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ɼʣʷ ʚʭʦʞʜʝʥʠʷ ʚ ʵʨʫ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ʥʝʦʙʭʦʜʠʤʦ ʥʘʫʯʠʪʴʩʷ ʫʧʨʘʚʣʷʪʴ ʧʨʠʨʦʜʦʡ, ʪ.ʝ. ʦʧʪʠʤʠ-

ʟʠʨʦʚʘʪʴ ʝʝ ʚʣʠʷʥʠʝ ʥʘ ʯʝʣʦʚʝʢʘ ʠ ʝʝ ʦʪʢʣʠʢ ʥʘ ʘʥʪʨʦʧʦʛʝʥʥʳʝ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʣʷ ʵʪʦʛʦ ʥʫʞʥʦ ʫʤʝʪʴ 

ʤʦʜʝʣʠʨʦʚʘʪʴ ʚʩʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʥʘʫʯʠʪʴʩʷ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʠʭ ʨʘʟʚʠʪʠʝ ʚʦ ʚʨʝʤʝʥʠ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʧʦʩʪʝʧʝʥʥʦ ʚʚʦʜʷ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʚʩʝ ʧʨʠʨʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʪʦʡ 

ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʚʠʭʨʝʚʳʤʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝ-

ʥʠʝʤ ʚʝʱʝʩʪʚʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ʀʩʧʦʣʴʟʫʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʙʘʟʠʨʫʶʱʠʡʩʷ ʥʘ ʩʠʩʪʝʤʝ 

ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ, ʩʣʦʞʥʦ ʦʧʠʩʘʪʴ ʚʠʭʨʝʚʳʝ (ʢʦʣʴʮʝʚʳʝ) ʩʪʨʫʢʪʫʨʳ, ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚʦ ʚʩʝʭ 

ʛʝʦʩʬʝʨʘʭ ʥʘʰʝʡ ʧʣʘʥʝʪʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ. ʇʨʝʜʣʦʞʝʥ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ 

ʚʠʭʨʝʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ɺɻ), ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʥʦʚʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʤ ʩʚʦʡʩʪʚʝ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ 

ʧʦʣʷ ï ʚʝʢʪʦʨʥʦʤ ʧʦʪʝʥʮʠʘʣʝ, ʜʣʷ ʢʦʪʦʨʦʛʦ rotA  Í 0, ʧʦʟʚʦʣʷʶʱʠʡ ʘʜʝʢʚʘʪʥʦ ʦʧʠʩʳʚʘʪʴ ʚʠʭʨʝʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʠ ʛʣʫʙʞʝ ʧʦʥʠʤʘʪʴ ʠʭ ʩʫʱʥʦʩʪʴ. ʉ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (ɺɻ) ʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʨʷʜʘ ʟʘʜʘʯ, ʩʜʝʣʘʥʳ ʦʙʦʙʱʝʥʠʷ ʧʦ ʥʝʢʦʪʦʨʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ ʠ 

ʷʚʣʝʥʠʷʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʤr ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʩʬʝʨʘʭ ɿʝʤʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʨʘʚʠʪʘʮʠʷ; ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ; ʢʦʥʚʝʢʮʠʷ; ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ; ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʘʷ ʤʦʜʝʣ;ɹ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ;  ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩ; ʤʘʥʪʠʷ; ʣʠʪʦʩʬʝʨʘ; ʢʦʨʘ; ʧʣʶʤ; ʜʠʘ-

ʧʠʨ; ʨʠʬʪ. 
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ɺ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʘʢʪʠʚʥʦ ʨʘʟ-

ʚʠʚʘʝʪʩʷ ʠʜʝʷ (ʢʦʥʮʝʧʮʠʷ) ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟ-

ʚʠʪʠʷ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʦʧʨʝʜʝʣʝʥʠʡ ʠ 

ʪʨʘʢʪʦʚʦʢ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ, ʥʦ ʥʠ ʧʦʣʠʪʠʢʠ, 

ʥʠ ʵʢʦʥʦʤʠʩʪʳ, ʥʠ ʬʠʣʦʩʦʬʳ, ʨʘʟʨʘʙʦʪʘʚʰʠʝ 

ʵʪʠ ʦʧʨʝʜʝʣʝʥʠʷ, ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʤʦʛʫʪ ʧʦʥʷʪʴ 

ʠ ʦʙʲʷʩʥʠʪʴ ʩʫʪʴ ʵʪʦʡ ʢʦʥʮʝʧʮʠʠ, ʦʥʘ ʩʪʘʥʦ-

ʚʠʪʩʷ ʧʨʦʩʪʦ ʤʦʜʥʦʡ ʪʝʦʨʠʝʡ ʜʣʷ ʫʧʨʘʚʣʝʥʯʝ-

ʩʢʦʡ "ʵʣʠʪʳ". ʅʝʢʦʪʦʨʳʝ ʩʪʨʘʥʳ ʫʞʝ ʩʯʠʪʘ-

ʶʪ, ʯʪʦ ʚʳʰʣʠ ʥʘ ʧʫʪʴ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ɺ ʈʦʩʩʠʠ ʦʙʲʷʚʣʝʥ ʜʘʞʝ ʢʦʥʢʫʨʩ "ʈʝʛʠʦʥʳ ï 

ʫʩʪʦʡʯʠʚʦʝ ʨʘʟʚʠʪʠʝ". ʅʦ ʧʨʠʨʦʜʘ ʩʚʦʝʡ ʥʝ-

ʧʨʝʜʩʢʘʟʫʝʤʦʩʪʴʶ, ʩʪʠʭʠʡʥʳʝ ʙʝʜʩʪʚʠʷ, ʪʝʨ-

ʨʦʨʠʟʤ, ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʢʨʠʟʠʩʳ, ʚʦʡʥʳ ʠ ʜʨ. 

ʨʘʩʩʪʘʚʣʷʶʪ ʚʩʝ ʥʘ ʩʚʦʠ ʤʝʩʪʘ.  

ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʫʪʴ 

ʢʦʥʮʝʧʮʠʠ ʫʩʪʦʡʯʠʚʦʛʦ ʨʘʟʚʠʪʠʷ ï ʵʪʦ ʦʧʪʠ-

ʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʨʦʜʦʡ ʪ. ʝ. ʥʝʦʙʭʦʜʠ-
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ʤʦ ʧʨʝʜʩʢʘʟʘʪʴ ʩʦʙʳʪʠʝ (ʷʚʣʝʥʠʝ), ʩʧʨʦʛʥʦ-

ʟʠʨʦʚʘʪʴ ʝʛʦ ʨʘʟʚʠʪʠʝ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʦ-

ʩʣʝʜʩʪʚʠʷ ʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ʇʦʜ ʪʝʨʤʠʥʦʤ 

ʧʨʠʨʦʜʘ ʧʦʥʠʤʘʝʪʩʷ ʚʩʷ ʦʢʨʫʞʘʶʱʘʷ ʩʨʝʜʘ, 

ʚʢʣʶʯʘʷ ʯʝʣʦʚʝʢʘ. ʕʪʦ ʤʠʥʠʤʘʢʩʥʘʷ ʟʘʜʘʯʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ ʧʨʠ ʤʠʥʠʤʘʣʴ-

ʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ ʤʦʞ-

ʥʦ ʧʦʣʫʯʠʪʴ ʦʪ ʥʝʝ ʤʘʢʩʠʤʘʣʴʥʫʶ ʧʦʣʴʟʫ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʛʦ, ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ ʧʨʦ-

ʩʪʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʜʝʣʘʪʴ 

ʛʨʦʤʘʜʥʫʶ ʨʘʙʦʪʫ, ʢʦʪʦʨʘʷ ʧʦ ʚʨʝʤʝʥʠ ʟʘʡ-

ʤʝʪ ʜʝʩʷʪʠʣʝʪʠʷ ʠʣʠ ʜʘʞʝ ʩʪʦʣʝʪʠʷ. ʅʝʦʙʭʦ-

ʜʠʤʦ ʨʘʟʨʘʙʦʪʘʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ 

ʚʩʝʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʭʦʜʷʱʠʭ ʚ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʝ ʠ ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ, ʥʘʫʯʠʪʴʩʷ ʠʭ ʧʨʦ-

ʛʥʦʟʠʨʦʚʘʪʴ ʚʦ ʚʨʝʤʝʥʠ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʘ ʟʘ-

ʪʝʤ ʧʦʩʪʝʧʝʥʥʦ, ʠʟʫʯʘʷ ʠ ʢʦʨʨʝʢʪʠʨʫʷ, ʚʚʦ-

ʜʠʪʴ ʵʣʝʤʝʥʪʳ ʫʧʨʘʚʣʝʥʠʷ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ.  

ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚ ʦʢʨʫ-

ʞʘʶʱʝʡ ʩʨʝʜʝ ʥʫʞʥʳ ʘʜʝʢʚʘʪʥʳʝ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʝ ʤʦʜʝʣʠ ʠ ʵʬʬʝʢʪʠʚʥʳʝ ʯʠʩʣʝʥʥʳʝ ʤʝ-

ʪʦʜʳ. ʅʘ ʥʘʰ ʚʟʛʣʷʜ, ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦ-
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ʚʘʪʴ ʨʘʟʥʳʝ ʧʦʜʭʦʜʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʨʝʰʝʥʠʷ 

ʵʪʠʭ ʟʘʜʘʯ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʟʚʦʣʠʪ 

ʛʣʫʙʞʝ ʠʟʫʯʠʪʴ ʠ ʧʦʥʷʪʴ ʧʨʠʨʦʜʥʳʝ ʷʚʣʝʥʠʷ 

ʠ ʙʦʣʝʝ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠ-

ʞʝʥʠʷ ʢ ʠʩʪʠʥʝ. ʊʦʣʴʢʦ ʪʦʛʜʘ ʤʦʞʥʦ ʙʫʜʝʪ 

ʛʦʚʦʨʠʪʴ ʦ ʥʘʯʘʣʝ ʚʭʦʞʜʝʥʠʷ ʚ ʵʨʫ ʫʩʪʦʡʯʠ-

ʚʦʛʦ ʨʘʟʚʠʪʠʷ. 

ʅʠ ʜʣʷ ʢʦʛʦ ʥʝ ʩʝʢʨʝʪ, ʯʪʦ ʚʝʩʴ ʥʘʰ 

ʤʠʨ, ʚʩʝ, ʯʪʦ ʥʘʩ ʦʢʨʫʞʘʝʪ, ʠ ʤʳ ʩʘʤʠ ʥʘʭʦ-

ʜʠʤʩʷ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʛʨʘʚʠʪʘʮʠʠ. ɺʩʝ ʧʨʦ-

ʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʨʠʨʦʜʝ, ʚ ʪʦʡ ʠʣʠ 

ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʤʠ 

ʧʦʪʦʢʘʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ 

ʚʝʱʝʩʪʚʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ. ʆʩʥʦʚʥʦʡ 

ʩʠʣʦʡ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʚʝʢʮʠʷ, ʢʦʪʦʨʘʷ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʟʘʚʠʩʠʪ ʦʪ 

ʩʠʣ, ʚʳʟʚʘʥʥʳʭ ʢʘʢʠʤʠ-ʪʦ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡ-

ʩʪʚʠʷʤʠ (ʚʳʥʫʞʜʝʥʥʘʷ ʢʦʥʚʝʢʮʠʷ), ʠ ʚʥʫʪ-

ʨʝʥʥʠʭ ʩʠʣ, ʚʳʟʚʘʥʥʳʭ ʧʣʦʪʥʦʩʪʥʳʤʠ ʥʝʦʜ-

ʥʦʨʦʜʥʦʩʪʷʤʠ, ʚʦʟʥʠʢʘʶʱʠʤʠ ʟʘ ʩʯʝʪ ʛʨʘʜʠ-

ʝʥʪʦʚ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ 

(ʩʚʦʙʦʜʥʘʷ ʢʦʥʚʝʢʮʠʷ). 

ɺʠʭʨʝʚʳʝ, ʢʦʣʴʮʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ʜʦ-

ʚʦʣʴʥʦ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚʦ ʚʩʝʭ ʛʝʦ-

ʩʬʝʨʘʭ ɿʝʤʣʠ ʠ ʢʦʩʤʠʯʝʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. 

ʆʩʦʙʝʥʥʦ ʷʩʥʦ ʵʪʦ ʩʪʘʣʦ ʧʨʠ ʜʝʰʠʬʨʦʚʢʝ 

ʢʦʩʤʠʯʝʩʢʠʭ ʩʥʠʤʢʦʚ ʚ ʢʦʥʮʝ XX ʚ. ʈʘʟʤʝʨʳ 

ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʩʦʪʝʥ ʢʠʣʦ-

ʤʝʪʨʦʚ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʜʘʥʥʳʝ 

ʩʪʨʫʢʪʫʨʳ ʢʦʥʪʨʦʣʠʨʫʶʪ ʢʨʫʧʥʳʝ ʤʝʩʪʦʨʦ-

ʞʜʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʜʨʫʛʠʭ ʧʦʣʝʟʥʳʭ ʠʩʢʦ-

ʧʘʝʤʳʭ, ʘ ʚ ʛʠʜʨʦʩʬʝʨʝ ʠ ʘʪʤʦʩʬʝʨʝ ʷʚʣʷʶʪ-

ʩʷ ʦʩʥʦʚʥʳʤʠ ʧʝʨʝʥʦʩʯʠʢʘʤʠ ʵʥʝʨʛʠʠ ʠ ʚʝ-

ʱʝʩʪʚʘ. 

 
ʈʠʩ. 1. ɺʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ɿʝʤʥʦʡ ʢʦʨʳ 

 

ɺ ʟʝʤʥʦʡ ʢʦʨʝ ʚʠʭʨʝʚʳʤʠ ʥʘʟʳʚʘʶʪ ʪʘ-

ʢʠʝ ʩʪʨʫʢʪʫʨʳ, ʚ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʘʷ ʨʦʣʴ 

ʧʨʠʥʘʜʣʝʞʠʪ ʩʧʠʨʘʣʝʚʠʜʥʳʤ, ʜʫʛʦʦʙʨʘʟʥʳʤ 

ʠ ʵʢʩʮʝʥʪʨʠʯʥʳʤ ʢʦʣʴʮʝʚʳʤ ʬʦʨʤʘʤ. ɺ ʵʪʠʭ 

ʩʪʨʫʢʪʫʨʘʭ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʝ ʤʦʨʬʦ-

ʣʦʛʠʯʝʩʢʠ ʨʘʟʣʠʯʥʳʝ ʯʘʩʪʠ: ʤʝʥʴʰʘʷ ï ʚʥʫʪ-

ʨʝʥʥʷʷ, ʠ ʙʦʣʴʰʘʷ ï ʚʥʝʰʥʷʷ. ɺʥʫʪʨʝʥʥʷʷ 

ʯʘʩʪʴ (ʯʘʩʪʦ ʦʢʨʫʛʣʦʡ ʬʦʨʤʳ) ʟʘʥʠʤʘʝʪ ʥʝ 

ʙʦʣʝʝ ʦʜʥʦʡ ʧʷʪʦʡ, ʘ ʥʝʨʝʜʢʦ ï ʤʝʥʴʰʝ ʦʜʥʦʡ 

ʜʝʩʷʪʦʡ  ʚʩʝʡ  ʧʣʦʱʘʜʠ  ʩʪʨʫʢʪʫʨʳ,  ʠ  ʤʦʞʝʪ  

ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʢʘʢ ʚ ʝʝ ʮʝʥʪʨʝ, ʪʘʢ ʠ ʵʢʩʮʝʥ-

ʪʨʠʯʥʦ. ɺʥʝʰʥʷʷ ʯʘʩʪʴ ʩʪʨʫʢʪʫʨ ʦʯʝʨʯʝʥʘ 

ʩʧʠʨʘʣʝʚʠʜʥʳʤʠ (ʚʠʭʨʝʚʳʤʠ) ʠʣʠ ʧʦʣʫʢʦʣʴ-

ʮʝʚʳʤʠ (ʜʫʛʦʚʳʤʠ) ʬʦʨʤʘʤʠ ʨʘʟʣʠʯʥʦʡ ʢʨʠ-

ʚʠʟʥʳ, ʢʦʪʦʨʳʝ ʦʙʷʟʘʪʝʣʴʥʦ ʩʭʦʜʷʪʩʷ ʢ ʮʝʥ-

ʪʨʫ ʚʥʫʪʨʝʥʥʝʡ ʠʟʦʤʝʪʨʠʯʥʦʡ ʯʘʩʪʠ. ʂʘʢ ʧʨʘ-

ʚʠʣʦ, ʵʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʦʜʦʣʞʘʶʪʩʷ ʠ ʥʘ ʛʣʫ-

ʙʠʥʫ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʭ ʥʘʟʳʚʘʶʪ ʚʠʥʪʦʚʳʤʠ 

ʩʪʨʫʢʪʫʨʘʤʠ.  

 
ʈʠʩ. 2. ɺʠʭʨʝʚʳʝ (ʢʦʣʴʮʝʚʳʝ) ʩʪʨʫʢʪʫʨʳ, ʘ ï ʚ ʘʪʤʦʩʬʝʨʝ,  

 ʙ ï ʥʘ ʣʴʜʫ ʦʟʝʨʘ ɹʘʡʢʘʣ (ʢʦʩʤʠʯʝʩʢʠʡ ʩʥʠʤʦʢ)  

ɻʝʥʝʟʠʩ ʚʠʭʨʝʚʳʭ, ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ 

ʧʦʢʘ ʥʝ ʷʩʝʥ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʛʠʧʦʪʝʟ 

ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ ʦʪ ʚʨʘʱʘʪʝʣʴʥʦ-ʧʦʩʪʫʧʘʪʝʣʴ-

ʥʦʛʦ ʚʥʝʜʨʝʥʠʷ ʤʘʛʤʳ ʜʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʫʜʘʨ-

ʥʦ-ʤʝʪʝʦʨʠʪʥʦʛʦ. ʄʥʦʛʠʝ ʩʚʷʟʳʚʘʶʪ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʩʪʨʫʢʪʫʨ ʩ ʚʨʘʱʘʪʝʣʴʥʳʤʠ ʜʚʠʞʝʥʠʷʤʠ 
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ʙʣʦʢʦʚ ʟʝʤʥʦʡ ʢʦʨʳ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʚ ʮʝʥʪʨʝ ʠʣʠ ʚ 

ʧʨʝʜʝʣʘʭ ʜʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʬʠʢʩʠʨʫʶʪʩʷ ʠʥ-

ʪʨʫʟʠʚʥʳʝ ʪʝʣʘ, ʢʦʪʦʨʳʝ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʠ ʷʚ-

ʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʦʙʨʘʟʦʚʘʥʠʷ ʚʠʭʨʝʚʳʭ, 

ʢʦʣʴʮʝʚʳʭ ʠ ʚʠʥʪʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʥʦ ʤʝʭʘʥʠʟʤ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʠʭ ʦʙʨʘʟʦʚʘʥʠʷ 

ʧʦʢʘ ʦʩʪʘʝʪʩʷ ʜʠʩʢʫʩʩʠʦʥʥʳʤ [2] (ʨʠʩ. 1). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʘʪʤʦʩʬʝʨʝ ʠ ʛʠʜʨʦ-

ʩʬʝʨʝ ʚʩʝ ʤʳ ʷʚʥʦ ʥʘʙʣʶʜʘʝʤ ʨʘʟʣʠʯʥʳʝ ʚʠʭ-

ʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ ï ʮʠʢʣʦʥʳ, ʘʥʪʠʮʠʢʣʦʥʳ, 

ʪʦʨʥʘʜʦ, ʙʦʨʘ ʠ ʪʦʤʫ ʧʦʜʦʙʥʦʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠ ʚʩʝ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʛʣʫʙʠʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʨʘʟʚʠ-

ʚʘʶʪʩʷ ʧʦ ʪʦʤʫ ʞʝ ʩʮʝʥʘʨʠʶ, ʯʪʦ ʠ ʥʘ ʧʦ-

ʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ (ʨʠʩ. 2). 

ʅʦ ʜʦ ʩʠʭ ʧʦʨ ʵʪʠ ʧʨʦʮʝʩʩʳ, ʠʜʫʱʠʝ ʚʦ 

ʚʩʝʭ ʦʙʦʣʦʯʢʘʭ ɿʝʤʣʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥ ,r 

ʪʘʢ ʢʘʢ ʜʣʷ ʦʧʠʩʘʥʠʷ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚʠʭʨʝ-

ʚʳʭ ʩʪʨʫʢʪʫʨ ʥʝʪ ʘʜʝʢʚʘʪʥʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦ-

ʛʦ ʘʧʧʘʨʘʪʘ.  

ʀʩʧʦʣʴʟʫʝʤʳʝ ʤʝʪʦʜʳ, ʧʨʦʙʣʝʤʳ: 

ʥʦʚʳʡ ʧʦʜʭʦʜ 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʟʘʜʘʯʘʭ 

ʩʦ ʩʚʦʙʦʜʥʦʡ ʠ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʝʡ ʚ 

ʩʧʣʦʰʥʳʭ (ʚʷʟʢʠʭ) ʠ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʅʘʚʴʝïʉʪʦʢʩʘ, 

ʚ ʢʦʪʦʨʦʡ ʵʪʠ ʩʠʣʳ ʦʧʠʩʳʚʘʶʪʩʷ ʩʦʚʤʝʩʪʥʦ ï 

ʦʜʥʠʤ ʫʨʘʚʥʝʥʠʝʤ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʨʫʜʥʦʩʪʷʤ 

ʧʨʠ ʝʝ ʨʝʰʝʥʠʠ, ʪʘʢ ʢʘʢ ʦʥʘ ʥʝ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝ-

ʤʦʡ ʪʠʧʘ ʂʦʰʠïʂʦʚʘʣʝʚʩʢʦʡ, ʪ. ʝ., ʥʝʪ ʵʚʦʣʶ-

ʮʠʦʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʜʘʚʣʝʥʠʷ. ʀʤʝʶʪʩʷ ʠ 

ʜʨʫʛʠʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʥʘʣʠʯʠʝ ʤʘʣʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʤʦʞʝʪ ʧʨʠ-

ʚʦʜʠʪʴ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʛʣʘʜʢʦʩʪʠ 

ʨʝʰʝʥʠʷ, ʠ ʨʷʜ ʜʨʫʛʠʭ. 

ʋʨʘʚʥʝʥʠʷ ʅʘʚʴʝïʉʪʦʢʩʘ, ʚʳʪʝʢʘʶʱʠʝ 

ʠʟ ʫʨʘʚʥʝʥʠʷ ɹʦʣʴʮʤʘʥʘ, ʧʦʣʫʯʝʥʥʦʛʦ ʥʘ ʦʩ-

ʥʦʚʝ ʫʨʘʚʥʝʥʠʡ ʤʝʭʘʥʠʢʠ ʠ ʩʪʘʪʠʩʪʠʢʠ, ʥʝʧʦ-

ʩʨʝʜʩʪʚʝʥʥʦ ʦʧʠʩʳʚʘʶʪ ʪʦʣʴʢʦ ʣʘʤʠʥʘʨʥʳʝ 

ʪʝʯʝʥʠʷ, ʧʦʵʪʦʤʫ ʩ ʧʦʤʦʱʴʶ ʵʪʦʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʩʣʦʞʥʦ, ʘ ʚ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝʚʦʟ-

ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʚʠʭʨʝʚʳʝ ʩʪʨʫʢʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦʣʝ ʚʦ ʚʩʝʭ 

ʩʨʝʜʘʭ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʧʣʦʪʥʦʩʪʥʦʡ ʩʪʨʘ-

ʪʠʬʠʢʘʮʠʠ.  

ɼʣʷ ʦʧʠʩʘʥʠʷ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ (ʪʫʨ-

ʙʫʣʝʥʪʥʦʩʪʠ), ʧʨʠʚʣʝʢʘʶʪ ʜʦʧʦʣʥʠʪʝʣʥɹʳʝ 

ʛʠʧʦʪʝʟʳ ʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʚʳ-

ʰʘʶʪ ʩʪʝʧʝʥʴ ʵʪʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʟʘʧʫ-

ʪʳʚʘʶʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʚʠʭʨʝʚʳʭ ʧʨʦʮʝʩ-

ʩʦʚ ʠ ʫʩʣʦʞʥʷʶʪ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯ.  

ɼʣʷ ʠʟʙʘʚʣʝʥʠʷ ʦʪ ʵʪʠʭ ʥʝʜʦʩʪʘʪʢʦʚ ʩʫ-

ʱʝʩʪʚʫʝʪ ʧʦʜʭʦʜ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʢʣʶʯʝʥʠʠ 

ʜʘʚʣʝʥʠʷ ʠʟ ʫʨʘʚʥʝʥʠʡ ʟʘ ʩʯʝʪ ʧʨʠʤʝʥʝʥʠʷ 

ʦʧʝʨʘʮʠʠ ʨʦʪʦʨ (rot) ʢ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʚʝʢʪʦʨʘ 

ʩʢʦʨʦʩʪʠ, ʠ ʧʝʨʝʭʦʜʫ ʦʧʠʩʘʥʠʷ ʩʢʦʨʦʩʪʝʡ ʯʝ-

ʨʝʟ ʬʫʥʢʮʠʶ ʪʦʢʘ ʠ ʚʠʭʨʴ. ʊʘʢʦʡ ʧʝʨʝʭʦʜ ʧʦ-

ʚʳʰʘʝʪ ʧʦʨʷʜʦʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ, ʥʦ ʟʘ 

ʩʯʝʪ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʜʘʝʪ ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʦʝ ʫʜʦʚʣʝʪʚʦʨʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʥʝʨʘʟʨʳʚʥʦ-

ʩʪʠ, ʧʨʠ ʵʪʦʤ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʫʩʣʦʞʥʷʝʪʩʷ 

ʠ ʦʙʳʯʥʦ ʨʝʰʘʝʪʩʷ ʨʘʟʜʝʣʥɹʳʤ ï ʜʚʫʭʧʦʣʝʚʳʤ 

ʤʝʪʦʜʦʤ. ʇʨʠʨʘʚʥʠʚʘʥʠʝ ʦʧʝʨʘʮʠʠ ʨʦʪʦʨʘ 

ʩʢʦʨʦʩʪʠ ʢ ʚʠʭʨʶ (ʢʦʪʦʨʳʝ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʳ) ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʯʠʩʣʠʪʴ 

ʬʫʥʢʮʠʶ ʪʦʢʘ ʯʝʨʝʟ ʜʨʫʛʫʶ ʥʝʟʘʚʠʩʠʤʫʶ 

ʬʫʥʢʮʠʶ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʦʚʳʤ ʪʘʢʦʛʦ ʞʝ ʧʦ-

ʨʷʜʢʘ ʪʨʫʜʥʦʩʪʷʤ, ʩʚʷʟʘʥʥʳʤ ʩ ʟʘʜʘʥʠʝʤ ʛʨʘ-

ʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʚʠʭʨʷ [10].  

ʇʦʵʪʦʤʫ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʧʦ-

ʩʪʨʦʝʥʠʠ ʥʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʧʦ-

ʟʚʦʣʷʶʱʝʡ ʠʟʙʝʞʘʪʴ ʫʢʘʟʘʥʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ. 

ɼʣʷ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠ ʟʘʪʝʤ ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʯʝʨʝʟ ʥʝʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝʟʘʚʠʩʠʤʫʶ ʚʝʢʪʦʨʥʫʶ ʬʫʥʢ-

ʮʠʶ ï ʛʝʥʝʨʘʪʦʨ ʚʠʭʨʝʡ. ʇʦʭʦʞʠʡ ʤʝʪʦʜ ʠʩ-

ʧʦʣɹʟʦʚʘʣʩʷ ʥʝʢʦʪʦʨʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ, ʥʦ 

ʪʦʣʴʢʦ ʜʣʷ ʜʚʫʤʝʨʥʳʭ ʫʨʘʚʥʝʥʠʡ [9].  

ɺ 1999 ʛ. ʘʚʪʦʨʦʤ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʪʨʝʭʤʝʨʥʦʡ ɺʠʭʨʝʚʦʡ ɻʠʜ-

ʨʦʜʠʥʘʤʠʢʠ (ɺɻ) ʜʣʷ ʧʦʨʠʩʪʳʭ ʩʨʝʜ, ʢʦʪʦʨʳʡ 

ʟʘʪʝʤ ʙʳʣ ʦʙʦʙʱʝʥ ʠ ʜʣʷ ʚʷʟʢʠʭ ʩʨʝʜ. ʇʨʝʜʣʘ-

ʛʘʝʤʳʡ ʥʦʚʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʦʩʥʦʚʘʥ 

ʥʘ ʨʘʩʱʝʧʣʝʥʠʠ ʢʦʥʚʝʢʮʠʠ ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶ-

ʱʠʝ ï ʩʚʦʙʦʜʥʫʶ, ʚʳʟʚʘʥʥʫ ʁ ʛʨʘʜʠʝʥʪʦʤ 

ʧʣʦʪʥʦʩʪʠ ʠ ʟʘʧʠʩʘʥʥʫʶ ʯʝʨʝʟ ʚʝʢʪʦʨʥʫʶ 

ʬʫʥʢʮʠʶ ʪʦʢʘ Ɋ ï ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʠ 

ʚʳʥʫʞʜʝʥʥʫʶ, ʚʳʟʚʘʥʥʫʶ ʠʩʪʦʯʥʠʢʘʤʠ, ʟʘʧʠ-

ʩʘʥʥʫʶ ʯʝʨʝʟ ʩʢʘʣʷʨʥʫʶ ʬʫʥʢʮʠʶ U ï ʩʢʘʣʷʨ-

ʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʟʜʝʣʴʥʦ ʚʳ-

ʯʠʩʣʠʪʴ ʠʭ ʟʥʘʯʝʥʠʷ, ʘ ʟʘʪʝʤ ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪ-

ʨʳ ʩʫʤʤʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ.  

ʅʘ ʙʘʟʝ ʵʪʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʘʚʪʦʨʦʤ ʨʘʟʨʘʙʦʪʘʥ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʥʘ ʷʟʳʢʝ 

Fortran, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʨʝʰʘʪʴ 

ʰʠʨʦʢʠʡ ʢʨʫʛ ʪʨʝʭʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʧʣʦʤʘʩʩʦ-

ʧʝʨʝʥʦʩʘ ʚ ʧʦʨʠʩʪʳʭ ʠ ʚʷʟʢʠʭ ʩʨʝʜʘʭ ʥʘ ʧʝʨ-

ʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ.  

ɿʘ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝ-

ʰʝʥʠʷ ʜʣʷ ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝ-

ʩʢʠʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʮʝʥ-
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ʪʨʘʣʴʥʳʭ ʞʫʨʥʘʣʘʭ ʈɸʅ, ʜʦʣʦʞʝʥʳ ʥʘ ʈʦʩ-

ʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩʜʝʣʘʥ ʚʳʚʦʜ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʚʠʭʨʝʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʜʘʥʦ 

ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʝʜʣʘʛʘʝʤʦʛʦ ʧʦʜʭʦʜʘ. ʅʘ ʘʥʘ-

ʣʠʟʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʪʝʧʣʦʤʘʩʩʦ-

ʧʝʨʝʥʦʩʘ ʚ ʧʦʨʠʩʪʳʭ ʠ ʚʷʟʢʠʭ ʩʨʝʜʘʭ ʧʦʢʘʟʘ-

ʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦ-

ʛʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʥʘ ʦʩʥʦʚʝ (ɺɻ) ʠ ʩʜʝʣʘʥʳ 

ʦʙʦʙʱʝʥʠʷ ʧʦ ʥʝʢʦʪʦʨʳʤ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦ-

ʮʝʩʩʘʤ ʠ ʷʚʣʝʥʠʷʤ, ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʤr ʚ ʨʘʟ-

ʣʠʯʥʳʭ ʛʝʦʩʬʝʨʘʭ ɿʝʤʣʠ.  

ʆʙʦʩʥʦʚʘʥʠʝ ʥʦʚʦʛʦ ʧʦʜʭʦʜʘ  

ʠ ʚrʚʦʜ ʫʨʘʚʥʝʥʠʡ (ɺɻ)  

ʀʟ ʪʝʦʨʠʠ ʧʦʣʷ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʣʶʙʦʝ 

ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ M  ʤʦʞʥʦ ʨʘʟʣʦʞʠʪʴ ʥʘ ʜʚʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ. M = M 1 + M 2. ʇʦʣʝ M 1 = grad 

U ï ʠʩʪʦʯʥʠʢʦʚʦʝ ʠʣʠ ʜʠʚʝʨʛʝʥʪʥʦʝ ʧʦʣʝ, ʛʜʝ 

U ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ, ʠʤʝʶʱʘʷ ʧʝʨʚʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ, ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ rot  

grad U = 0. ʌʫʥʢʮʠʶ U ʥʘʟʳʚʘʶʪ ʩʢʘʣʷʨʥʳʤ 

ʧʦʪʝʥʮʠʘʣʦʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ M. ʊʦʛʜʘ, div 

M 1 = div grad U = k1d, Ý  Ð
2
U = DU = k1d, ʛʜʝ 

k1 ï ʢʦʥʩʪʘʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʥɹʦʩʪʠ, d ï 

ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ.  

ʇʦʣʝ M 2 = rot  A ï ʚʠʭʨʝʚʦʝ ʠʣʠ ʮʠʨʢʫʣʷ-

ʮʠʦʥʥʦʝ ʧʦʣʝ, ʪʦʛʜʘ, div rot  A = 0. ʌʫʥʢʮʠʶ A 

ʥʘʟʳʚʘʶʪ ʚʝʢʪʦʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʝʢʪʦʨʥʦ-

ʛʦ ʧʦʣʷ M. ʉʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ 

ʚʝʢʪʦʨʥʳʭ ʬʫʥʢʮʠʡ A,  ʦʧʠʩʳʚʘʶʱʠʭ ʦʜʥʦ ʠ 

ʪʦ ʞʝ ʧʦʣʝ M, ʪʘʢʠʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʦʪʣʠʯʘʪʴ-

ʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʛʨʘʜʠʝʥʪʘ 

ʥʝʢʦʪʦʨʦʡ ʩʢʘʣʷʨʥʦʡ ʬʫʥʢʮʠʠ j, ʪʘʢ ʢʘʢ rot  

grad j = 0. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʣʝʜʫʶʱʝʤʫ ʩʦ-

ʦʪʥʦh ʝʥʠʶ: rot  rot  A = k2W Ý grad div A - 

Ð
2
A = k2W. ʊʘʢ ʢʘʢ ʩʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ 

ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ A, ʦʧʠʩʳʚʘʶʱʠʭ ʦʜʥʦ ʠ 

ʪʦ ʞʝ ʧʦʣʝ M, ʪʦ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʠʟ ʥʠʭ ʪʘʢʦʝ, 

ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʨʘʚʝʥʩʪʚʫ div A = 0 

(ʢʘʣʠʙʨʦʚʢʘ ʂʫʣʦʥʘ) Ý Ð
2
A = DA = k2W, ʛʜʝ 

k2 ï ʢʦʥʩʪʘʥʪʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, W ï ʚʝʢ-

ʪʦʨ ʧʣʦʪʥʦʩʪʠ ʚʠʭʨʝʚʳʭ ʣʠʥʠʡ (ʣʠʥʠʡ ʪʦʢʘ), 

ʘ ʧʣʦʪʥʦʩʪʴ (ʛʫʩʪʦʪʘ) ʣʠʥʠʡ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʠ.  
ɺʩʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʨʠʨʦʜʝ, 

ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʩʚʷʟʘʥʳ ʩ ʛʠʜʨʦʜʠʥʘ-

ʤʠʯʝʩʢʠʤʠ ʧʦʪʦʢʘʤʠ, ʚʳʟʚʘʥʥʳʤʠ ʧʝʨʝʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝʤ ʚʝʱʝʩʪʚʘ ʚ ʛʨʘʚʠʪʘʮʠʦʥʥʦʤ ʧʦ-

ʣʝ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʛʝʥʝʨʘʪʦʨʦʤ ʩʚʦʙʦʜʥʦʡ 

ʢʦʥʚʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʧʣʦʪʥʦ-

ʩʪʠ ʩʨʝʜʳ, ʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʢʦʥʚʝʢʮʠʠ ʧʨʦ-

ʧʦʨʮʠʦʥʘʣʴʥʘ ʛʨʘʜʠʝʥʪʫ ʵʪʦʡ ʧʣʦʪʥʦʩʪʠ 
[1]. ɿʥʘʯʠʪ, ʚʝʢʪʦʨʥʫʶ ʬʫʥʢʮʠʶ W ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʛʨʘʜʠʝʥʪʘ ʩʢʘʣʷʨʥʦʡ 

ʬʫʥʢʮʠʠ, ʥʘʧʨʠʤʝʨ r (ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ), ʪʦ-

ʛʜʘ W = gradr. ʉʚʦʙʦʜʥʦ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦ-

ʢʠ ʚʝʱʝʩʪʚʘ, ʚʳʟʚʘʥʥʳʝ ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦ-

ʩʪʠ, ʬʦʨʤʠʨʫʶʱʠʤ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠ-

ʧʦʣʴ, ʫʜʦʙʥʦ ʟʘʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʥʦʡ 

ʬʫʥʢʮʠʠ ʪʦʢʘ Y ï ʚʝʢʪʦʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʘ 

ʧʦʪʦʢʠ ʚʳʥʫʞʜʝʥʥʦʡ ʢʦʥʚʝʢʮʠʠ, ʚʳʟʚʘʥʥʳʝ 

ʠʩʪʦʯʥʠʢʘʤʠ, ʯʝʨʝʟ ʬʫʥʢʮʠʶ U ï ʩʢʘʣʷʨʥʳʡ 

ʧʦʪʝʥʮʠʘʣ (ʜʘʚʣʝʥʠʝ, ʥʘʧʦʨ).  

ʊʦʛʜʘ ʧʝʨʝʥʦʩ ʩʨʝʜʳ (ʚʝʱʝʩʪʚʘ) ʤʦʞʥʦ 

ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ ʚʝʢʪʦʨʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ʇʫʘʩ-

ʩʦʥʘ DU = k1d, ʦʧʠʩʳʚʘʶʱʝʛʦ ʠʩʪʦʯʥʠʢʦʚʦʝ 

ʠʣʠ ʜʠʚʝʨʛʝʥʪʥʦʝ ʧʦʣʝ, ʟʘʧʠʩʘʥʥʦʝ ʯʝʨʝʟ 

ʩʢʘʣʷʨʥʫʶ ʬʫʥʢʮʠʶ U ʠ  DY = k2Ðr ï ʦʧʠ-

ʩʳʚʘʶʱʝʝ ʚʠʭʨʝʚʦʝ ʠʣʠ ʮʠʨʢʫʣʷʮʠʦʥʥʦʝ ʧʦ-

ʣʝ, ʟʘʧʠʩʘʥʥʦʝ ʯʝʨʝʟ ʚʝʢʪʦʨʥʫʶ ʬʫʥʢʮʠʶ Y, 

ʢʦʪʦʨʦʝ ʚ ʜʝʢʘʨʪʦʚʦʡ (ʦʨʪʦʛʦʥʘʣʴʥʦʡ) ʩʠʩ-

ʪʝʤʝ ʢʦʦʨʜʠʥʘʪ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʪʨʠ ʩʢʘʣʷʨ-

ʥʳʭ ʫʨʘʚʥʝʥʠʷ ʠʥʚʘʨʠʘʥʪʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ: 

DYx = k2 µr/µx, DYy = k2 µr/µy, 

DYz = k2µr/µz.                         (1)  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦ-

ʩʪʝʡ, ʚʳʟʚʘʥʥʦʝ ʠʩʪʦʯʥʠʢʘʤʠ ʠ ʛʝʥʝʨʘʪʦʨʘʤʠ 

ʚʠʭʨʝʡ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

V = V1 + V2 = grad U + rot Y.            (2)   

ʕʪʦ ʨʘʚʝʥʩʪʚʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʫ ʠʟ 

ʬʦʨʤ ʪʝʦʨʝʤʳ ɻʝʣʴʤʛʦʣʴʮʘ.  

ʅʘ ʵʪʦʤ ʦʩʥʦʚʘʥʠʠ ʘʚʪʦʨʦʤ ʧʨʝʜʣʦʞʝʥʘ 

ʥʦʚʘʷ ʪʨʝʭʤʝʨʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ, ʧʦʟʚʦ-

ʣʷʶʱʘʷ ʨʘʟʜʝʣʠʪʴ ʢʦʥʚʝʢʮʠʶ ʥʘ ʜʚʝ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ï ʩʚʦʙʦʜʥʫʶ ʠ ʚʳʥʫʞʜʝʥʥʫʶ ï ʠ, 

ʚrʯʠʩʣʠʚ ʠʭ ʟʥʘʯʝʥʠʷ, ʧʦʣʫʯʠʪʴ ʧʘʨʘʤʝʪʨʳ 

ʩʫʤʤʘʨʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ. ʕʪʫ ʩʠʩ-

ʪʝʤʫ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʪʘʢ: 

DY = k2 Ðr;                          (3) 

DU = k1d;                             (4) 

V = grad U + rot  Y.                  (5) 

ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ (3ï5) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ɺʠʭʨʝʚʦʡ ɻʠʜʨʦʜʠʥʘʤʠ-

ʢʠ (ɺɻ), ʟʘʧʠʩʘʥʥʫʶ ʚ ʚʝʢʪʦʨʥʦʡ ʬʦʨʤʝ.  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʣʦʪʥʦʩʪʴ ʤʦʞʝʪ ʟʘʚʠ-

ʩʝʪʴ ʦʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ r=F(U), ʪ.ʝ. 

ʦʪ ʚʥʝʥhʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʥʦ ʵʪʦ ʜʦʩʪʘʪʦʯʥʦ 

ʫʟʢʠʡ ʢʣʘʩʩ ʟʘʜʘʯ. ɺ ʧʦʣʝ ʛʨʘʚʠʪʘʮʠʠ ʚ ʦʩ-

ʥʦʚʥʦʤ ʬʦʨʤʠʨʫʶʪʩʷ ʩʚʦʙʦʜʥʦ-ʢʦʥʚʝʢʪʠʚʥʳʝ 

ʧʦʪʦʢʠ, ʠ ʧʣʦʪʥʦʩʪʴ ʟʘʚʠʩʠʪ ʦʪ ʜʨʫʛʠʭ ʩʢʘ-

ʣʷʨʥʳʭ ʬʫʥʢʮʠʡ ï ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʚʝɦ ʝʩʪʚʘ r=F(T,C), ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʣʝʡ 

ʢʦʪʦʨʳʭ ʚʚʦʜʷʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ.  

ʇʨʝʜʣʘʛʘʝʤʳʡ ʧʦʜʭʦʜ ʭʦʪʷ ʠ ʫʚʝʣʠʯʠʚʘ-

ʝʪ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦ-
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ʠʟʚʦʜʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ 

ʅʘʚʴʝïʉʪʦʢʩʘ, ʥʦ ʧʦʟʚʦʣʷʝʪ ʙʦʣʝʝ ʪʦʯʥʦ ʚʳ-

ʯʠʩʣʠʪʴ ʢʦʥʚʝʢʪʠʚʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ V, ʢʦ-

ʪʦʨʘʷ ʠʛʨʘʝʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʟʘʜʘʯʘʭ 

ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʚʳʯʠʩʣʝʥʠʠ ʧʦʣʝʡ ʪʝʤʧʝʨʘ-

ʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ, ʚ ʟʘʜʘʯʘʭ ʪʝʧ-

ʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʩʦ ʩʚʦ-

ʙʦʜʥʦʢʦʥʚʝʢʪʠʚʥʳʤʠ ʪʝʯʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʝ (4) 

ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ, ʠ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ ʧʦʥʠʟʠʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʩʠʩʪʝʤʘ (ɺɻ) ʷʚʣʷ-

ʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪ-

ʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ ʧʦ-

ʟʚʦʣʷʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ.  

ʇʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʝʢʪʦʨʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʘʣʠʙʨʦʚʢʘ ʂʫʣʦ-

ʥʘ, ʥʦ ʩʫʱʝʩʪʚʫʝʪ ʜʨʫʛʦʡ ʧʦʜʭʦʜ, ʚ ʢʦʪʦʨʦʤ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʣʠʙʨʦʚʢʘ ʃʦʨʝʥʮʘ (ʝʛʦ ʯʘʩʪʦ 

ʧʨʠʤʝʥʷʶʪ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʚʝʢ-

ʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ). ɽʩʣʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʣʠʙʨʦʚʢʫ ʃʦʨʝʥʮʘ, ʪʦ ʚ ʫʨʘʚ-

ʥʝʥʠʠ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʯʣʝʥ, ʘ 

ʧʨʠ ʥʝʤ ï ʢʦʵʬʬʠʮʠʝʥʪ (ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ), ʢʦ-

ʪʦʨʳʡ ʜʣʷ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʩʣʦʞʥʦ ʦʧ-

ʨʝʜʝʣʠʪʴ ʠ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʦʥ ʜʦʣʞʝʥ ʙʳʪʴ ʨʘʟ-

ʥʳʤ ʜʣʷ ʢʘʞʜʦʡ ʟʘʜʘʯʠ, ʯʪʦ ʫʩʣʦʞʥʠʪ ʠʭ ʨʝ-

ʰʝʥʠʝ. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚʦʟʤʦʞʥʦ, ʜʣʷ ʢʘʢʠʭ-

ʪʦ ʟʘʜʘʯ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʪʘʢʦʡ ʧʦʜʭʦʜ ʤʦʞʝʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ.  

ɼʘʥʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʪʘʢʞʝ ʤʦʞ-

ʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦ-

ʤʘʛʥʠʪʥʦʡ ʜʠʥʘʤʠʢʠ, ʯʝʨʝʟ ʚʝʢʪʦʨʥʳʡ ʠ ʩʢʘ-

ʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣʳ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʷʞʝʥ-

ʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʠʣʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʠʩʧʦʣʟɹʫʷ ʠʭ ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʦʧʨʦʪʠʚʣʝʥʠʷ 

ʠʣʠ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʊʘʢ ʢʘʢ ʚʩʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚʦʟʥʠʢʘʶʪ ʟʘ ʩʯʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʩʨʝʜʳ, ʪʦ 

ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ (ʤʛʥʦʚʝʥʥʳʝ ʩʢʦʨʦʩʪʠ) 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʝ ʜʝʬʦʨʤʘʮʠʡ, ʜʠʣʘʪʘ-

ʮʠʶ, ʜʝʚʠʘʪʦʨ (ʪʝʥʟʦʨ ʥʘʧʨʷʞʝʥʠʡ) ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʧʨʦʯʥʦʩʪʠ. ɺ ʙʫʜʫʱʝʤ 

ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʙʫʜʝʪ ʘʧʨʦʙʠʨʦʚʘ-

ʥʘ ʥʘ ʵʪʠʭ ʟʘʜʘʯʘʭ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ  

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʠʩʪʳʭ  

ʠ ʚʷʟʢʠʭ ʩʨʝʜʘʭ 

ɼʦʙʘʚʠʚ ʢ ʧʦʣʫʯʝʥʥʦʡ ʩʠʩʪʝʤʝ ʫʨʘʚʥʝ-

ʥʠʡ ʚʠʭʨʝʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ɺɻ) ʫʨʘʚʥʝʥʠʷ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʫʨʘʚʥʝʥʠʝ 

ʩʦʩʪʦʷʥʠʷ, ʛʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʧʦʣʥʫʶ ʩʦʧʨʷʞʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦ-

ʨʠʩʪʳʭ ʠ ʚʷʟʢʠʭ ʩʨʝʜʘʭ.  

ʕʪʘ ʤʦʜʝʣʴ ʚ ʪʝʨʤʠʥʘʭ ʬʫʥʢʮʠʠ ʪʦʢʘ, 

ʜʘʚʣʝʥʠʷ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʳ-

ʛʣʷʜʠʪ ʪʘʢ (ʨʠʩ. 3): 
 

, 

ʈʠʩ. 3. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʚʠʭʨʝʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ɺɻ (ʧʦʷʩʥʝʥʠʷ ʚ ʪʝʢʩʪʝ) 

 

ɿʜʝʩʴ Y1,2,3 ï ʧʨʦʝʢʮʠʷ ʚʝʢʪʦʨʘ ʬʫʥʢʮʠʠ ʪʦ-

ʢʘ ʥʘ ʢʦʦʨʜʠʥʘʪʥʳʝ ʦʩʠ; T ï ʪʝʤʧʝʨʘʪʫʨʘ; U ï 

ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢʮʠʷ; iC  ï ʢʦʥʮʝʥʪʨʘʮʠʷ 

i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʝ, i =1, m, m ï ʢʦʣʠʯʝ-

ʩʪʚʦ ʢʦʤʧʦʥʝʥʪ; t ï ʚʨʝʤʷ; x, y, z ï ʢʦʦʨʜʠʥʘʪʳ, 

Vx,Vy,Vz,Wx,Wy,Wz,ʘx,ay,az,Ax,Ay,Az,Dx,Dy,Dz,a

x,ay,az, ï ʧʨʦʝʢʮʠʠ ʚʝʢʪʦʨʦʚ ʩʢʦʨʦʩʪʝʡ ʢʦʥ-

ʚʝʢʮʠʠ (ʬʠʣʴʪʨʘʮʠʠ) ʠ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ, ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʪʝʢʫʯʝʩʪʠ (ʬʠʣʴʪʨʘʮʠʠ), ʛʠʜʨʦ-
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ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʛʠʜʨʦʜʠʩʧʝʨ-

ʩʠʠ, ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʥʘ ʢʦʦʨʜʠʥʘʪ-

ʥʳʝ ʦʩʠ; b, b*, bó, r0, rf
  
ï ʪʝʨʤʠʯʝʩʢʠʡ ʠ ʢʦʥ-

ʮʝʥʪʨʘʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʙʲʝʤʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ, ʢʦʵʬʬʠʮʠʝʥʪ ʩʞʠʤʘʝʤʦʩʪʠ, ʠʩ-

ʭʦʜʥʘʷ ʠ ʪʝʢʫʱʘʷ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ (ʬʣʶʠʜʘ); 

T0,C0,U0,T,C,U ï ʬʦʥʦʚʳʝ ʠ ʪʝʢʫʱʠʝ ʪʝʤʧʝʨʘ-

ʪʫʨʘ, ʢʦʥʮʝʥʪʨʘʮʠʷ, ʠ ʧʦʪʝʥʮʠʘʣʴʥʘʷ ʬʫʥʢ-

ʮʠʷ (ʜʘʚʣʝʥʠʝ ï P ʠʣʠ ʥʘʧʦʨ ï H); D  ï 

ʦʙʦʙɦ ʝʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ (ʜʠʬ-

ʬʫʟʠʠ), ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜʨʦʜʠʩʧʝʨʩʠʠ. iF  

ï ʦʙʦʙɦ ʝʥʥʘʷ ʬʫʥʢʮʠʷ ʢʠʥʝʪʠʢʠ, ʧʨʝʚʨʘʱʝ-

ʥʠʷ ʚʝɦ ʝʩʪʚ. ),,,( zyxtfi  ï ʬʫʥʢʮʠʷ ʠʩʪʦʯʥʠ-

ʢʦʚ ʠʣʠ ʛʝʥʝʨʘʪʦʨʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʚʥʝʰʥʠʝ 

(ʩʪʦʨʦʥʥʠʝ) ʧʦʣʷ, ʥʘʧʨʠʤʝʨ ʪʨʘʥʟʠʪʥʳʡ ʧʦ-

ʪʦʢ ʠʣʠ ʚʥʫʪʨʝʥʥʠʝ ʧʦʣʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʚ 

ʧʨʝʜʳʜʫʱʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ i=1·5. 

ɺ ʫʨʘʚʥʝʥʠʝ (11) ʜʣʷ ʟʘʜʘʯ ʩ ʧʦʨʠʩʪʳ-

ʤʠ ʩʨʝʜʘʤʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʙʱʝʥʥʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ʜʠʩʧʝʨʩʠʠ, ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʛʠʜ-

ʨʦʜʠʩʧʝʨʩʠʠ D =
KM DD + , ʛʜʝ 

MD  ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʬʬʫʟʠʠ, 
KD  ï 

ʢʦɻ ʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ ʠʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʜʠʩʧʝʨʩʠʠ: 
'VDK l= ,    cVV =' ,              (14) 

V ' ï ʚʝʢʪʦʨ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪ-

ʨʘʮʠʠ,  l ï ʧʘʨʘʤʝʪʨ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʠʩʧʝʨ-

ʩʠʠ, c ï ʧʦʨʠʩʪʦʩʪʴ. ɼʣʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ 

ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʩʣʝʜʫʶʱʝʝ 

ʚrʨʘʞʝʥʠʝ: 

W =  V 
ʧ

ʬ

C

C
,                         (15)  

ʛʜʝ V ï ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘʮʠʠ, FC , PC  

ï ʦʙ̡ʝʤʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʬʣʶʠʜʘ ʠ ʬʣʶʠʜʦ-

ʥʘʩʳʱʝʥʥʳʭ ʧʦʨʦʜ. 

iF  ï ʦʙʦʙʱʝʥʥʘʷ ʬʫʥʢʮʠʷ ʢʠʥʝʪʠʢʠ ʧʨʝʚʨʘ-

ʱʝʥʠʷ ʚʝʱʝʩʪʚ. 

iF  = aik
t

j

µ

µr
 + Si + Ni .                 (16) 

ɿʜʝʩʴ: aik ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʜʣʷ i-ʛʦ ʵʣʝʤʝʥʪʘ ʚ k-ʦʡ ʨʝʘʢʮʠʠ ʦʩʘʞʜʝʥʠʷ-

ʨʘʩʪʚʦʨʝʥʠʷ ʤʠʥʝʨʘʣʦʚ. 
t

j

µ

µr
 ï ʧʨʠʙʳʣʴ ʠʣʠ 

ʫʙʳʣʴ j-ʛʦ ʤʠʥʝʨʘʣʘ ʟʘ ʩʯʝʪ ʨʝʘʢʮʠʡ ʨʘʩʪʚʦ-

ʨʝʥʠʷ ï ʦʩʘʞʜʝʥʠʷ, ʟʘʤʝʱʝʥʠʷ. 

( )ö
÷

õ
æ
ç

å
ÔÔ-ÔÔK°=

µ

µ
ä qkrklksk

q
q

r
r

l
l

s
s

k

k

j
CC

t

ldld rr
r ,  (17) 

ʛʜʝ ʉq ï ʤʦʣʷpʥʘʷ ʢʦʥʮʝʥʪpʘʮʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʧʦpʦʚʦʤ ʚʦʜʥʦʤ pʘʩʪʚʦpʝ ʚ ʤʦʣʴ/ʣ, q = 1·m 

jr  ï ʤʦʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ ʤʠʥʝʨʘʣʦʚ ʚ ʝʜʠ-

ʥʠʮʝ ʦʙʲʝʤʘ ʚ ʤʦʣʴ/ʜʮ
3
, j=1· n, Kk ï ʢʦʥʩʪʘʥ-

ʪʘ ʨʘʚʥʦʚʝʩʠʷ k-ʡ ʨʝʘʢʮʠʠ ʨʘʩʪʚʦʨʝʥʠʷ, ʦʩʘ-

ʞʜʝʥʠʷ r,s-ʛʦ ʤʠʥʝʨʘʣʦʚ s,rÍ[1,éj], d ï 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ s-ʛʦ 

ʠʣʠ r-ʛʦ ʤʠʥʝʨʘʣʘ ʚ k-ʦʡ ʨʝʘʢʮʠʠ. 1 ¢ s,r ¢ n, 

l ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ l-ʛʦ 

ʠʣʠ q-ʛʦ ʵʣʝʤʝʥʪʘ ʨʘʩʪʚʦʨʘ ʚ k-ʡ ʨʝʘʢʮʠʠ. 1 ¢ 

l,q ¢ m Si ï ʧʨʠʙʳʣʴ ʠʣʠ ʫʙʳʣʴ i-ʛʦ ʵʣʝʤʝʥʪʘ 

ʚ ʨʘʩʪʚʦʨʝ ʟʘ ʩʯʝʪ ʨʘʚʥʦʚʝʩʥʳʭ ʠ ʦʙʤʝʥʥʳʭ 

ʨʝʘʢʮʠʡ, i = 1·m. 

ä ö
÷

õ
æ
ç

å
Ô-ÔK°=

r

q
q

l
l

ri
qrlr CCS
ll

,      (18)  

ʛʜʝ Kr ï ʢʦʥʩʪʘʥʪʘ ʨʘʚʥʦʚʝʩʠʷ r-ʦʡ ʨʝʘʢʮʠʠ 

ʜʠʩʩʦʮʠʘʮʠʠ ʠʣʠ ʨʘʩʪʚʦʨʝʥʠʷ ʦʩʘʞʜʝʥʠʷ i-ʛʦ 

ʚʝʱʝʩʪʚʘ. lrl ï ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠ-

ʝʥʪ  ʜʣʷ l-ʛʦ ʠʣʠ q-ʛʦ ʵʣʝʤʝʥʪʘ ʚ r-ʦʡ ʨʝʘʢʮʠʠ: 

1 ¢ l,q < m, 

Ni ï ʧʨʠʙʳʣʴ-ʫʙʳʣʴ i-ʛʦ ʵʣʝʤʝʥʪʘ ʟʘ ʩʯʝʪ 

ʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʨʘʩ-

ʧʘʜʘ:  

Ni = ai ʉi ,                        (19) 

ʛʜʝ ai ï ʢʦʵʬʬʠʮʠʝʥʪ ʩʦʨʙʮʠʠ-ʜʝʩʦʨʙʮʠʠ ʧʨʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʝʤʢʦʩʪʠ, ʠʣʠ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʨʘʩʧʘʜʘ i-ʛʦ ʵʣʝʤʝʥʪʘ. ʉi ï ʪʝʢʫʱʘʷ ʢʦʥʮʝʥ-

ʪʨʘʮʠʷ i-ʛʦ ʵʣʝʤʝʥʪʘ.  

ʂʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʪʘʢ ʞʝ, 

ʢʘʢ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ, ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʚ 

ʤʦʣʴ/ʜʮ
3
. ʇʦʨʠʩʪʦʩʪʴ c ʚ ʪʦʯʢʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʦ ʬʦʨʤʫʣʝ 

jj
j

Qrc ä-=1 ,                  (20) 

ʛʜʝ Qj ï ʤʦʣʴʥʳʡ ʦʙʲʝʤ j-ʛʦ ʤʠʥʝʨʘʣʘ 

ʜʤ
3
/ʤʦʣʴ, 

jr ï ʤʦʣʷʨʥʘʷ ʧʣʦʪʥʦʩʪʴ j-ʛʦ ʤʠʥʝ-

ʨʘʣʘ ʤʦʣʴ/ʜʤ
3
. 

ʇʦʨʠʩʪʦʩʪʴ ʫʯʠʪʳʚʘʝʪʩʷ ʧʨʠ ʦʙʨʘʟʦʚʘ-

ʥʠʠ ʪʚʝʨʜʳʭ ʦʩʘʜʢʦʚ ʨʝʘʢʮʠʡ, ʦʩʘʞʜʝʥʠʝ ʤʠ-

ʥʝʨʘʣʦʚ ʧʨʝʢʨʘʱʘʝʪʩʷ, ʝʩʣʠ ʧʦʨʠʩʪʦʩʪʴ ʜʦʩʪʠ-

ʛʘʝʪ ʟʘʜʘʥʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʠ ʧʨʠ ʨʘʩʯʝʪʝ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘ ʜʠʩʧʝʨʩʠʠ ʥʘ ʢʘʞʜʦʤ ʥʦʚʦʤ ʚʨʝʤʝʥ-

ʥʦʤ ʰʘʛʝ. ʈʘʩʯʝʪ ʫʨʘʚʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝ-

ʪʠʢʠ, ʟʘʧʠʩʘʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʜʝʡʩʪʚʫʶ-

ʱʠʭ ʤʘʩʩ, ʧʨʦʚʦʜʠʪʩʷ ʠʪʝʨʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʫʯʘʡʥʳʭ ʯʠʩʝʣ. ɼʣʷ ʨʝʰʝ-

ʥʠʷ ʚʳʧʠʩʘʥʥʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʟʘʜʘʁ ʪʩʷ 

ʛʨʘʥʠʯʥʳʝ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ: 

F=Yɻ
;   ( ) ( )zyxFzyx t ,,,, 10 =Y = ; 

GT ɻ= ;    ( ) ( )zyxFzyxT t ,,,, 20 == ; 
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RC ɻ= ;    ( ) ( )zyxFzyxC t ,,,, 30 == ; 

H=Rɻ ; ( ) ( )zyxFzyx t ,,,, 40 =R = ,     (21)                                                                        

ʛʜʝ, F, G, R, H, F1-4 ï ʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ. 

ʕʪʦ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʰʝʩʪʦʛʦ ʠ ʙʦʣʝʝ 

ʧʦʨʷʜʢʘ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦ-

ʥʝʥʪʦʚ (m). ʇʝʨʚʳʝ ʯʝʪʳʨʝ ʫʨʘʚʥʝʥʠʷ (6, 7, 8, 

9) ʦʧʠʩʳʚʘʶʪ ʛʠʜʨʦʜʠʥʘʤʠʢʫ, ʧʨʠʯʝʤ ʧʝʨʚʳʝ 

ʪʨʠ ʟʘʧʠʩʘʥʥʳʝ ʯʝʨʝʟ ʬʫʥʢʮʠʶ ʪʦʢʘ ï ʩʚʦ-

ʙʦʜʥʫʶ ʢʦʥʚʝʢʮʠʶ, ʚʳʟʳʚʘʝʤʫʶ ʚʥʫʪʨʝʥʥʠ-

ʤʠ ʩʠʣʘʤʠ (ʛʨʘʜʠʝʥʪʦʤ ʧʣʦʪʥʦʩʪʠ), ʘ ʯʝʪʚʝʨ-

ʪʦʝ, ʟʘʧʠʩʘʥʥʦʝ ʯʝʨʝʟ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ï 

ʚʳʥʫʞʜʝʥʥʫʶ ʢʦʥʚʝʢʮʠʶ, ʚʳʟʳʚʘʝʤʫʶ ʣʶ-

ʙʳʤʠ ʚʥʝʰʥʠʤʠ ʩʠʣʘʤʠ. ʇʷʪʦʝ ʫʨʘʚʥʝʥʠʝ ï 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (10), ʰʝʩʪʦʝ ï ʤʘʩʩʦʧʝʨʝ-

ʥʦʩʘ (11). ʇʨʷʤʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʛʠʜʨʦʜʠʥʘʤʠ-

ʯʝʩʢʠʤ ʙʣʦʢʦʤ ʠ ʫʨʘʚʥʝʥʠʷʤʠ ʪʝʧʣʦʤʘʩʩʦʧʝ-

ʨʝʥʦʩʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʩʢʦʨʦʩʪʠ ʢʦʥ-

ʚʝʢʮʠʠ (ʬʠʣʴʪʨʘʮʠʠ) ʫʨʘʚʥʝʥʠʝ (12) ï ʦʙʨʘʪ-

ʥʘʷ ʯʝʨʝʟ ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ (ʬʣʶʠʜʘ) ʫʨʘʚʥʝ-

ʥʠʝ ʩʦʩʪʦʷʥʠʷ (13). ɼʣʷ ʨʝʰʝʥʠʷ ʜʘʥʥʦʡ ʩʠʩ-

ʪʝʤʳ ʟʘʜʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦ-

ʚʠʷ (21). ʃʶʙʳʝ ʥʘʯʘʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʠ 

ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ (ʪʨʘʥʟʠʪʥʳʝ ʧʦʪʦʢʠ ʠ 

ʪ.ʜ.) ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʚʝʱʝʩʪʚ ʤʝ-

ʞʜʫ ʩʦʙʦʡ ʠ ʠʭ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ ʟʘʜʘʶʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʡ ʠʩʪʦʯʥʠʢʦʚ, ʟʘʧʠʩʘʥʥʳʭ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʣʷ ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ (14ï20). 

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʤʦʜʝʣʴ ʵʣʣʠʧʪʠʯʝʩʢʦ-

ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʷʚʣʷʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ, ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ 

ʢʦʪʦʨʦʡ ʧʦʜʭʦʜʷʪ ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʟʨʘʙʦʪʘʥ-

ʥʳʭ ʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʯʝʪʥʳʭ ʤʝʪʦʜʦʚ ʠ 

ʩʭʝʤ. ʇʦʚʳʰʝʥʥʳʡ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝ-

ʥʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʤʝʪʦʜʠʢʫ ʠ 

ʪʝʭʥʦʣʦʛʠʶ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʜʘ. 

ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʘʚʪʦʨʫ ʥʘ ʦʩʥʦʚʝ ʵʢʦʥʦʤʠʯʥʳʭ 

ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ 

ʨʘʩʱʝʧʣʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʦʩʷʤ 

ʠ ʬʠʟʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʘʤ, ʠʩʧʦʣʴʟʫʷ ʘʙʩʦʣʶʪ-

ʥʦ ʫʩʪʦʡʯʠʚʳʡ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʳʡ ʤʝʪʦʜ 

ʨʝʰʝʥʠʷ [11], ʨʘʟʨʘʙʦʪʘʪʴ ʧʘʢʝʪ ʧʨʦʛʨʘʤʤ ʥʘ 

ʷʟʳʢʝ Fortran, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ 

ʨʝʰʘʪʴ ʰʠʨʦʢʠʡ ʢʨʫʛ ʪʨʝʭʤʝʨʥʳʭ ʟʘʜʘʯ ʪʝʧ-

ʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʧʦʨʠʩʪʳʭ ʠ ʚʷʟʢʠʭ ʩʨʝʜʘʭ 

ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ ʢʦʤʧʴʶʪʝʨʘʭ.  

ʇʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ 

ʙʝʟʨʘʟʤʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘ. ʇʝʨʚʳʝ ʜʚʘ ʵʪʦ ʪʝʧ-

ʣʦʚʦʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʯʠʩʣʘ ʌʫʨʴʝ Fot = 

at/L
2
, Foc = Dt/ L

2
. ɺ ʫʨʘʚʥʝʥʠʷʭ, ʦʧʠʩʳʚʘʶ-

ʱʠʭ ʩʚʦʙʦʜʥʫʶ ʠ ʚʳʥʫʞʜʝʥʥʫʶ ʢʦʥʚʝʢʮʠʶ, 

ʚʦʟʥʠʢʘʶʱʫʶ ʟʘ ʩʯʝʪ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ 

ʩʨʝʜʳ (ʬʣʶʠʜʘ) ʠʣʠ ʚʥʝʰʥʠʭ ʩʠʣ, ʢʦʵʬʬʠʮʠ-

ʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ k2 = (g/m)³(r/L) = 

g/ɜL ʦʧʨʝʜʝʣʷʝʪ ʧʣʦʪʥʦʩʪʴ ʧʦʪʦʢʘ ʣʠʥʠʡ 

ʪʦʢʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʪʝʥʟʦʨʦʤ ʚʪʦʨʦʛʦ ʨʘʥ-

ʛʘ ʠ ʠʤʝʝʪ ʨʘʟʤʝʨʥʦʩʪʴ 1/(ʤ
2
ʩʝʢ). ʌʠʟʠʯʝʩʢʠʡ 

ʩʤʳʩʣ ʵʪʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝ-

ʪʠʨʦʚʘʪʴ ʢʘʢ ʪʝʢʫʯʝʩʪʴ, ʘ ʝʛʦ ʦʙʨʘʪʥʦʝ ʟʥʘʯʝ-

ʥʠʝ k1 = 1/k2, ï ʢʘʢ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʝ (ʯʝʤ ʙʦʣʴʰʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʨʝʜʳ, 

ʪʝʤ ʙʦʣʴʰʝ ʧʣʦʪʥʦʩʪʴ ʠʩʪʦʯʥʠʢʦʚ). ʇʦʵʪʦʤʫ 

ʪʨʝʪʠʡ ʙʝʟʨʘʟʤʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʤʦʞʥʦ ʥʘ-

ʟʚʘʪʴ ʢʨʠʪʝʨʠʝʤ ʧʣʦʪʥʦʩʪʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʣʠʥʠʡ ʪʦʢʘ ʚʠʭʨʝʚʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ (ɺɻ), 

ʇʣʪ = (g/m)³(r/L)³L
2
t. ɺ ʫʨʘʚʥʝʥʠʷʭ ʵʪʠʭ 

ʪʨʝʭ ʢʦʤʧʣʝʢʩʦʚ a, D, m,ɜ, g ï ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʜʠʬʬʫʟʠʠ, ʜʠʥʘʤʠ-

ʯʝʩʢʦʡ ʠ ʢʠʥʝʤʘʪʠʯʝʩʢʦʡ ʚʷʟʢʦʩʪʠ, ʫʩʢʦʨʝʥʠʷ 

ʩʚʦʙʦʜʥʦʛʦ ʧʘʜʝʥʠʷ, t, L
2
, L ï ʭʘʨʘʢʪʝʨʥʦʝ 

ʚʨʝʤʷ, ʧʣʦʱʘʜʴ ʠ ʨʘʟʤʝʨ ʚ ʨʝʰʘʝʤʦʡ ʟʘʜʘʯʝ.  

ʆʩʥʦʚʥʫʶ ʥʘʛʨʫʟʢʫ ʧʨʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʦʛʨʦʤʥʦʛʦ ʦʙʲʝʤʘ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʯʠʩʣʝʥʠʡ 

ʥʝʩʝʪ ʧʘʢʝʪ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ ʚʠʟʫʘʣʠ-

ʟʘʮʠʠ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʘʚʪʦʨʦʤ ʠ ʧʦʟʚʦʣʷʶ-

ʱʠʡ ʚ ʜʠʥʘʤʠʢʝ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʟʥʘʯʝʥʠʷ ʣʶ-

ʙʦʡ ʬʫʥʢʮʠʠ, ʚʳʯʠʩʣʝʥʥʦʡ ʧʨʠ ʨʝʰʝʥʠʠ ʧʦ-

ʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ. 

ʏʠʩʣʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ, ʦʧʠ-

ʩʳʚʘʶʱʝʡ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦ-

ʤʘʩʩʦʧʝʨʝʥʦʩʘ ʚ ʪʨʝʭʤʝʨʥʳʭ ʦʙʣʘʩʪʷʭ, ʥʝʦʙ-

ʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ, ʧʦ-

ʟʚʦʣʷʶʱʠʝ ʚ ʢʘʞʜʦʤ ʫʟʣʝ ʜʠʩʢʨʝʪʥʦʡ ʩʝʪʢʠ, 

ʧʦʢʨʳʚʘʶʱʝʡ ʤʦʜʝʣʴʥʫʶ ʦʙʣʘʩʪʴ, ʨʘʩʩʯʠʪʘʪʴ 

ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʬʫʥʢʮʠʡ. ɼʣʷ ʯʠʩʣʝʥʥʦʡ 

ʨʝʘʣʠʟʘʮʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʙʩʦ-

ʣʶʪʥʦ ʫʩʪʦʡʯʠʚʳʡ ʣʦʢʘʣʴʥʦ-ʦʜʥʦʤʝʨʥʳʡ ʤʝ-

ʪʦʜ ʨʝʰʝʥʠʷ [11]. ʉʫʪʴ ʝʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʨʘʩʱʝʧʣʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ ʠ 

ʧʦʩʣʝʜʫʶʱʝʤ ʨʝʰʝʥʠʠ ʦʜʥʦʤʝʨʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʤʝʪʦʜʦʤ ʧʨʦʛʦʥʢʠ, ʚ ʩʫʤʤʝ ʷʚʣʷʶʱʠʭʩʷ 

ʨʝʰʝʥʠʝʤ ʤʥʦʛʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʕʪʘ ʥʝ-

ʷʚʥʘʷ ʩʭʝʤʘ ʨʝʰʝʥʠʷ ʠʤʝʝʪ ʩʫʤʤʘʨʥʫʶ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʶ ʧʦʨʷʜʢʘ ( )2>+Ot , ʛʜʝ t ï ʰʘʛ 

ʧʦ ʚʨʝʤʝʥʠ, > ï ʰʘʛ ʩʝʪʢʠ. ɼʣʷ ʘʧʧʨʦʢʩʠʤʘ-

ʮʠʠ ʢʦʥʚʝʢʪʠʚʥʳʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʷʭ (10, 

11) ʠʩʧʦʣʴʟʫʝʪʩ̫ ʩʭʝʤʘ ʩ ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʨʘʟ-

ʥʦʩʪʷʤʠ [12]. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʨʘʩ-

ʱʝʧʣʷʶʪʩ̫ ʧʦ ʧʨʦʮʝʩʩʘʤ, ʪ. ʝ. ʚ ʢʘʞʜʳʡ ʤʦ-

ʤʝʥʪ ʚʨʝʤʝʥʠ ʚʥʘʯʘʣʝ ʫʯʠʪʳʚʘʝʪʩʷ ʚʢʣʘʜ 

ʪʦʣʴʢʦ ʢʦʥʜʫʢʪʠʚʥʦʛʦ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʯʣʝ-

ʥʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʥʝʷʚʥʦʡ ʩʭʝʤʝ, ʘ ʟʘʪʝʤ 

ʢ ʥʠʤ ʜʦʙʘʚʣʷʶʪʩʷ ʟʥʘʯʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ, ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʦ ʷʚʥʦʡ ʩʭʝʤʝ.  



ɺ. ʀ. ɻʫʥʠʥ  
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ʇʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʇʫʘʩʩʦʥʘ (6ï9) 

ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩ ʥʠʞʥʝʡ 

ʨʝʣʘʢʩʘʮʠʝʡ [10]. ʇʨʦʮʝʩʩ ʩʯʠʪʘʝʪʩʷ ʫʩʪʘʥʦ-

ʚʠʚʰʠʤʩʷ ʧʨʠ ʫʩʣʦʚʠʠ 

mS Y¢e ,                         (22) 

ʛʜʝ S  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦ ʚʩʝʤ ʫʟʣʘʤ ʩʝʪʢʠ 

ʟʥʘʯʝʥʠʝ ʥʝʚʷʟʢʠ, mY  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦ ʤʦ-

ʜʫʣʶ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʪʦʢʘ ʠʣʠ ʧʦʪʝʥʮʠʘʣʘ, 

e = 0,01 ï 0,001. ʂʦʣʠʯʝʩʪʚʦ ʠʪʝʨʘʮʠʡ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʮʝʩʩʘ ʟʘʚʠʩʠʪ ʦʪ ʰʘʛʘ ʧʦ 

ʚʨʝʤʝʥʠ ʠ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜʳ. ʇʨʠ ʤʘʣʦʤ ʰʘʛʝ 

ʧʦ ʚʨʝʤʝʥʠ t ʠ/ʠʣʠ ʦʜʥʦʨʦʜʥʦʡ ʩʪʨʫʢʪʫʨʝ 

ʩʨʝʜʳ ʧʨʦʮʝʩʩ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʟʘ 1ï2 ʠʪʝʨʘ-

ʮʠʠ, ʧʨʠ ʙʦʣʴʰʝʤ ʰʘʛʝ t ʠ/ʠʣʠ ʥʝʦʜʥʦʨʦʜ-

ʥʦʡ ʩʪʨʫʢʪʫʨʝ ʩʨʝʜʳ ʠʣʠ ʧʨʠ ʦʪʥʦʩʠʪʝʣʥɹʦ 

ʙʦʣʴʰʠʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʪʝ-

ʢʫʯʝʩʪʠ) ʚ ʥʘʯʘʣʴʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʠʪʝ-

ʨʘʮʠʡ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʝ, ʥʦ ʟʘʪʝʤ ʢʦʣʠʯʝʩʪʚʦ 

ʠʪʝʨʘʮʠʡ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʩʪʘʙʠʣʠʟʠʨʫ-

ʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 3ï5. 

ʉʭʝʤʫ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʥʘ ʢʘʞ-

ʜʦʤ ʰʘʛʝ ʧʦ ʚʨʝʤʝʥʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ:  

1. ʇʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʳ 
1-nT ,  

ʢʦʥʮʝʥʪʨʘʮʠʠ 
1-n

SC  ʠ ʝʩʣʠ ʝʩʪʴ ʠʩʪʦʯʥʠ-

ʢʠ, ʬʫʥʢʮʠʠ U
n-1
, ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ 

(13), ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʣʦʪʥʦʩʪʴ ï r
n
. 

2. ʇʦ ʫʨʘʚʥʝʥʠʷʤ (6ï8) ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ 

ʬʫʥʢʮʠʠ ʪʦʢʘ 
nY  ʧʨʠ ʠʟʚʝʩʪʥʦʡ ʧʨʘʚʦʡ 

ʯʘʩʪʠ. 

3. ʆʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠ-

ʘʣʴʥʦʡ ʬʫʥʢʮʠʠ U
n
, ʧʨʠ ʥʘʣʠʯʠʠ ʥʝ ʥʫ-

ʣʝʚʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠʣʠ ʠʩʪʦʯʥʠ-

ʢʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (9).  

4. ʇʦ ʬʫʥʢʮʠʷʤ ʪʦʢʘ ʠ ʧʦʪʝʥʮʠʘʣʫ ʚʳʯʠʩ-

ʣʷʶʪʩʷ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʢʮʠʠ (ʬʠʣʴʪʨʘʮʠʠ) 
n

xV , 
n

yV , 
n

zV . ɼʣʷ ʧʦʨʠʩʪʳʭ ʩʨʝʜ ʧʦ ʩʢʦ-

ʨʦʩʪʷʤ ʬʠʣʴʪʨʘʮʠʠ ʚʳʯʠʩʣʷʶʪʩʷ ʩʢʦʨʦ-

ʩʪʠ ʪʝʧʣʦʚʦʡ ʚʦʣʥʳ n

xW , n

yW , n

zW , ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩʧʝʨʩʠʠ 
n

z

n

y

n

x DDD ,,  ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʢʦʨʦ-

ʩʪʠ ʬʠʣʴʪʨʘʮʠʠ 
n

z

n

y

n

x VVV ''' ,, . 

5. ʀʩʧʦʣʴʟʫʷ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʢʮʠʠ ʠʣʠ ʪʝʧʣʦ-

ʚʦʡ ʚʦʣʥʳ (ʜʣʷ ʧʦʨʠʩʪʳʭ ʩʨʝʜ), ʦʧʨʝʜʝʣʷ-

ʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ 
nT .  

6. ʀʩʧʦʣʴʟʫʷ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʢʮʠʠ ʠ ʜʠʬʬʫʟʠʠ 

ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʦʡ ʜʠʩ-

ʧʝʨʩʠʠ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʩʢʦʨʦʩʪʠ ʬʠʣʴʪʨʘ-

ʮʠʠ (ʜʣʷ ʧʦʨʠʩʪʳʭ ʩʨʝʜ), ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷ ʨʘʩʪʚʦʨʝʥʥʳʭ ʚʝʱʝʩʪʚ n

iC . 

7. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʫʯʠʪʳʚʘʝʪʩʷ ʢʠʥʝʪʠʢʘ 

ʧʨʝʚʨʘʱʝʥʠʷ ʚʝʱʝʩʪʚ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʚʦʜʘ-ʧʦʨʦʜʘ, ʩʦʨʙʮʠʷ-ʜʝʩʦʨʙʮʠʷ (ʜʣʷ ʧʦ-

ʨʠʩʪʳʭ ʩʨʝʜ), ʪʦ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʬʫʥʢʮʠʷ 

ʠʩʪʦʯʥʠʢʘ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (11). 

ʕʪʦʪ ʮʠʢʣ ʧʦʚʪʦʨʷʝʪʩʷ ʜʣʷ ʚʩʝʭ ʧʦʩʣʝ-

ʜʫʶʱʠʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʨʝʟʫʣʪɹʘʪʦʚ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʇʫʘʩʩʦʥʘ ʢʘʢ 

ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʩ ʧʨʝʜʳʜʫʱʝʛʦ ʚʨʝʤʝʥʥʦ-

ʛʦ ʩʣʦʷ. 

ʅʘʯʘʣʴʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ  

ɼʣʷ ʩʢʘʣʷʨʥʳʭ ʬʫʥʢʮʠʡ T,C,U ï ʟʘʜʘ-

ʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʟʥʘʯʝ-

ʥʠʷ ʬʫʥʢʮʠʡ ʚ ʪʦʯʢʝ. ɼʣʷ ʧʨʦʝʢʮʠʡ ʬʫʥʢʮʠʠ 

ʪʦʢʘ ʟʘʜʘʶʪʩʷ ʥʫʣʝʚʳʝ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ  

Y1,2,3¼0 = 0, ʠʣʠ, ʝʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʨʘʥʟʠʪʥʳʡ 

ʧʦʪʦʢ, ʚʳʟʚʘʥʥʳʡ ʢʘʢʠʤʠ-ʪʦ ʚʥʝʰʥʠʤʠ ʩʠʣʘ-

ʤʠ, ʟʥʘʯʝʥʠʷ ʜʣʷ ʣʶʙʦʡ ʠʟ ʵʪʠʭ ʬʫʥʢʮʠʡ ï ʚ 

ʚʠʜʝ ʯʠʩʣʦʚʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʟʘʜʘʥ-

ʥʳʤ ʰʘʛʦʤ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʪʦʢʘ ʩ ʦʧʨʝ-

ʜʝʣʸʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʙ-

ʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʧʦʪʦʢ ʚʜʦʣʴ 

ʢʦʦʨʜʠʥʘʪʳ x, Y1¼0 = ȾĬȹxĬN, ʛʜʝ Ⱦ ï ʢʦʬɻ-

ʬʠʮʠʝʥʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ, ȹx ï ʰʘʛ ʧʦ 

ʢʦʦʨʜʠʥʘʪʝ x, N ï ʢʦʣʠʯʝʩʪʚʦ ʪʦʯʝʢ ʨʘʟʙʠʝ-

ʥʠʷ. ɻʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, 

ʪʨʝʪʴʝʛʦ ʠʣʠ ʯʝʪʚʝʨʪʦʛʦ ʨʦʜʘ ʟʘʜʘʶʪʩʷ ʜʣʷ 

ʩʢʘʣʷʨʥʳʭ ʬʫʥʢʮʠʡ, ʭʦʪʷ ʧʨʠ ʚʳʥʦʩʝ ʛʨʘʥʠʮ 

ʟʘ ʧʨʝʜʝʣʳ ʦʙʣʘʩʪʠ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʭ 

ʤʦʞʥʦ ʩʚʝʩʪʠ ʢ ʫʩʣʦʚʠʷʤ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʨʦʜʘ. ɼʣʷ ʩʢʦʨʦʩʪʝʡ ʥʘ ʛʨʘʥʷʭ ʨʘʩʯʝʪʥʦʡ ʦʙ-

ʣʘʩʪʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʫʩʣʦʚʠʷ, ʟʘʧʠʩʘʥʥʳʝ ʯʝ-

ʨʝʟ ʧʨʦʝʢʮʠʠ ʬʫʥʢʮʠʠ ʪʦʢʘ. ɼʣʷ ʫʩʣʦʚʠʡ ʥʝ-

ʧʨʦʪʝʢʘʥʠʷ ʠ ʧʨʦʩʢʘʣʴʟʳʚʘʥʠʷ Y¼ʛ = 0. ɼʣʷ 

ʥʦʨʤʘʣʴʥʳʭ ʩʢʦʨʦʩʪʝʡ ʫʩʣʦʚʠʝ ʧʨʦʪʝʢʘʥʠʷ, ʘ 

ʜʣʷ ʢʘʩʘʪʝʣʴʥʳʭ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʭ) ʩʢʦʨʦʩʪʝʡ 

ʫʩʣʦʚʠʝ ʧʨʠʣʠʧʘʥʠʷ µY/µn¼ʛ = 0.  

ʋʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ  

ʄʦʜʝʣʴ ʨʝʘʣʠʟʦʚʘʥʘ ʚ ʚʠʜʝ ʧʘʢʝʪʘ ʧʨʦ-

ʛʨʘʤʤ ʥʘ ʷʟʳʢʝ Fortran ʜʣʷ ʇʂ ʪʠʧʘ IBM. 

ʊʨʘʥʩʣʷʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʠʣʷ-

ʪʦʨʘ Fortran PowerStation, ʧʦʟʚʦʣʷʶʱʝʛʦ ʧʦ-

ʣʫʯʘʪʴ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʝ 32-ʨʘʟʨʷʜʥʳʝ ʧʨʠ-

ʣʦʞʝʥʠʷ, ʨʘʙʦʪʘʶʱʠʝ ʚ ʦʧʝʨʘʮʠʦʥʥʳʭ ʩʠʩʪʝ-

ʤʘʭ DOS ʠ Windows.  

ɺʨʝʤʷ ʨʘʩʯʝʪʘ ʟʘʜʘʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʦ-

ʣʠʯʝʩʪʚʦʤ ʪʦʯʝʢ ʚ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʢʦʣʠ-

ʯʝʩʪʚʦʤ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ, ʥʘ ʢʦʪʦʨʦʝ ʚʝʜʝʪ-

ʩʷ ʨʘʩʯʝʪ. ʊʘʢ, ʜʣʷ ʦʙʣʘʩʪʠ, ʨʘʟʙʠʪʦʡ ʩʝʪʢʦʡ 

ʥʘ 45000 ʪʦʯʝʢ (50³30³30), ʧʨʠ ʨʝʰʝʥʠʠ ʟʘ-

ʜʘʯʠ ʚ ʧʦʨʠʩʪʳʭ ʩʨʝʜʘʭ ʥʘ 7300 ʤʦʤʝʥʪʦʚ 

ʚʨʝʤʝʥʠ (ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ 20 ʣʝʪ, ʝʩʣʠ ʰʘʛ ʧʦ 
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ʚʨʝʤʝʥʠ ï 1 ʩʫʪʢʠ) ʚʨʝʤʷ ʩʯʝʪʘ ʥʘ AMD-2000 

ʩʦʩʪʘʚʣʷʣʦ 150 ʤʠʥʫʪ (2,5 ʯʘʩʘ). ʇʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʢʠʥʝʪʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʦʜʘ-ʧʦʨʦʜʘ 

ʚʨʝʤʷ ʨʘʩʯʝʪʘ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ ʠ ʥʘʤʥʦʛʦ ʫʚʝ-

ʣʠʯʠʚʘʝʪʩʷ ʦʙʲʝʤ ʨʝʟʫʣʴʪʘʪʦʚ ʚʯrʠʩʣʝʥʠʡ.  

ɺ ʟʘʜʘʯʘʭ ʩ ʚʳʩʦʢʦʚʷʟʢʠʤʠ ʩʨʝʜʘʤʠ, ʜʣʷ 

ʦʙʣʘʩʪʠ ʨʘʟʙʠʪʦʡ ʩʝʪʢʦʡ ʥʘ 72000 ʪʦʯʝʢ 

(45³40³40) ʠ ʩ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʚʷʟʢʦʩʪʠ ʚ ʟʘ-

ʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʨʝʜʳ, ʧʨʠ ʨʘʩʯʝʪʝ ʥʘ 16000 ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ 

ʩ ʰʘʛʦʤ 100 ï 1000 ʣʝʪ ʪʨʝʙʫʝʪʩʷ 90 ʤʠʥʫʪ (1,5 

ʯʘʩʘ) ʨʘʩʯʝʪʥʦʛʦ ʚʨʝʤʝʥʠ ʥʘ ʧʝʨʩʦʥʘʣʥɹʦʤ 

ʢʦʤʧʴʶʪʝʨʝ Pentium G620-2.6GHz. ʕʪʦ ʚʧʦʣʥʝ 

ʧʨʠʝʤʣʝʤʦ ʜʣʷ ʟʘʜʘʯ ʪʘʢʦʛʦ ʢʣʘʩʩʘ. ʇʨʠ ʫʚʝ-

ʣʠʯʝʥʠʠ ʠʣʠ ʫʤʝʥʴʰʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʪʦʯʝʢ 

ʠʣʠ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʚʨʝʤʷ ʩʯʝʪʘ ʧʨʦʧʦʨ-

ʮʠʦʥʘʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʣʠ ʫʤʝʥʴh ʘʝʪʩʷ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʧʦ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ 

ʠ ʟʘʜʘʥʥʦʛʦ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʚʳʚʦʜʷʪʩʷ ʚ 

ʬʘʡʣʳ ʧʨʷʤʦʛʦ ʜʦʩʪʫʧʘ, ʟʘʪʝʤ ʧʨʦʩʤʘʪʨʠʚʘ-

ʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ, ʨʘʟ-

ʨʘʙʦʪʘʥʥʳʭ ʘʚʪʦʨʦʤ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘʙʣʶ-

ʜʘʪʴ ʠʟʤʝʥʝʥʠʝ ʚʳʯʠʩʣʝʥʥʳʭ ʬʫʥʢʮʠʡ ʚ ʜʠ-

ʥʘʤʠʢʝ. ʇʨʠ ʢʘʞʜʦʤ ʨʘʩʯʝʪʝ ʚ ʬʘʡʣ ʧʨʷʤʦʛʦ 

ʜʦʩʪʫʧʘ ʚʳʚʦʜʷʪʩʷ 20ï30 ʩʨʝʟʦʚ ʧʦ ʚʨʝʤʝʥʠ 

ʜʣʷ ʢʘʞʜʦʡ ʬʫʥʢʮʠʠ, ʯʪʦ ʚ ʩʫʤʤʝ ʩʦʩʪʘʚʣʷʝʪ 

75ï150 Mb ʜʠʩʢʦʚʦʡ ʧʘʤʷʪʠ. ʊʦʥʦʚʳʝ ʨʠʩʫʥ-

ʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ  

ʙʣʦʢ-ʜʠʘʛʨʘʤʤ ʠ (ʠʣʠ) ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʩʨʝʟʦʚ 

ʧʦ ʚʝʨʪʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʝ, ʚʝʨʪʠʢʘʣʴʥʳʭ ʧʦ 

ʛʦʨʠʟʦʥʪʘʣʴʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʤʦʤʝʥʪʘ 

ʚʨʝʤʝʥʠ. ʈʘʟʤʝʪʢʘ ʢʦʦʨʜʠʥʘʪ ï ʚ ʤʝʪʨʘʭ ʠʣʠ 

ʢʠʣʦʤʝʪʨʘʭ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʧʦʣʝ ʩʢʦʨʦ-

ʩʪʝʡ ʬʠʣʴʪʨʘʮʠʠ (ʢʦʥʚʝʢʮʠʠ) ʚ ʧʷʪʠ ʜʠʘʧʘʟʦ-

ʥʘʭ, ʚʳʜʝʣʝʥʥʳʭ ʮʚʝʪʦʤ. ɼʣʷ ʢʘʞʜʦʛʦ ʜʠʘʧʘ-

ʟʦʥʘ ʥʘʧʠʩʘʥʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʢʦʨʦ-

ʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʘʢʩʠʤʘʣʥɹʦʡ ʜʣʠʥʝ 

ʩʪʨʝʣʢʠ ʥʘ ʨʠʩʫʥʢʝ.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʢʘʟʘʥʦ ʦʪʪʝʥʢʘʤʠ ʩʠʥʝʛʦ ʠ 

ʢʨʘʩʥʦ-ʞʝʣʪʦʛʦ ʮʚʝʪʘ, ʩ ʫʢʘʟʘʥʠʝʤ ʘʙʩʦʣʶʪ-

ʥʦʛʦ ʤʘʢʩʠʤʫʤʘ. ɺ ʪʝʢʩʪʦʚʳʡ ʬʘʡʣ ʜʣʷ ʢʦʥ-

ʪʨʦʣʷ ʚʳʚʦʜʷʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʠ ʟʥʘʯʝʥʠʷ 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʧʝʨʚʦʛʦ, ʧʨʦʤʝ-

ʞʫʪʦʯʥʦʛʦ, ʠ ʧʦʩʣʝʜʥʝʛʦ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʚ 

ʚʠʜʝ ʜʚʫʤʝʨʥʳʭ ʤʘʪʨʠʮ-ʩʨʝʟʦʚ ʧʦ ʦʜʥʦʡ ʠʟ 

ʢʦʦʨʜʠʥʘʪ. 

ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ 

(ɺɻ), ʙʳʣ ʨʝʰʝʥ ʠ ʦʧʫʙʣʠʢʦʚʘʥ ʚ ʈʦʩʩʠʡʩʢʠʭ 

ʠ ʟʘʨʫʙʝʞʥʳʭ ʠʟʜʘʥʠʷʭ ʨʷʜ ʟʘʜʘʯ ʜʣʷ ʧʦʨʠʩ-

ʪʳʭ, ʚʳʩʦʢʦʚʷʟʢʠʭ ʠ ʥʠʟʢʦʚʷʟʢʠʭ ʩʨʝʜ, ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘ-

ʥʳ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

 

ʈʠʩ. 4. ʉʣʝʚʘ ï ʜʠʥʘʤʠʢʘ ʧʦʜʲʝʤʘ ʧʣʶʤʘ ʥʘ ʪʨʠ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ ʩ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʩʨʝʜʳ (ʙʝʣʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ ʨʘʩʧʣʘʚ) ʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʢʦʥʚʝʢʮʠʠ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʪʨʝʣʢʠ ʞʝʣʪʦʛʦ ʮʚʝʪʘ): ʘ) ʯʝʨʝʟ 24 ʤʣʥ ʣʝʪ, Vmax = 0,28 ʤ/ʛʦʜ; 

ʙ) ʯʝʨʝʟ 32 ʤʣʥ ʣʝʪ, Vmax = 0,42 ʤ/ʛʦʜ; ʩ) ʯʝʨʝʟ 48 ʤʣʥ ʣʝʪ, Vmax = 0,8 ʤ/ʛʦʜ, ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʧʦʜʲʝʤʘ ʧʣʶʤʘ. ɺʝʨʭʥʷʷ ʯʘʩʪʴ ʙʣʦʢʦʚ ʩʨʝʟʘʥʘ ʧʦ ʧʦʜʦʰʚʝ ʣʠʪʦʩʬʝʨʳ. ʉʧʨʘʚʘ ï ʨʘʩʧʨʝʜʝ-

ʣʝʥʠʝ: ʘ) ʪʝʤʧʝʨʘʪʫʨʳ ʊmin = 200Áʉ, ʊmax = 3100Áʉ, ʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʢʦʥʚʝʢʮʠʠ Vmax = 0,8 

ʤ/ʛʦʜ (ʞʝʣʪʳʡ ʮʚʝʪ ʩʪʨʝʣʦʢ); ʙ) ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʩʨʝʜʳ (ʙʝʣʳʤ ʮʚʝʪʦʤ ʚʳʜʝʣʝʥ 

ʨʘʩʧʣʘʚ), ʚ ʣʠʥʟʝ ʨʘʩʧʣʘʚʘ ʫ ʧʦʜʦʰʚʳ ʣʠʪʦʩʬʝʨʳ ʯʝʨʝʟ 100 ʤʣʥ ʣʝʪ 
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ɼʣʷ ʚʳʩʦʢʦʚʷʟʢʠʭ ʩʨʝʜ ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ 

ʟʘʜʘʯʠ ʧʦ ʦʮʝʥʢʝ ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ 

ʵʚʦʣʶʮʠʠ ʥʠʞʥʝʤʘʥʪʠʡʥʦʛʦ ʧʣʶʤʘ (ʨʠʩ. 4) ʠ 

ʫʩʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʜʠʘʧʠʨʦʚ ʚ 

ʩʠʩʪʝʤʝ ʣʠʪʦʩʬʝʨʘ ï ʢʦʨʘ (ʨʠʩ. 5) [4, 5, 6]. 

ɼʣʷ ʧʦʨʠʩʪʦʡ ʩʨʝʜʳ ʟʘʜʘʯʠ ʦ ʩʪʘʥʦʚʣʝ-

ʥʠʠ ʠʥʪʨʫʟʠʚʘ ʢʘʢ ʦʜʥʦʛʦ ʠʟ ʤʝʭʘʥʠʟʤʦʚ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʩʣʦʚʠʡ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʢʦʣʴʮʝʚʳʭ ʠ ʚʠʭʨʝʚʳʭ ʩʪʨʫʢʪʫʨ [3] (ʨʠʩ. 6). 

 

 

ʈʠʩ 5. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʚʷʟʢʦʩʪʠ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ ʠ 

ʧʣʦʪʥʦʩʪʠ ʚʝʱʝʩʪʚʘ ʜʠʘʧʠʨʘ ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʦʡ ʝʛʦ ʚʷʟʢʦʩʪʠ (1ï3 ʧʦʨʷʜʢʘ 

ʥʠʞʝ ʚʷʟʢʦʩʪʠ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ) ʧʦʩʣʝ ʧʦʜʲʝʤʘ ʜʠʘʧʠʨʘ; ʘ) ʚʷʟʢʦʩʪʴ ʦʢʨʫʞʘʶʱʠʭ 

ʧʦʨʦʜ ʨʘʚʥʘ 10
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 ʇÖʩ, Tmax = 1730̄ ʉ; ʙ) ʚʷʟʢʦʩʪʴ ʦʢʨʫʞʘʶʱʠʭ ʧʦʨʦʜ ʚ ʜʝʩʷʪʴ ʨʘʟ 

ʤʝʥʴʰʝ, Tmax = 1690̄ ʉ; ʩ) ʚʝʱʝʩʪʚʦ ʜʠʘʧʠʨʘ  ʧʨʝʪʝʨʧʝʚʘʣʦ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜʳ; ʜ) ʚʝ-

ʱʝʩʪʚʦ ʜʠʘʧʠʨʘ  ʥʝ ʧʨʝʪʝʨʧʝʚʘʣʦ ʬʘʟʦʚʳʝ ʧʝʨʝʭʦʜ r

 

 

ʈʠʩ 6. ʉʭʝʤʘʪʠʯʥʳʡ ʙʣʦʢʦʚʳʡ ʨʘʟʨʝʟ ʦʙʣʘʩʪʠ ʨʘʩʯʝʪʘ: ʘ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫ-

ʨʳ ʊmax = 1000 C̄, ʊmin = 5 C̄, ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʝʱʝʩʪʚʘ ʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʬʠʣʴʪʨʘʮʠʠ 

ʬʣʶʠʜʘ Vmax = 0,003 ʤ/ʛʦʜ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʠʥʪʨʫʟʠʚʘ ʚ 

ʧʦʨʠʩʪʫʶ ʩʨʝʜʫ ʚʝʨʭʥʝʡ ʢʦʨʳ; ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʳʥʝʩʝʥʥʦʛʦ ʧʦʪʦʢʦʤ ʬʣʶʠʜʘ ʠʟ ʠʥ-

ʪʨʫʟʠʚʘ ʚʝʱʝʩʪʚʘ ʠ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ ʬʠʣʴʪʨʘʮʠʠ ʯʝʨʝʟ 200 000 ʣʝʪ, ʩʨʝʟ ʩʜʝʣʘʥ ʥʘ ʛʣʫ-

ʙʠʥʝ 5 000ʤ, Vmax = 0,007 ʤ/ʛʦʜ 
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ɼʣʷ ʥʠʟʢʦʚʷʟʢʦʡ ʩʨʝʜʳ (ʛʠʜʨʦʩʬʝʨʳ) 

ʨʘʩʩʤʦʪʨʝʥʳ ʟʘʜʘʯʠ ʧʦ ʦʮʝʥʢʝ ʧʨʠʯʠʥ ʠ ʫʩ-

ʣʦʚʠʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʘ 

ʣʴʜʫ ʠ ʛʘʟʦʚʳʭ ʚʳʙʨʦʩʦʚ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ ʠʟ 

ʦʟʝʨʘ ɹʘʡʢʘʣ. [7, 8] (ʨʠʩ. 7). 

 

ʈʠʩ 7. ʌʦʨʤʠʨʦʚʘʥʠʝ ʢʦʣʴʮʝʚʳʭ ʩʪʨʫʢʪʫʨ ʥʘ ʣʴʜʫ ʦʟʝʨʘ ɹʘʡʢʘʣ: ʘ) ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ 

ʣʠʥʟʳ ʫ ʧʦʜʦʰʚʳ ʣʝʜʷʥʦʛʦ ʧʦʢʨʦʚʘ; ʙ) ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʚʦʜʳ ʧʨʠ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʣʴʮʝʚʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜʦ ʣʴʜʦʤ ʦʟʝʨʘ ɹʘʡʢʘʣ (ʣʝʜ ʦʪʨʠ-

ʩʦʚʘʥ ʙʝʣʳʤ ʮʚʝʪʦʤ) 

 
ɺ ʵʪʠʭ ʟʘʜʘʯʘʭ ʤʦʜʝʣʠʨʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʠʩʪʦʯʥʠʢʘ ʪʝʧʣʘ ʠ/ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ, 

ʩʥʠʞʘʶʱʠʭ ʧʣʦʪʥʦʩʪʴ ʤʘʥʪʠʡʥʦʛʦ (ʧʣʶʤ) ʠ 

ʣʠʪʦʩʬʝʨʦ-ʢʦʨʦʚʦʛʦ (ʜʠʘʧʠʨ) ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ, ʠʣʠ ʬʣʶʠʜʦʚ ʜʣʷ ʧʦʨʠʩʪʦʡ 

ʩʨʝʜʳ. ɼʣʷ ʛʠʜʨʦʩʬʝʨʳ ʟʘʜʘʚʘʣʩʷ ʠʩʪʦʯʥʠʢ ʩ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʠʣʠ ʧʦʥʠʞʝʥʥʦʡ 

ʧʣʦʪʥʦʩʪʴʶ (ʛʘʟ).  

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʰʝʣ ʦʜʠʥʘʢʦʚʳʡ ʧʨʦ-

ʮʝʩʩ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʦʩʭʦʜʷʱʝʛʦ ʠ ʥʠʩʭʦʜʷ-

ʱʝʛʦ ʧʦʪʦʢʦʚ (ʩʪʨʫʡ), ʢʦʪʦʨʳʡ ʩʦʩʪʦʷʣ ʠʟ ʥʝ-

ʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ ʨʘʟʚʠʪʠʷ. ʅʘʜ ʟʘʜʘʥʥʳʤ ʠʩ-

ʪʦʯʥʠʢʦʤ ʧʦʷʚʣʷʣʘʩʴ ʢʫʧʦʣʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢ-

ʪʫʨʘ ʩ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʴʶ ʠ ʚʷʟʢʦʩʪʴʶ.  

ɼʣʷ ʢʘʞʜʦʛʦ ʢʦʦʨʜʠʥʘʪʥʦʛʦ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʬʦʨʤʠʨʦʚʘʣʩʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠ-

ʧʦʣʴ ʠ ʩʪʨʘʪʠʬʠʢʘʮʠʷ ʩʪʘʥʦʚʠʣʘʩʴ ʥʝʫʩʪʦʡ-

ʯʠʚʦʡ (ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʈʵʣʝʷïʊʝʡʣʦʨʘ). ɿʘ 

ʩʯʝʪ ʛʦʨʠʟʦʥʪʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ 

ʚʦʟʥʠʢʘʣʠ ʚʳʪʘʣʢʠʚʘʶʱʠʝ ʩʠʣʳ (ʩʠʣʳ ɸʨʭʠ-

ʤʝʜʘ) ʠ ʢʫʧʦʣʦʦʙʨʘʟʥʘʷ ʩʪʨʫʢʪʫʨʘ ʚʩʧʣʳʚʘʣʘ, 

ʬʦʨʤʠʨʫʷ ʚʦʩʭʦʜʷʱʠʡ ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʦʪʦʢ 

ʪʦʨʦʦʙʨʘʟʥʦʛʦ ʚʠʜʘ ʩ ʚʦʩʭʦʜʷʱʝʡ ʚʝʪʚʴʶ ʚ 

ʮʝʥʪʨʝ ʩʪʨʫʢʪʫʨʳ (ʢʘʥʘʣʝ) ʠ ʥʠʩʭʦʜʷʱʝʡ ʚ 

ʦʢʨʫʞʘʶʱʝʤ ʤʘʩʩʠʚʝ (ʩʨʝʜʝ).  

ʇʨʠ ʙʦʣʴʰʠʭ ʨʘʟʤʝʨʘʭ ʠʩʪʦʯʥʠʢʘ ʠ ʙʦ- 

ʣʝʝ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʠ ʩʨʝʜʳ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦ-

ʚʘʥʠʝ ʤʫʣʴʪʠ-ʜʠʧʦʣʷ ʠ ʧʦʷʚʣʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʢʫʧʦʣʦʦʙʨʘʟ-

ʥʳʭ ʩʪʨʫʢʪʫʨ (ʨʠʩ. 5,ʙ). ʉʢʦʨʦʩʪʴ ʧʦʜʲʝʤʘ 

ʧʦʪʦʢʘ ʟʘʚʠʩʝʣʘ ʦʪ ʝʛʦ ʧʣʘʚʫʯʝʩʪʠ ʠ ʚʷʟʢʦʩʪʠ 

ʜʣʷ ʩʧʣʦʰʥʦʡ ʩʨʝʜʳ ʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʨʝʜʳ 

ʠ ʚʷʟʢʦʩʪʠ ʬʣʶʠʜʘ ʜʣʷ ʧʦʨʠʩʪʦʡ. ɿʘ ʩʯʝʪ ʚʝʨ-

ʪʠʢʘʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʣʦʪʥʦʩʪʠ ʧʦʷʚʣʷʣʠʩʴ 

ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʩʠʣʳ, ʚʳʟʳʚʘʶɦ ʠʝ ʚʨʘʱʝʥʠʝ 

ʩʪʨʫʢʪʫʨʳ.  

ɺ ʮʝʥʪʨʘʣʴʥʦʡ ʠ ʛʦʣʦʚʥʦʡ ʯʘʩʪʷʭ ʧʦ-

ʪʦʢ ʚʨʘʱʘʣʩʷ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (ʮʠ-

ʢʣʦʥʠʯʝʩʢʠʡ ʚʠʭʨʴ), ʘ ʥʘ ʧʝʨʠʬʝʨʠʠ, ʛʜʝ 

ʰʣʦ ʧʦʛʨʫʞʝʥʠʝ, ʠ ʚ ʧʦʜʦʰʚʝ ʩʪʨʫʢʪʫʨʳ ï 

ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʘʥʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ 

ʚʠʭʨʴ) (ʨʠʩ. 8).  

ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʦʪʦʢʦʤ ʙʦʣʝʝ ʚʷʟʢʦʡ 

ʩʨʝʜʳ (ʧʨʝʛʨʘʜʳ) ʧʦʜʲʝʤ ʝʛʦ ʧʨʝʢʨʘʱʘʣʩʷ, 

ʚʝɦ ʝʩʪʚʦ ʧʦʪʦʢʘ ʨʘʩʪʝʢʘʣʦʩʴ ʧʦ ʝʛʦ ʧʦʜʦʰʚʝ, 

ʬʦʨʤʠʨʫʷ ʣʠʥʟʫ ʩ ʚʨʘʱʝʥʠʝʤ ʚ ʮʝʥʪʨʘʣʴʥʦʡ 

ʝʝ ʯʘʩʪʠ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ, ʘ ʥʘ ʧʝʨʠ-

ʬʝʨʠʠ ï ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ. ɽʩʣʠ ʧʨʝʛʨʘʜʘ 

ʦʪʩʫʪʩʪʚʦʚʘʣʘ, ʪʦ ʧʦʪʦʢ ʤʦʛ ʚʥʝʜʨʠʪʴʩʷ ʚ ʤʝ-

ʥʝʝ ʧʣʦʪʥʫʶ ʩʨʝʜʫ (ʛʠʜʨʦʩʬʝʨʫ, ʘʪʤʦʩʬʝʨʫ) ʠ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʢʦʣʴʮʝʦʙʨʘʟʥʫʶ ʩʪʨʫʢʪʫʨʫ 

(ʨʠʩ. 6,ʙ, 7,ʙ).  
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ʈʠʩ. 8. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʩʨʝʜʳ ʠ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʨʠ ʧʦʜʲʝʤʝ ʢʦʥʚʝʢ-

ʪʠʚʥʦʛʦ ʧʦʪʦʢʘ (ʩʪʨʫʠ) ʜʣʷ ʪʨʝʭ ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʨʘʟʚʠʪʠʷ ʧʨʦʮʝʩʩʘ. ɺ 

ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʦʙʣʘʩʪʷʭ ʨʠʩʫʥʢʘ ʧʦʢʘʟʘʥʳ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʨʝʟʳ ʚ ʛʦʣʦʚ-

ʥʦʡ (ʜʣʷ ʢʘʞʜʦʛʦ) ʠ ʧʦʜʦʰʚʝʥʥʦʡ (ʜʣʷ ʚʩʝʭ) ʤʦʤʝʥʪʦʚ ʚʨʝʤʝʥʠ ʧʦʜʲʝʤʘ ʩʪʨʫʠ. 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ ï ʞʝʣʪʳʡ ʤʘʣʠʥʦʚʳʡ ʮʚʝʪ ʚ ʮʝʥʪʨʝ ʩʪʨʫʠ, 

ʤʠʥʠʤʘʣʴʥʘʷ ï ʙʝʣʳʡ ʮʚʝʪ ʥʘ ʧʝʨʠʬʝʨʠʠ 

 

ɸʥʘʣʠʟ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʠ ʨʝʟʫʣʴʪʘ-

ʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʨʝʰʝʥʠʠ ʵʪʠʭ ʟʘʜʘʯ, ʧʦ-

ʟʚʦʣʠʣ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ ʦʙʦʙʱʝʥʠʷ ʧʦ ʧʨʠ-

ʯʠʥʘʤ ʠ ʩʣʝʜʩʪʚʠʷʤ ʜʠʥʘʤʠʢʠ ʧʨʦʮʝʩʩʦʚ, 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʚ ʨʘʟʣʠʯʥʳʭ ʛʝʦʩʠʩʪʝʤʘʭ. 

ɺʳʚʦʜʳ  

ʅʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʠ ʨʘʥʝʝ ʦʧʫʙ-

ʣʠʢʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝ-

ʜʫʶʱʠʝ ʚʳʚʦʜʳ. ɺʩʝʤʠ ʧʨʦʮʝʩʩʘʤʠ ʠ ʷʚʣʝ-

ʥʠʷʤʠ ʚ ʥʘʰʝʤ ʤʠʨʝ ʫʧʨʘʚʣʷʝʪ ʛʨʘʚʠʪʘʮʠʷ. 

ʕʪʦ ʦʩʥʦʚʥʦʡ ʠʩʪʦʯʥʠʢ ʜʚʠʞʝʥʠʷ ʠ ʧʨʝʦʙʨʘ-

ʟʦʚʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʧʨʠʨʦʜʝ. ɻʨʘʚʠʪʘʮʠʦʥʥʦʝ 

ʧʦʣʝ ʠʤʝʝʪ ʥʝ ʪʦʣʴʢʦ ʩʢʘʣʷʨʥʳʡ ʧʦʪʝʥʮʠʘʣ 

(ʥʦʨʤʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ), ʥʦ ʠ ʚʝʢʪʦʨʥʳʡ 

(ʚʠʭʨʝʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ) rot  A Í 0, ʘ ʛʝʥʝʨʘ-

ʪʦʨʦʤ ʚʠʭʨʝʡ ʷʚʣʷʝʪʩʷ Ðr ï ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦ-

ʩʪʠ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ ʚʳʟʳʚʘ-

ʝʪ ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ ʩʠʣʳ, ʧʨʠʚʦʜʷʱʠʝ ʨʘʟʣʠʯ-

ʥʳʝ ʩʨʝʜʳ ʢ ʚʨʘʱʝʥʠʶ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩ-

ʢʦʩʪʠ, ʘ ʛʦʨʠʟʦʥʪʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʧʣʦʪʥʦʩʪʠ 

ʚʳʟʳʚʘʝʪ ʠʭ ʚʝʨʪʠʢʘʣʴʥʳʝ ʜʚʠʞʝʥʠʷ (ʧʦʜʲʝʤ, 

ʧʦʛʨʫʞʝʥʠʝ). ʕʪʦ ʥʦʚʦʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʩʚʦʡ-

ʩʪʚʦ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ.  

ʇʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ (ʜʝʡʩʪʚʠʷ) ʩʠʣʳ 

ʂʦʨʠʦʣʠʩʘ ʷʚʣʷʝʪʩʷ ʥʝ ʚʨʘʱʝʥʠʝ ɿʝʤʣʠ, ʘ 

ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʛʨʘʚʠʪʘʮʠʦʥ-

ʥʦʛʦ ʧʦʣʷ. ʕʪʦ ʤʦʞʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩ ʧʦʤʦ-

ʱʴʶ ʧʨʦʩʪʦʛʦ ʧʨʠʤʝʨʘ. ɺ ʷʩʥʫʶ ʤʦʨʦʟʥʫʶ 

ʧʦʛʦʜʫ, ʢʦʛʜʘ ʚʣʘʞʥʦʩʪʴ ʚʦʟʜʫʭʘ ʤʠʥʠʤʘʣʴʥʘ, 

ʘ ʟʥʘʯʠʪ ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ, ʜʳʤ, 

ʧʦʜʥʠʤʘʷʩʴ ʠʟ ʧʝʯʥʦʡ ʪʨʫʙʳ, ʙʫʢʚʘʣʴʥʦ 

ʚʢʨʫʯʠʚʘʝʪʩʷ ʚ ʚʦʟʜʫʭ. ɽʩʣʠ ʥʘ ʩʣʝʜʫʶʱʠʡ 

ʜʝʥʴ, ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʟʥʘʯʠʪ ʠ 

ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʧʣʦʪʥʦʩʪʠ ʠʭ ʩʪʘʥʦʚʷʪʩʷ 

ʙʣʠʟʢʠʤʠ, ʪʦ ʜʳʤ ʩʪʝʣʝʪʩʷ ʧʦ ʟʝʤʣʝ, ʫʩʧʝʚʘʷ 

ʪʦʣʴʢʦ ʯʫʪʴ ʧʦʜʥʷʪʴʩʷ ʥʘʜ ʪʨʫʙʦʡ. ʕʪʦ ʛʦʚʦ-

ʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʪʘʢʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʜʳʤʘ ʷʚʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴ ʧʣʦʪʥʦʩʪʠ ʜʳʤʘ ʠ 

ʚʦʟʜʫʭʘ, ʯʝʤ ʦʥʘ ʙʦʣʴʰʝ, ʪʝʤ ʩ ʙʦʣʴʰʝʡ ʩʢʦ-

ʨʦʩʪʴʶ ʠ ʚʳʰʝ ʧʦʜʥʠʤʘʝʪʩʷ ʜʳʤ ʠʟ ʪʨʫʙʳ 

(ʨʠʩ. 9). 

 
ʈʠʩ. 9. ʇʦʜʝ̡ʤ ʜʳʤʘ ʠʟ ʧʝʯʥʦʡ ʪʨʫʙʳ: ʘ) ï ʷʩʥʘʷ ʤʦʨʦʟʥʘʷ ʧʦʛʦʜʘ, ʚʣʘʞʥʦʩʪʴ 

ʚʦʟʜʫʭʘ ʤʠʥʠʤʘʣʴʥʘ, ʝʛʦ ʧʣʦʪʥʦʩʪʴ ʤʘʢʩʠʤʘʣʴʥʘʷ rʜ << rʚ ; ʙ) ï ʧʨʠ ʧʦʚʳʰʝ-

ʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʟʥʘʯʠʪ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ, ʧʣʦʪʥʦʩʪʠ ʠʭ ʙʣʠʟʢʠ rʜ ~rʚ 



ɺʠʭʨʝʚʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ: ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʛʝʦʩʠʩʪʝʤ 
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ɺʦ ʚʩʝʭ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʷʭ ʨʘʟʥʳʭ ʩʨʝʜ 

(ʦʙʦʣʦʯʝʢ ɿʝʤʣʠ) ʩʫʱʝʩʪʚʫʝʪ ʩʢʘʯʦʢ ʧʣʦʪʥʦʩʪʠ, 

ʢʦʪʦʨʳʡ ʘʢʪʠʚʠʟʠʨʫʝʪ (ʛʝʥʝʨʠʨʫʝʪ) ʪʘʥʛʝʥʮʠ-

ʘʣʴʥʳʝ ʩʠʣʳ ʛʨʘʚʠʪʘʮʠʦʥʥʦʛʦ ʧʦʣʷ, ʘ ʪʝ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʬʦʨʤʠʨʫʶʪ ʚʠʭʨʝʚʳʝ ʧʦʪʦʢʠ. ʄʝʥʝʝ 

ʧʣʦʪʥʳʝ ʚʝʨʭʥʠʝ ʩʣʦʠ ʧʣʳʚʫʪ ʧʦ ʥʠʞʥʠʤ ʩʣʦʷʤ 

ʩ ʚʨʘʱʝʥʠʝʤ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʬʦʨʤʠʨʫʷ ʘʥ-

ʪʠʮʠʢʣʦʥʠʯʝʩʢʠʡ ʚʠʭʨʴ. ɼʚʠʞʝʥʠʝ ʵʪʠʭ ʧʦʪʦ-

ʢʦʚ ʦʩʣʦʞʥʷʝʪʩʷ ʨʝʣʴʝʬʦʤ ʥʠʞʥʝʛʦ, ʙʦʣʝʝ 

ʧʣʦʪʥʦʛʦ, ʩʣʦʷ. ʊʘʢʠʝ ʧʦʪʦʢʠ ï ʧʨʠʜʦʥʥʳʝ 

(ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʝ) ʪʝʯʝʥʠʷ ï ʩʫʱʝʩʪʚʫʶʪ ʚ 

ʘʪʤʦʩʬʝʨʝ, ʨʝʢʘʭ, ʦʟʝʨʘʭ, ʤʦʨʷʭ ʠ ʦʢʝʘʥʘʭ.  

ɿʘ ʩʯʝʪ ʵʪʠʭ ʞʝ ʩʠʣ ʚʝʨʭʥʷʷ ʪʚʝʨʜʘʷ 

ʦʙʦʣʦʯʢʘ ɿʝʤʣʠ (ʣʠʪʦʩʬʝʨʘ) ʨʘʟʙʠʪʘ ʥʘ ʧʣʠ-

ʪʳ, ʘ ʪʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ï ʥʘ ʙʦʣʝʝ ʤʝʣʢʠʝ 

ʙʣʦʢʠ ʚʝʨʭʥʝʡ ʙʦʣʝʝ ʪʚʝʨʜʦʡ ʢʦʨʳ. ɺʩʝ ʵʪʠ 

ʧʣʠʪʳ ʠ ʙʣʦʢʠ ʜʚʠʞʫʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛ 

ʜʨʫʛʘ, ʚʨʘʱʘʷʩʴ ʥʘ ʙʦʣʝʝ ʧʣʦʪʥʦʤ ʦʩʥʦʚʘʥʠʠ 

ʠ/ʠʣʠ ʧʝʨʝʤʝʱʘʷʩʴ ʚ ʚʝʨʪʠʢʘʣʴʥʦʤ ʥʘʧʨʘʚʣʝ-

ʥʠʠ, ʧʨʠ ʧʦʜʲʝʤʝ ʬʦʨʤʠʨʫʷ ʤʘʪʝʨʠʢʠ, ʘ ʧʨʠ 

ʧʦʛʨʫʞʝʥʠʠ ï ʦʟʝʨʘ, ʤʦʨʷ ʠ ʦʢʝʘʥʳ. ʊʘʢ ʢʘʢ 

ʵʪʠ ʧʣʠʪʳ ʠ ʙʣʦʢʠ ʧʣʦʪʥʦ ʫʧʘʢʦʚʘʥʳ, ʪʦ ʥʠ-

ʢʘʢʠʭ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʧʝʨʝʤʝʱʝʥʠʡ ʫ ʥʠʭ 

ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʢ ʪʦʤʫ ʞʝ ʤʘʪʝʨʠʢʠ, ʤʦʨʷ ʠ 

ʦʢʝʘʥʳ ʷʚʣʷʶʪʩʷ ʪʦʥʢʦʡ ʧʣʝʥʢʦʡ ʥʘ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʣʠʪʦʩʬʝʨʥʳʭ ʧʣʠʪ ʠ ʩʦʩʪʘʚʣʷʶʪ 1,5ï2 % 

ʦʪ ʝʝ ʤʦʱʥʦʩʪʠ-ʪʦʣʱʠʥʳ. ʀʣʣʶʟʠʶ ʞʝ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʩʦʟʜʘʝʪ ʜʚʠʞʝʥʠʝ ʚ ʚʠʜʝ ʧʦʛʨʫʞʝ-

ʥʠʷ ʦʜʥʦʛʦ ʠ ʧʦʜʲʝʤʘ ʜʨʫʛʦʛʦ ʩ ʦʙʦʶʜʥʳʤ 

ʚʨʘɦ ʝʥʠʝʤ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʙʣʦʢʦʚ (ʨʠʩ. 10). 

 
ʈʠʩ. 10. ʉʦʚʨʝʤʝʥʥʳʝ ʩʝʡʩʤʠʯʥʦʩʪʴ, ʚʫʣʢʘʥʠʟʤ ʠ ʛʨʘʥʠʮʳ ʧʣʠʪ: ʤʘʪʝʨʠʢ 

ʠ ʦʢʝʘʥ ʤʦʛʫʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʥʘ ʦʜʥʦʡ ʧʣʠʪʝ. ɾʝʣʪʳʝ ʪʦʯʢʠ ï ʦʯʘʛʠ ʟʝʤ-

ʣʝʪʨʷʩʝʥʠʡ, ʢʨʘʩʥʳʝ ʪʨʝʫʛʦʣʴʥʠʢʠ ï ʘʢʪʠʚʥʳʝ ʥʘʟʝʤʥʳʝ ʚʫʣʢʘʥʳ 

 

ɺ ʩʝʚʝʨʥʦʤ ʧʦʣʫʰʘʨʠʠ ɿʝʤʣʠ ʙʦʣʴʰʘʷ 

ʯʘʩʪʴ ʢʦʨʳ ʠʩʧʳʪʳʚʘʝʪ ʚʟʜʳʤʘʥʠʝ (ʧʦʜʲʝʤ) ʩ 

ʚʨʘʱʝʥʠʝʤ ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ (ʮʠʢʣʦ-

ʥʠʯʝʩʢʠʡ ʚʠʭʨʴ) ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʤʘ-

ʪʝʨʠʢʦʚ ʥʘʭʦʜʠʪʩʷ ʚ ʵʪʦʤ ʧʦʣʫʰʘʨʠʠ. ɺ ʶʞ-

ʥʦʤ ʧʦʣʫʰʘʨʠʠ ʙʦʣʴʰʘʷ ʯʘʩʪ ɹʢʦʨʳ ʧʦʛʨʫʞʘ-

ʝʪʩʷ ʩ ʚʨʘʱʝʥʠʝʤ ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ (ʘʥʪʠ-

ʮʠʢʣʦʥʠʯʝʩʢʠʡ ʚʠʭʨʴ) ʠ ʧʦʢʨʳʪʘ ʦʢʝʘʥʘʤʠ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʪʘʥʛʝʥʮʠʘʣʴʥʘʷ ʩʠʣʘ ʥʘ-

ʧʨʘʚʣʝʥʘ ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ, ʦʥʘ ʧʨʠʚʦʜʠʪ 

ʧʣʘʥʝʪʫ ʢ ʚʨʘʱʝʥʠʶ ʚ ʪʦʤ ʞʝ ʥʘʧʨʘʚʣʝʥʠʠ, 

ʪ.ʝ. ʩ ʟʘʧʘʜʘ ʥʘ ʚʦʩʪʦʢ (ʨʠʩ. 11). 
 

 
ʈʠʩ. 11. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʨʠʢʦʚ ʠ ʦʢʝʘʥʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʘʥʝʪʳ ɿʝʤʣʷ. 

ʉʣʝʚʘ ʛʝʦʠʜ ï ʫʨʦʚʥʝʚʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʘ ʩʠʣʳ ʪʷʞʝʩʪʠ, ʠʤʝʝʪ ʬʦʨ-

ʤʫ ʛʨʫʰʠ ʚʳʪʷʥʫʪʦʡ ʢ ʩʝʚʝʨʥʦʤʫ ʧʦʣʶʩʫ, ʞʝʣʪʳʡ ʮʚʝʪ ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʛʨʘ-

ʚʠʪʘʮʠʷ, ʩʠʥʠʡ ï ʤʠʥʠʤʘʣʴʥʘʷ. ʉʧʨʘʚʘ ï ʛʣʦʙʫʩ 


