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ɺʚʝʜʝʥʠʝ 

 ʉʧʫʩʪʷ 50 ʣʝʪ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʫʣʴʩʘʨʦʚ, ʧʨʦʙʣʝʤʘ ʤʝʭʘʥʠʟʤʘ ʧʦʪʝʨʠ 

ʵʥʝʨʛʠʠ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ (Manchester & 

Taylor 1977; Lyne & Graham-Smith1998; Beskin, Istomin & Phillipov 2013). ʕʪʦ 

ʦʩʪʘʚʣʷʝʪ ʚʦʧʨʦʩ ʦ ʥʘʧʨʘʚʣʝʥʠʠ ʵʚʦʣʶʮʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ ʤʝʞʜʫ ʤʘʛʥʠʪʥʳʤ 

ʤʦʤʝʥʪʦʤ ʠ ʦʩʴʶ ʚʨʘʱʝʥʠʷ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ ʥʝʨʝʰʝʥʥʳʤ. 

 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʵʚʦʣʶʮʠʠ 

ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ, ʢʦʪʦʨʳʝ ʧʨʝʜʩʢʘʟʳʚʘʶʪ ʢʘʢ ʵʚʦʣʶʮʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ ʢʘʢ ʚ 90 ʛʨʘʜʫʩʦʚ (ɹʝʩʢʠʥ, ɻʫʨʝʚʠʯ, 

ʀʩʪʦʤʠʥ 1993; Lyne et al. 2013), ʦʙʨʘʟʫʷ ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʨʦʪʘʪʦʨ; ʪʘʢ ʠ ʚ 0 

ʛʨʘʜʫʩʦʚ (Davis & Goldstein 1970; Goldreich 1970; Phillipov, Tchekhovskoy & 

Li  2014), ʦʙʨʘʟʫʷ ʩʦʦʩʥʳʡ ʨʦʪʘʪʦʨ. ʆʙʝ ʤʦʜʝʣʠ, ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʦʙʲʷʩʥʷʶʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʫʣʴʩʘʨʦʚ ʥʘ ʜʠʘʛʨʘʤʤʝ ʧʝʨʠʦʜ-ʧʨʦʠʟʚʦʜʥʘʷ 

ʧʝʨʠʦʜʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʜʦ ʩʠʭ ʧʦʨ ʥʝʚʦʟʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʛʦʚʦʨʠʪʴ ʦ 

ʤʝʭʘʥʠʟʤʝ ʪʦʨʤʦʞʝʥʠʷ ʧʫʣʴʩʘʨʘ. ʊʘʢʞʝ ʧʨʠʯʠʥʦʡ ʷʚʣʷʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʩʪʴ 

ʫʩʪʘʥʦʚʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʫʛʣʘ ʧʫʪʝʤ ʥʘʙʣʶʜʝʥʠʡ.  

 

 ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʧʦʧʳʪʦʢ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʧʨʦʙʣʝʤʫ, ʚʢʣʶʯʘʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ (Rankin 1990; Tanris &Manchester 1998; Weltevrede & 

Jonston 2008; Young et. al. 2010; Gullion et. al.). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʧʳʪʢʠ 

ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʤʫʶ (ʯʝʨʝʟ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʫʛʣʦʚ) ʠ ʢʦʩʚʝʥʥʦ (ʯʝʨʝʟ 

ʘʥʘʣʠʟ ʥʘʙʣʶʜʘʝʤʦʡ ʰʠʨʠʥʳ ʠʤʧʫʣʴʩʦʚ) ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ɢ ʫʙʳʚʘʝʪ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʝʨʠʦʜʘ ʈ ʠ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ 

† ὖȾὖ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʛʦʚʦʨʷʪ ʚ ʧʦʣʴʟʫ 

ʵʚʦʣʶʮʠʠ ʢ ʩʦʦʩʥʦʤʫ ʨʦʪʘʪʦʨʫ. ʆʜʥʘʢʦ, ʥʝʜʘʚʥʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

(Lyne et.al. 2013) ʘʥʘʣʠʟʘ ʙʦʣʝʝ ʯʝʤ 45 ʣʝʪ ʥʘʙʣʶʜʝʥʠʡ ʧʫʣʴʩʘʨʘ ʚ 

ʢʨʘʙʦʚʠʜʥʦʡ ʪʫʤʘʥʥʦʩʪʠ, ʦʙʥʘʨʫʞʠʣʠ ʵʚʦʣʶʮʠʶ ʧʫʣʴʩʘʨʘ ʚ ʦʨʪʦʛʦʥʘʣɹʥrʡ 

ʨʦʪʘʪʦʨ. ɹʦʣʝʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʤʥʦʛʦ ʣʝʪ ʥʘʟʘʜ (ɹʝʩʢʠʥ, 

ɻʫʨʝʚʠʯ, ʀʩʪʦʤʠʥ 1993), ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ộ…Ớ , ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʜʣʷ ʧʦʧʫʣʷʮʠʠ ʥʘʙʣʶʜʘʝʤʳʭ ʧʫʣʴʩʘʨʦʚ, ʤʦʞʝʪ ʩʥʠʟʠʪʴʩʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, 

ʯʪʦ ʫ ʦʪʜʝʣʴʥʳʭ ʧʫʣʴʩʘʨʦʚ ʦʥ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ.  

 

 ʂʘʢ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʥʠʞʝ, ʜʣʷ ʟʘʜʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʝʨʠʦʜʘ ʈ ʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ0, ʩʦʟʜʘʥʠʝ ʚʪʦʨʠʯʥʳʭ ʧʘʨ ʯʘʩʪʠʮ ʥʘʜ ʤʘʛʥʠʪʥʳʤ ʧʦʣʶʩʦʤ 

ʧʦʜʘʚʣʷʝʪʩʷ ʥʘ ʫʛʣʘʭ ɢ, ʙʣʠʟʢʠʭ ʢ “Ⱦς, ʢʦʛʜʘ ʤʘʛʥʠʪʥʳʡ ʜʠʧʦʣʴ ʧʨʘʢʪʠʯʝʩʢʠ 
ʦʨʪʦʛʦʥʘʣʝʥ ʢ ʦʩʠ ʚʨʘʱʝʥʠʷ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʫʤʝʥʴʰʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ɻʦʣʴʜʨʘʡʭʦʚʩʢʦʛʦ ʪʦʢʘ (ʘʥʛʣ. Goldreich-Julian charge density), ʨʘʚʥʦʡ ”

ɱὄὧέίʔȾςʌὧ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʡʪʨʦʥʥʦʡ ʟʚʝʟʜʳ ʠ ʧʦʜʘʚʣʝʥʠʶ 

ʩʦʟʜʘʥʠʷ ʚʪʦʨʠʯʥʳʭ ʧʘʨ ʯʘʩʪʠʮ. ʀʟ-ʟʘ ʩʦʦʪʥʦʰʝʥʠʷ ʣʠʥʠʠ ʩʤʝʨʪʠ ʧʫʣʴʩʘʨʘ ʠ 

ʫʛʣʘ ɢ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʥʘʙʣʶʜʘʝʤʦʡ ʧʦʧʫʣʷʮʠʠ ʧʫʣʴʩʘʨʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʚʦʟʨʘʩʪʘ. ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ 
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ʘʥʘʣʠʟ ʧʨʦʠʟʚʝʜʝʥ ʚ ʨʘʙʦʪʝ ɹʝʩʢʠʥʘ, ɻʫʨʝʚʠʯʘ ʠ ʀʩʪʦʤʠʥʘ (1984), (ʩʤ ʪʘʢʞʝ 

Beskin&Eliseeva 2005), ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʥʘ ʢʠʥʝʪʠʯʝʩʢʦʤ ʫʨʘʚʥʝʥʠʠ, 

ʦʧʠʩʳʚʘʶʱʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʣʴʩʘʨʦʚ, ʚ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ. 

 

 ʉʣʝʜʫʷ ʠʟ ʵʪʦʛʦ, ʤʳ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ 

ʩʫʱʝʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʟʛʣʷʜʘ ʥʘ ʵʚʦʣʶʮʠʶ ʫʛʣʘ ʥʘʢʣʦʥʘ ɢ ʥʝʡʪʨʦʥʥʳʭ 

ʟʚʝʟʜ. ʉʣʝʜʫʝʪ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʫʛʦʣ ʥʘʢʣʦʥʘ (ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʵʚʦʣʶʮʠʠ) 

ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʚʦʣʶʮʠʠ ʥʝʡʪʨʦʥʥʳʭ ʟʚʝʟʜ, ʙʝʟ ʢʦʪʦʨʦʡ 

ʥʝʚʦʟʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʪʝʦʨʠʶ ʵʚʦʣʶʮʠʠ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ. 

 

 ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʤʳ ʧʦʢʘʞʝʤ, ʯʪʦ ʩʪʘʪʠʩʪʠʢʘ ʠʥʪʝʨʠʤʧʫʣʴʩʥʳʭ 

ʧʫʣʴʩʘʨʦʚ ʤʦʞʝʪ ʜʘʪʴ ʥʘʤ ʢʣʶʯ ʢ ʨʝʰʝʥʠʶ ʧʨʦʙʣʝʤʳ ʵʚʦʣʶʮʠʠ ʧʫʣʴʩʘʨʦʚ 

ʢʘʢ ʚ ʩʪʦʨʦʥʫ ʩʦʦʩʥʦʩʪʠ, ʪʘʢ ʠ ʚ ʩʪʦʨʦʥʫ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ, ʪʘʢ ʢʘʢ 

ʢʦʣʠʯʝʩʪʚʦ ʠʥʪʝʨʠʤʧʫʣʴʩʥʳʭ ʧʫʣʴʩʘʨʦʚ (ʩ ʫʛʣʘʤʠ ɢ~0ę  ʠ ʩ ʫʛʣʘʤʠ ɢ~90ę) ʚ 

ʦʩʥʦʚʥʦʤ ʟʘʚʠʩʠʪ ʦʪ ʵʚʦʣʶʮʠʠ ʫʛʣʘ ʥʘʢʣʦʥʘ. 

 

 ʄʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʠʩʧʦʣʴʟʫʷ ʢʘʢ 

ʢʠʥʝʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʪʘʢ ʠ ʄʦʥʪʝ-ʂʘʨʣʦ ʩʠʤʫʣʷʮʠʠ (ʜʘʣʝʝ ʄʂ 

ʩʠʤʫʣʷʮʠʠ). ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʵʪʠʤʠ ʤʝʪʦʜʘʤʠ ʠ 

ʥʘʙʣʶʜʘʪʝʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʤʳ ʫʯʣʠ ʬʫʥʢʮʠʠ ʚʠʜʠʤʦʩʪʠ, ʢʘʢ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ (ʧʫʣʴʩʘʨ ʥʝʚʠʜʠʤ, ʝʩʣʠ ʤʳ ʥʘʭʦʜʠʤʩʷ ʚʥʝ ʢʦʥʫʩʘ 

ʠʟʣʫʯʝʥʠʷ), ʪʘʢ ʠ ʨʘʜʠʦʚʠʜʠʤʦʩʪʴ (ʜʘʣʝʢʠʝ ʠ ʩʣʘʙʳʝ ʧʫʣʴʩʘʨʳ ʥʝ ʚʠʜʥʳ).  

 

ʅɸɹʃʖɼɽʅʀʗ. 

 ɺ ʥʘʯʘʣʝ, ʩʪʦʠʪ ʫʧʦʤʷʥʫʪʴ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʠʥʪʝʨʠʤʧʫʣʴʩʥʳʭ ʧʫʣʴʩʘʨʦʚ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦ ʧʦʤʦʞʝʪ ʥʘʤ 

ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʶ ʚʠʜʠʤʦʩʪʠ V
VIS

(p, ɢ) ʚʢʫʧʝ ʩ ʬʫʥʢʮʠʝʡ ʨʦʞʜʝʥʠʷ 

ʧʫʣʴʩʘʨʦʚ Q(P, ɢ). 

 ʅʘʯʥʝʤ ʩ ʨʘʩʩʤʦʪʨʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʦʩʥʦʚʥʦʛʦ ʩʚʦʡʩʪʚʘ ʧʫʣʴʩʘʨʘ ï 

ʧʝʨʠʦʜʘ ʈ (ʩʤ ʨʠʩ.1, ʩʣʝʚʘ). ʅʘ ʨʠʩʫʥʢʝ ʠʟʦʙʨʘʞʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʫʣʴʩʘʨʦʚ, ʚʢʣʶʯʘʷ ʤʠʣʣʠʩʝʢʫʥʜʥʳʝ (ʢʦʪʦʨʳʝ ʤʳ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤ), ʠ 

ʦʙʳʯʥʳʝ ʧʫʣʴʩʘʨʳ ʩ ʧʝʨʠʦʜʦʤ ʈ~1ʩʝʢ. ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʚʳʛʣʷʜʠʪ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʤ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʚ ʨʘʙʦʪʝ ʇʦʧʦʚʘ ʠ 

ʇʨʦʭʦʨʦʚʘ (2007), ʘ ʪʘʢʞʝ ʚ ʨʘʙʦʪʝ Gillion  et.al (2014). ʆʜʥʘʢʦ ʥʘ ʚʪʦʨʦʤ 

ʨʠʩʫʥʢʝ (ʨʠʩ.1, ʩʧʨʘʚʘ) ʯʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʭʚʦʩʪ ʜʣʷ ʤʘʣʳʭ 

ʧʝʨʠʦʜʦʚ, ʢʦʪʦʨʳʡ ʠʩʯʝʟʘʝʪ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʝʨʠʦʜʘ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʤʳ 

ʠʩʧʦʣʴʟʫʝʤ ʚ ʜʘʣʴʥʝʡʰʝʤ. 
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ʈʠʩ.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʣʴʩʘʨʦʚ. ʉʣʝʚʘ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʣɹʩʘʨʦʚ ʚ ʦʙɦ ʝʤ ʚʠʜʝ). ʉʧʨʘʚʘ ʧʦʢʘʟʘʥʦ 

Log-Log  ʈ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʣɹʩʘʨʦʚ. 

 ʉʪʦʠʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʳ ʥʝ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʚʦʣʶʮʠʶ 

ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ɺ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʨʘʙʦʪʘʭ Popov et.al (2000) ʠ 

Pons&Gebbert (2007), ʪʘʢ ʢʘʢ ʠʥʪʝʨʠʤʧʫʣʴʩʥʳʝ ʧʫʣʴʩʘʨʳ ʠʤʝʶʪ ʤʘʣʳʡ 

ʧʝʨʠʦʜ ʈ ~0.1-0.5ʩʝʢ 

 

 ʉʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʫʣʴʩʘʨʦʚ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʘ ʨʘʩʩʪʦʷʥʠʠ d. ʅʘ ʚʪʦʨʦʤ ʨʠʩʫʥʢʝ (ʨʠʩ. 2, ʩʣʝʚʘ) ʤʳ ʧʨʠʚʝʣʠ 

ʦʩʥʦʚʥʫʶ ʧʦʧʫʣʷʮʠʶ ʧʫʣʴʩʘʨʦʚ (ʚʝʨʭʥʷʷ ʣʠʥʠʷ) ʠ ʩʘʤʳʭ ʷʨʢʠʭ ʩ 

ʨʘʜʠʦʩʚʝʪʠʤʦʩʪʴʶ Lrad > 400 mJy kpc
2
 (ʥʠʞʥʷʷ ʣʠʥʠʷ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ, 

ʩʘʤʳʝ ʷʨʢʠʝ ʠʩʪʦʯʥʠʢʠ ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

ὔ ὨᶿὨȢ Ȣ    (1) 

ʧʦ ʚʩʝʡ ʛʘʣʘʢʪʠʢʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʦʙʳʯʥʳʝ ʧʫʣʴʩʘʨʳ ʠʤʝʶʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ: 

 ὔ ὨᶿὨȢ Ȣ    (2) 

 ʕʪʘ ʨʘʟʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʙʲʷʩʥʝʥʘ, ʝʩʣʠ ʤʳ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʠʢʘ (ʪʝʣʝʩʢʦʧʘ) S, ʠʟ ʯʝʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʤʳ ʥʝ ʤʦʞʝʤ 

ʥʘʙʣʶʜʘʪʴ ʜʘʣʝʢʠʝ ʧʫʣʴʩʘʨʳ, ʩʦ ʩʚʝʪʠʤʦʩʪʴʶ ὒ τ“ὛὨ. ɽʩʣʠ 

ʧʦʩʤʦʪʨʝʪʴ ʥʘ ʯʝʪʚʝʨʪʳʡ ʨʠʩʫʥʦʢ, ʪʦ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʚʠʜʠʤʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ ʩʦ ʩʚʝʪʠʤʦʩʪʴʶ ὒ τππάὐώ Ὧὴὧ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʝʧʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ: 

ὔ ὒ ᶿὒ Ȣ Ȣ     (3) 

ʀʟ ʯʝʛʦ ʩʣʝʜʫʝʪ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ: 

ὔ Ὠ ᷿ὰὨὰ᷿ ὔ Ὠȟὒ Ὠὒ ᶿὨȢ Ȣ  (4) 

ʏʪʦ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʙʣʶʜʘʝʤʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ (1). 

 

 ʀʟ ʵʪʦʛʦ ʤʳ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʚʠʜʠʤʦʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʨʘʜʠʦʧʫʣʴʩʘʨʦʚ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʩ ʠʭ ʦʜʥʦʨʦʜʥʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʛʘʣʘʢʪʠʯʝʩʢʦʤ ʜʠʩʢʝ (ʨʠʩ 2, ʩʧʨʘʚʘ). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʬʫʥʢʮʠʷ ʚʠʜʠʤʦʩʪʠ ὠ  

ὠ ὒ ὃὒ ὖȟʔ     (5) 


