʩʢʘʝʪʩ ̫ʣʠ ʵʪʦʪ ʣʫʯ ʩʚʝʪʘ ʧʦʢʦ̫ ʠɦʤʩ ̫ʠʣʠ 

ʜʚʠʞʫɦ ʠʤʩ ̫ʪʝʣʦʤ" (ʩʤ. [1,  ʩʪʨ. 10]). 

ɺ [68] ʪɻʠ ʬʦʨʤʫʣʠʨʦʚʢʠ ʠʤʝʶʪ ʩʣʝʜʫʁ ʠɦʡ ʚʠʜ: 

"Das Licht im leeren Raume stets mit einer bestimmten vom Bewegungszustande des emittierenden 

Korpers unabhangigen Geschwindigkeit V fortplanze", 

"Jeder Lichtstrahl bewegt soch im "ruhenden" Koordinatensystem mit der bestimmten Geschwindigkeit V, 

unabhangig davon, ob dieser Lichtstrahl von einem ruhenden oder bewegten Korper emittiert ist". 

ɼʣ̫ ʫʷʩʥʝʥʠ̫ ʩʫɦ ʥʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥ ʪhʝʡʥʘ ʨʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶɦʫʁ  ʩʠʪʫʘʮʠʁ . ʇʫʩʪɹ  ʀʉʆ 

B ʜʚʠʞʝʪʩ ̫ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨ̫ʤʦʣʠʥʝʡʥʦ ʦʪʥʦʩʠʪʝʣɹʥʦ "ʧʦʢʦ̫ ʱʝʡʩ̫" ʀʉʆ ɸ (ʚ ʩʚ̫ʟʠ ʩ ʪʝʤ, ʯʪʦ ʪɻʠ ʜʚʝ ʀʉʆ 

ʧʦʣʥʦʩʪɹ ʶ ʨʘʚʥʦʧʨʘʚʥr , ʤr  ʤʦʞʝʤ ʪʦʯʥʦ ʩ ʪʘʢʠʤ ʞʝ ʦʩʥʦʚʘʥʠʝʤ ʛʦʚʦʨʠʪɹ, ʯʪʦ ʀʉʆ ɸ ʜʚʠʞʝʪʩ ̫ʨʘʚʥʦʤʝʨʥʦ 

ʠ ʧʨ̫ʤʦʣʠʥʝʡʥʦ ʦʪʥʦʩʠʪʝʣɹʥʦ "ʧʦʢʦ̫ ʱʝʡʩ̫" ʀʉʆ B). ʇʫʩʪɹ  ʪʝʧʝʨɹ ʚ ʢʘʞʜʦʡ ʠʟ ʥʠʭ ʠʤʝʝʪʩ ̫ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ 

(ʛʝʥʝʨʘʪʦʨ) ʠ ʧʨʠʙʦʨ ʜʣ̫ ʠʟʤʝʨʝʥʠ̫ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʇʫʩʪɹ  Gɸ - ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʧʦʢʦ̫ ʠɦʡʩ ̫ʚ ʀʉʆ ɸ, GB - 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʧʦʢʦ̫ ʠɦʡʩ ̫ʚ ʀʉʆ B, Rɸ - ʧʨʠʙʦʨ (ʜʣ̫ ʠʟʤʝʨʝʥʠ̫ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ), ʧʦʢʦ̫ ʠɦʡʩ ̫ʚ ʀʉʆ ɸ, RB 

ï ʧʨʠʙʦʨ (ʜʣ̫ ʠʟʤʝʨʝʥʠ̫ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ), ʧʦʢʦ̫ ʠɦʡʩ ̫ʚ ʀʉʆ B. ʊʦʛʜʘ, ʧʦʣɹʟʫ̫ʩ ɹ ʪɻʠʤʠ ʜʚʫʤ̫  ʠʩʪʦʯʥʠʢʘʤʠ 

ʩʚʝʪʘ ʠ ʪɻʠʤʠ ʜʚʫʤ̫ ʧʨʠʙʦʨʘʤʠ ʜʣ̫ ʠʟʤʝʨʝʥʠ̫ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʤr  ʤʦʞʝʤ ʧʦʣʫʯʠʪɹ ʯʝʪr ʨʝ ʩʣʝʜʫʶʠɦʭ ʯʠʩʣʝʥ-

ʥrʭ ʟʥʘʯʝʥʠ̫ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ (ʩʤ. ʨʠʩ. 2.1): 

ʩ(Rɸ, Gɸ) ï ʟʥʘʯʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʧʨʠʙʦʨʦʤ Rɸ, ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ Gɸ;  

ʩ(RB, GB) ï ʟʥʘʯʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʧʨʠʙʦʨʦʤ RB, ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ GB,  

ʩ(Rɸ, GB) ï ʟʥʘʯʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʧʨʠʙʦʨʦʤ Rɸ, ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ GB;  

ʩ(RB, Gɸ) ï ʟʥʘʯʝʥʠʝ, ʠʟʤʝʨʝʥʥʦʝ ʧʨʠʙʦʨʦʤ RB, ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ Gɸ. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʉʊʆ) ʜʣʷ ʵʪʠʭ ʯʝʪʳʨʝʭ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʩʢʦ-

ʨʦʩʪʠ ʩʚʝʪʘ ʤʳ ʤʦʞʝʤ ʩʦʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʰʝʩʪʴ ʨʘʚʝʥʩʪʚ (ʧʦ ʯʠʩʣʫ ʩʦʯʝʪʘʥʠʡ ʠʟ ʯʝʪʳʨʝʭ ʵʣʝʤʝʥʪʦʚ ʧʦ ʜʚʘ): 
 

                                                                          ʩ(Rɸ, Gɸ) = ʩ(RB, GB),                                                                   (2.13) 

                                                                         ʩ(Rɸ, GB) = ʩ(RB, Gɸ),                                                                   (2.14) 

                                                                         ʩ(Rɸ, GA) = ʩ(Rɸ, GB),                                                                   (2.15) 

                                                                         ʩ(RB, GB) = ʩ(RB, Gɸ),                                                                   (2.16) 

                                                                         ʩ(RB, GB) = ʩ(Rɸ, GB),                                                                   (2.17) 

                                                                          ʩ(Rɸ, Gɸ) = ʩ(RB, Gɸ).                                                                  (2.18) 

ʈʠʩ. 2.1. ʏʝʪʳʨʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʩ(Rɸ, Gɸ), ʩ(RB, GB), ʩ(Rɸ, GB), ʩ(Rɺ, Gɸ) 
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ʅʝʪʨʫʜʥʦ ʫʙʝʜʠʪɹ ʩ̫, ʯʪʦ ʠʟ ʵʪʠʭ ʰʝʩʪʠ ʨʘʚʝʥʩʪʚ ʥʝʟʘʚʠʩʠʤʳʤʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ̫ʣ̫ʶʪʩʷ ʪʦʣɹʢʦ ʪʨʠ ʨʘ-

ʚʝʥʩʪʚʘ. ɼʝʡʩʪʚʠʪʝʣɹʥʦ, ʨʘʚʝʥʩʪʚʘ (2.13) ʠ (2.14) ʷʚʣ̫ ʪʁʩ ̫ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʧʠʩʴʁ ʩʣʝʜʩʪʚʠʡ ʠʟ ʧʨʠʥʮʠʧʘ 

ʦʪʥʦʩʠʪʝʣɹʥʦʩʪʠ (ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠ̫  ʀʉʆ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚ ʢʘʞʜʦʡ ʠʟ ʀʉʆ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦ-

ʮʝʩʩr ʧʨʠ ʦʜʠʥʘʢʦʚrʭ ʥʘʯʘʣɹʥrʭ ʫʩʣʦʚʠ̫ ʭ ʧʨʦʪʝʢʘʁʪ ʦʜʠʥʘʢʦʚʦ, ʧʨʠʤʝʥʠʪʝʣɹʥʦ ʢ ʧʨʦʮʝʩʩʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ̫ 

ʩʚʝʪʘ. ʇʨʠ ʪɻʦʤ ʚ ʨʘʚʝʥʩʪʚʝ (2.13) ʦʜʠʥʘʢʦʚʦʩʪɹ ʥʘʯʘʣɹʥ ʭr ʫʩʣʦʚʠʡ ʜʣ̫  ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ̫ ʩʚʝʪʘ ʚr-

ʨʘʞʘʝʪʩ ̫ʚ ʥʝʧʦʜʚʠʞʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣɹʥʦ ʧʨʠʙʦʨʦʚ, ʧʨʠ ʧʦʤʦɦ ʠ ʢʦʪʦʨʭr ʠʟʤʝʨʷʝʪʩ ̫ʩʢʦ-

ʨʦʩʪɹ ʩʚʝʪʘ, ʘ ʚ ʨʘʚʝʥʩʪʚʝ (2.14) ʦʜʠʥʘʢʦʚʦʩʪɹ ʥʘʯʘʣɹʥ ʭr ʫʩʣʦʚʠʡ ʜʣ̫ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ̫ ʩʚʝʪʘ ʚrʨʘ-

ʞʘʝʪʩ ̫ʚ ʦʜʠʥʘʢʦʚʦʩʪʠ ʩʢʦʨʦʩʪʝʡ ʜʚʠʞʝʥʠ̫ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ ʦʪʥʦʩʠʪʝʣɹʥʦ ʧʨʠʙʦʨʦʚ, ʧʨʠ ʧʦʤʦɦ ʠ ʢʦʪʦʨrʭ 

ʠʟʤʝʨʷʝʪʩ ̫ʩʢʦʨʦʩʪɹ  ʩʚʝʪʘ. 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʨʘʚʝʥʩʪʚʘ (2.13) ʠ (2.14) ʥʝʟʘʚʠʩʠʤr  ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ɺʝʜɹ ʠʟ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘ-

ʚʝʥʩʪʚʘ (2.13) ʦʪʥʁ ʜɹ ʥʝ ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪɹ ʨʘʚʝʥʩʪʚʘ (2.14) ʠ, ʥʘʦʙʦʨʦʪ, ʠʟ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʚʝʥʩʪʚʘ 

(2.14) ʦʪʥʁ ʜɹ ʥʝ ʩʣʝʜʫʝʪ ʩʧʨʘʚʝʜʣʠʚʦʩʪɹ ʨʘʚʝʥʩʪʚʘ (2.13). 

ʆʙʨʘʪʠʤ ʪʝʧʝʨɹ ʚʥʠʤʘʥʠʝ ʥʘ ʩʪʨʫʢʪʫʨʫ ʨʘʚʝʥʩʪʚ (2.15), (2.16), (2.17) ʠ (2.18). ɺ ʨʘʚʝʥʩʪʚʝ (2.15) ʧʨʠ-

ʨʘʚʥʠʚʘʪʁʩ ̫ʜʨʫʛ ʜʨʫʛʫ ʣʝʚrʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (2.13) ʠ (2.14). ɺ ʨʘʚʝʥʩʪʚʝ (2.16) ʧʨʠʨʘʚʥʠʚʘʪʁʩ ̫ʜʨʫʛ ʜʨʫʛʫ 

ʧʨʘʚrʝ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (2.13) ʠ (2.14). ɺ ʨʘʚʝʥʩʪʚʝ (2.17) ʧʨʠʨʘʚʥʠʚʘʝʪʩ ̫ʧʨʘʚʘʷ ʯʘʩʪɹ ʨʘʚʝʥʩʪʚʘ (2.13) ʣʝʚʦʡ 

ʯʘʩʪʠ ʨʘʚʝʥʩʪʚʘ (2.14). ʀ, ʥʘʢʦʥʝʮ, ʚ ʨʘʚʝʥʩʪʚʝ (2.18) ʣʝʚʘ ̫ʯʘʩʪɹ ʨʘʚʝʥʩʪʚʘ (2.13) ʧʨʠʨʘʚʥʠʚʘʝʪʩʷ ʧʨʘʚʦʡ ʯʘ-

ʩʪʠ ʨʘʚʝʥʩʪʚʘ (2.14). ɸ ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʤrʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʚ̫ʣ̫ ʪʁʩʷ ʨʘʚʝʥʩʪʚʘ 

(2.13), (2.14) ʠ ʢʘʢʦʝ-ʥʠʙʫʜɹ ʦʜʥʦ ʠʟ ʨʘʚʝʥʩʪʚ (2.15), (2.16), (2.17), (2.18). 

ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʢʘʞʜʦʝ ʠʟ ʨʘʚʝʥʩʪʚ (2.15), (2.16), (2.17) ʠ (2.18) ʚ ʦʪʜʝʣɹʥʦʩʪʠ ʚ̫ʣ̫ ʝʪʩʷ ʬʦʨ-

ʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʧʠʩʴʁ ɻ ʡʥh ʪʝʡʥʦʚʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʧʨʠʥʮʠʧʘ ʧʦʩʪʦ̫ʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. 

ɼʝʡʩʪʚʠʪʝʣɹʥʦ, ʠ ʚ ʣʝʚʦʡ, ʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪ̫ ʭ ʨʘʚʝʥʩʪʚʘ (2.15) ʩʪʦ̫ ʪ ʯʠʩʣʝʥʥrʝ ʟʥʘʯʝʥʠ̫ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ, ʠʟʤʝʨʝʥʥʝr ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʧʨʠʙʦʨʦʤ Rɸ, ʥʦ ʚ ʣʝʚʦʡ ʯʘʩʪʠ ʩʪʦʠʪ ʠʟʤʝʨʝʥʥʦʝ ʧʨʠʙʦʨʦʤ Rɸ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ GB, ʜʚʠʞʫɦ ʠʤʩ ̫ʦʪʥʦʩʠʪʝʣɹʥʦ Rɸ, ʘ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʪʦʠʪ ʠʟʤʝʨʝʥ-

ʥʦʝ ʧʨʠʙʦʨʦʤ Rɸ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ Gɸ, ʥʝʧʦʜʚʠʞʥʤr ʦʪʥʦʩʠʪʝʣɹʥʦ Rɸ. ɺʪʦ-

ʨʦʡ ʞʝ ʧʦʩʪʫʣʘʪ ʕʡʥ ʪhʝʡʥʘ ʛʣʘʩʠʪ, ʯʪʦ "ʢʘʞʜrʡ ʣʫʯ ʩʚʝʪʘ ʜʚʠʞʝʪʩ ̫ʚ "ʧʦʢʦ̫ ʱʝʡʩ̫" ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʩ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪɹ  ʁ 0c , ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʠʩʧʫʩʢʘʝʪʩ ̫ʣʠ ʪɻʦʪ ʣʫʯ ʩʚʝʪʘ ʧʦʢʦ̫ ʠɦʤʩ ̫ʠʣʠ ʜʚʠʞʫɦ ʠʤʩ ̫

ʪʝʣʦʤ". ʇʦɻʪʦʤʫ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʧʠʩʴʶ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥh ʪʝʡʥʘ ʚ "ʧʦʢʦ̫ ʱʝʡʩ̫" ʀʉʆ ɸ ʚ̫ʣ̫ʝʪʩ ̫

ʨʘʚʝʥʩʪʚʦ (2.15), ʘ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʧʠʩʴʶ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥh ʪʝʡʥʘ ʚ "ʧʦʢʦ̫ ʱʝʡʩ̫" ʀʉʆ B  ʷʚʣ̫ ʝʪ-

ʩ ̫ʨʘʚʝʥʩʪʚʦ (2.16). ʈʘʚʝʥʩʪʚʘ (2.17) ʠ (2.18) ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪɹ  ʢʘʢ ʬʦʨʤʘʣʠʟʦʚʘʥʥʫʁ ʟʘʧʠʩʴ ʚʪʦʨʦ-

ʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥh ʪʝʡʥʘ, ʝʩʣʠ ʠʟʤʝʥʠʪɹ ʝʛʦ ʬʦʨʤʫʣʠʨʦʚʢʫ ʥʘ ʩʣʝʜʫʶʱʫ:ʁ ʣʫʯʠ ʩʚʝʪʘ ʦʪ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ 

ʠʩʪʦʯʥʠʢʘ ʜʚʠʞʫʪʩ̫ ʚ ʣʁ ʙʦʡ ʀʉʆ ʩ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪɹ  ʁ
0c , ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʪʦʛʦ, ʧʦʢʦʠʪʩ ̫ʠʣʠ ʜʚʠ-

ʞʝʪʩʷ ɻʪʘ ʀʉʆ ʦʪʥʦʩʠʪʝʣɹʥʦ ɻ ʪʦʛʦ ʠʩʪʦʯʥʠʢʘ. 

ʕʪʘ ʠʟʤʝʥʝʥʥʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʪʦʣʴʢʦ ʣʠʰʴ ʪʝʤ, ʯʪʦ ʚ ʵʡʥ-

ʰʪʝʡʥʦʚʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʥʝʧʦʜʚʠʞʥʳʤ ʩʯʠʪʘʝʪʩʷ ʧʨʠʙʦʨ, ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʦʛʦ ʠʟʤʝʨʷʶʪʩʷ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ (ʜʚʠʞʫʱʠʭʩʷ ʠ ʥʝʧʦʜʚʠʞʥʳʭ), ʘ ʚ ʠʟʤʝʥʝʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʥʝʧʦʜʚʠʞʥʳʤ ʩʯʠʪʘʝʪʩʷ ʠʩ-

ʪʦʯʥʠʢ ʩʚʝʪʘ, ʘ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʙʦʨʘʤʠ (ʜʚʠʞʫʱʠʤʠʩʷ ʠ ʥʝʧʦʜʚʠʞʥʳʤʠ). 

ʇʨʠ ʵʪʦʤ ʨʘʚʝʥʩʪʚʦ (2.17) ʷʚʣʷʝʪʩʷ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʧʠʩʴʶ ʠʟʤʝʥʝʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ, ʝʩʣʠ 

ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʧʦʢʦʠʪʩʷ ʚ ʀʉʆ B, ʘ ʨʘʚʝʥʩʪʚʦ (2.18) - ʝʩʣʠ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʧʦʢʦʠʪʩʷ ʚ ʀʉʆ ɸ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʟ 

ʯʝʪʳʨʝʭ ʬʦʨʤʘʣʠʟʦʚʘʥʥʳʭ ʟʘʧʠʩʝʡ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ - ʨʘʚʝʥʩʪʚ (2.15) (2.16), (2.17) ʠ (2.18) - ʥʝʟʘʚʠʩʠ-

ʤʦʡ ʦʪ ʨʘʚʝʥʩʪʚ (2.13) ʠ (2.14) ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʢʘʢʘʷ-ʥʠʙʫʜʴ ʦʜʥʘ ʟʘʧʠʩʴ, ʥʘʧʨʠʤʝʨ, (2.15). ʅʘʣʠʯʠʝ ʦʜʥʦʡ ʥʝʟʘʚʠʩʠ-

ʤʦʡ ʦʪ ʨʘʚʝʥʩʪʚ (2.13) ʠ (2.14) ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʡ ʟʘʧʠʩʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ 

ʪʦʛʦ, ʯʪʦʙʳ ʩʯʠʪʘʪʴ ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʕʡʥʰʪʝʡʥʘ ʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʤ ʦʪ ʧʝʨʚʦʛʦ ʧʦʩʪʫʣʘʪʘ. 

ʉʫɦ ʥʦʩʪɹ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥhʪʝʡʥʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʩʢʨrʚʘʝʪʩ ̫ʨʘʚʝʥʩʪʚʦʤ (2.15), ʘ ʨʘʚʝʥʩʪʚʘ 

(2.13) ʠ (2.14) ʚ ʩʦʜʝʨʞʘʥʠʝ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥ ʪhʝʡʥʘ ʥʝ ʚʭʦʜ̫ ʪ. ʇʦɻʪʦʤʫ ʩʦʚʝʨʰʝʥʥʦ ʩʧʨʘʚʝʜʣʠʚʦ ʚʦ 

ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ (ʩʤ. [14], [15], [16], [17], [18], [19] ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʕʡʥ ʪhʝʡʥʘ ʥʘʟʚrʘʝʪʩ ̫ʧʦʩʪʫʣʘʪʦʤ ʦ ʥʝʟʘ-

ʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

ɺ ʩʤʳʩʣʦʚʦʝ ʞʝ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʥʘʟʚʘʥʠʡ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥh ʪʝʡʥʘ, ʪʘʢʠʭ ʢʘʢ "ʧʨʠʥʮʠʧ ʧʦʩʪʦ-

ʥ̫ʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ" ʠʣʠ "ʧʨʠʥʮʠʧ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ", ʚʭʦʜ̫ʪ ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʪʨʠ ʨʘʚʝʥʩʪʚʘ 

(2.13), (2.14) ʠ (2.15), ʯʪʦ ʠ ʷʚʣ̫ ʝʪʩ ̫ʦʩʥʦʚʘʥʠʝʤ ʜʣ̫ ʦʰʠʙʦʯʥrʭ ʫʪʚʝʨʞʜʝʥʠʡ ʦ ʣʦʛʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʪʦ-

ʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥh ʪʝʡʥʘ ʦʪ ʝʛʦ ʧʝʨʚʦʛʦ ʧʦʩʪʫʣʘʪʘ. ʏʪʦʙr  ʪʘʢʠʭ ʦʩʥʦʚʘʥʠʡ ʥʝ ʙr ʣʦ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʧʨʝʜʴ 

ʠʤʝʥʦʚʘʪɹ ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʕʡʥh ʪʝʡʥʘ ʟʘʢʦʥʦʤ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩ-

ʪʦʯʥʠʢʘ. 

ʀʪʘʢ, ʚ ʦʩʥʦʚʝ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʣʝʞʘʪ ʜʚʘ ʣʦʛʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʳʭ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʫʪʚʝʨ-

ʞʜʝʥʠʷ: ʧʨʠʥʮʠʧ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ (ʥʘʟʚʘʥʥʳʡ ʕʡʥʰʪʝʡʥʦʤ ʧʨʠʥʮʠʧʦʤ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ) ʠ ʟʘʢʦʥ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (ʥʘʟʚʘʥʥʳʡ ʕʡʥʰʪʝʡʥʦʤ ʧʨʠʥʮʠ-

ʧʦʤ ʧʦʩʪʦʷʥʩʪʚʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʥʘʰʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʧʨʦʩʪʨʘʥʩʪʚʝ ʠ ʚʨʝ-

ʤʝʥʠ ʚ ʨʘʤʢʘʭ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝʚʦʟʤʦʞʥʦ ʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʧʫʪʠ ʧʦʩʪʨʦʝʥʠʷ ʥʦʚʦʡ ʪʝʦʨʠʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʠʟʥʘʯʘʣʴʥʦ ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʦʜʥʦʤ-ʝʜʠʥʩʪʚʝʥʥʦʤ ʠʩʭʦʜʥʦʤ ʧʨʠʥʮʠʧʝ. 
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ʈʘʩʩʤʦʪʨʠʤ ʧʦʪɻʦʤʫ, ʥʝʣɹʟ̫ ʣʠ ʧʦʩʪʨʦʠʪɹ ʥʦʚʫʁ  ʪʝʦʨʠʁ  ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʝʩʣʠ ʚ ʦʩʥʦʚʫ ʨʘʩ-

ʩʫʞʜʝʥʠʡ ʧʦʣʦʞʠʪɹ ʦʜʠʥ ʣʠh  ɹʧʨʠʥʮʠʧ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠ̫ ʀʉʆ, ʘ ʟʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ̫  ʩʚʝʪʘ ʦʪ ʜʚʠ-

ʞʫʱʝʛʦʩ̫ ʠʩʪʦʯʥʠʢʘ ʧʦʣʫʯʠʪɹ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ɻ ʪʦʛʦ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʨʠʥʮʠʧʘ. 

ʉʣʝʜʦʚʘʪʝʣɹʥʦ, ʫʙʝʜʠʚ ʠhʩ ɹʚ ʪʦʤ, ʯʪʦ ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʕʡʥhʪʝʡʥʘ (ʨʘʚʝʥʩʪʚʦ (2.15)) ʥʝ ʷʚʣ̫ ʝʪʩ ̫ʩʣʝʜ-

ʩʪʚʠʝʤ ʝʛʦ ʧʝʨʚʦʛʦ ʧʦʩʪʫʣʘʪʘ, ʧʦʧrʪʘʝʤʩ ̫ʟʘʤʝʥʠʪɹ ʨʘʚʝʥʩʪʚʦ (2.15) ʪʘʢʠʤ ʚr ʨʘʞʝʥʠʝʤ, ʢʦʪʦʨʦʝ ʙrʣʦ ʙʳ 

ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠ̫ ʠʥʝʨʮʠʘʣɹʥrʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ. 

3. ɿɸʂʆʅ ʈɸʉʇʈʆʉʊʈɸʅɽʅʀʗ ʉɺɽʊɸ ɺ ɼɺʀɾʋʑɽʁʉʗ ʀʉʆ 

ʈʘʩʩʤʦʪʨʠʤ ʜʚʝ ʜʚʠʞʫʱʠʝʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ ʀʉʆ - ʀʉʆ ɸ (c 

ʥʝʰʪʨʠʭʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x, y, z, t) ʠ ʀʉʆ B (ʩʦ ʰʪʨʠʭʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x', y', z', t'). ʇʫʩʪʴ ʚ ʢʘʞʜʦʡ 

ʠʟ ʥʠʭ ʠʤʝʝʪʩʷ ʧʨʷʤʦʫʛʦʣʴʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʩʠʩʪʝʤʘ ʢʦʦʨʜʠʥʘʪ ʠ ʤʥʦʞʝʩʪʚʦ ʦʜʠʥʘʢʦʚʳʭ ʧʦʢʦʷʱʠʭʩʷ ʜʨʫʛ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʭʨʦʥʦʤʝʪʨʦʚ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʵʡʥʰʪʝʡʥʦʚʩʢʠʤ ʩʧʦʩʦʙʦʤ [1, ʩʪʨ. 9-10]. 

ʇʨʠ ʵʪʦʤ ʚʩʝ ʭʨʦʥʦʤʝʪʨʳ, ʧʦʢʦʷʱʠʝʩʷ ʚ ʀʉʆ ɸ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʵʡʥʰʪʝʡʥʦʚʩʢʠʤ ʩʧʦʩʦʙʦʤ 

ʧʨʠ ʧʦʤʦʱʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʧʦʢʦʷʱʝʛʦʩʷ ʚ ʀʉʆ ɸ, ʘ ʚʩʝ ʭʨʦʥʦʤʝʪʨʳ, ʧʦʢʦʷʱʠʝʩʷ ʚ ʀʉʆ B, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ 

ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʵʡʥʰʪʝʡʥʦʚʩʢʠʤ ʩʧʦʩʦʙʦʤ ʧʨʠ ʧʦʤʦʱʠ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʧʦʢʦʷʱʝʛʦʩʷ ʚ ʀʉʆ B. 

ʊʦʛʜʘ ʣʶʙʦʝ ʩʦʙʳʪʠʝ ʚ ʀʉʆ ɸ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʛʘʣʠʣʝʝʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x, y, z, t, ʘ ʚ ʀʉʆ 

B ï ʛʘʣʠʣʝʝʚʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ x', y', z', t'. 

ʇʫʩʪʴ ʦʜʥʦʠʤʝʥʥʳʝ ʦʩʠ ʜʝʢʘʨʪʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʵʪʠʭ ʜʚʫʭ ʀʉʆ ʙʫʜʫʪ ʧʘʨʘʣʣʝʣʴʥʳ 

ʜʨʫʛ ʜʨʫʛʫ, ʦʩʠ x ʠ x' ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʀʉʆ B ʜʚʠʞʝʪʩʷ ʩ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʴʶ u ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x ʀʉʆ ɸ, ʘ ʭʨʦʥʦʤʝʪʨʳ, ʧʦʢʦʷʱʠʝʩʷ ʚ ʥʘʯʘʣʘʭ ʢʦʦʨʜʠʥʘʪ ʀʉʆ ɸ ʠ B, ʠʤʝʶʪ ʥʫʣʝʚʳʝ ʧʦʢʘʟʘ-

ʥʠʷ ʚ ʪʦ ʤʛʥʦʚʝʥʠʝ, ʢʦʛʜʘ ʥʘʯʘʣʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʀʉʆ ɸ ʠ B ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ɺ ʦʩʥʦʚʫ 

ʨʘʩʩʫʞʜʝʥʠʡ ʧʦʣʦʞʠʤ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ï ʧʨʠʥʮʠʧ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʀʉʆ. ʇʦʵʪʦʤʫ ʤʳ ʜʦʣʞʥʳ 

ʩʯʠʪʘʪʴ ʨʘʚʝʥʩʪʚʘ (2.13) ʠ (2.14) ʚʳʧʦʣʥʷʶʱʠʤʠʩʷ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʦ. ʆʙʦʟʥʘʯʠʤ 
 

                                                                    ʩ(Rɸ, Gɸ) = ʩ(RB, GB) = 0c .                                                                  (3.1) 

 

ʊʦʛʜʘ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʟʘʢʦʥ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʧʨʠʥʮʠʧʘ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʀʉʆ), ʤʳ ʜʦʣʞʥʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʭʦʜʷʱʠʝ ʚ ʨʘʚʝʥʩʪʚʦ (2.14) ʚʝʣʠ-

ʯʠʥʳ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʠʤʝʶʪ ʚʠʜ 
 

                                                                        ʩ(Rɸ, GB) = 0c Ŀ ( )uY ,                                                                       (3.2) 

                                                                      ʩ(RB, Gɸ) = 0c Ŀ ( )uY - ,                                                                      (3.3) 

                                                                           ( )uY  = ( )uY - ,                                                                              (3.4) 

                                                                                  (0)Y = 1.                                                                                     (3.5) 

 

ʛʜʝ ( )uY  ï ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʀʉʆ, ʢʦʪʦʨʫʶ 

(ʬʫʥʢʮʠʶ) ʥʘʤ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ; (0)Y  ï ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʷ ( )uY  ʧʨʠ u = 0; 0c  = 299 792 458 

ʤ/ʩ - ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ. 

ʅʠʢʘʢʦʡ ʜʨʫʛʦʡ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʚʦʡʩʪʚʘʭ ʠʣʠ ʚʠʜʝ ʬʫʥʢʮʠʠ ( )uY , ʢʨʦʤʝ ʩʚʦʡʩʪʚ (3.4) ʠ (3.5), ʤʳ ʠʟ 

ʨʘʚʝʥʩʪʚ (2.13) ʠ (2.14) ʧʦʣʫʯʠʪʴ ʥʝ ʤʦʞʝʤ. ʅʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʜʘʯʘ ʦʪʳʩʢʘʥʠʷ ʟʘʢʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʷʚʣʷʣʩʷ ʙʳ ʩʣʝʜʩʪʚʠʝʤ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʠʥʝʨʮʠʘʣʴ-

ʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ (ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ), ʥʝʨʘʟʨʝʰʠʤʘ. ɺʝʜʴ ʨʘʚʝʥʩʪʚʘ (2.13) ʠ (2.14) ʷʚʣʷʶʪʩʷ ʣʠʰʴ 

ʯʘʩʪʥʳʤʠ ʩʣʝʜʩʪʚʠʷʤʠ ʠʟ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʣʷ ʧʨʦʮʝʩʩʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʠ ʠʤʠ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝ ʠʩʯʝʨʧʳʚʘʝʪʩʷ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʕʡʥʰʪʝʡʥ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ [1]: 

"ɿʘʢʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢ ʢʦʪʦʨʦʡ ʠʟ 

ʜʚʫʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ 

ʩʦʩʪʦʷʥʠʷ ʦʪʥʦʩʷʪʩʷ". 

ɺ [66] ʵʪʦʪ ʧʨʠʥʮʠʧ ʙʳʣ ʩʬʦʨʤʫʣʠʨʦʚʘʥ ʪʘʢ: 

"Die Gesetze, nach denen sich die Zustande der physikalischen Systeme andern, sind unahangig davon, auf 

welches von zwei relatif zueinander in gleichformiger Translationsbewegung befindlichen Koordinatensystemen diese 

Zustansanderungen bezogen werden". 

ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʵʪʦʡ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʣʶʙʦʡ ʬʠʟʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʳ. ʇʦʵʪʦʤʫ ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʩʧʨʘʚʝʜʣʠʚ ʪʘʢʞʝ ʠ ʜʣʷ ʪʘʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʭʨʦʥʦʤʝʪʨ (ʧʨʠʙʦʨ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ). ɿʘʤʝʥʠʤ ʧʦʵʪʦʤʫ ʚ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʦʥʷ-

ʪʠʝ "ʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ" ʥʘ ʧʦʥʷʪʠʝ "ʭʨʦʥʦʤʝʪʨ". ʇʦʣʫʯʠʤ ʫʪʚʝʨʞʜʝʥʠʝ: 

"ɿʘʢʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʩʦʩʪʦʷʥʠʷ ʭʨʦʥʦʤʝʪʨʘ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢ ʢʦʪʦʨʦʡ ʠʟ ʜʚʫʭ ʢʦ-

ʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʩʦ-

ʩʪʦʷʥʠʷ ʦʪʥʦʩʷʪʩʷ". 
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ʅʦ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʵʡʥʰʪʝʡʥʦʚʩʢʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʠʟʤʝʥʝʥʠʷ ʣʶʙʦʛʦ ʩʦʩʪʦ-

ʷʥʠʷ ʪʘʢʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʢʘʢ ʭʨʦʥʦʤʝʪʨ. ɸ ʪʘʢ ʢʘʢ ʠʟ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ ʠʟʤʝʥʷʶʱʠʭʩʷ ʩʦʩʪʦʷʥʠʡ ʧʨʠʙʦʨʘ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʚ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʥʘʩ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʥʪʝʨʝʩʫʝʪ ʪʘʢʦʝ ʠʟʤʝʥʷʶʱʝʝʩʷ ʩʦʩʪʦʷ-

ʥʠʝ ʭʨʦʥʦʤʝʪʨʘ ʢʘʢ ʧʦʢʘʟʘʥʠʷ ʭʨʦʥʦʤʝʪʨʘ, ʪʦ ʤʳ ʚʧʨʘʚʝ ʚ ʧʨʠʚʝʜʝʥʥʦʤ ʚʳʰʝ ʫʪʚʝʨʞʜʝʥʠʠ ʟʘʤʝʥʠʪʴ ʧʦʥʷʪʠʝ 

"ʩʦʩʪʦʷʥʠʷ ʭʨʦʥʦʤʝʪʨʘ" ʥʘ ʧʦʥʷʪʠʝ "ʧʦʢʘʟʘʥʠʝ ʭʨʦʥʦʤʝʪʨʘ". ʇʦʣʫʯʠʤ ʫʪʚʝʨʞʜʝʥʠʝ: 

"ɿʘʢʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʭʨʦʥʦʤʝʪʨʘ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢ ʢʦʪʦʨʦʡ ʠʟ ʜʚʫʭ ʢʦ-

ʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘ-

ʟʘʥʠʡ ʦʪʥʦʩʷʪʩʷ". 

ʀʟ ʵʪʦʛʦ ʞʝ ʫʪʚʝʨʞʜʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠʥʮʠʧ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʀʉʆ (ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ) 

ʥʠʢʘʢʦʛʦ "ʟʘʤʝʜʣʝʥʠʷ ʚʨʝʤʝʥʠ" ʚ ʜʚʠʞʫʱʠʭʩʷ ʀʉʆ ʥʝ ʜʦʧʫʩʢʘʝʪ. ɺʦʪ ʵʪʦ ʩʣʝʜʩʪʚʠʝ ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚ-

ʥʦʧʨʘʚʠʷ ʀʉʆ (ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ) ʤʳ ʠ ʠʩʧʦʣʴʟʫʝʤ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ ʟʘʢʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ 

ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ 

                                                               0 ( )uc c u= Y ,                                                                             (3.6) 
 

ʛʜʝ uc  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ; 0c  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ; 

( )uY  ï ʥʝʢʦʪʦʨʘʷ ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ, ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʘʤʠ (3.4) ʠ (3.5). 

ʇʫʩʪʴ B0 ʝʩʪʴ ʥʘʯʘʣʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʀʉʆ B, ɸ0 ï ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ ʀʉʆ ɸ. 

ʇʫʩʪʴ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ GB, ʧʦʢʦʷʱʠʡʩʷ ʚ ʪʦʯʢʝ B0, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t' = 0 ʧʦʩʳʣʘʝʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʚ ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʦʩʠ y', ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʀʉʆ ɸ ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʆ B. ʇʫʩʪʴ ʥʘ ʦʩʠ y' ʀʉʆ B 

ʥʘ ʨʘʩʩʪʦʷʥʠʠ y0' ʦʪ ʪʦʯʢʠ B0 ʫʩʪʘʥʦʚʣʝʥʦ ʟʝʨʢʘʣʦ B1, ʦʪ ʢʦʪʦʨʦʛʦ ʵʪʦʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʦʪʨʘʞʘʝʪʩʷ ʠ ʚʦʟʚʨʘʱʘ-

ʝʪʩʷ ʚ ʪʦʯʢʫ B0. ʊʦʛʜʘ (ʧʦʩʢʦʣʴʢʫ ʠ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ GB, ʠ ʟʝʨʢʘʣʦ ʧʦʢʦʷʪʩʷ ʚ ʀʉʆ B) ʵʪʦʪ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʀʉʆ B ʩʦ ʩʢʦʨʦʩʪʴʶ c0 ʢʘʢ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʠʟ ʪʦʯʢʠ B0 ʢ ʟʝʨʢʘʣʫ B1, ʪʘʢ ʠ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ 

ʦʪ ʟʝʨʢʘʣʘ B1 ʢ ʪʦʯʢʝ B0, ʯʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3.1ʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʚʝʨʥʝʪʩʷ ʚ ʪʦʯʢʫ B0 ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 
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0
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D =                                                                                (3.7) 

 

ʧʦʩʣʝ ʠʟʣʫʯʝʥʠʷ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʪʦʯʢʠ B0. ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʵʪʦʛʦ ʞʝ ʩʚʝʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʚ ʀʉʆ ɸ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ GB ʠ ʟʝʨʢʘʣʦ ʜʚʠʞʫʪʩʷ ʚʤʝʩʪʝ ʩ ʀʉʆ B ʚʧʨʘʚʦ ʩʦ ʩʢʦ-

ʨʦʩʪʴʶ u. 

ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʜʚʫʭ ʜʚʠʞʫʱʠʭʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʀʉʆ: ʘ) ʚ ʪʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʥʝʧʦʜʚʠʞʝʥ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʨʘʚʥʘ ʢʦʥʩʪʘʥʪʝ ʩ0; b) ʚ ʪʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʜʚʠʞʝʪʩʷ, ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ ʚʝʣʠʯʠʥʳ uc . 

ɺ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t' = 0 ʪʦʯʢʠ B0 ʠ ɸ0 ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʵʪʦʤʫ ʚ ʀʉʆ ɸ ʠʟʣʫʯʝʥʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʠʟ ʪʦʯʢʠ ɸ0. ɿʘ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʚʠʞʝʪʩʷ ʚ ʀʉʆ B ʠʟ ʪʦʯʢʠ B0 ʢ ʟʝʨʢʘʣʫ B1, ʩʘʤʘ 

ʀʉʆ B, ʜʚʠʛʘʷʩʴ ʩʦ ʩʢʦʨʦʩʪʴʶ u ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʆ ɸ, ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ. ʇʦʵʪʦʤʫ ʦʪʨʘʞʝʥʠʝ 

ʩʚʝʪʘ ʦʪ ʟʝʨʢʘʣʘ B1 ʚ ʀʉʆ ɸ ʧʨʦʠʟʦʡʜʝʪ ʚ ʪʦʯʢʝ N ʥʘ ʨʠʩ. 3.1b. ɸ ʟʘ ʪʦ ʚʨʝʤʷ, ʧʦʢʘ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʜʚʠʞʝʪʩʷ ʚ ʀʉʆ B 

ʦʪ ʟʝʨʢʘʣʘ B1 ʚ ʪʦʯʢʫ B0, ʀʉʆ B ʪʦʞʝ ʧʝʨʝʤʝʩʪʠʪʩʷ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʠ ʚ ʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʩʚʝʪʦ-

ʚʦʡ ʩʠʛʥʘʣ ʧʨʠʜʝʪ ʚ ʀʉʆ B ʚ ʪʦʯʢʫ B0, ʪʦʯʢʘ B0 ʀʉʆ B ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʪʦʯʢʦʡ ʄ ʀʉʆ ɸ. 

ʈʠʩ. 3.1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʩʚʝʪʘ ʚ ʜʚʫʭ ʜʚʠʞʫʱʠʭʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʀʉʆ ɸ ʠ ɺ: 

ʘ) ʚ ʪʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʀʉʆ) ɺ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʥʝʧʦʜʚʠʞʥʦʡ (ʚ ʢʦʪʦʨʦʡ ʠʩ-
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ʪʦʯʥʠʢ ʩʚʝʪʘ ʧʦʢʦʠʪʩʷ ʚ ʪʦʯʢʝ ɺ0) ï ʚ ʥʝʡ (ʚ ʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ) ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0c  

ʚʜʦʣʴ ʦʩʠ y'  ʦʪ ʪʦʯʢʠ ɺ0 ʜʦ ʟʝʨʢʘʣʘ 1B  ʠ ʩ ʪʘʢʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ 0c  ʦʙʨʘʪʥʦ ï ʦʪ 
1B  ʜʦ ɺ0, ʜʨʫʛʘʷ ʠʥʝʨʮʠ-

ʘʣʴʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ (ʀʉʆ) ɸ ï ʜʚʠʞʫʱʘʷʩʷ ʥʝʰʪʨʠʭʦʚʘʥʥʘʷ ʀʉʆ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ x' ʀʉʆ ɺ, ʚ ʥʝʡ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ uc  ʚʜʦʣʴ 

ʦʪʨʝʟʢʦʚ ʣʠʥʠʡ ɸ0N ʠ Nʄ (ʩʝʨʳʡ ʮʚʝʪ); 

b) ʚ ʪʦʡ ʀʉʆ ɸ, ʢʦʪʦʨʘʷ ʩʯʠʪʘʝʪʩʷ ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʆ ɺ ʚ ʩʪʦʨʦʥʫ ʦʪʨʠ-

ʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ x' ʀʉʆ ɸ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ uc . ɽʩʣʠ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʧʦʢʦ-

ʠʪʩʷ ʚ ʪʦʯʢʝ ɸ0 ʥʝʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ, ʪʦ ʩʚʝʪ ʚ ʥʝʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ A ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚʜʦʣʴ ʦʩʠ y ʜʦ ʟʝʨʢʘ-

ʣʘ A1, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ y0 ʦʪ ʪʦʯʢʠ ɸ0, ʠ ʦʙʨʘʪʥʦ ʚ ʪʦʯʢʫ ɸ0 ʩʦ ʩʢʦʨʦʩʪʴʶ 0c . ɼʨʫʛʘʷ ʀʉʆ ɺ ʜʚʠʞʝʪ-

ʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʆ ɸ ʚ ʩʪʦʨʦʥʫ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ x' c ʪʦʡ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ ʘʙʩʦʣʶʪʥʦʡ ʩʢʦ-

ʨʦʩʪʴʶ. ɺ ʵʪʦʡ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ uc (ʥʘʩʳʱʝʥʥʳʡ ʯʝʨʥʳʡ ʮʚʝʪ). 

ɺʧʦʣʥʝ ʦʯʝʚʠʜʥʦ, ʯʪʦ ɸ0N = Nʄ. ʆʯʝʚʠʜʥʦ ʪʘʢʞʝ ʠ ʪʦ, ʯʪʦ ʧʫʪʴ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʀʉʆ ɸ (ʨʘʚʥʳʡ 

ʜʣʠʥʘʤ ʧʨʷʤʳʭ ʣʠʥʠʡ ɸ0N ʠ NM) ʙʫʜʝʪ ʙʦʣʴʰʠʤ, ʯʝʤ ʧʫʪʴ ʵʪʦʛʦ ʞʝ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʀʉʆ B (ʨʘʚʥʳʡ ʫʜʚʦ-

ʝʥʥʦʡ ʜʣʠʥʝ ʣʠʥʠʠ B0B1). 

ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʯʝʨʝʟ tD  ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʠʟ ʪʦʯ-

ʢʠ ɸ0 ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʀʉʆ ɸ, ʪʦ ʧʫʪʴ, ʧʨʦʭʦʜʠʤʳʡ ʩʚʝʪʦʚʳʤ ʩʠʛʥʘʣʦʤ ʚ 

ʀʉʆ ɸ ʦʪ ʪʦʯʢʠ ɸ0 ʜʦ ʪʦʯʢʠ ʄ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʪʝʦʨʝʤʝ ʇʠʬʘʛʦʨʘ 
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ʅʦ ʚ ʀʉʆ ɸ ʠ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʠ ʟʝʨʢʘʣʦ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u. ʇʦʵʪʦʤʫ ʤʳ ʜʦʣʞʥʳ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʀʉʆ ɸ ʚʜʦʣʴ ʧʨʷʤʳʭ ʣʠʥʠʡ ɸ0N ʠ Nʄ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʝʤ (3.6). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ tD  ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʪʦʯʢʝ ɸ0 ʠ ʤʦʤʝʥʪʦʤ ʧʨʠʝʤʘ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʚ ʀʉʆ ɸ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʨʘʟʜʝʣʠʚ ʩʚʝʪʦʚʦʡ ʧʫʪʴ s, ʦʧʨʝʜʝʣʷʝ-

ʤʳʡ ʨʘʚʝʥʩʪʚʦʤ (3.8), ʥʘ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʀʉʆ ɸ, ʦʧʨʝʜʝʣʷʝʤʫʶ ʚʳʨʘʞʝʥʠʝʤ (3.6). ʇʦʣʫʯʠʤ 
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ʆʧʨʝʜʝʣʷʷ tD  ʠʟ ʚʳʨʘʞʝʥʠʷ (3.9), ʧʦʣʫʯʠʤ 

 

                                                       (3.10) 

 

 
 

 

 

ʀʩʧʦʣʴʟʫʝʤ ʪʝʧʝʨʴ ʧʦʣʫʯʝʥʥʦʝ ʚʳʰʝ ʩʣʝʜʩʪʚʠʝ ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠ-

ʩʪʝʤ ʦʪʩʯʝʪʘ: "ɿʘʢʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪʩʷ ʧʦʢʘʟʘʥʠʷ ʭʨʦʥʦʤʝʪʨʘ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢ ʢʦʪʦʨʦʡ ʠʟ ʜʚʫʭ 

ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ ʜʨʫʛʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦ-

ʢʘʟʘʥʠʡ ʦʪʥʦʩʷʪʩʷ". 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʝʩʣʠ ʚ ʪʦʯʢʘʭ ɸ0 ʠ ʄ ʀʉʆ ɸ ʠʤʝʶʪʩʷ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʦʙʨʘʟʦʤ ʭʨʦʥʦʤʝʪʨʳ, ʘ ʚ ʪʦʯʢʝ B0 ʪʦʞʝ ʠʤʝʝʪʩʷ ʭʨʦʥʦ-

ʤʝʪʨ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʢʦʪʦʨʳʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t = t' = 0 ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʝ ʧʦʢʘʟʘʥʠʷ ʩ ʭʨʦʥʦ-

ʤʝʪʨʦʤ, ʧʦʢʦʷʱʠʤʩʷ ʚ ʪʦʯʢʝ ɸ0, ʪʦ ʚ ʤʦʤʝʥʪ ʧʨʠʝʤʘ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʄ ʭʨʦʥʦʤʝʪʨ, ʧʦʢʦʷʱʠʡʩʷ ʚ 

ʪʦʯʢʝ B0, ʜʦʣʞʝʥ ʠʤʝʪʴ ʦʜʠʥʘʢʦʚʳʝ ʧʦʢʘʟʘʥʠʷ ʩ ʭʨʦʥʦʤʝʪʨʦʤ, ʧʦʢʦʷʱʠʤʩʷ ʚ ʪʦʯʢʝ ʄ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʩʦ-

ʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ ʩʣʝʜʩʪʚʠʝʤ ʠʟ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʤʳ ʠʤʝʝʤ ʧʨʘʚʦ ʧʨʠʨʘʚʥʷʪʴ ʜʨʫʛ ʜʨʫʛʫ ʧʨʘʚʳʝ 

ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ (3.7) ʠ (3.10), ʪ. ʝ. ʤʳ ʠʤʝʝʤ ʧʨʘʚʦ ʟʘʧʠʩʘʪʴ 
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(3.11) 
 

 

 

 

ʏʪʦʙʳ ʧʨʦʜʦʣʞʠʪʴ ʨʘʩʩʫʞʜʝʥʠʷ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʝʛʦ ʜʚʠʞʝʥʠʷ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʨʦʚʝʜʝʤ ʤʝʪʦʜʦʤ "ʦʪ ʧʨʦʪʠʚʥʦʛʦ" ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʳʩʣʝʥʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʜʚʠ-

ʞʫʱʠʤʠʩʷ ʥʘʚʩʪʨʝʯʫ ʜʨʫʛ ʜʨʫʛʫ ʜʚʫʤʷ ʧʨʦʩʪʝʡʰʠʤʠ ʧʣʦʩʢʠʤʠ ʪʝʣʘʤʠ: ʜʠʩʢʦʤ ʠ ʢʦʣʴʮʦʤ, ʠʤʝʶʱʠʤʠ ʦʜʠʥʘ-

ʢʦʚʳʝ ʚʥʝʰʥʠʝ ʜʠʘʤʝʪʨʳ, ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʚʜʦʣʴ ʦʙʱʝʡ ʦʩʠ ʩʠʤʤʝʪʨʠʠ, ʝʩʣʠ ʠʭ ʧʣʦʩʢʦʩʪʠ ʦʩʪʘʶʪʩʷ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʜʨʫʛ ʜʨʫʛʫ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ. 

ʊʦʛʜʘ, ʝʩʣʠ ʩʯʠʪʘʪʴ ʧʦʢʦʷʱʠʤʩʷ ʪʝʣʦʤ ʢʦʣʴʮʦ, ʘ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ ï ʜʠʩʢ, ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʦʤʫ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʶ ʜʠʘʤʝʪʨ ʜʚʠʞʫʱʝʛʦʩʷ ʜʠʩʢʘ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʥʴʰʠʤ 

ʚʥʫʪʨʝʥʥʝʛʦ ʜʠʘʤʝʪʨʘ ʢʦʣʴʮʘ ʪʘʢ, ʯʪʦ ʧʨʠ ʚʩʪʨʝʯʝ ʜʠʩʢʘ ʩ ʢʦʣʴʮʦʤ ʜʠʩʢ ʩʚʦʙʦʜʥʦ ʧʨʦʡʜʝʪ ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʝ ʚ 

ʢʦʣʴʮʝ ʠ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʙʘ ʪʝʣʘ ʧʨʦʜʦʣʞʘʪ ʜʚʠʞʝʥʠʝ ʥʝʧʦʚʨʝʞʜʝʥʥʳʤʠ, ʫʜʘʣʷʷʩʴ ʜʨʫʛ ʦʪ ʜʨʫʛʘ (ʩʤ. ʨʠʩ. 3.2ʘ).  

 
 

ʈʠʩ. 3.2. ɼʚʠʞʫʱʠʝʩʷ ʪʝʣʘ ʠʟʦʙʨʘʞʝʥʳ ʩʦ ʩʪʨʝʣʢʦʡ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʧʦʢʦʷʱʠʝʩʷ ʪʝʣʘ ʠʟʦʙʨʘʞʝʥʳ ʙʝʟ 

ʩʪʨʝʣʢʠ ï ʦʥʠ ʧʦʢʦʷʪʩʷ. ʇʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʪʝʣ ʥʝ ʤʦʛʫʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ 

ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʫʤʝʥʴʰʘʶʪʩʷ, ʪʦ: ʘ) ʝʩʣʠ ʢʦʣʴʮʦ (ʂ) ʧʦʢʦʠʪʩʷ, ʘ ʜʠʩʢ (ɼ) ʜʚʠʞʝʪʩʷ, ʧʦʩʣʝ ʚʩʪʨʝʯʠ ʜʠʩʢ ʠ ʢʦʣʴʮʦ ʧʨʦʜʦʣʞʘʪ 

ʜʚʠʞʝʥʠʝ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ; b) ʝʩʣʠ ʜʠʩʢ (ɼ) ʧʦʢʦʠʪʩʷ, ʘ ʢʦʣʴʮʦ (ʂ) ʜʚʠʞʝʪʩʷ, ʧʨʠ ʚʩʪʨʝʯʝ ʜʠʩʢ ʠ ʢʦʣʴʮʦ ʨʘʟʨʫʰʘʪʩʷ 
 

ɽʩʣʠ ʞʝ ʩʯʠʪʘʪʴ ʧʦʢʦʷʱʠʤʩʷ ʪʝʣʦʤ ʜʠʩʢ, ʘ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ ï ʢʦʣʴʮʦ, ʪʦ ʩʦʛʣʘʩʥʦ ʠʩʭʦʜʥʦʤʫ ʧʨʝʜ-

ʧʦʣʦʞʝʥʠʶ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʜʚʠʞʫʱʝʛʦʩʷ ʢʦʣʴʮʘ ʩʪʘʥʝʪ ʤʝʥʴʰʠʤ ʜʠʘʤʝʪʨʘ ʜʠʩʢʘ ʠ ʧʨʠ ʚʩʪʨʝʯʝ ʢʦʣʴʮʘ ʩ 

ʜʠʩʢʦʤ ʧʨʦʠʟʦʡʜʝʪ ʠʭ ʩʪʦʣʢʥʦʚʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʙʦʠʭ ʪʝʣ (ʩʤ. ʨʠʩ. 3.2b). ʅʦ ʪʘʢ ʢʘʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥ-

ʮʠʧʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʣʶʙʦʝ ʠʟ ʵʪʠʭ ʜʚʫʭ ʪʝʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʣʠʙʦ ʧʦʢʦʷʱʠʤʩʷ, ʣʠʙʦ ʜʚʠʞʫʱʠʤʩʷ, ʪʦ ʠʩʭʦʜ-

ʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝ-

ʥʠʷ ʪʝʣ, ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʣ ʧʦʩʣʝ ʠʭ ʚʩʪʨʝʯʠ. ɺʝʜʴ ʵʪʠ ʪʝʣʘ ʥʝ ʤʦʛʫʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ 

ʩʫʝɦʩʪʚʦʚʘʪʴ, ʠ ʥʝ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʚʦʝ ʠʩʭʦʜʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʰʠʙʦʯʥʳʤ - 

ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʪʝʣ ʥʝ ʤʦʛʫʪ ʫʤʝʥʴʰʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ. 

ɺʦ-ʚʪʦʨʳʭ, ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

ʊʦʛʜʘ, ʝʩʣʠ ʩʯʠʪʘʪʴ ʧʦʢʦʷʱʠʤʩʷ ʪʝʣʦʤ ʜʠʩʢ, ʘ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ - ʢʦʣʴʮʦ, ʪʦ ʩʦʛʣʘʩʥʦ ʵʪʦʤʫ ʚʪʦʨʦʤʫ 

ʧʨʝʜʧʦʣʦʞʝʥʠʶ ʚʥʫʪʨʝʥʥʠʡ ʜʠʘʤʝʪʨ ʜʚʠʞʫʱʝʛʦʩʷ ʢʦʣʴʮʘ ʩʪʘʥʝʪ ʙʦʣʴʰʠʤ, ʯʝʤ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨ ʜʠʩʢʘ, ʯʪʦ 

ʧʨʠʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʩʪʦʣʢʥʦʚʝʥʠʷ ʠ ʨʘʟʨʫʰʝʥʠʷ ʦʙʦʠʭ ʪʝʣ ʧʨʠ ʠʭ ʚʩʪʨʝʯʝ ʥʝ ʧʨʦʠʟʦʡʜʝʪ (ʩʤ. ʨʠʩ.3.3ʘ).  

 

ʈʠʩ. 3.3. ɼʚʠʞʫʱʠʝʩʷ ʪʝʣʘ ʠʟʦʙʨʘʞʝʥʳ ʩʦ ʩʪʨʝʣʢʦʡ, ʧʦʢʦʷʱʠʝʩʷ ʪʝʣʘ ʠʟʦʙʨʘʞʝʥʳ ʙʝʟ ʩʪʨʝʣʢʠ. ʇʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʪʝʣ 

ʥʝ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ. ɽʩʣʠ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʪʦ: ʘ) ʝʩʣʠ 

ʜʠʩʢ (ɼ) ʧʦʢʦʠʪʩʷ, ʘ ʢʦʣʴʮʦ (ʂ) ʜʚʠʞʝʪʩʷ, ʧʦʩʣʝ ʚʩʪʨʝʯʠ ʜʠʩʢ ʠ ʢʦʣʴʮʦ ʧʨʦʜʦʣʞʘʪ ʜʚʠʞʝʥʠʝ ʙʝʟ ʧʦʚʨʝʞʜʝʥʠʡ; ʙ) ʝʩʣʠ 

ʢʦʣʴʮʦ (ʂ) ʧʦʢʦʠʪʩʷ, ʘ ʜʠʩʢ (ɼ) ʜʚʠʞʝʪʩʷ, ʧʨʠ ʚʩʪʨʝʯʝ ʜʠʩʢ ʠ ʢʦʣʴʮʦ ʨʘʟʨʫʰʘʪʩʷ 
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ɽʩʣʠ ʞʝ ʩʯʠʪʘʪʴ ʧʦʢʦʷʱʠʤʩʷ ʪʝʣʦʤ ʢʦʣʴʮʦ, ʘ ʜʚʠʞʫʱʠʤʩʷ ʪʝʣʦʤ ï ʜʠʩʢ, ʪʦ ʩʦʛʣʘʩʥʦ ʚʪʦʨʦʤʫ ʧʨʝʜʧʦ-

ʣʦʞʝʥʠʶ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʥʘʨʫʞʥʳʡ ʜʠʘʤʝʪʨʳ ʜʚʠʞʫʱʝʛʦʩʷ ʜʠʩʢʘ ʤʦʞʝʪ ʩʪʘʪʴ ʙʦʣʴʰʠʤ 

ʚʥʝʰʥʝʛʦ ʜʠʘʤʝʪʨʘ ʢʦʣʴʮʘ ʠ ʧʨʠ ʚʩʪʨʝʯʝ ʢʦʣʴʮʘ ʩ ʜʠʩʢʦʤ ʩʪʦʣʢʥʦʚʝʥʠʝ ʠ ʨʘʟʨʫʰʝʥʠʝ ʦʙʦʠʭ ʪʝʣ ʥʝʠʟʙʝʞʥʦ ʠ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʦʙʘ ʪʝʣʘ ʙʫʜʫʪ ʧʦʚʨʝʞʜʝʥʳ ʠ ʧʝʨʝʩʪʘʥʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʚʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, 

ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ, ʧʨʠʚʦʜʠʪ ʢ 

ʧʨʦʪʠʚʦʨʝʯʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʪʝʣ ʧʦʩʣʝ ʠʭ ʚʩʪʨʝʯʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʠ ʚʪʦʨʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʰʠʙʦʯʥʦ ï 

ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʪʝʣ ʥʝ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ.  

ʅʦ ʝʩʣʠ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ ʠ ʥʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʠ ʥʝ ʫʤʝʥʴʰʘʶʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʪʝʣ, ʪʦ ʦʩʪʘʝʪʩʷ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥʥʳʤ ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ. 

ʀʪʘʢ, ʩʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʚʳʰʝ ʨʘʩʩʫʞʜʝʥʠʶ ʤʳ ʤʦʞʝʤ ʩʯʠʪʘʪʴ ʜʦʢʘʟʘʥʥʳʤ, ʯʪʦ ʚʭʦʜʷʱʠʝ ʚ ʬʦʨ-

ʤʫʣʫ (3.11) ʚʝʣʠʯʠʥʳ y0 ʠ y0' ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʨʘʚʝʥʩʪʚʦʤ 
 

                                                                                            
0

'

0y y=                                                                             (3.12) 

 

(ʧʦʩʢʦʣʴʢʫ ʧʦʧʝʨʝʯʥʳʝ ʨʘʟʤʝʨʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʥʝ ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ). 

ʇʦʜʩʪʘʚʠʚ ʪʝʧʝʨʴ ʨʘʚʝʥʩʪʚʦ (3.12) ʚ ʚʳʨʘʞʝʥʠʝ (3.11), ʧʦʣʫʯʠʤ 

 

                                                                                         
2

2

0

( ) 1
u

u
c

Y = + .                                                                   (3.13) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (3.13) ʚ ʚʳʨʘʞʝʥʠʝ (3.6), ʤʳ ʠ ʧʦʣʫʯʠʤ ʟʘʢʦʥ (2.1) ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ 

ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ, ʚʳʪʝʢʘʶʱʠʡ ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʀʉʆ (ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ) 

 

                                                                                   
2 2

0 01 /uc c u c= + .                                                                      (3.14) 

 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʪʨʫʜʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʬʫʥʢʮʠʷ (3.13) ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ (3.4) ʠ (3. 5), ʘ ʨʘʚʝʥʩʪʚʘ 

(2.13) ʠ (2.14) ʧʨʠ ʵʪʦʤ ʚʳʧʦʣʥʷʶʪʩʷ ʩʪʨʦʛʦ. 

ɿʘʚʠʩʠʤʦʩʪʴ (3.14) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʘʢʞʝ ʠ ʠʟ ʠʥʚʘʨʠʘʥʪʥʦʩʪʠ ʠʥʪʝʨʚʘʣʘ ds
2
. 

ʇʫʩʪʴ ʀʉʆ X', Y', Z', T' ʜʚʠʞʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ V ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʢʦʦʨʜʠʥʘʪʳ X ʥʝ ʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ X, Y, Z, T. ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʚʘʜʨʘʪʘ ʠʥʪʝʨʚʘʣʘ ʚ ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨ-

ʜʠʥʘʪʘʭ ʩʦ ʰʪʨʠʭʘʤʠ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

                                                            2 2 2 2 2 2

0 ( ') ( ') ( ') ( ') .ds c dT dX dY dZ= Ö - - -                                        (3.15) 

 

ʉʦʚʝʨʰʠʤ ʥʘʜ ʚʳʨʘʞʝʥʠʝʤ (3.15) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ɻʘʣʠʣʝʷ 

 

                                                             ', ' ', ', '.t T x X V T y Y z Z= = + Ö = =                                      (3.16) 

ʆʙʨʘʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʤʝʝʪ ʚʠʜ 

 

                                                                     ' , ' , ' , ' .T t X x V t Y y Z z= = - Ö = =                                    (3.17) 

 

ɺʟʷʚ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚ (3.17) ʠ ʧʦʜʩʪʘʚʠʚ ʠʭ ʚ ʚʳʨʘʞʝʥʠʝ (3.15), ʧʦʣʫʯʘʝʤ 

 

                                              
2 2 2 2 2 2 2 2

0 0(1 / ) 2 .ds c V c dt V dx dt dx dy dz= Ö - Ö + Ö Ö Ö - - -                     (3.18) 

 

ʏʪʦʙʳ ʠʟʙʘʚʠʪʴʩʷ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (3.18) ʦʪ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʯʣʝʥʘ dx dt, ʚʳʜʝʣʠʤ ʚ ʥʝʡ ʧʦʣ-

ʥʳʡ ʢʚʘʜʨʘʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʚʘʣ (3.18) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

                                                           

2
2 2 2

2 2 20

2 22 2

0 0

2 2
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1

1 1

c V V dx
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V Vc c

c c

è øå õ
= - + - - -é ùæ ö

ç ÷ê ú- -

.                              (3.19) 

 

ɺʚʝʜʝʤ ʪʝʧʝʨʴ ʥʦʚʫʶ ʩʢʦʨʦʩʪʴ, ʩʦʚʧʘʜʘʶʱʫʶ ʩ ʩʦʩʪʘʚʣʷʶʱʝʡ ʯʝʪʳʨʝʭʤʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʠʟ ʉʊʆ 
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(3.20) 

 

 

 

 

ʘ ʪʘʢʞʝ ʥʦʚʦʝ ʚʨʝʤʷ 

                                                                                  
2

2 2

0 0

1
V V x

T t
c c

å õ Ö
= Ö - +æ ö
ç ÷

                                                                  (3.21) 

ʠ ʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 

 

                                                          

(3.22) 

 

 
 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (3.19) ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 
 

 

                                         (3.23) 

 

 

 
 

 

ʏʪʦʙʳ ʠʥʪʝʨʚʘʣ ʙʳʣ ʠʥʚʘʨʠʘʥʪʥʳʤ, ʚʳʨʘʞʝʥʠʝ (3.23) ʜʦʣʞʥʦ ʠʤʝʪʴ ʚʠʜ 

 

                                                              
2 2 2 2 2 2

uds c dT dX dY dZ= Ö - - -.                                            (3.24) 

 

ʇʝʨʝʭʦʜ ʦʪ ʚʳʨʘʞʝʥʠʷ (3.23) ʢ ʚʳʨʘʞʝʥʠʶ (3.24) ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʚʚʝʜʷ ʥʦʚʫʶ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ 

 

.                                                                            (3.25) 

 

 

 
 
 

ʈʘʟʨʝʰʠʚ ʚʳʨʘʞʝʥʠʝ (3.20) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ V, ʧʦʣʫʯʠʤ 
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u
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.                                                                        (3.26) 

 

ʇʦʜʩʪʘʚʠʤ ʪʝʧʝʨʴ ʚʳʨʘʞʝʥʠʝ (3.26) ʚ ʬʦʨʤʫʣʫ (3.25). ʇʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʜʚʠʞʫ-

ʱʝʡʩʷ ʀʉʆ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʀʉʆ 

                                                                              
2 2

0 01 /uc c u c= + ,                                                               (3.27) 

 

ʩʦʚʧʘʜʘʶʱʫʶ ʩ ʬʦʨʤʫʣʘʤʠ (3.14) ʠʣʠ (2.1). 

ɿʘʚʠʩʠʤʦʩʪʴ 
2 2

0 01 /uc c u c= + , ʧʦʣʫʯʝʥʥʘʷ ʚʧʝʨʚʳʝ ʈʘʧʴʝ [70], ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʥʦʚʫʶ 

ʪʝʦʨʠʶ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʦʩʥʦʚʘʥʥʫʶ ʥʘ ʦʜʥʦʤ ʣʠʰʴ ʧʨʠʥʮʠʧʝ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ). ʅʦ ʧʨʝʞʜʝ, ʯʝʤ ʧʝʨʝʭʦʜʠʪʴ ʢ ʧʦʩʪʨʦʝʥʠʶ ʵʪʦʡ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʚʩʝ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʚʝʨʢʝ ʚʪʦʨʦʛʦ ʧʦ-

ʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ (2.1). 

ʈʘʟʜʝʣʠʚ ʦʙʝ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ (3.26) ʥʘ 0c , ʧʦʣʫʯʠʤ 
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(3.28) 

 

 

 
 

ɸ ʪʝʧʝʨʴ ʧʦʜʩʪʘʚʠʤ ʬʦʨʤʫʣʫ (3.27) ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʬʦʨʤʫʣʳ (3.28). ʇʦʣʫʯʠʤ 
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ʇʦʜʩʪʘʚʠʚ ʨʘʚʝʥʩʪʚʦ (3.29) ʚ ʬʦʨʤʫʣʫ (3.25), ʧʦʣʫʯʠʤ 
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ɺʩʧʦʤʥʠʚ ʪʝʧʝʨʴ ʧʨʦ ʨʘʚʝʥʩʪʚʦ (3.13), ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ 
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4. ʇʈʗʄʓɽ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʇʈʆɺɽʈʂʀ ɺʊʆʈʆɻʆ ʇʆʉʊʋʃɸʊɸ ʕʁʅʐʊɽʁʅɸ ʅɽ 

ʆʇʈʆɺɽʈɻɸʖʊ ʉʋʑɽʉʊɺʆɺɸʅʀɽ ʂɺɸɼʈɸʊʀʏʅʆʁ ɿɸɺʀʉʀʄʆʉʊʀ ʉʂʆʈʆʉʊʀ ʉɺɽʊɸ ʆʊ 

ʉʂʆʈʆʉʊʀ ʀʉʊʆʏʅʀʂɸ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ ʦʙʱʝʧʨʠʟʥʘʥʥʳʤ (ʩʤ., ʥʘʧʨʠʤʝʨ, [16], [21], ʯʪʦ ʟʘʢʦʥ ʥʝʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦ-

ʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (ʚʪʦʨʦʡ ʧʦʩʪʫʣʘʪ ʕʡʥʰʪʝʡʥʘ) ʥʘʜʝʞʥʦ ʦʙʦʩʥʦʚʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ, ʧʝʨʝʯʝʥʴ 

ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝʥ, ʥʘʧʨʠʤʝʨ, ʚ [14], [15], [16], [17], [18], [19], [22], [23], [24], [25], [26]. ʇʦʵʪʦʤʫ, ʢʘʟʘʣʦʩʴ ʙʳ, 

ʝʩʪʴ ʚʩʝ ʦʩʥʦʚʘʥʠʷ ʟʘʷʚʠʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 
 

                                                                                   
2 2

0 01 /uc c u c= +                                                                    (4.1) 

 

ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ. ʅʦ ʘʥʘʣʠʟ ʢʘʞʜʦʛʦ ʠʟ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.1), ʘ ʦʧʨʦʚʝʨʛʘʶʪ 

ʦʥʠ ʣʠʰʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʚʳ-

ʪʝʢʘʶʱʝʡ ʠʟ ʤʝʭʘʥʠʢʠ ʅʴʶʪʦʥʘ ʠ ʠʤʝʶʱʝʡ ʚʠʜ  
 

                                                                              0 cos ,uc c u a= + Ö                                                                      (4.2) 

 

ʛʜʝ a ï ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. 

ʇʨʠ ʵʪʦʤ ʣʝʛʢʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʥʝ ʦʧʨʦʚʝʨʞʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʙʦʣʴʰʠʥʩʪʚʦʤ ʠʟ ʨʘʥʝʝ ʧʨʦʚʝʜʝʥ-

ʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʩʧʝʮʠʬʠʯʝ-

ʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ (4.2). 

ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ (4.1) ʤʘʣʦ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ ʥʝʙʦʣʴʰʠʤ (ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʚʝʣʠʯʠʥʦʡ 0c ) ʩʢʦʨʦʩʪʷʤ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʘʞʝ ʧʨʠ ʪʘʢʦʡ ʛʨʦʤʘʜʥʦʡ ʧʦ ʟʝʤʥʳʤ 

ʤʘʩʰʪʘʙʘʤ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʢʘʢ 30 ʢʤ/ʩ ʩʢʦʨʦʩʪʴ ʠʟʣʫʯʘʝʤʦʛʦ ʠʤ ʩʚʝʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ (4.1) ʚʩʝʛʦ ʣʠʰʴ ʥʘ 1,5 ʤ/ʩ. ʋʯʠʪʳʚʘʷ ʞʝ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʩʘʤʦʡ ʚʝʣʠʯʠʥʳ 0c  ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʚʥʘ 1,2 ʤ/ʩ [20, ʩʪʨ. 622], ʦʙʥʘʨʫʞʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ 

(4.1) ʚ ʟʝʤʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʤʘʣʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʠʩʪʦʯʥʠʢʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. 

ɺʪʦʨʘʷ ʩʧʝʮʠʬʠʯʝʩʢʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʵʪʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʬʦʨʤʫʣʫ (4.1) ʥʝ ʚʭʦʜʠʪ ʫʛʦʣ ʤʝʞʜʫ ʥʘʧʨʘʚʣʝʥʠ-

ʝʤ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ. ɹʦʣʝʝ ʪʦʛʦ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (4.1) ʩʢʦʨʦʩʪʴ 
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ʩʚʝʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʟʥʘʢʘ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ: ʫʜʘʣʷʝʪʩʷ ʣʠ ʠʩʪʦʯʥʠʢ ʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ, 

ʧʨʠʙʣʠʞʘʝʪʩʷ ʣʠ ʢ ʥʝʤʫ - ʠʟʤʝʨʷʝʤʘʷ ʵʪʠʤ ʧʨʠʙʦʨʦʤ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʚʩʝʛʜʘ ʙʫʜʝʪ 

ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ 
0c . ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ (3.13) ʷʚʣʷʝʪʩʷ ʯʝʪʥʦʡ ʚʦʟʨʘʩʪʘʶʱʝʡ ʬʫʥʢʮʠʝʡ ʩʚʦʝ-

ʛʦ ʘʨʛʫʤʝʥʪʘ - ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. 

ʇʦʢʘʞʝʤ ʪʝʧʝʨʴ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʠ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʷʚʣʷʶʪʩʷ ʛʣʘʚʥʳʤʠ ʧʨʠʯʠʥʘʤʠ ʪʦ-

ʛʦ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʤʦʩʪʴ (4.1) ʠ ʥʝ ʧʦʜʪʚʝʨʞʜʝʥʘ, ʠ ʥʝ ʦʧʨʦʚʝʨʛʥʫʪʘ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʧʨʷ-

ʤʦʡ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ; 

4.1. ɸʥʘʣʠʟ ɼʝ-ʉʠʪʪʝʨʘ 

ɽʱʝ ʚ 1914 ʛʦʜʫ ɼʝ-ʉʠʪʪʝʨ [72] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣ ʨʝʟʫʣʴʪʘʪʳ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʜʚʦʡʥʦʡ 

ʟʚʝʟʜʳ ʠʟ ʩʦʟʚʝʟʜʠʷ ɺʦʟʥʠʯʝʛʦ ʩ ʧʦʯʪʠ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʦʡ (ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʩʘ ʨʘʚʝʥ 0,005) ʠ ʩʨʝʜʥʝʡ ʩʢʦʨʦ-

ʩʪʴʶ ʜʚʠʞʝʥʠʷ 110 ʢʤ/ʩ ʠ ʜʦʢʘʟʘʣ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʚʠʜʘ (4.2) ʦʧʨʦʚʝʨʛʘʝʪʩʷ ʵʪʠʤʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʤʠ ʥʘʙʣʶʜʝ-

ʥʠʷʤʠ, ʘ ʝʩʣʠ ʜʘʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ ʠ ʠʤʝʝʪ ʚʠʜ 

                                                                                  0uc c k u= + Ö,                                                                          (4.3) 
 

ʛʜʝ k ï ʥʝʠʟʚʝʩʪʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʪʦ ʠʟ ʵʪʠʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ ʩʣʝʜʫʝʪ, ʯʪʦ k < 0,002. ʅʦ ʚʝʜʴ ʝʩʣʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʨʘʟʣʦʞʠʪʴ ʚ ʨʷʜ ʠ ʦʛʨʘʥʠʯʠʪʴʩʷ ʜʚʫʤʷ ʧʝʨʚʳʤʠ ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ, ʪʦ 

ʧʦʣʫʯʠʤ 

                                                                           
0

0

0,5u

u
c c u

c
= + Ö Ö.                                                                        (4.4) 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʪʘʥʪʦʡ0c ) ʟʘ-
ʚʠʩʠʤʦʩʪʴ (4.1) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʳʨʘʞʝʥʠʷ (4.3), ʚ ʢʦʪʦʨʦʤ 

 

                                                                                       00,5 /k u c= Ö                                                                         (4.5) 
 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʬʦʨʤʫʣʫ (4.5) ʩʨʝʜʥʶʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʠʟ ʩʦʟʚʝʟʜʠʷ ɺʦʟʥʠʯʝʛʦ u = 

110 ʢʤ/ʩ, ʧʦʣʫʯʠʤ 0,00018(3)kº , ʪ. ʝ. ʥʘ ʧʦʨʷʜʦʢ ʤʝʥʴʰʝ ʪʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʜʦʧʫʩʢʘʝʪʩʷ ʘʩʪʨʦʥʦʤʠʯʝ-

ʩʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʜʚʦʡʥʳʭ ʟʚʝʟʜ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʭ ɼʝ-ʉʠʪʪʝʨʦʤ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʜʚʦʡʥʳʭ ʟʚʝʟʜ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ɼʝ-ʉʠʪʪʝʨʦʤ, ʥʝ ʧʨʦʪʠ-

ʚʦʨʝʯʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʧʨʠʨʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ (4.1). 

4.2. ʕʢʩʧʝʨʠʤʝʥʪ ʄʘʡʦʨʘʥʳ 

ʆʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʧʦʧʳʪʦʢ ʧʨʦʚʝʨʠʪʴ ʩʧʨʘʚʝʜʣʠʚʦʩʪʴ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʫʩʣʦʚʠʷʭ ʙʳʣ ʵʢʩʧʝʨʠʤʝʥʪ ʄʘʡʦʨʘʥʳ [73], [74], [75]. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ ʦʪʩʫʪʩʪʚʠʝ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʚʠʜʘ (4.2) ʧʦ ʚʝʣʠʯʠʥʝ ʩʜʚʠʛʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʘʡʢʝʣʴʩʦʥʘ ʩ ʥʝʨʘʚʥʳʤʠ 

ʧʣʝʯʘʤʠ ʧʨʠ ʟʘʤʝʥʝ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʥʘ ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʜʚʠʞʫʱʠʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʦʢʦʣʦ 80 ʤ/ʩ. 

ʅʦ, ʢʘʢ ʟʘʤʝʪʠʣ ʩʘʤ ʄʘʡʦʨʘʥʘ, ʧʦʣʫʯʝʥʥʳʡ ʠʤ ʨʝʟʫʣʴʪʘʪ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʚʧʦʣʥʝ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʦʪʩʫʪʩʪʚʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ. ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʪʝʤ, ʯʪʦ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʬʘʢʪʠʯʝʩʢʠ ʠʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʫʶ ʧʣʘʩʪʠʥʫ ʠ ʦʪʨʘʟʠʚʰʝʛʦʩʷ ʦʪ ʥʝʝ, 

ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʩʚʝʪ ʤʦʞʝʪ (ʠʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʚʝʱʝʩʪʚʦʤ ʩʚʝʪʦ-

ʜʝʣʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʥʳ) ʧʨʠʦʙʨʝʩʪʠ ʩʢʦʨʦʩʪʴ, ʨʘʚʥʫʶ 0c , ʜʘʞʝ ʝʩʣʠ ʢʘʢʘʷ-ʥʠʙʫʜʴ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ. 

ɸʥʘʣʦʛʠʯʥʦʝ ʚʦʟʨʘʞʝʥʠʝ ʤʦʞʥʦ ʚʳʩʢʘʟʘʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʳ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʷʤʦʡ ʧʨʦʚʝʨʢʝ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ. ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʧʦʢʘʟʘʣ ʌʦʢʩ [76], [77], 

[78], ʤʦʣʝʢʫʣʳ ʚʦʟʜʫʭʘ ʪʦʞʝ ʧʦʛʣʦʱʘʶʪ, ʘ ʟʘʪʝʤ ʧʝʨʝʠʟʣʫʯʘʶʪ ʢʚʘʥʪʳ ʩʚʝʪʘ, ʪ. ʝ. ʷʚʣʷʶʪʩʷ ʨʝʪʨʘʥʩʣʷʪʦʨʘʤʠ 

ʩʚʝʪʘ, ʠ ʧʨʠ ʦʙʳʯʥʦʤ ʜʘʚʣʝʥʠʠ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʷ ʚʦʟʜʫʭʘ ʪʦʣʱʠʥʦʡ ʚ 1 ʤʤ, ʯʪʦʙʳ ʩʦʦʙʱʠʪʴ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʬʦ-

ʪʦʥʦʚ ʧʦʩʪʦʷʥʥʫʶ ʩʢʦʨʦʩʪʴ 
0c. ʇʦʵʪʦʤʫ ʚʦ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʢʦʪʦʨʳʭ ʥʘ ʧʫʪʠ ʣʫʯʝʡ ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ 

ʠʩʪʦʯʥʠʢʘ ʫʩʪʘʥʘʚʣʠʚʘʣʠʩʴ ʧʝʨʝʠʟʣʫʯʘʪʝʣʠ (ʟʝʨʢʘʣʘ ʠʣʠ ʩʚʝʪʦʜʝʣʠʪʝʣʴʥʳʝ ʧʣʘʩʪʠʥʳ) ʠʣʠ ʚ ʢʦʪʦʨʳʭ ʣʫʯ ʩʚʝʪʘ 

ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʨʘʩʧʨʦʩʪʨʘʥʷʣʩʷ ʚ ʚʝʱʝʩʪʚʝ (ʥʘʧʨʠʤʝʨ, ʚ ʚʦʟʜʫʭʝ), ʦʙʥʘʨʫʞʠʪʴ ʢʘʢʫʶ-ʣʠʙʦ ʟʘʚʠʩʠ-

ʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʦ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʙʝʜʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʪʩʫʪʩʪʚʠʷ ʠʣʠ 

ʥʘʣʠʯʠʷ ʚ ʧʨʠʨʦʜʝ ʢʘʢʦʡ-ʣʠʙʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʠʩʢʣʶʯʠʪʴ ʠʟ ʧʨʦʮʝʩʩʘ ʧʝʨʝʜʘʯʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʢ ʠʟʤʝʨʠʪʝʣʴʥʦʤʫ 

ʧʨʠʙʦʨʫ ʫʯʘʩʪʠʝ ʤʦʣʝʢʫʣ ʣʶʙʳʭ ʚʝʱʝʩʪʚ, ʧʦʢʦʷʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʨʠʙʦʨʘ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘ-

ʥʠʠ ʤʳ ʤʦʞʝʤ ʠʩʢʣʶʯʠʪʴ ʠʟ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ (ʜʘʞʝ ʥʝ ʧʝʨʝʯʠʩʣʷʷ ʠʭ) ʚʩʝ ʪʝ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʚ ʢʦʪʦ-

ʨʳʭ ʵʪʦ ʪʨʝʙʦʚʘʥʠʝ ʥʝ ʚʳʧʦʣʥʝʥʦ. ʕʢʩʧʝʨʠʤʝʥʪʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʵʪʦʤʫ ʪʨʝʙʦʚʘʥʠʶ, ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ 

ʜʚʝ ʛʨʫʧʧʳ: ʵʢʩʧʝʨʠʤʝʥʪʳ ʚ ʚʘʢʫʫʤʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ. 

4.3. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚ ʚʘʢʫʫʤʝ 

ʂ ʵʢʩʧʝʨʠʤʝʥʪʘʤ, ʧʨʦʚʦʜʠʚʰʠʤʩʷ ʚ ʚʘʢʫʫʤʝ, ʦʪʥʦʩʷʪʩʷ: 
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ï ʵʢʩʧʝʨʠʤʝʥʪ ɹʘʙʢʦʢʘ ʠ ɹʝʨʛʤʘʥʘ [79]; 

ï ʵʢʩʧʝʨʠʤʝʥʪ ɹʝʢʤʘʥʘ ʠ ʄʝʥʜʠʢʩʘ [80];   

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ [79] ʬʘʢʪʠʯʝʩʢʠ ʧʦʚʪʦʨʷʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʂʘʥʪʦʨʘ [86], ʢʦʪʦʨʳʡ ʷʢʦʙʳ ʧʦʜʪʚʝʨʜʠʣ 

ʥʘʣʠʯʠʝ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ (4.2). ʅʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘ ʂʘʥʪʦʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [79] ʚʩʷ ʫʩʪʘʥʦʚʢʘ 

ʨʘʟʤʝʱʘʣʘʩʴ ʚ ʚʘʢʫʫʤʝ, ʘ ʧʫʪʴ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ ʙʳʣ ʫʚʝʣʠʯʝʥ. ʉʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ [79] ʙʳʣʘ ʨʘʚʥʘ 50 ʤ/ʩ. 

ʇʦʣʫʯʠʚ ʚ 240 ʨʘʟ ʤʝʥʴʰʝʝ ʩʤʝʱʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʯʝʤ ʩʤʝʱʝʥʠʝ, ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʟʘʚʠ-

ʩʠʤʦʩʪʠ (4.2), ɹʘʙʢʦʢ ʠ ɹʝʨʛʤʘʥ ʩʜʝʣʘʣʠ ʚʳʚʦʜ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ (4.2) ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, ʘ ʦʧʳʪ ʂʘʥʪʦʨʘ 

ʦʰʠʙʦʯʝʥ. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ (4.1), ʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʝ ʚ ʧʨʠʨʦʜʝ ɹʘʙʢʦʢ ʠ ɹʝʨʛʤʘʥ ʥʝ 

ʧʨʝʜʫʩʤʦʪʨʝʣʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪ [79] ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘ-

ʚʠʩʠʤʦʩʪʠ (4.1) ʚ ʧʨʠʨʦʜʝ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [79] ʩʨʘʚʥʠʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʦʚʦʛʦ ʣʫ-

ʯʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ, ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʦʚʦʛʦ ʣʫʯʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʞʝ ʩ ʟʘʚʠʩʠʤʦʩʪʴʶ (4.1) ʩʢʦʨʦʩʪʠ ʦʙʦʠʭ 

ʵʪʠʭ ʣʫʯʝʡ ʩʚʝʪʘ ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪ ɹʘʙʢʦʢʘ ʠ ɹʝʨʛʤʘʥʘ [79] ʥʝ ʚ ʩʦʩʪʦʷ-

ʥʠʠ ʥʠ ʧʦʜʪʚʝʨʜʠʪʴ, ʥʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʠʨʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ (4.1). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ɹʝʢʤʘʥʘ ʠ ʄʝʥʜʠʢʩʘ [80], ʪʘʢʞʝ ʧʨʦʚʦʜʠʚʰʝʤʩʷ ʚ ʚʘʢʫʫʤʝ, ʚ ʢʘʯʝʩʪʚʝ ʜʚʠʞʫʱʝʛʦʩʷ 

ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʧʣʦʩʢʦʝ ʟʝʨʢʘʣʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʨʦʪʦʨʝ ʛʠʨʦʩʢʦʧʘ. ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʬʦʪʦʛʨʘ-

ʬʠʨʦʚʘʣʘʩʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʨʠ ʥʘʣʦʞʝʥʠʠ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʣʫʯʘ ʩʚʝʪʘ, ʦʪʨʘʟʠʚʰʝ-

ʛʦʩʷ ʪʦʣʴʢʦ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʟʝʨʢʘʣʘ, ʩ ʣʫʯʦʤ ʩʚʝʪʘ, ʦʪʨʘʟʠʚʰʠʤʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʟʝʨʢʘʣʘ ʠ 

ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʟʝʨʢʘʣʘ (ʟʝʨʢʘʣʘ ʃʣʦʡʜʘ). ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.1. ʇʨʠ ʵʪʦʤ ʜʣʷ ʦʙʣʝʛʯʝ-

ʥʠʷ ʠʟʤʝʨʝʥʠʷ ʤʘʣʦʛʦ ʩʜʚʠʛʘ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʦʙʨʘʟʦʚʘʪʴʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʧʨʠʨʦʜʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (4.2), ʥʘ ʦʜʠʥ ʧʦʣʫʢʘʜʨ ʬʦʪʦʧʣʝʥʢʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʘʩʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʦʙʨʘʟʦ-

ʚʘʚʰʘʷʩʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʛʠʨʦʩʢʦʧʘ ʩ ʟʘʢʨʝʧʣʝʥʥʳʤ ʥʘ ʥʝʤ ʟʝʨʢʘʣʦʤ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʘ ʥʘ ʚʪʦʨʦʡ ʧʦʣʫ-

ʢʘʜʨ ʬʦʪʦʧʣʝʥʢʠ (ʩ ʥʝʙʦʣʴʰʠʤ ʧʝʨʝʢʨʳʪʠʝʤ ʧʝʨʚʦʛʦ ʧʦʣʫʢʘʜʨʘ) ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʘʩʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨ-

ʪʠʥʘ, ʦʙʨʘʟʦʚʘʚʰʘʷʩʷ ʧʨʠ ʚʨʘʱʝʥʠʠ ʨʦʪʦʨʘ ʛʠʨʦʩʢʦʧʘ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ, ʥʦ ʩ ʪʦʡ ʞʝ ʩʘʤʦʡ ʧʦ ʘʙʩʦ-

ʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʈʘʩʩʪʦʷʥʠʝ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʟʝʨʢʘʣʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʨʦʪʦʨʝ ʛʠʨʦʩʢʦʧʘ, 

ʜʦ ʬʦʪʦʧʣʝʥʢʠ, ʥʘ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ, ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʦ ʨʘʚʥʳʤ 

4,25 ʤ. ʉʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʛʠʨʦʩʢʦʧʘ ʜʦʚʦʜʠʣʘʩʴ ʜʦ ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʟʝʨʢʘʣʘ 50 ʤ/ʩ. 

ʅʠʢʘʢʦʛʦ ʩʤʝʱʝʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʷʚʠʣʦʩʴ 

ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʦʪʩʫʪʩʪʚʠʷ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (4.2). 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (4.1), ʪʦ ʠ ʵʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʝʝ ʠ ʥʝ ʧʦʜʪʚʝʨʞʜʘʝʪ, ʠ ʥʝ ʦʧʨʦʚʝʨʛʘʝʪ. 

ʆʙʫʩʣʦʚʣʝʥʦ ʵʪʦ ʪʝʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʥʝ ʠʟʤʝʥʷʝʪ 

ʩʚʦʝʡ ʚʝʣʠʯʠʥʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʘʚʣʝʥʠʷ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ. ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʫʙʝʜʠ-

ʪʝʣʴʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (4.1), ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ 

ʙʳ ʥʘ ʧʝʨʚʳʡ ʧʦʣʫʢʘʜʨ ʬʦʪʦʧʣʝʥʢʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʫʶ ʢʘʨʪʠʥʫ, ʦʙʨʘʟʫʶʱʫʶʩʷ ʧʨʠ ʚʨʘʱʝ-

ʥʠʠ ʟʝʨʢʘʣʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʘ ʥʘ ʚʪʦʨʦʡ ʧʦʣʫʢʘʜʨ - ʧʨʠ ʚʨʘʱʝʥʠʠ ʟʝʨʢʘʣʘ ʩ ʫʛʣʦʚʦʡ ʩʢʦ-

ʨʦʩʪʴʶ, ʚ ʩʦʪʥʠ ʨʘʟ ʤʝʥʴʰʝʡ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ, ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʜʚʠ-

ʞʫʱʠʤʩʷ ʟʝʨʢʘʣʦʤ ʠ ʬʦʪʦʧʣʝʥʢʦʡ. 

 

 

ʈʠʩ. 4.1. ʉʭʝʤʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ɹʝʢʤʘʥʘ ʠ ʄʝʥʜʠʢʩʘ [80]. 

(1 ï ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ; 2 ï ʟʝʨʢʘʣʦ, ʟʘʢʨʝʧʣʝʥʥʦʝ ʥʘ ʨʦʪʦʨʝ ʛʠʨʦʩʢʦʧʘ, 3 ï ʟʝʨʢʘʣʦ ʃʣʦʡʜʘ, 4 ï ʬʦʪʦʧʣʘʩʪʠʥʘ) 

 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʫʙʝʜʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʘʣʠʯʠʷ ʠʣʠ ʦʪʩʫʪʩʪʚʠʷ ʚ 

ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ (4.1) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʜʚʠʞʫʱʠʤʩʷ ʟʝʨʢʘʣʦʤ 

ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ 
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ʛʜʝ L ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʠʞʫʱʠʤʩʷ ʟʝʨʢʘʣʦʤ ʠ ʬʦʪʦʧʣʝʥʢʦʡ;  

     l ï ʜʣʠʥʘ ʚʦʣʥʳ ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘ-

ʥʠʡ;  

     
2

mu  ï ʢʚʘʜʨʘʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʟʝʨʢʘʣʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʥʘ ʨʦʪʦʨʝ ʛʠʨʦ-

ʩʢʦʧʘ;  

     D > 0,1 ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʩʜʚʠʛ (ʚ ʜʣʠʥʘʭ ʚʦʣʥ) ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʳʭ ʧʦʣʦʩ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʪʦʪ ʩʜʚʠʛ ʫʜʘʝʪʩʷ 

ʥʘʜʝʞʥʦ ʟʘʬʠʢʩʠʨʦʚʘʪʴ.  

ʅʘʧʨʠʤʝʨ, ʧʨʠ mu = 300 ʤ/ʩ, l = 0,3 ʤʢʤ ʠ D = 0,1 ʠʟ ʬʦʨʤʫʣʳ (4.5) ʧʦʣʫʯʠʤ L > 60 ʢʤ. ɺ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ ʞʝ [80] ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʙʳʣʦ ʨʘʚʥʳʤ ʚʩʝʛʦ ʣʠʰʴ 4,25 ʤ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʩʧʝʨʠʤʝʥʪ [80] ʪʦʞʝ ʠ ʥʝ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ, ʠ ʥʝ ʦʧʨʦʚʝʨʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ (4.1) ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. 

ɺ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʟʝʨʢʘʣʘʤʠ ʨʘʩʩʪʦʷʥʠʝ, ʧʨʦʭʦʜʠʤʦʝ ʩʚʝʪʦʤ ʚ ʚʘʢʫʫʤʝ, ʥʝ ʧʨʝ-

ʚʳʰʘʣʦ 100 ʤ, ʘ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʟʝʨʢʘʣʘ ʥʝ ʧʨʝʚʳʰʘʣʘ 300 ʤ/ʩ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʪʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʥʝ ʫʜʦ-

ʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʶ (4.5) ʠ ʥʝ ʦʙʣʘʜʘʶʪ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʦʡ ʚ ʦʪʥʦʰʝʥʠʠ ʢʚʘʜʨʘʪʠʯʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 

(4.1). ʆʩʥʦʚʥʘʷ ʧʨʠʯʠʥʘ - ʤʘʣʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. 

4.4. ʕʢʩʧʝʨʠʤʝʥʪʳ ʩ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʩʣʘʙʦ ʧʦʛʣʦʱʘʶʪʩʷ ʚʦʟʜʫʭʦʤ, ʪʦ ʦʥʠ ʨʘʩ-

ʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʢʚʦʟʴ ʚʦʟʜʫʭ ʪʘʢ, ʯʪʦ ʤʦʣʝʢʫʣʳ ʚʦʟʜʫʭʘ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʷ ʚ ʧʝʨʝʜʘʯʝ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʟ 

ʦʜʥʦʡ ʪʦʯʢʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʫʶ ʧʫʪʝʤ ʠʭ ʧʦʛʣʦʱʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʧʝʨʝʠʟʣʫʯʝʥʠʷ, ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ 

ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ ʜʚʠʞʫʱʠʤʠʩʷ ʠʩʪʦʯʥʠʢʘʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʥʝ ʚ ʚʘʢʫʫʤʝ, ʘ ʧʨʠ ʦʙʳʯʥʦʤ 

ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ ʚʦʟʜʫʭʘ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʠʩʪʦʯ-

ʥʠʢʘʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʤʦʞʥʦ ʧʨʠʜʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ, ʯʝʤ ʟʝʨʢʘʣʘʤ. ɸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʬʠʢʩʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʳʪʦʚ ʫʞʝ ʥʝ ʷʚʣʝʥʠʝ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʘ ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʛʘʤʤʘ-

ʢʚʘʥʪʘʤʠ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʯʪʦ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʦʙʣʝʛʯʘʝʪ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

ʂ ʵʢʩʧʝʨʠʤʝʥʪʘʤ ʩ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ ʦʪʥʦʩʷʪʩʷ: 

ï ʵʢʩʧʝʨʠʤʝʥʪ ɸʣʴʚʘʛʝʨʘ, ʅʠʣʴʩʩʦʥʘ ʠ ʂʡʝʣʣʤʘʥʘ [81], [82]; 

ï ʵʢʩʧʝʨʠʤʝʥʪ ʉʘʜʝ [83]; 

ï ʵʢʩʧʝʨʠʤʝʥʪ ʌʠʣʣʠʧʘʩʘ ʠ ʌʦʢʩʘ [84]; 

ï ʵʢʩʧʝʨʠʤʝʥʪ ɸʣʴʚʘʛʝʨʘ, ʌʘʨʣʝʷ, ʂʡʝʣʣʤʘʥʘ ʠ ʋʦʣʣʠʥʘ [85], ʧʨʦʚʝʜʝʥʥʳʡ ʥʘ ɾʝʥʝʚʩʢʦʤ ʫʩʢʦʨʠʪʝʣʝ 

ʧʨʦʪʦʥʦʚ. 

4.4.1. ʕʢʩʧʝʨʠʤʝʥʪ ʩ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ ɸʣʴʚʘʛʝʨʘ, ʅʠʣʴʩʩʦʥʘ ʠ ʂʡʝʣʣʤʘʥʘ [81], [82] 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ [81], [82] ʤʠʰʝʥʠ ʠʟ ʫʛʣʝʨʦʜʘ ʉ
12

 ʠ ʢʠʩʣʦʨʦʜʘ ʆ
16

 ʙʦʤʙʘʨʜʠʨʦʚʘʣʠʩʴ ʘʣʴʬʘ-ʯʘʩʪʠʮʘʤʠ 

ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ 14 ʄʵɺ, ʫʩʢʦʨʝʥʥʳʤʠ ʚ ʮʠʢʣʦʪʨʦʥʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʧʦʣʫʯʘʣʠʩʴ ʚʦʟ-

ʙʫʞʜʝʥʥʳʝ ʷʜʨʘ ʩ ʥʝʢʦʪʦʨʦʡ ʩʢʦʨʦʩʪʴʶ ʦʪʜʘʯʠ. ɺʦʟʙʫʞʜʝʥʥʳʝ ʷʜʨʘ ʫʛʣʝʨʦʜʘ ʫʩʧʝʚʘʶʪ ʠʟʣʫʯʠʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ 

ʜʦ ʩʚʦʝʡ ʦʩʪʘʥʦʚʢʠ, ʦʙʣʘʜʘʷ ʩʢʦʨʦʩʪʴʶ 0,018Ŀ0c , ʠʟʤʝʨʝʥʥʦʡ ʧʦ ʜʦʧʣʝʨʦʚʩʢʦʤʫ ʩʤʝʱʝʥʠʶ ʯʘʩʪʦʪʳ. ʗʜʨʘ ʞʝ 
ʢʠʩʣʦʨʦʜʘ ʠʟʣʫʯʘʶʪ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʧʦʩʣʝ ʦʩʪʘʥʦʚʢʠ (ʜʦʧʣʝʨʦʚʩʢʦʝ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ). 

ʀʟʣʫʯʝʥʥʳʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʧʨʠʥʠʤʘʣʠʩʴ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʇʝʨʚʳʡ ʜʝʪʝʢʪʦʨ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 1 ʤʝʪʨ ʦʪ ʤʠʰʝʥʝʡ, ʘ ʚʪʦʨʦʡ - ʥʘ ʦʜʥʦʡ ʣʠʥʠʠ ʩ ʧʝʨʚʳʤ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 5 ʤ ʦʪ ʤʠʰʝʥʝʡ. ʄʠʰʝʥʠ 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 30 ʩʤ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʠʭ ʤʦʞʥʦ ʙʳʣʦ ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ ʤʝʥʷʪʴ ʤʝʩʪʘʤʠ. 

ɺ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʟʤʝʨʷʣʠʩʴ ʤʦʤʝʥʪʳ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʢʘʞʜʳʡ ʠʟ ʜʝʪʝʢʪʦʨʦʚ ʠ ʨʘʩʩʯʠ-

ʪʳʚʘʣʘʩʴ ʚʝʣʠʯʠʥʘ 
 

                                                           
2 1 2 1 2 1 2 1{[( ) ( )] [( ) ( )]},O O C C O O C Ct t t tt t t tD= - - - - - - -                                 (4.7) 

 

ʛʜʝ 1 2,t t ï ʠʟʤʝʨʝʥʥʳʝ ʤʦʤʝʥʪʳ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʜʝʪʝʢʪʦʨʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ 

ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʩʥʘʯʘʣʘ ʧʦʧʘʜʘʶʪ ʚ ʤʠʰʝʥʴ ʠʟ ʢʠʩʣʦʨʦʜʘ, ʘ ʟʘʪʝʤ ï ʚ ʤʠʰʝʥʴ ʠʟ ʫʛʣʝʨʦʜʘ;  

t1, t2 ï ʠʟʤʝʨʝʥʥʳʝ ʤʦʤʝʥʪʳ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʧʝʨʚʳʡ ʠ ʚʪʦʨʦʡ ʜʝʪʝʢʪʦʨʳ (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʚ ʪʦʤ 

ʩʣʫʯʘʝ, ʢʦʛʜʘ ʘʣʴʬʘ-ʯʘʩʪʠʮʳ ʩʥʘʯʘʣʘ ʧʦʧʘʜʘʶʪ ʚ ʤʠʰʝʥʴ ʠʟ ʫʛʣʝʨʦʜʘ, ʘ ʟʘʪʝʤ ï ʚ ʤʠʰʝʥʴ ʠʟ ʢʠʩʣʦʨʦʜʘ, ʧʨʠʯʝʤ 

ʚʝʨʭʥʠʡ ʠʥʜʝʢʩ ʧʦʢʘʟʳʚʘʝʪ, ʢʘʢʠʤ ʠʟ ʷʜʝʨ ʠʩʧʫʱʝʥ ʛʘʤʤʘ-ʢʚʘʥʪ, ʤʦʤʝʥʪ ʧʦʧʘʜʘʥʠʷ ʢʦʪʦʨʦʛʦ ʚ ʜʝʪʝʢʪʦʨ ʬʠʢ-

ʩʠʨʫʝʪʩʷ. 

ɽʩʣʠ ʞʝ ʦʧʨʝʜʝʣʠʪʴ ʤʦʤʝʥʪʳ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʜʝʪʝʢʪʦʨʳ ʧʦ ʠʟʚʝʩʪʥʦʤʫ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ 

ʜʝʪʝʢʪʦʨʘʤʠ ʠ ʧʦ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤ ʩʢʦʨʦʩʪʷʤ ʜʚʠʞʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʷ (4.7) ʧʦʣʫʯʠʤ 
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,                                                                      (4.7ʘ) 

 

ʛʜʝ s = 4 ʤ ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʝʨʚʳʤ ʠ ʚʪʦʨʳʤ ʜʝʪʝʢʪʦʨʘʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ;  

0c  ï ʩʢʦʨʦʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʧʦʢʦʷʱʠʤʠʩʷ ʷʜʨʘʤʠ ʢʠʩʣʦʨʦʜʘ;  

uc  ï ʩʢʦʨʦʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʜʚʠʞʫʱʠʤʠʩʷ ʷʜʨʘʤʠ ʫʛʣʝʨʦʜʘ. 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (4.3) ʚ ʬʦʨʤʫʣʫ (4.7ʘ), ʧʦʣʫʯʠʤ 
 

                                                                                             
2

0

2 s k u

c

Ö Ö Ö
D= ,                                                                       (4.8) 

 

ʛʜʝ  u = 0,018 
0c  ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʷʜʝʨ ʫʛʣʝʨʦʜʘ;  

k = 1 - ʝʩʣʠ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 
0 cosuc c u a= + Ö ; 

k ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (4.4) - ʝʩʣʠ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ (4.1) ʚʠ-

ʜʘ 
2 2

0 01 /uc c u c= + . 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʚʳʨʘʞʝʥʠʝ (4.8) ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠ k = 1, ʧʦʣʫʯʠʤ ʟʥʘʯʝʥʠʝ 
9

(4.2) 0,5 10-D = Öʩʝʢʫʥʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.2) 

ʚʠʜʘ 
0 cosuc c u a= + Ö .  

ʇʦʜʩʪʘʚʣʷʷ ʚ ʚʳʨʘʞʝʥʠʝ (4.8) ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ ʠ ʟʥʘʯʝʥʠʝ k ʠʟ ʚʳʨʘʞʝʥʠʷ (4.5), ʧʦʣʫʯʠʤ 

ʟʥʘʯʝʥʠʝ 11

(2.1) 0,5 10-D = Ö ʩʝʢʫʥʜ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ 

(2.1) ʚʠʜʘ 
2 2

0 01 /uc c u c= + . 

ʈʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʬʦʨʤʫʣʝ (4.6) ʠ ʠʟʤʝʨʝʥʥʳʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [81], [82] ʤʦʤʝʥʪʘʤ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʚ ʜʝʪʝʢʪʦʨʳ ʚʝʣʠʯʠʥʘ Dɻ ʢʩʧ ʧʦʩʣʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʦʢʘʟʘʣʘʩʴ ʨʘʚʥʦʡ Dɻ ʢʩʧ = (0,2 ° 0,2)Ö10
-9
 

ʩʝʢʫʥʜ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ Dɻ ʢʩʧ = 0,2Ö10
-9
 ʩʝʢʫʥʜ < 

9

(4.2) 0,5 10-D = Öʩʝʢʫʥʜ, ʵʢʩʧʝʨʠʤʝʥʪ 

[81], [82] ʜʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.2) ʚʠʜʘ 0 cosuc c u a= + Ö . 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ (2.1) ʚʠʜʘ 
2 2

0 01 /uc c u c= + , ʪʦ ʵʢʩʧʝʨʠʤʝʥʪ [81], [82] ʝʝ ʪʦʞʝ ʠ ʥʝ ʧʦʜ-

ʪʚʝʨʞʜʘʝʪ, ʠ ʥʝ ʦʧʨʦʚʝʨʛʘʝʪ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʚʝʣʠʯʠʥʳ 

Dɻ ʢʩʧ, ʨʘʚʥʘʷ ʚ ʵʪʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 0,2 ʥʘʥʦʩʝʢʫʥʜʳ, ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʧʨʝʚʳʰʘʣʘ ʟʥʘʯʝʥʠʝ 11

(2.1) 0,5 10-D = Ö ʩʝʢʫʥʜ, 

ʚʳʪʝʢʘʶʱʝʝ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ (2.1) ʚʠʜʘ 2 2

0 01 /uc c u c= + . 

ʕʢʩʧʝʨʠʤʝʥʪ [81], [82] ʠʤʝʝʪ ʝʱʝ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ - ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʧʦʧʘʜʘʶʱʠʝ ʚʦ ʚʪʦʨʦʡ ʜʝʪʝʢʪʦʨ, 

ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ ʚʝʱʝʩʪʚʦ ʧʝʨʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʦʧʘʜʘʶʱʠʝ ʚʦ ʚʪʦʨʦʡ ʜʝʪʝʢ-

ʪʦʨ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʷʚʣʷʶʪʩʷ ʥʝ ʧʝʨʚʠʯʥʳʤʠ, ʠʟʣʫʯʝʥʥʳʤʠ ʚ ʤʠʰʝʥʷʭ, ʘ ʚʪʦʨʠʯʥʳʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʧʝʨʝʠʟ-

ʣʫʯʝʥʥʳʤʠ ʚʝʱʝʩʪʚʦʤ ʧʝʨʚʦʛʦ ʜʝʪʝʢʪʦʨʘ. ɽʩʣʠ ʵʪʦʪ ʵʬʬʝʢʪ ʠʤʝʝʪ ʤʝʩʪʦ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʵʢʩ-

ʧʝʨʠʤʝʥʪ [81], [82] ʥʝ ʠʤʝʝʪ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʳ ʪʘʢʞʝ ʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦ-

ʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (4.2) ʚʠʜʘ 
0 cosuc c u a= + Ö . 

4.4.2. ʕʢʩʧʝʨʠʤʝʥʪ ʉʘʜʝ [83] ʩ ʧʦʟʠʪʨʦʥʘʤʠ 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʉʘʜʝ [83] ʧʫʯʦʢ ʧʦʟʠʪʨʦʥʦʚ ʥʘʧʨʘʚʣʷʣʩʷ ʥʘ ʤʠʰʝʥʴ ʪʦʣʱʠʥʦʡ 1ʤʤ ʠʟ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʪʝʢʣʘ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʣʘ ʘʥʥʠʛʠʣʷʮʠʷ ʧʦʟʠʪʨʦʥʦʚ ʩ ʵʣʝʢʪʨʦʥʘʤʠ ʘʪʦʤʦʚ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ. ʆʙʨʘʟʦ-

ʚʘʚʰʠʝʩʷ ʧʨʠ ʘʥʥʠʛʠʣʷʮʠʠ ʜʚʘ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʩʠʩʪʝʤʝ ʮʝʥʪʨʘ ʤʘʩʩ ʧʦʟʠʪʨʦʥʘ ʠ ʵʣʝʢʪʨʦʥʘ ʨʘʟʣʝʪʘʶʪʩʷ ʧʦʜ 

ʫʛʣʦʤ 180Á, ʘ ʚ ʣʘʙʦʨʘʪʦʨʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ - ʧʦʜ ʤʝʥʴʰʠʤ ʫʛʣʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʠʤʧʫʣʴʩʘ ʧʦʟʠʪʨʦʥʘ. ɺ ʵʢʩ-

ʧʝʨʠʤʝʥʪʝ [83] ʜʚʘ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʥʘ ʦʜʠʥʘʢʦʚʦʤ ʨʘʩʩʪʦʷʥʠʠ (ʨʘʚʥʦʤ 60 ʩʤ) ʦʪ ʤʠʰʝ-

ʥʠ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ, ʩʦʩʪʘʚʣʷʚʰʠʤ ʫʛʣʳ ʚ 20Á ʠ 135Á ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʝʪʘ ʧʦʟʠʪʨʦʥʦʚ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ 

ʜʝʪʝʢʪʦʨʳ ʬʠʢʩʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʪʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʮʝʥʪʨʘ ʤʘʩʩ ʩʠʩʪʝʤʳ "ʵʣʝʢʪʨʦʥ ï ʧʦʟʠʪʨʦʥ", ʨʘʚʥʦʡ ʧʦʨʷʜʢʘ 0,6Ŀ0c . ʉʧʝʮʠʘʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʩʭʝʤʘ 
ʧʦʟʚʦʣʷʣʘ ʠʟʤʝʨʷʪʴ ʨʘʟʥʠʮʫ ʚʦ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʵʪʠʤʠ ʜʚʫʤʷ ʜʝʪʝʢʪʦʨʘʤʠ ʩ ʪʦʯʥʦʩʪʴʶ 

90,2 10-Ö ʩʝʢʫʥʜ. ɺ ʧʨʝʜʝʣʘʭ ʦʰʠʙʦʢ ʠʟʤʝʨʝʥʠʡ ʥʠʢʘʢʦʡ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʢʩ-
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ʧʝʨʠʤʝʥʪʝ [83] ʥʝ ʙʳʣʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.2) ʚʠʜʘ 

0 cosuc c u a= + Ö  ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʜʝʪʝʢʪʦʨʳ ʜʦʣʞʝʥ ʙʳʣ ʥʘʙʣʶʜʘʪʴʩʷ ʚʨʝ-

ʤʝʥʥʦʡ ʧʨʦʤʝʞʫʪʦʢ ʧʦʨʷʜʢʘ 90,2 10-Ö ʩʝʢʫʥʜ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʢʩʧʝʨʠʤʝʥʪ ʉʘʜʝ [83] ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʜʠʣ ʦʪ-

ʩʫʪʩʪʚʠʝ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ (4.2) ʚʠʜʘ 
0 cosuc c u a= + Ö . 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʠ (2.1) ʚʠʜʘ 
2 2

0 01 /uc c u c= + , ʪʦ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ʉʘʜʝ [83] ʥʝ 

ʦʧʨʦʚʝʨʛʘʝʪ ʠ ʚ ʧʨʠʥʮʠʧʝ ʦʧʨʦʚʝʨʛʥʫʪʴ ʥʝ ʤʦʞʝʪ (ʜʘʞʝ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʯʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʨʘʟʥʠʮʳ ʚʦ ʚʨʝ-

ʤʝʥʠ ʨʝʛʠʩʪʨʘʮʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʜʝʪʝʢʪʦʨʘʤʠ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ). ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʟʘ-

ʚʠʩʠʤʦʩʪʠ 
2 2

0 01 /uc c u c= + ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʳ (ʤʦʜʫʣʷ) ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ, ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʛʣʘ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʠ ʩʢʦʨʦʩʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ɺ ʩʘʤʦʤ ʜʝ-

ʣʝ, ʝʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 
2 2

0 01 /uc c u c= +  ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, ʪʦ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʜʦʣʞʥʳ ʧʦʧʘʩʪʴ ʚ ʜʝʪʝʢʪʦʨʳ 

ʦʜʥʦʚʨʝʤʝʥʥʦ, ʝʩʣʠ ʦʥʠ ʙʳʣʠ ʠʩʧʫʱʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟ ʪʦʯʢʠ, ʨʘʚʥʦʫʜʘʣʝʥʥʦʡ ʦʪ ʜʝʪʝʢʪʦʨʦʚ. 

4.4.3. ʕʢʩʧʝʨʠʤʝʥʪ ʌʠʣʣʠʧʘʩʘ ʠ ʌʦʢʩʘ [84] 

ʊʦʯʥʦ ʧʦ ʪʘʢʦʡ ʞʝ ʧʨʠʯʠʥʝ ʚ ʧʨʠʥʮʠʧʝ ʥʝ ʤʦʞʝʪ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠ-

ʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ 
2 2

0 01 /uc c u c= +  ʠ ʵʢʩʧʝʨʠʤʝʥʪ [84], ʚ ʢʦʪʦʨʦʤ ʧʨʦʚʝʨʷʣʘʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦʩʪʴ ʧʦʧʘ-

ʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (ʨʦʞʜʘʚʰʠʭʩʷ ʧʨʠ ʨʘʩʧʘʜʝ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠ-ʤʝʟʦʥʦʚ) ʚ ʜʝʪʝʢʪʦʨʳ, ʨʘʚʥʦʫʜʘʣʝʥʥʳʝ ʦʪ ʪʦʡ 

ʪʦʯʢʠ, ʚ ʢʦʪʦʨʦʡ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʨʦʞʜʘʣʠʩʴ. ʅʦ ʦʪʩʫʪʩʪʚʠʝ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ 

0 cosuc c u a= + Ö  ʵʢʩʧʝʨʠʤʝʥʪ [84] ʜʦʢʘʟʳʚʘʝʪ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʜʦʩʪʦʚʝʨʥʦʩʪʠ. 

4.4.4. ʕʢʩʧʝʨʠʤʝʥʪ ɸʣʴʚʘʛʝʨʘ, ʌʘʨʣʝʷ, ʂʡʝʣʣʤʘʥʘ ʠ ʋʦʣʣʠʥʘ [85] 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ [85], ʢʦʪʦʨʳʡ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʥʘ ɾʝʥʝʚʩʢʦʤ ʧʨʦʪʦʥʥʦʤ ʩʠʥʭʨʦʪʨʦʥʝ, ʠʟʤʝʨʷʣʘʩʴ 

ʩʢʦʨʦʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʨʦʞʜʘʚʰʠʭʩʷ ʧʨʠ ʨʘʩʧʘʜʘʭ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠ-ʤʝʟʦʥʦʚ. ɻʝʥʝʨʠʨʦʚʘʥʠʝ  ʥʝʡʪʨʘʣʴʥʳʭ ʧʠ-

ʤʝʟʦʥʦʚ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʙʦʤʙʘʨʜʠʨʦʚʢʦʡ ʥʝʧʦʜʚʠʞʥʦʡ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʧʨʦʪʦʥʘʤʠ, ʠʤʝʚʰʠʤʠ ʧʦʩʣʝ 

ʫʩʢʦʨʝʥʠʷ ʠʤʧʫʣʴʩ, ʨʘʚʥʳʡ 19,2 ɻʵɺ/0c . ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʣʝʪʷʱʠʝ ʧʦʜ ʫʛʣʦʤ 

ʦʢʦʣʦ 6Á ʢ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʝʪʘ ʧʨʦʪʦʥʦʚ. ʅʘ ʧʫʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʚʳʣʝʪʘʚʰʠʭ ʠʟ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ, ʫʩʪʘ-

ʥʘʚʣʠʚʘʣʠʩʴ ʜʚʘ ʦʪʢʣʦʥʷʶʱʠʭ ʤʘʛʥʠʪʘ ʚʙʣʠʟʠ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʠ ʦʜʠʥ ʦʪʢʣʦʥʷʶʱʠʡ ʤʘʛʥʠʪ ʥʘ ʨʘʩʩʪʦʷ-

ʥʠʠ ʦʢʦʣʦ 50 ʤ ʦʪ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ. ʕʪʠ ʤʘʛʥʠʪʳ ʧʨʝʜʥʘʟʥʘʯʘʣʠʩʴ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, 

ʨʦʞʜʘʚʰʠʭʩʷ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʧʨʦʪʦʥʘʤʠ ʤʠʰʝʥʠ, ʩ ʪʨʘʝʢʪʦʨʠʠ ʧʦʣʝʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʇʝʨʝʜ ʪʨʝʪʴʠʤ ʦʪ-

ʢʣʦʥʷʶʱʠʤ ʤʘʛʥʠʪʦʤ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʨʘʩʧʦʣʘʛʘʣʩʷ ʩʚʠʥʮʦʚʳʡ ʢʦʣʣʠʤʘʪʦʨ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ. ʇʦ-

ʩʣʝ ʪʨʝʪʴʝʛʦ ʦʪʢʣʦʥʷʶʱʝʛʦ ʤʘʛʥʠʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʧʨʦʭʦʜʠʣʠ ʩʢʚʦʟʴ ʦʢʥʦ ʚ ʙʝʪʦʥʥʦʡ ʩʪʝʥʝ, ʢʦʪʦʨʘʷ ʠʤʝʣʘ 

ʪʦʣʱʠʥʫ ʦʢʦʣʦ 6 ʤ, ʠ ʧʦʧʘʜʘʣʠ ʚ ʜʝʪʝʢʪʦʨ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʣʠ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʜʨʫʛ ʟʘ 

ʜʨʫʛʦʤ: 

ï ʙʦʣʴʰʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ; 

ï ʧʣʘʩʪʠʥʘ ʩʚʠʥʮʘ ʪʦʣʱʠʥʦʡ 4 ʤʤ; 

ï ʤʘʣʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ; 

ï ʯʝʨʝʥʢʦʚʩʢʠʡ ʜʝʪʝʢʪʦʨ. 

ɹʦʣʴʰʦʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʩʣʫʞʠʣ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʨʝʛʠʩʪʨʘʮʠʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʤʝʪʦ-

ʜʦʤ ʘʥʪʠʩʦʚʧʘʜʝʥʠʡ. ʇʣʘʩʪʠʥʘ ʩʚʠʥʮʘ ʪʦʣʱʠʥʦʡ 4 ʤʤ ʧʨʝʜʥʘʟʥʘʯʘʣʘʩʴ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʳʩʦ-

ʢʠʭ ʵʥʝʨʛʠʡ ʚ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ ʧʘʨʳ. ʄʘʣʳʡ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʡ ʜʝʪʝʢʪʦʨ ʨʝʛʠʩʪʨʠʨʦʚʘʣ ʨʦʞʜʘʚʰʠʝʩʷ ʚ 

ʩʚʠʥʮʦʚʦʡ ʧʣʘʩʪʠʥʝ ʵʣʝʢʪʨʦʥ-ʧʦʟʠʪʨʦʥʥʳʝ ʧʘʨʳ. ʄʦʤʝʥʪ ʧʦʷʚʣʝʥʠʷ ʠʤʧʫʣʴʩʘ ʥʘ ʚʳʭʦʜʝ ʤʘʣʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠ-

ʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠʥʠʤʘʣʩʷ ʟʘ ʤʦʤʝʥʪ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʵʪʦʪ ʩʦʩʪʘʚʥʦʡ ʜʝʪʝʢʪʦʨ. ʏʝʨʝʥʢʦʚʩʢʠʡ ʜʝ-

ʪʝʢʪʦʨ ʩʣʫʞʠʣ ʜʣʷ ʦʪʙʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʩ ʵʥʝʨʛʠʝʡ ʩʚʳʰʝ 6 ɻʵɺ. 

ʀʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʚʨʝʤʷʧʨʦʣʝʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ 

ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ʊʦʣʴʢʦ ʦʜʠʥ ʜʝʪʝʢʪʦʨ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

[85] ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʩʪʨʘʥʠʪʴ ʚʦʟʤʦʞʥʳʝ ʚʦʟʨʘʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʦʧʘʜʘʶʱʠʝ ʚʦ ʚʪʦʨʦʡ ʜʝʪʝʢʪʦʨ ʛʘʤʤʘ-

ʢʚʘʥʪʳ ʷʚʣʷʶʪʩʷ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʧʝʨʝʠʟʣʫʯʝʥʥʳʤʠ ʚʝʱʝʩʪʚʦʤ ʧʝʨʚʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʧʦʢʦʷʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʚʪʦʨʦʛʦ ʜʝʪʝʢʪʦʨʘ), ʘ ʥʝ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʠʟʣʫʯʝʥʥʳʤʠ ʜʚʠʞʫʱʠʤʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʤ. 

ʏʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʠʟʤʝʨʝʥʠʝ ʩʢʦʨʦʩʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʨʝʤʷ-ʧʨʦʣʝʪʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʦʤʦʱʠ ʣʠʰʴ 

ʦʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʵʬʬʝʢʪ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʫʩʢʦʨʷʝʤʳʭ ʚ ʧʨʦ-

ʪʦʥʥʦʤ ʩʠʥʭʨʦʪʨʦʥʝ ʧʨʦʪʦʥʦʚ ʚ ʢʦʤʧʘʢʪʥʳʝ ʩʛʫʩʪʢʠ. ʕʪʠ ʩʛʫʩʪʢʠ ʧʨʦʪʦʥʦʚ ʙʦʤʙʘʨʜʠʨʦʚʘʣʠ ʙʝʨʠʣʣʠʝʚʫʶ ʤʠ-

ʰʝʥʴ ʩ ʧʝʨʠʦʜʦʤ 105 ʥʘʥʦʩʝʢʫʥʜ, ʧʨʠʯʝʤ ʚʨʝʤʷ ʙʦʤʙʘʨʜʠʨʦʚʢʠ ʤʠʰʝʥʠ ʦʜʥʠʤ ʩʛʫʩʪʢʦʤ ʧʨʦʪʦʥʦʚ ʩʦʩʪʘʚʣʷʣʦ 

ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʩʝʢʫʥʜ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʩʛʫʩʪʢʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʫʩʢʦʨʷʝʤʦʛʦ ʧʫʯʢʘ ʧʨʦʪʦʥʦʚ ʥʘ ʚʨʝʤʷ ʧʦʨʷʜʢʘ 

100 ʤʠʣʣʠʩʝʢʫʥʜ (ʚ ʢʘʞʜʦʤ ʮʠʢʣʝ ʫʩʢʦʨʝʥʠʷ), ʚ ʪʝʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʩʛʫʩʪʢʠ ʥʝʦʜʥʦʢʨʘʪʥʦ ʙʦʤʙʘʨʜʠʨʦʚʘʣʠ ʤʠ-

ʰʝʥʴ, ʯʘʩʪʦʪʘ ʫʩʢʦʨʷʶʱʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʫʩʢʦʨʠʪʝʣʷ ʧʦʜʜʝʨʞʠʚʘʣʘʩʴ ʧʦʩʪʦʷʥʥʦʡ ʠ ʨʘʚʥʦʡ 9,53220 

Ñ 0,00005 ʄɻʮ. 
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ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʚʨʝʤʷʧʨʦʣʝʪʥʦʛʦ ʤʝʪʦʜʘ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʠ ʧʦʤʦʱʠ ʦʜʥʦʛʦ ʜʝ-

ʪʝʢʪʦʨʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʵʪʦʪ ʜʝʪʝʢʪʦʨ ʤʦʞʥʦ ʙʳʣʦ ʧʦʤʝʱʘʪʴ ʚ ʣʶʙʫʶ ʪʦʯʢʫ ʫʯʘʩʪʢʘ ʪʨʘʝʢʪʦʨʠʠ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʜʣʠʥʦʡ ʧʦʨʷʜʢʘ 32 ʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʟʘ ʦʢʥʦʤ ʚ ʙʝʪʦʥʥʦʡ ʩʪʝʥʝ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʥʷʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʜʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ. ɸ ʩʢʦʨʦʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ ʦʪ ʦʜʥʦʛʦ ʧʦʣʦ-

ʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ (ʚ ʪʦʯʢʝ ɸ) ʜʦ ʜʨʫʛʦʛʦ ʧʦʣʦʞʝʥʠʷ ʜʝʪʝʢʪʦʨʘ (ʚ ʪʦʯʢʝ ɺ) ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʠʟʤʝʨʷʣʦʩʴ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʠʤʧʫʣʴʩʳ ʩ ʚʳʭʦʜʘ ʤʘʣʦʛʦ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʚʦʟʥʠʢʘʚʰʠʝ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚ ʤʦʤʝʥʪ ʧʦʧʘʜʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʩʚʠʥʮʦʚʫʶ ʧʣʘʩʪʠʥʫ ʩʦʩʪʘʚʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʣʫʯʝʡ, ʧʦʜʘʚʘ-

ʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʨʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ "ʚʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ - ʘʤʧʣʠʪʫʜʘ ʠʤʧʫʣʴʩʘ". ɺ ʢʘʯʝ-

ʩʪʚʝ ʩʪʦʧʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚʨʝʤʷ-ʘʤʧʣʠʪʫʜʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʤʧʫʣʴʩʳ, ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥ-

ʥʳʝ ʩ ʧʝʨʝʤʝʥʥʳʤ ʫʩʢʦʨʷʶʱʠʤ ʥʘʧʨʷʞʝʥʠʝʤ ʩ ʯʘʩʪʦʪʦʡ 9,53220 ʄɻʮ.  

ʇʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʪʘʨʪʦʚʳʤʠ ʠ ʩʪʦʧʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʧʨʝʚʨʘʱʘʣʩʷ ʚ ʘʤʧʣʠʪʫʜʫ ʠʤʧʫʣʴ-

ʩʘ, ʢʦʪʦʨʘʷ ʠʟʤʝʨʷʣʘʩʴ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʘʤʧʣʠʪʫʜʥʳʤ ʘʥʘʣʠʟʘʪʦʨʦʤ.  

ʌʘʢʪʠʯʝʩʢʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʠʟʤʝʨʷʣʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ  
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ʛʜʝ tM ï ʤʦʤʝʥʪ ʨʦʞʜʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʤʠʰʝʥʠ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʠʰʝʥʠ ʧʨʦʪʦʥʘʤʠ;   

tdelay ï ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʦʤ ʨʦʞʜʝʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʚ ʤʠʰʝʥʠ ʠ ʤʦʤʝʥʪʦʤ ʧʦʜʘʯʠ ʩʪʦʧʦʚʦʛʦ 

ʠʤʧʫʣʴʩʘ ʥʘ ʚʨʝʤʷ-ʘʤʧʣʠʪʫʜʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ (ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ);   

s ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʜʦ ʜʝʪʝʢʪʦʨʘ;  

cu ï ʠʩʢʦʤʘʷ ʩʢʦʨʦʩʪʴ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʠʩʧʫʩʢʘʝʤʳʭ ʜʚʠʞʫʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ.   

ʇʨʠ ʵʪʦʤ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʩʥʘʯʘʣʘ ʠʟʤʝʨʷʣʘʩʴ ʚʝʣʠʯʠʥʘ 
1tD, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʩʩʪʦʷʥʠʶ sɸ ʦʪ 

ʤʠʰʝʥʠ ʜʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʧʦʣʦʞʝʥʠʝ ɸ,    

                                                                         1
A

delay

u

s
t t

c
D = -

,                                                                   (4.10) 

ʘ ʟʘʪʝʤ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʠʰʝʥʠ ʜʦ ʜʝʪʝʢʪʦʨʘ ʧʣʘʚʥʦ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ ʪʘʢʦʛʦ ʟʥʘʯʝʥʠʷ Bs , ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʤʝ-

ʞʫʪʦʢ ʚʨʝʤʝʥʠ  
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ʙʳʣ ʙʳ ʨʘʚʝʥ ʧʨʦʤʝʞʫʪʢʫ ʚʨʝʤʝʥʠ 
1tD  ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ td   
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ʛʜʝ T = 1/f ï ʧʝʨʠʦʜ ʦʙʣʫʯʝʥʠʷ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʧʨʦʪʦʥʥʳʤʠ ʩʛʫʩʪʢʘʤʠ.  

ʀʟ ʚʳʨʘʞʝʥʠʷ (4.12) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦ-

ʩʷ ʠʩʪʦʯʥʠʢʘ  
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,                                                            (4.13) 

ʛʜʝ sD  ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʧʦʣʦʞʝʥʠʷʤʠ ʜʝʪʝʢʪʦʨʘ (ʚ ʪʦʯʢʘʭ ɸ ʠ ɺ).  

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʧʨʠ sD= 31,45 ʤ, dt = 0, ʘ ʪʘʢʞʝ f = 9,53220Ñ 0,00005 ʄɻʮ ʙʳʣʦ ʧʦʣʫʯʝʥʦ  

 

                                                                   
uc = (2,9977 Ñ 0,0004)Ŀ10

8
 ʤ/ʩ.                                                          (4.14) 

 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʜʝʪʝʢʪʦʨ ʠʟ ʧʦʣʦʞʝʥʠʷ ɸ ʫʜʘʣʷʣʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ h = 4,5 ʤ ʚ ʩʪʦ-

ʨʦʥʫ ʦʪ ʤʠʰʝʥʠ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʘʩʴ ʚʝʣʠʯʠʥʘ  
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(4.15) 

 

 

ʛʜʝ h = 4,5 ʤ. 

ʀʟ ʧʦʣʦʞʝʥʠʷ ɺ ʜʝʪʝʢʪʦʨ ʪʘʢʞʝ ʧʨʠʙʣʠʞʘʣʩʷ ʢ ʤʠʰʝʥʠ ʥʘ h = 4,5 ʤ. ʇʨʠ ʵʪʦʤ ʠʟʤʝʨʷʣʘʩʴ ʚʝʣʠʯʠʥʘ  

 

                                                                  .                                               (4.16) 

 
ɼʣʷ ʚʝʣʠʯʠʥ  ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʟʥʘʯʝʥʠʝ 15Ö10

-9
 ʩʝʢʫʥʜ, ʩʦʛʣʘʩʫʶʱʝʝʩʷ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ (4.14). ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʘʚʪʦʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘ [85] ʩʜʝʣʘʣʠ ʚʳʚʦʜ, 

ʯʪʦ ʝʩʣʠ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʠ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʧʦ ʬʦʨʤʫʣʝ (4.2), ʪʦ ʠʟ 

ʵʢʩʧʝʨʠʤʝʥʪʘ [85] ʩʣʝʜʫʝʪ, ʯʪʦ 5( 3 13) 10k -= - ° Ö. ɸ ʵʪʦ ʬʘʢʪʠʯʝʩʢʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪ [85] ʧʨʦʪʠʚʦʨʝ-

ʯʠʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ (2.1) ʚʠʜʘ 
2 2

0 01 /uc c u c= + . ɺʝʜʴ ʠʩʪʦʯʥʠʢ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʵʢʩʧʝ-

ʨʠʤʝʥʪʝ [85] ʧʦ ʤʥʝʥʠʶ ʝʛʦ ʘʚʪʦʨʦʚ ʜʚʠʛʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,99975Ŀuc  ʠ ʧʦ ʬʦʨʤʫʣʝ (4.5), ʚʳʪʝʢʘʶʱʝʡ ʠʟ 

ʟʘʚʠʩʠʤʦʩʪʠ 
2 2

0 01 /uc c u c= + , ʩʣʝʜʦʚʘʣʦ ʦʞʠʜʘʪʴ, ʯʪʦ k = 0,5. ʇʨʝʜʚʠʜʷ ʚʦʟʤʦʞʥʳʝ ʚʦʟʨʘʞʝʥʠʷ ʧʨʦʪʠʚ ʜʦʢʘʟʘ-

ʪʝʣʴʥʦʡ ʩʠʣʳ ʩʚʦʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘʚʪʦʨʳ [85] ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ (ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʠʠ ʧʦʛʣʦʱʝʥʠʷ ʌʦʢ-

ʩʘ [76] ï [78]) ʠ ʦʪʚʝʨʛʣʠ ʟʘʤʝʪʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʦʣʫʯʝʥʥʳʝ ʠʤʠ ʨʝʟʫʣʴʪʘʪʳ ʵʬʬʝʢʪʘ ʧʝʨʝʠʟʣʫʯʝʥʠʷ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʧʦʢʦʷʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʪʝʢʪʦʨʘ ʚʝʱʝʩʪʚʦʤ, ʩʢʚʦʟʴ ʢʦʪʦʨʦʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʧʨʦʭʦʜʷʪ ʚ ʵʢʩʧʝʨʠʤʝʥ-

ʪʝ [85] ʦʪ ʤʦʤʝʥʪʘ ʩʚʦʝʛʦ ʨʦʞʜʝʥʠʷ ʚ ʤʠʰʝʥʠ ʜʦ ʧʦʧʘʜʘʥʠʷ ʚ ʜʝʪʝʢʪʦʨ (ʙʝʨʠʣʣʠʝʚʘʷ ʤʠʰʝʥʴ, ʦʢʥʦ ʚʘʢʫʫʤʥʦʡ 

ʢʘʤʝʨʳ ʫʩʢʦʨʠʪʝʣʷ, ʩʣʦʡ ʚʦʟʜʫʭʘ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 60 ʤ).   

ʅʦ ʧʨʦʪʠʚ ʜʦʢʘʟʘʪʝʣʴʥʦʡ ʩʠʣʳ ʵʢʩʧʝʨʠʤʝʥʪʘ [85] ʤʦʞʥʦ ʚʳʜʚʠʥʫʪʴ ʨʷʜ ʚʦʟʨʘʞʝʥʠʡ, ʥʘ ʢʦʪʦʨʳʝ ʚ ʩʪʘ-

ʪʝɹ [85] ʦʪʚʝʪʦʚ ʥʘʡʪʠ ʥʝ ʫʜʘʝʪʩʷ.   

ɺʦ-ʧʝʨʚʳʭ, ʚ ʩʪʘʪʴʝ [85] ʥʝʪ ʘʙʩʦʣʶʪʥʦ ʥʠʢʘʢʠʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʪʦʛʦ, ʯʪʦ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʩʢʦʨʦʩʪʴ ʢʦʪʦ-

ʨʳʭ ʠʟʤʝʨʷʣʘʩʴ, ʙʳʣʠ ʠʩʧʫʱʝʥʳ ʠʤʝʥʥʦ ʜʚʠʞʫʱʠʤʠʩʷ ʩ ʦʛʨʦʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʝʡʪʨʘʣʴʥʳʤʠ ʧʠ-ʤʝʟʦʥʘʤʠ. ɺ 

ʪʝʢʩʪʝ ʩʪʘʪʴʠ ʘʚʪʦʨʳ ʜʘʞʝ ʤʳʩʣʠ ʥʝ ʜʦʧʫʩʢʘʶʪ, ʯʪʦ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʝʪʩʷ, ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʫʱʝʥʳ ʘ ʢʘʢʦʤ-ʥʠʙʫʜʴ ʜʨʫʛʦʤ ʧʨʦʮʝʩʩʝ, ʧʨʦʠʩʭʦʜʷʱʝʤ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʙʝʨʠʣʣʠʝʚʦʡ ʤʠʰʝʥʠ ʧʨʦʪʦʥʘ-

ʤʠ. ʆʥʠ ʙʝʟʘʧʝʣʣʷʮʠʦʥʥʦ ʟʘʷʚʣʷʶʪ, ʯʪʦ ʧʦʧʘʜʘʶʱʠʝ ʚ ʜʝʪʝʢʪʦʨ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʠʩʧʫʱʝʥʳ ʠʤʝʥʥʦ ʜʚʠʞʫʱʠʤʠ-

ʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0,99975Ŀ0c  ʥʝʡʪʨʘʣʴʥʳʤʠ ʧʠ-ʤʝʟʦʥʘʤʠ. ʏʠʪʘʪʝʣʷʤ ʞʝ ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʚʝʨʠʪʴ ʥʘ ʩʣʦʚʦ ʘʚʪʦʨʘʤ 

(ʜʦʢʘʟʘʪʝʣʴʩʪʚ-ʪʦ ʚʝʜʴ ʚ ʩʪʘʪʴʝ ʥʝʪ ʥʠʢʘʢʠʭ).  

ʄʝʞʜʫ ʪʝʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʠʰʝʥʠ ʧʨʦʪʦʥʘʤʠ ʤʦʛʫʪ ʧʨʦʠʩʭʦʜʠʪʴ (ʥʘʨʷʜʫ ʩ ʨʘʩʧʘ-

ʜʘʤʠ ʥʝʡʪʨʘʣʴʥʳʭ ʧʠ-ʤʝʟʦʥʦʚ ʥʘ ʜʚʘ ʛʘʤʤʘ-ʢʚʘʥʪʘ) ʠ ʜʨʫʛʠʝ ʧʨʦʮʝʩʩʳ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʠʟʣʫʯʝʥʠʝʤ ʠʟ ʤʠ-

ʰʝʥʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚʳʩʦʢʠʭ ʵʥʝʨʛʠʡ. ʂ ʪʘʢʠʤ ʧʨʦʮʝʩʩʘʤ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʦʪʥʝʩʪʠ:   

ʘ) ʨʝʘʢʮʠʠ, ʥʘʟʳʚʘʝʤʳʝ ʨʘʜʠʘʮʠʦʥʥʳʤ ʟʘʭʚʘʪʦʤ ʧʨʦʪʦʥʘ, ʧʨʠ ʢʦʪʦʨʳʭ ʷʜʨʦ ʘʪʦʤʘ ʤʠʰʝʥʠ ʟʘʭʚʘʪʳʚʘʝʪ 

ʧʨʦʪʦʥ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʩʦʩʪʘʚʥʦʝ ʷʜʨʦ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʦʪʦʨʦʝ ʧʝʨʝʭʦʜʠʪ ʚ ʥʦʨʤʘʣʴ-

ʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʫʪʝʤ ʠʩʧʫʩʢʘʥʠʷ ʛʘʤʤʘ-ʢʚʘʥʪʘ [27, ʩ. 284];  

ʙ) ʨʝʘʢʮʠʷ [28, ʩʪʨ. 503]  

                                                                                          p np g-+  +;                                                                 (4.17) 

ʚ) ʨʝʘʢʮʠʷ [29, ʩʪʨ. 285]   

                                                                                      n pp g++  +;                                                                (4.18) 

ʛ) ʨʝʘʢʮʠʷ [30, ʩʪʨ. 308]   

                                                                                   ( )m mp m n n g° ° + +;                                                            (4.19) 

ʜ) ʪʦʨʤʦʟʥʦʝ ʠʟʣʫʯʝʥʠʝ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʨʦʞʜʘʶʱʠʭʩʷ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʤʠʰʝʥʠ ʧʨʦʪʦʥʘʤʠ. 

ʉʧʝʢʪʨ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʵʪʦʤ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ï ʩʧʣʦʰʥʦʡ, ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨʛʠʝʡ, ʨʘʚʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʪʦʨʤʦʟʷʱʠʭʩʷ ʯʘʩʪʠʮ (ʩʤ. [28, ʩʪʨ. 405-406].  

ɺʦ ʚʩʝʭ ʵʪʠʭ (ʘ ʤʦʞʝʪ ʙʳʪʴ ʠ ʚ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ) ʧʨʦʮʝʩʩʘʭ ʨʦʞʜʘʶʪʩʷ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʚʳʩʦʢʠʭ ʵʥʝʨ-

ʛʠʡ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʠʩʪʦʯʥʠʢʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʚ ʢʘʞʜʦʤ ʠʟ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʤʦʞʝʪ ʙʳʪʴ ʨʘʚʥʦʡ (ʠʣʠ ʙʣʠʟʢʦʡ) 

ʥʫʣʶ.  
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ʇʦʵʪʦʤʫ ʪʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʩʢʦʨʦʩʪʴ ʢʦʪʦʨʳʭ ʠʟʤʝʨʷʣʘʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85], ʤʦʛʣʠ ʠʩʧʫʩʢʘʪʴʩʷ ʩʦ-

ʚʩʝʤ ʥʝ ʜʚʠʞʫʱʠʤʠʩʷ ʩ ʦʛʨʦʤʥʳʤʠ ʩʢʦʨʦʩʪʷʤʠ ʥʝʡʪʨʘʣʴʥʳʤʠ ʧʠ-ʤʝʟʦʥʘʤʠ, ʘ ʠʩʪʦʯʥʠʢʘʤʠ, ʧʦʢʦʷʱʠʤʠʩʷ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ.   

ɺʦ-ʚʪʦʨʳʭ, ʚ ʩʪʘʪʴʝ [85] ʥʝ ʨʘʟʲʷʩʥʷʝʪʩʷ ʥʘʟʥʘʯʝʥʠʝ ʩʚʠʥʮʦʚʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʧʝʨʝʜ 

ʪʨʝʪʴʠʤ ʦʪʢʣʦʥʷʶʱʠʤ ʤʘʛʥʠʪʦʤ. ɺ ʩʪʘʪʴʝ ʫʢʘʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ, ʯʪʦ ʵʪʦʪ ʩʚʠʥʮʦʚʳʡ ʢʦʣʣʠʤʘʪʦʨ ʠʤʝʣ ʜʠʘʤʝʪʨ 

5 ʤʤ. ʅʦ ʥʠ ʥʘʟʥʘʯʝʥʠʝ, ʥʠ ʢʦʥʩʪʨʫʢʮʠʷ ʝʛʦ ʚ ʩʪʘʪʴʝ [85] ʥʝ ʧʨʠʚʝʜʝʥʳ.  

ɽʩʣʠ ʵʪʦ ʩʚʠʥʮʦʚʘʷ ʪʨʫʙʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ, ʪʦ, ʝʩʣʠ ʩʫʜʠʪʴ ʧʦ ʤʘʩʰʪʘʙʫ ʢ ʧʨʠʚʝʜʝʥʥʦʤʫ 

ʚ ʩʪʘʪʴʝ [85] ʨʠʩʫʥʢʫ, ʪʨʫʙʘ ʵʪʘ ʠʤʝʣʘ ʜʣʠʥʫ ʧʦʨʷʜʢʘ 2 ʤ. ʊʦʛʜʘ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʧʦʧʘʜʘʶʱʠʝ ʚ ʜʝʪʝʢʪʦʨ, ʤʦʛʣʠ 

ʦʢʘʟʘʪʴʩʷ ʥʝ ʧʝʨʚʠʯʥʳʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʠʟʣʫʯʝʥʥʳʤʠ ʜʚʠʞʫʱʠʤʩʷ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ ʠʩʪʦʯʥʠʢʦʤ, ʘ ʚʪʦ-

ʨʠʯʥʳʤʠ ʛʘʤʤʘ-ʢʚʘʥʪʘʤʠ, ʧʝʨʝʠʟʣʫʯʝʥʥʳʤʠ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʪʨʫʙʳ ʩʚʠʥʮʦʚʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ ʠ ʠʤʝ-

ʶʱʠʤʠ ʩʢʦʨʦʩʪʴ 0c  (ʧʦʩʢʦʣʴʢʫ ʢʦʣʣʠʤʘʪʦʨ ʙʳʣ ʥʝʧʦʜʚʠʞʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʝʪʝʢʪʦʨʘ ʛʘʤʤʘ-ʣʫʯʝʡ).  

ɺ ʩʘʤʦʤ ʜʝʣʝ, ʧʨʠ ʜʠʘʤʝʪʨʝ ʤʠʰʝʥʠ 1 ʤʤ ʠ ʧʨʠ ʜʠʘʤʝʪʨʝ ʢʦʣʣʠʤʘʪʦʨʘ 5 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ ʧʦʨʷʜʢʘ 50 ʤ ʦʪ ʤʠʰʝʥʠ, ʫʛʦʣ, ʧʦʜ ʢʦʪʦʨʳʤ ʛʘʤʤʘ-ʣʫʯʠ ʧʘʜʘʶʪ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʪʨʫʙʳ 

ʢʦʣʣʠʤʘʪʦʨʘ, ʙʫʜʝʪ ʩʦʩʪʘʚʣʷʪʴ ʧʦʨʷʜʢʘ 410-  ʨʘʜʠʘʥ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʷʜʝʨ 

ʘʪʦʤʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʩʚʠʥʮʘ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʝʪʘ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ, 

ʙʫʜʝʪ ʚ 410-  ʨʘʟ ʤʝʥʴʰʠʤ ʬʘʢʪʠʯʝʩʢʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʷʜʨʘʤʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩʚʠʥʮʘ 

ʚʜʦʣʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʳ ʢʦʣʣʠʤʘʪʦʨʘ (ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʤʘʣʳʭ ʫʛʣʘʭ a ʩʢʦʣʴʞʝʥʠʷ 

ʣʫʯʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʨʝʰʝʪʢʘ ʩ ʧʝʨʠʦʜʦʤ  d  ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʨʝʰʝʪʢʘ ʩ ʧʝʨʠʦʜʦʤ sind a [31, ʩʪʨ. 136]. ʊʦʛʜʘ 

ʧʨʠ ʩʨʝʜʥʝʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʷʜʨʘʤʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʩʚʠʥʮʘ, ʨʘʚʥʦʤ 105 10-Ö ʤ (ʩʤ. [31, 

ʩʪʨ. 459]), ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʝʢʮʠʷʤʠ ʮʝʥʪʨʦʚ ʷʜʝʨ ʘʪʦʤʦʚ ʥʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʫʶ ʢ ʥʘʧʨʘʚʣʝʥʠʶ ʧʦʣʝʪʘ 

ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʧʣʦʩʢʦʩʪʴ ʙʫʜʝʪ ʧʦʨʷʜʢʘ 
1410-  ʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʠʘʤʝʪʨ ʷʜʨʘ ʘʪʦʤʘ ʩʚʠʥʮʘ ʪʦʞʝ ʠʤʝʝʪ ʧʦʨʷʜʦʢ 

1410- ʤ [32, ʩʪʨ. 46]. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʧʦʧʘʜʘʶʱʠʝ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʩʪʝʥʢʫ ʪʨʫʙʳ ʩʚʠʥʮʦʚʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ 
ʛʘʤʤʘ-ʢʚʘʥʪʳ ʙʫʜʫʪ ʦʪʨʘʞʘʪʴʩʷ ʦʪ ʥʝʝ ʢʘʢ ʦʪ ʩʧʣʦʰʥʦʡ ʩʪʝʥʢʠ ʠʟ ʷʜʝʨʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

ʇʦʵʪʦʤʫ ʝʩʣʠ ʜʘʞʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ [85] ʛʘʤʤʘ-ʢʚʘʥʪʳ ʠʩʧʫʩʢʘʣʠʩʴ ʜʚʠʞʫʱʠʤʠʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

0,99975Ŀ0c  ʥʝʡʪʨʘʣʴʥʳʤʠ ʧʠ-ʤʝʟʦʥʘʤʠ, ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʚʥʫʪʨʝʥʥʝʡ ʩʪʝʥʢʠ ʪʨʫʙʳ ʩʚʠʥʮʦʚʦʛʦ ʢʦʣʣʠʤʘʪʦʨʘ, 

ʦʥʠ ʧʨʠʦʙʨʝʪʘʣʠ ʩʢʦʨʦʩʪʴ 0c .  

ɽʩʣʠ ʞʝ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʧʦʩʣʝ ʢʦʣʣʠʤʘʪʦʨʘ ʜʚʠʞʫʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 0c , ʪʦ ʚʤʝʩʪʦ ʚʳʨʘʞʝʥʠʷ (4.9) ʙʫʜʝʪ 
ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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ʛʜʝ 
KR  ï ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʤʠʰʝʥʠ ʜʦ ʢʦʣʣʠʤʘʪʦʨʘ, ʘ ʦʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʪʝ ʞʝ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (4.9). ɺʤʝʩʪʦ 

ʬʦʨʤʫʣʳ (4.10) ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (4.11) ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (4.12) ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (4.13) ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʘ ʬʦʨʤʫʣʘ 
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ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʠʟ ʢʦʣʣʠʤʘʪʦʨʘ ʚʳʣʝʪʘʶʪ ʛʘʤʤʘ-ʢʚʘʥʪʳ, ʠʤʝʶʱʠʝ ʩʢʦʨʦʩʪʴ 
0c, ʪʦ ʚ ʵʢʩʧʝʨʠ-

ʤʝʥʪʝ [85] ʠʟʤʝʨʷʣʘʩʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʦʪ ʥʝʧʦʜʚʠʞʥʦʛʦ ʠʩʪʦʯʥʠʢʘ (ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ). 

ɺ-ʪʨʝʪʴʠʭ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʬʠʟʠʢʦʚ (ʥʘʧʨʠʤʝʨ, ʂʘʥʪʦʨ [86, ʩʪʨ. 245]) ʧʦʜʚʝʨʛʘʣʠ ʩʦʤʥʝʥʠʶ ʩʧʨʘʚʝʜʣʠ-

ʚʦʩʪʴ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʛʘʤʤʘ-ʢʚʘʥʪʳ ʥʝ ʧʝʨʝʠʟʣʫʯʘʶʪʩʷ ʷʜʨʘʤʠ ʘʪʦʤʦʚ ʚʝʱʝʩʪʚʘ, ʨʘʩʧʦʣʘʛʘʶʱʝʛʦʩʷ ʥʘ 

ʧʫʪʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ (ʙʝʨʠʣʣʠʝʚʘʷ ʤʠʰʝʥʴ, ʦʢʥʦ ʚʘʢʫʫʤʥʦʡ ʢʘʤʝʨʳ ʫʩʢʦʨʠʪʝʣʷ, ʩʣʦʡ ʚʦʟʜʫʭʘ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

60 ʤ). ʂʘʥʪʦʨ [86] ʩʯʠʪʘʣ, ʯʪʦ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝ ʠʤʝʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʜʣʷ ʛʘʤʤʘ-ʣʫʯʝʡ, ʘ 

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʘʧʦʣʷʮʠʝʡ ʥʘ ʦʙʣʘʩʪʴ ʛʘʤʤʘ-ʣʫʯʝʡ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʣʦʞʝʥʠʡ ʌʦʢʩʘ [78, ʩʪʨ. 967], ʩʧʨʘʚʝʜʣʠʚʳʭ 

(ʢʘʢ ʩʯʠʪʘʝʪ ʂʘʥʪʦʨ) ʪʦʣʴʢʦ ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ. ʅʦ ʜʘʞʝ ʠ ʜʣʷ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ ʪʨʫʜʥʦ ʥʘʡʪʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʢʚʘʥʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʩʣʘʙʦ ʧʦʛʣʦʱʘʝʤʳʝ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʟʜʫʭʘ, ʥʝ ʧʝʨʝʠʟʣʫʯʘʶʪʩʷ ʵʪʠʤʠ ʘʪʦʤʘʤʠ ʠ ʤʦʣʝʢʫʣʘʤʠ.  

ʀʪʘʢ, ʚʩʣʝʜʩʪʚʠʝ; ʫʢʘʟʘʥʥʳʭ ʧʨʠʯʠʥ ʵʢʩʧʝʨʠʤʝʥʪ [85] ʥʝ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʥʘʜʝʞʥʦʝ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦ ʦʪʩʫʪʩʪʚʠʷ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 2 2

0 01 /uc c u c= +  ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠ ʦʜʠʥ ʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʥʝʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦ-

ʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʥʝ ʦʧʨʦʚʝʨʛʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 2 2

0 01 /uc c u c= + . ʆʥʠ ʥʘʜʝʞʥʦ ʜʦʢʘʟʳʚʘʶʪ ʣʠʰʴ ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 
0 cosuc c u a= + . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʠ ʧʨʦʚʝʩʪʠ ʪʘʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪ, 

ʢʦʪʦʨʳʡ ʩʤʦʛ ʙʳ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʠʜʘ 

2 2

0 01 /uc c u c= + . ɸ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʪʘʢʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘʚʠʩʠʤʦʩʪʴ 2 2

0 01 /uc c u c= +  ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʛʠʧʦʪʝʟʫ, ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʱʫʶ ʥʠ ʧʨʠʥʮʠʧʫ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ, ʥʠ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ, ʥʠ ʘʩʪ-

ʨʦʥʦʤʠʯʝʩʢʠʤ ʥʘʙʣʶʜʝʥʠʷʤ ʟʘ ʜʚʦʡʥʳʤʠ ʟʚʝʟʜʘʤʠ ʩ ʧʦʯʪʠ ʢʨʫʛʦʚʦʡ ʦʨʙʠʪʦʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʥʳʤ ɼʝ-

ʉʠʪʪʝʨʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʧʦʵʪʦʤʫ, ʢ ʢʘʢʠʤ ʵʬʬʝʢʪʘʤ ʧʨʠʚʝʜʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 2 2

0 01 /uc c u c= +  ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ 

ʜʚʦʡʥʳʝ ʟʚʝʟʜʳ ʜʚʠʞʫʪʩʷ ʥʝ ʧʦ ʢʨʫʛʦʚʳʤ, ʘ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʠʤ ʦʨʙʠʪʘʤ ʩ ʙʦʣʴʰʠʤ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ. 

5. ʂɺɸɼʈɸʊʀʏʅɸʗ ɿɸɺʀʉʀʄʆʉʊʔ ʉʂʆʈʆʉʊʀ ʉɺɽʊɸ ʆʊ ʉʂʆʈʆʉʊʀ ʀʉʊʆʏʅʀʂɸ ʅɽ 

ʆʇʈʆɺɽʈɻɸɽʊʉʗ ɸʉʊʈʆʅʆʄʀʏɽʉʂʀʄʀ ʅɸɹʃʖɼɽʅʀʗʄʀ 

5.1. ʆ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʛʨʫʧʧʠʨʦʚʘʥʠʠ ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʚ ʢʦʩʤʦʩʝ ʧʨʠ ʧʝʨʝʤʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ 

ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ 

ʈʘʩʩʤʦʪʨʠʤ, ʢ ʢʘʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʜʚʦʡʥʳʭ ʟʚʝʟʜ ʧʨʠʚʝʜʝʪ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʚ ʧʨʠʨʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 
2 2

0 01 /uc c u c= + . 

ʇʨʠ ʵʪʦʤ ʤʳ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʧʨʠʨʦʜʝ ʚʳʧʦʣʥʷʝʪʩʷ ʧʨʠʥʮʠʧ ʌʝʨʤʘ ï ʦʩʥʦʚʥʦʡ. ʧʨʠʥʮʠʧ 

ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʦʧʪʠʢʠ, ʫʪʚʝʨʞʜʘʶʱʠʡ ʚ ʧʨʦʩʪʝʡʰʝʡ ʬʦʨʤʝ, ʯʪʦ ʜʝʡʩʪʚʠʪʝʣʴʥʳʡ ʧʫʪʴ ʩʚʝʪʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʵʢʩʪʨʝʤʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ [34]. ɺ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʠ ʚ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ʩʚʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʨʘʚʥʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʠ ʯʪʦ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦ ʬʦʨʤʫʣʝ 

2 2

0 01 /uc c u c= + . 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʟʚʝʟʜʳ Pu (ʩʢʦʨʦʩʪʴ ʚ ʧʝʨʠʘʩʪʨʝ) ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʵʣʣʠʧʩʫ ʩ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʦʤ e 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʟʚʝʟʜʳ Au  (ʩʢʦʨʦʩʪʴ ʚ ʘʧʦʘʩʪʨʝ) ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦ [33] 
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ʛʜʝ e  ï ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʩʘ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ  e = 0,99 ʠʟ ʵʪʦʡ ʬʦʨʤʫʣʳ ʧʦʣʫʯʠʤ m = 199. ʅʦ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʟʚʝʟʜʦʡ, 

ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʧʝʨʠʘʩʪʨʝ, ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ 2 2

0 01 /uc c u c= +  ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ʩʢʦʨʦ-

ʩʪʠ ʩʚʝʪʘ, ʠʟʣʫʯʘʝʤʦʛʦ ʟʚʝʟʜʦʡ, ʥʘʭʦʜʷʱʝʡʩʷ ʚ ʘʧʦʘʩʪʨʝ, ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ʅʘʧʨʠʤʝʨ, ʧʨʠ e = 0,99, ʘ ʪʘʢʞʝ 

43 10Au = Ö  ʤ/ʩ ʧʦʣʫʯʠʤ 
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ʛʜʝ 
Puc  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ Pu ; 

       
Àuc  ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, ʠʟʣʫʯʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 

Au . 

ʅʦ ʛʨʦʤʘʜʥʳʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ɿʝʤʣʠ ʜʦ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʶ ʜʣʷ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʥʝʦʙʳʯʥʳʭ ʵʬʬʝʢʪʦʚ ʜʘʞʝ ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʷʭ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ. ʈʘʩ-

ʩʤʦʪʨʠʤ ʜʣʷ ʧʨʦʩʪʦʪʳ ʘʩʪʨʦʤʝʪʨʠʯʝʩʢʫʶ ʜʚʦʡʥʫʶ ʟʚʝʟʜʫ, ʪ. ʝ. ʪʘʢʫʶ ʩʠʩʪʝʤʫ ʠʟ ʜʚʫʭ ʟʚʝʟʜ, ʦʜʥʘ ʠʟ ʢʦʪʦʨʳʭ 

ʥʝ ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ. ʇʫʩʪʴ ɸ ï ʵʪʦ ʘʧʦʘʩʪʨ ʪʦʡ ʟʚʝʟʜʳ, ʢʦʪʦʨʘʷ ʠʟʣʫʯʘʝʪ ʩʚʝʪ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ ʚʦʣʥ, ʘ P - ʧʝʨʠʘʩʪʨ ʵʪʦʡ ʟʚʝʟʜʳ. ʊʦʛʜʘ, ʝʩʣʠ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ  ʩʢʦ-

ʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 
2 2

0 01 /uc c u c= + , ʩʚʝʪ, ʠʟʣʫʯʝʥʥʳʡ ʵʪʦʡ ʟʚʝʟʜʦʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

At , ʢʦʛʜʘ ʟʚʝʟʜʘ ʥʘʭʦʜʠʣʘʩʴ ʚ ʘʧʦʘʩʪʨʝ, ʧʨʠʜʝʪ ʢ ʟʝʤʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʦʪ 

ʵʪʦʡ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ, ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
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ʛʜʝ 
Au  ï ʩʢʦʨʦʩʪʴ ʟʚʝʟʜʳ ʚ ʘʧʦʘʩʪʨʝ, ʘ ʩʚʝʪ, ʠʟʣʫʯʝʥʥʳʡ ʟʚʝʟʜʦʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 0

2
P A

T
t t= +  (ʛʜʝ 

0T  ï ʠʩʪʠʥ-

ʥʳʡ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʪ. ʝ. ʪʦʪ ʧʝʨʠʦʜ ʦʙʨʘʱʝʥʠʷ, ʢʦʪʦʨʳʡ ʠʟʤʝʨʠʣ ʙʳ 

ʥʘʙʣʶʜʘʪʝʣʴ, ʥʘʭʦʜʷʱʠʡʩʷ ʚʙʣʠʟʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ), ʢʦʛʜʘ ʟʚʝʟʜʘ ʥʘʭʦʜʠʣʘʩʴ ʧʝʨʠʘʩʪʨʝ, ʧʨʠ-

ʜʝʪ ʢ ʟʝʤʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
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ʛʜʝ Pu  ï ʩʢʦʨʦʩʪʴ ʟʚʝʟʜʳ ʚ ʧʝʨʠʘʩʪʨʝ (ʩʤ. ʨʠʩ. 5.1). 

ʉʚʝʪ ʞʝ, ʠʟʣʫʯʝʥʥʳʡ ʟʚʝʟʜʦʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
2 0A At t T= +, ʪ. ʝ. ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʟʚʝʟʜʘ ʩʥʦʚʘ 

ʦʢʘʞʝʪʩʷ ʚ ʘʧʦʘʩʪʨʝ, ʧʨʠʜʝʪ ʢ ʟʝʤʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 
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ɺ ʬʦʨʤʫʣʘʭ (5.3), (5.4) ʠ (5.5) ʤʳ ʜʣʷ ʧʨʦʩʪʦʪʳ ʩʯʠʪʘʝʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ɿʝʤʣʠ ʜʦ ʘʧʦʘʩʪʨʘ ʜʚʦʡʥʦʡ 

ʟʚʝʟʜʳ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ɿʝʤʣʠ ʜʦ ʧʝʨʠʘʩʪʨʘ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʠ ʨʘʚʥʦ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ɿʝʤʣʠ ʜʦ ʣʶʙʦʡ ʪʦʯʢʠ 

ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ. 

ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ R ʦʯʝʥʴ ʚʝʣʠʢʦ, ʧʣʦʩʢʦʩʪʴ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ɿʝʤʣʶ ʩ ʮʝʥʪʨʦʤ ʤʘʩʩ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ, ʠ ʮʝʥʪʨ ʤʘʩʩ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʥʝ 

ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ɿʝʤʣʠ. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (5.3), (5.4) ʠ (5.5) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʜʣʷ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʪʦʯʢʠ ɸ (ʘʧʦʘʩʪʨʘ) ʠ ʈ (ʧʝ-

ʨʠʘʩʪʨʘ) ʵʣʣʠʧʩʘ ʥʝ ʩʣʠʚʘʶʪʩʷ ʚ ʦʜʥʫ ʪʦʯʢʫ, ʪʦ ʟʝʤʥʦʡ ʥʘʙʣʶʜʘʪʝʣʴ ʜʦʣʞʝʥ ʫʚʠʜʝʪʴ, ʯʪʦ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʟʚʝʟ-

ʜʳ ʠʟ ʪʦʯʢʠ ɸ ʵʣʣʠʧʩʘ ʚ ʪʦʯʢʫ ʈ ʵʣʣʠʧʩʘ ʟʚʝʟʜʝ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 
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ʘ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʠʟ ʪʦʯʢʠ ʈ ʵʣʣʠʧʩʘ ʦʙʨʘʪʥʦ ʚ ʪʦʯʢʫ ɸ ʵʣʣʠʧʩʘ ʟʚʝʟʜʝ ʧʦʪʨʝʙʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ 
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ʀʟ ʬʦʨʤʫʣ (5.6) ʠ (5.7) ʩʣʝʜʫʝʪ, ʯʪʦ ʯʝʤ ʜʘʣʴʰʝ ʦʪ ɿʝʤʣʠ ʥʘʭʦʜʠʪʩʷ ʜʚʦʡʥʘʷ ʟʚʝʟʜʘ (ʯʝʤ ʙʦʣʴʰʝ R ʥʘ 

ʨʠʩ. 5.1), ʪʝʤ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, ʤʝʥʴʰʝ ʚʝʣʠʯʠʥʘ 
1T  ʠ ʪʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ 

2T. ʅʘʧʨʠʤʝʨ, ʧʨʠ 

0R D=  (ʩʤ. ʨʠʩ. 5.1) ʦʢʘʞʝʪʩʷ, ʯʪʦ 
1 0T = , ʘ 

2 0T T= . ʀʟ ʬʦʨʤʫʣ (5.6) ʠ (5.7) ʩʣʝʜʫʝʪ, ʯʪʦ ʵʪʦ ʧʨʦʠʟʦʡʜʝʪ ʧʨʠ 



ISSN 2311-2158. The Way of Science. 2014. ˉ 1 (1). 

 

 

34 

 

                                                                        
0 0

0 2 2 2 2

0 0/ /P A

T c
D

u c u c
=

-
.                                                                       (5.8) 

 

ʈʘʚʝʥʩʪʚʦ ʥʫʣʶ ʚʝʣʠʯʠʥʳ 
1T  ʠʟ ʬʦʨʤʫʣʳ (5.6) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʪ ʩʚʝʪ, ʢʦʪʦʨʳʡ ʟʚʝʟʜʘ ʠʟʣʫʯʘʣʘ, ʥʘʭʦ-

ʜʷʩʴ ʚ ʘʧʦʘʩʪʨʝ, ʧʨʠʭʦʜʠʪ ʢ ʫʜʘʣʝʥʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʦ ʩʚʝʪʦʤ, ʢʦʪʦʨʳʡ ʟʚʝʟʜʘ ʩʪʘʣʘ ʠʟʣʫʯʘʪʴ 

ʩʧʫʩʪʷ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ ʩʚʦʝʛʦ ʦʙʨʘʱʝʥʠʷ ʧʦ ʦʨʙʠʪʝ, ʥʘʭʦʜʷʩʴ ʚ ʧʝʨʠʘʩʪʨʝ (ʥʘ ʨʠʩ. 5.1 ʵʪʦ ʪʦʯʢʘ, ʥʘʭʦʜʷʱʘʷ-

ʩʷ ʥʘ ʫʜʘʣʝʥʠʠ 0D  ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ). 

ʂ ʫʜʘʣʝʥʥʦʤʫ ʥʘʙʣʶʜʘʪʝʣʶ, ʥʘʭʦʜʷʱʝʤʫʩʷ ʥʘ ʫʜʘʣʝʥʠʠ 
0D  ʦʪ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ, ʩʚʝʪ, ʠʩʧʫʱʝʥʥʳʡ 

ʟʚʝʟʜʦʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʦʣʫʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ 
00,5T  ʧʨʠ ʝʸ ʜʚʠʞʝʥʠʠ ʠʟ ʘʧʦʘʩʪʨʘ ʚ ʧʝʨʠʘʩʪʨ c ʫʚʝ-

ʣʠʯʠʚʘʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ, ʧʨʠʭʦʜʠʪ ʚ ʪʝʯʝʥʠʝ ʥʝʙʦʣʴʰʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝʛʦ ʚʝʣʠʯʠʥʳ ʧʦʣʫʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ. ʅʘʙʣʶʜʘʪʝʣʴ ʚʦʩʧʨʠʥʠʤʘʝʪ 

ʵʪʦʪ ʩʚʝʪ ʢʘʢ ʛʨʘʥʜʠʦʟʥʫʶ ʚʩʧʳʰʢʫ ʷʨʢʦʩʪʠ ʟʚʝʟʜʳ ʚʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʩʚʝʪ, ʢʦʪʦʨʳʡ ʟʚʝʟʜʘ ʠʩʧʫʩʢʘʣʘ ʚ ʪʝ-

ʯʝʥʠʝ ʤʥʦʛʠʭ ʣʝʪ (ʥʘʧʨʠʤʝʨ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʣʝʪ), ʧʨʠʭʦʜʠʪ ʢ ʥʘʙʣʶʜʘʪʝʣʶ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʛʨʫʧʧʠʨʦʚʘʥʠʷ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ ʧʦʯʪʠ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʥʘʧʨʠʤʝʨ, ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷ-

ʮʝʚ). ʇʨʠ ʵʪʦʤ ʫʜʘʣʝʥʥʳʡ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʥʘʙʣʶʜʘʪʝʣʴ ʥʝ ʨʘʟʣʠʯʘʝʪ ʪʦʯʢʫ 

ʘʧʦʘʩʪʨʘ ʦʪ ʪʦʯʢʠ ʧʝʨʠʘʩʪʨʘ ï ʝʤʫ ʢʘʞʝʪʩʷ, ʯʪʦ ʩʚʝʪ ʧʨʠʭʦʜʠʪ ʠʟ ʦʜʥʦʡ ʪʦʯʢʠ ʢʦʩʤʦʩʘ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʟʘ ʧʝʨʠʦʜ 
0T  ʦʙʨʘʱʝʥʠʷ ʜʚʦʡʥʘʷ ʟʚʝʟʜʘ ʠʟʣʫʯʘʝʪ ʚʦ ʚʩʝʭ ʥʘʧʨʘʚʣʝʥʠʷʭ ʵʥʝʨʛʠʶ 

W. ʊʦʛʜʘ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʡ ʟʚʝʟʜʝ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ ʫʜʘʣʝʥʠʠ R ʦʪ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ 

ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʥʘ ɿʝʤʣʝ ʙʳʣʘ ʙʳ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʠ ʨʘʚʥʦʡ 
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ʈʠʩ. 5.1. ʈʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʢʦʩʤʦʩʝ ʩʚʝʪʘ, ʠʩʧʫʱʝʥʥʦʛʦ  ʟʚʝʟʜʦʡ, ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʧʨʠ 

ʥʘʣʠʯʠʠ ʚ ʧʨʠʨʦʜʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 
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ʅʦ ʝʩʣʠ ʵʥʝʨʛʠʷ, ʢʦʪʦʨʫʶ ʟʚʝʟʜʘ ʠʟʣʫʯʠʣʘ ʟʘ ʧʦʣʦʚʠʥʫ ʧʝʨʠʦʜʘ, ʜʚʠʛʘʷʩʴ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʚʦ ʚʨʝ-

ʤʝʥʠ ʩʢʦʨʦʩʪʴʶ ʧʦ ʜʫʛʝ ʵʣʣʠʧʩʘ ʠʟ ʘʧʦʮʝʥʪʨʘ ʚ ʧʝʨʠʮʝʥʪʨ, ʧʨʠʥʠʤʘʝʪʩʷ ʟʝʤʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʤ ʚ ʪʝʯʝʥʠʝ ʚʨʝ-

ʤʝʥʠ 
0t TD <<, ʪʦ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ tD  ʩʪʘʥʝʪ ʨʘʚʥʦʡ (ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʠ ʤʦʱʥʦʩʪʠ ʥʘ ʧʨʦʤʝʞʫʪʢʝ ʚʨʝʤʝʥʠtD ) 
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ɼʨʫʛʘʷ ʞʝ ʯʘʩʪʴ ʵʥʝʨʛʠʠ,  ʠʟʣʫʯʘʝʤʦʡ ʟʚʝʟʜʦʡ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʧʝʨʠʦʜʘ ʝʸ ʦʙʨʘʱʝʥʠʷ ʧʨʠ ʝʝ ʟʘʤʝʜʣʝʥ-

ʥʦʤ ʜʚʠʞʝʥʠʠ ʠʟ ʧʝʨʠʮʝʥʪʨʘ ʦʙʨʘʪʥʦ ʚ ʘʧʦʮʝʥʪʨ, ʙʫʜʝʪ ʧʨʠʥʠʤʘʪʴʩʷ ʟʝʤʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʤ ʚ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ 

(
0T t-D). ʇʦʵʪʦʤʫ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʟʚʝʟʜʳ ʚ ʪʝʯʝʥʠʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʙʫʜʝʪ 

ʨʘʚʥʘ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʣʷ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʪʘʢʘʷ ʟʚʝʟʜʘ ʜʦʣʞʥʘ ʠʩʧʳʪʳʚʘʪʴ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʚʩʧʳʰʢʠ (ʩ 

ʧʝʨʠʦʜʦʤ, ʨʘʚʥʳʤ ʧʝʨʠʦʜʫ 
0T  ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ ʧʦ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʪʨʘʝʢʪʦʨʠʠ). 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʕɺʄ ʤʝʪʦʜʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ. [64, ʩʪʨ. 243 - 297]) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʠ ʢʝʧʣʝʨʦʚʩʢʦʤ ʜʚʠʞʝʥʠʠ ʟʚʝʟʜʳ ʥʘʙʣʶʜʘʶʪʩʷ ʛʨʘʥʜʠʦʟʥʳʝ ʚʩʧʳʰʢʠ ʷʨʢʦʩʪʠ ʟʚʝʟʜʳ ʩ ʧʝʨʠ-

ʦʜʦʤ 
0T , ʧʨʠʯʝʤ ʚʩʧʳʰʢʘ ʙʫʜʝʪ ʪʝʤ ʙʦʣʴʰʝʡ, ʯʝʤ ʙʦʣʴʰʠʤ ʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʠʦʜ 0T  ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ (ʩʤ. 

ʈʠʩ. 5.2).  

 
 

ʈʠʩ. 5.2. ɺʩʧʳʰʢʘ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ (ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ To ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ), ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

 
ʅʦ ʧʝʨʠʦʜʠʯʝʩʢʠ ʚʩʧʳʭʠʚʘʶʱʠʝ ʟʚʝʟʜʳ ʩ ʪʘʢʠʤ ʩʚʦʡʩʪʚʦʤ ʜʘʚʥʦ ʫʞʝ ʠʟʚʝʩʪʥʳ. ʕʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

"ʥʦʚʳʝ" ʟʚʝʟʜʳ, ʧʨʠʯʝʤ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʦʚʳʝ ʟʚʝʟʜʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʤʠ ʟʚʝʟʜʘʤʠ ʠ ʟʘ ʚʨʝʤʷ 

ʤʝʞʜʫ ʚʩʧʳʰʢʘʤʠ ʥʦʚʘʷ ʟʚʝʟʜʘ ʠʟʣʫʯʘʝʪ ʧʨʠʤʝʨʥʦ ʩʪʦʣʴʢʦ ʞʝ ʵʥʝʨʛʠʠ, ʩʢʦʣʴʢʦ ʚʳʩʚʦʙʦʞʜʘʝʪ ʧʨʠ ʚʩʧʳʰʢʝ 

[35]. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʥʘ ʕɺʄ ʧʦʢʘʟʳʚʘʝʪ ʪʘʢʞʝ, ʯʪʦ ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʤʝʥʴʰʝ ʥʝʢʦʪʦʨʦʡ 

ʚʝʣʠʯʠʥʳ, ʪʦ ʥʘʙʣʶʜʘʪʝʣʴ ʚʠʜʠʪ ʪʘʢʫʶ ʜʚʦʡʥʫʶ ʟʚʝʟʜʫ (ʝʩʣʠ ʪʦʯʢʠ ɸ ʠ ʈ ʧʦ-ʧʨʝʞʥʝʤʫ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ) ʢʘʢ 

ʮʝʬʝʠʜʫ - ʟʚʝʟʜʫ ʩ ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʧʣʘʚʥʦ ʠʟʤʝʥʷʶʱʠʤʩʷ ʙʣʝʩʢʦʤ (ʩʤ. ʨʠʩ. 5.3).  

 
ʈʠʩ. 5.3. ʇʣʘʚʥʦʝ ʠʟʤʝʥʝʥʠʝ ʙʣʝʩʢʘ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ (ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ), ʦʙʫʩʣʦʚʣʝʥʥʦʝ 

ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 
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ʇʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʮʝʬʝʠʜʳ ʷʚʣʷʶʪʩʷ ʜʚʦʡʥʳʤʠ ʟʚʝʟʜʘʤʠ, ʚʧʝʨʚʳʝ ʙʳʣʦ ʚʳʜʚʠʥʫʪʦ ɸ. ɸ. ɹʝʣʦ-

ʧʦʣʴʩʢʠʤ ʚ ʥʘʯʘʣʝ ʍʍ ʚʝʢʘ. ʅʦ ʚ ʪʝ ʚʨʝʤʝʥʘ ʪʨʫʜʥʦ ʙʳʣʦ ʦʙʲʷʩʥʠʪʴ ʧʨʠʯʠʥʫ ʠʟʤʝʥʝʥʠʷ ʙʣʝʩʢʘ ʜʚʦʡʥʳʭ ʟʚʝʟʜ. 

ʇʦʵʪʦʤʫ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʚ ʪʦ ʚʨʝʤʷ ʠ ʥʝ ʥʘʰʣʦ ʧʦʜʜʝʨʞʢʠ ʫ ʥʘʫʯʥʦʡ ʦʙʱʝʩʪʚʝʥʥʦʩʪʠ [36, ʩʪʨ. 97-100]. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʟʘ ʜʚʦʡʥʳʤʠ ʟʚʝʟʜʘʤʠ, ʧʝʨʝʤʝʱʘʶʱʠʤʠʩʷ ʧʦ ʵʣʣʠʧʪʠ-

ʯʝʩʢʠʤ ʪʨʘʝʢʪʦʨʠʷʤ, ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 2 2

0 01 /uc c u c= + . ʉʢʦʨʝʝ ʠʭ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʩʚʝʥʥʦʝ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ ʧʨʠʨʦʜʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. 

5. 2. ʂʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʢʘʢ ʦʙʲʷʩʥʝʥʠʝ ʤʥʦʛʠʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ 

ɽʩʣʠ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (2.1) ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 

2 2

0 01 /uc c u c= +  ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʜʘʪʴ ʥʦʚʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʤʥʦʛʠʤ ʘʩʪʨʦʥʦʤʠ-

ʯʝʩʢʠʤ ʷʚʣʝʥʠʷʤ. 

ɺ ʧʨʠʚʝʜʝʥʥʳʭ ʥʠʞʝ ʪʘʙʣʠʮʘʭ 5.1 (ʘ), (ʙ) ʠ (ʚ) (ʢʘʢ ʦʥʠ ʧʦʣʫʯʝʥʳ ï ʩʤ. [64, ʩʪʨ. 243 - 275]) ʧʦʢʘʟʘʥʦ 

ʠʟʤʝʥʝʥʠʝ ʦʪʥʦʰʝʥʠʷ ʙʣʝʩʢʘ ʟʚʝʟʜʳ ʚ ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʙʣʝʩʢʘ ʟʚʝʟʜʳ ʟʘ ʧʝʨʠʦʜ ʝʝ ʦʙʨʘ-

ʱʝʥʠʷ ʧʦ ʢʝʧʣʝʨʦʚʩʢʦʡ ʦʨʙʠʪʝ (ʧʘʨʘʤʝʪʨ Nmax/Nav) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʟʚʝʟʜʳ (ʧʘʨʘʤʝʪʨ R/Do, 

ʛʜʝ ï R ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʟʚʝʟʜʳ, Do ï ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ (5.8)) ʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʝ ʵʣʣʠʧʩʘ (ʧʨʠ ʪʨʝʭ ʟʥʘ-

ʯʝʥʠʷʭ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ, ʨʘʚʥʳʭ 0,6 ʠ 0,2 ʠ 0,02) ʧʨʠ ʪʨʝʭ ʨʘʟʣʠʯʥʳʭ ʧʝʨʠʦʜʘʭ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ ʧʦ ʢʝʧʣʝʨʦʚ-

ʩʢʦʡ ʦʨʙʠʪʝ (4 ʩʫʪʦʢ, 20 ʩʫʪʦʢ ʠ 41 ʩʫʪʢʠ). 

 

ʊʘʙʣʠʮʘ 5.1 (ʘ) 

T0 = 3,6 105 c º ʩʫʪʦʢ; V0 =4 10-4c0; 3tD = cʝʢʫʥʜʳ; 300tD =  cʝʢʫʥʜ 

 

R/D0 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʝ 

0,6 0,2 0,02 

Nmax/Nav 

0,3 24,70 2,17 1,90 

0,5 17,36 9,54 4,68 

0,7 18,12 40,10 46,77 

0,9 21,21 28,14 31,57 

1,1 20,44 32,14 27,16 

1,3 28,97 21,64 24,48 

1,5 20,06 27,69 21,99 

1,7 23,25 23,32 17,90 

1,9 24,84 28,99 23,87 

2,0 20,24 23,10 15,90 

2,3 27,20 17,44 19,60 

2,8 30,50 18,64 15,45 

 
ʊʘʙʣʠʮʘ 5.1 (ʙ) 

T0 = 1,8 106 c º 20 ʩʫʪʦʢ; V0 =4 10-4c0; 3tD = cʝʢʫʥʜʳ; 300tD =  cʝʢʫʥʜ 

 

R/D0 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʝ 

0,6 0,2 0,02 

Nmax/Nav 

0,3 36,99 2,17 1,90 

0,5 57,35 9,59 4,69 

0,7 60,54 66,57 123,07 

0,9 45,32 64,18 55,15 

1,1 58,34 50,67 64,16 

1,3 45,38 68,62 54,32 

1,5 60,56 46,95 48,18 

1,7 52,63 49,15 50,56 

1,9 68,83 48,73 47,37 

2,0 69,08 59,70 49,48 

2,3 43,26 56,69 47,87 

2,8 74,91 37,52 38,26 
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ʊʘʙʣʠʮʘ 5.1. (ʚ) 

T0 = 3,6 106 c º 41 ʩʫʪʦʢ; V0 =4 10-4c0; 3tD = cʝʢʫʥʜʳ; 300tD =  cʝʢʫʥʜ 

 

R/D0 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ ʝ 

0,6 0,2 0,02 

Nmax/Nav 

0,3 57,26 2,17 1,90 

0,5 79,28 9,59 4,69 

0,7 84,14 113,99 161,77 

0,9 90,42 78,52 95,14 

1,1 68,92 100,62 99,40 

1,3 90,57 72,85 60,64 

1,5 80,58 82,52 57,72 

1,7 76,09 98,07 59,20 

1,9 91,63 59,58 55,27 

2,0 91,61 68,03 64,66 

2,3 84,54 65,58 66,09 

2,8 104,47 74,85 50,98 

 

ʀʟ ʵʪʠʭ ʪʘʙʣʠʮ ʚʠʜʥʦ, ʯʪʦ: 

1) ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʟʚʝʟʜʳ ʙʣʝʩʢ ʟʚʝʟʜʳ ʚ ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ ʩʥʘʯʘʣʘ ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʝ = 0,02 ʠ ʧʝʨʠʦʜʝ ʦʙʨʘʱʝʥʠʷ ʚ 41 ʩʫʪʢʠ ʚʝʣʠʯʠʥʘ Nmax/Nav ʤʦʥʦʪʦʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʦʪ 1,19 ʧʨʠ R/Do = 0,1 ʜʦ 161,77 ʧʨʠ R/Do = 0,7), ʘ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʟʚʝʟʜʳ ʝʝ 

ʙʣʝʩʢ ʚ ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ ʢʦʣʝʙʣʝʪʩʷ, ʪʦ ʫʤʝʥʴʰʘʷʩʴ, ʪʦ ʫʚʝʣʠʯʠʚʘʷʩʴ. 

2) ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ ʝʝ ʙʣʝʩʢ ʚ ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ ʚʦʟʨʘʩʪʘʝʪ (ʧʨʠ ʧʨʦʯʠʭ ʦʜʠ-

ʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ). ʅʘʧʨʠʤʝʨ, ʧʨʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʝ 0,2 ʧʨʠ ʊ0 = 4 ʩʫʪʢʘʤ Nmax/Nav = 60,84, ʧʨʠ ʊ0 = 20 ʩʫʪʢʘʤ 

Nmax/Nav = 97,97, ʘ ʧʨʠ ʊ0 = 41ʩʫʪʢʘʤ Nmax/Nav = 175,73. 

3) ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʙʣʝʩʢ ʟʚʝʟʜʳ ʚ ʤʦʤʝʥʪ ʚʩʧʳʰʢʠ ʫʚʝʣʠʯʠ-

ʚʘʝʪʩʷ. 

4) ɹʣʝʩʢ ʟʚʝʟʜʳ ʚ ʧʝʨʠʦʜ ʚʩʧʳʰʢʠ ʠʤʝʝʪ ʧʝʨʚʳʡ ʣʦʢʘʣʴʥʳʡ ʵʢʩʪʨʝʤʫʤ ʚ ʨʘʡʦʥʝ ʨʘʩʩʪʦʷʥʠʷ R/D0 = 0,6 

... 0,7. 

5.2.1. ʉʚʝʨʭʥʦʚʳʝ ʟʚʝʟʜʳ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ. [64, ʩʪʨ. 243-275]) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ (ʩʤ. ʨʠʩ.ʇ2.43 ʟʜʝʩʴ [64, ʩʪʨ. 268]), ʥʘ ʧʝʨʠʦʜʝ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ ʚʦʟʥʠʢʘʝʪ ʚʪʦʨʘʷ ʚʩʧʳʰʢʘ. ʉ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʟʚʝʟʜʳ ʚʨʝʤʝʥʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʚʩʧʳʰʢʘʤʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʅʦ ʦʙʝ ʚʩʧʳʰ-

ʢʠ ʠʤʝʶʪ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʚʝʣʠʯʠʥʫ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʪʘʢʞʝ ʠ ʨʘʟʣʠʯʥʳʡ ʭʘʨʘʢʪʝʨ ʫʤʝʥʴʰʝ-

ʥʠʷ ʷʨʢʦʩʪʠ ʟʚʝʟʜʳ ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʤʘʢʩʠʤʫʤʦʚ. ɽʩʣʠ ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʨʠʩ. 5.3 (ʵʪʦʪ ʞʝ ʨʠʩʫ-

ʥʦʢ ʩʤ. ʟʜʝʩʴ [64, ʩʪʨ. 268] ʢʘʢ ʨʠʩ. ʇ2.44), ʤʦʞʥʦ ʫʚʠʜʝʪʴ, ʯʪʦ ʧʦʩʣʝ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ ʷʨʢʦʩʪʴ ʟʚʝʟʜʳ ʦʯʝʥʴ 

ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʧʦʩʣʝ ʚʪʦʨʦʛʦ ʤʘʢʩʠʤʫʤʘ ʷʨʢʦʩʪʴ ʟʚʝʟʜʳ ʫʤʝʥʴʰʘʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʦ (ʵʪʦʪ ʞʝ 

ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʷʨʢʦʩʪʠ ʟʚʝʟʜʳ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠ ʥʘ ʨʠʩ. ʇ2.47, ʇ2.48, ʇ2.49 ʟʜʝʩʴ [64, ʩʪʨ. 269-270]. 

 

ʈʠʩ. 5.3. ʇʨʠʤʝʨ ʜʚʫʭ ʚʩʧʳʰʝʢ ʷʨʢʦʩʪʠ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʦʙʨʘʱʝʥʠʷ 

 
ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʩʚʝʨʭʥʦʚʳʝ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʪʠʧʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʧʨʦʩʪʦ-ʥʘʧʨʦʩʪʦ ʣʠʙʦ ʧʝʨʚʫʶ, ʣʠʙʦ ʚʪʦʨʫʶ ʚʩʧʳʰʢʠ ʥʘ ʧʝʨʠʦʜʝ ʦʙʨʘʱʝʥʠʷ ʟʚʝʟʜʳ. 

5.2.2. ʇʫʣʴʩʘʨʳ 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʩʤ. [64, ʩʪʨ. 276-297]) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʧʫʣʴʩʘʨʳ 

ʪʦʞʝ ʧʦʣʫʯʘʶʪ ʦʙʲʷʩʥʝʥʠʝ ʩ ʧʦʟʠʮʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʠʩʪʦʯʥʠʢʘ. ɸʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʫʣʴʩʘʮʠʠ ʠʟʣʫʯʝʥʠʷ, ʠʟʚʝʩʪʥʳʝ ʥʘʤ ʢʘʢ ʧʫʣʴʩʘʨʳ, ʚʦʟʥʠʢʘʶʪ ʪʦʣʴʢʦ ʧʨʠ 

ʜʚʠʞʝʥʠʠ ʟʚʝʟʜʳ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ. ʇʨʠ ʜʚʠʞʝʥʠʠ ʟʚʝʟʜʳ ʩ ʫʤʝʥʴʰʘʶʱʝʡʩʷ ʩʢʦʨʦ-

ʩʪʴʶ ʧʫʣʴʩʘʮʠʡ ʥʝ ʚʦʟʥʠʢʘʝʪ. ʕʪʦ ʦʙʲʷʩʥʷʝʪ ʵʬʬʝʢʪ ʠʩʯʝʟʥʦʚʝʥʠʷ ʧʫʣʴʩʘʮʠʡ ʧʫʣʴʩʘʨʦʚ. ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʟʚʝʟ-

ʜʘ ʜʚʠʞʝʪʩʷ ʩ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʩʢʦʨʦʩʪʴʶ, ʧʫʣʴʩʘʮʠʠ ʩʫʱʝʩʪʚʫʶʪ. ʂʦʛʜʘ ʟʚʝʟʜʘ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʩ ʫʤʝʥʴ-

ʰʘʶʱʝʡʩʷ ʚʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ, ʧʫʣʴʩʘʮʠʠ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʘʙʣ. 5.2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʧʫʣʴʩʘ-
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ʮʠʡ ʧʫʣʴʩʘʨʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪʘ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ. ɺ ʪʘʙʣ. 5.3 ʧʨʠʚʝʜʝʥʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʝʨʠʦʜʘ ʧʫʣʴʩʘʮʠʡ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ. 

 
ʊʘʙʣʠʮʘ 5.2 

ʕʢʩʮʝʥʪʨʠʩʠʪʝʪ e  ʇʝʨʠʦʜ, ʩʝʢʫʥʜʳ 

0,9 5,126Ö10-5 

0,8 8,111Ö10-4 

0,7 3,757Ö10-3 

0,6 8,111Ö10-3 

0,5 3,125Ö10-2 

0,4 3,125Ö10-2 

0,3 6,250Ö10-2 

0,2 1,25Ö10-1 

0,1 2,5Ö10-1 

9Ö10-2 2,5Ö10-1 

9Ö10-3 2,5Ö10-1 

9Ö10-4 2,5Ö10-1 

9Ö10-5 2,5Ö10-1 

9Ö10-6 2,5Ö10-1 

9Ö10-7 1 

9Ö10-8 8 

9Ö10-9 128 

9Ö10-10 1024 

9Ö10-11 4096 

 

ʊʘʙʣʠʮʘ 5.3 

R/D0 1 2 4 6 8 10 20 

ʇʝʨʠʦʜ, 

ʩʝʢʫʥʜ 

5,126 10-5 3,757 10-3 3,125 10-2 6,25 10-2 1,25 10-1 2,5 10-1 1 

 

ʀʟ ʪʘʙʣ. 5.2. ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʤʝʥʴʰʝ ʵʢʩʮʝʥʪʨʠʩʠʪʝʪ ʵʣʣʠʧʪʠʯʝʩʢʦʡ ʦʨʙʠʪʳ ʟʚʝʟʜʳ, ʪʝʤ ʙʦʣʴʰʝ ʧʝʨʠʦʜ 

ʧʫʣʴʩʘʮʠʡ. ʀʟ ʪʘʙ. 5.3. ʚʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʜʚʦʡʥʦʡ ʟʚʝʟʜʳ, ʪʝʤ ʙʦʣʴʰʝ ʧʝʨʠʦʜ ʧʫʣʴʩʘʮʠʡ. 

5.2.3. ʂʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʦʚ ʜʘʣʝʢʠʭ ʟʚʝʟʜ ʠ ʤʠʢʨʦʚʦʣʥʦʚʦʝ ʬʦʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ 

ɽʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 
2 2

0 01 /uc c u c= +  ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʜʘʪʴ ʥʦʚʦʝ ʠʩʪʦʣʢʦʚʘʥʠʝ ʢʘʢ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʤʫ ʢʨʘʩʥʦʤʫ ʩʤʝʱʝʥʠʶ ʩʧʝʢʪʨʦʚ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢ, ʢʦʪʦʨʦʝ ʚʦʟ-

ʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʛʘʣʘʢʪʠʢ, ʪʘʢ ʠ "ʨʝʣʠʢʪʦʚʦʤʫ" ʠʟʣʫʯʝʥʠʶ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʦ ɺʩʝʣʝʥʥʦʡ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʥʝʪ ʦʜʠʥʦʯʥʳʭ ʟʚʝʟʜ. ɺʩʝ ʟʚʝʟʜʳ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʚʟʘʠʤʥʳʭ ʚʣʠʷʥʠʡ ʦʥʠ ʜʚʠʞʫʪʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ, ʪʦ ʫʩʢʦʨʷʷʩʴ, 

ʪʦ ʟʘʤʝʜʣʷʷʩʴ. ɺ ʩʨʝʜʥʝʤ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʫʩʢʦʨʝʥʥʦʛʦ ʠ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʨʘʚʥʳ 

ʜʨʫʛ ʜʨʫʛʫ (ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʝʡ, ʨʘʩʧʦʣʘʛʘʶʱʠʭʩʷ ʚʙʣʠʟʠ ʢʘʞʜʦʡ ʠʟ ʟʚʝʟʜ). ʅʦ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ 

ʚʩʣʝʜʩʪʚʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 
2 2

0 01 /uc c u c= +  ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ 

ʫʩʢʦʨʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ "ʩʞʠʤʘʶʪʩʷ" (ʩʤ. ʬʦʨʤʫʣʫ (5.6) ʜʣʷ 1T ), ʘ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ 
"ʨʘʩʪʷʛʠʚʘʶʪʩʷ" (ʩʤ. ʬʦʨʤʫʣʫ (5.7) ʜʣʷ 

2T ). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʯʝʤ ʙʦʣʝʝ ʜʘʣʝʢʠʝ ʦʙʣʘʩʪʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ, ʪʝʤ ʙʦʣʴʰʝ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʤʳ ʥʘʙʣʶ-

ʜʘʝʤ ʩʚʝʪ, ʠʩʧʫʱʝʥʥʳʡ ʚ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ. ɸ ʩʚʝʪʦʚʳʝ ʢʚʘʥʪʳ, ʠʩʧʫʱʝʥʥʳʝ ʚ 

ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ, ʙʫʜʫʪ ʠʤʝʪʴ ʪʝʤ ʙʦʣʴʰʫʶ ʜʣʠʥʫ ʚʦʣʥʳ, ʯʝʤ ʙʦʣʴʰʝ ʨʘʩʩʪʦ-

ʷʥʠʝ ʜʦ ʪʦʡ ʟʚʝʟʜʳ, ʢʦʪʦʨʦʡ ʦʥʠ ʠʟʣʫʯʝʥʳ (ʝʩʣʠ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ 
2 2

0 01 /uc c u c= + . ɺ ʩʘʤʦʤ 

ʜʝʣʝ, ʝʩʣʠ "ʥʘʯʘʣʦ" ʩʚʝʪʦʚʦʛʦ ʢʚʘʥʪʘ ʠʟʣʫʯʝʥʦ ʧʨʠ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʟʚʝʟʜʳ, ʯʝʤ "ʢʦʥʝʮ" ʢʚʘʥʪʘ, ʪʦ ʯʝʤ ʜʦʣʴ-

ʰʝ ʩʚʝʪʦʚʦʡ ʢʚʘʥʪ ʜʚʠʞʝʪʩʷ, ʪʝʤ ʥʘ ʙʦʣʴʰʝʝ ʨʘʩʩʪʦʷʥʠʝ ʫʙʝʛʘʝʪ "ʥʘʯʘʣʦ" ʢʚʘʥʪʘ ʦʪ "ʢʦʥʮʘ" ʢʚʘʥʪʘ (ʚʝʜʴ ʧʨʠ 

ʟʘʤʝʜʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʢʚʘʥʪʦʚ ʠ ʧʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʟʘʚʠʩʠʤʦʩʪʠ 
2 2

0 01 /uc c u c= +  ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ "ʥʘʯʘʣʘ" ʢʚʘʥʪʘ ʙʫʜʝʪ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ "ʢʦʥʮʘ" ʢʚʘʥʪʘ). 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʩʚʝʪʦʚʳʝ ʢʚʘʥʪʳ, ʠʟʣʫʯʝʥʥʳʝ ʚ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʟʘʤʝʜʣʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ, 

ʪʝʤ ʙʦʣʴʰʝ "ʨʘʩʪʷʛʠʚʘʶʪʩʷ" (ʪʝʤ ʙʦʣʴʰʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʭ ʜʣʠʥʘ ʚʦʣʥʳ), ʯʝʤ ʜʦʣʴʰʝ ʦʥʠ ʜʚʠʞʫʪʩʷ. ʇʨʠ ʵʪʦʤ 

ʵʬʬʝʢʪ "ʨʘʩʪʷʞʝʥʠʷ" ʢʚʘʥʪʘ, ʠʩʧʫʱʝʥʥʦʛʦ ʠʩʪʦʯʥʠʢʦʤ, ʜʚʠʞʫʱʠʤʩʷ ʩ ʟʘʤʝʜʣʝʥʠʝʤ, ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ 
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ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʩʧʝʢʪʨʘ ʦʜʠʥʘʢʦʚʦ ʥʝ ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ, ʘ ʦʪʥʦʰʝʥʠʝ ʵʪʦʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʢ ʩʘʤʦʡ ʜʣʠʥʝ ʚʦʣʥʳ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ ʢʚʘʥʪ ʩʚʝʪʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 0l ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʪʦʣʴʢʦ ʟʘʢʦʥʯʠʣʦʩʴ ʠʟ-

ʣʫʯʝʥʠʝ, ʩʦʜʝʨʞʠʪ 0n  ʢʦʣʝʙʘʥʠʡ, ʪʦ ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ "ʜʣʠʥʘ" ʪʘʢʦʛʦ ʢʚʘʥʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʝʛʦ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʠʷ ʙʫʜʝʪ ʨʘʚʥʘ 
0 0 0L n l= Ö. ʊʦʛʜʘ (ʝʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

2 2

0 01 /uc c u c= +  ʩʫʱʝʩʪʚʫʝʪ ʚ ʧʨʠʨʦʜʝ) ʥʘ ʨʘʩ-

ʩʪʦʷʥʠʠ R ʦʪ ʤʝʩʪʘ ʠʟʣʫʯʝʥʠʷ ʜʣʠʥʘ ʪʘʢʦʛʦ ʢʚʘʥʪʘ ʚʜʦʣʴ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʙʫʜʝʪ ʨʘʚʥʘ 
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ʛʜʝ 1c , 2c  ï ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ "ʥʘʯʘʣʘ" ʠ "ʢʦʥʮʘ" ʢʚʘʥʪʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ, ʧʦʩʢʦʣʴʢʫ ʯʠʩʣʦ 0n ʧʨʠ 
ʜʚʠʞʝʥʠʠ ʢʚʘʥʪʘ ʠʟʤʝʥʠʪʴʩʷ ʥʝ ʤʦʞʝʪ, ʜʣʠʥʘ ʚʦʣʥʳ ʵʪʦʛʦ ʢʚʘʥʪʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ R ʙʫʜʝʪ ʨʘʚʥʘ 
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ʀʟ ʵʪʦʡ ʞʝ ʬʦʨʤʫʣʳ ʩʣʝʜʫʝʪ, ʯʪʦ 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʬʬʝʢʪ "ʨʘʩʪʷʞʝʥʠʷ" ʢʚʘʥʪʘ ʧʨʠʚʦʜʠʪ ʠʤʝʥʥʦ ʢ ʪʘʢʦʤʫ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ ʚʦʣʥʳ ʨʘʟ-

ʣʠʯʥʳʭ ʣʠʥʠʡ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʦʝ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ. ʊʘʢ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʢʨʘʩʥʦʝ 

ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʦʚ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢ, ʥʝ ʧʨʠʚʣʝʢʘʷ ʛʠʧʦʪʝʟʫ ʦ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ. 

ɽʩʣʠ ʞʝ ʩʚʝʪʦʚʳʝ ʢʚʘʥʪʳ ʠʟʣʫʯʝʥʳ ʚ ʧʦʣʫʧʝʨʠʦʜʳ ʫʩʢʦʨʝʥʥʦʛʦ ʢʝʧʣʝʨʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜʳ, ʪʦ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ "ʢʦʥʝʮ" ʢʚʘʥʪʘ ʜʚʠʞʝʪʩʷ ʙʳʩʪʨʝʝ, ʯʝʤ "'ʥʘʯʘʣʦ" ʢʚʘʥʪʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ "ʢʦʥʝʮ" 

ʢʚʘʥʪʘ ʜʦʛʦʥʠʪ "ʥʘʯʘʣʦ" ʢʚʘʥʪʘ, ʪʘʢʦʡ ʢʚʘʥʪ ʢʘʢ ʙʳ ʩʞʠʤʘʝʪʩʷ (ʫʤʝʥʴʰʘʝʪʩʷ ʜʣʠʥʘ ʚʦʣʥʳ ʝʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ). ʇʨʠ ʵʪʦʤ ʜʣʷ ʫʜʘʣʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ "ʩʞʠʤʘʶʪʩʷ" ʠ ʩʘʤʠ ʧʦʣʫʧʝʨʠʦʜʳ ʫʩʢʦʨʝʥʥʦʛʦ ʢʝʧʣʝ-

ʨʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜʳ (ʩʤ. ʬʦʨʤʫʣʫ (5.6) ʜʣʷ 
1T). ɽʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

2 2

0 01 /uc c u c= +  ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʝʘʣʴ-

ʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʵʬʬʝʢʪ "ʩʞʘʪʠʷ" ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʚʩʧʣʝʩʢʦʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʛʘʤʤʘ-

ʣʫʯʝʡ, ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʘʩʪʨʦʥʦʤʘʤʠ. 

ɼʦ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ʚʦʟʤʦʞʥʦ ʫʤʝʥʴʰʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʢʚʘʥʪʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʩʣʝʜ-

ʩʪʚʠʝ ʵʬʬʝʢʪʘ "ʩʞʘʪʠʷ", ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʷʩʥʦ. ʅʦ ʝʩʣʠ ʨʘʩʩʫʞʜʘʪʴ ʯʠʩʪʦ ʬʦʨʤʘʣʴʥʦ, ʪʦ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʟʚʝʟʜʳ, ʜʚʠʞʫʱʝʡʩʷ ʫʩʢʦʨʝʥʥʦ, "ʢʦʥʝʮ" ʢʚʘʥʪʘ ʧʝʨʝʛʦʥʠʪ "ʥʘʯʘʣʦ" ʢʚʘʥʪʘ ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʜʚʠʞʝʥʠʠ ʢʚʘʥʪʘ ʜʣʠʥʘ ʝʛʦ ʚʦʣʥʳ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʚʝʩʴʤʘ ʫʜʘʣʝʥʥʳʭ ʟʚʝʟʜ 

ʢʘʢ ʢʚʘʥʪʳ, ʠʟʣʫʯʝʥʥʳʝ ʚ ʧʦʣʫʧʝʨʠʦʜʳ ʟʘʤʝʜʣʝʥʥʦʛʦ ʢʝʧʣʝʨʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ, ʪʘʢ ʠ ʢʚʘʥʪʳ, ʠʟʣʫʯʝʥʥʳʝ 

ʚ ʧʦʣʫʧʝʨʠʦʜʳ ʫʩʢʦʨʝʥʥʦʛʦ ʢʝʧʣʝʨʦʚʩʢʦʛʦ ʜʚʠʞʝʥʠʷ ʟʚʝʟʜ, ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʬʬʝʢʪʫ "ʨʘʩʪʷʞʝʥʠʷ", ʧʨʠʯʝʤ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ, ʯʪʦ ʦʥʠ ʧʝʨʝʭʦʜʷʪ ʠʟ ʜʠʘʧʘʟʦʥʘ ʦʧʪʠʯʝʩʢʠʭ ʚʦʣʥ ʚ ʜʠʘʧʘʟʦʥ ʨʘʜʠʦʚʦʣʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ 

ʬʦʨʤʫʣʳ (5.15) ʩʣʝʜʫʝʪ, ʯʪʦ ʝʩʣʠ ʚʳʨʘʞʝʥʠʝ 
1 2( )c c-  ʥʝ ʨʘʚʥʦ ʥʫʣʶ ʪʦʯʥʦ, ʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ R ʦʪʥʦʰʝʥʠʝ 

0 0( ) /l l l-  ʤʦʞʝʪ ʩʪʘʪʴ ʢʘʢ ʫʛʦʜʥʦ ʙʦʣʴʰʠʤ. 

ʊʘʢ ʟʘʚʠʩʠʤʦʩʪʴ 2 2

0 01 /uc c u c= +  ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ("ʨʝ-

ʣʠʢʪʦʚʦʛʦ") ʠʟʣʫʯʝʥʠʷ. ʇʨʠ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ "ʨʝʣʠʢʪʦʚʦʝ" ʠʟʣʫʯʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʤʤʘʨʥʳʤ 

ʠʟʣʫʯʝʥʠʝʤ ʚʩʝʭ ʟʚʝʟʜ ɺʩʝʣʝʥʥʦʡ. ʇʨʠ ʵʪʦʤ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʦʣʫʯʘʶʪ ʚʩʝ ʩʚʦʡʩʪʚʘ "ʨʝʣʠʢʪʦ-

ʚʦʛʦ" ʠʟʣʫʯʝʥʠʷ: ʠ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʠʟʦʪʨʦʧʥʦʩʪʠ ʠ ʥʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʠ ʙʣʠʟʢʠʡ ʢ ʯʝʨʥʦʪʝʣʴʥʦʤʫ ʭʘʨʘʢʪʝʨ 

ʩʧʝʢʪʨʘ. ʊʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʶʱʝʛʦʩʷ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʦʚ ʜʘʣʝʢʠʭ ʟʚʝʟʜʥʳʭ ʩʢʦʧʣʝ-

ʥʠʡ, ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʟʚʝʟʜʥʳʭ ʩʢʦʧʣʝʥʠʡ, ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʚʧʦʣʥʝ ʝʩʪʝʩʪʚʝʥʥʦ 

ʦʙʲʷʩʥʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʧʘʨʘʜʦʢʩʘ ʆʣʴʙʝʨʩʘ ʙʝʟ ʚʚʝʜʝʥʠʷ ʛʠʧʦʪʝʟʳ ʦ ʪʦʤ, ʯʪʦ ʯʝʤ ʜʘʣʴʰʝ ʦʪ 

ʥʘʩ ʥʘʭʦʜʠʪʩʷ ʟʚʝʟʜʘ, ʪʝʤ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʦʥʘ ʦʪ ʥʘʩ ʫʜʘʣʷʝʪʩʷ. 

ʇʦʷʚʣʝʥʠʝ ʥʦʚʦʛʦ ʦʙʲʷʩʥʝʥʠʷ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ ʩʧʝʢʪʨʦʚ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢ ʠ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʢʩʪʨʘʚʘʛʘʥʪʥʦʡ ʛʠʧʦʪʝʟʳ (ʦʯʝʥʴ ʧʦʭʦʞʝʡ ʥʘ ʙʦʞʝʩʪʚʝʥʥʳʡ ʘʢʪ ʩʦʪʚʦʨʝʥʠʷ 

ʤʠʨʘ) ʦ ʢʦʥʝʯʥʦʤ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ (ʧʦʨʷʜʢʘ 10-20 ʤʣʨʜ. ʣʝʪ), ʢʦʪʦʨʘʷ ʚʭʦʜʠʪ ʚ ʧʨʦʪʠʚʦʨʝʯʠʝ 

ʩ ʚʦʟʨʘʩʪʦʤ ʟʝʤʥʳʭ ʛʦʨʥʳʭ ʧʦʨʦʜ [37, ʩʪʨ. 79] ʠ ʦ ʢʦʥʝʯʥʦʩʪʠ ɺʩʝʣʝʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝ ʪʦʣʴʢʦ ʣʘʙʦʨʘʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ 

ʕʡʥʰʪʝʡʥʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʨʘʟʜʝʣʝ 4, ʥʦ ʪʘʢʞʝ ʠ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʛʠʧʦʪʝʟʝ ʦ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʚ ʧʨʠʨʦʜʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ 
2 2

0 01 /uc c u c= + . ʅʘʦʙʦʨʦʪ, 
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ʥʝʢʦʪʦʨʳʝ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʢʦʩʚʝʥʥʦʝ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚ 

ʧʨʠʨʦʜʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʳʷʚʠʪʴ ʪʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʢ 

ʢʦʪʦʨʳʤ ʧʨʠʚʝʜʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʢʚʘʜʨʘʪʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩ-

ʪʦʯʥʠʢʘ ʚʠʜʘ 
2 2

0 01 /uc c u c= + . ɺʝʜʴ ʝʩʣʠ ʥʠ ʵʢʩʧʝʨʠʤʝʥʪ, ʥʠ ʪʝʦʨʠʷ ʥʝ ʧʨʦʪʠʚʦʨʝʯʘʪ ʩʫʱʝʩʪʚʦʚʘʥʠʶ ʚ ʧʨʠʨʦ-

ʜʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʝʪ ʨʝʘʣʴʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʧʨʠʨʦʜʝ (ʢʘʢʦʡ ʙʳ ʤʘʣʦʚʝʨʦʷʪʥʦʡ ʵʪʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʝ-ʢʦʤʫ ʥʠ ʢʘʟʘʣʘʩʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ). 

6. ʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʂʆʆʈɼʀʅɸʊ ʀ ɺʈɽʄɽʅʀ ʇʈʀ ʅɽʀʅɺɸʈʀɸʅʊʅʆʁ ʉʂʆʈʆʉʊʀ ʉɺɽʊɸ 

ɽʩʣʠ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ (ʀʉʆ) ʥʝ ʨʘʚʥʘ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 0c  ʚ 

ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ, ʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ u ʜʚʠʞʝʥʠʷ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ʧʦ ʬʦʨ-

ʤʫʣʝ 2 2

0 01 /uc c u c= + , ʪʦ ʠʟʚʝʩʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʦʢʘʞʫʪʩʷ ʥʝ ʩʪʨʦʛʠʤʠ, ʘ ʣʠʰʴ ʧʨʠʙʣʠʞʝʥʥʳʤʠ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʡ ʦʪ ʦʜʥʦʡ ʀʉʆ  ʢ ʜʨʫʛʦʡ ʀʉʆ, ʩʧʨʘʚʝʜʣʠʚʳʤʠ ʪʦʣʴʢʦ ʜʣʷ ʥʝ 

ʩʣʠʰʢʦʤ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʀʉʆ, ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ 

ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʀʉʆ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ. ʊʦʛʜʘ ʩʨʘʟʫ ʞʝ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʘ ʢʘʢʦʚʳ ʪʦʯʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʡ ʦʪ ʦʜʥʦʡ ʀʉʆ ʢ ʜʨʫʛʦʡ, ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ ʟʘʢʦʥʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʜʚʠ-

ʞʫʱʝʡʩʷ ʀʉʆ ʚʠʜʘ 2 2

0 01 /uc c u c= + . 

ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʧʨʦʱʝ ʚʩʝʛʦ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʨʠ ʚʳʚʦʜʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ 

ʤʝʪʦʜʦʤ ɸ. ɸ. ʃʦʛʫʥʦʚʘ [4, ʩʪʨ. 27-29]. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝ ʞʝ ʜʚʝ ʜʚʠʞʫʱʠʝʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ ʠ B, ʢʦ-

ʪʦʨʳʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʨʘʟʜʝʣʝ 3. ʇʫʩʪʴ ʀʉʆ ɺ ʩʦ ʰʪʨʠʭʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (x', y', y', t') ʷʚʣʷʝʪʩʷ ʧʦ-

ʢʦʷʱʝʡʩʷ ʀʉʆ, ʘ ʀʉʆ A c ʥʝʰʪʨʠʭʦʚʘʥʥʳʤʠ ʢʦʦʨʜʠʥʘʪʘʤʠ (x, y, z, t) ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u  ʚ ʦʪʨʠʮʘʪʝʣʴ-

ʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x' ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B. 

ʊʦʛʜʘ  ʚ ʇʆʂʆʗʑɽʁʉʗ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʩʚʝʪ ʠʤʝʝʪ ʩʢʦʨʦʩʪʴ 
0c , ʘ ʚ ɼɺʀɾʋʑɽʁ-

ʉʗ ʩʦ ʩʢʦʨʦʩʪʴʶ u ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ, ʩʚʝʪ ʵʪʦʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ 

ʚʳʨʘʞʝʥʠʝʤ 2 2

0 01 /uc c u c= + . ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚ ʛʘʣʠʣʝʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ɼɺʀɾʋ-

ʑɽʁʉʗ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ ʠʤʝʝʪ ʚʠʜ 

 
 

                                                                
2 2 2 2 2 2

uds c dt dx dy dz= Ö - - -,                                                        (6.1) 

 

ʛʜʝ uc ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 2 2

0 01 /uc c u c= + . 

ʉʦʚʝʨʰʠʤ ʥʘʜ ʚʳʨʘʞʝʥʠʝʤ (6.1) ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɻʘʣʠʣʝʷ 

 

                                             , , , .x x u t t t y y z z¡¡ ¡¡ ¡¡ ¡¡= - Ö = = =                                                (6.2) 

            

ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʦʙʨʘʪʥʳʝ (6.2) 

 

                                                          , , , .x x u t t t y y z z¡¡ ¡¡ ¡¡ ¡¡ ¡¡= + Ö = = =                                       (6.3) 

 

ʛʜʝ x,  y,  z,  t ï ʛʘʣʠʣʝʝʚʳ ʢʦʦʨʜʠʥʘʪʳ ʩʦʙʳʪʠʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ. 

ɺʟʷʚ ʜʠʬʬʝʨʝʥʮʠʘʣʳ ʦʪ ʦʙʝʠʭ ʯʘʩʪʝʡ ʨʘʚʝʥʩʪʚ (6.3) ʠ ʧʦʜʩʪʘʚʠʚ dx,  dy, dz, dt  ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʨ-

ʚʘʣʘ (6.1), ʧʦʣʫʯʠʤ 
 

                                         2 2 2 2 2 2 2 2( ) (1 / ) 2 ( ) ( ) ( )u uds c dt u c u dx dt dx dy dz¡¡ ¡¡ ¡¡ ¡¡ ¡¡ ¡¡= Ö Ö - - Ö Ö Ö - - -.           (6.4) 

 

ʆʪ ʚʦʟʥʠʢʰʝʛʦ ʚ ʚʳʨʘʞʝʥʠʠ (6.4) ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʯʣʝʥʘ dx dt¡¡ ¡¡Ö  ʤʦʞʥʦ ʠʟʙʘʚʠʪʴʩʷ. ɼʣʷ ʵʪʦʛʦ ʚʳʜʝ-

ʣʠʤ ʚ ʚʳʨʘʞʝʥʠʠ (6.4) ʧʦʣʥʳʡ ʢʚʘʜʨʘʪ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʥʪʝʨʚʘʣ (6.4) ʧʨʠʤʝʪ ʚʠʜ 

 

                                   
2

2
2 2 2 2 2 2

0 2 22 2

0

( )
( ) ( 1 / ) ( ) ( )

1 /1 /
u

uu u

u dx dx
ds c u dt u c dy dz

u cc c u c
y
è ø¡¡ ¡¡Ö

¡¡ ¡¡ ¡¡é ù= Ö Ö Ö - - - - -
-é ùÖ Ö -ê ú

,                (6.5) 

 

ʛʜʝ 2 2

0
2 2

1
( ) 1 /

1 / u

u u c
u c

y = = +
-

, ʪ. ʝ. ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (3.31). ʊʝʧʝʨʴ ʚʚʝʜʝʤ ʥʦʚʦʝ ʚʨʝʤʷ 
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2 2

2 2

0

( ) 1 /
1 /

u

u u

u x
t u t u c

c c u c
y

¡¡Ö
¡ ¡¡= Ö Ö - -

Ö Ö -
                                       (6.6) 

ʠ ʥʦʚʳʝ ʢʦʦʨʜʠʥʘʪʳ 

                                                              
2 2

, ,
1 / u

x
x y y z z

u c

¡¡
¡ ¡ ¡¡ ¡ ¡¡= = =

-
.                                                      (6.7) 

 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (6.5) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

 

                                                                  
2 2 2

0 ( ) ( ) ( ) ( )ds c dt dx dy dz¡ ¡ ¡ ¡= Ö - - -.                                                    (6.8) 
 

ʅʦ ʚʳʨʘʞʝʥʠʝ (6.8) ʝʩʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʠʥʪʝʨʚʘʣʘ ʚ ʛʘʣʠʣʝʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʇʆʂʆʗʑɽʁʉʗ ʠʥʝʨʮʠ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʤʝʥʠʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.2) ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.6)-(6.7), ʤʳ ʦʪ 

ʠʥʪʝʨʚʘʣʘ (6.1) ʚ ɼɺʀɾʋʑɽʁʉʗ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʧʝʨʝʰʣʠ ʢ ʠʥʪʝʨʚʘʣʫ (6.8) ʚ ʇʆʂʆʗʑɽʁ-

ʉʗ  ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʧʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (6.2) ʚ ʚʳʨʘʞʝʥʠʷ (6.6) ʠ (6.7), 

ʤʳ ʧʦʣʫʯʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʡ ʦʪ ɼɺʀɾʋʑɽʁʉʗ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

ɸ ʢ ʇʆʂʆʗʑɽʁʉʗ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B 

                                                         

                   (6.9) 
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ʈʘʟʨʝʰʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.9) ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʰʪʨʠʭʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ, ʧʦʣʫʯʠʤ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ 

 

                                        0 0( ), ( ), , .uc t c t x x x c t y y z zg b g b¡ ¡ ¡ ¡ ¡ ¡Ö = Ö Ö + Ö Ö= Ö + Ö Ö = =           (6.10) 
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ɺʳʨʘʞʝʥʠʷ (6.9) ʠ (6.10) ʷʚʣʷʶʪʩʷ ʧʨʷʤʳʤʠ ʠ ʦʙʨʘʪʥʳʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʩʦ-

ʙʳʪʠʡ ʦʪ ʦʜʥʦʡ ʀʉʆ ʢ ʜʨʫʛʦʡ ʀʉʆ ʜʣʷ ʪʦʛʦ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʇʆʂʆʗʑɽʁʉʗ ʷʚʣʷʝʪʩʷ ʰʪʨʠʭʦʚʘʥʥʘʷ 

ʀʉʆ B, ʘ ʜʚʠʞʫʱʝʡʩʷ ʷʚʣʷʝʪʩʷ ʥʝʰʪʨʠʭʦʚʘʥʥʘʷ ʀʉʆ ɸ. 

ɽʩʣʠ ʚʚʝʩʪʠ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʯʝʪʳʨʝʭʤʝʨʥʳʝ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʳ [38, ʩ. 114] 
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(ʧʦʢʦʷʱʝʡʩʷ ʷʚʣʷʝʪʩʷ ʰʪʨʠʭʦʚʘʥʥʘʷ ʀʉʆ, ʘ ʜʚʠʞʫʱʝʡʩʷ ʷʚʣʷʝʪʩʷ ʥʝʰʪʨʠʭʦʚʘʥʥʘʷ ʀʉʆ), ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
(6.9) ʠ (6.10) ʧʨʠʦʙʨʝʪʘʶʪ ʚʠʜ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

 

                                         
1 1 4 2 2 3 3 4 4 1( ). , , ( );x x x x x x x x x xg b g b¡ ¡ ¡ ¡= Ö - Ö = = = Ö - Ö                                (6.9ʘ) 

                                 
1 1 4 2 2 3 3 4 4 1( ), , , ( ).x x x x x x x x x xg b g b¡ ¡ ¡ ¡ ¡ ¡= Ö + Ö = = = Ö + Ö                     (6.10ʘ) 
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ʀʟ ʦʜʥʦʛʦ ʚʥʝʰʥʝʛʦ ʚʠʜʘ ʫʨʘʚʥʝʥʠʡ (6.9ʘ) ʠ (6.10ʘ) ʚʠʜʥʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʪʘʢʠʤʠ ʞʝ ʛʨʫʧʧʦʚʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʇʦʪʦʤʫ ʯʪʦ   ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʷ (6.9ʘ) ʠ (6.10ʘ) ʩʦʚʧʘʜʘʶʪ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ, ʟʘʧʠʩʘʥʥʳʤʠ ʚ ʯʝʪʳʨʝʭʤʝʨʥʳʭ ʦʙʦʟʥʘʯʝʥʠʷʭ. 

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʝʩʣʠ ʇʆʂʆʗʑɽʁʉʗ ʷʚʣʷʝʪʩʷ ʥʝʰʪʨʠʭʦʚʘʥʥʘʷ ʀʉʆ ɸ, ʘ 

ɼɺʀɾʋʑɽʁʉʗ ʷʚʣʷʝʪʩʷ ʰʪʨʠʭʦʚʘʥʥʘʷ ʀʉʆ ɺ, ʪʦ ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ 

ʣʶʙʦʛʦ ʩʦʙʳʪʠʷ ʦʪ ʦʜʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʢ ʜʨʫʛʦʡ ʠʤʝʶʪ ʚʠʜ 
 
 

                                      0 ( ), ( ), , ,u uc t c t x x x c t y y z zg b g b¡ ¡ ¡ ¡ ¡ ¡Ö = Ö Ö + Ö = Ö + Ö Ö = =               (6.11) 

                                     0 0( ), ( ), , ,uc t c t x x x c t y y z zg b g b¡ ¡ ¡ ¡Ö = Ö Ö - Ö = Ö - Ö Ö = =                 (6.12) 
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ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʀʉʆ ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ (ʧʨʠ ʤʘʣʳʭ ʩʢʦʨʦʩʪʷʭ ʜʚʠʞʝʥʠʷ  ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʩʪʘʥʪʦʡ 0c ), ʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.9), (6.10), (6.11) ʠ 

(6.12) ʧʨʝʚʨʘʱʘʶʪʩʷ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 
 

        0 0 0( ), ( ), , ,c t c t x x x c t y y z zg b g b¡ ¡ ¡ ¡Ö = Ö Ö - Ö = Ö - Ö Ö = =           (6.13) 

                                       0 0 0( ), ( ), , ,c t c t x x x c t y y z zg b g b¡ ¡ ¡ ¡ ¡Ö = Ö Ö + Ö = Ö + Ö Ö = =                (6.14) 
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    V ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʠʟ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ, 

ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʝ 0c  

ɽʩʣʠ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ (6.13) - (6.14) ʚʚʝʩʪʠ ʯʝʪʳʨʝʭʤʝʨʥʳʝ ʚʝʣʠʯʠʥʳ ʧʦ ʬʦʨʤʫʣʘʤ  
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ʪʦ ʵʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʧʨʠʥʠʤʘʶʪ ʚʠʜ 

 

                                   
1 1 4 2 2 3 3 4 4 1( ). , , ( );x x x x x x x x x xg b g b¡ ¡ ¡ ¡= Ö - Ö = = = Ö - Ö                           (6.13ʘ) 

                                        1 1 4 2 2 3 3 4 4 1( ), , , ( ).x x x x x x x x x xg b g b¡ ¡ ¡ ¡ ¡ ¡= Ö + Ö = = = Ö + Ö                         (6.14ʘ) 

 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ (6.13ʘ) - (6.14ʘ) ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʚʠʜ, ʯʪʦ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (6.9ʘ) - (6.10ʘ) ʥʦ-

ʚʦʡ ʪʝʦʨʠʠ. ɸ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʦʡ ʪʝʦʨʠʠ (6.9ʘ) - (6.10ʘ) ʦʙʣʘʜʘʶʪ ʚʩʝʤʠ ʪʝʤʠ ʩʚʦʡʩʪʚʘʤʠ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʛʨʫʧʧʦʚʳʤʠ), ʯʪʦ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ (6.13ʘ) - (6.14ʘ). 

ʀʪʘʢ, ʝʩʣʠ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʠʟʠʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʚʠʜʘ (2.1), ʪʦ ʚʤʝʩʪʦ ʧʨʷʤʳʭ ʠ ʦʙʨʘʪʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ 

(6.13) ʠ (6.14) ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ: 

ʘ) ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.11) ʠ (6.12) ï ʝʩʣʠ ʧʦʢʦʷʱʝʡʩʷ ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘ ɸ; 

ʙ) ʧʨʷʤʳʝ ʠ ʦʙʨʘʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.9) ʠ (6.10) ï ʝʩʣʠ ʧʦʢʦʷʱʝʡʩʷ ʷʚʣʷʝʪʩʷ ʠʥʝʨʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 

ʦʪʩʯʝʪʘ B. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.9) ʧʦʣʫʯʝʥʳ ʚʧʝʨʚʳʝ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʦʙʦʟʥʘʯʝʥʠʡ) ʂʦʪʝʣʴʥʠʢʦʚʳʤ ɻ.ɸ. [39, ʩʪʨ. 

371-374]. ʆʜʥʘʢʦ ʧʦʜʣʠʥʥʳʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʦʣʫʯʝʥʥʳʭ ʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (ʩʤ. ʬʦʨʤʫʣʳ (2) ʠʟ [39]) ʂʦ-

ʪʝʣʴʥʠʢʦʚʫ ɻ.ɸ. ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. ʆʪʣʠʯʠʝ ʵʪʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʃʦʨʝʥʮʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʂʦʪʝʣʴʥʠʢʦʚ ɻ.ɸ. ʦʙʲʷʩʥʠʣ ʦʪʩʫʪʩʪʚʠʝʤ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʭʨʦʥʦʤʝʪʨʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ 

ʜʚʠʞʫʱʠʭʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʂʦʪʝʣʴʥʠʢʦʚ ɻ.ɸ.  
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ʩʜʝʣʘʣ ʦʰʠʙʦʯʥʳʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʭʨʘʥʷʶʪ ʚʩʝ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʠ ʜʠʥʘʤʠ-

ʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

7. ʌʀɿʀʏɽʉʂʀʁ ʉʄʓʉʃ ʅʆɺʓʍ ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʂʆʆʈɼʀʅɸʊ ʀ ɺʈɽʄɽʅʀ 

7.1. ʉʦʢʨʘʱʝʥʠʝ ʧʨʦʜʦʣʴʥʳʭ ʨʘʟʤʝʨʦʚ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʩʧʦʩʦʙʘ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʠʟ ʪʦʡ "ʧʦʢʦʷʱʝʡʩʷ" ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʵʪʦ ʪʝʣʦ ʜʚʠʞʝʪʩʷ. 

ʇʨʠ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʧʦʣʦʞʝʥʠʷ ʢʦʥʮʦʚ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʚ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʭʨʦʥʦʤʝʪʨʘʤ ʪʦʡ "ʧʦʢʦʷʱʝʡʩʷ" ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʵʪʦ 

ʪʝʣʦ ʜʚʠʞʝʪʩʷ, ʘ ʟʘʪʝʤ ʠʟʤʝʨʠʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʫʯʝʥʥʳʤʠ ʦʪʤʝʪʢʘʤʠ ʤʘʩʰʪʘʙʦʤ, ʥʝʧʦʜʚʠʞʥʳʤ ʚ "ʧʦ-

ʢʦʷʱʝʡʩʷ" ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

ʇʨʠ ʚʪʦʨʦʤ ʩʧʦʩʦʙʝ ʥʝʦʙʭʦʜʠʤʦ ʠʟʤʝʨʠʪʴ ʩʢʦʨʦʩʪʴ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ "ʧʦʢʦʷʱʝʡʩʷ" 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʟʘʪʝʤ ʠʟʤʝʨʠʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ 

ʥʘʭʦʞʜʝʥʠʷ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʪʦʯʢʝ "ʧʦʢʦʷʱʝʡʩʷ" ʩʠʩʪʝʤʳ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʢʦʥʮʦʚ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʠ 

ʨʘʩʩʯʠʪʘʪʴ ʜʣʠʥʫ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ, ʫʤʥʦʞʠʚ ʠʟʤʝʨʝʥʥʫʶ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʪʝʣʘ ʥʘ ʚʝʣʠʯʠʥʫ ʠʟʤʝʨʝʥʥʦʛʦ 

ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʣʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʨʘʩʩʤʦʪʨʠʤ ʪʝ ʞʝ ʜʚʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ ʠ B, 

ʦ ʢʦʪʦʨʳʭ ʰʣʘ ʨʝʯʴ ʚ ʨʘʟʜʝʣʝ 3 ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.1), ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ (6.9) ʧʨʝʜʳʜʫʱʝʛʦ 

ʨʘʟʜʝʣʘ. 
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ʇʫʩʪʴ ʚ ʰʪʨʠʭʦʚʘʥʥʦʡ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ B, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʪʝʣʦ (ʥʘʧʨʠʤʝʨ, 

ʣʠʥʝʡʢʘ) ʧʦʢʦʠʪʩʷ, ʢʦʦʨʜʠʥʘʪʳ ʢʦʥʮʦʚ ʵʪʦʛʦ ʪʝʣʘ ʨʘʚʥʳ  
 

                                                               
1 0x¡= , 

2 0x L¡= ,                                                                (7.2) 
 

ʛʜʝ 
0L  ʝʩʪʴ ʩʦʙʩʪʚʝʥʥʘʷ ʜʣʠʥʘ ʪʝʣʘ (ʜʣʠʥʘ ʪʝʣʘ ʚ ʪʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʵʪʦ 

ʪʝʣʦ ʧʦʢʦʠʪʩʷ). 

ʀʟ ʚʪʦʨʦʛʦ ʫʨʘʚʥʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (7.1) ʩʣʝʜʫʝʪ, ʯʪʦ  
 

                                                     
2 1 2 1 2 1( ) ( )x x x x u t tg¡ ¡- = Ö - - Ö -.                                              (7.3) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʫʨʘʚʥʝʥʠʝ (7.3) ʟʥʘʯʝʥʠʷ (7.2) ʢʦʦʨʜʠʥʘʪ ʣʠʥʝʡʢʠ, ʧʦʢʦʷʱʝʡʩʷ ʚ ʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ, ʧʦ-

ʣʫʯʠʤ  
 

                                                                         
0 2 1 2 1( ) ( )L x x u t tg= Ö - - Ö -,                                                        (7.4) 

 

ʛʜʝ 
1 2,t t  ï ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʦ ʭʨʦʥʦʤʝʪʨʘʤ ʜʚʠʞʫʱʝʡʩʷ  ʀʉʆ ɸ (ʧʦʢʦʷʱʠʤʩʷ ʚ ʪʦʯʢʘʭ 1 2,x x  ʜʚʠʞʫ-

ʱʝʡʩʷ ʀʉʆ ɸ),  ʚ ʢʦʪʦʨʳʝ ʦʪʤʝʯʘʶʪʩʷ ʧʦʣʦʞʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʢʦʥʮʦʚ ʪʝʣʘ. 

ɺʝʣʠʯʠʥʘ (
2 1x x- ) ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (7.4) ʙʫʜʝʪ ʜʣʠʥʦʡ L  ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʚ ʥʝʰʪʨʠʭʦ-

ʚʘʥʥʦʡ ʀʉʆ ɸ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʝʩʣʠ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʷ (7.4)  ʙʫʜʝʪ ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 

                                                                                       
2 1( ) 0t t- =,                                                                         (7.5) 

 

ʪ. ʝ. ʝʩʣʠ ʧʦʣʦʞʝʥʠʷ ʦʙʦʠʭ ʢʦʥʮʦʚ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʦʪʤʝʯʘʶʪʩʷ ʚ ʦʜʠʥ ʠ 

ʪʦʪ ʞʝ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦ ʭʨʦʥʦʤʝʪʨʘʤ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʦʣʫʯʠʤ 
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ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʜʣʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʚʪʦʨʳʤ ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʠʤ, ʚ ʢʘʢʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʩʠ-

ʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ ʪʦʯʢʠ x1' = 0 ʠ 2 0x L¡=  ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B ʩʦʚʧʘʜʘʶʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ 0x=  ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ ɸ. 
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ʅʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʀʉʆ ɸ ʠ B ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʚʨʝʤʝʥʠ ʚ ʦʙʝʠʭ ʀʉʆ. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʦʯʢʘ 
1 0x¡=  ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ x1 = 0 ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t1 = 0.  

ʇʦʜʩʪʘʚʣʷʷ ʚʦ ʚʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (7.1) ʟʥʘʯʝʥʠʷ 0x=  ʠ 
0x L¡= ʧʦʣʫʯʠʤ, ʯʪʦ ʪʦʯʢʘ 

2 0x L¡=  ʀʉʆ ɺ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʯʘʣʦʤ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ ʀʉʆ ɸ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʧʦ ʭʨʦʥʦʤʝʪʨʘʤ, ʧʦʢʦʷ-

ʱʠʤʩʷ ʚ ʀʉʆ ɸ) 
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ʋʤʥʦʞʘʷ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (7.7) ʚ ʀʉʆ ɸ, ʟʘ ʢʦʪʦʨʳʡ ʦʙʲʝʢʪ, ʧʦʢʦʷʱʠʡʩʷ ʚ ʀʉʆ ɺ, ʧʨʦʣʝʪʝʣ ʤʠʤʦ 

ʥʘʯʘʣʘ ʦʪʩʯʝʪʘ ʀʉʆ ɸ, ʥʘ ʠʟʤʝʨʝʥʥʫʶ ʩʢʦʨʦʩʪʴ u , ʧʦʣʫʯʠʤ ʜʣʠʥʫ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ, ʠʟʤʝʨʝʥʥʫʶ ʚʪʦʨʳʤ ʩʧʦ-

ʩʦʙʦʤ 

                                                                             0 0
2

2 2

0

.
1 /

L L
L u t

u cg
= Ö = =

+

                                                         (7.8) 

 

ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (7.6) ʠ (7.8), ʚʠʜʠʤ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʦʙʝʠʤʠ 

ʩʧʦʩʦʙʘʤʠ ʩʦʚʧʘʜʘʶʪ, ʪʦ ʝʩʪʴ ʯʪʦ ʩʦʛʣʘʩʥʦ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʜʣʠʥʘ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʦʢʘ-

ʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʜʣʠʥʳ ʪʝʣʘ. 

ɽʩʣʠ ʧʨʦʚʝʩʪʠ ʘʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʃʦʨʝʥʮʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ, ʧʦʣʫʯʠʤ, ʯʪʦ ʧʨʠ ʦʙʦʠʭ ʩʧʦʩʦʙʘʭ [38, ʩʪʨ. 70]. 
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ʉʨʘʚʥʠʚʘʷ ʚʳʨʘʞʝʥʠʝ (7.9) ʩ ʚʳʨʘʞʝʥʠʝʤ (7.8), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʘʢ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʜʣʠʥʘ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʪʝʣʘ ʚ ʪʦʡ ʀʉʆ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ ʵʪʦ ʪʝʣʦ ʜʚʠʞʝʪʩʷ, ʫʤʝʥʴʰʘʝʪʩʷ, ʪ. ʝ. ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʠ-

ʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʪʝʣʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣʘ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ 

ʩ ʭʘʨʘʢʪʝʨʦʤ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʪʣʠʯʠʷ ʥʦʩʷʪ ʪʦʣʴʢʦ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ɿʜʝʩʴ ʫʤʝʩʪʥʦ ʧʦʷʩʥʠʪʴ, ʧʦʯʝʤʫ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʃʦʨʝʥʮʘ (6.13) ʠ (6.14) ʠʟ ʉʊʆ ʤʳ ʦʙʦʟʥʘʯʠʣʠ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʀʉʆ ʙʫʢʚʦʡ "V", ʘ ʚ ʥʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ʠ 

ʚʨʝʤʝʥʠ ʜʣʷ ʦʙʦʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʙʫʢʚʫ "u". 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʢʘʢ ʚʭʦʜʷʱʠʡ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʧʘʨʘʤʝʪʨ 
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ʪʘʢ ʠ ʚʭʦʜʷʱʠʡ ʚ ʥʦʚʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨ 
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ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʘʨʘʤʝʪʨ. ɼʣʷ 

ʦʙʦʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʤʳ ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʜʥʫ ʠ ʪʫ ʞʝ ʙʫʢʚʫ b ʚ ʦʙʝʠʭ ʪʝʦʨʠʷʭ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. 

ʊʦʛʜʘ, ʧʨʠʨʘʚʥʷʚ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ (7.10) ʠ (7.11), ʧʦʣʫʯʠʤ 
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ʈʘʟʨʝʰʠʚ ʚʳʨʘʞʝʥʠʝ (7.12) ʦʪʥʦʩʠʪʝʣʴʥʦ u, ʧʦʣʫʯʠʤ 
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ʇʨʠ ʵʪʦʤ ʚ ʚʳʨʘʞʝʥʠʷʭ (7.12) ʠ (7.13): u ï ʵʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ 

ʀʉʆ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ; V ï ʵʪʦ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʦʡ ʀʉʆ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (7.12) ʠ (7.13) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ "ʩʢʦʨʦʩʪʠ V" ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

ʦʪ ʥʫʣʷ ʜʦ 0c , ʘ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ "ʩʢʦʨʦʩʪʠ u" ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʀʟ 
ʵʪʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʣʠʙʦ "ʩʢʦʨʦʩʪʴ u" ʠʟ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʣʠʙʦ "ʩʢʦʨʦʩʪʴ V" ʠʟ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʬʠʟʠʯʝʩʢʠ ʠʟʤʝʨʠʤʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ. ʈʷʜ ʩʦʦʙʨʘʞʝʥʠʡ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʬʠʟʠʯʝʩʢʠ ʠʟʤʝʨʠʤʦʡ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʦʜʥʦʡ ʀʉʆ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫ-

ʛʦʡ ʀʉʆ ʷʚʣʷʝʪʩʷ ʥʝ "ʩʢʦʨʦʩʪʴ V", ʘ ʠʤʝʥʥʦ "ʩʢʦʨʦʩʪʴ u" ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. ʅʝʪʨʫʜʥʦ ʟʘʤʝ-

ʪʠʪʴ, ʯʪʦ ʚʳʨʘʞʝʥʠʷ (7.12) ʠ (7.13) ʤʦʞʥʦ ʪʘʢʞʝ ʧʦʣʫʯʠʪʴ, ʝʩʣʠ ʧʨʠʨʘʚʥʷʪʴ ʜʨʫʛ ʜʨʫʛʫ ʧʨʘʚʳʝ ʯʘʩʪʠ ʬʦʨʤʫʣ 

(7.8) ʠ (7.9). 

7.2. ʀʩʯʝʟʥʦʚʝʥʠʝ ʧʘʨʘʜʦʢʩʦʚ ʚʨʝʤʝʥʠ 

ʉʦʛʣʘʩʥʦ ʉʊʆ ʜʚʠʞʫʱʠʡʩʷ ʭʨʦʥʦʤʝʪʨ ʠʜʝʪ ʤʝʜʣʝʥʥʝʝ ʯʝʤ ʥʝʧʦʜʚʠʞʥʳʡ. ʕʬʬʝʢʪ ʟʘʤʝʜʣʝʥʠʷ ʭʦʜʘ 

ʜʚʠʞʫʱʝʛʦʩʷ ʭʨʦʥʦʤʝʪʨʘ, ʧʨʠʚʦʜʷʱʠʡ ʢ ʠʟʚʝʩʪʥʳʤ ʧʘʨʘʜʦʢʩʘʤ ʚʨʝʤʝʥʠ ʉʊʆ (ʧʘʨʘʜʦʢʩʫ ʯʘʩʦʚ, ʧʘʨʘʜʦʢʩʫ 

ʙʣʠʟʥʝʮʦʚ) ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʈʘʩʩʤʦʪʨʠʤ ʭʨʦʥʦʤʝʪʨ ʩʣʝʜʫʶʱʝʡ ʢʦʥʩʪʨʫʢʮʠʠ. ʄʝʞʜʫ 

ʜʚʫʤʷ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʥʝʧʦʜʚʠʞʥʳʤʠ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʟʝʨʢʘʣʘʤʠ, ʨʘʟʥʝʩʝʥʥʳʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ 0,L  

ʜʚʠʞʝʪʩʷ ʩʚʝʪʦʚʦʡ ʠʤʧʫʣʴʩ, ʧʦʧʝʨʝʤʝʥʥʦ ʦʪʨʘʞʘʷʩʴ ʦʪ ʢʘʞʜʦʛʦ ʠʟ ʟʝʨʢʘʣ. ʅʘ ʦʜʥʦʤ ʠʟ ʟʝʨʢʘʣ ʫʩʪʘʥʦʚʣʝʥ ʬʦ-

ʪʦʵʣʝʤʝʥʪ, ʘ ʥʝ ʜʨʫʛʦʤ ï ʣʘʟʝʨʥʳʡ ʫʩʠʣʠʪʝʣʴ, ʪʘʢ ʯʪʦʙʳ ʵʪʠ ʯʘʩʳ ʤʦʛʣʠ ʨʘʙʦʪʘʪʴ ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦ. ʂ ʚʳʭʦʜʫ 

ʬʦʪʦʵʣʝʤʝʥʪʘ ʧʦʜʩʦʝʜʠʥʝʥ ʩʯʝʪʯʠʢ ʠʤʧʫʣʴʩʦʚ. ʇʨʠ ʦʪʨʘʞʝʥʠʠ ʩʚʝʪʘ ʦʪ ʟʝʨʢʘʣʘ ʩ ʬʦʪʦʵʣʝʤʝʥʪʦʤ ʯʘʩʪʴ ʩʚʝʪʘ 

ʧʘʜʘʝʪ ʥʘ ʬʦʪʦʵʣʝʤʝʥʪ ʠ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʵʣʝʤʝʥʪʘ ʦʙʨʘʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠʤʧʫʣʴʩ. ʉʯʝʪʯʠʢ, ʧʦʜʩʯʠʪʳʚʘʶ-

ʱʠʡ ʢʦʣʠʯʝʩʪʚʦ ʠʤʧʫʣʴʩʦʚ ʩ ʚʳʭʦʜʘ ʬʦʪʦʵʣʝʤʝʥʪʘ, ʧʦʜʩʯʠʪʳʚʘʝʪ ʪʝʤ ʩʘʤʳʤ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʥʳʭ ʧʨʦʤʝ-

ʞʫʪʢʦʚ, ʟʘ ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʚʝʪ ʜʚʘʞʜʳ ʧʨʦʭʦʜʠʪ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ (ʦʪ ʟʝʨʢʘʣʘ ʩ ʬʦʪʦʵʣʝʤʝʥʪʦʤ 

ʜʦ ʜʨʫʛʦʛʦ ʟʝʨʢʘʣʘ ʠ ʦʙʨʘʪʥʦ). ʇʦʢʦʷʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʭʨʦʥʦʤʝʪʨʳ ʪʘʢʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʤ ʥʘʟʳ-

ʚʘʪʴ B-ʭʨʦʥʦʤʝʪʨʘʤʠ, ʘ ʧʦʢʦʷʱʠʝʩʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʭʨʦʥʦʤʝʪʨʳ ʪʦʯʥʦ ʪʘʢʦʡ ʞʝ ʢʦʥʩʪʨʫʢʮʠʠ ʙʫʜʝʤ ʥʘʟʳ-

ʚʘʪʴ ɸ-ʭʨʦʥʦʤʝʪʨʘʤʠ. ɺ ʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ B ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʥʘ 

ʚʳʭʦʜʝ ʬʦʪʦʵʣʝʤʝʥʪʘ B-ʭʨʦʥʦʤʝʪʨʘ ʙʫʜʝʪ ʨʘʚʝʥ 
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ɺ ʥʝʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ ɸ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦ-

ʵʣʝʤʝʥʪʘ ɸ-ʭʨʦʥʦʤʝʪʨʘ ʙʫʜʝʪ ʨʘʚʝʥ 
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ʈʠʩ. 7.1. ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʟʝʨʢʘʣ ʭʨʦʥʦʤʝʪʨʘ ʠ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ (ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʜʨʫʛʦʡ ʀʉʆ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʦʩʠ x) 
 

ɽʩʣʠ ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣ ʭʨʦʥʦʤʝʪʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʩʠ ʍ ʠʥʝʨʮʠʘʣʴʥʦʡ  ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ (ʩʤ. ʨʠʩ. 

7.1), ʪʦ ʩʦʛʣʘʩʥʦ ʉʊʆ ʚ ʀʉʆ ɸ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʦʡ B-ʭʨʦʥʦʤʝʪʨ ʜʚʠʞʝʪʩʷ ʩʦʛʣʘʩʥʦ ʉʊʆ ʩʦ ʩʢʦʨʦʩʪʴʶ V 

ʚʜʦʣʴ ʦʩʠ ʍ ʚ ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʶʱʠʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ ʭ) ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ B-ʭʨʦʥʦʤʝʪʨʘ ʙʫʜʝʪ 

ʨʘʚʥʦ 

                                                                            .                                                               (7.16) 
 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʵʣʝʤʝʥʪʘ 

B-ʭʨʦʥʦʤʝʪʨʘ ʧʦ ɸ-ʭʨʦʥʦʤʝʪʨʘʤ ʙʫʜʝʪ ʩʦʛʣʘʩʥʦ ʉʊʆ ʨʘʚʝʥ 
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                                                  .                             (7.17) 
 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʵʪʫ ʞʝ ʩʠʪʫʘʮʠʶ ʩʦʛʣʘʩʥʦ ʥʦʚʦʡ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

(ʅʈʊʇɺ), ʪʦ ʝʩʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ 

(2.1) ʚʠʜʘ 
2 2

0 01 /uc c u c= + . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʟʝʨʢʘʣʘʤʠ B-ʭʨʦʥʦʤʝʪʨʘ (ʨʘʚʥʦʝ 0L  ʚ ʀʉʆ B) 

ʚ ʀʉʆ ɸ ʙʫʜʝʪ ʨʘʚʥʦ (ʩʤ. ʬʦʨʤʫʣʳ (7.6) ʠ (7.8)) 

 

                                                                 .                                                                   (7.18) 
 

ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ ʅʈʊʇɺ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʜʚʫʤʷ ʩʦʩʝʜʥʠʤʠ ʠʤʧʫʣʴʩʘʤʠ ʥʘ ʚʳʭʦʜʝ ʬʦʪʦʵʣʝ-

ʤʝʥʪʘ ɺ-ʭʨʦʥʦʤʝʪʨʘ ʧʦ ɸ-ʭʨʦʥʦʤʝʪʨʘʤ ʀʉʆ ɸ ʙʫʜʝʪ ʨʘʚʝʥ 

 

                        (7.19) 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʚʳʪʝʢʘʶʱʝʡ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ (2.1), ʜʚʠʞʫʱʠʡʩʷ 

ʭʨʦʥʦʤʝʪʨ "ʠʜʝʪ" ʪʦʯʥʦ ʩ ʪʘʢʦʡ ʞʝ ʩʢʦʨʦʩʪʴʶ, ʯʪʦ ʠ ʥʝʧʦʜʚʠʞʥʳʝ ʭʨʦʥʦʤʝʪʨʳ. ʇʦʵʪʦʤʫ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʥʠʢʘʢʠʭ ʧʘʨʘʜʦʢʩʦʚ ʚʨʝʤʝʥʠ ʥʝ ʚʦʟʥʠʢʘʝʪ.  

ʆʪʩʫʪʩʪʚʠʝ ʧʘʨʘʜʦʢʩʦʚ ʚʨʝʤʝʥʠ ʚʳʪʝʢʘʝʪ ʪʘʢʞʝ ʠ ʠʟ ʩʘʤʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʅʈʊʇɺ. ɼʝʡ-

ʩʪʚʠʪʝʣʴʥʦ, ʧʦʜʩʪʘʚʠʚ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 
 

               (7.20) 
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ʩʦʚʧʘʜʘʶʱʠʝ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ (6.10) ʧʨʝʜʳʜʫʱʝʛʦ ʨʘʟʜʝʣʘ, ʟʥʘʯʝʥʠʝ ' 0x = , ʜʣʷ ʯʘʩʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ ʪʦʯʢʝ 

' 0x = , ʧʦʣʫʯʠʤ '. 't t x u t= = Ö. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʢʘʟʘʥʠʝ ʯʘʩʦʚ, ʧʦʢʦʷʱʠʭʩʷ ʚ ʪʦʯʢʝ ' 0x =  ʜʚʠʞʫʱʝʡʩʷ 

ʀʉʆ, ʚʩʝʛʜʘ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʢʘʟʘʥʠʝʤ ʯʘʩʦʚ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 't t=  ʚ ʪʦʯʢʝ 

'x u t u t= Ö = Ö. 

ɺʧʨʦʯʝʤ, ʦʪʩʫʪʩʪʚʠʝ "ʟʘʤʝʜʣʝʥʠʷ ʚʨʝʤʝʥʠ" ʚ ʜʚʠʞʫʱʠʭʩʷ ʀʉʆ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ "ʩʢʦʨʦʩʪʴʶ ʪʝʯʝʥʠʷ 

ʚʨʝʤʝʥʠ" ʚ ʥʝʧʦʜʚʠʞʥʦʡ ʀʉʆ ʚʳʪʝʢʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦʧʨʘʚʠʷ ʀʉʆ. ɺʩʧʦʤʥʠʤ, 

ʚʝʜʴ ʩʘʤʫ ʟʘʚʠʩʠʤʦʩʪʴ (2.1) ʤʳ ʧʦʣʫʯʠʣʠ ʚ ʨʘʟʜʝʣʝ 2 ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʠʟ ʧʨʠʥʮʠʧʘ ʧʦʣʥʦʛʦ ʨʘʚʥʦ-

ʧʨʘʚʠʷ ʀʉʆ (ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ) ʥʘʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʫʪʚʝʨʞʜʝʥʠʝ: ñɿʘʢʦʥʳ, ʧʦ ʢʦʪʦʨʳʤ ʠʟʤʝʥʷʶʪ-

ʩʷ ʧʦʢʘʟʘʥʠʷ ʭʨʦʥʦʤʝʪʨʘ, ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʢ ʢʦʪʦʨʦʡ ʠʟ ʜʚʫʭ ʢʦʦʨʜʠʥʘʪʥʳʭ ʩʠʩʪʝʤ, ʜʚʠʞʫʱʠʭʩʷ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦ ʜʨʫʛ ʜʨʫʛʘ ʨʘʚʥʦʤʝʨʥʦ ʠ ʧʨʷʤʦʣʠʥʝʡʥʦ, ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʧʦʢʘʟʘʥʠʡ ʦʪʥʦʩʷʪʩʷò. 

7.3. ʅʦʚʳʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠ ʩʚʝʨʭʩʚʝʪʦʚʳʝ ʩʢʦʨʦʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝ ʞʝ ʜʚʝ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (ʀʉʆ) ɸ ʠ ɺ ʠʟ ʨʘʟʜʝʣʘ 3. ʂʦʦʨʜʠʥʘʪʳ ʩʦʙʳʪʠʡ ʚ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʦʙʦʟʥʘʯʘʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʢʘʢ ʥʝʰʪʨʠʭʦʚʘʥʥʳʝ ʚʝʣʠʯʠʥʳ x, y, z, t. ɸ ʢʦʦʨʜʠʥʘ-

ʪʳ ʩʦʙʳʪʠʡ ʚ ʀʉʆ ɺ ʦʙʦʟʥʘʯʘʝʤ ʧʦ-ʧʨʝʞʥʝʤʫ ʰʪʨʠʭʦʚʘʥʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ x', y', z', t'. ʇʫʩʪʴ ʀʉʆ ɺ ʜʚʠʞʝʪʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ u ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʦʨʜʠʥʘʪʳ x ʀʉʆ ɸ, ʦʜʥʦʠʤʝʥʥʳʝ ʦʩʠ ʢʦʦʨʜʠʥʘʪ 

ʵʪʠʭ ʜʚʫʭ ʀʉʆ ʧʫʩʪʴ ʙʫʜʫʪ ʚʟʘʠʤʥʦ ʧʘʨʘʣʣʝʣʴʥʳ, ʘ ʦʩʠ x ʠ x' ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʇʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʦ-

ʦʨʜʠʥʘʪ ʩʦʙʳʪʠʡ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʀʉʆ ɸ ʠ ɺ ʜʣʷ ʩʣʫʯʘʷ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ɺ ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

(7.20). 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ (ʢʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʜʚʫʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ɸ ʠ B) ʪʨʝʪʴʶ 

ʠʥʝʨʮʠʘʣʴʥʫʶ ʩʠʩʪʝʤʫ ʦʪʩʯʝʪʘ ɾ, ʢʦʪʦʨʘʷ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ s ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ x' ʩʠ-

ʩʪʝʤʳ ʦʪʩʯʝʪʘ B, ʧʨʠʯʝʤ ʦʩʴ x'' ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɾ ʧʫʩʪʴ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʷʤʠ x ʠ x', ʘ ʦʩʠ y'' ʠ z'' ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

ɾ ʧʫʩʪʴ ʙʫʜʫʪ ʧʘʨʘʣʣʝʣʴʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʩʷʤ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ɸ ʠ B. ʇʫʩʪʴ ʪʘʢʞʝ ʚ ʥʫʣʝ-

ʚʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʩʝʭ ʪʨʝʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʦʪʩʯʝʪʘ ɸ, B ʠ ɾ ʠʭ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ 
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ʩʦʚʧʘʜʘʶʪ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ w ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ ɸ, ʢʦʪʦʨʫʶ (ʩʢʦʨʦʩʪʴ) ʥʝʦʙʭʦʜʠʤʦ ʥʘʡʪʠ ʧʦ ʠʟʚʝʩʪʥʳʤ ʩʢʦʨʦʩʪʷʤ u (ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪ-

ʩʯʝʪʘ B ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ) ʠ s (ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

ʦʪʩʯʝʪʘ B). 

ɿʘʧʠʰʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʡ ʦʪ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ɾ ʢ ʜʚʠʞʫʱʝʡʩʷ ʀʉʆ B ʠ 

ʦʪ ʧʦʢʦʷʱʝʡʩʷ ʀʉʆ ɾ ʢ ʜʚʠʞʫʱʝʡʩʷ  ʀʉʆ ɸ (ʦʧʫʩʢʘʷ ʪʨʠʚʠʘʣʴʥʳʝ ʨʘʚʝʥʩʪʚʘ ʜʣʷ ʢʦʦʨʜʠʥʘʪ y'', y', y ʠ  z'', z', z) 
 

                                               0 0' ( '' ''), ' ( '' ''),s s s s sc t c t x x x c tg b g b= + = +                                        (7.22) 
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                                     0 0( '' ''), ( '' ''),w w w w wc t c t x x x c tg b g b= + = +                                (7.24) 
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ʈʘʟʨʝʰʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.22) ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʚʘʞʜʳ ʰʪʨʠʭʦʚʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ ʩʦʙʳʪʠʡ ʚ ʀʉʆ ɾ, 

ʧʦʣʫʯʠʤ 

                                      0'' ( ' '), '' ( ' ')s s s s s sx x c t c t c t xg b g b= Ö - Ö Ö Ö = Ö Ö - Ö.                               (7.26) 

 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʷ (7.26) ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.24), ʧʦʣʫʯʠʤ 
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                               (7.27) 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.27) ʷʚʣʷʶʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪʳ ʭ ʠ ʚʨʝʤʝʥʠ ʩʦʙʳʪʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʤ ʩ 

ʪʝʣʦʤ, ʧʦʢʦʷʱʠʤʩʷ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ s ʀʉʆ ɾ ʦʪʥʦʩʠʪʝʣʴʥʦ ʀʉʆ ɺ ʢ ʀʉʆ ɸ. ʉʨʘʚʥʠʚʘʷ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ (7.27) ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ (6.10), ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.27) ʚ ʚʠʜʝ 

 

                                    ( '), ( ' ').u u s w u s ux x c t c t c t xg b g b¡= Ö + Ö Ö Ö = Ö Ö + Ö                            (7.28) 
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                                                             (1 )u s w s wg g g b b= Ö Ö - Ö,                                                         (7.30) 
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ʀʟ ʚʳʨʘʞʝʥʠʷ (7.29) ʥʘʭʦʜʠʤ 

                                                                        
1
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ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (7.32) ʚ ʧʝʨʚʦʝ ʚʳʨʘʞʝʥʠʝ ʠʟ (7.31), ʥʘʭʦʜʠʤ 

 

                                                               (1 )w s u s ug g g b b= Ö Ö + Ö.                                                        (7.33) 
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ʀʟ ʚʳʨʘʞʝʥʠʡ (7.33) ʥʘʭʦʜʠʤ 

                                                                        (1 ) w
s u

s u

g
b b

g g
+ Ö = Ö

Ö
                                                            (7.34) 

ʊʝʧʝʨʴ ʧʦʜʩʪʘʚʣʷʝʤ (7.34) ʚ (7.32) ʠ ʧʦʣʫʯʠʤ 

                                                                       ( )s uw u sg g= Ö + Ö.                                                               (7.35) 
 

ɺʳʨʘʞʝʥʠʷ (7.32) ʠ (7.35) ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʟʘʧʠʩʠ ʟʘʢʦʥʘ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʥʦ-

ʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. ɺʝʣʠʯʠʥʳ u  ʠ s  ʚʭʦʜʷʪ ʚ ʥʦʚʳʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ (7.32) ʠ (7.35) 

ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʇʨʠ ʵʪʦʤ ʥʦʚʳʡ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ 

ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʢʦʨʦʩʪʠ u , s  ʠ w  ʤʘʣʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʩʚʝʪʘ 0c .  ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚʳʨʘʞʝʥʠʝ (7.32) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ  
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ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ u , s  ʠ w  ʢʘʞʜʳʡ ʢʚʘʜʨʘʪʥʳʡ ʢʦʨʝʥʴ ʚ ʚʳʨʘʞʝʥʠʠ (7.36) ʧʨʠʙʣʠʞʝʥʥʦ ʨʘ-

ʚʝʥ ʝʜʠʥʠʮʝ. ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ (7.36) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʩʪʠ 
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ɽʩʣʠ ʞʝ ʚ ʚʳʨʘʞʝʥʠʠ (7.35) ʤʘʣʳ ʚʝʣʠʯʠʥʳ uʠ s, ʪʦ sg ʠ ug ʙʣʠʟʢʠ ʢ ʝʜʠʥʠʮʘʤ ʠ ʚʳʨʘʞʝʥʠʝ (7.35) 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʟʘʢʦʥ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʤʝʭʘʥʠʢʠ ɻʘʣʠʣʝʷ-ʅʴʶʪʦʥʘ 

   

                                                                                        w u s= +.                                                                         (7.38) 

  

ʈʘʩʩʤʘʪʨʠʚʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.22), (7.24), (7.26) ʠ (7.28), ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʧʨʦ-

ʚʝʜʝʥʠʝ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (7.26) ʠ (7.24) ʨʝʟʫʣʴʪʘʪʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (7.28), ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʤʝʥʝʥʦ ʦʜʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ (7.28), ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʪʦʡ ʞʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʯʪʦ ʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ (7.26) ʠ (7.24). 

ʅʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʝʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʧʨʦʠʟʚʝʜʝʥʠ-

ʝʤ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʥʘʟʳʚʘʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʧʦʣʫʯʝʥʥʦʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʚʫʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʨʠʤʝʥʝ-

ʥʠʡ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʵʪʦ ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʦʜʥʠʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, 

ʦʪʥʦʩʷʱʠʤʩʷ ʢ ʪʦʡ ʞʝ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʯʪʦ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ-ʩʦʤʥʦʞʠʪʝʣʠ, ʪʦ ʪʘʢʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟ ʩʝʙʷ ʛʨʫʧʧʫ (ʩʤ. [17, ʩʪʨ. 262-268]). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ 

ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʦʙʣʘʜʘʶʪ ʛʨʫʧʧʦʚʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʢʘʢ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʃʦʨʝʥʮʘ ʠʟ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʀʟ ʟʘʢʦʥʘ ʩʣʦʞʝʥʠʷ ʩʢʦʨʦʩʪʝʡ (7.35) ʥʦʚʦʡ ʪʝʦʨʠʠ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ 

ʥʝʪ ʚʝʨʭʥʝʛʦ ʧʨʝʜʝʣʘ ʜʣʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʪʝʣ. ʅʘʧʨʠʤʝʨ, ʧʨʠ 
0/ 0,8u c =  ʠ 

0/ 0,6s c =  ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨ-

ʤʫʣʦʡ (7.35) ʧʦʣʫʯʠʤ    
0 0 00,8 1,36 0,6 1,64 1,7w c c c= Ö Ö + Ö Ö = Ö, ʪʦ ʝʩʪʴ ʩʫʤʤʘʨʥʘʷ ʩʢʦʨʦʩʪʴ ʚ 1,7 ʨʘʟʘ ʙʦʣʴʰʝ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʚ ʚʘʢʫʫʤʝ 0c . 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʝʩʣʠ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (2.1) 

ʚʠʜʘ 
2 2

0 01 /uc c u c= Ö + , ʪʦ ʫʪʚʝʨʞʜʝʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʜʚʠʞʝʥʠʷ ʩʦ 

ʩʚʝʨʭʩʚʝʪʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʦʝ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʙʳʩʪ-

ʨʝʝ, ʯʝʤ ʩʚʝʪ ʚ ʚʘʢʫʫʤʝ, ʷʚʣʷʶʪʩʷ ʦʰʠʙʦʯʥʳʤʠ. ɽʩʣʠ ʚ ʧʨʠʨʦʜʝ ʩʫʱʝʩʪʚʫʝʪ ʢʚʘʜʨʘʪʠʯʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦ-

ʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (2.1), ʪʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʘʣʴʥʦʩʪʴʶ ʠ ʩʚʝʨʭʩʚʝʪʦʚʳʝ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʣʝ-

ʤʝʥʪʘʨʥʳʭ ʯʘʩʪʠʮ. ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʚʝʨʭʩʚʝʪʦʚʳʝ ʩʢʦʨʦʩʪʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʧʨʠʥʮʠʧʘ ʧʨʠʯʠʥʥʦʩʪʠ. 

7.4. ʉʚʝʨʭʩʚʝʪʦʚʳʝ ʩʢʦʨʦʩʪʠ ʠ ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ ʧʨʠ ʥʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʭ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ 

ʇʫʩʪʴ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɾ, ʢʦʪʦʨʫʶ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʧʦʜʨʘʟʜʝʣʝ 7.3, ʧʦʢʦʠʪʩʷ ʪʝʣʦ 

ʠ ʩ ʵʪʠʤ ʪʝʣʦʤ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʩʦʙʳʪʠʷ.  



ISSN 2311-2158. The Way of Science. 2014. ˉ 1 (1). 

 

 

49 

 

ʇʝʨʚʦʝ ʩʦʙʳʪʠʝ ʩ ʵʪʠʤ ʪʝʣʦʤ ʧʫʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʪʦʛʜʘ, ʢʦʛʜʘ ʵʪʦ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ x1 ʩʠʩʪʝʤʳ ʦʪ-

ʩʯʝʪʘ ɸ ʠ ʭʨʦʥʦʤʝʪʨ, ʧʦʢʦʷʱʠʡʩʷ ʚ ʪʦʯʢʝ x1 ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ, ʧʦʢʘʟʳʚʘʝʪ ʚʨʝʤʷ t1. ɺʪʦʨʦʝ ʩʦʙʳʪʠʝ ʩ ʵʪʠʤ 

ʪʝʣʦʤ ʧʫʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t2 ʀʉʆ ɸ, ʢʦʛʜʘ ʵʪʦ ʪʝʣʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʦʯʢʝ x2 ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ. 

ʇʨʝʦʙʨʘʟʦʚʘʥʠʷʤʠ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʵʪʠʭ ʜʚʫʭ ʩʦʙʳʪʠʡ ʦʪ ʦʜʥʦʡ ʠʟ ʪʝʟ ʀʉʆ ɸ, ɺ ʠ ɾ ʢ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷ (7.22), (7.24)ʠ (7.28). 

ʈʘʟʨʝʰʠʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (7.28) ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʪʨʠʭʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ, ʧʦʣʫʯʠʤ 
 

                                            ' ( ), ' ( ).u u w s u w ux x c t c t c t xg b g b= Ö - Ö Ö Ö = Ö Ö - Ö                                (7.39) 

 

ʀʟ ʚʪʦʨʦʛʦ ʚʳʨʘʞʝʥʠʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (7.39) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʀʉʆ ɺ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʵʪʠʤʠ 

ʜʚʫʤʷ ʩʦʙʳʪʠʷʤʠ ʩ ʪʝʣʦʤ, ʧʦʢʦʷʱʠʤʩʷ ʚ ʀʉʆ ɾ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ ʢʦʦʨʜʠʥʘʪʳ ʵʪʠʭ ʞʝ ʜʚʫʭ ʩʦʙʳʪʠʡ ʚ ʀʉʆ 

ɸ ʚʳʨʘʞʝʥʠʝʤ 
 

                                          2 1 2 1 2 1( ' ') [ ( ) ( )].s u w uc t t c t t x xg bÖ - = Ö Ö - - Ö -                                 (7.40) 

 

ʅʦ ʚ ʀʉʆ ɸ ʪʝʣʦ, ʩ ʢʦʪʦʨʳʤ ʧʨʦʠʩʭʦʜʷʪ ʜʚʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʦʙʳʪʠʷ, ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ w . 

ʇʦʵʪʦʤʫ ʢʦʦʨʜʠʥʘʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʜʚʫʭ ʩʦʙʳʪʠʡ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʚʳʨʘʞʝʥʠʝʤ 

 

                                                                            2 1 2 1( ).x x w t t- = Ö -                                                             (7.41) 

 

ʊʦʛʜʘ, ʧʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (7.41) ʚ ʚʳʨʘʞʝʥʠʝ (7.40), ʧʦʣʫʯʠʤ 

 

                                          2 1 2 1( ' ') (1 ) ( ).s u w u wc t t c t tg b bÖ - = Ö Ö - Ö Ö -                                     (7.42) 
 

ʀʟ ʚʳʨʘʞʝʥʠʷ ʞʝ (7.42) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ u  ʠ w  ʝʩʣʠ 2 1( ) 0t t- >, ʪʦ ʠ 

2 1( ' ') 0t t- >. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʚʳʨʘʞʝʥʠʠ (7.42) 
 

                                                                         

2 2
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                                                          (7.43) 

 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʝ (1 )u wb b- Ö  ʥʠ ʧʨʠ ʢʘʢʠʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ wʠ u ʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʤ. 

ɺ ʩʧʝʮʠʘʣʴʥʦʡ ʞʝ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʘʥʘʣʦʛʦʤ ʚʳʨʘʞʝʥʠʷ (7.42) ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʘ [40, ʩʪʨ. 74] 

 

                                                                            
2

0
2 1 2 1

2 2

0

1 ( ) /
' ' ( )

1 /

u w c
t t t t

u c

- Ö
- = -

-

                                                        (7.44) 

ʀʟ ʬʦʨʤʫʣʳ (7.44) ʠʟ ʉʊʆ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʠ 
0w c<  ʠ 0u c< , 

ʝʩʣʠ (t2 - t1) > 0, ʪʦ ʠ (t2' - t1') > 0, ʥʦ ʧʨʠ 0w c>  ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ ʪʘʢʫʶ ʩʢʦʨʦʩʪʴ u, ʧʨʠ ʢʦʪʦʨʦʡ 

2

0[1 ( ) / ] 0u w c- Ö < ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ (t2 - t1) > 0 ʧʦʣʫʯʠʤ 2 1( ' ') 0t t- <. ɸ ʵʪʦ ʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʜʦʧʫʱʝʥʠʝ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʚʝʨʭʩʚʝʪʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝ-

ʥʠʶ ʧʨʠʥʮʠʧʘ ʧʨʠʯʠʥʥʦʩʪʠ.  
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ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʞʝ ʩ ʥʦʚʦʡ ʪʝʦʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʚʝʨʭʩʚʝʪʦʚʳʝ ʩʢʦʨʦʩʪʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ 

ʥʘʨʫʰʝʥʠʶ ʧʨʠʥʮʠʧʘ ʧʨʠʯʠʥʥʦʩʪʠ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ (7.43) ʚʳʧʦʣʥʷʶʪʩʷ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ 

ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ ʩʢʦʨʦʩʪʝʡ. 

ʏʪʦʙʳ ʚʳʷʩʥʠʪʴ, ʧʨʠ ʢʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʦʷʚʣʷʶʪʩʷ ʩʚʝʨʭʩʚʝʪʦʚʳʝ 

ʩʢʦʨʦʩʪʠ, ʥʘʤ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʧʦʣʫʯʠʪʴ ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʫʨʘʚʥʝʥʠʷ 

ʩʚʷʟʠ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʜʚʫʭ ʜʚʠʞʫʱʠʭʩʷ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ ʠʥʝʨʮʠʘʣʴʥʳʭ 

ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ. 

 

8. ɺʓʊɽʂɸʖʑʀɽ ʀɿ ʅʆɺʓʍ ʇʈɽʆɹʈɸɿʆɺɸʅʀʁ ʋʈɸɺʅɽʅʀʗ ʉɺʗɿʀ ʄɽɾɼʋ ʇɸʈɸʄɽʊʈɸʄʀ 

ʕʃɽʂʊʈʆʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ɺ ɼɺʀɾʋʑʀʍʉʗ ɼʈʋɻ ʆʊʅʆʉʀʊɽʃʔʅʆ ɼʈʋɻɸ ʀʉʆ 

8.1. ʂʦʚʘʨʠʘʥʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʚ ʚʘʢʫʫʤʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ 

ʚʨʝʤʝʥʠ ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʟʘʨʷʜʘ ʦʪ ʩʢʦʨʦʩʪʠ 

ʈʘʩʩʤʦʪʨʠʤ ʪʝ ʞʝ ʜʚʝ ʠʥʝʨʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ɸ ʠ B, ʢʦʪʦʨʳʝ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʠ ʚ ʨʘʟʜʝʣʝ 3. 

ɺʩʝ ʧʝʨʝʤʝʥʥʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B, ʤʳ ʢʘʢ ʠ ʧʨʝʞʜʝ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʩʦ ʰʪʨʠ-

ʭʘʤʠ, ʘ ʚʩʝ ʧʝʨʝʤʝʥʥʳʝ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ ʩʠʩʪʝʤʝ ɸ ï ʙʝʟ ʰʪʨʠʭʦʚ. 

ʇʫʩʪʴ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʦʯʝʥʴ ʜʘʣʝʢʦ ʦʪ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʧʦʢʦʠʪʩʷ ʠʩʪʦʯʥʠʢ ʵʣʝʢ-

ʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. ʊʦʛʜʘ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʘʯʘʣʘ ʢʦʦʨʜʠʥʘʪ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B ʜʣʷ ʵʪʦʛʦ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʩʧʨʘʚʝʜʣʠʚʳ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ [41].  
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ʛʜʝ ,D B¡ ¡ ï ʚʝʢʪʦʨʳ ʠʥʜʫʢʮʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B; 

        ,E H¡ ¡ ï ʚʝʢʪʦʨʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B;  

        r¡ ï  ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B; 

         j¡ ï ʚʝʢʪʦʨ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B; 
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' ' 'x y ze e e  ï ʦʨʪʳ ʦʩʝʡ x', y', z' ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ B; 

                                                                            
0 0' '; ;D E B He m¡ ¡= Ö = Ö                                                              (8.2) 
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ʀʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ (8.1) ʧʨʠ ' 0jr ¡= = ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ ɼʘʣʘʤʙʝ-

ʨʘ (ʩʤ. [41, ʩʪʨ.117]) 
 

                                                                           
2 2 2 2

2 2 2 2 2

0

1
0

' ' ' '

A A A A

x y z c t

¡ ¡ ¡ ¡µ µ µ µ
+ + - =

µ µ µ µ
,                                                     (8.3) 

 

ʛʜʝ A¡ ï ʣʶʙʦʡ ʠʟ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B. 

ʇʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʦʢʦʠʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʧʨʠʤʝʥʠʤ ʢ 

ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ (8.1) ʠ ʫʨʘʚʥʝʥʠʶ ɼʘʣʘʤʙʝʨʘ (8.3) ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.9). ʊʦʛʜʘ ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩ-

ʚʝʣʣʘ ʜʣʷ ʵʪʦʛʦ ʞʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ (ʚʳʚʦʜ ʩʤ. ʚ ʧʨʠʣʦʞʝʥʠʠ 2) 
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ʛʜʝ , , ,D B E H  ï ʚʝʢʪʦʨʳ ʠʥʜʫʢʮʠʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʝʡ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠ-

ʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ, ʧʨʠʯʝʤ ʢʦʤʧʦʥʝʥʪʳ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʩʚʷʟʘʥʳ ʩ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚʝʢʪʦʨʦʚ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʟʘʚʠʩʠʤʦʩʪʷʤʠ 
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ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

                                                                0( ' ');u xc c jr g r bÖ = Ö Ö + Ö                                                               (8.8) 

                                                                      0( ' ');x xj j cg b r= Ö + Ö Ö                                                               (8.9) 

                                                                               ';y yj j=                                                                                (8.10) 

                                                                              ';z zj j=                                                                               (8.11) 

 

ʋʨʘʚʥʝʥʠʝ ʞʝ ɼʘʣʘʤʙʝʨʘ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʜʣʷ ʧʦʣʷ, ʠʩʪʦʯʥʠʢ ʢʦʪʦʨʦʛʦ ʧʦʢʦʠʪʩʷ ʚ 

ʀʉʆ B, ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
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ɺʦʣʥʦʚʦʝ ʫʨʘʚʥʝʥʠʝ (8.12) ʠ ʷʚʣʷʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʵʣʝʢʪʨʦʤʘʛ-

ʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʙʦʣʴʰʝʡ ʢʦʥʩʪʘʥʪʳ 
0c  ʠ ʟʘʚʠʩʷʱʝʡ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʦ ʬʦʨ-

ʤʫʣʝ (2.1). 

ɽʩʣʠ ʠʟ ʫʨʘʚʥʝʥʠʡ (8.5), (8.6) ʠ (8.7) ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʳ 
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ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ (ʠʩʧʫʩʢʘʝʤʦʡ ʧʦʢʦʷʱʠʤʩʷ ʚ ʀʉʆ B ʠʩʪʦʯʥʠʢʦʤ) 

ʚ ʚʘʢʫʫʤʝ ʀʉʆ ɸ, ʪʦ ʧʦʣʫʯʠʤ 

                                                                             0 ;x y z

e
e e e e
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ʛʜʝ ,e m ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ ʜʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʠʩ-

ʧʫʩʢʘʝʤʦʡ ʜʚʠʞʫʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (8.16) ʩʣʝʜʫʝʪ, ʯʪʦ ʠ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʷʤ ʄʘʢʩʚʝʣʣʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ, ʠʩʧʫʩʢʘ-

ʝʤʘʷ ʜʚʠʞʫʱʠʤʩʷ ʠʩʪʦʯʥʠʢʦʤ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʚʘʢʫʫʤʝ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ, ʯʝʤ ʚʦʣʥʘ, ʠʩʧʫʩʢʘʝʤʘʷ ʥʝ-

ʧʦʜʚʠʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ. 

ʀʟ ʚʳʨʘʞʝʥʠʡ (8.14) ʠ (8.15) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʯʠʥʦʡ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʦʪ ʜʚʠʞʫʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ ʷʚʣʷʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʘʙʩʦʣʶʪʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ ʚʘʢʫʫʤʘ ʚʩʣʝʜʩʪʚʠʝ "ʫʧʣʦʪʥʝʥʠʷ" ʚʘʢʫʫʤʘ, ʚʳʟʚʘʥʥʦʛʦ ʫʤʝʥʴʰʝʥʠʝʤ ʧʨʦʜʦʣʴʥʳʭ 

ʨʘʟʤʝʨʦʚ ʚʘʢʫʫʤʥʳʭ ʦʙʲʝʤʦʚ. 

ʂʦʚʘʨʠʘʥʪʥʦʩʪʴ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʥʦʚʦʡ ʪʝʦ-

ʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʣʝʜʫʝʪ ʠʟ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʬʘʢʪʘ ʢʦʚʘʨʠʘʥʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʧʨʦʠʟʚʦʣʴʥʳʭ ʥʝʚʳʨʦʞʜʝʥʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ [42]. ʆʪʣʠʯʠʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʦʪ ʚʩʝʭ ʜʨʫʛʠʭ ʣʠʥʝʡʥʳʭ ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʤʘʪʝʨʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷʤ 

ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʠʤʝʶʪ ʪʘʢʦʡ ʞʝ ʧʨʦʩʪʦʡ ʚʠʜ, ʢʘʢ ʠ ʤʘʪʝʨʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ (8.2). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʚʳʨʘʞʝʥʠʡ (8.5), (8.6) ʠ (8.7) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ 

ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ 
 

                                                                             , ,D E B He m= Ö = Ö                                                               (8.17) 
 

ʛʜʝ ,e m  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (8.14) ʠ (8.15).   

ʀʟ ʚʳʨʘʞʝʥʠʷ (8.8) ʧʨʠ ' 0r=   ʧʦʣʫʯʠʤ 

                                                                                   
'x

u

j

c

g b
r

Ö Ö
= .                                                                         (8.18) 

 

ʀʟ ʬʦʨʤʫʣʳ ʞʝ (8.18) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ  ʨʘʚʥʦʡ ʥʫʣʶ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B, ʚ ʩʠʩʪʝʤʝ 

ʦʪʩʯʝʪʘ ɸ ʚʦʟʥʠʢʘʝʪ ʥʝ ʨʘʚʥʘʷ ʥʫʣʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʩʫʱʝʩʪʚʫʝʪ ʥʝ ʨʘʚʥʘʷ ʥʫʣʶ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʦʞʝʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʀʟ ʚʳʨʘʞʝʥʠʷ (8.9) ʧʨʠ ' 0xj =  ʧʦʣʫʯʠʤ; 

                                                                                          ',r r=                                                                               (8.19) 

 

ʪ.ʝ. ʩʦʛʣʘʩʥʦ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʧʣʦʪ-

ʥʦʩʪʴ ʟʘʨʷʜʘ ʝʩʪʴ ʚʝʣʠʯʠʥʘ ʠʥʚʘʨʠʘʥʪʥʘʷ. ʅʦ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ ʚ ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ B ʠ ɸ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 
 

                                                                               
'

' ; ,
'

q q
r r= =
W W

                                                                     (8.20) 

 

ʛʜʝ ',W W - ʦʙʲʝʤʳ, ʟʘʥʠʤʘʝʤʳʝ ʟʘʨʷʜʘʤʠ q ' ʠ q  ʚ ʩʠʩʪʝʤʘʭ ʦʪʩʯʝʪʘ B ʠ ɸ, ʩʚʷʟʘʥʥʳʝ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʟʘ-

ʚʠʩʠʤʦʩʪʴʶ 

                                                                                
2 2
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                                                                 (8.21) 

 

ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʜʣʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʦʙʲʝʤʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʜʚʠʞʝʥʠʷ. 

ʊʦʛʜʘ ʠʟ ʬʦʨʤʫʣ (8.19), (8.20) ʠ (8.21) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʧʨʦʜʦʣʴʥʦʛʦ ʪʦʢʘ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B 
 

                                                                             0 0

2 2

0

,
1 /

u

q q
q

u cg
= =

+
                                                                 (8.22) 

ʛʜʝ 
0q  ï ʚʝʣʠʯʠʥʘ ʧʦʢʦʷʱʝʛʦʩʷ ʟʘʨʷʜʘ; uq ï ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ, ʜʚʠʞʫʱʝʛʦʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ u .  ɺʳʨʘʞʝʥʠʝ 

(8.22) ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʚʝʣʠʯʠʥʘ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʘ, ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʩʪʘʥʦʚʠʪʩʷ ʪʝʤ ʤʝʥʴʰʝʡ, ʯʝʤ ʩ ʙʦʣʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʵʪʦʪ ʟʘʨʷʜ ʜʚʠʞʝʪʩʷ. 
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ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʚʳʨʘʞʝʥʠʝ (8.22) ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʘʙʩʫʨʜʥʳʤ. ɺʝʜʴ ʤʳ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʫʙʝʞʜʝ-

ʥʳ, ʯʪʦ "ʧʦʣʥʳʡ ʟʘʨʷʜ ʚ ʟʘʜʘʥʥʦʤ ʦʙʲʝʤʝ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ" (ʩʤ., ʥʘʧʨʠʤʝʨ, [38, 

ʩʪʨ. 178].). ʅʦ ʫʙʝʞʜʝʥʠʝ ʵʪʦ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʬʦʨʤʫʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 4-ʚʝʢʪʦʨʘ ʪʦʢʘ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʘ ʥʝ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʇʦʵʪʦʤʫ ʚʳʨʘʞʝʥʠʝ (8.22) ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʘʙʩʫʨʜʥʳʤ 

ʪʦʣʴʢʦ ʩ ʧʦʟʠʮʠʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʅʦ ʩ ʧʦʟʠʮʠʡ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʘʙʩʫʨʜʥʳʤ ʢʘʞʝʪʩʷ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ. ɸ ʢʘʢ 

ʧʦʢʘʟʘʣ ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʟʜʝʣʝ 4 ʘʥʘʣʠʟ, ʚʩʝ ʜʦ ʩʠʭ ʧʦʨ ʧʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʧʨʦʚʝʨʢʝ ʩʧʨʘʚʝʜʣʠʚʦ-

ʩʪʠ ʚʪʦʨʦʛʦ ʧʦʩʪʫʣʘʪʘ ʕʡʥʰʪʝʡʥʘ ʥʝ ʦʧʨʦʚʝʨʛʘʶʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʟʘʚʠʩʠʤʦʩʪʠ (2.1) ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦ-

ʩʪʠ. ʇʦʵʪʦʤʫ ʙʫʜʫʱʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʤʦʛʫʪ ʧʦʜʪʚʝʨʜʠʪʴ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʠʨʦʜʝ. ʀʪʘʢ, ʝʩʣʠ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚʠʜʘ (2.1) ʩʫʱʝʩʪʚʫʝʪ ʚ ʨʝʘʣʴʥʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʚʝʣʠʯʠʥʘ ʜʚʠʞʫ-

ʱʝʛʦʩʷ ʟʘʨʷʜʘ ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʪʦʛʦ ʟʘʨʷʜʘ ʧʦ ʬʦʨʤʫʣʝ (8.22). 

ɿʘʚʠʩʠʤʦʩʪʴ ʚʝʣʠʯʠʥʳ ʜʚʠʞʫʱʝʛʦʩʷ ʟʘʨʷʜʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʵʪʦʛʦ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʩʫ-

ʱʝʩʪʚʝʥʥʳʤ ʦʪʣʠʯʠʝʤ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, 

ʦʪ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʠ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣ, ʙʘʟʠʨʫʶʱʝʡʩʷ ʥʘ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

8.2. ʌʦʨʤʫʣʳ ʜʣʷ ʘʙʝʨʨʘʮʠʠ ʠ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ, ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʥʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʚʦʣʥʦʚʦʛʦ ʫʨʘʚʥʝʥʠʷ (8.3) ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B ʷʚʣʷʝʪʩʷ 

ʧʣʦʩʢʘʷ ʚʦʣʥʘ 

                                                                                                                                              (8.23) 

ʛʜʝ  0 'E  ï ʘʤʧʣʠʪʫʜʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ;  ʌ' ï ʬʘʟʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ 
 

                                                                                                      (8.24) 
 

'w  ï ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʠʟʤʝʨʝʥʥʘʷ ʧʨʠʙʦʨʦʤ, ʧʦʢʦʷʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʩʪʦʯ-

ʥʠʢʘ ʢʦʣʝʙʘʥʠʡ ʚ ʰʪʨʠʭʦʚʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ;  

a', b', d'  ï ʥʘʧʨʘʚʣʷʶʱʠʝ ʢʦʩʠʥʫʩʳ ʥʦʨʤʘʣʠ ʢ ʬʨʦʥʪʫ ʚʦʣʥʳ ʚ ʰʪʨʠʭʦʚʘʥʥʦʡ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B. 

ʌʘʟʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʥʝ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʚʳʙʦʨʘ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ (ʩʤ. [38, ʩʪʨ. 247]. ʇʦʵʪʦ-

ʤʫ ʬʘʟʘ (8.24) ʜʦʣʞʥʘ ʙʳʪʴ ʠʥʚʘʨʠʘʥʪʦʤ ʥʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʢʦʦʨʜʠʥʘʪ ʠ ʚʨʝʤʝʥʠ. ʇʨʠʤʝʥʠʤ ʢ ʚʳʨʘʞʝʥʠʶ 

(8.24) ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (6.9) (ʧʦʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢ ʵʪʦʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ ʧʦʢʦʠʪʩʷ ʚ ʧʦʢʦʷʱʝʡʩʷ ʰʪʨʠ-

ʭʦʚʘʥʥʦʡ ʀʉʆ B). 

ɼʣʷ ʵʪʦʛʦ ʧʦʜʩʪʘʚʠʤ ʚ (8.24) ʚʳʨʘʞʝʥʠʷ (8.25), ʚʟʷʪʳʝ ʠʟ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ (6.9) 

  

                               (8.25) 
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ʇʦʣʫʯʠʤ ʜʣʷ ʬʘʟʳ ʌ ʚ ʜʚʠʞʫʱʝʡʩʷ  ʥʝʰʪʨʠʭʦʚʘʥʥʦʡ ʀʉʆ ɸ ʚʳʨʘʞʝʥʠʝ 
 

                                                                                                             (8.26) 

ʛʜʝ                               

                                                                         
2

0 (1 ' )aw w g b= Ö Ö + Ö,                                                                    (8.27) 
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'
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(1 ' )

b
b

ag b
=
Ö + Ö

    
'

;
(1 ' )
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d

ag b
=
Ö + Ö

 

 

ɺʳʨʘʞʝʥʠʷ (8.27) ʠ (8.28) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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2

0 (1 cos ')w w g b q= Ö Ö + Ö;                                                         (8.29) 

                                                                                
cos '

cos ;
1 cos '

b q
q

b q

+
=
+ Ö

                                                                    (8.30) 

 

ʛʜʝ 'q  ï ʫʛʦʣ (ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B) ʤʝʞʜʫ ʣʠʥʠʝʡ, ʩʦʝʜʠʥʷʶʱʝʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʠ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B (ʥʘʙʣʶʜʘʪʝʣʴ 

ʧʦʢʦʠʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ); q ï ʫʛʦʣ (ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ) ʤʝʞʜʫ ʣʠʥʠʝʡ, ʩʦ-

ʝʜʠʥʷʶʱʝʡ ʠʩʪʦʯʥʠʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʠ ʚʝʢʪʦʨʦʤ ʩʢʦʨʦʩʪʠ ʠʩʪʦʯʥʠʢʘ ʚ ʠʥʝʨʮʠ-

ʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ (ʠʩʪʦʯʥʠʢ ʧʦʢʦʠʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B). 

ʀʟ ʚʳʨʘʞʝʥʠʷ (8.30), ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʟʘʢʦʥʘ ʘʙʝʨʨʘʮʠʠ, ʥʘʭʦʜʠʤ ʚʝʣʠʯʠʥʫ 
 

                                                                              
cos

cos '
1 cos

q b
q

b q

-
=
- Ö

                                                                      (8.31) 

ʠ ʧʦʜʩʪʘʚʣʷʝʤ ʝʸ ʚ ʬʦʨʤʫʣʫ (8.29). ʇʦʣʫʯʠʤ 

                                                                                
0

1

1 cos
w w

b q
= Ö

- Ö
.                                                                   (8.32) 

 

ɺʳʨʘʞʝʥʠʝ (8.32) ʠ ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʷ ʢʨʫʛʦʚʦʡ ʯʘʩʪʦʪʳ. 

ʊʘʢ ʢʘʢ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʘʷ ʚʦʣʥʘ ʠʩʧʫʩʢʘʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ, ʧʦʢʦʷʱʠʤʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ 

B, ʪʦ ʵʪʘ ʚʦʣʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʳʨʘʞʝʥʠʝʤ 

(2.1), ʠʤʝʷ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʢʨʫʛʦʚʫʶ ʯʘʩʪʦʪʫ w. ʊʦʛʜʘ ʜʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʠ-

ʩʪʝʤʝ ʦʪʩʯʝʪʘ ɸ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʝʤ 
 

                                                                                     
2 ucp

l
w

Ö Ö
= .                                                                             (8.33) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʝ (8.32) ʚ ʬʦʨʤʫʣʫ (8.33), ʧʦʣʫʯʠʤ 
 

                                                                           
0

2

1 cos

1

b q
l l

b

- Ö
=

-
,                                                                        (8.34) 

 

ʛʜʝ 
0 0 02 /cl p w= Ö Ö  ï ʜʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʠʥʝʨʮʠʘʣʴʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ B (ʜʣʠʥʘ 

ʚʦʣʥʳ ʢʦʣʝʙʘʥʠʡ ʦʪ ʧʦʢʦʷʱʝʛʦʩʷ ʠʩʪʦʯʥʠʢʘ). 

ɺʳʨʘʞʝʥʠʝ (8.34) ʷʚʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ. 

ʇʨʠ 90q=  ̄ʠʟ ʬʦʨʤʫʣ (8.32) ʠ (8.34) ʧʦʣʫʯʠʤ 
 

                                                                                        
0w w^= ,                                                                             (8.35) 

                                                                      2 20
0 0

2
1 /

1
u c

l
l l

b
^= = +

-

.                                                               (8.36) 

 

ʀʟ ʬʦʨʤʫʣ (8.35) ʠ (8.36) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʦʧʝʨʝʯʥʳʡ ʵʬʬʝʢʪ ɼʦ-

ʧʣʝʨʘ ʜʣʷ ʯʘʩʪʦʪʳ ʦʪʩʫʪʩʪʚʫʝʪ, ʥʦ ʜʣʷ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʧʝʨʝʯʥʳʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʠ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʪʦʞʝ ʧʨʠʚʦ-

ʜʠʪ ʢ ʢʨʘʩʥʦʤʫ ʩʤʝʱʝʥʠʶ. 

ʇʨʠ 0q=  ̄ʠʟ ʬʦʨʤʫʣ (8.32) ʠ (8.34) ʜʣʷ ʩʙʣʠʞʝʥʠʷ  ʧʦʣʫʯʠʤ 
 

                                                                                                                                                          (8.37) 
  

                                                                                                                                                   (8.38) 
 

ʀʟ ʬʦʨʤʫʣ (8.37) ʠ (8.38) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʩʙʣʠʞʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩ 

ʥʘʙʣʶʜʘʪʝʣʝʤ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʜʣʠʥʘ ʚʦʣʥʳ ʫʤʝʥʴʰʘʝʪʩʷ. 

ʇʨʠ 180q=  ̄ʠʟ ʬʦʨʤʫʣ (8.32) ʠ (8.34) ʜʣʷ ʫʜʘʣʝʥʠʷ  ʧʦʣʫʯʠʤ 
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                                                                                                                                                     (8.39) 
 

 

  .  /                                                                      (8.40) 

ʀʟ ʬʦʨʤʫʣ (8.39) ʠ (8.40) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʫʜʘʣʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʪ ʥʘʙʣʶ-

ʜʘʪʝʣʷ ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ, ʚʦʩʧʨʠʥʠʤʘʝʤʳʭ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʜʣʠʥʘ ʚʦʣʥʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ɺʭʦʜʷʱʠʡ ʚ ʬʦʨʤʫʣʳ (8.27)...(8.40) ʧʘʨʘʤʝʪʨ 
 

                                                                                   0

2 2

0

/

1 /

u c

u c
b=

+

                                                                          (8.41) 

 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ u ʦʪ ʥʫʣʷ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ ʥʫʣʷ ʜʦ ʝʜʠʥʠʮʳ. ʇʦʵʪʦʤʫ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʜʣʠʥʳ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩ-

ʪʦʯʥʠʢʘ, ʠʤʝʶʱʘʷ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʚʠʜ (8.34), (8.36), (8.38) ʠ (8.40), ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘ-

ʝʪ ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʞʝ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʵʪʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯ-

ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪ-

ʥʦʩʠʪʝʣʴʥʦʩʪʠ ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (8.29) ʠʤʝʝʤ 
 

                                                                                                                                            (8.42) 
 

ʛʜʝ 
0/V cb= ,  ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (8.32) ʠʤʝʝʤ ʬʦʨʤʫʣʫ 

 

                                                                       ,                                                                 (8.43) 
 

ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (8.35) ʠʤʝʝʤ 
 

                                                                     .                                                                  (8.44) 
 

ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (8.37) ʠʤʝʝʤ 
 

                                                                                                                                                  (8.45) 
 

ʠ ʚʤʝʩʪʦ ʬʦʨʤʫʣʳ (8.39) ʠʤʝʝʤ 
 

                                                                                                                                                (8.46) 
 

ʌʦʨʤʫʣʘ (8.35) ʜʣʷ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʫʣʳ (8.44) ʜʣʷ 

ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʠʟ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝ ʪʦʣʴʢʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ, ʥʦ ʠ ʢʘʯʝ-

ʩʪʚʝʥʥʦ. ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (8.35) ʚ ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʷ ʯʘ-

ʩʪʦʪʳ ʥʝʪ. ʉʦʛʣʘʩʥʦ ʞʝ ʬʦʨʤʫʣʝ (8.44) ʚ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʦʧʝʨʝʯʥʳʡ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʜʣʷ 

ʯʘʩʪʦʪʳ ʧʨʠʚʦʜʠʪ ʢ ʢʨʘʩʥʦʤʫ ʩʤʝʱʝʥʠʶ (ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʘʩʪʦʪʳ). 

ʌʦʨʤʫʣʘ (8.39) ʥʦʚʦʡ ʪʝʦʨʠʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʬʦʨʤʫʣʳ (8.46) ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʝ (8.46) ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʫʜʘʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘ-

ʝʤʳʭ ʥʘʙʣʶʜʘʪʝʣʝʤ ʢʦʣʝʙʘʥʠʡ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ. ʉʦʛʣʘʩʥʦ ʞʝ ʬʦʨʤʫʣʝ (8.39) ʥʦʚʦʡ ʪʝʦʨʠʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 
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ʩʢʦʨʦʩʪʠ ʫʜʘʣʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʯʘʩʪʦʪʘ ʧʨʠʥʠʤʘʝʤʳʭ ʥʘ6ʣʶʜʘʪʝʣʝʤ ʢʦʣʝʙʘʥʠʡ ʩʪʨʝʤʠʪʩʷ ʢ ʚʝʣʠʯʠʥʝ 0 / 2w  ʠ 

ʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʤʝʥʴʰʝʡ 
0 / 2w . 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʬʦʨʤʫʣʳ (8.35) ʥʦʚʦʡ ʪʝʦʨʠʠ, ʪ. ʝ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʦʜʪʚʝʨ-

ʞʜʝʥʠʝʤ ʦʪʩʫʪʩʪʚʠʷ ʧʦʧʝʨʝʯʥʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʜʣʷ ʯʘʩʪʦʪʳ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʵʢʩʧʝʨʠʤʝʥʪ ɼ.ʂ. ʏʝʤʧʥʠ ʠ 

ʇ.ɹ. ʄʫʥʘ ʇ. ɹ. [43, ʩʪʨ. 319 - 322]. 

ʇʦʜʪʚʝʨʞʜʘʝʪʩʷ ʣʠ ʬʦʨʤʫʣʘ (8.39) ʥʦʚʦʡ ʪʝʦʨʠʠ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʝ ʩʦʚʩʝʤ ʷʩʥʦ. ɺʝʜʴ ʚ ʘʩʪʨʦʥʦʤʠ-

ʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʷʭ ʥʘ ʵʬʬʝʢʪ ɼʦʧʣʝʨʘ ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʵʬʬʝʢʪ "ʩʞʘʪʠʷ - ʨʘʩʪʷʞʝʥʠʷ" ʢʚʘʥʪʦʚ ʩʚʝʪʘ, ʢʦʪʦʨʳʡ 

ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʶ ʜʣʠʥʳ ʚʦʣʥʳ (ʩʤ. ʬʦʨʤʫʣʫ (5.15)), ʥʦ ʠ ʢ ʠʟʤʝʥʝʥʠʶ ʯʘʩʪʦʪʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪ-

ʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʉ ʫʯʝʪʦʤ ʵʬʬʝʢʪʘ "ʨʘʩʪʷʞʝʥʠʷ" ʢʚʘʥʪʦʚ ʩʚʝʪʘ ʠ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʚ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝ-

ʥʠʷʭ ʟʘ ʦʙʲʝʢʪʘʤʠ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ D ʦʪ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʫʜʘʣʷʶʱʠʤʠʩʷ ʠʣʠ ʧʨʠʙʣʠʞʘʶ-

ʱʠʤʠʩʷ ʢ ɿʝʤʣʝ, ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʢʦʣʝʙʘʥʠʡ, ʧʨʠʥʠʤʘʝʤʳʭ ʟʝʤʥʳʤ ʥʘʙʣʶ-

ʜʘʪʝʣʝʤ, ʙʫʜʫʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʳʨʘʞʝʥʠʷʤʠ 
 

                                                  ,                                        (8.47) 

 

                                              ,                                        (8.48) 

 

ʛʜʝ 
0L ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʜʣʠʥʘ ʩʚʝʪʦʚʦʛʦ ʢʚʘʥʪʘ; 0l ï ʜʣʠʥʘ ʚʦʣʥʳ ʩʚʝʪʦʚʦʛʦ ʢʚʘʥʪʘ ʙʝʟ ʫʯʝʪʘ ʵʬʬʝʢʪʘ ɼʦ-

ʧʣʝʨʘ ʠ ʵʬʬʝʢʪʘ çʩʞʘʪʠʷ ï ʨʘʩʪʷʞʝʥʠʷè ʢʚʘʥʪʘ ʠʟ-ʟʘ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʠʩʪʦʯ-

ʥʠʢʘ; 
1 2,c c  ï ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʢʚʘʥʪʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ ʫʯʝʪʦʤ ʞʝ ʵʬʬʝʢʪʘ "ʩʞʘʪʠʷ" ʢʚʘʥʪʦʚ ʩʚʝʪʘ (ʩʤ. ʬʦʨʤʫʣʫ (5.15)) ʠ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʦʥʠ ʧʨʠʥʠʤʘʶʪ 

ʚʠʜ 

                                                              ,                                        (8.49) 
 

                                                     .                                    (8.50) 
 

ʇʨʠ ʵʪʦʤ ʚ ʬʦʨʤʫʣʘʭ (8.47)...(8.50) ʧʨʠʥʷʪʳ ʪʝ ʞʝ ʦʙʦʟʥʘʯʝʥʠʷ, ʯʪʦ ʠ ʚ ʬʦʨʤʫʣʝ (5.14), ʠ ʧʦ-ʧʨʝʞʥʝʤʫ  
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