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ɺɺɽɼɽʅʀɽ 

 

ʈʘʟʚʠʪʠʝ ʪʝʦʨʠʠ ʵʣʝʢʪʨʠʯʝʩʪʚʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʟʘʨʷʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʣʠʯʥʳʤʠ ʯʘʩʪʠʮʘʤʠ, ʜʣʷ ʫʧʨʘʚ-

ʣʝʥʠʷ ʧʦʪʦʢʘʤʠ ʪʘʢʠʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʩʦʟʜʘʚʘʷ ʠʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʝ ʠ 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʜʚʠʞʝʥʠʝ [1], [7].  

ʕʣʝʢʪʨʠʯʝʩʢʠʝ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʯʘʩʪʠʮʳ ʚʝʱʝʩʪʚʘ, ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝ ʚʝʣʠʢʠ ʠ ʧʨʠʣʦʞʝʥʳ ʢ ʤʘʣʳʤ ʟʘʨʷʜʘʤ [1]ï[6], 

ʨʘʩʧʦʣʘʛʘʶʱʠʤʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʭ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʧʨʦ-

ʷʚʣʝʥʠʷ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʜʝʣʦ ʩ ʜʠʩʧʝʨʛʠʨʦʚʘʥʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ. ʏʝʤ ʤʝʣʴʯʝ 

ʯʘʩʪʠʮʳ ʤʘʪʝʨʠʘʣʘ, ʪʝʤ ʣʝʛʯʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʝʚʳʰʝ-

ʥʠʝ ʩʠʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʩʦʤ ʯʘʩʪʠʮ. ʕʪʦ ʩʚ̫-

ʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʟʘʨʷʜ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʯʘʩʪʠʮ, ʪ. ʝ. 

ʢʚʘʜʨʘʪʫ ʨʘʟʤʝʨʦʚ, ʘ ʚʝʩ ï ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʫʙʫ ʨʘʟʤʝʨʦʚ.  

ɹʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʬʦʨʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʦʣʷ ʠ ʟʘʨʷʜʦʚ ʧʦʟʚʦʣʷʝʪ 

ʨʝʘʣʠʟʦʚʘʪʴ ʰʠʨʦʢʫʶ ʛʘʤʤʫ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʚ ʨʘʟʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ [8]ï[12]. ʇʦʵʪʦʤʫ ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ 

ʟʜʝʩʴ ʟʘʣʦʞʝʥ ʚʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʡ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʫʥʠʚʝʨʩʘʣʴʥʳʡ 

ʤʝʪʦʜ ʵʣʝʢʪʨʦʪʝʭʥʦʣʦʛʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʚ ʧʨʠʥʮʠʧʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʠʟʜʝʣʠʡ ʩʣʦʞʥʦʡ ʠ ʫʧʨʘʚʣʷʝʤʦʡ ʩʪʨʫʢ-

ʪʫʨʳ [1], [7]ï[12]. 

ɺʩʝ ʪʘʢʦʛʦ ʨʦʜʘ ʪʝʭʥʦʣʦʛʠʠ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʳʤʠ. ɼʣʷ 

ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʭʘʨʘʢʪʝʨʥʘ ʝʱʝ ʠ ʪʘ ʦʩʦʙʝʥʥʦʩʪʴ, ʯʪʦ ʚʝʩʴ ʘʨʩʝʥʘʣ ʚʦʟʜʝʡ-

ʩʪʚʠʷ ʧʨʠʣʘʛʘʝʪʩʷ ʢ ʢʘʞʜʦʡ ʯʘʩʪʠʮʝ ʚ ʧʦʪʦʢʝ, ʩʢʦʣʴ ʙʳ ʤʘʣʘ ʦʥʘ ʥʠ ʙʳʣʘ ʠ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʯʘʩʪʠʮ ʚ ʧʦʪʦʢʝ. ʄʦʞʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʦʩʪʴʶ ʩʢʘʟʘʪʴ, 

ʯʪʦ ʚʩʝ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʝʱʝ ʥʝ 

ʚʳʷʚʣʝʥʳ ʠ ʟʜʝʩʴ ʦʛʨʦʤʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʧʨʠʙʦʨʦʚ.  

ʇʦʚʝʜʝʥʠʝ ʫʜʣʠʥʝʥʥʳʭ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʪʠʧʘ ʚʦʣʦʢʦʥ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ ʠʤʝʝʪ ʩʚʦʶ ʩʧʝʮʠʬʠʢʫ ʚ ʨʷʜʝ ʦʪʥʦʰʝʥʠʡ ʠ ʟʘʩʣʫʞʠʚʘʝʪ ʦʪʜʝʣʴʥʦʛʦ 

ʨʘʩʩʤʦʪʨʝʥʠʷ. ʕʪʫ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʥʘʟʳʚʘʶʪ ʪʝʭ-

ʥʦʣʦʛʠʝʡ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ. ʊʝʨʤʠʥ çʬʣʦʢʠʨʦʚʘʥʠʝè ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʩʣʦʚʘ 

çʬʣʦʢè ï ʚʦʨʩ ʠ ʦʟʥʘʯʘʝʪ, ʧʦʧʨʦʩʪʫ ʛʦʚʦʨʷ, çʚʦʨʩʦʚʘʥʠʝè. ɺ ʨʘʤʢʘʭ ʵʪʦʡ ʪʝʭʥʦ-

ʣʦʛʠʠ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʦʩʦʙʳ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʥʘ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʟʜʝʣʠʷʭ [9], [10], [16], [19].  

ɺ ʦʩʥʦʚʝ ʜʘʥʥʦʡ ʤʦʥʦʛʨʘʬʠʠ ʣʝʞʘʪ ʤʦʥʦʛʨʘʬʠʠ, ʠʟʜʘʥʥʳʝ ʨʘʥʝʝ ʧʦ ʜʘʥ-

ʥʦʡ ʪʝʤʘʪʠʢʝ, ʘ ʪʘʢʞʝ ʥʘʫʯʥʳʝ ʩʪʘʪʴʠ ʠ ʜʦʢʣʘʜʳ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɺ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦʥʦʛʨʘʬʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ, ʢʘ-

ʩʘʶʱʠʝʩʷ ʚʦʧʨʦʩʦʚ ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʝʛʦ ʜʚʠʞʝʥʠʷ ʠ ʦʨʠʝʥ-

ʪʘʮʠʠ, ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʞʝʥ-

ʥʳʭ ʚʦʣʦʢʦʥ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʪʘʢ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʘʟʜʝʣʳ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʪʝʭʥʦʣʦʛʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʟʜʝ-

ʣʠʷʭ ʠ ʦʙʦʨʫʜʦʚʘʥʠʶ, ʧʨʠʤʝʥʷʝʤʦʤʫ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʠʭ ʪʝʭʥʦʣʦʛʠʡ.  

ɺ ʤʦʥʦʛʨʘʬʠʠ ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥ ʠʣʣʶʩʪʨʘʪʠʚʥʳʡ ʤʘʪʝʨʠʘʣ, ʜʝʤʦʥ-

ʩʪʨʠʨʫʶʱʠʡ ʢʘʢ ʧʨʠʙʦʨʳ ʠ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʪʘʢ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʪʝʭ-
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ʥʦʣʦʛʠʡ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʤʘʪʝʨʠʘʣʳ ʠ ʠʟʜʝʣʠʷ ʩ ʚʦʨʩʦʚʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʘ-

ʝʤʳʝ ʩ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʫʜʝʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʨʠ-

ʩʫʥʢʦʚ ʢʘʢ ʥʘ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʠʟʜʝʣʠʷʭ, ʪʘʢ ʠ ʥʘ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʷʭ. ʆʪ-

ʜʝʣʴʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ. 
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1. ʅɸʅɽʉɽʅʀɽ ɺʆʈʉɸ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ. ʆʉʅʆɺʅʓɽ 

ʇʈʀʅʎʀʇʓ ʀ ʆɹʃɸʉʊʀ ʇʈʀʄɽʅɽʅʀʗ 

 

ʇʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʥʦʤ ʦʩʘʞʜʝʥʠʠ ʢʦʨʦʪʢʠʭ ʟʘʨʷʞʝʥʥʳʭ ʚʦʣʦʢʦʥ ʥʘ ʦʩʥʦʚʫ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʢʨʳʪʫʶ ʢʣʝʝʚʳʤ ʩʦʩʪʘʚʦʤ [9]ï[12], [19]. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʦʧʝʨʘʮʠʠ (ʨʠʩ. 1.1): ʥʘʥʝʩʝʥʠʝ ʢʣʝʝ-

ʚʦʛʦ ʩʦʩʪʘʚʘ (ʩʧʣʦʰʥʦʝ ʠʣʠ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ), ʬʣʦʢʠʨʦʚʘʥʠʝ, ʪʝʨʤʦʬʠʢʩʘʮʠʷ 

ʩʚʷʟʫʶʱʝʛʦ (ʩʫʰʢʘ), ʦʯʠʩʪʢʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʯʘʪʴ ʢʨʘʩʠ-

ʪʝʣʷʤʠ ʧʦ ʚʦʨʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

 

 
ʈʠʩ. 1.1. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʨʫʣʦʥʥʦʤ ʤʘʪʝʨʠʘʣʝ 

 

ʌʣʦʢʠʨʦʚʘʥʠʝ ʧʨʠʤʝʥʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʜʣʷ ʝʝ ʦʙʣʘʛʦʨʘʞʠʚʘʥʠʷ. ʇʝʨʝʯʠʩʣʠʤ ʭʦʪʷ ʙʳ ʥʝʢʦʪʦʨʳʝ ʦʪʨʘʩʣʠ 

ʠ ʘʩʩʦʨʪʠʤʝʥʪ ʪʦʚʘʨʦʚ, ʛʜʝ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʩʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ [9]ï[11], [16], [19]:  

į ʪʝʢʩʪʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʟʘʤʰʘ, ʥʘʧʦʣʴʥʳʝ ʧʦʢʨʳ-

ʪʠʷ, ʦʙʠʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʬʣʦʢʠʨʦʚʘʥʥʳʤʠ ʨʠʩʫʥ-

ʢʘʤʠ, ʧʦʢʨʳʚʘʣʘ, ʪʝʭʥʠʯʝʩʢʠʝ ʧʦʣʦʪʥʘ, ʬʣʦʢʠʨʦʚʘʥʥʳʝ ʥʠʪʠ ʠ ʪ. ʜ.);  

į ʘʚʪʦʤʦʙʠʣʴʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʧʝʨʯʘʪʦʯʥʳʡ ʷʱʠʢ, ʫʧʣʦʪʥʷʶʱʠʝ ʧʨʦ-

ʬʠʣʠ, ʦʙʰʠʚʢʘ ʧʦʪʦʣʢʘ ʩʘʣʦʥʘ, ʦʙʠʚʢʘ ʩʠʜʝʥʠʡ, ʦʙʰʠʚʢʘ ʙʘʛʘʞʥʦʛʦ ʦʪʜʝʣʝʥʠʷ, 

ʦʙʰʠʚʢʘ ʜʚʝʨʝʡ ʠ ʧʨʠʙʦʨʥʘʷ ʧʘʥʝʣʴ, ʧʦʜʛʦʣʦʚʥʠʢʠ ʠ ʪ. ʜ.); 

į ʩʪʨʦʠʪʝʣʴʩʪʚʦ (ʜʝʢʦʨʘʪʠʚʥʳʝ ʠ ʟʚʫʢʦʠʟʦʣʠʨʫʶʱʠʝ ʧʘʥʝʣʠ ʜʣʷ ʩʪʝʥ ʠ 
ʧʦʪʦʣʢʘ, ʜʚʝʨʠ ʠ ʪ. ʧ.); 
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į ʫʧʘʢʦʚʢʘ (ʬʦʨʤʦʚʘʥʥʘʷ ʇɺʍ ʠ ʧʦʣʠʩʪʠʨʦʣʴʥʘʷ ʬʣʦʢʠʨʦʚʘʥʥʘʷ ʧʣʝʥʢʘ, 

ʧʦʜʘʨʦʯʥʳʝ ʫʧʘʢʦʚʢʠ ʠʟ ʧʝʥʦʧʦʣʠʩʪʠʨʦʣʘ, ʜʝʢʦʨʘʪʠʚʥʳʝ ʢʦʨʦʙʢʠ, ʙʫʪʳʣʢʠ ʜʣʷ 

ʘʣʢʦʛʦʣʴʥʳʭ ʥʘʧʠʪʢʦʚ ʠ ʪ. ʜ.); 

į ʤʝʙʝʣʴʥʘʷ ʠ ʜʝʨʝʚʦʦʙʨʘʙʘʪʳʚʘʶʱʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ (ʢʦʨʦʙʢʠ ʜʣʷ ʩʪʦʣʦ-

ʚʳʭ ʧʨʠʙʦʨʦʚ, ʚʥʫʪʨʝʥʥʠʝ ʩʪʝʥʢʠ ʰʢʘʬʦʚ, ʦʙʨʘʪʥʳʝ ʩʪʦʨʦʥʳ ʟʝʨʢʘʣ, ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʝ ʯʘʩʪʠ ʤʝʙʝʣʠ, ʧʣʘʩʪʠʢʦʚʘʷ ʤʝʙʝʣʴ ʠ ʵʣʝʤʝʥʪʳ ʤʝʙʝʣʠ, ʚʝʰʘʣʢʠ ʠ ʪ. ʜ.). 

ʕʪʦ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʳʡ ʩʧʠʩʦʢ ʪʦʚʘʨʦʚ, ʚ ʦʪʜʝʣʢʝ ʢʦʪʦʨʳʭ ʫʞʝ ʩʝʡʯʘʩ ʠʩ-

ʧʦʣʴʟʫʶʪ ʪʝʭʥʦʣʦʛʠʶ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ɺʩʝ ʵʪʦ ʨʘʟʥʦʦʙʨʘ-

ʟʠʝ ʦʙʣʘʩʪʝʡ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʩʥʦʚʳʚʘʝʪʩʷ, ʝʩʪʝʩʪʚʝʥʥʦ, ʥʘ ʤʥʦ-

ʛʦʯʠʩʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʧʨʦʚʝʜʝʥʥʳʭ ʢʘʢ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʦʩʫʱʝʩʪʚʣʷʶʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝ-

ʮʠʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1.2. ɿʜʝʩʴ ʧʦʢʘʟʘʥ 

ʪʨʘʜʠʮʠʦʥʥʳʡ ʤʝʪʦʜ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ çʩʚʝʨʭʫ-ʚʥʠʟè ʥʘ ʧʣʦʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. 

ɺʦʨʩ ʟʘʛʨʫʞʘʶʪ ʚ ʙʫʥʢʝʨ 1 ʩ ʩʝʪʯʘʪʳʤ ʜʥʦʤ, ʷʚʣʷʶʱʠʡʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʝʨʭ-

ʥʠʤ ʵʣʝʢʪʨʦʜʦʤ. ʂ ʥʝʤʫ ʧʦʜʘʶʪ ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʩʧʝʮʠʘʣʴ-

ʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 3. ɹʫʥʢʝʨ ʧʦʜʚʝʨʛʘʶʪ ʚʠʙʨʘʮʠʠ, ʠ ʚʦʨʩ ʩʢʚʦʟʴ ʩʝʪʯʘʪʦʝ ʜʥʦ ʧʦ-

ʩʪʫʧʘʝʪ ʚ ʟʦʥʫ ʦʩʘʞʜʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 1.2. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ: 

1 ï ʚʝʨʭʥʠʡ ʙʫʥʢʝʨ ï ʵʣʝʢʪʨʦʜ ʩ ʚʦʨʩʦʤ; 2 ï ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ; 

3 ï ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 4 ï ʦʙʨʘʟʝʮ 

 

ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʫʣʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʚʤʝʩʪʦ ʚʠʙʨʘʮʠʠ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʧʨʦʪʠʨʘʥʠʝ ʚʦʨʩʘ ʯʝʨʝʟ ʩʝʪʯʘʪʦʝ ʜʥʦ ʱʝ-

ʪʦʯʥʳʤ ʚʘʣʦʤ. ɼʘʣʝʝ ʚʦʨʩ, ʧʨʦʰʝʜʰʠʡ ʯʝʨʝʟ ʩʝʪʢʫ, ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʛʜʝ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʟʘʨʷʜʢʘ ʠ ʦʥ ʜʚʠʞʝʪʩʷ, 

ʦʨʠʝʥʪʠʨʫʷʩʴ ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʧʦʣʷ, ʢ ʥʠʞʥʝʤʫ ʟʘʟʝʤʣʝʥʥʦʤʫ ʵʣʝʢʪʨʦʜʫ 2. 

ʅʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʘʪʝʨʠʘʣ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʳʤ 

ʢʣʝʝʚʳʤ ʩʦʩʪʘʚʦʤ, ʢʫʜʘ ʠ ʚʥʝʜʨʷʝʪʩʷ ʧʦʩʪʫʧʘʶʱʠʡ ʚʦʨʩ. ʇʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʩʦʤ ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ ʤʦʞʝʪ ʩʪʘʣʢʠʚʘʪʴʩʷ ʩ ʨʘʥʝʝ ʟʘʢʨʝʧʠʚʰʠʤ-

ʩʷ ʚʦʨʩʦʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʥʘ ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ (ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʨʷʜ ʧʨʦʪʠʚʦʧʦ-
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ʣʦʞʥʦʛʦ ʟʥʘʢʘ), ʜʚʠʞʝʪʩʷ ʦʙʨʘʪʥʦ ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ, ʚʥʦʚʴ ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ 

ʠ ʣʝʪʠʪ ʢ ʤʘʪʝʨʠʘʣʫ ʧʦʢʘ ʥʝ çʥʘʡʜʝʪè ʩʚʦʙʦʜʥʦʛʦ ʤʝʩʪʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʤʥʦʛʦʢʨʘʪʥʦ. ʇʦʵʪʦʤʫ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦ-

ʚʦʛʦ ʧʦʢʨʦʚʘ ʝʝ ʫʚʝʣʠʯʝʥʠʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʩʝ ʤʝʜʣʝʥʥʝʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ 

ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

ʇʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦ-

ʬʣʦʢʠʨʦʚʘʥʠʷ, ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʝʥ. ʆʥ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 30 ʜʦ 80 ʢɺ, ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʚʘʨʠʘʥʪʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʪʝʭʥʦʣʦʛʠʠ. ʆʜʥʘʢʦ ʚʝʣʠ-

ʯʠʥʘ ʪʦʢʘ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 1 ʤɸ ʜʘʞʝ ʜʣʷ ʢʨʫʧʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʫʩʪʘʥʦ-

ʚʦʢ. ɼʘʣʝʝ ʤʘʪʝʨʠʘʣ ʧʦʜʚʝʨʛʘʝʪʩʷ ʩʫʰʢʝ ʜʣʷ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ, 

ʧʦʩʣʝ ʯʝʛʦ ʝʛʦ ʦʯʠʱʘʶʪ ʦʪ ʥʝ ʟʘʢʨʝʧʠʚʰʝʛʦʩʷ ʚʦʨʩʘ. 

 

1.1.  ɸʥʘʣʠʟ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʚʦʨʩʠʥʢʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʬʦʨʤʳ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʪʨʫʜʥʦʩʪʝʡ. ɺ 

ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ [9], [19] ʧʦʣʫʯʝʥʦ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, 

ʦʧʠʩʳʚʘʶʱʝʛʦ ʜʚʠʞʝʥʠʝ ʟʘʨʷʞʝʥʥʦʡ ʚʦʨʩʠʥʢʠ ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ: 

      ά ήὉ άὫ Ὂὺȟ                                 (1.1)  

ʛʜʝ  ɡ ï ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʢʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʦʜʥʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; Fc(ɡ) ï ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʧʨʠ ʜʚʠ-

ʞʝʥʠʠ ʚʦʨʩʠʥʢʠ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ.  
 

ʈʝʰʝʥʠʷ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴʩʷ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʣʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʠʣʳ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪ ʣʠʙʦ ʣʠʥʝʡʥʫʶ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʩʠʣʳ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʣʦʢʥʘ, ʣʠʙʦ ʢʚʘʜʨʘʪʠʯʥʫʶ. ɼʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʳʤ ʠ ʫʜʦʙʥʳʤ ʜʣʷ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ, ʠʩ-

ʧʦʣʴʟʦʚʘʥʥʦʝ ʚ ʨʘʙʦʪʘʭ [9], [11]: 

Ὂ ὃὰὺ ὄϽὺ Ὠ Ὠ ȟ                     (1.2) 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʨʩʠʥʢʠ, ʤ; v ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ, ʤ/ʩ; d ï ʜʠʘʤʝʪʨ 

ʚʦʨʩʠʥʢʠ, ʤ; ɸ = 1,11 ʢʛ/(ʤ
2Ξʩ) ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; ɺ = 0,1 ʩ/ʤ ï ʤɻ-

ʧʠʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ; d0 = 9,3Ξ10
-6
 ʤ ï ʵʤʧʠʨʠʯʝʩʢʘʷ ʢʦʥʩʪʘʥʪʘ. 

 

ʈʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.1) ʙʫʜʝʪ [10], [19] ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

ὺ ὺ  ȟ       (1.3) 

ᾀ ÌÎρ Ὡ ὺ ὸ ÌÎ ,  (1.4) 

        

ʛʜʝ  ‌
ȟ
Ὠ Ὠ  ȟ‍ ‌ὺ ρὫȟ 
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t ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ, ʩ; m ï ʤʘʩʩʘ ʚʦʨʩʠʥʢʠ, ʢʛ; q ï ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ, ʂʣ; 

E = U/h ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɺ/ʤ; g ï ʫʩʢʦʨʝʥʠʝ ʩʚʦʙʦʜʥʦʛʦ 

ʧʘʜʝʥʠʷ, ʤ/ʩ
2
; z ï ʢʦʦʨʜʠʥʘʪʘ ʚʦʨʩʠʥʢʠ, ʤ. 

 

ʇʦʣʫʯʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚʢʣʶʯʘʶʪ ʨʷʜ ʵʤʧʠʨʠʯʝʩʢʠʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʠʤʝʶʱʠʭ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʠ: v0 = 5 ʤ/ʩ; Ŭ, ʤ
-1/2

, ɓ, ʤ
1/2
/ʩ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʚʦʨʩʠʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʣʷ ʨʘʩ-

ʯʝʪʦʚ ʚʳʙʝʨʝʤ ʚʦʨʩ ʠʟ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʣʦʢʥʘ ʜʣʠʥʦʡ 1 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʢʤ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 0,33 ʪʝʢʩ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ ʧʨʠʤʝʤ ʨʘʚʥʦʡ 5 ʢɺ/ʩʤ, ʘ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ 10
-12

 ʂʣ. ʄʘʩʩʫ ʚʦʨʩʠʥʢʠ ʚ 

ʢʠʣʦʛʨʘʤʤʘʭ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʩʪʦʝ ʩʦʦʪʥʦʰʝʥʠʝ 

ά ὰϽ4Ͻρπ ,                 (1.5) 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʨʩʘ, ʤʤ; T ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʣʦʢʥʘ, ʪʝʢʩ. 
 

ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʨʠʩ. 1.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʚʦʨʩʠʥʢʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ. 
 

 
ʈʠʩ. 1.3. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ, 

ʥʦ, ʢ ʩʦʞʘʣʝʥʠʶ, ʢ ʨʝʘʣʴʥʦʡ ʩʠʪʫʘʮʠʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠʤʝʶʪ ʩʣʘʙʦʝ 

ʦʪʥʦʰʝʥʠʝ. ɺʦ-ʧʝʨʚʳʭ, ʵʪʠ ʬʦʨʤʫʣʳ ʥʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʢʘʢʠʤ-ʣʠʙʦ ʦʙʨʘʟʦʤ 

ʦʮʝʥʠʪʴ ʚʘʞʥʝʡʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ: ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, 

ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʧʣʦʩʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʜʚʠʞʫʱʠʤʠʩʷ ʟʘʨʷʞʝʥʥʳʤʠ ʚʦʨʩʠʥʢʘʤʠ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʧʨʦ-

ʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʩʝʛʜʘ ʫʯʘʩʪʚʫʝʪ ʦʛʨʦʤʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʞʝʥʥʳʭ ʚʦʨʩʠ-

ʥʦʢ, ʢʦʪʦʨʳʝ ʩʦʟʜʘʶʪ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʜʦʩʪʘʪʦʯʥʦ ʟʥʘʯʠʪʝʣɹ -

ʥʳʡ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ, ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʱʠʡ ʥʘ ʚʝʩʴ ʧʨʦʮʝʩʩ. ɹʦʣʝʝ ʪʦʛʦ, ʤʦʞ-

ʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ, ʦʛʨʘ-

ʥʠʯʠʚʘʝʪ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ.  
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2. ʉʓʈʔɽɺʓɽ ʂʆʄʇʆʅɽʅʊʓ ʀ ʇʈʀɹʆʈʓ ʂʆʅʊʈʆʃʗ 

ɺ ʊɽʍʅʆʃʆɻʀʀ ʕʃɽʂʊʈʆʌʃʆʂʀʈʆɺɸʅʀʗ 

 

ʊʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʠʤʝʝʪ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝ-

ʥʠʷ, ʢʨʘʪʢʦ ʫʞʝ ʠʟʣʦʞʝʥʥʳʡ ʚʳʰʝ. ʇʨʠ ʵʪʦʤ ʢʦʣʠʯʝʩʪʚʦ ʦʩʥʦʚʥʳʭ ʩʳʨʴʝʚʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʠʟʜʝʣʠʡ ʨʘʟʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʚʦʨʩ ʠ ʘʜʛʝʟʠʚ. ʂʦʥ-

ʢʨʝʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʪʠʭ ʢʦʤʧʦʥʝʥʪʦʚ ʤʦʛʫʪ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʪʴʩʷ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʥʘʟʥʘʯʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʠʟʜʝʣʠʷ. 

 

2.1. ɺʦʨʩ ʠ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʥʝʤʫ 

 

ʂʣʶʯʝʚʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʨʩ (ʬʣʦʢ). 

ʆʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʨʦʪʢʠʝ ʚʦʣʦʢʥʘ ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʳ, ʦʢʨʘʰʝʥʥʳʝ ʠ ʦʙ-

ʨʘʙʦʪʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʤʠ ʭʠʤʠʯʝʩʢʠʤʠ ʧʨʝʧʘʨʘʪʘʤʠ (ʨʠʩ. 2.1). ʍʠʤʠʯʝʩʢʘʷ 

ʦʙʨʘʙʦʪʢʘ ʚʦʨʩʘ [9]ï[11], [14] ʥʝʦʙʭʦʜʠʤʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʣʷ ʧʨʠʜʘʥʠʷ ʠʟʥʘ-

ʯʘʣʴʥʦ ʥʝʧʨʦʚʦʜʷʱʠʤ ʚʦʣʦʢʥʘʤ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ.  

 

 

ʈʠʩ. 2.1. ɺʥʝʰʥʠʡ ʚʠʜ ʚʦʨʩʘ 

 

ɺ ʢʘʯʝʩʪʚʝ ʚʦʨʩʘ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʦʣʦʢʥʘ, ʠʤʝʶʱʠʝ ʨʘʟʥʳʝ ʩʚʦʡ-

ʩʪʚʘ [9]ï[11], [14], [19]: 

ï ʚʦʨʩ ʠʟ ʚʠʩʢʦʟʥʦʛʦ ʚʦʣʦʢʥʘ ʭʦʨʦʰʦ ʦʢʨʘʰʠʚʘʝʪʩʷ, ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘ-

ʙʦʪʢʘ ʝʛʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʘ, ʥʦ ʜʣʷ ʧʦʣʫʯʘʝʤʦʛʦ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʭʘʨʘʢʪʝʨʥʘ 

ʩʤʠʥʘʝʤʦʩʪʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʘʛʨʫʟʢʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʠʟʚʦʜʩʪʚʦ ʪʘʢʦʛʦ 

ʚʦʨʩʘ ʨʝʟʢʦ ʩʦʢʨʘʪʠʣʦʩʴ ʠʟ-ʟʘ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʦʙʲʝʤʦʚ ʚʳʧʫʩʢʘ ʚʠʩ-

ʢʦʟʥʦʛʦ ʚʦʣʦʢʥʘ; 
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ï ʚʦʨʩ ʠʟ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʣʦʢʥʘ ʭʦʨʦʰʦ ʦʢʨʘʰʠʚʘʝʪʩʷ, ʦʙʣʘʜʘʝʪ ʚʳʩʦ-

ʢʦʡ ʫʧʨʫʛʦʩʪʴʶ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʦʨʩʦʚʦʝ ʧʦʢʨʳʪʠʝ ʣʝʛʢʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ. ʆʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʍʠʤʠʯʝʩʢʘʷ ʦʙ-

ʨʘʙʦʪʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʵʪʦ ʩʘ-

ʤʳʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʚʠʜ ʚʦʨʩʘ; 

ï ʚʦʨʩ ʠʟ ʧʦʣʠʵʬʠʨʥʦʛʦ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠʨʘ-

ʥʠʶ ʠ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʋʌ-ʠʟʣʫʯʝʥʠʷ. ʆʙʨʘʙʦʪʢʘ ʪʘʢʠʭ ʚʦ-

ʣʦʢʦʥ ʙʦʣʝʝ ʩʣʦʞʥʘʷ. ɿʥʘʯʠʪʝʣʴʥʫʶ ʪʨʫʜʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʢʨʘʩʢʘ, ʩʣʝʜʩʪʚʠ-

ʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʝʜʥʳʡ ʚʳʙʦʨ ʮʚʝʪʦʚ; 

ï ʚʦʨʩ ʠʟ ʘʮʝʪʘʪʥʦʛʦ ʚʦʣʦʢʥʘ ʦʙʣʘʜʘʝʪ ʤʝʥʴʰʝʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ. ʇʦʜ 

ʥʘʛʨʫʟʢʦʡ ʩʤʠʥʘʝʪʩʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʝʛʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʦ. 

ʈʘʟʣʠʯʥʳʡ ʘʩʩʦʨʪʠʤʝʥʪ ʪʨʝʙʫʝʪ ʚʦʨʩʘ ʥʝ ʪʦʣʴʢʦ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʥʦ ʠ ʨʘʟ-

ʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ. ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ ʚʦʨʩʘ ʚʣʠʷʝʪ ʥʘ ʝʛʦ 

ʞʝʩʪʢʦʩʪʴ. ʊʦʥʢʠʡ ʠ ʜʣʠʥʥʳʡ ʚʦʨʩ ʦʙʨʘʟʫʝʪ ʢʦʤʢʠ ʚʦʣʦʢʦʥ, ʢʦʨʦʪʢʠʡ ʠ ʪʦʣ-

ʩʪʳʡ ï ʬʦʨʤʠʨʫʝʪ ʞʝʩʪʢʦʝ ʧʦʢʨʳʪʠʝ, ʥʝ ʚʩʝʛʜʘ ʞʝʣʘʝʤʦʝ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʚʦʨʩ ʜʣʠʥʦʡ ʜʦ 1 ʤʤ ʜʦʣʞʝʥ ʠʤʝʪʴ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ ʥʝ 

ʙʦʣʝʝ 0,33 ʪʝʢʩ, ʘ ʚʦʨʩ ʙʦʣʝʝ 2 ʤʤ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ ʦʪ 0,67 ʜʦ 2,2 ʪʝʢʩ. 

ɼʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʦʥ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ 

ʨʷʜʦʤ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ [9], [10], [14]: 

ï ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʨʝʟʢʠ ʧʦ ʜʣʠʥʝ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘ-

ʯʝʩʪʚʝʥʥʦʛʦ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʚʘʨʠʘʮʠʠ; 

ï ʨʘʟʜʝʣʷʝʤʦʩʪʴ ʠʣʠ ʩʳʧʫʯʝʩʪʴ ʚʦʨʩʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʚʦʨʩʠ-

ʥʦʢ ʦʪʜʝʣʷʪʴʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʧʨʠ ʝʛʦ ʧʦʜʘʯʝ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ; 

ï ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʨʩʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʢʦʨʦʩʪʴ ʧʨʠʦʙʨʝʪʝʥʠʷ ʠʤ 

ʟʘʨʷʜʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ; 

ï ʚʣʘʞʥʦʩʪʴ ʚʦʨʩʘ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʪʘʢʞʝ ʚʘʞʥʘ ʜʣʷ 

ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʘʨʷʜʘ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʩʫʱʝʩʪʚʫʝʪ ʩʧʝʮʠ-

ʘʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʠʙʦʨʦʚ [9], [14], [19], ʧʨʠʥʷʪʳʡ ʝʚʨʦʧʝʡʩʢʦʡ ʘʩʩʦʮʠʘʮʠʝʡ 

ʬʣʦʢʠʨʦʚʱʠʢʦʚ, ʨʘʙʦʪʘ ʩ ʢʦʪʦʨʳʤʠ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʘ ʥʠʞʝ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʢʦʥʪʨʦʣʴ ʟʘ ʝʛʦ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʦʥʝʯʥʦ, ʦʩʦʙʝʥʥʦ ʚʘʞʝʥ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʫʣʦʥ-

ʥʳʭ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʨʩʘ ʚʝʜʝʪ 

ʟʜʝʩʴ ʢ ʫʭʫʜʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʩʥʠʞʝʥʠʶ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʪ. ʝ. ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʦʪʝʨʷʤ. 

 

2.2.  ʆʙʨʘʙʦʪʢʘ ʚʦʨʩʘ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʧʝʨʘʮʠʡ 

 

ʊʝʭʥʦʣʦʛʠʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʦʨʩʘ [9], [10], [14], [19] ʚʢʣʶʯʘʝʪ ʦʧʝʨʘʮʠʠ, 

ʧʨʠʜʘʶʱʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʚʦʣʦʢʥʫ ʥʝʦʙʭʦʜʠʤʳʝ ʩʚʦʡʩʪʚʘ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠ ʨʘʟʜʝʣʷʝʤʦʩʪʴ. ʇʨʦʠʟʚʦʜʩʪʚʦ ʚʦʨʩʘ ʥʘʯʠʥʘʝʪʩʷ ʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʞʛʫʪʘ ʥʝʦʙʭʦʜʠʤʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʤʥʦʛʠʭ ʙʦʙʠʥ. ʉʦ-

ʟʜʘʥʥʳʡ ʞʛʫʪ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʟʢʠ ʧʨʦʧʠʪʳʚʘʶʪ ʦʧʨʝʜʝʣʝʥ-

ʥʳʤ ʩʦʩʪʘʚʦʤ ʠ ʧʦʜʘʶʪ ʥʘ ʚʦʨʩʦʨʝʟʘʪʝʣʴʥʫʶ ʤʘʰʠʥʫ (ʨʠʩ. 2.2).  
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ʈʠʩ. 2.2. ɺʦʨʩʦʨʝʟʘʪʝʣʴʥʘʷ ʤʘʰʠʥʘ 

 

ʅʘʨʝʟʘʥʥʳʡ ʚʦʨʩ ʩʥʘʯʘʣʘ ʦʪʤʳʚʘʶʪ ʦʪ ʧʨʦʧʠʪʳʚʘʶʱʠʭ ʧʨʝʧʘʨʘʪʦʚ ʠ ʟʘ-

ʤʘʩʣʠʚʘʪʝʣʷ. ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʢʨʘʰʝʥʠʝ ʠ ʝʛʦ ʭʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʜʣʷ ʧʦʚʳʰʝ-

ʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʩʳʧʫʯʝʩʪʠ. ʆʙʨʘʙʦʪʘʥʥʳʡ ʤʦʢʨʳʡ ʚʦʨʩ ʩʥʘʯʘʣʘ ʦʪ-

ʞʠʤʘʶʪ ʚ ʮʝʥʪʨʠʬʫʛʝ, ʘ ʟʘʪʝʤ ʚʳʩʫʰʠʚʘʶʪ ʚ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʢʘʤʝʨʝ. ʇʦʩʣʝ 

ʵʪʦʛʦ ʚʦʨʩ ʧʨʦʩʝʠʚʘʶʪ ʥʘ ʤʝʭʘʥʠʯʝʩʢʦʤ ʩʠʪʝ ʠ ʫʧʘʢʦʚʳʚʘʶʪ ʚʦ ʚʣʘʛʦʥʝʧʨʦʥʠ-

ʮʘʝʤʳʝ ʤʝʰʢʠ. ʆʙʨʘʟʮʳ ʚʳʧʫʩʢʘʝʤʦʛʦ ʚʦʨʩʘ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʩʧʝ-

ʮʠʘʣʴʥʳʭ ʢʘʨʪ (ʨʠʩ. 2.3). 
 

 

ʈʠʩ. 2.3. ʂʘʨʪʘ ʚʠʜʦʚ ʚʦʨʩʘ, ʧʨʝʜʩʪʘʚʣʷʝʤʘʷ ʬʠʨʤʦʡ-ʠʟʛʦʪʦʚʠʪʝʣʝʤ 
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʦʨʩ ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʬʠʨʤʳ ʚʦ ʤʥʦʛʠʭ 

ʩʪʨʘʥʘʭ ʤʠʨʘ: ɻʝʨʤʘʥʠʠ, ʀʩʧʘʥʠʠ, ʌʨʘʥʮʠʠ, ɻʦʥʢʦʥʛʘ, ʐʚʝʮʠʠ, ʂʠʪʘ.̫ ɺ ʈʦʩ-

ʩʠʠ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʠʤʧʦʨʪʥʳʡ ʚʦʨʩ, ʪʘʢ ʠ ʦʪʝʯʝʩʪʚʝʥʥʳʡ, ʭʦʪʷ ʧʦʢʘ ʚ ʥʝ ʦʯʝʥʴ 

ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʲʝʤʘʭ. 

 

2.3.  ʄʝʪʦʜʳ ʠ ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʦʨʩʘ 

 

ʉʚʦʡʩʪʚʘ ʚʦʨʩʘ ʚʝʩʴʤʘ ʚʘʞʥʳ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʥʘ 

ʤʘʪʝʨʠʘʣʝ [9]ï[11], [14], [15], [19]. ʇʦʵʪʦʤʫ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʪʨʝʙʦʚʘʥʠʷ ʢ ʦʩ-

ʥʦʚʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʨʩʘ, ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʳʝ ʚ ʨʘʟʥʳʭ ʩʪʨʘʥʘʭ. ʇʨʠʤʝ-

ʨʦʤ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʥʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʬʣʦʢ ʧʦʣʠʘʤʠʜʥʳʡ ʩʦʛʣʘʩʥʦ 

ʊʋ 2271-004-00300216-96 ʧʨʝʜʧʨʠʷʪʠʷ ɸʆʆʊ çʀʢʦʬʣʦʢè, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ 

ʪʘʙʣ. 2.1. 

 

ʊʘʙʣʠʮʘ 2.1. ʅʦʨʤʘʪʠʚʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʥʘ ʧʦʣʠʘʤʠʜʥʳʡ ʬʣʦʢ 

ʇʦʢʘʟʘʪʝʣʴ ʅʦʨʤʘ 

1. ɺʣʘʞʥʦʩʪʴ, % 

2. ʕʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʝ ʙʦʣʝʝ, ʆʤ 

3. ʉʳʧʫʯʝʩʪʴ, ʥʝ ʤʝʥʝʝ, % 

4. ʇʨʳʛʫʯʝʩʪʴ, ʥʝ ʙʦʣʝʝ, ʩ 

5. ʆʜʥʦʨʦʜʥʦʩʪʴ ʧʦ ʜʣʠʥʝ, ʥʝ ʤʝʥʝʝ, % 

3,2 ï 5,8 

10
7
 ï 10

8
 

95 

20 

85 

 

ʀʟʤʝʨʝʥʠʝ ʜʣʠʥʳ. ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʘʞʥʘ ʢʘʢ ʜʣʠʥʘ ʬʣʦ-

ʢʘ, ʪʘʢ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʝʛʦ ʨʝʟʢʠ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʜʣʠʥʳ ʚʦʨʩʠʥʦʢ ʠʩʧʦʣʴʟʫʶʪ 

ʜʠʘʧʨʦʝʢʪʦʨ. ʕʪʦʪ ʧʨʠʙʦʨ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʥʝ ʦʪʜʝʣʴʥʳʝ ʚʦʣʦʢʥʘ, ʘ ʚʦʨʩ ʚ 

ʮʝʣʦʤ. ɺʘʨʠʘʥʪ ʪʘʢʦʛʦ ʧʨʠʙʦʨʘ ï FLOʉK-IN-SPEKT, ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ MAAG 

FLOCKMASCHINEN GmbH (ʨʠʩ. 2.4).  

 

 

ʈʠʩ. 2.4. ʇʨʠʙʦʨ FLOʉK-IN-SPEKT ʬʠʨʤʳ Erich Schenk 
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ɼʣʷ ʦʮʝʥʢʠ ʚʳʙʠʨʘʶʪ ʥʝ ʤʝʥʝʝ 100 ʚʦʨʩʠʥʦʢ. ʂ ʦʩʥʦʚʥʦʡ ʬʨʘʢʮʠʠ ʦʪʥʦ-

ʩʷʪ ʚʩʝ ʚʦʣʦʢʥʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʨʝʟʢʠ ʥʝ ʧʨʝʚʳʰʘ-

ʝʪ 15 %. ʆʩʥʦʚʥʘʷ ʬʨʘʢʮʠʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 85 % ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʚʦʣʦʢʦʥ, ʧʦʧʘʚʰʠʭ ʚ ʦʩʥʦʚʥʫʶ ʬʨʘʢʮʠʶ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʝ ʜʣʠʥʳ ʚʦʨʩʘ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʩ ʧʦʤʦʱʴʶ 

ʤʠʢʨʦʩʢʦʧʘ, ʩʦʚʤʝʱʝʥʥʦʛʦ ʩ ʢʦʤʧʴʶʪʝʨʦʤ.  

ʆʮʝʥʢʘ ʨʘʟʜʝʣʷʝʤʦʩʪʠ (ʩʳʧʫʯʝʩʪʠ) ʚʦʨʩʘ. ʆʜʥʠʤ ʠʟ ʩʚʦʡʩʪʚ ʚʦʣʦʢʦʥ 

ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʟʜʝʣʷʪʴʩʷ, ʪ. ʝ. ʩʳʧʘʪʴʩʷ [9]ï[11], [14], [15], [19]. ʍʦ-

ʨʦʰʘʷ ʩʳʧʫʯʝʩʪʴ ʚʦʨʩʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʦʜʘʶʱʝʤ ʙʫʥʢʝʨʝ ʧʨʠ ʚʟʘʠʤ-

ʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʚʦʨʩʠʥʢʠ ʥʝ ʦʙʨʘʟʫʶʪ ʢʦʤʢʦʚ ʠ ʩʚʦʙʦʜʥʦ ʧʨʦʭʦʜʷʪ ʩʢʚʦʟʴ 

ʩʝʪʯʘʪʦʝ ʜʥʦ. ɺʘʞʥʦ ʚʣʠʷʥʠʝ ʩʳʧʫʯʝʩʪʠ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʠ ʝʝ ʨʘʚʥʦ-

ʤʝʨʥʦʩʪʴ ʧʦ ʚʩʝʡ ʧʣʦʱʘʜʠ, ʪʘʢ ʢʘʢ ʯʝʤ ʚʳʰʝ ʨʘʟʜʝʣʷʝʤʦʩʪʴ ʚʦʣʦʢʦʥ, ʪʝʤ ʣʝʛʯʝ 

ʦʥʠ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʩʝʪʢʫ.  

ɺ ʢʘʯʝʩʪʚʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʳʧʫʯʝʩʪʠ ʚʦʨʩʠʥʦʢ ʧʨʠʤʝʥʷʶʪ ʢʦʵʬʬʠʮʠʝʥʪ, 

ʨʘʚʥʳʡ ʦʪʥʦʰʝʥʠʶ ʤʘʩʩʳ ʚʦʨʩʘ m, ʧʨʦʩʝʷʥʥʦʛʦ ʯʝʨʝʟ ʩʝʪʢʫ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʢ ʤʘʩʩʝ ʥʘʚʝʩʢʠ m0: ŭ = m/m0. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʟʜʝʣʷʝʤʦʩʪʠ 

ʠʩʧʦʣʴʟʫʶʪ ʧʨʠʙʦʨ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʩʝʪʢʦʡ RPG 150/100, ʧʨʦʠʟʚʦʜʩʪʚʘ Erich 

Schenk (ɻʝʨʤʘʥʠʷ) (ʨʠʩ. 2.5). ɺʝʣʠʯʠʥʫ ʥʘʚʝʩʢʠ ʙʝʨʫʪ 20 ʛ (10 ʛ). ʇʦʩʣʝ 60 (30) 

ʦʙʦʨʦʪʦʚ ʠʟʤʝʨʷʶʪ ʤʘʩʩʫ ʧʨʦʩʝʷʥʥʦʛʦ ʬʣʦʢʘ.  

 

 

ʈʠʩ. 2.5. ʇʨʠʙʦʨ RPG 150/100 ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ Erich Schenk 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʨʩʘ. ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʩʚʦʡʩʪʚ 

ʚʦʨʩʘ ʷʚʣʷʝʪʩʷ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʣʠ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ. ʕʪʦʪ ʧʘ-

ʨʘʤʝʪʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʟʘʨʷʜʢʦʡ ʠ ʘʢʪʠʚʥʦʩʪʴʶ ʚʦʨʩʘ ʚ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʤ ʧʦʣʝ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʜʝʣʴʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʨʩʘ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʨʘʟ-

ʣʠʯʥʳʝ ʜʘʪʯʠʢʠ, ʥʦ ʧʦʩʢʦʣʴʢʫ ʩʪʘʥʜʘʨʪ ʥʘ ʦʪʝʯʝʩʪʚʝʥʥʳʝ ʧʨʠʙʦʨʳ ʦʪʩʫʪʩʪʚʫʝʪ, 

ʪʦ ʟʜʝʩʴ ʪʘʢʞʝ ʧʦʢʘʟʘʥ ʧʨʠʙʦʨ, ʧʨʠʥʷʪʳʡ ʝʚʨʦʧʝʡʩʢʠʤ ʦʙʱʝʩʪʚʦʤ ʬʣʦʢʠʨʦʚ-

ʱʠʢʦʚ (ʨʠʩ. 2.6). 
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ʈʠʩ. 2.6. ʇʨʠʙʦʨ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʨʩʘ DMB-6 

 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ ʚʦʨʩʘ ʙʝ-

ʨʫʪ ʥʝ ʤʝʥʝʝ ʪʨʝʭ ʧʨʦʙ ʧʦ 20 ʛ. ʇʨʦʙʳ ʚʳʜʝʨʞʠʚʘʶʪ 24 ʯ ʦʪʢʨʳʪʳʤʠ ʧʨʠ 20 
0
ʉ ʠ 

65 % ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʝʤʢʦʩʪʴ ʟʘʧʦʣʥʷʶʪ ʨʘʚ-

ʥʦʤʝʨʥʦ ʧʨʦʙʦʡ ʚʦʨʩʘ ʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪ, ʩʣʝʛʢʘ ʧʨʠʜʘʚʣʠʚʘʷ, ʚʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ. 

ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʧʨʠʙʦʨ ʧʝʨʝʢʣʶʯʘʶʪ ʚ ʧʦʟʠʮʠʶ çʠʟʤʝʨʝʥʠʝè, ʚʳʙʠʨʘʶʪ ʥʫʞ-

ʥʫʶ ʰʢʘʣʫ ʠ ʯʝʨʝʟ 1 ʤʠʥ ʩʯʠʪʳʚʘʶʪ ʚʝʣʠʯʠʥʫ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʀʟ ʪʨʝʭ ʨʝʟʫʣʴ-

ʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʦʧʨʝʜʝʣʷʶʪ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ɼʘʥʥʳʡ ʧʨʠʙʦʨ ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ ʥʘʚʝʩʢʠ ʚʦʨʩʘ, ʘ ʥʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʨʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʝ ʚʦʨʩʘ ʠʟʤʝʨʷʝʪʩʷ ʚʝʩʴʤʘ ʧʨʠʙʣʠʞʝʥʥʦ ʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʝ ʚʧʦʣʥʝ ʧʨʠʛʦʜʝʥ.  

ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [9], [10], [19] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʫʜʝʣʴ-

ʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʨʩʘ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠ ʪʦʣʱʠʥʳ ʦʙʨʘʟʮʘ ʚʦʨʩʘ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦ-

ʙʘ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʟʥʘʯʠʪʝʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ, ʚʥʦʩʠʤʫʶ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʪʦʣ-

ʱʠʥʳ ʦʙʨʘʟʮʘ ʚʦʨʩʘ. 

ʆʮʝʥʢʘ çʧʨʳʛʫʯʝʩʪʠè ʚʦʨʩʘ. ɼʣʷ ʦʮʝʥʢʠ çʧʨʳʛʫʯʝʩʪʠè ʚʦʨʩʘ ʧʨʠʤʝʥʷ-

ʶʪ ʧʨʠʙʦʨ, ʥʘʧʨʠʤʝʨ, ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ MAAG FLOCKMASCHINEN GmbH Flock 

Motion Tester SPG 40 (ʨʠʩ. 2.7). ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ 

ʚʦʨʩʘ ʢ ʟʘʨʷʜʢʝ ʠ ʜʚʠʞʝʥʠʶ ʧʦʜ ʥʘʧʨʷʞʝʥʠʝʤ ʚ ʫʩʣʦʚʠʷʭ, ʙʣʠʟʢʠʭ ʢ ʨʝʘʣʴʥʳʤ. 

ʅʘ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʥʘʩʳʧʘʶʪ ʧʨʦʙʫ ʚʦʨʩʘ ʠ ʧʦʩʣʝ ʧʦʜʘʯʠ ʥʘʧʨʷʞʝʥʠʷ ʬʠʢʩʠ-

ʨʫʶʪ ʚʨʝʤʷ ʨʘʟʣʝʪʘ ʚʩʝʭ ʚʦʨʩʠʥʦʢ ʩ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʄʘʩʩʘ ʧʨʦʙʳ ʚʦʨʩʘ 2 ʛ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 4 ʢɺ/ʩʤ. ɽʩʣʠ ʟʘ 20 ʩ ʚʝʩʴ ʚʦʨʩ ʥʝ ʨʘʟʣʝʪʘʝʪʩʷ, ʪʦʛʜʘ ʦʧʨʝ-

ʜʝʣʷʶʪ ʜʦʣʶ ʫʣʝʪʝʚʰʝʛʦ ʚʦʨʩʘ. 
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ʈʠʩ. 2.7. ʇʨʠʙʦʨ SPG 40 ʥʝʤʝʮʢʦʡ ʬʠʨʤʳ Erich Schenk 

 

ɼʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʦʩʠʪ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ, ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ ʢʘʯʝʩʪʚʝ 

ʬʘʢʪʦʨʘ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʬʠʟʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ɺʣʘʞʥʦʩʪʴ ʚʦʨʩʘ. ɼʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʩʚʷ-

ʟʘʥʘ ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚʦʨʩʘ. ʍʠʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʦʟʜʘʝʪ ʧʦʚʝʨʭʥʦʩʪ-

ʥʫʶ ʧʨʦʚʦʜʠʤʦʩʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʣʠʪʦʚ ʠ ʧʦʵʪʦʤʫ ʙʝʟ ʜʦʩʪʘ-

ʪʦʯʥʦʡ ʚʣʘʞʥʦʩʪʠ ʦʥʘ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʵʪʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝ 

ʪʨʝʙʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ. ʅʘʚʝʩʢʫ ʚʦʨʩʘ ʤʘʩʩʦʡ m0 = 1,0 Ñ 0,1 ʛ ʧʦʤʝ-

ʱʘʶʪ ʚ ʪʝʨʤʦʢʘʤʝʨʫ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 110 Ñ 5 Áʉ ʥʘ ʚʨʝʤʷ 5 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʚʥʦʚʴ 

ʦʧʨʝʜʝʣʷʶʪ ʝʝ ʤʘʩʩʫ m. ɺʣʘʞʥʦʩʪʴ ʚʳʯʠʩʣʷʶʪ ʢʘʢ w = (m0 ï m)100/m, %. 

ʀʟʤʝʨʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ. ʕʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʥʝ ʚʭʦʜʠʪ ʚ ʯʠʩ-

ʣʦ ʥʦʨʤʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ, ʩʪʨʦʛʦ ʛʦʚʦʨʷ, ʩʚʷʟʘʥʘ ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ 

ʚʦʨʩʘ, ʥʦ ʠ ʩ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʟʘʨʷʜʢʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʠʥʦʢ ʷʚʣʷ-

ʝʪʩʷ, ʧʦ ʩʫʱʝʩʪʚʫ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʷ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ 

ʠʟʤʝʨʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ï ʚʘʞʥʘʷ ʟʘʜʘʯʘ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ. ɹʳʣʠ ʧʨʝʜʣʦʞʝʥʳ 

ʨʘʟʥʳʝ ʩʧʦʩʦʙʳ, ʥʦ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʫʜʦʙʥʳʤ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʠʟʤʝʨʝʥʠʝ ʩ 

ʧʦʤʦʱʴʶ ʝʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ. ʕʪʦʪ ʤʝʪʦʜ ʠʟʤʝʨʝʥʠʷ ʚ ʨʘʟʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ 

ʙʳʣ ʦʧʠʩʘʥ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ [10], [14], [19], [32]. 

ʉʨʝʜʥʠʡ ʟʘʨʷʜ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ ʢʨʘʡʥʝ ʤʘʣ, ʦʜʥʘʢʦ ʙʣʘʛʦʜʘʨʷ ʤʘʣʦʤʫ ʟʥʘ-

ʯʝʥʠʶ ʝʤʢʦʩʪʠ ʜʘʪʯʠʢʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʠʟʤʝʨʷʪʴ ʟʘʨʷʜ ʚʝʩʴʤʘ ʥʝʟʥʘ-

ʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʠʥʦʢ. ɼʘʪʯʠʢ ʩʦʟʜʘʥ ʚ ʚʠʜʝ ʩʦʩʫʜʘ ʌʘʨʘʜʝʷ [10], [19], 

[32], ʠ ʝʛʦ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 2.8. 
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ʈʠʩ. 2.8. ʉʭʝʤʘ ʝʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʚʦʨʩʘ 

 

ɼʘʪʯʠʢ ʠʟʛʦʪʦʚʣʝʥ ʚ ʚʠʜʝ ʝʤʢʦʩʪʠ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʥʠʞʥʝʡ ʯʘʩʪʠ ʚ ʚʠʜʝ ʩʪʘ-

ʢʘʥʘ 1 ʠ ʚʝʨʭʥʝʡ ʢʨʳʰʢʠ 2 ʩ ʦʪʚʝʨʩʪʠʷʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘʧʨʦʪʠʚ ʠʟʤʝʨʠ-

ʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 3. ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ ʨʘʩʧʦʣʦʞʝʥ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʩʪʦʡʢʘʭ 4, ʠ ʢ ʥʝʤʫ ʧʦʜʢʣʶʯʝʥ ʢʘʙʝʣʴ 5. ʀʟʤʝʨʝʥʠʝ ʧʨʦʚʦʜʷʪ ʩ ʧʦʤʦʱʴʶ 

ʚʦʣʴʪʤʝʪʨʘ 6, ʠʤʝʶʱʝʛʦ ʚʳʩʦʢʦʝ ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʵʣʝʢʪʨʦ-

ʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (Rʚʭ = 10
12

 ï 10
14

 ʆʤ). ʕʪʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʚʝʯʘʶʪ ʚʦʣʴʪʤʝʪ-

ʨʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʨʘʩʰʠʨʝʥʠʷ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʣ-

ʣʝʣʴʥʦ ʚʦʣʴʪʤʝʪʨʫ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʧʦʜʢʣʶʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʝʤʢʦʩʪʝʡ 7. ʕʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʩʪʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʚʨʝʤʝ-

ʥʠ ʠʟʤʝʨʝʥʠʷ ʠ ʚʝʣʠʯʠʥʳ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ. 

ɼʘʪʯʠʢ ʧʦʤʝʱʘʶʪ ʥʘ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʬʣʦʢʘʪʦʨʘ ʪʘʢ, ʯʪʦ ʚʦʨʩ, ʜʚʠʞʫ-

ʱʠʡʩʷ ʦʪ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʩʢʚʦʟʴ ʦʪʚʝʨʩʪʠʷ ʢʨʳʰʢʠ 2 ʧʦʧʘʜʘʝʪ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 3. ɺʦʨʩ, ʧʦʧʘʚʰʠʡ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ 

ʠ ʦʪʜʘʚʰʠʡ ʟʘʨʷʜ, ʦʩʪʘʸʪʩʷ ʥʘ ʥʝʤ ʠ ʟʘʨʷʞʘʝʪ ʝʤʢʦʩʪʴ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜ ï ʢʘ-

ʙʝʣʴ ï ʢʦʥʜʝʥʩʘʪʦʨ. ɿʥʘʯʝʥʠʷ ʚʩʝʭ ʝʤʢʦʩʪʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʨʷʶʪ. ʊʦʛʜʘ, 

ʠʟʤʝʨʷʷ ʚʦʣʴʪʤʝʪʨʦʤ 7 ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U, ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʩʫʤ-

ʤʘʨʥʦʛʦ ʟʘʨʷʜʘ, ʧʨʠʥʝʩʝʥʥʦʛʦ ʚʩʝʤʠ ʚʦʨʩʠʥʢʘʤʠ Q0 = C0 Ā U (C0 ï ʝʤʢʦʩʪʴ ʩʠʩʪʝ-

ʤʳ). ʀʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ 3 ʚʟʚʝʰʠʚʘʶʪ ʩ ʚʦʨʩʦʤ (ʄ) ʠ ʙʝʟ ʚʦʨʩʘ (ʄ0). 

ɿʥʘʷ ʤʘʩʩʫ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ m = l Ā T Ā 10
-9
 (l ï ʜʣʠʥʘ ʚʦʨʩʘ, ʤʤ; T ï ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚʦʣʦʢʥʘ ʚʦʨʩʘ, ʪʝʢʩ; m ï ʤʘʩʩʘ, ʢʛ), ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʯʠʩʣʦ ʚʦʨʩʠ-

ʥʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ: N = (M ï M0)/m. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʨʝʜʥʠʡ ʟʘʨʷʜ 

ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ ʙʫʜʝʪ q = Q0/N.  

ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʮʝʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ, ʠ ʙʳʣ 

ʠʩʧʦʣʴʟʦʚʘʥ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʠʟʫʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜ-

ʢʠ ʚʦʨʩʘ [9], [10], [19], [31], [32].  

ʂ ʩʦʞʘʣʝʥʠʶ, ʜʘʥʥʳʡ ʤʝʪʦʜ ʥʝ ʣʠʰʝʥ ʩʝʨʴʝʟʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ. ʆʜʥʠʤ ʠʟ 

ʥʠʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ 

ʚʝʨʭʥʝʛʦ ʙʫʥʢʝʨʘ, ʤʦʞʝʪ ʢʘʩʘʪʴʩʷ ʢʨʘʝʚ ʦʪʚʝʨʩʪʠʡ ʵʣʝʢʪʨʦʜʘ 2, ʛʜʝ ʙʫʜʝʪ ʧʝʨʝ-

ʟʘʨʷʞʘʪʴʩʷ, ʪ. ʝ. ʧʨʠʦʙʨʝʪʘʪʴ ʟʘʨʷʜ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʦʨ-

ʩʠʥʢʠ ʣʝʛʢʦ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʳʡ ʵʣʝʢʪʨʦʜ. ʕʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ 

ʤʘʩʩʳ ʚʦʨʩʠʥʦʢ ʥʘ ʵʪʦʤ ʵʣʝʢʪʨʦʜʝ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʢ ʩʥʠʞʝʥʠʶ ʠʟʤʝʨʷʝʤʦʛʦ 

ʟʘʨʷʜʘ, ʪ. ʝ. ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʩʢʘʞʝʥʠʶ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ 

ʚʦʨʩʠʥʦʢ. 
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ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ [19] ʫʩʪʨʦʡʩʪʚʦ (ʨʠʩ. 2.9), 

ʚ ʢʦʪʦʨʦʤ ʧʦʜʘʯʘ ʚʦʨʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʙʫʥʢʝʨʘ 1 ʩ ʩʝʪʯʘʪʳʤ ʜʥʦʤ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʚʠʙʨʘʮʠʠ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʵʢʩʮʝʥʪʨʠʢʦʤ. ɼʚʠʛʘʪʝʣʴ ʧʦ-

ʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 3 ʙʳʣ ʚʳʙʨʘʥ ʚʩʣʝʜʩʪʚʠʝ ʫʜʦʙʩʪʚʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʝʛʦ 

ʚʨʘʱʝʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ. ɹʫʥʢʝʨ 1 ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜ-

ʢʣʶʯʝʥ ʢ ʠʩʪʦʯʥʠʢʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 2. 

 

 
 

ʈʠʩ. 2.9. ʉʭʝʤʘ ʜʘʪʯʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʬʣʦʢʠʨʦʚʘʥʠʷ 
 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ï ʦʪ 0 ʜʦ 50 ʢɺ. ʅʘ ʥʠʞʥʝʤ ʟʘʟʝʤʣʝʥʥʦʤ 

ʵʣʝʢʪʨʦʜʝ 4 ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʝʤʢʦʩʪʴ 5, 

ʢʦʪʦʨʫʶ ʟʘʧʦʣʥʷʶʪ ʵʣʝʢʪʨʦʣʠʪʦʤ 6 (ʦʙʳʯʥʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 20%-ʡ ʨʘʩʪʚʦʨ 

NaCl ʚ ʚʦʜʝ). ʅʘ ʜʥʝ ʝʤʢʦʩʪʠ ʨʘʩʧʦʣʘʛʘʣʩʷ ʵʣʝʢʪʨʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʢʦʥʪʘʢʪ 

ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʦʣʴʪʤʝʪʨʦʤ 7. ʇʘʨʘʣʣʝʣʴʥʦ ʙʳʣʘ ʧʦʜʢʣʶ-

ʯʝʥʘ ʙʘʪʘʨʝʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 8 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʝʤʢʦʩʪʠ ʧʫʪʝʤ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ. ɺʦʣʴʪʤʝʪʨ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʜʣʷ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤʫ ʚʭʦʜʥʦʤʫ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ 10
13

 ï 10
14

 ʆʤ.  

ɼʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 3 ʟʘʧʫʩʢʘʶʪ ʪʘʡʤʝʨʦʤ 9, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʦʝ ʚʨʝʤʷ ʧʦʜʘʯʠ ʚʦʨʩʘ. ʅʘʧʨʷʞʝʥʠʝ ʧʦʜʘʶʪ ʦʪ ʃɸʊʈʘ 10, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ ʚʝʣʠʯʠʥʫ, ʯʝʨʝʟ ʚʳʧʨʷʤʠʪʝʣʴ 11. 

ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ. ʄʝʪʦʜ, ʢʘʢ ʠ ʪʨʝʙʦʚʘʣʦʩʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʟʘʨʷʜʘ ʚʦʨʩʘ, ʥʦ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ. 

ʀɺʅ 

V 

1 2 

3 

4 

5 
6 

7 

8 

ʊʘʡʤʝʨ 

9 
11 

10 
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ɺʦʨʩ ʧʦʤʝʱʘʶʪ ʚ ʙʫʥʢʝʨ 1 ʩ ʩʝʪʯʘʪʳʤ ʜʥʦʤ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷ-

ʝʪʩʷ ʚʝʨʭʥʠʤ ʟʘʨʷʞʘʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ. ʅʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʷʯʝʡʢʫ 5 ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ 6, ʢʦʪʦʨʳʡ ʬʘʢʪʠʯʝʩʢʠ ʠ ʷʚʣʷʝʪʩʷ 

ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʧʨʠʯʝʤ ʜʠʘʤʝʪʨ ʷʯʝʡʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʦʙ-

ʣʘʩʪʠ ʧʦʜʘʯʠ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʝʩʴ ʚʦʨʩ, ʚʳʣʝʪʝʚʰʠʡ ʩ 

ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦʧʘʜʝʪ ʚ ʷʯʝʡʢʫ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ ʠ ʥʝ ʙʫʜʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ 

ʦʙʨʘʪʥʦ ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ. ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʘʣʦʡ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʠ ʙʫʥʢʝʨʘ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ, ʠ ʩʝʪʢʦʡ ʩ ʷʯʝʡʢʘʤʠ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (ʩʝʪʢʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩʤʝʥʥʘʷ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʨʩ ʟʘʨʷʞʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ 1, 

ʜʚʠʞʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ 6 ʠ ʦʩʪʘʝʪʩʷ ʚ ʚʦʜʝ, ʦʪʜʘʚ ʵʣʝʢʪʨʦ-

ʜʫ ʩʚʦʡ ʟʘʨʷʜ. ʊʘʢ ʢʘʢ ʝʤʢʦʩʪʴ ʩʠʩʪʝʤʳ C, ʚʢʣʶʯʘʷ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 8, 

ʝʤʢʦʩʪʴ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 5 ʠ ʧʦʜʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ, ʠʟʚʝʩʪʥʘ (ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦ ʠʟʤʝʨʝʥʘ), ʪʦ, ʠʟʤʝʨʷʷ ʥʘʧʨʷʞʝʥʠʝ U ʥʘ ʝʤʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʦʣʴʪʤʝʪʨʘ 7, ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ 

ʚʦʨʩʘ Q0 = C U. 

ʕʣʝʢʪʨʦʜ 5 ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ 6 ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʭ ʚʝʩʘʭ, ʘ ʟʘʪʝʤ ʝʛʦ ʞʝ ï ʩ ʚʦʨʩʦʤ, ʦʧʨʝʜʝʣʷʷ ʤʘʩʩʫ ʧʦʧʘʚʰʠʭ ʚʦʨʩʠʥʦʢ ʄ. 

ɿʥʘʷ ʤʘʩʩʫ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ m = T Ā l Ā 10
-3
  (T ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ, ʪʝʢʩ; 

l ï ʜʣʠʥʘ ʚʦʨʩʘ, ʤʤ; m ï ʤʘʩʩʘ ʚʦʨʩʠʥʢʠ, ʛ) ʚʳʯʠʩʣʷʶʪ ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʦʜʥʦʡ 

ʚʦʨʩʠʥʢʠ q:  

.
M

CUm
q=                                                  (2.1) 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

,
tS

M
P

Ö
=                                                 (2.2) 

ʛʜʝ  S ï ʧʣʦʱʘʜʴ ʩʝʪʢʠ, ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ, ʤ
2
; t ï ʚʨʝʤʷ ʧʦʜʘʯʠ, ʩ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʦʩʦʙ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʩʦʟʜʘʥ-

ʥʦʛʦ ʜʚʠʞʫʱʠʤʩʷ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ: 

.
tS

UC
j

Ö

Ö
=                                               (2.3) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʠʣ ʧʨʦʚʝʩʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʠʟʤʝʨʝʥʠʡ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʙʦʨʦʚ, ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

 

2.4.  ʄʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

 

ʆʩʥʦʚʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʘʪʝʨʠʘʣʦʚ ʩ ʚʦʨʩʦʚʳʤ ʧʦʢʨʳʪʠʝʤ, ʧʦʣʫʯʝʥʥʳʤ 

ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ï ʵʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ. ʆʥʘ ʠʟʤʝʨʷʝʪʩʷ ʣʠʙʦ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʨʩʠʥʦʢ ʥʘ ʧʣʦʱʘʜʠ 1 ʤʤ
2
 ʠʣʠ 

ʤʘʩʩʦʡ ʚʦʨʩʘ ʚ ʛʨʘʤʤʘʭ ʥʘ ʧʣʦʱʘʜʠ 1 ʤ
2
. ʇʝʨʝʚʦʜ ʦʜʥʦʡ ʝʜʠʥʠʮʳ ʠʟʤʝʨʝʥʠʷ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʚ. ʆʙʦʟʥʘʯʠʤ ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ N (1/ʤʤ
2
), ʘ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ n (ʛ/ʤ

2
). ʊʦʛʜʘ ʚʟʘʠʤʦʩʚʷʟʴ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

n = N Ā m0 Ā 10
6
, 

ʛʜʝ m0 ï ʤʘʩʩʘ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ ʚ ʛʨʘʤʤʘʭ. 
 

ʂʦʵʬʬʠʮʠʝʥʪ 10
6
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʦʣʠʯʝʩʪʚʫ ʢʚʘʜʨʘʪʥʳʭ ʤʠʣʣʠʤʝʪʨʦʚ ʚ 

ʢʚʘʜʨʘʪʥʦʤ ʤʝʪʨʝ. ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʤʘʩʩʘ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʝʝ 

ʜʣʠʥʳ l (ʤʤ) ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʣʦʢʥʘ ʊ (ʪʝʢʩ): m0 = l Ā T Ā 10
-6
, ʪʦ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

n = N Ā l Ā T. 
ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ ʠʟ ʚʦʣʦʢʥʘ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

0,33 ʪʝʢʩ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ 200 ʰʪ. ʥʘ 1 ʤʤ
2
 ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʦʪʥʦ-

ʩʪʠ 66 ʛ/ʤ
2
. 

 

ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ʇʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ [9], [10], [19], [25] ʤʦʞʥʦ 

ʠʟʤʝʨʷʪʴ ʢʘʢ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʦʧʨʝʜʝʣʷʷ ʤʘʩʩʫ ʚʦʨʩʘ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, ʪʘʢ 

ʠ ʢʦʩʚʝʥʥʦ, ʦʧʨʝʜʝʣʷʷ ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ 

ʩʚʷʟʘʥʥʳʝ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɺ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʝ ʧʨʠ ʨʘʟ-

ʣʠʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ 

ʧʨʠʤʝʥʷʶʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʠʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɼʣʷ 

ʵʪʦʛʦ ʥʘ ʦʙʨʘʟʝʮ (ʦʩʥʦʚʫ) ʥʘʥʦʩʷʪ ʢʣʝʝʚʦʡ ʩʣʦʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʢʣʠ ʠ ʩʝʪ-

ʯʘʪʦʛʦ ʰʘʙʣʦʥʘ ʚ ʚʠʜʝ ʢʚʘʜʨʘʪʘ ʟʘʜʘʥʥʦʛʦ ʨʘʟʤʝʨʘ, ʥʘʧʨʠʤʝʨ, 5 ʭ 5 ʩʤ. ɺʟʚʝ-

ʰʠʚʘʶʪ ʦʙʨʘʟʝʮ ʩ ʢʣʝʝʤ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ, ʦʧʨʝʜʝʣʷʷ ʤʘʩʩʫ m1. ɿʘʪʝʤ 

ʥʘʥʦʩʷʪ ʚʦʨʩ ʠ ʚʥʦʚʴ ʚʟʚʝʰʠʚʘʶʪ ʦʙʨʘʟʝʮ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ, ʧʦʣʫʯʘʶʪ 

ʤʘʩʩʫ m2. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʧʨʝʜʝʣʷʶʪ, ʢʘʢ ʨʘʟʥʦʩʪʴ ʤʘʩʩ, ʦʪʥʝ-

ʩʝʥʥʫʶ ʢ ʧʣʦʱʘʜʠ ʦʙʨʘʟʮʘ: 

ὲ
ά ά

Ὓ
 Ȣ 

ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʤʘʩʩʫ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʜʩʪʘʚʣʷʶʪ ʚ ʛ, ʘ ʧʣʦʱʘʜʴ ʚ ʤ
2
. ʆʩ-

ʥʦʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʷʚʣʷʝʪʩʷ ʨʘʟʨʫʰʘʶʱʠʤ ʠ 

ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ. 

ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʨʫʣʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʚ 

ʧʨʦʮʝʩʩʝ ʠʭ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʢʦʩʚʝʥʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦ-

ʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʂ ʪʘʢʠʤ ʤʝʪʦʜʘʤ ʦʪʥʦʩʠʪʩʷ, ʥʘʧʨʠʤʝʨ, ʦʧʪʠʯʝʩʢʠʡ ʩʧʦ-

ʩʦʙ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ ʤʘʪʝʨʠʘʣʘ ʩ ʚʦʨʩʦʤ 

[19], [78]ï[84]. ʇʨʠʥʮʠʧ ʜʝʡʩʪʚʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʪʦʚʦʛʦ 

ʧʦʪʦʢʘ ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʧʦʵʪʦʤʫ, ʧʨʦ-

ʚʝʜʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʛʨʘʜʫʠʨʦʚʢʫ ʧʨʠʙʦʨʘ ʥʘ ʦʩʥʦʚʝ ʦʙʨʘʟʮʦʚ ʩ ʠʟʚʝʩʪʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʵʪʦ ʟʥʘʯʝʥʠʝ ʚ ʧʨʦʮʝʩʩʝ ʚʳ-

ʧʫʩʢʘ ʨʫʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʅʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʜʨʫʛʦʡ ʦʩʥʦʚʳ ʠʣʠ ʚʦʨʩʘ ʛʨʘʜʫʠʨʦʚʢʫ ʥʘʜʦ ʧʨʦʚʦʜʠʪʴ ʩʥʦʚʘ.  
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ɼʨʫʛʘʷ ʚʘʞʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʚʷʟʘʥʘ ʩ ʠʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧ-

ʣʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʪʦʡʢʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ 

ʠʩʪʠʨʘʥʠʶ.  
 

ʀʟʤʝʨʝʥʠʝ ʩʪʦʡʢʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ ʠʩʧʦʣʴ-

ʟʫʶʪ ʧʨʠʙʦʨ, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ. 2.10. ʀʟʤʝʨʝʥʠʷ ʧʦ ʠʩʪʠʨʘʥʠʶ ʧʨʦʚʦʜʷʪ ʜʣʷ 

ʤʘʪʝʨʠʘʣʘ ʚ ʩʫʭʦʤ ʠ ʤʦʢʨʦʤ ʩʦʩʪʦʷʥʠʠ. ʉʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ ʚ ʤʦʢʨʦʤ ʩʦ-

ʩʪʦʷʥʠʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ, ʯʝʤ ʚ ʩʫʭʦʤ, ʥʦ ʦʥʘ ʚʘʞʥʘ ʜʣʷ ʦʮʝʥʢʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʩʪʠʨʢʝ. 

ʂʦʣʠʯʝʩʪʚʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʪʦʡʢʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʢ ʠʩʪʠʨʘʥʠʶ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʚʠʞʝʥʠʷ ʥʦʞʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ (0,5 

ʠʣʠ 1,0 ʢʛ) ʜʦ ʧʦʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦ-

ʚʘ. ʇʨʠʙʦʨ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.10. 

 

 

ʈʠʩ. 2.10. ʇʨʠʙʦʨ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʦʡʢʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ 

ʢ ʠʩʪʠʨʘʥʠʶ APG 1000 

 

ʆʧʠʩʘʥʥʳʡ ʩʧʦʩʦʙ ʷʚʣʷʝʪʩʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʫʙʲʝʢʪʠʚʥʳʤ, ʧʦ-

ʩʢʦʣʴʢʫ ʤʦʤʝʥʪ ʦʩʪʘʥʦʚʢʠ ʠ ʩʯʠʪʳʚʘʥʠʷ ʯʠʩʣʘ ʮʠʢʣʦʚ ʚʳʙʠʨʘʝʪʩʷ ʩʦʪʨʫʜʥʠʢʦʤ 

ʧʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʠʩʪʠʨʘʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʪʘʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚʘ-

ʞʝʥ ʦʧʳʪ, ʯʪʦʙʳ ʦʩʪʘʥʦʚʢʘ ʧʨʦʮʝʩʩʘ ʧʨʦʠʩʭʦʜʠʣʘ ʢʘʞʜʳʡ ʨʘʟ ʥʘ ʦʜʠʥʘʢʦʚʦʡ 

ʩʪʘʜʠʠ ʠʩʪʠʨʘʥʠʷ ʦʙʨʘʟʮʘ.  

  



21 

2.5.  ʊʨʝʙʦʚʘʥʠʷ ʢ ʘʜʛʝʟʠʚʘʤ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ʉ ʩʘʤʦʛʦ ʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʘʜʛʝʟʠʚʘ (ʢʣʝʷ) ʠ ʩʚʷʟʫʶʱʝʝ ʚʳʙʠʨʘʶʪ ʠʩʭʦʜʷ ʠʟ ʚʠʜʘ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ, ʪʨʝ-

ʙʦʚʘʥʠʡ ʢ ʬʣʦʢʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ, ʵʣʘʩʪʠʯ-

ʥʦʩʪʴ ʢʣʝʝʚʦʡ ʧʣʝʥʢʠ ʠ ʪ. ʧ.), ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʩʫʰʢʠ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ ʠ 

ʥʝʢʦʪʦʨʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʪʨʝʙʦʚʘʥʠʡ.  

ʆʩʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʣʝʶ, ʠʩʧʦʣʴʟʫʝʤʦʤʫ ʜʣʷ ʟʘʢʨʝʧ-

ʣʝʥʠʷ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ, ʩʣʝʜʫʶʱʠʝ [9], [10], [19]: 

ï ʚʳʩʦʢʘʷ ʘʜʛʝʟʠʷ ʢ ʚʦʣʦʢʥʘʤ ʠ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ; 

ï ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʘʷ ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ (ʥʝ ʤʝʥʝʝ 4ï5 ʯ); 

ï ʦʪʢʨʳʪʦʝ ʚʨʝʤʷ ʜʦʣʞʥʦ ʩʦʩʪʘʚʣʷʪʴ ʥʝ ʤʝʥʝʝ 3ï4 ʤʠʥ; 

ï ʚʷʟʢʦʩʪʴ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʧʦʩʦʙʫ ʥʘʥʝʩʝʥʠʷ ʠ ʙʳʪʴ ʧʦʩʪʦʷʥʥʦʡ 

ʜʦ ʟʘʚʝʨʰʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʝʷ; 

ï ʧʦʩʣʝ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʢʣʝʝʚʘʷ ʧʣʝʥʢʘ ʜʦʣʞʥʘ ʦʙʣʘʜʘʪʴ ʩʪʦʡʢʦʩʪʴʶ ʢ ʚʦʜʝ; 

ï ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʦʣʞʝʥ ʙʳʪʴ ʥʝ ʷʜʦʚʠʪ ʠ ʪʨʫʜʥʦ ʚʦʩʧʣʘʤʝʥʷʝʤ; 

ï ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʣʝʷ; 

ï ʵʣʘʩʪʠʯʥʦʩʪʴ ʢʣʝʝʚʦʡ ʧʣʝʥʢʠ. 

ʊʝʧʝʨʴ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʨʦʙʥʝʝ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʥʝʢʦʪʦʨʳʝ ʠʟ 

ʪʨʝʙʦʚʘʥʠʡ. 

ɺʷʟʢʦʩʪʴ. ʕʪʦʪ ʬʘʢʪʦʨ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʝʪ ʛʣʫʙʠʥʫ ʧʨʦʥʠʢʥʦ-

ʚʝʥʠʷ ʚʦʨʩʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʟʘʢʨʝʧʣʝʥʠʷ. ʂ ʚʷʟʢʦʩʪʠ ʢʣʝʷ 

ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ ʪʨʝʙʦʚʘʥʠʷ. ʂʣʝʡ ʚʳʩʦʢʦʡ ʚʷʟʢʦʩʪʠ ʥʝ ʧʨʦʧʠʪʳ-

ʚʘʝʪ ʪʢʘʥʴ, ʩʦʟʜʘʚʘʷ ʪʦʥʢʫʶ ʠ ʵʣʘʩʪʠʯʥʫʶ ʧʣʝʥʢʫ, ʘ ʚʥʝʜʨʠʚʰʠʡʩʷ ʚʦʨʩ ʩʦʭʨʘʥʷʝʪ 

ʩʚʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʅʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚʦʨʩʘ. ʂʨʦʤʝ ʵʪʦʛʦ ʚʷʟʢʦʩʪʴ ʢʣʝʷ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʩʧʦʩʦ-

ʙʫ ʝʛʦ ʥʘʥʝʩʝʥʠʷ. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʨʘʩʧʳʣʝʥʠʷ ʥʫʞʥʦ ʩʚʷʟʫʶʱʝʝ ʤʝʥʴʰʝʡ ʚʷʟʢʦ-

ʩʪʠ, ʯʝʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʯʝʨʝʟ ʩʝʪʯʘʪʳʡ ʰʘʙʣʦʥ ʠʣʠ ʩ ʧʦʤʦʱʴʶ ʨʘʢʣʠ. ʇʦʵʪʦʤʫ 

ʚʘʞʝʥ ʪʱʘʪʝʣʴʥʳʡ ʢʦʥʪʨʦʣʴ ʚʷʟʢʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. 

ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʦʪʚʦʜʘ ʟʘʨʷʜʦʚ, ʧʦ-

ʩʪʫʧʠʚʰʠʭ ʥʘ ʢʣʝʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʩ ʚʦʨʩʦʤ. ɽʩʣʠ ʟʘʨʷʜ ʩʪʝʢʘʝʪ ʤʝʜʣʝʥʥʝʝ, 

ʯʝʤ ʧʦʩʪʫʧʘʝʪ, ʪʦ ʦʥ ʩʦʟʜʘʝʪ ʧʦʩʪʝʧʝʥʥʦ ʫʩʠʣʠʚʘʶʱʝʝʩʷ ʧʦʣʝ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʦʡ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʚʥʝʜʨʝʥʠʶ ʥʦʚʦʛʦ ʚʦʨʩʘ.  

ʉʪʦʡʢʦʩʪʴ ʢ ʚʦʜʝ. ʕʪʦ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ. ʇʨʘʢʪʠʯʝʩʢʠ ʦʥ ʦʟʥʘʯʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʢ ʩʪʠʨʢʝ ʠʣʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʦ ʚʣʘʞʥʦʤ ʩʦʩʪʦʷʥʠʠ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʝʛʦ ʤʦʞʥʦ ʭʘ-

ʨʘʢʪʝʨʠʟʦʚʘʪʴ ʯʠʩʣʦʤ ʮʠʢʣʦʚ ʠʩʪʠʨʘʥʠʷ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʦʯʝʥʥʦʛʦ ʦʙʨʘʟʮʘ. 

ʆʪʢʨʳʪʦʝ ʚʨʝʤʷ. ʇʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʦʪ ʟʘʚʝʨʰʝʥʠʷ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ ʜʦ 

ʥʘʯʘʣʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʢʣʝʷ ʦʥ ʤʦʞʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ 10 ʠ 

ʙʦʣʝʝ ʨʘʟ. ʄʘʣʦʝ ʦʪʢʨʳʪʦʝ ʚʨʝʤʷ ʜʣʷ ʢʣʝʝʚ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʩʚʷʟʘʥʦ 

ʩ ʙʳʩʪʨʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʣʝʥʢʠ, ʢʦʪʦʨʫʶ ʥʝ ʤʦʞʝʪ ʧʨʦʙʠʪʴ ʜʚʠʞʫʱʠʡʩʷ ʚʦʨʩ.  

ɺ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʘʶʪ ʜʚʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪ-

ʣʠʯʥʳʭ ʢʣʘʩʩʘ ʢʣʝʝʚ: ʢʣʝʠ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ (ʘʢʨʠʣʦʚʳʝ ʠʣʠ ʧʦʣʠ-

ʫʨʝʪʘʥʦʚʳʝ) ʠ ʢʣʝʠ ʥʘ ʦʩʥʦʚʝ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʵʧʦʢʩʠʜʥʳʝ ʠʣʠ 

ʧʦʣʠʫʨʝʪʘʥʦʚʳʝ ʩʤʦʣʳ) [9], [10], [19]. ʆʥʠ ʦʪʣʠʯʘʶʪʩʷ ʢʘʢ ʩʧʦʩʦʙʦʤ ʥʘʥʝʩʝ-
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ʥʠʷ, ʪʘʢ ʠ ʚʠʜʦʤ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʦʥʠ ʧʨʝʜʥʘʟʥʘʯʝʥʳ. ɼʣʷ 

ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʪʝʢʩʪʠʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ ʧʨʠʤʝʥʷʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩʚʷʟʫʶ-

ʱʠʝ ʥʘ ʦʩʥʦʚʝ ʘʢʨʠʣʦʚʳʭ ʜʠʩʧʝʨʩʠʡ. ʊʘʢʠʝ ʢʣʝʠ, ʚʳʧʫʩʢʘʝʤʳʝ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ 

ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ, ʦʪʚʝʯʘʶʪ ʚʩʝʤ ʪʨʝʙʦʚʘʥʠʷʤ, ʥʦ ʩʣʝʜʫʝʪ 

ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʭʦʨʦʰʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʩʪʠʨʢʝ ʧʨʠʦʙʨʝʪʘʶʪ ʪʦʣʴʢʦ ʧʦʩʣʝ ʢʘʯʝ-

ʩʪʚʝʥʥʦʡ ʪʝʨʤʦʬʠʢʩʘʮʠʠ, ʘ ʦʪʢʨʳʪʦʝ ʚʨʝʤʷ ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 5ï6 ʤʠʥ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʦʪʜʝʣʢʠ ʥʝ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ (ʤʝʪʘʣʣ, ʩʪʝʢʣʦ, ʧʣʘʩʪʤʘʩʩʘ ʠ ʪ. ʧ.) ʘʜʛʝʟʠʷ ʘʢʨʠʣʦʚʳʭ ʜʠʩʧʝʨʩʠʡ ʦʢʘʟʳ-

ʚʘʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʡ, ʣʠʙʦ ʨʝʞʠʤ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʪʝʤʧʝʨʘ-

ʪʫʨʥʦʡ ʩʪʦʡʢʦʩʪʠ ʦʩʥʦʚʳ. ʇʦʩʣʝʜʥʝʝ ʢʘʩʘʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʭ ʧʣʘʩʪʠʢʦʚ. ɺ 

ʵʪʠʭ ʩʣʫʯʘʷʭ ʠʩʧʦʣʴʟʫʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢʣʝʠ ʥʘ ʦʩʥʦʚʝ ʵʧʦʢʩʠʜʥʳʭ ʠʣʠ ʧʦʣʠ-

ʫʨʝʪʘʥʦʚʳʭ ʩʤʦʣ. ʄʝʞʜʫ ʩʦʙʦʡ ʦʥʠ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʪʩʷ ʵʣʘʩʪʠʯʥʦʩʪʴʶ. 

ʆʙʘ ʢʣʝʷ ʦʙʣʘʜʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʘʜʛʝʟʠʝʡ ʢ ʚʦʨʩʫ, ʙʦʣʴʰʠʤ ʦʪʢʨʳ-

ʪʳʤ ʚʨʝʤʝʥʝʤ, ʚʷʟʢʦʩʪʴʶ, ʨʝʛʫʣʠʨʫʝʤʦʡ ʚ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ ʠ ʦʪʚʝʨʞʜʘʶʪʩʷ 

ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʠʭ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʟʥʘʯʠʪʝʣʴʥʦ 

ʭʫʞʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ, ʘ ʨʘʩʪʚʦʨʠʪʝʣʴ ʧʦʞʘʨʦʦʧʘʩʝʥ ʠ ʚʨʝʜʝʥ ʜʣʷ ʦʙʩʣʫʞʠ-

ʚʘʶʱʝʛʦ ʧʝʨʩʦʥʘʣʘ. ʇʦʵʪʦʤʫ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚʩʝʛʜʘ ʥʦʩʠʪ ʚʳʥʫʞʜʝʥʥʳʡ ʭʘʨʘʢ-

ʪʝʨ, ʢʦʛʜʘ ʠʥʦʛʦ ʚʘʨʠʘʥʪʘ ʥʝʪ. 

ʅʘʥʦʩʷʪ ʘʢʨʠʣʦʚʳʝ ʚʦʜʥʳʝ ʜʠʩʧʝʨʩʠʠ ʯʝʨʝʟ ʩʝʪʯʘʪʳʡ ʰʘʙʣʦʥ ʠʣʠ ʧʫʪʝʤ 

ʨʘʩʧʳʣʝʥʠʷ. ʂʣʝʠ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʦʞʥʦ ʥʘʥʦʩʠʪʴ ʢʠʩʪʴʶ, ʦʢʫʥʘʥʠʝʤ 

ʠʣʠ ʨʘʩʧʳʣʝʥʠʝʤ.  
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3. ʀɿʄɽʅɽʅʀɽ ʇʃʆʊʅʆʉʊʀ ɺʆʈʉʆɺʆɻʆ ʇʆʂʈʓʊʀʗ 

ɺ ʇʈʆʎɽʉʉɽ ʕʃɽʂʊʈʆʌʃʆʂʀʈʆɺɸʅʀʗ 

 

ʌʣʦʢʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʮʝʣʳʤ ʨʷʜʦʤ ʚʘʞʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ [9]ï[11], [14], [19]: ʜʣʠʥʘ ʠ ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚʦʨʩʘ; 

ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ; ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ; ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ɺʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʅʘʧʨʠʤʝʨ, ʯʝʤ 

ʚʳʰʝ ʧʣʦʪʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʪʝʤ ʚʳʰʝ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʠʩʪʠʨʘʥʠʶ.  

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʩʚʦʡʩʪʚʦ ï ʧʣʦʪ-

ʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʨʩʘ 

ʧʨʦʮʝʩʩ ʝʛʦ ʥʘʥʝʩʝʥʠʷ ʥʝ ʚʣʠʷʝʪ, ʘ ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʘ ʩ ʢʘʯʝʩʪʚʦʤ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠ ʨʝʞʠʤʦʤ ʪʝʨʤʦʬʠʢʩʘʮʠʠ. 

ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘʚʠʩʠʪ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʠʤʝʥʥʦ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ.  

ɺʘʞʥʦʩʪʴ ʵʪʦʛʦ ʧʦʥʷʪʠʷ ʩʦʩʪʦʠʪ ʪʘʢʞʝ ʠ ʚ ʪʦʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʚʷʟʘʥʘ ʩ ʪʘʢʦʡ 

ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʢʘʢ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ [9], [10], 

[19]. ʊʨʝʙʫʝʤʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʦʞ-

ʥʦ ʧʦʣʫʯʠʪʴ ʣʠʰʴ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʪ. ʝ. ʧʨʠ ʠʟ-

ʚʝʩʪʥʦʡ ʜʣʠʥʝ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ ʙʳʪʴ 

ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʦʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʪʦʯʥʝʝ ʦʧʨʝʜʝʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʦʪ ʚʨʝʤʝʥʠ, ʪʝʤ ʪʦʯʥʝʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʘ 

ʟʥʘʯʠʪ, ʜʦʙʠʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ. ʇʦ-

ʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʫʪʦʯʥʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ. ɺ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʦʜʝʣʴ ʜʦʣʞʥʘ ʫʯʠʪʳʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚʦʨʩʘ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʟʦʥʝ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʘʪʝʨʠʘʣʝ. 

 

3.1. ʄʦʜʝʣʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʫʯʝʪʦʤ 

 ʚʩʪʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ 

 

ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ n ʚʳʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ʥʘ ʧʣʦ-
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. ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʦʨʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ, ʵʪʦ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ 

[9], [10], [17], [19], [26]ï[28], ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝ-

ʨʠʘʣʘ P, ʛ/(ʤ
2
ʩ), ʠ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ nmax, ʛ/ʤ

2
.  

ʆʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʤʫʶ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʥʘʨʘʩʪʘʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὖρ Ȣ                                          (3.1) 
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ʕʪʦ ʚʳʨʘʞʝʥʠʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʧʨʠʥʷʪʦʝ ʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝ-

ʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʜʦʣʝ ʩʚʦʙʦʜʥʦʡ ʧʣʦʱʘʜʠ ʠʣʠ çʯʠʩʣʫ ʚʘ-

ʢʘʥʪʥʳʭ ʤʝʩʪè ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ. ʇʨʠ ʵʪʦʤ ʧʦʜʨʘʟʫʤʝʚʘʝʪʩʷ, ʯʪʦ ʩʢʦ-

ʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʈ ï ʧʦʩʪʦʷʥʥʘ. ʊʘʢʞʝ ʧʦʩʪʦʷʥʥʳʤʠ 

ʩʯʠʪʘʶʪʩʷ ʫʩʣʦʚʠʷ ʥʘʥʝʩʝʥʠʷ, ʪ. ʝ. ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ U, ʤʝʞʵʣʝʢʪʨʦʜ-

ʥʦʝ ʨʘʩʩʪʦʷʥʠʝ h ʠ ʟʘʨʷʜ ʚʦʨʩʠʥʦʢ q. ʊʦʛʜʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ 

ʚʨʝʤʝʥʠ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ὲὸ ὲ ρ Ὡ  Ȣ                              (3.2) 

ʅʝʜʦʩʪʘʪʢʦʤ ʵʪʦʡ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʢʘʢ ʨʘʟ ʪʦ, ʯʪʦ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʠʥʠ-

ʤʘʝʪʩʷ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʦʩʪʦʷʥʥʘ ʚʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʜʘʞʝ ʝʩʣʠ ʯʠ-

ʩʪʦ ʤʝʭʘʥʠʯʝʩʢʠ ʧʨʦʮʝʩʩ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʦʩʪʦʷʥʝʥ ʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ 

ʥʝ ʤʝʥʷʝʪʩʷ, ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʤʘʪʝʨʠʘʣʫ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʩ ʫʚʝ-

ʣʠʯʝʥʠʝʤ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣʝ. 

ʕʪʦ ʤʦʞʥʦ ʧʦʷʩʥʠʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɺ ʧʝʨʚʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʚʝʩʴ 

ʚʦʨʩ, ʚʳʣʝʪʝʚʰʠʡ ʠʟ ʙʫʥʢʝʨʘ, ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. ɼʘʣʝʝ ʚʩʝ ʙʦʣʴʰʝ 

ʚʦʨʩʘ çʥʘʪʳʢʘʝʪʩʷè ʥʘ ʨʘʥʝʝ ʚʥʝʜʨʠʚʰʠʝʩʷ ʚʦʨʩʠʥʢʠ, ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ ʠ ʜʚʠ-

ʞʝʪʩʷ ʦʙʨʘʪʥʦ ʢ ʙʫʥʢʝʨʫ, ʘ ʟʘʪʝʤ ʚʥʦʚʴ ʢ ʤʘʪʝʨʠʘʣʫ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʨʦʩʪʦʤ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣʝ ʤʦʞʝʪ ʨʘʩʪʠ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʚ ʟʦʥʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʥʠʞʘʪʴʩʷ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʠ ʪʝʤ ʩʘʤʳʤ 

ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʤʘʪʝʨʠʘʣʫ ʥʘʚʝʨʥʷʢʘ ʙʫʜʝʪ ʠʟʤʝʥʷʪʴʩʷ. ʉʦʛʣʘʩʥʦ 

[19], [43]ï[45], [54], [55], ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʘʢʪʦʨʦʚ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʢʦ-

ʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ, ʷʚʣʷʝʪʩʷ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʬʣʦʢʘʪʦʨʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʝʩʣʠ ʠʟ ʙʫʥʢʝʨʘ ʧʦʩʪʫʧʘʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ 

ʚʦʨʩ, ʪʦ ʥʘʚʩʪʨʝʯʫ ʜʚʠʞʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʡ ʚʦʨʩ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪ 

ʩʫʤʤʘʨʥʫʶ ʦʙʲʝʤʥʫʶ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʘ ʪʝʤ ʩʘʤʳʤ ʩʥʠ-

ʤʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, ʠ ʪʦʛʜʘ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʤʦʞʝʪ 

ʚʦʟʨʘʩʪʘʪʴ. ʆʜʥʘʢʦ, ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʩʪʨʝʯʥʳʭ ʧʦʪʦʢʦʚ ʚʦʨʩʘ ʚʦʟ-

ʨʘʩʪʘʝʪ ʚʝʨʦʷʪʥʦʩʪʴ ʚʟʘʠʤʦʨʘʟʨʷʜʘ ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥʥʳʭ ʚʦʨʩʠʥʦʢ ʚ ʚʦʟʜʫ-

ʭʝ ʠʣʠ ʚʦ ʚʨʝʤʷ ʟʘʨʷʜʢʠ, ʪʝʤ ʩʘʤʳʤ ʩʥʠʞʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʢ ʤʘʪʝʨʠʘʣʫ ʚʣʠʷʶʪ ʦʜʥʦʚʨʝ-

ʤʝʥʥʦ ʜʚʝ ʚʩʪʨʝʯʥʳʝ ʪʝʥʜʝʥʮʠʠ, ʠ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ ʧʨʝʜʩʢʘʟʘʪʴ 

ʚʝʣʠʯʠʥʫ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʋʯʪʝʤ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʢʘʢ ʚʦʟʨʘʩʪʘʥʠʷ, ʪʘʢ ʠ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʦ ʤʝʨʝ ʥʘʨʘʩʪʘ-

ʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣʝ. ɺ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʚʦʨʩʘ ʩ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

0 0

max

1 .
n

P P k
n

å õ
= +æ ö
ç ÷

                                             (3.3) 

ɿʜʝʩʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʢ ʤʘʪʝʨʠʘʣʫ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʈ = ʈ0 ʚ ʥʘʯʘʣʴ-

ʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (t = 0; n = 0 ) ʜʦ ʈ = ʈ0 (1 + k0 ) ʧʨʠ n = nmax. ɺʝʣʠʯʠʥʘ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ k0 ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ (ʟʘʨʷʜ, ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪ-

ʨʳ) ʠ ʫʩʣʦʚʠʷʤʠ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ). ʊʝʦʨʝʪʠʯʝʩʢʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦ-
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ʤʝʥʪ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ, ʥʦ ʤʦʞʥʦ ʩ ʫʚʝʨʝʥʥʦʩʪʴʶ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ 

k0 > - 1, ʪʘʢ ʢʘʢ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ ʧʦʪʦʢ ʚʦʨʩʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʘʚʣʝʥ ʦʪ ʤʘ-

ʪʝʨʠʘʣʘ ʢ ʧʦʜʘʶʱʝʤʫ ʙʫʥʢʝʨʫ. ʇʦʵʪʦʤʫ ʚ ʜʘʣʴʥʝʡʰʝʤ ʦʧʨʝʜʝʣʠʤ ʝʛʦ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʊʦʛʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ 

ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὖ ρ Ὧ ρ ẗ                             (3.4) 

ɼʣʷ ʫʜʦʙʩʪʚʘ ʜʘʣʴʥʝʡʰʠʭ ʚʳʯʠʩʣʝʥʠʡ ʚʚʝʜʝʤ ʙʝʟʨʘʟʤʝʨʥʫʶ ʧʝʨʝʤʝʥʥʫʶ 

x = n/nmax ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʩʫʱʝʩʪʚʠʤ ʨʘʟʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ. 

.
)1)(1( max

0

0

dt
n

P

xxk
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=

-+                                        (3.5) 

ʆʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ x ʧʨʠ ʠʟʤʝʥʝʥʠʠ t ʦʪ 0 ʜʦ Ð ʙʫʜʝʪ ʦʪ 0 ʜʦ 1. ʇʨʦʠʥʪʝ-

ʛʨʠʨʫʝʤ ʦʙʝ ʯʘʩʪʠ: 
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ʈʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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ʀʩʧʦʣʴʟʫʷ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ x(t = 0) = 0, ʦʧʨʝʜʝʣʠʤ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʷ ʉ: 

.ln
1

1
0

0

k
k

C
+

=  

ʊʝʧʝʨʴ, ʚʦʟʚʨʘʪʠʚʰʠʩʴ ʢ ʠʩʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ n, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʥʦʚʳʡ 

ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ 

ὲὸ  ὲ Ȣ                              (3.7) 

ɺ ʧʦʣʫʯʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʚʘʨʠʘʥʪʝ, ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ 

n ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʚʨʝʤʝʥʠ t ʩʪʨʝʤʠʪʩʷ ʢ ʟʥʘʯʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ nmax. 

ʆʙʱʠʡ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʭʨʘʥʷʝʪʩʷ, ʧʨʠʯʝʤ ʚʳʨʘʞʝʥʠʝ (3.7) ʧʝʨʝʭʦʜʠʪ ʚ ʦʙ-

ʱʝʧʨʠʥʷʪʳʡ ʚʘʨʠʘʥʪ (3.2) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ, ʪ. ʝ. ʚ 

ʩʣʫʯʘʝ k0 = 0. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʠʥʦʡ.  

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʧʦʜʦʙʥʦʡ ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʠʥʫʶ ʢʦʤʙʠʥʘ-

ʮʠʶ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʭʦʜʷʱʠʝ ʚ 

ʩʦʦʪʥʦʰʝʥʠʷ (3.2) ʠ (3.7), ʚʣʠʷʶʪ ʢʘʢ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ, ʪʘʢ ʠ ʩʚʦʡ-

ʩʪʚʘ ʚʦʨʩʘ. ʇʦʜ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʳ ʟʜʝʩʴ ʧʦʥʠʤʘʝʤ ʧʘʨʘʤʝʪʨʳ, 

ʦʪ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʧʦʣʫʯʘʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨr -

ʪʠʷ. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʵʪʦ ʙʳʣʠ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ P ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦ-
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ʩʪʠʞʠʤʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ nmax. ʇʨʠ ʵʪʦʤ ʚʟʘʠʤʦʩʚʷʟʴ ʩʚʦʡʩʪʚ 

ʚʦʨʩʘ ʩ ʵʪʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʦ ʩʠʭ ʧʦʨ ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɺʦʟʤʦʞʥʦ, ʵʪʠ 

ʩʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʚ ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ʚʭʦʜʷʪ ʦʙʘ ʧʘʨʘʤʝʪʨʘ. 

ɼʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʦʟʤʦʞʥʦ, ʠʭ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ ʚʤʝ-

ʩʪʦ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚʚʝʩʪʠ ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ï ʧʦ-

ʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ t. ʆʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 
ʧʦʢʨʦʚʘ [28]. ʇʨʠ ʵʪʦʤ ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʧʨʦʩʪʳʤ ʦʙʨʘʟʦʤ ʩʚʷʟʘʥʘ ʩ ʧʨʝʞ-

ʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: t = nmax/ P. 

ʊʝʧʝʨʴ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʚʳ-

ʛʣʷʜʝʪʴ ʪʘʢ: 

ὲὸ ὲ ρ Ὡ Ⱦ Ȣ               (3.8) 
 

ʕʪʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʊʝʧʝʨʴ ʟʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʪʚʝʯʘʝʪ ʧʘʨʘʤʝʪʨ nmax, 

ʘ ʟʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʘʨʘʤʝʪʨ t. ɹʣʘʛʦʜʘʨʷ 
ʵʪʦʤʫ ʦʮʝʥʢʫ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʠ ʨʝʞʠʤʦʚ ʬʣʦʢʠʨʦʚʘʥʠʷ ʤʦʞʥʦ 

ʠʩʩʣʝʜʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʦ.  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʳʙʦʨ ʤʦʜʝʣʠ ʤʳ ʙʫʜʝʤ ʦʩʫʱʝʩʪʚʣʷʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

 

3.2.  ʉʨʘʚʥʝʥʠʝ ʤʦʜʝʣʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

 ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʨʝʜʣʦʞʝʥʦ ʪʨʠ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʉʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʠʤʝʝʪ ʩʤʳʩʣ ʪʦʣʴ-

ʢʦ ʜʚʝ ʠʟ ʥʠʭ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ n(t) ʜʣʷ ʤʦʜʝʣʝʡ (2.2) ʠ (2.8) ʙʫʜʫʪ 

ʠʜʝʥʪʠʯʥʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʠʩʭʦʜʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴʥʳʡ ʚʦʧʨʦʩ: ʤʝʥʷʝʪʩʷ 

ʣʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʘʪʝʨʠʘ-

ʣʝ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʢʨʠʪʝʨʠʡ ʠ ʤʝʪʦʜʠʢʫ ʩʨʘʚʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʢʨʠʪʝʨʠʷ ʚʳʙʦʨʘ ʟʘʚʠʩʠʤʦʩʪʠ, ʙʦʣʝʝ ʪʦʯʥʦ ʦʪʨʘʞʘʶʱʝʡ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘ, ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʫʤʤʘ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ. ʄʝʪʦʜʠʢʘ ʩʨʘʚʥʝʥʠʷ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʩʣʝʜʫʶʱʝʤ [19]:  

1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʷʣʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʦʙʨʘʟ-

ʮʘʭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠ ʥʘʧʨʷʞʝʥʠʠ ʠ ʨʘʟʣʠʯʥʦʤ ʚʨʝʤʝʥʠ ʥʘʥʝ-

ʩʝʥʠʷ. ʀʟʤʝʨʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʦ ʧʨʠʚʝʩʫ 

[10], [19], [25], ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʪʘʡʤʝʨʦʤ. 

2. ɼʣʷ ʢʘʞʜʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʨʠʠ ʚʳʯʠʩʣʷʣʠ ʩ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ 

ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʠʤʦʩʪʝʡ (3.2) ʠ (3.7), ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ min ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ 

ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. 

ɹʳʣʦ ʧʨʦʚʝʜʝʥʦ ʯʝʪʳʨʝ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ʦʪ ʚʨʝʤʝʥʠ ʥʘʥʝʩʝʥʠʷ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʚʦʨʩʘ, ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʚʝʣʠʯʠʥʘ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʷ ʜʣʷ ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ. ʈʝ-

ʟʫʣʴʪʘʪʳ ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʯʝʪʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.1ï3.4, ʛʜʝ n  ɻï ʵʢʩ-
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ʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ; n0 ï ʨʘʩʯʝʪ ʧʦ ʬʦʨʤʫʣʝ (3.2); n1 ï ʧʦ ʬʦʨʤʫʣʝ (3.7) 

ʠ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʠʚʝʜʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 3.1ï3.4). ʇʨʠʚʝʜʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʈ0, ʠʟʤʝʨʝʥʳ ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ. 

1. ɺʦʨʩ ʇA, U = 25 ʢɺ, h = 70 ʤʤ, T = 3,3 ʜʪʝʢʩ, l = 1 ʤʤ, ʈ0 = 23 ʛ/ʤ
2
ʩ. 

 

ʊʘʙʣʠʮʘ 3.1. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (U = 25 ʢɺ) 

t, c 2 4 6 8 10 14 18 22 30 38 46 

n ,ɻ ʛ/ʤ
2
 11,2 35,4 57,5 80,4 91,3 103,3 117 123,3 137 143 144 

n0, ʛ/ʤ
2 

23,8 43,8 60,5 74,5 86,3 104,4 117,1 126 136,6 141,9 144,5 

n1, ʛ/ʤ
2
 21,1 40,3 57,4 72,3 85,1 105 118,8 128,1 138,1 142,2 144,5 

 

 
ʈʠʩ. 3.1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʚʨʝʤʝʥʠ 

ʥʘʥʝʩʝʥʠʷ (ʚʘʨʠʘʥʪ 1) 

 

2. ɺʦʨʩ ʇA, U = 30 ʢɺ, h = 70 ʤʤ, T = 3,3 ʜʪʝʢʩ, l = 1 ʤʤ, ʈ0 = 23 ʛ/ʤ
2
ʩ. 

 

ʊʘʙʣʠʮʘ 3.2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (U = 30 ʢɺ) 

t, c 2 4 6 8 10 14 18 22 30 38 46 

n ,ɻ ʛ/ʤ
2
 22,5 43,5 64,2 94,6 112,5 132,9 137,5 141,7 146,3 160,8 160,4 

n0, ʛ/ʤ
2 

29,0 52,9 72,6 88,7 101,9 121,8 135,1 144,2 154,4 159,1 161,2 

n1, ʛ/ʤ
2
 23,0 46,9 69,8 90,1 107,1 130,4 142,8 148,8 152,9 153,8 154 
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ʈʠʩ. 3.2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʚʨʝʤʝʥʠ ʥʘʥʝʩʝʥʠʷ 

(ʚʘʨʠʘʥʪ 2) 

 

3. ɺʦʨʩ PA, U = 30 ʢɺ, h = 70 ʤʤ, T = 3,3 ʜʪʝʢʩ, l = 1 ʤʤ, ʈ0 = 42 ʛ/ʤ
2
ʩ.  

 

ʊʘʙʣʠʮʘ 3.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (U = 30 ʢɺ) 

t, c 2 4 6 8 10 14 18 22 30 38 46 

n ,ɻ ʛ/ʤ
2
 34,0 75,8 99,2 109 117,7 133,8 143,8 150 152,5 160 166,7 

n0, ʛ/ʤ
2 

40,0 69,8 92,2 109 121,6 138 147,2 152,4 156,9 158,3 158,8 

n1, ʛ/ʤ
2
 43,4 72,2 92,6 108 118,8 134,2 144 150,3 157,4 160,8 162,4 

 

 
ʈʠʩ. 3.3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʚʨʝʤʝʥʠ ʥʘʥʝʩʝʥʠʷ 

(ʚʘʨʠʘʥʪ 3) 
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4. ɺʦʨʩ PA, U = 30 ʢɺ, h = 70 ʤʤ, T = 3,3 ʜʪʝʢʩ, l = 1,5 ʤʤ, ʈ0 = 48 ʛ/ʤ
2
ʩ. 

 

ʊʘʙʣʠʮʘ 3.4. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (U = 30 ʢɺ) 

t, c 2 4 6 8 10 14 18 22 30 38 46 

n ,ɻ ʛ/ʤ
2
 56,8 61,3 79,2 110 119,6 131,7 132,9 142,1 144,2 145,4 150 

n0, ʛ/ʤ
2 

39,5 68,4 89,5 105 116,3 130,6 138,2 142,3 145,6 146,6 146,9 

n1, ʛ/ʤ
2
 43,0 71,0 90,4 104 114,4 127,9 135,9 140,7 145,6 147,6 148,4 

 

 
ʈʠʩ. 3.4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʚʨʝʤʝʥʠ ʥʘʥʝʩʝʥʠʷ 

(ʚʘʨʠʘʥʪ 4) 

 

ʂʘʢ ʭʦʨʦʰʦ ʚʠʜʥʦ ʠʟ ʚʩʝʭ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (ʨʠʩ. 3.1ï

3.4), ʦʙʘ ʚʘʨʠʘʥʪʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʪ ʧʦʣʫʯʘʝʤʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ 

ʜʘʥʥʳʝ. ʇʦ çʚʥʝʰʥʝʤʫ ʚʠʜʫè ʚʳʙʨʘʪʴ ʣʫʯʰʠʡ ʚʘʨʠʘʥʪ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʟʘʪʨʫʜʥʠʪʝʣʴʥʳʤ. ʕʪʦ, ʦʜʥʘʢʦ, ʥʝ ʟʥʘʯʠʪ, ʯʪʦ ʤʘʣʳʝ ʦʪʣʠʯʠʷ ʥʝ ʠʤʝʶʪ ʟʥʘ-

ʯʝʥʠʷ. ʀʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʧʫʩʢʘ ʨʫʣʦʥʥʳʭ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʘʞʝ 

ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʤʦʞʝʪ ʣʠʙʦ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʠʪʴ ʦʙʲʝʤ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʧʨʠʙʳʣʴ, ʣʠʙʦ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣʝ ʙʫʜʝʪ ʥʝʜʦʩʪʘʪʦʯ-

ʥʦʡ, ʪ. ʝ. ʙʦʣʝʝ ʪʦʯʥʘʷ ʤʦʜʝʣʴ ʧʦʟʚʦʣʠʪ ʙʦʣʝʝ ʪʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʣʠʥʠʠ ʜʣʷ ʜʘʥʥʦʛʦ ʚʦʨʩʘ ʠ ʟʘʜʘʚʘʪʴ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘʥʝʩʝʥʠʷ.  

ɼʣʷ ʚʳʙʦʨʘ ʥʘʠʣʫʯʰʝʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʨʠʪʝʨʠʝʤ, ʦ 

ʢʦʪʦʨʦʤ ʛʦʚʦʨʠʣʦʩʴ ʨʘʥʝʝ, ʪ. ʝ. ʚʝʣʠʯʠʥʦʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩ-

ʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ S (m = 11).  

() ()( ).
1

2

ä
=

-=
m

i

iʵi tntnS                                         (3.8) 

ʂʨʦʤʝ ʵʪʦʛʦ ʜʣʷ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʙʳʣʦ ʚʳʯʠʩʣʝʥʦ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʦʪ-

ʢʣʦʥʝʥʠʷ ŭ, ʧʦʣʫʯʝʥʥʦʝ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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( ) ( ) const,j x v xr= Ö =    .
S

m
d=                                    (3.9) 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʚʳʙʨʘʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʠʰʴ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ 

ʙʦʣʝʝ ʥʘʛʣʷʜʥʦ ʩʨʘʚʥʠʪʴ ʜʚʝ ʤʦʜʝʣʠ. ɼʣʷ ʵʪʦʛʦ, ʝʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʧʘʨʘʤʝʪʨ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʠʡ ʚʳʯʠʩʣʝʥʠʶ ʧʦ ʤʦʜʝʣʠ (2.2) ʯʝʨʝʟ ŭ0, ʘ ʧʘʨʘʤʝʪʨ, ʠʩʧʦʣʴʟʫʶ-

ʱʠʡ ʚʳʨʘʞʝʥʠʝ (3.7), ï ŭ1, ʚʳʯʠʩʣʷʣʠ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ 

.
1

10

d

dd-
=D                                                    (3.10) 

ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.5. 

 

ʊʘʙʣʠʮʘ 3.5 

ʅʦʤʝʨ 

ʚʘʨʠʘʥʪʘ 

ʄʦʜʝʣʴ P0, 

ʛ/ʤ
2
ʩ 

nmax, 

ʛ/ʤ
2 

k0 S, 

ʛ
2
/ʤ

4
 

ŭ ȹ, 

% 

1 1 13 147 - 307 5,28 9,3 

2 11 145 0,51 257 4,83 

2 1 16 163 - 557 7,12 33,2 

2 11 154 1,8 314 5,34 

3 1 23 159 - 255 4,81 15,5 

2 27 164 -0,47 191 4,17 

4 1 23 147 - 538 7,0 3 

2 27 149 -0,39 508 6,8 

 

ɺʘʞʥʝʡʰʠʤ ʚʳʚʦʜʦʤ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʘʙʣʠʮʳ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ 

ʚʩʝʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʩʝʨʠʡ ʘʜʝʢʚʘʪʥʦʩʪʴ ʥʦʚʦʡ ʤʦʜʝʣʠ ʚʳʰʝ, ʧʨʠʯʝʤ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʚʘʨʠʘʥʪʦʚ ï ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʭʦʜʥʦʝ ʧʦʣʦʞʝʥʠʝ ʦʙ ʠʟʤʝʥʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʦ ʤʝʨʝ ʠʟʤʝʥʝ-

ʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ʇʦ-ʚʠʜʠʤʦʤʫ, ʚʝʨʥʦ ʠ ʪʦ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ï ʨʝʟʫʣʴʪʘʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʚʫʭ ʪʝʥʜʝʥʮʠʡ: ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʦʙʲ-

ʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʠʟ-ʟʘ ʯʝʛʦ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʜʦʣʞʥʘ ʚʦʟʨʘʩʪʘʪʴ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚʩʪʨʝʯʥʳʡ ʧʦʪʦʢ ʚʦʨʩʘ ʩ ʟʘʨʷʜʦʤ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʟʘʨʷʜʢʠ ʦʩʥʦʚʥʦʛʦ ʧʦʪʦʢʘ ʚʦʨʩʘ ʠ ʩʥʠ-

ʞʘʝʪ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ. ʂʦʣʝʙʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ k0 ʥʘʭʦʜʷʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘ-

ʟʦʥʝ: ʦʪ ï 0,47 ʜʦ +1,8.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝ-

ʜʦʚʘʥʠʷ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʭʦʪʷ ʠ ʢʦʩʚʝʥʥʦʝ, ʥʦ ʜʦʩʪʘʪʦʯʥʦ ʫʙʝʜʠʪʝʣʴʥʦʝ ʧʦʜ-

ʪʚʝʨʞʜʝʥʠʝ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘ ʩʢʦ-

ʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ ʜʚʫʭ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ, ʢʘʟʘʣʦʩʴ ʙʳ, ʥʝ ʚʝʣʠʢʠ, ʧʨʠ ʦʙʲʝʤʘʭ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʜʦ-

ʩʪʠʛʘʶʱʠʭ ʜʝʩʷʪʢʦʚ ʤʠʣʣʠʦʥʦʚ ʤʝʪʨʦʚ ʚ ʛʦʜ ʨʝʯʴ ʠʜʝʪ ʦ ʩʦʪʥʷʭ ʪʳʩʷʯ ʤʝʪʨʦʚ: 

ʣʠʙʦ ʩʢʦʨʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ ʚʦʨʩʘ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʦʞʥʦ ʫʚʝʣʠ-

ʯʠʪʴ ʠ ʚʳʧʫʩʪʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ ʪʨʝʙʫʝʤʘʷ ʧʣʦʪ-
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ʥʦʩʪʴ ʚʦʨʩʘ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ ʠ ʵʪʠ ʫʩʣʦʚʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʪʴ. 

ɺʘʞʥʝʡʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʦʙʝʠʭ ʤʦʜʝʣʝʡ ʷʚʣʷʶʪʩʷ ʥʘʯʘʣʴʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ P0 ʠ ʧʨʝʜʝʣʴʥʘʷ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ nmax. 

ʆʙʘ ʧʘʨʘʤʝʪʨʘ ʦʪʚʝʯʘʶʪ ʟʘ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʪ. ʝ. ʟʘ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʴʥʦʩʪʴ, ʧʨʠʯʝʤ ʚʪʦʨʦʡ ʩʚʷʟʘʥ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣʝ. ʇʦʵʪʦʤʫ 

ʦʩʥʦʚʥʳʤʠ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʦʣʞʥʦ ʩʪʘʪʴ ʠʟʫʯʝʥʠʝ 

ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʠ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʥʘ ʬʣʦʢʠ-

ʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ, ʩʚʷʟʘʥʥʫʶ ʩ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʩʘ. ʆʜʥʘʢʦ ʧʝʨ-

ʚʳʤ ʵʪʘʧʦʤ ʜʦʣʞʝʥ ʩʪʘʪʴ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʧʦʩʢʦʣʴʢʫ ʦʙʲʝʤʥʳʡ 

ʟʘʨʷʜ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʟʘʨʷʜʦʚ ʦʪʜʝʣʴʥʳʭ ʚʦʨʩʠʥʦʢ, ʘ ʟʘ-

ʨʷʜ ʚʦʨʩʠʥʢʠ ʩʚʷʟʘʥ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝ-

ʛʦ ʵʣʝʢʪʨʦʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ ʭʘʨʘʢ-

ʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ ʟʘʨʷʜʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ.  

 

3.3.  ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

 ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ʅʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʭʦʜʷʱʠʝ ʚ ʩʦʦʪʥʦʰʝʥʠʷ (3.2) ʠ (3.7), 

ʚʣʠʷʶʪ ʢʘʢ ʫʩʣʦʚʠʷ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ, ʪʘʢ ʠ ʩʚʦʡʩʪʚʘ ʚʦʨʩʘ. ʇʦʜ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʳ ʟʜʝʩʴ ʧʦʥʠʤʘʝʤ ʧʘʨʘʤʝʪʨʳ, ʦʪ ʢʦʪʦʨʳʭ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʧʦʣʫʯʘʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ 

ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ P ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ nmax (ʬʦʨʤʫʣʘ (3.2)). ʇʨʠ ʵʪʦʤ ʚʟʘʠʤʦʩʚʷʟʴ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʩ ʵʪʠʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʜʦ ʩʠʭ ʧʦʨ ʯʝʪʢʦ ʥʝ ʦʧʨʝʜʝʣʝʥʘ. ɺʦʟʤʦʞʥʦ, ʵʪʠ ʩʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ 

ʪʝʤ, ʯʪʦ ʚ ʧʦʢʘʟʘʪʝʣʴ ʵʢʩʧʦʥʝʥʪʳ ʚʭʦʜʷʪ ʦʙʘ ʧʘʨʘʤʝʪʨʘ. ɼʣʷ ʙʦʣʝʝ ʯʝʪʢʦʛʦ ʚʳʷʚ-

ʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʚʦʟʤʦʞ-

ʥʦ, ʠʭ ʩʣʝʜʫʝʪ ʠʟʤʝʥʠʪʴ [28]. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ, ʝʩʣʠ ʚʤʝʩʪʦ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧ-

ʣʝʥʠʷ ʚʦʨʩʘ ʚʚʝʩʪʠ ʠʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʘʨʘʤʝʪʨ ï ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ t. 
ʆʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʊʦʛʜʘ ʩʦ-

ʦʪʥʦʰʝʥʠʝ (3.2) ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

ὲὸ ὲ ρ Ὡ Ⱦ .     (3.11) 
 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʦʯʝʥʴ ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ (3.2), 

ʥʦ ʚʘʞʥʦ ʪʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʟʜʝʩʴ ʯʝʪʢʦ ʨʘʟʜʝʣʝʥʳ. ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ t ʦʪʚʝ-
ʯʘʝʪ ʟʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʘ ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ 

nmax ʦʧʨʝʜʝʣʷʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ ʩʚʷʟʘʥʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ 

ʦʙʦʙʱʠʪʴ, ʟʘʧʠʩʘʚ ʝʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʝʨʝʤʝʥʥʳʭ: to = t/t  ʠ no = n(t)/nmax.  

ὲ ρ Ὡ Ȣ        (3.12) 

ʊʘʢʘʷ ʟʘʧʠʩʴ ʛʦʜʠʪʩʷ ʜʣʷ ʣʶʙʦʛʦ ʚʦʨʩʘ ʠ ʣʶʙʳʭ ʫʩʣʦʚʠʡ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ʆʥʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʚ ʦʙʱʝʤ ʚʠʜʝ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʚ ʦʪʥʦʩʠ-

ʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ. ɺʠʜ ʜʘʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 3.5.  
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ʈʝʘʣʴʥʘʷ ʜʠʥʘʤʠʢʘ ʩʚʷʟʘʥʘ ʩ ʘʙʩʦʣʶʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ: ʯʝʤ 

ʣʫʯʰʝ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʪ. ʝ. ʯʝʤ ʙʣʠʞʝ ʢ ʚʝʨʪʠʢʘʣʠ ʨʘʩʧʦʣʘ-

ʛʘʶʪʩʷ ʚʦʨʩʠʥʢʠ, ʪʝʤ ʙʦʣʴʰʝ ʙʫʜʝʪ ʧʨʝʜʝʣʴʥʦ ʚʦʟʤʦʞʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ, ʠ ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ t, ʪʝʤ ʙʳʩʪʨʝʝ ʨʘʩʪʝʪ ʧʣʦʪ-

ʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 
 

 
ʈʠʩ. 3.5. ʀʟʤʝʥʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʝʜʠʥʠʮʘʭ 

 

3.4. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʝʞʠʤʘ ʥʘʥʝʩʝʥʠʷ ʠ ʩʚʦʡʩʪʚ ʚʦʨʩʘ  

 ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ ʦʧʠʩʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʩʝʛʦ 

ʜʚʫʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʕʪʦ ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳ-

ʪʠʷ nmax ʠ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ (ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ) ʈ ʠʣʠ ʧʦʩʪʦʷʥʥʘʷ 

ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ Ű. ɺʩʝ ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʫʩʣʦʚʠʡ ʧʨʦʮʝʩʩʘ ʥʘʥʝ-

ʩʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ), ʪʘʢ ʠ ʦʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʨʩʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʠʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʨʩʘ). 

ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. ʈʷʜ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤʠ ʚʦʧʨʦʩʘʤʠ, ʙʫʜʝʪ ʧʨʦ-

ʘʥʘʣʠʟʠʨʦʚʘʥ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ. ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʳʝ ʠʟ ʧʦʣʫ-

ʯʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 
 

ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʨʝʜʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ɺʘʞʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʚʟʘʠʤʦʩʚʷʟʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ nmax ʩ ʥʘʧʨʷʞʝʥʠʝʤ ʠʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʬʣʦʢʠʨʦʚʘʥʠʷ 

(ʨʠʩ. 3.6). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʥʘʤ ʚʘʞʝʥ ʭʘʨʘʢʪʝʨ ʠʭ ʚʟʘʠʤʦʩʚʷʟʠ [9], [10], [19]. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʜʚʫʭ ʚʠʜʦʚ ʚʦʨʩʘ (l = 0,7 ʤʤ, T = 0,33 ʪʝʢʩ ʠ 
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l = 3,0 ʤʤ, T = 2,2 ʪʝʢʩ). ʕʪʠ ʛʨʘʬʠʢʠ (ʨʠʩ. 3.6) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [19] ʠ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʚʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ. ʈʝʯʴ ʠʜʝʪ 

ʠʤʝʥʥʦ ʦ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʧʦʩʢʦʣʴʢʫ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʙʳʣʦ 

ʧʦʩʪʦʷʥʥʳʤ (12 ʩʤ) ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʠʟʤʝʥʷʝʪʩʷ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
 

 
ʈʠʩ. 3.6. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ: 

1, 3 ï ʬʣʦʢʠʨʦʚʘʥʠʝ çʩʚʝʨʭʫ-ʚʥʠʟè; 2, 4 ï ʬʣʦʢʠʨʦʚʘʥʠʝ çʩʥʠʟʫ-ʚʚʝʨʭè; 

1, 2 ï ʚʦʨʩ: l = 0,7 ʤʤ, T = 0,33 ʪʝʢʩ; 3, 4 ï ʚʦʨʩ: l = 3,0 ʤʤ, T = 2,2 ʪʝʢʩ 

 

ʇʦʣʫʯʝʥʥʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʨʦʩʪʝ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʝʛʦ ʚʣʠʷʥʠʝ ʥʘ ʟʘʨʷʜ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʥʳʡ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ, ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʦʨʩʠʥʢʘ ʣʫʯʰʝ ʦʨʠʝʥʪʠʨʫʝʪʩʷ 

ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʕʪʦ ʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ 

ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠ, ʪʝʤ ʩʘʤʳʤ, ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 
 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʨʩʘ 

ɺʚʝʜʝʥʠʝ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʢʘʢ çʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝ-

ʥʠè ʚ ʤʦʜʝʣʠ (3.8) ʧʦʟʚʦʣʠʣʦ ʯʝʪʢʦ ʨʘʟʜʝʣʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ: ʚʝ-

ʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʚʷʟʘʥʘ ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘ çʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠè ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

ɺ ʨʘʙʦʪʝ [29] ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ 

çʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠè ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ ʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴʶ ʚʦʨʩʘ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 8 ʚʠʜʦʚ ʚʦʨʩʘ, ʠʤʝʶʱʠʭ ʦʜʠʥʘʢʦ-

ʚʫʶ ʧʨʠʨʦʜʫ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ (ʇɸ,  l = 0,5 ʤʤ, T = 0,33 ʪʝʢʩ), ʥʦ ʨʘʟ-

ʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜ-

ʥʦʩʪʴ.  
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ʕʢʩʧʝʨʠʤʝʥʪ ʩʪʨʦʠʣʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʚʦʨʩʘ ʠʟʤʝʨʷʣʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ R ʠ ʚʳʯʠʩʣʷʣʠ ʝʛʦ ʫʜʝʣʴʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ l 
ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [9], [10], [19] . ʇʦʩʣʝ ʵʪʦʛʦ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʨʩʘ 

ʧʦʣʫʯʘʣʠ ʩʝʨʠʶ ʦʙʨʘʟʮʦʚ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ ʥʘʥʝʩʝʥʠʷ, ʥʦ ʨʘʟʥʦʡ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʇʨʠ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ ʠʟʛʦʪʘʚʣʠʚʘʣʠ ʥʝʩʢʦʣʴ-

ʢʦ ʦʙʨʘʟʮʦʚ (ʦʪ 3 ʜʦ 5) ʠ ʠʟʤʝʨʷʣʠ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ 

ʧʨʠʚʝʩʘ ʚʦʨʩʘ ʥʘ ʦʙʨʘʟʮʝ ʢ ʝʛʦ ʧʣʦʱʘʜʠ. ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ 

ʚʦʨʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [25] ʙʳʣʠ ʥʘʡʜʝʥʳ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ (Ű ʠ nmax). 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 3.6. 

 

ʊʘʙʣʠʮʘ 3.6. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʣʷ ʨʘʟʥʦʛʦ ʚʦʨʩʘ 

ʅʦʤʝʨ  

ʠʟʤʝʨʝʥʠʷ 
R, ʄʆʤ lȚ10

8
, ʆʤ

-1
ʤ

-1 t, ʩ nmax, ʛ/ʤ
2
 

1 150 3,74 3,19 71,3 

2 240 0,93 2,19 40,0 

3 125 1,78 3,2 80,0 

4 115 1,93 2,75 77,4 

5 70 3,18 3,32 45,9 

6 5,8 38,4 4,92 78,2 

7 460 0,48 2,03 45,3 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʟʚʦʣʠʣ ʚʳʷʚʠʪʴ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʫʶ ʚʟʘ-

ʠʤʦʩʚʷʟʴ ʥʦʚʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʘʨʘʤʝʪʨʘ ï ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ t ï ʠ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʨʩʘ l. 

† †ÌÎ‗‗ .                       (3.13) 

ɿʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʨʘʚʥʳ t0 = 0,673 ʩ, l0 = 2,6Ā10
-10

 ʆʤ
-1
ʤ

-1
. 

ʅʘ ʨʠʩ. 3.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʧʦʣʫʯʝʥʥʘʷ ʨʘʩʯʝʪ-

ʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʦʪ ʚʝʣʠʯʠʥʳ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. 
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ʈʠʩ. 3.7. ɺʣʠʷʥʠʝ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʧʦʩʪʦʷʥʥʫʶ 

ʚʨʝʤʝʥʠ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ 

 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʨʩʘ, ʢʘʢ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʠʤʝ-

ʝʪ ʩʚʦʠ ʧʨʝʠʤʫʱʝʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ. ʕʪʘ ʚʝʣʠʯʠʥʘ, ʙʝʟʫʩʣʦʚʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʚʦʨʩ ʚ ʮʝʣʦʤ, ʥʦ ʝʝ ʠʟʤʝʨʝʥʠʝ [9], [10], [14], [19] ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʨʝʥʠʝʤ ʪʦʣʱʠ-

ʥr  ʫʧʣʦʪʥʝʥʥʦʛʦ ʦʙʨʘʟʮʘ ʚʦʨʩʘ ʚ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʜʘʪʯʠʢʝ (ʩʤ. ʨʘʟʜ. 2) ʧʨʠ ʧʦ-

ʩʪʦ̫ ʥʥʦʤ ʜʘʚʣʝʥʠʠ. ʕʪʘ ʪʦʣʱʠʥʘ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ ʦʪ 2 ʜʦ 3 ʤʤ, ʠ ʝʝ ʦʮʝʥʢʘ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʦ-

ʵʪʦʤʫ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʥʘʯʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ R, ʧʦʣʫʯʝʥʥʦʝ ʜʣʷ ʚʦʨʩʘ. ʇʦʣʫʯʝʥʥʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

† †ÌÎ
Ὑ
Ὑ ,       (3.14) 

ʛʜʝ  R0 = 10,4 ɻʆʤ;  Ű0 = 0,664 ʩ. 

ʅʘ ʨʠʩ 3.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ 

ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ ʠ ʨʘʩʯʝʪʥʘʷ ʢʨʠʚʘʷ ʜʣʷ ʤʦʜʝʣʠ (3.14). 
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ʈʠʩ. 3.8. ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʦʨʩʘ 

ʥʘ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʘ 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʦʩʷʪ ʦʛʨʘʥʠʯʝʥʥʳʡ ʭʘ-

ʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʩʷʪʩʷ ʢ ʚʦʨʩʫ ʦʜʥʦʡ ʜʣʠʥʳ ʠ ʦʜʠʥʘʢʦʚʦʡ ʧʨʠʨʦʜʳ. ɺ 

ʜʘʣʴʥʝʡʰʝʤ ʪʨʝʙʫʝʪʩʷ ʦʙʦʙʱʝʥʠʝ ʤʦʜʝʣʝʡ ʥʘ ʦʩʥʦʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦ-

ʚʘʥʠʡ.  
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4. ʇʈʆʎɽʉʉ ɿɸʈʗɼʂʀ ɺʆʈʉɸ ɺ ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ, ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʚʦʨʩʘ ʷʚʣʷʝʪ-

ʩʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʤʝʨʝ, ʦʧʨʝʜʝʣʷʶʱʝʡ ʜʣʷ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʪʨʠ ʚʠʜʘ ʟʘʨʷʜʢʠ ʚʦʣʦ-

ʢʦʥ: ʪʨʠʙʦʟʘʨʷʜʢʘ ʠʣʠ ʟʘʨʷʜʢʘ ʪʨʝʥʠʝʤ, ʢʦʥʪʘʢʪʥʘʷ ʟʘʨʷʜʢʘ ʠ ʟʘʨʷʜʢʘ ʧʦʩʨʝʜ-

ʩʪʚʦʤ ʠʦʥʠʟʘʮʠʠ [1]ï[7], [9], [10], [19]. ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʨʷʜʢʫ ʚʦ-

ʣʦʢʦʥ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʝʥʠʷ ʫʞʝ ʥʝ ʧʨʠʤʝʥʷʶʪ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʮʝʣʳʤ ʨʷʜʦʤ ʧʨʠ-

ʯʠʥ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʳʭ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʩʧʦʩʦ-

ʙʘʤʠ, ʟʥʘʯʝʥʠʡ ʧʦʣʫʯʘʝʤʳʭ ʟʘʨʷʜʦʚ. ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʧʨʠʤʝʥʷʶʪ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʨʝʜʢʦ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʵʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨʘʭ, ʪ. ʝ. ʢʦʛʜʘ ʚʦʨʩ ʚ 

ʟʦʥʫ ʥʘʥʝʩʝʥʠʷ ʧʦʜʘʶʪ ʚʤʝʩʪʝ ʩ ʧʦʪʦʢʦʤ ʚʦʟʜʫʭʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʟʘʨʷʜʢʠ ʪʨʝʙʫ-

ʝʪ ʙʦʣʝʝ ʤʦʱʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʩʠʣʴʥʦ ʠʦʥʠʟʠʨʫʝʪ ʚʦʟʜʫʭ 

ʚ ʧʦʤʝʱʝʥʠʠ ʠ ʩʦʟʜʘʸʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʤʝʞʜʫ ʚʦʣʦʢʥʘʤʠ ʧʦ 

ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ. 

ʄʝʭʘʥʠʟʤ ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ï ʵʪʦ ʦʜʠʥ 

ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʚʦʧʨʦʩʦʚ. ʊʨʫʜʥʦ ʧʝʨʝʦʮʝʥʠʪʴ ʚʘʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ 

ʟʘʨʷʜʢʠ ʚʦʣʦʢʦʥ, ʧʦʩʢʦʣʴʢʫ ʪʦʣʴʢʦ ʥʘ ʥʝʤ ʦʩʥʦʚʘʥʦ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʢ-

ʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʫʩʢʦʨʝʥʠʝ ʠ ʦʨʠʝʥʪʘʮʠʷ. ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʧʨʦʮʝʩʩʘʭ ʠʩʧʦʣʴʟʫʶʪ ʵʣʝʢʪʨʦʜʥʫʶ (ʢʦʥʪʘʢʪʥʫʶ) ʟʘʨʷʜʢʫ.  

ʇʨʦʮʝʩʩ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʦʨʩʦʤ ʟʘʨʷʜʘ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚ ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ 

ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ. ʉʥʘʯʘʣʘ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʳ ɽ. ʅ. ɹʝʨʰʝʚʘ [9], [10], ʛʜʝ 

ʧʨʠʦʙʨʝʪʝʥʠʝ ʟʘʨʷʜʘ ʚʦʨʩʦʤ ʠʩʩʣʝʜʦʚʘʥʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʦʚ ʠ ʧʦʣʫʯʝʥ ʨʷʜ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʭʦʪʷ ʠ ʥʦʩʷʪ ʬʘʢʪʠʯʝʩʢʠ ʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚʘʞʥʳ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ.  

ɺ ʨʘʙʦʪʘʭ ʣʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʄʦʩʢʦʚʩʢʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦ-

ʛʦ ʠʥʩʪʠʪʫʪʘ [1]ï[7] ʤʝʭʘʥʠʟʤ ʟʘʨʷʜʢʠ ʚʦʣʦʢʦʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʜʦʩʪʘʪʦʯʥʦ ʧʦʜʨʦʙʥʦ. ʇʨʘʚʜʘ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʚʦʣʦʢʦʥ ʭʣʦʧʢʘ, ʜʣʠʥʘ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝʚʳʰʘʝʪ ʜʣʠʥʫ 

ʚʦʣʦʢʦʥ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʌʘʢʪʠʯʝʩʢʠ ʙʳʣʦ ʠʩʩʣʝ-

ʜʦʚʘʥʦ 3 ʤʝʭʘʥʠʟʤʘ ʟʘʨʷʜʢʠ:  

ï ʟʘʨʷʜʢʘ ʚʦʣʦʢʦʥ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʵʣʝʢʪʨʦʜʦʤ; 

ï ʟʘʨʷʜʢʘ ʧʦʪʦʢʘ ʚʦʣʦʢʦʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ; 

ï ʟʘʨʷʜʢʘ ʧʦʪʦʢʘ ʚʦʣʦʢʦʥ ʚ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʠ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʨʘʟʨʷʜʝ ʩ ʩʘʤʠʭ ʚʦʣʦʢʦʥ. 

ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʚʩʝ 

ʪʨʠ ʫʧʦʤʷʥʫʪʳʭ ʤʝʭʘʥʠʟʤʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʥʦ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʷʚ-

ʣʷʝʪʩʷ ʢʦʥʪʘʢʪʥʘʷ ʟʘʨʷʜʢʘ. ɿʘʨʷʜʢʘ ʚ ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠʤʝʥʷʝʪʩʷ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʪʦʣʴʢʦ ʚ ʪʘʢʠʭ ʩʧʝʮʠʘʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ, ʢʘʢ ʵʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦ-

ʨʳ. ʇʨʦʮʝʩʩ ʧʨʠʦʙʨʝʪʝʥʠʷ ʚʦʣʦʢʥʦʤ ʟʘʨʷʜʘ ʥʘ ʵʣʝʢʪʨʦʜʝ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʨʘʟʜʝ-

ʣʷʝʪʩʷ ʥʘ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʧʦ ʜʣʠʥʝ ʚʦʣʦʢʥʘ, ʥʘʭʦʜʷʱʝʛʦ-

ʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʚʩʣʝʜʩʪʚʠʝ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʠʥʜʫʢʮʠʠ; ʩʪʝʢʘʥʠʝ 

ʟʘʨʷʜʘ ʩ ʙʣʠʞʥʝʛʦ ʢ ʵʣʝʢʪʨʦʜʫ ʢʦʥʮʘ ʚʦʣʦʢʥʘ; ʦʪʨʳʚ ʚʦʣʦʢʥʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʷ ʨʘʚʥʦʚʝʩʠʷ ʩʠʣ.  
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ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʠʟʫʯʝʥʠʝ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʢʠ ʚ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʨʘ-

ʙʦʪʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʜʣʷ ʭʣʦʧʢʦʚʳʭ ʚʦʣʦʢʦʥ ʜʣʠʥʦʡ ʦʪ 15 ʜʦ 25 ʤʤ. ʊʘʢʘʷ ʜʣʠʥʘ, 

ʢʦʥʝʯʥʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʣʠʥʳ ʚʦʨʩʘ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʦʛʦ ʜʣʷ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ, ʠ ʧʦʵʪʦʤʫ ʧʨʦʮʝʩʩ ʟʘʨʷʜʢʠ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ ʦʩʦʙʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ 

ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʝ ʤʦʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʝʦʨʠʠ ʦʩʘʞʜʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦ-

ʬʣʦʢʠʨʦʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʤʦʜʝʣʠ [1], [2], [4], [5], [7] ʚʦʣʦʢʥʦ ʘʧʧʨʦʢʩʠʤʠʨʫʝʪʩʷ 

ʚʳʪʷʥʫʪʳʤ ʧʦʣʫʵʣʣʠʧʩʦʠʜʦʤ ʚʨʘʱʝʥʠʷ, ʥʘʭʦʜʷʱʠʤʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦ-

ʛʦ ʵʣʝʢʪʨʦʜʘ. ʂʠʥʝʪʠʢʘ ʟʘʨʷʜʢʠ ʚʦʣʦʢʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

 ή ή ρ Ὡ Ⱦ ,                                            (4.1) 

ʛʜʝ q ï ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ ʚʦʣʦʢʥʘ, ʂʣ; qm ï ʧʨʝʜʝʣʴʥʳʡ ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ, ʂʣ; 

Ű ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʟʘʨʷʜʢʠ, ʩ; t ï ʚʨʝʤʷ ʟʘʨʷʜʢʠ, ʩ. 
 

ɿʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. 
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                                             (4.2) 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʣʦʢʥʘ, ʤ; d ï ʜʠʘʤʝʪʨ ʚʦʣʦʢʥʘ, ʤ; Ů0 ï ʜʠɻʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥ-

ʥʘʷ, ʌ/ʤ; E0 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɺ/ʤ.  
 

ʈʘʩʩʯʠʪʘʝʤ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʜʣʷ ʚʦʣʦʢʦʥ, ʠʤʝʶʱʠʭ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ. ɼʣʷ 

ʚʦʨʩʘ ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʠʥ ʠ ʜʠʘʤʝʪʨʘ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.1. 

 

ʊʘʙʣʠʮʘ 4.1. ʈʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ 

E0, ʢɺ/ʩʤ 4 5 

d, ʤʢʤ 20 30 50 20 30 50 

l, ʤʤ 0,5 1 1,5 2 3 0,5 1 1,5 2 3 

qmĀ10
13

, ʂʣ 10,79 37,75 79,23 134,48 284,55 13,49 47,19 99,03 168,10 355,69 

 

ʆʮʝʥʢʘ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʟʘʨʷʜʘ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʜʘʸʪ ʧʨʠ-

ʝʤʣʝʤʳʝ, ʭʦʪʷ ʠ ʥʝʩʢʦʣʴʢʦ ʟʘʚʳʰʝʥʥʳʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, 

ʟʥʘʯʝʥʠʷ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʳʯʠʩʣʝʥʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʟʘʨʷʜʘ ʦʛʨʘʥʠʯʝʥʦ ʧʦʨʦʛʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʢʦʥʮʘ ʚʦʣʦʢʥʘ 

ʠ ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʜʦʩʪʠʛʘʝʪʩʷ. ʕʪʦ, ʢʦʥʝʯʥʦ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠ 

ʪʝʤ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʦʨʩʘ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ, ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʅʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʦʩʪʘʝʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜ-

ʢʠ ʠʣʠ ʫʩʣʦʚʠʡ ʦʪʨʳʚʘ ʚʦʣʦʢʥʘ ʦʪ ʵʣʝʢʪʨʦʜʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʵʪʘ ʤʦʜʝʣʴ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʠʥʪʝʨʝʩʥʦʡ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʟʘʨʷʜʦʚ ʚʦʨʩʘ ʚ 

ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ.  

ʆʜʥʘʢʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʚʘʞʥʦ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʘʷ ʤʝʪʦʜʠ-

ʢʘ ʨʘʩʯʝʪʘ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʜʘʝʪ ʨʝʟʫʣʴʪʘʪʳ, ʩʦʧʦʩʪʘʚʠʤʳʝ ʩ ʚʝʣʠʯʠʥʘʤʠ ʟʘʨʷ-
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ʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʘ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣ-

ʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ. 

 

4.1. ʇʨʦʮʝʩʩ ʢʦʥʪʘʢʪʥʦʡ ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ  

 ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ [9], [10], [19], ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʩʘ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʶʱʠʤ ʝʛʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʠ ʦʨʠ-

ʝʥʪʘʮʠʶ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʷʚʣʷʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ 

ʚʦʨʩʘ. ʇʦʵʪʦʤʫ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʪʴ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʠ ʟʘʨʷʜʘ ʚʦʨʩʘ ʩ ʧʘʨʘʤʝʪʨʘ-

ʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʨʩʘ. 

ʅʘʠʙʦʣʝʝ ʫʙʝʜʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʟʘʨʷʜʢʠ ʚʦʣʦʢʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝ-

ʜʫʶʱʠʡ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ ʠ ʯʘʩʪʠʯʥʦ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʦʛʦ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʩʚʦʙʦʜʥʳʭ 

ʟʘʨʷʜʦʚ, ʟʘʨʷʜ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʩʪʝʢʘʝʪ ʥʘ ʵʣʝʢʪʨʦʜ, ʧʦʢʘ ʥʝ ʙʫʜʫʪ ʦʙʝʩ-

ʧʝʯʝʥʳ ʫʩʣʦʚʠʷ ʦʪʨʳʚʘ ʚʦʨʩʠʥʢʠ ʦʪ ʵʣʝʢʪʨʦʜʘ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʙʫʜʝʪ ʦʮʝʥʠʪʴ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚʦʨʩʠʥʦʢ ʠ, ʩʘʤʦʝ 

ʛʣʘʚʥʦʝ, ʚʣʠʷʥʠʝ ʥʘ ʥʝʛʦ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

 

4.1.1. ʃʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʙʠʧʦʣʷʨʥʦ-ʟʘʨʷʞʝʥʥʦʛʦ 

ʚʦʣʦʢʥʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 
 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʚʦʧʨʦʩʦʚ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴʩʷ ʩ ʬʫʥʢʮʠʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ, ʚʦʟʥʠʢʘʶ-

ʱʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʜʝʣʝʥʠʷ ʠ ʯʘʩʪʠʯʥʦʛʦ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʦʚ. 

ʈʘʥʝʝ ʚ ʨʘʙʦʪʘʭ [1], [7], [9], [10] ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʚʦʣʦʢʥʦ, ʫʯʘʩʪʚʫʁ-

ʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ, ʟʘʨʷʞʘʝʪʩʷ ʙʠʧʦʣʷʨʥʦ. ʆʜʥʘʢʦ ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʜʠʧʦʣʷ ʝʛʦ ʨʘʟʥʦʠʤʝʥʥʳʝ ʟʘʨʷʜʳ ʥʝ ʨʘʚʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʘ ʠʭ ʨʘʟʥʦʩʪʴ ʦʧʨʝ-

ʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʚʦʣʦʢʥʘ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ [19], [31], 

[33]ï[36] ʦʙʦʩʥʦʚʳʚʘʣʦʩʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʠ ʚʦʨʩ, ʥʘʥʝʩʝʥʥʳʡ 

ʥʘ ʢʣʝʝʚʫʶ ʦʩʥʦʚʫ, ʠʤʝʝʪ ʚʝʩʴʤʘ ʭʦʨʦʰʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʂʨʘʪʢʦ ʠʟʣʦʞʠʤ ʦʧʠʩʘʥʠʝ ʵʪʦʡ ʤʦʜʝʣʠ. 

ʇʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʚ ʨʘʥʥʠʭ ʨʘʙʦʪʘʭ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʪʨʠ ʚʘʨʠʘʥʪʘ [1]ï[7]:  

1) ʨʘʟʥʦʧʦʣʷʨʥʳʝ ʟʘʨʷʜʳ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʢʦʥʮʘʭ ʚʦʣʦʢʥʘ;  

2) ʨʘʟʥʦʧʦʣʷʨʥʳʝ ʟʘʨʷʜʳ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʜʦʣʴ ʚʦʣʦʢʥʘ, ʥʦ 
ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ ʨʘʟʨʳʚʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʛʜʝ ʟʘʨʷʜ ʤʝʥʷʝʪ ʟʥʘʢ; 

3) ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʣʠʥʝʡʥʦ ʠʟʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʚʦʣʦʢʥʘ.  

ʇʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦʩʪʠ, ʨʘʩʩʤʦʪʨʝʥʠʝ ʧʝʨʚʳʭ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʣʠʰʝʥʦ ʨʝʘʣʴ-

ʥʦʛʦ ʩʤʳʩʣʘ, ʪʘʢ ʢʘʢ ʦʥʠ ʬʠʟʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳ. ʈʝʘʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʦʞʥʦ 

ʪʦʣʴʢʦ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ, ʭʦʪʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ 

ʜʦʣʞʥʦ ʙʳʪʴ ʥʝʣʠʥʝʡʥʳʤ. ʃʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʝ ʩʦʛʣʘ-

ʩʫʝʪʩʷ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ.  
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ʇʦʩʢʦʣʴʢʫ ʟʜʝʩʴ ʨʝʰʘʝʪʩʷ ʟʘʜʘʯʘ ʣʠʰʴ ʦ ʤʝʭʘʥʠʟʤʝ ʧʨʠʦʙʨʝʪʝʥʠʷ ʟʘʨʷʜʘ 

ʠ ʚʣʠʷʥʠʠ ʥʘ ʝʛʦ ʚʝʣʠʯʠʥʫ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ, ʪʦ ʘʥʘʣʠʟ ʙʫʜʝʪ ʧʨʦʚʝʜʝʥ ʜʣʷ ʫʧʨʦʱʝʥʥʦʡ ʤʦʜʝʣʠ. ɺʘʞʥʦ ʪʦ, ʯʪʦʙʳ ʵʪʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʤʝʣʦ ʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʠʤʝʣʦ ʪʦʯʝʢ ʨʘʟʨʳʚʘ. 

ʂʨʘʪʢʦ ʨʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ɔ(x) 

ʧʦ ʜʣʠʥʝ ʚʦʣʦʢʥʘ (ʨʠʩ. 4.1).  

ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʘ ʚʦʣʦʢʥʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: g (ʭ) = ɸ(ʭ ï ʭ0), ʛʜʝ ʭ0 ï ʪʦʯʢʘ ʠʟʤʝʥʝʥʠʷ ʟʥʘʢʘ ʟʘʨʷʜʘ, ʤ;   

ɸ = const ï ʧʦʩʪʦʷʥʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʂʣ/ʤ
2
.  

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʦʙʱʫʶ ʩʭʝʤʫ ʢʦʥʪʘʢʪʥʦʡ ʟʘʨʷʜʢʠ ʚʦ-

ʣʦʢʥʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ (ʢʘʩʘʷʩʴ ʝʛʦ) ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʝʛʦ ʧʣʦʩʢʦʩʪʠ, ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʦʧʠʩʘʥʥʫʶ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʨʘʙʦʪʘʭ [1], [8], [9], [19]. 

ʉʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʥʘ ʚʦʣʦʢʥʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʚʥʝʰ-

ʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʟʘʪʝʤ ʩʪʝʢʘʥʠʝ ʟʘʨʷʜʘ ʩ ʙʣʠʞʥʝʛʦ ʢ ʵʣʝʢʪʨʦʜʫ ʢʦʥ-

ʮʘ. ʆʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʚʦʟʨʘʩʪʘʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ, ʯʪʦ-

ʙʳ ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʠʟʙʳ-

ʪʦʯʥʳʡ ʟʘʨʷʜ ʚʦʣʦʢʥʘ. ʕʪʦ ʧʨʦʠʩʭʦʜʠʪ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ʦʪ-

ʨʳʚʘ ʚʦʣʦʢʥʘ ʦʪ ʵʣʝʢʪʨʦʜʘ: ʩʠʣʘ, ʜʝʡʩʪʚʫʶʱʘʷ ʥʘ ʟʘʨʷʞʝʥʥʦʝ ʚʦʣʦʢʥʦ, ʧʨʝʚʳ-

ʰʘʝʪ ʩʠʣʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʦʢʥʘ ʩ ʵʣʝʢʪʨʦʜʦʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʣʷ ʚr -

ʧʦʣʥʝʥʠʷ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʦʚʘʪʴ ʥʝʢʦʪʦʨʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢ-

ʪʨʦʜʦʤ ʠ ʢʦʥʮʦʤ ʚʦʨʩʠʥʢʠ ȹ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ, ʥʘʧʨʠʤʝʨ, 

ʪʦʣʱʠʥʝ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ [19]. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʟʤʦ-

ʞʝʥ ʦʪʨʳʚ ʚʦʣʦʢʥʘ, ʟʘʨʷʞʝʥʥʦʛʦ ʙʠʧʦʣʷʨʥʦ.  

ʅʘ ʨʠʩ. 4.1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘ-

ʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʚ ʢʦʦʨʜʠʥʘʪʘʭ: ʦʩʴ ʘʙʩʮʠʩʩ ï ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʪʦʯʢʠ ʥʘ ʚʦ-

ʣʦʢʥʝ, ʦʩʴ ʦʨʜʠʥʘʪ ï ʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ g. 
 

 
 

ʈʠʩ. 4.1. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ 

 

ɿʘʨʷʜ q1, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʦʣʷʨʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʩʦʩʨʝʜʦʪʘʯʠʚʘʝʪʩʷ ʥʘ 

ʫʜʘʣʝʥʥʦʤ ʢʦʥʮʝ ʚʦʣʦʢʥʘ, ʘ ʟʘʨʷʜ q2 (ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ) ï ʥʘ ʢʦʥʮʝ 

ʚʦʣʦʢʥʘ, ʧʨʠʣʝʛʘʶʱʝʤ ʢ ʵʣʝʢʪʨʦʜʫ. ʅʘʣʠʯʠʝ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ ʠ ʵʣʝʢʪʨʦʜʦʤ 
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ʢʦʥʪʘʢʪʘ, ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʩʫʱʝʩʪʚʝʥʥʦ ʥʠʞʝ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʘʤʦʛʦ ʚʦʣʦʢʥʘ (ʥʘʧʨʠʤʝʨ, ʠʟ-ʟʘ ʚʣʠʷʥʠʷ ʦʢʠʩʥʦʡ ʧʣʸʥʢʠ ʠʣʠ ʟʘ-

ʛʨʷʟʥʝʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʠ ʪ. ʧ.), ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʡ ʥʝʡʪʨʘʣʠʟʘ-

ʮʠʠ (ʩʪʝʢʘʥʠʶ) ʟʘʨʷʜʘ q2. ɺ ʵʪʦ ʞʝ ʚʨʝʤʷ ʟʘʨʷʜ q1 ʜʦʣʞʝʥ ʚʦʟʨʘʩʪʘʪʴ, ʯʪʦʙʳ 

ʩʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʷʚʣʷʝʪʩʷ ʧʝʨʝʤʝʥʥʳʤ ʠ ʠʟʤʝʥʷʝʪʩʷ ʜʦ ʪʝʭ 

ʧʦʨ, ʧʦʢʘ ʥʝ ʚʦʟʥʠʢʥʫʪ ʫʩʣʦʚʠʷ ʦʪʨʳʚʘ ʚʦʣʦʢʥʘ ʦʪ ʵʣʝʢʪʨʦʜʘ. ʀʤʝʥʥʦ ʫʩʣʦʚʠʷ 

ʦʪʨʳʚʘ ʚʦʨʩʠʥʢʠ ʦʧʨʝʜʝʣʷʶʪ ʚʝʣʠʯʠʥʫ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ, ʢʦʪʦʨʫʶ ʤʳ ʠ ʧʦ-

ʧʳʪʘʝʤʩʷ ʦʮʝʥʠʪʴ. 

ʅʘ ʦʙʨʘʟʫʶʱʠʡʩʷ ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ ʚʦʣʦʢʥʘ q = ¼q1¼ ï ¼q2¼ ʜʝʡʩʪʚʫʝʪ 

ʩʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ F = qE. ʕʪʠ ʞʝ ʟʘʨʷʜʳ (q1 ʠ q2) ʚr -

ʟʳʚʘʶʪ ʩʠʣʫ F ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʜʦʤ, ʢʦ-

ʪʦʨʘʷ ʥʘʧʨʘʚʣʝʥʘ ʚ ʩʪʦʨʦʥʫ ʵʣʝʢʪʨʦʜʘ ʠ ʚʤʝʩʪʝ ʩ ʩʠʣʦʡ ʪʷʞʝʩʪʠ G, ʝʩʣʠ ʨʝʯʴ 

ʠʜʝʪ ʦ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ, ʫʜʝʨʞʠʚʘʝʪ ʚʦʣʦʢʥʦ ʥʘ ʵʣʝʢʪʨʦʜʝ. 

ʄʦʤʝʥʪʦʤ ʦʪʨʳʚʘ ʚʦʣʦʢʥʘ ʦʪ ʵʣʝʢʪʨʦʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʫʩʣʦʚʠʝ ʨʘʚʥʦʚʝ-

ʩʠʷ, ʚʦʟʥʠʢʘʶʱʝʝ ʚ ʧʨʦʮʝʩʩʝ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ήὉᴆ Ὂᴆ άὫᴆ πȟ                                               (4.3) 

ʛʜʝ qE ï ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʝʛʦ ʧʦʣʷ ʥʘ ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ; F ï ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʝ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʩ ʝʛʦ çʠʟʦʙʨʘʞʝʥʠʝʤè ʥʘ ʵʣʝʢʪʨʦʜʝ; m ï ʤʘʩʩʘ ʚʦʨ-

ʩʠʥʢʠ.  
 

ɺ ʫʨʘʚʥʝʥʠʠ (4.3), ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʠʣʫ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ F ʚʦʣʦʢʥʘ ʩ ʝʛʦ çʠʟʦʙʨʘʞʝʥʠʝʤè. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʚʦʣʦʢʥʦʤ 

ʠ ʝʛʦ çʠʟʦʙʨʘʞʝʥʠʝʤè ʧʨʠʥʷʪʴ ʨʘʚʥʳʤ 0, ʪʦ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʣʦʢʥʘ ʩ ʵʣʝʢ-

ʪʨʦʜʦʤ ʙʝʩʢʦʥʝʯʥʦ ʚʝʣʠʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪʨʳʚ ʤʦʞʝʪ ʧʨʦʠʟʦʡʪʠ ʪʦʣʴʢʦ ʧʦ-

ʩʣʝ ʧʦʣʥʦʛʦ ʩʪʝʢʘʥʠʷ ʙʣʠʞʥʝʛʦ ʢ ʵʣʝʢʪʨʦʜʫ ʟʘʨʷʜʘ. ʆʜʥʘʢʦ ʧʨʠ ʧʦʣʥʦʤ ʩʪʝʢʘʥʠʠ 

ʫʧʦʤʷʥʫʪʦʛʦ ʟʘʨʷʜʘ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʩʫʱʝʩʪʚʝʥʥʦ ʧʨʝ-

ʚʳʰʘʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʝ ʦʪʚʝʯʘʝʪ ʬʠʟʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ. 

ʇʦʩʣʝ ʦʪʨʳʚʘ ʚʦʣʦʢʥʘ ʩʠʣʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʟʘʨʷʜʦʤ 

ʨʝʟʢʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ), ʠ ʦʥʦ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʢ ʧʨʦʪʠʚʦ-

ʧʦʣʦʞʥʦʤʫ ʵʣʝʢʪʨʦʜʫ ʩ ʫʩʢʦʨʝʥʠʝʤ.  

ʕʪʫ ʤʦʜʝʣʴ, ʢʦʥʝʯʥʦ, ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʩʢʦʣʴ ʥʠ ʙʫʜʴ ʩʝʨʴʝʟʥʳʭ 

ʨʘʩʯʝʪʦʚ ʟʘʨʷʜʘ. ɺʦ-ʧʝʨʚʳʭ, ʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʝ ʩʦ-

ʛʣʘʩʫʝʪʩʷ ʩ ʫʨʘʚʥʝʥʠʷʤʠ ʄʘʢʩʚʝʣʣʘ, ʘ, ʚʦ-ʚʪʦʨʳʭ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ ʦ 

ʙʠʧʦʣʷʨʥʦʤ ʭʘʨʘʢʪʝʨʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ ʧʨʠʭʦʜʠʪʩʷ ʚʚʦʜʠʪʴ ʚ ʤʦʜʝʣʴ ʟʥʘ-

ʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʦʢʠʩʥʦʡ ʧʣʝʥʢʠ. ʇʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʝ: ʝʩʣʠ 

ʦʢʠʩʥʫʶ ʧʣʝʥʢʫ ʩʥʷʪʴ, ʪʦ ʟʘʨʷʜ ʜʦʣʞʝʥ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʠʪʴʩʷ, ʘ ʵʪʦʛʦ ʚ ʨʝ-

ʘʣʴʥʦʩʪʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ.   
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4.2. ʅʝʣʠʥʝʡʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʨʩʠʥʢʠ 

 

ɿʘʨʷʜ, ʧʨʠʦʙʨʝʪʘʝʤʳʡ ʚʦʨʩʦʤ, ï ʵʪʦ ʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ 

ʫʧʨʘʚʣʷʪʴ ʧʦʚʝʜʝʥʠʝʤ ʚʩʝʛʦ ʤʘʩʩʠʚʘ ʚʦʣʦʢʦʥ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ. ʉʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʟʘʨʷʜʘ ʩ ʵʣʝʢʪʨʠʯʝ-

ʩʢʠʤ ʧʦʣʝʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʩʢʦʨʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʨʩʠʥʦʢ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ 

ʠʭ ʚʥʝʜʨʝʥʠʝ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ. ʅʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʝʝ ʦʨʠʝʥʪʘʮʠʠ 

ʧʦ ʩʠʣʦʚʳʤ ʣʠʥʠʷʤ ʚʦ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝ-

ʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʢʘʢ ʠʥʪʝʛʨʘʣ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ [19], [38]ï[40]. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ 

ʩʣʝʜʫʶʱʝʤʫ ʟʘʢʦʥʫ:  

” ὨὭὺ Ὀ ȟ                                                (4.4) 

ʛʜʝ  ɟ ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʂʣ/ʤ
3
; D ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠʥʜʫʢʮʠʷ, ɺ/ʤ. 

 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʦʣʞʥʦ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʩʣʝʜʫʶʱʠʤ ʫʩʣʦʚʠʷʤ: 

1) Ὀ π ʚʥʫʪʨʠ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʣʦʢʥʘ; 

2) ñ= ,dVq r  ʛʜʝ q ï ʠʟʙʳʪʦʯʥʳʡ ʟʘʨʷʜ ʚʦʣʦʢʥʘ.  

ɿʘʜʘʯʘ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʜʣʷ ʥʝʟʘʨʷʞʝʥʥʦʛʦ ʧʨʦʚʦʜʥʠʢʘ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ɽ ʙʳʣʘ ʨʝʰʝʥʘ ʚ ʨʘʙʦʪʝ ʃ. ɼ. ʃʘʥʜʘʫ 

ʠ ɽ. ʄ. ʃʠʚʰʠʮʘ [37]. ɺʦʣʦʢʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʧʦʣʦʞʝʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʩʠʣʦʚʳʤ 

ʣʠʥʠʷʤ ʚʜʘʣʠ ʦʪ ʵʣʝʢʪʨʦʜʘ. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʦʧʠʩʳʚʘʶʱʘʷ ʜʘʥ-

ʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ Ң0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʌ/ʤ; E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦ-

ʣʷ, ɺ/ʤ; x ï ʢʦʦʨʜʠʥʘʪʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ, ʤ; l ï ʜʠʘʤʝʪʨ ʚʦʨʩʠʥʢʠ, ʤ; d ï ʜʣʠ-

ʥʘ ʚʦʨʩʠʥʢʠ, ʤ. 
 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ (ʨʠʩ. 4.2). ʅʘ ʨʠʩ. 4.2, ʘ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ 

ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ (4.5). ɽʩʣʠ ʚʦʨʩʠʥʢʘ ʥʘʭʦʜʠʪʩʷ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʪʦ ʥʘ ʵʣʝʢʪʨʦʜʝ ʬʦʨʤʠʨʫʝʪʩʷ ʝʝ çʟʝʨʢʘʣʴʥʦʝ ʠʟʦʙ-

ʨʘʞʝʥʠʝè (ʨʠʩ. 4.2, ʙ). ʕʪʦ ʪʘʢʦʝ ʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ, ʢʘʢ ʥʘ ʚʦʨʩʠʥʢʝ, ʥʦ ʩ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʥʘʢʦʤ. ɼʘʣʝʝ ʩ ʚʦʨʩʠʥʢʠ ʟʘʨʷʜ ʩʪʝʢʘʝʪ ʥʘ ʵʣʝʢʪʨʦʜ, ʧʦʩʪʝ-

ʧʝʥʥʦ ʬʦʨʤʠʨʫʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʶ (4.5), ʥʦ ʜʣʷ 

ʚʦʨʩʠʥʢʠ ʚʤʝʩʪʝ ʩ ʝʝ çʠʟʦʙʨʘʞʝʥʠʝʤè (ʨʠʩ. 4.2, ʚ).  

ɺ ʨʘʙʦʪʘʭ [38], [39] ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ 

ʟʘʨʷʞʝʥʥʦʡ ʚʦʨʩʠʥʢʠ ʦʪ ʵʣʝʢʪʨʦʜʘ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʫ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʨʘʚʥʘ ʥʫʣʶ. ʊ. ʝ. ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʥʘ ʨʠʩ. 4.2, ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ ʦʪʨʳʚʘ ʚʦʨʩʠʥʢʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ʈʘʩʯʝʪ ʚʝʣʠʯʠ-
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ʥʳ ʟʘʨʷʜʘ ʤʳ ʙʫʜʝʤ ʧʨʦʚʦʜʠʪʴ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʪʦʣʴʢʦ ʧʦ ʧʦʣʦʚʠʥʝ ʜʣʠ-

ʥʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʪ 0 ʜʦ 1: ʨʠʩ. 4.2, ʚ).  

 

  
 

ʘ ʙ ʚ 

ʈʠʩ. 4.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ: 

ʘ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʥʝʟʘʨʷʞʝʥʥʦʡ, ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʡ ʯʘʩʪʠʮʳ; 

ʙ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʣʷ ʚʦʨʩʠʥʢʠ (1) ʠ çʦʪʨʘʞʝʥʠʷè (2) ʥʘ ʵʣʝʢʪʨʦʜʝ; 

ʚ ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘ ʚʦʨʩʠʥʢʝ ʚ ʤʦʤʝʥʪ ʦʪʨʳʚʘ 

 

ɺʳʨʘʞʝʥʠʝ (4.5) ʜʘʝʪ ʥʘʤ ʭʘʨʘʢʪʝʨ ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ. ʉʦʛʣʘʩʥʦ ʚʳʩʢʘʟʘʥʥʦʤʫ ʧʨʝʜʧʦʣʦʞʝ-

ʥʠʶ, ʙʣʠʞʥʠʡ ʢ ʵʣʝʢʪʨʦʜʫ ʟʘʨʷʜ ʜʦʣʞʝʥ ʧʦʣʥʦʩʪʴʶ ʩʪʝʯʴ ʥʘ ʵʣʝʢʪʨʦʜ. ʅʦʚʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʜʦʣʞʥʦ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʶ (4.5), 

ʥʦ ʧʨʠ ʜʣʠʥʝ ʚ ʜʚʘ ʨʘʟʘ ʙʦʣʴʰʝʡ ʨʝʘʣʴʥʦʡ ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ. ʊ. ʝ. ʫʢʘʟʘʥʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʥʦ ʜʣʷ ʚʦʨʩʠʥʢʠ ʚʤʝʩʪʝ ʩ ʝʝ ʠʟʦʙʨʘʞʝʥʠʝʤ.  

ɺʪʦʨʦʝ ʧʦʣʦʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʡ 

ʚʠʜ ʬʫʥʢʮʠʠ (4.5), ʦʥʘ ʠʤʝʝʪ ʜʚʘ ʨʘʟʨʳʚʘ ʦʢʦʣʦ ʪʦʯʢʠ x å l/2. ʕʪʦ ʩʦʟʜʘʝʪ ʧʨʦ-

ʙʣʝʤʳ ʧʨʠ ʧʦʧʳʪʢʝ ʚʳʯʠʩʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʚʦʣʦʢʥʘ. 
 

ʇʦʣʠʥʦʤʠʥʘʣʴʥʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ 

ɺ ʨʘʙʦʪʘʭ [38], [39] ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʟʘʚʠʩʠʤʦʩʪʠ (4.5) ʙʳʣ ʠʩʧʦʣʴʟʦ-

ʚʘʥ ʧʦʣʠʥʦʤ ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ, ʢʦʪʦʨʳʡ ʛʦʨʘʟʜʦ ʣʫʯʰʝ ʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʨʠʛʦʜʝʥ ʜʣʷ ʵʪʦʡ ʮʝʣʠ. ʊʘʢʦʡ ʧʦʣʠʥʦʤ ʠʤʝʝʪ ʪʦʣʴʢʦ ʜʚʘ ʟʥʘʯʠʤʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʚʤʝʩʪʦ ʯʝʪʳʨʝʭ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚ ʚʠʜʝ ʪʘʢʦʛʦ ʧʦʣʠʥʦʤʘ, 

ʠʤʝʶʱʝʛʦ ʥʘʠʣʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ ʢ ʟʘʚʠʩʠʤʦʩʪʠ (4.5), ʜʣʷ ʚʦʨʩʠʥʢʠ ʜʣʠʥʦʡ 

0,5 ʤʤ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

           ‎ὼ Ὁςȟψχ Ͻρπὼ ρȟτσ Ͻρπ ὼ Ȣ    (4.6) 
 

ɻʨʘʬʠʯʝʩʢʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʠʩʭʦʜʥʦʡ (4.5) ʜʣʷ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ 4 ʢɺ/ʩʤ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 4.3. 
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ʈʠʩ. 4.3. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ: 

1 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʩʦʛʣʘʩʥʦ (4.5); 

2 ï ʧʦʣʠʥʦʤʠʘʣʴʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦʩʣʝ ʧʦʣʥʦʛʦ ʩʪʝʢʘʥʠʷ ʟʘʨʷʜʘ ʦʜʥʦʛʦ 

ʟʥʘʢʘ ʜʣʷ ʪʘʢʦʛʦ ʞʝ ʚʦʨʩʘ 0,5 ʤʤ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

‎ὼ Ὁυȟχω Ͻρπὼ ρȟρ Ͻρπ ὼ Ȣ                              (4.7) 
 

ɺ ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ ɽ ʚ ɺ/ʤ, ʘ ʢʦʦʨʜʠʥʘʪʘ x ʚ ʤ. ʇʦʵʪʦʤʫ ʯʠʩʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʷʚʣʷ-

ʶʪʩʷ ʨʘʟʤʝʨʥʳʤʠ. 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 4 ʢɺ/ʩʤ ʠ ʜʣʠʥʳ ʚʦʨʩʘ 0,5 ʤʤ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 4.4. ʉʣʝʜʫʝʪ, ʢʦʥʝʯʥʦ, ʠʤʝʪʴ ʚ ʚʠʜʫ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚʘ-

ʨʠʘʥʪ ʟʘʚʠʩʠʤʦʩʪʠ (4.6) ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʡ ʠ ʜʘʞʝ ʥʝ ʩʘʤʳʡ ʪʦʯʥʳʡ ʜʣʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʬʫʥʢʮʠʠ (4.5). ʆʜʥʘʢʦ ʦʥ ʟʥʘʯʠʪʝʣʴʥʦ ʪʦʯʥʝʝ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ 

ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. 
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ʈʠʩ. 4.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ɽ = 4 ʢɺ/ʩʤ ʠ ʜʣʠʥʳ ʚʦʨʩʘ 0,5 ʤʤ: 

1 ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʩʦʛʣʘʩʥʦ (4.5); 

2 ï ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʩʦʛʣʘʩʥʦ (4.7) 

 

ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʣʦʢʥʘ 

ɺʳʰʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ (4.5) ʧʦʣʠʥʦʤʦʤ ʪʨʝʪʴʝʡ 

ʩʪʝʧʝʥʠ. ʅʝʜʦʩʪʘʪʢʘʤʠ ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʚ ʚʠʜʝ 

ʧʦʣʠʥʦʤʘ ʥʝ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʩʭʦʜʥʦʤʫ ʩʦʦʪʥʦʰʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʚ ʦʪʣʠ-

ʯʠʝ ʦʪ ʥʝʛʦ ʠʤʝʝʪ ʢʦʥʝʯʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘ ʢʦʥʮʝ ʚʦʣʦʢʥʘ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴ ʥʝ ʫʯʠ-

ʪʳʚʘʝʪ ʚʣʠʷʥʠʷ ʚʝʣʠʯʠʥʳ ʜʠʘʤʝʪʨʘ ʚʦʨʩʠʥʢʠ.  

ɺ ʨʘʙʦʪʝ [40] ʧʨʝʜʣʦʞʝʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝ-

ʥʠʝ (4.5) ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʚʠʜʘ (4.8), ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 

ʚʝʣʠʯʠʥʫ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʛʦ ʟʘʨʷʜʘ, ʠʟʙʝʛʘʷ ʫʢʘʟʘʥʥʳʭ ʥʝʜʦʩʪʘʪʢʦʚ.  

ɿʘʤʝʥʠʤ ʦʧʠʩʘʥʠʝ ʃʘʥʜʘʫ ʥʘ ʚʘʨʠʘʥʪ, ʫʜʦʙʥʳʡ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʩʦʦʪʥʦʰʝʥʠʶ (4.5), ʩʦʭʨʘʥʷʷ ʯʠʩʣʠʪʝʣʴ ʥʝʠʟʤʝʥʥʳʤ, 

ʘ ʟʥʘʤʝʥʘʪʝʣʴ ʟʘʧʠʩʘʚ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʤ ʚʠʜʝ. ɼʣʷ ʚʦʨʩʠʥʢʠ ʫʜʚʦʝʥʥʦʡ ʜʣʠʥʳ 2l 

ʬʫʥʢʮʠʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

‎ὼ ὥ   ȟ      (4.8) 

 

ʛʜʝ a ʠ n ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʣʫʯʰʝʝ ʩʦʚʧʘʜʝ-

ʥʠʝ (4.8) ʠ (4.5). 

ɿʜʝʩʴ ʠʤʝʶʪʩʷ ʪʦʣʴʢʦ ʜʚʝ ʢʦʥʩʪʘʥʪʳ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʪʦʨʳʭ ʪʨʝʙʫ-

ʝʪʩʷ ʦʧʨʝʜʝʣʠʪʴ. ʕʪʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʜʙʦʨʘ ʟʥʘʯʝʥʠʡ a ʠ n, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʤʠʥʠʤʘʣʴʥʫʶ ʨʘʟʥʠʮʫ 

ʤʝʞʜʫ ʬʫʥʢʮʠʷʤʠ (4.8) ʠ (4.5) ʥʘ ʥʫʞʥʦʤ ʥʘʤ ʠʥʪʝʨʚʘʣʝ (ʦʪ 0 ʜʦ l) ʧʦ ʩʧʦʩʦʙʫ, 

ʦʧʠʩʘʥʥʦʤʫ ʚ ʨʘʙʦʪʘʭ [38]ï[40]. ʊʘʢ, ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 0,02 ʤʤ 

a = 0,495; n = 0,161.  

ʅʘ ʨʠʩ. 4.5 ʧʨʠʚʝʜʝʥʳ ʚʠʜ ʠʩʭʦʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʦʙʦʟʥʘʯʝʥ ʯʝʨʥʦʡ ʰʪʨʠ-

ʭʦʚʦʡ ʣʠʥʠʝʡ) ʠ ʧʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ (ʦʙʦʟʥʘʯʝʥ ʩʝʨʦʡ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ), ʠʟ 
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ʢʦʪʦʨʳʭ ʚʠʜʥʦ, ʯʪʦ ʥʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (4.8) ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʘʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ 

ʠʩʭʦʜʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (4.5). 

 

 
ʈʠʩ. 4.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʜʦʣʴ ʚʦʨʩʠʥʢʠ 

 

4.3. ʄʦʜʝʣʠ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ, ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ ʬʫʥʢ-

ʮʠ ʁʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ ʦʪ 0 ʜʦ l. 
 

ʇʦʣʠʥʦʤʠʥʘʣʴʥʘʷ ʤʦʜʝʣʴ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʚʦʣʦʢʥʘ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʟʜ. 4.2 ʧʦʣʠʥʦʤʦʤ 

ʪʨʝʪʴʝʡ ʩʪʝʧʝʥʠ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʪʴ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʧʦ ʜʣʠʥʝ ʚʦʨ-

ʩʠʥʢʠ. ʕʪʦ ʠ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʜʣʠʥʦʡ ʚʦʣʦʢʥʘ. 
 

ή Ὁ᷿ ὥὼ ὦὼὨὼ ὰ  ȟ          (4.9) 

 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʨʩʠʥʢʠ, ʤ; E ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɺ/ʤ; a, b ï 

ʵʤʧʠʨʠʯʝʩʢʠʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʠʤʝʶʱʠʝ ʩʣʝʜʫʶʱʠʝ ʨʘʟʤʝʨʥʦʩʪʠ: [a] = c/(ʆʤΞʤ3
), 

[b] = c/(ʆʤΞʤ). 
 

ʄʦʜʝʣʴ ʨʘʩʯʝʪʘ ʚʢʣʶʯʘʝʪ ʯʠʩʣʝʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠ-

ʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ, ʜʣʷ ʚʦʨʩʘ ʟʘ-

ʜʘʥʥʦʡ ʜʣʠʥʳ (ʨʘʟʜ. 4.2). ʂʦʵʬʬʠʮʠʝʥʪʳ ʚʳʙʨʘʥʳ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʦʪʣʠʯʠʝ ʧʦ-

ʣʠʥʦʤʘ ʦʪ ʟʘʚʠʩʠʤʦʩʪʠ (4.5) ʙʳʣʦ ʤʠʥʠʤʘʣʴʥʳʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʞʥʦ, ʠʥʪʝʛʨʠ-

ʨʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ, ʧʦʣʫʯʠʪʴ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ. 

0,0

2,0

4,0

6,0

8,0

10,0

12,0

0 0,2 0,4 0,6 0,8 1

˽
͡
ͦ
ͭ
ͤ
ͦ
ͫ
ͭ
Έ
 
͘
͊
ͪ
Ύ
͒
͊
Σ
 
м
л

-9
 ˴
͡
κ
ͣ

 

ʂʦʦʨʜʠʥʘʪʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ, ʤʤ 



47 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʨʠ ʨʘʟʥʦʡ 

ʜʣʠʥʝ ʚʦʨʩʘ ʠ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ 

ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 4 ʢɺ/ʩʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.2. ʈʘʩʩʯʠʪʘʥʥʘʷ ʚʝʣʠ-

ʯʠʥʘ ʟʘʨʷʜʘ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʣʠʟʢʦʡ ʢ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʟʘʨʷʜʘ. 

 

ʊʘʙʣʠʮʘ 4.2. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ 

ɼʣʠʥʘ 

l, ʤʤ 

ʌʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʄʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ qmax, ʂʣ 

0,5 ‎ὼ ὉυȟχωϽρπὼ ρȟρϽρπ ὼ ωȟρςϽρπ  

1,0 ‎ὼ ὉωȟπςϽρπὼ ρȟπσϽρπ ὼ ςȟωφϽρπ  

1,5 ‎ὼ ὉσȟρψϽρπὼ πȟωχϽρπ ὼ υȟωχϽρπ  

2,0 ‎ὼ ὉρȟυτϽρπὼ πȟωτϽρπ ὼ ωȟωψϽρπ  

2,5 ‎ὼ ὉπȟψωϽρπὼ πȟωρϽρπ ὼ ρτȟωϽρπ  

3,0 ‎ὼ ὉπȟυχϽρπὼ πȟψψϽρπ ὼ ςπȟυϽρπ  

 

ʅʘ ʦʩʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠʙʣʠʞʝʥʥʫʶ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ b ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʣʠʥʳ ʚʦʨʩʘ, ʘ ʪʘʢʞʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ (ʂʣ) ʦʪ ʜʣʠʥʳ ʚʦʨʩʘ (ʤʤ) ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʢɺ/ʩʤ). 
 

ɻʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʤʦʜʝʣʴ 

ɼʣʷ ʨʘʩʯʝʪʘ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʠʥʪʝʛʨʠʨʦ-

ʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ (4.8) ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʚʦʣʦʢʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙ-

ʨʘʟʦʤ:  

ή τὥ“‐Ὁ  ᷿  Ȣ                            (4.10) 

 

ʇʦʩʣʝ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʳʭ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʩ ʠʟʚʝʩʪʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ 

ʨʘʟʤʝʨʘʤʠ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 
 

ή ὥ Ȣ           (4.11) 

 

ʅʝ ʩʣʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ a ʠ n ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ, ʜʣʷ 

ʥʘʠʙʦʣʝʝ ʭʘʨʘʢʪʝʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ ʚʦʣʦʢʥʘ, ʘ ʟʘʪʝʤ ʚʳʯʠʩ-

ʣʠʪʴ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ (4.11) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ kmax. ʈʝʟʫʣʴ-

ʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ (E = 4 ʢɺ/ʩʤ) ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʪʘʙʣ. 4.3. 
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ʊʘʙʣʠʮʘ 4.3. ʈʘʩʯʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

l, ʤʤ T, ʪʝʢʩ d, ʤʤ a n qmax, ʂʣ kmax, ʂʣĀʤ/ɺ 

0,5 0,17 0,014 0,509 0,166 8,23 Ŀ 10
-13

 2,06 Ŀ 10
-18

 

0,5 0,33 0,020 0,592 0,189 9,25 Ŀ 10
-13 

2,31 Ŀ 10
-18

 

1,0 0,33 0,020 0,495 0,161 2,98 Ŀ 10
-12 

7,45 Ŀ 10
-18

 

1,5 0,67 0,027 0,506 0,163 6,51 Ŀ 10
-12 

16,3 Ŀ 10
-18

 

2,0 0,67 0,027 0,472 0,153 1,07 Ŀ 10
-11

 26,7 Ŀ 10
-18

 

2,0 2,20 0,050 0,440 0,147 1,27 Ŀ 10
-11 

31,7 Ŀ 10
-18

 

3,0 2,20 0,050 0,490 0,158 2,57 Ŀ 10
-11 

64,2 Ŀ 10
-18

 

 

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ a ʠ n ʩʚ̫-

ʟʘʥʳ ʩ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʨʩʘ. ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟ-

ʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʫʶ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʜʣʷ 

ʚʦʨʩʘ ʣʶʙʦʡ ʧʨʠʨʦʜʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʧʨʠ ʣʶʙʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚ ʷʚʣʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʚ 

ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʦʜʥʘʢʦ ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ. 
 

ɺʣʠʷʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʦʛʨʘʥʠʯʝʥʘ ʧʦʨʦʛʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʘ ʢʦʥʮʝ 

ʚʦʨʩʠʥʢʠ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʢʦʣʦ ʥʝʛʦ. 

ɺ ʨʘʙʦʪʝ ʘʢʘʜʝʤʠʢʘ ɺ. ʀ. ʇʦʧʢʦʚʘ [7] ʧʨʝʜʣʦʞʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʨʘʩ-

ʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʣʦʢʥʘ. ʇʨʠ ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ ʥʘ ʢʦʥʮʝ 

ʚʦʨʩʠʥʢʠ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ. ʄʦʞʥʦ ʩʦʧʦʩʪʘʚʠʪʴ ʦʮʝʥʢʫ ʵʪʦʛʦ ʟʘʨʷʜʘ 

ʜʣʷ ʚʦʨʩʘ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʩ ʠʟʤʝʨʝʥʥʳʤʠ ʟʘʨʷʜʘʤʠ ʚ 

ʦʙʣʘʩʪʠ ʩʥʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. ɼʣʷ ʨʘʩʯʝʪʘ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʧʨʝʜʣʦʞʝʥʦ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ (4.12): 
 

ή ὰὉ̋Ȣ̑ȟ                (4.12) 
 

ʛʜʝ  ɽʢ.ʨ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘʯʘʣʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ɺ/ʤ. 

ʇʦʨʦʛʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦ-

ʛʦ ʨʘʟʨʜ̫ʦʚ ʩʦʩʪʘʚʣʷʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ɽ
ï
 = 265 ʢɺ/ʩʤ, E

+
= 300 ʢɺ/ʩʤ. ʄʳ ʠʩ-

ʧʦʣʴʟʫʝʤ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʧʦ-

ʩʢʦʣʴʢʫ ʠʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʧʦʣʷʨʥʦʩʪʴ. ʇʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷ-

ʜʘ ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʩʧʦʩʦʙʥʦʛʦ ʚʦʟʥʠʢʥʫʪʴ ʥʘ ʢʦʥʮʝ ʚʦʨ-

ʩʠʥʢʠ ʜʣʠʥʦʡ 0,5 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʢʤ ʩʦʛʣʘʩʥʦ (4.12) ʨʘʚʥʦ 18,4Ŀ10
-13 
ʂʣ.  

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʝ ʧʝʨʝʭʦʜʘ ʢ ʦʛʨʘʥʠʯʝʥʠʶ ʟʘʨʷʜʘ ʛʨʘʥʠ-

ʮʝʡ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ (4.13): 
 

ή  ὥ  >  ή
Ȣ̋̑

ὰὉ̋Ȣ̑ Ȣ    (4.13) 
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ʂʘʢ ʤʳ ʚʠʜʠʤ, ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʴʶ ʠ ʩʦʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ ʚʦʨʩʠʥʦʢ. ʈʘʩʩʯʠʪʘʝʤ ʜʣʷ ʭʘʨʘʢʪʝʨʥʳʭ 

ʟʥʘʯʝʥʠʡ ʜʠʘʤʝʪʨʘ d ʪʘʢʫʶ ʜʣʠʥʫ l, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʯʠʥʘʝʪʩʷ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ. 

ʇʨʠʤʝʨ ʨʘʩʯʝʪʘ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 4 ʢɺ/ʩʤ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʪʘʙʣ. 4.4. ʈʘʩʯʝʪ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘ-

ʪʦʚ ʧʫʪʝʤ ʧʦʜʙʦʨʘ ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʘʚʘʷ ʠ ʣʝʚʘʷ ʯʘʩʪʠ ʥʝʨʘʚʝʥ-

ʩʪʚʘ (4.11) ʨʘʚʥʳ.  

 

ʊʘʙʣʠʮʘ 4.4. ʈʘʩʯʝʪ ʜʣʠʥʳ ʚʦʨʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʨʦʛʫ 

ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 4 ʢɺ/ʩʤ 

T, ʪʝʢʩ d, ʤʤ l, ʤʤ a n qmax qʢ.ʨ 

0,17 0,014 0,98 0,509 0,166 2,53Ŀ10
-12

 2,53Ŀ10
-12

 

0,33 0,020 1,366 0,495 0,161 5,09Ŀ10
-12

 5,09Ŀ10
-12

 

0,67 0,027 1,834 0,506 0,163 9,12Ŀ10
-12

 9,12Ŀ10
-12

 

2,2 0,050 3,342 0,49 0,158 3,08Ŀ10
-11

 3,08Ŀ10
-11

 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 4 ʠ 5 ʢɺ/ʩʤ ʠ ʜʠʘʤʝʪ-

ʨʘ ʚʦʨʩʘ ʦʪ 0,014 ʜʦ 0,05 ʤʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 4.6. 

 

 
ʈʠʩ. 4.6. ɿʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʚʦʨʩʘ ʦʪ ʜʠʘʤʝʪʨʘ ʚʦʨʩʠʥʦʢ: 

1 ï ɽ = 4 ʢɺ/ʩʤ; 2 ï ɽ = 5 ʢɺ/ʩʤ 

 

ʏʝʪʢʦ ʧʨʦʩʣʝʞʠʚʘʝʤʘʷ ʨʘʟʥʦʩʪʴ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʧʨʷʤʳʭ, ʧʦ ʚʩʝʡ ʚʝʨʦʷʪʥʦ-

ʩʪʠ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɼʣʷ 

ʧʨʦʚʝʨʢʠ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠʷ 

ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ ʢ ʝʝ ʜʠʘʤʝʪʨʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʧʨʠ 

ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʪʘʙʣ. 4.5). 
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ʊʘʙʣʠʮʘ 4.5. ʈʘʩʯʝʪ ʟʥʘʯʝʥʠʡ ʦʪʥʦʰʝʥʠ̫ ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ ʢ ʝʝ ʜʠʘʤʝʪʨʫ, 

ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʜʣʷ ʨʘʟʣʠʯʥʳʭ 

ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 

ɽ, ʢɺ/ʩʤ 2 2,5 3 3,5 4 4,5 5 

l/d 164,71 123,70 97,72 79,82 67,03 57,03 49,51 

 

ɺʠʜ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 4.7. 

 

 
ʈʠʩ. 4.7. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠ̫  ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ ʢ ʝʝ ʜʠʘʤʝʪʨʫ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ, ʦʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

 

ʍʘʨʘʢʪʝʨ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʯʥʦ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʩʪʳʤʠ ʩʦ-

ʦʪʥʦʰʝʥʠʷʤʠ (4.14): 
 

ὰ
Ὠ

ȟ

    ʠʣʠ  Ὁ Ὁ
ȟ

  ,       (4.14) 

 

ʛʜʝ ɽ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʚʦʨʩʠʥʢʠ, ʢɺ/ʩʤ;   

E0 = 98,2 ʢɺ/ʩʤ ï ʨʘʩʯʝʪʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɼʘʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʳʚʘʪʴ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʥʳ ʠ ʜʠʘʤʝʪʨʘ ʚʦʨʩʠʥʢʠ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʝʝ ʢʦʥʮʝ ʚʦʟʥʠʢʥʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ.  

ɺ ʪʘʙʣ. 4.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ (4.14) 

ʜʣʷ ʨʘʥʝʝ ʨʘʩʩʯʠʪʘʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ l ʠ d. 
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ʊʘʙʣʠʮʘ 4.6. ʈʘʩʯʝʪ ʚʝʣʠʯʠʥʳ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ l ʠ d 

E, ʢɺ/ʩʤ d, ʤʤ l, ʤʤ Eʨ, ʢɺ/ʩʤ 

4 

0,02 1,34 3,99 

0,03 2,00 3,99 

0,04 2,67 3,99 

0,05 3,35 3,98 

5 

0,02 1,00 4,98 

0,03 1,48 5,03 

0,04 1,98 5,03 

0,05 2,48 5,02 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʟʥʘʯʝʥʠʷ E ʠ Eʨ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʜʝ-

ʣʘʪʴ ʚʳʚʦʜ ʦ ʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ (4.14). 

ʈʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ, ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ, ʚʝʨʦʷʪʥʦ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʨʠ 

ʙʦʣʴʰʝʡ ʚʝʣʠʯʠʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ.  

 

4.4. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ  

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

 

ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʝʛʦ ʟʘʨʷʜ 

ʈʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʜʦʣʞʥʳ ʙʳʪʴ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʳʭ ʠ ʩʚʷʟʘʥʳ 

ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʚʦʨʩʘ. ʀʟ ʧʨʘʢʪʠʢʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʣʝʢ-

ʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʣʦʢʥʘ, ʨʘʚʥʘʷ ʥʫʣʶ, ʚʝʜʝʪ ʢ ʥʫʣʝʚʦʤʫ ʟʘʨʷʜʫ ï ʜʠʵʣʝʢʪʨʠʯʝ-

ʩʢʦʝ ʚʦʣʦʢʥʦ ʥʝ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʨʷʜ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʡ ʤʦ-

ʜʝʣʠ ʟʘʨʷʜʢʠ ʚʳʩʦʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʣʦʢʥʘ ʪʘʢʞʝ ʤʦʞʝʪ ʚʝʩʪʠ ʢ ʩʥʠʞʝ-

ʥʠʶ ʠʟʙʳʪʦʯʥʦʛʦ ʟʘʨʷʜʘ. ɹʳʩʪʨʦʝ ʩʪʝʢʘʥʠʝ ʟʘʨʷʜʘ ʩ ʢʦʥʮʘ ʚʦʣʦʢʥʘ ʥʘ ʵʣʝʢʪʨʦʜ 

ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʜʨʫʛʦʤ ʢʦʥʮʝ ʚʦʣʦʢʥʘ ʟʘʨʷʜ ʥʝ ʫʩʧʝʚʘʝʪ ʧʨʠʦʙʨʝʩʪʠ ʩʢʦʣʴ-

ʥʠʙʫʜʴ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʦ ʤʦʤʝʥʪʘ ʦʪʨʳʚʘ ʦʪ ʵʣʝʢʪʨʦʜʘ. ʀʟ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘ-

ʢʣʶʯʠʪʴ, ʯʪʦ ʜʦʣʞʥʘ ʩʫʱʝʩʪʚʦʚʘʪʴ ʪʘʢʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʨʩʘ, ʧʨʠ ʢʦʪʦ-

ʨʦʡ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ. ɺʧʦʣʥʝ ʚʝʨʦʷʪʥʦ, ʯʪʦ ʵʪʦ ʟʥʘ-

ʯʝʥʠʝ ʙʫʜʝʪ ʤʝʥʴʰʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʟʘʨʷʜ ʚʦʨʩʘ ʩ 

ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʨʝʥʠʷ ʧʨʠ ʦʜʠ-

ʥʘʢʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (2,75 ʢɺ/ʩʤ) ʜʣʷ ʚʦʨʩʘ ʩ ʨʘʟʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ 

ʦʜʠʥʘʢʦʚʦʡ ʜʣʠʥʦʡ (0,5 ʤʤ). ʀʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ ʧʨʦʚʝʜʝʥʦ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥ-

ʥʦʡ ʚ ʨʘʙʦʪʝ [19], ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʩʥʠʞʘʶʱʠʤ ʚʣʠʷʥʠʝ ʠʦʥʠʟʘ-

ʮʠʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ. 
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ʊʘʙʣʠʮʘ 4.7 

ɺʦʨʩ ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ɚ, ʆʤ
-1
ʤ

-1
 ɿʘʨʷʜ qʵʢʩ, ʂʣ 

1 (1,46Ñ0,05)Ŀ10
-7 

(3,44Ñ0,14)Ŀ10
-13 

2 (5,65Ñ0,14)Ŀ10
-8 

(5,57Ñ1,2)Ŀ10
-13 

3 (1,05Ñ0,03)Ŀ10
-7

 (3,90Ñ0,74)Ŀ10
-13 

4 (2,15Ñ0,25)Ŀ10
-8

 (3,06Ñ0,51)Ŀ10
-13 

5 (1,79Ñ0,08)Ŀ10
-8

 (4,09Ñ0,68)Ŀ10
-13 

6 (2,25Ñ0,56)Ŀ10
-8

 (4,68Ñ0,25)Ŀ10
-13 

 

ʄʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ ʜʣʷ ʚʦʨʩʘ ʩ ʪʘʢʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ ʠ 

ʫʢʘʟʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʘʚʝʥ 6,36Ț10
-13

 ʂʣ. ʈʝʟʫʣʴʪʘ-

ʪʳ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʝ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝ ʧʨʝʚʳʰʘʶʪ ʵʪʦʡ 

ʚʝʣʠʯʠʥʳ. ʕʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʟʘʨʷʜʘ ʤʦʞʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ή ςȟσυΞή
ϳ

ϳ
   ,        (4.15) 

 

ʛʜʝ ɚ0 = 1,35Ŀ10
-8
 1/(ʆʤΞʤ) ï ʵʤʧʠʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

 

ʄʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʪʦʯʥʦʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ 
 

ή ςȟσωϽή ‗Ⱦ‗ Ὡ Ⱦ  ,    (4.16) 
 

ʛʜʝ ɚ0 = 5,55Ŀ10
-8
 1/(ʆʤΞʤ) ï ʵʤʧʠʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩ. 4.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʝ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ. 

 

 
ʈʠʩ. 4.8. ʈʘʩʯʝʪʥʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʟʘʨʷʜʘ 

ʚʦʨʩʘ ʦʪ ʝʛʦ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ 
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ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ɚ, ʆʤ-1ʤ-1 
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ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʜʝʣʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʭʦʪʷ ʠ 

ʥʦʩʠʪ ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. 
 

ʀʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ ʚʦʨʩʘ ʠ ʩʨʘʚʥʝʥʠʝ ʩ ʤʦʜʝʣʴʶ ʜʣʷ ʚʦʨʩʘ ʨʘʟʥʳʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʄʦʜʝʣʴ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ, ʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʚʦʨʩʘ (4.9) ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʚʝʣʠʯʠʥʫ ʠ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʟʘʨʷʜʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (4.9). ʕʪʠ ʚʳʚʦʜʳ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦ ʚʝʣʠʯʠʥʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨ̫ -

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʦʚ ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 

1 ʤʤ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.8. 

 

ʊʘʙʣʠʮʘ 4.8. ʉʨʘʚʥʝʥʠʝ ʩ ʵʢʩʧʝʨʠʤʝʥʪʦʤ 

U, ʢɺ 5 10 15 20 25 30 

E, ʢɺ/ʩʤ 0,7 1,39 2,08 2,78 3,47 4,17 

q, ʂʣ 4,0Ŀ10
-13 

7,51Ŀ10
-13 

1,12Ŀ10
-12 

1,5Ŀ10
-12 

2,19Ŀ10
-12 

2,41Ŀ10
-12 

k, ʂʣΞʤ/ɺ 5,71Ŀ10
-18 

5,40Ŀ10
-18

 5,38Ŀ10
-18

 5,40Ŀ10
-18

 6,31Ŀ10
-18

 5,78Ŀ10
-18

 

qmax, ʂʣ 5,21Ŀ10
-13

 1,04Ŀ10
-12

 1,55Ŀ10
-12

 2,07Ŀ10
-12

 2,59Ŀ10
-12

 3,11Ŀ10
-12

 

q/ qmax 0,77 0,72 0,72 0,72 0,84 0,77 

 

ɼʘʥʥʳʝ ʪʘʙʣ. 4.8 ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʤ, ʯʪʦ ʚʩʝ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘ-

ʨʷʜʘ ʥʝ ʧʨʝʚʳʰʘʶʪ ʨʘʩʯʝʪʥʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʇʨʠ ʵʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʨʷʜʢʠ ʠ ʜʦʣʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʩʦʭʨʘʥʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʦ 

ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E: 

k = (5,66 Ñ 0,38)10
-18

 ʂʣΞʤ/ɺ; ȹk/k = 6,7 %; ŭ = q/qmax = 0,76 Ñ 0,05; ȹŭ/ŭ =    

= 6,6 %. 

ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʜʦʣʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʚʦʨʩʘ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ k, ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝ-

ʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʨʩʘ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ 

ʠʣʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. 

ɼʣʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚʳʩʢʘʟʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʳ ʝʱʝ ʜʚʘ ʚʠʜʘ ʚʦʨʩʘ ʩ ʜʨʫʛʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ: l = 0,5 ʤʤ,     

d = 20 ʤʢʤ ʠ l = 3 ʤʤ, d = 50 ʤʢʤ. ʀʟʤʝʨʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʪʘʢʞʝ ʩ ʧʦʤʦʱʴʶ ʝʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.9, ʠ ʟʜʝʩʴ ʞʝ 

ʧʦʢʘʟʘʥʳ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʘʨʷʜʦʚ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʜʣʠʥʳ ʚʦʨʩʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʈʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫ-

ʶʪ, ʯʪʦ ʚʩʝ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʚʥʦʚʴ ʠʤʝʶʪ ʟʥʘʯʝʥʠʷ ʤʝʥʴʰʝ ʪʝʦʨʝ-

ʪʠʯʝʩʢʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ.  
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ʊʘʙʣʠʮʘ 4.9. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ 

ʟʘʨʷʜʘ 

ʇʘʨʘʤʝʪʨʳ 

ʚʦʨʩʘ 
ɽ, ʢɺ/ʩʤ 2,80 3,35 3,89 4,19 4,25 4,67 5,10 5,83 

l =  0,5 ʤʤ 

d = 20 ʤʢʤ 

q ,ɻ ʂʣ 3,6Ξ10
-13 

4,4Ξ10
-13 

5,6Ξ10
-13 

6,0Ξ10
-13 

6,1Ξ10
-13 

7,0Ξ10
-13 

7,3Ξ10
-13 

7,8Ξ10
-13 

qmax, ʂʣ 6,47Ξ10
-13 

7,74Ξ10
-13

 8,99Ξ10
-13

 9,69Ξ10
-13

 9,82Ξ10
-13

 1,08Ξ10
-12

 1,18Ξ10
-12

 1,35Ξ10
-12

 

k, ʂʣΞʤ/ɺ 1,30Ξ10
-18

 1,31Ξ10
-18

 1,44Ξ10
-18

 1,43Ξ10
-18

 1,44Ξ10
-18

 1,50Ξ10
-18

 1,43Ξ10
-18

 1,34Ξ10
-18

 

q /ɻ qmax 0,564 0,568 0,623 0,619 0,621 0,648 0,619 0,579 

l =  3,0 ʤʤ 

d = 50 ʤʢʤ 

q ,ɻ ʂʣ 4,6Ξ10
-12 

5,3Ξ10
-12 

5,7Ξ10
-12 

5,8Ξ10
-12 

5,9Ξ10
-12 

6,4Ξ10
-12 

7,0Ξ10
-12 

7,7Ξ10
-12 

qmax, ʂʣ 1,79Ξ10
-11 

2,15Ξ10
-11

 2,49Ξ10
-11

 2,69Ξ10
-11

 2,72Ξ10
-11

 2,99Ξ10
-11

 3,27Ξ10
-11

 3,74Ξ10
-11

 

k, ʂʣΞʤ/ɺ 1,64Ξ10
-17

 1,58Ξ10
-17

 1,46Ξ10
-17

 1,38Ξ10
-17

 1,39Ξ10
-17

 1,37Ξ10
-17

 1,37Ξ10
-17

 1,32Ξ10
-17

 

q /ɻ qmax 0,256 0,247 0,229 0,216 0,216 0,214 0,214 0,206 

 

kmax(0,5 ʤʤ) = 2,31Ξ10
-18 
ʂʣΞʤ/ɺ; kmax(3,0 ʤʤ) = 6,41Ξ10

-17 
ʂʣΞʤ/ɺ.  

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʠʟʤʝʨʝʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʨʷʜʢʠ ʧʨʠ ʨʘʟʥʦʡ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ: k (0,5 ʤʤ) = 1,4Ξ10
-18

 ʂʣΞʤ/ɺ; k (3,0 ʤʤ) = 1,44Ξ10
-18

 ʂʣΞʤ/ɺ. 

ʉʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʜʣʷ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ: 

q/qmax (0,5 ʤʤ) = 0,605 Ñ 0,051; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ŭ = 8,43 %. 

q/qmax (3,0 ʤʤ) = 0,225 Ñ 0,08; ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ ŭ = 35 %. 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʚʳʷʚʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʘʙʣ. 4.8, 

ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʠ ʜʣʷ ʜʨʫʛʠʭ ʚʠʜʦʚ ʚʦʨʩʘ (ʪʘʙʣ. 4.9). ɿʜʝʩʴ ʪʘʢʞʝ ʜʦʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʩʦʭʨʘʥʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘʙʣʶʜʘʝʤʘʷ ʪʝʥʜʝʥʮʠʷ ʩʥʠʞʝʥʠʷ ʜʦʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʜʣʷ ʜʣʠʥʥʦʛʦ ʚʦʨʩʘ ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʧʦʨʦʛʦʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. ʅʘʯʘʣʦ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ (4.11) ʦʛʨʘʥʠʯʠʚʘʝʪ ʨʦʩʪ ʟʘʨʷʜʘ, 

ʯʪʦ ʚʦʩʧʨʠʥʠʤʘʝʪʩʷ, ʢʘʢ ʩʥʠʞʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ. 
 

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ   

ʟʘʨʷʜʢʠ ʚʦʨʩʘ 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʟʘʨʷʜʢʠ ʧʦʢʘʟʘʣ ʚʟʘʠʤʦʩʚʷʟʴ ʟʘʨʷʜʘ ʚʦʨ-

ʩʠʥʢʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʜʪʚʝʨ-

ʞʜʘʶʱʠʝ ʵʪʦ ʧʦʣʦʞʝʥʠʝ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ. ʕʪʦ ʦʩʪʘʚʣʷʝʪ ʟʘ ʢʘʜʨʦʤ ʚʦʧʨʦʩ, ʙʫʜʝʪ ʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʟʘʨʷʜʦʤ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʨʘʟʥʦʛʦ ʤʝʞ-

ʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩʝʨʠʠ 

ʠʟʤʝʨʝʥʠʡ ʟʘʨʷʜʘ ʚʦʨʩʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠ h = 7 ʩʤ ʠ h = 10 ʩʤ. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʣ ʦʪ 1,4 ʜʦ 4,3 ʢɺ/ʩʤ, ʘ ʚʦ 

ʚʪʦʨʦʤ ï ʦʪ 1,5 ʜʦ 3,5 ʢɺ/ʩʤ. ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʨʷʜʢʠ 

(ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ) ʧʦʢʘʟʘʣʠ: 

k(h = 7 ʩʤ) = (3,34 Ñ 0,31)10
-18

 ʂʣΞʤ/ɺ; k(h = 10 ʩʤ) = (2,96 Ñ 0,11)10
-18

 ʂʣΞʤ/ɺ. 

ʉ ʫʯʝʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪʣʠʯʘʶʪ-

ʩʷ ʥʝ ʩʫʱʝʩʪʚʝʥʥʦ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʬʘʢ-

ʪʦʨ ʚʣʠʷʥʠʷ ï ʵʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘ-

ʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ.  
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʨʘʙʦʪʘʪʴ ʤʦ-

ʜʝʣʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʨʘʩʩʯʠʪʘʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʩʦ-

ʟʜʘʚʘʝʤʦʛʦ ʜʚʠʞʫʱʠʤʩʷ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ, ʩ ʫʯʝʪʦʤ ʚʦʟʥʠʢʘʶʱʝʛʦ ʜʠʥʘʤʠ-

ʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ: ʟʘʨʷʜ ʚʦʨʩʠʥʦʢ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʠ-

ʥʦʢ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ ʚ ʦʙʣʘʩʪʠ ʥʘʥʝʩʝ-

ʥʠʷ ʚʦʨʩʘ, ʘ ʟʥʘʯʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʠ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʚʣʠʷʶʪ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʥʘ ʝʝ ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ ʩʤʳʩʣʝ 

ʠʜʝʪ ʨʝʯʴ ʦ ʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʧʨʦʮʝʩʩʘ. 
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5. ɸʅɸʃʀɿ ʇʈʆʎɽʉʉɸ ʆʉɸɾɼɽʅʀʗ ɿɸʈʗɾɽʅʅʆɻʆ ɺʆʈʉɸ 

ɺ ʊɽʍʅʆʃʆɻʀʀ ʕʃɽʂʊʈʆʌʃʆʂʀʈʆɺɸʅʀʗ 

 

ʎʝʣʴʶ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ 

ʬʣʦʢʠʨʦʚʘʥʠʷ. ɺʘʞʥʦʡ ʯʘʩʪʴʶ ʚ ʥʝʛʦ ʚʭʦʜʠʪ ʧʦʣʫʯʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʩʚʦʡʩʪʚ 

ʚʦʨʩʘ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʦʪʚʝʯʘʶʱʠʭ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʩ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʧʨʦʪʝʢʘʥʠʷ. ɼʣʷ ʵʪʦ-

ʛʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʦʩʥʦʚʥʳʝ ʬʘʢʪʦʨʳ ʧʨʦʮʝʩʩʘ, ʚʣʠʷʶ-

ʱʠʝ ʥʘ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ [9]ï[12], [19], [42]. 

ɺʘʞʥʝʡʰʠʤ ʚʦʧʨʦʩʦʤ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʦʧʨʦʩ 

ʦ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʵʪʦʛʦ 

ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʦʛʨʘʥʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʬʦʨ-

ʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʇʦʩʢʦʣʴʢʫ ʨʝʯʴ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʜʝʪ ʦ ʜʚʠʞʝ-

ʥʠʠ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʪʦ ʙʫʜʝʪ ʨʘʟʫʤʥʦ ʜʣʷ ʧʦ-

ʩʪʨʦʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʪʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʪʝʦʨʠʠ 

ʵʣʝʢʪʨʠʯʝʩʪʚʘ. ʉʫʱʝʩʪʚʫʝʪ, ʢʦʥʝʯʥʦ, ʨʷʜ ʦʪʣʠʯʠʡ ʦʪ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝ-

ʥʠʷ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʠʦʥʦʚ. ɺʳʨʘʞʘʝʪʩʷ ʵʪʦ, ʥʘʧʨʠʤʝʨ, ʚ ʪʦʤ, ʯʪʦ ʟʘʨʷʜ 

ʜʚʠʞʫʱʠʭʩʷ ʯʘʩʪʠʮ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʨʘʟʤʝʨʘ 

ʯʘʩʪʠʮ. 

ʉʥʘʯʘʣʘ ʧʨʦʚʝʜʝʤ ʤʳʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʇʨʝʜʩʪʘʚʠʤ ʩʝʙʝ, ʯʪʦ ʤʳ ʠʤʝ-

ʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʦʥʫ 

ʬʣʦʢʠʨʦʚʘʥʠʷ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʫʩʣʦʚʠʷ ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʥʝ ʥʘʨʫʰʘ-

ʶʪʩʷ. ɺʦʧʨʦʩ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʙʫʜʝʪ ʣʠ ʚ ʪʦʡ ʞʝ ʩʪʝʧʝʥʠ ʨʘʩʪʠ ʠ ʩʢʦʨʦʩʪʴ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ. ʆʪʚʝʪ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʦʯʝʚʠʜʥʦ ʦʪʨʠʮʘʪʝʣʴʥʳʡ, ʧʦʩʢʦʣʴʢʫ ʚʦʟʨʘʩʪʘʶ-

ʱʠʡ ʟʘʨʷʜ ʚʦʨʩʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʙʫʜʝʪ ʧʨʝ-

ʧʷʪʩʪʚʦʚʘʪʴ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʥʦʚʦʛʦ ʚʦʨʩʘ. ʅʝʠʟʙʝʞʥʦ, ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʜʦʣʞʥʦ ʫʩʪʘʥʦʚʠʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʦʙʲʝʤʥʳʤ ʟʘʨʷʜʦʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʫʧʣʝʥʠʷ ʪʫʜʘ ʟʘʨʷ-

ʞʝʥʥʦʛʦ ʚʦʨʩʘ. ʋʞʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦ-

ʜʠʤʦ ʙʳʣʦ ʚʳʷʩʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʙʫʜʝʪ ʣʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ 

ʚʦʨʩʘ ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ ʠ ʧʨʠ ʥʘʣʠʯʠʠ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ [19], ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘʣʠʯʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʨʘʙʦʯʝʤ ʜʠʘ-

ʧʘʟʦʥʝ ʦʜʥʦʟʥʘʯʥʦ ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʦʛʨʘʥʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ.  

ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ ʢʘʢ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʤ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʪʦ ʠʥʪʝʨʚʘʣ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʨʘʢ-

ʪʠʯʝʩʢʠ ʚʝʩʴ ʚʦʨʩ, ʧʦʩʪʫʧʘʶʱʠʡ ʠʟ ʙʫʥʢʝʨʘ, ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. ʊ. ʝ. ʤʳ 

ʠʤʝʝʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʳʡ ʧʦʪʦʢ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʤʝʨʝ ʟʘ-

ʧʦʣʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ ʚʦʨʩʦʤ, ʚʦʟʥʠʢʘʝʪ ʠ ʥʘʨʘʩʪʘʝʪ ʚʩʪʨʝʯʥʳʡ (ʦʙʨʘʪʥʳʡ) ʧʦ-

ʪʦʢ ʚʦʨʩʘ ʩ ʟʘʨʷʜʘʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʧʦʣʷʨʥʦʩʪʠ. ʆʜʥʘʢʦ ʦʧʨʝʜʝʣʷʶʱʠʤ ʩʢʦ-

ʨʦʩʪʴ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʤʝʥʥʦ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ.  

ʉʢʚʦʟʴ ʩʝʪʢʫ ʙʫʥʢʝʨʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʦʩʪʫʧʘʝʪ ʚʦʨʩ (ʨʠʩ. 5.1), ʢʦ-

ʪʦʨʳʡ ʟʘʨʷʞʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪ ʜʚʠʛʘʪʴʩʷ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʣʝʢʪʨʦʜʫ, ʠʤʝʷ ʚ 

ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʩʢʦʨʦʩʪʴ, ʙʣʠʟʢʫʶ ʢ ʥʫʣʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʙʲʝʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʦʢʦʣʦ ʧʦʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʙʫʜʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ.  
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ʇʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ 

ʩʥʠʞʘʝʪʩʷ. ɺʦʨʩ, ʟʘʨʷʞʝʥʥʳʡ ʦʜʥʦʠʤʝʥʥʦ ʩ ʵʣʝʢʪʨʦʜʦʤ ʠ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʦʙʲʝ-

ʤʝ ʬʣʦʢʘʪʦʨʘ, ʧʨʝʧʷʪʩʪʚʫʝʪ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʚ ʟʦʥʫ ʥʦʚʦʛʦ ʚʦʨʩʘ, ʠ ʚʦʟʥʠʢʘʝʪ 

ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʨʩʘ, ʧʨʦʭʦʜʷʱʝʛʦ ʩʢʚʦʟʴ ʩʝʪʢʫ, 

ʠ ʦʙʲʝʤʥʳʤ ʟʘʨʷʜʦʤ ʚʦʨʩʘ, ʫʞʝ ʥʘʭʦʜʷʱʠʤʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʚʠʞʫʱʠʡ-

ʩʷ ʟʘʨʷʞʝʥʥʳʡ ʚʦʨʩ ʩʦʟʜʘʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

 

                                                                               x = 0, U = 0 

                                                                                        y 

 

 

                                                                             x = h, U = U0 

 

                                                     x                 
 

ʈʠʩ. 5.1. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʍʋ 

 

ɺʩʣʝʜʩʪʚʠʝ ʚʩʝʛʦ ʠʟʣʦʞʝʥʥʦʛʦ ʟʘʜʘʯʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: ʥʝʦʙʭʦʜʠʤʦ ʚʳʷʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ 

ʜʚʠʞʫʱʠʤʩʷ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ, ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ ʠ ʫʩʣʦʚʠʷʤʠ ʝʛʦ ʦʩʘ-

ʞʜʝʥʠʷ. ʊ. ʝ. ʥʘʜʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʠʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ 

ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʦ-

ʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʟʚʦʣʠʪ ʚʳʯʠʩʣʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞ-

ʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʦʢʠʨʫʝʤʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʢʦ-

ʪʦʨʘʷ ʦʧʨʝʜʝʣʷʝʪ ʜʣʠʪʝʣʴʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ.  

ʈʝʰʘʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ ʠ ʩ ʨʘʟʥʦʡ ʩʪʝ-

ʧʝʥʴʶ ʧʨʠʙʣʠʞʝʥʠʷ, ʥʦ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʧʦʣʦ-

ʞʝʥʠʷ, ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʙʫʜʝʪ ʩʪʨʦʠʪʴʩʷ ʪʝʦʨʠʷ ʧʨʦʮʝʩʩʘ. 

 

5.1. ʀʩʭʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʠ ʦʩʘʞʜʝʥʠʷ ʚʦʨʩʘ 

 

ʇʦʩʪʨʦʝʥʠʝ ʣʶʙʦʡ ʤʦʜʝʣʠ ʬʠʟʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʜʦʣʞʥʦ ʦʩʥʦʚʳʚʘʪʴʩʷ 

ʥʘ ʦʧʨʝʜʝʣʝʥʥʳʭ, ʯʝʪʢʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʠʩʭʦʜʥʳʭ ʧʦʣʦʞʝʥʠʷʭ, ʭʘʨʘʢʪʝʨʠ-

ʟʫʶʱʠʭ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʜʘʥʥʦʤ ʩʣʫ-

ʯʘʝ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʚʩʝ ʥʝʦʙʭʦʜʠʤʳʝ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠʩʭʦʜʥʳʝ 

ʧʦʣʦʞʝʥʠʷ [19], [42], [43].  

1. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʧʨʦʮʝʩʩ ʤʝʞʜʫ ʙʝʩʢʦʥʝʯʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ. ʈʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ U ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʨʠʩ. 5.1) ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʢʦʦʨʜʠ-

ʥʘʪʳ x: 

( , , ) ( , , )
0.

U x y z U x y z

y z

µ µ
= =

µ µ
   (5.1) 

2. ɺ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʧ. 1 ʚʳʧʦʣʥʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ: 
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2

2

0

( ) ( )
,

U x x

x

r

e

µ
=-

µ
    (5.2) 

ʛʜʝ ɟ(ʭ) ï ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝ; Ů0 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

3. ʈʘʩʩʤʘʪʨʠʚʘʝʤ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ ʚʜʦʣʴ ʦʩʠ ʭ, ʪ. ʝ., ʢʘʢ 

ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʇʣʦʪʥʦʩʪʴ ʪʦʢʘ j, ʩʦʟʜʘʚʘʝ-

ʤʘʷ ʜʚʠʞʝʥʠʝʤ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʦʪ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʢ ʥʠʞʥʝʤʫ, ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

( ) ( ) const,j x v xr= Ö =     (5.3) 
ʛʜʝ v(x) ï ʩʢʦʨʦʩʪʴ ʚʦʨʩʘ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʦʡ ʭ. 

4. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʩ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ ʟʘʨʷʜʘ QɆ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ɻʘʫʩʩʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
 

.2//)(,2)0( 000 ee SS +==-=== QhUhxEQhUxEE          (5.4) 
 

5. ɿʘʨʷʜ ʚʩʝʭ ʚʦʨʩʠʥʦʢ q ʦʜʠʥʘʢʦʚ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʫ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ: 

  q = k E0 ,                                     (5.5) 
 

ʛʜʝ k ï çʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠè ʚʦʨʩʘ, ʂʣΞʤ/ɺ. 

6. ɺʳʧʦʣʥʷʝʪʩʷ ʟʘʢʦʥ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʢʘʞʜʦʡ ʚʦʨʩʠʥʢʠ ʩ ʫʯʝʪʦʤ 
ʨʘʙʦʪʳ ʧʨʦʪʠʚ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ: 
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ʛʜʝ C = C0 l (d ï d0) ï ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [9], [10] ʜʚʠ-

ʞʝʥʠʶ ʚʦʨʩʠʥʢʠ ,uÖ=CFc  l ï ʜʣʠʥʘ ʚʦʨʩʠʥʢʠ, ʤ; d ï ʜʠʘʤʝʪʨ ʚʦʨʩʠʥʢʠ, ʤ; m ï 

ʤʘʩʩʘ ʚʦʨʩʠʥʢʠ, ʢʛ; C0 = 1,11 ʢʛ/(ʤ
2
ʩ); d0 = 9,3Ξ10

-6
 ʤ. 

ʅʘ ʵʪʠʭ ʧʦʣʦʞʝʥʠʷʭ ʙʫʜʝʪ ʩʪʨʦʠʪʴʩʷ ʤʦʜʝʣʴ ʧʦʚʝʜʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨ-

ʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ.  

 

5.2. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʩ ʫʯʝʪʦʤ ʝʛʦ ʩʚʦʡʩʪʚ  

 ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

 

ɺʩʝ ʠʤʝʶʱʠʝʩʷ ʜʘʥʥʳʝ, ʢʘʢ ʨʘʩʯʝʪʥʳʝ, ʪʘʢ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ [8]ï[10], 

ʧʦʢʘʟʳʚʘʶʪ: ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʦʢ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʪʘʢʦʚʘ, ʯʪʦ ʩʠʣʘ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʦʠʟʤʝʨʠʤʦʡ ʩ ʜʨʫʛʠʤʠ ʜʝʡʩʪʚʫʶʱʠʤʠ ʩʠ-

ʣʘʤʠ ʠ ʜʦʣʞʥʘ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ. ɺ 

ʩʚʦʶ ʦʯʝʨʝʜʴ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʠ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʦ ʩ ʚʝʣʠʯʠʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ, 

ʷʚʣʷʶʱʠʤʠʩʷ ʫʞʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʧʨʦʮʝʩʩʘ. ʇʦʵʪʦʤʫ ʦʙʲ-
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ʝʢʪʠʚʥʳʡ ʘʥʘʣʠʟ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʪʨʝʙʫʝʪ ʩʦʟʜʘʥʠʷ ʤʦʜʝʣʠ, ʫʯʠʪʳʚʘʶʱʝʡ ʚʣʠʷʥʠʝ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʚʦʨʩʘ [19], [42], [43]. 

ʇʦʣʫʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 

ʚʦʨʩʘ ʧʨʠ ʚʩʝʭ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʘʜʝʢʚʘʪʥʳʝ ʩʦʦʪʥʦʰʝ-

ʥʠʷ ʜʣʷ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʩʢʦʨʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʤʘʪʝʨʠʘʣ ʚ ʟʘʚʠ-

ʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʟʘʨʷʜʘ ʚʦʨʩʘ ʠ ʪ. ʜ. 

 

5.2.1. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ çʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦè  

ʧʦʜʭʦʜʘ ʢ ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ  
 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʩʭʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ, 

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚʳʰʝ ʚ ʨʘʟʜ. 5.1. Cʯʠʪʘʝʤ ʤʘʣʳʤ ʚʣʠʷʥʠʝ ʚʝʩʘ ʚʦʣʦʢʥʘ, ʧʦʩʢʦʣʴ-

ʢʫ ʜʘʞʝ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 2 ʢɺ/ʩʤ ʠ ʤʘʣʦʤ ʟʘʨʷʜʝ ʚʦʣʦ-

ʢʦʥ, ʨʘʚʥʦʤ 10
-13

 ʂʣ, ʩʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʤʝʨʥʦ ʚ 6 ʨʘʟ 

ʙʦʣʴʰʝ ʚʝʩʘ ʚʦʣʦʢʥʘ (ʧʦʣʠʘʤʠʜ, l = 1 ʤʤ, d = 0,02 ʤʤ).  

ʀʩʧʦʣʴʟʫʝʤ ʫʨʘʚʥʝʥʠʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ ʜʣʷ ʚʦʨʩʠʥʢʠ ʩ ʟʘʨʷ-

ʜʦʤ q, ʜʚʠʞʫʱʝʡʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩ ʨʘʟʥʦʩʪʴʶ ʧʦʪʝʥʮʠʘʣʦʚ U (5.6). ʕʪʦ 

ʩʦʦʪʥʦʰʝʥʠʝ ʚʝʨʥʦ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʩ ʢʦʦʨʜʠʥʘʪʦʡ ʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘ-

ʤʠ. ʇʨʦʜʠʬʬʝʨʝʥʮʠʨʦʚʘʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʚʘʞʜʳ, ʧʦʣʫʯʘʝʤ 
2

2
.

d d d U
m C q

dx dx dx

u
u u

å õ
+ Ö =æ ö

ç ÷
             (5.7) 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʙʦʪʘʭ [19], [43], ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʨʩʘ ʚʦ ʬʣʦʢʘʪʦʨʝ 

ʩ ʫʯʝʪʦʤ ʝʛʦ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʚʫʤʷ 

ʧʦʣʦʞʝʥʠʷʤʠ (5.3) ʠ (5.4). ʊʘʢʠʤ ʦʙʨʘʟʦʤ: 

.
)(0

2

2

x

j

dx

Ud

ue
=  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ (5.7) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʚ ʚʠʜʝ 
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å õ
+ =æ ö

ç ÷
                                (5.8) 

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʱʝʤ ʚ ʚʠʜʝ 
kxAÖ=u . 

ʈʝʟʫʣʴʪʘʪ ʧʦʩʪʘʥʦʚʢʠ ʚ (5.8) ʜʘʝʪ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ: 

Ö=
C

jqx

0

2

e
u

                                     (5.9) 

ʀʤʝʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚʜʦʣʴ ʦʩʠ ʭ, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ 

ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ (5.6) ʠ ʬʦʨʤʫʣʦʡ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ ʚ ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʪʦʯʢʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (5.9). ʊʦʛʜʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʟʦʥʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʩ ʫʯʝʪʦʤ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ, ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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Ὗὼ ὼ ὼ ẗ                            (5.10) 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. ɼʣʷ ʵʪʦʛʦ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʟʘʜʘʯʠ: 

U(x = 0) = 0, U(x = h) = U0. ʈʝʰʘʷ ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʣʠʯʠ-

ʥʳ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ 

ʧʨʦʮʝʩʩ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘ-

ʣʦʚ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ: 

Ὦ ρ ρ Ὗ Ȣ                     (5.11) 

 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʦ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʘʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ, ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʦʨʩʠʥʢʘʤʠ, 

ʯʝʨʝʟ ʧʣʦʱʘʜʴ 1 ʤ
2
 ʟʘ 1 ʩ. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʘʞʥʦ ʪʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʥʘʧʨʷ-

ʤʫʶ ʩʚʷʟʘʥʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʧʨʠ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʴʶ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʬʣʦʢʠʨʫʝʤʦʤʫ ʤʘʪʝʨʠʘʣʫ:  

.
q

mj
P

Ö
=           (5.12) 

ɺ ʧʦʣʥʦʤ ʚʠʜʝ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
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                      (5.13) 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʨʘʞʝʥʠʡ (5.11), (5.13) ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʙʫʜʝʪ ʥʝ ʚʧʦʣʥʝ 

ʢʦʨʨʝʢʪʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʟʘʚʠʩʠʪ ʦʪ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ, ʢʦʪʦ-

ʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʚʷʟʘʥ ʩ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ 

ʵʣʝʢʪʨʦʜʘ (5.5).  

 

5.2.2. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ  

ʟʘʨʷʜʢʠ ʚʦʨʩʘ 
 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʚʦʨʩʘ, ʩʦʛʣʘʩʥʦ ʤʦʜʝʣʠ ʧʨʦ-

ʮʝʩʩʘ ʟʘʨʷʜʢʠ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʜʘʥʥʳʤ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ 0Ekq Ö= , ʘ ʵʪʫ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦ-

ʚʘʥʠʷ (5.10): 

Ὁὼ   Ȣ                        (5.14) 

ʆʪʩʶʜʘ, ʫʯʠʪʳʚʘʷ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (5.4), ʧʦʣʫʯʘʝʤ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ 

Ὁὼ π Ὁ Ƞ  Ὁὼ Ὤ Ὁ  Ȣ   (5.15) 
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ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʜʚʫʤʷ ʩʧʦʩʦʙʘʤʠ: 

Ὦ Ὁ   ʠ   Ὦ Ὁ Ὁ Ȣ                    (5.16) 

ʇʦʩʢʦʣʴʢʫ ʵʪʦ ʦʜʥʘ ʠ ʪʘ ʞʝ ʚʝʣʠʯʠʥʘ ʠ ʫʯʠʪʳʚʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʟʘʨʷʜʘ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ (5.5), ʧʦʣʫʯʠʤ ʨʷʜ ʚʘʞʥʳʭ ʩʦ-

ʦʪʥʦʰʝʥʠʡ: 

1. ʈʘʟʥʦʩʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʫ ʧʦʚʝʨʭʥʦʩʪʝʡ çʧʦʜʘʶʱʝʛʦè ʠ çʧʨʠʥʠʤʘʶ-

ʱʝʛʦè ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʩʚʦʡʩʪʚ ʚʦʨʩʘ: 

Ὁ Ὁ ˞  .       (5.17) 

2. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʦʢʦʣʦ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ ʥʠʞʝ, ʘ ʫ ʧʨʠʥʠʤʘʶʱʝʛʦ 
ʵʣʝʢʪʨʦʜʘ ʚʳʰʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ E = U/h: 

Ὁ ὅ   Ȣ             (5.18) 

Ὁ ὅ   Ȣ        (5.19) 

3. ʉʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʡ ʜʚʠʞʝʥʠʝʤ 

ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ, ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʥʝʩʢʦʣʴʢʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʚʳʨʘʞʝʥʠʷ (5.11), ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʥʝʝ. 

Ὦ ὅ .      (5.20) 

ʉʨʘʚʥʠʤ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʨʘʩ-

ʩʯʠʪʘʥʥʫʶ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ (5.11) ʠ (5.20). ʅʘ ʨʠʩ. 5.2 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʫʧʦʤʷʥʫʪʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

0,33 ʪʝʢʩ ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h = 0,1 ʤ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʨʷʜʝ 

ʚʦʨʩʘ (ʪʘʙʣ. 4.3), ʧʨʠʯʝʤ ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʜʣʷ ʩʦʦʪʥʦʰʝʥʠʷ (5.11) ʨʘʩʩʯʠʪʘʥʘ 

ʢʘʢ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E = U/h, ʪʘʢ ʠ ʜʣʷ E0. ʅʘʧʨʷʞʝʥʥʦʩʪʴ E0 ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ (5.18). 
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ʈʠʩ. 5.2. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

1 ï ʤʦʜʝʣʴ (5.11), q = kmaxU/h; 2 ï ʤʦʜʝʣʴ (5.11), q = kmaxE0; 

3 ï ʤʦʜʝʣʴ (5.20) 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ. 5.2, ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʦʪ 1 ʜʦ 6 ʢɺ/ʩʤ, ʪ. ʝ. ʚʦ ʚʩʝʤ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ, ʜʣʷ ʚʩʝʭ 

ʚʘʨʠʘʥʪʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʦʪʣʠʯʘʶʪʩʷ. 

ʇʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʨʩʘ, 

ʘ ʠʤʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ, ʥʘ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʠʩ-

ʧʦʣʴʟʦʚʘʣʠ ʪʝ ʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʨʩʘ ʠ ʨʝʞʠʤʳ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʢʘʢ ʠ ʚ ʚʳʰʝ 

ʦʧʠʩʘʥʥʦʤ ʧʨʠʤʝʨʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʙʳʣ ʚʳʙʨʘʥ: 0,3, 0,7, 1,0kmax. ɼʣʷ 

ʨʘʩʯʝʪʦʚ, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʦʜʝʣʴ (5.20) ʩ ʫʯʝʪʦʤ (5.5) ʠ (5.21). 
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ʈʠʩ. 5.3. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

1 ï k = 0,3kmax; 2 ï k = 0,7kmax; 3 ï k = 1,0kmax 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 5.3), ʜʘʞʝ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʣʠʯʠʠ ʚʝ-

ʣʠʯʠʥʳ ʟʘʨʷʜʦʚ ʚʦʨʩʘ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠʟʤʝʥʷʝʪʩʷ ʤʘʣʦ. ʕʪʦ ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ. ʆʜʥʘʢʦ, ʢʘʢ ʙʫʜʝʪ ʧʦʢʘ-

ʟʘʥʦ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ, ʵʪʦ ʞʝ ʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘ ʟʥʘʯʠʪ, ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ 

ʵʪʠʤ ʧʫʪʝʤ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ʄʳ ʧʦʣʫʯʠʣʠ ʚʣʠʷʥʠʝ ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʥʘʧʨʷʞʝʥʥʦʩʪʠ) ʥʘ ʚʝʣʠ-

ʯʠʥʫ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʅʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ 

ʠ ʚʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʚʦʨʩʘ, ʘ ʠʤʝʥʥʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʪ. ʝ. ʬʘʢʪʠʯʝ-

ʩʢʠ ʢʘʯʝʩʪʚʘ ʚʦʨʩʘ, ʥʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ (ɽ = 5 ʢɺ/ʩʤ). ʇʦʩʢʦʣʴʢʫ ʤʳ ʟʥʘʝʤ, ʯʪʦ ʜʣʷ ʚʦʨʩʘ ʟʘʜʘʥʥʳʭ ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʜʣʷ ʟʘʜʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʫʱʝʩʪʚʫʝʪ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʟʘʨʷʜʘ (ʨʘʟʜ. 4), ʪʦ ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʜʦʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ (ʨʠʩ. 5.4). 
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ʈʠʩ. 5.4. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʪ ʜʦʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʚʦʨʩʘ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʨʠʩ. 5.4, ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʨʘʩʪʝʪ ʤʝʜʣʝʥ-

ʥʝʝ, ʯʝʤ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚ ʜʘʥ-

ʥʦʤ ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʷ ʟʘʨʷʜʘ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ) ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʨʦʩʪʦʤ 

ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ.  

ὖ Ὁ   Ȣ        (5.21) 

ʊ. ʝ. ʧʨʠ ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʤʝʥʴʰʝ ʙʫʜʝʪ ʠ ʟʘʨʷʜ, 

ʥʦ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ. ʇʨʠ ʵʪʦʤ ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦ-

ʜʘʯʠ ʚʦʨʩʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ. ɼʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʥʦʩʠʪ ʦʮʝʥʦʯʥʳʡ ʭʘʨʘʢʪʝʨ. ɼʣʷ ʥʝʦʙʨʘʙʦʪʘʥʥʦ-

ʛʦ ʚʦʨʩʘ (ʥʝ ʟʘʨʷʞʝʥʥʦʛʦ) ʠʣʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦʟʥʠʢʘʝʪ 

ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʚʠʜʝ ʩʝʪʢʠ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ ʠ ʯʘʩʪʦʪʳ ʝʛʦ ʚʠʙʨʘʮʠʠ (ʩʢʦʨʦʩʪʠ 

ʚʨʘʱʝʥʠʷ ʱʝʪʦʢ ʚ ʙʫʥʢʝʨʝ). 

ʀʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (5.4), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʝʣʠʯʠʥʫ ʩʫʤʤʘʨʥʦʛʦ ʟʘ-

ʨʷʜʘ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 

ʚʦʨʩʘ: 

ὗВ ς‐ὅ   Ȣ      (5.22) 

ʉʦʦʪʥʦʰʝʥʠʝ (5.22) ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ, 

ʢʦʪʦʨʳʡ ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʘʨʷʜʝ ʚʦʨʩʘ. ɺ ʪʘʙʣ. 5.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝ-

ʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʚʦʨʩʘ ʠ ʬʣʦʢʘʪʦʨʘ ʧʣʦʱʘʜʴʶ 1 ʤ
2
 ʧʨʠ ʨʘʩʩʪʦ-

ʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 0,1 ʤ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʥʝ ʟʘʚʠ-

ʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 
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ʊʘʙʣʠʮʘ 5.1. ʉʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʜʣʷ ʬʣʦʢʘʪʦʨʘ ʩ ʧʣʦʱʘʜʴʶ  

ʵʣʝʢʪʨʦʜʦʚ 1 ʤ
2
 

l, ʤʤ T, ʪʝʢʩ d, ʤʤ qmax, ʂʣ kmax, ʂʣ ʤ/ɺ M, ʢʛ Qmax, ʤʢʂʣ 

0,5 0,17 0,014 8,23Ŀ10
-13

 2,06Ŀ10
-18 

0,85Ŀ10
-10

 0,781 

0,5 0,33 0,020 9,25Ŀ10
-13 

2,31Ŀ10
-18

 1,65Ŀ10
-10 

1,20 

1,0 0,33 0,020 2,98Ŀ10
-12 

7,45Ŀ10
-18

   3,3Ŀ10
-10

 0,948 

1,5 0,67 0,027 6,51Ŀ10
-12 

16,3Ŀ10
-18

 10,1Ŀ10
-10

 0,912 

2,0 0,67 0,027 1,07Ŀ10
-11

 26,8Ŀ10
-18

 13,4Ŀ10
-10

 0,821 

2,0 2,20 0,050 1,27Ŀ10
-11 

31,8Ŀ10
-18

 44,0Ŀ10
-10

 0,957 

3,0 2,20 0,050 2,57Ŀ10
-11 

64,3Ŀ10
-18

    66Ŀ10
-10

 0,824 

 

ʅʘ ʨʠʩ. 5.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟ-

ʤʦʞʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʜʣʷ ʨʘʟʥʳʭ ʤʦʜʝʣʝʡ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ. 

 

 
ʈʠʩ. 5.5. ɿʘʚʠʩʠʤʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ 

ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

1 ï ʤʦʜʝʣʴ (5.13), k = 0,7kmax; 2 ï ʤʦʜʝʣʴ (5.22), k = 0,7kmax; 

3 ï ʤʦʜʝʣʴ (5.13), k = 1,0kmax; 4 ï ʤʦʜʝʣʴ (5.22), k = 1,0kmax 

 

ʕʪʦ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ ʠ ʥʠʞʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚ-

ʣʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʙʦʩʥʦʚʘʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ 

ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ ʪʦʣʴʢʦ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, ʦʧʨʝʜʝ-

ʣʷʝʤʦʛʦ ʣʠʰʴ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ.  

ɺʘʞʥʦ ʦʮʝʥʠʪʴ, ʢʘʢ ʥʘ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʙʫʜʝʪ 

ʚʣʠʷʪʴ ʝʛʦ ʢʘʯʝʩʪʚʦ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʢʘʯʝʩʪʚʘ ʚʦʨʩʘ ʤʳ ʚʥʦʚʴ ʚʦʟʴʤʝʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʦʪ 0 (ʥʝʦʙʨʘʙʦ-
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ʪʘʥʥʳʡ ʚʦʨʩ) ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ (ʨʘʟʜ. 4). ʅʘ ʨʠʩ. 5.6 ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʜʘʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ. ʉʣʝʜʫʝʪ, ʢʦʥʝʯʥʦ, ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚʦʨʩʘ ʚ ʨʝʘʣʴʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʨʘʩʪʠ ʜʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʨʠ ʩʥʠʞʝʥʠʠ ʟʘʨʷʜʘ (ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ), ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʚ ʚʠʜʝ ʩʝʪʢʠ, ʩʢʚʦʟʴ 

ʢʦʪʦʨʫʶ ʚʦʨʩ ʧʦʩʪʫʧʘʝʪ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 5.6. ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʦʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

ʚʦʨʩʘ 

 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ (5.20), ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

Ὦ ὅ  .      (5.23) 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʩʥʠʞʝʥʠʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʙʫʜʝʪ ʣʠʥʝʡʥʦ ʫʤʝʥʴʰʘʪʴʩʷ. 

ɺʦʟʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ ʚʦʧʨʦʩ, ʢʘʩʘʶʱʠʡʩʷ ʧʨʦʚʝʨʢʠ ʤʦʜʝʣʠ. ʉʦʦʪʥʦʰʝʥʠʷ 

ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʵʣʝʢʪʨʦʜʦʚ (5.18) ʠ (5.19) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʦʨʩʘ ʚ 

ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʜʦʣʞʥʳ ʧʝʨʝʭʦʜʠʪʴ ʚ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ. ɿʘʧʠʰʝʤ ʫʧʦʤʷʥʫʪʳʝ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷ (5.21): 

Ὁ   Ȣ     Ὁ   Ȣ           (5.24) 

ʊ. ʝ. ʝʩʣʠ ʤʳ ʫʤʝʥʴʰʘʝʤ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ, ʪʦ ʦʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʝʡ ʦʢʦʣʦ ʵʣʝʢʪʨʦʜʦʚ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʫʤʝʥʴʰʘʝʪʩʷ 

ʠ ʧʨʠ ʈ = 0 ʩʪʘʥʦʚʠʪʩʷ ʦʜʠʥʘʢʦʚʦʡ: ɽ = U/h. 
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5.3. ʇʨʦʚʝʨʢʘ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 ʥʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ  

 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠ-

ʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴʩʷ ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦ-

ʨʳʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ, ʠʟʤʝʨʝʥʳ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʴʶ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʧʘʨʘʤʝʪʨʳ ʜʦʣʞʥʳ 

ʠʤʝʪʴ ʦʧʨʝʜʝʣʷʶʱʝʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ʅʘʠʙʦʣʝʝ ʫʜʦʙ-

ʥʳʤʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʘʷ ʟʘʨʷʞʝʥʥʳʤ 

ʜʚʠʞʫʱʠʤʩʷ ʚʦʨʩʦʤ, ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ. ɺʝʣʠʯʠʥʘ ʩʢʦʨʦ-

ʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʘʞʥʳ ʜʣʷ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ, ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʤʝʨʷʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʥʝʟʘʚʠʩʠʤʦ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʫʧʦʤʷʥʫʪʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʠʟʙʝʞʥʦ 

ʩʦʧʨʷʞʝʥʘ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ ʢʘʢ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʦʨʩʘ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʝʛʦ ʟʘʨʷʜʘ, ʪʘʢ ʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʣʦʪ-

ʥʦʩʪʠ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ. ɺʩʝ ʵʪʦ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʦʧʨʝ-

ʜʝʣʝʥʠʠ ʘʜʝʢʚʘʪʥʦʩʪʠ ʩʦʟʜʘʥʥʦʡ ʪʝʦʨʠʠ. 

 

5.3.1. ʄʝʪʦʜʠʢʘ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ 
 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʙʳʣ ʦʩʦ-

ʙʦ ʚʳʜʝʣʝʥ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʢʘʢ ʚ ʟʥʘʯʠʪʝʣʴ-

ʥʦʡ ʤʝʨʝ ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ʅʘ ʵʪʦʡ ʩʪʘʜʠʠ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ ʧʨʦʠʩʭʦʜʠʪ ʪʦʣʴʢʦ ʚ ʦʜʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ, ʪ. ʝ. ʚʝʩʴ ʟʘ-

ʨʷʞʝʥʥʳʡ ʚʦʨʩ, ʚʳʣʝʪʝʚʰʠʡ ʠʟ ʙʫʥʢʝʨʘ, ʚʥʝʜʨʷʝʪʩʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. ʆʜʥʘʢʦ 

ʚʥʘʯʘʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʘʚʠʪʴ ʟʘʜʘʯʫ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ ʟʘʨʷʜʘ, 

ʧʨʠʦʙʨʝʪʘʝʤʦʛʦ ʚʦʨʩʠʥʢʘʤʠ, ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭ-

ʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʘ ʠʤʝʥʥʦ ʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʨʦʧʦʨʮʠʦ-

ʥʘʣʴʥʦʩʪʠ k, ʩʚʷʟʳʚʘʶʱʝʛʦ ʵʪʠ ʚʝʣʠʯʠʥʳ. ʕʪʦ ʢʨʘʡʥʝ ʚʘʞʥʦ, ʧʦʩʢʦʣʴʢʫ ʯʝʨʝʟ 

çʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠè ʧʨʦʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʨ-

ʩʘ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʦʪʚʝʯʘ-

ʶʱʝʡ ʟʘ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʨʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʡ ʟʘʜʘʯʝʡ, ʨʝʰʘʝʤʦʡ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ, ʷʚʣʷʝʪʩʷ ʦʧʠʩʘʥʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʠʟʤʝʨʷʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʩʝ ʥʝʦʙʭʦ-

ʜʠʤʳʝ ʧʘʨʘʤʝʪʨʳ: ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʚʦʨʩʘ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ.  

ʇʝʨʚʦʝ, ʥʘ ʯʪʦ ʥʘʜʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ, ʵʪʦ ʪʦ, ʯʪʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ çʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠè ʠʟʤʝʨʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ 

ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʦʜʘʯʠ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʥʠʤʘʪʴ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʨʘʚʥʦʡ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ E0 = U0/h, ʪ. ʝ. ʥʝ ʫʯʠʪʳʚʘʪʴ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʚ ʤʝ-

ʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʂʦʥʪʨʦʣʠʨʫʷ ʧʨʠ ʵʪʦʤ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʠʣʠ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʤʦʞʥʦ ʥʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʪʴ ʚʦʟʤʦʞʥʫʶ 

ʩʪʝʧʝʥʴ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʟʘʨʷʜʢʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ 
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ʧʦʣʷ. ʄʘʣʘʷ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʣʘʩʴ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʩʝʪʢʠ ʧʦʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʩ ʤʘʣʳʤ ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ (ʤʝʥʝʝ 0,5 ʤʤ), ʘ ʪʘʢʞʝ 

ʤʠʥʠʤʘʣʴʥʦʡ ʯʘʩʪʦʪʝ ʚʠʙʨʘʮʠʠ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ. 

ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ ʠʟʤʝʨʝʥʠʠ, ʵʪʦ ʧʦʣʫʯʝʥʠʝ ʜʦʩʪʦʚʝʨ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʚʦʣʦʢʦʥ ʚ ʪʝʭ-

ʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ ʠʟʤʝʨʷʶʪ ʩ ʧʦʤʦʱʴʶ ʝʤʢʦʩʪʥʦʛʦ ʜʘʪʯʠʢʘ [10], 

[15]. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʡ çʝʤʢʦʩʪʥʦʡè ʤʝʪʦʜ ʠʤʝʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʜʦʩʪʘʪ-

ʢʠ [19]. ʇʦʵʪʦʤʫ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʘʣʴʪʝʨʥʘʪʠʚʥʳʡ ʚʘʨʠʘʥʪ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ 

ʟʘʨʷʜʘ ʚʦʨʩʠʥʦʢ, ʧʦʢʘʟʘʥʥʳʡ ʩʭʝʤʘʪʠʯʝʩʢʠ ʥʘ ʨʠʩ. 5.7. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʧʦʜʘʯʘ ʚʦʨʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʟ ʙʫʥʢʝʨʘ 1 ʩ 

ʩʝʪʯʘʪʳʤ ʜʥʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʚʠʙʨʘʮʠʠ ʦʪ ʜʚʠʛʘʪʝʣʷ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʵʢʩʮʝʥ-

ʪʨʠʢʦʤ. ɼʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 3 ʙʳʣ ʚʳʙʨʘʥ ʚʩʣʝʜʩʪʚʠʝ ʫʜʦʙʩʪʚʘ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʝʛʦ ʚʨʘʱʝʥʠʷ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ. ɹʫʥʢʝʨ 1 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʜʢʣʶʯʝʥ ʢ ʠʩʪʦʯʥʠʢʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 2. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ. 5.7. ʉʭʝʤʘ ʜʘʪʯʠʢʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ 

ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʞʠʤʦʚ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʦʪ 0 ʜʦ 50 ʢɺ. ʅʘ ʥʠʞʥʝʤ ʟʘʟʝʤʣʝʥʥʦʤ 

ʵʣʝʢʪʨʦʜʝ 4 ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʦʣʴʮʝ ʠʟ ʬʪʦʨʦʧʣʘʩʪʘ ʫʩʪʘʥʦʚʣʝʥʘ ʝʤʢʦʩʪʴ 5, 

ʢʦʪʦʨʫʶ ʟʘʧʦʣʥʷʶʪ ʵʣʝʢʪʨʦʣʠʪʦʤ 6 (ʦʙʳʯʥʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 20%-ʡ ʨʘʩʪʚʦʨ 

NaCl ʚ ʚʦʜʝ). ʅʘ ʜʥʝ ʝʤʢʦʩʪʠ ʨʘʩʧʦʣʘʛʘʣʩʷ ʵʣʝʢʪʨʦʜ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʢʦʥʪʘʢʪ 

ʵʣʝʢʪʨʦʣʠʪʘ ʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ ʚʦʣʴʪʤʝʪʨʦʤ 7. ʇʘʨʘʣʣʝʣʴʥʦ ʙʳʣʘ ʧʦʜʢʣʶ-

ʯʝʥʘ ʙʘʪʘʨʝʷ ʢʦʥʜʝʥʩʘʪʦʨʦʚ 8 ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʝʤʢʦʩʪʠ ʧʫʪʝʤ ʧʝʨʝ-

ʢʣʶʯʝʥʠʷ. ɺʦʣʴʪʤʝʪʨ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠʤʝʝʪ ʜʣʷ ʜʘʥʥʳʭ ʠʟʤʝʨʝʥʠʡ 

ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʙʣʘʛʦʜʘʨʷ ʩʚʦʝʤʫ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤʫ ʚʭʦʜʥʦʤʫ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʶ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ 10
13

 ï 10
14

 ʆʤ.  
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ɼʚʠʛʘʪʝʣʴ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ 3 ʟʘʧʫʩʢʘʶʪ ʪʘʡʤʝʨʦʤ 9, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʪʦʯʥʦʝ ʚʨʝʤʷ ʧʦʜʘʯʠ ʚʦʨʩʘ. ʅʘʧʨʷʞʝʥʠʝ ʧʦʜʘʶʪ ʦʪ ʃɸʊʈʘ 10, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ ʚʝʣʠʯʠʥʫ, ʯʝʨʝʟ ʚʳʧʨʷʤʠʪʝʣʴ 11. 

ʕʪʘ ʫʩʪʘʥʦʚʢʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ. ʄʝʪʦʜ, ʢʘʢ ʠ ʪʨʝʙʦʚʘʣʦʩʴ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʤʝʨʝʥʠʝ ʥʝ ʪʦʣʴʢʦ 

ʟʘʨʷʜʘ ʚʦʨʩʘ, ʥʦ ʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ʇʨʦʮʝʩʩ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ:  

ɺʦʨʩ ʧʦʤʝʱʘʶʪ ʚ ʙʫʥʢʝʨ 1 ʩ ʩʝʪʯʘʪʳʤ ʜʥʦʤ, ʢʦʪʦʨʦʝ ʦʜʥʦʚʨʝʤʝʥʥʦ ʷʚʣʷ-

ʝʪʩʷ ʚʝʨʭʥʠʤ ʟʘʨʷʞʘʶʱʠʤ ʵʣʝʢʪʨʦʜʦʤ. ʅʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʷʯʝʡʢʫ 5 ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ 6, ʢʦʪʦʨʳʡ ʬʘʢʪʠʯʝʩʢʠ ʠ ʷʚʣʷʝʪʩʷ 

ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʧʨʠʯʝʤ ʜʠʘʤʝʪʨ ʷʯʝʡʢʠ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʴʰʝ ʜʠʘʤʝʪʨʘ ʦʙ-

ʣʘʩʪʠ ʧʦʜʘʯʠ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʕʪʦ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʚʝʩʴ ʚʦʨʩ, ʚʳʣʝʪʝʚʰʠʡ ʩ 

ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʧʦʧʘʜʝʪ ʚ ʷʯʝʡʢʫ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʠ ʥʝ ʙʫʜʝʪ ʚʦʟʚʨʘʱʘʪʴʩʷ 

ʦʙʨʘʪʥʦ ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ. ʄʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʤʘʣʦʡ ʯʘʩʪʦʪʦʡ ʚʠʙʨʘʮʠʠ ʙʫʥʢʝʨʘ, ʢʦʪʦʨʘʷ ʨʝʛʫʣʠʨʫʝʪʩʷ, ʠ ʩʝʪʢʦʡ ʩ ʷʯʝʡʢʘʤʠ 

ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (ʩʝʪʢʘ ʥʘ ʫʩʪʘʥʦʚʢʝ ʩʤʝʥʥʘʷ).  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʨʩ ʟʘʨʷʞʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ 1, ʜʚʠ-

ʞʝʪʩʷ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ 6 ʠ ʦʩʪʘʝʪʩʷ ʚ ʚʦʜʝ, ʦʪʜʘʚ ʵʣʝʢʪʨʦʜʫ ʩʚʦʡ 

ʟʘʨʷʜ. ʊʘʢ ʢʘʢ ʝʤʢʦʩʪʴ ʩʠʩʪʝʤʳ C, ʚʢʣʶʯʘʷ ʝʤʢʦʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ 8, ʝʤʢʦʩʪʴ ʠʟ-

ʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 5 ʠ ʧʦʜʚʦʜʷʱʠʭ ʧʨʦʚʦʜʦʚ, ʠʟʚʝʩʪʥʘ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠʟ-

ʤʝʨʝʥʘ), ʪʦ, ʠʟʤʝʨʷʷ ʥʘʧʨʷʞʝʥʠʝ U ʥʘ ʝʤʢʦʩʪʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʚʦʣʴʪʤʝʪʨʘ 7, ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ Q0 = C U. 

ʕʣʝʢʪʨʦʜ 5 ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ 6 ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʟʚʝʰʠʚʘʣʠ ʥʘ ʘʥʘʣʠʪʠʯʝ-

ʩʢʠʭ ʚʝʩʘʭ, ʘ ʟʘʪʝʤ ʝʛʦ ʞʝ ï ʩ ʚʦʨʩʦʤ, ʦʧʨʝʜʝʣʷʷ ʤʘʩʩʫ ʧʦʧʘʚʰʠʭ ʚʦʨʩʠʥʦʢ ʄ. 

ɿʥʘʷ ʤʘʩʩʫ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ m = T Ā l Ā 10
-3
 (T ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ, ʪʝʢʩ;  

l ï ʜʣʠʥʘ ʚʦʨʩʘ, ʤʤ; m ï ʤʘʩʩʘ ʚʦʨʩʠʥʢʠ, ʛ), ʚʳʯʠʩʣʷʶʪ ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʦʜʥʦʡ 

ʚʦʨʩʠʥʢʠ q:  

.
M

CUm
q=                                                  (5.25) 

ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʦʩʪʘʪʦʯʥʦ ʫʥʠʚʝʨʩʘʣʝʥ ʠ ʧʦʟʚʦʣʷʝʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

,
tS

M
P

Ö
=                                                 (5.26) 

ʛʜʝ S ï ʧʣʦʱʘʜʴ ʩʝʪʢʠ, ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ, ʤ
2
; t ï ʚʨʝʤʷ ʧʦʜʘʯʠ, ʩ. 

 

ʂʨʦʤʝ ʪʦʛʦ, ʩʧʦʩʦʙ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʩʦʟʜʘʥ-

ʥʦʛʦ ʜʚʠʞʫʱʠʤʩʷ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ: 

.
tS

UC
j

Ö

Ö
=                                               (5.27) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʩʪʠ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʠʟʤʝʨʝʥʠʡ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʅʘ 

ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠʙʦʨʦʚ, ʦʩʫ-

ʱʝʩʪʚʣʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ ʩʦʟʜʘʥʥʳʭ ʤʦʜʝʣʝʡ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. 
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5.3.2. ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʦʩʥʦʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ 

ʬʣʦʢʠʨʦʚʘʥʠʷ 
 

ɼʣʷ ʦʙʲʝʢʪʠʚʥʦʛʦ ʩʨʘʚʥʝʥʠʷ ʤʦʜʝʣʝʡ ʬʣʦʢʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʪʨʠ 

ʚʠʜʘ ʚʦʨʩʘ ʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʠʩʩʣʝʜʦʚʘʥʘ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʟʘʨʷʜʘ ʚʦʨʩʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʜʣʷ 

ʢʘʞʜʦʛʦ ʚʦʨʩʘ ʦʧʨʝʜʝʣʝʥ çʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠè, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʝʛʦ ʵʣʝʢ-

ʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ ʠ ʣʠʥʝʡ-

ʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʊ = 0,33 ʪʝʢʩ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 5.2. ʄʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʩʦʩʪʘʚʣʷʣʦ 7,2 ʩʤ. ɼʘʥʥʳʝ ʪʘʙʣʠʮʳ (Q, M) ʧʨʝʜʩʪʘʚʣʷʶʪ ʨʝʟʫʣʴʪʘʪ 

ʫʩʨʝʜʥʝʥʠʷ ʧʦ 5 ʠʟʤʝʨʝʥʠʷʤ. 

 

ʊʘʙʣʠʮʘ 5.2. ʆʮʝʥʢʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ 

U0, ʢɺ 5 10 15 20 25 30 

E, ʢɺ/ʩʤ 0,70 1,39 2,08 2,78 3,47 4,17 

Q0, ʂʣ 6,4Ŀ10
-8 

13,2Ŀ10
-8 

22,4Ŀ10
-8 

35,5Ŀ10
-8 

40,5Ŀ10
-8 

46,7Ŀ10
-8 

ʄ, ʛ 0,053 0,058 0,066 0,078 0,061 0,064 

N, ʰʪ. 1,60Ŀ10
5 

1,76Ŀ10
5 

2,0Ŀ10
5 

2,36Ŀ10
5 

1,85Ŀ10
5
 1,94Ŀ10

5 

q, ʂʣ 3,98Ŀ10
-13 

7,51Ŀ10
-13 

11,2Ŀ10
-13 

15,0Ŀ10
-13 

21,9Ŀ10
-13 

24,1Ŀ10
-13 

k, ʂʣĿʤ/ɺ 5,69Ŀ10
-18 

5,40Ŀ10
-18 

5,38Ŀ10
-18 

5,40Ŀ10
-18 

6,31Ŀ10
-18 

5,77Ŀ10
-18 

 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʪʘʙʣ. 5.2, ʥʘ 

ʨʠʩ. 5.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʠʥʦʢ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

 

 
ʈʠʩ. 5.8. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚʦʨʩʘ 

 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʣʠ-

ʥʝʡʥʦʡ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʚʳʚʦʜʘʤʠ ʤʦʜʝʣʠ, ʠʟʣʦʞʝʥʥʦʡ ʚ ʨʘʟʜ. 4, ʠ 

ʣʠhʥʠʡ ʨʘʟ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʙʦʩʥʦʚʘʥʥʫʶ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʣʠʥʝʡʥʫʶ ʩʚʷʟʴ ʩʨʝʜ-
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ʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ, ʠʩʧʦʣʴʟʦʚʘʥʥʫʶ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʦʨʠʠ 

ʦʩʘʞʜʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʟʥʘʯʝʥʠʝ çʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠè ʵʪʦʛʦ ʚʦʨʩʘ: k1 = (5,8 Ñ 0,4)10
-18

 ʂʣĿʤ/ɺ.  

ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʵʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʙʳʣ ʦʧʨʝʜʝʣʝʥ ʜʣʷ ʚʦʨʩʦʚ ʩ 

ʜʨʫʛʠʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ: l = 0,5 ʤʤ; T = 3,3 dtex; k2 = (1,25 Ñ      

Ñ 0,12)10
-18

 ʂʣĿʤ/ɺ; l = 2,0 ʤʤ, T = 22 dtex, k3 = (9,1 Ñ 0,8)10
-18

 ʂʣĿʤ/ɺ. 

ʀʤʝʥʥʦ ʵʪʠ 3 ʚʦʨʩʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʦʧʠʩʘʥʥʳʤ ʤʝʪʦ-

ʜʦʤ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʛʥʦʟʘ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ. 

ʆʜʥʠʤ ʠʟ ʩʣʝʜʩʪʚʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʨʘʙʦʪʝ ʙʘʟʠʩʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʦ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦʤ ʠ ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦʤ ʚʣʠʷʥʠʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚ ʟʦʥʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʟʘʨʷʜ, ʧʨʠʦʙʨʝʪʘʝʤʳʡ ʚʦʨʩʠʥʢʘʤʠ ʧʨʠ ʤʘʣʦʡ ʠ 

ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ, ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ. ʇʨʠʯʝʤ ʤʠʥʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ 

ʧʦʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʟʘʨʷʜʫ, ʘ ʝʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʟʘ-

ʨʷʜʘ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʩʥʠʞʘʝʪ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

ɼʣʷ ʧʨʦʚʝʨʢʠ ʵʪʦʛʦ ʚʳʚʦʜʘ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʫʧʦʤʷʥʫʪʳʡ ʚʳʰʝ ʢʦʨʦʪʢʠʡ 

ʚʦʨʩ (l = 0,5 ʤʤ, k = 1,25Ŀ10
-18 
ʂʣĿʤ/ɺ), ʧʦʩʢʦʣʴʢʫ ʦʥ ʜʘʝʪ ʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʡ 

ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ ʠ ʜʦʣʞʝʥ ʣʫʯʰʝ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ. çʄʘ-

ʣʘʷè ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʘ ʫʩʣʦʚʠʷʤ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ-

ʨʷʜʢʠ ʠ ʙʳʣʘ ʨʘʚʥʘ 12 ʛ/(ʤ
2
Āʩ) ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, çʙʦʣʴ-

ʰʘʷè ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʙʳʣʘ ʨʘʚʥʘ 96,5 ʛ/(ʤ
2
Āʩ) ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ ʠ ʦʢʦʣʦ 40 ʛ/(ʤ

2
Āʩ) 

ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʠʟʤʝʥʷʶʱʝʡʩʷ ʦʪ 1,43 ʜʦ 5 ʢɺ/ʩʤ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʩʦʭʨʘʥʷʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠ-

ʢʦʚ (ʨʠʩ. 5.9).  

 

 
ʈʠʩ. 5.9. ɿʘʚʠʩʠʤʦʩʪʴ ʟʘʨʷʜʘ ʚʦʨʩʘ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʜʣʷ ʨʘʟʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

1 ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ 12 ʛ/(ʤ
2
Āʩ); 

2 ï ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ 96,5 ʛ/(ʤ
2
Āʩ) 
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ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʘ ʧʨʠ ʙʦʣʴʰʦʡ ʧʦʜʘʯʝ ʧʨʦʠʩʭʦʜʠʣʦ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝ-

ʥʠʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ, ʪ. ʝ. .
P

mj
q

Ö
=  

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʨʝʜʧʦʣʘʛʘʝʤʫʶ ʟʘʢʦʥʦʤʝʨ-

ʥʦʩʪʴ, ʩʣʝʜʫʶʱʫʶ ʠʟ ʪʝʦʨʠʠ, ʪ. ʝ. ʧʨʷʤʘʷ 1 (ʤʘʣʘʷ ʧʦʜʘʯʘ) ʠʤʝʝʪ ʙʦʣʴʰʠʡ ʫʛʦʣ 

ʥʘʢʣʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʷʤʦʡ 2 (ʙʦʣʴʰʘʷ ʧʦʜʘʯʘ). ʕʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ 

ʚʘʞʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʨʘʟʚʠʚʘʝʤʳʭ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʦʞʝʥʠʡ. 

ʂʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʩʧʦʩʦʙ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ, ʢʨʦʤʝ 

ʟʘʨʷʜʘ, ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʚʧʣʦʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘ-

ʯʝʥʠʡ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘʤʝʥʦʡ ʩʝʪʢʠ ʧʦʜʘʶʱʝʛʦ 

ʙʫʥʢʝʨʘ ʠ ʠʟʤʝʥʝʥʠʝʤ ʯʘʩʪʦʪʳ ʚʠʙʨʘʮʠʠ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ 

ʩʝʨʠʡ ʠʟʤʝʨʝʥʠʡ ʬʠʢʩʠʨʦʚʘʣʘʩʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ 

ʥʘʧʨʷʞʝʥʠʷ ʤʝʞʜʫ ʧʦʜʘʶʱʠʤ ʙʫʥʢʝʨʦʤ ʠ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʈ0. ɼʣʷ ʚʩʝʭ 

ʩʣʫʯʘʝʚ ʵʪʘ ʚʝʣʠʯʠʥʘ ʚ ʜʚʘ ʠ ʙʦʣʝʝ ʨʘʟ ʧʨʝʚʦʩʭʦʜʠʣʘ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʦʜ 

ʥʘʧʨʷʞʝʥʠʝʤ. ʇʦ-ʚʠʜʠʤʦʤʫ, ʵʪʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʦ-

ʛʦ, ʯʪʦ ʠʟʤʝʨʝʥʠʷ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ ʚʦʨʩʘ, ʘ ʠʤʝʥʥʦ ʵʪʦʪ ʚʘʨʠʘʥʪ ʠ ʙʳʣ ʟʘʣʦʞʝʥ ʧʨʠ ʩʦʟʜʘʥʠʠ ʪʝʦʨʠʠ.  

ɸʜʝʢʚʘʪʥʦʩʪʴ ʨʘʟʚʠʪʦʡ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʦʨʠʠ ʜʦʣʞʥʘ ʦʮʝʥʠʚʘʪʴʩʷ ʢʘʢ 

ʧʦ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʠ ʠʟʤʝ-

ʨʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʪʘʢ ʠ ʧʦ ʭʘʨʘʢʪʝʨʫ ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʚ ʪʝʦ-

ʨʠʠ ʠ ʧʦʣʫʯʝʥʥʦʡ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 5.3ï5.5. 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʪʨʠ ʢʦʤʧʣʝʢʪʘ ʜʘʥʥʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʤ ʨʘʟʥʳʤ ʚʦʨʩʘʤ.  

1. ɺʦʨʩ PA, l = 1 ʤʤ; T = 3,3 dtex; h = 7 ʩʤ; k = 5,8Ā10
-18

 ʂʣĀʤ/ɺ; P0 = 46,8 ʛ/ʤ
2
Āʩ. 

 

ʊʘʙʣʠʮʘ 5.3. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ 

U0, ʢɺ 10 15 20 25 30 35 

E, ʢɺ/ʩʤ 1,43 2,14 2,86 3,57 4,28 5 

q, 10
-13

 ʂʣ 9,4 12,6 16,4 19,9 22,6 30,3 

j, ʤʢɸ/ʤ
2
 39 67 103 116 135 178 

P, ʛ/ʤ
2
Āʩ 13,7 17,5 20,7 19,2 19,7 19,4 

 

2. ɺʦʨʩ PA, l = 0,5 ʤʤ; T = 3,3 dtex; h = 7 ʩʤ; k = 1,65Ā10
-18

 ʂʣĀʤ/ɺ; P0 =      

= 96,5 ʛ/ʤ
2
Āʩ. 

 

ʊʘʙʣʠʮʘ 5.4. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ 

U0, ʢɺ 10 15 20 25 30 35 

E, ʢɺ/ʩʤ 1,43 2,14 2,86 3,57 4,28 5 

q, 10
-13

 ʂʣ 2,06 2,73 4,37 5 5,49 6,47 

j, ʤʢɸ/ʤ
2
 52 75 102 120 138 180 

P, ʛ/ʤ
2
Āʩ 41,7 45,3 38,5 39,6 41,5 45,9 
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3. ɺʦʨʩ PA, l = 2 ʤʤ; T = 22 dtex; h = 7 ʩʤ; P0 = 156 ʛ/ʤ
2
Āʩ; k = 9,1Ā10

-18
 ʂʣĀʤ/ɺ. 

 

ʊʘʙʣʠʮʘ 5.5. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ 

U0, ʢɺ 10 15 20 25 30 35 

E, ʢɺ/ʩʤ 1,43 2,14 2,86 3,57 4,28 5 

q, 10
-13

 ʂʣ 10,5 13,1 22,1 31,2 33,4 37,6 

j, ʤʢɸ/ʤ
2
 18,4 24,6 40,3 54,2 63,7 73,7 

P, ʛ/ʤ
2
Āʩ 77,2 82,3 80,2 76,2 83,8 86,2 

 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ 

ɼʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ, ʧʦʣʫʯʝʥʳ ʧʨʠ ʫʩʣʦʚʠʷʭ, ʧʨʠʙʣʠʞʝʥ-

ʥʳʭ ʢ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʆʙ ʵʪʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʮʝʩʩʘ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ, ʧʦʣʫʯʝʥʥʳʝ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠ ʟʥʘʯʝʥʠʷ, ʚʳʯʠʩʣʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ (5.23). ʇʨʠ ʵʪʦʤ 

ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʳʯʠʩʣʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 5.10). 

 

 
ʈʠʩ. 5.10. ʉʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ: 

1 ï l = 1,0 ʤʤ; T = 3,3 dtex; 2 ï l = 0,5 ʤʤ; T = 3,3 dtex; 

3 ï l = 2,0 ʤʤ; T = 22 dtex 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ (ʨʠʩ. 5.10), ʦʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʟ ʩʦʦʪ-

ʥʦʰʝʥʠʷ (5.21) ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʨʝ-

ʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ, ʧʦʣʫ-

ʯʘʝʤʳʝ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ (5.21), ʜʦʩʪʘ-
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ʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʧʦ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʝ-

ʪʦʜʠʢʝ: k1 = 5,32Ā10
-18 
(5,8Ā10

-18
) ʂʣĀʤ/ɺ; k2 = 1,25Ā10

-18 
(1,25Ā10

-18
) ʂʣĀʤ/ɺ; k3 =    

= 9,87Ā10
-18

 (9,1Ā10
-18
) ʂʣĀʤ/ɺ. 

 

ʈʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʟʘʨʷʜʘ ʚʦʨʩʘ ʠ ʠʭ ʘʥʘʣʠʟ 

ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ ʧʦʣʫʯʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʟʘʨʷʜʢʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ 

ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ (5.18). 
 

 
ʈʠʩ. 5.11. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚʦʨʩʘ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 5.11), ʨʘʩʯʝʪ ʟʘʨʷʜʘ ʚʦʨʩʘ ʩ ʫʯʝʪʦʤ ʩʥʠʞʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦ-

ʜʘ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʚʧʘʜʘʝʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰ-

ʥʦʩʪʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ.  

ʀʥʪʝʨʝʩʥʦ ʦʮʝʥʠʪʴ, ʢʘʢʫʶ ʜʦʣʶ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ (ʜʣʷ ʚʦʨʩʘ ʟʘ-

ʜʘʥʥʦʡ ʜʣʠʥʳ ʠ ʧʨʠ ʫʢʘʟʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ) ʩʦʩʪʘʚʣʷʶʪ ʟʘ-

ʨʷʜʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. ʕʪʘ ʚʝʣʠʯʠʥʘ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯ-

ʥʦʩʪʠ ʧʦʩʪʦʷʥʥʘ ʧʨʠ ʚʩʝʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʨʘʚʥʘ: ʜʣʷ ʚʦʨʩʘ 1,0 ʤʤ ï 

0,79; ʜʣʷ ʚʦʨʩʘ 0,5 ʤʤ ï 0,59; ʜʣʷ ʚʦʨʩʘ 2 ʤʤ ï 0,24. 

ʕʪʦ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʣʠʷʥʠʠ ʦʙʨʘʙʦʪʢʠ ʚʦʨʩʘ, ʘ ʠʤʝʥʥʦ ʝʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʥʘ ʚʝʣʠʯʠʥʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʠ ʥʘ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚʦʨʩʘ. ʊ. ʝ. ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʚʦʨʩʘ 

ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʝʛʦ ʟʘʨʷʜʘ ʠʣʠ ʜʦʣʶ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ. 

ʍʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʚʩʝ ʠʟʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʦʚ ʥʝ ʧʨʝʚʳ-

ʰʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ (ʪʘʙʣ. 5.2ï5.4). 
 

ʆʮʝʥʢʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʜʣʷ ʚʦʨʩʘ ʨʘʟʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ 

ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʧʦʣʫʯʝʥ-

ʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ, ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ. ɿʜʝʩʴ ʚʘʞʥʳ ʢʘʢ ʭʘʨʘʢ-

ʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ, ʪʘʢ ʠ ʘʙʩʦʣʶʪʥʳʝ ʟʥʘʯʝʥʠʷ ʚʝʣʠʯʠʥ. ʅʘ ʨʠʩ. 5.12 ʧʦʢʘʟʘʥʘ ʟʘ-
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ʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʟʘʨʷʞʝʥʥʳʤ ʜʚʠʛʘʶʱʠʤʩʷ ʤʝʞʜʫ ʵʣʝʢ-

ʪʨʦʜʘʤʠ ʚʦʨʩʦʤ, ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʣʷ ʪʨʝʭ ʦʙʨʘʟʮʦʚ ʚʦʨʩʘ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ. 

 

 
ʈʠʩ. 5.12. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʥʘ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʦʛʦ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ 

 

ɺ ʟʘʢʣʶʯʝʥʠʠ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ: 

ï ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠ-

ʪʳʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʠʟʤʝʨʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʩʢʦʨʦʩʪʠ ʧʦʜʘ-

ʯʠ ʚʦʨʩʘ ʠ, ʦʩʦʙʝʥʥʦ, ʝʛʦ ʟʘʨʷʜʘ ʧʨʠ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ; 

ï ʚʩʝ ʨʘʩʯʝʪʳ ʦʩʥʦʚʘʥʳ ʪʦʣʴʢʦ ʥʘ ʦʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʚʦʨʩʘ (ʦʩʪʘʣʴʥʳʝ 

ʠʟʚʝʩʪʥʳ ʠʣʠ ʣʝʛʢʦ ʠʟʤʝʨʠʤʳ) ï ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ; 

ï ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʤʦʜʝʣʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʝʣʠ-

ʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ (5.20) ʜʣʷ ʚʦʨʩʘ ʨʘʟʥʦʡ ʜʣʠʥʳ, ʥʦ ʦʜʠʥʘʢʦʚʦʡ ʣʠʥʝʡʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʠ ʜʠʘʤʝʪʨʘ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʦʡ. ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ 

ʧʨʦʩʪʦʛʦ ʬʘʢʪʘ, ʯʪʦ ʧʘʨʘʤʝʪʨ ʉ ʠ m (ʤʘʩʩʘ ʚʦʨʩʠʥʢʠ) ʦʜʠʥʘʢʦʚʳʤ ʦʙʨʘʟʦʤ (ʣʠ-

ʥʝʡʥʦ) ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʨʩʘ (ʪʘʙʣ. 5.3 ʠ 5.4). 

 

5.4. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ çʢʠʥʝʤʘʪʠʯʝʩʢʦʛʦè  

 ʧʦʜʭʦʜʘ ʢ ʦʧʠʩʘʥʠʶ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʦʨʩʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʠʥʦʡ ʧʦʜʭʦʜ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʦʧʠʩʘʥʠʶ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦ-

ʚʘʥʠʷ. ʇʦʧʨʦʙʫʝʤ ʧʦʩʪʨʦʠʪʴ ʤʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ 

ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʢʠʥʝʤʘʪʠʢʠ. ʇʨʦʘʥʘʣʠʟʠʨʫʝʤ ʚʨʝʤʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩ-

ʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʚʣʠʷʥʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [19].  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʚʦ ʬʣʦʢʘʪʦʨʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʚʨʝʤʝʥʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʝʤ (5.8), ʟʘʧʠʩʘʚ ʝʛʦ ʚ ʚʠ-

ʜʝ, ʫʜʦʙʥʦʤ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ:  
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0

d d d qj
m C

dx dx dx

u u
u u u

e

å õ
+ = Öæ ö

ç ÷
                              (5.28) 

ʇʨʝʦʙʨʘʟʫʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʟʘʤʝʥʠʚ ʘʨʛʫʤʝʥʪ ʭ ʥʘ t, ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʘʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ: 
Ὠ‡

Ὠὼ

Ὠ‡

Ὠὸ
 
Ὠὸ

Ὠὼ

Ὠ‡

Ὠὸ
 
ρ

Ὠὼ
Ὠὸ

Ὠ‡

Ὠὸ
 
ρ

‡
Ȣ 

ʇʨʠ ʵʪʦʤ ʫʨʘʚʥʝʥʠʝ (5.28) ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʢ ʚʠʜʫ 

,
0e

u
qj

Ca
dx

da
m =+                                          (5.29) 

ʛʜʝ ʘ ï ʫʩʢʦʨʝʥʠʝ ʚʦʨʩʠʥʢʠ.  

ʀʩʧʦʣʴʟʫʷ ʘʥʘʣʦʛʠʯʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ  
Ὠὥ
Ὠὼ

Ὠὥ
Ὠὸ
 Ὠὸ
Ὠὼ

Ὠὥ
Ὠὸ
 ρ‡, ʧʦʣʫʯʠʤ 

.
0e

qj
Ca

dt

da
m =+                                           (5.30) 

ʊʝʧʝʨʴ ʤʳ ʠʤʝʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʩ ʨʘʟʜʝʣʷ-

ʶʱʠʤʠʩʷ ʧʝʨʝʤʝʥʥʳʤʠ. ʇʨʦʚʝʜʝʤ ʨʘʟʜʝʣʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʝʛʦ 

ññ =+

-

,

0

dt
m

C
B

a
C

qj

da

e

 

ʛʜʝ ɺ ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ɿʘʧʠʩʘʚ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʚ ʚʠʜʝ B = ln B1 ʠ ʠʥʪʝʛʨʠʨʫʷ ʫʨʘʚ-

ʥʝʥʠʝ, ʧʦʣʫʯʠʤ 

ÌÎ
ὄ

ήὮ
‐ὅ

ὥ

ὅ

ά
ὸȢ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʤ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦ-

ʚʠʝ ʚ ʚʠʜʝ 

,)0( 0

m

qE
ta ==                                         (5.31) 

ʛʜʝ ɽ0 ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʘʶʱʝʛʦ ʚʦʨʩ 

ʵʣʝʢʪʨʦʜʘ.  

ʊʦʛʜʘ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʯʠʤ ʚ ʚʠʜʝ .0

0

1
m

qE

C

qj
B -=
e  

ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʫʩʢʦʨʝʥʠʷ ʚʦʨʩʠʥʢʠ ʦʪ ʚʨʝʤʝʥʠ ʚ 

ʧʨʦʮʝʩʩʝ ʝʝ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

ὥ Љ Ȣ                        (5.32) 

ʇʦʩʢʦʣʴʢʫ ,dt
da u= ʪʦ ʜʘʣʝʝ ʤʳ ʤʦʞʝʤ ʧʦʣʫʯʠʪʴ ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʦʢ ʢʘʢ 

ʬʫʥʢʮʠʶ ʚʨʝʤʝʥʠ: 
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‡ὸ ὸ Љ ẗ ὅȟ              (5.33) 

ʛʜʝ ʉ1 ï ʧʦʩʪʦʷʥʥʘʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. 

ʕʪʫ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʭʦʜʷ ʠʟ ʥʘʯʘʣʴʥʦʛʦ 

ʫʩʣʦʚʠʷ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ ɡ(t = 0) = 0: 

ὅ
ά

ὅ

ήὮ

‐ὅ

ήὉ

ά
Ȣ 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ ʦʪ ʚʨʝʤʝʥʠ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ: 

‡ὸ ὸ ρ Љ ẗ Ȣ               (5.34) 

ʉʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ, 

ʜʚʠʞʫʱʝʡʩʷ ʚʦʨʩʠʥʢʠ ʦʪ ʚʨʝʤʝʥʠ. ʇʦʩʢʦʣʴʢʫ ,)( dtdxt =u ʪʦ, ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ 

ʚʳʨʘʞʝʥʠʝ (5.34), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʩʢʦʤʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ɸʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳ-

ʜʫʱʝʤʫ ʩʣʫʯʘʶ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ x(t = 0) = 0. ʊʦʛʜʘ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: 

ὼὸ  ὸ ρ Љ ẗ Ȣ  (5.35) 

ʊʝʧʝʨʴ ʥʘʤʠ ʧʦʣʫʯʝʥ ʥʘʙʦʨ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ 

ʜʚʠʞʝʥʠʝ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʩ ʫʯʝʪʦʤ ʩʦʟʜʘʚʘʝʤʦʛʦ ʠʤ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷ-

ʜʘ, ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʫʩʣʦʚʠʡ ʟʘʨʷʜʢʠ ʚʦʨʩʘ.  

ʇʨʦʚʝʜʝʤ ʘʥʘʣʠʟ ʧʝʨʚʦʡ ʠʟ ʵʪʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʘ ʠʤʝʥʥʦ ʫʩʢʦʨʝʥʠʷ (5.32). 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ, ʚʝʣʠʯʠʥʘ ʫʩʢʦʨʝʥʠʷ ʤʦʞʝʪ ʢʘʢ ʩʥʠʞʘʪʴʩʷ ʩʦ 

ʚʨʝʤʝʥʝʤ, ʪʘʢ ʠ ʚʦʟʨʘʩʪʘʪʴ, ʦʩʪʘʚʘʷʩʴ, ʢʦʥʝʯʥʦ, ʧʦʣʦʞʠʪʝʣʴʥʦʡ. 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʤʝʥʷʝʪʩʷ ʭʘʨʘʢʪʝʨ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ 

ʧʦ ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʩʢʦʨʦʩʪʠ ʝʛʦ ʧʦʜʘʯʠ. ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʤʘʣʘ ʠ 

ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʘ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ0 ʙʣʠʟʢʘ ʢ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ 

ʦʪʩʫʪʩʪʚʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ E = U0/h. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʩʢʦʨʝʥʠʝ ʚʦʨʩʠʥʢʠ 

(5.32) ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠ ʥʘʯʘʣʝ ʜʚʠʞʝʥʠʷ (
2

00 E
m

k
E

m

q
a == ) ʠ ʩʥʠʞʘʝʪʩʷ, ʩʪʨʝ-

ʤʷʩʴ ʚ ʧʨʝʜʝʣʝ ʢ ʚʝʣʠʯʠʥʝ 0

00

E
C

jk

C

jq
a

ee
== . ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʩʥʠʞʘʶʱʝʛʦ ʫʩʢʦʨʝʥʠʝ, ʩʠʣʴʥʝʝ ʜʝʡʩʪʚʠʷ ʦʙʲ-

ʝʤʥʦʛʦ ʟʘʨʷʜʘ, ʧʦʚʳʰʘʶʱʝʛʦ ʫʩʢʦʨʝʥʠʝ. 

ʋʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʫʚʝʣʠʯʝʥʠʝ ʦʙʲ-

ʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʥʘʯʘʣʴ-

ʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ0 ʠ ʚʦʟʨʘʩʪʘʥʠʶ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j. ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ 

m

C

E

j 0

0

e
= . ʕʪʦ ʚʘʞʥʳʡ ʩʣʫʯʘʡ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ὖ . ʇʨʠ ʵʪʦʤ ʫʩʢʦʨʝʥʠʝ 

ʚʦʨʩʠʥʢʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʧʦʩʪʦʷʥʥʦ: 
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ὥ ÃÏÎÓÔ Ȣ                             (5.36) 

ɿʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʠ ʢʦʦʨʜʠʥʘʪʳ ʚʦʨʩʠʥʦʢ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʵʪʦʤ ʢʘʨ-

ʜʠʥʘʣʴʥʦ ʫʧʨʦʱʘʶʪʩʷ ʠ ʚʳʛʣʷʜʷʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

‡ὸ
ήὮ

‐ὅ
ὸȟὼὸ

ήὮ

‐ὅ
 
ὸ

ς
Ȣ 

ʅʘʤ ʚʘʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ ʧʨʠ ʠʭ ʜʚʠʞʝʥʠʠ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʣʷ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʨʘʟʠʪʴ ʚʨʝʤʷ ʯʝʨʝʟ 

ʢʦʦʨʜʠʥʘʪʫ ʭ ʠ ʧʦʜʩʪʘʚʠʪʴ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ: 
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)(,
2

0

0 x
C

qj
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qj

C
t

e
u

e
==                           (5.37) 

ɺʘʞʥʦʩʪʴ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʩʦ-

ʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʦʥʘ ʠʜʝʥʪʠʯʥʘ ʟʘʚʠʩʠʤʦʩʪʠ (5.9), ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʴʰʝ, ʩʦʚʝʨ-

ʰʝʥʥʦ ʠʥʳʤ ʧʫʪʝʤ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʪʦ, ʯʪʦ ʦʙʘ ʨʘʟʚʠʪʳʭ ʟʜʝʩʴ ʧʦʜʭʦʜʘ ʢ 

ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʷʚʣʷʶʪʩʷ, ʬʘʢʪʠʯʝʩʢʠ, ʜʚʫʤʷ 

ʩʪʦʨʦʥʘʤʠ ʦʜʥʦʡ ʪʝʦʨʠʠ.  

ʊʝʧʝʨʴ, ʚ ʨʘʤʢʘʭ ʨʘʟʚʠʪʦʡ ʟʜʝʩʴ ʪʝʦʨʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚʦʟʤʦʞ-

ʥʳʝ ʛʨʘʥʠʮʳ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ (5.1)ï(5.6). ʀʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʚʷʟʳʚʘʶʱʝʛʦ ʧʣʦʪ-

ʥʦʩʪʴ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ P = jm/q, ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ 

ʜʦʣʞʥʦ ʥʝʠʟʙʝʞʥʦ ʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ ʦʪʥʦʰʝʥʠʷ j/q. ɺʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʩʚʷʟʘʥʘ 

ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  

q = kE0, ʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, j = Ů0CE0/m. ʊʦʛʜʘ 

ʫʢʘʟʘʥʥʦʝ ʦʪʥʦʰʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʪʦʣʴʢʦ ʧʦʩʪʦʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ. ʉʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʘ-

ʨʘʤʝʪʨʦʚ ʚʦʨʩʘ. 

ʇʨʦʜʦʣʞʠʤ ʜʘʣʝʝ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʢʠʥʝʤʘʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʋʯʠ-

ʪʳʚʘʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ QɆ = j T0 ʠ ʧʨʠ-

ʥʷʪʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (5.4), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʚʨʝʤʝʥʠ ʜʚʠʞʝʥʠʷ ʚʦʨ-

ʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ T0 ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʮʝʩʩʘ [19]. 

˟ -%  . 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʚʨʝʤʝʥʠ T0 ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ 

4  Ȣ        (5.38) 

ʈʘʩʯʝʪʳ ʜʘʶʪ ʩʣʝʜʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ: ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 5 ʢɺ/ʩʤ, 

ʚʦʨʩʘ ʜʣʠʥʦʡ l = 1 ʤʤ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʊ = 0,33 ʪʝʢʩ ʠ ʤʘʢʩʠʤʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ T0 = 6,28Ā10
-3
 ʩ; T0(l = 0,5 ʤʤ, ʊ = 0,33 ʪʝʢʩ) =   

= 10,2Ā10
-3
 ʩ; T0(l = 2 ʤʤ, ʊ = 2,2 ʪʝʢʩ) = 19,8Ā10

-3
 ʩ. ʕʪʦʪ, ʚʧʦʣʥʝ ʧʨʘʚʜʦʧʦʜʦʙ-

ʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʥʘ ʦʩʥʦʚʝ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʚʠ-

ʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʦʜʝʣʠ. 
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ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʚ ʫʨʘʚʥʝʥʠʝ (5.34) ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʊ0 ʠ ʫʯʝʩʪʴ, ʯʪʦ ʧʨʠ ʵʪʦʤ x(T0) = h, ʧʦʣʫʯʠʤ 

Ὤ Ὁ Ὁ

ρ Љ Ȣ
           (5.39) 

ʊʝʧʝʨʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʫʩʣʦʚʠʝʤ ʟʘʨʷʜʢʠ ʚʦʨʩʘ q = kE0 ʠ ʚʚʝʜʝʤ ʧʝʨʝʤʝʥ-

ʥʫʶ ( )hU
E0=a , ʪ. ʝ. çʦʪʥʦʩʠʪʝʣʴʥʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴè ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ. ʆʥʘ ʫʜʦʙʥʘ ʪʝʤ, ʯʪʦ ʝʝ ʦʙʣʘʩʪʴ ʠʟʤʝʥʝʥʠʷ ʯʝʪʢʦ 

ʦʧʨʝʜʝʣʝʥʘ [ ]1,0Ía . 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʢʣʶʯʘʝʪ ʚʩʝ ʠʩʭʦʜʥʳʝ ʫʩʣʦ-

ʚʠʷ ʠ ʜʦʣʞʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʪʴ ʨʝʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʝʥʥʦʝ ʫʨʘʚʥʝʥʠʝ (5.39) ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʮʝʥʜʝʥʪʥʳʤ 

ʠ ʝʛʦ ʤʦʞʥʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʯʠʩʣʝʥʥʦ. ʋʧʨʦʩʪʠʤ ʝʛʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ 

ʘʥʘʣʠʟʘ, ʧʨʠʤʝʥʠʚ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʨʘʟʣʦʞʝʥʠʝ ʵʢʩʧʦʥʝʥʪʳ ʚ ʨʷʜ ʊʝʡʣʦʨʘ. ʇʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʳʭ ʪʨʝʭ ʯʣʝʥʦʚ ʨʘʟʣʦʞʝʥʠʷ ʫʨʘʚʥʝʥʠʝ (5.39) ʧʨʝʦʙʨʘʟʫʝʪʩʷ 

ʢ ʚʠʜʫ, ʠʟ ʢʦʪʦʨʦʛʦ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

2

0 )1(
2

E
mh

k
j aae -= .                                  (5.40) 

ʀʩʧʦʣʴʟʫʷ ʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʚʦʨʩʘ P = jm/q, ʣʝʛ-

ʢʦ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ: 

ὖ ‐ ρ ‌Ὁ .                                           (5.41) 

ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʝʨʝʭʦʜʷʪ ʚ ʨʘʥʝʝ ʚʳʚʝʜʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʠ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʨʠ ʫʯʝʪʝ ʚʟʘʠʤʦʩʚʷʟʠ 

ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ.  

ʄʳ ʧʦʣʫʯʠʣʠ ʫʜʦʙʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʚʳʨʘʞʝʥʠʷ, ʥʦ ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ, 

ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʵʢʩʧʦʥʝʥʪʳ ʦʩʫʱʝʩʪʚʣʝʥʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ 0, ʧʦʵʪʦʤʫ ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦʙ ʦʙʣʘʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ. ʈʘʟʣʦ-

ʞʝʥʠʝ ʵʢʩʧʦʥʝʥʪʳ ʚ ʨʷʜ ʜʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʩʣʘʛʘʝʤʦʛʦ ʜʘʝʪ ʭʦʨʦʰʫʶ ʪʦʯʥʦʩʪʴ 

ʜʦ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʤʝʥʝʝ 0,5. ʋʯʠʪʳʚʘʷ ʵʪʦ ʠ ʠʩʧʦʣʴʟʫʷ ʚʟʘʠʤʦʩʚʷʟʴ ʧʣʦʪ-

ʥʦʩʪʠ ʪʦʢʘ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

 θ ρ.                                           (5.42) 

ɽʩʣʠ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʈ, 

ʪʦ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʝʥʥʦ: 

πȟψ  θ ρ Ȣ 
ɺʟʘʠʤʦʩʚʷʟʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦ-

ʜʘ ʩ ʫʩʣʦʚʠʷʤʠ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ) ʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ ʧʨʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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‌ ρ Ȣ                                         (5.43) 

ɼʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 0,33 ʪʝʢʩ, ʠʤʝʶʱʝʤ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ k = 5,8Ā10
-18

 ʂʣĀʤ/ɺ ʧʨʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h =     

= 0,12 ʤ ʵʪʘ ʚʝʣʠʯʠʥʘ ʜʣʷ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʙʫʜʝʪ ʨʘʚʥʘ 
 

ɽ, ʢɺ/ʩʤ 4 5 6 

Ŭ 0,83 0,87 0,89 
 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʩʦʦʪʥʦʰʝʥʠʝ (5.39) ʜʣʷ ʩʣʫʯʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ (5.21), ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ (5.20).  ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʚʳʨʘʞʝʥʠʝ (5.39) ʪʘʢʞʝ ʤʦʞʥʦ ʨʘʜʠʢʘʣʴʥʦ ʫʧʨʦʩʪʠʪʴ: 

Ὤ Ὁ .   

ʇʨʦʜʦʣʞʘʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ 
C

kmj
kEq

0

0
e
== , ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ 

Ὦ Ὁ ὅ ẗ                                   (5.44) 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʝʱʝ ʨʘʟ ʜʝʤʦʥʩʪʨʠʨʫʝʪ, ʯʪʦ ʦʙʘ ʧʦʜʭʦʜʘ (ʵʥʝʨ-

ʛʝʪʠʯʝʩʢʠʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʡ) ʷʚʣʷʶʪʩʷ ʜʚʫʤʷ ʩʪʦʨʦʥʘʤʠ ʦʜʥʦʡ ʪʝʦʨʠʠ. ʃʝʛʢʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ (5.44) ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ (5.20) ʧʨʠ ʫʯʝʪʝ ʟʘʚʠʩʠʤʦʩʪʠ (5.43) ʜʣʷ ʦʪʥʦʩʠ-

ʪʝʣʴʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʳʝ ʟʜʝʩʴ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʧʨʦʮʝʩʩʝ ʦʩʘʞʜʝʥʠʷ ʟʘ-

ʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ 

ʦʪ ʤʦʜʝʣʝʡ, ʩʦʟʜʘʥʥʳʭ ʨʘʥʝʝ [9], [10], [12], ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʧʦʣʥʦ ʠ ʪʦʯʥʦ 

ʦʧʠʩʳʚʘʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʦʨʩʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʦʩʥʦʚʘʥʥʦ ʚʳʙʠʨʘʪʴ ʨʝʞʠʤʳ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʧʦʣʫʯʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ. 
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6. ʆʈʀɽʅʊɸʎʀʗ ɺʆʈʉɸ ʅɸ ʇʆɺɽʈʍʅʆʉʊʀ 

ʌʃʆʂʀʈʆɺɸʅʅʆɻʆ ʄɸʊɽʈʀɸʃɸ 

 

ɺ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʚʘʞʥʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʧʦʥʷʪʠʝ ʧʨʝ-

ʜʝʣʴʥʦʡ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ [9]ï[11], [19] nmax. 

ʕʪʘ ʚʝʣʠʯʠʥʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʪʘʢ ʢʘʢ ʷʚʣʷʝʪʩʷ ʘʩʠʤʧʪʦ-

ʪʦʡ, ʢ ʢʦʪʦʨʦʡ ʩʪʨʝʤʠʪʩʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʆʥʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘ-

ʨʘʤʝʪʨʘʤʠ ʚʦʨʩʘ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ) ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʥʘʧʨʷʞʝʥʠʝ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ).  

ɺ ʨʘʟʜ. 3 ʧʦʢʘʟʘʥʦ, ʯʪʦ, ʚʦ-ʧʝʨʚʳʭ, ʜʘʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʚʘʞʥʝʡʰʠʭ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ, 

ʚʦ-ʚʪʦʨʳʭ, ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʜʥʦʟʥʘʯʥʦ 

ʩʚ̫ʟʘʥʘ ʩ ʝʛʦ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʤʘʪʝʨʠʘʣʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʨʝʜʝʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʫʪʝʤ 

ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʬʣʦʢʠʨʦʚʘʥʠʷ ʦʙʨʘʟʮʘ, ʩʪʨʷʭʠʚʘʷ ʥʝ ʚʥʝʜʨʠʚʰʠʡʩʷ ʚʦʨʩ ʧʦʩʣʝ 

ʢʘʞʜʦʛʦ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʠʟʤʝʨʷʷ ʧʨʠ ʵʪʦʤ ʤʘʩʩʫ ʚʦʨʩʘ, ʟʘʢʨʝʧʠʚʰʝʛʦʩʷ ʚ ʢʣʝʝ-

ʚʦʤ ʩʣʦʝ. ɽʩʣʠ ʧʦʩʣʝ ʦʯʝʨʝʜʥʦʛʦ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʠʨʦʩʪ ʤʘʩʩʳ ʚʦʨʩʘ ȹmn ûû ȹm1, 

ʪ. ʝ. ʤʥʦʛʦ ʤʝʥʴʰʝ ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʚʦʨʩʘ ʧʨʠ ʧʝʨʚʦʤ ʥʘʥʝʩʝʥʠʠ ʟʘ ʦʜʠʥʘʢʦʚʦʝ 

ʚʨʝʤʷ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ nmax = Ɇ ȹmi /S, ʛʜʝ  

Ɇ ȹmi ï ʩʫʤʤʘʨʥʘʷ ʤʘʩʩʘ ʚʦʨʩʘ ʥʘ ʦʙʨʘʟʮʝ, S ï ʧʣʦʱʘʜʴ, ʟʘʥʷʪʘʷ ʚʦʨʩʦʤ.  

ʀʥʦʡ ʩʧʦʩʦʙ ʦʮʝʥʢʠ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ. 

ɼʘʣʝʝ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʇʦʩʢʦʣʴʢʫ ʠʟ-

ʚʝʩʪʝʥ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ (3.2), ʪʦ ʚʳʯʠʩʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ 

ʪʦʡ ʞʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʠ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʨʘʟʥʦʩʪʠ 

ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʀʩʧʦʣʴʟʫʷ ʦʧʮʠʶ çʇʦʠʩʢ ʨʝʰʝʥʠʷè 

ʧʨʦʛʨʘʤʤʳ Excel ʜʣʷ ʤʠʥʠʤʫʤʘ ʩʫʤʤʳ, ʥʘʭʦʜʷʪ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʠ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ [19], [25], [28].  

ʇʦʩʢʦʣʴʢʫ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʯʪʦ ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

nmax ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʘ ʩ ʝʛʦ ʦʨʠʝʥʪʘʮʠʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʚʦʟ-

ʥʠʢʘʝʪ ʚʦʧʨʦʩ, ʢʘʢ ʬʠʟʠʯʝʩʢʠ ʦʧʨʝʜʝʣʠʪʴ ʧʦʥʷʪʠʝ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦ-

ʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʕʪʦ ʧʦʥʷʪʠʝ ʘʥʘʣʠʟʠʨʦʚʘʣʦʩʴ ʚ ʮʝʣʦʤ ʨʷʜʝ ʨʘʙʦʪ [9], [10], 

[17], [20]ï[23], ʥʦ ʟʜʝʩʴ ʤʳ ʧʦʧʳʪʘʝʤʩʷ ʧʦʜʦʡʪʠ ʢ ʵʪʦʤʫ ʚʦʧʨʦʩʫ ʩ ʜʨʫʛʦʡ ʩʪʦ-

ʨʦʥʳ. ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʤʦʪʨʝʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛʣʘʤ 

ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ [47], [49]ï[51]. ʅʘ ʨʠʩ. 6.1 ʧʦʢʘʟʘʥ ʩʨʝʟ ʦʙʨʘʟʮʘ ʬʣʦʢʠʨʦ-

ʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 
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ʈʠʩ. 6.1. ʋʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʝʟʘ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 

 

6.1. ɸʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ 

 

ʅʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʚʦʨʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʨʘʩʧʦʣʦʞʝʥ ʚʝʩʴʤʘ ʭʘʦ-

ʪʠʯʥʦ (ʨʠʩ. 6.1). ʆʜʥʘʢʦ ʫʞʝ ʟʜʝʩʴ ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʙʣʠʟʢʦ ʢ ʚʝʨʪʠʢʘʣʠ. ɺʦʨʩʠʥʢʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʢʣʦ-

ʥʷʶʱʠʝʩʷ ʦʪ ʚʝʨʪʠʢʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʚʩʪʨʝʯʘʶʪʩʷ ʨʝʜʢʦ, ʘ ʚʦʨʩʠʥʦʢ, ʦʨʠʝʥ-

ʪʠʨʦʚʘʥʥʳʭ ʙʣʠʟʢʦ ʢ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʧʦʣʦʞʝʥʠʶ, ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʪ. ʅʘ ʵʪʦʤ 

ʥʘʙʣʶʜʝʥʠʠ ʩʪʨʦʠʪʩʷ ʤʦʜʝʣʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʠʭ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠ-

ʢʘʣʠ ʧʦʜʯʠʥʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ. ʊʦʛʜʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʘʨʘʤʝʪʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ů 

(ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʳʤ ʦʪʢʣʦʥʝʥʠʝʤ). ɽʩʣʠ ʦʙʦʟʥʘʯʠʪʴ ʫʛʦʣ ʥʘʢʣʦʥʘ ʯʝʨʝʟ ű, ʤʦʞ-

ʥʦ ʟʘʧʠʩʘʪʴ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʚʠʜʝ 
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ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʝʜʝʣʴʥʘʷ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʧʦʣʥʦʤ ʧʝʨʝʢʨʳʪʠʠ ʚʦʨʩʠʥʢʘʤʠ ʚʩʝʡ ʧʣʦʱʘʜʠ ʦʩʥʦʚʳ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʚʟʘʠʤʦʩʚʷʟʠ ʧʘʨʘʤʝʪʨʘ ů ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ nmax ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ, ʧʨʠ ʢʘʢʦʤ ʟʥʘʯʝʥʠʠ ů ʜʣʷ ʠʟ-

ʚʝʩʪʥʦʡ ʚʝʣʠʯʠʥʳ nmax ʠ ʧʨʠʥʷʪʳʤ ʟʘʢʦʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦʣʥʦʝ 

ʧʝʨʝʢʨʳʚʘʥʠʝ ʚʦʨʩʠʥʢʘʤʠ ʚʩʝʡ ʧʣʦʱʘʜʠ ʤʘʪʝʨʠʘʣʘ. ʉʣʝʜʫʝʪ ʩʨʘʟʫ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʤʳ ʥʝ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʩʣʫʯʘʠ ʚʦʟʤʦʞʥʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʝʢʮʠʡ ʚʦʨʩʠ-
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ʥʦʢ. ʊʘʢʞʝ ʦʩʪʘʥʝʪʩʷ ʥʝ ʫʯʪʝʥʥʦʡ ʥʝʢʦʪʦʨʘʷ ʜʦʣʷ ʧʣʦʱʘʜʠ, ʥʝ ʧʝʨʝʢʨʳʪʘʷ ʧʨʦ-

ʝʢʮʠʷʤʠ ʚʦʣʦʢʦʥ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ, ʝʩʣʠ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʚʦʨʩʠʥʢʘʤʠ ʤʝʥʴ-

ʰʝ ʩʝʯʝʥʠʷ ʚʦʨʩʘ. ʌʘʢʪʠʯʝʩʢʠ ʧʝʨʝʢʨʳʪʠʝ ʚʩʝʡ ʧʣʦʱʘʜʠ ʜʣʷ ʥʘʩ ʙʫʜʝʪ ʦʟʥʘ-

ʯʘʪʴ, ʯʪʦ ʧʣʦʱʘʜʴ ʦʩʪʘʚʰʠʭʩʷ ʧʨʦʤʝʞʫʪʢʦʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʘ ʧʣʦʱʘʜʠ 

ʧʝʨʝʩʝʯʝʥʠʷ ʧʨʦʝʢʮʠʡ ʚʦʣʦʢʦʥ. 

ʇʣʦʱʘʜʴ, ʧʝʨʝʢʨʳʚʘʝʤʘʷ ʦʜʥʦʡ ʚʦʨʩʠʥʢʦʡ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʧʨʦʠʟʚʦʣʴ-

ʥʳʤ ʫʛʣʦʤ ʢ ʚʝʨʪʠʢʘʣʠ ű, ʨʘʚʥʘ  

ί ὰὨÓÉÎ• ÃÏÓ•ȟ                                       (6.2) 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʨʩʠʥʢʠ; d ï ʜʠʘʤʝʪʨ ʚʦʨʩʠʥʢʠ.  
 

ɿʜʝʩʴ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ï ʵʪʦ ʧʨʦʝʢʮʠʷ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝʯʝʥʠʷ ʚʦʨʩʠʥʢʠ, 

ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ï ʧʨʦʝʢʮʠʷ ʪʦʨʮʘ ʚʦʣʦʢʥʘ. ʇʨʠ ʵʪʦʤ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʘʞʝ ʧʨʠ 

ʤʘʣʳʭ ʫʛʣʘʭ ű ʧʦʣʦʚʠʥʘ ʧʨʦʝʢʮʠʠ ʪʦʨʮʘ ʧʝʨʝʢʨʳʪʘ ʧʨʦʝʢʮʠʝʡ ʧʨʦʜʦʣʴʥʦʛʦ ʩʝ-

ʯʝʥʠʷ ʚʦʨʩʠʥʢʠ. ɽʩʪʴ ʣʠ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʫʯʠʪʳʚʘʪʴ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ, ʙʫʜʝʪ 

ʚʠʜʥʦ ʠʟ ʜʘʣʴʥʝʡʰʠʭ ʨʘʩʯʝʪʦʚ.  

ʂʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ, ʠʤʝʶʱʠʭ ʫʛʦʣ ʥʘʢʣʦʥʘ ʦʪ ű 

ʜʦ ű + dű, ʧʨʠ ʧʣʦʪʥʦʩʪʠ n (1/ʤʤ
2
) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

.)( jjdPndn Ö=                                         (6.3) 

ʊʦʛʜʘ ʜʦʣʷ ʧʣʦʱʘʜʠ, ʧʝʨʝʢʨʳʚʘʝʤʘʷ ʵʪʠʤʠ ʚʦʨʩʠʥʢʘʤʠ, ʙʫʜʝʪ ʨʘʚʥʘ 
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ʋʛʦʣ ʥʘʢʣʦʥʘ ʚʦʨʩʠʥʦʢ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʠʟʤʝʥʷʪʴʩʷ ʦʪ ï ˊ/2 ʜʦ ́/2. 

ʈʝʘʣʴʥʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦʨʩʠʥʦʢ ʩ ʫʛʣʘʤʠ ʥʘʢʣʦʥʘ ű > ˊ/3, ʘ ʥʝ 

ʤʝʥʝʝ 80ï90 % ʚʩʝʭ ʚʦʨʩʠʥʦʢ [19] ʠʤʝʶʪ ʫʛʣʳ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ ű < ˊ/6.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʣʷ ʧʣʦʱʘʜʠ, ʧʝʨʝʢʨʳʚʘʝʤʘʷ ʧʨʦʝʢʮʠʷʤʠ ʚʩʝʭ ʚʦʨʩʠ-

ʥʦʢ, ʙʫʜʝʪ ʨʘʚʥʘ  
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       (6.5) 

ʆʙʦʟʥʘʯʠʤ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ I 1 = s1/s0 ʠ ʫʧʨʦʩʪʠʤ ʝʛʦ, ʟʘʤʝʥʠʚ sin ű å ű. 

ʕʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ ʧʦ ʜʚʫʤ ʧʨʠʯʠʥʘʤ: ʜʣʷ ʧʦʜʘʚʣʷʶʱʝʛʦ ʯʠʩʣʘ ʚʦʨʩʠʥʦʢ   

ű < ˊ/6 ʠ ʪʘʢʘʷ ʟʘʤʝʥʘ ʦʧʨʘʚʜʘʥʘ, ʘ ʜʣʷ ʪʝʭ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʧʦʜ ʙʦʣʴʰʠ-

ʤʠ ʫʛʣʘʤʠ, ʦʪʢʣʦʥʝʥʠʝ ʦʪ ʨʘʚʝʥʩʪʚʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʣʠʷʥʠʝʤ ʵʢʩʧʦʥʝʥʪʳ, 

ʦʩʦʙʝʥʥʦ ʧʨʠ ű > ů.  

ʋʯʠʪʳʚʘʷ ʩʢʘʟʘʥʥʦʝ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 
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                                      (6.6) 

ʉʜʝʣʘʚ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ t = ű
2
/2ů

2
, ʧʦʣʫʯʠʤ  
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                   (6.7) 

ʆʮʝʥʢʘ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ů ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʜʘʝʪ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʚʝʣʠʯʠʥʳ, ʥʝ ʧʨʝʚʳʰʘʶʱʠʝ ˊ/6. ʊʦʛʜʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʩʢʦʙʢʘʭ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ: e
-4,5

 << 1. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

.
2

1
p

sndl
I =                                              (6.8) 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ I2 = s2/s0. ʆʥʦ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠ-

ʷʥʠʝ ʥʘ ʨʝʟʫʣʴʪʘʪ ʣʠʰʴ ʧʨʠ ʦʯʝʥʴ ʤʘʣʳʭ ʫʛʣʘʭ ű. ʆʮʝʥʠʤ ʝʛʦ ʚʝʣʠʯʠʥʫ, ʥʘʯʠ-

ʥʘʷ ʩ ʫʛʣʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʠʟ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ: 

.cos
4

sin
2

j
p

j
d

ld @  

ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʫʛʣʦʚ: 

 • ÁÒÃÔÇḙ Ȣ 

ʊʘʢ ʢʘʢ ʜʣʷ ʚʦʨʩʘ ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ l/d > 25, 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ű < /́100.  

ɼʣʷ ʪʘʢʠʭ ʟʥʘʯʝʥʠʡ ʫʛʣʦʚ cos ű å 1. ɺʟʷʚ ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʘʣʘ ʩ çʟʘ-

ʧʘʩʦʤè, ʨʘʚʥʳʤ /́10, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ  

.
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                               (6.9) 

ʀʩʧʦʣʴʟʫʷ ʟʘʤʝʥʫ ʧʝʨʝʤʝʥʥʦʡ t = ű/ů, ʧʦʣʫʯʠʤ 

Ὅ  
Ѝ

Љ Ὠὸ   Ȣ        (6.10) 

ɺʝʣʠʯʠʥʫ ʪʘʢʦʛʦ ʠʥʪʝʛʨʘʣʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʬʫʥʢʮʠʝʡ ʃʘʧʣʘʩʘ, ʤʦʞʥʦ ʦʧʨʝ-

ʜʝʣʠʪʴ ʠʟ ʪʘʙʣʠʮ [109]. ɽʩʣʠ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠʥʷʪʴ 

ʟʥʘʯʝʥʠʝ ů ʚ ʧʨʝʜʝʣʘʭ ʦʪ /́30 ʜʦ ́/6, ʪʦ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ ʙʫʜʫʪ  

ū0(0,6) å 0,226;    ū0(3) å 0,499,  

ʪ. ʝ.    ū0 (z) < 1/2 . 

ʊʝʧʝʨʴ ʟʘʧʠʰʝʤ ʩʫʤʤʫ ʠʥʪʝʛʨʘʣʦʚ I  = I 1 + I2, ʚʳʥʝʩʷ ʟʘ ʩʢʦʙʢʠ ʟʥʘʯʝʥʠʝ 

I 1, ʠ ʩʨʘʚʥʠʤ ʚʝʣʠʯʠʥʫ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʩʣʘʛʘʝʤʳʭ: 

Ὅ Ὅ Ὅ
Ѝ

 

Ѝ
ρ

Ѝ
  Ȣ

                        (6.11) 
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ɼʣʷ ʨʝʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ d/l ʠ ʟʥʘʯʝʥʠʷ ů ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ ʢʚʘʜʨʘʪ-

ʥʳʭ ʩʢʦʙʢʘʭ ʥʝ ʧʨʝʚʳʰʘʝʪ 1/5, ʘ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʥʘʯʠ-

ʪʝʣʴʥʦ ʤʝʥʴʰʝ. ʇʦʵʪʦʤʫ ʧʨʠ ʦʮʝʥʢʝ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʡ ʚʩʝʭ ʚʦʨʩʠʥʦʢ ʚʪʦʨʦʝ 

ʩʣʘʛʘʝʤʦʝ ʤʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʧʨʝʥʝʙʨʝʞʠʤʦ ʤʘʣʳʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʝʨʚʳʤ. ʊʦ-

ʛʜʘ 

.
20 p

sndl

s

s
=                                             (6.12) 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʚʳʨʘʞʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ů: 

ʝʩʣʠ n = nmax ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚʩʷ ʧʣʦʱʘʜʴ ʦʩʥʦʚʳ ʧʝʨʝʢʨʳʪʘ 

ʧʨʦʝʢʮʠʷʤʠ ʚʦʨʩʠʥʦʢ, ʪ. ʝ. s/s0 = 1, ʪʦʛʜʘ  

 „
Ѝ
 Ȣ        (6.13) 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ůmax ʦʟʥʘʯʘʝʪ ʥʝ ʥʘʠʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ, ʘ ʟʥʘʯʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʟʥʘʯʝʥʠʶ nmax. 

ʕʪʦʪ ʧʘʨʘʤʝʪʨ ʚʘʞʝʥ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ ʦʨʠʝʥ-

ʪʘʮʠʶ ʚʦʨʩʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠ-

ʤʘʭ ʬʣʦʢʠʨʦʚʘʥʠʷ.  

 

6.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʠʥʦʢ  

 ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ 

 

ɺʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ: ʢʘʢ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨ ʦʨʠʝʥʪʘ-

ʮʠʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ? ʕʪʘ ʚʝʩʴʤʘ ʪʨʫʜʦʝʤʢʘʷ ʦʧʝʨʘʮʠʷ ʙʳʣʘ ʦʧʠʩʘʥʘ ʚ ʨʘ-

ʙʦʪʘʭ [19], [49], [50]. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʮʝʩʩ ʩʪʘʣ ʧʨʦʱʝ ʠ, ʚʩʝ ʨʘʚʥʦ, ʦʥ 

ʪʨʝʙʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʦʨʠʝʥʪʘʮʠʠ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩ ʚʦʨʩʦʤ ʦʜʠʥʘʢʦʚʦʡ 

ʜʣʠʥʳ, ʥʦ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʙʨʘʟʮʳ ʥʘʨʝʟʘʣʠ ʥʘ ʧʦ-

ʣʦʩʢʠ ʪʦʣʱʠʥʦʡ ʜʦ 2 ʤʤ ʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ MICROCOLOR 2000 250B-LAB 

ʧʨʦʠʟʚʦʜʠʣʠ ʩʲʝʤʢʫ ʩʨʝʟʘ ʦʙʨʘʟʮʘ.  

ʇʨʠʙʦʨ MICROCOLOR 2000 250B-LAB ʩʦʩʪʦʠʪ ʠʟ ʤʠʢʨʦʩʢʦʧʘ, ʢʦʤʧʴʶ-

ʪʝʨʘ ʠ ʬʦʪʦʢʘʤʝʨʳ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ (ʨʠʩ. 6.2). 

ʅʘ ʧʨʝʜʤʝʪʥʳʡ ʩʪʦʣʠʢ ʤʠʢʨʦʩʢʦʧʘ ʫʢʣʘʜʳʚʘʣʠ ʥʘʨʝʟʘʥʥʳʝ ʧʦʣʦʩʢʠ ʬʣʦʢʠʨʦ-

ʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʉʲʝʤʢʫ ʩʨʝʟʦʚ ʧʨʦʠʟʚʦʜʠʣʠ ʬʦʪʦʢʘʤʝʨʦʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝ-

ʰʝʥʠʷ ʧʨʠ 80-ʢʨʘʪʥʦʤ ʫʚʝʣʠʯʝʥʠʠ. ɼʘʥʥʳʝ ʩ ʬʦʪʦʢʘʤʝʨʳ ʧʦʩʪʫʧʘʣʠ ʥʘ ʢʦʤ-

ʧʴʶʪʝʨ. ʅʘ ʨʠʩ. 6.3 ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʠʷ ʩʨʝʟʘ, ʥʘ ʢʦʪʦ-

ʨʫʶ ʥʘʣʦʞʝʥ ʰʘʙʣʦʥ ʩ ʣʫʯʘʤʠ, ʠʤʝʶʱʠʤʠ ʫʛʣʳ ʥʘʢʣʦʥʘ ʦʪ 0 ʜʦ 180
0
 ʩ ʰʘʛʦʤ 

10
0
. 
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ʈʠʩ. 6.2. ʇʨʠʙʦʨ MICROCOLOR 2000 250B-LAB 

 

ʇʝʨʝʤʝʱʘʷ ʰʘʙʣʦʥ ʚʜʦʣʴ ʠʟʦʙʨʘʞʝʥʠʷ, ʦʧʨʝʜʝʣʷʶʪ: ʚ ʢʘʢʦʡ ʠʥʪʝʨʚʘʣ 

ʫʛʣʦʚ ʧʦʧʘʜʘʝʪ ʢʘʞʜʘʷ ʚʦʨʩʠʥʢʘ.  

ʈʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʜʣʷ ʦʜʥʦʛʦ ʦʙ-

ʨʘʟʮʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.1 (ʛʨ. 1ï5). ɺ 5-ʡ ʛʨʘʬʝ nʦʪʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʥʦʰʝʥʠʝ ʯʠʩʣʘ ʚʦʨʩʠʥʦʢ ʚ ʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢ ʦʙʱʝʤʫ ʯʠʩʣʫ ʚʦʨʩʠʥʦʢ. ʐʝ-

ʩʪʘʷ ʛʨʘʬʘ ʧʦʢʘʟʳʚʘʝʪ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʚʦʨʩʠʥʦʢ ʠʩ-

ʭʦʜʷ ʠʟ ʧʣʦʪʥʦʩʪʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (6.1). 

 

 

ʈʠʩ. 6.3. ʋʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʝʟʘ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ 
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ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ů ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʩʥʦʚʝ ʦʧʮʠʠ çʇʦʠʩʢ 

ʨʝʰʝʥʠʷè ʧʨʦʛʨʘʤʤʳ Excel, ʟʘʜʘʚʘʷ ʩʥʘʯʘʣʘ ʧʨʦʠʟʚʦʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ů 

(ʥʘʧʨʠʤʝʨ, 15
0
), ʘ ʟʘʪʝʤ ʤʠʥʠʤʠʟʠʨʫʷ ʩʫʤʤʫ ʢʚʘʜʨʘʪʦʚ ʦʪʢʣʦʥʝʥʠʡ ʨʘʩʯʝʪʥʦʛʦ 

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʡ. 

 

ʊʘʙʣʠʮʘ 6.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ-ʨʘʩʯʝʪʥʘʷ ʪʘʙʣʠʮʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ů 

ʀʥʪʝʨʚʘʣ 

ȹű, Ü 
űʩʨi, Ü űʩʨi, ʨʘʜ 

ʂʦʣʠʯʝʩʪʚʦ  

ʚʦʨʩʠʥʦʢ, ni 
nʦʪʥ. ɻ  nʦʪʥ. ʨ (nʦʪʥ. ʨ ï nʦʪʥ. ɻ )

2 

1 2 3 4 5 6 7 

-50  ï  -40 -45 -0,77 0 0,000 0,001 0,000 

-40  ï  -30 -35 -0,60 3 0,035 0,006 0,001 

-30  ï  -20 -25 -0,43 4 0,047 0,043 0,000 

-20  ï  -10 -15 -0,26 9 0,106 0,155 0,002 

-10 ï 0 -5 -0,09 27 0,318 0,294 0,001 

0 ï 10 5 0,09 23 0,271 0,294 0,001 

10 ï 20 15 0,26 15 0,176 0,155 0,000 

20 ï 30 25 0,43 4 0,047 0,043 0,000 

30 ï 40 35 0,60 0 0,000 0,006 0,000 

  

 

   
Ɇ = 0,007 

 

ʈʘʩʯʝʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚ 

ʚʠʜʝ ʛʠʩʪʦʛʨʘʤʤʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6.4. 
 

 
 

ʈʠʩ. 6.4. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʘ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ 

 

ɼʣʷ ʵʪʦʛʦ ʧʨʠʤʝʨʘ ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ů = 12,75
0
. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚ ʪʘʙʣ. 6.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ ʧʦ ʦʧʠʩʘʥʥʦʡ ʤʝʪʦʜʠʢʝ ʜʣʷ ʪʨʝʭ ʚʦʨʩʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤʠ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʨʝʞʠʤʝ ʥʘʥʝʩʝʥʠʷ, ʥʦ ʩ 
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ʋʛʦʣ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ, ʨʘʜ. 
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ʨʘʟʣʠʯʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ (ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʚʦʨʩʘ ɚ ʠ 

ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ q). 

 

ʊʘʙʣʠʮʘ 6.2. ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ 

ɺʦʨʩ ɚ, ʆʤ
-1
ʤ

-1 
q, ʂʣ ů, ʛʨʘʜ. 

1 14,6Ā10
-8 

3,44Ā10
-13 

12,04 

2 5,65Ā10
-8
 5,57Ā10

-13
 14,7 

3 10,5Ā10
-8
 3,9Ā10

-13
 12,75 

 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʦʧʠʩʘʥʘ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʘʭ 

[10], [14]. ʀʟʤʝʨʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʧʦ ʩʧʦʩʦʙʫ, ʦʧʠʩʘʥʥʦʤʫ 

ʚ ʨʘʙʦʪʝ [19], ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ɼʣʷ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘ ʧʘʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ůmax ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʰʝ ʩʦʦʪʥʦʰʝʥʠʷ (6.13) 

ʧʨʠ ʨʘʟʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʚʦʨʩ ʜʣʠʥʦʡ 3 ʤʤ ʠ ʚʦʨʩ ʜʣʠʥʦʡ 0,7 ʤʤ. ʅʘʥʝʩʝʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʢʘʢ ʪʨʘʜʠʮʠʦʥʥʳʤ ʩʧʦʩʦʙʦʤ ʩʚʝʨʭʫ ʚʥʠʟ, ʪʘʢ ʠ ʩʥʠʟʫ-ʚʚʝʨʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.3, 6.4. 

 

ʊʘʙʣʠʮʘ 6.3. ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʦʨʠʝʥʪʘʮʠʶ (l = 3 ʤʤ) 

ɺʦʨʩ ʉʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ 
ʅʘʧʨʷʞʝʥʠʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ, ʢɺ 

nmax, 

1/ʤʤ
2 ůmax

0 

 

PA 

l = 3,0 ʤʤ 

d = 50 ʤʢʤ 

 

ʉʚʝʨʭʫ-ʚʥʠʟ 

45 51 19 

60 58 16,5 

75 67 14,3 

 

ʉʥʠʟʫ-ʚʚʝʨʭ 

45 63 15,3 

60 74 12,9 

75 78 12,3 

 

ʊʘʙʣʠʮʘ 6.4. ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʦʨʠʝʥʪʘʮʠʶ (l = 0,7 ʤʤ) 

ɺʦʨʩ ʉʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ 
ʅʘʧʨʷʞʝʥʠʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ, ʢɺ 

nmax, 

1/ʤʤ
2 ůmax

0 

 

PA 

l = 0,7 ʤʤ 

d = 20 ʤʢʤ 

 

ʉʚʝʨʭʫ-ʚʥʠʟ 

45 330 31 

60 490 21 

75 700 15 

 

ʉʥʠʟʫ-ʚʚʝʨʭ  

45 460 22 

60 645 16 

75 860 12 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʟʘʢʣʶʯʝʥʠʷ. 

ʇʦ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʩʘʤʳʡ ʨʘʟʥʳʡ 

ʧʦ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʦʨʩ.  
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ʉ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʫʣʫʯʰʘʝʪʩʷ, ʯʪʦ ʚʧʦʣʥʝ ʟʘʢʦʥʦʤʝʨʥʦ.  

ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ ʩʥʠʟʫ-ʚʚʝʨʭ ʦʨʠʝʥʪʘʮʠʷ ʦʢʘʟʘʣʘʩʴ ʩʫʱʝʩʪʚʝʥʥʦ ʣʫʯ-

ʰʝ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʚʚʝʨʭ ʤʦʞʝʪ ʣʝʪʝʪʴ ʠ ʟʘʢʨʝʧʣʷʪʴʩʷ ʚ 

ʢʣʝʝʚʦʤ ʩʣʦʝ ʪʦʣʴʢʦ ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʦʨʩ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʥʠʟ ʥʘ ʤʘʪʝʨʠʘʣ ʧʦʧʘ-

ʜʘʝʪ ʣʶʙʦʡ ʚʦʨʩ. ʆʜʥʘʢʦ ʫʣʫʯʰʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʪʘʢʠʤ ʧʫʪʝʤ ʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʨʩʘ ʠ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

 

6.3. ʄʦʜʝʣʴ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʠ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ  

 ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ  

 

ʇʦʪʦʢ ʚʦʨʩʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʢʣʝʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʦʨʠʝʥʪʘʮʠʶ. ʇʦʜ ʦʨʠʝʥʪʘʮʠʝʡ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʤʳ ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʢʣʝʡ (ʪ. ʝ. 

ʥʘʧʨʘʚʣʝʥʠʶ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤʫ ʧʣʦʩʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ). ʆʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ, ʢʘʢ 

ʠ ʚʝʣʠʯʠʥʘ ʝʛʦ ʟʘʨʷʜʘ, ʩʚʷʟʘʥʘ ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ ʚʦ-

ʣʦʢʥʘ, ʢʦʪʦʨʘʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʘʝʤʦʛʦ ʤʘʪʝ-

ʨʠʘʣʘ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɺ ʨʷʜʝ ʨʘʙʦʪ [19], [49], [50] ʙʳʣʦ ʧʦʢʘ-

ʟʘʥʦ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʙʣʠʟʢʦ ʢ ʥʦʨʤʘʣʴʥʦʤʫ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʶ ʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʷ s (ʩʨʝʜʥʝ-ʢʚʘʜʨʘ-

ʪʠʯʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʜʣʷ ʫʛʣʦʚ ʥʘʢʣʦʥʘ ʚʦʨʩʘ ʢ ʚʝʨʪʠʢʘʣʠ). ʇʦʵʪʦʤʫ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʦ ʦʨʠʝʥʪʘʮʠʶ ʤʳ ʙʫʜʝʤ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʵʪʠʤ ʧʘʨʘʤʝʪʨʦʤ. ʏʝʤ ʤʝʥʴʰʝ 

ʝʛʦ ʟʥʘʯʝʥʠʝ, ʪʝʤ ʣʫʯʰʝ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʠʥʦʢ.  

ʃʦʛʠʯʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ, ʢʦʛʜʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʢʣʝʷ ʩʚʦʙʦʜʥʘ, ʚʩʝ ʧʨʠʣʝʪʝʚʰʠʝ ʚʦʨʩʠʥʢʠ ʚʥʝʜʨʷʶʪʩʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. ʇʦ 

ʤʝʨʝ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʢʨʘʱʘʝʪʩʷ ʨʘʟʤʝʨ ʧʨʦʤʝʞʫʪ-

ʢʦʚ ʤʝʞʜʫ ʥʠʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʩʪʠʯʴ ʢʣʝʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʟʘʢʨʝʧʠʪʴʩʷ 

ʤʦʛʫʪ ʪʦʣʴʢʦ ʪʝ ʚʦʨʩʠʥʢʠ, ʢʦʪʦʨʳʝ ʣʫʯʰʝ ʦʨʠʝʥʪʠʨʦʚʘʥʳ. ɺ ʢʦʥʮʝ ʢʦʥʮʦʚ, ʚʩʷ 

ʧʣʦʱʘʜʴ ʦʢʘʟʳʚʘʝʪʩʷ ʧʝʨʝʢʨʳʪʘ, ʠ ʥʦʚʳʝ ʚʦʨʩʠʥʢʠ ʜʦʩʪʠʯʴ ʢʣʝʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʫʞʝ ʥʝ ʤʦʛʫʪ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʩʦʤ ʧʘ-

ʨʘʤʝʪʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ů ʙʫʜʝʪ ʫʤʝʥʴʰʘʪʴʩʷ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʨʤʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ, ʢʦ-

ʥʝʯʥʦ, ʷʚʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ ʦʧʠʩʘʥʠʝʤ. ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʢʩʠ-

ʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʥʘ ʦʩʠ ʘʙʩʮʠʩʩ ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ ʥʝ ʤʦʛʫʪ ʧʨʝ-

ʚʳʰʘʪʴ ˊ/2, ʪ. ʝ. 1,57. ʆʜʥʘʢʦ ʵʪʦ ʥʝ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ, ʧʦʩʢʦʣʴʢʫ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ʩ ʫʛʣʘʤʠ 

ʥʘʢʣʦʥʘ ʙʦʣʴʰʝ 1 ʢʨʘʡʥʝ ʥʝʟʥʘʯʠʪʝʣʴʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʠʣʣʶʩʪʨʘʮʠʠ ʥʘ ʨʠʩ. 6.5 

ʧʦʢʘʟʘʥʳ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʘ ʚ ʥʘʯʘʣʝ ʠ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ 

ʬʣʦʢʠʨʦʚʘʥʠʷ. 
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ʈʠʩ. 6.5. ʇʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʘ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ: 

1 ï ʥʘʯʘʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ; 2 ï ʢʦʥʝʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

 

6.3.1. ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ 
 

ɼʦʣʷ ʧʣʦʱʘʜʠ, ʧʝʨʝʢʨʳʚʘʝʤʦʡ ʚʦʨʩʠʥʢʘʤʠ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʪʦʨʳʭ ʧʦ 

ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʨʘʟʜ. 6.1 

ʠ ʦʧʠʩʘʥʦ ʚ [19]. 

Ѝ
„ὲ ȟ           (6.14) 

ʛʜʝ l ï ʜʣʠʥʘ ʚʦʨʩʘ, ʤʤ; d ï ʜʠʘʤʝʪʨ ʚʦʨʩʘ, ʤʤ; n ï ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳ-

ʪʠʷ, 1/ʤʤ
2
; ů ï ʧʘʨʘʤʝʪʨ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʜ. 

ɹʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʈ (ʛ/ʤ
2
Āʩ) ʠ ʠʥʪʝʛʨʘʣʫ, ʦʧʨʝʜʝʣʷʶʱʝʤʫ ʚʝʨʦʷʪʥʦʩʪʴ ʚʥʝʜʨʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝ-

ʚʦʡ ʩʣʦʡ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʝʣʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʇʦʜ ʠʥ-

ʪʝʛʨʘʣʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʤʳ ʙʫʜʝʤ ʠʤʝʪʴ ʚ ʚʠʜʫ ʩʣʝʜʫʶʱʫʶ ʚʝʣʠʯʠʥʫ: 

ˡὢ
Ѝ
᷿Ὡ Ὠὢ   Ȣ                      (6.15) 

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ nmax ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ [19] ʙʫʜʝʪ ʨʘʚʥʦ 

„ὲ
Ѝ
 Ȣ          (6.16) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʣʠʯʠʥʘ ʠʥʪʝʨʚʘʣʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʩʦʢʨʘʱʘʝʪʩʷ ʦʪ ˊ/2 

(ʧʨʠ n = 0) ʜʦ 0 (ʧʨʠ n = nmax) ʧʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʚʦʨʩʦʤ ʧʦʚʝʨʭʥʦʩʪʠ. ʊ. ʝ. ʘʨ-

ʛʫʤʝʥʪ ʬʫʥʢʮʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʨʘʚʥʳʤ 

ὢ ρ
Ѝ
„ὲ Ȣ     (6.17) 

-0,2

0

0,2

0,4

0,6

0,8

1

1,2

1,4

1,6

-2 -1,5 -1 -0,5 0 0,5 1 1,5 2

1 

2 

ʋʛʦʣ ʥʘʢʣʦʥʘ ʚʦʨʩʘ ʢ ʚʝʨʪʠʢʘʣʠ, ʨʘʜ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʧʨʝʜʝʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʦʪ 0 ʜʦ p/2, 

ʪ. ʝ. ʚʥʝʜʨʷʶʪʩʷ ʚʩʝ ʚʦʨʩʠʥʢʠ ʜʦʩʪʠʛʰʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʝʚʦʛʦ ʩʣʦʷ. ʇʨʠ n =     

= nmax ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ 0. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ςὖϽl ρ
Ѝ
„ὲ Ȣ          (6.18) 

ʇʨʠ ʵʪʦʤ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʘ ʨʘʥʝʝ ʧʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ [28], [29], ʧʦʜʪʚʝʨʞʜʝʥʥʘʷ 

ʦʙʰʠʨʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ: 

ὲὸ ὲ ρ Ὡ Ⱦ ȟ          (6.19) 

ʛʜʝ Ű ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʩ; t ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʩ. 

ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʯʝʥʴ 

ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʝʩʣʠ 

ʚʝʨʥʦʤ ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦ-

ʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ. ʇʨʦʠʟʚʦʜʥʘʷ ʦʪ ʵʪʦʡ ʬʫʥʢʮʠʠ ʙʫʜʝʪ ʨʘʚʥʘ 

Ὡ ȾȢ      (6.20) 

ʆʙʲʝʜʠʥʠʤ ʧʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ (6.18) ʠ (6.20), ʫʯʠʪʳʚʘʷ ʩʚʷʟʴ t =   

= nmax/P, ʠ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʩʦʦʪʥʦʰʝʥʠʝ: 

ˡ ρ
Ѝ
„ὲ Ὡ ȾȢ          (6.21) 

ɺ ʨʘʙʦʪʝ [110] ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ 

ʫʣʫʯʰʘʝʪʩʷ ʧʦ ʤʝʨʝ ʟʘʧʦʣʥʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʩʦʤ. ʕʪʦ ʚʳʨʘʞʘʝʪʩʷ ʧʨʦʩʪʳʤ 

ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ 

„  „ Ὧὲȟ       (6.22) 

ʛʜʝ ů ï ʧʘʨʘʤʝʪʨ ʦʨʠʝʥʪʘʮʠʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛ-

ʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ; s0 ï ʧʘʨʘʤʝʪʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʘʯʘʣʴʥʫʶ ʦʨʠʝʥʪʘ-

ʮʠʶ ʚʦʨʩʘ; n ï ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ (1/ʤʤ
2
); k ï ʵʤʧʠʨʠʯʝʩʢʠʡ ʢʦʬɻ-

ʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ (6.13), ʧʦʣʫʯʝʥʥʳʤ ʚ ʨʘʙʦʪʝ [19], ʢʦʪʦʨʦʝ 

ʧʦʢʘʟʳʚʘʝʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

nmax ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʦʨʠʝʥʪʘʮʠʠ s (nmax). 

ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ (6.13) ʚ ʩʦʦʪʥʦʰʝʥʠʝ (6.22) ʧʨʠ n = nmax, ʧʦʣʫʯʠʤ 

Ѝς“

ὰὨὲ
„ Ὧὲ Ȣ 

ɺʳʨʘʞʘʷ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨ k, ʧʦʣʫʯʠʤ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʘʨʘʤʝʪʨʘ ů ʦʪ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ n: 

„ „ „
Ѝ

Ȣ                (6.23) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʯʠʩʣʝʥʥʦ, ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ 

n(t), ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ X (ʩʤ. (6.17)) ʠ, ʜʘʣʝʝ, ʚʳʯʠʩʣʠʪʴ ʚʝʣʠʯʠʥʫ ʥʘʯʘʣʴ-

ʥʦʡ ʦʨʠʝʥʪʘʮʠʠ: 
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„ Ͻ„ „ Ȣ         (6.24) 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ (6.23) ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. ʂʦʵʬʬʠʮʠʝʥʪ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʵʪʫ ʩʢʦʨʦʩʪʴ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

Ὧ „ „ὲ Ȣ         (6.25) 

ʇʨʝʜʣʘʛʘʝʤʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ, 

ʥʫʞʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʦʙʦʩʥʦʚʘʥʠʠ.  

 

6.3.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ  

ʚ ʧʨʦʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ  
 

ɺ ʨʘʙʦʪʝ [49], [110] ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʦʨʠʝʥʪʘ-

ʮʠʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʨʘʟʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʆʮʝʥʢʘ ʙʘʟʠʨʦʚʘʣʘʩʴ ʥʘ ʠʟʫʯʝʥʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʠ-

ʥʦʢ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʥʘ ʩʨʝʟʝ ʤʘʪʝʨʠʘʣʘ. ɼʣʷ ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʠʟʤʝʨʝʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʪʦʥʢʠʝ ʩʨʝʟʳ ʜʣʷ ʦʮʝʥʢʠ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ.  

ʀʟʦʙʨʘʞʝʥʠʝ ʩʨʝʟʦʚ ʧʦʣʫʯʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʠʙʦʨʘ MICROCOLOR 2000 

250B-LAB [110]. ʇʨʠʤʝʨ ʪʘʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6.5. 

 

 
ʘ 

 
ʙ 

ʈʠʩ. 6.6. ʋʚʝʣʠʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʩʨʝʟʘ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ: 

ʘ ï ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ 3 ʩ; ʙ ï ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ 25 ʩ 
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ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʝ [110], 

ʧʦʣʫʯʝʥʳ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʠʥʦʢ ʧʦ ʫʛʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ ʠ 

ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ů.  

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ s, ʪ. ʝ. 

ʫʣʫʯʰʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ, ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ.  

ʅʘ ʦʩʥʦʚʝ ʪʝʭ ʞʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʝʪʦʜʠʢʝ, 

ʦʧʠʩʘʥʥʦʡ ʚ ʧʦʜʨʘʟʜ. 6.3.1, ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥ-

ʪʘʮʠʠ ů.  

ʄʝʪʦʜʠʢʘ ʨʘʩʯʝʪʘ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʥʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʬʣʦʢʠʨʦʚʘʥʠʷ nmax ʠ Ű ʥʘ ʦʩʥʦʚʝ ʪʨʘʜʠʮʠ-

ʦʥʥʦʡ ʤʦʜʝʣʠ (6.19), ʘ ʦʩʥʦʚʳʚʘʪʴʩʷ ʪʦʣʴʢʦ ʥʘ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ (6.21). 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʨʘʩʯʝʪʦʚ ʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.5. 

ʇʝʨʚʳʝ ʜʚʝ ʛʨʘʬʳ ʚʢʣʶʯʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʚʨʝʤʷ ʠ ʧʦʚʝʨʭʥʦʩʪʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ (ʛ/ʤ
2
). ʊʨʝʪʴʷ ʛʨʘʬʘ ï ʵʪʦ ʧʝʨʝʩʯʝʪ ʧʦʚʝʨʭʥʦʩʪ-

ʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠʟ ʛ/ʤ
2
 ʚ 1/ʤʤ

2
, ʪʘʢ ʢʘʢ ʚ ʩʦʦʪʥʦʰʝʥʠʷʭ (6.23)ï(6.25) ʨʘʟʤʝʨ-

ʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʚʘ. ɺ 

ʯʝʪʚʝʨʪʦʡ ʛʨʘʬʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ ů ʥʘ 

ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ (6.23) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʥʘʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 6.6. 

ʉʣʝʜʫʶʱʘ ̫ʛʨʘʬʘ ï ʵʪʦ ʚʳʯʠʩʣʝʥʠʝ ʘʨʛʫʤʝʥʪʘ ʍ (6.21) ʬʫʥʢʮʠʠ ʌ(ʍ). ɻʨʘʬʘ 6 ï 

ʵʪʦ ʚʳʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʌ(ʍ). ʇʦʩʣʝʜʥʠʝ ʜʚʝ ʛʨʘʬʳ ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʜʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ů0, Ű ʠ nmax (ʪʘʙʣ. 6.6). 

ɺ ʛʨʘʬʝ 7 ʚʳʯʠʩʣʝʥʘ ʨʘʟʥʦʩʪʴ ʧʨʘʚʦʡ ʠ ʣʝʚʦʡ ʯʘʩʪʠ ʩʦʦʪʥʦʰʝʥʠʷ (6.23), ʘ ʚ 

ʛʨʘʬʝ 8 ʢʚʘʜʨʘʪ ʵʪʦʡ ʨʘʟʥʦʩʪʠ. ʂʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʣʫ-

ʞʠʪ ʩʦʦʪʥʦʰʝʥʠʝ 

Ў В ˡ ρ
Ѝ
„ὲ Ὡ ÍÉÎ Ȣ    (6.26) 

ɼʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʥʘ ʦʧʮʠʷ ʧʨʦʛʨʘʤʤʳ Excel 

çʇʦʠʩʢ ʨʝʰʝʥʠʷè. ʅʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʨʠʙʣʠʞʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 6.5. ʈʘʩʯʝʪ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ 

t, ʩ n ,ɻ ʛ/ʤ
2 

n ,ɻ 1/ʤʤ
2
 ů, ʨʘʜ. X ʌ(ʍ) [ʌ(ʍ)-e

-t/Ű
/2]

2 

1 2 3 4 5 6 7 

4 30,6 92,8 0,687 0,769 0,278 0,000 1 

8 47,8 144,9 0,619 0,443 0,171 0,000 6 

12 66,9 202,6 0,544 0,186 0,075 0,000 9 

16 71,6 216,9 0,525 0,140 0,056 0,000 1 

ȹ = 0,001 7 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.6, ʛʜʝ ʢʨʦʤʝ ʵʪʦʛʦ ʚʳʯʠʩʣʝ-

ʥʳ ʟʥʘʯʝʥʠʷ ůmax (6.16) ʠ k (6.25). 
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ʊʘʙʣʠʮʘ 6.6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ů0, ʨʘʜ Ű, ʩ k nmax, 1/ʤʤ
2 

ůmax, ʨʘʜ. 

0,809 6,98 0,0013 309,0 0,404 
 

ʇʦ ʪʘʢʦʡ ʞʝ ʤʝʪʦʜʠʢʝ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʜʣʷ ʚʪʦʨʦʛʦ ʚʦʨʩʘ (l = 0,5 ʤʤ, 

ʊ = 0,33 ʪʝʢʩ, d = 20 ʤʢʤ). 

ʉʚʦʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ ʠ ʝʛʦ 

ʨʘʩʯʝʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.7. 

 

ʊʘʙʣʠʮʘ 6.7. ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 

ʚʦʨʩʘ 

ɺʦʨʩ 1: ʇɸ, l = 1 ʤʤ, ʊ = 0,33 ʪʝʢʩ, 

d = 20 ʤʢʤ 

ɺʦʨʩ 2: ʇɸ, l = 0,5 ʤʤ, ʊ = 0,33 ʪʝʢʩ, 

d = 20 ʤʢʤ 

t, ʩ n, ʛ/ʤ
2 

ů, ʛʨʘʜ. ůʨ, ʛʨʘʜ. t, ʩ n, ʛ/ʤ
2
 ů, ʛʨʘʜ. ůʨ, ʛʨʘʜ. 

4 30,625 44,67 39,413 57 2 26,25 34,65 36,81 

8 47,812 5 37,8 35,505 12 5 73,75 25,59 28,56 

12 66,875 36,3 31,170 29 10 83,75 25,44 26,82 

16 71,562 5 31,4 30,104 35 15 82,5 23,49 27,04 

 

 

ʈʠʩ. 6.7. ʀʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ: 

1, 2 ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʨʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʦʨʠʝʥʪʘʮʠʠ 

ʜʣʷ 1-ʛʦ ʚʦʨʩʘ (l = 1 ʤʤ); 3, 4 ï ʜʣʷ 2-ʛʦ ʚʦʨʩʘ (l = 0,5 ʤʤ) 
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ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ɺ ʜʘʥ-

ʥʦʡ ʤʦʜʝʣʠ ʵʪʘ ʧʨʦʮʝʜʫʨʘ ʥʝʩʢʦʣʴʢʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʚ ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʥʦ 

ʚʧʦʣʥʝ ʨʝʘʣʠʟʫʝʤʘ ʯʠʩʣʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʥʘʧʨʠʤʝʨ, Excel. ʅʘ ʨʠʩ. 6.8 ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠ (6.19) ʠ ʥʦʚʦʡ ʤʦʜʝʣʠ (6.21). ʕʪʦ 

ʩʧʣʦʰʥʘʷ ʠ ʧʫʥʢʪʠʨʥʘʷ ʢʨʠʚʳʝ. ɿʜʝʩʴ ʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟ-

ʤʝʨʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʂʘʢ ʤʳ ʚʠʜʠʤ, ʨʘʩʯʝʪʥʳʝ 

ʢʨʠʚʳʝ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʶʪ. 

 

 
ʈʠʩ. 6.8. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʚ ʧʨʦ-

ʮʝʩʩʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʬʣʦʢʠʨʦʚʘʥʥʦʤ ʤʘʪʝʨʠʘʣʝ ʧʦʟʚʦ-

ʣʠʣʠ ʧʦʣʫʯʠʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʝ ʪʦʣʴʢʦ 

ʨʘʩʩʯʠʪʘʪʴ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʜʣʠ-

ʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ, ʥʦ ʠ ʦʮʝʥʠʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʩ ʥʘʯʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʜʦ 

ʜʦʩʪʠʞʝʥʠʷ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ. ʕʪʦ ʧʦʟʚʦʣʠʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʳ-

ʷʚʠʪʴ ʚʣʠʷʥʠʝ ʨʝʞʠʤʘ ʥʘʥʝʩʝʥʠʷ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ ʥʘ 

ʥʘʯʘʣʴʥʫʶ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʠ ʜʠʥʘʤʠʢʫ ʝʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ. ʊʘʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʪʨʝʙʦʚʘʥʠʡ 

ʢ ʭʠʤʠʯʝʩʢʦʡ ʧʦʜʛʦʪʦʚʢʝ ʚʦʨʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

 

6.3.3. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
 

ʇʦʣʫʯʝʥʥʘʷ ʤʦʜʝʣʴ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʨʘʩʩʤʦʪʨʝʥʠʠ ʧʨʦʮʝʩʩʘ ʦʨʠʝʥʪʘʮʠʠ 

ʚʦʨʩʘ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪ-
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ʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʕʪʫ ʞʝ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʚʟʘʠʤʦ-

ʩʚʷʟʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ:  

Ὢ ὸ† ρ Ὡ Ⱦ.       (6.27) 

ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʙ ʫʥʠʚʝʨʩʘʣʴʥʦʤ ʭʘʨʘʢʪʝʨʝ ʪʘʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦ-

ʦʪʚʝʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʪʦ ʣʶʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʦʚʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚ ʪʘʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʙʫʜʝʪ ʣʦʞʠʪʴʩʷ ʥʘ 

ʦʜʥʫ ʢʨʠʚʫʶ. ʅʘ ʨʠʩ. 6.9 ʧʨʝʜʩʪʘʚʣʝʥʘ ʵʪʘ ʢʨʠʚʘʷ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ 5 ʩʝʨʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʣʦʚʠʷʭ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʚʦʨʩʘ. 

 

 
ʈʠʩ. 6.9. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ n/nmax 

ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ t/Ű 

 

ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ů/ůmax ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ n/nmax ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʣʠʪʝʣʴ-

ʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ t/Ű ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ (6.21) ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.8. 

 

ʊʘʙʣʠʮʘ 6.8. ɺʟʘʠʤʦʩʚʷʟʴ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ 

ʬʣʦʢʠʨʦʚʘʥʠʷ 

t/Ű 0,1 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5 5,0 

n/nmax 0,095 0,393 0,632 0,777 0,864 0,918 0,95 0,97 0,982 0,989 0,993 

ů/ůmax 1,268 1,161 1,10 1,055 1,031 1,018 1,010 5 1,006 3 1,003 8 1,002 3 1,001 4 

 

0

0,2

0,4

0,6

0,8

1

1,2

0 1 2 3 4 5 6

 ˻
ͭ
ͤ
ͦ
ͫ
͙
ͭ
͔
͡
Έ
ͤ
͊
Ύ
 
ͨ
͡
ͦ
ͭ
ͤ
ͦ
ͫ
ͭ
Έ
 
͍
ͦ
ͪ
ͫ
ͦ
͍
ͦ
͎
ͦ
 
ͨ
ͦ
͟
ͪ
ͦ
͍
͊
Σ
 

n
/n

m
a

x 

˻͙͔ͭͤͦͫͭ͡Έͤ͊Ύ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ ͺ͙͍͙ͦͪͦ͊ͤ͟͡ΎΣ t/  ̱



97 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ů/ůmax = f(n/nmax) ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ (ʨʠʩ. 6.10) ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʜʣʷ ʚʦʨʩʘ ʣʶʙʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʜʣʷ ʣʶʙʳʭ ʫʩʣʦ-

ʚʠʡ ʥʘʥʝʩʝʥʠʷ. 

 

 
ʈʠʩ. 6.10. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʠ ʧʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ c ʜʦʩʪʦʚʝʨʥʦʩʪʴʶ 0,995 8 ʚr-

ʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ů/ůmax = 1,286 ï 0,286 n/nmax.           (6.28) 

ʇʝʨʚʦʝ ʚʘʞʥʦʝ ʩʣʝʜʩʪʚʠʝ ï ʵʪʦ ʧʦʩʪʦʷʥʩʪʚʦ ʩʦʦʪʥʦʰʝʥʠʷ ů0/ůmax = 1,286. 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʥʝʠʟʤʝʥʥʦʤ ʨʝʞʠʤʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘʯʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ 

ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʝʯʥʫʶ ʦʨʠʝʥʪʘʮʠʶ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʠ, ʪʝʤ ʩʘʤʳʤ, ʦʨʠʝʥʪʘʮʠʶ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ. ʉʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʥʘʯʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦʪʦʢʘ 

ʚʦʨʩʘ ʠʣʠ ʩʨʝʜʥʷʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦʪʦʢʘ ʚʦʨʩʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʚ 

ʢʣʝʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ. 

ɸʥʘʣʦʛʠʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʚʳʪʝʢʘʝʪ ʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥ-

ʪʘʮʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ů/ůmax =   

= f(t/Ű) (ʨʠʩ. 6.11).  
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ʈʠʩ. 6.11. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ 

ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

 

ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ, ʠ ʝʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

ů/ůmax = 0,286 e
 -t/Ű + 1.           (6.29) 

ɽʝ ʩʣʝʜʩʪʚʠʝ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫʱʝʤʫ: ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʘ-

ʨʘʤʝʪʨ ʦʨʠʝʥʪʘʮʠʠ ʚ 1,286 ʨʘʟ ʙʦʣʴʰʝ ʢʦʥʝʯʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʠʥʘʤʠʢʘ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦ-

ʤʝʥʪ, ʪ. ʝ. ʦʨʠʝʥʪʘʮʠʝʡ ʧʦʪʦʢʘ ʚʦʨʩʘ, ʧʦʜʣʝʪʘʶʱʝʛʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʇʦʧʨʦʙʫʝʤ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʥʫʞʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫ-

ʶʱʠʤ ʦʙʨʘʟʦʤ: 

ὸ
† ÌÎρ

ὲ
ὲ   Ȣ           (6.30) 

 

ὸ
† ÌÎρ

ὰὨὲ„
ρȟςψφЍς“

  Ȣ        (6.31) 

ɼʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 1 ʤʤ, d = 0,02 ʤʤ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʊ = 0,33 ʪʝʢʩ 

ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ n0 = 80 ʛ/ʤ
2
 ʤʳ ʧʦʩʪʨʦʠ-

ʣʠ 3 ʢʨʠʚʳʭ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʠ ʚʨʝʤʝʥʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʪʨʝʙʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ t0 ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʦʨʠ-

ʝʥʪʘʮʠʠ ů0 ʧʨʠ ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ Ű, ʨʘʚʥʦʤ 7, 10 ʠ 13 ʩ. 
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ʈʠʩ. 6.12. ɺʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ: 

1 ï Ű = 7 ʩ; 2 ï Ű = 10 ʩ; 3 ï Ű = 13 ʩ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 6.12 ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʢʘʟʳʚʘʶʪ ʥʘʩʢʦʣʴʢʦ ʟʥʘʯʠʤʘ 

ʥʘʯʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

 

6.4. ʆʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʙʳʣ ʨʘʩʩʤʦʪʨʝʥ ʚʦʧʨʦʩ ʦʙ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʧʨʠ 

ʝʛʦ ʥʘʥʝʩʝʥʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʆʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʟʘʤʝʯʝʥʦ 

ʚ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ, ʥʘ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʪʥʦʩʪʴ ʚʦʨ-

ʩʘ ʦʢʘʟʳʚʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʪʘʢʦʛʦ ʞʝ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʦʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. ʕʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨ-

ʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ, ʧʨʠʯʝʤ ʚʘʞʥʦ, ʯʪʦ ʝʸ ʨʘʜʠʫʩ ʚʧʦʣʥʝ ʩʨʘʚʥʠʤ ʩ ʜʣʠʥʦʡ 

ʚʦʨʩʘ.  

ʈʘʩʩʤʦʪʨʠʤ ʚʟʘʠʤʦʩʚʷʟʴ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʩ ʚʝʣʠʯʠʥʦʡ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠ-

ʞʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʣʦʛʦ ʨʘʜʠʫʩʘ [19], 

ʩʦʠʟʤʝʨʠʤʦʛʦ ʩ ʜʣʠʥʦʡ ʚʦʨʩʘ. ʅʘ ʨʠʩ. 6.13 ʧʦʢʘʟʘʥʦ ʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʚʦʨʩʠʥʢʠ 1 ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 2. ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʧʝʨʝʢʨʳʚʘ-

ʝʤʘʷ ʚʦʨʩʠʥʢʦʡ ʧʣʦʱʘʜʴ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ȹs0 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 

ʧʣʦʱʘʜʠ, ʧʝʨʝʢʨʳʚʘʝʤʦʡ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ȹs1. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʦʨʩʠʥʢʘ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ ʥʘ ʥʠʪʠ ʦʢʘʟʘ-

ʣʘʩʴ ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛʣʦʤ ʢ ʨʘʜʠʘʣʴʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʱʘʜʠ ʧʝʨʝʢʨʳʚʘʝʤʦʡ ʚʦʨʩʠʥʢʦʡ ʤʦʞʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ ʚʦʨ-

ʩʠʥʢʫ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʢʘʩʘʪʝʣʴʥʫʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʚ ʪʦʯʢʝ ʚʥʝʜʨʝʥʠʷ 

ʚʦʨʩʠʥʢʠ ʠ ʜʘʣʝʝ ʨʘʟʣʦʞʠʪʴ ʵʪʫ ʧʨʦʝʢʮʠʶ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʥʠʪʠ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʝ ʢ ʥʝʤʫ. ʗʩʥʦ, ʯʪʦ ʝʩʣʠ ʚʦʨʩʠʥʢʘ ʠʤʝʝʪ ʪʦʣʴʢʦ ʧʨʦʝʢ-

ʮʠʶ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʦʩʠ ʥʠʪʠ, ʪʦ ʧʣʦʱʘʜʴ, ʝʶ ʧʝʨʝʢʨʳʚʘʝʤʘʷ, ʙʫʜʝʪ ʪʘʢʘʷ ʞʝ, 
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ʢʘʢ ʠ ʥʘ ʧʣʦʩʢʦʩʪʠ. ʅʘʦʙʦʨʦʪ, ʝʩʣʠ ʧʨʦʝʢʮʠʷ ʚʦʨʩʠʥʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʘ ʦʩʠ 

ʥʠʪʠ, ʪʦ ʧʣʦʱʘʜʴ, ʧʝʨʝʢʨʳʚʘʝʤʘʷ ʝʶ, ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʧʣʦʩʢʦʩʪʠ 

(ʨʠʩ. 6.13), ʠ ʨʘʚʥʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

,
cos

sin

0

0

rl

ldr
Sn

+
=

a

a
                                       (6.32) 

ʛʜʝ r0 ï ʨʘʜʠʫʩ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ; l ï ʜʣʠʥʘ ʚʦʨʩʘ; d ï ʜʠʘʤʝʪʨ ʚʦʨʩʘ.  
 

ʊʝʧʝʨʴ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʤ ʩʫʤʤʘʨʥʫʶ ʜʦʣʶ ʧʣʦʱʘʜʠ, ʧʝʨʝʢʨʳʚʘʝʤʫʶ 

ʚʩʝʤʠ ʚʦʨʩʠʥʢʘʤʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʈʝʘʣʴʥʦ ʚʦʨʩʠʥʢʠ ʨʘʩʧʨʝ-

ʜʝʣʝʥʳ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʜʠʘʣʴʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ. ʊʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ʜʘʞʝ ʥʘ 1 ʤʤ
2
 ʚʝʩʴʤʘ ʚʝ-

ʣʠʢʦ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʦʣʦʚʠʥʘ ʚʦʨʩʠʥʦʢ ʠʤʝʝʪ ʥʘʢʣʦʥ ʚʜʦʣʴ ʥʠʪʠ, ʘ ʧʦʣʦ-

ʚʠʥʘ ï ʧʦʧʝʨʝʢ. ʊʦʛʜʘ 
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ʈʠʩ. 6.13. ʈʘʩʧʦʣʦʞʝʥʠʝ ʚʦʨʩʠʥʢʠ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ: 

1 ï ʚʦʨʩʠʥʢʘ ʜʣʠʥʦʡ l; 2 ï ʩʪʝʨʞʥʝʚʘʷ ʥʠʪʴ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʨʘʜʠʫʩʘ r0 

 

ɼʘʣʝʝ, ʧʦʣʘʛʘʷ, ʢʘʢ ʠ ʜʣʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʪʦ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝ-

ʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ nmax ʙʫʜʝʪ ʧʝʨʝʢʨʳʪʘ ʚʩʷ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ, ʧʦ-

ʣʫʯʠʤ ʜʣʷ ʧʘʨʘʤʝʪʨʘ ů ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

„
Ѝ
 Ȣ                                        (6.33) 

ʀʩʧʦʣʴʟʫʷ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ, ʤʦʞʥʦ, ʢʘʢ ʠ ʜʣʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʦʮʝʥʠʚʘʪʴ ʠ ʩʨʘʚʥʠʚʘʪʴ ʩʪʝʧʝʥʴ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʷʭ ʠʩ-

ʭʦʜʷ ʠʟ ʚʝʣʠʯʠʥʳ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʝʞʠʤʘʭ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ ʠ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʚʦʨʩʘ.  
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ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʤʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʧʫʪʝʤ ʧʨʝʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʇʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ ʧʦʚʝʨʭʥʦʩʪʠ r0 ʝʸ ʬʦʨʤʘ ʧʨʠʙʣʠʞʘʝʪʩʷ 

ʢ ʧʣʦʩʢʦʩʪʠ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʤ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ r0 Ÿ Ð ʟʥʘʯʝʥʠʝ ʧʘʨʘ-

ʤʝʪʨʘ ů ʩʪʨʝʤʠʪʩʷ ʢ ʝʛʦ ʟʥʘʯʝʥʠʶ ʜʣʷ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʨʘʚʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʝ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ ů. ɼʣʷ ʵʪʦʛʦ ʚʳʯʠʩʣʠʤ ʦʪʥʦʰʝʥʠʝ ʚʝʣʠʯʠʥ ʧʨʝʜʝʣʴʥʳʭ ʧʣʦʪʥʦʩʪʝʡ 

ʚʦʨʩʘ ʜʣʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʠ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ:  
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=d
      

ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʨʠʙʣʠʞʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʵʪʦʛʦ ʦʪʥʦʰʝ-

ʥʠʷ. ʇʨʠʤʝʤ ʜʠʘʤʝʪʨ ʚʦʨʩʘ d ʨʘʚʥʳʤ 20 ʤʢʤ, ʜʣʠʥʫ ʚʦʨʩʘ l ï ʨʘʚʥʦʡ 1 ʤʤ ʠ ʨʘ-

ʜʠʫʩ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ r0 ï 0,25 ʤʤ. ʇʨʠ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʚ 

ʟʥʘʤʝʥʘʪʝʣʝ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ 1, ʪ. ʝ. ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʞʝʪ ʜʦ ʜʚʫʭ ʨʘʟ ʧʨʝʚʳʰʘʪʴ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʧʣʦʩʢʦʤ 

ʤʘʪʝʨʠʘʣʝ. ɼʣʷ ʫʢʘʟʘʥʥʳʭ ʢʦʥʢʨʝʪʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʚʳʰʝ-

ʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʦʩʪʘʚʣʷʝʪ 1,7 ʨʘʟʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʙʲʷʩʥʷʝʪ ʚʳʩʦʢʠʝ 

ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ. 

 

6.5. ʄʦʜʝʣʴ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʚʦʨʩʘ ʚ ʩʪʨʫʢʪʫʨʫ ʨʘʥʝʝ 

 ʥʘʥʝʩʝʥʥʦʛʦ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ ʧʨʠ ʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

 ʦʩʘʞʜʝʥʠʠ 

 

ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʡ, ʚ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʝ ʠʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʥʘʥʝʩʝʥʠʝ ʨʘʟʣʠʯʥʦʛʦ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ, ʧʦ-

ʢʨʳʪʫʶ ʢʣʝʝʚʳʤ ʩʣʦʝʤ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʵʪʦ, ʢʦʥʝʯʥʦ, ʦʪʥʦʩʠʪʩʷ ʢ ʪʝʭʥʦʣʦ-

ʛʠʷʤ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʨʠʩʫʥʢʦʚ [91], [95], [99]ï[103]. 

ɺʦ ʚʩʝʭ ʚʘʨʠʘʥʪʘʭ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʯʝʪʢʦʩʪʠ ʛʨʘʥʠʮ ʮʚʝʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʦʤ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʛʜʝ ʨʘʥʝʝ ʫʞʝ ʥʘʥʝʩʝʥ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʨʫʛʦʡ ʚʦʨʩ. 

ɺ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʦʚʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ 

ʫʟʦʨʦʚ [101]ï[103] ʵʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʦʪʣʠʯʘʝʪʩʷ 

ʦʪ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʩʧʦʩʦʙʦʚ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʦʚ 

ʨʘʟʥʦʛʦ ʮʚʝʪʘ çʧʦʚʝʨʭè ʨʘʥʝʝ ʩʦʟʜʘʥʥʦʛʦ ʫʟʦʨʘ. ʇʨʠʤʝʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʧʦʣʷ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʜʨʦʙʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. ʏʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʚʪʦ-

ʨʦʛʦ, ʪʦ ʠʤʝʥʥʦ ʦʥ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʪʨʘʩʪʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʛʦ ʫʟʦʨʘ, ʪ. ʝ. ʰʠʨʠʥʫ 

(ʨʘʟʤʝʨ) ʟʦʥʳ ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ. ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʧʝʨʚʦʛʦ ʚʦʨʩʘ ʚʦʟʥʠʢʘʝʪ ʫʟʦʨ ʩ 

ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʯʝʪʢʦʡ ʛʨʘʥʠʮʝʡ, ʪ. ʝ. ʩ ʧʣʘʚʥʳʤ ʠʣʠ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʛʨʘʥʠʮʝ ʫʟʦʨʘ. ʇʣʦʪʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʩʣʝʜʫʶʱʝʛʦ ʚʦʨʩʘ ʚ ʢʘʞ-

ʜʦʡ ʪʦʯʢʝ, ʘ ʟʥʘʯʠʪ, ʠ ʥʘʩʳʱʝʥʥʦʩʪʴ ʜʘʥʥʦʛʦ ʮʚʝʪʘ ʙʫʜʝʪ ʟʘʚʠʩʝʪʴ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʦʛʦ ʚʦʨʩʘ. ʇʦʵʪʦʤʫ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʧʦʩʣʝ-
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ʜʫʶʱʠʭ ʚʦʨʩʦʚ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʫʛ-

ʣʘʤ ʥʘʢʣʦʥʘ ʢ ʚʝʨʪʠʢʘʣʠ ʜʣʷ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʦʛʦ ʚʦʨʩʘ. 

ɺ ʨʘʙʦʪʝ [19] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʪ-

ʥʦʰʝʥʠʝ ʜʦʣʠ ʧʣʦʱʘʜʠ, ʧʝʨʝʢʨʳʪʦʡ ʚʦʨʩʠʥʢʘʤʠ, ʧʨʠʤʝʨʥʦ ʨʘʚʥʦ ʦʪʥʦʰʝʥʠʶ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʧʣʦʪʥʦʩʪʠ: 

.
max0 n

n

s

s
=

     (6.34) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʦʣʷ ʩʚʦʙʦʜʥʦʡ ʧʣʦʱʘʜʠ  

.11
max0 n

n

s

s
-=-  

ɽʩʣʠ ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʧʝʨʚʦʛʦ ʚʦʨʩʘ ʩ ʧʣʦʪʥʦʩʪʴʶ n1 ʥʘ ʦʩʪʘʚʰʫʶʩʷ ʥʝ-

ʟʘʧʦʣʥʝʥʥʫʶ ʧʣʦʱʘʜʴ ʥʘʥʦʩʠʪʩʷ ʚʪʦʨʦʡ ʚʦʨʩ, ʪʦ ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʥʘ ʝʜʠʥʠʮʝ 

ʧʣʦʱʘʜʠ ʩ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʳʤ ʚʦʨʩʦʤ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʟʥʘʯʝʥʠʷ 

ῳὲ ρ ὲ Ȣ    (6.35) 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʧʦ-

ʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ. ɼʘʥʥʫʶ ʬʦʨʤʫʣʫ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʚ ʩʣʫʯʘʝ 

ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʩ ʠʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʝʤ ʧʝʨʚʳʡ. ɺʘʞʥʦ ʪʦ, 

ʯʪʦ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʦʩʪʘʪʦʯʥʦ ʣʝʛʢʦ ʧʨʦʚʝʨʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. 

 

6.5.1. ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʮʝʩʩʘ ʚʥʝʜʨʝʥʠʷ ʥʦʚʦʛʦ ʚʦʨʩʘ ʚ ʩʪʨʫʢʪʫʨʫ  

ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʦʛʦ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 
 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʩʦʦʪʥʦʰʝʥʠʷ (6.35) ʟʘʢʣʶʯʘ-

ʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʚʘ ʨʘʟʣʠʯʥʳʭ ʚʦʨʩʘ (ʥʘʧʨʠʤʝʨ, ʨʘʟʥʦʡ ʜʣʠʥʳ) ʥʘʥʦʩʠʣʠ ʥʘ ʦʩ-

ʥʦʚʫ, ʧʦʢʨʳʪʫʶ ʢʣʝʝʤ, ʧʦ ʦʯʝʨʝʜʠ. ʉʥʘʯʘʣʘ ʧʦʣʫʯʘʣʠ ʦʙʨʘʟʮʳ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʚʧʣʦʪʴ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩ ʧʝʨʚʳʤ ʚʦʨʩʦʤ, ʠʟʤʝʨʷʣʠ ʧʣʦʪʥʦʩʪʴ, ʘ ʟʘʪʝʤ 

ʥʘʥʦʩʠʣʠ ʚʪʦʨʦʡ ʚʦʨʩ ʪʘʢʞʝ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ, ʠʟʤʝʨʷʷ ʝʛʦ ʧʣʦʪ-

ʥʦʩʪʴ. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʦʮʝʥʠʚʘʣʠ ʧʦ ʧʨʠʚʝʩʫ. ɿʥʘʷ ʚʝʣʠʯʠʥʫ 

ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʨʩʘ ʠ ʧʣʦʪʥʦʩʪʴ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʦʛʦ ʧʝʨ-

ʚʦʛʦ ʚʦʨʩʘ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʜʦ ʢʘʢʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʝʜʝʥʘ ʧʣʦʪʥʦʩʪʴ 

ʚʪʦʨʦʛʦ ʚʦʨʩʘ, ʥʘʥʦʩʠʤʦʛʦ çʧʦʚʝʨʭè ʧʝʨʚʦʛʦ ʠ ʩʨʘʚʥʠʪʴ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ 

ʨʝʟʫʣʴʪʘʪʘʤʠ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ ʚʦʨʩʘ ʨʘʟʥʦʡ ʜʣʠʥʳ ï 0,5 ʠ 1,0 ʤʤ, 

ʥʘʥʦʩʠʤʳʝ ʥʘ ʦʩʥʦʚʫ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʧʦ ʦʯʝʨʝʜʠ ʠ ʚ ʨʘʟʥʦʤ ʧʦʨʷʜʢʝ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 6.9 ʠ 6.10. ɺ ʧʝʨʚʦʡ ʩʝʨʠʠ ʦʧʳʪʦʚ ʩʥʘʯʘʣʘ ʥʘʥʦʩʠʣʠ 

ʚʦʨʩ ʜʣʠʥʦʡ 1 ʤʤ, ʘ ʚʦ ʚʪʦʨʦʡ ï ʚʦʨʩ ʜʣʠʥʦʡ 0,5 ʤʤ. ʊʘʢʞʝ ʚ ʢʘʞʜʦʡ ʩʝʨʠʠ ʦʧʳ-

ʪʦʚ ʥʘʥʝʩʝʥʠʝ ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʜʚʫʭ ʨʘʟʥʳʭ ʥʘʧʨʷʞʝʥʠʷʭ. ʇʨʦʯʝʨʢʠ 

ʚ ʥʝʢʦʪʦʨʳʭ ʛʨʘʬʘʭ ʪʘʙʣʠʮ ʦʟʥʘʯʘʶʪ, ʯʪʦ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʜʠʥ ʠʟ ʚʦʨʩʦʚ ʥʘʥʦʩʠ-

ʣʠ ʩ ʧʣʦʪʥʦʩʪʴʶ, ʙʣʠʟʢʦʡ ʢ ʧʨʝʜʝʣʴʥʦʡ, ʘ ʜʨʫʛʦʡ ʚʦʨʩ ʥʝ ʥʘʥʦʩʠʣʠ ʚʦʚʩʝ. 
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ʊʘʙʣʠʮʘ 6.9. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʧʝʨʚʦʛʦ ʚʦʨʩʘ 

l1 = 1 ʤʤ, 

U1 = 40 ʢɺ 

l2 = 0,5 ʤʤ, 

U2 = 30 ʢɺ 

l1 = 1 ʤʤ, 

U1 = 40 ʢɺ 

l2 = 0,5 ʤʤ, 

U2 = 25 ʢɺ 

n1, ʛ/ʤ
2 

n2, ʛ/ʤ
2
 n1, ʛ/ʤ

2
 n2, ʛ/ʤ

2
 

225 ï 225 ï 

152  61 141  52 

124  72 112  67 

105  98   91  84 

 74 126   59 106 

ï 198 ï 151 
 

ʊʘʙʣʠʮʘ 6.10. ʇʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʧʝʨʚʦʛʦ ʚʦʨʩʘ 

l1 = 0,5 ʤʤ,  

U1 = 25 ʢɺ 

l2 = 1 ʤʤ,  

U2 = 40 ʢɺ 

l1 = 0,5 ʤʤ,  

U1 = 25 ʢɺ 

l2 = 1 ʤʤ,  

U2 = 50 ʢɺ 

n1, ʛ/ʤ
2
 n2, ʛ/ʤ

2
 n1, ʛ/ʤ

2
 n2, ʛ/ʤ

2
 

146 ï 146 ï 

114   42 108  54 

  96   56   92  73 

  77   88   71 108 

   61 114   60 126 

ï 196 ï 215 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 6.14). 
 

 
ʈʠʩ. 6.14. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʦʪ ʧʣʦʪʥʦʩʪʠ 

ʥʘʥʝʩʝʥʠʷ ʧʝʨʚʦʛʦ ʚʦʨʩʘ: 

                         I ʩʝʨʠʷ        II  ʩʝʨʠʷ 

 

ʇʣʦʪʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ 1-ʛʦ ʚʦʨʩʘ, ʛ/ʤ
2 

ʇ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʥ
ʘ
ʥ
ʝ
ʩ
ʝ
ʥ
ʠ
ʷ
 

2
-ʛ
ʦ
 
ʚ
ʦ
ʨ
ʩ
ʘ
,
 
ʛ
/
ʤ

2
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ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʜʥʦʟʥʘʯʥʦ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʦʝ ʩʦ-

ʦʪʥʦʰʝʥʠʝ (6.35). ʊ. ʝ. ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʪʦ-

ʨʦʛʦ ʚʦʨʩʘ ʧʨʠ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʦʤ ʧʝʨʚʦʤ ʧʦʜʪʚʝʨʞʜʝʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʕʪʦ 

ʧʦʟʚʦʣʷʝʪ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʚʝʩʪʠ ʘʥʘʣʠʟ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʘ ʚʪʦʨʦʛʦ ʮʚʝʪʘ ʚ 

ʟʦʥʝ ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ ʥʘ ʧʦʣʫʯʘʝʤʳʭ ʨʠʩʫʥʢʘʭ. 

 

6.5.2. ʄʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʮʚʝʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʥʘ ʚʦʨʩʦʚʳʭ ʫʟʦʨʘʭ  

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʦʚ ʧʨʠ ʠʭ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ 
 

ɽʩʣʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʝʨʚʦʛʦ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʚʝʩʪʥʦ ʠ ʦʧʠʩʳʚʘʝʪ-

ʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ n1(x), ʪʦ ʨʦʩʪ ʧʣʦʪʥʦʩʪʠ ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʟʘʚʠʩʠʪ ʦʪ ʚʨʝʤʝʥʠ ʠ 

ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ (2.2): 

( ).1max22

ktenn --=  

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʯʘʩʪʴ ʧʣʦʱʘʜʠ ʟʘʥʷʪʘ ʧʝʨʚʳʤ ʚʦʨʩʦʤ, ʠʤʝʶʱʠʤ ʫʢʘ-

ʟʘʥʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ n1(x), ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʚʪʦʨʦʛʦ ʚʦʨʩʘ ʙʫʜʝʪ ʦʪʣʠʯʘʪʴʩʷ ʚ 

ʨʘʟʥʳʭ ʪʦʯʢʘʭ ʭ: 

ὲ ὼȟὸ ρ
ὲρÍÁØ

ὲςÍÁØρ Ὡ Ȣ       (6.36) 

ɼʘʣʴʥʝʡʰʠʡ ʘʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʦʚ ʧʨʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʩʥʘʯʘʣʘ ʪʨʝʙʫʝʪ ʧʦʣʫʯʝʥʠʷ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʧʠʩʳʚʘʶ-

ʱʝʡ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʛʨʘʥʠʮʝ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʧʦ ʜʘʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʠ. ʕʪʫ ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʜʣʷ ʧʨʦʩʪʝʡʰʝʛʦ ʚʘʨʠʘʥʪʘ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʚʦʨʩʘ ï ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩ ʧʦʤʦʱʴʶ ʜʘʪʯʠʢʘ, ʠʩ-

ʧʦʣʴʟʫʶʱʝʛʦ ʤʝʪʦʜ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ [79]ï[84]. ʆʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦ-

ʩʪʠ ʧʨʦʚʦʜʠʣʦʩʴ ʯʝʨʝʟ 3 ʤʤ. ɺʠʜ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʚ ʥʘʧʨʘʚʣʝ-

ʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʝ, ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʬʫʥʢʮʠʝʡ 

.
1

)(
)( axkne

C
xf

--
+

=               (6.37) 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʧʘʨʘʤʝʪʨʘʤʠ ï C, a ʠ kn, 

ʧʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ kn ʦʪʚʝʯʘʝʪ ʟʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʬʫʥʢʮʠʠ, ʪ. ʝ. ʟʘ ʩʢʦʨʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ. ʆʙʲʝʜʠʥʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʘ (6.36) ʠ ʥʘʡʜʝʥʥʦʛʦ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ (6.37) ʜʘʝʪ 

ὲ ὼȟὸ ρ  ὲ ρ Ὡ Ȣ      (6.38) 

ʂʘʢ ʙʳʣʦ ʫʢʘʟʘʥʦ ʚʥʘʯʘʣʝ, ʟʘʜʘʯʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ï ʦʮʝʥʢʘ ʟʦʥʳ ʮʚʝʪʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ, ʚʦʟʥʠʢʘʶʱʝʡ ʧʨʠ ʩʦʟʜʘʥʠʠ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʠʪʴ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʜʚʫʭ ʮʚʝʪʦʚ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʠ-

ʩʫʪʩʪʚʫʶʱʠʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʆʜʥʘʢʦ ʝʩʣʠ 

ʵʪʦ ʚʦʨʩʳ ʨʘʟʥʳʭ ʮʚʝʪʦʚ, ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ. ɼʣʷ 

ʚʦʨʩʦʚ ʨʘʟʥʳʭ ʮʚʝʪʦʚ ʠʟʤʝʥʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ 
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ʮʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʠ çʮʚʝʪè ʦʜʥʦʛʦ ʚʦʨʩʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʠʥʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʠ çʮʚʝʪʫè ʜʨʫʛʦʛʦ ʚʦʨʩʘ. 

 

6.5.3. ʄʝʪʦʜʠʢʘ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʟʦʥʳ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
 

ɼʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʝʪʦʜʠʢʠ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʦʢʠ-

ʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ [19] ʠʟʛʦʪʘʚʣʠʚʘʶʪ ʬʣʦʢʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʩ ʧʘʨʘʣʣʝʣʴ-

ʥʳʤʠ ʧʦʣʦʩʘʤʠ ʨʘʟʥʦʛʦ ʮʚʝʪʘ. ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʩʢʘʥʠʨʫʶʪ (ʨʠʩ. 6.15). 

 

 

ʈʠʩ. 6.15. ʌʣʦʢʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ ʧʦʩʣʝ ʩʢʘʥʠʨʦʚʘʥʠʷ 

 

ɼʘʣʝʝ ʧʦʣʫʯʝʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʙʨʘʙʘʪʳʚʘʶʪ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Ado-

be Photoshop [19], ʚʳʜʝʣʷʶʪ ʫʯʘʩʪʦʢ ʠ ʧʨʦʠʟʚʦʜʷʪ ʚʳʨʘʚʥʠʚʘʥʠʝ ʮʚʝʪʘ (ʨʠʩ. 6.16). 

ʉʫʪʴ ʜʘʣʴʥʝʡʰʠʭ ʧʨʦʮʝʜʫʨ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʫʧʦʤʷʥʫʪʦʡ ʧʨʦ-

ʛʨʘʤʤʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʛʨʘʥʠʮʝ (ʨʠʩ. 6.16), 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʮʚʝʪʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ RGB. ʂʘʞʜʦʤʫ ʠʟ ʜʚʫʭ ʮʚʝ-

ʪʦʚ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ RGB ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʚʦʷ ʪʦʯʢʘ: ʧʝʨʚʦʤʫ ï R1G1B1, ʚʪʦʨʦʤʫ ï 

R2G2B2. 

ʇʝʨʝʭʦʜ ʦʪ ʧʝʨʚʦʛʦ ʮʚʝʪʘ ʢʦ ʚʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʦʪ 

ʧʝʨʚʦʡ ʪʦʯʢʠ ʢʦ ʚʪʦʨʦʡ. ʕʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʦ ʧʨʷʤʦʡ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʜʘʥʥʦʛʦ ʮʚʝʪʘ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʚʦʛʦ) ʥʘ ʦʙʨʘʟʮʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ RGB ï R1G1B1. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʚʪʦʨʦʛʦ ʮʚʝʪʘ ʢʦʦʨʜʠ-

ʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ RGB ʙʫʜʫʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ï R2G2B2. 

ʇʝʨʝʭʦʜ ʦʪ ʧʝʨʚʦʛʦ ʮʚʝʪʘ ʢʦ ʚʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʶ ʦʪ 

ʧʝʨʚʦʡ ʪʦʯʢʠ ʢʦ ʚʪʦʨʦʡ. ʕʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʧʦ ʧʨʷʤʦʡ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʜʘʥʥʦʛʦ ʮʚʝʪʘ (ʥʘʧʨʠʤʝʨ, 

ʧʝʨʚʦʛʦ) ʥʘ ʦʙʨʘʟʮʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ ʚ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ RGB ï R1G1B1. ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʚʪʦʨʦʛʦ ʮʚʝʪʘ ʢʦʦʨʜʠ-

ʥʘʪʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ RGB ʙʫʜʫʪ ʧʨʠʙʣʠʞʘʪʴʩʷ ʢʦ ʚʪʦʨʦʡ ʪʦʯʢʝ ï R2G2B2. 
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ʈʠʩ. 6.16. ʆʙʨʘʟʝʮ, ʧʨʝʦʙʨʘʟʦʚʘʥʥʳʡ ʚ ʧʨʦʛʨʘʤʤʝ Adobe Photoshop 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʢ ʨʘʩʩʪʦʷʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ RGB ʦʪ ʠʩʭʦʜʥʦʡ ʪʦʯ-

ʢʠ R1G1B1 (ʠʣʠ ʪʦʯʢʠ R2G2B2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʪʦʡ ʪʦʯʢʠ ʥʘ 

ʧʨʷʤʦʡ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʡ ʧʦʣʦʩʘʤ, ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʠʟʤʝʥʝʥʠʶ ʧʣʦʪʥʦ-

ʩʪʠ ʚʦʨʩʘ ʚʜʦʣʴ ʵʪʦʡ ʧʨʷʤʦʡ (ʨʠʩ. 6.17). ʈʘʩʩʪʦʷʥʠʝ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʩ ʢʦ-

ʦʨʜʠʥʘʪʘʤʠ RGB ʦʪ ʠʩʭʦʜʥʦʡ ʪʦʯʢʠ  

( ) ( ) ( ).
2

1

2

1

2

1 BBGGRRS -+-+-=              (6.39) 
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ʈʠʩ. 6.17. ʉʭʝʤʘ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ RGB 

 

6.5.4. ʀʩʩʣʝʜʦʚʘʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʜʣʷ ʩʣʫʯʘʷ  

ʧʘʨʘʣʣʝʣʴʥʳʭ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ 
 

ʇʦʩʣʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘ S ʤʦʞʥʦ ʣʝʛʢʦ ʧʦʩʪʨʦʠʪʴ ʛʨʘʬʠʢ S(x) ʜʣʷ 

ʣʶʙʦʡ ʧʘʨʳ ʮʚʝʪʦʚ ʚʦʨʩʘ ʠ ʣʶʙʳʭ ʫʩʣʦʚʠʡ ʧʝʨʝʭʦʜʘ ʦʪ ʦʜʥʦʛʦ ʮʚʝʪʘ ʢ ʜʨʫʛʦ-

ʤʫ. ʅʘ ʨʠʩ. 6.18 ʠ 6.19 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ 
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ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʧʝʨʚʦʛʦ ʚʦʨʩʘ, ï 4 ʠ 2 ʢɺ/ʩʤ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ɺʠʜ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ S(x) ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʫʥʢʮʠʠ (6.37). ɼʘʣʝʝ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ, ʚʭʦʜʷʱʠʭ ʚ ʵʪʫ ʬʦʨʤʫʣʫ, ï C, a ʠ kn. ʇʝʨʚʳʝ 

ʜʚʝ ʢʦʥʩʪʘʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʚʠʜʘ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ: ʉ ï ʟʥʘʯʝʥʠʝ 

ʘʩʠʤʧʪʦʪʳ, ʢ ʢʦʪʦʨʦʡ ʩʪʨʝʤʠʪʩʷ ʚʝʣʠʯʠʥʘ S; a ï ʢʦʦʨʜʠʥʘʪʘ ʩʝʨʝʜʠʥʳ ʧʝʨʝʭʦʜʘ 

ʦʪ ʧʝʨʚʦʛʦ ʮʚʝʪʘ ʢʦ ʚʪʦʨʦʤʫ. 

 

 
ʈʠʩ. 6.18. ɻʨʘʬʠʢ ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ ʥʘ ʦʙʨʘʟʮʝ (ɽ = 4 ʢɺ/ʩʤ) 

 

ʂʦʵʬʬʠʮʠʝʥʪ kn, ʚ ʩʫʱʥʦʩʪʠ, ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ, ʪ. ʝ. 

ʢʦʥʪʨʘʩʪʥʦʩʪʴ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʚʩʝʡ ʩʝʨʠʠ ʠʟʤʝʨʝ-

ʥʠʡ ʧʫʪʝʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʷ (6.37) ʢ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭ, 

ʧʨʠʯʝʤ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʠ f(x) ʠʩʧʦʣʴʟʫʝʪʩʷ ʚʝʣʠʯʠʥʘ S(x): 

.)(1
)(

ln axk
xS

C
in

i

--=ù
ú

ø
é
ê

è
-    (6.40) 

ʇʦ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ S(x) ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ 

kn. ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷ S ʤʝʞʜʫ ʢʦʦʨʜʠʥʘʪʘʤʠ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʤʠ ʩʝʨʝʜʠʥʘʤ ʧʦʣʦʩ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʧʨʷʤʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʥʘ ʦʩʥʦʚʝ 

ʜʘʥʥʳʭ ʨʠʩ. 6.18, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 6.20. 
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ʈʠʩ. 6.19. ɻʨʘʬʠʢ ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ ʥʘ ʦʙʨʘʟʮʝ (ɽ = 2 ʢɺ/ʩʤ) 

 

 
ʈʠʩ. 6.20. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ kn 

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʦʧʨʝʜʝʣʝʥʦ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ kn, ʩʪʨʦʷʪ ʢʨʠʚʳʝ ʧʝ-

ʨʝʭʦʜʘ ʮʚʝʪʦʚ ï ʥʝʧʨʝʨʳʚʥʳʝ ʢʨʠʚʳʝ ʥʘ ʨʠʩ. 6.18, 6.19. ʅʘ ʠʭ ʦʩʥʦʚʘʥʠʠ ʚʳʯʠʩ-

ʣʷʶʪ ʰʠʨʠʥʫ ʟʦʥʳ ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ. ɼʣʷ ʵʪʦʛʦ ʧʨʠʥʠʤʘʝʪʩʷ ʫʩʣʦʚʠʝ, ʯʪʦ ʰʠʨʠʥʘ 

ʵʪʦʡ ʟʦʥʳ ȹx ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʬʫʥʢʮʠʠ S(x), ʨʘʚʥʳʤʠ 0,2C ʠ 0,8C. 

ʕʪʫ ʰʠʨʠʥʫ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʘʢ ʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 6.20), ʪʘʢ ʠ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ 

.
2ln4

nk
x=D      (6.41) 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʝʤ ʙʦʣʴʰʝ ʰʠʨʠʥʘ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʝʤ ʤʝʥʴʰʝ ʯʝʪ-

ʢʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʨʠʩʫʥʢʘ, ʠ ʥʘʦʙʦʨʦʪ. ʇʦʣʫʯʝʥʥʘʷ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʦʣʠʯʝ-

ʩʪʚʝʥʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʟʚʦʣʷʝʪ ʦʙʲʝʢʪʠʚʥʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʮʝʥʠʚʘʪʴ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʭʦʜʘ ʮʚʝʪʘ ʚʦʨʩʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʷ-

ʟʘʪʴ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʩ ʫʩʣʦʚʠʷʤʠ ʥʘʥʝʩʝʥʠʷ ʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ. 
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6.5.5. ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  

ʠ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʥʘ ʨʘʟʤʝʨ ʟʦʥʳ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 
 

ʇʨʝʜʣʦʞʝʥʥʘʷ ʤʝʪʦʜʠʢʘ ʘʥʘʣʠʟʘ ʧʝʨʝʭʦʜʘ ʮʚʝʪʦʚ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʞʝʪ 

ʠʤʝʪʴ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ ʩʬʝʨʫ ʧʨʠʤʝʥʝʥʠʷ ʠ ʥʝ ʪʦʣʴʢʦ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʬʣʦ-

ʢʠʨʦʚʘʥʠʷ, ʦʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʦʥʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʤʝʥʥʦ ʜʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ. 

ɺ ʨʘʤʢʘʭ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʯʝʥʴ ʚʘʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʰʠ-

ʨʠʥʫ ʟʦʥʳ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʩʚʦʡʩʪʚ ʥʘʥʦʩʠʤʦʛʦ ʚʦʨʩʘ. ɹʳʣʠ ʚʳʙʨʘʥʳ ʜʚʘ 

ʚʘʨʠʘʥʪʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʧʝʨʚʦʛʦ ʚʦʨʩʘ ï 2 ʠ 4 ʢɺ/ʩʤ (ʚʪʦʨʦʡ 

ʚʦʨʩ ʚʦ ʚʩʝʭ ʩʝʨʠʷʭ ʦʧʳʪʦʚ ʥʘʥʦʩʠʣʩʷ ʩ ʧʦʤʦʱʴʶ ʨʫʯʥʦʛʦ ʬʣʦʢʘʪʦʨʘ ʚ ʪʝʯʝʥʠʝ 

15 ʩ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 60 ʢɺ). ɺ ʪʘʙʣ. 6.11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝ-

ʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʯʝʪʳʨʝʭ ʚʦʨʩʦʚ ʨʘʟʥʦʡ ʜʣʠʥʳ (1 ʠ 0,5 ʤʤ) ʠ ʨʘʟʥʦʛʦ 

ʢʘʯʝʩʪʚʘ. ʂʘʯʝʩʪʚʦ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʤʝʪʦʜʠʢʝ ʠʟʤʝʨʝʥʠʷ çʧʨʳʛʫʯʝʩʪʠè ʚʦʨʩʘ 

(ʨʘʟʜ. 2.3), ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʡ ʫʢʘʟʘʥʘ ʚ ʪʘʙʣ. 6.11. çʇʨʳʛʫʯʝʩʪʴè ʠʟʤʝʨʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʢʦʤ ʚʨʝʤʝʥʠ t, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʨʘʟʣʝʪʘ ʚʦʨʩʘ: ʯʝʤ ʙʦʣʴʰʝ ʵʪʦ ʚʨʝʤʷ, 

ʪʝʤ ʥʠʞʝ ʢʘʯʝʩʪʚʦ ʚʦʨʩʘ. ʅʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʨʘʟʥʦʡ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʠ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ.  
 

ʊʘʙʣʠʮʘ 6.11. ɸʥʘʣʠʟ ʟʦʥʳ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

ʇʘʨʘʤʝʪʨʳ 1 ʚʦʨʩʘ 
ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʨʠ ʥʘʥʝʩʝʥʠʠ 1 ʚʦʨʩʘ, ʢɺ/ʩʤ 

4 2 

ɺʦʨʩ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

(t = 14 c), ʜʣʠʥʘ 1 ʤʤ 

kn =  0,49 

ȹx =  5,6 ʤʤ 

kn =  0,42 

ȹx =  6,6 ʤʤ 

ɺʦʨʩ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ 

(t = 28 c), ʜʣʠʥʘ 1 ʤʤ 

kn =  0,43 

ȹx =  6,4 ʤʤ 

kn =  0,38 

ȹx =  7,3 ʤʤ 

ɺʦʨʩ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ 

(t = 12 c), ʜʣʠʥʘ 0,5 ʤʤ 

kn =  0,72 

ȹx =  3,8 ʤʤ 

kn =  0,60 

ȹx =  4,6 ʤʤ 

ɺʦʨʩ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ 

(t = 26 c), ʜʣʠʥʘ 0,5 ʤʤ 

kn =  0,60 

ȹx =  4,6 ʤʤ 

kn =  0,44 

ȹx =  6,3 ʤʤ 

 

ɺʩʝ ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʚʧʦʣʥʝ ʧʨʝʜʩʢʘʟʫʝʤʦʤ ʭʘ-

ʨʘʢʪʝʨʝ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʩʪʝʧʝʥʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ 

(ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠʣʠ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʢʘʯʝʩʪʚʘ ʚʦʨʩʘ) ʰʠ-

ʨʠʥʘ ʟʦʥʳ ʮʚʝʪʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʦʟʥʘʯʘʝʪ ʙʦʣʴʰʫʶ ʯʝʪʢʦʩʪʴ ʨʠ-

ʩʫʥʢʘ; ʥʘʥʝʩʝʥʠʝ ʧʝʨʚʳʤ ʙʦʣʝʝ ʢʦʨʦʪʢʦʛʦ ʚʦʨʩʘ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʨʠʩʫʥʢʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʩʦʟʜʘʥʥʦʡ ʤʦʜʝʣʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʬʣʦʢʠʨʦ-

ʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʠ ʤʦʜʝʣʠ ʧʨʦʮʝʩʩʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʦʚ ʧʨʠ ʠʭ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʫʜʘʣʦʩʴ ʩʦʟʜʘʪʴ ʤʝʪʦʜʠʢʫ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʘʥʘʣʠʟʘ ʟʦʥʳ ʮʚʝʪʦ-

ʚʳʭ ʧʝʨʝʭʦʜʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʧʦʜʪʚʝʨʞʜʝʥ ʤʥʦʛʦʢʨʘʪʥʳʤʠ ʠʩʩʣʝʜʦʚʘʥʠ-

ʷʤʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʥʝʩʝʥʠʷ ʠ ʩ 

ʨʘʟʣʠʯʥʳʤ ʚʦʨʩʦʤ. ɺʩʸ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʡʜʝʥ ʯʝʪʢʠʡ ʠ ʦʙʲʝʢʪʠʚʥʳʡ 

ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʢʦʥʪʨʘʩʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ.  
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7. ʆʈʀɽʅʊɸʎʀʗ ɺʆʈʉɸ ɺ ʇʈʆʎɽʉʉɽ ɽɻʆ ɼɺʀɾɽʅʀʗ 

ʄɽɾɼʋ ʕʃɽʂʊʈʆɼɸʄʀ 

 

ɺ ʨʘʟʜ. 6 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʦʢʠʨʦ-

ʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩʚʷʟʘʥʘ ʩ ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʚʣʠʷʝʪ ʥʘ ʧʨʦ-

ʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʢʦʥʯʘʪʝʣʴʥʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ůmax, ʩʚʷʟʘʥʥʘʷ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ nmax, ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ů0 ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ. ʕʪʘ ʥʘʯʘʣʴʥʘʷ ʦʨʠʝʥʪʘʮʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʦʣʞʥʘ ʦʧʨʝʜʝ-

ʣʷʪʴʩʷ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ ʧʝʨʝʜ ʝʛʦ ʚʥʝʜʨʝʥʠʝʤ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʜʣʷ ʠʟʫʯʝʥʠʷ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʦʨʠ-

ʝʥʪʘʮʠʠ ʚʦʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʥʘʯʘʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ „ ʨʘʩʩʤʦʪ-

ʨʝʥʘ ʨʘʥʝʝ ʚ ʨʘʟʜ. 6 ʠ ʧʨʝʜʣʦʞʝʥʘ ʝʝ ʯʠʩʣʝʥʥʘʷ ʦʮʝʥʢʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝ-

ʣʠʪʴ, ʢʘʢʠʝ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʢʘʢ ʚʳʙʠʨʘʪʴ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʘʠʣʫʯʰʫʶ ʦʨʠ-

ʝʥʪʘʮʠʶ.  

ʆʨʠʝʥʪʘʮʠʶ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʧʨʠ ʝʛʦ ʜʚʠʞʝʥʠʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʦʧʨʝʜʝʣʷʶʪ ʜʚʘ ʤʦʤʝʥʪʘ ʩʠʣ. ʇʝʨʚʳʡ ʤʦʤʝʥʪ ï ʵʪʦ ʤʦʤʝʥʪ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠ-

ʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  ╜ᴆ. ʆʥ ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʦʨʩʠʥʢʫ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʝʝ ʦʩʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʕʪʦʪ ʤʦʤʝʥʪ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʦʩʪʦʷʥʥʳʤ ʜʣʷ ʦʜʠʥʘʢʦʚʦʛʦ ʫʛʣʘ ʦʪʢʣʦʥʝ-

ʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ, ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʜʦʣʴ ʚʦʨʩʠʥʢʠ ʠ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʤʝʥʷʶʪʩʷ. 

ɺʪʦʨʦʡ ʤʦʤʝʥʪ ï ʵʪʦ ʤʦʤʝʥʪ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ╜ᴆ. ʇʨʠ 
ʜʚʠʞʝʥʠʠ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʝʝ 

ʩʢʦʨʦʩʪʴ ʨʘʩʪʝʪ. ʕʪʦ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝ-

ʥʠʷ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʞʝ ʥʝʙʦʣʴʰʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʚʦʨʩʠʥʢʠ ʦʪ ʚʝʢʪʦʨʘ ʩʢʦ-

ʨʦʩʪʠ ʤʦʞʝʪ ʩʦʟʜʘʚʘʪʴ ʟʥʘʯʠʪʝʣʴʥʳʡ ʤʦʤʝʥʪ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ὓᴆ, ʨʘʟʚʦʨʘʯʠʚʘʶʱʠʡ ʝʝ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ. ʇʨʠ 

ʵʪʦʤ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʙʳʩʪʨʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ. ʇʦʩʣʝ ʵʪʦʛʦ 

ʧʨʦʮʝʩʩ ʥʘʙʦʨʘ ʩʢʦʨʦʩʪʠ ʠ ʦʨʠʝʥʪʘʮʠʷ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩʥʘʯʘ-

ʣʘ. ʕʪʦ, ʢʦʥʝʯʥʦ, ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʩʝ ʚʦʨʩʠʥʢʠ, ʜʦʩʪʠʛʰʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʢʦ-

ʨʦʩʪʠ, ʪʝʨʷʶʪ ʦʨʠʝʥʪʘʮʠʶ, ʥʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʜʣʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʦʣʠ ʚʦʨʩʠʥʦʢ. 

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʘʨʫʰʘʶʱʠʝ ʦʨʠʝʥʪʘʮʠʶ, ʚʝʩʴʤʘ ʚʝʨʦ-

ʷʪʥʳ. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʠʥʦʢ ʚ ʧʦʪʦʢʝ ʚʝʩʴʤʘ ʚʝʣʠʢʘ, ʧʨʠʯʝʤ ʩʫʱʝʩʪʚʫʝʪ ʢʘʢ ʧʨʷ-

ʤʦʡ ʧʦʪʦʢ (ʢ ʤʘʪʝʨʠʘʣʫ), ʪʘʢ ʠ ʚʩʪʨʝʯʥʳʡ ʧʦʪʦʢ ʚʦʨʩʘ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ ʟʘ-

ʨʷʜʦʤ. ʇʨʦʣʝʪ ʪʘʢʠʭ ʚʦʨʩʠʥʦʢ ʥʘ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʦʞʝʪ ʥʘʨʫ-

ʰʠʪʴ ʠʭ ʦʨʠʝʥʪʘʮʠʶ. ʇʦʪʝʨʷ ʦʨʠʝʥʪʘʮʠʠ ʜʘʞʝ ʫ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ ʤʦʞʝʪ ʧʨʠʚʝ-

ʩʪʠ ʢ ʧʦʪʝʨʝ ʦʨʠʝʥʪʘʮʠʠ ʫ ʚʦʨʩʠʥʦʢ, ʜʚʠʞʫʱʠʭʩʷ ʨʷʜʦʤ. ʇʦʵʪʦʤʫ ʨʝʯʴ ʠʜʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʪʝʨʠ ʦʨʠʝʥ-

ʪʘʮʠʠ ʚʦʨʩʘ. ʇʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʪʘʢʘʷ ʧʦʪʝʨʷ ʥʝ ʩʪʨʘʰʥʘ: ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʠʭ ʩʠʣ ὓᴆ ʙʫʜʝʪ ʩʨʘʟʫ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʝʝ. ʅʦ ʧʨʠ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʝʛʦ 
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ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʩʜʝʣʘʥʘ ʧʦ-

ʧʳʪʢʘ ʦʮʝʥʠʪʴ ʦʙʘ ʤʦʤʝʥʪʘ ὓᴆ ʠ ὓᴆ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʥʘ ʚʦʨʩʠʥʢʫ ʚ ʧʨʦʮʝʩ-

ʩʝ ʜʚʠʞʝʥʠʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʠ ʨʘʩʩʤʦʪʨʝʪʴ ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʦʨʠʝʥʪʘʮʠʶ 

ʧʦʪʦʢʘ ʚʦʨʩʘ ʧʝʨʝʜ ʝʛʦ ʚʥʝʜʨʝʥʠʝʤ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. 

 

7.1. ʆʮʝʥʢʘ ʤʦʤʝʥʪʘ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

 ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ʅʘ ʨʠʩ. 7.1 ʧʦʢʘʟʘʥʳ ʩʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʟʘʨʷʞʝʥʥʫʶ ʚʦʨʩʠʥʢʫ, ʜʚʠʞʫ-

ʱʫʶʩʷ ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ Ὁᴆ. ʇʨʠ ʵʪʦʤ ʜʣʷ 

ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʝʥʠʷ ʚʦʟʴʤʝʤ ʙʠʧʦʣʷʨʥʦ ʟʘʨʷʞʝʥʥʫʶ ʚʦʨʩʠʥʢʫ (ʥʘ ʢʦʥʮʘʭ 

ʚʦʨʩʠʥʢʠ ʩʦʩʨʝʜʦʪʦʯʝʥʳ ʫʨʘʚʥʦʚʝʰʝʥʥʳʝ  ʟʘʨʷʜʳ ή  ʠ ɀή, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 
ʢʦʪʦʨʳʤʠ ʨʘʚʥʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ l) [1], [7], [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 7.1. ʉʠʣʳ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʙʠʧʦʣʷʨʥʦ ʟʘʨʷʞʝʥʥʫʶ ʚʦʨʩʠʥʢʫ, 

ʚ ʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ Ὁᴆ 
 

ʅʘ ʟʘʨʷʜʳ ʜʝʡʩʪʚʫʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʠʣʘ Ὂᴆ ήὉᴆ. ʄʦʤʝʥʪ ʵʪʦʡ ʩʠʣʳ 

(ʤʦʤʝʥʪ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ὓᴆ) ʜʝʡʩʪʚʫʝʪ ʥʘ ʚʦʨʩʠʥʢʫ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʝʝ ʦʩʠ ʦʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʩʪʨʝ-

ʤʠʪʩʷ ʦʨʠʝʥʪʠʨʦʚʘʪʴ ʝʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ Ὁᴆ. ʄʦʤʝʥʪ ʩʠʣʳ ὓᴆ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʢʪʦʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʨʘʜʠʫʩ-ʚʝʢ-

ʪʦʨʘ ὶᴆ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʟ ʪʦʯʢʠ O (ʮʝʥʪʨ ʤʘʩʩ ʚʦʣʦʢʥʘ) ʚ ʪʦʯʢʫ ὃ ʧʨʠʣʦʞʝʥʠʷ 

ʩʠʣʳ, ʥʘ ʩʠʣʫ Ὂᴆȡ  

ὓᴆ ὶᴆ Ὂᴆ.                                                (7.1) 

ʄʦʜʫʣʴ ʤʦʤʝʥʪʘ ʩʠʣʳ ʜʣʷ ʚʘʨʠʘʥʪʘ, ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʨʠʩ. 7.1, ʨʘʚʝʥ 

ὓ ὊὶÓÉÎ‌ ςὊ ÓÉÎ‌ ήὉὰÓÉÎ‌,   (7.2) 

ʛʜʝ Ὂ  ʤʦʜʫʣʴ ʩʠʣʳ, ʧʨʠʣʦʞʝʥʥʦʡ ʚ ʪʦʯʢʝ ɸ; ὶ  ʤʦʜʫʣʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ, ʧʨʦ-

ʚʝʜʝʥʥʳʡ ʠʟ ʪʦʯʢʠ O (ʮʝʥʪʨ ʚʦʣʦʢʥʘ) ʚ ʪʦʯʢʫ ὃ ʧʨʠʣʦʞʝʥʠʷ ʩʠʣʳ; ÓÉÎ‌  ʫʛʦʣ 

ʆ 

-qὉᴆ 

+qὉᴆ 

Ὁᴆ 

l 
ὺᴆ 
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ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ ὶᴆ ʠ Ὂᴆ; ή  ʟʘʨʷʜ ʚʦʣʦʢʥʘ, ʂʣ; Ὁ  ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ, ɺ/ʤ. 

ɺ ʚʳʨʘʞʝʥʠʠ (7.2) ʤʦʜʫʣʴ ʨʘʜʠʫʩ-ʚʝʢʪʦʨʘ ὶ ʨʘʚʝʥ ʧʦʣʦʚʠʥʝ ʜʣʠʥʳ ʚʦʣʦʢ-

ʥʘ ὰ: ὶ . ʊʘʢʞʝ ʫʯʪʝʥʦ, ʯʪʦ ʥʘ ʚʦʣʦʢʥʦ ʜʝʡʩʪʚʫʶʪ 2 ʤʦʤʝʥʪʘ ὓ  ʢʘʢ ʩʦ ʩʪʦʨʦ-

ʥʳ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʜʘ ή, ʪʘʢ ʠ ʩʦ ʩʪʦʨʦʥʳ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ  ɀή. 
ɽʩʣʠ ʫʯʝʩʪʴ, ʯʪʦ ʟʘʨʷʜ ʚʦʣʦʢʥʘ ʩʚʷʟʘʥ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ q = k E, ʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ k ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ, ʢʘʢ ʜʦʣʶ ɓ (0 Ò ɓ Ò 1) ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ kmax (ʪʘʙʣ. 4.3), ʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʟʘʨʷʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʚʠʜʝ q = ɓ kmaxE.  

ʄʦʤʝʥʪ ʩʠʣʳ (7.2) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 
 

M1 = ɓ kmaxE
2 
l sin Ŭ = ɓ qmaxE

 
l sin Ŭ. 

 

ɺ ʨʝʘʣʴʥʦʩʪʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜ. 4, ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʜʣʠʥʝ 

ʚʦʣʦʢʥʘ ʩ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝ-

ʜʫʁ ʱʝʤ ʚʠʜʝ: 

‎ὼ Ὁὥὼ ὦὼȢ      (7.3) 

ɿʜʝʩʴ ʚʳʨʘʞʝʥʠʝ ʚ ʩʢʦʙʢʘʭ ʜʦʣʞʥʦ ʠʤʝʪʴ ʨʘʟʤʝʨʥʦʩʪʴ ʌ (ʬʘʨʘʜʘ). 

ʊʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ (7.2) ʧʨʠʤʝʪ ʚʠʜ 

ὓ ‍ὉÓÉÎ‌ ᷿ ὥὼ ὦὼὼὨὼ‍ὉÓÉÎ‌ὰ ȟ           (7.4) 

ʛʜʝ ὰ  ʜʣʠʥʘ ʚʦʨʩʘ, ʤ; ὥȟὦ  ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʠ ʟʘʚʠʩʷʱʠʝ ʦʪ ʜʠʘʤʝʪʨʘ ʠ ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ; Ὁ  

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ɺ/ʤ; ‍ ʜʦʣʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʢʦʵʬʬʠ-

ʮʠʝʥʪʘ ʟʘʨʷʜʢʠ kmax, ʦʧʨʝʜʝʣʷʶʱʘʷ ʨʝʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0 

ʜʦ ή ; ‌  ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʚʦʨʩʠʥʢʠ ʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ. 

ʇʦʩʢʦʣʴʢʫ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ a ʠ b ʟʘʚʠʩʷʪ ʦʪ ʜʣʠʥʳ ʚʦʨʩʠʥʢʠ, ʪʦ ʩʦ-

ʦʪʥʦʰʝʥʠʝ (7.4) ʦʙʦʙʱʝʥʥʦ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὓ ὅὰ‍ὉÓÉÎ‌  Ȣ           (7.5) 

ɺ ʪʘʙʣ. 7.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ a ʠ b, ʘ ʪʘʢʞʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ C(l) ʜʣʷ ʚʦʨʩʘ ʩ ʨʘʟʥʳʤʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʤʠ ʨʘʟʤʝʨʘʤʠ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ, ʥʘʧʨʠʤʝʨ, ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 

Ὠ  20 ʤʢʤ ʬʦʨʤʫʣʘ ʜʣʷ ʤʦʤʝʥʪʘ ὓ  ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ὓ ψȟρσϽρπ ‍ὉÓÉÎ‌ Ȣ 

ɿʘʚʠʩʠʤʦʩʪʴ ὅὰ ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʦʧʠʩʘʪʴ ʧʦʣʠʥʦʤʦʤ ʚʪʦʨʦʡ ʩʪʝʧʝ-

ʥʠ. ʊʘʢ, ʜʣʷ ʚʦʨʩʘ ʜʠʘʤʝʪʨʦʤ Ὠ  20 ʤʢʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ T = 0,33 ʪʝʢʩ, 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ὓ  ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 

ὓ ρȟρωϽρπ ὰ ψȟψςϽρπ ὰ ςȟςχϽρπ ‍ὉÓÉÎ‌Ȣ         (7.6) 

ɼʣʷ ʚʦʨʩʘ ʩ ʜʨʫʛʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʥʘʧʨʠʤʝʨ, ʜʠʘʤʝʪʨʦʤ Ὠ  50 ʤʢʤ ʠ ʣʠ-

ʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ T = 2,2 ʪʝʢʩ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ὓʙʫʜʝʪ ʨʘʚʝʥ 

ὓ ςȟςυϽρπ ὰ ςȟφτϽρπ ὰ υȟυτϽρπ ‍ὉÓÉÎ‌Ȣ         (7.7) 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʵʪʦʪ ʤʦʤʝʥʪ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʚʦʨʩʘ (ɓ) ʠ 

ʢʚʘʜʨʘʪʠʯʥʦ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘ ʨʠʩ. 7.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘ-
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ʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʧʨʠ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʤʦʤʝʥʪʦʚ ʨʘʩʩʯʠʪʘʥʳ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʥʘ 3
0
.  

 

ʊʘʙʣʠʮʘ 7.1. ɺʳʨʘʞʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʤʦʤʝʥʪʘ ╜  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʦʨʩʘ ʇʘʨʘʤʝʪʨ a ʇʘʨʘʤʝʪʨ b ʂʦʵʬʬʠʮʠʝʥʪ C(l) 
1 2 3 4 

ὰ  0,5 ʤʤ; d =  13,4 ʤʢʤ; 

T = 0,17 ʪʝʢʩ 

 

4,35Ξ10
-5 

 

1,07Ξ10
-11 

 

7,0Ξ10
-22 

ὰ  0,5 ʤʤ; d =  20 ʤʢʤ; 

T = 0,33 ʪʝʢʩ 
υȟχωϽρπ ρȟρϽρπ  8,13Ξ10

-22
 

ὰ  1,0 ʤʤ; d =  20 ʤʢʤ; 

T = 0,33 ʪʝʢʩ 
ωȟπςϽρπ ρȟπσϽρπ  5,2Ξ10

-21
 

ὰ  1,5 ʤʤ; d =  20 ʤʢʤ; 

T = 0,33 ʪʝʢʩ 
σȟυχϽρπ πȟωτϽρπ  15,7Ξ10

-21
 

ὰ  1,5 ʤʤ; d =  27 ʤʢʤ; 

T = 0,67ʪʝʢʩ 
τȟςψϽρπ πȟωφυϽρπ  17,3Ξ10

-21
 

ὰ  2,0 ʤʤ; d =  50 ʤʢʤ; 

T = 2,2 ʪʝʢʩ 
ςȟρςϽρπ ρȟπωϽρπ  42,2Ξ10

-21
 

ὰ  2,5 ʤʤ; d =  50 ʤʢʤ; 

T = 2,2 ʪʝʢʩ 
ρȟυϽρπ  πȟωχτϽρπ  79,3Ξ10

-21
 

ὰ  3,0 ʤʤ; d =  50 ʤʢʤ; 

T = 2,2 ʪʝʢʩ 
πȟχτϽρπ ρȟπσϽρπ  128,0Ξ10

-21
 

 

 
 
 

ʈʠʩ. 7.2. ɺʣʠʷʥʠʝ ʜʦʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʥʘ ʤʦʤʝʥʪ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ: 

1 ï E = 3 ʢɺ/ʩʤ; 2 ï E = 4 ʢɺ/ʩʤ; 3 ï E = 5 ʢɺ/ʩʤ; 4 ï E = 6 ʢɺ/ʩʤ 
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7.2. ʆʮʝʥʢʘ ʤʦʤʝʥʪʘ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ʇʦʤʠʤʦ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ Ὂᴆ (ʨʠʩ. 7.1) ʥʘ ʚʦʣʦʢ-

ʥʦ ʜʝʡʩʪʚʫʝʪ ʚʝʩ ʠ ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ Ὂᴆ. ʕʪʦ ʚʝʩʴʤʘ ʥʝ-

ʧʨʦʩʪʘʷ ʟʘʜʘʯʘ, ʥʦ ʫʧʨʦʱʘʝʪ ʝʝ ʪʦ, ʯʪʦ ʤʳ ʭʦʪʠʤ ʪʦʣʴʢʦ ʧʨʠʙʣʠʞʝʥʥʦ ʩʨʘʚʥʠʪʴ 

ʤʦʤʝʥʪʳ ʵʪʠʭ ʩʠʣ ʧʨʠ ʤʘʣʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʩʦʚʧʘʜʘʶʪ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [9] ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʘ ʦʨʠʝʥʪʘʮʠʶ ʚʦʣʦʢʦʥ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 

ɺʦʣʦʢʥʦ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʚ ʚʠʜʝ ʜʠʧʦʣʷ ʩ ʟʘʨʷʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʥʘ ʢʦʥʮʘʭ 

ʚʦʣʦʢʥʘ. ʋʨʘʚʥʝʥʠʝ ʜʣʷ ʢʦʣʝʙʘʥʠʷ ʚʦʣʦʢʥʘ ʨʝʰʘʣʠ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ 

ʝʛʦ ʧʦʩʪʫʧʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʛʜʘ ʵʬʬʝʢʪʦʤ çʧʘʨʫʩʥʦʩʪʠè ʤʦʞʥʦ ʧʨʝʥʝ-

ʙʨʝʯʴ. ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚ ʵʪʠʭ ʧʨʠʙʣʠʞʝʥʠʷʭ ʠʤʝʝʪ ʚʠʜ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝ-

ʙʘʥʠʡ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʥʳʤ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʜʝʣʘʥʥʳʝ ʩʝ-

ʨʴʝʟʥʳʝ ʜʦʧʫʱʝʥʠʷ, ʧʨʠʚʝʣʠ ʢ ʪʦʤʫ, ʯʪʦ çʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʦʜʝʣʠ 

é ʦʩʪʘʝʪʩʷ é ʩʣʠʰʢʦʤ ʙʳʩʪʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʫʛʣʘ ʦʨʠ-

ʝʥʪʘʮʠʠ ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ ʥʫʣʷ, ʯʝʛʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝè [9]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʜʦʩʪʦʚʝʨʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʝʡ ʜʚʠʞʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʯʘʩʪʠʮʳ, ʠʤʝʶʱʝʡ ʦʪʢʣʦʥʝ-

ʥʠʝ ʦʩʠ ʯʘʩʪʠʮʳ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʝʝ ʜʚʠʞʝʥʠʷ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʜʣʷ ʧʨʠʙʣʠʞʝʥʥʦʡ ʦʮʝʥʢʠ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʚʦʣʦʢʥʘ ʵʤʧʠʨʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ (1.2). ɺʝʣʠʯʠʥʘ 

ʵʪʦʡ ʩʠʣʳ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʚʠʞʝʥʠʶ ʚʦʨʩʠʥʢʠ, ʢʦʛʜʘ ʝʝ ʦʩʴ ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʦʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦ-

ʩʪʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʩʪʨʝʤʠʪʩʷ ʨʘʟʚʝʨʥʫʪʴ 

ʚʦʨʩʠʥʢʫ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ. ɼʣʷ ʦʮʝʥʢʠ ʤʦʤʝʥʪʘ ʧʨʠ 

ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʦʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʩʠʣʘ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʱʘʜʠ ʚʦʨʩʠʥʢʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʦʡ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʘ ʨʘʚʥʦʤʝʨʥʦ ʚʜʦʣʴ ʚʦʨʩʠʥʢʠ.   

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʩʢʘʟʘʥʥʳʤ ʚʳʰʝ ʜʣʷ ʦʮʝʥʢʠ ʤʦʤʝʥʪʘ ʘʵʨʦʜʠʥʘʤʠʯʝ-

ʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ὓᴆ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ d, ʧʦʢʘʟʳʚʘʶʱʠʡ 
ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʠ ʧʨʦʝʢʮʠʠ ʚʦʨʩʠʥʢʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʧʦʜ ʫʛʣʦʤ Ŭ ʢ ʥʘʧʨʘʚʣʝ-

ʥʠʶ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ, ʢ ʧʣʦʱʘʜʠ ʩʝʯʝʥʠʷ ʚʦʨʩʠʥʢʠ. ʕʪʦʪ ʢʦʵʬʬʠʮʠʝʥʪ ʫʯʠʪʳ-

ʚʘʝʪ ʚʦʟʨʘʩʪʘʥʠʝ ʤʦʤʝʥʪʘ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ὓᴆ ʧʨʠ ʦʪ-

ʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʫʛʦʣ Ŭ [53]:  

‏   Ȣ                                           (7.8) 

ʊʦʛʜʘ ʤʦʜʫʣʴ ʤʦʤʝʥʪʘ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʦʞʥʦ 

ʦʮʝʥʠʪʴ ʢʘʢ 

ὓ Ὂ ÓÉÎ‌  ȟ                                              (7.9)‏
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ʛʜʝ Ὂ  ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʅ (1.2); l ï ʜʣʠʥʘ ʚʦʣʦʢʥʘ, ʤ; 

ὺ ï ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ, ʤ/ʩ; ‌  ʫʛʦʣ ʤʝʞʜʫ ʦʩʴʶ ʚʦʨʩʠʥʢʠ ʠ ʥʘʧʨʘʚ-

ʣʝʥʠʝʤ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ; d ï ʢʦʵʬʬʠʮʠʝʥʪ (7.8). 
 

ɸʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦʤʝʥʪ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʦʥʘ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ 

ʦʪ ʮʝʣʦʛʦ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʦʩʪʘ-

ʪʠʯʝʩʢʦʛʦ ʧʦʣʷ E. ɺʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʠʟ ʩʦʦʪʥʦʰʝ-

ʥʠʷ, ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʟʜ. 5, ʩ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʟʘ-

ʨ̫ʞʘʁ ʱʝʛʦ ʵʣʝʢʪʨʦʜʘ E0 (5.18): 

ὺὼ
Ѝ
Ѝὼ ȟ    (7.10) 

ʛʜʝ m ï ʤʘʩʩʘ ʚʦʨʩʠʥʢʠ, ʢʛ; q ï ʟʘʨʷʜ ʚʦʨʩʘ, ʂʣ; ʉ ï ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʩʠʣʳ 

ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (1.2), ʨʘʚʥʳʡ ὅ ρȟρρὰὨ ωȟσϽρπ); h ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʤ; x ï ʢʦʦʨʜʠʥʘʪʘ ʚʦʨʩʠʥʢʠ, ʤ. 
 

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʧʦʣʥʝ ʘʜʝʢʚʘʪʥʦ ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʚʦ ʚʩʝʤ 

ʜʠʘʧʘʟʦʥʝ ʟʘʨʷʜʦʚ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʊʝʧʝʨʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʚʳʨʘʞʝʥʠʝʤ (7.9), ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʘʵʨʦʜʠʥʘ-

ʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ὓ  ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ 

ʩʣʫʯʘʡʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʝʝ ʦʩʠ ʥʘ ʫʛʦʣ Ŭ = 3
0
 ʜʣʷ ʨʘʟʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ (ɓ ï 

ʜʦʣʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ) ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E = 4 ʢɺ/ʩʤ. ʇʦʣʫʯʝʥ-

ʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʢʨʠʚʳʭ ʥʘ ʨʠʩ. 7.3. 

 

 

 
ʈʠʩ. 7.3. ɿʘʚʠʩʠʤʦʩʪʴ ʤʦʤʝʥʪʘ ὓ  ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʚʦʨʩʠʥʢʠ: 

1 ï ɓ = 0,1; 2 ï ɓ = 0,3; 3 ï ɓ = 0,6; 4 ï ɓ = 0,8; 5 ï ɓ = 1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʝʝ 

ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʚʝʣʠʯʠʥʳ, ʢʦʛʜʘ ʜʘʞʝ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʚʦʨʩʠʥ-
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ʢʠ (ʥʘʧʨʠʤʝʨ, Ŭ = 3
0
) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʤʦʤʝʥʪ ʄ2 ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʄ1. 

ʇʨʠ ʵʪʦʤ ʝʝ ʦʨʠʝʥʪʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʩʣʫ-

ʯʘʡʥʦʤ ʤʘʣʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʤʦʤʝʥʪ ὓᴆ ʫʞʝ ʥʝ ʤʦʞʝʪ ʚʦʟʚʨʘʪʠʪʴ 

ʚʦʨʩʠʥʢʫ ʢ ʠʩʭʦʜʥʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʊʦʛʜʘ ʦʥʘ ʙʳʩʪʨʦ ʪʝʨʷʝʪ ʦʨʠʝʥʪʘʮʠʶ ʠ ʩʢʦ-

ʨʦʩʪʴ, ʠ ʧʨʦʮʝʩʩ ʦʨʠʝʥʪʘʮʠʠ ʠ ʫʩʢʦʨʝʥʠʷ ʜʦʣʞʝʥ ʥʘʯʠʥʘʪʴʩʷ ʩʥʘʯʘʣʘ. 

 

7.3. ʆʮʝʥʢʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʠʥʢʠ 

 ʧʨʠ ʜʚʠʞʝʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ɺ ʨʘʟʜ. 7.1 ʠ 7.2 ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʘ ʦʩʥʦʚʥʳʭ ʬʘʢʪʦʨʘ, ʚʣʠʷʶʱʠʝ ʥʘ 

ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʪʦ ʤʦʤʝʥʪ ʩʠ-

ʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ὓᴆ ʠ ʤʦʤʝʥʪ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ὓᴆ. ɺ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʦʢʘ 

ʩʢʦʨʦʩʪʴ ʝʝ ʤʘʣʘ, ʦʨʠʝʥʪʘʮʠʷ ʫʣʫʯʰʘʝʪʩʷ, ʠ ʝʩʣʠ ʜʘʞʝ ʦʩʴ ʚʦʨʩʠʥʢʠ ʧʦ ʢʘʢʦʡ-

ʣʠʙʦ ʧʨʠʯʠʥʝ ʦʪʢʣʦʥʠʣʘʩʴ ʦʪ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʥʝʢʦʪʦʨʳʡ ʫʛʦʣ Ŭ, ʪʦ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʦʤʝʥʪʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʡ ʩʠʣʳ ʦʥʘ ʚʥʦʚʴ ʚʦʩʩʪʘʥʦʚʠʪʩʷ. ʊ. ʝ. 

ʧʦʢʘ ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ M1ȟ ʧʨʝʦʙʣʘʜʘʝʪ ʥʘʜ ʘʵʨʦʜʠ-

ʥʘʤʠʯʝʩʢʠʤ ʤʦʤʝʥʪʦʤ M2 (ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʫʛʣʝ ʦʪʢʣʦʥʝʥʠʷ Ŭ), ʦʨʠʝʥʪʘʮʠʷ 

ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. C ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʘ ʚʩʪʫʧʘʝʪ ʚ ʩʪʘʜʠʶ ʥʝ-

ʫʩʪʦʡʯʠʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʠ ʧʨʠ ʩʣʫʯʘʡʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʝʝ ʦʩʠ ʥʘ ʪʦʪ ʞʝ ʫʛʦʣ Ŭ 

ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʤʦʤʝʥʪ M2 ʠ ʦʨʠʝʥʪʘʮʠʷ ʙʫʜʝʪ ʥʘʨʫʰʝʥʘ. ʊʘʢʠʤ ʦʙʨʘ-

ʟʦʤ, ʫʩʣʦʚʠʷ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʩʚʷʟʘʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʠ ʩ 

ʢʨʠʪʠʯʝʩʢʠʤ ʫʛʣʦʤ ʦʪʢʣʦʥʝʥʠʷ Ŭ. ʂʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ï ʵʪʦ ʫʛʦʣ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʤʦʤʝʥʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʫʞʝ ʥʝ ʤʦʞʝʪ ʚʝʨʥʫʪʴ ʚʦʨʩʠʥʢʝ ʝʝ 

ʦʨʠʝʥʪʘʮʠʶ, ʢʦʛʜʘ ʦʩʴ ʚʦʨʩʠʥʢʠ ʧʘʨʘʣʣʝʣʴʥʘ ʚʝʢʪʦʨʫ ʩʢʦʨʦʩʪʠ. ʕʪʦ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʦʪʝʨʝʡ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘ ʫʛʦʣ, 

ʤʝʥʴʰʠʡ ʯʝʤ ʢʨʠʪʠʯʝʩʢʠʡ, ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʠʥʢʠ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ. 

ʕʪʦʪ ʫʛʦʣ Ŭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ 

ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ M1 = M2.  

ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ) ʠ ʩʚʦʡʩʪʚ ʚʦʨʩʘ (ʟʘʨʷʜ, 

ʜʣʠʥʘ ʠ ʜʠʘʤʝʪʨ ʚʦʨʩʘ), ʪʦ ʨʘʩʯʝʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ Ŭ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʙʫ-

ʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʣʷ ʪʨʝʭ ʚʘʨʠʘʥʪʦʚ:  

1. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʪ 3 ʜʦ 6 ʢɺ/ʩʤ ʧʨʠ ʤʝʞʵʣʝʢʪʨʦʜ-

ʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h = 8 ʩʤ, ʜʣʠʥʝ ʚʦʨʩʘ l = 0,5 ʤʤ ʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ (kmax = const).  

2. ʈʘʟʣʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ q (ʢʦʵʬʬʠʮʠʝʥʪʳ ʟʘʨʷʜʢʠ: 0,4Ŀkmax; 0,6Ŀkmax; 

0,8Ŀkmax) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ h = 8 ʩʤ, ʜʣʠʥʝ ʚʦʨʩʘ l = 0,5 ʤʤ.  

3. ʈʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʠʥ ʚʦʨʩʘ (0,5; 1; 2; 3 ʤʤ) ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h = 8 ʩʤ.  

ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦ-

ʩʪʠ ʚʦʨʩʠʥʢʠ ὺ (7.10) ʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʤʝʥʪʦʚ ʄ1 (7.4) ʠ ʄ2 (7.9) 

ʩ ʧʦʤʦʱʴʶ ʦʧʮʠʠ çʇʦʠʩʢ ʨʝʰʝʥʠʷè.  
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ɺ ʪʘʙʣ. 7.2 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʦ ʚʘʨʠ-

ʘʥʪʫ 1 (ʨʘʟʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ) ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ, ʜʠʘʤʝʪʨʦʤ d = 20 ʤʢʤ, 

ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʊ = 0,33 ʪʝʢʩ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h = 8 ʩʤ.  

ɿʘʨʷʜ ʚʦʨʩʘ q ʧʨʠʥʷʪ ʨʘʚʥʳʤ 0,5Ξqmax (ɓ = 0,5). ʂʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ kmax 

ʫʯʠʪʳʚʘʝʪ ʜʣʠʥʫ ʚʦʨʩʘ (kmax = 2,28Ŀρπ  ʂʣΞʤ/ɺ). ʈʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʚʦʨʩʠʥʢʠ x. 

 

ʊʘʙʣʠʮʘ 7.2. ʆʮʝʥʢʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ Ŭ ʜʣʷ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ὼ, ʤ 
ɽ = 3 ʢɺ/ʩʤ ɽ = 4 ʢɺ/ʩʤ ɽ = 5 ʢɺ/ʩʤ ɽ = 6 ʢɺ/ʩʤ 

ὺὼ, ʤ/ʩ Ŭ, 
0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 

0,01 2,51 12,5 3,68 14,0 4,86 15,5 6,04 16,9 

0,02 3,54 7,47 5,21 8,2 6,87 8,88 8,53 9,48 

0,03 4,34 5,33 6,38 5,76 8,42 6,17 10,45 6,52 

0,04 5,02 4,10 7,37 4,37 9,72 4,64 12,07 4,87 

0,05 5,61 3,27 8,24 3,45 10,87 3,64 13,49 3,80 

0,055 5,88 2,95 8,64 3,10 11,39 3,26 14,15 3,40 

0,06 6,14 2,67 9,02 2,80 11,9 2,93 14,78 3,05 

0,065 6,39 2,43 9,39 2,53 12,39 2,64 15,39 2,75 

0,07 6,64 2,22 9,75 2,30 12,86 2,39 15,97 2,48 

0,08 7,09 1,86 10,42 1,91 13,74 1,98 17,07 2,04 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʘ ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ (ʨʠʩ. 7.4).  

 

 

 

ʈʠʩ. 7.4. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ 

ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ: 

1 ï E = 3 ʢɺ/ʩʤ; 2 ï E = 4 ʢɺ/ʩʤ; 3 ï E = 5 ʢɺ/ʩʤ; 4 ï E = 6 ʢɺ/ʩʤ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʧʨʠ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ ʧʦʪʝʨʷ ʝʝ ʦʨʠʝʥʪʘʮʠʠ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʟʥʘʯʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʝʝ ʦʩʠ (12,5Á ï 16,9Á). ʇʨʠ ʤʝʥɹ-
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ʰʠʭ ʫʛʣʘʭ ʦʪʢʣʦʥʝʥʠʷ ʦʨʠʝʥʪʘʮʠʷ ʙʫʜʝʪ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʦʚʣʝʥʘ. ɿʘʪʦ ʧʨʠ ʚʳʩʦ-

ʢʠʭ ʩʢʦʨʦʩʪʷʭ ʚʦʨʩʠʥʢʠ ʦʨʠʝʥʪʘʮʠʷ ʙʫʜʝʪ ʧʦʪʝʨʷʥʘ ʫʞʝ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʩʝ-

ʛʦ ʥʘ 2Á.  

ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʥʘ ʢʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ 

ʚʦʨʩʘ. ɺ ʪʘʙʣ. 7.3 ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ὺ  
ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʫʛʣʳ Ŭ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ = 4 ʢɺ/ʩʤ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h = 8 ʩʤ, ʥʦ ʧʨʠ 

ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘʨʷʜʘ q (ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ kmax = 2,28Ξ10
-18

 ʂʣΞʤ/ɺ). ʈʘʩ-

ʯʝʪ ʧʨʦʚʝʜʝʥ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ. 

 

ʊʘʙʣʠʮʘ 7.3. ʆʮʝʥʢʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ Ŭ  

ὼ, ʤ 

q = 3,65Ŀ10
-13

 ʂʣ 

k = 0,4Ŀkmax 

q = 5,47Ŀ10
-13

 ʂʣ 

k = 0,6Ŀkmax 

q = 7,3Ŀ10
-13

 ʂʣ 

k = 0,8Ŀkmax 

ὺὼ, ʤ/ʩ Ŭ, 
0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 

0,01 3,19 13,4 4,13 14,6 4,93 15,6 

0,02 4,51 7,89 5,84 8,47 6,97 8,92 

0,03 5,52 5,58 7,16 5,92 8,54 6,19 

0,04 6,38 4,25 8,27 4,48 9,86 4,65 

0,05 7,13 3,37 9,24 3,53 11,02 3,65 

0,055 7,48 3,03 9,69 3,16 11,56 3,27 

0,06 7,81 2,74 10,12 2,85 12,07 2,94 

0,065 8,13 2,48 10,53 2,58 12,57 2,65 

0,07 8,43 2,26 10,93 2,34 13,04 2,40 

0,08 9,02 1,88 11,69 1,93 13,94 1,98 

 

ʅʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ ʪʘʙʣ. 7.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʜʣʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛ-

ʣʘ Ŭ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʨʘʟʥʦʡ ʚʝʣʠʯʠʥʝ 

ʟʘʨʷʜʘ (ʨʠʩ. 7.5). 

ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʯʝʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʪʫ ʞʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ: 

ʝʩʣʠ ʩʢʦʨʦʩʪʴ v ʚʦʨʩʘ ʤʘʣʘ, ʪʦ ʢʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ Ŭ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢ (ʜʦ 12Áï

17Á) ʠ ʚʝʨʦʷʪʥʦʩʪʴ ʪʦʛʦ, ʯʪʦ ʚʦʨʩʠʥʢʘ ʦʪʢʣʦʥʠʪʩʷ ʥʘ ʙʦʣʴʰʠʡ ʫʛʦʣ ʥʝʙʦʣʴʰʘʷ. 

ʆʜʥʘʢʦ ʫʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʵʣʝʢʪʨʦʜʘ h å 6 ʩʤ, ʢʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ ʩʥʠʞʘʝʪʩʷ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʜʦ Ŭ å 3Á, ʠ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ ʤʦʞʝʪ ʣʝʛʢʦ ʪʝʨʷʪʴ 

ʦʨʠʝʥʪʘʮʠʶ.  
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ʈʠʩ. 7.5. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ: 

1 ï q = 3,65Ŀρπ  ʂʣ; 2 ï q = 5,47Ŀρπ  ʂʣ; 3 ï q = 7,3Ŀρπ  ʂʣ 

 

ʊʝʧʝʨʴ ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ Ŭ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʜʣʷ 

ʚʦʨʩʘ ʨʘʟʥʦʡ ʜʣʠʥʳ (l ʦʪ 0,5 ʜʦ 3 ʤʤ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʧʨʠ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 4 ʢɺ/ʩʤ ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷʥʠʠ h = 8 ʩʤ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 7.4. 

 

ʊʘʙʣʠʮʘ 7.4. ʆʮʝʥʢʘ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ Ŭ ʜʣʷ ʚʦʨʩʘ ʨʘʟʥʦʡ ʜʣʠʥʳ 

ὼ, ʤ 

l = 0,5 ʤʤ 

d = 20 ʤʢʤ 

kmax = 2,28Ŀρπ  

l = 1,0 ʤʤ 

d = 20 ʤʢʤ 

k max = 7,4Ŀρπ  

l = 1,5 ʤʤ 

d = 20 ʤʢʤ 

k max = 1,5Ŀρπ  

l = 2,0 ʤʤ 

d = 50 ʤʢʤ 

k max = 3,03Ŀρπ  

l = 3,0 ʤʤ 

d = 50 ʤʢʤ 

k max = 6,05Ŀρπ  

ὺὼ, ʤ/ʩ Ŭ, 
0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 ὺὼ, ʤ/ʩ Ŭ, 

0
 

0,01 3,68 14,0 4,97 7,60 5,97 5,33 2,74 11,03 3,25 8,08 

0,02 5,21 8,20 7,03 4,37 8,44 3,03 3,87 6,78 4,59 4,91 

0,03 6,38 5,76 8,61 3,04 10,3 2,08 4,74 4,9 5,63 3,56 

0,04 7,37 4,37 9,94 2,28 11,9 1,55 5,47 3,85 6,49 2,78 

0,05 8,24 3,45 11,1 1,79 13,3 1,21 6,12 3,14 7,26 2,27 

0,055 8,64 3,10 11,7 1,60 13,9 1,08 6,42 2,86 7,62 2,07 

0,06 9,02 2,80 12,2 1,43 14,6 0,97 6,70 2,63 7,96 1,90 

0,065 9,39 2,53 12,7 1,29 15,2 0,87 6,97 2,43 8,28 1,75 

0,07 9,75 2,30 13,2 1,17 15,8 0,78 7,24 2,25 8,59 1,62 

0,08 10,4 1,91 14,1 0,96 16,9 0,64 7,74 1,93 9,19 1,40 

 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʜʚʫʭ ʛʨʘʬʠʢʦʚ (ʨʠʩ. 7.6 

ʠ 7.7), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʥʦʤʫ ʜʠʘʤʝʪʨʫ ʚʦʨʩʘ (20 ʠ 50 ʤʢʤ). ʕʪʦ ʩʚʷʟʘʥʦ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʟʥʠʮʝʡ ʩʢʦʨʦʩʪʝʡ ʚʦʨʩʠʥʦʢ. 
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ʉʢʦʨʦʩʪʴ ὺ, ʤ/ʩ 

 
 

 

ʈʠʩ. 7.6. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ 

ʨʘʟʥʦʡ ʜʣʠʥʳ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ (d = 20 ʤʢʤ): 

1 ï l = 1,5 ʤʤ; 2 ï l = 1,0 ʤʤ; 3 ï l = 0,5 ʤʤ 

 

 
 
 

ʈʠʩ. 7.7. ɿʘʚʠʩʠʤʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ 

ʨʘʟʥʦʡ ʜʣʠʥʳ ʦʪ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ (d = 50 ʤʢʤ): 

1 ï l = 2,0 ʤʤ; 2 ï l = 3,0 ʤʤ 

 

ʋ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ ʢʨʠʪʠʯʝʩʢʠʡ ʫʛʦʣ Ŭ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ (ʧʨʠ 

ʤʝʥʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʫʛʣʘ ʦʨʠʝʥʪʘʮʠʷ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʧʨʠ ʙʦʣʴʰʠʭ ï ʪʝʨʷʝʪʩʷ 

ʥʝʦʙʨʘʪʠʤʦ), ʯʝʤ ʫ ʚʦʨʩʘ ʙʦʣʴʰʝʡ ʜʣʠʥʳ (l = 1,0 ʤʤ ʠ l = 1,5 ʤʤ). ʊ. ʝ. ʜʣʷ ʧʦʪʝ-

ʨʠ ʦʨʠʝʥʪʘʮʠʠ ʢʦʨʦʪʢʦʡ ʚʦʨʩʠʥʢʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʥʫʞʥʦ ʝʝ ʦʪʢʣʦʥʠʪʴ 

ʥʘ ʙʦʣʴʰʠʡ ʫʛʦʣ. ʊʘʢʘʷ ʞʝ ʪʝʥʜʝʥʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʚʦʨʩʘ ʙʦʣʴʰʝʡ ʜʣʠʥʳ     
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(l = 2,0 ï 3,0 ʤʤ). ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʦʤʝʥʪ ʄ2 ʙʳʩʪʨʦ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ.  

 

7.4. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

 ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ʋʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚʦʨʩʠʥʦʢ ʚ ʧʨʦʮʝʩʩʝ 

ʠʭ ʜʚʠʞʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʠʩʭʦʜʷ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ ὓ  ʠ ὓ  ʚ ʟʘʚʠʩʠ-

ʤʦʩʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʡʜʝʥʥʦʛʦ ʚʦʨʩʠʥʢʦʡ ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦ-

ʜʘʤʠ. ʀʟʤʝʥʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʤʦʤʝʥʪʘʤʠ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʩʢʦʨʦʩʪʠ ʜʚʠ-

ʞʝʥʠʷ ʚʦʨʩʠʥʢʠ ʧʦʢʘʞʝʪ ʤʦʤʝʥʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨ-

ʩʠʥʢʠ. ɼʣʷ ʨʘʩʯʝʪʦʚ ʧʨʠʤʝʤ ʟʥʘʯʝʥʠʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʫʛʣʘ, ʢʦʛʜʘ ʚʦʨʩʠʥʢʘ ʤʦʞʝʪ 

ʧʦʪʝʨʷʪʴ ʦʨʠʝʥʪʘʮʠʶ, ʨʘʚʥʳʤ Ŭ å 2Á ï 3Á.  

ʈʘʩʯʝʪ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ὓ  ʠ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ ὓ  

ʧʨʦʚʝʜʝʥ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ, ʜʠʘʤʝʪʨʦʤ d = 20 ʤʢʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦ-

ʩʪʴʶ T = 0,33 ʪʝʢʩ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E = 4 ʢɺ/ʩʤ ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ h = 0,08 ʤ. ɺ ʪʘʙʣ. 7.5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ Ŭ = 2
0
. 

ɺʝʣʠʯʠʥʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ή  ωȟρςϽρπ  ̠  ̌(ɓ = 1). ɺ ʪʘʙʣ. 7.6 ʘʥʘ-

ʣʦʛʠʯʥʳʝ ʨʘʩʯʝʪʳ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʦʪʢʣʦʥʝʥʠʷ ʦʩʠ ʚʦʨʩʠʥʢʠ Ŭ = 3
0
 ʧʨʠ ʜʚʫʭ ʟʥʘ-

ʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 7.5. ʈʘʩʯʝʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ (Ŭ = 2
0
) 

M1, ʅĿʤ ὼ, ʤ ὺὼ, ʤ/ʩ Ὂ, ʅ M2, ʅĿʤ M1/ M2 

 

 

 

 

4,58Ŀρπ  

0,01 5,6 5,2Ŀρπ 9,62Ŀρπ  4,7 

0,02 7,9 8,5Ŀρπ 15,6Ŀρπ  2,9 

0,03 9,7 11,4Ŀρπ 21,1Ŀρπ  2,2 

0,04 11,2 14,2Ŀρπ 2,62Ŀρπ  1,8 

0,05 12,6 16,9Ŀρπ 3,11Ŀρπ  1,5 

0,055 13,2 18,2Ŀρπ 3,35Ŀρπ  1,4 

0,06 13,7 19,5Ŀρπ 3,59Ŀρπ  1,3 

0,065 14,3 20,8Ŀρπ 3,82Ŀρπ  1,2 

0,07 14,9 22,0Ŀρπ 4,05Ŀρπ  1,1 

0,08 15,9 24,5Ŀρπ 4,51Ŀρπ  1,0 

  



122 

ʊʘʙʣʠʮʘ 7.6. ʈʘʩʯʝʪ ʩʦʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ (Ŭ = 3
0
) 

E, ʢɺ/ʩʤ q, ʂʣ 

ɓ = 1 

M1, ʅĿʤ ὼ, ʤ ὺὼ, ʤ/ʩ Ὂ, ʅ M2, ʅĿʤ M1/ M2 

4 9,12Ŀρπ  6,87Ŀρπ  

0,01 5,6 5,2Ŀρπ 1,82Ŀρπ  3,8 

0,02 7,9 8,5Ŀρπ 2,96Ŀρπ  2,3 

0,03 9,7 11,4Ŀρπ 3,99Ŀρπ  1,7 

0,04 11,2 14,2Ŀρπ 4,96Ŀρπ  1,4 

0,05 12,6 16,9Ŀρπ 5,89Ŀρπ  1,2 

0,055 13,2 18,2Ŀρπ 6,34Ŀρπ  1,1 

0,06 13,7 19,5Ŀρπ 6,79Ŀρπ  1,0 

0,065 14,3 20,8Ŀρπ 7,24Ŀρπ  0,95 

0,07 14,9 22,0Ŀρπ 7,68Ŀρπ  0,89 

0,08 15,9 24,5Ŀρπ 8,55Ŀρπ  0,8 

5 11,4Ŀρπ  10,7Ŀρπ  

0,01 7,29 7,49Ŀρπ 2,61Ŀρπ  4,09 

0,02 10,3 12,4Ŀρπ 4,34Ŀρπ  2,46 

0,03 12,6 17,0Ŀρπ 5,92Ŀρπ  1,81 

0,04 14,6 21,3Ŀρπ 7,42Ŀρπ  1,44 

0,05 16,3 25,5Ŀρπ 8,88Ŀρπ  1,2 

0,055 17,1 27,5Ŀρπ 9,59Ŀρπ  1,12 

0,06 17,9 29,6Ŀρπ 10,3Ŀρπ  1,03 

0,065 18,6 31,6Ŀρπ 11,0Ŀρπ  0,97 

0,07 19,3 33,6Ŀρπ 12,4Ŀρπ  0,91 

0,08 20,6 37,5Ŀρπ 13,1Ŀρπ  0,82 

 

ʈʘʩʯʝʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 7.5, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ ʚʦʨ-

ʩʠʥʢʠ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʝ 2
0
, ʥʝ ʚʳʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʡ ʧʦʪʝʨʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʠʥ-

ʢʠ
 
ʥʘ ʚʩʝʤ ʧʨʦʤʝʞʫʪʢʝ ʝʝ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʝʪ 

ʤʦʤʝʥʪ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ1). ʆʜʥʘʢʦ ʫʞʝ ʧʨʠ ʦʪʢʣʦ-

ʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʥʘ 3
0
 (ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 4 ʢɺ/ʩʤ) ʥʘ ʨʘʩʩʪʦʷʥʠʠ 6 ʩʤ ʦʪ 

ʵʣʝʢʪʨʦʜʘ ʠ ʧʨʠ ʩʢʦʨʦʩʪʠ 13,7 ʤ/ʩ ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʤʦ-

ʤʝʥʪ ʄ2 ʠ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʠʥʢʠ ʩʪʘʥʦʚʠʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦʡ. ʕʪʦ ʤʦʞʥʦ ʥʘʛʣʷʜʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ: ʥʘ ʧʝʨʚʦʤ (ʨʠʩ. 7.8) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥ-

ʪʦʚ ʜʣʷ ʦʜʠʥʘʢʦʚʦʛʦ ʚʦʨʩʘ (l = 0,5 ʤʤ, qmax = 9,12Ț10
-13

 ʂʣ), ʥʦ ʧʨʠ ʨʘʟʥʦʡ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʘ ʥʘ ʚʪʦʨʦʤ (ʨʠʩ. 7.10) ʧʦʢʘʟʘʥʦ ʠʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʚ 

ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʜʣʷ ʚʦʨʩʘ, ʠʤʝʶʱʝʛʦ ʨʘʟʥʳʡ ʟʘʨʷʜ (q1 = 9,12Ț10
-13 
ʂʣ, q2 =   

= 5,47Ț10
-13

 ʂʣ) ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ɽ = 4 ʢɺ/ʩʤ).  
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ʈʠʩ. 7.8. ʀʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʄ1 ʠ ʄ2 ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʚʦʨʩʠʥʢʠ 

ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

1 ï M1 ʧʨʠ ɽ = 4 ʢɺ/ʩʤ; 2 ï M1 ʧʨʠ ɽ = 5 ʢɺ/ʩʤ; 

3 ï M2 ʧʨʠ ɽ = 4 ʢɺ/ʩʤ; 4 ï M2 ʧʨʠ ɽ = 5 ʢɺ/ʩʤ 

 

 
ʈʠʩ. 7.9. ʀʟʤʝʥʝʥʠʝ ʤʦʤʝʥʪʦʚ ʄ1 ʠ ʄ2 ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʚʦʨʩʠʥʢʠ 

ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

1 ï M1 ʧʨʠ q = 5,47Ț10
-13

 ʂʣ; 2 ï M1 ʧʨʠ q = 9,12Ț10
-13

 ʂʣ; 

3 ï M2 ʧʨʠ q = 5,47Ț10
-13

 ʂʣ; 4 ï M2 ʧʨʠ q = 9,12Ț10
-13

 ʂʣ 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʦʢʘ ʩʢʦʨʦʩʪʴ ʚʦʨʩʘ ʤʘʣʘ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʠʤʝʝʪ 

ʤʦʤʝʥʪ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ1 (ʧʨʦʠʩʭʦʜʠʪ ʫʣʫʯʰʝʥʠʝ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʠʥʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

ʥʝʢʦʪʦʨʦʛʦ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʘ ʧʦʧʘʜʘʝʪ ʚ ʦʙʣʘʩʪʴ ʥʝʫʩʪʦʡʯʠʚʦʡ ʦʨʠ-

ʝʥʪʘʮʠʠ ï ʪʦʯʢʘ x0 (M1/M2 = 1). ʇʦʩʣʝ ʵʪʦʛʦ ʤʦʤʝʥʪ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ 
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ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʄ2 ʫʞʝ ʧʨʠ ʤʘʣʦʤ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʙʫʜʝʪ ʧʨʝʚʳʰʘʪʴ ʤʦʤʝʥʪ 

ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʄ1. ʇʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʥʘ ʫʛʦʣ ʙʦʣʴʰʝ ʢʨʠʪʠʯʝʩʢʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ 

ʫʭʫʜʰʝʥʠʝ ʦʨʠʝʥʪʘʮʠʠ ʠ ʧʘʜʝʥʠʝ ʩʢʦʨʦʩʪʠ. 

ɼʣʷ ʚʟʘʠʤʦʩʚʷʟʠ ʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ ʩʦ ʩʢʦʨʦʩʪʴʶ ʥʘ ʦʩʥʦʚʝ ʜʘʥʥʳʭ 

ʪʘʙʣ. 7.5 ʠ 7.6 ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʩʪʝʧʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʫʜʦʙʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʛʨʘʬʠʯʝʩʢʠ (ʨʠʩ. 7.10). ɻʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ ʦʪʤʝʯʘʝʪ 

ʛʨʘʥʠʮʫ ʥʝʫʩʪʦʡʯʠʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ. ʅʠʞʝ ʵʪʦʡ ʣʠʥʠʠ ʚʦʨʩʠʥʢʠ ʚʩʪʫʧʘʶʪ 

ʚ ʟʦʥʫ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʭ ʦʨʠʝʥʪʘʮʠʠ. 
 

 
ʈʠʩ. 7.10. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʤʦʤʝʥʪʦʚ ʄ1/ʄ2 ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ: 

1 ï Ŭ = 2
0
, ɽ = 5 ʢɺ/ʩʤ; 2 ï Ŭ = 3

0
, ɽ = 4 ʢɺ/ʩʤ; 3 ï Ŭ = 2

0
, ɽ = 4 ʢɺ/ʩʤ 

 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʦʨʠʝʥʪʘʮʠʷ ʧʦʪʦʢʘ ʚʦʨʩʘ ʚ ʩʨʝʜʥʝʤ 

ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ, ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʘ ʭ0 ʩʦʚʧʘʜʘʝʪ ʩ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦ-

ʜʘʤʠ, ʪ. ʝ. ʜʦ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʦʨʜʠʥʘʪʘ ʭ0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʘʚʝʥʩʪʚʫ ʤʦʤʝʥʪʦʚ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʠ ʟʘʨʷʜʘ ʚʦʨʩʘ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦ x ~ 0,06 ʤ. 

 

7.5. ʆʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ 

 

ʂʦʦʨʜʠʥʘʪʫ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʥʝʫʩʪʦʡʯʠʚʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʠʥʦʢ 

ʭ0, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʫʩʣʦʚʠʷ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʄ1 = ʄ2, ʧʨʠʨʘʚʥʷʚ ʚʳʨʘʞʝ-

ʥʠʷ (7.4) ʠ (7.9): 

‍ὉÓÉÎ‌ὰ ρȟρρὰὨ ωȟσϽρπ ὺ πȟρὺ ÓÉÎ‌  (7.11)    .‏

ʂʦʦʨʜʠʥʘʪʘ ʭ0 ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʧʦʵʪʦʤʫ, ʟʥʘʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦ-

ʩʪʠ (7.10) ʠʟ ʨʘʚʝʥʩʪʚʘ (7.11), ʩʥʘʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ὺ: 
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ὺ πȟρὺ
ȟ ȟϽ

.                                (7.12) 

ʇʨʘʚʘʷ ʯʘʩʪʴ ʫʨʘʚʥʝʥʠʷ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ, ʧʦʵʪʦʤʫ, ʟʘʤʝʥʠʚ ʝʝ ʢʦʥ-

ʩʪʘʥʪʦʡ ɸ, ʧʦʣʫʯʠʤ ʧʨʦʩʪʦʝ ʢʚʘʜʨʘʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʢʦʨʦʩʪʠ: 

ὺ πȟρὺ ὃ  0.                                   (7.13) 

ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (7.13) ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ 

ὺ υ ЍςυρπὃȢ                                (7.14) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʪʘ ʚʦʨʩʠʥʢʠ ʭ0 ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʤʦʤʝʥʪʦʚ M1 ʠ M2 

ʙʫʜʝʪ ʨʘʚʥʘ 

 ὼ
Ѝ

Ѝ
.                                      (7.15) 

ɺ ʪʘʙʣ. 7.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪʳ ʭ0 ʜʣʷ ʨʘʟʥʦʡ ʜʣʠʥʳ ʚʦʨ-

ʩʘ ʧʨʠ ʨʘʚʝʥʩʪʚʝ ʤʦʤʝʥʪʦʚ M1 ʠ M2. ʈʘʩʯʝʪ ʧʨʦʠʟʚʦʜʠʣʩʷ ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 

0,5 ʠ 1,0 ʤʤ ʜʠʘʤʝʪʨʦʤ d = 20 ʤʢʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ T = 0,33 ʪʝʢʩ; ʜʣʷ ʚʦʨʩʘ 

l = 1,5 ʤʤ ʜʠʘʤʝʪʨʦʤ d = 27 ʤʢʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ T = 0,67 ʪʝʢʩ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʚʦʨʩʘ ʜʣʠʥʦʡ 2,0 ʠ 3,0 ʤʤ, ʜʠʘʤʝʪʨʦʤ d = 50 ʤʢʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ T = 2,2 ʪʝʢʩ. 

ʄʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʚʳʙʨʘʥʦ h = 0,08 ʤ, ʜʦʣʷ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʚʦʨʩʘ ‍  0,8, ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 3, 4, 5 ʠ 6 ʢɺ/ʩʤ. ʉʣʫʯʘʡʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʩʠ 
ʚʦʨʩʠʥʢʠ ʧʨʠʥʠʤʘʝʤ Ŭ = 3

0 
.  

 

ʊʘʙʣʠʮʘ 7.7. ʆʮʝʥʢʘ ʢʦʦʨʜʠʥʘʪʳ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ● 

ʃʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ 

ʊ, ʪʝʢʩ 

ɼʣʠʥʘ l, 

ʤʤ 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ 

ɽ, ʢɺ/ʩʤ 

 

ɿʘʨʷʜ q, ʂʣ 

(‍ πȟψ) 
ʄ1 = ʄ2, 

ʅϽʤ 

ʈʘʩʩʪʦʷʥʠʝ 

ὼ, ʩʤ, ʧʨʠ 
ʄ1 = ʄ2 

v(x0), 

ʤ/ʩ 

0,33 

0,5 

3 υȟτψϽρπ  σȟπφϽρπ  5,6 8,15 

4 χȟρσϽρπ  υȟτϽρπ  5,9 12,0 

5 ωȟρςϽρπ  ψȟυϽρπ  6,1 15,9 

6 ρρȟρϽρπ  ρςȟςϽρπ  6,3 19,8 

1,0 

3 ρȟχτϽρπ  ρωȟφϽρπ  3,1 8,1 

4 ςȟσςϽρπ  στȟψϽρπ  3,3 11,8 

5 ςȟωϽρπ  υτȟτϽρπ  3,5 15,7 

6 σȟτψϽρπ  χψȟσϽρπ  3,7 19,6 

0,67 1,5 

3 σȟψωϽρπ  φυȟσϽρπ  3,1 7,1 

4 υȟρωϽρπ  ρρφϽρπ  3,5 10,4 

5 φȟυϽρπ  ρψρϽρπ  3,7 13,9 

6 χȟχψϽρπ  ςφρϽρπ  3,9 17,5 

2,2 

2 

3 χȟςφϽρπ  ρυωϽρπ  5,1 5,8 

4 ωȟφψϽρπ  ςψσϽρπ  5,8 8,7 

5 ρςȟρϽρπ  ττςϽρπ  6,3 11,7 

6 ρτȟυϽρπ  φσφϽρπ  6,7 14,8 

3 

3 ρτȟυϽρπ  τψσϽρπ  3,6 5,8 

4 ρωȟτϽρπ  ψυωϽρπ  4,1 8,7 

5 ςτȟςϽρπ  ρστϽρπ  4,5 11,7 

6 ςωȟπϽρπ  ρωσϽρπ  4,8 14,7 
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7.6. ʆʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 ʜʣʷ ʫʩʣʦʚʠʡ ʥʘʠʣʫʯʰʝʡ ʦʨʠʝʥʪʘʮʠʠ 

 

ɺ ʨʘʟʜ. 7.4 ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʦʮʝʥʠʪʴ ʫʩʣʦʚʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠ-

ʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʠʥʦʢ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʚʳʩʢʘʟʘʥʦ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʦʨʠʝʥʪʘʮʠʷ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʩɹʷ, ʢʦʛʜʘ ʚʦʨʩʠʥʢʠ 

ʜʦʩʪʠʛʘʪʁ ʢʦʦʨʜʠʥʘʪʳ ὼḙὼ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʨʘʚʝʥʩʪʚʦ ʤʦʤʝʥʪʦʚ M1 ʠ 

M2. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʨʝʘʣʠʟʫʝʪʩʷ, ʝʩʣʠ ʢʦʦʨʜʠʥʘʪʘ ʚʥʝʜʨʝʥʠʷ ʚʦʨʩʠʥʢʠ ʚ 

ʢʣʝʝʚʦʡ ʩʣʦʡ (ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ) ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʢʦʡ ʥʘʠʣʫʯʰʝʡ ʦʨʠ-

ʝʥʪʘʮʠʠ ʧʦʪʦʢʘ ʚʦʨʩʘ (ὼ = h). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʨʩ ʥʝ ʫʩʧʝʝʪ ʚʦʡʪʠ ʚ ʟʦʥʫ ʥʝ-

ʫʩʪʦʡʯʠʚʦʡ ʦʨʠʝʥʪʘʮʠʠ. ʆʜʥʘʢʦ ʝʩʣʠ ʤʳ ʧʨʦʩʪʦ ʠʟʤʝʥʠʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʩ 8 ʩʤ (ʢʘʢ ʙʳʣʦ ʧʨʠʥʷʪʦ ʚ ʨʘʟʜ. 7.4 ʠ 7.5) ʥʘ ʚʝʣʠʯʠʥʫ, ʫʢʘʟʘʥʥʫʶ 

ʚ ʪʘʙʣ. 7.7, ʪʦ ʥʫʞʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʥʝ ʧʦʣʫʯʠʤ, ʧʦʩʢʦʣʴʢʫ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʟʤʝ-

ʥʠʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʦʧʮʠʠ çʇʦʠʩʢ ʨʝʰʝʥʠʷè ʚ ʧʨʦʛʨʘʤʤʝ Excel. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʚʳʙʠʨʘʝʤ 

(x0 ï h)
2
 = min. ʇʨʠ ʵʪʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʤ 2 ʚʘʨʠʘʥʪʘ ʨʘʩʯʝʪʘ:  

1. ʇʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ = const (3, 

4, 5, 6 ʢɺ/ʩʤ), ʜʣʠʥʝ ʚʦʨʩʘ l = 0,5 ʤʤ, ʧʨʠ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘʨʷʜʘ q (ʦʜʠʥ ʨʝ-

ʞʠʤ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʥʦ ʚʦʨʩ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ï ɓ). 

2. ʇʨʠ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʦʪ 3 ʜʦ 6 ʢɺ/ʩʤ), 
ʜʣʠʥʝ ʚʦʨʩʘ l = 0,5 ʤʤ ʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ (kmax =     

= const) (ʚʦʨʩ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʨʝʞʠʤʳ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ ʨʘʟʥʳʝ).  

ɺ ʪʘʙʣ. 7.8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʡ h0 (ʧʨʠ ʫʩʣʦ-

ʚʠʠ ὼ = h) ʜʣʷ ʯʝʪʳʨʝʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘ-

ʨʷʜʘ (ʚʦʨʩ ʩ ʨʘʟʣʠʯʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʨʷʜʢʠ). 

 

ʊʘʙʣʠʮʘ 7.8. ʆʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ  

‍ 

ɽ = 3 ʢɺ/ʩʤ 
qmax = φȟψτϽρπ  

ʂʣ 

ɽ = 4 ʢɺ/ʩʤ 
qmax = ωȟρςϽρπ   

ʂʣ 

ɽ = 5 ʢɺ/ʩʤ 
qmax = ρȟρτϽρπ   

ʂʣ 

ɽ = 6 ʢɺ/ʩʤ 
qmax = ρȟσχϽρπ   

ʂʣ 

ὼ = h, ʩʤ ὼ = h, ʩʤ ὼ = h, ʩʤ ὼ = h, ʩʤ 
0,1 2,5 3,18 3,73 4,18 

0,2 3,33 4,04 4,56 4,95 

0,3 3,83 4,51 4,99 5,34 

0,4 4,18 4,83 5,27 5,59 

0,5 4,44 5,06 5,47 5,77 

0,6 4,65 5,23 5,62 5,9 

0,7 4,81 5,38 5,74 6,00 

0,8 4,95 5,49 5,84 6,09 

0,9 5,07 5,59 5,93 6,16 

1 5,17 5,67 6,00 6,22 
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ʉʢʦʨʦʩʪʴ ʚʦʨʩʠʥʢʠ ʚ ʤʦʤʝʥʪ ʨʘʚʝʥʩʪʚʘ ʤʦʤʝʥʪʦʚ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʠʟ ʩʦ-

ʦʪʥʦʰʝʥʠʷ (7.12), ʠʟ ʢʦʪʦʨʦʛʦ ʷʩʥʦ, ʯʪʦ ʚʣʠʷʥʠʝ ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʵʣʝʢ-

ʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʧʘʨʘʤʝʪʨʦʤ ◓ = ɓ E
2
.  

ʇʦʧʨʦʙʫʝʤ ʧʦʩʪʨʦʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ h0 ʦʪ ʫʢʘ-

ʟʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʚʩʝʛʦ ʠʥʪʝʨʚʘʣʘ ʠʟʤʝʥʝʥʠʷ ʦʙʦʠʭ ʚʭʦʜʷʱʠʭ ʧʘʨʘʤʝʪʨʦʚ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ◓ ʙʫʜʝʪ ʦʪ ◓min = 0,1Ξ32
 = 0,9 ʜʦ ◓max = 1Ξ62

 = 36. ʈʝʟʫʣʴ-

ʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ ʥʘ ʨʠʩ. 7.11. 

 

 
ʈʠʩ. 7.11. ɿʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʦʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ◓ 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ (ʪʘʙʣ. 7.8 ʠ ʛʨʘʬʠʢ ʥʘ ʨʠʩ. 7.11) ʤʦʞ-

ʥʦ ʦʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝʤ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

Ὤ̏ Ὤ ρ
`

`

ȟ
 ȟ         (7.16) 

ʛʜʝ hmax = 9,71 ʩʤ, ◓0 = 0,23 ʢɺ
2
/ʩʤ

2
 ï ʵʤʧʠʨʠʯʝʩʢʠʝ ʧʦʩʪʦʷʥʥʳʝ ʭʘʨʘʢʪʝʨʥʳʝ 

ʜʣʷ ʚʦʨʩʘ ʫʢʘʟʘʥʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ. 
 

ʇʦʣʫʯʝʥʥʦʝ ʵʤʧʠʨʠʯʝʩʢʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʧʨʘʢ-

ʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ: ʟʥʘʷ ʟʘʨʷʜ ʚʦʨʩʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ, ʣʝʛʢʦ ʨʘʩʩʯʠʪʘʪʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʣʫʯʰʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ, ʘ ʟʥʘʯʠʪ ʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʵʪʦʛʦ ʚʦʨʩʘ ʧʨʦʠʟʚʦʜʠ-

ʪʝʣʴʥʦʩʪʴʶ. 

ɸʣʛʦʨʠʪʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘ-

ʪʦʨʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʥʘ ʧʨʠʤʝʨʝ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ 

ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ). 
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ʇʨʠʤʝʨ 

1. ʀʟʤʝʨʷʶʪ ʟʘʨʷʜ ʚʦʨʩʘ: q = 1,05Ț10
-12

 ʂʣ (ɽ = 5 ʢɺ/ʩʤ). 

2. ʄʘʢʩʠʤʘʣʴʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʩ ʪʘʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠ ʧʨʠ ʜʘʥʥʦʡ 
ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʘʚʝʥ qmax = 1,16Ț10

-12
 ʂʣ. ɿʥʘʯʠʪ ʜʘʥʥʳʡ ʚʦʨʩ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ  

ɓ = 1,05/1,16 = 0,905. 

3. ɿʥʘʯʝʥʠʝ  ʝ= 0,905 5
2
 = 22,6.  

4. ɺʳʯʠʩʣʠʤ ʚʝʣʠʯʠʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

x0 = 9,71 (1 ï (0,23/22,6)
0,205
) = 5,9 ʩʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʷ ʧʘʨʘʤʝʪʨʳ ʚʦʨʩʘ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʢʦʵʬʬʠʮʠʝʥʪ 

ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʠ ʚʳʙʨʘʚ ʨʘʙʦʯʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʤʳ ʣʝʛʢʦ 

ʤʦʞʝʤ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʆʜ-

ʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʦʪʜʘʚʘʪʴ ʩʝʙʝ ʦʪʯʝʪ, ʯʪʦ ʤʳ ʧʦʣʫʯʘʝʤ ʟʜʝʩʴ ʦʮʝʥʦʯʥʦʝ, ʧʨʠ-

ʙʣʠʞʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ. ʅʘ ʨʠʩ. 7.12 ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʘʨʠʘʥʪʳ ʟʘʚʠʩʠ-

ʤʦʩʪʝʡ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʣʷ ʚʦʨʩʘ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢ-

ʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. 

 

 

 
ʈʠʩ. 7.12. ɿʘʚʠʩʠʤʦʩʪʴ ʢʦʦʨʜʠʥʘʪʳ ὼ = h ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

1 ï ‍ πȟρ; 2 ï ‍ πȟτ; 3 ï ‍ πȟχ; 4 ï ‍ πȟω 
 

ʉʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʝʱʝ ʦʜʠʥ ʚʘʞʥʳʡ ʤʦʤʝʥʪ: ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʷʚʣʷʝʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʢʘʯʝʩʪʚʘ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠ-

ʘʣʘ. ɺʪʦʨʳʤ, ʥʝ ʤʝʥʝʝ ʚʘʞʥʳʤ ʢʨʠʪʝʨʠʝʤ, ʷʚʣʷʝʪʩʷ ʩʪʦʡʢʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ. ʕʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʢʘʯʝʩʪʚʦʤ ʢʣʝʝʚʦʛʦ ʩʦ-

ʩʪʘʚʘ, ʥʦ, ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ, ʠ ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʡ 

ʩʣʦʡ. ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʛʣʫʙʠʥʳ ʚʥʝʜʨʝʥʠʷ ʚʦʨʩ ʜʦʣʞʝʥ ʠʤʝʪʴ 

ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʵʥʝʨʛʠʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʦʧʪʠ-

ʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ: ʧʨʠ ʤʘʣʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʚʦʨʩʠʥʢʘ ʤʦʞʝʪ ʥʝ ʫʩʧʝʪʴ ʧʨʠʦʙʨʝʩʪʠ ʜʦʩʪʘʪʦʯʥʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ 
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ʵʥʝʨʛʠʶ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʤʘʣʦʤ ʢʦʵʬʬʠʮʠʝʥʪʝ ʟʘʨʷʜʢʠ ʠ ʤʘʣʦʡ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʚʳʧʦʣʥʝʥʠʝ ʦʙʝʠʭ ʪʨʝʙʦʚʘʥʠʡ ʥʝʚʦʟʤʦʞʥʦ ï ʤʘʪʝʨʠʘʣ 

ʙʫʜʝʪ ʥʠʟʢʦʛʦ ʢʘʯʝʩʪʚʘ ʧʦ ʦʙʦʠʤ ʢʨʠʪʝʨʠʷʤ. ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʨʠʪʴ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ. 

 

7.7. ʆʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘ ʦʩʥʦʚʝ 

 ʵʢʩʧʝʨʠʤʝʥʪʘ  

 

ɺ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ ʙʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ 

ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʜʦʩʪʠʛʘʝʪʩʷ, ʝʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʷʤ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʥʝʫʩʪʦʡʯʠ-

ʚʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʠʥʦʢ. ʕʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʪʨʝʙʫʝʪʩʷ ʦʙʦʩʥʦʚʘʪʴ ʵʢʩʧʝʨʠ-

ʤʝʥʪʘʣʴʥʦ. 

ʕʢʩʧʝʨʠʤʝʥʪ ʟʘʢʣʶʯʘʣʩʷ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ n 

ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ h ʦʪ 4 ʜʦ 10 ʩʤ ʩ ʠʥʪʝʨʚʘʣʦʤ ʚ   

1 ʩʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʦʪ 16 ʜʦ 40 ʢɺ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ɽ = 4 ʢɺ/ʩʤ). ɺʨʝʤʷ ʥʘʥʝʩʝʥʠʷ t ʙʳʣʦ ʚʳʙʨʘʥʦ ʨʘʚʥʳʤ 15 ʩ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ n ʙʫʜʝʪ ʙʣʠʟʢʦ ʢ ʧʨʝʜʝʣʴ-

ʥʦʤʫ ʟʥʘʯʝʥʠʶ nmax. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ ʩ 

ʨʘʟʣʠʯʥʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ ʠ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 1,0 ʤʤ ʧʨʠ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ E = 4 ʢɺ/ʩʤ ʠ E = 5 ʢɺ/ʩʤ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 7.10. 

ʅʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (ʨʠʩ. 7.13, 7.14).  

 

 
 

ʈʠʩ. 7.13. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E = 4 ʢɺ/ʩʤ: 

1 ï R = 38 ʄʆʤ; 2 ï R = 0,15 ʄʆʤ 

 

 

  

0,0

20,0

40,0

60,0

80,0

100,0

120,0

0,0 2,0 4,0 6,0 8,0 10,0 12,0

  1 

2 

ʇ
ʣ
ʦ
ʪ
ʥ
ʦ
ʩ
ʪ
ʴ
 
ʚ
ʦ
ʨ
ʩ
ʘ
 

n
,
 
ʛ
/
ʤ
Į

 

ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ h, ʩʤ 



130 

 

 



131 

 
 

ʈʠʩ. 7.14. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 1,0 ʤʤ ʧʨʠ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ: 

1 ï R = 42 ʄʦʤ, E = 5ʢɺ/ʩʤ; 2 ï R = 56 ʄʆʤ, E = 4 ʢɺ/ʩʤ 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʮʝʣʦʤ ʧʦʜʪʚʝʨʞʜʘʶʪ ʚʳʩʢʘ-

ʟʘʥʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʫʭʫʜʰʘʝʪʩʷ (ʘ ʧʣʦʪʥʦʩʪʴ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʥʠʞʘʝʪʩʷ) ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢ-

ʪʨʦʜʘʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦ ʢʨʠʪʝʨʠʶ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʤʘʣʳʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʆʜʥʘʢʦ ʧʨʠ ʤʘʣʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʢʦʨʦʩʪʴ, ʘ ʟʥʘʯʠʪ ʠ ʢʠʥʝʪʠ-

ʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʦʨʩʠʥʢʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʥʝ ʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯ-

ʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ. ʉʢʦʨʦʩʪʴ ʚʦʨʩʠʥʢʠ ʚʦʟʨʘʩʪʘʝʪ ʧʦ ʤʝʨʝ ʝʝ 

ʜʚʠʞʝʥʠʷ ʦʪ ʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʢ ʜʨʫʛʦʤʫ (7.10). ʇʦʵʪʦʤʫ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯ-

ʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʜʦʣʞʥʦ ʙʳʪʴ ʜʦʩʪʘ-

ʪʦʯʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ. ɺʝʨʦʷʪʥʦ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ 

ʚʦʨʩʘ ʚʟʘʠʤʦʩʚʷʟʘʥʘ ʩʦ ʩʪʦʡʢʦʩʪʴʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ. ʇʨʠʙʦʨ ʠ 

ʤʝʪʦʜʠʢʘ ʝʝ ʦʮʝʥʢʠ ʙʳʣʠ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜ. 2.4. ʆʮʝʥʠʚ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʦʡʢʦʩʪʠ ʢ 

ʠʩʪʠʨʘʥʠʶ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʣʷ ʚʳʙʨʘʥ-

ʥʦʛʦ ʢʨʠʪʝʨʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʪʦʨʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʢʘʯʝʩʪʚʝ ʦʛʨʘʥʠʯʝʥʠʷ. 

ʕʪʦ ʤʦʞʥʦ ʧʨʦʠʣʣʶʩʪʨʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʣʠʙʦ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫ-

ʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ (ʯʠʩʣʦ ʮʠʢʣʦʚ ʠʩʪʠʨʘʥʠʷ) ʥʝ 

ʥʠʞʝ ʪʨʝʙʫʝʤʦʛʦ, ʣʠʙʦ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘ-

ʥʠʶ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʝ ʤʝʥʴʰʝ ʟʘʜʘʥʥʦʡ. ɽʱʝ ʦʜʠʥ ʚʘʨʠʘʥʪ 

ʦʧʪʠʤʠʟʘʮʠʠ ï ʵʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʠʟ ʵʪʠʭ 

ʯʘʩʪʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʂʦʥʢʨʝʪʥʳʝ ʚʘʨʠʘʥʪʳ ʦʮʝʥʢʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʙʫʜʫʪ ʨʘʩʩʤʦʪʨʝ-

ʥʳ ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ ʠʤʝʥʥʦ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ 

ʩʘʤʳʭ ʨʘʟʥʳʭ ʩʣʫʯʘʝʚ. 
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8. ʉʊʈʋʂʊʋʈɸ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ, ʆɹʒɽʄʅʆɻʆ 

ɿɸʈʗɼɸ ʀ ʆɹʒɽʄʅʆʁ ʇʃʆʊʅʆʉʊʀ ɺʆʈʉɸ ɺ ɿʆʅɽ 

ʌʃʆʂʀʈʆɺɸʅʀʗ 

 

ɼʣʷ ʙʦʣʝʝ ʛʣʫʙʦʢʦʛʦ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʦʩʘʞʜʝʥʠʠ 

ʟʘʨʷʞʝʥʥʳʭ ʚʦʣʦʢʦʥ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ, ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʬʠ-

ʟʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʠʟʣʦʞʝʥʥʘʷ ʚ ʨʘʟʜ. 5, ʩʚʷʟʳʚʘʶʱʘʷ ʩʢʦʨʦʩʪʴ ʦʩʘʞʜʝʥʠʷ ʚʦʣʦ-

ʢʦʥ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʵʣʝʢʪʨʠʯʝʩʢʦ-

ʛʦ ʧʦʣʷ. 

ʄʦʜʝʣʴ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʷʜʘ ʙʘʟʦʚʳʭ ʬʠʟʠʯʝʩʢʠʭ ʧʦʣʦʞʝ-

ʥʠʡ, ʦʧʠʩʳʚʘʝʪ ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

çʅʘʯʘʣʴʥʳʡ ʵʪʘʧè ʦʟʥʘʯʘʝʪ ʩʣʝʜʫʶʱʝʝ: ʙʦʣʴʰʠʥʩʪʚʦ ʚʦʨʩʠʥʦʢ, ʧʦʜʣʝʪʘʶʱʠʭ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʟʘʢʨʝʧʣʷʶʪʩʷ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ, ʪ. ʝ. ʧʨʦʠʩʭʦʜʠʪ ʧʨʝ-

ʠʤʫʱʝʩʪʚʝʥʥʦ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ. ʀʟ ʵʪʦʛʦ ʚʳʪʝʢʘʝʪ, ʯʪʦ ʦʩ-

ʥʦʚʥʘʷ ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʠʤʝʝʪ ʟʘʨʷʜ ʦʜʥʦʛʦ 

ʟʥʘʢʘ. ɺʘʞʥʳʤ ʩʣʝʜʩʪʚʠʝʤ ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʧʨʦʮʝʩʩ ʦʩʘʞʜʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʦʢʘʟʳʚʘʝʪ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ ʵʪʦʛʦ ʚʦʨʩʘ, 

ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ. ʇʦʵʪʦʤʫ 

ʚʦʧʨʦʩ ʦ ʚʝʣʠʯʠʥʝ ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, 

ʘ ʪʘʢʞʝ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʵʪʦʛʦ ʟʘʨʷʜʘ, ʧʦʪʝʥʮʠʘʣʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʠʤ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʦʩʘʞʜʝʥʠʷ ʚʦʨʩʘ [19], [53], [54]. 

ɺ ʜʘʣʴʥʝʡʰʝʤ, ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ, ʚʩʝ ʙʦʣʴʰʝ ʧʦʜʣʝʪʘʶʱʠʭ ʚʦʨʩʠʥʦʢ çʥʘʪʳʢʘʝʪʩʷè ʥʘ ʨʘʥʝʝ ʟʘʢʨʝʧʠʚ-

ʰʠʝʩʷ, ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ, ʥʝ ʜʦʣʝʪʝʚ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʣʝʷ, ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ. 

ɼʚʠʞʝʥʠʝ ʚʦʨʩʠʥʢʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʤʦʞʝʪ ʧʨʦʜʦʣʞʘʪʴʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʦʥʘ ʥʝ çʥʘʡʜʝʪè ʩʝʙʝ ʤʝʩʪʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʇʨʠʙʣʠʞʝʥʥʦ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ, ʢʦʛʜʘ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠʙʣʠ-

ʞʘʝʪʩʷ ʢ ʧʨʝʜʝʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʬʦʨʤʠʨʫʝʤʳʭ ʚʩʪʨʝʯʥʳʤʠ 

ʧʦʪʦʢʘʤʠ ʚʦʨʩʘ, ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʦʙʲʝʤʥʦʛʦ 

ʟʘʨʷʜʘ ʠ ʧʦʣʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʤʝʥʷʝʪʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ. ɺʥʘʯʘʣʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʨʩ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʦʣʷʨ-

ʥʦʩʪʠ, ʘ ʧʨʠ ʥʘʨʘʩʪʘʥʠʠ ʚʩʪʨʝʯʥʦʛʦ ʧʦʪʦʢʘ ʚʦʨʩʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ʩ ʟʘʨʷ-

ʜʘʤʠ ʨʘʟʥʦʡ ʧʦʣʷʨʥʦʩʪʠ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʧʦʩʪʝʧʝʥʥʦ ʚʳʨʘʚʥʠʚʘʝʪʩʷ ʠ ʩʫʤ-

ʤʘʨʥʳʡ ʟʘʨʷʜ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ.  

ʉʥʘʯʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ, ʧʦʪʝʥʮʠʘʣʘ ʠ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʪʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ 

ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. 

 

8.1. ɺʝʣʠʯʠʥʘ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚʦʧʨʦʩ ʦ ʚʝʣʠʯʠʥʝ ʩʫʤʤʘʨʥʦʛʦ 

ʟʘʨʷʜʘ, ʢʦʪʦʨʳʡ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʘʭʦʜʠʪʩʷ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɺʘʞʥʦ ʧʨʠ ʵʪʦʤ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʥʘʧʨʷʞʝ-

ʥʠʷ ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ) ʥʘ ʚʝʣʠʯʠʥʫ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ. ʉʥʘ-
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ʯʘʣʘ ʦʧʨʝʜʝʣʠʤ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʠʥʦʢ QɆ, ʥʘʭʦʜʷʱʠʭʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘ-

ʤʠ ʧʣʦʱʘʜʴʶ 1 ʤ
2
 ʚ ʢʘʞʜʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʨʩʠʥʦʢ. ʕʪʦ ʥʝ ʦʙʲʝʤʥʳʡ, ʘ ʧʦʚʝʨʭʥʦʩʪʥʳʡ 

ʟʘʨʷʜ, ʥʦ ʦʥʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʧʨʦʩʪʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ. 

ɺ ʨʘʙʦʪʘʭ [19], [53] ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ ʜʣʷ ʚʝʣʠʯʠʥʳ ʦʙʲʝʤʥʦʛʦ ʟʘ-

ʨʷʜʘ ʚʦʨʩʘ 

ὗ ὮϽὝ,        (8.1) 

ʛʜʝ ʊ ï ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʦʢ ʜʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 
 

ʆʮʝʥʢʘ ʚʨʝʤʝʥʠ ʊ ʙʳʣʘ ʩʜʝʣʘʥʘ ʚʳʰʝ ʚ ʨʘʟʜ. 5.4 (5.38) ʚ ʨʘʤʢʘʭ ʫʧʦʤʷ-

ʥʫʪʦʡ ʪʝʦʨʠʠ: 

Ὕ Ὁ  ,             (8.2) 

ʛʜʝ U0 ï ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ɺ; h ï ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, 

ʤ. 
 

ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ0 ʠʟʚʝʩʪʥʦ (5.18). 

ʊʦʛʜʘ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʙʫʜʝʪ ʨʘʚʝʥ 

ὗ ‐ὅ  Ȣ                                               (8.3) 

ɼʘʥʥʘʷ ʚʝʣʠʯʠʥʘ, ʢʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʷʚʣʷʝʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 

ʟʘʨʷʜʘ, ʪʘʢ ʢʘʢ ʵʪʦ ʟʘʨʷʜ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʦʪʥʝʩʝʥʥʳʡ ʢ ʧʣʦʱʘʜʠ ʵʣʝʢʪʨʦʜʦʚ, 

ʪ. ʝ. ʟʘʨʷʜ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʣʦʱʘʜʴʶ 1 ʤ
2
. ʆʙʲʝʤʥʳʡ ʟʘʨʷʜ, ʪ. ʝ. ʟʘʨʷʜ, ʦʪʥʝ-

ʩʝʥʥʳʡ ʢ ʦʙʲʝʤʫ ʬʣʦʢʘʪʦʨʘ, ʨʘʚʝʥ 

ὗ ‐ὅ  Ȣ                                              (8.4) 

ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʊʘʢʘʷ 

ʛʠʧʦʪʝʟʘ ʙʳʣʘ ʚʳʜʚʠʥʫʪʘ ʚ ʤʦʥʦʛʨʘʬʠʠ [19], ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʩʫʤʤʘʨ-

ʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘʚʘʝʤʦʛʦ ʥʘ 

ʵʣʝʢʪʨʦʜʳ ʬʣʦʢʘʪʦʨʘ. ʂʦʥʝʯʥʦ, ʵʪʦ ʚʳʧʦʣʥʷʝʪʩʷ, ʝʩʣʠ ʨʝʘʣʠʟʫʶʪʩʷ ʫʩʣʦʚʠʷ ʟʘ-

ʨʷʜʢʠ ʚʦʨʩʘ q = kE0 ʠ ʦʩʪʘʣʴʥʳʝ ʠʩʭʦʜʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʧʨʠ 

ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʚ ʨʘʟʜ. 5.  

ʆʪʩʫʪʩʪʚʠʝ ʚʣʠʷʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠʣʠ ʥʘʧʨʷʞʝʥʠʷ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʤʝʥʴ-

ʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚʝʜʝʪ ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʢ ʩʥʠʞʝʥʠʶ ʟʘʨʷʜʘ ʚʦʨʩʘ ʠ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʠʥʦʢ ʚ ʦʙʲʝ-

ʤʝ ʬʣʦʢʘʪʦʨʘ. ʇʨʠ ʵʪʦʤ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʩʝʭ ʚʦʨʩʠʥʦʢ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʳʤ. 

ɺʦʟʥʠʢʘʝʪ ʝʱʝ ʦʜʠʥ ʚʦʧʨʦʩ, ʩʚʷʟʘʥʥʳʡ ʩ ʩʫʤʤʘʨʥʳʤ ʟʘʨʷʜʦʤ ʚʦʨʩʘ: ʟʘ-

ʨʷʜ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ. ʕʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʦ-

ʤʥʝʥʠʷ ʚ ʘʜʝʢʚʘʪʥʦʩʪʠ ʨʘʟʚʠʚʘʝʤʦʡ ʪʝʦʨʠʠ ʠ ʪʨʝʙʫʝʪ ʦʙʲʷʩʥʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ 

ʚʦʟʥʠʢʘʝʪ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ: ʯʝʤ ʥʠʞʝ ʢʘʯʝʩʪʚʦ ʚʦʨʩʘ, ʪʝʤ ʙʦʣʴʰʝ ʟʘ-

ʨʷʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʀʟʫʯʠʤ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʬʘʢʪʠʯʝʩʢʠ ʝʛʦ 

ʢʘʯʝʩʪʚʘ, ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ (j ʠ T), ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʠ ʚʨʝʤʷ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ 
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ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʅʘ ʦʩʥʦʚʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠʯʠʥʘ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ (8.1). ʈʘʩʯʝʪ ʙʳʣ ʧʨʦʚʝʜʝʥ ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ, ʣʠ-

ʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ, ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 5 ʢɺ/ʩʤ ʠ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 0,1 ʤ. ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʩʫʤʤʘʨʥʦʛʦ ʟʘ-

ʨʷʜʘ Q1 ʠ Q2 ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʝ ʬʦʨʤʫʣʳ, ʧʦʟʚʦʣʷʶʱʠʭ ʦʮʝʥʠʪʴ ʧʣʦʪʥʦʩʪʴ 

ʪʦʢʘ j1 (5.11) ʠ j2 (5.20). ɼʣʷ ʨʘʩʯʝʪʘ ʚʨʝʤʝʥʠ T ʠ Pmax ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʦʦʪʥʦʰʝʥʠʷ 

(8.1) ʠ (8.2). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʨʘʟʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʚʦʨʩʘ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.1. ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʚʟʷʪ ʢʘʢ ʜʦʣʷ ʦʪ ʤʘʢʩʠ-

ʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʚʦʨʩʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ: qmax = 1,16Ā10
-12

 ʂʣ.  
 

ʊʘʙʣʠʮʘ 8.1. ʈʘʩʯʝʪ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

q/qmax Q1, ʤʢʂʣ Q2, ʤʢʂʣ j2, ʤʢɸ T, ʩ Pmax, ʛ/(ʤ
2
ʩ) 

0,04 5,79 7,17 68,32 0,104 9 525,56 

0,13 3,34 3,26 96,78 0,033 7 175,19 

0,22 2,59 2,48 108,11 0,023 0 105,11 

0,30 2,19 2,09 114,72 0,018 2 75,08 

0,39 1,93 1,85 119,22 0,015 5 58,40 

0,48 1,74 1,67 122,54 0,013 6 47,78 

0,56 1,60 1,54 125,13 0,012 3 40,43 

0,65 1,49 1,44 127,22 0,011 3 35,04 

0,74 1,40 1,35 128,96 0,010 5 30,92 

0,82 1,33 1,28 130,44 0,009 8 27,66 

0,91 1,26 1,22 131,71 0,009 2 25,03 

1,00 1,20 1,16 132,87 0,008 7 22,75 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʩʯʝʪ ʟʘʨʷʜʘ Q1 ʩʦʚʧʘʜʘʝʪ ʩ ʚʳʯʠʩʣʝʥʠʝʤ ʧʦ ʬʦʨ-

ʤʫʣʝ (8.3). ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʨʠʩ. 8.1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʟʘ-

ʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ Q1 ʠ Q2 ʦʪ ʚʝʣʠʯʠʥʳ ʟʘʨʷʜʘ ʚʦʨʩʘ ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʯʝʪʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 5 ʢɺ/ʩʤ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʠʟ ʛʨʘʬʠʢʘ (ʨʠʩ. 8.1), ʥʘʙʣʶʜʘʝʪʩʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʧʘʨʘʜʦʢ-

ʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ, ʢʦʪʦʨʘʷ ʩʪʘʚʠʪ ʧʦʜ ʩʦʤʥʝʥʠʝ ʘʜʝʢʚʘʪʥʦʩʪʴ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʦ-

ʜʝʣʠ: ʯʝʤ çʭʫʞʝè ʚʦʨʩ (ʤʝʥʴʰʝ ʟʘʨʷʜ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ), ʪʝʤ 

ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʏʪʦʙʳ ʧʨʦʷʩʥʠʪʴ ʩʠʪʫʘʮʠʶ, ʧʦʩʤʦʪʨʠʤ ʥʘ ʛʨʘʬʠʢʠ (ʨʠʩ. 8.2 ʠ 8.3). ʀʟ ʥʠʭ ʦʪ-

ʯʝʪʣʠʚʦ ʚʠʜʥʦ, ʯʪʦ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʦʪ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʨʘʟʣʠʯʘʝʪʩʷ 

ʧʨʠʤʝʨʥʦ ʚ 2 ʨʘʟʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʨʝʤʷ ʧʝʨʝʤʝʱʝʥʠʷ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʚ 12 ʨʘʟ. ʊ. ʝ. ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʦʢ ʩʥʠʟʠʣʘʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʩʢʦʧʠʣʦʩʴ ʧʨʠ-

ʤʝʨʥʦ ʚ 12 ʨʘʟ ʙʦʣʴʰʝ ʚʦʨʩʠʥʦʢ, ʭʦʪʷ ʠʭ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ ʫʤʝʥʴʰʠʣʘʩʴ ʣʠʰʴ ʚ   

2 ʨʘʟʘ. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʦʷʩʥʝʥʠʷ ʩʠʪʫʘʮʠʠ ʤʦʞʥʦ ʚʟʛʣʷʥʫʪʴ ʥʘ ʧʦʩʣʝʜ-

ʥʁ  ʁʛʨʘʬʫ ʪʘʙʣ. 8.1. ʇʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʟʘʨʷʜʘ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʦʛʨʦʤʥʦʡ, ʯʝʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʠʟ-ʟʘ ʦʛʨʘʥʠʯʝʥʠʷ ʚ ʚʠʜʝ ʩʝʪʢʠ ʧʦ-

ʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ. 
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ʈʠʩ. 8.1. ɺʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʩʫʤʤʘʨʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 
 

 
ʈʠʩ. 8.2. ɺʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʩʦʟʜʘʚʘʝʤʫʶ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ 
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ʈʠʩ. 8.3. ɺʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʥʘ ʚʝʣʠʯʠʥʫ 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʝʱʝ ʦʜʠʥ ʠʥʪʝʨʝʩʥʳʡ ʚʦʧʨʦʩ. ʈʝʯʴ ʠʜʝʪ ʦ ʢʦ-

ʣʠʯʝʩʪʚʝ ʟʘʨʷʞʝʥʥʳʭ ʚʦʨʩʠʥʦʢ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦ-

ʨʘ ʧʣʦʱʘʜʴʶ 1 ʤ
2
. ʕʪʫ ʚʝʣʠʯʠʥʫ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʨʘʟʜʝʣʠʚ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ 

(8.3) ʥʘ ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ q: 

ὔ
˞

 ,                           (8.5) 

ʛʜʝ E = U0/h ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʝʟ ʚʦʨʩʘ, ɺ/ʤ. 
 

ɿʥʘʷ ʤʘʩʩʫ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ m, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠ ʤʘʩʩʫ ʚʦʨʩʘ, ʦʜʥʦ-

ʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷʱʝʛʦʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ. 

ὓ άὔ
˞

 
.                  (8.6) 

ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʯʠʩʣʘ ʚʦʨʩʠ-

ʥʦʢ ʠ ʤʘʩʩʳ ʚʦʨʩʘ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ (8.4). ɿʘʧʠʰʝʤ ʵʪʠ 

ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʚʠʜʝ 

N = Qo /q,  q = k E0,   Ὁπ
Ὗ

Ὤ
ὅ

Ὤ

ςὯά
 Ȣ  M = mN.      (8.7) 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ, ʢʦʣʠʯʝʩʪʚʘ 

ʠ ʤʘʩʩʳ ʚʦʨʩʠʥʦʢ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʜʣʷ ʇɸ ʚʦʨʩʘ ʨʘʟʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 

ʨʘʟʤʝʨʦʚ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ = 5 ʢɺ/ʩʤ. ʀʩʭʦʜʥʳʝ ʜʘʥ-

ʥʳʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8.2.  

  

0,00

0,02

0,04

0,06

0,08

0,10

0,12

0,0 0,2 0,4 0,6 0,8 1,0 1,2

ˤ
ͪ
͔
ͣ
Ύ
 
͒
͍
͙
͗
͔
ͤ
͙
Ύ
 
͍
ͦ
ͪ
ͫ
͊
 
ͣ
͔
͗
͒
ͯ
 
Ή
͡
͔
͟
ͭ
ͪ
ͦ
͒
͊
ͣ
͙
Σ
 
ͫ

 

˨ͦ͡Ύ ͙ͣ͊ͫͣ͊͟͡Έ͎ͤͦͦ ͊ͪ͘Ύ͒͊ ͍ͦͪͫ͊Σ q/qmax  



137 

ʊʘʙʣʠʮʘ 8.2. ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʘ ʚ ʟʦʥʝ  

ʬʣʦʢʠʨʦʚʘʥʠʷ  

T, ʪʝʢʩ l, ʤʤ d, ʤʢʤ C, ʢʛ/ʩ m, ʢʛ 

0,33 0,5 19,2 5,49Ā10
-9 

1,65Ā10
-10

 

0,33 1 19,2 1,10Ā10
-8

 3,30Ā10
-10

 

0,67 2 27,4 4,02Ā10
-8

 1,34Ā10
-9

 

2,2 3 49,6 1,34Ā10
-7

 6,60Ā10
-9

 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʫʢʘʟʘʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 8.3.  

 

ʊʘʙʣʠʮʘ 8.3. ʆʙʲʝʤʥʳʡ ʟʘʨʷʜ ʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ 

ʇʘʨʘʤʝʪʨʳ 

ʚʦʨʩʘ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʟʘʨʷʜʢʠ 
E0, ʢɺ/ʩʤ q10

13
, ʂʣ 

Pmax, 

ʛ/(ʤ
2
ʩ) 

Q0, 

ʤʢʂʣ/ʤ
3 

N, 

ʤʣʥ ʰʪ./ʤ
3 M, ʛ/ʤ

3 

l = 0,5 ʤʤ; 

T = 0,33 ʪʝʢʩ; 

d = 19,2 ʤʢʤ 

k = kmax = 2,31Ț10
-18 

4,37 10,1 21,05 11,14 11,03 1,82 

k = 0,2Țkmax 3,59 1,65 105,71 24,96 151,16 24,94 

l = 1,0 ʤʤ; 

T = 0,33 ʪʝʢʩ; 

d = 19,2 ʤʢʤ 

k = kmax = 7,45Ț10
-18

 
4,50 33,6 13,05 8,77 2,61 0,86 

k = 0,2Țkmax 3,89 5,80 65,27 19,61 33,82 11,16 

l = 2,0 ʤʤ; 

T = 0,67 ʪʝʢʩ; 

d = 27,4 ʤʢʤ 

k = kmax = 26,8Ț10
-18

 4,53 121 13,27 8,39 0,69 0,93 

k = 0,2Țkmax 3,94 21,1 66,35 18,77 8,89 11,91 

l = 3,0 ʤʤ; 

T = 2,2 ʪʝʢʩ; 

d = 49,6 ʤʢʤ 

k = kmax = 64,2Ț10
-18

 4,54 291 18,50 8,16 0,28 1,85 

k = 0,2Țkmax 3,97 51,0 92,50 18,25 3,58 23,63 

 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʚʣʠʷʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ: ʚʦʨʩ, ʠʤʝʶʱʠʡ ʤʝʥʴ-

ʰʠʡ ʟʘʨʷʜ, ʚ ʙʦʣʴʰʝʤ ʢʦʣʠʯʝʩʪʚʝ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ ʠ ʤʘʩʩʘ ʚʦʨʩʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʦʙʲʝʤʝ ʬʣʦ-

ʢʘʪʦʨʘ, ʩʥʠʞʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ ʦʙ ʦʛʨʘ-

ʥʠʯʝʥʠʠ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ, ʚʥʦʩʠʤʦʤ ʩʝʪʢʦʡ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ. 

ʅʘʧʨʠʤʝʨ, 25 ʛ ʚʦʨʩʘ ʚ 1 ʤ
3
 ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʨʷʜ ʣʠ ʤʦʛʫʪ ʥʘʭʦʜʠʪʴʩʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʤʦʞʝʤ ʨʝʛʫʣʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʚ 

ʦʙʝ̡ʤʝ ʬʣʦʢʘʪʦʨʘ, ʥʦ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʩʦʧʨʷʞʝʥ ʩ ʫʤʝʥʴʰʝʥʠʝʤ 

ʟʘʨʷʜʘ ʚʦʨʩʠʥʦʢ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʜʝʪ ʢ ʫʭʫʜʰʝʥʠʶ ʦʨʠʝʥʪʘʮʠʠ ʠ ʩʥʠʞʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ, ʪ. ʝ. ʫʤʝʥʴʰʝʥʠʶ ʠʭ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. 
 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ 

ʊʝʧʝʨʴ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʵʪʦʛʦ ʟʘʨʷʜʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʪ. ʝ. ʦ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚ ʟʦʥʝ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ. ʕʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʜʣʷ ʬʠʟʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ʧʨʦʮʝʩʩʘ, ʘ ʧʨʦʚʝʩʪʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚ ʟʦʥʝ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ. ʆʜʥʦʡ ʠʟ ʪʘ-

ʢʠʭ ʧʨʠʯʠʥ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʝʡʰʠʝ ʠʩʢʘʞʝʥʠʷ, ʚʥʦʩʠʤʳʝ ʣʶʙʳʤ ʜʘʪʯʠʢʦʤ ʚ 

ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ, ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦ-
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ʛʦ ʚʦʧʨʦʩ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʂʦʥʝʯʥʦ, ʥʘʜʦ ʦʪʜʘʚʘʪʴ ʩʝʙʝ ʦʪʯʝʪ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʩʪʠ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʥʝ ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʟʘʨʷ-

ʜʘ, ʘ ʩ ʜʠʩʢʨʝʪʥʳʤ, ʪ. ʝ. ʩ ʟʘʨʷʞʝʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ (ʚʦʨʩʠʥʢʘʤʠ), ʥʦ ʠʭ ʨʘʟʤʝʨ 

ʩʪʦʣʴ ʤʘʣ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʤʝʨʘʤʠ ʬʣʦʢʘʪʦʨʘ, ʘ ʢʦʣʠʯʝʩʪʚʦ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝ-

ʤʘ, ʢʘʢ ʤʳ ʚʠʜʝʣʠ ʚʳʰʝ, ʩʪʦʣʴ ʚʝʣʠʢʦ, ʯʪʦ ʚʧʦʣʥʝ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦʙ ʦʙʲʝʤ-

ʥʦʤ ʟʘʨʷʜʝ, ʠʤʝʶʱʝʤ ʥʝʧʨʝʨʳʚʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʏʪʦʙʳ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʚʠʜʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʬʫʥʢʮʠʠ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʦʜʥʠʤ ʠʟ ʠʩʭʦʜʥʳʭ ʧʦʣʦʞʝʥʠʡ, ʧʨʠʥʷʪʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʦʜʝʣʠ. ʕʪʦ ʙʘʟʦʚʦʝ ʩʦʦʪʥʦʰʝʥʠʝ (5.3), ʩʚʷʟʳʚʘʶʱʝʝ ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ, ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʩʢʦʨʦʩʪʷʤ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ: j = ɟ(x)Țv(x). 
ɼʨʫʛʦʝ ʥʝʦʙʭʦʜʠʤʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ï ʵʪʦ ʬʫʥʢʮʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʠʥʦʢ 

ʧʦ ʩʢʦʨʦʩʪʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ (5.9). ʆʥʦ 

ʪʘʢ ʞʝ, ʢʘʢ ʠ ʧʝʨʚʦʝ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʙʦʩʥʦʚʘʥʦ.  

Ö=
C

jqx

0

2

e
u  

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʚʳʨʘʞʝʥʠʷ ʩʦʚʤʝʩʪʥʦ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʬʫʥʢʮʠʶ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

 ”ὼ
Ѝ

 .                                             (8.8) 

ɼʣʷ ʩʣʫʯʘʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ j/q = Ů0C/(km) ʵʪʦ ʚʳʨʘ-

ʞʝʥʠʝ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʙʦʣʝʝ ʧʨʦʩʪʦʤ ʚʠʜʝ: 

”ὼ
ʉ

Ѝ Ѝ
 .                                              (8.9) 

ʇʦʣʫʯʝʥ ʠʥʪʝʨʝʩʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʆʪ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ (ʥʘʧʨʷʞʝʥʠʝ, ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ) ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʟʘʚʠʩʠʪ ʥʝ 

ʪʦʣʴʢʦ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ, ʥʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʚʦ ʬʣʦʢʘ-

ʪʦʨʝ. ʆʥʦ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʦʨʩʘ. ʕʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʟʘʨʷʜ ʚʦʨʩʠʥʦʢ q ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʧʣʦʪ-

ʥʦʩʪʠ ʪʦʢʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʘʩʪʝʪ ʣʠʥʝʡʥʦ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʘʩʪʝʪ ʚʝʣʠʯʠʥʘ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʠ ʩʢʦ-

ʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʦʢ, ʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʯʠʩʣʦ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʜʝʣʘʥʥʳʤ ʨʘʥʝʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ, ʪ. ʝ. ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʤʘʢʩʠʤʘʣʴʥʘ ʦʢʦʣʦ ʧʦʜʘʶʱʝʛʦ ʵʣʝʢʪʨʦ-

ʜʘ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʦʢ ʥʘʠʤʝʥʴʰʘʷ, ʠ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʨʦ-

ʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʣʝʢʪʨʦʜʫ, ʢʦʛʜʘ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ. ɿʜʝʩʴ ʤʦʞʝʪ ʚʦʟʥʠʢʥʫʪʴ 

ʥʝʧʦʥʠʤʘʥʠʝ, ʢʘʢ ʚ ʨʝʘʣʴʥʦʩʪʠ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʤʦʞʝʪ ʩʪʨʝʤʠʪʴʩʷ ʢ ʙʝʩʢʦʥʝʯ-

ʥʦʩʪʠ. ʕʪʦ ʢʘʞʫʱʝʝʩʷ ʧʨʦʪʠʚʦʨʝʯʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ ʤʦʜʝʣʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʦ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʘ. ɺ ʨʝ-

ʘʣʴʥʦʩʪʠ ʟʘʨʷʜʳ ʜʠʩʢʨʝʪʥʳ, ʭʦʪʷ ʠʭ ʢʦʣʠʯʝʩʪʚʦ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʝʩʴʤʘ ʚʝʣʠ-

ʢʦ, ʧʦʵʪʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ, ʭʦʪʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʵʣʝʢʪʨʦʜʫ 

ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʩʘʤ ʟʘʨʷʜ, ʢʘʢ ʠʥʪʝʛʨʘʣ ʧʣʦʪʥʦʩʪʠ, ʢʦʥʝʯʝʥ ʠ ʵʪʦʪ 

ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʥʘ ʢʦʥʝʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʨʩʠʥʦʢ. 



139 

2 

4 

1 

3 

ʅʘ ʨʠʩ. 8.4 ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ ʜʣʷ ʇɸ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʠ 1,0 ʤʤ ʠ ʩ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʨʷʜʢʠ 

ʤʘʢʩʠʤʘʣʴʥʳʤʠ (ʪʘʙʣ. 8.3) ʠ 0,4kmax. 

 

 
ʈʠʩ. 8.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʬʣʦʢʘʪʦʨʘ ʜʣʷ 2-ʭ ʚʠʜʦʚ ʇɸ ʚʦʨʩʘ: 

1 ï l = 0,5 ʤʤ, k = kmax;  2 ï l = 0,5 ʤʤ, k = 0,4kmax; 

3 ï l = 1,0 ʤʤ, k = kmax;  4 ï l = 1,0 ʤʤ, k = 0,4kmax 

 

ʂʘʢ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘ ʛʨʘʬʠʢʝ, ʥʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʘ 

ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʦʨʩʫ ʩ ʥʘʠʤʝʥʴʰʝʡ ʜʣʠʥʦʡ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʟʘʨʷʜʢʠ. ʊ. ʝ. ʩʥʠʞʝʥʠʝ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚʝʜʝʪ ʢ ʥʘʨʘʩʪʘʥʠʶ ʦʙʲʝʤʥʦʡ ʧʣʦʪʥʦʩʪʠ 

ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʠʥʦʢ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʠʥʦʢ ʧʨʝʚʳʰʘʝʪ 

ʩʢʦʨʦʩʪʴ ʩʥʠʞʝʥʠʷ ʟʘʨʷʜʘ: ʟʘʨʷʜ ʚʦʨʩʠʥʦʢ ʩʥʠʞʘʝʪʩʷ, ʘ ʝʛʦ ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʨʘʩʪʝʪ. 

 

8.2. ʉʪʨʫʢʪʫʨʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʤʳ ʦʮʝʥʠʤ ʚʣʠʷʥʠʝ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ, ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʫʪʝʤ ʩʨʘʚʥʝʥʠʷ ʩ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦʪʝʥʮʠʘʣʘ ʙʝʟ ʚʦʨʩʘ.  

ɺ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʧʦʪʝʥʮʠʘʣ ʠʟʤʝʥʷʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʯʪʦ ʥʘ ʛʨʘʥʠʮʘʭ ʟʦʥʳ (ʥʘ ʵʣʝʢʪʨʦʜʘʭ) ʦʥ ʧʨʠʥʠʤʘʝʪ ʟʥʘʯʝʥʠʷ, ʟʘʜʘʚʘʝʤʳʝ ʠʩ-

ʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʙʳʯʥʦ ʦʜʠʥ ʵʣʝʢʪʨʦʜ ʟʘʟʝʤʣʝʥ, ʪ. ʝ. ʝʛʦ ʧʦ-

ʪʝʥʮʠʘʣ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʧʦʪʝʥʮʠʘʣ ʚʪʦʨʦʛʦ ʵʣʝʢʪʨʦʜʘ ʟʘʜʘʥ ʠʩʪʦʯʥʠʢʦʤ ʚʳʩʦʢʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɽʩʣʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ ʦʪʩʫʪʩʪʚʫʶʪ 

(ʚʦʨʩʘ ʥʝʪ), ʪʦ ʚʝʣʠʯʠʥʘ ʧʦʪʝʥʮʠʘʣʘ ʠʟʤʝʥʷʝʪʩʷ ʣʠʥʝʡʥʦ. ɿʘʨʷʞʝʥʥʳʝ ʯʘʩʪʠʮʳ, 

ʠʤʝʶʱʠʝʩʷ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ, ʠʩʢʘʞʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʪʘʢ, ʯʪʦ ʛʨʘʥʠʯ-
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ʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʦʩʪʘʶʪʩʷ ʧʨʝʞʥʠʤʠ, ʘ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʣʠʥʝʡʥʳʤ. ɺʠʜ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʟʜʝʩʴ ʦʧʨʝʜʝʣʠʪʴ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʥʘ ʦʩʥʦʚʝ 

ʩʦʦʪʥʦʰʝʥʠʷ (5.10), ʧʦʣʫʯʝʥʥʦʛʦ ʚ ʨʘʟʜ. 5.  

Ὗὼ
Ὦά

‐ὅ
ὼ
ς

σ

ςὮὅ

‐ή
 ὼ ẗ 

ʇʦʜʩʪʘʚʣʷʷ ʚ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ (5.16), 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ ʙʦʣʝʝ ʫʜʦʙʥʦʡ ʜʣʷ ʘʥʘʣʠʟʘ ʬʦʨʤʝ: 

Ὗὼ Ὁὼ ὼϳ .                                   (8.10) 

ʀʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E0 (5.18), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʦʢʦʥʯʘʪʝʣʴ-

ʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʠ ʚʢʣʶʯʘʶʱʝʝ ʣʠʰʴ ʧʘʨʘʤʝʪʨʳ ʚʦʨʩʘ ʠ ʫʩʣʦʚʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ: 

Ὗὼ ὼὉ ЍὬ Ѝὼ  .                       (8.11) 

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ, ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʘʟʘʥʦ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ 

(ʨʠʩ. 8.5) ʜʣʷ ʇɸ ʚʦʨʩʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʫʢʘʟʘʥʥʳʤʠ ʚ ʪʘʙʣ. 8.3 ʠ 8.4. 

ʋʩʣʦʚʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʤʠ: h = 10 ʩʤ, U0 = 50 ʢɺ. ʆʜ-

ʥʦʚʨʝʤʝʥʥʦ ʥʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ. 
 

 
ʈʠʩ. 8.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʥʘʣʠʯʠʠ 

ʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʥʘʠʙʦʣʴʰʝʝ ʦʪʢʣʦʥʝʥʠʝ ʧʦ-

ʪʝʥʮʠʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʚʝʣʠʯʠʥʘ ʦʪʢʣʦʥʝʥʠʷ 

ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ ʥʝ ʧʨʝʚʳʰʘʝʪ 2 ʢɺ, ʪ. ʝ. ʤʝʥʝʝ 10 %. 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʦ ʬʣʦʢʘʪʦʨʝ ʙʫʜʝʪ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʂʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʜʣʷ ʧʦ-

ʪʝʥʮʠʘʣʘ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʩʨʘʚʥʠʪʴ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

ʧʨʠ ʥʘʣʠʯʠʠ ʠ ʦʪʩʫʪʩʪʚʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ɺ ʦʜʥʦʨʦʜ-

ʥʦʤ ʧʦʣʝ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʦʙʲʝʤ-

ʥʦʛʦ ʟʘʨʷʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʦʩʪʦʷʥʥʘ ʠ ʨʘʚʥʘ E = U0/h, ʪ. ʝ. ʦʪʥʦʰʝʥʠʶ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʢ ʨʘʩʩʪʦʷʥʠʶ ʤʝʞʜʫ ʥʠʤʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʢʘʢʠʝ ʠʩʢʘʞʝʥʠʷ ʚʥʝʩʝʪ ʦʙʲʝʤʥʳʡ ʟʘʨʷʜ ʩ ʟʘʜʘʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʚ ʩʪʨʫʢʪʫ-

ʨʫ ʜʘʥʥʦʛʦ ʧʦʣʷ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʟʦʥʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʚʳʨʘʞʝʥʠʝʤ (8.10). ɺʳʯʠʩʣʠʚ ʛʨʘʜʠʝʥʪ ʧʦʪʝʥʮʠʘ-

ʣʘ, ʟʘʧʠʰʝʤ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

Ὁὼ Ὁ ὅ  .                                       (8.12) 

ʊʝʧʝʨʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʬʦʨʤʫʣʦʡ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ0 ʦʢʦʣʦ ʟʘʨʷ-

ʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ (5.18), ʤʳ ʧʦʣʫʯʠʤ ʧʦʣʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ: 

 Ὁὼ ὅ ρ ς  .                                    (8.13) 

ʇʦʣʫʯʝʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʚʝʨʠʤ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ ʧʨʠʥʷʪʦʤʫ ʠʩʭʦʜʥʦ-

ʤʫ ʧʦʣʦʞʝʥʠʶ (5.18) ʠ (5.19), ʘ ʠʤʝʥʥʦ, ʪʝʦʨʝʤʝ ɻʘʫʩʩʘ. ɼʣʷ ʵʪʦʛʦ ʟʘʧʠʰʝʤ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘ ʛʨʘʥʠʮʘʭ: 

Ὁὼ π ὅ ȟ     Ὁὼ Ὤ ὅ  Ȣ      (8.14) 

ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ ʷʚʣʷʶʪʩʷ ʝʱʝ ʦʜʥʠʤ ʢʦʩʚʝʥʥʳʤ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʪʝʦ-

ʨʠʠ: ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʧʨʦʪʠ-

ʚʦʧʦʣʦʞʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ. ʈʘʩ-

ʯʝʪ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 8.6), ʩʜʝʣʘʥ ʜʣʷ ʥʘʧʨʷʞʝ-

ʥʠʷ 50 ʢɺ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 10 ʩʤ ʜʣʷ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ 

ʜʣʠʥʦʡ 0,5 ʠ 1 ʤʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ, ʩ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʟʘʨʷʜʢʠ.  

ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʥʘ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʦ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ï ʛʦʨʠʟʦʥʪʘʣʴʥʘʷ ʣʠʥʠʷ. 
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ʈʠʩ. 8.6. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ: 

1 ï l = 0,5 ʤʤ, k = kmax;  2 ï l = 0,5 ʤʤ, k = 0,4kmax; 

3 ï l = 1,0 ʤʤ, k = kmax;  4 ï l = 1,0 ʤʤ, k = 0,4kmax 

 
8.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʩʢʦʨʦʩʪʷʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 ʬʣʦʢʘʪʦʨʘ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʧʨʠ ʦʩʘʞʜʝʥʠʠ 

ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʙʫʜʝʪ ʘʥʘʣʠʟ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʚʦʨʩʠʥʦʢ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʧʨʝʜʣʦ-

ʞʝʥʥʦʡ ʨʘʥʝʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʦʪʜʝʣʴʥʦʡ ʚʦʨʩʠʥʢʠ (1.3), ʤʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪ-

ʨʠʚʘʪʴ ʧʦʪʦʢ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ. ʆʪʯʘʩʪʠ, ʥʘʯʘʣʦ ʨʘʩʩʤʦʪʨʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ 

ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ ʨʘʟʜ. 5 ʠ ʧʦʣʫʯʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ (5.9) ʜʣʷ ʩʢʦʨʦʩʪʠ ʧʦʪʦʢʘ ʟʘ-

ʨ̫ʞʝʥʥʦʛʦ ʚʦʨʩʘ. ʂʘʞʜʳʡ ʩʣʦʡ ʚʦʨʩʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʦʧʨʝʜʝʣʝʥʥʦʡ ʢʦʦʨʜʠ-

ʥʘʪʝ ʭ, ʠʤʝʝʪ ʩʚʦʶ ʩʢʦʨʦʩʪʴ. ʇʦʵʪʦʤʫ ʚʩʝ ʚʦʨʩʠʥʢʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʦʜʠʥʘʢʦ-

ʚʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʵʣʝʢʪʨʦʜʘ, ʠʤʝʶʪ ʦʜʥʫ ʠ ʪʫ ʞʝ ʩʢʦʨʦʩʪʴ. ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʨʝʯʴ 

ʠʜʝʪ ʦ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʦʨʩʘ ʧʦ ʩʢʦʨʦʩʪʷʤ. ʂʦʥʝʯʥʦ, ʵʪʦ ʧʨʠʙʣʠʞʝʥʠʝ, ʧʦʩʢʦʣʴ-

ʢʫ ʟʜʝʩʴ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʚʦʨʩʠʥʢʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʨʘʟʤʝʨʳ ʠ ʦʜʠʥʘʢʦʚʳʡ ʟʘʨʷʜ, ʘ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʦʩʪʦʷʥʥʘ ʚʦ ʚʨʝʤʝʥʠ. 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʤʦʜʝʣʴ ʦʪʥʦʩʠʪʩʷ ʢ ʜʚʠʞʝʥʠʶ ʧʦʪʦʢʘ ʟʘʨʷʞʝʥʥʳʭ ʚʦʨʩʠ-

ʥʦʢ, ʪ. ʝ. ʫʯʠʪʳʚʘʝʪ ʚʣʠʷʥʠʷ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘ ʟʥʘʯʝʥʠʝ 

ʧʨʠʦʙʨʝʪʘʝʤʦʡ ʩʢʦʨʦʩʪʠ ʚʦʨʩʘ. ɸʥʘʣʠʟ ʧʨʦʮʝʩʩʘ ʘʥʘʣʦʛʠʯʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʦʙʲ-

ʝʤʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʷ ʠ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ ʚʦʨʩʘ. 

ɿʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʵʣʝʢʪʨʦʜʘ (5.9) ʫʞʝ ʙʳ-

ʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʰʝ. ɽʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʚʷʟʴ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʩ ʟʘʨʷʜʦʤ ʚʦʨʩʘ 

j/q =Ů0C/(km), ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚ ʠʥʦʤ ʚʠʜʝ: 
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ὺὼ ή ὯὉ  . 

 

ɺʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʩʦʦʪʥʦʰʝʥʠʝʤ (5.18) ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ E0, ʧʦʣʫʯʠʤ 

ʦʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʨʘʩʯʝʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʛʨʘʬʠʢʦʚ 
 

‡ὼ ˞ .                               (8.15) 

 

ɻʨʘʬʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 8.7, ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʩʣʦʚʠʷʤ ʥʘʥʝʩʝʥʠʷ 

ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʚʦʨʩʘ, ʧʨʠʥʷʪʳʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ (U = 60 ʢɺ, h = 12 ʩʤ, 

ʚʦʨʩ ʇɸ l = 1 ʤʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ).  

 

 
ʈʠʩ. 8.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʦʨʩʘ ʧʨʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʤ 

ʜʚʠʞʝʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 

1 ï k = 3Ā10
-18

 ʂʣĀʤ/ɺ; 2 ï k = 5Ā10
-18

 ʂʣĀʤ/ɺ; 3 ï k = 7Ā10
-18

 ʂʣĀʤ/ɺ 

 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʟʚʠʚʘʝʤʦʡ ʪʝʦʨʠʠ. ʂʘʢ 

ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʨʦʩʪ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ ʫʩʢʦʨʝ-

ʥʠʷ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʧʨʦ-

ʷʚʠʚʰʝʝʩʷ ʟʜʝʩʴ ʦʛʨʘʥʠʯʝʥʠʝ ʤʦʜʝʣʠ ï ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʥʘ ʝʝ 

ʦʩʥʦʚʝ, ʚʝʨʦʷʪʥʦ, ʧʨʝʚʳʰʘʝʪ ʨʝʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ. ʕʪʦ ʥʝ ʤʝʥʷʝʪ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥr ʡ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʩʚʷʟʝʡ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʦʮʝʥ-

ʢʝ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʫʯʠʪʳʚʘʣʘʩʴ ʪʦʣʴʢʦ ʣʠʥʝʡʥʘʷ ʚʟʘʠ-

ʤʦʩʚʷʟʴ ʩʦ ʩʢʦʨʦʩʪʴʶ ʚʦʨʩʠʥʢʠ.  

 

8.4. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚ ʟʦʥʝ 

 ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ɺʳʝh ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘ-

ʤʠ ʜʣʷ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ.  

ʇʦ ʤʝʨʝ ʨʦʩʪʘ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦʟʨʘʩʪʘʝʪ 

ʚʩʪʨʝʯʥʳʡ ʧʦʪʦʢ ʚʦʨʩʘ, ʠʤʝʶʱʝʛʦ ʟʘʨʷʜ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʥʘʢʘ. ʇʨʠ ʜʦʩʪʠ-

 3 
 

 2  
 

 1 
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ʞʝʥʠʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʤʘʪʝʨʠʘʣʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʚʝʩʴ ʧʦʪʦʢ ʚʦʨʩʘ ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ ʦʙʨʘʪʥʦ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ 

ʧʨʠʙʣʠʞʝʥʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʙʝʠʭ ʧʦʪʦʢʦʚ ʨʘʚʥʳ ʧʦ ʤʦʜʫʣʶ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʜʠʥʘʢʦʚʘ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʟʘʨʷʜʦʚ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʦ ʘʥʘʣʦʛʠʠ ʩ (8.9) ʤʦʞ-

ʥʦ ʟʘʧʠʩʘʪʴ ʩʠʤʤʝʪʨʠʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʜʣʷ ʚʦʨʩʘ ʩ ʟʘʨʷʜʘ-

ʤʠ ʦʙʦʠʭ ʟʥʘʢʦʚ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʨʩʘ: 
 

”ὼ
Ѝ Ѝ Ѝ

Ȣ                                       (8.16) 
 

ʅʘ ʨʠʩ. 8.8 ʧʦʢʘʟʘʥʳ ʦʙʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ. ɺʩʝ ʨʘʩʯʝʪʳ ʧʨʦ-

ʚʝʜʝʥʳ ʜʣʷ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ: ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ h = 12 ʩʤ; ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ U0 = 60 ʢɺ; ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ = 5 ʢɺ/ʩʤ; ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʦʨʩʠʥʦʢ l = 1 ʤʤ; ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʊ = 0,33 ʪʝʢʩ; ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ k = 1Ā10
-18

 ʂʣĀʤ/ɺ; 

ʜʠʘʤʝʪʨ ʚʦʨʩʘ d = 20 ʤʢʤ; ʩʨʝʜʥʷʷ ʤʘʩʩʘ ʦʜʥʦʡ ʚʦʨʩʠʥʢʠ m = 3,3Ā10
-7
 ʛ. 

 

 
ʈʠʩ. 8.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʠ ʢʦʥʝʯʥʦʤ ʪɻʘʧʘʭ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʦʨʩʘ: 

1 ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ (ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ); 2 ï ʚʩʪʨʝʯʥʦʝ 

ʜʚʠʞʝʥʠʝ (ʢʦʥʝʯʥʳʡ ʵʪʘʧ) 

 

ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʨʩʘ ʩ ʟʘʨʷʜʘʤʠ ʧʨʦʪʠʚʦʧʦ-

ʣʦʞʥʳʭ ʟʥʘʢʦʚ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʠʤʤʝʪʨʠʯʥʳʤ. ɺ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ, ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʝʨʚʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʝ-

ʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʪʦʨʦʝ. 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (8.16) ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʜʝʣʘʥʥʳʤ ʧʨʝʜʧʦʣʦʞʝʥʠʷʤ. ʇʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʦʢʦʣʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʛʜʝ ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʦʢ ʥʫʣʝʚʘʷ, ʠ ʩʥʠʞʘʝʪʩʷ ʧʦ ʤʝʨʝ 

ʧʨʠʙʣʠʞʝʥʠʷ ʢ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤʫ ʵʣʝʢʪʨʦʜʫ. ʇʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʩʠʥʛʫ-

ʣʷʨʥʦʩʪʴ ʥʘʙʣʶʜʘʝʪʩʷ ʦʢʦʣʦ ʨʘʟʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʟʘʨʷʜʦʚ ʨʘʟʥʳʭ ʟʥʘʢʦʚ.  
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ʇʨʦʪʠʚʦʨʝʯʠʝ ʨʘʟʲʷʩʥʝʥʦ ʚ ʧʦʜʨʘʟʜ. 8.3 ʠ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʦʜʝʣʠ ʠʩʧʦʣʴʟʦʚʘʥʦ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ ʜʣʷ ʥʝʧʨʝʨʳʚʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʟʘ-

ʨʷʜʘ. ɺ ʨʝʘʣʴʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʦ ʟʘʨʷʜʦʚ ʚ ʝʜʠʥʠʮʝ ʦʙʲʝʤʘ ʚʝʩʴʤʘ ʚʝʣʠʢʦ, ʥʦ ʢʦ-

ʥʝʯʥʦ, ʧʦʵʪʦʤʫ ʧʨʠʤʝʥʝʥʠʝ ʫʢʘʟʘʥʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʚʧʦʣʥʝ ʦʧʨʘʚʜʘʥʦ. ʂʨʦʤʝ 

ʪʦʛʦ, ʥʘʜʦ ʧʦʤʥʠʪʴ, ʯʪʦ, ʭʦʪʷ ʧʣʦʪʥʦʩʪʴ ʟʘʨʷʜʘ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʵʣʝʢʪʨʦʜʫ 

ʩʪʨʝʤʠʪʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʩʘʤ ʟʘʨʷʜ, ʢʘʢ ʠʥʪʝʛʨʘʣ ʧʣʦʪʥʦʩʪʠ, ʢʦʥʝʯʝʥ ʠ ʵʪʦʪ 

ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʥʘ ʢʦʥʝʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚʦʨʩʠʥʦʢ. 

 

8.5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

 ʧʦʣʷ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʨʩʘ 

 

ɼʣʷ ʥʘʯʘʣʴʥʦʛʦ ʵʪʘʧʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʧʨʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʤ ʜʚʠʞʝ-

ʥʠʠ ʚʦʨʩʠʥʦʢ ʩ ʟʘʨʷʜʦʤ ʦʜʥʦʛʦ ʟʥʘʢʘ, ʚ ʨʘʙʦʪʝ [53] ʙʳʣʦ ʧʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ: 

Ὁὼ ὅ ρ ς  .                               (8.17) 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʨʠʥʷʪʦʤʫ ʠʩʭʦʜʥʦʤʫ ʧʦʣʦʞʝʥʠʶ 

3, ʘ ʠʤʝʥʥʦ, ʪʝʦʨʝʤʝ ɻʘʫʩʩʘ. ɿʘʧʠʰʝʤ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫ ʧʨʦʪʠʚʦʧʦʣʦʞ-

ʥʳʭ ʵʣʝʢʪʨʦʜʦʚ: 

Ὁὼ π ὅ  ȟ    Ὁὼ Ὤ ὅ  Ȣ       (8.18) 

ʕʪʠ ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦʣʫʯʝʥʥʳʤ ʨʘʥʝʝ ʩʦʦʪʥʦʰʝ-

ʥʠʷʤ (5.18) ʠ (5.19). ʂʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʚʝʣʠʯʠʥʳ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʨʘʚʥʳ ʧʦ ʚʝʣʠʯʠʥʝ ʠ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳ ʧʦ ʟʥʘʢʫ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʥʘʣʦʛʠʯʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʢʦʥʝʯʥʦʤ ʵʪʘʧʝ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʟʘʚʠʩʠʤʦʩʪʴʶ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ (8.16) ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʭ. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ 

ʇʫʘʩʩʦʥʘ ʜʣʷ ʪʘʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫ-

ʶʱʝʤ ʚʠʜʝ: 

Ѝ Ѝ Ѝ
Ȣ                                 (8.19) 

 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ, ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷ-

ʞʝʥʥʦʛʦ ʚʦʨʩʘ, ʪ. ʝ. ʜʣʷ ʢʦʥʝʯʥʦʛʦ ʵʪʘʧʘ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ, ʢʘʢ 

ʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ, ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ʇʦʩʢʦʣʴʢʫ ʩʫʤ-

ʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʘʚʝʥ ʥʫʣʶ (ʦʜʠʥʘʢʦ-

ʚʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʦʞʠʪʝʣʴʥʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʚʦʨʩʠʥʦʢ), ʪʦ ʠ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʜʦʣʞʥʘ ʙʳʪʴ ʨʘʚʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʜ-

ʥʦʨʦʜʥʦʛʦ ʧʦʣʷ.  

E(x = 0) = E(x = h) = U/h .               (8.20) 
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ɺʳʧʦʣʥʝʥʠʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʚʳʙʦʨʦʤ ʧʦʩʪʦʷʥʥʦʡ ʠʥ-

ʪʝʛʨʠʨʦʚʘʥʠʷ. ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʢʦʥʝʯʥʦʤ ʵʪʘʧʝ 

ʠʤʝʝʪ ʚʠʜ 

Ὁὼ ὅ ρ ρ  Ȣ                    (8.21) 

ʇʨʝʜʩʪʘʚʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʯʝʪʢʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʢʘʟʘʥʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦ-

ʚʠʷʤ. ʅʘ ʨʠʩ. 8.9 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʥʘ ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʵʪʘʧʘʭ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

 

 
ʈʠʩ. 8.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʥʘ ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʵʪʘʧʘʭ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʦʨʩʘ: 

1 ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ (ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ); 2 ï ʚʩʪʨʝʯʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ (ʢʦʥʝʯʥʳʡ ʵʪʘʧ); 3 ï ʦʪʩʫʪʩʪʚʠʝ ʚʦʨʩʘ ʚ ʦʙʲʝʤʝ 

 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʧʝʨʚʦʛʦ ʵʪʘʧʘ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚʳʰʝ (8.11). ɺʠʜ ʵʪʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʤʝʝʪ ʚʠʜ 
 

Ὗὼ ὼὉ ЍὬ Ѝὼ  . 

 

ɿʥʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ (8.21), ʤʦʞʥʦ ʧʦ-

ʣʫʯʠʪʴ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʜʚʠʞʝʥʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨ-

ʩʘ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘ-

ʣʘ, ʢʦʪʦʨʳʝ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʯʝʚʠʜʥʳ. ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʚʠʜ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

Ὗὼ ὼ Ὤϳ ὼϳ Ὤ ὼ ϳ  Ȣ (8.22) 
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ɻʨʘʬʠʯʝʩʢʠ ʵʪʘ ʬʫʥʢʮʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 8.10. ɿʜʝʩʴ ʞʝ ʧʦʢʘʟʘʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʤ ʜʚʠʞʝʥʠʠ ʚʦʨʩʘ. 

ʀʟ ʛʨʘʬʠʢʘ ʩʣʝʜʫʝʪ ʠʥʪʝʨʝʩʥʳʡ ʠ ʚʘʞʥʳʡ ʚʳʚʦʜ: ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥ-

ʮʠʘʣʘ ʩʥʘʯʘʣʘ ʩʠʣʴʥʦ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʣʠʥʝʡʥʦʛʦ (3) ʜʦ ʥʝʣʠʥʝʡʥʦʛʦ (1), ʘ ʟʘʪʝʤ 

ʚʦʟʚʨʘʱʘʝʪʩʷ (ʧʨʠ ʚʩʪʨʝʯʥʦʤ ʩʠʤʤʝʪʨʠʯʥʦʤ ʜʚʠʞʝʥʠʠ ʧʦʪʦʢʦʚ ʚʦʨʩʘ) ʬʘʢʪʠ-

ʯʝʩʢʠ ʢ ʠʩʭʦʜʥʦʤʫ (3). 

ʂ ʩʦʞʘʣʝʥʠʶ, ʨʘʩʩʯʠʪʘʪʴ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ. ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ 

ʧʦʜʘʯʠ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʘʣʠʯʠʝʤ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʜʝʡʩʪʚʫʝʪ, 

ʧʦʩʢʦʣʴʢʫ ʩʫʤʤʘʨʥʳʡ ʟʘʨʷʜ ʚʦʨʩʘ ʚ ʦʙʲʝʤʝ ʬʣʦʢʘʪʦʨʘ ʨʘʚʝʥ ʥʫʣʶ, ʘ ʠʥʳʭ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʤʳ ʥʝ ʠʤʝʝʤ. ʆʜʥʘʢʦ ʠʤʝʶʱʠʝʩʷ ʛʨʘʥʠʯʥʳʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ (ʥʘʯʘʣʴʥʦʝ 

ʠ ʢʦʥʝʯʥʦʝ) ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʦʟʚʦʣʷʶʪ 

ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ. 
 

 
ʈʠʩ. 8.10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʥʘʯʘʣʴʥʦʤ 

ʠ ʢʦʥʝʯʥʦʤ ʵʪʘʧʘʭ ʜʚʠʞʝʥʠʷ ʧʦʪʦʢʘ ʚʦʨʩʘ: 

1 ï ʦʜʥʦʥʘʧʨʘʚʣʝʥʥʦʝ ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ (ʥʘʯʘʣʴʥʳʡ ʵʪʘʧ); 2 ï ʚʩʪʨʝʯʥʦʝ 

ʜʚʠʞʝʥʠʝ ʚʦʨʩʘ (ʢʦʥʝʯʥʳʡ ʵʪʘʧ); 3 ï ʦʪʩʫʪʩʪʚʠʝ ʚʦʨʩʘ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʦʨʠʷ ʦʩʘʞʜʝʥʠʷ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʚ ʪʝʭ-

ʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʘʥʘʣʠʟʠ-

ʨʦʚʘʪʴ ʩʪʨʫʢʪʫʨʫ ʧʦʣʷ, ʚʝʣʠʯʠʥʫ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ 

ʩʢʦʨʦʩʪʷʤ, ʯʪʦ ʚʘʞʥʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ ʧʨʦʮʝʩʩʘ ʠ ʚʳʙʦʨʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʨʝʞʠʤʦʚ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʧʦʩʪʨʦʝʥʠʷ, ʢʘʟʘʣʦʩʴ ʙʳ, ʜʘʣʝʢʠʝ ʦʪ ʧʨʘʢʪʠ-

ʯʝʩʢʠʭ ʨʝʘʣʠʡ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʩʚʷʟʘʥʳ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʩʘʤʳʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ 

ʦʙʨʘʟʦʤ. ʉʢʦʨʦʩʪʴ ʚʦʨʩʘ ʚ ʤʦʤʝʥʪ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʝʪ ʥʘ ʧʨʦʯʥʦʩʪʴ ʝʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʠ ʩʪʦʡʢʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʢ ʠʩʪʠʨʘʥʠʶ. ʅʘʧʨ̫-

ʞʝʥʥʦʩʪʴ ʧʦʣʷ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ ʦʧʨʝʜʝʣʷʝʪ ʟʘʨʷʜ ʚʦʨʩʘ.  
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9. ʅɽʆɼʅʆʈʆɼʅʓɽ ʕʃɽʂʊʈʀʏɽʉʂʀɽ ʇʆʃʗ 

ɺ ʊɽʍʅʆʃʆɻʀʀ ʕʃɽʂʊʈʆʌʃʆʂʀʈʆɺɸʅʀʗ 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʨʝʯʴ ʰʣʘ ʦʙ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʷʭ, ʢʦʪʦʨʳʝ ʤʦʞ-

ʥʦ ʥʘʟʚʘʪʴ ʢʚʘʟʠ-ʦʜʥʦʨʦʜʥʳʤʠ. ʇʦʣʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ ʧʨʠ ʦʪʩʫʪ-

ʩʪʚʠʠ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʥʦʨʦʜʥʳʤ, ʝʩʣʠ ʤʝʞ-

ʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ ʤʥʦʛʦ ʤʝʥʴʰʝ ʜʣʠʥʳ ʠ ʰʠʨʠʥʳ ʵʣʝʢʪʨʦʜʦʚ. ɺ ʧʨʦʮʝʩ-

ʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʢʘʨʪʠʥʘ ʤʝʥʷʝʪʩʷ: ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʝ ʦʜʠʥʘʢʦʚʘ ʧʨʠ ʩʤʝ-

ʱʝʥʠʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʧʣʦʩʢʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ. ʕʪʦ ʧʨʦʠʩʭʦ-

ʜʠʪ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ. 

ʊʝʧʝʨʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʠ 

ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ 

ʚʦʨʩʘ. ʊʘʢʠʝ ʧʦʣʷ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʤʥʳʭ ʦʙʲʝʢʪʦʚ, 

ʠʣʠ ʠʭ ʩʦʟʜʘʶʪ ʩʧʝʮʠʘʣʴʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʨʫʛʘ ʟʘʜʘʯ, ʥʘʧʨʠʤʝʨ, 

ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʣʝʪʘ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠʣʠ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ. 

 

9.1. ʅʝʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

 ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ɿʘʜʘʯʘ ʦʧʠʩʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭ-

ʥʦʣʦʛʠʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʥʠʪʠ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʢʨʳʪʳʝ ʢʣʝʝʚʳʤ ʩʦʩʪʘʚʦʤ. 

ʕʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʥʘʣʠʟʘ ʫʩʣʦʚʠʡ ʟʘʨʷʜʢʠ ʠ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ.  

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʳʭ 

ʥʠʪʝʡ, ʥʝʦʙʭʦʜʠʤʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘʫʯʠʪʴʩʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ ʠ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʠʪʝʡ. ʈʝʰʝʥʠʝ ʵʪʦʡ ʟʘʜʘʯʠ ʦʧʠʩʘʥʦ ʚ ʤʦʥʦʛʨʘʬʠʠ [19]. 

 

9.1.1. ʇʦʣʝ ʦʜʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ 

ʵʣʝʢʪʨʦʜʘʤʠ 
 

ʈʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ ʩʣʫʯʘʡ ʨʘʩʧʦʣʦʞʝʥʠʷ ʦʜʥʦʡ ʥʠʪʠ ʤʝʞʜʫ ʜʚʫʤʷ ʧʣʦʩ-

ʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʨʠʩ. 9.1). ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʳʯʠʩʣʝʥʠʡ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʵʣʝʢ-

ʪʨʦʜʳ ʟʘʟʝʤʣʝʥʳ, ʘ ʥʠʪʴ ʠʤʝʝʪ ʧʦʪʝʥʮʠʘʣ U0. ʅʘ ʧʦʣʫʯʝʥʥʦʤ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦ ʥʝ 

ʩʢʘʞʝʪʩʷ. 

ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʘʢʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʤʝʪʦʜ ʢʦʥʬʦʨʤʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ [19]. ʉʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʦʪʦʙʨʘʟʠʪʴ ʧʦʣʦʩʫ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʥʘ ʦʜʥʫ ʠʟ ʢʘʥʦʥʠʯʝʩʢʠʭ ʦʙʣʘʩʪʝʡ, ʘ 

ʠʤʝʥʥʦ ʥʘ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ. ɼʣʷ ʵʪʦʛʦ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʬʫʥʢʮʠʝʡ 

w = exp(pz/2h). ʇʨʠ ʵʪʦʤ ʟʘʨʷʞʝʥʥʘʷ ʥʠʪʴ ʠʟ ʪʦʯʢʠ (0, b) ʧʝʨʝʡʜʝʪ ʚ ʪʦʯʢʫ w0 =   

= exp(ipb/2h). 
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ʈʠʩ. 9.1. ʈʘʩʧʦʣʦʞʝʥʠʝ ʬʣʦʢʠʨʫʝʤʦʡ ʥʠʪʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ʂʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʪʘʢʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ύ ÌÎ ὅȟ                              (9.1) 

 

ʛʜʝ z = x + iy ï ʢʦʦʨʜʠʥʘʪʘ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʳʯʠʩʣʷʶʪ ʧʦ-

ʪʝʥʮʠʘʣ; q ï ʟʘʨʷʜ, ʧʨʠʭʦʜʷʱʠʡʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʥʠʪʠ; e0 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʦʩʪʦʷʥʥʘʷ. 
 

ʇʦʩʪʦʷʥʥʫʶ ʉ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʪʦʛʦ ʫʩʣʦʚʠʷ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢ-

ʪʨʦʜʦʚ ʠʤʝʝʪ ʥʫʣʝʚʦʡ ʧʦʪʝʥʮʠʘʣ. ʕʪʦ ʜʘʸʪ 

ὅ
Ὥή

ς“‐
ÌÎ Ὡ Ȣ 

ʊʦʛʜʘ ʠʤʝʝʤ 

ὡ ÌÎ Ȣ                                       (9.2) 

ʇʦʣʫʯʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠ-

ʜʝ, ʪ. ʝ. 

                W(x, y) = U(x, y) + iV(x, y),                                   (9.3) 

ʛʜʝ  V(x, y) = C1  ʦʧʠʩʳʚʘʝʪ ʵʢʚʠʧʦʪʝʥʮʠʘʣʴʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ; 

U(x, y) = C2  ʦʧʠʩʳʚʘʝʪ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʜʘʥʥʦʛʦ ʧʦʣʷ. 
 

ʇʨʦʠʟʚʝʜʷ ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠ ʧʨʠʥʷʚ ʚ ʜʘʣʴʥʝʡʰʠʭ ʚʳ-

ʯʠʩʣʝʥʠʷʭ h = b (ʥʠʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ), ʧʦʣʫʯʠʤ 

ʬʦʨʤʫʣʫ ʜʣʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʨʘʟʚʝʨʥʫʪʦʤ ʚʠʜʝ: 
 

ὡ ὼȟώ ÁÒÃÔÇ ÌÎ Ȣ    (9.4) 

 

  

y 

2h 

2r0 

b 

x 
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ʊ. ʝ. ʧʦʪʝʥʮʠʘʣ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʟʘʧʠʩʳʚʘʝʪʩʷ ʚ ʚʠʜʝ 
 

‰ὼȟώ ÌÎ Ȣ                              (9.5) 

ʀʣʠ, ʫʯʪʷ, ʯʪʦ ʧʨʠ ʭ = 0 ʠ y = b/2 ï r0, j(x,y) = U0, ʪ. ʝ. ʧʦʪʝʥʮʠʘʣʫ ʟʘʨʷ-

ʞʝʥʥʦʡ ʥʠʪʠ, ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʦʪ ʟʘʨʷʜʘ q ʢ ʧʦʪʝʥʮʠʘʣʫ U0. 

                 
.
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2ln
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p
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-

+

=
                       (9.6) 

ʇʦʩʢʦʣʴʢʫ, ʢʘʢ ʠʟʚʝʩʪʥʦ ʠʟ [109], 

Ὁᴆὼȟώ ὫὶὥὨ‰ὼȟώȟ 
ʪʦ ʤʦʞʥʦ ʧʝʨʝʡʪʠ ʢ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

Ὁ ὼȟώ
ȟ

ȟ                   (9.7) 

Ὁ ὼȟώ
ȟ ẗ

Ȣ
Ȣ               (9.8) 

ʅʘ ʨʠʩ. 9.2 ʠ 9.3 ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽʫ ʠ ɽʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʘʟʥʳʭ ʫʨʦʚʥʷʭ ʫ, 

ʨʘʩʩʯʠʪʘʥʥʳʝ ʧʦ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʤ ʬʦʨʤʫʣʘʤ.  

 
ʈʠʩ. 9.2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʫ 

ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ: 

y = 79,5 ʤʤ; 2h = 160 ʤʤ; U0 = 32 ʢɺ; b = 80 ʤʤ; r0 = 0,25 ʤʤ 
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ʈʠʩ. 9.3. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʫ 

ʥʘ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʝ ʫ: 

1 ï ʫ = 70 ʤʤ; 2 ï ʫ = 40 ʤʤ 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʦʚ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʦʜʥʦʡ ʥʠʪʠ, 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʷʚʣʷʝʪʩʷ ʩʠʣʴʥʦ ʥʝʦʜʥʦʨʦʜʥʳʤ. ʅʘʧʨʠ-

ʤʝʨ, ʯʪʦʙʳ ʧʦʣʫʯʠʪʴ ʚ ʪʘʢʦʤ ʧʦʣʝ ʚʝʨʪʠʢʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ, ʨʘʚʥʦʡ ʭʦʪʷ ʙʳ 2 ʢɺ/ʩʤ ʧʨʠ ʜʠʘʤʝʪʨʝ ʥʠʪʠ 1 ʤʤ ʠ ʚʳʩʦʪʝ ʥʘʜ ʵʣʝʢʪʨʦʜʦʤ 

75 ʤʤ, ʥʝʦʙʭʦʜʠʤ ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 50 ʢɺ. ʆʜʥʘʢʦ ʧʨʠ ʪʘʢʦʤ 

ʥʘʧʨʷʞʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʬʣʦʢʠʨʫʝʤʦʡ 

ʥʠʪʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘʯʘʣʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʥʝʸ, ʘ 

ʧʨʠ ʵʪʦʤ ʬʣʦʢʠʨʦʚʘʥʠʝ ʥʠʪʠ ʥʝʚʦʟʤʦʞʥʦ [7], [19].  

ɽʩʣʠ ʥʘʧʨʷʞʝʥʠʝ ʫʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʳʤ, ʧʨʠ ʢʦʪʦʨʦʤ ʝʱʸ ʥʝ ʚʦʟʥʠ-

ʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ, ʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʘʞʝ ʥʝʧʦʩʨʝʜ-

ʩʪʚʝʥʥʦ ʧʦʜ ʥʠʪʴʶ ʙʫʜʝʪ ʠʤʝʪʴ ʚʝʣʠʯʠʥʫ ʜʣʷ ʫʢʘʟʘʥʥʦʛʦ ʩʣʫʯʘʷ ʤʝʥʝʝ 1 ʢɺ/ʩʤ. 

ʊʘʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʢ ʩʦʞʘʣʝʥʠʶ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ 

ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ. ɺʩʸ ʵʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚ ʧʦʜʦʙʥʳʭ ʧʦʣʷʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʩʤʳʩʣ ʚʝʩʪʠ ʩ 

ʥʝʩʢʦʣʴʢʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ. ʇʦʜʨʦʙʥʝʝ ʚʦʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʢʦ-

ʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʧʨʦʮʝʩʩ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥ ʚ ʦʜʥʦʤ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʦʚ. 

ɿʜʝʩʴ ʪʘʢʞʝ ʠʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʘʟʘʣʦʩʴ ʙʳ, ʦʧʪʠʤʘʣʴʥʘʷ ʛʝʦʤʝʪ-

ʨʠʷ ʬʦʨʤʳ ʵʣʝʢʪʨʦʜʘ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʠʪʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʘ ʠʤʝʥʥʦ, ʢʦ-

ʛʜʘ ʥʠʪʴ ʧʨʦʭʦʜʠʪ ʚʜʦʣʴ ʦʩʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʘʭʦʜʷʱʝʛʦʩʷ ʧʦʜ 

ʧʦʪʝʥʮʠʘʣʦʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʧʦʣʥʦʩʪʴʶ ʠʩʢʣʶʯʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʴ ʥʘʥʦʩʠʪʴ ʚʦʨʩ ʥʘ ʥʠʪʴ. 
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʥʫʪʨʠ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʦʡ ʧʦʣʦʩʪʠ ʦʧʠʩʳʚʘʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

Ὁ ȟ  

ʛʜʝ R ï ʚʥʫʪʨʝʥʥʠʡ ʨʘʜʠʫʩ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ; r0 ï ʨʘʜʠʫʩ ʥʠʪʠ ʩ ʢʣʝ-

ʝʚʳʤ ʩʣʦʝʤ; r ï ʪʝʢʫʱʠʡ ʨʘʜʠʫʩ; U0 ï ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʥʠʪʴʶ ʠ ʮʠ-

ʣʠʥʜʨʦʤ. 
 

ʆʪʩʶʜʘ ʣʝʛʢʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʬʦʨʤʝ ʵʣʝʢʪʨʦʜʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ R ʚʝʩʴʤʘ ʤʘʣʘ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʝʩʣʠ R = 10 ʩʤ, r0 = 0,05 ʩʤ ʠ U0 = 20 ʢɺ, 

ʪʦ ɽ(r = R) = 0,38 ʢɺ/ʩʤ, ʪ. ʝ. ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʟʘʨʷʜʢʠ ʠ ʦʪ-

ʨʳʚʘ ʚʦʨʩʘ ʦʪ ʵʣʝʢʪʨʦʜʘ, ʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʥʠʪʠ ʙʫʜʝʪ ɽ(r = r0) = 75,5 ʢɺ/ʩʤ, ʯʪʦ ʧʨʝʚʦʩʭʦʜʠʪ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

ʥʘʯʘʣʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʦʨʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʥʝ ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ ʠʟ-ʟʘ 

ʥʠʟʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ ʫʞʝ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ 

ʠ ʬʣʦʢʠʨʦʚʘʥʠʝ ʥʝʚʦʟʤʦʞʥʦ. ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʦʙʲʷʩʥʷʝʪ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʘ ʧʨʘʢ-

ʪʠʢʝ ʬʣʦʢʠʨʦʚʘʥʠʝ ʦʪʜʝʣʴʥʦʡ ʥʠʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

 

 
ʈʠʩ. 9.4. ʉʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʭ ʚ ʧʦʣʝ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʧʨʦʚʦʜʥʠʢʘ: 

y = 79,5 ʤʤ; 2h = 160 ʤʤ; U0 = 32 ʢɺ; b = 80 ʤʤ; r0 = 0,25 ʤʤ 
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ʈʠʩ. 9.5. ʉʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʭ ʦʪ ʢʦʦʨʜʠʥʘʪʳ 

ʥʘ ʨʘʟʣʠʯʥʦʡ ʚʳʩʦʪʝ ʫ: 1 ï y = 70 ʤʤ; 2 ï y = 40 ʤʤ 

 
9.1.2. ɸʥʘʣʠʟ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ  

ʧʨʦʚʦʜʥʠʢʦʚ ʤʝʞʜʫ ʟʘʨʷʞʝʥʥʳʤʠ ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ 
 

ɸʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʢʘʢ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʣʝ ʦʜʥʦʡ ʥʠʪʠ, ʨʘʩʩʤʦʪʨʠʤ 

ʩʣʫʯʘʡ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʪʝʡ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʆʩʪʘʥʦʚʠʤʩʷ 

ʧʦʜʨʦʙʥʝʝ ʥʘ ʩʠʩʪʝʤʝ ʠʟ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʪʝʡ, ʨʘʩʧʦʣʦʞʝʥ-

ʥʳʭ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʙʝʩʢʦʥʝʯʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ (ʨʠʩ. 9.6). ʕʪʘ ʩʭʝʤʘ ʠʤʝʝʪ 

ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʦʡ 

ʧʨʷʞʠ, ʥʦ ʠ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ. 

ʀʩʧʦʣʴʟʫʷ ʚʥʦʚʴ ʤʝʪʦʜ ʢʦʥʬʦʨʤʥʳʭ ʦʪʦʙʨʘʞʝʥʠʡ ʠ ʧʝʨʝʡʜʷ ʟʘʪʝʤ ʠʟ 

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢ ʚʝʱʝʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ ʧʦʪʝʥʮʠʘʣʘ, ʠʤʝʝʤ 

‰ὼȟώ ÌÎὧὬ ÃÏÓ Ȣ                    (9.9) 

ɿʜʝʩʴ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʧʨʠʚʝʜʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʷʚ-

ʣʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ, ʦʜʥʘʢʦ ʦʥʦ ʩ ʭʦʨʦʰʝʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʦʧʠʩʳʚʘʝʪ 

ʜʘʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. ʊʝʧʝʨʴ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʦʙʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʵʪʦʡ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜʦʚ: 

Ὁ ȟ                              (9.10) 

 

Ὁ Ȣ                              (9.11) 
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ʈʠʩ. 9.6. ʉʭʝʤʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʨʷʜʘ ʥʠʪʝʡ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʬʦʨʤʫʣ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (ʨʠʩ. 9.7ï9.9) ʜʣʷ ʨʘʩ-

ʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ d = 15 ʤʤ. ʅʘ ʧʝʨʚʦʤ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ y-ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʜʦʣʴ ʦʩʠ x ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0,5 ʤʤ 

ʦʪ ʨʷʜʘ ʥʠʪʝʡ. ʉʣʝʜʫʶʱʠʡ ʛʨʘʬʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʪʫ ʞʝ ʩʦʩʪʘʚʣʷʶʱʫʶ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ, ʥʦ ʥʘ ʨʘʩʩʪʦʷʥʠʷʭ y, ʨʘʚʥʳʭ 10 ʠ 40 ʤʤ ʦʪ ʧʣʦʩʢʦʩʪʠ ʥʠʪʝʡ.  

ɼʘʣʝʝ, ʥʘ ʛʨʘʬʠʢʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ x-ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʧʦ-

ʩʪʨʦʝʥʥʳʝ ʜʣʷ ʪʝʭ ʞʝ ʫʩʣʦʚʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʧʦʜʪʚʝʨʞʜʘʶʪ ʨʘʩʯʸʪʳ, ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ h > 

> d ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʩʦʟʜʘʚʘʝʤʦʝ ʨʷʜʦʤ ʧʘʨʘʣʣʝʣʴʥʳʭ ʥʠʪʝʡ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ 

ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʦʙʲʸʤʘ ʬʣʦʢʘʪʦʨʘ ʚʝʩʴʤʘ ʙʣʠʟʢʦ ʢ ʦʜʥʦʨʦʜ-

ʥʦʤʫ ʧʦʣʶ. ʋʞʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 10 ʤʤ ʦʪ ʧʣʦʩʢʦʩʪʠ ʥʠʪʝʡ ʦʪʣʠʯʠʝ ʦʪ ʦʜʥʦʨʦʜ-

ʥʦʛʦ ʧʦʣʷ, ʪ. ʝ. ʘʤʧʣʠʪʫʜʘ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ (y = h), ʥʝ ʧʨʝʚʳʰʘʝʪ 3 %.  
 

 
ʈʠʩ. 9.7. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʫ 

ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ: 

y = 0,5 ʤʤ; h = 80 ʤʤ; U0 = 32 ʢɺ; d = 15 ʤʤ; r0 = 0,25 ʤʤ 
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ʇʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʠʤʝʶʪ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ ʠ 

ʠʭ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ɺ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ï ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʩʦʪʳ ʧʦʣʦʪ-

ʥʘ ʥʠʪʝʡ, ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʤʠ ʠ ʧʦʜʘʚʘʝʤʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʋʢʘʟʘʥʥʳʝ ʧʘʨʘ-

ʤʝʪʨʳ ʩʣʝʜʫʝʪ ʚʳʙʠʨʘʪʴ ʪʘʢʠʤʠ, ʯʪʦʙʳ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʥʝ-

ʛʦ ʵʣʝʢʪʨʦʜʘ ʙʳʣʘ ʥʘʠʙʦʣʴʰʝʡ ʧʨʠ ʫʩʣʦʚʠʠ ʦʪʩʫʪʩʪʚʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʥʠ-

ʪʝʡ. ʇʦʜʨʦʙʥʝʝ ʵʪʦ ʙʫʜʝʪ ʨʘʩʩʤʦʪʨʝʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 
 

 
ʈʠʩ. 9.8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʫ ʚ ʧʦʣʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ: 

1 ï y = 10 ʤʤ; 2 ï y = 40 ʤʤ 

 

 
ʈʠʩ. 9.9. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʭ ʚ ʧʦʣʝ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ: 

y = 0,5 ʤʤ; h = 80 ʤʤ; U0 = 32 ʢɺ; d = 15 ʤʤ; r0 = 0,25 ʤʤ 

-3,65

-3,6

-3,55

-3,5

-3,45

-3,4

-40 -30 -20 -10 0 10 20 30 40

ʅ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
 
ʢ
ɺ
/
ʩ
ʤ

 

ʂʦʦʨʜʠʥʘʪʘ ʭ, ʤʤ 

  
2 

1 

-15

-10

-5

0

5

10

15

-30 -20 -10 0 10 20 30

ʅ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʥ
ʦ
ʩ
ʪ
ʴ
,
 
 
ʢ
ɺ
/
ʩ
ʤ

 

ʂʦʦʨʜʠʥʘʪʘ ʭ, ʤʤ 



156 

ʇʦʣʫʯʝʥʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʣʷ ʪʘʢʞʝ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʠʪʴ ʯʠʩʣʝʥʥʫʶ 

ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʚ ʧʦʜʦʙʥʦʤ ʧʦʣʝ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʳʭ 

ʫʟʦʨʦʚ, ʠʩʧʦʣʴʟʫʶʱʝʡ ʥʝʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. 

 

 
ʈʠʩ. 9.10. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽʭ 

ʚ ʧʦʣʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ: 

1 ï y = 10 ʤʤ; 2 ï y = 40 ʤʤ 

 

ʊʘʢʘʷ ʯʠʩʣʝʥʥʘʷ ʤʦʜʝʣʴ ʙʫʜʝʪ ʚʘʞʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠ ʦʮʝʥʢʠ ʚʣʠ-

ʷʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

 

9.2. ʇʨʠʤʝʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ  

 ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʣʝʪʘ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ɸʥʘʣʠʟʠʨʫʷ ʚʦʧʨʦʩ ʦ ʧʨʠʤʝʥʝʥʠʠ ʥʝʦʜʥʦʨʦʜʥʳʭ ʧʦʣʝʡ ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ, ʥʝʣʴʟʷ ʥʝ ʫʧʦʤʷʥʫʪʴ ʦʙ ʵʢʦʥʦʤʠʠ ʚʦʨʩʘ ʧʫʪʝʤ ʩʦʢʨʘʱʝʥʠʷ ʝʛʦ ʚʳ-

ʣʝʪʘ ʠʟ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ɺʦʨʩ ï ʵʪʦ ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʦʩʪʦʷʱʠʡ 

ʩʳʨʴʝʚʦʡ ʢʦʤʧʦʥʝʥʪ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦ-

ʢʨʘʱʝʥʠʷ ʝʛʦ ʧʦʪʝʨʴ. ʈʝʯʴ ʟʜʝʩʴ ʠʜʝʪ, ʢʦʥʝʯʥʦ, ʥʝ ʦ ʧʨʷʤʳʭ ʧʦʪʝʨʷʭ ʠʟ-ʟʘ ʚʳ-

ʣʝʪʘ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʘ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʤʥʦʛʦʢʨʘʪʥʦʡ ʧʝʨʝʟʘʛʨʫʟʢʝ 

ʚʦʨʩʘ ʚ ʧʦʜʘʶʱʠʡ ʙʫʥʢʝʨ ʝʛʦ ʩʚʦʡʩʪʚʘ ʧʦʩʪʝʧʝʥʥʦ ʫʭʫʜʰʘʶʪʩʷ. ʋʜʘʯʥʳʤ ʩʧʦ-

ʩʦʙʦʤ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʠʤʝʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʳʭ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʦʣʝʡ. 

ʅʝʦʜʥʦʨʦʜʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʦʣʷ ʚ ʵʣʝʢʪʨʦʥʥʦ-ʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʘ 

ʪʘʢʞʝ ʠ ʚ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦ. 

ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʢʘʢ ʧʦʚʝʜʝʥʠʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ 
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ʧʦʣʝ, ʪʘʢ ʠ ʜʣʠʥʥʳʭ ʚʦʣʦʢʦʥ [1], [6], [7]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʚʦʣʦʢʦʥ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʨʘʟʤʝʨʦʚ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʦʙʣʘʩʪʠ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ, ʪʦ ʠʭ ʧʦ-

ʚʝʜʝʥʠʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʘʭ [9]ï[12], [17], [19].  

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ ʧʨʦʩʪʝʡʰʝʡ ʢʦʥʬʠʛʫʨʘʮʠʠ, ʦʙ-

ʨʘʟʦʚʘʥʥʦʤ ʜʚʫʤʷ ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʫʛ-

ʣʦʤ, ʜʣʠʥʥʳʝ ʠ ʢʦʨʦʪʢʠʝ ʚʦʣʦʢʥʘ ʚʝʜʫʪ ʩʝʙʷ ʧʦ-ʨʘʟʥʦʤʫ. ʂʦʨʦʪʢʠʡ ʚʦʨʩ, ʜʚʠ-

ʞʫʱʠʡʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʩʥʠʞʝ-

ʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [19], [14], [55]ï[57], ʘ ʜʣʠʥʥʳʡ ï ʚ 

ʩʪʦʨʦʥʫ ʚʦʟʨʘʩʪʘʥʠʷ [1], [7]. ɼʣʠʥʥʦʝ ʠʣʠ ʢʦʨʦʪʢʦʝ ʚʦʣʦʢʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʪ-

ʥʦʰʝʥʠʝʤ ʜʣʠʥʳ ʚʦʣʦʢʥʘ ʢ ʨʘʜʠʫʩʫ ʢʨʠʚʠʟʥʳ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʅʝ ʚʜʘʚʘʷʩʴ 

ʟʜʝʩʴ ʚ ʧʦʜʨʦʙʥʦʩʪʠ ʤʝʭʘʥʠʟʤʘ ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʦʧʠʩʘʥʥʦʛʦ ʚ ʨʘʙʦʪʘʭ [1], [7], 

[56]ï[58], ʧʦʢʘʞʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʩʦʢʨʘʱʝʥʠʷ ʧʦʪʝʨʴ ʚʦʨ-

ʩʘ ʧʨʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʠ [111].  

ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʢʘʢ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʪʘʢ ʠ ʥʠʪʝʡ 

ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʚʦʨʩ ʠʟ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ ʥʝʠʟ-

ʙʝʞʥʦ ʚʳʣʝʪʘʝʪ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ. ʊʘʢʦʡ ʚʦʨʩ ʦʙʳʯʥʦ ʩʦʙʠʨʘʶʪ ʚ ʩʧʝʮʠʘʣʴʥʳʡ 

ʙʫʥʢʝʨ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦʜ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ ʟʥʘʯʠʪʝʣʴ-

ʥʳʡ ʚʳʣʝʪ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʦʧʨʷʞʝʥ ʩ ʝʛʦ ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʧʦʪʝ-

ʨʷʤʠ, ʘ ʢʨʦʤʝ ʵʪʦʛʦ ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʨʩʘ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ 

ʝʛʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʆʜʥʠʤ ʠʟ ʚʦʟʤʦʞʥʳʭ ʧʫʪʝʡ ʩʦʢʨʘʱʝʥʠʷ 

ʧʦʪʝʨʴ ʚʦʨʩʘ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ.  

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʜʝʰʝʚʳʤ ʩʧʦʩʦʙʦʤ ʩʦʢʨʘʱʝʥʠʷ ʚʳʣʝʪʘ ʚʦʨʩʘ ʷʚʣʷ-

ʝʪʩʷ ʫʩʪʘʥʦʚʢʘ ʥʘ ʬʣʦʢʘʪʦʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦ ʧʝʨʠʤʝʪʨʫ.  

ɼʣʷ ʦʮʝʥʢʠ ʧʦʪʝʨʴ ʚʦʨʩʘ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʝʪʦʜʠʢʘ, 

ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʧʨʠʤʝʥʝʥʠʠ çʢʣʝʪʢʠ ʌʘʨʘʜʝʷè. ʃʘʙʦʨʘʪʦʨʥʳʡ ʩʪʝʥʜ, ʩʦʟʜʘʥʥʳʡ 

ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʘ, ʚʳʣʝʪʝʚʰʝʛʦ ʠʟ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ, ʧʦʢʘʟʘʥ ʥʘ 

ʨʠʩ. 9.11. ʉʚʝʨʭʫ ʨʘʩʧʦʣʦʞʝʥ ʙʫʥʢʝʨ 1, ʧʦʜʘʶʱʠʡ ʚʦʨʩ 2 ʩʢʚʦʟʴ ʩʝʪʯʘʪʦʝ ʜʥʦ 3, 

ʢ ʢʦʪʦʨʦʤʫ ʧʦʜʢʣʶʯʝʥʦ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ 4. ʂ ʙʫʥʢʝʨʫ ʧʨʠʩʦ-

ʝʜʠʥʝʥʳ ʧʦʜ ʦʧʨʝʜʝʣʝʥʥʳʤ ʫʛʣʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʩʝʪʯʘʪʦʛʦ ʜʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʵʣʝʢʪʨʦʜʳ 5. ʅʠʞʥʠʡ (ʟʘʟʝʤʣʝʥʥʳʡ) ʵʣʝʢʪʨʦʜ ʠʟʛʦʪʦʚʣʝʥ ʜʚʦʡʥʳʤ: ʩʚʝʨʭʫ ʩʝʪ-

ʯʘʪʳʡ ʵʣʝʢʪʨʦʜ 6, ʧʦʜ ʥʠʤ ï ʩʧʣʦʰʥʦʡ ʵʣʝʢʪʨʦʜ 7, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʳ 

ʠʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ 8.  

ʆʮʝʥʢʘ ʢʦʣʠʯʝʩʪʚʘ ʚʳʣʝʪʘʶʱʝʛʦ ʚʦʨʩʘ ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ɺʦʨʩ, ʧʦʩʪʫʧʘʶʱʠʡ ʩʚʝʨʭʫ ʩʢʚʦʟʴ ʩʝʪʢʫ 3 ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʜʚʠʞʝʪʩʷ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʠʣ ʢ ʥʠʞʥʝʤʫ ʵʣʝʢʪʨʦʜʫ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʥʘ ʟʘʟʝʤ-

ʣʝʥʥʫʶ ʩʝʪʢʫ 6 ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʯʘʩʪʴ ʚʦʨʩʘ, ʧʝʨʝʟʘʨʷʜʠʚʰʠʩʴ, ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ 3, ʥʘ ʢʦʪʦʨʳʡ ʧʦʜʘʥʦ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʪ ʠʩʪʦʯʥʠʢʘ 4. 

ɼʨʫʛʘʷ ʯʘʩʪʴ ʚʦʨʩʘ ʧʨʦʭʦʜʠʪ ʩʢʚʦʟʴ ʷʯʝʡʢʠ ʩʝʪʢʠ 6 ʠ ʜʦʩʪʠʛʘʝʪ ʥʠʞʥʝʛʦ ʩʧʣʦʰ-

ʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 7, ʛʜʝ ʠ ʦʪʜʘʸʪ ʩʚʦʡ ʟʘʨʷʜ. ʇʨʠ ʵʪʦʤ ʧʦʩʢʦʣʴʢʫ ʵʣʝʢʪʨʦʜʳ 6 ʠ 7 

ʟʘʟʝʤʣʝʥʳ, ʪʦ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʤʝʞʜʫ ʥʠʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʠ ʧʦ-

ʧʘʚʰʠʡ ʤʝʞʜʫ ʥʠʤʠ ʚʦʨʩ ʦʩʪʘʝʪʩʷ ʥʘ ʵʣʝʢʪʨʦʜʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʚʘʞʝʥ ʜʣʷ ʥʘʩ 

ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʦʥ ʧʦʟʚʦʣʷʝʪ ʠʤʠʪʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʦʮʝʥʠʚʘʪʴ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ, ʧʦʢʠʜʘʶʱʝʛʦ ʟʦʥʫ ʥʘʥʝʩʝʥʠʷ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʫʩʣʦʚʠʷ ʙʣʠʟʢʠ ʢ ʦʧʠʩʘʥʥʳʤ ʚʳʰʝ: ʯʘʩʪʴ 

ʚʦʨʩʘ ʚʥʝʜʨʷʝʪʩʷ ʚ ʩʣʦʡ ʩʚʷʟʫʶʱʝʛʦ ʥʘ ʤʘʪʝʨʠʘʣʝ (ʚʦʨʩ, ʧʨʦʭʦʜʷʱʠʡ ʩʢʚʦʟʴ 
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ʩʝʪʢʫ 6), ʜʨʫʛʘʷ ʯʘʩʪʴ ʚʦʨʩʘ (ʥʝ ʚʥʝʜʨʠʚʰʘʷʩʷ) ʧʝʨʝʟʘʨʷʞʘʝʪʩʷ ʠ ʚʦʟʚʨʘʱʘʝʪʩʷ 

ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
ʈʠʩ. 9.11. ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʚʳʣʝʪʘ ʚʦʨʩʘ 

ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ 

 

ʇʦʜʘʯʘ ʚʦʨʩʘ ʩʢʚʦʟʴ ʩʝʪʯʘʪʦʝ ʜʥʦ 3 ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ 1 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʦʩʨʝʜʩʪʚʦʤ ʝʛʦ ʚʠʙʨʘʮʠʠ. ʇʨʦʟʨʘʯʥʦʩʪʴ ʩʝʪʢʠ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ (ʦʪʥʦʰʝ-

ʥʠʝ ʧʣʦʱʘʜʠ ʦʪʚʝʨʩʪʠʡ ʩʝʪʢʠ ʢ ʝʸ ʧʦʣʥʦʡ ʧʣʦʱʘʜʠ) ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 50 %. 

ʀʟʤʝʨʠʪʝʣʴʥʳʝ ʷʯʝʡʢʠ 8 ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʩ ʪʘʢʠʤ ʨʘʩʯʝʪʦʤ, ʯʪʦʙʳ ʪʨʠ ʠʟ 

ʥʠʭ ʥʘʭʦʜʠʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʧʦʜʘʶʱʝʡ ʩʝʪʢʦʡ 3, ʘ ʯʝʪʳʨʝ ʷʯʝʡʢʠ ï ʟʘ 

ʟʦʥʦʡ ʧʦʜʘʯʠ ʚʦʨʩʘ. ɺʩʝ ʷʯʝʡʢʠ ʙʳʣʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʨʦʥʫʤʝʨʦʚʘʥʳ ʠ ʚʟʚʝ-

ʰʝʥʳ. ʇʦʜʘʯʫ ʚʦʨʩʘ ʦʩʫʱʝʩʪʚʣʷʣʠ ʚ ʪʝʯʝʥʠʠ 10 ʩ, ʧʦʩʣʝ ʯʝʛʦ ʧʫʪʝʤ ʚʟʚʝʰʠʚʘ-

ʥʠʷ ʦʧʨʝʜʝʣʷʣʠ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ ʚ ʷʯʝʡʢʘʭ.  

ɼʣʷ ʩʦʟʜʘʥʠʷ ʚ ʟʦʥʝ ʥʘʥʝʩʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʥʫʞʥʦʡ ʢʦʥʬʠʛʫʨʘ-

ʮʠʠ ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ 3 ʙʳʣʠ ʧʨʠʩʦʝʜʠʥʝʥʳ ʜʚʝ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʣʘʩʪʠʥʳ 5 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ, ʥʘʢʣʦʥ ʢʦʪʦʨʳʭ ʢ ʧʣʦʩʢʦʩʪʠ ʵʣʝʢʪʨʦʜʘ 

(ʫʛʦʣ Ŭ) ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʦʪ 0 ʜʦ 90
0
. ʐʠʨʠʥʘ ʵʪʠʭ ʵʣʝʢʪʨʦʜʦʚ ʩʦʩʪʘʚʣʷʣʘ 4 ʩʤ, 

ʠ ʦʥʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʜʦʣʴ ʚʩʝʡ ʜʣʠʥʳ ʙʫʥʢʝʨʘ 1. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦ-

ʜʘʤʠ 3 ʠ 6 ʙʳʣʦ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʷʣʦʩʴ 110 ʤʤ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝ-

ʥʳ ʜʣʷ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ (0,5 ʠ 3 ʤʤ) ʧʨʠ ʥʘʧʨʷʞʝʥʠʷʭ 
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56 ʠ 72 ʢɺ. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʫʜʦʙʩʪʚʘ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ 

ʛʨʘʬʠʢʦʚ (ʨʠʩ. 9.12ï9.14). 

 

 
ʈʠʩ. 9.12. ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʥʘ ʨʘʩʩʝʠʚʘʥʠʝ ʚʦʨʩʘ (l = 0,5 ʤʤ, U = 56 ʢɺ): 

1 ï Ŭ = 0
0
; 2 ï Ŭ = 14

0
; 3 ï Ŭ = 35

0
 

 

 
ʈʠʩ. 9.13. ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʥʘ ʨʘʩʩʝʠʚʘʥʠʝ ʚʦʨʩʘ (l = 0,5 ʤʤ, U = 72 ʢɺ): 

1 ï Ŭ = 0
0
; 2 ï Ŭ = 14

0
; 3 ï Ŭ = 21
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ʅʘ ʛʨʘʬʠʢʘʭ ʧʦʢʘʟʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʠʟʤʝʨʠʪʝʣʴʥʳʭ 

ʷʯʝʝʢ ʦʪ ʠʭ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʦʩʠ ʬʣʦʢʘʪʦʨʘ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʥʘʢʣʦʥʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ.  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ 

ʨʘʩʩʝʠʚʘʥʠʠ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ (ʫʛʦʣ ʥʘʢʣʦʥʘ ï 0
0
) ʫʚʝʣʠʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦ-

ʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʝʜʝʪʩʷ ʬʣʦʢʠʨʦʚʘʥʠʝ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʚʝʜʝʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʩʢʦʨʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʠ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʟʘ ʩʯʝʪ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ, ʘ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʨʦʩʪʫ ʨʘʩʩʝʠʚʘ-

ʥʠʷ ʚʦʨʩʘ. ʇʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʧʦʪʝʨʠ ʚʦʨʩʘ ʠʟ-ʟʘ ʝʛʦ ʚʳʣʝʪʘ ʠʟ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʷ ʠ 

ʚʦʟʨʘʩʪʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʦʣʷ (ʫʚʝʣʠʯʝʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʵʣʝʢʪʨʦʜʦʚ) ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʚʩʸ ʙʦʣʴʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʨʩʘ ʚ ʟʦʥʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ. ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ, 

ʭʦʪʷ ʙʳ ʧʨʠʙʣʠʞʝʥʥʦ, ʦʮʝʥʠʪʴ ʩʢʦʨʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ ʚʦʨʩʘ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʬʣʦʢʘʪʦʨʘ ʜʣʠʥʦʡ 1 ʤ ʚ ʦʙʝ ʩʪʦʨʦʥʳ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʨʫʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ.  

ɼʣʷ ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ ʧʨʠ ʨʘʙʦʯʝʤ ʥʘʧʨʷʞʝʥʠʠ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ U = 72 ʢɺ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ, ʧʦʢʠʜʘʶʱʝʛʦ ʟʦʥʫ ʥʘʥʝʩʝʥʠʷ, ʩʦʩʪʘʚʠʣʦ 

ʙʦʣʝʝ 0,65 ʛ/ʩ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ (ʫʛʦʣ ʥʘʢʣʦʥʘ ï 0
0
). 

ɿʘ ʯʘʩ ʨʘʙʦʪʳ ʬʣʦʢʘʪʦʨʘ ʵʪʦ ʙʫʜʝʪ ʫʞʝ 2,35 ʢʛ, ʘ ʟʘ ʩʤʝʥʫ ï 18,8 ʢʛ. ʂʦʥʝʯʥʦ, 

ʢʘʢ ʫʞʝ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʵʪʠ ʧʦʪʝʨʠ ʥʝ ʷʚʣʷʶʪʩʷ ʙʝʟʚʦʟʚʨʘʪʥʳʤʠ, ʦʜʥʘʢʦ 

ʤʥʦʛʦʢʨʘʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʨʩʘ ʫʭʫʜʰʘʝʪ ʝʛʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝ-

ʣʠ, ʯʪʦ ʥʝ ʞʝʣʘʪʝʣʴʥʦ ʧʦ ʮʝʣʦʤʫ ʨʷʜʫ ʧʨʠʯʠʥ.  

ɽʩʣʠ ʦʮʝʥʠʪʴ ʪʝʧʝʨʴ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ, ʧʦʢʠʜʘʶʱʝʛʦ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʜ ʫʛʣʦʤ ʥʘʢʣʦʥʘ 21
0
 ʠ ʧʨʠ 

ʪʦʤ ʞʝ ʨʘʙʦʯʝʤ ʥʘʧʨʷʞʝʥʠʠ, ʩʢʦʨʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ ʚʦʨʩʘ ʩʦʩʪʘʚʠʪ ʣʠʰʴ 0,16 ʛ/ʩ, 

ʪ. ʝ. 0,58 ʢʛ/ʯ, ʯʪʦ ʧʨʠʤʝʨʥʦ ʚ 4 ʨʘʟʘ ʥʠʞʝ, ʯʝʤ ʙʝʟ ʵʣʝʢʪʨʦʜʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʩʪʘʥʦʚʢʘ ʪʘʢʦʛʦ ʧʨʦʩʪʦʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʢʘʢ ʜʦʧʦʣʥʠʪʝʣʴ-

ʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʧʦʟʚʦʣʷʝʪ ʚʝʩʴʤʘ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʳʣʝʪ ʚʦʨʩʘ ʠʟ ʟʦʥʳ 

ʥʘʥʝʩʝʥʠʷ ʩ 2,35 ʜʦ 0,58 ʢʛ/ʯ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ, ʠʩʧʦʣʴʟʦʚʘʥʥʦʛʦ ʚ ʵʢʩ-

ʧʝʨʠʤʝʥʪʝ. ʂʦʥʝʯʥʦ, ʥʘʜʦ ʦʪʜʘʚʘʪʴ ʩʝʙʝ ʦʪʯʝʪ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʣʷ ʜʨʫʛʦʛʦ ʚʦʨʩʘ, ʜʘʞʝ ʪʘʢʦʡ ʞʝ ʜʣʠʥʳ, ʙʫʜʫʪ ʠʥʳʤʠ, ʥʦ ʩʘʤ ʬʘʢʪ ï ʩʦ-

ʢʨʘʱʝʥʠʝ ʚʳʣʝʪʘ ʚʦʨʩʘ ï ʩʦʭʨʘʥʷʝʪʩʷ.  

ɽʱʝ ʙʦʣʝʝ ʧʦʨʘʟʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʣʫʯʝʥ ʦʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩ ʧʦʣʠʘʤʠʜʥʳʤ ʚʦʨʩʦʤ ʜʣʠʥʦʡ 3 ʤʤ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʛʨʘ-

ʬʠʢʘ (ʨʠʩ. 9.14), ʚʳʣʝʪ ʚʦʨʩʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʢʨʘʱʘʝʪʩʷ ʧʦʯʪʠ ʜʦ ʥʫʣʷ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʩʢʦʨʦʩʪʴ ʨʘʩʩʝʠʚʘʥʠʷ ʚʦʨʩʘ ʩʦʩʪʘʚʠʣʘ 

0,545 ʛ/ʩ ʠʣʠ ʦʢʦʣʦ 2 ʢʛ/ʯ.  
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ʈʠʩ. 9.14. ɺʣʠʷʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʥʘ ʨʘʩʩʝʠʚʘʥʠʝ ʚʦʨʩʘ (l = 3,0 ʤʤ, U = 56 ʢɺ): 

1 ï Ŭ = 0
0
; 2 ï Ŭ = 14

0
; 3 ï Ŭ = 21

0
 

 

ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʦʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʜ-

ʣʦʞʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚ ʦʩʦʙʝʥʥʦ ʩ ʫʯʝʪʦʤ ʠʭ ʧʨʦʩʪʦʪʳ ʠ ʜʝʰʝʚʠʟʥʳ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʘʛʘʝʤʳʝ ʩʧʦʩʦʙʳ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʳʭ ʠ ʜʦʨʦʛʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʚ ʪʦ ʞʝ ʚʨʝʤʷ 

ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʯʥʳʤʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʢʦʨʦʩʪʠ ʚʳʧʫʩʢʘ ʨʫ-

ʣʦʥʥʳʭ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʠ ʦʜʥʦʚʨʝʤʝʥʥʦʤ ʩʦʢʨʘʱʝʥʠʠ ʚʳʣʝʪʘ 

ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ. 

 

9.3. ʇʨʠʤʝʥʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

 ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ 

 

ɺ ʨʘʙʦʪʘʭ [92], [96] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʠʥʪʝʨʝʩʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʦʨ-

ʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʳʭ ʨʠʩʫʥʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʝʪʯʘʪʳʭ ʰʘʙʣʦʥʦʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʪ. ʝ. ʩʧʦʩʦʙʘ ʧʝʯʘʪʠ 

ʚʦʨʩʦʤ [93]ï[95], ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤ, ʫʧʦʤʷʥʫʪʳʡ ʩʧʦʩʦʙ 

ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʚ ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ, 

ʯʪʦ ʠʟ ʦʜʥʦʛʦ ʙʫʥʢʝʨʘ ʧʦʜʘʶʪ ʩʤʝʩʴ ʜʚʫʭ ʚʦʨʩʦʚ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʠ ʩ ʨʘʟʥʳʤʠ 

ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ [92]. ʀʜʝʷ ʩʧʦʩʦʙʘ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʘ, ʥʦ ʧʨʝʜ-

ʩʪʘʚʣʷʝʪʩʷ ʥʝ ʚʧʦʣʥʝ ʪʝʭʥʦʣʦʛʠʯʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʜʚʫʭ 

ʚʦʨʩʦʚ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ ʧʦʩʪʝʧʝʥʥʦ ʚʳʨʘʚʥʠʚʘʶʪʩʷ, ʠ ʵʬʬʝʢʪ ʠʩʯʝʟʘʝʪ. ɺʦ-
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ʚʪʦʨʳʭ, ʚʦʟʤʦʞʥʦʩʪʠ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʳ ʪʦʣʴʢʦ ʜʚʫʤʷ ʮʚʝʪʘʤʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ 

ʧʨʦʩʪʳʤʠ ʫʟʦʨʘʤʠ. ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʦʣʴʢʦ ʜʚʫʭ ʮʚʝʪʦʚ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʠʭ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʜʦʣʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʪʴʩʷ, ʥʦ 

ʧʨʠ ʵʪʦʤ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ. 

ʆʙʨʘʟʮʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʦʛʦ ʚʘʨʠʘʥʪʘ ʪʝʭʥʦʣʦʛʠʠ, ʙʫʜʫʪ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʧʦʩʣʝʜʥʝʤ ʨʘʟʜʝʣʝ. 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪ-

ʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʚ 

ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ [105], [112], [115]. ʋʢʘʟʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʬʠʢʫ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʧʦʣʝ.  

 

9.3.1. ʆʙʦʩʥʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ  

ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 
 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ [102]ï[105], [112], 

[115], ʦʙʣʘʜʘʶʱʫʶ ʛʦʨʘʟʜʦ ʙʦʣʴʰʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ. ʉʶʜʘ, ʚ ʧʝʨʚʫʶ 

ʦʯʝʨʝʜʴ, ʦʪʥʦʩʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʯʘʝʤʦʛʦ ʫʟʦʨʘ ʧʫ-

ʪʝʤ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ ʚʣʠʷʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʷ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (9.10), (9.11), ʧʨʠʚʝʜʝʥʥʦʝ ʚ ʧʦʜʨʘʟʜ. 9.1.2. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʭʘʨʘʢ-

ʪʝʨ ʚʣʠʷʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʫ ʧʦʣʝʡ ʙʦʣʝʝ ʩʣʦʞ-

ʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʪʘʢʠʭ ʨʘʩʯʝʪʦʚ, ʤʦʞʥʦ ʧʨʦ-

ʚʝʨʠʪʴ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɼʣʷ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʚ ʥʝʦʜ-

ʥʦʨʦʜʥʦʤ ʧʦʣʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʦʜʠʪʴ ʯʠʩʣʝʥʥʳʝ ʨʘʩʯʝʪʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, 

ʯʪʦ ʚ ʢʘʞʜʦʡ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ ʥʘ ʪʨʘʝʢʪʦʨʠʠ ʚʦʨʩʠʥʢʠ ʠʟʤʝʥʷʶʪʩʷ ʢʘʢ ʧʘʨʘ-

ʤʝʪʨʳ ʝʝ ʜʚʠʞʝʥʠʷ (ʢʦʦʨʜʠʥʘʪʘ, ʩʢʦʨʦʩʪʴ ʠ ʫʩʢʦʨʝʥʠʝ), ʪʘʢ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʜʘʥʥʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ). 

ʅʘ ʚʦʨʩʠʥʢʫ ʧʨʠ ʜʚʠʞʝʥʠʠ ʚ ʪʘʢʦʤ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 

ʜʝʡʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʝ ʩʠʣʳ: ʩʠʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʚʝʩ ʚʦʨ-

ʩʠʥʢʠ ʠ ʩʠʣʘ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ʉʦʩʪʘʚʣʷʶʱʠʝ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʝʛʢʦ ʚʳʯʠʩʣʠʪʴ, 

ʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (9.10) ʠ (9.11), ʘ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʩʠʣʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ï ʥʘ ʦʩʥʦʚʝ ʚʳʨʘʞʝʥʠʷ (1.2). 

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦ-

ʧʨʦʪʠʚʣʝʥʠʷ ʚʜʦʣʴ ʚʦʣʦʢʥʘ ʠ ʧʦʧʝʨʝʢ ʝʛʦ ʦʩʠ ʨʘʟʣʠʯʥʳ, ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʜʚʠ-

ʞʝʥʠʷ ʚ ʧʦʧʝʨʝʯʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ 

ʫʯʠʪʳʚʘʪʴ ʪʦʣʴʢʦ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ.  

ʀʩʭʦʜʷ ʠʟ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʠ ʟʘʨʷʜʘ ʚʦʨʩʠʥʢʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʠ-

ʣʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʝʡʩʪʚʫʶʱʫʶ ʥʘ ʚʦʨʩʠʥʢʫ ʠ ʜʘʣʝʝ, 

ʫʯʪʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʚʝʩ, ʚʳʯʠʩʣʠʪʴ ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʩʢʦʨʝ-

ʥʠʷ ʚʦʨʩʠʥʢʠ ʚ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʝ (ʭ, ʫ): ╪●  ̉  ╪◐.  
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ʉ ʪʘʢʠʤ ʫʩʢʦʨʝʥʠʝʤ ʠ ʥʘʯʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʠʤʝʶʱʝʡ ʩʦʩʪʘʚʣʷʶʱʠʝ ɡx0, 

ɡy0 ʚʦʨʩʠʥʢʘ ʯʝʨʝʟ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ȹt ʧʝʨʝʤʝʱʘʝʪʩʷ ʢ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ 

ʧʦʣʷ, ʛʜʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʝʝ ʩʢʦʨʦʩʪʠ (ɡʭ, ɡy) ʨʘʚʥʳ 
 

ὺȟ ὺȟ ὥȟЎὸȟ   ὺȟ ὺȟ ὥȟЎὸ Ȣ           (9.12) 
 

ʀʩʭʦʜʷ ʠʟ ʩʢʦʨʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ ʠ ʢʦʦʨʜʠʥʘʪʳ ʚʦʨʩʠʥʢʠ ʚ ʧʨʝʜʳʜʫʱʝʡ 

ʪʦʯʢʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʵʪʦʡ ʚʦʨʩʠʥʢʠ ʚ ʩʣʝʜʫʶʱʝʡ ʪʦʯʢʝ ʯʝʨʝʟ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ȹt: 

ὼ ὼ ‡ȟ ῳὸ
ȟ ȟώ ώ ‡ȟ ῳὸ

ȟ
 Ȣ (9.13) 

 

ʀʩʧʦʣʴʟʫʷ ʵʪʠ ʢʠʥʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʩʦʚʤʝʩʪʥʦ ʩ ʦʧʠʩʘʥʠʝʤ ʥʝ-

ʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ (6.10), (6.11), ʤʦʞʥʦ, ʟʘʜʘʚʘʷ ʢʦʦʨʜʠʥʘʪʳ ʚʳʣʝʪʘ ʚʦʨʩʠʥʢʠ ʠ 

ʧʨʦʚʦʜʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʚʳʯʠʩʣʝʥʠʷ ʚʧʣʦʪʴ ʜʦ ʤʦʤʝʥʪʘ ʜʦʩʪʠʞʝʥʠʷ ʚʦʨʩʠʥ-

ʢʦʡ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʦʧʨʝʜʝʣʠʪʴ ʢʦʦʨʜʠʥʘʪʳ ʝʝ çʧʨʠʟʝʤʣʝʥʠʷè. ʊʘʢʦʡ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʡ ʧʨʦʮʝʩʩ ʧʦʟʚʦʣʷʝʪ ʤʦʜʝʣʠʨʦʚʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ [7]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩ-

ʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʫ, ʜʝʡʩʪʚʫʶʱʫʶ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʜʘʥʥʳʤ ʘʣʛʦʨʠʪʤʦʤ, ʤʦʞ-

ʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ 

ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʦʮʝʥʠʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʵʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʷʞʝʥʠʝ, ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʧʘʨʘʤʝʪʨʳ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ) ʠ ʟʘʨʷʜʘ ʚʦʨʩʠʥʦʢ.  

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʧʨʦʛʨʘʤʤʘ, ʚʳʯʠʩʣʷʶʱʘʷ ʢʦʦʨʜʠʥʘʪʫ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʠʥ-

ʢʠ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʚʳʣʝʪʘ ʚʦʨʩʠʥʢʠ ʠʟ ʙʫʥʢʝʨʘ (ʭ), 

ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ (l, d, m) ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ (U0, h, d, r0) ʠ 

ʫʯʠʪʳʚʘʶʱʘʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʣʷʶʱʠʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ (9.10), (9.11), ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʈʘʩʯʝʪ ʜʣʷ 

ʢʘʞʜʦʡ ʚʦʨʩʠʥʢʠ ʙʳʣ ʧʨʦʚʝʜʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤʠ ʰʘʛʘʤʠ ʯʝʨʝʟ ʟʘʜʘʥʥʳʝ 

ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ.  

ɺ ʨʘʩʯʝʪʘʭ ʧʨʠʥʠʤʘʣʦʩʴ, ʯʪʦ ʧʦ ʦʜʥʦʡ ʚʦʨʩʠʥʢʝ ʚʳʣʝʪʘʝʪ ʠʟ ʙʫʥʢʝʨʘ ʯʝ-

ʨʝʟ ʢʘʞʜʳʝ 0,5 ʤʤ ʩʝʪʢʠ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (d = 35 ʤʤ). ʇʝʨʠʦʜ, ʟʘ ʢʦʪʦʨʳʡ ʚʩʝ ʵʪʠ ʚʳʣʝʪʝʚʰʠʝ 

ʚʦʨʩʠʥʢʠ ʜʦʩʪʠʛʘʶʪ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʥʘʟʚʘʥ ʦʜʥʠʤ ʮʠʢʣʦʤ. ɺ ʨʝʘʣʴʥʦʤ 

ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʚʦʨʩʠʥʦʢ ʚʳʣʝʪʘʝʪ ʠʟ ʙʫʥʢʝʨʘ ʦʜ-

ʥʦʚʨʝʤʝʥʥʦ, ʧʦʵʪʦʤʫ ʚ ʨʘʩʯʝʪʝ ʚʨʝʤʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʦʧʦʩʪʘʚʣʷʣʦʩʴ ʩ ʢʦʣʠʯʝ-

ʩʪʚʦʤ ʫʢʘʟʘʥʥʳʭ ʮʠʢʣʦʚ. 

ɼʣʷ ʥʘʛʣʷʜʥʦʛʦ ʦʪʦʙʨʘʞʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʘ ʚ ʠʥʪʝʨʚʘʣʝ ʤʝʞʜʫ 

ʧʨʦʝʢʮʠʷʤʠ ʧʨʦʚʦʜʥʠʢʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʛʠʩʪʦʛʨʘʤʤʝ (ʨʠʩ. 9.15) 

ʧʦʢʘʟʘʥʦ ʨʘʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʘ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ (ʟʘ 1 ʮʠʢʣ) 

ʠ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʙʨʘʟʮʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʟʘ 2 ʩ 

ʬʣʦʢʠʨʦʚʘʥʠʷ, ʤʝʪʦʜʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʧʨʦʧʫʩʢʘʥʠʷ. 

ʇʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʙʳʣʠ ʚʳʙʨʘʥʳ ʩʣʝʜʫʶʱʠʝ: 

U0 = 35 ʢɺ; h = 7 ʩʤ; d = 35 ʤʤ; r0 = 1,5 ʤʤ; l = 1 ʤʤ; T = 0,33 ʪʝʢʩ. 

ʇʦʣʫʯʝʥʥʳʡ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʭʘʨʘʢʪʝʨ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʦʨʩʘ ʢʘʯʝʩʪʚʝʥʥʦ 

ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʥʘ ʦʩʥʦʚʝ. 
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ʈʠʩ. 9.15. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ  

ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ: 

 ï ʨʘʩʯʝʪ;  ï ʵʢʩʧʝʨʠʤʝʥʪ 

 

ʅʘ ʦʩʥʦʚʝ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʤʦʜʝʣʠ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʝʛʦ ʧʣʦʪʥʦʩʪʠ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢ-

ʪʨʦʜʝ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ 50 ʮʠʢʣʦʚ ʨʘʩʯʝʪʦʚ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʳʣʝʪʫ 

100 ʚʦʨʩʠʥʦʢ ʥʘ 1 ʤʤ ʰʠʨʠʥʳ ʠʥʪʝʨʚʘʣʘ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʦ-

ʛʦ ʵʣʝʢʪʨʦʜʘ. ʕʪʦ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʘʷ ʩʪʘʪʠʩʪʠʢʘ ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʩʯʝʪʘʭ ʙʳʣʦ ʫʯʪʝʥʦ, ʯʪʦ ʚ ʨʝʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʝ ʤʦʞʝʪ ʨʘʩʪʠ ʙʝʩʧʨʝʜʝʣʴʥʦ, ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʝʥʠʝ 

ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ nmax, ʢ ʢʦʪʦʨʦʤʫ ʧʣʦʪʥʦʩʪʴ ʩʪʨʝʤʠʪʩʷ, ʥʦ ʥʝ ʜʦʩʪʠʛʘʝʪ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʝʪʦʚ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʯʠʩʣʘ ʚʦʨʩʠʥʦʢ 

ʥʘ ʢʘʞʜʦʤ ʤʠʣʣʠʤʝʪʨʝ ʰʠʨʠʥʳ ʧʨʝʢʨʘʱʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ 

ʟʥʘʯʝʥʠʷ. ʕʪʦ ʚʝʜʝʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘ ʢʘʢʦʤ-ʪʦ ʵʪʘʧʝ ʨʦʩʪ ʧʣʦʪʥʦʩʪʠ ʚ ʦʙʣʘʩʪʠ max 

ʧʨʝʢʨʘʱʘʝʪʩʷ (ʚ ʨʝʘʣʴʥʦʩʪʠ ï ʨʝʟʢʦ ʟʘʤʝʜʣʷʝʪʩʷ), ʘ ʥʘ ʫʜʘʣʝʥʠʠ ʦʪ max ʧʨʦʜʦʣ-

ʞʘʝʪʩʷ (ʨʠʩ. 9.16). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʰʠʨʠʥʳ ʚʦʨ-

ʩʦʚʦʡ ʧʦʣʦʩʳ. ʕʪʦ ʯʝʪʢʦ ʚʠʜʥʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʡ. 
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ʈʠʩ. 9.16. ʈʘʩʯʝʪʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʘ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ: 

 ï 35 ʮʠʢʣʦʚ;  ï 25 ʮʠʢʣʦʚ;   ï 5 ʮʠʢʣʦʚ;  ï 1 ʮʠʢʣ 

 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦʣʫʯʘʣʠ 

ʥʘ ʦʙʨʘʟʮʘʭ ʧʦʩʣʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 6 ʩ. ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʙʳʣʦ ʧʨʦ-

ʚʝʜʝʥʦ ʯʝʨʝʟ ʢʘʞʜʳʝ 2,5 ʤʤ ʩ ʧʦʤʦʱʴʶ ʦʧʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʧʨʠʙʦʨʘ ʠʟʤʝʨʷʶʱʝ-

ʛʦ ʦʧʪʠʯʝʩʢʦʝ ʧʨʦʧʫʩʢʘʥʠʝ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ ʤʝʪʦʜʠʢʝ [84], [85].  

ɸʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʛʠʩʪʦʛʨʘʤʤ ʧʦʢʘʟʘʣ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʜʘʥʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʦʟʤʦʞʥʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ ʨʘʩʯʝʪʘʤʠ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʚʦ-ʧʝʨʚʳʭ, ʦʪʩʫʪʩʪʚʠʝʤ 

ʫʯʝʪʘ ʧʦʚʪʦʨʥʳʭ ʧʝʨʝʟʘʨʷʜʦʢ ʚʦʨʩʘ ʧʨʠ ʨʘʩʯʝʪʝ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʥʝ ʠʜʝʘʣʴʥʦʩʪʴʶ 

ʫʩʣʦʚʠʡ ʬʣʦʢʠʨʦʚʘʥʠʷ. 
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10. ʆʇʊʀʄʀɿɸʎʀʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʇʈʆʎɽʉʉɸ 

ʅɸʅɽʉɽʅʀʗ ɺʆʈʉɸ ʅɸ ʇʃʆʉʂʀɽ ʊɽʂʉʊʀʃʔʅʓɽ 

ʄɸʊɽʈʀɸʃʓ 

 

ʆʧʪʠʤʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʢʘʢ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʣʶʙʦʛʦ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʨʝʜʧʦʣʘʛʘʝʪ ʥʘʣʠʯʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʧʠʩʳ-

ʚʘʶʱʠʭ ʵʪʦʪ ʧʨʦʮʝʩʩ, ʚʳʙʦʨ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ, ʫʧʨʘʚʣʷʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʟʘʜʘʯʠ. ɺʳʙʦʨ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʧʨʝʜʧʦʣʘʛʘʝ-

ʤʦʡ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʨʠʘʣʘ, ʪ. ʝ. ʝʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ, ʧʨʝʜʲ-

ʷʚʣʷʝʤʳʭ ʢ ʤʘʪʝʨʠʘʣʫ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʦʙʱʠʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʣʠʥʠʠ.   

ɺʝʨʦʷʪʥʦ, ʩʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʠ ʠʩʧʦʣʴʟʫʝʤʳʤ ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʪʝʭʥʦ-

ʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʧʦʥʷʪʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩʚʷʟʘʥʦ ʩ ʧʨʦʜʦʣʞʠ-

ʪʝʣʴʥʦʩʪʴʶ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ t0, ʢʦʪʦʨʘʷ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ n0. ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʨʝ-

ʛʣʘʤʝʥʪʠʨʫʝʪʩʷ ʚʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʝʛʦ ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠ-

ʨʘʥʠʶ. ʇʦʵʪʦʤʫ ʟʘʜʘʯʫ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʳʙʨʘʪʴ ʨʝʞʠʤ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʠʤʝʶʱʝʛʦ ʠʟʚʝʩʪʥʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʤʠʥʠʤʘʣʴʥʦʝ 

ʚʨʝʤʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 

ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʥʝ ʙʦʣʝʝ Umax (ʦʧʨʝʜʝʣʷʝʪʩʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦ-

ʛʦ ʥʘʧʨʷʞʝʥʠʷ) ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝ ʙʦʣʝʝ Emax (ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʫʩʣʦʚʠʷʤʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ). 

ɺʝʣʠʯʠʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʳʯʠʩʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦ-

ʩʪʦ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ: 

ὸ ÌÎρ †ÌÎρ Ȣ              (10.1) 

ɿʥʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʜʣʠʥʫ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ, ʣʝʛʢʦ 

ʦʧʨʝʜʝʣʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʨʫʣʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. ɼʣʠʪʝʣʴ-

ʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʩʚʷʟʘʥʘ ʩ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʨʝʞʠʤʘʤʠ ʧʨʦʮʝʩʩʘ (ʥʘʧʨʷ-

ʞʝʥʠʝʤ, ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʩʢʦʨʦʩʪʴʶ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʤʘʪʝ-

ʨʠʘʣʫ) ʠ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ (ʜʣʠʥʘ ʠ ʜʠʘʤʝʪʨ, ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʟʘʨʷʜ, ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠʣʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ). ɺʩʝ ʫʧʦʤʷʥʫʪʳʝ ʬʘʢʪʦʨʳ 

ʷʚʣʷʶʪʩʷ, ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ, ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ʅʝʢʦʪʦʨʳʝ ʠʟ 

ʬʘʢʪʦʨʦʚ ʤʦʞʥʦ ʠʟʤʝʥʷʪʴ ʣʝʛʢʦ, ʘ ʥʝʢʦʪʦʨʳʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. ʊʘʢʦʡ 

ʧʘʨʘʤʝʪʨ, ʢʘʢ ʟʘʨʷʜ ʚʦʨʩʘ, ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ (ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ), ʪʘʢ ʠ ʩʚʦʡʩʪʚ ʚʦʨʩʘ (ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ). 

ʆʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʩʪʦʯʥʠʢʘ ʚʳ-

ʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʢʘʤʝʨʳ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʵʪʦʡ 

ʪʝʭʥʦʣʦʛʠʠ, ʦʙʳʯʥʦ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʢɺ, ʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦ-

ʣʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 8 ʢɺ/ʩʤ ʠʟ-ʟʘ ʦʧʘʩʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʨʦʙʦʝʚ.  
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ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʘ ʠʟʤʝʥʝʥʠʷ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʦʩʘʞʜʝʥʠʠ ʚʦʨʩʘ ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʝʛʦ 

ʥʘʥʝʩʝʥʠʷ, ʢʦʪʦʨʦʝ, ʢʘʢ ʤʳ ʚʠʜʝʣʠ ʨʘʥʝʝ, ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝ-

ʩʢʦʣʴʢʦ ʨʘʟʣʠʯʘʶʱʝʛʦʩʷ ʥʘʙʦʨʘ ʧʝʨʝʤʝʥʥʳʭ: 
 

ὲὸ ὲ ρ Ὡ Ⱦ ,  ὲὸ ὲ ρ Ὡ Ⱦ ȟ    (10.2) 
 

ʛʜʝ  ʈ ï ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ, 1/(ʤʤ
2
ʩ) ʠʣʠ ʛ/(ʤ

2
ʩ); 

nmax ï ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, 1/ʤʤ
2
 ʠʣʠ ʛ/ʤ

2
; 

Ű ï ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ, ʩ.  
 

ɺʳʨʘʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ ʣʠʙʦ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ 

ʟʘʜʘʥʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʦʩʘʞʜʝʥʠʷ ʚʦʨʩʘ, ʪ. ʝ. ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʣʫʯʘʝʤʦ-

ʛʦ ʤʘʪʝʨʠʘʣʘ, ʣʠʙʦ ʚʨʝʤʷ ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

(10.1), ʪ. ʝ. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ. 

ɺʭʦʜʷʱʠʝ ʚ ʚʳʨʘʞʝʥʠʝ (10.1) ʧʘʨʘʤʝʪʨʳ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʧʦʜʨʦʙʥʝʝ. 

ʉʢʦʨʦʩʪʴ ʧʦʜʘʯʠ, ʪ. ʝ. ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ, ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ 

ʣʠʙʦ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ, ʧʦʩʪʫʧʘʶʱʝʝ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʣʦʱʘ-

ʜʴʶ 1 ʤ
2
, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʚʦʨ-

ʩʠʥʦʢ, ʟʘ 1 ʩ (ʨ, 1/ʤ
2
ʩ), ʣʠʙʦ ʢʘʢ ʤʘʩʩʫ ʚʦʨʩʘ, ʧʦʩʪʫʧʘʶʱʫʶ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘ-

ʪʝʨʠʘʣʘ ʧʣʦʱʘʜʴʶ 1 ʤ
2
, ʢʦʪʦʨʳʡ ʨʘʩʧʦʣʦʞʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ 

ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʦʢ, ʟʘ 1 ʩ (ʈ, ʢʛ/ʤ
2
ʩ). 

ʇʨʝʜʝʣʴʥʫʶ ʠʣʠ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝ-

ʣʷʶʪ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, ʧʦʣʫʯʘʝʤʫʶ ʧʨʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ. 

ʊ. ʝ. ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʘʩʠʤʧ-

ʪʦʪʠʯʝʩʢʠ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ ʥʝʢʦʪʦʨʦʡ ʧʨʝʜʝʣʴʥʦʡ ʚʝʣʠʯʠʥʝ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʦʙʦ-

ʟʥʘʯʝʥʘ ʢʘʢ nmax. 

ʇʦʣʥʦʪʘ ʪʘʢʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʘ ʚʳʨʘʞʝʥʠʝʤ (10.2) ʜʦʩʪʘʪʦʯʥʦ ʦʙʦʩ-

ʥʦʚʘʥʥʦ ʧʦʜʚʝʨʛʘʣʘʩʴ ʩʦʤʥʝʥʠʶ, ʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʠ, ʚʦʟʤʦʞʥʦ, ʥʝ-

ʧʦʣʥʦʪʫ, ʦʥʦ ʧʦʢʘʟʳʚʘʝʪ ʢʣʶʯʝʚʦʝ ʟʥʘʯʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʧʨʦʮʝʩʩʘ 

ʬʣʦʢʠʨʦʚʘʥʠʷ (ʨʠʩ. 10.1, 10.2).  

ʅʘ ʨʠʩ. 10.1 ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʧʦʢʘʟʘʥ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦ-

ʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʘʝʤʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʦʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʥʘʥʝʩʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ. ɺʳʚʦʜ ʟʜʝʩʴ ʜʦʩʪʘʪʦʯʥʦ ʪʨʠ-

ʚʠʘʣʝʥ ï ʚʦʟʨʘʩʪʘʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʚʝʜʝʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʚʨʝʤʝʥʠ ʜʦ-

ʩʪʠʞʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ.  

ɺʪʦʨʦʡ ʛʨʘʬʠʢ (ʨʠʩ. 10.2) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʜʦʩʪʠʯʴ ʠ ʧʫʪʝʤ ʫʣʫʯ-

ʰʝʥʠʷ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ, ʪ. ʝ. ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ. 

ɼʚʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʛʨʘʬʠʢʘ ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ 

ʦʩʘʞʜʝʥʠʷ ʚʦʨʩʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ ʠʣʠ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʤʦʞʥʦ 

ʣʠʰʴ ʯʝʨʝʟ ʧʦʩʨʝʜʩʪʚʦ ʜʚʫʭ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ: ʯʝʤ ʣʫʯʰʝ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨ-

ʩʘ (ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ) ʠ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚʦʨʩʘ ʢ ʬʣʦʢʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʝʤ ʚʳʰʝ ʙʫʜʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. ʉ ʪʦʯ-

ʢʠ ʟʨʝʥʠʷ ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠ-
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ʪʝʣʴʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʦʙʝʩʧʝʯʠʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ (ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʘʟʨʷʜʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ). ʄʦʞ-

ʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʠ ʜʨʫʛʫʶ ʢʦʤʙʠʥʘʮʠʶ ʧʘʨʘʤʝʪʨʦʚ, ʥʘʧʨʠʤʝʨ, ʧʨʝʜʝʣʴʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ. ʇʨʠʥʮʠʧʠʘʣʴʥʦ ʵʪʦ ʩʠ-

ʪʫʘʮʠʶ ʥʝ ʤʝʥʷʝʪ. ʆʜʥʘʢʦ ʥʝ ʚʩʝ ʪʘʢ ʧʨʦʩʪʦ. 

 

 
ʈʠʩ. 10.1. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʥʘʥʝʩʝʥʠʷ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ 

 

 
ʈʠʩ. 10.2. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ 

ʧʨʠ ʨʘʟʥʦʡ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

 

ɺʦʧʨʦʩ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʥʘʩʢʦʣʴʢʦ ʠ ʢʘʢ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʩʢʦʨʦʩʪʴʶ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʠʣʠ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʠ ʧʨʝ-

ʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ? 
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ʄʳ ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʫʶ ʚʝʣʠʯʠʥʫ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ 

ʚʦʨʩʘ. çʄʘʢʩʠʤʘʣʴʥʘʷè ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʣʷ ʚʦʨʩʘ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ (ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ, ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ) ʠ ʧʨʠ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧ-

ʣʝʥʠʷ ʚʦʨʩʘ ʤʦʞʥʦ ʫʤʝʥʴʰʠʪʴ, ʥʦ ʥʝ ʫʚʝʣʠʯʠʪʴ ʙʦʣʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ. ʊ. ʝ. ʤʳ ʥʝ ʙʫʜʝʤ ʫʯʠʪʳʚʘʪʴ ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʢʦʥʩʪʨʫʢʮʠʝʡ ʧʦ-

ʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ, ʥʘʧʨʠʤʝʨ, ʨʘʟʤʝʨʦʤ ʷʯʝʝʢ ʩʝʪʢʠ. ʆʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦ-

ʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʷ (5.21) ʥʦʩʠʪ ʧʨʠʙʣʠʞʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʉʦʦʪʥʦʰʝʥʠʝ (5.13) ʥʦʩʠʪ ʙʦʣʝʝ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. ʇʦʵʪʦʤʫ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʧʨʦ-

ʘʥʘʣʠʟʠʨʫʝʤ ʚʦʟʤʦʞʥʳʝ ʧʫʪʠ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ. ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ ʤʘʪʝʨʠʘʣ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʦʨʩʘ ʥʝʠʟʤʝʥʥʳʤʠ: ʚʳʙʠ-

ʨʘʝʤ ʧʦʣʠʘʤʠʜʥʦʝ ʚʦʣʦʢʥʦ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ, l = 1 ʤʤ, d = 20 ʤʢʤ, 

m = 3,3Ā10
-10

 ʢʛ. ʊʘʢ ʢʘʢ ʠʟʤʝʥʷʝʤʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʤʦʛʫʪ ʙʳʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

E, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ h ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ k, ʠʟʫʯʠʤ 

ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ. 

 

10.1. ɺʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʧʘʨʘʤʝʪʨʳ  

 ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

 

1. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʇʨʠʤʝʤ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʨʘʚʥʳʤ h = 0,1 ʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ kmax = 7,45Ā10
-18

 ʂʣĀʤ/ɺ 

(ʪʘʙʣ. 4.3). ʀʩʧʦʣʴʟʫʝʤ ʨʝʘʣʴʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (ʦʪ 3 ʜʦ 

6 ʢɺ/ʩʤ). ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 10.1. ɺ ʧʝʨʚʦʡ ʛʨʘʬʝ ï 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʚʦ ʚʪʦʨʦʡ ï ʚʳʯʠʩʣʝʥʦ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦ-

ʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ (5.18), ʚ 3-ʡ ʛʨʘʬʝ ï ʚʝʣʠʯʠʥʘ ʟʘʨʷʜʘ ʚʦʨʩʘ, ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ kmax, ʚ 4-ʡ ʛʨʘʬʝ ï ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ 

(5.13). ʆʮʝʥʢʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (5.21) ʜʘʝʪ ʧʦ-

ʩʪʦʷʥʥʦʝ ʟʥʘʯʝʥʠʝ Pmax = 14,1 ʛ/(ʤ
2
ʩ). 

 

ʊʘʙʣʠʮʘ 10.1. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ 

E, ʢɺ/ʩʤ E0, ʢɺ/ʩʤ q, ʂʣ P, ʛ/(ʤ
2
ʩ) 

1 2 3 4 

3,0 2,46 1,84Ā10
-12 

13,22 

3,5 2,96 2,21Ā10
-12

 13,35 

4,0 3,46 2,58Ā10
-12

 13,45 

4,5 3,96 2,95Ā10
-12

 13,53 

5,0 4,46 3,33Ā10
-12

 13,59 

5,5 4,96 3,70Ā10
-12

 13,64 

6,0 5,46 4,07Ā10
-12

 13,68 

 

ɿʜʝʩʴ ʚʘʞʥʦ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʤʘ-

ʣʳʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʜʦʩʪʦʚʝʨʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʩʦʦʪʥʦ-

ʰʝʥʠʝ (5.13) ʧʦʣʫʯʝʥʦ ʜʣʷ ʫʩʣʦʚʠʷ qE >> mg. ʇʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ < 2 ʢɺ/ʩʤ 

ʦʥʦ ʤʦʞʝʪ ʚʳʧʦʣʥʷʪʴʩʷ ʥʝ ʚʩʝʛʜʘ: ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 
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ʚʝʩ ʚʦʣʦʢʥʘ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʩʠʣʫ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʨ-

ʩʠʥʢʠ ʩ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ.  

ʄʳ ʥʘʙʣʶʜʘʝʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚ ʨʘʙʦʯʝʤ ʜʠʘʧʘʟʦʥʝ (ʦʪ 3 ʜʦ 6 ʢɺ/ʩʤ). 
 

2. ɺʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ h 

ʏʪʦʙʳ ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʙʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʦʩʪʘʝʪʩʷ ʧʦʩʪʦʷʥʥʦʡ (ɽ = 4 ʢɺ/ʩʤ). ʊ. ʝ. ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʨʘʩʩʪʦʷʥʠʷ ʩʠʥʭʨʦʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ. 

ɼʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʙʳʣ ʧʨʠʥʷʪ ʦʪ 5 ʜʦ 12 ʩʤ.  

ʈʘʩʯʝʪʥʘʷ ʪʘʙʣʠʮʘ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʪʘʙʣ. 10.2): 1-  ̫

ʛʨʘʬʘ ï ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ; 2-  ̫ʛʨʘʬʘ ï ʵʪʦ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ (5.18) 

ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ; 3-  ̫ʛʨʘʬʘ ï ʟʘʨʷʜ ʚʦʨʩʘ; ʚ 4-ʡ ʛʨʘʬʝ ï ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ (5.13). 
 

ʊʘʙʣʠʮʘ 10.2. ɺʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʚ 

h, ʩʤ E0, ʢɺ/ʩʤ q, ʂʣ P, ʛ/(ʤ
2
ʩ) 

1 2 3 4 

5 3,62 2,70Ā10
-12 

13,65 

6 3,59 2,67Ā10
-12

 13,60 

7 3,55 2,65Ā10
-12

 13,56 

8 3,52 2,62EĀ10
-12

 13,52 

9 3,49 2,60Ā10
-12

 13,49 

10 3,46 2,58Ā10
-12

 13,45 

11 3,44 2,56Ā10
-12

 13,42 

12 3,41 2,54Ā10
-12

 13,38 

 

ɺʥʦʚʴ ʤʳ ʥʘʙʣʶʜʘʝʤ ʦʯʝʥʴ ʩʣʘʙʦʝ ʚʣʠʷʥʠʝ. ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 140 % 

ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʥʘ 2 %.  

ʊ. ʝ. ʤʳ ʤʦʞʝʤ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʥʠʟʠʪʴ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ (ʥʘʧʨʠ-

ʤʝʨ, ʠʟʤʝʥʷʷ ʨʘʟʤʝʨ ʷʯʝʡʢʠ ʩʝʪʢʠ), ʥʦ ʥʝ ʤʦʞʝʤ ʫʚʝʣʠʯʠʪʴ. 
 

3. ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ ʦʟʥʘʯʘʝʪ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʘʯʝʩʪʚʘ ʚʦʨʩʘ. ʕʪʦ ʤʦʞ-

ʥʦ ʩʜʝʣʘʪʴ, ʠʟʤʝʥʷʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʦʪ 0 ʜʦ kmax. ʂʦʵʬʬʠʮʠʝʥʪ, ʨʘʚʥʳʡ 0, 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʦʙʨʘʙʦʪʘʥʥʦʤʫ ʚʦʨʩʫ, ʢʦʪʦʨʳʡ ʥʝ ʟʘʨʷʞʘʝʪʩʷ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

ʧʦʣʝ. ɿʜʝʩʴ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ, ʠʟʤʝʥʷʶʱʠʡʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 0 

ʜʦ 1. ʆʥ ʦʧʨʝʜʝʣʷʝʪ ʜʦʣʶ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

(7,45Ξ10
-18

 ʂʣĀʤ/ɺ) ʠʣʠ ʟʘʨʷʜʘ. ɺʩʝ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ, ʢʘʩʘʶʱʠʝʩʷ ʚʦʨʩʘ ʠ 

ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʪʝ ʞʝ, ʯʪʦ ʠ ʨʘʥʴʰʝ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʜʣʷ ʵʪʦʛʦ ʩʣʫ-

ʯʘʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 10.3.  

ʅʘ ʨʠʩ. 10.3 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ (5.13) ʦʪ 

ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 4 ʢɺ/ʩʤ. ɿʜʝʩʴ 

ʤʳ ʚʠʜʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʧʨʠ ʨʦʩʪʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ, ʯʪʦ ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ. 



171 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʪʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʦʢʘʟʳ-

ʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʪ. ʝ. ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʨʩʘ. 

 

ʊʘʙʣʠʮʘ 10.3. ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

k/kmax E0, ʢɺ/ʩʤ q, ʂʣ P, ʛ/(ʤ
2
ʩ) 

0,1 2,31 1,72Ā10
-13 

118,23 

0,2 2,80 4,18Ā10
-13

 62,77 

0,3 3,02 6,75Ā10
-13

 42,87 

0,4 3,15 9,40Ā10
-13

 32,60 

0,5 3,24 1,21Ā10
-12

 26,32 

0,6 3,31 1,48Ā10
-12

 22,08 

0,7 3,36 1,75Ā10
-12

 19,02 

0,8 3,40 2,03Ā10
-12

 16,71 

0,9 3,44 2,30Ā10
-12

 14,90 

1,0 3,46 2,58Ā10
-12

 13,45 

 

ʅʘ ʨʠʩ. 10.3 ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ. 

 

 
ʈʠʩ. 10.3. ɺʣʠʷʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʥʘ ʩʢʦʨʦʩʪʴ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ (ɽ = 4 ʢɺ/ʩʤ) 

 

ʂʘʢ ʤʳ ʚʠʜʠʤ ʥʘ ʛʨʘʬʠʢʝ, ʜʣʷ ʧʣʦʭʦ ʟʘʨʷʞʘʶʱʝʛʦʩʷ ʚʦʨʩʘ (ʤʘʣʳʡ ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ) ʣʝʛʢʦ ʤʦʞʥʦ ʦʙʝʩʧʝʯʠʪʴ ʚʳʩʦʢʫʶ ʩʢʦʨʦʩʪʴ ʝʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʈ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʘʢʦ, ʢʘʢ ʤʳ ʫʚʠʜʠʤ ʥʠʞʝ, ʟʜʝʩʴ ʠʤʝʝʪʩʷ ʠ ʩʫʱʝ-

ʩʪʚʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʤʦʤʝʥʪ: ʤʘʣʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʝʜʝʪ ʢ ʧʣʦʭʦʡ 

ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʥʠʟʢʦʡ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ nmax. ɸ ʵʪʦ ʤʦʞʝʪ ʩʥʠʞʘʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʘʣʳʡ ʟʘʨʷʜ ʚʝʜʝʪ ʢ ʤʘʣʦʡ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ (5.37), ʤʘʣʦʡ ʢʠʥʝ-

ʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʤʘʣʦʡ ʛʣʫʙʠʥʝ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ 

ʠ ʥʠʟʢʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ. 
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ɺʪʦʨʦʡ ʧʘʨʘʤʝʪʨ, ʦʧʨʝʜʝʣʷʶʱʠʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ, ï ʵʪʦ ʧʨʝ-

ʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʵʪʦʪ ʧʘʨʘ-

ʤʝʪʨ ʟʘʚʠʩʠʪ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦ-

ʚʠʷʭ, ʯʝʤ ʚʳʰʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ, ʪʝʤ ʙʦʣʴʰʝ nmax. ʌʠʟʠʯʝʩʢʠ ʵʪʦ ʧʦʥʷʪʥʦ: ʯʝʤ 

ʚʳʰʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʪʝʤ ʣʫʯʰʝ ʚʦʨʩ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ 

ʧʦ ʝʛʦ ʜʣʠʥʝ ʟʘʨʷʜʦʤ ʦʨʠʝʥʪʠʨʫʝʪʩʷ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ. ʆʜʥʘʢʦ ʦʨʠʝʥʪʘʮʠʷ 

ʚʦʨʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʩʚʷʟʘʥʘ ʪʘʢʞʝ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ. ɺ ʧʝʨʚʫʶ ʦʯʝ-

ʨʝʜʴ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʢʦʪʦʨʳʡ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʩʚʷʟʘʥ ʩ ʝʛʦ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ.  

 

10.2. ɺʣʠʷʥʠʝ ʟʘʨʷʜʘ ʚʦʨʩʘ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ  

         ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ ʠ, ʥʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [19] ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨ-

ʩʘ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʈ ʤʦʞʥʦ ʫʚʝʣʠʯʠʚʘʪʴ ʣʠʰʴ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʧʨʝʜʝʣʘ, 

ʢʦʪʦʨʳʡ ʧʨʠʙʣʠʞʝʥʥʦ ʦʮʝʥʠʚʘʝʪʩʷ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (5.21): 

 ὖ ȟ                                                       (10.3) 

ʛʜʝ C = 1,11 l (d ï 9,3Ā10
-6
) ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʜʣʷ ʩʠʣʳ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ [9, ʩ. 15] ʜʚʠʞʝʥʠʶ ʚʦʨʩʠʥʢʠ ,uÖ=CFc  l ï ʜʣʠ-

ʥʘ ʚʦʨʩʠʥʢʠ, ʤ; d ï ʜʠʘʤʝʪʨ ʚʦʨʩʠʥʢʠ, ʤ; ɡ ï ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʢʠ, ʤ/ʩ; k ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ʤʝʞʜʫ ʥʘʧʨʷʞʝʥʥʦ-

ʩʪʴʶ ʠ ʩʨʝʜʥʠʤ ʟʘʨʷʜʦʤ ʚʦʨʩʘ), ʂʣĀʤ/ɺ.  

ɼʘʣʴʥʝʡʰʝʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʩʪʨʫʢ-

ʪʫʨʳ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʨʝʘʣʴʥʦʩʪʠ ʵʪʦʛʦ ʚʳʚʦʜʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʠʟ ʪʝʦʨʝʪʠʯʝ-

ʩʢʠʭ ʧʦʩʪʨʦʝʥʠʡ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʠʚʝʜʝ-

ʥʳ ʚ ʪʘʙʣ. 10.4. ɼʣʷ ʯʝʪʳʨʝʭ ʚʠʜʦʚ ʚʦʨʩʘ ʦʜʠʥʘʢʦʚʦʡ ʧʨʠʨʦʜʳ ʠ ʛʝʦʤʝʪʨʠʯʝ-

ʩʢʠʭ ʨʘʟʤʝʨʦʚ (ʇɸ, l = 0,5 ʤʤ, ʊ = 0,33 ʪʝʢʩ) ʧʦʢʘʟʘʥʳ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ Pmax, ɻʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

nmax, ʦʧʨʝʜʝʣʝʥʥʳʝ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ [25]. ɺ ʵʪʦʡ ʞʝ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ q ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ k [2]. ɺʩʝ 

ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʦʜʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 6 ʢɺ/ʩʤ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʪʘʙ-

ʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʜʣʷ ʢʘʞʜʦʛʦ ʚʦʨʩʘ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ. ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ: ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʚʦʨʩ ʟʘʨʷʞʘʝʪʩʷ, ʠ ʩʢʦʨʦʩʪʴ ʧʦ-

ʜʘʯʠ ʨʝʟʢʦ ʩʥʠʞʘʝʪʩʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʮʝʥʦʯʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʈmax, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʷ ʟʘʨʷʜʘ ʠ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ (5.21), ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʧʨʝʜʝ-

ʣʝʥʥʳʤʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʈmax,,ɻ ʠ, ʩʘʤʦʝ ʛʣʘʚʥʦʝ, 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʦʛʨʘʥʠʯʝʥʘ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ. 
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ɺʩʝ ʵʪʦ ʫʙʝʜʠʪʝʣʴʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʫʚʝʣʠʯʠʪʴ ʤʝʭʘʥʠʯʝʩʢʠ ʥʝʣʴʟʷ. ʆʥʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʦʨʩʘ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʧʦʜʘʯʠ ʚʦʨʩʘ ʫʚʝʣʠʯʠʪʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʪ. ʝ. ʩʥʠʟʠʪʴ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʫʪʝʤ ʫʚʝʣʠʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʪ. ʝ. ʫʣʫʯʰʘʷ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʘʪʝʨʠʘʣʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʢʘʯʝ-

ʩʪʚʝʥʥʦʛʦ ʚʦʨʩʘ (ʚʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ). ʅʘ ʧʫʪʠ ʫʚʝʣʠʯʝʥʠʷ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʦʛʨʘʥʠʯʝʥʠʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʚʦʟʥʠʢʥʦʚʝʥʠʝʤ ʵʣʝʢʪʨʠ-

ʯʝʩʢʠʭ ʧʨʦʙʦʝʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. ʇʦʵʪʦʤʫ ʦʙʳʯʥʦ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʧʦʣʷ ʚʳʰʝ 6 ʢɺ/ʩʤ. 

 

ʊʘʙʣʠʮʘ 10.4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ ʠ ʩʚʦʡʩʪʚʘ 

 ʚʦʨʩʘ 

ʅʦʤʝʨ 

ʚʦʨʩʘ 

ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʀʟʤʝʨʝʥʠʝ ʟʘʨʷʜʘ 

ʈ0, 

ʛ/(ʤ
2
ʩ) 

ʈmax,,ɻ 

ʛ/(ʤ
2
ʩ) 

nmax, 

ʛ/ʤ
2 q, ʂʣ k, ʂʣĀʤ/ɺ ʈmax, ʛ/(ʤ

2
ʩ) 

1 150 28,8Ñ3,6 98,1Ñ3,8 (1,12Ñ0,17)Ā10
-12

 1,87Ā10
-18

 28,1Ñ4,3 

2 122 33,7Ñ5,6 93,5Ñ3,2 (8,1Ñ0,5)Ā10
-13

 1,34Ā10
-18 39,1Ñ2,4 

3 198 37,2Ñ1,7 76,8Ñ0,9 (8,6Ñ1,0)Ā10
-13

 1,43Ā10
-18 36,8Ñ4,5 

4 278 38,6Ñ0,6 86,2Ñ5,1 (8,4Ñ2,7)Ā10
-13

 1,40Ā10
-18 37,5Ñ12,1 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʧʨʠʦʙʨʝʪʝʥʠʝ ʚʦʨʩʦʤ ʤʘʢʩʠʤʘʣʴ-

ʥʦʛʦ ʟʘʨʷʜʘ ʜʣʷ ʥʘʠʣʫʯʰʝʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʩʦʟʜʘʥʠʝʤ ʤʘʢʩʠ-

ʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʳʭ ʫʩʣʦʚʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʩʢʦʨʦʩʪʴ ʧʦ-

ʜʘʯʠ ʩʣʝʜʫʝʪ ʫʩʪʘʥʦʚʠʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʣʷ ʜʘʥʥʦʛʦ ʚʦʨʩʘ (5.21). 

 

10.3. ʆʮʝʥʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ 

 ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ʇʦʧʨʦʙʫʝʤ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʪʴ ʥʘʣʠʯʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘ-

ʨʷʜʘ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʚʦʨʩʘ. ɺ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ ʚʳʙʝ-

ʨʝʤ ʤʠʥʠʤʫʤ ʠʥʪʝʨʚʘʣʘ ʚʨʝʤʝʥʠ t0, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ n0.  

ʈʘʩʩʤʦʪʨʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʯʝʨʝʟ ʵʣʝʢʪʨʦʬʠ-

ʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʚʦʨʩʘ. ʀʟ ʚʩʝʭ ʠʟʤʝʨʷʝʤʳʭ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʚʦʨʩʘ ʥʘ ʬʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ 
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ʦʢʘʟʳʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ k. ʆʥ ʬʘʢʪʠʯʝʩʢʠ ʦʧʨʝʜʝʣʷʝʪ ʚʝʣʠʯʠʥʫ ʟʘʨʷʜʘ 

ʚʦʨʩʘ ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʵʪʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʢʦʨʦʩʪʴ ʧʦ-

ʜʘʯʠ ʚʦʨʩʘ ʩʥʠʞʘʝʪʩʷ (5.21), ʪ. ʝ. ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʜʦʣʞʥʘ ʫʤʝʥʴʰʘʪʴʩʷ. 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʞʜʫ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʨʷʜʢʠ ʠ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ ʦʯʝ-

ʚʠʜʥʦ ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʯʝʪʢʘʷ ʢʦʨʨʝʣʷʮʠʷ. ʉ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʫʣʫʯ-

ʰʘʝʪʩʷ ʦʨʠʝʥʪʘʮʠʷ ʠ ʚʦʟʨʘʩʪʘʝʪ nmax. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʵʪʠʤ ʨʘʩʪʝʪ ʟʘʨʷʜ ʚʦʨʩʘ. 

ʈʦʩʪ ʟʘʨʷʜʘ ʚʝʜʝʪ ʠ ʢ ʙʦʣʝʝ ʩʠʣʴʥʦʤʫ ʨʘʟʜʝʣʝʥʠʶ ʟʘʨʷʜʘ ʧʦ ʜʣʠʥʝ ʚʦʨʩʠʥʢʠ. 

ʊʘʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʟʘʨʷʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʠʥʢʠ 

ʜʝʡʩʪʚʫʝʪ ʘʥʘʣʦʛʠʯʥʦ ʜʠʧʦʣʴʥʦʤʫ ʤʦʤʝʥʪʫ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʞʝ ʜʦʣʞʥʦ 

ʫʣʫʯʰʘʪʴ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ɺʟʘʠʤʦʩʚʷʟʴ ʧʨʝʜʝʣʴʥʦʡ 

ʧʣʦʪʥʦʩʪʠ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘ-

ʟʦʤ: 

nmax = n0 + aE,         (10.4) 

ʛʜʝ n0 ï ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʛ/ʤ
2
; 

ʘ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʟʘʚʠʩʷʱʠʡ ʦʪ ʩʚʦʡʩʪʚ ʚʦʨʩʘ, ʛ/(ɺĀʤ). 
 

ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ nmax ʥʝ ʨʘʚʥʦ ʥʫʣʶ (n0). ɼʘʞʝ ʝʩʣʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝʪ ʠ ʚʦʨʩ ʥʝ 

ʦʨʠʝʥʪʠʨʦʚʘʥ, ʦʥ ʧʦʢʨʳʚʘʝʪ ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ. ʂʦʛʜʘ ʞʝ 

ʧʦʣʝ ʝʩʪʴ, ʥʦ ʚʦʨʩ ʥʝ ʦʙʨʘʙʦʪʘʥ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ ʟʘʨʷʞʘʝʪʩʷ, ʚʩʝ-ʪʘʢʠ ʩʫʱʝ-

ʩʪʚʫʝʪ ʧʦʣʷʨʠʟʘʮʠʷ ʚʦʨʩʠʥʦʢ, ʘ ʟʥʘʯʠʪ, ʠʭ ʦʨʠʝʥʪʘʮʠʷ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʙʫʜʝʪ ʜʘ-

ʞʝ ʥʝʩʢʦʣʴʢʦ ʣʫʯʰʝ, ʯʝʤ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʧʦʣʷ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ (10.4) ʜʦʩʪʘʪʦʯʥʦ ʦʯʝʚʠʜʥʘ, ʠ ʦʥʘ ʥʝʦʜʥʦ-

ʢʨʘʪʥʦ ʧʦʜʪʚʝʨʞʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ. ʆʜʥʘʢʦ ʝʩʣʠ ʫʯʝʩʪʴ ʚʟʘʠʤʦʩʚʷʟʴ ʟʘʨʷ-

ʜʘ ʚʦʨʩʘ ʩ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ q = kE ʠ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ çʜʠʧʦʣʴʥʦʛʦ ʤʦ-

ʤʝʥʪʘè ʚʦʨʩʠʥʢʠ, ʚʣʠʷʶʱʝʛʦ ʥʘ ʝʝ ʦʨʠʝʥʪʘʮʠʶ, ʜʦʣʞʥʘ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʚʝʣʠʯʠ-

ʥʦʡ ʟʘʨʷʜʘ, ʪʦ ʩʦʦʪʥʦʰʝʥʠʝ (10.4) ʤʦʞʥʦ ʧʝʨʝʧʠʩʘʪʴ ʩ ʫʯʝʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʟʘʨʷʜʢʠ ʚʦʨʩʘ k ʧʨʠ ʟʘʜʘʥʥʦʤ ʟʥʘʯʝʥʠʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ: 
 

nmax = n0 + bĀkĀE ,      (10.5) 
 

ʛʜʝ b ï ʥʦʚʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ʛ/(ʤ
2
ʂʣ). 

 

ɺʝʣʠʯʠʥʘ n0, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʬʦʨʤʠʨʫ-

ʝʤʦʛʦ ʙʝʟ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʚʦʨʩʘ, ʘ ʩʚʷʟʘʥʘ ʪʦʣʴʢʦ ʩ ʝʛʦ ʨʘʟʤʝʨʘʤʠ ʠ ʧʣʦʪʥʦʩʪʴʶ. ʇʨʠ ʦʮʝʥʢʝ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ 

ʥʘʠʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʠʥʦʢ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʨʘʟʤʝʩʪʠʪʴʩʷ ʥʘ ʧʣʦʩʢʦʩʪʠ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦ. ʊ. ʝ. ʤʦʞʥʦ ʧʨʠʙʣʠʞʝʥʥʦ ʟʘʧʠʩʘʪʴ 
 

ὲ υ ρπ“”˟ ȟ                                  (10.6) 
 

ʛʜʝ d ï ʜʠʘʤʝʪʨ ʚʦʨʩʠʥʢʠ, ʤ; ɟ ï ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʚʦʨʩʘ, ʛ/ʩʤ
3
; ʊ ï ʣʠʥʝʡʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚʦʣʦʢʥʘ, ʪʝʢʩ. 
 

ʕʪʘ ʦʮʝʥʢʘ ʥʘʯʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʛʫʙʦ ʧʨʠʙʣʠʞʝʥʥʘʷ. ʈʝʘʣʴʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʜʣʷ ʚʦʨʩʘ ʙʝʟ ʭʠʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ, ʚʝʨʦʷʪʥʦ, ʙʫ-

ʜʝʪ ʚʳʰʝ ʠʟ-ʟʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʣʦʢʥʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʟʥʘʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ k ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʩʥʠʞʘʝʪʩʷ, ʘ ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳ-

ʪʠʷ ʨʘʩʪʝʪ. ɿʥʘʯʠʪ, ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʠʤʝʥʴʰʫʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ.  

ʊʝʧʝʨʴ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʤʳ ʤʦʞʝʤ ʦʮʝ-

ʥʠʪʴ ʫʧʦʤʷʥʫʪʦʝ ʚʨʝʤʷ t0 ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʨʷʜʘ ʚʦʨʩʘ (ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜ-

ʢʠ). ʈʘʩʩʯʠʪʘʪʴ ʵʪʦʪ ʠʥʪʝʨʚʘʣ ʤʦʞʥʦ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ (10.1) 
 

ὸ ÌÎρ ̓  ȟ        (10.7) 

 

ʛʜʝ nʊ ï ʪʨʝʙʫʝʤʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 
 

ʉ ʫʯʝʪʦʤ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ (10.5) ʩʦʦʪʥʦʰʝʥʠʝ (10.1) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

ὸ ÌÎρ ̓  Ȣ    (10.8) 

 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʚʦʨʩʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʤʠʥʠʤʘʣʴʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʅʘ ʨʠʩ. 10.4 

ʧʦʢʘʟʘʥ ʧʨʠʤʝʨ ʬʫʥʢʮʠʡ ʜʣʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʦʪ ʜʦʣʠ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʘʨʷʜʘ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ, ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ 0,33 ʪʝʢʩ, ʜʣʷ ʪʨʝʙʫʝʤʦʡ 

ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ 80 ʛ/ʤ
2
 ʧʨʠ ʪʨʝʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. 

 

 
ʈʠʩ. 10.4. ɿʘʚʠʩʠʤʦʩʪʴ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʦʪ ʜʦʣʠ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ: 

1 ï ɽ = 4 ʢɺ/ʩʤ; qmax = 2,98Ā10
-12

 ʂʣ; 2 ï ɽ = 5 ʢɺ/ʩʤ; qmax = 3,72Ā10
-12

 ʂʣ; 

3 ï ɽ = 6 ʢɺ/ʩʤ; qmax = 4,47Ā10
-12

 ʂʣ 

 

ʅʘ ʛʨʘʬʠʢʝ ʤʳ ʥʘʙʣʶʜʘʝʤ ʥʘʣʠʯʠʝ ʤʠʥʠʤʘʣʴʥʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ 

ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʟʥʘʯʝʥʠʠ ʟʘʨʷʜʘ ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 
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ʚʦʨʩʘ. ʅʘʣʠʯʠʝ ʤʠʥʠʤʫʤʘ ʜʣʠʪʝʣʴʥʦʩʪʠ (ʪ. ʝ. ʤʘʢʩʠʤʫʤʘ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ) 

ʦʙʦʩʥʦʚʘʥʦ ʧʨʠ ʩʘʤʦʤ ʦʙʱʝʤ ʧʦʜʭʦʜʝ ʢ ʦʧʠʩʘʥʠʶ ʧʨʦʮʝʩʩʘ. ʕʪʦ ʚ ʧʝʨʩʧʝʢʪʠʚʝ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ ʚʦʨʩʘ ʩ ʥʫʞʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʇʦʢʘʞʝʤ ʧʨʠʤʝʨ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

ʚʦʨʩʘ. ɼʣʷ ʚʦʨʩʘ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚʳʰʝ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘ-

ʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʨʘʚʥʦ kmax = 7,45Ā10
-18

 ʂʣĀʤ/ɺ. ʉʦʦʪʥʦʰʝʥʠʝ (10.5) 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʧʨʠʙʣʠʞʝʥʥʳʡ ʚʠʜ ʩ ʯʠʩʣʝʥʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʤʧʠʨʠʯʝʩʢʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

nmax = 20 + 5Ț10
13
ĀkĀE  ,      (10.9) 

 

ʛʜʝ ʠʩʧʦʣʴʟʦʚʘʥʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʝʣʠʯʠʥ: [k] = ʂʣĀʤ/ɺ; 

[E] = ɺ/ʤ. 

ʊʝʧʝʨʴ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʵʬʬʠʮʠ-

ʝʥʪʦʚ ʟʘʨʷʜʢʠ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 80 ʛ/ʤ
2
. 

 

ʊʘʙʣʠʮʘ 10.5. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ 

E, ʢɺ/ʩʤ qmax, ʂʣ k/kmax qo, ʂʣ nmax, ʛ/ʤ
2 

t0, c 

4 2,98Ā10
-12 

0,57 1,70Ā10
-12

 169 6,08 

5 3,72Ā10
-12

 0,47 1,75Ā10
-12

 206 4,87 

6 4,47Ā10
-12

 0,37 1,65Ā10
-12

 243 4,06 

 

ɿʥʘʯʝʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣ. 10.5, ʥʦʩʷʪ, ʢʦʥʝʯʥʦ, ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʩʯʝʪ ʧʨʦʚʝʜʝʥ ʜʣʷ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳ-

ʪʠʷ, ʢʦʪʦʨʘʷ ʜʦʣʞʥʘ ʙʳʪʴ ʥʘ ʤʘʪʝʨʠʘʣʝ 80 ʛ/ʤ
2
, ʦʜʥʦʛʦ ʚʦʨʩʘ (ʇɸ, 1 ʤʤ) ʠ ʜʣʷ 

ʪʨʝʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʆʜʥʘʢʦ ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʙʱʠʝ ʟʘʢʦʥʦ-

ʤʝʨʥʦʩʪʠ ʜʦʣʞʥʳ ʩʦʭʨʘʥʠʪʴʩʷ ʜʣʷ ʚʦʨʩʘ ʨʘʟʥʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ 

ʧʨʠ ʨʘʟʥʳʭ ʨʝʞʠʤʘʭ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʢʨʦʤʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʥʝʦʙʭʦ-

ʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʝʛʦ 

ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚʦʨʩʘ ʚ ʤʦ-

ʤʝʥʪ ʚʥʝʜʨʝʥʠʷ. ʋʯʝʪ ʵʪʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ, ʚʦʟʤʦʞʥʦ, ʧʦʪʨʝʙʫʝʪ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴ-

ʰʝʛʦ ʟʥʘʯʝʥʠʷ ʟʘʨʷʜʘ.  

ʂʨʦʤʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʨʫʣʦʥʥʳʭ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ:  

1. ʄʘʢʩʠʤʫʤ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʟʘʜʘʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʥʘʥʝʩʝʥʠʷ. 

2. ʅʘʠʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ. 

3. ʄʠʥʠʤʘʣʴʥʘʷ ʩʝʙʝʩʪʦʠʤʦʩʪʴ ʤʘʪʝʨʠʘʣʘ. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʤʳ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ, ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʦʩʪ 

ʢʘʯʝʩʪʚʘ ʤʘʪʝʨʠʘʣʘ ʥʝʠʟʙʝʞʥʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʩʪʦ-

ʠʤʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʩʥʠʞʝʥʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ.  

ɺʪʦʨʦʡ ʠ ʪʨʝʪʠʡ ʚʘʨʠʘʥʪʳ ʙʫʜʫʪ ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ ʜʣʷ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʦʩʪʠʞʝʥʠʷ ʤʠʥʠʤʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ 
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ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ (ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ) ʠ ʤʘʢʩʠʤʘʣʴ-

ʥʦʡ ʛʣʫʙʠʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʠʥʦʢ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ (ʥʘʠʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ). 

 

10.4. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ  

 

ʂʨʠʪʝʨʠʡ ʜʣʷ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʦʩʘʞʜʝʥʠʷ ʚʦʨʩʘ, ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʚ ʧʨʝʜʳ-

ʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʢʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʷʚʣʷʝʪʩʷ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦ ʚʦʟʤʦʞʥʳʤ. 

ʈʘʩʩʤʦʪʨʠʤ ʜʨʫʛʦʡ ʢʨʠʪʝʨʠʡ ʠ ʧʦʩʤʦʪʨʠʤ, ʠʟʤʝʥʠʪʩʷ ʣʠ ʚʳʙʦʨ ʨʝʞʠʤʘ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʢʨʠʪʝʨʠʝʤ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ 

ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ. ʇʨʦʯʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʟʘʚʠʩʠʪ ʦʪ ʢʘ-

ʯʝʩʪʚʘ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ, ʥʦ, ʥʝ ʚ ʧʦʩʣʝʜʥʶʶ ʦʯʝʨʝʜʴ, ʦʥʘ ʟʘʚʠʩʠʪ ʦʪ ʛʣʫʙʠ-

ʥʳ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. ɻʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʠʥʢʠ ʚ 

ʢʣʝʡ, ʪ. ʝ. ʚ ʚʷʟʢʫʶ ʩʨʝʜʫ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʵʥʝʨʛʠʠ ʚʦʨʩʠʥʢʠ. ʌʘʢʪʠʯʝʩʢʠ ʵʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʚʦʨʩʠʥʢʠ ʚ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʚ 

ʢʣʝʝʚʦʡ ʩʣʦʡ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʧʦ ʩʢʦʨʦʩʪʷʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʢʦʦʨʜʠʥʘʪʳ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʟʜ. 5 (5.38) ʠ ʚ ʨʘʙʦʪʘʭ [19] ʠ [54]. ɽʩʣʠ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦ-

ʨʦʩʪʠ ʧʦʜʩʪʘʚʠʪʴ ʟʥʘʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪʳ x = h ʠ ʚʳʨʘʟʠʪʴ ʟʘʨʷʜ ʚʦʨʩʠʥʢʠ ʯʝʨʝʟ 

ʥʘʧʨʞ̫ʝʥʥʦʩʪʴ ʧʦʣʷ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ q = kE0, ʪʦ ʩʢʦʨʦʩʪʴ ʚ ʤʦ-

ʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ ʙʫʜʝʪ ʚʳʛʣʷʜʝʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

ὺ  Ȣ                                                  (10.9) 

 

ɼʘʣʝʝ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ j ʠ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ E0:  

Ὦ
‐ὅὉ

ά
 ȟ             Ὁ

Ὗ

Ὤ
ὅ

Ὤ

ςάὯ
 Ȣ 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʩʢʦʨʦʩʪʠ ʚʦʨʩʘ ʙʫʜʝʪ ʚʢʣʶʯʘʪʴ 

ʪʦʣʴʢʦ ʩʚʦʡʩʪʚʘ ʚʦʨʩʘ ʠ ʨʝʞʠʤ ʬʣʦʢʠʨʦʚʘʥʠʷ: 
 

ὺ ὉЍὬ
Ѝ

ὬȢ                                 (10.10) 

 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʟʘʧʠʩʘʥʦ ʯʝʨʝʟ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ E ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ ʨʘʩʩʪʦʷʥʠʝ h. ʊʘʢ ʢʘʢ ʨʦʩʪ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ ʧʨʠ 

ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʯʝʚʠʜʝʥ, ʪʦ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ, 

ʩʫʱʝʩʪʚʫʝʪ ʣʠ ʦʧʪʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʠ ʧʦʩʪʦ-

ʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʅʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʨʩʠʥʢʠ ʚ 

ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʝʡ 
 

ὡ ὯὉЍὬ
Ѝ

Ὤ  Ȣ                         (10.11) 
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ʄʘʢʩʠʤʫʤ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʨʩʠʥʢʠ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʢʣʝʝʚʦʛʦ 

ʩʣʦʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ: 
 

Ὤ ὉȢ                                                (10.12) 
 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 10.5) ʟʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʦʪ ʤʝʞʵʣʝʢ-

ʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ, ʘ ʥʘ ʨʠʩ. 10.6 ï ʜʣʷ ʚʦʨʩʘ ʩ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʨʷʜʢʠ.  

 

 
ʈʠʩ. 10.5. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʦʨʩʠʥʦʢ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʢʣʝʡ 

ʜʣʷ ʨʘʟʣʠʯʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ: 

1 ï ɽ = 4 ʢɺ/ʩʤ; 2 ï ɽ = 5 ʢɺ/ʩʤ; 3 ï ɽ = 6 ʢɺ/ʩʤ 
 

 
ʈʠʩ. 10.6. ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʦʨʩʠʥʦʢ ʧʨʠ ʚʥʝʜʨʝʥʠʠ ʚ ʢʣʝʡ 

ʜʣʷ ʚʦʨʩʘ ʩ ʨʘʟʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʟʘʨʷʜʢʠ: 

1 ï k = 1,0Ā10
-18

 ʂʣĀʤ/ɺ; 2 ï k = 1,5Ā10
-18

 ʂʣĀʤ/ɺ; 3 ï k = 2,0Ā10
-18

 ʂʣĀʤ/ɺ 
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ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ ʥʘʣʠʯʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ. ʆʜʥʘʢʦ 

ʧʨʠ ʘʥʘʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʚʦʟʥʠʢʘʝʪ ʚʦʧʨʦʩ ʦ ʧʨʠʯʠʥʘʭ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʘʢʩʠ-

ʤʫʤʘ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ. 

ʂʘʟʘʣʦʩʴ ʙʳ, ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʩʢʦʨʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʤʦʥʦʪʦʥʥʦ. 

ʅʦ, ʩʦʛʣʘʩʥʦ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʦʜʝʣʠ (5.18), ʚʦʟʨʘʩʪʘʥʠʝ ʨʘʩʩʪʦʷʥʠʷ h ʚʝʜʝʪ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʟʘʨʷʞʘʶʱʝʛʦ ʵʣʝʢʪʨʦʜʘ, ʘ ʵʪʦ ʩʥʠʞʘʝʪ ʚʝ-

ʣʠʯʠʥʫ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʠ ʫʞʝ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʩʥʠʞʘʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʚʦʨʩʘ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝʩʪʚʫʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʨʘʩʩʪʦʷʥʠʝ, ʥʘ 

ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʘʷ ʵʥʝʨʛʠʷ ʚʦʨʩʠʥʦʢ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʦʪ ʢʨʠʪʝʨʠʡ ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʨʝʘʣʴʥʦʛʦ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɿʥʘʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʦʩʦʙʝʥʥʦ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʦʨʩʘ, ʚʝʩʴʤʘ ʚʝʣʠʢʠ. ɼʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 1 ʤʤ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʟʘʨʷʜʢʠ k = 5,0Ā10
-18

 ʂʣĀʤ/ɺ, ʧʨʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ɽ = 5 ʢɺ/ʩʤ ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʙʦʣʝʝ 

80 ʩʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʜʦʣʞʥʦ ʙʳʪʴ ʨʘʚʥʦ 400 ʢɺ, 

ʯʪʦ ʩʣʠʰʢʦʤ ʤʥʦʛʦ ʜʣʷ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠʩʪʦʯʥʠʢʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʜ-

ʥʘʢʦ, ʝʩʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʩʦʩʪʘʚʣʷʝʪ 2,0Ā10
-18

 ʂʣĀʤ/ɺ, ʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʧʦʣʷ 4 ʢɺ/ʩʤ, ʪʦ ʨʘʩʩʪʦʷʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʧʦʣʥʝ ʨʝʘʣʴʥʳʤ ï 20,5 ʩʤ, ʘ ʪʨʝʙʫʝʤʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ï 82 ʢɺ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʳʤ. ʆʜʥʘʢʦ ʩʦʟʥʘʪʝʣʴʥʦ ʩʥʠʞʘʪʴ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʩʠʣʴʥʝʝ ʚʣʠʷʝʪ ʥʘ 

ʩʢʦʨʦʩʪʴ. ʇʦʵʪʦʤʫ ʚ ʨʝʘʣʴʥʦʩʪʠ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ ʠʤʝ-

ʝʪ ʩʤʳʩʣ ʜʦʩʪʠʛʘʪʴ ʧʫʪʝʤ ʚʳʙʦʨʘ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ.  

 

10.5. ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ  

 ʬʣʦʢʘʪʦʨʘ 

 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʨʝʯʴ ʠʜʝʪ ʦ ʚʣʠʷʥʠʠ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʥʘ 

ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. ɺ ʨʘʟʜ. 7 ʨʘʩʩʤʦʪʨʝʥʘ ʦʨʠʝʥʪʘʮʠʷ 

ʚʦʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʜʚʠʞʝʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʘ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʜʚʫʤʷ ʤʦʤʝʥʪʘʤʠ ʩʠʣ: ʤʦʤʝʥʪʦʤ ʩʠʣʳ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡ-

ʩʪʚʠʷ, ʦʨʠʝʥʪʠʨʫʶʱʝʤ ʚʦʨʩʠʥʢʫ ʚʜʦʣʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ, ʠ ʤʦʤʝʥʪʦʤ ʩʠʣʳ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʧʨʝʧʷʪʩʪʚʫʶʱʠʤ ʵʪʦʤʫ. ʕʪʠ ʤʦʤʝʥʪʳ ʚʦʟʥʠʢʘ-

ʶʪ, ʢʦʥʝʯʥʦ, ʪʦʣʴʢʦ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʦʪ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʠʣʠ ʚʝʢ-

ʪʦʨʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʇʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ çʢʚʘʟʠʦʜʥʦʨʦʜ-

ʥʦʤè ʧʦʣʝ ʥʘʧʨʘʚʣʝʥʠʝ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʩʦʚʧʘʜʘʝʪ. ɽʩʣʠ ʫʛʦʣ ʦʪʢʣʦʥʝʥʠʷ ʦʜʠʥʘ-

ʢʦʚ, ʪʦ ʵʪʠ ʤʦʤʝʥʪʳ ʤʦʞʥʦ ʩʨʘʚʥʠʚʘʪʴ ʤʝʞʜʫ ʩʦʙʦʡ. ʇʝʨʚʳʡ ʤʦʤʝʥʪ ʥʝ ʤʝʥʷ-

ʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ, ʘ ʚʪʦʨʦʡ ʚʦʟʨʘʩʪʘʝʪ ʩ ʨʦʩʪʦʤ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʢʠ. ɽʩ-

ʣʠ ʚʪʦʨʦʡ ʤʦʤʝʥʪ ʥʘʯʠʥʘʝʪ ʧʨʝʦʙʣʘʜʘʪʴ, ʪʦ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʠʥʢʠ ʩʪʘʥʦʚʠʪʩʷ 

ʥʝʫʩʪʦʡʯʠʚʦʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠ ʤʘʣʝʡʰʝʤ ʦʪʢʣʦʥʝʥʠʠ ʦʩʠ ʚʦʨʩʠʥʢʠ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʦʥʘ ʪʝʨʷʝʪ ʦʨʠʝʥʪʘʮʠʶ, ʪ. ʝ. ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʧʝʨ-

ʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʷ ʠ ʪʝʨʷʝʪ ʩʢʦʨʦʩʪʴ. ʇʦʵʪʦʤʫ ʙʳʣʦ ʚʳʩʢʘ-

ʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʥʘʠʣʫʯʰʘʷ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʪʘʢʦʤ 

ʨʘʩʩʪʦʷʥʠʠ, ʛʜʝ ʦʙʘ ʤʦʤʝʥʪʘ ʩʪʘʥʦʚʷʪʩʷ ʨʘʚʥʳʤʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʥʘʠʣʫʯʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʙʫʜʝʪ ʪʦ, ʧʨʠ ʢʦʪʦʨʦʤ ʨʘʚʝʥʩʪʚʦ 
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ʫʧʦʤʷʥʫʪʳʭ ʤʦʤʝʥʪʦʚ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʚʦʨʩʠʥʢʦʡ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ-

ʛʦ ʵʣʝʢʪʨʦʜʘ.  

ɺ ʨʘʙʦʪʝ [63] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷ-

ʥʠʷ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳ-

ʪʠʷ (ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ). ʆʜʥʘʢʦ ʩʦʢʨʘʱʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ 

ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʧʨʦʯʥʦʩʪʴ ʟʘʢʨʝʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ. ɽʩʣʠ ʦʥʦ ʤʘʣʦ, 

ʪʦ ʩʢʦʨʦʩʪʠ ʚʦʨʩʠʥʦʢ ʥʝʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʛʣʫʙʦʢʦʛʦ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʣʝʝʚʦʡ 

ʩʣʦʡ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʦʣʫʯʝʥʠʶ ʤʘʪʝʨʠʘʣʘ ʩ ʥʠʟʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠ-

ʨʘʥʠʶ. ʇʦʵʪʦʤʫ ʜʣʷ ʚʳʙʦʨʘ ʨʘʩʩʪʦʷʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʪʦʡʢʦʩʪʴ ʚʦʨʩʦ-

ʚʦʛʦ ʧʦʢʨʦʚʘ ʢ ʠʩʪʠʨʘʥʠʶ ʧʨʠ ʨʘʟʥʦʤ ʨʘʩʩʪʦʷʥʠʠ. ʀʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʧʨʝ-

ʜʝʣʝʥʠʝ ʤʠʥʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ, ʧʨʠ ʢʦʪʦʨʦʤ ʩʢʦʨʦʩʪʴ 

ʚʦʨʩʠʥʦʢ ʙʫʜʝʪ ʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʧʨʦʯʥʦʛʦ ʟʘʢʨʝʧʣʝʥʠʷ ʚ ʢʣʝʝʚʦʤ ʩʣʦʝ.  

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʧʨʦʚʝʨʢʠ ʚʳʩʢʘʟʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʙʳʣʠ ʧʨʦ-

ʚʝʜʝʥʳ ʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʏʠʩʣʝʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʪʦʡʢʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʢ ʠʩ-

ʪʠʨʘʥʠʶ ʷʚʣʷʝʪʩʷ ʯʠʩʣʦ ʮʠʢʣʦʚ ʜʚʠʞʝʥʠʷ ʥʦʞʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʝ (0,5 ʠʣʠ 

1,0 ʢʛ) ʜʦ ʧʦʷʚʣʝʥʠʷ ʫʯʘʩʪʢʦʚ ʩ ʨʘʟʨʫʰʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. 

ʄʝʪʦʜʠʢʘ ʦʮʝʥʢʠ ʩʪʦʡʢʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ ʦʧʠʩʘʥʘ ʚ ʨʘʟʜ. 2.4. 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʦʡʢʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʠ ʩʦʭʨʘʥʝʥʠʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʨʠʙʦʨ APG 1000, ʚʥʝʰʥʠʡ ʚʠʜ ʢʦʪʦʨʦʛʦ ʧʨʝʜ-

ʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.10. 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ ʠʩʪʠʨʘʥʠʷ ʠʟʤʝʨʷʣʠ ʜʣʷ ʦʙʨʘʟʮʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ ʠʟ 

ʧʦʣʠʘʤʠʜʥʦʛʦ ʚʦʨʩʘ ʜʣʠʥʦʡ l = 0,5 ʤʤ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ: ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ 

ʚʦʨʩʘ ʠ ʚʨʝʤʷ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʢʣʝʷ ʧʨʠ ʜʚʫʭ ʟʥʘʯʝʥʠʷʭ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ (4 ʠ 5 ʢɺ/ʩʤ) ʠ ʯʝʪʳʨʝʭ ʟʥʘʯʝʥʠʡ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

(4, 6, 10 ʠ 12 ʩʤ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ. ɺ ʢʘʞ-

ʜʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʧʦ 5 ʦʙʨʘʟʮʦʚ.  

ʅʘ ʨʠʩ. 10.7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʣʦʢʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʠʩʪʠʨʘʥʠʷ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʦʜʠʥʘʢʦʚʦʡ ʩʪʝʧʝʥʠ ʠʩʪʠʨʘʥʠʷ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ.  
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ʈʠʩ. 10.7. ʌʣʦʢʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʦʩʣʝ ʠʩʪʠʨʘʥʠʷ: 

ʘ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 4 ʢɺ/ʩʤ; ʙ ï ʥʘʧʨʷʞʝʥʥʦʩʪʴ 5 ʢɺ/ʩʤ 

 

ʆʜʥʦʚʨʝʤʝʥʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩ ʧʦʤʦ-

ʱʴʶ ʤʘʩʩʦʚʦʛʦ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ ʧʣʦʪʥʦʩʪʠ (ʨʘʟʜ. 2.4). 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ E, ʨʘʚʥʳʭ 4 ʠ  

5 ʢɺ/ʩʤ, ʠ ʤʝʞʵʣʝʢʪʨʦʜʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ h, ʨʘʚʥʳʭ 4, 6, 10 ʠ 12 ʩʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣ. 10.5.  

 

ʊʘʙʣʠʮʘ 10.5. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠ ʩʪʦʡʢʦʩʪʴ ʢ ʠʩʪʠʨʘʥʠʶ  

h, ʩʤ 

ɽ, ʢɺ/ʩʤ 

4 5 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ ʠʩʪʠʨʘʥʠʷ N 
n, ʛ/ʤĮ 

ʂʦʣʠʯʝʩʪʚʦ ʮʠʢʣʦʚ 

ʠʩʪʠʨʘʥʠʷ N 
n, ʛ/ʤĮ 

4 85,2 77,2 89,4 78,8 

6 101,2 75,8 104,8 77,7 

10 140,8 73,0 144,8 75,1 

12 179 70,9 183,6 73,2 

 

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ n ʠ ʩʪʦʡ-

ʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ N ʦʪ ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʣʠ-

ʥʝʡʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ (10.13) ʠ (10.14) ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ 4 ʠ   

5 ʢɺ/ʩʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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N = 35,67 + 11,36h;     n = 80,38 - 0,769h.        (10.13) 

N = 39,29 + 11,42h;   n = 81,73 - 0,692h.         (10.14) 
 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ, ʙʝʟʫʩʣʦʚʥʦ, ʥʦʩʷʪ ʩʫʛʫʙʦ 

ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ, ʧʦʩʢʦʣʴʢʫ ʦʪʥʦʩʷʪʩʷ ʢ ʢʦʥʢʨʝʪʥʦʤʫ ʚʦʨʩʫ ʩʦ ʩʚʦʠʤ ʢʦʵʬʬʠ-

ʮʠʝʥʪʦʤ ʟʘʨʷʜʢʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ 

ʤʝʞʵʣʝʢʪʨʦʜʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʦʪʯʝʪʣʠʚʦ. 

ʂʘʢ ʤʳ ʚʠʜʠʤ, ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʚʨʝʤʝʥʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʩʥʠʞʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʵʣʝʢʪʨʦʜʘʤʠ. ʊʘʢʘʷ ʜʠʥʘʤʠʢʘ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʳʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ.  

ʆʜʥʘʢʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʚʦʟʨʘʩʪʘʝʪ, ʢʘʢ ʠ 

ʦʞʠʜʘʣʦʩʴ, ʩʪʦʡʢʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ. ʇʦʩʢʦʣʴʢʫ ʚʩʝ ʦʙʨʘʟ-

ʮʳ ʧʦʣʫʯʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʜʥʦʛʦ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ, ʦʜʥʦʛʦ ʚʦʨʩʘ, ʠʤʝʶ-

ʱʝʛʦ ʦʜʠʥʘʢʦʚʳʝ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʘ ʪʝʨʤʦʬʠʢʩʘʮʠʷ ʢʣʝʷ ʧʦʚʦ-

ʜʠʣʘʩʴ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʨʝʞʠʤʘʭ, ʪʦ ʨʘʟʥʠʮʫ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʨʘʟʥʳʭ 

ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʦʡ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʡ 

ʩʣʦʡ. ʆʥʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʦʡ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ, ʢʦʪʦʨʫʶ ʚʦʨ-

ʩʠʥʢʘ ʠʤʝʝʪ ʚ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ.  

ɺʳʰʝ, ʚ ʨʘʟʜ. 10.4 ʙʳʣʘ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʦʨʘ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʦ ʢʨʠʪʝʨʠʶ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʝʨ-

ʛʠʠ ʚʦʨʩʠʥʦʢ ʚ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ. 

ɽʩʣʠ ʛʣʫʙʠʥʘ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚʦʨʩʠʥʢʠ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʠ-

ʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚʦʨʩʘ (10.11), ʚʥʝʜʨʷʶʱʝʛʦʩʷ ʚ ʢʣʝʡ, ʪʦ ʤʝʞʜʫ ʥʠʤʠ ʜʦʣʞ-

ʥʘ ʙʳʪʴ ʯʝʪʢʘʷ ʚʟʘʠʤʦʩʚʷʟʴ. 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʥʘʣʠʯʠʷ ʢʦʨʨʝʣʷʮʠʠ ʤʝʞʜʫ ʩʪʦʡʢʦʩʪʴʶ ʢ ʠʩʪʠʨʘʥʠʶ ʠ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ ʚʦʨʩʠʥʦʢ ʨʘʩʩʯʠʪʘʝʤ ʵʥʝʨʛʠʶ ʜʣʷ ʚʦʨʩʘ, ʠʤʝʶʱʝʛʦ ʥʫʞ-

ʥʳʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ (l = 0,5 ʤʤ; d = 20 ʤʢʤ, ʊ = 0,33 ʪʝʢʩ) ʚ ʫʩʣʦʚʠʷʭ 

ʟʘʜʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʠ ʠʟʚʝʩʪʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʟʘ-

ʨʷʜʢʠ k ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʠʠ ʠ ʚ ʨʘʩʯʝʪʘʭ ʧʨʠʥʷʪʦ ʨʘʚʥʳʤ 

2,25Ā10
-18

 ʂʣĀʤ/ɺ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 10.6.  

 

ʊʘʙʣʠʮʘ 10.6. ɺʟʘʠʤʦʩʚʷʟʴ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʠ ʢʠʥʝʪʠʯʝʩʢʦʡ 

 ʵʥʝʨʛʠʠ ʚʦʨʩʠʥʦʢ 

h, ʩʤ 

ɽ, ʢɺ/ʩʤ 

4 5 

n, ʛ/ʤĮ W, ɼʞĿ10
-8
 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ 

ʠʩʪʠʨʘʥʠʷ 

n, ʛ/ʤĮ W, ɼʞĿ10
-8
 

ʂʦʣʠʯʝʩʪʚʦ 

ʮʠʢʣʦʚ  

ʠʩʪʠʨʘʥʠʷ 

4 77,2 1,03 85,2 78,8 1,73 89,4 

6 75,8 1,42 101,2 77,7 2,43 104,8 

10 73,02 2,06 140,8 75,13 3,65 144,8 

12 70,9 2,32 179 73,17 4,18 183,6 
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ɼʣʷ ʥʘʛʣʷʜʥʦʩʪʠ, ʥʘ ʨʠʩ. 10.8 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩ-

ʪʠʨʘʥʠʶ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ ʵʥʝʨʛʠʠ ʚʦʨʩʠʥʦʢ ʚ ʤʦʤʝʥʪ ʚʥʝʜʨʝʥʠʷ ʠʭ ʚ ʢʣʝʝʚʦʡ 

ʩʣʦʡ ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠ-

ʟʘʮʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ. ʂʨʠʪʝʨʠʝʤ ʤʦʞʝʪ ʙʳʪʴ ʣʠʙʦ 

ʦʙʝʩʧʝʯʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʳʪʠʷ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʡ, ʣʠʙʦ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳ-

ʪʠʷ ʧʨʠ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʥʝ ʤʝʥʴʰʝ ʥʝʦʙʭʦʜʠʤʦʡ.  
 

 
ʈʠʩ. 10.8. ɿʘʚʠʩʠʤʦʩʪʴ ʩʪʦʡʢʦʩʪʠ ʢ ʠʩʪʠʨʘʥʠʶ ʦʪ ʢʠʥʝʪʠʯʝʩʢʦʡ 

ʵʥʝʨʛʠʠ ʚʦʨʩʠʥʦʢ ʜʣʷ ʜʚʫʭ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ: 

1 ï ɽ = 4 ʢɺ/ʩʤ; 2 ï ɽ = 5 ʢɺ/ʩʤ 

 

ʈʫʢʦʚʦʜʩʪʚʫʷʩʴ ʧʦʣʫʯʝʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ ʵʤʧʠʨʠʯʝ-

ʩʢʠʤʠ ʤʦʜʝʣʷʤʠ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʨʘʩʩʪʦʷʥʠʷ ʩʪʦʡʢʦʩʪʴ ʚʦʨʩʦ-

ʚʦʛʦ ʧʦʢʨʳʪʠʷ ʢ ʠʩʪʠʨʘʥʠʶ ʚʦʟʨʘʩʪʘʝʪ, ʥʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ ʤʘʢʩʠ-

ʤʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʦʧʪʠʤʠ-

ʟʘʮʠʶ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʨʠʪʝʨʠʝʚ.  
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ʂʠʥʝʪʠʯʝʩʢʘʷ ʵʥʝʨʛʠʷ ʚʦʨʩʠʥʢʠ, ɼʞĀ10-8 

1 2 
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11. ʆʉʅʆɺʅʓɽ ʇʈʀʅʎʀʇʓ ʊɽʍʅʆʃʆɻʀʀ 

ʇʈʆʀɿɺʆɼʉʊɺɸ ʌʃʆʂʀʈʆɺɸʅʅʓʍ ʅʀʊɽʁ 

 

ɺʩʝ ʠʟʣʦʞʝʥʥʦʝ ʚʳʰʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ 

ʥʦʩʠʪ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ, ʥʦ, ʚʩʝ-ʪʘʢʠ, ʦʪʥʦʩʠʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʢ ʧʦ-

ʣʫʯʝʥʠʶ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʥʘ ʪʘ-

ʢʫʶ ʩʧʝʮʠʘʣʴʥʫʶ ʦʩʥʦʚʫ, ʢʘʢ ʥʠʪʠ, ʪ. ʝ. ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʳʭ 

ʥʠʪʝʡ, ʠʤʝʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʦʩʦʙʝʥʥʦʩʪʝʡ. 

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ɻʝʨʤʘʥʠʠ [66]. ʇʦʣʫʯʝʥʦ ʟʥʘʯʠʪʝʣʴ-

ʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʘʪʝʥʪʦʚ [68]ï[75] ʠ ʥʘ ʠʭ ʦʩʥʦʚʝ ʩʦʟʜʘʥʦ ʧʨʦʤʳʰʣʝʥʥʦʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ, ʨʝʘʣʠʟʫʶʱʝʝ ʜʘʥʥʫʶ ʪʝʭʥʦʣʦʛʠʶ. ɿʜʝʩʴ ʤʳ ʨʘʩʩʤʦʪʨʠʤ ʠʥʦʡ ʧʦʜ-

ʭʦʜ ʢ ʧʨʦʮʝʩʩʫ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʥʠʪʠ. ʆʥ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʨʷʜʫ 

ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʢʘʢ ʥʘʤ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʚʳʧʫʩʢʘ ʥʠʪʝʡ ʠ ʦʙʝʩʧʝʯʠʪʴ ʨʘʚʥʦʤʝʨʥʦʝ 

ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʧʦ ʚʩʝʡ ʠʭ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʨʘʟʨʘʙʦʪʢʝ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʠ ʠ ʪʝʭʥʠʯʝʩʢʦʤʫ 

ʨʝʰʝʥʠʶ ʫʟʣʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʣʷ ʣʠʥʠʠ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠ-

ʪʝʡ. ʌʣʦʢʠʨʦʚʘʥʥʘʷ ʥʠʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʝʨʞʥʝʚʫʶ ʥʠʪʴ, ʧʦʢʨʳʪʫʶ ʢʣʝ-

ʝʚʳʤ ʩʣʦʝʤ, ʚ ʢʦʪʦʨʦʤ ʨʘʜʠʘʣʴʥʦ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʢʨʝʧʣʝʥ ʚʦʨʩ. ʊʘʢʠʝ 

ʥʠʪʠ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʙʠʚʦʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʜʣʷ ʘʚʪʦʤʦʙʠʣʝʡ, ʤʦʨʩʢʠʭ ʣʘʡʥʝʨʦʚ, ʤʝʙʝʣʠ ʠ ʪ. ʧ. ʇʦʣʫʯʘʝʤʳʝ ʪʢʘʥʠ, ʙʣʘʛʦ-

ʜʘʨʷ ʩʪʨʫʢʪʫʨʝ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ (ʜʦ 80 % ʚʦʟʜʫʭʘ), ʦʙʝʩʧʝʯʠʚʘʶʪ ʚʳʩʦ-

ʢʫʶ ʚʦʟʜʫʭʦʧʨʦʥʠʮʘʝʤʦʩʪʴ ʧʨʠ ʦʪʣʠʯʥʦʡ ʪʝʨʤʦʠʟʦʣʷʮʠʠ. ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʜʠʟʘʡʥʘ ʪʢʘʥʝʡ ʦʙʝʩʧʝʯʠʚʘʶʪʩʷ ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠ-

ʪʝʡ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʭ ʧʝʨʝʧʣʝʪʝʥʠʡ. ɺʩʝ 

ʵʪʦ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ, ʜʝʣʘʝʪ ʠʭ ʥʝʟʘʤʝʥʠʤʳʤʠ ʪʘʤ, 

ʛʜʝ ʥʝʦʙʭʦʜʠʤʦ ʩʦʯʝʪʘʪʴ ʚʳʩʦʢʫʶ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʡ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʩ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʚʥʝʰʥʠʤ ʚʠʜʦʤ.    

ʕʪʘ ʪʝʭʥʦʣʦʛʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʩʣʦʞʥʳʭ ʚ ʦʙʣʘʩʪʠ ʵʣʝʢʪʨʦʬʣʦ-

ʢʠʨʦʚʘʥʠʷ ʠ ʧʨʠ ʵʪʦʤ ʦʯʝʥʴ ʤʘʣʦ ʦʧʠʩʘʥʘ ʚ ʣʠʪʝʨʘʪʫʨʝ. ʇʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʨʘʟ-

ʜʝʣʝ ʙʫʜʫʪ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʨʝʘʣʠʟʫʝ-

ʤʳʝ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ, ʧʨʝʜʣʦʞʝʥʳ ʨʝʰʝʥʠʷ ʜʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʪʝʭʥʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʫʟʣʦʚ. ʊʝʭʥʦʣʦʛʠ-

ʯʝʩʢʘʷ ʩʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 11.1.  

ɹʝʟʫʩʣʦʚʥʦ, ʦʩʥʦʚʥʳʤ ʠ ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʫʟʣʦʤ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜ-

ʩʪʚʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ʷʚʣʷʝʪʩʷ ʫʟʝʣ ʬʣʦʢʠʨʦʚʘʥʠʷ. ɺ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʥ 

ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʨʫʣʦʥ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɿʜʝʩʴ ʦʥ ʜʦʣʞʝʥ ʨʝʰʘʪʴ ʮʝʣʳʡ ʨʷʜ ʚʝʩʴʤʘ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʟʘ-

ʜʘʯ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʦʙʝʩʧʝʯʠʚʘʪʴ ʨʘʚʥʦʤʝʨʥʦʝ ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʧʦ ʦʢʨʫʞʥʦʩʪʠ 

ʥʠʪʝʡ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʧʨʠ ʵʢʦʥʦʤʥʦʤ ʨʘʩʭʦʜʦʚʘʥʠʠ ʚʦʨʩʘ ʠ ʚʳʩʦʢʦʡ 

ʩʢʦʨʦʩʪʠ ʝʛʦ ʥʘʥʝʩʝʥʠʷ. 

ʆʧʠʩʘʥʠʝ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʣʝʜʫʝʪ ʥʘʯʘʪʴ ʩ ʧʨʠʥʮʠʧʠʘʣʴʥʦʛʦ ʤʦʤʝʥʪʘ, 

ʢʦʪʦʨʳʡ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʥʝ ʩʪʦʣʴ ʚʘʞʥʳʤ, ʘ ʠʤʝʥʥʦ ï ʩ 

ʘʥʘʣʠʟʘ ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʥʠʪʝʡ [64].  
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ʈʠʩ. 11.1. ʉʭʝʤʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ 

 
11.1. ɺʳʙʦʨ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ 

 ʥʘ ʥʠʪʠ 

 

ʌʣʦʢʠʨʦʚʘʥʠʝ ʥʠʪʝʡ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʚʦʟʤʦʞʥʦ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʘʭ 

ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʢ ʵʣʝʢʪʨʦʜʘʤ ʬʣʦʢʘʪʦʨʘ. ʆʜ-

ʥʘʢʦ ʩʢʦʨʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʙʫʜʫʪ ʨʘʟʣʠʯʥʳ. ʇʦ-

ʵʪʦʤʫ, ʧʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʜʘʣʴʥʝʡʰʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʥʝʦʙʭʦʜʠʤʦ ʭʦʪʷ 

ʙʳ ʚ ʩʘʤʦʤ ʦʙʱʝʤ ʚʠʜʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʜʢʣʶʯʝʥʠʷ 

ʈʘʟʤʘʪʳʚʘʥʠʝ ʩʪʝʨʞʥʝʚʳʭ 

ʥʠʪʝʡ 

ɿʘʜʘʥʠʝ ʥʠʪʷʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ 

ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ 

ʅʘʥʝʩʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ 

ʥʘ ʩʪʝʨʞʥʝʚʳʝ ʥʠʪʠ 

ʅʘʥʝʩʝʥʠʝ ʚʦʨʩʘ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ 
ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ 

ʚʦʨʩʘ 

ʉʫʰʢʘ ʠ ʪʝʨʤʦʬʠʢʩʘʮʠʷ 

ʢʣʝʝʚʦʛʦ ʩʣʦʷ 

ʆʭʣʘʞʜʝʥʠʝ ʬʣʦʢʠʨʦʚʘʥʥʳʭ 

ʥʠʪʝʡ 

ʄʷʛʢʘʷ ʥʘʤʦʪʢʘ 

ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʥʠʪʝʡ, 

ʧʝʨʝʤʦʪʢʘ ʥʘ ʙʦʙʠʥʳ 

ʠ ʫʧʘʢʦʚʢʘ 
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ʵʣʝʢʪʨʦʜʦʚ [64]. ʅʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʦʙʷʟʘʪʝʣʴʥʦʝ ʜʣʷ ʚʩʝʭ ʩʣʫʯʘʝʚ ʦʙʩʪʦʷʪʝʣʴ-

ʩʪʚʦ: ʥʠʪʠ ʜʦʣʞʥʳ ʙʳʪʴ ʟʘʟʝʤʣʝʥʳ ʧʨʠ ʣʶʙʦʤ ʚʘʨʠʘʥʪʝ. ʕʪʦ ʧʨʦʱʝ ʚʩʝʛʦ ʨʝʘ-

ʣʠʟʦʚʘʪʴ ʧʫʪʝʤ ʟʘʟʝʤʣʝʥʠʷ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ, ʧʦʩʢʦʣʴʢʫ ʠʩʧʦʣʴ-

ʟʫʝʤʳʡ ʢʣʝʡ ʦʙʣʘʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʧʦʜʢʣʶʯʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 11.2, aïd. ʉʥʘʯʘ-

ʣʘ ʨʘʩʩʤʦʪʨʠʤ ʚʘʨʠʘʥʪ (ʨʠʩ. 11.2, a), ʢʦʛʜʘ ʢ ʚʝʨʭʥʝʤʫ ʵʣʝʢʪʨʦʜʫ ʧʦʜʘʶʪ ʧʦ-

ʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʘ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ï ʟʘʟʝʤʣʝʥ. ʕʪʦ ʪʨʘʜʠʮʠʦʥ-

ʥʘʷ ʩʭʝʤʘ ʜʣʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʨʩ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ ʪʦʣʴʢʦ ʩʚʝʨʭʫ 

ʯʝʨʝʟ ʩʝʪʯʘʪʦʝ ʜʥʦ ʙʫʥʢʝʨʘ, ʧʦʩʢʦʣʴʢʫ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ ʟʘʨʷʜʢʘ ʚʦʨʩʘ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʥʝ ʤʦʞʝʪ ʠʟ-ʟʘ ʥʠʟʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʤʝʞʜʫ ʟʘʟʝʤʣʝʥʥʳʤʠ ʥʠʪʷʤʠ ʠ ʥʠʞʥʠʤ ʟʘʟʝʤʣʝʥʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. ʕʪʦ ʬʘʢʪʠ-

ʯʝʩʢʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜ-

ʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʢ ʠʩʪʦʯʥʠʢʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɽʩʣʠ ʚʦʨʩ ʧʦʜʘʶʪ ʚ 

ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʚʝʨʭʫ, ʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʝʛʦ ʯʘʩʪʴ, ʢʦʪʦʨʘʷ ʧʨʦʰʣʘ ʤʝʞʜʫ 

ʥʠʪʝʡ, ʦʩʪʘʝʪʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʠ ʙʦʣʴʰʝ ʚ ʧʨʦʮʝʩʩʝ ʥʘʥʝ-

ʩʝʥʠʷ ʫʯʘʩʪʚʦʚʘʪʴ ʥʝ ʙʫʜʝʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʧʦʩʦʙ ʧʦʜʢʣʶʯʝʥʠʷ, ʠʩʧʦʣʴʟʫʝ-

ʤʳʡ ʧʦʚʩʝʤʝʩʪʥʦ ʜʣʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠ-

ʛʦʜʥʳʤ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʥʠʪʠ.  

ʅʘ ʨʠʩ. 11.2, b ʧʨʝʜʩʪʘʚʣʝʥ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʢ ʥʠʞʥʝʤʫ ʵʣʝʢʪʨʦʜʫ ʧʨʠ ʟʘʟʝʤʣʝʥʥʦʤ ʚʝʨʭʥʝʤ ʵʣʝʢʪʨʦʜʝ. ʕʪʦʪ ʩʧʦ-

ʩʦʙ ʙʦʣʴʰʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ, ʧʦʩʢʦʣʴʢʫ ʚʦʨʩ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢ-

ʪʨʦʜʝ ʙʫʜʝʪ ʥʝʧʨʝʨʳʚʥʦ ʧʝʨʝʟʘʨʷʞʘʪʴʩʷ ʠ ʚʥʦʚʴ ʧʨʠʥʠʤʘʪʴ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʥʝʩʝʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʦ ʫʩʪʘʥʦʚʠʪʴʩʷ ʜʠʥʘʤʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʤʝʞʜʫ 

ʚʦʨʩʦʤ, ʧʨʠʭʦʜʷʱʠʤ ʥʘ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʠ ʫʭʦʜʷʱʠʤ ʩ ʥʝʛʦ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚʘʞʥʦ, ʯʪʦ ʚʦʨʩ, ʧʨʦʰʝʜʰʠʡ ʤʝʞʜʫ ʥʠʪʷʤʠ, ʦʢʘʟʳʚʘʝʪʩʷ ʚ 

ʟʦʥʝ, ʛʜʝ ʬʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʠ ʪʦʨʤʦʟʠʪʩʷ ʟʘ ʩʯʝʪ ʘʵʨʦ-

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞ-

ʜʫ ʥʠʪʷʤʠ ʠ ʚʝʨʭʥʠʤ ʵʣʝʢʪʨʦʜʦʤ, ʛʜʝ ʚʦʨʩ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʦʢʘʟʳʚʘʝʪʩʷ ʟʦʥʘ ʩ 

ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʟʘʨʷʜʘ ʪʦʛʦ ʞʝ ʟʥʘʢʘ, ʯʪʦ ʠ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ. ʇʦ-

ʵʪʦʤʫ ʚʥʦʚʴ ʧʨʠʙʳʚʘʶʱʠʡ ʚ ʵʪʫ ʟʦʥʫ ʚʦʨʩ ʪʦʨʤʦʟʠʪ ʚʩʪʨʝʯʥʦʝ ʧʦʣʝ, ʠ ʦʥ ʥʘʯʠ-

ʥʘʝʪ ʚʥʦʚʴ ʜʚʠʛʘʪʴʩʷ ʢ ʥʠʪʷʤ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ. ʇʨʠ ʵʪʦʤ ʚʦʨʩ ʙʫʜʝʪ 

ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʦʙʨʘʪʥʫʶ ʩʪʦʨʦʥʫ ʥʠʪʝʡ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ 

ʧʨʠ ʪʘʢʦʤ ʚʘʨʠʘʥʪʝ ʚʦʨʩ ʤʦʞʥʦ ʧʦʜʘʚʘʪʴ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʢʘʢ ʩʚʝʨʭʫ, ʪʘʢ ʠ 

ʩʥʠʟʫ, ʥʘʧʨʠʤʝʨ, ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʝ, ʜʚʠʞʫʱʝʤʩʷ ʚʜʦʣʴ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. ɺʘʞ-

ʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʵʪʦʛʦ ʚʘʨʠʘʥʪʘ ʷʚʣʷʝʪʩʷ ʠ ʪʦ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ 

ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʚʳʩʦʢʦʡ. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʙʣʠʟʢʘʷ ʢ ʥʫ-

ʣ ,ʁ ʜʝʡʩʪʚʫʝʪ ʘʥʘʣʦʛʠʯʥʦ ʤʘʣʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ ʟʘʨʷʜʢʠ ʚʦʨʩʘ. ʅʘʧʨʠʤʝʨ, ʢʘʢ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜ. 10 (ʨʠʩ. 10.3), ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʧʨʠ ʤʘʣʳʭ ʟʥʘʯʝʥʠʷʭ 

ʢʦɻ ʬʬʠʮʠʝʥʪʘ ʟʘʨʷʜʢʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ 

ʜʘʞʝ ʧʨʠ ʩʨʝʜʥʝʤ ʟʥʘʯʝʥʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ k = 0,5 kmax.  

ʊʨʝʪʠʡ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʢ ʵʣʝʢʪʨʦʜʘʤ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 11.2, 

c. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢ ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ ʵʣʝʢʪʨʦʜʘʤ ʧʦʜʘʶʪ ʧʦʪʝʥʮʠʘʣʳ ʚʳʩʦ-

ʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʥʳʭ ʟʥʘʢʦʚ, ʪ. ʝ. ʪʨʝʙʫʝʪʩʷ ʜʚʘ ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʠʩʪʦʯʥʠʢʘ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʊʘʢʦʝ ʧʦʜʢʣʶʯʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʣʘʩʩʠʯʝʩʢʠʤ, ʧʦ-
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ʩʢʦʣʴʢʫ ʦʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʘʪʝʥʪʘʭ [70]ï[75], ʧʦʣʦʞʝʥʥʳʭ ʚ ʦʩʥʦʚʫ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʟʘ ʨʫʙʝʞʦʤ ʣʠʥʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ. ɼʘʥʥʳʡ 

ʚʘʨʠʘʥʪ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ:  

ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ 

ʦʙʣʘʩʪʠ ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʥʘ ʥʠʪʠ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʧʦʜʘʯʝ ʚʦʨʩʘ ʚ ʤʝʞʵʣʝʢʪʨʦʜʥʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʤ ʪʨʘʥʩʧʦʨʪʝʨʝ, ʢʘʢ ʚ ʫʧʦʤʷʥʫʪʳʭ ʧʘʪʝʥʪʘʭ; 

ï ʥʝʩʤʦʪʨʷ ʥʘ ʚʳʩʦʢʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ, 

ʥʘ ʥʠʪʷʭ ʥʝ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ, ʪʘʢ ʢʘʢ ʟʘʟʝʤʣʝʥʥʳʝ ʥʠʪʠ ʨʘʩʧʦʣʦʞʝ-

ʥʳ ʚʙʣʠʟʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʫʣʝʚʦʛʦ ʧʦʪʝʥʮʠʘʣʘ.  

ʆʜʥʘʢʦ ʪʘʢʘʷ ʩʭʝʤʘ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʠ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, 

ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʤ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʚʦʨʩʘ ʙʫʜʝʪ ʜʚʠʛʘʪʴʩʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦ-

ʜʘʤʠ, ʤʠʥʫʷ ʥʠʪʠ. ʕʪʦ ʚʝʜʝʪ ʢ ʟʘʤʝʜʣʝʥʠʶ ʩʢʦʨʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ. ʇʨʠ ʵʪʦʤ ʚʦʨʩ ʥʘʥʦʩʠʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʥʘ ʚʝʨʭʥʶʶ ʠ ʥʠʞʥʶʶ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʥʠʪʝʡ. ʉ ʵʪʠʤ ʩʚʷʟʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʧʝʮʠʘʣʴʥʳʭ ʧʘʪʝʥʪʦʚ, ʥʘʧʨʠ-

ʤʝʨ [70], [72], ʚ ʢʦʪʦʨʳʭ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠʥʫʜʠʪʝʣʴʥʦʝ ʚʨʘʱʝʥʠʝ ʥʠʪʝʡ ʚ ʟʦʥʝ 

ʬʣʦʢʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʪʨʝʯʘʷʩʴ ʚ ʧʣʦʩʢʦʩʪʠ ʥʠʪʝʡ, ʨʘʟʥʦʠʤʝʥʥʦ ʟʘʨʷʞʝʥ-

ʥʳʡ ʚʦʨʩ ʤʦʞʝʪ ʨʘʟʨʷʞʘʪʴʩʷ, ʯʪʦ ʪʦʞʝ ʥʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʯʝʪʚʝʨʪʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʢ ʵʣʝʢʪʨʦʜʘʤ ʬʣʦʢʘʪʦʨʘ ʨʘʩʩʤʦʪʨʠʤ ʩʦʝʜʠʥʝʥʠʝ ʠ ʚʝʨʭʥʝʛʦ, ʠ ʥʠʞʥʝʛʦ 

ʵʣʝʢʪʨʦʜʦʚ ʩ ʧʦʪʝʥʮʠʘʣʦʤ ʦʜʥʦʛʦ ʟʥʘʢʘ. ʊʘʢʦʡ ʩʧʦʩʦʙ ʠʤʝʝʪ ʪʦ ʧʨʝʠʤʫʱʝʩʪʚʦ, 

ʯʪʦ ʚʩʝ ʩʠʣʦʚʳʝ ʣʠʥʠʠ ʠʣʠ ʠʭ ʩʫʱʝʩʪʚʝʥʥʘʷ ʯʘʩʪʴ ʟʘʤʢʥʫʪʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ 

ʥʠʪʝʡ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʟʘʨʷʞʝʥʥʦʤʫ ʚʦʨʩʫ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝʢʫʜʘ 

ʜʝʪʴʩʷ ʢʨʦʤʝ ʟʘʟʝʤʣʝʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʝʡ. ʇʨʠ ʵʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʝʡ ʨʘʩʧʨʝʜʝʣʝʥʘ ʛʦʨʘʟʜʦ ʨʘʚʥʦʤʝʨʥʝʝ, 

ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʘ ʟʥʘʯʠʪ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʙʫʜʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʆʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʪʝʥ-

ʮʠʘʣʦʚ ï ʤʝʥʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ 

ʚʪʦʨʳʤ ʚʘʨʠʘʥʪʦʤ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ: 

ï ʧʝʨʚʳʡ ʚʘʨʠʘʥʪ (ʨʠʩ. 11.2, a), ʚʝʨʦʷʪʥʦ, ʥʝ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ; 

ï ʪʨʝʪʠʡ ʚʘʨʠʘʥʪ ʪʨʝʙʫʝʪ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʦʜʠʥʘʢʦʚʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʚʪʦʨʳʤ ʠ ʯʝʪʚʝʨʪʳʤ ʚʘʨʠʘʥʪʘʤʠ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦ-

ʛʦ ʚʨʘʱʝʥʠʷ ʥʠʪʝʡ; 

ï ʚʪʦʨʦʡ ʠ ʯʝʪʚʝʨʪʳʡ ʚʘʨʠʘʥʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳ-

ʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʠʙʦʣʴʰʝʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʧʨʠʯʝʤ ʚʦʟʤʦʞʥʦ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʦʤʙʠʥʘʮʠʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 
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11.2. ɺʳʙʦʨ ʨʝʞʠʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ ʥʘ ʦʩʥʦʚʝ 

 ʦʧʠʩʘʥʠʷ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

 

ʇʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʦʨʩʦʚʳʭ ʥʠʪʝʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ 

ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʚʦʧʨʦʩʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʠ ʧʣʦʪʥʦʩʪʴ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ, ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʟʥʘʯʝʥʠʡ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ, ʨʘʩʩʪʦʷʥʠʝ 

ʤʝʞʜʫ ʥʠʪʷʤʠ ʠ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʦʣʦʪʥʦʤ ʥʠʪʝʡ ʠ ʵʣʝʢʪʨʦʜʘʤʠ. ɼʣʷ ʦʮʝʥʢʠ 

ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʤʝʞʜʫ 

ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ. ʕʪʦ ʦʧʠʩʘʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʧʦʜʨʘʟʜ. 9.1.2. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʤʦʜʝʣʝʡ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʧʦʪʝʥʮʠʘʣ ʠ ʩʦʩʪʘʚʣʷʶʱʠʝ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʜʠʘʤʝʪʨʘ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ, ʨʘʩʩʪʦʷʥʠʷʭ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʦʚ.  

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʥʠʪʠ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʩ ʨʦʩʪʦʤ ʥʘʧʨʷʞʝʥʠʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ, ʘ ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʠ ʩʢʦʨʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʊ. ʝ. ʯʝʤ ʚʳʰʝ ʥʘʧʨʷʞʝʥʠʝ, 

ʪʝʤ ʙʦʣʴʰʝ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ. ʆʜʥʘʢʦ ʧʨʠ ʜʦ-

ʩʪʠʞʝʥʠʠ ʥʝʢʦʪʦʨʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʩ ʥʠʪʝʡ ʠ ʥʘʥʝʩʝ-

ʥʠʝ ʚʦʨʩʘ ʥʘ ʥʠʭ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʵʣʘʩʪʠʯʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ, ʚʝʜʫʪ ʢ ʥʝʦʙ-

ʭʦʜʠʤʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʥʘ ʥʠʪʠ, ʪ. ʝ. ʜʠʘʤʝʪʨʘ ʥʠʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ 

ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʥʠʪʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʨʝ-

ʞʠʤʘ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ. ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʧʨʦʮʝʩ-

ʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʤʘʢʩʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʚʳʧʦʣʥʝʥʠʝ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ [60]: 

1. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ 
ʩʣʦʝʤ ʜʦʣʞʥʘ ʙʳʪʴ ʤʝʥʴʰʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ 

ʨʘʟʨʷʜ.  

2. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʛʜʝ ʧʨʦ-

ʠʩʭʦʜʠʪ ʟʘʨʷʜʢʘ ʚʦʨʩʘ, ʜʦʣʞʥʘ ʙʳʪʴ ʤʘʢʩʠʤʘʣʴʥʦʡ.  

ʈʘʩʯʝʪ ʫʢʘʟʘʥʥʳʭ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜ-

ʩʪʘʚʣʝʥʥʦʡ ʚ ʧʦʜʨʘʟʜ. 9.1.2 ʤʦʜʝʣʠ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʜʣʷ ʨʷ-

ʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʣʦʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʟʘʨʷʜʢʠ ʠ ʧʨʠʜʘʥʠʷ ʚʦʨʩʠʥʢʘʤ ʥʘʠʙʦʣʴʰʝʛʦ ʟʘʨʷʜʘ. ʀʤʝʥʥʦ 

ʟʘʨʷʜ ʚʦʣʦʢʥʘ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʝʪ ʩʢʦʨʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʛʣʫ-

ʙʠʥʫ ʚʥʝʜʨʝʥʠʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ, ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʠ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ, ʧʦʣʫʯʘʝʤʦʛʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ. 

ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʝ ʵʣʝʢʪʨʦʜʦʚ 

(ʨʠʩ. 9.7ï9.10) ʦʧʠʩʳʚʘʝʪʩʷ ʚʳʨʘʞʝʥʠʷʤʠ (9.10) ʠ (9.11). 

ʅʘʠʙʦʣʴʰʘʷ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʙʫʜʝʪ ʦʢʦʣʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ ʩ 

ʢʣʝʝʤ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0; r0). ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 
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ʧʣʦʩʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʙʫʜʝʤ ʚʳʯʠʩʣʷʪʴ ʚ ʪʦʯʢʝ ʩ ʢʦʦʨʜʠʥʘʪʘʤʠ (0; h). ɺ ʦʙʦʠʭ 

ʩʣʫʯʘʷʭ ʭ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʨʘʚʥʘ 0, ʧʦʵʪʦʤʫ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʙʫ-

ʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʦʣʴʢʦ ʫ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʪ. ʝ. ʚʳʨʘʞʝʥʠʝ (9.11). 

ɼʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʩʪʘʚʣʷʪʴ 

ʩʝʙʝ ʚʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʦʮʝʥʠʤ 

ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ ʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʜʚʫʭ ʫʢʘ-

ʟʘʥʥʳʭ ʪʦʯʢʘʭ.  

ɺ ʨʘʩʯʝʪʘʭ ʜʠʘʤʝʪʨ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʙʳʣ ʚʳʙʨʘʥ 0,5 ʤʤ, ʯʪʦ ʧʨʠ-

ʤʝʨʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. ʕʪʦ ʟʥʘʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ, ʢʦʥʝʯ-

ʥʦ, ʥʠʪʠ ʩ ʞʠʜʢʠʤ ʩʚʷʟʫʶʱʠʤ, ʪʘʢ ʢʘʢ ʠʤʝʥʥʦ ʥʘ ʪʘʢʫʶ ʥʠʪʴ ʧʨʦʠʩʭʦʜʠʪ ʥʘʥʝ-

ʩʝʥʠʝ ʚʦʨʩʘ. ʅʠʪʠ ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 

8 ʩʤ, ʘ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ʚʘʨʴʠʨʦʚʘʣʦʩʴ ʦʪ 10 ʜʦ 20 ʤʤ. ɼʣʷ ʧʝʨʝʯʠʩʣʝʥ-

ʥʳʭ ʫʩʣʦʚʠʡ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʢʘʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ, ʪʘʢ ʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʦʪ ʥʘʧʨʷʞʝʥʠʷ, ʧʦʜʘ-

ʚʘʝʤʦʛʦ ʥʘ ʵʣʝʢʪʨʦʜʳ ʬʣʦʢʘʪʦʨʘ. ʆʜʥʦʚʨʝʤʝʥʥʦ, ʥʘ ʵʪʦʤ ʞʝ ʛʨʘʬʠʢʝ ʧʦʢʘʟʘʥʘ 

ʰʪʨʠʭʦʚʳʤʠ ʣʠʥʠʷʤʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘʯʘʣʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʥʠʪʠ ʠ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʟʥʘʯʝʥʠʶ 3 ʢɺ/ʩʤ. ʇʦʨʦ-

ʛʦʚʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʥʘʯʘʣʘ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʙʳʣʦ ʨʘʩʩʯʠʪʘʥʦ ʥʘ 

ʦʩʥʦʚʝ ʨʘʙʦʪ [7], [60]. ɼʣʷ ʫʜʦʙʩʪʚʘ ʚʦʩʧʨʠʷʪʠʷ ʚʩʝʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʥʘ ʦʜʥʦʤ 

ʛʨʘʬʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʦʨʜʠʥʘʪʳ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʟʥʘʯʝʥʠʝ ʜʝʩʷʪʠʯʥʦʛʦ ʣʦʛʘ-

ʨʠʬʤʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 11.3.  

 

 
ʈʠʩ. 11.3. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ ʠ ʥʠʪʝʡ: 

1 ï d = 10 ʤʤ; 2 ï d = 15 ʤʤ; 3 ï d = 20 ʤʤ; 4 ï d = 20 ʤʤ; 

5 ï d = 15 ʤʤ; 6 ï d = 10 ʤʤ 
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ʈʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʛʨʘʬʠʢʝ, ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʙʦʣʴʰʦʝ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʪʷʤʠ ʥʝ ʚʳʛʦʜʥʦ ʥʝ ʪʦʣʴʢʦ ʠʟ-ʟʘ ʩʦʢʨʘʱʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʥʠ-

ʪʝʡ ʚ ʫʩʪʘʥʦʚʢʝ ʠʣʠ ʚʦʟʨʘʩʪʘʥʠʷ ʨʘʟʤʝʨʦʚ ʫʩʪʘʥʦʚʢʠ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘ-

ʱʘʝʪ ʜʠʘʧʘʟʦʥ ʜʦʧʫʩʪʠʤʳʭ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʥʘʯʠʥʘʝʪ-

ʩʷ ʫʞʝ ʧʨʠ 32 ʢɺ, ʘ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʢʪʨʦʜʘ ʝʱʝ ʥʝʟʥʘʯʠʪʝʣʴ-

ʥʘ. ʇʨʠ ʵʪʦʤ, ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʵʢʩʧʝʨʠʤʝʥʪʳ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʪʷʤʠ ʤʝʥʝʝ 

10 ʤʤ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʧʦʢʨʳʪʠʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʦʨʩʦʤ.  

ɻʨʘʬʠʢʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 11.4, ʧʦʩʪʨʦʝʥʳ ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫ-

ʱʠʤ, ʥʦ ʟʜʝʩʴ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʚʳʩʦʪʘ ʥʠʪʝʡ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ 

ʥʠʤʠ 15 ʤʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʦ ʣʦʢʘʣʠʟʦʚʘʪʴ ʜʠʘ-

ʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʥʘʥʦʩʠʪʴ ʚʦʨʩ ʥʘ ʥʠʪʠ, 

ʧʨʠ ʟʘʜʘʥʥʦʡ ʚʳʩʦʪʝ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʩʪʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʦʧʪʠʤʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʠʤʝʥʥʦ ï ʚʳʩʦʪʳ ʠ ʥʘʧʨʷʞʝʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʫʩʣʦʚʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ.  

 

 

ʈʠʩ. 11.4. ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʵʣʝʢʪʨʦʜʘ ʠ ʥʠʪʝʡ: 

1 ï h = 8 ʩʤ; 2 ï h = 10 ʩʤ; 3 ï h = 12 ʩʤ; 4 ï h = 8 ʩʤ; 

5 ï h = 10 ʩʤ; 6 ï h = 12 ʩʤ 

 



192 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʦʝ ʚ ʧʦʜʨʘʟʜ. 9.1.2 ʦʧʠʩʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʪʝʦʨʝʪʠʯʝʩʢʦʝ, ʥʦ ʠ ʯʠʩʪʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʜʣʷ ʪʝʭʥʦʣʦʛʠʠ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ. ʕʪʦ ʥʝ ʝʜʠʥʩʪʚʝʥʥʦʝ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʦʧʠʩʘʥʠʷ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʥʘ ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣ ̫ʙʫʜʝʪ ʦʙʦʩʥʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ.  

 

11.3. ɺʣʠʷʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ 

 ʥʘ ʧʨʦʮʝʩʩ ʬʣʦʢʠʨʦʚʘʥʠʷ 

 

ʇʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ, ʢʘʢ ʠ ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ ʥʘ 

ʧʣʦʩʢʠʝ ʠʟʜʝʣʠʷ, ʬʣʦʢʠʨʫʝʤʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʢʨʳʚʘʶʪ ʢʣʝʝʚʳʤ ʩʣʦʝʤ. ɺʘʞʥʦʝ 

ʦʪʣʠʯʠʝ ʟʜʝʩʴ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦʜ ʧʦʚʝʨʭʥʦʩʪʴʶ ʧʣʦʩʢʦʛʦ ʠʟʜʝʣʠʷ ʚʩʝʛʜʘ 

ʨʘʩʧʦʣʦʞʝʥ ʵʣʝʢʪʨʦʜ, ʢ ʢʦʪʦʨʦʤʫ ʠ ʥʘʧʨʘʚʣʷʝʪʩʷ ʟʘʨʷʞʝʥʥʳʡ ʚʦʨʩ. ɺ ʩʣʫʯʘʝ ʥʠ-

ʪʝʡ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʢʣʶʯʠʪʴ ʥʫʣʝʚʦʡ ʧʦʪʝʥʮʠʘʣ (ʟʘʟʝʤʣʝʥʠʝ) ʢ ʢʣʝʝʚʦ-

ʤʫ ʩʣʦʶ. ʆʜʥʘʢʦ ʪʦʣʱʠʥʘ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʥʘ ʥʠʪʠ ʚʝʩʴʤʘ ʥʝʟʥʘʯʠʪʝʣʴʥʘ ʠ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ 0,2 ʤʤ, ʘ ʫʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʢʣʝʷ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʜʦʩʪʘ-

ʪʦʯʥʦ ʰʠʨʦʢʠʭ ʧʨʝʜʝʣʘʭ. ɺʩʸ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʜʣʷ ʨʘʟʥʳʭ ʢʣʝʝʚʳʭ ʩʦ-

ʩʪʘʚʦʚ ʣʠʥʝʡʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʪʠ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʦʪ 5Ā10
4
 ʜʦ 10

9
 ʆʤ/ʩʤ. 

ɽʩʣʠ ʧʨʠʥʷʪʴ ʜʘʞʝ ʥʝ ʩʣʠʰʢʦʤ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 10
8
 ʆʤ/ʩʤ, 

ʟʥʘʯʝʥʠʝ ʪʦʢʘ, ʧʨʦʪʝʢʘʶʱʝʛʦ ʧʦ ʥʠʪʠ 1 ʤʢɸ, ʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʪʦʯʢʠ ʟʘʟʝʤʣʝʥʠʷ 

200 ʩʤ, ʪʦ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʪʦʤ ʫʯʘʩʪʢʝ ʩʦʩʪʘʚʠʪ 

20 ʢɺ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʩʣʦʚʠʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʥʠʣʠʩʴ ï 

ʨʝʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʥʠʪʴʶ ʠ ʵʣʝʢʪʨʦʜʦʤ ʩʦʩʪʘʚʣʷʝʪ, ʢ ʧʨʠ-

ʤʝʨʫ, ʫʞʝ ʥʝ 40 ʢɺ, ʘ ʣʠʰʴ 20 ʢɺ. ʕʪʦ ʥʝʠʟʙʝʞʥʦ ʩʢʘʞʝʪʩʷ ʥʘ ʩʢʦʨʦʩʪʠ ʥʘʥʝʩʝ-

ʥʠʷ ʠ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ.  

ɺ ʨʝʘʣʴʥʦʤ ʧʨʦʮʝʩʩʝ ʥʘʥʝʩʝʥʠʷ ʚʝʣʠʯʠʥʘ ʪʦʢʘ ʤʝʥʷʝʪʩʷ ʚʜʦʣʴ ʥʠʪʠ ʢʘʢ ʧʦ 

ʤʝʨʝ ʥʘʨʘʩʪʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʢʦʧʣʝʥʠʷ ʪʦʢʘ ʧʦ ʤʝʨʝ ʧʨʠ-

ʙʣʠʞʝʥʠʷ ʢ ʪʦʯʢʝ ʟʘʟʝʤʣʝʥʠʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʩʪʨʦʠʪʴ 

ʝʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠ ʩʨʘʚʥʠʪʴ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝ-

ʜʦʚʘʥʠʡ. ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘʜʦ ʚʳʷʩʥʠʪʴ, ʢʘʢʦʝ ʚʣʠʷʥʠʝ 

ʦʢʘʟʳʚʘʝʪ ʚʝʣʠʯʠʥʘ ʣʠʥʝʡʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʝʨʞʥʝʚʦʡ ʥʠʪʠ ʩʦ ʩʚʷʟʫʶʱʠʤ ʥʘ 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʘʝʤʫʶ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʥʠʪʝʡ.  

 

11.3.1. ʄʦʜʝʣʴ ʚʣʠʷʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ  

ʥʘ ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ 
 

ʅʘ ʨʠʩ. 11.5 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ. ʌʣʦʢʠʨʫʝʤʘʷ ʥʠʪʴ ʦʙ-

ʣʘʜʘʝʪ ʥʝʢʦʪʦʨʳʤ ʣʠʥʝʡʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ɔ, ʢʦʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʠ ʪʦʣʱʠʥʦʡ ʢʣʝʝʚʦʛʦ ʩʣʦʷ. ɺ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ 

ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʢ ʥʠʪʠ ʧʦʩʪʫʧʘʝʪ ʟʘʨʷʞʝʥʥʳʡ ʚʦʨʩ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ 

ʚʜʦʣʴ ʥʝʝ ʧʨʦʪʝʢʘʝʪ ʪʦʢ I(x) ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʥʠʢʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥ-

ʮʠʘʣʘ ű(ʭ) ʚʜʦʣʴ ʥʠʪʠ. ʆʧʨʝʜʝʣʠʤ ʚʠʜ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʚʜʦʣʴ ʥʠʪʠ ʠ ʩ ʝʝ ʧʦʤʦʱʴʶ ʦʮʝʥʠʤ ʚʝʣʠʯʠʥʫ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ, ʧʦʣʫʯʘ-

ʝʤʫʶ ʚ ʧʨʦʮʝʩʩʝ ʬʣʦʢʠʨʦʚʘʥʠʷ. ɿʘʧʠʰʝʤ ʠʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

1. ɿʘʢʦʥ ʆʤʘ ʜʣʷ ʫʯʘʩʪʢʘ ʥʠʪʠ dx: 
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ὍὼȢ                                               (11.1) 

 

2. ʉʯʠʪʘʝʤ, ʯʪʦ ʩʢʦʨʦʩʪʴ ʫʚʝʣʠʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ ʧʨʦʧʦʨʮʠ-

ʦʥʘʣʴʥʘ ʢʘʢ ʯʠʩʣʫ çʚʘʢʘʥʪʥʳʭè ʤʝʩʪ ʥʘ ʝʜʠʥʠʮʝ ʜʣʠʥʳ ʥʠʪʠ, ʪʘʢ ʠ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʜʘʥʥʳʤ ʫʯʘʩʪʢʦʤ ʥʠʪʠ ʠ ʵʣʝʢʪʨʦʜʘʤʠ ʬʣʦʢʘʪʦʨʘ: 
 

Ὧὲ ὲὼ Ὗ •ὼ ȟ                    (11.2) 
 

ʛʜʝ n(x) ï ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʥʠʪʠ 

ʚ ʪʦʯʢʝ ʭ; nmax ï ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ; 

U0 ï ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ; k ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ. 

3. ʉʯʠʪʘʝʤ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʧʦʪʝʥʮʠʘʣʘ ʥʠʪʠ ű(ʭ) ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠʨʦʩʪ ʪʦʢʘ 

(ʧʦʩʪʫʧʣʝʥʠʝ ʟʘʨʷʞʝʥʥʦʛʦ ʚʦʨʩʘ) ʥʘ ʜʘʥʥʦʤ ʫʯʘʩʪʢʝ ʥʠʪʠ dx: 

,
)()(

dx

xd

dx

xdI j
a-=                                     (11.3) 

ʛʜʝ Ŭ ï ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, 1/ʆʤ. 
 

ʇʦʜʩʪʘʚʠʚ (11.1) ʚ (11.3), ʧʦʣʫʯʘʝʤ 

ρ

‎
 
ὨὍὼ

Ὠὼ
‌ẗὍὼȢ 

ʈʝʰʘʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʠ ʦʧʨʝʜʝʣʷʷ ʧʦʩʪʦʷʥʥʫʶ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʠʤʝʝʤ 

,)(
)(
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                                       (11.4) 

ʛʜʝ  I0 ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʪʦʢʘ, ʪʝʢʫʱʝʛʦ ʯʝʨʝʟ ʩʝʯʝʥʠʝ ʥʠʪʠ ʥʘ ʫʯʘʩʪʢʝ l1. 

ɼʘʣʝʝ, ʧʦʜʩʪʘʚʣʷʷ (11.4) ʚ (11.1), ʧʦʣʫʯʠʤ 

Ὠ•ὼ

Ὠὼ
‎ὍЉ Ȣ 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ, ʦʧʨʝʜʝʣʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚʜʦʣʴ ʥʠʪʠ: 

•ὼ •
Ὅ

‌
ρ Љ ȟ 

ʛʜʝ 100 lI gj=  ï ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʥʠʪʠ ʚ ʪʦʯʢʝ ʚʭʦʜʘ ʚʦ ʬʣʦʢʘʪʦʨ (ʨʠʩ. 11.5), 

ʪ. ʝ. ʧʘʜʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʫʯʘʩʪʢʝ l1 ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʪʦʢʘ I0. 
 

ʆʧʨʝʜʝʣʠʤ ʧʦʩʪʦʷʥʥʫʶ Ŭ ʠʩʭʦʜʷ ʠʟ ʩʣʝʜʫʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ. ʇʫʩʪʴ 

ʤʳ ʠʤʝʝʤ ʬʣʦʢʘʪʦʨ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʜʣʠʥʳ. ʊʦʛʜʘ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʭ 

ʚʝʣʠʯʠʥʘ ʵʢʩʧʦʥʝʥʪʳ ʩʪʘʥʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ ʝʜʠʥʠʮʳ, ʪ. ʝ. 

1
)( 1 àà

-- lxag?  

ʠ ű(ʭ) ʜʦʩʪʠʛʥʝʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ űmax = U0.  

ɼʘʣʝʝ ʧʦʪʝʥʮʠʘʣ ʥʠʪʠ ʨʘʩʪʠ ʥʝ ʤʦʞʝʪ, ʪʘʢ ʢʘʢ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʘ 

ʥʠʪʠ ʠ ʵʣʝʢʪʨʦʜʝ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʙʫʜʝʪ ʨʘʚʥʘ 0. ʇʨʠ ʵʪʦʤ ʚʦʨʩ ʥʝ ʟʘʨʷʞʘʝʪʩʷ ʠ ʥʝ ʧʝʨʝʥʦʩʠʪ 

ʟʘʨʷʜ ʢ ʥʠʪʠ. 
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ʈʠʩ. 11.5. ʉʭʝʤʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ: 

1 ï ʬʣʦʢʠʨʫʝʤʘʷ ʥʠʪʴ; 2 ï ʢʣʝʝʥʘʥʦʩʷʱʝʝ ʫʩʪʨʦʡʩʪʚʦ; 3 ï ʵʣʝʢʪʨʦʜʳ ʬʣʦʢʘʪʦʨʘ; 

4 ï ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

ʀ ɺ ʅ 

1 

2 

3 
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x 

l1 
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 z 

1
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ʊʦʛʜʘ ʙʫʜʝʤ ʠʤʝʪʴ 

Ö
-

=
00
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j
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʟʥʘʯʝʥʠʝ Ŭ, ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

•ὼ • Ὗ • ρ Љ Ȣ                 (11.5) 
 

ʊʝʧʝʨʴ, ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (11.2), ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝ-

ʥʠʝ: 

ÌÎ ὯὟ ὰ ὼ ᷿•ὼὨὼȢ                  (11.6) 

 

ʇʦʜʩʪʘʚʠʚ ʧʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ű(ʭ) ʠʟ (11.5) ʚ (11.6) ʠ 

ʧʨʦʠʥʪʝʛʨʠʨʦʚʘʚ, ʧʦʣʫʯʘʝʤ 

ÌÎ
ὲ ὲ

ὲ
Ὧὰ
Ὗ •

•
ρ Љ Ȣ 

 

ʀʟ ʧʦʣʫʯʝʥʥʦʛʦ ʚʳʨʘʞʝʥʠʷ ʣʝʛʢʦ ʧʦʣʫʯʠʪʴ ʫʨʘʚʥʝʥʠʝ, ʦʧʠʩʳʚʘʶʱʝʝ ʟʘ-

ʚʠʩʠʤʦʩʪʴ n(x): 

ὲὼ ὲ ρ ÅØÐὯὰ ρ Љ ẗ       (11.7) 

 

ʇʨʠ ʤʘʣʦʤ ʣʠʥʝʡʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʠʪʠ ʧʦʪʝʥʮʠʘʣ ű0 << U0 ʠ ʬʦʨʤʫ-

ʣʫ (11.7) ʜʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʤʦʞʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʪʴ. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ 

ʥʠʪʠ ʙʫʜʝʪ ʧʨʠ ʵʪʦʤ ʚʳʨʘʞʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 
 

ὲὼ ὲ ρ Љ Ȣ                            (11.8) 
 

ʂʦʵʬʬʠʮʠʝʥʪʳ k ʠ nmax, ʧʨʠʩʫʪʩʪʚʫʶʱʠʝ ʚ ʬʦʨʤʫʣʘʭ (11.7) ʠ (11.8), 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠ. ɼʣʷ ʥʠʪʠ, ʠʤʝʶʱʝʡ ʚʳʩʦʢʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, 

ʠʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (11.8), ʚʳʨʘʟʠʤ ʧʨʦʠʟʚʝʜʝʥʠʝ k(l ï l1) ʯʝʨʝʟ ʦʩʪʘʣʴʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ: 

Ὧὰ ὰ
ÌÎρ ὲὲϳ

Ὗ
ẗ 

 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʚʫʭ ʟʥʘʯʝʥʠʡ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʠʤ ʟʥʘʯʝʥʠʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʧʫʪʝʤ, ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʠʩʢʦʤʳʝ ʧʘʨʘʤʝʪʨʳ nmax ʠ k. ʇʨʠ ʙʦʣʴʰʦʤ ʟʥʘʯʝʥʠʠ 

ʣʠʥʝʡʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ g  ʥʫʞʥʦ ʠʩʭʦʜʠʪʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (11.7), ʧʨʠʯʝʤ ʙʫ-

ʜʝʤ ʩʯʠʪʘʪʴ ʟʥʘʯʝʥʠʝ nmax ʪʘʢʠʤ ʞʝ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʩʪʘʣʴʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʦʩʪʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ. ʕʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠ-

ʤʦ, ʧʦʩʢʦʣʴʢʫ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ, ʦʪ ʢʦʪʦʨʦʡ ʧʦ ʧʨʝʠʤʫʱʝʩʪʚʫ ʟʘʚʠʩʠʪ ʧʘʨʘʤʝʪʨ 

nmax, ʦʧʨʝʜʝʣʷʝʪʩʷ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ ʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦ-

ʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʘ ʦʥʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʠʟʤʝʥʷʶʪʩʷ. 
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11.3.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ ʢʣʝʝʚʦʛʦ 

ʩʣʦʷ ʥʘ ʜʠʥʘʤʠʢʫ ʚʦʟʨʘʩʪʘʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ  
 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ nmax ʠ k ʠ ʧʦʩʣʝʜʫʶʱʝ-

ʛʦ ʩʨʘʚʥʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʚʳʨʘʞʝʥʠʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʙʳ-

ʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʥʠʪʷʭ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʭ ʜʚʠʞʝʥʠʷ ʜʣʷ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʣʠ-

ʥʝʡʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʠʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʥʘʯʝʥʠʷ ʧʘ-

ʨʘʤʝʪʨʦʚ: 

nmax = 0,665 ʛ/ʤ; k1 = 3,55Ā10
-4
 (ɺĀʤ)

-1
; k2 = 7,31Ā10

-5
 (ɺĀʤ)

-1
.  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʩʣʝʜʫʶʱʠʤ ʠʩʭʦʜʥʳʤ ʜʘʥʥʳʤ:    

l1 = 15 ʩʤ; l = 45 ʩʤ; ɔ1 = 5Ā10
4
 ʆʤĀʩʤ

-1
; ɔ2 = 10

9
 ʆʤĀʩʤ

-1
. ɼʣʷ ʨʘʩʯʝʪʦʚ ʚʝʣʠʯʠʥʘ 

ʪʦʢʘ I0 ʙʳʣʘ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 0,5Ā10
-6
 ɸ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ 

ʥʘʙʣʶʜʘʝʤʳʭ ʪʦʢʦʚ.  

ʅʘ ʨʠʩ. 11.6 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʘʩʯʝʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʜʚʫʭ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʡ ɔ. 

 

 
ʈʠʩ. 11.6. ɿʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ 

ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ: 

1 ï ʣʠʥʝʡʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 5Ā10
4
 ʆʤ/ʩʤ; 

2 ï ʣʠʥʝʡʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 10
9
 ʆʤ/ʩʤ 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʙʳʣʠ ʧʦ-

ʩʪʨʦʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ ʦʪ ʨʘʩʩʪʦʷʥʠʷ, ʧʨʦʡ-

ʜʝʥʥʦʛʦ ʥʠʪʷʤʠ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʪ. ʝ. ʦʪ ʢʦʦʨʜʠʥʘʪʳ ʫʯʘʩʪʢʘ ʥʠʪʠ ʚʦ ʬʣʦ-
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ʢʘʪʦʨʝ ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ (20, 30, 40, 50 ʢɺ). 

ʇʝʨʚʳʡ ʛʨʘʬʠʢ (ʨʠʩ. 11.7) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʥʝʡʥʦʤʫ ʩʦʧʨʦʪʠʚʣʝʥʠʶ ʥʠʪʠ ʩ 

ʢʣʝʝʚʳʤ ʩʣʦʝʤ, ʨʘʚʥʦʤʫ 10
9
 ʆʤ/ʩʤ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʛʨʘʬʠʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʧʨʠ ʣʠʥʝʡʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʠʪʠ, ʨʘʚʥʦʤ 5Ā10
4
 ʆʤ/ʩʤ. 

ʅʘ ʧʨʠʚʝʜʝʥʥʳʭ ʛʨʘʬʠʢʘʭ (ʨʠʩ. 11.7, 11.8) ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʠʪʝʡ ʙʳʣʘ 

ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 4 ʤ/ʤʠʥ. ʇʦʜʢʣʶʯʝʥʠʝ ʵʣʝʢʪʨʦʜʦʚ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʦ ʧʨʠʥʷʪʦʡ ʚ 

ʨʘʩʯʝʪʘʭ ʩʭʝʤʝ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 11.7. ɿʘʚʠʩʠʤʦʩʪʴ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ 

ʦʪ ʢʦʦʨʜʠʥʘʪʳ: 

1 ï U0 = 20 ʢɺ; 2 ï U0 = 30 ʢɺ; 3 ï U0 = 40 ʢɺ; 4 ï U0 = 50 ʢɺ 

 

ʀʟʚʝʩʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʥʠʪʝʡ ʣʝʛʢʦ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʩʯʠʪʘʪʴ ʟʥʘʯʝ-

ʥʠʝ ʢʦʦʨʜʠʥʘʪʳ ʚ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʂʨʦ-

ʤʝ ʪʦʛʦ, ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ ʧʦʟʚʦʣʷʶʪ, ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʘ ʥʘ ʥʠʪʷʭ ʠ ʠʟʚʝʩʪʥʦʡ ʩʢʦʨʦʩʪʠ, ʦʧʨʝʜʝʣʠʪʴ ʥʫʞʥʫʶ ʜʣʠʥʫ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘ-

ʥʠʷ ʧʨʠ ʠʥʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʥʠʪʝʡ. ʅʘʧʨʠʤʝʨ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʘʷ ʧʣʦʪ-

ʥʦʩʪʴ ʚʦʨʩʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʥʠʪʝʡ 4 ʤ/ʤʠʥ ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʜʣʠʥʝ ʬʣʦʢʘʪʦʨʘ 0,4 ʤ, 

ʪʦ ʧʨʠ ʩʢʦʨʦʩʪʠ 10 ʤ/ʤʠʥ ʪʘʢʘʷ ʞʝ ʧʣʦʪʥʦʩʪʴ ʙʫʜʝʪ ʧʦʣʫʯʝʥʘ ʚʦ ʬʣʦʢʘʪʦʨʝ 

ʜʣʠʥʦʡ 1 ʤ. 

  

1 

2 
3 

4 



 

198 

 
ʈʠʩ. 11.8. ɿʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʠ ʦʪ ʢʦʦʨʜʠʥʘʪʳ: 

1 ï U0 = 20 ʢɺ; 2 ï U0 = 30 ʢɺ; 3 ï U0 = 40 ʢɺ; 4 ï U0 = 50 ʢɺ 

 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʤʘʣʦʝ 

ʣʠʥʝʡʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʧʦʟʚʦʣʷʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘʥʝ-

ʩʝʥʠʝ ʚʦʨʩʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʳʩʪʨʝʝ, ʯʝʤ ʧʨʠ ʚʳʩʦʢʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʢʣʝʝʚʦʛʦ 

ʩʣʦʷ. ɺʳʩʦʢʦʝ ʣʠʥʝʡʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʢʨʦʤʝ ʙʦʣʴʰʝʛʦ ʚʨʝʤʝʥʠ, ʪʘʢʞʝ ʪʨʝʙʫ-

ʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ʄʘʣʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʦ-

ʦʙʱʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪ ɹʚʦʨʩʘ ʥʘ 

ʥʠʪʷʭ (ʨʠʩ. 11.7).  

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʣʠʥʝʡʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʠʪʠ 10
9
 ʆʤ/ʩʤ ʜʦ-

ʩʪʠʯʴ ʟʥʘʯʠʪʝʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʝʩʴʤʘ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʋʚʝʣʠʯʝ-

ʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ï ʧʫʪʴ ʥʝ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ, ʧʦʩʢʦʣʴ-

ʢʫ ʫʞʝ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʦʢʦʣʦ 40 ʢɺ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʠ ʧʨʦʮʝʩʩ 

ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʅʘ ʦʩʥʦʚʝ ʤʦʜʝʣʠ ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʤʦʞʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ 

ʧʦʣʫʯʘʝʤʦʡ ʧʣʦʪʥʦʩʪʠ, ʪʘʢ ʢʘʢ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʪʦʢʘ ʠ, ʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦ, ʢ ʙʦʣʴʰʦʤʫ ʟʥʘʯʝʥʠʶ ʧʦʪʝʥʮʠʘʣʘ ű(ʭ), ʯʪʦ ʟʘʤʝʜʣʷʝʪ ʧʨʦʮʝʩʩ ʬʣʦʢʠ-

ʨʦʚʘʥʠʷ.  

ɼʣʷ ʪʝʭʥʦʣʦʛʠʠ ʦʩʪʘʝʪʩʷ ʨʝʰʠʪʴ ʚʘʞʥʳʡ ʚʦʧʨʦʩ ï ʢʘʢ ʧʦʩʪʫʧʘʪʴ, ʝʩʣʠ 

ʢʣʝʡ ʦʙʣʘʜʘʝʪ ʭʦʨʦʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʥʦʡ ʧʨʷʞʠ, 

ʥʦ ʠʤʝʝʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʝ ʫʜʝʣʴʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ.  

ʈʝʰʝʥʠʝ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʧʦʣʫʯʝʥʥʦʤ ʘʚʪʦʨʩʢʦʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʝ [65]. ʉʫʱʥʦʩʪʴ ʜʘʥʥʦʛʦ ʠʟʦʙʨʝʪʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʝʨʝʜ 

ʥʘʥʝʩʝʥʠʝʤ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʥʠʪʴ ʝʸ ʩʤʘʯʠʚʘʶʪ ʨʘʩʪʚʦʨʦʤ ʵʣʝʢʪʨʦʣʠʪʘ, 
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ʂʦʦʨʜʠʥʘʪʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʤ  
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ʦʙʝʩʧʝʯʠʚʘʶʱʝʤ ʥʫʞʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʕʪʦ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ, ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʦʢʨʘʪʠʪʴ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʩʣʦʡ ʧʣʦʭʦ ʧʨʦʚʦʜʷʱʝʛʦ ʢʣʝʷ ʩʦʟʜʘʝʪ ʢʘʢ ʙʳ ʠʟʦʣʷʮʠʶ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʡ ʢʦ-

ʨʦʥʥʳʡ ʨʘʟʨʷʜ ʩ ʥʠʪʝʡ ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʯʪʦ ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʚʳʩʠʪʴ ʥʘʧʨʷʞʝʥʠʝ ʠ, ʪʝʤ ʩʘʤʳʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʩʯʝʪʦʚ ʧʦʣʫʯʝʥʳ ʚʳ-

ʨʘʞʝʥʠʷ, ʦʧʠʩʳʚʘʶʱʠʝ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʠ 

ʧʨʠ ʨʘʟʣʠʯʥʦʤ ʣʠʥʝʡʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʥʘ ʥʠʪʠ. ʉʨʘʚʥʝʥʠʝ 

ʨʘʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ (ʨʠʩ. 11.6) ʧʦʢʘʟʘʣʦ 

ʠʭ ʭʦʨʦʰʝʝ ʩʦʚʧʘʜʝʥʠʝ. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʤʦʜʝʣʴ ʚʝʩʴʤʘ ʚʘʞʥʘ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʤʘʢʝʪʘ ʢ ʧʨʦʤʳʰʣʝʥʥʦʡ ʫʩʪʘʥʦʚʢʝ. 

ʕʪʦ ʢʘʩʘʝʪʩʷ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ, ʜʣʠʥʘ ʬʣʦʢʘʪʦʨʘ ʠʣʠ ʩʢʦʨʦʩʪʴ 

ʜʚʠʞʝʥʠʷ ʥʠʪʝʡ ʜʣʷ ʟʘʜʘʥʥʦʡ ʚʝʣʠʯʠʥʳ ʣʠʥʝʡʥʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʥʠʪʠ ʠ ʥʝ-

ʦʙʭʦʜʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʦʚʘ. 

 

11.4. ɺʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

 ʥʘ ʧʨʦʮʝʩʩ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ 

 

ɼʣʷ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʬʣʦ-

ʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ʠ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʜʘʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʩʦʭʨʘʥʷʪʩʷ ʠ ʟʜʝʩʴ, ʦʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʚ ʵʪʦʤ ʫʙʝʜʠʪʴʩʷ. ʊʨʝʙʫʝʪʩʷ ʪʘʢʞʝ ʧʦ-

ʣʫʯʠʪʴ ʥʝʢʦʪʦʨʳʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ, ʢʦʪʦʨʳʝ ʠʥʳʤ 

ʩʧʦʩʦʙʦʤ ʦʧʨʝʜʝʣʠʪʴ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʥʠʪʝʡ 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʚʘʞʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʩʫʪʩʪʚʫʶʱʠʭ ʧʨʠ 

ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ ʥʘ ʧʣʦʩʢʠʝ ʤʘʪʝʨʠʘʣʳ.  

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʠ ʜʦʣʞʝʥ ʦʧʨʝʜʝʣʷʪʴ-

ʩʷ ʪʘʢʠʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʘʢ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦ-

ʢʘʪʦʨʘ ʠʣʠ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʠ ʨʘʩ-

ʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʪʷʤʠ. ʉʨʘʟʫ ʥʝʦʙʭʦʜʠʤʦ ʧʦʷʩʥʠʪʴ, ʯʪʦ ʚ ʜʘʥʥʳʭ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷʭ ʪʨʝʙʦʚʘʣʦʩʴ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʚʳʷʚʠʪʴ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʦ-

ʮʝʩʩʘ ʠ ʥʝ ʩʪʘʚʠʣʦʩʴ ʮʝʣʠ ʧʦʣʫʯʠʪʴ ʵʤʧʠʨʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʚʳʷʚʣʝʥʥʳʭ ʟʘ-

ʚʠʩʠʤʦʩʪʝʡ. 
 

ʀʟʤʝʨʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ 

ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʠ ʤʦʞʥʦ ʦʧʨʝʜʝʣʷʪʴ ʣʠʙʦ ʪʨʘʜʠʮʠ-

ʦʥʥʳʤ ʦʙʨʘʟʦʤ ʢʘʢ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʪ. ʝ. ʢʦʣʠʯʝʩʪʚʦʤ ʚʦʨʩʠʥʦʢ ʥʘ    

1 ʤʤ
2
, ʣʠʙʦ ʢʘʢ ʣʠʥʝʡʥʫʶ ʧʣʦʪʥʦʩʪʴ, ʥʘʧʨʠʤʝʨ, ʚ ʤʛ/ʤ (ʤʘʩʩʘ ʚʦʨʩʘ ʚ ʤʛ ʥʘ ʥʠ-

ʪʠ ʜʣʠʥʦʡ 1 ʤ) ʠʣʠ 1/ʤʤ (ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʠʥʦʢ ʥʘ ʫʯʘʩʪʢʝ ʜʣʠʥʳ ʥʠʪʠ 1 ʤʤ). 

ʇʦʩʣʝʜʥʠʡ ʚʘʨʠʘʥʪ ʣʝʛʢʦ ʩʦʧʦʩʪʘʚʠʪʴ ʩ ʧʝʨʚʳʤ ʚʘʨʠʘʥʪʦʤ: ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʥʠʪʠ ʜʣʠʥʦʡ l = 1 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ d ʨʘʚʝʥ S = ˊdl. 



 

200 

ɺ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟʤʝʨʷʣʠ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ 

ʧʨʠʚʝʩʫ, ʚʟʚʝʰʠʚʘʷ ʥʘ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʘʭ ʚʳʩʫʰʝʥʥʳʝ ʥʠʪʠ ʪʦʣʴʢʦ ʩ ʢʣʝʝ-

ʚʳʤ ʩʣʦʝʤ (ʤʥʦʛʦʢʨʘʪʥʦ), ʘ ʪʘʢʞʝ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʠ ʥʘʥʝʩʝʥʥʳʤ ʚʦʨʩʦʤ. ʆʙ-

ʨʘʟʮʦʚ ʥʠʪʝʡ ʟʘʜʘʥʥʦʡ ʜʣʠʥʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪ 10 ʜʦ 15 ʚ ʦʜʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʜʠʘʤʝʪʨʘ dʥ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦ-

ʝʤ ʠ ʜʣʠʥʫ ʦʪʨʝʟʢʦʚ ʥʠʪʝʡ lʥ. ʄʘʩʩʫ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ m1, ʩʦʦʪʚʝʪʩʪʚʫʶ-

ʱʫʶ ʧʦʣʫʯʝʥʥʳʤ ʦʪʨʝʟʢʘʤ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ, ʚʳʯʠʩʣʷʣʠ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ 

ʠʩʭʦʜʷ ʠʟ ʜʣʠʥʳ ʦʪʨʝʟʢʦʚ ʠ ʠʟʤʝʨʝʥʥʦʡ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʠ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ 

ʩʣʦʝʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʚʳʯʠʩʣʷʣʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʬʣʦʢʠʨʦʚʘʥʥʦʡ ʥʠʪʠ n (1/ʤʤ
2
): 

 

    ὲ
Ͻ

̎̎˟
ȟ                                        (11.9) 

 

ʛʜʝ m1 ï ʤʘʩʩʘ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ, ʛ; m2 ï ʤʘʩʩʘ ʥʠʪʠ ʩ ʢʣʝʝʤ ʠ ʥʘʥʝʩʝʥʥʳʤ 

ʚʦʨʩʦʤ, ʛ; dʥ ï ʜʠʘʤʝʪʨ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ, ʤʤ; lʥ ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʦʪʨʝʟʢʦʚ 

ʥʠʪʠ, ʤʤ; ʊ ï ʣʠʥʝʡʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ, ʪʝʢʩ; l ï ʩʨʝʜʥʷʷ ʜʣʠʥʘ ʚʦʨʩʘ, ʤʤ.  
 

ʀʩʭʦʜʷ ʠʟ ʚʳʨʘʞʝʥʠʷ (11.9) ʚʠʜʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʠʝ ʨʘʟʥʦʩʪʠ ʤʘʩʩ. ʇʦʛʨʝʰʥʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʩʪʘ-

ʪʦʯʥʦ ʤʘʣʘ ʣʠʙʦ ʚʚʠʜʫ ʧʨʦʚʝʜʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʠʟʤʝʨʝʥʠʡ (dʥ, lʥ), ʣʠʙʦ 

ʚʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ (T, l) ʛʘʨʘʥʪʠʨʦʚʘʥʳ ʧʦʩʪʘʚʱʠʢʦʤ ʠ ʪʘʢʞʝ 

ʙʳʣʠ ʠʟʤʝʨʝʥʳ. ʈʘʩʯʝʪʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʧʨʦʚʝʜʝʥʥʳʭ ʠʟʤʝʨʝʥʠʷʭ, ʧʦʢʘʟʳʚʘ-

ʶʪ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʧʦʛʨʝʰʥʦʩʪʠ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ʩʦʩʪʘʚʣʷʝʪ: ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ ï 6ï8 %, ʜʣʷ ʚʦʨʩʘ 1,5 ʤʤ ï 3ï5 %. ʕʢʩʧʝ-

ʨʠʤʝʥʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝ-

ʥʠʷ ʢ ʵʣʝʢʪʨʦʜʘʤ ʬʣʦʢʘʪʦʨʘ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 11.2, b, d.  
 

ɺʣʠʷʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ʥʘ ʥʠʪʷʭ 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʧʦʣʫ-

ʯʘʝʤʫʶ ʥʘ ʥʠʪʷʭ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʙʳʣʘ ʦʮʝʥʢʘ 

ʚʦʟʜʝʡʩʪʚʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʬʣʦʢʘʪʦʨʘ. ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʧʨʦʚʝʜʝʥ, 

ʢʘʢ ʛʦʚʦʨʠʣʦʩʴ ʚʳʰʝ, ʜʣʷ ʜʚʫʭ ʚʘʨʠʘʥʪʦʚ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. ɼʠʘʧʘʟʦʥ 

ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʩʦʩʪʘʚʣʷʣ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʧʦʜʢʣʶʯʝʥʠʷ ʦʪ 12 ʜʦ 36 ʢɺ, 

ʘ ʚʦ ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ï ʦʪ 8 ʜʦ 32 ʢɺ. ʇʣʦʩʢʦʩʪʴ ʥʠʪʝʡ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʨʘʟʤʝ-

ʱʘʣʘʩʴ ʧʦʩʨʝʜʠʥʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʥʘ ʚʳʩʦʪʝ 8 ʩʤ ʦʪ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ.  

ʅʘ ʨʠʩ. 11.9 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ 

ʥʠʪʷʭ ʦʪ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ 0,5 ʤʤ. ɺʨʝʤʷ ʥʘʥʝʩʝʥʠʷ 

ʙʳʣʦ ʚʳʙʨʘʥʦ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʤ (60 ʩ), ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʦʨʠʝʥʪʠʨʦʚʘʪʴʩʷ 

ʥʘ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʙʣʠʟʢʫʶ ʢ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʢʘʢ ʠ ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʚʳʰʝ, 

ʯʪʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʠ ʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʝʝ ʨʦʩʪʘ ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴʩʷ 

ʧʨʠ ʚʘʨʠʘʥʪʝ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʥʘ ʨʠʩ. 11.2, d. ʆʜʥʘʢʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ-

ʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. ʇʨʠ 

ʙʦʣʴʰʝʤ ʥʘʧʨʷʞʝʥʠʠ ʚʦʟʥʠʢʘʝʪ ʢʦʨʦʥʥʳʡ ʨʘʟʨʷʜ ʩ ʥʠʪʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʪʘ-

ʢʦʛʦ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʩʢʦʨʦʩʪʴ ʧʦʜʘʯʠ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ (ʧʨʠ 
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ʧʦʜʘʯʝ ʚʦʨʩʘ ʩʚʝʨʭʫ ʯʝʨʝʟ ʩʝʪʯʘʪʦʝ ʜʥʦ ʙʫʥʢʝʨʘ), ʢʘʢ ʠ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ 

ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʝʪ ʜʦʩʪʘʪʦʯʥʦ ʩʝʨʴʝʟʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ.  

ɺ ʜʨʫʛʦʤ ʚʘʨʠʘʥʪʝ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦ-

ʢʦʤ ʥʘʧʨʷʞʝʥʠʠ, ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ, ʥʦ ʩʢʦʨʦʩʪʴ 

ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʥʘ ʩʫʱʝʩʪʚʝʥ-

ʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʥʘʣʦʛʠʯʥʳ ʨʝʟʫʣʴʪʘʪʘʤ ʜʣʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘ-

ʣʦʚ: ʧʨʝʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʥʘʧʨʷ-

ʞʝʥʥʦʩʪʠ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʪʘʢʞʝ ʠ ʦ ʪʦʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨ-

ʩʠʥʦʢ ʥʘ ʝʜʠʥʠʮʝ ʧʣʦʱʘʜʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ (1/ʤʤ
2
) ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʢʦʣʠʯʝ-

ʩʪʚʘ ʚʦʨʩʠʥʦʢ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʦʤʝʪʨʠʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ ʥʠʪʠ, ʘ ʪʦʯʥʝʝ, ʩ ʪʝʤ ʬʘʢʪʦʤ, ʯʪʦ ʨʘʜʠʫʩ ʥʠʪʠ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ 

ʧʨʠʤʝʨʥʦ ʪʘʢʦʡ ʞʝ ʧʦ ʚʝʣʠʯʠʥʝ, ʢʘʢ ʠ ʜʣʠʥʘ ʚʦʨʩʘ. ʇʦʜʨʦʙʥʝʝ ʵʪʦʪ ʚʦʧʨʦʩ ʙʳʣ 

ʨʘʩʩʤʦʪʨʝʥ ʨʘʥʝʝ ʚ ʨʘʟʜ. 6, ʛʜʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʙʳʣʦ ʦʙʦʩʥʦʚʘʥʦ ʙʦʣʝʝ ʚʳʩʦʢʦʝ 

ʟʥʘʯʝʥʠʝ ʧʨʝʜʝʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʣʦʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. 

 

 
ʈʠʩ. 11.9. ɺʣʠʷʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ: 

1 ï ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ; 

2 ï ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʘʭ 

 

ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʩʪʘʣʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʠ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ʕʪʦ ʚʘʞʥʦ, ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʦʮʝʥʢʠ ʩʢʦʨʦʩʪʠ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦ-

ʢʨʳʪʠʷ ʥʘ ʥʠʪʠ. ʆʩʥʦʚʥʳʝ ʫʩʣʦʚʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʠ ʩʦʭʨʘʥʝʥʳ ʪʝʤʠ ʞʝ, ʯʪʦ 

ʠ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʚʦʨʩʘ ʜʣʠʥʦʡ ï 0,5 
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ʠ 1,5 ʤʤ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʩʦʩʪʘʚʣʷʣʦ 30 ʢɺ, ʪ. ʝ. ʛʦ-

ʜʠʣʦʩʴ ʜʣʷ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʧʦʜʢʣʶʯʝʥʠʷ. 

ʅʘ ʨʠʩ. 11.10 (ʚʦʨʩ 1,5 ʤʤ) ʠ 11.11 (ʚʦʨʩ 0,5 ʤʤ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʠ 

ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʥʠʪʷʤʠ 15 ʤʤ. ʂʘʞʜʳʡ ʵʢʩʧʝʨʠʤʝʥʪ, ʘʥʘʣʦʛʠʯʥʦ ʧʨʝʜʳʜʫ-

ʱʝʤʫ, ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ. ʅʘ ʦʩʥʦʚʝ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ, ʢʘʢ ʠ ʨʘʥʝʝ, 

ʦʢʘʟʘʣʩʷ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʦʚ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʚʳʩʦʢʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ. 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʦʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʝʪ ʧʣʦʪ-

ʥʦʩʪʴ, ʧʦʣʫʯʘʝʤʫʶ ʥʘ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ ʧʨʠ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʍʦʜ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʚ ʮʝʣʦʤ ʘʥʘʣʦʛʠʯʝʥ ʧʨʦʮʝʩʩʫ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʧʣʦʩʢʠʝ ʤʘʪʝʨʠʘʣʳ. 

 
ɺʨʝʤʷ ʥʘʥʝʩʝʥʠʷ, ʩ  
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ʈʠʩ. 11.10. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ 

ʥʘ ʥʠʪʷʭ ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ (ʜʣʠʥʘ ʚʦʨʩʘ 1,5 ʤʤ): 

1 ï ʧʦʪʝʥʮʠʘʣ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ; 2 ï ʧʦʪʝʥʮʠʘʣ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʘʭ 
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ʈʠʩ. 11.11. ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ 

ʦʪ ʜʣʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ (ʜʣʠʥʘ ʚʦʨʩʘ 0,5 ʤʤ): 

1 ï ʧʦʪʝʥʮʠʘʣ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ; 2 ï ʧʦʪʝʥʮʠʘʣ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʘʭ 

 

ʉʫʛʫʙʦ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʦʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʧʦʢʘʟʳʚʘʝʪ, 

ʯʪʦ ʫʞʝ ʟʘ 5 ʩ ʧʦʚʝʨʭʥʦʩʪʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ ʠ 

ʧʨʝʚʳʰʘʝʪ ʠʣʠ ʩʨʘʚʥʠʤʘ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʜʣʷ ʚʦʨʩʘ ʪʘʢʦʡ ʜʣʠʥʳ 

ʥʘ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ.  
 

ɺʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʠʪʷʤʠ ʥʘ ʧʦʣʫʯʘʝʤʫʶ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʭ. ɼʣʷ ʵʪʦʛʦ ʙʳʣʠ 

ʠʟʛʦʪʦʚʣʝʥʳ ʬʣʦʢʠʨʦʚʘʥʥʳʝ ʥʠʪʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʥʘʧʨʷʞʝʥʠʠ ʥʘ ʵʣʝʢʪʨʦʜʘʭ 

(30 ʢɺ), ʚʳʩʦʪʝ ʧʦʣʦʪʥʘ ʥʠʪʝʡ (8 ʩʤ) ʩ ʚʦʨʩʦʤ ʜʣʠʥʦʡ 1,5 ʤʤ ʟʘ ʚʨʝʤʷ 60 ʩ, ʥʦ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʨʘʩʩʪʦʷʥʠʷʭ ʤʝʞʜʫ ʥʠʪʷʤʠ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10 ʜʦ 30 ʤʤ. ɼʣʠ-

ʪʝʣʴʥʦʝ ʚʨʝʤʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʩʫʜʠʪʴ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʥʠʪʷʤʠ ʩ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʴʶ, ʪ. ʝ. ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʚʦʨʩʘ ʥʘ ʥʠʪʠ. ʊʘʢ ʞʝ, ʢʘʢ 

ʠ ʥʘ ʧʨʝʜʳʜʫʱʠʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʚʘ ʚʘʨʠʘʥʪʘ ʧʦʜʢʣʶʯʝ-

ʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

ʅʘ ʨʠʩ. 11.12 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ.  
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ʈʠʩ. 11.12. ɺʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ 

ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʘ: 

1 ï ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ; 

2 ï ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʘʭ 

 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʧʨʝʜʳʜʫʱʠʭ ʩʣʫʯʘʷʭ, ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʦ 

ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʚʳʰʝ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦ-

ʜʳ: 

- ʧʦʜʢʣʶʯʝʥʠʝ ʜʚʫʭ ʵʣʝʢʪʨʦʜʦʚ ʬʣʦʢʘʪʦʨʘ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷ-

ʞʝʥʠʷ ʦʜʥʦʛʦ ʟʥʘʢʘ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʠ ʣʶʙʦʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ; 

- ʚʝʣʠʯʠʥʘ ʧʨʝʜʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ ʚʳʰʝ 
ʧʨʠ ʜʚʫʭ ʧʦʜʢʣʶʯʝʥʥʳʭ ʵʣʝʢʪʨʦʜʘʭ, ʦʜʥʘʢʦ ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ 

ʨʘʟʨʷʜʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʠʞʝ, ʯʪʦ ʩʦʢʨʘʱʘʝʪ ʜʠʘʧʘʟʦʥ ʥʘʧʨʷʞʝʥʠʡ, ʚ ʢʦʪʦʨʦʤ 

ʚʦʟʤʦʞʝʥ ʫʩʪʦʡʯʠʚʳʡ ʧʨʦʮʝʩʩ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ; 

- ʧʦʚʳʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʣʦʪ-

ʥʦʩʪʠ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʩʥʠʞʝʥʠʶ ʚʨʝʤʝʥʠ ʜʦʩʪʠʞʝʥʠʷ ʟʘ-

ʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ; 

- ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʥʠʪʷʤʠ ʚʦʟʨʘʩʪʘʝʪ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦ-

ʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʧʦʣʫʯʘʝʤʘʷ ʟʘ ʦʜʠʥʘʢʦʚʦʝ ʚʨʝʤʷ, ʦʜʥʘʢʦ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘ-

ʥʝʝ ʚ ʨʘʟʜ. 11.2, ʵʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʧʦʨʦʛʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ 

ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʦʢʨʘʱʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ ʥʠʪʝʡ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦ-

ʚʘʥʠʷ. 

ʉʜʝʣʘʥʥʳʝ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʚʦʜʳ ʢʨʘʡʥʝ ʚʘʞʥʳ ʜʣʷ ʢʦʥ-

ʩʪʨʫʢʮʠʠ ʫʟʣʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ. 
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11.5. ʂʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʫʟʣʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʥʠʪʠ  

 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʠ-

ʩʪʝʤʳ ʨʷʜʘ ʧʘʨʘʣʣʝʣʴʥʳʭ ʪʦʥʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʤʝʞʜʫ ʧʣʦʩʢʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ, ʢ 

ʢʦʪʦʨʳʤ ʧʦʜʢʣʶʯʝʥ ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʦʚʝʜʝʥʥʦʛʦ ʚ ʨʘʟʜ. 9, ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʦʧʠʩʘʥ-

ʥʦʛʦ ʚʳʰʝ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʫʟʣʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ʆʩ-

ʥʦʚʥʳʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ ʢʦʥʩʪʨʫʢʮʠʠ ʫʟʣʘ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʤʦʞʥʦ 

ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʚʳʩʦʢʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ, ʵʢʦʥʦʤʠʯ-

ʥʳʡ ʨʘʩʭʦʜ ʚʦʨʩʘ ʠ ʨʘʚʥʦʤʝʨʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʥʠʪʝʡ. ɺ 

ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʫʯʝʩʪʴ ʚʩʶ ʠʤʝʶʱʫʶʩʷ ʠʥʬʦʨʤʘ-

ʮʠʶ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ ʠ ʨʘʟʨʝʰʠʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ 

ʧʨʦʪʠʚʦʨʝʯʠʷ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʨʦʚʝʜʝʥ ʚʳʙʦʨ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʩʭʝʤʳ ʧʦʜʢʣʶ-

ʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ.  

ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʳʭ ʩʭʝʤ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʧʦʟʚʦʣʠʣ ʚʳʙʨʘʪʴ ʜʚʘ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʚʘʨʠʘʥʪʘ (ʩʤ. ʨʠʩ. 11.2, b ʠ d). ʂʘʞʜʳʡ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʠʤʝʝʪ ʩʚʦʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʠ ʥʝʜʦʩʪʘʪʢʠ.  

ʇʦʜʢʣʶʯʝʥʠʝ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʘ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʨʠ 

ʟʘʟʝʤʣʝʥʥʦʤ ʚʝʨʭʥʝʤ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ:  

- ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦʨʦʛ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʧʦʟʚʦʣʷʝʪ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʙʦʣʝʝ ʚʳʩʦʢʦʝ ʥʘʧʨʷʞʝʥʠʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʣʫʯʰʫʶ ʟʘʨʷʜʢʫ ʠ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ; 

- ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʟʝʤʣʝʥʥʦʛʦ ʚʝʨʭʥʝʛʦ ʙʫʥʢʝʨʘ-ʵʣʝʢʪʨʦʜʘ ʜʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ 

ʩʢʚʦʟʴ ʩʝʪʢʫ ʚʝʨʭʥʝʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʇʦʜʢʣʶʯʝʥʠʝ ʦʙʦʠʭ ʵʣʝʢʪʨʦʜʦʚ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠʤʝʝʪ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

- ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʥʠʪʷʭ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ 
ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʥʘʥʝʩʝʥʠʷ; 

- ʛʘʨʘʥʪʠʨʦʚʘʥʥʘʷ ʨʘʚʥʦʤʝʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʦ ʦʢʨʫʞ-

ʥʦʩʪʠ ʥʠʪʠ. 

ɼʣʷ ʩʦʚʤʝʱʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚ ʦʙʦʠʭ ʚʘʨʠʘʥʪʦʚ ʧʨʝʜʣʦʞʝʥʦ ʢʦʥʩʪʨʫʢʪʠʚ-

ʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʬʣʦʢʘʪʦʨʘ, ʠʤʝʶʱʝʝ ʜʚʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ 

ʚʦʨʩʘ. ɺ ʧʝʨʚʦʡ ʟʦʥʝ ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʧʦʜʢʣʶʯʝʥ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʠ ʚ ʵʪʦʡ ʞʝ ʟʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʨʩʘ ʩʢʚʦʟʴ ʚʝʨʭʥʠʡ 

ʵʣʝʢʪʨʦʜ ʩ ʩʝʪʯʘʪʳʤ ʜʥʦʤ. ɺʦ ʚʪʦʨʦʡ ʟʦʥʝ ʦʙʘ ʵʣʝʢʪʨʦʜʘ (ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ) 

ʧʦʜʢʣʶʯʝʥʳ ʢ ʧʦʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʆʙʝ ʟʦʥʳ ʥʘʥʝʩʝʥʠʷ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʝʜʠʥʳʤ ʪʨʘʥʩʧʦʨʪʝʨʦʤ. 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜ. 5, ʥʘʠʙʦʣʴʰʘʷ ʩʢʦʨʦʩʪʴ ʧʦʩʪʫʧʣʝʥʠʷ ʚʦʨʩʘ ʚ 

ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʥʫʣʝʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʦʣʷ. ʀʤʝʥʥʦ ʪʘʢʦʡ ʨʝʞʠʤ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʥʘʥʝʩʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ 

ʵʪʦʤʫ ʧʦʩʪʫʧʘʶʱʝʛʦ ʚ ʧʝʨʚʫ  ʁʟʦʥʫ ʚʦʨʩʘ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʙʝʠʭ ʟʦʥ. ʉʣʝʜʫʝʪ ʩʨʘʟʫ ʫʪʦʯʥʠʪʴ, ʯʪʦ ʦʩʘʞʜʝʥʠʝ ʚʦʨʩʘ ʥʘ ʥʠʪʴ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʡ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ï ʟʘʨʷʜʢʘ ʚʦʨʩʘ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʥʠʞ-

ʥʝʤ ʵʣʝʢʪʨʦʜʝ. 



 

206 

ɺʦ ʚʪʦʨʦʡ ʟʦʥʝ ʥʘʥʝʩʝʥʠʷ ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʦʜʥʦʛʦ ʟʥʘʢʘ 

ʧʦʜʢʣʶʯʝʥ ʢ ʦʙʦʠʤ ʵʣʝʢʪʨʦʜʘʤ (ʚʝʨʭʥʝʤʫ ʠ ʥʠʞʥʝʤʫ). ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʙʝʩʧʝ-

ʯʠʚʘʪʴ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʘʟʜ. 11.4, ʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʠ ʣʫʯʰʫʶ 

ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ ʥʘ ʥʠʪʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʝʨʚʦʡ ʟʦʥʝ ʥʘ ʥʠʪʴ ʙʫʜʝʪ ʥʘʥʝʩʝʥʦ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ ʠ, ʪʝʤ ʩʘʤʳʤ, ʝʸ ʵʬʬʝʢʪʠʚʥʳʡ ʜʠʘʤʝʪʨ ʫʚʝʣʠ-

ʯʠʪʩʷ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʦ ʚʪʦʨʦʡ 

ʟʦʥʝ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʪʴ ʩʢʦʨʦʩʪʴ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʫʣʫʯʰʠʚ ʦʨʠʝʥʪʘʮʠʶ 

ʚʦʨʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʜʘʣʦʩʴ ʩʦʝʜʠʥʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʘ ʦʙʝʠʭ ʩʭʝʤ 

ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʠ ʙʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚ-

ʥʦʩʪʴ ʠʟʛʦʪʦʚʣʝʥʠʷ ʬʣʦʢʠʨʦʚʘʥʳʭ ʥʠʪʝʡ.  

ʆʜʥʦʡ ʠʟ ʚʘʞʥʳʭ ʧʨʦʙʣʝʤ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʥʠʪʠ ʷʚʣʷʝʪʩʷ ʝʛʦ ʚʳʣʝʪ ʠʟ 

ʦʙʣʘʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʥʘʙʣʶ-

ʜʘʝʪʩʷ ʚʳʣʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʨʩʘ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʥʘʥʝʩʝʥʠʷ, ʧʨʠʯʝʤ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ ʙʦʢʦʚʳʝ ʩʪʦʨʦʥʳ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʆʙʳʯʥʦ ʩ ʵʪʠʤ ʷʚʣʝ-

ʥʠʝʤ ʫʜʘʝʪʩʷ ʩʧʨʘʚʠʪʴʩʷ ʧʫʪʝʤ ʨʘʟʤʝʱʝʥʠʷ ʧʦʜ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʝʤʢʦʩʪʠ ʜʣʷ 

ʩʙʦʨʘ ʚʦʨʩʘ ʰʠʨʠʥʦʡ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʰʠʨʠʥʘ ʣʝʥʪʳ ʪʨʘʥʩʧʦʨʪʝʨʘ. ʆʜ-

ʥʘʢʦ, ʥʝ ʦʪʢʘʟʳʚʘʷʩʴ ʦʪ ʵʪʦʛʦ ʢʦʥʩʪʨʫʢʪʠʚʥʦʛʦ ʵʣʝʤʝʥʪʘ, ʞʝʣʘʪʝʣʴʥʦ ʦʙʝʩʧʝ-

ʯʠʪʴ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʦʨʩʘ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ.  

ɼʨʫʛʘʷ ʠʤʝʶʱʘʷʩʷ ʧʨʦʙʣʝʤʘ, ʧʨʦʷʚʠʚʰʘʷʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ï ʵʪʦ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʥʘ ʢʨʘʡʥʠʭ ʥʠʪʷʭ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝ-

ʥʠʠ, ʯʝʤ ʥʘ ʦʩʪʘʣʴʥʳʭ. ʕʪʦ ʪʨʝʙʫʝʪ ʣʠʙʦ ʦʙʱʝʛʦ ʩʥʠʞʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ, ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ, ʩʥʠʞʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʮʝʩʩʘ, ʣʠʙʦ ʧʨʠʤʠʨʝʥʠʷ ʩ ʙʨʘʢʦʤ ʥʘ 

ʢʨʘʡʥʠʭ ʥʠʪʷʭ.  

ɼʣʷ ʩʦʢʨʘʱʝʥʠʷ ʚʳʣʝʪʘ ʚʦʨʩʘ ʠʟ ʦʙʣʘʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʥʝʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʘʥʘʣʦʛʠʯʥʦ ʚʘʨʠʘʥʪʫ, ʧʨʝʜʣʦ-

ʞʝʥʥʦʤʫ ʜʣʷ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʜ. 9.2, ʦʜʥʘʢʦ ʚ ʪʘʢʦʤ ʚʠʜʝ ʵʪʦ ʥʝ ʨʝʰʘʝʪ 

ʚʪʦʨʦʡ ʧʨʦʙʣʝʤʳ. ɺ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʷ ʢʦʥʩʪʨʫʢʮʠʠ ʬʣʦʢʘʪʦʨʘ ʙʳʣ ʧʨʝʜʣʦʞʝʥ 

ʚʘʨʠʘʥʪ, ʨʝʰʘʶʱʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʝ ʧʨʦʙʣʝʤʳ. ʅʘ ʨʠʩ. 11.13 ʧʦʢʘʟʘʥʘ ʩʭʝʤʘ, 

ʧʦʷʩʥʷʶʱʘʷ ʜʘʥʥʦʝ ʧʨʝʜʣʦʞʝʥʠʝ. 

ʌʫʥʢʮʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 4 ʜʚʦʡʥʘʷ: ʚʦ-ʧʝʨʚʳʭ, ʤʝʞʜʫ ʜʦ-

ʧʦʣʥʠʪʝʣʴʥʳʤʠ ʠ ʧʣʦʩʢʠʤʠ (ʚʝʨʭʥʠʤ 1 ʠ ʥʠʞʥʠʤ 2) ʵʣʝʢʪʨʦʜʘʤʠ ʚʦʟʥʠʢʘʝʪ 

ʥʝʦʜʥʦʨʦʜʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʧʨʝʧʷʪʩʪʚʫʶʱʝʝ ʚʳʣʝʪʫ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ ʠ, ʚʦ-ʚʪʦʨʳʭ, ʨʘʜʠʫʩ ʢʨʠʚʠʟʥʳ ʪʘʢʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠʤʠʪʠʨʫʝʪ ʧʦʚʝʨʭ-

ʥʦʩʪʴ ʢʨʘʡʥʝʡ ʥʠʪʠ, ʪ. ʝ. ʢʘʢ ʙʳ ʟʘʤʝʥʷʝʪ ʝʸ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʧʦ-

ʜʦʙʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʩʨʘʟʫ ʨʝʰʠʪʴ ʦʙʝ ʧʨʦʙʣʝʤʳ: ʠʩ-

ʢʣʶʯʠʪʴ ʧʦʷʚʣʝʥʠʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ ʩ ʢʨʘʡʥʠʭ ʥʠʪʝʡ ʧʨʠ ʥʠʟʢʦʤ ʥʘʧʨʷʞʝʥʠʠ 

ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʩʦʢʨʘʪʠʪʴ ʚʳʣʝʪ ʚʦʨʩʘ ʠʟ ʦʙʣʘʩʪʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ. ʅʘ ʜʘʥ-

ʥʦʝ ʫʩʪʨʦʡʩʪʚʦ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ [68]. 
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ʈʠʩ. 11.13. ʉʭʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʵʣʝʢʪʨʦʜʦʚ 

ʧʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʥʠʪʝʡ: 

1 ï ʚʝʨʭʥʠʡ ʩʝʪʯʘʪʳʡ ʵʣʝʢʪʨʦʜ; 2 ï ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ; 

3 ï ʬʣʦʢʠʨʫʝʤʳʝ ʥʠʪʠ; 4 ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ 

 

ʀʟ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʣʝʝʚʦʛʦ ʩʦʩʪʘʚʘ ʥʠʪʠ ʧʦʧʘʜʘʶʪ ʚ ʟʦʥʫ ʬʣʦ-

ʢʠʨʦʚʘʥʠʷ. ʌʣʦʢʘʪʦʨ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʚʥʝʜʨʝʥʠʷ ʚʦʨʩʘ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ ʥʘ ʥʠ-

ʪʷʭ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʟʘʜʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʧʣʦʪʥʦʩʪʠ. 

ʂʦʥʩʪʨʫʢʮʠʷ ʫʟʣʘ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʘ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʦʜʝʣʠ ʦʙʝʩʧʝ-

ʯʠʪʴ ʩʢʦʨʦʩʪʴ ʚʳʧʫʩʢʘ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʥʠʪʝʡ ʜʦ 16 ʤ/ʤʠʥ. 

ʅʘ ʨʠʩ. 11.14 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʤʘʢʝʪʘ ʬʣʦʢʘʪʦʨʘ. ʅʠʪʠ 1, ʧʦʢʨʳʪʳʝ 

ʩʚʷʟʫʶʱʠʤ, ʧʝʨʝʤʝʱʘʶʪʩʷ ʤʝʞʜʫ ʚʝʨʭʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ 2, 3 ʠ ʣʝʥʪʦʡ ʪʨʘʥʩ-

ʧʦʨʪʝʨʘ 4 ʥʘ ʨʘʚʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʥʠʭ (80 ʤʤ). ʕʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʝ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʚ ʜʚʫʭ ʟʦʥʘʭ ï ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ï 5 ʠ ʦʩʥʦʚʥʦʡ ï 6. ʆʙʱʘʷ ʜʣʠʥʘ 

ʜʚʫʭ ʟʦʥ ʬʣʦʢʠʨʦʚʘʥʠʷ 600 ʤʤ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ 20ï30 ʢɺ. ɺ ʦʩʥʦʚ-

ʥʦʡ ʟʦʥʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʰʝ, ʯʝʤ ʚ ʟʦʥʝ ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ. ʈʦʣʴ ʚʝʨʭʥʝʛʦ ʟʘʟʝʤʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʧʝʨʚʦʡ ʟʦʥʳ ʚʳ-

ʧʦʣʥʷʝʪ ʩʝʪʯʘʪʦʝ ʜʥʦ 3 ʙʫʥʢʝʨʘ 7. ɺʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ 2 ʚʪʦʨʦʡ ʟʦʥʳ ʚʳʧʦʣʥʝʥ ʚ 

ʚʠʜʝ ʩʧʣʦʰʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʣʠʩʪʘ. 

ɺʦʨʩ ʧʦʩʪʫʧʘʝʪ ʥʘ ʣʝʥʪʫ ʪʨʘʥʩʧʦʨʪʝʨʘ 4 ʠʟ ʙʫʥʢʝʨʘ 7 ʯʝʨʝʟ ʩʝʪʢʫ 3. ɺʠʙ-

ʨʘʮʠʷ ʙʫʥʢʝʨʫ ʧʨʠʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷ 8. ʊʨʘʥʩʧʦʨʪʝʨ ʧʨʠʚʦ-

ʜʠʪʩʷ ʚ ʜʚʠʞʝʥʠʝ ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʤ 9. ʊʨʘʥʩʧʦʨʪʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʫʶ ʣʝʥʪʫ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʧʦʣʦʩʢʘʤʠ 10, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʦʧʝʨʝʢ ʪʨʘʥʩʧʦʨʪʝʨʘ. ʀʭ ʜʣʠʥʘ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ ʰʠʨʠʥʳ ʪʨʘʥʩʧʦʨʪʝʨʘ, ʠ 

ʦʥʠ ʠʤʝʶʪ ʢʦʥʪʘʢʪʳ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʩʪʦʨʦʥʳ ʣʝʥʪʳ ʪʨʘʥʩʧʦʨʪʝʨʘ. ʐʠʨʠʥʘ 

ʧʦʣʦʩʦʢ 50 ʤʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ 5 ʤʤ. ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʧʦʣʦʩʢʠ ʚʳʧʦʣ-

ʥʝʥʳ ʠʟ ʤʝʪʘʣʣʘ, ʫʩʪʦʡʯʠʚʦʛʦ ʢ ʦʢʠʩʣʝʥʠʶ. ʃʝʥʪʘ ʪʨʘʥʩʧʦʨʪʝʨʘ 4 ʧʨʦʭʦʜʠʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘʜ ʥʠʞʥʠʤʠ ʵʣʝʢʪʨʦʜʘʤʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʦʥʳ ï 11 ʠ ʦʩ-

ʥʦʚʥʦʡ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ 12 ʚ ʢʦʥʪʘʢʪʝ ʩ ʪʦʢʦʚʝʜʫʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʥʠʞʥʠʭ 

ʵʣʝʢʪʨʦʜʦʚ. ʇʦʜ ʣʝʥʪʦʡ ʪʨʘʥʩʧʦʨʪʝʨʘ ʤʝʞʜʫ ʟʦʥʘʤʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʨʘʩʧʦʣʦʞʝ-

ʥʦ ʙʠʣʦ 13, ʠʟʛʦʪʦʚʣʝʥʥʦʝ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʠ ʧʨʠʚʦʜʠʤʦʝ ʚʦ 
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ʚʨʘʱʝʥʠʝ ʜʚʠʛʘʪʝʣʝʤ 14, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʝʧʨʝʨʳʚʥʫʶ ʚʠʙʨʘʮʠʶ ʣʝʥʪʳ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʜʣʷ ʦʙʣʝʛʯʝʥʠʷ ʦʪʨʳʚʘ ʦʪ ʥʝʝ ʚʦʨʩʘ. 

 

 
ʈʠʩ. 11.14. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʪʝʥʜʘ ʜʣʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʠʪʝʡ: 

1 ï ʬʣʦʢʠʨʫʝʤʘʷ ʥʠʪʴ; 2 ï ʚʝʨʭʥʠʡ ʵʣʝʢʪʨʦʜ ʚʪʦʨʦʡ ʟʦʥʳ; 3 ï ʩʝʪʯʘʪʦʝ 

ʜʥʦ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ; 4 ï ʪʨʘʥʩʧʦʨʪʝʨ; 5 ï ʧʝʨʚʘʷ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ) 

ʟʦʥʘ ʬʣʦʢʠʨʦʚʘʥʠʷ; 6 ï ʚʪʦʨʘʷ (ʦʩʥʦʚʥʘʷ) ʟʦʥʘ ʬʣʦʢʠʨʦʚʘʥʠʷ; 

7 ï ʧʦʜʘʶʱʠʡ ʙʫʥʢʝʨ; 8 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʧʦʜʘʶʱʝʛʦ ʙʫʥʢʝʨʘ; 

9 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʪʨʘʥʩʧʦʨʪʝʨʘ; 10 ï ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ 

ʪʨʘʥʩʧʦʨʪʝʨʘ; 11 ï ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʧʝʨʚʦʡ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ; 

12 ï ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʚʪʦʨʦʡ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ; 13 ï ʙʠʣʦ; 

14 ï ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʴ ʙʠʣʘ; 15 ï ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʨʧʫʩ ʫʩʪʘʥʦʚʢʠ; 

16 ï ʙʫʥʢʝʨ ʜʣʷ ʩʙʦʨʘ ʦʩʪʘʚʰʝʛʦʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʝ ʚʦʨʩʘ; 

17 ï ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʦʢʦʚʳʝ ʵʣʝʢʪʨʦʜʳ 
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ʇʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʚʦʨʩ, ʥʝ ʧʝʨʝʟʘʨʷʜʠʚʰʠʡʩʷ ʥʘ ʥʠʞʥʝʤ ʵʣʝʢʪʨʦʜʝ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʡ ʟʦʥʳ 11, ʧʝʨʝʥʦʩʠʪʩʷ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʚʦ ʚʪʦʨʫʶ ʟʦʥʫ, ʛʜʝ ʤʝʪʘʣʣʠ-

ʯʝʩʢʠʝ ʧʦʣʦʩʢʠ 10 ʦʢʘʟʳʚʘʶʪʩʷ ʚ ʢʦʥʪʘʢʪʝ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 12. 

ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʚʦʨʩ, ʥʘʭʦʜʷʱʠʡʩʷ ʥʘ ʪʨʘʥʩʧʦʨʪʝʨʝ, ʦʢʘʟʳʚʘʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʦʥʪʘʢʪʝ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ, ʟʘʨʷʞʘʝʪʩʷ 

ʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʢʫʣʦʥʦʚʩʢʠʭ ʩʠʣ ʫʩʪʨʝʤʣʷʝʪʩʷ ʢ ʥʠʪʷʤ. ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʡ ʫʯʘʩʪʦʢ ʪʨʘʥʩʧʦʨʪʝʨʘ ʧʨʦʰʝʣ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʤʝʪʘʣʣʠʯʝ-

ʩʢʠʝ ʵʣʝʤʝʥʪʳ ʪʝʨʷʶʪ ʢʦʥʪʘʢʪ ʩ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 12, ʧʨʦʮʝʩʩ ʟʘ-

ʨʷʜʢʠ ʚʦʨʩʘ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʵʣʝʤʝʥʪʳ ʥʘʭʦʜʷʪʩʷ 

ʧʦʜ ʧʦʪʝʥʮʠʘʣʦʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʣʠʰʴ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʘ ʧʨʠ ʚʳʭʦ-

ʜʝ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ ʪʨʘʥʩʧʦʨʪʝʨ ʟʘʟʝʤʣʷʝʪʩʷ. ʆʩʪʘʚʰʠʡʩʷ ʚʦʨʩ ʩʦʙʠʨʘʝʪ-

ʩʷ ʚ ʙʫʥʢʝʨ 16. ɺʩʷ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʜʦʚ ʠ ʙʫʥʢʝʨ ʜʣʷ ʧʦʜʘʯʠ ʚʦʨʩʘ ʩʤʦʥʪʠʨʦʚʘ-

ʥʳ ʚʥʫʪʨʠ ʧʨʦʟʨʘʯʥʦʛʦ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ 15. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ çʚʳʣʝʪʘè ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʙʦʢʦʚʳʭ ʩʪʝ-

ʥʦʢ ʥʘ ʫʨʦʚʥʝ ʬʣʦʢʠʨʫʝʤʳʭ ʥʠʪʝʡ ʫʩʪʘʥʦʚʣʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ 17. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʣʝʢʪʨʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʫʛʦʣʢʠ ʩ ʫʛʣʦʤ 

ʨʘʩʢʨʳʪʠʷ 30
0
ï40

0
 ʠ ʩʪʦʨʦʥʦʡ 20 ʤʤ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʜʦʣʴ ʢʨʘʡʥʠʭ ʥʠʪʝʡ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 20 ʤʤ ʦʪ ʥʠʭ ʚʜʦʣʴ ʚʩʝʡ ʜʣʠʥʳ ʬʣʦʢʘʪʦʨʘ. 
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12. ʊɽʍʅʆʃʆɻʀʗ ʆʊɼɽʃʂʀ ʄɸʊɽʈʀɸʃʆɺ ʄʅʆɻʆʎɺɽʊʅʓʄʀ 

ɺʆʈʉʆɺʓʄʀ ʋɿʆʈɸʄʀ ʉ ʀʉʇʆʃʔɿʆɺɸʅʀɽʄ 

ʅɽʆɼʅʆʈʆɼʅʆɻʆ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ 

 

ɺ ʨʘʟʜ. 9.3 ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ ʦʩ-

ʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ [96], [112], [115]. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʳʭ ʨʠʩʫʥʢʦʚ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴʥʳʭ 

ʦʛʨʘʥʠʯʠʚʘʶʱʠʭ ʩʝʪʯʘʪʳʭ ʰʘʙʣʦʥʦʚ [94], [95], ʪ. ʝ. ʩʧʦʩʦʙʘ ʧʝʯʘʪʠ ʚʦʨʩʦʤ, ʢʦ-

ʪʦʨʳʡ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʨʘʜʠʮʠʦʥʥʳʤ, ʫʧʦʤʷʥʫʪʳʡ ʩʧʦʩʦʙ ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʚ 

ʨʝʘʣʠʟʘʮʠʠ. ʕʪʦʪ ʩʧʦʩʦʙ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ, ʯʪʦ ʠʟ ʦʜʥʦʛʦ ʙʫʥ-

ʢʝʨʘ ʧʦʜʘʶʪ ʩʤʝʩʴ ʜʚʫʭ ʚʦʨʩʦʚ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʠ ʩ ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ (ʨʠʩ. 12.1). ʀʜʝʷ ʩʧʦʩʦʙʘ ʚʝʩʴʤʘ ʠʥʪʝʨʝʩʥʘ, ʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ 

ʚʧʦʣʥʝ ʪʝʭʥʦʣʦʛʠʯʥʦʡ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʤʝʩʠ ʜʚʫʭ ʚʦʨʩʦʚ, ʩʚʦʡ-

ʩʪʚʘ ʢʦʪʦʨʳʭ ʙʫʜʫʪ ʧʦʩʪʝʧʝʥʥʦ ʚʳʨʘʚʥʠʚʘʪʴʩʷ, ʠ ʵʬʬʝʢʪ ʠʩʯʝʟʘʝʪ. ɺʦʟʤʦʞʥʦ-

ʩʪʠ ʤʝʪʦʜʘ ʦʛʨʘʥʠʯʝʥʳ ʪʦʣʴʢʦ ʜʚʫʤʷ ʮʚʝʪʘʤʠ ʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʧʨʦʩʪʳʤʠ ʫʟʦʨʘ-

ʤʠ.  

 
 
 
             ȴȮȹ 
 
 
 
 
 
 
 
 
 

ʈʠʩ. 12.1. ʉʭʝʤʘ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʬʣʦʢʘʪʦʨʘ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʦʤ: 

1 ï ʧʦʜʘʶʱʠʡ ʙʫʥʢʝʨ; 2 ï ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ ʠʟ ʧʘʨʘʣʣʝʣʴʥʳʭ 

ʧʨʦʚʦʜʥʠʢʦʚ; 3 ï ʥʠʞʥʠʡ ʟʘʟʝʤʣʝʥʥʳʡ ʵʣʝʢʪʨʦʜ 

 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʪʝʭʥʦʣʦʛʠʠ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʤ ʨʝʰʝʥʠʷʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʧʫʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ʋʢʘ-

ʟʘʥʥʳʡ ʩʧʦʩʦʙ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʝʪ ʩʧʝʮʠʬʠʢʫ ʜʚʠʞʝʥʠʷ ʚʦʨʩʘ ʚ ʥʝʦʜ-

ʥʦʨʦʜʥʦʤ ʧʦʣʝ. 

  

1 

2 
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12.1. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 

 ʧʦʣʝ 

 

ʇʨʠʤʝʥʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʭʥʦʣʦʛʠʶ, ʦʧʠʩʘʥʥʫʶ ʚ ʨʘʙʦ-

ʪʘʭ [102]ï[105], [112], [115] ʠ ʦʙʣʘʜʘʶʱʫʶ ʙʦʣʴʰʠʤ ʩʧʝʢʪʨʦʤ ʚʦʟʤʦʞʥʦʩʪʝʡ. 

ʉʶʜʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʦʪʥʦʩʠʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫ-

ʯʘʝʤʦʛʦ ʫʟʦʨʘ ʧʫʪʝʤ ʚʳʙʦʨʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʜʠʥʘʤʠʢʫ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʫʟʦʨʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ 

ʙʳʣ ʧʨʦʚʝʜʝʥ ʨʷʜ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʚʠʜʝ ʨʷʜʘ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʇʦʣʦʩʳ, ʧʦʣʫʯʘʝʤʳʝ ʧʨʠ ʪʘʢʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ ʵʣʝʢʪʨʦʜʦʚ, ʧʦʢʘʟʘʥʳ ʥʘ ʨʠʩ. 12.2. 

 

 

ʈʠʩ. 12.2. ʆʙʨʘʟʝʮ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ, ʧʦʣʫʯʝʥʥʦʛʦ 

ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ 

 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʧʦʣʷ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ, 

ʭʘʨʘʢʪʝʨ ʚʣʠʷʥʠʷ ʝʛʦ ʧʘʨʘʤʝʪʨʦʚ ʜʦʣʞʝʥ ʙʳʪʴ ʘʥʘʣʦʛʠʯʥʳʤ ʧʦʣʷʤ ʙʦʣʝʝ ʩʣʦʞ-

ʥʦʡ ʢʦʥʬʠʛʫʨʘʮʠʠ. ɺʳʚʦʜʳ, ʩʜʝʣʘʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, 

ʤʦʞʥʦ ʨʘʩʧʨʦʩʪʨʘʥʠʪʴ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʢʦʥʩʪʨʫʢ-

ʮʠʠ. 

 

12.2. ɺʣʠʷʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘ ʰʠʨʠʥʫ 

 ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ  

 

ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣ ʚʳʙʨʘʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʧʘʨʘʣʣʝʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ. ɻʨʘʥʠʮʳ ʩʦʟʜʘʚʘʝ-

ʤʦʛʦ ʠʤ ʨʠʩʫʥʢʘ (ʧʨʠ ʜʘʥʥʦʡ ʬʦʨʤʝ ʵʣʝʢʪʨʦʜʘ ʵʪʦ ʧʘʨʘʣʣʝʣʴʥʳʝ ʚʦʨʩʦʚʳʝ ʧʦ-

ʣʦʩʳ) ʜʦʩʪʘʪʦʯʥʦ ʯʝʪʢʠʝ, ʧʦʵʪʦʤʫ ʟʘ ʢʨʠʪʝʨʠʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʧʦʪʝʥʮʠʘʣʘ ʚʳ-

ʙʨʘʥʘ ʰʠʨʠʥʘ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ. ʇʦ ʢʘʞʜʦʤʫ ʧʦʣʫʯʝʥʥʦʤʫ ʦʙʨʘʟʮʫ ʧʨʦʚʦʜʠʣʠ 



 

212 

ʩʝʨʠʶ ʠʟ 15 ʠʟʤʝʨʝʥʠʡ, ʦʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ 

ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,9. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʣʠʘʤʠʜ-

ʥʳʡ ʚʦʨʩ ʜʣʠʥʦʡ 1 ʤʤ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ. ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʝʨʭ-

ʥʝʤ ʵʣʝʢʪʨʦʜʝ ʫʩʪʘʥʘʚʣʠʚʘʣʠ ʧʦʩʪʦʷʥʥʳʤ ʠ ʨʘʚʥʳʤ U0 = 35 ʢɺ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʜʦ ʦʩʥʦʚʳ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ 7 ʩʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ 35 ʤʤ, ʜʠʘʤʝʪʨ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʵʣʝʢʪʨʦʜʦʚ   

3 ʤʤ, ʚʨʝʤʷ ʬʣʦʢʠʨʦʚʘʥʠʷ 12 ʩ. 

ʇʦʜʘʚʘʝʤʦʝ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ ʥʘʧʨʷʞʝʥʠʝ U1 ʚ ʜʚʫʭ ʩʣʫʯʘʷʭ 

(1, 2) ʙʳʣʦ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʳ U0, ʪ. ʝ. ʦʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ȹU = U1 ï U0 > 0, 

ʚ 9 ʚʘʨʠʘʥʪʘʭ (4ï12) ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ U1 ʫʤʝʥʴʰʘʣʦʩʴ ʧʨʠ ʪʦʤ ʞʝ ʟʥʘʯʝ-

ʥʠʠ U0, ʪ. ʝ. ȹU = U1 ï U0 < 0 (ʪʘʙʣ. 12.1). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥ ʛʨʘʬʠʢ ʰʠ-

ʨʠʥʳ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʨʦ-

ʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢʪʨʦʜʝ ȹU (ʨʠʩ. 12.3). 

 

ʊʘʙʣʠʮʘ 12.1. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʅʦʤʝʨ 

ʦʙʨʘʟʮʘ 

ʅʘʧʨʷʞʝʥʠʝ  

U1, ʢɺ 

ʆʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ǤU, ʢɺ 
ʐʠʨʠʥʘ 

ʧʦʣʦʩʳ L, ʤʤ 

1 39 4 18,0 Ñ 1,5 

2 37 2 16,5 Ñ 1,0 

3 35 0 13,0 Ñ 1,0 

4 33 - 2 10,0 Ñ 0,5 

5 31 - 4 8,5 Ñ 0,5 

6 29 - 6 7,0 Ñ 0,5 

7 27 - 8 8,0 Ñ 0,5 

8 25 - 10 11,0 Ñ 1,0 

9 23 - 12 14,0 Ñ 1,0 

10 21 - 14 18,0 Ñ 1,5 

11 19 - 16 22,0 Ñ 1,5 

12 17 - 18 26,0 Ñ 2,0 
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ʈʠʩ. 12.3. ɿʘʚʠʩʠʤʦʩʪʴ ʰʠʨʠʥʳ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ ʦʪ ʥʘʧʨʷʞʝʥʠʷ 

ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢʪʨʦʜʝ 

 

ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʩʠʪ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɸʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʬʫʥʢ-

ʮʠʷ ʜʣʷ L (ʩʤ) ʩ ʚʝʣʠʯʠʥʦʡ ʜʦʩʪʦʚʝʨʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ R
2
 = 0,980 4 ʜʣʷ ʜʘʥʥʦ-

ʛʦ ʩʣʫʯʘʷ ʠʤʝʝʪ ʚʠʜ 

L = 0,012 2æU
2
 + 0,134æU + 1,15; 

ȹU min = -5,5 ʢɺ. 

ʇʦʣʫʯʝʥʥʘʷ ʬʫʥʢʮʠʷ ʦʪ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢʪʨʦʜʝ ʠʤʝʝʪ 

ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʠʥʠʤʫʤ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʪʦʛʦ ʬʘʢʪʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʨʘʩ-

ʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ ʦʪʢʣʦʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

ʇʝʨʚʳʡ ʩʣʫʯʘʡ, ʢʦʛʜʘ ʧʦʪʝʥʮʠʘʣ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʙʦʣʴʰʝ ʧʦ-

ʪʝʥʮʠʘʣʘ ʚʝʨʭʥʝʛʦ. ɺʦʨʩʠʥʢʠ ʧʨʠʦʙʨʝʪʘʶʪ ʪʦʛʜʘ ʥʝʢʦʪʦʨʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘ-

ʨʷʜ -q0 ʠ ʠʩʧʳʪʳʚʘʶʪ ʧʨʠʪʷʞʝʥʠʝ ʢ ʧʨʦʚʦʜʥʠʢʘʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʠ 

ʧʨʠ ʜʚʠʞʝʥʠʠ ʩʤʝʱʘʶʪʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʢ ʥʠʤ. ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ 

ȹU = U1 ï U0 ʩʫʱʝʩʪʚʝʥʥʘ, ʪʦ ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ, ʠʤʝʶʱʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʩʢʦʨʦʩʪʴ 

ʠ ʜʚʠʛʘʶʱʘʷʩʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʫʜʘʣʝʥʠʠ ʦʪ ʧʨʦʚʦʣʦʢ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, 

ʤʠʥʫʝʪ ʠʭ, ʥʝ ʧʝʨʝʟʘʨʷʞʘʷʩʴ. ɼʘʣʝʝ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʧʦʣʝ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ 

ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ. ʇʨʦʠʩʭʦʜʠʪ ʠʭ ʪʦʨʤʦʞʝʥʠʝ, ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ 

ʨʘʟʨʷʞʘʝʪʩʷ ʧʨʠ ʚʩʪʨʝʯʝ ʩ ʚʦʨʩʠʥʢʘʤʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʛʦ ʟʘʨʷʜʘ. ʕʪʦ ʚʝʜʝʪ ʢ 

ʠʟʤʝʥʝʥʠʶ ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ ʚʦʨʩʘ ʚ ʜʘʥʥʦʡ ʦʙʣʘʩʪʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢ ʠʟʤʝ-

ʥʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺʦʨʩʦʚʘʷ ʧʦʣʦʩʘ çʨʘʟʤʳʚʘʝʪʩʷè. 

ʇʨʠ ʦʜʠʥʘʢʦʚʦʤ ʧʦʪʝʥʮʠʘʣʝ ʚʝʨʭʥʝʛʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʦʚ 

ʯʘʩʪʴ ʚʦʨʩʠʥʦʢ ʟʘʨʷʞʘʝʪʩʷ ʚ ʟʦʥʝ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʦʢʦʣʦ ʧʨʦʚʦʣʦʢ ʧʨʦ-

ʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʘ ʯʘʩʪʴ ï ʧʨʠ ʢʦʥʪʘʢʪʝ ʩ ʥʠʤʠ. ɿʘʨʷʞʝʥʥʳʝ ʚʦʨʩʠʥʢʠ 

ʜʚʠʛʘʶʪʩʷ ʢ ʩʝʨʝʜʠʥʝ ʧʦʣʦʩʳ. ʉʣʘʙʦ ʟʘʨʷʞʝʥʥʳʝ ʠʣʠ ʥʝʟʘʨʷʞʝʥʥʳʝ ʚʦʨʩʠʥʢʠ 
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ʧʨʦʭʦʜʷʪ ʤʝʞʜʫ ʧʨʦʚʦʣʦʢʘʤʠ, ʛʜʝ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʥʘʠʤʝʥʴʰʘʷ, ʠ ʪʘʢʞʝ 

ʧʦʧʘʜʘʶʪ ʚ ʩʝʨʝʜʠʥʫ ʧʦʣʦʩʳ ʠʣʠ ʙʣʠʟʢʦ ʢ ʥʝʡ. 

ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢʪʨʦʜʝ ʥʠʞʝ, 

ʯʝʤ ʥʘ ʚʝʨʭʥʝʤ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʢʦʣʦ ʧʦʜʘʶʱʝʡ ʩʝʪʢʠ 

ʙʫʜʝʪ ʦʪʣʠʯʥʘ ʦʪ 0 ʠ ʥʘʧʨʘʚʣʝʥʘ ʚʥʠʟ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʦʨʩʠʥʢʠ ʧʨʠʦʙʨʝʪʘʶʪ 

ʥʝʢʦʪʦʨʳʡ ʟʘʨʷʜ q0 ʠ ʜʚʠʛʘʶʪʩʷ ʚʥʠʟ, ʤʠʥʫʷ ʧʦ ʧʫʪʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ. 

ɽʩʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʜʦʩʪʘʪʦʯʥʦ ʩʫʱʝʩʪʚʝʥʥʘ, ʪʦ ʯʘʩʪʴ 

ʚʦʨʩʠʥʦʢ, ʠʤʝʶʱʘʷ ʜʦʩʪʘʪʦʯʥʫʶ ʩʢʦʨʦʩʪʴ, ʧʨʦʭʦʜʠʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ 

ʙʝʟ ʢʘʩʘʥʠʷ ʠ ʧʝʨʝʟʘʨʷʜʢʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʣʘʙʦ ʦʪʢʣʦʥʷʷʩʴ ʦʪ ʪʨʘʝʢʪʦʨʠʠ 

ʧʝʨʚʦʥʘʯʘʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʦʙʨʘʟʫʶʱʘʷʩʷ ʚʦʨʩʦʚʘʷ 

ʧʦʣʦʩʢʘ ʠʟʥʘʯʘʣʴʥʦ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʰʠʨʠʥʫ. 

ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʥʝ ʚʝʣʠʢʘ, ʪʦ ʚʦʨʩʠʥʢʠ ʚ ʚʝʨʭʥʝʡ ʟʦʥʝ ʧʨʠʦʙ-

ʨʝʪʘʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʳʡ ʟʘʨʷʜ. ʇʦʵʪʦʤʫ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʚʦʨʩʠʥʦʢ ʢ ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʤʫ ʵʣʝʢʪʨʦʜʫ ʤʘʣʘ. ɺʦʨʩʠʥʢʠ ʥʝ ʧʨʦʣʝʪʘʶʪ ʤʠʤʦ, ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʦʥʠ 

ʧʝʨʝʟʘʨʷʞʘʶʪʩʷ ʠ ʜʚʠʛʘʶʪʩʷ ʜʘʣʴʰʝ, ʩʪʨʝʤʷʩʴ ʧʦʧʘʩʪʴ ʚ ʩʝʨʝʜʠʥʫ ʧʦʣʦʩʳ. ʊ. ʝ. 

ʩʫʱʝʩʪʚʫʝʪ ʧʦʪʝʥʮʠʘʣ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ U1, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʠʙʦʣʴʰʝʝ 

ʯʠʩʣʦ ʚʦʨʩʠʥʦʢ ʧʨʠʦʙʨʝʪʘʝʪ ʟʘʨʷʜ ʫ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʦʙʝʩʧʝʯʠʚʘʷ, 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʠʤʝʥʴʰʫʶ ʰʠʨʠʥʫ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ. ʇʦʣʦʞʝʥʠʝ ʤʠʥʠʤʫʤʘ 

ʜʣʷ ʢʘʞʜʦʛʦ ʢʦʥʢʨʝʪʥʦʛʦ ʩʣʫʯʘʷ, ʚʝʨʦʷʪʥʦ, ʟʘʚʠʩʠʪ ʦʪ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʠ ʵʣʝʢ-

ʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʠ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ (ʪʦʯʥʝʝ, 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʚʦʣʦʢʘʤʠ ʵʣʝʢʪʨʦʜʘ). 

ʅʘ ʦʩʥʦʚʝ ʚʠʟʫʘʣʴʥʦʛʦ ʦʩʤʦʪʨʘ ʦʙʨʘʟʮʦʚ ʚʠʜʥʦ, ʯʪʦ ʮʝʥʪʨ ʚʩʝʭ ʚʦʨʩʦʚʳʭ 

ʧʦʣʦʩ ʨʘʩʧʦʣʦʞʝʥ ʯʝʪʢʦ ʚ ʩʝʨʝʜʠʥʝ ʤʝʞʜʫ ʧʨʦʚʦʜʥʠʢʘʤʠ. ʐʠʨʠʥʘ ʧʦʣʦʩʳ 

ʠʤʝʝʪ ʷʚʥʳʡ ʤʠʥʠʤʫʤ ʧʨʠ ȹU = -5,5 ʢɺ. ʆʪʢʣʦʥʝʥʠʝ ʦʪ ʵʪʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢʪʨʦʜʝ ʚʝʜʝʪ ʢ ʨʦʩʪʫ ʰʠʨʠʥʳ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ, ʘ ʛʨʘʥʠʮʳ 

ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʤʳʪʳʤʠ. ʇʣʦʪʥʦʩʪʴ ʚʦʨʩʘ ʧʦ ʚʩʝʡ ʰʠʨʠʥʝ ʧʦʣʦʩ ʧʨʠ ȹU < 0 ʩʪʘ-

ʥʦʚʠʪʩʷ ʙʦʣʝʝ ʨʘʚʥʦʤʝʨʥʦʡ, ʥʦ ʩʥʠʞʘʝʪʩʷ, ʘ ʛʨʘʥʠʮʳ ʩʪʘʥʦʚʷʪʩʷ ʙʦʣʝʝ ʯʝʪʢʠʤʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʧʘʨʘʤʝʪʨʘʤʠ ʧʦʣʫʯʘʝʤʦʛʦ ʫʟʦʨʘ, ʪʘʢ ʠ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʵʢʩʢʣʶʟʠʚʥʳʭ ʨʠʩʫʥʢʦʚ. ʅʘʧʨʠʤʝʨ, ʙʣʠʟʢʠʝ ʮʚʝʪʘ ʩʦʟʜʘʜʫʪ ʧʣʘʚʥʳʡ 

ʨʘʟʤʳʪʳʡ ʧʝʨʝʭʦʜ, ʘ ʜʚʘ ʢʦʥʪʨʘʩʪʥʳʭ ʮʚʝʪʘ, ʧʨʠ ʧʨʘʚʠʣʴʥʦʤ ʧʦʜʙʦʨʝ, ʥʘ ʛʨʘ-

ʥʠʮʝ ʩʤʝʰʘʶʪʩʷ ʠ ʦʙʨʘʟʫʶʪ ʪʨʝʪʠʡ ʮʚʝʪ. 

 
12.3. ɺʣʠʷʥʠʝ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʫʩʪʘʥʦʚʢʠ  

 ʠ ʫʩʣʦʚʠʡ ʬʣʦʢʠʨʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ  

 ʨʠʩʫʥʢʘ 

 

ɼʘʥʥʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ ʠ ʪʝʭʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʘʝʤʦ-

ʛʦ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʢʨʠʪʝʨʠʷ ʙʳʣʘ ʚʳʙʨʘʥʘ ʰʠʨʠʥʘ ʚʦʨ-

ʩʦʚʦʡ ʧʦʣʦʩʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʚ ʚʠʜʝ ʧʘʨʘʣʣʝʣʴ-

ʥʳʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʧʨʦʚʦʜʥʠʢʦʚ ʠ ʧʦʣʫʯʝʥʳ ʵʤʧʠʨʠʯʝʩʢʠʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ.  

ʅʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʘ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚ-

ʣʝʥʥʳʭ ʚ ʨʘʟʜ. 12.1, 12.2 ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘ ʩʪʨʫʢʪʫʨʫ ʚʦʨʩʦʚʦʛʦ ʨʠ-
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ʩʫʥʢʘ, ʧʦʣʫʯʘʝʤʦʛʦ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ, ʚʣʠʷʝʪ ʧʦʜʘʚʘʝʤʦʝ ʥʘ 

ʵʣʝʢʪʨʦʜʳ ʥʘʧʨʷʞʝʥʠʝ, ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ, ʨʘʩʩʪʦʷʥʠʝ ʦʪ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʘ ʜʦ ʦʩʥʦʚʳ ʩ ʢʣʝʝʚʳʤ ʩʣʦʝʤ, ʘ ʪʘʢʞʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʘʤʦʛʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʇʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʥʘʮʝʣʝʥʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʥʘ ʚʳʷʚʣʝʥʠʝ 

ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʪʘʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʢʘʢ ʨʘʩʩʪʦʷʥʠʷ ʦʪ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʜʦ ʚʝʨʭʥʝʛʦ ʠ ʥʠʞʥʝʛʦ ʵʣʝʢʪʨʦʜʦʚ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞ-

ʜʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʣʝʢʪʨʦʜʘ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʠ ʪ. ʧ., ʩ 

ʰʠʨʠʥʦʡ, ʧʦʣʫʯʘʝʤʳʭ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʥʦʚʳ. ʊ. ʝ. ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʣʷ ʧʦʣʫʯʝʥʥʳʭ ʵʤʧʠʨʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʦʩʷʪ 

ʩʫʛʫʙʦ ʯʘʩʪʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʥʠ ʧʦʣʫʯʝʥʳ ʜʣʷ ʚʦʨʩʘ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʛʝʦʤʝʪʨʠ-

ʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʠ ʪ. ʜ., ʦʜʥʘʢʦ ʭʘʨʘʢʪʝʨ 

ʚʟʘʠʤʦʩʚʷʟʝʡ ʜʦʣʞʝʥ ʥʦʩʠʪʴ ʜʦʩʪʘʪʦʯʥʦ ʦʙʱʠʡ ʭʘʨʘʢʪʝʨ. 

ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʦʜʠʥʘʢʦʚʦ-

ʛʦ ʧʦʪʝʥʮʠʘʣʘ ʢ ʚʝʨʭʥʝʤʫ ʠ ʧʨʦʤʝʞʫʪʦʯʥʦʤʫ ʵʣʝʢʪʨʦʜʘʤ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ ʵʪʦʛʦ 

ʪʨʝʙʫʝʪʩʷ ʪʦʣʴʢʦ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʝʣʠʪʝ-

ʣʷ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ ʪʨʝʙʫʝʤʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢ-

ʪʨʦʜʝ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʦʧʳʪ ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʝ ʬɻ-

ʬʝʢʪʠʚʥʳʤ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʚʦ ʬʣʦʢʘʪʦʨʝ ʧʘʨʘʣʣʝʣʴʥʦ ʪʦʢʫ, ʪʝʢʫʱʝʤʫ ʯʝʨʝʟ ʜʝ-

ʣʠʪʝʣʴ, ʪʝʯʝʪ ʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʥʝ ʩʪʘ-

ʙʠʣʴʥʘ. ʕʪʦ ʘʥʘʣʦʛʠʯʥʦ ʧʦʜʢʣʶʯʝʥʠʶ ʧʘʨʘʣʣʝʣʴʥʦ ʜʝʣʠʪʝʣʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʧʝʨʝʤʝʥʥʦʡ ʚʝʣʠʯʠʥʳ. ʇʦʵʪʦʤʫ ʦʙʝʩʧʝʯʠʪʴ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 

ʧʨʦʤʝʞʫʪʦʯʥʦʤ ʵʣʝʢʪʨʦʜʝ ʩ ʧʦʤʦʱʴʶ ʜʝʣʠʪʝʣʷ ʥʝ ʫʜʘʝʪʩʷ.   

ʐʠʨʠʥʫ ʧʦʣʫʯʘʝʤʳʭ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ ʦʧʨʝʜʝʣʷʣʠ, ʫʩʨʝʜʥʷʷ ʠʟʤʝʨʝʥʠʷ 

ʢʘʢ ʚʜʦʣʴ ʧʦʣʦʩʳ, ʪʘʢ ʠ ʜʣʷ ʨʘʟʥʳʭ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʦʣʦʩ. ɹʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦ-

ʣʠʘʤʠʜʥʳʡ ʚʦʨʩ ʜʣʠʥʦʡ 1 ʤʤ ʠ ʣʠʥʝʡʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ. ʇʦ ʢʘʞʜʦʤʫ 

ʦʙʨʘʟʮʫ ʧʨʦʚʦʜʠʣʠ 15 ʠʟʤʝʨʝʥʠʡ ʠ ʦʧʨʝʜʝʣʷʣʠ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʰʠʨʠʥʳ ʚʦʨ-

ʩʦʚʦʡ ʧʦʣʦʩʳ ʩ ʜʦʚʝʨʠʪʝʣʴʥʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ 0,9. 

ʇʝʨʚʳʡ ʬʘʢʪʦʨ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦʛʦ ʦʮʝʥʠʚʘʣʠ, ï ʵʪʦ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨ-

ʩʘ. ʀʤʝʥʥʦ ʵʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ ʙʳʣʦ ʨʘʚʥʳʤ 30 ʢɺ, 

ʚʳʩʦʪʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘʜ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʩʦʩʪʘʚʣʷʣʘ 7 ʩʤ. ɺʦ 

ʚʪʦʨʦʤ ʚʘʨʠʘʥʪʝ ʥʘʧʨʷʞʝʥʠʝ 45 ʢɺ, ʧʨʠ ʪʦʡ ʞʝ ʚʳʩʦʪʝ. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢ-

ʪʨʦʜ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʨʷʜ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨ-

ʤʳ. ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ ï 3,5 ʩʤ, ʜʠʘʤʝʪʨ ʧʨʦʚʦʜʥʠʢʦʚ ï 3 ʤʤ. 

ɿʜʝʩʴ ʥʝ ʙʫʜʝʪ ʧʨʝʜʩʪʘʚʣʝʥ ʛʨʘʬʠʯʝʩʢʠʡ ʚʠʜ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʠʟ-ʟʘ ʠʭ ʯʘʩʪʥʦʛʦ ʭʘʨʘʢʪʝʨʘ. ɺʳʙʦʨ ʚʠʜʘ ʵʤʧʠʨʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʨʝʜʝ-

ʣʷʣʩʷ ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  

ʍʘʨʘʢʪʝʨ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝ ʤʦʞʝʪ ʠʤʝʪʴ ʤʘʢʩʠʤʫʤʘ, ʧʦʩʢʦʣʴʢʫ 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʤʦʞʝʪ ʪʦʣʴʢʦ ʚʦʟʨʘʩʪʘʪʴ. ʆʜʥʘʢʦ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʞʝʥ 

ʠʤʝʪʴ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ. ɺ ʦʙʣʘʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʝʥʥʦʡ ʦʪ ʘʩʠʤʧ-

ʪʦʪʳ, ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʘʷ ʬʫʥʢʮʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʶʱʘʷ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ 

ʥʘʥʝʩʝʥʠʷ ʰʠʨʠʥʘ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ ʨʘʩʪʝʪ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʚʦʨʩ ʥʝ ʧʦʢʨʳʚʘʝʪ 

ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʜ ʧʨʦʚʦʜʥʠʢʘʤʠ ʵʣʝʢʪʨʦʜʘ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʚʘʨʠʘʥʪ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ, ʙʝʟʫʩʣʦʚʥʦ, ʥʝ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ, ʥʦ ʦʥ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘ ʦʩʥʦʚʝ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʚʳ-

ʯʠʩʣʠʪʴ ʚʨʝʤʷ ʧʦʣʥʦʛʦ ʟʘʧʦʣʥʝʥʠʷ ʠʥʪʝʨʚʘʣʘ L = 35 ʤʤ. ʕʪʦ ʚʨʝʤʷ ʨʘʚʥʦ 70 ʩ, 

ʯʪʦ ʚʧʦʣʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʚʪʦʨʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʩʝʨʠʠ (U = 45 ʢɺ) ʧʦʣʫʯʝʥ ʘʥʘʣʦʛʠʯʥʳʡ 

ʚʠʜ ʟʘʚʠʩʠʤʦʩʪʠ ʩ ʠʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
 

02,197,3 += tL . 
 

ɺʨʝʤʷ ʟʘʧʦʣʥʝʥʠʷ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʩʪʘʚʠʪ 73 ʩ. 

ʉʣʝʜʫʶʱʠʤ ʧʦ ʚʘʞʥʦʩʪʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʚʣʠʷʥʠʝ ʢʦʪʦʨʦ-

ʛʦ ʥʝʦʙʭʦʜʠʤʦ ʙʳʣʦ ʦʮʝʥʠʪʴ, ï ʵʪʦ ʥʘʧʨʷʞʝʥʠʝ, ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʵʣʝʢʪʨʦʜʳ.  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

(ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠ ʥʠʞʥʠʤ) ʩʦʩʪʘʚʣʷʣʦ 7 ʩʤ, ʚʨʝʤʷ ʬʣʦʢʠʨʦʚʘʥʠʷ ʙʳʣʦ ʧʦʩʪʦ-

ʷʥʥʳʤ ʠ ʩʦʩʪʘʚʣʷʣʦ 6 ʩ. ɺʘʨʴʠʨʦʚʘʣʦʩʴ ʧʦʜʘʚʘʝʤʦʝ ʥʘ ʵʣʝʢʪʨʦʜʳ ʥʘʧʨʷʞʝʥʠʝ.  

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʤʧʠʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

L = ï0,34U + 22,5. 
 

ʇʦʣʫʯʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʫʛʫʙʦ ʣʠʥʝʡʥʘ, ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʜʘʚʘʝʤʦʛʦ 

ʥʘ ʵʣʝʢʪʨʦʜʳ ʥʘʧʨʷʞʝʥʠʷ ʰʠʨʠʥʘ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ ʫʤʝʥʴʰʘʝʪʩʷ. ʅʝ ʚʧʦʣʥʝ 

ʷʩʥʦ, ʢʘʢ ʩʣʝʜʫʝʪ ʪʨʘʢʪʦʚʘʪʴ ʪʦ, ʯʪʦ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ U = 66 ʢɺ ʰʠʨʠʥʘ ʚʦʨʩʦ-

ʚʦʡ ʧʦʣʦʩʳ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ ʥʫʣʶ. ʕʪʦ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ ʧʨʦʚʝʨʠʪʴ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʦ, ʧʦʩʢʦʣʴʢʫ ʪʘʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 

7 ʩʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ, ʨʘʚʥʦʡ ɽ å 9,5 ʢɺ/ʩʤ. ʊʘʢʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ 

ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʠʞʠʤʘ ʠʟ-ʟʘ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʨʦʙʦʷ. ʄʦʞʥʦ ʧʨʝʜ-

ʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʙʫʜʝʪ ʠʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʘʥʥʘʷ ʵʤʧʠʨʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʧʦʣʥʝ ʦʙʦʩʥʦʚʘʥʘ ʚ ʨʘʤʢʘʭ 

ʨʘʙʦʯʝʛʦ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ. 

ɼʘʣʝʝ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ, ʦʙʨʘʟʦʚʘʥʥʳʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ, ʠ ʥʠʞʥʠʤ ʵʣʝʢ-

ʪʨʦʜʦʤ ʥʘ ʰʠʨʠʥʫ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ. ʕʪʘ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʦʣʴʰʦʡ ʠʥ-

ʪʝʨʝʩ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʠʩʫʥʢʘ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʪʦʡ ʩʝʨʠʠ ʠʟʤʝʨʝʥʠʡ ʚʘʨʴ-

ʠʨʦʚʘʣʦʩʴ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʠ ʥʠʞʥʠʤ ʟʘʟʝʤʣʝʥʥʳʤ ʵʣʝʢʪʨʦ-

ʜʘʤʠ (h, ʩʤ). ʇʦʜʘʚʘʝʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʦʩʪʘʚʘʣʦʩʴ ʧʦʩʪʦʷʥʥʳʤ ï 35 ʢɺ, ʚʨʝʤʷ 

ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʦʩʪʘʚʣʷʣʦ 6 ʩ. ʕʤʧʠʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʜʣʷ ʜʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥ-

ʪʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ L(h), ʚ ʤʤ, ʩʣʝʜʫʶʱʘʷ: 
 

L = 0,036h
2
 + 0,26h + 9,71. 

ʇʦʣʫʯʝʥʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦ-

ʷʥʠʷ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʰʠʨʠʥʘ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʨʠ ʨʘʩʩʪʦʷ-
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ʥʠʠ, ʨʘʚʥʦʤ h = 23 ʩʤ, ʠ ʧʨʠ ʜʘʥʥʦʤ ʚʨʝʤʝʥʠ ʬʣʦʢʠʨʦʚʘʥʠʷ (6 ʩ) ʚʝʩʴ ʧʨʦʤʝʞʫ-

ʪʦʢ ʤʝʞʜʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʙʫʜʝʪ ʟʘʧʦʣʥʝʥ ʚʦʨʩʦʤ: L (23 ʩʤ) =   

= 35 ʤʤ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ, ʚʝʨʦʷʪʥʦ, ʚʥʦʚʴ ʩʚʷʟʘʥ ʩ ʥʝʙʦʣʴʰʠʤ ʜʠʘʧʘʟʦʥʦʤ ʠʟ-

ʤʝʥʝʥʠʷ ʬʘʢʪʦʨʘ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 35 ʢɺ ʠ ʫʢʘʟʘʥʥʦʤ ʨʘʩʩʪʦʷ-

ʥʠʠ (23 ʩʤ) ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʙʫʜʝʪ ʤʘʣʘ ɽ = 1,5 ʢɺ/ʩʤ, ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʘʣ ʟʘ-

ʨʷʜ ʚʦʨʩʘ. ʕʪʦ ʚʝʜʝʪ ʢ ʧʣʦʭʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʦʨʩʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʪʝʨʠʘʣʘ. 

ʇʨʠ ʩʦʢʨʘʱʝʥʠʠ ʨʘʩʩʪʦʷʥʠʷ ʰʠʨʠʥʘ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ ʫʤʝʥʴʰʘʝʪʩʷ, ʥʦ 

ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ h < 5 ʩʤ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʩʣʠʰʢʦʤ ʚʳʩʦʢʘ, 

ʠ ʚʦʟʥʠʢʘʶʪ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʙʦʠ. ʇʦʵʪʦʤʫ ʜʘʥʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʥʝʣʴʟʷ ʵʢʩ-

ʪʨʘʧʦʣʠʨʦʚʘʪʴ ʚ ʵʪʫ ʦʙʣʘʩʪʴ.  

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʥʘ ʰʠʨʠʥʫ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ ʨʘʩ-

ʩʪʦʷʥʠʷ ʤʝʞʜʫ ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ D. 

ɸʥʘʣʠʟ ʵʪʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʘʞʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʥʘʤʠʢʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢ-

ʪʫʨʳ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʙʳʣʦ ʠʟʛʦʪʦʚʣʝʥʦ ʧʷʪʴ 

ʚʘʨʠʘʥʪʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩ ʨʘʩʩʪʦʷʥʠʷʤʠ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʤʠ ʧʨʦʚʦʜʥʠʢʘʤʠ: 1, 2, 3, 4 ʠ 5 ʩʤ. 

ʉ ʧʦʤʦʱʴʶ ʵʪʠʭ ʵʣʝʢʪʨʦʜʦʚ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 35 ʢɺ ʠ ʚʨʝʤʝʥʠ ʬʣʦʢʠʨʦ-

ʚʘʥʠʷ 6 ʩ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ. ʇʨʦʚʝʜʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫ-

ʯʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ ʩʦ 

ʩʣʝʜʫʶʱʠʤʠ ʯʠʩʣʦʚʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
 

L = 2,37D + 3,87. 
 

ɿʜʝʩʴ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ ʬʘʢʪʦʨʘ ʦʪ 1 ʜʦ 5 ʩʤ. ʀʟ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʩʣʝʜʫʝʪ ʧʨʦʩʪʦʡ ʚʳʚʦʜ ʦ ʪʦʤ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʧʨʦʚʦʜ-

ʥʠʢʘʤʠ ʵʣʝʢʪʨʦʜʘ ʰʠʨʠʥʘ ʚʦʨʩʦʚʦʡ ʧʦʣʦʩʳ ʙʫʜʝʪ ʨʘʩʪʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʩ ʙʦʣʝʝ ʩʣʦʞʥʦʡ ʬʦʨʤʦʡ ʨʠʩʫʥʢʘ ʵʪʘ ʪʝʥʜʝʥʮʠʷ ʙʫʜʝʪ ʩʦ-

ʭʨʘʥʷʪʴʩʷ. 
 

ɺʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʚʦʨʩʘ 

ɺʥʝʰʥʠʡ ʚʠʜ ʨʠʩʫʥʢʘ ʠ ʢʘʯʝʩʪʚʦ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ. ɻʝʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʚʦʨʩʘ ʚʣʠ-

ʷʶʪ ʥʘ ʧʣʦʪʥʦʩʪʴ ʝʛʦ ʥʘʥʝʩʝʥʠʷ, ʚʥʝʰʥʠʡ ʚʠʜ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴ ʨʝʣʴʝʬ. 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʧʨʝʜʝʣʷʶʪ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ, ʯʝʪ-

ʢʦʩʪʴ ʨʠʩʫʥʢʘ ʠ ʩʢʦʨʦʩʪʴ ʝʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ [112], [115]. 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣ ʠʟʛʦʪʦʚʣʝʥ ʨʷʜ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ, ʩʚʦʡ-

ʩʪʚʘ ʵʪʠʭ ʚʦʨʩʦʚ ʠʟʤʝʨʝʥ  rʧʦ ʤʝʪʦʜʠʢʘʤ, ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʟʜ. 2.3. ʅʘ ʦʙʨʘʟʮʘʭ 

ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʰʠʨʠʥʘ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʠ ʠʩʭʦʜʥʳʝ ʧʘ-

ʨʘʤʝʪʨʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 12.2. 

ʆʙʱʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ, ʧʨʦʷʚʣʷʶʱʘʷʩʷ ʧʨʠ ʘʥʘʣʠʟʝ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ, 

ʦʯʝʚʠʜʥʘ ï ʩʥʠʞʝʥʠʝ ʢʘʯʝʩʪʚʘ ʚʦʨʩʘ ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʰʠʨʠʥʳ ʚʦʨʩʦʚʦʡ ʧʦ-

ʣʦʩʳ. ʇʦʜʨʦʙʥʝʝ ʘʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ 

ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚʦʨʩʘ ʨʘʟʜ. 2.3), ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʠʜ ʨʠʩʫʥʢʘ, 

ʷʚʣʷʶʪʩʷ ʪʦʢ, ʩʦʟʜʘʚʘʝʤʳʡ ʟʘʨʷʞʝʥʥʳʤ ʚʦʨʩʦʤ [15], ʠ ʝʛʦ çʧʨʳʛʫʯʝʩʪʴè. ʇʨʠ 

ʚʦʟʨʘʩʪʘʥʠʠ çʧʨʳʛʫʯʝʩʪʠè (ʜʦʣʷ ʨʘʟʣʝʪʝʚʰʝʛʦʩʷ ʚʦʨʩʘ) ʠ ʪʦʢʘ ʰʠʨʠʥʘ ʚʦʨʩʦ-

ʚʦʡ ʧʦʣʦʩʳ ʫʤʝʥʴʰʘʝʪʩʷ. ʋʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʨʘʟʜʝʣʷʝʤʦʩʪʴ ʠ ʧʨʠ-
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ʩʳ. 

 

ʊʘʙʣʠʮʘ 12.2. ɺʣʠʷʥʠʝ ʩʚʦʡʩʪʚ ʚʦʨʩʘ 

ɺ
ʠʜ
 
ʚ
ʦ
ʣ
ʦ
ʢ
ʥ
ʘ

 

ɼ
ʣ
ʠ
ʥ
ʘ
,
 
ʤ
ʤ

 

ʋ
ʜ
ʝ
ʣ
ʴ
ʥ
ʘ
ʷ
 

 

ʵ
ʣ
ʝ
ʢ
ʪ
ʨ
ʦ
ʧ
ʨ
ʦ
ʚ
ʦ
ʜ
ʥ
ʦ
ʩ
ʪ
ʴ
,

 

ʆ
ʤ-

1
Āʤ

-1
 

ʈ
ʘ
ʟ
ʜ
ʝ
ʣ
ʷ
ʝ
ʤ
ʦ
ʩ
ʪ
ʴ
,
 
%

 

ʊ
ʦ
ʢ
,
 
ʤ
ʢ
ɸ

 

ʇ
ʨ
ʳ
ʛ
ʫ
ʯ
ʝ
ʩ
ʪ
ʴ
,
 
%

 

ʅ
ʘ
ʧ
ʨ
ʷ
ʞ
ʝ
ʥ
ʠ
ʝ
,
 
ʢ
ɺ

 

ɺ
ʨ
ʝ
ʤ
ʷ
,
 
ʩ

 

ʐ
ʠ
ʨ
ʠ
ʥ
ʘ
 
ʧ
ʦ
ʣ
ʦ
ʩ
ʳ
,

 

ʤ
ʤ 

ʇɸ 1,0 1,09Ĭ10
-7 

90,5 1,0 100 

30 
10 

20 

4,0 

7,6 

40 
10 

20 

3,2 

6,8 

ʇɸ 1,0 1,60Ĭ10
-8 

85,6 0,95 45 

30 
10 

20 

8,8 

9,4 

40 
10 

20 

7,9 

8,3 

ʇɸ 1,0 4,20Ĭ10
-8 

96,5 0,3 12 

30 
10 

20 

9,1 

11,3 

40 
10 

20 

8,4 

9,2 

ɺʠʩʢʦʟʥʦʝ 0,6 1,14Ĭ10
-9 

92,6 0,4 12,5 

30 
10 

20 

8,3 

9,7 

40 
10 

20 

7,5 

8,6 

ʇɸ 0,5 2,25Ĭ10
-9 

92,8 0,7 50 

30 
10 

20 

7,9 

9,4 

40 
10 

20 

7,2 

8,0 

 

ɺʣʠʷʥʠʝ ʢʦʣʝʙʘʥʠʡ ʥʘʧʨʷʞʝʥʠʷ 

ʇʨʠ ʦʪʜʝʣʢʝ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ ʬʣʦʢʠʨʦʚʘʥʥʳʤʠ ʨʠʩʫʥʢʘʤʠ ʧʦʜʘʚʘʝ-

ʤʦʝ ʥʘ ʵʣʝʢʪʨʦʜʳ ʥʘʧʨʷʞʝʥʠʝ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʧʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ. ʀʟ-

ʤʝʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚʣʠʷʝʪ ʥʘ ʩʪʨʫʢʪʫʨʫ ʬʦʨʤʠʨʫʝʤʦʛʦ ʨʠʩʫʥʢʘ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʦʪ ʟʘʜʘʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʦʨʩʦʚʳʝ ʨʠʩʫʥʢʠ ʥʘ 

ʠʟʜʝʣʠʷʭ ʙʫʜʫʪ ʦʪʣʠʯʘʪʴʩʷ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʧʦʣʫʯʘʝʤʳʭ ʚʦʨʩʦʚʳʭ 

ʨʠʩʫʥʢʦʚ ʯʘʩʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʢʘʯʝʩʪʚʘ ʦʪʜʝʣʢʠ. ʊʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤʠ ʬʘʢʪʦʨʘʤʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʧʦʩʪʦʷʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʧʨʦ-

ʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʘʧʨʷʞʝʥʠʝ, ʥʦ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʵʣʝʢ-

ʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʨʩʘ. 
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ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʣʝʙʘʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʘ ʥʘ ʰʠʨʠʥʫ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ ʙʳʣʠ ʠʟʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʩ ʦʜʠʥʘʢʦʚʳʤ 

ʚʦʨʩʦʤ ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ 35 ʠ 37 ʢɺ. ʆʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ ʩʦʭʨʘʥʷʣʠʩʴ ʧʦʩʪʦʷʥʥʳʤʠ. ɼʘʣʝʝ ʥʘ ʦʧʪʦ-ʵʣʝʢʪʨʦʥʥʦʤ ʧʨʠʙʦʨʝ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [79]ï[82], ʯʝʨʝʟ ʢʘʞʜʳʝ 2,5 ʤʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦʤ ʚʦʨʩʦʚʳʤ ʧʦʣʦʩʢʘʤ, ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʧʣʦʪʥʦʩʪʴ ʚʦʨʩʦʚʦʛʦ 

ʧʦʢʨʦʚʘ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʤʘʣʦʝ ʦʪʢʣʦʥʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ (Ñ 1 ʢɺ) ʣʠʰʴ ʥʝʟʥʘʯʠ-

ʪʝʣʴʥʦ ʚʣʠʷʝʪ ʥʘ ʰʠʨʠʥʫ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦ ʢʦʥʪʨʦʣʠ-

ʨʦʚʘʪʴ ʩʪʘʙʠʣʴʥʦʩʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚʩʝ-ʪʘʢʠ ʠʤʝʝʪ ʤʝʩʪʦ, ʠ ʦʥʦ ʤʦʞʝʪ ʙʳʪʴ ʥʝʞʝ-

ʣʘʪʝʣʴʥʳʤ. 

ɽʱʝ ʙʦʣʝʝ ʚʘʞʥʳʡ ʬʘʢʪʦʨ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʝʥ ʥʘʨʫʰʠʪʴ ʠʜʝʥʪʠʯʥʦʩʪʴ 

ʧʦʣʫʯʘʝʤʳʭ ʫʟʦʨʦʚ, ï ʵʪʦ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʦʨʩʘ. ɿʜʝʩʴ ʨʝʯʴ ʠʜʝʪ 

ʦʙ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʚʦʨʩʝ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ ʠʟʤʝʥʠʣʠʩʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ ʠʣʠ 

ʟʘ ʚʨʝʤʷ ʭʨʘʥʝʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ ʢʣʶʯʝʚʦʛʦ ʧʘʨʘʤʝʪʨʘ ʜʣʷ ʚʦʨʩʘ ʙʳʣ ʚʳʙʨʘʥ ʢʦ-

ʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʘ ʚʦʨʩʘ. ɺ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʥʠʞʝʥʠʠ ʚʣʘʞʥʦ-

ʩʪʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ, ʤʦʞʝʪ ʠʟʤʝʥʠʪʴʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ 

ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʩʨʝʜʥʠʡ ʟʘʨʷʜ ʚʦʨʩʠʥʦʢ, ʩʥʠʞʝʥʠʝ ʢʦʪʦʨʦʛʦ ʦʪʨʠʮʘʪʝʣʴʥʦ ʧʦ-

ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʵʪʦʛʦ ʚʦʧʨʦʩʘ ʦʧʨʝʜʝʣʝʥʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʨʩʘ ʙʳʣʦ ʨʘʟʤʝʱʝʥʦ ʚ ʵʢʩʠʢʘʪʦʨʝ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚʦʨʩ ʜʣʠʥʦʡ 1 ʤʤ ʠʟ ʇɸ ʚʦʣʦʢʥʘ ʣʠʥʝʡ-

ʥʦʡ ʧʣʦʪʥʦʩʪʴʶ 0,33 ʪʝʢʩ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʟʘʨʷʜʢʠ k = 4,1Ā10
-18

 ʂʣĀʤ/ɺ. ʇʦʩʣʝ 

ʥʘʭʦʞʜʝʥʠʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ ʚʣʘʞʥʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʨʷʜʢʠ ʩʪʘʣ ʨʘʚʥʳʤ 

3,1Ā10
-18

 ʂʣĀʤ/ɺ. çʇʨʳʛʫʯʝʩʪʴè ʚʦʨʩʘ, ʠʟʤʝʨʝʥʥʘʷ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ 

ʨʘʟʜ. 2.3, ʩʦʩʪʘʚʣʷʣʘ 21 ʠ 28 ʩ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʪʦʛʦ ʚʦʨʩʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʀʭ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʨ-

ʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʠʟʤʝʥʠʣʦʩʴ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝ, ʯʝʤ ʚ ʧʨʝʜʳʜʫʱʝʤ ʩʣʫʯʘʝ, ʥʦ 

ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʧʨʠ ʵʪʦʤ ʠʟʤʝʥʠʣʘʩʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʠ ʚʠʟʫʘʣʴʥʦ ʠʟʤʝʥʝʥʠʡ ʚ 

ʨʠʩʫʥʢʝ ʬʘʢʪʠʯʝʩʢʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ.  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʢʦʣʝʙʘʥʠʠ ʨʘʙʦʯʝʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʥʝ 

ʦʯʝʥʴ ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʚʦʨʩʘ, ʚʦʟʤʦʞʥʦ, ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʟʘ-

ʜʘʥʥʦʛʦ ʨʠʩʫʥʢʘ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʚʪʦʨʷʝʤʦʩʪʠ. ʆʜʥʘʢʦ ʧʦʩʪʦʷʥʥʳʡ ʢʦʥ-

ʪʨʦʣʴ ʩʚʦʡʩʪʚ ʚʦʨʩʘ ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ ʥʝʦʙʭʦʜʠʤʳʤ.  

 

12.4. ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʠ ʩʭʝʤʳ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ 

 ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ  ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ 

 

ʈʘʟʨʘʙʦʪʘʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʠ 

ʨʠʩʫʥʢʦʚ ʧʨʝʜʥʘʟʥʘʯʝʥʘ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʦʪʜʝʣʢʠ ʪʝʢʩʪʠʣʴʥʳʭ ʠʟʜʝʣʠʡ, 

ʥʦ ʧʨʠʛʦʜʥʘ ʜʣʷ ʩʘʤʦʛʦ ʰʠʨʦʢʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʠʟʜʝʣʠʡ. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʳ 

ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʣʶʙʦʡ ʧʣʦʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʢ ʢʦʪʦʨʦʤʫ ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʢʣʝʝʚʦʡ ʩʦʩʪʘʚ: ʜʝʨʝʚʦ ʠʣʠ ʤʘʪʝʨʠʘʣʳ ʥʘ ʝʛʦ ʦʩʥʦʚʝ 

(ɼʉʇ, ɼɺʇ ʠ ʪ. ʧ.), ʩʪʝʢʣʦ, ʢʝʨʘʤʠʢʘ, ʤʝʪʘʣʣ, ʢʘʨʪʦʥ ʠ ʪ. ʜ.  
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ʂ ʩʦʞʘʣʝʥʠʶ, ʥʝ ʚʩʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʭʦʨʦʰʫʶ ʘʜʛʝʟʠʶ ʢ ʧʨʠʤʝʥʷʝʤʳʤ 

ʚ ʪʝʭʥʦʣʦʛʠʠ ʬʣʦʢʠʨʦʚʘʥʠʷ ʢʣʝʝʚʳʤ ʢʦʤʧʦʟʠʮʠʷʤ. ʇʦʵʪʦʤʫ ʜʣʷ ʦʪʜʝʣʢʠ ʥʝʢʦ-

ʪʦʨʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʧʦʜʛʦʪʦʚʠʪʝʣʴʥʫʶ ʦʧʝʨʘʮʠʶ. 

ʆʥʘ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʦʯʠʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʪ ʟʘʛʨʷʟʥʝʥʠʡ, ʦʙʝʟʞʠʨʠʚʘʥʠʠ 

ʠʣʠ ʛʨʫʥʪʦʚʢʝ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘʥʝʩʝʥʠʝ ʩʚʷʟʫʶʱʝʛʦ. ɺʠʜ ʠ ʩʦ-

ʩʪʘʚ ʢʣʝʝʚʦʡ ʢʦʤʧʦʟʠʮʠʠ ʚʳʙʠʨʘʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʠ ʩʪʨʫʢʪʫʨʳ ʬʣʦʢʠ-

ʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʨʘʟʜ. 2.5). ʉʧʦʩʦʙ ʥʘʥʝʩʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ ʚʠʜʦʤ ʢʣʝʷ, ʝʛʦ ʚʷʟʢʦʩʪʴʶ ʠ ʪʨʝʙʫʝʤʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴʶ ʠ ʤʦʞʝʪ 

ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʢʠʩʪʴʶ, ʨʘʢʣʝʡ ʯʝʨʝʟ ʩʝʪʯʘʪʳʡ ʰʘʙʣʦʥ ʠʣʠ ʨʘʩʧʳʣʝʥʠʝʤ. ʇʨʠ 

ʥʘʥʝʩʝʥʠʠ ʢʣʝʷ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ ʩ ʧʦʤʦʱʴʶ ʩʝʪʯʘʪʦʛʦ ʰʘʙʣʦʥʘ ʠʩʧʦʣʴʟʫʶʪ ʘʜʛʝ-

ʟʠʚ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʧʦʣʠʤʝʨʦʚ ʠ ʧʦʣʫʯʘʶʪ ʚʦʨʩʦʚʳʡ ʨʠʩʫʥʦʢ, ʘ 

ʧʨʠ ʩʧʣʦʰʥʦʤ ʥʘʥʝʩʝʥʠʠ ʢʣʝʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠ ʧʦʩʣʝʜʫʶʱʝʤ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ 

ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʘʶʪ ʚʦʨʩʦʚʳʝ ʫʟʦʨʳ.  

ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʘʤ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ ʨʘʟʥʦʛʦ ʮʚʝʪʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʬʣʦʢʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʢʘʭ. ʉʥʘʯʘʣʘ ʥʘ ʧʝʨʚʦʡ ʫʩʪʘʥʦʚʢʝ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʫʟʦʨ ʠʟ ʚʦʨʩʘ ʧʝʨʚʦʛʦ ʮʚʝʪʘ. ɼʘʣʝʝ, ʝʩʣʠ ʨʠʩʫʥʦʢ ʜʚʫʭʮʚʝʪʥʳʡ, ʪʦ ʥʘ ʫʩʪʘʥʦʚʢʝ 

ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʥʘʥʦʩʷʪ ʚʦʨʩ ʚʪʦʨʦʛʦ ʮʚʝʪʘ, ʢʦʪʦʨʳʡ ʟʘʧʦʣʥʷʝʪ 

ʧʣʦʱʘʜʴ, ʥʝ ʟʘʥʷʪʫʶ ʧʝʨʚʳʤ ʚʦʨʩʦʤ. ɽʩʣʠ ʧʣʘʥʠʨʫʝʪʩʷ ʨʠʩʫʥʦʢ ʩ ʙʦʣʴʰʠʤ 

ʯʠʩʣʦʤ ʮʚʝʪʦʚ, ʪʦ ʧʦʩʣʝ ʧʝʨʚʦʡ ʦʧʝʨʘʮʠʠ ʜʘʣʴʥʝʡʰʝʝ ʬʣʦʢʠʨʦʚʘʥʠʝ ʚʥʦʚʴ ʚʝ-

ʜʝʪʩʷ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʦʤ ʫʞʝ ʜʨʫʛʦʡ ʬʦʨʤʳ ʠ ʚʦʨʩʦʤ ʜʨʫʛʦʛʦ ʮʚʝʪʘ. 

ʇʦʚʪʦʨʝʥʠʝ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʮʚʝʪʦʚ, ʟʘʧʣʘʥʠʨʦʚʘʥʥʳʭ ʚ 

ʨʠʩʫʥʢʝ. ɿʘʢʣʶʯʠʪʝʣʴʥʦʝ ʬʣʦʢʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʪʩʷ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʘ, ʧʦʩʣʝʜʥʠʡ ʚʦʨʩ ʟʘʧʦʣʥʷʝʪ ʩʚʦʙʦʜʥʫʶ ʧʣʦʱʘʜʴ.  

ɺʩʝ ʵʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʘʞʥʦʩʪʴ ʜʣʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʘʩʧʝʢʪʦʚ 

ʨʘʟʚʠʪʦʡ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ ʪʝʦʨʠʠ: ʦʧʠʩʘʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʧʦʣʷ ʨʷʜʘ 

ʧʨʦʚʦʜʥʠʢʦʚ, ʤʦʜʝʣʴ ʦʨʠʝʥʪʘʮʠʠ ʠ ʧʨʦʮʝʩʩʘ ʦʩʘʞʜʝʥʠʷ ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ 

ʥʘʥʝʩʝʥʠʠ ʨʘʟʥʦʛʦ ʚʦʨʩʘ. 

ʈʝʢʦʤʝʥʜʫʝʤʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʚʦʡʩʪʚ, ʛʝʦ-

ʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʧʨʠʨʦʜʳ ʚʦʨʩʘ, ʘ ʪʘʢʞʝ ʦʪ ʩʧʝʮʠʬʠʢʠ ʩʦʟʜʘʚʘʝʤʦʛʦ 

ʨʠʩʫʥʢʘ (ʨʝʣʴʝʬʥʳʡ ʫʟʦʨ, ʧʣʘʚʥʳʝ ʮʚʝʪʦʚʳʝ ʧʝʨʝʭʦʜʳ, ʯʝʪʢʠʝ ʛʨʘʥʠʮʳ ʮʚʝ-

ʪʦʚ). ʄʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ ʚ ʨʠʩʫʥʢʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʦʪʢʨʳ-

ʪʦʛʦ ʚʨʝʤʝʥʠ ʧʨʠʤʝʥʷʝʤʦʛʦ ʢʣʝʷ, ʢʦʣʠʯʝʩʪʚʘ ʬʣʦʢʠʨʫʶʱʠʭ ʫʩʪʘʥʦʚʦʢ ʠ ʮʚʝʪʦ-

ʚʦʛʦ ʨʝʰʝʥʠʷ ʩʦʟʜʘʚʘʝʤʦʛʦ ʨʠʩʫʥʢʘ. 

ɺʳʙʦʨ ʩʧʦʩʦʙʘ ʠ ʨʝʞʠʤʘ ʩʫʰʢʠ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʤʘʪʝʨʠʘʣʘ ʦʩʥʦʚʳ ʠ 

ʚʠʜʘ ʢʣʝʷ. ɹʦʣʴʰʠʥʩʪʚʦ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʥʘ ʦʩʥʦʚʝ ʚʦʜʥʳʭ ʜʠʩʧʝʨʩʠʡ ʘʢʨʠ-

ʣʦʚʳʭ ʧʦʣʠʤʝʨʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘ-

ʣʦʚ, ʪʨʝʙʫʝʪ ʜʣʷ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʫ 130ï150 
0
ʉ. ʕʪʦ ʥʝ ʚʩʝʛʜʘ ʩʦʦʪʚʝʪ-

ʩʪʚʫʝʪ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʦʩʥʦʚʳ. ɼʣʷ ʪʘʢʦʛʦ ʩʣʫʯʘʷ ʨʘʟʨʘʙʦʪʘʥʳ ʩʧʝ-

ʮʠʘʣʴʥʳʝ ʜʦʙʘʚʢʠ, ʩʥʠʞʘʶʱʠʝ ʪʝʤʧʝʨʘʪʫʨʫ ʪʝʨʤʦʬʠʢʩʘʮʠʠ ʩʚʷʟʫʶʱʝʛʦ. 

ʂʣʝʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʤʦʞʥʦ ʩʫʰʠʪʴ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʦʙʳʯʥʦ 24 ʯ), ʥʦ ʵʪʠ 
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ʢʣʝʠ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʤʝʪʘʣʣʦʚ, ʧʣʘʩʪʠʢʦʚ, ʩʪʝʢʣʘ ʠ ʪ. ʧ., ʥʦ ʥʝ ʧʨʠʤʝ-

ʥʷʶʪ ʜʣʷ ʪʝʢʩʪʠʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʇʦʩʣʝ ʩʫʰʠʣʴʥʦʡ ʢʘʤʝʨʳ ʠʟʜʝʣʠʷ ʦʯʠʱʘʶʪ ʦʪ ʥʝ ʟʘʢʨʝʧʠʚʰʝʛʦʩʷ ʚʦʨʩʘ, 

ʦʩʫʱʝʩʪʚʣʷʶʪ ʠʭ ʨʘʟʙʨʘʢʦʚʢʫ ʠ ʫʧʘʢʦʚʢʫ. 

ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʩʦʟʜʘʥʠʷ 

ʤʥʦʛʦʮʚʝʪʥʳʭ ʬʣʦʢʠʨʦʚʘʥʥʳʭ ʫʟʦʨʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʜʣʦʞʠʪʴ ʧʨʠʥʮʠʧʠʘʣʴ-

ʥʦʝ ʢʦʥʩʪʨʫʢʪʠʚʥʦʝ ʨʝʰʝʥʠʝ ʢʘʤʝʨʳ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʥʘ ʙʘʟʝ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʩʦ-

ʟʜʘʪʴ ʧʦʣʥʫʶ ʫʩʪʘʥʦʚʢʫ. ʊʘʢʦʡ ʤʦʜʫʣʴ ʜʦʣʞʝʥ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʚʩʝʤ ʪʨʝʙʦʚʘ-

ʥʠʷʤ: ʦʙʝʩʧʝʯʠʚʘʪʴ ʠʥʪʝʥʩʠʚʥʫʶ ʧʦʜʘʯʫ ʚʦʨʩʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʡ ʟʘʤʝʥʳ 

ʚʦʨʩʘ, ʧʦʜʢʣʶʯʝʥʠʝ ʚʩʝʭ ʵʣʝʢʪʨʦʜʦʚ ʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʪʝʥʮʠʘʣʘʤ, ʙʳʩʪʨʦʝ 

ʠ ʫʜʦʙʥʦʝ ʨʘʟʤʝʱʝʥʠʝ ʠʟʜʝʣʠʷ ʚ ʢʘʤʝʨʝ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʙʳʩʪʨʦʝ ʦʪʢʣʶʯʝʥʠʝ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʘʟʨʷʜʢʘ ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʵʣʝʢʪʨʦʜʦʚ ʧʦʩʣʝ ʟʘʚʝʨʰʝ-

ʥʠʷ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʙʳʩʪʨʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʦʨʤʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ 

ʵʣʝʢʪʨʦʜʘ. 

ʂʘʢ ʙʳʣʦ ʩʢʘʟʘʥʦ ʨʘʥʝʝ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚʦʨʩʦʚʳʡ ʫʟʦʨ 

ʬʦʨʤʠʨʫʝʪʩʷ ʟʘ ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʚ ʟʦʥʫ ʬʣʦʢʠʨʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʉʫʱʝʩʪʚʫʪʁ ʜʚʘ ʨʘʟʣʠʯʥʳʭ, ʥʦ ʜʦʧʫʩʪʠʤʳʭ ʚʘʨʠʘʥʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ 

ʢʘʤʝʨʳ: 

į ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʢʣʶʯʘʶʪ ʢ ʚʝʨʭʥʝʤʫ ʠ ʧʨʦʤʝʞʫ-

ʪʦʯʥʦʤʫ ʵʣʝʢʪʨʦʜʘʤ, ʥʠʞʥʠʡ ʵʣʝʢʪʨʦʜ ʧʨʠ ʵʪʦʤ ʟʘʟʝʤʣʷʶʪ; 

į ʧʦʪʝʥʮʠʘʣ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʜʢʣʶʯʘʶʪ ʢ ʥʠʞʥʝʤʫ ʵʣʝʢʪʨʦʜʫ, 

ʚʝʨʭʥʠʡ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ï ʟʘʟʝʤʣʷʶʪ. 

ʇʘʪʝʥʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ 

ʚʦʨʩʦʚʳʭ ʨʠʩʫʥʢʦʚ, ʚʢʣʶʯʘʪʁ ʦʙʘ ʵʪʠ ʚʘʨʠʘʥʪʘ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʢ ʧʦ-

ʪʝʥʮʠʘʣʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ [102]ï[104]. 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʧʨʠʤʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʭʮʚʝʪ-

ʥʦʛʦ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʫʟʦʨʘ (ʨʠʩ. 12.4). ɿʜʝʩʴ ʧʝʨʚʳʝ ʜʚʘ ʚʦʨʩʘ ʥʘʥʦʩʷʪ ʚ ʩʦʦʪ-

ʚʝʪʩʪʚʠʠ ʩ ʦʧʠʩʘʥʥʦʡ ʩʭʝʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ, ʘ ʧʦʩʣʝʜʥʠʡ ʚʦʨʩ ï ʚ ʪʨʘʜʠʮʠʦʥʥʦʤ 

ʚʘʨʠʘʥʪʝ, ʪ. ʝ. ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 12.5, ʥʘ ʧʨʠʤʝʨʝ ʧʦʣʫʯʝʥʠʷ ʜʚʫʭ-

ʮʚʝʪʥʦʛʦ ʫʟʦʨʘ. ɿʜʝʩʴ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʦʜʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 

ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʜʚʝ ʢʘʤʝʨʳ ʬʣʦʢʠʨʦʚʘʥʠʷ. 
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I  ʥʘʥʝʩʝʥʠʝ    II   ʥʘʥʝʩʝʥʠʝ 

 

ʈʠʩ. 12.5. ʉʭʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʚʫʭʮʚʝʪʥʦʛʦ ʬʣʦʢʠʨʦʚʘʥʥʦʛʦ ʫʟʦʨʘ 

 

ʇʝʨʚʳʡ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʣʶʙʦʤ ʧʨʠʛʦʜ-

ʥʦʤ ʜʣʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʦʙʦʨʫʜʦʚʘʥʠʠ (ʨʘʟʜ. 12.4): ʨʫʯʥʳʭ ʬʣʦʢʘʪʦʨʘʭ, ʵʣʝ-

ʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨʘʭ, ʬʣʦʢʘʪʦʨʘʭ ʢʘʤʝʨʥʦʛʦ ʪʠʧʘ, ʬʣʦʢʘʪʦʨʘʭ ʩ ʪʨʘʥʩʧʦʨʪʝ-

ʨʦʤ. ʆʜʥʘʢʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʝʨʚʳʭ ʜʚʫʭ ʪʠʧʦʚ ʦʙʦʨʫʜʦʚʘʥʠʷ ʥʝʜʦʩʪʘʪʢʦʤ 

ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʘʟʣʝʪ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʤ ʪʠʧʦʤ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʦʪʜʝʣʢʠ ʰʪʫʯʥʳʭ ʠʟʜʝʣʠʡ ʧʦ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʢʘʤʝʨʫ ʬʣʦʢʠʨʦʚʘʥʠʷ, ʚ ʢʦʥʩʪʨʫʢʮʠʠ ʢʦʪʦʨʦʡ ʣʝʛʯʝ ʚʩʝʛʦ 

ʨʝʘʣʠʟʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʧʨʠʥʮʠʧʳ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ 

ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ.  

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ (ʨʠʩ. 12.5) ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʪʨʘʜʠʮʠʦʥʥʳʤ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʧʝʨʚʳʤ (ʨʠʩ. 12.4), ʥʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʥʝʢʦʪʦʨʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ: 

1) ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʜʠʥ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ 
ʥʝʩʢʦʣʴʢʠʭ ʬʣʦʢʘʪʦʨʦʚ; 

2) ʜʦʟʘʛʨʫʟʢʫ ʚʦʨʩʘ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ, ʙʝʟ ʚʳʢʣʶʯʝ-

ʥʠʷ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ; 

3) ʨʘʟʣʝʪ ʚʦʨʩʘ ʠʟ ʟʦʥʳ ʬʣʦʢʠʨʦʚʘʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ. 

ʕʪʦʪ ʚʘʨʠʘʥʪ ʧʦʜʢʣʶʯʝʥʠʷ ʵʣʝʢʪʨʦʜʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʬʣʦʢʘʪʦʨʦʚ ʩ ʪʨʘʥʩʧʦʨʪʝʨʦʤ ʠʟ-ʟʘ ʥʝʢʦʪʦʨʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʣʦʞʥʦʩʪʝʡ ʩ ʩʠʩʪʝ-

ʤʦʡ ʧʦʜʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ.  

 

12.5. ʌʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʳʭ 

 ʬʦʨʤ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʚʠʜʘ ʫʟʦʨʘ 

 

ɺ ʨʘʟʜ. 12.3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʚʷʟʳʚʘʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩ ʰʠʨʠʥʦʡ ʚʦʨʩʦʚʳʭ ʧʦʣʦʩ ʜʣʷ 

ʩʠʩʪʝʤʳ ʧʘʨʘʣʣʝʣʴʥʳʭ ʧʨʦʚʦʜʥʠʢʦʚ. ʕʪʠ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ 

ʦʧʳʪ, ʚ ʮʝʣʦʤ ʩʦʭʨʘʥʷʶʪʩʷ ʠ ʜʣʷ ʵʣʝʢʪʨʦʜʦʚ ʜʨʫʛʦʡ ʬʦʨʤʳ. ʅʘʧʨʠʤʝʨ, ʛʝʦʤʝʪ-

ʨʠʯʝʩʢʠʝ ʨʘʟʤʝʨʳ ʨʠʩʫʥʢʘ ʚʦʟʨʘʩʪʘʶʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʥʘʧʨʷʞʝʥʠʷ ʠ ʨʦʩʪʦʤ 

ʚʨʝʤʝʥʠ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʢʘʩʘʶʱʠʭʩʷ ʬʦʨʤʳ ʧʦʣʫʯʘ-
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ʝʤʦʛʦ ʚʦʨʩʦʚʦʛʦ ʨʠʩʫʥʢʘ, ʟʘʚʠʩʷʪ ʥʝ ʩʪʦʣʴʢʦ ʦʪ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʢʦʣʴʢʦ 

ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʧʨʦʚʦʜʥʠʢʦʚ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʊʦʯʥʦ ʧʨʦʛʥʦʟʠʨʦ-

ʚʘʪʴ ʬʦʨʤʫ ʚʦʨʩʦʚʦʛʦ ʨʠʩʫʥʢʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢ-

ʪʨʦʜʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʅʦ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʙ ʵʪʦʤ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʵʣʝʢʪʨʦʜʦʚ ʧʨʦʩʪʳʭ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʦʨʤ. ʅʘ ʨʠʩ. 12.6, a ʧʨʝʜʩʪʘʚʣʝʥʳ ʵʣʝʢ-

ʪʨʦʜʳ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʬʦʨʤ ʠ ʚʠʜ ʧʦʣʫʯʘʝʤʦʛʦ ʚʦʨʩʦʚʦʛʦ ʨʠʩʫʥʢʘ. ɺ ʢʘʯʝ-

ʩʪʚʝ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʩʪʨʝʤʣʝʥʠʝ ʚʦʨʩʠʥʦʢ ʟʘʥʷʪʴ ʦʙʣʘʩʪʠ ʩ ʥʘʠʤʝʥʴʰʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʧʣʦʩʢʦʩʪʠ ʵʣʝʢʪʨʦʜʘ. ɼʣʷ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʳʭ ʨʠʩʫʥʢʦʚ ʩ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤ ʫʟʦʨʦʤ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ, ʩʦʯʝʪʘʶʱʠʝ 

ʚ ʩʝʙʝ ʵʣʝʤʝʥʪʳ ʧʨʦʩʪʳʭ ʬʦʨʤ (ʨʠʩ. 12.6, ʙ). 

ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʦʙʨʘʟʮʘʤ ʚ ʜʘʣʴʥʝʡʰʝʤ ʚʦʟʤʦʞʥʦ ʩ ʜʦʩʪʘʪʦʯʥʦʡ ʩʪʝʧʝ-

ʥʴʶ ʪʦʯʥʦʩʪʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʠʜ ʧʦʣʫʯʘʝʤʦʛʦ ʚʦʨʩʦʚʦʛʦ ʨʠʩʫʥʢʘ. ɺ ʨʷʜʝ ʩʣʫ-

ʯʘʝʚ ʤʦʞʥʦ ʧʦ ʟʘʜʘʥʥʦʤʫ ʫʟʦʨʫ ʧʨʦʝʢʪʠʨʦʚʘʪʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ ʜʣʷ 

ʝʛʦ ʧʦʣʫʯʝʥʠʷ. ɺʘʨʴʠʨʦʚʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, 

ʦʧʨʝʜʝʣʷʶʱʠʭ ʚʠʜ ʨʠʩʫʥʢʘ, ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʠʩʫʥʢʠ ʢʘʢ ʩ 

ʯʝʪʢʠʤʠ ʛʨʘʥʠʮʘʤʠ ʮʚʝʪʦʚ, ʪʘʢ ʠ ʩ ʧʣʘʚʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʮʚʝʪʦʚ, ʜʠʟʘʡʥ ʢʦʪʦ-

ʨʳʭ ʙʫʜʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴʩʷ ʪʦʣʴʢʦ ʬʘʥʪʘʟʠʝʡ ʟʘʢʘʟʯʠʢʘ ʠ ʟʘʢʦʥʘʤʠ ʭʫʜʦʞʝ-

ʩʪʚʝʥʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʅʘ ʨʠʩ. 12.7 ʧʨʝʜʩʪʘʚʣʝʥ ʬʣʦʢʠʨʦʚʘʥʥʳʡ ʦʙʨʘʟʝʮ, ʧʦʣʫ-

ʯʝʥʥʳʡ ʩ ʧʦʤʦʱʴʶ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʣʦʞʥʦʡ ʬʦʨʤʳ, ʧʦʢʘʟʘʥʥʦʛʦ ʥʘ 

ʣʝʚʦʤ ʨʠʩʫʥʢʝ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʠʤʝʝʤ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʟʜʘʚʘʪʴ ʚʦʨʩʦʚʳʝ ʫʟʦʨʳ ʨʘʟʥʦ-

ʦʙʨʘʟʥʦʡ ʬʦʨʤʳ ʠ ʩ ʨʘʟʣʠʯʥʳʤʠ ʮʚʝʪʦʚʳʤʠ ʵʬʬʝʢʪʘʤʠ. ʉʶʜʘ ʦʪʥʦʩʠʪʩʷ ʧʦʣʫ-

ʯʝʥʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʮʚʝʪʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʚʦʨʩʘ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʨʝʣʴʝʬʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʣʫʯʘʪʴ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʦʨ-

ʩʘ ʨʘʟʥʦʡ ʜʣʠʥʳ.  

ɺʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʥʘʥʝ-

ʩʝʥʠʷ ʚʦʨʩʘ ʠ ʯʝʨʝʜʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʬʣʦʢʠʨʦʚʘʥʠʷ. ʏʪʦʙʳ ʧʦʣʫʯʘʪʴ ʫʟʦʨʳ ʩ 

ʢʦʥʪʨʘʩʪʥʳʤ ʧʝʨʝʭʦʜʦʤ ʮʚʝʪʘ, ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ ʥʘʥʦʩʠʪʴ ʚʳʩʦʢʦʢʘʯʝ-

ʩʪʚʝʥʥʳʡ ʚʦʨʩ ʧʨʠ ʚʳʩʦʢʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʘ ʜʣʷ ʬʦʥʦʚʦ-

ʛʦ ʮʚʝʪʘ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʴʰʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʠʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʝʥʝʝ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʚʦʨʩ. ɽʩʣʠ ʪʨʝʙʫʝʪʩʷ ʧʦʣʫʯʠʪʴ ʧʣʘʚʥʳʡ ʧʝʨʝʭʦʜ ʮʚʝʪʘ, ʪʦ ʩʥʘʯʘ-

ʣʘ ʠʩʧʦʣʴʟʫʶʪ ʤʝʥʴʰʫʶ ʥʘʧʨʷʞʝʥʥʦʩʪʴ. ʇʨʦʮʝʩʩ ʚʟʘʠʤʦʧʨʦʥʠʢʥʦʚʝʥʠʷ  ʨʘʟ-

ʥʦʛʦ ʚʦʨʩʘ ʦʧʠʩʘʥ ʚ ʨʘʟʜ. 6.5.  
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ʈʠʩ. 12.7. ʆʙʨʘʟʝʮ ʩ ʚʦʨʩʦʚʳʤ ʫʟʦʨʦʤ: 

a ï ʬʦʨʤʘ ʵʣʝʢʪʨʦʜʘ ʠ ʧʦʣʫʯʝʥʥʳʡ ʫʟʦʨ; 

ʙ ï ʛʦʪʦʚʳʡ ʬʣʦʢʠʨʦʚʘʥʥʳʡ ʫʟʦʨ 

 

ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠ ʪʦ, ʯʪʦ ʦʙʦʨʫʜʦʚʘʥʠʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ ʧʦ ʦʧʠʩʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʦʱʝ ʠ ʜʝʰʝʚʣʝ ʩʫʱʝ-

ʩʪʚʫʶʱʠʭ ʢʘʨʫʩʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ (ʨʘʟʜ. 13), ʧʦʩʢʦʣʴʢʫ ʥʝ ʪʨʝʙʫʝʪ ʩʪʦʣʴ ʚʳʩʦ-

ʢʦʡ ʪʦʯʥʦʩʪʠ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʥʘʩʪʨʦʡʢʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʠʜʘ ʨʠʩʫʥʢʘ. 

ʇʦʤʠʤʦ ʵʪʦʛʦ ʪʝʭʥʦʣʦʛʠʷ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʚʦʨʩʦʚʳʝ ʫʟʦʨʳ ʥʘ ʦʙʲʝʤ-

ʥʳʭ ʠʟʜʝʣʠʷʭ, ʯʪʦ ʧʦʜʨʦʙʥʝʝ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʨʘʟʜʝʣʝ. 

 

12.6. ʊʝʭʥʦʣʦʛʠʷ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ 

 ʥʘ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʷʭ 

 

ʇʦʣʫʯʝʥʠʝ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʷʭ ʧʦ ʠʟ-

ʚʝʩʪʥʳʤ ʪʝʭʥʦʣʦʛʠʷʤ ʧʨʝʜʩʪʘʚʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ʩʣʦʞʥʦʩʪʠ [116]. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʪʝʤ, ʯʪʦ ʰʘʙʣʦʥʳ ʢʘʢ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʢʨʘʩʠʪʝʣʷ, ʪʘʢ ʠ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ 

ʜʦʣʞʥʳ ʩ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʦʨʤʝ ʠʟʜʝʣʠʷ. ʇʦʵʪʦʤʫ 

ʪʘʢʠʝ ʠʟʜʝʣʠʷ ʥʝ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. 

ʈʘʟʚʠʚʘʝʤʘʷ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʪʝʭʥʦʣʦʛʠʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ, ʧʦʟʚʦʣʷʝʪ 

ʨʘʟʨʘʙʦʪʘʪʴ ʚʧʦʣʥʝ ʪʝʭʥʦʣʦʛʠʯʥʳʡ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ 

ʫʟʦʨʦʚ ʥʘ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʷʭ, ʧʨʠʯʝʤ ʦʜʠʥʘʢʦʚʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʵʣʝʢʪʨʦʜʳ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʠʟʜʝʣʠʡ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ. 
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ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʩʥʦʚʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ ʧʦʣʫʯʝʥʠʷ ʚʦʨ-

ʩʦʚʳʭ ʫʟʦʨʦʚ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʷʭ ʚ ʦʩ-

ʥʦʚʥʦʤ ʪʘ ʞʝ, ʯʪʦ ʠ ʜʣʷ ʧʣʦʩʢʠʭ ʠʟʜʝʣʠʡ. ʇʦʵʪʦʤʫ ʜʘʣʝʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ 

ʪʦʣʴʢʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʪʣʠʯʠʷ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʪʝʭʥʦʣʦʛʠʝʡ ʜʣʷ ʦʙʲʝʤʥʳʭ ʠʟʜʝʣʠʡ ʦʪ 

ʪʝʭʥʦʣʦʛʠʠ ʜʣʷ ʧʣʦʩʢʠʭ ʠʟʜʝʣʠʡ ʚ ʪʦʤ ʯʪʦ, ʧʣʦʩʢʦʝ ʠʟʜʝʣʠʝ ʨʘʟʤʝʱʘʝʪʩʷ ʥʘ 

ʧʣʦʩʢʦʤ ʵʣʝʢʪʨʦʜʝ. ʇʨʠ ʵʪʦʤ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʩʦʩʪʘʚ-

ʣʷʝʪ ʦʙʳʯʥʦ 6ï8 ʩʤ. ɼʣʷ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʡ ʪʝʭʥʦʣʦʛʠʠ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʣʠʙʦ 

ʵʣʝʢʪʨʦʜ ʜʦʣʞʝʥ ʙʳʪʴ ʚʥʫʪʨʠ ʦʙʲʝʤʥʦʛʦ ʠʟʜʝʣʠʷ, ʣʠʙʦ ʧʦʚʝʨʭʥʦʩʪʴ ʪʘʢʦʛʦ ʠʟ-

ʜʝʣʠʷ ʜʦʣʞʥʘ ʩʪʘʪʴ ʵʣʝʢʪʨʦʜʦʤ. ɽʩʣʠ ʠʟʜʝʣʠʝ ʠʣʠ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʶʪ ʜʦ-

ʩʪʘʪʦʯʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ, ʚʦʧʨʦʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʩʥʠʤʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʠʟ-

ʜʝʣʠʝ ʠʟ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʪʦ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦ ʩʥʘʯʘʣʘ 

ʧʨʠʜʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʣʝʷ ʥʘ ʦʩʥʦʚʝ 

ʚʦʜʥʦʡ ʜʠʩʧʝʨʩʠʠ ʚʦʧʨʦʩ ʪʘʢʞʝ ʨʝʰʝʥ ï ʜʦʩʪʘʪʦʯʥʦ ʣʠʰʴ ʧʦʜʢʣʶʯʠʪʴ ʥʫʞʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʢ ʢʣʝʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʚʦʟʤʦʞʥʦʛʦ ʘʩʩʦʨʪʠʤʝʥʪʘ ʦʙʲʝʤʥʳʭ ʠʟʜʝ-

ʣʠʡ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʤʝʝʪ ʩʤʳʩʣ ʧʦʢʨʳʚʘʪʴ ʚʦʨʩʦʤ, ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ ʜʠ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘʜʛʝʟʠʷ ʢʦʪʦʨʳʭ ʢ ʫʢʘʟʘʥʥʳʤ ʢʣʝʷʤ ʥʝ ʚʳʩʦʢʘ. ʕʪʦ, 

ʥʘʧʨʠʤʝʨ, ʩʪʝʢʣʦ, ʢʝʨʘʤʠʢʘ, ʧʣʘʩʪʠʢ ʠ ʪ. ʧ. ɼʣʷ ʨʝʰʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʧʨʦʙʣʝʤʳ, 

ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʚ ʩʣʫʯʘʝ ʧʦʣʳʭ ʠʟʜʝʣʠʡ, ʧʨʝʜʣʦʞʝʥ ʩʣʝʜʫʶʱʠʡ ʚʳʭʦʜ. ɺʥʫʪ-

ʨʝʥʥʷʷ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ ʩʤʘʯʠʚʘʝʪʩʷ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʥʘʧʨʠʤʝʨ 5ï20%-ʤ ʚʦʜ-

ʥʳʤ ʨʘʩʪʚʦʨʦʤ NaCl, ʠ ʢ ʥʝʡ ʧʦʜʢʣʶʯʘʝʪʩʷ ʵʣʝʢʪʨʦʜ ʩ ʥʫʞʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ 

ʠʣʠ ʟʘʟʝʤʣʝʥʠʝ.  
 

ʉʧʦʩʦʙ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ ʦʙʲʝʤʥʳʝ ʠʟʜʝʣʠʷ 

ɺʘʨʠʘʥʪʳ ʢʦʥʢʨʝʪʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʜʣʷ ʪʘʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʞʥʦ 

ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʚʘ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷ:  

į ʠʟʜʝʣʠʝ ʚʦ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʩʪʘʪʠʯʥʦ (ʥʝʧʦʜʚʠʞʥʦ); 

į ʠʟʜʝʣʠʝ ʚʦ ʚʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʤʦʞʥʦ ʚʨʘʱʘʪʴ ʠʣʠ ʧʝʨʝʤʝʱʘʪʴ. 

ʅʘ ʦʙʘ ʵʪʠ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥ ʧʘʪʝʥʪ [117]. 

ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʫʜʦʙʝʥ ʪʝʤ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʪʨʝʙʫʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ, ʦʪʣʠʯʘʶʱʝʛʦʩʷ ʦʪ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʤʝʥʷʝʤʦʛʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ ʧʣʦʩʢʠʭ ʤʘʪʝʨʠʘʣʘʭ. ɽʜʠʥʩʪʚʝʥʥʘʷ ʨʘʟʥʠʮʘ ʚ ʪʦʤ, ʯʪʦ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʧʣʦʩʢʠʤ (ʨʠʩ. 12.8, ʘ), ʘ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʬʦʨʤʝ ʧʦʣʫʮʠʣʠʥʜʨʘ (ʨʠʩ. 12.8, ʙ). 

ʋʩʪʘʥʦʚʢʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ ʦʙʲʝʤʥʳʝ ʠʟʜʝʣʠʷ ʩʦʩʪʦʠʪ 

ʠʟ ʧʦʜʘʶʱʝʛʦ ʚʦʨʩ 1 ʙʫʥʢʝʨʘ 2, ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 4, ʧʦʜʢʣʶʯʝʥʥʦʛʦ, 

ʪʘʢ ʞʝ ʢʘʢ ʠ ʙʫʥʢʝʨ 2, ʢ ʠʩʪʦʯʥʠʢʫ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 3 ʠ ʥʠʞʥʝʛʦ ʟʘʟʝʤ-

ʣʝʥʥʦʛʦ ʵʣʝʢʪʨʦʜʘ 5. ʄʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ 4 ʠ 5 ʨʘʩʧʦʣʘʛʘʶʪ ʠʟʜʝʣʠʝ 6. 

ʇʨʦʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ ʧʦʣʦʤ ʦʙʲʝʤ-

ʥʦʤ ʠʟʜʝʣʠʠ ʧʨʦʠʩʭʦʜʠʪ ʚ ʥʝʩʢʦʣʴʢʦ ʵʪʘʧʦʚ: 

1. ʉʦʟʜʘʥʠʝ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʛʦ ʩʣʦʷ ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʦʩʫ-

ʱʝʩʪʚʣʷʶʪ ʧʫʪʝʤ ʟʘʣʠʚʘʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʚʳʣʠʚʘʥʠʷ ʵʣʝʢʪʨʦʣʠʪʘ (ʥʘʧʨʠ-

ʤʝʨ, 5ï20%-ʡ ʨʘʩʪʚʦʨ NaCl ʚ ʚʦʜʝ). ʇʦʩʣʝ ʵʪʦʛʦ ʠʟʜʝʣʠʝ 6 ʟʘʢʨʝʧʣʷʶʪ ʥʘ ʩʧʝ-
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ʮʠʘʣʴʥʦʡ ʦʩʥʘʩʪʢʝ 7 (ʨʠʩ. 12.8), ʯʘʩʪʴ ʢʦʪʦʨʦʡ ʧʦʢʨʳʪʘ ʤʝʪʘʣʣʦʤ, ʥʘʧʨʠʤʝʨ, 

ʬʦʣʴʛʦʡ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʥʪʘʢʪʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʩ ʟʘʟʝʤʣʝʥʠʝʤ. 

2. ʅʘʥʝʩʝʥʠʝ ʢʣʝʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ (ʢʠʩʪʴʶ, ʨʘʩʧʳʣʝʥʠʝʤ, ʦʢʫʥʘʥʠ-

ʝʤ ʠ ʪ. ʧ.). ɺʳʙʦʨ ʚʠʜʘ ʢʣʝʷ ʟʘʚʠʩʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠʟʜʝʣʠʷ. 

3. ɼʣʷ ʥʘʥʝʩʝʥʠʷ ʫʟʦʨʘ ʚʦʨʩʦʤ ʧʝʨʚʦʛʦ ʮʚʝʪʘ ʠʟʜʝʣʠʝ ʥʘ ʦʩʥʘʩʪʢʝ ʧʦʤʝ-

ʱʘʶʪ ʤʝʞʜʫ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʦʤ 4 ʠ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ 5 ʠ ʟʘʢʨʝʧ-

ʣʷʶʪ ʥʝʧʦʜʚʠʞʥʦ. ʇʦʩʣʝ ʵʪʦʛʦ ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʥʝʦʙʭʦʜʠʤʦʝ ʥʘʧʨʷʞʝʥʠʝ ʠ 

ʚʢʣʶʯʘʶʪ ʧʦʜʘʯʫ ʚʦʨʩʘ. ɺʨʝʤʷ ʥʘʥʝʩʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʩʧʦʩʦʙʘ ʧʦʜʘʯʠ ʚʦʨʩʘ, ʝʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʥʫʞʥʦʡ ʧʣʦʱʘʜʠ ʟʘʧʦʣʥʝʥʠʷ ʵʪʠʤ ʚʦʨʩʦʤ. ʆʙʳʯʥʦ ʚʨʝʤʷ ʢʦʣʝʙʣʝʪ-

ʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 4 ʜʦ 10 ʩ. 
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ʈʠʩ. 12.8. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ 
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ʇʦʩʣʝ ʦʩʪʘʥʦʚʢʠ ʧʨʦʮʝʩʩʘ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʠʟʜʝʣʠʝ ʧʦʚʦʨʘʯʠʚʘʶʪ ʠʣʠ 

ʧʝʨʝʤʝʱʘʶʪ ʠ ʧʦʚʪʦʨʷʶʪ ʥʘʥʝʩʝʥʠʝ, ʩʦʟʜʘʚʘʷ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʟʦʨ ʥʘ ʧʦʚʝʨʭ-

ʥʦʩʪʠ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʬʣʦʢʘʪʦʨʝ ʩ ʚʦʨʩʦʤ ʜʨʫʛʦʛʦ ʮʚʝʪʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʵʣʝʢʪʨʦʜʦʤ ʠʥʦʡ ʬʦʨʤʳ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʚʪʦʨʷʶʪ. ʊ. ʝ. ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟ-

ʜʝʣʠʷ, ʥʝ ʟʘʢʨʳʚʘʷ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʳʡ ʚʦʨʩ, ʥʘʥʦʩʷʪ ʥʦʚʳʡ ʫʟʦʨ ʚʦʨʩʦʤ ʜʨʫʛʦʛʦ 

ʮʚʝʪʘ. ʅʘ ʧʦʩʣʝʜʥʝʤ ʵʪʘʧʝ ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʥʘ ʢʣʝʝʚʫʶ ʧʦʚʝʨʭ-

ʥʦʩʪʴ, ʨʘʥʝʝ ʥʝ ʟʘʧʦʣʥʝʥʥʫʶ ʚʦʨʩʦʤ, ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʆʙʳʯʥʦ 

ʵʪʦ ʬʦʥʦʚʳʡ ʮʚʝʪ ʫʟʦʨʘ. 

ɺ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʢʦʣʠʯʝʩʪʚʦ ʮʚʝʪʦʚ ʤʦʞʥʦ ʚʘʨʴʠʨʦʚʘʪʴ, ʥʦ ʩʦʟʜʘʚʘʪʴ 

ʫʟʦʨ ʙʦʣʝʝ ʯʝʤ ʠʟ 4ï5 ʮʚʝʪʦʚ ʥʝ ʪʝʭʥʦʣʦʛʠʯʥʦ. 

4. ʉʫʰʢʘ. ʉʧʦʩʦʙ ʠ ʨʝʞʠʤʳ ʩʫʰʢʠ ʟʘʚʠʩʷʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʤʘʪʝʨʠʘʣʘ ʠʟ-

ʜʝʣʠʷ ʠ ʚʠʜʘ ʢʣʝʷ. 

5. ʅʘ ʧʦʩʣʝʜʥʝʡ ʩʪʘʜʠʠ ʧʨʦʚʦʜʷʪ ʯʠʩʪʢʫ ʠʟʜʝʣʠʷ ʦʪ ʥʝʟʘʢʨʝʧʠʚʰʝʛʦʩʷ ʚʦʨʩʘ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ ʤʦʞʝʪ ʙʳʪʴ ʥʝ ʪʦʣʴʢʦ ʧʣʦʩʢʠʤ, ʢʘʢ ʥʘ ʨʠʩ. 12.8, 

a, ʥʦ ʠ ʦʪʯʘʩʪʠ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʬʦʨʤʝ ʠʟʜʝʣʠʷ, ʢʘʢ ʵʪʦ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 12.8, ʙ. 

ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ʫʜʦʙʥʝʝ ʪʝʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘ ʦʜʥʦ ʥʘʥʝʩʝʥʠʝ ʧʦʢʨʳʪʴ ʚʦʨʩʦʤ 

ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʦʚʝʨʭʥʦʩʪʠ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʷʚʣʷʝʪʩʷ ʧʝʨʠʦʜʠʯ-

ʥʦʩʪʴ ʥʘʥʝʩʝʥʠʷ: ʥʘʥʝʩʝʥʠʝ, ʧʦʚʦʨʦʪ ʠ/ʠʣʠ ʩʤʝʱʝʥʠʝ, ʥʘʥʝʩʝʥʠʝ ʠ ʪ. ʜ. 
 

ʉʧʦʩʦʙ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ ʥʘ ʦʙʲʝʤʥʦʝ ʠʟʜʝʣʠʝ 

ɺʘʞʥʝʡʰʝʝ ʫʩʣʦʚʠʝ ʧʦʣʫʯʝʥʠʷ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ ʧʦ ʵʪʦʤʫ ʩʧʦʩʦʙʫ ï ʵʪʦ 

ʥʝʧʦʜʚʠʞʥʦʩʪʴ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʥʘ ʢʦʪʦ-

ʨʫʶ ʥʘʥʦʩʷʪ ʚʦʨʩ. ɺ ʩʣʫʯʘʝ ʦʙʲʝʤʥʦʛʦ ʠʟʜʝʣʠʷ ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʥʘ ʦʩʥʘʩʪʢʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʟʘʢʨʝʧʣʝʥʦ ʥʝ ʪʦʣʴʢʦ ʠʟʜʝʣʠʝ, ʥʦ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ, 

ʧʨʠʯʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʚ ʧʨʦʮʝʩʩʝ ʧʦʚʦʨʦʪʘ ʠʣʠ ʧʝʨʝʤʝʱʝʥʠʷ ʠʟʜʝʣʠʷ 

ʧʨʠ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ ʢʦʥʬʠʛʫʨʘʮʠʷ ʩʠʣʦʚʳʭ ʣʠʥʠʡ ʥʝ ʠʟʤʝʥʷʣʘʩʴ. ʕʪʦ ʧʦʟʚʦ-

ʣʷʝʪ ʩʦʭʨʘʥʷʪʴ ʩʪʨʫʢʪʫʨʫ ʚʦʨʩʦʚʦʛʦ ʨʠʩʫʥʢʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʜʚʠʞʝʥʠʝ ʠʟʜʝʣʠʷ. 

ʉʭʝʤʘʪʠʯʝʩʢʠ ʪʘʢʦʡ ʚʘʨʠʘʥʪ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 12.9. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ ʦʙʝʩʧʝ-

ʯʠʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʨʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠʟʜʝʣʠʷ ʠ ʧʨʦ-

ʤʝʞʫʪʦʯʥʳʤ ʵʣʝʢʪʨʦʜʦʤ. 

ʊʘʢʦʡ ʚʘʨʠʘʥʪ ʧʦʟʚʦʣʷʝʪ ʥʘʥʦʩʠʪʴ ʚʦʨʩ ʢʘʞʜʦʛʦ ʮʚʝʪʘ ʟʘ ʦʜʠʥ ʧʨʠʝʤ ʙʝʟ 

ʦʩʪʘʥʦʚʢʠ ʧʦʜʘʯʠ ʚʦʨʩʘ. ʆʜʥʘʢʦ ʥʝʦʙʭʦʜʠʤʘʷ ʦʩʥʘʩʪʢʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʛʦ 

ʚʘʨʠʘʥʪʘ ʩʣʦʞʥʝʝ, ʯʝʤ ʚ ʧʝʨʚʦʤ ʩʣʫʯʘʝ.  

ʇʨʝʠʤʫʱʝʩʪʚʦ ʵʪʦʛʦ ʩʧʦʩʦʙʘ ʥʝ ʪʦʣʴʢʦ ʚ ʤʝʥʴʰʝʤ ʚʨʝʤʝʥʠ ʩʦʟʜʘʥʠʷ ʫʟʦ-

ʨʘ, ʥʦ ʠ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʠ ʝʛʦ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ.  

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʦʮʚʝʪʥʳʭ ʚʦʨʩʦʚʳʭ ʫʟʦʨʦʚ ʥʘ 

ʦʙʲʝʤʥʦʤ ʠʟʜʝʣʠʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʝʨʚʦʛʦ ʚʘʨʠʘʥʪʘ ʪʝʤ, ʯʪʦ ʧʦʩʣʝ 

ʥʘʥʝʩʝʥʠʷ ʢʣʝʷ ʥʘ ʦʩʥʘʩʪʢʝ ʟʘʢʨʝʧʣʷʶʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʵʣʝʢʪʨʦʜ ʠ ʧʦʜʢʣʶʯʘ-

ʶʪ ʢ ʥʫʞʥʦʤʫ ʧʦʪʝʥʮʠʘʣʫ. ʇʦʩʣʝ ʵʪʦʛʦ ʠʟʜʝʣʠʝ ʥʘ ʦʩʥʘʩʪʢʝ ʧʦʤʝʱʘʶʪ ʚ ʟʦʥʫ 

ʬʣʦʢʠʨʦʚʘʥʠʷ ʠ ʦʩʫʱʝʩʪʚʣʷʶʪ ʧʦʣʥʦʝ ʥʘʥʝʩʝʥʠʝ ʫʟʦʨʘ ʧʝʨʚʦʛʦ ʮʚʝʪʘ ʟʘ ʦʜʠʥ 

ʧʝʨʠʦʜ. 
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ʈʠʩ. 12.9. ʉʭʝʤʘ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʦʚʦʛʦ ʫʟʦʨʘ 

ʥʘ ʦʙʲʝʤʥʦʝ ʠʟʜʝʣʠʝ 

 

ʅʘ ʩʣʝʜʫʶʱʝʡ ʫʩʪʘʥʦʚʢʝ ʩ ʚʦʨʩʦʤ ʜʨʫʛʦʛʦ ʮʚʝʪʘ ʠ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʵʣʝʢ-

ʪʨʦʜʦʤ ʠʥʦʡ ʬʦʨʤʳ ʧʨʦʮʝʩʩ ʥʘʥʝʩʝʥʠʷ ʧʦʚʪʦʨʷʶʪ: ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʜʝʣʠʷ, ʥʝ 

ʟʘʢʨʳʚʘʷ ʨʘʥʝʝ ʥʘʥʝʩʝʥʥʳʡ ʚʦʨʩ, ʥʘʥʦʩʷʪ ʥʦʚʳʡ ʫʟʦʨ ʚʦʨʩʦʤ 2-ʛʦ ʮʚʝʪʘ. ʅʘ ʧʦ-

ʩʣʝʜʥʝʤ ʵʪʘʧʝ, ʢʘʢ ʠ ʚ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ, ʦʩʫʱʝʩʪʚʣʷʶʪ ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʥʘ ʢʣʝ-

ʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʙʝʟ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʵʣʝʢʪʨʦʜʘ ï ʬʦʥʦʚʳʡ ʮʚʝʪ ʫʟʦʨʘ. 
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13. ʆɹʆʈʋɼʆɺɸʅʀɽ ɼʃʗ ʅɸʅɽʉɽʅʀʗ ɺʆʈʉɸ 

ʅɸ ʈɸɿʃʀʏʅʓɽ ʄɸʊɽʈʀɸʃʓ ʀ ʀɿɼɽʃʀʗ 

 

ʊʝʭʥʦʣʦʛʠʷ ʵʣʝʢʪʨʦʬʣʦʢʠʨʦʚʘʥʠʷ ʦʪʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʣʷ ʝʝ ʨʝʘʣʠʟʘʮʠʠ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʯʝʥʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʦʪ ʢʦʤʧʘʢʪʥʳʭ ʠ 

ʜʝʰʝʚʳʭ ʨʫʯʥʳʭ ʬʣʦʢʘʪʦʨʦʚ ʜʦ ʦʛʨʦʤʥʳʭ ʣʠʥʠʡ ʚ ʜʝʩʷʪʢʠ ʤʝʪʨʦʚ ʜʣʠʥʦʡ. ʆʪ-

ʣʠʯʠʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʝʛʦ ʥʘʟʥʘʯʝʥʠʝʤ: ʥʘʥʝʩʝ-

ʥʠʝ ʚʦʨʩʘ ʥʘ ʨʫʣʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʪʢʘʥʠ, ʧʣʝʥʢʘ, ʙʫʤʘʛʘ ʠ ʪ. ʧ.) ʚ ʚʠʜʝ ʩʧʣʦʰ-

ʥʦʛʦ ʧʦʢʨʳʪʠʷ ʠʣʠ ʚ ʚʠʜʝ ʨʠʩʫʥʢʘ, ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʰʪʫʯʥʳʝ 

ʠʟʜʝʣʠʷ ʚ ʚʠʜʝ ʥʘʜʧʠʩʝʡ, ʵʤʙʣʝʤ ʠʣʠ ʨʠʩʫʥʢʦʚ, ʧʦʢʨʳʪʠʝ ʚʦʨʩʦʤ ʦʙʲʝʤʥʳʭ ʠʟ-

ʜʝʣʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʠ ʜʝʢʦʨʘʪʠʚʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʪ. ʜ. ʆʙʱʠʤ ʜʣʷ ʣʶʙʦʡ ʦʙ-

ʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʚʳʩʦʢʦʚʦʣʴʪʥʳʭ ʢʘʙʝʣʝʡ, ʝʤʢʦʩʪʠ ʜʣʷ ʚʦʨʩʘ ʠ ʩʠʩʪʝʤʳ ʵʣʝʢʪʨʦʜʦʚ. 

ʀʩʪʦʯʥʠʢʠ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʣʠʯʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ ʠ ʦʪ ʨʘʟʥʳʭ ʧʨʦʠʟʚʦ-

ʜʠʪʝʣʝʡ ʦʪʣʠʯʘʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʥʘʧʨʷʞʝʥʠʝʤ (ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ 50 ʜʦ 100 ʢɺ) 

ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʚʝʣʠʯʠʥʦʡ ʪʦʢʘ (ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪ 50 ʜʦ 500 ʤʢɸ). 

ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʠʭ ʨʘʟʤʝʨʳ ʠ ʚʝʩ ʦʪʣʠʯʘʶʪʩʷ ʚ ʜʝʩʷʪʢʠ ʨʘʟ. ɼʦʩʪʘʪʦʯʥʦ ʪʠ-

ʧʠʯʥʳʡ ʚʠʜ ʠʩʪʦʯʥʠʢʘ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 13.1. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʦʥ ʠʤʝʝʪ ʜʚʘ ʠʥʜʠʢʘʪʦʨʘ (ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʛʫʣʠʨʦʚʢʠ 

ʥʘʧʨʷʞʝʥʠʷ. 

 

 
 

ʈʠʩ. 13.1. ʀʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 
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13.1. ʈʫʯʥʳʝ ʵʣʝʢʪʨʦʬʣʦʢʘʪʦʨʳ 

 

ʈʫʯʥʳʝ ʬʣʦʢʘʪʦʨʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʘʤʳʡ ʧʨʦʩʪʦʡ ʠ ʜʝʰʝʚʳʡ ʚʘʨʠ-

ʘʥʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʥʦ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʫʶ ʦʙʣʘʩʪʴ 

ʧʨʠʤʝʥʝʥʠʷ [10], [19]. ʀʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʪʜʝʣʢʠ ʰʪʫʯʥʳʭ ʠʟʜʝ-

ʣʠʡ, ʢʘʢ ʧʣʦʩʢʠʭ, ʪʘʢ ʠ ʦʙʲʝʤʥʳʭ. ʉʫʱʝʩʪʚʫʝʪ ʦʯʝʥʴ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʟ-

ʣʠʯʥʳʭ ʤʦʜʠʬʠʢʘʮʠʡ ʨʫʯʥʳʭ ʬʣʦʢʘʪʦʨʦʚ, ʧʨʠʯʝʤ ʢʘʢ ʫ ʥʘʩ, ʪʘʢ ʠ ʟʘ ʨʫʙʝʞʦʤ. 

ʅʘ ʨʠʩ. 13.2 ʧʦʢʘʟʘʥʘ ʥʝʤʝʮʢʘʷ ʤʦʜʝʣʴ ʬʣʦʢʘʪʦʨʘ (Maag Flockmaschinen GmbH). 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʝʤʝʮʢʘʷ ʤʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʠ ʚʢʣʶʯʘʝʪ 

ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʩ ʠʥʜʠʢʘʪʦʨʘʤʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ, ʨʫʯʢʦʡ ʨʝ-

ʛʫʣʠʨʦʚʢʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʠʥʜʠʢʘʪʦʨʥʳʤʠ ʣʘʤʧʦʯʢʘʤʠ ʚʢʣʶʯʝʥʠʷ ʩʝʪʠ ʠ ʚʳʩʦ-

ʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ʂ ʠʩʪʦʯʥʠʢʫ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʘʙʝʣʷ ʧʨʠʩʦʝʜʠ-

ʥʝʥʘ ʝʤʢʦʩʪʴ ʜʣʷ ʚʦʨʩʘ ʩ ʩʝʪʯʘʪʦʡ ʩʲʝʤʥʦʡ ʢʨʳʰʢʦʡ. ʈʘʟʤʝʨʳ ʝʤʢʦʩʪʠ ʜʣʷ 

ʚʦʨʩʘ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʣʠʯʥʳʤʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʣʦʱʘʜʠ, ʥʘ ʢʦʪʦʨʫʶ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ ʥʘʥʦʩʠʪʴ ʚʦʨʩ.  

 

 
 

ʈʠʩ. 13.2. ʈʫʯʥʦʡ ʵʣʝʢʪʨʦʬʣʦʢʘʪʦʨ ʬʠʨʤʳ Maag Flockmaschinen GmbH 

 

ʅʘ ʨʠʩ. 13.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʝʯʝʩʪʚʝʥʥʘʷ ʤʦʜʝʣʴ ʬʣʦʢʘʪʦʨʘ, ʢʦʪʦʨʘʷ ʦʪ-

ʣʠʯʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʠʤʝʝʪ ʤʘʣʦʛʘʙʘʨʠʪʥʳʡ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʥʘ 

ʢʦʪʦʨʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʠʙʦʨʳ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʥʘʧʨʷʞʝʥʠʷ ʠ ʪʦʢʘ. 

ʇʦʢʘʟʘʥʥʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʨʫʯʥʦʛʦ ʬʣʦʢʘʪʦʨʘ ʩ ʤʠʥʠʘʪʶʨʥʳʤ ʠʩʪʦʯʥʠ-

ʢʦʤ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (ʨʠʩ. 13.3), ʯʘʩʪʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʨʫʢʦʷʪʢʝ 

(ʦʙʳʯʥʦ ʵʪʦ ʫʤʥʦʞʠʪʝʣʴ ʥʘʧʨʷʞʝʥʠʷ), ʠʩʢʣʶʯʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʷ ʚʳʩʦʢʦʚʦʣʴʪʥʦʛʦ ʢʘʙʝʣʷ. 

ʉʫʱʝʩʪʚʫʶʪ ʤʦʜʝʣʠ ʨʫʯʥʳʭ ʬʣʦʢʘʪʦʨʦʚ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʧʠʪʘʥʠʝ 

ʦʪ ʦʙʳʯʥʳʭ ʙʘʪʘʨʝʝʢ. ʋ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʠʩʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʟʤʝ-

ʱʝʥ ʮʝʣʠʢʦʤ ʚ ʨʫʢʦʷʪʢʝ ʬʣʦʢʘʪʦʨʘ ʚʤʝʩʪʝ ʩ ʙʘʪʘʨʝʡʢʘʤʠ. ʊʘʢʠʝ ʤʦʙʠʣʴʥʳʝ 
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ʬʣʦʢʘʪʦʨʳ (ʨʠʩ. 13.4) ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʚ ʤʝʩʪʘʭ, ʛʜʝ 

ʥʝʪ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʨʦʟʝʪʦʢ. 

ʅʘ ʨʠʩ. 13.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʤʦʜʝʣʠ ʬʣʦʢʘʪʦʨʦʚ ʚ ʨʘʟʦ-

ʙʨʘʥʥʦʤ ʚʠʜʝ. ʉʣʝʚʘ ʤʦʜʝʣʴ ʥʘ ʙʘʪʘʨʝʡʢʘʭ, ʩʧʨʘʚʘ ʤʦʜʝʣʴ ʩ ʫʤʥʦʞʠʪʝʣʝʤ ʚʳ-

ʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʤ ʚ ʨʫʢʦʷʪʢʝ ʬʣʦʢʘʪʦʨʘ. 

 

 
 

ʈʠʩ. 13.3. ʈʫʯʥʦʡ ʵʣʝʢʪʨʦʬʣʦʢʘʪʦʨ ʩ ʤʘʣʦʛʘʙʘʨʠʪʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʧʠʪʘʥʠʷ 
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ʈʠʩ. 13.4. ɺʥʫʪʨʝʥʥʝʝ ʫʩʪʨʦʡʩʪʚʦ ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ 

ʨʫʯʥʳʭ ʬʣʦʢʘʪʦʨʦʚ 

 

ʅʘʟʥʘʯʝʥʠʝʤ ʨʫʯʥʳʭ ʵʣʝʢʪʨʦʬʣʦʢʘʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʨʩʦ-

ʚʦʛʦ ʧʦʢʨʳʪʠʷ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʧʣʦʩʢʠʭ ʠʣʠ ʩʣʘʙʦ ʨʝʣʴʝʬʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ ʧʣʦʱʘʜʠ (ʛʣʫʙʠʥʦʡ ʥʝ ʙʦʣʝʝ 5 ʤʤ ʧʨʠ ʰʠʨʠʥʝ ʙʦʣʝʝ 

10 ʤʤ). ʆʙʳʯʥʦ ʟʘ ʦʜʠʥ ʨʘʟ ʚʦʨʩ ʥʘʥʦʩʷʪ ʥʘ ʧʣʦʱʘʜʴ ʥʝ ʙʦʣʝʝ 5ï10 ʜʤ
2
. ʇʨʠ 

ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʘ ʥʘ ʧʣʦʱʘʜʠ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ ʚʦʟʨʘʩʪʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʬʣʦʢʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʝʪʩʷ ʤʥʦʛʦʢʨʘʪʥʘʷ ʧʝʨʝʟʘʛʨʫʟʢʘ ʚʦʨʩʘ ʚ ʙʫʥʢʝʨ ʬʣʦʢʘʪʦʨʘ.  

ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʩʣʝʜʠʪʴ, ʯʪʦʙʳ ʥʝ ʚʳʩʳʭʘʣ ʢʣʝʝʚʦʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʠʟʜʝʣʠʷ (ʦʪʢʨʳʪʦʝ ʚʨʝʤʷ ʜʣʷ ʘʢʨʠʣʦʚʳʭ ʢʣʝʝʚʳʭ ʢʦʤʧʦʟʠʮʠʡ ʦʙʳʯʥʦ ʥʝ ʧʨʝ-

ʚʳʰʘʝʪ ʥʝʩʢʦʣʴʢʠʭ ʤʠʥʫʪ).  

ʇʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. 

ʀʟʜʝʣʠʝ ʠʣʠ ʤʘʪʝʨʠʘʣ ʩ ʥʘʥʝʩʝʥʥʳʤ ʢʣʝʝʚʳʤ ʩʣʦʝʤ ʢʣʘʜʫʪ ʥʘ ʟʘʟʝʤʣʝʥʥʳʡ 

ʵʣʝʢʪʨʦʜ. ʈʝʢʦʤʝʥʜʫʝʤʳʡ ʦʙʲʸʤ ʚʦʨʩʘ, ʟʘʩʳʧʘʝʤʦʛʦ ʚ ʙʫʥʢʝʨ ʬʣʦʢʘʪʦʨʘ, ʩʦ-

ʩʪʘʚʣʷʝʪ ʦʪ 1/3 ʜʦ 1/2 ʝʛʦ ʦʙʲʸʤʘ, ʥʦ ʥʝ ʙʦʣʝʝ 2/3. ʈʘʙʦʯʘʷ ʥʘʧʨʷʞʸʥʥʦʩʪʴ ʵʣʝʢ-

ʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚ ʟʦʥʝ ʬʣʦʢʠʨʦʚʘʥʠʷ ʜʦʣʞʥʘ ʩʦʩʪʘʚʣʷʪʴ 4ï5 ʢɺ/ʩʤ. ʕʪʦ ʦʟʥʘ-

ʯʘʝʪ, ʯʪʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʩʩʪʦʷʥʠʠ ʤʝʞʜʫ ʩʝʪʢʦʡ ʬʣʦʢʘʪʦʨʘ ʠ ʬʣʦʢʠʨʫʝʤʦʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ 10 ʩʤ ʥʘʧʨʷʞʝʥʠʝ ʥʫʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 40ï50 ʢɺ ʠʣʠ ʧʨʠ ʥʘʧʨʷ-

ʞʝʥʠʠ 60 ʢɺ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʜʦʣʞʥʦ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 12 ʜʦ 15 ʩʤ. 

ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʚʦʨʩʫ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʤʫ ʧʦ ʩʚʦʠʤ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡ-

ʩʪʚʘʤ ʥʝʦʙʭʦʜʠʤʳʤ ʩʪʘʥʜʘʨʪʘʤ. ʇʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʨʫʯʥʳʤ ʘʧʧʘʨʘʪʦʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʨʘʚʥʦʤʝʨʥʦ ʧʝʨʝʤʝʱʘʪʴ ʝʛʦ ʥʘʜ ʚʩʝʡ ʬʣʦʢʠʨʫʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʦ-

ʩʪʦʷʥʥʦ ʚʩʪʨʷʭʠʚʘʷ ʠ ʚʳʜʝʨʞʠʚʘʷ ʦʜʠʥʘʢʦʚʦʝ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩ 

ʢʣʝʝʚʳʤ ʩʣʦʝʤ. 

ʇʨʠ ʬʣʦʢʠʨʦʚʘʥʠʠ ʥʝ ʦʯʝʥʴ ʙʦʣʴʰʠʭ ʠʟʜʝʣʠʡ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʚ ʮʝʣʷʭ 

ʵʢʦʥʦʤʠʠ ʚʦʨʩʘ ʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʟʘʧʳʣʝʥʥʦʩʪʠ ʚʦʨʩʦʤ ʨʘʙʦʯʝʛʦ ʧʦʤʝʱʝʥʠʷ ʠʩ-

ʧʦʣʴʟʦʚʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʢʘʙʠʥʳ ʠʣʠ ʩʪʦʣʳ. ɺʘʨʠʘʥʪ ʪʘʢʦʡ ʢʘʙʠʥʳ ʬʠʨʤʳ 

Schenk GmbH Maschinenbau ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 13.5.  

ɼʥʦ ʢʘʙʠʥʳ ʩʜʝʣʘʥʦ ʠʟ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʦʡ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ, ʢʦʪʦ-

ʨʘʷ ʟʘʟʝʤʣʝʥʘ ʠ ʩʢʚʦʟʴ ʢʦʪʦʨʫʶ ʚʦʨʩ, ʥʝ ʚʥʝʜʨʠʚʰʠʡʩʷ ʚ ʢʣʝʝʚʦʡ ʩʣʦʡ, ʧʨʦʩʳ-

ʧʘʝʪʩʷ ʚ ʩʧʝʮʠʘʣʴʥʫʶ ʝʤʢʦʩʪʴ. ʉʦʙʨʘʥʥʳʡ ʚʦʨʩ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʛʦ-

ʢʨʘʪʥʦ. 
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ʈʠʩ. 13.5. ʈʘʙʦʯʝʝ ʤʝʩʪʦ ʜʣʷ ʦʪʜʝʣʢʠ ʨʘʟʣʠʯʥʳʭ ʠʟʜʝʣʠʡ 

ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʫʯʥʦʛʦ ʬʣʦʢʘʪʦʨʘ 

 

13.2. ʕʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨ r

 

ʆʩʦʙʳʤ ʚʠʜʦʤ ʜʦʩʪʘʪʦʯʥʦ ʢʦʤʧʘʢʪʥʳʭ ʫʩʪʨʦʡʩʪʚ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ ʥʘ 

ʨʘʟʣʠʯʥʳʝ ʠʟʜʝʣʠʷ ʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨ (ʨʠʩ. 13.6) [37]. ʆʥ ʦʪʣʠ-

ʯʘʝʪʩʷ ʦʪ ʨʫʯʥʳʭ ʬʣʦʢʘʪʦʨʦʚ ʨʷʜʦʤ ʧʨʠʟʥʘʢʦʚ. ɺʦʨʩ ʚ ʟʦʥʫ ʥʘʥʝʩʝʥʠʷ ʧʦʜʘʶʪ ʚ 

ʧʦʪʦʢʝ ʚʦʟʜʫʭʘ. ɿʘʨʷʜʢʘ ʚʦʨʩʘ ʚʦ ʤʥʦʛʠʭ ʤʦʜʝʣʷʭ ʪʘʢʠʭ ʬʣʦʢʘʪʦʨʦʚ ʦʩʫʱʝʩʪʚ-

ʣʷʝʪʩʷ ʚ ʧʦʣʝ ʢʦʨʦʥʥʦʛʦ ʨʘʟʨʷʜʘ. ɺ ʩʦʩʪʘʚ  ʪʘʢʦʡ ʤʦʜʝʣʠ ʬʣʦʢʘʪʦʨʘ ʚʭʦʜʷʪ: ʠʩ-

ʪʦʯʥʠʢ ʚʳʩʦʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʙʫʥʢʝʨ ʜʣʷ ʚʦʨʩʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʝʤʢʦʩʪʠ, 

ʢʦʤʧʨʝʩʩʦʨ ʜʣʷ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ, ʜʦʟʘʪʦʨ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʦʩʪʫʧʣʝʥʠʝ ʚʦʨʩʘ ʚ 

ʧʦʪʦʢ ʚʦʟʜʫʭʘ ʩ ʥʫʞʥʦʡ ʩʢʦʨʦʩʪʴʶ, ʚʦʟʜʫʰʥʳʡ ʰʣʘʥʛ ʠ ʢʘʙʝʣʴ ʚʳʩʦʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ, ʥʘʥʦʩʠʪʝʣʴ ʩ ʨʫʢʦʷʪʢʦʡ ʠ ʚʳʩʦʢʦʚʦʣʴʪʥʳʤ ʢʦʨʦʥʠʨʫʶʱʠʤ ʵʣʝʢ-

ʪʨʦʜʦʤ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʝʛʦ ʦʙ-

ʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. ʆʥ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʠʟ-

ʜʝʣʠʷ ʥʝ ʩʪʘʥʜʘʨʪʥʳʭ ʨʘʟʤʝʨʦʚ, ʚʢʣʶʯʘʷ ʦʙʲʝʤʥʳʝ ʠʟʜʝʣʠʷ (ʤʘʥʝʢʝʥʳ, ʜʚʝʨʠ, 

ʵʣʝʤʝʥʪʳ ʤʝʙʝʣʠ, ʜʝʪʘʣʠ ʩʘʣʦʥʘ ʘʚʪʦʤʦʙʠʣʷ ʠ ʪ. ʧ.), ʠʣʠ ʥʘʥʝʩʝʥʠʝ ʚʦʨʩʘ ʥʘ 

ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʧʥʳʭ ʣʦʞʝʤʝʥʪʦʚ.  
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ʈʠʩ. 13.6. ɺʥʝʰʥʠʡ ʚʠʜ ʵʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨʘ 

 

ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʚʦʨʩʦʚʦʛʦ ʧʦʢʨʳʪʠʷ ʥʘ ʚʥʫʪʨʝʥʥʶʶ ʧʦʚʝʨʭʥʦʩʪʴ ʢʨʫʧʥʳʭ 

ʝʤʢʦʩʪʝʡ ʚʦʟʥʠʢʘʝʪ ʧʨʦʙʣʝʤʘ, ʩʚʷʟʘʥʥʘʷ ʩ ʪʝʤ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝ-

ʩʢʦʛʦ ʧʦʣʷ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʫʛʣʘʭ ʝʤʢʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ. ʕʪʦ ʦʟʥʘʯʘ-

ʝʪ, ʯʪʦ ʚʦʨʩ, ʧʦʧʘʚʰʠʡ ʪʫʜʘ, ʙʫʜʝʪ ʧʣʦʭʦ ʦʨʠʝʥʪʠʨʦʚʘʥ ʠ ʥʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ 

ʧʝʨʝʟʘʨʷʜʢʘ ʥʝ ʟʘʢʨʝʧʠʚʰʝʛʦʩʷ ʚʦʨʩʘ. ʇʨʦʱʝ ʛʦʚʦʨʷ, ʪʘʢʠʝ ʤʝʩʪʘ ʟʘʩʳʧʘʶʪʩʷ 

ʚʦʨʩʦʤ, ʢʦʪʦʨʳʡ ʥʝ ʚʥʝʜʨʷʝʪʩʷ ʚ ʧʦʚʝʨʭʥʦʩʪʴ ʢʣʝʝʚʦʛʦ ʩʣʦʷ ʠ ʥʝ ʟʘʢʨʝʧʣʷʝʪʩʷ 

ʪʘʤ. ʈʝʰʠʪʴ ʵʪʫ ʧʨʦʙʣʝʤʫ ʩ ʧʦʤʦʱʴʶ ʬʣʦʢʘʪʦʨʘ ʠʥʦʛʦ ʪʠʧʘ, ʥʘʧʨʠʤʝʨ, ʨʫʯʥʦ-

ʛʦ ʬʣʦʢʘʪʦʨʘ, ʤʦʞʥʦ ʣʠʰʴ ʧʫʪʝʤ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʚʦʨʩʘ, ʯʪʦ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʧʨʦʮʝʩʩʘ.  

ɺ ʵʣʝʢʪʨʦʧʥʝʚʤʦʬʣʦʢʘʪʦʨʝ ʚʦʨʩ ʧʦʩʪʫʧʘʝʪ ʚ ʟʦʥʫ ʥʘʥʝʩʝʥʠʷ ʩ ʧʦʪʦʢʦʤ 

ʚʦʟʜʫʭʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʦʷʥʥʦ ʩʜʫʚʘʪʴ ʥʝ ʟʘʢʨʝʧʠʚʰʠʡʩʷ ʚʦʨʩ ʠ ʥʘʥʦʩʠʪʴ 

ʥʦʚʳʡ ʚʦʨʩ. ʇʨʠ ʵʪʦʤ ʥʘʜʦ ʦʪʜʘʚʘʪʴ ʩʝʙʝ ʦʪʯʝʪ, ʯʪʦ ʦʨʠʝʥʪʘʮʠʷ ʚʦʨʩʘ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʙʫʜʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʭʫʞʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʣʦʢʘʪʦ-

ʨʦʚ ʜʨʫʛʠʭ ʪʠʧʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘʧʨʷʞʝʥʠʝ, ʪʨʝʙʫʝʤʦʝ ʜʣʷ ʨʘʙʦʪʳ ʵʣʝʢʪʨʦʧ-

ʥʝʚʤʦʬʣʦʢʘʪʦʨʘ, ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʜʣʷ ʨʫʯʥʦʛʦ ʬʣʦʢʘʪʦʨʘ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ 

ʪʝʤ, ʯʪʦ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʧʦʚʝʨʭʥʦʩʪʠ ʠʟʜʝʣʠʷ ʜʦʣʞʥʦ ʙʳʪʴ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʨʘ-

ʙʦʪʝ ʩ ʨʫʯʥʳʤ ʬʣʦʢʘʪʦʨʦʤ, ʧʦʩʢʦʣʴʢʫ ʥʝʦʙʭʦʜʠʤʦ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ ʧʦʪʦʢʘ 

ʚʦʟʜʫʭʘ, ʫʭʫʜʰʘʶʱʝʛʦ ʦʨʠʝʥʪʘʮʠʶ ʚʦʨʩʘ. ɽʩʣʠ ʜʣʷ ʨʘʙʦʪʳ ʩ ʨʫʯʥʳʤ ʬʣʦʢʘʪʦ-

ʨʦʤ ʦʙʳʯʥʦ ʜʦʩʪʘʪʦʯʥʦ ʥʘʧʨʷʞʝʥʠʷ 60ï70 ʢɺ, ʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʘʥʥʦʛʦ 

ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʳʯʥʦ ʪʨʝʙʫʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʤʝʥʝʝ 80 ʢɺ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʬʣʦʢʘʪʦʨʳ ʜʘʥʥʦʛʦ ʪʠʧʘ ʠʤʝʶʪ ʦʛʨʘʥʠʯʝʥʥʫʶ ʩʬʝʨʫ ʧʨʠ-

ʤʝʥʝʥʠʷ, ʦʜʥʘʢʦ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʥʘʡʪʠ ʠʤ ʟʘʤʝʥʫ ʜʦʩʪʘʪʦʯʥʦ ʪʨʫʜʥʦ. ɼʣʷ ʥʘʥʝʩʝ-

ʥʠʷ ʚʦʨʩʘ ʥʘ ʙʦʣʴʰʫʶ ʧʣʦʱʘʜʴ ʧʨʠ ʦʛʨʘʥʠʯʝʥʥʦʤ ʚʨʝʤʝʥʠ ʠ ʙʦʣʴʰʠʭ ʛʘʙʘʨʠʪʘʭ 

ʠʟʜʝʣʠʷ, ʥʘʧʨʠʤʝʨ, ʧʦʚʝʨʭʥʦʩʪʴ ʤʘʥʝʢʝʥʘ, ʥʘʡʪʠ ʟʘʤʝʥʫ ʪʘʢʦʤʫ ʫʩʪʨʦʡʩʪʚʫ ʜʦʩʪʘ-


