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ʋɼʂ 621.43.011 

ʍʘʥʤʘʤʝʜʦʚ ʉ.ɸ., ɽʨʤʦʰʢʠʥ ɻ.ʅ. 

ʆʅʄɸ 

ɹʆɹʄʁʀ ʆɹɼʉʌʀʇʃ ʆɹ ʋʇʈʄʁɻʇʈʉʇɻʇɽʔ ɻʔʊʇʃʇɼʇ ɽɹɻʄɾʆʁʘ, 
ɻʇʀʆʁʃɹʗʒʁʎ ɻ ʈʉʇʏɾʊʊɾ ʖʃʊʈʄʌɹʋɹʏʁʁ ɽʁʀɾʄɾʂ 

ʅʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘ ʩʫʜʦʚʳʭ ʜʚʠʛʘʪʝʣʷʭ ʧʦʣʫʯʠʣʘ ʪʦʧ-

ʣʠʚʥʘʷ ʘʧʧʘʨʘʪʫʨʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤ ʧʨʠʚʦ-

ʜʦʤ, ʫ ʢʦʪʦʨʦʡ ʥʘʩʦʩ ï ʬʦʨʩʫʥʢʘ ʩʦʝʜʠʥʝʥʳ ʪʦʧʣʠʚʦʧʨʦʚʦʜʦʤ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ʅʘʜʝʞʥʦʩʪʠ ʨʘʙʦʪʳ ʵʪʦʛʦ ʵʣʝʤʝʥʪʘ ʫʜʝʣʝʥʦ ʩʝʨʴʸʟʥʦʝ ʚʥʠʤʘʥʠʝ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʤʦʨʩʢʠʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʊʘʢ, ʩʦʛʣʘʩʥʦ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʢʦʥʚʝʥʮʠʠ ʧʦ ʙʝʟʦʧʘʩʥʦʩʪʠ ʯʝʣʦʚʝʯʝʩʢʦʡ ʞʠʟʥʠ ʥʘ ʤʦʨʝ 1974 ʛ. [1], ʚ 

ʥʝʸ ʩ 1 ʠʶʣʷ 2003 ʛ. ʚ ʧʨʘʚʠʣʦ II-2/15 ʚʥʦʩʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʨʝʙʦ-

ʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ç2.9 ʚʩʝ ʥʘʨʫʞʥʳʝ ʪʦʧʣʠʚʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ 

ʥʘ ʫʯʘʩʪʢʘʭ ʦʪ ʪʦʧʣʠʚʥʳʭ ʥʘʩʦʩʦʚ ʜʦ ʬʦʨʩʫʥʦʢ ʜʦʣʞʥʳ ʙʳʪʴ ʧʦʤʝʱʝʥʳ 

ʚ ʩʠʩʪʝʤʫ ʟʘʢʨʳʪʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʩʧʦʩʦʙʥʫʶ ʫʜʝʨʞʠʚʘʪʴ ʪʦʧʣʠʚʦ 

ʧʨʠ ʫʪʝʯʢʘʭ ʚ ʪʨʫʙʦʧʨʦʚʦʜʘʭ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. ʕʪʘ ʩʠʩʪʝʤʘ ʩʦʩʪʦʠʪ 

ʠʟ ʥʘʨʫʞʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚ ʢʦʪʦʨʦʡ ʧʦʤʝʱʝʥ ʪʦʧʣʠʚʥʳʡ ʪʨʫʙʦʧʨʦ-

ʚʦʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʦʙʨʘʟʫʷ ʥʝʨʘʟʲʝʤʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. ʉʠʩʪʝʤʘ 

ʥʘʨʫʞʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʩʨʝʜʩʪʚʘ ʩʙʦʨʘ ʧʨʦʪʝʯʝʢ ʠ 

ʜʦʣʞʥʳ ʙʳʪʴ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʤʝʨʳ ʠ ʫʩʪʨʦʡʩʪʚʘ ʧʦʜʘʯʠ ʘʚʘʨʠʡʥʦ-

ʧʨʝʜʫʧʨʝʜʠʪʝʣʴʥʦʛʦ ʩʠʛʥʘʣʘ ʧʨʠ ʪʝʯʠ ʚ ʪʦʧʣʠʚʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝè. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʆʅʄɸ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘʥʦʤ 

ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʭ ʨʘʙʦʪ ʧʦ ʪʝʤʝ çʉʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʭʥʠʯʝ-

ʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢè ʠ ʧʦʩʚʷʱʝʥʘ 

ʘʥʘʣʠʟʫ ʥʘʛʨʫʟʦʢ ʥʘ ʵʣʝʤʝʥʪʳ ʪʨʫʙʦʧʨʦʚʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʟʛʦʪʦʚʣʝʥʳ ʧʦ 

ʧʨʘʚʠʣʫ II-2/15 ʉʆʃɸʉ 74 ʩ ʥʦʚʦʡ ʧʦʧʨʘʚʢʦʡ 2.9. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʦʜʥʫ ʠʟ ʧʝʨʚʳʭ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʦʡ ʧʨʦʙʣʝʤʝ, ʧʦʩʢʦʣʴʢʫ ʜʦ ʥʘʩʪʦʷ-

ʱʝʛʦ ʚʨʝʤʝʥʠ ʜʚʦʡʥʳʝ ʪʨʫʙʦʧʨʦʚʦʜʳ ʚʩʪʨʝʯʘʣʠʩʴ ʣʠʰʴ ʥʘ ʦʛʨʘʥʠʯʝʥ-

ʥʦʤ ʯʠʩʣʝ ɼɺʉ. 

ʅʘ ʨʠʩ. 1 ʧʨʠʚʝʜʝʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘ ʜʚʠʛʘʪʝʣʷ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʘʚʠʣʘ 

II -2/15 ʉʆʃɸʉ 74 ʩ ʧʦʧʨʘʚʢʦʡ 2.9 ʚ ʨʘʤʢʘʭ ʧʨʘʚʠʣ ʈʦʩʩʠʡʩʢʦʛʦ ʤʦʨ-

ʩʢʦʛʦ ʨʝʛʠʩʪʨʘ [2]. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ ʩʠʩʪʝʤʘ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ ʙʳʣʘ ʦʩʥʘɦ ʝʥʘ ʜʘʪʯʠʢʘʤʠ ʜʘʚʣʝʥʠʷ, ʤʝʩʪʘ ʫʩʪʘʥʦʚʢʠ ʢʦʪʦʨʳʭ (p1, 

p2, p3) ʫʢʘʟʘʥʳ ʥʘ ʩʭʝʤʝ. 

ʊʦʧʣʠʚʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ ʠʩʧʳʪʳʚʘʣʩʷ ʚ ʜʚʫʭ ʨʝʞʠʤʘʭ: 

1 ð ʨʘʙʦʪʘ ʚ ʰʪʘʪʥʦʤ ʨʝʞʠʤʝ; 

2 ð ʨʘʙʦʪʘ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʫ ʢʦʪʦʨʦʛʦ ʪʨʫʙʢʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ ʜʠʘʤʝʪʨʦʤ 7,5 ʤʤ ʠʤʝʣʘ ʧʦʚʨʝʞʜʝʥʠʝ ʚ ʚʠʜʝ ʙʣʠʟʢʦʛʦ ʢ ʮʠ-

ʣʠʥʜʨʠʯʝʩʢʦʤʫ ʦʪʚʝʨʩʪʠʶ ʜʠʘʤʝʪʨʦʤ 1,2 ʤʤ. 
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 

ʩʫʜʦʚʦʛʦ ɼɺʉ, ʦʙʦʨʫʜʦʚʘʥʥʦʛʦ ʟʘʱʠʪʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 1, ʩʠʩʪʝʤʦʡ ʩʙʦʨʘ 

ʧʨʦʪʝʯʝʢ 2, ʩʠʛʥʘʣʠʟʘʮʠʝʡ ʨʘʟʨʳʚʘ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ 3. 

ʅʘ ʨʠʩ. 2 ʧʨʝʜʩʪʘʚʣʝ-

ʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝ-

ʥʠʡ ʜʘʚʣʝʥʠʡ ʚ ʩʠʩʪʝʤʝ 

ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘ: ʢʨʠʚʘʷ 1 ð ʠʟʤʝʥʝ-

ʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦ-

ʧʨʦʚʦʜʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʟʘ ʪʦʧʣʠʚʥʳʤ ʥʘʩʦ-

ʩʦʤ; ʢʨʠʚʘʷ 2 ð ʠʟʤʝʥʝ-

ʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʦʧʣʠʚ-

ʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ʧʝʨʝʜ 

ʬʦʨʩʫʥʢʦʡ (ʢʨʠʚʳʝ 1, 2 

ʩʥʷʪʳ ʧʨʠ ʠʩʧʨʘʚʥʦʤ 

ʪʨʫʙʦʧʨʦʚʦʜʝ), ʢʨʠʚʘʷ 

3 ð ʠʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ 

ʚ ʟʘʱʠʪʥʦʤ ʪʨʫʙʦʧʨʦʚʦ-

ʜʝ ʚ ʩʣʫʯʘʝ ʧʦʚʨʝʞʜʝʥʠʷ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ 

ʜʘʚʣʝʥʠʷ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩ. 2, ʥʘʠʙʦʣʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ʧʦ ʜʘʚʣʝʥʠʶ ʷʚʣʷʝʪʩʷ 

ʚʥʫʪʨʝʥʥʠʡ ʪʨʫʙʦʧʨʦʚʦʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʤ ð ʟʘ-

 
ʈʠʩ. 2. ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ (1, 2) ʠ ʚ ʟʘʱʠʪʥʦʤ 
ʪʨʫʙʦʧʨʦʚʦʜʝ (3). 
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ʱʠʪʥʳʡ ʪʨʫʙʦʧʨʦʚʦʜ. ʆʧʨʝʜʝʣʠʤ ʧʨʦʯʥʦʩʪʴ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʩ ʫʯʸʪʦʤ ʠʭ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ ʠ ʤʘʪʝʨʠʘʣʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʠʟʛʦʪʦʚʣʝʥʳ. 

ʕʣʝʤʝʥʪ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ (ʨʠʩ. 3) ʧʨʝʜʩʪʘʚʣʝ̫ʪ 

ʩʦʙʦʡ ʜʚʘ ʧʨʘʚʠʣʴʥʳʭ ʢʦʘʢʩʠ-

ʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʮʠʣʠʥʜʨʘ, 

ʧʨʠʯʸʤ ʚʥʫʪʨʝʥʥʷʷ ʪʨʫʙʘ ʩ ʨʘʟ-

ʤʝʨʘʤʠ r3, r4 ð ʪʦʣʩʪʦʩʪʝʥʥʘʷ, ʘ 

ʚʥʝʰʥʷʷ ʩ ʨʘʟʤʝʨʘʤʠ r1, r2 ð 

ʪʦʥʢʦʩʪʝʥʥʘʷ. 

ɼʚʫʤʷ ʩʝʯʝʥʠʷʤʠ, ʧʝʨʧʝʥʜʠ-

ʢʫʣʷʨʥʳʤʠ ʢ ʦʩʠ Z ʪʨʫʙʦʧʨʦʚʦ-

ʜʘ ʠ ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʜʨʫʛ ʦʪ 

ʜʨʫʛʘ ʥʘ ʝʜʠʥʠʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ  

ʚʳʨʝʞʝʤ ʜʚʘ ʢʦʣʮɹʘ. ɺ ʢʘʞʜʦʤ 

ʠʟ ʢʦʣʝʮ ʚʳʜʝʣʠʤ ʧʦ ʵʣʝʤʝʥʪʫ 

abdc ʜʚʫʤʷ ʧʣʦʩʢʦʩʪʷʤʠ, ʧʨʦʭʦʜʷʱʠʤʠ ʯʝʨʝʟ ʦʩʴ ʮʠʣʠʥʜʨʘ ʠ ʦʙʨʘʟʫʶ-

ʱʠʤʠ ʤʝʞʜʫ ʩʦʙʦʡ ʫʛʦʣ d  (ʨʠʩ. 4 ʘ) ʠ ʜʚʫʤʷ ʩʦʦʩʥʳʤʠ ʮʠʣʠʥʜʨʠʯʝ-

ʩʢʠʤʠ ʧʦʚʝʨʭʥʦʩʪʤ̫ʠ ʩ ʨʘʜʠʫʩʘʤʠ r ʠ r + dr. 
ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʵʣʝʤʝʥʪʘ, 

ʠʤʝʶʱʝʡ ʨʘʜʠʫʩ r (ʨʘʜʠʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ), ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ůr; ʥʘ ʨʘ-

ʜʠʫʩʝ r + dr ʥʘʧʨʷʞʝʥʠʷ ʧʦʣʫʯʘʪ ʧʨʠʨʘʱʝʥʠʷ ʠ ʙʫʜʫʪ ʨʘʚʥʳ ůr + důr. 

ʅʦʨʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʧʣʦʩʢʠʭ ʛʨʘʥʷʭ (ʪʘʥʛʝʥʮʠʘʣʴʥʳʝ, ʠʣʠ ʦʢ-

ʨʫʞʥʳʝ, ʥʘʧʨʷʞʝʥʠʷ) ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ůɗ. 

ʋʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩ. 4 ʥʘʧʨʘʚ-

ʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʩʯʠʪʘʶʪʩʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʠ ʩʦʦʪʚʝʪʩʪ-

ʚʫʶʪ ʨʘʩʪʷʞʝʥʠʶ ʵʣʝʤʝʥʪʘ ʧʦ 

ʜʚʫʤ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-

ʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ. ʅʦʨʤʘʣʴʥʳʝ 

ʥʘʧʨʷʞʝʥʠʷ ůr ʠ ůɗ ʙʫʜʫʪ ʛʣʘʚ-

ʥʳʤʠ ʥʘʧʨʷʞʝʥʠʤ̫ʠ. 

ʋʤʥʦʞʘʷ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʧʣʦʱʘʜʠ ʛʨʘʥʝʡ, ʧʦʣʫʯʠʤ ʜʝʡʩʪ-

ʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪ ʫʩʠʣʠʷ (ʨʠʩ. 4 

ʘ): ůrrdɗ ð ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʨʘʥʠ; (ůr + důr) (r + dr)dɗ ð ʥʘ 

ʥʘʨʫʞʥʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʛʨʘʥʠ; ůɗdr ð ʥʘ ʙʦʢʦʚʳʭ ʛʨʘʥʷʭ. 

ʊʘʢ ʢʘʢ ʚʩʝ ʩʠʣʳ ʣʝʞʘʪ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ ʠ ʧʝʨʝʩʝʢʘʶʪʩʷ ʚ ʦʜʥʦʡ ʪʦʯ-

ʢʝ, ʪʦ ʜʣʷ ʨʘʚʥʦʚʝʩʠʷ ʵʣʝʤʝʥʪʘ ʩʫʤʤʳ ʠʭ ʧʨʦʝʢʮʠʡ ʥʘ ʜʚʝ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥ-

ʜʠʢʫʣʷʨʥʳʝ ʦʩʠ ʜʦʣʞʥʳ ʨʘʚʥʷʪʴʩʷ ʥʫʣʶ. ʆʩʴ ʭ ʥʘʧʨʘʚʠʤ ʧʦ ʙʠʩʩʝʢʪʨʠʩʝ 

ʫʛʣʘ dɗ, ʦʩʴ ʫ ð ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʝʡ. ʋʩʣʦʚʠʷʤʠ ʨʘʚʥʦʚʝʩʠʷ ʙʫʜʫʪ 

 
ʈʠʩ. 3. ʕʣʝʤʝʥʪ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ 
ʟʘʱʠʪʥʳʤ ʪʦʥʢʦʩʪʝʥʥʳʤ ʪʨʫʙʦʧʨʦʚʦʜʦʤ 

 
ʈʠʩ. 4. ʋʩʠʣʠʷ, ʜʝʡʩʪʚʫʶʱʠʝ ʥʘ ʵʣʝʤʝʥʪ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 
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0 0; .X Y  
 
 

ɺʩʣʝʜʩʪʚʠʝ ʩʠʤʤʝʪʨʠʠ ʵʣʝʤʝʥʪʘ ʚʪʦʨʦʝ ʫʩʣʦʚʠʝ ʫʜʦʚʣʝʪʚʦʨʷʝʪʩʷ 

ʪʦʞʜʝʩʪʚʝʥʥʦ, ʘ ʧʝʨʚʦʝ ʧʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ʫʩʠʣʠʡ ʠʤʝ-

ʝʪ ʩʣʝʜʫʶɦ ʠʡ ʚʠʜ: 
 

2 0
2

sinr r r

d
X rd d r dr d dr . 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʠʤ: 
 
 

2 0
2

sinr r r r r

d
rd rd d rd drd d drd dr . 

 
 

ɺ ʧʦʩʣʝʜʥʝʤ ʫʨʘʚʥʝʥʠʠ ʚʟʘʠʤʥʦ ʫʥʠʯʪʦʞʘʶʪʩʷ ʯʣʝʥʳ ůrrdɗ. 

ɺʩʣʝʜʩʪʚʠʝ ʤʘʣʦʩʪʠ ʫʛʣʘ dɗ/2, ʧʨʠʥʠʤʘʝʤ, ʯʪʦ sin dɗ/2 = dɗ/2; ʦʪʙʨʘ-

ʩʳʚʘʝʤ ʯʣʝʥ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ důrdrdɗ ʠ ʜʝʣʠʤ ʦʩʪʘʚʰʠʝʩʷ 

ʯʣʝʥʳ ʥʘ drdɗ. ʇʦʩʣʝ ʵʪʦʛʦ ʧʦʣʫʯʠʤ: 
 

 

0r
r

d
r

dr
. (1) 

 
 

ʋʨʘʚʥʝʥʠʝ (1) ʩʦʜʝʨʞʠʪ ʜʚʘ ʥʝʠʟʚʝʩʪʥʳʭ ʥʘʧʨʷʞʝʥʠʷ ůr ʠ ůɗ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠ ʥʝʦʧʨʝʜʝʣʠʤʦʡ ʟʘʜʘʯʠ ʨʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ 

ʧʦʜʨʦʙʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ʜʝʬʦʨʤʠʨʦʚʘʥʠʷ ʵʣʝʤʝʥʪʘ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ɼʝʬʦʨʤʘʮʠʷ ʵʣʝʤʝʥʪʘ ʩʠʤʤʝʪʨʠʯʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʠ ʧʦʵʪʦʤʫ ʚʳ-

ʟʦʚʝʪ ʨʘʜʠʘʣʴʥʳʝ ʧʝʨʝʤʝʱʝʥʠʷ ʚʩʝʭ ʪʦʯʝʢ ʮʠʣʠʥʜʨʘ (ʨʠʩ. 2, ʙ). ʆʙʦ-
ʟʥʘʯʠʤ ʨʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ 

r ʯʝʨʝʟ ʠ, ʪʦʛʜʘ ʧʝʨʝʤʝʱʝʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ 

r + dr ʙʫʜʝʪ ʠ + du. ɸʙʩʦʣʶʪʥʦʝ ʨʘʜʠʘʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʵʣʝʤʝʥʪʘ dr ʙʫ-
ʜʝʪ ʨʘʚʥʦ du, ʘ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ 

 
 

r

du

dr
. (2) 

 
 

ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ ʚ ʪʘʥʛʝʥʮʠʘʣʴʥʦʤ (ʦʢʨʫʞʥʦʤ) ʥʘʧʨʘʚʣʝ-

ʥʠʠ ʥʘ ʨʘʜʠʫʩʝ r ʥʘʡʜʝʤ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɼʣʠʥʘ ʵʣʝʤʝʥʪʘ ʧʦ ʦʢ-

ʨʫʞʥʦʩʪʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʜʠʫʩʘ r ʧʦʩʣʝ ʝʛʦ ʧʨʠʨʘʱʝ-

ʥʠʷ ʥʘ ʚʝʣʠʯʠʥʫ ʠ ʨʘʚʥʘ (r + u)dɗ. ɺʳʯʪʷ ʠʟ ʧʦʩʣʝʜʥʝʡ ʥʘʯʘʣʴʥʫʶ ʜʣʠ-

ʥʫ rdɗ, ʧʦʣʫʯʠʤ ʘʙʩʦʣʶʪʥʦʝ ʧʨʠʨʘʱʝʥʠʝ ʜʣʠʥʳ ʵʣʝʤʝʥʪʘ ʥʘ ʨʘʜʠʫʩʝ r ʚ 

ʦʢʨʫʞʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ: 
 
 

r u d rd ud . 
 
 

ʈʘʟʜʝʣʠʚ ʘʙʩʦʣʶʪʥʦʝ ʫʜʣʠʥʝʥʠʝ ʥʘ ʧʝʨʚʦʥʘʯʘʣʴʥʫʶ ʜʣʠʥʫ rdɗ, ʧʦ-

ʣʫʯʠʤ ʦʢʨʫʞʥʦʝ ʦʪʥʦʩʠʪʝʣʥɹʦʝ ʫʜʣʠʥʝʥʠʝ: 
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u

r
. (3) 

 
 

ɺ ʩʣʫʯʘʝ ʜʚʫʭʩʪʦʨʦʥʥʝʛʦ ʨʘʩʪʷʞʝʥʠʷ, ʢʦʪʦʨʦʤʫ ʧʦʜʚʝʨʛʘʝʪʩʷ ʨʘʩ-

ʩʤʘʪʨʠʚʘʝʤʳʡ ʵʣʝʤʝʥʪ, ʩʦʛʣʘʩʥʦ ʟʘʢʦʥʫ ɻʫʢʘ ʥʘʧʨʷʞʝʥʠʷ ʠ ʜʝʬʦʨʤʘ-

ʮʠʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʩʣʝʜʫʶʱʠʤʠ ʟʘʚʠʩʠʤʦʩʪʷʤʠ: 
 
 

21
;r r

E
  

21
.r

E
  

 

 

ʋʯʠʪʳʚʘʷ ʬʦʨʤʫʣʳ (2) ʠ (3), ʧʦʣʫʯʘʝʤ: 
 
 

2

2

1

1

;

.

r

E du u

dr r

E u du

r dr

 (4) 

 

ʇʦʜʩʪʘʚʣʷʷ ʚʳʨʘʞʝʥʠʷ (4) ʚ ʫʨʘʚʥʝʥʠʝ (1), ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʝ-

ʤʝʱʝʥʠʷ ʠ ʧʦʣʫʯʠʤ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ: 
 
 

2

2 2

1
0

d u du u

dr r dr r
. (5) 

 

ɿʘʧʠʩʘʚ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʚ ʚʠʜʝ 
 
 

1
0

d urd

dr r dr
.  

 
 

ʠ ʠʥʪʝʛʨʠʨʫʷ ʝʛʦ ʧʦ r ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʚʘ ʨʘʟʘ, ʥʘʡʜʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ: 
 
 

1 2

1
u C C

r
. (6) 

 
 

ʇʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (6) ʚ ʬʦʨʤʫʣʳ (4), ʧʦʣʫʯʠʤ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʥʘ-

ʧʨʷʞʝʥʠʡ ʚ ʪʦʯʢʘʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʦʪ ʦʩʠ ʪʨʫʙʦʧʨʦʚʦʜʘ: 
 
 

1 22 2

1
1

1
r

E
C C

r
; (7) 

 

1 22 2

1
1

1

E
C C

r
. (8) 
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ʇʦʩʪʦʷʥʥʳʝ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ C1 ʠ C2 ʥʘʭʦʜʠʤ ʠʟ ʫʩʣʦʚʠʡ ʜʣʷ ůr ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʅʘ ʚʥʫʪʨʝʥʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʠ (r = r1) ʵʪʠ ʥʘʧʨʷʞʝʥʠʷ ʨʘʚʥʳ ʚʥʫʪʨʝʥʥʝʤʫ ʜʘʚʣʝʥʠʶ, ʪ. ʝ. 

ůr = -p1 , ʘ ʥʘ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ (r = r1) ð ʥʘʨʫʞʥʦʤʫ ʜʘʚʣʝʥʠʶ 

ůr = -p2. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ C1 ʠ C2 ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ (7) ʧʦʣʫ-

ʯʠʤ ʩʣʝʜʫʶʱʠʭ ʜʚʘ ʫʨʘʚʥʝʥʠʷ: 
 

1 1 22 2

1

1
1

1

E
p C C

r
;  

 

2 1 22 2

2

1
1

1

E
p C C

r
.  

 

ʈʝʰʘʷ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ C1 ʠ C2, ʥʘʡʜʝʤ: 
 

2 2

1 1 2 2
2 2 2

2 1

1 r p r p
C

E r r
;  

2 2

1 2 1 2

2 2 2

2 1

1 r r p p
C

E r r
.  

 

ʇʦʜʩʪʘʚʣʷʷ ʟʥʘʯʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ ʚ ʚʳʨʘʞʝʥʠʷ (6), (7) ʠ (8), ʧʦʣʫ-

ʯʠʤ ʬʦʨʤʫʣʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠ ʥʘʧʨʷʞʝʥʠʡ 

(ʬʦʨʤʫʣʳ ʃʘʤʝ): 
 

2 22 2
1 2 1 21 1 2 2

2 2 2 2

2 1 2 1

1 1 1r r p pr p r p
u r

E r r E r r r
; (9) 

2 22 2
1 2 1 21 1 2 2

2 2 2 2 2

2 1 2 1

1
r

r r p pr p r p

r r r r r
; (10) 

2 22 2
1 2 1 21 1 2 2

2 2 2 2 2

2 1 2 1

1r r p pr p r p

r r r r r
. (11) 

 

ʉʣʦʞʠʚ ʣʝʚʳʝ ʠ ʧʨʘʚʳʝ ʯʘʩʪʠ ʚʳʨʘʞʝʥʠʡ ʜʣʷ ůr ʠ ůɗ, ʫʙʝʜʠʤʩʷ ʚ 

ʪʦʤ, ʯʪʦ ʩʫʤʤʘ ʨʘʜʠʘʣʴʥʦʛʦ ʠ ʦʢʨʫʞʥʦʛʦ ʥʘʧʨʷʞʝʥʠʡ ð ʚʝʣʠʯʠʥʘ ʧʦ-

ʩʪʦʷʥʥʘʷ: 
 

r const .  
 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʜʝʬʦʨʤʘʮʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʢʦʣʴʮʘ ʚ ʥʘʧʨʘʚʣʝ-
ʥʠʠ, ʧʘʨʘʣʣʝʣʴʥʦʤ ʦʩʠ ʮʠʣʠʥʜʨʘ, ʪʘʢʞʝ ʙʫʜʝʪ ʧʦʩʪʦʷʥʥʘ ʥʘ ʣʶʙʦʤ ʨʘ-

ʜʠʫʩʝ, ʪ. ʝ. 

z r const
E

.  
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʮʠʣʠʥʜʨ ʢʘʢ ʩʦʩʪʘʚʣʝʥ-

ʥʳʡ ʠʟ ʦʪʜʝʣʴʥʳʭ ʢʦʣʝʮ, ʥʘʥʠʟʘʥʥʳʭ ʥʘ ʦʩʴ. ʇʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ ʧʨʠ 

ʜʝʬʦʨʤʘʮʠʠ ʦʩʪʘʶʪʩʷ ʧʣʦʩʢʠʤʠ. 

ʌʦʨʤʫʣʳ (9) ï (11) ʜʣʷ ʥʘʧʨʷʞʝʥʠʡ ʠ ʨʘʜʠʘʣʴʥʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ 

ʧʨʠʥʠʤʘʶʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
 

2 2

1 2

2 2 2

2 1

1r

r r
p

r r r
; (12) 

 

2 2

1 2

2 2 2

2 1

1
r r

p
r r r

; (13) 

 

2 2 2

1 1 2

2 2 2 2

2 1 2 1

1 1 1r p r r p
u r

E r r E r r r
. (14) 

 

ʅʘʧʨʷʞʝʥʠʝ ůr, ʚʩʶʜʫ ʩʞʠʤʘʶʱʝʝ, ʘ ůɗ ð ʨʘʩʪʷʛʠʚʘʶʱʝʝ. ʅʘʠ-

ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ ůr ʠ ůɗ ʙʫʜʫʪ ʫ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

(ʧʨʠ r = r1): 
 

1

1

2

2

1

1

;

.

r r r

r r

p

k
p

k

; (15) 

  

ʛʜʝ 
 

1

2

r
k

r
.  

 

ʈʘʜʠʘʣʴʥʦʝ ʧʝʨʝʤʝʱʝʥʠʝ ʫ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ (ʫʚʝʣʠʯʝʥʠʝ 

ʚʥʫʪʨʝʥʥʝʛʦ ʨʘʜʠʫʩʘ) 
 

1

2

1

2

1

1
r r

r k
u p

E k
. (16) 

 

ʅʘʧʨʷʞʝʥʠʷ ʠ ʧʝʨʝʤʝʱʝʥʠʝ ʫ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʩʣʝʜʫʶʱʠʝ: 
 

1

1

2

2

0

2

1

;

.

r r r

r r

k
p

k

 (17) 

2

2

2

2

2

1
r r

r k
u p

E k
. (18) 

 

ʕʧʶʨʳ ʥʘʧʨʷʞʝʥʠʡ ůr ʠ ůɗ ʜʣʷ ʪʨʫʙʦʧʨʦʚʦʜʘ ʜʠʘʤʝʪʨʦʤ ʧʨʠ ʨʘʟʣʠʯ-

ʥʳʭ ʪʦʣʱʠʥʘʭ ʩʪʝʥʦʢ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ. 5. 



12 ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 2003 ï  ̄8 
 

 

 
ʈʠʩ. 5. ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʡ ʚ ʜʦʣʷʭ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʈ ʚ 

ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʠʘʤʝʪʨʦʤ 7 ʤʤ: ʘ ð ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʜʠʘʤʝʪʨʝ 1,5 ʤʤ; ʙ ð ʧʨʠ 
ʚʥʫʪʨʝʥʥʝʤ ʜʠʘʤʝʪʨʝ 2 ʤʤ; ʚ ð ʧʨʠ ʚʥʫʪʨʝʥʥʝʤ ʜʠʘʤʝʪʨʝ 2,5 ʤʤ.  

ʅʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʅʘʠʙʦʣʝʝ 

ʦʧʘʩʥʦʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʪʦʯʢʘ, ʣʝʞʘʱʘʷ ʫ ʚʥʫʪʨʝʥ-

ʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ. 

ʆʧʨʝʜʝʣʠʤ ʜʦʧʫʩʢʘʝʤʦʝ ʚʥʫʪʨʝʥʥʝʝ ʜʘʚʣʝʥʠʝ ʚ ʮʠʣʠʥʜʨʝ ʧʨʠ ʙʝʟ-

ʛʨʘʥʠʯʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ. ʇʦʣʘʛʘʷ r2 Ÿ Ð ʠ ʧʨʠʥʠʤʘʷ ʚ 

ʬʦʨʤʫʣʘʭ (17) k = 0, ʧʦʣʫʯʠʤ: 
1

r r r
p ; 

1r r
p . 

ʀʩʧʦʣʴʟʫʝʤ, ʥʘʧʨʠʤʝʨ, ʪʨʝʪʴʶ ʪʝʦʨʠʶ ʧʨʦʯʥʦʩʪʠ: 
 

1 3ɯɯɯʵʢʚ . 

ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ 
 

1
1 r r

p  ʠ 
1

3 r r r
p  

 

ʠ ʵʪʦ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʧʨʠʥʠʤʘʝʪ ʚʠʜ 
 

2p , 
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ʆʪʢʫʜʘ 

2
p , 

 

ʊʨʫʙʳ ʜʣʷ ʪʦʧʣʠʚʥʳʭ ʩʠʩʪʝʤ ɼɺʉ ʚ ʉʅɻ ʧʦʩʪʘʚʣʷʶʪʩʷ ʠʟ ʩʪʘʣʠ 

ʤʘʨʢʠ 20 ʚ ʦʪʦʞʞʸʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʩ ʚʨʝʤʝʥʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʨʘʟ-

ʨʳʚʫ ʥʝ ʤʝʥʝʝ 400 ʄʇʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʫʜʣʠʥʝʥʠʝʤ ʥʝ ʤʝʥʝʝ 21 %. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʚʦʟʤʦʞʥʦʝ ʜʘʚʣʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʚʳʜʝʨʞʘʪʴ ʪʨʫʙʦʧʨʦʚʦʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʳʧʦʣʥʝʥ-

ʥʳʡ ʠʟ ʩʪʘʣʠ 20 ( ʚ=400 ʄʇʘ), ʙʝʟ ʫʯʸʪʘ ʪʝʧʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʩʦʩʪʘ-

ʚʠʪ p Ò 200 ʄʇʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʚʘʨʠʘʥʪ ʨʘʙʦʪʳ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʢʦʛʜʘ 

ʪʨʫʙʦʧʨʦʚʦʜ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʠ ʚ ʩʠʩʪʝʤʝ ʩʙʦʨʘ ʧʨʦʪʝʯʝʢ ʜʘʚʣʝʥʠʝ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʢʨʠʚʦʡ 2, ʨʠʩ. 2. 

ʆʧʘʩʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʦʯʢʠ ʟʘʱʠʪʥʦʡ ʪʨʫʙʳ ʫ ʝʸ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭ-

ʥʦʩʪʠ, ʛʜʝ ʛʣʘʚʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʦʧʨʝʜʝʣʷʪʩʷ: 
 

 

2 2 2
2 1

1 2 2 2 2
2 1

2

3

1

1

0

;

;

.

z

r

r r k
p p

r r k

p

 (19) 

ʊʦʛʜʘ ʫʩʣʦʚʠʝ ʧʨʦʯʥʦʩʪʠ ʟʘʧʠʰʝʪʩʷ: 
 

2 22

ýêâIV 1 2 1 3 2 3

1

2
. 

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʥʘʧʨʷʞʝʥʠʡ ʠʟ (19) ʧʦʣʫʯʠʤ 
 

2 2
ýêâIV 2 2 r r  

 

ʠ ʜʘʣʝʝ, ʠʩʧʦʣʴʟʫʷ (19) ʧʨʝʦʙʨʘʟʫʝʤ 
 

2
2 2

2 2
ýêâIV 2 2

1 1

1 1

k k
p p p

k k
. 

 

ʈʝʰʘʷ ʦʪʥʦʩʠʪʝʣʴʥʦ k, ʧʦʣʫʯʠʤ 

2 2

2

2

2
3

1

p p
k

p

. 
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ʊʦʛʜʘ ʚʥʝʰʥʠʡ ʨʘʜʠʫʩ ʪʨʫʙʳ ʩʦʩʪʘʚʠʪ 
 

 1 1
2

2 2

2

2
3

1

r r
r

k

p p

p

, (20) 

 

ʘ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 
 

s = r2 ï r1. 
 

ʈʘʩʯʸʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ ʟʘʱʠʪʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʳʣ ʧʨʦʚʝʜʝʥ ʩʦ-

ʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ ʚʳʨʘʞʝʥʠʷʤ ʜʣʷ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝ-

ʨʠʘʣʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʤʠʥʠʤʘʣʴʥʳʭ ʪʦʣʱʠʥ ʩʪʝʥʢʠ ʟʘʱʠʪʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʩ ʚʥʫʪʨʝʥʥʠʤ ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 1. 

ʊʘʙʣʠʮʘ 1. ʈʘʩʯʸʪʥʘʷ ʤʠʥʠʤʘʣʴʥʘʷ ʪʦʣʱʠʥʘ ʩʪʝʥʢʠ ʟʘʱʠʪʥʦʛʦ ʪʦʧʣʠʚʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʚʳʧʦʣʥʝʥʥʦʛʦ ʠʟ ʦʩʥʦʚʥʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʄʘʪʝʨʠʘʣ 

ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʉʦʧʨʦʪʠʚʣʝʥʠʝ 

ʨʘʟʨʳʚʫ, ʄʇʘ 

ʊʦʣʱʠʥʘ ʩʪʝʥʢʠ ʟʘʱʠʪʥʦʛʦ 

ʪʨʫʙʦʧʨʦʚʦʜʘ, ʤʤ 

ʉʪʘʣʴ 20 420 0,2 

ʉʪʘʣʴ 40ʍ 1000 0,1 

ʃʘʪʫʥʴ ʃ68 320 0,25 

ʇʦʣʠʵʪʠʣʝʥ 25 4 

 

ɼʘʣʝʝ ʚ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʠʤ ʚʣʠʷʥʠʝ ʧʦʜʦʛʨʝʚʘ ʪʦʧʣʠʚʘ ʥʘ ʥʘʧʨʷʞʝ-

ʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʪʦʧʣʠʚʥʦʤ ʪʨʫʙʦʧʨʦʚʦʜʝ ɼɺʉ. 

ɽʩʣʠ ʪʨʫʙʦʧʨʦʚʦʜ ʥʘʛʨʝʚʘʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ, ʪʦ ʚ ʥʝʤ ʧʦ̫ ʚʣʷʶʪʩʷ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʥʘʧʨʷʞʝʥʠʷ, ʢʦʪʦʨʳʝ ʩʫʤʤʠʨʫʶʪʩʷ ʩ ʥʘʧʨʷʞʝʥʠʷʤʠ, 

ʚrʟʚʘʥʥʳʤʠ ʜʘʚʣʝʥʠʝʤ. 

ʏʘʩʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʣʝ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ ʠ ʧʦʩʪʦʷʥʥʦ ʧʦ ʝʛʦ ʜʣʠʥʝ. ʇʨʠ ʵʪʦʤ ʫʩʣʦʚʠʠ ʪʘʢʞʝ ʤʦʞʥʦ ʩʯʠ-

ʪʘʪʴ, ʯʪʦ ʧʦʧʝʨʝʯʥʳʝ ʩʝʯʝʥʠʷ, ʣʝʞʘʱʠʝ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ 

ʢʦʥʮʦʚ ʪʨʫʙʦʧʨʦʚʦʜʘ, ʦʩʪʘʶʪʩʷ ʧʣʦʩʢʠʤʠ ʠ ʜʝʬʦʨʤʘʮʠʷ Ůz ʧʦʩʪʦʷʥʥʘ. 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ T ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʨʘʜʠʫʩʘ 

r, ʘ ʯʝʨʝʟ Ŭ ð ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

ɺʦʩʧʦʣʴʟʫʝʤʩʷ ʦʙʦʙʱʝʥʥʳʤ ʟʘʢʦʥʦʤ ɻʫʢʘ, ʜʦʙʘʚʠʚ ʢ ʜʝʬʦʨʤʘʮʠʷʤ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʥʘʧʨʷʞʝʥʠʷʤʠ, ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʘʩʰʠʨʝʥʠʷ. ʊʦʛʜʘ ʜʣʷ 

Ůz, Ůr ʠ Ůɗ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ: 
 
 
 

1
z z r T const

E
;  
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1
r r r T

E
; (21) 

 

1
z r T

E
.  

 
 

ʄʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ E ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʥʘʰʝʛʦ ʩʣʫʯʘʷ ʵʪʦ 

ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʚʧʦʣʥʝ ʜʦʧʫʩʪʠʤʦ, ʝʩʣʠ ʨʘʟʥʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨ ʚʥʫʪ-

ʨʝʥʥʝʡ ʠ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʝʡ ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʝʚʝʣʠʢʘ. ɺ ʪʘʢʦʤ ʩʣʫ-

ʯʘʝ ʤʦʜʫʣʴ E ʩʣʝʜʫʝʪ ʙʨʘʪʴ ʨʘʚʥʳʤ ʝʛʦ ʟʥʘʯʝʥʠʶ ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘ-

ʪʫʨʝ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦʜʘ. 

ʈʝʰʘʷ ʵʪʠ ʫʨʘʚʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʞ̫ʝʥʠʡ, ʥʘʡʜʝʤ: 
 

 

1 1
1 1 2

z z r

E
T ;  

 

1 1
1 1 2

r r z

E
T ; (22) 

 

1 1
1 1 2

r z

E
T .  

 
 

ɺʳʨʘʞʘʷ ʚ ʵʪʠʭ ʬʦʨʤʫʣʘʭ ʜʝʬʦʨʤʘʮʠʠ ʯʝʨʝʟ ʧʝʨʝʤʝʱʝʥʠʷ: 
 

r

du

dr
 ʠ 

u

r
  

 

ʠ ʟʘʪʝʤ ʧʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ůr ʠ ůɗ ʚ ʫʨʘʚʥʝʥʠʝ ʨʘʚʥʦ-

ʚʝʩʠʷ (1) 
 

0r
r

d
r

dr
,  

 

 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ u: 
 
 

2

2 2

1 1

1

d u du u dT

dr r dr r dr
. (23) 

 
 

ʀʟ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʦ ʧʝʨʝʤʝʱʝʥʠʝ, ʝʩʣʠ ʠʟ-

ʚʝʩʪʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ(r) ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦ-

ʚʦʜʘ. 

ʇʦʩʣʝʜʥʝʝ ʫʨʘʚʥʝʥʠʝ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 
 
 

1 1

1

d urd dT

dr r dr dr
.  

 

ʀʥʪʝʛʨʠʨʫʷ ʵʪʦ ʫʨʘʚʥʝʥʠʝ ʜʚʘ ʨʘʟʘ ʧʦ r, ʥʘʡʜʝʤ ʦʙʱʝʝ ʨʝʰʝʥʠʝ: 
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1

1 1

1

r

r

B
u Trdr Ar

r r
. (24) 

 

ʇʦʩʪʦʷʥʥʳʝ ɸ ʠ ɺ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʡ ʜʣʷ ůr ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʠ 

ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʷʭ ʪʨʫʙʦʧʨʦʚʦʜʘ. ʊʘʢ ʢʘʢ ʵʪʠ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʦ-

ʙʦʜʥʳ ʦʪ ʥʘʛʨʫʟʢʠ, ʪʦ 
 

1

0r r r
 ʠ 

2

0r r r
.  

 

ʇʦʜʩʪʘʚʠʚ ʚ ʚʳʨʘʞʝʥʠʝ (22) ʜʣʷ ůr ʜʝʬʦʨʤʘʮʠʠ r

du

dr
 ʠ 

u

r
, ʘ 

ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ (24) ʜʣʷ u, ʙʫʜʝʤ ʠʤʝʪʴ: 
 

1

2 2

1 1
 

1 1 1 2 1 2

r

r z

r

E A B
Trdr

r r
. (25) 

 

ʇʨʠʨʘʚʥʠʚʘʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʥʫʣʶ ʧʨʠ r = r1 ʠ r = r2 , ʧʦʣʫʯʠʤ ʜʚʘ 

ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʳʭ A ʠ B, ʨʝʰʘʷ ʢʦʪʦʨʳʝ, ʥʘʡʜʝʤ, 

ʯʪʦ 
2

1

2 2

2 1

1 1 2 1

1

r

z

r

A Trdr
r r

;  

 

2

1

2

1

2 2

2 1

1

1

r

r

r
B Trdr

r r
.  

 

ʇʦʩʣʝ ʧʦʜʩʪʘʥʦʚʢʠ ʵʪʠʭ ʟʥʘʯʝʥʠʡ ʚ ʬʦʨʤʫʣʳ (22) ʧʦʣʫʯʠʤ: 
 

2

1 1

2 2

1

2 2 2 2

2 1

1
 

1

rr

r

r r

E r r
Trdr Trdr

r r r r
; (26) 

 

2

1 1

2 2

1

2 2 2 2

2 1

1
 

1

rr

r r

E r r
Trdr Trdr T

r r r r
; (27) 

 

2

1

2 2

2 1

2
 1

1

r

z z

r

E
Trdr T

r r
. (28) 

 

ɺ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʥʝʠʟʚʝʩʪʥʘ ʚʝʣʠʯʠʥʘ Ůz. ɽʩʣʠ ʪʨʫʙʦʧʨʦʚʦʜ 

ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʩʚʦʙʦʜʥʦ ʨʘʩʰʠʨʷʪʴʩʷ, ʪʦ Ůz ʤʦʞʥʦ ʥʘʡʪʠ ʠʟ ʫʩʣʦ-

ʚʠʷ, ʯʪʦ ʧʨʦʜʦʣʴʥʘʷ ʩʠʣʘ ʚ ʧʦʧʝʨʝʯʥʦʤ ʩʝʯʝʥʠʠ ʨʘʚʥʷʝʪʩʷ ʥʫʣʶ, ʪ. ʝ. 
 

2

1

2

0

0

r

z

r

N rdrd ,  
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ʠʣʠ 
2

1

0

r

z

r

rdr .  

 

ʇʦʜʩʪʘʚʣʷʷ ʩʶʜʘ ʟʥʘʯʝʥʠʝ ůz ʠʟ ʚʳʨʘʞʝʥʠʷ (28), ʥʘʡʜʝʤ: 
 
 

2

1

2 2

2 1

2
r

z

r

Trdr
r r

. (31) 

 

ʆʢʦʥʯʘʪʝʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ůz ʩʣʝʜʫʶʱʝʝ: 
 

 

2

1

2 2

2 1

2

1

r

z

r

E
Trdr T

r r
. (32) 

 

ɺʳʯʠʩʣʠʪʴ ʠʥʪʝʛʨʘʣ Trdr  ʠ ʦʧʨʝʜʝʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ ʤʦʞʥʦ, ʝʩʣʠ 

ʠʟʚʝʩʪʝʥ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʊ(r) ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʪʨʫʙʦ-

ʧʨʦʚʦʜʘ. 

ʅʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʤ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʟʘ-

ʢʦʥʦʤ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ. ʇʫʩʪʴ 

T*= T1-T2 ʦʙʦʟʥʘʯʘʝʪ ʧʨʝʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʪʨʫʙʦʧʨʦʚʦʜʘ ʥʘʜ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʦʛʜʘ ʣʠʥʝʡ-

ʥʳʡ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʫʩʫ ʪʨʫʙʦʧʨʦʚʦʜʘ ʙʫʜʝʪ ʚʳ-

ʨʘʞʘʪʴʩʷ ʬʦʨʤʫʣʦʡ 
 
 

2

2 1

r r
T r T

r r
. (33) 

 
 

ʇʦʜʩʪʘʚʠʚ ʵʪʦ ʚʳʨʘʞʝʥʠʷ ʚ ʬʦʨʤʫʣʳ (26), (27), (32) ʜʣʷ ʥʘʧʨʞ̫ʝʥʠʡ 

ʠ ʚʳʧʦʣʥʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʠʤ: 
 
 

3 2 3 3

1 1 2 1

2 2 2 2

2 1 2 1

 1
3 1

r

E T r r r r
r

r r r r r r
; (34) 

 

3 2 3 3

1 1 2 1

2 2 2 2

2 1 2 1

2  1
3 1

E T r r r r
r

r r r r r r
; (35) 

 
 

3 3

2 1

2 2

2 1 2 1

2
3

3 1
z

r rE T
r

r r r r
. (36) 

 
 

ʋ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʧʨʠ r = r1) 
 

1

0r r r
;  
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1 1

3 3

2 1

1 2 2

2 1 2 1

2
3

3 1
zr r r r

r rE T
r

r r r r
. (37) 

ʋ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʪʨʫʙʦʧʨʦʚʦʜʘ (ʧʨʠ r = r2) 
 

2

0r r r
;  

2 2

3 3

2 1

2 2 2

2 1 2 1

2
3

3 1
zr r r r

r rE T
r

r r r r
. (38) 

 

ʕʧʶʨʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʪʨʫʙʦʧʨʦʚʦ-

ʜʘ ʩ ʦʪʥʦʰʝʥʠʝʤ k = r1/r2 = 0,36 ʧʨʠ ɛ = 0,3 ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʛʦ ʠʟʤʝʥʝ-

ʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʨʘʜʠʫʩʫ ʪʦʧʣʠʚʥʦʛʦ ʪʨʫʙʦʧʨʦʚʦʜʘ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝ-

ʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6, ʘ. 

ɹʦʣʝʝ ʪʦʯʥʳʤ ʷʚʣʷʝʪʩʷ ʜʦʧʫʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʪʦʣʩʪʦʩʪʝʥʥʳʭ ʪʨʫ-

ʙʦʧʨʦʚʦʜʘʭ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦ ʪʦʣʱʠʥʝ ʩʪʝʥʢʠ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʣʦʛʘʨʠʬʤʠ-

ʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʫʩʪʘʥʘʚʣʠʚʘʝʤʦʤʫ ʪʝʦʨʠʝʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ: 
 

2

2 1

1

ln

ln

T r
T r

r r

r

. 
(39) 

 

ʊʦʛʜʘ, ʧʦʜʩʪʘʚʠʚ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʚ ʬʦʨʤʫʣʳ (26), (27), (32) ʠ ʚʳʧʦʣ-

ʥʠʚ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ, ʧʦʣʫʯʠʤ: 
 

2 2

2 1 2 2

2 2 2
2 2 1 1

1

 1

3 1

ln ln

ln
r

E T r r r r

r r r r r r

r

; 
(40) 

2 2

2 1 2 2

2 2 2
2 2 1 1

1

1  1

3 1

ln _ ln

ln

E T r r r r

r r r r r r

r

; 
(41) 

2

2 1 2

2 2
2 2 1 1

1

2
1 2  

3 1

ln ln

ln
z

E T r r r

r r r r r

r

. 
(42) 

ʋ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ 
 

1

0r r r
;  

1 1

2

2 2

2 2
2 2 1 1

1

2
1

3 1

ln

ln
zr r r r

E T r r

r r r r

r

. 
(43) 

ʋ ʥʘʨʫʞʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 
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2

0r r r
;  

2 2

2

1 2

2 2
2 2 1 1

1

2
1

3 1

ln

ln
zr r r r

E T r r

r r r r

r

. 
(44) 

ʉʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (40) ï (42) ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʥʘʧʨʷʞʝʥʠʷ ʚ ʪʨʫ-

ʙʦʧʨʦʚʦʜʝ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ, ʚʳʧʦʣʥʝʥʥʦʤ ʠʟ ʩʪʘʣʠ 20 ʩ ʪʨʫʙʢʘʤʠ 

ʜʠʘʤʝʪʨʦʤ 7 ʤʤ (k = r1/r2 = 0,36) ʧʨʠ ʩʨʝʜʥʝʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʝʥʢʠ 75 ÁC. 

ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 6, ʙ. 

 

ʈʠʩ. 6. ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʧʨʷʞʝ-

ʥʠʡ ʚ ʪʨʫʙʦʧʨʦʚʦʜʝ ʜʠʘʤʝʪʨʦʤ 

7 ʤʤ; ʤʘʪʝʨʠʘʣ ʪʨʫʙʦʧʨʦʚʦʜʘ 

ʩʪʘʣʴ 20; E = 2Ā108 ʢʛ/ʤ2,  

Ŭ = 1,25Ā10-5. 
 

ʂʘʢ ʚʠʜʠʤ ʠʟ ʨʠʩ. 6, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʨʘʩʯʸʪʥʦʡ ʤʦʜʝʣʠ ʜʦʧʫ-

ʱʝʥʠʷ ʦ ʣʦʛʘʨʠʬʤʠʯʝʩʢʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʪʦʣʱʠʥʝ 

ʩʪʝʥʢʠ, ʟʥʘʯʝʥʠʷ ʥʘʧʨʷʞʝʥʠʡ r ʠ  ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ 

12,5 % ʚʳʰʝ, ʘ ʥʘ ʚʥʝʰʥʝʡ ð ʥʘ 9 % ʤʝʥʴʰʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʣʠʥʝʡʥʦʡ 

ʤʦʜʝʣʠ. ʇʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʠʤʝʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʫʶ ʩʭʦʜʠʤʦʩʪʴ 

ʩ ʥʘʪʫʨʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. 

ɺʳʚʦʜʳ. 

1. ʉʦʚʨʝʤʝʥʥʳʝ ʪʝʥʜʝʥʮʠʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʪʦʧʣʠʚʘ ʥʘʩʦʩʘʤʠ 

ʚʩrʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʜʦ 140é170 ʄʇʘ ʠ ʧʦʜʦʛʨʝʚʘ ʪʦʧʣʠʚʘ ʜʦ 

90é100 ÁC ʪʨʝʙʫʶʪ ʟʘʤʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʪʨʫʙ ʥʘ ʙʦʣʝʝ 

ʧʨʦʯʥʳʝ ʣʝʛʠʨʦʚʘʥʥʳʝ ʩʪʘʣʠ. 

2. ʀʟʛʦʪʦʚʣʝʥʠʝ ʟʘʱʠʪʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʚ ʜʘʣʴʥʝʡʰʝʤ ʧʦʡʜʸʪ ʧʦ ʧʫ-

ʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʦʬʨʠʨʦʚʘʥʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʪʨʫʙ ʠʟ ʮʚʝʪʥʳʭ ʩʧʣʘʚʦʚ 

ʠ ʥʝʨʞʘʚʝʶʱʠʭ ʩʪʘʣʝʡ. ɺ ʨʘʜʝ ʩʣʫʯʘʝʚ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪ-

ʚʝ ʤʘʪʝʨʠʘʣʦʚ ʟʘʱʠʪʥʳʭ ʪʨʫʙʦʧʨʦʚʦʜʦʚ ʥʝʛʦʨʶʯʠʭ ʧʣʘʩʪʤʘʩʩ. 
 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʚʝʥʮʠʷ ʉʆʃɸʉ 74. 

2. ʇʨʘʚʠʣʘ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʧʦʩʪʨʦʡʢʠ ʤʦʨʩʢʠʭ ʩʫʜʦʚ. ï ʉʇʙ.: ʈʦʩ-
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ʆʅʄɸ 

ɻʄʁʘʆʁɾ ʋɾʎʆʁʐɾʊʃʇɼʇ ʊʇʊʋʇʘʆʁʘ ʃʇʉʈʌʊɹ ʊʌɽʆɹ ʁ ɼʉɾɺʆʇɼʇ 
ɻʁʆʋɹ ʆɹ ʖʍʍɾʃʋʁɻʆʇʊʋʕ ʈɾʉɾɻʇʀʇʃ 

ʉʦʚʨʝʤʝʥʥʘʷ ʩʫʜʦʚʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʫʩʪʘʥʦʚʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʤʝʞʜʫ ʩʦʙʦʡ ʚ ʧʨʦʮʝʩʩʝ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʧʝʨʝʜ ʥʝʡ ʟʘʜʘʯ. 

ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʦʩʥʦʚʥʦʡ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʙʝʟʦʧʘʩʥʦʡ ʧʝʨʝ-

ʚʦʟʢʠ ʛʨʫʟʘ ʚ ʫʩʪʘʥʦʚʣʝʥʥʦʝ ʚʨʝʤʷ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳ-

ʤʠ ʟʘʪʨʘʪʘʤʠ ʧʨʠ ʧʦʣʥʦʡ ʝʛʦ ʩʦʭʨʘʥʥʦʩʪʠ. 

ʋʩʣʦʚʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ, ʩʦʭʨʘʥʥʦʩʪʠ, ʥʘʜʝʞʥʦʩʪʠ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠ-

ʚʘʪʴ ʢʘʢ ʛʨʘʥʠʯʥʳʝ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʦʧʨʦʩʘ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦ-

ʩʪʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʆʩʥʦʚʥʘʷ ʯʘʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʘʩʭʦʜʦʚ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ 

ʧʨʠʭʦʜʠʪʩʷ ʥʘ ʪʦʧʣʠʚʦ, ʧʦʵʪʦʤʫ ʝʛʦ ʵʢʦʥʦʤʠʠ ʫʜʝʣʷʝʪʩʷ ʦʩʦʙʦʝ ʚʥʠʤʘ-

ʥʠʝ, ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʠ ʤʝʪʦʜʠʢ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʟ ʢʦʪʦ-

ʨʳʭ ʩʚʷʟʘʥʳ ʩ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʧʨʦʮʝʩʩʘ ʩʛʦʨʘʥʠʷ ʚ ʮʠʣʠʥʜʨʘʭ 

ʛʣʘʚʥʳʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ, ʚʳʙʦʨʦʤ ʨʝʞʠʤʦʚ ʠʭ ʨʘʙʦʪʳ ʠ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʵʢʦʥʦʤʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ. ʈʝʰʝʥʠʝ ʵʪʠʭ ʟʘʜʘʯ ʧʦʟʚʦʣʷʝʪ 

ʧʦʚʳʩʠʪʴ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʫʜ-

ʥʦʤ. 

ɹʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʩʭʦʜʘ ʪʦʧ-

ʣʠʚʘ ʠʤʝʶʪ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʠ ʫʣʫʯʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʛʦ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʢʣʶʯʘʶ-

ʱʝʛʦ ʚ ʩʝʙʷ ʛʣʘʚʥʳʡ ʜʚʠʛʘʪʝʣʴ, ʢʦʨʧʫʩ ʩʫʜʥʘ, ʛʨʝʙʥʦʡ ʚʠʥʪ. 

ʂʘʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ, ʫʭʫʜʰʝʥʠʝ ʪʝʭʥʠʯʝʩʢʦ-

ʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʨʨʦʟʠʠ ʠ 

ʦʙʨʘʩʪʘʥʠʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ, 

ʫʚʝʣʠʯʝʥʠʶ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʫʭʫʜʰʝʥʠʶ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ 

ʨʘʙʦʪʳ ʩʫʜʥʘ ʚ ʮʝʣʦʤ. ɺ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦ-

ʛʦ ʩʫʜʥʘ, ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʣʘʚʥʦʛʦ ʜʚʠʛʘʪʝʣʷ, 

ʫʪʷʞʝʣʝʥʠʝ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʜʦ 15 % [1, 2]. 

ʆʮʝʥʢʝ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʧʦ-

ʩʚʷʱʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʯʠʩʣʦ ʨʘʙʦʪ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɹʦʣʴʰʠʥʩʪʚʦ ʧʨʝʜ-

ʣʦʞʝʥʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʠ ʢʨʠʪʝʨʠʝʚ ʥʦʩʷʪ ʵʤʧʠʨʠʯʝʩʢʠʡ, ʦʪʥʦʩʠʪʝʣʴ-

ʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʩʫʜʠʪʴ ʦʙ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʪʝʨʷʭ ʚʩʣʝʜ-

ʩʪʚʠʝ ʫʭʫʜʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʤʝʭʘʥʠʯʝ-

ʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 
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ɼʣʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʣʷ ʦʮʝʥʢʠ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʫʜʦʙʥʦ ʧʦʣʴʟʦ-

ʚʘʪʴʩʷ ʘʙʩʦʣʶʪʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ ʠ 

ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʥʦ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʦʜ-

ʜʝʨʞʘʥʠʷ ʟʘʜʘʥʥʦʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ 

ʫʯʠʪʳʚʘʪʴ ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʩʫʜʥʘ ʧʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʢʦʤʤʝʨʯʝ-

ʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʝʛʦ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ɼʣʷ ʣʶʙʦʡ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʣʘʚʥʦʛʦ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ, ʨʘ-

ʙʦʪʘʶʱʝʛʦ ʥʘ ɺʌʐ, ʚ ʜʠʘʧʘʟʦʥʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʩʧʨʘʚʝʜ-

ʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 
 

 consts
n

v
S

n
, (1) 

 
 

ʛʜʝ vs ð ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ; n ð ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. 

ʅʦʨʤʠʨʦʚʦʯʥʳʝ ʠʩʧʳʪʘʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʶʪ ʟʘʤʝʨʳ ʟʥʘʯʝʥʠʡ ʩʢʦ-

ʨʦʩʪʠ ʩʫʜʥʘ 
is

v  ʠ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʠʝ ʠʤ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ 

ni ʧʨʠ ʭʦʜʝ ʩʫʜʥʘ ʚ ʛʨʫʟʫ ʩ ʦʩʘʜʢʦʡ Tʛ ʠ ʚ ʙʘʣʣʘʩʪʝ Tʙ. ʊʦʛʜʘ ʩʧʨʘʚʝʜʣʠ-

ʚʳ ʩʦʦʪʥʦh ʝʥʠʷ 
 
 

 
ʛ

constnS ; 
ʙ

constnS , (2) 
 
 

ʛʜʝ 

ʛ

ʛ

1

ʛ

i

n
s

i i
n

v

n
S

n
; 

ʙ

ʙ

1

ʙ

i

n
s

i i
n

v

n
S

n
; nʛ, nʙ ð ʢʦʣʠʯʝʩʪʚʦ ʟʘʤʝʨʦʚ ʩʢʦʨʦʩʪʠ ʚ 

ʛʨʫʟʫ ʠ ʚ ʙʘʣʣʘʩʪʝ. 

ɿʘʚʠʩʠʤʦʩʪʴ Sn ʦʪ ʦʩʘʜʢʠ ʩʫʜʥʘ T ʧʨʠ ʯʠʩʪʦʤ ʢʦʨʧʫʩʝ ʩ ʜʦʩʪʘʪʦʯʥʦʡ 

ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʫʥʢʮʠʝʡ ʚʠʜʘ 
 
 

 nS a bT , (3) 
 
 

ʛʜʝ a, b ð ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ, ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʩʫʜʥʘ; nS  ð ʦʪ-

ʥʦʩʠʪʝʣʴʥʘʷ ʚʝʣʠʯʠʥʘ 
ʛ ʙn nS S ; T  ð ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʩʘʜʢʘ T/Tʛ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʠʜʝ S  ʠ T  ʧʦʟʚʦʣʠʪ ʫʥʠʬʠʮʠʨʦ-

ʚʘʪʴ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a ʠ b ʜʣʷ ʦʜʥʦʪʠʧʥʳʭ ʩʫʜʦʚ. 

ɼʣʷ ʦʩʘʜʢʠ ʚ ʛʨʫʟʫ T = Tʛ ʧʦʣʫʯʠʤ 
 
 

1 = a +  b. 
 
 

ʀʟ ʬʦʨʤʫʣʳ (3) ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʧʨʠ ʪʝʢʫʱʝʡ 

ʦʩʘʜʢʝ ʠ ʯʘʩʪʦʪʝ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʜʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʥʦʨʤʠʨʦʚʦʯʥʳʭ 

ʠʩʧrʪʘʥʠʡ 
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0 ʛ

ʛ

s n

T
v nS a b

T
, (4) 

 

ʛʜʝ 
0s

v  ð ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʧʨʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ T, n ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʥʘ ʤʦʤʝʥʪ ʧʨʦʚʝʜʝʥʠʷ ʥʦʨ-

ʤʠʨʦʚʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ.  

ʊʦʛʜʘ ʧʦʪʝʨʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ vs ʚʩʣʝʜʩʪʚʠʝ ʫʭʫʜʰʝʥʠʷ ʪʝʭʥʠ-

ʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ 

ʧʦ ʬʦʨʤʫʣʝ  
 

 
0s s sv v v , (5) 

 

ʛʜʝ vs ð ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʧʨʠ ʪʝʢʫʱʠʭ ʟʥʘʯʝʥʠʷʭ T, n ʠ ʪʝʭʥʠʯʝʩʢʦʤ ʩʦ-

ʩʪʦ̫ʥʠʠ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ. 

ɼʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʧʣʘʥʦʚʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ ʧʨʠ ʫʭʫʜʰʝʥʠʠ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʥʝʦʙʭʦʜʠʤʦ 

ʫʚʝʣʠʯʠʪʴ ʯʘʩʪʦʪʫ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʧʦ ʦʜʥʦʡ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʝ ʜʦ ʚʝʣʠʯʠʥʳ 
 

 ʧ

1

s

s

v
n n

v
, (6) 

 

ʛʜʝ vs, n ð ʪʝʢʫʱʠʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ ʠ 
ʧs

v ð ʧʣʘʥʦʚʘʷ 

ʩʢʦʨʦʩʪʴ ʭʦʜʘ ʩʫʜʥʘ, n1 ð ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʥʝʦʙʭʦʜʠ-

ʤʘʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ ʩʫʜʥʦʤ ʧʣʘʥʦʚʦʡ ʩʢʦʨʦʩʪʠ ʧʨʠ ʜʘʥʥʳʭ ʦʩʘʜʢʝ ʠ 

ʪʝʭʥʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ ʵʣʝʤʝʥʪʦʚ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʧʨʝʜʝʣʘʭ ʤʘʣʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʧʦ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩ ʜʦʩ-

ʪʘʪʦʯʥʦʡ ʩʪʝʧʝʥʴʶ ʪʦʯʥʦʩʪʠ ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ 
 

 

3

ʯB cn . 
 

 

ʊʦʛʜʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʚʠʜʝ 
 

3

ʯB n . 
 

ʏʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʥʦʚʦʤ ʨʝʞʠʤʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʚʳ-

ʨʘʞʝʥʠ ʁ
 

1

3

1
ʯ ʯ

n
B B

n
. 

 

ʋʚʝʣʠʯʝʥʠʝ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚʩʣʝʜʩʪʚʠʝ ʫʭʫʜʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʜʣʷ ʜʘʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ 

ʩʫʜʥʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʬʦʨʤʫʣʝ 
 

1ʯ ʯ ʯB B B . 
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ʋʯʝʪ ʚʝʣʠʯʠʥʳ Bʯ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʡ 

ʨʝʡʩʘ ʧʦʟʚʦʣʠʪ ʧʣʘʥʠʨʦʚʘʪʴ ʧʨʦʚʝʜʝʥʠʝ ʧʦʜʚʦʜʥʳʭ ʦʯʠʩʪʦʢ ʠ ʜʦʢʦʚʘ-

ʥʠʝ, ʯʪʦ ʚ ʮʝʣʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʩʠʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʢʦʤʤʝʨʯʝʩʢʦʡ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. 
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ʋɼʂ 621.431.78(075.3) 

ɹʦʡʢʦ ʇ.ɺ., ʃʠʭʦʛʣʷʜ ʂ.ɸ. 

ʆʅʄɸ, ʋɼʇ 

ʖʃʊʈʄʌɹʋɹʏʁʇʆʆʔɾ ʃɹʐɾʊʋɻɹ ɽʁʀɾʄʘ  
ɻ ʊʇʊʋɹɻɾ ʊʌɽʇɻʇɼʇ ʈʉʇʈʌʄʕʊʁɻʆʇɼʇ ʃʇʅʈʄɾʃʊɹ 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʛʣʘʚʥʦʛʦ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʚʣʠʷʶʪ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʠ ʭʦʜʦʚʳʝ ʢʘʯʝʩʪʚʘ ʩʫʜʥʘ 

ʚ ʮʝʣʦʤ, ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʩʣʝʜʫʶʱʠʤʠ ʦʩʥʦʚʥʳʤʠ 

ʧʦʢʘʟʘʪʝʣʷʤʠ: ʩʫʤʤʘʨʥʳʤ ʫʜʝʣʴʥʳʤ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ ʛʣʘʚʥʳʤʠ ʜʠʟʝ-

ʣʷʤʠ, ʩʢʦʨʦʩʪʴʶ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʠ ʨʘʩʭʦʜʦʤ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʧʫʪʠ. 

ʇʨʠ ʵʪʦʤ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʷ ʚ ʜʠʟʝʣʷʭ, ʘ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʝʜʠʥʠʮʫ ʧʫʪʠ ʷʚʣʷʝʪʩʷ 

ʦʙʦʙʱʝʥʥʳʤ ʧʦʢʘʟʘʪʝʣʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʧʫʣʴʩʠʚ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʙʦʣʝʝ 20 ʣʝʪ ʫʩʧʝʰʥʦ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 

ʆʜʝʩʩʢʦʡ ʥʘʮʠʦʥʘʣʴʥʦʡ ʤʦʨʩʢʦʡ ʘʢʘʜʝʤʠʠ. ʉʨʝʜʠ ʵʪʠʭ ʨʘʙʦʪ ʟʘʩʣʫʞʠ-

ʚʘʶʪ ʧʝʨʚʦʦʯʝʨʝʜʥʦʛʦ ʚʥʠʤʘʥʠʷ ʨʘʙʦʪʳ ʧʨʦʬʝʩʩʦʨʘ ɻ.ɸ. ʂʦʥʘʢʦʚʘ 

[1, 2], ʢʦʪʦʨʳʝ ʧʦʣʫʯʠʣʠ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ ʨʘʙʦʪʘʭ ʧʨʦʬʝʩʩʦʨʘ 

ʇ.ʉ. ʉʫʚʦʨʦʚʘ [3, 4]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩ-

ʪʠ ʠ ʫʯʠʪʳʚʘʝʪ ʨʝʘʣʠʠ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʨʳʥʢʘ ʠ ʬʣʦʪʘ, ʢʦʪʦʨʳʡ 

ʝʛʦ ʦʙʩʣʫʞʠʚʘʝʪ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʛʣʘʚʥʳʭ ʜʠ-

ʟʝʣʝʡ ʠ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘ-

ʪʘʤ ʢʦʥʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ ʥʘ ʩʧʦʢʦʡʥʦʡ ʚʦʜʝ. ʕʪʠ ʠʩʧʳʪʘʥʠʷ ʩʦʧʦʩ-

ʪʘʚʣʷʶʪ ʩ ʜʘʥʥʳʤʠ ʧʘʩʧʦʨʪʥʳʭ ʠʩʧʳʪʘʥʠʡ. ʇʦʩʢʦʣʴʢʫ ʧʘʩʧʦʨʪʥʳʝ ʭʘ-

ʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʳ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ (ʧʨʷʤʦʡ ʫʯʘʩʪʦʢ ʧʫ-

ʪʠ, ʧʦʣʥʘʷ ʦʩʘʜʢʘ, ʛʣʫʙʦʢʘʷ ʩʧʦʢʦʡʥʘʷ ʚʦʜʘ, ʨʘʩʯʝʪʥʘʷ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝ-

ʥʠʷ ʩʫʜʥʘ), ʢʦʪʦʨʳʝ ʥʝ ʚʩʝʛʜʘ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʶʪ ʩ ʫʩʣʦʚʠʷʤʠ ʢʦʥ-

ʪʨʦʣʴʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʪʦ ʩʯʠʪʘʶʪ ʜʦʧʫʩʪʠʤʳʤ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ 

ʨʝʞʠʤʘ ʦʪʢʣʦʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ ʥʘ 3 % ʠ ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧ-

ʣʠʚʘ ð 5 % [5]. ɺʳʩʦʢʠʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ ʜʠʟʝʣʷ ʚ ʩʦʩʪʘʚʝ 

ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʳ ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʦʩʪʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʥʘʩʪʨʦʡʢʦʡ ʜʠʟʝʣʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ ʠʟʤʝʥʝʥʠʝ ʨʝʛʫʣʠʨʦʚʦʯʥʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʪʝʧʝʥʴ ʩʞʘʪʠʷ, ʩʪʝʧʝʥʴ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ ʧʨʠ 

ʩʛʦʨʘʥʠʠ ʠ ʜʨ. 

ʕʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʨʝʞʠʤʳ ʛʣʘʚʥʳʭ ʩʫʜʦʚʳʭ ʜʠʟʝʣʝʡ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪ-

ʣʠʯʘʶʪʩʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ  ʧʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʨʘʙʦʪʳ ʠ ʧʦ ʨʝʞʠʤʥʳʤ 
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ʧʦʢʘʟʘʪʝʣʷʤ, ʧʦʵʪʦʤʫ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʥʦʤʠʥʘʣʥɹʦʤ ʨʝʞʠʤʝ 

ʥʝ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʠʭ ʪʦʧʣʠʚʥʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʢʘʢ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʝ ʢʘ-

ʯʝʩʪʚʦ. ʅʘʩʪʨʦʡʢʫ ʦʙʳʯʥʦ ʧʨʦʠʟʚʦʜʷʪ ʥʘ ʦʧʪʠʤʘʣʴʥʦʝ ʪʦʧʣʠʚʦʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝ ʧʫʪʝʤ ʩʦʚʤʝʱʝʥʠʷ ʥʘ ʦʜʥʦʤ ʛʨʘʜʫʩʝ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʤʥʦʛʦʧʘʨʘʤʝʪʨʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ ʧʦ ʫʜʝʣʴʥʦʤʫ 

ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ. ʉʦʚʤʝʱʝʥʠʝ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘ-

ʯʠ ʚʳʙʦʨʘ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʧʦʩʪʨʦʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ, ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʩʨʝʜʥʝʥʥʦʡ ʚʝʣʠʯʠʥʳ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʧʣʘʚʘʥʠʷ. ʅʘʣʠʯʠʝ ʫʥʠʚʝʨʩʘʣʥɹʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʫʜʝʣʴʥʦʤʫ ʨʘʩʭʦʜʫ 

ʪʦʧʣʠʚʘ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʚʘʪʴ ʪʦʧʣʠʚʥʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʜʠʟʝʣʷ 

ʚʦ ʚʩʝʤ ʧʦʣʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ. 

ʅʘ ʨʠʩʫʥʢʝ ʵʪʦ ʧʦʣʝ ʦʧʨʝʜʝʣʝʥʦ ʚ ʦʙʱʝʤ ʚʠʜʝ ʧʦʣʦʞʝʥʠʝʤ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢ ʜʠʟʝʣʷ ð ʦʛʨʘʥʠʯʠʪʝʣʴʥʦʡ (ʥʘʠʙʦʣʴʰʠʭ 1 ʠ ʥʘʠʤʝʥʴʰʠʭ 6 ʥʘʛʨʫʟʦʢ) 

ʠ ʨʝʛʫʣʷʪʦʨʥʦʡ ð ʧʨʝʜʝʣʴʥʳʭ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ 7, ʘ ʪʘʢ-

ʞʝ ʚʠʥʪʦʚʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 3 ð çʫʪʷʞʝʣʝʥʥʦʡè (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʭʦʜʫ 

ʩʫʜʥʘ ʩ ʧʦʣʥʦʡ ʟʘʛʨʫʟʢʦʡ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʡ ʰʝʨʦʭʦʚʘʪʦʩʪʠ ʧʦʜʚʦʜʥʦʡ 

ʯʘʩʪʠ ʠ ʚ ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʷʭ), 5 ð çʦʙʣʝʛʯʝʥ-

ʥʦʡè (ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʭʦʜʫ ʩʫʜʥʘ ʚ ʙʘʣʣʘʩʪʝ ʩ ʦʯʠɦ ʝʥʥʦʡ ʧʦʜʚʦʜʥʦʡ 

ʯʘʩʪʴʶ ʚ ʰʪʠʣʴ). ʂʨʦʤʝ ʵʪʦʛʦ, ʥʘ ʨʠʩ. ʫʢʘʟʘʥʘ ʪʦʯʢʘ ɺ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝ-

ʞʠʤʘ ʠ ʧʨʦʚʝʜʝʥʘ ʩʨʝʜʥʷʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʚʠʥʪʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 4, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʤ ʫʩʣʦʚʠʷʤ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ. 

ɿʜʝʩʴ ʞʝ ʠʟʦʙʨʘʞʝʥʳ ʠʟʦʧʘʨʘʤʝʪʨʠʯʝʩʢʠʝ ʣʠʥʠʠ ʫʜʝʣʴʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧ-

ʣʠʚʘ be ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ. 

ʂʦʨʨʝʢʪʥʘʷ ʦʮʝʥʢʘ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʚʘʨʠʘʥʪʦʚ ʩʦʛʣʘʩʦʚʘ-

ʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʦ-

ʠʟʚʦʜʠʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʫʜʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʧʨʠ 

ʨʘʙʦʪʝ ʛʣʘʚʥʦʛʦ ʜʠʟʝʣʷ ʩʦ ʩʨʝʜʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʤʦʱʥʦʩʪʴʶ Neɻ .ʩʨ 

ʠ ʩʨʝʜʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ne.ʩʨ: 
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ʛʜʝ Bʯ ɻð ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʧʨʠ ʨʘʙʦʪʝ ʜʠʟʝʣʷ ʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦ̫ʪ-

ʥʦʤ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʤ ʨʝʞʠʤʝ (ʪʦʯʢʘ ɸ ʥʘ ʨʠʩʫʥʢʝ). 

ɺ ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʬʦʨʤʫʣʠʨʫʝʪʩʷ ʩʣʝʜʫʶ-

ʱʠʤ ʦʙʨʘʟʦʤ: ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʯʝʪʘʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʝʛʦ ʵʣʝʤʝʥʪʦʚ, ʦʧʪʠʤʘʣʴʥʦʝ ʧʦ 

ʢʨʠʪʝʨʠʶ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʛʣʘʚʥʦʛʦ ʜʠʟʝʣʷ ʚ ʥʘʠʙʦʣʝʝ ʚʝʨʦ-

ʷʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʩʦʛʣʘʩʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦ ʢʘʢ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʨʝ-

ʞʠʤʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤ-
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ʧʣʝʢʩʘ, ʪʘʢ ʠ ʧʫʪʝʤ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʣʶʙʦʛʦ ʝʛʦ ʵʣʝʤʝʥʪʘ, ʧʦʣʘ-

ʛʘʷ ʦʩʪʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ. ʆʜʥʘʢʦ ʯʘʩʪʦ ʦʢʘʟʚrʘʝʪʩʷ, 

ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʛʣʘʩʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢ-

ʩʘ ʣʠʰʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʦʨʧʫʩʘ, ʚʠʥʪʘ, ʧʝʨʝʜʘʯʠ ʦʙʣʘʩʪʴ 

ʤʠʥʠʤʘʣʴʥʳʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʪʦʧʣʠʚʘ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʜʠʟʝʣʷ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ, ʪ.ʝ. ʣʠʙʦ ʯʘʩʪʠʯʥʦ, ʣʠʙʦ 

ʧʦʣʥʦʩʪʴʶ ʥʘʭʦʜʠʪʩʷ ʟʘ ʛʨʘʥʠʮʝʡ ʧʦʣʷ S ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʵʢʩʧʣʫʘ-

ʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ 

ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʜʠʟʝʣʷ, ʥʝʦʙʭʦʜʠʤʦ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʩʢʦʨ-

ʨʝʢʪʠʨʦʚʘʪʴ ʢʦʥʬʠʛʫʨʘʮʠʶ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ʫʜʝʣʴʥʦ-

ʤʫ ʨʘʩʭʦʜʫ ʪʦʧʣʠʚʘ. 

 
ʉʦʛʣʘʩʦʚʘʥʠʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʠʟʝʣʷ ʩ ʚʠʥʪʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ: 1 ð ʧʦ ʢʨʫʪʷʱʝʤʫ ʤʦʤʝʥʪʫ; 2 ð ʧʦ ʪʝʧ-

ʣʦʥʘʧʨʷʞʝʥʥʦʩʪʠ; 3 ð çʫʪʷʞʝʣʝʥʥʘʷè; 4 ð ʩʨʝʜʥʷʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ; 5 ð çʦʙʣʝʛ-

ʯʝʥʥʘʷè; 6 ð ʦʛʨʘʥʠʯʠʪʝʣʴʥʘʷ ʧʦ ʥʘʠʤʝʥʴʰʠʤ ʥʘʛʨʫʟʢʘʤ; 7 ð ʦʛʨʘʥʠʯʠʪʝʣʴʥʘʷ ʧʦ  

ʧʨʝʜʝʣʴʥʳʤ ʯʘʩʪʦʪʘʤ ʚʨʘʱʝʥʠʷ ʢʦʣʝʥʯʘʪʦʛʦ ʚʘʣʘ; ɸ3 ð ʟʦʥʘ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʥʘʛʨʫʟʦʢ ʜʠʟʝʣʷ; S ð ʧʦʣʝ ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 
ʜʠʟʝʣʷ; ɺ ð ʪʦʯʢʘ ʥʦʤʠʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ. 
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ʕʪʫ ʢʦʨʨʝʢʪʠʨʦʚʢʫ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʫʪʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʥʘʩʪʨʦʡʢʠ ʜʠʟʝʣʷ, ʢʦʪʦʨʘʷ ʚ ʜʘʥʥʦʤ  ʩʣʫʯʘʝ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʝʛʦ ʨʝʟʝʨʚʦʚ ʧʦ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ, ʩʚʷʟʘʥʘ ʩ ʧʦʠʩʢʦʤ ʦʧ-

ʪʠʤʘʣʴʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ʮʠ-

ʣʠʥʜʨʝ, ʩʠʩʪʝʤʝ ʥʘʜʜʫʚʘ, ʛʘʟʦʚʦʟʜʫʥhʦʤ ʪʨʘʢʪʝ ʠ  ʪʦʧʣʠʚʦʧʦʜʘʯʠ. ʕʪʘ 

ʟʘʜʘʯʘ ʨʝʰʘʝʪʩʷ ʧʫʪʝʤ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ. 

ʀʟʤʝʥʝʥʠʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʟʦʣʠʥʠʡ be ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘ-

ʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʨʘʟʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʘ ʦʧʝʨʝʞʝʥʠʷ 

ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʦʧ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʩʪʝʧʝʥʴʶ ʩʞʘʪʠʷ 0, ʧʨʦʧʫʩʢʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʩʦʧʣʦʚʦʛʦ ʘʧʧʘʨʘʪʘ ʪʫʨʙʠʥʳ Fʪ, ʫʛʣʦʤ ʧʝʨʝʢʨʳʪʠʷ ʢʣʘ-

ʧʘʥʦʚ ʧʢ, ʢʦʪʦʨʳʝ ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʶ ʬʦʨʤʳ ʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠʟʦ-

ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʣʠʥʠʡ bʝ ʫʥʠʚʝʨʩʘʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʠʟʝʣʷ. ʕʪʦ 

ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚʘʨʴʠʨʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʦʧ, 0, Fʪ ʠ ʚʢ (ʦʪʢʨʳʪʠʷ ʚʳ-

ʧʫʩʢʥʦʛʦ ʢʣʘʧʘʥʘ) ʚ ʧʨʦʮʝʩʩʝ ʥʘʩʪʨʦʡʢʠ ʜʠʟʝʣʷ ʧʦʟʚʦʣʷʝʪ ʚʦʟʜʝʡʩʪʚʦ-

ʚʘʪʴ ʥʘ ʚʝʣʠʯʠʥʫ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ be. ʇʨʠ ʩʦʛʣʘʩʦʚʘʥʠʠ ʜʦʣʞʥʦ 

ʙʳʪʴ ʫʯʪʝʥʦ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʧʦʣʷ S ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʳʭ ʨʝʞʠ-

ʤʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʛʣʘʚʥʦʛʦ ʜʠʟʝʣʷ ʠ ʫʥʠʚʝʨʩʘʣʥɹʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʅʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ ʩʦʛʣʘʩʦʚʘʥʠʷ ʦʙʫʩʣʦʚʣʠʚʘ-

ʝʪʩʷ ʤʝʩʪʦʧʦʣʦʞʝʥʠʝʤ ʦʙʣʘʩʪʠ ʤʠʥʠʤʘʣʴʥʳʭ ʫʜʝʣʴʥʳʭ ʨʘʩʭʦʜʦʚ ʪʦʧ-

ʣʠʚʘ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʟʦʣʠʥʠʝʡ be
min
. ʆʥʘ ʤʦʞʝʪ ʨʘʩʧʦʣʘʛʘʪʴʩʷ ʟʘ ʦʙʣʘ-

ʩʪʴʶ S. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦ ʝʝ ʩʦʛʣʘʩʦʚʘʥʠʝ ʩ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʦʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʠʩʩʣʝʜʫʝʤʳʭ ʪʝʭʥʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʢʘʯʝʩʪʚ ʜʠʟʝʣʷ 

ʩʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʦʢʘʟʘʪʝʣʝʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥ-

ʥʳʤʠ ʷʚʣʷʶʪʩʷ ʦʮʝʥʢʠ ʩʫʜʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʚʠʛʘʪʝʣʴ ï ʜʚʠʞʠʪʝʣʴ ï 

ʢʦʨʧʫʩ ʩʫʜʥʘ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʝʛʦ ʧʨʦʧʫʣʴʩʠʚʥʳʭ ʢʘʯʝʩʪʚ (ʖ.ʄ. ʂʫ-

ʣʠʙʘʥʦʚ ʠ ʜʨ.) [6], 
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ʛʜʝ: D ð ʧʦʣʥʦʝ ʚʦʜʦʠʟʤʝʱʝʥʠʝ ʩʫʜʥʘ, ʪ; vs ð ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩʫʜ-

ʥʘ, ʤ/ʩ; Ne ð ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ, ʢɺʪ, 

ʘ ʪʘʢʞʝ ʧʦ ʘʜʤʠʨʘʣʪʝʡʩʢʦʤʫ ʢʦʵʬʬʠʮʠʝʥʪʫ 
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ɺʣʠʷʥʠʝ ʩʦʩʪʦʷʥʠʷ ʛʠʜʨʦʤʝʭʘʥʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝ ʪʦʧʣʠʚʘ ʦʮʝʥʠʚʘʶʪ ʪʦʧʣʠʚʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 
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ʛʜʝ Bʯ ð ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ.  

ʂʘʯʝʩʪʚʦ ʨʝʞʠʤʘ ʜʚʠʞʝʥʠʷ ʩʫʜʥʘ ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʝ-

ʞʠʤʘ ʜʚʠʞʝʥʠʷ 
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ʇʨʠ ʚʳʙʦʨʝ ʵʢʦʥʦʤʠʯʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩʫʜʥʘ ʟʘ ʦʩʥʦʚʥʦʡ ʢʨʠʪʝʨʠʡ 

ʧʨʠʥʠʤʘʶʪ [7] ʧʫʪʝʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ 
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ɺʳʰʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʷʚʣʷʶʪʩʷ ʬʫʥʢʮʠʝʡ ʤʦʱʥʦʩʪʠ 

ʛʣʘʚʥʦʛʦ ʜʠʟʝʣʷ, ʧʦʵʪʦʤʫ ʦʥʠ ʙʝʟ ʪʨʫʜʘ ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʙʱʝʥʳ ʚ ʝʜʠʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ð ʂʇɼ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʢʦʪʦʨʳʡ ʭʘ-

ʨʘʢʪʝʨʠʟʫʝʪ ʢʘʯʝʩʪʚʦ ʢʘʢ ʜʠʟʝʣʷ, ʪʘʢ ʠ ʵʣʝʤʝʥʪʦʚ ʩʫʜʦʚʦʛʦ ʧʨʦʧʫʣʴʩʠʚ-

ʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠ ʦʮʝʥʢʝ ʧʨʦʧʫʣʴʩʠʚʥʳʭ ʢʘʯʝʩʪʚ ʩʫʜʦʚ ʥʘ ʨʳʥʢʝ ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʫʩʣʫʛ ʋʢʨʘʠʥʳ ʠ ʩʪʨʘʥ ʙʣʠʞʥʝʛʦ ʟʘʨʫʙʝʞʴʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʥʘ 

ʥʦʚʳʝ ʬʦʨʤʳ ʭʦʟʷʡʩʪʚʦʚʘʥʠʷ ʥʝ ʫʪʨʘʪʠʣʠ ʩʚʦʝʡ ʘʢʪʫʘʣʴʥʦʩʪʠ ʠ ʟʥʘʯʠ-

ʤʦʩʪʠ ʠ ʪʨʝʙʫʶʪ ʜʘʣʴʥʝʡʰʝʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʸʪʦʤ ʧʦ-

ʩʪʫʧʣʝʥʠʷ ʥʦʚʳʭ ʩʫʜʦʚ ʩ ʩʦʚʨʝʤʝʥʥʳʤʠ ʉʕʋ. 
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ʋɼʂ 629.12.03 

ɻʝʨʰʘʥʠʢ ɺ.ʀ., ʍʘʥʤʘʤʝʜʦʚ ʉ.ɸ., ʄʘʟʘʝʚ, ɺ.ɺ.  

ʋɻʄʊʋ, ʆʅʄɸ 

ʇʊʇɺɾʆʆʇʊʋʁ ʇʏɾʆʃʁ ʖʍʍɾʃʋʁɻʆʇʊʋʁ ʖʃʊʈʄʌɹʋɹʏʁʁ 
ʖʆɾʉɼɾʋʁʐɾʊʃʁʎ ʌʊʋɹʆʇɻʇʃ ʊʌɽʇɻ, ʉɹɺʇʋɹʗʒʁʎ ɻ ʋɹʂʅ-ʐɹʉʋɾʉɾ 

ɺ ʦʩʥʦʚʝ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʦʞʥʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ, ʙʝʟʫʩʣʦʚʥʦ, ʦʪʥʦʩʷʪʩʷ ʩʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʝ ʫʩʪʘʥʦʚʢʠ (ʉʕʋ), ʣʝʞʠʪ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʦʞʠʜʘʝʤʳʤ ʧʦʣʝʟ-

ʥʳʤ ʵʬʬʝʢʪʦʤ ʦʪ ʠʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʠ ʩʚʷʟʘʥʥʳʤʠ ʩ ʥʠʤ ʟʘʪʨʘʪʘʤʠ. 

ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʵʢʩʧʣʫʘʪʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ (ʕʋ) ʪʨʘʥʩ-

ʧʦʨʪʥʳʭ ʩʫʜʦʚ ʧʦʣʝʟʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʙʝʟʦʧʘʩ-

ʥʦʡ, ʩʦʭʨʘʥʥʦʡ ʠ ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ ʤʦʨʝʤ, ʘ ʩʦʧʫʪʩʪʚʫʶ-

ʱʠʝ ʟʘʪʨʘʪʳ ʩʢʣʘʜʳʚʘʶʪʩʷ ʠʟ ʨʘʩʭʦʜʦʚ ʥʘ ʛʦʨʶʯʝ-ʩʤʘʟʦʯʥʳʝ ʤʘʪʝʨʠʘ-

ʣʳ, ʪʝʭʥʠʯʝʩʢʦʝ ʦʙʩʣʫʞʠʚʘʥʠʝ, ʨʝʤʦʥʪ, ʩʦʜʝʨʞʘʥʠʝ ʵʢʠʧʘʞʘ ʠ ʥʝʢʦʪʦ-

ʨʳʭ ʜʨʫʛʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʯʝʩʪʚʦ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʋ, 

ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʦʜʩʠʩʪʝʤ ʩʫʜʥʘ, ʥʝʧʦʩʨʝʜʩʪ-

ʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʝʛʦ ʨʘʙʦʪʳ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʧʦʠʩ-

ʢʝ ʨʘʮʠʦʥʘʣʴʥʳʭ ʚʘʨʠʘʥʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʕʋ ʜʦʣʞʥʳ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʢʨʠʪʝʨʠʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʨʝʙʦʚʘʥʠʶ ʩʫʙʦʧʪʠʤʠʟʘʮʠʠ ʠ ʠʝʨʘʨʭʠʯʝ-

ʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʚ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ [1]. 

ɺ ʧʨʘʢʪʠʢʝ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʉʕʋ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʦ-

ʜʦʙʥʳʝ ʦʙʦʙʱʝʥʥʳʝ ʢʨʠʪʝʨʠʠ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʨʘʟʣʠʯʥʳʝ 

ʫʜʝʣʴʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʘʙʦʪʳ ʩʫʜʥʘ. ʇʦʩʣʝʜʥʷʷ, ʦʪʥʝʩʝʥ-

ʥʘʷ ʢ ʝʜʠʥʠʮʝ ʚʨʝʤʝʥʠ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʩʫʜʥʘ P ʠ ʝʛʦ ʩʨʝʜʥʝʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ vs. ʉʨʝʜʠ ʪʘʢʠʭ 

ʧʦʢʘʟʘʪʝʣʝʡ, ʥʘʧʨʠʤʝʨ, ʢʨʠʪʝʨʠʡ ʚʤʝʩʪʠʤʦʩʪʠ  
 

,s
P

R

P v
W

P
 

 

ʛʜʝ PR ð ʨʝʛʠʩʪʨʦʚʘʷ ʚʤʝʩʪʠʤʦʩʪʴ ʩʫʜʥʘ, 

ʘ ʪʘʢʞʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʨʘʥʩʧʦʨʪʥʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʫʯʠʪʳʚʘʶʱʠʝ 

ʩʫʤʤʘʨʥʫʶ ʤʦʱʥʦʩʪʴ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻɼ) ʠ ʠʭ ʪʦʧʣʠʚʥʫʶ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʴ: 
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ʛʜʝ: ʝN  ð ʩʫʤʤʘʨʥʘʷ ʵʬʬʝʢʪʠʚʥʘʷ ʤʦʱʥʦʩʪʴ ɻɼ , ʢɺʪ; Bʯ ð ʯʘʩʦʚʦʡ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʪ/ʯ; B = Bʯ/vs ð ʧʫʪʝʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʪ/ʤʠʣʶ. 

ʆʯʝʚʠʜʥʦ, ʚʳʙʦʨ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ-

ʩʪʷʤʠ ʨʝʰʘʝʤʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʩʪʨʝʤʠʪʴ-
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ʩʷ ʢ ʚʦʟʤʦʞʥʦʤʫ ʫʧʨʦʱʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʦʙʦʙʱʝʥʥʦʛʦ ʢʨʠʪʝ-

ʨʠʷ, ʧʫʪʝʤ ʠʩʢʣʶʯʝʥʠʷ ʠʟ ʥʝʝ ʠʜʝʥʪʠʯʥʳʭ ʜʣʷ ʩʨʘʚʥʠʚʘʝʤʳʭ ʚʘʨʠʘʥʪʦʚ 

ʩʦʩʪʘʚʣʷʶʱʠʭ. 

ʉʦʚʨʝʤʝʥʥʘʷ ʧʨʘʢʪʠʢʘ ʢʦʤʤʝʨʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʬʣʦʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʜʦʚ ʨʘʙʦʪʘʶʪ ʚ ʪʘʡʤ-

ʯʘʨʪʝʨʝ. ʇʨʠ ʵʪʦʤ ʬʨʘʭʪʦʚʘʪʝʣʴ ʧʨʠʥʠʤʘʝʪ ʥʘ ʩʝʙʷ ʦʙʷʟʘʪʝʣʴʩʪʚʘ ʧʦ 

ʦʙʝʩʧʝʯʝʥʠʶ ʩʫʜʥʘ ʪʦʧʣʠʚʦʤ, ʘ ʧʝʨʝʚʦʟʯʠʢ (ʩʫʜʦʚʣʘʜʝʣʝʮ ʠʣʠ ʦʧʝʨʘ-

ʪʦʨ) ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ ʝʛʦ ʙʝʟʦʧʘʩʥʫʶ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʭ-

ʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʘ ʥʘʜʣʝʞʘʱʝʤ ʫʨʦʚʥʝ. 

ɺʘʞʥʝʡʰʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʪʘʢʦʡ ʬʦʨʤʳ ʬʨʘʭʪʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʪʨʝ-

ʙʦʚʘʥʠʝ ʩʦʙʣʶʜʝʥʠʷ ʧʝʨʝʚʦʟʯʠʢʦʤ ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʚ ʜʦʛʦʚʦʨʝ ʩʢʦʨʦ-

ʩʪʠ ʭʦʜʘ vʬ. ɽʝ ʟʥʘʯʝʥʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ 

ʩʫʜʥʘ ʥʘ ʬʨʘʭʪʦʚʦʤ ʨʳʥʢʝ ʠ ʚʝʣʠʯʠʥʫ ʩʪʘʚʢʠ ʪʘʡʤ-ʯʘʨʪʝʨʘ, ʢʦʪʦʨʘʷ 

ʦʙʳʯʥʦ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠʟ ʨʘʩʯʝʪʘ ʟʘ ʪʦʥʥʫ ʜʝʜʚʝʡʪʘ ʠʣʠ ʟʘ ʚʩʝ ʩʫʜʥʦ ʚ 

ʩʫʪʢʠ [2]. ʇʦ ʩʫʪʠ, vʬ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʪʦʷʥʥʫʶ ʧʨʦʚʦʟʦʩʧʦʩʦʙʥʦʩʪʴ ʩʫʜ-

ʥʘ. ʇʨʠ ʵʪʦʤ ʫʣʫʯʰʝʥʠʝ ʝʛʦ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʜʦʩʪʠʛʥʫʪʦ ʟʘ ʩʯʝʪ ʩʦʢʨʘʱʝʥʠʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʜʦʤʠʥʠʨʫʶ-

ʱʝʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʢʦʪʦʨʳʭ (30...60 %) ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜʳ ʥʘ ʪʦʧʣʠʚʦ. 

ʇʦʵʪʦʤʫ ʜʣʷ ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʘʡʤ-ʯʘʨʪʝʨʝ, ʚʘʞʥʝʡʰʫʶ ʨʦʣʴ ʠʛ-

ʨʘʶʪ ʪʝʭʥʠʯʝʩʢʠʝ ʠ ʦʨʛʘʥʠʟʘʮʠʦʥʥʳʝ ʤʝʨʦʧʨʠʷʪʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʕʋ ʠ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʥʘ ʧʦʚʳʰʝ-

ʥʠʝ ʠʭ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʫʩʠʣʠʡ ʚ ʵʪʦʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʝʨʩʧʝʢʪʠʚʥʦʡ, ʧʦʩʢʦʣʴʢʫ 

ʦʩʪʘʣʴʥʳʝ ʩʣʘʛʘʝʤʳʝ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʟʘʪʨʘʪ, ʢʘʢ ʧʦʢʘʟʳʚʘʝʪ ʧʨʘʢʪʠ-

ʢʘ, ʦʩʪʘʶʪʩʷ ʚʝʩʴʤʘ ʩʪʘʙʠʣʴʥʤrʠ. 

ɼʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʫʜʦʚ ʚʝʣʠʯʠʥʘ ʩʫʤ-

ʤʘʨʥʦʛʦ ʨʝʡʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʚ ʉʕʋ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʦʩʥʦʚʥʦʤ 

ʨʘʙʦʪʦʡ ɻɼ ʥʘ ʨʝʞʠʤʝ ʧʦʣʥʦʛʦ ʭʦʜʘ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʝʞʜʫ ʭʦʜʦʚʳʤ Űʭ ʠ 

ʩʪʦʷʥʦʯʥʳʤ Űʩʪ ʚʨʝʤʝʥʝʤ ʚ ʨʝʡʩʝ ʩʫʱʝʩʪʚʫʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʭ  ʩʪ, ʧʨʠ-

ʯʝʤ ʤʘʥʝʚʨʝʥʥʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ ʉʕʋ ʩʦʩʪʘʚʣʷʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʫʶ 

ʜʦʣʶ ʚ ʭ. ʇʦʩʢʦʣʴʢʫ ʚ ʨʝʞʠʤʝ ʧʦʣʥʦʛʦ ʭʦʜʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʪʠ-

ʣʠʟʘʮʠʷ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝʩʫʨʩʦʚ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʫʜʦʚʳʭ ʧʦʪʨʝʙʠ-

ʪʝʣʝʡ ʵʣʝʢʪʨʦʵʥʝʨʛʠʝʡ ʠ ʧʘʨʦʤ, ʩʫʜʦʚʘʷ ʵʣʝʢʪʨʦʩʪʘʥʮʠʷ (ʉʕʉ) ʠ ʚʩʧʦ-

ʤʦʛʘʪʝʣʥɹʘʷ ʢʦʪʝʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ɺʂʋ) ʨʘʩʭʦʜʫʶʪ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ (ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɻɼ) ʢʦʣʠʯʝʩʪʚʦ ʪʦʧʣʠʚʘ. ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʩʪʦʷʥʢʘʭ ʪʘʢʞʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʚʝʣʠʢ, ʚʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʠʭ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʩʪʠ, ʘ ʚʦ-

ʚʪʦʨʳʭ, ʠʟ-ʟʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦʡ ʤʦʱʥʦʩʪʠ ʉʕʉ ʠ ɺʂʋ [3, 4]. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʙʦʙʱʝʥʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʕʋ ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʘʡʤ-ʯʘʨʪʝʨʝ, ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʩʫʤʤʘʨ-

ʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ɻɼ ʥʘ ʨʝʞʠʤʝ ʧʦʣʥʦʛʦ ʭʦʜʘ ʚ ʨʝʡʩʝ Bʨ, ʧʦʜʣʝʞʘ-

ʱʠʡ ʤʠʥʠʤʠʟʘʮʠʠ ʧʨʠ ʫʩʣʦʚʠʠ vʬ = idem. ʀʥʳʤʠ ʩʣʦʚʘʤʠ, ʟʘʜʘʯʘ ʦʧ-
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ʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʕʋ ʩʚʦʜʠʪʩʷ ʢ ʧʦʠʩʢʫ ʨʘʮʠʦʥʘʣʴʥʦʛʦ ʨʝʞʠʤʘ 

ʥʘʛʨʫʞʝʥʠʷ ɻɼ ʠ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. ʉʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʤʘʢʩʠʤʫʤ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦ-

ʤʠʯʥʦʩʪʠ ʕʋ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ: 
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ʏʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ɻɼ, ʚʭʦʜʷʱʠʡ ʚ (1), ʩʫʱʝʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ 

ʦʪ ʫʩʣʦʚʠʡ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʠʤʠ ʛʨʫʧʧʘ-

ʤʠ ʬʘʢʪʦʨʦʚ: 

Á ʩʪʝʧʝʥʴʶ ʟʘʛʨʫʟʢʠ ʩʫʜʥʘ, ʬʦʨʤʦʡ ʢʦʨʧʫʩʘ ʠ ʝʛʦ ʧʦʩʘʜʢʦʡ; 

Á ʰʝʨʦʭʦʚʘʪʦʩʪʴʶ ʩʤʦʯʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʢʦʨʧʫʩʘ ʠ ʚʠʥʪʦʨʫʣʝ-

ʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʚʳʟʚʘʥʥʦʡ ʠʭ ʢʦʨʨʦʟʠʝʡ ʠ ʦʙʨʘʩʪʘʥʠʝʤ; 

Á ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʣʘʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʭʘʨʘʢ-

ʪʝʨʠʟʫʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ ʠ ʚʦʟʜʫʭʘ, ʠʥʪʝʥʩʠʚ-

ʥʦʩʪʴʶ ʚʦʣʥʝʥʠʷ, ʩʢʦʨʦʩʪʤ̫ʠ ʚʝʪʨʘ ʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʪʝʯʝʥʠʡ, ʘ 

ʪʘʢʞʝ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʠʭ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʩʫʜʥʦ ʠ ʜʨ.; 

Á ʯʘʩʪʦʪʦʡ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʠ ʤʦʱʥʦʩʪʴʶ, ʨʘʟʚʠʚʘʝʤʦʡ ɻɼ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʭʦʜʘ vʬ; 

Á ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʪʝʢʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʚ ɻɼ ʧʨʠ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʝʛʦ ʥʘʛʨʫʟʢʝ ʚ ʩʣʦʞʠʚʰʠʭʩʷ ʫʩʣʦʚʠʷʭ, ʚʳʙʦʨʦʤ ʩʭʝʤʳ 

ʪʦʧʣʠʚʦʧʦʜʛʦʪʦʚʢʠ, ʛʣʫʙʠʥʦʡ ʫʪʠʣʠʟʘʮʠʠ ʚʪʦʨʠʯʥʳʭ ʵʥʝʨʛʦʨʝ-

ʩʫʨʩʦʚ ʠ ʜʨ. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʛʨʫʧʧ ʣʠʰʴ ʜʚʝ ʧʦʩʣʝʜʥʠʝ 

ʚʢʣʶʯʘʶʪ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʪʥʝʩʝʥʳ ʢ ʫʧʨʘʚʣʷʝʤʳʤ ʚ 

ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʉʕʋ. ɹʦʣʴʰʠʥʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʦʧʨʝʜʝʣʷʶɦ ʠʭ 

ʫʩʣʦʚʠʷ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʠ ʝʛʦ ʕʋ, ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʶʪʩʷ ʩʪʦ-

ʭʘʩʪʠʯʝʩʢʠʤʠ. ʀʭ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ, ʘ ʜʠʘ-

ʧʘʟʦʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʚʝʨʦʷʪʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʟʘʢʦʥʳ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘ-

ʤʝʪʨʦʚ ʠʤʝʶʪ ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ. ʕʪʦ ʧʨʝʜʦʧʨʝʜʝ-

ʣʷʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʘ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘ-

ʥʠʷ [5] ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʪʦʭʘʩʪʠ-

ʯʝʩʢʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (1) ʠ ʦʪʳʩʢʘʥʠʷ ʥʘʠʙʦʣʝʝ ʵʢʦʥʦʤʠʯʥʳʭ ʨʝʞʠ-

ʤʦʚ ʥʘʛʨʫʞʝʥʠʷ ɻɼ ʉʕʋ. 

ʉʪʨʦʛʦ ʛʦʚʦʨʷ, ʯʘʩʦʚʦʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ɻɼ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʣʫʘʪʘʮʠʠ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʝʪʩʷ, ʦʪʨʘʞʘʷ ʠʟʤʝʥʝʥʠʷ ʫʩʣʦʚʠʡ ʧʣʘʚʘ-

ʥʠʷ, ʯʪʦ ʩʦʟʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʚʳʯʠʩʣʝʥʠʠ Bʨ. ʀʭ ʤʦʞ-

ʥʦ ʧʨʝʦʜʦʣʝʪʴ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝ-

ʣʠ, ʧʨʠʥʷʚ ʨʷʜ ʜʦʧʫʱʝʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʥʘʨʫʰʘʶʪ ʝʝ ʘʜʝ-

ʢʚʘʪʥʦʩʪʠ. 



2003 ï  ̄8 ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 33 
 

 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʨʝʡʩʦʚʦʝ ʟʘʜʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ ʤʦʞʝʪ ʧʨʝ-

ʜʫʩʤʘʪʨʠʚʘʪʴ ʟʘʭʦʜʳ ʚ K+1 ʧʦʨʪ (K = 1, 2, é). ʇʝʨʝʭʦʜʳ ʤʝʞʜʫ ʥʠʤʠ 

ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʫʩʣʦʚʠʷʤʠ ʧʣʘʚʘʥʠʷ ʠ ʧʦʪʦʤʫ, ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʳʙʦʨʘ ʨʝʞʠʤʦʚ ʥʘʛʨʫʞʝʥʠʷ ʕʋ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʧʦʜʜʝʨʞʘʥʠʝ 

ʯʘʨʪʝʨʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ vʬ, ʦʥʠ ʷʚʣʷʶʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʤrʠ. 

ʕʪʦ ʜʘʝʪ ʦʩʥʦʚʘʥʠʝ ʩʯʠʪʘʪʴ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ (1) ʘʜʜʠʪʠʚʥʦʡ, ʪ.ʝ. ʤʠ-

ʥʠʤʘʣʴʥʳʡ ʨʝʡʩʦʚʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʨ

minB  ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʝʛʦ ʨʘʩʭʦ-

ʜʦʚ 
ʢ

minB , ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʞʠʤʘʤ ʥʘʛʨʫʞʝʥʠʷ ɻɼ, ʦʧʪʠʤʘʣʥɹʳʤ ʜʣʷ 

ʢʘʞʜʦʛʦ k-ʛʦ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʧʦʨʪʘʤʠ: 
 

 p

1

min min
K

k

k

B B . (1) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʘʚʦʤʝʨʥʘ ʥʝʟʘʚʠʩʠʤʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʨʝʞʠʤʘ ʵʢʩ-

ʧʣʫʘʪʘʮʠʠ ʉʕʋ ʚ ʨʘʤʢʘʭ ʦʪʜʝʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ ʤʦʨʝʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʨʝʡʩ. 

ʇʫʪʴ ʩʫʜʥʘ ʥʘ ʧʝʨʝʭʦʜʝ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚ ʚʠ-

ʜʝ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʧʨʝʦʜʦʣʝʚʘʝʤʳʭ ʫʯʘʩʪʢʦʚ, ʥʘ ʢʘʞʜʦʤ 

ʠʟ ʢʦʪʦʨʳʭ ʦʥʦ ʜʚʠʞʝʪʩʷ ʟʘʜʘʥʥʳʤ ʢʫʨʩʦʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦ ʣʦʢʩʦʜʨʦ-

ʤʠʠ. ʊʘʢʠʝ ʫʯʘʩʪʢʠ ʤʦʛʫʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʘʪʴʩʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠ-

ʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʧʣʘʚʘʥʠʷ, ʧʨʝʜʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʝʣʠʯʠʥʫ ʧʦʣʥʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʜʚʠʞʝʥʠʶ ʩʫʜʥʘ R ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʟʥʘʯʝʥʠʷʤʠ ʤʦʱ-

ʥʦʩʪʠ Ne ɻɼ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ n, ʥʝʦʙʭʦʜʠʤʳʤʠ ʜʣʷ 

ʧʦʜʜʝʨʞʘʥʠʷ ʪʨʝʙʫʝʤʦʡ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ vs å vʬ, ʘ ʪʘʢʞʝ 

ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ Bʯ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ 

ʧʨʦʧʫʣʴʩʠʚʥʳʭ ʢʘʯʝʩʪʚ ʤʦʨʩʢʠʭ ʩʫʜʦʚ, ʢʦʪʦʨʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʰʠʨʠʥʝ ʜʠʘʧʘʟʦʥʘ ʚʦʟʤʦʞʥʳʭ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚʠʥʪʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ [6]. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ ʥʝʙʣʘʛʦ-

ʧʨʠʷʪʥʳʝ ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʠʣʠ ʩʣʦʞʥʘʷ ʥʘʚʠʛʘʮʠʦʥʥʘʷ ʦʙʩʪʘʥʦʚʢʘ 

(ʧʣʘʚʘʥʠʝ ʚ ʨʘʡʦʥʘʭ ʠʥʪʝʥʩʠʚʥʦʛʦ ʩʫʜʦʭʦʜʩʪʚʘ, ʚ ʢʘʥʘʣʘʭ ʠ ʧʨ.) ʤʦʛʫʪ 

ʧʦʩʣʫʞʠʪʴ ʧʨʠʯʠʥʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʚʳʥʫʞʜʝʥʥʦʛʦ ʩʥʠʞʝʥʠʷ ʩʢʦʨʦ-

ʩʪʠ ʭʦʜʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ. 

ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʦʧʝʨʘʪʠʚʥʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʝʤ 

ʩʫʜʥʘ ʠ ʚʙrʦʨ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʝʞʠʤʦʚ ʥʘʛʨʫʞʝʥʠʷ ɻɼ ʧʦ ʦʪʜʝʣʴʥʳʤ 

ʫʯʘʩʪʢʘʤ ʧʝʨʝʭʦʜʘ, ʦʯʝʚʠʜʥʦ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʪʦʧʣʠʚʥʦʡ ʵʢʦʥʦʤʠʯʥʦʩʪʠ ʉʕʋ. ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ ʧʦʜʯʝʨʢ-

ʥʫʪʴ, ʯʪʦ ʩʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʠʟʝʣʷ 

ʧʦʟʚʦʣʷʶʪ ʚ ʠʟʚʝʩʪʥʦʡ ʤʝʨʝ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʨʦʩʪ ʝʛʦ ʫʜʝʣʴʥʦʛʦ ʵʬʬʝʢ-

ʪʠʚʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ge, ʛ/(ʢɺʪĀʯ), ʧʨʠ ʨʘʙʦʪʝ ʥʘ ʨʝʞʠʤʘʭ, ʦʪʣʠʯʥʳʭ 

ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʚʘʨʴʠʨʦʚʘʥʠʝʤ 

ʤʦʱʥʦʩʪʠ ɻɼ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʥʠʞʝʥʠʷ 
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ʯʘʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ. ɽʩʪʝʩʪʚʝʥʥʦ, ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʯʝʪʥʦʛʦ ʘʣ-

ʛʦʨʠʪʤʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʥʘʛʨʫʟʢʠ ɻɼ ʜʦʣʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʚ ʧʨʝʜʝʣʘʭ 

ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʝʛʦ ʨʘʙʦʪʳ ʩ ʫʯʝʪʦʤ ʦʛʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘ-

ʜʳʚʘʝʤʳʭ ʥʘ ʚʝʣʠʯʠʥʫ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʩ ʮʝʣʴʶ ʠʩ-

ʢʣʶʯʝʥʠʷ ʩʣʝʤʤʠʥʛʘ, ʨʝʟʦʥʘʥʩʥʦʡ ʙʦʨʪʦʚʦʡ ʢʘʯʢʠ ʠ ʧʨʦʯʠʭ ʦʧʘʩʥʳʭ 

ʚ̫ʣʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʨʝʡʩʦʚʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ Bʨ ʚ 

ʩʣʦʞʠʚʰʝʡʩʷ ʧʦʛʦʜʥʦʡ ʩʠʪʫʘʮʠʠ ʩʚʦʜʠʪʩʷ ʢ ʦʪʳʩʢʘʥʠʶ ʨʘʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʯʝʪʘʥʠʷ ʥʘʛʨʫʟʦʢ ɻɼ ʥʘ ʦʪʜʝʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʧʫʪʠ { Nei}
opt
, ʦʙʝʩʧʝʯʠ-

ʚʘʶʱʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʝʭʦʜʘ ʚ ʟʘʜʘʥʥʳʝ ʩʨʦʢʠ (ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʦʛ-

ʨʘʥʠʯʝʥʠʡ, ʥʘʢʣʘʜʳʚʘʝʤʳʭ ʧʨʘʚʠʣʘʤʠ ʪʝʭʥʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜ-

ʥʘ, ʝʛʦ ʕʋ ʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʤʦʨʝʧʣʘʚʘʥʠʷ), ʘ ʪʘʢʞʝ ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʠʭ ʝʤʫ ʩʦʯʝʪʘʥʠʡ ʯʘʩʪʦʪ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ { ni}
opt

 ʠ 

ʯʘʩʦʚʳʭ ʨʘʩʭʦʜʦʚ ʪʦʧʣʠʚʘ 
ʯ

min
opt

i ei ei
B g N . ɿʜʝʩʴ i = 1, 2, é, I ʦʙʦʟʥʘ-

ʯʘʝʪ ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʫʯʘʩʪʢʘ, ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʳʭ ʨʘʚʥʦ I, ʘ 
min

eieig N  ð ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩ-

ʭʦʜʘ ʪʦʧʣʠʚʘ ɻɼ, ʜʦʩʪʠʛʘʝʤʦʝ ʟʘ ʩʯʝʪ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʝʛʦ 

ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʘʛʨʫʟʢʝ Nei. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ (1) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʩʣʝ-

ʜʫʶʱʝʤ ʚʠʜʝ: 
 
 

 
1 1

min
, , , min

x

I I

p i i ei iei idem
i i

F gB B L N X . (2) 

 
 

ʈʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ i-ʦʤ ʫʯʘʩʪʢʝ ʧʫʪʠ Bi ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʝʛʦ ʧʨʦ-

ʪʷʞʝʥʥʦʩʪʠ Li, ʨʘʟʚʠʚʘʝʤʦʡ ɻɼ ʤʦʱʥʦʩʪʠ Nei ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʝʡ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʫʜʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ 
min

eig , ʘ ʪʘʢʞʝ 

ʢʦʥʝʯʥʦʛʦ ʤʥʦʞʝʩʪʚʘ 
ʚʣ ʚʪ ʚʪ ʢ ʥ3

max

%
, , , ,..., , , ,...i s i

h q v q T T vX , ʵʣʝʤʝʥʪʳ 

ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʧʣʘʚʘʥʠʷ 

(ʚʳʩʦʪʘ ʚʦʣʥ 3 %-ʥʦʡ ʦʙʝʩʧʝʯʝʥʥʦʩʪʠ h3 %, ʢʫʨʩʦʚʦʡ ʫʛʦʣ ʢ ʚʦʣʥʝ qʚʣ, 

ʩʢʦʨʦʩʪʴ vʚʪ ʠ ʢʫʨʩʦʚʦʡ ʫʛʦʣ qʚʪ ʚʝʪʨʘ ʠ ʜʨ.), ʩʪʝʧʝʥʴ ʟʘʛʨʫʟʢʠ ʩʫʜʥʘ ʠ 

ʝʛʦ ʧʦʩʘʜʢʫ (Tʥ, Tʢ ð ʦʩʘʜʢʘ ʥʦʩʦʤ ʠ ʢʦʨʤʦʡ ʠ ʜʨ.), ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʙʝʟʦʧʘʩʥʫʶ ʩʢʦʨʦʩʪʴ ʭʦʜʘ max

sv  ʠ ʜʨ. 

ʉʣʝʜʫʷ ʦʙʱʠʤ ʧʨʠʥʮʠʧʘʤ ʤʝʪʦʜʦʣʦʛʠʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʠ ʫʯʠʪʳʚʘʷ ʩʧʝʮʠʬʠʢʫ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʟʘʢʣʶ-

ʯʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʵʢʩʧʣʫʘʪʘ-

ʮʠʠ ʉʕʋ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʧʦʣʘʛʘʪʴ ʝʝ ʚʘʞʥʝʡʰʠʤʠ ʩʪʨʫʢʪʫʨʥʦ-

ʣʦʛʠʯʝʩʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʘ ʠʤʝʥʥʦ: 
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Á ʢʦʨʨʝʢʪʥʳʤ ʘʣʛʦʨʠʪʤʦʤ ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ 
ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦ-

ʢʫʶ ʪʦʯʥʦʩʪʴ ʚʳʯʠʩʣʝʥʠʷ ʩʦʧʨʷʞʝʥʥʳʭ ʟʥʘʯʝʥʠʡ Ne, n ʠ Bʯ, ʩ 

ʫʯʝʪʦʤ ʚʦʟʤʦʞʥʦʛʦ ʩʥʠʞʝʥʠʷ ge ʧʫʪʝʤ ʦʧʝʨʘʪʠʚʥʦʛʦ ʨʝʛʫʣʠʨʦʚʘ-

ʥʠʷ ʨʘʙʦʯʝʛʦ ʧʨʦʮʝʩʩʘ ʜʠʟʝʣʷ; 

Á ʤʝʪʦʜʠʢʘʤʠ ʨʘʩʯʝʪʘ max

sv  ʧʨʠ ʧʣʘʚʘʥʠʠ ʚ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʭ ʛʠʜ-

ʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ; 

Á ʜʘʥʥʳʤʠ ʦ ʛʨʘʥʠʮʘʭ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɻɼ; 

Á ʤʝʪʦʜʦʤ ʧʦʠʩʢʘ ʛʣʦʙʘʣʴʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (2) ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʦʙʣʘʩʪʠ ʝʝ ʦʧʨʝ-

ʜʝʣʝʥʠʷ; 

Á ʙʘʟʦʡ ʜʘʥʥʳʭ ʧʦ ʢʣʠʤʘʪʠʯʝʩʢʦʤʫ ʨʝʞʠʤʫ ʘʢʚʘʪʦʨʠʡ, ʛʜʝ ʧʨʝʜʧʦ-

ʣʘʛʘʝʪʩʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʩʫʜʥʘ, ʠ ʘʣʛʦʨʠʪʤʘʤʠ ʠʤʠʪʘʮʠʦʥʥʦʛʦ ʤʦ-

ʜʝʣʠʨʦʚʘʥʠʷ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʡ ʧʣʘʚʘʥʠʷ. 

ɺʦʧʨʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʘʟʨʘʙʦʪʢʦʡ ʫʧʦʤʷʥʫʪʳʭ ʨʘʩʯʝʪʥʳʭ ʘʣʛʦʨʠʪ-

ʤʦʚ ʠ ʤʝʪʦʜʠʢ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʥʝʦʙʭʦʜʠʤʳʝ ʩʧʨʘʚʦʯʥʳʝ ʜʘʥʥʳʝ ʰʠʨʦʢʦ 

ʦʩʚʝʱʘʶʪʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ [7-10 ʠ ʜʨ.]. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʵʪʦ ʧʦʜʪʚʝʨʞʜʘ-

ʝʪ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ ʢʦʨʨʝʢʪʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʧʫʣʴʩʠʚʥʳʭ 

ʢʘʯʝʩʪʚ ʩʫʜʦʚ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʭ ʕʋ ʚ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘ ʩ ʜʨʫʛʦʡ ð 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʘʡʜʝʥʥʳʭ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ ʝʝ ʨʝ-

ʰʝʥʠʡ. 

ɼʣʷ ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʘʡʤ-ʯʘʨʪʝʨʝ, ʩʦʟʜʘʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ 

ʥʘʜʝʞʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ʠ ʝʛʦ ʤʠʥʠʤʠʟʘʮʠʠ ʚ ʨʝʡʩʝ 

ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʳʡ ʩʤʳʩʣ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʪʘʢʦʡ ʬʦʨʤʝ 

ʬʨʘʭʪʦʚʘʥʠʷ ʦʛʦʚʘʨʠʚʘʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʷʷ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʘʷ ʩʢʦ-

ʨʦʩʪʴ ʭʦʜʘ vs å vʬ, ʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʝʡ ʜʦʧʫʩʪʠʤʳʡ ʩʫʪʦʯʥʳʡ ʨʘʩ-

ʭʦʜʘ ʪʦʧʣʠʚʘ 0

ʩʫʪB , ʢʦʪʦʨʳʡ ʦʧʣʘʯʠʚʘʝʪʩʷ ʬʨʘʭʪʦʚʘʪʝʣʝʤ. ʆʙʳʯʥʦ ʪʘʡʤ-

ʯʘʨʪʝʨ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʟʥʘʯʝʥʠʷ vs ʠ 
0

ʩʫʪB  ʜʦʣʞʥʳ ʩʦ-

ʙʣʶʜʘʪʴʩʷ ʧʨʠ ʩʦʩʪʦʷʥʠʠ ʤʦʨʷ ʜʦ 5 ʙʘʣʣʦʚ. ɽʩʣʠ ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʣʘ-

ʚʘʥʠʷ ʬʘʢʪʠʯʝʩʢʦʝ ʩʫʪʦʯʥʦʝ ʧʦʪʨʝʙʣʝʥʠʝ ʪʦʧʣʠʚʘ Bʩʫʪ ʧʨʝʚʳʰʘʝʪ 
0

ʩʫʪB , 

ʪʦ ʝʛʦ ʧʝʨʝʨʘʩʭʦʜ ȹB = Bʩʫʪ ï 
0

ʩʫʪB  ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʧʝʨʝʚʦʟʯʠʢʦʤ. ʂʦʛʜʘ 

ʧʦʛʦʜʥʳʝ ʫʩʣʦʚʠʷ ʭʫʞʝ, ȹB ʧʨʠʥʷʪʦ ʩʯʠʪʘʪʴ ʩʣʝʜʩʪʚʠʝʤ ʬʦʨʩ-

ʤʘʞʦʨʥʳʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʥʘ ʪʦʧʣʠʚʦ ʥʝʩʝʪ 

ʬʨʘʭʪʦʚʘʪʝʣʴ. 

ɺ ʧʦʜʦʙʥʦʡ ʩʠʪʫʘʮʠʠ ʥʝʪʨʫʜʥʦ ʧʦʥʷʪʴ, ʧʦʯʝʤʫ ʨʘʩʭʦʜʦʚʘʥʠʝ ʙʫʥʢʝ-

ʨʘ ʚ ʨʝʡʩʝ ʪʱʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʢʘʢ ʧʝʨʝʚʦʟʯʠʢʦʤ, ʪʘʢ ʠ ʬʨʘʭʪʦ-

ʚʘʪʝʣʝʤ. ɽʞʝʜʥʝʚʥʦ ʢʘʧʠʪʘʥ ʩʫʜʥʘ ʥʘʧʨʘʚʣʷʝʪ ʠʤ, ʥʘʨʷʜʫ ʩ ʧʨʦʯʝʡ ʠʥ-

ʬʦʨʤʘʮʠʝʡ, ʩʚʦʠ ʢʦʦʨʜʠʥʘʪʳ, ʧʨʦʡʜʝʥʥʦʝ ʟʘ ʩʫʪʢʠ ʨʘʩʩʪʦʷʥʠʝ, Bʩʫʪ ʠ 
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ʩʚʝʜʝʥʠʷ ʦ ʧʦʛʦʜʝ ʚ ʨʘʡʦʥʝ ʧʣʘʚʘʥʠʷ. ɺ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ Bʩʫʪ > 0

ʩʫʪB , 

ʬʨʘʭʪʦʚʘʪʝʣʴ ʩʪʨʝʤʠʪʩʷ ʚʦʟʣʦʞʠʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʯʠʢʘ. ʇʦʩʣʝʜʥʠʡ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʦʪʠʚʠʨʫʝʪ ʧʦʚʳ-

ʰʝʥʥʳʡ Bʩʫʪ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʧʦʛʦʜʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʯʪʦ, ʝʩʪʝʩʪʚʝʥ-

ʥʦ, ʦʩʚʦʙʦʞʜʘʝʪ ʝʛʦ ʦʪ ʦʧʣʘʪʳ ʟʘ ʧʝʨʝʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ȹB. ʇʦʵʪʦʤʫ, ʟʘ-

ʯʘʩʪʫʶ, ʩʫʜʦʚʘʷ ʩʚʦʜʢʘ ʧʦʛʦʜʳ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʥʬʦʨʤʘʮʠʠ, ʧʝ-

ʨʝʜʘʚʘʝʤʦʡ ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʤʠ ʩʣʫʞʙʘʤʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤʠ 

ʤʦʨʝʧʣʘʚʘʪʝʣʝʡ. 

ʅʘ ʧʦʯʚʝ ʨʘʟʥʦʛʣʘʩʠʡ ʚ ʚʦʧʨʦʩʝ ʦʙ ʦʧʣʘʪʝ ʙʫʥʢʝʨʘ ʧʨʠ ʨʘʙʦʪʝ ʩʫʜʦʚ 

ʚ ʪʘʡʤ-ʯʘʨʪʝʨʝ ʥʝʨʝʜʢʦ ʚʦʟʥʠʢʘʶʪ ʢʦʥʬʣʠʢʪʥʳʝ ʩʠʪʫʘʮʠʠ ʤʝʞʜʫ ʬʨʘʭ-

ʪʦʚʘʪʝʣʝʤ ʠ ʧʝʨʝʚʦʟʯʠʢʦʤ, ʢʦʪʦʨʳʝ ʨʘʟʨʝʰʘʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʤʝʞʜʫʥʘ-

ʨʦʜʥʳʭ ʘʨʙʠʪʨʘʞʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ. ʄʝʞʜʫ ʪʝʤ, ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ 

ʧʨʠʯʠʥ ʧʦʜʦʙʥʳʭ ʩʧʦʨʦʚ ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʷʝʤʳʡ ʧʨʠ ʟʘʢʣʶʯʝʥʠʠ ʜʦʛʦ-

ʚʦʨʦʚ ʬʨʘʭʪʦʚʘʥʠʷ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʬʦʨʩʤʘʞʦʨʥʳʭ ʫʩʣʦʚʠʡ ʧʣʘʚʘ-

ʥʠʷ, ʢʦʪʦʨʳʡ ʦʩʥʦʚʘʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʦʢʘʟʘʪʝʣʝ ʩʦʩʪʦʷʥʠʷ ʤʦʨʷ ʚ 

ʙʘʣʣʘʭ ʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʪʦʛʦ, ʩ ʢʘʢʠʭ ʢʫʨʩʦʚʳʭ ʫʛʣʦʚ qʚʣ ʩʫʜʥʦ ʚʩʪʨʝʯʘʝʪ 

ʚʦʣʥʳ. ʅʘʨʷʜʫ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʤʦʨʩʢʦʛʦ ʚʦʣʥʝʥʠʷ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ 

ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʘ ʚʝʣʠʯʠʥʦʡ h3 %, ʟʥʘʯʝʥʠʝ qʚʣ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷ-

ʝʪ ʥʘ ʧʨʦʧʫʣʴʩʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʩʫʜʥʘ. 

ʀʣʣʶʩʪʨʘʮʠʝʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʨʠʩʫʥʦʢ, ʛʜʝ ʧʦʢʘʟʘʥʳ ʧʦʣʷʨʥʳʝ ʜʠʘ-

ʛʨʘʤʤʳ ʭʦʜʢʦʩʪʠ ʪʘʥʢʝʨʘ çʄʦʩʢʦʚʩʢʠʡ ʬʝʩʪʠʚʘʣʴè (Dw = 28750 ʪ) ʧʨʠ 

ʧʣʘʚʘʥʠʠ ʥʘ ʤʦʨʩʢʦʤ ʚʦʣʥʝʥʠʠ. ʂʨʠʚʳʝ, ʠʟʦʙʨʘʞʝʥʥʳʝ ʚ ʣʝʚʦʡ ʧʦʣʦ-

ʚʠʥʝ ʵʪʦʛʦ ʨʠʩʫʥʢʘ, ʧʦʩʪʨʦʝʥʳ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʨʘʩʯʝʪʦʚ ʵʢʩʧʣʫʘʪʘʮʠʦʥ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʭʦʜʘ vs ʧʨʠ ʚʳʩʦʪʘʭ ʚʦʣʥ h3 % = 1, 3, 4, 5, 6 ʠ 7 ʤ ʜʣʷ ʢʫʨ-

ʩʦʚʳʭ ʫʛʣʦʚ ʢ ʚʦʣʥʝ, ʣʝʞʘʱʠʭ ʚ ʧʨʝʜʝʣʘʭ qʚʣ = 0é180Ü. ʇʨʘʚʘʷ ʯʘʩʪʴ 

ʨʠʩʫʥʢʘ ʦʪʨʘʞʘʝʪ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥ-

ʪʘ n ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ qʚʣ, ʢʦʪʦʨʘʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʩʢʦʨʦ-

ʩʪʠ vs ʥʘ ʫʨʦʚʥʝ 13,0, 13,5 ʠ 14,0 ʫʟ ʧʨʠ ʜʚʠʞʝʥʠʠ ʥʘ ʚʦʣʥʝʥʠʠ ʨʘʟʣʠʯ-

ʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʩ h3 % = 1 ʤ ʠ h3 % = 3 ʤ. 

ɺ ʫʩʣʦʚʠʷʭ ʧʨʠʝʤʦ-ʩʜʘʪʦʯʥʳʭ ʠʩʧʳʪʘʥʠʡ ʵʪʦ ʩʫʜʥʦ ʨʘʟʚʠʚʘʝʪ ʩʢʦ-

ʨʦʩʪʴ vs= 13,5 ʫʟ. ʧʨʠ n=107 ʦʙ/ʤʠʥ. ʇʨʠʥʷʚ ʧʦʩʣʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʟʘ ʝʜʠ-

ʥʠʮʫ, ʧʦʣʫʯʠʤ (ʩʤ. ʪʘʙʣʠʮʫ), ʯʪʦ ʧʨʠ h3 % = 1 ʤ (3 ʙʘʣʣʘ) ʦʪʥʦʩʠʪʝʣʥɹʦʝ 

ʫʚʝʣʠʯʝʥʠʝ n, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʝ ʪʦʡ ʞʝ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʢʫʨʩʦʚʳʭ ʫʛʣʘʭ ʢ ʚʦʣʥʝ (qʚʣ = 0é180Ü) ʩʦʩʪʘʚʣʷʝʪ 1,013é 

1,043, ʘ ʧʨʠ h3 % = 3 ʤ (5 ʙʘʣʣʦʚ) ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʣʝʞʠʪ ʚ ʧʨʝʜʝʣʘʭ 

1,024é1,115. 

ʄʦʱʥʦʩʪʴ ʛʣʘʚʥʦʛʦ ʤʘʣʦʦʙʦʨʦʪʥʦʛʦ ʜʠʟʝʣʷ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʘʩ-

ʪʦʪʝ ʚʨʘʱʝʥʠʷ n ʠ, ʧʨʝʥʝʙʨʝʛʘʷ ʠʟʤʝʥʝʥʠʷʤʠ ʫʜʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʧʨʠ ʧʣʘʚʘʥʠʠ ʪʘʥʢʝʨʘ ʩ 

Dw=28750 ʪ ʥʘ ʚʦʣʥʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʦ 5 ʙʘʣʣʦʚ: 
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Á ʫʚʝʣʠʯʝʥʠʝ Bʩʫʪ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʚʠʞʝʥʠʝʤ ʥʘ ʪʠʭʦʡ ʚʦʜʝ, ʩʫʱʝ-

ʩʪʚʝʥʥʦ ʟʘʚʠʩʠʪ ʦʪ qʚʣ ʠ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 11,5 %; 

Á ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʥʠʷ Bʩʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ qʚʣ ʤʦʛʫʪ ʩʦʩʪʘ-

ʚʠʪʴ ʜʦ 10 %. 

 
ʇʦʣʷʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʢʦʨʦʩʪʠ ʭʦʜʘ ʠ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʪʘʥʢʝʨʘ 

ʩ Dw = 28750 ʪ ʧʨʠ ʧʣʘʚʘʥʠʠ ʥʘ ʚʦʣʥʝʥʠʠ; ʜʣʷ vs = f(n, qʚʣ, h3%)   ð h3% = 1 ʤ; 

 ð h3% = 3 ʤ 

ʏʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ ʪʘʥʢʝʨʘ ʩ Dw = 28750 ʪ,  

ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ vs = 13,5 ʫʟ. ʧʨʠ ʧʣʘʚʘʥʠʠ ʥʘ ʚʦʣʥʝʥʠʠ 

h3%, ʤ 
qʚʣ, ʛʨʘʜ 

0 45 90 135 180 

1 111,6 110,1 108,9 108,4 108,4 

3 116,2 119,3 112,9 109,6 109,7 

 

ʇʦʣʫʯʝʥʥʳʝ ʯʠʩʣʦʚʳʝ ʟʥʘʯʝʥʠʷ ʦʪʨʘʞʘʶʪ ʩʪʝʧʝʥʴ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦ-

ʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʚʦʣʥʝʥʠʷ ʥʘ ʧʨʦʧʫʣʴʩʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʪʠʧʠʯʥʦʛʦ ʤʦʨʩʢʦ-

ʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʫʜʥʘ. ʆʥʠ ʤʦʛʫʪ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʪʴʩʷ, ʝʩʣʠ ʜʦʧʦʣʥʠ-
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ʪʝʣʴʥʦ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʚʝʪʨʘ [5]. ʇʦɻ ʪʦʤʫ, ʩʣʝʜʫʝʪ ʧʨʠʟʥʘʪʴ, ʯʪʦ ʜʣʷ 

ʩʫʜʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʪʘʡʤ-ʯʘʨʪʝʨʝ, ʚʘʞʥʦ ʨʘʩʧʦʣʘʛʘʪʴ ʩʨʝʜʩʪʚʘʤʠ ʦʙʲ-

ʝʢʪʠʚʥʦʡ ʦʮʝʥʢʠ Bʩʫʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʢʣʘʜʳʚʘʶʱʠʭʩʷ ʚ ʨʝʡʩʝ ʫʩʣʦ-

ʚʠʡ ʧʣʘʚʘʥʠʷ. 

ʉʦʟʜʘʥʠʝ ʠʤʠʪʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʜʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʘ ʥʘʛʨʫʞʝ-

ʥʠʷ ɻɼ ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʧʦʚʳʩʠʪʴ ʪʦʧʣʠʚʥʫʶ ʵʢʦʥʦʤʠʯʥʦʩʪʴ ʉʕʋ ʠ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʦʚ. ʂʦʨʨʝʢʪʥʦʝ ʦʪʨʘʞʝʥʠʝ ʚʣʠʷʥʠʷ 

ʛʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʧʨʦʧʫʣʴʩʠʚʥʳʝ ʢʘʯʝʩʪʚʘ ʩʫʜʥʘ ʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ vs, Bʯ ʠ Bʩʫʪ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ Ne ʠ n ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʜʝʣʘʝʪ ʪʘʢʫʶ ʤʦʜʝʣʴ 

ʤʦʱʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʦʙʦʩʥʦ-

ʚʘʥʥʦʛʦ ʥʘʟʥʘʯʝʥʠʷ vʬ ʠ 
0

ʩʫʪB , ʥʦʨʤʠʨʦʚʘʥʠʷ ʨʘʩʭʦʜʦʚ ʛʦʨʶʯʝʩʤʘʟʦʯ-

ʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʥʪʨʦʣʷ ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʢʘʯʝʩʪʚʘ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ ʉʕʋ ʠ ʩʫʜʥʘ ʚ ʮʝʣʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʰʝʥʠʷ ʮʝʣʦʛʦ ʨʷʜʘ ʜʨʫʛʠʭ 

ʚʘʞʥʳʭ ʟʘʜʘʯ. 
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ʄʠʶʩʦʚ ʄ.ɺ., ʂʨʠʚʦʡ ɸ.ʌ. 

ʆʅʄɸ 

ʅɾʋʇɽʔ ʇʈʋʁʅʁʀɹʏʁʁ ʉɾɿʁʅʇɻ ʉɹɺʇʋʔ  
ʊʌɽʇɻʇɼʇ ʈʉʇʈʌʄʕʊʁɻʆʇɼʇ ʃʇʅʈʄɾʃʊɹ 

ʊʠʧʠʯʥʦʡ ʟʘʜʘʯʝʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩ-

ʪʘʥʦʚʦʢ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ ʤʠʥʠʤʠʟʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣ-

ʥʝʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʫʩ-

ʣʦʚʠʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʟʘʜʘʯʘʤʠ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ ʫʨʦʚʥʷ ʩʣʦʞʥʦʡ ʠʝʨʘʨ-

ʭʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ [1-3 ʠ ʜʨ.]. ɼʣʷ ʠʝʨʘʨʭʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ çʩʫʜʥʦè ʪʘ-

ʢʠʤ ʫʩʣʦʚʠʝʤ ʷʚʣʷʝʪʩʷ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʨʝʡʩʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʫʜʥʘ ʠʣʠ ʚʨʝʤʝʥʠ ʧʨʠʙʳʪʠʷ ʚ ʧʦʨʪ ʥʘʟʥʘʯʝʥʠʷ. ɿʘʜʘʥʥʘʷ ʩʨʝʜʥʝʨʝʡʩʦ-

ʚʘʷ ʩʢʦʨʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʦʙʝʩʧʝʯʝʥʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʨʘʟʣʠʯʥʳʭ ʨʝ-

ʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʦʜʥʘʢʦ ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ 

ʪʦʧʣʠʚʘ ʟʘ ʨʝʡʩ ʧʨʠ ʵʪʦʤ ʦʢʘʞʝʪʩʷ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʤ. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪ-

ʚʝ ʢʨʠʪʝʨʠʷ ʜʣʷ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠʥʷʪʴ ʤʠʥʠʤʫʤ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʟʘʪʨʘʪ ʥʘ ʚʳʧʦʣʥʝʥʠʝ ʨʝʡʩʘ ʧʨʠ ʟʘʜʘʥʥʦʡ ʩʨʝʜʥʝʨʝʡʩʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʫʜʥʘ, ʪ.ʝ. 
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ʛʜʝ E  ð ʩʫʤʤʘʨʥʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʟʘʪʨʘʪʳ ʥʘ ʚʧrʦʣʥʝʥʠʝ ʨʝʡʩʘ ʚ ʢʛ 

ʫʩʣʦʚʥʦʛʦ ʪʦʧʣʠʚʘ; B, B1, B2 ð ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ ʨʘʙʦ-

ʪʫ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ɻɼ), ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ (ʜʠʟʝʣʴ-

ʛʝʥʝʨʘʪʦʨʦʚ) ʠ ʚʩʧʦʤʦʛʘʪʝʣʥɹʳʭ ʢʦʪʣʦʚ; T  ð ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʡʩʘ; 

Vs(t) ð ʪʝʢʫʱʘʷ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ; V0 ð ʟʘʜʘʥʥʘʷ ʩʨʝʜʥʝʨʝʡʩʦʚʘʷ ʩʢʦ-

ʨʦʩʪʴ ʩʫʜʥʘ. ʆʯʝʚʠʜʥʦ, ʯʪʦ V0 = L /T , ʛʜʝ L  ð ʩʫʤʤʘʨʥʘʷ ʧʨʦʪʷʞʝʥ-

ʥʦʩʪʴ ʣʠʥʠʠ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ʥʘ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʢʦʪ-

ʣʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ɻɼ, ʙʫʜʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʣʠʰʴ ʩʦʩʪʘʚʣʷʶɦ ʫʶ ʩʫʤʤʘʨʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʟʘʪʨʘʪ, ʦʪʥʦʩʷʱʫʶʩʷ ʢ 

ʧʦʪʨʝʙʣʝʥʠʶ ʪʦʧʣʠʚʘ ʛʣʘʚʥʳʤʠ ʜʚʠʛʘʪʝʣʷʤʠ. ʌʘʢʪʦʨʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ 

ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ, ʤʦʛʫʪ ʙʳʪʴ ʫʩʣʦʚʥʦ ʧʦʜʨʘʟʜʝʣʝʥʳ ʥʘ ʜʚʝ ʛʨʫʧʧʳ: 

ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ ʠ ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ, ʥʘ ʢʦʪʦʨʳʝ ʤʦʞʝʪ ʙʳʪʴ 

ʦʢʘʟʘʥʦ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ. 
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ʂ ʚʥʝʰʥʠʤ ʫʩʣʦʚʠʷʤ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ: ʚʝʪʝʨ, ʤʦʨʩʢʦʝ ʚʦʣʥʝʥʠʝ, ʧʘ-

ʨʘʤʝʪʨʳ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (ʘʪʤʦʩʬʝʨʥʦʝ ʜʘʚʣʝʥʠʝ, ʪʝʤʧʝʨʘʪʫʨʘ ʚʦʟ-

ʜʫʭʘ ʠ ʟʘʙʦʨʪʥʦʡ ʚʦʜʳ), ʟʘʛʨʫʟʢʫ ʩʫʜʥʘ, ʩʦʩʪʦʷʥʠʝ ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ 

ʢʦʨʧʫʩʘ ʩʫʜʥʘ ʠ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʧʘʨʘʤʝʪʨʳ ʪʦʧʣʠʚʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦ-

ʩʪʦʷʥʠʝ ʜʚʠʛʘʪʝʣʷ. 

ʂ ʨʝʛʫʣʠʨʫʝʤʳʤ ʧʘʨʘʤʝʪʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ɻɼ, 

ʦʪʥʦʩʷʪʩʷ: ʫʩʪʘʚʢʘ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ (ʧʦʣʦʞʝʥʠʝ 

ʪʦʧʣʠʚʥʦʡ ʨʫʢʦ̫ ʪʢʠ ʠʣʠ ʟʘʜʘʥʠʝ ʚʩʝʨʝʞʠʤʥʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʦʙʦʨʦʪʦʚ 

ɻɼ); ʨʝʛʫʣʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʧʣʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʠʟʝʣʷ; ʜʠʬʬʝʨʝʥʪ 

(ʧʦʩʘʜʢʘ) ʩʫʜʥʘ; ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʝʡ ɺʈʐ (ʧʨʠ ʝʛʦ ʥʘʣʠʯʠʠ) ʠ ʜʨ.  

ɺʩʝ ʚʥʝʰʥʠʝ ʫʩʣʦʚʠʷ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʠʭ ʧʨʠʨʦʜʳ, ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʤʦʤʝʥʪʘ ʚʨʝʤʝʥʠ t ʠ (ʠʣʠ) ʢʦʦʨʜʠʥʘʪʳ ʧʫʪʠ s 

[2, 3]. ʊʘʢ, ʚʝʪʝʨ ʠ ʚʦʣʥʝʥʠʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ, ʘ ʟʘ-

ʛʨʫʟʢʫ ʩʫʜʥʘ, ʠʟʤʝʥʷʶʱʫʶʩʷ ʚ ʧʦʨʪʘʭ ʟʘʭʦʜʘ ð ʬʫʥʢʮʠʝʡ ʧʫʪʠ. ʉʦ-

ʩʪʦʷʥʠʝ ʛʨʝʙʥʦʛʦ ʚʠʥʪʘ, ʧʦʜʚʦʜʥʦʡ ʯʘʩʪʠ ʢʦʨʧʫʩʘ, ʪʝʭʥʠʯʝʩʢʦʝ ʩʦʩʪʦʷ-

ʥʠʝ ʜʚʠʛʘʪʝʣʷ ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʧʣʠʚʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝʠʟʤʝʥʥʳʤʠ ʚ 

ʪʝʯʝʥʠʝ ʦʜʥʦʛʦ ʧʝʨʝʭʦʜʘ ʩʫʜʥʘ ʤʝʞʜʫ ʜʚʫʤʷ ʧʦʨʪʘʤʠ. ʈʝʛʫʣʠʨʫʝʤʳʝ 

ʧʘʨʘʤʝʪʨʳ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʩʪʘʚʢʠ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ) ʜʦʣʞʥʳ ʠʟ-

ʤʝʥʷʪʴʩʷ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʟʘʢʦʥʘʤ ʠʩʭʦʜʷ ʠʟ ʣʦʢʘʣʴʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

ʅʘʧʨʠʤʝʨ, ʫʛʦʣ ʫʩʪʘʥʦʚʢʠ ʣʦʧʘʩʪʝʡ ɺʈʐ ʜʦʣʞʝʥ ʦʙʝʩʧʝʯʠʚʘʪʴ ʤʠʥʠ-

ʤʘʣʴʥʳʡ ʫʜʝʣʴʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ (ʥʘʧʨʠʤʝʨ, ʧʦ ʧʨʦʛʨʘʤʤʥʦʡ ʟʘʚʠʩʠ-

ʤʦʩʪʠ çʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʚʘʣʘ ɻɼ ï ʰʘʛ ɺʈʐè) ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶɦ ʝʡ 

ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ. ʉʢʦʨʦʩʪʴ ʩʫʜʥʘ (ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ) ʙʫʜʝʪ 

ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʪʴʩʷ ʫʩʪʘʚʢʦʡ ʩʢʦʨʦʩʪʥʦʛʦ ʨʝʞʠʤʘ ʨʘʙʦʪʳ ʜʚʠʛʘ-

ʪʝʣʷ. 

ʇʦʵʪʦʤʫ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ɻɼ ʩʫʜʥʘ ʧʨʠ ʧʝʨʝʤʝʥʥʳʭ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ 

ʫʩʣʦʚʠ̫ ʭ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʬʫʥʢʮʠʠ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ð 

ʚʨʝʤʝʥʠ ʠ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ 
 

  ( , )sB B t V . (3) 
 

ɼʣʷ ʦʙʦʩʥʦʚʘʥʠʷ ʚʠʜʘ ʟʘʚʠʩʠʤʦʩʪʠ (3) ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʪʘʪʠʩʪʠʯʝ-

ʩʢʠʤ ʠ ʢʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʤ ʧʦʜʭʦʜʘʤʠ, ʦʙʦʩʥʦʚʘʥʥʳʤʠ ʚ ʨʘʙʦʪʘʭ [2-4]. 

ʊʦʛʜʘ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʨʝʡʩʘ T  ʤʦʞʝʪ ʙʳʪʴ ʨʘʟʙʠʪʦ ʥʘ n ʫʩʣʦʚʥʳʭ 

ʚʨʝʤʝʥʥʳʭ ʠʥʪʝʨʚʘʣʦʚ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʢʦʪʦʨʳʭ ʧʘʨʘʤʝʪʨʳ ʚʝʪʨʘ ʠ ʚʦʣ-

ʥʝʥʠʷ ʩʯʠʪʘʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ. ɺ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t = th, th  (0, T ), 

1,h n, ʧʨʦʠʩʭʦʜʠʪ ʩʢʘʯʢʦʦʙʨʘʟʥʦʝ ʠʟʤʝʥʝʥʠʝ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ ʫʩʣʦ-

ʚʠʡ. ʂʚʘʟʠʩʪʘʮʠʦʥʘʨʥʳʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʝ̫ʪ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʜʠʥʘʤʠʢʫ 

ʧʝʨʝʭʦʜʥʳʭ ʜʚʠʞʝʥʠʡ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t = th. ʇʦʵʪʦʤʫ ʩ ʫʯʝʪʦʤ 

ʧʨʠʤʝʥʝʥʠʷ ʧʨʠ ʥʝʠʟʤʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ [4], 

ʟʘʚʠʩʠʤʦʩʪʴ (3) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʚʠʜʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ 

ʬʫʥʢʮʠʠ, ʠʤʝʶʱʝʡ ʨʘʟʨʳʚʳ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʪʦʯʢʘʭ t = th: 
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0

 ( , ) ( )
u

m
s m s

m

B t V b t V , (4) 

 

ʛʜʝ 1  0      0  ( ) const, , , ( , ), ,m mh h hb t b m u t t t h n . 

ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʝʥʠʷ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʝ 

ʚʳʩʪʫʧʘʝʪ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ Vs(t). ʅʘ ʫʧʨʘʚʣʝʥʠʝ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ʩʥʠʟʫ ʠ ʩʚʝʨʭʫ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʥʘ ʦʙʣʘʩʪʴ 

ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʷʚʣʷʶʪʩʷ ʧʝʨʝʤʝʥʥʳʤʠ ʠ ʩ ʫʯʝʪʦʤ ʧʨʠʥʷ-

ʪʦʡ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯʠ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʤʠ ʬʫʥʢʮʠʷʤʠ 

ʚʨʝʤʝʥʠ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʘ ʩʣʝʜʫʶʱʘʷ 

ʦʧʪʠʤʠʟʘʮʠʦʥʥʘʷ ʟʘʜʘʯʘ. ɺ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ ʥʘʡʪʠ ʤʠ-

ʥʠʤʫʤ ʩʫʤʤʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ ɻɼ ʟʘ ʨʝʡʩ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ 

ʬʫʥʢʮʠʦʥʘʣ 
 

 

0

 ( , )

T

sQ B t V dt  (5) 

 

ʧʨʠ ʫʩʣʦʚʠʠ 
 

 0

0

 ( ) const

T

sV t dt L V T  (6) 

 

ʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʫʧʨʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʜʚʦʡʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ 
 

 min max( ) ( ) ( )s s sV t V t V t , (7) 
 

ʛʜʝ ʟʘʚʠʩʠʤʦʩʪʴ B(t,Vs) ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ ʬʫʥʢʮʠʝʡ ʚʠʜʘ 

(4). ɿʜʝʩʴ Vsmin(t), Vsmax(t), bm(t) ð ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ, 
 

 

1

1

      0     

0   1   

min max( ) , ( ) , ( ) , ( , ), , ; , const,

( , ), , , .

h hs h s m mh h h mh

h n

V t V V t V b t b t t t h n b V

t T h n t T

 

 
 

ʉʣʦʞʥʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʥʘ 

ʫʧʨʘʚʣʝʥʠʝ ʥʘʣʦʞʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ, ʠ ʠʭ ʥʝʦʙʭʦʜʠʤʦ ʠʩʢʘʪʴ ʚ ʢʣʘʩʩʝ 

ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚ (5) 

ʠʤʝʝʪ ʨʘʟʨʳʚʳ ʧʝʨʚʦʛʦ ʨʦʜʘ. ɼʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʛʦ ʨʦʜʘ ʟʘʜʘʯ ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ, ʩʧʝʮʠʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʜʣʷ ʟʘʜʘʯ ʩ ʦʛʨʘʥʠʯʝ-

ʥʠʷʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʧʨʠʥʮʠʧ ʤʘʢʩʠʤʫʤʘ ʃ.ʉ. ʇʦʥʪʨʷʛʠʥʘ ʠ ʧʨʠʥʮʠʧ 

ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʜʥʘʢʦ, ʤʦʞʥʦ ʜʦʢʘʟʘʪʴ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʢʣʘʩʩʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʠʩʯʠʩʣʝ-

ʥʠʷ ʩ ʫʯʝʪʦʤ ʥʝʢʦʪʦʨʦʡ ʠʭ ʤʦʜʠʬʠʢʘʮʠʠ. ɺʳʧʦʣʥʠʤ ʦʙʦʩʥʦʚʘʥʠʝ ʧʨʠ-
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ʤʝʥʠʤʦʩʪʠ ʵʪʠʭ ʤʝʪʦʜʦʚ ʢ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʝ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʜ-

ʭʦʜʦʚ, ʠʟʣʦʞʝʥʥʳʭ ʚ ʨʘʙʦʪʘʭ ʖ.ʇ. ʇʝʪʨʦʚʘ [3, 5-8]. 

ʈʘʩʩʤʦʪʨʠʤ ʬʫʥʢʮʠʦʥʘʣ 
 

   ( , , ')
b

a

Q F t y y dt . (8) 

 

ʇʫʩʪʴ ʥʘ ʬʫʥʢʮʠʶ y(t) ʥʘʣʦʞʝʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʚʠʜʘ 
 

 min maxy y y , (9) 
 

ʛʜʝ ymin, ymax ð ʧʦʩʪʦʷʥʥʳʝ ʚʝʣʠʯʠʥʳ. 

ɺ ʨʘʙʦʪʝ [8] ʜʣʷ ʯʘʩʪʥʦʛʦ ʚʠʜʘ ʦʛʨʘʥʠʯʝʥʠʡ ʫʢʘʟʘʥ ʜʦʧʫʩʪʠʤʳʡ 

ʢʣʘʩʩ ʵʢʩʪʨʝʤʘʣʝʡ ʬʫʥʢʮʠʦʥʘʣʘ (8). ɼʦʢʘʞʝʤ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ. 

ʊʝʦʨʝʤʘ 1. ʕʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ (8) ʚ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ 

ʬʫʥʢʮʠʡ ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ (9) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴʩʷ ʣʠʰʴ ʥʘ ʢʨʠ-

ʚʳʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʢʫʩʢʦʚ ʵʢʩʪʨʝʤʘʣʝʡ ʠ ʢʫʩʢʦʚ ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠ-

ʤʦʡ ʦʙʣʘʩʪʠ (ʜʣʠʥʘ ʢʫʩʢʦʚ ʛʨʘʥʠʮʳ ʠʣʠ ʵʢʩʪʨʝʤʘʣʝʡ ʤʦʞʝʪ ʦʙʨʘʱʘʪʴʩʷ 

ʚ ʥʫʣʴ). 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺʚʝʜʝʤ ʥʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ z(t) 
ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 

 1 2siny a z a , (10) 
 

ʛʜʝ 1 2  
2 2

max min max min;
y y y y

a a . 

ʊʦʛʜʘ 

 1 1  cos , ' cos '
dy

a z y a z z
dz

, (11) 

 

 1 1  
' '

sin ', cos
'

dy dy
a z z a z

dz dz
. (12) 

ɿʜʝʩʴ 

  ' , '
dy dz

y z
dt dt

. 

 

ʉ ʫʯʝʪʦʤ ʩʜʝʣʘʥʥʦʡ ʟʘʤʝʥʳ ʬʫʥʢʮʠʦʥʘʣ (8) ʧʨʠʤʝʪ ʚʠʜ 
 

 1 2 1  ( , sin , cos ')
b

a

Q F t a z a a z z dt . (13) 

 

ʇʨʠ ʵʪʦʤ ʥʘ ʥʦʚʫʶ ʧʝʨʝʤʝʥʥʫʶ z ʥʝ ʥʘʣʦʞʝʥʦ ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝ-

ʥʠʡ, ʠ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ z ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʧʝʨʝʤʝʥʥʘʷ y ʙʫʜʝʪ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʩʣʦʚʠ̫ ʤ (9). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʩʪʨʝʤʘʣʴ ʬʫʥʢʮʠʦʥʘʣʘ 

(13) ʤʦʞʥʦ ʠʩʢʘʪʴ ʦʙʳʯʥʳʤ ʤʝʪʦʜʦʤ, ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʦʪʢʨʳʪʦʡ ʦʙ-

ʣʘʩʪʠ, ʪ.ʝ. ʬʫʥʢʮʠʷ z ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ 
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 0
'

F d F

z dt z
. (14) 

 
 

ʇʝʨʝʡʜʝʤ ʚ (14) ʢ ʧʝʨʝʤʝʥʥʦʡ y, ʠʩʧʦʣʴʟʫʷ ʩʣʝʜʫʶʱʠʝ ʩʦʦʪʥʦʰʝʥʠʷ 

ʠ ʟʘʚʠʩʠʤʦʩʪʠ (11) ʠ (12): 
 

 

1 1

1

'
cos ' sin ;

' '

'
cos .

' ' ' '

F F dy F dy F F
a z z a z

z y dz y dz y y

F F dy F
a z

z y dz y

 (15) 

 

ʇʦʜʩʪʘʚʣʷʷ (15) ʚ (14) ʧʦʣʫʯʠʤ 
 

1 1 1 0cos ' sin cos
' '

F F d F
a z z a z a z

y y dt y
. 

 

ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʦʢʦʥʯʘʪʝʣʴʥʦ ʫʨʘʚʥʝʥʠʝ ʧʨʠʤʝʪ ʚʠʜ 
 

 1 0cos
'

F d F
a z

y dt y
. (16) 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʨʘʚʥʝʥʠʝ (14) ʨʘʩʧʘʣʦʩʴ ʥʘ ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ ʜʣʷ 

ʠʩʭʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʠ ʫʨʘʚʥʝʥʠʝ cos z = 0, ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ y = ymin ʠ y = ymax. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʤʥʦʞʝʩʪʚʦ ʵʢʩʪʨʝʤʘʣʝʡ ʬʫʥʢʮʠʦʥʘʣʘ (8) ʤʦ-

ʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ. ɺ ʵʪʠʭ ʩʣʫʯʘ-

ʷʭ ʧʨʠʤʝʥʝʥʠʝ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝʨʘ ʚʦʦʙʱʝ ʷʚʣʷʝʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʤ. ʈʝ-

ʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘ ʵʢʩʪʨʝʤʫʤ ʬʫʥʢʮʠʦʥʘʣʘ ʚʠʜʘ (8) ʧʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʡ 

ʪʦʯʢʠ ʨʘʟʨʳʚʘ ʵʢʩʪʨʝʤʘʣʝʡ ʚʧrʦʣʥʝʥʦ ʚ ʨʘʙʦʪʝ [5]. ʈʘʩʩʤʦʪʨʠʤ ʙʦʣʝʝ 

ʦʙʱʫʶ ʧʦʩʪʘʥʦʚʢʫ, ʢʦʛʜʘ ʪʦʯʢʠ ʨʘʟʨʳʚʘ ʤʦʞʝʪ ʠʤʝʪʴ ʥʝ ʪʦʣʴʢʦ ʫʧʨʘʚ-

ʣʝʥʠʝ, ʥʦ ʠ ʧʦʜʳʥʪʝʛʨʘʣʴʥʘʷ ʬʫʥʢʮʠʷ ʚ ʬʫʥʢʮʠʦʥʘʣʝ (8). 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʬʫʥʢʮʠʷ F(t, y, yô) ʚ ʬʫʥʢʮʠʦʥʘʣʝ (8) ʠʤʝʝʪ ʨʘʟʨr -

ʚʳ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ ʪʦʯʢʘʭ    1  ( ; ) ( , )ht a b h n , ʪʦʛʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʡ 

 
  

0   1  
'

( , , ')
lim , ( , )

'y

F t y y
h n

y
 (17) 

 

ʬʫʥʢʮʠʦʥʘʣ (8) ʙʫʜʝʪ ʜʦʩʪʠʛʘʪʴ ʵʢʩʪʨʝʤʫʤʘ ʚ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ 

ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʪʦʯʢʘʭ 1  ( , )ht h n  ʤʦʛʫʪ ʩʢʘʯʢʦʤ ʧʝʨʝʭʦʜʠʪʴ ʦʪ ʦʜ-

ʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʘ ʧʨʠ t  th ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ 
 

 0
'

F d F

y dt y
. (18) 
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ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɿʘʧʠʰʝʤ ʬʫʥʢʮʠʦʥʘʣ (18) ʚ ʚʠʜʝ 
 

 
1

0

    ( , , ') ( , , ')
h

h

tb n

ha t

Q F t y y dt F t y y dt ,  (19) 

 

ʛʜʝ t0 = a; tn = b. ʅʘ ʢʘʞʜʦʤ ʠʟ ʠʥʪʝʨʚʘʣʦʚ (th; th+1) ʬʫʥʢʮʠʷ F(t, y, yô) ʷʚ-

ʣʷʝʪʩʷ ʛʣʘʜʢʦʡ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʢʘʞʜʦʤ ʠʟ ʠʥʪʝʨʚʘʣʦʚ (th; th+1) ʵʢʩ-

ʪʨʝʤʘʣʠ ʬʫʥʢʮʠʦʥʘʣʘ ʙʫʜʫʪ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ 
 

 1

0

  0    ; ( , )
'

n

h h

h

F d F
t t t

y dt y
. (20) 

 

ɺ ʪʦʯʢʘʭ th ʵʢʩʪʨʝʤʘʣʠ ʧʨʝʪʝʨʧʝʚʘʶʪ ʩʢʘʯʦʢ 
 

2 10 0 , ,( ) ( ) ( )h h h h hy t y t y t y y . 
 

ʀʩʩʣʝʜʫʝʤ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ (8) ʧʨʠ ʧʝʨʝʭʦʜʝ ʯʝʨʝʟ ʵʪʠ ʪʦʯʢʠ. 

ɼʣʷ ʵʪʦʛʦ ʜʦʦʧʨʝʜʝʣʠʤ ʬʫʥʢʮʠʶ y(t) ʚ ʪʦʯʢʘʭ th, ʧʨʦʚʝʜʷ ʚʝʨʪʠʢʘʣʥɹʳʝ 

ʦʪʨʝʟʢʠ ʦʪ y1,h ʜʦ y2,h, ʠ ʨʘʩʩʤʦʪʨʠʤ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʥʘ ʵʪʠʭ ʦʪʨʝʟ-

ʢʘʭ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʦʜʭʦʜʦʤ, ʧʨʝʜʣʦʞʝʥʥʳʤ ɺ.ʌ. ʂʨʦʪʦʚʳʤ [6], 
 

2 2

1 1
0

1 1
      

, ,

, ,
' '

lim ( , , ') lim , , lim ( , , ')
'

h hh

h h h

y yt

y y
t y y

dt
F t y y F t y dy F t y y dy

dt dy dy y
. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ ʥʘ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʪʨʝʟʢʘʭ 

ʟʘʚʠʩʠʪ ʦʪ ʚʳʨʘʞʝʥʠʷ 

 
  

'

( , , ')
lim

'y

F t y y

y
. (21) 

 

ʇʨʠ ʵʪʦʤ, ʝʩʣʠ ʧʨʝʜʝʣ (21) ʦʢʘʞʝʪʩʷ ʨʘʚʥʳʤ ʥʫʣʶ, ʪʦ ʬʫʥʢʮʠʦʥʘʣ 

ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʝʨʪʠʢʘʣʴʥʳʭ ʦʪʨʝʟʢʦʚ (y1,h; y2,h), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʢʩʪʨʝ-

ʤʫʤ ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʩʢʘʯʢʦʤ 

ʧʝʨʝʭʦʜʷʪ ʦʪ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 

ʇʝʨʝʡʜʝʤ ʪʝʧʝʨʴ ʢ ʙʦʣʝʝ ʦʙʱʝʤʫ ʩʣʫʯʘʶ, ʢʦʛʜʘ ʨʘʟʨʳʚʳ ʬʫʥʢʮʠʠ 
F(t, y, yô) ʫʩʫʛʫʙʣʷʶʪʩʷ ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʥʘʣʦʞʝʥʥʳʤʠ ʥʘ ʫʧʨʘʚʣʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʠʤ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ 
 

   ( , , ')
b

a

Q F t y y dt , (22) 

 min max( ) ( ) ( )y t y t y t , (23) 
 

ʛʜʝ ymin(t) ʠ ymax(t) ð ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʝ ʬʫʥʢʮʠʠ ʚʠʜʘ 
 

min

max

( ) ,

( ) ,

h

h

y t y

y t y
 



2003 ï  ̄8 ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 45 
 

 

1 0 1   0         ( ; ); , ; ; , ( ; ).h h n ht t t h n t a t b t a b  
 

ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ ʬʫʥʢʮʠʷ F(t, y, yô) ʠʤʝʝʪ ʨʘʟʨʳʚʳ ʧʝʨʚʦʛʦ ʨʦʜʘ ʚ 

ʪʦʯʢʘʭ th  (a; b), ʪʦʛʜʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ 
 

 
  

0   1  
'

( , , ')
lim , ( , )

'y

F t y y
h n

y
 (24) 

 

ʬʫʥʢʮʠʦʥʘʣ (22) ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ (23) ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ ʵʢʩ-
ʪʨʝʤʫʤʘ ʚ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʚ ʪʦʯʢʘʭ 

 1  ( , )ht h n  ʩʢʘʯʢʦʤ ʧʝʨʝʭʦʜʷʪ ʦʪ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʣʠʰʴ ʥʘ 

ʢʨʠʚʳʭ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʢʫʩʢʦʚ ʛʨʘʥʠʮʳ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ ʠ ʢʫʩʢʦʚ 

ʵʢʩʪʨʝʤʘʣʝʡ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝʨʘ (20) ʧʨʠ t  th. 
ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʪʝʦʨʝʤʳ, ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ 

2, ʵʢʩʪʨʝʤʘʣʠ ʬʫʥʢʮʠʦʥʘʣʘ (22) ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠʶ ʕʡʣʝ-

ʨʘ (20) ʧʨʠ 1

0

  ( ; )
n

h h

h

t t t . ʅʘ ʢʘʞʜʦʤ ʠʟ ʠʥʪʝʨʚʘʣʦʚ 

1 0  ( ; ), ( , )h ht t h n  ʚʚʦʜʷ ʥʦʚʫʶ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʧʝʨʝʤʝʥʥʫʶ z ʩʣʝ-

ʜʫʶʱʠʤ ʦʙʨʘʟʦʤ 
 

1 2, ,sinh hy a z a , 
 

ʛʜʝ 1 2 1      
2 2

, ,, , ( ; )h h h h
h h h h

y y y y
a a t t t , 

ʠ ʠʩʧʦʣʴʟʫʷ ʧʨʦʮʝʜʫʨʳ, ʦʧʠʩʘʥʥʳʝ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʪʝʦʨʝʤʳ 1, ʧʦ-
ʣʫʯʠʤ, ʯʪʦ ʵʢʩʪʨʝʤʘʣʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʫʨʘʚʥʝʥʠ ʁ

 

1 1

0

  0     ( ) cos , ( ; )
'

n

h h

h

F d F
a t z t t t

y dt y
, 

 

ʛʜʝ 1 1 1   ,( ) , ( ; )h h ha t a t t t . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ  1  ( , )ht t h n  ʫʨʘʚʥʝʥʠʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʜʣʷ ʢʫ-

ʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ, ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʩʣʫʯʘʝ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ 
ʫʨʘʚʥʝʥʠʝ ʕʡʣʝʨʘ ʜʣʷ ʠʩʭʦʜʥʦʡ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʦʡ ʧʝʨʝʤʝʥʥʦʡ y(t) (ʩʤ. 
ʪʝʦʨʝʤʫ 2) ʠ ʫʨʘʚʥʝʥʠʝ cosz = 0, ʢʦʪʦʨʦʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʛʨʘʥʠʮʝ ʜʦʧʫʩ-
ʪʠʤʦʡ ʦʙʣʘʩʪʠ: 

 

1

max 1

    

    

min( ) , ( ; );

( ) , ( ; ).

h h h

h h h

y t y t t t

y t y t t t
 

 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʪʦʯʝʢ  1  ( , )ht h n , ʪʦ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ 2 ʚ ʥʠʭ ʵʢʩ-

ʪʨʝʤʘʣʴ ʩʢʘʯʢʦʤ ʧʝʨʝʭʦʜʠʪ ʦʪ ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ, ʩʣʝʜʦʚʘʪʝʣʴ-
ʥʦ, ʦʛʨʘʥʠʯʝʥʠʷ ʙʫʜʫʪ ʚʳʧʦʣʥʷʪʴʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʠ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ. 
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ɼʦʢʘʟʘʥʥʘʷ ʪʝʦʨʝʤʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʧʦʩʪʘʚʣʝʥʥʫʶ ʦʧʪʠʤʠʟʘʮʠʦʥ-

ʥʫʶ ʟʘʜʘʯʫ (4) ï (7), ʢʦʪʦʨʘʷ ʩ ʫʯʝʪʦʤ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ (6) ʷʚʣʷʝʪʩʷ 

ʠʟʦʧʝʨʠʤʝʪʨʠʯʝʩʢʦʡ. ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ ʃʘʛʨʘʥʞʘ ʜʣʷ ʬʫʥʢʮʠʦʥʘʣʘ (5) 
 

 0 ( , )s sG B t V V , (25) 
 

ʛʜʝ 0 ð ʤʥʦʞʠʪʝʣʴ ʃʘʛʨʘʥʞʘ (ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ). 

ɼʣʷ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ (25) ʚʩʝʛʜʘ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (24), ʪ.ʝ. 
 

0 
0

'

( , )
lim

's

s s

V
s

B t V V

V
, 

 

ʛʜʝ 's sV dV dt . ʇʦʵʪʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʝʤʦʡ 3 ʵʢʩʪʨʝʤʫʤ 

ʬʫʥʢʮʠʦʥʘʣʘ (5) ʧʨʠ ʥʘʣʠʯʠʠ ʦʛʨʘʥʠʯʝʥʠʡ (7) ʠ ʫʩʣʦʚʠʷ (6) ʜʦʩʪʠʛʘʝʪʩʷ 

ʚ ʢʣʘʩʩʝ ʢʫʩʦʯʥʦ-ʛʣʘʜʢʠʭ ʬʫʥʢʮʠʡ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ ʢʫʩʢʦʚ ʛʨʘʥʠʮ ʜʦ-

ʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ (7) ʠ ʵʢʩʪʨʝʤʘʣʝʡ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʫʨʘʚʥʝʥʠʷ ʕʡʣʝ-

ʨʘ (20) ʜʣʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ 
 

 1

0

  0      , ( ; )
'

n

h h
s s h

G d G
t t t

V dt V
. (26) 

 

ʇʨʠ ʵʪʦʤ ʚ ʪʦʯʢʘʭ  1  ( , )ht h n  ʫʧʨʘʚʣʝʥʠʝ ʩʢʘʯʢʦʤ ʧʝʨʝʭʦʜʠʪ ʦʪ 

ʦʜʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢ ʜʨʫʛʦʤʫ. ʉ ʫʯʝʪʦʤ (25) ʫʨʘʚʥʝʥʠʝ (26) ʧʨʠʤʝʪ ʚʠʜ 
 

 1

0

     , ( ; )
n

h h
s h

B
C t t t

V
, (27) 

 

ʛʜʝ C= ï0 ð ʧʦʩʪʦʷʥʥʦʝ ʯʠʩʣʦ.  

ʇʦʜʩʪʘʚʠʚ (4) ʚ (27) ʧʦʣʫʯʠʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʵʢʩʪʨʝʤʘ-

ʣʝʡ ʚ ʷʚʥʦʤ ʚʠʜʝ 
 

 1

1

( )
u

m
m s

m

mb t V C . (28) 

 

ɺ ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ ʘʧʧʨʦʢʩʠʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (4) ʧʨʠʥʷʪʴ 

u=3, ʪʦ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (28) ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʚʠʜʝ [4, 10] 
 
 

 

2

2 2 1

3 3 3 3

1

0

   
3 3 3 3

                      

( ) ( ) ( )
( ) ,

( ) ( ) ( ) ( )

( ; ).

s

n

h h

h

b t b t b t C
V t

b t b t b t b t

t t t

 (29) 

 
 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʢʘʞʜʦʤ ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ 1  0  ( ; ), ,h ht t h n , 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʦʤ ʥʝʠʟʤʝʥʥʳʤʠ ʚʥʝʰʥʠʤʠ ʫʩʣʦʚʠʷʤʠ, ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ, 
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ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʵʢʩʪʨʝʤʫʤ ʩʫʤʤʘʨʥʦʛʦ ʨʘʩʭʦʜʘ ʪʦʧʣʠʚʘ, ʷʚʣʷʝʪʩʷ ʧʦʩʪʦ-

ʷʥʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʚʳʨʘʞʝʥʠʶ (29). ɺ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ 

t = th ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʠʟʤʝ-

ʥʝʥʘ ʜʦ ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ (29). 

ɺʳʨʘʞʝʥʠʝ (27) ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʳʤ ʫʩʣʦʚʠʝʤ ʵʢʩʪʨʝʤʫʤʘ ʬʫʥʢ-

ʮʠʦʥʘʣʘ (5). ɼʣʷ ʧʨʦʚʝʨʢʠ ʚʠʜʘ ʵʢʩʪʨʝʤʫʤʘ ʠʩʧʦʣʴʟʫʝʤ ʫʩʣʦʚʠʝ ʃʝʞʘʥ-

ʜʨʘ [5]. ʆʧʨʝʜʝʣʠʤ ʟʥʘʢ ʚʪʦʨʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ (25) ʧʦ 

ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʧʨʠ t  th. ʉ ʫʯʝʪʦʤ ʚʳʨʘʞʝʥʠʷ (4) ʧʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘ-

ʥʠʡ ʧʦʣʫʯʠʤ 
 

2

2 32
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ɸʥʘʣʠʟ ʧʦʩʣʝʜʥʝʛʦ ʚʳʨʘʞʝʥʠʷ ʩ ʫʯʝʪʦʤ ʜʘʥʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ [9], 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʢʦʨʦʩʪʝʡ ʩʫʜʥʘ ʝʛʦ ʟʥʘ-

ʯʝʥʠʝ ʚʩʝʛʜʘ ʙʦʣʴʰʝ ʥʫʣʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʣʦʚʠʷ ʃʝ-

ʞʘʥʜʨʘ ʥʘ ʵʢʩʪʨʝʤʘʣʷʭ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʚʳʨʘʞʝʥʠʝʤ (27), ʬʫʥʢʮʠʦʥʘʣ 

(5) ʧʨʠʥʠʤʘʝʪ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ. 

ʉʤʳʩʣ ʫʩʣʦʚʠʷ (27) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʧʨʘʚ-

ʣʝʥʠʠ ʩʢʦʨʦʩʪʴ ʩʫʜʥʘ ʜʦʣʞʥʘ ʙʳʪʴ ʪʘʢʦʡ, ʯʪʦʙʳ ʧʨʦʠʟʚʦʜʥʘʷ ʨʘʩʭʦʜʘ 

ʪʦʧʣʠʚʘ ʧʦ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʙʳʣʘ ʧʦʩʪʦʷʥʥʦʡ ʧʨʠ ʣʶʙʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ. ɻʨʘʬʠʯʝʩʢʠ ʪʦʯʢʘ ʥʘ ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ, ʩʦʦʪ-

ʚʝʪʩʪʚʫʶʱʘʷ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʫ, ʷʚʣʷʝʪʩʷ ʪʦʯʢʦʡ ʢʘʩʘʥʠʷ ʢʨʠʚʦʡ 

B(Vs) ʠ ʧʨʷʤʦʡ ʩ ʧʦʩʪʦʷʥʥʳʤ ʫʛʣʦʚʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ, ʨʘʚʥʳʤ C ʚ ʚr-

ʨʘʞʝʥʠʠ (27). ʄʝʪʦʜʠʢʘ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʪʠʤʘʣʴʥʳʭ ʨʝ-

ʞʠʤʦʚ ʧʨʦʧʫʣʴʩʠʚʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩʫʜʥʘ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʦʷʥʥʦʡ C 

ʧʨʠʚʝʜʝʥʘ ʚ [10]. ʕʪʘ ʧʦʩʪʦʷʥʥʘʷ ʠʤʝʝʪ ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʢʦʵʬʬʠʮʠ-

ʝʥʪʘ ʩʨʦʯʥʦʩʪʠ [3], ʪʘʢ ʢʘʢ ʧʨʠ ʦʜʠʥʘʢʦʚʦʡ ʧʦʚʪʦʨʷʝʤʦʩʪʠ ʚʝʪʨʦ-ʚʦʣ-

ʥʦʚʳʭ ʨʝʞʠʤʦʚ ʝʝ ʚʝʣʠʯʠʥʘ ʧʦʣʥʦʩʪʴʶ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʘʜʘʥʥʳʤ ʟʥʘʯʝ-

ʥʠʝʤ ʩʨʝʜʥʝʨʝʡʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʠʣʠ ʚʨʝʤʝʥʝʤ ʚʳʧʦʣʥʝʥʠʷ ʨʝʡʩʘ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩ-

ʧʦʣʘʛʘʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ 

ʧʝʨʝʭʦʜʘ (ʨʝʡʩʘ), ʪʦ ʝʩʪʴ ʠʥʬʦʨʤʘʮʠʝʡ ʦ ʙʫʜʫʱʠʭ ʠʟʤʝʥʝʥʠʷʭ ʫʩʣʦʚʠʡ. 

ʊʘʢʦʝ ʧʦʣʦʞʝʥʠʝ ʪʠʧʠʯʥʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʟʘʜʘʯ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚ-

ʣʝʥʠʷ [3, 6, 7]. ʕʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʝʩʪʝʩʪʚʝʥʥʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝ-

ʥʠʷ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʚ 

ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʳ ʥʝ ʠʤʝʝʤ ʜʦʩʪʦʚʝʨʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʦ ʙʫʜʫʱʝʤ. ʆʜʥʘʢʦ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʯʘʩʪʦ 

ʦʢʘʟʳʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʥʘʣʠʯʠʝ ʦʙʦʙʱʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʥʝʰʥʝʡ 

ʩʨʝʜʳ [3, 6, 7]. ʊʘʢ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʚ ʩʨʝʜʥʝʤ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʚʝʪʨʦ-

ʚʦʣʥʦʚʳʭ ʨʝʞʠʤʦʚ ʟʘ ʜʣʠʪʝʣʴʥʳʡ ʧʝʨʠʦʜ ʵʢʩʧʣʫʘʪʘʮʠʠ ʩʫʜʥʘ ʜʦʩʪʘ-

ʪʦʯʥʦ ʙʣʠʟʢʘ ʢ ʤʥʦʛʦʣʝʪʥʠʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʈʝʛʠʩʪʨʘ [11]. 
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ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʪʦʨʷʝʤʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʚʝʪʨʦ-ʚʦʣʥʦʚʳʭ 

ʨʝʞʠʤʦʚ ʦʧʨʝʜʝʣʷʝʪ ʪʦʣʴʢʦ ʚʝʣʠʯʠʥʫ ʧʦʩʪʦʷʥʥʦʡ C ʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʠʜ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʫʧʨʘʚʣʝʥʠʷ. ʇʦʵʪʦʤʫ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʥʝʩʦʚʧʘʜʝ-

ʥʠʠ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʫʩʣʦʚʠʡ ʩ ʨʝʘʣʥɹʳʤʠ ʧʨʦʠʟʦʡʜʝʪ ʦʪʢʣʦʥʝʥʠʝ 

ʩʨʝʜʥʝʨʝʡʩʦʚʦʡ ʩʢʦʨʦʩʪʠ ʩʫʜʥʘ ʦʪ ʚʝʣʠʯʠʥʳ, ʟʘʜʘʥʥʦʡ ʫʩʣʦʚʠʝʤ (6). 

ʆʜʥʘʢʦ ʧʨʠ ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʩʨʝʜʥʝʨʝʡʩʦʚʦʡ ʩʢʦʨʦʩʪʠ 

ʩʫʜʥʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʘʢʦʥʘ ʙʫʜʝʪ ʦʙʝʩʧʝʯʝʥ 

ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʡ ʩʫʤʤʘʨʥʳʡ ʨʘʩʭʦʜ ʪʦʧʣʠʚʘ ɻɼ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʣʶʙʳʤ ʜʨʫʛʠʤ ʨʝʞʠʤʦʤ. 
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ʉʅʊʋ 

ʁʊʊʄɾɽʇɻɹʆʁɾ ɻʄʁʘʆʁʘ ʎɹʉɹʃʋɾʉʁʊʋʁʃ ʋʌʉɺʇʃʇʅʈʉɾʊʊʇʉɹ 
ʆɹ ʈɹʉɹʅɾʋʉʔ ʉɹɺʇʋʔ ʊʉɾɽʆɾʇɺʇʉʇʋʆʇɼʇ ɽʁʀɾʄʘ 

ʋʚʝʣʠʯʝʥʠʝ ʧʦʜʘʯʠ ʚʦʟʜʫʭʘ ʚ ʮʠʣʠʥʜʨʳ ʩʦʚʨʝʤʝʥʥʳʭ ʩʫʜʦʚʳʭ ʜʠ-

ʟʝʣʝʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝʤ ʝʛʦ ʫʜʝʣʴʥʦʛʦ ʚʝʩʘ (ɔʢ) ʧʫʪʝʤ ʧʨʝʜ-

ʚʘʨʠʪʝʣʴʥʦʛʦ ʩʞʘʪʠʷ (ʨʢ) ʚ ʘʛʨʝʛʘʪʘʭ ʚʦʟʜʫʭʦʩʥʘʙʞʝʥʠʷ, ʩʪʘʚʰʠʭ ʩʦ-

ʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ ʜʚʠʛʘʪʝʣʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩ-

ʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʠ ʩʨʝʜʥʝʦʙʦʨʦʪʥʦʛʦ ʩʫʜʦʚʦʛʦ ʜʠ-

ʟʝʣʷ ʧʫʪʸʤ ʧʦʜʙʦʨʘ ʛʘʟʦʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʷ. 

ʆʜʥʘʢʦ ʬʦʨʩʠʨʦʚʢʘ ʜʠʟʝʣʷ ʧʫʪʝʤ ʥʘʜʜʫʚʘ, ʪʦ ʝʩʪʴ ʟʘ ʩʯʝʪ ʧʨʝʚʳʰʝ-

ʥʠʷ ʜʘʚʣʝʥʠʷ ʚ ʨʝʩʠʚʝʨʝ ʥʘʜ ʘʪʤʦʩʬʝʨʥʳʤ (ʨʢ = ʢ́ʨʦ) ʚʩʝʛʜʘ ʩʦʧʨʦʚʦʞ-

ʜʘʝʪʩʷ ʧʦʚʳh ʝʥʠʝʤ ʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʚʳʭ ʥʘʛʨʫʟʦʢ. 

ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʚʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʜʝʪʘʣʝʡ ʠʩʧʦʣʴʟʫʶʪ ʦʭ-

ʣʘʞʜʝʥʠʝ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ (ȹʊʦʭʣ). ʇʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʨʦʤʝʞʫʪʦʯ-

ʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʚʦʟʜʫʭʘ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦ-

ʚʳʩʠʪʴ ʤʦʱʥʦʩʪʴ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ (ʈʝ = f(ʨʢ/(ʊʢ ï ȹʊʦʭʣ)). 

ʆʜʥʘʢʦ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʨʝʟʝʨʚʘ ʬʦʨʩʠʨʦʚʢʠ ʩʫʜʦʚʦʛʦ ʜʠʟʝ-

ʣʷ ʩʣʝʜʫʝʪ ʟʥʘʪʴ ʧʨʝʜʝʣʴʥʳʝ (ʟʘʛʨʘʜʠʪʝʣʴʥʳʝ) ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʝ-

ʥʠʷ ʦʩʥʦʚʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʘʙʦʪʝ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʥʘʜʜʫʚʦʯʥʦʛʦ 

ʚʦʟʜʫʭʘ (ȹʊʦʭʣ = 0). ɼʣʷ ʵʪʦʛʦ ʩʣʝʜʦʚʘʣʦ ʚʳʙʨʘʪʴ ʜʠʟʝʣʴ, ʵʢʩʧʣʫʘʪʠʨʫʝ-

ʤʳʡ ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʚʦʟʜʫʭʘ. 

ʅʘ ʤʦʨʩʢʠʭ ʠ ʨʝʯʥʳʭ ʩʫʜʘʭ ʪʝʭʥʠʯʝʩʢʦʛʦ ʬʣʦʪʘ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝ-

ʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʳʭ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʜʠʟʝʣʴ-ʛʝʥʝʨʘʪʦʨʦʚ ʥʘʰʣʠ 

ʩʨʝʜʥʝʦʙʦʨʦʪʥʳʝ ʜʠʟʝʣʠ ʏʅ16/22,5, ʥʝ ʠʤʝʶʱʠʝ ʦʭʣʘʜʠʪʝʣʷ ʥʘʜʜʫʚʦʯ-

ʥʦʛʦ ʚʦʟʜʫʭʘ. 

ɼʣʠʪʝʣʴʥʘʷ ʵʢʩʧʣʫʘʪʘʮʠʷ ʵʪʠʭ ʜʠʟʝʣʝʡ ʧʦʜʪʚʝʨʜʠʣʘ ʠʭ ʚʳʩʦʢʠʝ ʨʝ-

ʩʫʨʩʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (15é17 ʪʳʩ. ʯʘʩʦʚ ʙʝʟ ʨʝʤʦʥʪʘ), ʚʦʟʤʦʞʥʦʩʪʴ 

ʨʘʙʦʪʳ ʥʘ ʪʦʧʣʠʚʥʳʭ ʩʤʝʩʷʭ (ʜʠʟʝʣʴʥʦʛʦ ʪʦʧʣʠʚʘ ʩ ʤʦʪʦʨʥʳʤ, ʛʘʟʦʪʫʨ-

ʙʠʥʥʳʤ ʠ ʬʣʦʪʩʢʠʤ ʤʘʟʫʪʘʤʠ) ʠ ʚʦʜʦ-ʪʦʧʣʠʚʥʳʭ ʵʤʫʣʴʩʠʷʭ. 

ʅʘʠʙʦʣʝʝ ʩʣʘʙʳʤ ʵʣʝʤʝʥʪʦʤ ʜʠʟʝʣʷ ʷʚʣʷʝʪʩʷ ʪʫʨʙʦʥʘʜʜʫʚʦʯʥʳʡ ʘʛ-

ʨʝʛʘʪ PDʅ-16N, ʘ ʦʪʩʫʪʩʪʚʠʝ ʦʭʣʘʜʠʪʝʣʷ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʩʦʟʜʘʝʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʫʜʥʦʩʪʠ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʚ ʣʝʪʥʠʡ ʧʝʨʠʦʜ. 

ʊʨʫʜʥʦʩʪʴ ʚʳʙʦʨʘ ʩʦʩʪʦʷʣʘ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʙʝʩʧʝʯʠʪʴ ʫʩʪʦʡʯʠ-

ʚʫʶ ʨʘʙʦʪʫ ʜʠʟʝʣʷ ʥʘ ʤʘʣʳʭ ʭʦʜʘʭ ʩʫʜʥʘ, ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʙʦʪʳ 

ʙʝʟ ʦʭʣʘʞʜʝʥʠʷ ʢʦʨʧʫʩʘ ʪʫʨʙʠʥʳ ʠ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ. 

ʇʦʜʙʦʨ ʛʘʟʦʪʫʨʙʦʥʘʛʥʝʪʘʪʝʣʷ (ɻʊʅ) ʜʣʷ ʟʘʤʝʥʳ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʦ 

ʩʦʦʪʚʝʪʩʪʚʠʶ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ, ʚʝʩʦʛʘʙʘʨʠʪʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʨʝʩʫʨʩ-

ʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʠ ʜʘʚʣʝʥʠʶ ʥʘʜʜʫʚʘ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ, ʚʤʝʩʪʦ 
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PDʅ-16N, ʷʚʣʷʝʪʩʷ ʩʝʨʠʡʥʦ ʚʳʧʫʩʢʘʝʤʳʡ ʚ ʈʦʩʩʠʠ ɻʊʅ ʪʠʧʘ ʊʂʈ-14ʅ-

9ʘ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʘ 1. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʩʨʘʚʥʠʚʘʝʤʳʭ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʦʚ 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʧʦʢʘʟʘʪʝʣʷ ʆʙʦʟʥ. PDʅ-16N ʊʂʈ-14ʅ-9ʘ 

ɼʘʚʣʝʥʠʝ ʟʘ ʢʦʤʧʨʝʩʩʦʨʦʤ, ʄʇʘ ʨʢ  0,135 0,165 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʠʟʚʦʜʠʪʝʣʥɹʦʩʪʴ, ʢʛ/ʩ Gʢ
max  0,28 0,38 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʛʘʟʘ ʧʨʠ ʜʣʠ-

ʪʝʣɹʥʦʡ ʨʘʙʦʪʝ, Üʉ(ʂ) Tʛ
max  530 (803) 650 (923) 

ɼʠʘʤʝʪʨ ʢʦʣʝʩʘ ʢʦʤʧʨʝʩʩʦʨʘ, ʤʤ dʢ  160 140 

ʂ.ʇ.ɼ. ʢʦʤʧʨʝʩʩʦʨʘ  ʢ  0,76 0,72 

ʂ.ʇ.ɼ. ʪʫʨʙʠʥʳ ʪ  0,75 0,72 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʯʘʩʪʦʪʘ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ, 

ʤʠʥ-1 nʢ 24000 40000 

ʊʠʧ ʧʦʜʰʠʧʥʠʢʦʚ  ï ʢʘʯʝʥʠʷ ʩʢʦʣʴʞʝʥʠʷ 

ʈʝʩʫʨʩ ʧʦʜʰʠʧʥʠʢʦʚ, ʪʳʩ. ʯ Rʧʦʜʰ. 2,0 4,0 

ɻʘʙʘʨʠʪʳ, (ʤʤ):     

ʜʣʠʥʘ L 420 350 

ʰʠʨʠʥʘ B 390 320 

ʚʳʩʦʪʘ H 400 340 

ʉʫʭʦʡ ʚʝʩ, ʢʛ Gʛʪʥ 120 70 

 

ʈʘʩʩʤʘʪʨʠʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ɻʊʅ (ʨʠʩ. 1) ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʨʦʪʦʨʘ ʪʫʨʙʠʥʳ ʩ 33000 ʜʦ 36500 ʤʠʥ
-1
 

ʧʦʚʳʩʠʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʢʦʤʧʨʝʩʩʦʨʘ ʩ 0,28 ʜʦ 0,38 ʢʛ/ʩ. 

ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʤʝʥʝʥʠʶ ʨʘʩʭʦʜʘ ʚʦʟʜʫʭʘ ʜʠʟʝʣʝʤ ʥʘ ʩʢʦʨʦʩʪ-

ʥʳʭ ʨʝʞʠʤʘʭ ʩ 600 ʜʦ 750 ʤʠʥ
-1
, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʚʳʜʝʣʠʪʴ ʥʘ ʨʠʩ. 1 ʦʙ-

ʣʘʩʪʴ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ ɻʊʅ. 

ʅʦ ʜʚʠʛʘʪʝʣʴ ʩ ɻʊʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʫʩʪʘʥʦʚ-

ʢʫ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʦʨʰʥʝʚʦʛʦ ʜʚʠʛʘʪʝʣʷ, ʚʦʟʜʫʰʥʦʛʦ ʥʘʛʥʝʪʘʪʝʣʷ ʠ ʛʘ-

ʟʦʚʦʡ ʪʫʨʙʠʥʳ. 

ɺʳʙʦʨ ɻʊʅ ʪʦʣʴʢʦ ʧʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚʦʟʜʫʰʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʥʝʣʴʟʷ ʩʯʠʪʘʪʴ ʜʦʩʪʘʪʦʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʨʘʙʦʯʠʝ ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʪʦʚ 

ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʥʘʭʦʜʷʪʩʷ ʚ ʩʣʦʞʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʠ ʥʝ ʤʦ-

ʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʠʟʦʣʠʨʦʚʘʥʥʦʤ ʚʠʜʝ. 

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ɻʊʅ ʠ ʜʚʠʛʘʪʝʣʷ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʧʫʪʝʤ 

ʧʨʦʚʝʜʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ɼʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʜʠʟʝʣʷ 6ʏʅʉʇ16/22,5 ʙʳʣʠ ʧʨʦ-

ʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʩʪʝʥʜʦʚʳʝ ʠʩʧʳʪʘʥʠʷ ʩ ɻʊʅ ʪʠʧʘ PDʅ-16N ʠ 

ʊʂʈ-14ʅ-9ʘ. ʀʩʧʳʪʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʦ 

ʚʠʥʪʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʧʨʠ ʧʘʨʘʤʝʪʨʘʭ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʥʘʠʙʦʣʝʝ 
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ʧʨʠʙʣʠʞʝʥʥʳʤ ʢ ʥʦʨʤʘʪʠʚʥʳʤ (ɻʆʉʊ 10448-82): ʨʦ =755é765 ʤʤ. ʨʪ. 

ʩʪ.; ʊʦ = 295é305 ʂ ʠ űʦ = 60é65 %. ʊʘʢʠʝ ʦʪʢʣʦʥʝʥʠʷ ʥʝ ʪʨʝʙʫʶʪ ʧʝ-

ʨʝʩʯʝʪʘ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʷ. 

ʀʟʤʝʥʝʥʠʝ ʜʘʚʣʝʥʠʷ ʚ ʮʠʣʠʥʜʨʝ ʟʘʧʠʩʳʚʘʣʦʩʴ ʠʥʜʠʢʘʪʦʨʦʤ ʄɸʀ-2 

ʠ ʜʘʥʥʳʝ ʠʩʧʳʪʘʥʠʡ ʦʙʨʘʙʘʪʳʚʘʣʠʩʴ ʥʘ ʕɺʄ. ɼʘʚʣʝʥʠʝ ʥʘʜʜʫʚʘ ʠʟʤʝ-

ʨʷʣʦʩʴ ʦʙʨʘʟʮʦʚʳʤ ʤʘʥʦʤʝʪʨʦʤ, ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʚʳ-

ʭʣʦʧʥʦʛʦ ʪʨʘʢʪʘ ʠ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʠʟʤʝʨʣ̫ʠʩʴ ʪʝʨʤʦʧʘʨʘʤʠ ʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʦʪʝʥʮʠʦʤʝʪʨʦʤ ʕʇʇ-09. ʇʨʠʙʦʨʦʤ ʆʈʉʘ ʠʟʤʝʨʷ-

ʣʠʩʴ ʉʆ, NO, CH ʠ ʨʘʩʩʯʠʪʳʚʘʣʩʷ ʢʦʵʬʬʠʮʠʝʥʪ ʠʟʙʳʪʢʘ ʚʦʟʜʫʭʘ (Ŭ). 

ɼʠʟʝʣʴ ʨʘʙʦʪʘʣ ʥʘ ʪʦʧʣʠʚʝ ʤʘʨʢʠ ɼʃ ʧʦ ɻʆʉʊ 305-82. 
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ʈʠʩ. 1. ʇʘʩʧʦʨʪʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘ ʊʂʈ-14ʅ-9ʘ 
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ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʧʳʪʘʥʠʡ ʧʨʝʜʩʪʘʚʣʝʥʳ ʛʨʘʬʠʢʘʤʠ ʥʘ ʨʠʩ. 2 

ʠ 3. ʆʭʣʘʞʜʝʥʠʝ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ ʥʘ ʜʘʥʥʦʤ ʵʪʘʧʝ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʥʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʦʩʴ. 

ɸʥʘʣʠʟʠʨʫʷ ʧʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ, ʥʘ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʫʥʢ-

ʪʠʨʦʤ ʜʘʥʥʳʝ ʰʪʘʪʥʦʛʦ ʠ ʩʧʣʦʰʥʦʡ ʣʠʥʠʝʡ ʨʝʢʦʤʝʥʜʫʝʤʦʛʦ ɻʊʅ, ʩʣʝ-

ʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʦʩʥʦʚʥʳʝ ʦʜʥʦʠʤʝʥʥʳʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʜʠʟʝ-

ʣʷ ʥʝ ʫʭʫʜʰʠʣʠʩʴ. 
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ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʦʩʥʦʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ ʨʘʙʦʪʳ ʜʠʟʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʤʠ (ʧʨʠ ȹʊʦʭʣ = 0):  ð ʨʝʢʦʤʝʥʜʫʝʤʳʡ;  ʰʪʘʪʥʳʡ 

ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʟʘʤʝʥʳ ɻʊʅ ʷʚʠʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʩʪʝʧʝ-

ʥʠ ʧʦʚʳʰʝʥʠʷ ʜʘʚʣʝʥʠʷ (ˊʢ) ʠ ʩʥʠʞʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʘʩ-

ʭʦʜʘ ʪʦʧʣʠʚʘ (be) ʥʘ ʚʩʝʭ ʨʝʞʠʤʘʭ ʨʘʙʦʪʳ ʜʚʠʛʘʪʝʣʷ ʧʨʠ n Ó 600 ʤʠʥ
-1
. 
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ɿʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘʜʜʫʚʘ (ʨʢ= ˊʢʨʦ) ʚʦʟʨʘʩʪʘʝʪ ʪʘʢʞʝ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʩʛʦʨʘʥʠʷ pz, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʝʪ ʥʘʠʙʦʣʴʰʝʛʦ 

ʟʥʘʯʝʥʠʷ (ʨz = 7,5 ʄʇʘ) ʧʨʠ ʬʦʨʩʠʨʦʚʢʝ ʜʠʟʝʣʷ ʧʦ ʯʠʩʣʫ ʦʙʦʨʦʪʦʚ ʜʦ 

nmax = 1,033nʥ, ʪʦ ʝʩʪʴ ʜʦ nmax = 775 ʤʠʥ
-1
. ʊʘʢʘʷ ʬʦʨʩʠʨʦʚʢʘ ʦʪʚʝʯʘʝʪ 

ʪʨʝʙʦʚʘʥʠʷʤ ʄʦʨʩʢʦʛʦ ʈʝʛʠʩʪʨʘ ʜʣʷ ʛʣʘʚʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʨʘʙʦʪʘʶʱʠʭ 

ʥʘ ʚʠʥʪ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ ʰʘʛʘ, ʥʦ ʥʝ ʙʦʣʝʝ ʦʜʥʦʛʦ ʯʘʩʘ. 
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ʈʠʩ. 3. ʉʨʘʚʥʝʥʠʝ ʨʘʩʭʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʨʘʙʦʪʳ ʜʠʟʝʣʷ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʪʫʨʙʦʢʦʤʧʨʝʩʩʦʨʘʤʠ (ʧʨʠ ȹʊʦʭʣ =0):  ð ʨʝʢʦʤʝʥʜʫʝʤʳʡ;  ʰʪʘʪʥʳʡ 

ʆʪʤʝʯʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʛʘʟʦʚ (ʊʛ) ʧʝʨʝʜ ʪʫʨʙʠʥʦʡ (ʩʤ. 

ʨʠʩ. 2) ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʪʦʡʯʠ-
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ʚʦʡ ʨʘʙʦʪʝ ʛʘʟʦʚʦʡ ʪʫʨʙʠʥʳ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʦʙʦʨʦʪʦʚ ʢʦ-

ʣʝʥʯʘʪʦʛʦ ʚʘʣʘ ʜʠʟʝʣʷ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʙʦʪʘ ʧʨʠʚʦʜʥʦʛʦ ʢʦʤʧʨʝʩʩʦʨʘ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʚʳʩʦʢʦʤ ɖʢ = 0,72 ʪʘʢʞʝ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʠʟʤʝʥʝʥʠʷ ʢ́  (ʩʤ. ʨʠʩ. 1). 

ʅʘʠʙʦʣʝʝ ʚʘʞʥʦ, ʯʪʦ ʟʘʤʝʥʘ ɻʊʅ ʧʦʟʚʦʣʷʝʪ ʠʤʝʪʴ ʨʝʟʝʨʚ ʤʦʱʥʦʩʪʠ 

ʙʝʟ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʬʦʨʩʠʨʦʚʢʠ ʜʠʟʝʣʷ, ʘ ʥʦʤʠʥʘʣʴʥʫʶ ʤʦʱʥʦʩʪʴ 

ʨʝ = 133 ʢɺʪ ʨʘʟʚʠʚʘʪʴ ʧʨʠ n = 700 ʤʠʥ
-1
. ʕʪʦʪ ʨʝʞʠʤ ʷʚʣʷʝʪʩʷ ʥʘʠʙʦʣʝʝ 

ʵʢʦʥʦʤʠʯʥʳʤ (ʩʤ. ʨʠʩ. 2) ʠ ʤʝʥʝʝ ʤʝʭʘʥʠʯʝʩʢʠ ʥʘʧʨʷʞʝʥʥʳʤ (ʩʤ. 

ʨʠʩ. 3), ʧʦʩʢʦʣʴʢʫ ʨz ʩʥʠʞʘʝʪʩʷ ʩ 7,5 ʜʦ 6,5 ʄʇʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʙʦʨ ɻʊʅ ʤʘʨʢʠ ʊʂʈ-14ʅ-9ʘ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ 

6ʏʅʉʇ16/22,5 ʩʣʝʜʫʝʪ ʩʯʠʪʘʪʴ ʪʝʭʥʠʯʝʩʢʠ ʦʧʨʘʚʜʘʥʥʳʤ. ʅʘ ʥʘʛʨʫʟʢʘʭ 

ʙʦʣʝʝ 75 ʢɺʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʠʟʝʣʷ ʚʳʰʝ, ʯʝʤ ʩ ɻʊʅ ʤʘʨʢʠ PDʅ-16N. 

ʇʝʨʝʨʝʛʫʣʠʨʦʚʢʘ ʬʘʟ ʛʘʟʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʧʦʜʘʯʠ ʪʦʧʣʠʚʘ ʥʝ ʪʨʝʙʫʝʪʩ,̫ 

ʠ ʩ ʦʨʛʘʥʠʟʘʮʠʝʡ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʦʭʣʘʞʜʝʥʠʷ ʥʘʜʜʫʚʦʯʥʦʛʦ ʚʦʟʜʫʭʘ 

ʙʫʜʝʪ ʩʥʠʞʝʥʘ ʪʝʧʣʦʚʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʜʝʪʘʣʝʡ ʠ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʨʝʘʣʠ-

ʟʦʚʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʘʙʦʪʳ ʩʫʜʦʚʦʛʦ ʜʠʟʝʣʷ. 
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ʋɼʂ 629.1.05 

ʄʝʣʴʥʠʢ ɺ.ʅ., ɼʠʣʥʘʨ ʄʘʭʤʫʪ, ʂʫʥʜʝʨʝʚʠʯ ɽ.ʂ.,  

ʉʘʚʝʨʯʝʥʢʦ ɺ.ɻ., ʂʘʨʘʯʫʥ ɺ.ɺ. 

ʅʘʮ. ʪʝʭʥ. ʫ-ʪ ʋʢʨʘʠʥʳ çʂʇʀè 

ɻʄʁʘʆʁɾ ɹʃʌʊʋʁʐɾʊʃʇɼʇ ʁʀʄʌʐɾʆʁʘ ʆɹ ʅɾʎɹʆʁʐɾʊʃʁɾ ʊʁʊʋɾʅʔ 
ʊʌɽʇɻʔʎ ʖʆɾʉɼɾʋʁʐɾʊʃʁʎ ʌʊʋɹʆʇɻʇʃ 

ʈʘʙʦʪʘ ʩʫʜʦʚʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ, ʠʤʝʝʪ 

ʪʫ ʦʩʦʙʝʥʥʦʩʪʴ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʘʢʫʩʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʥʘ 

ʵʣʝʤʝʥʪʳ ʩʚʦʝʡ ʩʦʙʩʪʚʝʥʥʦʡ ʢʦʥʩʪʨʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʥʘ ʦʢʨʫʞʘʶʱʝʝ ʦʙʦ-

ʨʫʜʦʚʘʥʠʝ ʠ ʦʙʩʣʫʞʠʚʘʶʱʠʡ ʧʝʨʩʦʥʘʣ. ʆʩʪʘʚʣʷʷ ʚ ʩʪʦʨʦʥʝ ʚʦʧʨʦʩʳ 

ʘʥʘʣʠʟʘ ʧʨʠʨʦʜʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʠʭ ʧʦʣʝʡ, ʦʩʪʘʥʦʚʠʤʩʷ ʙʦ-

ʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʚʳʷʩʥʝʥʠʠ ʧʨʠʯʠʥ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ. 

ʈʦʩʪ ʤʦʱʥʦʩʪʠ ʠ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʩʫʜʦʚʳʭ ʤʝʭʘʥʠʟʤʦʚ ʥʝʠʟʙʝʞʥʦ 

ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʫʩʠʣʝʥʠʝ ʟʚʫʢʦʚʳʭ ʚʠʙʨʘʮʠʡ ʚ ʩʫʜʦʚʳʭ ʠ ʢʦʨʧʫʩʥʳʭ 

ʢʦʥʩʪʨʫʢʮʠʷʭ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʝʡ ʚʦʟʜʫʰʥʦʛʦ ʰʫʤʘ ʚ 

ʧʦʤʝʱʝʥʠʷʭ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʘʢʫʩʪʠʯʝʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʨʘʩʭʦʜʫʝʪʩʷ 0,4-

0,8 % ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʱʥʦʩʪʠ ʜʚʠʛʘʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʦʢ, ʧʨʠʯʝʤ ʪʨʘʥʩ-

ʣʷʮʠʷ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʢʘʢ ʯʝʨʝʟ ʵʣʝʤʝʥʪʳ ʢʦʥʩʪʨʫʢʮʠʠ 

(ʧʦʜʦʙʥʦ ʟʚʫʢʦʚʦʤʫ ʤʦʩʪʠʢʫ), ʪʘʢ ʠ ʯʝʨʝʟ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ. ʉʣʝʜʫʝʪ 

ʟʘʤʝʪʠʪʴ, ʯʪʦ ʪʚʝʨʜʦʪʝʣʴʥʘʷ ʠ ʞʠʜʢʦʬʘʟʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʦʢʘʟʳʚʘʶʪʩʷ 

ʥʘʠʙʦʣʝʝ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤʠ ʚ ʧʣʘʥʝ ʧʝʨʝʜʘʯʠ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝ-

ʨʷʤʠ ʘʢʫʩʪʠʯʝʩʢʠʭ ʚʦʟʜʝʡʩʪʚʠʡ [1,2] ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʰʘʷ ʟʘʜʘʯʠ 

ʫʣʫʯʰʝʥʠʷ ʪʝʭʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʥʠʞʘʶʪ ʟʚʫ-

ʢʦʠʟʦʣʷʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯ ʙʦʨʴʙʳ ʩ ʰʫʤʦʤ ʩʚʦʜʠʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʢ ʩʠʥʪʝʟʫ 

ʩʨʝʜʩʪʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʡ ʟʘʱʠʪʳ ʠ ʢ ʤʝʪʦʜʘʤ ʧʘʩʩʠʚʥʦʡ ʟʚʫʢʦʠʟʦʣʷʮʠʠ, 

ʪʝʭʥʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʢʦʪʦʨʳʭ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ, ʥʘʧʦʤʠʥʘʝʪ ʘʢʫʩʪʠ-

ʯʝʩʢʠʝ ʧʦʣʳ [3]. ɺ ʩʪʦʨʦʥʝ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ ʩʭʝʤʥʳʭ ʨʝʰʝʥʠʡ ï ʢʦʤ-

ʧʝʥʩʘʮʠʦʥʥʳʝ, ʘʚʪʦʢʦʤʧʝʥʩʘʮʠʦʥʥʳʝ ʠ ʘʢʪʠʚʥʳʝ. ʆʧʨʝʜʝʣʝʥʥʳʡ ʰʘʛ 

ʚʧʝʨʝʜ ʩʜʝʣʘʥ ʚ ʤʦʥʦʛʨʘʬʠʠ [4] ʠ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʨʘʙʦʪʢʘʭ ʦʪʝʯʝʩʪ-

ʚʝʥʥʳʭ ʫʯʝʥʳʭ [5 - 8], ʦʯʝʨʪʠʚʰʠʭ ʢʨʫʛ ʧʨʠʢʣʘʜʥʳʭ  ʟʘʜʘʯ ʘʥʘʣʠʟʘ ʠ 

ʩʠʥʪʝʟʘ ʢʦʥʩʪʨʫʢʮʠʡ, ʠʥʚʘʨʠʘʥʪʥʳʭ ʢ ʚʦʟʜʝʡʩʪʚʠʶ ʧʨʦʥʠʢʘʶʱʝʛʦ ʘʢʫ-

ʩʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʅʝʨʝʰʝʥʥʳʤʠ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʦʩʪʘʶʪʩʷ ʚʦʧʨʦʩʳ, ʩʚʷ-

ʟʘʥʥʳʝ ʩ ʘʥʘʣʠʟʦʤ ʧʨʠʨʦʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʥʠʢʘʶʱʝʛʦ ʘʢʫʩʪʠʯʝ-

ʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʠʡ ʜʚʠʛʘʪʝʣʝʡ ʠ ʵʥʝʨʛʝʪʠʯʝ-

ʩʢʠʭ ʫʩʪʘʥʦʚʦʢ, ʧʦʩʪʨʦʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ, ʬʦʨʤʫʣʠʨʦʚʢʘ ʠ ʦʙʦʩ-

ʥʦʚʘʥʠʝ ʫʧʨʦʱʘʶʱʠʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ, ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ ʠ ʪ.ʜ. ʀ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʟʜʝʩʴ ʩʣʝʜʫʝʪ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʪʴ ʢʦʨʨʝʢʪʥʦʡ ʜʝ-
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ʢʦʤʧʦʟʠʮʠʠ ʩʣʦʞʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʥʦʛʦʬʘʟʥʳʭ ʩʪʨʫʢ-

ʪʫʨ, ʦʩʦʙʝʥʥʦ ʪʝʭ, ʢʦʪʦʨʳʝ ʩʦʜʝʨʞʘʪ ʥʦʩʠʪʝʣʠ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ. 

ʎʝʣʴʶ ʩʪʘʪʴʠ ʷʚʣʷʶʪʩʷ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʩʪʝʡʰʠʭ (ʠ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʭʩʷ) ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʡ ð ʧʣʘʩʪʠʥ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʦʙʦʣʦʯʝʢ ð ʩ ʧʨʦʥʠʢʘʶʱʝʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʵʤʠʩʩʠʝʡ 

ʧʫʪʝʤ ʧʦʩʪʨʦʝʥʠʷ ʨʘʩʯʝʪʥʳʭ ʤʦʜʝʣʝʡ ʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʦʩʢʦʡ ʠ ʦʙʦʣʦʯʝʯʥʦʡ ʧʨʝʛʨʘʜ ʩ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʚʦʟʤʦʞʥʦʩʪʴʶ ʦʮʝʥʢʠ ʧʦ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʟʚʫʢʦʠʟʦʣʷʮʠʦʥʥʳʭ 

ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʘʮʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʬʨʘʛʤʝʥʪʦʚ 

ʵʪʦʛʦ ʷʚʣʝʥʠʷ, ʧʦʟʚʦʣʷʶʱʝʛʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʦʧʘʩʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʝʟʦʥʘʥʩʥʦʛʦ ʪʠʧʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʳʙʝʨʝʤ ʧʣʦʩʢʠʝ ʠ ʦʙʦʣʦʯʝʯʥʳʝ 

ʨʝʘʣʠʟʘʮʠʠ, ʢʘʢ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʝʤʳʝ. ʇʨʠ ʵʪʦʤ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʵʥʝʨʛʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʦʣʥʦʩʪʴʶ ʧʦʛʣʦʱʘʝʪʩʷ ʜʘʥʥʳʤ 

ʵʣʝʤʝʥʪʦʤ ʙʝʟ ʪʨʘʥʩʣʷʮʠʠ ʝʝ ʥʘ ʩʦʧʨʷʞʝʥʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ. ʕʪʦ ʫʧʨʦ-

ʱʝʥʠʝ ʧʦʟʚʦʣʠʪ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʩʦʝʜʠʥʠʪʝʣʴʥʳʝ ʰʚʳ 

ʢʘʢ ʰʘʨʥʠʨʥʳʝ, ʩ ʜʨʫʛʦʡ ð ʚʳʙʨʘʪʴ ʙʦʣʝʝ ʧʨʦʩʪʳʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʩ-

ʯʝʪʥʳʝ ʤʦʜʝʣʠ, ʘ ʠʤʝʥʥʦ, ʧʣʦʩʢʫʶ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ 

ʧʣʘʩʪʠʥʫ ʠ ʢʨʫʛʦʚʫʶ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʦʙʦʣʦʯʢʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʝʜʧʦʣʘ-

ʛʘʝʤ ʵʪʠ ʵʣʝʤʝʥʪʳ ʪʦʥʢʠʤʠ, ʜʣʷ ʯʝʛʦ ʩʯʠʪʘʝʤ, ʯʪʦ ʧʦ ʠʭ ʪʦʣʱʠʥʝ ʫʢʣʘ-

ʜʳʚʘʝʪʩʷ ʥʝ ʙʦʣʝʝ 10 ʜʣʠʥ ʚʦʣʥ. 

ʇʘʜʘʶʱʘʷ ʥʘ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʝʛʨʘʜʫ ʟʚʫʢʦʚʘʷ ʚʦʣʥʘ ʛʝʥʝʨʠʨʫʝʪ ʚ 

ʧʦʩʣʝʜʥʝʡ ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʛʫʪ ʧʨʠʚʝʩʪʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʣʦʢʘʣʴʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʠ, ʢʘʢ ʩʣʝʜ-

ʩʪʚʠʝ, ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʦʙʨʘʪʠʤʳʭ ʜʝʬʦʨʤʘʮʠʡ ʠ ʪʨʝʱʠʥ. ʈʝʯʴ ʠʜʝʪ ʦ 

ʥʘʣʠʯʠʠ ʚʦʣʥʦʚʦʛʦ ʩʦʚʧʘʜʝʥʠʷ. 

ɺʦʟʥʠʢʘʶʱʠʝ ʠʟʛʠʙʥʳʝ ʢʦʣʝʙʘʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʚʦʡʩʪʚ 

ʵʣʝʤʝʥʪʦʚ ʢʦʥʩʪʨʫʢʮʠʠ, ʫʤʝʥʴʰʝʥʠʶ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʫʟ-

ʣʦʚ ʠ ʤʝʭʘʥʠʟʤʦʚ ʚ ʮʝʣʦʤ. ʆʩʦʙʝʥʥʦ ʘʢʪʫʘʣʴʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʨʝʰʝ-

ʥʠʝ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʜʣʷ ʥʦʩʠʪʝʣʝʡ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʚ ʫʩʣʦ-

ʚʠʷʭ ʢʘʯʘʶʱʝʛʦʩʷ ʦʩʥʦʚʘʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʨʝʜʥʳʝ 

ʤʦʤʝʥʪʳ ʥʘ ʦʩʷʭ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʧʨʦʭʦʞʜʝʥʠʷ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ ʯʝʨʝʟ ʧʣʦ-

ʩʢʫʶ ʧʨʝʛʨʘʜʫ ʧʨʦʠʣʣʶʩʪʨʠʨʫʝʤ ʥʘ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʦʡ ʚ ʘʢʫʩʪʠʢʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʤʦʜʝʣʠ  ʚ ʚʠʜʝ ʠʟʦʪʨʦʧʥʦʡ ʫʧʨʫʛʦʡ ʧʣʘʩʪʠʥʳ ʧʦʩʪʦʷʥʥʦʡ 

ʞʝʩʪʢʦʩʪʠ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʧʦ ʧʨʦʪʷʞʝʥʥʦʩʪʠ, ʨʘʟʜʝʣʷʶʱʝʡ ʜʚʘ ʘʢʫ-

ʩʪʠʯʝʩʢʠʭ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʥʘʧʨʠ-

ʤʝʨ, ʚʦʟʜʫʭ (ʨʠʩ.1). ʅʘ ʣʠʮʝʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʘʩʪʠʥʳ ʧʦʜ ʫʛʣʦʤ  ʧʘ-

ʜʘʝʪ ʧʣʦʩʢʘʷ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʘʷ ʚʦʣʥʘ ʜʘʚʣʝʥʠʷ [9] 
 

1 10 0exp cos sinP P i t k z y , 
 



2003 ï  ̄8 ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 57 
 

 

ʛʜʝ  ð ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʚ c
-1
; k0 = c

-1
 ð 

ʚʦʣʥʦʚʦʝ ʯʠʩʣʦ; c ð ʩʢʦʨʦʩʪʴ ʟʚʫʢʘ ʚ ʚʦʟʜʫ-

ʭʝ; t ð ʚʨʝʤʷ; P10 ð ʘʤʧʣʠʪʫʜʘ ʜʘʚʣʝʥʠʷ ʚ 

ʧʘʜʘʁɦ ʝʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥʝ; 2 ð ʪʦʣʱʠʥʘ 

ʧʣʘʩʪʠʥʳ; z ð ʢʦʦʨʜʠʥʘʪʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʪʦʣʱʠʥʳ ʧʣʘʩʪʠʥʳ. 

ʇʨʠ ʧʨʠʥʷʪʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʜʚʠʞʝʥʠʝ 

ʧʣʘʩʪʠʥʳ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʚ ʧʣʦʩ-

ʢʦʩʪʠ yOz, ʪʘʢ ʢʘʢ ʚʜʦʣʴ ʦʩʠ Ox ʜʘʚʣʝʥʠʝ ʥʘ 
ʧʣʘʩʪʠʥʫ ʧʦʩʪʦʷʥʥʦ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʤʝʝʪ 

ʤʝʩʪʦ ʧʣʦʩʢʘʷ ʝʝ ʜʝʬʦʨʤʘʮʠʷ. 

ɼʘʚʣʝʥʠʝ P2 ʚ ʦʪʨʘʞʝʥʥʦʡ ʠ P3 ʧʨʦʰʝʜ-

ʰʝʡ ʚʦʣʥʘʭ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʳ-

ʨʘʞʝʥʠʷʤʠ 
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exp cos sin ;

exp cos sin .

P P i t k z y

P P i t k z y
 

 

ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʩʣʫʯʘʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ  ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ 

ʧʣʘʩʪʠʥʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʬʦʨʤʝ ʃʘʤʝ: 
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; V ʠ W ð ʩʤʝʱʝʥʠʷ ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʦʩʝʡ Oy ʠ Oz; c ð ʧʣʦʪʥʦʩʪʴ ʤʘʪʝʨʠʘʣʘ ʧʣʘʩʪʠʥʳ; 
1

1 1 2E , 
1

2 1E  ð ʫʧʨʫʛʠʝ ʧʦʩʪʦʷʥʥʳʝ 

ʃʘʤʝ;  ð ʢʦʵʬʬʠʮʠʝʥʪ ʇʫʘʩʩʦʥʘ; E ð ʤʦʜʫʣʴ ʖʥʛʘ. 

ʇʨʠ ʧʨʠʥʷʪʳʭ ʫʧʨʦʱʝʥʠʷʭ ʠʟʛʠʙʥʦʝ ʜʚʠʞʝʥʠʝ ʧʣʘʩʪʠʥʳ ʟʘʧʠʩʳʚʘ-

ʝʪʩʷ ʚ ʚʠʜʝ ð 
 

1
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ʛʜʝ , 1, 2, 1, 2, , 1, 2 ð ʧʘʨʘʤʝʪʨʳ ʜʚʠʞʝʥʠʷ [1]. 
ɸʥʘʣʠʟ ʩʪʨʫʢʪʫʨʳ ʠʟʛʠʙʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʘʩʪʠʥʳ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥ-

ʥʦʤ ʫʛʣʝ  = 0,985 ʨʘʜ (56,25), ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʜʣʠ-

ʥʘ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ  ʚ ʧʣʘʩʪʠʥʝ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ  ʥʝʧʨʝʨʳʚʥʦ 

ʠʟʤʝʥʷʝʪʩʷ ʠ ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩ ʣʦʢʘʣʴʥʳʤʠ ʵʢʩʪʨʝʤʫʤʘʤʠ, 

 
ʈʠʩ.1. ʉʭʝʤʘ ʧʨʦʭʦʞʜʝʥʠʷ 

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʯʝʨʝʟ 
ʧʣʘʩʪʠʥʫ 
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ʧʨʠ ʵʪʦʤ ʦʩʪʘʚʘʷʩʴ ʩʠʤʤʝʪʨʠʯʥʦʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʠ ʦʨʜʠʥʘʪ (ʨʠʩ. 2, 

ʢʨʠʚʘʷ 1). ʄʝʞʜʫ ʵʢʩʪʨʝʤʫʤʘʤʠ ʜʣʠʥʘ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʫʙʳʚʘʝʪ ʜʦ 

0,1 ʤ (ʧʨʠ  = 2010
3
 c

-1
 ʠ  = 2510

3
 c

-1
). 

 
ʈʠʩ. 2. ɼʣʠʥʘ ʠʟʛʠʙʥʦʡ ʚʦʣʥʳ ʚ ʧʣʘʩʪʠʥʝ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ. 

ʌʘʢʪ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʝʩʢʦʣʴʢʠʭ ʣʦʢʘʣʴʥʳʭ ʵʢʩʪʨʝʤʫʤʦʚ ʩʚʷʟʘʥ, ʩ ʦʜ-

ʥʦʡ ʩʪʦʨʦʥʳ, ʩ ʚʦʣʥʦʚʳʤ ʭʘʨʘʢʪʝʨʦʤ ʧʨʦʮʝʩʩʘ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ, 

ʩ ʜʨʫʛʦʡ ð ʩ ʥʘʣʠʯʠʝʤ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʢʦʤʧʣʝʢʩʥʳʭ ʚʝʣʠʯʠʥ 

(ʥʘʧʨʠʤʝʨ, ʤʦʜʫʣʷ ʖʥʛʘ, ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʞʝʩʪʢʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦ-

ʪʝʨʴ). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʩ-

ʧʨʝʜʝʣʷʝʪʩʷ ʥʝʨʘʚʥʦʤʝʨʥʦ ʧʦ ʯʘʩʪʦʪʝ  ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, 

ʧʨʠ 
38 4 10,  c

-1
, 

316 6 10,  c
-1
 ʠ 

333 4 10,  c
-1
 ʚ ʩʧʝʢʪʨʝ ʛʝ-

ʥʝʨʠʨʫʝʤʳʭ ʢʦʣʝʙʘʥʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʣʦʞʝʥʠʝ ʜʚʫʭ ʬʦʨʤ, ʦʪʣʠʯʘʶ-

ʱʠʭʩʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʧʨʦʪʷʞʝʥʥʦʩʪʠ (ʩʤ. ʨʠʩ. 2, ʢʨʠʚʳʝ 2). 

ʇʫʥʢʪʠʨʥʘʷ ʣʠʥʠʷ ʥʘ ʨʠʩ. 2 ʦʧʨʝʜʝʣʷʝʪ ʤʦʤʝʥʪʳ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝ-

ʟʦʥʘʥʩʥʳʭ ʦʙʣʘʩʪʝʡ ʥʘ ʯʘʩʪʦʪʘʭ 
312 6 10,  c

-1
 ʠ 

337 6 10,  c
-1
. 

ɿʜʝʩʴ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʜʫʣʷʮʠʷ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ 

ʜʨʫʛʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ. 

ʇʨʠ ʯʘʩʪʦʪʝ 
30 4 10,  c

-1
 ʬʘʟʘ ʢʦʣʝʙʘʥʠʡ ʧʣʘʩʪʠʥʳ ʠʟʤʝʥʷʝʪʩʷ 

ʥʘ  ʨʘʜ. 

ʉ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ ʘʤʧʣʠʪʫʜʘ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʫʙʳʚʘʝʪ ʧʦ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʫʛʣʘ  ʨʘʩʪʝʪ 
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ʧʦ ʘʙʩʦʣʶʪʥʦʤʫ ʟʥʘʯʝʥʠʶ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʚʣʠʷʥʠʷ ʘʥʪʠ-

ʩʠʤʤʝʪʨʠʯʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʥʝ-

ʠʟʙʝʞʥʦʡ çʨʘʩʢʘʯʢʦʡè ʧʣʘʩʪʠʥʳ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ ʢ ʝʝ ʧʦʚʝʨʭʥʦ-

ʩʪʠ. ʀʥʪʝʥʩʠʬʠʢʘʮʠʷ ʠʟʛʠʙʥʦʛʦ ʜʚʠʞʝʥʠʷ ʚʳʟʳʚʘʝʪ ʙʦʣʝʝ ʤʦʱʥʫʶ ʧʝ-

ʨʝʢʘʯʢʫ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʠʟ ʦʜʥʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʦʝ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʨʝʜʢʦ ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤ ʚʦʟʜʝʡʩʪ-

ʚʠʝʤ ʚ ʚʠʜʝ ʦʜʥʦʡ ʚʦʣʥʳ. ɹʦʣʝʝ ʙʣʠʟʢʠʤ ʢ ʥʘʪʫʨʥʳʤ ʫʩʣʦʚʠʷʤ ʷʚʣʷʝʪʩʷ 

ʩʣʫʯʘʡ ʜʠʬʬʫʟʥʦʛʦ ʧʦʣʷ. ʇʨʦʚʝʜʷ ʦʩʨʝʜʥʝʥʠʝ ʧʦ ʇʵʨʠʩʫ, ʤʦʞʥʦ ʦʙʦʙ-

ʱʠʪʴ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʪʦ ʝʩʪʴ ʦʧʨʝʜʝʣʠʪʴ, ʯʪʦ 
 

7 5 16

0

2

,

cos sinʜʠʬW W d . 

 

ʏʪʦʙʳ ʫʪʦʯʥʠʪʴ ʩʪʨʫʢʪʫʨʫ ʛʝʥʝʨʠʨʫʝʤʳʭ ʚ ʧʣʘʩʪʠʥʝ ʢʦʣʝʙʘʥʠʡ ʩ 

ʫʯʝʪʦʤ ʝʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʨʘʟʤʝʨʦʚ, ʜʦʩʪʘʪʦʯʥʦ ʝʝ ʧʨʦʛʠʙ W(x, y) ʧʨʝʜ-

ʩʪʘʚʠʪʴ ʜʚʦʡʥʳʤ ʨʷʜʦʤ ʧʦ ʥʦʨʤʘʣʴʥʳʤ ʬʫʥʢʮʠʷʤ [10] 
 
 

1 1

1 2 1 2, sin sin , , ...; , , ...mn

m n

m x n y
W x y W m n

a b
, 

 
 

ʛʜʝ m, n ð ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ ʠʟʛʠʙʘ ʚʜʦʣʴ ʦʩʝʡ Ox ʠ Oy. ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʷ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʠ ʚʳʥʫʞʜʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʘʩʪʠʥʳ ʧʨʠʤʫʪ ʚʠʜ 
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ʛʜʝ 
13 22 12 1D  ð ʮʠʣʠʥʜʨʠʯʝʩʢʘʷ ʞʝʩʪʢʦʩʪʴ ʧʣʘʩʪʠʥʳ; 

ï ʤʘʩʩʘ ʝʜʠʥʠʮʳ ʧʣʦʱʘʜʠ; 1 1
1

0 0

, , sin sin
a b

mn

m x n y
Q P x y t dxdy

a b
; 

m1 ʠ n1 ð ʯʠʩʣʘ ʧʦʣʫʚʦʣʥ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. 

ʀʟ ʫʩʣʦʚʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʦʣʝʙʣʶʱʝʡʩʷ ʧʣʘʩʪʠʥʳ, ʙʝʟ 

ʫʯʝʪʘ ʜʠʩʩʠʧʘʮʠʠ ʵʥʝʨʛʠʠ, ʧʦʣʫʯʠʤ ʟʘʢʦʥ ʠʟʛʠʙʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʪʨʝʭ 

ʩʣʫʯʘʝʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ: 

m1 = m; n1 = n (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʡ ʨʝʟʦʥʘʥʩ) 
 
 

1
2 2

10 1 2 1

1 1

exp sin sinmn

m n

m x n y
W P t A A i

a b
; 

 

Á 
1m m; 

1n n  (ʥʝʧʦʣʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʡ ʨʝʟʦʥʘʥʩ) 
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22 2 2 1

10 1 1 2 22 sin exp sin sin ;mn

n m x n y
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Á 
1m m; 

1n n(ʯʘʩʪʦʪʥʳʡ ʨʝʟʦʥʘʥʩ) 
1

2 22 2 2 2 2

10 1 1 1

1 1
2 1

4

sin sin exp sin sin ,

mnW P t m m n n A

m n m x n y
A mn i

a b

 

ʛʜʝ 
1 2 2

2 1 2
2 2mn

m n
D

a b
 ð ʩʦʙʩʪʚʝʥʥʘʷ ʯʘʩʪʦʪʘ ʠʟʛʠʙʥʳʭ ʢʦʣʝ-

ʙʘʥʠʡ ʧʣʘʩʪʠʥʳ; 

1
2 2

2
cos cos sin sint mn mn

mn

t t t t ; 

A1, A2 ð ʧʦʣʠʥʦʤʳ [10]. 

ʏʠʩʣʦʚʦʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʳʝ 

ʧʨʦʛʠʙʳ ʥʘ ʧʝʨʚʦʡ ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ (m = m1 = 1; n = n1 = 1) (ʨʠʩ. 3). 

ɺʳʩʰʠʝ ʬʦʨʤʳ ʠʤʝʶʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʊʘʢ, ʧʨʠ m = m1 = 1, 

n = n1 = 2 ʧʣʘʩʪʠʥʘ ʠʤʝʝʪ ʜʚʘ ʨʘʟʥʦʧʦʣʷʨʥʳʭ ʵʢʩʪʨʝʤʫʤʘ (ʨʠʩ.4), ʘ ʧʨʠ 

m = m1 = = 1, n = n1 = 3 ð ʪʨʠ (ʨʠʩ.5). ʆʯʝʚʠʜʥʦ, ʯʪʦ ʯʠʩʣʦ ʵʢʩʪʨʝʤʫʤʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʠʟʚʝʜʝʥʠʝʤ mn. 

 
ʈʠʩ. 3. ʇʨʦʛʠʙ ʧʣʘʩʪʠʥʳ ʥʘ ʧʝʨʚʦʡ ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ: m = m1 = 1; n = n1 = 1. 

ʅʝʯʝʪʥʳʝ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʧʝʨʝ-

ʢʘʯʢʝ ʟʚʫʢʦʚʦʡ ʵʥʝʨʛʠʠ ʠʟ ʦʜʥʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʦʝ, ʘ ʩ ʥʘʩʪʫʧ-

ʣʝʥʠʝʤ ʨʘʚʝʥʩʪʚʘ mn =  ʧʣʘʩʪʠʥʘ ʩʪʘʥʦʚʠʪʩʷ ʘʢʫʩʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʦʡ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʥʦʤʝʨʘ ʬʦʨʤʳ ʢʦʣʝʙʘʥʠʡ ʘʤʧʣʠʪʫʜʘ ʠʟʛʠʙʥʦʡ ʚʦʣ-

ʥʳ ʠʤʝʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʫʤʝʥʴʰʝʥʠʶ. ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʜʣʷ ʪʨʝʭ 

ʩʣʫʯʘʝʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟʛʠʙ ʧʣʘʩʪʠʥʳ ʧʨʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʦʤ ʨʝʟʦʥʘʥʩʝ ʚ ʩʨʝʜʥʝʤ ʚ 10
7
 ʨʘʟ ʙʦʣʴʰʝ, ʯʝʤ 
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ʧʨʠ ʯʘʩʪʦʪʥʦʤ ʨʝʟʦʥʘʥʩʝ. ʅʝʧʦʣʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʡ ʨʝʟʦ-

ʥʘʥʩ ʟʘʥʠʤʘʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ. 

 
ʈʠʩ. 4. ʇʨʦʛʠʙ ʧʣʘʩʪʠʥʳ ʥʘ ʚʪʦʨʦʡ ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ: m = m1 = 1; n = n1 = 2. 

 
ʈʠʩ. 5. ʇʨʦʛʠʙ ʧʣʘʩʪʠʥʳ ʥʘ ʪʨʝʪʴʝʡ ʬʦʨʤʝ ʢʦʣʝʙʘʥʠʡ: m = m1 = 1; n = n1 = 3. 

ʈʘʩʩʤʦʪʨʠʤ ʜʠʥʘʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʚ 

ʙʦʣʝʝ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʥʝʝ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʚʦʟʤʫʱʝʥʠʷ, ʘ 

ʠʤʝʥʥʦ ð ʧʨʠ ʥʘʢʣʦʥʥʦʤ ʧʘʜʝʥʠʠ ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ  ʥʘ ʥʘ-

ʨʫʞʥʫʶ ʝʝ ʧʦʚʝʨʭʥʦʩʪʴ ʧʣʦʩʢʦʡ ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ. 

ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠʜʝʥʪʠʯʥʦʩʪʴ ʬʠʟʠʢʦ-
ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʨʝʜʳ ʚʥʫʪʨʠ ʠ ʩʥʘʨʫʞʠ ʦʙʦʣʦʯʢʠ. ʉ ʵʪʦʡ ʮʝʣʴʶ 

ʩʯʠʪʘʝʤ ʨʘʚʥʳʤʠ ʚʦʣʥʦʚʳʝ ʯʠʩʣʘ ki ʠ ʟʥʘʯʝʥʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ ʦʙʝʠʭ ʩʨʝʜ, ʪʦ ʝʩʪʴ 1 2k k k
c

, 
1 1 2 2c c c  (ʟʜʝʩʴ 
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 ð ʢʨʫʛʦʚʘʷ ʯʘʩʪʦʪʘ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ; c1, c 2 ð ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘ-

ʥʝʥʠʷ ʟʚʫʢʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʦʙʣʘʩʪʷʭ; 1, 2 ð 

ʧʣʦʪʥʦʩʪʠ ʩʨʝʜ). 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʝʬʦʨʤʠʨʫʝʤʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʦʙʦʣʦʯʢʠ ʠʩʧʦʣʴʟʫʝʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ. ʆʩʴ z (ʦʩʴ 

ʘʧʧʣʠʢʘʪ) ʩʦʚʤʝʩʪʠʤ ʩ ʧʨʦʜʦʣʴʥʦʡ ʦʩʴʶ ʦʙʦʣʦʯʢʠ, ʘ ʫʛʦʣ  (ʘʟʠʤʫʪ) 

ʙʫʜʝʤ ʦʪʩʯʠʪʳʚʘʪʴ ʦʪ ʙʘʟʦʚʦʛʦ ʨʘʜʠʫʩʘ ʥʫʣʝʚʦʛʦ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ. 

ʉ ʫʯʝʪʦʤ ʤʘʣʦʩʪʠ ʪʦʣʱʠʥʳ ʧʦʣʷʨʥʳʡ ʨʘʜʠʫʩ r ʩʯʠʪʘʝʤ ʨʘʚʥʳʤ ʨʘʜʠʫʩʫ 

ʩʨʝʜʥʝʡ ʣʠʥʠʠ ʦʙʦʣʦʯʢʠ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʪʦʥʢʦʡ ʫʧʨʫʛʦʡ ʮʠʣʠʥʜʨʠ-

ʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠ ʧʘʜʝʥʠʠ ʥʘ ʥʝʝ ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ ʧʣʦʩʢʦʡ 

ʟʚʫʢʦʚʦʡ ʚʦʣʥʳ ʜʘʚʣʝʥʠʷ ʠʤʝʶʪ ʚʠʜ [11]: 
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 (1) 

 
 

ʛʜʝ 
2 1aP P P , 1

2 12cP P P  ð ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʠ ʩʠʤʤʝʪʨʠʯ-

ʥʘʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ; P2 ð ʧʦʣʥʦʝ ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ 

ʚʥʝ ʦʙʦʣʦʯʢʠ; P1 ð ʟʚʫʢʦʚʦʝ ʜʘʚʣʝʥʠʝ ʚʥʫʪʨʠ ʦʙʦʣʦʯʢʠ; 
1

2

1 1E E , r ð ʨʘʜʠʫʩ ʦʙʦʣʦʯʢʠ; h ð ʪʦʣʱʠʥʘ ʦʙʦʣʦʯʢʠ, ʧʨʠʯʝʤ 

1h r ; U
*
, V

*
, W

*
 ð ʩʦʩʪʘʚʣʷʶʱʠʝ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʵʣʝʤʝʥʪʘ 

ʦʙʦʣʦʯʢʠ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ, ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʨʘʜʠʫʩʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʠ ʵʪʦʤ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ 
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ɿʥʘʢ ʤʠʥʫʩ ʚ ʧʦʩʣʝʜʥʝʤ ʚʳʨʘʞʝʥʠʠ ʦʙʦʟʥʘʯʘʝʪ, ʯʪʦ ʘʥʪʠʩʠʤʤʝʪ-

ʨʠʯʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʨʘʟʥʦʩʪʠ 

ʥʘʨʫʞʥʦʛʦ ʠ ʚʥʫʪʨʝʥʥʝʛʦ ʜʘʚʣʝʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʦʣʦʞʠʪʝʣʴʥʘʷ 

ʨʘʜʠʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʦʙʦʣʦʯʢʠ ʦʢʘʟʳʚʘʝʪ-

ʩʷ ʥʘʧʨʘʚʣʝʥʥʦʡ ʚʦʚʥʫʪʨʴ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʣʝʙʘʪʝʣʴ-

ʥʳʝ ʩʢʦʨʦʩʪʠ ʩʨʝʜʳ ʚʥʫʪʨʠ ʠ ʚʥʝ ʦʙʦʣʦʯʢʠ, ʦʧʨʝʜʝʣʷʝʤʳʝ ʯʝʨʝʟ ʨʘʜʠ-

ʘʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʚʫʢʦʚʳʭ ʜʘʚʣʝʥʠʡ, ʥʘʧʨʘʚ-

ʣʝʥʳ ʥʘʨʫʞʫ. 

ɿʚʫʢʦʚʦʝ ʧʦʣʝ ʚʥʫʪʨʠ ʦʙʦʣʦʯʢʠ ʷʚʣʷʝʪʩʷ ʚʩʶʜʫ ʢʦʥʝʯʥʳʤ: 
 

11
, , exp cosn n

n a

P r z ikz A l r n . 

 

ʊʦʛʜʘ ʧʦʣʝ ʚʥʝ ʦʙʦʣʦʯʢʠ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʥʘʣʦʞʝ-

ʥʠʷ ʟʚʫʢʦʚʦʛʦ ʧʦʣʷ ʧʘʜʘʶʱʝʡ ʚʦʣʥʳ P0 ʠ ʧʦʣʥʦʛʦ, ʨʘʩʩʝʷʥʥʦʛʦ ʦʙʦʣʦʯ-

ʢʦʡ, Pʠʟʣ: 
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ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ, ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʘʷ ʠ ʩʠʤʤʝʪʨʠʯʥʘʷ ʩʦʩʪʘʚ-

ʣʷʶʱʠʝ ʜʘʚʣʝʥʠʷ ʨʘʚʥʳ: 
 

1
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ʈʝhʘʷ ʩʠʩʪʝʤʫ (1), ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʚʠʞʝʥʠʷ ʵʣʝʤʝʥʪʘ ʫʧ-

ʨʫʛʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʚʜʦʣʴ ʦʙʨʘʟʫʶʱʝʡ, ʢʘʩʘʪʝʣʴʥʦʡ ʠ ʨʘ-

ʜʠʫʩʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʛʜʝ U, V, W ð ʧʝʨʝʤʝʱʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʦʣʦʯʢʠ; In, Hn ð ʬʫʥʢʮʠʠ 

ɹʝʩʩʝʣʷ 1-ʛʦ ʠ 3-ʛʦ ʨʦʜʘ; P10 ð ʘʤʧʣʠʪʫʜʘ ʚʦʟʤʫʱʘʶʱʝʛʦ ʟʚʫʢʦʚʦʛʦ 

ʜʘʚʣʝʥʠʷ; 
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ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʃʘʤʝ, ʤʦʞʥʦ ʚʳʯʠʩʣʠʪʴ ʥʘʧʨʷʞʝʥʠʷ ʚ ʤʘʪʝ-

ʨʠʘʣʝ ʫʧʨʫʛʦʡ ʦʙʦʣʦʯʢʠ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [12]. 

ʇʨʠʚʝʜʝʥʥʳʝ ʚʳʰʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʢʦʥʩʪʨʫʢʮʠʡ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʨʝʰʘʪʴ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʰʫ-

ʤʦʧʦʛʣʦʱʝʥʠʷ. 

ʂʘʯʝʩʪʚʝʥʥʳʡ ʘʥʘʣʠʟ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʚʠʞʝʥʠʷ ʧʣʦʩʢʠʭ ʠ ʦʙʦʣʦʯʝʯ-

ʥʳʭ ʧʨʝʛʨʘʜ, ʢʘʢ ʚʠʜʥʦ, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʷʚʠʪʴ ʫʩʣʦʚʠʷ ʧʦʷʚʣʝʥʠʷ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʠʟʛʠʙʥʦʛʦ ʜʚʠʞʝʥʠʷ, ʢʦʛʜʘ ʵʥʝʨʛʠʷ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʠʟ-

ʣʫʯʝʥʠʷ ʯʘʩʪʠʯʥʦ (ʥʝʧʦʣʥʳʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʯʘʩʪʦʪʥʳʡ ʨʝʟʦʥʘʥʩ), 

ʣʠʙʦ ʧʦʣʥʦʩʪʴʶ (ʯʘʩʪʦʪʥʦ-ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ ʨʝʟʦʥʘʥʩ), ʧʝʨʝʜʘʝʪʩʷ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʠʟ ʦʜʥʦʛʦ ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʘ ʚ ʜʨʫʛʦʝ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ 

ʩʦʩʪʦʷʥʠʝ ʪʝʣ ʢʘʢ ʘʢʫʩʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʭ, ʠʣʠ ʢʘʢ ʘʢʫʩʪʠʯʝʩʢʠ ʥʝʧʨʦ-

ʟʨʘʯʥʳʭ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʪʘʢʞʝ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ 

ʧʦʨʠʩʪʦʩʪʠ ʤʘʪʝʨʠʘʣʘ, ʘʥʠʟʦʪʨʦʧʥʦʩʪʠ ʠ ʜʨʫʛʠʭ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʘ ʠʟʦʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʫʧʨʫʛʦ-ʚʷʟʢʠʭ ʩʚʦʡʩʪʚ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʘʢʫʩʪʠ-

ʯʝʩʢʠʭ ʧʦʣʷʭ ʧʦʟʚʦʣʷʶʪ ʚʳʙʨʘʪʴ ʪʝ, ʠʣʠ ʠʥʳʝ ʧʫʪʠ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʦʚ 

ʟʚʫʢʦʠʟʦʣʷʮʠʠ. ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʚ ʵʪʦʤ 
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ʧʣʘʥʝ ʷʚʣʷʶʪʩʷ ʧʘʩʩʠʚʥʳʝ ʤʝʪʦʜʳ, ʩʦʯʝʪʘʶʱʠʝ ʚ ʩʝʙʝ ʧʨʦʩʪʦʪʫ ʢʦʥʩʪ-

ʨʫʢʮʠʠ, ʥʘʜʝʞʥʦʩʪʴ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ [13, 14]. 

 

ʉʇʀʉʆʂ ʃʀʊɽʈɸʊʋʈʓ 

1. ʂʘʨʘʯʫʥ ɺ.ɺ.,ɹʘʣʘʥʽʥ ɺ.ʍ., ʄʝʣʴʥʠʢ ɺ.ʄ., ʇʦʪʘʧʦʚʘ ʂ.ʈ., ɸʩʪʘʧʦʚʘ 

ɻ.ɹ. ɸʢʫʩʪʠʯʥʝ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʷ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ // 

ɺʽʩʥʠʢ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʘʚʽʘʮʽʡʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ. - ˉ 2(9). 2001. ï 

ʉ. 216-220. 

2. ʄʝʣʴʥʠʢ ɺ.ʅ., ʂʘʨʘʯʫʥ ɺ.ɺ., ʉʘʚʝʨʯʝʥʢʦ ɺ.ɻ. ɸʢʫʩʪʠʯʝʩʢʘʷ ʚʠʙʨʘ-

ʮʠʷ ʦʙʦʣʦʯʝʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʜʚʠʛʘʪʝʣʝʡ // ɸʚʽʘʮʽʡʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭ-

ʥʽʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ: ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ʍʘʨʢʽʚ: ʅʘʮ. ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥ-ʪ 

ñʍʘʨʢ. ʘʚʽʘʮ. ʽʥ-ʪò, 2001. ï ɺʠʧ. 26. ɼʚʠʛʫʥʠ ʪʘ ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ. ï 

ʉ. 85-89. 

3. ɹʦʛʦʣʝʧʦʚ ʀ.ʀ., ɸʚʬʝʨʦʥʦʢ ʕ.ʀ. ɿʚʫʢʦʠʟʦʣʷʮʠʷ ʥʘ ʩʫʜʘʭ. ï ʃ.: ʉʫ-

ʜʦʩʪʨʦʝʥʠʝ, 1970. ï 192 ʩ. 

4. ɼʠʜʢʦʚʩʢʠʡ ɺ.ʉ., ʂʘʨʘʯʫʥ ɺ.ɺ.,ɿʘʙʦʨʦʚ ɺ.ʀ. ʇʨʦʝʢʪʠʨʦʚʘʥʠʝ ʦʛʨʘ-

ʞʜʘʶʱʠʭ ʢʦʥʩʪʨʫʢʮʠʡ ʩ ʦʧʪʠʤʘʣʴʥʳʤʠ ʟʚʫʢʦ- ʠ ʚʠʙʨʦʠʟʦʣʷʮʠʦʥ-

ʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ï ʂ.: ɹʫʜʠʚʵʣʴʥʠʢ, 1991. ï 121 ʩ. 

5. ʄʝʣʴʥʠʢ ɺ.ʅ. ɼʠʬʨʘʢʮʠʷ ʟʚʫʢʘ ʥʘ ʫʧʨʫʛʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʝ // 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʚʠʨʦʙʥʠʯʠʭ ʧʨʦʮʝʩʽʚ. ï 2000. ï ̄  1(10). ï ʉ. 106-109. 

6. ʇʦʪʘʧʦʚʘ ɽ.ʈ., ʄʝʣʴʥʠʢ ɺ.ʅ., ʂʘʨʘʯʫʥ ɺ.ɺ. ɼʚʫʤʝʨʥʘʷ ʟʘʜʘʯʘ ʫʧʨʫ-

ʛʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʦʣʦʯʢʠ ʩ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʰʫʤʦʤ // ʊʨʫʜʳ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʵʢʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʥʛʨʝʩʩʘ (V ɺʩʝ-

ʨʦʩʩʠʡʩʢʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪ. ʢʦʥʬ.), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 14-16 ʠʶʥʷ 

2000 ʛ. ï ʊ. 2. ï ʉ. ï249. 

7. ʂʘʨʘʯʫʥ ɺ.ɺ., ʄʝʣʴʥʠʢ ɺ.ʅ., ɸʣʴ ʍʘʥʩʘʠʪ ʄʘʤʫʥ, ɹʘʣʘʥʠʥ ɺ.ʍ. ʅʝ-

ʩʪʘʮʠʦʥʘʨʥʘʷ ʟʘʜʘʯʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʵʨʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʰʫʤʘ ʩ 

ʧʣʦʩʢʦʡ ʧʨʝʛʨʘʜʦʡ // ɸʚʠʘʮʠʦʥʥʦ-ʢʦʩʤʠʯʝʩʢʘʷ ʪʝʭʥʠʢʘ ʠ ʪʝʭʥʦʣʦ-

ʛʠʷ: ʉʙ. ʥʘʫʯʥʳʭ ʪʨʫʜʦʚ. ï ʍʘʨʴʢʦʚ : ɻʦʩ. ɸʵʨʦʢʦʩʤʠʯʝʩʢʠʡ ʫʥ-ʪ 

çʍʘʨʴʢ. ʘʚʠʘʮ. ʠʥ-ʪè, 2000. ï ɺʳʧ. 19. ʊʝʧʣʦʚʳʝ ʜʚʠʛʘʪʝʣʠ ʠ ʵʥʝʨʛʦ-

ʫʩʪʘʥʦʚʢʠ. ï ʉ. 114-121. 

8. ʂʘʨʘʯʫʥ ɺ.ɺ., ʄʝʣʴʥʠʢ ɺ.ʅ. ɺʦʣʥʦʚʳʝ ʟʘʜʘʯʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʚʟʘʠ-

ʤʦʜʝʡʩʪʚʠʷ ʧʣʦʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩ ʘʢʫʩʪʠʯʝʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ // ɸʚʘ̔-

ʮʽʡʥʦ-ʢʦʩʤʽʯʥʘ ʪʝʭʥʽʢʘ ʽ ʪʝʭʥʦʣʦʛʽʷ: ɿʙ. ʥʘʫʢ. ʧʨʘʮʴ. ï ʍʘʨʢʽʚ: ʅʘʮ. 

ʘʝʨʦʢʦʩʤʽʯʥʠʡ ʫʥ-ʪ ñʍʘʨʴʢ. ʘʚʽʘʮ. ʽʥ-ʪò, 2000. ï ɺʠʧ. 26. ɼʚʠʛʫʥʠ ʪʘ 

ʝʥʝʨʛʦʫʩʪʘʥʦʚʢʠ. ï ʉ. 85-89. 

9. ʂʘʨʘʯʫʥ ɺ.ɺ. ʆ ʢʦʣʝʙʘʥʠʷʭ ʧʣʘʩʪʠʥ ʧʨʠ ʘʢʫʩʪʠʯʝʩʢʦʤ ʥʘʛʨʫʞʝʥʠʠ // 
ʇʨʠʢʣ. ʤʝʭʘʥʠʢʘ, 1988. ï 24, - ˉ 11. ï ʉ. 84-91. 

10. ʂʘʨʘʯʫʥ ɺ.ɺ. ʆʙ ʦʩʦʙʝʥʥʦʩʪʷʭ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʥʘʛʨʫʞʝʥʠʷ ʧʣʘʩʪʠʥ 

ʢʦʥʝʯʥʳʭ ʨʘʟʤʝʨʦʚ. // ʇʨʦʙʣʝʤʳ ʧʨʦʯʥʦʩʪʠ. ï 1990. ï ˉ 10. ï 

ʉ. 93-96. 



66 ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 2003 ï  ̄8 
 

 

11. ʄʝʣʴʥʠʢ ɺ.ʄ., ʂʘʨʘʯʫʥ ɺ.ɺ. ʅʝʩʪʘʮʽʦʥʘʨʥʘ ʧʨʫʞʥʽʩʪʴ ʢʦʞʫʭʘ ʛʽʨʦʩ-

ʢʦʧʘ ʚ ʘʢʫʩʪʠʯʥʠʭ ʧʦʣʷʭ // ɺʽʩʥʠʢ ɾɯʊɯ. ï 2000. ï ˉ 15 / ʊʝʭʥʯ̔ʥʽ 

ʥʘʫʢʠ. ï ʉ. 116-119. 

12. ʂʘʨʘʯʫʥ ɺ.ɺ, ʃʦʟʦʚʠʢ ɺ.ɻ., ʄʝʣʴʥʠʢ ɺ.ʅ. ɼʠʬʨʘʢʮʠʷ ʟʚʫʢʦʚʳʭ ʚʦʣʥ 

ʥʘ ʧʦʜʚʝʩʝ ʛʠʨʦʩʢʦʧʘ. ï ʂ.: ʂʦʨʥʝʡʯʫʢ, 2000. ï 176 ʩ. 

13. ʇʘʪʝʥʪ 39599 ɸ, ʋʢʨʘʾʥʘ, G 10 K 11/16. ʐʫʤʦʟʘʭʠʩʥʠʡ ʝʢʨʘʥ / 

ɺ.ɺ. ʂʘʨʘʯʫʥ, ʄ.ʉ. ʊʨʠʚʘʡʣʦ, ɺ.ʄ. ʄʝʣʴʥʠʢ. ï 2000116168. ï ɿʘʷʚʣ. 

01.11.2000. ʆʧʫʙʣ. 15.06.2001. ï ɹʶʣ. ˉ 5. ï1 ʩ. 

14. ʇʘʪʝʥʪ 39653 ɸ, ʋʢʨʘʾʥʘ, G 10 K 11/00. ɻʣʫʰʥʠʢ ʰʫʤʫ ʛʘʟʦʚʦʛʦ 

ʩʪʨʫʤʝʥʷ / ɺ.ɺ. ʂʘʨʘʯʫʥ, ʄ.ʉ. ʊʨʠʚʘʡʣʦ, ɺ.ʄ. ʄʝʣʴʥʠʢ. ï 

2000116810. ï ɿʘʷʚʣ. 29.11.2000. ʆʧʫʙʣ. 15.06.2001. ï ɹʶʣ. ˉ 5. 

 



2003 ï  ̄8 ʉʫʜʦʚʳʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʫʩʪʘʥʦʚʢʠ 67 
 

 

ʋɼʂ 621.431.74.03-57 

ɹʦʛʘʯ ɺ.ʄ., ɿʘʜʦʨʦʞʥʠʡ ʆ.ʆ. 

ʆʅʄɸ 

ʇʈʋʁʅɹʄʕʆɰ ʌʅʇɻʁ ʆɹɽʎʇɽɿɾʆʆʘ ʅɹʊʄɹ  
ɽʇ ʏʁʄɰʆɽʉɰɻ ʊʌɽʆʇɻʁʎ ɽɻʁɼʌʆɰɻ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʽʣʴʰʦʩʪʽ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʛʥʽʪʘʣʴʥʦʛʦ 

ʪʨʘʢʪʫ ʩʠʩʪʝʤ ʤʘʱʝʥʥʷ ʮʠʣʽʥʜʨʽʚ ʉɼɺɿ ʜʦʟʚʦʣʠʣʠ ʚʠʟʥʘʯʠʪʠ ʭʘʨʘʢʪʝ-

ʨʠʩʪʠʢʠ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʮʝʩʫ ʤʘʩʣʦ-

ʧʦʜʘʯʽ ʚ ʮʠʣʽʥʜʨ. ɼʦ ʥʠʭ ʫ ʧʝʨʰʫ ʯʝʨʛʫ ʚʽʜʥʦʩʷʪʴʩʷ: ʜʦʚʞʠʥʘ ʢʘʥʘʣʫ ʟʘ 

ʢʣʘʧʘʥʦʤ; ʢʫʪʠ ʥʘʭʠʣʽʚ ʦʢʨʝʤʠʭ ʡʦʛʦ ʜʽʣʷʥʦʢ, ʥʝʦʜʥʦʨʽʜʥʽʩʪʴ ʢʘʥʘʣʫ. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʣʷʭʽʚ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʩʠʩʪʝʤ ʟʤʘʱʫʚʘʥʥʷ ʥʝʦʙʭʽʜ-

ʥʦ ʚʽʜhʫʢʘʪʠ ʦʧʪʠʤʘʣʥɹʝ ʧʦʻʜʥʘʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʬʘʢʪʦʨʽʚ. 

ʎ  ̫ ʟʘʜʘʯʘ ʚʠʨʽʰʫʚʘʣʘʩʴ ʤʝʪʦʜʦʤ ʙʘʛʘʪʦʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ 

[1]. ʇʨʠ ʮʴʦʤʫ ʷʢ ʦʮʽʥʥʠʡ ʧʦʢʘʟʥʠʢ ʜʦʩʢʦʥʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʤʘʩʣʦʧʦʜʘʯʽ 

ʦʙʨʘʥʘ ʢʽʣʴʢʽʩʪʴ ʤʘʩʣʘ, ʧʦʜʘʥʦʛʦ ʚ ʮʠʣʽʥʜʨ ʩʪʽʢʘʥʥʷʤ ʧʦ ʜʟʝʨʢʘʣʫ, ʫ 

ʚʽʜʩʦʪʢʘʭ ʚʽʜ ʚʝʣʠʯʠʥʠ ʧʦʜʘʯʽ ʡʦʛʦ ʥʘʩʦʩʥʦʶ ʩʝʢʮʽʻʶ ʣʫʙʨʠʢʘʪʦʨʘ. 

ɼʣʷ ʟʘʧʠʩʫ ʧʣʘʥʫ ʝʢʩʧʝʨʠʤʝʥʪʫ ʡ ʦʙʨʦʙʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘ-

ʥʠʭ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʢʦʜʦʚʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʘʢʪʦʨʽʚ ʍi , ʱʦ ʟʚ'ʷʟʘʥʽ ʟ 

ʬʽʟʠʯʥʠʤʠ ʟʤʽʥʥʠʤʠ ʍ̔ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ: 
 

 0i i
i

i

X X
X

J
 (1) 

 

ʜʝ 
iX  ð ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʬʽʟʠʯʥʦʾ ʟʤʽʥʥʦʾ; 

0iX ð ʦʩʥʦʚʥʠʡ ʨʽʚʝʥʴ 

ʬʽʟʠʯʥʦʾ ʚʝʣʠʯʠʥʠ ʬʘʢʪʦʨʘ; 
iJ  ð ʬʽʟʠʯʥʠʡ ʽʥʪʝʨʚʘʣ ʚʘʨʽʶʚʘʥʥʷ. 

ʅʘ ʧʽʜʩʪʘʚʽ ʚʽʜʦʤʠʭ ʟʥʘʯʝʥʴ ʛʝʦʤʝʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʪʨʘʢʪʫ ʤʘʩʣʦ-

ʧʽʜʚʝʜʝʥʥʷ, ʦʙʨʘʥʠʭ ʷʢ ʦʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʙʫʣʠ ʚʩʪʘʥʦʚʣʝʥʽ ʤʝʞʽ ʾʭʥʴʦʾ 

ʟʤʽʥʠ. ʋ ʮʠʭ ʤʝʞʘʭ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʬʘʢʪʦʨʽʚ ʦʙʨʘʥʽ ʦʩʥʦʚʥʽ, ʚʝʨʭʥʽ ʽ ʥʠ-

ʞʥʽ ʨʽʚʥʽ, ʘ ʪʘʢʦʞ ʽʥʪʝʨʚʘʣʠ ʾʭʥʴʦʛʦ ʚʘʨʽʶʚʘʥʥʷ (ʪʘʙʣ. 1). 

ʊʘʙʣʠʮʷ 1. ʈʽʚʥʽ ʬʘʢʪʦʨʽʚ ʽ ʽʥʪʝʨʚʘʣʠ ʚʘʨʽʶʚʘʥʥʷ 

ʌʘʢʪʦʨʠ 
ʈʽʚʥʽ ɯʥʪʝʨʚʘʣʠ  

ʚʘʨʽʁʚʘʥʥʷ ʥʠʞʥʽʡ ʦʩʥʦʚʥʠʡ ʚʝʨʭʥʽʡ 

ɼʦʚʞʠʥʘ ʢʘʥʘʣʫ ð L (ʍ1) 4 15 26 11 

ʂʫʪ ʥʘʭʠʣʫ 1-ʾ ʜʽʣʷʥʢʠ ð 1 (ʍ2) 0 10 20 10 

ʂʫʪ ʥʘʭʠʣʫ 2-ʾ ʜʽʣʷʥʢʠ ð 2 (ʍ3) 0 45 90 45 

ʅʝʦʜʥʦʨʽʜʥʽʩʪʴ ʢʘʥʘʣʫ ð d1/d2 (ʍ4) 0,3 0,7 1,1 0,4 

 

ɿ ʤʝʪʦʶ ʩʢʦʨʦʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʩʢʦʨʠʩʪʘʻʤʦʩʷ ʜʨʦʙʦ-

ʚʦʶ ʨʝʧʣʽʢʦʶ ʧʦʚʥʦʛʦ ʬʘʢʪʦʨʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ. ʇʽʩʣʷ ʨʘʥʜʦʤʽʟʘʮʽʾ 

ʦʪʨʠʤʘʥʦ ʤʘʪʨʠʮ ʁʧʣʘʥʫʚʘʥʥʷ (ʪʘʙʣ. 2), ʱʦ ʷʚʣʷʻ ʩʦʙʦʶ ʥʘʧʽʚʨʝʧʣʽʢʫ 






































































































































































































