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ʉʇʀʉʆʂ ʋʉʃʆɺʅʓʍ ʆɹʆɿʅɸʏɽʅʀʁ 

 

ʂɼ ð ʢʦʥʚʝʢʮʠʷ-ʜʠʬʬʫʟʠʷ 

ʂɼʈ ð ʢʦʥʚʝʢʮʠʷ-ʜʠʬʬʫʟʠʷ-ʨʝʘʢʮʠʷ 

ʄɻɼ ð ʤʘʛʥʠʪʥʘʷ ʛʠʜʨʦʜʠʥʘʤʠʢʘ 

ʄʂʕ ð  ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʄʇɻ ð ʤʝʪʦʜ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ 

ʉʆɼʋ ð ʩʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

GLS ð Galerkin Least Squares 

LPS ð Local Projection Stabilization 

RFB ð Residual Free Bubbles 

SOLD ð Spurious Oscillations at Layers Diminishing 

SUPG ð Streamline Upwind Petrov-Galerkin 

USFEM  ð  Unusual Stabilized Finite Element Method 

VMM  ð Variational Multiscale Method 
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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ʉ ʥʘʯʘʣʦʤ ʥʦʚʦʛʦ ʪʳʩʷʯʝʣʝʪʠʷ ʜʠʥʘʤʠʢʘ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʧʨʦʛʨʝʩʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʨʘʟʚʠʪʠʝʤ ʥʘʫʢʦʝʤʢʠʭ ʦʪʨʘʩʣʝʡ ʧʨʦʠʟ-

ʚʦʜʩʪʚʘ, ʚʳʩʦʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʠʭ 

ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, 

ʩʣʦʞʥʳʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɺʘʞʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʟʥʘʯʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʛʨʝʩʩʠʚʥʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʠ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʠ ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʬʠ-

ʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ. ʂ ʵʪʦʤʫ ʪʠʧʫ ʧʨʦʮʝʩʩʦʚ 

ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʧʣʦʰʥʳʭ ʩʨʝʜʘʭ (ʞʠʜʢʦʩʪʠ, 

ʛʘʟʝ, ʧʣʘʟʤʝ), ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʢʦʩʤʠʯʝʩʢʦʡ 

ʦʪʨʘʩʣʠ ʠ ʬʠʟʠʢʝ ʢʦʩʤʦʩʘ, ʢʣʘʩʩʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʛʘʟʦʪʫʨʙʠʥ-

ʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, ʨʘʢʝʪʦʩʪʨʦʝʥʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦ-

ʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʧʨʠ ʨʝʰʝʥʠʠ ʵʢʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʙʣʝʤ. 

ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʩʣʦʞʥʦʩʪʠ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘ-

ʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʦʥʠ ʧʨʠʤʝ-

ʥʷʶʪʩʷ. ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ ʧʦʣʫʯʠʣ ʢʦʥʝʯʥʦʵʣʝ-

ʤʝʥʪʥʳʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. ɺʘʞʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ 

ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʝʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʠ, ʪʦ ʝʩʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʵʬʬʝʢʪʠʚ-

ʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʤʦʱʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ 

ʧʨʠʚʦʜʠʪ ʢ ʜʠʥʘʤʠʯʝʩʢʦʤʫ ʨʘʩʰʠʨʝʥʠʶ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ 

ʦʙʲʝʢʪʘʤʠ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʪʘ-

ʢʠʤʠ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʝ ʷʚʣʝʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʠʭ ʬʠʟʠ-

ʯʝʩʢʠʭ ʦʩʥʦʚʘʥʠʡ. ʊʘʢʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ 

ʪʦʣʴʢʦ ʥʘ ʦʩʥʦʚʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʠ ʜʠʢʪʫʝʪ ʢʘʯʝʩʪʚʝʥʥʦ ʙʦʣʝʝ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʧʝʨʘ-

ʪʠʚʥʦʩʪʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʥʘ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʨʝʜʩʪʚʘʭ. 
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ɺʤʝʩʪʝ ʩ ʪʝʤ, ʦʙʲʝʢʪʠʚʥʦ ʩʫʱʝʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʩʣʦʞʥʝʥʠʷ 

ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦ-

ʮʝʩʩʳ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ ʠ ʜʣʷ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʢʦʪʦʨʳʭ ʧʨʠʤʝʥʷ-

ʝʪʩʷ ʤʝʪʦʜ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. ʕʪʦ ʪʘʢʞʝ ʪʨʝʙʫ-

ʝʪ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʫʧʘʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʧʨʠʢʣʘʜʥʳʭ ʥʘʫʢ, ʪʝʭʥʠʯʝʩʢʠʭ ʠ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʢ-

ʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ, ʦʙʲʝʢʪʠʚʥʦ ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʤ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʤ ʤʝʪʦʜʝ ʇʝʪʨʦʚʘ-

ɻʘʣʝʨʢʠʥʘ. ʇʨʦʜʠʢʪʦʚʘʥʥʦʝ ʧʦʪʨʝʙʥʦʩʪʷʤʠ ʧʨʘʢʪʠʢʠ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʤ-

ʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ 

ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ, 

ʧʦʩʢʦʣʴʢʫ ʦʥʦ ʪʨʝʙʫʝʪ ʨʘʟʨʘʙʦʪʢʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ, ʯʘʩʪʦ ʥʝʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ, ʢʦ-

ʪʦʨʳʝ ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʧʨʦʱʝʥʥʳʭ ʠ ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʭ ʤʦʜʝʣʝʡ, ʧʦʟʚʦʣʷʶʪ ʜʦʩʪʠʯʴ 

ʙʦʣʴʰʝʡ ʘʜʝʢʚʘʪʥʦʩʪʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʷʚʣʝʥʠʡ, ʧʨʦ-

ʮʝʩʩʦʚ ʠʣʠ ʩʠʩʪʝʤ. 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚʦʟʥʠʢʘʝʪ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʠ ʨʘʟʚʠʪʠʠ 

ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʤʝʪʦʜʝ ʇʝʪʨʦʚʘ-

ɻʘʣʝʨʢʠʥʘ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢ-

ʞʝ ʨʘʟʨʘʙʦʪʢʝ ʧʦʜʭʦʜʦʚ ʢ ʫʩʢʦʨʝʥʠʶ ʧʨʦʮʝʩʩʦʚ ʠʭ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʫʯʥʘʷ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʦʚ, ʢʦ-

ʥʝʯʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʠ ʦʪʚʝʯʘʝʪ ʧʦʪʨʝʙʥʦʩʪʷʤ ʩʦʚʨʝ-

ʤʝʥʥʦʛʦ ʵʪʘʧʘ ʧʨʠʤʝʥʝʥʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʧʨʘʢʪʠʢʝ. 

ʉʚʷʟʴ ʨʘʙʦʪʳ ʩ ʥʘʫʯʥʳʤʠ ʧʨʦʛʨʘʤʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ɼʠʩʩʝʨʪʘʮʠ-

ʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʧʨʠʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʚʠʪʠʷ 

ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ñʌʫʥʜʘʤʝʥʪʘʣʴʥʽ ʥʘʫʢʦʚʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʭ ʧʨʦ-

ʙʣʝʤ ʨʦʟʚʠʪʢʫ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʦʛʦ, ʩʦʮʽʘʣʴʥʦ-ʝʢʦʥʦʤʽʯʥʦʛʦ, ʩʫʩʧʽʣʴʥʦ-
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ʧʦʣʽʪʠʯʥʦʛʦ, ʣʶʜʩʴʢʦʛʦ ʧʦʪʝʥʮʽʘʣʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʋʢʨʘʾʥʠ ʫ ʩʚʽʪʽ ʪʘ ʩʪʘʣʦʛʦ ʨʦʟʚʠʪʢʫ ʩʫʩʧʽʣʴʩʪʚʘ ʽ ʜʝʨʞʘʚʠò ʠ ʩʪʨʘʪʝʛʠʯʝʩʢʦʛʦ ʧʨʠ-

ʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ñʆʩʚʦʻʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦ-

ʛʽʡ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʦʨʪʥʦʾ ʩʠʩʪʝʤʠ, ʨʘʢʝʪʥʦ-ʢʦʩʤʽʯʥʦʾ ʛʘʣʫ-

ʟʽ, ʘʚʽʘ- ʽ ʩʫʜʥʦʙʫʜʫʚʘʥʥʷ, ʦʟʙʨʦʻʥʥʷ ʪʘ ʚʽʡʩʴʢʦʚʦʾ ʪʝʭʥʽʢʠò, ʦʧʨʝʜʝʣʝʥʥʳʭ ʩʦʦʪ-

ʚʝʪʩʪʚʝʥʥʦ ɿʘʢʦʥʘʤʠ ʋʢʨʘʠʥʳ ñʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘʧʨʷʤʠ ʨʦʟʚʠʪʢʫ ʥʘʫʢʠ ʽ ʪʝʭʥʽ-

ʢʠò (ˉ2623-III ʦʪ 11.07.2001 ʛ. ʚ ʨʝʜʘʢʮʠʠ ʦʪ 05.12.2012 ʛ.) ʠ ñʇʨʦ ʧʨʽʦʨʠʪʝʪʥʽ ʥʘ-

ʧʨʷʤʠ ʽʥʥʦʚʘʮʽʡʥʦʾ ʜʽʷʣʴʥʦʩʪʽ ʚ ʋʢʨʘʾʥʽò (ˉ3715-VI  ʦʪ 08.09.2011 ʛ. ʚ ʨʝʜʘʢʮʠʠ ʦʪ 

05.12.2012 ʛ.), ʘ ʪʘʢʞʝ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ 

ʢʘʬʝʜʨʳ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʅʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʋʢʨʘʠʥʳ ñʂʠʝʚʩʢʠʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪò. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʜʝʨʞʠʪ ʨʝʟʫʣʴʪʘ-

ʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʨʘʟʨʘʙʦʪʦʢ, ʦʩʫʱʝʩʪʚʣʝʥʥʳʭ ʘʚʪʦʨʦʤ ʚʦ ʚʨʝʤʷ ʫʯʘʩʪʠʷ ʚ ʚʳ-

ʧʦʣʥʝʥʠʠ ʪʘʢʠʭ ʨʘʙʦʪ: ʅʀʈ ñʈʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʪʘ ʩʪʚʦʨʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦ-

ʛʨʘʤ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʄɻɼ-ʧʨʦʮʝʩʽʚ ʫ ʩʦʥʷʯʥʽʡ ʘʪʤʦʩʬʝʨʽ ʪʘ ʭʚʠ-

ʣʴʦʚʠʭ ʧʨʦʮʝʩʽʚ ʫ ʤʘʛʥʽʪʦʩʬʝʨʽ ʽ ʽʦʥʦʩʬʝʨʽ ɿʝʤʣʽò (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 

0112U005089), ʅʀʈ ñʄɻɼ-ʤʦʜʝʣʶʚʘʥʥʷ ʚʝʣʠʢʦʤʘʩʰʪʘʙʥʠʭ ʩʪʨʫʢʪʫʨ ʽ ʪʝʯʽʡ ʥʘ 

ʉʦʥʮʽò (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ  0112U005084), ʅʀʈ ñʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ ʥʘ ʉʦʥʮʽ ʽ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʥʫ ʤʘʛʥʽʪʦʩʬʝʨʠò (ʥʦʤʝʨ ʛʦʩʨʝ-

ʛʠʩʪʨʘʮʠʠ 0107U001956), ʅʀʈ ñʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ 

ʙʣʠʞʥʴʦʤʫ ʢʦʩʤʦʩʽ ʪʘ ʛʝʣʽʦʩʬʝʨʥʽʡ ʧʣʘʟʤʽ ʥʘ ʦʩʥʦʚʽ ʩʫʧʫʪʥʠʢʦʚʠʭ ʩʧʦʩʪʝʨʝʞʝʥʴò 

(ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 0110U000228), ʅʀʈ ñʈʦʟʨʦʙʠʪʠ ʤʦʜʝʣʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʪʘ 

ʛʽʜʨʦʜʠʥʘʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʢʦʩʤʽʯʥʦʤʫ ʧʨʦʩʪʦʨʽ ʪʘ ʤʝʪʦʜʠ ʦʙʨʦʙʣʝʥʥʷ ʩʫʧʫʪʥʠ-

ʢʦʚʠʭ ʜʘʥʠʭò (ʥʦʤʝʨ ʛʦʩʨʝʛʠʩʪʨʘʮʠʠ 0113U003019). 

ʎʝʣʴ ʠ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʎʝʣʴʶ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʫ-

ʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʩʪʘʙʠʣʠ-

ʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʫʢʘʟʘʥʥʦʡ ʮʝʣʠ ʨʝʰʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 
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ð ʚʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʢʦʥʚʝʢ-

ʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʘʤ ʠʭ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ, ʩ ʧʦʟʠʮʠʡ ʵʪʠʭ ʪʨʝʙʦʚʘʥʠʡ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦ-

ʜʳ ʠ ʩʨʝʜʩʪʚʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʦʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦ-

ʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 

ð ʜʣʷ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʚ ʦʜʥʦ-, ʜʚʫʭ- ʠ ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʷʭ ʨʘʟ-

ʨʘʙʦʪʘʪʴ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʪʨʦʡʢʠ ʩʚʦ-

ʝʡ ʬʦʨʤʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʝʣʠʯʠʥʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʛʠʙʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥ-

ʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ð ʨʘʟʨʘʙʦʪʘʪʴ ʤʝʪʦʜʳ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʣʦʞʝʥ-

ʥʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʷʭ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʢʦʥ-

ʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ð ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʘʙʦʪʘʪʴ ʵʬʬʝʢʪʠʚʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-

ɻʘʣʝʨʢʠʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʝʜʣʘʛʘʝʤʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ; 

ð ʦʩʫʱʝʩʪʚʠʪʴ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʦʯʥʦʩʪʠ 

ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ, ʘʥʘʣʠʟ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʧʨʦʚʝʩʪʠ ʩʨʘʚ-

ʥʝʥʠʝ ʩ ʩʫʱʝʩʪʚʫʶʱʠʤʠ ʤʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; 

ð ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʜʭʦʜʳ ʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʩʭʝʤ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢ-

ʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ; 

ð ʨʘʟʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʳ-

ʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʣʷ ʥʘʫʯ-

ʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʤʘʛ-

ʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. 
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ʆʙʲʝʢʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʥʚʝʢ-

ʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʇʨʝʜʤʝʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ 

ʩʭʝʤʳ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɺ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʝʦʨʠʠ ʚʳʯʠʩʣʝʥʠʡ, ʩʠʩʪʝʤʥʦ-

ʛʦ ʘʥʘʣʠʟʘ, ʦʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʪʝʦʨʠʠ ʧʨʠʙʣʠʞʝʥʥʳʭ ʚʳʯʠʩʣʝʥʠʡ. ʊʘʢʞʝ ʜʣʷ 

ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʵʢʩʧʝ-

ʨʠʤʝʥʪʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʪʝʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ: 

ð ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ 

ʥʘʩʪʨʘʠʚʘʪʴ ʬʦʨʤʫ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ ʜʠʬʬʫʟʠ-

ʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʚʘʨʴʠʨʫʝ-

ʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʙʨʘʤʠ ʩʝʪʢʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʦʙʣʘʩʪʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʝʯʥʦʤʝʨʥʳʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ; 

ð ʨʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʨʝʜʣʦʞʝʥʥʳʭ 

ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʷʭ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʜʣʷ ʥʝʩʪʘʮʠʦ-

ʥʘʨʥʳʭ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʠʩʳʚʘʝʤʳʭ ʫʨʘʚʥʝʥʠʷʤʠ ʩ ʧʝ-

ʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʦʥ ʫʯʠʪʳʚʘʝʪ ʠʭ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʯʪʦ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ, ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʫʩʢʦʨʝʥʠʝ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ; 

ð ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʦʜʝʣʷʤʠ ʢʦʪʦʨʳʭ ʩʣʫʞʘʪ ʫʨʘʚʥʝʥʠʷ ʢʦʥ-

ʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ-ʨʝʘʢʮʠʠ, ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ, ʘ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʨʝʘʢʪʠʚʥʳʭ ʩʦ-

ʩʪʘʚʣʷʶʱʠʭ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ 

ʤʝʪʦʜʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʚ ʩʦʙʦʣʝʚʩʢʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʅ1, ʘ ʪʘʢ-

ʞʝ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ L2 ʠ C, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʧʦʟʚʦʣʷʝʪ ʯʝʨʝʟ ʚʳʙʦʨ ʩʪʘʙʠ-

ʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʝʩʧʝʯʠʪʴ ʫʤʝʥʴʰʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ; 
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ð ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʢʦ-

ʪʦʨʳʝ ʚ ʣʠʥʝʡʥʦʤ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʦʙʦʙʱʘʶʪ ʩʭʝʤʳ, ʧʦʣʫʯʝʥʥʳʝ ʩ ʧʦʤʦʱʴʶ 

ʠʟʚʝʩʪʥʳʭ ʩʪʘʙʠʣʠʟʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ SUPG, GLS, USFEM ʠ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-

ɻʘʣʝʨʢʠʥʘ ʩ ʢʫʩʦʯʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʦʪʣʠʯʠʝʤ ʦʪ ʢʦʪʦʨʳʭ 

ʝʩʪʴ ʫʯʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʝʜʫʱʠʤʠ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʠ 

ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʯʣʝʥʘʤʠ ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʯʝʛʦ ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʘʷ ʪʦʯʥʦʩʪʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʫʧʦʤʷʥʫʪʳʤʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ; 

ð ʚʧʝʨʚʳʝ ʧʨʝʜʣʦʞʝʥ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʤʝʪʦʜʦʚ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ, ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ 

ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʠ ʩʨʘʚʥʝʥʠʝ ʣʦʢʘʣʴʥʳʭ ʧʦʛʨʝʰʥʦʩʪʝʡ ʠʩʭʦʜʥʦʡ ʠ ʩʦʩʨʝ-

ʜʦʪʦʯʝʥʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʥʘ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ, ʪʝʦʨʝʪʠʯʝʩʢʠ 

ʜʦʢʘʟʘʥʦ ʚ ʚʠʜʝ ʪʝʦʨʝʤ, ʯʪʦ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ, ʧʦʩʪʨʦʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʧʨʝʜ-

ʣʦʞʝʥʥʦʛʦ ʧʦʜʭʦʜʘ, ʫʩʪʦʡʯʠʚʳ ʚ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʤ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʪʠʚʦʜʝʡ-

ʩʪʚʦʚʘʪʴ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʠ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʵʬʬʝʢʪʘʤ, ʟʘ ʩʯʝʪ ʯʝʛʦ 

ʧʦʚʳʰʘʝʪʩʷ ʪʦʯʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ. 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʠ ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʥʘʫʯʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ ʚʳʚʦʜʦʚ ʙʘʟʠʨʫʶʪʩʷ 

ʥʘ ʜʦʢʘʟʘʥʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʫʪʚʝʨʞʜʝʥʠʷʭ ʠ/ʠʣʠ ʫʩʧʝʰʥʦʤ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʨʠ-

ʤʝʥʝʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ. 

ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʪʝʤ, ʯʪʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʷʝʪ ʫʚʝʣʠʯʠʪʴ ʪʦʯʥʦʩʪʴ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʫʩʢʦʨʠʪʴ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ 

ʨʝʘʣʠʟʘʮʠʶ ʠ ʧʦʚʳʩʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʟʘʜʘʯ 

ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ. ʅʘʠʙʦʣʝʝ ʟʥʘʯʠʤʳʤʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʧʣʘʥʝ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʜʠʩʩʝʨʪʘʮʠʠ ʝʩʪʴ ʧʨʝʜʣʦʞʝʥʥʳʝ ʥʦʚʳʝ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-

ɻʘʣʝʨʢʠʥʘ ʠ ʠʭ ʩʪʨʫʢʪʫʨʳ, ʤʝʪʦʜ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʷʭ, ʚʳʩʦʢʦʪʦʯʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ, ʠ 
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ʧʨʝʜʣʦʞʝʥʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʦʚ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʧʨʠʣʦʞʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʪʠʧʘ, ʧʦʟʚʦ-

ʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʧʦʚʳʩʠʪʴ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʠ ʫʩʢʦʨʠʪʴ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʨʝʘʣʠʟʘʮʠʶ. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʢʨʳʚʘʝʪ ʚʦʟ-

ʤʦʞʥʦʩʪʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʰʠʨʦʢʠʤ ʢʣʘʩʩʦʤ ʧʨʘʢʪʠʯʝʩʢʠ ʚʘʞ-

ʥʳʭ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝ-

ʥʠʷ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʥʘʫʢʠ, ʚ ʯʘʩʪʥʦ-

ʩʪʠ ʚ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠ ʬʠʟʠʢʝ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ ʧʨʠ ʠʟʫʯʝʥʠʠ ʛʠʜʨʦ-

ʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʠ ʨʝʞʠʤʦʚ ʠʭ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ 

ʚʦʣʥʦʚʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʘʛʥʠʪʦʩʬʝʨʝ ʠ ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ, ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ 

ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʪʝʭʥʠʯʝʩʢʠʝ ʦʙʲʝʢʪʳ ʠ ʫʩʪʨʦʡʩʪʚʘ, ʚʝʨʠʬʠʢʘʮʠʠ 

ʘʜʘʧʪʠʚʥʳʭ ʤʦʜʝʣʝʡ ʜʣʷ ʟʘʜʘʯ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʢʦʥʚʝʢʪʠʚ-

ʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʣʠʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ ʩ ʮʝʣʴʶ ʧʨʦʛʥʦʟʘ ʛʝʦʤʘʛʥʠʪ-

ʥʳʭ ʚʦʟʤʫʱʝʥʠʡ ʠ ʠʥʜʝʢʩʦʚ ʛʝʦʤʘʛʥʠʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʝʭʘʥʠʟʤʦʚ 

ʛʝʥʝʨʘʮʠʠ ʛʣʦʙʘʣʴʥʳʭ ʧʣʘʟʤʝʥʥʳʭ ʧʦʪʦʢʦʚ ʠ ʩʪʨʫʢʪʫʨ ʥʘ ʉʦʣʥʮʝ ʠ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʤʘʛʥʠʪʦʩʬʝʨʫ ɿʝʤʣʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʧʨʘʢʪʠʯʝʩʢʠʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ 

ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʚʥʝʜʨʝʥʳ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘ-

ʙʦʪ ʚ ʦʪʜʝʣʝ ʢʦʩʤʠʯʝʩʢʦʡ ʧʣʘʟʤʳ ʀʥʩʪʠʪʫʪʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅɸʅ 

ʋʢʨʘʠʥʳ ʠ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʢʦʩʤʠʯʝʩʢʦʛʦ ʘʛʝʥʪʩʪʚʘ ʋʢʨʘʠʥʳ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʘʢʪʘʤʠ ʦ ʚʥʝʜʨʝʥʠʠ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ. ɺʩʝ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ, ʢʦʪʦʨʳʝ 

ʚʳʥʦʩʷʪʩʷ ʥʘ ʟʘʱʠʪʫ, ʧʦʣʫʯʝʥʳ ʘʚʪʦʨʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ɺ ʨʘʙʦʪʘʭ, ʦʧʫʙʣʠʢʦ-

ʚʘʥʥʳʭ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʘʚʪʦʨʫ ʧʨʠʥʘʜʣʝʞʠʪ: ʚ [203] ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʪʨʝʭʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ; ʚ [204] ð ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʤʝʪʦʜʘ 

ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʩʦʟʜʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʚ ʚʠʜʝ ʧʦʣʫʜʠʩʢʨʝʪʥʳʭ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʡ ʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʬʘʢʪʦʨʳ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʚʝʜʫʱʠʤʠ ʜʠʩʩʠʧʘʪʠʚʥʳʤʠ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʤʠ ʯʣʝʥʘʤʠ ʣʦʢʘʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʠ ʦʙʦʙʱʘʶʪ ʩʭʝʤʳ ʤʝʪʦʜʦʚ SUPG, GLS, USFEM, ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦ-
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ʛʨʝʰʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʩʭʝʤ; ʚ [198] ð ʥʦʚʳʝ 

ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʠ ʜʚʫʤʝʨ-

ʥʦʤ ʩʣʫʯʘʷʭ, ʤʝʪʦʜ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ; ʚ [261] ð ʩʪʨʫʢʪʫʨʘ 

ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ, ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʝ ʩʭʝʤʳ ʠ ʠʭ ʘʥʘʣʠʟ; ʩʦʟʜʘʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʇʝʪ-

ʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʠ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʩ ʫʯʝ-

ʪʦʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʢʦʪʦʨʳʭ ʧʨʝʜ-

ʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʪʠʧʘ ɹʶʨʛʝʨʩʘ ʚ [196, 265] (ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ) ʠ [197] 

(ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʩʣʫʯʘʝ), ʥʝʣʠʥʝʡʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʪʠʧʘ ɹʶʨʛʝʨʩʘ ʚ [264], ʫʨʘʚʥʝ-

ʥʠʷʤʠ ʪʠʧʘ ɹʶʨʛʝʨʩʘ ʠ ʂʦʨʪʝʚʝʛʘ-ʜʝ ʌʨʠʟʘ ʚ [266], ʫʨʘʚʥʝʥʠʷʤʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜ-

ʨʦʜʠʥʘʤʠʢʠ ʚ ʨʘʙʦʪʘʭ [200, 253]; ʚ [192] ð ʨʘʟʨʘʙʦʪʢʘ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ, ʧʦ-

ʜʘʚʣʷʶʱʠʭ ʥʝʛʘʪʠʚʥʳʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʧʨʠ ʧʨʠʤʝʥʝ-

ʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ ʚ ʤʝʪʦʜʝ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʪʠʭ ʩʭʝʤ 

ʚ [262] ʠ ʨʘʟʨʘʙʦʪʢʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʭʝʤ ʥʘ ʙʘʟʝ ʤʝʪʦʜʘ SUPG ʚ [193]; ʚ [263] 

ð ʨʘʟʨʘʙʦʪʢʘ ʢʦʥʝʯʥʦʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʥʝʣʠʥʝʡʥʳʭ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ; ʚ [255] ʠ [258] ð ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ ʠ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ ʛʣʦʙʘʣʴʥʳʭ ʪʝʯʝʥʠʡ ʥʘ ʉʦʣʥʮʝ ʠ ʜʚʠʞʝʥʠʷ ʚʠʭʨʝʚʳʭ ʧʘʨ ʚ ʩʪʨʘʪʠʬʠʮʠʨʦ-

ʚʘʥʥʦʡ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʩʪʘʣʴʥʳʝ ʨʘʙʦʪʳ ʥʘʧʠʩʘʥʳ ʙʝʟ ʩʦʘʚ-

ʪʦʨʦʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʜʦ-

ʢʣʘʜʳʚʘʣʠʩʴ, ʦʙʩʫʞʜʘʣʠʩʴ ʠ ʧʦʣʫʯʠʣʠ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʦʮʝʥʢʫ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ: 13-ʷ, 14-ʷ ʠ 15-ʷ ʄʝʞʜʫʥʘʨʦʜʥʳʝ ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʠʤ. ʘʢ. ʄ. 

ʂʨʘʚʯʫʢʘ (ʂʠʝʚ, 2010, 2012, 2014 ʛ.); IV ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥ-

ʥʘʷ 135 ʛʦʜʦʚʱʠʥʝ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ ɻ. ʍʘʥʘ (ʏʝʨʥʦʚʮʳ, 2014); VII ʤʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ñɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʠ ʧʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘʪʠʢʘò ʠʤ. ʘʢʘʜ. ʀ.ʀ. ʃʷʰʢʦ 

(ʂʠʝʚ, 2014); ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñAnalytic methods of mechan-

ics and complex analysisò (ʂʠʝʚ, 2009); II ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ñAnalysis and mathematical physics IIò (ʍʘʨʴʢʦʚ, 2014); 9-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʠʤʠʪʘʮʠʦʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʩʠ-
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ʩʪʝʤ (ʄʆɼʉ 2014)ò, (ʏʝʨʥʠʛʦʚ, 2014); 16-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ñʉʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ (Sɸʀʊ 2014)ò 

(ʂʠʝʚ, 2014); 2-ʷ ʤʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ñɺʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʚʳʯʠʩ-

ʣʝʥʠʷò (HPC-UA'2012) (ʂʠʝʚ, 2012); XVI ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ 

ñDynamical System Modelling and Stability Investigation (DSMSI-2013)ò (ʂʠʝʚ, 

2013); 4-  ̫ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ ñTheoretical and Applied Aspects of Cybernetics (TAAC -2014)ò (ʂʠʝʚ, 2014); 

2-  ̫ʠ 3-  ̫ʥʘʫʯʥʳʝ ʢʦʥʬʝʨʝʥʮʠʠ ʤʘʛʠʩʪʨʘʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ñʇʨʠʢʣʘʜʥʘʷ ʤʘʪʝʤʘ-

ʪʠʢʘ ʠ ʢʦʤʧʴʶʪʠʥʛò (ʂʠʝʚ, 2010, 2011 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 25 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 11 ʩʪʘʪʝʡ ʚ ʥʘʫʯʥʳʭ ʠʟʜʘʥʠʷʭ ʠʟ ʇʝʨʝʯʥʷ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʳʭ ʠʟʜʘʥʠʡ ʋʢʨʘ-

ʠʥʳ (ʠʟ ʥʠʭ 5 ʩʪʘʪʝʡ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ, ʢʦʪʦʨʳʝ ʧʝʨʝʚʦʜʷʪʩʷ ʥʘ ʘʥʛʣʠʡ-

ʩʢʠʡ ʷʟʳʢ, ʚʳʭʦʜʷʪ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠʟʜʘʥʠʷʭ Springer ʠ Begell House ʠ ʚʢʣʶʯʝ-

ʥʳ ʚ ʤʝʞʜʫʥʘʨʦʜʥʫʶ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʫʶ ʙʘʟʫ SciVerse Scopus ʠ ʜʨʫʛʠʝ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʝ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʠʝ ʠ ʨʝʬʝʨʘʪʠʚʥʳʝ ʙʘʟʳ, 1 ʩʪʘʪʴ,̫ ʨʝʬʝʨʠʨʫʝʤʘʷ ʤʝʞʜʫ-

ʥʘʨʦʜʥʦʡ ʙʘʟʦʡ Zentralblatt MATH, 5 ʩʪʘʪʝʡ, ʚʭʦʜʷʱʠʭ ʚ ʥʘʫʢʦʤʝʪʨʠʯʝʩʢʫʶ ʙʘʟʫ 

ʈʀʅʎ ï ʈʦʩʩʠʡʩʢʠʡ ʠʥʜʝʢʩ ʥʘʫʯʥʦʛʦ ʮʠʪʠʨʦʚʘʥʠʷ) ʠ 14 ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ. ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝ-

ʜʝʥʠʷ, ʰʝʩʪʠ ʨʘʟʜʝʣʦʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʧʷʪʠ ʧʨʠ-

ʣʦʞʝʥʠʡ. ʇʦʣʥʳʡ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʘʚʣʷʝʪ 290 ʩʪʨʘʥʠʮ, ʚ ʪʦʤ ʯʠʩʣʝ: 165 

ʩʪʨʘʥʠʮ ʦʩʥʦʚʥʦʛʦ ʪʝʢʩʪʘ, 36 ʨʠʩʫʥʢʦʚ, 5 ʪʘʙʣʠʮ ʠ ʩʧʠʩʢʘ ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʠʩʪʦʯ-

ʥʠʢʦʚ ʠʟ 270 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ʈɸɿɼɽʃ 1 

ʂʆʅɺɽʂʊʀɺʅʆ-ɼʀʌʌʋɿʀʆʅʅʓɽ ʌʀɿʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ ʀ 

ʄɽʊʆɼʓ ʀʍ ʄʆɼɽʃʀʈʆɺɸʅʀʗ 

 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʄʂʕ) ʚ ʬʦʨʤʝ ɻʘʣʝʨʢʠʥʘ [1ï7] ʚ ʪʝʢʫʱʠʡ ʤʦ-

ʤʝʥʪ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʠ ʵʬʬʝʢʪʠʚ-

ʥʳʭ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳ-

ʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠ-

ʢʠ, ʩʣʫʞʘʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʥʝʤ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʨʝʟʫʣʴʪʘʪ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠʱʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʢʦʥʝʯʥʦʡ ʩʦ-

ʚʦʢʫʧʥʦʩʪʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʥʝʚʷʟʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ. ɺ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʩʦʚʧʘʜʘʶʪ 

ʩ ʙʘʟʠʩʥʳʤʠ. ʉʪʘʥʜʘʨʪʥʳʡ (ʢʣʘʩʩʠʯʝʩʢʠʡ) ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʡ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʧʪʠʤʘʣʴʥʫʶ, ʪʦ ʝʩʪʴ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʫʶ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʩʦʚʦʢʫʧʥʦʩʪʷʭ ʙʘʟʠʩʥʳʭ ʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʪʦʯʥʦʩʪʴ ʧʦʣʫʯʘʝʤʦʡ 

ʢʦʥʝʯʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ (ʦʩʦʙʝʥʥʦ, ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨʦʮʝʩʩʘʤ, ʦʧʠʩʳʚʘʝʤʳʤ ʫʨʘʚ-

ʥʝʥʠʷʤʠ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ ʦʧʝʨʘʪʦʨʦʤ 

ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ) [2, 4, 6ï9]. ʆʜʥʘʢʦ, ʩʫʱʝʩʪʚʫʝʪ ʚʘʞʥʳʡ ʢʣʘʩʩ 

ʧʨʦʮʝʩʩʦʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʢ 

ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩʠʣʴʥʳʭ ʥʝʫʩʪʦʡʯʠ-

ʚʦʩʪʝʡ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʣʦʞʥʳʭ ("ʧʘʨʘʟʠʪʥʳʭ"), ʥʝ ʠʤʝʶʱʠʭ ʬʠʟʠʯʝʩʢʦʛʦ 

ʩʤʳʩʣʘ ʦʩʮʠʣʣʷʮʠʡ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʧʦʛʨʝʰʥʦʩʪʝʡ, ʜʝʣʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʝʧʨʠʛʦʜʥʳʤʠ ð ʵʪʦ ʬʠʟʠ-

ʯʝʩʢʠʝ ʧʨʦʮʝʩʩ rʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ (ʂɼ) [1, 2, 5, 9]. ʕʪʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ ɻʘ-

ʣʝʨʢʠʥʘ ʧʨʦʷʚʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ, ʢʦʛʜʘ ʢʦʥʚʝʢʪʠʚʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʷʚʣʷ-

ʪʁʩ̫ ʧʨʝʦʙʣʘʜʘʶʱʠʤʠ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ [2, 9]. ʂ ʵʪʦʤʫ ʪʠʧʫ ʧʨʦʮʝʩʩʦʚ, ʥʘʧʨʠʤʝʨ, 

ʦʪʥʦʩʠʪʩʷ ʙʦʣʴʰʠʥʩʪʚʦ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʚ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠ ʤʘʛʥʠʪ-

ʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ (ʞʠʜʢʦʩʪʠ, ʛʘʟʘ, ʧʣʘʟʤʳ) 

[10ï13], ʘ ʪʘʢʞʝ ʚʩʪʨʝʯʘʶʱʠʭʩʷ ʚ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [5, 14, 15]. ʂ ʤʦ-
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ʜʝʣʠʨʦʚʘʥʠʶ ʧʨʦʮʝʩʩʦʚ ʂɼ ʩʚʦʜʠʪʩʷ ʨʝʰʝʥʠʝ ʪʘʢʠʭ ʚʘʞʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, 

ʢʘʢ ʨʘʩʯʝʪ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʜʠʥʘʤʠʢʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚ ʧʨʠ ʟʘʛʨʷʟʥʝʥʠʠ 

ʚʦʟʜʫʰʥʦʡ, ʚʦʜʥʦʡ ʠʣʠ ʛʨʫʥʪʦʚʦʡ ʩʨʝʜ [16ï18], ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʚʠʞʝʥʠʷ ʟʘʨʷʜʦʚ 

ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ [19, 20], 

ʟʘʜʘʯʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʧʦʛʦʜʳ ʠ ʠʟʤʝʥʝʥʠʡ ʢʣʠʤʘʪʘ [16], ʘ ʪʘʢʞʝ ʧʨʦʛʥʦʟʠʨʦʚʘ-

ʥʠʷ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ ʠ ʜʠʥʘʤʠʢʠ ʤʘʛʥʠʪʥʳʭ ʙʫʨʴ [11, 21], ʟʘʜʘʯʠ ʠʟʫʯʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʙʠʦʣʦʛʠʠ [22] ʠ ʤʝʜʠʮʠʥʝ [23, 87], ʠ ʪ.ʜ. ʇʨʠ ʦʧʨʝʜʝʣʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʜʣʷ ʩʣʫʯʘʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʢʦʛʜʘ ʩʠ-

ʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʠʨʫʝʪʩʷ ʙʦʣʴʰʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʯʠʩʝʣ ʇʝʢʣʝ [1, 5, 9], ʪʦ ʝʩʪʴ, ʢʦ-

ʛʜʘ ʧʨʦʮʝʩʩ ʢʦʥʚʝʢʮʠʠ ʷʚʣʷʝʪʩʷ ʚ ʩʠʩʪʝʤʝ ʜʦʤʠʥʠʨʫʶʱʠʤ ʥʘʜ ʦʩʪʘʣʴʥʳʤʠ ʧʨʦ-

ʮʝʩʩʘʤʠ, ʨʝʰʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʚʥʫʪʨʝʥʥʠʝ ʠ ʧʦʛʨʘʥʠʯʥʳʝ 

ʪʦʥʢʠʝ ʩʣʦʠ (ʦʙʣʘʩʪʠ ʨʝʟʢʦʛʦ ʫʢʨʫʯʝʥʠʷ ʨʝʰʝʥʠʷ), ʘ ʩʘʤʠ ʟʘʜʘʯʠ ʩʪʘʥʦʚʷʪʩʷ ʩʠʥ-

ʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʤʠ [1, 2, 5, 9]. ʊʘʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʘʧʨʠʤʝʨ, ʦʙʣʘʜʘʝʪ ʩʠ-

ʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʕʪʘ ʩʠʩʪʝʤʘ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʩʠʩʪʝʤʳ 

ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʠ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ [13]. ʆʥʘ ʦʧʠʩʳʚʘʝʪ ʜʠʥʘʤʠʢʫ 

ʧʣʘʟʤʳ, ʠ ʜʦʧʫʩʢʘʝʪ ʥʝʛʣʘʜʢʠʝ ʠ ʨʘʟʨʳʚʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʨʝʰʝʥʠʷ (ʫʜʘʨʥʳʝ ʚʦʣ-

ʥʳ), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʚʠʞʝʥʠʷʤ ʚʝʱʝʩʪʚʘ ʩ ʙʦʣʴʰʠʤʠ ʩʢʦʨʦʩʪʷʤʠ [10ï13]. ɸʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʨʝʰʝʥʠʡ ʧʦʜʦʙʥʳʭ ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʂɼ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ 

ʄʂʕ ɻʘʣʝʨʢʠʥʘ (ʢʘʢ ʠ ʙʦʣʴʰʠʥʩʪʚʦʤ ʜʨʫʛʠʭ ʨʘʟʥʦʩʪʥʳʭ ʠ ʚʘʨʠʘʮʠʦʥʥʳʭ ʤʝʪʦ-

ʜʦʚ), ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʦʣʴʰʠʭ ʧʦʛʨʝʰʥʦʩʪʝʡ. 

ʉʪʨʝʤʣʝʥʠʝ ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʠ 

ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ [2, 6, 9, 24] ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʦ ʝʩʪʴ, ʫʩʪʨʘ-

ʥʠʪʴ, ʠʣʠ, ʧʦ-ʢʨʘʡʥʝʡ ʤʝʨʝ, ʫʤʝʥʴʰʠʪʴ ʣʦʞʥʳʝ ʦʩʮʠʣʣʷʮʠʠ, ʩʦʭʨʘʥʷʷ ʧʨʠ ʵʪʦʤ 

ʧʨʠʝʤʣʝʤʫʶ ʪʦʯʥʦʩʪʴ, ʙʳʣʦ ʦʩʥʦʚʥʦʡ ʮʝʣʴʶ ʨʘʟʚʠʪʠʷ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦ-

ʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ (ʄʇɻ) [2, 6, 9, 24]. ʕʪʦ ʜʦʩʪʠʛʘʝʪʩʷ ʟʘ ʩʯʝʪ ʪʦʛʦ, ʯʪʦ ʚ ʦʨʠ-

ʛʠʥʘʣʴʥʫʶ ʬʦʨʤʫʣʠʨʦʚʢʫ ɻʘʣʝʨʢʠʥʘ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ (ʚ ʙʠʣʠʥʝʡʥʫʶ ʬʦʨʤʫ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʝʡ ʩʣʘʙʦʡ ʟʘʜʘʯʠ) ʜʦʙʘʚʣʷʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʘʙʠʣʠʟʠ-

ʨʫʶʱʠʝ ʯʣʝʥʳ, ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʵʪʫ ʩʪʘʙʠʣʠʟʘʮʠʶ. ʇʨʦʮʝʜʫʨʘ ʄʇɻ ʬʦʨ-

ʤʘʣʴʥʦ ʩʚʦʜʠʪʩʷ ʢ ʜʦʙʘʚʣʝʥʠʶ ʢ ʩʪʘʥʜʘʨʪʥʳʤ ʚʝʩʦʚʳʤ ʬʫʥʢʮʠʷʤ ʄʂʕ ɻʘʣʝʨʢʠʥʘ 



 17 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʯʣʝʥʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʄʇɻ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʪʝʤ, ʯʪʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʥʝ ʩʦʚʧʘ-

ʜʘʝʪ ʩ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʚʣʠʷʥʠʷ ʥʘ ʩʚʦʡʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ 

ʧʦʤʦʱʴʶ ʥʘʜʣʝʞʘʱʝʛʦ ʚʳʙʦʨʘ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʧʦʟʚʦʣʷʝʪ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʝʩ-

ʧʝʯʠʚʘʪʴ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʨʝʰʝʥʠʠ ʂɼ ʟʘʜʘʯ ʩ ʜʦʤʠʥʠʨʦʚʘʥʠʝʤ ʢʦʥʚʝʢʪʠʚ-

ʥʳʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʠ ʨʝʘʣʠʟʘʮʠʡ 

ʄʇɻ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ [2, 6, 9, 24, 25] ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʤʝʪʦʜʦʚ, ʩʚʦʜʷʱʠʭʩʷ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʢ ʄʇɻ), ʢʦʪʦʨʳʝ ʧʨʠʤʝ-

ʥʷʶʪʩʷ ʜʣʷ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʂɼ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʪʘʢʠʝ ʤʝʪʦʜʳ, 

ʢʘʢ SUPG (Streamline Upwind Petrov-Galerkin) [24ï26] ʠ ʝʛʦ ʜʘʣʴʥʝʡʰʝʝ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʚ ʚʠʜʝ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ SOLD (Spurious Oscillations at 

Layers Diminishing) [27ï29, 24], GLS (Galerkin Least Squares) [30, 25, 9], PSPG 

(Pressure-Stabilizing Pertov-Galerkin) [31, 32] ʜʣʷ ʩʠʩʪʝʤ ʪʠʧʘ ʉʪʦʢʩʘ, USFEM (Un-

usual Stabilized Finite Element Method) [83, 201], ʙʣʠʟʢʠʝ ʤʝʞʜʫ ʩʦʙʦʡ ʤʝʪʦʜʳ RFB 

(Residual Free Bubbles) [33ï36, 182], MSM (MultiScale Method) [37, 182], MIX  [38], 

VMM  (Variational Multiscale Method) [39, 34, 99], LPS (Local Projection 

Stabilization) [40, 41], ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ [42], ʤʝʪʦʜ ʣʦʢʘʣʴʥʳʭ 

ʬʫʥʢʮʠʡ ɻʨʠʥʘ [195], MeshFree-ʤʝʪʦʜʳ [9, 43, 44] ʠ ʜʨʫʛʠʝ. ʈʘʟʨʘʙʦʪʢʝ ʠ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʠʶ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂʕ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ I. Babuska [45ï49], 

R.E. Bank [50, 51], K.-J. Bathe [52, 53], O. Baysal [54], P.B. Bochev [55, 56], M. 

Braack [40, 41], A. Brooks [26], F. Brezzi [33, 35, 53, 57], E. Burman [58ï60, 73], I. 

Christie [61], R. Codina [62ï65], B. Delsaute [66], M. Fortin [67], L.P. Franca [30, 31, 

35ï38, 74, 79, 83, 85, 98], D.F. Griffiths [68ï70], P. Hansbo [71ï73], I. Harari [74ï76], 

G. Hauke [76ï80], J.C. Heinrich [109, 110], T.J.R. Hughes [25, 26, 30, 31, 39, 75, 80ï

87, 99], V. John [14, 15, 24, 27, 29, 88ï92], C. Johnson [71, 93],  P. Knobloch [27, 29, 

89], T. Knopp [28], A.R. Mitchell [61, 70, 94], K.W. Morton [95], H.-G. Roos [2, 6, 96, 

97], A. Russo [33ï35, 98], G. Sangalli [53, 99, 100], G. Scovazzi [25, 101ï103], T.E. 

Tezduyar [25, 32, 84, 104ï108], O.C. Zienkiewicz [3, 61, 109ï111], G. Zhou [112, 



 18 

113], ɺ.ʉ. ɼʝʡʥʝʢʠ [4], ɺ.ʄ. ɻʦʨʣʘʯʘ [114], ɺ.ʊ. ɾʫʢʦʚʘ ʠ ʅ.ɼ. ʅʦʚʠʢʦʚʘ [42], ʗ. 

ɻ. ʉʘʚʫʣʳ [115ï117], ɻ.ɸ. ʐʠʥʢʘʨʝʥʢʘ [114, 116, 118] (ʩʤ. ʪʘʢʞʝ ʩʩʳʣʢʠ ʚ [119]), 

ʖ.ɸ. ʉʠʥʯʫʢʘ (ʩʤ. [119] ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʪʘʤ ʩʩʳʣʢʠ). ʈʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʄʇɻ ʢʦʩ-

ʚʝʥʥʦ ʩʧʦʩʦʙʩʪʚʦʚʘʣʠ ʨʘʙʦʪʳ (ʯʠʩʪʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʣʘʥʘ) ɻ. ʅ. ʗʩʢʦʚʦʡ ʠ ʄ. 

ʅ. ʗʢʦʚʣʝʚʘ [120] ʧʦ ʪʝʦʨʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʉ.ɻ. ʄʠʭʣʠʥʘ 

[121] ʧʦ ʪʝʦʨʠʠ ʚʘʨʠʘʮʠʦʥʥʳʭ ʠ ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʅ.ʉ. ɹʘʭʚʘʣʦʚʘ [122] ʠ 

ɻ.ʀ. ʐʠʰʢʠʥʘ (ʩʤ. ʦʙʟʦʨ ʚ [2]) ʧʦ ʨʘʟʨʘʙʦʪʢʝ ʩʧʝʮʠʘʣʴʥʳʭ ʩʝʪʦʢ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʳʭ ʟʘʜʘʯ, ʘ ʪʘʢʞʝ ʄ.ɸ. ʂʨʘʩʥʦʩʝʣʴʩʢʦʛʦ ʠ ɻ.ʄ. ɺʘʡʥʠʢʢʦ, 

ʧʦʩʚʷʱʝʥʥʳʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʤʝʪʦʜʘʤ ʨʝʰʝʥʠʷ ʦʧʝʨʘʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʬʫʥʢ-

ʮʠʦʥʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ (ʩʤ. ʤʦʥʦʛʨʘʬʠʶ [123], ʘ ʪʘʢʞʝ ʨʘʙʦʪʫ [94] ʧʦ ʧʨʠʤʝ-

ʥʝʥʠʶ ʝʝ ʨʝʟʫʣʴʪʘʪʦʚ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʧʨʦʷʚ-

ʣʝʥʠʝ ʠʥʪʝʨʝʩʘ ʢ ʠʟʫʯʝʥʠʶ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ ("mass lumping") [2, 

3, 5] ʚ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤʘʭ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʩʨʝʜʦ-

ʪʦʯʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ. ɼʘʥʥʦʤʫ ʚʦʧʨʦʩʫ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ ʪʘʢʠʭ ʠʩʩʣʝʜʦʚʘ-

ʪʝʣʝʡ ʢʘʢ M.A. Celia [124], M.A. Christon [125], B.A. Finlayson [5], L.P. Franca [126, 

127], I. Fried [128], G. Gottardi [129], J.-L. Guermond [130], P. Hansbo [131], S.P. 

Neumann [132], R. Pasquetti [130], D.W. Pepper [133], L.J. Segerlind [134], H.E. 

Schulz [135], E.A. Sudicky [136], V. Thomee [8], E. Wendland [135], W.L. Wood 

[137], O.C. Zienkiewicz [3, 111] ʠ ʜʨʫʛʠʭ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯ-

ʥʦ ʤʥʦʛʦ ʘʢʪʫʘʣʴʥʳʭ ʚʦʧʨʦʩʦʚ, ʩʚʷʟʘʥʥʳʭ ʢʘʢ ʩ ʪʝʦʨʠʝʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ 

ʄʂʕ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʩʨʝʜʦʪʦʯʝʥʠʷ, ʪʘʢ ʠ ʩ ʠʭ ʨʝʘʣʠʟʘʮʠʝʡ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʂɼ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʭʦʨʦʰʦ ʨʘʙʦʪʘ-

ʶʪ ʚ ʦʜʥʠʭ ʫʩʣʦʚʠʷʭ ʠ ʜʣʷ ʦʜʥʠʭ ʢʣʘʩʩʦʚ ʟʘʜʘʯ, ʘ ʧʨʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʜʘʶʪ ʥʝ-

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʣʠʙʦ ʞʝ ʚʦʦʙʱʝ ʥʝʧʨʠʤʝʥʠʤʳ. ʅʘʧʨʠʤʝʨ, ʤʝʪʦʜ 

SUPG ʥʝ ʚʚʦʜʠʪ ʠʟʙʳʪʦʯʥʫʶ ʜʠʩʩʠʧʘʮʠʶ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ ʧʨʠ ʨʝʰʝʥʠʠ ʩʪʘʮʠʦ-

ʥʘʨʥʳʭ ʟʘʜʘʯ, ʥʦ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ, ʜʘʥʥʦʝ ʩʚʦʡʩʪʚʦ ʥʝ ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʧʨʠ ʨʝʰʝʥʠʠ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ. ʇʨʘʢʪʠʢʘ ʨʘʩʯʝʪʦʚ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʧʨʠ ʨʝʰʝ-

ʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʠʤʝʶʪ ʪʝʥʜʝʥʮʠʶ ʚʚʦʜʠʪʴ ʠʟʙʳʪʦʯʥʫʶ ʜʠʬʬʫʟʠʶ ʧʦ-

ʧʝʨʝʢ ʧʦʪʦʢʘ (crosswind diffusion) [1, 2, 9], ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʨʝʰʝʥʠʷ, ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦ-
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ʩʪʷʤ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʝʪʦʜʳ 

RFB, VMM , LPS ʠ ʤʝʪʦʜ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ ʪʨʝʙʫʶʪ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʛʦ ʩʪʘ-

ʮʠʦʥʘʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʠʣʠ ʧʦʩʪʨʦʝʥʠʷ ʚʣʦʞʝʥʥʳʭ "ʷʯʝʝʯ-

ʥʳʭ" ʬʫʥʢʮʠʡ ɻʨʠʥʘ, ʯʪʦ ʜʝʣʘʝʪ ʜʘʥʥʳʝ ʤʝʪʦʜʳ ʦʯʝʥʴ ʥʝʵʢʦʥʦʤʠʯʥʳʤʠ (ʚ ʧʣʘʥʝ 

ʪʨʝʙʫʝʤʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ) ʧʨʠ ʨʝʰʝʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʤʥʦʛʦ-

ʤʝʨʥʳʭ ʟʘʜʘʯ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ [42, 54] ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ 

ʜʘʞʝ ʥʝʦʧʨʘʚʜʘʥʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʪʨʘʪ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʤʦʱʥʦʩʪʝʡ, ʧʦʩʢʦʣʴ-

ʢʫ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ (ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʤʫ) ʫʚʝʣʠʯʝʥʠʶ ʪʦʯʥʦʩʪʠ ʯʠʩ-

ʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʤʠ ʤʝʪʦʜʘʤʠ 

SUPG ʠ GLS. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʦʩʥʦʚʘʥʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʶ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʂɼ ʧʨʦʮʝʩʩʦʚ ʩʣʘʙʦ ʠʟʫʯʝʥʘ. ʇʨʘʢʪʠʯʝ-

ʩʢʠʝ ʨʘʩʯʝʪʳ ʧʦʢʘʟʳʚʘʶʪ [54], ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʜʘʶʪ ʧʣʦʭʠʝ ʨʝʟʫʣʴ-

ʪʘʪʳ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ [3, 5, 135], ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʩʦʩʨʝʜʦʪʦ-

ʯʝʥʠʡ ʚʥʦʩʠʪ ʚ ʯʠʩʣʝʥʥʳʝ ʩʭʝʤʳ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʜʠʩʩʠʧʘʮʠʶ ʠ ʜʠʩʧʝʨʩʠʶ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ. ʇʦʵʪʦʤʫ, ʫʩʪʨʘ-

ʥʝʥʠʝ ʫʢʘʟʘʥʥʳʭ ʥʝʛʘʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ ̫ʚʣʷ-

ʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʚʦʧʨʦʩʦʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

 

1.1  ʌʠʟʠʯʝʩʢʘʷ ʩʫʪʴ ʷʚʣʝʥʠʡ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ, ʘʥʘʣʠʟ ʠʭ ʧʨʘʢʪʠ-

ʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠ ʪʨʝʙʦʚʘʥʠʡ ʢ ʩʠʩʪʝʤʘʤ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʫʩʣʦʚʠʷʭ 

 

ʇʦʜʭʦʜʳ ʕʡʣʝʨʘ ʠ ʃʘʛʨʘʥʞʘ ʢ ʠʟʫʯʝʥʠʶ ʩʧʣʦʰʥʳʭ ʩʨʝʜ. ʇʨʝʞʜʝ, ʯʝʤ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʝʩʪʠ ʨʝʯʴ ʦ ʧʨʦʮʝʩʩʘʭ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʢʦʩʥʝʤʩʷ ʩʥʘʯʘʣʘ 

ʚʦʧʨʦʩʘ ʦ ʪʦʤ, ʢʘʢʠʤʠ ʩʧʦʩʦʙʘʤʠ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʜʠʥʘʤʠʢʫ ʩʧʣʦʰʥʳʭ ʩʨʝʜ [11ï

13]. ʕʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʟʚʦʣʠʪ ʜʘʪʴ ʧʨʦʟʨʘʯʥʫʶ ʬʠʟʠʯʝʩʢʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ 

ʦʪʜʝʣʴʥʳʭ ʯʣʝʥʦʚ ʫʨʘʚʥʝʥʠʡ ʂɼ ʪʠʧʘ, ʦʧʠʩʳʚʘʶʱʠʭ ʂɼ ʧʨʦʮʝʩʩʳ, ʠ ʧʦʩʣʫʞʠʪ ʚ 

ʢʘʯʝʩʪʚʝ ʥʘʚʦʜʷʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʧʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʡ ʂɼ ʪʠʧʘ ʠ ʘʥʘʣʠʟʝ ʤʝʪʦ-

ʜʦʚ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂɼ ʧʨʦʮʝʩʩʦʚ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʀʪʘʢ, ʧʫʩʪʴ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ 
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(ʧʨʦʠʟʚʦʣʴʥʘʷ) ʚʝʣʠʯʠʥʘ ),( xtuu
C

= , nT
n Rxxx ËWÍ= );;( 1 2

C
, ʛʜʝ W ð ʦʙʣʘʩʪʴ ʚ 

ʩʪʘʥʜʘʨʪʥʦʤ ʚʝʱʝʩʪʚʝʥʥʦʤ ʝʚʢʣʠʜʦʚʦʤ n-ʤʝʨʥʦʤ ʣʠʥʝʡʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ nR , T  

ð ʟʥʘʢ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ, 
1RtÍ  ð ʧʝʨʝʤʝʥʥʘʷ ʚʨʝʤʝʥʠ. ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʦʩʥʦʚ-

ʥʳʭ ʩʧʦʩʦʙʘ (ʧʦʜʭʦʜʘ) ʦʧʠʩʘʥʠ ̫ʜʠʥʘʤʠʢʠ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ð ʧʦʜʭʦʜ ʕʡʣʝʨʘ ʠ 

ʧʦʜʭʦʜ ʃʘʛʨʘʥʞʘ [138]. ɺ ʧʦʜʭʦʜʝ ʕʡʣʝʨʘ ʥʘʙʣʶʜʝʥʠʝ ʚʝʣʠʯʠʥʳ u  ʩ ʪʝʯʝʥʠʝ 

ʚʨʝʤʝʥʠ t  ʚʝʜʝʪʩʷ ʚ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʪʦʯʢʘʭ ʦʙʣʘʩʪʠ (ʪʝʣʘ) W, ʪʦ ʝʩʪʴ, ʧʨʠ ʬʠʢʩʠ-

ʨʦʚʘʥʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʢʦʦʨʜʠʥʘʪʘʭ T
nxxx );;( 1 2

C
= . ʉʘʤʠ ʪʦʯʢʠ x

C
, ʚ ʢʦʪʦ-

ʨʳʭ ʚʝʜʝʪʩʷ ʥʘʙʣʶʜʝʥʠʝ, ʥʘʟʳʚʘʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʕʡʣʝʨʘ [138]. ɺ ʧʦʜʭʦʜʝ ʃʘ-

ʛʨʘʥʞʘ ʥʘʙʣʶʜʝʥʠʝ ʚʝʜʝʪʩʷ ʟʘ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʯʘʩʪʠʮʘʤʠ ʩʨʝʜʳ; ʟʥʘʷ ʧʦʚʝʜʝʥʠʝ 

(ʵʚʦʣʶʮʠʶ ʚʦ ʚʨʝʤʝʥʠ) ʢʦʪʦʨʳʭ, ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʧʦʚʝʜʝʥʠʝ ʩʘʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

ɽʩʪʝʩʪʚʝʥʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʃʘʛʨʘʥʞʘ [138]) ʜʦʣʞʥʳ ʚʳʩʪʫʧʘʪʴ ʪʘʢʠʝ ʧʝʨʝʤʝʥʥʳʝ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʣʠ ʙʳ ʦʪ-

ʣʠʯʘʪʴ ʯʘʩʪʠʮʳ ʩʨʝʜʳ ʦʜʥʫ ʦʪ ʜʨʫʛʦʡ. ʏʘʩʪʦ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʤʝʥʥʳʭ ʃʘʛʨʘʥʞʘ ʚʳ-

ʙʠʨʘʶʪ ʥʘʯʘʣʴʥʳʝ ʢʦʦʨʜʠʥʘʪʳ ʯʘʩʪʠʮ T
nxxx );;( )0()0(

1
)0( 2

C
=  (ʵʡʣʝʨʦʚʳ ʢʦʦʨʜʠʥʘ-

ʪʳ ʥʘʯʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʯʘʩʪʠʮ). ʕʪʠʤ ʚʳʙʦʨʦʤ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʠ ʤʳ. ʊʦʛʜʘ ʟʘ-

ʢʦʥ ʜʚʠʞʝʥʠʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʯʘʩʪʠʮʳ ʠʤʝʝʪ ʚʠʜ  

),( )0(xtgx ii
C

= ,                                                     (1.1) 

ʛʜʝ ni¢¢1 , ig  ð ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ. ʌʠʢʩʠʨʦʚʘʚ 
)0(x

C
, ʧʨʠ ʠʟʤʝʥʝʥʠʠ t  ʠʟ (1.1) 

ʧʦʣʫʯʠʤ ʪʨʘʝʢʪʦʨʠʶ ʜʚʠʞʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʯʘʩʪʠʮʳ. ʌʠʢʩʠʨʦʚʘʚ ʞʝ t, ʠʟ 

(1.1) ʧʦʣʫʯʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʚʩʝʭ ʯʘʩʪʠʮ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʤʘʪʨʠ-

ʮʘ ʗʢʦʙʠ ʦʪʦʙʨʘʞʝʥʠʷ (1.1) ʥʝʚʳʨʦʞʜʝʥʘ ʧʨʠ t", ʦʙʨʘʱʝʥʠʝʤ (1.1) ʧʦʣʫʯʘʝʤ  

),(
)0(

xthx ii

C
= ,                                                     (1.2) 

ni¢¢1 , ʛʜʝ ),( xthi
C

 ð ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ (ʢʦʤʧʦʥʝʥʪ ʦʙʨʘʪʥʦʛʦ ʢ g
C

 ʧʨʝʦʙʨʘʟʦ-

ʚʘʥʠʷ). ʄʦʞʥʦ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʦʜʥʦʛʦ ʦʧʠʩʘʥʠʷ ʩʨʝʜʳ ʢ ʜʨʫʛʦʤʫ. ʊʘʢ, ʝʩʣʠ ʚʝʣʠ-

ʯʠʥʘ u  ʠʟʥʘʯʘʣʴʥʦ ʟʘʜʘʥʘ ʚ ʣʘʛʨʘʥʞʝʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ T
nxx );;( )0()0(

1 2 , ʪʦ ʧʝʨʝʭʦʜ 

ʢ ʵʡʣʝʨʦʚʳʤ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ (1.2). ʇʝʨʝʭʦʜ ʦʪ ʵʡʣʝʨʦʚʳʭ 
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ʢʦʦʨʜʠʥʘʪ ʢ ʣʘʛʨʘʥʞʝʚʳʤ ʪʨʝʙʫʝʪ ʟʥʘʥʠʷ ʪʨʘʝʢʪʦʨʠʡ )(txx ii =  (ʩʤ. ʚʳʨʘʞʝʥʠʝ 

(1.1)). ɼʘʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʉʆɼʋ   

  ),,,( 1 ni
i xxtv

dt

dx
2= ,                                              (1.3) 

ʛʜʝ ni¢¢1 , T
nvvv );;( 1 2

C
¹  ð ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʘ-

ʝʤ )),(,),,(,(),,,( )0()0(
11 xtxxtxtuxxtuu nn

C
2

C
2 == . ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʪʝʧʝʨʴ u  ʧʦ 

ʚʨʝʤʝʥʠ (ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ )0(
ix , ni¢¢1 ) ʠ ʫʯʠʪʳʚʘʷ (1.3), ʧʦʣʫʯʠʤ:  

uv
t

u

dt

dx

x

u

dt

dx

x

u

t

u

dt

du n

n

ÐÖ+
µ

µ
=

µ

µ
++

µ

µ
+

µ

µ
=

C
21

1

.                           (1.4) 

ʇʨʦʠʟʚʦʜʥʘʷ dtdu/  ʩʣʝʚʘ ʚ (1.4) ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʜʥʦʡ ʃʘʛʨʘʥʞʘ-ʃʠ (ʚʜʦʣʴ 

ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ v
C
), ʠʣʠ ʞʝ ʩʫʙʩʪʘʥʮʠʦʥʘʣʴʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ [11, 12, 138]. ʆʙʦ-

ʟʥʘʯʠʤ ʩʠʤʚʦʣʦʤ vLC ʦʧʝʨʘʪʦʨ ʜʘʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ, ʪʦ ʝʩʪʴ, ÐÖ+
µ

µ
¹ v

t
Lv

CC . 

ʇʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʠ ʪʝʧʣʘ ʚ ʩʨʝʜʝ. ʋʨʘʚʥʝʥʠʝ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ-

ʨʝʘʢʮʠʠ. ʆʧʠʨʘʷʩʴ ʪʝʧʝʨʴ ʥʘ ʠʟʣʦʞʝʥʥʳʡ ʚʳʰʝ ʧʦʜʭʦʜ ʃʘʛʨʘʥʞʘ, ʚr ʚʝʜʝʤ ʫʨʘʚ-

ʥʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʠ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ. ʇʫʩʪʴ ʝʩʪʴ ʥʝʢʦʪʦʨʘʷ ʚʝ-

ʣʠʯʠʥʘ ),,,( 1 nxxtuu 2= . ʊʦʛʜʘ 0=uLv
C  ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 

)0(x
C

 ʠ ʫʩʣʦʚʠʠ  

),( xtv
dt

xd CC
C
=                                                         (1.5) 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʘʥʥʦʡ ʯʘʩʪʠʮʝ ʩʨʝʜʳ, ʫʨʘʚʥʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ ʢʦʪʦʨʦʡ ʟʘʜʘʝʪʩʷ 

(1.5) ʠ ʟʘʬʠʢʩʠʨʦʚʘʥʥʳʤ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ, ʚʝʣʠʯʠʥʘ u  ʥʝ ʟʘʚʠʩʠʪ ʦʪ t  (ʠʥʘʯʝ 

ʛʦʚʦʨʷ, ʦʥʘ ʧʦʩʪʦʷʥʥʘ ʥʘ ʪʨʘʝʢʪʦʨʠʠ )(txx
CC
= ). ɺ ʨʘʟʚʝʨʥʫʪʦʡ ʟʘʧʠʩʠ ʫʨʘʚʥʝʥʠʝ 

0=uLv
C  ʧʨʠʦʙʨʝʪʘʝʪ ʚʠʜ 

0
1

1 =
µ

µ
++

µ

µ
+

µ

µ

n
n

x

u
v

x

u
v

t

u
2 .                                        (1.6) 

ʋʨʘʚʥʝʥʠʝ (1.6) ʥʘʟʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ (ʠʣʠ ʫʨʘʚʥʝʥʠʝʤ 

ʢʦʥʚʝʢʮʠʠ) [2, 16, 138]. ʕʪʦ ʥʘʟʚʘʥʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʦʟʨʘʯʥʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʝʡ ʨʝ-

ʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1.6) ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ const=v
C

 (ʥʝ ʟʘʚʠʩʠʪ ʥʠ ʦʪ t, ʥʠ ʦʪ x
C

). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝʤ (1.5) ʷʚʣʷʝʪʩʷ ʪʨʘʝʢʪʦʨʠʷ  
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1+ix  ix1-ix

 

v 

tt D+00t  

x 

u 

tvxtxx
CCCC
+== )0()( .                                              (1.7) 

 ɽʩʣʠ ʪʝʧʝʨʴ ʜʣʷ (1.6) ʟʘʜʘʥʦ ʥʘʯʘʣʴʥʦʝ ʫʩʣʦʚʠʝ  

)(),( 00
xuxtu

t

CC
=

=
,                                                 (1.8) 

ʛʜʝ )(0 xu
C

 ð ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ, ʪʦ ʚ ʩʠʣʫ ʧʦʩʪʦʷʥʩʪʚʘ u  ʥʘ ʪʨʘʝʢʪʦʨʠʠ )(txx
CC
=  

ʧʦʣʫʯʘʝʤ )()(),0())0(,0())(,(),( 0
)0(

0
)0( tvxuxuxuxutxtuxtu

CCCCCCC
-===== , ʪʦ ʝʩʪʴ, 

ʨʝʰʝʥʠʝ ʪʠʧʘ ʙʝʛʫʱʝʡ ʚʦʣʥʳ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʛʨʘʬʠʢ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1.6) ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ttt D+=0  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʩʜʚʠʛʘʷ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʛʨʘʬʠʢ ʨʝʰʝ-

ʥʠʷ ʚ ʤʦʤʝʥʪ 0tt=  ʥʘ ʚʝʣʠʯʠʥʫ tvD
C

. ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʫʩʣʦʚʠʝʤ (1.8) ʠ ʩʣʝʜʫʶʱʝʡ ʮʝʧʦʯʢʦʡ ʩʦʦʪ-

ʥʦʰʝʥʠʡ:  ),()())((),( 000000 xtutvxuttvtvxutvxttu
CCCCCCCC

=-=D+-D+=D+D+ . ʅʘ 

ʨʠʩ. 1.1 ʧʨʠʚʝʜʝʥʘ ʠʣʣʶʩʪʨʘʮʠʷ ʜʘʥʥʦʛʦ ʬʘʢʪʘ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ. 

 

 

 

 

 

 

 
 

ʈʠʩ. 1.1. ɼʚʠʞʝʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʮʠʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ. 
 

ʈʘʩʩʤʦʪʨʠʤ ʦʜʥʦʤʝʨʥʳʡ ʩʣʫʯʘʡ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ. ʉʝʤʝʡʩʪʚʦ ʧʨʷʤʳʭ (ʪʨʘʝʢʪʦʨʠʡ) 

1Rlvtx Í¹-  ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ [138] ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʮʠʠ. ʅʘ 

ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʨʝʰʝʥʠʝ u  ʧʦʩʪʦʷʥʥʦ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ, 

ʯʪʦ ʨʝʰʝʥʠʝ ʧʝʨʝʥʦʩʠʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ð ʩʤ. ʨʠʩ. 1.2.ʘ, ʛʜʝ ʥʘ ʧʣʦʩʢʦʩʪʠ 

),( tx  ʠʟʦʙʨʘʞʝʥʦ ʥʝʩʢʦʣʴʢʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (1l , 2l  ʠ 3l ) ʠ ʧʝʨʝʥʦʩ ʨʝʰʝʥʠʷ ʚʜʦʣʴ 

ʥʠʭ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʘʙʣʶʜʘʪʝʣʴ, ʩʪʦʷʱʠʡ ʚ ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʪʦʯʢʝ ʥʘ ʦʩʠ Ox, 

ʫʚʠʜʠʪ ʙʝʛʫʱʫʶ ʚʦʣʥʫ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ 

ʚʝʣʠʯʠʥʳ u  ʚ (1.6), ʚʝʣʠʯʠʥʳ iv  ʠʤʝʶʪ ʨʘʟʤʝʨʥʦʩʪʴ ʩʢʦʨʦʩʪʠ ð ʦʙʦʟʥʘʯʘʷ ʨʘʟ-

ʤʝʨʥʦʩʪʴ ʢʚʘʜʨʘʪʥʳʤʠ ʩʢʦʙʢʘʤʠ ][Ö ʠʟ (1.6) ʠʤʝʝʤ ]/[]][[]/[][ xuvtu i= , ʦʪʢʫʜʘ ʧʦ-

ʣʫʯʘʝʤ ]/[][][ txvi = . 
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           ʘ)                   ʙ) 

ʈʠʩ. 1.2. ʇʝʨʝʥʦʩ ʨʝʰʝʥʠʷ ʚʜʦʣʴ ʧʨʷʤʳʭ ʥʘ ʧʣʦʩʢʦʩʪʠ ),( tx : ʘ) ʜʣʷ ʫʨʘʚʥʝ-

ʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ; ʙ) ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ.  

 

ʂ ʫʨʘʚʥʝʥʠʶ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʪʘʢʞʝ ʤʦʞʥʦ ʧʨʠʜʪʠ, ʥʝʧʦʩʨʝʜʩʪʚʝʥ-

ʥʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʜʚʠʞʝʥʠʝ ʩʨʝʜʳ ʚ ʦʙʲʝʤʝ W. ʇʫʩʪʴ ),( xt
C

r  ʦʙʦʟʥʘʯʘʝʪ ʧʣʦʪʥʦʩʪʴ 

ʩʨʝʜʳ (ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʚ ʪʦʯʢʝ WÍx
C

), ),( xtf
C

 ð ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝ-

ʜʝʣʝʥʠʷ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ/ʩʪʦʢʦʚ. ʊʦʛʜʘ ʙʘʣʘʥʩ ʢʦʣʠʯʝʩʪʚʘ ʚʝʱʝʩʪʚʘ ʚ W ʟʘ 

ʚʨʝʤʷ tD  ʥʘ ʦʩʥʦʚʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʤʘʩʩʳ ʙʫʜʝʪ ʩʣʝʜʫʶʱʠʤ (ʪʫʪ Wµ  ð ʛʨʘʥʠ-

ʮʘ ʦʙʲʝʤʘ W) [10ï12, 138]: 

 )(),()),(),(( todVxtftdSvtdVxtxtt D+ÖD+ÖrÖD-=r-D+r ñññ WWµW

CCCC
. ʇʝʨʝʭʦʜʷ ʢ 

ʧʨʝʜʝʣʫ 0Dt  ʚ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

ññ ñ WW Wµ
+Ör-=

µ

rµ
dVxtfdSvdV

t
),(
CC

. ʊʝʧʝʨʴ, ʝʩʣʠ ʧʦʣʝ v
C
r  ʷʚʣʷʝʪʩʷ ʛʣʘʜʢʠʤ, ʪʦ, 

ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʝʤʫ ɻʘʫʩʩʘ-ʆʩʪʨʦʛʨʘʜʩʢʦʛʦ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʠʥʪʝʛʨʘʣ ʤʦʞʥʦ ʧʨʝ-

ʦʙʨʘʟʦʚʘʪʴ ʚ ñW r dVv)div(
C

. ɺ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʧʨʠʚʝʜʝʥʥʳʝ ʚʳʢʣʘʜʢʠ ʥʝ ʟʘʚʠʩʷʪ ʦʪ 

ʚʳʙʦʨʘ ʦʙʲʝʤʘ W, ʦʢʦʥʯʘʪʝʣʴʥʦ ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ  

fv
t

=r+
µ

rµ
)div(
C

.                                                  (1.9) 

ʋʨʘʚʥʝʥʠʝ (1.9) ʚ ʤʝʭʘʥʠʢʝ ʩʧʣʦʰʥʳʭ ʩʨʝʜ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʫʨʘʚʥʝʥʠʝʤ ʥʝʧʨʝ-

ʨʳʚʥʦʩʪʠ [10ï12, 138]. ɺ ʩʠʣʫ ʨʘʚʝʥʩʪʚʘ vvv
CCC

div)div( r+rÐÖ=r  ʜʣʷ ʥʝʩʞʠʤʘʝ-

u 

u 

u 

t 

x 

l1 

l2 
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ʤʦʡ ʩʨʝʜ r ( 0div =v
C

) ʠ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ (0=f ) ʫʨʘʚʥʝʥʠʝ 

(1.9) ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʫʨʘʚʥʝʥʠʝ (1.6) ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ (ʫʨʘʚʥʝʥʠʝ ʂɼ) [1ï6, 16, 138]: 

)( uuv
t

u
ÐkÖÐ=ÐÖ+

µ

µ C
,                                              (1.10) 

ʛʜʝ 0),( >k=k xt
C

 ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʜʠʬʬʫʟʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠʣʠ ʢʦʬɻʬʠʮʠ-

ʝʥʪ ʜʠʬʬʫʟʠʠ (ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʜʥʘʢʦ, k ʤʦʞʝʪ ʙʳʪʴ ʤʘʪʨʠʮʝʡ ʨʘʟʤʝʨʘ nn³  ð 

ʪ.ʥ. ʜʠʬʬʫʟʠʦʥʥʳʡ ʪʝʥʟʦʨ) [12, 26]. ʀʩʧʦʣʴʟʫʷ ʧʦʜʭʦʜ ʃʘʛʨʘʥʞʘ, (1.10) ʤʦʞʥʦ ʧʝ-

ʨʝʧʠʩʘʪʴ ʢʘʢ )(/ udtdu ÐkÖÐ=  ʠʣʠ ʞʝ )( uuLv ÐkÖÐ=C , ʦʪʢʫʜʘ ʚʠʜʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʯʣʝʥʘ )( uÐkÖÐ  ʚ (1.10) ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʜʚʠʞʝʥʠʷ 

(ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ) ʨʝʰʝʥʠʝ  "ʨʘʩʧʣʳʚʘʝʪʩʷ", ʘ ʝʛʦ ʘʤʧʣʠʪʫʜʘ ʟʘʪʫʭʘʝʪ [2, 5, 16, 

138] (ʥʠʞʝ ʵʪʦ ʦʙʩʫʞʜʘʝʪʩʷ ʩ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ). ʅʘ ʨʠʩ. 1.2.ʙ ʧʨʠʚʝʜʝ-

ʥʘ ʠʣʣʶʩʪʨʘʮʠʷ ʵʪʦʛʦ ʬʘʢʪʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ. 

ʋʨʘʚʥʝʥʠʝ (1.10) ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʛʦ ʥʝʦʜʥʦʨʦʜʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ-ʨʝʘʢʮʠʠ (ʂɼʈ) [5, 16, 138]: 

fucuuv
t

u
+ÐkÖÐ=+ÐÖ+

µ

µ
)(

C
,                                        (1.11) 

ʛʜʝ ),( xtc
C

 ʠ ),( xtf
C

 ð ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʯʣʝʥ cu 

(ʥʘʟʳʚʘʝʤʳʡ ʨʝʘʢʮʠʦʥʥʳʤ) ʦʪʚʝʯʘʝʪ ʟʘ ʧʨʦʭʦʞʜʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʚ ʩʠ-

ʩʪʝʤʝ, ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ/ʪʝʧʣʦʧʦʛʣʦʱʝʥʠʷ (ʚ, ʦʩʦʙʝʥʥʦʩʪʠ, ʟʘ ʩʯʝʪ ʭʠʤʠʯʝʩʢʠʭ ʨʝ-

ʘʢʮʠʡ) ʠ ʪ.ʜ. (ʩʤ. [5, 12, 16]). ɽʩʣʠ ʩʨʝʜʘ ʠʟʦʪʨʦʧʥʘ ʠ k ʥʝ ʟʘʚʠʩʠʪ ʦʪ x
C

, ʧʦʣʫʯʠʤ   

fucuuv
t

u
+Dk=+ÐÖ+

µ

µ C
.                                           (1.12) 

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʷ (1.10)-(1.12) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʧʨʦʮʝʩʩ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝ-

ʥʦʩʘ ʚ ʜʚʠʞʫʱʝʡʩʷ ʩʨʝʜʝ ʠ ʧʨʦʚʦʜʷ ʚʳʢʣʘʜʢʠ, ʧʦʜʦʙʥʳʝ ʚʳʢʣʘʜʢʘʤ ʧʨʠ ʚʳʚʦʜʝ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ [10]. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ),( xtu
C

 ʷʚʣʷʝʪ-

ʩʷ ʪʝʤʧʝʨʘʪʫʨʦʡ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t  ʚ ʪʦʯʢʝ WÍx
C

, v
C

 ð ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ 

ʩʨʝʜʳ (ʞʠʜʢʦʩʪʠ), c  ð ʨʝʘʢʮʠʦʥʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, k ð ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʝʤ-

ʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ (ʪʝʥʟʦʨʦʤ ʪʝʧʣʦʚʦʡ ʜʠʬʬʫʟʠʠ), f  ð (ʫʜʝʣʴʥʘʷ) ʦʙʲʝʤʥʘʷ 

ʧʣʦʪʥʦʩʪʴ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʝʧʣʘ [10ï12]. ʊʘʢʞʝ ʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʤʦʞʥʦ 
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ʧʦʣʫʯʠʪʴ, ʨʘʩʩʤʘʪʨʠʚʘʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʢʦʪʦʨʦʛʦ ʚʝʱʝʩʪʚʘ (ʥʘʧʨʠʤʝʨ, ʢʘʢʠʭ-

ʥʠʙʫʜʴ ʩʦʣʝʡ ʠʣʠ ʧʨʠʤʝʩʝʡ) ʚ ʩʨʝʜʝ [10ï12, 16]. ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, u  ʷʚʣʷʝʪʩʷ ʢʦʥ-

ʮʝʥʪʨʘʮʠʝʡ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚʝʱʝʩʪʚʘ, v
C

 ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ, c  ð ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʠʩʭʦʜʷʱʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʚʝʱʝʩʪʚʘ ʩ ʦʢʨʫʞʘ-

ʶʱʝʡ ʩʨʝʜʦʡ), k ð ʢʦʵʬʬʠʮʠʝʥʪ ʤʘʩʩʦʚʦʡ ʜʠʬʬʫʟʠʠ, f  ð ʦʙʲʝʤʥʘʷ ʧʣʦʪʥʦʩʪʴ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʠ ʩʪʦʢʦʚ ʚʝʱʝʩʪʚʘ. 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʥʘʯʘʣʴʥʦ-

ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʢʦʥʚʝʢʮʠʠ (1.6), ʂɼ (1.10) ʠ ʂɼʈ (1.11)-(1.12) ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʘʜʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʚʳʜʝʣʠʪʴ ʢʦʥʢʨʝʪʥʦʝ 

ʨʝʰʝʥʠʝ ʠʟ ʤʥʦʛʦʦʙʨʘʟʠʷ ʬʫʥʢʮʠʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʫʨʘʚʥʝ-

ʥʠʶ. ɼʣʷ ʵʪʦʛʦ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, ʧʦʤʠʤʦ ʩʘʤʠʭ ʫʨʘʚʥʝʥʠʡ, ʩʣʝʜʫʝʪ ʜʦʧʦʣʥʠʪʴ 

ʥʘʯʘʣʴʥʳʤ ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʝʩʣʠ ʥʘ ʦʙʣʘʩʪʴ W ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʢʘʢʠʝ-

ʣʠʙʦ ʦʛʨʘʥʠʯʝʥʠʷ) [10, 12]. ʌʠʟʠʯʝʩʢʘʷ ʪʨʘʢʪʦʚʢʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʛʨʘʥʠʯʥʳʭ 

ʫʩʣʦʚʠʡ ʦʧʠʩʘʥʘ ʚ [10].  

ʆʪʤʝʪʠʤ, ʯʪʦ ʫʩʪʘʥʦʚʠʚʰʠʝʩʷ ʧʨʦʮʝʩʩʳ ʂɼʈ (ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʥʦʡ ʧʝʨʝʤʝʥʥʦʡ t ) [10, 11] ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ (1.10)-

(1.12), ʚ ʢʦʪʦʨʳʭ ʦʪʩʫʪʩʪʚʫʝʪ ʯʣʝʥ tu µµ / . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʫʨʘʚ-

ʥʝʥʠʷ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʩʪʘʮʠʦʥʘʨʥʳʤʠ (ʚ ʦʪʣʠʯʠʠ ʦʪ ʠʩʭʦʜʥʳʭ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (1.10)-(1.12), ʦʧʠʩʳʚʘʶʱʠʭ ʧʨʦʮʝʩʩʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ t ) [1ï6, 16]. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʠ ʤʝʪʦʜʦʚ ʠʭ ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʥʘʭʦʞ-

ʜʝʥʠʷ ʧʦʣʝʟʥʦ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʝʙʝ, ʢʘʢ ʥʘʣʠʯʠʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʯʣʝʥʦʚ ʚ ʫʨʘʚʥʝʥʠʠ (ʘ 

ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʦʟʣʝ ʜʘʥʥʳʭ ʯʣʝʥʦʚ) ʚʣʠʷʝʪ ʥʘ ʧʦʚʝʜʝʥʠʝ ʠ 

ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʷ. ɼʣʷ ʚʳʷʩʥʝʥʠʷ ʜʘʥʥʦʛʦ ʚʦʧʨʦʩʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʷ ʂɼʈ 

(1.11) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʤʝʪʦʜʦʤ ʛʘʨʤʦʥʠʢ [5, 16, 139] ʠ ʧʦʠʱʝʤ ʨʝʰʝʥʠʷ (ʤʦʜʳ) ʚ 

ʚʠʜʝ ʧʣʦʩʢʠʭ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʚʦʣʥ tipxeAextu w=),(  (ʵʪʦʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʚʦʣʥʦʚʦʛʦ ʧʘʢʝʪʘ ʪʘʢʠʭ 

ʚʦʣʥ [140, 141]), ʛʜʝ 0̧A  ð ʥʝʢʦʪʦʨʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ 
1RpÍ , 

)(pw=w , ʘ i  ð ʢʦʤʧʣʝʢʩʥʘʷ ʝʜʠʥʠʮʘ. ʋʨʘʚʥʝʥʠʝ ʂɼʈ ʧʨʠ ʵʪʦʤ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘ-

ʛʘʪʴ ʦʜʥʦʤʝʨʥʳʤ (ʦʜʥʦʤʝʨʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʥʝ ʷʚʣʷʝʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʠ ʚʘʞʥʘ 
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ʣʠʰʴ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʳʷʚʣʝʥʠʷ ʦʩʥʦʚʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ), ʦʜʥʦʨʦʜʥʳʤ, ʦʧʨʝʜʝʣʝʥʥʳʤ ʧʨʠ 1RxÍ  (ʟʘʜʘʯʘ ʂʦ-

ʰʠ), ʘ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʳ ð ʧʦʩʪʦʷʥʥʳʤʠ ("ʟʘʤʦʨʦʞʝʥʥʳʤʠ" [16, 139]). ʇʦʜʩʪʘ-

ʚʠʚ ʜʘʥʥʳʡ ʰʘʙʣʦʥ ʨʝʰʝʥʠʷ ʚ ʫʨʘʚʥʝʥʠʝ (1.11) ʠ ʩʦʢʨʘʪʠʚ ʥʘ tipxeAe w, ʧʦʣʫʯʠʤ 

cpvpip -k--=w 2)( . ɿʥʘʯʠʪ, ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʠʤʝʝʪ ʚʠʜ 

)()( 2

),( vtxiptcp eAextu -+k-= . ʆʪʩʶʜʘ ʚʠʜʠʤ, ʯʪʦ ʧʨʠ 02 >+k cp  ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʟʘ-

ʪʫʭʘʶʱʠʤ ʚʦ ʚʨʝʤʝʥʠ; ʚ ʯʘʩʪʥʦʩʪʠ, ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 0²k  ʠ 0²c  (ʧʨʠʯʝʤ, 

ʠʤʝʝʪ ʤʝʩʪʦ ʭʦʪʷ ʙʳ ʦʜʥʦ ʩʪʨʦʛʦʝ ʥʝʨʘʚʝʥʩʪʚʦ) ʜʣʷ ʤʦʜ ʩ 0̧p . ɼʣʷ ʟʘʪʫʭʘʥʠʷ 

ʤʦʜʳ ʩ 0=p  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʫʩʣʦʚʠʷ 0>c . ɺʠʜʥʦ, ʯʪʦ ʯʝʤ ʙʦʣʴʰʝ ʧʦ 

ʚʝʣʠʯʠʥʝ ʜʠʬʬʫʟʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ k ʠ ʨʝʘʢʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ c, ʪʝʤ 

ʩʠʣʴʥʝʝ ʟʘʪʫʭʘʝʪ ʚʦ ʚʨʝʤʝʥʠ ʨʝʰʝʥʠʝ. ʇʨʠ 0>k  ʠ 0<c  ʤʦʜʳ ʩ k-< /2 cp  ʧʨʠ 

+¤t  ʥʝʦʛʨʘʥʠʯʝʥʥʦ ʚʦʟʨʘʩʪʘʶʪ (ʥʝʫʩʪʦʡʯʠʚʳ); ʘʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʠ ʜʣʷ 

ʤʦʜ k-> /2 cp  ʧʨʠ 0<k  ʠ 0>c . ʅʘʢʦʥʝʮ, ʧʨʠ 0<k  ʠ 0<c  ʚʩʝ ʤʦʜʳ (ʜʣʷ ʧʨʦʠʟ-

ʚʦʣʴʥʳʭ p) ʷʚʣʷʶʪʩʷ ʥʝʫʩʪʦʡʯʠʚʳʤʠ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʤʠʤʦ ʠʟʣʦʞʝʥʥʳʭ ʚʳʰʝ ʢʣʶʯʝʚʳʭ ʧʨʠʣʦʞʝʥʠʡ ʚ ʪʝʦʨʠʠ 

ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʘ ʪʘʢʞʝ ʚ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʝ ʠ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʂɼ ʧʝʨʝʥʦʩ (ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʠʩʳʚʘʶʱʠʝ ʝʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ ʪʠʧʘ), ʠʛʨʘʝʪ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠʟ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʬʠʟʠʢʠ, ʪʝʭʥʠʢʠ, ʘ 

ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʅʘʧʨʠʤʝʨ, ʧʨʦʮʝʩʩ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʠʯʝʩʢʠ 

ʟʘʨʷʞʝʥʥʳʭ ʧʨʠʤʝʩʝʡ ʚ ʪʚʝʨʜʦʤ ʪʝʣʝ (ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʜʠʬʬʫʟʠʠ ʠ ʜʨʝʡʬʘ ʟʘ-

ʨ̫ ʞʝʥʥʳʭ ʘʪʦʤʦʚ ʧʨʠʤʝʩʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ), ʠʛʨʘʶʱʠʡ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ 

ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʝ, ʪʝʦʨʠʠ ʵʣʝʢʪʨʦʬʦʨʝʟʘ, ʠ ʧʨʝʜʲʷʚʣʷʶʱʠʡ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ [19, 20], ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝ-

ʥʠʝʤ [19, 20] )()( ukcE
t

c
ÐÖÐ=mÖÐ+

µ

µ C
, ʛʜʝ  c  ð ʢʦʥʮʝʥʪʨʘʮʠʷ ʟʘʨʷʞʝʥʥʦʡ ʧʨʠʤʝ-

ʩʠ, k  ð ʢʦʵʬʬʠʮʠʝʥʪ ʜʠʬʬʫʟʠʠ, E
C

 ð ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, m ð 

ʧʦʜʚʠʞʥʦʩʪʴ. ʋʨʘʚʥʝʥʠʷ ʂɼʈ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʵʢʦʣʦ-

ʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʠ ʦ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʝʨʝʥʝʩʝʥʠʷ ʟʘʛʨʷʟʥʝʥʠʡ 
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ʚ ʘʪʤʦʩʬʝʨʝ ʧʨʷʤʦ ʧʨʠʚʦʜʷʪ ʢ ʫʨʘʚʥʝʥʠʶ (1.11)) [16ï18]. ʋʨʘʚʥʝʥʠʷʤʠ ʵʪʦʛʦ ʪʠʧʘ 

ʦʧʠʩʳʚʘʶʪʩʷ ʜʠʬʬʫʟʠʷ ʠ ʜʨʝʡʬ ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ ʚ ʪʝʦʨʠʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ 

[19, 20], ʚʨʝʤʝʥʥʘʷ ʵʚʦʣʶʮʠʷ ʬʫʥʢʮʠʡ ʧʣʦʪʥʦʩʪʠ ʚʝʨʦʷʪʥʦʩʪʠ ʢʦʦʨʜʠʥʘʪ ʠ ʠʤ-

ʧʫʣʴʩʘ ʯʘʩʪʠʮ (ʫʨʘʚʥʝʥʠʷ ʌʦʢʢʝʨʘ-ʇʣʘʥʢʘ, ʫʨʘʚʥʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ) [142, 143], 

ʨʘʟʣʠʯʥʳʝ ʬʠʥʘʥʩʦʚʳʝ ʧʨʦʮʝʩʩʳ (ʫʨʘʚʥʝʥʠʷ ɹʣʵʢʘ-ʐʦʫʣʩʘ) [144] ʠ ʪ.ʜ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ ʚ ʧʣʘʟʤʝ: ʫʨʘʚʥʝʥʠʷ 

ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ. ʉʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ 

(ʄɻɼ) ʜʦʩʪʘʚʣʷʝʪ ʢʦʨʨʝʢʪʥʦʝ ʠ ʩʘʤʦʩʦʛʣʘʩʦʚʘʥʥʦʝ ʦʧʠʩʘʥʠʝ ʷʚʣʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʚʦʟʤʫʱʝʥʠʡ ʚ ʥʝʦʜʥʦʨʦʜʥʦʡ ʧʣʘʟʤʝ (ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ), ʠ ʧʨʝʜʩʪʘʚ-

ʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ [12] ʠ ʫʨʘʚʥʝʥʠʡ 

ʄʘʢʩʚʝʣʣʘ [13]. ʅʠʞʝ ʢʨʘʪʢʦ ʦʧʠʩʘʥ ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄɻɼ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠ-

ʤʦʩʪʠ ʩʨʝʜʳ [11] (ʯʪʦ ʦʧʨʘʚʜʘʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʨʝʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʘʞʥʳʭ 

ʜʣʷ ʧʨʘʢʪʠʢʠ ʩʣʫʯʘʝʚ ð  ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ [11, 21, 145]). ʆʩʦʙʝʥ-

ʥʦʩʪʴʶ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʄɻɼ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚʩʝ ʫʨʘʚʥʝʥʠʷ ʩʠʩʪʝʤʳ ʠʤʝʶʪ 

ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʡ ʪʠʧ. 

ɺʳʧʠʰʝʤ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʚ ʵʡʣʝʨʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ [12, 

138]: ʠʤʝʝʤ ʫʨʘʚʥʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ (ʩʤ. (1.9)) 0=ÖÐr+rÐÖ+
µ

rµ
uu

t

CC
, ʫʨʘʚʥʝ-

ʥʠʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʩ ʫʯʝʪʦʤ ʩʠʣr ʃʦʨʝʥʮʘ ʠ ʜʨʫʛʠʭ ʜʝʡʩʪʚʫʶʱʠʭ ʚ ʩʠʩʪʝʤʝ ʩʪʦ-

ʨʦʥʥʠʭ ʩʠʣ [13] (ʚ ʪʦʤ ʯʠʩʣʝ, ʩʠʣʳ ʪʷʞʝʩʪʠ) 
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ʛʘʟʘ ʚ ʜʦʧʫʱʝʥʠʠ ʘʜʠʘʙʘʪʠʯʥʦʩʪʠ [11], ʫʨʘʚʥʝʥʠʝ 0=ÖÐg+ÐÖ+
µ

µ
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t

p CC
 ʜʣʷ ʜʘʚ-

ʣʝʥʠʷ. ʊʫʪ r ð ʧʣʦʪʥʦʩʪʴ ʩʨʝʜʳ, p  ð ʜʘʚʣʝʥʠʝ, u
C

 ð ʚʝʢʪʦʨ ʩʢʦʨʦʩʪʠ, B
C

 ð ʚʝʢ-

ʪʦʨ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, u ð ʢʦʵʬʬʠʮʠʝʥʪ ʚʷʟʢʦʩʪʠ (ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʩʠʩʪʝʤʝ 

ʷʚʣʷʝʪʩʷ ʦʙʨʘʪʥʳʤ ʢ ʯʠʩʣʫ ʈʝʡʥʦʣʴʜʩʘ), g ð ʧʦʢʘʟʘʪʝʣʴ ʘʜʠʘʙʘʪʳ, F
C

 ð ʦʙʲʝʤ-

ʥʳʝ ʩʪʦʨʦʥʥʠʝ ʩʠʣr, j
C

 ð ʧʣʦʪʥʦʩʪʴ ʪʦʢʘ. ʂ ʫʨʘʚʥʝʥʠʷʤ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʜʣʷ ʫʯʝ-

ʪʘ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʷʚʣʝʥʠʡ ʜʦʙʘʚʣʷʶʪʩʷ ʝʱʝ ʫʨʘʚʥʝʥʠʷ ʄʘʢʩʚʝʣʣʘ [13] (ʚ ʩʠ-
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 ʠ ʟʘʢʦʥ ʆʤʘ (ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 

ʙʝʩʢʦʥʝʯʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ) [11, 13] BuE
CCC
³-= , ʛʜʝ E

C
 ð ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʵʣʝʢʪʨʠ-

ʯʝʩʢʦʛʦ ʧʦʣʷ, 0m  ð ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʚʘʢʫʫʤʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʢʦʩʤʠ-

ʯʝʩʢʦʡ ʧʣʘʟʤʳ ʚʝʢʪʦʨ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʚʝʢʪʦʨʦʤ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ, ʧʦʵʪʦʤʫ ʚ ʥʘʰʠʭ ʚʳʢʣʘʜʢʘʭ ʦʥʠ ʦʪʦʞʜʝʩʪʚʣʷʶʪʩʷ 

[145, 146]. ʀʟ ʫʨʘʚʥʝʥʠʡ ʄʘʢʩʚʝʣʣʘ ʠ ʟʘʢʦʥʘ ʆʤʘ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʚʝʢʪʦʨʥʦʛʦ 

ʘʥʘʣʠʟʘ, ʧʦʣʫʯʘʝʤ   
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ʅʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ (1.13)-(1.16) ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ ʫʨʘʚʥʝʥʠʡ ʄɻɼ ʚ ʦʙʱʝʤ ʚʠ-

ʜʝ, ʢʦʪʦʨʘʷ ʩʧʦʩʦʙʥʘ ʦʧʠʩʳʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʷʚʣʝʥʠʡ ʚ ʧʣʘʟʤʝ (ʚ ʥʝʨʝʣʷʪʠ-

ʚʠʩʪʩʢʦʤ ʧʨʠʙʣʠʞʝʥʠʠ), ʚ ʯʘʩʪʥʦʩʪʠ, ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʦʡ 

ʠ ʩʦʣʥʝʯʥʳʤ ʚʝʪʨʦʤ [11, 13, 21, 145]. ɺʦʦʙʱʝ, ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʄɻɼ ʤʦʞʝʪ 

ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤʘʭ (ʢʣʘʩʩʠʯʝʩʢʘʷ ʄɻɼ, ʛʘʟʦʜʠʥʘʤʠʯʝʩʢʘʷ ʢʦʥʩʝʨ-

ʚʘʪʠʚʥʘʷ ʬʦʨʤʘ, ʧʦʣʥʦʩʪʴʶ ʢʦʥʩʝʨʚʘʪʠʚʥʘʷ ʬʦʨʤʘ, ʩʠʤʤʝʪʨʠʟʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ 

ɻʦʜʫʥʦʚʘ ʠ ʜʨʫʛʠʝ [145ï147]), ʢʦʪʦʨʳʝ ʥʘ ʫʨʦʚʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʦʧʠʩʳʚʘʶʪ ʦʜʥʠ ʠ ʪʝ ʞʝ ʷʚʣʝʥʠʷ, ʦʜʥʘʢʦ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʪʝʭ ʠʣʠ ʠʥʳʭ ʯʠʩʣʝʥ-

ʥʳʭ ʤʝʪʦʜʦʚ ʜʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ [80, 148]. ʅʘʧʨʠʤʝʨ, ʜʣʷ ʯʠʩʣʝʥ-

ʥʳʭ ʩʭʝʤ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ [138], ʩʘʤʫ ʩʠʩʪʝʤʫ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʮʝʣʝʩʦʦʙʨʘʟʥʦ  ʟʘʧʠʩʳʚʘʪʴ ʚ ʜʠʚʝʨʛʝʥʪʥʦʤ (ʢʦʥʩʝʨʚʘʪʠʚʥʦʤ) 

ʚʠʜʝ, ʠʥʘʯʝ ʧʦʛʨʝʰʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʚʝʩʴʤʘ ʟʥʘʯʠʪʝʣʴʥʦʡ [138, 146, 
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148]. ʄʂʕ, ʥʘ ʢʦʪʦʨʦʤ ʙʘʟʠʨʫʶʪʩʷ ʜʘʣʴʥʝʡʰʠʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝ-

ʧʝʥʠ ʷʚʣʷʝʪʩʷ ʥʝʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʳʙʦʨʫ ʬʦʨʤʳ ʟʘʧʠʩʠ ʩʠʩʪʝʤʳ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʜʥʠʤ ʠʟ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚ [2, 111, 131, 146]. 

ʋʨʘʚʥʝʥʠʷ (1.13)-(1.15) ʧʦ ʩʚʦʝʤʫ ʪʠʧʫ ʷʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷʤʠ ʂɼʈ, ʦʜʥʘʢʦ 

ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ (1.16) ʚ ʬʦʨʤʝ ʅʘʚʴʝ-ʉʪʦʢʩʘ ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ 

ʠ ʷʚʣʷʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ u
C

. ɸʥʘʣʦʛʠʯʥʫ  ʁ

ʩʪʨʫʢʪʫʨʫ ʠʤʝʝʪ ʪʘʢ ʥʘʟʳʚʘʝʤʦʝ (ʤʥʦʛʦʤʝʨʥʦʝ) ʫʨʘʚʥʝʥʠʝ ɹʶʨʛʝʨʩʘ [5, 138, 140] 
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ʋʨʘʚʥʝʥʠʝ ɹʶʨʛʝʨʩʘ ʠʛʨʘʝʪ ʪʘʢʞʝ ʙʦʣʴʰʫʶ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʛʠʜʨʦʜʠʥʘ-

ʤʠʢʝ (ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʩʪʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ) ʠ hʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪ-

ʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʜʝʢʚʘʪʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʷʚʣʝʥʠʡ, ʩʚʷʟʘʥ-

ʥʳʭ ʩ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʘ ʪʘʢʞʝ ʩʦʣʠʪʦʥʦʚ ʠ ʢʠʥʢʦʚ [140, 141]. 

ʋʨʘʚʥʝʥʠʝ ɹʶʨʛʝʨʩʘ ʷʚʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʦʙʦʙʱʝʥʠʝʤ ʣʠ-

ʥʝʡʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ (1.10) ʠ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʤʦʜʝʣʴʶ ʜʣʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʨʘʟʣʠʯʥʦʡ ʧʨʠʨʦʜʳ (ʥʝ ʪʦʣʴʢʦ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ). 

ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʩʠʧʘʮʠʠ (0=k ) ʫʨʘʚʥʝʥʠʝ ɹʶʨʛʝʨʩʘ ʧʝʨʝʭʦʜʠʪ ʚ ʫʨʘʚʥʝʥʠʝ 

ʍʦʧʬʘ, ʢʦʪʦʨʦʝ ʜʦʩʪʘʚʣʷʝʪ ʦʧʠʩʘʥʠʝ ʧʨʦʩʪʦʡ ʚʦʣʥʳ ʈʠʤʘʥʘ ʚ ʩʞʠʤʘʝʤʦʡ ʩʨʝʜʝ 

[11, 138]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʩʪʘʚʣʝʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ [138] 

ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ t  ʚʦʟʤʦʞʥʦ ʫʢʨʫʯʝʥʠʝ ʬʨʦʥʪʘ ʚʦʣʥʳ, ʦʧʠʩʳʚʘʝʤʦʡ ʨʝʰʝʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ ɹʶʨʛʝʨʩʘ, ʚʧʣʦʪʴ ʜʦ ʝʝ ʦʧʨʦʢʠʜʳʚʘʥʠʷ ʧʨʠ 0=k  [138] (ʩʤ. ʥʘ ʨʠʩ. 1.3). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʧʝʮʠʬʠʢʘ ʟʘʜʘʯ ʄɻɼ ʠ ʬʠʟʠʢʠ ʩʦʣʥʝʯʥʦʡ ʧʣʘʟʤʳ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, 

ʧʨʠ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʟʤʦʚ ʛʝʥʝʨʘʮʠʠ ʛʣʦʙʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʥʘ ʉʦʣʥʮʝ ʠ ʤʘʛʥʠʪʥʳʭ 

ʧʦʣʝʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʚ ʛʝʣʠʦʩʬʝʨʥʦʡ ʧʣʘʟʤʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʠ ʤʘʛ-

ʥʠʪʥʳʭ ʙʫʨʴ ʠ ʢʦʩʤʠʯʝʩʢʦʡ ʧʦʛʦʜʳ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʥʝʫʩʪʦʡ-

ʯʠʚʦʩʪʝʡ, ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʠʭʨʝʡ ʊʝʡʣʦʨʘ ʚ ʪʝʯʝʥʠʷʭ ʂʫʵʪʪʘ ʠ ʪ.ʜ.) [11, 21] ʧʨʝʜʲ-

ʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʚ ʧʣʘʥʝ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʠ 
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ʚʨʝʤʝʥʠ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʢ ʩʠʩʪʝʤʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (ʧʦʩʢʦʣʴʢʫ ʪʦʣʴ-

ʢʦ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʫʜʘʝʪʩʷ "ʫʣʦʚʠʪʴ" ʵʬʬʝʢʪʳ ʪʠʧʘ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ [11]), ʪʨʫʜʥʦʜʦʩʪʠʞʠʤʳʝ ʚ ʨʘʤʢʘʭ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤ (ʪʘʢʠʭ 

ʢʘʢ LFM, GEDAS, ISM, UCLA, BATS-R-US) [159, 161, 163], ʠʩʧʦʣʴʟʫʶʱʠʭ ʢʦ-

ʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ ʠ ʢʦʥʝʯʥʦʦʙʲʝʤʥʳʝ ʤʝʪʦʜʳ, ʚ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʪʦʯʥʦʩʪʴ 

ʵʪʠʭ ʤʝʪʦʜʦʚ (ʩʤ. ʧʦʜʨʘʟʜʝʣʳ 1.2-1.3 ʠ ʨʘʟʜʝʣ 6). 

 

ʈʠʩ. 1.3. ʆʧʨʦʢʠʜʳʚʘʥʠʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ ʍʦʧʬʘ. 

 

1.2  ʆʙʟʦʨ ʠ ʘʥʘʣʠʟ ʤʝʪʦʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

 

ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʧʨʦʮʝʩ-

ʩʦʚ ʩ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʜʘʯ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʩʣʫʞʘʱʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʤʦʜʝʣʷʤʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ. 

ʕʪʠ ʤʝʪʦʜʳ ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʩʝʪʦʯʥʳʝ (ʨʘʟʥʦʩʪʥʳʝ), ʚʘʨʠʘʮʠʦʥʥʳʝ ʠ 

ʧʨʦʝʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. 

ʉʝʪʦʯʥʳʝ (ʨʘʟʥʦʩʪʥʳʝ) ʤʝʪʦʜʳ. ʉʝʪʦʯʥʳʝ ʤʝʪʦʜʳ [2, 5, 6, 16, 138, 139, 

148ï154] ʠʩʪʦʨʠʯʝʩʢʠ ʷʚʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʜʘʯʘʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʷʚʣʷʝʪʩʷ ʪʝʦʨʝʤʘ ʃʘʢʩʘ-ʈʠʭʪʤʘʡʝʨʘ-ɻʦʜʫʥʦʚʘ-ʌʠʣʣʠʧʦʚʘ-ʈʷʙʝʥʴʢʦʛʦ [139, 149ï

151, 154], ʫʪʚʝʨʞʜʘʶʱʘʷ, ʯʪʦ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ, ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʘʷ ʢʦʨʨʝʢʪʥʦ 

ʧʦʩʪʘʚʣʝʥʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ, ʩʭʦʜʠʪʩʷ (ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ, ʢʦʪʦʨʫʶ ʦʥʘ ʘʧʧʨʦʢ-

ʩʠʤʠʨʫʝʪ) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʥʘ ʫʩʪʦʡʯʠʚʘ (ʩʪʨʦʛʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʤ. ʚ [139, 149ï151, 154]). ʇʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʤʝʪʦʜʦʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʧʨʠʚʝʜʝʥ ʚ [155ï157]. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʚʦʜʷʱʠʭ ʩʦʦʙʨʘʞʝʥʠʡ ʜʣʷ ʠʣʣʶʩʪʨʘʮʠʠ ʧʨʠʤʝʥʝʥʠʷ ʩʝʪʦʯʥʳʭ 

ʤʝʪʦʜʦʚ ʢ ʨʝʰʝʥʠ ʁʟʘʜʘʯ ʂɼ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠ ̫ʂɼ  

)()( xuxuv ¡¡k=¡                                                    (1.19) 
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ʈʠʩ. 1.4. ʅʝʫʩʪʦʡʯʠʚʦʩʪʴ ʨʝʰʝʥʠʷ  

(1.21). 

ʧʨʠ 10 <<x  ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 0>v  ʠ 0>k , ʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠ-

ʷʤʠ 0)0( =u , 1)1( =u . ɸʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  

)1/()1()( --= Ö PexPe eexu ,                                         (1.20) 

ʛʜʝ ʯʠʩʣʦ ʇʝʢʣʝ k¹ /vPe . ɸʧʧʨʦʢʩʠʤʠʨʦʚʘʚ u¡ ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʟʥʦʩʪʴʶ, ʧʦʣʫʯʠʤ 
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, 00 =y , 1=Ny ,                    (1.21) 

ʛʜʝ Ni <<0 , 1=hN , ʘ iy  ð ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʚ ʪʦʯʢʝ ix  ʩʝʪʢʠ. ʈʘʟ-

ʥʦʩʪʥʘʷ ʩʭʝʤʘ (1.21) ʠʤʝʝʪ 2-ʡ ʧʦ h  ʧʦʨʷʜʦʢ ʘʧʧʨʦʢʩʠʤʘʮʠʠ [1, 151], ʝʝ ʦʙʱʝʝ 

ʨʝʰʝʥʠʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʠʜʝ [1] 

i
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hPe

hPe
BAy ö
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Ö-

Ö+
+=

2/1

2/1
00 , ʛʜʝ 0A  ʠ 0B  ð 

ʥʝʢʦʪʦʨʳʝ ʢʦʥʩʪʘʥʪʳ. ʆʪʩʶʜʘ ʚʠʜʥʦ, ʯʪʦ 

ʧʨʠ 12/ >ÖhPe  ʨʝʰʝʥʠʝ ʙʫʜʝʪ ʠʤʝʪʴ ʦʩʮʠʣ-

ʣʠʨʫʶʱʠʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʝ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʧʨʦ-

ʮʝʩʩʘ ʂɼ ʠ ʥʝ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʧʦʚʝʜʝʥʠʝʤ ʤʦ-

ʥʦʪʦʥʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (1.20) 

(ʩʤ. ʠʣʣʶʩʪʨʘʮʠʶ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʥʘ ʨʠʩ. 1.4, ʛʜʝ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʠʟʦʙʨʘʞʝʥʦ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ (1.20), ʘ ʧʫʥʢʪʠʨʦʤ ð ʦʩʮʠʣʣʠʨʫʶʱʝʝ ʨʝʰʝʥʠʝ (1.21)). 

ʈʝʰʝʥʠʝ ʩʭʝʤʳ (1.21) ʙʫʜʝʪ ʫʩʪʦʡʯʠʚʳʤ ʚ ʩʤʳʩʣʝ ʦʪʩʫʪʩʪʚʠʷ ʧʦʜʦʙʥʳʭ ʣʦʞʥʳʭ 

(ʥʝʬʠʟʠʯʝʩʢʠʭ) ʦʩʮʠʣʣʷʮʠʡ ʣʠʰʴ ʧʨʠ ʫʩʣʦʚʠʠ  

2¢ÖhPe .                                                       (1.22) 

ɼʘʥʥʦʝ ʫʩʣʦʚʠʝ ʥʘʢʣʘʜʳʚʘʝʪ ʚʝʩʴʤʘ ʞʝʩʪʢʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʰʘʛ ʩʝʪʢʠ h, ʯʪʦ 

ʦʩʦʙʝʥʥʦ ʩʫʱʝʩʪʚʝʥʥʦ ʜʣʷ ʧʨʦʮʝʩʩʦʚ ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʢʦʥʚʝʢʮʠʝʡ (ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ, ʩ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʇʝʢʣʝ Pe). ʀʟʙʘʚʠʪʴʩʷ ʦʪ ʜʘʥʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʧʦ-

ʣʫʯʠʪʴ ʙʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʫʶ ʩʭʝʤʫ ʤʦʞʥʦ, ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʚ u¡ ʦʜʥʦʩʪʦʨʦʥʥʝʡ 

ʨʘʟʥʦʩʪʴʶ hyy ii /)( 1-- : 
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.                                   (1.23) 

ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ (ʩʤ. [1, 5]), ʯʪʦ ʜʘʥʥʘʷ ʩʭʝʤʘ ʥʝ ʧʦʨʦʞʜʘʝʪ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʨʝ-

ʰʝʥʠʡ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʣʠʰʴ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʧʦ h  (ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʚʦʝʛʦ 
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ʨʦʜʘ "ʧʣʘʪʦʡ" ʟʘ ʝʝ ʙʝʟʫʩʣʦʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ). ɻʝʦʤʝʪʨʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ 

ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ (ʩʤ. [2, 5, 16]), ʯʪʦ, ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʥʦʩ ʠʥʬʦʨʤʘ-

ʮʠʠ (ʨʝʰʝʥʠʷ) ʧʨʠ  0>v  ʧʨʦʠʩʭʦʜʠʪ ʩʣʝʚʘ ʥʘʧʨʘʚʦ, ʪʦ ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʠʟ-

ʚʦʜʥʦʡ u¡ (ʦʪʚʝʯʘʶʱʝʡ ʟʘ ʵʪʦʪ ʧʝʨʝʥʦʩ) ʚ i -ʤ ʫʟʣʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʨʘʟʥʦʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʫʯʘʩʪʚʫʶʪ ʣʠʰʴ ʪʘʢʠʝ ʫʟʣʳ, ʟʥʘʯʝʥʠʷ )(xu  ʚ ʢʦʪʦʨʳʭ (ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʨʦʤʝ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʠʛʥʦʨʠʨʫ-

ʶʪʩʷ) ʤʦʛʫʪ ʧʦʚʣʠʷʪʴ ʥʘ ʟʥʘʯʝʥʠʝ )(xu  ʚ ʪʝʢʫʱʝʤ i -ʤ ʫʟʣʝ. ʊʘʢʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʦʡ (upwind, upstream) [2, 5, 6, 16]. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʞʝ 

ʜʣʷ ʘʧʧʨʦʢʩʠʤʘʮʠʠ u¡ ʪʦʯʝʢ, ʟʥʘʯʝʥʠʝ ʨʝʰʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʝ ʢʦʥʚʝʢʪʠʚ-

ʥʦʛʦ ʧʝʨʝʥʦʩʘ ʥʝ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʟʥʘʯʝʥʠʝ u  ʚ ʪʝʢʫʱʝʤ ʫʟʣʝ, ʧʦʨʦʞʜʘʝʪ ʥʝ-

ʫʩʪʦʡʯʠʚʦʩʪʴ (ʚ ʩʣʫʯʘʝ ʩʭʝʤʳ (1.21) ʪʘʢʦʡ ʪʦʯʢʦʡ ʷʚʣʷʝʪʩʷ 1+i -ʡ ʫʟʝʣ). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʚ ʩʠʣʫ ʦʯʝʚʠʜʥʦʛʦ ʨʘʚʝʥʩʪʚʘ  
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ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʩʪʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʢʘʢ ʚʚʝʜʝʥʠʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʦʡ ʚʷʟʢʦʩʪʠ (ʜʠʬʬʫʟʠʠ) ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 2/hPeÖ  ð ʜʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʩʭʝʤʫ (1.23) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʠʤʝʥʠʚ ʮʝʥʪʨʘʣʴʥʦʨʘʟʥʦʩʪʥʫʶ ʩʭʝʤʫ (1.21) ʢ 

ʫʨʘʚʥʝʥʠʶ )()2/1()( xuhPexuPe ¡¡Ö+=¡Ö  ʩ ʚʦʟʤʫʱʝʥʥʳʤ ʜʠʬʬʫʟʠʦʥʥʳʤ ʯʣʝʥʦʤ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʟʘʜʘʯ. ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ (1.6) ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ. 

ɸʧʧʨʦʢʩʠʤʠʨʦʚʘʚ xxtu i µµ /),(  ʨʘʟʥʦʩʪʴʶ )2/())()(( 11 htyty ii -+ - , ʧʦʣʫʯʠʤ ʉʆɼʋ 

(ʪ.ʥ. ʧʦʣʫʜʠʩʢʨʝʪʢʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ [2, 5, 7] ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ) 

h

yy
v

dt

dy iii

2

11 -+--= .                                              (1.25) 

ʇʦʩʢʦʣʴʢʫ ʤʘʪʨʠʮʘ ʩʠʩʪʝʤʳ (1.25) ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʘ, ʥʝʥʫʣʝʚʳʝ ʪʦʯʢʠ ʩʧʝʢʪʨʘ 

ʩʠʩʪʝʤʳ (1.25) ʷʚʣʷʶʪʩʷ ʯʠʩʪʦ ʤʥʠʤʳʤʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʮʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

(ʧʦ ʃʷʧʫʥʦʚʫ) ʪɻʦʡ ʩʠʩʪʝʤʳ, ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʢʦʪʦʨʳʭ ʤʝʪʦʜʦʚ ʠʥʪʝʛʨʠʨʦ-

ʚʘʥʠʷ (1.25) (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʷʚʥʳʭ) ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʷ ʠʤʝʝʪ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʭʘ-

ʨʘʢʪʝʨ ʠ ʨʘʩʭʦʜʠʪʩʷ (ʧʨʠ ʧʨʦʠʟʚʦʣʴʥʦʤ h ). ɸʧʧʨʦʢʩʠʤʠʨʦʚʘʚ xxtu i µµ /),(  ʨʘʟʥʦ-

ʩʪʴʶ ʧʨʦʪʠʚ ʧʦʪʦʢʘ (ʩʯʠʪʘʝʤ 0>v ) hyy ii /)( 1-- , ʧʦʣʫʯʠʤ ʉʆɼʋ 
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h

yy
v

dt

dy iii 1--
-= , ʩʧʝʢʪʨ ʢʦʪʦʨʦʡ ʩʦʩʪʦʠʪ ʠʟ ʜʝʡʩʪʚʠʪʝʣʴʥʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠ-

ʩʝʣ, ʧʦʵʪʦʤʫ ʜʘʥʥʘʷ ʉʆɼʋ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ. ɺ ʩʠʣʫ (1.24), ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʥʦ-

ʩʪʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʵʢʚʠʚʘʣʝʥʪʥʦ ʧʨʠʤʝʥʝʥʠʶ ʮʝʥʪʨʘʣʴʥʦʡ ʨʘʟʥʦʩʪʠ 2-ʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ ʢ ʫʨʘʚʥʝʥʠʶ xxxt uvuu Ök=+ ~ , ʛʜʝ 2~ vh=k .  ʀʥʘʯʝ ʛʦʚʦʨʷ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ 

(1.23), ʨʘʟʥʦʩʪʴ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʚʚʦʜʠʪ ʚ ʩʭʝʤʫ ʠʩʢʫʩʩʪʚʝʥʥʫʶ (ʩʭʝʤʥʫʶ) ʜʠʩʩʠʧʘ-

ʮʠʶ ʩ ʢʦɻʬʬʠʮʠʝʥʪʦʤ k~ , ʯʪʦ ʠʤʝʝʪ 1-ʡ ʧʦʨʷʜʦʢ ʦʪʥʦʩʠʪʝʣʴʥʦ ʰʘʛʘ h  ʩʝʪʢʠ, 

)(~ hO=k . ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ [2, 11, 12, 16, 138, 176], ʯʪʦ ʥʘʣʠʯʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʩʛʣʘʞʠʚʘʝʪ ʨʝʰʝʥʠʝ, ʧʦʪʦʤʫ ʚʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ (ʩʭʝʤʥʦʡ) ʜʠʩʩʠ-

ʧʘʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ [1, 2, 5, 9, 138] 

(ʥʘʧʨʠʤʝʨ, ʚʚʝʜʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʤʝʪʦʜʦʤ ʅʝʡʤʘʥʘ-ʈʠʭʪʤʘʡʝʨʘ 

[150]). ʀʩʢʫʩʩʪʚʝʥʥʘʷ ʜʠʩʩʠʧʘʮʠʷ ʧʦʟʚʦʣʷʝʪ "ʨʘʟʤʘʟʘʪʴ" ʨʘʟʨʳʚ (ʠʣʠ ʚʳʟʚʘʥʥʫʶ 

ʥʝʛʣʘʜʢʦʩʪʴʶ ʨʝʰʝʥʠʷ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ, ʫʜʘʨʥʫʶ ʚʦʣʥʫ) ʥʘ ʥʝʩʢʦʣʴʢʦ ʷʯʝʝʢ ʦʙʣʘ-

ʩʪʠ ʨʝʰʝʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʟʨʳʚʥʳʭ ʪʝʯʝʥʠʡ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʦʙʳʯʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ. ʅʦ ʚ ʵʪʦʤ ʟʘʢʣʶʯʘʝʪʩʷ ʠ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʜʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ, ʪʘʢ ʢʘʢ ʯʘʩʪʦ ʩʭʝʤʥʘʷ ʜʠʩʩʠʧʘʮʠʷ ʯʨʝʟʤʝʨʥʦ "ʨʘʟʤʘʟʳʚʘʝʪ" ʥʝʦʜʥʦʨʦʜ-

ʥʦʩʪʠ ʨʝʰʝʥʠʷ, ʠ, ʧʦʪʦʤʫ, ʧʨʠ ʨʘʩʯʝʪʝ ʥʝ ʫʜʘʝʪʩʷ ʜʦʩʪʠʯʴ ʥʝʦʙʭʦʜʠʤʦʡ ʢʨʫʪʠʟʥʳ 

ʬʨʦʥʪʘ ʫʜʘʨʥʦʡ ʚʦʣʥʳ ʠ ʦʪʨʘʟʠʪʴ ʠʩʪʠʥʥʳʡ ʧʨʦʬʠʣʴ ʨʝʰʝʥʠʷ. ʇʦʩʢʦʣʴʢʫ 

)(~ hO=k , ʪʦ ʨʘʟʥʦʩʪʥʳʝ ʩʭʝʤʳ, ʠʩʧʦʣʴʟʫʶʱʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ, ʭʦ-

ʪʷ ʠ ʫʩʪʦʡʯʠʚʳ, ʥʦ ʯʨʝʟʤʝʨʥʦ ʠʩʢʘʞʘʶʪ (ʩʛʣʘʞʠʚʘʶʪ) ʧʨʦʬʠʣʴ ʪʝʯʝʥʠʷ [2, 5]. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʠʩʩʠʧʘʮʠʶ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚʚʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʬʨʦʥʪʘ 

ʫʜʘʨʥʦʡ ʚʦʣʥʳ, ʯʪʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʨʦʞʜʘʝʪ ʩʣʦʞʥʫʶ ʟʘʜʘʯʫ ʦʪʩʣʝʞʠʚʘʥʠʷ ʧʦ-

ʟʠʮʠʠ ʬʨʦʥʪʘ [154, 176, 177]. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʝʥʠʝ ʩʝʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʢ ʫʨʘʚʥʝʥʠʶ ɹʶʨʛʝʨʩʘ 
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 ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ l ʠ k. ʊʦʛʜʘ ʷʚʥʘʷ ʩʭʝʤʘ 

ʩ ʨʘʟʥʦʩʪʴʶ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʚ ʚʠʜʝ [5] (ʪʫʪ t ð ʰʘʛ ʩʝʪʢʠ ʧʦ 

ʧʝʨʝʤʝʥʥʦʡ t , 
n
iy  ð ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʠ ihxx i == , t== ntt n ): 
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ʫʩʪʦʡʯʠʚʦʡ, ʦʜʥʘʢʦ ʠʤʝʝʪ ʣʠʰʴ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʠ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [5], 

ʩʠʣʴʥʦ ʩʛʣʘʞʠʚʘʝʪ ("ʨʘʟʤʘʟʳʚʘʝʪ") ʬʨʦʥʪʳ ʚʦʣʥ ʧʨʠ ʚʦʟʨʘʩʪʘʥʠʠ t. ɼʨʫʛʠʝ ʨʘʩ-

ʧʨʦʩʪʨʘʥʝʥʥʳʝ ʪʠʧʳ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, ʢʘʢ ʷʚʥʳʭ, ʪʘʢ ʠ ʥʝʷʚʥʳʭ, ʢʦʪʦʨʳʝ, ʚ ʮʝ-

ʣʦʤ, ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʘʙʦʪʘʶʪ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ 

ʠ ʧʨʠ ʥʝʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ ʇʝʢʣʝ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [5] (ʛʜʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘ-

ʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʭʝʤ ʩ ʨʘʟʣʠʯʥʳʤʠ ʬʦʨʤʘʤʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʚʝʢʪʠʚ-

ʥʳʭ ʯʣʝʥʦʚ), ʜʣʷ ʟʘʜʘʯ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʢʦʥʚʝʢʮʠʝʡ, ʠ ʦʩʦʙʝʥʥʦ, ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʫʨʘʚʥʝʥʠʷ ɹʶʨʛʝʨʩʘ, ʪʘʢʞʝ ʜʘʶʪ ʥʝ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʠʟʚʝʩʪʥʘʷ ʩʭʝʤʘ ʃʘʢʩʘ-ɺʝʥʜʦʨʬʘ ʜʘʝʪ [5, 146] ʚ ʜʘʥʥʦʡ ʩʠʪʫʘʮʠʠ ʨʝʰʝ-

ʥʠʝ ʤʝʥʝʝ ʪʦʯʥʦʝ, ʯʝʤ ʨʘʩʩʤʦʪʨʝʥʥʘʷ ʚʳʰʝ ʷʚʥʘʷ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʘʷ ʩʭʝʤʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʩʝʪʦʯʥʳʝ ʤʝʪʦʜʳ ʷʚʣʷʶʪʩʷ ʩ ʠʩʪʦʨʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʷʚ-

ʣʷʶʪʩʷ ʧʝʨʚʳʤʠ ʧʦ ʠʭ ʧʨʠʤʝʥʝʥʠʶ ʢ ʨʘʟʣʠʯʥʳʤ ʟʘʜʘʯʘʤ ʛʘʟʦʚʦʡ ʜʠʥʘʤʠʢʠ ʠ 

ʤʘʛʥʠʪʦʛʠʜʨʦʜʠʥʘʤʠʢʠ, ʦʜʥʘʢʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʠʤʝʝʪ ʩʚʦʠ ʦʩʦ-

ʙʝʥʥʦʩʪʠ ʠ ʧʨʦʙʣʝʤʳ ʧʨʠ ʥʘʭʦʞʜʝʥʠʠ ʨʘʟʨʳʚʥʳʭ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʭ ʨʝ-

ʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʫʜʘʨʥʳʤ ʚʦʣʥʘʤ. ʉʫʱʝʩʪʚʫʝʪ ʪʝʦʨʝʤʘ ʃʘʢʩʘ-

ɺʝʥʜʦʨʬʘ [146, 148, 150], ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʪʦʣʴʢʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʝ ʨʘʟʥʦʩʪʥʳʝ 

ʩʭʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʧʨʘʚʠʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʦʜʦʙʥʳʭ ʨʝʰʝʥʠʡ, ʥʦ ʪʨʝʙʦʚʘ-

ʥʠʝ ʢʦʥʩʝʨʚʘʪʠʚʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʜʦʚʦʣʴʥʦ ʞʝʩʪʢʠʤ, ʠ ʧʦʩʪʨʦʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʭʝʤ ʨʘʟʥʦʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʦʧʨʷʞʝʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ (ʩʤ. [2, 

138, 139]). ʉʭʝʤʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʨʝʰʘʪʴ ʫʨʘʚʥʝʥʠʷ ʛʘʟʦʚʦʡ 

ʜʠʥʘʤʠʢʠ ʠ ʩʧʨʘʚʣʷʶʱʠʝʩʷ ʜʘʞʝ ʩ ʩʠʣʴʥʳʤʠ ʨʘʟʨʳʚʘʤʠ ʧʦʪʦʢʦʚ, ʬʘʢʪʠʯʝʩʢʠ 

ʚʧʝʨʚʳʝ ʙʳʣʠ ʧʨʝʜʣʦʞʝʥʳ ʉ.ʂ. ɻʦʜʫʥʦʚʳʤ [149, 150], ʠ, ʧʦ ʩʫʪʠ, ʷʚʣʷʶʪʩʷ ʩʭʝ-

ʤʘʤʠ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ [158]. ʉʭʝʤʳ TVD ʠ ENO, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʧʨʠʤʝʥʝʥʠ ̫

ʧʨʦʮʝʜʫʨ ʢʦʨʨʝʢʮʠʠ ʧʦʪʦʢʦʚ (ɻʦʜʫʥʦʚʘ, ʃʘʢʩʘ-ʌʨʠʜʨʠʭʩʘ, ʈʫʩʘʥʦʚʘ, ʈʫ) ʧʦʜʨʦʙ-

ʥʦ ʨʘʩʩʤʦʪʨʝʥʳ ʚ [5, 146, 148, 159ï162] (ʩʤ. ʪʘʢʞʝ ʦʙʟʦʨ ʚ [163]). ʆʪʤʝʪʠʤ, ʦʜʥʘ-

ʢʦ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ (ʩʤ. ʛʣʘʚʫ 6 ʚ ʤʦʥʦʛʨʘʬʠʠ [5]) ʧʨʠʤʝʥʝʥʠʝ ʜʘʥʥʳʭ ʧʨʦʮʝ-

ʜʫʨ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ (ʚ ʧʣʘʥʝ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ) 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʠʣʫ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʪʝʦʨʝʤʦʡ 
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ɻʦʜʫʥʦʚʘ [2, 5, 154], ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ  

ʢʦʥʚʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ, ʩ ʧʦʨʷʜʢʦʤ ʪʦʯʥʦʩʪʠ ʚʳʰʝ ʧʝʨʚʦʛʦ ʧʨʠʭʦʜʠʪʩʷ ʠʩʧʦʣʴʟʦ-

ʚʘʪʴ ʥʝʣʠʥʝʡʥʳʝ ʩʭʝʤʳ (ʧʨʠʯʝʤ, ʜʘʞʝ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ), 

ʯʪʦ ʫʩʣʦʞʥʷʝʪ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ (ʦʩʦʙʝʥʥʦ, ʚ ʩʣʫʯʘʝ ʥʝʷʚʥʳʭ ʩʭʝʤ) ʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʨʝʤʷ ʨʘʩʯʝʪʦʚ, ʘ ʪʘʢʞʝ ʩʦʟʜʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʠ ʧʨʝʧʷʪʩʪʚʠʷ ʧʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ. 

ʇʨʠʤʝʥʝʥʠʝ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ (ʥʘʧʨʠʤʝʨ, ʘʧʧʨʦʢʩʠʤʘʮʠʡ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʯʣʝʥʦʚ ʧʦ ʙʦʣʴʰʦʤʫ ʯʠʩʣʫ ʫʟʣʦʚ, ʩʭʝʤ ʃʝʦʥʘʨʜʘ [167], ʃʘʫʤʙʘʢʘ 

[168], ʈʦʟʝʥʙʝʨʛʘ [169]), ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦ-

ʜʠʬʬʫʟʠʦʥʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [5] (ʛʣ. 6), ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʣʘ 

ʇʝʢʣʝ (
310² ) ʠ ʚ ʩʣʫʯʘʝ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ɹʶʨʛʝʨʩʘ ʪʘʢʞʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʝ (ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ ʤʦʥʦʪʦʥʥʦʩʪʠ ʩʭʝʤʳ ʠ 

ʧʦʷʚʣʝʥʠʶ ʣʦʞʥʳʭ ʦʩʮʠʣʣʷʮʠʡ, ʠʣʠ ʥʘʦʙʦʨʦʪ, ʯʨʝʟʤʝʨʥʦ "ʨʘʟʤʳʚʘʝʪ" ʨʝʰʝʥʠʝ). 

ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʥʦʩʪʥʳʝ ʤʝʪʦʜʳ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ 

ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʩʝʪʢʘʭ. ʅʘ ʜʨʫʛʠʭ ʩʝʪʢʘʭ ʠ ʦʙʣʘʩʪʷʭ ʩʣʦʞʥʦʡ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʬʦʨʤʳ ʠʭ ʨʝʘʣʠʟʘʮʠʷ ʩʪʘʣʢʠʚʘʝʪʩʷ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ [2, 3, 5, 154]. 

ɺ ʩʚʷʟʠ ʩ ʦʪʤʝʯʝʥʥʳʤʠ ʪʨʫʜʥʦʩʪʷʤʠ ʠ ʧʨʦʙʣʝʤʘʤʠ ʧʨʠʤʝʥʝʥʠʷ ʨʘʟʥʦʩʪʥʳʭ 

ʤʝʪʦʜʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ ʚ ʜʘʥʥʳʡ ʤʦʤʝʥʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʄʇɻ [2, 5, 111, 152]. 

ɺʘʨʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ɺʘʨʠʘʮʠʦʥʥʳʝ ʤʝʪʦʜʳ ʩʚʦʜʷʪ ʥʘʭʦʞʜʝʥʠʝ ʨʝʰʝ-

ʥʠʷ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʢ ʟʘʜʘʯʝ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ. ʅʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʷʚʣʷʪʁʩʷ ʤʝʪʦʜ r

ʈʠʪʮʘ ʠ ʊʨʝʬʪʮʘ [121, 164]. ʆʜʥʠʤ ʠʟ ʥʝʜʦʩʪʘʪʢʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪ-

ʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʚʳʜʚʠʛʘʶʪ ʜʦʚʦʣʴʥʦ ʩʠʣʴʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʤʫ 

ʦʧʝʨʘʪʦʨʫ ʟʘʜʘʯʠ, ʘ ʠʤʝʥʥʦ, ʦʧʝʨʘʪʦʨ ʜʦʣʞʝʥ ʙʳʪʴ ʩʠʤʤʝʪʨʠʯʥʳʤ ʠ ʧʦʣʦʞʠʪʝʣʴ-

ʥʦ ʦʧʨʝʜʝʣʝʥʥʳʤ (ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ). ʕʪʦ ʟʘʪʨʫʜʥʷ-

ʝʪ ʧʦʩʪʘʥʦʚʢʫ ʠ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ (ʥʘʧʨʠ-

ʤʝʨ, ʜʣʷ ʚʦʣʥʦʚʦʛʦ ʦʧʝʨʘʪʦʨʘ ʠʣʠ ʦʧʝʨʘʪʦʨʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ). ʆʜʥʘʢʦ ʚʘʨʠʘʮʠ-

ʦʥʥʳʝ ʤʝʪʦʜʳ ʚʝʩɹʤʘ ʵʬʬʝʢʪʠʚʥʳ ʧʨʠ ʨʝʰʝʥʠʠ  ʩʪʘʮʠʦʥʘʨʥʳʭ ʵʣʣʠʧʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʫʨʘʚʥʝʥʠʡ ʃʘʧʣʘʩʘ ʠ ʇʫʘʩʩʦʥʘ [164]. 
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ʇʨʦʝʢʮʠʦʥʥʳʝ ʤʝʪʦʜʳ. ʉʫʪʴ ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ (ʠʣʠ, ʢʘʢ ʝʱʝ ʛʦʚʦ-

ʨʪ̫,  ʤʝʪʦʜʦʚ ʚʟʚʝʰʝʥʥʳʭ ʥʝʚʷʟʦʢ [1, 2]) ʧʨʠ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝ-

ʥʠʡ ʩʦʩʪʦʠʪ ʚ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ 

ʬʫʥʢʮʠʡ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʤʠʥʠʤʠʟʘʮʠʠ ʥʝʚʷʟʢʠ. ʀʜʝʶ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʳʭ ʤʝʪʦ-

ʜʦʚ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʦʙʦʙʱʝʥʥʦʤ ʩʭʝʤʘʪʠʯʝʩʢʦʤ ʚʠʜʝ: ʧʫʩʪʴ ʜʘ-

ʥʦ ʥʝʢʦʪʦʨʦʝ ʦʧʝʨʘʪʦʨʥʦʝ ʫʨʘʚʥʝʥʠʝ  

  fLu= ,                                                        (1.26) 

ʛʜʝ ʦʧʝʨʘʪʦʨ L  ʜʝʡʩʪʚʫʝʪ ʚ ʥʝʢʦʪʦʨʦʤ ʛʠʣʴʙʝʨʪʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ H  ʩʦ ʩʢʘʣʷʨ-

ʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ  ),( ÖÖ . ɺʚʦʜʠʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ FÍu~ , ʛʜʝ HÌF  

ʷʚʣʷʝʪʩʷ ʥʝʢʦʪʦʨʳʤ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦʤ H, ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʘʟʣʦʞʝʥʠʷ u~  ʧʦ ʙʘ-

ʟʠʩʫ ʚ F ʥʘʭʦʜʷʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʠ ʥʝʚʷʟʢʠ fuL -~  (1.26) ʥʝʢʦʪʦʨʦ-

ʤʫ ʜʨʫʛʦʤʫ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʫ HÌY , ʪʦ ʝʩʪʴ, YÍ"v  ʩʧʨʘʚʝʜʣʠʚʦ 0),~( =- vfuL . 

ʆʙʳʯʥʦ F ʠ Y ʷʚʣʷʶʪʩʷ ʢʦʥʝʯʥʦʤʝʨʥʳʤʠ, ʠ ʥʘʟʳʚʘʶʪʩʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʦ-

ʩʪʨʘʥʩʪʚʦʤ ʙʘʟʠʩʥʳʭ (ʠʣʠ ʧʨʦʙʥʳʭ) ʠ ʚʝʩʦʚʳʭ (ʠʣʠ ʪʝʩʪʦʚʳʭ) ʬʫʥʢʮʠʡ [1ï9]. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʜʘʥʥʦʡ ʦʙʱʝʡ ʩʭʝʤʳ ʧʦʣʫʯʘʝʪʩʷ ʪʦʪ ʠʣʠ 

ʠʥʦʡ ʧʨʦʝʢʮʠʦʥʥʳʡ ʤʝʪʦʜ (ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ [1ï9], ʤʝʪʦʜ ʢʦʣʣʦʢʘʮʠʡ [1, 2, 111, 

165], ʤʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ [1, 7, 164ï166], ʤʝʪʦʜ ʧʦʜʦʙʣʘʩʪʝʡ (ʤʝʪʦʜ ʢʦ-

ʥʝʯʥʳʭ ʦʙʲʝʤʦʚ) [1, 2, 158] ʠ ʪ.ʜ.). ʆʙʳʯʥʦ, ʧʨʠ ʯʠʩʣʝʥʥʦʤ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠ-

ʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ H  ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʦ )(2 WL  ʩʦ ʩʢʘʣʷʨʥʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ñW WÖ= dgfgf ),(  ʠʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʦʙʦʣʝʚʘ [2, 7]. 

ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʠ, ʚ ʪʦ ʞʝ ʚʨʝʤʷ (ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʨʘʢ-

ʪʠʯʝʩʢʠʝ ʨʘʩʯʝʪʳ [1, 2]) ʫʥʠʚʝʨʩʘʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʙʝʟ 

ʢʦʥʚʝʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ. ɺ ʤʝʪʦʜʝ ɻʘʣʝʨʢʠʥʘ ʧʨʦ-

ʩʪʨʘʥʩʪʚʘ F ʠ Y ʩʬʦʨʤʠʨʦʚʘʥʳ ʠʟ ʦʜʥʠʭ ʠ ʪʝʭ ʞʝ ʬʫʥʢʮʠʡ, ʪʦ ʝʩʪʴ, ʝʩʣʠ  

FÍ=ä
j

jj xNaxu )()(~ CC
,                                               (1.27) 

ʛʜʝ )}({ xN j
C

 ð ʩʦʚʦʢʫʧʥʦʩʪʴ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, ʪʦ ʥʝʠʟʚʝʩʪʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

}{ ja  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ 0),~( =- iNfuL , ʛʜʝ ʠʥʜʝʢʩ i  ʧʨʦʙʝʛʘʝʪ ʥʝʢʦʪʦʨʦʝ 

ʤʥʦʞʝʩʪʚʦ. ɼʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʨʝʰʝʥʠʝ ),(~ xtu
C

 ʯʘʩʪʦ ʠʱʫʪ ʚ ʚʠʜʝ (1.27) c 
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)(taa jj =  (ʧʦʣʫʜʠʩʢʨʝʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ [7]), ʧʦʣʫʯʘʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ )}({ ta j  

ʉʆɼʋ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ ʩʦʚʧʘʜʘʝʪ ʩ ʤʝʪʦʜʦʤ ʈʠʪʮʘ ʚ ʩʣʫʯʘʝ ʧʨʠʤʝ-

ʥʠʤʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ [1, 164]. 

ʄʝʪʦʜʳ ʢʦʣʣʦʢʘʮʠʡ, ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ ʠ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ, ʢʘʢ ʧʦʢʘ-

ʟʳʚʘʶʪ ʨʘʩʯʝʪʳ [1], ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʨʦʠʛʨʳʚʘʶʪ ʚ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʫ ɻʘʣʝʨʢʠʥʘ. 

ʄʝʪʦʜ ʢʦʣʣʦʢʘʮʠʡ, ʥʘʧʨʠʤʝʨ, ʷʚʣʷʝʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢ ʚʳʙʦʨʫ ʪʦʯʝʢ ʢʦʣʣʦʢʘ-

ʮʠʠ (ʪʦʯʝʢ, ʛʜʝ ʥʝʚʷʟʢʘ ʨʘʚʥʘ ʥʫʣʶ [1]), ʠ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʜʘʥʥʳʭ ʪʦʯʝʢ (ʦʩʦ-

ʙʝʥʥʦ, ʧʨʠ ʥʘʣʠʯʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠʣʠ ʧʦʛʨʘʥʠʯʥʳʭ ʩʣʦʝʚ) ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʥʝʪʨʠʚʠʘʣʴʥʫʶ ʟʘʜʘʯʫ [1, 2]. ʄʝʪʦʜ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ (ʷʚʣʷʝʪʩʷ ʩʪʘʨʝʡʰʠʤ 

ʠʟ ʛʨʫʧʧʳ ʤʝʪʦʜʦʚ ʚʟʚʝʰʝʥʥʳʭ ʥʝʚʷʟʦʢ) ʦʙʣʘʜʘʝʪ ʪʦʯʥʦʩʪʴʶ, ʩʨʘʚʥʠʤʦʡ (ʭʦʪʴ, ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ, ʥʝʩʢʦʣʴʢʦ ʭʫʜʰʝʡ [1]) ʩ ʪʦʯʥʦʩʪʴʶ ʤʝʪʦʜʘ  ɻʘʣʝʨʢʠʥʘ, ʦʜʥʘʢʦ ʙʦʣʝʝ 

ʩʣʦʞʝʥ ʚ ʨʝʘʣʠʟʘʮʠʠ ʠ ʤʘʣʦʧʨʠʛʦʜʝʥ ʜʣʷ ʨʝʰʝʥʠʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʠ ʟʘʜʘʯ 

ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ [1, 2, 5ï8]. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ ʠ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ 

ʩʨʘʚʥʠʚʘʣʠʩʴ ʚ [1, 170, 171]; ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ, ʦʢʘʟʘ-

ʣʠʩʴ ʟʥʘʯʠʪʝʣʴʥʦ ʣʫʯʰʝ ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ. 

ʄʝʪʦʜʳ ɻʘʣʝʨʢʠʥʘ ʨʘʟʚʠʚʘʣʠʩʴ ʚ ʜʚʫʭ ʦʩʥʦʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʯʪʦ ʧʨʠʚʝʣʠ 

ʢ ʩʦʟʜʘʥʠʶ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ɻʘʣʝʨʢʠʥʘ ʠ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪ-

ʥʳʭ ʤʝʪʦʜʦʚ ɻʘʣʝʨʢʠʥʘ (ʠʣʠ ʞʝ ʄʂʕ ɻʘʣʝʨʢʠʥʘ) [1, 2, 5]. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝ-

ʤʝʥʪʦʚ ʧʦ ʩʚʦʝʡ ʩʫʪʠ ʜʘʞʝ ʥʝ ʤʝʪʦʜ, ʘ ʩʢʦʨʝʝ ʠʜʝʦʣʦʛʠʷ, ʟʘʢʣʶʯʘʶʱʘʷʩʷ ʚ ʪʦʤ, 

ʯʪʦʙʳ ʨʘʟʙʠʪʴ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʲʝʢʪ ʥʘ ʦʪʜʝʣʴʥʳʝ ʢʦʥʝʯʥʳʝ ʯʘʩʪʠ (ʥʘʟʳʚʘʝʤʳʝ 

ʵʣʝʤʝʥʪʘʤʠ), ʠ ʚʳʧʦʣʥʠʚ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʧʝʨʘʮʠʠ ʥʘʜ ʵʪʠʤʠ ʯʘʩʪʷʤʠ, ʚʦʟʚʨʘʪʠʪʴ-

ʩʷ ʢ ʨʘʩʩʤʦʪʨʝʥʠʶ ʠʩʭʦʜʥʦʛʦ ʮʝʣʴʥʦʛʦ ʦʙʲʝʢʪʘ. ʅʘʟʚʘʥʠʝ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʦʠʩ-

ʭʦʜʠʪ ʠʟ ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʠ, ʛʜʝ ʜʘʥʥʘʷ ʠʜʝʷ ʠʟʥʘʯʘʣʴʥʦ ʦʢʘʟʘʣʘʩʴ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʦʡ ʠ ʧʦʤʦʛʣʘ ʩʫʱʝʩʪʚʝʥʥʦ ʦʙʣʝʛʯʠʪʴ ʨʘʩʯʝʪʳ [3, 165, 166].  ɺ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ ʧʦʜ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʙʳʯʥʦ ʧʦʥʠʤʘʶʪ ʚʳʙʦʨ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʙʘʟʠʩʥʳʭ ʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʤʝʪʦʜʦʚ ɻʘʣʝʨʢʠʥʘ (ʠ ʜʨʫ-

ʛʠʭ ʧʨʦʝʢʮʠʦʥʥʳʭ ʠ ʚʘʨʠʘʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ) ʚ ʚʠʜʝ ʬʠʥʠʪʥʳʭ ʬʫʥʢʮʠʡ (ʬʫʥʢʮʠʡ 

ʩ ʢʦʤʧʘʢʪʥʳʤ ʥʦʩʠʪʝʣʝʤ, ʪʦ ʝʩʪʴ, ʥʝ ʨʘʚʥʳʭ ʥʫʣʶ ʣʠʰʴ ʥʘ ʦʛʨʘʥʠʯʝʥʥʦʤ ʧʦʜ-

ʤʥʦʞʝʩʪʚʝ ʤʥʦʞʝʩʪʚʘ, ʥʘ ʢʦʪʦʨʦʤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ) [1, 7]. ʈʘʟʥʦʦʙʨʘʟʥʳʝ 

ʪʠʧʳ ʵʣʝʤʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʚʦʧʨʦʩʳ ʧʦʩʪʨʦʝʥʠʷ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʜʝʪʘʣʴʥʦ ʨʘʩ-
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ʩʤʘʪʨʠʚʘʶʪʩʷ ʚ [1ï3, 7]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫ-

ʶʪ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʠ ʪʨʝʫʛʦʣʴʥʠʢʠ (ʪʝʪʨʘʵʜʨʳ) [1, 3, 7, 172] (ʣʶʙʫʶ ʤʥʦʛʦʫʛʦʣʴ-

ʥʫʶ ʧʦʣʠʛʦʥʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʤʦʞʥʦ ʪʨʠʘʥʛʫʣʠʨʦʚʘʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʠʟʚʝʩʪ-

ʥʳʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʥʘʧʨʠʤʝʨ, ʘʣʛʦʨʠʪʤʦʤ ɼʝʣʦʥʝ [2, 3, 7, 172]). 

ɺʝʨʰʠʥʳ ʵʣʝʤʝʥʪʦʚ ʥʘʟʳʚʘʶʪʩʷ ʫʟʣʘʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ 

ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʩ ʪʨʝʫʛʦʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʯʘʱʝ ʚʩʝʛʦ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʝ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ ʪʠʧʘ "ʧʠʨʘʤʠʜ" [1, 2, 5, 24, 

166, 172] (ʩʤ. ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʠʣʣʶʩʪʨʘʮʠʶ ʥʘ ʨʠʩ. 1.5.ʘ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫ-

ʯʘʷ, ʠ ʥʘ ʨʠʩ. 1.5.ʙ ð ʜʣʷ ʜʚʫʭʤʝʨʥʦʛʦ). ʇʨʦʠʟʚʦʣʴʥʦʤʫ ʫʟʣʫ i  ʚʚʝʜʝʥʥʦʛʦ ʨʘʟʙʠ-

ʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʝʧʨʝʨʳʚʥʘʷ ʙʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ iN , ʣʠʥʝʡʥʘʷ ʥʘ ʢʘʞʜʦʤ ʵʣʝ-

ʤʝʥʪʝ ʨʘʟʙʠʝʥʠʷ, ʨʘʚʥʘʷ ʝʜʠʥʠʮʝ ʚ ʫʟʣʝ i  ʠ ʥʫʣʶ ʚʦ ʚʩʝʭ ʦʩʪʘʣʴʥʳʭ ʫʟʣʘʭ. ɼʘʥ-

ʥʳʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʬʫʥʢʮʠʷ iN  ʦʧʨʝʜʝʣʝʥʘ ʦʜʥʦʟʥʘʯʥʦ; ʘʥʘʣʠʪʠʯʝʩʢʘʷ ʢʦʥ-

ʩʪʨʫʢʮʠʷ iN  ʧʨʠʚʝʜʝʥʘ ʚ [172]. 

ɺʦʧʨʦʩʳ ʩʭʦʜʠʤʦʩʪʠ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ 

ʦʩʚʝʱʘʶʪʩʷ ʚ [2, 4, 7, 8, 166]. ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʄʂʕ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟ-

ʥʦʩʪʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥ ʩʧʦʩʦʙʝʥ 

ʨʘʙʦʪʘʪʴ ʩ ʦʙʣʘʩʪʷʤʠ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʡ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠ ʢʨʠʚʦʣʠʥʝʡʥʦʡ 

ʬʦʨʤʳ (ʪʘʢʘʷ ʦʙʣʘʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʘ, ʠʣʠ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ, 

ʜʘʞʝ ʦʧʠʩʘʥʘ ʪʦʯʥʦ ʩ ʧʦʤʦʱʴʶ ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʩʤ. 

[7]), ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʣʝʛʢʦ ʧʦʟʚʦʣʷʝʪ ʫʯʠʪʳʚʘʪʴ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ, ʟʘʜʘʥʥʳʝ ʥʘ 

ʢʨʠʚʦʣʠʥʝʡʥʳʭ ʛʨʘʥʠʮʘʭ, ʯʪʦ ʜʣʷ ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʝʨʴʝʟʥʫʶ 

ʧʨʦʙʣʝʤʫ [1, 2, 5, 7]. ʂʨʦʤʝ ʪʦʛʦ, ʚʩʣʝʜʩʪʚʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʬʠʥʠʪʥʳʭ ʬʫʥʢʮʠʡ ʚ 

ʄʂʕ, ʤʘʪʨʠʮʳ, ʯʪʦ ʚʭʦʜʷʪ ʚ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʠʣʠ ʜʠʬʬʝʨʝʥ-

ʮʠʘʣʴʥʳʭ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ }{ ja  ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʦ 

ʨʘʟʨʝʞʝʥʥʳʤʠ (ʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʤʝʶʪ ʩʧʝʮʠʘʣʴʥʫʶ ʩʪʨʫʢʪʫʨʫ ð ʪʨʝʭʜʠʘʛʦ-

ʥʘʣʴʥʫʶ, ʧʷʪʠʜʠʘʛʦʥʘʣʴʥʫʶ, ʣʝʥʪʦʯʥʫʶ, ʙʣʦʯʥʫʶ ʠ ʪ.ʜ.), ʯʪʦ ʫʩʢʦʨʷʝʪ ʚʳʧʦʣʥʝ-

ʥʠʝ ʦʧʝʨʘʮʠʡ ʠ ʵʢʦʥʦʤʠʪ ʧʘʤʷʪʴ ʢʦʤʧʴʶʪʝʨʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʩʯʝʪʦʚ. 

ʋʧʦʤʷʥʫʪʳʝ ʚʳʰʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ ɻʘʣʝʨʢʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʠ 

ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠʩʧʦʣʴʟʫʶʪ "ʛʣʦʙʘʣʴʥʦ ʦʧʨʝʜʝʣʝʥʥʳʝ" (ʪʦ ʝʩʪʴ, ʦʧʨʝʜʝʣʝʥʥʳʝ 
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ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʷ ʟʘʜʘʯʠ) ʬʫʥʢʮʠʠ, ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʧʦ-

ʣʠʥʦʤʳ [1]. ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʄʂʕ, ʥʝ ʷʚʣʷʶʪʩʷ ʫʥʠʚʝʨʩʘʣʴ-

ʥʳʤʠ ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʦʥʠ ʚʝʩʴʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʳʙʦʨʫ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ 

(ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʩʧʝʮʠʬʠʢʠ ʟʘʜʘʯʠ ʠ ʝʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦ-

ʚʠʡ, ʪʘʢ ʢʘʢ ʢʨʘʡʥʝ ʥʝʣʝʛʢʦ ʧʦʜʦʙʨʘʪʴ ʬʫʥʢʮʠʠ, ʢʦʪʦʨʳʝ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʫʜʦʚʣʝ-

ʪʚʦʨʷʣʠ ʙʳ ʟʘʜʘʥʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ, ʥʘʧʨʠʤʝʨ, 3-ʛʦ ʨʦʜʘ, ʠʣʠ ʞʝ ʥʝʣʠʥʝʡ-

ʥʳʤ [1]), ʠ ʥʝʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʢʨʘʡʥʝ ʥʠʟ-

ʢʦʡ ʪʦʯʥʦʩʪʠ, ʠʣʠ ʢ ʨʝʰʝʥʠʶ, ʥʝ ʠʤʝʶʱʝʤʫ ʨʝʘʣʴʥʦʛʦ ʩʤʳʩʣʘ. ʇʦʵʪʦʤʫ, ʭʦʪʷ 

ʝʩʪʴ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʨʠʤʝʥʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʟʘʜʘʯ 

ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ (ʩʤ. [1, 5], ʘ ʪʘʢʞʝ [188, 189], ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚʟʘʠʤʥʦ ʜʫ-

ʘʣʴʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʧʦʣʠʥʦʤʘʤʠ ʏʝʙʳʰʝʚʘ ʠ ʃʝʞʘʥʜʨʘ), ʥʦ ʠʭ 

ʨʝʘʣʴʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄʂʕ, ʦʛʨʘʥʠʯʝʥʦ [1, 5]. 

         

           ʘ)          ʙ)  

ʈʠʩ. 1.5. ɹʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ: ʘ) ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ; ʙ) ʚ ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ. 

   

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʢʘʞʜʳʡ ʠʟ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʧʨʦʝʢʮʠ-

ʦʥʥʳʭ ʤʝʪʦʜʦʚ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʄʂʕ) ʚʢʣʶʯʘʝʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʵʪʘʧʳ ʚʳʯʠʩʣʝ-

ʥʠ̫ ʠʥʪʝʛʨʘʣʦʚ ʦʪ ʧʨʦʠʟʚʝʜʝʥʠʡ ʙʘʟʠʩʥʳʭ/ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ (ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʰʝʥʠ ̫ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ (ʜʠʬʬʝʨʝʥʮʠʘʣʴ-

ʥʳʭ ʠʣʠ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ). ʆʪʤʝʪʠʤ, ʯʪʦ ʯʠʩʣʝʥʥʦʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʥʝ ʠʩʢʘʟʠʪ ʨʝ-

ʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʠʡ ʠ ʥʝ ʧʦʚʣʠʷʝʪ ʥʘ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʄʂʕ, ʝʩʣʠ ʦʥʦ ʚʳʧʦʣ-

ʥʝʥʦ "ʘʢʢʫʨʘʪʥʦ" [7, 166] ð ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ (ʩʤ. [7]), ʯʪʦ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʧʦʨʷʜʢʘ 

ʩʭʦʜʠʤʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʷʪʴ ʥʘ ʵʣʝʤʝʥʪʘʭ ʢʚʘʜʨʘʪʫʨʥʳʝ ʬʦʨʤʫʣʳ, ʢʦʪʦʨʳʝ 

ʪʦʯʥʳ ʜʣʷ ʧʦʣʠʥʦʤʦʚ ʩʪʝʧʝʥʠ ʥʝ ʚʳʰʝ k  (ʛʜʝ k  ð ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʧʦʨʷʜʦʢ ʠʥ-
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ʪʝʨʧʦʣʷʮʠʠ, ʪʦ ʝʩʪʴ, ʤʘʢʩʠʤʘʣʴʥʳʡ ʧʦʨʷʜʦʢ ʧʦʣʠʥʦʤʘ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘ ʵʣʝ-

ʤʝʥʪʝ ʪʦʯʥʦ ʠʥʪʝʨʧʦʣʠʨʦʚʘʪʴ ʙʘʟʠʩʥʳʤʠ ʬʫʥʢʮʠʷʤʠ). ʆʰʠʙʢʘ, ʚʦʟʥʠʢʘʶʱʘʷ ʧʨʠ 

ʨʝʰʝʥʠʠ ʩʠʩʪʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʝʪʦʜʦʤ, ʢʦʪʦʨʳʤ ʨʝʰʘʣʘʩʴ ʩʠʩʪʝʤʘ [2ï7]. 

ʉʫʱʝʩʪʚʫʝʪ ʛʨʫʧʧʘ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ "ʙʝʟʩʝʪʦʯʥʳʭ" MeshLess ʠ MeshFree 

ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ [9, 43, 44, 173], ʚ ʢʦʪʦʨʳʭ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʦʙʭʦʜʠʤʳʭ 

ʦʧʝʨʘʮʠʡ ʠʥʪʝʨʧʦʣʷʮʠʠ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʥʝ ʪʨʝʙʫʝʪʩʷ (ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ) 

ʩʪʨʦʠʪʴ ʩʝʪʢʫ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʤʝʪʦʜʦʚ ʦʪʥʦʩʷʪʩʷ ʤʝʪʦʜʳ SPH (Smooth Particle Hy-

drodynamics), DEM (Diffuse Element Method), EFG (Element Free Galerkin), RKPM 

(Reproducing Kernel Particle Method), HP-Clouds, FPM (Finite Point Method), PUM 

(Partition of Unity Method), MLPG (Meshless Local Petrov-Galerkin method), MLS 

(Moving Least Squares) (ʩʤ. ʧʦʜʨʦʙʥʳʡ ʦʙʟʦʨ ʚ [173], ʘ ʪʘʢʞʝ ʨʘʙʦʪʳ [9, 43, 44]). 

ʆʜʥʘʢʦ ʧʦʯʪʠ ʚʩʝ ʦʥʠ ʥʝʷʚʥʦ "ʥʘ ʬʦʥʝ" ʠʩʧʦʣʴʟʫʶʪ ʩʝʪʢʫ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʨʠ 

ʧʦʩʪʨʦʝʥʠʠ ʩʣʘʙʦʡ ʬʦʨʤʳ ʫʨʘʚʥʝʥʠʡ. ʃʠʰʴ FPM ʠ MLPG ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʷʚ-

ʣʷʶʪʩʷ ʠʩʪʠʥʥʦ ʙʝʟʩʝʪʦʯʥʳʤʠ, ʦʜʥʘʢʦ ʠʭ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʷʚʣʷʝʪʩʷ 

ʙʦʣʴʰʘʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʚʳʙʦʨʫ ʪʦʯʝʢ ʢʦʣʣʦʢʘʮʠʠ (ʪʦʯʝʢ ʨʘʩʧʦʣʦʞʝʥʠʷ 

ʬʫʥʢʮʠʡ ʬʦʨʤʳ), ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʙʣʝʤʘʪʠʯʥʳʤ ʧʨʠ ʨʘʩʯʝʪʝ ʟʘʜʘʯ ʩ 

ʚʥʫʪʨʝʥʥʠʤʠ ʠ ʧʦʛʨʘʥʠʯʥʳʤʠ ʩʣʦʷʤʠ [43, 173]. ʂʨʦʤʝ ʪʦʛʦ, MeshLess ʠ MeshFree 

ʤʝʪʦʜʳ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʬʦʨʤʫʣʠʨʦʚʢʫ ʟʘʜʘʯʠ ʚ ʣʘʛʨʘʥʞʝʚʳʭ ʢʦʦʨʜʠʥʘ-

ʪʘʭ, ʯʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʝʪ ʢʦʨʨʝʢʪʥʳʡ ʫʯʝʪ ʠ ʧʦʩʪʘʥʦʚʢʫ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ, ʘ 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʙʣʝʤʝ "ʢʣʘʩʪʝʨʠʟʘʮʠʠ" ʯʘʩʪʠʮ [43, 44, 174] (ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝ 

ʯʘʩʪʠʮʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʪʦʢʘ ʤʦʛʫʪ ʫʡʪʠ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʯʘʩʪʠ ʦʙʣʘʩʪʠ, ʯʪʦ ʧʨʠʚʝ-

ʜʝʪ ʢ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʦʜʘ ʠ ʙʦʣʴʰʠʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʨʝʰʝʥʠʠ); ʦʪʤʝʪʠʤ, ʯʪʦ 

ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ ʢ ʟʘʜʘʯʘʤ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ (ʦʩʦʙʝʥʥʦ, ʥʝʩʪʘ-

ʮʠʦʥʘʨʥʳʤ) ʠ ʚʦʧʨʦʩʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʨʝʰʝʥʠʷ ʚʩʝ ʝʱʝ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ ʛʣʫʙʦʢʦ ʠʟʫʯʝʥ r [2, 6, 9, 43, 174]. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʚ ʥʝʢʦʪʦʨʦʡ ʩʪʝʧʝʥʠ 

ʧʨʝʜʦʩʪʘʚʣʷʶʪ ʜʘʣʴʥʝʡʰʝʝ ʦʙʦʙʱʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʢʘʢ ʤʝʪʦʜ ʍʘʨ-

ʣʦʫ ʯʘʩʪʠʮ ʚ ʷʯʝʡʢʘʭ [2, 5, 176], ʤʝʪʦʜ ʢʨʫʧʥʳʭ ʯʘʩʪʠʮ [190] (ʠʜʝʷ ʢʦʪʦʨʳʭ ʠʟʥʘ-

ʯʘʣʴʥʦ ʙʳʣʘ ʦʩʥʦʚʘʥʘ ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʯʘʩʪʠʮ ʚ ʷʯʝʡ-

ʢʘʭ ʦʙʣʘʩʪʠ, ʜʣʷ ʯʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʣʘʛʨʘʥʞʝʚʳ ʢʦʦʨʜʠʥʘʪʳ, ʠʣʠ ʞʝ ʨʝʰʘʣʘʩʴ 

ʟʘʜʘʯʘ ʈʠʤʘʥʘ ʦ ʨʘʩʧʘʜʝ ʨʘʟʨʳʚʘ [138, 176]). 
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1.3  ɸʥʘʣʠʟ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ 

 

ʈʘʩʩʤʦʪʨʠʤ ʤʝʪʦʜ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʠ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʥʘ ʝʛʦ ʙʘʟʝ ʩʦʚʨʝ-

ʤʝʥʥʳʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. ʇʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʄʂʕ 

ɻʘʣʝʨʢʠʥʘ ʩ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤʠ ʙʘʟʠʩʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʢ ʫʨʘʚʥʝʥʠʶ ʂɼ (1.19) (ʩ 

ʪʝʤʠ ʞʝ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ 0)0( =u , 1)1( =u ) ʧʨʠʭʦʜʠʤ ʢ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʝ 

(1.21) c ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ }{ ja  ʨʘʟʣʦʞʝʥʠʷ (1.27) ʚʤʝʩʪʦ }{ jy  (ʩʤ. ʛʣ. 7 ʚ [1]), 

ʫʩʣʦʚʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʪʦʨʦʡ ʜʘʝʪʩʷ (1.22). ʇʨʠʤʝʥʠʚ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʢ ʫʨʘʚʥʝ-

ʥʠʶ (1.6) ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʧʦʣʫʯʠʤ  
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ʄʘʪʨʠʮʘ ʣʝʚʦʡ ʯʘʩʪʠ ʜʘʥʥʦʡ ʉʆɼʋ ʩʠʤʤʝʪʨʠʯʥʘ ʠ ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ (ʯʪʦ 

ʩʨʘʟʫ ʩʣʝʜʫʝʪ ʠʟ ʪʝʦʨʝʤʳ ɻʝʨʰʛʦʨʠʥʘ [175]), ʘ ʤʘʪʨʠʮʘ ʧʨʘʚʦʡ ʯʘʩʪʠ ʩʦʚʧʘʜʘʝʪ ʩ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʪʨʠʮʝʡ ʉʆɼʋ (1.25) ð ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʭʘʨʘʢʪʝʨ ʧʦʚʝʜʝʥʠʷ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʳʭ ʩʠʩʪʝʤ ʦʜʠʥʘʢʦʚ. ɼʘʣʴʥʝʡʰʠʝ ʧʨʠʤʝʨʳ ʧʨʠʤʝʥʝʥʠʷ ʄʂʕ 

ɻʘʣʝʨʢʠʥʘ ʢ ʟʘʜʘʯʘʤ ʂɼ ʠ ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʵʪʦʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ ʠ "ʜʝʬʝʢʪʥʳʭ" 

ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ ʧʨʠʚʦʜʷʪʩʷ ʚ [1, 2, 5, 9, 14, 111]. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʘʢʣʶʯʝʥʠʶ, 

ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʚ ʟʘʜʘʯʘʭ ʂɼ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʦʟʥʠʢʥʦʚʝ-

ʥʠʶ ʣʦʞʥʳʭ ʦʩʮʠʣʣʷʮʠʡ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʞʝʣʘʪʝʣʴʥʦ. ʂʘʢ 

ʧʦʢʘʟʘʥʦ ʚ [1, 2, 5], ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʩʚʷʟʘʥʦ ʩ ʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʪʦʨʳʭ ʚ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʨʪʦʛʦʥʘʣʠʟʘ-

ʮʠʷ ʥʝʚʷʟʢʠ. ʇʦʜʦʙʥʳʝ ʥʝʫʩʪʦʡʯʠʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʦʙʲʝʤʦʚ [158], ʝʩʣʠ ʦʮʝʥʢʘ ʜʣʷ xu  ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʟʥʘʯʝʥʠ-

ʷʤ ʬʫʥʢʮʠʠ ʚ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʫʟʣʘʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ 

ʤʦʜʠʬʠʮʠʨʦʚʘʪʴ ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ, ʧʦʜʦʙʥʦ ʤʝʪʦʜʘʤ ʩ ʨʘʟ-

ʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ, ʠʟʙʝʞʘʪʴ ʧʦʷʚʣʝʥʠʷ ʦʩʮʠʣʣʠʨʫʶʱʠʭ ʨʝʰʝʥʠʡ, ʥʦ, ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ, ʧʦ ʚʦʟʤʦʞʥʦʩʪʠ, ʥʝ ʜʦʧʫʩʪʠʪʴ ʚʚʝʜʝʥʠʷ ʥʝʪʦʯʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʘʟʥʦ-

ʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʠ ʚʥʦʩʠʤʦʡ ʠʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʩʩʠʧʘʮʠʝʡ. ʄʝʪʦʜ ʇʝʪʨʦ-

ʚʘ-ɻʘʣʝʨʢʠʥʘ [1, 2, 5, 6, 9], ʚ ʥʝʢʦʪʦʨʦʡ ʤʝʨʝ ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʠʯʴ ʵʪʠʭ ʮʝʣʝʡ. ʄʇɻ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʘ ɻʘʣʝʨʢʠʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ 
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)}({ xWi , ʥʝ ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʥʘʙʦʨʦʤ ʙʘʟʠʩʥʳʭ )}({ xNi  (ʠʥʦʛʜʘ, ʦʜʥʘʢʦ, ʪʝʨʤʠʥ 

"ʤʝʪʦʜ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ" ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʙʦʙʱʘʶʱʝʛʦ ʥʘʟʚʘʥʠʷ ʜʣʷ 

ʚʩʝʭ ʧʨʦʝʢʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʤ. ʛʣ. 1 ʚ [1]). ɺ ʜʘʣʴʥʝʡʰʝʤ, ʝʩʣʠ ʷʚʥʦ ʥʝ ʦʛʦʚʦʨʝ-

ʥʦ ʠʥʦʝ, ʧʦʜ ʪʝʨʤʠʥʦʤ "ʄʇɻ" ʙʫʜʝʤ ʧʦʥʠʤʘʪʴ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʡ ʄʇɻ, ʪʦ ʝʩʪʴ, 

ʄʇɻ ʩ ʬʠʥʠʪʥʳʤʠ ʙʘʟʠʩʥʳʤʠ ʠ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ. ɺʳʙʠʨʘʷ ʚʝʩʦʚʫʶ ʬʫʥʢ-

ʮʠʶ ʩ ʙ·ʣʴʰʠʤ ʚʝʩʦʤ ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʚ ʧʨʝʜʝʣʘʭ ʥʦʩʠʪʝʣʷ ʚʝʩʦ-

ʚʦʡ ʬʫʥʢʮʠʠ, ʧʦʜʦʙʥʦ ʧʨʠʤʝʥʝʥʠʶ ʨʘʟʥʦʩʪʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ, ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʷ ʥʝʬʠʟʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʧʦʣʫʯʘʝʤʳʭ ʯʠʩʣʝʥʥʳʭ 

ʨʝʰʝʥʠʷʭ ʟʘʜʘʯ ʩ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʢʦʥʚʝʢʮʠʝʡ [1, 2, 5, 6, 9]. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ (1.19) ʚ [61] ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʚ ʚʠʜʝ ʩʫʤʤʳ ʙʘʟʠʩʥʦʡ ʬʫʥʢʮʠʠ ʠ ʥʝʢʦʪʦʨʦʛʦ 

ʢʚʘʜʨʘʪʠʯʥʦʛʦ "ʜʦʚʝʩʢʘ", ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʪʘʙʠʣʠʟʘʮʠʶ ʩʭʝʤʳ: 

)/()()( * ihxWxNxW iii -a+= ,                                      (1.28) 

ʛʜʝ )(xNi  ð ʙʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ, a ð ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ (ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʧʘʨʘ-

ʤʝʪʨ), ʘ ʬʫʥʢʮʠʷ )(* sWi  ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ  

î
í

î
ì

ë

>

¢¢--s-

¢¢--

=*

.1||,0

,01),(

,10),1(3

)(

s

ss

sss

sWi                                       (1.29) 

ʇʨʠʤʝʥʠʚ ʜʘʥʥʳʡ ʄʇɻ ʢ ʫʨʘʚʥʝʥʠʶ (1.6) ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫ-

ʶʱʫʶ ʉʆɼʋ (ʩʤ. [5]): 
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ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠʤʝʥʠʚ ʄʇɻ ʢ (1.19), ʧʦʣʫʯʠʤ ʩʭʝʤʫ (ʩʤ. [5, 61]) 
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ʇʨʠ 0=a  ʧʦʣʫʯʘʝʤ, ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʩʭʝʤʫ ʄʂʕ ɻʘʣʝʨʢʠʥʘ (ʮʝʥʪʨʘʣʴʥʦʨʘʟʥʦʩʪ-

ʥʫʶ ʩʭʝʤʫ), ʘ ʧʨʠ 1=a  ð ʩʭʝʤʫ (1.23) ʩ ʨʘʟʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ. ʄʦʞʥʦ ʧʦʢʘ-

ʟʘʪʴ (ʩʤ. [61]), ʯʪʦ ʧʨʠ  

)/(2)2/coth( hPehPe Ö-Ö=a                                       (1.32) 
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ʟʥʘʯʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʄʇɻ (ʩʭʝʤʘ (1.31)) ʙʫʜʝʪ ʩʦʚʧʘʜʘʪʴ ʩʦ ʟʥʘʯʝʥʠʝʤ 

ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ (1.20) ʚ ʫʟʣʘʭ ʩʝʪʢʠ (ʪʦ ʝʩʪʴ, ʧʦʣʫʯʘʝʤ ʩʭʝʤʫ ʀʣʴʠʥʘ-

ɸʣʣʝʥʘ-ʉʘʫʩʚʝʣʣʘ [2]). ɺ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʠʟʚʝʩʪʥ rʨʝʟʫʣʴʪʘʪ r [9, 66], ʯʪʦ ʜʣʷ 

ʥʝʢʦʪʦʨʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʢʣʘʩʩʘ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢʠʝ ʚʝʩʦ-

ʚʳʝ ʬʫʥʢʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʚʧʘʜʝʪ ʚ ʫʟʣʘʭ ʩ ʪʦʯʥʳʤ, ʦʜʥʘʢʦ 

ʚ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ (ʜʘʞʝ ʚ ʦʜʥʦʤʝʨʥʦʤ) ʧʦʜʦʙʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʝʠʟʚʝʩʪʥʳ 

[2, 9, 25] (ʠ ʝʜʚʘ ʣʠ ʦʢʘʟʘʣʠʩʴ ʙʳ ʧʦʣʝʟʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, 

ʧʦʜʦʙʥʳʭ (1.32), ʦʧʠʨʘʝʪʩʷ ʥʘ ʟʥʘʥʠʝ ʠʟʚʝʩʪʥʦʛʦ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ). ʆʙʟʦʨ 

ʧʨʠʤʝʥʝʥʠʡ ʄʇɻ ʚ ʤʥʦʛʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʦʙʱʝʥʠʡ (1.28) 

ʧʨʠʚʝʜʝʥ ʚ [70, 109, 110, 178ï180] (ʩʤ. ʪʘʢʞʝ [1, 2, 5, 9]) (ʚʩʝ ʦʥʠ, ʢʨʦʤʝ [178], ʠʩ-

ʧʦʣʴʟʫʶʪ ʧʨʷʤʦʫʛʦʣʴʥʳʝ ʵʣʝʤʝʥʪʳ).  

ʀʟ (1.30) ʠ (1.31) ʚʠʜʠʤ, ʯʪʦ ʄʇɻ ʩ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ (1.28) ʪʘʢʞʝ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʯʣʝʥʘ ʩ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ, ʚʝʣʠʯʠʥʫ ʢʦʪʦʨʦʛʦ, ʦʜ-

ʥʘʢʦ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʩ ʨʘʟʥʦʩʪʷʤʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ, ʪʝʧʝʨʴ ʤʦʞʥʦ 

ʨʝʛʫʣʠʨʦʚʘʪʴ, ʠʟʤʝʥʷʷ ʧʘʨʘʤʝʪʨ a. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʇɻ ʚ ʤʥʦʛʦʤʝʨ-

ʥʦʤ ʩʣʫʯʘʝ ʚʤʝʩʪʝ ʩ "ʧʦʣʝʟʥʦʡ" ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʚʜʦʣʴ ʧʦʪʦʢʘ ʤʦʞʝʪ 

ʙʳʪʴ ʪʘʢʞʝ ʚʚʝʜʝʥʘ ʧʦʧʝʨʝʯʥʘʷ ʜʠʬʬʫʟʠʷ (crosswind diffusion) [1, 2, 9] (ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʘʷ ʩʤʝʰʘʥʥʳʤ ʯʘʩʪʥʳʤ ʧʨʦʠʟʚʦʜʥʳʤ), ʢʦʪʦʨʘʷ ʧʦʨʪʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ 

ʬʦʨʤʫ ʚʦʟʤʫʱʝʥʠʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ. 

ʄʝʪʦʜ SUPG ʠ ʜʨʫʛʠʝ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟ-

ʙʝʞʘʪʴ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʬʬʝʢʪʘ ʧʦʧʝʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʇɻ 

ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʟʘʜʘʯ ʂɼ, ʚ ʨʘʙʦʪʝ [26] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ SUPG, ʛʜʝ ʠʩ-

ʢʫʩʩʪʚʝʥʥʘʷ ʜʠʬʬʫʟʠʷ ʚʚʦʜʠʪʩʷ ʪʦʣʴʢʦ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʦʪʦʢʘ. ʄʦʞʥʦ ʧʦʢʘʟʘʪʴ 

(ʩʤ. [9]), ʯʪʦ ʚʚʝʜʝʥʠʝ ʪʘʢʦʡ ʜʠʬʬʫʟʠʠ ʵʢʚʠʚʘʣʝʥʪʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ ʚʠʜʘ (1.28), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʫʥʢʮʠʡ )(* xWi  ʩʣʫʞʘʪ ʚʳʨʘʞʝʥʠʷ 

)()(* xNLxW iconvi =  ( convL  ð ʢʦʥʚʝʢʪʠʚʥʘʷ ʯʘʩʪʴ ʦʧʝʨʘʪʦʨʘ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ 

L ,  ʩʤ. [9, 26]) ʠ ʧʨʠ ʵʪʦʤ  ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʦʵʣʝʤʝʥʪʥʘʷ ʩʪʘʙʠʣʠʟʘʮʠʷ [9, 26] ʚʠʜʘ 

0),~(),~( * =-a+- äÍt t tT Tii WfuLNfuL , 
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ʛʜʝ }{ t=TT  ð ʨʘʟʙʠʝʥʠʝ ʦʙʣʘʩʪʠ W ʥʘ ʦʪʜʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ tT , 
t

ÖÖ T),(  ð ʩʢʘ-

ʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 2L  ʚʥʫʪʨʠ ʵʣʝʤʝʥʪʘ tT , ta  ð ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ 

ʜʣʷ ʵʣʝʤʝʥʪʘ tT . ʆʪʤʝʪʠʤ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʵʣʝʤʝʥʪʥʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʚʤʝʩʪʦ 

ʦʙʳʯʥʦʡ ʧʨʦʝʢʮʠʦʥʥʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ 0),~( =- iWfuL  ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ W ʦʧʨʝ-

ʜʝʣʝʥʠʷ ʟʘʜʘʯʠ ʩʥʠʞʘʝʪ ʪʦʯʥʦʩʪʴ ʨʝʰʝʥʠʷ (ʧʦʩʢʦʣʴʢʫ ʥʘʨʫʰʘʝʪʩʷ ʩʦʛʣʘʩʦʚʘʥ-

ʥʦʩʪʴ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʠ ʪʝʨʷʶʪʩʷ ʩʢʘʯʢʠ ʧʦʪʦʢʦʚ ʚʜʦʣʴ ʨʝʙʝʨ ʨʘʟʙʠʝʥʠʷ, ʩʤ. 

[181]), ʦʜʥʘʢʦ ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʘʭ ʠ ʫʢʘ-

ʟʘʥʥʦʤ ʦʧʨʝʜʝʣʝʥʠʠ )(* xWi  ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʧʦʣʫʯʘʶʪʩʷ ʨʘʟʨʳʚʥʳʤʠ, ʯʪʦ ʜʝʣʘʝʪ 

ʥʝʚʦʟʤʦʞʥʳʤ ʠʭ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ (ʥʝ ʚʳʭʦʜʷ ʟʘ ʨʘʤʢʠ ʩʪʘʥʜʘʨʪʥʳʭ ʩʣʘʙʳʭ 

ʬʦʨʤʫʣʠʨʦʚʦʢ ʚ ʩʦʙʦʣʝʚʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ [2]) ʠ ʧʨʠʤʝʥʝʥʠʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ 

ʯʘʩʪʷʤ ʥʘ W.  

ɼʨʫʛʦʡ ʠʟʚʝʩʪʥʳʡ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʡ ʤʝʪʦʜ, GLS, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʩʪʘʪʴʝ 

[30], ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʘ SUPG ʪʝʤ, ʯʪʦ ʟʜʝʩʴ ʚ ʢʘʯʝʩʪʚʝ )(* xWi  ʚʳʙʠʨʘʶʪʩʷ ʚʳ-

ʨʘʞʝʥʠʷ )()(* xLNxW ii = . ʆʪʤʝʪʠʤ, ʯʪʦ ʚʦʧʨʦʩ rʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʩʭʦʜʠʤʦʩʪʠ ʤʝʪʦʜʘ GLS, ʘ ʪʘʢʞʝ ʧʦʜʙʦʨʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʩʨʘʚʥʠ-

ʪʝʣʴʥʦ ʧʨʦʱʝ ʘʥʘʣʦʛʠʯʥʳʭ ʚʦʧʨʦʩʦʚ ʜʣʷ ʤʝʪʦʜʘ SUPG (ʩʤ. [2, 9]); ʭʦʪʷ ʠʭ ʪʦʯ-

ʥʦʩʪʴ, ʚ ʮʝʣʦʤ, ʧʨʘʢʪʠʯʝʩʢʠ ʦʜʠʥʘʢʦʚʘ, ʦʜʥʘʢʦ ʚ ʨʷʜʝ ʧʨʠʤʝʨʦʚ (ʦʩʦʙʝʥʥʦ, ʜʣʷ 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ, ʩʤ. [9]) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ GLS ʚʥʦʩʠʪ ʚ ʩʭʝʤʫ ʯʨʝʟ-

ʤʝʨʥʫʶ ʜʠʬʬʫʟʠʶ (ʙ·ʣʴʰʫʶ, ʯʝʤ SUPG), ʠʟ-ʟʘ ʯʝʛʦ ʨʝʰʝʥʠʝ "ʨʘʟʤʳʚʘʝʪʩʷ".  ɺ 

ʤʝʪʦʜʝ USFEM ʧʦʣʘʛʘʶʪ )()( ** xNLxW ii -= , ʛʜʝ *L  ð ʦʧʝʨʘʪʦʨ, ʩʦʧʨʷʞʝʥʥʳʡ 

ʦʧʝʨʘʪʦʨʫ L. ɺ ʩʣʫʯʘʝ ʣʠʥʝʡʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢ-

ʮʠʡ), ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, ʤʝʪʦʜʳ GLS, SUPG ʠ USFEM 

ʪʦʞʜʝʩʪʚʝʥʥʦ ʩʦʚʧʘʜʘʶʪ (ʯʪʦ ʩʣʝʜʫʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʬʫʥʢʮʠʡ 

)(* xWi ). 

ɺʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ }{ ta , ʠ ʵʪʦʤʫ ʧʦʩʚʷʱʝʥʦ ʤʥʦʛʦ ʨʘ-

ʙʦʪ (ʩʤ. [2, 9, 14, 24, 25, 28, 74, 81ï83, 90]). ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥ-

ʥʳʝ ʚ [14, 24], ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʥʘʠʣʫʯʰʠʤ (ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ) ʚʳʙʦʨʦʤ ʜʣʷ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʫʨʘʚʥʝʥʠʡ ʂɼʈ ʷʚʣʷʝʪʩʷ ʚʘʨʠʘʥʪ ʚʳʙʦʨʘ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ [28]. 
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ʇʦʟʜʥʝʝ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʛʣʫʙʦʢʠʝ ʩʚʷʟʠ (ʬʘʢʪʠʯʝʩʢʠ, ʧʦʣʥʘʷ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ ʠ 

ʩʦʚʧʘʜʝʥʠʝ) ʤʝʪʦʜʘ SUPG ʩ ʤʝʪʦʜʘʤʠ RFB ʠ VMM (ʩʤ. ʦʙʩʫʞʜʝʥʠʝ ʩʚʷʟʠ SUPG ʩ 

RFB ʚ [34] ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʧʦʣʥʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ RFB ʩ VMM ʚ [182]), ʠ ʧʦʢʘ-

ʟʘʥʦ [34], ʯʪʦ ʚʳʙʦʨ }{ ta  ʚ SUPG ʤʦʞʝʪ ʙʪrʴ ʩʚʝʜʝʥ ʢ ʚʳʙʦʨʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ bubble-ʬʫʥʢʮʠʡ (ʚ RFB), ʠʣʠ ʢ ʨʝʰʝʥʠʶ ʦʧʨʝʜʝʣʝʥʥʳʭ ʛʨʘʥʠʯʥʳʭ 

ʟʘʜʘʯ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ (ʚ VMM). ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʪʦʜʳ RFB, VMM , 

MSM, MIX , LPS ʠ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ ʬʘʢʪʠʯʝʩʢʠ ʩʚʦʜʷʪʩʷ ʢ ʪʦʤʫ, 

ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ (ʚʦʩʧʨʦʠʟʚʝʜʝʥʳ, ʠʣʠ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, "ʫʣʦʚʣʝʥʳ" [81]) ʄʂʕ (ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʝ resolvable scales), ʠ ʢʦʪʦʨʳʝ ʄʂʕ ʚʦʩʧʨʦʠʟʚʝʩʪʠ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ 

(unresolvable scales, ʠʣʠ subgrid scales). ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʫʯʝʩʪʴ ʜʘʥʥʳʝ subgrid 

scales ʚ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʤ ʨʝʰʝʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʘʟʠʩʥʳʭ ʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ 

ʄʂʕ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʧʦʧʦʣʥʷʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

residual-free bubble ʬʫʥʢʮʠʷʤʠ, ʠʣʠ multiscale-ʬʫʥʢʮʠʷʤʠ), ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʷ-

ʶʪ ʥʝʢʦʪʦʨʦʝ ʫʨʘʚʥʝʥʠʝ (ʩʚʷʟʘʥʥʦʝ ʩ ʫʨʘʚʥʝʥʠʝʤ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ) ʠ ʛʨʘʥʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ. ʈʘʟʨʝʰʠʚ ʣʦʢʘʣʴʥʳʝ ʟʘʜʘʯʠ ʚ ʧʨʝʜʝʣʘʭ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ ʜʘʥʥʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʠ ʠʭ ʚʢʣʘʜ ʚ 

ʨʝʰʝʥʠʝ ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʫ ʨʝʰʝʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʄʂʕ. ʆʪʤʝʪʠʤ, ʯʪʦ ʤʝʪʦ-

ʜʳ RFB, VMM , LPS ʠ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ, ʚ ʩʠʣʫ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, 

ʷʚʣʷʶʪʩʷ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʳʤʠ ʚ ʩʚʦʝʡ ʨʝʘʣʠʟʘʮʠʠ (ʥʘʧʨʠʤʝʨ, ʦʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ 

ʤʝʪʦʜʘ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ [42] ʜʣʷ ʨʝʰʝʥʠʷ ʣʦʢʘʣʴʥʳʭ ʟʘʜʘʯ ʪʨʝʙʫʝʪ ʧʦʩʪʨʦʝʥʠʷ 

ʚʥʫʪʨʝʥʥʝʡ "ʤʝʣʢʦʡ" ʩʝʪʢʠ ʚ ʧʨʝʜʝʣʘʭ ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʦʩʥʦʚʥʦʡ "ʢʨʫʧʥʦʡ" ʩʝʪ-

ʢʠ), ʠ ʜʘʣʝʢʦ ʥʝ ʚʩʝʛʜʘ ʦʙʝʩʧʝʯʠʚʘʶʪ ʫʣʫʯʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩ ʤʝʪʦʜʦʤ SUPG [24, 42, 54] (ʩʤ. ʪʘʢʞʝ [37], ʛʜʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ RFB ʚʙʣʠʟʠ 

ʚʳʭʦʜʷʱʝʡ "outflow"-ʛʨʘʥʠʮʳ ʦʙʣʘʩʪʠ ʜʘʝʪ ʧʦʛʨʝʰʥʦʩʪʴ, ʧʨʝʚʳʰʘʶʱʫʶ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʦʚ). ʆʜʥʘʢʦ, ʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʧʦʧʝ-

ʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ (ʯʝʤ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, "ʫʚʣʝʢʘʣʠʩʴ" ʚ 80-ʭ ʠ 90-ʭ ʛʦʜʘʭ ʧʨʦʰʣʦʛʦ 

ʩʪʦʣʝʪʠʷ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂʕ, ʩʤ. [2, 9, 24, 27]) ʚ ʤʝʪʦʜʝ 

SUPG ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʛʘʪʠʚʥʳʝ ʧʦʩʣʝʜʩʪʚʠʷ, ʧʨʦʷʚʣʷʶʱʠʝʩ ̫ʚ ʚʠʜʝ ʣʦʞʥʳʭ (ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʦʧʝʨʝʢ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʪʦʢʘ) ʦʩʮʠʣʣʷʮʠʡ, ʧʦʩʢʦʣʴʢʫ, ʢʘʢ ʠʟʚʝʩʪʥʦ [2, 5, 
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9, 27], ʥʘʣʠʯʠʝ ʜʠʬʬʫʟʠʠ ʫʚʝʣʠʯʠʚʘʝʪ ʟʘʧʘʩ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʭʝʤʳ ʠ ʦʩʫʱʝʩʪʚʣʷʝʪ 

ʝʝ ʤʦʥʦʪʦʥʠʟʘʮʠʶ [16, 139, 151]. ʇʦʵʪʦʤʫ, ʙʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʩʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ 

SOLD [24, 27ï29], ʥʘʮʝʣʝʥʥʳʭ ʥʘ ʠʩʧʨʘʚʣʝʥʠʝ ʜʘʥʥʦʛʦ ʥʝʜʦʩʪʘʪʢʘ ʤʝʪʦʜʘ SUPG ʠ 

ʜʦʙʘʚʣʷʶʱʠʭ ʥʝʢʦʪʦʨʦʝ "ʨʘʟʫʤʥʦʝ" ʢʦʣʠʯʝʩʪʚʦ ʜʠʬʬʫʟʠʠ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ ʚ ʩʭʝʤʫ 

SUPG. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʝʪʦʜʳ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʥʝʣʠʥʝʡʥʳ (ʜʦʙʘʚʣʷʶʪ ʚ ʩʭʝʤʫ ʥʝʣʠ-

ʥʝʡʥʳʝ ʯʣʝʥʳ), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʪʝʦʨʝʤʳ ɻʦʜʫʥʦʚʘ, 

ʘ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʚʨʝʤʝʥʠ ʨʘʩʯʝʪʦʚ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ 

ʨʝʩʫʨʩʦʚ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʤʝʪʦʜʦʚ SOLD, ʚ ʮʝʣʦʤ 

ʨʘʙʦʪʘʶʱʠʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ (ʩʤ. [14, 24, 90]), ʥʦ, ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ [24, 90] ʤʝʪʦʜʦʚ ʜʘʥʥʦʡ ʛʨʫʧʧʳ, ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʠʟ ʥʠʭ 

ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ KLR02 (ñKnopp-Lube-Rapinò) ([27, 28]). 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʄʇɻ ʢ ʥʝʩʪʘʮʠʦʥʘʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʂɼʈ ʧʨʠʚʦ-

ʜʠʪ ʢ ʉʆɼʋ ʚʠʜʘ ))(,()( tatFatM
C#C= , ʛʜʝ t  ð ʚʨʝʤʷ, F  ð ʥʝʢʦʪʦʨʘʷ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʷ, Mð ʢʚʘʜʨʘʪʥʘʷ ʤʘʪʨʠʮʘ (ʤʘʪʨʠʮʘ ʤʘʩʩ [1, 2]). ʄʘʪʨʠʮʘ M  ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʥʝʜʠʘʛʦʥʘʣʴʥʦʡ, ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʠ ʨʘʟʨʝʞʝʥʥʦʡ. ɼʣʷ ʫʧʨʦʱʝʥʠʷ 

ʚʳʯʠʩʣʝʥʠʡ ʠ ʦʧʝʨʘʮʠʡ ʩ ʤʘʪʨʠʮʘʤʠ ʤʘʩʩ [1, 2] ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʩʦʩʨʝʜʦʪʦʯʝʥʠ ̫(mass lumping) [2, 3, 8, 111] (ʧʦʜʨʦʙʥʦʩʪʠ ʩʤ. ʚ ʨʘʟʜʝʣʝ 5), ʩʫʪʴ ʢʦ-

ʪʦʨrʭ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ M  ʟʘʤʝʥʷʝʪʩʷ ʥʝʢʦʪʦʨʦʡ ʜʠʘʛʦʥʘʣʴʥʦʡ ʤʘʪʨʠʮʝʡ M , 

ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʱʘʝʪ ʚʳʯʠʩʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʫ ʦʙʨʘʱʝʥʠʷ ʠʣʠ ʬʘʢʪʦ-

ʨʠʟʘʮʠʠ M). ʆʜʥʘʢʦ, ʧʨʠ ʵʪʦʤ, ʚ ʯʠʩʣʝʥʥʫʶ ʩʭʝʤʫ ʚʥʦʩʠʪʩʷ ʠʩʢʫʩʩʪʚʝʥʥʘʷ ʜʠʩ-

ʩʠʧʘʮʠʷ ʠ ʜʠʩʧʝʨʩʠʷ [130, 135], ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʨʷʤ ʪʦʯ-

ʥʦʩʪʠ ʨʝʰʝʥʠʷ. ʅʝʢʦʪʦʨʳʝ ʜʦʚʦʜʳ ʢʘʢ ʚ ʧʦʣʴʟʫ ʧʨʠʤʝʥʝʥʠʷ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ, ʪʘʢ 

ʠ ʧʨʦʪʠʚ ʥʠʭ, ʧʨʠʚʦʜʷʪʩʷ ʚ [135] (ʩʤ. ʨʘʟʜʝʣ 5). ɺʦʧʨʦʩʘʤ ʧʨʦʪʠʚʦʜʝʡʩʪʚʠʷ ʫʢʘ-

ʟʘʥʥʳʤ ʥʝʛʘʪʠʚʥʳʤ ʵʬʬʝʢʪʘʤ ʧʦʩʚʷʱʝʥʳ ʨʘʙʦʪʳ [130, 191ï193], ʦʜʥʘʢʦ ʵʪʠ ʨʘʙʦ-

ʪʳ ʷʚʣʷʶʪʩʷ, ʬʘʢʪʠʯʝʩʢʠ, ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʚ ʩʚʦʝʤ ʨʦʜʝ, ʧʦʵʪʦʤʫ, ʫʯʠʪʳʚʘʷ ʧʨʠ-

ʢʣʘʜʥʫʶ ʚʘʞʥʦʩʪʴ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ, ʨʘʟʨʘʙʦʪʢʘ ʵʪʠʭ ʚʦʧʨʦʩʦʚ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ 

ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ. 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ SUPG. ɺ ʩʠʣʫ ʚʘʞʥʦʩʪʠ ʤʝʪʦʜʘ SUPG 

ʠ ʪʦʛʦ, ʯʪʦ ʢ ʥʝʤʫ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʝʜʝʥʳ ʤʥʦʛʠʝ ʜʨʫʛʠʝ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ, ʨʘʩʩʤʦʪʨʠʤ ʭʨʦʥʦʣʦʛʠʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʝʛʦ ʫʩʪʦʡʯʠ-
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ʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ. ʄʝʪʦʜ SUPG ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʚ 1982 ʛʦʜʫ ʚ ʨʘʙʦʪʝ 

[26] ʢʘʢ ʥʝʢʘʷ ʧʨʦʮʝʜʫʨʘ ʜʦʙʘʚʣʝʥʠʷ (ʝʩʪʝʩʪʚʝʥʥʦ, ʙʝʟ ʢʘʢʦʛʦ-ʣʠʙʦ ʩʪʨʦʛʦʛʦ ʪʝʦ-

ʨʝʪʠʯʝʩʢʦʛʦ ʦʙʦʩʥʦʚʘʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʩʭʦʜʠʤʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ) ʚ ʦʨʠʛʠʥʘʣʴʥʫʶ 

ʬʦʨʤʫʣʠʨʦʚʢʫ ʄʂʕ ɻʘʣʝʨʢʠʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʯʣʝʥʦʚ (ʠʩʢʫʩ-

ʩʪʚʝʥʥʦʡ ʜʠʬʬʫʟʠʠ ʚʜʦʣʴ ʧʦʪʦʢʘ), ʦʙʦʙʱʘʶʱʘʷ ʦʧʳʪ ʚʳʯʠʩʣʠʪʝʣʝʡ ʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʝ ʨʘʙʦʪʳ ʧʨʝʞʥʠʭ ʣʝʪ. ʇʦʟʜʥʝʝ, ʚ ʨʘʙʦʪʝ [93] ʙʳʣʘ ʩʪʨʦʛʦ ʜʦʢʘʟʘʥʘ ʩʭʦ-

ʜʠʤʦʩʪʴ SUPG ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ (ʘ ʠʤʝʥʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʢʘʩʘʶʱʠʭʩʷ ʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ) ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ SUPG ʩʭʦʜʠʪʩʷ ʚ ʥʦʨʤʝ 2L  ʩ ʪʦʯʥʦʩʪʴʶ 

)( 2/1+khO  (ʛʜʝ k  ð ʧʦʨʷʜʦʢ ʠʥʪʝʨʧʦʣʷʮʠʠ, h  ð ʜʠʘʤʝʪʨ ʵʣʝʤʝʥʪʘ [9, 93]). ʃʦ-

ʢʘʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ (ʚ ʯʝʙʳʰʝʚʩʢʦʡ ʥʦʨʤʝ) SUPG ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʘʜʘʯ ʂɼ 

ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ [183], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SUPG c ʣʠʥʝʡʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʠʤʝʝʪ ʪʦʯʥʦʩʪʴ )( 4/5hO  ʚʜʘʣʠ ʦʪ ʩʠʥʛʫʣʷʨʥʦʩʪʝʡ ʨʝʰʝʥʠʷ (ʪʘʤ ʞʝ, ʟʘʦʜʥʦ, ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʦʮʝʥʢʘ )( 2/1hO  ʚ ʥʦʨʤʝ 1L ). ɺʧʦʩʣʝʜʩʪʚʠʠ, ʚ ʨʘʙʦʪʝ [184] ʜʘʥʥʘ̫  

ʦʮʝʥʢʘ ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʙʳʣʘ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʘ ʜʦ ʚʝʣʠʯʠʥʳ )( 8/11hO , ʚ 

ʨʘʙʦʪʝ [185] ð ʜʦ ʚʝʣʠʯʠʥʳ |)log|( 2 hhO  (ʥʦ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʩʝʪʢʘ ʦʨʠʝʥʪʠʨʦ-

ʚʘʥʘ ʚʜʦʣʴ ʧʦʪʦʢʘ); ʚ ʨʘʙʦʪʝ [186] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʣʦʢʘʣʴʥʘʷ ʧʦ-

ʛʨʝʰʥʦʩʪʴ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʚʝʣʠʯʠʥʫ )( 2/3hO , ʘ ʧʦʛʨʝʰʥʦʩʪʴ ʚ 2L  ʚʘʨʴʠʨʫ-

ʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʝʪʢʠ ʦʪ )( 2/3hO  ʜʦ )( 2hO  (ʦʜʥʘʢʦ, ʚ [186] ʤʝ-

ʪʦʜ ʠʩʩʣʝʜʦʚʘʣʩʷ ʥʘ ʩʝʪʢʝ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ð ʩʝʪʢʝ ʇʝʪʝʨʩʦʥʘ [187]). ɼʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʦʜʘ SUPG ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʂɼ (ʧʦ-

ʣʫʯʝʥʠʝ ʦʮʝʥʦʢ ʜʣʷ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʦʡ ʩʣʘʙʦʡ ʬʦʨʤʳ) ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʙʦʪʝ 

[55]; ʧʦʟʜʥʝʝ, ʦʧʠʨʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ, ʚ ʩʪʘʪʴʝ [58] ʜʣʷ ʫʨʘʚʥʝʥʠʷ 

ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʙʳʣʘ ʜʦʢʘʟʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʚʟʚʝʰʝʥʥʳʭ ʦʜʥʦ- (ʠ ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʩʭʝʤʳ ʂʨʘʥʢʘ-ʅʠʢʦʣʩʦʥʘ) ʠ ʜʚʫʭʰʘʛʦʚʳʭ ʩʭʝʤ ʜʣʷ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦʣʫʜʠʩ-

ʢʨʝʪʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ SUPG ʧʦ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. ʇʦʟʜʥʝʝ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʝʡ ʩʪʘʪʴʠ ʙʳʣʠ ʫʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʳ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʝ ʫʨʘʚʥʝʥʠʷ ʂɼʈ (ʩʤ. ʨʘʙʦʪʳ 

[54, 59, 88]). ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʪʨʦʛʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦ-
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ʩʪʠ ʜʣʷ ʤʥʦʛʦʰʘʛʦʚʳʭ ʠ/ʠʣʠ ʤʥʦʛʦʩʪʘʜʠʡʥʳʭ ʤʝʪʦʜʦʚ (ʢ ʧʨʠʤʝʨʫ, ʜʣʷ ʤʝʪʦʜʦʚ 

ʈʫʥʛʝ-ʂʫʪʪ rʧʦʨʷʜʢʘ ʚʳʰʝ ʚʪʦʨʦʛʦ, ʠ ʜʨʫʛʠʭ, ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʠʭ ʙʘʟʝ) ʧʨʠ ʠʥʪʝ-

ʛʨʠʨʦʚʘʥʠʠ ʧʦʣʫʜʠʩʢʨʝʪʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ SUPG, ʥʘʩʢʦʣʴʢʦ ʠʟʚʝʩʪʥʦ ʘʚʪʦʨʫ, 

ʥʝʪ ʜʦ ʩʠʭ ʧʦʨ (ʯʪʦ, ʦʜʥʘʢʦ, ʥʝ ʤʝʰʘʝʪ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ, ʟʘʥʠʤʘʶʱʠʤʩʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝʤ, ʘʢʪʠʚʥʦ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʥʫʞʜ). ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʜʣʷ 

ʩʭʦʜʠʤʦʩʪʠ SUPG ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʢ ʥʫʣʶ (ʧʨʠ 

0h ) ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ [9], ʠʥʘʯʝ ʫʨʦʚʝʥʴ ʚʚʦʜʠʤʦʡ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʚʷʟʢʦʩʪʠ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʯʨʝʟʤʝʨʥʦ ʙʦʣʴʰʠʤ, ʯʪʦ ʧʨʠʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦ-

ʪʝʨʷʤ ʪʦʯʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ʇʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʄʇɻ. ʈʝʟʶ-

ʤʠʨʫʷ ʧʨʦʚʝʜʝʥʥʳʡ ʚ ʨʘʟʜʝʣʝ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʳ ʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʯʠʩʣʝʥʥʳʭ ʤʝ-

ʪʦʜʦʚ, ʫʩʣʦʚʥʦ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ "a 

priori": 1) ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʫʩʦʯʥʦ-ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʚʳʩʦʢʦʛʦ ʧʦ-

ʨʷʜʢʘ, ʯʪʦ ʜʘʝʪʩʷ ʮʝʥʦʡ ʨʘʩʰʠʨʝʥʠʷ ʩʝʪʦʯʥʦʛʦ ʰʘʙʣʦʥʘ ʠʣʠ ʚʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʭ ʪʦʯʝʢ ʚ ʵʣʝʤʝʥʪʳ, ʠ ʢʘʢ ʧʨʘʚʠʣʦ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʬʦʨʤʫʣʠʨʦʚʢʫ 

ʄʂʕ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ (ʩʤ. [2, 5, 6, 9], ʘ ʪʘʢʞʝ [194] ʠ 

ʧʨʠʚʝʜʝʥʥʫʶ ʪʘʤ ʣʠʪʝʨʘʪʫʨʫ); 2) ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚ ʙʘʟʠʩʥʳʭ ʠ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ bubble-ʬʫʥʢʮʠʡ, ʩʝʪʦʯʥʳʭ ʬʫʥʢʮʠʡ ɻʨʠʥʘ, ʨʝʰʝʥʠʡ ʙʦ-

ʣʝʝ "ʤʝʣʢʠʭ" ʧʦʜʟʘʜʘʯ ʚ ʧʨʝʜʝʣʘʭ ʵʣʝʤʝʥʪʘ ð ʥʝʜʦʩʪʘʪʢʠ ʜʘʥʥʳʭ ʧʦʜʭʦʜʦʚ ʙʳʣʠ 

ʦʧʠʩʘʥʳ ʨʘʥʝʝ ʚ ʪʝʢʫʱʝʤ ʨʘʟʜʝʣʝ (ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʤʝʪʦʜʦʚ RFB, VMM , MSM, 

MIX , LPS); 3) ʨʝʛʫʣʠʨʦʚʘʥʠʝ ʫʨʦʚʥʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ (ʩʭʝʤʥʦʡ) ʜʠʩ-

ʩʠʧʘʮʠʠ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ, ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦ-

ʜʝʣʠ ʠ ʧʨʦʮʝʩʩʘ. ʇʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʘʚʪʦʨʫ ʥʘʠʙʦʣʝʝ ʫʜʘʯʥʳʤ (ʭʦ-

ʪʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʩʣʦʞʥʦʤʫ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʳʭ ʤʝʪʦʜʦʚ), ʠ ʠʤʝʥʥʦ ʥʘ ʥʝʛʦ ʘʚʪʦʨ ʦʨʠʝʥʪʠʨʦʚʘʣʩʷ ʧʨʠ ʚʳʙʦʨʝ ʥʘʧʨʘʚʣʝ-

ʥʠʷ ʩʚʦʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɺʳʚʦʜʳ ʢ ʨʘʟʜʝʣʫ 1 

 

ʈʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝ-

ʥʠʡ ʂɼ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʫ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʦʣʦʛʠʡ ʠʭ ʤʘʪʝ-

ʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʇʨʦʮʝʩʩʳ ʂɼ ʪʠʧʘ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ ð ʪʝʦʨʠʠ ʪʝʧʣʦ-

ʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʝ ʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʝ, ʢʦʩʤʠʯʝʩʢʦʡ ʦʪʨʘʩʣʠ 

ʠ ʬʠʟʠʢʝ ʢʦʩʤʦʩʘ, ʵʢʦʣʦʛʠʠ, ʤʝʪʝʦʨʦʣʦʛʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʦʣʫ-

ʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʠ ʵʣʝʢʪʨʦʪʝʭʥʠʢʝ, ʙʠʦʬʠʟʠʢʝ ʠ ʤʝʜʠʮʠʥʝ ʠ ʪ.ʜ. ʀʟ-ʟʘ 

ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʂɼ ʧʨʦʮʝʩʩʦʚ ʠ ʠʭ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʩʧʦʣʴ-

ʟʫʶʪʩʷ ʫʧʨʦʱʝʥʥʳʝ, ʣʠʥʝʘʨʠʟʦʚʘʥʥʳʝ ʠʣʠ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 

ʤʦʜʝʣʠ, ʦʪʨʘʞʘʶʱʠʝ ʨʝʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʦʚ ʣʠʰʴ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʩʪʝʧʝ-

ʥʴʶ ʘʜʝʢʚʘʪʥʦʩʪʠ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʩʪʫʱʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʧʨʘʢʪʠʢʠ ʠ 

ʫʚʝʣʠʯʝʥʠ ̫ʤʦʱʥʦʩʪʝʡ ʩʦʚʨʝʤʝʥʥʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʠʩʪʝʤ ʦʙʲʝʢʪʠʚʥʦ ʩʫʱʝ-

ʩʪʚʫʝʪ ʫʩʪʦʡʯʠʚʘʷ ʪʝʥʜʝʥʮʠʷ ʫʩʣʦʞʥʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʚ ʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʬʠʟʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʂɼ ʪʠʧʘ, ʠ ʘʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ ʚ 

ʧʨʘʢʪʠʢʫ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʦʞʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, ʧʨʝʪʝʥʜʫʶʱʠʭ ʥʘ ʜʝ-

ʪʘʣʴʥʦʝ ʦʧʠʩʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ. ʕʪʦ ʧʨʝʜʲʷʚʣʷʝʪ ʧʦʚʳʰʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ 

ʢ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʚ ʧʣʘʥʝ ʪʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʙʳʩʪʨʦʜʝʡʩʪʚʠʷ ʚʳʯʠʩʣʠ-

ʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ) ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂɼ ʧʨʦʮʝʩʩʦʚ. ʉ 

ʧʦʟʠʮʠʡ ʜʦʩʪʠʞʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʨʝʙʫʝʤʦʡ ʚ ʟʘʜʘʯʘʭ ʛʠʜʨʦʜʠʥʘʤʠ-

ʢʠ, ʬʠʟʠʢʠ ʧʣʘʟʤʳ, ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɼʣʷ ʜʠʬʬʫʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʙʝʟ ʢʦʥʚʝʢʪʠʚʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦ-

ʜʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʬʦʨʤʝ ɻʘʣʝʨʢʠʥʘ. ʆʜ-

ʥʘʢʦ, ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʢ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʂɼ ʧʨʦʮʝʩʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʩʠʣʴʥʳʭ ʥʝʫʩʪʦʡʯʠʚʦʩʪʝʡ, ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʚʠʜʝ ʠʩʢʫʩʩʪʚʝʥʥʳʭ "ʧʘʨʘʟʠʪʥʳʭ" 

ʦʩʮʠʣʣʷʮʠʡ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʄʇɻ, ʢʦ-

ʪʦʨʳʡ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ "ʩʪʘ-

ʙʠʣʠʟʠʨʫʶʱʠʭ" ʯʣʝʥʦʚ ʚ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʷʭ ʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤʘʭ. ʂ ʥʘʩʪʦʷ-
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ʱʝʤʫ ʚʨʝʤʝʥʠ ʨʘʟʨʘʙʦʪʘʥ rʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʄʇɻ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʪʘ-

ʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂʕ) ð SUPG, GLS, USFEM, SOLD ʠ ʜʨʫʛʠʝ. ʆʜʥʘʢʦ, ʵʪʠ ʤʝ-

ʪʦʜʳ ʠʤʝʶʪ ʥʠʟʢʠʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʂɼ 

ʧʨʦʮʝʩʩʦʚ. ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʚʳʩʦʢʦʪʦʯʥʳʝ ʤʦʜʠʬʠʢʘʮʠʠ 

ʄʇɻ, ʘ ʠʤʝʥʥʦ RFB, VMM, ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʩʫʧʝʨʝʣʝʤʝʥʪʦʚ ʬʘʢʪʠʯʝʩʢʠ ʪʨʝʙʫʶʪ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʪʜʝʣʴʥʦʡ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʤʝʶʪ ʩʣʠʰʢʦʤ ʙʦʣʴʰʫʶ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚʳʯʠʩ-

ʣʠʪʝʣʴʥʫʶ ʩʣʦʞʥʦʩʪʴ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢʠʤ ʦʙ-

ʨʘʟʦʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʦʛʦ ʚ ʨʘʟʜʝʣʝ ʦʙʟʦʨʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʩʫ-

ʱʝʩʪʚʫʶʱʠʝ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʂɼ ʧʨʦʮʝʩʩʦʚ ʥʝ ʩʧʦ-

ʩʦʙʥʳ ʫʜʦʚʣʝʪʚʦʨʠʪ ɹʩʦʚʨʝʤʝʥʥʳʤ ʠ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʧʦ ʪʦʯʥʦʩʪʠ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʤʠ ʄʇɻ ʧʨʦʮʝʩʩʦʚ ʂɼ ʪʠʧʘ, ʦʙʦʩʥʦʚʘʥʦ, ʯʪʦ ʵʪʦʛʦ ʤʦʞʥʦ 

ʜʦʩʪʠʯʴ ʟʘ ʩʯʝʪ ʩʧʝʮʠʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʨʦʚʥʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

(ʩʭʝʤʥʦʡ) ʜʠʩʩʠʧʘʮʠʠ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʨʘʟʨʘ-

ʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʛʠʙʢʦ 

ʥʘʩʪʨʦʝʥʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʜʝʣʠ ʠ ʧʨʦʮʝʩʩʘ, ʘ 

ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʢʦʨʝʥʠʷ ʩʭʦʜʠʤʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʮʝʣʝʩʦʦʙ-

ʨʘʟʥʦ ʨʘʟʨʘʙʦʪʘʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʩʭʝʤʳ, ʫʯʠʪʳʚʘʶʱʠʝ ʚʝʜʫʱʠʝ 

ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʠ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʯʣʝʥʳ ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ 

ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʠʝ ʥʝʛʘʪʠʚʥʳʤ ʜʠʩʩʠʧʘʪʠʚʥʳʤ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʤ ʵʬʬʝʢʪʘʤ 

ʧʨʠ ʧʨʠʤʝʥʝʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ 

ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʥʘʫʯʥʦʡ ʟʘʜʘʯʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝ-

ʣʠʨʦʚʘʥʠʷ ʂɼ ʧʨʦʮʝʩʩʦʚ, ʘ ʪʘʢʞʝ ʫʩʢʦʨʝʥʠʷ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ: ʨʘʟʨʘʙʦʪʢʘ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʤʝʪʦʜʦʚ ʚʳʙʦʨʘ ʠʭ ʩʪʘʙʠʣʠʟʠ-

ʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʪʨʦʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʭʝʤ ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʘʤʠ ʩʭʦʜʠʤʦʩʪʠ, ʨʘʟʨʘʙʦʪʢʘ ʧʦʜʭʦʜʦʚ ʢ ʧʦʚʳʰʝʥʠʶ ʪʦʯʥʦʩʪʠ ʄʇɻ ʧʨʠ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʠ ʩʦʩʨʝʜʦʪʦʯʝʥʠʡ. 
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ʈɸɿɼɽʃ 2 

ʇʆʉʊʈʆɽʅʀɽ ɺɽʉʆɺʓʍ ʌʋʅʂʎʀʁ ʂʆʅɽʏʅʆʕʃɽʄɽʅʊʅʆɻʆ           

ʄɽʊʆɼɸ ʇɽʊʈʆɺɸ-ɻɸʃɽʈʂʀʅɸ 

 

ɺ ʨʘʟʜʝʣʝ ʧʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʤʦʜʝʣʠ-

ʨʦʚʘʥʠʷ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʢʦʪʦʨʳʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʫʱʝʩʪʚʫʶʱʠʭ, ʧʦʟʚʦʣʷʶʪ 

ʛʠʙʢʦ ʥʘʩʪʨʘʠʚʘʪʴ ʬʦʨʤʫ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʚʝʢʪʠʚʥʳʭ ʠ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʦʙʲʝʢʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʩ ʧʦʤʦʱʴʶ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ 

ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʙʨʘʤʠ ʩʝʪʢʠ ʪʨʠʘʥʛʫʣʷʮʠʠ ʦʙʣʘʩʪʠ, ʟʘ 

ʩʯʝʪ ʯʝʛʦ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʝʯ-

ʥʦʤʝʨʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʂɼ ʧʨʦʮʝʩʩʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴ-

ʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʨʝʟʫʣʴʪʘʪʳ ʠʭ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ ʚ ʨʘʤʢʘʭ ʨʝʘʣʴʥʳʭ ʧʨʦʝʢʪʦʚ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʳ ʚ ʨʘʟʜʝʣʝ 6 ʠ ʧʨʠʣʦ-

ʞʝʥʠʠ ɸ. 

 

2.1  ʇʦʩʪʨʦʝʥʠʝ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʚ ʦʜʥʦ-

ʤʝʨʥʦʤ ʩʣʫʯʘʝ 

 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ 

ö
÷
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ç
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µ

µ
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µ

µ
=

µ

µ
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µ

µ

x
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xx

u

t

u
,                                              (2.1) 

ʛʜʝ ),( xtuu= , 1
21 );( RLLx ËÍ , ];0( TtÍ  (ʪʫʪ x  ð ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʧʝʨʝʤʝʥʥʘʷ, 

tð ʧʝʨʝʤʝʥʥʘʷ ʚʨʝʤʝʥʠ), ʘ ʬʫʥʢʮʠʠ ),( xtl=l  ʠ 0),( >k=k xt  ʷʚʣʷʶʪʩʷ ʟʘʜʘʥ-

ʥʳʤʠ. ɹʫʜʝʤ ʪʘʢʞʝ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2.1) ʟʘʜʘʥʳ ʥʘʯʘʣʴʥʦʝ ʠ ʛʨʘʥʠʯ-

ʥʳʝ ʫʩʣʦʚʠʷ [10], ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʝʛʦ ʨʝʰʝʥʠʷ. 

ʇʫʩʪʴ ʥʘ ʦʪʨʝʟʢʝ ];[ 21 LL¹W  ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʪʦʯʝʢ (ʫʟʣʦʚ) kx , 10 +¢¢ Nk , 

1+< kk xx , 10 Lx = , 21 LxN =+ . ʂʘʞʜʳʡ ʠʟ ʦʪʨʝʟʢʦʚ ];[ 1+kk xx , ʢʘʢ ʧʨʠʥʷʪʦ ʚ ʄʂʕ 

(ʧʦʜʨʘʟʜʝʣ 1.2), ʥʘʟʳʚʘʝʤ ʵʣʝʤʝʥʪʦʤ. ʉ ʢʘʞʜʳʤ ʫʟʣʦʤ kx  ʩʚʷʞʝʤ ʥʝʧʨʝʨʳʚʥʫʶ 

ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʫʶ ʬʠʥʠʪʥʫʶ ʙʘʟʠʩʥʫʶ ʬʫʥʢʮʠʶ )(xNk . ʆʥʘ ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ 

ʚʥʫʪʨʠ ʦʪʨʝʟʢʘ ];[ 11 +- kk xx  (ʥʦʩʠʪʝʣʴ ʜʘʥʥʦʡ ʬʫʥʢʮʠʠ), ʨʘʚʥʘ ʥʫʣʶ ʥʘ ʢʦʥʮʘʭ ʦʪ-
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ʨʝʟʢʘ ʠ ʟʘ ʝʛʦ ʧʨʝʜʝʣʘʤʠ, ʣʠʥʝʡʥʘʷ ʥʘ ʵʣʝʤʝʥʪʘʭ ];[ 1 kk xx -  ʠ ];[ 1+kk xx , ʠ ʨʘʚʥʘ 

ʝʜʠʥʠʮʝ ʚ ʪʦʯʢʝ kx . ʇʨʠʙʣʠʞʝʥʥʦʝ ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ [1ï9] (2.1) ʠʱʝʤ ʚ ʚʠʜʝ 

ä
+

=

=
1

0

)()(),(~
N

j

jj xNtaxtu ,                                              (2.2) 

ʛʜʝ 1
0)}({)( +
== N

jj tata
C

 ð ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʘʟʣʦʞʝʥʠʷ ʧʦ ʙʘʟʠʩʥʳʤ ʬʫʥʢʮʠ-

ʷʤ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʮʝʜʫʨʦʡ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ 

(ʩʤ. ʧʦʜʨʘʟʜʝʣ 1.2), ʫʤʥʦʞʠʤ ʫʨʘʚʥʝʥʠʝ (2.1) ʥʘ ʚʝʩʦʚʫʶ ʬʫʥʢʮʠʶ )(xWk , ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʫʶ ʫʟʣʫ k  ʩʝʪʢʠ, ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦʣʫʯʠʚʰʝʝʩʷ ʪʦʞʜʝʩʪʚʦ ʧʦ ʦʪʨʝʟ-

ʢʫ W. ɺ ʧʦʣʫʯʠʚʰʠʝʩʷ ʨʘʚʝʥʩʪʚʘ ʚʤʝʩʪʦ ʥʝʠʟʚʝʩʪʥʦʛʦ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʷ u  ʧʦʜʩʪʘ-

ʚʠʤ u~ , ʦʧʨʝʜʝʣʷʝʤʦʝ ʚʳʨʘʞʝʥʠʝʤ (2.2). ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʉʆɼʋ (ʧʦʣʫʜʠʩ-

ʢʨʝʪʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ )(ta j   
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,  (2.3) 

ʛʜʝ kg  ð ʯʣʝʥ, ʢʦʪʦʨʳʡ ʧʦʣʫʯʘʝʪʩʷ ʧʦʩʣʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ [2, 5, 7] 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʯʣʝʥʘ ʚ (2.1), ʠ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʫʯʝʩʪʴ ʟʘʜʘʥʥʳʝ ʚ ʟʘ-

ʜʘʯʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. ɺ ʩʘʤʦʤ ʜʝʣʝ [196], 
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ʇʫʩʪʴ ʪʝʧʝʨʴ, ʥʘʧʨʠʤʝʨ, ʚ ʪʦʯʢʝ 21 Lxx N == +  ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ ʪʨʝʪʴʝʛʦ ʨʦʜʘ [10] 
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u
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µ
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=

, ʛʜʝ a ʠ b ï ʥʝʢʦʪʦʨʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ (ʟʘʚʠʩʷʱʠʝ, ʚ 

ʦʙʱʝʤ ʩʣʫʯʘʝ, ʦʪ t ), 0̧b . ʊʦʛʜʘ, ʦʪʩʶʜʘ ʤʦʞʥʦ ʚʳʨʘʟʠʪʴ 

2

),(

Lxx

xtu

=µ

µ
 ʠ ʧʦʜʩʪʘ-

ʚʠʪʴ ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ kg  (ʧʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʝʤ, ʯʪʦ u  ʟʘʤʝʥʷʝʪʩʷ ʧʨʠʙʣʠʞʝʥʥʳʤ 

ʩʣʘʙʳʤ ʨʝʰʝʥʠʝʤ u~, ʚ ʩʠʣʫ ʯʝʛʦ ʚ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʧʦʣʘʛʘʝʤ 

)(),(~),( 122 taLtuLtu N+== ). ʉʣʫʯʘʡ ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʚʪʦʨʦʛʦ ʨʦʜʘ [10] ʩʚʦ-

ʜʠʪʩʷ ʢ ʧʨʝʜʳʜʫʱʝʤʫ ʩʣʫʯʘʶ ʩ 0=a . ʅʘʢʦʥʝʮ, ʨʘʩʩʤʦʪʨʠʤ ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚ 

ʪʦʯʢʝ 21 Lxx N == +  ʟʘʜʘʥʦ ʫʩʣʦʚʠʝ ʧʝʨʚʦʛʦ ʨʦʜʘ [10] )(),( 2 tfLtu = . ʊʦʛʜʘ 
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)()(),(~),( 122 tftaLtuLtu N === + . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʦʵʬʬʠʮʠʝʥʪ )(1 taN+  ʚ ʨʘʟʣʦ-

ʞʝʥʠʠ (2.2) ʩʪʘʥʦʚʠʪʩʷ ʠʟʚʝʩʪʥʳʤ ʠ ʧʦʪʦʤʫ ʥʝ ʚʭʦʜʠʪ ʚ ʉʆɼʋ (2.3) ʚ ʢʘʯʝʩʪʚʝ ʥʝ-

ʠʟʚʝʩʪʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. ʉʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʩʣʘʛʘʝʤʦʝ ʩ ʧʨʦʠʟʚʦʜʥʦʡ 1+Na#  ʚ ʩʠʩʪʝ-

ʤʝ (2.3) ʧʨʠ ʵʪʦʤ ʚʦ ʚʩʝʭ ʫʨʘʚʥʝʥʠʷʭ ʧʝʨʝʥʦʩʠʪʩʷ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ ʉʆɼʋ, ʘ ʩʘʤʦ 

ʫʨʘʚʥʝʥʠʝ ʜʣʷ 1+=Nk  ʚʳʙʨʘʩʳʚʘʝʪʩʷ ʠʟ ʩʠʩʪʝʤʳ (ʠʥʘʯʝ ʫʨʘʚʥʝʥʠʡ ʦʢʘʞʝʪʩʷ 

ʙʦʣʴʰʝ, ʯʝʤ ʥʝʠʟʚʝʩʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ). ɻʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʚ 10 Lxx ==  ʨʘʩʩʤʘʪ-

ʨʠʚʘʝʪʩʷ ʘʥʘʣʦʛʠʯʥʦ. ʆʪʩʶʜʘ ʟʘʢʣʶʯʘʝʤ, ʯʪʦ ʚ ʉʆɼʋ (2.3) ʦʩʪʘʶʪʩʷ ʫʨʘʚʥʝʥʠʷ 

ʣʠʰʴ ʜʣʷ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ )(xWk , ʠʥʜʝʢʩʳ k  ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʣʠʙʦ ʚʥʫʪ-

ʨʝʥʥʠʤ ʫʟʣʘʤ ʩʝʪʢʠ (ʫʟʣʘʤ kx  ʧʨʠ  Nk¢¢1 ), ʣʠʙʦ ʪʝʤ ʪʦʯʢʘʤ ʛʨʘʥʠʮʳ ʦʪʨʝʟʢʘ 

];[ 21 LL , ʚ ʢʦʪʦʨʳʭ ʥʝ ʟʘʜʘʥʦ ʛʨʘʥʠʯʥʦʝ ʫʩʣʦʚʠʝ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʜʠʬʬʫʟʠʦʥʥʳʡ ʯʣʝʥ ʚ ʫʨʘʚʥʝʥʠʠ (2.1) ʟʘʜʘʥ ʚ 

ʥʝʜʠʚʝʨʛʝʥʪʥʦʤ ʚʠʜʝ 
2
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ʟʘʤʝʥʠʪʴ ʚʳʨʘʞʝʥʠʝʤ äñ
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ö
ö
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õ

æ
æ

ç

å
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Ökµ1
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j

j
jk adx

dx

dN

x

W
 (ʚʩʝ ʦʩʪʘʣʴʥʳʝ ʯʣʝʥʳ, ʚʢʣʶʯʘʷ 

ʩʣʘʛʘʝʤʦʝ kg , ʦʩʪʘʶʪʩʷ ʪʘʢʠʤʠ ʞʝ, ʢʘʢ ʠ ʚ ʩʠʩʪʝʤʝ (2.3)). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥ-

ʥʦʡ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʠʟ ʉʆɼʋ (2.3) ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʠʪʴ ʯʣʝ-

ʥʳ ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ; ʧʨʠ ʵʪʦʤ, ʩʠʩʪʝʤʘ (2.3) ʩʪʘʥʦʚʠʪʩʷ ʩʠʩʪʝʤʦʡ ʘʣ-

ʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

ɺ ʢʘʯʝʩʪʚʝ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʡ kW , ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʡ ʩ ʫʟʣʦʤ kx  ʚʚʝʜʝʥʥʦʡ 

ʩʝʪʢʠ, ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ 

)()()()( )1,(1,)1,(1, xWxWxNxW kkkkkkkkkk ++-- a+a+=                  (2.4) 

(ʦʧʨʝʜʝʣʝʥʠʷ ʬʫʥʢʮʠʡ )()1,( xW kk °  ʜʘʥʳ ʥʠʞʝ); ʦʪʩʶʜʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 

kkkkk a=a-=a -+ 1,1,  ʧʦʣʫʯʘʝʤ ʚʳʨʘʞʝʥʠʝ, ʧʦʜʦʙʥʦʝ ʧʦ ʩʪʨʫʢʪʫʨʝ ʢ (1.28): 

)()()( * xWxNxW kkkk a+= ,                                          (2.5) 

ʪʫʪ )(xNk  ð ʙʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʫʟʣʫ kx  (ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʢʫʩʦʯ-

ʥʦ-ʣʠʥʝʡʥʘʷ), ka  ð ʥʘʩʪʨʘʠʚʘʝʤʳʡ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ, ʘ ʬʫʥʢʮʠʷ 

)(* xWk  ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʵʬʬʝʢʪ 
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(ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʣʦʞʥʳʭ, ʥʝ ʠʤʝʶʱʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʦʩʮʠʣʣʷʮʠʡ) ʚ ʧʦʣʫʯʘʝ-

ʤʳʭ ʯʠʩʣʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷʭ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʪʘʙʠʣʠʟʘʮʠʷ ʥʝʦʙʭʦʜʠʤʘ (ʩʤ. 

ʧʦʜʨʘʟʜʝʣ 1.2), ʧʦʩʢʦʣʴʢʫ ʢʣʘʩʩʠʯʝʩʢʠʡ ʄʂʕ ɻʘʣʝʨʢʠʥʘ, ʚ ʢʦʪʦʨʦʤ 

)()( xNxW kk ¹  k" , ʧʨʠʚʦʜʠʪ ʚ ʟʘʜʘʯʘʭ ʩ ʜʦʤʠʥʠʨʫʶʱʝʡ ʢʦʥʚʝʢʮʠʝʡ ʢ ʩʝʨʴʝʟʥʳʤ 

ʧʦʛʨʝʰʥʦʩʪʷʤ (ʝʩʣʠ ʪʦʣʴʢʦ ʰʘʛ ʩʝʪʢʠ ʥʝ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʤʘʣʳʤ) [2, 5, 9]. ɺ ʢʘʯʝ-

ʩʪʚʝ ʬʫʥʢʮʠʡ )(* xWk  ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʬʫʥʢʮʠʠ (ʩʤ. (2.4)-(2.5)) 

)()()( )1,()1,(
* xWxWxW kkkkk -+ -= ,                                      (2.6) 

ʛʜʝ ʬʫʥʢʮʠʠ )()1,( xW kk -  ʠ )()1,( xW kk +  ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ  
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)1,(

kkkkk
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xxxxxxxW
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ʘ ʬʫʥʢʮʠʷ )]()1()1([)( nn nnW x-x-+¹x  (ʪʫʪ 0>n  ð ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ). ʇʨʠ 

1=n  ʚ ʚʳʨʘʞʝʥʠʠ ʜʣʷ )(xWn  ʬʦʨʤʘʣʴʥʦ ʧʦʣʫʯʘʝʪʩʷ ʜʝʣʝʥʠʝ ʥʘ ʥʦʣʴ, ʧʦʪʦʤʫ 

)(1 xW  ʦʧʨʝʜʝʣʠʤ ʢʘʢ ʧʨʝʜʝʣ ʚʳʨʘʞʝʥʠʡ )(xWn
 ʧʨʠ 1n  ʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ x: 

xx-=x¹x


ln2)(lim)(
1

1 WW n

n
 ʧʨʠ 10 ¢x<  ʠ 0)ln2(lim)0(lim)0(

001

1 =xx-=¹
+x

WW n

n
. 

ʆʧʨʝʜʝʣʝʥʥʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʬʫʥʢʮʠʷ )(1 xW  ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʨʠ 10 ¢x¢ . 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʧʨʠ ʚʳʙʦʨʝ 2=n  ʚ (2.6), ʧʦʩʪʦʷʥʥʦʤ const=a=ak  ʠ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ )(xNk , ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ (2.5) ʩʦʚ-

ʧʘʜʘʶʪ ʩ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ (1.28)-(1.29), ʧʨʝʜʣʦʞʝʥʥʳʤʠ ʚ 

[61], ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘʭ l ʠ k, ʠ 

)/(2)2/coth( hPehPe Ö-Ö=a  (ʛʜʝ ʯʠʩʣʦ ʇʝʢʣʝ kl= /Pe ) ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʩʣʫʯʘʝ 

( 0=µµ tu ) ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʂɼ (2.1) ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʥʳʤ ʚ ʫʟʣʘʭ 

ʩʝʪʢʠ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 1.2 ʠ ʩʩʳʣʢʠ ʪʘʤ). ɻʨʘʬʠʢʠ ʬʫʥʢʮʠʡ )(xNi  ʠ )(xWi  (ʠʣʠ, 

ʯʪʦʙʳ ʧʦʜʯʝʨʢʥʫʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ n, ʦʙʦʟʥʘʯʘʝʤ ʚʝʩʦʚʫʶ ʬʫʥʢʮʠʶ ʯʝʨʝʟ 

)(xWi
n

) ʧʨʠ 1=ai  ʜʣʷ ʟʥʘʯʝʥʠʡ 100,5,2=n  ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 2.1. ʅʦʨʤʠʨʫʶ-
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ʈʠʩ. 2.1. ɻʨʘʬʠʢʠ ʙʘʟʠʩʥʦʡ ʠ ʚʝʩʦʚʳʭ 

ʬʫʥʢʮʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ n . 

ʱʠʡ ʢʦʵʬʬʠʮʠʝʥʪ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʬʫʥʢʮʠʠ )(xWn  ʚʳʙʨʘʥ ʚ ʚʠʜʝ )1()1( -+ nn  ʠʩ-

ʭʦʜʷ ʠʟ ʪʝʭ ʩʦʦʙʨʘʞʝʥʠʡ, ʯʪʦ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʯʠʩʣʝʥʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʩʪʘʮʠʦ-

ʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2.1) (ʧʨʠ 0=µµ tu ) ʦʢʘʟʳʚʘʝʪʩʷ ʥʝ ʟʘʚʠʩʷʱʝʡ ʦʪ n, ʠ, ʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦ, ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ ʧʨʠ 2=n , ʩʚʦʡʩʪʚʘ ʠ ʭʘ-

ʨʘʢʪʝʨ ʩʭʦʜʠʤʦʩʪʠ ʢʦʪʦʨʦʡ (ʢʘʢ ʠ ʩʚʦʡʩʪʚʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʚʘʜʨʘʪʠʯʥʳʭ ʚʝʩʦ-

ʚʳʭ ʬʫʥʢʮʠʡ) ʚ ʧʨʦʩʪʳʭ ʩʣʫʯʘʷʭ, ʚ ʮʝʣʦʤ, ʠʟʫʯʝʥʳ [69]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʘʨʘʤʝʪʨ 

n  ʚ (2.6) ʚʣʠʷʝʪ ʪʦʣʴʢʦ ʥʘ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʯʣʝʥʘ tu µµ  ʚ ʫʨʘʚʥʝʥʠʠ (2.1). 

ʋʪʚʝʨʞʜʝʥʠʝ 2.1. ɺʝʩʦʚʳʝ 

ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚ (2.5), ʷʚ-

ʣʷʶʪʩʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʥʘ W ʠ ʦʙʣʘ-

ʜʘʶʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

1) 0)(* =ik xW  ʧʨʠ ʧʨʦʠʟʚʦʣʴ-

ʥʦʤ 10 +¢¢ Ni ; 

2) 1)( =kk xW  ʠ 0)( =ik xW  ʧʨʠ 

ki¸ ; 

3) ʝʩʣʠ ʩʝʪʢʘ ʨʘʚʥʦʤʝʨʥʘʷ ʩ 

ʰʘʛʦʤ h, ʘ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ ʷʚʣʷ-

ʶʪʩʷ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤʠ, ʪʦ ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ  
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 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʡ )(xWk  ʠ 

ʧʫʥʢʪʦʚ 1 ʠ 2 ʜʦʩʪʘʪʦʯʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʦʧʨʝʜʝʣʝʥʠʝʤ (2.5)-(2.6) ʬʫʥʢʮʠʡ 

)(xWk . ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʧʫʥʢʪʘ 3 ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜʩʯʝʪʘ 

ʠʥʪʝʛʨʘʣʦʚ ʦʪ )(xNi  ʠ )(* xWi . ʋʪʚʝʨʞʜʝʥʠʝ ʜʦʢʘʟʘʥʦ. 

ʀʟ ʧʫʥʢʪʘ 2 ʫʪʚʝʨʞʜʝʥʠʷ 2.1, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʝʪ, ʯʪʦ kg  ʚ (2.3) ʪʦʞʜʝ-

ʩʪʚʝʥʥʦ ʨʘʚʥʦ ʥʫʣʶ ʧʨʠ 10 +<< Nk . ʇʨʠ 1=ak  (ʠʤʝʥʥʦ ʧʨʠ ʪʘʢʠʭ ʟʥʘʯʝʥʠʷʭ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʄʇɻ ʩ ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ 

(1.28)-(1.29) ʜʘʚʘʣ ʩʭʝʤʫ ʩ ʨʘʟʥʦʩʪʴʶ ʧʨʦʪʠʚ ʧʦʪʦʢʘ, ʩʤ. ʧʦʜʨʘʟʜʝʣ 1.2) ʠʟ (2.5)-
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)(iW  

jW  

)(i  

)(k  

)(l  

 
ʈʠʩ. 2.2. ʄʥʦʛʦʫʛʦʣʴʥʠʢ ɋ(i). 

(2.6) ʠ ʧʫʥʢʪʘ 3 ʫʪʚʝʨʞʜʝʥʠʷ 2.1 ʧʦʣʫʯʘʝʤ hdxxW
i

i

x

x

i =ñ
-1

)(  ʠ 0)(
1

=ñ
+i

i

x

x

i dxxW . ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ )(xWi  ʨʘʚʥʦ 1 ʥʘ ʠʥʪʝʨʚʘʣʝ 

];[ 1 ii xx-  (ʪʦ ʝʩʪʴ, ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʧʨʠ 0>l  ʚ (2.1)), ʠ ʨʘʚʥʦ 0 ʥʘ 

];[ 1+ii xx . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʳʰʝ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʠʤʝʶʪ ʙʦʣʴʰʠʡ 

ʚʝʩ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʝʛʦ ʥʦʩʠʪʝʣʷ ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʧʦʟʚʦʣʷʝʪ ʠʥʪʝʛʨʠʨʦʚʘʪʴ ʩ ʙ·ʣʴʰʠʤ ʚʝʩʦʤ ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ 

ʩʘʤʦ ʫʨʘʚʥʝʥʠʝ ʂɼ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʣʠʟʫʷ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʫʶ ʚ ʪʝʦʨʠʠ ʨʘʟʥʦʩʪ-

ʥʳʭ ʤʝʪʦʜʦʚ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 1.2) ʠʜʝʶ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʳʭ ʘʧʧʨʦʢ-

ʩʠʤʘʮʠʡ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʩʭʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʣʝʛʢʦ ʫʙʝ-

ʜʠʪʴʩʷ, ʯʪʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ )(xWk  ʚʠʜʘ (2.5) ʧʨʠ 1=a  ʧʦ-

ʪʦʯʝʯʥʦ ʩʭʦʜʠʪʩʷ ʧʨʠ +¤n  ʢ ʬʫʥʢʮʠʠ-"ʩʪʫʧʝʥʴʢʝ" ð ʦʥʘ ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʧʨʠ 

kk xxx <<-1  ʠ ʥʫʣʶ ʧʨʠ 1+<< kk xxx . ʊʘʢʠʝ ʬʫʥʢʮʠʠ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʠʩʪʝʤ ʉʪʦʢʩʘ [2, 5, 9]. 

 

2.2  ʇʦʩʪʨʦʝʥʠʝ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʚ ʜʚʫʭ-

ʤʝʨʥʦʤ ʩʣʫʯʘʝ 

 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʤʥʦʞʝʩʪʚʦ (ʦʙʣʘʩʪʴ) 2RËW  ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʩʚʷʟʥʳʤ. ʂʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ WÍ= );( 21 xxx
C

, ʯʠʩʣʘ 1x  ʠ 2x  ʷʚʣʷʶʪʩʷ ʢʦʦʨ-

ʜʠʥʘʪʘʤʠ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ ʚ ʦʨʪʦʛʦʥʘʣʴʥʦʡ ʜʝʢʘʨʪʦʚʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ. ʇʨʝʜ-

ʧʦʣʘʛʘʝʤ, ʯʪʦ W (ʯʝʨʪʘ ʥʘʜ ʤʥʦʞʝʩʪʚʦʤ ʦʙʦʟʥʘʯʘʝʪ ʝʛʦ ʟʘʤʳʢʘʥʠʝ ʚ 2R ) ʤʦʞʥʦ 

ʪʨʠʘʥʛʫʣʠʨʦʚʘʪʴ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 1.2) ð ʧʨʝʜʩʪʘ-

ʚʠʪʴ ʚ ʚʠʜʝ ʢʦʥʝʯʥʦʛʦ ʦʙʲʝʜʠʥʝʥʠʷ ʪʨʝʫʛʦʣʴ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʪʨʝʫʛʦʣʴʥʠʢʦʚ) 

8
j

jW=W , lklk ¸"Å=WW int1 ,       (2.7) 

ʛʜʝ lWint  ð ʤʥʦʞʝʩʪʚʦ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʝʢ ʪʨʝ-

ʫʛʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ lW. ʋ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ʤʦʛʫʪ 
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ʙʳʪʴ ʦʙʱʠʤʠ ʪʦʣʴʢʦ ʚʝʨʰʠʥʳ ʠʣʠ ʨʝʙʨʘ ʮʝʣʠʢʦʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʩʷ ʦʙʣʘʩʪʴ ʙʫʜʝʪ 

ʧʦʢʨʳʪʘ ʩʝʪʴʶ, ʩʦʩʪʦʷʱʝʡ ʠʟ ʨʝʙʝʨ ʠ ʚʝʨʰʠʥ (ʫʟʣʦʚ ʩʝʪʢʠ) ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʂʘʞʜʘʷ 

ʚʝʨʰʠʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʚʦʠʤ ʥʦʤʝʨʦʤ ʠ ʥʘʙʦʨʦʤ ʢʦʦʨʜʠʥʘʪ. ɼʣʷ ʟʘʜʘʥʠʷ ʪʨʝ-

ʫʛʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʝʛʦ ʚʝʨʰʠʥ. ɹʫʜʝʤ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ 

),()( 21 xxNxN ii =
C

 [1, 3, 7]. ʀʥʜʝʢʩ i  ʫ ʬʫʥʢʮʠʠ )(xNi
C
, ʢʘʢ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʦʥʘ ʩʚʷʟʘʥʘ ʩ iïʤ ʫʟʣʦʤ ix
C

 (ʙʫʜʝʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ 

)(i ). ʄʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ jW  ʨʘʟʙʠʝʥʠʷ (2.7), ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʚʭʦʜʠʪ i -ʡ ʫʟʝʣ, 

ʦʙʨʘʟʫʶʪ ʤʥʦʛʦʫʛʦʣʴʥʠʢ )(iW , ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ ʨʠʩ. 2.2 (ʫʟʝʣ ʩ ʠʥʜʝʢʩʦʤ i  ʠʟʦʙ-

ʨʘʞʝʥ ʞʠʨʥʦʡ ʪʦʯʢʦʡ ʚ ʮʝʥʪʨʝ). ʂʘʞʜʘʷ ʙʘʟʠʩʥʘʷ ʬʫʥʢʮʠʷ )(xNi
C

 ʦʪʣʠʯʥʘ ʦʪ ʥʫʣʷ 

ʪʦʣʴʢʦ ʚʥʫʪʨʠ ʵʪʦʛʦ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘ )(iW , ʨʘʚʥʘ ʥʫʣʶ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ ʠ ʨʘʚʥʘ 1 ʚ 

i -ʤ ʫʟʣʝ, 1)( =ii xN
C

. ʅʘ ʢʘʞʜʦʤ ʪʨʝʫʛʦʣʴʥʦʤ ʵʣʝʤʝʥʪʝ ʬʫʥʢʮʠʷ )(xNi
C

 ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ, ʪʦ ʝʩʪʴ ʧʨʠ jx WÍ
C

 2121 ),()( xcxbaxxNxN ijijijii ++==
C

. ɿʜʝʩʴ ʯʠʩʣʘ ija , 

ijb  ʠ ijc  ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʬʫʥʢʮʠʷ )(xNi
C

 ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʚ 

i -ʡ ʚʝʨʰʠʥʝ ʪʨʝʫʛʦʣʴʥʠʢʘ jW  ʠ ʥʫʣʶ ð ʚ ʜʚʫʭ ʜʨʫʛʠʭ. ʇʨʠ ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ 

ʬʫʥʢʮʠʷ )(xNi
C

 ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʤʥʦʛʦʫʛʦʣʴʥʠʢʝ )(iW , ʘ ʪʘʢʞʝ ʠ ʚ 2R . ʇʦʜʨʦʙʥʦʝ 

ʧʦʩʪʨʦʝʥʠʝ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ʧʨʠʚʝʜʝʥʦ ʚ [172]. 

ʇʨʠʩʪʫʧʠʤ ʪʝʧʝʨʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢ ʧʦʩʪʨʦʝʥʠʶ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʄʇɻ ʚ 

ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ. ʉʬʦʨʤʫʣʠʨʫʝʤ ʦʙʱʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ )(xWi
C

, 

ʘʥʘʣʦʛʠʯʥʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 

2.1). ʆʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʥʝʧʨʝʨʳʚʥʘ ʥʘ ʤʥʦʛʦʫʛʦʣʴʥʠʢʝ )(iW ʦʧʨʝʜʝʣʝʥʠʷ ʙʘʟʠʩʥʦʡ 

ʬʫʥʢʮʠʠ )(xNi
C
, ʨʘʚʥʘ ʥʫʣʶ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ ʠ ʝʜʠʥʠʮʝ ʚ i -ʤ ʫʟʣʝ, 1)( =ii xW

C
. ɼʦ-

ʧʦʣʥʠʪʝʣʴʥʦʝ ʪʨʝʙʦʚʘʥʠʝ (ʠ ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚ ʩʠʣʫ ʧʨʝʜʥʘʟʥʘʯʝʥʠʷ ʄʇɻ 

ʦʙʝʩʧʝʯʠʚʘʪʴ ʩʪʘʙʠʣʠʟʘʮʠʶ ʯʠʩʣʝʥʥʳʭ ʨʝʰʝʥʠʡ) ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʧʦ ʘʥʘʣʦʛʠʠ ʩ 

ʦʜʥʦʤʝʨʥʳʤ ʩʣʫʯʘʝʤ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ )(xWi
C

 ʜʦʣʞʥʳ ʠʤʝʪʴ ʙʦʣʴʰʠʡ ʚʝʩ ʩʦ ʩʪʦ-

ʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʣʝʤʝʥʪʦʚ jW , ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʥʦʛʦʫʛʦʣʴ-
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ʥʠʢ )(iW , ʬʫʥʢʮʠʷ )(xWi
C

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʨʘʟʤʝʨʥʦʩʪʠ n  ʠ, ʩʣʝʜʦʚʘʪʝʣʴ-

ʥʦ, ʦʥʘ ʥʝʧʨʝʨʳʚʥʘ ʥʘ jW . ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ )(xWi
C

 ʥʘ ʚʩʝʤ ʤʥʦʛʦ-

ʫʛʦʣʴʥʠʢʝ )(iW  ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ ʝʝ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʥʘ ʨʝʙʨʘʭ ʩʤʝʞʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʂʦʦʨʜʠʥʘʪʳ ʪʦʯʝʢ ʥʘ ʨʝʙʨʝ )( ki- , ʩʚʷʟʳʚʘʶʱʝʤ i -ʡ ʠ k -ʡ ʫʟʣʳ, 

ʦʧʨʝʜʝʣʷʶʪʩʷ ʢʘʢ: 

]1;0[,)1()( Íll+l-=l= ki xxxx
CCCC

.                                  (2.8) 

ɽʩʣʠ ʧʦʜʩʪʘʚʠʪʴ ʨʘʚʝʥʩʪʚʦ (2.8) ʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʠʥʦʤʘ )(xWi
C
, ʪʦ ʥʝʩʣʦʞʥʦ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʥʘ ʨʝʙʨʝ )( ki-  ʵʪʘ ʬʫʥʢʮʠʷ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʩʪʝʧʝʥʠ n , 

ʥʦ ʫʞʝ ʦʪ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ l. ɼʣʷ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʬʫʥʢʮʠʠ )(xWi
C

 ʥʘ ʨʝʙʨʝ 

)( ki-  ʥʫʞʥʦ, ʯʪʦʙʳ ʧʦʣʠʥʦʤʳ ʜʚʫʭ ʩʤʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʘ ʵʪʦʤ ʨʝʙʨʝ ʩʦʚʧʘʜʘʣʠ. 

ɼʣʷ ʵʪʦʛʦ ʧʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʥʘ ʢʘʞʜʦʤ ʨʝʙʨʝ )( ki-  ʬʫʥʢʮʠʷ ))(()( l=l xWW ii
C

, 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʘʷ ʢʘʢ ʬʫʥʢʮʠʷ ʧʘʨʘʤʝʪʨʘ l, ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʳʨʘʞʝʥʠʝʤ 

)()()( ,sign
, la+l=l

a ki
i

n
kiii WNW .                                     (2.9) 

ɿʜʝʩʴ ki ,a  ð ʥʝʢʦʪʦʨʳʡ ʥʘʩʪʨʦʝʯʥʳʡ ʯʠʩʣʦʚʦʡ ʧʘʨʘʤʝʪʨ (ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʦʜʥʦ-

ʤʝʨʥʳʤ ʩʣʫʯʘʝʤ ʙʫʜʝ ʥʘʟʳʚʘʪʴ ʝʛʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ), ʩʚʷʟʘʥʥʳʡ ʩ 

ʨʝʙʨʦʤ )( ki- , ʘ l-=l=l 1))(()( xNN ii
C

. ʌʫʥʢʮʠʠ )(,sign
l

a ki
i

nW  ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʢʘʭ ʯʠʩʣʘ ki ,a  ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʚʳʨʘʞʝʥʠʷʤʠ: 

]1;0[),1()(),()( Íll-=-ll=-l +- WWWW n
i

nn
i

n ,                    (2.10) 

ʛʜʝ )1(])1()1([)( 1-l-l-+¹l nn nnW , n  ð ʧʦʨʷʜʦʢ ʧʦʣʠʥʦʤʘ (ʮʝʣʦʝ 1>n ). ʇʨʠ 

1, -=a ki , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (2.9)-(2.10), ʬʫʥʢʮʠʷ )(liW  ʩʦʚʧʘʜʘʝʪ ʩ ʬʫʥʢʮʠʝʡ )(xWi  

ʚʳʨʘʞʝʥʠʡ (2.5)-(2.6) ʥʘ ʠʥʪʝʨʚʘʣʝ ];[ 1 ii xx- , ʘ ʝʩʣʠ 1, +=a ki , ʪʦ ʬʫʥʢʮʠʷ )(liW  

ʩʦʚʧʘʜʘʝʪ ʩ ʬʫʥʢʮʠʝʡ )(xWi  ʚʨrʘʞʝʥʠʡ (2.5)-(2.6) ʥʘ ʠʥʪʝʨʚʘʣʝ ];[ 1+ii xx  (ʧʨʠ 

1=ai  ʚ (2.5)-(2.6)). ʇʨʠ 0, =a ki  ʧʦʣʫʯʠʤ )()( l=l ii NW . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦ-

ʱʴʶ ʚʳʙʦʨʘ ʧʘʨʘʤʝʪʨʘ ki ,a  ʤʦʞʥʦ ʛʠʙʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʠʜ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʠ ʟʘ-

ʜʘʚʘʪʴ ʨʘʟʣʠʯʥʫʶ ʬʦʨʤʫ ʛʨʘʬʠʢʘ ʬʫʥʢʮʠʠ )(xWi
C

 ʥʘ ʢʘʞʜʦʤ ʨʝʙʨʝ )( ki-  ʠʟ )(iW . 

ʈʘʩʩʤʦʪʨʠʤ ʧʦʩʪʨʦʝʥʠʝ ʬʫʥʢʮʠʠ )(xWi
C

 ʜʣʷ ʩʣʫʯʘʷ 2=n  (ʪ.ʝ., ʢʚʘʜʨʘʪʠʯʥʳʝ 
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),( ki  

),( li  

),( lk  

)(l  

)(k  

)(i  

 
ʈʠʩ. 2.3. ʕʣʝʤʝʥʪ ɋj. 

 

ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʬʫʥʢʮʠʷ )(xWi
C

 ʥʘ ʵʣʝʤʝʥʪʝ jW  (ʩʫʞʝʥʠʝ )(xWi
C

 

ʥʘ jW ) ʟʘʜʘʝʪʩʷ ʧʦʣʠʥʦʤʦʤ  

.

)(),()(

2
2

2
12121

21

xgxfxxdxcxba

xWxxWxW

ijijijijijij

iijij
j

+++++=

=¹=
W

CC

                      (2.11) 

ʊʨʝʫʛʦʣʴʥʳʡ ʵʣʝʤʝʥʪ jW  ʠʤʝʝʪ ʚ ʩʚʦʝʤ ʩʦʩʪʘʚʝ ʚʝʨʰʠʥʫ ʩ ʥʦʤʝʨʦʤ i, ʜʚʝ ʜʨʫʛʠʝ 

ʚʝʨʰʠʥʳ ʧʫʩʪʴ ʠʤʝʶʪ ʥʦʤʝʨʘ k  ʠ l  (ʩʤ. ʨʠʩ. 2.2). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ 

ʢ ʬʫʥʢʮʠʠ )(xWi
C
, ʟʥʘʯʝʥʠʷ )(xWij

C
 ʥʘ ʨʝʙʨʘʭ )( ki-  ʠ )( li-  ʦʧʨʝʜʝʣʷʶʪʩʷ ʚʳʨʘ-

ʞʝʥʠʷʤʠ (2.9)-(2.10), ʘ ʥʘ ʨʝʙʨʝ )( lk-  ð ʥʫʣʝʚʳʝ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʝʩʪʠ ʥʝʠʟ-

ʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʬʫʥʢʮʠʠ )(xWij
C

 ʟʘʜʘʜʠʤ ʝʝ ʟʥʘʯʝʥʠʝ ʚ ʰʝʩʪʠ ʫʟʣʘʭ ʵʣʝ-

ʤʝʥʪʘ jW . ʂʨʦʤʝ ʫʟʣʦʚ ʚ ʚʝʨʰʠʥʘʭ ʪʨʝʫʛʦʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ jW  ʚʳʙʝʨʝʤ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʝ ʫʟʣʳ ʥʘ ʝʛʦ ʩʪʦʨʦʥʘʭ (ʥʘʧʨʠʤʝʨ, ʚ ʩʝʨʝʜʠʥʘʭ ʝʛʦ ʩʪʦʨʦʥ, ʢʘʢ ʠʟʦʙʨʘʞʝʥʦ 

ʞʠʨʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʠʩ. 2.3). ʊʦʯʢʠ ʥʘ ʩʝʨʝʜʠʥʝ ʩʪʦʨʦʥʳ, ʩʦʝʜʠʥʷʶʱʝʡ, ʥʘʧʨʠ-

ʤʝʨ, ʫʟʣʳ i -ʡ ʠ k -ʡ, ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʠʥʜʝʢʩʦʤ ki, , ʪʦ ʝʩʪʴ, ʟʘʧʠʩʳʚʘʪʴ ʚ ʚʠʜʝ 

2/)(, kiki xxx
CCC
+=  ʠʣʠ ʞʝ ),( ki  (ʩʤ. ʨʠʩ. 2.3). ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ 6 ʨʘʚʝʥʩʪʚ: 

î
î

í

î
î

ì

ë

a-=

a-=

===

=

.75,05,0)(

;75,05,0)(

;0)()()(

;1)(

,,

,,

,

liliij

kikiij

lkijlijkij

iij

xW

xW

xWxWxW

xW

C

C

CCC

C

          (2.12) 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦʩʣʝʜʥʠʭ ʜʚʫʭ ʨʘʚʝʥʩʪʚ ʙʳʣʦ 

ʫʯʪʝʥʦ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ 

75,025,03)5,0()5,0()5,0( 22 -=Ö-==-= +- WWW n
ii .  

ʀʩʧʦʣʴʟʫʝʤ ʪʝʧʝʨʴ ʨʘʚʝʥʩʪʚʘ (2.12) ʠ ʚʳʨʘʞʝʥʠʝ (2.11), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ija , ijb , ijc ,  ijd , ijf , ijg . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʫʶ ʩʠʩʪʝʤʫ 

ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ (ʪʫʪ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʟʥʘʯʝʥʠʝ );( 21 iii xxx =
C

, 

);( 2,1,, kikiki xxx =
C

) 
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g

f

d
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b

a

xxxxxx

xxxxxx

xxxxxx

xxxxxx

xxxxxx

xxxxxx

,

,

2
2,

2
1,2,1,2,1,

2
2,

2
1,2,1,2,1,

2
2,

2
1,2,1,2,1,

2
2

2
12121

2
2

2
12121

2
2

2
12121

75,05,0

75,05,0

0

0

0

1

1

1

1

1

1

1

.        (2.13) 

 

 

 

ʉ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʦʚ ki ,a  ʠ li ,a  ʤʦʞʥʦ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʚʠʜ ʛʨʘʬʠʢʘ 

ʬʫʥʢʮʠʠ )(xWij
C
. ɽʛʦ ʤʦʞʥʦ ʜʝʣʘʪʴ ʚʳʧʫʢʣʳʤ ʧʨʠ 0, ,, >aa liki , ʢʘʢ ʩʭʝʤʘʪʠʯʝʩʢʠ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2.4.ʘ, ʚʦʛʥʫʪʳʤ ʧʨʠ 0, ,, <aa liki  (ʩʤ. ʨʠʩ. 2.4.ʙ) ʠʣʠ ʚʳʧʫʢʣʦ-

ʚʦʛʥʫʪʳʤ ʧʨʠ 0,, <aa liki  (ʩʤ. ʨʠʩ. 2.4.ʚ). 

   

     ʘ)        ʙ)             ʚ)         

ʈʠʩ. 2.4. ʌʦʨʤʘ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʥʘ ʵʣʝʤʝʥʪʝ: ʘ) 0, ,, >aa liki ; ʙ) 0, ,, <aa liki ; ʚ) 

0,, <aa liki . 
 

 

ʋʨʘʚʥʝʥʠʝ (2.13) ʟʘʧʠʰʝʤ ʚ ʚʝʢʪʦʨʥʦ-ʤʘʪʨʠʯʥʦʤ ʚʠʜʝ 

llikki hhhpX
CCCC

,,0 a+a+= ,                                           (2.14) 

ʛʜʝ X  ð ʤʘʪʨʠʮʘ ʚ ʚʳʨʘʞʝʥʠʠ (2.13), ʚʝʢʪʦʨʳ T
ijijijijijij gfdcbap );;;;;(=

C
, 

Th )2/1;2/1;0;0;0;1(0=
C

, T
kh )0;4/3;0;0;0;0( -=
C

, T
lh )4/3;0;0;0;0;0( -=
C

. ʀʟ 

(2.14) ʧʦʣʫʯʘʝʤ llikki hXhXhXp
CCCC 1

,
1

,0
1 --- a+a+= , ʠʣʠ  

llikki pppp
CCCC

,,0 a+a+= ,                                          (2.15) 
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ʛʜʝ ʚʝʢʪʦʨ 0
1

0 hXp
CC -= , ʦʯʝʚʠʜʥʦ, ʩʦʜʝʨʞʠʪ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʦʣʠʥʦʤʘ 

j
xNxN iij W

¹ )()(
CC

, ʘ ʚʝʢʪʦʨʳ kk hXp
CC 1-=  ʠ ll hXp

CC 1-=  ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʢʦʪʦ-

ʨʳʭ ʧʦʣʠʥʦʤʦʚ (ʦʙʦʟʥʘʯʠʤ ʠʭ ʯʝʨʝʟ )(),( xW jki
C

 ʠ )(),( xW jli
C
) ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦ-

ʵʪʦʤʫ ʨʘʚʝʥʩʪʚʫ (2.15) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʝʝ ʨʘʚʝʥʩʪʚʦ ʜʣʷ ʬʫʥʢʮʠʡ: 

)()()()( ),(,),(, xWxWxNxW jlilijkikiijij
CCCC

a+a+= . 

ʇʦʣʠʥʦʤ )(),( xW jki
C

 ʦʪʣʠʯʝʥ ʦʪ ʥʫʣʷ ʥʘ ʨʝʙʨʝ )( ki-  ʠ ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʝʥ ʥʫʣʶ 

ʥʘ ʨʝʙʨʘʭ )( li-  ʠ )( lk-  ʵʣʝʤʝʥʪʘ jW . ʇʦʣʠʥʦʤ )(),( xW jli
C

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦ-

ʛʠʯʥʦ )(),( xW jki
C

 (ʩ ʫʯʝʪʦʤ ʟʘʤʝʥʳ ʠʥʜʝʢʩʦʚ). ʅʘ ʵʣʝʤʝʥʪʝ j¡W , ʩʤʝʞʥʳʤ ʩ ʵʣʝ-

ʤʝʥʪʦʤ jW  ʧʦ ʨʝʙʨʫ )( ki- , ʬʫʥʢʮʠʷ )(),( xW jki
C
¡  ʦʙʣʘʜʘʝʪ ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʚʦʡ-

ʩʪʚʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʶ 

îí

î
ì
ë

WÍ

WÍ
=

¡¡ ,),(

,),(
)(

),(

),(

),(
jjki

jjki

ki
xxW

xxW
xW CC

CC
C

 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʥʘ ʦʙʲʝʜʠʥʝʥʠʠ ʩʤʝʞʥʳʭ ʵʣʝʤʝʥʪʦʚ jj ¡WW 8 . ʌʫʥʢʮʠʷ )(),( xW ki
C

 

ð ʥʝʧʨʝʨʳʚʥʘ ʠ ʨʘʚʥʘ ʥʫʣʶ ʚʩʶʜʫ, ʢʨʦʤʝ ʤʥʦʞʝʩʪʚʘ jj ¡WW 8 , ʚ ʩʝʨʝʜʠʥʝ ʨʝʙʨʘ 

)( ki- , ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ, ʝʝ ʟʥʘʯʝʥʠʝ ʨʘʚʥʦ )4/3(- . ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘ-

ʟʦʤ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ ʜʣʷ ʚʩʝʭ ʨʝʙʝʨ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʫʟʣʘ ʩ ʥʦʤʝʨʦʤ i . 

ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ )(xWi
C

 ʥʘ ʤʥʦʞʝʩʪʚʝ )(iW  ʧʨʝʜʩʪʘʚʠʤʘ ʚ ʚʠʜʝ 

ä
Í

a+=

iKk
kikiii xWxNxW )()()( ),(,
CCC

,                                      (2.16) 

ʛʜʝ iK  ð ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʚʝʨʰʠʥ, ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʪʁʩʷ ʨʝʙʨʦʤ ʩ ʚʝʨʰʠʥʦʡ i  

(ʦʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʧʨʘʢʪʠʢʝ ʯʠʩʣʦ ʨʝʙʝʨ, ʚʳʭʦʜʷʱʠʭ ʠʟ ʥʝʢʦʪʦʨʦʛʦ ʫʟʣʘ i, ʨʝʜʢʦ 

ʧʨʝʚʳʰʘʝʪ ʯʠʩʣʦ 6). ʂʘʞʜʘʷ ʠʟ ʬʫʥʢʮʠʡ )(xNi
C

 ʠ )(),( xW ki

C
, ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

)(xWi
C

 ʟʘʜʘʶʪʩʷ ʩʚʦʠʤʠ ʦʪʜʝʣʴʥʳʤʠ ʚʳʨʘʞʝʥʠʷʤʠ ʥʘ ʢʘʞʜʦʤ ʠʟ ʵʣʝʤʝʥʪʦʚ jW , 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʤʥʦʞʝʩʪʚʦ )(iW . 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʦʥʝʯʥʦʤʝʨʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ  

ʜʚʫʤʝʨʥʦʛʦ ʧʨʦʮʝʩʩʘ ʂɼ ʤʝʪʦʜʦʤ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ I  ʤʥʦʞʝ-
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ʩʪʚʦ ʥʦʤʝʨʦʚ ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʤʥʦʞʝʩʪʚʘ W (ʩʤ. (2.7)) ʠ ʨʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ 

ʂɼ (ʩʤ. (1.10)) 
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u
,                       (2.17) 

ʛʜʝ ),,( xtuu
C

=  ʘ ʧʦʣʝ ʩʢʦʨʦʩʪʝʡ Txtvxtvxtv )),();,((),( 21
CCCC

=  ʠ ʜʠʬʬʫʟʠʦʥʥʳʡ ʢʦʵʬ-

ʬʠʮʠʝʥʪ ),( xt
C

k  ʟʘʜʘʥʳ. ʂʘʢ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʫʤʥʦʞʠʤ (2.17) ʥʘ ʚʝʩʦʚʫʶ 

ʬʫʥʢʮʠʶ )(xWi
C
, ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʫʟʣʫ IiÍ  (ʦʜʥʘʢʦ, ʢʘʢ ʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ, 

ʠʩʢʣʶʯʘʝʤ ʠʟ ʜʘʥʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʥʦʤʝʨʦʚ ʪʝ ʫʟʣʳ ʛʨʘʥʠʮʳ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʘʥʦ 

ʫʩʣʦʚʠʝ ɼʠʨʠʭʣʝ [10]) ʠ ʧʨʦʠʥʪʝʛʨʠʨʫʝʤ ʧʦ W, ʧʦʩʣʝ ʯʝʛʦ ʚ ʧʦʣʫʯʠʚʰʠʝʩʷ ʪʦʞ-

ʜʝʩʪʚʘ ʚʤʝʩʪʦ u  ʧʦʜʩʪʘʚʠʤ ʧʨʠʙʣʠʞʝʥʥʦʝ ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ  
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ɺ ʨʝʟʫʣʴʪʘʪʝ, ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʫʶ ʉʆɼʋ: 
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ʛʜʝ ig  ʷʚʣʷʝʪʩʷ ʩʣʘʛʘʝʤʳʤ, ʧʦʣʫʯʝʥʥʳʤ ʧʦʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʢʦ ʚʪʦʨʳʤ ʧʨʦʠʟʚʦʜ-

ʥʳʤ ʤʥʦʛʦʤʝʨʥʦʡ ʬʦʨʤʫʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ (ʠʣʠ ʬʦʨʤʫʣ ɻʨʠʥʘ ʜʣʷ 

ʦʧʝʨʘʪʦʨʘ ʃʘʧʣʘʩʘ) [121], 
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( );( 21 nnn=
C

 ˈ ʚʝʢʪʦʨ ʝʜʠʥʠʯʥʦʡ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʦʙʣʘʩʪʠ W). ʀʩʧʦʣʴʟʫʷ  

(2.20), ʫʯʝʪ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʜʘʣʝʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʩʜʝʣʘʥʦ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʚ ʧʦʜʨʘʟʜʝʣʝ 2.1, ʩʤ. ʪʘʢʞʝ ʧʦʜʨʦʙʥʦʝ ʠʟʣʦʞʝʥʠʝ ʚ 

[197] ʠ ʦʙʟʦʨ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʧʨʠʝʤʦʚ ʫʯʝʪʘ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ (ʚ ʦʩʦʙʝʥʥʦ-

ʩʪʠ,  ʤʝʪʦʜʘ ʰʪʨʘʬʥʳʭ/ʙʘʨʴʝʨʥʳʭ ʬʫʥʢʮʠʡ) ʚ [2, 7, 164]). 

ʉʠʩʪʝʤʫ (2.19) ʤʦʞʥʦ ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʩʪʠʪʴ ʧʫʪʝʤ ʫʧʨʦʱʝʥʠʷ ʚʳʨʘʞʝʥʠʷ ʚ 

ʧʨʘʚʦʡ ʯʘʩʪʠ, ʧʦʣʫʯʠʚʰʝʛʦʩʷ ʧʦʩʣʝ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʜʠʬʬʫʟʠʦʥʥʳʭ ʯʣʝʥʦʚ ʫʨʘʚ-

ʥʝʥʠʷ (2.17). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʩʠʣʫ (2.16) ʠʤʝʝʤ 
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ʂʦʵʬʬʠʮʠʝʥʪʳ }{ ,kia  ( iKkÍ ) ʤʦʞʥʦ ʚʳʙʨʘʪʴ ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʨʘʚʝʥʩʪʚʦ  
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ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʜʠʬʬʫʟʠʦʥʥʳʭ ʯʣʝʥʦʚ ʚ ʉʆɼʋ (2.19) ʩʦʚʧʘʜʝʪ ʩ 

ʘʧʧʨʦʢʩʠʤʘʮʠʝʡ, ʧʦʣʫʯʘʝʤʦʡ ʄʂʕ ɻʘʣʝʨʢʠʥʘ. ʀʤʝʥʥʦ ʵʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʧʨʠ-

ʤʝʥʝʥʠʠ ʄʇɻ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 2.1) (ʘ ʪʘʢʞʝ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʷʭ, ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʤʝʪʦʜʘ SUPG, ʩʤ. [26]). ʆʙʦʟʥʘ-

ʯʠʤ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʤʥʦʞʝʩʪʚʘ iK  ʩʠʤʚʦʣʦʤ K, ʘ ʩʘʤʠ ʵʣʝʤʝʥʪʳ ʵʪʦʛʦ ʤʥʦʞʝ-

ʩʪʚʘ ð Kkk ,,12 . ʊʦʛʜʘ ʥʘʙʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ki ,a , iKkÍ , ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʚʝʢʪʦʨ 
K

kikii R
K
Íaa=a T

,, ),,(
1
2

C
. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʝ (2.21) ʦʧʨʝʜʝʣʷʝʪ ʥʝʢʦ-

ʪʦʨʫʶ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ KR , ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʥʘʯʘʣʦ ʢʦʦʨʜʠʥʘʪ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ki ,a  ʚʠʜʘ q¢a || ,ki , iKkÍ  (q ð 

ʥʝʢʦʪʦʨʦʝ ʯʠʩʣʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʝʣʠʯʠʥʫ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʫʨʦʚʝʥʴ ʚʥʦʩʠʤʦʡ ʚ ʯʠʩʣʝʥʥʫʶ ʩʭʝʤʫ ʠʩʢʫʩʩʪʚʝʥʥʦʡ 

ʜʠʩʩʠʧʘʮʠʠ) ʟʘʜʘʶʪ ʤʥʦʛʦʤʝʨʥʳʡ ʢʫʙ ʚ KR . ʆʙʦʟʥʘʯʠʤ ʧʝʨʝʩʝʯʝʥʠʝ ʵʪʦʛʦ ʢʫʙʘ ʩ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʨʘʚʝʥʩʪʚʦʤ (2.21), ʩʠʤʚʦʣʦʤ iA. ʕʪʦ ʤʥʦʞʝʩʪʚʦ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʤʥʦʛʦʫʛʦʣʴʥʠʢ ʚ KR . ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ (2.21) ʤʦʞʥʦ ʩʧʨʦʝʢʪʠʨʦʚʘʪʴ 

ʚʝʢʪʦʨ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ia
C

 ʥʘ ʤʥʦʞʝʩʪʚʦ iA. ɺʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (2.21) ʧʦʟʚʦʣʷʝʪ 

ʥʝʩʢʦʣʴʢʦ ʫʧʨʦʩʪʠʪʴ ʩʠʩʪʝʤʫ (2.19) (ʩʤ. [198]). ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʯʠʩʣʝʥʥʦʡ ʘʧ-

ʧʨʦʢʩʠʤʘʮʠʠ ʩʪʘʮʠʦʥʘʨʥʦʡ ʟʘʜʘʯʠ ʠʟ ʉʆɼʋ (2.19) ʜʦʩʪʘʪʦʯʥʦ ʫʜʘʣʠʪʴ ʯʣʝʥʳ ʩ 
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ʈʠʩ. 2.5. ʕʣʝʤʝʥʪ ʚ ʪʨʝʭ-

ʤʝʨʥʦʤ ʩʣʫʯʘʝ. 

ʧʨʦʠʟʚʦʜʥʳʤʠ ʧʦ ʚʨʝʤʝʥʠ; ʧʨʠ ʵʪʦʤ, ʩʠʩʪʝʤʘ (2.19) ʩʪʘʥʦʚʠʪʩʷ ʩʠʩʪʝʤʦʡ ʘʣʛʝʙʨʘ-

ʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. 

 

2.3  ʆʙʦʙʱʝʥʠʝ ʧʨʝʜʣʦʞʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ ʪʨʝʭ-

ʤʝʨʥʳʡ ʩʣʫʯʘʡ 

 

ʇʦʣʴʟʫʷʩʴ ʧʨʝʜʳʜʫʱʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ (ʧʦʜʨʘʟʜʝʣ 2.1) ʠ 

ʜʚʫʭʤʝʨʥʦʛʦ (ʧʦʜʨʘʟʜʝʣ 2.2) ʩʣʫʯʘʝʚ, ʦʙʦʙʱʠʤ ʠʟʣʦʞʝʥʥʳʡ ʪʘʤ ʤʝʪʦʜ ʧʦʩʪʨʦʝʥʠʷ 

ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʥʘ ʩʣʫʯʘʡ ʪʨʝʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɹʫʜʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʟʘʤʳʢʘʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʦʙʣʘʩʪʠ 3RËW  ʧʨʝʜʩʪʘʚʠʤʦ ʚʳʨʘʞʝʥʠʝʤ 

8
s

sW=W , lklk ¸"Å=WW int1 ,                                (2.22) 

ʛʜʝ ʵʣʝʤʝʥʪʳ sW  ʷʚʣʷʶʪʩʷ ʪʝʪʨʘʵʜʨʘʤʠ. ʂʘʞʜʳʡ ʪʝʪʨʘʵʜʨ ʟʘʜʘʝʪʩʷ ʥʘʙʦʨʦʤ ʯʝ-

ʪʳʨʝʭ ʩʚʦʠʭ ʚʝʨʰʠʥ (ʫʟʣʦʚ ʩʝʪʢʠ) (ʠʟʦʙʨʘʞʝʥʥʳʭ 

ʯʝʨʥʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʠʩ. 2.5). ɽʩʪʝʩʪʚʝʥʥʦ ʧʦʪʨʝ-

ʙʦʚʘʪʴ ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʚʫʤʝʨʥʳʤ ʩʣʫʯʘʝʤ, ʯʪʦ ʫ 

ʩʤʝʞʥʳʭ ʧʦ ʨʝʙʨʫ, ʠʣʠ ʧʦ ʛʨʘʥʠ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʟ-

ʙʠʝʥʠʠ ʦʙʣʘʩʪʠ (2.22) ʦʙʱʠʤʠ ʜʦʣʞʥʳ ʙʳʪʴ ʨʝʙʨʦ 

ʠʣʠ ʛʨʘʥʴ ʮʝʣʠʢʦʤ.  

ʂʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ ʙʘʟʠʩʥʳʝ ʬʫʥʢʮʠʠ )(xNi
C

, 

);;( 321 xxxx=
C

, ʩʚʷʟʘʥʥʳʝ ʩ i -ʤ ʫʟʣʦʤ ix
C
, ʦʧʨʝʜʝ-

ʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 

8
iVs

si

Í

W=W )(  ʤʥʦʞʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʩʤʝʞʥʳʭ ʧʦ 

i -ʤʫ ʫʟʣʫ, ʪʦ ʝʩʪʴ, ʚ )(iW  ʚʭʦʜʷʪ ʪʝ ʵʣʝʤʝʥʪʳ sW , ʚ ʩʦʩʪʘʚ ʚʝʨʰʠʥ ʢʦʪʦʨʳʭ ʚʭʦ-

ʜʠʪ i -ʡ ʫʟʝʣ, iV  ð ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ ʪʘʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʆʯʝʚʠʜʥʦ, ʯʪʦ )(iW  ʚ̫ʣʷ-

ʝʪʩʷ ʤʥʦʛʦʛʨʘʥʥʠʢʦʤ. ʄʥʦʞʝʩʪʚʦ )(iW  ʚʦʟʴʤʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʬʫʥʢʮʠʠ 

)(xNi
C
. ʌʫʥʢʮʠʷ )(xNi

C
 ʨʘʚʥʘ ʝʜʠʥʠʮʝ ʚ i -ʤ ʫʟʣʝ, ʥʘ ʛʨʘʥʠʮʝ )(iW  ʨʘʚʥʘ ʥʫʣʶ ʠ 

ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʥʘ ʢʘʞʜʦʤ ʵʣʝʤʝʥʪʝ sW , ʯʪʦ ʚʭʦʜʠʪ ʚ )(iW . ʊʘʢʘʷ ʬʫʥʢʮʠʷ ʦʜ-

ʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ [172] ʩʣʝʜʫʶʱʠʤʠ ʫʩʣʦʚʠʷʤʠ 1)( =ii xN
C

 ʠ 0)( =si xN
C

 ʧʨʠ 
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is¸ . 

ɺʝʩʦʚʫʶ ʬʫʥʢʮʠʶ ʩ ʥʦʩʠʪʝʣʝʤ )(iW  ʧʦ ʘʥʘʣʦʛʠʠ ʩ ʜʚʫʭʤʝʨʥʳʤ ʩʣʫʯʘʝʤ 

ʦʧʨʝʜʝʣʠʤ ʬʦʨʤʫʣʦʡ (2.16). ɺ ʜʘʥʥʦʡ ʬʦʨʤʫʣʝ ʪʝʧʝʨʴ iK  ð ʤʥʦʞʝʩʪʚʦ ʥʦʤʝʨʦʚ 

ʚʝʨʰʠʥ ʤʥʦʛʦʛʨʘʥʥʠʢʘ )(iW , ʢʦʪʦʨʳʝ ʩʦʝʜʠʥʷʶʪʩʷ ʨʝʙʨʦʤ ʩ ʚʝʨʰʠʥʦʡ i. ʂʘʞʜʘʷ 

ʬʫʥʢʮʠʷ )(),( xW ki

C
 ʚ (2.16) ʩʚʷʟʘʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʡ ʨʝʙʨʦʤ )( ki- . ʆʙʦʟʥʘ-

ʯʠʤ ʯʝʨʝʟ ),( kiV  ʤʥʦʞʝʩʪʚʦ (ʩʧʠʩʦʢ) ʥʦʤʝʨʦʚ ʵʣʝʤʝʥʪʦʚ, ʩʤʝʞʥʳʭ ʧʦ ʨʝʙʨʫ )( ki- . 

ʇʦʣʦʞʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ 8
),(

),(

kiVs

ski

Í

W¹W  ʷʚʣʷʝʪʩʷ ʥʦʩʠʪʝʣʝʤ ʬʫʥʢʮʠʠ )(),( xW ki

C
. 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʨʝʙʨʘ )( ki- , ʦʧʨʝʜʝʣʷʝʤʦʡ ʚʳʨʘʞʝʥʠʝʤ (2.8) 

(ʦʜʥʘʢʦ ʚʝʢʪʦʨʳ ʚ ʜʘʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʪʝʧʝʨʴ ʩʯʠʪʘʝʤ ʪʨʝʭʤʝʨʥʳʤʠ), ʬʫʥʢʮʠʷ 

)())(()( ,sign
),(),( l=l=

a ki
i

n
kiki WxWxW
CC

. ɿʜʝʩʴ ʬʫʥʢʮʠʷ )(,sign
l

a ki
i

nW , ʚ ʩʚʦʶ ʦʯʝ-

ʨʝʜʴ, ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʢʘʭ ʯʠʩʣʘ ki ,a , ʢʘʢ ʠ ʚ ʜʚʫʭʤʝʨʥʦʤ ʩʣʫʯʘʝ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʚʳʨʘʞʝʥʠʷʤʠ (2.10). ʅʘ ʛʨʘʥʠʮʝ ),( kiW  (ʝʩʣʠ ʪʦʣʴʢʦ ʩʘʤʦ ʨʝʙʨʦ )( ki-  ʥʝ ʧʨʠ-

ʥʘʜʣʝʞʠʪ ʵʪʦʡ ʛʨʘʥʠʮʝ ð ʥʘʧʨʠʤʝʨ, ʢʦʛʜʘ ʦʥʦ ʣʝʞʠʪ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʯʝʪʥʦʡ ʦʙʣʘ-

ʩʪʠ W) )(),( xW ki

C
 ʨʘʚʥʘ ʥʫʣʶ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʦʩʦʙʝʥʥʦ ʧʨʦʩʪʦʡ ʚʠʜ ʬʫʥʢʮʠʠ )(),( xW ki

C
 ʠʤʝʶʪ ʧʨʠ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʠ ʧʦʣʠʥʦʤʦʚ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, 2=n  (ʚ ʵʪʦʤ ʩʣʫʯʘʝ )()( 22 l=l +-
ii WW ). ʈʘʩ-

ʩʤʦʪʨʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʥʘ ʵʣʝʤʝʥʪʝ sW  (ʩʤ. ʨʠʩ. 2.5) ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʫʥʢʮʠʠ 

)(),( xW ki
C

 ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ (ʯʝʨʝʟ )(),( xW ski
C

 ʦʙʦʟʥʘʯʘʝʤ ʩʫʞʝʥʠʝ ʬʫʥʢʮʠʠ 

)(),( xW ki
C

 ʥʘ ʵʣʝʤʝʥʪ sW ): 

.)(

)()(),,()(

3210319218
2

37

2
26

2
153423121321),(),(

xxaxxaxxaxa

xaxaxaxaxaaxxxWxW

ssss

ssssssskiski

++++

++++++==
C

 

 

 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʜʝʩʷʪʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ sra , 10,,12=r , ʪʨʝʙʫʝʪʩʷ ʟʘʜʘʪʴ ʟʥʘʯʝ-

ʥʠʝ )(),( xW ski
C

 ʚ 10-ʪʠ ʪʦʯʢʘʭ ʵʣʝʤʝʥʪʘ sW  ð ʚ ʝʛʦ ʯʝʪʳʨʝʭ ʚʝʨʰʠʥʘʭ ʠ, ʥʘʧʨʠ-

ʤʝʨ, ʚ ʩʝʨʝʜʠʥʘʭ ʝʛʦ ʰʝʩʪʠ ʨʝʙʝʨ (ʢʘʢ ʠʟʦʙʨʘʞʝʥʦ ʙʝʣʳʤʠ ʪʦʯʢʘʤʠ ʥʘ ʨʠʩ. 2.5). ɺʦ 
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ʚʩʝʭ ʪʦʯʢʘʭ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ )(),( xW ski
C

 ʩʣʝʜʫʝʪ ʚʟʷʪʴ ʥʫʣʝʚʳʤ, ʢʨʦʤʝ ʩʝʨʝʜʠʥʳ 

ʨʝʙʨʘ )( ki- , ʛʜʝ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (2.10) ʠ ʨʘʚʝʥʩʪʚʘ 4/3)2/1(2 =W , ʩʣʝʜʫʝʪ ʧʦʣʦ-

ʞʠʪʴ 4/3)2/)((),( -=+ kiski xxW
CC

. ʂʦʵʬʬʠʮʠʝʥʪʳ sra , 10,1=r , ʤʦʞʥʦ ʙʫʜʝʪ ʦʧʨʝ-

ʜʝʣʠʪʴ, ʨʝʰʘʷ ʧʦʣʫʯʝʥʥʫʶ ʩʠʩʪʝʤʫ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʅʝ-

ʩʣʦʞʥʦ ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʨʠ ʪʘʢʦʤ ʦʧʨʝʜʝʣʝʥʠʠ ʬʫʥʢʮʠʷ 0)(),( ¹xW ski
C

 ʥʘ ʚʩʝʭ ʛʨʘ-

ʥʷʭ ʪʝʪʨʘʵʜʨʘ sW , ʚ ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʠʪ ʨʝʙʨʦ )( ki- . ɽʩʣʠ ʬʫʥʢʮʠʷ )(),( xW ski
C

 ʚʳ-

ʙʨʘʥʘ ʚ ʚʠʜʝ ʧʦʣʠʥʦʤʘ ʧʦʨʷʜʢʘ n
C
, ʪʦ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥ-

ʪʦʚ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ ʥʝʦʙʭʦʜʠʤʦ ʟʘʜʘʪʴ ʥʘ ʢʘʞʜʦʤ ʨʝʙʨʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʝʛʦ ʚʝʨ-

ʰʠʥʘʤ 1-n  ʫʟʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʟʘʜʘʥʳ ʞʝʣʘʝʤʳʝ ʟʥʘʯʝʥʠʷ ʵʪʦʛʦ ʧʦʣʠʥʦʤʘ. ʆʧʨʝ-

ʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʪʘʢʞʝ ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʨʠ ʪʘʢʦʤ ʟʘʜʘʥʠʠ ʬʫʥʢʮʠʠ )(),( xW ki

C
, iKkÍ , ʙʫʜʫʪ ʥʝʧʨʝʨʳʚʥʳ ʥʘ ʚʩʝʡ ʦʙʣʘʩʪʠ 

W, ʦʪʣʠʯʥʳ ʦʪ ʥʫʣʷ ʥʘ ),( kiW  ʠ ʨʘʚʥʳ ʥʫʣʶ ʥʘ ʝʛʦ ʛʨʘʥʠʮʝ. ʏʠʩʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ 

ki ,a  ʧʦʟʚʦʣʷʶʪ ʛʠʙʢʦ ʠʟʤʝʥʷʪʴ ʬʦʨʤʫ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ )(xWi
C

. 

ʆʩʪʘʥʦʚʠʤʩʷ ʥʘ ʦʩʦʙʝʥʥʦʩʪʷʭ ʧʨʦʛʨʘʤʤʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʄʇɻ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʧʦʩʪʨʦʝʥʥʳʭ ʬʫʥʢʮʠʡ. ʅʝʦʙʭʦʜʠʤʳʤ ʵʪʘʧʦʤ ʧʨʠʤʝʥʝʥʠʷ ʄʇɻ ʷʚʣʷʝʪʩʷ 

ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ W ʥʘ ʵʣʝʤʝʥʪʳ sW  (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ð ʪʝʪʨʘʵʜʨʳ) 

[2, 3, 7, 172]. ʕʪʘ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦʡ, ʦʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʤʥʦʛʠʝ ʘʣʛʦʨʠʪʤʳ ʨʘʟʙʠʝʥʠʷ ʜʦʩʪʫʧʥʳ ʚ ʚʠʜʝ ʛʦʪʦʚʳʭ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ, 

ʚʩʪʨʦʝʥʥʳʭ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ð ʪʘʢʠʝ, ʥʘʧʨʠʤʝʨ, ʢʘʢ ʰʠʨʦʢʦ-

ʠʟʚʝʩʪʥʘʷ ʩʠʩʪʝʤʘ MATLAB. ʈʝʟʫʣʴʪʘʪʦʤ ʨʘʟʙʠʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʩʩʠʚʳ ʢʦʦʨʜʠʥʘʪ 

ʫʟʣʦʚ ʨʘʟʙʠʝʥʠʷ ʠ ʤʘʩʩʠʚ ʵʣʝʤʝʥʪʦʚ. ʂʘʞʜʳʡ ʵʣʝʤʝʥʪ sW  ʦʜʥʦʟʥʘʯʥʦ ʭʘʨʘʢʪʝʨʠ-

ʟʫʝʪʩʷ ʥʘʙʦʨʦʤ ʥʦʤʝʨʦʚ ʩʚʦʠʭ ʚʝʨʰʠʥ (ʜʣʷ ʪʝʪʨʘʵʜʨʘ ʯʠʩʣʦ ʚʝʨʰʠʥ ʨʘʚʥʦ 4). ɼʣʷ 

ʢʘʞʜʦʡ i -ʦʡ ʚʝʨʰʠʥʳ ʵʣʝʤʝʥʪʘ ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʠ 

)(xNis
C

 ʥʘ ʵʣʝʤʝʥʪʝ sW , ʩʚʷʟʘʥʥʦʡ ʩ ʵʪʠʤ ʫʟʣʦʤ, ʛʜʝ )(xNis
C
, ʢʘʢ ʠ ʧʨʝʞʜʝ, ʦʙʦʟʥʘ-

ʯʘʝʪ ʩʫʞʝʥʠʝ ʙʘʟʠʩʥʦʡ ʬʫʥʢʮʠʠ )(xNi
C

 ʥʘ ʵʣʝʤʝʥʪʝ sW . ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫ-

ʯʘʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ )(xNi
C

 ʬʫʥʢʮʠʷ )(xNis
C

 ʦʜʥʦ-

ʟʥʘʯʥʦ ʟʘʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 4-ʭ ʧʘʨʘʤʝʪʨʦʚ [172]. ɼʣʷ ʢʘʞʜʦʛʦ ʨʝʙʨʘ )( ki-  ʵʣʝ-
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ʤʝʥʪʘ sW  ʥʝʦʙʭʦʜʠʤʦ ʚʳʯʠʩʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʬʫʥʢʮʠʡ )(),( xW ski

C
. ʂʘʞʜʘʷ ʪʘʢʘʷ 

ʬʫʥʢʮʠʷ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʝʪʩʷ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, ʩ ʧʦʤʦʱʴʶ ʜʝʩʷʪʠ ʚʝʱʝ-

ʩʪʚʝʥʥʳʭ ʯʠʩʝʣ, ʯʠʩʣʦ ʵʪʠʭ ʬʫʥʢʮʠʡ ʨʘʚʥʦ ʰʝʩʪʠ (ʢʦʣʠʯʝʩʪʚʫ ʨʝʙʝʨ ʪʝʪʨʘʵʜʨʘ). 

ʇʝʨʝʯʠʩʣʝʥʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʢʘʞʜʦʤʫ ʵʣʝʤʝʥʪʫ, ʥʝ ʷʚʣʷʝʪʩʷ ʠʟʙʳ-

ʪʦʯʥʦʡ. ɽʝ ʫʜʦʙʥʦ ʭʨʘʥʠʪʴ, ʥʘʧʨʠʤʝʨ, ʚ ʚʠʜʝ ʩʪʨʫʢʪʫʨʳ [199]. ʇʨʠ ʣʦʢʘʣʴʥʦʤ ʠʟ-

ʤʝʥʝʥʠʠ ʠʩʭʦʜʥʦʛʦ ʨʘʟʙʠʝʥʠʷ ʦʙʣʘʩʪʠ (ʥʘʧʨʠʤʝʨ, ʚ ʮʝʣʷʭ ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʙʦ-

ʣʝʝ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʠ) ʥʝʦʙʭʦʜʠʤʦ ʦʙʥʦʚʠʪʴ ʠʥʬʦʨʤʘʮʠʶ ʪʦʣʴʢʦ ʜʣʷ ʥʦʚʳʭ ʵʣʝ-

ʤʝʥʪʦʚ, ʘ ʵʣʝʤʝʥʪʳ, ʥʝ ʚʭʦʜʷʱʠʝ ʚ ʥʦʚʦʝ ʨʘʟʙʠʝʥʠʝ, ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʫʜʘʣʠʪʴ ʠʟ 

ʩʧʠʩʢʘ ʵʣʝʤʝʥʪʦʚ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʧʦʣʫʜʠʩʢʨʝʪʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʄʇɻ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʴ ʚʳʯʠʩʣʷʪʴ ʠʥʪʝʛʨʘʣʳ ʚʠʜʘ 

ñW WdxWLxNLxtg ji ))(())((),( 21
CC

,                                   (2.23) 
 

ʛʜʝ ),( xtg
C

 ð ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ (ʥʘʧʨʠʤʝʨ, ʢʘʢʦʡ-ʣʠʙʦ ʠʟ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʰʘ-

ʝʤʦʛʦ ʫʨʘʚʥʝʥʠʷ), ʘ 1L , 2L  ð ʥʝʢʦʪʦʨʳʝ (ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ) ʦʧʝʨʘʪʦʨʳ. ʈʘʩ-

ʩʤʦʪʨʠʤ, ʥʘʧʨʠʤʝʨ, ʩʣʫʯʘʡ, ʢʦʛʜʘ 1L  ʠ 2L  ð ʪʦʞʜʝʩʪʚʝʥʥʳʝ ʦʧʝʨʘʪʦʨʳ. ɼʣʷ ʵʪʦ-

ʛʦ ʩʣʫʯʘʷ ʧʦʣʫʯʠʤ  

.)()(),()()(),(

)()(),()()(),(

),()(

),(,

)()(

)()(

ä ññ

ññ

Í WWWW

WWW

Wa+W=

=W=W

jKk kji

kjikj

ji

ji

ji

jiji

dxWxNxtgdxNxNxtg

dxWxNxtgdxWxNxtg

11

1

CCCCCC

CCCCCC

    (2.24) 

ʅʝʩʣʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ  

)()(),(),( kjjkkj WW=W=W 1 ,   kjjkkj VVVV 1== ),(),( .                      (2.25) 

ʈʘʩʩʤʦʪʨʠʤ, ʢʘʢ ʧʨʦʛʨʘʤʤʥʦ ʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʚʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʦʚ, ʚʭʦʜʷ-

ʱʠʝ ʚ ʧʨʘʚʫʶ ʯʘʩʪʴ (2.24). ʕʪʠ ʠʥʪʝʛʨʘʣʳ ʧʨʝʜʩʪʘʚʠʤʳ ʚ ʚʠʜʝ ʩʫʤʤʳ ʠʥʪʝʛʨʘʣʦʚ 

ʧʦ ʵʣʝʤʝʥʪʘʤ sW , ʚʭʦʜʷʱʠʤ ʚ )(iW , )( jW , ),( kjW . ʉʧʠʩʢʠ jV  ʠ jK  ʤʦʞʥʦ ʧʦ-

ʩʪʨʦʠʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ j  ʧʝʨʝʙʠʨʘʷ ʚʩʝ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥ-

ʪʦʚ. ɺ ʩʧʠʩʦʢ jV  ʚʢʣʁʯʘʶʪʩʷ ʚʩʝ ʪʝ ʥʦʤʝʨʘ ʵʣʝʤʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʚ ʩʚʦʝʤ ʩʦ-

ʩʪʘʚʝ ʚʝʨʰʠʥʫ ʩ ʥʦʤʝʨʦʤ j. ʆʩʪʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʪʘʢʦʛʦ ʵʣʝʤʝʥʪʘ (ʦʪʣʠʯʥʳʝ ʦʪ 
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j) ʚʢʣʶʯʘʶʪʩʷ ʚ ʩʧʠʩʦʢ jK , ʧʦʩʢʦʣʴʢʫ ʚ ʪʝʪʨʘʵʜʨʝ ʢʘʞʜʘʷ ʠʟ ʚʝʨʰʠʥ ʩʦʝʜʠʥʷʝʪ-

ʩʷ ʨʝʙʨʘʤʠ ʩʦ ʚʩʝʤʠ ʦʩʪʘʣʴʥʳʤʠ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʪʦʛʦ ʧʝʨʝʙʦʨʘ ʚʦʟʤʦʞʥʳʝ ʧʦʚʪʦ-

ʨʷʶʱʠʝʩʷ ʥʦʤʝʨʘ ʠʩʢʣʶʯʘʶʪʩʷ ʠʟ ʩʧʠʩʢʘ jK . ɺ ʨʝʟʫʣʴʪʘʪʝ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʢʘʟʘʥʥʳʭ ʤʥʦʞʝʩʪʚ ʠ ʩʦʦʪʥʦʰʝʥʠʡ (2.25) ʧʦʣʫʯʘʝʤ (ʜʣʷ ʣʶʙʳʭ ʟʥʘʯʝʥʠʡ ʠʥʜʝʢ-

ʩʦʚ i  ʠ j ) 
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CCC

CCCCCC

            (2.26) 

ɺʳʯʠʩʣʝʥʠʝ ʠʥʪʝʛʨʘʣʘ (2.23) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʘʥʘʣʦʛʠʯʥʦ ʩʣʫʯʘʶ (2.24) 

ʠ (2.26). ɼʣʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʳʯʠʩʣʝʥʠʷ ʠʥʪʝʛʨʘʣʦʚ ʠʟ (2.26) ʥʘ ʪʝʪʨʘʵʜʨʝ sW  

ʫʜʦʙʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʢʫʙʘʪʫʨʥʳʤʠ ʬʦʨʤʫʣʘʤʠ (ʩʤ. [3]), ʧʨʝʜʥʘ-

ʟʥʘʯʝʥʥʳʤʠ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʠ ʩʧʦʩʦʙʥʳʤʠ ʚʳʯʠʩʣʷʪʴ ʠʥʪʝʛʨʘʣʳ ʥʘ ʪʝʪʨʘʵʜʨʝ ʩ 

ʥʘʧʝʨʝʜ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʴʶ. ɿʘʤʝʪʠʤ, ʯʪʦ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʧʦʜʳʥʪʝʛʨʘʣʴʥʳʝ 

ʬʫʥʢʮʠʠ ʷʚʣʷʶʪʩʷ ʧʦʣʠʥʦʤʠʘʣʴʥʳʤʠ, ʫʢʘʟʘʥʥʳʝ ʠʥʪʝʛʨʘʣʳ ʜʘʞʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩ-

ʩʯʠʪʘʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠ [172, 3]. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ (2.26), ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʡ ʧʘʨʘʤʝʪʨ 

kj ,a  ʚʳʥʝʩʝʥ ʟʘ ʟʥʘʢ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ, ʦʜʥʘʞʜʳ ʚʳʯʠʩʣʠʚ ʠʥʪʝʛʨʘ-

ʣʳ ʜʣʷ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʨʘʟʙʠʝʥʠʷ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʧʦʚʪʦʨʥʳʭ ʨʘʩʯʝʪʦʚ ʟʘʜʘʯʠ ʧʨʠ ʜʨʫʛʠʭ ʟʥʘʯʝʥʠʷʭ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ (ʘ ʚ ʩʣʫ-

ʯʘʝ, ʢʦʛʜʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ x
C
, ʪʦ ʜʘʞʝ ʠ ʚ ʨʘʟʥʳʭ ʟʘʜʘʯʘʭ 

ʜʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ). ɺʳʙʦʨʦʤ kj ,a , ʢʘʢ ʧʦʢʘʟʳʚʘʶʪ ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʜʘʣʴ-

ʥʝʡʰʝʤ ʧʨʠʤʝʨʳ, ʤʦʞʥʦ ʛʠʙʢʦ ʚʣʠʷʪʴ ʥʘ ʩʚʦʡʩʪʚʘ ʨʝʰʝʥʠʡ ʧʦʣʫʯʘʶʱʠʭʩʷ ʚ ʨʝ-

ʟʫʣʴʪʘʪʝ ʧʨʠʤʝʥʝʥʠʷ ʄʇɻ  ʯʠʩʣʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʡ, ʜʦʙʠʚʘʷʩʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ 

ʪʦʯʥʦʩʪʠ ʠʭ ʨʝʰʝʥʠʷ (ʩʤ. ʪʘʢʞʝ [196ï198]). 

 

2.4  ʆʨʛʘʥʠʟʘʮʠʷ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ 

 

ʈʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʚʝʩʦʚʳʭ ʬʫʥʢ-

ʮʠʷʭ, ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ; ʦʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʠʛʨʘʝʪ ʙʦʣʴ-
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ʰʫʶ ʨʦʣʴ ʚ ʪʝʦʨʠʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂʕ (ʩʤ. [24, 25, 81], ʘ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣʳ 

1.2 ʠ 1.3), ʪʘʢ ʢʘʢ ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʯʠʩʣʝʥʥʘʷ ʩʭʝʤʘ ʥʝ 

ʙʫʜʝʪ ʦʙʣʘʜʘʪʴ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʳʤʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʙʦʣʝʝ ʪʦʛʦ, 

ʧʨʠ ʥʝʧʨʘʚʠʣʴʥʦʤ ʚʳʙʦʨʝ ʟʥʘʢʦʚ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʭʝʤʫ ʙʫʜʝʪ ʚʚʝʜʝʥʘ ʦʪʨʠʮʘʪʝʣʴ-

ʥʘʷ ʜʠʩʩʠʧʘʮʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ "ʨʘʟʨʫʰʠʪʴ" ʨʝʰʝʥʠʝ). ɼʘʥʥʳʡ ʚʦʧʨʦʩ ʩʪʘʚʠʪʩʷ 

ʜʣʷ ʚʩʝʭ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʄʂʕ, ʧʦʩʢʦʣʴʢʫ ʚʩʝ ʵʪʠ ʤʝʪʦʜʳ ʚ ʪʦʤ 

ʠʣʠ ʠʥʦʤ ʚʠʜʝ ʠʩʧʦʣʴʟʫʶʪ ʧʦʥʷʪʠʝ "ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ". ɺʦʧʨʦʩ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ (ʧʦ ʪʦʤʫ, ʠʣʠ ʠʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʚʳʨʘʞʝʥʥʦʤʫ ʯʝʨʝʟ ʥʝʢʦʪʦʨʫʶ ʥʦʨʤʫ 

ʫʢʣʦʥʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʦʪ ʠʩʪʠʥʥʦʛʦ) ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʚ ʥʝʢʦʪʦʨʳʭ ʯʘʩʪʥʳʭ ʩʠʪʫʘʮʠʷʭ (ʥʘʧʨʠʤʝʨ, ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ 

ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ) ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʨʝʰʝʥ ʪʝʦʨʝʪʠʯʝʩʢʠ [2, 9, 24, 28], 

ʦʜʥʘʢʦ, ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ (ʪʝʤ ʙʦʣʝʝ, ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʤʥʦʛʦʤʝʨʥʳʭ ʠ ʥʝʣʠʥʝʡ-

ʥʳʭ ʫʨʘʚʥʝʥʠʡ), ʨʝʰʝʥʠʷ ʥʝ ʠʤʝʝʪ [1, 2, 9, 14, 24, 25, 28, 81] (ʩʤ. ʪʘʢʞʝ ʢʦʤʤʝʥʪʘ-

ʨʠʠ ʚ ʧʦʜʨʘʟʜʝʣʝ 1.3 ʧʦ ʧʦʚʦʜʫ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦ-

ʨʦʤ ʯʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʦʚʧʘʜʘʝʪ ʩ ʪʦʯʥʳʤ ʚ ʫʟʣʘʭ). ɺ ʚʦʧʨʦʩʝ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠ-

ʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʝʰʝʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ ʯʘʩʪʦ ʧʦʣʴʟʫʶʪʩʷ ʵʚʨʠ-

ʩʪʠʯʝʩʢʠʤʠ ʩʦʦʙʨʘʞʝʥʠʷʤʠ, ʦʩʥʦʚʘʥʥʳʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʥʘ ʘʥʘʣʦʛʠʷʭ ʩ ʙʦʣʝʝ ʧʨʦ-

ʩʪʳʤʠ, "ʤʦʜʝʣʴʥʳʤʠ" ʟʘʜʘʯʘʤʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʜʘʥʥʳʡ ʚʦʧʨʦʩ ʨʝʰʝʥ (ʚ ʢʘʢʦʡ-ʪʦ 

ʤʝʨʝ, ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ) [14, 24, 25, 32, 107] ð ʢʨʠʪʝʨʠʝʤ ʦʪʙʦ-

ʨʘ ʣʫʯʰʠʭ ʚʘʨʠʘʥʪʦʚ ʚʳʙʦʨʘ ʧʨʠ ʵʪʦʤ ʩʢʦʨʝʝ ʚʳʩʪʫʧʘʝʪ ʧʨʘʢʪʠʢʘ (ʦʪʩʫʪʩʪʚʠʝ ʚ 

ʨʘʩʯʝʪʘʭ ʥʝ ʠʤʝʶʱʠʭ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ ʦʩʮʠʣʣʷʮʠʡ, ʘʜʝʢʚʘʪʥʦʩʪʴ ʬʠʟʠʢʝ ʧʨʦ-

ʮʝʩʩʘ), ʥʝʞʝʣʠ ʩʪʨʦʛʦʝ ʦʙʦʩʥʦʚʘʥʠʝ ʩʭʦʜʠʤʦʩʪʠ (ʩʤ. [32, 84, 105, 106, 108, 181]). 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʝʜʣʘʛʘʝʤʳʡ ʚʘʨʠʘʥʪ ʚʳʙʦʨʘ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ  

uuv Dk=ÐÖ
C

                                                    (2.27) 
 

ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʤ ʄʇɻ ʩ ʧʦʩʪʨʦʝʥʥʳʤʠ ʚ ʨʘʟʜʝʣʝ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ: 

))(( ,,, kikiki F gaq=a b .                                          (2.28) 

ɺ ʬʦʨʤʫʣʝ (2.28) b ð ʥʝʢʦʪʦʨʦʝ ʬʠʢʩʠʨʦʚʘʥʥʦʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʬʫʥʢʮʠʷ 
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 ʠ 

ʚʝʢʪʦʨʘ ikki xxh
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 ʚ ʫʟʝʣ kx

C
 (ʚʤʝʩʪʦ iv

C
 ʪʘʢʞʝ ʤʦʞʥʦ 

ʚʟʷʪʴ ʥʝʢʦʪʦʨʦʝ ʚʟʚʝʰʝʥʥʦʝ ʩʨʝʜʥʝʝ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʚ i -ʤ ʠ k -ʤ ʫʟʣʘʭ), ki ,q  ð 

ʥʝʢʦʪʦʨʘʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʢʦʥʩʪʘʥʪʘ, ʫʚʝʣʠʯʝʥʠʝ ʠʣʠ ʫʤʝʥʴʰʝʥʠʝ ʢʦʪʦʨʦʡ ʧʨʠ-

ʚʦʜʠʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢ ʫʚʝʣʠʯʝʥʠʶ ʠʣʠ ʫʤʝʥʴʰʝʥʠʶ ʚʚʦʜʠʤʦʡ ʚ ʯʠʩʣʝʥʥʫʶ ʩʭʝ-

ʤʫ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʩʩʠʧʘʮʠʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʜʣʷ ʥʫʞʜ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʨʘʩʯʝʪʦʚ ʚʧʦʣʥʝ ʜʦʩʪʘʪʦʯʥʦ ʚʳʙʠʨʘʪʴ ʝʝ ʠʟ ʧʨʦʤʝʞʫʪʢʘ ]2;0[ . ʋʚʝʣʠʯʝʥʠʝ ʵʪʦʡ 

ʢʦʥʩʪʘʥʪʳ ʤʦʞʝʪ ʧʦʥʘʜʦʙʠʪʴʩʷ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʚ ʨʝʰʝʥʠʠ ʙʦʣʴʰʠʭ ʛʨʘʜʠʝʥ-

ʪʦʚ ʠ ʥʝʬʠʟʠʯʝʩʢʠʭ ʦʩʮʠʣʣʷʮʠʡ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʥʢʠʭ ʩʣʦʷʭ [2, 9, 24] (ʧʦ-

ʩʢʦʣʴʢʫ ʫʚʝʣʠʯʝʥʠʝ ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʧʨʠʚʦʜʠʪ ʢ "ʤʦʥʦʪʦʥʠʟʘʮʠʠ" ʯʠʩ-

ʣʝʥʥʳʭ ʩʭʝʤ ʠ ʩʛʣʘʞʠʚʘʥʠʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ, ʨʘʟʨʳʚʦʚ ʠ ʩʢʘʯʢʦʚ, ʩʤ. ʧʦʜʨʘʟʜʝʣ 

1.2). ʇʨʠ 0=q , ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ, ʧʦʣʫʯʘʝʤ ʢʣʘʩʩʠʯʝʩʢʠʡ ʄʂʕ ɻʘʣʝʨʢʠʥʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʚʳʨʘʞʝʥʠʡ ki ,g  ʚ 

(2.28) ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʝʣʠʯʠʥʳ )( ,kiga  ʦʪ ʫʛʣʘ ʤʝʞʜʫ 

ʚʝʢʪʦʨʘʤʠ iv
C

 ʠ kih ,

C
. ʂʦʛʜʘ ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ iv

C
 ʠ kih ,

C
 ʷʚʣʷʝʪʩʷ ʪʫʧʳʤ, ʠʭ 

ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦ, ʠ ʚ ʩʣʫʯʘʝ ʠʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʡ ʥʘʧʨʘʚ-

ʣʝʥʥʦʩʪʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ )( ,kiga  (ʠ ʩʦ-

ʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʘʨʘʤʝʪʨ ki ,a )  ʪʘʢʞʝ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʘ ʚʝʩʦʚʘʷ ʬʫʥʢʮʠʷ (ʩʤ. 

(2.16)) ʥʘ ʨʝʙʨʝ )( ki-  ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʠ ʚʳʧʫʢʣʦʡ ʚʚʝʨʭ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʚʝ-

ʰʠʚʘʥʠʝ ʚʳʨʘʞʝʥʠʡ ʚ ʯʠʩʣʝʥʥʳʭ ʘʧʧʨʦʢʩʠʤʘʮʠʷʭ ʢʦʤʧʦʥʝʥʪʦʡ )(),( xW ki
C

 ʚʝʩʦʚʦʡ 

ʬʫʥʢʮʠʠ ʚ ʧʨʝʜʝʣʘʭ ʩʚʦʝʛʦ ʥʦʩʠʪʝʣʷ ʩ ʙ·ʣʴʰʠʤ ʚʝʩʦʤ ʩʦ ʩʪʦʨʦʥʳ ʥʘʙʝʛʘʶʱʝʛʦ 

ʧʦʪʦʢʘ (ʪʦ ʝʩʪʴ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʝʢʪʦʨʫ iv
C
). ɸʥʘʣʦʛʠʯʥʦ, ʝʩʣʠ 

ʥʘʧʨʘʚʣʝʥʠʷ ʚʝʢʪʦʨʦʚ iv
C

 ʠ kih ,

C
 ʦʙʨʘʟʫʶʪ ʦʩʪʨʳʡ ʫʛʦʣ, )( ,kiga  ʠ ki ,a  ʙʫʜʫʪ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʤʠ, ʘ )(),( xW ki
C

 ʥʘ ʨʝʙʨʝ )( ki-  ʚʳʧʫʢʣʦʡ ʚʥʠʟ, ʠ ʪʦʛʜʘ ʧʨʠ ʚʟʚʝʰʠʚʘʥʠʠ 
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ʥʝʚʷʟʢʠ ʚʣʠʷʥʠʝ ʚʳʨʘʞʝʥʠʡ ʩʠʩʪʝʤʳ ʚʜʦʣʴ ʧʦʪʦʢʘ ʙʫʜʝʪ ʫʤʝʥʴʰʝʥʦ (ʧʦ ʩʨʘʚʥʝ-

ʥʠʶ ʩ ʥʘʧʨʘʚʣʝʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʪʦʢʘ ʪʫʧʦʡ ʫʛʦʣ). ʂʦʛʜʘ 

ʞʝ ʚʝʢʪʦʨʳ iv
C

 ʠ kih ,

C
 ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ, ʪʦ ,0, =gki  ʠ ʪʦʛʜʘ 0)( ,, =ga=a kiki  (ʩʣʝ-

ʜʦʚʘʪʝʣʴʥʦ, ʧʨʠ ʚʟʚʝʰʠʚʘʥʠʠ ʥʝʚʷʟʢʠ ʢʦʵʬʬʠʮʠʝʥʪ ki ,a  ʥʝ ʙʫʜʝʪ ʚʥʦʩʠʪʴ ʚʢʣʘʜ ʚ 

ʩʦʟʜʘʥʠʝ ʚʝʣʠʯʠʥʳ ʜʠʬʬʫʟʠʠ ʧʦʧʝʨʝʢ ʧʦʪʦʢʘ, ʩʤ. ʧʦʜʨʘʟʜʝʣ 1.2). 

ʇʘʨʘʤʝʪʨ b ʚ ʚʳʨʘʞʝʥʠʠ (2.28) ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʰʠʨʠʥʫ "ʢʦʨʠʜʦʨʘ", 

ʚ ʢʦʪʦʨʦʤ ʚʝʣʠʯʠʥʘ ki ,a  ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ )( ,kiga . ʏʝʤ ʙʦʣʴʰʠʤ ʙʫʜʝʪ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ b, ʪʝʤ ʤʝʥʴʰʝʡ ʷʚʣʷʝʪʩʷ ʵʪʘ ʰʠʨʠʥʘ. ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʧʦʣʦʞʠʚ ʬʦʨ-

ʤʘʣʴʥʦ +¤=b  ʚ (2.28), ʚʠʜʠʤ, ʯʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ki ,a  ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʚʳʨʘʞʝʥʠʝ 

))(sign( ,,, kikiki gaq=a .                                           (2.29) 

ɺʘʨʠʘʥʪ ʚʳʙʦʨʘ (2.29) ʧʘʨʘʤʝʪʨʦʚ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʨʘʙʦʪʝ 

[196] ʧʨʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ɹʶʨʛʝʨʩʘ (ʠ, ʚ ʜʘʣʴʥʝʡʰʝʤ, 

ʧʦʜʚʝʨʛʥʫʪ ʘʥʘʣʠʟʫ ʚ [197]). ʋʤʝʥʴʰʝʥʠʝ ʧʘʨʘʤʝʪʨʘ b ʧʦʟʚʦʣʷʝʪ ʜʦʙʠʪʴʩʷ ʙʦʣʝʝ 

ʧʣʘʚʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʠʟʛʠʙʘ (ʢʘʢ ʧʦ ʚʝʣʠʯʠʥʝ, ʪʘʢ ʠ ʧʦ ʟʥʘʢʫ), ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʚ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʧʨʠ ʚʦʟʥʠʢʥʦʚʝʥʠʠ ʣʦʢʘʣʴʥʳʭ ʤʘʣʳʭ 

ʦʩʮʠʣʣʷʮʠʡ ʚ ʫʟʢʠʭ ʧʝʨʝʭʦʜʥʳʭ ʩʣʦʷʭ (ʚ ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʛʜʘ ʨʝʰʝʥʠʝ ʤʘʣʦ ʧʦ ʘʙ-

ʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ, ʘ ʦʩʮʠʣʣʷʮʠʠ ʧʨʠʥʠʤʘʶʪ ʨʘʟʥʳʝ ʧʦ ʟʥʘʢʫ ʟʥʘʯʝʥʠʷ). ʇʨʠ 

1=b , ʧʦʩʢʦʣʴʢʫ 
1RÍx"  ʩʧʨʘʚʝʜʣʠʚʦ 1|)(| ¢xa  (ʠ 1)(lim °=xa

°¤x
), ʚʳʨʘʞʝʥʠʝ 

(2.28) ʧʝʨʝʭʦʜʠʪ ʚ ʚʳʨʘʞʝʥʠʝ [197, 200] 

)( ,,, kikiki gaq=a .                                                 (2.30) 

ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʠ 1, =qki  ʬʦʨʤʫʣʘ (2.30) ʜʘʝʪ ʚʳʨʘʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʣʷ ʩʪʘʮʠʦʥʘʨ-

ʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʦʜʥʦʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʚʧʘʜʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʠ ʪʦʯʥʦʛʦ ʨʝʰʝʥʠʡ ʚ ʫʟʣʘʭ ʨʘʚʥʦʤʝʨʥʦʡ ʩʝʪ-

ʢʠ (ʪʦ ʝʩʪʴ, ʧʦʣʫʯʘʝʤ ʩʭʝʤʫ ʀʣʴʠʥʘ-ɸʣʣʝʥʘ-ʉʘʫʩʚʝʣʣʘ, ʩʤ. (1.32)). ʇʨʠ 3/1=b  ʠ 

1, =qki  ʚʳʨʘʞʝʥʠʝ (2.28) ʙʫʜʝʪ ʘʥʘʣʦʛʦʤ (ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ )(hO ) ʚʳʙʦʨʘ ʩʪʘʙʠʣʠ-

ʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʜʣʷ ʤʝʪʦʜʘ SUPG, ʢʦʪʦʨʳʡ ʚ ʣʠʪʝʨʘʪʫʨʝ, ʧʦʩʚʷʱʝʥʥʦʡ 

ʜʘʥʥʦʤʫ ʤʝʪʦʜʫ, ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ "doubly asymptotic" (ʩʤ. [74]). 



 72 

ʆʪʤʝʪʠʤ, ʯʪʦ ʦʧʨʝʜʝʣʝʥʠʷ (2.28)-(2.30) ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʧʨʦʩʪʨʘʥ-

ʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʛʦʜʷʪʩʷ ʢʘʢ ʜʣʷ ʦʜʥʦʤʝʨʥʦʛʦ ʩʣʫʯʘʷ (ʬʫʥʢʮʠʡ (2.4)-(2.6)), 

ʪʘʢ ʠ ʜʣʷ ʤʥʦʛʦʤʝʨʥʦʛʦ (ʬʫʥʢʮʠʠ (2.16)). 

ʇʦʩʢʦʣʴʢʫ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ 

ʩʚʷʟʘʥʳ ʥʝ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ ʚ ʤʝʪʦʜʘʭ SUPG, GLS, USFEM, SOLD (ʠʟ-ʟʘ ʯʝʛʦ ʚʝ-

ʩʦʚʳʝ ʬʫʥʢʮʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ "ʞʝʩʪʢʫʶ" ʪʨʫʜʥʦʚʘʨʴʠʨʫʝʤʫʶ 

ʩʪʨʫʢʪʫʨʫ), ʘ ʩ ʨʝʙʨʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʵʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ 

ʥʘʩʪʨʦʡʢʝ ʠ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝ-

ʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʫʩʪʦʡʯʠ-

ʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦ-

ʚʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʫʧʦʤʷʥʫʪʳʭ ʤʝʪʦʜʦʚ. 

ʈʘʟʨʘʙʦʪʘʥʥrʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʄʇɻ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚ ʵʪʦʤ ʨʘʟʜʝʣʝ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪ-

ʨʦʚ, ʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʦʨʠʠ ʪʝʧʣʦʤʘʩʩʦʧʝʨʝʥʦʩʘ, ʛʠʜ-

ʨʦʜʠʥʘʤʠʢʠ ʠ ʤʘʛʥʠʪʥʦʡ ʛʠʜʨʦʜʠʥʘʤʠʢʠ ʦʧʠʩʘʥʳ ʚ ʇʨʠʣʦʞʝʥʠʠ ɻ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 6 ʠ ʇʨʠʣʦʞʝʥʠʝ ɸ ʥʠʞʝ), 

ʧʨʦʚʝʜʝʥʥʳʝ ʧʫʪʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʠ ʩʪʘʙʠʣʠʟʠ-

ʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʨʘʤʢʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʢʦʥʚʝʢʮʠʠ-ʜʠʬʬʫʟʠʠ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʜʘʯʝ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʪʝʧʣʦʤʘʩ-

ʩʦʧʝʨʝʥʦʩʘ ʩ ʙʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ ʇʝʢʣʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʥʝʨʘʚʥʦʤʝʨʥʦʛʦ ʚʨʘʱʘ-

ʪʝʣʴʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦʩʪʝʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʝʘʣʴʥʦ ʪʦʯʥʦʩʪʴ ʤʦʜʝʣʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 

ʩʨʝʜʥʝʤ ʚ 1.2ï1.3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʜʝʣʷʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ SUPG, 

GLS, USFEM ʠ RFB. ɼʣʷ ʟʘʜʘʯʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʛʨʘʥʠʯʥʦʛʦ ʩʣʦʷ 

ʧʨʠ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʦʤ ʧʝʨʝʥʦʩʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʧʦʣʷ ʩʢʦʨʦ-

ʩʪʝʡ ʜʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʚ 2.3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠ-

ʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ɻʘʣʝʨʢʠʥʘ. ɼʣʷ ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʚʝʱʝ-

ʩʪʚʘ ʩ ʙʦʣʴʰʠʤʠ ʯʠʩʣʘʤʠ ʈʝʡʥʦʣʴʜʩʘ ʠ ʩ ʫʯʘʩʪʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʨʝʘʢʮʠʠ 

ʠ ʦʩʘʞʜʝʥʠʷ ʜʦʩʪʠʛʥʫʪʦ ʫʚʝʣʠʯʝʥʠʝ ʪʦʯʥʦʩʪʠ ʚ 131 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʣʘʩʩʠʯʝ-

ʩʢʠʤ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʤ ʤʝʪʦʜʦʤ ɻʘʣʝʨʢʠʥʘ, ʚ ʩʨʝʜʥʝʤ ʚ 4.4ï4.5 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 
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ʤʝʪʦʜʘʤʠ SUPG, GLS, USFEM, ʚ 1.38 ʨʘʟ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SOLD-ʤʝʪʦʜʦʤ KLR02 

(ʣʫʯʰʠʤ [24, 90] ʧʦ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʩʨʝʜʠ ʤʝʪʦʜʦʚ ʛʨʫʧʧʳ SOLD). 

 

ɺʳʚʦʜʳ ʢ ʨʘʟʜʝʣʫ 2 

 

ɺ ʨʘʟʜʝʣʝ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʟʘ ʩʯʝʪ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢ-

ʮʠʡ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. ʈʝʰʘʣʘʩʴ ʟʘʜʘʯʘ ʩʦʟʜʘʥʠʷ 

ʥʦʚʳʭ ʩʪʨʫʢʪʫʨ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ, ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʩʚʦʡʩʪʚ, ʠʟʫ-

ʯʝʥʠʷ ʚʣʠʷʥʠʷ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʧʨʦʚʝʨʢʠ ʠʭ ʵʬʬʝʢʪʠʚʥʦʩʪʠ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʣʫʯʝʥʳ 

ʪʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ:  

1. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʱʠʭ ʢʦ-

ʥʝʯʥʦʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʦʙʫʩʣʦʚʣʝʥʘ ʜʠʥʘ-

ʤʠʯʝʩʢʠʤʠ ʩʦʩʪʘʚʣʷʶʱʠʤʠ ʤʦʜʝʣʠʨʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʚʦʟʤʦʞʥʦ-

ʩʪʴʶ ʫʚʝʣʠʯʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʨʝʘʣʠʟʦʚʘʪʴ ʛʠʙʢʫʶ ʥʘʩʪʨʦʡʢʫ ʤʦʜʝʣʠ ʥʘ 

ʪʘʢʠʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʠ ʜʠʬʬʫʟʠʦʥʥʳʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʮʝʩʩʘ, ʢʘʢ 

ʚʝʣʠʯʠʥʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʣʦʢʘʣʴʥʦʛʦ ʚʝʢʪʦʨʘ ʩʢʦʨʦʩʪʠ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ, 

ʧʘʨʘʤʝʪʨʳ ʜʠʬʬʫʟʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ. 

2. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʥʝʯʥʦ-

ʤʝʨʥʳʭ ʤʦʜʝʣʝʡ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʢʦʥʚʝʢʪʠʚʥʦ-ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʆʪ-

ʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʧʨʝʜʣʦʞʝʥʥʳʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʠʭ 

ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʘʥʳ ʥʝ ʩ ʦʪʜʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, 

ʢʘʢ ʚ ʠʟʚʝʩʪʥʳʭ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʘʭ SUPG, GLS, 

USFEM, SOLD, RFB, VMM, LPS, ʤʝʪʦʜʝ ʩʫʧʝʨʵʣʝʤʝʥʪʦʚ, ʘ ʩʚʷʟʘʥʳ ʩʧʝʮʠʘʣʴʥʳʤ 

ʦʙʨʘʟʦʤ ʩ ʨʝʙʨʘʤʠ ʵʣʝʤʝʥʪʦʚ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʯʪʦ ʦʪʢʨʳʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʙʦʣʝʝ 

ʛʠʙʢʦ ʠ ʪʦʯʥʦ ʧʦʜʩʪʨʘʠʚʘʪʴ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴ ʬʫʥʢʮʠʠ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ 

ʣʦʢʘʣʴʥʦʛʦ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʦʪʦʢʘ ʤʦʜʝʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʝ-

ʛʫʣʠʨʦʚʘʪʴ ʚʥʦʩʠʤʫʶ ʚ ʚʳʯʠʩʣʠʪʝʣʴʥʫʶ ʩʭʝʤʫ ʠʩʢʫʩʩʪʚʝʥʥʫʶ ʩʭʝʤʥʫʶ ʜʠʩʩʠʧʘ-

ʮʠʶ, ʜʦʙʠʚʘʷʩʴ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʫʩʪʦʡʯʠʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 
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3. ʊʝʦʨʝʪʠʯʝʩʢʠ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʜʥʦʤʝʨʥʦʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʢʦʦʨʜʠ-

ʥʘʪʘʤ ʩʣʫʯʘʝ ʠ ʧʨʠ ʩʧʝʮʠʘʣʴʥʦʤ ʚʳʙʦʨʝ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʝʜʣʦ-

ʞʝʥʥʳʝ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʧʦʩʪʨʦʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʭʝʤʳ ʪʘʢʦʡ, 

ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʧʨʦʪʠʚ ʧʦʪʦʢʘ ʨʘʚʥʦ ʝʜʠʥʠʮʝ ʠ ʚʜʦʣʴ ʧʦ-

ʪʦʢʘ ʨʘʚʥʦ ʥʫʣʶ. ɺ ʤʥʦʛʦʤʝʨʥʦʤ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʩʣʫʯʘʝ ʚ ʧʨʝ-

ʜʝʣʘʭ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʞʜʦʡ ʚʝʩʦʚʦʡ ʬʫʥʢʮʠʠ ʥʝʚʷʟʢʘ ʩʦʦʪʥʦʰʝʥʠʷ, ʦʧʠ-

ʩʳʚʘʶʱʝʛʦ ʤʦʜʝʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ, ʚʟʚʝʰʠʚʘʝʪʩʷ ʩ ʙ·ʣʴʰʠʤ ʚʝʩʦʤ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʧʨʦʪʠʚ ʥʘʙʝʛʘʶʱʝʛʦ ʧʦʪʦʢʘ ʠ ʤʝʥʴʰʠʤ ʚʜʦʣʴ ʧʦʪʦʢʘ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʘʣʠʟʫʷ 

ʦʙʦʙʱʝʥʠʝ ʥʘ ʤʥʦʛʦʤʝʨʥʳʡ ʩʣʫʯʘʡ ʠʟʚʝʩʪʥʦʛʦ ʚ ʪʝʦʨʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʟʥʦʩʪ-

ʥʳʤʠ ʤʝʪʦʜʘʤʠ ʧʨʠʝʤʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʦʪʠʚʦʧʦʪʦʢʦʚʳʭ ʨʘʟʥʦʩʪʝʡ ʜʣʷ ʦʙʝʩʧʝ-

ʯʝʥʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʜʥʦʤʝʨʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

4. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʩʪʨʫʢʪʫʨʳ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʷʚʣʷʶʪʩʷ ʙʦ-

ʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʫʤʝʥʴʰʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʝʡ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʦ ʩʨʘʚ-

ʥʝʥʠʶ ʩ ʤʝʪʦʜʘʤʠ SUPG, GLS, USFEM, SOLD ʚ ʩʠʣʫ ʪʦʛʦ, ʯʪʦ ʠʭ ʩʪʘʙʠʣʠʟʠʨʫʶ-

ʱʠʝ ʧʘʨʘʤʝʪʨʳ ʩʚʷʟʘʥʳ ʥʝ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʢʘʢ ʚ ʫʧʦʤʷʥʫʪʳʭ ʤʝʪʦʜʘʭ, ʠʟ-ʟʘ ʯʝʛʦ 

ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ "ʞʝʩʪʢʫʶ" ʪʨʫʜʥʦʚʘʨʴʠʨʫʝʤʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʘ ʩ ʨʝʙʨʘʤʠ ʪʨʠʘʥʛʫʣʷʮʠʠ, ʯʪʦ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʙʦʣʴʰʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚ 

ʥʘʩʪʨʦʡʢʝ ʠ ʘʜʘʧʪʘʮʠʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ ʧʦʜ ʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʜʝ-

ʣʠʨʫʝʤʦʛʦ ʧʨʦʮʝʩʩʘ, ʧʦʟʚʦʣʷʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʙʠʚʘʪʴʩʷ ʙʦʣʝʝ ʪʦʯʥʳʭ ʠ ʫʩʪʦʡʯʠ-

ʚʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. 

ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʚ ʨʘʟʜʝʣʝ 3 ʙʫʜʝʪ ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʦ ʠ ʜʦʢʘʟʘʥʦ, 

ʯʪʦ ʧʨʝʜʣʦʞʝʥʥʳʝ ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ ʚ ʦʜʥʦʤʝʨʥʦʤ ʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ ʟʘ ʩʯʝʪ ʩʧʝ-

ʮʠʘʣʴʥʦʛʦ ʚʳʙʦʨʘ ʚʭʦʜʷʱʠʭ ʚ ʥʠʭ ʚʥʫʪʨʝʥʥʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʥʫʣʷ-

ʶʪʩʷ ʚʝʜʫʱʠʝ ʜʠʩʩʠʧʘʪʠʚʥʳʝ ʠ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʯʣʝʥʳ ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ 

ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʢʦʥʝʯʥʦʤʝʨʥʦʡ ʤʦʜʝʣʠ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ, ʧʦʟʚʦʣʷʶʪ ʜʦʙʠʪʴʩʷ 

ʟʘʤʝʪʥʦʛʦ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʘ ʠʤʝʥʥʦ, ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʡ ʧʦʨʷ-

ʜʦʢ ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʩʪʠʞʠʤʦʡ ʣʦʢʘʣʴʥʦʡ ʪʦʯʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʧʦʚʳʰʘʝʪʩʷ ʥʘ 

ʜʚʝ ʝʜʠʥʠʮʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʧʦʨʷʜʢʦʤ ʚ ʠʟʚʝʩʪʥʳʭ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʘʭ SUPG, GLS, USFEM ʠ ʢʣʘʩʩʠʯʝʩʢʦʤ ʤʝʪʦʜʝ 

ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʩ ʢʫʩʦʯʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ. 
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ʈɸɿɼɽʃ 3 

ʈɸɿʈɸɹʆʊʂɸ ʀ ʊɽʆʈɽʊʀʏɽʉʂʀʁ ɸʅɸʃʀɿ ɺʓʉʆʂʆʊʆʏʅʓʍ 

ɺʓʏʀʉʃʀʊɽʃʔʅʓʍ ʉʍɽʄ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ʂʆʅɺɽʂʊʀɺʅʆ-

ɼʀʌʌʋɿʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ 

 

3.1  ʋʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʠ ʨʘʟʨʘʙʦʪʢʘ ʚʳʯʠʩʣʠʪʝʣʴ-

ʥʳʭ ʩʭʝʤ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʜʣʷ ʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʦʥʚʝʢ-

ʮʠʠ-ʜʠʬʬʫʟʠʠ-ʨʝʘʢʮʠʠ 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʟʘʤʝʯʘʥʠʷ, ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ, ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ 

ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʩʣʘʙʦʡ ʬʦʨʤʳ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ. ʈʘʩʩʤʦʪʨʠʤ ʄʇɻ ʩ 

ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʤʠ ʙʘʟʠʩʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʠ ʢʫʩʦʯʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʤʠ ʚʝʩʦʚʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʚʠʜʘ (ʩʤ. (1.28)-(1.29) ʠ (2.5)) 

)()()( * xWxNxW iiii a+= .                                           (3.1) 
 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʄʇɻ ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʩʪʘʮʠʦʥʘʨʥʳʭ ʫʨʘʚʥʝʥʠʡ ʂɼ ʚʳʟʳʚʘʝʪ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʪʨʫʜʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ, ʩʚʷʟʘʥʥʳʝ, ʧʨʝʠʤʫʱʝ-

ʩʪʚʝʥʥʦ, ʩ ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʫʨʘʚʥʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʙʘʟʠʩʥʳʭ ʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ 

(ʩʤ. [2, 6, 205, 206], ʘ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣ 1.2). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʫʙʣʠʢʘʮʠʡ (ʦʩʦʙʝʥʥʦ 

ʨʘʥʥʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʩʤ. [68, 69, 207] ʠ ʨʘʟʜʝʣ 2 ʤʦʥʦʛʨʘʬʠʠ [2]), ʧʦʩʚʷʱʝʥʥʳʭ 

ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʘʥʘʣʠʟʫ ʄʇɻ, ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʦʚʦʢʫʧʥʦʩʪʠ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ, ʚ 

ʢʦʪʦʨʳʭ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ia ʙʳʣʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʠ ʦʜʠʥʘʢʦʚʳʤʠ 

ʜʣʷ ʚʩʝʭ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ )(xWi , ʪʦ ʝʩʪʴ, consti =a=a . ɼʘʥʥʳʡ ʩʣʫʯʘʡ ʚʝʩʴʤʘ 

ʧʦʜʨʦʙʥʦ ʨʘʩʩʤʦʪʨʝʥ ʚ [68, 69], ʛʜʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʭʦʜʠʤʦʩʪʴ ʨʝʰʝʥʠʷ, ʧʦʣʫʯʝʥʥʦ-

ʛʦ ʄʇɻ, ʢ ʘʥʘʣʠʪʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ ʦʜʥʦʤʝʨʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚ-

ʥʝʥʠʷ ʂɼ ʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ a ʚ 

ʥʝʩʢʦʣʴʢʠʭ ʥʦʨʤʘʭ. ʉʣʫʯʘʡ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ia (ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʠʥ-

ʜʝʢʩʘ i) ʚ (3.1) ʟʥʘʯʠʪʝʣʴʥʦ ʪʨʫʜʥʝʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ, ʚʦʟʤʦʞʥʦ, ʧʦʵʪʦʤʫ 

ʥʘʤʥʦʛʦ ʤʝʥʴʰʝ ʠʩʩʣʝʜʦʚʘʥ (ʩʤ. [2, 6, 205]), ʭʦʪʷ ʠʤʝʥʥʦ ʵʪʦʪ ʩʣʫʯʘʡ ʧʨʝʜʦʩʪʘʚ-

ʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙ·ʣʴʰʫʶ ʩʚʦʙʦʜʫ ʚ ʥʘʩʪʨʦʡʢʝ ʚʠʜʘ ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ (ʯʪʦ ʧʦʟ-



 76 

ʚʦʣʷʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʫʯʠʪʳʚʘʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ ʦʧʠʩʳʚʘʝʤʦʛʦ ʬʠʟʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʠ, ʧʦʪʦʤʫ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ, ʩʤ. ʨʘʟʜʝʣ 2). ɺ ʨʘʙʦʪʝ 

[205] ʘʚʪʦʨʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚʦʧʨʦʩʳ ʪʦʯʥʦʩʪʠ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʯʠʩ-

ʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʄʇɻ ʩ  ʚʝʩʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ ʪʠʧʘ (3.1) ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝ-

ʥʠʷ ʂɼ, ʠ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʦʨʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

}{ ia , ʦʙʦʙʱʘʶʱʠʝ ʠ ʫʪʦʯʥʷʶʱʠʝ ʥʝʢʦʪʦʨʳʝ ʙʦʣʝʝ ʨʘʥʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʜʘʥʥʦʤ 

ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʪʝʢʫʱʝʤ ʧʦʜʨʘʟʜʝʣʝ ʨʝʟʫʣʴʪʘʪʳ ʩʪʘʪʴʠ [205] ʘʚʪʦʨʘ ʦʙʦʙʱʝʥʳ ʥʘ 

ʩʣʫʯʘʡ ʫʨʘʚʥʝʥʠʡ ʂɼʈ (ʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʧʦʣʫʯʝʥʳ ʫʩʦʚʝʨʰʝʥ-

ʩʪʚʦʚʘʥʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʄʇɻ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʂɼ, ʫʪʦʯʥʷʶʱʠʝ ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʱʠʝ ʦʮʝʥʢʠ ʨʘʙʦʪʳ [205] ʠ ʜʨʫʛʠʭ, ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪ [2, 6, 68, 69, 207]). ʂʦʥ-

ʢʨʝʪʥʝʝ ʛʦʚʦʨʷ, ʪʝʢʫʱʠʡ ʧʦʜʨʘʟʜʝʣ ʧʨʝʩʣʝʜʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʮʝʣʠ: 1) ʧʦʣʫʯʝʥʠʝ 

ʦʮʝʥʦʢ ʢʦʥʩʪʘʥʪ ʃʘʜʳʞʝʥʩʢʦʡ-ɹʘʙʫʰʢʠ-ɹʨʝʟʟʠ (Ladyzhenskaya-Babuska-Brezzi 

constants) ʜʣʷ ʄʇɻ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʷ ʂɼʈ (ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ 

ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ); 2) ʧʦʣʫʯʝʥʠʝ ʦʮʝʥʦʢ ʪʦʯʥʦʩʪʠ ʄʇɻ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ 1H  ʠ 2L  

ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂɼʈ (ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʳʜʫʱʝʛʦ 

ʧʫʥʢʪʘ, ʪʝʦʨʠʠ ʩʦʙʦʣʝʚʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʠ ʪʝʦʨʠʠ ʩʧʣʘʡʥʦʚ [208ï212], ʘ ʪʘʢʞʝ 

ʦʙʱʝʡ ʪʝʦʨʠʠ ʢʦʥʝʯʥʦʵʣʝʤʝʥʪʥʳʭ ʄʇɻ [45]). ʈʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʧʦʜʨʘʟʜʝʣʘ 

ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [259] ʘʚʪʦʨʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʜʣʷ ʩʣʝʜʫʶʱʝʛʦ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂɼʈ  

fcu
dx

ud

dx

du
kLu =+-¹

2

2

                                           (3.2) 

 

ʥʘ ʦʪʨʝʟʢʝ ]1;0[Íx . ɿʜʝʩʴ )(xu  ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʦʡ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʝʡ, ʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪʳ )(xk , )(xc  ʠ )(xf  ð ʟʘʜʘʥʳ. ɺ ʢʘʯʝʩʪʚʝ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʚʦʟʴʤʝʤ 

ʦʜʥʦʨʦʜʥʳʝ ʫʩʣʦʚʠʷ ʧʝʨʚʦʛʦ ʨʦʜʘ: 0)1()0( ==uu  (ʧʦʩʢʦʣʴʢʫ ʟʘʜʘʯʫ ʜʣʷ (3.2) ʩ ʥʝ-

ʦʜʥʦʨʦʜʥʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ʟʘʜʘʯʝ ʩ ʦʜʥʦʨʦʜʥʳʤʠ 

[10]). ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʣʠʥʝʡʥʦʡ ʟʘʤʝʥʦʡ ʥʝʟʘʚʠʩʠʤʦʡ ʧʝʨʝʤʝʥʥʦʡ x  ʧʨʦʠʟ-

ʚʦʣʴʥʳʡ ʦʪʨʝʟʦʢ ];[ 21 dd  ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʢ ]1;0[ , ʧʦʵʪʦʤʫ, ʙʝʟ ʧʦʪʝʨʠ  ʦʙʱʥʦʩʪʠ 

ʤʳ ʦʛʨʘʥʠʯʠʚʘʝʤʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʟʘʜʘʯʠ ʣʠʰʴ ʥʘ ʢʘʥʦʥʠʯʝʩʢʦʤ ʦʪʨʝʟʢʝ ]1;0[ . 

ɹʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʧʨʘʚʘʷ ʯʘʩʪʴ (3.2) ]1;0[2Lf Í , ʘ ʢʦʵʬʬʠʮʠʝʥʪʳ k  ʠ c  ʜʣʷ 
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ʫʧʨʦʱʝʥʠʷ ʚʳʢʣʘʜʦʢ ʧʦʣʦʞʠʤ ʧʦʩʪʦʷʥʥʳʤʠ ð ʵʪʦ ʧʦʟʚʦʣʠʪ ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʪʦʥ-

ʢʠʝ ʘʧʨʠʦʨʥʳʝ ʦʮʝʥʢʠ ʪʦʯʥʦʩʪʠ ʄʇɻ (ʠ ʥʘʡʪʠ ʷʚʥʳʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʢʦʥʩʪʘʥʪ, 

ʚʭʦʜʷʱʠʭ ʚ ʵʪʠ ʦʮʝʥʢʠ); ʩʣʫʯʘʡ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ (ʧʨʠ ʥʝʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʝʥʠʷʭ ʥʘ ʥʠʭ) ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʄʂʕ ʘʧʧʨʦʢʩʠʤʘʮʠʡ ʷʚʣʷʝʪʩʷ ʪʝʭʥʠʯʝ-

ʩʢʠ ʙʦʣʝʝ ʩʣʦʞʥʳʤ [2, 6, 207], ʠ ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʜʘʥʥʦʤ ʧʦʜʨʘʟʜʝʣʝ ʧʦʜʭʦʜ ʢ 

ʦʮʝʥʠʚʘʥʠʶ ʪʦʯʥʦʩʪʠ ʄʇɻ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʦʧʝʨʘʪʦʨʥʳʭ ʥʝʨʘʚʝʥʩʪʚ 

ʠ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʥʦʨʤ, ʤʦʞʝʪ ʙʳʪʴ ʙʝʟ ʧʨʠʥʮʠʧʠʘʣʴʥʳʭ ʟʘʪʨʫʜʥʝʥʠʡ ʧʨʠʤʝʥʝʥ 

ʢ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʶ. ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʦʣʦʞʠʤ, ʯʪʦ 0>k  ʠ 0²c  

(ʧʦʩʣʝʜʥʝʝ ʚ ʬʠʟʠʯʝʩʢʦʡ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʚʘʞʥʦʤʫ ʢʣʘʩʩʫ ʧʨʦʮʝʩʩʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚʩʣʝʜʩʪʚʠʝ ʧʨʦʮʝʩʩʦʚ ʨʝʘʢʮʠʠ, ʠʣʠ ʩʪʦʢʫ ʪʝʧʣʘ [5, 10, 11]). 

ɼʣʷ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠ ʥʦʨʤʳ ʚ ]1;0[2L  ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦ-

ʟʥʘʯʝʥʠʷ 0),( ÖÖ  ʠ 
0
Ö  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [208ï210]. ɺ ʜʘʣʴʥʝʡʰʝʤ (ʚ ʧʨʝʜʝʣʘʭ ʜʘʥ-

ʥʦʛʦ ʨʘʟʜʝʣʘ) ʪʘʢʞʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʩʪʨʘʥʩʪʚʘ ʉʦʙʦʣʝʚʘ [208ï210] 

]1;0[mH  ʠ ]1;0[0
mH  ð ʧʦʧʦʣʥʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ 

ʬʫʥʢʮʠʡ ]1;0[)(¤C  ʠ ]1;0[
)(

0
¤

C  ʧʦ ʥʦʨʤʝ 
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"0" ʚʥʠʟʫ ʧʦʜʯʝʨʢʠʚʘʝʪ, ʯʪʦ ʥʦʩʠʪʝʣʴ ʬʫʥʢʮʠʠ ʧʨʠʥʘʜʣʝʞʠʪ ʠʥʪʝʨʚʘʣʫ )1;0( ). ɼʣʷ 

ʬʫʥʢʮʠʡ ʠʟ ʩʦʙʦʣʝʚʩʢʠʭ ʧʨʦʩʪʨʘʥʩʪʚ ʙʫʜʝʤ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʣʫʥʦʨʤʳ 
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1

0
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ö
ö
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õ

æ
æ
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¹ñ dxdxudu mm

m
. ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʪʘʢʞʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʟʚʝʩʪ-

ʥʳʡ ʬʘʢʪ (ʩʤ. [208ï211]), ʯʪʦ ʜʣʷ ʬʫʥʢʮʠʡ ʠʟ ]1;0[1
0H  ʥʦʨʤʘ 

1
Ö ʵʢʚʠʚʘʣʝʥʪʥʘ 

ʧʦʣʫʥʦʨʤʝ 
1
Ö. ɼʣʷ ʟʘʧʠʩʠ ʩʣʘʙʦʡ ʬʦʨʤʳ (ʩʤ. [2, 4, 6, 8, 9, 68, 69]) ʨʘʩʩʤʘʪʨʠʚʘʝ-

ʤʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚʚʝʜʝʤ ʙʠʣʠʥʝʡʥʫʶ ʬʦʨʤʫ ),(),(),( 21 vuavuavua +¹ , ʛʜʝ 

ʬʦʨʤʳ 01 ),(),( kvvuvua +¡¡¹  (ʟʜʝʩʴ dxduu /¹¡ ),  02 ),(),( cvuvua ¹ . ʊʦʛʜʘ ʩʣʘʙʫʶ 

ʬʦʨʤʫ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ:  

ʥʘʡʪʠ  ]1;0[1
0HuÍ , ʯʪʦ ]1;0[1

0HvÍ"  ʚʳʧʦʣʥʷʝʪʩʷ 0),(),( vfvua = .    (3.3) 
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ɺ ʩʣʝʜʫʶʱʝʡ ʣʝʤʤʝ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ (ʚʘʞʥʳʝ ʜʣʷ ʮʝʣʝʡ ʜʘʣʴ-

ʥʝʡʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʩʚʦʡʩʪʚʘ ʬʦʨʤʳ ),( vua . 

ʃʝʤʤʘ 3.1. ɼʣʷ ʙʠʣʠʥʝʡʥʦʡ ʬʦʨʤʳ ),( vua , ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʥʘ 

]1;0[]1;0[ 1
0

1
0 HH ³ , ʩʧʨʘʚʝʜʣʠʚʳ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ: 

1) 0)4/(1 222
1 >p+p+¹$ -ckC , ʯʪʦ ]1;0[1

0HuÍ"  ʠ ]1;0[1
0HvÍ"  ʩʧʨʘʚʝʜʣʠʚʦ  

111|),(| vuCvua ¢ ;                                                 (3.4) 

2) 1
|),(|

supinf

11]1;0[]1;0[ 1
0

1
0

²
ÍÍ vu

vua

HvHu

;   3) 0̧"v  ʩʧʨʘʚʝʜʣʠʚʦ 0|),(|sup
]1;0[1

0

>
Í

vua
Hu

. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʡ ʣʝʤʤʳ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ ʠ ʦʧʠʨʘʝʪʩʷ ʥʘ ʥʝ-

ʨʘʚʝʥʩʪʚʦ ʌʨʠʜʨʠʭʩʘ (ʩ ʥʝʫʣʫʯʰʘʝʤʦʡ ʢʦʥʩʪʘʥʪʦʡ) [164] 

1
1

0
ww -p¢     ]1;0[1

0HwÍ" .                                    (3.5) 
 

ʉʣʝʜʩʪʚʠʝ 3.1. ʀʟ ʣʝʤʤʳ 3.1, ʣʠʥʝʡʥʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʬʫʥʢʮʠʦʥʘʣʘ 

0),( vf  ʧʨʘʚʦʡ ʯʘʩʪʠ ʟʘʜʘʯʠ (3.3) (ʧʨʠʤʝʥʷʷ ʥʝʨʘʚʝʥʩʪʚʦ ʂʦʰʠ-ɹʫʥʷʢʦʚʩʢʦʛʦ (ʩʤ. 

[2, 208ï210, 212]), ʧʦʣʫʯʘʝʤ 
1010000 |),(| vfCvfvfvf ¢¢¢ , ʧʨʠ ʬʠʢʩʠ-

ʨʦʚʘʥʥʦʤ ]1;0[2Lf Í , ʛʜʝ ʢʦʥʩʪʘʥʪʘ C  ʥʝ ʟʘʚʠʩʠʪ ʦʪ f  ʠ v), ʚ ʩʠʣʫ ʦʙʦʙʱʝʥʥʦʡ 

ʪʝʦʨʝʤʳ ʃʘʢʩʘ-ʄʠʣʴʛʨʘʤʘ (ʩʤ. ʚ [45] ʪʝʦʨʝʤʫ 5.2.1 ʥʘ ʩʪʨ. 112) ʩʣʝʜʫʝʪ ʩʫʱʝʩʪʚʦ-

ʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.3). ʆʪʤʝʪʠʤ, ʯʪʦ ʵʪʦ ʪʘʢʞʝ ʤʦʞʥʦ ʙʳ-

ʣʦ ʙʳ ʫʩʪʘʥʦʚʠʪʴ ʜʨʫʛʠʤ ʧʫʪʝʤ, ʦʧʠʨʘʷʩʴ ʥʘ ʠʟʚʝʩʪʥʳʝ ʦʙʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʦ ʨʘʟ-

ʨʝʰʠʤʦʩʪʠ ʠ ʨʝʛʫʣʷʨʥʦʩʪʠ ʚ ʪʝʦʨʠʠ ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ (ʩʤ. [208ï

210]). ʅʦ ʜʦʢʘʟʘʥʥʘʷ ʣʝʤʤʘ 3.1 ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʠʥʬʦʨʤʘʮʠʠ ʙʦʣʴʰʝ, ʯʝʤ ʵʪʦʛʦ ʜʦ-

ʩʪʘʪʦʯʥʦ ʧʨʦʩʪʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ð ʚ ʯʘʩʪʥʦ-

ʩʪʠ, ʦʥʘ ʜʘʩʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚ ʷʚʥʦʤ ʚʠʜʝ ʥʘʭʦʜʠʪʴ ʢʦʥʩʪʘʥʪʳ ʚ ʘʧʨʠʦʨʥʳʭ ʦʮʝʥʢʘʭ 

ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʄʇɻ (ʩʤ. ʥʠʞʝ ʢʦʤʤʝʥʪʘʨʠʡ ʧʦʩʣʝ ʪʝʦʨʝʤʳ 3.1, ʘ 

ʪʘʢʞʝ ʟʘʤʝʯʘʥʠʝ 3.6 ʧʦʩʣʝ ʪʝʦʨʝʤʳ 3.4). 

ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʤʝʪʦʜʦʤ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. ɹʫʜʝʤ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʦʪʨʝʟʢʝ ]1;0[  ʟʘʜʘʥʘ ʩʠʩʪʝʤʘ ʨʘʚʥʦʤʝʨʥʦ ʦʪʩʪʦ-

ʷʱʠʭ ʪʦʯʝʢ (ʫʟʣʦʚ) ix , 1,,0 += Ni 2  ʩ ʰʘʛʦʤ ii xxh -= +1 , 00 =x , 11=+Nx .    ɺ 

ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ )}({ xNi  ʠʩʧʦʣʴʟʫʝʤ ʢʫʩʦʯʥʦ-ʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʡ, ʘ ʚ 
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ʢʘʯʝʩʪʚʝ ʚʝʩʦʚʳʭ ð ʢʫʩʦʯʥʦ-ʢʚʘʜʨʘʪʠʯʥʳʝ ʬʫʥʢʮʠʠ (3.1) (ʧʦʜʨʦʙʥʳʝ ʢʦʥʩʪʨʫʢ-

ʮʠʠ ʩʤ. ʚ ʧʦʜʨʘʟʜʝʣʝ  2.1). ʆʙʦʟʥʘʯʠʤ ʩʠʤʚʦʣʘʤʠ hF  ʠ hY  ʢʦʥʝʯʥʦʤʝʨʥʳʝ ʧʦʜ-

ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ]1;0[1
0H , ʷʚʣʷʶʱʠʝʩʷ ʣʠʥʝʡʥʳʤʠ ʦʙʦʣʦʯʢʘʤʠ ʩʦʚʦ-

ʢʫʧʥʦʩʪʝʡ ʙʘʟʠʩʥʳʭ N
ii xN 1)}({ =  ʠ ʚʝʩʦʚʳʭ N

ii xW 1)}({ = ʬʫʥʢʮʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʥʝʯʥʦʵʣʝʤʝʥʪʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (3.3) 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʤ. [45], ʘ ʪʘʢʞʝ ʧʦʜʨʘʟʜʝʣ 1.2): 

ʥʘʡʪʠ hhu FÍ , ʯʪʦ hhv YÍ"  ʚʳʧʦʣʥʷʝʪʩʷ 0),(),( hhh vfvua = .           (3.6) 

ʄʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʟʘʜʘʯʫ (3.6) ʚ ʩʣʝʜʫʶʱʝʤ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʚʠʜʝ: 
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ʆʩʥʦʚʥʳʤ ʩʨʝʜʩʪʚʦʤ ʧʨʠ ʦʮʝʥʠʚʘʥʠʠ ʧʦʛʨʝʰʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ (3.3) ʨʝʰʝʥʠʝʤ ʧʨʠʙʣʠʞʝʥʥʦʡ ʟʘʜʘʯʠ (3.6) ʚʳʩʪʫʧʘʝʪ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ 

[2, 68, 213], ʷʚʣʷʶʱʘʷʩʷ ʦʙʦʙʱʝʥʠʝʤ ʠʟʚʝʩʪʥʦʡ ʣʝʤʤʳ ʉʝʘ [2, 6] ʚ ʢʦʥʝʯʥʦʵʣʝ-

ʤʝʥʪʥʳʭ ʤʝʪʦʜʘʭ ʈʠʪʮʘ-ɻʘʣʝʨʢʠʥʘ (ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʠʟʣʦʞʝʥʦ ʚ [68] ʥʘ ʩʪʨ. 43). 

ʊʝʦʨʝʤʘ 3.1. ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 1) hF  ʠ hY  ʷʚʣʷʶʪʩʷ 

ʢʦʥʝʯʥʦʤʝʨʥʳʤʠ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘʤʠ ]1;0[1
0H , ʪʘʢʠʤʠ, ʯʪʦ ʚʝʣʠʯʠʥʘ 
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ʝʩʪʴ ʝʜʠʥʩʪʚʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3.3). ʊʦʛʜʘ ʟʘʜʘʯʘ (3.6) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʨʝʰʝʥʠʝ hu , ʢʦʪʦʨʦʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʮʝʥʢʝ   
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ʛʜʝ 1C  ð ʢʦʥʩʪʘʥʪʘ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʜʣʷ ʬʦʨʤʳ ),( vua  (ʩʤ. ʣʝʤʤʫ 3.1). 

ɺ ʦʮʝʥʢʝ (3.7) ʚʝʣʠʯʠʥʘ 
1

inf h
w

wu
hh

-
FÍ

 ʬʠʢʩʠʨʦʚʘʥʘ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʧʨʦ-

ʩʪʨʘʥʩʪʚʝ hF  ʠ ʟʘʚʠʩʠʪ ʣʠʰʴ ʦʪ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʠʭ ʩʚʦʡʩʪʚ hF  (ʩʤ. ʥʠʞʝ ʜʦʢ-ʚʦ 

ʪʝʦʨʝʤʳ 3.3), ʥʦ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
N
ii 1}{ =a . ɺʝʣʠʯʠʥʘ )(2 hc , ʥʘʟʳʚʘʝʤʘʷ ʢʦʥʩʪʘʥʪʦʡ 

ʃʘʜʳʞʝʥʩʢʦʡ-ɹʘʙʫʰʢʠ-ɹʨʝʟʟʠ [69, 2] (ʦʪʤʝʪʠʤ, ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʪʦʯʥʠʢʘʭ ʵʪʠʤ 



 80 

ʪʝʨʤʠʥʦʤ ʥʘʟʳʚʘʶʪ ʪʘʢʞʝ ʠ ʣʶʙʳʝ ʦʮʝʥʢʠ ʩʥʠʟʫ ʜʣʷ )(2 hc , ʩʤ. [69]), ʦʢʘʟʳʚʘʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʪʦʯʥʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ ʄʇɻ ʚ 1H  ʠ 2L , ʝʝ ʨʦʣʴ ʧʨʠ ʠʩ-

ʩʣʝʜʦʚʘʥʠʠ ʪʦʯʥʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ ʄʇɻ ʦʙʩʫʞʜʘʝʪʩʷ ʚ [2, 68, 69, 205]. ʅʘʣʠʯʠʝ 

ʤʥʦʞʠʪʝʣʷ ))(/1( 21 hcC+  ʚ (3.7) ʦʙʩʫʞʜʘʝʪʩʷ ʚ [213] ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʫʥʢʮʠʦ-

ʥʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʪʝʦʨʠʠ ʦʧʝʨʘʪʦʨʦʚ; ʚ ʯʘʩʪʥʦʩʪʠ, ʪʘʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʧʨʝʜʝ-

ʣʝʥʥʳʭ ʩʠʪʫʘʮʠʷʭ ʜʘʥʥʳʡ ʤʥʦʞʠʪʝʣʴ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ )(/ 21 hcC . ʀʟ ʦʧʨʝʜʝʣʝ-

ʥʠʷ )(2 hc  ʠ 1C  ʩʣʝʜʫʝʪ 12 )( Chc ¢ . ʂʘʢ ʫʞʝ ʙʳʣʦ ʫʢʘʟʘʥʦ, ʚʧʝʨʚʳʝ ʦʮʝʥʢʠ ʩʥʠʟʫ 

ʜʣʷ )(2 hc  (ʜʣʷ ʟʘʜʘʯ ʂɼ ʠ ʧʨʠ ʫʩʣʦʚʠʠ 0²=a=a" consti ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ [68] 

(ʩʤ. ʪʘʢʞʝ [69]), ʧʨʠʯʝʤ, ʥʘʡʜʝʥʥʳʝ ʪʘʤ ʦʮʝʥʢʠ ʷʚʣʷʶʪʩʷ  "ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʤʠ" 

(ʥʝʫʣʫʯʰʘʝʤʳʤʠ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ [68, 69]). ʂʦʥʩʪʘʥʪʘ 1C  ʥʘʡʜʝʥʘ ʚ ʣʝʤʤʝ 3.1 

ʚ ʷʚʥʦʤ ʚʠʜʝ, ʯʪʦ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʷʚʥʦ (ʘ ʥʝ ʪʦʣʴʢʦ ʘʩʠʤʧʪʦʪʠ-

ʯʝʩʢʠ ʧʨʠ 0h ) ʦʮʝʥʠʚʘʪʴ ʩʚʝʨʭʫ ʧʦʛʨʝʰʥʦʩʪʴ ʄʇɻ ʚ 
1
Ö. ɹʦʣʝʝ ʜʝʪʘʣʴʥʳʡ ʦʙ-

ʟʦʨ ʦʮʝʥʦʢ ʚʝʣʠʯʠʥʳ )(2 hc , ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʩʣʫʯʘʷ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤʠ ia  (ʟʘʚʠʩʠ-

ʤʳʤʠ ʦʪ i) ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʂɼ ʧʨʠʚʦʜʠʪʩʷ ʚ [2, 6, 205]. ɺ ʨʘʙʦʪʝ ʘʚʪʦʨʘ 

[205] ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʦʮʝʥʢʠ ʩʥʠʟʫ ʜʣʷ )(2 hc , ʚʢʣʶʯʘʶʱʠʝ ʚ ʩʝʙʷ (ʢʘʢ ʯʘʩʪʥʳʝ 

ʩʣʫʯʘʠ) ʠʟʚʝʩʪʥʳʝ ʘʚʪʦʨʫ ʦʮʝʥʢʠ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ ʜʨʫʛʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ 

(ʢʘʢ ʜʣʷ ʩʣʫʯʘʝʚ ʩ ʥʝʦʜʠʥʘʢʦʚʳʤʠ ia, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʠʥʜʝʢʩʘ i, ʪʘʢ ʠ, ʚ ʪʦʤ ʯʠʩ-

ʣʝ, ʜʘʶʱʠʝ "ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʳʝ" ʦʮʝʥʢʠ ʨʘʙʦʪ [68, 69] ʚ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ʧʨʠ 

0const²=a=ai ). ʏʝʤ ʙʦʣʴʰʝ )(2 hc , ʪʝʤ ʤʝʥʴʰʝʡ ʙʫʜʝʪ ʧʦʛʨʝʰʥʦʩʪʴ 
1huu-  ʚ 

(3.7), ʧʦʵʪʦʤʫ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ʦʮʝʥʦʢ ʩʥʠʟʫ ʜʣʷ )(2 hc  ʯʝʤ ʙʦʣʴʰʝʡ ʧʦ ʚʝʣʠʯʠʥʝ 

ʷʚʣʷʝʪʩʷ ʪʘʢʘʷ ʦʮʝʥʢʘ, ʪʝʤ ʦʥʘ ʙʫʜʝʪ ʩʠʣʴʥʝʝ ʠ "ʣʫʯʰʝ" ʚ ʫʢʘʟʘʥʥʦʤ ʩʤʳʩʣʝ (ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʜʨʫʛʠʤ ʦʮʝʥʢʘʤ ʩʥʠʟʫ, ʤʝʥʴʰʠʤ ʧʦ ʚʝʣʠʯʠʥʝ, ʯʝʤ ʜʘʥʥʘʷ ʦʮʝʥʢʘ). 

ʆʧʨʝʜʝʣʝʥʠʝ 3.1. ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʚʝʣʠʯʠʥʘ )(2 hc  ʨʘʚʥʦʤʝʨʥʦ ʦʪʜʝʣʝʥʘ 

ʦʪ ʥʫʣʷ, ʝʩʣʠ 0>e$  ʠ 00>$h , ʯʪʦ ];0( 0hhÍ"  ʚʳʧʦʣʥʷʝʪʩʷ e²)(2 hc . 

ɹʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʦʟʥʘʯʝʥʠʝ ),( yx
CC

 ʜʣʷ (ʩʪʘʥʜʘʨʪʥʦʛʦ) ʩʢʘʣʷʨʥʦʛʦ ʧʨʦ-

ʠʟʚʝʜʝʥʠʷ [175] ʜʚʫʭ ʚʝʢʪʦʨʦʚ-ʩʪʦʣʙʮʦʚ x
C

 ʠ y
C

 ʠʟ N -ʤʝʨʥʦʛʦ ʝʚʢʣʠʜʦʚʦʛʦ ʚʝʱʝ-

ʩʪʚʝʥʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ NR ; ʪʦʛʜʘ ʪʘʢʞʝ yxyx TCCCC
=),( . ʉʧʨʘʚʝʜʣʠʚʘ ʣʝʤʤʘ. 
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ʃʝʤʤʘ 3.2. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʬʫʥʢʮʠʡ h
N

j jj xNuxu FÍ=ä=1
)()( , 

h
N

i ii xWvxv YÍ=ä=1 )()(  ʩʧʨʘʚʝʜʣʠʚʦ uAvvua h
T CC

=),( , uBuu h
T CC

=
2

1
, vCvv h

T CC
=

2

1
, 

ʛʜʝ NT
N Ruuuu Í¹ );;;( 21 2

C
, NT

N Rvvvv Í¹ );;;( 21 2
C

 (ʠʥʜʝʢʩ T  ð ʟʥʘʢ ʪʨʘʥʩ-

ʧʦʥʠʨʦʚʘʥʠʷ), ʘ ʤʘʪʨʠʮʳ hA , hB  ʠ hC  ʨʘʟʤʝʨʘ NN³  ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʧʦʵʣʝʤʝʥʪ-

ʥʦ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (Ni ¢¢1 , Nj¢¢1 ): 

                   

î
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î
î

ì

ë

>-

+=a-+a-+-

=+a+

-=a++a+--

=

,1||,0

,1),4/6/1(2/)1(/1

,,3/2/2

,1),4/6/1(2/)1(/1

)( ,

ji

ijchkh

ijchkh

ijchkh

A
ii

i

ii

jih
              (3.8)                                                 
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î
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ji

ijh

jih

B jih                                                 (3.9) 
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=
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,,/)62(

,1||,/)31(
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ji
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C i

ji

jih
                                     (3.10) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʜʘʥʥʦʡ ʣʝʤʤʳ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʧʦʜ-

ʩʯʝʪʘ ʠʥʪʝʛʨʘʣʦʚ, ʚʭʦʜʷʱʠʭ ʚ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ),( vua , 
2

1
u  ʠ 
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ʇʨʝʜʩʪʘʚʣʝʥʠʷ uBuu h
T CC

=
2

1
, vCvv h

T CC
=

2

1
 ʧʦʣʫʯʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. 

ʉʣʝʜʩʪʚʠʝ 3.2. ɿʘʜʘʯʘ (3.6) ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʶ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ  

ʫʨʘʚʥʝʥʠʡ ʩ ʤʘʪʨʠʮʝʡ hA  ʠ ʧʨʘʚʦʡ ʯʘʩʪʴʶ T
Nffff );;;( 21 2

C
¹ , ʛʜʝ 0),( ii Wff ¹ . 

ʇʦʣʫʯʝʥʠʝ ʦʩʥʦʚʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʜʣʷ ʦʮʝʥʠʚʘʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ 

ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʧʦʥʷʪʠʝ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʡ 

ʥʦʨʤʳ (ʃʅ) ʤʘʪʨʠʮʳ (ʩ ʜʝʡʩʪʚʠʪʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ). ʇʫʩʪʴ Ö ð ʩʪʘʥʜʘʨʪʥʘʷ 
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ʵʚʢʣʠʜʦʚʘ ʚʝʢʪʦʨʥʘʷ ʥʦʨʤʘ ʥʘ NR  (ʪʦ ʝʩʪʴ,  ),( xxx
CCC

=  ʧʨʠ NRxÍ
C

), ʵʪʠʤ ʞʝ 

ʩʠʤʚʦʣʦʤ Ö ʦʙʦʟʥʘʯʘʝʤ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʦʜʯʠʥʝʥʥʫʶ ʤʘʪʨʠʯʥʫʶ (ʦʧʝʨʘ-

ʪʦʨʥʫʶ) ʥʦʨʤʫ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʘʪʨʠʮʳ A ʨʘʟʤʝʨʘ NN³ : xAA
x

C
C

1

sup
=

¹ . ɽʜʠʥʠʯ-

ʥʫʶ ʤʘʪʨʠʮʫ ʦʙʦʟʥʘʯʘʝʤ ʯʝʨʝʟ E. ʊʦʛʜʘ ʃʅ ʤʘʪʨʠʮʳ A ʥʘʟʳʚʘʶʪ ʯʠʩʣʦ [214, 

215] ( )ttAEA
t

/1lim)(
00

-+=m
+

 (ʧʨʦʠʟʚʦʜʥʘʷ ɻʘʪʦ ʚ ʪʦʯʢʝ E ʩʧʨʘʚʘ ʚʜʦʣʴ ʥʘʧʨʘʚ-

ʣʝʥʠʷ A ʦʪ ʤʘʪʨʠʯʥʦʡ ʥʦʨʤʳ }0|{: ²ÍÖ ³ xRxR NN ).  

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʧʦʣʴʟʦʚʘʪʴʩʷ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʃʅ ʧʨʦʠʟ-

ʚʦʣʴʥʦʡ ʤʘʪʨʠʮʳ A: 

1) NRxÍ"
C

 ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ (ʧʨʠʯʝʤ, ʚʝʨʭʥʷʷ ʠ ʥʠʞʥʷʷ ʛʨʘʥʠʮʳ  

ʜʘʥʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʜʦʩʪʠʛʘʶʪʩʷ ʥʘ ʥʝʢʦʪʦʨʳʭ ʚʝʢʪʦʨʘʭ, ʩʤ. [214, 215]): 

22
)(),()( xAxxAxAxxA T CCCCCC

m¢=¢-m- ; 

2) ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʘʪʨʠʮʳ N
jijiaA 1,, }{ ==  ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 

ö
ö

÷

õ

æ
æ

ç

å
++¢m ä

¸¢¢ ij

ijjiii
Ni

aaaA ,,,
1 2

1
max)(  (ʩʚʦʡʩʪʚʦ ʜʦʢʘʟʘʥʦ ʥʠʞʝ); 

 

3) 0²"a  ʩʧʨʘʚʝʜʣʠʚʦ )()( AaaA m=m  (ʩʤ. [215]); 

4) )()()( BABA m+m¢+m , ʛʜʝ B ð ʤʘʪʨʠʮʘ ʦʜʠʥʘʢʦʚʦʛʦ ʩ A ʨʘʟʤʝʨʘ [215]; 

5) ( )( )2/)(max)( T
i

i
AAA +l=m , ʛʜʝ ( )2/)( T

i AA+l  ð i -ʝ ʩʦʙʩʪʚʝʥʥʦʝ ʯʠʩʣʦ 

ʤʘʪʨʠʮʳ ( )2/TAA+  (ʩʤ. [214, 215]). 

ɼʦʢʘʞʝʤ ʩʚʦʡʩʪʚʦ 2 ʃʅ. ʇʫʩʪʴ 2/)( TAAG += . ʄʘʪʨʠʮʘ G  ʩʠʤʤʝʪʨʠʯʥʘ, 

ʧʦʪʦʤʫ ʚʩʝ ʝʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ )(Gil  ʣʝʞʘʪ ʥʘ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ [175]. ɼʘʣʝʝ 

ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʨʘʚʝʥʩʪʚʦʤ )(max)( GA i
i
l=m  (ʩʚʦʡʩʪʚʦ 5 ʃʅ). ʆʮʝʥʠʤ ʝʛʦ ʧʨʘʚʫʶ 

ʯʘʩʪʴ, ʚʦʩʧʦʣʴʟʦʚʘʚʰʠʩʴ ʪʝʦʨʝʤʦʡ ɻʝʨʰʛʦʨʠʥʘ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʯʠʩʝʣ 

[175]. ɺ ʩʠʣʫ ʜʘʥʥʦʡ ʪʝʦʨʝʤʳ, ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʯʠʩʣʘ G  ʣʝʞʘʪ ʚ ʦʙʲʝʜʠʥʝʥʠʠ 

ʤʥʦʞʝʩʪʚ (ʢʨʫʛʦʚ ɻʝʨʰʛʦʨʠʥʘ) 8
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2

0++¹ , hhBB¹  (ʩʤ. (3.9), ʪʦ ʝʩʪʴ, B ð ʵʪʦ hB , ʥʦ ʙʝʟ ʤʥʦʞʠʪʝʣʷ 

h/1 ). ʄʘʪʨʠʮʘ hA  ʠʟ (3.8) ʧʨʝʜʩʪʘʚʠʤʘ ʢʘʢ hAAAh /)( 1+= , ʛʜʝ 1A  ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʵʪʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ (ʦʥʘ ʢʦʩʦʩʠʤʤʝʪʨʠʯʥʘ, TAA 11 -= , ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʫ ʥʝʝ 

ʩʪʦʷʪ ʥʫʣʠ, ʥʘ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʧʦʜʜʠʘʛʦʥʘʣʷʭ ð ʚʝʣʠʯʠʥʳ 2/kh°  ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ). ʄʦʪʠʚʘʮʠʷ ʚʚʝʜʝʥʠʷ ʵʪʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʜʘʣʴʥʝʡ-

ʰʝʤ ʤʳ ʩʪʦʣʢʥʝʤʩʷ ʩ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚʳʯʠʩʣʝʥʠʷ ʠ ʦʮʝʥʠʚʘʥʠʷ ʚʳʨʘʞʝʥʠʡ ʪʠʧʘ 

),( xxAh
CC
, ʥʦ ʚ ʩʠʣʫ TAA 11 -=  ʠʤʝʝʤ NRxÍ"

C
 hxxAxxAh /),(),(

CCCC
= , ʯʪʦ ʫʧʨʦʱʘʝʪ 

ʟʘʜʘʯʫ. ʆʪʤʝʪʠʤ, NRxÍ"
C

 0),( >= xxBxBxT CCCC
 ʧʨʠ 0̧x

C
, ʪʦ ʝʩʪʴ, ʢʚʘʜʨʘʪʠʯʥʘʷ 

ʬʦʨʤʘ ),( xxB
CC

 ʧʦʣʦʞʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʝʥʘ (ʵʪʦ ʩʣʝʜʫʝʪ ʠ ʠʟ ʣʝʤʤʳ 3.2, ʩʤ. ʪʘʢʞʝ 

[139]). ʉʧʝʢʪʨ B ʩʦʩʪʦʠʪ ʠʟ ʪʦʯʝʢ [139] ))22/((sin4 2)(
+p¹l Nj

N
j , ʛʜʝ Nj¢¢1 . 

ʃʝʤʤʘ 3.3. ʇʫʩʪʴ x ð ʧʨʦʠʟʚʦʣʴʥʦʝ (ʥʦ ʬʠʢʩʠʨʦʚʘʥʥʦʝ) ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 
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C

) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ    0))(( ²x--m- BA ; 
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2) ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ    0))(( ²x--m- BA , ʪʦ NRxÍ"
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ʧʨʠ ʵʪʦʤ, ʝʩʣʠ  0))(( ²x--m- BA  (ʜʣʷ ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 0
~
²ABC ), ʪʦ 

NRxÍ"
C

 ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

)(
/),(

~
),(),(

N
NAB xxBCxxBxxA l+x²

CCCCCC
;                                   (3.12) 

4) ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ   0))(( <x--m- BA , ʪʦ NRxÍ"
C

 ʩʧʨʘʚʝʜʣʠʚʦ 

)(
1

)(
1 /),(

~
),(/),))(((),(),(

N
AB

N
xxBCxxBxxBBAxxBxxA l+x²lx--m-x²
CCCCCCCCCC

.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʧʫʥʢʪʘ 1 ʣʝʤʤʳ ʩʣʝʜʫʝʪ ʠʟ ʩʚʦʡʩʪʚʘ 1 ʃʅ, 

ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ ʤʘʪʨʠʮʝ  BA x- . ɼʦʢʘʞʝʤ ʧʫʥʢʪ 2 ʣʝʤʤʳ. ɺ ʩʠʣʫ ʩʚʦʡʩʪʚʘ 1 ʃʅ, 

2
))((),)(( xBAxxBA
CCC

x--m-²x- . ʆʮʝʥʠʤ x
C

 ʚ ʜʘʥʥʦʤ ʥʝʨʘʚʝʥʩʪʚʝ. ɺ ʩʠʣʫ ʥʝʨʘ-

ʚʝʥʩʪʚʘ ʈʵʣʝʷ-ʈʠʪʮʘ [175] NRxÍ"
C

  

2)(2)(
1 ),( xxxBx

N
N

N CCCC
l¢¢l .                                 (3.13) 

ʆʪʩʶʜʘ ʧʦʣʫʯʘʝʤ ʦʮʝʥʢʫ 
2)(

/),( xxxB
N
N

CCC
¢l , ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝʨʘʚʝʥʩʪʚʦ (3.11). 

ɼʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʧʫʥʢʪʘ 3 ʣʝʤʤʳ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʠʪʴ ʩʚʦʡʩʪʚʦ 2 ʃʅ ʢ ʤʘʪ-

ʨʠʮʝ BA x- , ʧʨʦʜʝʣʘʚ ʧʨʠ ʵʪʦʤ ʥʝʩʣʦʞʥʳʝ, ʥʦ ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʠʝ ʚʳʢʣʘʜʢʠ ʧʦ 

ʧʨʠʚʝʜʝʥʠʶ ʧʦʜʦʙʥʳʭ ʯʣʝʥʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʚʳʨʘʞʝʥʠʷʭ (ʩʤ. ʪʘʢʞʝ ʜʦʢʘʟʘ-

ʪʝʣʴʩʪʚʦ ʣʝʤʤ 3 ʠ 4 ʚ ʨʘʙʦʪʝ [205]). ʅʝʨʘʚʝʥʩʪʚʦ (3.12) ʧʨʠ ʵʪʦʤ ʚʳʪʝʢʘʝʪ ʠʟ ʥʝʨʘ-
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ʚʝʥʩʪʚʘ (3.11). ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʫʪʚʝʨʞʜʝʥʠʷ ʧʫʥʢʪʘ 4 ʣʝʤʤʳ ʚʳʪʝʢʘʝʪ ʠʟ ʥʝʨʘ-

ʚʝʥʩʪʚ 
2

))((),)(( xBAxxBA
CCC

x--m-²x-  ʠ 
)(

1

2
/),(

N
xxBx l¢
CCC

. ʃʝʤʤʘ ʜʦʢʘʟʘʥʘ. 

ʉʣʝʜʩʪʚʠʝ 3.3. ɺʦʟʴʤʝʤ ʚ ʣʝʤʤʝ 3.3 ʯʠʩʣʦ x ʚ ʚʠʜʝ  

42
1

2j
+
d

+=x
chkh

,                                                   (3.14) 

ʛʜʝ d ʠ j ð ʥʝʢʦʪʦʨʳʝ ʜʝʡʩʪʚʠʪʝʣʴʥʳʝ ʯʠʩʣʘ. ʊʦʛʜʘ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʷ  

0))(( ²x--m- BA  ʧʫʥʢʪʘ 2 ʣʝʤʤʳ 3.3 ʠ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ ʥʝʨʘʚʝʥʩʪʚʘ  
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N
N
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kh
xxBxxA

l
j--m-

l
d--m-x²

CCCC
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  (3.15) 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦʚʠʡ   0))(( 0 ²d--m- BA   ʠ   0))(( ²j--m- BM . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʀʟ ʩʚʦʡʩʪʚ 3 ʠ 4 ʃʅ ʧʦʣʫʯʘʝʤ ʥʝʨʘʚʝʥʩʪʚʘ 

-d--m-²j--d--m-=x--m- ))(()2/()4/)(2/)(())(( 0
2

0 BAkhBMchBAkhBA  

0))(()4/( 2 ²j--m- BMch . ʅʝʨʘʚʝʥʩʪʚʦ (3.15) ʚʳʪʝʢʘʝʪ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ (3.11). 

ɿʘʤʝʯʘʥʠʝ 3.1. ʆʮʝʥʢʠ ʩʥʠʟʫ ʜʣʷ ʚʳʨʘʞʝʥʠʡ ))(( 0 BA d--m-  ʠ 

))(( BM j--m-  (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʥʝʨʘ-

ʚʝʥʩʪʚ  0))(( 0 ²d--m- BA ,  0))(( ²j--m- BM ) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʠʟ ʧʫʥʢʪʘ 3 

ʣʝʤʤʳ 3.3, ʚʟʷʚ x ʚ ʚʠʜʝ (3.14) ʠ ʬʦʨʤʘʣʴʥʦ ʧʦʣʦʞʠʚ ʪʘʤ 0=c  ʠʣʠ 0=k  ʩʦʦʪʚʝʪ-

ʩʪʚʝʥʥʦ (ʪʦʛʜʘ ʚʳʨʘʞʝʥʠʝ ABC
~

 ʠ ʜʘʩʪ ʠʩʢʦʤʫʶ ʦʮʝʥʢʫ ʩʥʠʟʫ). ʆʪʤʝʪʠʤ, ʯʪʦ ʯʘʩʪ-

ʥʳʡ ʩʣʫʯʘʡ ʧʦʜʦʙʥʦʛʦ ʨʦʜʘ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʤʘʪʨʠʮʳ 0A  (ʢʦʪʦʨʳʡ ʪʘʢʞʝ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʩʧʦʩʦʙʦʤ ʠʟ ʣʝʤʤʳ 3.3, ʧʦʣʦʞʠʚ 0=c  ʚ ABC
~

  ʠ 

ʨʘʩʢʨʳʚ ʤʦʜʫʣʠ ʩʦ ʟʥʘʢʦʤ ʤʠʥʫʩ) ʙʳʣ ʚʳʚʝʜʝʥ ʚ ʨʘʙʦʪʝ [205] ʘʚʪʦʨʘ (ʩʤ. ʣʝʤʤʫ 4 

ʚ [205]). ɺ ʯʘʩʪʥʦʩʪʠ, ʪʘʤ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʩʣʠ ʥʝʢʦʪʦʨʦʝ RÍd  ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʥʝʨʘʚʝʥʩʪʚʘ 023 21 ²d-a-a , 0)(2 11 ²a+a-a +- iii  (ʧʨʠ 12 -¢¢ Ni ), 

023 1 ²d-a-a -NN , 021 ²d-a+a +ii  (ʧʨʠ 11 -¢¢ Ni ), ʪʦʛʜʘ NRxÍ"
C

 ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ xBxxAx TT CCCC
)(0 d² . ɼʦʢʘʟʘʪʴ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʥʦ ʠ ʜʨʫ-

ʛʠʤ ʧʫʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʦʡʩʪʚʘ 1 ʠ 2 ʃʅ (ʯʪʦ ʠ ʙʳʣʦ ʩʜʝʣʘʥʦ ʚ 



 86 

[205]). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ  ʩʠʣʫ ʩʚʦʡʩʪʚʘ 1 ʃʅ ʜʣʷ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ xBxxAx TT CCCC
)(0 d²  

ʜʦʩʪʘʪʦʯʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ  0))(( 0 ²d--m- BA . ʊʦʛʜʘ, ʚ ʩʠʣʫ ʩʚʦʡʩʪʚʘ 2 ʃʅ ʠʤʝʝʤ: 
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í
ì
ë

d-a-a²d--m- +-

-¢¢
-

ii
i

Ni
NNBA

ʀʩʩʣʝʜʫʝʤ ʩʚʦʡʩʪʚʘ ʤʘʪʨʠʮʳ D. ɼʦʢʘʞʝʤ ʜʣʷ ʵʪʦʛʦ ʩʣʝʜʫʶʱʫʶ ʣʝʤʤʫ. 

ʃʝʤʤʘ 3.4. ʇʫʩʪʴ c ð ʧʨʦʠʟʚʦʣʴʥʦʝ (ʥʦ ʬʠʢʩʠʨʦʚʘʥʥʦʝ) ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

ʯʠʩʣʦ. ʊʦʛʜʘ: 

1) ʥʝʨʘʚʝʥʩʪʚʦ ),(),( xxBxxD
CCCC

c¢  ʩʧʨʘʚʝʜʣʠʚʦ (ʧʨʠ NRxÍ"
C

) ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ    0))(( ²-c-m- DB ; 

2) ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ     0))(( ²-c-m- DB , ʪʦ NRxÍ"
C

 ʩʧʨʘʚʝʜʣʠʚʦ 

)(
/),))(((),(),(0

N
NxxBDBxxBxxD l-c-m+c¢¢

CCCCCC
;                       (3.16) 

3) ʩʧʨʘʚʝʜʣʠʚʦ ʥʝʨʘʚʝʥʩʪʚʦ   ))((~~
))(( DBCDB DB -c-m¹²-c-m- ,  

{

( );22min

,22,22min
~

11
2

1

1
2

21
2
1

ý
ü
ûaa-c-aa-c-a-c

aa-c-a-caa-c-a-c=

+-
<<

-

iiiii
Ni

NNNDBC

 

ʧʨʠ ʵʪʦʤ, ʝʩʣʠ  0))(( ²-c-m- DB  (ʜʣʷ ʯʝʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ 0
~
²DBC ), ʪʦ 

NRxÍ"
C

 ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

)(
/),(

~
),(),(0

N
NDB xxBCxxBxxD l-c¢¢

CCCCCC
;                            (3.17)                              

4) ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ    0))(( <-c-m- DB , ʪʦ NRxÍ"
C

 ʩʧʨʘʚʝʜʣʠʚʦ 

)(
1

)(
1 /),(

~
),(/),))(((),(),(0

N
DB

N
xxBCxxBxxBDBxxBxxD l-c¢l-c-m+c¢¢
CCCCCCCCCC

. 
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ɿʘʤʝʯʘʥʠʝ 3.2. ʃʝʤʤʘ 3.4 ʦʙʦʙʱʘʝʪ ʨʝʟʫʣʴʪʘʪ ʣʝʤʤʳ 3 ʩʪʘʪʴʠ [205]. ʏʠʩʣʦ 

c ʚ ʥʝʨʘʚʝʥʩʪʚʝ xDxxBx TT CCCC
²c )(  ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʤʝʥʴʰʝ 2

1
max i

Ni
a

¢¢
, ʯʪʦ ʩʣʝʜʫʝʪ ʠʟ 

ʢʨʠʪʝʨʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʚʘʜʨʘʪʠʯʥʦʡ ʬʦʨʤʳ [175, 217], ʧʨʠʤʝʥʝʥʥʦʛʦ ʢ 

ʬʦʨʤʝ xDBxT CC
)( -c  (ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ, ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 0)( ²-c xDBxT CC

 NRxÍ"
C

 

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʩʝ ʛʣʘʚʥʳʝ ʤʠʥʦʨʳ ʤʘʪʨʠʮʳ DB-c  ʙʳʣʠ ʥʝʦʪ-

ʨʠʮʘʪʝʣʴʥʳ); ʝʩʣʠ ʞʝ 2

1
max i

Ni
a<c

¢¢
, ʪʦ ʦʜʠʥ ʠʟ ʵʣʝʤʝʥʪʦʚ ʥʘ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 

ʤʘʪʨʠʮʳ DB-c  ʦʪʨʠʮʘʪʝʣʝʥ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʫʩʣʦʚʠʡ ʢʨʠʪʝʨʠʷ.  

ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʩʣʫʯʘʡ, ʢʦʛʜʘ ia  ʥʝʦʜʠʥʘʢʦʚʳ (ʪʦ ʝʩʪʴ, ʩʫʱʝ-

ʩʪʚʫʶʪ ʪʘʢʠʝ i  ʠ j , ji ¸ , ʯʪʦ ji a̧a ). ʇʦʢʘʞʝʤ, ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʜʣʷ ʚʳʧʦʣ-

ʥʝʥʠʷ  xDxxBx TT CCCC
²c )(  ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ 2

1
max i

Ni
a>c

¢¢
. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʫʩʪʴ ʚʝ-

ʣʠʯʠʥʘ 2

1
max i

Ni
a

¢¢
 ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʢʘʢʦʤ-ʥʠʙʫʜʴ ʠʥʜʝʢʩʝ k. ʊʦʛʜʘ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʩʦ-

ʩʝʜʥʠʭ ʠʥʜʝʢʩʦʚ 1+=kj  ʣʠʙʦ 1-=kj  ʙʫʜʝʪ jk a̧a  (ʝʩʣʠ ʞʝ ʵʪʦ ʥʝ ʪʘʢ, ʠ ʦʢʘ-

ʟʳʚʘʝʪʩʷ, ʯʪʦ 11 +- a=a=a kkk , ʪʦ ʠʥʜʝʢʩʫ k  ʤʦʞʥʦ ʧʨʠʩʚʦʠʪʴ ʟʥʘʯʝʥʠʝ 1-k  ʠʣʠ 

1+k , ʠ ʩʥʦʚʘ ʧʦʚʪʦʨʠʪʴ ʜʘʥʥʦʝ ʨʘʩʩʫʞʜʝʥʠʝ ð ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʤ, ʯʪʦ ʣʠʙʦ 

ʚʩʝ ʟʥʘʯʝʥʠʷ ia  ʩʦʚʧʘʜʘʶʪ, ʯʝʛʦ ʙʳʪʴ ʥʝ ʤʦʞʝʪ, ʣʠʙʦ ʞʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʫʱʝ-

ʩʪʚʫʶʪ ʠʩʢʦʤʳʝ k  ʠ j  ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ). ʇʦʣʦʞʠʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ 

1-=kj . ʊʦʛʜʘ, ʝʩʣʠ 22

1
max ki

Ni
a=a=c

¢¢
, ʪʦ ʛʣʘʚʥʳʡ ʤʠʥʦʨ 

0)(0)())((3
22

22 2222
2

2

<a-ac-=a-ac-a-ca-c=
a-caa+c-

aa+c-a-c
jkjkjk

kjk

kjj
,  

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʘʨʫʰʝʥʠʠ ʫʩʣʦʚʠʡ ʢʨʠʪʝʨʠʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʚʘʜʨʘʪʠʯʥʦʡ 

ʬʦʨʤʳ xDBxT CC
)( -c .  

ʇʦʛʨʝʰʥʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-ɻʘʣʝʨʢʠʥʘ. ɼʦʢʘʞʝʤ ʩʣʝʜʫ-

ʶʱʫʶ ʪʝʦʨʝʤʫ, ʜʘʶʱʫʶ ʦʮʝʥʢʫ ʚʝʣʠʯʠʥʳ )(2 hc  ʚ ʪʝʦʨʝʤʝ 3.1. 

ʊʝʦʨʝʤʘ 3.2. ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʫʥʢʪʦʚ 2 ʚ ʣʝʤʤʘʭ 3.3 ʠ 3.4. ʊʦ-

ʛʜʘ ʩʧʨʘʚʝʜʣʠʚʦ 
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)/))(((31

/))((
)()(

)(

)(

02
N
N

N
N

DB

BA
hChc

l-c-m+c+

lx--m-x
¹² .                         (3.18) 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 

ʉʣʝʜʩʪʚʠʝ 3.4. 1) ʇʫʩʪʴ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 3.2. ɺʦʩʧʦʣʴʟʦʚʘʚ-

ʰʠʩʴ ʧʫʥʢʪʘʤʠ 3 ʣʝʤʤ 3.3 ʠ 3.4, ʦʮʝʥʢʫ (3.18) ʤʦʞʥʦ ʦʩʣʘʙʠʪʴ, ʧʦʣʫʯʠʚ ʜʣʷ )(2 hc  

ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ ʩʥʠʟʫ: 

)/))(((31

/
~

)(
)(

)(

2
N
N

N
NAB

DB

C
hc

l-c-m+c+

l+x
² ,                                   (3.19) 

)/
~

(31

/))((
)(

)(

)(

2
N
NDB

N
N

C

BA
hc

l-c+

lx--m-x
² ,                                          (3.20) 

)/
~

(31

/
~

)(
)(

)(

2
N
NDB

N
NAB

C

C
hc

l-c+

l+x
² .                                          (3.21) 

 

2) ʊʨʝʙʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʠʷ ʧʫʥʢʪʘ 2 ʣʝʤʤʳ 3.3 ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʪʝʦʨʝʤʳ 3.2 

ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʪʨʝʙʦʚʘʥʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʧʫʥʢʪʘ 4 ʣʝʤʤʳ 3.3; ʧʨʠ ʵʪʦʤ ʙʫʜʝʪ 

ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ (3.18), ʛʜʝ ʚ ʯʠʩʣʠʪʝʣʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʟʷʪʦ ʚʳʨʘʞʝʥʠʝ 

)(
1/))((
N

BA lx--m-x  (ʠʣʠ ʝʛʦ ʦʮʝʥʢʘ ʩʥʠʟʫ 
)(

1/
~ N

ABC l+x ). 

3) ɺʤʝʩʪʦ ʚʳʧʦʣʥʝʥʠʷ ʧʫʥʢʪʘ 2 ʣʝʤʤʳ 3.4 ʚ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ 3.2 ʤʦʞʥʦ 

ʧʦʪʨʝʙʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʷ ʧʫʥʢʪʘ 4 ʣʝʤʤʳ 3.4; ʧʨʠ ʵʪʦʤ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ (3.18), 

ʛʜʝ ʚ ʟʥʘʤʝʥʘʪʝʣʝ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʟʷʪʦ ʚʳʨʘʞʝʥʠʝ )/))(((31
)(

1
N

DB l-c-m+c+  

(ʠʣʠ ʝʛʦ ʦʮʝʥʢʘ ʩʚʝʨʭʫ )/
~

(31
)(

1
N

DBC l-c+ ). 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʛʦ ʩʣʝʜʩʪʚʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʧʫʥʢʪʳ 2 ʠ 3 ʩʣʝʜʩʪʚʠʷ 3.4 ʥʝ ʟʘʚʠʩʷʪ ʜʨʫʛ ʦʪ ʜʨʫʛʘ, ʧʦʵʪʦʤʫ, 

ʢʦʛʜʘ ʠʭ ʫʩʣʦʚʠʷ ʚʳʧʦʣʥʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʜʣʷ ʚʝʣʠʯʠʥʳ )(2 hc  ʠʤʝʶʪ ʤʝʩʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʮʝʥʢʠ. 

ɿʘʤʝʯʘʥʠʝ 3.3. ɽʩʣʠ x ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ (3.14) ʠ ʩʧʨʘʚʝʜʣʠʚʳ 

ʫʩʣʦʚʠʷ ʩʣʝʜʩʪʚʠʷ 3.3, ʪʦ ʦʮʝʥʢʠ (3.18) ʠ (3.20) ʤʦʞʥʦ ʦʩʣʘʙʠʪʴ, ʟʘʤʝʥʠʚ (ʦʮʝʥʠʚ 

ʩʥʠʟʫ) ʯʠʩʣʠʪʝʣʴ ʚ ʜʘʥʥʳʭ ʦʮʝʥʢʘʭ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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)4/())(()2/())((
)(2)(

0
N
N

N
N BMchBAkh lj--m-ld--mÖ-x . ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʃʅ ʚ ʧʦ-

ʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʪʘʢʞʝ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʩʥʠʟʫ (ʩʤ. ʟʘʤʝʯʘʥʠʝ 3.1), ʧʦʣʫʯʠʚ ʪʘ-

ʢʠʤ ʦʙʨʘʟʦʤ ʜʣʷ )(2 hc  ʝʱʝ ʙʦʣʝʝ ʩʣʘʙʳʝ ʦʮʝʥʢʠ. ʆʪʩʶʜʘ, ʢʘʢ ʯʘʩʪʥʳʡ ʩʣʫʯʘʡ, ʧʦ-

ʣʦʞʠʚ 0=c  ʠ ʦʪʙʨʦʩʠʚ ʩʣʘʛʘʝʤʳʝ ʩ ʃʅ ʚ ʯʠʩʣʠʪʝʣʝ ʠ ʟʥʘʤʝʥʘʪʝʣʝ (ʯʪʦ ʧʨʠʚʝʜʝʪ 

ʣʠʰʴ ʢ ʦʛʨʫʙʣʝʥʠʶ ʦʮʝʥʢʠ), ʧʦʣʫʯʘʝʪʩʷ ʦʮʝʥʢʘ c+d+² 31/)2/1()(2 khhc  ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʂɼ, ʚʳʚʝʜʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [205] (ʩʤ. ʪʝʦʨʝʤʫ 2 ʚ [205]). 

ʈʘʥʝʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ (ʩʤ. ʩʣʝʜʩʪʚʠʝ 3.1), ʯʪʦ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3.3) ʩʫʱʝ-

ʩʪʚʫʝʪ ʠ ʝʜʠʥʩʪʚʝʥʥʦ. ɼʦʢʘʞʝʤ ʪʝʧʝʨʴ ʪʝʦʨʝʤʫ, ʢʦʪʦʨʘʷ ʜʘʝʪ ʦʮʝʥʢʫ ʪʦʯʥʦʩʪʠ 

ʄʇɻ, ʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʪʦʨʦʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʝʛʦ ʩʭʦʜʠʤʦʩʪʴ. 

ʊʝʦʨʝʤʘ 3.3. ʇʫʩʪʴ ]1;0[1
0HuÍ  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3.3); ʧʨʝʜʧʦʣʦ-

ʞʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ, ʯʪʦ  u  ʪʘʢʞʝ ʧʨʠʥʘʜʣʝʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʫ ]1;0[2H . ʇʫʩʪʴ ʚʳ-

ʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 3.2 ʠ 0)(0 >hC . ʊʦʛʜʘ ʨʝʰʝʥʠʝ hhu FÍ  ʟʘʜʘʯʠ (3.6) 

ʩʫʱʝʩʪʚʫʝʪ, ʝʜʠʥʩʪʚʝʥʥʦ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʦʮʝʥʢʘʤ 

2
0

1
2

2

1
1 )(

1
)(

1 uh
hC

C
uh

hc

C
uu h öö

÷

õ
ææ
ç

å
+¢öö

÷

õ
ææ
ç

å
+¢- .                           (3.22) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 

ʉʣʝʜʩʪʚʠʝ 3.5. ʇʫʩʪʴ ʚʝʣʠʯʠʥʘ )(2 hc  ʨʘʚʥʦʤʝʨʥʦ ʦʪʜʝʣʝʥʘ ʦʪ ʥʫʣʷ (ʜʣʷ ʵʪʦ-

ʛʦ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ )(0 hC  ʙʳʣʘ ʨʘʚʥʦʤʝʨʥʦ ʦʪʜʝʣʝʥʘ ʦʪ ʥʫʣʷ). ʊʦʛʜʘ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤʳ 3.3 ʠʟ (3.22) ʧʦʣʫʯʘʝʤ )(
1

hOuu h =-  ʠ 

)(
1

hOuu h =-  (ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦʛʜʘ ʠ )(
0

hOuu h =- ) ʧʨʠ 0h . ʀʩʧʦʣʴʟʦʚʘʚ 

ʪʝʦʨʝʤʫ ʉʦʙʦʣʝʚʘ ʦ ʚʣʦʞʝʥʠʠ [208ï210], ʪʘʢʞʝ ʧʦʣʫʯʠʤ ʩʭʦʜʠʤʦʩʪʴ hu  ʢ u  ʩʦ 

ʩʢʦʨʦʩʪʴʶ )(hO  ʠ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ]1;0[C . 

ʉʣʫʯʘʡ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʈʘʩʩʤʦʪʨʠʤ 

ʩʠʪʫʘʮʠʶ, ʢʦʛʜʘ ʚʩʝ const=a=ai . ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʘʪʨʠʮʳ BA a=0 , 

MchBkhA )4/()2/1( 2+a+= , ʧʦʵʪʦʤʫ, ʚʟʷʚ x ʚ ʚʠʜʝ (3.14) (ʧʨʠ a=d ), ʧʦʣʫʯʘʝʤ, 

ʯʪʦ ),(),( xxBxxA
CCCC

x²  ʩʚʦʜʠʪʩʷ ʢ ),(),( xxBxxM
CCCC

j² , ʘ ʫʩʣʦʚʠʝ  0))(( ²x--m- BA  

ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʚʦʡʩʪʚʦ 3 ʃʅ), ʢ ʫʩʣʦʚʠʶ  0))(( ²j--m- BM . 
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ʋʪʚʝʨʞʜʝʥʠʝ 3.1. ʏʠʩʣʦ 
)2/(sin33

)2/(sin21
2

2

h

h

p-

p+
¹j=j *  ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʯʠʩʣʦʤ, ʧʨʠ ʢʦʪʦʨʦʤ NRxÍ"
C

 ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ 

),(),( xxBxxM
CCCC

j² . ʇʨʠ ʵʪʦʤ,  0))(( =j--m BM . 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ.  

ɸʥʘʣʦʛʠʯʥʦ, ʧʦʩʢʦʣʴʢʫ BD 2a= , ʪʦ ʠʟ ʣʝʤʤʳ 3.4 ʧʦʣʫʯʘʝʤ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

c ʤʦʞʥʦ ʚʟʷʪʴ 2a=c , ʧʨʠʯʝʤ ʜʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ ),(),( xxBxxD
CCCC

c¢ . ʆʧʠʨʘʷʩʴ ʥʘ ʵʪʦ, ʘ ʪʘʢʞʝ ʥʘ ʫʪʚʝʨ-

ʞʜʝʥʠʝ 3.1 ʠ ʪʦ, ʯʪʦ ʃʅ ʥʫʣʝʚʦʡ ʤʘʪʨʠʮʳ ʨʘʚʥʘ ʥʫʣʶ, ʠʟ ʦʮʝʥʢʠ (3.18) ʪʝʦʨʝʤʳ 

3.2 ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʋʪʚʝʨʞʜʝʥʠʝ 3.2. ʇʨʠ const=a=ai  ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 

2

2

02
31

4/2/1
)()(

a+

j+a+
=² *chkh

hChc .                                   (3.23) 

 

ɿʘʤʝʯʘʥʠʝ 3.4. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂɼ, ʧʨʠ 0=c , ʦʮʝʥʢʘ (3.23) 

ʩʦʚʧʘʜʘʝʪ ʩ ʠʟʚʝʩʪʥʦʡ ʦʮʝʥʢʦʡ ʨʘʙʦʪ [68, 69], ʢʦʪʦʨʘʷ, ʢʘʢ ʧʦʢʘʟʘʥʦ ʚ [68], ʷʚʣʷʝʪ-

ʩʷ "ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʦʡ" ʚ ʪʦʤ ʩʤʳʩʣʝ, ʯʪʦ ʧʨʠ ʥʝʯʝʪʥʳʭ N  ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʯʥʦʝ ʨʘ-

ʚʝʥʩʪʚʦ 2/12
2 )31)(2/1()( -a+a+= khhc . ɺ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʷ ʂɼʈ ʵʪʦ, ʚʦʦʙʱʝ ʛʦ-

ʚʦʨʷ, ʥʝ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʘ, ʦʜʥʘʢʦ ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ (ʢʦ-

ʪʦʨʦʝ, ʪʝʤ ʥʝ ʤʝʥʝʝ, ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʂɼ ʧʨʠ 0=c  ʚʩʝ ʝʱʝ ʙʫʜʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦ "ʢʚʘʟʠʦʧʪʠʤʘʣʴʥʦʩʪʠ" ʦʮʝʥʢʠ (3.23), ʦʙʦʙʱʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

ʨʝʟʫʣʴʪʘʪ ɻʨʠʬʬʠʪʩʘ ʠ ʃʦʨʝʥʮʘ [68, 69]). 

ʋʪʚʝʨʞʜʝʥʠʝ 3.3. ʇʨʠ ʥʝʯʝʪʥʦʤ N  ʠ const=a=ai  ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ 

2

2

2
31

|3/2/1|
)(

a+

+a+
¢

chkh
hc .                                       (3.24) 

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʫʪʚʝʨʞʜʝʥʠʷ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 

ɿʘʤʝʯʘʥʠʝ 3.5. 1) ɺʟʷʚ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ a ʦʪ ʧʨʘʚʦʡ ʯʘʩʪʠ (3.23), ʧʦʣʫʯʠʤ, 

ʯʪʦ ʤʘʢʩʠʤʫʤ ʧʨʘʚʦʡ ʯʘʩʪʠ ʙʫʜʝʪ ʜʦʩʪʠʛʥʫʪ ʧʨʠ  
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*j+
¹a=a

2max
312

2

ch

kh
.                                              (3.25) 

ɼʣʷ ʫʨʘʚʥʝʥʠʷ ʂɼ ʧʨʠ 0=c  ʚʳʨʘʞʝʥʠʝ (3.25) ʜʘʝʪ ʠʟʚʝʩʪʥʳʡ ʨʝʟʫʣʴʪʘʪ 

6/max kh=a  [68]. ɺ ʩʣʫʯʘʝ ʥʝʦʜʠʥʘʢʦʚʳʭ ia ʜʣʷ ʦʪʳʩʢʘʥʠʷ ʤʘʢʩʠʤʫʤʘ ʚʝʣʠʯʠʥʳ 

)(0 hC  (ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ia) ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʯʘʩʪʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʥʝʝ ʧʦ 

ʥʘʙʦʨʫ ia, ʠʣʠ ʞʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʯʠʩʣʝʥʥʳʝ ʘʣʛʦʨʠʪʤʳ ʦʧʪʠʤʠʟʘʮʠʠ [154]. 

2) ɺʝʣʠʯʠʥʘ )(/ 01 hCC  (ʠ )(/ 21 hcC ) ʚ (3.22)-(3.23) ʦʛʨʘʥʠʯʝʥʘ ʧʨʠ +¤k  

ʠʣʠ +¤c , ʝʩʣʠ 0̧a  ʥʝ ʟʘʚʠʩʠʪ ʦʪ k  ʠ c, ʘ h  ʬʠʢʩʠʨʦʚʘʥʥʦʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

 ʠ . ʕʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʠ ʢʦʛʜʘ  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʝʨʝʟ (3.25) ð ʪʦʛʜʘ   ʠ  . 

ʉʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʠ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʇʝʪʨʦʚʘ-

ɻʘʣʝʨʢʠʥʘ. ʉ ʧʦʤʦʱʴʶ ʥʝʨʘʚʝʥʩʪʚʘ ʌʨʠʜʨʠʭʩʘ (3.5) ʠʟ (3.22) ʩʨʘʟʫ ʧʦʣʫʯʘʝʤ ʩʦ-

ʦʪʚʝʪʩʪʚʫʶʱʫʶ ʦʮʝʥʢʫ . ʆʪʤʝʪʠʤ ʪʘʢʞʝ, ʯʪʦ ʩʣʝʜʩʪʚʠʝ 3.5 (ʢʦʛʜʘ ʚʳʧʦʣ-

ʥʷʶʪʩʷ ʝʛʦ ʫʩʣʦʚʠʷ) ʩʧʦʩʦʙʥʦ ʧʨʝʜʦʩʪʘʚʠʪʴ ʣʠʰʴ ʧʝʨʚʳʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʄʇɻ 

ʧʦ  ʚ , ʪʦ ʝʩʪʴ,  ʧʨʠ . ɺ ʜʘʥʥʦʤ ʧʫʥʢʪʝ ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʫʪʦʯʥʝʥʥʳʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʜʣʷ ʄʇɻ. ɼʦʢʘʞʝʤ ʣʝʤʤʫ, ʭʘʨʘʢʪʝ-

ʨʠʟʠʨʫʶʱʫʶ ʠʥʪʝʨʧʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ  ʚʝʩʦʚʳʭ ʬʫʥʢʮʠʡ. 

ʃʝʤʤʘ 3.5. ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʫʥʢʮʠʠ  ʩʫʱʝʩʪʚʫʝʪ 

ʝʜʠʥʩʪʚʝʥʥʘʷ  ʬʫʥʢʮʠʷ , ʠʥʪʝʨʧʦʣʠʨʫʶʱʘʷ  ʚ ʫʟʣʘʭ , . ʇʨʠ 

ʵʪʦʤ, ʝʩʣʠ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʧʫʥʢʪʘ 2 ʣʝʤʤʳ 3.4, ʪʦ ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ   

. (3.26) 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ ʧʨʠʚʝʜʝʥʦ ʚ ʇʨʠʣʦʞʝʥʠʠ ɹ. 

 ʉʣʝʜʩʪʚʠʝ 3.6. 1) ɽʩʣʠ ʚ ʫʩʣʦʚʠʷʭ ʣʝʤʤʳ 3.5 ʧʦʪʨʝʙʦʚʘʪʴ ʚʳʧʦʣʥʝʥʠʷ ʫʩʣʦ-

ʚʠʡ ʧʫʥʢʪʘ 3 ʣʝʤʤʳ 3.4 (ʩ  ), ʪʦ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ (3.26) ʧʦʣʫʯʠʤ 

ʥʝʨʘʚʝʥʩʪʚʦ . 


