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ʐʫʣʴʤʘʥ ʄ.ʍ. ɸʃʔʊɽʈʅɸʊʀɺʅɸʗ ʂʆʉʄʆʃʆɻʀʗ. 

 

ʈʘʩʩʤʦʪʨʝʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʪʘʥʜʘʨʪʥʦʡ)  ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɺʩʝʣʝʥʥʦʡ. ʇʦʢʘʟʘʥʘ ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʙʝʩʢʦʥʝʯʥʦʡ ɺʩʝʣʝʥʥʦʡ ʩ ʥʝʥʫʣʝʚʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʤʘʪʝʨʠʠ, ʥʝʠʟʙʝʞʥʦʩʪʴ ʝʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʯʝʨʥʫʶ ʜʳʨʫ ʚʩʣʝʜʩʪʚʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝʠʟʙʝʞʥʦ ʤʝʥʷʝʪ ʥʘʰʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ɺʩʝʣʝʥʥʦʡ, ʥʦ ʠ ʦʙʲʷʩʥʷʝʪ ʤʥʦʛʠʝ ʝʝ ʩʚʦʡʩʪʚʘ, ʚʘʞʥʝʡʰʠʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʬʘʢʪ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʠʥʛʫʣʷʨʥʦʛʦ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ (ñɹʦʣʴʰʦʡ ɺʟʨʳʚò) ʠ ʥʝʦʙʨʘʪʠʤʦʝ 

ʨʘʩʰʠʨʝʥʠʝ. ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ ʚʨʝʤʷ ʦʢʘʟʳʚʘʝʪʩʷ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʨʘʜʠʫʩʫ ɺʩʝʣʝʥʥʦʡ,  

ʘ ʝʝ ʵʥʝʨʛʠʷ ʠ ʤʘʩʩʘ ʥʝ ʩʦʭʨʘʥʷʶʪʩʷ, ʥʦ ʨʘʩʪʫʪ ʟʘ ʩʯʝʪ ʚʥʝʰʥʠʭ ʨʝʩʫʨʩʦʚ. 
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M.H.Shulman. ALTERNATIVE COSMOLOGY 

 

An alternative cosmological model (relative to the standard one) of the Universe is considered. 

The infinite Universe cannot exist and has to contract into a black hole due to the gravitational 

collapse. This fact shanges our representations about the Universe and explains its main properties, 

particularly ï the non-singular initial point (ñBig Bangò) and irreversible expansion. In such the model 

Time is stricly proportional to the Universe radius, and the total energy and  mass do not conserve, 

they increase due to external ressource.   
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É SHulman M. H., 2015 
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ʇʈɽɼʀʉʃʆɺʀɽ 

 

ɺ ʵʪʦʡ ʢʥʠʛʝ ʚʥʠʤʘʥʠʶ ʯʠʪʘʪʝʣʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʥʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ 

ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʦʣʫʯʠʣʘ ʧʦʜʜʝʨʞʢʠ ʚ ʩʨʝʜʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʘʩʪʨʦʬʠʟʠʢʦʚ (ʠ 

ʜʘʞʝ ʥʝ ʠʟʚʝʩʪʥʘ ʧʦʜʘʚʣʷʶʱʝʤʫ ʙʦʣʴʰʠʥʩʪʚʫ ʠʟ ʥʠʭ). ɼʘʥʥʘʷ ʢʥʠʛʘ ʬʘʢʪʠʯʝʩʢʠ ʷʚʣʷʝʪʩʷ 

ʬʨʘʛʤʝʥʪʦʤ ʤʦʝʡ ʨʘʥʝʝ ʚʳʧʫʱʝʥʥʦʡ ʨʘʙʦʪʳ ñʇʘʨʘʜʦʢʩʳ, ʣʦʛʠʢʘ ʠ ʬʠʟʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ 

ʚʨʝʤʝʥʠò ʠ ʦʛʨʘʥʠʯʝʥʘ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʪʝʤʘʪʠʢʦʡ.  

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʦʣʠʯʝʩʪʚʦ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʜʘʥʥʳʭ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ 

ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʩʪʝʪ ʚʩʣʝʜʩʪʚʠʝ ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ ʧʨʦʛʨʘʤʤʳ ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʥʘʟʝʤʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʭʦʜʝ ʤʦʠʭ ʩʦʙʩʪʚʝʥʥʳʭ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʥʝ 

ʫʜʘʣʦʩʴ, ʥʘʩʢʦʣʴʢʦ ʷ ʚ ʩʦʩʪʦʷʥʠʠ ʩʫʜʠʪʴ, ʧʦʣʫʯʠʪʴ  ʥʝʢʦʪʦʨʳʝ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʦʪʦʨʳʝ ʚʩʝ 

ʙʦʣʴʰʝ ʫʙʝʞʜʘʶʪ ʤʝʥʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʨʘʟʚʠʚʘʝʤʦʡ ʤʦʜʝʣʠ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʤʥʝ ʧʦʢʘʟʘʣʦʩʴ 

ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʚʳʜʝʣʠʪʴ ñʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶñ ʯʘʩʪʴ ʧʨʝʜʰʝʩʪʚʫʶʱʝʡ ʢʥʠʛʠ ʚ ʦʪʜʝʣʴʥʫʶ 

ʧʫʙʣʠʢʘʮʠʶ (ʢʦʪʦʨʘʷ ʟʘʪʝʤ ʨʘʟʨʦʩʣʘʩʴ ʟʘ ʩʯʝʪ ʨʷʜʘ ʚʥʦʚʴ ʚʢʣʶʯʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ), ʜʘʚ 

ʚʦʟʤʦʞʥʦʩʪʴ ʯʠʪʘʪʝʣʶ ʦʟʥʘʢʦʤʠʪʴʩʷ ʠʤʝʥʥʦ ʩ ʥʝʡ. 

 ʗ ʛʦʨʷʯʦ ʙʣʘʛʦʜʘʨʝʥ ʨʫʢʦʚʦʜʠʪʝʣʶ ʈʦʩʩʠʡʩʢʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ ʩʝʤʠʥʘʨʘ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʠʨʦʜʳ ʚʨʝʤʝʥʠ ʜ.ʙ.ʥ. ɸ. ʇ. ʃʝʚʠʯʫ (ʄɻʋ) ʟʘ ʧʨʦʷʚʣʝʥʥʦʝ ʠʤ ʚʥʠʤʘʥʠʝ ʠ 

ʦʢʘʟʘʥʥʫʶ ʧʦʜʜʝʨʞʢʫ, ʚ ʪʦʤ ʯʠʩʣʝ ʟʘ ʧʫʙʣʠʢʘʮʠʶ ʧʦʣʫʯʝʥʥʳʭ ʤʥʦʶ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʩʘʡʪʝ 

ʀʥʩʪʠʪʫʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʨʦʜʳ ʚʨʝʤʝʥʠ (www.chronos.msu.ru, ʛʨʘʥʪ ˉ 00-07-90211 

ʈʦʩʩʠʡʩʢʦʛʦ ʬʦʥʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ). ʗ ʪʘʢʞʝ ʭʦʪʝʣ ʙʳ ʚʳʨʘʟʠʪʴ ʩʚʦʶ 

ʛʣʫʙʦʢʫʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʤʦʝʤʫ ʜʨʫʛʫ ɸ. ɺ. ʄʦʩʢʦʚʩʢʦʤʫ ʟʘ ʤʥʦʛʦʣʝʪʥʝʝ ʦʙʩʫʞʜʝʥʠʝ 

ʬʠʣʦʩʦʬʠʠ ʠ ʠʩʪʦʨʠʠ ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʤʦʝʤʫ ʩʦʘʚʪʦʨʫ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʩʪʘʪʴʷʤ ɻʘʨʨʠ ʈʬɻʬʝʣʫ 

(ʉʐɸ). ʋʢʘʟʘʥʥʳʝ ʣʠʮʘ, ʨʘʟʫʤʝʝʪʩʷ, ʥʝ ʥʝʩʫʪ ʥʠʢʘʢʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʟʘ ʩʦʜʝʨʞʘʥʠʝ ʜʘʥʥʦʡ 

ʨʘʙʦʪʳ. 

ɺ 2012 ʛʦʜʫ ʷ ʠʩʧʨʘʚʠʣ ʦʧʝʯʘʪʢʠ, ʥʘ ʢʦʪʦʨʳʝ ʤʥʝ ʣʶʙʝʟʥʦ ʫʢʘʟʘʣ ʖ.ɸ. ʃʝʙʝʜʝʚ, ʟʘ ʯʪʦ ʷ 

ʝʤʫ ʠʩʢʨʝʥʥʝ ʙʣʘʛʦʜʘʨʝʥ. 

ɺʦʧʨʦʩʳ ʠ ʟʘʤʝʯʘʥʠʷ ʯʠʪʘʪʝʣʠ ʤʦʛʫʪ ʧʨʠʩʳʣʘʪʴ ʤʥʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʤʫ ʘʜʨʝʩʫ 

shulman@dol.ru .  

 

ɸʚʪʦʨ, ʠʶʥʴ 2015 ʛ. 
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1. ɺʚʝʜʝʥʠʝ 

 

5 

 

1. ɺɺɽɼɽʅʀɽ 

 

ʏʪʦ ʪʘʢʦʝ ɺʨʝʤʷ? ɽʛʦ ʧpʠpʦʜa ʜʦ ʩʠʭ ʧʦp ʦʩʪaʝʪʩʷ ʥʝʜʦʩʪaʪʦʯʥʦ ʷʩʥʦʡ ʜʣʷ 

ʝʩʪʝʩʪʚʦʟʥaʥʠʷ, ʭʦʪʷ ʧpʝʜʩʪaʚʣʝʥʠʝ ʦ ʥʝʤ ʠʥʪʝʥʩʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʥaʫʯʥʦʡ ʠ ʧpaʢʪʠʯʝʩʢʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʪʚa. ɺ ʤʝʭaʥʠʢʝ ʅʴʶʪʦʥa ʚʨʝʤʷ ʚʳʩʪʫʧaʣʦ ʚ ʢaʯʝʩʪʚʝ ʥʝʢʦʝʛʦ 

ʫʥʠʚʝʨʩaʣʴʥʦʛʦ ʬʦʨʤaʣʴʥʦʛʦ ʧaʨaʤʝʪʨa, ʟʥaʯʝʥʠʝ ʢʦʪʦʨʦʛʦ ʤʠʩʪʠʯʝʩʢʠ ʥʝʫʢʣʦʥʥʦ (ʠ ʧʨʠʪʦʤ 

ʦʜʠʥaʢʦʚʦ ʜʣʷ ʚʩʝʭ ʪʦʯʝʢ ɺʩʝʣʝʥʥʦʡ) ʚʦʟʨaʩʪaʝʪ, a ʚʩʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʧʨʦʩʪʨaʥʩʪʚʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɺ ʩʧʝʮʠaʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʧʨʦʪʠʚʦʧʦʩʪaʚʣʝʥʠʝ ʚʨʝʤʝʥʠ ʧʨʦʩʪʨaʥʩʪʚʫ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʩʥʷʪʦ ʙʣʘʛʦʜʘʨʷ ʠʭ 

ʦʙʲʝʜʠʥʝʥʠʶ ʚ 4-ʤʝʨʥʳʡ ʢʦʥʪʠʥʫʫʤ, ʦʜʥʘʢʦ ʠ ʪʘʤ ʚʨʝʤʝʥʥʘʷ ʢʦʤʧʦʥʝʥʪʘ ʠʤʝʝʪ ʥʝʩʢʦʣʴʢʦ 

"ʵʢʟʦʪʠʯʝʩʢʠʡ" ʭʘʨʘʢʪʝʨ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʧʠʩʘʪʴ ʝʡ ʤʥʠʤʳʡ ʤʥʦʞʠʪʝʣʴ; ʠ 

ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʘʧʨʠʦʨʥʦ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʡ ʨʦʩʪ ʚʨʝʤʝʥʠ ʚ ʣʶʙʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

ʆʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʦʟʚʦʣʠʣʘ ʩʚʷʟʘʪʴ ʩʚʦʡʩʪʚʘ ʚʨʝʤʝʥʠ ʩ ʧʦʣʷʤʠ ʪʷʛʦʪʝʥʠʷ ʠ 

ʛʝʦʤʝʪʨʠʝʡ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʜʥʘʢʦ ʥʝ ʧʨʦʷʩʥʠʣa ʜʣʷ ʥaʰʝʡ ʠʥʪʫʠʮʠʠ ʩʤʳʩʣ ʵʪʦʛʦ ʧaʨaʤʝʪʨa, a 

ʤʦʞʝʪ ʙʳʪʴ ʠ ʩʜʝʣaʣa ʝʛʦ ʝʱʝ ʙʦʣʝʝ ʪaʠʥʩʪʚʝʥʥʳʤ; ʥapʷʜʫ ʩ ʵʪʠʤ ʧʦʜpaʟʫʤʝʚaʝʤʦʝ ʪʝʯʝʥʠʝ 

ʚpʝʤʝʥʠ ʩʪaʣʦ ʩʚʷʟʳʚaʪʴʩʷ ʩ ʧpʦʩʪpaʥʩʪʚʝʥʥʳʤ paʩʰʠpʝʥʠʝʤ ɺʩʝʣʝʥʥʦʡ. 

ɻʦʚʦʨʷ ʦ ʚʨʝʤʝʥʠ, ʤʳ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʤ ʛʦʚʦʨʠʪʴ ʦ ʝʛʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʫ ʢʘʞʜʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʦʝʛʦ 

ʨʦʜʘ ʚʨʝʤʝʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʥʘʧʨʠʤʝʨ, ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ, ʚʨʝʤʝʥʠ ʧʦʣʫʨʘʩʧʘʜʘ ʠ ʪ.ʧ.), ʚ 

ʠʟʚʝʩʪʥʦʡ ʩʪʝʧʝʥʠ ʘʥʘʣʦʛʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʤʝʨʘʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʨʘʙʦʪʘʭ ʅ.ɸ. 

ʂʦʟʳʨʝʚʘ [ʂʦʟprʝʚ, 1991] ʙʳʣʦ ʚʚʝʜʝʥʦ ʧpʝʜʩʪaʚʣʝʥʠʷ ʦ ʭʦʜʝ ʚpʝʤʝʥʠ. ʄʦʞʥʦ ʧpʠʥʠʤaʪʴ ʠʣʠ 

ʦʪʚʝpʛaʪʴ ʝʛʦ ʩʦʦʙpaʞʝʥʠʷ ʦʙ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʥʝpaʚʥʦʤʝpʥʦʩʪʠ ʵʪʦʛʦ ʭʦʜa, ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʚʨʝʤʝʥʠ ʢʘʢ ʦ ʥʝʢʦʝʡ ʩʫʙʩʪʘʥʮʠʠ, ʝʛʦ ʢʦʥʢpʝʪʥʳʝ ʪʝʦpʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ pʝʟʫʣʴʪaʪʳ 

ʵʢʩʧʝpʠʤʝʥʪʦʚ, ʥʦ ʣʶʙʦʤʫ ʯʝʣʦʚʝʢʫ ʠʥʪʫʠʪʠʚʥʦ ʦʯʝʚʠʜʝʥ (ʥʝ ʥʝʧʦʩpʝʜʩʪʚʝʥʥʦ ʯʝpʝʟ ʦpʛaʥʳ 

ʯʫʚʩʪʚ, ʥʦ ʦʧʦʩpʝʜʦʚaʥʥʦ, ʯʝpʝʟ ʦʧʳʪ ʙʳʪʠʷ) ʩaʤ ʬaʢʪ ʪʝʯʝʥʠʷ ʚpʝʤʝʥʠ ʢaʢ ʦʩʥʦʚʳ ʣʶʙʦʛʦ 

ʧpʠpʦʜʥʦʛʦ ʠʣʠ ʠʩʢʫʩʩʪʚʝʥʥʦʛʦ ʧpʦʮʝʩʩa. ʇʨʠ ʵʪʦʤ ʚpʝʤʝʥʠ ʧpʠʩʫʱʝ ʦʧpʝʜʝʣʝʥʥʦʝ 

ʥaʧpaʚʣʝʥʠʝ ʵʪʦʛʦ ʭʦʜʘ - ʪaʢ ʥaʟʳʚaʝʤaʷ ʩʪpʝʣa ʚpʝʤʝʥʠ. ʊʦʯʥʝʝ, ʛʦʚʦpʷʪ ʦ ʥʝʩʢʦʣʴʢʠʭ ʩʪpʝʣaʭ 

ʚpʝʤʝʥʠ - ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ, ʪʝpʤʦʜʠʥaʤʠʯʝʩʢʦʡ ʠ ʪ.ʜ., ʠ ʦ ʧpʠʤʝʯaʪʝʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, 

ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʢʦʪʦpʦʡ ʚʳʜʚʠʛaʶʪʩʷ paʟʣʠʯʥʳʝ ʪʝʦpʝʪʠʯʝʩʢʠʝ ʦʙʦʩʥʦʚaʥʠʷ. 

ʊʨʘʜʠʮʠʦʥʥʳʡ ʧʦʜʭʦʜ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ ʢ ʦʧʠʩʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʦʩʥʦʚʘʥ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʭʦʜʝ ʚʨʝʤʝʥʠ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʠʯʥʦʛʦ, ʠʩʭʦʜʥʦʛʦ. ɺ 

ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʝ ʜʝʣʘʶʪʩʷ ʪʘʢʞʝ ʧʦʧʳʪʢʠ ʧʨʠʡʪʠ ʢ ʧʦʥʷʪʠʶ ʚʨʝʤʝʥʠ ʢʘʢ ʢʦ ʚʪʦʨʠʯʥʦʤʫ, 

ʜʝʜʫʮʠʨʫʝʤʦʤʫ ʠʣʠ ʢʦʥʩʪʨʫʠʨʫʝʤʦʤʫ ʥʘ ʙʘʟʝ ʥʝʢʦʪʦʨʳʭ ʠʥʳʭ (ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ) 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʧʦʥʷʪʠʡ. ɺʦʟʤʦʞʝʥ ʠ ʪʨʝʪʠʡ ʧʫʪʴ (ʠʥʚʝʨʩʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʝʨʚʦʤʫ), 

ʢʦʪʦʨʳʡ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʳ. ʕʪʦʪ ʧʫʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʪʧʨʘʚʥʦʡ ʪʦʯʢʠ 

ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʡ ʚʦʧʨʦʩ: ñɸ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʨʦʮʝʩʩʘ, ʠʤʝʶʱʝʛʦ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙʱʠʡ ʭaʨaʢʪʝʨ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʧʦʨʦʜʠʪʴ ʬʠʟʠʯʝʩʢʦʝ ʚʨʝʤʷ ?ñ 

ʊaʢʦʡ ʬʫʥʜaʤʝʥʪaʣʴʥʳʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʡ ʧpʦʮʝʩʩ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʝʪ. ɹʦʣʝʝ 

ʪʦʛʦ, ʦʥ ʭʦʨʦʰʦ ʠʟʚʝʩʪʝʥ ʥaʫʢʝ. ʕʪʦ - paʩʰʠpʝʥʠʝ ɺʩʝʣʝʥʥʦʡ, ʦʪʢpʳʪʦʝ ʚ ʧʝpʚʦʡ ʪpʝʪʠ XX ʚʝʢa 

aʤʝpʠʢaʥʩʢʠʤ aʩʪpʦʥʦʤʦʤ ʕ.ʍaʙʙʣʦʤ ʠ ʜpʫʛʠʤʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʐapʦʚ, ʅʦʚʠʢʦʚ, 1989]). 

ʇʦʜ ʥʠʤ ʧʦʥʠʤaʝʪʩʷ ʥʝ ʫʜaʣʝʥʠʝ ʪʝʣ ʦʪ ʦʙʱʝʛʦ ʮʝʥʪpa, a "ʚʩʝʦʙʱʝʝ" ʫʚʝʣʠʯʝʥʠʝ paʩʩʪʦʷʥʠʡ 

ʤʝʞʜʫ ʚʩʝʤʠ ʪʝʣaʤʠ. ʍʦpʦʰʠʤ ʤʦʜʝʣʴʥʳʤ ʦʙpaʟʦʤ ʷʚʣʷʝʪʩʷ "paʟʙʝʛaʥʠʝ" ʪʦʯʝʢ ʥa 

ʧʦʚʝpʭʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʰapa ʧpʠ ʝʛʦ ʟaʧʦʣʥʝʥʠʠ ʛaʟʦʤ, ʧpʠ ʵʪʦʤ ʝʛʦ ʮʝʥʪp ʥʝ ʧpʠʥaʜʣʝʞʠʪ 

ʧʦʚʝpʭʥʦʩʪʠ, a ʚʩʝ ʪʦʯʢʠ ʧʦʚʝpʭʥʦʩʪʠ ʰapa (ɺʩʝʣʝʥʥʦʡ) paʚʥʦʧpaʚʥʳ. 

ʄʦʠ ʧʝʨʚʳʝ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʘʟʤʳʰʣʝʥʠʷ ʥʘ ʪʝʤʳ ʢʦʩʤʦʣʦʛʠʠ ʜʘʪʠʨʫʶʪʩʷ 1993 ʛʦʜʦʤ. 

ʃʦʛʠʢʘ ʨʘʟʚʠʪʠʷ ʠʜʝʠ ʩʝʡʯʘʩ ʫʞʝ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʣʦʛʠʢʦʡ ʝʝ ʠʟʣʦʞʝʥʠʷ ʚ ʜʘʥʥʦʡ ʢʥʠʛʝ. ɽʩʪʴ 

ʦʧʘʩʥʦʩʪʴ, ʯʪʦ ʯʠʪʘʪʝʣʶ ʙʫʜʝʪ ʪʨʫʜʥʦ ʧʦʥʷʪʴ (ʠʣʠ ʦʪʩʣʝʜʠʪʴ), ʢʘʢʠʤ ʦʙʨʘʟʦʤ ʚ ʵʪʦʡ ʥʦʚʦʡ 

ʤʦʜʝʣʠ ʚʦʟʥʠʢʘʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʯʝʨʥʳʤʠ ʜʳʨʘʤʠ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʝʤ ʠ ʣʠʥʝʡʥʳʤ (ʚ ʵʪʦʤ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ) ʨʘʩʰʠʨʝʥʠʝʤ ɺʩʝʣʝʥʥʦʡ. ʇʦʵʪʦʤʫ ʟʜʝʩʴ ʷ ʢʨʘʪʢʦ ʦʧʠʰʫ ʠʤʝʥʥʦ 

ʣʦʛʠʢʫ ʠʩʪʦʨʠʯʝʩʢʦʛʦ ʨʘʟʚʠʪʠʷ ʠʜʝʠ, ʘ ʫʞ ʟʘʪʝʤ ʙʫʜʫ ʩʪʘʨʘʪʴʩʷ ʩʣʝʜʦʚʘʪʴ ʚʥʫʪʨʝʥʥʝʡ ʣʦʛʠʢʝ 

ʩʘʤʦʡ ʤʦʜʝʣʠ (ʢʘʢʦʡ ʦʥʘ ʤʥʝ ʩʝʡʯʘʩ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ). 
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ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʟʘʜʫʤʘʚʰʠʩʴ ʥʘʜ ʠʜʝʷʤʠ ʅ.ɸ. ʂʦʟʳʨʝʚʘ,  ʷ ʧʦʧʳʪʘʣʩʷ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ 

ʨʘʩʰʠʨʝʥʠʝ ʯʠʩʪʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 4-ʤʝʨʥʦʡ ʝʚʢʣʠʜʦʚʦʡ ʰʘʨʦʦʙʨʘʟʥʦʡ ɺʩʝʣʝʥʥʦʡ. ʄʥʝ ʚ 

ʛʦʣʦʚʫ ʧʨʠʰʣʘ ʤʳʩʣʴ ʦ ʪʦʤ, ʥʝʣʴʟʷ ʣʠ ʦʪʦʞʜʝʩʪʚʠʪʴ ʧʦʥʷʪʠʝ ʚʨʝʤʝʥʠ ʩ ʨʘʜʠʫʩʦʤ ɺʩʝʣʝʥʥʦʡ 

ï ʪʦʛʜʘ ʥʝ ʧʦʪʨʝʙʫʶʪʩʷ ʥʠʢʘʢʦʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʝ ʵʪʦʛʦ ʧʦʥʷʪʠʷ, ʠ ʩʨʘʟʫ 

ʧʦʣʫʯʘʝʪ ʠʩʯʝʨʧʳʚʘʶʱʝʝ ʦʙʲʷʩʥʝʥʠʝ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ. 

ʅʦ ʟʜʝʩʴ ʚʦʟʥʠʢʘʝʪ ʢʦʥʬʣʠʢʪ ʩ ʢʦʩʤʦʣʦʛʠʝʡ ʦʙʱʝʡ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ). ɺ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ ʦʪ ʝʝ  ʚʦʟʨʘʩʪʘ ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʦʚʩʝ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ! ʇʦʩʣʝ ʜʦʚʦʣʴʥʦ ʜʦʣʛʠʭ ʨʘʟʤʳʰʣʝʥʠʡ ʷ ʫʚʠʜʝʣ 

ʚʳʭʦʜ ʠʟ ʵʪʦʡ ʩʠʪʫʘʮʠʠ. ʉʪʘʥʜʘʨʪʥʳʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ-

ʌʨʠʜʤʘʥʘ (ʕʌ) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʧʨʠʥʷʪʴ ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʠ P ʨʘʚʥʳʤ ʥʫʣʶ (ʝʩʣʠ 

ʧʨʝʥʝʙʨʝʯʴ ʜʘʚʣʝʥʠʝʤ ʩʚʝʪʘ). ɽʩʣʠ ʞʝ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʵʪʦʛʦ ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʠʨʘʚʥʠʚʘʷ, ʪʦ 

ʩʫʱʝʩʪʚʫʝʪ ʨʝʰʝʥʠʝ ʩ ʣʠʥʝʡʥʦʡ ʧʦ ʚʨʝʤʝʥʠ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʜʠʫʩʘ ʦʪ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ 

ʜʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ ʟʘʨʘʥʝʝ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ ʨʘʜʠʫʩʘ, ʢʦʪʦʨʘʷ ʥʘʭʦʜʠʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʨʝʰʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤ ʧʦʜʭʦʜʝ 

ʪʘʢʞʝ ʜʦʣʞʥʦ ʙʳʣʦ ʟʘʜʘʚʘʪʴʩʷ ʚʥʝʰʥʠʤ ʦʙʨʘʟʦʤ, ʪʝʧʝʨʴ ʦʧʷʪʴ-ʪʘʢʠ ʥʝ ʜʦʣʞʥʘ ʟʘʜʘʚʘʪʴʩʷ, ʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʝʣʠʯʠʥʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ.  

ɺʩʝ ʵʪʦ ʙʳʣʦ ʭʦʨʦʰʦ, ʥʦ ʙʳʣʠ ʠ ʜʚʘ ʥʦʚʰʝʩʪʚʘ, ʧʦʥʘʯʘʣʫ ʤʝʥʷ ʢʨʘʡʥʝ ʩʤʫʪʠʚʰʠʝ. ɺʦ-

ʧʝʨʚʳʭ, ʥʘʡʜʝʥʥʦʝ ʜʘʚʣʝʥʠʝ ʦʢʘʟʳʚʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ (ʘ ʘʚʪʦʨʠʪʝʪ 

ʕʡʥʰʪʝʡʥʘ ʢʘʟʘʣʩʷ ʥʝʟʳʙʣʝʤʳʤ). ɺʦ-ʚʪʦʨʳʭ, ʚ ʥʦʚʦʡ ʤʦʜʝʣʠ (ʚ ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ 

ʚʨʝʤʝʥʠ) ʥʝ ʚʳʧʦʣʥʷʣʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʫʞʝ ʥʝʩʢʦʣʴʢʠʭ ʩʪʦʣʝʪʠʡ 

ʜʦʣʞʥʦ ʚʩʝʣʷʪʴ ʚ ʢʘʞʜʦʛʦ ʬʠʟʠʢʘ (ʠʣʠ ʧʨʠʯʠʩʣʷʶʱʝʛʦ ʩʝʙʷ ʢ ʠʭ ʯʠʩʣʫ) ʩʫʝʚʝʨʥʳʡ ʫʞʘʩ. 

ʇʨʦʰʣʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʨʝʤʷ, ʧʦʢʘ ʷ ʚʜʨʫʛ ʦʩʦʟʥʘʣ, ʧʦʯʝʤʫ ʧʦʣʫʯʘʶʱʝʝʩʷ ʜʘʚʣʝʥʠʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ʕʪʦ ʩʘʤʦʝ ʜʘʚʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʠ ʯʝʤ ʠʥʳʤ, ʢʘʢ 

ʧʨʦʷʚʣʝʥʠʝʤ ʦʙʲʝʤʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʘ ʚʝʜʴ ʛʨʘʚʠʪʘʮʠʷ ʭʘʨʘʢʪʝʨʥʘ ʠʤʝʥʥʦ 

ʪʝʤ, ʯʪʦ ʟʘʩʪʘʚʣʷʝʪ ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʠ ʩʪʷʛʠʚʘʪʴʩʷ ʢ ʦʙʱʝʤʫ ʮʝʥʪʨʫ, ʘ ʥʝ ʨʘʟʙʝʛʘʪʴʩʷ (ʯʪʦ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʯʘʩʪʠʮʘʤʠ ʛʘʟʘ).  

ɽʱʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʫ ʚʳʚʦʜʘ ʦ ʥʝʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʵʥʝʨʛʠʠ 

ʠ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. ɿʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʟʚʝʩʪʥʦʡ ʪʝʦʨʝʤʦ ʅʸʪʝʨ) 

ʦʙʫʩʣʦʚʣʝʥ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʥʝʠʟʤʝʥʥʦʩʪʴʶ ʬʠʟʠʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʧʝʨʠʦʜʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ. ʅʦ ʚ ʆʊʆ ʬʠʟʠʢʘ ʩʘʤʳʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʟʘʚʠʩʠʪ ʦʪ 

ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ ï ʚ ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʦʥʝʥʪʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ (ʘ 

ʟʥʘʯʠʪ, ʠ ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ) ʟʘʚʠʩʷʪ ʦʪ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ɺʩʝʣʝʥʥʦʡ. ʇʦʵʪʦʤʫ ʚʨʝʤʷ (ʚ 

ʛʣʦʙʘʣʴʥʦʤ ʤʘʩʰʪʘʙʝ) ʥʠʢʘʢ ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʦʜʥʦʨʦʜʥʳʤ. ɺʩʝ ʵʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʟʘʢʦʥʳ 

ʩʦʭʨʘʥʝʥʠʷ ʚʳʪʝʢʘʶʪ ʠʟ ʩʚʦʡʩʪʚ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ, ʘ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʠʟʚʦʣʴʥʦ ʟʘʜʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ʅʘʧʨʠʤʝʨ, ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʤʝʭʘʥʠʢʝ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ 

ʩʧʨʘʚʝʜʣʠʚ ʪʦʣʴʢʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʬʫʥʢʮʠʷ ʃʘʛʨʘʥʞʘ ʥʝ ʟʘʚʠʩʠʪ ʷʚʥʦ ʦʪ ʚʨʝʤʝʥʠ (ʪʘʢ, ʝʩʣʠ 

ʤʘʩʩʘ ʯʘʩʪʠʮʳ ʟʘʚʠʩʝʣʘ ʙʳ ʷʚʥʦ ʦʪ ʚʨʝʤʝʥʠ, ʪʦ ʵʪʦ, ʦʯʝʚʠʜʥʦ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʙʳ ʟʘʢʦʥʫ 

ʩʦʭʨʘʥʝʥʠʷ). 

ʌʘʢʪ ʥʝʩʦʭʨʘʥʝʥʠʷ (ʣʠʥʝʡʥʦʛʦ ʥʘʨʘʩʪʘʥʠʷ) ʵʥʝʨʛʠʷ ʠ ʤʘʩʩʳ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘʪʦʣʢʥʫʣ 

ʤʝʥʷ ʥʘ ʤʳʩʣʴ, ʯʪʦ ʵʪʦ ʩʠʣʴʥʦ ʧʦʭʦʞʝ ʥʘ ʪʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʯʝʨʥʦʡ ʜʳʨʦʡ (ʏɼ). ʇʦʛʣʦʱʘʷ 

ʤʘʪʝʨʠʶ ʠʟʚʥʝ, ʯʝʨʥʘʷ ʜʳʨʘ ʥʝʦʙʨʘʪʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ ʤʘʩʩʫ ʠ ʩʚʦʡ ʨʘʟʤʝʨ, ʪ.ʝ. 

ʨʘʩʰʠʨʷʝʪʩʷ ʧʦʜʦʙʥʦ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʩʩʘ ʠ ʨʘʟʤʝʨ ʏɼ ʧʘʨʘʤʝʪʨʠʟʫʶʪ 

ʪʝʢʫʱʝʝʝ ʩʦʩʪʦʷʥʠʝ ʯʝʨʥʦʡ ʜʳʨʳ (ʢʘʢ ʛʦʜʦʚʳʝ ʢʦʣʴʮʘ ï ʵʚʦʣʶʮʠʶ ʜʝʨʝʚʘ). ʄʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʘʟʤʝʨ ʏɼ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʝʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ ï ʵʪʦ 

ʚʨʝʤʷ ʪʝʯʝʪ ʪʦʣʴʢʦ ʪʦʛʜʘ  ʠ ʧʦʩʪʦʣʴʢʫ, ʢʦʛʜʘ ʠ ʧʦʩʢʦʣʴʢʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʤʘʩʩʘ ʏɼ. 

ʅʦ ʤʦʞʝʪ ʣʠ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʙʳʪʴ ʯʝʨʥʦʡ ʜʳʨʦʡ? ʂʘʢ ʯʘʩʪʦ ʙʳʚʘʝʪ, ʧʳʪʘʷʩʴ ʦʪʚʝʪʠʪʴ ʥʘ 

ʵʪʦʪ ʚʦʧʨʦʩ, ʷ ʧʨʦʰʝʣ ʪʨʠ ʩʪʘʜʠʠ. ʇʝʨʚʘʷ ʩʪʘʜʠʷ ï ʫʞʘʩ ʦʪ ʩʦʙʩʪʚʝʥʥʦʡ ʜʝʨʟʦʩʪʠ ʠ ʤʳʩʣʴ ʦ 

ʪʦʤ, ʯʪʦ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʜʨʫʞʥʦ ʩʢʘʞʝʪ: ʵʪʦʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ, ʧʦʪʦʤʫ ʯʪʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʥʠʢʦʛʜʘ! ɺʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʦʥʦ ʜʦʣʞʥʦ ʙʳʣʦ ʙʳ ʠʩʧʫʛʘʪʴʩʷ ʵʪʦʡ ʠʜʝʠ, ʧʦʥʷʚ, ʢ ʢʘʢʠʤ 

ʩʣʝʜʩʪʚʠʷʤ ʵʪʦ ʚʝʜʝʪ.  

ʆʜʥʘʢʦ ʩʧʫʩʪʷ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʪ ʥʘʩʪʫʧʠʣʘ ʚʪʦʨʘʷ ʩʪʘʜʠʷ: ʷ ʥʘʯʘʣ ʚʩʪʨʝʯʘʪʴ 

ʧʫʙʣʠʢʘʮʠʠ, ʚ ʢʦʪʦʨʳʭ ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʵʪʘ ʤʳʩʣʴ ʝʩʣʠ ʥʝ ʧʨʷʤʦ, ʪʦ ʢʦʩʚʝʥʥʦ, ʚʩʝ ʞʝ 
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ʚʳʩʢʘʟʳʚʘʣʘʩʴ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ ʚ 2010 ʛʦʜʫ ʷ ʦʙʥʘʨʫʞʠʣ ʚ ʵʣʝʢʪʨʦʥʥʦʤ ɸʨʭʠʚʝ ʩʪʘʪʴʶ ʃʠ 

ʉʤʦʣʠʥʘ [Smolin, 1994], ʚ ʢʦʪʦʨʦʡ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʛʠʧʦʪʝʟʘ, ʚʦʩʭʦʜʷʱʘʷ, ʧʦ ʩʣʦʚʘʤ ʘʚʪʦʨʘ 

ʩʪʘʪʴʠ, ʝʱʝ ʢ ɼʞʦʥʫ ɸʨʯʠʙʘʣʴʜʫ ʋʠʣʝʨʫ: 

 

ñʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʯʝʨʥʘʷ ʜʳʨʘ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ ʚʩʝʣʝʥʥʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʦʣʴʰʦʡ ʚʟʨʳʚ ʚ ʥʘʰʝʤ ʧʨʦʰʣʦʤ ʝʩʪʴ 

ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʚ ʠʥʦʡ ʚʩʝʣʝʥʥʦʡ.ò (ʇʝʨʝʚʦʜ ʤʦʡ ï ʄʍʐ) 

  

ʄʥʦʛʦ ʣʝʪ ʷ ʧʳʪʘʣʩʷ ʫʙʝʜʠʪʴ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʨʘʩʩʤʦʪʨʝʪʴ ʵʪʫ ʛʠʧʦʪʝʟʫ ʢʘʢ ʦʜʥʫ ʠʟ 

ʚʦʟʤʦʞʥʳʭ, ʥʦ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʤʝʥʷ ʥʝ ʩʣʫʰʘʣʦ, ʪʘʢ ʯʪʦ ʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʪʝʨʷʣ ʥʘʜʝʞʜʫ 

ʫʟʥʘʪʴ ʧʨʠ ʩʚʦʝʡ ʞʠʟʥʠ, ʧʨʘʚ ʣʠ ʷ. ʆʜʥʘʢʦ ʫʥʳʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ ʛʨʝʭʦʤ ʠ 

ʜʦʣʞʥʦ ʧʨʝʦʜʦʣʝʚʘʪʴʩʷ. ʆʪʚʝʪ ʧʨʠʰʝʣ ʩ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʞʠʜʘʥʥʦʡ ʩʪʦʨʦʥʳ ï ʥʝ ʦʪ ʥʘʫʯʥʦʛʦ 

ʩʦʦʙʱʝʩʪʚʘ.  

ʇʨʦʩʪʦʝ, ʥʦ ʥʝʦʧʨʦʚʝʨʞʠʤʦʝ ʨʘʩʩʫʞʜʝʥʠʝ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʚ ʦʙʱʝʤ-ʪʦ ʠʟʚʝʩʪʥʳʭ ʬʘʢʪʘʭ, 

ʧʝʨʝʚʝʣʦ ʚʦʧʨʦʩ ʚ ʪʨʝʪʴʶ ʩʪʘʜʠʶ: ʵʪʦʛʦ ʧʨʦʩʪʦ ʥʝ ʤʦʞʝʪ ʥʝ ʙʳʪʴ, ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʜʦʣʞʥʘ 

ʙʳʪʴ ʯʝʨʥʦʡ ʜʳʨʦʡ!  ɼʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʵʣʝʤʝʥʪʘʨʥʳ ʠ ʧʨʠʚʝʜʝʥʳ ʚ ʢʦʥʮʝ 

ʛʣʘʚʳ 4 (ʨʘʟʜʝʣ 4.9).  

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʯʝʨʥʘʷ ʜʳʨʘ ʥʝʦʙʨʘʪʠʤʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ ʤʘʩʩʫ ʠ ʧʦʚʝʨʭʥʦʩʪʴ 

ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ, ñʧʠʪʘʷʩʴò ʵʥʝʨʛʠʝʡ ʠ ʤʘʪʝʨʠʝʡ, ʦʥʘ ʨʘʩʰʠʨʷʝʪʩʷ, ʧʦʜʦʙʥʦ ʥʘʰʝʡ 

ɺʩʝʣʝʥʥʦʡ. ʀʩʭʦʜʷ ʠʟ ʪʘʢʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʮʝʧʮʠʠ, ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʤʥʦʛʦ ʘʨʛʫʤʝʥʪʦʚ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʚ ʝʝ ʧʦʣʴʟʫ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʘ ʫʩʧʝʰʥʦ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʚʳʜʝʨʞʠʚʘʝʪ 

ʢʦʥʢʫʨʝʥʮʠʶ ʩʦ ʩʪʦʨʦʥʳ ʉʪʘʥʜʘʨʪʥʦʡ ʂʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʄʦʜʝʣʠ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʟʦʪʨʦʧʥʦʡ, ʪʦʛʜʘ ʢʘʢ ʪʝʦʨʠʷ ʯʝʨʥʳʭ ʜʳʨ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʠʭ ʢʘʢ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʠʟʦʪʨʦʧʥʳʝ ʦʙʲʝʢʪʳ. ɽʩʣʠ ʜʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʏɼ 

ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩʦ ʩʚʦʝʛʦ ʨʦʜʘ ʩʬʝʨʠʯʝʩʢʦʡ ʜʚʫʤʝʨʥʦʡ ʤʝʤʙʨʘʥʦʡ (ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ 

ʪʨʝʭʤʝʨʥʫʶ ʩʬʝʨʫ), ʪʦ ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʧʦʯʪʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʨʝʰʝʥʠʷ ʜʘʶʪ 3-

ʤʝʨʥʳʝ (ʠ ʚʝʩʴʤʘ ʵʢʟʦʪʠʯʝʩʢʠʝ) ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʜʠʫʩʘ, ʚʝʩʴʤʘ ʜʘʣʝʢʠʝ ʦʪ ʠʟʦʪʨʦʧʠʠ. 

ʆʜʥʘʢʦ ʪʘʢʠʝ ʨʝʰʝʥʠʷ (ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʛʘʶʱʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ) ʧʦʣʫʯʘʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʜʦʣʞʝʥʠʷ ʚʦʚʥʫʪʨʴ ʚʥʝʰʥʠʭ ʨʝʰʝʥʠʡ. ʅʦ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʠ ʠʥʳʝ ʧʦʜʭʦʜʳ (ʩʤ. ʥʠʞʝ), 

ʛʜʝ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʥʝʪ. ʗ ʧʨʠʰʝʣ ʢ ʝʱʝ ʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʦʡ ʠʜʝʝ: ʧʨʠ ʢʦʣʣʘʧʩʝ ʏɼ ʧʦʠʩʭʦʜʠʪ 

ʪʦʧʦʣʦʛʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʯʝʨʥʳʝ 

ʜʳʨʳ ï ʵʪʦ 2-ʤʝʨʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʦ ʠ ʚ 

ʧʨʠʥʮʠʧʝ, ʚʥʫʪʨʠ ʥʠʭ ʥʝʪ ʥʠʯʝʛʦ ï ʥʠ ʤʘʪʝʨʠʠ, ʥʠ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ.  

ɸ ʝʩʣʠ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ï ʵʪʦ ʛʠʧʝʨʩʬʝʨʠʯʝʩʢʘʷ 3-ʤʝʨʥʘʷ ʦʙʦʣʦʯʢʘ (ʯʝʨʥʘʷ ʜʳʨʘ) ʚ 

ʥʝʢʦʪʦʨʦʡ ʚʥʝʰʥʝʡ 4-ʤʝʨʥʦʡ (ʤʘʪʝʨʠʥʩʢʦʡ) ʚʩʝʣʝʥʥʦʡ? ʊʦʛʜʘ ʚʩʝ ʩʭʦʜʠʪʩʷ ʩ ʪʦʡ ʤʦʜʝʣʴʶ, 

ʢʦʪʦʨʘʷ ʚʦʟʥʠʢʣʘ ʚ ʤʦʝʡ ʛʦʣʦʚʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦ. ɸʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʩʣʝʜʩʪʚʠʡ ʠʟ ʵʪʦʡ ʤʦʜʝʣʠ, ʧʨʠʚʝʜʝʥʥʳʡ ʥʠʞʝ, ʚʩʝ ʙʦʣʝʝ ʫʢʨʝʧʣʷʝʪ ʤʝʥʷ ʚ ʤʳʩʣʠ, ʯʪʦ ʦʥʘ 

ʙʣʠʞʝ ʢ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʯʝʤ ʩʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʷ.  

ʈʘʟʚʠʚʘʝʤʫʶ ʥʠʞʝ ʢʦʥʮʝʧʮʠʶ ʷ ʧʨʝʜʣʘʛʘʶ ʠʤʝʥʦʚʘʪʴ ʊʝʦʨʠʝʡ ʐʘʨʦʚʦʡ ʈʘʩʰʠʨʷʶʱʝʡʩʷ 

ɺʩʝʣʝʥʥʦʡ, ʢʨʘʪʢʦ ï ʊʐʈɺ. ɽʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʡ ʘʩʧʝʢʪ ʠ ʠʟʣʘʛʘʝʪʩʷ ʥʠʞʝ. ɺ ʨʘʟʜʝʣʝ 2 ʜʘʝʪʩʷ 

ʢʨʘʪʢʦʝ ʦʧʠʩʘʠʝ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʥʝʢʦʪʦʨʳʡ ʝʝ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʈʘʟʜʝʣ 3 ʩʦʜʝʨʞʠʪ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʢ ʤʦʜʝʣʠ ʥʘ ʦʩʥʦʚʝ ʢʦʥʮʝʧʮʠʠ ʯʝʨʥʦʡ ʜʳʨʳ 

ʠ ʦʧʠʩʘʥʠʝ ʬʦʨʤʘʣʠʟʤʘ ʚʥʦʚʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʜʝʣʠ ï ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ-

ʌʨʠʜʤʘʥʘ, ʥʦ ʩ ʥʦʚʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ. ɺ ʨʘʟʜʝʣʝ 4 ʧʨʠʚʝʜʝʥʳ ʥʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ, ʠ ʠʭ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʩ ʜʘʥʥʳʤʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ. 

ʂʥʠʛʘ ʩʦʜʝʨʞʠʪ ʪʘʢʞʝ ʥʝʩʢʦʣʴʢʦ ʧʨʠʣʦʞʝʥʠʡ. ɺ ʧʨʠʣʦʞʝʥʠʠ 1 ʷ ʘʥʘʣʠʟʠʨʫʶ ʦʰʠʙʦʯʥʳʝ, 

ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʫʪʚʝʨʞʜʝʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʦʣʦʛʦʚ. ʇʨʠʣʦʞʝʥʠʝ 2 ʩʦʜʝʨʞʠʪ 

ʦʙʦʙʱʝʥʠʝ ʠʟʚʝʩʪʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʵʥʪʨʦʧʠʠ ʯʝʨʥʦʡ ʜʳʨʳ ʥʘ ʩʣʫʯʘʡ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʛʨʘʚʠʪʠʨʫʶʱʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʪʢʘʟʘʪʴʩʷ ʦʪ ʦʯʝʥʴ ʛʨʫʙʦʡ ʝʝ ʦʮʝʥʢʠ ʩ ʧʦʤʦʱʴʶ 

ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʧʨʝʜʝʣʘ ɹʝʢʝʥʰʪʝʡʥʘ. ɺ ʧʨʠʣʦʞʝʥʠʠ 3 ʨʘʟʚʠʚʘʝʪʩʷ ʠʜʝʷ ʦ ʪʦʤ, ʯʪʦ ʵʚʦʣʶʮʠʷ 

ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʧʨʦʪʝʢʘʝʪ ʧʦ ʟʘʢʦʥʘʤ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʳ, ʧʨʠʯʝʤ ʝʝ ʵʥʪʨʦʧʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʥʝ 
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ʚʦʟʨʘʩʪʘʝʪ, ʘ ʫʤʝʥʴʰʘʝʪʩʷ. ɺ ʧʨʠʣʦʞʝʥʠʠ 4 ʨʘʟʚʠʚʘʶʪʩʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʛʣʦʙʘʣʴʥʦʡ ʵʚʦʣʶʮʠʠ 

ʯʝʨʥʳʭ ʜʳʨ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ, ʘ ʪʘʢʞʝ ʚʦ ʚʩʝʣʝʥʥʳʭ ʠʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. ɺ ʧʨʠʣʦʞʝʥʠʠ 5 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʰʠʥʘ ʚʨʝʤʝʥʠ ʥʝ ʤʦʞʝʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʧʨʦʰʣʦʝ, ʪ.ʢ. ʘʥʥʠʛʠʣʠʨʫʝʪ ʩ 

ʦʢʨʫʞʘʶʱʝʡ ʤʘʪʝʨʠʝʡ. ɺ ʧʨʠʣʦʞʝʥʠʠ 6 ʷ ʧʦʢʘʟʳʚʘʶ, ʢʘʢ ʊʐʈɺ ʨʝʰʘʝʪ ʧʘʨʘʜʦʢʩ ñʩʪʘʨʝʥʠʷò 

ʬʦʪʦʥʦʚ, ʧʨʠʣʝʪʘʶʱʠʭ ʢ ʥʘʤ ʠʟ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢ. 
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2. ʉʊɸʅɼɸʈʊʅɸʗ ʂʆʉʄʆʃʆɻʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

 

2.1. ʉʪʘʮʠʦʥʘʨʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʕʡʥʰʪʝʡʥʘ 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʣʘʩʩʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʪʷʛʦʪʝʥʠʷ ʦʩʥʦʚʳʚʘʣʘʩʴ ʥʘ ʟʘʢʦʥʝ ʅʴʶʪʦʥʘ. 

ʅʴʶʪʦʥʠʘʥʩʢʘʷ ʢʦʥʮʝʧʮʠʷ ɺʩʝʣʝʥʥʦʡ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʡ ʩʫʱʝʩʪʚʝʥʥʦʡ ʧʨʝʜʧʦʩʳʣʢʠ ʠʩʧʦʣʴʟʫʝʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʙʝʩʢʦʥʝʯʥʦʤ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʤʘʪʝʨʠʝʡ. ʊʘʢʘʷ 

ʢʦʥʮʝʧʮʠʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʢʦʥʮʝ 19-ʛʦ ʩʪʦʣʝʪʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʨʫʜʥʦʩʪʷʤ. 

ɺ. ʇʘʫʣʠ ʚ ʢʥʠʛʝ [ʇʘʫʣʠ, 1947] ʩʦ ʩʩʳʣʢʦʡ ʥʘ ʨʘʙʦʪʳ ʅʝʡʤʘʥʘ ʠ ɿʝʝʣʠʛʝʨʘ ʥʘʧʦʤʠʥʘʝʪ, ʯʪʦ 

ʟʘʢʦʥ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥʘ ʤʦʞʝʪ ʙʳʪʴ ʩʪʨʦʛʦ ʧʨʠʤʝʥʝʥ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ 

ʧʣʦʪʥʦʩʪʴ ʤʘʩʩʳ ɺʩʝʣʝʥʥʦʡ ʧʨʠ ʩʪʨʝʤʣʝʥʠʠ ʨʘʩʩʪʦʷʥʠ ̫ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ 

ʙʳʩʪʨʝʝ, ʯʝʤ 1/r
2
. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʤʘʪʝʨʠʘʣʴʥʫʶ ʪʦʯʢʫ ʩʦ ʩʪʦʨʦʥʳ 

ʚʩʝʭ ʤʘʩʩ ɺʩʝʣʝʥʥʦʡ, ʙʫʜʝʪ ʥʝʦʧʨʝʜʝʣʝʥʥʦʡ. ʆʧʠʩʘʥʥʘʷ ʧʨʦʙʣʝʤʘ ʧʦʣʫʯʠʣʘ ʥʘʟʚʘʥʠʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʘʨʘʜʦʢʩʘ. ɺ 1917 ʛʦʜʫ ɸʣʴʙʝpʪ ʕʡʥʰʪʝʡʥ ʚ ʨʘʙʦʪʝ [ʕʡʥʰʪʝʡʥ, 1917]  

ʩʦʩʣaʣʩʷ ʥa ʪʫ ʞʝ ʪpʫʜʥʦʩʪʴ ʪʝʦpʠʠ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥa ʜʣʷ ʙʝʩʢʦʥʝʯʥʦʡ ɺʩʝʣʝʥʥʦʡ. ʆʥ ʪʘʢʞʝ 

ʦʪʤʝʪʠʣ, ʯʪʦ ʛpaʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʅʴʶʪʦʥa ʚ ʬʦpʤʝ ʩʫʱʝʩʪʚʦʚaʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʧpʝʜʝʣa ʜʣʷ 

ʛpaʚʠʪaʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠaʣa ʚ ʧpʦʩʪpaʥʩʪʚʝʥʥʦʡ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚʣʝʯʝʪ ʟa ʩʦʙʦʡ ʦʙpaʱʝʥʠʝ ʥa 

ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʚ ʥʫʣʴ ʧʣʦʪʥʦʩʪʠ ʤaʪʝpʠʠ.  

ʕʪʫ ʧʨʦʙʣʝʤʫ ʕʡʥʰʪʝʡʥʫ ʫʜʘʣʦʩʴ ʧʨʝʦʜʦʣʝʪʴ ʚ ʨʘʤʢʘʭ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ. 

ʀʩʭʦʜʥʳʤ ʧʫʥʢʪʦʤ ʜʣʷ ʦʙʦʙʱʝʥʠʷ ʧʦʩʣʫʞʠʣʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ, 

ʩʚʷʟʳʚʘʶʱʝʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ 3-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʢʘʣʷʨʥʦʛʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩ. ʕʡʥʰʪʝʡʥ ʧʨʝʜʧʨʠʥʷʣ ʩʣʝʜʫʶʱʠʝ ʰʘʛʠ: 

1) ʧʝʨʝʰʝʣ ʦʪ ʩʢʘʣʷʨʥʳʭ ʚʝʣʠʯʠʥ ʠ 3-ʤʝʨʥʳʭ ʚʝʢʪʦʨʦʚ ʢ 4-ʤʝʨʥʳʤ ʚʝʢʪʦʨʘʤ ʠ ʪʝʥʟʦʨʘʤ;  

2) ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʦʩʥʦʚʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʣʷ, ʧʨʠʨʘʚʥʷʚ ʪʝʥʟʦʨ ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ ʤʘʪʝʨʠʠ ʢ 

ʪʝʥʟʦʨʥʦʡ ʚʝʣʠʯʠʥʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʢʨʠʚʠʟʥʫ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

ʂʨʠʚʠʟʥʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʦʟʥʘʯʘʣʘ, ʯʪʦ ʪʘʢʘʷ ɺʩʝʣʝʥʥʘʷ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʦʡ ʚʦ 

ʚʩʝʭ ʪʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ (ʯʪʦ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʩʫʱʝ ʧʣʦʩʢʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʫ). 

ɹʝʩʢʦʥʝʯʥʘʷ ɺʩʝʣʝʥʥʘʷ ʦʢʘʟʳʚʘʣʘʩʴ ʚʦʟʤʦʞʥʦʡ, ʪʦʣʴʢʦ ʝʩʣʠ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ʚ ʥʝʡ 

ʙʳʣʘ ʙʳ ʨʘʚʥʘ ʥʫʣʶ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ɺʩʝʣʝʥʥʘʷ ʠʤʝʝʪ ʢʦʥʝʯʥʳʡ ʨʘʜʠʫʩ R ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ
1
, 

ʧʦʵʪʦʤʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʘʨʘʜʦʢʩ ʠʩʯʝʟʘʝʪ, ʠʩʯʝʟʘʝʪ ʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʟʘʜʘʥʠʷ ʧʨʦʠʟʚʦʣʴʥʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʥʘʧʨʠʤʝʨ, ʥʘ ʙʝʩʢʦʥʝʯʥʦʩʪʠ). ɺ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʤʦʜʝʣʠ 

ʕʡʥʰʪʝʡʥʘ ɺʩʝʣʝʥʥʘʷ ʧʨʝʜʩʪʘʚʣʷʣʘ ʩʦʙʦʡ 4-ʤʝʨʥʳʡ ʮʠʣʠʥʜʨ, ʢʦʪʦʨʳʡ ʚ ʣʶʙʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʩʝʯʝʥʠʠ ʜʘʚʘʣ ʪʨʝʭʤʝʨʥʫʶ ʩʬʝʨʫ, ʪʦʛʜʘ ʢʘʢ ʦʙʨʘʟʫʶʱʘʷ ʮʠʣʠʥʜʨʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʦʩʠ ʚʨʝʤʝʥʠ. ʇʦʩʪʦʷʥʩʪʚʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ ʦʪʚʝʯʘʣʦ 

ʦʪʩʫʪʩʪʚʠʶ ʝʝ ʵʚʦʣʶʮʠʠ ʚʦ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʩʫʛʫʙʦ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ. ɺ 1916 ʛʦʜʫ ʕʡʥʰʪʝʡʥ ʠ 

ʧʨʝʜʧʦʣʦʞʠʪʴ ʥʝ ʤʦʛ, ʯʪʦ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ. 

ʀʪʘʢ, ʚ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʡʥʘ ʚʭʦʜʠʪ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ, ʘ 

ʪʘʢʞʝ ʩʨʝʜʥʝʝ ʝʝ ʜʘʚʣʝʥʠʝ. ʋʯʠʪʳʚʘʷ ʤʘʣʳʝ ʩʢʦʨʦʩʪʠ ʛʘʣʘʢʪʠʢ, ʕʡʥʰʪʝʡʥ (ʘ ʟʘ ʥʠʤ ʠ ʚʩʝ ʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʠ) ʧʦʣʦʞʠʣ ʵʪʦ (ʜʠʥʘʤʠʯʝʩʢʦʝ) ʜʘʚʣʝʥʠʝ ʨʘʚʥʳʤ ʥʫʣʶ. ʀ ʚʩʝ ʙʳʣʦ ʙʳ 

ʟʘʤʝʯʘʪʝʣʴʥʦ, ʝʩʣʠ ʙʳ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʕʡʥʰʪʝʡʥʘ ʠʤʝʣʦ ʨʝʰʝʥʠʝ. ʅʦ ʨʝʰʝʥʠʷ ʩ 

ʥʫʣʝʚʳʤ ʜʘʚʣʝʥʠʝʤ ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ. ɹʦʣʝʝ ʪʦʛʦ, ʥʝ ʩʫʱʝʩʪʚʦʚʘʣʦ ʠ ʨʝʰʝʥʠʷ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ 

ʜʘʚʣʝʥʠʝʤ, ʜʘʚʣʝʥʠʝ ʤʦʛʣʦ ʙʳʪʴ ʪʦʣʴʢʦ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʧʦʚʝʨʛʣʦ 

ʕʡʥʰʪʝʡʥʘ ʚ ʰʦʢ. ʆʥ, ʦʜʥʘʢʦ, ʧʨʠʜʫʤʘʣ ʬʦʨʤʘʣʴʥʳʡ ʚʳʭʦʜ, ʠʤʝʚ ʠhʡ ʩʘʤʳʝ ʜʘʣʝʢʦ ʠʜʫʱʠʝ 

ʧʦʩʣʝʜʩʪʚʠʷ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʥʝ ʨʝʰʠʣʩʷ ʷʚʥʦ ʜʦʧʫʩʪʠʪʴ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʧʨʝʜʝʣʴʥʦ 

ʣʘʢʦʥʠʯʥʦ ʤʦʪʠʚʠʨʫʷ ʵʪʦ ʪʘʢ [ʕʡʥʰʪʝʡʥ, 1953]:  

 

                                                           
1
 ʕʡʥʰʪʝʡʥ ʥʘʰʝʣ, ʯʪʦ R=(2MG)/(c

2
ˊ), ʛʜʝ M ï ʤʘʩʩʘ ɺʩʝʣʝʥʥʦʡ, G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʅʴʶʪʦʥʘ, c ï 

ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; ʪʘʢʠʤ ʦʙʨʘʟʦʤ, R ʦʢʘʟʳʚʘʝʪʩʷ ʚ  ́ʨʘʟ ʤʝʥʴʰʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ "ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘò 

ɺʩʝʣʝʥʥʦʡ.  



2. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ñɺʦʟʨʘʞʝʥʠʝʤ ʧʨʦʪʠʚ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ  ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʜʣʷ ʯʝʛʦ ʥʝʪ ʥʠʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ.ò  

  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥ ʪʫʪ ʞʝ ʚʧʫʩʢʘʝʪ ʵʪʦʛʦ ʜʞʠʥʥʘ ʩ ʯʝʨʥʦʛʦ ʭʦʜʘ, ʚʚʝʜʷ ñʨʫʢʘʤʠò ʚ 

ʫʨʘʚʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʥʩʪʘʥʪʫ ȿ ʠ ʧʨʠʜʫʤʘʚ ʝʡ ʥʘʟʚʘʥʠʝ ñʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷò, ʘ ʜʘʚʣʝʥʠʝ ʢʘʢ ʪʘʢʦʚʦʝ ʧʨʠʥʷʚ ʨʘʚʥʳʤ ʥʫʣʶ. ʈʘʟʫʤʝʝʪʩʷ, ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʵʪʦʡ 

ʢʦʥʩʪʘʥʪʳ ʚʩʝ ʨʘʚʥʦ ʩʚʦʜʠʪʩʷ ʢ ʦʪʨʠʮʘʪʝʣʴʥʦʤʫ ʜʘʚʣʝʥʠʶ, ʠ ʕʡʥʰʪʝʡʥ, ʦʧʨʘʚʜʳʚʘʷʩʴ, ʧʠʰʝʪ: 

 

ñɺʝʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ 

ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʥʷʪʳ ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʧʦʣʷ. ʏʪʦʙʳ 

ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʬʘʢʪʘʤ, ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʯʣʝʥʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʙʳ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ 

ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʝʡ. ʀʤʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʇʫʘʥʢʘʨʝ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ 

ʚʥʫʪʨʠ ʵʪʠʭ ʯʘʩʪʠʮ ʠʤʝʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ 

ʦʪʪʘʣʢʠʚʘʥʠʝ. ʅʝʣʴʟʷ, ʦʜʥʘʢʦ, ʦʧʨʝʜʝʣʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʦ ʜʘʚʣʝʥʠʝ ʠʩʯʝʟʘʝʪ ʚʥʝ 

ʯʘʩʪʠʮ. ʄʳ ʧʨʠʜʝʤ ʢ ʩʦʛʣʘʩʠʶ ʩ ʵʪʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʝʩʣʠ ʚ ʥʘʰʝʤ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʦʙʘʚʠʤ ʯʣʝʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʜʘʚʣʝʥʠʝ. ʕʪʦ ʜʘʚʣʝʥʠʝ, 

ʦʜʥʘʢʦ, ʥʝ ʩʣʝʜʫʝʪ ʩʤʝʰʠʚʘʪʴ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʩʣʫʞʠʪ 

ʣʠʰʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʚʝʱʝʩʪʚʘ.ò  

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʕʡʥʰʪʝʡʥ ʟʜʝʩʴ ʩʦʚʝʨʰʝʥʥʦ ʷʩʥʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦ ñʵʬʬʝʢʪʠʚʥʦʝò 

ʜʘʚʣʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ȿ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʧʨʠʟʚʘʥʦ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ 

ñʚʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ ʯʘʩʪʝʡò, ʪ.ʝ. ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʚʟʘʠʤʥʦʤʫ ʧʨʠʪʷʞʝʥʠʶ. 

 

2.2. ʅʝʩʪʘʮʠʦʥʘʨʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʕʡʥʰʪʝʡʥʘ-ʌʨʠʜʤʘʥʘ 

        (ʙʝʟ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ) 

 

ɺ 1929 ʛʦʜʫ ʕʜʚʠʥ ʍʘʙʙʣ ʦʧʫʙʣʠʢʦʚʘʣ ʩʚʦʡ ʟʥʘʤʝʥʠʪʳʡ ʟʘʢʦʥ: ʛʘʣʘʢʪʠʢʠ ʨʘʟʣʝʪʘʶʪʩʷ 

ʩʦ ʩʢʦʨʦʩʪʴʶ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ, ʘ ʟʥʘʯʠʪ ï ɺʩʝʣʝʥʥʘʷ ʨʘʩʰʠʨʷʝʪʩʷ, 

ʪ.ʝ. ʥʝ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʩʪʘʮʠʦʥʘʨʥʦʡ. ɽʱʝ ʟʘ ʥʝʩʢʦʣʴʢʦ ʣʝʪ ʜʦ ʵʪʦʛʦ ɸ.ɸ. ʌʨʠʜʤʘʥ ʧʨʝʜʣʦʞʠʣ 

ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʦʙʦʙʱʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ ʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʩʣʫʯʘʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚpʝʤʝʥʥʳʝ ʧpʝʜʩʪaʚʣʝʥʠʷ ʦʙ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʚʦʩʭʦʜʷʪ ʢ ʧʨʦʩʪʝʡʰʝʡ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥa-ʌpʠʜʤaʥa, ʦʧʝpʠpʫʶʱʝʡ ʩ ʪpʝʭʤʝpʥʳʤ ʥʝʝʚʢʣʠʜʦʚʳʤ 

ʧpʦʩʪpaʥʩʪʚʦʤ ʧʝpʝʤʝʥʥʦʛʦ ʚʦ ʚʨʝʤʝʥʠ paʜʠʫʩa ʢpʠʚʠʟʥʳ R (ʪ.ʝ. ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴʶ 4-ʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʦʛʦ ʰʘʨʘ). ʋʢaʟaʥʥʦʝ ʧpʦʩʪpaʥʩʪʚʦ ʧpʝʜʧʦʣaʛaʝʪʩʷ ʚ 

ʵʪʦʡ ʤʦʜʝʣʠ ʠʟʦʪpʦʧʥʳʤ ʠ ʟaʧʦʣʥʝʥʥʳʤ ñʧʳʣʝʚʠʜʥʦʡò ʤaʪʝpʠʝʡ, a ʚpʝʤʷ ʚʳʩʪʫʧaʝʪ ʚ ʢaʯʝʩʪʚʝ 

ʬʦpʤaʣʴʥʦʛʦ ʧapaʤʝʪpa, ʦʪ ʢʦʪʦpʦʛʦ ʠ ʟaʚʠʩʠʪ ñʪʝʢʫʱaʷò ʢpʠʚʠʟʥa ʧpʦʩʪpaʥʩʪʚa. ʇʨʠ ʵʪʠʭ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʫpaʚʥʝʥʠʷ ʌpʠʜʤaʥa-ʕʡʥʰʪʝʡʥa ʟaʧʠʩʳʚaʶʪʩʷ ʚ ʚʠʜʝ (ʩʤ., ʥʘʧʨʠʤʝʨ, ʩʥʦʩʢʫ 

ʥʘ ʩʪʨ. 47 ʚ ʤʦʥʦʛʨʘʬʠʠ [ɿʝʣʴʜʦʚʠʯ, ʅʦʚʠʢʦʚ, 1975]): 

 

kÖ(c/R)
 2 

+
 
(Ἓ/R)

2
 + 2( /R) = - 8ÖpÖGÖP/c

2
 

kÖ(c/R)
 2 

+
 
(Ἓ/R)

2
 = 8ÖpÖGÖr /3, 

 

ʛʜʝ G - ʧʦʩʪʦʷʥʥaʷ ʚ ʟaʢʦʥʝ ʚʩʝʤʠpʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥa, c - ʩʢʦpʦʩʪʴ ʩʚʝʪa, r - ʧʣʦʪʥʦʩʪʴ, P 

- ʜaʚʣʝʥʠʝ, k = 0, 1 ʠʣʠ -1 ʚ ʟaʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥaʢa ʢpʠʚʠʟʥʳ. ɿʜʝʩʴ ʩʠʤʚʦʣʳ Ἓ  ʠ  ʦʙʦʟʥʘʯʘʶʪ 

ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ R ʧʦ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʵʪʠ 

ʧʨʦʠʟʚʦʜʥʳʝ ʦʙʨʘʪʠʪʴ ʚ ʥʦʣʴ, ʪʦ ʤʳ ʧʦʣʫʯʠʤ ʚ ʪʦʯʥʦʩʪʠ ʫʨʘʚʥʝʥʠʝ ʕʡʰʪʝʡʥʘ ʜʣʷ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ. 

ʉʢaʣʷpʥʦʝ ʜaʚʣʝʥʠʝ, ʢʦʪʦpʦʝ ʩʦʜʝpʞʠʪʩʷ ʚ ʧpaʚʦʡ ʯaʩʪʠ ʧʝpʚʦʛʦ ʫpaʚʥʝʥʠʷ, ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʢʦpʦʩʪʷʤʠ ʯaʩʪʠʮ, ʪ.ʝ. ʩʚʷʟaʥʦ ʩ ʠʭ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝpʛʠʝʡ, ʪaʢ ʯʪʦ ʜʣʷ 

ʧʦʢʦʷʱʝʡʩʷ ʤaʪʝpʠʠ ʪaʢʦʝ (ʜʠʥaʤʠʯʝʩʢʦʝ) ʜaʚʣʝʥʠʝ paʚʥʦ ʥʫʣʶ. ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, 



2. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

11   

ʧʝpʚʦʥaʯaʣʴʥʦ ʕʡʥʰʪʝʡʥ ʧʳʪaʣʩʷ ʠʩʧʦʣʴʟʦʚaʪʴ ʦʪpʠʮaʪʝʣʴʥʦʝ ʜaʚʣʝʥʠʝ, ʥʝ ʩʚʷʟaʥʥʦʝ ʩ 

ʜʚʠʞʝʥʠʝʤ ʤaʪʝpʠʠ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʥʝ ʟaʚʠʩʷʱʝʝ ʦʪ ʚpʝʤʝʥʠ pʝʰʝʥʠʝ. ʕʪʦ ʙʳʣ ʚʳʥʫʞʜʝʥʥʳʡ 

ʰʘʛ ʩ ʝʛʦ ʩʪʦʨʦʥʳ, ʧʦʵʪʦʤʫ ʧʦʟʞʝ ʦʥ ʦʪʢaʟaʣʩʷ ʦʪ ʵʪʦʡ ʠʜʝʠ ʚ ʧʦʣʴʟʫ ʥʝʩʪaʮʠʦʥapʥʦʛʦ 

pʝʰʝʥʠʷ, ʧpʝʜʣʦʞʝʥʥʦʛʦ ʌpʠʜʤaʥʦʤ (ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʧʨʠʩʫʪʩʪʚʠʝ ȿ ʫʞʝ ʥʝʦʙʷʟʘʪʝʣʴʥʦ).  

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʳ ʪʨʠ ʢʣʘʩʩʘ ʪʘʢʠʭ ʨʝʰʝʥʠʡ (ʥʘʡʜʝʥʥʳʭ ʧʨʠ ʫʩʣʦʚʠʠ ʧʦʩʪʦʷʥʩʪʚʘ 

ʵʥʝʨʛʠʠ ɺʩʝʣʝʥʥʦʡ), ʚʳʙʦʨ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʨʝʘʣʴʥʦʡ (r) ʠ 

ñʢʨʠʪʠʯʝʩʢʦʡò (r0) ʚʝʣʠʯʠʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʫʶ ʵʧʦʭʫ:  

 

¶ ʧʨʠ r  > r0 ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩʥʘʯʘʣʘ ʨʘʩʪʝʪ ʩʦ ʚʨʝʤʝʥʝʤ, ʘ ʟʘʪʝʤ ʫʙʳʚʘʝʪ, ʢʨʠʚʠʟʥʘ 

ʧʦʣʦʞʠʪʝʣʴʥʘ; 

¶ ʧʨʠ r0 > r > 0 ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʥʝʦʛʨʘʥʠʯʝʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ, ʢʨʠʚʠʟʥʘ 

ʦʪʨʠʮʘʪʝʣʴʥʘ; 

¶ ʧʨʠ r = r0 ɺʩʝʣʝʥʥʘʷ ʠʤʝʝʪ ʧʣʦʩʢʫʶ ʤʝʪʨʠʢʫ, ʢʨʠʚʠʟʥʘ ʦʪʩʫʪʩʪʚʫʝʪ. 

 

ɿʜʝʩʴ ʧʦʜ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ 

 

r0 = 3ÖH
2
/ (8ÖpÖG) 

 

ʛʜʝ H ï ʧʘʨʘʤʝʪʨ (ñʧʦʩʪʦʷʥʥʘʷò) ʍʘʙʙʣʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ r = r0 ʧʘʨʘʤʝʪʨ ʍʘʙʙʣʘ 

ʦʢʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʚʦʟʨʘʩʪʫ ɺʩʝʣʝʥʥʦʡ. 

ʅʘ ʨʠʩ. 2.1 ʧʨʠʚʝʜʝʥʳ ʛʨʘʬʠʢʠ ʚʦʟʤʦʞʥʦʡ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ (ʟʘʠʤʩʪʚʦʚʘʥʥʳʝ ʠʟ 

ʢʥʠʛʠ [ʕʡʥʰʪʝʡʥ, 1953]) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ r ʠ r0. 

 

 

 

 

 

ʘ) r  > r0 ʙ) r  < r0 

 

ʈʠʩʫʥʦʢ 2.1. ʊʠʧʳ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ (ʧʨʠ ȿ = 0) 

 

ɿʘʚʝʨʰʫ ʢʨʘʪʢʦʝ ʠʟʣʦʞʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ-

ʌʨʠʜʤʘʥʘ, ʧʦʜʯʝʨʢʥʫʚ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: ʠ ʜʘʚʣʝʥʠʝ, ʠ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ 

ʚʚʦʜʷʪʩʷ ʚ ʫʨʘʚʥʝʥʠʷ ñʚʥʝʰʥʠʤò ʦʙʨʘʟʦʤ. ʕʪʠ ʧʘʨʘʤʝʪʨʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʡ 

ʦʧʨʝʜʝʣʷʶʪ ʥʝʠʟʚʝʩʪʥʳʝ ʧʘʨʘʤʝʪʨʳ ʚ ʣʝʚʦʡ ʯʘʩʪʠ, ʪʘʢ ʯʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʡ ʩʚʦʜʠʪʩʷ ʢ 

ʧʦʠʩʢʫ ʬʦʨʤʘʣʴʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʝʠʟʚʝʩʪʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʦʪ ʟʘʜʘʥʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ɺ ʵʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʢʘʯʝʩʪʚʝ ʘʨʛʫʤʝʥʪʘ ʚʢʣʶʯʘʶʪ ʠ ʚʨʝʤʷ, 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʩʪʫʣʠʨʦʚʘʚ ʘʧʨʠʦʨʥʦʝ ʥʘʣʠʯʠʝ ʵʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʫʱʥʦʩʪʠ. 

 

2.3. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʩ ʥʝʥʫʣʝʚʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ (ʢ 2011 ʛ.) ʥʘʢʦʧʣʝʥʦ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʥʘʙʣʶʜʝʥʠʡ, ʚ ʦʩʥʦʚʥʦʤ ï ʩ ʧʦʤʦɦɹʶ ʢʦʩʤʠʯʝʩʢʠʭ ʩʧʫʪʥʠʢʦʚ. ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʠ ʜʘʥʥʳʝ ʠ ʪʘʢ 

ʥʘʟʳʚʘʝʤʫʶ ɻʦʨʷʯʫʶ ʤʦʜʝʣʴ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ (ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʦʜʥʦʨʦʜʥʘ ʠ 

ʠʟʦʪʨʦʧʥʘ ʥʘ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʠ ʟʘʧʦʣʥʝʥʘ ñʦʩʪʳʚʰʠʤò ʨʝʣʠʢʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ), ʤʦʞʥʦ 

ʨʘʩʩʯʠʪʘʪʴ ʨʷʜ ʙʘʟʦʚʳʭ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ï ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ, ʧʣʦʪʥʦʩʪʴ 

ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʘʪʝʨʠʠ, ʠ ʜʨ.  

R 

R0 

R 

ʇʨʝʜʝʣʴʥʳʡ ʩʣʫʯʘʡ ʜʣʷ ɟ = 0 



2. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

12   

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʨʘʚʥʝʥʠʠ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʧʝʢʪʨʘ ʬʣʫʢʪʫʘʮʠʡ ʤʦʱʥʦʩʪʠ 

ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤ, ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ɺʩʝʣʝʥʥʦʡ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ. ʀʟ ʵʪʦʛʦ ʙʳʣ ʩʜʝʣʘʥ ʩʣʝʜʫʶʱʠʡ ʚʳʚʦʜ ï 

ʩʫʤʤʘʨʥʘʷ ʧʣʦʪʥʦʩʪʴ r ʤʘʪʝʨʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʝ r0. 

ʇʨʠ ʵʪʦʤ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʩʦʛʣʘʩʦʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʠ ʜʘʥʥʳʝ 

ʥʘʙʣʶʜʝʥʠʡ ʚ ʨʘʤʢʘʭ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ-ʌʨʠʜʤʘʥʘ, ʠʩʧʦʣʴʟʫʷ ʥʫʣʝʚʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ȿ, ʥʝʚʦʟʤʦʞʥʦ. ɹʦʣʝʝ ʪʦʛʦ, ʢʦʥʢʨʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ȿ 

ʩʦʚʨʝʤʝʥʥʳʝ ʢʦʩʤʦʣʦʛʠ ʧʦʜʙʠʨʘʶʪ, ʠʩʭʦʜʷ ʠʤʝʥʥʦ ʠʟ ʜʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ. ʊʘʢ ʪʝʦʨʝʪʠʯʝʩʢʘʷ 

ʢʦʥʩʪʨʫʢʮʠʷ ʕʡʥʰʪʝʡʥʘ, ʢʦʪʦʨʫʶ ʦʥ ʚʧʦʩʣʝʜʩʪʚʠʠ ʥʘʟʚʘʣ ʩʚʦʝʡ ñ ʩʘʤʦʡ ʛʨʫʙʦʡ ʦʰʠʙʢʦʡò, 

ʙʳʣʘ ʚʦʩʩʪʘʥʦʚʣʝʥʘ ʚ ʩʪʘʪʫʩʝ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʠ ʢʦʩʤʦʣʦʛʠʠ. ʇʦ ʩʫʪʠ ʜʝʣʘ, ʚʝʣʠʯʠʥʘ ȿ ʚ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʉʂʄ, SCM) ʠʛʨʘʝʪ ʨʦʣʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ (ʩʚʦʙʦʜʥʦʛʦ, 

ñʚʚʝʜʝʥʥʦʛʦ ʨʫʢʘʤʠò) ʧʘʨʘʤʝʪʨʘ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʫʜʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʪʴ ʪʝʦʨʠʶ ʠ 

ʨʝʘʣʴʥʦʩʪʴ. 

 

 
ʈʠʩʫʥʦʢ 2.2. ʕʚʦʣʶʮʠʷ ɺʩʝʣʝʥʥʦʡ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  

(ʩʦ ʩʧʝʮʠʘʣʴʥʦ ʧʦʜʦʙʨʘʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ȿ ʠ ʝʝ ʦʪʜʝʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ).  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʫʥʢʪʠʨʦʤ ʠʟʦʙʨʘʞʝʥʘ ʧʨʷʤʘʷ ʣʠʥʠʷ 

 

ʅʘ ʨʠʩ. 2.2 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ R (ʟʜʝʩʴ R0 ï 

ʩʦʚʨʝʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʜʠʫʩʘ) ʦʪ ʝʝ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʦʟʨʘʩʪʘ (H0 ï ʩʦʚʨʝʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʍʘʙʙʣʘ), ʧʦʣʫʯʝʥʥʘʷ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʠ ʩʣʝʜʫʶʱʠʭ 

ʩʧʝʮʠʘʣʴʥʳʭ ʜʦʧʫʱʝʥʠʷʭ ʦ ʧʣʦʪʥʦʩʪʷʭ ʨʘʟʣʠʯʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʘʪʝʨʠʠ: ʚʢʣʘʜ ʢʨʠʚʠʟʥʳ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʘʚʝʥ ʥʫʣʶ (ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʣʦʩʢʦʝ), ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʟʘ ʩʯʝʪ ȿ (ñʪʝʤʥʘʷò 

ʵʥʝʨʛʠʷ) ʨʘʚʝʥ 75%, ʚʢʣʘʜ ʦʩʪʘʣʴʥʦʡ ʤʘʪʝʨʠʠ (ʚʢʣʶʯʘʷ ʙʘʨʠʦʥʥʫʶ) ʩʦʩʪʘʚʣʷʝʪ 25%.  

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚ ʵʪʦʡ ʤʦʜʝʣʠ ʠʛʨʘʝʪ ʚʝʩʴʤʘ 

ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ. ɽʝ ʟʥʘʯʝʥʠʝ ʙʳʣʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʧʨʝʜʝʣʝʥʦ ʧʦ ʜʘʥʥʳʤ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʥʘʙʣʶʜʝʥʠʡ ʟʘ ʚʩʧʳʰʢʘʤʠ ʉʚʝʨʭʥʦʚʳʭ ʚ ʩʝʨʝʜʠʥʝ 2000-ʭ. ɺ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʢʘʢ ʧʨʠʥʷʪʦ ʩʯʠʪʘʪ ,ɹ ʧʦʣʫʯʝʥʥʘʷ ʢʨʠʚʘʷ (ʨʠʩ. 2.2) ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʚʘʞʥʳʡ ʠ 

ʥʝʪʨʠʚʠʘʣʴʥʳʡ ʚʳʚʦʜ: ʵʚʦʣʶʮʠʷ ʨʘʟʤʝʨʘ ɺʩʝʣʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʦʡ, ʧʨʠʯʝʤ ʚ 

ʪʝʯʝʥʠʝ ʧʨʠʤʝʨʥʦ ʧʦʩʣʝʜʥʝʡ ʯʝʪʚʝʨʪʠ ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ ʝʝ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʫʩʢʦʨʝʥʠʝʤ
2
. 

 

 

 

 

                                                           
2
 ʗ ʦʩʧʘʨʠʚʘʶ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʚ ʜʘʣʴʥʝʡʰʝʡ ʯʘʩʪʠ ʢʥʠʛʠ. 
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2.4. ʆ ʜʘʚʣʝʥʠʠ ʛʨʘʚʠʪʠʨʫʶʱʝʡ ʤʘʪʝʨʠʠ 

 

ʕʪʦʪ ʠ ʩʣʝʜʫʶʱʠʡ ʨʘʟʜʝʣʳ ʧʦʩʚʷʱʝʥʳ ʤʦʝʡ ʢʨʠʪʠʢʝ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʡ 

ʤʦʜʝʣʠ. ɸʥʘʣʠʟ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ ʥʘʯʥʝʤ ʩ ʚʦʧʨʦʩʘ ʦ ʧʨʘʚʦʤʝʨʥʦʩʪʠ ʦʪʢʘʟʘ ʦʪ ʫʯʝʪʘ 

ʜʘʚʣʝʥʠʷ. ʈaʟʫʤʝʝʪʩʷ, ʜʣʷ ʧʦʢʦʷʱʝʡʩʷ ʤaʪʝpʠʠ ʜʠʥaʤʠʯʝʩʢʦʝ ʜaʚʣʝʥʠʝ paʚʥʦ ʥʫʣʶ, ʥʦ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ ʚʦʧʨʦʩ ʦ ʩʪaʪʠʯʝʩʢʦʤ ʜaʚʣʝʥʠʠ. ɼʘʥʥʳʡ ʚʦʧʨʦʩ, ʢʘʢ ʧʦʢʘʟʘʣʦ ʝʛʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʝ 

ʫʩʪʥʦʝ ʦʙʩʫʞʜʝʥʠʝ, ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʚʦʟʨʘʞʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʙʦʣʴʰʠʥʩʪʚʘ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʆʊʆ, ʧʦʵʪʦʤʫ ʷ ʭʦʪʝʣ ʙʳ ʫʜʝʣʠʪʴ ʝʤʫ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ. 

ʋ ʩʘʤʦʛʦ ʕʡʥʰʪʝʡʥʘ ʠʩʪʦʯʥʠʢʦʤ ʧʦʷʚʣʝʥʠʷ ʩʢʘʣʷʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʷʚʠʣʦʩʴ ʩʧʝʮʠʘʣʴʥʦ 

ʜʦʙʘʚʣʝʥʥʦʝ ʩʣʘʛʘʝʤʦʝ, ʢʦʪʦʨʦʝ ʥʝ ʥʘʨʫʰʘʝʪ ʢʦʚʘʨʠʘʥʪʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ. ɸʧʨʠʦʨʥʦʝ 

ʠʩʢʣʶʯʝʥʠʝ ʵʪʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ï ʩʢʦʨʝʝ, ʚʦʧʨʦʩ ʩʫʙʲʝʢʪʠʚʥʦʛʦ ʚʳʙʦʨʘ, ʯʝʤ ʩʪʨʦʛʦʛʦ 

ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ. ʋʞʝ ʵʪʦʛʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘ ʜʦʩʪʘʪʦʯʥʦ (ʩ ʯʝʤ ʩʦʛʣʘʩʥʳ ʤʥʦʛʠʝ 

ʘʚʪʦʨʳ) ʯʪʦʙʳ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʧʦʜʚʝʨʛʥʫʪʴ ʘʥʘʣʠʟʫ ʚʦʟʤʦʞʥʳʝ ʩʣʝʜʩʪʚʠʷ ʪʘʢʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʫʨʘʚʥʝʥʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʧʦʣʥʝ ʟʘʢʦʥʥʳʤ 

ʷʚʣʷʝʪʩʷ ʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʭʦʞʜʝʥʠʝ ʢʦʤʧʦʥʝʥʪ ʜʘʚʣʝʥʠʷ ʚ ʪʝʥʟʦʨ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ-

ʠʤʧʫʣʴʩʘ.  

ʌʠʟʠʯʝʩʢʘʷ ʘʨʛʫʤʝʥʪʘʮʠʷ ʚ ʧʦʣʴʟʫ ʫʯʝʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ 

ʢʦʥʮʝʧʮʠʠ ʵʬʬʝʢʪʠʚʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʘʪʝʨʠʠ, ʥʝ ʩʚʷʟʘʥʥʦʛʦ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʯʘʩʪʠʮʳ. ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʦʡ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʘʨʛʫʤʝʥʪ ʚ ʧʦʣʴʟʫ ʫʯʝʪʘ ʜʘʚʣʝʥʠʷ 

ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦ ʧʨʝʥʝʙʨʝʞʝʥʠʝ ʠʤ ʨʘʚʥʦʩʠʣʴʥʦ ʧʨʝʥʝʙʨʝʞʝʥʠʶ ʩʫʤʤʘʨʥʳʤ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ ɺʩʝʣʝʥʥʦʡ, ʘ ʵʪʦ ʧʦʩʣʝʜʥʝʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʦ ʩ 

ʥʘʣʠʯʠʝʤ ʛʣʦʙʘʣʴʥʦʡ ʢʨʠʚʠʟʥʳ, ʪ.ʝ. ʦʪʣʠʯʠʝʤ ʦʪ ʥʫʣʷ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ɺʩʝʣʝʥʥʦʡ ʠ 

ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ. ʄʘʪʝʨʠʶ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʝʣʴʟʷ  ʩʯʠʪʘʪʴ ʧʨʦʩʪʳʤ ʩʢʦʧʣʝʥʠʝʤ 

ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʝʡ ñʧʳʣʠò. ʅʘʧʨʦʪʠʚ, ʢʘʞʜʳʡ ʦʩʪʨʦʚʦʢ ʤʘʪʝʨʠʠ ʩʚʷʟʘʥ ʞʝʩʪʢʠʤʠ ʧʫʪʘʤʠ 

ʪʷʛʦʪʝʥʠʷ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ ʩʦʩʝʜʥʠʤʠ ʦʩʪʨʦʚʢʘʤʠ, ʪʘʢ ʯʪʦ ʚʩʷ ʤʘʪʝʨʠʷ ʚ ʮʝʣʦʤ ʦʙʨʘʟʫʝʪ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʧʨʫʛʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʵʥʝʨʛʠʝʡ. ɼʘʚʣʝʥʠʝ ʞʝ, 

ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʨʘʟ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ. 

ʈʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʚʦʧʨʦʩ ʦʪʯʘʩʪʠ ʩʚʷʟʘʥ ʩ ʬʦʨʤʫʣʠʨʦʚʢʦʡ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ, 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʘʥʘ ʕʡʥʰʪʝʡʥʦʤ. ɼʝʣʦ ʟʜʝʩʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʕʡʥʰʪʝʡʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ 

(ʣʦʢʘʣʴʥʫʶ) ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʜʣʷ ʪʦʯʝʯʥʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ 

ʯʘʩʪʠʮʳ, ʠʩʧʦʣʴʟʫʷ ʫʨʦʚʝʥʴ ʠʜʝʘʣʠʟʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʤʝʭʘʥʠʢʠ ʪʦʯʢʠ. ɺ ʨʘʙʦʪʝ 

[ʕʡʥʰʪʝʡʥ, 1916] ʦʥ ʧʠʰʝʪ: ñʋʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ (ñʤʝʩʪʥʦʡò) 

ʢʦʦʨʜʠʥʘʪʥʦʡ ʩʠʩʪʝʤʳ ʜʦʣʞʥʦ ʙʳʪʴ ʚʳʙʨʘʥʦ ʧʨʠ ʵʪʦʤ ʪʘʢ, ʯʪʦʙʳ ʦʪʩʫʪʩʪʚʦʚʘʣʦ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ; ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʦʙʣʘʩʪʠ ʵʪʦ ʚʦʟʤʦʞʥʦò. ʅʘ ʵʪʦʤ ʫʨʦʚʥʝ ʚʚʦʜʠʪʩʷ 

ʘʙʩʪʨʘʢʮʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʠ (ʣʦʢʘʣʴʥʦ) ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ, ʧʨʠʯʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʤʠ ʪʝʣʘʤʠ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʨʘʟʤʝʨʳ ʩʘʤʠʭ ʪʝʣ. ʕʥʝʨʛʠʷ ʧʦʢʦʷ ʪʝʣ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʠʭ ʦʙʲʝʤʝ, ʢʦʪʦʨʳʡ ʧʦ ʨʘʟʤʝʨʘʤ ʚʦ ʤʥʦʛʦ ʨʘʟ ʤʝʥʴʰʝ ʦʙʲʝʤʘ ʦʙʣʘʩʪʠ, 

ʟʘʥʠʤʘʝʤʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ; ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʲʝʤʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʵʥʝʨʛʠʠ 

ʧʦʩʣʝʜʥʝʛʦ (ʪ.ʝ. ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʜʝʬʦʨʤʘʮʠʠ ʩʨʝʜʳ) ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʧʨʝʥʝʙʨʝʯʴ. 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ ʨʘʟʤʝʨʳ ʦʙʣʘʩʪʠ, ʟʘʥʠʤʘʝʤʦʡ ʧʦʣʝʤ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʪ 

ʨʘʟʤʝʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʪʝʣ ʠʣʠ, ʪʝʤ ʙʦʣʝʝ, ʠʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ, ʠ ʠʤʝʥʥʦ ʵʪʘ 

ʩʠʪʫʘʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʛʣʦʙʘʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ. ɿʜʝʩʴ ʛʠʧʦʪʝʟʘ ʜʘʞʝ ʦ 

ʣʦʢʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʫʞʝ ʥʝʧʨʠʤʝʥʠʤʘ, ʠ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʡʪʠ ʥʘ ʙʦʣʝʝ 

ʪʦʥʢʠʡ ʧʦʥʷʪʠʡʥʳʡ ʫʨʦʚʝʥʴ ï ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʢʠ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ. ʇʦʵʪʦʤʫ ʚ ʨʘʤʢʘʭ ʆʊʆ ʧʨʠ 

ʘʥʘʣʠʟʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʪʦʯʝʯʥʫʶ ʯʘʩʪʠʮʫ, ʘ 

ʵʣʝʤʝʥʪ ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʨʝʜʳ, ʟʘʥʠʤʘʶʱʠʡ ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ. ɺ ʥʝʧʦʜʚʠʞʥʦʡ ʩʠʩʪʝʤʝ, ʥʘ 

ʢʦʪʦʨʦʝ ʜʝʡʩʪʚʫʝʪ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ, ʵʣʝʤʝʥʪʘʨʥʳʡ ʦʙʲʝʤ ʟʘʧʦʣʥʝʥ 

ʤʘʪʝʨʠʝʡ, ʩʞʘʪʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʝ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʫʩʢʦʨʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʠʩʢʣʶʯʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚʥʝʰʥʝʛʦ ʠʩʪʦʯʥʠʢʘ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʩʦʙʩʪʚʝʥʥʫʶ 

ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʜʝʬʦʨʤʘʮʠʶ ʦʙʲʝʤʘ ʤʘʪʝʨʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʘʚʣʝʥʠʝ ʟʘ ʩʯʝʪ ʚʳʙʦʨʘ 

ʢʘʢʦʡ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʣʦʢʘʣʴʥʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ. 



2. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ɺʦʦʙʱʝ ʜʦʧʫʩʪʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʙʣʠʞʝʥʠʷ ʣʦʢʘʣʴʥʦ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ 

ʪʷʛʦʪʝʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ ʦʙʩʫʞʜʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʣʝʟʥʦ ʜʘʪʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʣʦʢʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ Dg/g <<  1, ʛʜʝ Dg ï ʨʘʟʥʦʩʪʴ 

ʤʝʞʜʫ ʥʘʠʙʦʣʴʰʠʤ ʠ ʥʘʠʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, g - ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ. ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʡ ʢʨʠʪʝʨʠʡ, ʤʦʞʥʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʪʴ 

ʥʝʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ ʣʦʢʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ ʢʘʢ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ, 

ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩʫʥʢʝ 2.3, ʪʘʢ ʠ, ʥʘʧʨʠʤʝʨ,  ʜʣʷ ʧʦʣʷ ʚʨʘʱʘʶʱʝʛʦʩʷ ʪʝʣʘ, ʝʩʣʠ ʪʦʣʴʢʦ 

ʦʪʥʦʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʫʛʣʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʢ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʤ (ʠ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʘʤʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʜʚʠʞʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʤʝʜʣʝʥʥʦʝ, ʯʪʦʙʳ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʫʯʘʩʪʢʠ ʢʘʢ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʣʦʢʘʣʴʥʦ ʦʜʥʦʨʦʜʥʳʤ ʦʙʣʘʩʪʷʤ ʧʦʣʷ). 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 2.3. ʇʦʣʝ, ʥʝ ʜʦʧʫʩʢʘʶʱʝʝ ʣʦʢʘʣʴʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʠ 

 

ʇʨʠʚʝʜʝʥʥʘʷ ʤʥʦʡ ʘʨʛʫʤʝʥʪʘʮʠʷ ʚ ʢʘʢʦʡ-ʪʦ ʩʪʝʧʝʥʠ ʩʦʟʚʫʯʥʘ ʢʨʠʪʠʢʝ ʠʜʝʡ ʆʊʆ ʩʦ 

ʩʪʦʨʦʥʳ ɸ.ɸ. ʃʦʛʫʥʦʚʘ ʠ ʝʛʦ ʰʢʦʣʳ. ɺ ʨʘʙʦʪʝ [ʃʦʛʫʥʦʚ, 1988] ʫʢʘʟʳʚʘʝʪʩʷ: 

ñé ʥʝʩʤʦʪʨʷ ʥʘ ʫʩʧʝʭʠ, ʆʊʆ ʧʦʯʪʠ ʩ ʩʘʤʦʛʦ ʩʚʦʝʛʦ ʨʦʞʜʝʥʠʷ ʩʪʦʣʢʥʫʣʘʩʴ ʩ ʪʨʫʜʥʦʩʪʷʤʠ. 

é ʕ. ʐʨʝʜʠʥʛʝʨ ʚ 1918 ʛ. ʧʦʢʘʟʘʣ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʚʳʙʦʨʦʤ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ ʚʩʝ 

ʢʦʤʧʦʥʝʥʪʳ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʵʥʝʨʛʠʶ-ʠʤʧʫʣʴʩ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʚʥʝ ʩʬʝʨʠʯʝʩʢʠ 

ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʝʣʘ ʤʦʞʥʦ ʦʙʨʘʪʠʪʴ ʚ ʥʫʣʴ ... ʉʥʘʯʘʣʘ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʘʣʩʷ 

ʕʡʥʰʪʝʡʥʫ ʫʜʠʚʠʪʝʣʴʥʳʤ, ʥʦ ʟʘʪʝʤ ʧʦʩʣʝ ʘʥʘʣʠʟʘ ʦʥ ʦʪʚʝʪʠʣ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ñʏʪʦ 

ʞʝ ʢʘʩʘʝʪʩʷ ʩʦʦʙʨʘʞʝʥʠʡ ʐʨʝʜʠʥʛʝʨʘ, ʪʦ ʠʭ ʫʙʝʜʠʪʝʣʴʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʘʥʘʣʦʛʠʠ ʩ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʦʡ, ʚ ʢʦʪʦʨʦʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʣʶʙʦʛʦ ʧʦʣʷ ʦʪʣʠʯʥʳ ʦʪ 

ʥʫʣʷ. ʆʜʥʘʢʦ ʷ ʥʝ ʤʦʛʫ ʥʘʡʪʠ ʧʨʠʯʠʥʫ, ʧʦʯʝʤʫ ʪʘʢ ʞʝ ʜʦʣʞʥʦ ʦʙʩʪʦʷʪʴ ʜʝʣʦ ʠ ʜʣʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʣʝʡ. ɻʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʣʷ ʤʦʞʥʦ ʟʘʜʘʚʘʪʴ, ʥʝ ʚʚʦʜʷ ʥʘʧʨʷʞʝʥʠʡ ʠ 

ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠò ... ʀʣʠ ʝʱʝ: ñ...ʜʣʷ ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʦʡ ʦʙʣʘʩʪʠ ʢʦʦʨʜʠʥʘʪʳ ʚʩʝʛʜʘ 

ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʙʫʜʝʪ ʦʪʩʫʪʩʪʚʦʚʘʪʴ ʚ ʥʝʡò é 

ʄʳ ʚʠʜʠʤ, ʯʪʦ ʕʡʥʰʪʝʡʥ ʩʦʟʥʘʪʝʣʴʥʦ ʦʪʦʰʝʣ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʥʷʪʠʷ ʧʦʣʷ ʢʘʢ 

ʤʘʪʝʨʠʘʣʴʥʦʡ ʩʫʙʩʪʘʥʮʠʠ, ʢʦʪʦʨʫʶ ʜʘʞʝ ʣʦʢʘʣʴʥʦ ʥʠʢʦʛʜʘ ʥʝʣʴʟʷ ʫʥʠʯʪʦʞʠʪʴ ʚʳʙʦʨʦʤ 

ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʠ ʩʜʝʣʘʣ ʦʥ ʵʪʦ ʚʦ ʠʤʷ ʣʦʢʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʩʠʣ 

ʠʥʝʨʮʠʠ ʠ ʛʨʘʚʠʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʙʳʣ ʚʦʟʚʝʜʝʥ ʠʤ ʚ ʨʘʥʛ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʨʠʥʮʠʧʘ, ʭʦʪʷ 

ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ ʜʣʷ ʵʪʦʛʦ ʥʝ ʙʳʣʦ ʠ ʥʝʪ. ɺʩʝ ʵʪʦ ʠ ʧʨʠʚʝʣʦ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ 

ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. é ʥʠ ʩʘʤ 

ʕʡʥʰʪʝʡʥ, ʥʠ ʜʨʫʛʠʝ ʬʠʟʠʢʠ ʥʝ ʦʩʦʟʥʘʣʠ, ʯʪʦ ʚ ʆʊʆ ʚ ʧʨʠʥʮʠʧʝ ʥʝʚʦʟʤʦʞʥʳ ʟʘʢʦʥʳ 

ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ ʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ. 

é ʚʥʠʤʘʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʩʩʫʞʜʝʥʠʷʭ ʕʡʥʰʪʝʡʥʘ ʠ ʂʣʝʡʥʘ 

ʩʦʜʝʨʞʠʪʩʷ ʧʨʦʩʪʘʷ, ʥʦ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʦʰʠʙʢʘ. é ʉʫʪʴ ʝʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ 

ʚʝʣʠʯʠʥʘ, ʢʦʪʦʨʦʡ ʦʧʝʨʠʨʦʚʘʣ ʚ ʩʚʦʠʭ ʨʘʩʩʫʞʜʝʥʠʷʭ ʕʡʥʰʪʝʡʥ, ʦʪʦʞʜʝʩʪʚʠʚ ʝʝ 

ʢʦʤʧʦʥʝʥʪʳ ʩ ʵʥʝʨʛʠʝʡ ʠ ʠʤʧʫʣʴʩʦʤ, ʧʨʦʩʪʦ ʨʘʚʥʘ ʥʫʣʶ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʥʷʪʠʝ ʢʦʥʮʝʧʮʠʠ ʆʊʆ ʚʝʜʝʪ ʢ ʦʪʢʘʟʫ ʦʪ ʨʷʜʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ 

ʧʨʠʥʮʠʧʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʬʠʟʠʢʠ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʦ ʦʪʢʘʟ ʦʪ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ-ʠʤʧʫʣʴʩʘ ʠ ʤʦʤʝʥʪʘ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʷ ʚʝʱʝʩʪʚʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, 

ʚʤʝʩʪʝ ʚʟʷʪʳʭ. ɺʦ-ʚʪʦʨʳʭ, ʦʪʢʘʟ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʢʘʢ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʦʣʷ ʪʠʧʘ ʌʘʨʘʜʝʷðʄʘʢʩʚʝʣʣʘ, ʦʙʣʘʜʘʶʱʝʛʦ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ-

ʠʤʧʫʣʴʩʘ. ɼʣʷ ʤʥʦʛʠʭ ʬʠʟʠʢʦʚ, ʟʘʥʠʤʘʶʱʠʭʩʷ ʆʊʆ, ʵʪʦ ʥʝʷʩʥʦ ʠ ʜʦ ʩʠʭ ʧʦʨ, ʜʨʫʛʠʝ ʞʝ 



2. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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ʩʢʣʦʥʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʦʪʢʘʟ ʦʪ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʢʘʢ ʚʝʣʠʯʘʡʰʝʝ ʜʦʩʪʠʞʝʥʠʝ ʪʝʦʨʠʠ, 

ʥʠʟʚʝʨʛʥʫʚʰʝʡ ʪʘʢʦʝ ʧʦʥʷʪʠʝ, ʢʘʢ ñʵʥʝʨʛʠʷò.  

é ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʠʤʤʝʪʨʠʯʝʩʢʠʤ ʪʝʥʟʦʨʦʤ ʠ ʷʚʣʷʝʪʩʷ 

ʨʝʘʣʴʥʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʦʙʣʘʜʘʶʱʠʤ ʧʣʦʪʥʦʩʪʴʶ ʵʥʝʨʛʠʠ ʠ ʠʤʧʫʣʴʩʘé ʊʘʢʦʝ 

ʦʧʨʝʜʝʣʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʚʦʟʚʨʘʱʘʝʪ ʝʤʫ ʬʠʟʠʯʝʩʢʫʶ ʨʝʘʣʴʥʦʩʪʴ, ʧʦʩʢʦʣʴʢʫ 

ʝʛʦ ʫʞʝ ʜʘʞʝ ʣʦʢʘʣʴʥʦ ʥʝʣʴʟʷ ʫʥʠʯʪʦʞʠʪʴ ʚʳʙʦʨʦʤ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʪ 

ʥʠʢʘʢʦʡ (ʜʘʞʝ ʣʦʢʘʣʴʥʦʡ) ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʤʝʞʜʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʧʦʣʝʤ ʠ ʩʠʣʘʤʠ 

ʠʥʝʨʮʠʠ.ò  

  

ɼʦʣʞʝʥ, ʦʜʥʘʢʦ,  ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʰʘʷʩʴ ʩ ɸ. ɸ. ʃʦʛʫʥʦʚʳʤ ʚ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʠ, ʷ 

ʧʳʪʘʶʩʴ ʠʜʪʠ ʜʘʣʝʝ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʤ ʧʫʪʝʤ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʮʝʣʦʤ ʨʷʜʝ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 

ʚʳʚʦʜʘʤʠ ʝʛʦ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʪʝʦʨʠʠ ʛʨʘʚʠʪʘʮʠʠ (ʈʊɻ) ʠ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʢ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʠʪ 

ʨʘʟʚʠʚʘʝʤʳʡ ʤʥʦʡ ʧʦʜʭʦʜ. ɺʦʪ ʥʝʢʦʪʦʨʳʝ ʠʟ ʵʪʠʭ ʨʘʟʣʠʯʠʡ: 

¶ ʈʊɻ ʥʘʩʪʘʠʚʘʝʪ ʥʘ ʩʪʨʦʛʦʤ ʚʳʧʦʣʥʝʥʠʠ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ, ʪʦʛʜʘ ʢʘʢ ʷ  ʩʚʷʟʳʚʘʶ ʤʝʨʫ 

ʥʝʚʳʧʦʣʥʝʥʠʷ ʵʪʠʭ ʟʘʢʦʥʦʚ ʩ ʤʝʨʦʡ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʦʜʥʦʨʦʜʥʦʩʪʠ ʠ ʠʟʦʪʨʦʧʥʦʩʪʠ, ʪʦʯʥʝʝ 

ï ʩ ʪʝʤ, ʯʪʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʥʝ ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʦʡ ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ. 

¶ ʈʊɻ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ñʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʦʢʘʟʳʚʘʝʪʩʷ 

ʧʩʝʚʜʦʝʚʢʣʠʜʦʚʦʡ (ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʪʝʦʨʠʷ ʩʪʨʦʠʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʄʠʥʢʦʚʩʢʦʛʦ), é 

ʬʨʠʜʤʘʥʦʚʩʢʘʷ ʦʜʥʦʨʦʜʥʘʷ ʠ ʠʟʦʪʨʦʧʥʘʷ ɺʩʝʣʝʥʥʘʷ ʙʝʩʢʦʥʝʯʥʘ, ʠ ʦʥʘ ʤʦʞʝʪ ʙʳʪʴ 

ʪʦʣʴʢʦ ʧʣʦʩʢʦʡ ò, ʷ ʞʝ ʧʨʠʭʦʞʫ ʢ ʨʠʤʘʥʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʳ. 

¶ ʈʊɻ ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʠʩʪʠʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʚ ʩʤʳʩʣʝ ʆʊʆ ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʷ 

ʥʝ ʨʘʟʜʝʣʷʶ ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʈʊɻ. 

¶ ʇʣʦʪʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʩʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʤʫ ʤʥʦʡ ʨʝʰʝʥʠʶ, ʨʘʚʥʷʝʪʩʷ 
ʫʜʚʦʝʥʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ.  

 

2.5. ʇʨʦʙʣʝʤʘ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ 

 

ʂʘʢ ʤʳ ʫʞʝ ʟʥʘʝʤ, ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ ȿ ï ʧʣʦʜ ʫʩʠʣʠʡ ʕʡʥʰʪʝʡʥʘ ʧʦ 

ʩʧʘʩʝʥʠʶ ʨʝʰʝʥʠʷ ʜʣʷ ʩʪʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʵʪʦʪ ʧʘʨʘʤʝʪʨ ʙʳʣ 

ʧʦʚʪʦʨʥʦ ʚʚʝʜʝʥ ñʨʫʢʘʤʠò ʫʞʝ ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʤʦʜʝʣʠ, ʯʪʦʙʳ ñʧʦʜʦʛʥʘʪʴò ʩʪʘʥʜʘʨʪʥʫ ʁ

ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (ʉʂʄ) ʧʦʜ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʣʠ ʜʚʝ ʥʦʚʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʬʠʟʠʢʘʤʠ ʪʘʢ ʠ ʥʝ ʥʘʡʜʝʥʦ. 

ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ï ʥʘʡʪʠ ʬʠʟʠʯʝʩʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʜʣʷ ʬʦʨʤʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ ȿ ʚ ʫʨʘʚʥʝʥʠʷ ʕʌ. ʇʨʝʜʣʘʛʘʝʪʩʷ ʦʪʦʞʜʝʩʪʚʠʪʴ ñʪʝʤʥʫʶ ʵʥʝʨʛʠʶò, 

ʦʪʚʝʯʘʶʱʫʶ ȿ, ʩ ʵʥʝʨʛʠʝʡ ʬʠʟʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚʘʢʫʫʤʘ. ʆʜʥʘʢʦ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʂʣʘʧʜʦʨ-

ʂʣʘʡʥʛʨʦʪʭʘʫʩ, ʎʶʙʝʨ, 2000]) ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʝ ʥʘʙʣʶʜʝʥʠʷ ʜʘʶʪ ʜʣʷ ʫʢʘʟʘʥʥʦʡ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʘʢʫʫʤʘ ʟʥʘʯʝʥʠʝ ʧʦʨʷʜʢʘ 10
-30

 ʛ/ʩʤ
3
,  ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʢʚʘʥʪʦʚʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʚʳʯʠʩʣʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʮʝʥʢʝ ʧʦʨʷʜʢʘ 10
92

 ʛ/ʩʤ
3
, ʪ.ʝ. ʨʘʩʭʦʞʜʝʥʠʝ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʝʠʤʦʚʝʨʥʦ ʙʦʣʴʰʠʤ ï 122 ʧʦʨʷʜʢʘ! ʀʤʝʝʪʩʷ ʠ ʙʦʣʝʝ ʩʠʣʴʥʳʡ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʜʦʚʦʜ: 

ʵʥʝʨʛʠʷ ñʥʫʣʝʚʳʭ ò ʢʦʣʝʙʘʥʠʡ ʚʘʢʫʫʤʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟʚʣʝʯʝʥʘ ʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʥʠ ʜʣʷ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ, ʥʠ ʜʣʷ ʯʝʛʦ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʝʱʝ, ʧʦʩʢʦʣʴʢʫ ʦʪʚʝʯʘʝʪ 

ʩʦʩʪʦʷʥʠʶ ʩ ʥʘʠʤʝʥʴʰʝʡ ʚʦʟʤʦʞʥʦʡ ʵʥʝʨʛʠʝʡ. 

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ, ñʢʦʪʦʨʘʷ ʯʘʩʪʦ ʦʩʪʘʚʣʷʝʪʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷò 
3
, ʥʦ ʠʤʝʝʪ ʝʜʚʘ ʣʠ ʥʝ 

ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʩʦʩʪʦʠʪ ʚʦʪ ʚ ʯʝʤ. ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʫʨʘʚʥʝʥʠʷ ʕʌ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ 

ʧʦʩʪʦʷʥʥʦʡ ȿ ʚ ʥʝʡ ʪʝʤ ʩʘʤʳʤ ʟʘʜʘʝʪʩʷ ʦʧʨʝʜʝʣʝʥʥʘʷ ʰʢʘʣʘ ʨʘʩʩʪʦʷʥʠʷ R = (ȿ/3)
-1/2

. 

ʇʦʩʢʦʣʴʢʫ ʚ ʥʘʩʪʦʷʱʫʶ ʵʧʦʭʫ ȿ = 10
-56 
ʩʤ

-2
, ʪʦ R ʤʦʞʥʦ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʩ ʩʦʚʨʝʤʝʥʥʳʤ 

ʨʘʟʤʝʨʦʤ ɺʩʝʣʝʥʥʦʡ (10
28 
ʩʤ). ʅʦ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʤʝʥʷʣʩʷ ʠ ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʘ 

                                                           
3
 ɸʚʪʦʨ ʦʙʟʦʨʘ [ɹʫʩʩʦ, 2007] ʧʠʰʝʪ (ʧʝʨʝʚʦʜ ʤʦʡ ï ʄ.ʍ.ʐ.): ñʉʦʚʨʝʤʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ 

ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʝ ʟʥʘʯʝʥʠʶ ʜʣʷ ʨʘʥʥʝʡ ɺʩʝʣʝʥʥʦʡ. ʕʪʦ ʦʜʥʘ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ ʚ ʧʨʦʙʣʝʤʝ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ, ʢʦʪʦʨʘʷ ʯʘʩʪʦ ʦʩʪʘʚʣʷʝʪʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷò 

 



2. ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

16   

ʚʝʣʠʯʠʥʘ ȿ ʧʦʣʘʛʘʝʪʩʷ (ʚʦ ʚʩʷʢʦʤ ʩʣʫʯʘʝ, ʧʨʠ ñʧʦʜʛʦʥʢʝò ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢ 

ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʤ ʜʘʥʥʳʤ) ʥʝʠʟʤʝʥʥʦʡ. ʉʧʨʘʰʠʚʘʝʪʩʷ, ʢʘʢʦʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʤʝʝʪ 

ʚʝʣʠʯʠʥʘ (ȿ/3)
-1/2

? 

ʆʙʝ ʧʨʦʙʣʝʤʳ ʣʝʛʢʦ ʩʥʠʤʘʶʪʩʷ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʥʘʤʠ ʚ ʩʣʝʜʫʶʱʠʭ ʛʣʘʚʘʭ 

ʧʦʜʭʦʜʘ. ʅʠʢʘʢʦʡ ʢʦʥʩʪʘʥʪʳ ȿ ʚʦʦʙʱʝ ʚ ʫʨʘʚʥʝʥʠʷ ʚʚʦʜʠʪʴ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʥʫʞʥʳʡ ʵʬʬʝʢʪ 

ʜʦʩʪʠʛʘʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʟʘ ʩʯʝʪ ʫʯʝʪʘ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʠ ʈ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʥʠʤ 

ʦʙʲʝʤʥʦʡ ʵʥʝʨʛʠʠ ʛʨʘʚʠʪʘʮʠʠ (ʘ ʥʝ ʢʦʣʝʙʘʥʠʡ ʚʘʢʫʫʤʘ!). ʇʨʠ ʵʪʦʤ ʣʝʛʢʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠ 

ʚʳʰʝʫʢʘʟʘʥʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʛʠʧʦʪʝʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ ȿ ʠ ʪʝʢʫʱʠʤ ʨʘʟʤʝʨʦʤ ɺʩʝʣʝʥʥʦʡ R. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʵʪʘ (ʥʝʥʫʞʥʘʷ) ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ ȿ 

ʨʘʚʥʘ 8ÖpÖGÖr   (ʧʨʠ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ  c  = 1). ʅʘʡʜʝʥʥʦʝ ʥʘʤʠ ʥʦʚʦʝ ʨʝʰʝʥʠʝ (ʩʤ. ʥʠʞʝ ʨʘʟʜʝʣ 

4.1) ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ  (ʧʨʠ c  = 1) ʜʘʝʪ ʜʣʷ ʧʣʦʪʥʦʩʪʠ r: 
 

r = 3
 
/ (4ÖpÖGÖR2

) 

ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ 

ȿ = 8ÖpÖGÖ3 
/ (4ÖpÖGÖR2

) = 6/R
2
 

 

ʪ.ʝ.  

R = (ȿ /6) 
-1/2 

. 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 
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3. ʆ ʏɽʈʅʓʍ ɼʓʈɸʍ, ʄɽʊɸɹʆʃʀʏɽʉʂʆʄ ɺʈɽʄɽʅʀ  ʀ ʃʀʅɽʁʅʆʄ 

ʈɸʉʐʀʈɽʅʀʀ ɺʉɽʃɽʅʅʆʁ 

  

3.1. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʣʣʘʧʩʝ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʜʝʢʣʘʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʩʤʦʣʦʛʦʚ, ʚ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʫʩʧʝʰʥʦ ʨʝʰʘʶʪʩʷ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʯʠʪʳʚʘʝʪʩʷ ʩʪʘʪʠʯʝʩʢʦʝ ʜʘʚʣʝʥʠʝ 

ʤʘʪʝʨʠʠ. ʆʜʥʦʡ ʠʟ ʥʠʭ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʦʙ ʦʜʥʦʨʦʜʥʦʤ ʤʘʪʝʨʠʘʣʴʥʦʤ ʰʘʨʝ ʢʦʥʝʯʥʦʛʦ ʨʘʜʠʫʩʘ 

[ʊʦʣʤʝʥ, 1974], ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʡ ʙʳʣʦ ʥʘʡʜʝʥʦ ʐʚʘʨʮʰʠʣʴʜʦʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʥʫʪʨʠ 

ʦʜʥʦʨʦʜʥʦʛʦ ʰʘʨʘ ʨʘʜʠʫʩʘ r1 ʩ ʧʣʦʪʥʦʩʪʴʶ r ʜʘʚʣʝʥʠʝ P ʤʘʪʝʨʠʠ (ʠʜʝʘʣʴʥʦʡ ʞʠʜʢʦʩʪʠ) 

ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʘʨʛʫʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ r/r 1 ʜʦ 

ʮʝʥʪʨʘ ʰʘʨʘ, r ï ʘʙʩʦʣʶʪʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʮʝʥʪʨʘ ʰʘʨʘ): 

 

P = ʌ(r, r1, R)Öʩ4/(8ÖpÖGÖR2
) 

 

ʛʜʝ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ R ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 

R
2 
= 3ʩ

2
/
 
(8ÖpÖGÖr) 

 

ʘ ʬʫʥʢʮʠʷ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʜʘʚʣʝʥʠʷ ʌ(r, r 1, R) ʟʘʜʘʝʪʩʷ ʜʨʦʙʴʶ ʚʠʜʘ 

 

 

22

1

2

1

2

1

)/(1)/(13

)/(13)/(13
),,(

RrRr

RrRr
Rrr

---

---
=F  

 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʢʦʤʧʦʥʝʥʪʦʡ 

g00  ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ ʚ ʆʊʆ. ʈʝʰʝʥʠʝ ʐʚʘʨʮʰʠʣʴʜʘ ʜʘʝʪ ʜʣʷ ʵʪʦʡ ʚʝʣʠʯʠʥʳ ʚʥʫʪʨʠ ʰʘʨʘ 

ʚʳʨʘʞʝʥʠʝ 

g00 = ( 22

1 /1
2

3
Rr-  - 22 /1

2

1
Rr- ) 

2
 

 

ʘ ʚʥʝ ʰʘʨʘ ï ʦʪʚʝʯʘʶʱʝʝ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʧʦʪʝʥʮʠʘʣʫ  

 

g00  = 1 ï r1 
3 
/ (R

2
 r) 

 

ʆʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʥʘʣʠʯʠʝ ʨʘʜʠʢʘʣʦʚ. ʊʦʣʤʝʥ ʚ ʩʚʦʝʡ ʤʦʥʦʛʨʘʬʠʠ ʟʘʤʝʯʘʝʪ, ʯʪʦ 

ʨʝʰʝʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʷʚʣʷʝʪʩʷ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤ, ʪ.ʢ. ʦʙʳʯʥʦ ʨʘʜʠʫʩ ʰʘʨʘ r1 ʤʝʥʴʰʝ, ʯʝʤ 

ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ R. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ RG ʪʘʢʦʛʦ ʰʘʨʘ  ʨʘʚʝʥ 

 

RG = 2ÖGÖM/ʩ2 
= 2Ö(4ÖpÖr1

3ÖGÖr) /(3Öʩ2) 
= r1

3
 /R

2
 

 

ʦʪʢʫʜʘ ʩʣʝʜʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ 

RG /r1 = (r1/R)
 2
 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʥʘʯʘʣʝ ʧʦʚʝʜʝʥʠʝ ʙʝʟʨʘʟʤʝʨʥʦʡ ʢʦʤʧʦʥʝʥʪʳ ʤʝʪʨʠʯʝʩʢʦʛʦ ʪʝʥʟʦʨʘ g00 ʧʦ 

ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʢʦʣʣʘʧʩʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʛʨʘʬʠʯʝʩʢʠ ʚ ʜʠʘʧʘʟʦʥʝ 0 Ò r/r1 Ò  1.1 .  ʇʦʢʘ 

ʙʣʠʟʦʩʪʴ ʢ ʢʦʣʣʘʧʩʫ (ʤʝʨʘ ʢʦʪʦʨʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪʥʦʰʝʥʠʝʤ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʢ ʨʘʜʠʫʩʫ ʰʘʨʘ 

ʠʣʠ, ʯʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ, ʦʪʥʦʰʝʥʠʝʤ ʨʝʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢ ʢʨʠʪʠʯʝʩʢʦʡ) ʥʝ ʧʨʝʚʳʰʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʢʨʠʚʘʷ   ʤʦʥʦʪʦʥʥʦʛʦ ʥʘʨʘʩʪʘʝʪ (ʨʠʩ. 3.1).  

 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 
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ʈʠʩʫʥʦʢ 3.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ g00 ʚʜʘʣʝʢʝ ʦʪ ʛʨʘʥʠʮʳ ʢʦʣʣʘʧʩʘ 

 

ʄʝʞʜʫ ʪʝʤ ʥʝ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʦʪʥʦʰʝʥʠʷ R/r1 ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʦʣʣʘʧʩʘ ʬʫʥʢʮʠʷ g00 

ʠʤʝʝʪ ʣʠʰʴ ʦʜʠʥ ʵʢʩʪʨʝʤʫʤ (ʤʠʥʠʤʫʤ ʧʨʠ r = 0). ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʚʦʟʥʠʢʘʝʪ ʚʙʣʠʟʠ ʢʦʣʣʘʧʩʘ 

(ʥʦ ʝʱʝ ʜʦ ʝʛʦ ʥʘʩʪʫʧʣʝʥʠʷ). ɽʩʣʠ ʧʨʠʨʘʚʥʷʪʴ ʧʨʦʠʟʚʦʜʥʫʶ dg00 /dr ʢ ʥʫʣʶ, ʪʦ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ  

9/8 > (R/r1)
2
 > 1 

 

ʚʦʟʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ ʚʥʫʪʨʝʥʥʠʡ ʵʢʩʪʨʝʤʫʤ ʧʨʠ  

 

r/R = 8/9 22 -Rr . 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʘʥʥʳʡ ʚʥʫʪʨʝʥʥʠʡ ʵʢʩʪʨʝʤʫʤ ʙʫʜʝʪ ʤʠʥʠʤʫʤʦʤ, ʘ ʵʢʩʪʨʝʤʫʤ ʧʨʠ r = 0 

ʪʝʧʝʨʴ ʫʞʝ ʙʫʜʝʪ ʣʦʢʘʣʴʥʳʤ ʤʘʢʩʠʤʫʤʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʨʝʞʠʤʫ 

ʢʦʣʣʘʧʩʘ (ʧʨʠ 1 Ò R/r1 Ò 3/2ã2) ʤʦʥʦʪʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʨʫʰʘʝʪʩʷ, ʚʤʝʩʪʦ 

ʦʜʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ (ʤʠʥʠʤʫʤʘ) ʧʦʷʚʣʷʶʪʩʷ ʜʚʘ (ʨʠʩ. 3.2). ʅʘʯʘʣʴʥʘʷ ʯʘʩʪʴ ʟʘʚʠʩʠʤʦʩʪʠ 

ñʚʳʧʫʯʠʚʘʝʪʩʷò ʚʚʝʨʭ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʮʝʥʪʨʝ ʰʘʨʘ, ʘ ʚʥʫʪʨʠ ʰʘʨʘ ʧʦʷʚʣʷʝʪʩʷ ʥʦʚʳʡ ʤʠʥʠʤʫʤ, 

ʢʦʪʦʨʳʡ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʢʦʣʣʘʧʩʫ ʩʤʝʱʘʝʪʩʷ ʢ ʛʨʘʥʠʮʝ ʰʘʨʘ. 

ʅʘʢʦʥʝʮ, ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʢʦʣʣʘʧʩʘ (ʨʠʩ. 3.3) ʵʪʦʪ ʤʠʥʠʤʫʤ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʟʣʦʤ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʚ ʪʦʯʥʦʩʪʠ ʥʘ ʛʨʘʥʠʮʝ ʰʘʨʘ. 

 

 
 

ʈʠʩʫʥʦʢ 3.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ g00 ʧʨʠ ʧʦʷʚʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ, ʢʘʢ ʚʝʜʝʪ ʩʝʙʷ ʙʝʟʨʘʟʤʝʨʥʦʝ ʜʘʚʣʝʥʠʝ. ɼʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʦʪ ʨʝʞʠʤʘ 

ʢʦʣʣʘʧʩʘ ʜʘʚʣʝʥʠʝ ʩʪʨʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ ʢ ʝʛʦ ʛʨʘʥʠʮʝ ʜʦ 

ʥʫʣʷ (ʨʠʩ. 3.4). 
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ʈʠʩʫʥʦʢ 3.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ g00 ʧʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʢʦʣʣʘʧʩʘ 

 

 
 

ʈʠʩʫʥʦʢ 3.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʜʘʣʝʢʝ ʦʪ ʨʝʞʠʤʘ ʢʦʣʣʘʧʩʘ 

 

 
ʘ) 

 

 
ʙ) 

 

ʈʠʩʫʥʦʢ 3.5. ʕʚʦʣʶʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʨʝʞʠʤʫ ʢʦʣʣʘʧʩʘ 

ʧʨʠ ʥʘʣʠʯʠʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ (ʤʠʥʠʤʫʤʫʤʘ) ʫ ʢʦʤʧʦʥʝʥʪʳ g00 
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ʘ) 

 

 
ʙ) 

 

 
   ʚ) 

 

 
ʛ) 

 

ʈʠʩʫʥʦʢ 3.6. ʇʝʨʝʭʦʜ ʦʪ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʦʜʥʦʧʦʣʷʨʥʦʛʦ ʠʤʧʫʣʴʩʘ 

ʜʘʚʣʝʥʠʷ ʢ ʨʘʟʨʳʚʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʵʢʩʪʨʝʤʫʤʘ (ʤʠʥʠʤʫʤʘ) 

ʫ ʢʦʤʧʦʥʝʥʪʳ g00. ʉʤʝʱʝʥʠʝ ʪʦʯʢʠ ʨʘʟʨʳʚʘ ʜʘʚʣʝʥʠʷ ʢ ʛʨʘʥʠʮʝ ʰʘʨʘ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ 

ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʨʝʞʠʤʫ ʢʦʣʣʘʧʩʘ 
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ʇʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʫʩʣʦʚʠʶ ʧʦʷʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ g00 ʚʦʟʨʘʩʪʘʝʪ 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ ï ʦʥʦ ʢʘʢ ʙʳ ñʩʧʣʶʱʠʚʘʝʪʩʷò ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʰʘʨʘ (ʨʠʩ. 3.5ʘ ʠ 3.5ʙ).  

ʉʦʚʩʝʤ ʜʨʫʛʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʨʝʞʠʤʫ ʢʦʣʣʘʧʩʘ 

ʧʦʩʣʝ ʧʦʷʚʣʝʥʠʷ ʚʪʦʨʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʫ ʢʦʤʧʦʥʝʥʪʳ g00, ʪ.ʝ ʧʨʠ 3/2ã2>(R/r1)>1. ñʆʜʥʦʧʦʣʷʨʥʳʡ 

ʠʤʧʫʣʴʩò ʜʘʚʣʝʥʠʷ ʢʦʥʝʯʥʦʡ ʘʤʧʣʠʪʫʜʳ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʜʚʫʧʦʣʷʨʥʳʡ ʨʘʟʨʳʚ ʬʫʥʢʮʠʠ, ʝʛʦ 

ʣʝʚʘʷ ʯʘʩʪʴ (ʧʝʨʝʜ ʨʘʟʨʳʚʦʤ) ʩʪʘʥʦʚʠʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʘ ʧʨʘʚʘʷ (ʧʦʩʣʝ ʨʘʟʨʳʚʘ) - 

ʧʦʣʦʞʠʪʝʣʴʥʦʡ (ʨʠʩ. 3.6ʘ). ɺ ʪʦʯʢʝ ʨʘʟʨʳʚʘ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʥʝ ʦʧʨʝʜʝʣʝʥʦ. 

ʀʪʘʢ, ʝʱʝ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʦʣʣʘʧʩʘ, ʥʦ ʚʙʣʠʟʠ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ R/r1 = 1, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥ 

ʥʘʩʪʫʧʘʝʪ, ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʥʦʚʳʤ ʬʝʥʦʤʝʥʦʤ ï ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ. ʆʪʨʠʮʘʪʝʣʴʥʳʝ 

ʜʘʚʣʝʥʠʷ ʥʝ ʷʚʣʷʶʪʩʷ ʜʣʷ ʬʠʟʠʢʠ ʯʝʤ-ʪʦ ʥʦʚʳʤ. ɺ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʜʘʚʣʝʥʠʝ ʪʝʣ  

ʧʦʣʦʞʠʪʝʣʴʥʦ, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʦ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʪʝʣʦ ʩʪʨʝʤʠʣʦʩʴ ʨʘʩʰʠʨʠʪʴʩʷ. ʕʪʦ, ʦʜʥʘʢʦ, ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ, ʠ ʪʝʣʦ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʪʘʢʞʝ ʠ ʚ ʩʦʩʪʦʷʥʠʷʭ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʜʘʚʣʝʥʠʷʤʠ: ʚ 

ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʷʭ ʪʝʣʦ ʢʘʢ ʙʳ ñʨʘʩʪʷʥʫʪʦò ʠ ʧʦʪʦʤʫ ʩʪʨʝʤʠʪʩʷ ʩʞʘʪʴʩʷ. ʅʘʧʨʠʤʝʨ, 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʧʝʨʝʛʨʝʪʘʷ ʞʠʜʢʦʩʪʴ; ʪʘʢʘʷ ʞʠʜʢʦʩʪʴ ʜʝʡʩʪʚʫʝʪ ʥʘ 

ʦʛʨʘʥʠʯʠʚʘʶʱʫʶ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʩʠʣʦʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʥʫʪʨʴ ʦʙʲʝʤʘ ʞʠʜʢʦʩʪʠ. ɺ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ñʨʘʩʪʷʞʝʥʠʝʤò 

ʦʙʲʝʤʘ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʤʝʪʨʠʢʠ. 

ɺ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʝʞʠʤʦʚ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʢʦʣʣʘʧʩʫ ʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʨʘʟʨʳʚʘ 

ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʩʤʝʱʘʝʪʩʷ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ ʢ ʝʛʦ ʛʨʘʥʠʮʝ. ʅʘʯʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

ʦʪʨʠʮʘʪʝʣʴʥʦ ʠ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʢʦʣʣʘʧʩʫ ʩʪʨʝʤʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ï3, ʘ  ʛʨʘʥʠʯʥʦʝ 

ʜʘʚʣʝʥʠʝ ʚʩʝʛʜʘ ʨʘʚʥʦ ʥʫʣʶ. ʇʨʠ ʥʘʩʪʫʧʣʝʥʠʠ ʢʦʣʣʘʧʩʘ (R/r1 = 1) ʥʘ ʛʨʘʥʠʮʝ ʰʘʨʘ ʜʘʚʣʝʥʠʝ 

ʩʪʘʥʦʚʠʪʩʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ (0/0). 

ʄʳ ʤʦʞʝʤ ʪʝʧʝʨʴ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ:  

¶ ʀʟ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʚ ʢʥʠʛʝ ʊʦʣʤʝʥʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʚʥʫʪʨʠ ʰʘʨʘ, ʛʜʝ 

ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʨʘʚʥʦ ʥʫʣʶ ʠ ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ, ʦʥʦ ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʪʦʣʴʢʦ ʚʥʝ ʰʘʨʘ, ʪ.ʝ. ʚ ʧʦʣʥʦʩʪʴʶ ʩʚʦʙʦʜʥʦʤ ʦʪ 

ʤʘʪʝʨʠʠ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

¶ ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʢʦʣʣʘʧʩʫ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ (ʠ, ʦʯʝʚʠʜʥʦ, ʤʘʪʝʨʠʠ) ʨʝʟʢʦ ʠ 
ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʝʥʷʝʪʩʷ. ʆʙʦʣʦʯʢʘ ʢʦʣʣʘʧʩʠʨʫʶʱʝʛʦ ʪʝʣʘ ʥʝ ʧʨʦʩʪʦ ʚʳʨʦʞʜʘʝʪʩʷ ʚ 

ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ (ʫʞʝ ʧʦʩʣʝ ʥʘʩʪʫʧʣʝʥʠʷ ʢʦʣʣʘʧʩʘ), ʥʦ ʩʪʘʥʦʚʠʪʩʷ ʢʨʠʪʠʯʝʩʢʦʡ 

ʦʙʣʘʩʪʴʶ ʩ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʝʱʝ ʜʦ ʵʪʦʛʦ.  

 

3.2. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ ʠ ʠʭ ñʤʝʪʘʙʦʣʠʯʝʩʢʦʤò ʧʦʚʝʜʝʥʠʠ 

 

ʀʪʘʢ, ʤʳ ʧʨʦʩʣʝʜʠʣʠ ʩʪʘʜʠʠ ʧʨʝʚʨʘʱʝʥʠʷ (ʚ ʧʨʦʮʝʩʩʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ) 

ʦʙʳʯʥʦʛʦ ʪʝʣʘ ʚ ʯʝʨʥʫʶ ʜʳʨʫ (ʏɼ). ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʏɼ ʚʦʟʥʠʢʘʶʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʘʧʩʘ 

ʤʘʪʝʨʠʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʠʣ ʪʷʛʦʪʝʥʠʷ. ɺʦʟʥʠʢʰʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʧʨʠʯʠʥʥʦ ʥʝ ʩʚʷʟʘʥʘ ʩʦ ʩʚʦʠʤ ʦʢʨʫʞʝʥʠʝʤ, ʪ.ʢ. ʥʠʢʘʢʘʷ ʤʘʩʩʠʚʥʘʷ ʯʘʩʪʠʮʘ ʠ ʥʠʢʘʢʦʡ ʩʠʛʥʘʣ ʥʝ 

ʤʦʛʫʪ ʚʳʡʪʠ ʟʘ ʝʝ ʧʨʝʜʝʣʳ ʠ ʧʝʨʝʥʝʩʪʠ ʠʥʬʦʨʤʘʮʠʶ ʦ ʝʝ ʧʨʠʨʦʜʝ ʠ ʩʦʩʪʦʷʥʠʠ.  

ʏʪʦ ʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝ ʵʪʦʛʦ ʩ ʏɼ? ɸ ʚʦʪ ʯʪʦ ï ʦʥʠ ʧʦʛʣʦʱʘʶʪ ʦʙʲʝʢʪʳ ʩʚʦʝʛʦ 

ʦʢʨʫʞʝʥʠʷ ʠ ʥʝʦʙʨʘʪʠʤʦ ʨʘʩʰʠʨʷʶʪʩʷ ʠʤʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʠ ʧʦ ʤʝʨʝ ʵʪʦʛʦ. ʊʘʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʥʝʚʦʣʴʥʦ ʚʳʟʳʚʘʝʪ ʘʩʩʦʮʠʘʮʠʶ ʩ ʧʦʚʝʜʝʥʠʝʤ ʞʠʚʳʭ 

ʩʫʱʝʩʪʚ ʠ ʠʭ ʧʦʧʫʣʷʮʠʡ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʡ ʦʙʤʝʥ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ.  

ʅʦ ʜʣʷ ʞʠʚʳʭ ʩʫʱʝʩʪʚ ʠ ʧʦʧʫʣʷʮʠʡ  (ʚʦʦʙʱʝ ʜʣʷ ʢʘʞʜʦʡ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ) 

ʤʦʞʥʦ ʚʚʝʩʪʠ ʭʘʨʘʢʪʝʨʥʫʶ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʟʫʤʥʳʤ ʦʙʨʘʟʦʤ ʚʳʨʘʟʠʪʴ 

ñʚʦʟʨʘʩʪò ʩʠʩʪʝʤʳ. ʅʘʧʨʠʤʝʨ, ʚ ʵʤʙʨʠʦʣʦʛʠʠ ï ʵʪʦ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ 

ʜʝʣʝʥʠʷʤʠ ʢʣʝʪʢʠ, ʚ ʵʢʦʣʦʛʠʠ, ʛʝʥʝʪʠʢʝ ʠ ʵʪʥʦʛʨʘʬʠʠ ï ʵʪʦ ʚʨʝʤʷ ʤʝʞʜʫ ʩʤʝʥʘʤʠ ʧʦʢʦʣʝʥʠʡ. ɺ 

ʩʚʦʠʭ ʨʘʙʦʪʘʭ ɸ.ʇ. ʃʝʚʠʯ (ʩʤ. [ʃʝʚʠʯ, 1989, 2003, 2004]) ʜʣʷ ʢʘʞʜʦʛʦ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʝʛʦ ʦʙʲʝʢʪʘ ʧʨʝʜʣʦʞʠʣ ʚʚʝʩʪʠ ʥʝʢʦʪʦʨʦʝ ʘʙʩʪʨʘʢʪʥʦʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ 

ʣʠʥʝʡʥʦʡ ʤʝʨʳ ʝʛʦ ʠʟʤʝʥʯʠʚʦʩʪʠ, ʚ ʪʦʤ ʠʣʠ ʠʥʦʤ ʚʘʨʠʘʥʪʝ ʧʨʠʥʷʪʴ ʝʛʦ ʨʘʚʥʳʤ ʢʦʣʠʯʝʩʪʚʫ 

ʤʝʥʷʶʱʠʭʩʷ ʵʣʝʤʝʥʪʦʚ. ɺʨʝʤʷ, ʠʟʤʝʨʷʝʤʦʝ ʧʦ ñʯʘʩʘʤò ʪʦʡ ʠʣʠ ʠʥʦʡ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 

 

22 

ʃʝʚʠʯ ʧʨʝʜʣʘʛʘʝʪ ʠʤʝʥʦʚʘʪʴ ñʧʘʨʘʤʝʪʨʠʯʝʩʢʠʤò ʠ ʧʦʥʠʤʘʪʴ ʝʛʦ ʢʘʢ ʠʥʜʠʢʘʪʦʨ ʧʨʠ 

ʦʪʦʙʨʘʞʝʥʠʠ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʯʠʚʦʩʪʠ ʚ ʣʠʥʝʡʥʦ ʫʧʦʨʷʜʦʯʝʥʥʦʝ, ʤʝʪʨʠʟʦʚʘʥʥʦʝ ʤʥʦʞʝʩʪʚʦ. ʆʥ 

ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʣʶʙʳʝ ʠʟʤʝʥʷʶʱʠʝʩʷ ʩʠʩʪʝʤʳ ʧʦʪʨʝʙʣʷʶʪ ʥʝʢʦʪʦʨʳʡ ʨʝʩʫʨʩ. ʕʪʦʪ ʨʝʩʫʨʩ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʯʠʩʣʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ: 1) ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ 

ʩʦʧʨʦʚʦʞʜʘʶʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʩʠʩʪʝʤʳ; 2) ʨʘʩʪʫʪ ʤʦʥʦʪʦʥʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʠʩʪʝʤʥʦʛʦ ʚʨʝʤʝʥʠ 

ʠ, ʪʝʤ ʩʘʤʳʤ, 3) ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʜʣʷ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠʟʤʝʥʝʥʠʡ. ʂʦʣʠʯʝʩʪʚʦ "ʧʦʪʨʝʙʣʝʥʥʦʛʦ" 

ʨʝʩʫʨʩʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ "ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʚʨʝʤʷ" ʩʠʩʪʝʤʳ. ɺʩʝ ʵʪʠ ʠʜʝʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʚʧʦʣʥʝ ʧʨʠʤʝʥʠʤʳʤʠ ʠ ʢ ʏɼ, ʝʩʣʠ ʧʦʜ ʭʘʨʘʢʪʝʨʥʳʤ ʨʝʩʫʨʩʦʤ ʧʦʥʠʤʘʪʴ ʝʝ ʤʘʩʩʫ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʬʠʟʠʢʦʚ ʩʪʘʣʠ ʧʨʠʥʠʤʘʪʴ ʯʝʨʥʳʝ ʜʳʨʳ ʚʩʝʨʴʝʟ ʣʠʰʴ ʚ ʢʦʥʮʝ 60-ʭ ʛʦʜʦʚ. 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʯʝʨʥʘʷ ʜʳʨʘ ʚ ʥʝʢʦʪʦʨʦʤ ʩʤʳʩʣʝ ʜʦʧʫʩʢʘʝʪ ʦʯʝʥʴ ʧʨʦʩʪʦʝ ʦʧʠʩʘʥʠʝ: ʦʥʦ 

ʦʧʨʝʜʝʣʷʝʪʩʷ (ʧʦʜʦʙʥʦ ʦʧʠʩʘʥʠʶ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳ) ʚʩʝʛʦ ʪʨʝʤʷ (!) ʩʪʝʧʝʥʷʤʠ ʩʚʦʙʦʜʳ ï 

ʤʘʩʩʦʡ, ʤʦʤʝʥʪʦʤ ʚʨʘʱʝʥʠʷ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʟʘʨʷʜʦʤ. ɺʧʝʨʚʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʩʪʘʪʠʯʥʦʡ ʥʝʚʨʘʱʘʶʱʝʡʩʷ ʯʝʨʥʦʡ ʜʳʨʳ ʜʘʣ ʂʘʨʣ ʐʚʘʨʮʰʠʣʴʜ ʚ 1916 ʛʦʜʫ. ɿʘʪʝʤ ʚ 1916 ï 

1918 ʛ.ʛ. ʍʘʥʩ ʈʘʡʩʩʥʝʨ ʠ ɻʫʥʥʘʨ ʅʦʨʜʩʪʨʸʤ ʧʦʣʫʯʠʣʠ ʨʝʰʝʥʠʝ, ʫʯʠʪʳʚʘʶʱʝʝ ʥʘʣʠʯʠʝ ʫ 

ʥʝʚʨʘʰʘʶʱʝʡʩʷ ʏɼ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ. ɼʘʣʝʝ, ʚ 1963 ʛʦʜʫ ʈʦʡ ʂʝʨʨ ʥʘʰʝʣ ʩʪʘʮʠʦʥʘʨʥʦʝ 

ʦʩʝʩʠʤʤʝʪʨʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʚʨʘʱʘʶʱʝʡʩʷ ʏɼ, ʥʦ ʙʝʟ ʟʘʨʷʜʘ. ʀ ʥʘʢʦʥʝʮ, ʢ 1965 ʛ. ʙʳʣʦ 

ʧʦʣʫʯʝʥʦ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦʝ ʨʝʰʝʥʠʝ ʂʝʨʨʘ ï ʅʴʶʤʝʥʘ, ʫʯʠʪʳʚʘʶʱʝʝ ʚʩʝ ʪʨʠ ʬʘʢʪʦʨʘ. ʉʝʡʯʘʩ 

ʘʩʪʨʦʬʠʟʠʢʠ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʪʠʧʘ ʯʝʨʥʳʭ ʜʳʨ: ʧʝʨʚʠʯʥʳʝ ʏɼ (ʚʦʟʥʠʢʰʠʝ ʚ ʤʦʤʝʥʪ 

ʨʦʞʜʝʥʠʷ ɺʩʝʣʝʥʥʦʡ), ʏɼ ʟʚʝʟʜʥʦʡ ʤʘʩʩʳ (ʜʦ ʜʝʩʷʪʢʦʚ ʩʦʣʥʝʯʥʳʭ ʤʘʩʩ) ʠ ʩʚʝʨʭʤʘʩʩʠʚʥʳʝ 

ʯʝʨʥʳʝ ʜʳʨʳ (ʉʄʏɼ) ʚ ʮʝʥʪʨʘʭ ʛʘʣʘʢʪʠʢ ʩ ʤʘʩʩʦʡ ʚ ʤʠʣʣʠʦʥʳ ʩʦʣʥʝʯʥʳʭ ʤʘʩʩ. 

ɺʝʨʥʝʤʩʷ ʢ ʢʦʥʮʝʧʮʠʠ ʵʚʦʣʶʮʠʠ ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʙʦʣʠʟʤʘ. ʀʪʘʢ, ʯʝʨʥʳʝ ʜʳʨʳ ʚʦʟʥʠʢʘʶʪ ʠ 

ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ, ʧʦʛʣʦʱʘʷ ʤʘʪʝʨʠʶ ʠ ʵʥʝʨʛʠʶ ʠʟ ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ɺ ʩʚʦʝʡ ʨʘʙʦʪʝ ʃʠ ʉʤʦʣʠʥ 

(ʩʤ. [Smolin, 1994]) ʝʝ ʘʚʪʦʨ ʥʘʧʦʤʠʥʘʝʪ ʛʠʧʦʪʝʟʫ ɼʞ. ʋʠʣʝʨʘ ʦ ʪʦʤ, ʯʪʦ ʢʘʞʜʘʷ ʏɼ ï ʵʪʦ ʥʦʚʘʷ 

ʨʘʩʰʠʨʷʶʱʘʷʩʷ ʚʩʝʣʝʥʥʘʷ, ʧʦʜʦʙʥʘʷ ʥʘʰʝʡ, ʧʨʠʯʝʤ ʢʘʞʜʳʡ ʚʥʦʚʴ ʨʦʜʠʚʰʠʡʩʷ ʵʢʟʝʤʧʣʷʨ 

ɺʩʝʣʝʥʥʦʡ ʤʦʞʝʪ ʥʝʤʥʦʛʦ ʦʪʣʠʯʘʪʴʩʷ ʦʪ ñʨʦʜʠʪʝʣʷò ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ 

ʢʦʥʩʪʘʥʪ. ʉʤʦʣʠʥ ʦʪʥʦʩʠʪ ʢ ʠʭ ʯʠʩʣʫ ʤʘʩʩʳ ʧʨʦʪʦʥʘ, ʥʝʡʪʨʦʥʘ, ʵʣʝʢʪʨʦʥʘ ʠ ʥʝʡʪʨʠʥʦ, ʘ ʪʘʢʞʝ 

ʢʦʥʩʪʘʥʪʳ ʩʚʷʟʠ ʩʣʘʙʳʭ, ʩʠʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʝʣʘʷ ʨʷʜ 

ʧʨʘʚʜʦʧʦʜʦʙʥʳʭ ʜʦʧʫʱʝʥʠʡ, ʉʤʦʣʠʥ ʥʘ ʧʨʠʤʝʨʝ ʢʦʥʢʨʝʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʵʚʦʣʶʮʠʠ ʟʚʝʟʜ ʚ 

ʩʧʠʨʘʣʴʥʳʭ ʛʘʣʘʢʪʠʢʘʭ ʘʥʘʣʠʟʠʨʫʝʪ, ʢʘʢ ʚʘʨʠʘʮʠʠ ʵʪʠʭ ʢʦʥʩʪʘʥʪ ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ 

ñʯʠʩʣʝʥʥʦʩʪʴ ʧʦʪʦʤʩʪʚʘò ʏɼ (ʧʦ ʝʛʦ ʦʮʝʥʢʝ, ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʨʦʞʜʘʝʪʩʷ ʩʦʪʥʠ ʯʝʨʥʳʭ ʜʳʨ ʚ 

ʩʝʢʫʥʜʫ). ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʩʧʦʥʪʘʥʥʳʝ ʤʘʣʳʝ ʚʘʨʠʘʮʠʠ ʜʦʣʞʥʳ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʧʨʠʚʦʜʠʪʴ ʢ ʫʤʝʥʴʰʝʥʠʶ ʯʠʩʣʘ ʨʦʞʜʘʶʱʠʭʩʷ ʏɼ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʢʠʡ 

ʤʝʭʘʥʠʟʤ ʵʚʦʣʶʮʠʠ, ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʟʘʢʦʥʦʚ ʚʦ 

ɺʩʝʣʝʥʥʦʡ: ʦʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʘʢʩʠʤʫʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ʯʝʨʥʳʭ ʏɼ. ʉʯʠʪʘʶ ʚʘʞʥʳʤ ʜʦʙʘʚʠʪʴ, ʯʪʦ 

ʏɼ ï ʵʪʦ ʦʙʲʝʢʪʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʝʡ, ʧʦʵʪʦʤʫ ʤʘʢʩʠʤʫʤ ʠʭ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʪʝʤʧʫ ʨʦʩʪʘ ʵʥʪʨʦʧʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʤʦʝʡ 

ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ñʵʥʪʨʦʧʠʡʥʳʝò ʩʚʦʡʩʪʚʘ ʏɼ, ʦʪʨʘʞʘʝʤʳʝ ʦʙʦʙʱʝʥʥʳʤ 

ʚʪʦʨʳʤ ʥʘʯʘʣʦʤ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ɹʝʢʝʥʰʪʝʡʥʘ ʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʤ ñʛʦʣʦʛʨʘʬʠʯʝʩʢʠʤ ʧʨʝʜʝʣʦʤò 

ʜʣʷ ʵʥʪʨʦʧʠʠ ʩʠʩʪʝʤʳ, ʷʚʣʷʶʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʩʚʦʡʩʪʚ ʦʙʳʯʥʦʛʦ ʛʨʘʚʠʪʠʨʫʶʱʝʛʦ ʪʝʣʘ (ʩʤ. 

ʇʨʠʣʦʞʝʥʠʝ 2 ʠ [ʐʫʣʴʤʘʥ, 2010ʙ]). 

ʀʥʪʝʨʝʩʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʜʦʯʝʨʥʠʝ ʯʝʨʥʳʝ ʜʳʨʳ ʚʦʟʥʠʢʘʶʪ ʚ ʨʘʟʥʳʝ 

ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʠ ʨʘʩʪʫʪ ʩ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʴʶ. ɻʠʧʦʪʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʵʪʠʭ ʜʳʨ ʤʦʛʫʪ ʨʘʩʰʠʨʷʪʴʩʷ ʩʪʦʣʴ ʩʪʨʝʤʠʪʝʣʴʥʦ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʤʦʛʫʪ ʧʦʛʣʦʪʠʪʴ ʚʩʶ 

ʤʘʪʝʨʠʥʩʢʫʶ ʚʩʝʣʝʥʥʫʶ. 

 

3.3. ʉʚʦʡʩʪʚʘ ʯʝʨʥʳʭ ʜʳʨ: ʚʟʛʣʷʜ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ 

 

ʇʨʘʢʪʠʯʝʩʢʫʶ ʢʦʩʤʦʣʦʛʠʶ ʠʥʪʝʨʝʩʫʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʦʧʠʩʘʥʠʝ ʏɼ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ɺ 70-ʭ ʛʦʜʘʭ 20-ʚʝʢʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʜʣʷ ʪʝʦʨʠʠ ʯʝʨʥʳʭ ʜʳʨ 

ñʤʝʤʙʨʘʥʥʳʡò ʧʦʜʭʦʜ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ (ʛʨʘʥʠʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ) ʏɼ 

ʚʳʛʣʷʜʠʪ ʜʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʢʘʢ ʜʚʫʤʝʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʠʟ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 

 

23 

ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʠʰʫʪ 

ʘʚʪʦʨʳ ʩʪʘʪʴʠ [ʅʦʚʠʢʦʚ, ʌʨʦʣʦʚ, 2001].  

ʇʣʦʱʘʜʴ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʚʳʨʘʞʘʝʪʩʷ ʚʩʝʛʦ ʯʝʨʝʟ ʪʨʠ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʘʨʘʤʝʪʨʘ: ʤʘʩʩʫ, ʟʘʨʷʜ ʠ ʤʦʤʝʥʪ ʚʨʘʱʝʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ. ʇʦʵʪʦʤʫ ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʤʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ ʤʘʩʩʳ ʚ ʚʠʜʝ ʩʫʤʤʳ ʪʨʝʭ ʩʣʘʛʘʝʤʳʭ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ 

ʧʨʠʨʘʱʝʥʠʷʤʠ ʧʣʦʱʘʜʠ ʛʦʨʠʟʦʥʪʘ, ʫʛʣʦʚʦʛʦ ʤʦʤʝʥʪʘ ʠ ʟʘʨʷʜʘ. ɺ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʧʦ ʬʦʨʤʝ 

ʘʥʘʣʦʛʠʯʥʦʤ ʧʝʨʚʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ, 

ʪ.ʝ. ʯʘʩʪʥʦʝ ʧʨʠʨʘʱʝʥʠʝ 

ŭM = (ɗ/8)́ ŭA, 

 

ʛʜʝ ŭA ï ʧʨʠʨʘʱʝʥʠʝ ʧʣʦʱʘʜʠ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ, ɗ ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ 

ʏɼ. ʕʪʦ ʩʣʘʛʘʝʤʦʝ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ñʪʝʧʣʦʚʦʤʫò ʩʣʘʛʘʝʤʦʤʫ ŭQ = TŭS ʚ ʦʙʳʯʥʦʡ ʬʦʨʤʝ 

ʧʝʨʚʦʛʦ ʥʘʯʘʣʘ, ʛʜʝ T ï ʪʝʤʧʝʨʘʪʫʨʘ, ʘ ŭS ï ʧʨʠʨʘʱʝʥʠʝ ʵʥʪʨʦʧʠʠ ʦʙʳʯʥʦʛʦ ʦʙʲʝʢʪʘ
4
. 

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʣʦʱʘʜʴ A ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ (ʥʝʢʚʘʥʪʦʚʦʡ) ʏɼ ʦʙʣʘʜʘʝʪ ʪʝʤ ʞʝ ʩʚʦʡʩʪʚʦʤ, 

ʯʪʦ ʠ ʵʥʪʨʦʧʠʷ S ï ʦʥʘ ʥʠʢʦʛʜʘ ʥʝ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʵʚʦʣʶʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ï ʧʨʠ 

ʩʣʠʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʏɼ (ʪʝʦʨʝʤʘ ʍʦʢʠʥʛʘ)
5
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʚʦʣʶʮʠʷ ʏɼ ʥʦʩʠʪ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʦʙʨʘʪʠʤʳʡ ʭʘʨʘʢʪʝʨ, ʪ.ʝ. ʜʦʣʷ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʥʝʣʴʟʷ ʠʟ ʥʝʝ ʠʟʚʣʝʯʴ, 

ʚʦʟʨʘʩʪʘʝʪ ʩʦ ʚʨʝʤʝʥʝʤ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʨʘʩʪʘʝʪ (ʠʣʠ ʥʝ ʫʙʳʚʘʝʪ) ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʩʫʤʤʘʨʥʘʷ 

ʵʥʪʨʦʧʠʷ ʏɼ ʠ ʝʝ ʦʢʨʫʞʝʥʠʷ (ʦʙʦʙʱʝʥʥʳʡ ʚʪʦʨʦʡ ʟʘʢʦʥ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ɹʝʢʝʥʰʪʝʡʥʘ). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʥʦʞʠʪʝʣʴ ʧʝʨʝʜ ŭA, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʦʤʫ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʟʘʨʷʜʫ,  ʠʛʨʘʝʪ ʨʦʣʴ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ T. ʇʦʩʣʝʜʥʷʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʧʨʦʮʝʩʩ ñʪʝʧʣʦʚʦʛʦò ʠʟʣʫʯʝʥʠʷ ʏɼ ʚʩʣʝʜʩʪʚʠʝ ʢʚʘʥʪʦʚʳʭ ʵʬʬʝʢʪʦʚ ʚʙʣʠʟʠ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ. 

ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʤʘʩʩʝ ʏɼ, ʧʦʵʪʦʤʫ ʦʥʠ (ʢʘʢ ʟʚʝʟʜʳ ʠ 

ʜʨʫʛʠʝ ʩʠʣʴʥʦ ʛʨʘʚʠʪʠʨʫʶʱʠʝ ʦʙʲʝʢʪʳ) ʦʙʣʘʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʴʶ. 

 

3.4. ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʯʝʨʥʦʡ ʜʳʨʳ? 

 

ɺʦʦʙʨʘʟʠʤ ʩʤʝʣʴʯʘʢʘ, ʧʨʠʙʣʠʞʘʶʱʝʛʦʩʷ ʥʘ ʨʘʢʝʪʝ ʢ ʜʘʣʝʢʦʡ ʯʝʨʥʦʡ ʜʳʨʝ. ɿʝʤʥʳʤ 

ʥʘʙʣʶʜʘʪʝʣʷʤ ʙʫʜʝʪ ʢʘʟʘʪʴʩʷ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʏɼ ʚʨʝʤʷ ʜʣʷ ʥʝʛʦ ʙʫʜʝʪ ʟʘʤʝʜʣʷʪʴʩʷ 

ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʪʘʢ ʯʪʦ ʧʦ ʟʝʤʥʳʤ ʯʘʩʘʤ ʦʥ ʥʠʢʦʛʜʘ ʥʝ ʧʝʨʝʩʝʯʝʪ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ ʏɼ. 

ʇʦʩʳʣʘʝʤʳʡ ʠʤ ʥʘ ɿʝʤʣʶ ʩʚʝʪʦʚʦʡ ʩʠʛʥʘʣ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʙʫʜʝʪ 

ʠʩʧʳʪʳʚʘʪʴ ʚʩʝ ʙʦʣʝʝ ʩʠʣʴʥʦʝ (ʚ ʧʨʝʜʝʣʝ ï ʙʝʩʢʦʥʝʯʥʦʝ) ñʩʠʥʝʝò ʩʤʝʱʝʥʠʝ. ʆʜʥʘʢʦ ʧʦ 

ʩʦʙʩʪʚʝʥʥʳʤ ʯʘʩʘʤ ʨʘʢʝʪʳ ʦʥ ʧʝʨʝʩʝʯʝʪ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ ʏɼ ʟʘ ʢʦʥʝʯʥʦʝ ʚʨʝʤʷ ʠ, ʧʦʢʘ ʝʛʦ ʥʝ 

ʨʘʟʦʨʚʝʪ ʥʘ ʯʘʩʪʠ ʧʨʦʜʦʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʧʨʠʣʠʚʥʦʡ ʩʠʣʳ, ʢʘʟʘʣʦʩʴ ʙʳ, ʩʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴ 

ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ ʜʳʨʳ. 

ʇʝʨʚʳʝ ʧʦʧʳʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʧʠʩʘʪʴ ʪʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʯʝʨʥʦʡ ʜʳʨʳ 

ʐʚʘʨʮʰʠʣʴʜʘ, ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʮʫ 70-ʭ ʛʦʜʦʚ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʏɼ ʢʘʢ ʦ ʤʝʤʙʨʘʥʝ, ʘʙʩʦʣʶʪʥʦ 

ʩʧʨʘʚʝʜʣʠʚʦʝ ʜʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʦʙʱʝʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ) 

ʩʯʠʪʘʝʪʩʷ ʥʝʧʨʠʛʦʜʥʳʤ ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʧʨʦʥʠʢʘʶʱʝʛʦ ʚ ʏɼ ʯʝʨʝʟ ʝʝ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ, ʪ. ʝ. 

ʜʣʷ ʚʥʫʪʨʝʥʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. 

ʇʨʠ ʵʪʦʤ ʆʊʆ ʠʩʭʦʜʠʪ ʠʟ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ, ʧʨʦʜʦʣʞʝʥʥʳʭ ʚʥʫʪʨʴ 

ʯʝʨʥʦʡ ʜʳʨʳ. ʇʦʧʫʣʷʨʥʦʝ ʦʧʠʩʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʠʟʚʝʩʪʥʳʭ ʨʝʰʝʥʠʡ ʤʦʞʥʦ ʥʘʡʪʠ ʚ  [Kaufman, 

1977], ʛʜʝ ʦʙʩʫʞʜʘʶʪʩʷ ʢʨʘʡʥʝ ʵʢʟʦʪʠʯʝʩʢʠʝ ʠʭ ʦʩʦʙʝʥʥʦʩʪʠ ï ʠʥʪʨʠʛʫʶʱʘʷ ʚʥʫʪʨʝʥʥʷʷ 

ʩʪʨʫʢʪʫʨʘ ʏɼ, ʮʝʥʪʨʘʣʴʥʘʷ ʩʠʥʛʫʣʷʨʥʦʩʪʴ, ʩʚʷʟʴ ʩ ʙʝʩʢʦʥʝʯʥʦ ʫʜʘʣʝʥʥʳʤʠ ʚʦ ʚʨʝʤʝʥʠ 

ʩʦʩʪʦʷʥʠʷʤʠ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʜʘʞʝ ʩ ʜʨʫʛʠʤʠ ʚʩʝʣʝʥʥʳʤʠ. 

                                                           
4
 ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʣʫʯʝʥʠʷ ʍʦʢʠʥʛʘ TH = (˂/2ˊck)ɗ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʋʥʨʫ TU = (˂/2ˊck)a, ʛʜʝ a ï 

ʵʬʬʝʢʪʠʚʥʦʝ ʫʩʢʦʨʝʥʠʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʧʦʣʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʷʜʘ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʠʤʝʥʥʦ 

ʵʪʠʤ ʟʘʨʷʜʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. 
5
 ʆʪʤʝʪʠʤ, ʯʪʦ ʵʥʪʨʦʧʠʷ, ʥʘʧʨʠʤʝʨ, ʉʦʣʥʮʘ ʥʘ 20 ʧʦʨʷʜʢʦʚ ʤʝʥʴʰʝ, ʯʝʤ ʵʥʪʨʦʧʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʩ ʪʘʢʦʡ ʞʝ ʤʘʩʩʦʡ. 

ʕʪʦʪ ʬʘʢʪ ʦʙʲʷʩʥʷʶʪ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʯʝʨʥʦʡ ʜʳʨʳ ʚʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʝ ʩʪʨʫʢʪʫʨʝ ʧʦʣʥʦʩʪʴʶ 

ʫʪʨʘʯʠʚʘʝʪʩʷ ʚʥʝʰʥʠʤ ʥʘʙʣʶʜʘʪʝʣʝʤ (ʩʤ. [Bekenstein, 2003]). 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 
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ɺʩʝ ʵʪʠ ʨʝʰʝʥʠʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʩʥʦʚʳʚʘʶʪʩʷ ʥʘ ʩʦʭʨʘʥʝʥʠʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ 

ʚʥʫʪʨʝʥʥʝʡ ʪʦʯʢʝ ʏɼ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʝʝ ʮʝʥʪʨʘ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ 

ʚʦʟʥʠʢʘʶʪ ʥʝʢʦʪʦʨʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʧʨʦʙʣʝʤʳ (ʩʤ. [ʅʦʚʠʢʦʚ ʠ ʌʨʦʣʦʚ, 2001]). ɺʦ-

ʧʝʨʚʳʭ, ʚ ʨʝʰʝʥʠʠ ʦʙʷʟʘʪʝʣʴʥʦ ʚʦʟʥʠʢʘʝʪ ʥʘʯʘʣʴʥʘʷ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʚʥʫʪʨʠ ʯʝʨʥʦʡ ʜʳʨʳ (ʵʪʦ 

ʦʪʯʘʩʪʠ ʥʘʧʦʤʠʥʘʝʪ ʩʠʥʛʫʣʷʨʥʦʩʪʴ ʜʣʷ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʠʣʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ):  

 

ñɺʙʣʠʟʠ ʦʪ ʵʪʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʠ, ʛʜʝ ʢʨʠʚʠʟʥʘ ʧʨʦʩʪʨʘʥʩʪʚʘ-ʚʨʝʤʝʥʠ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʧʣʘʥʢʦʚʩʢʦʡ ʚʝʣʠʯʠʥʝ, ʦʙʱʘʷ ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʥʝʧʨʠʤʝʥʠʤʘé , ʧʦʵʪʦʤʫ 

ʦʙʩʫʞʜʝʥʠʝ ʬʠʟʠʢʠ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʳʣʦ ʙʳ ʚ ʚʳʩʰʝʡ ʩʪʝʧʝʥʠ ʫʤʦʟʨʠʪʝʣʴʥʳʤò [ʅʦʚʠʢʦʚ 

ʠ ʌʨʦʣʦʚ, 2001]. 

 

ɺʦ-ʚʪʦʨʳʭ, ʚʦʟʥʠʢʘʶʪ ʧʘʨʘʜʦʢʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʪʝʯʝʥʠʷ ʚʨʝʤʝʥʠ ʠ 

ʧʨʠʯʠʥʥʦʩʪʴʶ. ʆʢʘʟʳʚʘʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʯʪʦ: 

 

ñé ʧʦʣʦʞʝʥʠʝ ʛʦʨʠʟʦʥʪʘ [ʩʦʙʳʪʠʡ] ʠ ʝʛʦ ʨʘʩʰʠʨʝʥʠʝ ʜʦ ʧʝʨʝʩʝʯʝʥʠʷ ʩ [ʧʘʜʘʶʱʝʡ ʥʘ ʏɼ 

ʪʦʥʢʦʡ ʤʘʪʝʨʠʘʣʴʥʦʡ] ʦʙʦʣʦʯʢʦʡ ʟʘʚʠʩʷʪ ʦʪ ʩʦʙʳʪʠʡ ʚ ʙʫʜʫʱʝʤ (ʢʦʣʣʘʧʩʘ ʤʘʩʩʠʚʥʦʡ 

ʦʙʦʣʦʯʢʠ)é ʕʪʦ ʧʦʚʝʜʝʥʠʝ ʚʳʛʣʷʜʠʪ ʪʘʢ, ʢʘʢ ʝʩʣʠ ʙʳ ʤʝʤʙʨʘʥʘ ʜʳʨʳ ʞʠʣʘ ʚʦ ʚʨʝʤʝʥʠ, 

ʢʦʪʦʨʦʝ ʪʝʯʝʪ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: ʠʟ ʙʫʜʫʱʝʛʦ ʚ ʧʨʦʰʣʦʝ. 

é ʚʥʫʪʨʝʥʥʷʷ ʩʪʨʫʢʪʫʨʘ ʪʠʧʠʯʥʦʡ ʚʨʘʱʘʶʱʝʡʩʷ ʯʝʨʥʦʡ ʜʳʨʳ é ʨʝʰʘʶʱʠʤ ʦʙʨʘʟʦʤ 

ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʥʘ ʛʦʨʠʟʦʥʪʝ ʩʦʙʳʪʠʡ ʚ ʦʯʝʥʴ ʫʜʘʣʝʥʥʦʤ ʙʫʜʫʱʝʤ ʚʥʝʰʥʝʛʦ 

ʥʘʙʣʶʜʘʪʝʣʷ, é ʥʘʧʨʠʤʝʨ, ʦʪ ʢʦʥʝʯʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠʩʧʘʨʝʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ, ʦʪ 

ʚʦʟʤʦʞʥʳʭ ʩʪʦʣʢʥʦʚʝʥʠʡ ʯʝʨʥʦʡ ʜʳʨʳ ʩ ʜʨʫʛʠʤʠ ʯʝʨʥʳʤʠ ʜʳʨʘʤʠ ʠ ʦʪ ʩʫʜʴʙʳ ʩʘʤʦʡ 

ɺʩʝʣʝʥʥʦʡ. ʗʩʥʦ, ʯʪʦ ʪʝʦʨʝʪʠʢʠ ʯʫʚʩʪʚʫʶʪ ʩʝʙʷ ʚʝʩʴʤʘ ʥʝʫʶʪʥʦ ʚ ʪʘʢʠʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭéò [ʅʦʚʠʢʦʚ ʠ ʌʨʦʣʦʚ, 2001]. 

 

3.5. ʅʦʚʳʡ ʧʦʜʭʦʜ ʜʣʷ ʦʙʣʘʩʪʠ ʚʥʫʪʨʠ ʏɼ 

 

ʋʢʘʟʘʥʥʳʝ ʧʨʦʙʣʝʤʳ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʦʙʫʩʣʦʚʣʝʥʳ ʥʝʚʝʨʥʦʡ ʧʦʩʳʣʢʦʡ ʦ ʪʦʤ, ʯʪʦ 

ʚʥʫʪʨʝʥʥʝʝ ʨʝʰʝʥʠʝ ʜʣʷ ʏɼ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʚʥʝʰʥʝʛʦ ʨʝʰʝʥʠʷ.  

 

 
ʈʠʩʫʥʦʢ 3.7. ñɻʨʘʚʘʩʪʘʨò. 

 

ʆʪʢʘʟ ʦʪ ʪʘʢʦʡ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʥʮʝʧʮʠʠ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ ʏɼ ʠ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ 

ʢʦʥʝʯʥʦʡ ʪʦʯʢʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ, ʥʘʧʨʠʤʝʨ,  ʚ ʨʘʙʦʪʝ [Mazur  and 

Mottola , 2002]. ɺ ʥʝʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʦʜʝʣʴ ʏɼ ʩ ʥʝ ʩʦʜʝʨʞʘʱʝʡ ʤʘʪʝʨʠʠ ʦʙʳʯʥʦʡ ʚʥʝʰʥʝʡ 

ʦʙʣʘʩʪʴʶ, ʦʜʥʘʢʦ ʚʤʝʩʪʦ ʧʦʚʝʨʭʥʦʩʪʠ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ ʚʚʦʜʠʪʩʷ ʛʨʘʥʠʯʥʘʷ ʦʙʣʘʩʪʴ, 

ʩʦʜʝʨʞʘʱʘʷ ʢʦʥʜʝʥʩʘʪ ɹʦʟʝ-ʕʡʥʰʪʝʡʥʘ ʠ ʦʙʣʘʜʘʶʱʘʷ ʤʘʣʦʡ, ʥʦ ʢʦʥʝʯʥʦʡ ʪʦʣʱʠʥʦʡ (ʥʝ ʙʦʣʝʝ, 

ʯʝʤ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʧʣʘʥʢʦʚʩʢʫʶ ʜʣʠʥʫ). ʅʘʢʦʥʝʮ, ʚʥʫʪʨʝʥʥʷʷ ʦʙʣʘʩʪʴ ʏɼ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʫʩʪʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ-ʚʨʝʤʷ ʜʝ ʉʠʪʪʝʨʘ.   

ʅʦʚʦʝ ʨʝʰʝʥʠʝ ʥʝ ʠʤʝʝʪ ʥʠ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ, ʥʠ ʛʦʨʠʟʦʥʪʦʚ ʩʦʙʳʪʠʡ, ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʝʜʠʥʳʤ ʛʣʦʙʘʣʴʥʳʤ ʚʨʝʤʝʥʝʤ. ʕʥʪʨʦʧʠʷ ʛʨʘʥʠʯʥʦʡ ʬʘʟʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʥʦʡ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʵʥʪʨʦʧʠʠ, ʪʘʢ ʯʪʦ ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʧʘʨʘʜʦʢʩ ʪʘʢʞʝ ʠʩʯʝʟʘʝʪ. ɺ ʦʪʣʠʯʠʝ ʦʪ 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 
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ʯʝʨʥʳʭ ʜʳʨ, ʢʦʣʣʘʧʩʠʨʫʶʱʘʷ ʟʚʝʟʜʘ ʪʘʢʦʛʦ ʪʠʧʘ (ʘʚʪʦʨʳ ʧʨʝʜʣʦʞʠʣʠ ʜʣʷ ʥʝʝ ʥʘʟʚʘʥʠʝ 

ñʛʨʘʚʘʩʪʘʨò, ʩʤ. ʨʠʩ. 3.7) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʘ. 

ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʧʨʝʜʩʪʘʚʣʝʥʠʶ ʦ ʤʝʤʙʨʘʥʝ ʜʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʉ 

ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʦʥʘ ʦʧʠʨʘʝʪʩʷ ʥʘ ʢʘʨʪʠʥʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʦʙʳʯʥʦʡ ʤʘʪʝʨʠʠ ʚ ʢʦʥʜʝʥʩʘʪ 

ɹʦʟʝ-ʕʡʥʰʪʝʡʥʘ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʦʜʝʨʞʠʪ ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ʜʦʧʫʱʝʥʠʡ, ʘ 

ʬʠʛʫʨʠʨʫʶʱʘʷ ʚ ʤʦʜʝʣʠ ʦʙʦʣʦʯʢʘ ʠʤʝʝʪ ʭʦʪʴ ʠ ʦʯʝʥʴ ʤʘʣʫʶ (ʙʣʠʟʢʫʶ ʢ ñʧʣʘʥʢʦʚʩʢʦʡò), ʥʦ ʚʩʝ 

ʞʝ ʢʦʥʝʯʥʫʶ ʪʦʣʱʠʥʫ. 

ʄʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ (ʩʤ. ʨʘʟʜʝʣ 3.1), ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʟʚʝʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ 

ʆʊʆ, ʚʳʷʚʠʣʦ ʥʝ ʤʝʥʝʝ ʠʥʪʨʠʛʫʶʱʫʶ ʢʘʨʪʠʥʫ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʯʝʨʥʦʡ 

ʜʳʨʳ ʩ ʦʙʲʝʢʪʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ (ʪ.ʝ. ʥʝ ʪʦʯʝʯʥʦʛʦ). ɽʩʣʠ ʚ ʨʝʞʠʤʝ, ʜʘʣʝʢʦʤ ʦʪ ʢʦʣʣʘʧʩʘ, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ ʦʙʲʝʢʪʘ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʤʦʥʦʪʦʥʥʦ ʫʙʳʚʘʝʪ ʦʪ ʮʝʥʪʨʘ ʰʘʨʘ ʢ 

ʝʛʦ ʛʨʘʥʠʮʝ, ʪʦ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʨʝʞʠʤʫ ʢʦʣʣʘʧʩʘ ʚ ʝʛʦ ʮʝʥʪʨʝ ʚʦʟʥʠʢʘʝʪ ʪʦʯʢʘ ʨʘʟʨʳʚʘ 

ʜʘʚʣʝʥʠ,̫ ʢʦʪʦʨʘʷ ʧʦʩʪʝʧʝʥʥʦ ʚʳʪʝʩʥʷʝʪʩʷ ʢ ʝʛʦ ʛʨʘʥʠʮʝ. ʇʦ ʦʙʝ ʩʪʦʨʦʥʳ ʵʪʦʡ ʪʦʯʢʠ ʜʘʚʣʝʥʠʝ 

ʙʝʩʢʦʥʝʯʥʦ ʧʦ ʚʝʣʠʯʠʥʝ, ʥʦ ʠʤʝʝʪ ʨʘʟʥʳʝ ʟʥʘʢʠ. 

ʕʪʦ ʧʦʙʫʜʠʣʦ ʤʝʥʷ ʧʨʝʜʣʦʞʠʪʴ ʝʱʝ ʙʦʣʝʝ ʨʘʜʠʢʘʣʴʥʫʶ ʢʦʥʮʝʧʮʠʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʏɼ ʚ 

ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʦʞʝʪ ʧʦʩʣʫʞʠʪʴ ʦʩʥʦʚʦʡ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʩʚʦʡʩʪʚ ʩʘʤʦʡ 

ɺʩʝʣʝʥʥʦʡ. ɼʘʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʤʝʤʙʨʘʥʥʘʷ ʦʙʦʣʦʯʢʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʚʦʟʥʠʢʘʝʪ ʥʘ ʛʦʨʠʟʦʥʪʝ ʩʦʙʳʪʠʡ ʏɼ, ʥʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʪʘʤ 

ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʪʦʧʦʣʦʛʠʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ï ʩʘʤʦ ʬʠʟʠʯʝʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʩʯʝʟʘʝʪ, ʢʘʢ 

ʪʘʢʦʚʦʝ, ʚʥʫʪʨʠ ʏɼ, ʘ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ  ʦʙʣʘʩʪʷʤʠ ʧʨʠʦʙʨʝʪʘʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ, ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʫʶ ʯʝʤ ʨʘʟʤʝʨʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʪ.ʝ. ʚ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʛʨʘʥʠʮʘ ʙʫʜʝʪ ʜʚʫʤʝʨʥʦʡ). 

ʇʨʠ ʪʘʢʦʤ ʧʦʜʭʦʜʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʜʚʫʤʝʨʥʦʩʪʠ ʛʨʘʥʠʯʥʦʡ ʤʝʤʙʨʘʥʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ 

ʧʨʠʙʣʠʞʝʥʥʳʤ, ʘ ʘʙʩʦʣʶʪʥʦ ʪʦʯʥʳʤ. ɺʩʷ ʤʘʩʩʘ ʯʝʨʥʦʡ ʜʳʨʳ ʦʢʘʞʝʪʩʷ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʚ ʵʪʦʡ 

ʜʚʫʤʝʨʥʦʡ ʦʙʣʘʩʪʠ
6
 ʚʧʦʣʥʝ ʦʜʥʦʨʦʜʥʳʤ ʦʙʨʘʟʦʤ, ʧʦʩʢʦʣʴʢʫ ʨʘʟʣʠʯʠʡ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʫʜʘʣʝʥʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ, ʥʝ ʙʫʜʝʪ. ʉʪʘʥʦʚʠʪʩʷ ʪʘʢʞʝ ʧʦʥʷʪʥʳʤ, ʧʦʯʝʤʫ ʵʥʪʨʦʧʠʷ ʚ 

ʦʢʨʫʞʘʶʱʝʡ ʚʥʝʰʥʝʡ ʩʨʝʜʝ ʚ ʩʨʝʜʥʝʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʦʙʲʝʤʫ ʵʣʝʤʝʥʪʘ ʩʨʝʜʳ, ʘ ʚ ʤʝʤʙʨʘʥʝ 

ï ʧʣʦʱʘʜʠ ʵʣʝʤʝʥʪʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. 

 

3.6. ʅʘʰʘ ɺʩʝʣʝʥʥʘʷ ʚ ʨʦʣʠ ʏɼ ʚʦ ʚʥʝʰʥʝʡ ʩʫʧʝʨ-ʚʩʝʣʝʥʥʦʡ  

 

ʉʦʛʣʘʩʥʦ ʤʦʝʡ ʪʦʯʢʝ ʟʨʝʥʠʷ, ʚ ʤʦʤʝʥʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʧʨʦʠʩʭʦʜʠʪ ʧʦʥʠʞʝʥʠʝ 

ʥʘ ʝʜʠʥʠʮʫ ʨʘʟʤʝʨʥʦʩʪʠ ʛʨʘʥʠʯʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʚʥʫʪʨʠ ʏɼ ʥʝʪ ʚʦʦʙʱʝ ʥʠʯʝʛʦ (ʥʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʜʝ ʉʠʪʪʝʨʘ, ʥʠ ʢʘʢʦʛʦ ʣʠʙʦ ʠʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʬʠʟʠʯʝʩʢʦʤ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʧʦʥʠʤʘʥʠʠ 

ʵʪʦʛʦ ʪʝʨʤʠʥʘ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʛʣʦʱʝʥʠʠ ʤʘʪʝʨʠʠ ʠ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʴ ʛʦʨʠʟʦʥʪʘ 

ʩʦʙʳʪʠʡ  ʨʘʩʪʝʪ. ʕʪʘ ʧʦʚʝʨʭʥʦʩʪʴ ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ ʤʘʩʩʳ ʏɼ, ʪʘʢ ʯʪʦ ʧʣʦʪʥʦʩʪʴ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʟʘʨʷʜʘ ʫʤʝʥʴʰʘʝʪʩʷ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ 2-ʤʝʨʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʵʪʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʝʛʦ 2-ʤʝʨʥʘʷ ʚʩʝʣʝʥʥʘʷ ʨʘʩʪʝʪ, ʧʨʠʯʝʤ ʨʝʘʣʴʥʦʡ ʤʝʨʦʡ ʠʟʤʝʥʯʠʚʦʩʪʠ ʵʪʦʛʦ ʤʠʨʘ 

ʙʫʜʝʪ ʠʟʤʝʥʯʠʚʦʩʪʴ ʧʦʣʥʦʡ ʤʘʩʩʳ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʝʛʦ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ. ɽʩʣʠ ʪʘʢʦʡ 

ʥʘʙʣʶʜʘʪʝʣʴ ʨʘʩʧʦʣʘʛʘʝʪ ʩʧʦʩʦʙʦʤ ʩʨʘʚʥʠʚʘʪʴ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʩ ʥʝʢʦʪʦʨʳʤ ʬʠʢʩʠʨʦʚʘʥʥʳʤ 

ʵʪʘʣʦʥʦʤ, ʪʦ ʦʥ ʤʦʞʝʪ ʦʧʨʝʜʝʣʠʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʝʨʳ ʠʟʤʝʥʯʠʚʦʩʪʠ ʩʚʦʝʡ ʚʩʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʫ ï 

ʠʥʪʝʨʚʘʣ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʡ ʧʨʠʨʘʱʝʥʠʶ ʝʝ ʨʘʜʠʫʩʘ. ɼʦʙʘʚʠʤ, ʯʪʦ 

ʜʣʷ ʵʪʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʝʛʦ ʚʩʝʣʝʥʥʦʡ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (ʧʦʣʥʘʷ 

ʤʘʩʩʘ ʠ ʵʥʝʨʛʠʷ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʫʪ).   

ʉʨʘʚʥʠʚʘʷ ʩ ʵʪʦʡ ʩʠʪʫʘʮʠʝʡ ʧʦʚʝʜʝʥʠʝ ʥʘʰʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ɺʩʝʣʝʥʥʦʡ, ʤʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, 

ʦʙʨʘʱʘʝʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʦʥʘ ʪʘʢʞʝ ʨʘʩʰʠʨʷʝʪʩʷ. ɺ 1993 ʛʦʜʫ, ʨʘʟʤʳʰʣʷʷ ʥʘʜ ʠʜʝʷʤʠ 

ʅ.ɸ. ʂʦʟʳʨʝʚʘ  ʦ ʭʦʜʝ ʚʨʝʤʝʥʠ, ʷ ʧʨʠʰʝʣ ʢ ʢʦʥʮʝʧʮʠʠ ɺʩʝʣʝʥʥʦʡ ʚ ʚʠʜʝ ʩʬʝʨʠʯʝʩʢʦʡ 3-ʤʝʨʥʦʡ 

                                                           
6
 ɺ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʠʠ ʨʘʩʩʤʦʪʨʠʤ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʮʝʥʪʨʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʦʛʦ ʰʘʨʘ ʚ 

ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ. ɺʥʝ ʰʘʨʘ ʧʦʣʝ ʩʦʚʧʘʜʘʝʪ ʩ ʧʦʣʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʪʦʯʝʯʥʦʛʦ ʟʘʨʷʜʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʣʝ 

ʚʥʫʪʨʠ ʰʘʨʘ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʨʘʩʧʦʣʦʞʝʥʳ ʟʘʨʷʜʳ ʚ ʰʘʨʝ ï ʝʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʳ ʪʦʣʴʢʦ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ 

ʧʦʣʝ ʚʥʫʪʨʠ ʰʘʨʘ ʙʫʜʝʪ ʨʘʚʥʦ ʥʫʣʶ. 



3. ʆ ʯʝʨʥʳʭ ʜʳʨʘʭ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʠ ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 
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ʦʙʦʣʦʯʢʠ 4-ʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʦʛʦ ʰʘʨʘ ([ʐʫʣʴʤʘʥ, 2007ʙ]). ʋʚʝʣʠʯʠʚʘʶʱʠʡʩʷ ʨʘʜʠʫʩ ʰʘʨʘ ʷ 

ʦʪʦʞʜʝʩʪʚʠʣ ʩ ʚʦʟʨʘʩʪʦʤ ɺʩʝʣʝʥʥʦʡ, ʧʨʠʜʘʚ ʝʤʫ ʧʨʦʩʪʦʡ ʠ ʷʩʥʳʡ ʩʤʳʩʣ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʚʨʝʤʝʥʠ. ʉʢʦʨʦʩʪʴ ʩʚʝʪʘ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʦʙʨʝʣʘ ʩʪʘʪʫʩ ʵʤʧʠʨʠʯʝʩʢʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʣʷ ʧʝʨʝʭʦʜʘ ʦʪ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʜʦʣʴ 3-ʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʰʘʨʘ ʢ 

ʠʟʤʝʨʝʥʠʶ ʜʣʠʥʳ ʚʜʦʣʴ ʥʦʨʤʘʣʠ ʢ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʪʘʪʫʩ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ 

ʢʘʢ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʩʪʳʤ ʦʙʨʘʟʦʤ ʦʪʚʝʯʘʝʪ ʧʨʝʜʝʣʴʥʦʤʫ ʫʛʣʫ (90Ü) 

ʚʦʟʤʦʞʥʦʛʦ ʥʘʢʣʦʥʘ 4-ʤʝʨʥʦʡ ʤʠʨʦʚʦʡ ʣʠʥʠʠ ʜʚʠʞʝʥʠʠ ʪʝʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ 

ʩʝʯʝʥʠʷ ɺʩʝʣʝʥʥʦʡ, ʪ.ʝ. 3-ʤʝʨʥʦʡ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʘʷ ʤʦʜʝʣʴ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʚʝʜʝʥʘ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ 3-ʤʝʨʥʦʡ ʯʝʨʥʦʡ ʜʳʨʦʡ, ʪ.ʝ. 3-

ʤʝʨʥʦʡ ʤʝʤʙʨʘʥʦʡ ï ʛʦʨʠʟʦʥʪʦʤ ʩʦʙʳʪʠʡ, ʦʪʜʝʣʷʶʱʠʤ ʥʝʢʦʪʦʨʫʶ ʚʥʫʪʨʝʥʥʶʶ 4-ʤʝʨʥʫʶ 

ʦʙʣʘʩʪʴ ʦʪ 4-ʤʝʨʥʦʛʦ ʦʢʨʫʞʘʶʱʝʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ.  

 

 

 

 

 

 

 

 

 



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 
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4. ʅʆɺɸʗ ʂʆʉʄʆʃʆɻʀʏɽʉʂɸʗ ʄʆɼɽʃʔ 

 

4.1. ʌʦʨʤʘʣʠʟʤ ʊʐʈɺ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʬʦʨʤʘʣʠʟʤ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʥʦʡ ʪʝʦʨʠʠ ʰʘʨʦʚʦʡ ʨʘʩʰʠʨʷʶʱʝʡʩʷ 

ɺʩʝʣʝʥʥʦʡ (ʊʐʈɺ) ʦʩʥʦʚʘʥ ʥʘ ʪʝʭ ʞʝ ʦʙʱʝʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʫʨʘʚʥʝʥʠʷʭ ʕʡʥʰʪʝʡʥʘ ï 

ʌʨʠʜʤʘʥʘ, ʯʪʦ ʠ ʩʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ (ʉʂʄ). ɺʳʧʠʰʝʤ ʠʭ ʩʥʦʚʘ: 

 

kÖ(c/R)
 2 

+
 
(Ἓ/R)

2
 + 2( /R) = - 8ÖpÖGÖP/c

2
 

kÖ(c/R)
 2 

+
 
(Ἓ/R)

2
 = 8ÖpÖGÖr /3, 

 

ʛʜʝ G - ʧʦʩʪʦʷʥʥaʷ ʚ ʟaʢʦʥʝ ʚʩʝʤʠpʥʦʛʦ ʪʷʛʦʪʝʥʠʷ ʅʴʶʪʦʥa, c - ʩʢʦpʦʩʪʴ ʩʚʝʪa, r - ʧʣʦʪʥʦʩʪʴ, P 

- ʜaʚʣʝʥʠʝ, k = 0, 1 ʠʣʠ -1 ʚ ʟaʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥaʢa ʢpʠʚʠʟʥʳ. ɿʜʝʩʴ ʩʠʤʚʦʣʳ Ἓ  ʠ  ʦʙʦʟʥʘʯʘʶʪ 

ʧʝʨʚʫʶ ʠ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ R ʧʦ ʚʨʝʤʝʥʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 ʆʜʥʘʢʦ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʤʳ ʪʝʧʝʨʴ ʚʚʦʜʠʤ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʦʪʣʠʯʠʷ. 

ɺʦ-ʧʝʨʚʳʭ, ʧʦʩʢʦʣʴʢʫ ɺʩʝʣʝʥʥʘʷ ʟʘʧʦʣʥʝʥʘ ʤʘʪʝʨʠʝʡ (ʩ ʥʝʢʦʪʦʨʦʡ, ʭʦʪʷ ʙʳ ʠ ʦʯʝʥʴ ʤʘʣʦʡ, 

ʧʣʦʪʥʦʩʪʴʶ r), ʤʳ, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʚʦʜʘʤʠ ʨʘʟʜʝʣʘ 3.3, ʥʝ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ ʩʪʘʪʠʯʝʩʢʦʝ 

ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʠ P ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʳʤ ʥʫʣʶ, ʘ ʙʫʜʝʤ ʠʩʢʘʪʴ ʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ. ɺʦ-ʚʪʦʨʳʭ, ʤʳ ʪʘʢʞʝ ʦʪʢʘʟʳʚʘʝʤʩʷ ʩʯʠʪʘʪʴ ʥʝʠʟʤʝʥʥʦʡ (ʘ ʟʥʘʯʠʪ, ʟʘʜʘʥʥʦʡ) 

ʛʣʦʙʘʣʴʥʫʶ ʵʥʝʨʛʠʶ ɺʩʝʣʝʥʥʦʡ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʵʚʦʣʶʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤ ɺʩʝʣʝʥʥʫʶ 

ʢʘʢ ʯʝʨʥʫʶ ʜʳʨʫ, ʧʦʛʣʦʱʘʶʱʫʶ ʵʥʝʨʛʠʶ ʠ ʤʘʪʝʨʠʶ ʠʟʚʥʝ. ʇʦʵʪʦʤʫ ʠ ʟʘʢʦʥ ʵʚʦʣʶʮʠʠ ʵʥʝʨʛʠʠ 

ʤʳ ʙʫʜʝʤ ʠʩʢʘʪʴ, ʨʝʰʘʷ ʫʢʘʟʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ. 

ʇʨʠ ʵʪʦʤ ʥʘʤ ʪʨʝʙʫʝʪʩʷ ʟʘʤʝʥʠʪʴ ʜʦʧʫʱʝʥʠʝ ʦ ʩʦʭʨʘʥʝʥʠʠ ʚʦ ʚʨʝʤʝʥʠ ʤʘʩʩʳ ʚʝʱʝʩʪʚʘ ʠ 

ʵʥʝʨʛʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ  ʢʘʢʦʡ-ʪʦ ʜʨʫʛʦʡ ʛʠʧʦʪʝʟʦʡ. ʊʘʢʫʶ ʛʠʧʦʪʝʟʫ ʣʝʛʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ, 

ʠʩʭʦʜʷ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʚʨʝʤʷ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʝʩʪʴ ʥʝ ʯʪʦ ʠʥʦʝ, ʢʘʢ 

ñʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʚʨʝʤʷò ʯʝʨʥʦʡ ʜʳʨʳ, ʢʦʪʦʨʫʶ ʦʥʘ ʩʦʙʦʡ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʪ.ʝ. ʩʪʨʦʛʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʝ ʨʘʟʤʝʨʫ
7
! ʇʦʵʪʦʤʫ ʤʳ ʧʦʣʦʞʠʤ =0, ʪʝʤ ʩʘʤʳʤ ʠʩʢʣʶʯʠʚ ʚʦʟʤʦʞʥʦʩʪʴ 

ʥʝʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ ɺʩʝʣʝʥʥʦʡ. ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ 

ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʨʝʰʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʘʚʣʝʥʠʷ P ʚ 

ʚʠʜʝ: 

k(c/R)
 2 

+
 
(Ἓ /R)

2
 = - 8pGP/c

2
 

 

ʘ ʪʘʢʞʝ ʦʙʳʯʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩʚʷʟʠ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ P ʠ ʧʣʦʪʥʦʩʪʴʶ r: 
 

P = - rc 2
/3 

 

ʉʚʦʜʢʘ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʕʌ ʧʨʠ  = 0 ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 4.1. 

ʊʘʙʣʠʮʘ 4.1. 

 

Ἓ k ʈʝʰʘʝʤʦʝ ʫʨʘʚʥʝʥʠʝ r P 

0 0 0  + 0 =  - 8pGP/c
2
 0 0 

1 (c/R)
2
  + 0 = - 8pGP/c

2
 + 3c

2 
/ (8pGR

2
) - c

4 
/ (8pGR

2
) 

-1 - (c/R)
2
 + 0 = - 8pGP/c

2
 - 3c

2 
/ (8pGR

2
) + c

4 
/ (8pGR

2
) 

Ñ c 0 0 + (Ñ c/R)
2
 = - 8pGP/c

2
 + 3c

2 
/ (8pGR

2
) - c

4 
/ (8pGR

2
) 

1 (c/R)
2
 + (Ñ c/R)

2
 = - 8pGP/c

2
 + 3c

2 
/ (4pGR

2
) - c

4 
/ (4pGR

2
) 

-1 - (c/R)
2
 + (Ñ c/R)

2 
 = - 8pGP/c

2
 0 0 

 

                                                           
7
 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʪʝʨʠʥʩʢʦʡ ʚʩʝʣʝʥʥʦʡ, ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʚʨʝʤʷ ʯʝʨʥʦʡ ʜʳʨʳ ʨʘʩʪʝʪ ʪʦʣʴʢʦ ʚ ʪʝ ʧʝʨʠʦʜʳ, ʢʦʛʜʘ ʝʝ 

ʤʘʩʩʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ.  



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

28 

ʈʝʰʝʥʠʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ Ἓ = 0,  = 0, k = 1 ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣ 

ʕʡʥʰʪʝʡʥ. ʇʦʩʢʦʣʴʢʫ ʦʥ-ʪʦ ʥʝ ʫʯʠʪʳʚʘʣ ʩʪʘʪʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʠ, ʪʦ ʝʤʫ  ʧʨʠʰʣʦʩʴ 

ʠʩʢʫʩʩʪʚʝʥʥʦ ʚʚʝʩʪʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʧʦʩʪʦʷʥʥʫʶ (ʠʥʘʯʝ ʨʝʰʝʥʠʝ ʚʦʦʙʱʝ ʦʪʩʫʪʩʪʚʫʝʪ). ɺ 

ʜʘʣɹʥʝʡʰʝʤ ʚʦʧʨʦʩ ʦʙ ʵʪʦʡ ʚʝʣʠʯʠʥʝ ʠ ʝʝ ʬʠʟʠʯʝʩʢʦʤ ʩʤʳʩʣʝ ʧʦʚʠʩ ʚ ʚʦʟʜʫʭʝ ʠ ʩʯʠʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ ʚʧʣʦʪʴ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʊʘʢʦʚʳ ʠʟʜʝʨʞʢʠ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʦʡ ʪʨʘʜʠʮʠʠ. 

ʄʳ ʞʝ ʜʣʷ ʵʪʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʩʣʫʯʘʷ ʥʘʭʦʜʠʤ ʩʚʷʟʴ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʠ ʨʘʜʠʫʩʦʤ 

ʢʨʠʚʠʟʥʳ: 

r = 3c
2
/(8pGR

2
) 

 

ɺʪʦʨʦʝ ʟʘʤʝʯʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʚʦʟʥʠʢʘʝʪ (ʧʨʠ k = 1), ʝʩʣʠ ʧʨʠʥʷʪʴ ʫʩʣʦʚʠʷ Ἓ = c,  = 0, 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʨʘʩʪʝʪ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʨʝʤʝʥʠ. ʕʪʦ ʨʝʰʝʥʠʝ 

ʠʤʝʝʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ, ʩʤʳʩʣ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ 

ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʘʤʦ ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ, ʯʪʦ ʥʝʪ ʥʠʢʘʢʠʭ 

ʠʥʳʭ ñʤʘʨʢʝʨʦʚò ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ, ʢʨʦʤʝ ʝʝ ʪʝʢʫʱʝʛʦ ʨʘʟʤʝʨʘ. 

ʇʦʜʩʪʘʚʠʚ ʜʘʥʥʳʝ ʫʩʣʦʚʠʷ ʚ ʧpʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʫpaʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥa, ʥaʡʜʝʤ: 

 

2(c/R)
 2
 = - 8pGP/c

 2
 

2(c/R)
 2
 = 8pGr /3 

 

ʧʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ ʩʚʷʟʠ ʤʝʞʜʫ ʜʘʚʣʝʥʠʝʤ ʠ ʨʘʜʠʫʩʦʤ ʢʨʠʚʠʟʥʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʴʶ ʦʪʣʠʯʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʦʜʥʘʢʦ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʜʘʚʣʝʥʠʝʤ ʠ ʧʣʦʪʥʦʩʪʴʶ (ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ) ʠʤʝʝʪ ʦʜʠʥʘʢʦʚʳʡ ʚʠʜ (P = - rc 2
/3). 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ɻʪʦ ʚʪʦʨʦʝ ʨʝʰʝʥʠʝ ʚʨʝʤʷ ʚ ʷʚʥʦʤ ʚʠʜʝ ʚʦʦʙʱʝ ʥʝ ʚʭʦʜʠʪ, ʯʪʦ ʠ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʧʠʩʘʥʥʫʶ ʚʳʰʝ ʝʛʦ ʠʥʪʝʨʧʨʝʪʘʮʠʶ. ɼʘʣʝʝ, ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʨʘʜʠʫʩʘ 

ʢʨʠʚʠʟʥʳ ʦʪ ʚʨʝʤʝʥʠ, ʙʫʜʫʯʠ ʧʦʩʪʫʣʠʨʦʚʘʥʥʦʡ, ʥʝ ʜʦʣʞʥʘ ʪʝʧʝʨʴ ʚʳʚʦʜʠʪʴʩʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ; ʵʪʦʪ ʞʝ ʧʦʩʪʫʣʘʪ ʜʝʣʘʝʪ ʝʝ ʬʠʟʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʷʱʝʡ (ʚʦ ʚʨʝʤʝʥʠ) ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʤʘʪʝʨʠʠ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ ʚʳʚʦʜ, ʧʨʦʪʠʚʦʨʝʯʘʱʠʡ ʧʨʠʥʷʪʦʡ ʪʨʘʜʠʮʠʠ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʧʦʣʷ, 

ʥʦ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʶʱʠʡ ʩʘʤʦʤʫ ʜʫʭʫ ʵʡʥʰʪʝʡʥʦʚʩʢʦʛʦ ʧʦʜʭʦʜʘ, ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘ 

ʛʝʦʤʝʪʨʠʟʘʮʠʶ ʬʠʟʠʢʠ. ʆʥ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟ ʥʘʡʜʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʠʩʢʘʪʴ ʧʣʦʪʥʦʩʪʴ ʠ 

ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʠ ʚ ʚʠʜʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʦʪ ʢʨʠʚʠʟʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʘ ʥʝ ʥʘʦʙʦʨʦʪ: 

 

r = 3c
2 
/ (4pGR

2
) 

P = - c
4
/(4pGR

2
) 

 

ʅʘ ʷʟʳʢʝ ʬʠʟʠʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʠ ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʠ ʩʫʪʴ ʧʨʦʩʪʦ ʜʘʥʥʳʝ 

ʥʘʤ ʚ ʦʱʫʱʝʥʠʷʭ (ʠʟʤʝʨʝʥʠʷʭ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʚʠʟʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪ.ʝ. ʯʪʦ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʚʪʦʨʠʯʥʳʤʠ, ʟʘʚʠʩʠʤʳʤʠ ʦʪ ʥʝʝ ʚʝʣʠʯʠʥʘʤʠ. ɼʦʙʘʚʠʤ, ʯʪʦ ʵʪʦʪ ʧʫʪʴ, ʚ ʩʫʱʥʦʩʪʠ, ʦʙʦʟʥʘʯʠʣ 

ʩʘʤ ʕʡʥʰʪʝʡʥ, ʚʚʝʜʷ ʟʘʤʢʥʫʪʫʶ ʥʘ ʩʝʙʷ ɺʩʝʣʝʥʥʫʶ, ʪ.ʝ. ʟʘʤʝʥʠʚ ʟʘʜʘʥʠʝ ʬʠʢʩʠʨʦʚʘʥʥʳʭ 

ʫʩʣʦʚʠʡ ʥʘ ʛʨʘʥʠʮʘʭ ʫʩʣʦʚʠʝʤ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʨʝʰʝʥʠʷ! 

ʊʦʛʜʘ ʠʟ ʦʙʳʯʥʳʭ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ï ʌʨʠʜʤʘʥʘ ʜʣʷ ʤʦʜʝʣʠ 

ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʚ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʤ ʚʨʝʤʝʥʠ ʜʘʚʣʝʥʠʝ ʠ ʵʥʝʨʛʠʷ ʥʘʭʦʜʷʪʩʷ ʫʞʝ ʢʘʢ 

ʨʝʰʝʥʠʝ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʦ ʨʝʰʝʥʠʝ, ʢʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʦʧʨʝʜʝʣʷʝʪ (ʦʪʨʠʮʘʪʝʣʴʥʦʝ) 

ʜʘʚʣʝʥʠʝ ʬʫʥʢʮʠʝʡ, ʚ ʪʦʯʥʦʩʪʠ ʦʪʚʝʯʘʶʱʝʡ ʚʝʣʠʯʠʥʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʵʥʝʨʛʠʠ ʠ ʤʘʩʩʝ 

ɺʩʝʣʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ ʣʠʥʝʡʥʦ. ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʦʯʝʥʴ 

ʤʥʦʛʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʣʶʜʘʝʤʦʡ ɺʩʝʣʝʥʥʦʡ.  

ɺ ʯʘʩʪʥʦʩʪʠ, ʩʪʘʥʦʚʠʪʩʷ ʷʩʥʳʤ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘ ï ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ 

ʥʘʯʘʣʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ
8
 ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʢʪʘ, ʥʘʙʣʶʜʘʝʤʳʤ ñʠʟʥʫʪʨʠò, ʪ.ʝ. 

ʥʘʙʣʶʜʘʪʝʣʝʤ ʠʟ 3-ʤʝʨʥʦʡ ʤʝʤʙʨʘʥʳ. ɺʦʟʨʘʩʪ ʵʪʦʡ ʤʝʤʙʨʘʥʳ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʝʝ 

ʪʝʢʫʱʝʤʫ 3-ʤʝʨʥʦʤʫ ʨʘʜʠʫʩʫ. ʄʘʩʩʘ ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ (ʢʘʢ ʠ ʤʘʩʩʘ ʚʩʝʡ ɺʩʝʣʝʥʥʦʡ) ʨʘʩʪʝʪ 

                                                           
8
ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʘʥʘʣʦʛʠʯʥʘʷ ʛʠʧʦʪʝʟʘ ʩʦ ʩʩʳʣʢʦʡ ʥʘ ɼʞ. ʋʠʣʝʨʘ ʧʨʠʚʦʜʠʪʩʷ ʚ ʧʫʙʣʠʢʘʮʠʠ [Smolin, 

1994]. 



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

29 

ʣʠʥʝʡʥʦ ʚʦ ʚʨʝʤʝʥʠ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʞʠʜʘʥʥʦ ʠ ʩʚʦʝʦʙʨʘʟʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʩʧʨʘʚʝʜʣʠʚʳʤ 

ʪʝʟʠʩ ʅ.ɸ. ʂʦʟʳʨʝʚʘ ʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʚʨʝʤʝʥʠ ʚ ʵʥʝʨʛʠʶ. 

ʅʘ ʨʠʩ. 4.1 ʧʦʢʘʟʘʥʳ ([ʐʫʣʴʤʘʥ ʠ ʈʵʬʬʝʣ, 2008]) ʙʝʟʨʘʟʤʝʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ  ɺʩʝʣʝʥʥʦʡ ʦʪ ʝʝ ʚʦʟʨʘʩʪʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʵʚʦʣʶʮʠʠ: ʢʨʘʩʥʘʷ 

ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʊʐʈɺ (SEUT), ʪʦʛʜʘ ʢʘʢ ʟʝʣʝʥʘʷ ʠ ʩʠʥʷʷ ʢʨʠʚʳʝ ï ʜʚʫʤ ʚʝʨʩʠʷʤ ʉʂʄ.  

ʇʨʠ ʵʪʦʤ ʩʠʥʷʷ ʢʨʠʚʘʷ ʦʪʚʝʯʘʝʪ ʥʝʥʫʣʝʚʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʦʜʦʙʨʘʥʦ ʢʦʩʤʦʣʦʛʘʤʠ ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ ʥʘʠʣʫʯʰʝʛʦ ʩʦʚʧʘʜʝʥʠʷ ʩ ʜʘʥʥʳʤʠ ʥʘʙʣʶʜʝʥʠʡ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ʟʘʚʝʜʦʤʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʣʠʥʝʡʥʫʶ 

ʵʚʦʣʶʮʠʶ ʩʠʥʝʡ ʢʨʠʚʦʡ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 4.1. ʀʟʤʝʥʝʥʠʝ ʨʘʟʤʝʨʘ ɺʩʝʣʝʥʥʦʡ ʩ ʚʦʟʨʘʩʪʦʤ 

 

ʇʦʩʢʦʣʴʢʫ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʧʦʣʫʯʝʥʦ ʜʣʷ ʩʣʫʯʘʷ Ἓ = c, ʪʦ ʧʘʨʘʤʝʪʨ ʍʘʙʙʣʘ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʨʘʜʠʫʩʫ ʠ ʚʦʟʨʘʩʪʫ ɺʩʝʣʝʥʥʦʡ. Cʫʱʝʩʪʚʝʥʥʦʝ ʦʪʣʠʯʠʝ ʵʪʦʛʦ 

ʨʝʰʝʥʠʷ ʦʪ ʧʦʭʦʞʝʛʦ ʨʝʰʝʥʠʷ ʌʨʠʜʤʘʥʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʦ ʦʪʚʝʯʘʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʡ 

ʢʨʠʚʠʟʥʝ 4-ʩʬʝʨʳ, ʘ ʥʝ ʧʣʦʩʢʦʡ ʤʝʪʨʠʢʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʧʣʦʪʥʦʩʪʴ ʚʩʝʛʜʘ ʨʘʚʥʘ 3H
2
/ (4pG), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ 2r0 (ʩʨ. ʩ ʟʘʤʝʯʘʥʠʝʤ ɺʝʡʥʙʝʨʛʘ
9
). ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʤʘʩʩʘ ɺʩʝʣʝʥʥʦʡ, ʨʘʚʥʘʷ 

ʧʨʦʠʟʚʝʜʝʥʠʶ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʥʘ ʝʝ ʦʙʲʝʤ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ, ʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ ʠ ʚʨʝʤʝʥʠ.  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʟaʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʦʜʥʦʟʥaʯʥʳʤ ʦʙpaʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪaʢʦʤʫ 

ʯʠʩʪʦ "ʛʝʦʤʝʪpʠʯʝʩʢʦʤʫ" ʩʚʦʡʩʪʚʫ ɺʩʝʣʝʥʥʦʡ, ʢaʢ ʦʜʥʦpʦʜʥʦʩʪʴ ʚpʝʤʝʥʠ, ʪ.ʝ. ʥʝʟaʚʠʩʠʤʦʩʪʴ ʚ 

ʦʙʱʝʤ ʩʣʫʯaʝ ʭapaʢʪʝpʠʩʪʠʢ ʪʝʯʝʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʧpʦʮʝʩʩa ʦʪ ʪʦʛʦ, ʢʦʛʜa ʠʤʝʥʥʦ ʦʥ ʙʳʣ ʥaʯaʪ 

- ʚʯʝpa, ʩʪʦ ʣʝʪ ʠʣʠ ʩʪʦ ʤʠʣʣʠapʜʦʚ ʣʝʪ ʥaʟaʜ. ʊaʢʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʦʪʩʫʪʩʪʚʠʝʤ ʚ 

aʥaʣʠʪʠʯʝʩʢʦʤ ʬʦpʤaʣʠʟʤʝ ʷʚʥʦʡ ʟaʚʠʩʠʤʦʩʪʠ ʦʪ ʚpʝʤʝʥʠ ʬʫʥʢʮʠʠ ʃaʛpaʥʞa ʜʣʷ ʟaʤʢʥʫʪʦʡ 

ʬʠʟʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʪ.ʝ. paʚʝʥʩʪʚʦʤ ʥʫʣʶ ʝʝ ʯaʩʪʥʦʡ ʧpʦʠʟʚʦʜʥʦʡ ʧʦ ʚpʝʤʝʥʠ. 

ʆʩʪʘʚʘʷʩʴ ʚ ʨʘʤʢʘʭ ʢʣaʩʩʠʯʝʩʢʦʡ ʤʝʭaʥʠʢʠ, ʤʳ ʫʞʝ ʤʦʞʝʤ ʫʩʦʤʥʠʪʴʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʝʯʝʥʠʝ 

ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧpʦʮʝʩʩʦʚ ʥʝ ʟaʚʠʩʠʪ ʦʪ ʢpʠʚʠʟʥʳ ʪʦʡ ʦʙʣaʩʪʠ ʧpʦʩʪpaʥʩʪʚa, 

ʚ ʢʦʪʦpʳʭ ʵʪʠ ʧpʦʮʝʩʩʳ ʧpʦʪʝʢaʶʪ. ʅaʧʦʤʥʠʤ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʫpaʚʥʝʥʠʷ ʃaʛpaʥʞa ʚʳʚʦʜʷʪʩʷ ʠʟ 

ʚapʠaʮʠʦʥʥʦʛʦ ʧpʠʥʮʠʧa, ʩʦʛʣaʩʥʦ ʢʦʪʦpʦʤʫ pʝaʣʴʥaʷ ʪpaʝʢʪʦpʠʷ ʚ ʧpʦʩʪpaʥʩʪʚʝ ʦʙʝʩʧʝʯʠʚaʝʪ 

ʥaʠʤʝʥʴʰʝʝ ʟʥaʯʝʥʠʝ ʩʧʝʮʠaʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥaʣa - ʜʝʡʩʪʚʠʷ. ɽʩʣʠ ʢpʠʚʠʟʥa ʧpʦʩʪpaʥʩʪʚa 

ʤʝʥʷʝʪʩʷ ʩ ʪʝʯʝʥʠʝʤ ʚpʝʤʝʥʠ, ʪʦ ʚʳʙʦp ʥaʯaʣʴʥʦʛʦ ʠ ʢʦʥʝʯʥʦʛʦ ʤʦʤʝʥʪa ʚapʴʠpʦʚaʥʠʷ 

ʧpʠʥʮʠʧʠaʣʴʥʦ ʚʣʠʷʝʪ ʫʞʝ ʥa ʩaʤʦ ʤʥʦʞʝʩʪʚʦ ʠ ʭapaʢʪʝp ʚapʴʠpʫʝʤʳʭ ʪpaʝʢʪʦpʠʡ, ʯʪʦ ʚ 

ʦʙʱʝʤ ʩʣʫʯaʝ ʠʩʢʣʶʯaʝʪ ʥʝʟaʚʠʩʠʤʦʩʪʴ pʝʟʫʣʴʪaʪa ʦʪ ʵʪʦʛʦ ʚʳʙʦpa, ʪ.ʝ. ʪʝʟʠʩ ʦʙ ʦʜʥʦpʦʜʥʦʩʪʠ 

                                                           
9
 ɺ Ä2 ʛʣʘʚʳ 15 ʠʟʚʝʩʪʥʦʡ ʤʦʥʦʛʨʘʬʠʠ [Weinberg, 1972] ʝʝ ʘʚʪʦʨ ʧʠʰʝʪ, ʯʪʦ ʝʩʣʠ ʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʤ ʠʟ 

ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʷʤ ñʧʘʨʘʤʝʪʨʘ ʟʘʤʝʜʣʝʥʠʷò ʠ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ, ʪʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ 

ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ ʦʢʦʣʦ 2ɟʢʨ.  

(R/R0) 
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ʚpʝʤʝʥʠ. ʂʦʛʜʘ ʞʝ ʤʳ ʧʝʨʝʭʦʜʠʤ ʢ ʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʤʝʭʘʥʠʢʝ, ʤʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʪʝʤ, ʯʪʦ ʦʪ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ɺʩʝʣʝʥʥʦʡ ʟʘʚʠʩʠʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ 

ʤʝʪʨʠʯʝʩʢʠʡ ʪʝʥʟʦʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʘʨʘʤʝʪʨʳ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʜʚʠʞʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʦʪ 

ʚʝʣʠʯʥʳ ʵʪʦʛʦ ʨʘʜʠʫʩʘ, ʪ.ʝ. ʦʪ ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ, ʤʦʛʫʪ ʟʘʚʠʩʝʪʴ ʠ ʜʨʫʛʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 

ʚʝʣʠʯʠʥʳ, ʥʘʧʨʠʤʝʨ ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ (ʩʤ. [ʐʫʣʴʤʘʥ, 2004]). 

ɺʦʦʙʱʝ, ʢʦʛʜa pʝʯʴ ʟaʭʦʜʠʪ ʦ paʩʧpʦʩʪpaʥʝʥʠʠ ʟaʢʦʥa ʩʦʭpaʥʝʥʠʠ ʵʥʝpʛʠʠ ʥa ʦʙʱʫʶ 

ʪʝʦʨʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʜʝʣaʝʪʩʷ ʵʪʦ ʩʢʦpʝʝ ʚ ʩʠʣʫ ʪpaʜʠʮʠʠ, ʯʝʤ ʠʩʭʦʜʷ ʠʟ ʩʪpʦʛʦʛʦ 

ʦʙʦʩʥʦʚaʥʠʷ. ʕʪʦ ʧpʠʚʦʜʠʪ ʢ ʠʟʚʝʩʪʥʳʤ ʣʦʛʠʯʝʩʢʠʤ ʪpʫʜʥʦʩʪʷʤ, ʧʦ ʧʦʚʦʜʫ ʢʦʪʦpʳʭ ʫ ʬʠʟʠʢʦʚ 

ʠʤʝʶʪʩʷ paʟʣʠʯʥʳʝ ʤʥʝʥʠʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʃʦʛʫʥʦʚ, 1988]) ʠ ʥa ʢʦʪʦpʳʭ ʤʳ ʟʜʝʩʴ 

ʦʩʪaʥaʚʣʠʚaʪʴʩʷ ʥʝ ʩʪaʥʝʤ.  

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠʤʝʥʥʦ ʫpaʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥa ʠ ʦʪpaʞaʝʤaʷ ʠʤʠ ʦʙʲʝʢʪʠʚʥaʷ 

ʬʠʟʠʯʝʩʢaʷ pʝaʣʴʥʦʩʪʴ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚaʪʴʩʷ ʚ ʢaʯʝʩʪʚʝ ʦʪʧpaʚʥʦʛʦ ʤʦʤʝʥʪa ʪʝʦpʠʠ, ʧʨʠʚʦʜʷ 

ʢ ʦʙʦʙʱʝʥʠʶ ʪʝʦʨʝʤʳ ʅʸʪʝʨ. ɺ ʧpaʚʠʣʴʥʦʡ ʪʝʦpʠʠ ʥaʡʜʝʥʥaʷ ʧʫʪʝʤ pʝʰʝʥʠʷ ʵʪʠʭ ʫpaʚʥʝʥʠʡ 

ʟaʚʠʩʠʤʦʩʪʴ ʩpʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʤaʪʝpʠʠ ʠ ʚʩʝʡ ʤaʩʩʳ ɺʩʝʣʝʥʥʦʡ ʦʪ ʚpʝʤʝʥʠ ʜʦʣʞʥa ʧpʠʚʦʜʠʪʴ 

ʢ ʪʦʯʥʦʤʫ ʠʣʠ ʧpʠʙʣʠʞʝʥʥʦʤʫ ʚʳʧʦʣʥʝʥʠʶ ʟaʢʦʥa ʩʦʭpaʥʝʥʠʷ ʤaʩʩʳ ʠ ʵʥʝpʛʠʠ, a ʥʝ ʥaʦʙʦpʦʪ. 

ʊaʢ ʠ ʦʙʩʪʦʠʪ ʜʝʣʦ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʠ ʜaʥʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝ ʪʦʣʴʢʦ ʧpʦʷʩʥʷʝʪ ʧpʦʙʣʝʤʫ 

ʩʦʭpaʥʝʥʠʷ ʵʥʝpʛʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʥʦ ʠ ʧʦʤʦʛaʝʪ ʚʳʡʪʠ ʥa ʧpaʚʠʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʧʦʟʠʮʠʠ ʧpʠ 

aʥaʣʠʟʝ ʪaʢʦʛʦ ʦʙʲʝʢʪʠʚʥʦ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʬʝʥʦʤʝʥa, ʢaʢ ʥaʧpaʚʣʝʥʥʦʩʪʴ (ñʩʪpʝʣaò) ʚpʝʤʝʥʠ. 

ɺ ʩʠʣʫ ʩʢʘʟʘʥʥʦʛʦ ʚʳʰʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢaʷ ʪʝʦpʠʷ ñʙʦʣʴʰʦʛʦ ʚʟpʳʚaò ʜʦʣʞʥa ʙʳʪʴ 

ʟaʤʝʥʝʥa ʤʦʜʝʣʴʶ ñʵʥʝpʛʝʪʠʯʝʩʢʦʛʦ ʥaʩʦʩaò. ʇʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʯʘʣʴʥʦʡ 

ʩʠʥʛʫʣʷʨʥʦʩʪʴʶ, ʚʦ ʤʥʦʛʦʤ ʪʝʨʷʶʪ ʩʚʦʶ ʦʩʪʨʦʪʫ, ʧʦʩʢʦʣʴʢʫ ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ ʠ 

ʵʥʝʨʛʠʠ ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʪʘʢʞʝ ʨʘʚʥʳ ʥʫʣʶ. 

ʀʩʭʦʜʷ ʠʟ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʅ.ɸ.ʂʦʟʳpʝʚ [ʂʦʟʳpʝʚ, 1991] ʚʳʩʢʘʟʳʚʘʣ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʝʜʠʥʩʪʚʝ ʤʝʭaʥʠʟʤa ʠʟʣʫʯʝʥʠʷ ʟʚʝʟʜ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ñʧpʝʚpaʱʝʥʠʠò ʚpʝʤʝʥʠ ʚ 

ʵʥʝpʛʠʶ. ʉʦʛʣʘʩʥʦ ʥʘʰʝʡ ʤʦʜʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʤʘʩʩʳ ʠ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʟʚʝʟʜʳ 

ʨʘʚʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦʤʫ ʧʨʠʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ: Dm/m = DE/E = Dt / t. 

ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʵʥʝʨʛʠʷ ʤʦʞʝʪ ʦʙʫʩʣʦʚʠʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʥʘ 

ʝʜʠʥʠʮʫ ʤʘʩʩʳ ʟʚʝʟʜʳ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʫʶ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ (ʚ ʥʘʰʝʡ ʤʦʜʝʣʠ ʵʪʘ ʧʦʩʪʦʷʥʥʘʷ 

ʨʘʚʥʘ H = 1/t): 

DE/(DtÖm) ¢ c2
H 

 

ʊʘʢ, ʜʣʷ ʉʦʣʥʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʩʳ ʟʘ ʩʯʝʪ ʠʟʣʫʯʝʥʠʷ ʚ ʛʦʜ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 10
-13

, 

ʪʦʛʜʘ ʢʘʢ ʪʝʢʫʱʠʡ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʝʣʴʥʳʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʜʦ 10
-10

. 

ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʤʘʩʩʝ ʉʦʣʥʮʘ ʧʦʨʷʜʢʘ 10
30 
ʢʛ ʝʞʝʛʦʜʥʳʡ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʚ 10

18
 ʢʛ 

ʩʦʩʪʘʚʣʷʝʪ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʳʨʘʞʝʥʠʠ ʧʨʠʤʝʨʥʦ 10
-12
. ɹʣʠʟʢʠʡ ʧʦ ʚʝʣʠʯʠʥʝ ʧʨʠʨʦʩʪ ʤʘʩʩʳ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʙʲʷʩʥʝʥʠʷ ʥʘʙʣʶʜʘʝʤʦʛʦ (ʠ ʧʦʢʘ ʥʠʢʝʤ ʥʝ ʦʙʲʷʩʥʝʥʥʦʛʦ
10
) ʝʞʝʛʦʜʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ɿʝʤʣʝʡ ʠ ʉʦʣʥʮʝʤ ʥʘ 15 ʩʤ. 

ɼʘʣʝʝ ʥʘ ʦʩʥʦʚʝ ʚʥʦʚʴ ʧʦʣʫʯʝʥʥʳʭ ʨʝʰʝʥʠʡ ʤʳ ʩʨʘʚʥʠʤ ʧʨʝʜʩʢʘʟʘʥʠʷ ʊʐʈɺ ʩ ʨʝʘʣʴʥʦ 

ʠʤʝʶʱʠʤʠʩʷ ʜʘʥʥʳʤʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ, ʦʙʩʫʜʠʤ ʨʷʜ ʚʘʞʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ 

ʪʝʤ. 

 

4.2.  ʆ ʟʘʤʢʥʫʪʦʩʪʠ ɺʩʝʣʝʥʥʦʡ 

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚ ʨʘʟʜʝʣʝ 2.11 (ʚ ʩʥʦʩʢʝ), ʕʡʥʰʪʝʡʥ ʥʘʰʝʣ ʜʣʷ ʩʚʦʝʡ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ, ʯʪʦ  

 

R=(2MÖG)/(cÖ
2
ˊ)= RG /p , 

 

                                                           
10

 arXiv:0907.2469v1 [gr-qc] 14 Jul 2009. J. Anderson et al. Astrometric Solar-System Anomalies. 



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

31 

ʛʜʝ M ï ʤʘʩʩʘ ɺʩʝʣʝʥʥʦʡ, G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʅʴʶʪʦʥʘ, c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ; ʧʨʠ 

ʪʘʢʦʤ ʧʦʜʩʯʝʪʝ R ʦʢʘʟʳʚʘʝʪʩʷ ʚ ˊ ʨʘʟ ʤʝʥʴʰʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ "ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘò 

ɺʩʝʣʝʥʥʦʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚr ʨʘʟʠʚ ʤʘʩʩʫ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ   M = rÖV ʯʝʨʝʟ (ʥʘʡʜʝʥʥʫʶ ʥʘʤʠ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʨʝʰʝʥʠʷ) ʩʨʝʜʥʶʶ ʧʣʦʪʥʦʩʪʴ r = 3Öc2
/(4ÖpÖGÖR2

) ʠ ʦʙʲʝʤ 3-ʤʝʨʥʦʛʦ 

ʥʝʝʚʢʣʠʜʦʚʦʛʦ ʰʘʨʘ V=2Öp2
ÖR

3
, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ ʧʨʠʤʝʨʥʦ ʪʦʛʦ ʞʝ ʧʦʨʷʜʢʘ 

 

R = 2ÖMÖG / (3ÖpÖc 2
) = RG / (3p) 

 

ʊʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ, ʯʪʦ ʧʨʠ ʥʠʯʪʦʞʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ 

ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʘʤʘ ɺʩʝʣʝʥʥʘʷ - ñʯʝʨʥʦʡ ʜʳʨʦʡò), 

ʦʙʲʷʩʥʷʝʪʩʷ, ʢʘʢ ʚʳʰʝ ʛʦʚʦʨʠʣʦʩʴ, ʩʣʝʜʫʶʱʠʤ ʧʨʦʩʪʳʤ ʩʦʦʙʨʘʞʝʥʠʝʤ: ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʩʬʝʨʠʯʝʩʢʦʡ ʬʦʨʤʝ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʤʘʩʩʝ ʦʙʲʝʢʪʘ, ʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ - ʚʩʝʛʦ ʣʠʰʴ ʢʫʙʠʯʝʩʢʦʤʫ ʢʦʨʥʶ ʠʟ ʤʘʩʩʳ. ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ R<RG  ʚ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʩʦʛʣʘʩʫʝʪʩʷ ʩʦ ʩʜʝʣʘʥʥʳʤ ʧʨʠ ʨʘʩʯʝʪʝ ʜʦʧʫʱʝʥʠʝʤ ʦ ʟʘʤʢʥʫʪʦʩʪʠ ɺʩʝʣʝʥʥʦʡ, 

ʦʪʩʫʪʩʪʚʠʝʤ ʫ ʥʝʝ ʛʨʘʥʠʮ ʧʨʠ ʢʦʥʝʯʥʦʤ ʦʙʲʝʤʝ, ʪ.ʝ. ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ 

ʦʙʣʘʩʪʴ ʣʦʢʘʣʠʟʘʮʠʠ ʵʥʝʨʛʠʠ ʧʦʢʦʷ ʤʘʪʝʨʠʠ ɺʩʝʣʝʥʥʦʡ ʥʝ ʧʨʝʚʳʰʘʝʪ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ 

ʜʝʡʩʪʚʫʝʪ ʛʨʘʚʠʪʘʮʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʠ ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʨʝʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʮʝʥʢʠ  (ʩʤ. 

ʛʣʘʚʫ 1) ʧʦʜʪʚʝʨʞʜʘʶʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʥʘʰʝʡ ɺʩʝʣʝʥʥʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ 

ʥʝ ʧʨʝʚʦʩʭʦʜʠʪ ʝʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ.  

 

4.3. ʇʨʦʙʣʝʤʳ ñʛʦʨʠʟʦʥʪʘò ʠ ñʧʣʦʩʢʦʩʪʥʦʩʪʠò ɺʩʝʣʝʥʥʦʡ 

 

ɺ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʉʂʄ) ʠʟʚʝʩʪʥʘ ʧʨʦʙʣʝʤʘ ñʛʦʨʠʟʦʥʪʘò, 

ʩʚʷʟʘʥʥʘʷ ʩ ʛʣʦʙʘʣʴʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʜʥʦʨʦʜʥʦʩʪʴʶ ɺʩʝʣʝʥʥʦʡ ([ʉʘʞʠʥ, 2002]). 

ʆʜʥʦʨʦʜʥʦʩʪʴ  ʦʙʳʯʥʦ ʦʙʲʷʩʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʧʦʪʝʟʳ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʬʘʟʳ ʠʥʬʣʷʮʠʠ, ʪ.ʝ. 

ʩʚʝʨʭʙʳʩʪʨʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʝʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʢʘʢ 

ʦʪʤʝʯʝʥʦ ʚ [ɺʝʩʩʦʥ, 2003], ʥʝ ʷʩʥʦ, ʦʙʲʷʩʥʷʝʪ ʣʠ ʵʪʦ ʪʘʢʞʝ ʦʜʥʦʨʦʜʥʦʩʪʴ ʩʚʦʡʩʪʚ ʤʘʩʩʠʚʥʳʭ 

ʯʘʩʪʠʮ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ ʫʜʘʣʝʥʥʳʭ ʘʩʪʨʦʥʦʤʠʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ, 

ʥʘʧʨʠʤʝʨ - ʢʚʘʟʘʨʦʚ. ʄʝʞʜʫ ʪʝʤ, ʚ ʨʘʤʢʘʭ ʥʘʰʝʡ ʤʦʜʝʣʠ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʩʦ ʚʨʝʤʝʥʝʤ ʨʘʩʪʝʪ 

ʩʪʨʦʛʦ ʣʠʥʝʡʥʦ, ʧʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʛʦʨʠʟʦʥʪʘ ʚ ʪʦʯʥʦʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʢʦʨʦʩʪʴʶ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ, ʪʘʢ ʯʪʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ʧʨʦʩʪʦ ʥʝ ʚʦʟʥʠʢʘʝʪ. 

 

 

 

 
ʈʠʩʫʥʦʢ 4.2. ([Wayne Hu, 2008]) 

ʌʨʘʛʤʝʥʪ ʢʘʨʪʳ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ 

ʈʠʩʫʥʦʢ 4.3 ([Dunkley et al., 2008]).  

 

ʉʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ 

 

ʀʟʚʝʩʪʥʦ ʪʘʢʞʝ, ʯʪʦ ʉʂʄ ʦʙʲʷʩʥʷʝʪ ʨʘʩʧʦʣʦʞʝʥʠʝ ʥʘʠʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʧʠʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (CMBR) 

ʧʨʠ ǎ å 200 (ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʣʦʚʦʤʫ ʨʘʟʤʝʨʫ ʧʦʨʷʜʢʘ 1Á), ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʣʦʩʢʦʡ 
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ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ. ʅʘ ʨʠʩ. 4.2 ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʢʘʨʪʳ ʪʘʢʠʭ 

ʬʣʫʢʪʫʘʮʠʡ, ʥʘ ʨʠʩ. 4.3 ï ʧʦʣʥʳʡ ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ CMBR. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʧʦʣʫʯʘʝʪʩʷ ʚ ʉʂʄ ʥʫʞʥʦʝ ʟʥʘʯʝʥʠʝ ʫʛʣʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ǎ 

(ʩʤ. [Bersanelli et al., 2002], [Dunkley et al., 2008], [Samtleben et al., 2008], [Spergel  et al., 

2003], [Wayne Hu and Dodelson, 2002], [Wayne Hu, 2008], [ʇʦʩʪʥʦʚ]). ʃʦʛʠʢʘ ʨʘʩʯʝʪʘ 

ʧʨʠʥʠʤʘʝʪʩʷ ʩʣʝʜʫʶʱʝʡ: 

 

¶ ʋʛʣʦʚʦʡ ʨʘʟʤʝʨ ʥʘʙʣʶʜʘʝʤʦʡ ʩʦʚʨʝʤʝʥʥʳʤ ʥʘʙʣʶʜʘʪʝʣʝʤ ʥʝʢʦʪʦʨʦʡ ʦʙʣʘʩʪʠ ʥʝʙʦʩʚʦʜʘ 
ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʫʪʝʤ ʚʳʯʠʩʣʝʥʠʷ ʪʘʥʛʝʥʩʘ ʫʛʣʘ, ʪ.ʝ. ʦʪʥʦʰʝʥʠʷ ʨʘʟʤʝʨʘ ʵʪʦʡ ʦʙʣʘʩʪʠ ʢ 

ʧʫʪʠ, ʧʨʦʡʜʝʥʥʦʤʫ ʬʦʪʦʥʘʤʠ ʦʪ ʥʝʝ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ. ɽʩʣʠ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʦ, ʪʦ ʦʥʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ ʩʘʤʦʤʫ ʫʛʣʫ, ʚʳʨʘʞʝʥʥʦʤʫ ʚ ʨʘʜʠʘʥʘʭ.  

¶ ʈʘʟʤʝʨ sr ʥʫʞʥʦʡ ʦʙʣʘʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦʡ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʦʪ ʤʦʤʝʥʪʘ ɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘ t=0 ʚʧʣʦʪʴ ʜʦ ʵʧʦʭʠ ʧʦʩʣʝʜʥʝʛʦ 

ʨʘʩʩʝʷʥʠʷ tr (ʪ.ʝ. ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ z=Ð ʜʦ zr=1.1Ŀ10
3
). ʈʝʯʴ ʠʜʝʪ ʦ ʧʝʨʚʦʡ ʛʘʨʤʦʥʠʢʝ 

ʬʣʫʢʪʫʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʦʵʪʦʤʫ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʧʦ ʧʦʨʷʜʢʫ ʚʝʣʠʯʠʥʳ ʨʘʟʤʝʨ sr 

ʧʨʦʩʪʦ ʨʘʚʝʥ ʨʘʟʤʝʨʫ ɺʩʝʣʝʥʥʦʡ ʚ ʵʧʦʭʫ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ, ʪ.ʝ.ʧʨʠ t=tr. 

¶ ʇʫʪʴ cȹt, ʧʨʦʡʜʝʥʥʳʡ ʬʦʪʦʥʘʤʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʨʝʤʝʥʠ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʦʪ 
ʵʧʦʭʠ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ (t=tr, z=zr) ʜʦ ʩʦʚʨʝʤʝʥʥʦʡ ʵʧʦʭʠ (t=t0, z=0). ʇʨʝʥʝʙʨʝʛʘʷ 

ʚʨʝʤʝʥʝʤ, ʧʨʦʰʝʜʰʠʤ ʦʪ ɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘ (ʧʨʠ z=Ð) ʜʦ ʵʧʦʭʠ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ 

(ʧʨʠ z=zr), ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ cȹtåct0. 

¶ ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʤʝʪʨʠʯʝʩʢʦʝ ʨʘʩʩʪʦʷʥʠʝ 
dM=cȹt, ʘ ʫʛʣʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ dA = dM/(1+z), ʢʦʪʦʨʦʝ ʫʯʠʪʳʚʘʝʪ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ ʟʘ 

ʚʨʝʤʷ ʤʝʞʜʫ ʠʩʧʫʩʢʘʥʠʝʤ ʬʦʪʦʥʦʚ ʦʙʲʝʢʪʦʤ ʠ ʨʝʛʠʩʪʨʘʮʠʝʡ ʬʦʪʦʥʦʚ ʥʘʙʣʶʜʘʪʝʣʝʤ. 

ʇʦʵʪʦʤʫ ʨʘʩʩʯʠʪʘʥʥʳʡ ʫʛʦʣ ʥʝʦʙʭʦʜʠʤʦ ʫʤʥʦʞʠʪʴ ʝʱʝ ʥʘ ʤʥʦʞʠʪʝʣʴ (1+z): 

 

                                       Ū = (sr /ã3)/dM = (1+z) ctr / (ã3cȹt) å  

                                           å (1.1Ŀ10
3
Ŀ3.3Ŀ10

5
) / (1.7Ŀ13.7Ŀ10

9
) =  

                                           = (3.6/2.4)Ŀ10
-2

 = 1.5Ŀ10
-2

 ʨʘʜ = 0.9Á 

 

(ʟʜʝʩʴ ʢʦʵʬʬʠʮʠʝʥʪ ã3 ʦʙʫʩʣʦʚʣʝʥ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʝʞʜʫ ʘʤʧʣʠʪʫʜʘʤʠ ʬʣʫʢʪʫʘʮʠʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠ ʬʣʫʢʪʫʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ.) ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʤʫʣʴʪʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠʤʝʝʪ ʥʦʤʝʨ ǎ = 180Á/0.9Á = 200. 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʨʠʯʝʩʢʦʛʦ (ʢʦʦʨʜʠʥʘʪʥʦʛʦ) ʨʘʩʩʪʦʷʥʠʷ cȹt ʜʦʧʫʩʪʠʤʦ ʣʠʰʴ 

ʚ ʩʣʫʯʘʝ ʧʣʦʩʢʦʡ
11

 ɺʩʝʣʝʥʥʦʡ.  ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʣʦʩʢʘʷ ʤʝʪʨʠʢʘ ʚ ʉʂʄ ʧʦʜʨʘʟʫʤʝʚʘʝʪ, ʯʪʦ ʚ 

ʫʨʘʚʥʝʥʠʷʭ ʕʡʥʰʪʝʡʥʘ ï ʌʨʠʜʤʘʥʘ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʠ ɟ ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʝ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ɟ0. ʀ, ʥʘʢʦʥʝʮ, ʢʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʚ ʉʂʄ ʠʤʝʥʥʦ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ɟ ʠ ɟ0 ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʪʠʧ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʝʪʨʠʢʠ, ʥʦ ʠ ʭʘʨʘʢʪʝʨ 

ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ. 

ɺʳʰʝ ʤʳ ʚʦʩʧʨʦʠʟʚʝʣʠ ʣʦʛʠʢʫ ʨʘʩʩʫʞʜʝʥʠʡ ʉʂʄ, ʧʨʠʚʦʜʷʱʝʡ ʝʝ ʢ ʚʳʚʦʜʫ ʦ ʧʣʦʩʢʦʡ 

ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ ʠ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʢ ʩʦʦʪʥʦʰʝʥʠʶ ɟ=ɟ0. ʆʜʥʘʢʦ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜ 

ʚʳʯʠʩʣʝʥʠʷ ʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʢʘ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʣʫʢʪʫʘʮʠʡ 

CMBR, ʥʠʢʘʢ ʥʝ ʩʚʷʟʘʥʥʳʡ ʩ ʛʠʧʦʪʝʟʦʡ ʦ ʭʘʨʘʢʪʝʨʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʝʪʨʠʢʠ ɺʩʝʣʝʥʥʦʡ. 

ʆʥ ʚʝʩʴʤʘ ʧʨʦʩʪ, ʝʛʦ ʩʫʪʴ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: ʚ ʵʧʦʭʫ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ ʟʚʫʢʦʚʦʡ 

ʛʦʨʠʟʦʥʪ ʧʦʣʥʦʩʪʴʶ ʦʢʨʫʞʘʣ ʚʦʦʙʨʘʞʘʝʤʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʧʦ ʚʩʝʤʫ ʧʝʨʠʤʝʪʨʫ. ɿʘ ʚʨʝʤʷ, 

ʧʨʦʝhʜʰʝʝ ʩ ʪʝʭ ʧʦʨ, ʜʣʠʥʘ ʚʦʣʥʳ (~sr) ʦʩʥʦʚʥʦʡ ʛʘʨʤʦʥʠʢʠ ʢʦʣʝʙʘʥʠʡ ʥʝ ʠʟʤʝʥʠʣʘʩʴ, ʪʦʛʜʘ 

ʢʘʢ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʚʦʟʨʦʩ ʚ (z+1) ʨʘʟ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʦ ʩʪʦʣʴʢʦ ʞʝ ʨʘʟ ʫʚʝʣʠʯʠʣʘʩʴ 

ʢʨʘʪʥʦʩʪʴ ʵʪʦʡ ʛʘʨʤʦʥʠʢʠ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ɹʦʣʝʝ ʪʦʯʥʦ, ʩ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʦʛʦ 

                                                           
11

  ɺ ʠʥʦʤ ʩʣʫʯʘʝ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʨʘʩʩʪʦʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʘʨʛʫʤʝʥʪʦʤ ʦʙʳʯʥʦʛʦ ʩʠʥʫʩʘ ʜʣʷ ʟʘʤʢʥʫʪʦʡ ʥʘ ʩʝʙʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ, ʠʣʠ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʩʠʥʫʩʘ ʜʣʷ ʦʪʢʨʳʪʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ. 
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ʚʳʰʝ ʟʘʤʝʯʘʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʩʯʝʪʘ ʨʘʚʝʥ (zr+1)/ã3. ʕʪʦ ʧʨʠ z=1100 ʜʘʝʪ ʫʛʦʣ ɗå0.6Á, ʯʪʦ ʚ 

ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ
12

.  

ɺʳʰʝ, ʥʘ ʨʠʩ. 4.1, ʙʳʣ ʧʨʠʚʝʜʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ (ʪ.ʝ. 

ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʨʘʟʤʝʨʘ)  ɺʩʝʣʝʥʥʦʡ ʚ ʬʫʥʢʮʠʠ ʙʝʟʨʘʟʤʝʨʥʦʛʦ ʚʦʟʨʘʩʪʘ H0t (ʛʜʝ H0 ï ʧʘʨʘʤʝʪʨ 

ʍʘʙʙʣʘ ʚ ʥʘʩʪʦʷʱʫʶ ʵʧʦʭʫ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ([ʐʫʣʴʤʘʥ ʠ ʈʵʬʬʝʣ, 

2008]). ʂʨʘʩʥʘʷ ʣʠʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʵʚʦʣʶʮʠʠ (ʊʐʈɺ), ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ʩʪʨʦʛʦ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʫ ɺʩʝʣʝʥʥʦʡ. ʉʠʥʷʷ ʞʝ ʢʨʠʚʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʨʠʥʷʪʦʡ ʚ ʉʂʄ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ȿCDM-ʤʦʜʝʣʠ (ɋM = 0.25,  ɋL = 0.75,  ɋk = 0). 

ʅʘ ʦʩʥʦʚʝ ʧʦʜʙʦʨʘ ñʥʘʠʣʫʯʰʠʭò ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ɋM, ɋL ʠ ɋk ʜʣʷ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʉʂʄ, ʢʘʢ ʤʳ ʦʪʤʝʪʠʣʠ ʚʳʰʝ, ʧʨʠʭʦʜʠʪ ʢ ʟʘʢʣʶʯʝʥʠʶ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʫʶ ʵʧʦʭʫ ɺʩʝʣʝʥʥʘʷ 

ʨʘʩʰʠʨʷʝʪʩʷ ʩ ʫʩʢʦʨʝʥʠʝʤ. ʅʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʊʐʈɺ ʜʝʣʦ ʦʙʩʪʦʠʪ ʧʦ-ʜʨʫʛʦʤʫ: ʧʨʦʩʪʦ 

ʧʘʨʘʤʝʪʨʳ ʩʠʥʝʡ ʢʨʠʚʦʡ ʧʦʜʦʙʨʘʥʳ ʪʘʢ, ʯʪʦ ʦʥʘ ʧʨʦʭʦʜʠʪ ʯʝʨʝʟ ʪʫ ʞʝ ʩʘʤʫʶ ʢʦʥʝʯʥʫʶ ʪʦʯʢʫ, 

ʯʪʦ ʠ ʢʨʘʩʥʘʷ ʣʠʥʠʷ. ʇʦʩʣʝʜʥʷʷ, ʥʘʧʨʦʪʠʚ, ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʪʨʦʛʦ ʧʦʩʪʦʷʥʥʳʡ ʪʝʤʧ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

ʀʟ ʩʢʘʟʘʥʥʦʛʦ ʚ ʥʘʩʪʦʷʱʝʤ ʨʘʟʜʝʣʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʠʢʘ ʩʧʝʢʪʨʘ 

CMBR ʚʦʚʩʝ ʥʝ ʷʚʣʷʝʪʩʷ ʫʙʝʜʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ ʧʣʦʩʢʦʩʪʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ ʠ 

ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ɟ=ɟ0. 

 

4.4. ʅʘʯʘʣʴʥʳʡ ʧʠʢ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʬʣʫʢʪʫʘʮʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʢʦʩʤʠʯʝʩʢʦʛʦ  

         ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ʅʘʡʜʝʥʥʦʝ ʥʘʤʠ ʥʦʚʦʝ ʨʝʰʝʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʨʝʜʩʢʘʟʘʪʴ ʝʱʝ ʦʜʠʥ ʚʦʟʤʦʞʥʳʡ ʬʝʥʦʤʝʥ 

(ʩʤ. [ʐʫʣʴʤʘʥ ʠ ʈʵʬʬʝʣ, 2008]). ʆʢʘʟʳʚʘʝʪʩʷ, ʩʘʤʳʝ ñʩʪʘʨʳʝò ʨʝʣʠʢʪʦʚʳʝ ʬʦʪʦʥʳ ʟʘ 13,7 

ʤʣʨʜ. ʣʝʪ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʫʩʧʝʚʘʶʪ ʩʦʚʝʨʰʠʪʴ ñʢʨʫʛʦʩʚʝʪʥʦʝò ʧʫʪʝʰʝʩʪʚʠʝ ʠ ʩʥʦʚʘ 

ʧʦʷʚʠʪʴʩʷ ʚ ʪʦʡ ʯʘʩʪʠ ʥʝʙʦʩʚʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʤʳ ʤʦʛʣʠ ʙʳ ʠʭ ʚʠʜʝʪʴ ʚ ʨʘʥʥʶʶ ʵʧʦʭʫ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɺʩʝʣʝʥʥʦʡ, ʝʩʣʠ ʙʳ ʤʳ ʠ ɿʝʤʣʷ ʪʦʛʜʘ ʩʫʱʝʩʪʚʦʚʘʣʠ. ʋʢʘʟʘʥʥʳʡ ʬʝʥʦʤʝʥ ʤʦʞʝʪ 

ʦʙʲʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʩʧʝʢʪʨʘ ʤʦʱʥʦʩʪʠ ʬʣʫʢʪʫʘʮʠʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ɺ ʤʦʜʝʣʠ ʊʐʈɺ ʬʠʟʠʯʝʩʢʠ ʥʝʧʦʜʚʠʞʥʳʤ ʪʝʣʘʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ñʜʨʝʡʬò ʪʦʯʢʠ 3-ʤʝʨʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (ɺʩʝʣʝʥʥʦʡ) ʚʜʦʣʴ 4-ʤʝʨʥʦʛʦ ʨʘʜʠʫʩʘ ʨʘʩʰʠʨʷʶʱʝʛʦʩʷ ʰʘʨʘ. ʇʨʠ ʵʪʦʤ 3-ʤʝʨʥʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ñʥʝʧʦʜʚʠʞʥʳʤʠò ʪʦʯʢʘʤʠ ʚʦʟʨʘʩʪʘʶʪ ʚ 

ʪʦʯʥʦʩʪʠ ʧʦ ʟʘʢʦʥʫ ʍʘʙʙʣʘ, ʘ ʫʛʦʣ Ū ʤʝʞʜʫ ʦʪʚʝʯʘʶʱʠʤʠ ʠʤ 4-ʨʘʜʠʫʩʘʤʠ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʳʤ. 

 

 

 

           dr          r 

                      

                    dŪ 

 

 

 

 

              ȹŪ 

                    

 

 

 

       ʈʠʩʫʥʦʢ 4.4                       ʈʠʩʫʥʦʢ 4.5 

 

ʂʦʛʜʘ ʞʝ ʨʝʯʴ ʠʜʝʪ ʦ ʜʚʠʞʫʱʠʭʩʷ ʪʝʣʘʭ, ʪʦ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʥʘʨʷʜʫ  ʩ 

ʚʦʟʨʘʩʪʘʥʠʝʤ 4-ʨʘʜʠʫʩʘ ʠʟʤʝʥʷʝʪʩʷ ʠ ʫʢʘʟʘʥʥʳʡ ʫʛʦʣ Ū. ɺ ʧʨʝʜʝʣʴʥʦʤ ʩʣʫʯʘʝ ʜʚʠʞʝʥʠʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ ʠʟʦʙʨʘʞʘʶʱʘʷ ʪʦʯʢʘ ï ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʨʘʜʠʫʩʘ r ʥʘ ʚʝʣʠʯʠʥʫ dr ï ʪʘʢʞʝ 

ʚʦʟʨʘʩʪʘʝʪ ʥʘ ʚʝʣʠʯʠʥʫ dr ʠ ʧʦʵʪʦʤʫ ʩʤʝʱʘʝʪʩʷ ʥʘ ʫʛʦʣ  dŪ = dr/r (ʩʤ. ʨʠʩ. 4.4). ʀʥʪʝʛʨʠʨʫʷ, 

                                                           
12

 ɺ ʧʦʟʜʥʝʡʰʝʤ ʦʪʯʝʪʝ ʧʦ ʧʨʦʝʢʪʫ WMAP [Komatsu et al., 2010] ʫʢʘʟʘʥʦ ʟʥʘʯʝʥʠʝ ɗ=0.6Á, ʩʦʚʧʘʜʘʶʱʝʝ ʩ ʥʘʰʠʤ 

ʨʝʟʫʣʴʪʘʪʦʤ. 



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

34 

ʥʘʭʦʜʠʤ, ʯʪʦ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ ʦʪ ʟʥʘʯʝʥʠʷ r1 ʜʦ r2 ʬʦʪʦʥ, ʜʚʠʞʫʱʠʡʩʷ ʩʦ 

ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ, ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘ ʫʛʦʣ  

 

Ū = ln (r2 / r1) 

 

ʆʩʪʘʝʪʩʷ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʚʘ ʨʝʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ Ū, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʪʝʢʫʱʝʤʫ ʚʦʟʨʘʩʪʫ 

ɺʩʝʣʝʥʥʦʡ 13.7 ʤʣʨʜ. ʣʝʪ ʠ ʤʦʤʝʥʪʫ, ʥʘʯʠʥʘʷ ʩ ʢʦʪʦʨʦʛʦ ʬʦʪʦʥʳ ʩʤʦʛʣʠ ʩʚʦʙʦʜʥʦ 

ʧʫʪʝʰʝʩʪʚʦʚʘʪʴ. ʋʯʠʪʳʚʘʷ, ʯʪʦ ñʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷò ʦʪʚʝʯʘʝʪ ʢʨʘʩʥʦʝ 

ʩʤʝʱʝʥʠʝ z ~ 1100, ʥʘʡʜʝʤ, ʯʪʦ ln(r2/r1) = 7.00, ʪʘʢ ʯʪʦ ñʧʝʨʝʢʨʳʪʠʝò ʧʦ (ʚʦʟʨʘʩʪʘʶʱʝʤʫ) 

ʧʝʨʠʤʝʪʨʫ ɺʩʝʣʝʥʥʦʡ ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʳʤ (ʩʤ. ʨʠʩ. 4.5): 

 

ȹŪ = 7.00 - 6.28 = 0.72 (ʨʘʜ), 

 

ʠʣʠ ʧʨʠʤʝʨʥʦ 41Ü. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʥʘʠʙʦʣʝʝ ñʩʪʘʨʳʝò ʩʚʦʙʦʜʥʦ ʧʫʪʝʰʝʩʪʚʫʶʱʠʝ ʧʦ 

ɺʩʝʣʝʥʥʦʡ ʬʦʪʦʥʳ, ʧʦʜʦʙʥʦ ʄʘʛʝʣʣʘʥʫ, ʚʦʟʚʨʘʱʘʶʪʩʷ ʢ ʥʘʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ 

ʥʝʙʦʩʚʦʜʘ (ʵʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʪʦʢʘ ʬʦʪʦʥʦʚ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ ʥʝʙʦʩʚʦʜʘ). 

 

 

ʈʠʩʫʥʦʢ 4.6 [Dunkley et al., 2008] 

 

ʄʦʞʥʦ ʣʠ ʧʨʦʚʝʨʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʪʘʢʦʛʦ ʵʬʬʝʢʪʘ? ʉʦʚʨʝʤʝʥʥʘʷ ʘʩʪʨʦʬʠʟʠʢʘ 

ʨʘʩʧʦʣʘʛʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʤ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʤ ʩʧʝʢʪʨʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʩʤ. ʜʘʥʥʳʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʟʦʥʜʘ WMAP ʥʘ ʨʠʩ. 3.11). ʆʥ ʧʦʢʘʟʳʚʘʝʪ 

ʩʪʝʧʝʥʴ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʪʝʤʧʝʨʘʪʫʨʦʡ ʨʘʟʣʠʯʥʳʭ ʫʯʘʩʪʢʦʚ ʥʝʙʦʩʚʦʜʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʟʤʝʨʘ ʵʪʠʭ ʫʯʘʩʪʢʦʚ. ʊʦʯʥʝʝ, ʘʨʛʫʤʝʥʪʦʤ ʵʪʦʡ ʬʫʥʢʮʠʠ ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʩ 

ʥʦʤʝʨʦʤ ǎ = ˊ/ɗ, ʛʜʝ ɗ ï ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ ʫʯʘʩʪʢʘ. ʅʘʠʙʦʣʴʰʝʤʫ ʧʠʢʫ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘ ʨʠʩ. 4.3 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ǎ ~ 200, ʪ.ʝ. ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ ʧʦʨʷʜʢʘ 0.6Ü, 

ñʚʠʜʠʤʳʡò ʚ ʥʘʩʪʦʷʱʫʶ ʵʧʦʭʫ. 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʫʛʣʦʚʦʝ ʧʝʨʝʢʨʳʪʠʝ ʜʣʷ ʩʪʘʨʝʡʰʠʭ ʬʦʪʦʥʦʚ ȹŪ ʩʦʩʪʘʚʣʷʝʪ ʜʦ 0.72 

ʨʘʜ (41Ü). ʊʘʢʦʤʫ ʫʛʣʦʚʦʤʫ ʨʘʟʤʝʨʫ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʫʣʴʪʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ǎ ~ 

3.14/0.72 = 4.4. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʜʣʷ ǎ < 25 ʦʪʚʝʯʘʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤʫ ʧʣʘʪʦ ʉʘʢʩʘ-ɺʦʣʴʬʘ 

ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʯʘʩʪʦʢ, ʙʣʠʟʢʠʡ ʢ ʧʣʦʩʢʦʤʫ. ʆʜʥʘʢʦ ʥʘ ʨʠʩ. 4.6 (ʥʘʯʘʣʴʥʳʡ ʫʯʘʩʪʦʢ 

ʩʧʝʢʪʨʘ) ʦʪʯʝʪʣʠʚʦ ʟʘʤʝʪʥʳ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʘʢʩʠʤʫʤʦʚ ʚ ʨʘʡʦʥʝ ǎ ~ 3õ7  

(ʘʚʪʦʨʳ [Dunkley et al., 2008] ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ). 

ʀʥʪʝʨʝʩʥʦ ʩʨʘʚʥʠʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩ ʊʐʈɺ ʩ ʪʝʤ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʪʦʤ ʩʪʘʥʜʘʨʪʥʘʷ 

ȿCDM-ʤʦʜʝʣʴ. ʇʦʩʣʝʜʥʷʷ ʧʨʝʜʩʢʘʟʳʚʘʝʪ (ʩʤ. [ʇʘʣʘʰ, 1999]), ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʜʦʩʪʠʛʥʫʪʦʡ ʩʪʝʧʝʥʴʶ ʨʘʩʰʠʨʝʥʠʷ ʚʩʝʣʝʥʥʦʡ y=a/a0 ʠ ʙʝʟʨʘʟʤʝʨʥʳʤ ʚʨʝʤʝʥʝʤ H0t, ʧʨʦʰʝʜʰʠʤ 

ʩ ʤʦʤʝʥʪʘ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ, ʜʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 
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ɿʜʝʩʴ a(t) ï ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t, ʠʥʜʝʢʩ ñ0ò ʦʙʦʟʥʘʯʘʝʪ ʩʦʚʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʨʘʟʤʝʨʘ a ʠ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ H, ʪʘʢ ʯʪʦ y(t0) = 1. ʇʘʨʘʤʝʪʨʳ ɋm ʠ ɋȿ ʦʙʦʟʥʘʯʘʶʪ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʠ ʠ ȿ-ʢʦʤʧʦʥʝʥʪʳ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʳʰʝ ʥʘ ʨʠʩ. 3.9. ʂʘʢ ʚʠʜʠʤ, ʜʣʷ ȿCDM-ʤʦʜʝʣʠ ʧʨʠ ñʦʧʪʠʤʘʣʴʥʳʭò ʟʥʘʯʝʥʠʷʭ 

ʧʘʨʘʤʝʪʨʦʚ (ɋȿ=0.75 ʠ ɋm=0.25) ʙʝʟʨʘʟʤʝʨʥʳʡ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ H0t ʪʘʢʞʝ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʝʥ 

ʝʜʠʥʠʮʝ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ñʧʦʣʥʳʡ ʫʛʦʣ ʦʙʣʝʪʘ ɺʩʝʣʝʥʥʦʡñ ʜʣʷ ʣʶʙʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ 

ñ=Q
t

yacd
0

0 )(/ tt  

 

ʇʨʠ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʘʭ ʵʪʦʪ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʩʫʤʤʦʡ   

Ū(H0t) = (c/a0)/H0ä
t

0

[ȹ(H0Ű)/y(H0Ű)] 

ʛʜʝ ʩʫʤʤʠʨʦʚʘʥʠʝ ʜʦʣʞʥʦ ʚʝʩʪʠʩʴ ʧʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ (ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʤ) ʠʥʪʝʨʚʘʣʘʤ 

ʚʨʝʤʝʥʠ. ʕʪʠ ʠʥʪʝʨʚʘʣʳ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳʤʠ ʤʝʞʜʫ ʩʦʙʦʡ, ʧʨʘʢʪʠʯʝʩʢʠ 

ʫʜʦʙʥʝʝ ʩʜʝʣʘʪʴ ʰʘʛʠ ʨʘʚʥʦʤʝʨʥʳʤʠ ʧʦ y(H0Ű).  

 
ʈʠʩʫʥʦʢ 4.7. ɿʘʚʠʩʠʤʦʩʪʴ ñʫʛʣʘ ʦʙʣʝʪʘò ʬʦʪʦʥʘʤʠ ɺʩʝʣʝʥʥʦʡ ʚ  

ʨʘʟʥʳʭ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʷʭ 

 

ɺ ʙʝʟʨʘʟʤʝʨʥʦʤ ʤʥʦʞʠʪʝʣʝ ʧʝʨʝʜ ʟʥʘʢʦʤ ʩʫʤʤʳ ʬʠʛʫʨʠʨʫʶʪ ʩʦʚʨʝʤʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ H0 (ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʜʘʥʥʳʤ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ) ʠ 

ʘʙʩʦʣʶʪʥʦʛʦ ʨʘʟʤʝʨʘ ɺʩʝʣʝʥʥʦʡ a0. ʇʦʩʢʦʣʴʢʫ ʬʘʢʪʠʯʝʩʢʘʷ ʚʝʣʠʯʠʥʘ a0 ʥʘʤ ʥʝʠʟʚʝʩʪʥʘ, ʪʦ ʵʪʦʪ 

ʤʥʦʞʠʪʝʣʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʦʤʝʥʪʦʤ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʦʪʥʦʰʝʥʠʝ (a/a0) ʜʦʩʪʠʛʘʝʪ ʝʜʠʥʠʮʳ ʚ 

ʚʳʙʨʘʥʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʩʤ. ʨʠʩ. 4.1 ʠ ʪʘʙʣ. 4.2). 
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ʊʘʙʣʠʮʘ 4.2. 

 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʫʛʣʘ Ū (ñʫʛʣʦʚʦʛʦò ʛʦʨʠʟʦʥʪʘ ʯʘʩʪʠʮ) ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 

4.7. ʂʘʢ ʣʝʛʢʦ ʚʠʜʝʪʴ,  ʜʣʷ ʦʙʝʠʭ ʚʝʨʩʠʡ ȿCDM-ʤʦʜʝʣʠ ʫʛʦʣ Ū ʥʘʨʘʩʪʘʝʪ ʧʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʟʘʚʠʩʠʤʦʩʪʠ (ʭʦʪʷ ʫʯʘʩʪʢʠ ʵʪʦʡ ʢʨʠʚʦʡ ʦʛʨʘʥʠʯʝʥʳ ʨʘʟʣʠʯʥʳʤ ʚʦʟʨʘʩʪʦʤ ɺʩʝʣʝʥʥʦʡ).  

ʅʘʡʜʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʦʚ ʜʣʷ ȿCDM-ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʷʚʣʝʥʠʷ ʚ ʠʭ ʨʘʤʢʘʭ ʵʬʬʝʢʪʘ ʩʪʘʨʝʡʰʠʭ ʬʦʪʦʥʦʚ ʥʘ ʩʧʝʢʪʨʝ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʦʣʴʢʦ 

ʚ ʊʐʈɺ ʢʦʥʝʯʥʳʡ ʫʛʦʣ ʧʝʨʝʩʝʢʘʝʪ ʢʨʠʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 2ˊ (ʥʘ ʨʠʩ. 4.7 ʧʦʢʘʟʘʥʦ ʧʫʥʢʪʠʨʥʦʡ 

ʣʠʥʠʝʡ), ʧʨʠʯʝʤ ʦʩʥʦʚʥʦʝ ʨʘʟʣʠʯʠʝ ʤʦʜʝʣʝʡ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʥʘʯʘʣʴʥʦʛʦ 10%-ʵʪʘʧʘ 

ʚʨʝʤʝʥʠ ʨʘʩʰʠʨʝʥʠʷ. 

 

4.5. ʇʨʦʙʣʝʤʘ ʧʦʥʠʞʝʥʥʦʡ ʷʨʢʦʩʪʠ ʚʩʧʳʰʝʢ ʉʚʝʨʭʥʦʚʳʭ 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʩʣʦʞʠʣʦʩʴ ʤʥʝʥʠʝ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʧʝʨʝʭʦʜ ʢ ʩʪʘʜʠʠ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦʪ ʚʳʚʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʠʟʤʝʨʝʥʠʷʭ ʷʨʢʦʩʪʠ ʩʚʝʨʭʥʦʚʳʭ ʟʚʝʟʜ: ʧʦʥʠʞʝʥʥʘʷ ʷʨʢʦʩʪʴ ʧʨʝʜʩʢʘʟʳʚʘʝʪʩʷ ʤʦʜʝʣʴʶ 

ɺʩʝʣʝʥʥʦʡ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ ȿ 

(ʢʦʪʦʨʦʝ, ʩʦʙʩʪʚʝʥʥʦ, ʠ ʧʦʜʙʠʨʘʝʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʥʘʠʣʫʯʰʝʛʦ ʩʦʦʪʚʝʪʩʪʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʫ). 

ʄʝʞʜʫ ʪʝʤ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ ʥʝʩʣʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝ ʤʝʥʝʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦʝ ʦʙʲʷʩʥʝʥʠʝ ʧʦʥʠʞʝʥʥʦʡ ʷʨʢʦʩʪʠ ʩʚʝʨʭʥʦʚʳʭ, ʦʩʥʦʚʳʚʘʷʩʴ 

ʥʘ ʣʠʥʝʡʥʦʤ ʚʦ ʚʨʝʤʝʥʠ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʠ ʥʝ ʟʘʥʠʤʘʷʩʴ ʢʘʢʦʡ-ʣʠʙʦ ñʧʦʜʛʦʥʢʦʡò 

ʤʦʜʝʣʠ. ʊʝʤ ʩʘʤʳʤ, ʚʦʧʨʝʢʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ ʧʨʝʜʩʪʘʚʣʝʥʠʶ, ʩʪʘʚʠʪʩʷ ʧʦʜ 

ʙʦʣʴʰʦʝ ʩʦʤʥʝʥʠʝ ʷʢʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʬʘʢʪ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ 

ɺʩʝʣʝʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ.  

ɺ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʠ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʥʳʤ r(z) ʠ ʬʦʪʦʤʝʪʨʠʯʝʩʢʠʤ ǎ(z) 

ʨʘʩʩʪʦʷʥʠʷʤʠ ʜʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ, ʠʩʧʫʱʝʥʥʦʛʦ ʧʨʠ ʚʝʣʠʯʠʥʝ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ 

z, ʜʘʝʪʩʷ (ʧʨʠ ʩ = 1) ʩʦʦʪʥʦʰʝʥʠʝʤ: 

 

ǎ(z) = H0a0r(z) (1 + z)  

 

ʛʜʝ H0 ʠ a0  ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʩʪʦʷʥʥʘʷ ʍʘʙʙʣʘ ʠ ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ ɺʩʝʣʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ. ʄʥʦʞʠʪʝʣʴ (1 + z) ʚ  ʩʪʘʪʠʯʝʩʢʦʡ ɺʩʝʣʝʥʥʦʡ ʦʪʩʫʪʩʪʚʫʝʪ, ʘ ʚ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ 

ʫʯʠʪʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʤʘʩʰʪʘʙʘ ʟʘ ʚʨʝʤʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʦʚʦʛʦ 

ʩʠʛʥʘʣʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʥʦʞʠʪʝʣʴ r(z) ʚʳʨʘʞʘʝʪ ʯʝʨʝʟ z ʩʘʤʦ ʙʝʟʨʘʟʤʝʨʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, 

ʧʨʦʡʜʝʥʥʦʝ ʩʚʝʪʦʚʳʤ ʩʠʛʥʘʣʦʤ ʦʪ ʠʩʪʦʯʥʠʢʘ ʜʦ ʧʨʠʝʤʥʠʢʘ ʙʝʟ ʫʯʝʪʘ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ 

ʢʘʢ ʪʘʢʦʚʦʛʦ (ʦʥʦ, ʦʯʝʚʠʜʥʦ, ʨʘʚʥʦ ʥʫʣʶ ʧʨʠ z = 0).  

ʇʨʦʠʟʚʝʜʝʥʠʝ H0a0r(z) ʚ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥ-ʌʨʠʜʤʘʥʘ (ʕʌ) ʨʘʚʥʦ ([ʇʘʣʘʰ, 1999]): 

 

 

 

 

ʛʜʝ ñsinnò ʦʟʥʘʯʘʝʪ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʡ ʩʠʥʫʩ ʧʨʠ  ɋk > 0 ʠ ʦʙʳʯʥʳʡ ʩʠʥʫʩ ʧʨʠ ɋk < 0. ɿʜʝʩʴ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʢʦʤʧʦʥʝʥʪ ʧʣʦʪʥʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ  ʤʘʪʝʨʠʝʡ (ɋm), 

ʢʨʠʚʠʟʥʦʡ (ɋk) ʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ (ɋȿ), ʧʨʠʯʝʤ   ɋm + ɋk +  ɋȿ = 1. ɽʩʣʠ ɋk = 0, 

ʪʦ sinn ʠ ɋk ʠʩʯʝʟʘʶʪ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʦʩʪʘʝʪʩʷ ʣʠʰʴ ʩʘʤ ʠʥʪʝʛʨʘʣ. 

 

ʄʦʜʝʣʴ H0t0 (c/a0)/H0 Ū(H0t0), ʨʘʜ 

ʊʐʈɺ 1 1 7.00 

ȿCDM //   ɋȿ= 0,       ɋm= 1 0.6672 1.4988 2.93 

ȿCDM //   ɋȿ= 0.75,  ɋm= 0.25 1.0143 0.9859 3.42 
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ʈʠʩʫʥʦʢ 4.8. 

 ɿʘʚʠʩʠʤʦʩʪʴ ʦʪ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ z ʚʝʣʠʯʠʥʳ H0 a0 r(z) ʚ ʉʂʄ (SCM) ʠ ʊʐʈɺ (SEUT) 

 

ʅʘ ʨʠʩ. 4.8 ʧʨʠʚʝʜʝʥ ʧʦʣʫʯʝʥʥʳʡ ʯʠʩʣʝʥʥʳʤ ʧʫʪʝʤ ʛʨʘʬʠʢ H0a0r(z) ʜʣ̫ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ (ʉʂʄ, SCM) ʧʨʠ ɋm = 0,25, ɋȿ= 0,75, ɋk = 0 (ʩʠʥʷʷ 

ʢʨʠʚʘʷ). ʅʘ ʪʦʤ ʞʝ ʨʠʩʫʥʢʝ ʢʨʘʩʥʦʡ ʣʠʥʠʝʡ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ H0a0r(z) ʜʣʷ ʫʧʦʤʷʥʫʪʦʡ 

ʚʳʰʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʊʐʈɺ (SEUT). ɺ ʥʝʡ ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦ ʦʙʲʝʢʪʘ ʩ 

ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤ z ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʩʪʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 1 ï 1/(1+z) = z/(z+1).  

ʅʘ ʨʠʩ. 4.9 ʧʦʢʘʟʘʥʘ (ʩʤ. [ʇʝʨʣʤʫʪʝʨ, 1999]) ʨʘʟʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ ñʤʘʛʥʠʪʫʜʘ 

ʩʚʝʪʠʤʦʩʪʠ ï ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝò ʜʣʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʌʨʠʜʤʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ɋm ʠ ɋȿ (ʧʨʠ ɋk = 0). ʈʘʟʥʦʩʪʴ ʤʘʛʥʠʪʫʜʳ ȹm ʧʨʠ ʜʘʥʥʦʤ z ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʤʦʜʝʣʝʡ A ʠ B ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʧʨʦʩʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

 

ȹm = 5 Ŀ lg [rA(z) / rB(z)] 

 

(ʛʜʝ 5 ï ʠʩʪʦʨʠʯʝʩʢʠ ʚʦʟʥʠʢʰʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʩʤ., ʥʘʧʨʠʤʝʨ, [ʂʣʘʧʜʦʨ-ʂʣʘʡʥʛʨʦʪʭʘʫʩ, 

ʎʶʙʝʨ, 2000]). 

ʀʟ ʨʠʩ. 4.9 ʩʣʝʜʫʝʪ, ʯʪʦ ʢʨʠʚʳʝ ʜʣʷ ʉʂʄ ʠ ʊʐʈɺ ʦʪʣʠʯʘʶʪʩʷ (ʧʨʠ z < 2) ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 

10%. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʘʛʥʠʪʫʜʳ ʠʭ ʩʚʝʪʠʤʦʩʪʠ ʦʪʣʠʯʘʶʪʩʷ ʥʝ ʙʦʣʝʝ ʯʝʤ ʥʘ 0,2 (ʵʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʚʝʯʘʝʪ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʷʭ), ʪʘʢ ʯʪʦ ʦʙʝ ʤʦʜʝʣʠ ʜʘʶʪ ʩʦʚʧʘʜʘʶʱʠʝ 

ʧʨʝʜʩʢʘʟʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʵʬʬʝʢʪ ʧʦʥʠʞʝʥʥʦʡ ʩʚʝʪʠʤʦʩʪʠ ʩʚʝʨʭʥʦʚʳʭ ʟʚʝʟʜ ʜʣʷ ʙʦʣʴʰʠʭ 

ʟʥʘʯʝʥʠʡ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ ʚ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ ï ʌʨʠʜʤʘʥʘ ʦʙʲʷʩʥʷʝʪʩʷ ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʝʨʘ ɺʩʝʣʝʥʥʦʡ ʦʪ ʝʝ ʚʦʟʨʘʩʪʘ. ʆʜʥʠʤ ʠʟ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʡ ʪʨʫʜʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʚʚʝʜʝʥʠʝ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʯʣʝʥʘ 

ʠ ñʧʦʜʛʦʥʢʘò ʯʠʩʣʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʙʝʟʨʘʟʤʝʨʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʧʣʦʪʥʦʩʪʠ (ɋm = 

0,25, ɋȿ = 0,75, ɋk = 0). ɺ ʊʐʈɺ ʞʝ ʥʝ ʪʨʝʙʫʝʪʩʷ ʥʠ ʚʚʝʜʝʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʯʣʝʥʘ, ʥʠ 

ʯʠʩʣʝʥʥʦʡ ñʧʦʜʛʦʥʢʠò, ʘ ʥʝʦʙʭʦʜʠʤʳʡ ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʙʘʟʦʚʦʡ ʛʠʧʦʪʝʟʳ ʦ 

ʣʠʥʝʡʥʦʤ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ. ʊʝʤ ʩʘʤʳʤ, ʚʦʧʨʝʢʠ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʤʫ 

ʧʨʝʜʩʪʘʚʣʝʥʠʶ, ʩʪʘʚʠʪʩʷ ʧʦʜ ʙʦʣʴʰʦʝ ʩʦʤʥʝʥʠʝ ʷʢʦʙʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʥʳʡ 

ʬʘʢʪ ʫʩʢʦʨʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ. 
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ʈʠʩʫʥʦʢ 4.9.  ʈʘʟʥʦʩʪʴ ʟʘʚʠʩʠʤʦʩʪʝʡ ñʩʚʝʪʠʤʦʩʪʴ ï ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝò ʜʣʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ 

ʤʦʜʝʣʝʡ ʌʨʠʜʤʘʥʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ɋm ʠ ɋȿ (ʧʨʠ ɋk = 0) 

 

4.6. ɿʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ ʛʘʣʘʢʪʠʢ ʦʪ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 4.10 [Lopez-Corredoira, 2010] 

ʈʘʩʯʝʪʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʫʩʨʝʜʥʝʥʥʦʛʦ ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ 

ʛʘʣʘʢʪʠʢ ʦʪ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ ʠʟ ʨʘʙʦʪʳ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ ʛʘʣʘʢʪʠʢ ʦʪ ʚʝʣʠʯʠʥʳ ʠʭ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ 

ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʚʘʞʥʳʡ ʪʝʩʪ ʜʣʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʪʝʦʨʠʡ. ɺ ʥʝʜʘʚʥʦ ʧʦʷʚʠʚʰʝʡʩʷ 

ʧʫʙʣʠʢʘʮʠʠ [Lopez-Corredoira, 2010] ʝʝ ʘʚʪʦʨ ʠʩʩʣʝʜʫʝʪ ʵʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʥʘ ʙʦʣʴʰʦʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʘʪʝʨʠʘʣʝ (ʧʨʠ ʨʘʩʯʝʪʘʭ ʩʚʝʪʠʤʦʩʪʴ ʛʘʣʘʢʪʠʢ ʧʨʠʚʦʜʠʪʩʷ ʢ ʫʥʠʬʠʮʠʨʦʚʘʥʥʳʤ 

ʫʩʣʦʚʠʷʤ). ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʶʪʩʷ ʩ ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʧʷʪʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. ʇʦ ʦʮʝʥʢʝ ʘʚʪʦʨʘ, ʥʘʙʣʶʜʘʝʤʳʡ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʛʣʦʚʦʡ ʨʘʟʤʝʨ 

ʛʘʣʘʢʪʠʢ ʧʨʠʤʝʨʥʦ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʚʝʣʠʯʠʥʝ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ (ʨʠʩ. 4.10), ʪʦʛʜʘ ʢʘʢ 

ʩʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ï ʉʂʄ (ʩʠʥʷʷ ʢʨʠʚʘʷ) ʧʣʦʭʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʫʯʝʥʥʳʤ 

ʨʝʟʫʣʴʪʘʪʘʤ. 

ʅʠʞʝ ʧʨʝʜʧʨʠʥʠʤʘʝʪʩʷ ʧʦʧʳʪʢʘ ʧʦʢʘʟʘʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʥʘʰʝʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ï ʊʐʈɺ. 

ɼʣʷ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʦ ʚʨʝʤʝʥʝʤ ɺʩʝʣʝʥʥʦʡ ʧʦʥʷʪʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʦʞʥʦ ʚʚʝʩʪʠ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʋʧʦʜʦʙʠʤ ʜʚʫʤʝʨʥʳʡ ʘʥʘʣʦʛ ɺʩʝʣʝʥʥʦʡ ʨʘʟʜʫʚʘʶʱʝʡʩʷ 

ʦʙʦʣʦʯʢʝ ʚʦʟʜʫʰʥʦʛʦ ʰʘʨʘ, ʥʘ ʢʦʪʦʨʫʶ ʥʘʥʝʩʝʥʘ ʩʝʪʴ ʢʦʦʨʜʠʥʘʪ, ʥʘʧʨʠʤʝʨ ï ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʝʡ 

ʠ ʤʝʨʠʜʠʘʥʦʚ. ʈʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʥʳʤʠ ʣʠʥʠʷʤʠ ʨʘʩʪʫʪ, ʦʜʥʘʢʦ ʩʘʤʘ ʩʝʪʢʘ ʦʪʚʝʯʘʝʪ 

ʥʝʢʦʪʦʨʦʡ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʤʳ ʥʘʥʝʩʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʘʰʝʛʦ ʰʘʨʘ-ʛʣʦʙʫʩʘ 10 ʤʝʨʠʜʠʘʥʦʚ, ʪʦ ʦʥʠ ʧʨʠ ʣʶʙʦʤ ʪʝʢʫʱʝʤ ʨʘʜʠʫʩʝ ʰʘʨʘ ʜʝʣʷʪ ʵʢʚʘʪʦʨ (ʠ 

ʣʶʙʫʶ ʧʘʨʘʣʣʝʣʴ) ʥʘ 10 ʦʜʠʥʘʢʦʚʳʭ ʦʪʨʝʟʢʦʚ. ɼʣʠʥʘ, ʠʟʤʝʨʷʝʤʘʷ ʚ ʵʪʠʭ ʦʪʨʝʟʢʘʭ, ʥʘʟʳʚʘʝʪʩʷ 

ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ (comoving distance coordinate) Lcomov. ʉ ʜʨʫʛʦʡ 
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ʩʪʦʨʦʥʳ, ʬʠʟʠʯʝʩʢʠ ʵʪʘ ʜʣʠʥʘ, ʨʘʟʫʤʝʝʪʩʷ, ʠʟʤʝʥʷʝʪʩʷ ʩ ʨʦʩʪʦʤ ʨʘʜʠʫʩʘ ʰʘʨʘ, ʠ ʦʧʨʝʜʝʣʷʝʪ 

ʤʝʪʨʠʯʝʩʢʦʝ (ʬʠʟʠʯʝʩʢʦʝ) ʨʘʩʩʪʦʷʥʠʝ Lmetr. ʇʦʥʷʪʥʦ, ʯʪʦ ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʛʦ ʚʠʜʘ ʨʘʩʩʪʦʷʥʠʷ ʢ 

ʜʨʫʛʦʤʫ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ a(t) ï ʪʝʢʫʱʝʛʦ ʨʘʜʠʫʩʘ ʰʘʨʘ: 

 

Lmetr = a(t) Lcomov 

 

ɺ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ a(t0)=1, ʚ ʙʦʣʝʝ ʨʘʥʥʠʝ ʤʦʤʝʥʪʳ  ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ 0<a(t)<1. 

ʀʟʤʝʨʝʥʠʝ ʫʛʣʦʚʳʭ ʨʘʟʤʝʨʦʚ ʦʙʲʝʢʪʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ ʪʨʝʙʫʝʪ ʫʯʝʪʘ ʢʘʢ ʤʠʥʠʤʫʤ ʜʚʫʭ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ. ɺʦ-ʧʝʨʚʳʭ, ʤʳ ʚʠʜʠʤ ʫʜʘʣʝʥʥʳʝ ʦʙʲʝʢʪʳ ʥʝ ʪʘʢʠʤʠ, ʢʦʪʦʨʳʤʠ ʦʥʠ ʷʚʣʷʶʪʩʷ 

ʩʝʡʯʘʩ, ʘ ʪʘʢʠʤʠ, ʢʘʢʠʤʠ ʦʥʠ ʙʳʣʠ ʚ ʤʦʤʝʥʪ ʠʩʧʫʩʢʘʥʠʷ ʨʝʛʠʩʪʨʠʨʫʝʤʳʭ ʥʘʤʠ (ʩʝʡʯʘʩ) 

ʬʦʪʦʥʦʚ. ɺʦ-ʚʪʦʨʳʭ, ʭʦʜ ʩʚʝʪʦʚʳʭ ʣʫʯʝʡ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ 

ɺʩʝʣʝʥʥʦʡ.  

ʆʙʨʘʪʠʤʩʷ ʩʥʘʯʘʣʘ ʢʦ ʚʪʦʨʦʤʫ ʦʙʩʪʦʷʪʝʣʴʩʪʚʫ. ʆʪʣʠʯʠʝʤ ʊʐʈɺ ʦʪ ʉʂʄ ʷʚʣʷʝʪʩʷ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚ ʥʝʡ ɺʩʝʣʝʥʥʦʡ ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʩʬʝʨʠʯʝʩʢʠʡ ʪʠʧ ʤʝʪʨʠʢʠ (ʟʘʢʨʳʪʘʷ ʤʦʜʝʣʴ 

ʛʝʦʤʝʪʨʠʠ). ʈʘʩʩʤʦʪʨʠʤ ʨʠʩ. 4.11. ʆʢʨʫʞʥʦʩʪʴ ʩ ʨʘʜʠʫʩʦʤ R ʠ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ O 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʫʧʨʦʱʝʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʩʬʝʨʠʯʝʩʢʦʡ ɺʩʝʣʝʥʥʦʡ. ʅʘʙʣʶʜʘʪʝʣʴ ʨʘʩʧʦʣʦʞʝʥ ʚ 

ʪʦʯʢʝ A, ʛʘʣʘʢʪʠʢʘ ï ʚ ʪʦʯʢʝ D, ʛʜʝ BD=r ï ʨʘʜʠʫʩ ʤʘʣʦʡ ʦʢʨʫʞʥʦʩʪʠ. ʋʛʦʣ ɋ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

(ʧʦʧʝʨʝʯʥʦʤʫ) ʨʘʟʤʝʨʫ ʛʘʣʘʢʪʠʢʠ d=CEåɋ*BD=ɋ*r, ʛʜʝ ʦʪʨʝʟʦʢ CE ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʧʣʦʩʢʦʩʪʠ 

ʯʝʨʪʝʞʘ ʠ ʨʘʜʠʘʣʴʥʦʤʫ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʨʘʩʩʪʦʷʥʠʶ AD.  

 

 
 

ʈʠʩʫʥʦʢ 4.11. ʉʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʤ ʠ ʨʘʩʩʪʦʷʥʠʝʤ ʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ʀʪʘʢ, ʜʣʷ ʦʙʣʘʩʪʠ, ʦʙʣʘʜʘʶʱʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʛʘʣʘʢʪʠʢʠ d ʠ ʝʝ ʫʛʣʦʚʳʤ ʨʘʟʤʝʨʦʤ ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʪʦʯʢʝ A 

ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ  

d å a R sin(r/R) ɋ = R sin(r/R) ɋ / (1+z) 

 

ʅʘ ʨʠʩ. 4.11 ʨʘʜʠʘʣʴʥʦʤʫ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦ ʛʘʣʘʢʪʠʢʠ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʛʦʣ ẽ, ʜʣʷ ʢʦʪʦʨʦʛʦ sin ẽ=r/R. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʫʛʦʣ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʬʫʥʢʮʠʝʡ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ z. 

ʊʝʧʝʨʴ ʩʣʝʜʫʝʪ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʫʯʝʩʪʴ ʧʝʨʚʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ï ʵʚʦʣʶʮʠʶ ʨʘʟʤʝʨʦʚ 

ɺʩʝʣʝʥʥʦʡ ʦʪ ʤʦʤʝʥʪʘ ʠʟʣʫʯʝʥʠʷ ʛʘʣʘʢʪʠʢʦʡ ʬʦʪʦʥʦʚ ʜʦ ʤʦʤʝʥʪʘ ʠʭ ʨʝʛʠʩʪʨʘʮʠʠ ʩʦʚʨʝʤʝʥʥʳʤ 

ʥʘʙʣʶʜʘʪʝʣʝʤ ʥʘ ɿʝʤʣʝ. ʌʘʢʪʠʯʝʩʢʠ ʤʳ ʫʞʝ ʫʯʣʠ ʵʚʦʣʶʮʠʶ ʨʘʜʠʘʣʴʥʦʛʦ ʤʝʪʨʠʯʝʩʢʦʛʦ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʛʘʣʘʢʪʠʢʦʡ ʠ ʥʘʙʣʶʜʘʪʝʣʝʤ, ʚʚʝʜʷ ʩʦʤʥʦʞʠʪʝʣʴ a(z) ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ 

ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ. ʆʩʪʘʝʪʩʷ ʫʯʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ẽ(z), ʘ ʪʘʢʞʝ ʦʜʥʦʟʥʘʯʥʳʤ 

ʦʙʨʘʟʦʤ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ d ʛʘʣʘʢʪʠʢʠ ʚ ʣʝʚʦʡ ʯʘʩʪʠ. 

ʎʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʚʘ ʚʘʨʠʘʥʪʘ: 

 

¶ ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʛʘʣʘʢʪʠʢʠ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʨʘʜʠʘʣʴʥʦʝ 
ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʛʘʣʘʢʪʠʢʘʤʠ (ʪ.ʝ. ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʧʨʦʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ 

ʚ ʢʨʫʧʥʦʤ ʤʘʩʰʪʘʙʝ, ʥʝ ʟʘʪʨʘʛʠʚʘʷ ʵʚʦʣʶʮʠʶ ʨʘʟʤʝʨʘ ʛʘʣʘʢʪʠʢ). 
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¶ ʇʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʛʘʣʘʢʪʠʢʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʛʘʣʘʢʪʠʢʘʤʠ (ʧʨʦʮʝʩʩ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʧʨʦʷʚʣʷʝʪʩʷ ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ ʥʘ 

ʣʶʙʳʭ ʤʘʩʰʪʘʙʘʭ). 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʫʢʘʞʝʤ, ʯʪʦ ʚ ʊʐʈɺ ʠʤʝʝʪʩʷ ʧʨʦʩʪʘʷ ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʦʤ ẽ, 

ʦʪʚʝʯʘʶʱʠʤ ʨʘʜʠʘʣʴʥʦʤʫ ʩʦʧʫʪʩʪʚʫʶʱʝʤʫ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʜʦ ʛʘʣʘʢʪʠʢʠ, ʠ 

ʚʝʣʠʯʠʥʦʡ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ z (ʩʤ. ʨʘʟʜʝʣ 4.4 ʠ [ʐʫʣʴʤʘʥ ʠ ʈʵʬʬʝʣ, 2008]): 

 

ẽ(z) = ln(1+z) 

 

ʇʦʵʪʦʤʫ ʜʣʷ ʤʦʜʝʣʠ ʩ ʥʝʠʟʤʝʥʥʳʤ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʛʘʣʘʢʪʠʢʠ ʥʘʭʦʜʠʤ: 

 

ɋconst(z) å d/[a(z) R sin ẽ(z)] = (1+z) d / R sin[ln(1+z)]  

 

ʇʨʠ ʤʘʣʳʭ z ʠʤʝʝʤ  

 

ɋconst(z) å (1+z)*d/[R sin(z)] å (1+z)d/(Rz) = const * (1+z)/z. 

 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʤʦʜʝʣʠ ʩ ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ, ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ ʪʦʯʥʦ ʪʘʢ 

ʞʝ, ʢʘʢ ʠ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʤʥʦʞʠʪʝʣʴ a = 1/(z+1) ʧʦʷʚʣʷʝʪʩʷ ʧʝʨʝʜ ʦʙʝʠʤʠ ʵʪʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʠ ʧʦʵʪʦʤʫ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʩʦʢʨʘʱʘʝʪʩʷ, ʪʘʢ ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʝʝʤ: 

 

ɋvar(z) å a(z) d / [a(z) R sin ẽ(z)] = d / R sin[ln(1+z)] 

 

ʇʨʠ ʤʘʣʳʭ z ʠʤʝʝʤ  

ɋvar(z) å d/[R sin(z)] å d/(Rz) = const / z. 

 

 
 

ʈʠʩʫʥʦʢ 4.12 

ʈʘʩʯʝʪʥʳʝ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʵʢʩʧʝʨʠʤʝʥʪ (ʟʝʣʝʥʘʷ ʣʠʥʠʷ) ʟʘʚʠʩʠʤʦʩʪʠ 

ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ ʛʘʣʘʢʪʠʢ ʦʪ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ z  

ʜʣʷ ʤʦʜʝʣʝʡ ʊʐʈɺ  ʩ ʧʦʩʪʦʷʥʥʳʤ (ʢʨʘʩʥʘʷ ʣʠʥʠʷ)  

ʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤ (ʩʠʥʷʷ ʣʠʥʠʷ) ʧʦʧʝʨʝʯʥʳʤ ʨʘʟʤʝʨʦʤ ʛʘʣʘʢʪʠʢʠ. 

 

ʂʘʢ ʣʝʛʢʦ ʚʠʜʝʪʴ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʧʨʠ ʤʘʣʳʭ z ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʢʘʯʝʩʪʚʝʥʥʦʤʫ 

ʩʦʚʧʘʜʝʥʠʶ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ  ʨʘʙʦʪʝ [Lopez-Corredoira , 2010]. 

ʅʘ ʨʠʩ. 4.12 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʪʦʯʥʳʭ ʨʘʩʯʝʪʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ɋ(z) ~ 1/z (ʟʝʣʝʥʘʷ ʢʨʠʚʘʷ). ʂʨʘʩʥʘʷ ʢʨʠʚʘʷ (ʜʣʷ ʤʦʜʝʣʠ ʩ ʥʝʠʟʤʝʥʥʳʤ 

ʧʦʧʝʨʝʯʥʳʤ ʤʝʪʨʠʯʝʩʢʠʤ ʨʘʟʤʝʨʦʤ ʛʘʣʘʢʪʠʢʠ) ʷʚʥʦ ʨʘʩʭʦʜʠʪʩʷ ʩ ʟʝʣʝʥʦʡ ʢʨʠʚʦʡ ʫʞʝ ʧʨʠ z, 

ʙʣʠʟʢʠʭ ʢ 1. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʠʥʷʷ ʢʨʠʚʘʷ ʠ ʢʘʯʝʩʪʚʝʥʥʦ, ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʛʦʨʘʟʜʦ ʙʣʠʞʝ ʢ 

ʟʝʣʝʥʦʡ, ʠ ʣʠʰʴ ʧʨʠ z>4 ʥʘʯʠʥʘʝʪ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʨʘʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʊʐʈɺ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʩʭʦʜʥʦʝ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʦʧʠʩʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʫʛʣʦʚʦʛʦ ʨʘʟʤʝʨʘ ʛʘʣʘʢʪʠʢ ʦʪ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ. ʕʪʦʪ ʚʳʚʦʜ, 

z 
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ʦʜʥʘʢʦ, ʞʝʩʪʢʦ ʩʚʷʟʘʥ ʩ ʧʨʝʜʧʦʣʦʞʝʥʠʝʤ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʤʝʨ ʛʘʣʘʢʪʠʢ ʵʚʦʣʶʮʠʦʥʠʨʫʝʪ 

ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʪʦʯʥʦ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʨʘʜʠʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʥʠʭ.  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʤʦʞʥʦ ʚʩʪʨʝʪʠʪʴ ʨʘʟʣʠʯʥʳʝ ʩʫʞʜʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʠ ʧʦʧʝʨʝʯʥʳʭ 

ʨʘʟʤʝʨʦʚ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ (ʩʤ., ʥʘʧʨʠʤʝʨ, [Lee, 2009]), ʠʥʦʛʜʘ ʜʘʞʝ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʡ 

ʠ ʪʦʡ ʞʝ ʤʦʥʦʛʨʘʬʠʠ. ʊʘʢ, ʘʚʪʦʨ [Longair , 2008] ʚ ʧʘʨʘʛʨʘʬʝ 5.4 ʧʠʰʝʪ (ʧʝʨʝʚʦʜ ʤʦʡ - 

ʄ.ʍ.ʐ.): 

ʉʦʙʩʪʚʝʥʥʳʝ ʨʘʩʩʪʦʷʥʠʷ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʝ ʣʠʥʠʠ ʚʟʛʣʷʜʘ, ʪʘʢʞʝ ʜʦʣʞʥʳ 

ʠʟʤʝʥʷʪʴʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʘʩʰʪʘʙʥʳʤ ʤʥʦʞʠʪʝʣʝʤ a ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʚʨʝʤʝʥʠ t ʠ t0 

ʚ ʩʠʣʫ ʠʟʦʪʨʦʧʠʠ ʠ ʦʜʥʦʨʦʜʥʦʩʪʠ ʤʦʜʝʣʠ ʤʠʨʘé    

 

ʆʜʥʘʢʦ ʚ ʧʘʨʘʛʨʘʬʝ 7.4.4 ʩʚʦʝʡ ʢʥʠʛʠ ʦʥ ʫʧʦʜʦʙʣʷʝʪ ʛʘʣʘʢʪʠʢʠ ʣʠʥʝʡʢʘʤ ʩ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʨʘʟʤʝʨʦʤ (ñrigid rodsò) ʠ ʧʨʠʚʦʜʠʪ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʛʣʦʚʦʛʦ 

ʨʘʟʤʝʨʘ, ʦʩʥʦʚʘʥʥʳʝ ʠʤʝʥʥʦ ʥʘ ʵʪʦʤ ʧʨʝʜʧʦʣʦʞʝʥʠʠ. 

ɸʚʪʦʨʳ ʥʘʫʯʥʦ-ʧʦʧʫʣʷʨʥʦʡ ʩʪʘʪʴʠ [ʃʠʥʝʚʠʚʝʨ ʠ ɼʵʚʠʩ, 2005] ʩʧʝʮʠʘʣʴʥʦ 

ʦʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʵʪʦʤ ʚʦʧʨʦʩʝ ʠ ʘʨʛʫʤʝʥʪʠʨʫʶʪ ʥʝʠʟʤʝʥʥʦʩʪʴ ʨʘʟʤʝʨʘ ʛʘʣʘʢʪʠʢ ʪʝʤ, ʯʪʦ 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʡ ʚʥʫʪʨʠ ʥʠʭ (ʠ ʜʨʫʛʠʭ ʣʦʢʘʣʴʥʳʭ ʩʠʩʪʝʤ) ʥʘʨʫʰʘʝʪʩʷ ʙʘʣʘʥʩ ʩʠʣ 

ʪʷʛʦʪʝʥʠʷ, ʧʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʪʝʥʜʝʥʮʠʷ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʨʘʩʩʪʦʷʥʠʡ. ɼʣʷ 

ʉʂʄ ʵʪʦʪ ʜʦʚʦʜ ʢʘʞʝʪʩʷ ʦʧʨʘʚʜʘʥʥʳʤ: ʩʠʣʘ ʪʷʛʦʪʝʥʠʷ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʤʘʩʩʘʤʠ m1 ʠ m2 

ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ R
-2
, ʛʜʝ R ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ. ʆʜʥʘʢʦ ʚ ʊʐʈɺ ʜʘʥʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʥʝʚʝʨʥʦ, ʧʦʩʢʦʣʴʢʫ ʚ ʥʝʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ R ʨʘʩʪʝʪ ʪʘʢʞʝ ʠ 

ʢʘʞʜʘʷ ʤʘʩʩʘ, ʪʘʢ ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʩʠʣʘ ʧʨʠʪʷʞʝʥʠʷ F = Gm1m2/R
2
 ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ, 

ʪ.ʝ. ʙʘʣʘʥʩ ʩʠʣ ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʥʝ ʥʘʨʫʰʘʝʪʩʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ. ɺ Ä2 ʛʣʘʚʳ 15 ʠʟʚʝʩʪʥʦʡ ʤʦʥʦʛʨʘʬʠʠ [Weinberg, 

1972] ʝʝ ʘʚʪʦʨ ʧʠʰʝʪ, ʯʪʦ ʝʩʣʠ ʚʝʨʠʪʴ ʧʦʣʫʯʝʥʥʳʤ ʠʟ ʥʘʙʣʶʜʝʥʠʡ ʟʥʘʯʝʥʠʷʤ ñʧʘʨʘʤʝʪʨʘ 

ʟʘʤʝʜʣʝʥʠʷò ʠ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ, ʪʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ 

ʦʢʦʣʦ 2ɟʢʨ. ʅʦ ʚ ʊʐʈɺ ʚʳʚʦʜʠʪʩʷ ʠʤʝʥʥʦ ʪʘʢʦʝ (ɟ = 2ɟʢʨ) ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʬʘʢʪʠʯʝʩʢʦʡ ʠ 

ʢʨʠʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʷʤʠ! 

 

4.7. ɿʘʚʠʩʠʤʦʩʪʴ ʯʠʩʣʝʥʥʦʩʪʠ ʛʘʣʘʢʪʠʢ ʦʪ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ 

 

 
 

ʈʠʩʫʥʦʢ 4.13.  

ʅʘʙʣʶʜʘʝʤʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʛʘʣʘʢʪʠʢ ʧʦ ʚʝʣʠʯʠʥʝ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ  

([Barger et al., 2008]).  

 

ɺ ʨʘʙʦʪʝ [Barger et al., 2008] ʧʨʠʚʝʜʝʥʘ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʣʷ 

ʥʝʩʢʦʣʴʢʠʭ ʪʳʩʷʯ ʛʘʣʘʢʪʠʢ ʧʦ ʚʝʣʠʯʠʥʝ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ (ʨʠʩ. 4.13).  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʵʤʧʠʨʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩ ʧʨʦʛʥʦʟʘʤʠ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʨʘʟʣʠʯʥʳʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʙʦʨʘ ʚ ʧʦʣʴʟʫ ʦʜʥʦʡ ʠʟ ʥʠʭ. 
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ʉʨʘʟʫ ʫʢʘʞʝʤ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʦʙʳʯʥʦ ʩʚʷʟʳʚʘʶʪ ʩʦ ʩʢʦʨʦʩʪʴʶ ʨʘʩʰʠʨʝʥʠʷ 

ɺʩʝʣʝʥʥʦʡ, ʪʦ ʚʨʷʜ ʣʠ ʠʤʝʝʪ ʩʤʳʩʣ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʪʘʪʠʯʥʳʝ ʤʦʜʝʣʠ
13

.  

ɺ ʢʘʞʜʦʡ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʤʦʜʝʣʠ ʜʘʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ z ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ N(z), ʫʜʘʣʝʥʥʳʭ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʦʜʥʦ ʠ ʪʦ ʞʝ ʨʘʩʩʪʦʷʥʠʝ; ʠʥʘʯʝ ʛʦʚʦʨʷ, ʚʩʝ 

ʵʪʠ ʛʘʣʘʢʪʠʢʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʥʘ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʬʝʨʠʯʝʩʢʦʡ (ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʝʚʢʣʠʜʦʚʦʡ) 

ʧʦʚʝʨʭʥʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʦʝ ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ ʨʘʚʥʦ ʧʨʦʠʟʚʝʜʝʥʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʠ n(z) ʛʘʣʘʢʪʠʢ ʥʘ ʪʘʢʦʡ ʩʬʝʨʝ ʥʘ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ: 

 

N(z) = n(z)ĀS(z) 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʣʦʱʘʜʠ S ʩʬʝʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦ ʟʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʜʚʘ 

ʬʘʢʪʦʨʘ ï ʵʬʬʝʢʪ ʵʚʦʣʶʮʠʠ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ɺʩʝʣʝʥʥʦʡ ʩʦ ʚʨʝʤʝʥʝʤ ʠ ʭʘʨʘʢʪʝʨ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ. ʋʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʨʘʟʤʝʨʥʫʶ ʤʝʨʫ ɗ 

ʫʜʘʣʝʥʥʦʩʪʠ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ: 

ɗ(t) = ñ
0t

t

d(cŰ)/a(Ű) 

ʛʜʝ t0 ï ʩʦʚʨʝʤʝʥʥʳʡ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ, t ï ʝʝ ʪʝʢʫʱʠʡ ʚʦʟʨʘʩʪ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʥʝʢʦʪʦʨʦʡ 

ʚʝʣʠʯʠʥʝ z ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ), a(t) ï ʚ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ: ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ ɺʩʝʣʝʥʥʦʡ, ʯʠʩʣʝʥʥʦ 

ʨʘʚʥʳʡ ʝʝ ʤʘʩʰʪʘʙʥʦʤʫ ʬʘʢʪʦʨʫ (ʧʦʩʢʦʣʴʢʫ a(t0) = 1). ʅʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦʜ 

ʠʥʪʝʛʨʘʣʦʤ ʚ ʟʘʢʨʳʪʦʡ ʤʦʜʝʣʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʘʥʛʝʥʩ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʛʣʘ ʨʘʩʰʠʨʷʶʱʝʡʩʷ 

ʩʬʝʨʳ, ʪ.ʝ. (ʚ ʧʨʝʜʝʣʝ) ʤʘʣʦʝ ʧʨʠʨʘʱʝʥʠʝ ʩʘʤʦʛʦ ʵʪʦʛʦ ʫʛʣʘ ʧʨʠ ʤʘʣʦʤ ʞʝ ʧʨʠʨʘʱʝʥʠʠ ʨʘʜʠʫʩʘ. 

ʇʦʵʪʦʤʫ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʣʥʦʡ ʚʝʣʠʯʠʥʦʡ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʛʣʘ, ʚʳʨʘʞʝʥʥʦʛʦ ʚ 

ʨʘʜʠʘʥʘʭ.  

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʥʘʩ ʠʥʪʝʨʝʩʫʝʪ ʥʝ ʧʘʨʘʤʝʪʨ ɗ(t), ʘ ʜʨʫʛʦʡ ʧʘʨʘʤʝʪʨ ï ɗ(z). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʥ 

ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʠʤʝʥʥʦ ʤʝʥʷʝʪʩʷ ʧʘʨʘʤʝʪʨ z ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ. ɿʥʘʷ ʝʛʦ, ʤʦʞʥʦ 

ʚʳʨʘʟʠʪʴ ʧʣʦʱʘʜʴ ʠʥʪʝʨʝʩʫʶʱʝʡ ʥʘʩ ʧʦʚʝʨʭʥʦʩʪʠ S(z). ʕʪʦ ʩʜʝʣʘʥʦ ʚ ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ 

ʪʘʙʣʠʮʝ 4.3. 

ʊʘʙʣʠʮʘ 4.3. 

ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʱʘʜʠ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ  

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ɺʩʝʣʝʥʥʦʡ 

 

ʉʬʝʨʠʯʝʩʢʘʷ 

(ʟʘʤʢʥʫʪʘʷ) ʤʦʜʝʣʴ 

ʇʣʦʩʢʘʷ ʤʦʜʝʣʴ ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ 

(ʦʪʢʨʳʪʘʷ)  ʤʦʜʝʣʴ 

S ~ [a(z)Āsin ɗ(z)]
2
 S ~ [a(z)Āɗ(z)]

2
 S ~ [a(z)Āsh ɗ(z)]

2
 

 

ɼʘʣʴʥʝʡʰʠʝ ʤʦʜʝʣʴʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʚʳʙʦʨʘ ʟʘʢʦʥʘ, ʧʦ ʢʦʪʦʨʦʤʫ 

ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʛʘʣʘʢʪʠʢ ʥʘ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʵʚʦʣʶʮʠʠ 

ɺʩʝʣʝʥʥʦʡ. ʅʠʞʝ ʤʳ ʦʛʨʘʥʠʯʠʤʩʷ ʜʚʫʤʷ ʧʨʦʩʪʝʡʰʠʤʠ ʛʠʧʦʪʝʟʘʤʠ.  

ʇʝʨʚʘʷ ʛʠʧʦʪʝʟʘ ʠʩʭʦʜʠʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʧʦʣʥʦʝ ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʭʦʜʝ ʝʝ ʵʚʦʣʶʮʠʠ, ʪ.ʝ. ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ.  ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ a(z) ʛʘʣʘʢʪʠʢʠ ñʨʘʟʙʝʛʘʶʪʩʷò, ʦʙʲʝʤʥʘʷ  ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʫʙʫ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ (ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ï ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʵʪʦʛʦ ʬʘʢʪʦʨʘ), ʘ ʥʦʚʳʭ ʛʘʣʘʢʪʠʢ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʦʟʥʠʢʘʝʪ, ʠʣʠ ʠʭ 

ʧʦʷʚʣʝʥʠʝ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʠʩʯʝʟʥʦʚʝʥʠʝʤ ʧʨʝʞʥʠʭ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʛʘʣʘʢʪʠʢ ʙʫʜʝʪ ʨʘʚʥʘ 

n(z) = n0/[a(z)]
2
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 ʀʥʦʛʜʘ ʬʦʨʤʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʝʤ ʜʦ ʥʘʙʣʶʜʘʪʝʣʷ ʠ ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʠʛʥʘʣʘ 

ʦʪ ʦʙʲʝʢʪʘ ʚ ʩʪʘʪʠʯʥʦʡ ɺʩʝʣʝʥʥʦʡ ʚʩʝ ʞʝ ʜʦʧʫʩʢʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʛʦ ʨʦʜʘ ʵʚʨʠʩʪʠʯʝʩʢʦʛʦ ʧʨʠʥʮʠʧʘ (ʩʤ. 

[Lopez-Corredoira , 2010]). 



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

43 

ʛʜʝ n0 ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ ʚ ʩʦʚʨʝʤʝʥʥʫʶ ʵʧʦʭʫ, a(z) ï ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ. 

ʉʦʛʣʘʩʥʦ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʝ, ʥʝʠʟʤʝʥʥʦʡ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ
14

 ʚ ʝʜʠʥʠʮʝ 

ʦʙʲʝʤʘ (ʠ ʥʘ ʝʜʠʥʠʮʝ ʧʦʚʝʨʭʥʦʩʪʠ), ʪ.ʝ. n(z) = const. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʥʘʨʷʜʫ ʩ ʨʘʟʙʝʛʘʥʠʝʤ 

ʫʞʝ ʩʫʱʝʩʪʚʫʶʱʠʭ ʛʘʣʘʢʪʠʢ (ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʟʘʢʦʥ ʍʘʙʙʣʘ), ʚʩʝ ʚʨʝʤʷ ʚʦʟʥʠʢʘʶʪ ʥʦʚʳʝ 

ʛʘʣʘʢʪʠʢʠ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʷʶʪ ʩʚʦʙʦʜʥʳʝ ʦʙʣʘʩʪʠ ɺʩʝʣʝʥʥʦʡ.  

ʉʢʦʨʝʝ ʚʩʝʛʦ, ʦʙʘ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʪʦʯʥʳʤʠ, ʠ ʦʢʦʥʯʘʪʝʣʴʥʳʡ ʦʪʚʝʪ ʜʘʜʫʪ 

ʪʦʣʴʢʦ ʨʝʟʫʣʴʪʘʪʳ ʥʘʙʣʶʜʝʥʠʡ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʪʘʥʜʘʨʪʥʫʶ ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ (ʉʂʄ), ʢʦʪʦʨʘʷ ʧʨʝʜʧʦʣʘʛʘʝʪ, 

ʯʪʦ ɺʩʝʣʝʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʙʝʩʢʦʥʝʯʥʘ ʠ ʦʙʣʘʜʘʝʪ ʧʣʦʩʢʦʡ ʛʝʦʤʝʪʨʠʝʡ (ʵʪʦʪ ʚʳʚʦʜ 

ʜʝʣʘʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʦʧʪʠʤʘʣʴʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦ ʜʘʥʥʳʤ ʥʘʙʣʶʜʝʥʠʡ). ɺʦʪ ʪʠʧʠʯʥʦʝ ʦʧʠʩʘʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ, 

ʚʟʷʪʦʝ ʠʟ ʠʟʚʝʩʪʥʦʡ ʢʥʠʛʠ [Greene, 2004]: 

é ʝʩʣʠ ʚʩʝʣʝʥʥʘʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ ʙʝʩʢʦʥʝʯʥʘ, ʫʞʝ ʠʤʝʝʪʩʷ ʙʝʩʢʦʥʝʯʥʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʚ ʤʦʤʝʥʪ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘé ɺ ʪʘʢʦʡ ʦʙʩʪʘʥʦʚʢʝ 

ɹʦʣʴʰʦʡ ʚʟʨʳʚ ʥʝ ʠʤʝʣ ʤʝʩʪʘ ʚ ʦʜʥʦʡ ʪʦʯʢʝ; ʥʘʧʨʦʪʠʚ, ɹʦʣʴʰʦʡ ʚʟʨʳʚ ʠʤʝʣ ʤʝʩʪʦ ʚʝʟʜʝ 

ʥʘ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ ʪʦʯʝʯʥʳʤ ʥʘʯʘʣʦʤ, ʵʪʦ ʧʦʭʦʞʝ 

ʥʘ ʤʥʦʛʦ ɹʦʣʴʰʠʭ ʚʟʨʳʚʦʚ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ 

ʧʨʦʪʷʞʝʥʥʦʩʪʠ. ʇʦʩʣʝ ɺʟʨʳʚʘ ʧʨʦʩʪʨʘʥʩʪʚʦ ʨʘʟʜʫʚʘʣʦʩʴ, ʥʦ ʝʛʦ ʦʙʱʠʡ ʨʘʟʤʝʨ ʥʝ 

ʚʦʟʨʘʩʪʘʣ, ʧʦʩʢʦʣʴʢʫ ʥʝʯʪʦ, ʫʞʝ ʙʝʩʢʦʥʝʯʥʦʝ, ʥʝ ʤʦʞʝʪ ʩʪʘʪʴ ʝʱʝ ʙʦʣʴʰʝ. ʏʪʦ ʚʦʟʨʘʩʪʘʣʦ, 

ʪʘʢ ʵʪʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ ʚʨʦʜʝ ʛʘʣʘʢʪʠʢ (ʢʘʢ ʪʦʣʴʢʦ ʦʥʠ ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ).  

ʇʨʘʚʜʘ, ʚ ʵʪʦʡ ʩʚʷʟʠ ʭʦʯʝʪʩʷ ʟʘʜʘʪʴ ʚʦʧʨʦʩ, ʦʪʚʝʪ ʥʘ ʢʦʪʦʨʳʡ ʚʨʷʜ ʣʠ ʫʜʘʩʪʩʷ ʧʦʣʫʯʠʪʴ: 

ʝʩʣʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʩʝ ʨʘʩʩʪʦʷʥʠʷ ʨʘʚʥʳ ʥʫʣʶ, ʪʦ ʢʘʢ ʤʦʞʥʦ ʦʪʨʠʮʘʪʴ, ʯʪʦ ʚʩʝ ʚʟʨʳʚʳ 

ʚʩʝ ʞʝ ʠʤʝʣʠ ʤʝʩʪʦ ʚ ʦʜʥʦʡ ʝʜʠʥʩʪʚʝʥʥʦʡ ʪʦʯʢʝ, ʘ ʥʝ ʚʦ ʤʥʦʞʝʩʪʚʝ ʫʜʘʣʝʥʥʳʭ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ 

ʥʘ ʥʝʥʫʣʝʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʪʦʯʝʢ? 

ɺ ʪʘʢʦʡ ʤʦʜʝʣʠ, ʦʯʝʚʠʜʥʦ, N(z) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʚʚʝʜʝʥʥʦʡ ʥʘʤʠ ʚʝʣʠʯʠʥʳ ɗ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʫʜʘʣʝʥʥʦʩʪʴ ʥʘʙʣʶʜʘʝʤʦʛʦ ʦʙʲʝʢʪʘ ʦʪ ʩʦʚʨʝʤʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʕʪʘ 

ʚʝʣʠʯʠʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʉʂʄ ʩ ʧʦʤʦʱʴʶ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʇʘʣʘʰ, 

1999]). ɼʣʷ ʝʝ ʦʧʨʝʜʝʣʝʥʠʷ ʯʝʨʝʟ ʚʨʝʤʷ ʧʨʦʣʝʪʘ ʬʦʪʦʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʪʘʢʞʝ 

ʛʦʪʦʚʳʝ ñʢʦʩʤʦʣʦʛʠʯʝʩʢʠʝ ʢʘʣʴʢʫʣʷʪʦʨʳò (http://www.astro.ucla.edu/~wright/CosmoCalc.html).  

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, N(z) ʟʘʚʠʩʠʪ ʠ ʦʪ ʚʳʙʦʨʘ ʤʝʞʜʫ ʫʧʦʤʷʥʫʪʳʤʠ ʚʳʰʝ ʛʠʧʦʪʝʟʘʤʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʚʦʣʶʮʠʠ ʠʣʠ ʧʦʩʪʦʷʥʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʣʘʢʪʠʢ. ɽʩʣʠ ʧʨʠʥʷʪʴ 

ʧʝʨʚʫʶ ʛʠʧʦʪʝʟʫ (ʧʦʣʥʦʝ ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ ʧʦʩʪʦʷʥʥʦ), ʪʦ ʥʘ ʠʩʢʦʤʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʵʚʦʣʶʮʠʷ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ʚʦʦʙʱʝ ʥʝ ʚʣʠʷʝʪ, ʪ.ʢ. ʤʥʦʞʠʪʝʣʴ [a(z)]
2
 ʚʭʦʜʠʪ 

ʠ ʚ ʟʥʘʤʝʥʘʪʝʣʴ n(z), ʠ ʚ ʯʠʩʣʠʪʝʣʴ S(z), ʪ.ʝ. 

 

N1(z) ~ [ɗ(z)]
2 

 

ɽʩʣʠ ʞʝ ʤʳ ʠʩʭʦʜʠʤ ʠʟ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʳ (ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ ʧʦʩʪʦʷʥʥʘ), ʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʪʘʢʞʝ ʠ ʵʚʦʣʶʮʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʛʘʣʘʢʪʠʢ (ʦʥʘ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ [a(z)]
2
, ʪʘʢ ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʝʪ ʚʠʜ: 

 

N2(z) ~  [a(z)]
2
 [ɗ(z) ]

2
 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.14 (ʧʝʨʚʦʡ ʛʠʧʦʪʝʟʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʠʥʷʷ 

ʢʨʠʚʘʷ, ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʝ ï ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ (ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ 

ʦʨʜʠʥʘʪ). ʉʠʥʷʷ ʢʨʠʚʘʷ ʤʦʥʦʪʦʥʥʦ ʚʦʟʨʘʩʪʘʝʪ  ʩʦʚʩʝʤ ʥʝ ʧʦʭʦʞʘ ʥʘ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʂʨʘʩʥʘʷ ʞʝ ʢʨʠʚʘʷ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠʤʝʨʥʦ ʧʨʠ z=1.5 ʠ ʢʘʯʝʩʪʚʝʥʥʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʣʶʜʘʝʤʦʡ ʬʦʨʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. 

                                                           
14

 ʆʪʤʝʪʠʤ, ʯʪʦ ʛʠʧʦʪʝʟʘ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʧʣʦʪʥʦʩʪʠ ʛʘʣʘʢʪʠʢ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʥʘʧʨʠʤʝʨ, ʚ ʢʥʠʛʝ 

[ʂʣʘʧʜʦʨ-ʂʣʘʡʥʛʨʦʪʭʘʫʩ, ʎʶʙʝʨ, 2000]. 
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ʈʠʩʫʥʦʢ 4.14. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʛʘʣʘʢʪʠʢ (Galaxy amount) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ (Redshift) ʚ ʤʦʜʝʣʷʭ ʉʂʄ (SCM): 

ʩʠʥʷʷ ʢʨʠʚʘʷ, ʝʩʣʠ ʧʦʩʪʦʷʥʥʦ ʧʦʣʥʦʝ ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ, 

ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ, ʝʩʣʠ ʧʦʩʪʦʷʥʥʘ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ   

(ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ) 

 

ɺ ʊʐʈɺ ʵʚʦʣʶʮʠʷ ɺʩʝʣʝʥʥʦʡ ʦʧʠʩʳʚʘʝʪʩʷ 4-ʤʝʨʥʳʤ ʢʦʥʫʩʦʤ ʩ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

ʦʙʨʘʟʫʶʱʝʡ (ʪ.ʝ. ʩ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʨʘʜʠʫʩʘ ɺʩʝʣʝʥʥʦʡ ʦʪ ʝʝ ʚʦʟʨʘʩʪʘ). 

ʇʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʩʝʯʝʥʠʝ ʵʪʦʛʦ ʢʦʥʫʩʘ ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 3-

ʤʝʨʥʫʶ ʥʝʝʚʢʣʠʜʦʚʫ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴ 4-ʤʝʨʥʦʛʦ ʰʘʨʘ (ʨʠʩ. 4.15). ɿʘʤʢʥʫʪʘʷ ʛʝʦʤʝʪʨʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʩʝʯʝʥʠʷ ʢʦʥʫʩʘ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʊʐʈɺ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ʚʦ 

ɺʩʝʣʝʥʥʦʡ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʡ.  

 
 

ʈʠʩʫʥʦʢ 4.15. 

ʄʦʜʝʣʴ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʟʘʤʢʥʫʪʦʡ ɺʩʝʣʝʥʥʦʡ ʚ ʊʐʈɺ  

 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ N(z) ʟʘʚʝʜʦʤʦ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʳʤ, ʪ.ʝ. ʦʙʷʟʘʪʝʣʴʥʦ 

ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ. ʏʪʦʙʳ ʫʚʠʜʝʪʴ ʵʪʦ, 

ʠʩʧʦʣʴʟʫʝʤ ʩʥʘʯʘʣʘ ʧʝʨʚʫʶ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʛʠʧʦʪʝʟ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʦʣʥʦʝ ʯʠʩʣʦ 

ʛʘʣʘʢʪʠʢ ʦʩʪʘʝʪʩʷ ʥʝʠʟʤʝʥʥʳʤ, ʠ ʵʚʦʣʶʮʠʷ ʨʘʟʤʝʨʘ ɺʩʝʣʝʥʥʦʡ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʥʝ ʚʣʠʷʝʪ ʥʘ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ N(z). ʈʘʩʩʤʦʪʨʠʤ ʧʨʝʞʜʝ ʘʥʘʣʦʛʠʯʥʫʶ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʘʛʣʷʜʥʫʶ ʟʘʜʘʯʫ 

ï ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ, ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʯʘʩʪʴ ʥʝʝʚʢʣʠʜʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʩʬʝʨʳ ʧʦʩʪʦʷʥʥʦʛʦ ʨʘʜʠʫʩʘ R (ʨʠʩ. 4.16). 

ʃʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʜʚʠʞʝʥʠʠ (ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ) ʩʣʝʚʘ ʥʘʧʨʘʚʦ ʜʣʠʥʘ 2ˊr ñʤʘʣʦʡò 

ʦʢʨʫʞʥʦʩʪʠ ʩʥʘʯʘʣʘ ʚʦʟʨʘʩʪʘʝʪ ʦʪ 0 ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 2ˊR, ʘ ʟʘʪʝʤ ʩʥʦʚʘ ʫʙʳʚʘʝʪ ʜʦ 

ʥʫʣʷ (ʥʘʧʦʤʥʠʤ, ʯʪʦ ʜʣʠʥʘ ʦʢʨʫʞʥʦʩʪʠ ʥʘ ʝʚʢʣʠʜʦʚʦʡ ʧʣʦʩʢʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʘʜʠʫʩʦʤ 

ʤʦʥʦʪʦʥʥʦ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ). ɺʝʣʠʯʠʥʫ ʨʘʜʠʫʩʘ r ñʤʘʣʦʡò ʦʢʨʫʞʥʦʩʪʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʬʫʥʢʮʠʝʡ ʣʠʥʝʡʥʦʛʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʫʛʣʘ ɗ ʙʦʣʴʰʦʛʦ ʩʝʯʝʥʠʷ ʩʬʝʨʳ (ʨʠʩ.4), ʛʜʝ ɗ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 

0 ʜʦ ˊ. 

 

ɹʦʣʴʰʦʡ ɺʟʨʳʚ ʅʘʙʣʶʜʘʪʝʣʴ 
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ʈʠʩʫʥʦʢ 4.16. 

ʕʚʦʣʶʮʠʷ ʜʣʠʥʳ ʦʢʨʫʞʥʦʩʪʠ ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ 

 

ɺ ʵʪʦʡ 2-ʤʝʨʥʦʡ ʘʥʘʣʦʛʠʠ ʤʳ ʤʳʩʣʝʥʥʦ ʧʦʤʝʩʪʠʣʠ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʩʘʤʦʡ ʣʝʚʦʡ ʪʦʯʢʝ 

ʩʬʝʨʳ, ʘ ʥʘ ʤʘʣʦʡ ʦʢʨʫʞʥʦʩʪʠ ʨʘʜʠʫʩʘ r = R sin ɗ ʥʘʭʦʜʠʪʩʷ ʥʘʙʣʶʜʘʝʤʳʡ ʦʙʲʝʢʪ, 

ʠʩʧʫʩʢʘʶʱʠʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʩʠʛʥʘʣ. ɺ ʨʝʘʣʴʥʦʡ 3-ʤʝʨʥʦʡ ʩʠʪʫʘʮʠʠ, ʚʤʝʩʪʦ 

ʨʘʚʥʦʫʜʘʣʝʥʥʳʭ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʪʦʯʝʢ ʤʘʣʦʡ ʦʢʨʫʞʥʦʩʪʠ, ʤʳ ʜʦʣʞʥʳ ʛʦʚʦʨʠʪʴ ʦ ʪʦʯʢʘʭ 

ʤʘʣʦʡ  ʩʬʝʨʳ. ɽʩʣʠ ʜʣʠʥʘ ʤʘʣʦʡ ʦʢʨʫʞʥʦʩʪʠ ʚ 2-ʤʝʨʥʦʡ ʘʥʘʣʦʛʠʠ ʨʘʚʥʷʣʘʩʴ [2ˊR sin ɗ], ʪʦ ʚ 3-

ʤʝʨʥʦʤ ʩʣʫʯʘʝ ʧʣʦʱʘʜʴ ʪʘʢʦʡ ʥʝʝʚʢʣʠʜʦʚʦʡ ʤʘʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʚʥʷʝʪʩʷ [4ˊR
2
 sin

2 
ɗ], ʧʨʠ ɗ = 

/́2 ʵʪʘ ʧʣʦʱʘʜʴ ʤʘʢʩʠʤʘʣʴʥʘ ʠ ʨʘʚʥʘ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʳʯʥʦʡ 3-ʤʝʨʥʦʡ ʩʬʝʨʳ ʨʘʜʠʫʩʘ 

R.  ʀʤʝʥʥʦ ʚʝʣʠʯʠʥʘ ʵʪʦʡ ʧʣʦʱʘʜʠ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʜʘʥʥʦʤʫ z: 

 

N3(z) ~ sin
2 
ɗ 

 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ʠ ʚ ʨʘʙʦʪʝ [ʐʫʣʴʤʘʥ ʠ ʈʵʬʬʝʣ, 2008] , ʫʛʦʣ ɗ (ʚ ʨʘʜʠʘʥʘʭ) ʚ ʊʐʈɺ ʨʘʚʝʥ 

 

ɗ(z) = ln [a(0)/a(z)], 

 

ʛʜʝ a(z) ï ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ
15

 ɺʩʝʣʝʥʥʳʡ ʜʣʷ ʪʝʢʫʱʝʡ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ z. 

ɽʩʣʠ ʞʝ ʤʳ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʚʪʦʨʦʡ ʛʠʧʦʪʝʟʳ, ʚ ʢʦʪʦʨʦʡ ʥʝʠʟʤʝʥʥʳʤʠ ʧʦʣʘʛʘʶʪʩʷ 

ʦʙʲʝʤʥʘʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ, ʪʦ ʤʳ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴ ʠ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ 

ʜʣʷ ʢʘʞʜʦʛʦ ʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ z. ʕʪʦʪ ʫʯʝʪ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʦʩʪʳʤ ʫʤʥʦʞʝʥʠʝʤ ʥʘʡʜʝʥʥʦʛʦ 

ʚʳʰʝ ʟʥʘʯʝʥʠʷ ʧʣʦʱʘʜʠ ʤʘʣʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʢʚʘʜʨʘʪ ʪʝʢʫʱʝʛʦ ʟʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʥʦʛʦ 

ʬʘʢʪʦʨʘ ɺʩʝʣʝʥʥʦʡ, ʪ.ʝ.: 

N4(z) ~ a
2 
sin

2 
ɗ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʤʦʜʝʣʠ ʊʐʈɺ ʠ ʜʚʫʤ ʫʧʦʤʷʥʫʪʳʤ ʛʠʧʦʪʝʟʘʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʥʘ ʨʠʩ. 4.17. ʂʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ, ʤʘʢʩʠʤʫʤ ʜʣʷ ʢʨʘʩʥʦʡ ʢʨʠʚʦʡ (ʜʣʷ ʢʦʪʦʨʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʫʯʠʪʳʚʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ ɺʩʝʣʝʥʥʦʡ ʩ ʨʦʩʪʦʤ ʚʝʣʠʯʠʥʳ z) ʨʘʩʧʦʣʦʞʝʥ 

ʣʝʚʝʝ (z=1.2), ʯʝʤ ʜʣʷ ʩʠʥʝʡ (zå4). ʀ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʝʪ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. 

ʇʦʣʫʯʝʥʥʳʝ ʥʘʤʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʛʝʦʤʝʪʨʠʷ 

ʤʦʜʝʣʠ (ʉʂʄ ʩ ʧʣʦʩʢʦʡ ʤʝʪʨʠʢʦʡ ʠʣʠ ʊʐʈɺ ʩʦ ʩʬʝʨʠʯʝʩʢʦʡ ʤʝʪʨʠʢʦʡ), ʘ ʛʠʧʦʪʝʟʘ ʦ ʟʘʢʦʥʝ 

ʵʚʦʣʶʮʠʠ ʯʠʩʣʘ ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ. 

ʊʘʢ, ʛʠʧʦʪʝʟʘ ʦ ʧʦʩʪʦʷʥʩʪʚʝ ʧʦʣʥʦʛʦ ʯʠʩʣʝ ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʝʝ 

ʵʚʦʣʶʮʠʠ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʩʦʚʧʘʜʝʥʠʷ ʩ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʥʠ ʚ ʉʂʄ, ʥʠ ʚ ʊʐʈɺ, ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʨʝʜʩʢʘʟʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʨʘʟʣʠʯʘʶʪʩʷ ʠ ʤʝʞʜʫ ʩʦʙʦʡ.  

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʡ ʛʠʧʦʪʝʟʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 

ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ, 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʠʪʴ ʚ ʨʘʤʢʘʭ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʦ ʢ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʦʤʫ. 

                                                           
15

 ɺ ʊʐʈɺ ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ a(z) ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʪʝʢʫʱʝʤʫ ʚʦʟʨʘʩʪʫ ɺʩʝʣʝʥʥʦʡ.  
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ʈʠʩʫʥʦʢ 4.17. 

ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʛʘʣʘʢʪʠʢ (Galaxy amount) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ (Redshift) ʚ ʤʦʜʝʣʷʭ ʊʐʈɺ (SEUT): 

ʩʠʥʷʷ ʢʨʠʚʘʷ, ʝʩʣʠ ʧʦʩʪʦʷʥʥʦ ʧʦʣʥʦʝ ʯʠʩʣʦ ʛʘʣʘʢʪʠʢ ʚʦ ɺʩʝʣʝʥʥʦʡ 

ʢʨʘʩʥʘʷ ʢʨʠʚʘʷ, ʝʩʣʠ ʧʦʩʪʦʷʥʥʘ ʧʣʦʪʥʦʩʪʴ ʛʘʣʘʢʪʠʢ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ   

                      (ʢʨʠʚʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʨʘʟʣʠʯʥʦʤ ʤʘʩʰʪʘʙʝ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ) 

 

4.8. ɸʙʩʦʣʶʪʥʘʷ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ 

 

ʈʘʟʚʠʚʘʝʤʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʢʘʢ ʦ ʯʝʨʥʦʡ ʜʳʨʝ ï ʩʬʝʨʠʯʝʩʢʦʡ 3-ʤʝʨʥʦʡ 

ʦʙʦʣʦʯʢʝ 4-ʤʝʨʥʦʛʦ ʰʘʨʘ ï ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʘʚʠʪʴ ʧʦʜ ʩʦʤʥʝʥʠʝ ʧʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ 

ʕʡʰʪʝʡʥʘ (ʪʦʯʥʝʝ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʣʠʰʴ ʢʘʢ ʧʨʠʙʣʠʞʝʥʠʝ, ʩʧʨʘʚʝʜʣʠʚʦʝ ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʫʩʣʦʚʠʷʭ).  ʇʨʠʥʮʠʧ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ ʜʝʢʣʘʨʠʨʫʝʪ ʧʦʣʥʦʝ ʨʘʚʥʦʧʨʘʚʠʝ ʚʩʝʭ 

ʠʥʝʨʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʵʪʦʛʦ ʜʦʧʫʱʝʥʠʷ ʥʝ ʚʳʪʝʢʘʝʪ ʠʟ ʟʘʚʝʜʦʤʦ ʫʙʝʜʠʪʝʣʴʥʳʭ 

ʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʠ ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʣʠʰʴ ʘʧʦʩʪʝʨʠʦʨʠ ʫʩʧʝʰʥʳʤʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ 

ʧʨʝʜʩʢʘʟʘʥʠʷʤʠ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. ʆʜʥʘʢʦ, ʝʩʣʠ ʤʳ ʩʦʛʣʘʩʠʤʩʷ ʩ ʤʦʜʝʣʴʶ 

ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʩʬʝʨʳ, ʪʦ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʩʫʱʝʩʪʚʫʝʪ ʟʘʚʝʜʦʤʦ ʚʳʜʝʣʝʥʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʩʠʩʪʝʤ 

ʦʪʩʯʝʪʘ, ʦʪʚʝʯʘʶʱʘʷ ʘʙʩʦʣʶʪʥʦʤʫ ʧʦʢʦʶ ï ʵʪʘ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ ʩʚʷʟʘʥʘ ʩ ʣʶʙʦʡ ʪʦʯʢʦʡ ʩʬʝʨʳ, 

ʢʦʪʦʨʘʷ ʧʨʠ ʝʝ ʨʘʩʰʠʨʝʥʠʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ 4-ʤʝʨʥʦʤ ʢʦʥʪʠʥʫʫʤʝ ʩʪʨʦʛʦ ʚʜʦʣʴ ʨʘʜʠʫʩʘ, ʪ.ʝ. ʥʝ 

ʤʝʥʷʝʪ ʩʚʦʝʛʦ ʫʛʣʦʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘ ʩʬʝʨʝ, ʠʥʘʯʝ ʛʦʚʦʨʷ ï ʥʝ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʘʤʦʡ 

ʩʬʝʨʳ. ʊʘʢʦʝ ʩʪʨʦʛʦ ʨʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ, ʩʦʙʩʪʚʝʥʥʦ ʛʦʚʦʨʷ, ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʯʝʥʠʶ 

ʘʙʩʦʣʶʪʥʦʛʦ ʚʨʝʤʝʥʠ (ʨʘʟʫʤʝʝʪʩʷ, 4-ʤʝʨʥʳʡ ʚʝʢʪʦʨ ʚʨʝʤʝʥʠ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʩʬʝʨʳ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʝʥ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʦʵʪʦʤʫ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 4-ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʨʝʤʝʥʠ ʚ ʜʨʫʛʠʭ ʝʝ 

ʪʦʯʢʘʭ). ʆʯʝʚʠʜʥʦ, ʧʨʠ ʵʪʦʤ ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʘʙʩʦʣʶʪʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʩʬʝʨʳ 

ʚʳʨʦʞʜʘʝʪʩʷ ʚ ʪʦʯʢʫ, 4-ʤʝʨʥʘʷ ʩʢʦʨʦʩʪʴ ʪʦʯʢʠ ʥʝ ʠʤʝʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ (ʪ.ʝ. ʢʘʩʘʪʝʣʴʥʳʭ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ) ʢʦʤʧʦʥʝʥʪ. 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʥʘʤʠ ʯʘʩʪʠʮʘ ʠ ʩʚʷʟʘʥʥʘʷ ʩ ʥʝʡ ʩʠʩʪʝʤʘ ʦʪʩʯʝʪʘ 

ʥʝ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʘʙʩʦʣʶʪʥʦʛʦ ʧʦʢʦʷ, ʘ (ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʛʣʦʙʘʣʴʥʦʤʫ ʧʨʦʮʝʩʩʫ 

ʨʘʩʰʠʨʝʥʠʷ 3-ʩʬʝʨʳ) ʝʱʝ ʠ ʧʝʨʝʤʝʱʘʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨ 

ʩʢʦʨʦʩʪʠ ʝʝ ʧʝʨʝʤʝʱʝʥʠʷ ʫʞʝ ʥʝ ʙʫʜʝʪ ʥʘʧʨʘʚʣʝʥ ʩʪʨʦʛʦ ʧʦ ʨʘʜʠʫʩʫ ʩʬʝʨʳ, ʥʦ ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ 

ʝʱʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʘ ʪʦʯʢʘ ʤʦʞʝʪ ʦʙʣʘʜʘʪʴ ʥʝ ʪʦʣʴʢʦ 

ʣʠʥʝʡʥʦʡ, ʥʦ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʴʶ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʩʜʝʣʘʪʴ ʜʚʘ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 
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¶ ɽʩʣʠ ʢʦʤʧʦʥʝʥʪʳ ʣʠʥʝʡʥʦʡ ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳ, ʪʦ ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʚ ʵʪʦʡ 

ʩʠʩʪʝʤʝ ʚʳʧʦʣʥʝʥʠʷ ʧʨʠʥʮʠʧʘ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʕʡʥʰʪʝʡʥʘ, ʪ.ʝ. ʩʠʤʤʝʪʨʠʠ ʬʠʟʠʯʝʩʢʠʭ 

ʷʚʣʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ. 

¶ ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʥʦ ʨʘʩʩʯʠʪʳʚʘʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ 

ʚʩʝ ʞʝ ʧʦʟʚʦʣʷʪʁ ʚʳʷʚʠʪʴ ʵʬʬʝʢʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʣʠʯʠʝʤ ʦʪ ʥʫʣʷ ʢʦʤʧʦʥʝʥʪ ʣʠʥʝʡʥʦʡ 

ʠ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ, ʧʨʠʩʫʱʠʭ ʚʳʙʨʘʥʥʦʡ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ. 

 

ʊʘʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʬʠʟʠʢʘʤ ʫʜʘʣʦʩʴ ʩʜʝʣʘʪʴ ʚʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ 20-ʛʦ 

ʚʝʢʘ, ʥʘʙʣʶʜʘʷ ʩʚʦʡʩʪʚʘ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʨʝʣʠʢʪʦʚʦʛʦ (ʠʣʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʬʦʥʦʚʦʛʦ) ʠʟʣʫʯʝʥʠʷ 

(ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʠʟʣʫʯʝʥʠʝ ï ʦʩʪʘʪʦʢ ʜʨʝʚʥʝʡ ɺʩʝʣʝʥʥʦʡ). ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ (ʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʣʠ), ʯʪʦ ʵʪʦ ʠʟʣʫʯʝʥʠʝ ʠʟʦʪʨʦʧʥʦ, ʪ.ʝ. ʝʛʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ.  ʅʦ ʧʦʟʞʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʠʤʝʝʪʩʷ ʤʘʣʘʷ  

ʜʠʧʦʣʴʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ, ʢʦʪʦʨʘʷ ʦʙʲʷʩʥʠʤʘ, ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʤʳ ʜʚʠʞʝʤʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʢ ʩʦʟʚʝʜʠʶ ʃʴʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʨʷʜʢʘ 400 ʢʤ/ʩ! ɿʘʧʫʱʝʥʥʳʡ 18 ʘʚʛʫʩʪʘ 1989 ʛʦʜʘ ʩʧʫʪʥʠʢ 

COBE (Cosmic Background Explorer), ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʎʝʥʪʨʦʤ ʢʦʩʤʠʯʝʩʢʠʭ ʧʦʣʝʪʦʚ ɻʦʜʜʘʨʜʘ 

ʅʘʮʠʦʥʘʣʴʥʦʛʦ ɸʵʨʦʢʦʩʤʠʯʝʩʢʦʛʦ ɸʛʝʥʩʪʚʘ (NASA), ʧʦʟʚʦʣʠʣ ʥʘʜʝʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʵʪʦʪ 

ʨʝʟʫʣʴʪʘʪ. ʉʧʝʢʪʨ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʳʣ ʠʟʤʝʨʝʥ ʩ ʪʦʯʥʦʩʪʴʶ 

0.005%; ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʵʪʦʪ ʬʦʥ (2.728 ʂ) ʠʤʝʝʪ ʟʥʘʯʠʤʫʶ ʘʥʠʟʦʪʨʦʧʠʶ ʥʘ 

ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʫʨʦʚʥʝ ʧʦʨʷʜʢʘ   10
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ɺ ʢʦʤʤʝʥʪʘʨʠʠ ʢ ʨʫʩʩʢʦʤʫ ʧʝʨʝʚʦʜʫ ʢʥʠʛʠ [ɺʘʡʥʙʝʨʛ, 2000] ʝʝ ʨʝʜʘʢʪʦʨ ʗ.ɹ. ɿʝʣʴʜʦʚʠʯ 

ʧʠʩʘʣ: 
ʅa ʵʪʦʤ ʧpʠʤʝpʝ ʚʳʷʩʥʷʝʪʩʷ, ʯʪʦ ʚ ʢaʞʜʦʡ ʪʦʯʢʝ ɺʩʝʣʝʥʥʦʡ ʩʫʱʝʩʪʚʫʝʪ ʥaʙʣʶʜaʪʝʣʴ, 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦpʦʛʦ ʤʠʢpʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʠʟʦʪpʦʧʥʦ. ʕʪʦʛʦ ʥaʙʣʶʜaʪʝʣʷ ʠ ʩʚʷʟaʥʥʫʶ ʩ 

ʥʠʤ ʩʠʩʪʝʤʫ ʢʦʦpʜʠʥaʪ ʤʦʞʥʦ ʥaʟʚaʪʴ ʚʳʜʝʣʝʥʥʳʤʠ ... ʅaʣʠʯʠʝ ʚ ʢaʞʜʦʡ ʪʦʯʢʝ ʚʳʜʝʣʝʥʥʦʡ 

ʩʠʩʪʝʤʳ ʢʦʦpʜʠʥaʪ ʥaʧʦʤʠʥaʝʪ ʚʟʛʣʷʜʳ ʬʠʟʠʢʦʚ ʜʦ ʩʦʟʜaʥʠʷ ʪʝʦpʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ, ʢʦʛʜa 

ʧpʝʜʧʦʣaʛaʣʦʩʴ, ʯʪʦ ʩʚʝʪ - ʵʪʦ ʢʦʣʝʙaʥʠʷ ʦʩʦʙʦʛʦ ʚʝʱʝʩʪʚa - ʵʬʠpa, ʟaʧʦʣʥʷʶʱʝʛʦ ʚʩʶ 

ɺʩʝʣʝʥʥʫʶ. ʇpʝʜʧʦʣaʛaʣʦʩʴ ʜaʣʝʝ, ʯʪʦ ʩʠʩʪʝʤa ʢʦʦpʜʠʥaʪ, ʩʚʷʟaʥʥaʷ ʩ ʵʬʠpʦʤ, ʷʚʣʷʝʪʩʷ 

ʧpʝʠʤʫʱʝʩʪʚʝʥʥʦʡ, ʚʳʜʝʣʝʥʥʦʡ, ʠ ʩʪaʚʠʣʠʩʴ ʦʧʳʪʳ ʧʦ ʦʙʥapʫʞʝʥʠʶ ʜʚʠʞʝʥʠʷ ɿʝʤʣʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʬʠpa. ʄʳ ʟʥaʝʤ, ʯʪʦ ʵʪʠ ʦʧʳʪʳ (ʄaʡʢʝʣʴʩʦʥa ʠ ʜpʫʛʠʭ) ʜaʣʠ ʦʪpʠʮaʪʝʣʴʥʳʡ 

pʝʟʫʣʴʪaʪ - ʩʚʝʪʦʥʦʩʥʳʡ ʵʬʠp ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʆʜʥaʢʦ ʵʚʦʣʶʮʠʷ ɺʩʝʣʝʥʥʦʡ ʧpʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ 

ʥaʙʣʶʜʝʥʠʷʭ ʢʦʩʤʠʯʝʩʢʦʛʦ ʤʠʢpʦʚʦʣʥʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʥʦ ʪʦʣʴʢʦ ʚ ʵʪʠʭ aʩʪpʦʥʦʤʠʯʝʩʢʠʭ 

ʥaʙʣʶʜʝʥʠʷʭ!) ʚʳʜʝʣʝʥʥaʷ ʩʠʩʪʝʤa ʧʦʷʚʣʷʝʪʩʷ, ʠ ʝʝ ʠʥʦʛʜa ʥaʟʳʚaʶʪ "ʥʦʚʳʡ ʵʬʠp" ... ʚ 

paʩʰʠpʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ ʥʦʚʳʡ ʵʬʠp ʚ ʦʜʥʦʤ ʤʝʩʪʝ ʜʚʠʞʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʛʦ ʵʬʠpa ʚ 

ʜpʫʛʦʤ ʤʝʩʪʝ. ʀʤʝʥʥʦ ʥʦʚʳʡ ʵʬʠp ʠʣʠ, ʜpʫʛʠʤʠ ʩʣʦʚaʤʠ, ʤʠʢpʦʚʦʣʥʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʩ ʥaʠʙʦʣʴʰʝʡ 

ʪʦʯʥʦʩʪʴʶ ʦʩʫʱʝʩʪʚʣʷʝʪ ʜʚʠʞʝʥʠʝ ʧʦ ʟaʢʦʥʫ ʍaʙʙʣa.  

 

ʇʦʤʠʤʦ ʠʥʬʨʘʢʨʘʩʥʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʙʳʣʦ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʦ ʢʦʩʤʠʯʝʩʢʦʝ ʬʦʥʦʚʦʝ 

ʠʟʣʫʯʝʥʠʝ ʚ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʝ. ʅʘʯʠʥʘʷ ʩ 1990 ʛ. ʩ ʧʦʤʦʱʴʶ ʨʷʜʘ ʩʧʫʪʥʠʢʦʚ 

ʠʟʫʯʘʝʪʩʷ ʦʙʣʘʩʪʴ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ. ʅʘʙʣʶʜʘʝʤʘʷ ʚ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʘʭ 

ʜʠʧʦʣʴʥʘʷ ʘʥʠʟʦʪʨʦʧʠʷ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʟʤʝʨʝʥʠʡ ʪʦʯʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʧʦʣʴʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʬʦʥʦʚʦʛʦ 3ʂ-ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʝʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʢʘʢ ʵʬʬʝʢʪʘ 

ɼʦʧʣʝʨʘ.  ʀʪʘʢ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʜʘʥʥʳʭ ʧʦ ʘʥʠʟʦʪʨʦʧʠʠ ʢʦʩʤʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, 

ʤʳ ʤʦʞʝʤ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ   ʦʪʥʦʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ ʢ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ ʩʦʩʪʘʚʣʷʝʪ 0.0015 . 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʘʙʩʦʣʶʪʥʦʡ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʠʯʝʛʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʦʢʘ ʩʢʘʟʘʪʴ ʥʝʣʴʟʷ. 

ʄʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ ʣʠʰʴ ʦʜʥʦ ï ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ ʩʠʩʪʝʤʳ ʦʪʩʯʝʪʘ 

ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʝʩʣʠ ʠ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ, ʪʦ ʚʩʝ ʞʝ ʥʠʯʪʦʞʥʦ ʤʘʣʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʩʢʦʨʦʩʪʠ ʩʫʪʦʯʥʦʛʦ ʚʨʘʱʝʥʠʷ ɿʝʤʣʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʞʫʱʝʛʦʩʷ ʚʨʘʱʝʥʠʷ ʟʚʝʟʜʥʦʛʦ ʥʝʙʘ. 

ɹʦʣʝʝ ʪʦʛʦ, ʥʘʰʘ ʛʠʧʦʪʝʪʠʯʝʩʢʘʷ ʘʙʩʦʣʶʪʥʘʷ ʫʛʣʦʚʘʷ ʩʢʦʨʦʩʪʴ, ʚʝʨʦʷʪʥʦ ʤʥʦʛʦ ʤʝʥʴʰʝ ʠ 

ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʟʚʝʟʜʥʦʛʦ ʥʝʙʘ ʩ ʧʝʨʠʦʜʦʤ 25 765 ʣʝʪ, ʦʙʫʩʣʦʚʣʝʥʥʦʛʦ ʧʨʝʮʝʩʩʠʝʡ 

ʟʝʤʥʦʡ ʦʩʠ, ʠ ʜʘʞʝ ʫʛʣʦʚʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʉʦʣʥʮʘ ʚʦʢʨʫʛ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ (ʦʜʠʥ ʦʙʦʨʦʪ 

ʟʘ 200 ï 250 ʤʠʣʣʠʦʥʦʚ ʣʝʪ. 
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4.9. ʃʦʛʠʯʝʩʢʠʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʦʩʥʦʚʥʦʡ ʛʠʧʦʪʝʟʳ ʊʐʈɺ 

 

ʅʘʧʦʤʥʠʤ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʛʠʧʦʪʝʟʘ ʊʐʈɺ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʯʝʨʥʫʶ ʜʳʨʫ ʚʦ ʚʥʝʰʥʝʡ ʛʠʧʝʨʚʩʝʣʝʥʥʦʡ. ɺʳʧʦʣʥʷʷ ʦʙʝʱʘʥʠʝ, ʜʘʥʥʦʝ ʤʥʦʡ ʚʦ 

ɺʚʝʜʝʥʠʠ, ʷ ʧʨʠʚʝʜʫ ʜʚʘ ʩʦʦʙʨʘʞʝʥʠʷ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʳʚʘʶʱʠʭ ʵʪʫ 

ʛʠʧʦʪʝʟʫ. 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʩʩʤʦʪʨʠʤ ʙʝʩʢʦʥʝʯʥʫʶ ɺʩʝʣʝʥʥʫʶ, ʦʙʣʘʜʘʶʱʫʶ ʟʘʜʘʥʥʦʡ (ʩʨʝʜʥʝʡ) 

ʧʣʦʪʥʦʩʪʴʶ r ʠ ʙʝʩʢʦʥʝʯʥʦʡ ʤʘʩʩʦʡ. ɺʳʜʝʣʠʤ ʤʳʩʣʝʥʥʫʶ ʩʬʝʨʫ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ R. 

ʋʚʝʣʠʯʠʚʘʷ ʨʘʜʠʫʩ ʥʘʰʝʡ ʚʠʨʪʫʘʣʴʥʦʡ ʩʬʝʨʳ, ʤʳ ʪʝʤ ʩʘʤʳʤ ʙʫʜʝʤ ʫʚʝʣʠʯʠʚʘʪʴ ʝʝ ʤʘʩʩʫ M (ʘ 

ʟʥʘʯʠʪ ï ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ RG~M) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ. 

ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ R ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʢʫʙʠʯʝʩʢʦʤʫ ʢʦʨʥʶ ʠʟ ʤʘʩʩʳ M (ʠ 

RG). ʅʝʣʠʥʝʡʥʦʩʪʴ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʟʥʘʯʘʝʪ, ʯʪʦ, ʥʘʯʠʥʘʷ ʩ ʥʝʢʦʪʦʨʦʛʦ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʟʥʘʯʝʥʠʷ (ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʣʦʪʥʦʩʪʠ ɟ), ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʝʚʳʩʠʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʟʤʝʨ ʩʬʝʨʳ (ʩʤ. ʨʠʩ. 4.18), ʪ.ʝ. ʦʥʘ ʥʝʠʟʙʝʞʥʦ ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʯʝʨʥʫʶ ʜʳʨʫ, 

ʜʣʷ ʢʦʪʦʨʦʡ ʢʨʠʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ɟcr ~ (RG)
-2

 ʩʦʚʧʘʜʝʪ ʩ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ɟ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʩʣʝʜʩʪʚʠʝ ʥʝʦʪʚʨʘʪʠʤʦʩʪʠ ʢʦʣʣʘʧʩʘ, ɺʩʝʣʝʥʥʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʦʡ. 

 

 
 

ʈʠʩʫʥʦʢ 4.18. ʀʟʤʝʥʝʥʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ (RG) ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ (R) ʨʘʜʠʫʩʦʚ ʦʙʲʝʢʪʘ ʩ 

ʨʦʩʪʦʤ ʝʛʦ ʤʘʩʩʳ M ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ɟ=const 

 

ʆʙʨʘʪʠʤʩʷ ʪʝʧʝʨʴ ʢ ʥʘʝhʡ ɺʩʝʣʝʥʥʦʡ, ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʢʦʪʦʨʦʡ ʧʦʨʷʜʢʘ 10
-29

 ʛ/ʩʤ
3
. ɺ 

ʪʘʙʣ. 4.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʘ (ɟ/ɟcr) ʙʣʠʟʦʩʪʠ ʦʙʲʝʢʪʘ ʢ ʩʦʩʪʦʷʥʠʶ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʀʟ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ, ʯʪʦ 

ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʣʞʥʘ ʥʘʭʦʜʠʪʴʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ. 

 

ʊʘʙʣʠʮʘ 4.4. 

ʆʪʥʦʰʝʥʠʝ (ɟ/ɟ0) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

 

ʆʙʲʝʢʪ ʄʘʩʩʘ M 

(ʢʛ) 

ʈʘʜʠʫʩ R 

(ʤ) 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ  

ʨʘʜʠʫʩ RG (ʤ) 

(ɟ/ɟ0) = (RG/R)
3
 

ɿʝʤʣʷ 6Ā10
24

 6Ā10
6
 10

-2
 ~ 10

-26
 

ʉʦʣʥʮʝ 2Ā10
30

 7Ā10
8
 3Ā10

3
 ~ 10

-16
 

ʄʣʝʯʥʳʡ ʇʫʪ ɹ 3Ā10
42

 ~ 10
19

 ~10
15

 ~ 10
-12

 

ɺʩʝʣʝʥʥʘʷ ~ 10
53

 ~ 10
26

 ~ 10
26

 ~ 1 

  

ʕʪʠʤ ʠʩʯʝʨʧʳʚʘʶʪʩʷ ʘʨʛʫʤʝʥʪʳ ʧʝʨʚʦʡ ʛʨʫʧʧʳ. ɺʪʦʨʘʷ ʛʨʫʧʧʘ ʘʨʛʫʤʝʥʪʦʚ, ʢ ʢʦʪʦʨʦʡ ʤʳ 

ʧʝʨʝʭʦʜʠʤ, ʢʘʢ ʤʥʝ ʢʘʞʝʪʩʷ, ʥʝ ʤʝʥʝʝ ʫʙʝʜʠʪʝʣʴʥʘ ʠ ʠʥʪʝʨʝʩʥʘ. 
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ɺʳʜʘʶʱʠʡʩʷ ʘʥʛʣʠʡʩʢʠʡ ʬʠʟʠʢ ʇʦʣʴ ɼʠʨʘʢ ʚ ʩʚʦʝʡ ʣʝʢʮʠʠ ʚ ʐʢʦʣʝ ʬʠʟʠʢʠ ʧʨʠ 

ʫʥʠʚʝʨʩʠʪʝʪʝ ʅʦʚʦʛʦ ʖʞʥʦʛʦ ʋʵʣʴʩʘ (ɸʚʩʪʨʘʣʠʷ), ʩʦʩʪʦʷʚʰʝʡʩʷ 27.08.1975 ʛ. [Dirac, 1978], 

ʦʙʨʘʪʠʣ ʚʥʠʤʘʥʠʝ ʩʣʫʰʘʪʝʣʝʡ ʥʘ ʣʶʙʦʧʳʪʥʦʝ ʩʦʚʧʘʜʝʥʠʝ ʧʦʨʷʜʢʘ ʟʥʘʯʝʥʠʡ ʥʝʢʦʪʦʨʳʭ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʙʠʥʘʮʠʡ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ. ʅʘʧʨʠʤʝʨ, ʦʪʥʦʰʝʥʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ 

ʩʠʣʳ ʢ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʝʩʪʴ 

39
2

102Öº
protemGm

e
 

 

ʛʜʝ em  ʠ protm  ï ʤʘʩʩʳ ʵʣʝʢʪʨʦʥʘ ʠ ʧʨʦʪʦʥʘ, e ï ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ (ʠʣʠ ʧʨʦʪʦʥʘ), 

Gï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, cï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ.  ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʤʝʨʥʦ ʪʦ ʞʝ 

ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʦʪʥʦʰʝʥʠʝ ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ Utʢʦ ʚʨʝʤʝʥʠ 
32 / cme eeºt , ʟʘ 

ʢʦʪʦʨʦʝ ʩʚʝʪ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʢʣʘʩʩʠʯʝʩʢʠʡ ʵʣʝʢʪʨʦʥ: 

 

39107Öº
e

U

t

t
 

 

ʆʥ ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʤʝʞʜʫ ʜʚʫʤʷ ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʩʚʷʟʴ, ʯʪʦ ʦʙʝ 

ʦʥʠ ʜʦʣʞʥʳ ʨʘʩʪʠ ʩʦ ʚʨʝʤʝʥʝʤ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʪʘʢʞʝ ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ʠ ʤʘʩʩʘ ɺʩʝʣʝʥʥʦʡ ʚ ʮʝʣʦʤ. ʕʪʘ ʛʠʧʦʪʝʟʘ ʥʝ ʧʨʠʚʝʣʘ ʢ ʫʩʧʝʰʥʳʤ ʧʨʝʜʩʢʘʟʘʥʠʷʤ ʠ 

ʙʳʣʘ ʦʪʥʝʩʝʥʘ ʤʥʦʛʠʤʠ ʬʠʟʠʢʘʤʠ ʢ ʯʝʤʫ-ʪʦ ʚʨʦʜʝ ʥʫʤʝʨʦʣʦʛʠʠ. ʉʘʤʘ ʧʨʦʙʣʝʤʘ ʧʨʦʜʦʣʞʘʣʘ 

ʧʨʠʚʣʝʢʘʪʴ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ, ʥʦ ʪʘʢ ʠ ʥʝ ʧʦʣʫʯʠʣʘ ʦʙʱʝʧʨʠʟʥʘʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ. 

ɼʘʞʝ ʥʝʫʜʘʯʠ ʛʝʥʠʷ ʥʝ ʜʦʣʞʥʳ ʦʩʪʘʚʣʷʪʴʩʷ ʙʝʟ ʚʥʠʤʘʥʠʷ ï ʥʝ ʥʘʡʜʝʥʥʦʝ ʠʤ ʩʦʢʨʦʚʠʱʝ ʤʦʞʝʪ 

ʙʳʪʴ ʩʧʨʷʪʘʥʦ ʛʜʝ-ʪʦ ʩʦʚʩʝʤ ʨʷʜʦʤ! ʉʜʝʣʘʝʤ ʧʦʧʳʪʢʫ ʚʩʝ-ʪʘʢʠ ʥʘʡʪʠ ʨʘʮʠʦʥʘʣʴʥʦʝ (ʠ, ʚ 

ʦʙʱʝʤ, ʙʣʠʟʢʦʝ ʧʦ ʩʤʳʩʣʫ) ʦʙʲʷʩʥʝʥʠʝ ʚʳʰʝʠʟʣʦʞʝʥʥʳʭ ʬʘʢʪʦʚ ʚ ʨʘʤʢʘʭ ʧʨʝʜʣʘʛʘʝʤʦʡ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. 

ɺ ʧʣʘʥʢʦʚʩʢʦʡ ʩʠʩʪʝʤʝ ñʥʘʪʫʨʘʣʴʥʳʭ ʝʜʠʥʠʮ ʠʟʤʝʨʝʥʠʷò ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ñʧʣʘʥʢʦʚʩʢʠʝò ʝʜʠʥʠʮʳ ʤʘʩʩʳ, ʜʣʠʥʳ ʠ ʧʣʦʪʥʦʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 
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ʊʝʧʝʨʴ ʧʦʧʨʦʙʫʝʤ ʧʨʦʷʩʥʠʪʴ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʧʦʩʪʦʷʥʥʦʡ G . ʉ ʤʦʝʡ 

ʪʦʯʢʠ ʟʨʝʥʠʷ, ʜʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

 
2/2 cGMR=          

 

ʛʜʝ Rï ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ ʪʝʣʘ ʩ ʤʘʩʩʦʡ M , cï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ʀʟ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʣʝʜʫʝʪ ʧʨʦʩʪʘʷ ʠ ʦʜʥʦʟʥʘʯʥʘʷ ʣʠʥʝʡʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʘʩʩʪʦʷʥʠʝʤ (ʚ 
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ʝʜʠʥʠʮʘʭ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʩʩʦʡ, ʪʘʢ ʯʪʦ ʠʭ ʤʦʞʥʦ ʚ ʥʝʢʦʪʦʨʦʤ 

ʩʤʳʩʣʝ ʧʦʣʘʛʘʪʴ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʬʠʟʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʦʡ.  

ɹʦʣʝʝ ʪʦʛʦ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚʳʰʝʧʨʠʚʝʜʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ñʫʨʘʚʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳò ï ʩ ʨʦʩʪʦʤ ʤʘʩʩʳ ʝʝ ʨʘʟʤʝʨ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ, ʘ ʠʭ ʦʪʥʦʰʝʥʠʝ, ʦʯʝʚʠʜʥʦ, ʜʦʣʞʥʦ ʙʳʪʴ ʢʦʥʩʪʘʥʪʦʡ. ʆʙʦʟʥʘʯʠʤ ʩʦʚʨʝʤʝʥʥʳʡ 

ʨʘʜʠʫʩ ɺʩʝʣʝʥʥʦʡ ʯʝʨʝʟ UR , ʘ ʝʝ ʩʦʚʨʝʤʝʥʥʫʶ ʤʘʩʩʫ ï ʯʝʨʝʟ UM . ɽʩʣʠ ʩʯʠʪʘʪʴ ʩʧʨʘʚʝʜʣʠʚʦʡ 

ʛʠʧʦʪʝʟʫ ʊʐʈɺ ʦ ʪʦʤ, ʯʪʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ ʯʝʨʥʦʡ ʜʳʨʦʡ, ʪʦ ʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʝʝ 

ʤʘʩʩʦʡ ʠ ʨʘʜʠʫʩʦʤ ʚ ʣʶʙʫʶ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʩʦʚʨʝʤʝʥʥʫʶ) ʵʧʦʭʫ ʙʫʜʝʪ ʨʘʚʥʦ ʧʦʩʪʦʷʥʥʦʡ 

ʚʝʣʠʯʠʥʝ 
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U
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2
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ʂʘʢ ʠʟʚʝʩʪʥʦ, ʛMU

5610º , ʩʤRU

2810º , ʪʘʢ ʯʪʦ ʠʭ ʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ ʧʦʨʷʜʢʘ 
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 ʛ/ʩʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʤʘʣʦʩʫʱʝʩʪʚʝʥʥʦʛʦ ʤʥʦʞʠʪʝʣʷ 2 (ʝʛʦ ʥʝʪʨʫʜʥʦ 

ʠʩʢʣʶʯʠʪʴ ʟʘ ʩʯʝʪ ʧʝʨʝʦʧʨʝʜʝʣʝʥʠʷ pm  ʠʣʠ pl ) ʤʳ ʧʦʣʫʯʘʝʤ 
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ɺ ʵʪʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʤʦʞʥʦ ʫʚʠʜʝʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝ ʠʩʭʦʜʥʦʡ ʛʠʧʦʪʝʟʳ ʊʐʈɺ ʦ 

ʥʝʠʟʤʝʥʥʦʩʪʠ ʦʪʥʦʰʝʥʠʷ ʤʘʩʩʳ ɺʩʝʣʝʥʥʦʡ ʢ ʝʝ ʨʘʟʤʝʨʫ (ʪ.ʝ. ʛʨʘʚʠʪʘʮʠʦʥʥʦʤʫ ʨʘʜʠʫʩʫ) ʚ 

ʣʶʙʫʶ ʵʧʦʭʫ. 

 ɼʘʣʝʝ, ʠʟ ʧʨʠʚʝʜʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʣʝʛʢʦ ʚʳʚʝʩʪʠ ʠ ʧʨʦʚʝʨʠʪʴ (ʩʤ. Wikipedia.org, 

ʩʪʘʪʴʷ Plank Units),  ʯʪʦ 
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l
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m

M

p

U

p

U ¹º= 6010

 
 

ɺʚʝʜʝʥʥʦʝ ʟʜʝʩʴ ʯʠʩʣʦ D  ʨʘʟ, ʚ ʢʦʪʦʨʦʝ ʫʚʝʣʠʯʠʣʠʩʴ ʤʘʩʩʘ ʠ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʟʘ ʚʨʝʤʷ 

ʝʝ ʵʚʦʣʶʮʠʠ,  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʙʝʟʨʘʟʤʝʨʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ. ʗ ʧʨʝʜʣʘʛʘʶ 

ʥʘʟʳʚʘʪʴ ʝʛʦ ʯʠʩʣʦʤ ɼʠʨʘʢʘ. 

ʃʦʛʠʯʥʦ ʜʘʣʝʝ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʡ ʰʘʛ ʠ ʧʨʠʥʷʪʴ, ʯʪʦ ñʧʣʘʥʢʦʚʩʢʠʡò ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ 

ʝʩʪʴ ʤʦʤʝʥʪ ɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘ (ʪ.ʝ. ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʤʘʩʩʠʚʥʦʛʦ ʦʙʲʝʢʪʘ, 

ʧʦʣʦʞʠʚʰʝʛʦ ʥʘʯʘʣʘ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ). ʊʦʛʜʘ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʟʘʤʝʯʘʪʝʣʴʥʳʤ ʚʳʚʦʜʘʤ: 

ʥʘʯʘʣʴʥʳʡ ʨʘʟʤʝʨ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʙʳʣ ʨʘʚʝʥ ʩʤl p

3310-º , ʘ ʝʝ ʥʘʯʘʣʴʥʘʷ ʤʘʩʩʘ
16

 ʙʳʣʘ ʨʘʚʥʘ 

ʛmp

510-º . 

ʀʪʘʢ, ʦʪʥʦʰʝʥʠʝ 
p

p

U

U

l

m

R

M
=  ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ  >. ʆʜʥʘʢʦ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʚʝʣʠʯʠʥʘʤʠ pm  ʠ UM , ʘ ʪʘʢʞʝ ʤʝʞʜʫ pl  ʠ UR  ʦʪ ʥʝʝ ʟʘʚʠʩʷʪ. ɺʠʜʠʤʦ, 

ʧʘʨʘʤʝʪʨ > ʢʘʢʠʤ-ʪʦ ʦʙʨʘʟʦʤ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʢʫʱʠʡ ʤʦʤʝʥʪ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʠ ʚ ʠʥʫʶ 

ʵʧʦʭʫ ʤʦʞʝʪ ʠʤʝʪʴ ʠʥʦʝ ʟʥʘʯʝʥʠʝ (ʩʨ. ʩ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʛʠʧʦʪʝʟʦʡ ɼʠʨʘʢʘ!).  

ʈʘʥʝʝ ʚ ʨʘʙʦʪʝ [ʐʫʣʴʤʘʥ, 2004] ʤʥʦʶ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʣʘʚʥʘʷ ʥʦʚʘʮʠʷ ɻʝʡʟʝʥʙʝʨʛʘ 

ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ ʩʦʩʪʦʷʣʘ ʚʦ ʚʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʦʧʠʩʘʥʠʷ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʦʨʙʠʪ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ. ʇʨʷʤʳʤ ʩʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʠʣʦʩʴ 

ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʳʭ ʧʨʘʚʠʣ ʢʦʤʤʫʪʘʮʠʠ ʪʘʢʠʭ ʧʘʨ ʬʠʟʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ, ʢʘʢ ʢʦʦʨʜʠʥʘʪʘ ʠ 

                                                           
16

 ʀʥʦʛʜʘ ʧʨʠʭʦʜʠʪʩʷ ʚʩʪʨʝʯʘʪʴ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʦʠʟʚʦʣʴʥʦʝ, ʩ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʧʣʘʥʢʦʚʩʢʘʷ 

ʤʘʩʩʘ ï ʵʪʦ ñʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʤʘʩʩʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʯʘʩʪʠʮʳò. 
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ʠʤʧʫʣʴʩ, ʠʣʠ ʚʨʝʤʷ ʠ ʵʥʝʨʛʠʷ (ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ ʵʪʠ ʧʨʘʚʠʣʘ ʩʚʦʜʠʣʠʩʴ ʢ ʪʨʠʚʠʘʣʴʥʦʤʫ 

ʩʣʫʯʘʶ ʢʦʤʤʫʪʘʮʠʠ ʦʙʳʯʥʳʭ c-ʯʠʩʝʣ). ɺ ʯʘʩʪʥʦʩʪʠ, ʫʞʝ ʧʨʠ ʦʧʠʩʘʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʦʩʮʠʣʣʷʪʦʨʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʣʝʢʩʥʳʭ ʚʝʣʠʯʠʥ (ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʩʘʤʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ ʠ ʢʦʤʧʣʝʢʩʥʦ ʩʦʧʨʷʞʝʥʥʳʤʠ ʢ ʥʠʤ) ʚʦʟʥʠʢʘʶʪ ʘʥʘʣʦʛʠ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʢʦʤʤʫʪʘʪʦʨʦʚ. ʈʘʟʫʤʝʝʪʩʷ, ʚʝʣʠʯʠʥʘ >ʪʫʜʘ ʥʝ ʚʭʦʜʠʪ, ʥʦ ʧʦʷʚʣʷʶʪʩʷ ʚʳʨʘʞʝʥʠʷ17
 ʪʠʧʘ Y, 

*Y , YY=Y *||  ʠ ʪ.ʜ. ʂʘʞʜʳʡ ʪʘʢʦʡ ʦʩʮʠʣʣʷʪʦʨ ʙʝʟ ʧʦʪʝʨʴ (ʩʦ ʩʜʚʠʛʦʤ ʧʦ ʬʘʟʝ 2/p ʤʝʞʜʫ 

ʢʦʦʨʜʠʥʘʪʦʡ qʠ ʠʤʧʫʣʴʩʦʤ p) ʦʧʠʩʳʚʘʝʪʩʷ ʢʦʤʤʫʪʘʪʦʨʦʤ ʚʠʜʘ 

 

maxmax

**],[ piqqppqpq =-=  , 

 

ʛʜʝ ʩʧʨʘʚʘ ʩʪʦʷʪ ʤʘʢʩʠʤʘʣʴʥʳʝ (ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ) ʟʥʘʯʝʥʠʷ q  ʠ p .  

ɻʝʥʠʘʣʴʥʦʝ ʜʦʩʪʠʞʝʥʠʝ ɼʠʨʘʢʘ, ʟʘʚʝʨʰʠʚʰʝʝ ʧʝʨʝʭʦʜ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʧʧʘʨʘʪʫ 

ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʩʚʝʣʦʩʴ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʢ ʟʘʤʝʥʝ ʧʨʦʠʟʚʝʜʝʥʠʷ maxmax pq , ʩʫʛʫʙʦ 

ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ, ʥʘ ʫʥʠʚʝʨʩʘʣʴʥʫʶ 

ʨʘʟʤʝʨʥʫʶ ʢʦʥʩʪʘʥʪʫ ʜʝʡʩʪʚʠʷ
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.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʛʦʚʦʨʷ ʦʙ ʦʩʮʠʣʣʷʪʦʨʘʭ, ʤʳ ʬʘʢʪʠʯʝʩʢʠ ʫʯʠʪʳʚʘʝʤ ʚʦʣʥʦʚʫʶ ʧʨʠʨʦʜʫ 

ʤʘʪʝʨʠʠ, ʦ ʢʦʪʦʨʦʡ ʚʧʝʨʚʳʝ ʟʘʷʚʠʣ ʜʝ ɹʨʦʡʣʴ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʚʦʣʥʘ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʚʘʥʪʦʚʳʤ ʯʘʩʪʠʮʘʤ (ñʚʦʣʥʘ-ʧʠʣʦʪò ʜʝ ɹʨʦʡʣʷ ï ɹʦʤʘ), ʷʚʣʷʝʪʩʷ 

ʥʝʣʦʢʘʣʴʥʦʡ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ (ʥʘʩʢʦʣʴʢʦ ʵʪʦʪ ʪʝʨʤʠʥ ʟʜʝʩʴ ʫʤʝʩʪʝʥ) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩ 

ʙʝʩʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ. ʌʠʟʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʵʪʠ ʚʦʣʥʳ ʧʝʨʝʥʦʩʠʪʴ ʥʝ ʤʦʛʫʪ, ʥʦ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʣʦʢʘʣʴʥʳʤ ʢʦʨʨʝʣʷʮʠʷʤ ʤʝʞʜʫ ʪʦʯʢʘʤʠ, ʨʘʟʜʝʣʝʥʥʳʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-

ʧʦʜʦʙʥʳʤ ʠʥʪʝʨʚʘʣʦʤ (ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʕʇʈ-ʦʧʳʪʘʭ). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʘʨʘʤʝʪʨ > ʧʦʷʚʣʷʝʪʩʷ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʠ, ʚ ʢʦʪʦʨʳʭ 

ʬʠʛʫʨʠʨʫʶʪ ʵʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ. ɺ ʨʘʤʢʘʭ ʠʜʝʦʣʦʛʠʠ ʛʝʦʤʝʪʨʠʟʘʮʠʠ ʬʠʟʠʢʠ ʭʦʪʝʣʦʩʴ ʙʳ 

ʫʪʦʯʥʠʪʴ, ʢʘʢʦʡ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʠʤʝʶʪ ʵʪʠ ʧʦʩʣʝʜʥʠʝ ʚʝʣʠʯʠʥʳ. ʊʐʈɺ ʧʨʝʜʣʘʛʘʝʪ ʥʘ ʵʪʦʪ 

ʚʦʧʨʦʩ ʧʨʦʩʪʦʡ ʠ ʷʩʥʳʡ ʦʪʚʝʪ, ʢʦʪʦʨʳʡ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʣʥʦʩʪʴʶ ʦʪʚʝʯʘʝʪ ʙʫʢʚʝ ʠ ʜʫʭʫ 

ʢʚʘʥʪʦʚʦʡ ʪʝʦʨʠʠ. ʕʪʦʪ ʦʪʚʝʪ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ: 

 

ʕʥʝʨʛʠʷ ʠ ʠʤʧʫʣʴʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʢʚʘʥʪʦʚʳʝ ʯʠʩʣʘ, ʚʳʨʘʞʘʶʱʠʝ ʦʪʥʦʰʝʥʠʝ 

ʚʦʟʨʘʩʪʘ (ʨʘʜʠʫʩʘ) ɺʩʝʣʝʥʥʦʡ ʢ ʧʝʨʠʦʜʫ (ʜʣʠʥʝ ʚʦʣʥʳ) ʜʝ ɹʨʦʡʣʷ ʜʘʥʥʦʡ ʢʦʥʢʨʝʪʥʦʡ 

ʢʚʘʥʪʦʚʦʡ ʯʘʩʪʠʮʳ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʣʥʦʚʘʷ ʧʨʠʨʦʜʘ ʢʘʞʜʦʡ ʢʚʘʥʪʦʚʦʡ ʯʘʩʪʠʮʳ ʧʨʝʚʨʘʱʘʝʪ ʝʝ ʚ 

ʩʚʦʝʙʨʘʟʥʳʝ ñʯʘʩʳò ʠ ñʣʠʥʝʡʢʫò, ʠʟʤʝʨʷʶʱʠʝ ʵʚʦʣʶʮʠʶ ɺʩʝʣʝʥʥʦʡ (ʥʘʧʦʤʥʠʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʧʝʨʠʦʜ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʚ ʊʐʈɺ ʧʨʠʥʠʤʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ 

ʚ ʭʦʜʝ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ). 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʠʩʪʦʨʠʯʝʩʢʠ ʫʨʘʚʥʝʥʠʝ ʐʨʸʜʠʥʛʝʨʘ ʙʳʣʦ ʚʳʚʝʜʝʥʦ ʝʛʦ ʘʚʪʦʨʦʤ ʧʫʪʝʤ 

ʦʙʦʙʱʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʚʦʣʥʳ ʜʝ ɹʨʦʡʣʷ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠʮʳ. ʅʝʙʝʩʧʦʣʝʟʥʦ ʧʨʦʜʝʣʘʪʴ 

ʦʙʨʘʪʥʳʡ ʧʫʪʴ ï ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ ʜʣʷ ʩʚʷʟʘʥʥʦʡ ʯʘʩʪʠʮʳ ʚʝʨʥʫʪʴʩʷ ʢ ʩʚʦʙʦʜʥʦʡ ʯʘʩʪʠʮʝ, 

ʩʯʠʪʘʷ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʊʐʈɺ) ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʢʦʥʝʯʥʳʤ.  

 ʅʘʯʥʝʤ ʤʳʩʣʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʰʠʨʠʥʫ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʷʤʳ, ʚ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ 

ʥʝʢʦʪʦʨʘʷ ʢʚʘʥʪʦʚʘʷ ʯʘʩʪʠʮʘ, ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʜʠʥ ʝʝ ʢʨʘʡ ʥʝ ʩʦʚʤʝʩʪʠʪʩʷ (ʚ ʢʦʥʝʯʥʦʡ ʠ 

ʟʘʤʢʥʫʪʦʡ ɺʩʝʣʝʥʥʦʡ) ʩ ʜʨʫʛʠʤ ʢʨʘʝʤ. ɹʝʩʢʦʥʝʯʥʦ ʚʳʩʦʢʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʪʝʥʢʠ ʷʤʳ ʢʘʢ 

ʬʠʟʠʯʝʩʢʠʝ ʦʛʨʘʥʠʯʠʪʝʣʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮʳ ʥʘʤ ʙʦʣʴʰʝ ʥʝ ʪʨʝʙʫʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʫʩʣʦʚʠʝ ʢʚʘʥʪʦʚʘʥʠʷ ʦʩʪʘʥʝʪʩʷ ʪʝʤ ʞʝ ï ʯʠʩʣʦ ʧʦʣʫʚʦʣʥ ʜʦʣʞʥʦ ʙʳʪʴ ʮʝʣʳʤ. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʜʣʠʥʘ ʚʦʣʥʳ ʪʝʧʝʨʴ ʚʳʨʘʞʘʝʪʩʷ ʥʝ ʯʝʨʝʟ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʨʦʠʟʚʦʣʴʥʳʡ ʨʘʟʤʝʨ 

ʷʤʳ, ʘ ʯʝʨʝʟ ʧʝʨʠʤʝʪʨ ɺʩʝʣʝʥʥʦʡ.  

                                                           
17

 ʇʨʦʩʪʝʡʰʠʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʧʨʠʤʝʨʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʘʢʦʡ ʪʝʭʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʳʯʠʩʣʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚ ʮʝʧʷʭ 

ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ. 
18

 ʉʘʤ ɼʠʨʘʢ ʨʫʢʦʚʦʜʩʪʚʦʚʘʣʩʷ ʠʜʝʦʣʦʛʠʝʡ ʩʢʦʙʦʢ ʇʫʘʩʩʦʥʘ, ʢʦʪʦʨʘʷ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʦʯʝʥʴ ʙʣʠʟʢʘ ʢ ʦʧʠʩʘʥʥʦʡ 

ʥʘʤʠ ʠʜʝʦʣʦʛʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʤʤʫʪʘʪʦʨʦʚ ʜʣʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʪʦʨʦʚ.  



4. ʅʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

 

52 

 ʇʦʩʢʦʣʴʢʫ ʤʳ ʥʠʯʝʛʦ ʥʝ ʤʝʥʷʣʠ ʚ ʬʦʨʤʘʣʴʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʝ, ʧʦ-ʧʨʝʞʥʝʤʫ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʣʠʥʳ ʚʦʣʥʳ ʥʘ ʠʤʧʫʣʴʩ (ʪʝʧʝʨʴ ʫʞʝ ʩʚʦʙʦʜʥʦʡ) ʯʘʩʪʠʮʳ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 

ʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘ. ʏʪʦ ʦʯʝʥʴ ʚʘʞʥʦ ʠ ʥʝʪʨʠʚʠʘʣʴʥʦ, ʭʦʪʷ ʠ ʧʨʝʜʩʢʘʟʫʝʤʦ, ʪʘʢ ʵʪʦ 

ʚʦʟʥʠʢʘʶʱʘʷ ʜʣʷ ʢʦʥʝʯʥʦʡ ɺʩʝʣʝʥʥʦʡ ʜʠʩʢʨʝʪʥʦʩʪʴ ʟʥʘʯʝʥʠʡ ʩʧʝʢʪʨʘ ʠʤʧʫʣʴʩʦʚ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʣʠʥ ʚʦʣʥ. ʀ ʤʳ ʦʧʷʪʴ-ʪʘʢʠ ʤʦʞʝʤ ʦʙʲʷʩʥʠʪʴ ʝʝ ʚʳʧʦʣʥʝʥʠʝʤ ʧʨʦʩʪʦʛʦ 

ʘʥʘʣʦʛʘ ʧʨʘʚʠʣʘ ɹʦʨʘ. ʇʨʠ ʵʪʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʤʧʫʣʴʩʦʤ ʠ ʜʣʠʥʦʡ ʚʦʣʥʳ  

ʦʢʘʟʳʚʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʜʣʷ ʬʦʪʦʥʘ (ʯʘʩʪʠʮʳ ʩ ʤʘʩʩʦʡ ʧʦʢʦʷ, ʨʘʚʥʦʡ ʥʫʣʶ) ʠ ʜʣʷ ʢʚʘʥʪʦʚʦʡ 

ʯʘʩʪʠʮʳ ʩ ʥʝʥʫʣʝʚʦʡ ʤʘʩʩʦʡ ʧʦʢʦʷ: 

 

lp /2 >=p  ,    TE /2 >p=  

 

ɿʜʝʩʴ pï ʠʤʧʫʣʴʩ ʯʘʩʪʠʮʳ, E  ï ʵʥʝʨʛʠʷ ʯʘʩʪʠʮʳ,  l ʠ Tï ʜʝʙʨʦʡʣʝʚʩʢʠʝ ʜʣʠʥʘ ʚʦʣʥʳ ʠ 

ʝʝ ʧʝʨʠʦʜ ʜʣʷ ʯʘʩʪʠʮʳ. ʉʦʛʣʘʩʥʦ ʊʐʈɺ (ʠ ʚʦʧʨʝʢʠ ʉʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ), l 

ʠ Tʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ, ʘ ʠʤʧʫʣʴʩ pʠ ʵʥʝʨʛʠʷ Eʚʦʟʨʘʩʪʘʶʪ ʩʦ ʚʨʝʤʝʥʝʤ ʣʠʥʝʡʥʦ. 

ʆʪʚʝʪʩʪʚʝʥʥʦʩʪʴ ʟʘ ʵʪʦʪ ʣʠʥʝʡʥʳʡ ʨʦʩʪ ʜʦʣʞʥʘ ʥʝʩʪʠ ʚʝʣʠʯʠʥʘ >, ʢʦʪʦʨʘʷ ʪʝʧʝʨʴ ʜʦʣʞʥʘ ʙʳʪʴ 
ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʨʘʟʤʝʨʫ (ʚʦʟʨʘʩʪʫ) ɺʩʝʣʝʥʥʦʡ ʠ ʫʞʝ ʥʝ ʜʦʣʞʥʘ ʠʤʝʥʦʚʘʪʴʩʷ 

ñʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘò:  

 

Rt ÖP=)(>  

 

(ʏʪʦʙʳ ñʟʘʛʣʘʜʠʪʴ ʚʠʥʫò ʧʝʨʝʜ ʇʣʘʥʢʦʤ, ʤʳ ʚ ʝʛʦ ʯʝʩʪʴ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʥʦʚʫʶ 

ʢʦʥʩʪʘʥʪʫ ʙʦʣʴʰʦʡ ʛʨʝʯʝʩʢʦʡ ʙʫʢʚʦʡ P). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʦʚʘʷ ʢʦʥʩʪʘʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ 

ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 
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ɺʩʝ ʢʚʘʥʪʦʚʳʝ ʧʨʦʮʝʩʩʳ ʚ ʨʘʤʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʊʐʈɺ ʜʦʣʞʥʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ 

ʥʝʣʦʢʘʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ ʚ ʤʘʩʰʪʘʙʝ ɺʩʝʣʝʥʥʦʡ ʚ ʮʝʣʦʤ (ʯʪʦ-ʪʦ ʪʠʧʘ ʦʙʦʣʦʯʝʯʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʛʠʧʝʨʩʬʝʨʳ). 

ʂʦʛʜʘ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ, ʢ ʧʨʠʤʝʨʫ, ʫʜʚʦʠʪʩʷ, ʥʦʚʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʇʣʘʥʢʘ ʪʘʢʞʝ 

ʦʢʘʞʝʪʩʷ ʚʜʚʦʝ ʙʦʣʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʦʛʜʘ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʙʳʣ ʨʘʚʝʥ 

ʧʣʘʥʢʦʚʩʢʦʡ ʚʝʣʠʯʠʥʝ cʤl p

33106.1 -Öº , ʧʘʨʘʤʝʪʨ ʇʣʘʥʢʘ ʩʦʩʪʘʚʣʷʣ 

ʩʛl pp /10106.110 883355 --- ºÖ=ÖP=> ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, DpU =º 6010/>> .  

ɺ ʟʘʢʣʶʯʝʥʠʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʢʦʥʮʝʧʮʠʷ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʤʘʩʩʠʚʥʦʡ ʯʘʩʪʠʮʳ ʚ ʥʘʩʪʦʷʱʫʶ ʵʧʦʭʫ. ʆʯʝʚʠʜʥʦ, ʧʦ ʧʨʘʚʠʣʫ ʜʝ ɹʨʦʡʣʷ ʦʥʘ 

ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʨʘʟʤʝʨʫ, ʪ.ʝ. ʨʘʟʤʝʨʫ ɺʩʝʣʝʥʥʦʡ UR : 

 

 

 

ʅʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʤʘʩʩʳ ʦʯʝʥʴ ʤʘʣʦ (~ 10
-66

 ʛ, ʧʨʠ ʪʦʤ, ʯʪʦ ʤʘʩʩʘ 

ʵʣʝʢʪʨʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 10
-27

 ʛ).  

ʂʩʪʘʪʠ, ʣʶʙʦʧʳʪʥʦ ʩʨʘʚʥʠʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʣʘʥʢʦʚʩʢʦʡ ʤʘʩʩʳ ʠ ʧʣʘʥʢʦʚʩʢʦʛʦ ʟʘʨʷʜʘ:  

 

G
cmp

1
Ö= >    ʠ 02eÖ= cqp > . 

 

UR
cm

>p2
min º
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ʛʜʝ 0eï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʦʪʥʦʰʝʥʠʝ Gmq pp 02/ e=  ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ. ɺʦʟʤʦʞʥʦ ʧʦʵʪʦʤʫ, ʯʪʦ ʥʝ ʪʦʣʴʢʦ ʤʘʩʩʳ, ʥʦ 

ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʟʘʨʷʜʳ (ʚ ʯʘʩʪʥʦʩʪʠ, ʟʘʨʷʜ ʵʣʝʢʪʨʦʥʘ) ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʝ ʚʦʟʨʘʩʪʫ. ɽʩʣʠ ʵʪʦ ʪʘʢ, ʪʦ ʠ ʧʦʩʪʦʷʥʥʘʷ ʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ 
2)/( pqe=a  

ʜʦʣʞʥʘ ʟʘʚʠʩʝʪʴ ʦʪ ʚʨʝʤʝʥʠ. 
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ʇʈʀʃʆɾɽʅʀɽ 1 

 

ɸʥʘʪʦʤʠʷ ʦʜʥʦʛʦ ʟʘʙʣʫʞʜʝʥʠʷ,  

ʠʣʠ ñʠʟʚʠʣʠʩʪʳʡ ʠ ʥʝʨʦʚʥʳʡ ʧʫʪʴò ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʩʤʦʣʦʛʠʠ 
 

 

Amicus Plato, sed magis arnica veritas
19

 

(ʇʣʘʪʦʥ ʤʥʝ ʜʨʫʛ, ʥʦ ʠʩʪʠʥʘ ʜʦʨʦʞʝ) 

 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦ ʢʦʩʤʦʣʦʛʠʠ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʪʠʚʦʨʝʯʠʚʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʘʢ 

ʥʘʟʳʚʘʝʤʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʝ ȿ. ɽʝ ʩʚʷʟʳʚʘʶʪ ʩ ʩʠʣʘʤʠ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʭʦʪʷ 

ʩʘʤ ʕʡʥʰʪʝʡʥ ʷʩʥʦ ʛʦʚʦʨʠʣ ʦ ʪʦʤ, ʯʪʦ ʵʪʘ ʢʦʥʩʪʘʥʪʘ ʜʦʣʞʥʘ ʦʪʚʝʯʘʪʴ ʟʘ ʧʨʠʪʷʞʝʥʠʝ, 

ʢʦʪʦʨʦʝ, ʩ ʝʛʦ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʤʦʛʣʦ ʙʳ ʫʨʘʚʥʦʚʝʰʠʚʘʪʴ ʩʠʣʳ ʦʪʪʘʣʢʠʚʘʥʠʷ ʤʝʞʜʫ ʜʚʫʤʷ 

ʦʜʥʦʠʤʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ. ʋʢʘʟʘʥʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʦ ʚ ʥʘʫʯʥʦʡ ʠ 

ʧʦʧʫʣʷʨʥʦʡ ʣʠʪʝʨʘʪʫʨʝ,  ʠ ʢʦʯʫʝʪ (ʯʘʩʪʦ ʚ ʚʠʜʝ ʙʫʢʚʘʣʴʥʳʭ ʟʘʠʤʩʪʚʦʚʘʥʠʡ) ʠʟ ʦʜʥʦʡ 

ʨʘʙʦʪʳ ʚ ʜʨʫʛʫʶ. ʅʠʞʝ ʷ ʧʨʝʜʣʘʛʘʶ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ ʪʦʯʢʫ ʟʨʝʥʠʷ, ʧʨʦʷʩʥʷʶʱʫʶ 

ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʠ. 

 

ʄʦʜʝʣʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ɺʩʝʣʝʥʥʦʡ ʕʡʥʰʪʝʡʥʘ 

 

ɺʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ 20-ʛʦ ʚʝʢʘ ɸʣʴʙʝʨʪ ʕʡʥʰʪʝʡʥ ʧʨʝʜʣʦʞʠʣ ʜʣʷ ɺʩʝʣʝʥʥʦʡ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʚ ʚʠʜʝ ʟʘʤʢʥʫʪʦʡ ʥʘ ʩʝʙʷ 3-ʤʝʨʥʦʡ ʛʠʧʝʨʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʘʷ ʤʦʜʝʣʴ ʕʡʥʰʪʝʡʥʘ ʙʳʣʘ ʩʪʘʮʠʦʥʘʨʥʦʡ, ʪ.ʝ. ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ R ʧʨʝʜʧʦʣʘʛʘʣʩʷ 

ʧʦʩʪʦʷʥʥʳʤ, ʥʝ ʟʘʚʠʩʷʱʠʤ ʦʪ ʚʨʝʤʝʥʠ. ʀʟ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʕʡʥʰʪʝʡʥʘ ʩʣʝʜʫʝʪ 

ʫʨʘʚʥʝʥʠʝ 

d
2
R/dt

2
 =  -  (4ˊGR/3)(ɟ + 3P/c

2
)    (1) 

 

ʛʜʝ ɟ ï ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ, P ï ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʠ, G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ 

ʅʴʶʪʦʥʘ, c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ. ɽʩʣʠ ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ ʥʝ ʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ
20
, ʪʦ ʣʝʚʘʷ ʯʘʩʪʴ 

ʨʘʚʥʘ ʥʫʣʶ, ʟʥʘʯʠʪ, ʠ ʧʨʘʚʘʷ ʯʘʩʪʴ ʜʦʣʞʥʘ ʦʙʨʘʱʘʪʴʩʷ ʚ ʥʫʣʴ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʤʘʪʝʨʠʠ ɟ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʚʣʝʥʠʝ P ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ʊʘʢʦʝ ʨʝʰʝʥʠʝ ʕʡʥʰʪʝʡʥ (ʘ ʚʩʣʝʜ ʟʘ ʥʠʤ ï ʚʩʝ ʥʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ) ʩʯʝʣ ʥʝʫʤʝʩʪʥʳʤ. ɺ 

ʛʣʘʚʝ IV ʩʚʦʝʡ ʢʥʠʛʠ [ʕʡʥʰʪʝʡʥ, 1953] ʦʥ ʧʠʩʘʣ:  

 

ñɺʦʟʨʘʞʝʥʠʝʤ ʧʨʦʪʠʚ ʪʘʢʦʛʦ ʨʝʰʝʥʠʷ  ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʜʣʷ ʯʝʛʦ ʥʝʪ ʥʠʢʘʢʠʭ ʬʠʟʠʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡò.  

 

ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʥ ʚʚʝʣ (ʬʦʨʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ) ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʩʣʘʛʘʝʤʦʝ, ʪʘʢ ʯʪʦ 

ʫʨʘʚʥʝʥʠʝ ʧʨʠʦʙʨʝʣʦ ʚʠʜ  

 

d
2
R/dt

2
 =  -  (4ˊGR/3)(ɟ + 3P/c

2
) + Rȿc

2
/3         (2) 

 

ʛʜʝ ȿ ï ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʕʡʥʰʪʝʡʥ ʧʨʝʜʣʦʞʠʣ 

ʧʨʝʥʝʙʨʝʯʴ ʜʘʚʣʝʥʠʝʤ ʤʘʪʝʨʠʠ P, ʪ.ʝ. ʩʯʠʪʘʪʴ ʝʛʦ ʥʫʣʝʚʳʤ.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʚʝʣʠʯʠʥʘ ȿ ʬʘʢʪʠʯʝʩʢʠ ʚʩʝ ʨʘʚʥʦ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʚʷʟʘʥʘ ʩ ʢʘʢʠʤ-ʪʦ ʬʠʟʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʩʦʟʜʘʶʱʠʤ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ. ʕʡʥʰʪʝʡʥ 

ʚʧʦʣʥʝ ʦʩʦʟʥʘʚʘʣ, ʯʪʦ ʵʪʦ ʟʘʛʘʜʦʯʥʦʝ ʜʘʚʣʝʥʠʝ, ʙʫʜʫʯʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ, ʩʦʟʜʘʝʪ ʵʬʬʝʢʪ 

ʧʨʠʪʷʞʝʥʠʷ. ʆʥ ʧʠʩʘʣ ʚ ʇʨʠʣʦʞʝʥʠʠ 1 ñɺʦʧʨʦʩʳ ʢʦʩʤʦʣʦʛʠʠò ʢ ʚʳʰʝʫʧʦʤʷʥʫʪʦʡ ʢʥʠʛʝ: 

                                                           
19

 ʌʦʨʤʫʣʠʨʦʚʢʘ ʧʨʠʥʘʜʣʝʞʠʪ ʉʝʨʚʘʥʪʝʩʫ, ʭʦʪʷ ʠʩʭʦʜʥʘʷ ʤʘʢʩʠʤʘ ʚʳʩʢʘʟʘʥʘ ʩʘʤʠʤ ʇʣʘʪʦʥʦʤ ʠ ʚ ʩʦʯʠʥʝʥʠʠ 

ñʌʝʜʦʥò ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʠʤ ʉʦʢʨʘʪʫ. 
20

 ʀʣʠ ʤʝʥʷʝʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ. 
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ñɺʝʱʝʩʪʚʦ ʩʦʩʪʦʠʪ ʠʟ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ 

ʄʘʢʩʚʝʣʣʘ ʦʥʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʥʷʪʳ ʢʘʢ ʩʚʦʙʦʜʥʳʝ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ 

ʧʦʣʷ. ʏʪʦʙʳ ʥʝ ʧʨʦʪʠʚʦʨʝʯʠʪʴ ʬʘʢʪʘʤ, ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʯʣʝʥʳ, ʥʝ ʩʦʜʝʨʞʘʱʠʝʩʷ ʚ ʪʝʦʨʠʠ ʄʘʢʩʚʝʣʣʘ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʣʠ ʙʳ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʟʘʠʤʥʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʠʭ ʦʜʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʝʡ. ʀʤʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʵʪʠʤ ʇʫʘʥʢʘʨʝ 

ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʚʥʫʪʨʠ ʵʪʠʭ ʯʘʩʪʠʮ ʠʤʝʝʪʩʷ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʠ ʢʦʤʧʝʥʩʠʨʫʝʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʝ ʦʪʪʘʣʢʠʚʘʥʠʝ. ʅʝʣʴʟʷ, ʦʜʥʘʢʦ, ʦʧʨʝʜʝʣʝʥʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʵʪʦ 

ʜʘʚʣʝʥʠʝ ʠʩʯʝʟʘʝʪ ʚʥʝ ʯʘʩʪʠʮ. ʄʳ ʧʨʠʜʝʤ ʢ ʩʦʛʣʘʩʠʶ ʩ ʵʪʠʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ, ʝʩʣʠ ʚ 

ʥʘʰʝʤ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʦʙʘʚʠʤ ʯʣʝʥ, ʦʧʠʩʳʚʘʶʱʠʡ ʜʘʚʣʝʥʠʝ. ʕʪʦ 

ʜʘʚʣʝʥʠʝ, ʦʜʥʘʢʦ, ʥʝ ʩʣʝʜʫʝʪ ʩʤʝʰʠʚʘʪʴ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʦ 

ʩʣʫʞʠʪ ʣʠʰʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʚʳʨʘʞʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʚʥʫʪʨʠ ʚʝʱʝʩʪʚʘ.ò  

 

ʀʪʘʢ, ʕʡʥʰʪʝʡʥ ʟʜʝʩʴ ʩʦʚʝʨʰʝʥʥʦ ʷʩʥʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ñʵʬʬʝʢʪʠʚʥʦʝò ʜʘʚʣʝʥʠʝ, 

ʩʚʷʟʘʥʥʦʝ ʩ ʧʦʩʪʦʷʥʥʦʡ ȿ, ʜʦʣʞʥʦ ʙʳʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʠ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ñʚʟʘʠʤʥʦʝ 

ʦʪʪʘʣʢʠʚʘʥʠʝ ʯʘʩʪʝʡò, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʠʭ ʚʟʘʠʤʥʦʤʫ ʧʨʠʪʷʞʝʥʠʶ. 

 

ʏʪʦ ʫʪʚʝʨʞʜʘʝʪ ʩʦʚʨʝʤʝʥʥʘʷ ʢʦʩʤʦʣʦʛʠʷ  

 

ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʢʦʩʤʦʣʦʛʠ ʧʨʠʧʠʩʳʚʘʶʪ ʕʡʥʰʪʝʡʥʫ ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ 

ʫʪʚʝʨʞʜʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʷʢʦʙʳ ʧʘʨʘʤʝʪʨ ȿ ʩʚʷʟʘʥ ʩ ʩʠʣʘʤʠ ʦʪʪʘʣʢʠʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʦʥ ʚʚʝʣ ʚ 

ʩʚʦʶ ʪʝʦʨʠʶ ʚ 1917 ʛʦʜʫ ʜʣʷ ʫʨʘʚʥʦʚʝʰʠʚʘʥʠʷ ʩʠʣ ʪʷʛʦʪʝʥʠʷ. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʠʥ ʠʟ ʘʚʪʦʨʦʚ 

ʧʠʰʝʪ: ʧʦʩʢʦʣʴʢʫ ñʜʝʡʩʪʚʠʝ ʵʪʠʭ ʩʠʣ ʩʪʦʣʴ ʞʝ ʫʥʠʚʝʨʩʘʣʴʥʦ, ʢʘʢ ʠ ʩʠʣ ʚʩʝʤʠʨʥʦʛʦ ʪʷʛʦʪʝʥʠʷ, 

ʪʦ ʣʦʛʠʯʥʦ ʥʘʟʚʘʪʴ ʵʪʦ ʜʝʡʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʝʡ ʚʘʢʫʫʤʘ, ʭʦʪʷ ʦʙʳʯʥʦ ʧʦʜ ʛʨʘʚʠʪʘʮʠʝʡ ʧʦʥʠʤʘʶʪ 

ʧʨʠʪʷʞʝʥʠʝ, ʘ ʟʜʝʩʴ ʤʳ ʠʤʝʝʤ ʦʪʪʘʣʢʠʚʘʥʠʝò.  

ɼʨʫʛʦʡ ʘʚʪʦʨ, ʛʦʚʦʨʷ ʦ ʪʦʤ ʞʝ, ʜʘʞʝ ʫʧʦʤʠʥʘʝʪ ʩʣʦʚʘ ʕʡʥʰʪʝʡʥʘ ʦ ñʥʝʨʦʚʥʦʤ ʠ 

ʠʟʚʠʣʠʩʪʦʤ ʧʫʪʠò, ʢʦʪʦʨʳʝ ʧʨʠʚʝʣʠ ʧʦʩʣʝʜʥʝʛʦ ʢ ʵʪʦʡ ʠʜʝʝ. ʆʜʥʘʢʦ ʩʪʦʠʪ ʟʘʛʣʷʥʫʪʴ ʚ 

ʧʝʨʚʦʠʩʪʦʯʥʠʢ [ʕʡʥʰʪʝʡʥ, 1917], ʯʪʦʙʳ ʫʟʥʘʪʴ (ʩʤ. Ä2), ʯʪʦ ʵʪʠ ʩʣʦʚʘ ʦʪʥʦʩʷʪʩʷ ʢ ʩʦʚʩʝʤ 

ʜʨʫʛʦʡ (ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʛʝʥʠʘʣʴʥʦʡ) ʠʜʝʝ ï ʧʝʨʝʭʦʜʝ ʦʪ ʧʣʦʩʢʦʛʦ ʤʠʨʘ ʩ ʥʝʷʩʥʳʤʠ ʠ ʜʘʞʝ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʢ ʟʘʤʢʥʫʪʦʤʫ ʥʘ ʩʝʙʷ ʤʠʨʫ, ʛʜʝ ʚʦʧʨʦʩ ʦ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ñʚʦʦʙʱʝ ʦʪʧʘʜʘʝʪò. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʧʦʩʪʦʷʥʥʦʡ, ʪʦ ʕʡʥʰʪʝʡʥ 

ʟʘʚʦʜʠʪ ʨʝʯʴ ʦ ʥʝʡ ʪʦʣʴʢʦ ʚ Ä4 , ʛʜʝ, ʢʘʢ ʠ ʚ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ Ä5 ʵʪʦʡ ʩʪʘʪʴʠ, ʥʝʪ ʥʠ ʦʜʥʦʛʦ 

ʩʣʦʚʘ ʧʦ ʧʦʚʦʜʫ ʩʠʣ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʉʚʦʠ (ʧʨʷʤʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ) ʚʟʛʣʷʜʳ ʧʦ ʵʪʦʤʫ ʚʦʧʨʦʩʫ 

ʕʡʥʰʪʝʡʥ ʠʟʣʦʞʠʣ ʧʦʟʞʝ (ʩʤ. ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʝ ʝʛʦ ʮʠʪʘʪʳ). 

ʊʨʝʪʠʡ ʘʚʪʦʨ, ʧʳʪʘʷʩʴ ʨʘʟʲʷʩʥʠʪʴ ʩʠʪʫʘʮʠʶ ʯʠʪʘʪʝʣʷʤ ʧʦʧʫʣʷʨʥʦʛʦ ʞʫʨʥʘʣʘ, ʧʠʰʝʪ, ʯʪʦ 

ñʪʝʤʥʘʷ ʵʥʝʨʛʠʷ (ʩʠʥʦʥʠʤ ʚʘʢʫʫʤʘ) ï ʵʪʦ ʩʨʝʜʘ, ʜʘʚʣʝʥʠʝ ʢʦʪʦʨʦʡ ʨʘʚʥʦ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʧʦ 

ʚʝʣʠʯʠʥʝ, ʥʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʧʦ ʟʥʘʢʫé ʪʘʢʘʷ ʩʨʝʜʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦ ʦʪʪʘʣʢʠʚʘʝʪʩʷ ʦʪ ʩʘʤʦʡ 

ʩʝʙʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʫʩʢʦʨʝʥʥʦ ʨʘʩʰʠʨʷʝʪʩʷé ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʩʦʛʣʘʩʥʦ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʛʨʘʚʠʪʘʮʠʷ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʤʘʩʩʳ (ʪʦʯʥʝʝ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ), ʥʦ ʪʘʢʞʝ 

ʠ ʦʪ ʜʘʚʣʝʥʠʷ. ʏʝʤ ʙʦʣʴʰʝ ʜʘʚʣʝʥʠʝ, ʪʝʤ ʩʠʣʴʥʝʝ ʛʨʘʚʠʪʘʮʠʷé ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʪʝʤʥʦʡ 

ʵʥʝʨʛʠʠ, ʥʘʦʙʦʨʦʪ, ʩʪʦʣʴ ʚʝʣʠʢʦ, ʯʪʦ ʧʝʨʝʩʠʣʠʚʘʝʪ ʧʨʠʪʷʞʝʥʠʝ ʠ ʝʝ ʩʦʙʩʪʚʝʥʥʦʡ ʤʘʩʩʳ, ʠ 

ʤʘʩʩʳ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʤʘʩʩʠʚʥʘʷ ʩʫʙʩʪʘʥʮʠʷ ʩ ʦʯʝʥʴ ʩʠʣʴʥʳʤ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʥʝ ʩʞʠʤʘʝʪʩʷ, ʘ ʥʘʦʙʦʨʦʪ, ʨʘʩʧʫʭʘʝʪ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʩʦʙʩʪʚʝʥʥʦʡ ʛʨʘʚʠʪʘʮʠʠ.ò 

 

ʇʨʝʜʣʘʛʘʝʤʦʝ ʨʝʰʝʥʠʝ ʧʘʨʘʜʦʢʩʘ 
 

ʀʪʘʢ, ʤʳ ʠʤʝʝʤ ʷʩʥʦ ʚʳʷʚʠʚʰʝʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʫ ʕʡʥʰʪʝʡʥʘ ʚ 

ʫʨʘʚʥʝʥʠʠ (1) ʬʠʛʫʨʠʨʫʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʦʟʥʘʯʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ 

ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠ ʢʦʪʦʨʦʝ ʦʥ ʩʘʤ ʘʩʩʦʮʠʠʨʦʚʘʣ ʩʦ ʩʞʘʪʠʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, 

ʝʩʣʠ ʫʨʘʚʥʝʥʠʝ (2) ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ, ʪʦ ʩʣʘʛʘʝʤʦʝ ʩ ȿ (ʢʘʢ ʠ 



ʇʨʠʣʦʞʝʥʠʝ 1. ɸʥʘʪʦʤʠʷ ʦʜʥʦʛʦ ʟʘʙʣʫʞʜʝʥʠʷ 

 

56 

ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ P) ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʠʤʝʥʥʦ ʢ ʵʬʬʝʢʪʫ ʦʪʪʘʣʢʠʚʘʥʠʷ. 

ʕʪʦ ʢʘʞʝʪʩʷ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤ, ʭʦʪʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʦʪʨʠʮʘʪʝʣʴʥʘʷ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ 

ʪʝʣʘ ʥʝ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ ʵʬʬʝʢʪʫ ʩʞʘʪʠʷ (ʪʦʣʴʢʦ ʝʩʣʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ 

ʙʦʣʴʰʝ, ʭʦʪʷ, ʚʦʟʤʦʞʥʦ, ʪʦʞʝ ʦʪʨʠʮʘʪʝʣʴʥʘ). 

ʅʦ ʤʦʞʥʦ ʣʠ ʩʯʠʪʘʪʴ (1) ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ? ʉ ʤʦʝʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʨʠʯʠʥʘ ʧʘʨʘʜʦʢʩʘ 

ʩʚʷʟʘʥʘ ʢʘʢ ʨʘʟ ʩ ʥʝʚʝʨʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʆʥʘ ʪʨʘʢʪʫʝʪ ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ 

ʵʚʦʣʶʮʠʶ ʢʘʢ ʧʨʦʮʝʩʩ ʜʦʩʪʠʞʝʥʠʷ  ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʵʥʝʨʛʠʝʡ ʩʞʘʪʠʷ ʠ ʦʪʪʘʣʢʠʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ 

ʟʘ ʩʞʘʪʠʝ ʦʪʚʝʯʘʝʪ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ɟ, ʘ ʟʘ ʦʪʪʘʣʢʠʚʘʥʠʝ ï ʜʘʚʣʝʥʠʝ P ʠʣʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ ȿ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ ʢʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ɹʦʣʴʰʦʛʦ 

ɺʟʨʳʚʘ ʠ ʧʨʦʪʠʚʦʩʪʦʷʱʘʷ ʝʡ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʪʷʛʦʪʝʥʠʷ ʙʫʜʪʦ ʙʳ ʜʠʥʘʤʠʯʝʩʢʠ 

ʢʦʥʢʫʨʠʨʫʶʪ, ʘ ʚ ʠʩʭʦʜʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʤʦʜʝʣʠ ʕʡʥʰʪʝʡʥʘ ʤʝʞʜʫ ʥʠʤʠ ʜʦʣʞʥʦ ʠʤʝʪʴ ʤʝʩʪʦ 

ʨʘʚʥʦʚʝʩʠʝ
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. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʥʝʨʝʣʷʪʠʚʠʩʪʩʢʦʡ ʚʝʨʩʠʠ ʫʨʘʚʥʝʥʠʷ (1), ʧʨʝʜʣʦʞʝʥʥʦʡ ʕ. 

ʄʠʣʥʦʤ, ʚʤʝʩʪʦ ʩʢʦʙʢʠ (ɟ+3P/c
2
) ʩʪʦʠʪ ʦʜʥʘ ʣʠʰʴ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ɟ. ʕʪʦ ʜʘʝʪ ʧʦʚʦʜ 

ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʘʚʪʦʨʦʚ ʚʳʩʢʘʟʘʪʴ ʨʝʧʣʠʢʫ ʪʠʧʘ ñʜʘʚʣʝʥʠʝ ʚʝʩʠʪ ʚ ʆʊʆ!ò, ʦʟʥʘʯʘʶʱʫʶ, ʯʪʦ, 

ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʘ ʨʝʧʣʠʢʠ, ʧʝʨʝʭʦʜ ʦʪ ʬʠʟʠʢʠ ʅʴʶʪʦʥʘ ʢ ʬʠʟʠʢʝ ʕʡʥʰʪʝʡʥʘ ʜʦʣʞʝʥ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʧʨʝʜʫʩʤʘʪʨʠʚʘʪʴ ʟʘʤʝʥʫ ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʡ ʧʣʦʪʥʦʩʪʠ ʤʘʪʝʨʠʠ ʥʘ ʩʫʤʤʫ, ʚ ʢʦʪʦʨʫʶ 

ʚʭʦʜʠʪ ʠ ʫʪʨʦʝʥʥʦʝ ʜʘʚʣʝʥʠʝ
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.  

ʗ ʧʦʣʘʛʘʶ, ʯʪʦ ʜʝʣʦ ʦʙʩʪʦʠʪ ʩʦʚʝʨʰʝʥʥʦ ʠʥʳʤ ʦʙʨʘʟʦʤ ï ʚʦʚʩʝ ʥʝ ʚʥʫʪʨʝʥʥʠʝ ʬʘʢʪʦʨʳ 

ʦʧʨʝʜʝʣʷʶʪ ʩʦʙʦʡ ʵʚʦʣʶʮʠʶ ʠʣʠ ʩʪʘʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ɺʩʝʣʝʥʥʦʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʠʧʦʪʝʟʘ 

ʕ. ʄʠʣʥʘ ʦ ʪʦʤ, ʯʪʦ ʥʴʶʪʦʥʦʚʘ ɺʩʝʣʝʥʥʘʷ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʚʢʣʠʜʦʚʘ ʠ ʙʝʩʢʦʥʝʯʥʘʷ, 

ʚʥʫʪʨʝʥʥʝ ʧʨʦʪʠʚʦʨʝʯʠʚʘ: ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ɟ ʨʘʜʠʫʩ R ʤʳʩʣʝʥʥʦʡ 

ʩʬʝʨʳ ʩ ʤʘʩʩʦʡ M ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʦʨʥʶ ʢʫʙʠʯʝʩʢʦʤʫ ʠʟ M, ʘ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ RG ï ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ  M; ʧʦʵʪʦʤʫ ʨʘʥʦ ʠʣʠ ʧʦʟʜʥʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ 

ʨʘʜʠʫʩ RG ʩʪʘʥʝʪ ʙʦʣʴʰʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʜʠʫʩʘ R, ʠ ʚʩʷ ʵʪʘ ʤʘʩʩʘ ʩʢʦʣʣʘʧʩʠʨʫʝʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʥʝ ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʯʝʨʥʦʡ ʜʳʨʦʡ ʚ ʥʝʢʦʪʦʨʦʤ ʚʥʝʰʥʝʤ ʤʠʨʝ, ʪʘʢʞʝ 

ʟʘʧʦʣʥʝʥʥʦʤ ʤʘʪʝʨʠʝʡ (ʩʤ. ʙʦʣʝʝ ʧʦʜʨʦʙʥʫʶ ʘʨʛʫʤʝʥʪʘʮʠʶ ʚ [ʐʫʣʴʤʘʥ, 2011ʙ]).  

ʅʦ ʯʝʨʥʘʷ ʜʳʨʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʥʝʦʙʨʘʪʠʤʦ ʨʘʩʪʝʪ, ʧʦʛʣʦʱʘʷ ʤʘʪʝʨʠʶ ʠ ʵʥʝʨʛʠʶ ʠʟʚʥʝ. 

ʀʤʝʥʥʦ ʜʘʥʥʳʡ ʚʥʝʰʥʠʡ ʬʘʢʪʦʨ ʦʧʨʝʜʝʣʷʝʪ ʵʚʦʣʶʮʠʶ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʘ 

ʵʚʦʣʶʮʠʷ ʥʠʢʘʢ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʦʪʠʚ, ʠʤʝʥʥʦ ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ 

ʤʘʩʩʳ ʠ ʨʘʜʠʫʩʘ ʯʝʨʥʦʡ ʜʳʨʳ ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪ ʪʘʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʢ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ 

ɟ ʠ ʜʘʚʣʝʥʠʝ ʤʘʪʝʨʠʠ P ʚ ʥʝʡ
23
.  ʇʨʠ ʵʪʦʤ ʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʜʘʚʣʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʤʝʝʪ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʢ ʠ ʦʪʚʝʯʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʲʝʤʥʦʡ ʵʥʝʨʛʠʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, 

[ʐʫʣʴʤʘʥ, 2011ʘ]). ʀ ʵʪʦ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʦʤʫ, ʯʪʦ ʤʳ ʥʘʙʣʶʜʘʝʤ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ï ʬʝʥʦʤʝʥʫ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʤʘʪʝʨʠʠ, ʢʘʢ ʠ ʜʦʣʞʥʦ ʙʳʪʴ.  

ʆʪʩʫʪʩʪʚʠʝ ʧʘʨʘʜʦʢʩʘ ʚ ʪʘʢʦʡ ʤʦʜʝʣʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʥʝ ʷʚʣʷʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ʜʚʠʞʝʥʠʷ, ʪ.ʢ. ʜʚʠʞʝʥʠʝ (ʠ ʪʷʛʦʪʝʥʠʝ ʤʘʪʝʨʠʠ) ʦʧʨʝʜʝʣʝʥʦ ʚʥʫʪʨʠ 

ʛʠʧʝʨʩʬʝʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ, ʘ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ (ʵʚʦʣʶʮʠʷ ʝʝ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ)  

ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʥʦʨʤʘʣʠ ʢ ʦʙʦʣʦʯʢʝ, ʪ.ʝ. ʚʥʝ ʝʝ ʪʨʝʭʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ñʎʝʥʪʨò ʪʨʝʭʤʝʨʥʦʡ 

ʦʙʦʣʦʯʢʠ ʥʝ ʤʦʞʝʪ ʷʚʣʷʪʴʩʷ ʠʩʪʦʯʥʠʢʦʤ ʛʨʘʚʠʪʘʮʠʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʤʘʪʝʨʠʘʣʴʥʳʤ ʪʝʣʘʤ, 

ʧʨʠʥʘʜʣʝʞʘʱʠʤ ʩʘʤʦʡ ʦʙʦʣʦʯʢʝ, ʧʦʵʪʦʤʫ ʘʥʘʣʦʛʠʶ ʄʠʣʥʘ ʤʝʞʜʫ ʨʘʟʣʝʪʦʤ ʦʙʣʘʢʘ ʯʘʩʪʠʮ ʠ 

ʨʘʩʰʠʨʝʥʠʝʤ ɺʩʝʣʝʥʥʦʡ ʷ ʩʯʠʪʘʶ ʬʠʟʠʯʝʩʢʠ ʙʝʩʩʦʜʝʨʞʘʪʝʣʴʥʦʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʢʦʥ ʪʷʛʦʪʝʥʠʷ, ʢʦʪʦʨʳʡ ʅʴʶʪʦʥ ʚʚʝʣ ʚ ʢʣʘʩʩʠʯʝʩʢʫʶ ʬʠʟʠʢʫ ñʨʫʢʘʤʠò, 

ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ ʩʣʝʜʩʪʚʠʝ ʧʨʠʥʷʪʦʡ ʥʘʤʠ ʛʠʧʦʪʝʟʳ. ʀ ʯʪʦ ʩʘʤʦʝ ʚʘʞʥʦʝ, ʦʪʧʘʜʘʝʪ 

                                                           
21

 ʕʪʦʪ ʧʦʜʭʦʜ ʬʘʢʪʠʯʝʩʢʠ ʩʬʦʨʤʫʣʠʨʦʚʘʣ ʄʠʣʥ ʚ ʩʪʘʪʴʝ [ʄʠʣʥ, 1934], ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘ ʢʦʪʦʨʦʡ ʧʦʷʚʠʣʦʩʴ ʝʝ 

ʧʨʦʜʦʣʞʝʥʠʝ ï ʩʦʚʤʝʩʪʥʘʷ ʩʪʘʪʴʷ [ʄʘʢʂʨʠ ʠ ʄʠʣʥ, 1934]. 
22

 ʊʘʢʦʛʦ ʨʦʜʘ ʨʝʧʣʠʢʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʩʳʣʢʦʡ ʥʘ ʤʦʥʦʛʨʘʬʠʶ ʊʦʣʤʝʥʘ, ʧʨʠʯʝʤ ʧʦʜʨʦʙʥʦʩʪʠ ʥʝ 

ʧʨʠʚʦʜʷʪʩʷ. ɼʦʣʞʝʥ ʩʢʘʟʘʪʴ, ʯʪʦ ʷ ʚʥʠʤʘʪʝʣʴʥʝʡʰʠʤ ʦʙʨʘʟʦʤ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʦʩʤʦʪʨʝʣ ʤʦʥʦʛʨʘʬʠʶ [ʊʦʣʤʝʥ, 

1934]. ʗ ʥʘʰʝʣ ʪʘʤ ʫʧʦʤʠʥʘʥʠʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʦʜʦʙʥʦʛʦ ʬʘʢʪʘ ʚ Ä65, ʛʜʝ ʨʝʯʴ ʠʜʝʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦ ʜʘʚʣʝʥʠʠ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ (ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʨʘʚʥʘ aT
4
, ʪʦʛʜʘ ʢʘʢ ʜʘʚʣʝʥʠʝ ʨʘʚʥʦ aT

4
/3, ʛʜʝ a - 

ʢʦʥʩʪʘʥʪʘ). 
23

 ʊ.ʝ. ʬʠʢʩʠʨʦʚʘʥʥʳʡ ʙʘʣʘʥʩ ʤʝʞʜʫ ñʢʠʥʝʪʠʯʝʩʢʦʡò ʠ ñʧʦʪʝʥʮʠʘʣʴʥʦʡò (ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ) ʵʥʝʨʛʠʝʡ ʣʶʙʦʡ 

ʯʘʩʪʠʮʳ ʚ ʩʠʩʪʝʤʝ ʦʪʩʯʝʪʘ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ɿʘʤʝʪʠʤ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʨʘʜʠʫʩ ɺʩʝʣʝʥʥʦʡ, ʪʝʤ ʤʝʥʴʰʝ 

ʘʙʩʦʣʶʪʥʳʝ ʚʝʣʠʯʠʥʳ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʠ ʜʘʚʣʝʥʠʷ ʤʘʪʝʨʠʠ. 
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ʚʩʷʢʘʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʳ. ɿʘʤʝʪʠʤ, ʯʪʦ ʅʴʶʪʦʥ ʚʚʝʣ 

ʟʘʢʦʥ ʪʷʛʦʪʝʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʩʚʦʝʤʫ ʞʝ ʚʪʦʨʦʤʫ ʟʘʢʦʥʫ (ʩʚʷʟʳʚʘʶʱʝʤʫ ʠʥʝʨʪʥʫʶ ʤʘʩʩʫ ʠ 

ʫʩʢʦʨʝʥʠʝ). ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ñʦʙʳʯʥʳʤò ʪʝʣʘʤ ñʜʘʚʣʝʥʠʝ ʪʷʛʦʪʝʥʠʷò Pg ʦʙʳʯʥʦ ʠʛʥʦʨʠʨʫʝʪʩʷ, 

ʙʫʜʫʯʠ ʯʨʝʟʚʳʯʘʡʥʦ ʤʘʣʳʤ, ʭʦʪʷ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʥʦ ʩʪʨʝʤʠʪʩʷ ʩʞʘʪʴ ʜʘʞʝ ʩʘʤʫʶ ʤʘʣʫʶ 

ʢʘʧʝʣʴʢʫ ʤʘʪʝʨʠʠ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʴʰʠʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ ʠʤ ʧʨʝʥʝʙʨʝʛʘʪʴ ʫʞʝ 

ʥʝʣʴʟʷ, ʥʝʜʘʨʦʤ ʬʠʟʠʢʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ ʩʧʝʮʠʘʣʴʥʳʡ ʪʝʨʤʠʥ ñʛʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʩʘʤʦʜʝʡʩʪʚʠʝ (self-gravitation)ò. ɺ ʫʨʘʚʥʝʥʠʠ (1) ʧʦʜ ʚʝʣʠʯʠʥʦʡ P ʩʣʝʜʫʝʪ ʧʦʥʠʤʘʪʴ ʩʫʤʤʫ Pg ʠ 

ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʚʠʜʦʚ ʜʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ), ʠ ʚ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʟʘʜʘʯʘʭ ʦʙʳʯʥʦ ʜʦʤʠʥʠʨʫʝʪ ʠʤʝʥʥʦ Pg.  

ʉʘʤʦ ʩʦʙʦʡ ʨʘʟʫʤʝʝʪʩʷ, ʯʪʦ ʦʪʢʘʟ ʦʪ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʩʣʦʞʠʚʰʝʡʩʷ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʠʟʙʝʞʥʦ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʘ 

ʥʦʚʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʥʝ ʭʫʞʝ ʩʪʘʨʦʡ ʦʙʲʷʩʥʷʝʪ ʚʩʶ ʤʘʩʩʫ ʠʟʚʝʩʪʥʳʭ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʥʘʙʣʶʜʝʥʠʡ. ʈʝʟʫʣʴʪʘʪʳ ʤʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚʳʧʦʣʥʝʥʥʳʭ ʩ 1993 ʛʦʜʘ, 

ʪʚʝʨʜʦ ʫʙʝʞʜʘʶʪ ʤʝʥʷ ʚ ʪʦʤ, ʯʪʦ ʵʪʘ ʟʘʜʘʯʘ ʚ ʥʠʭ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʝʪʩʷ (ʩʤ. ʤʦʠ ʧʫʙʣʠʢʘʮʠʠ ʥʘ 

ʩʘʡʪʝ www.timeorigin21.narod.ru, ʨʘʟʜʝʣ ñɺʨʝʤʷ ʠ ʂʦʩʤʦʣʦʛʠʷò). 

ʅʘʧʦʩʣʝʜʦʢ ʧʦʟʚʦʣʶ ʩʝʙʝ ʩʜʝʣʘʪʴ ʧʝʩʩʠʤʠʩʪʠʯʝʩʢʦʝ ʟʘʤʝʯʘʥʠʝ. ʄʥʦʛʠʝ ʛʦʜʳ ʷ ʧʳʪʘʶʩʴ 

ʧʨʠʚʣʝʯʴ ʢ ʠʟʣʘʛʘʝʤʦʡ ʧʨʦʙʣʝʤʝ ʚʥʠʤʘʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʢʦʩʤʦʣʦʛʦʚ. ɺ ʜʘʥʥʦʡ 

ʧʫʙʣʠʢʘʮʠʠ ʷ ʧʦʩʪʘʨʘʣʩʷ ʩʜʝʣʘʪʴ ʵʪʦ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʣʥʦʪʦʡ ʠ ʷʩʥʦʩʪʴʶ. ʆʜʥʘʢʦ ʤʝʥʷ ʥʝ 

ʦʩʪʘʚʣʷʝʪ ʧʨʝʜʯʫʚʩʪʚʠʝ, ʯʪʦ ʠ ʵʪʘ ʧʦʧʳʪʢʘ ʟʘʚʝʨʰʠʪʩʷ ʪʘʢ, ʢʘʢ ʦʧʠʩʘʥʦ ʚ ʧʝʩʥʝ ɸʥʜʨʝʷ 

ʄʘʢʘʨʝʚʠʯʘ: 

ʀ ʢʘʞʜʳʡ ʧʦʰʝʣ ʩʚʦʝʶ ʜʦʨʦʛʦʡ, 

ɸ ʧʦʝʟʜ ʧʦʰʝʣ ʩʚʦʝʡé 

 

  

ʉʤ. ʩʩʳʣʢʠ ʚ ʦʙʱʝʡ ɹʠʙʣʠʦʛʨʘʬʠʠ ʢ ʢʥʠʛʝ ñɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʩʤʦʣʦʛʠʷò. 
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 ʕʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ ʛʨʘʚʠʪʘʮʠʠ  

 
ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʩʚʷʟʴ ʤʝʞʜʫ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ ʠ ʵʥʪʨʦʧʠʝʡ. 

ʆʙʦʙʱʘʝʪʩʷ ʟʥʘʤʝʥʠʪʳʡ ñʧʨʝʜʝʣ ɹʝʢʝʥʰʪʝʡʥʘò, ʠʣʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʧʨʝʜʝʣ ʜʣʷ 

ʵʥʪʨʦʧʠʠ.. 

 

ɺʚʝʜʝʥʠʝ 

 

ɺ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʗ. ɹʝʢʝʥʰʪʝʡʥ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʯʝʨʥʳʝ ʜʳʨʳ (ʏɼ) ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʦʛʨʦʤʥʦʡ ʵʥʪʨʦʧʠʝʡ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʧʣʦʱʘʜʠ ʦʛʨʘʥʠʯʠʚʘʶʱʝʡ ʠʭ ʩʬʝʨʳ ï 

ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ. ɺ ʨʘʙʦʪʝ [Bekenstein, 2003] ʦʥ ʧʠʩʘʣ (ʧʝʨʝʚʦʜ ʤʦʡ ï ʄ.ʍ.ʐ.):  

 

ñé ʯʝʨʥʘʷ ʜʳʨʘ ʩ ʤʘʩʩʦʡ, ʨʘʚʥʦʡ ʤʘʩʩʝ ʉʦʣʥʮʝ,  ʠʤʝʝʪ ʵʥʪʨʦʧʠʶ, ʙʦʣʴʰʫʶ [ʧʨʠʤʝʨʥʦ ʥʘ 

20 ʧʦʨʷʜʢʦʚ], ʯʝʤ ʵʥʪʨʦʧʠʷ ʟʚʝʟʜʳ ʪʦʡ ʞʝ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʙʳʪʴ ʝʝ ʧʨʝʜʢʦʤ. ʅʦ 

ʧʦʯʝʤʫ ʵʥʪʨʦʧʠʷ ʜʳʨ ʜʦʣʞʥʘ ʙʳʪʴ ʙʦʣʴʰʝ ʥʘ ʤʥʦʛʦ ʧʦʨʷʜʢʦʚ? ʇʨʠʥʮʠʧ ɹʦʣʴʮʤʘʥʘ, 

ʫʪʚʝʨʞʜʘʶʱʠʡ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʩʠʩʪʝʤʳ ʨʘʚʥʘ ʣʦʛʘʨʠʬʤʫ ʦʪ ʯʠʩʣʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʢʦʥʬʠʛʫʨʘʮʠʡ, ʩʦʚʤʝʩʪʠʤʳʭ ʩ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʩʠʩʪʝʤʳ, ʚʤʝʩʪʝ ʩ 

ʧʨʠʥʮʠʧʦʤ ñ[ʫ ʯʝʨʥʦʡ ʜʳʨʳ] ʥʝʪ ʚʦʣʦʩò, ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʵʥʪʨʦʧʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʙʦʣʴʰʝ 

ʧʦʪʦʤʫ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʯʝʨʥʦʡ ʜʳʨʳ ʥʝ ʤʦʞʝʪ ʩʦʦʙʱʠʪʴ ʥʘʤ ʪʦʯʥʦ, ʙʣʘʛʦʜʘʨʷ ʨʦʩʪʫ ʢʘʢʦʡ 

ʠʤʝʥʥʦ ʩʠʩʪʝʤʳ ʦʥʘ ʦʙʨʘʟʦʚʘʣʘʩʴ. ʕʪʘ ʦʛʨʦʤʥʘʷ ʫʪʨʘʪʘ ñʩʪʨʫʢʪʫʨʥʦʡ ʠʥʬʦʨʤʘʮʠʠò 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʦʛʨʦʤʥʦʡ ʵʥʪʨʦʧʠʠ ʯʝʨʥʦʡ ʜʳʨʳ, ʪʘʢ ʯʪʦ ʯʝʨʥʘʷ ʜʳʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʠʯʠʥʦʡ 

ʢʦʣʦʩʩʘʣʴʥʦʡ ʫʪʨʘʪʳ ʠʥʬʦʨʤʘʮʠʠ.ò 

 

ɸʚʪʦʨ ʥʝʜʘʚʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʡ ʩʪʘʪʴʠ [Verlinde, 2010] ʧʦʢʘʟʘʣ, ʯʪʦ ʩʚʷʟʴ ʤʝʞʜʫ 

ʪʷʛʦʪʝʥʠʝʤ ʠ ʵʥʪʨʦʧʠʝʡ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʏɼ, ʥʦ ʠ ʜʣʷ ñʦʙʳʯʥʳʭò ʤʘʩʩʠʚʥʳʭ 

ʪʝʣ, ʜʘʣʝʢʠʭ ʦʪ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ. ʆʥ ʚʚʝʣ ʜʣʷ ʢʘʞʜʦʛʦ ʪʘʢʦʛʦ ʪʝʣʘ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʤ ʩʬʝʨʠʯʝʩʢʦʤ ʵʢʨʘʥʝ, ʥʝʩʫʱʠʤ ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʝʤ ʠ ʦʢʨʫʞʘʶʱʝʤ ʵʪʦ ʪʝʣʦ, ʠ 

ʧʨʝʜʧʦʣʦʞʠʣ, ʯʪʦ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʠ ʠʤʝʶʪ ʥʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ, ʘ ʚʪʦʨʠʯʥʳʡ ʭʘʨʘʢʪʝʨ, ʙʫʜʫʯʠ 

ʚ ʪʦʯʥʦʩʪʠ ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʦ ʚʝʣʠʯʠʥʝ ʚʦʟʥʠʢʘʶʱʠʤ ʛʨʘʜʠʝʥʪʦʤ ʵʥʪʨʦʧʠʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʘʜʠʫʩʘ ʵʢʨʘʥʘ. 

ʆʜʥʘʢʦ ʜʦʧʫʱʝʥʠʝ ʦ ʧʨʠʩʫʪʩʪʚʠʠ ʧʦʜʦʙʥʦʛʦ ñʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦò ʵʢʨʘʥʘ, ʥʝʩʫʱʝʛʦ 

ʠʥʬʦʨʤʘʮʠʶ, ʥʝ ʢʘʞʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩʥʦʚʘʥʥʳʤ
24
. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʣʠʯʠʝ ʥʝʩʦʤʥʝʥʥʦʡ 

ʩʚʷʟʠ ʤʝʞʜʫ ʛʨʘʚʠʪʘʮʠʝʡ ʠ ʵʥʪʨʦʧʠʝʡ ʚʦʚʩʝ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʠʜʝʝ ʦ 

ʧʝʨʚʠʯʥʦʩʪʠ ʠʤʝʥʥʦ ʵʥʪʨʦʧʠʠ. ʊʘʢ, ʘʚʪʦʨʳ [Porcelli and Scibona, 2010] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʝʪ 

ʦʩʥʦʚʘʥʠʡ ʦʜʥʦʟʥʘʯʥʦ ʩʯʠʪʘʪʴ ʵʥʪʨʦʧʠʶ ʠʩʪʦʯʥʠʢʦʤ ʛʨʘʚʠʪʘʮʠʠ, ʧʦʩʢʦʣʴʢʫ ʧʨʘʚʦʤʝʨʥʘ ʠ 

ʜʨʫʛʘʷ ʪʦʯʢʘ ʟʨʝʥʠʷ: ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʚʝʜʝʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʫʨʘʚʥʝʥʠʡ ʪʝʦʨʠʠ ʪʷʛʦʪʝʥʠʷ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʫʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʫʩʣʦʚʠʷ ʜʣʷ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʛʨʘʜʠʝʥʪʦʚ ʵʥʪʨʦʧʠʠ ʥʝ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʯʝʨʥʳʭ ʜʳʨ, ʥʦ ʠ ʚ ʩʣʫʯʘʝ ñʦʙʳʯʥʳʭò 

ʤʘʩʩʠʚʥʳʭ ʪʝʣ. 

  

ʇʦʣʝ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʠ ʵʥʪʨʦʧʠʷ 

 

ʇʫʩʪʴ ʪʝʣʦ ʩ ʤʘʩʩʦʡ M ʩʦʟʜʘʝʪ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʝ ʧʦʣʝ ʪʷʛʦʪʝʥʠʷ ʩ ʧʦʪʝʥʮʠʘʣʦʤ 

ū(r) ~ 1/r . ʂʘʢ ʠʟʚʝʩʪʥʦ, ʧʦʣʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʪʦʡ 

ʯʘʩʪʴʶ ʤʘʩʩʳ, ʢʦʪʦʨʘʷ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚʥʫʪʨʠ ʩʬʝʨʳ ʵʪʦʛʦ ʨʘʜʠʫʩʘ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʪʝʤ, ʢʘʢ ʵʪʦ 

ʧʨʠʥʷʪʦ ʜʣʷ ʛʦʨʠʟʦʥʪʘ ʏɼ, ʤʳ ʤʦʞʝʤ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʥʝʩʢʦʣʴʢʦ ʠʥʘʯʝ: 

                                                           
24

 ʉʤ., ʚ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʨʝʩʥʫʶ ʩʪʘʪʴʶ [Myung et al., 2010]. 
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ʧʦʣʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤ ʧʦʚʝʨʭʥʦʩʪʥʳʤ ʛʨʘʚʠʪʘʮʠʦʥʥʳʤ ʟʘʨʷʜʦʤ ů 

ʜʣʷ ʩʬʝʨʳ ʪʘʢʦʛʦ ʨʘʜʠʫʩʘ,  ʧʨʠʯʝʤ ʦʜʥʘ ʠ ʪʘ ʞʝ ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʚʝʣʠʯʠʥʘ ů ʤʦʞʝʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʯʝʥʴ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʢʦʥʬʠʛʫʨʘʮʠʡ ʨʝʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩ ʚʥʫʪʨʠ 

ʩʬʝʨʳ.  

ɻʦʚʦʨʷ ʠʥʘʯʝ, ʜʣʷ ʥʘʙʣʶʜʘʪʝʣʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʨʦʙʥʦʡ ʯʘʩʪʠʮʝʡ, ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʨʝʘʣʴʥʘʷ 

ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʤʘʩʩʳ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʙʥʦʡ 

ʯʘʩʪʠʮʳ ʩ ʠʩʪʦʯʥʠʢʦʤ ʩʠʣʳ ʧʨʦʩʪʦ ʬʠʟʠʯʝʩʢʠ ʥʝ ʩʧʦʩʦʙʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʙʦʣʴʰʝʡ ʠʥʬʦʨʤʘʮʠʠ 

ʦʙ ʵʪʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ. ʇʨʠ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʝ ʵʪʦʡ ʤʘʩʩʳ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʙʥʦʡ ʯʘʩʪʠʮʝʡ ʠ ʮʝʥʪʨʦʤ ʠʩʪʦʯʥʠʢʘ. ʇʦʩʢʦʣʴʢʫ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ ʤʦʞʝʪ ʙʳʪʴ ʚʳʨʘʞʝʥʘ ʯʝʨʝʟ ʵʢʚʠʚʘʣʝʥʪʥʳʡ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ, ʪʦ ʵʥʪʨʦʧʠʷ, ʦʪʚʝʯʘʶʱʘʷ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʬʝʨʳ, 

ʩʦʚʧʘʜʝʪ ʩ (ʙʝʟʨʘʟʤʝʨʥʦʡ, ʚʳʨʘʞʝʥʥʦʡ ʯʝʨʝʟ ʢʚʘʜʨʘʪ ʧʣʘʥʢʦʚʩʢʦʡ ʜʣʠʥʳ) ʧʣʦʱʘʜʴʶ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʳ.  

ʉʢʘʟʘʥʥʦʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʚ ʪʝʨʤʠʥʘʭ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. ʂʘʢ ʠʟʚʝʩʪʥʦ, 

ʧʨʠʨʘʱʝʥʠʝ ʵʥʝʨʛʠʠ/ʨʘʙʦʪʳ dW ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʦʙʱʝʥʥʦʡ ʩʠʣʳ ʥʘ 

ʧʨʠʨʘʱʝʥʠʝ ʦʙʦʙʱʝʥʥʦʡ ʢʦʦʨʜʠʥʘʪʳ. ʅʘʧʨʠʤʝʨ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʙʳʯʥʦʡ ʩʠʣʳ 

(ʥʘʧʨʠʤʝʨ, ʪʷʛʦʪʝʥʠʷ) ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ ʚʜʦʣʴ ʢʦʦʨʜʠʥʘʪʳ (dW=FĀdx), ʠʣʠ ʧʨʦʠʟʚʝʜʝʥʠʝ 

ʜʘʚʣʝʥʠʷ (ʛʘʟʘ) ʥʘ ʧʨʠʨʘʱʝʥʠʝ ʦʙʲʝʤʘ (dW=pĀdV). ʅʦ ʩ ʪʘʢʠʤ ʞʝ ʫʩʧʝʭʦʤ ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʠ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ (ʫʜʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʥʘ ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ) ʥʘ ʧʨʠʨʘʱʝʥʠʝ 

ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ (dW=TĀdA), ʪʘʢ ʯʪʦ ʧʦʩʣʝʜʥʷʷ ʚʧʦʣʥʝ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴ ʬʫʥʢʮʠʶ 

ʵʥʪʨʦʧʠʠ. 

ʉʣʝʜʫʷ ʧʨʠʤʝʨʫ ɹʝʢʝʥʰʪʝʡʥʘ, ʨʘʩʩʤʦʪʨʠʤ ʧʘʜʝʥʠʝ ʧʨʦʙʥʦʡ ʯʘʩʪʠʮʳ ʥʘ ʠʩʪʦʯʥʠʢ ʧʦʣʷ 

ʪʷʛʦʪʝʥʠʷ. ʇʫʩʪʴ ʧʨʦʙʥʘʷ ʯʘʩʪʠʮʘ ʧʝʨʝʩʝʢʘʝʪ ʤʳʩʣʝʥʥʫʶ ʩʬʝʨʫ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʨʘʜʠʫʩʘ, 

ʦʢʨʫʞʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ï ʥʝ ʯʝʨʥʫʶ ʜʳʨʫ). ɼʣʷ ʜʨʫʛʦʡ ʧʨʦʙʥʦʡ ʯʘʩʪʠʮʳ ʚʥʝ 

ʵʪʦʡ ʩʬʝʨʳ ʜʝʣʦ ʚʳʛʣʷʜʠʪ ʪʘʢ, ʯʪʦ ʤʘʩʩʘ ʠʩʪʦʯʥʠʢʘ ʫʚʝʣʠʯʠʣʘʩʴ ʟʘ ʩʯʝʪ ʧʝʨʚʦʡ ʧʨʦʙʥʦʡ ʤʘʩʩʳ 

ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʚʝʣʠʯʠʣʦʩʴ ʯʠʩʣʦ ʚʦʟʤʦʞʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʘʩʩʳ ʚʥʫʪʨʠ 

ʫʢʘʟʘʥʥʦʡ ʩʬʝʨʳ. ʊʦ ʝʩʪʴ ʧʝʨʚʘʷ ʧʨʦʙʥʘʷ ʤʘʩʩʘ ʧʨʠʚʥʦʩʠʪ ʚ ʩʬʝʨʫ ʩʚʷʟʘʥʥʫʶ ʩ ʥʝʡ ʵʥʪʨʦʧʠʶ, 

ʯʪʦ ʚ ʪʦʯʥʦʩʪʠ ʥʘʧʦʤʠʥʘʝʪ ʩʠʪʫʘʮʠʶ ʩ ʯʝʨʥʦʡ ʜʳʨʦʡ.    

 

ʋʥʠʬʠʢʘʮʠʷ ʦʧʠʩʘʥʠʷ ñʦʙʳʯʥʦʛʦò ʪʝʣʘ ʠ ʯʝʨʥʦʡ ʜʳʨʳ 

 

ʇʦʧʨʦʙʫʝʤ ʩʚʷʟʘʪʴ ʚʦʝʜʠʥʦ ʬʦʨʤʫʣʳ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʨʦʧʠʠ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʦʙʳʯʥʦʤʫ ʤʘʩʩʠʚʥʦʤʫ ʪʝʣʫ (ʤʘʩʩʳ M ʠ ʨʘʜʠʫʩʘ r) ʠ ʢ ʯʝʨʥʦʡ ʜʳʨʝ (ʩ ʤʘʩʩʦʡ M ʠ ʨʘʜʠʫʩʦʤ 

rG=2GM/c
2
) , ʛʜʝ G ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ.  

ɼʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʦʨʤʫʣʫ ʋʥʨʫ 

 

TU = (˂/2ˊck)a 

 

ʛʜʝ a ï ʫʩʢʦʨʝʥʠʝ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʫʩʢʦʨʝʥʠʝ ʠʤʝʝʪ ʛʨʘʚʠʪʘʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʠ ʩʦʟʜʘʝʪʩʷ 

ʤʘʩʩʦʡ M, ʪʘʢ ʯʪʦ 

 

TU = (˂/2ˊck)GM/r
2
 

 

ʛʜʝ c ï ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ˂ ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ.  

ʕʪʘ ʪʝʤʧʝʨʘʪʫʨʘ
25

 ʚ ʪʦʯʥʦʩʪʠ ʘʥʘʣʦʛʠʯʥʘ ʪʝʤʧʝʨʘʪʫʨʝ ʍʦʢʠʥʛʘ ʥʘ ʛʦʨʠʟʦʥʪʝ ʩʦʙʳʪʠʡ 

ʯʝʨʥʦʡ ʜʳʨʳ  

TH = (˂/2ˊck)ů 

 

ʛʜʝ ů = M/4ˊ(rG)
2
 ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʟʘʨʷʜ ʜʣʷ ʏɼ ʐʚʘʨʮʰʠʣʴʜʘ ([Good, 2006]). 

ɺʦ ʠʟʙʝʞʘʥʠʝ ʥʝʜʦʨʘʟʫʤʝʥʠʡ ʥʘʧʦʤʥʠʤ, ʯʪʦ rG ~ M, ʪʘʢ ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ TH ~(1/M), ʢʘʢ ʠ 

                                                           
25

 ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʢʦʣʝʙʣʝʪʩʷ ʦʪ 10
-15

 ʜʦ 10
-30

 K.  



ʇʨʠʣʦʞʝʥʠʝ 2. ʕʥʪʨʦʧʠʷ ʠʩʪʦʯʥʠʢʘ ʛʨʘʚʠʪʘʮʠʠ 

 

60 

ʜʦʣʞʥʦ ʙʳʪʴ ʜʣʷ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ ʯʝʨʥʦʡ ʜʳʨʳ ʐʚʘʨʮʰʠʣʴʜʘ. ʆʜʥʘʢʦ ʜʣʷ ʦʙʳʯʥʦʛʦ (ʥʝ 

ʢʦʣʣʘʧʩʠʨʫʶʱʝʛʦ) ʪʝʣʘ TU ~ M ʠ ʩʦʚʧʘʜʘʝʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ TH ʪʦʣʴʢʦ ʧʨʠ ʢʦʣʣʘʧʩʝ. 

ɿʘʤʝʪʠʤ, ʯʪʦ ʦʙʳʯʥʦ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ TH ʠ TU ʩʚʷʟʳʚʘʶʪ ʪʝʧʣʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, ʠʤʝʶʱʝʝ 

ʢʚʘʥʪʦʚʦ-ʧʦʣʝʚʫʶ ʧʨʠʨʦʜʫ. ʗ ʨʠʩʢʥʫ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʝʥ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ï 

ñʢʣʘʩʩʠʯʝʩʢʠʡò ï ʤʝʭʘʥʠʟʤ ʵʪʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʝ ʠʟʣʫʯʝʥʠʝ 

ʟʘʚʝʜʦʤʦ ʜʦʣʞʥʦ ʛʝʥʝʨʠʨʦʚʘʪʴʩʷ ʧʨʠ ʫʩʢʦʨʝʥʠʠ (ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʠʣʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ) ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ, ʢʦʪʦʨʳʝ ʚʭʦʜʷʪ ʚ ʩʦʩʪʘʚ ʘʪʦʤʦʚ ʠ ʤʦʣʝʢʫʣ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʪʝʣʘ ʠʣʠ ʚʙʣʠʟʠ ʝʝ. ʆʙʳʯʥʦ ʫʩʢʦʨʝʥʠʝ ʚʙʣʠʟʠ ʨʝʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʠʭ ʪʷʛʦʪʝʥʠʝʤ, ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ, ʧʦʵʪʦʤʫ ʪʝʤʧʝʨʘʪʫʨʘ ʵʪʠʭ ʦʙʲʝʢʪʦʚ (ʢʨʦʤʝ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʯʝʨʥʳʭ ʜʳʨ) ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʠʟʢʘ (ʧʦʨʷʜʢʘ 10
ī20 

K ʠ ʤʝʥʝʝ).   

ʊʝʧʝʨʴ ʧʦʧʨʦʙʫʝʤ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʵʥʪʨʦʧʠʠ. ɼʣʷ ʯʝʨʥʦʡ ʜʳʨʳ 

ʐʚʘʨʮʰʠʣʴʜʘ ʵʥʪʨʦʧʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʧʣʦʱʘʜʠ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ. ɺ ʧʦʜʭʦʜʝ ɺʝʨʣʠʥʜʝ 

ʵʥʪʨʦʧʠʷ ʛʦʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʛʦʨʠʟʦʥʪʘ ʪʘʢʞʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʧʣʦʱʘʜʠ, ʦʜʥʘʢʦ ʵʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤʫ ʧʘʨʘʜʦʢʩʫ, ʢʦʪʦʨʳʡ ʟʘʤʝʪʠʣ ʠ ʩʘʤ ɺʝʨʣʠʥʜʝ: ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʦʜʠʥʘʢʦʚ, ʪʦ ʵʥʪʨʦʧʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʦʢʘʟʳʚʘʝʪʩʷ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ  

ʵʥʪʨʦʧʠʠ ʦʙʳʯʥʦʛʦ ʪʝʣʘ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ ʤʥʦʛʦ ʤʝʥʴʰʝ ʬʘʢʪʠʯʝʩʢʦʛʦ! 

ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʧʘʨʘʜʦʢʩʘ ʷ ʧʨʝʜʣʘʛʘʶ ʚʚʝʩʪʠ ʚ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 

ʩʚʷʟʳʚʘʶʱʠʡ ʧʣʦʱʘʜʴ ʛʦʨʠʟʦʥʪʘ ʠ ʵʥʪʨʦʧʠʶ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʪʝʣʘ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʩʦʤʥʦʞʠʪʝʣʴ ʚʠʜʘ (ɟ/ɟʢʨ), ʛʜʝ ɟ ï ʬʘʢʪʠʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʪʝʣʘ, ɟʢʨ ï ñʢʨʠʪʠʯʝʩʢʘʷò ʧʣʦʪʥʦʩʪʴ 

ʩʢʦʣʣʘʧʩʠʨʦʚʘʚʰʝʛʦ ʪʝʣʘ ʪʘʢʦʡ ʞʝ ʤʘʩʩʳ. ʕʪʦʪ ʩʦʤʥʦʞʠʪʝʣʴ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʉʦʣʥʮʘ ʩʦʩʪʘʚʣʷʝʪ 

ʧʦʨʷʜʢʘ 10
-16
, ʜʣʷ ɿʝʤʣʠ ï 10

-26 
(ʩʤ. ʥʠʞʝ ʪʘʙʣ. 1). ʆʯʝʚʠʜʥʦ, ʪʘʢʦʡ ʩʦʤʥʦʞʠʪʝʣʴ ʵʬʬʝʢʪʠʚʥʦ 

ʫʚʝʣʠʯʠʚʘʝʪ ʵʥʪʨʦʧʠʶ ʪʝʣʘ ʧʨʠ ʝʛʦ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʩʦʩʪʦʷʥʠʶ ʢʦʣʣʘʧʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʥ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʫʯʠʪʳʚʘʝʪ ʧʨʷʤʫʶ ʢʦʨʨʝʣʷʮʠʶ ʵʥʪʨʦʧʠʠ ʩ ʤʘʩʩʦʡ ʚʝʱʝʩʪʚʘ, 

ʟʘʢʣʶʯʝʥʥʦʡ ʧʦʜ ʤʳʩʣʝʥʥʦʡ ʩʬʝʨʦʡ ʩ ʧʣʦʱʘʜʴʶ ʧʦʚʝʨʭʥʦʩʪʠ A, ʦʢʨʫʞʘʶʱʝʡ ʪʝʣʦ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʥʦʡ ʬʦʨʤʫʣʘ ʜʣʷ ʵʥʪʨʦʧʠʠ S ʣʶʙʦʛʦ ʪʝʣʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʏɼ) ʧʨʠʥʠʤʘʝʪ ʚʠʜ:  

S = c
3
Aɟ/4Gǩɟʢʨ 

 

ɿʘʤʝʪʠʤ, ʯʪʦ ʧʣʦʱʘʜʴ A ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʚʘʜʨʘʪʫ ʨʘʜʠʫʩʘ ʩʬʝʨʳ, ʘ ʧʣʦʪʥʦʩʪʴ ɟ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ (ʧʨʠ ʟʘʜʘʥʥʦʡ ʤʘʩʩʝ) ʢʫʙʫ ʵʪʦʛʦ ʨʘʜʠʫʩʘ, ʧʦʵʪʦʤʫ ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʵʥʪʨʦʧʠʷ 

S ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʜʠʫʩʫ ʩʬʝʨʳ, ʪ.ʝ. ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʜʠʫʩʘ. ʆʪʩʶʜʘ 

ʩʣʝʜʫʝʪ ʚʘʞʥʳʡ ʨʝʟʫʣʴʪʘʪ: ʧʨʦʮʝʩʩ ʚʟʘʠʤʥʦʛʦ ʧʨʠʪʷʞʝʥʠʷ ʤʘʩʩʠʚʥʳʭ ʪʝʣ ʧʨʠʚʦʜʠʪ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʭ ʩʫʤʤʘʨʥʦʡ ʵʥʪʨʦʧʠʠ, ʪ.ʝ. ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʘʚʣʝʥʠʶ ʚʨʝʤʝʥʠ, ʦʪʚʝʯʘʶʱʝʤʫ 

ʚʪʦʨʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

ʂ ʘʥʘʣʦʛʠʯʥʦʤʫ ʚʳʚʦʜʫ ʧʨʠʚʦʜʷʪ ʠ ñʵʥʝʨʛʝʪʠʯʝʩʢʠʝò ʩʦʦʙʨʘʞʝʥʠʷ: ʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ 

ʩʘʤʦʡ ʩʝʙʝ ʧʨʦʙʥʘʷ ʯʘʩʪʠʮʘ ʧʨʠʪʷʛʠʚʘʝʪʩʷ ʢ ʠʩʪʦʯʥʠʢʫ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ, ʩʪʨʝʤʷʩʴ 

ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʨʘʟʥʦʩʪʴ ʛʨʘʚʠʪʘʮʠʦʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʩʚʦʠʤ ʪʝʢʫʱʠʤ ʧʦʣʦʞʝʥʠʝʤ ʠ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʩʪʦʯʥʠʢʘ. ɽʩʣʠ ʞʝ ʧʨʦʙʥʘʷ ʯʘʩʪʠʮʘ ʚʨʘʱʘʝʪʩʷ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚʦʢʨʫʛ 

ʠʩʪʦʯʥʠʢʘ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ, ʪʦ ʤʠʥʠʤʠʟʠʨʫʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʫʤʤʘ ʛʨʘʚʠʪʘʮʠʦʥʥʦʡ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʨʘʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʦʨʙʠʪʝ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʄʳ ʧʨʠʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʠʤ ʚʘʞʥʳʤ ʚʳʚʦʜʘʤ.  

 

¶ ɼʣʷ ʣʶʙʦʡ ʤʘʩʩʠʚʥʦʡ ʯʘʩʪʠʮʳ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʦʟʥʠʢʘʝʪ ʛʨʘʜʠʝʥʪ ʵʥʪʨʦʧʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʡ ʚʜʦʣʴ ʨʘʜʠʫʩʘ ʝʝ ʧʦʣʷ ʪʷʛʦʪʝʥʠʷ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʭʘʨʘʢʪʝʨʥʦ 

ʚʦʦʙʱʝ ʜʣʷ ʠʩʪʦʯʥʠʢʘ ʮʝʥʪʨʘʣʴʥʦ-ʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʦʣʷ ʣʶʙʦʡ ʧʨʠʨʦʜʳ, ʥʘʧʨʠʤʝʨ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʩʚʷʟʴ ʤʝʞʜʫ ñʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡò ʩʠʣʦʡ ʠ ʵʥʪʨʦʧʠʝʡ ʚʦʚʩʝ 

ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʚʠʣʝʛʠʝʡ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʵʪʦʤʫ ʢʦʥʮʝʧʮʠʷ ɺʝʨʣʠʥʜʝ ʥʝ 

ʢʘʞʝʪʩʷ ʤʥʝ ʩʦʩʪʦʷʪʝʣʴʥʦʡ. 
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¶ ʇʨʝʜʣʦʞʝʥʥʦʝ ʚ ʥʘʩʪʦʷʱʝʡ ʩʪʘʪʴʝ ʦʙʦʙʱʝʥʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʵʥʪʨʦʧʠʠ ʧʦʟʚʦʣʷʝʪ 

ʦʧʠʩʳʚʘʪʴ ʩ ʝʝ ʧʦʤʦʱʴʶ ʢʘʢ ñʦʙʳʯʥʳʝ ʩʦʩʪʦʷʥʠʷ" ʤʘʩʩʠʚʥʳʭ ʪʝʣ c ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʵʥʪʨʦʧʠʝʡ ʤʳʩʣʝʥʥʦʛʦ ʛʦʨʠʟʦʥʪʘ ʦʭʚʘʪʳʚʘʶʱʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʘʢ ʠ ʩʦʩʪʦʷʥʠʝ ʯʝʨʥʦʡ ʜʳʨʳ ʩ 

ʦʛʨʦʤʥʦʡ ʵʥʪʨʦʧʠʝʡ ʥʘ ʛʦʨʠʟʦʥʪʝ ʩʦʙʳʪʠʡ. ʇʨʠ ʵʪʦʤ ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʠʨʦʜʘ ʟʥʘʤʝʥʠʪʦʛʦ ñʧʨʝʜʝʣʘ ɹʝʢʝʥʰʪʝʡʥʘò (ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʨʝʜʝʣʘ ʜʣʷ ʵʥʪʨʦʧʠʠ) ʠ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʦʧʨʘʚʢʠ ʢ ʟʥʘʯʝʥʠʷʤ ʵʥʪʨʦʧʠʠ ʜʣʷ ʚʩʝʛʦ ʩʧʝʢʪʨʘ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

(ʩʤ. ʪʘʙʣ. 1).   

ʊʘʙʣʠʮʘ 1 

ʆʪʥʦʰʝʥʠʝ (ɟ/ɟʢʨ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʘʩʪʨʦʬʠʟʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ 

 

ʆʙʲʝʢʪ ʄʘʩʩʘ M 

(ʢʛ) 

ʈʘʜʠʫʩ R 

(ʤ) 

ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ  

ʨʘʜʠʫʩ RG (ʤ) 

(ɟ/ɟʢʨ) = (RG/R)
3
 

ɿʝʤʣʷ 6Ā10
24

 6Ā10
6
 10

-2
 ~ 10

-26
 

ʉʦʣʥʮʝ 2Ā10
30

 7Ā10
8
 3Ā10

3
 ~ 10

-16
 

ʄʣʝʯʥʳʡ ʇʫʪʴ 3Ā10
42

 ~ 10
19

 ~10
15

 ~ 10
-12

 

ɺʩʝʣʝʥʥʘʷ ~ 10
53

 ~ 10
26

 ~ 10
26

 ~ 1 

 

¶ ʉʠʣʳ ʪʷʛʦʪʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʝʩʪʝʩʪʚʝʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ ʩʠʩʪʝʤ, ʦʪʚʝʯʘʶʱʝʝ 

ʚʪʦʨʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ. 

 

ʉʤ. ʩʩʳʣʢʠ ʚ ʦʙʱʝʡ ɹʠʙʣʠʦʛʨʘʬʠʠ ʢ ʢʥʠʛʝ ñɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʩʤʦʣʦʛʠʷò. 
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ʇʈʀʃʆɾɽʅʀɽ 3. 

 

ʕʥʪʨʦʧʠʷ ʠ ʵʚʦʣʶʮʠʷ 
 

ɿʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥ ʤʘʪʝʨʠʘʣ ʜʚʫʭ ʤʦʠʭ ʚʳʩʪʫʧʣʝʥʠʡ (ʚ ʄʌʊʀ ʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʠ ʚ ɹɻʊʋ), 

ʠʤʝʚʰʠʭ ʤʝʩʪʦ ʚ 2014 ʛʦʜʫ.  

 

ʆʩʥʦʚʥʳʝ ʪʝʟʠʩʳ ʚʳʩʪʫʧʣʝʥʠʷ:  

¶ ʅʘ ʚʩʝʭ ʫʨʦʚʥʷʭ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʤʳ ʥʘʙʣʶʜʘʝʤ ʧʨʦʮʝʩʩʳ, ʜʘʣʝʢʠʝ ʦʪ ʧʨʠʙʣʠʞʝʥʠʷ ʢ 
ʪʝʧʣʦʚʦʤʫ ʨʘʚʥʦʚʝʩʠʶ. ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʥʪʨʦʧʠʷ ɺʩʝʣʝʥʥʦʡ ʅɽ 

ʅɸʈɸʉʊɸɽʊ, ʘ ʫʙʳʚʘʝʪ. 

¶ ʋʙʳʚʘʥʠʝ ʵʥʪʨʦʧʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ ʚʦʟʤʦʞʥʦ ʪʦʣʴʢʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʘ ʷʚʣʷʝʪʩʷ 
ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʆʊʂʈʓʊʆʁ ʩʠʩʪʝʤʦʡ, ʠ ʧʨʠ ʵʪʦʤ ʦʪʪʦʢ ʵʥʪʨʦʧʠʠ ʙʦʣʴʰʝ, ʯʝʤ 

ʧʨʠʪʦʢ. 

¶ ɺ ʪʘʢʦʡ ʩʠʩʪʝʤʝ ʧʨʦʛʨʝʩʩʠʚʥʘʷ ʵʚʦʣʶʮʠʷ (ʨʝʛʫʣʷʨʥʦʝ ʫʜʘʣʝʥʠʝ ʦʪ ʩʦʩʪʦʷʥʠʷ 

ʨʘʚʥʦʚʝʩʠʷ) ʥʝ ʪʦʣʴʢʦ ʚʦʟʤʦʞʥʘ, ʥʦ ʠ ʅɽʆɹʍʆɼʀʄɸ. 

 

ɺ ʭʦʜʝ ʚʳʩʪʫʧʣʝʥʠʷ ʷ ʟʘʪʨʘʛʠʚʘʶ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ 

 

¶ ɾʠʟʥʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʐʨʸʜʠʥʛʝʨʘ 

¶ ʇʦʪʦʢʠ ʵʥʝʨʛʠʠ ʠ ʵʥʪʨʦʧʠʠ ʚ ʩʠʩʪʝʤʝ ʟʚʝʟʜʘ-ʧʣʘʥʝʪʘ-ʢʦʩʤʦʩ.  

¶ ñʅʘʢʘʯʢʘò ʥʝʛʵʥʪʨʦʧʠʝʡ ʢʘʢ ʦʩʥʦʚʘ ʵʚʦʣʶʮʠʠ ʧʣʘʥʝʪ 

¶ ʂʦʥʬʣʠʢʪ ʨʝʘʣʴʥʦʩʪʠ ʩ ñʪʝʦʨʠʝʡ ʪʝʧʣʦʚʦʡ ʩʤʝʨʪʠò ɺʩʝʣʝʥʥʦʡ 

¶ ɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ. ʀʩʪʦʯʥʠʢ ʠ ʩʪʦʢʠ ʜʣʷ ʵʥʝʨʛʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ 

¶ ʆʮʝʥʢʘ ʙʘʣʘʥʩʘ ʵʥʪʨʦʧʠʠ 

 

  ɾʠʟʥʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʘ ʐʨʸʜʠʥʛʝʨʘ 

 

ʕ. ʐʨʝʜʠʥʛʝʨ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʞʠʚʦʛʦ ʦʨʛʘʥʠʟʤʘ, ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʞʠʚʦʡ 

ʦʨʛʘʥʠʟʤ ʥʝʧʨʝʨʳʚʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʩʚʦʶ ʵʥʪʨʦʧʠʶ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʨʥʦ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʦʧʘʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʤʫ ʩʦʙʦʡ ʩʤʝʨʪʴ. ʆʥ ʤʦʞʝʪ 

ʠʟʙʝʞʘʪʴ ʵʪʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʪʦ ʝʩʪʴ ʦʩʪʘʚʘʪʴʩʷ ʞʠʚʳʤ, ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦ ʠʟʚʣʝʢʘʷ ʠʟ 

ʦʢʨʫʞʘʶʱʝʡ ʝʛʦ ʩʨʝʜʳ ʵʥʝʨʛʠʶ ʠ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʵʥʪʨʦʧʠʶ (ʧʨʦʜʫʢʪʳ ʧʠʪʘʥʠʷ, ʢʠʩʣʦʨʦʜ), 

ʚʳʧʦʣʥʷʷ ʨʘʙʦʪʫ ʠ ʨʘʩʩʝʠʚʘʷ ʪʝʧʣʦ (ʘ ʪʘʢʞʝ ʫʛʣʝʢʠʩʣʳʡ ʛʘʟ ʠ ʜʨʫʛʠʝ ʦʪʭʦʜʳ 

ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ) ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʂʦʛʜʘ ʨʝʯʴ ʠʜʝʪ, ʥʘʧʨʠʤʝʨ, ʦ ʯʝʣʦʚʝʢʝ, ʪʦ 

ʧʦʪʨʝʙʣʷʝʤʘʷ ʠʤ ʵʥʝʨʛʠʷ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʢʫʱʝʡ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʦ ʠ ʥʘ 

ʩʦʟʜʘʥʠʝ ñʧʨʠʙʘʚʦʯʥʦʛʦò ʧʨʦʜʫʢʪʘ, ʪ.ʝ. ʥʘ ʦʙʱʠʝ ʥʫʞʜʳ ʩʦʦʙʱʝʩʪʚʘ (ʵʚʦʣʶʮʠʷ ʩʦʮʠʫʤʘ). 

 

                                                                                                                                                              

                                                                                                                                        

 

 

 

 

 

ʎʠʢʣʳ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ 

 

ʕʪʘʧʳ t1 ï t2, t3 ï t4,é  ï ʧʝʨʠʦʜʳ ʠʟʚʣʝʯʝʥʠʷ ʵʥʝʨʛʠʠ ɽ ʠʟʚʥʝ, ʧʘʜʝʥʠʷ ʵʥʪʨʦʧʠʠ S ʚʥʫʪʨʠ 

ʦʨʛʘʥʠʟʤʘ. ʕʪʘʧʳ t2 ï t3, é,  ï ʧʝʨʠʦʜʳ ʨʘʩʭʦʜʦʚʘʥʠʷ ʵʥʝʨʛʠʠ ɽ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ 

ʨʘʙʦʪʳ/ʢʦʥʜʝʥʩʘʮʠʶ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʳʜʝʣʝʥʠʝʤ ʪʝʧʣʘ ʠ ʨʦʩʪʦʤ 

ʵʥʪʨʦʧʠʠ S ʚʥʫʪʨʠ ʦʨʛʘʥʠʟʤʘ. 
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ʇʦʪʦʢʠ ʵʥʝʨʛʠʠ ʠ ʵʥʪʨʦʧʠʠ ʚ ʩʠʩʪʝʤʝ ñʟʚʝʟʜʘ-ʧʣʘʥʝʪʘ-ʢʦʩʤʦʩñ 

 

ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʠʩʪʝʤʝ ñɿʚʝʟʜʘ (ʉʦʣʥʮʝ) ð ʧʣʘʥʝʪʘ (ɿʝʤʣʷ) ðʂʦʩʤʦʩò? ʉʦʣʥʮʝ ð ʵʪʦ 

ʛʦʨʷʯʝʝ ʧʷʪʥʦ ʥʘ ʥʝʙʝ! ʅʝʙʦ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʥʝʨʘʚʥʦʚʝʩʥʦʤ ʩʦʩʪʦʷʥʠʠ: 

ʥʝʙʦʣʴʰʦʡ ʫʯʘʩʪʦʢ ï ʪʦʪ, ʢʦʪʦʨʳʡ ʟʘʥʠʤʘʝʪ ʉʦʣʥʮʝ, ï ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʘʤʥʦʛʦ 

ʧʨʝʚʳʰʘʶʱʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʦʩʪʘʚʰʝʡʩʷ ʝʛʦ ʯʘʩʪʠ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʤʳ ʠ ʦʢʘʟʳʚʘʝʤʩʷ ʦʙʝʩʧʝʯʝʥʳ 

ʤʦʱʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʥʠʟʢʦʡ ʵʥʪʨʦʧʠʠ. ɿʝʤʣʷ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʦʪ ʵʪʦʛʦ ʛʦʨʷʯʝʛʦ ʧʷʪʥʘ ʚ 

ʥʠʟʢʦʵʥʪʨʦʧʠʡʥʦʡ ʬʦʨʤʝ (ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʤʥʦʛʦ ʬʦʪʦʥʦʚ ʚʠʜʠʤʦʛʦ ʩʚʝʪʘ) ʠ ʧʝʨʝʠʟʣʫʯʘʝʪ ʝʝ ʚ 

ʭʦʣʦʜʥʳʝ ʦʙʣʘʩʪʠ ʥʝʙʘ ʚ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʡ ʬʦʨʤʝ (ʤʥʦʛʦ ʠʥʬʨʘʢʨʘʩʥʳʭ ʬʦʪʦʥʦʚ). ɺʭʦʜʷʱʘʷ 

ʠ ʫʭʦʜʷʱʘʷ ʪʝʧʣʦʚʘʷ ʵʥʝʨʛʠʷ Q ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʘ, ʥʦ ʪʝʤʧʝʨʘʪʫʨʘ ʊ1 ñʥʘʛʨʝʚʘʪʝʣʷò ʙʣʠʟʢʘ ʢ 

6000ʂ, ʪʦʛʜʘ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʊ2 ñʦʭʣʘʜʠʪʝʣʷò ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 3ʂ, ʧʦʵʪʦʤʫ ʧʦʪʦʢ 

ʧʦʩʪʫʧʘʶʱʝʡ ʥʘ ɿʝʤʣʶ ʵʥʪʨʦʧʠʠ ʤʝʥʴʰʝ, ʯʝʤ ʧʦʪʦʢ ʧʦʢʠʜʘʶʱʝʡ ʝʝ ʵʥʪʨʦʧʠʠ.  

 

 

   1T  - ʪʝʤʧʝʨʘʪʫʨʘ ñʥʘʛʨʝʚʘʪʝʣʷò, 2T  - ʪʝʤʧʝʨʘʪʫʨʘ ñʦʭʣʘʜʠʪʝʣʷñ 
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ɿʜʝʩʴ ʧʨʦʮʝʩʩʳ ʧʦʪʨʝʙʣʝʥʠʷ ʠ  ʦʪʜʘʯʠ ʵʥʝʨʛʠʠ ʨʘʟʜʝʣʝʥʳ ʥʝ ʚʦ ʚʨʝʤʝʥʠ, ʘ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʏʘʩʪʴ ʧʦʣʫʯʘʝʤʦʡ ʵʥʝʨʛʠʠ ʠʜʝʪ ʥʘ ʩʦʟʜʘʥʠʝ ʟʘʧʘʩʦʚ ñʩʚʦʙʦʜʥʦʡò ʵʥʝʨʛʠʠ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ. 

ɿʝʣʝʥʳʝ ʨʘʩʪʝʥʠʷ, ʧʦʪʨʝʙʣʷʷ ʵʥʝʨʛʠʶ ʚ ʥʠʟʢʦʵʥʪʨʦʧʠʡʥʦʡ ʬʦʨʤʝ, ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʝʙʷ ʥʝʦʙʭʦʜʠʤʦʡ ʥʠʟʢʦʡ ʵʥʪʨʦʧʠʝʡ, ʘ ʥʘʩ ð ʞʠʟʥʝʥʥʦ ʥʝʦʙʭʦʜʠʤʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 

ʫʛʣʝʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ. ɹʣʘʛʦʜʘʨʷ ʧʦʛʣʦʱʝʥʠʶ ʬʦʪʦʥʦʚ ʵʣʝʢʪʨʦʥʳ ʜʦʩʪʠʛʘʶʪ ʥʘʠʚʳʩʰʝʛʦ 

ʙʠʦʧʦʪʝʥʮʠʘʣʘ ʚ ʬʦʪʦʩʠʩʪʝʤʘʭ ʨʘʩʪʝʥʠʡ. ʉ ʵʪʦʛʦ ʚʳʩʦʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ ʦʥʠ 

ʜʠʩʢʨʝʪʥʦ (ʧʦ ʩʪʫʧʝʥʴʢʘʤ) ʩʧʫʩʢʘʶʪʩʷ ʥʘ ʩʘʤʳʡ ʥʠʟʢʠʡ ʚ ʙʠʦʩʬʝʨʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ - 

ʫʨʦʚʝʥʴ ʚʦʜʳ. ʕʥʝʨʛʠʷ, ʦʪʜʘʚʘʝʤʘʷ ʵʣʝʢʪʨʦʥʘʤʠ ʥʘ ʢʘʞʜʦʡ ʩʪʫʧʝʥʴʢʝ ʵʪʦʡ ʣʝʩʪʥʠʮʳ, 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʥʝʨʛʠʶ ʭʠʤʠʯʝʩʢʠʭ ʩʚʷʟʝʡ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʚʠʞʝʪ ʞʠʟʥʴʶ ʞʠʚʦʪʥʳʭ ʠ 

ʨʘʩʪʝʥʠʡ.  

ʕʣʝʢʪʨʦʥʳ ʚʦʜʳ ʩʚʷʟʳʚʘʶʪʩʷ ʨʘʩʪʝʥʠʷʤʠ, ʘ ʢʣʝʪʦʯʥʦʝ ʜʳʭʘʥʠʝ ʚʥʦʚʴ ʧʦʨʦʞʜʘʝʪ ʚʦʜʫ. 

ʕʪʦʪ ʧʨʦʮʝʩʩ ʦʙʨʘʟʫʝʪ ʵʣʝʢʪʨʦʥʥʳʡ ʢʨʫʛʦʦʙʦʨʦʪ ʚ ʙʠʦʩʬʝʨʝ, ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʦʛʦ ʩʣʫʞʠʪ 

ʩʦʣʥʮʝ. [ʂʦʨʦʪʢʦʚ ʂ. ɻ., ɺʠʣʣʠʘʤʩ ɹ., ɺʠʩʥʝʩʢʠ ʃ.ɸ. ñʕʥʪʨʦʧʠʷ ʠ ʵʥʝʨʛʠʷ ʚ ʙʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭé ò  http://www.madra.dp.ua/archives/kirlian/korotkov1/index.html ] 

ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ  ʥʝʢʦʪʦʨʘʷ (ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʘʷ) ʜʦʣʷ ʧʦʩʪʫʧʘʶʱʝʡ ʦʪ ʉʦʣʥʮʘ 

ʵʥʝʨʛʠʠ ʥʝ ʧʝʨʝʠʟʣʫʯʘʝʪʩʷ ʚ ʢʦʩʤʦʩ, ʘ ʚ ʚʠʜʝ ʪ.ʥ. ñʩʚʦʙʦʜʥʦʡò (ʫʧʦʨʷʜʦʯʝʥʥʦʡ) ʵʥʝʨʛʠʠ 

ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʥʘ ɿʝʤʣʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʘ ʚ ʧʦʣʝʟʥʫʶ ʨʘʙʦʪʫ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʡ 

ʵʥʝʨʛʠʠ ʨʘʟʣʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ, ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʠ ʩʦʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʥʘ ɿʝʤʣʝ ʧʦʣʫʯʘʶʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʫʜʘʣʷʪʴʩʷ ʦʪ ʩʦʩʪʦʷʥʠʷ ʨʘʚʥʦʚʝʩʠʷ, ʟʘʧʦʣʥʷʷ ʚʩʝ ʥʦʚʳʝ ʥʝʨʘʚʥʦʚʝʩʥʳʝ ʥʠʰʠ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʘʢʘʧʣʠʚʘʝʤʳʝ ʟʘʧʘʩʳ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʥʝʨʛʠʠ ʧʦʟʚʦʣʷʶʪ ʯʝʣʦʚʝʯʝʩʪʚʫ ʩʦʟʜʘʚʘʪʴ 

ʩʦʦʨʫʞʝʥʠʷ, ʩʨʝʜʩʪʚʘ ʪʨʘʥʩʧʦʨʪʘ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʧʨʠʨʦʜʥʫʶ ʩʨʝʜʫ, ʥʘʢʘʧʣʠʚʘʪʴ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʨʝʩʫʨʩʳ. 

http://www.madra.dp.ua/archives/kirlian/korotkov1/index.html


ʇʨʠʣʦʞʝʥʠʝ 3. ʅʝʦʙʨʘʪʠʤʦʩʪʴ ʠ ʢʦʩʤʦʣʦʛʠʷ 
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ʇʦʩʪʫʧʣʝʥʠʝ ʵʥʝʨʛʠʠ ʠʟʚʥʝ ʧʦʜʥʠʤʘʝʪ ʩʠʩʪʝʤʳ ʥʘ  ʧʦʪʝʥʮʠʘʣʴʥʫʶ ñʛʦʨʢʫò, ʫʜʘʣʷʷ ʠʭ ʦʪ 

ʨʘʚʥʦʚʝʩʥʦʛʦ ñʥʘʠʥʠʟʰʝʛʦò ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʅʘʧʨʠʤʝʨ, ʥʝʜʘʚʥʠʡ ʵʢʩʧʝʨʠʤʝʥʪ ï 

ʤʦʱʥʳʡ ʣʫʯ ʣʘʟʝʨʘ, ʠʤʠʪʠʨʫʶʱʠʡ ʫʜʘʨ ʤʝʪʝʦʨʠʪʘ ʚ ʩʤʝʩʴ ʬʦʨʤʘʤʠʜʘ ʩ ʛʣʠʥʦʡ (ʭʠʤʠʯʝʩʢʘʷ 

ʩʨʝʜʘ ʜʨʝʚʥʝʡ ɿʝʤʣʠ) ï ʟʘʧʫʩʪʠʣ ʤʥʦʞʝʩʪʚʦ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʳʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ, ʧʦʷʚʠʣʠʩʴ ʚʩʝ ʯʝʪʳʨʝ ʥʫʢʣʝʦʪʠʜʥʳʭ ʦʩʥʦʚʘʥʠʷ ʈʅʂ (ʘʜʝʥʠʥ, ʮʠʪʦʟʠʥ, ʛʫʘʥʠʥ, ʫʨʘʮʠʣ). 

[http://lenta.ru/news/2014/12/09/praguelaser/] 

ʇʨʠ ʵʪʦʤ ʟʘʢʦʥʘʤʠ ʧʨʠʨʦʜʳ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʝʪʘʩʪʘʙʠʣʴʥʳʝ ʥʠʰʠ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ 

ʫʯʘʩʪʢʠ) ï ʧʨʘʚʠʣʘ ʦʪʙʦʨʘ, ʧʦʜʦʙʥʳʝ ʪʘʙʣʠʮʝ ʄʝʥʜʝʣʝʝʚʘ, ʣʦʢʘʣʴʥʦ ʧʨʝʧʷʪʩʪʚʫʶʱʠʝ 

ʚʦʟʚʨʘʱʝʥʠʶ ʩʠʩʪʝʤʳ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʠ, ʪʝʤ ʩʘʤʳʤ, ʥʘʨʫʰʘʶʱʠʝ ʦʙʨʘʪʠʤʦʩʪʴ ʤʘʣʦʛʦ 

ʧʝʨʝʤʝʱʝʥʠʷ ʚʜʦʣʴ ñʛʦʨʢʠò. ʕʪʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʘʷ ʩʠʪʫʘʮʠʷ ʚ ʪʝʦʨʠʠ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʕʚʦʣʶʮʠʷ ʤʦʨʬʦʬʠʟʠʦʣʦʛʠʠ (ʧʦ ɸ.ʅ. ʉʝʚʝʨʮʝʚʫ) 

 

ɹʠʦʣʦʛʠʯʝʩʢʘʷ ʘʥʘʣʦʛʠʷ: ʢʦʛʜʘ ʥʘ ʦʜʥʦʤ ʫʨʦʚʥʝ ʢʦʥʢʫʨʝʥʪʥʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʵʚʦʣʶʮʠʠ 

ʠʩʯʝʨʧʘʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ ʥʘ ʩʣʝʜʫʶʱʠʡ ʫʨʦʚʝʥʴ. 

 

ʂʦʥʬʣʠʢʪ ʨʝʘʣʴʥʦʩʪʠ ʩ ñʪʝʦʨʠʝʡ ʪʝʧʣʦʚʦʡ ʩʤʝʨʪʠò ɺʩʝʣʝʥʥʦʡ 

 

ʇʨʠʤʝʥʝʥʠʝ ʚʪʦʨʦʛʦ ʥʘʯʘʣʘ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʢ ʤʠʨʫ ʚ ʮʝʣʦʤ ʢʘʢ ʢ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʠʪʝʣʴʥʦʤʫ ʧʨʦʪʠʚʦʨʝʯʠʶ ʤʝʞʜʫ ʪʝʦʨʠʝʡ ʠ ʦʧʳʪʦʤ. ɺʩʝʣʝʥʥʘʷ ʜʦʣʞʥʘ ʙʳʣʘ ʙʳ 

ʙʳʪʴ ʙʣʠʟʢʦʡ ʢ ʩʦʩʪʦʷʥʠʶ ʧʦʣʥʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, ʦʜʥʘʢʦ ʨʝʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ 

ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʳ ʫʙʝʞʜʘʶʪ ʥʘʩ ʚ ʪʦʤ, ʯʪʦ ʩʚʦʡʩʪʚʘ ʧʨʠʨʦʜʳ (ʚʩʝʡ ʥʘʙʣʶʜʘʝʤʦʡ ʯʘʩʪʠ 

ɺʩʝʣʝʥʥʦʡ) ʥʝ ʠʤʝʶʪ ʥʠʯʝʛʦ ʦʙʱʝʛʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʨʘʚʥʦʚʝʩʥʦʡ ʩʠʩʪʝʤʳ. ɹʦʣʝʝ ʪʦʛʦ, 

ʩʝʛʦʜʥʷʰʥʝʝ ʩʦʩʪʦʷʥʠʝ ɺʩʝʣʝʥʥʦʡ ʜʦʣʞʥʦ ʙʳʣʦ ʚʦʟʥʠʢʥʫʪʴ ʠʟ ʩʦʩʪʦʷʥʠʷ ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ 

ʵʥʪʨʦʧʠʝʡ, ʠ ʪ.ʜ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʩʭʦʜʥʦʝ ʝʝ ʩʦʩʪʦʷʥʠʝ ʜʦʣʞʥʦ ʙʳʣʦ ʠʤʝʪʴ ʢʨʘʡʥʝ ʥʠʟʢʫʶ 

ʵʥʪʨʦʧʠʶ, ʪ.ʝ. ʠʤʝʪʴ ʢʨʘʡʥʝ ʤʘʣʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ, ʯʪʦ ʧʦʢʘ ʥʝ ʠʤʝʝʪ ʥʠʢʘʢʦʛʦ 

ʦʙʲʷʩʥʝʥʠʷ. ʉʦʚʨʝʤʝʥʥʘʷ ʬʠʟʠʢʘ ʧʨʝʜʣʘʛʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ñʩʦʣʦʤʠʥʢʠò ʆʊʆ - ʦʙʱʝʝ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ ʦʟʥʘʯʘʝʪ ʟʘʚʠʩʠʤʦʩʪʴ ʝʝ ʤʝʪʨʠʢʠ ʦʪ ʚʨʝʤʝʥʠ, ʪʘʢ ʯʪʦ 

ñʚʥʝʰʥʠʝò ʫʩʣʦʚʠʷ ʜʣʷ ʥʝʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩʪʘʮʠʦʥʘʨʥʳʤʠ, ʤʠʨ ʢʘʢ ʮʝʣʦʝ ʜʦʣʞʝʥ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʠʩʪʝʤʘ ʚ ʧʝʨʝʤʝʥʥʦʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ, ʜʣʷ ʢʦʪʦʨʦʡ ʚʪʦʨʦʝ ʥʘʯʘʣʦ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʤʦʞʝʪ ʠ ʥʝ ʚʳʧʦʣʥʷʪʴʩʷ [ʃʘʥʜʘʫ ʠ ʃʠʬʰʠʮ, ʊʝʦʨʠʷ ʧʦʣʷ]. 

 

http://lenta.ru/news/2014/12/09/praguelaser/
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                                           ʂʨʫʧʥʦʤʘʩʰʪʘʙʥʘʷ ʩʪʨʫʢʪʫʨʘ ɺʩʝʣʝʥʥʦʡ. 

ʆʩʠ ʚʨʘʱʝʥʠʷ ʢʚʘʟʘʨʦʚ ʢʦʨʨʝʣʠʨʦʚʘʥʳ ʥʘ ʦʛʨʦʤʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʙʦʣʝʝ 650 ʄʧʢ 

(http://www.aanda.org/articles/aa/full_html/2014/12/aa24631-14/aa24631-14.html) 

 

ʅʝʩʢʦʣʴʢʦ ʣʝʪ ʥʘʟʘʜ ʤʥʦʶ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ (ʩʤ. www.timeorigin21.narod.ru), ʚ ʢʦʪʦʨʦʡ ʦʥʘ ʷʚʣʷʝʪʩʷ ʯʝʨʥʦʡ ʜʳʨʦʡ 

(ʏɼ) ʚʦ ʚʥʝʰʥʝʡ ʛʠʧʝʨ-ʚʩʝʣʝʥʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʨʦʜʥʫʶ 3-ʤʝʨʥʫʶ 

ʛʠʧʝʨʩʬʝʨʠʯʝʩʢʫʶ  ʧʦʚʝʨʭʥʦʩʪʴ 4-ʤʝʨʥʦʛʦ ʰʘʨʘ. ɹʫʜʫʯʠ ʏɼ, ʦʥʘ ʧʦʛʣʦʱʘʝʪ ʵʥʝʨʛʠʶ/ʤʘʪʝʨʠʶ 

ʠʟ ʚʥʝʰʥʝʡ ʛʠʧʝʨ-ʚʩʝʣʝʥʥʦʡ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝʧʨʝʨʳʚʥʦ ʨʘʩʪʝʪ ï ʪʘʢʦʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ 

ʦʪʦʞʜʝʩʪʚʠʪʴ ʩ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʤ ʬʘʢʪʦʤ ʨʘʩʰʠʨʝʥʠʷ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʦʙʲʷʩʥʠʪʴ ʠʤ ʩʘʤʦ 

ʪʝʯʝʥʠʝ ʚʨʝʤʝʥʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʜʣʷ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʥʝ ʪʦʣʴʢʦ ʠʤʝʝʪʩʷ ʚʳʰʝʦʧʠʩʘʥʥʳʡ 

ʠʩʪʦʯʥʠʢ ʵʥʝʨʛʠʠ, ʥʦ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʞʝ ʩʪʦʢʠ ʜʣʷ ʵʥʝʨʛʠʠ. ɺ ʵʪʦʤ ʢʘʯʝʩʪʚʝ ʚʳʩʪʫʧʘʶʪ 

ñʦʙʳʯʥʳʝò  ʏɼ, ʪ.ʝ. ʚʥʫʪʨʝʥʥʠʝ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. 

 

 
 

ʆʜʥʠʤ ʠʟ ʘʨʛʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʪʦ ʩʦʦʙʨʘʞʝʥʠʝ, ʯʪʦ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ ʥʝʢʦʪʦʨʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʠ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʝʛʦ ʤʘʩʩʝ, ʘ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʠʯʝʩʢʦʤʫ ʢʦʨʥʶ ʠʟ ʤʘʩʩʳ. ʇʦʵʪʦʤʫ ʚʩʝʛʜʘ 

ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʢʦʪʦʨʳʡ ʧʨʝʜʝʣ, ʧʨʠ ʢʦʪʦʨʦʤ ʵʪʠ ʨʘʜʠʫʩʳ ʩʦʚʧʘʜʫʪ, ʪ.ʝ. ʜʘʥʥʘʷ ʤʘʩʩʘ 

ʩʢʦʣʣʘʧʩʠʨʫʝʪ ʚ ʯʝʨʥʫʶ ʜʳʨʫ [ñʅʘʫʢʘ ʠ ʞʠʟʥʴò, ˉ 7, 2011, ʩʪʨ. 77-80]. ʕʪʦʪ ʘʨʛʫʤʝʥʪ 

ʜʦʧʦʣʥʷʝʪʩʷ ʢʨʘʩʥʦʨʝʯʠʚʳʤʠ ʦʮʝʥʢʘʤʠ ʦʪʥʦʰʝʥʠʷ ʬʘʢʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʘʩʪʨʦʬʠʟʠʯʝʩʢʦʛʦ 

ʦʙʲʝʢʪʘ ʢ ʝʛʦ ʨʘʩʯʝʪʥʦʡ ʢʨʠʪʠʯʝʩʢʦʡ ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʙʳ ʦʥ ʧʨʠ ʪʦʡ ʞʝ ʤʘʩʩʝ ʙʳʣ ʯʝʨʥʦʡ ʜʳʨʦʡ. 

 

http://www.aanda.org/articles/aa/full_html/2014/12/aa24631-14/aa24631-14.html
http://www.timeorigin21.narod.ru/
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ʅʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ ʯʝʨʥʦʡ ʜʳʨʦʡ ʠ ʨʘʩʪʝʪ, ʪʦ ʝʝ ʵʥʪʨʦʧʠʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʜʦʣʞʥʘ 

ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʂʘʢ ʞʝ ʵʪʦ ʩʦʛʣʘʩʦʚʘʪʴ ʩ ʫʪʚʝʨʞʜʝʥʠʝʤ, ʯʪʦ ʵʥʪʨʦʧʠʷ ɺʩʝʣʝʥʥʦʡ ʜʦʣʞʥʘ 

ʫʙʳʚʘʪʴ? ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʠʟ ʦʙʱʝʡ ʵʥʪʨʦʧʠʠ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʪʘʪʴ ʵʥʪʨʦʧʠʶ ʚʥʫʪʨʝʥʥʠʭ 

ʯʝʨʥʳʭ ʜʳʨ, ʢʦʪʦʨʘʷ, ʩʦʛʣʘʩʥʦ ʥʝʜʘʚʥʠʤ ʦʮʝʥʢʘʤ [Egan and Lineweaver, arXiv :0909.3983v1], 

ʩʝʡʯʘʩ ʥʘ 5 ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʵʥʪʨʦʧʠʶ ʚʩʝʡ ʦʩʪʘʣʴʥʦʡ ʤʘʪʝʨʠʠ ʚ ʥʘʙʣʶʜʘʝʤʦʡ ʯʘʩʪʠ  

ɺʩʝʣʝʥʥʦʡ. ɽʩʣʠ ʯʠʩʣʦ ʠ ʨʘʟʤʝʨ ʚʥʫʪʨʝʥʥʠʭ ʏɼ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ, ʪʦ ʠʭ ʩʫʤʤʘʨʥʘʷ ʵʥʪʨʦʧʠʷ 

ʨʘʩʪʝʪ ʙʳʩʪʨʝʝ, ʯʝʤ ʚʥʝʰʥʷʷ ʵʥʪʨʦʧʠʷ ɺʩʝʣʝʥʥʦʡ.  ʅʘʧʨʠʤʝʨ, ʧʦʣʘʛʘʷ, ʯʪʦ ʯʠʩʣʦ ʚʥʫʪʨʝʥʥʠʭ 

ʏɼ  N~R
3
, ʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʞʜʦʡ ʜʳʨʳ ʨʘʩʪʝʪ ʥʝ ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ~R

2
, ʧʦʣʫʯʠʤ ʦʮʝʥʢʫ ʜʣʷ 

ʩʫʤʤʘʨʥʦʡ ʵʥʪʨʦʧʠʠ ʚʥʫʪʨʝʥʥʠʭ ʏɼ  Sint ~ R
5
. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʘʤʘ ɺʩʝʣʝʥʥʘʷ ʜʦʣʞʥʘ ʠʤʝʪʴ 

ʵʥʪʨʦʧʠʶ  Sext ~ R
2
 (ʠʣʠ, ʧʦ ʥʝʢʦʪʦʨʳʤ ʩʦʦʙʨʘʞʝʥʠʷʤ,  ~R

3
). ɿʜʝʩʴ R ï ʨʘʜʠʫʩ ɺʩʝʣʝʥʥʦʡ. 

 

 

 

 

 

 

 

 

 

 

 

 

             ʅʘʰʘ ɺʩʝʣʝʥʥʘʷ ʢʘʢ ʨʘʙʦʯʝʝ ʪʝʣʦ ʪʝʧʣʦʚʦʡ ʤʘʰʠʥʳ:  ʧʦʪʦʢʠ ʵʥʝʨʛʠʠ ʠʟʚʥʝ ʠ ʚʦ  

                                                                       ʚʥʫʪʨʝʥʥʠʝ ʏɼ 

 

ɺ ʨʘʙʦʪʝ [Egan and Lineweaver, arXiv :0909.3983v1] ʧʨʠʚʝʜʝʥʘ ʦʮʝʥʢʘ ʙʘʣʘʥʩʘ ʵʥʪʨʦʧʠʠ ʚʦ 

ɺʩʝʣʝʥʥʦʡ: 

 
ʂʦʤʧʦʥʝʥʪ ʕʥʪʨʦʧʠʷ S [k] 

ʂʦʩʤʠʯʝʩʢʠʡ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ 2.6 ʭ 10
122

 

ʉʚʝʨʭʤʘʩʩʠʚʥʳʝ ʯʝʨʥʳʝ ʜʳʨ r 1.2 ʭ 10
103

 

ʏɼ ʩ ʤʘʩʩʦʡ 42 ï 140 ʄʩʦʣʥ 1.2 ʭ 10
98

 

ʏɼ ʩ ʤʘʩʩʦʡ 2.5 ï 15 ʄʩʦʣʥ 1.2 ʭ 10
96

 

ʌʦʪʦʥʳ 2 ʭ 10
88

 

ʈʝʣʠʢʪʦʚʳʝ ʥʝʡʪʨʠʥʦ 1.9 ʭ 10
88

 

ʊʝʤʥʘʷ ʤʘʪʝʨʠʷ 6 ʭ 10
86

 

ʈʝʣʠʢʪʦʚʳʝ ʛʨʘʚʠʪʦʥʳ 2.3 ʭ 10
86

 

ʄʘʪʝʨʠʷ ʤʝʞʟʚʝʟʜʥʦʡ ʩʨʝʜʳ 2.7 ʭ 10
80

 

ɿʚʝʟʜʳ 3.5 ʭ 10
78

 

ʀʊʆɻʆ 2.6 ʭ 10
122
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ʏʪʦʙʳ ʧʨʦʮʝʩʩʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʠ ʫʧʦʨʷʜʦʯʝʥʠʷ ʚʦʟʥʠʢʘʣʠ ʚ ʩʣʦʞʥʦʡ ʩʠʩʪʝʤʝ, ʦʥʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʪʢʨʳʪʦʡ, ʪ.ʢ. ʟʘʢʨʳʪʘʷ ʩʠʩʪʝʤʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʪʝʨʤʦʜʠʥʘʤʠʢʠ 

ʜʦʣʞʥʘ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʧʨʠʡʪʠ ʢ ʩʦʩʪʦʷʥʠʶ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʝʡ ʠ ʧʨʝʢʨʘʪʠʪʴ ʣʶʙʳʝ 

ʵʚʦʣʶʮʠʠ. ɺ ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʫʩʣʦʚʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʥʝʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʩʠʩʪʝʤʳ 

ʫʩʪʫʧʘʝʪ ʤʝʩʪʦ ʢʦʨʧʦʨʘʪʠʚʥʦʤʫ ʧʦʚʝʜʝʥʠʶ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʩʦʩʪʦʷʥʠʷʭ, ʜʘʣʸʢʠʭ ʦʪ ʨʘʚʥʦʚʝʩʠʷ, ʧʦʷʚʣʷʶʪʩʷ ʪʦʯʢʠ ʙʠʬʫʨʢʘʮʠʠ ʠ ʘʪʪʨʘʢʪʦʨʳ. 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʧʨʠʥʮʠʧʦʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʣʫʞʠʪ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʦʚʦʛʦ ʧʦʨʷʜʢʘ ʠ 

ʫʩʣʦʞʥʝʥʠʝ ʩʠʩʪʝʤ ʯʝʨʝʟ ʬʣʫʢʪʫʘʮʠʠ: ʚ ʩʣʦʞʥʳʭ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ, ʙʣʘʛʦʜʘʨʷ ʧʨʠʪʦʢʫ 

ʵʥʝʨʛʠʠ ʠʟʚʥʝ ʠ ʫʩʠʣʝʥʠʶ ʥʝʨʘʚʥʦʚʝʩʥʦʩʪʠ,  ʦʪʢʣʦʥʝʥʠʷ ʩʦ ʚʨʝʤʝʥʝʤ ʚʦʟʨʘʩʪʘʶʪ, 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ, ʚʳʟʳʚʘʶʪ ʵʬʬʝʢʪ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʚʝʜʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ. ʕʪʘʧ 

ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘʩʪʫʧʘʝʪ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʧʨʝʦʙʣʘʜʘʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʙʨʘʪʥʳʭ ʩʚʷʟʝʡ, 

ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʦʪʢʨʳʪʦʡ ʩʠʩʪʝʤʝ, ʥʘʜ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ ʦʙʨʘʪʥʳʤʠ ʩʚʷʟʷʤʠ. ʊʘʢʦʚʳ, ʢ 

ʧʨʠʤʝʨʫ, ʤʝʭʘʥʠʟʤʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʝʱʝʩʪʚʘ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʩʦʮʠʘʣʴʥʳʭ 

ʬʦʨʤʘʮʠʡ. 

ʉʘʤʦʦʨʛʘʥʠʟʘʮʠʷ ʚ ʩʣʦʞʥʳʭ ʦʪʢʨʳʪʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ çʩʪʨʝʣʳ 

ʚʨʝʤʝʥʠè ʚ ʇʨʠʨʦʜʝ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʥʘʧʨʘʚʣʝʥʠʶ çʩʪʨʝʣʳ ʚʨʝʤʝʥʠè ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ, 

ʚʝʜʫʱʝʡ ʢ çʪʝʧʣʦʚʦʡ ʩʤʝʨʪʠè. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʀʪʘʢ, ʚ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʵʥʪʨʦʧʠʷ ɺʩʝʣʝʥʥʦʡ ʫʤʝʥʴʰʘʝʪʩʷ, ʘ ʥʝ ʚʦʟʨʘʩʪʘʝʪ. 

ʂʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʝʣʘ ʚʨʝʤʝʥʠ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʠʤʝʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ 

ʠ ʧʝʨʚʠʯʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʩʪʨʝʣʘʤ ʚʨʝʤʝʥʠ ï ʙʠʦʣʦʛʠʯʝʩʢʦʡ (ʥʘʧʨʘʚʣʝʥʠʝ ʵʚʦʣʶʮʠʠ) 

ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʡ.  

ɿʘʤʝʪʠʤ, ʯʪʦ ʩʠʣʴʥʦ ʛʨʘʚʠʪʠʨʫʶʱʠʝ ʬʠʟʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʶʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʪʝʧʣʦʝʤʢʦʩʪʴʶ. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʚʝʟʜʳ ʠʟʣʫʯʘʶʪ ʩʚʦʶ ʵʥʝʨʛʠʶ ʠ ʥʘʛʨʝʚʘʶʪʩʷ, ʘ ʏɼ 

ʧʦʛʣʦʱʘʶʪ ʵʪʫ ʵʥʝʨʛʠʶ ʠ ʦʭʣʘʞʜʘʶʪʩʷ. ʀʟ ʵʪʦʛʦ ʪʘʢʞʝ ʩʣʝʜʫʝʪ, ʯʪʦ ʨʘʟʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʫʜʘʣʝʥʥʦʩʪʴ ʦʪ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʛʘʣʘʢʪʠʢʘʭ ʚ ʪʝʯʝʥʠʝ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ ʜʦʣʞʥʳ ʥʝ 

ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʥʘʨʘʩʪʘʪʴ. 

ʅʘʢʦʥʝʮ, 3-ʤʝʨʥʘʷ ʛʠʧʝʨʩʬʝʨʠʯʝʩʢʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʥʘʰʫ 

ɺʩʝʣʝʥʥʫʶ, ʚ ʢʘʞʜʦʡ ʩʚʦʝʡ ʪʦʯʢʝ ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʚʥʝʰʥʝʡ ʛʠʧʝʨ-ʚʩʝʣʝʥʥʦʡ, ʪ.ʝ. ʤʘʪʝʨʠʷ, 

ʵʥʝʨʛʠʷ ʠ ʠʥʬʦʨʤʘʮʠʷ ñʨʦʞʜʘʝʪʩʷò (ʧʦʩʪʫʧʘʝʪ ʠʟʚʥʝ) ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. 

ʇʦʵʪʦʤʫ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʏɼ, ʪʘʢʘʷ ñʙʝʣʘʷ ʜʳʨʘò ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ ʜʦʣʞʥʘ ʤʳʩʣʠʪʴʩʷ ʢʘʢ 

ʘʙʩʦʣʶʪʥʦ ʛʣʦʙʘʣʴʥʳʡ ʠ ʚʝʯʥʳʡ ʦʙʲʝʢʪ. 

  

 

 

 

https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D0%BB%D0%B0_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D1%80%D0%B5%D0%BB%D0%B0_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8
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ʇʈʀʃʆɾɽʅʀɽ 4. 

ʕʚʦʣʶʮʠʷ ʯʝʨʥʳʭ ʜʳʨ 

 

ʈʦʩʪ ʯʝʨʥʳʭ ʜʳʨ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ 

 

ʏʝʨʥʳʝ ʜʳʨʳ (ʏɼ) ʥʝʦʙʨʘʪʠʤʦ ʵʚʦʣʶʮʠʦʥʠʨʫʶʪ ʚ ʨʘʤʢʘʭ ʩʚʦʝʛʦ ʨʦʜʘ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ï ʦʥʠ ʧʦʛʣʦʱʘʶʪ ʵʥʝʨʛʠʶ ʠ ʤʘʪʝʨʠʶ ʠʟ ʚʥʝʰʥʝʛʦ ʤʠʨʘ. ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ï ʢʘʢ 

ʩʦʦʪʥʦʩʠʪʩʷ ʪʝʤʧ ʨʦʩʪʘ ʚʥʫʪʨʝʥʥʠʭ ʯʝʨʥʳʭ ʜʳʨ ʩ ʪʝʤʧʦʤ ʨʘʩʰʠʨʝʥʠʷ ʤʘʪʝʨʠʥʩʢʦʡ (ʥʘʰʝʡ) 

ɺʩʝʣʝʥʥʦʡ? ʄʦʞʝʪ ʣʠ ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ ʚʥʫʪʨʝʥʥʷʷ ʏɼ ʩʪʘʪʴ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʤʘʪʝʨʠʥʩʢʦʡ ʠʣʠ 

ʜʘʞʝ ʧʦʛʣʦʪʠʪʴ ʝʝ? 

ɽʩʣʠ ʙʳ ʦʢʨʫʞʘʶʱʘʷ ʏɼ ʩʨʝʜʘ ʚʩʝʛʜʘ ʠʤʝʣʘ ʟʘʜʘʥʥʫʶ (ʧʦʩʪʦʷʥʥʫʶ) ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ 

ɟ,  ʘ ʫʜʝʣʴʥʳʡ ʪʝʤʧ ʧʦʛʣʦʱʝʥʠʷ ʚʥʝʰʥʝʡ ʤʘʪʝʨʠʠ ʥʘ ʝʜʠʥʠʮʫ ʵʪʦʡ ʧʣʦʱʘʜʠ ʦʩʪʘʚʘʣʩʷ 

ʧʦʩʪʦʷʥʥʳʤ, ʪʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʤʘʩʩʳ  M ʯʝʨʥʦʡ ʜʳʨʳ ʨʦʩʣʘ ʙʳ ʩ ʥʘʨʘʩʪʘʶʱʠʤ ʪʝʤʧʦʤ: 

 

dM = Sɟvdt = kM
2
ɟvdt 

 

ɿʜʝʩʴ dM ï ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʏɼ, S=kM
2 
ï ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʏɼ,  ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘʷ ʢʚʘʜʨʘʪʫ 

ʝʝ ʤʘʩʩʳ M (k=16ˊG
2
/c

4
; ʧʦʩʢʦʣʴʢʫ G=7Ŀ10

ī11
 ʤįĿʩ

ī2
Ŀʢʛ
ī1 
ʠ

 
ʩ=3Ŀ10

8
 ʤĿʩ

ī1
, ʪʦ k=3Ŀ10

-53 
ʤ

2
Ŀʢʛ

-2
), v ï 

ʩʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʧʘʜʝʥʠʷ ʤʘʪʝʨʠʠ ʚ ʏɼ, dt ï ʜʠʬʬʝʨʝʥʮʠʘʣ ʚʨʝʤʝʥʠ. ʊʦʛʜʘ
26

 

 

(dM/dt) = kɟvM
2
 

 

ʕʪʦ ï ʧʨʦʩʪʝʡʰʠʡ ʩʣʫʯʘʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʈʠʢʘʪʪʠ, ʝʛʦ ʨʝʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ: 

vtkM
tM

r-
=

-1

0)(

1
)(  

 

ʛʜʝ M0 ï ʤʘʩʩʘ ʧʨʠ t=0. ʆʯʝʚʠʜʥʦ, ʚʝʣʠʯʠʥʘ M(t) ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʟʥʘʯʝʥʠʠ 

tÐ=(kɟvM0)
-1
, ʢʘʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 1. 
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ʈʠʩʫʥʦʢ 1. ʀʟʤʝʥʝʥʠʝ ʪʝʤʧʘ ʨʦʩʪʘ ʤʘʩʩʳ ʏɼ 

 

ʉʜʝʣʘʝʤ ʦʮʝʥʦʯʥʳʡ ʨʘʩʯʝʪ, ʧʨʠʥʷʚ
27

 ɟ=10
-21

 ʢʛĿʤ
-3

,  v = 3Ŀ10
5
 ʤĿʩ

-1
 (0.1% ʦʪ ʩʢʦʨʦʩʪʠ 

ʩʚʝʪʘ), M0 = 10
40 
ʢʛ (ʥʘʠʙʦʣʴʰʘʷ ʦʮʝʥʢʘ ʜʣʷ ʤʘʩʩʳ ʩʚʝʨʭʤʘʩʩʠʚʥʦʡ ʯʝʨʥʦʡ ʜʳʨʳ). ʊʦʛʜʘ 

ʥʘʡʜʝʤ, ʯʪʦ  

 

kɟvM0 =  (3Ŀ10
-53
) Ŀ (10

-21
) Ŀ (3Ŀ10

5
) Ŀ (10

40
) å 10Ŀ10

-74+45
= 10

-28 
ʩ

-1
 

 

                                                           
26

 ɺ ʨʘʙʦʪʝ [Hobbs et al., 2012] ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʘʷ ʬʦʨʤʫʣʘ ɹʦʥʜʠ-ʍʦʡʣʘ, ʢʘʯʝʩʪʚʝʥʥʦ ʙʣʠʟʢʘʷ ʢ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. 
27

 ɿʥʘʯʝʥʠʝ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʠ ʛʘʟʘ ʚʦʢʨʫʛ ʩʚʝʨʭʤʘʩʩʠʚʥʳʭ ʏɼ ʚʟʷʪʦ ʠʟ ʨʘʙʦʪʳ [DeGraf et al, 2012]), ʵʪʦ ʥʘ 6 

ʧʦʨʷʜʢʦʚ ʚʳʰʝ, ʯʝʤ ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʠ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. 
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ʠ 

tÐ = (1/kɟvM0) = 10
28 
ʩ å 10

21 
ʣʝʪ 

  

ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʝʠʟʤʝʨʠʤʦ ʙʦʣʴʰʝ, ʯʝʤ ʪʝʢʫʱʠʡ ʚʦʟʨʘʩʪ ɺʩʝʣʝʥʥʦʡ (10
10 
ʣʝʪ). ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʦʰʠʙʢʘ ʚ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝ ʠʟʤʝʥʠʪ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʝʟʫʣʴʪʘʪʘ, ʪʘʢ ʯʪʦ ʩ ʵʪʦʡ ʩʪʦʨʦʥʳ ʫʛʨʦʟʳ ʜʣʷ ʯʝʣʦʚʝʯʝʩʪʚʘ ʚ ʦʙʦʟʨʠʤʦʤ ʚʨʝʤʝʥʠ ʥʝ 

ʫʩʤʘʪʨʠʚʘʝʪʩʷ.  

ʄʘʣʦʩʪʴ ʦʪʥʦʰʝʥʠʷ (t/tÐ) ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʟʘʧʠʩʘʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʚ ʚʠʜʝ: 

 

M(t) å M0 Ŀ (1 +  t/tÐ) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʯʝʨʥʳʭ ʜʳʨ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʵʚʦʣʶʮʠʠ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ t ʧʦ ʟʘʢʦʥʫ 

 

ȹM(t) å M0ĿtĿ(kɟv) 

 

ʂʘʢ ʣʝʛʢʦ ʚʠʜʝʪʴ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʪʝʤʧ ʨʦʩʪʘ ʏɼ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʣʦʪʥʦʩʪʠ ɟ 

ʦʢʨʫʞʘʶʱʝʡ ʠʭ ʩʨʝʜʳ. ʀʤʝʥʥʦ ʵʪʠʤ ʝʩʪʝʩʪʚʝʥʥʦ ʦʙʲʷʩʥʠʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʩʚʝʨʭʤʘʩʩʠʚʥʳʝ ʏɼ 

ʘʩʪʨʦʬʠʟʠʢʠ ʧʦʚʩʝʤʝʩʪʥʦ ʦʙʥʘʨʫʞʠʚʘʶʪ ʥʝ ʛʜʝ-ʥʠʙʫʜʴ, ʘ ʠʤʝʥʥʦ ʚ ʮʝʥʪʨʘʭ ʛʘʣʘʢʪʠʢ, 

ʧʦʩʢʦʣʴʢʫ ʪʘʤ ʟʥʘʯʝʥʠʝ ɟ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʜʦʣʞʥʦ ʙʳʪʴ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ 

ʚʳʰʝ, ʯʝʤ ʚ ʠʥʳʭ ʦʙʣʘʩʪʷʭ ɺʩʝʣʝʥʥʦʡ. 

ɺʘʞʥʦ ʪʘʢʞʝ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. ʅʝʦʙʨʘʪʠʤʳʡ ʨʦʩʪ ʏɼ 

ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʦʥ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʦʩʪʦʤ ʝʝ ʵʥʪʨʦʧʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ 

ʧʣʦʱʘʜʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ S. ɺ ʧʣʦʩʢʦʤ ʝʚʢʣʠʜʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʚʝʣʠʯʠʥʘ S ʤʦʞʝʪ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴʩʷ. ʆʜʥʘʢʦ ʝʩʣʠ ʥʘʰʝ 3-ʤʝʨʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʠʤʝʝʪ ʟʘʢʨʳʪʳʡ ʪʠʧ 

ʤʝʪʨʠʢʠ (ʪ.ʝ. ʷʚʣʷʝʪʩʷ ʩʬʝʨʠʯʝʩʢʦʡ ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʝʯʥʦʛʦ ʨʘʜʠʫʩʘ), ʪʦ ʨʦʩʪ ʧʣʦʱʘʜʠ 

ʏɼ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʝʝ ʤʘʩʩʳ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʨʘʟʤʝʨ 

ñʵʢʚʘʪʦʨʠʘʣʴʥʦʡò ʧʣʦʱʘʜʠ ɺʩʝʣʝʥʥʦʡ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʟʥʠʢʥʝʪ ʥʦʚʘʷ ʩʠʪʫʘʮʠʷ ï ʨʦʩʪ ʤʘʩʩʳ ʏɼ 

ʜʦʣʞʝʥ ʧʨʠʚʦʜʠʪʴ ʥʝ ʢ ʫʚʝʣʠʯʝʥʠʶ, ʘ ʢ ʫʤʝʥʴʰʝʥʠʶ ʧʣʦʱʘʜʠ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʵʥʪʨʦʧʠʠ! ʅʦ 

ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʚʪʦʨʦʤʫ ʥʘʯʘʣʫ ʪʝʨʤʦʜʠʥʘʤʠʢʠ, ʧʦʵʪʦʤʫ ʨʦʩʪ ʏɼ ʜʦʣʞʝʥ ʧʨʝʢʨʘʪʠʪʴʩʷ. ɺ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ɺʩʝʣʝʥʥʘʷ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʩʦʩʪʦʷʪʴ ʠʟ ʜʚʫʭ ʦʛʨʦʤʥʳʭ ʏɼ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, 

ʥʝ ʩʤʦʛʫʪ ʩʣʠʪʴʩʷ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ.   

 

ʏʝʨʥʳʝ ʜʳʨʳ ʚʦ ʚʩʝʣʝʥʥʳʭ ʠʥʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ 

 

ɺ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʤʦʠʭ ʨʘʙʦʪʘʭ ʙʳʣʦ ʨʘʟʚʠʪʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ 

ʢʘʢ ʦ ʯʝʨʥʦʡ ʜʳʨʝ ʚ 4-ʤʝʨʥʦʡ ʛʠʧʝʨʚʩʝʣʝʥʥʦʡ, ʣʠʥʝʡʥʦ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʤ 

ʚʨʝʤʝʥʠ, ʪʘʢ ʯʪʦ ʝʝ ʚʦʟʨʘʩʪ ʩʪʨʦʛʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʝʝ ʪʝʢʫʱʠʤ ʨʘʟʤʝʨʫ ʠ ʤʘʩʩʝ. ʉʘʤʘ 

ɺʩʝʣʝʥʥʘʷ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ, ʥʘ ʝʜʠʥʠʮʫ ʤʝʥʴʰʫʶ, ʯʝʤ ʵʪʘ ʛʠʧʝʨʚʩʝʣʝʥʥʘʷ, ʪ.ʝ. ʷʚʣʷʝʪʩʷ 3-

ʤʝʨʥʦʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʦʛʣʘʩʥʦ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ, ʯʝʨʥʳʝ ʜʳʨʳ ʚʥʫʪʨʠ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ 

ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʝʱʝ ʤʝʥʴʰʫʶ, ʦʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ 2-ʤʝʨʥʳʝ ʩʬʝʨʠʯʝʩʢʠʝ ʧʦʚʝʨʭʥʦʩʪʠ 

(ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʙʱʝʧʨʠʥʷʪʦʤʫ ñʤʝʤʙʨʘʥʥʦʤʫò ʧʦʜʭʦʜʫ ʜʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ). ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʠʝʨʘʨʭʠʷ ʯʝʨʥʳʭ ʜʳʨ, ʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʠʟʤʝʥʷʶʪʩʷ ʩ ʨʦʩʪʦʤ ʤʘʩʩʳ M ʯʝʨʥʦʡ ʜʳʨʳ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ R ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ RG ʨʘʜʠʫʩʳ ʚ n-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ (ʟʘʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ 

ʪʘʢʦʡ ʧʦʜʭʦʜ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʧʨʠʤʝʥʠʤ).  

ʆʯʝʚʠʜʥʦ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ R ʯʝʨʥʦʡ ʜʳʨʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ n ʠʟʤʝʨʝʥʠʡ ʩʚʷʟʘʥ 

(ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ) ʩ ʝʝ ʤʘʩʩʦʡ M ʩʦʦʪʥʦʰʝʥʠʝʤ 

 

R ~ (M)
1/n
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(ʥʘʧʨʠʤʝʨ, ʚ ʥʘʰʝʤ 3-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ R ~ (M)
1/3

). 

ɼʘʣʝʝ, ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʛʠʧʦʪʝʟʳ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚ n-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʠʣʳ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ ɻʘʫʩʩʘ) ʫʙʳʚʘʶʪ ʧʦ ʟʘʢʦʥʫ R
1-n

 (ʚ 

ʯʘʩʪʥʦʩʪʠ, R
-2  
ʚ ʥʘʰʝʡ 3-ʤʝʨʥʦʡ ɺʩʝʣʝʥʥʦʡ). ɼʣʷ 2-ʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʪʘ ʛʠʧʦʪʝʟʘ 

ʦʧʨʘʚʜʳʚʘʝʪʩʷ ʘʥʘʣʦʛʠʝʡ ʩ ʟʘʢʦʥʘʤʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʩʠʣ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

(ʥʝ ʩʬʝʨʠʯʝʩʢʦʡ) ʢʦʥʬʠʛʫʨʘʮʠʠ: ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʫʙʳʚʘʝʪ ʧʦ ʟʘʢʦʥʫ R
-1
, ʘ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ű ï ʧʦ ʟʘʢʦʥʫ ln (Rmax/R), ʛʜʝ Rmax ï ʨʘʜʠʫʩ ʚʥʝʰʥʝʡ ʦʙʢʣʘʜʢʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ. ɿʘʢʦʥ ű ~ M ln (Rmax/R) ʧʦ ʘʥʘʣʦʛʠʠ ʦʧʠʩʳʚʘʝʪ ʩʪʘʪʠʯʝʩʢʦʝ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʝ ʧʦʣʝ ʥʘ 2-ʤʝʨʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʝʩʣʠ ʧʦʣʦʞʠʪʴ ʚʝʣʠʯʠʥʫ Rmax ʜʦʩʪʘʪʦʯʥʦ 

ʙʦʣʴʰʦʡ. 

ɼʣʷ n-ʤʝʨʥʦʛʦ ʩʣʫʯʘʷ (ʧʨʠ n>2) ʧʦʪʝʥʮʠʘʣ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʟʘʢʦʥʫ   

R
2-n

 (ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ, ʪ.ʝ. ʧʨʠ n=3 ï ʧʦ ʟʘʢʦʥʫ ű~M/R). 
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ɻʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ ʯʝʨʥʦʡ ʜʳʨʳ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ ʬʠʟʠʢʝ 3-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʫʜʝʣʴʥʦʡ (ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʙʥʦʡ ʤʘʩʩʳ) ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ 

ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʠʩʪʦʯʥʠʢʘ ʩ ʤʘʩʩʦʡ M: c
2
/2= ű(RG). ʀʩʧʦʣʴʟʫʷ ʪʘʢʦʡ ʞʝ ʧʦʜʭʦʜ ʠ 

ʜʣʷ 2-ʤʝʨʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʧʦʣʫʯʠʤ 

 

c
2
/2 ~ G2MĀln(Rmax/RG) 

ʦʪʢʫʜʘ 

RG ~ Rmax exp (- c
2
/2G2M) 

 

ʛʜʝ G2 ï ʛʨʘʚʠʪʘʮʠʦʥʥʘʷ ʧʦʩʪʦʷʥʥʘʷ ʜʣʷ 2-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʤʳ ʧʦʣʫʯʘʝʤ 

ʩʣʝʜʫʶʱʫʶ ʪʘʙʣʠʮʫ, ʚ ʢʦʪʦʨʦʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʝ ʧʦʩʪʦʷʥʥʳʝ G2, G3, Gn ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʨʘʡʥʝʡ 

ʤʝʨʝ ʨʘʟʤʝʨʥʦʩʪʴʶ. 

ʊʘʙʣʠʮʘ 1 

ʉʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ 

 

 n=2 n=3 n>3 

ʀʩʭʦʜʥʦʝ 

ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ 

ʧʦʪʝʥʮʠʘʣʘ 

 

c
2
/2= G2M ln(Rmax/RG) 

 

c
2
/2=G3M/RG 

 

c
2
/2=GnM/(RG)

n-2
 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ RG RG= Rmaxexp(- c
2
/2G2M) RG=2G3M/c

2
 RG=[2GnM/c

2
]
1/(n-2)

 

 

ʅʘ ʨʠʩ. 3 ʧʦʢʘʟʘʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʨʘʜʠʫʩʘ ʏɼ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʤʘʩʩʳ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

 

  ű 

 

 

 

                   

 

                      Rmax   R 

 

  ű 

 

 

 

                          

 

                               R 

 

ɻʨʘʬʠʢ ʧʦʪʝʥʮʠʘʣʘ 

ʚ 2-ʤʝʨʥʦʤ ʩʣʫʯʘʝ 

ɻʨʘʬʠʢ ʧʦʪʝʥʮʠʘʣʘ    

ʧʨʠ n>2 
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ʈʠʩʫʥʦʢ 3. ʀʟʤʝʥʝʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʏɼ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʝʝ ʤʘʩʩʳ 

 

ʀʟ ʘʥʘʣʠʟʘ ʨʠʩʫʥʢʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʤʘʩʩʳ ʏɼ (ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʧʣʦʪʥʦʩʪʠ) ʯʠʩʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ R ʠ RG ʠʟʤʝʥʷʝʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ.  

ʊʘʢ, ʧʨʠ n>2 ʩʣʝʚʘ ʦʪ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ R > RG, ʪʦʛʜʘ ʢʘʢ ʩʧʨʘʚʘ ʦʪ ʪʦʯʢʠ 

ʧʝʨʝʩʝʯʝʥʠʷ    R < RG. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ (ʠ ʜʣʷ ʚʩʝʣʝʥʥʳʭ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʨʘʟʤʝʨʥʦʩʪʝʡ) ʤʘʪʝʨʠʘʣʴʥʳʝ ʪʝʣʘ (ʩ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ) ʥʝʙʦʣʴʰʠʭ ʨʘʟʤʝʨʦʚ ʥʘʭʦʜʷʪʩʷ ʚ 

ʦʙʳʯʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʦ ʢʦʛʜʘ ʠʭ ʤʘʩʩʘ ʠ ʨʘʟʤʝʨ ʧʨʠ (ʩʦʭʨʘʥʝʥʠʠ ʪʦʡ ʞʝ ʧʣʦʪʥʦʩʪʠ) ʜʦʩʪʠʛʘʶʪ 

ʢʨʠʪʠʯʝʩʢʦʡ ʚʝʣʠʯʠʥʳ, ʪʦ ʦʥʠ ʢʦʣʣʘʧʩʠʨʫʶʪ, ʧʨʝʚʨʘʱʘʷʩʴ ʚ ʏɼ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʭ ʨʘʟʤʝʨ 

ʜʦʣʞʝʥ ʙʳʪʴ ʢʦʥʝʯʥʳʤ.  

ʅʘʧʨʦʪʠʚ, ʧʨʠ n=2 ʤʘʪʝʨʠʘʣʴʥʳʝ ʦʙʲʝʢʪʳ ʜʦʣʞʥʳ ʵʚʦʣʶʮʠʦʥʠʨʦʚʘʪʴ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ 

ʦʙʨʘʟʦʤ. ɺʦʟʤʦʞʥʦ, ʠʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʪʘʢʘʷ ʵʚʦʣʶʮʠʷ ʚʦʦʙʱʝ ʥʝʦʩʫʱʝʩʪʚʠʤʘ. 

 

ɿʘʢʣʶʯʝʥʠʝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʩʣʝʜʫʶʱʠʤ ʚʳʚʦʜʘʤ: 

 

¶ ʅʘʰʘ ɺʩʝʣʝʥʥʘʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʝʩʢʦʥʝʯʥʦʡ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʝʨʥʫʶ ʜʳʨʫ ʚʦ 

ʚʥʝʰʥʝʡ 4-ʤʝʨʥʦʡ ʛʠʧʝʨʚʩʝʣʝʥʥʦʡ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ, ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ 

ʠʝʨʘʨʭʠʷ ʢʦʥʝʯʥʳʭ ʧʦ ʨʘʟʤʝʨʘʤ ʏɼ ʝʱʝ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ. 

¶ ʇʦʩʢʦʣʴʢʫ ʯʝʨʥʳʝ ʜʳʨʳ ʩʫʱʝʩʪʚʫʶʪ ʚʥʫʪʨʠ ñʤʘʪʝʨʠʥʩʢʦʡò ʏɼ, ʪ.ʝ. ʚʥʫʪʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʟʘʤʢʥʫʪʦʡ (ʩʬʝʨʠʯʝʩʢʦʡ) ʛʝʦʤʝʪʨʠʝʡ, ʦʥʠ ʤʦʛʫʪ ʨʘʩʪʠ ʪʦʣʴʢʦ ʜʦ 

ñʵʢʚʘʪʦʨʘò ʵʪʦʡ ʤʘʪʝʨʠʥʩʢʦʡ ʏɼ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʠʢʦʛʜʘ ʥʝ ʧʦʛʣʦʪʷʪ ʝʝ. ʏʪʦ ʙʳ ʥʠ 

ʧʨʦʠʩʭʦʜʠʣʦ ʚʥʫʪʨʠ ʜʦʯʝʨʥʝʡ ʜʳʨʳ, ʠʥʬʦʨʤʘʮʠʷ ʦ ʝʝ ʩʪʨʫʢʪʫʨʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ 

ʥʠʢʦʛʜʘ ʥʝ ʙʫʜʝʪ ʜʦʩʪʫʧʥʘ ʜʣʷ ʥʘʙʣʶʜʝʥʠʷ ʠʟʚʥʝ. 

¶ ɻʣʦʙʘʣʴʥʘʷ ʵʚʦʣʶʮʠʷ ʯʝʨʥʳʭ ʜʳʨ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʥʘ ʟʘʢʣʶʯʠʪʝʣʴʥʦʤ ʵʪʘʧʝ 
ʧʨʠʚʝʜʝʪ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʥʝʚʦʦʙʨʘʟʠʤʦ ʦʛʨʦʤʥʳʭ ʜʦʯʝʨʥʠʭ ʯʝʨʥʳʭ 

ʜʳʨ, ʟʘʥʠʤʘʶʱʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʩʴ ʦʙʲʝʤ ɺʩʝʣʝʥʥʦʡ. 

¶ ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʜʦʯʝʨʥʠʭ ʯʝʨʥʳʭ ʜʳʨ ʚ 2-ʤʝʨʥʳʭ ʯʝʨʥʳʭ ʜʳʨʘʭ 

(ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʷʚʣʷʶʪʩʷ ʜʦʯʝʨʥʠʤʠ ʏɼ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʘʰʝʡ 3-ʤʝʨʥʦʡ 

ɺʩʝʣʝʥʥʦʡ) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʚʦʟʤʦʞʥʳʤ ʠʣʠ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, 

ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ. 
 

ʉʤ. ʩʩʳʣʢʠ ʚ ʦʙʱʝʡ ɹʠʙʣʠʦʛʨʘʬʠʠ ʢ ʢʥʠʛʝ ñɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʩʤʦʣʦʛʠʷò. 
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ɺʚʝʜʝʥʠʝ 

 

ʂʘʢ ʩʦʦʙʱʘʝʪ ɺʠʢʠʧʝʜʠʷ  (ʩʤ. ʪʘʤ ʩʪʘʪʴʶ ñʄʘʰʠʥʘ ʚʨʝʤʝʥʠò), ʠʜʝʷ ʧʫʪʝʰʝʩʪʚʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʚʦʧʨʝʢʠ ʝʛʦ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʭʦʜʫ ʟʘʨʦʞʜʘʝʪʩʷ ʚ ʬʘʥʪʘʩʪʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 19-ʛʦ ʚʝʢʘ. 

ʉ ʪʝʭ ʧʦʨ ʬʘʥʪʘʩʪʳ, ʬʠʣʦʩʦʬʳ ʠ ʫʯʝʥʳʝ ʦʙʩʫʞʜʘʣʠ ʵʪʫ ʠʜʝʶ ʥʝʩʯʝʪʥʦʝ ʯʠʩʣʦ ʨʘʟ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʜʦ ʩʠʭ ʧʦʨ ʜʝʙʘʪʠʨʫʝʪʩʷ ʚʦʧʨʦʩ ï ʥʝ ʥʘʨʫʰʘʝʪʩʷ ʣʠ ʧʨʠ ʧʫʪʝʰʝʩʪʚʠʠ ʚʦ ʚʨʝʤʝʥʠ ʢʘʢʦʡ-ʣʠʙʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʟʘʢʦʥ ʇʨʠʨʦʜʳ?  

ʄʦʞʥʦ ʧʨʠʚʝʩʪʠ ʜʚʘ ʚʦʟʨʘʞʝʥʠʷ ʧʨʦʪʠʚ ʚʦʟʤʦʞʥʦʩʪʠ ʪʘʢʦʛʦ ʧʫʪʝʰʝʩʪʚʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ 

ʦʙʱʝʧʨʠʥʷʪʳʭ ʩʦʚʨʝʤʝʥʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ʇʝʨʚʦʝ ʠʟ ʥʠʭ ʷ ʙʳ ʥʘʟʚʘʣ 

ñʘʨʛʫʤʝʥʪʦʤ ʋʠʣʝʨʘ-ʌʝʡʥʤʘʥʘò. ɺʪʦʨʦʝ (ñʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʨʛʫʤʝʥʪò) ʦʩʥʦʚʘʥʦ ʥʘ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʧʫʪʝʰʝʩʪʚʠʷ ʚʦ 

ʚʨʝʤʝʥʠ ʩ ʧʦʤʦʱʴʶ ñʢʨʦʪʦʚʳʭ ʥʦʨò, ʠʣʠ ñʯʝʨʚʦʪʦʯʠʥò (wormholes). 

 

ɸʨʛʫʤʝʥʪ ʋʠʣʝʨʘ-ʌʝʡʥʤʘʥʘ 

 

ɺʳʜʘʶʱʠʡʩʷ ʘʤʝʨʠʢʘʥʩʢʠʡ ʬʠʟʠʢ ʈʠʯʘʨʜ ʌʝʡʥʤʘʥ ʫʜʝʣʠʣ ʤʥʦʛʦ ʚʥʠʤʘʥʠʷ ʧʨʦʙʣʝʤʝ 

ʚʨʝʤʝʥʠ ʚ ʪʝʦʨʠʠ ʠʟʣʫʯʝʥʠʷ. ʆʥ ʠ ʝʛʦ ʥʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ ï ʧʘʪʨʠʘʨʭ ʘʤʝʨʠʢʘʥʩʢʦʡ ʬʠʟʠʢʠ 

ɼʞʦʥ ɸʨʯʠʙʘʣʴʜ ʋʠʣʝʨ ï ʚ 1945 ʛʦʜʫ ʚʳʜʚʠʥʫʣʠ  ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʧʝʨʝʞʘʶʱʠʭ (ʪ.ʝ. 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʥʘʟʘʜ ʚʦ ʚʨʝʤʝʥʠ) ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʦʧʠʩʘʥʠʷ ʜʘʣʴʥʦʜʝʡʩʪʚʠʷ ʠ 

ʦʙʲʷʩʥʝʥʠʷ ʩʠʣʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʪʨʝʥʠʷ. ɿʘʪʝʤ, ʯʝʨʝʟ 4 ʛʦʜʘ, ʦʥʠ (ʚʦʟʤʦʞʥʦ, ʚʧʝʨʚʳʝ) 

ʠʩʩʣʝʜʦʚʘʣʠ ñʧʘʨʘʜʦʢʩ ʦʧʝʨʝʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷò, ʢʦʪʦʨʳʡ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ 

ʧʨʠʥʮʠʧ ʧʨʠʯʠʥʥʦʩʪʠ (ʢʦʛʜʘ, ʥʘʧʨʠʤʝʨ, ʚʥʫʢ, ʧʦʧʘʚ ʚ ʧʨʦʰʣʦʝ, ʫʙʠʚʘʝʪ ʩʚʦʝʛʦ ʜʝʜʘ ʠ ʵʪʠʤ 

ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʦʞʜʝʥʠʷ). ʈʝʰʘʷ ʧʘʨʘʜʦʢʩ, ʦʥʠ ʧʨʝʜʣʦʞʠʣʠ ʥʘʣʦʞʠʪʴ 

ʬʠʟʠʯʝʩʢʠʡ ʟʘʧʨʝʪ ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʟʘʤʢʥʫʪʳʭ (ʧʝʪʣʝʦʙʨʘʟʥʳʭ) 

ʤʠʨʦʚʳʭ ʣʠʥʠʡ ʯʘʩʪʠʮ.  

ʇʦʟʞʝ, ʚ 1964 ʛʦʜʫ ʚ ʩʚʦʝʡ ʅʦʙʝʣʝʚʩʢʦʡ ʣʝʢʮʠʠ ʌʝʡʥʤʘʥ ʨʘʩʩʢʘʟʘʣ, ʢʘʢ ʋʠʣʝʨ ʧʦʟʚʦʥʠʣ 

ʝʤʫ ʧʦ ʪʝʣʝʬʦʥʫ ʠ ʠʟʣʦʞʠʣ ʢʦʥʮʝʧʮʠʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʩʪʦʣʢʥʦʚʝʥʠʝ ʵʣʝʢʪʨʦʥʘ ʩ 

ʧʦʟʠʪʨʦʥʦʤ ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʧʦʚʦʨʦʪ ʤʠʨʦʚʦʡ ʣʠʥʠʠ ʵʣʝʢʪʨʦʥʘ ʥʘʟʘʜ ʚ ʧʨʦʰʣʦʝ: 

ʠʟʤʝʥʝʥʠʝ ʟʥʘʢʘ ʩʦʙʩʪʚʝʥʥʦʛʦ ʚʨʝʤʝʥʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʟʤʝʥʝʥʠʶ ʟʥʘʢʘ ʟʘʨʷʜʘ (ʵʪʦ ʠʟʚʝʩʪʥʦ ʢʘʢ 

ʪʝʦʨʝʤʘ ʦ CPT-ʩʠʤʤʝʪʨʠʠ). ʀ ʌʝʡʥʤʘʥ, ʢʘʢ ʦʥ ʧʠʰʝʪ, ʫʭʚʘʪʠʣʩʷ ʟʘ ʵʪʫ ʤʳʩʣʴ: ʧʦʟʠʪʨʦʥʳ 

ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʙʝ ʧʨʦʩʪʦ ʢʘʢ ʵʣʝʢʪʨʦʥʳ, ʠʜʫʱʠʝ ʠʟ ʙʫʜʫʱʝʛʦ ʚ ʧʨʦʰʝʜʰʝʝ.  

ʅʦ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʶʙʘʷ ʜʚʠʥʫʚʰʘʷʩʷ ʥʘʟʘʜ ʚʦ ʚʨʝʤʝʥʠ ʤʘʰʠʥʘ ʚʨʝʤʝʥʠ, ʩʦʩʪʦʷʱʘʷ 

ʚʤʝʩʪʝ ʩʦ ʚʩʝʤ ʩʚʦʠʤ ʩʦʜʝʨʞʠʤʳʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ ʵʣʝʢʪʨʦʥʦʚ ʠ ʧʨʦʪʦʥʦʚ, ʥʝʤʝʜʣʝʥʥʦ 

ʧʨʝʚʨʘʪʠʪʩʷ ʚ ʦʙʲʝʢʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʟʠʪʨʦʥʦʚ ʠ ʘʥʪʠʧʨʦʪʦʥʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʦʙʲʝʢʪ 

ʤʛʥʦʚʝʥʥʦ ʘʥʥʠʛʠʣʠʨʫʝʪ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ. ʕʪʘ ʘʥʥʠʛʠʣʷʮʠʷ, ʢʩʪʘʪʠ, ʨʝʰʘʝʪ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʦʙʩʫʞʜʘʚʰʫʶʩʷ ʧʨʦʙʣʝʤʫ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ/ʤʘʪʝʨʠʠ ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʤʘʰʠʥʳ ʚʨʝʤʝʥʠ: 

ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʥʘʟʘʜ ʚʦ ʚʨʝʤʝʥʠ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʣʝʯʝʪ ʤʦʱʥʝʡʰʝʝ ʚʳʜʝʣʝʥʠʝ 

ʵʥʝʨʛʠʠ, ʩʦʧʨʦʚʦʞʜʘʝʤʦʝ ʬʠʟʠʯʝʩʢʠʤ ʫʥʠʯʪʦʞʝʥʠʝʤ ʤʘʰʠʥʳ.  ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ 

ʛʠʧʦʪʝʪʠʯʝʩʢʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʚʧʝʨʝʜ ʚʦ ʚʨʝʤʝʥʠ, ʪʦ ʦʥʦ ʧʦ ʘʥʘʣʦʛʠʯʥʳʤ ʧʨʠʯʠʥʘʤ 

ʧʦʪʨʝʙʦʚʘʣʦ ʙʳ ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʚʝʜʝʥʥʳʡ ʚʥʘʯʘʣʝ ʠʟ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠʯʠʥʥʦʩʪʠ ʟʘʧʨʝʪ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʟʘʤʢʥʫʪʳʭ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ-ʚʨʝʤʝʥʠ ʤʠʨʦʚʳʭ ʣʠʥʠʡ ʧʦʣʫʯʘʝʪ ʦʩʤʳʩʣʝʥʥʦʝ 

ñʵʥʝʨʛʝʪʠʯʝʩʢʦʝò ʦʙʦʩʥʦʚʘʥʠʝ: ʪʦʯʢʠ ʧʦʚʦʨʦʪʘ ʚʦ ʚʨʝʤʝʥʠ ʦʢʘʟʳʚʘʶʪʩʷ ʦʩʦʙʳʤʠ ï ʚ ʥʠʭ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʪʦʯʝʢ ʤʠʨʦʚʦʡ ʣʠʥʠʠ, ʧʨʦʠʩʭʦʜʠʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʚʳʜʝʣʝʥʠʝ ʠʣʠ 

ʧʦʛʣʦʱʝʥʠʝ ʵʥʝʨʛʠʠ ʠ ʨʘʟʨʫʰʝʥʠʝ ʤʘʪʝʨʠʘʣʴʥʳʭ ʦʙʲʝʢʪʦʚ.  ʀ ʝʩʣʠ ʙʳ ʜʘʞʝ ʧʫʪʝʰʝʩʪʚʠʝ ʚʦ 

ʚʨʝʤʝʥʠ ʚʧʝʨʝʜ ʦʢʘʟʘʣʦʩʴ ʚʦʟʤʦʞʥʳʤ, ʪʦ ʚʝʨʥʫʪʴʩʷ ʥʘʟʘʜ ʚ ʩʚʦʝ ʚʨʝʤʷ ʫ ʧʫʪʝʰʝʩʪʚʝʥʥʠʢʘ 

ʰʘʥʩʦʚ ʥʝʪ. 



ʇʨʠʣʦʞʝʥʠʝ 5. ʄʦʞʥʦ ʣʠ ʧʫʪʝʰʝʩʪʚʦʚʘʪʴ ʚʦ ʚʨʝʤʝʥʠ? 

 

73 

  

ɻʝʦʤʝʪʨʠʯʝʩʢʠʡ ʘʨʛʫʤʝʥʪ 

 

ʇʦʣʝʟʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʣʶʙʦʝ ʧʫʪʝʰʝʩʪʚʠʝ (ʠ ʜʘʞʝ ʩʦʩʪʦʷʥʠʝ ʧʦʢʦʷ) 

ʦʢʘʟʳʚʘʝʪʩʷ ʧʫʪʝʰʝʩʪʚʠʝʤ ʚʦ ʚʨʝʤʝʥʠ ï ʚʨʝʤʷ ʪʝʯʝʪ ʜʣʷ ʚʩʝʭ ʦʙʲʝʢʪʦʚ ʚʦ ɺʩʝʣʝʥʥʦʡ. ʇʦʵʪʦʤʫ 

ʥʝʦʙʭʦʜʠʤʦ ʫʪʦʯʥʠʪʴ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʧʫʪʝʰʝʩʪʚʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʤ ʧʘʨʘʜʦʢʩʘʣʴʥʳʤʠ, 

ʥʘʨʫʰʘʶʱʠʤʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʭʦʜ ʚʨʝʤʝʥʠ. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʦʩʤʦʣʦʛʦʚ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʯʠʪʘʝʪ, ʯʪʦ ʛʝʦʤʝʪʨʠʷ ʤʦʜʝʣʠ ʙʣʠʟʢʘ ʢ ñʧʣʦʩʢʦʡò (ʣʝʚʳʡ ʨʠʩʫʥʦʢ), ʠ ʝʝ 

ʨʘʩʰʠʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʝʨʦʡ ʚʩʝʦʙʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ ï ñʤʘʩʰʪʘʙʥʳʤ 

ʬʘʢʪʦʨʦʤò. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʚʧʨʦʯʝʤ, ʯʪʦ ɺʩʝʣʝʥʥʘʷ ʦʙʣʘʜʘʝʪ ʟʘʤʢʥʫʪʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʪ.ʝ. 

ʛʝʦʤʝʪʨʠʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 4-ʤʝʨʥʦʡ ʩʬʝʨʳ (ʧʨʘʚʳʡ ʨʠʩʫʥʦʢ), ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʘʩʰʪʘʙʥʳʡ ʬʘʢʪʦʨ 

ʦʪʦʞʜʝʩʪʚʣʷʝʪʩʷ ʩ ʨʘʜʠʫʩʦʤ ʪʘʢʦʡ ʩʬʝʨʳ.    
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ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʢʘʞʜʦʤʫ ʤʦʤʝʥʪʫ ʵʚʦʣʶʮʠʠ ɺʩʝʣʝʥʥʦʡ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʝ ʤʘʩʰʪʘʙʥʦʛʦ ʬʘʢʪʦʨʘ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʢʘʞʜʦʤʫ ʛʦʜʫ ʵʚʦʣʶʮʠʠ 

ʦʙʳʯʥʦʛʦ ʟʝʤʥʦʛʦ ʜʝʨʝʚʘ ʤʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʛʦʜʠʯʥʦʝ ʢʦʣʴʮʦ. ʊʘʢʘʷ 

ʧʘʨʘʤʝʪʨʠʟʘʮʠʷ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʩʚʦʝʛʦ ʨʦʜʘ ñʩʣʦʷʭò ʚʨʝʤʝʥʠ. ʕʪʦʪ ʩʣʦʡ ʷʚʣʷʝʪʩʷ ʦʙʱʠʤ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʤ ʚʨʝʤʝʥʝʤ ʜʣʷ ʚʩʝʡ ɺʩʝʣʝʥʥʦʡ ʠ ʥʝ ʩʚʷʟʘʥ ʩ ʪʝʤ ʣʦʢʘʣʴʥʳʤ ʦʧʨʝʜʝʣʝʥʠʝʤ 

ʠʥʪʝʨʚʘʣʦʚ ʚʨʝʤʝʥʠ, ʢʦʪʦʨʦʝ ʨʘʟʚʠʪʦ ʚ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ. 

ʂʘʢ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʪʝʦʨʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʣʘʛʘʝʪ ʪʘʢʫʶ ʩʭʝʤʫ ñʧʫʪʝʰʝʩʪʚʠʷ ʚ 

ʙʫʜʫʱʝʝò: ʧʫʪʝʰʝʩʪʚʝʥʥʠʢ ʫʣʝʪʘʝʪ ʦʪ ɿʝʤʣʠ ʥʘ ʩʚʝʨʭʙʳʩʪʨʦʡ ʨʘʢʝʪʝ, ʟʘʪʝʤ ʚʦʟʚʨʘʱʘʝʪʩʷ ʠ 

ʫʟʥʘʝʪ, ʯʪʦ ʥʘ ɿʝʤʣʝ ʧʨʦʰʣʦ, ʩʢʘʞʝʤ, 100 ʣʝʪ, ʭʦʪʷ ʩʘʤ ʦʥ ʟʘ ʚʨʝʤʷ ʧʦʣʝʪʘ ʧʦʩʪʘʨʝʣ ʣʠʰʴ ʥʘ 

ʛʦʜ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ ʨʘʟʣʠʯʥʦʤ ʪʝʤʧʝ ʪʝʯʝʥʠʷ ʣʦʢʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ɿʝʤʣʝ ʠ ʚ 

ʨʘʢʝʪʝ. ʆʜʥʘʢʦ ʠ ɿʝʤʣʷ, ʠ ʨʘʢʝʪʘ ʚʩʝ ʚʨʝʤʷ ʧʨʠʥʘʜʣʝʞʘʪ ʢ ʦʜʥʦʤʫ ʠ ʪʦʤʫ ʞʝ ʩʣʦʶ (ʩ ʨʘʩʪʫʱʠʤ 

ʤʘʩʰʪʘʙʥʳʤ ʬʘʢʪʦʨʦʤ) ʛʣʦʙʘʣʴʥʦʛʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ, ʥʠʢʦʛʜʘ ʥʝ ʧʦʢʠʜʘʷ ʵʪʦʪ ʩʣʦʡ. 

ñʇʝʨʝʩʢʦʯʠʪʴò ʚ ʧʨʦʰʣʦʝ ʠʣʠ ʙʫʜʫʱʝʝ ï ʠʟ ʩʣʦʷ ʚ ʩʣʦʡ (ʝʩʣʠ ʜʘʞʝ ʜʦʧʫʩʪʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ 

ʤʥʦʞʝʩʪʚʘ ʩʣʦʝʚ) ï ʥʝʚʦʟʤʦʞʥʦ, ʤʠʨʦʚʘʷ ʣʠʥʠʷ ʣʶʙʦʛʦ ʪʝʣʘ ʤʦʞʝʪ ʧʨʠʥʘʜʣʝʞʘʪʴ ʣʠʰʴ 

ʝʜʠʥʩʪʚʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ɺʩʝʣʝʥʥʦʡ.  

 

ñɿʘʛʨʘʥʠʮʘò ʥʘʤ ʧʦʤʦʞʝʪ? 

 

ɺʦ ʚʪʦʨʦʡ ʧʦʣʦʚʠʥʝ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ʘʩʪʨʦʬʠʟʠʢʠ ʩʪʘʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ ʠʟʫʯʘʪʴ ʚʝʩʴʤʘ 

ʵʢʟʦʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ. ʀʤ ʩʪʘʣʦ ʤʘʣʦ ʯʝʨʥʳʭ ʜʳʨ, ʢʦʪʦʨʳʝ ʩʝʡʯʘʩ ʦʙʣʘʜʘʶʪ ʩʪʘʪʫʩʦʤ 

http://ru.wikipedia.org/wiki/%D0%A4%D0%B0%D0%B9%D0%BB:Universe_expansion.png
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ʧʨʘʢʪʠʯʝʩʢʠ ʥʘʜʝʞʥʦ ʦʙʥʘʨʫʞʝʥʥʳʭ ʦʙʲʝʢʪʦʚ. ʊʝʦʨʝʪʠʢʠ ʩʪʘʣʠ ʠʩʩʣʝʜʦʚʘʪʴ ʯʪʦ-ʪʦ ʚʨʦʜʝ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ñʧʦʣʦʚʠʥʦʢ ʯʝʨʥʳʭ ʜʳʨò ï ñʯʝʨʚʦʪʦʯʠʥʳò, ʠʣʠ ñʢʨʦʪʦʚʳʝ ʥʦʨʳò (ʪʘʢ ʠʥʦʛʜʘ 

ʥʘʟʳʚʘʶʪ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʝ ʪʫʥʥʝʣʠ).  

ʆʜʥʘ ʪʘʢʘʷ ʧʦʣʦʚʠʥʢʘ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʚʳʚʦʜʠʪ ʤʘʪʝʨʠʶ ʠʟ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʘʷ ʧʦʣʦʚʠʥʢʘ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʠʩʪʦʨʛʥʫʪʴ ʤʘʪʝʨʠʘʣʴʥʳʡ 

ʦʙʲʝʢʪ ʚ ʠʥʫʶ ɺʩʝʣʝʥʥʫʶ ʠʣʠ  ʚ ʥʘʰʫ ʞʝ ɺʩʝʣʝʥʥʫʶ, ʥʦ ʚ ʜʘʣʝʢʦʤ (ʙʝʩʢʦʥʝʯʥʦ ʜʘʣʝʢʦʤ!) 

ʙʫʜʫʱʝʤ ʠʣʠ ʧʨʦʰʣʦʤ. ɿʘʤʝʪʠʤ, ʯʪʦ ʵʪʘ ʚʪʦʨʘʷ ʧʦʣʦʚʠʥʢʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʦ ʩʚʦʡʩʪʚʘʤ ʩʭʦʜʥʘ 

ʥʝ ʩ ñʯʝʨʥʦʡò, ʘ ʩ ñʙʝʣʦʡò ʜʳʨʦʡ, ʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʘʣʴʥʳʭ ʙʝʣʳʭ ʜʳʨ ʙʦʣʝʝ ʯʝʤ 

ʧʨʦʙʣʝʤʘʪʠʯʥʦ. 

ʀʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʵʪʫ ʪʝʤʫ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ, ʪʝʤʘ ʥʘʩʪʦʣʴʢʦ ʞʝ ʠʥʪʝʨʝʩʥʘʷ, 

ʥʘʩʢʦʣʴʢʦ ʠ ʤʦʜʥʘʷ. ʄʥʦʛʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʚʧʦʣʥʝ ʟʘʩʣʫʞʠʚʘʶʪ 

ʩʝʨʴʝʟʥʦʛʦ ʦʪʥʦʰʝʥʠʷ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʚʦʟʤʦʞʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʵʪʠʭ ʦʙʲʝʢʪʦʚ. 

ʆʜʥʘʢʦ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʤʝʱʝʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʚʨʝʤʝʥʠ ʪʨʝʙʫʝʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʦʩʪʨʦʝʥʠʷ 

ʤʦʜʝʣʠ ʪʦʡ ʩʨʝʜʳ (ʚʥʝ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ), ʚ ʢʦʪʦʨʦʡ ʤʦʛʣʦ ʙʳ ʧʨʦʠʩʭʦʜʠʪʴ ʪʘʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. 

ʅʠʢʘʢʠʭ ʧʦʜʦʙʥʳʭ ʤʦʜʝʣʝʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʘʫʢʝ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ʊʝʤ ʙʦʣʝʝ ʥʝ ʤʦʞʝʪ ʠʜʪʠ ʨʝʯʠ ʦ ʢʘʢʦʡ-ʣʠʙʦ ʥʘʚʠʛʘʮʠʠ ʧʨʠ ʪʘʢʠʭ ʧʝʨʝʤʝʱʝʥʠʷʭ. ɹʦʣʝʝ 

ʪʦʛʦ, ʙʝʩʢʦʥʝʯʥʦ ʜʘʣʝʢʦʝ ʧʨʦʰʣʦʝ ʠʣʠ ʙʫʜʫʱʝʝ, ʢʫʜʘ ʷʢʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ñʧʝʨʝʧʨʳʛʥʫʪʴò ï 

ʵʪʦ ʥʝ ʩʪʨʦʛʦʝ (ʠʣʠ ʭʦʪʷ ʙʳ ʢʘʢ-ʪʦ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʦʝ) ʥʘʫʯʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʘ ʪʦʪ ʩʘʤʳʡ 

ʢʦʚʝʨ, ʧʦʜ ʢʦʪʦʨʳʡ ʬʠʟʠʢʠ ʠʥʦʛʜʘ ʣʶʙʷʪ ʟʘʤʝʪʘʪʴ ʤʫʩʦʨ, ʢʘʢ ʛʦʚʘʨʠʚʘʣ ʌʝʡʥʤʘʥ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʘʚʪʦʨ ʩʢʣʦʥʝʥ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʝ ʵʪʦ ï ʣʠʰʴ ʢʨʘʩʠʚʳʝ ʤʝʯʪʳ, ʧʦʜ ʢʦʪʦʨʳʤʠ ʥʝʪ 

ʥʠʢʘʢʦʛʦ ʦʩʥʦʚʘʥʠʷ. 
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ʇʈʀʃʆɾɽʅʀɽ 6. 
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1 ʉʪʘʥʜʘʨʪʥʘʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʠ ʥʘʙʣʶʜʝʥʠʝ ʬʦʪʦʥʦʚ 

 

ɺ ʥʘʯʘʣʝ 20-ʛʦ ʚʝʢʘ ʘʩʪʨʦʥʦʤʳ ʧʨʠʩʪʫʧʠʣʠ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʨʘʜʠʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ 

ʫʜʘʣʝʥʥʳʭ ʛʘʣʘʢʪʠʢ ʩ ʧʦʤʦʱʴʶ ʠʟʤʝʨʝʥʠʷ ʠʭ ʩʧʝʢʪʨʦʚ ʠ ʜʦʩʪʘʪʦʯʥʦ ʩʢʦʨʦ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ 

ʧʦʜʘʚʣʷʶʱʝʝ ʙʦʣʴʰʠʥʩʪʚʦ ʛʘʣʘʢʪʠʢ ʫʜʘʣʷʝʪʩʷ ʦʪ ʥʘʩ, ʪ.ʝ. ʯʪʦ ʠʭ ʩʧʝʢʪʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʤ ñʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤò. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʣʦʩʴ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ ʩʤʝʱʝʥʠʝ ʩʧʝʢʪʨʘ 

ʚʳʟʚʘʥʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ, ʪ.ʝ. ʩʢʦʨʦʩʪʴʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʙʣʶʜʘʪʝʣʷ.  

ɺ 1927 ʛʦʜʫ ɾ. ʃʝʤʵʪʨ ʧʨʝʜʧʨʠʥʷʣ ʧʦʧʳʪʢʫ ʦʙʲʷʩʥʠʪʴ ʵʪʦʪ ʵʬʬʝʢʪ ʥʘ ʦʩʥʦʚʝ ʦʙʱʝʡ 

ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ) ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ. ʍʦʪʷ ʦʥ ʪʘʢʞʝ 

ʠʩʧʦʣʴʟʦʚʘʣ ʪʝʨʤʠʥ ñʵʬʬʝʢʪ ɼʦʧʣʝʨʘò, ʬʘʢʪʠʯʝʩʢʠ ʝʛʦ ʤʦʜʝʣʴ ʷʚʣʝʥʠʷ ʦʧʠʨʘʣʘʩʴ ʥʝ ʥʘ 

ʚʝʣʠʯʠʥʫ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ, ʘ ʥʘ ʚʝʣʠʯʠʥʫ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʛʘʣʘʢʪʠʢʠ ʚ ʤʦʤʝʥʪ 

ʠʟʣʫʯʝʥʠʷ ʝʶ ʬʦʪʦʥʘ. ʕʪʘ ʤʦʜʝʣʴ ʦʩʥʦʚʘʥʘ ʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʫʪʚʝʨʞʜʝʥʠʠ ʆʊʆ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʩʚʝʪ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʛʝʦʜʝʟʠʯʝʩʢʠʤ ʤʠʨʦʚʳʤ ʣʠʥʠʷʤ, ʜʣʷ ʢʦʪʦʨʳʭ 4-ʠʥʪʝʨʚʘʣ 
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 ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʦʣʴ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ |dt| ~ a(t)dr, ʠʥʳʤʠ ʩʣʦʚʘʤʠ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ñʨʘʩʪʷʛʠʚʘʝʪʩʷò ʠ ʚʨʝʤʷ. ɼʘʣʝʝ ʃʝʤʵʪʨ ʨʘʩʩʤʦʪʨʝʣ ʤʦʤʝʥʪʳ ʠʟʣʫʯʝʥʠʷ ʠ 

ʥʘʙʣʶʜʝʥʠʷ ʧʝʨʝʜʥʝʛʦ ʠ ʟʘʜʥʝʛʦ ʛʨʝʙʥʝʡ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ: ʧʦʩʢʦʣʴʢʫ ʥʘ ɻʪʘʧʝ ʥʘʙʣʶʜʝʥʠʷ 

ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ ʨʘʩʪʷʥʫʪʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʵʪʘʧʘ ʠʟʣʫʯʝʥʠʷ, ʠʤ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ ʦ 

ñʢʨʘʩʥʦʤ ʩʤʝʱʝʥʠʠò ʩʚʝʪʦʚʦʛʦ ʢʚʘʥʪʘ.  

ʅʘʙʣʶʜʝʥʠʷ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʚʦʜ ʦ ʨʘʩʪʷʞʝʥʠʠ ʚʨʝʤʝʥʠ (ʩʤ., ʥʘʧʨʠʤʝʨ, [Longair , 2008], 

ʨʘʟʜʝʣ 5.5.1): ʪʘʢ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʩʪʘʥʜʘʨʪʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʦʩʥʦʚʥʳʤʠ ʬʘʟʘʤʠ ʢʨʠʚʦʡ 

ʷʨʢʦʩʪʠ ʩʚʝʨʭʥʦʚʦʡ ʧʨʠ ʥʘʙʣʶʜʝʥʠʷʭ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʦʢʘʟʳʚʘʝʪʩʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ 

ʫʜʘʣʝʥʥʦʩʪʠ ʩʚʝʨʭʥʦʚʦʡ ʦʪ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ʇʦʵʪʦʤʫ ʦʙʲʷʩʥʝʥʠʝ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ, 

ʧʨʝʜʣʦʞʝʥʥʦʝ ʃʝʤʵʪʨʦʤ, ʷʚʣʷʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʳʤ. 

 

2 ʇʨʦʪʠʚʦʨʝʯʠʷ ʠ ʩʦʤʥʝʥʠʷ 

 

ʆʜʥʘʢʦ ʪʘʢʦʝ ʦʙʲʷʩʥʝʥʠʝ ʚʭʦʜʠʪ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ 

ʵʥʝʨʛʠʠ ʚʦ ɺʩʝʣʝʥʥʦʡ: ʝʩʣʠ ʵʥʝʨʛʠʷ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ 

ʫʤʝʥʴʰʘʝʪʩʷ (ʧʦʩʢʦʣʴʢʫ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʣʠʥʘ ʠ ʧʝʨʠʦʜ ʠʭ ʚʦʣʥʳ), ʪʦ ʢʫʜʘ ʠʩʯʝʟʘʝʪ ʵʪʦʪ 

ʠʟʙʳʪʦʢ ʵʥʝʨʛʠʠ? ɽʩʣʠ ʵʥʝʨʛʠʷ ʢʚʘʥʪʘ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʥʝ ʧʝʨʝʜʘʝʪʩʷ ʥʠʯʝʤʫ, ʪʦ ʝʝ 

ʫʤʝʥʴʰʝʥʠʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʣʠʰʴ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ; ʝʩʣʠ ʞʝ 

ʢʚʘʥʪ ʪʝʨʷʝʪ ʯʘʩʪʴ ʩʚʦʝʡ ʵʥʝʨʛʠʠ (ñʩʪʘʨʝʝʪò), ʧʝʨʝʜʘʚʘʷ ʝʝ ʜʨʫʛʠʤ ʬʦʪʦʥʘʤ ʠʣʠ ʯʘʩʪʠʮʘʤ 

ʩʨʝʜʳ, ʪʦ ʧʨʠ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʠʟʤʝʥʷʣʦʩʴ ʙʳ, ʠʟʦʙʨʘʞʝʥʠʷ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢ 

ʙʳʣʠ ʙʳ ʨʘʩʧʣʳʚʯʘʪʳʤʠ, ʥʝʯʝʪʢʠʤʠ ʠ, ʪʝʤ ʙʦʣʝʝ, ʨʘʟʤʳʪʳʤʠ ʪʝʤ ʩʠʣʴʥʝʝ, ʯʝʤ ʜʘʣʴʰʝ ʵʪʘ 

ʛʘʣʘʢʪʠʢʘ ʥʘʭʦʜʠʪʩʷ. ʅʘ ʩʘʤʦʤ ʞʝ ʜʝʣʝ ʠʟʦʙʨʘʞʝʥʠʷ ʢʘʢ ʙʣʠʟʢʠʭ, ʪʘʢ ʠ ʜʘʣʝʢʠʭ ʛʘʣʘʢʪʠʢ 

ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʠʝ ʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʫʜʘʣʝʥʥʦʩʪʠ ʦʪ ʥʘʙʣʶʜʘʪʝʣʷ.  

ʄʥʝ ʢʘʞʝʪʩʷ ʨʝʟʦʥʥʳʤ ʠ ʜʨʫʛʦʡ ʚʦʧʨʦʩ: ʢʘʢ ʙʳ ʪʘʤ ʥʠ ʙʳʣʦ, ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ 

ʠʩʪʦʯʥʠʢ ʠ ʧʨʠʝʤʥʠʢ ʩʚʝʪʘ ʚʟʘʠʤʥʦ ʫʜʘʣʷʶʪʩʷ. ʌʦʪʦʥʫ ʚʝʜʴ ʚʩʝ ʨʘʚʥʦ, ʧʦʯʝʤʫ ʚ ʤʦʤʝʥʪ 

ʠʟʣʫʯʝʥʠʷ ʦʥ ʫʜʘʣʷʣʩʷ ʦʪ ʤʝʩʪʘ, ʛʜʝ ʥʘʭʦʜʠʪʩʷ ʪʝʧʝʨʴ ɿʝʤʣʷ ï ʩʚʷʟʘʥʦ ʣʠ ʵʪʦ ʩ ʨʘʩʰʠʨʝʥʠʝʤ 

ɺʩʝʣʝʥʥʦʡ, ʠʣʠ ʵʪʦ ʧʨʦʩʪʦ ʧʝʢʫʣʷʨʥʘʷ ʩʢʦʨʦʩʪʴ ʛʘʣʘʢʪʠʢʠ, ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʪʦʛʦ ʠ ʜʨʫʛʦʛʦ. ʊʘʢ 

ʢʘʢ ʙʳʪʴ ʩ ñʠʩʪʠʥʥʳʤò ʵʬʬʝʢʪʦʤ ɼʦʧʣʝʨʘ, ʩʚʷʟʘʥʥʳʤ ʩʦ ʚʟʘʠʤʥʦʡ ʩʢʦʨʦʩʪʴʶ ʫʜʘʣʝʥʠʷ? ɽʩʣʠ 

ʤʳ ʥʝ ʜʦʣʞʥʳ ʝʛʦ ʫʯʠʪʳʚʘʪʴ, ʪʦ ʧʦʯʝʤʫ, ʘ ʝʩʣʠ ʜʦʣʞʥʳ, ʪʦ ʢʘʢ ʩʦʦʪʥʝʩʪʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʵʬʬʝʢʪʳ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʩʢʦʨʦʩʪʴʶ ʠ ʤʘʩʰʪʘʙʥʳʤ ʬʘʢʪʦʨʦʤ? 

ʃʶʙʦʧʳʪʥʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ, ʯʪʦ ʚ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ [Melia, 2012] ʦʙʨʘʱʘʝʪʩʷ ʚʥʠʤʘʥʠʝ ʥʘ 

ʩʣʝʜʫʶʱʝʝ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʦʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ: ʪʦʯʥʦ ʪʘʢʦʝ ʞʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʘʨʘʤʝʪʨʘ 

ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʝ ʧʦʣʫʯʘʝʪʩʷ ʚ ʩʪʘʪʠʯʝʩʢʦʡ ʤʝʪʨʠʢʝ (ʪʦʯʥʝʝ, ʚ ʰʝʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ 
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ʩʪʘʪʠʯʝʩʢʦʡ ʤʝʪʨʠʢʠ), ʛʜʝ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ ʚʦʦʙʱʝ ʥʝ ʠʤʝʝʪ ʤʝʩʪʘ, ʪʘʢ ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦ 

ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʨʝʘʣʴʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤ ʠ ʜʠʥʘʤʠʢʦʡ ʧʨʦʩʪʨʘʥʩʪʚʘ-

ʚʨʝʤʝʥʠ.  

ɼʘʣʝʝ, ʚ ʨʘʙʦʪʝ [Chodorowski, 2011] ʧʨʠʚʝʜʝʥʘ ʩʩʳʣʢʘ ʥʘ ʨʘʙʦʪʫ [Bunn and Hogg, 2009], 

ʘʚʪʦʨʳ ʢʦʪʦʨʦʡ ʧʨʠʤʝʥʠʣʠ ʧʘʨʘʣʣʝʣʴʥʳʡ ʧʝʨʝʥʦʩ 4-ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʥʫʣʝʚʦʡ 

ʛʝʦʜʝʟʠʯʝʩʢʦʡ ʣʠʥʠʠ ʜʣʷ ʬʦʪʦʥʦʚ, ʧʨʠʣʝʪʘʶʱʠʭ ʠʟ ʫʜʘʣʝʥʥʦʡ ʛʘʣʘʢʪʠʢʠ ʚ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ 

ʥʘʙʣʶʜʘʪʝʣʷ, ʠ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʠʤʝʝʪ ʯʠʩʪʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʫʶ ʧʨʠʨʦʜʫ. ʉʘʤ Chodorowski ʚ ʩʚʦʝʡ ʧʫʙʣʠʢʘʮʠʠ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʩʣʝʜʫʝʪ ʦʩʫʱʝʩʪʚʠʪʴ ʧʝʨʝʥʦʩ 4-ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚʜʦʣʴ ʛʝʦʜʝʟʠʯʝʩʢʦʡ, 

ʩʦʝʜʠʥʷʶʱʝʡ ʪʦʯʢʠ ʧʝʨʝʩʝʯʝʥʠʷ ʤʠʨʦʚʳʭ ʣʠʥʠʡ ʵʪʦʡ ʛʘʣʘʢʪʠʢʠ ʠ ʥʘʙʣʶʜʘʪʝʣʷ ʩ 

ʛʠʧʝʨʧʦʚʝʨʭʥʦʩʪʴʶ ʧʦʩʪʦʷʥʥʦʛʦ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʛʦ ʚʨʝʤʝʥʠ. ʇʨʠ ʵʪʦʤ ʦʥ ʫʩʪʘʥʘʚʣʠʚʘʝʪ, ʯʪʦ 

ʩʢʦʨʦʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʟʙʝʛʘʥʠʷ ʛʘʣʘʢʪʠʢ, ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ 

ʢʦʩʤʦʣʦʛʠʠ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʨʘʜʠʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 4-ʩʢʦʨʦʩʪʝʡ ʛʘʣʘʢʪʠʢ. 

 

3 ʂʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʤʦʜʝʣʠ ʃʝʤʵʪʨʘ 

 

ʕʬʬʝʢʪ, ʧʨʝʜʩʢʘʟʘʥʥʳʡ ʃʝʤʵʪʨʦʤ, ʥʝʷʚʥʦ ʩʚʷʟʘʥ ʩ ʦʜʥʠʤ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʦʧʫʱʝʥʠʝʤ: 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʩʚʝʪʦʚʳʝ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʢʣʘʩʩʠʯʝʩʢʫʶ (ʥʝʢʚʘʥʪʦʚʫʶ) 

ʧʨʠʨʦʜʫ ʠ, ʪʝʤ ʩʘʤʳʤ, ʥʘʙʣʶʜʘʪʝʣʴ ʛʠʧʦʪʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʧʦʣʫʯʠʪʴ ñʤʛʥʦʚʝʥʥʳʝò ʩʠʛʥʘʣʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ (ʥʝʟʘʚʠʩʠʤʳʤ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ) ʛʨʝʙʥʷʤ ʚʦʣʥʳ, ʘ ʟʘʪʝʤ ʦʧʨʝʜʝʣʠʪʴ ʠʥʪʝʨʚʘʣ 

ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʥʠʤʠ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʦʩʥʦʚʘʥʠʷ ʫʩʦʤʥʠʪʴʩʷ ʚ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʪʘʢʦʡ ʤʦʜʝʣʠ ï 

ʩʚʝʪ ʧʝʨʝʥʦʩʠʪʩʷ ʬʦʪʦʥʘʤʠ, ʜʠʩʢʨʝʪʥʘʷ ʧʨʠʨʦʜʘ ʢʦʪʦʨʳʭ ʙʳʣʘ ʦʪʢʨʳʪʘ ʝʱʝ ʚ ʥʘʯʘʣʝ 20-ʛʦ 

ʚʝʢʘ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ, ʯʪʦ ʬʠʟʠʯʝʩʢʠ ʤʝʩʪʦʧʦʣʦʞʝʥʠʷ ʤʘʢʩʠʤʫʤʘ ʠ ʤʠʥʠʤʫʤʘ (ʠʣʠ 

ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʛʨʝʙʥʝʡ) ʦʜʥʦʛʦ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʟʘʚʠʩʠʤʳ ʚʦ ʚʨʝʤʝʥʠ ʤʝʞʜʫ ʩʦʙʦʡ ʠ 

ʩʚʷʟʘʥʳ ʚ ʝʜʠʥʦʝ ʮʝʣʦʝ.  

ɽʩʣʠ ʪʘʢ, ʪʦ ʝʜʠʥʠʯʥʳʡ ʬʦʪʦʥ ʤʦʛ ʙʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʚʠʜʝ ʩʚʦʝʛʦ ʨʦʜʘ ʧʫʣʴʩʠʨʫʶʱʝʛʦ 

ʦʙʲʝʢʪʘ (ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʠʣʠ ʵʚʦʣʶʮʠʦʥʠʨʫʶʱʠʤʠ ʜʣʠʥʦʡ ʚʦʣʥʳ ʠ ʧʝʨʠʦʜʦʤ), ʜʚʠʞʫʱʝʛʦʩʷ ʦʪ 

ʠʩʪʦʯʥʠʢʘ ʢ ʥʘʙʣʶʜʘʪʝʣʶ. ʇʨʠ ʵʪʦʤ ʜʦʣʞʥʘ ʙʳʪʴ ʫʪʦʯʥʝʥʘ ʤʦʜʝʣʴ ʵʚʦʣʶʮʠʠ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ, 

ʪ.ʝ. ʜʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʬʘʟʦʚʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʝʛʦ ʧʫʣʴʩʘʮʠʡ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʦʩʪʳʝ ʚʘʨʠʘʥʪʳ:  

 

(ʘ) ʜʣʠʥʘ ʚʦʣʥʳ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʬʦʪʦʥʘ ñʨʘʩʪʷʛʠʚʘʶʪʩʷò ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ; 

(ʙ) ʜʣʠʥʘ ʚʦʣʥʳ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʬʦʪʦʥʘ ʥʝ ʤʝʥʷʶʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ. 

 

ʉʣʫʯʘʡ (ʘ) ʢʘʢ ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʦʜʝʣʠ ʃʝʤʵʪʨʘ ʠ ʧʦʜʭʦʜʫ, ʧʨʠʥʷʪʦʤʫ ʚ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʥʝʨʘʟʨʝʰʠʤʳʝ ʧʨʦʙʣʝʤʳ ʫʤʝʥʴʰʝʥʠʷ 

ʵʥʝʨʛʠʠ ʬʦʪʦʥʦʚ ʠ ʫʯʝʪʘ ʯʠʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ. ɺ ʩʣʫʯʘʝ (ʙ) ʦʙʝ ʧʨʦʙʣʝʤʳ 

ʩʥʠʤʘʶʪʩʷ: ʵʥʝʨʛʠʷ ʬʦʪʦʥʦʚ (ʠ ʧʦʣʥʘʷ ʵʥʝʨʛʠʷ ɺʩʝʣʝʥʥʦʡ) ʩʦʭʨʘʥʷʝʪʩʷ, ʘ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ, 

ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʚʟʘʠʤʥʳʤ ʫʜʘʣʝʥʠʝʤ ʛʘʣʘʢʪʠʢ, ʦʙʲʷʩʥʷʝʪʩʷ ʯʠʩʪʦ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʦʤ 

ɼʦʧʣʝʨʘ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʠʟʦʪʨʦʧʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ. 

ɽʩʣʠ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʝ ʢʨʘʩʥʦʝ ʩʤʝʱʝʥʠʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʚʦʜʠʪʩʷ ʢ ʯʠʩʪʦ 

ʢʠʥʝʤʘʪʠʯʝʩʢʦʤʫ ʵʬʬʝʢʪʫ ï ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ñʨʘʟʙʝʛʘʶʱʠʭʩʷò ʛʘʣʘʢʪʠʢ, ʪʦ ʤʦʞʥʦ 

ʣʝʛʢʦ ʦʪʚʝʪʠʪʴ ʠ ʥʘ ʜʨʫʛʫʶ ʛʨʫʧʧʫ ñʏʘʩʪʦ ɿʘʜʘʚʘʝʤʳʭ ɺʦʧʨʦʩʦʚ (Frequently Asked Questions)ò.  

ʄʦʞʝʪ ʣʠ ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʜʘʞʝ ʩʘʤʳʭ ʤʘʩʩʠʚʥʳʭ ʦʙʲʝʢʪʦʚ ʦʢʘʟʘʪʴʩʷ ʩʫʙʩʚʝʪʦʚʦʡ, 

ʦʯʝʥʴ ʙʣʠʟʢʦʡ ʢ ʩʢʦʨʦʩʪʠ ʩʚʝʪʘ (ʵʪʦʪ ʚʦʧʨʦʩ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʨʠʧʠʩʳʚʘʶʪ ʝʱʝ ʍʘʙʙʣʫ)? ʂʦʥʝʯʥʦ, 

ʤʦʞʝʪ, ʚ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʥʝʪ ʥʠʯʝʛʦ ʬʠʟʠʯʝʩʢʠ ʵʢʩʪʨʘʦʨʜʠʥʘʨʥʦʛʦ ï ʚʝʜʴ ʜʣʷ ʜʨʫʛʠʭ 

ʥʘʙʣʶʜʘʪʝʣʝʡ ʬʠʟʠʯʝʩʢʘʷ ʩʢʦʨʦʩʪʴ ʵʪʦʛʦ ʞʝ ʦʙʲʝʢʪʘ ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʤʘʣʦʡ, ʵʪʦ ʯʠʩʪʦ 

ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ.  

ɸ ʯʪʦ ʙʫʜʝʪ ʜʣʷ ʩʪʦʣʴ ʫʜʘʣʝʥʥʳʭ ʛʘʣʘʢʪʠʢ, ʩʢʦʨʦʩʪʴ ʫʜʘʣʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦ ʟʘʢʦʥʫ ʍʘʙʙʣʘ 

ʧʨʠ ʨʘʩʰʠʨʝʥʠʠ ɺʩʝʣʝʥʥʦʡ ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ ʩʢʦʨʦʩʪʴ ʩʚʝʪʘ? ʆʪʚʝʪ: ʥʠʯʝʛʦ, ʧʦʪʦʤʫ ʯʪʦ 

ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʪʘʢʦʡ ʩʢʦʨʦʩʪʠ ʚʟʘʠʤʥʦʛʦ ʫʜʘʣʝʥʠʷ ʬʦʪʦʥʳ ʦʪ ʵʪʦʛʦ ʦʙʲʝʢʪʘ ʚʦʦʙʱʝ 
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ʧʝʨʝʩʪʘʥʫʪ ʜʦʩʪʠʛʘʪʴ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ, ʪ.ʝ. ʦʙʲʝʢʪ ʥʘʙʣʶʜʝʥʠʷ ʚʳʡʜʝʪ ʟʘ ʥʘʰ ʛʦʨʠʟʦʥʪ 

ʩʦʙʳʪʠʡ. 

ɺʩʪʨʝʯʘʝʪʩʷ ʠ ʪʘʢʦʝ ʫʪʚʝʨʞʜʝʥʠʝ (ʩʤ., ʥʘʧʨʠʤʝʨ, [ʌʨʦʣʦʚ, 2010]): ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʚ 

ʧʦʣʝ ʟʨʝʥʠʷ ʘʩʪʨʦʥʦʤʦʚ ʦʢʘʟʘʣʠʩʴ ʦʯʝʥʴ ʫʜʘʣʝʥʥʳʝ ʦʙʲʝʢʪʳ (ʩ ʢʨʘʩʥʳʤ ʩʤʝʱʝʥʠʝʤ 10 ʠ 

ʙʦʣʝʝ), ʠʟʣʫʯʝʥʠʝ ʦʪ ʢʦʪʦʨʳʭ ʜʦʣʞʥʦ ʙʳʣʦ ʚʦʟʥʠʢʥʫʪʴ ʚʩʢʦʨʝ ʧʦʩʣʝ ɹʦʣʴʰʦʛʦ ʚʟʨʳʚʘ. ʅʦ ʵʪʠ 

ʦʙʲʝʢʪʳ ʥʝ ʤʦʛʣʠ ʥʘʭʦʜʠʪʴʩʷ ʩʣʠʰʢʦʤ ʜʘʣʝʢʦ ʦʜʠʥ ʦʪ ʜʨʫʛʦʛʦ ʠʟ-ʟʘ ʤʘʣʦʛʦ ʨʘʟʤʝʨʘ 

ʪʦʛʜʘʰʥʝʡ ɺʩʝʣʝʥʥʦʡ, ʟʥʘʯʠʪ, ʠʟʣʫʯʝʥʠʝ ʪʘʢ ʜʦʣʛʦ ʠʜʪʠ ʤʝʞʜʫ ʥʠʤʠ ʥʝ ʜʦʣʞʥʦ. ʆʜʥʘʢʦ ʵʪʦ 

ʥʝʚʝʨʥʦ: ʩʚʝʪʦʚʦʡ ʢʦʥʫʩ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ ʩʫʱʝʩʪʚʫʝʪ ʚʦ ɺʩʝʣʝʥʥʦʡ ʥʘ 

ʣʶʙʳʭ ʵʪʘʧʘʭ ʝʝ ʵʚʦʣʶʮʠʠ, ʪ.ʝ. ʚʩʝʛʜʘ ʝʩʪʴ ʛʠʧʦʪʝʪʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ, ʩʚʝʪ ʦʪ ʢʦʪʦʨʳʭ ʜʦʩʪʠʯʴ 

ʥʘʩ ʥʝ ʩʤʦʞʝʪ, ʠ ʝʩʪʴ ʦʙʲʝʢʪʳ, ʩʚʝʪ ʦʪ ʢʦʪʦʨʳʭ ʚʩʝ ʞʝ ʧʨʠʜʝʪ ʢ ʥʘʤ ʯʝʨʝʟ ʟʘʜʘʥʥʦʝ, ʭʦʪʷ ʙʳ ʠ 

ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʦʣʴʰʦʝ, ʚʨʝʤʷ.  

 

4 ʌʦʪʦʥʳ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʩʤʦʣʦʛʠʷ 

 

ɺʳʰʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʘʷ ʃʝʤʵʪʨʦʤ ʤʦʜʝʣʴ ʨʘʩʪʷʞʝʥʠʷ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ ʚ 

ʧʨʦʮʝʩʩʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʚʝʪʘ ʚ ʨʘʩʰʠʨʷʶʱʝʡʩʷ ɺʩʝʣʝʥʥʦʡ ʚʩʪʫʧʘʝʪ ʚ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʝ ʩ ʟʘʢʦʥʦʤ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ɺ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʵʪʦ ʧʨʦʪʠʚʦʨʝʯʠʝ 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʫʩʪʨʘʥʠʪʴ, ʠʟʤʝʥʠʚ ʤʦʜʝʣʴ ʃʝʤʵʪʨʘ ʠ ʧʨʠʥʷʚ ʤʦʜʝʣʴ ʥʝʠʟʤʝʥʥʦʛʦ ʚʦ 

ʚʨʝʤʝʥʠ (ʥʝʩʤʦʪʨʷ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ɺʩʝʣʝʥʥʦʡ) ʬʦʪʦʥʘ. 

ʄʝʞʜʫ ʪʝʤ ʘʚʪʦʨ ʥʘʩʪʦʷʱʝʡ ʧʫʙʣʠʢʘʮʠʠ ʩ 1993 ʛʦʜʘ ʨʘʟʚʠʚʘʝʪ ʘʣʴʪʝʨʥʘʪʠʚʥʫʶ 

ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʚ ʢʦʪʦʨʦʡ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ɺʩʝʣʝʥʥʦʡ ʩʦ ʚʨʝʤʝʥʝʤ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʚʝʨʝʥ. ʅʘʰʘ ɺʩʝʣʝʥʥʘʷ ʧʦʣʘʛʘʝʪʩʷ ʯʝʨʥʦʡ ʜʳʨʦʡ ʚʦ ʚʥʝʰʥʝʡ ʛʠʧʝʨ-ʚʩʝʣʝʥʥʦʡ, ʠʟ 

ʢʦʪʦʨʦʡ ʠ ʧʦʣʫʯʘʝʪ ʵʥʝʨʛʠʶ ʠ ʤʘʪʝʨʠʶ (ʠʤʝʥʥʦ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʠ 

ʨʘʩʰʠʨʷʝʪʩʷ). ɺ ʵʪʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʤʘʩʩʘ ʠ ʵʥʝʨʛʠʷ ʚʩʝʭ ʯʘʩʪʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʬʦʪʦʥʦʚ, ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʦʟʨʘʩʪʫ ɺʩʝʣʝʥʥʦʡ (ʉʤ. [ʐʫʣʴʤʘʥ 2004, 2006, 2011]).  

ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʠ ʚ ʨʘʤʢʘʭ ʵʪʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʩʯʠʪʘʪʴ 

ʥʝʠʟʤʝʥʥʳʤʠ ʜʣʠʥʫ ʚʦʣʥʳ ʠ ʧʝʨʠʦʜ ʢʦʣʝʙʘʥʠʡ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʠʭ 

ʧʫʪʝʰʝʩʪʚʠʷ ʦʪ ʠʩʪʦʯʥʠʢʘ ʠʟʣʫʯʝʥʠʷ ʜʦ ʟʝʤʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʨʦʮʝʩʩʝ 

ʨʘʩʰʠʨʝʥʠʷ ɺʩʝʣʝʥʥʦʡ ʵʥʝʨʛʠʷ ʩʚʝʪʦʚʳʭ ʢʚʘʥʪʦʚ, ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ, ʨʘʩʪʝʪ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, 

ʠ ʧʨʦʠʩʭʦʜʠʪ ʵʪʦ ʥʝ ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʚʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʢʚʘʥʪʦʚ, ʘ 

ʙʣʘʛʦʜʘʨʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʇʣʘʥʢʘ h, ʢʦʪʦʨʳʡ ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʫʞʝ ʥʝ 

ʤʦʞʝʪ ʥʘʟʳʚʘʪʴʩʷ ñʧʦʩʪʦʷʥʥʦʡ ʇʣʘʥʢʘò. 

  

ɹʣʘʛʦʜʘʨʥʦʩʪʴ 

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʖ.ɸ. ʃʝʙʝʜʝʚʫ ʟʘ ʞʝʩʪʢʫʶ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʫʶ 

ʢʨʠʪʠʢʫ, ʧʨʠʚʝʜʰʫʶ ʝʩʣʠ ʥʝ ʢʦ ʚʟʘʠʤʥʦʤʫ ʩʦʛʣʘʩʠʶ, ʪʦ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʢ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ 

ʧʝʨʝʨʘʙʦʪʢʝ ʘʚʪʦʨʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʧʨʦʙʣʝʤʳ.  

 

 

 ʉʤ. ʩʩʳʣʢʠ ʚ ʦʙʱʝʡ ɹʠʙʣʠʦʛʨʘʬʠʠ ʢ ʢʥʠʛʝ ñɸʣʴʪʝʨʥʘʪʠʚʥʘʷ ʢʦʩʤʦʣʦʛʠʷò. 
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ʅʝʦʢʦʥʯʝʥʥʘʷ ʩʶʠʪʘ ʜʣʷ ɺʩʝʣʝʥʥʦʡ 

ʂ ʠʩʪʦʨʠʠ ʦʜʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʳʩʣʠ 

   

1 ɺʚʝʜʝʥʠʝ 

 

ɺ 1993 ʛ. ʷ ʩ ʞʘʜʥʦʩʪʴʶ ʧʨʦʯʝʣ ʪʦʣʴʢʦ ʯʪʦ ʚʳʰʝʜʰʠʡ ʩʙʦʨʥʠʢ ʪʨʫʜʦʚ ʟʘʤʝʯʘʪʝʣʴʥʦʛʦ 

ʨʦʩʩʠʡʩʢʦʛʦ ʘʩʪʨʦʬʠʟʠʢʘ ʅʠʢʦʣʘʷ ɸʣʝʢʩʘʥʜʨʦʚʠʯʘ ʂʦʟʳʨʝʚʘ, ʫʧʦʤʠʥʘʥʠʷ ʦʙ ʠʜʝʷʭ ʢʦʪʦʨʦʛʦ ʷ 

ʨʘʥʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʣ ʚ ʩʨʝʜʩʪʚʘʭ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʪʢʨʦʚʝʥʥʦ ʛʦʚʦʨʷ, ʝʛʦ ñʧʨʠʯʠʥʥʘʷ 

ʤʝʭʘʥʠʢʘò ʥʝ ʥʘʰʣʘ ʦʪʢʣʠʢʘ ʚ ʤʦʝʡ ʜʫʰʝ, ʥʦ ʜʚʝ ʚʘʞʥʝʡʰʠʝ ʤʳʩʣʠ, ʯʪʦ ʥʘʟʳʚʘʝʪʩʷ, 

ñʟʘʮʝʧʠʣʠò.  

ʇʝʨʚʘʷ ʤʳʩʣʴ ʩʦʩʪʦʷʣʘ ʚ ʧʨʝʜʩʢʘʟʘʥʠʠ, ʯʪʦ ñʚʨʝʤʷ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʵʥʝʨʛʠʶò (ʪʦʯʥʳʡ 

ʩʤʳʩʣ ʵʪʦʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʷ, ʢʘʢ ʤʥʝ ʢʘʞʝʪʩʷ, ʦʩʦʟʥʘʣ ʧʦʟʞʝ, ʠ ʝʱʝ ʚʝʨʥʫʩʴ ʢ ʵʪʦʡ ʪʝʤʝ). 

ʈʘʟʫʤʝʝʪʩʷ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʥʜʘʨʪʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʚʳʛʣʷʜʠʪ 

ʝʨʝʩʴʶ. ʅʦ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʦʥʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʜʦʩʪʘʪʦʯʥʦ ʙʝʟʫʤʥʦʡ, ʯʪʦʙʳ ʧʨʝʚʨʘʪʠʪʴʩʷ ʚ 

ʠʩʪʠʥʫ. 

ɺʪʦʨʘʷ ʤʳʩʣʴ ʩʦʩʪʦʷʣʘ ʚʦ ʚʚʝʜʝʥʠʠ ʚ ʥʘʫʯʥʳʡ ʦʙʦʨʦʪ ʧʦʥʷʪʠʷ ñʭʦʜò ʚʨʝʤʝʥʠ. ɼʦ ʯʪʝʥʠʷ 

ʢʦʟʳʨʝʚʩʢʦʛʦ ʩʙʦʨʥʠʢʘ ʣʠʯʥʦ ʷ ʚʦʚʩʝ ʥʝ ʟʘʜʫʤʳʚʘʣʩʷ ʦ ʧʨʠʨʦʜʝ ʚʨʝʤʝʥʠ ʠ, ʪʝʤ ʙʦʣʝʝ, ʦ ʝʛʦ 

ʭʦʜʝ. ʇʦʥʷʪʠʝ ʚʨʝʤʝʥʠ, ʢʘʢ ʤʥʝ ʢʘʟʘʣʦʩʴ, ʮʝʣʠʢʦʤ ʚʳʥʦʩʠʣʦʩʴ ʟʘ ʩʢʦʙʢʠ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʠ. ʅʦ, 

ʧʨʦʯʠʪʘʚ ʝʛʦ ʨʘʙʦʪʳ, ʷ ʚʜʨʫʛ ʧʦʥʷʣ, ʯʪʦ ʚʧʦʣʥʝ ʚʦʟʤʦʞʥʦ ʠ ʜʘʞʝ ʥʝʦʙʭʦʜʠʤʦ ʵʪʠ ʧʦʥʷʪʠʷ ʚ 

ʬʠʟʠʢʫ ʚʢʣʶʯʠʪʴ ʠ ʧʦʣʦʞʠʪʴ ʚ ʦʩʥʦʚʫ ʢʦʩʤʦʣʦʛʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. ʄʥʝ ʧʨʠʰʣʦ ʚ ʛʦʣʦʚʫ ʩʚʷʟʘʪʴ 

ʚʨʝʤʷ ʠ ʝʛʦ ʭʦʜ ʩ ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʜʣʷ ʚʩʝʡ ɺʩʝʣʝʥʥʳʤ ʧʨʦʮʝʩʩʦʤ ʝʝ ʨʘʩʰʠʨʝʥʠʷ, ʩʯʠʪʘʷ ʚʩʝ 

ʧʨʦʯʠʝ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚʪʦʨʠʯʥʳʤʠ ʠ ʧʨʠʚʷʟʘʥʥʳʤʠ ʢ ʨʘʟʤʝʨʫ ɺʩʝʣʝʥʥʦʡ. ʀʥʳʤʠ 

ʩʣʦʚʘʤʠ, ʚʨʝʤʷ ʦʢʘʟʘʣʦʩʴ ʯʝʤ-ʪʦ ʧʦʭʦʞʠʤ ʥʘ ʛʦʜʠʯʥʳʝ ʢʦʣʴʮʘ ʜʝʨʝʚʘ, ʢʦʪʦʨʳʝ ʧʦʷʚʣʷʶʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʝʛʦ ʨʘʟʚʠʪʠʷ.  

ʇʦʩʪʫʣʠʨʦʚʘʚ ʘʧʨʠʦʨʥʫʶ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʘ ɺʩʝʣʝʥʥʦʡ ʝʝ ʨʘʟʤʝʨʫ, ʷ 

ʩʪʦʣʢʥʫʣʩʷ, ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ, ʩ ʜʚʫʤʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤʠ ʧʨʦʪʠʚʦʨʝʯʠʷʤʠ ʤʝʞʜʫ ñʩʚʦʝʡò ʠ 

ʩʪʘʥʜʘʨʪʥʦʡ ʢʦʩʤʦʣʦʛʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ ʚʦʟʨʘʩʪʘ 

ʨʘʟʤʝʨʫ (ʥʝʧʫʩʪʦʡ) ɺʩʝʣʝʥʥʦʡ ʥʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʩʪʘʥʜʘʨʪʥʦʤʫ ʫʩʣʦʚʠʶ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʚʦ ʚʥʦʚʴ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ ʝʝ ʤʘʩʩʘ ʥʝ ʪʦʣʴʢʦ ʥʝ ʦʩʪʘʚʘʣʘʩʴ 

ʧʦʩʪʦʷʥʥʦʡ (ʢʘʢ ʵʪʦ ʧʨʠʥʷʪʦ ʧʦʣʘʛʘʪʴ ʚ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ), ʥʦ ʨʦʩʣʘ ʣʠʥʝʡʥʦ ʚʤʝʩʪʝ ʩ 

ʚʦʟʨʘʩʪʦʤ. ʆʙʘ ʧʨʦʪʠʚʦʨʝʯʠʷ ʫʩʪʨʘʥʷʣʠʩʴ ʦʙʱʝʡ ʢʦʥʮʝʧʮʠʝʡ, ʢʦʪʦʨʘʷ ʧʨʠʰʣʘ ʤʥʝ ʚ ʛʦʣʦʚʫ ï 

ʜʦʧʫʱʝʥʠʝʤ, ʯʪʦ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ ñʯʝʨʥʦʡ ʜʳʨʦʡò, ʧʦʛʣʦʱʘʶʱʝʡ ʵʥʝʨʛʠʶ ʠ/ʠʣʠ 

ʤʘʪʝʨʠʶ ʠʟ ʚʥʝʰʥʝʛʦ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʥʝʡ ʛʠʧʝʨʧʨʦʩʪʨʘʥʩʪʚʘ. 

ʇʝʨʚʦʥʘʯʘʣʴʥʦ ʤʥʝ ʙʳʣʦ ʜʘʞʝ ʩʪʨʘʰʥʦ ʚʳʩʢʘʟʳʚʘʪʴ ʵʪʫ ʠʜʝʶ ʚʩʣʫʭ.  ʇʦʩʪʝʧʝʥʥʦ, ʢʘʢ ʵʪʦ 

ʯʘʩʪʦ ʙʳʚʘʝʪ, ʚʳʷʩʥʠʣʘʩʴ, ʯʪʦ ʠʜʝʷ ʥʦʩʠʣʘʩʴ ʚ ʚʦʟʜʫʭʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʩ 1972 ʛʦʜʘ. 

 

2 ʂʪʦ ʩʢʘʟʘʣ ñʤʷʫòé 

 

ʀʤʝʥʥʦ ʣʝʪʦʤ 1972 ʛʦʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʚʨʝʤʝʥʥʦ (ʥʦ ʥʝʟʘʚʠʩʠʤʦ ʦʜʥʘ ʦʪ ʜʨʫʛʦʡ) 

ʚʳʰʣʠ ʚ ʩʚʝʪ ʜʚʝ ʩʦʚʝʨʰʝʥʥʦ ʨʘʟʥʳʝ ʧʦ ʭʘʨʘʢʪʝʨʫ ʩʪʘʪʴʠ, ʦʙʲʝʜʠʥʝʥʥʳʝ ʦʙʱʠʤ ʧʨʦʨʦʯʝʩʪʚʦʤ. 

ʀʥʜʠʡʩʢʠʡ ʬʠʟʠʢ-ʪʝʦʨʝʪʠʢ ʈ.ʂ. ʇʘʪʨʠʘ ʥʘʧʠʩʘʣ ʩʪʘʪʴʶ [1] ñɺʩʝʣʝʥʥʘʷ ʢʘʢ ʯʝʨʥʘʷ ʜʳʨʘò, ʘ 

ʙʨʠʪʘʥʩʢʠʡ ʤʘʪʝʤʘʪʠʢ ʀʨʚʠʥ ɻʫʜ ʩʚʦʶ ʩʪʘʪʴʶ [2] ʦʟʘʛʣʘʚʠʣ ʪʘʢ: ñʂʠʪʘʡʩʢʠʝ ʤʘʪʨʝʰʢʠ 

ʚʩʝʣʝʥʥʳʭò. 

ʉʪʘʪʴʷ ʇʘʪʨʠʘ ʥʘʧʠʩʘʥʘ ʚ ʩʪʨʦʛʦ ʥʘʫʯʥʦʤ ʩʪʠʣʝ; ʤʥʦʛʠʝ ʝʛʦ ʫʪʚʝʨʞʜʝʥʠʷ ʚʳʟʳʚʘʶʪ ʫ 

ʤʝʥʷ ʯʫʚʩʪʚʦ ʧʦʣʥʦʡ ʩʦʣʠʜʘʨʥʦʩʪʠ. ɺ ʥʘʯʘʣʝ ʩʚʦʝʡ ʩʪʘʪʴʠ ʦʥ ʧʠʰʝʪ:  

 

ñɺʩʝʣʝʥʥʘʷ ʥʝ ʪʦʣʴʢʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʢʥʫʪʦʡ ʩʪʨʫʢʪʫʨʦʡ é, ʥʦ ʠ ʤʦʞʝʪ ʙʳʪʴ ʯʝʨʥʦʡ 

ʜʳʨʦʡ, ʟʘʥʠʤʘʶʱʝʡ ʣʦʢʘʣʠʟʦʚʘʥʥʫʶ ʦʙʣʘʩʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʦʪʦʨʘʷ ʥʝ ʤʦʞʝʪ 

ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦ.  é ɼʣʷ ɺʩʝʣʝʥʥʦʡ ʚ ʮʝʣʦʤ ʨʘʜʠʫʩ ʐʚʘʨʮʰʠʣʴʜʘ 
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 ʩʤ, ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʷʚʣʷʝʪʩʷ ʣʠ ʦʥʘ ʯʝʨʥʦʡ 

ʜʳʨʦʡ? ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʵʪʦʪ ʚʦʧʨʦʩ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʘʥʘʣʠʟʘ ñʠʟʥʫʪʨʠò ï ʘʚʪʦʨ ʠʩʭʦʜʠʪ 

ʠʟ ʪʦʛʦ, ʯʪʦ ʟʘ ʧʨʝʜʝʣʘʤʠ  ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʩʫʱʝʩʪʚʫʝʪ ʚʥʝʰʥʠʡ ʤʠʨ, ʠʟ ʢʦʪʦʨʦʛʦ 

ʚʦʟʤʦʞʝʥ ʥʝʧʨʝʜʚʟʷʪʳʡ ʚʟʛʣʷʜ ʥʘ ʥʘʰʫ ɺʩʝʣʝʥʥʫʶ.ò 

 

ɺʟʛʣʷʜ ñʠʟʥʫʪʨʠò ʇʘʪʨʠʘ ʬʦʨʤʠʨʫʝʪ, ʟʘʧʠʩʘʚ ʫʨʘʚʥʝʥʠʷ ʕʡʥʰʪʝʡʥʘ ʜʣʷ ɺʩʝʣʝʥʥʦʡ ʠ 

ʚʳʚʝʜʷ ʠʟ ʥʠʭ ʭʘʨʘʢʪʝʨʥʳʝ ʥʝʨʘʚʝʥʩʪʚʘ ʜʣʷ ʝʝ ʨʘʜʠʫʩʘ. ɿʘʪʝʤ ʦʥ ʚʝʩʴʤʘ ʵʣʝʛʘʥʪʥʦ ʦʧʠʩʳʚʘʝʪ 

ʥʘʰʫ ɺʩʝʣʝʥʥʫʶ ñʠʟʚʥʝò, ʧʨʝʜʧʦʣʦʞʠʚ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ ʯʝʨʥʦʡ ʜʳʨʦʡ ʚ ʥʝʢʦʪʦʨʦʤ 

ʤʘʪʝʨʠʥʩʢʦʤ ʤʠʨʝ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʤʝʪʨʠʢʝ ʐʚʘʨʮʰʠʣʴʜʘ. ɽʤʫ ʫʜʘʝʪʩʷ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ 

ʥʝʨʘʚʝʥʩʪʚʘ ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʣʦʞʠʚ ʜʣʷ ʧʦʩʪʦʷʥʥʦʡ ʍʘʙʙʣʘ H ʟʥʘʯʝʥʠʝ (75 

ʢʤ/ʩ)/ʄʇʢ, ʘ ʜʣʷ ʚʭʦʜʷʱʝʛʦ ʚ ʫʨʘʚʥʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʟʘʤʝʜʣʝʥʠʷ q ï ʟʥʘʯʝʥʠʝ ʝʜʠʥʠʮʘ, ʦʮʝʥʠʪʴ 

ʨʘʜʠʫʩ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʚʝʣʠʯʠʥʦʡ 1.1 ʭ 1028 ʩʤ. ʇʘʪʨʠʘ ʧʠʰʝʪ ʚ ʟʘʢʣʶʯʝʥʠʝ: 

 

ñé ʤʳ ʩʪʘʣʢʠʚʘʝʤʩʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʚʦʧʨʦʩʘʤʠ: ʢʘʢʠʤ ʦʙʨʘʟʦʤ ɺʩʝʣʝʥʥʘʷ ʩʪʘʣʘ ʯʝʨʥʦʡ 

ʜʳʨʦʡ ï ʚʩʣʝʜʩʪʚʠʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʢʦʣʣʘʧʩʘ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʰʠʨʝʥʠʷ? ɺ ʢʦʩʤʦʩʝ, 

ʦʙʣʘʜʘʶʱʝʤ ʢʘʢ ʚʥʫʪʨʝʥʥʝʡ, ʪʘʢ ʠ ʚʥʝʰʥʝʡ ʯʘʩʪʴʶ, ʤʦʞʝʪ ʣʠ ʪʘʢʘʷ ɺʩʝʣʝʥʥʘʷ ʙʳʪʴ 

ʫʥʠʢʘʣʴʥʦʡ? ɽʩʣʠ ʥʝʪ, ʪʦ ʢʘʢʦʚ ʝʝ ʩʪʘʪʫʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʠʭ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʚ ʵʪʦʤ 

ʢʦʩʤʦʩʝ? ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʪʦʛʦ ʠ ʜʨʫʛʠʭ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤ ʚʦʧʨʦʩʦʚ, ʚʢʣʶʯʘʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠʝʨʘʨʭʠʠ ʯʝʨʥʳʭ ʜʳʨ, ʦʯʝʚʠʜʥʦ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ.ò 

 

ʉʪʘʪʴʷ ɻʫʜʘ ʥʘʧʠʩʘʥʘ ʚ ʩʦʚʝʨʰʝʥʥʦ ʠʥʦʤ ʩʪʠʣʝ ï ʷ ʙʳ ʩʢʘʟʘʣ, ʜʘʣʝʢʦʤ ʦʪ ʩʪʨʦʛʦʡ ʥʘʫʢʠ, 

ʦʥʘ ʥʝ ʩʦʜʝʨʞʠʪ ʥʠ ʝʜʠʥʦʡ ʬʦʨʤʫʣʳ. ɻʫʜ ʥʘʯʠʥʘʝʪ ʩʦ ʩʩʳʣʢʠ ʥʘ ʜʨʝʚʥʝʛʦ ʛʨʝʢʘ, ʩ ʢʦʪʦʨʳʤ, 

ʢʘʞʝʪʩʷ, ʚʧʦʣʥʝ ʩʦʛʣʘʩʝʥ:  

 

ñʀʩʭʦʜʷ ʠʟ ʠʨʨʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʧʝʨʝʤʝʥʳ ʥʝʚʦʟʤʦʞʥʳ, 

ʇʘʨʤʝʥʠʜ ʦʢʦʣʦ 500 ʛ. ʜʦ ʥ.ʵ. ʫʪʚʝʨʞʜʘʣ,  ʯʪʦ ʚʩʝʣʝʥʥʘʷ ʥʝ ʠʤʝʣʘ ʥʘʯʘʣʘ, ʚʦ ʯʪʦ ʩʘʤ 

ʠʩʢʨʝʥʥʝ ʚʝʨʠʣ. ɺ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ  ʚʩʝʣʝʥʥʘʷ ʚʦʟʥʠʢʣʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ɹʦʣʴʰʦʛʦ ɺʟʨʳʚʘ ʠʣʠ ʍʨʫʩʪʘ, ʤʦʞʝʪ ʦʜʥʘʞʜʳ ʧʦʢʘʟʘʪʴʩʷ ʩʪʦʣʴ ʞʝ 

ʘʙʩʫʨʜʥʳʤ, ʢʘʢ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ɿʝʤʣʷ ʦʧʠʨʘʝʪʩʷ ʥʘ ʩʣʦʥʘ, ʘ ʪʦʪ ï ʥʘ 

ʯʝʨʝʧʘʭʫ. ʃʶʙʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʪʦʛʦ, ʯʪʦ ʚʩʝʣʝʥʥʘʷ ʠʤʝʣʘ ʥʘʯʘʣʦ, ʤʦʞʝʪ ʙʳʪʴ ʣʫʯʰʝ 

ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʦ ʩ ʧʦʤʦʱʴʶ ʫʪʚʝʨʞʜʝʥʠʷ ʦ ʥʝʢʦʪʦʨʦʤ  ʢʘʪʘʢʣʠʟʤʝ, ʠʤʝʚʰʠʤ ʤʝʩʪʦ, 

ʚʦʟʤʦʞʥʦ, ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʘʨʜʦʚ ʣʝʪ ʪʦʤʫ ʥʘʟʘʜ ʠ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʠʚʰʠʤ 

ʥʘʙʣʶʜʘʝʤʫʶ ʚʩʝʣʝʥʥʫʶ. é ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʷ ʫʪʚʝʨʞʜʘʶ, ʯʪʦ ʚʩʷ ʥʘʰʘ ʥʘʙʣʶʜʘʝʤʘʷ 

ʚʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ, ʚʝʨʦʷʪʥʦ, ʯʝʨʥʦʡ ʜʳʨʦʡ. ò 

 

ɼʘʣʝʝ ɻʫʜ ʨʘʟʚʠʚʘʝʪ ʩʝʨʠʶ ʥʝ ʦʯʝʥʴ-ʪʦ ʦʙʦʩʥʦʚʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʠʟ ʢʦʪʦʨʳʭ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʳʚʦʜʠʪ ʤʳʩʣʴ, ʯʪʦ  

 

ñé ʤʳ ʧʨʠʥʘʜʣʝʞʠʤ ʙʝʩʢʦʥʝʯʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ [ʯʝʨʥʳʭ ʠ ʙʝʣʳʭ] ʜʳʨ, ʚʣʦʞʝʥʥʳʭ 

ʦʜʥʘ ʚ ʜʨʫʛʫʶ, ʧʦʜʦʙʥʦ ʨʝʟʥʳʤ ʢʠʪʘʡʩʢʠʤ ʩʬʝʨʘʤ-ʤʘʪʨʝʰʢʘʤ, ʧʦʦʯʝʨʝʜʥʦ 

ʠʟʛʦʪʦʚʣʝʥʥʳʤ ʠʟ ʩʣʦʥʦʚʦʡ ʢʦʩʪʠ ʠ ʵʙʝʥʦʚʦʛʦ (ʯʝʨʥʦʛʦ) ʜʝʨʝʚʘ é ʧʨʝʜʣʘʛʘʝʤʘʷ ʪʝʦʨʠʷ 

ʠʥʪʝʨʧʨʝʪʠʨʫʝʪ ʩʢʦʣʣʘʧʩʠʨʦʚʘʚʰʠʝ ʛʘʣʘʢʪʠʢʠ é ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʚʩʝʣʝʥʥʳʭ ʚ ʮʝʣʷʭ 

ʨʘʟʨʝʰʝʥʠʷ ʢʦʥʬʣʠʢʪʘ ʤʝʞʜʫ ɹʦʣʴʰʠʤ ɺʟʨʳʚʦʤ ʠ ʩʪʘʮʠʦʥʘʨʥʳʤʠ ʪʝʦʨʠʷʤʠ ʚʩʝʣʝʥʥʦʡ. 

ʍʦʪʷ ʵʪʘ ʪʝʦʨʠʷ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʩʣʠʰʢʦʤ ʛʨʘʥʜʠʦʟʥʦʡ, é ʪʦʣʴʢʦ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ, ʩʦʚʤʝʩʪʠʤʦʡ ʩʦ ʩʪʘʮʠʦʥʘʨʥʦʩʪʴʶò. 

 

ɹʦʣʝʝ ʧʦʟʜʥʝʝ ʫʧʦʤʠʥʘʥʠʝ ʦ ʚʩʝʣʝʥʥʳʭ ʢʘʢ ʦ ʯʝʨʥʳʭ ʜʳʨʘʭ ʷ ʥʘʰʝʣ ʚ ʩʪʘʪʴʝ [3] 

ʘʤʝʨʠʢʘʥʩʢʦʛʦ ʬʠʟʠʢʘ-ʪʝʦʨʝʪʠʢʘ ʃʠ ʉʤʦʣʠʥʘ. ʉʦ ʩʩʳʣʢʦʡ ʥʘ ʟʥʘʤʝʥʠʪʦʛʦ ʘʤʝʨʠʢʘʥʩʢʦʛʦ 

ʬʠʟʠʢʘ ɼʞ. ɸ. ʋʠʣʝʨʘ ʦʥ ʧʠʰʝʪ (ʢ ʩʦʞʘʣʝʥʠʶ, ʙʝʟ ʜʘʪʠʨʦʚʢʠ):  
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ñʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʢʘʞʜʘʷ ʯʝʨʥʘʷ ʜʳʨʘ ʚ ʥʘʰʝʡ ɺʩʝʣʝʥʥʦʡ ʧʨʠʚʦʜʠʪ ʢ 

ʩʦʟʜʘʥʠʶ ʥʦʚʦʡ ʚʩʝʣʝʥʥʦʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɹʦʣʴʰʦʡ ɺʟʨʳʚ ʚ ʥʘʰʝʤ ʧʨʦʰʣʦʤ ʝʩʪʴ 

ʨʝʟʫʣʴʪʘʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʚ ʠʥʦʡ ʚʩʝʣʝʥʥʦʡ.ò  

  

ɺ 21-ʤ ʚʝʢʝ ʵʪʘ ʛʨʘʥʜʠʦʟʥʘʷ ʠʜʝʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠʚʣʝʢʘʣʘ ʢ ʩʝʙʝ ʚʥʠʤʘʥʠʝ ʬʠʟʠʢʦʚ. 

ʅʘʧʨʠʤʝʨ, ʨʷʜ ʩʪʘʪʝʡ [4] ʦʧʫʙʣʠʢʦʚʘʣ ʘʤʝʨʠʢʘʥʩʢʠʡ ʬʠʟʠʢ ʅ. ʇʦʧʣʘʚʩʢʠ. ʇʦʷʚʠʣʠʩʴ ʜʘʞʝ 

ʧʫʙʣʠʢʘʮʠʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʪʘʙʠʣʴʥʳʭ ʦʨʙʠʪ ʚʥʫʪʨʠ ʯʝʨʥʳʭ ʜʳʨ [5]. ʆʜʥʘʢʦ, ʩ ʤʦʝʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʨʘʟʚʠʚʘʝʤʳʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʣʝʞʘʪ ʚ ʩʪʦʨʦʥʝ ʦʪ ʛʣʘʚʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ, 

ʢʦʪʦʨʦʤʫ ʧʦʩʚʷʱʝʥʘ ʜʘʥʥʘʷ ʧʫʙʣʠʢʘʮʠʷ.  

ɻʣʘʚʥʳʡ ʚʦʧʨʦʩ ʜʣʷ ʤʝʥʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʤʦʞʝʪ ʣʠ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʥʝ ʙʳʪʴ ʯʝʨʥʦʡ 

ʜʳʨʦʡ? ʀ ʦʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʤʥʝ ʢʘʞʝʪʩʷ ʦʯʝʚʠʜʥʳʤ [6]. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʘʤ ʠʟʚʝʩʪʥʘ 

ʩʨʝʜʥʷʷ ʧʣʦʪʥʦʩʪʴ ɺʩʝʣʝʥʥʦʡ (~ 10
-29

 ʛ/ʩʤ
3
). ʅʦ ɺʩʝʣʝʥʥʘʷ ʩ ʢʦʥʝʯʥʦʡ ʩʨʝʜʥʝʡ ʧʣʦʪʥʦʩʪʴʶ ʥʝ 

ʤʦʞʝʪ ʠʤʝʪʴ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʘʟʤʝʨʘ ï  ʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʘʜʠʫʩ ɺʩʝʣʝʥʥʦʡ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ 

ʢʫʙʠʯʝʩʢʦʤʫ ʢʦʨʥʶ ʠʟ ʤʘʩʩʳ, ʪʦʛʜʘ ʢʘʢ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʝʝ ʨʘʜʠʫʩ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʩʘʤʦʡ 

ʤʘʩʩʝ, ʵʪʠ ʜʚʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʷʟʘʪʝʣʴʥʦ ʧʝʨʝʩʝʢʘʶʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʢʨʠʪʠʯʝʩʢʦʤ ʟʥʘʯʝʥʠʠ  

ʨʘʜʠʫʩʘ (ʦʥ ʢʘʢ ʨʘʟ ʠ ʩʦʩʪʘʚʣʷʝʪ ~ 10
28

 ʩʤ), ʦʛʨʘʥʠʯʠʚʘʶʱʝʤ ʚʝʣʠʯʠʥʫ ɺʩʝʣʝʥʥʦʡ. ɹʦʣʝʝ ʪʦʛʦ, 

ʝʩʣʠ ʤʳ ʦʮʝʥʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʨʝʘʣʴʥʦʡ ʠ ʢʨʠʪʠʯʝʩʢʦʡ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʦʣʣʘʧʩʘ) 

ʤʘʩʩʘʤʠ ʜʣʷ ʪʘʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʘʢ ɿʝʤʣʷ, ʉʦʣʥʮʝ, ʄʣʝʯʥʳʡ ʇʫʪʴ ʠ ɺʩʝʣʝʥʥʘʷ ʚ ʮʝʣʦʤ, ʪʦ ʷʩʥʦ 

ʫʚʠʜʠʤ, ʯʪʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 10
-26

 ʜʦ ~ 1.  

 

3 ɽʩʪʴ ʣʠ ʯʪʦ-ʣʠʙʦ ñʚʥʫʪʨʠò ʯʝʨʥʦʡ ʜʳʨʳ?  

 

ʆʙʱʝʧʨʠʥʷʪʘʷ (ʚ ʪʝʯʝʥʠʝ ʚʝʢʘ) ʧʘʨʘʜʠʛʤʘ ʯʝʨʥʦʡ ʜʳʨʳ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ï ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ.  

ɼʣʷ ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʚ ʥʘʰʝʤ 3-ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʯʝʨʥʘʷ ʜʳʨʘ ʚʧʦʣʥʝ ʩʪʨʦʛʦ 

ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʤ ʚ 70-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ ʚʝʢʘ ñʤʝʤʙʨʘʥʥʳʤò ʧʦʜʭʦʜʦʤ. ɺ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʥʠʤ ʛʦʨʠʟʦʥʪ ʩʦʙʳʪʠʡ (ʛʨʘʥʠʯʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ) ʏɼ ʚʳʛʣʷʜʠʪ ʜʣʷ ʪʘʢʦʛʦ 

ʚʥʝʰʥʝʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʢʘʢ 2-ʤʝʨʥʘʷ ʬʠʟʠʯʝʩʢʘʷ ʤʝʤʙʨʘʥʘ ʠʟ ʚʷʟʢʦʡ ʞʠʜʢʦʩʪʠ ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [7]. 

ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʦʧʠʩʘʥʠʷ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠ ʯʝʨʥʦʡ ʜʳʨʳ, ʪʦ ʚʧʣʦʪʴ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʛʦʩʧʦʜʩʪʚʫʝʪ ʫʙʝʞʜʝʥʠʝ ʠ ʚʳʩʪʨʦʝʥʘ ʩʪʨʦʛʘʷ ʠ ʢʨʘʩʠʚʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ 

ʪʝʦʨʠʷ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ï ʪʝʦʨʠʷ ʅʴʶʤʵʥʘ-ʂʝʨʨʘ), ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʨʦʜʦʣʞʝʥʠʝ ʨʝʰʝʥʠʷ ʚ 

ʵʪʫ ʚʥʫʪʨʝʥʥʶʶ ʦʙʣʘʩʪʴ ʥʝ ʪʦʣʴʢʦ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ, ʥʦ ʠ ʘʣʴʪʝʨʥʘʪʠʚʳ ʪʘʢʦʤʫ 

ʧʦʜʭʦʜʫ ʥʝʪ. ʂʦʛʜʘ ʷ ʧʦʧʳʪʘʣʩʷ ʩʦʦʙʱʠʪʴ ʠʟʚʝʩʪʥʦʤʫ ʨʦʩʩʠʡʩʢʦʤʫ ʢʦʩʤʦʣʦʛʫ ɸ.ɼ. ʏʝʨʥʠʥʫ ʦ 

ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʥʦʡ ʤʦʜʝʣʠ ɺʩʝʣʝʥʥʦʡ ʚ ʚʠʜʝ ʯʝʨʥʦʡ ʜʳʨʳ, ʦʥ ʥʘʧʠʩʘʣ ʤʥʝ ʚ ʦʪʚʝʪ: ñɺʘʰʘ ʠʜʝʷ 

ʥʘʩʯʝʪ ʧʨʠʚʣʝʯʝʥʠʷ ʨʝʰʝʥʠʷ  ʐʚʘʨʮʰʠʣʴʜʘ ʢ ʢʦʩʤʦʣʦʛʠʠ ʚʨʷʜ ʣʠ ʧʦʤʦʞʝʪ ʚ ʨʝʰʝʥʠʠ ʧʨʦʙʣʝʤ, 

ʦ ʢʦʪʦʨʳʭ ɺʳ ʧʠʰʝʪʝ: ʵʪʦ ʨʝʰʝʥʠʝ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʬʘʢʪʦʤ ʠʟʦʪʨʦʧʠʠ ʩʦʧʫʪʩʪʚʫʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘò (ʯʘʩʪʥʘʷ ʧʝʨʝʧʠʩʢʘ, 14.06.2008).  

ʈʘʟʫʤʝʝʪʩʷ, ʝʩʣʠ ʠʩʭʦʜʠʪʴ ʠʟ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʚʥʫʪʨʠ ʏɼ, ʪʦ ʤʦʡ 

ʦʧʧʦʥʝʥʪ, ʙʝʟʫʩʣʦʚʥʦ, ʧʨʘʚ: ʪʘʢʦʝ ʨʝʰʝʥʠʝ ʜʦʣʞʥʦ, ʢʘʢ ʤʠʥʠʤʫʤ, ʟʘʚʠʩʝʪʴ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ 

ʮʝʥʪʨʘ ʏɼ. ɸ ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʚ ʙʦʣʴʰʠʭ ʤʘʩʰʪʘʙʘʭ ʦʜʥʦʨʦʜʥʘ ʠ ʠʟʦʪʨʦʧʥʘ! ʊʘʢ 

ʤʦʞʝʪ ʙʳʪʴ, ʢʘʢ ʧʨʝʜʣʦʞʠʣ ʩʘʥʪʝʭʥʠʢ ʠʟ ʠʟʚʝʩʪʥʦʛʦ ʘʥʝʢʜʦʪʘ, ʥʘʜʦ ñʤʝʥʷʪʴ ʚʩʶ ʩʠʩʪʝʤʫò 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ? ʊʝʤ ʙʦʣʝʝ, ʯʪʦ ʵʪʘ ʩʫʱʝʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʘ ʩʚʷʟʘʥʘ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʙʣʝʤʦʡ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡé 

ɿʜʝʩʴ ʷ ʙʳ ʭʦʪʝʣ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʯʠʪʘʪʝʣʷ ʥʘ ʟʘʤʝʯʘʪʝʣʴʥʫʶ ʩʪʘʪʴʶ [8], ʛʜʝ ʚʳʜʚʠʥʫʪʘ 

ʠʥʪʝʨʝʩʥʘʷ ʠʜʝʷ ñʛʨʘʚʘʩʪʘʨʘò ï ʯʝʨʥʦʡ ʜʳʨʳ, ʚʩʷ ʤʘʪʝʨʠʷ ʢʦʪʦʨʦʡ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʚ 

ʪʦʥʯʘʡʰʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʦʣʦʯʢʝ ʩ ʪʦʣʱʠʥʦʡ ʚ ʥʝʩʢʦʣʴʢʦ ʧʣʘʥʢʦʚʩʢʠʭ ʜʣʠʥ (ʢʚʘʥʪʦʚʦʤ 

ʢʦʥʜʝʥʩʘʪʝ), ʪʘʢ ʯʪʦ ʚʩʷ ʩʝʨʜʮʝʚʠʥʘ ʜʳʨʳ ʚʦʚʩʝ ʥʝ ʩʦʜʝʨʞʠʪ ʤʘʪʝʨʠʠ! ɿʘʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ 

ʧʦʭʦʞʫʶ ʤʦʜʝʣʴ ʧʨʝʜʣʦʞʠʣ ʥʝʜʘʚʥʦ ʠ ʦʜʠʥ ʠʟ ʚʝʜʫʱʠʭ ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʪʝʦʨʠʠ ʯʝʨʥʳʭ ʜʳʨ 

ɺ.ʇ. ʌʨʦʣʦʚ, ʢʦʪʦʨʳʡ ʚ ʧʫʙʣʠʢʘʮʠʠ [9] ʪʘʢʞʝ ʦʧʠʩʘʣ  ʥʝʩʠʥʛʫʣʷʨʥʫʶ ʤʦʜʝʣʴ ʯʝʨʥʦʡ ʜʳʨʳ ʩ 

ʪʦʥʢʦʡ ʤʘʩʩʠʚʥʦʡ ʦʙʦʣʦʯʢʦʡ ʠ ʟʘʤʢʥʫʪʳʤ ʛʦʨʠʟʦʥʪʦʤ. 



ʇʨʠʣʦʞʝʥʠʝ 7. ʅʝʦʢʦʥʯʝʥʥʘʷ ʩʶʠʪʘ ʜʣʷ ɺʩʝʣʝʥʥʦʡ 
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ɺʦ ʤʥʦʛʠʭ ʩʪʘʪʴʷʭ ʠ ʢʥʠʛʘʭ ʢʦʩʤʦʣʦʛʠ ʧʨʝʜʣʘʛʘʶʪ ʯʠʪʘʪʝʣʶ ʦʜʠʥ ʠ ʪʦʪ ʞʝ ʧʦʧʫʣʷʨʥʳʡ 

ʦʙʨʘʟ ɺʩʝʣʝʥʥʦʡ ʚ ʚʠʜʝ ʥʘʜʫʚʥʦʛʦ ʰʘʨʘ, ʛʜʝ ʠʤʝʥʥʦ ʟʘʤʢʥʫʪʘʷ ʥʘ ʩʝʙʷ ʠ ʥʝ ʠʤʝʶʱʘʷ (ʚ 2-

ʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ) ʛʨʘʥʠʮ ʧʦʚʝʨʭʥʦʩʪʴ ʰʘʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʝʩʪʫ ʥʘʰʝʛʦ ʧʨʝʙʳʚʘʥʠʷ. 

ʇʦʵʪʦʤʫ ʩʦʚʝʨʰʝʥʥʦ ʝʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʫʧʦʤʷʥʫʪʳʭ ʨʘʙʦʪ, ʷ ʧʨʠʰʝʣ ʢ ʚʳʚʦʜʫ 

ʠʤʝʥʥʦ ʦ ʪʘʢʦʡ (ʠʟʦʪʨʦʧʥʦʡ ʠ ʦʜʥʦʨʦʜʥʦʡ) ʛʝʦʤʝʪʨʠʠ ɺʩʝʣʝʥʥʦʡ, ʯʪʦ ʠ ʧʳʪʘʣʩʷ ʜʦʥʝʩʪʠ ʜʦ 

ɸ.ɼ. ʏʝʨʥʠʥʘ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʨʝʮʝʥʟʝʥʪʦʚ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚʩʝ ʵʪʦ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʛʣʘʩʦʤ 

ʚʦʧʠʶʱʝʛʦ ʚ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʦʬʠʮʠʘʣʴʥʦʡ ʥʘʫʯʥʦʡ ʧʫʩʪʳʥʝ, ʢʦʛʜʘ ʦʪʢʘʟ ʚ ʧʫʙʣʠʢʘʮʠʠ ʚ 

ʚʝʜʫʱʝʤ ʬʠʟʠʯʝʩʢʦʤ ʞʫʨʥʘʣʝ (ʥʝ ʋʌʅ) ʤʦʪʠʚʠʨʫʶʪ, ʥʘʧʨʠʤʝʨ, ʪʝʤ, ʯʪʦ ʨʘʙʦʪʘ ñʠʤʝʝʪ 

ʤʝʪʦʜʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨò. ɸ ʚʦʪ ʚ ʂʘʥʘʜʝ ʛʨʫʧʧʘ ʧʨʦʬ. ʅ. ɸʬʰʦʨʜʠ [10] ʨʘʟʚʠʚʘʝʪ ʠ ʧʫʙʣʠʢʫʝʪ 

ʤʦʜʝʣʠ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ  ʥʘʰʘ ɺʩʝʣʝʥʥʘʷ ʷʚʣʷʝʪʩʷ ʪʨʸʭʤʝʨʥʦʡ ʙʨʘʥʦʡ, ʧʦʣʫʯʠʚʰʝʡʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʢʦʣʣʘʧʩʘ ʯʝʪʳʨʸʭʤʝʨʥʦʡ ʟʚʝʟʜʳ ʚ ʯʸʨʥʫʶ ʜʳʨʫ. 

ʅʦ, ʤʦʞʝʪ ʙʳʪʴ, ʤʦʜʝʣʴ ɺʩʝʣʝʥʥʦʡ ʢʘʢ (3-ʤʝʨʥʦʡ) ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʦʣʦʯʢʠ (4-ʤʝʨʥʦʛʦ) 

ʰʘʨʘ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʚʥʝʰʥʝʛʦ ʤʠʨʘ (ʩʤ. ʮʠʪʠʨʦʚʘʚʰʠʝʩʷ ʠʜʝʠ ʇʘʪʨʠʘ ʠ ɻʫʜʘ) ʥʝʚʦʟʤʦʞʥʦ 

ʬʠʟʠʯʝʩʢʠ ʩʦʛʣʘʩʦʚʘʪʴ ʩ ʦʙʦʣʦʯʝʯʥʦʡ ʤʦʜʝʣʴʶ? ʆʢʘʟʳʚʘʝʪʩʷ, ʜʝʣʦ ʦʙʩʪʦʠʪ ʨʦʚʥʦ ʥʘʦʙʦʨʦʪ: 

ʤʦʝ ʩʦʙʩʪʚʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ [11], ʦʩʥʦʚʘʥʥʦʝ ʥʘ ʠʟʚʝʩʪʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ (ʆʊʆ), ʚʳʷʚʠʣʦ ʠʥʪʨʠʛʫʶʱʫʶ ʢʘʨʪʠʥʫ ʪʦʛʦ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʯʝʨʥʦʡ ʜʳʨʳ ʩ ʦʙʲʝʢʪʦʤ ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ (ʪ.ʝ. ʥʝ ʪʦʯʝʯʥʳʤ). ɺʜʘʣʠ ʦʪ ʨʝʞʠʤʘ ʢʦʣʣʘʧʩʘ 

ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʰʘʨʘ ʩʪʨʦʛʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʧʣʘʚʥʦ ʩʧʘʜʘʝʪ ʦʪ ʮʝʥʪʨʘ ʢ 

ʧʝʨʠʬʝʨʠʠ ʰʘʨʘ. ʆʜʥʘʢʦ ʧʨʠ ʩʞʘʪʠʠ ʪʘʢʦʛʦ ʦʙʲʝʢʪʘ ʧʝʨʝʜ ʩʘʤʳʤ ʢʦʣʣʘʧʩʦʤ (ʥʦ ʝʱʝ ʜʦ ʝʛʦ 

ʥʘʩʪʫʧʣʝʥʠʷ) ʚʦʟʥʠʢʘʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʦʚʘʷ ʩʠʪʫʘʮʠʷ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚʥʫʪʨʠ 

ʦʙʲʝʢʪʘ ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʷʝʪʩʷ. ɺ ʮʝʥʪʨʝ ʰʘʨʘ ʚʦʟʥʠʢʘʝʪ ʙʝʩʢʦʥʝʯʥʳʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ 

ʙʠʧʦʣʷʨʥʳʡ ʨʘʟʨʳʚ ʜʘʚʣʝʥʠʷ, ʢʦʪʦʨʳʡ ʧʦ ʤʝʨʝ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʩʦʩʪʦʷʥʠʶ 

ʢʦʣʣʘʧʩʘ ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʮʝʥʪʨʘ ʦʙʲʝʢʪʘ ʢ ʝʛʦ ʛʨʘʥʠʮʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʳʪʝʩʥʷʝʪ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʦʙʣʘʩʪʠ ʚ ʦʙʦʣʦʯʢʫ ʚʩʶ ʤʘʪʝʨʠʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʟʥʠʢʘʝʪ ʥʝʠʟʙʝʞʥʳʡ ʚʳʚʦʜ: ʪʦ, 

ʯʪʦ ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʛʦʨʠʟʦʥʪʦʤ ʏɼ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 2-ʤʝʨʥʫʶ ʤʝʤʙʨʘʥʫ, 

ʜʘʞʝ ʝʩʣʠ ñʩʤʦʪʨʝʪʴò ʥʘ ʥʝʝ ʠʟʥʫʪʨʠ! 

 

4 ʇʦʜʚʦʜʷ ʠʪʦʛʠ 

 

ɺ ʵʪʦʤ ʤʝʩʪʝ ʷ ʧʨʝʨʳʚʘʶ ʩʚʦʝ ʠʩʪʦʨʠʯʝʩʢʦʝ ʧʦʚʝʩʪʚʦʚʘʥʠʝ: ʩʫʪʴ ʚʩʝʛʦ ʦʩʪʘʣʴʥʦʛʦ 

ʠʟʣʦʞʝʥʘ ʚ ʥʘʩʪʦʷʱʝʡ ʢʥʠʛʝ. ʂʨʦʤʝ ʵʪʦʛʦ, ʩʫʱʝʩʪʚʫʝʪ ʤʦʷ ʠʪʦʛʦʚʘʷ ʩʪʘʪʴʷ [12] ʥʘ ʘʥʛʣʠʡʩʢʦʤ 

ʷʟʳʢʝ, ʧʦʜʛʦʪʦʚʣʝʥʥʘʷ ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʦʙʨʝʡʰʝʛʦ ɸ.ʇ. ʃʝʚʠʯʘ ʠ ʧʨʠ ʩʘʤʦʤ 

ʙʣʘʛʦʞʝʣʘʪʝʣʴʥʦʤ ʫʯʘʩʪʠʠ ʝʝ ʨʝʮʝʥʟʝʥʪʘ ɸ.ɽ. ʏʫʙʳʢʘʣʦ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʇʈʀʃʆɾɽʅʀɽ 8. 

 

ʀʩʧʘʨʝʥʠʝ ʛʨʘʚʠʪʠʨʫʶʱʠʭ ʪʝʣ 

 
ɺ ʩʪʘʪʴʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʦʩʫʱʝʩʪʚʠʤʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʩʧʘʨʝʥʠʷ ʯʝʨʥʦʡ ʜʳʨʳ ʩ ʫʯʝʪʦʤ 

ʚʥʝʰʥʝʛʦ ʬʘʢʪʦʨʘ ï ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʦʚʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ  ʠʟʣʫʯʝʥʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ñʨʝʣʠʢʪʦʚʦʛʦò ʠʟʣʫʯʝʥʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʦʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʘʨʝʥʠʷ ʣʶʙʦʛʦ (ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʯʝʨʥʦʡ ʜʳʨʳ) ʠʩʪʦʯʥʠʢʘ ʛʨʘʚʠʪʘʮʠʠ. ɼʘʣʝʝ ʦʪʤʝʯʝʥʦ, ʯʪʦ ʵʬʬʝʢʪʳ ʋʥʨʫ ʠ 

ʍʦʢʠʥʛʘ ʬʘʢʪʠʯʝʩʢʠ ʧʨʝʜʩʢʘʟʘʥʳ ʢʣʘʩʩʠʯʝʩʢʦʡ (ʥʝʢʚʘʥʪʦʚʦʡ) ʦʙʱʝʡ ʪʝʦʨʠʝʡ 

ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ ʝʱʝ ʚ 30-ʭ ʛʦʜʘʭ 20-ʛʦ ʚʝʢʘ ʠ ʩʧʨʘʚʝʜʣʠʚʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʯʝʨʥʳʭ ʜʳʨ, ʥʦ ʠ 

ʜʣʷ ʣʶʙʳʭ ʠʩʪʦʯʥʠʢʦʚ ʪʷʛʦʪʝʥʠʷ, ʢʦʪʦʨʳʝ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʘʢʞʝ ʤʦʛʫʪ ʧʦʩʪʝʧʝʥʥʦ 

ʠʩʧʘʨʷʪʴʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. 

 

1 ʅʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʩ ʠʩʧʘʨʝʥʠʝʤ ʯʝʨʥʳʭ ʜʳʨ 

 

ɺ 1975 ʛʦʜʫ ʉ. ʍʦʢʠʥʛ ʦʧʫʙʣʠʢʦʚʘʣ ʟʥʘʤʝʥʠʪʫʶ ʨʘʙʦʪʫ [1], ʚ ʢʦʪʦʨʦʡ ʧʦʢʘʟʘʣ, ʯʪʦ 

ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʝʜʩʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʯʝʨʥʦʡ 

ʜʳʨʳ (ʏɼ). ʇʦʩʣʝʜʥʝʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʢʪʨʦʤ ʘʙʩʦʣʶʪʥʦ ʯʝʨʥʦʛʦ ʪʝʣʘ (ʨʠʩ. 1) ʠ 

ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ TH ~ 1/m, ʛʜʝ m ï ʤʘʩʩʘ ʏɼ.  

 

 
ʈʠʩʫʥʦʢ 1. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ I (T, ɚ) ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ T ʠ ʜʣʠʥʳ ʚʦʣʥʳ ɚ. ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ (T2>T1) ʜʣʠʥʘ ʚʦʣʥʳ, ʧʨʠ ʢʦʪʦʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʠʟʣʫʯʝʥʠʷ, ʫʤʝʥʴʰʘʝʪʩʷ 

ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ (ɚ2 < ɚ1). 

 

ʇʦʩʢʦʣʴʢʫ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ r (ʥʝʚʨʘʱʘʶʱʝʡʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠ ʥʝʡʪʨʘʣʴʥʦʡ) ʏɼ 

ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʝʝ ʤʘʩʩʝ, ʪʦ ʩ ʪʝʤ ʞʝ ʦʩʥʦʚʘʥʠʝʤ ʤʳ ʤʦʞʝʤ ʟʘʧʠʩʘʪʴ TH ~ 1/r. ʀʟ ʵʪʦʛʦ 

ʦʙʳʯʥʦ ʜʝʣʘʶʪ ʚʳʚʦʜ, ʯʪʦ ñʧʨʝʜʦʩʪʘʚʣʝʥʥʘʷ ʩʘʤʦʡ ʩʝʙʝò ʏɼ ʙʫʜʝʪ ʠʩʧʘʨʷʪʴʩʷ, ʧʨʠ ʵʪʦʤ ʝʝ 

ʤʘʩʩʘ ʠ ʨʘʜʠʫʩ ʙʫʜʫʪ ʫʤʝʥʴʰʘʪʴʩʷ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʜʝʪ ʨʘʩʪʠ ʩ ʫʩʢʦʨʝʥʠʝʤ, ʪʘʢ ʯʪʦ ʚʩʝ ʵʪʦ 

ʟʘʢʦʥʯʠʪʩʷ ʚʟʨʳʚʦʤ, ʫʥʠʯʪʦʞʘʶʱʠʤ ʏɼ
28

. 

ʄʝʞʜʫ ʪʝʤ ʚʨʷʜ ʣʠ ʚʩʝʛʜʘ ʜʦʧʫʩʪʠʤʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʏɼ, ʧʦʣʘʛʘʷ ʝʝ ñʧʨʝʜʦʩʪʘʚʣʝʥʥʦʡ 

ʩʘʤʦʡ ʩʝʙʝò ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʦʣʞʥʦ ʫʯʠʪʳʚʘʪʴʩʷ ʩʚʦʝʛʦ ʨʦʜʘ 

ñʧʨʦʪʠʚʦʜʝʡʩʪʚʠʝò ʠʩʧʘʨʝʥʠʶ ʏɼ ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʝʶ ʵʥʝʨʛʠʠ ʚʥʝʰʥʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ 

ʚʝʱʝʩʪʚʘ. ɺʦʦʙʱʝ ʛʦʚʦʨʷ, ʵʥʝʨʛʠʷ ʚʝʱʝʩʪʚʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʠʛʨʘʪʴ ʜʦʤʠʥʠʨʫʶʱʫʶ ʨʦʣʴ, 

ʥʦ ʟʜʝʩʴ ʤʳ ʦʛʨʘʥʠʯʠʤʩʷ ʫʯʝʪʦʤ ʨʦʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ ʨʝʣʠʢʪʦʚʦʛʦ (ʤʠʢʨʦʚʦʣʥʦʚʦʛʦ ʬʦʥʦʚʦʛʦ 

ʢʦʩʤʠʯʝʩʢʦʛʦ) ʠʟʣʫʯʝʥʠʷ. 

ʂʘʢ ʤʳ ʟʥʘʝʤ, ɺʩʝʣʝʥʥʘʷ ʟʘʧʦʣʥʝʥʘ ʨʝʣʠʢʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ (ʈʀ), ʩʧʝʢʪʨ ʢʦʪʦʨʦʛʦ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʪʝʧʣʦʚʳʤ (ʩʤ. ʨʠʩ. 1) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʝ TC ~ 3 K (ʪʦʯʥʝʝ: 2.725 ʂ, 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʘʢʩʠʤʫʤ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʜʣʠʥʝ ʠʟʣʫʯʝʥʠʷ ɚ=1.9 ʤʤ, ʯʘʩʪʦʪʘ 160.4 ɻɻʮ). ʕʪʦ ʩ 
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 ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ 2014 ʛ. ʚ ʨʘʙʦʪʝ [2] ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ, ʛʦʚʦʨʷʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʏɼ ʚʩʣʝʜʩʪʚʠʝ ʢʦʣʣʘʧʩʘ ʟʚʝʟʜʳ ʚʦʟʥʠʢʘʶʱʝʝ ʠʟʣʫʯʝʥʠʝ ʍʦʢʠʥʛʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʧʨʝʨʳʚʘʝʪ ʝʝ 

ʜʘʣʴʥʝʡʰʝʝ ʦʙʨʘʟʦʚʘʥʠʝ. 
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84 

ʙʦʣʴʰʦʡ ʪʦʯʥʦʩʪʴʶ ʧʦʜʪʚʝʨʜʠʣʠ ʠʟʤʝʨʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ ʜʘʣʴʥʝʛʦ 

ʠʥʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ FIRAS, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʩʧʫʪʥʠʢʝ COBE (NASA). 

ʈʀ ʥʝʦʙʨʘʪʠʤʳʤ ʦʙʨʘʟʦʤ ʧʦʛʣʦʱʘʝʪʩʷ ʏɼ ʠ ʦʯʝʚʠʜʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʝʪ ʝʝ 

ʭʦʢʠʥʛʦʚʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ. ʇʦʛʣʦʱʝʥʠʝ ʈʀ, ʦʯʝʚʠʜʥʦ, ʙʫʜʝʪ ʜʦʤʠʥʠʨʦʚʘʪʴ ʚ ʩʣʫʯʘʝ ʯʝʨʥʦʡ 

ʜʳʨʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʛʦʨʠʟʦʥʪʘ TH < TC. ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʏɼ ʩ ʤʘʩʩʦʡ, ʨʘʚʥʦʡ ʤʘʩʩʝ ɿʝʤʣʠ 

(6Ĭ10
24

 ʢʛ), ʪʝʤʧʝʨʘʪʫʨʘ ʍʦʢʠʥʛʘ ʨʘʚʥʘ
29

 TH å 0.02 K ʠ r å 10 ʤʤ, ʪʦ ʥʝʪʨʫʜʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʯʪʦ 

ʜʣʷ ʏɼ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʍʦʢʠʥʛʘ 3 K ʰʚʘʨʮʰʠʣʴʜʦʚʩʢʠʡ ʨʘʜʠʫʩ ʠʩʧʘʨʷʶʱʝʡʩʷ ʏɼ ʜʦʣʞʝʥ ʙʳʪʴ 

ʤʝʥʴʰʝ 1.5 ʤ å 0.01 ʤ Ĭ (3/0.02).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʩʪʦʷʱʫʶ ʢʦʩʤʦʣʦʛʠʯʝʩʢʫʶ ʵʧʦʭʫ ʠʩʧʘʨʷʪʴʩʷ ʤʦʛʫʪ ʪʦʣʴʢʦ ʏɼ ʩ 

ʨʘʜʠʫʩʦʤ ʤʝʥʝʝ 1.5 ʤ ʠ ʤʘʩʩʦʡ ʤʝʥʝʝ 150 ʤʘʩʩ ɿʝʤʣʠ. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʪʝʤʧʝʨʘʪʫʨʝ 3 K ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤ ʜʣʠʥ rʚʦʣʥʳ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʨʘʚʥʳʡ     ɚ3K å 2 

ʤʤ, ʯʪʦ ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ 1500 ʤʤ, ʪ.ʝ. ʧʦʜʦʙʥʳʝ ʚʦʣʥʳ ʚʧʦʣʥʝ ʤʦʛʫʪ ʠʟʣʫʯʘʪʴʩʷ ʪʝʣʦʤ ʩ 

ʨʘʟʤʝʨʘʤʠ ʪʘʢʦʡ ʏɼ
30

. ʕʪʦ ʞʝ ʩʦʦʪʥʦʰʝʥʠʝ (1: 750) ʤʝʞʜʫ ʥʠʤʠ ʩʧʨʘʚʝʜʣʠʚʦ ʜʣʷ ʣʶʙʦʛʦ 

ʤʦʤʝʥʪʘ ʠʩʪʦʨʠʠ ɺʩʝʣʝʥʥʦʡ (ʨʠʩ. 2), ʥʘʯʠʥʘʷ ʦʪ ʵʧʦʭʠ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ (z å 1000), 

ʧʦʩʢʦʣʴʢʫ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʡ ʛʨʘʚʠʪʘʮʠʦʥʥʳʡ ʨʘʜʠʫʩ
31

 ʠʩʧʘʨʷʶʱʝʡʩʷ ʏɼ r, ʠ ʜʣʠʥʘ 

ʚʦʣʥʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ɚ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ
32

 ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ 

ʪʝʤʧʝʨʘʪʫʨʝ TH. ʊʘʢʘʷ ʞʝ ʩʠʪʫʘʮʠʷ ʜʦʣʞʥʘ ʩʦʭʨʘʥʷʪʴʩʷ ʠ ʚ ʙʫʜʫʱʝʤ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʝʱʝ ʙʦʣʝʝ ʧʦʥʠʞʘʪʴʩʷ. 

 

 
 
ʈʠʩʫʥʦʢ 2. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʨʘʜʠʫʩʘ ʠʩʧʘʨʷʶʱʝʡʩʷ ʏɼ r ʠ ʜʣʠʥʳ ʚʦʣʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ ɚ ʦʪ ʚʝʣʠʯʠʥʳ ʢʨʘʩʥʦʛʦ ʩʤʝʱʝʥʠʷ (ʜʣʷ ʚʝʨʪʠʢʘʣʴʥʦʡ ʦʩʠ ʠʩʧʦʣʴʟʦʚʘʥ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʡ 

ʤʘʩʰʪʘʙ). ʉʤʝʱʝʥʠʝ z=0 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʢʫʱʝʤʫ ʟʥʘʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ (~3 K), ʩʤʝʱʝʥʠʝ 

zå1000 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʵʧʦʭʝ ʧʦʩʣʝʜʥʝʛʦ ʨʘʩʩʝʷʥʠʷ (~3000 K), ʢʦʛʜʘ ʨʘʟʤʝʨ ɺʩʝʣʝʥʥʦʡ ʙʳʣ ʚ 1000 ʨʘʟ ʤʝʥʴʰʝ. 

 

2 ʂʚʘʥʪʦʚʳʝ ʵʬʬʝʢʪʳ ʍʦʢʠʥʛʘ ʠ ʋʥʨʫ 

 

ɺ ʩʝʨʝʜʠʥʝ 1970-ʭ ʙʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ [1, 4], ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʩʢʘʟʘʥʳ ʜʚʘ ʙʣʠʟʢʠʭ 

ʧʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ ʵʬʬʝʢʪʘ: ʠʩʧʘʨʝʥʠʝ ʯʝʨʥʳʭ ʜʳʨ (ʵʬʬʝʢʪ ʍʦʢʠʥʛʘ) ʠ ʠʟʣʫʯʝʥʠʝ, 

ʨʝʛʠʩʪʨʠʨʫʝʤʦʝ ʫʩʢʦʨʝʥʥʦ ʜʚʠʞʫʱʠʤʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʘʢʫʫʤʘ ʥʘʙʣʶʜʘʪʝʣʝʤ (ʵʬʬʝʢʪ ʋʥʨʫ).  

ʇʝʨʝʭʦʜʷ ʢ ʩʦʙʩʪʚʝʥʥʦʤʫ ʚʨʝʤʝʥʠ ʨʘʚʥʦʤʝʨʥʦ ʫʩʢʦʨʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ (ʪ.ʝ. ʦʪ 

ʠʥʝʨʮʠʘʣʴʥʦʡ ʢ ʫʩʢʦʨʝʥʥʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ) ʠ ʠʩʧʦʣʴʟʫʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ɹʦʛʦʣʶʙʦʚʘ ʜʣʷ 

ʦʧʝʨʘʪʦʨʦʚ ʫʥʠʯʪʦʞʝʥʠʷ ʠ ʨʦʞʜʝʥʠʷ ʯʘʩʪʠʮ [5], ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʢʦʪʦʨʫʶ 

ʨʝʛʠʩʪʨʠʨʫʝʪ ʫʩʢʦʨʝʥʥʳʡ ʥʘʙʣʶʜʘʪʝʣʴ (ʪʦʯʥʝʝ, ʝʛʦ ʣʦʢʘʣʴʥʳʡ ʪʝʨʤʦʤʝʪʨ): 
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 ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ ʖ.ɸ. ʃʝʙʝʜʝʚʘ ʟʘ ʩʦʦʙʱʝʥʠʝ ʦ ʜʦʩʘʜʥʦʡ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʰʠʙʢʝ, ʜʦʧʫʱʝʥʥʦʡ ʚ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʚʝʨʩʠʠ ʪʝʢʩʪʘ ʵʪʦʡ ʨʘʙʦʪʳ. 
30

 ʀʩʭʦʜʷ ʠʟ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʦʙʨʘʞʝʥʠʡ, ɼʞ. ɹʝʢʝʥʰʪʝʡʥ ʚ ʨʘʙʦʪʝ [3] ʧʠʩʘʣ: ñé ñʤʘʩʩʘ ʯʝʨʥʦʡ ʜʳʨʳ ʥʝ ʤʦʞʝʪ 

ʙʳʪʴ ʤʝʥʴʰʝ ʤʘʩʩʳ ʇʣʘʥʢʘ (2Ĭ10
-5
 ʛ), ʪ.ʢ. ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʜʳʨʘ ʦʢʘʟʘʣʘʩʴ ʙʳ ʤʝʥʴʰʝ ʩʦʙʩʪʚʝʥʥʦʡ 

ʢʦʤʧʪʦʥʦʚʩʢʦʡ ʜʣʠʥʳ ʚʦʣʥʳò (ʧʝʨʝʚʦʜ ʤʦʡ ï ʄʍʐ). 
31

 ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʨʝʣʠʢʪʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʫʙʳʚʘʝʪ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 

ʨʘʟʤʝʨʫ ɺʩʝʣʝʥʥʦʡ. 
32

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤ ʩʤʝʱʝʥʠʷ ɺʠʥʘ. 
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ñɿʘʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʵʪʘ ʪʝʤʧʝʨʘʪʫʨʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʜʣʷ ʚʩʝʛʦ 

ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʩʧʝʢʪʨʘé ʆʥʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʫʩʢʦʨʝʥʠʷ ʠ ʚʳʙʦʨʘ ʝʩʪʝʩʪʚʝʥʥʳʭ 

ʝʜʠʥʠʮé ʉʦ ʚʩʝʭ ʪʦʯʝʢ ʟʨʝʥʠʷ ʢʚʘʥʪʦʚʳʡ ʚʘʢʫʫʤ ʧʫʩʪʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʷʚʣʷʝʪʩʷ ʜʣʷ 

ʦʪʜʝʣʴʥʦʛʦ ʫʩʢʦʨʝʥʥʦʛʦ ʥʘʙʣʶʜʘʪʝʣʷ ʢʘʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ, é ʵʪʦ 

ʥʘʟʳʚʘʝʪʩʷ ʵʬʬʝʢʪʦʤ ʋʥʨʫ.ò
33

 [5]  

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʵʪʫ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ñʫʛʘʜʘʪʴò (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ ʯʠʩʣʦʚʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ʩʤʝʱʝʥʠʷ ɺʠʥʘ ʠʤʝʝʤ: 
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ʛʜʝ g = 0.00289776829, ʪʝʤʧʝʨʘʪʫʨʘ T  ʜʘʥʘ ʚ ʢʝʣʴʚʠʥʘʭ, ʘ maxl (ʜʣʠʥʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ 

ʚʦʣʥʳ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ T ) ð ʚ ʤʝʪʨʘʭ. ʆʪʩʶʜʘ, 

ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ ʋʥʨʫ, ʧʦʣʫʯʘʝʤ: 
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ʛʜʝ ʚʝʣʠʯʠʥʫ ac /2
 ʤʦʞʥʦ ʚʳʚʝʩʪʠ ʠʟ ʦʜʥʠʭ ʪʦʣʴʢʦ ʩʦʦʙʨʘʞʝʥʠʡ ʨʘʟʤʝʨʥʦʩʪʠ. ʇʦʩʪʦʷʥʥʘʷ 

ʇʣʘʥʢʘ, ʢʘʢ ʚʠʜʥʦ, ʚ ʵʪʦʡ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ ʚʦʦʙʱʝ ʥʝ ʬʠʛʫʨʠʨʫʝʪ. 

ʕʬʬʝʢʪ ʍʦʢʠʥʛʘ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʵʬʬʝʢʪ ʋʥʨʫ (ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʦʙʱʝʡ ʪʝʦʨʠʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ), ʝʩʣʠ ʚʳʰʝʫʢʘʟʘʥʥʦʝ ʫʩʢʦʨʝʥʠʝ ʥʘʙʣʶʜʘʪʝʣʷ ʦʙʫʩʣʦʚʣʝʥʦ ʝʛʦ 

ʜʚʠʞʝʥʠʝʤ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʯʝʨʥʦʡ ʜʳʨʳ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʟʘʧʠʩʘʚ ʫʩʢʦʨʝʥʠʝ a  ʚ ʧʦʣʝ 

ʪʷʛʦʪʝʥʠʷ ʤʘʩʩʳ M  ʚ ʚʠʜʝ 
2/ rGMa=  ʠ ʚʳʨʘʟʠʚ ʨʘʜʠʫʩ ʐʚʘʨʮʰʠʣʴʜʘ ʯʝʨʥʦʡ ʜʳʨʳ ʢʘʢ 

2/2 cGMr= , ʠʟ ʬʦʨʤʫʣʳ ʋʥʨʫ ʤʦʞʥʦ ʣʝʛʢʦ ʥʘʡʪʠ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʢʠʥʛʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

ʚʙʣʠʟʠ ʛʦʨʠʟʦʥʪʘ ʩʦʙʳʪʠʡ ʯʝʨʥʦʡ ʜʳʨʳ:  
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʢʦʨʝʥʥʳʡ (ʚ ʪʦʤ ʯʠʩʣʝ ï ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʯʝʨʥʦʡ ʜʳʨʳ) 

ʥʘʙʣʶʜʘʪʝʣʴ ʦʢʘʟʳʚʘʝʪʩʷ, ʧʦ ʤʦʝʤʫ ʤʥʝʥʠʶ, ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ  ñʪʝʧʣʦʚʦʤò ʩʦʩʪʦʷʥʠʠ ʩʚʝʪʘ, ʚ 

ʢʦʪʦʨʦʤ, ʢʘʢ ʠ ʚ ʚʘʢʫʫʤʝ, ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʨʘʚʥʦ 

ʥʫʣʶ, ʥʦ ʩʨʝʜʥʝʝ ʯʠʩʣʦ ʬʦʪʦʥʦʚ )1/(1 / -= kTen w>  ʙʦʣʴʰʝ ʥʫʣʷ, ʘ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʧʨʝʚʦʩʭʦʜʠʪ ʩʧʝʮʠʬʠʯʝʩʢʦʝ ʜʣʷ ʚʘʢʫʫʤʘ ʟʥʘʯʝʥʠʝ ˂ɤ/2. 

 

3 ʅʝʢʚʘʥʪʦʚʳʡ ʧʦʜʭʦʜ ʢ ʦʙʲʷʩʥʝʥʠʶ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ 

 

ʍʦʢʠʥʛ ʧʠʩʘʣ ʚ ʘʥʥʦʪʘʮʠʠ ʢ ʩʚʦʝʡ ʫʧʦʤʷʥʫʪʦʡ ʚʳʰʝ ʨʘʙʦʪʝ 1974 ʛʦʜʘ (ʧʝʨʝʚʦʜ ʤʦʡ ï 

ʄʍʐ): 

 

ñɺ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʯʝʨʥʳʝ ʜʳʨʳ ʤʦʛʫʪ ʪʦʣʴʢʦ ʧʦʛʣʦʱʘʪʴ ʯʘʩʪʠʮʳ, ʥʦ ʥʝ ʠʟʣʫʯʘʪʴ 

ʠʭ. ʆʜʥʘʢʦ [ʚ ʜʘʥʥʦʡ ʩʪʘʪʴʝ] ʧʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʢʚʘʥʪʦʚʦʤʝʭʘʥʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʚʳʥʫʞʜʘʶʪ ʯʝʨʥʳʝ ʜʳʨʳ ʨʦʞʜʘʪʴ ʠ ʠʩʧʫʩʢʘʪʴ ʯʘʩʪʠʮʳ, ʢʘʢ ʝʩʣʠ ʙʳ ʦʥʠ [ʜʳʨʳ] ʙʳʣʠ 

ʦʙʳʯʥʳʤʠ ʥʘʛʨʝʪʳʤʠ ʪʝʣʘʤʠ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ (˂ə/2ˊk)å10
-6

(MO/M) ÜK, ʛʜʝ ə ï  ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

                                                           
33

  ʇʝʨʝʚʦʜ ʤʦʡ ï ʄʍʐ. 




