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ʉʚʝʪʣʦʡ ʧʘʤʷʪʠ ʦʪʮʘ, 

ʄʝʣʠʭʦʚʘ ɺʩʝʚʦʣʦʜʘ ʉʝʨʛʝʝʚʠʯʘ, 
ʧʦʩʚʷʱʘʶ 

 ʀʩʪʦʨʠʯʝʩʢʘʷ ʩʧʨʘʚʢʘ 

 20-ʡ ʚʝʢ... ʅʘʯʘʣʦ 50-ʭ... 
 ɺ ʪʦ ʚʨʝʤʷ ʚ ʥʘʰʝʡ ʩʪʨʘʥʝ ʨʘʙʦʪʘʣʠ ʪʦʣʴʢʦ ʪʨʠ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʭ 

ʪʝʣʝʮʝʥʪʨʘ ð ʄʦʩʢʦʚʩʢʠʡ, ʃʝʥʠʥʛʨʘʜʩʢʠʡ ʠ ʂʠʝʚʩʢʠʡ. ʈʝʪʨʘʥʩʣʷʪʦʨʦʚ ʠ 
ʨʘʜʠʦʨʝʣʝʡʥʳʭ ʣʠʥʠʡ ʝʱʝ ʥʝ ʙʳʣʦ, ʧʦʵʪʦʤʫ ʦʙʝʩʧʝʯʠʪʴ ʪʝʣʝʚʠʟʠʦʥʥʳʤ ʚʝʱʘʥʠʝʤ 
ʩʪʨʘʥʫ ʤʦʞʥʦ ʙʳʣʦ ʪʦʣʴʢʦ ʧʫʪʝʤ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʤʝʩʪʥʳʭ ʪʝʣʝʮʝʥʪʨʦʚ. ɻʦʩʫʜʘʨʩʪʚʫ, 
ʟʘʥʷʪʦʤʫ ʚ ʧʦʩʣʝʚʦʝʥʥʳʡ ʧʝʨʠʦʜ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʥʘʨʦʜʥʦʛʦ ʭʦʟʷʡʩʪʚʘ, ʵʪʦ ʙʳʣʦ 
ʝʱʝ ʥʝ ʧʦ ʩʠʣʘʤ. ʅʘ ʧʦʤʦʱʴ ʧʨʠʰʣʠ ʨʘʜʠʦʣʶʙʠʪʝʣʠ. 

 25 ʜʝʢʘʙʨʷ 1952 ʛʦʜʘ ʚ ʛ. ʊʦʤʩʢʝ ʙʳʣʘ ʦʩʫʱʝʩʪʚʣʝʥʘ ʧʝʨʚʘʷ ʧʝʨʝʜʘʯʘ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʪʝʣʝʚʠʜʝʥʠʷ. 

 ʇʝʨʝʜʘʪʯʠʢ ʥʘʭʦʜʠʣʩʷ ʚ ʙʘʰʝʥʢʝ ʬʠʟʠʯʝʩʢʦʛʦ ʢʦʨʧʫʩʘ ʊʦʤʩʢʦʛʦ 
ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ (ʊʇʀ), ʪʝʣʝʧʨʠʝʤʥʠʢ ð ʚ ʟʜʘʥʠʠ ʛʦʨʢʦʤʘ ʂʇʉʉ, ʛʜʝ 
ʪʦʛʜʘ ʧʨʦʭʦʜʠʣ ʝʛʦ ʧʣʝʥʫʤ. 

 ɺ ʢʘʯʝʩʪʚʝ ʢʠʥʝʩʢʦʧʘ ʪʝʣʝʧʨʠʝʤʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʨʫʙʢʘ ʦʪ 
ʦʩʮʠʣʣʦʛʨʘʬʘ (ʥʝ ʙʳʣʦ ʪʦʛʜʘ ʚ ʊʦʤʩʢʝ ʥʘʩʪʦʷʱʠʭ ʢʠʥʝʩʢʦʧʦʚ!), ʠ ʠʟʦʙʨʘʞʝʥʠʝ 
ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʢʠʥʦʞʫʨʥʘʣʘ ʙʳʣʦ çʟʝʣʝʥʳʤè. ɿʚʫʢ ʞʝ ʙʳʣ ʜʦʚʦʣʴʥʦ çʯʠʩʪʳʤè ð 
ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʘʷ ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ. 

 ʇʝʨʝʜʘʶʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʠ ʪʝʣʝʧʨʠʝʤʥʠʢ ʙʳʣʠ ʩʦʟʜʘʥʳ ʥʝʙʦʣʴʰʦʡ ʛʨʫʧʧʦʡ 
ʵʥʪʫʟʠʘʩʪʦʚ-ʧʦʣʠʪʝʭʥʠʢʦʚ, ʦʙʲʝʜʠʥʠʣ ʠ ʚʦʟʛʣʘʚʠʣ ʢʦʪʦʨʫʶ ʧʨʝʢʨʘʩʥʳʡ 
ʦʨʛʘʥʠʟʘʪʦʨ ɸʣʝʢʩʘʥʜʨ ɸʣʝʢʩʘʥʜʨʦʚʠʯ ɹʘʢʘʢʠʥ, ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʝʨʚʳʡ ʜʠʨʝʢʪʦʨ 
ʊʦʤʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʣʝʮʝʥʪʨʘ. ɺʝʜʫʱʠʤ ʨʘʟʨʘʙʦʪʯʠʢʦʤ ʧʨʠʝʤʥʦ-
ʧʝʨʝʜʘʶʱʝʡ ʘʧʧʘʨʘʪʫʨʳ ʙʳʣ ɺʩʝʚʦʣʦʜ ʉʝʨʛʝʝʚʠʯ ʄʝʣʠʭʦʚ. ɹʳʣʦ ɺʩʝʚʦʣʦʜʫ 
ʉʝʨʛʝʝʚʠʯʫ ʚ ʪʦ ʚʨʝʤʷ 26 ʣʝʪ... 

 ʃʶʙʠʪʝʣʴʩʢʠʡ ʪʝʣʝʮʝʥʪʨ ʊʇʀ ʚʝʣ ʨʝʛʫʣʷʨʥʳʡ ʧʦʢʘʟ ʢʠʥʦʬʠʣʴʤʦʚ ʜʦ 
ʘʧʨʝʣʷ 1954 ʛʦʜʘ. 

 ɺ 1954 ʛʦʜʫ ʊʦʤʩʢ ʦʪʤʝʯʘʣ ʩʚʦʝ 350-ʣʝʪʠʝ ʠ ʥʘʢʘʥʫʥʝ ʨʫʢʦʚʦʜʩʪʚʦ ʛʦʨʦʜʘ 
ʧʨʠʥʷʣʦ ʨʝʰʝʥʠʝ ʦʟʥʘʤʝʥʦʚʘʪʴ ʵʪʫ ʜʘʪʫ ʩʪʨʦʠʪʝʣʴʩʪʚʦʤ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʠʣʘʤʠ 
ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʣʝʮʝʥʪʨʘ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʙʳʪʴ ʧʨʠʥʷʪ ʚ ʥʘʩʪʦʷʱʫʶ 
ʵʢʩʧʣʫʘʪʘʮʠʶ. ʅʘʯʘʣʦʩʴ ʩʪʨʦʠʪʝʣʴʩʪʚʦ ʟʜʘʥʠʷ ʪʝʣʝʮʝʥʪʨʘ ʥʘ ɺʦʩʢʨʝʩʝʥʩʢʦʡ ʛʦʨʝ. 

 ɺ ʶʙʠʣʝʡʥʳʡ ʛʦʜ ʊʦʤʩʢʠʡ ʪʝʣʝʮʝʥʪʨ ʥʘʯʘʣ ʧʝʨʝʜʘʯʠ, ʘ ʚ ʤʘʝ 1955 ʛʦʜʘ 
ʙʳʣ ʧʨʠʥʷʪ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʢʦʤʠʩʩʠʝʡ. ʕʪʦ ʙʳʣ ʧʝʨʚʳʡ ʚ ʉʠʙʠʨʠ 
ʠ ʧʷʪʳʡ ʜʝʡʩʪʚʫʶʱʠʡ ʪʝʣʝʮʝʥʪʨ ʚ ʉʉʉʈ. 

 ɺ 1955 ʛʦʜʫ ʚ ʊʇʀ ʙʳʣʘ ʦʨʛʘʥʠʟʦʚʘʥʘ ʢʘʬʝʜʨʘ ʨʘʜʠʦʧʝʨʝʜʘʶʱʠʭ 
ʫʩʪʨʦʡʩʪʚ, ʟʘʚʝʜʫʶʱʠʤ ʢʦʪʦʨʦʡ ʩʪʘʣ ɺ.ʉ. ʄʝʣʠʭʦʚ. ʂʦʣʣʝʢʪʠʚ ʢʘʬʝʜʨʳ ʧʨʦʜʦʣʞʘʣ 
ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʪʝʣʝʚʠʟʠʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ. ɺ ʪʝʯʝʥʠʝ 1956-61 ʛʦʜʦʚ ʠʤ ʙʳʣʦ 
ʠʟʛʦʪʦʚʣʝʥʦ ʠ ʩʜʘʥʦ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʝʣʝʮʝʥʪʨʦʚ ʝʱʝ ʚ 10 ʛʦʨʦʜʘʭ 
ʥʘʰʝʡ ʩʪʨʘʥʳ ð ɹʘʨʥʘʫʣʝ, ɹʠʡʩʢʝ, ʈʫʙʮʦʚʩʢʝ, ʋʩʪʴ-ʂʘʤʝʥʦʛʦʨʩʢʝ, ʋʭʪʝ-ʂʦʤʠ 
ɸʉʉʈ, ɸʢʪʶʙʠʥʩʢʝ, ɸʙʘʢʘʥʝ, ʂʫʩʪʘʥʘʝ, ʂʦʥʦʪʦʧʝ, ʏʠʤʢʝʥʪʝ. 
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ʇʨʝʜʠʩʣʦʚʠʝ 

 ʈʘʜʠʦʚʝʱʘʥʠʝ ð ʧʝʨʝʜʘʯʘ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʜʠʦʚʦʣʥ ʥʝʦʛʨʘʥʠʯʝʥʥʦʤʫ 
ʯʠʩʣʫ ʩʣʫʰʘʪʝʣʝʡ ʨʝʯʠ, ʤʫʟʳʢʠ ʠ ʜʨʫʛʠʭ ʟʚʫʢʦʚʳʭ ʵʬʬʝʢʪʦʚ; ʦʜʥʦ ʠʟ ʦʩʥʦʚʥʳʭ 
ʩʨʝʜʩʪʚ ʤʘʩʩʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʧʨʦʧʘʛʘʥʜʳ, ʧʨʦʩʚʝʱʝʥʠʷ ʥʘʩʝʣʝʥʠʷ. ʇʝʨʚʳʝ 
ʧʝʨʝʜʘʯʠ ʚ ʉʉʉʈ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ 1919 ʛʦʜʫ, ʚ ʉʐɸ ʚ 1920 ʛʦʜʫ, ʚ ʩʪʨʘʥʘʭ 
ɽʚʨʦʧʳ ð ʚ 1922-1926 ʛʦʜʘʭ (ʠʟ ʵʥʮʠʢʣʦʧʝʜʠʯʝʩʢʦʛʦ ʩʣʦʚʘʨʷ). 
 ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʢʨʘʪʢʦʛʦ ʦʧʠʩʘʥʠʷ ʦʩʥʦʚʥʳʭ 
ʧʨʠʥʮʠʧʦʚ ʘʥʘʣʦʛʦʚʦʛʦ ʠ ʮʠʬʨʦʚʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ, ʘ ʪʘʢʞʝ ʦʩʦʙʝʥʥʦʩʪʝʡ 
ʧʦʩʪʨʦʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ ʨʘʜʠʦʚʝʱʘʥʠʷ ʥʘ ʦʩʥʦʚʝ ʪʝʭʥʦʣʦʛʠʡ FDMA ʠ 
TDMA. ʇʦʩʦʙʠʝ ʩʦʜʝʨʞʠʪ ʥʝʦʙʭʦʜʠʤʳʝ ʚʚʦʜʥʳʝ ʨʘʟʜʝʣʳ, ʚ ʢʦʪʦʨʳʭ 
ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʦʥʷʪʠʷ ʩʠʩʪʝʤʳ ʠ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ (ʨʘʟʜʝʣ 1), ʯʘʩʪʦʪʥʳʝ 
ʜʠʘʧʘʟʦʥʳ ʥʘʟʝʤʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ (ʨʘʟʜʝʣ 2), ʦʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʨʘʜʠʦʚʦʣʥ (ʨʘʟʜʝʣ 3), ʤʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʭ ʰʫʤʦʚ (ʨʘʟʜʝʣ 4), 
ʦʩʥʦʚʥʳʝ ʤʦʜʫʣʠʨʫʶʱʠʝ ʠ ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 
(ʨʘʟʜʝʣʳ 7, 8), ʧʨʠʥʮʠʧʳ ʬʦʨʤʠʨʦʚʘʥʠʷ, ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʚʦʟʤʦʞʥʳʝ ʜʝʡʩʪʚʠʷ 
ʥʘʜ ʮʠʬʨʦʚʳʤʠ ʩʠʛʥʘʣʘʤʠ (ʧʦʜʨʘʟʜʝʣʳ 11.1-11.2.2) ʠ ʧʨ. ʇʨʠʚʝʜʝʥ ʜʦʚʦʣʴʥʦ 
ʙʦʣʴʰʦʡ ʦʙʲʝʤ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ, ʢʘʩʘʶʱʠʭʩʷ ʤʦʱʥʦʩʪʠ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ 
ʧʝʨʝʜʘʪʯʠʢʦʚ (ʨʘʟʜʝʣ 2, ʪʘʙʣ. ʇ.3), ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʦʚ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 
ʨʘʜʠʦʩʚʷʟʠ (ʪʘʙʣ. ʇ.1, ʇ.2), ʧʘʨʘʤʝʪʨʦʚ ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ (ʪʘʙʣ. ʇ.3). 
 ʇʦʩʢʦʣʴʢʫ ʤʥʦʛʠʝ ʧʨʠʥʮʠʧʳ ʪʝʭʥʠʯʝʩʢʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʚʝʱʘʥʠʷ ʠ ʩʚʷʟʠ 
ʩʭʦʜʥʳ ʤʝʞʜʫ ʩʦʙʦʡ, ʚʢʣʶʯʝʥʳ ʥʝʢʦʪʦʨʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʩʘʶʱʠʝʩʷ 
ʦʨʛʘʥʠʟʘʮʠʠ ʩʚʷʟʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʘʣʴʥʝʡ ʘʥʘʣʦʛʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ ʨʘʟʣʠʯʥʳʤʠ 
ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʠʠ (ʧʦʜʨʘʟʜʝʣ 9.1), ʮʠʬʨʦʚʦʡ ʪʝʣʝʬʦʥʥʦʡ ʩʚʷʟʠ ʥʘ ʦʩʥʦʚʝ 
ʩʪʘʥʮʠʠ ʀʂʄ-30 (ʧʦʜʨʘʟʜʝʣ 11.3), ʘ ʪʘʢʞʝ ʮʠʬʨʦʚʦʡ ʨʘʜʠʦʩʚʷʟʠ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʫʤʦʧʦʜʦʙʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʪʥʦʩʷʱʝʡʩʷ ʢ ʪʝʭʥʦʣʦʛʠʠ CDMA 
(ʧʦʜʨʘʟʜʝʣ 11.7).  
 ʄʘʪʝʨʠʘʣʳ ʧʦʩʦʙʠʷ ʨʘʩʩʯʠʪʘʥʳ ʥʘ ʯʠʪʘʪʝʣʷ, ʠʤʝʶʱʝʛʦ ʥʘʯʘʣʴʥʦʝ 
ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʟʥʘʢʦʤʦʛʦ ʩ ʪʝʦʨʠʝʡ ʨʘʜʠʦʪʝʭʥʠʯʝʩʢʠʭ ʮʝʧʝʡ 
ʠ ʩʠʛʥʘʣʦʚ, ʩ ʧʨʠʥʮʠʧʘʤʠ ʨʘʙʦʪʳ ʮʠʬʨʦʚʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʧʨʦʮʝʩʩʦʨʦʚ, ʩ 
ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʫʩʠʣʠʪʝʣʴʥʳʭ, ʧʝʨʝʜʘʶʱʠʭ, ʧʨʠʝʤʥʳʭ ʪʨʘʢʪʦʚ, ʘ ʪʘʢʞʝ ʩʦ 
ʩʚʦʡʩʪʚʘʤʠ ʘʥʪʝʥʥʦ-ʬʠʜʝʨʥʳʭ ʫʩʪʨʦʡʩʪʚ. 
 ʇʦʩʦʙʠʝ ʥʘʧʠʩʘʥʦ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʣʝʢʮʠʡ, ʢʦʪʦʨʳʝ ʯʠʪʘʶʪʩʷ ʩʪʫʜʝʥʪʘʤ, 
ʦʙʫʯʘʶʱʠʤʩʷ ʚ ʊʦʤʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʠ 
ʨʘʜʠʦʵʣʝʢʪʨʦʥʠʢʠ (ʊʋʉʋʈ) ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʷʤ çʈʘʜʠʦʪʝʭʥʠʢʘè, çʈʘʜʠʦʩʚʷʟʴ, 
ʨʘʜʠʦʚʝʱʘʥʠʝ ʠ ʪʝʣʝʚʠʜʝʥʠʝè ʠ ʜʨ. 
 ɿʘʤʝʯʘʥʠʷ ʠ ʧʨʝʜʣʦʞʝʥʠʷ ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʧʦʩʦʙʠʷ ʤʦʞʥʦ ʧʦʩʳʣʘʪʴ ʧʦ 
ʘʜʨʝʩʫ: 634050, ʛ. ʊʦʤʩʢ, ʧʨ. ʃʝʥʠʥʘ, 40, ʊʋʉʋʈ, ʢʘʬʝʜʨʘ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ 
(ʉʈʉ, Means of Radiocommunication ð MRC), ʘ ʪʘʢʞʝ ʧʦ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʯʪʝ: 
mrc @ main.tusur.ru 
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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ɸɼ - ʘʤʧʣʠʪʫʜʥʳʡ ʜʝʪʝʢʪʦʨ 
ɸʀʄ - ʘʤʧʣʠʪʫʜʥʦ-ʠʤʧʫʣʴʩʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʤʦʜʫʣʷʪʦʨ) 
ɸʀʄ-ʩʠʛʥʘʣ - ʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʥʦ-ʠʤʧʫʣʴʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ɸʂʌ  - ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ 
ɸʄ  - ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ɸʄ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ɸʇʏ  - ʘʚʪʦʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ 
ɸʎʇ  - ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ɹɺʅ  - ʙʠʥʘʨʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʙʝʟ ʚʦʟʚʨʘʱʝʥʠʷ  

ʢ ʥʫʣʶ (ʠʣʠ NRZ - Nonreturn to Zero) 
ɹɺʅʏ  - ʙʣʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ 
ɹɺʊʏ  - ʙʣʦʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ 
ɹɻʨ  - ʙʘʟʘ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ 
ɹɼ  - ʙʣʦʢ ʜʘʥʥʳʭ 
ɹʀʉ  - ʙʦʣʴʰʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ 
ɹʄ  - ʙʘʣʘʥʩʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ɹʄ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʙʘʣʘʥʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ɹʄʢ  - ʙʘʟʘ ʤʠʢʨʦʬʦʥʦʚ 
ɹʏʍ  - ʢʦʜʳ ɹʦʫʟʘ-ʏʦʫʜʭʫʨʠ-ʍʦʢʚʠʥʛʝʤʘ 
ɺɸʂʈ  - ɺʩʝʤʠʨʥʘʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʨʘʜʠʦʩʚʷʟʠ 
ɺʅ  - ʙʠʥʘʨʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʚʦʟʚʨʘʱʝʥʠʝʤ 

ʢ ʥʫʣʶ (ʠʣʠ RZ - Return to Zero) 
ɺʈʂ  - ʚʨʝʤʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʢʘʥʘʣʦʚ (ʤʥʦʞʝʩʪʚʝʥʥʳʡ  

(ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʳʡ) ʜʦʩʪʫʧ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ  
ʢʘʥʘʣʦʚ)  

ɺʉ  - ʚʨʝʤʝʥʥʦʡ ʩʝʣʝʢʪʦʨ 
ɺʏ  - ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
ɻ  - ʛʝʪʝʨʦʜʠʥ 
ɻɹʏ  - ʛʝʥʝʨʘʪʦʨ ʙʠʪʘ ʯʝʪʥʦʩʪʠ 
ɻɺʏ  - ʛʠʧʝʨʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
ɻʀɼ  - ʛʝʥʝʨʘʪʦʨ ʠʤʧʫʣʴʩʦʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ 
ɻʄʅ  - ʛʝʥʝʨʘʪʦʨ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ 
ɻʅ  - ʛʝʥʝʨʘʪʦʨ ʥʝʩʫʱʝʡ 
ɻʇʊ  - ʛʝʥʝʨʘʪʦʨ ʧʠʣʦʪ-ʪʦʥʘ 
ɻʇʉʇ  - ʛʝʥʝʨʘʪʦʨ ʧʩʝʚʜʦʩʣʫʯʘʡʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 
ɻʉʆ  - ʛʝʥʝʨʘʪʦʨ ʠʥʬʨʘʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʦʧʦʟʥʘʚʘʥʠʷ 
ɼɸʉ  - ʜʝʣʠʪʝʣʴ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ 
ɼɺ  - ʜʣʠʥʥʳʝ ʚʦʣʥʳ 
ɼɼ  - ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ 
ɼʂʄ  - ʜʘʥʥʳʝ ʢʦʥʬʠʛʫʨʘʮʠʠ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ 
ɼʂC  - ʜʘʥʥʳʝ ʢʘʥʘʣʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ɼʄɼ  - ʜʝʤʦʜʫʣʷʪʦʨ 
ɼʇʈɾ  - ʙʣʦʢ ʜʝʧʝʨʝʤʝʞʝʥʠʷ 
ɼʉ  - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʩʠʩʪʝʤʘ 
ɼʉʂʈ  - ʙʣʦʢ ʜʝʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ 
ɼʉʀ  - ʜʘʥʥʳʝ ʩʝʨʚʠʩʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ɼʉʆ  - ʜʝʪʝʢʪʦʨ ʩʠʛʥʘʣʘ ʦʧʦʟʥʘʚʘʥʠʷ 
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ɼʌʋ  - ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ 
ɼʎʇ  - ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʮʝʧʴ ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ 
ɼʎʂʇ  - ʮʝʧʴ ʢʦʤʧʝʥʩʘʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʯʘʩʪʦʪʥʳʭ  

ʧʨʝʜʳʩʢʘʞʝʥʠʡ 
ɼʏ  - ʜʝʣʠʪʝʣʴ ʯʘʩʪʦʪʳ 
ɿʆʉ  - ʟʦʥʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʪʝʨʝʦʵʬʬʝʢʪʘ 
ɿʐ  - ʟʝʤʥʦʡ ʰʘʨ 
ʀʂʄ  - ʠʤʧʫʣʴʩʥʦ-ʢʦʜʦʚʘʷ ʤʦʜʫʣʷʮʠʷ 
ʀʉɿ  - ʠʩʢʫʩʩʪʚʝʥʥʳʡ ʩʧʫʪʥʠʢ ɿʝʤʣʠ 
ʂɸʏʍ  - ʢʦʨʨʝʢʪʦʨ ɸʏʍ 
ʂɹʀ  - ʢʘʥʘʣ ʙʳʩʪʨʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʂɺ  - ʢʦʨʦʪʢʠʝ ʚʦʣʥʳ 
ʂɺʊ  - ʢʚʘʥʪʦʚʘʪʝʣʴ 
ʂɺʏ  - ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
ʂɼ  - ʢʦʜʝʨ 
KDMX  - ʢʦʥʪʨʦʣʣʝʨ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 
ʂʀ  - ʢʘʥʘʣʴʥʳʡ ʠʥʪʝʨʚʘʣ 
ʂʀʆ  - ʙʣʦʢ ʢʦʨʨʝʢʮʠʠ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ ʦʰʠʙʦʢ 
ʂʀʇʄʇ  - ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ 
ʂʄʇʈ  - ʢʦʤʧʨʝʩʩʦʨ 
ʂʄX  - ʢʦʥʪʨʦʣʣʝʨ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ 
ʂʉʉ  - ʢʦʤʧʣʝʢʩʥʳʡ ʩʪʝʨʝʦʩʠʛʥʘʣ 
ʃɿ  - ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 
ʃʇ  - ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ 
ʄʂʂʊ  - ʄʝʞʜʫʥʘʨʦʜʥʳʡ ʢʦʥʩʫʣʴʪʘʪʠʚʥʳʡ ʢʦʤʠʪʝʪ ʧʦ ʪʝʣʝʬʦʥʠʠ  

ʠ ʪʝʣʝʛʨʘʬʠʠ 
ʄʂ  - ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʄʇʏ  - ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ 
ʄʐʋ  - ʤʘʣʦʰʫʤʷʱʠʡ ʫʩʠʣʠʪʝʣʴ 
ʄʕʂ  - ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʘʷ ʢʦʤʠʩʩʠʷ 
ʅʂɺʊ  - ʥʝʨʘʚʥʦʤʝʨʥʳʡ (ʥʝʣʠʥʝʡʥʳʡ ) ʢʚʘʥʪʦʚʘʪʝʣʴ 
ʅʇʏ  - ʥʘʠʥʠʟʰʘʷ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ 
ʅʏ  - ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ 
ʆɸ  - ʦʛʨʘʥʠʯʠʪʝʣʴ ʘʤʧʣʠʪʫʜʳ 
ʆɹʇ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʦʡ 
ʆɹʇʄ  - ʦʜʥʦʧʦʣʦʩʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ʆɺʏ  - ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
ʆɻ  - ʦʧʦʨʥʳʡ ʛʝʥʝʨʘʪʦʨ 
ʆɼɺ  - ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʚʦʣʥʳ 
ʆʄ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ʆʅʏ  - ʦʯʝʥʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ 
ʆʋ  - ʦʧʝʨʘʮʠʦʥʥʳʡ ʫʩʠʣʠʪʝʣʴ 
ʆʐʂ  - ʦʧʨʝʜʝʣʠʪʝʣʴ ʰʢʘʣʳ ʢʚʘʥʪʦʚʘʥʠʷ 
ʇ  - ʧʝʨʝʜʘʪʯʠʢ 
ʇɼ  - ʧʦʣʷʨʥʳʡ ʜʝʪʝʢʪʦʨ 
ʇʂɸʆ  - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʘʙʩʦʣʶʪʥʦʛʦ ʢʦʜʘ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʡ 
ʇʄ  - ʧʦʣʷʨʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ʇʤ  - ʧʝʨʝʤʥʦʞʠʪʝʣʴ 
ʇʄʂ  - ʧʦʣʷʨʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʝ 
ʇʆʂɸ  - ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʢʦʜʘ ʚ ʘʙʩʦʣʶʪʥʳʡ 
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ʇʇɼ  - ʧʘʨʘʣʣʝʣʴʥʦ-ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʜʝʢʦʜʝʨ 
ʇʇʂ  - ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ-ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʜʝʨ 
ʇʈ  - ʧʨʠʝʤʥʠʢ 
ʇʈɼ  - ʧʦʨʦʛʦʚʳʡ ʜʝʪʝʢʪʦʨ 
ʇʈɾ  - ʙʣʦʢ ʧʝʨʝʤʝʞʝʥʠʷ 
ʇʈʉ  - ʧʦʨʦʛʦʚʘʷ ʨʝʰʘʶʱʘʷ ʩʭʝʤʘ 
ʇʈʉʋɺ  - ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʇʈʉʎʉ  - ʧʨʠʝʤʥʠʢ ʩʠʛʥʘʣʘ ʮʠʢʣʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʇʉ-ʄ  - ʧʝʨʝʢʣʶʯʘʪʝʣʴ ʩʪʝʨʝʦ - ʤʦʥʦ 
ʇʉʇ  - ʧʩʝʚʜʦʩʣʫʯʘʡʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 
ʇʉʈ  - ʧʦʜʚʠʞʥʘʷ ʩʣʫʞʙʘ ʨʘʜʠʦʩʚʷʟʠ 
ʇʉʉ  - ʧʦʜʚʠʞʥʘʷ ʩʧʫʪʥʠʢʦʚʘʷ ʩʣʫʞʙʘ 
ʇʉʋɺ  - ʧʝʨʝʜʘʪʯʠʢ ʩʠʛʥʘʣʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʇʉʎʉ  - ʧʝʨʝʜʘʪʯʠʢ ʩʠʛʥʘʣʘ ʮʠʢʣʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʇʊ  - ʧʠʣʦʪ-ʪʦʥ 
ʇʋ  - ʙʣʦʢ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʫʨʦʚʥʝʡ 
ʇʋʩ  - ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ 
ʇʌ  - ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ 
ʈɸʂʈ  - ʈʝʛʠʦʥʘʣʴʥʘʷ ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʨʘʜʠʦʩʚʷʟʠ 
ʈɺ  - ʨʘʜʠʦʚʝʱʘʥʠʝ 
ʈɻʉ  - ʨʝʛʝʥʝʨʠʨʫʶʱʘʷ ʩʭʝʤʘ 
ʈɿɺ  - ʨʘʟʚʝʪʚʠʪʝʣʴ 
ʈʂɺʊ  - ʨʘʚʥʦʤʝʨʥʳʡ (ʣʠʥʝʡʥʳʡ) ʢʚʘʥʪʦʚʘʪʝʣʴ 
ʈʂʧ  - ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ 
ʈʂʧʨ  - ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ ʢʘʥʘʣʦʚ ʧʨʠʝʤʘ 
ʈʇʈ  - ʙʣʦʢ ʨʘʩʧʘʨʘʣʣʝʣʠʚʘʥʠʷ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ 
ʈʉ  - ʨʘʜʠʦʩʚʷʟʴ 
ʈʉʊ  - ʨʘʜʠʦʩʪʘʥʮʠʷ 
ʈʊʇʈ  - ʨʘʜʠʦʪʨʘʢʪ ʧʨʠʝʤʥʠʢʘ 
ʉɹʀʉ  - ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʘʷ ʙʦʣʴʰʘʷ ʠʥʪʝʛʨʘʣʴʥʘʷ ʩʭʝʤʘ 
ʉɺ  - ʩʨʝʜʥʠʝ ʚʦʣʥʳ 
ʉɺʄʈ  - ʩʭʝʤʘ ʚʳʨʘʙʦʪʢʠ ʤʦʤʝʥʪʘ ʨʝʰʝʥʠʷ 
ʉɺʅ  - ʩʭʝʤʘ ʚʳʜʝʣʝʥʠʷ ʥʝʩʫʱʝʡ 
ʉɺʏ  - ʩʚʝʨʭʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
ʉɻ  - ʩʠʥʭʨʦʥʥʳʡ ʛʝʥʝʨʘʪʦʨ 
ʉɼ  - ʩʠʥʭʨʦʥʥʳʡ ʜʝʪʝʢʪʦʨ 
ʉʂ  - ʩʝʨʚʠʩʥʳʡ ʢʘʜʨ 
ʉʂʀ  - ʩʣʫʞʙʘ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʉʂʈ  - ʙʣʦʢ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʷ 
ʉʂʕ  - ʩʣʫʞʙʘ ʢʦʩʤʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ 
ʉʣʉ  - ʩʣʦʚʦ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʉʣʎʉ  - ʩʣʦʚʦ ʮʠʢʣʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʉʣʂʀ  - ʩʣʦʚʦ ʢʦʥʪʨʦʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 
ʉʣɼɼ  - ʩʣʦʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʘʥʥʳʭ 
ʉʣɼ  - ʩʣʦʚʦ ʜʘʥʥʳʭ 
ʉʄ  - ʩʤʝʩʠʪʝʣʴ 
ʉʆʄ  - ʩʦʚʤʝʩʪʠʤʘʷ ʦʜʥʦʧʦʣʦʩʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ʉʇʌ  - ʩʣʝʜʷʱʠʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ 
ʉʈʇ  - ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʴ 
ʉʈʉɼ  - ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʩʠʥʭʨʦʥʥʳʡ ʜʝʪʝʢʪʦʨ 
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ʉʉ  - ʩʝʨʚʠʩʥʘʷ ʩʣʫʞʙʘ 
ʉʉʂ  - ʩʝʨʚʠʩʥʳʡ ʩʫʧʝʨʢʘʜʨ 
ʉʉʅʍʈ  - ʩʠʩʪʝʤʘ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʉʊɼ  - ʩʪʝʨʝʦʜʝʢʦʜʝʨ 
ʉʋ  - ʩʫʤʤʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ 
ʉʋɺ  - ʩʠʛʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʉʎʉ  - ʩʠʛʥʘʣ ʮʠʢʣʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 
ʉʏ  - ʩʨʝʜʥʠʝ ʯʘʩʪʦʪʳ 
ʉ/ʐ  - ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ - ʰʫʤ 

ʊɺʈʇ  - ʪʨʘʢʪ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʨʘʜʠʦʧʨʦʛʨʘʤʤʳ 
ʊʀ  - ʪʘʢʪʦʚʳʡ ʠʤʧʫʣʴʩ 
ʊʇʈʇ  - ʪʨʘʢʪ ʧʝʨʝʜʘʯʠ ʨʘʜʠʦʧʨʦʛʨʘʤʤ 
ʊʌʇ  - ʪʨʘʢʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤ 
ʋɸʊ  - ʫʧʨʘʚʣʷʝʤʳʡ ʘʪʪʝʥʶʘʪʦʨ 
ʋɻ  - ʛʝʥʝʨʘʪʦʨ ʩ ʫʧʨʘʚʣʷʝʤʦʡ ʯʘʩʪʦʪʦʡ 
ʋɼʏ  - ʫʜʚʦʠʪʝʣʴ ʯʘʩʪʦʪʳ 
ʋDMX  - ʫʧʨʘʚʣʷʝʤʳʡ ʜʝʤʫʣʴʪʠʧʣʝʢʩʦʨ 
ʋɺʏ  - ʫʣʴʪʨʘʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
ʋɿʏ  - ʫʩʠʣʠʪʝʣʴ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ 
ʋʂɺ  - ʫʣʴʪʨʘʢʦʨʦʪʢʠʝ ʚʦʣʥʳ 
ʋʂʉʉ  - ʫʧʣʦʪʥʝʥʥʳʡ ʢʦʤʧʣʝʢʩʥʳʡ ʩʪʝʨʝʦʩʠʛʥʘʣ 
ʋʄ  - ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ 
ʋʄ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ʋʆ  - ʫʩʪʨʦʡʩʪʚʦ ʦʙʲʝʜʠʥʝʥʠʷ  
ʋʆʇ  - ʫʩʠʣʠʪʝʣʴ-ʦʛʨʘʥʠʯʠʪʝʣʴ ʧʦʜʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ 
ʋʇʌ  - ʫʟʢʦʧʦʣʦʩʥʳʡ ʧʦʣʦʩʦʚʦʡ ʬʠʣʴʪʨ 
ʋʇʏ  - ʫʩʠʣʠʪʝʣʴ ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʯʘʩʪʦʪʳ 
ʋʩʂʉʉ  - ʫʩʠʣʠʪʝʣʴ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʪʝʨʝʦʩʠʛʥʘʣʘ 
ʋʏʄ  - ʫʟʢʦʧʦʣʦʩʥʘʷ ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ʌɸʇʏ  - ʬʘʟʦʚʘʷ ʘʚʪʦʧʦʜʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ 
ʌɺ  - ʬʘʟʦʚʨʘʱʘʪʝʣʴ 
ʌʀ  - ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʫʧʨʘʚʣʷʶʱʠʭ ʠʤʧʫʣʴʩʦʚ 
ʌʂʀ  - ʬʦʨʤʠʨʦʚʘʪʝʣʴ ʢʦʤʤʫʪʠʨʫʶʱʠʭ ʠʤʧʫʣʴʩʦʚ 
ʌʄ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ʌʅʏ  - ʬʠʣʴʪʨ ʥʠʞʥʠʭ ʯʘʩʪʦʪ 
ʌʇʊ  - ʬʠʣʴʪʨ ʧʠʣʦʪ - ʪʦʥʘ 
ʌʉʈ  - ʬʠʢʩʠʨʦʚʘʥʥʘʷ ʩʣʫʞʙʘ ʨʘʜʠʦʩʚʷʟʠ 
ʌʉʉ  - ʬʠʣʴʪʨ ʩ ʩʦʩʨʝʜʦʪʦʯʝʥʥʦʡ ʩʝʣʝʢʮʠʝʡ 
ʎɸʇ  - ʮʠʬʨʦ-ʘʥʘʣʦʛʦʚʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 
ʎɺʇ  - ʮʝʧʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʥʝʩʫʱʝʡ 
ʎʂʇ  - ʮʝʧʴ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ 
ʎʃɿ  - ʮʠʬʨʦʚʘʷ ʣʠʥʠʷ ʟʘʜʝʨʞʢʠ 
ʎʇ  - ʮʝʧʴ ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ 
ʎʇɹɺʅ  - ʮʠʬʨʦʚʦʡ ʧʦʪʦʢ ʙʝʟ ʚʦʟʚʨʘʱʝʥʠʷ ʢ ʥʫʣʶ 
ʎʇʇ  - ʮʝʧʴ ʧʦʜʘʚʣʝʥʠʷ ʧʦʜʥʝʩʫʱʝʡ 
ʎʇʨ  - ʮʠʬʨʦʚʦʡ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣ ɹ
ʏɼ  - ʯʘʩʪʦʪʥʳʡ ʜʝʪʝʢʪʦʨ 
ʏʄ  - ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ʏʄ-ʩʠʛʥʘʣ - ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 
ʏʄɺ  - ʚʦʟʙʫʜʠʪʝʣʴ ʏʄ - ʩʠʛʥʘʣʘ 
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ʐʇ-ʩʠʛʥʘʣʳ - ʰʫʤʦʧʦʜʦʙʥʳʝ ʩʠʛʥʘʣʳ 
ʐʏʄ  - ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ 
ʕʀʀʄ  - ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʠʟʦʪʨʦʧʥʦ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ 
ʕʂ  - ʵʣʝʢʪʨʦʥʥʳʡ ʢʣʶʯ 
ʕʂʉʇ  - ʵʢʩʧʘʥʜʝʨ 
BPSK  - Binary Phase Shift Keying (ʜʚʫʭʧʦʟʠʮʠʦʥʥʘʷ ʬʘʟʦʚʘʷ 

ʤʘʥʠʧʫʣʷʮʠʷ) 
CDMA  - Code Division Multiple Access  

{ʤʥʦʞʝʩʪʚʝʥʥʳʡ (ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʳʡ) ʜʦʩʪʫʧ  
ʩ ʢʦʜʦʚʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ} 

COFDM  - Coded Orthogonal Frequency Division  
(ʤʦʜʫʣʷʮʠʷ ʩ ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ 
ʢʘʥʘʣʦʚ ʩ ʢʦʜʠʨʦʚʘʥʠʝʤ (ʩ ʯʘʩʪʦʪʥʳʤ ʧʝʨʝʤʝʞʝʥʠʝʤ)) 

CW  - Code Work (ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʪʝʣʝʛʨʘʬʠʝʡ ʄʦʨʟʝ) 
DAB  - Digital Audio Broadcasting (ʮʠʬʨʦʚʦʝ ʟʚʫʢʦʚʦʝ ʚʝʱʘʥʠʝ) 
DQPSK  - Differential Quadrature Phase Shift Keying  

(ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ (ʦʪʥʦʩʠʪʝʣʴʥʘʷ) ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ  
ʤʘʥʠʧʫʣʷʮʠʷ) 

DS  - Direct Sequence (ʤʝʪʦʜ ʧʨʷʤʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ  
ʬʦʨʤʠʨʦʚʘʥʠʷ ʐʇ-ʩʠʛʥʘʣʘ) 

DSR  - Digital Satellite Radio (ʮʠʬʨʦʚʦʝ ʩʧʫʪʥʠʢʦʚʦʝ ʨʘʜʠʦʚʝʱʘʥʠʝ) 
EHF  - Extremely High Frequency (ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ) 
FDMA  - Frequency Division Multiple Access 

(ʤʥʦʞʝʩʪʚʝʥʥʳʡ (ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʳʡ) ʜʦʩʪʫʧ 
ʩ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ) 

FH  - Frequency Hopping (ʤʝʪʦʜ ʩʢʘʯʢʦʚ ʧʦ ʯʘʩʪʦʪʝ 
 ʬʦʨʤʠʨʦʚʘʥʠʷ ʐʇ-ʩʠʛʥʘʣʘ) 

FM  - Frequency Modulation (ʯʘʩʪʦʪʥʘʷ ʤʦʜʫʣʷʮʠʷ) 
FMX  - Extended Range FM Stereo System  

(ʩʠʩʪʝʤʘ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ ʚʝʱʘʥʠʷ ʩ ʨʘʩʰʠʨʝʥʥʦʡ 
ʟʦʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ) 

HF  - High Frequency (ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ) 
IS  - Interim Standard (ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʩʪʘʥʜʘʨʪ) 
LF  - Low Frequency (ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ) 
LW  - Long Wave (ʜʣʠʥʥʳʝ ʚʦʣʥʳ) 
LSB  - Low Significant Bit (ʤʣʘʜʰʠʡ ʟʥʘʯʘʱʠʡ ʙʠʪ) 
mod 2  - ʩʫʤʤʠʨʦʚʘʥʠʝ çʧʦ ʤʦʜʫʣʶ ʜʚʘè 
MF  - Medium Frequency (ʩʨʝʜʥʠʝ ʯʘʩʪʦʪʳ) 
MPEG  - Moving Pictures Experts Group  

(ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʧʦ ʜʚʠʞʫʱʠʤʩʷ ʠʟʦʙʨʘʞʝʥʠʷʤ) 
MUSICAM - Masking Pattern Universal Subband Integrated Coding  

And Multiplexing  
(ʤʝʪʦʜ ʨʝʜʫʢʮʠʠ (ʩʞʘʪʠʷ, ʩʦʢʨʘʱʝʥʠʷ ʠʟʙʳʪʦʯʥʦʩʪʠ)  
ʮʠʬʨʦʚʦʛʦ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ) 

MSB  - Main Significant Bit (ʩʪʘʨʰʠʡ ʟʥʘʯʘʱʠʡ ʙʠʪ) 
MW  - Medium Wave (ʩʨʝʜʥʠʝ ʚʦʣʥʳ) 
MX  - Multiplex (ʤʫʣʴʪʠʧʣʝʢʩʦʨ) 
NICAM  - Near Instantaneous Companded Audio Multiplex  

(ʧʦʯʪʠ ʤʛʥʦʚʝʥʥʦʝ ʘʜʘʧʪʠʚʥʦʝ ʢʦʤʧʘʥʜʠʨʦʚʘʥʠʝ) 
O-QPSK  - Offset (Staggered) Quadrature Phase Shift Keying  
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(SQPSK)  (ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ  

ʩʦ ʩʜʚʠʛʦʤ (ʩʤʝʱʝʥʠʝʤ)) 
PSK - Phase Shift Keying (ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ) 
QPSK  - Quadrature Phase Shift Keying  

(ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʘʟʦʚʘʷ ʤʘʥʠʧʫʣʷʮʠʷ) 
SHF  - Super High Frequency (ʩʚʝʨʭʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ) 
SW  - Short Wave (ʢʦʨʦʪʢʠʝ ʚʦʣʥʳ) 
TDMA  - Time Division Multiple Access 

(ʤʥʦʞʝʩʪʚʝʥʥʳʡ (ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʳʡ) ʜʦʩʪʫʧ  
ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ) 

UHF  - Ultra High Frequency ʫʣʴʪʨʘʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ) 
VHF  - Very High Frequency (ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ) 
VLF  - Very Low Frequency (ʦʯʝʥʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ) 
VLW  - Very Long Wave (ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʚʦʣʥʳ) 
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1. ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʩʚʷʟʠ. ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ 

 ʉʠʩʪʝʤʘ ʧʝʨʝʜʘʯʠ (ʩʚʷʟʠ) ʧʨʝʜʥʘʟʥʘʯʘʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʝʨʝʜʘʚʘʝʤʦʡ ʠʥʬʦʨʤʘʮʠʠ ʩʦʦʙʱʝʥʠʝʤ ʤʦʛʫʪ ʙʳʪʴ ʨʝʯʴ, 

ʤʫʟʳʢʘ, ʪʝʣʝʚʠʟʠʦʥʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ, ʪʝʢʩʪ ʪʝʣʝʛʨʘʤʤʳ, ʜʘʥʥʳʝ ʕɺʄ ʠ ʧʨ. [34]. 

 ʉʦʦʙʱʝʥʠʝʤ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʪʦʢ ʠʣʠ ʥʘʧʨʷʞʝʥʠʝ ʥʘ 

ʚʳʭʦʜʝ ʢʘʢʦʛʦ-ʣʠʙʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʥʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ 

ʤʠʢʨʦʬʦʥʘ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪ ʠʟʤʝʥʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʜʘʚʣʝʥʠʷ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ). ʀʩʪʦʯʥʠʢʦʤ 

ʩʦʦʙʱʝʥʠʡ ʥʘʟʳʚʘʶʪ ʬʠʟʠʯʝʩʢʠʡ ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ ʚʤʝʩʪʝ ʩ 

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ (ʥʘʧʨʠʤʝʨ, ʜʠʢʪʦʨ ʩ ʤʠʢʨʦʬʦʥʦʤ - ʠʩʪʦʯʥʠʢ ʠʥʬʦʨʤʘʮʠʠ).  

 ʇʨʦʮʝʩʩ ʧʝʨʝʜʘʯʠ ʩʦʦʙʱʝʥʠʡ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʭ ʵʪʘʧʘ 

(ʨʠʩ. 1.1): ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʷ ʚ ʩʠʛʥʘʣ; ʧʝʨʝʜʘʯʘ ʩʠʛʥʘʣʘ ʧʦ ʣʠʥʠʠ 

ʧʝʨʝʜʘʯʠ (ʩʚʷʟʠ); ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʩʦʦʙʱʝʥʠʝ.  

 
ʈʠʩ. 1.1. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʩʚʷʟʠ 

 ʉʦʦʙʱʝʥʠʝ S t( )  ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʧʝʨʝʜʘʪʯʠʢʦʤ (ʇ) ʚ ʩʠʛʥʘʣ u tc( ) , 

ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʳʡ ʜʣʷ ʜʘʥʥʦʡ ʣʠʥʠʠ ʧʝʨʝʜʘʯʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʶʪ 

ʤʦʜʫʣʷʮʠʝʡ. ʇʨʠ ʵʪʦʤ ʩʦʦʙʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʤʦʜʫʣʠʨʫʶʱʠʤ ʩʠʛʥʘʣʦʤ. 

ʄʦʜʫʣʠʨʫʶʱʠʡ ʩʠʛʥʘʣ ʠʟʤʝʥʷʝʪ ʦʜʠʥ ʠʟ ʧʘʨʘʤʝʪʨʦʚ (ʘʤʧʣʠʪʫʜʫ, ʯʘʩʪʦʪʫ, 

ʬʘʟʫ) ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ. ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʡ ʩʠʛʥʘʣ ʚ ʩʠʩʪʝʤʝ ʨʘʜʠʦʩʚʷʟʠ ʥʘʟʳʚʘʶʪ ʨʘʜʠʦʩʠʛʥʘʣʦʤ. 

ɺʳʩʦʢʦʯʘʩʪʦʪʥʳʡ ʩʠʛʥʘʣ ʫʩʠʣʠʚʘʝʪʩʷ ʠ ʬʠʣʴʪʨʫʝʪʩʷ ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʠ 

ʧʦʩʪʫʧʘʝʪ ʚ ʣʠʥʠʶ ʧʝʨʝʜʘʯʠ. 

 ʇʨʦʮʝʩʩʫ ʤʦʜʫʣʷʮʠʠ ʤʦʞʝʪ ʧʨʝʜʰʝʩʪʚʦʚʘʪʴ ʧʨʦʮʝʩʩ ʢʦʜʠʨʦʚʘʥʠʷ 

ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ, ʥʘʧʨʠʤʝʨ ʧʝʨʝʚʦʜ ʥʝʧʨʝʨʳʚʥʦʛʦ (ʘʥʘʣʦʛʦʚʦʛʦ) 

ʩʠʛʥʘʣʘ ʚ ʜʠʩʢʨʝʪʥʫʶ (ʮʠʬʨʦʚʫʶ) ʬʦʨʤʫ. ɺ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʝʨʝʜʘʯʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʚʟʘʠʤʦʥʝʟʘʚʠʩʠʤʫʶ ʧʝʨʝʜʘʯʫ ʥʝʩʢʦʣʴʢʠʭ 

ʩʦʦʙʱʝʥʠʡ ʧʦ ʦʙʱʝʡ ʣʠʥʠʠ ʩʚʷʟʠ, ʧʨʦʮʝʩʩʫ ʤʦʜʫʣʷʮʠʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʝʱʝ ʠ 
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ʦʧʝʨʘʮʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ. 

 ʃʠʥʠʝʡ ʧʝʨʝʜʘʯʠ (ʩʚʷʟʠ) ʥʘʟʳʚʘʝʪʩʷ ʩʨʝʜʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʛʥʘʣʘ ʦʪ 

ʧʝʨʝʜʘʪʯʠʢʘ ʢ ʧʨʠʝʤʥʠʢʫ (ʇʈ). ʃʠʥʠʝʡ ʧʝʨʝʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʦʚʦʜʘ, ʢʘʙʝʣʴ, 

ʚʦʣʥʦʚʦʜ, ʩʚʝʪʦʚʦʜ. ɺ ʩʠʩʪʝʤʝ ʨʘʜʠʦʩʚʷʟʠ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ - ʵʪʦ ʦʙʣʘʩʪʴ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʤʝʞʜʫ ʧʝʨʝʜʘʪʯʠʢʦʤ ʠ ʧʨʠʝʤʥʠʢʦʤ (ʨʘʜʠʦʯʘʩʪʦʪʥʳʡ ʵʬʠʨ). 

 ʇʨʠ ʧʨʦʭʦʞʜʝʥʠʠ ʩʠʛʥʘʣʘ ʧʦ ʢʘʥʘʣʫ ʧʝʨʝʜʘʯʠ (ʚ ʯʘʩʪʥʦʩʪʠ, ʧʦ ʣʠʥʠʠ 

ʧʝʨʝʜʘʯʠ) ʦʥ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʡʩʪʚʠʶ ʧʦʤʝʭ ʠ ʰʫʤʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʩʢʘʞʝʥʠʶ 

ʩʠʛʥʘʣʘ. ʀʩʢʘʞʝʥʠʷ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʦʙʫʩʣʦʚʣʝʥʳ ʚ ʦʩʥʦʚʥʦʤ: 

 ʨʘʟʣʠʯʥʳʤʠ ʩʣʫʯʘʡʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ, 

ʚʳʟʚʘʥʥʳʤʠ ʚʦʟʤʫʱʝʥʠʷʤʠ ʚ ʩʨʝʜʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʠʤ 

ʥʝʩʦʚʝʨʰʝʥʩʪʚʦʤ ʘʧʧʘʨʘʪʫʨʳ; 

 ʜʝʡʩʪʚʠʝʤ ʚʥʝʰʥʠʭ ʧʦʤʝʭ - ʘʪʤʦʩʬʝʨʥʳʭ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ 

(ʧʨʦʤʳʰʣʝʥʥʳʭ), ʢʦʩʤʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʧʦʤʝʭ ʦʪ ʜʨʫʛʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ; 

 ʥʘʣʠʯʠʝʤ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝʫʩʪʨʘʥʠʤʦʛʦ ʩʦʙʩʪʚʝʥʥʦʛʦ ʰʫʤʘ ʧʨʠʝʤʥʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ.  

 ɺ ʧʨʠʝʤʥʠʢʝ ʧʝʨʝʜʘʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʦ ʧʨʠʥʷʪʦʤʫ 

ʩʠʛʥʘʣʫ u tc * ( )  ʠ ʧʝʨʝʜʘʝʪʩʷ ʧʦʣʫʯʘʪʝʣʶ. ɼʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʦʦʙʱʝʥʠʷ 

S t* ( )  ʠʟ ʩʠʛʥʘʣʘ u tc * ( )  ʚ ʧʨʠʝʤʥʦʤ ʫʩʪʨʦʡʩʪʚʝ ʚʳʧʦʣʥʷʶʪʩʷ ʦʧʝʨʘʮʠʠ, 

ʦʙʨʘʪʥʳʝ ʪʝʤ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʦʩʫʱʝʩʪʚʣʝʥʳ ʚ ʧʝʨʝʜʘʶʱʝʤ 

ʫʩʪʨʦʡʩʪʚʝ, - ʜʝʤʦʜʫʣʷʮʠʷ (ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ), ʨʘʟʜʝʣʝʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ 

ʩʠʛʥʘʣʘ, ʜʝʢʦʜʠʨʦʚʘʥʠʝ. 

 ʇʝʨʝʜʘʪʯʠʢ, ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ ʠ ʧʨʠʝʤʥʠʢ ʦʙʨʘʟʫʶʪ ʢʘʥʘʣ ʧʝʨʝʜʘʯʠ 

(ʩʚʷʟʠ), ʢʦʪʦʨʳʡ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʶʪ ʢʘʥʘʣʦʤ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ 

ʵʣʝʢʪʨʦʩʚʷʟʠ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ ʢʘʥʘʣʦʚ ʧʝʨʝʜʘʯʠ 

ʧʘʨʘʤʝʪʨʳ ʧʝʨʝʜʘʶʱʝʛʦ ʠ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚ (ʤʝʪʦʜ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ, ʚʠʜ 

ʤʦʜʫʣʷʮʠʠ, ʚʳʭʦʜʥʘʷ ʤʦʱʥʦʩʪʴ, ʩʧʦʩʦʙ ʧʨʠʝʤʘ ʠ ʧʨ.) ʚʳʙʠʨʘʶʪ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʥʘʠʤʝʥʴʰʝʝ ʦʪʣʠʯʠʝ ʧʝʨʝʜʘʥʥʦʛʦ S t( )  ʠ ʧʨʠʥʷʪʦʛʦ 

S t* ( )  ʩʦʦʙʱʝʥʠʡ. 

 ʂʘʥʘʣ ʧʝʨʝʜʘʯʠ ʚʤʝʩʪʝ ʩ ʠʩʪʦʯʥʠʢʦʤ ʠ ʧʦʣʫʯʘʪʝʣʝʤ ʩʦʦʙʱʝʥʠʡ 

ʦʙʨʘʟʫʝʪ ʩʠʩʪʝʤʫ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʵʣʝʢʪʨʦʩʚʷʟʠ. ʉʫʱʝʩʪʚʫʶʪ ʩʠʩʪʝʤʳ 

ʧʝʨʝʜʘʯʠ ʥʝʧʨʝʨʳʚʥʳʭ (ʘʥʘʣʦʛʦʚʳʭ) ʩʠʛʥʘʣʦʚ ʠ ʜʠʩʢʨʝʪʥʳʭ (ʚ ʯʘʩʪʥʦʩʪʠ, 

ʮʠʬʨʦʚʳʭ) ʩʠʛʥʘʣʦʚ.  

 ʉʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʳʭ ʩʠʛʥʘʣʦʚ ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʠʩʪʝʤ 

ʧʝʨʝʜʘʯʠ ʘʥʘʣʦʛʦʚʳʭ ʩʠʛʥʘʣʦʚ. ɺ ʮʠʬʨʦʚʳʭ ʩʠʩʪʝʤʘʭ ʚʦʟʤʦʞʥʳ ʨʝʛʝʥʝʨʘʮʠʷ 

(ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ) ʧʨʠʥʷʪʳʭ ʩ ʠʩʢʘʞʝʥʠʷʤʠ (ʠʟ-ʟʘ ʧʦʤʝʭ ʠ ʰʫʤʦʚ) ʩʠʛʥʘʣʦʚ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʛʦ ʢʦʜʠʨʦʚʘʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʮʠʬʨʦʚʳʝ 
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ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʩʪʠʪʴ ʠʭ ʚʢʣʶʯʝʥʠʝ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʫʶ 

ʢʦʤʤʫʪʠʨʫʝʤʫʶ ʩʝʪʴ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʳʭ 

ʩʠʛʥʘʣʦʚ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʪʝʣʝʬʦʥʠʠ, ʨʘʜʠʦʚʝʱʘʥʠʠ, 

ʪʝʣʝʚʠʜʝʥʠʠ ʠ ʜʨ. 

 2. ʅʦʤʝʥʢʣʘʪʫʨʘ ʨʘʜʠʦʜʠʘʧʘʟʦʥʦʚ. ɼʠʘʧʘʟʦʥʳ ʥʘʟʝʤʥʦʛʦ 
ʨʘʜʠʦʚʝʱʘʥʠʷ 

 ɼʣʠʥʘ ʚʦʣʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (l), ʢʘʢ ʠʟʚʝʩʪʥʦ, ʩʚʷʟʘʥʘ ʩ 

ʯʘʩʪʦʪʦʡ ʢʦʣʝʙʘʥʠʷ (f ) ʠ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ (c ʤ ʩ= Ö3 108 / ) ʩʦʦʪʥʦʰʝʥʠʝʤ 

l=c f/ . 

 ʅʦʤʝʥʢʣʘʪʫʨʘ ʨʘʜʠʦʜʠʘʧʘʟʦʥʦʚ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.1. 
ʊʘʙʣʠʮʘ 2.1 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʜʠʘʧʘʟʦʥʦʚ ʯʘʩʪʦʪ ʠ ʚʦʣʥ 

ʅʦʤʝʨ 
ʜʠʘʧʘʟʦʥ
ʘ 

ʏʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, 
ʥʘʠʤʝʥʦʚʘʥʠʝ ʯʘʩʪʦʪ 

ɼʣʠʥʳ ʚʦʣʥ, 
ʥʘʠʤʝʥʦʚʘʥʠʝ ʚʦʣʥ, 

 

ʄʝʪʨʠʯʝʩʢʦʝ 
ʩʦʢʨʘʱʝʥʠʝ 
ʜʠʘʧʘʟʦʥʘ 

4 3,0é30,0 ʢɻʮ, 
ʦʯʝʥʴ ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ 

(ʆʅʏ, VLF) 

100,0é10,0 ʢʤ, 
ʤʠʨʠʘʤʝʪʨʦʚʳʝ (ʤʨʤ),  
ʦʯʝʥʴ ʜʣʠʥʥʳʝ ʚʦʣʥʳ 

(ʆɼɺ, VLW) 

ɼ, ʤʨʤ 
(B. Mam) 

5 30,0é300,0 ʢɻʮ, 
ʥʠʟʢʠʝ ʯʘʩʪʦʪʳ 
(ʅʏ, LF) 

10,0é1,0 ʢʤ, 
ʢʠʣʦʤʝʪʨʦʚʳʝ (ʢʤ), 

ʜʣʠʥʥʳʝ ʚʦʣʥʳ (ɼɺ, LW) 

ɼ, ʢʤ 
(B.Km) 

6 0,3é3,0 ʄɻʮ, 
ʩʨʝʜʥʠʝ ʯʘʩʪʦʪʳ 
(ʉʏ, MF) 

1,0é0,1 ʢʤ, 
ʛʝʢʪʦʤʝʪʨʦʚʳʝ (ʛʤ), 

ʩʨʝʜʥʠʝ ʚʦʣʥʳ (ʉɺ, MW)  

ɼ, ʛʤ 
(B. hm) 

7 3,0é30,0 ʄɻʮ, 
ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 
(ɺʏ, HF) 

100,0é10,0 ʤ, 
ʜʝʢʘʤʝʪʨʦʚʳʝ (ʜʢʤ),  
ʢʦʨʦʪʢʠʝ ʚʦʣʥʳ (ʂɺ, SW) 

ɼ, ʜʢʤ 
(B. dam) 

8 30,0é300,0 ʄɻʮ, 
ʦʯʝʥʴ ʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 

(ʆɺʏ, VHF) 

10,0é1,0 ʤ, 
ʤʝʪʨʦʚʳʝ (ʤ), 

ʫʣʴʪʨʘʢʦʨʦʪʢʠʝ ʚʦʣʥʳ 
(ʋʂɺ) 

ɼ, ʤ 
(B. m) 

9 0,3é3,0 ɻɻʮ, 
ʫʣʴʪʨʘʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 

(ʋɺʏ, UHF) 

1,0é0,1 ʤ, 
ʜʝʮʠʤʝʪʨʦʚʳʝ (ʜʤ) 

ɼ, ʜʤ 
(B. dm) 

10 3,0é30,0 ɻɻʮ, 
ʩʚʝʨʭʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 

(ʉɺʏ, SHF) 

10,0é1,0 ʩʤ, 
ʩʘʥʪʠʤʝʪʨʦʚʳʝ (ʩʤ) 

ɼ, ʩʤ 
(B. cm) 

11 30,0é300,0 ɻɻʮ, 
ʢʨʘʡʥʝ ʚʳʩʦʢʠʝ 
ʯʘʩʪʦʪʳ 
(ʂɺʏ, EHF) 

10,0é1,0 ʤʤ, 
ʤʠʣʣʠʤʝʪʨʦʚʳʝ (ʤʤ) 

ɼ, ʤʤ 
(B. mm) 

12 300,0é3000,0 ɻɻʮ, 
ʛʠʧʝʨʚʳʩʦʢʠʝ ʯʘʩʪʦʪʳ 

(ɻɺʏ) 

1,0é0,1 ʤʤ, 
ʜʝʮʠʤʠʣʣʠʤʝʪʨʦʚʳʝ 
(ʦʧʪʠʯʝʩʢʠʝ) 

-- 
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 ʈʘʜʠʦʯʘʩʪʦʪʥʳʡ ʵʬʠʨ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʤ ʧʨʠʨʦʜʥʳʤ ʨʝʩʫʨʩʦʤ, 
ʢʦʪʦʨʳʤ ʧʦʣʴʟʫʝʪʩʷ ʯʝʣʦʚʝʯʝʩʪʚʦ ʚʩʝʭ ʢʦʥʪʠʥʝʥʪʦʚ ɿʝʤʣʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ 
ʨʘʜʠʦʯʘʩʪʦʪ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʩʪʨʘʥʘʤʠ ʠ ʨʝʛʣʘʤʝʥʪʘʮʠʷ ʨʘʙʦʪʳ 
ʨʘʜʠʦʩʨʝʜʩʪʚ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ɺʩʝʤʠʨʥʳʭ ʠʣʠ ʈʝʛʠʦʥʘʣʴʥʳʭ 
ʘʜʤʠʥʠʩʪʨʘʪʠʚʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʜʠʦʩʚʷʟʠ (ɺɸʂʈ, ʈɸʂʈ). ɺ 1979 ʛʦʜʫ ʚ 
ɾʝʥʝʚʝ ɺɸʂʈ ʙʳʣ ʫʪʚʝʨʞʜʝʥ ʈʝʛʣʘʤʝʥʪ ʨʘʜʠʦʩʚʷʟʠ, ʟʘʢʨʝʧʣʷʶʱʠʡ 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʜʠʘʧʘʟʦʥʳ ʜʣʷ ʨʘʜʠʦʚʝʱʘʥʠʷ (ʈɺ), ʩʣʫʞʝʙʥʦʡ ʠ 
ʣʶʙʠʪʝʣʴʩʢʦʡ ʨʘʜʠʦʩʚʷʟʠ (ʈʉ), ʬʠʢʩʠʨʦʚʘʥʥʦʡ ʩʣʫʞʙʳ ʨʘʜʠʦʩʚʷʟʠ (ʌʉʈ), 
ʧʦʜʚʠʞʥʦʡ ʩʣʫʞʙʳ ʨʘʜʠʦʩʚʷʟʠ (ʇʉʈ), ʧʦʜʚʠʞʥʦʡ ʩʧʫʪʥʠʢʦʚʦʡ ʩʣʫʞʙʳ (ʇʉʉ), 
ʩʣʫʞʙʳ ʢʦʩʤʠʯʝʩʢʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ (ʉʂʕ), ʩʣʫʞʙʳ ʢʦʩʤʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
(ʉʂʀ) ʠ ʧʨ. 
 ɼʠʘʧʘʟʦʥʳ ʥʘʟʝʤʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ (ʈɺ) ʠ ʪʝʣʝʚʝʱʘʥʠʷ (ʊɺ) 
ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 2.2 (ʜʠʘʧʘʟʦʥʳ ʊɺ ʜʣʷ ʩʪʨʘʥ ʙʳʚʰʝʛʦ ʉʉʉʈ). ɼʠʘʧʘʟʦʥʳ 
ʥʝʢʦʪʦʨʳʭ ʩʨʝʜʩʪʚ ʨʘʜʠʦʩʚʷʟʠ ʧʦ ʈʝʛʣʘʤʝʥʪʫ ɺɸʂʈ, ʈʝʛʣʘʤʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʨʘʜʠʦʯʘʩʪʦʪ ʜʣʷ ʄʦʩʢʚʳ ʠ ʯʘʩʪʦʪʳ ʨʘʜʠʦ- ʠ ʪʝʣʝʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ ʊʦʤʩʢʘ 
ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ. 
  ʈɺ ʠ ʊɺ ʥʘ ʯʘʩʪʦʪʘʭ, ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 2.2, ʚʝʜʝʪʩʷ ʧʦ ʪʝʭʥʦʣʦʛʠʠ 
FDMA (Frequency Division Multiple Access - ʤʥʦʞʝʩʪʚʝʥʥʳʡ 
(ʤʥʦʛʦʩʪʘʥʮʠʦʥʥʳʡ) ʜʦʩʪʫʧ ʩ ʯʘʩʪʦʪʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ ʢʘʥʘʣʦʚ). 
 ɺ ʜʠʘʧʘʟʦʥʘʭ ɼɺ ʠ ʉɺ ʨʘʟʥʦʩ ʤʝʞʜʫ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ ʚʝʱʘʪʝʣʴʥʳʭ 

ʨʘʜʠʦʩʪʘʥʮʠʡ (ʈʉʊ) 9ʢɻʮ. ʂʘʞʜʦʡ ʩʪʘʥʮʠʠ ʧʨʠʩʚʘʠʚʘʝʪʩʷ ʥʦʤʝʨ ʢʘʥʘʣʘ. ɺ 

ʜʠʘʧʘʟʦʥʝ ɼɺ - 15  ʢʘʥʘʣʦʚ (ʥʦʤʝʨʘ ʢʘʥʘʣʦʚ: 17 18 31, , ..., ). ɺ ʜʠʘʧʘʟʦʥʝ ʉɺ - 120 

ʢʘʥʘʣʦʚ (ʥʦʤʝʨʘ ʢʘʥʘʣʦʚ: 59 60 178, , ..., ). ʅʦʤʝʨ ʢʘʥʘʣʘ, ʫʤʥʦʞʝʥʥʳʡ ʥʘ 9ʢɻʮ, 

ʦʧʨʝʜʝʣʷʝʪ ʯʘʩʪʦʪʫ ʥʝʩʫʱʝʡ. ɼʣʷ ʜʠʘʧʘʟʦʥʘ ɼɺ:  

f ʢɻʮ ʢɻʮʥ17 17 9 153= Ö = ; ..., f ʢɻʮ ʢɻʮʥ31 31 9 279= Ö = .  

 ɼʣʷ ʜʠʘʧʘʟʦʥʘ ʉɺ: 

f ʢɻʮ ʢɻʮʥ59 58 9 531= Ö = ; ..., f ʢɻʮ ʢɻʮʥ178 178 9 1602= Ö = .  

 ɽʩʣʠ ʈʉʊ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʜʘʣʝʥʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ (ʯʪʦ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʢʣʶʯʘʝʪ ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ), ʠʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʩʚʦʝʥʳ 

ʦʜʠʥʘʢʦʚʳʝ ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ. 

 ɺ ʜʠʘʧʘʟʦʥʝ ʂɺ ʩʝʪʢʘ ʥʝʩʫʱʠʭ ʢʨʘʪʥʘ 5ʢɻʮ, ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ, ʙʣʠʟʢʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʈʉʊ, - 10ʢɻʮ. ɽʩʣʠ ʈʉʊ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʫʜʘʣʝʥʥʳʭ 

ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʟʦʥʘʭ, ʜʦʧʫʩʢʘʝʪʩʷ ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ 5ʢɻʮ. 

 ɺ ʜʠʘʧʘʟʦʥʘʭ ɼɺ, ʉɺ ʠʩʧʦʣʴʟʫʝʪʩʷ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ (ɸʄ), ʚ 

ʜʠʘʧʘʟʦʥʝ ʂɺ - ɸʄ ʠ ʩʦʚʤʝʩʪʠʤʘʷ ʦʜʥʦʧʦʣʦʩʥʘʷ ʤʦʜʫʣʷʮʠʷ (ʉʆʄ). ʅʠʞʥʷʷ 

ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ ʚ ʜʠʘʧʘʟʦʥʘʭ ɼɺ, ʉɺ, ʂɺ F ɻʮʥ=50 150... , ʚʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʚ 

ʜʠʘʧʘʟʦʥʘʭ ɼɺ ʠ ʉɺ F ʢɻʮʚ=4 5 10, ... , ʚ ʜʠʘʧʘʟʦʥʝ ʂɺ - F ʢɻʮʚ=4 5, . ʇʦʣʦʩʘ 

ʯʘʩʪʦʪ ʨʘʜʠʦʢʘʥʘʣʘ, ʟʘʥʠʤʘʝʤʘʷ ʦʜʥʦʡ ʈʉʊ ʚ ʜʠʘʧʘʟʦʥʘʭ ɼɺ, ʉɺ, ʂɺ ʧʨʠ ɸʄ, 
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Df F ʢɻʮʚ= =2 9 20... . 

 ʄʦʱʥʦʩʪʴ ɼɺ- ʠ ʉɺ-ʧʝʨʝʜʘʪʯʠʢʦʚ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 

100 2000... ʢɺʪ. 

 ʄʦʱʥʦʩʪʴ ʂɺ-ʧʝʨʝʜʘʪʯʠʢʦʚ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 10 100... ʢɺʪ. 

 
ʊʘʙʣʠʮʘ 2.2 

ʈɺ ʠ ʊɺ ʜʠʘʧʘʟʦʥʳ (ʙʝʟ ʜʠʘʧʘʟʦʥʦʚ ʀʉɿ) 

ɼʠʘʧʘʟʦʥʳ ʏʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ, ʄɻʮ ɼʣʠʥʳ ʚʦʣʥ, ʤ 

ɼɺ (LW) 0,153é0,279 1960,78é1075,27 

ʉɺ (MW) 0,531é1,602 564,97é187,27 

ʂɺ (SW) 
ʂɺ-1 
ʂɺ-2 
ʂɺ-3 
ʂɺ-4 
ʂɺ-5 
ʂɺ-6 
ʂɺ-7 
ʂɺ-8 
ʂɺ-9 
ʂɺ-10 
ʂɺ-11 
ʂɺ-12 
ʂɺ-13 
ʂɺ-14 

2,30é26,10 
2,30...2,50 
3,20...3,64 
3,95...4,00 
4,75...4,85 
5,00...5,05 
5,95...6,20 
7,10...7,30 
9,50...9,90 

11,65...12,05 
13,60...13,80 
15,10...15,60 
17,55...17,90 
21,45...21,85 
25,65...26,10 

130,00é11,00 
130,00...120,00 (120 ʤ) 

93,75...82,42 (90 ʤ) 
76,00...75,00 (75 ʤ) 
63,16...61,86 (62 ʤ) 
60,00...59,40 (59 ʤ) 
50,42...48,39 (49 ʤ) 
42,25..41,01 (41 ʤ) 
31,58...30,30 (31 ʤ) 
25,75...24,90 (25 ʤ) 
22,06...21,74 (22 ʤ) 
19,87...19,23 (19 ʤ) 
17,09...16,09 (16 ʤ) 
13,99...13,73 (13 ʤ) 
11,70...11,49 (11 ʤ) 

ʋʂɺ - ʏʄ (ʄɺ - ʏʄ) 65,80é73,00 (ʙʳʚʰ. ʉʉʉʈ) 4,56é4,11 

FM 76,00é88,00 (ʗʧʦʥʠʷ) 3,95é3,41 

FM 88,00...104,00 (ɿʘʧ. ɽʚʨʦʧʘ) 3,41é2,88 

FM 88,00é108,00 (ʉʐɸ) 3,41é2,78 

ʊɺ, 1-2 ʢʘʥʘʣʳ, ʨʘʟʥʦʩ 
ʦʜʥʦʠʤʝʥʥʳʭ ʥʝʩʫʱʠʭ 9,5 

ʄɻʮ 

48,5é66,0 (ʙʳʚʰ. ʉʉʉʈ) 6,19é4,55 

ʊɺ, 3-5 ʢʘʥʘʣʳ, ʨʘʟʥʦʩ 
ʦʜʥʦʠʤʝʥʥʳʭ ʥʝʩʫʱʠʭ 8 ʄɻʮ 

76,0é100,0 (ʙʳʚʰ. ʉʉʉʈ) 3,95é3,0 

ʊɺ, 6-12 ʢʘʥʘʣʳ, ʨʘʟʥʦʩ 
ʦʜʥʦʠʤʝʥʥʳʭ ʥʝʩʫʱʠʭ 8 ʄɻʮ 

174,0é230,0 (ʙʳʚʰ. ʉʉʉʈ) 1,72é1,3 

ʊɺ, 21-60 ʢʘʥʘʣʳ, ʨʘʟʥʦʩ 
ʦʜʥʦʠʤʝʥʥʳʭ ʥʝʩʫʱʠʭ 8 ʄɻʮ 

470,0é790,0 (ʙʳʚʰ. ʉʉʉʈ) 0,64é0,38 

 

 ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʤʦʥʦ- ʠ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʝ ʚʝʱʘʥʠʝ ʚ ʈʦʩʩʠʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʥʘ ʦʩʥʦʚʝ ʨʘʜʠʦʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

(ʏʄ) ʚ ʜʚʫʭ ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ:  

 ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ (65 8 73, ... ʄɻʮ) - ʧʦ ʩʪʘʥʜʘʨʪʫ ʙʳʚʰʝʛʦ ʉʉʉʈ 

(ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ f ʢɻʮʜmax=°50 , ʧʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʮʝʧʠ 

ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ tʧ ʤʢʩ=50 , ʧʦʣʦʩʘ ʯʘʩʪʦʪ 

ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ ʦʪ F ʢɻʮʥ=0 03,  ʜʦ F ʢɻʮʚ=15 ); 
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 ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ FM (100 108... ʄɻʮ) - ʧʦ ʩʪʘʥʜʘʨʪʫ ʉʐɸ (

f ʢɻʮʜmax=°75 , tʧ ʤʢʩ=75 , F ʢɻʮʥ=0 04, , F ʢɻʮʚ=15 ). ʅʠʞʥʷʷ ʯʘʩʪʴ 

ʜʠʘʧʘʟʦʥʘ FM (88 100... ʄɻʮ) ʜʣʷ ʨʘʜʠʦʚʝʱʘʥʠʷ ʚ ʈʦʩʩʠʠ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ, ʪ.ʢ. ʚ 

ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʨʘʙʦʪʘʶʪ ʪʝʣʝʚʠʟʠʦʥʥʳʝ ʧʝʨʝʜʘʪʯʠʢʠ (ʩʤ. ʪʘʙʣ. 2.2). 

 ʏʘʩʪʦʪʳ ʥʝʩʫʱʠʭ ʚʝʱʘʪʝʣʴʥʳʭ ʈʉʊ ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ʢʨʘʪʥʳ 0 03, ʄɻʮ, 

ʚ ʜʠʘʧʘʟʦʥʝ FM - 0 05, ʄɻʮ. ʈʘʟʥʦʩ ʥʝʩʫʱʠʭ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʥʘʩʝʣʝʥʥʦʛʦ 

ʧʫʥʢʪʘ ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ʥʝ ʤʝʥʝʝ 0 12, ʄɻʮ, ʚ ʜʠʘʧʘʟʦʥʝ FM - ʥʝ 

ʤʝʥʝʝ 0 2, ʄɻʮ. 

 ʄʦʱʥʦʩʪʴ ʋʂɺ-ʧʝʨʝʜʘʪʯʠʢʦʚ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 0 2 15, ... ʢɺʪ. 

 ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʘʤ 1 ʠ 2 

1.  ʏʪʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʩʠʩʪʝʤʳ ʧʝʨʝʜʘʯʠ (ʩʚʷʟʠ) ? 
2.  ʏʪʦ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʘʥʘʣʘ ʧʝʨʝʜʘʯʠ (ʩʚʷʟʠ) ? 
3.  ʏʪʦ ʥʘʟʳʚʘʝʪʩʷ ʩʦʦʙʱʝʥʠʝʤ ʚ ʪʝʭʥʠʢʝ ʵʣʝʢʪʨʦʩʚʷʟʠ ? 
4.  ʏʪʦ ʥʘʟʳʚʘʶʪ ʣʠʥʠʝʡ ʩʚʷʟʠ ʚ ʪʝʭʥʠʢʝ ʵʣʝʢʪʨʦʩʚʷʟʠ ? 
5.  ʂʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʤʦʜʫʣʷʮʠʝʡ ? 
6.  ʏʪʦ ʪʘʢʦʝ ʣʠʥʠʷ ʧʝʨʝʜʘʯʠ (ʩʚʷʟʠ) ʧʨʠ ʵʣʝʢʪʨʦʩʚʷʟʠ ? 
7.  ʂʘʢʦʡ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʜʝʤʦʜʫʣʷʮʠʝʡ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚ ʧʨʠʝʤʥʠʢʝ ? 
8.  ʂʘʢʦʤʫ ʥʘʠʤʝʥʦʚʘʥʠʶ ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʡ 
ʜʠʘʧʘʟʦʥ ɼɺ ? 

9.  ʂʘʢʦʤʫ ʥʘʠʤʝʥʦʚʘʥʠʶ ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʡ 
ʜʠʘʧʘʟʦʥ ʉɺ ? 

10. ʂʘʢʦʤʫ ʥʘʠʤʝʥʦʚʘʥʠʶ ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʝ 
ʜʠʘʧʘʟʦʥʳ ʂɺ ? 

11. ʂʘʢʦʤʫ ʥʘʠʤʝʥʦʚʘʥʠʶ ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʡ 
ʜʠʘʧʘʟʦʥ ʋʂɺ ? 

12. ʂʘʢʦʡ ʚʝʣʠʯʠʥʝ ʢʨʘʪʝʥ ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 
ʚ ʜʠʘʧʘʟʦʥʘʭ ʉɺ ʠ ɼɺ ? 

13. ʂʘʢʦʡ ʚʝʣʠʯʠʥʝ ʢʨʘʪʝʥ ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 
ʚ ʜʠʘʧʘʟʦʥʝ ʂɺ ? 

14. ʂʘʢʦʡ ʚʝʣʠʯʠʥʝ ʢʨʘʪʝʥ ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 
ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ? 

15. ʂʘʢʦʡ ʚʝʣʠʯʠʥʝ ʢʨʘʪʝʥ ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ 
ʚ ʜʠʘʧʘʟʦʥʝ FM ? 
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 3. ʆʩʦʙʝʥʥʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʦʡ 
ʜʣʠʥʳ 

 ɺ ʚʘʢʫʫʤʝ (ʩʚʦʙʦʜʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ, ʥʝ ʟʘʧʦʣʥʝʥʥʦʤ ʢʘʢʠʤ-ʣʠʙʦ 

ʚʝʱʝʩʪʚʦʤ) ʨʘʜʠʦʚʦʣʥʳ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ ʩʚʝʪʘ. ɺ 

ʧʨʦʩʪʨʘʥʩʪʚʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʚʝʱʝʩʪʚʦʤ, ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ 

ʟʘʚʠʩʠʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (eʩʨ) ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʛʥʠʪʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (mʩʨ) ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ: 

v c cp cp= / e m . ʀʟ-ʟʘ ʠʟʤʝʥʷʶʱʠʭʩʷ eʩʨ ʠ mʩʨ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʚʦʟʤʦʞʥʳ ʦʪʨʘʞʝʥʠʝ, ʧʨʝʣʦʤʣʝʥʠʝ, ʨʝʬʨʘʢʮʠʷ ʠ ʜʠʬʨʘʢʮʠʷ ʨʘʜʠʦʚʦʣʥ. 

 ʆʪʨʘʞʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʨʝʜ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʨʘʜʠʦʚʦʣʥʳ ʯʘʩʪʠʯʥʦ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʦʪʨʘʞʘʶʪʩʷ 

ʦʪ ʛʨʘʥʠʮʳ ʜʚʫʭ ʩʨʝʜ). ɽʩʣʠ ʜʣʠʥʘ ʚʦʣʥʳ ʤʥʦʛʦ ʤʝʥʴʰʝ ʣʠʥʝʡʥʳʭ ʨʘʟʤʝʨʦʚ 

ʦʪʨʘʞʘʶʱʝʡ ʩʨʝʜʳ (l<<lʦʪʨ), ʪʦ ʦʪʨʘʞʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʟʘʢʦʥʘʤ ʦʧʪʠʢʠ. 

ʅʘʧʨʠʤʝʨ, ʂɺ ʭʦʨʦʰʦ ʦʪʨʘʞʘʶʪʩʷ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ. ʂʦʛʜʘ ʦʪʨʘʞʘʶʱʘʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʠʤʝʝʪ ʥʝʨʦʚʥʦʩʪʠ, ʦʪʨʘʞʝʥʠʝ ʙʫʜʝʪ ʜʠʬʬʫʟʥʳʤ (ʨʘʩʩʝʷʥʥʳʤ). 

 ʇʨʝʣʦʤʣʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʥʘ ʛʨʘʥʠʮʝ ʜʚʫʭ ʩʨʝʜ ʩ 

ʨʘʟʥʳʤʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. ʇʨʠ ʵʪʦʤ ʨʘʜʠʦʚʦʣʥʳ ʤʝʥʷʶʪ 

ʥʘʧʨʘʚʣʝʥʠʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʧʨʝʣʦʤʣʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥʳ ʠ ʦʪ 

ʨʘʟʥʠʮʳ ʧʘʨʘʤʝʪʨʦʚ ʩʨʝʜ. ʏʝʤ ʥʠʞʝ ʯʘʩʪʦʪʘ, ʪʝʤ ʙʦʣʴʰʝ ʢʦʵʬʬʠʮʠʝʥʪ 

ʧʨʝʣʦʤʣʝʥʠʷ.  

 ɽʩʣʠ ʧʘʨʘʤʝʪʨʳ ʩʨʝʜʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʤʝʥʷʶʪʩʷ ʧʣʘʚʥʦ, ʪʦ 

ʥʘʙʣʶʜʘʝʪʩʷ ʷʚʣʝʥʠʝ ʨʝʬʨʘʢʮʠʠ ʨʘʜʠʦʚʦʣʥ - ʧʣʘʚʥʦʝ ʠʩʢʨʠʚʣʝʥʠʝ ʪʨʘʝʢʪʦʨʠʠ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʉʫʱʝʩʪʚʝʥʥʘʷ ʨʝʬʨʘʢʮʠʷ ʠʤʝʝʪ ʤʝʩʪʦ ʜʣʷ ɼɺ, ʉɺ ʠ ʂɺ ʚ 

ʠʦʥʦʩʬʝʨʝ ɿʝʤʣʠ, ʧʨʠʯʝʤ ʯʝʤ ʥʠʞʝ ʯʘʩʪʦʪʘ ʨʘʜʠʦʚʦʣʥ, ʪʝʤ ʙʦʣʴʰʝ 

ʠʦʥʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ. ʅʝʩʫʱʝʩʪʚʝʥʥʘʷ ʨʝʬʨʘʢʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ 

ʪʨʦʧʦʩʬʝʨʝ ɿʝʤʣʠ. ʊʨʦʧʦʩʬʝʨʥʘʷ ʨʝʬʨʘʢʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥ. 

 ɼʠʬʨʘʢʮʠʷ ʨʘʜʠʦʚʦʣʥ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʭ ʩʧʦʩʦʙʥʦʩʪʠ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ 

ʩʪʝʧʝʥʠ ʦʛʠʙʘʪʴ ʧʨʝʧʷʪʩʪʚʠʷ (ʛʦʨʳ, ʩʪʨʦʝʥʠʷ, ʚʳʧʫʢʣʦʩʪʴ ʟʝʤʥʦʛʦ ʰʘʨʘ ʠ ʪ.ʜ.). 

ʏʝʤ ʥʠʞʝ ʯʘʩʪʦʪʘ ʨʘʜʠʦʚʦʣʥ, ʪʝʤ ʣʫʯʰʝ ʦʥʠ ʦʛʠʙʘʶʪ ʧʨʝʧʷʪʩʪʚʠʝ, ʦʜʥʘʢʦ 

ʜʘʞʝ ʜʣʷ ʥʠʭ ʟʘ ʢʨʫʪʳʤʠ ʛʦʨʘʤʠ, ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʦʦʨʫʞʝʥʠʷʤʠ ʠ ʪ.ʧ. 

ʦʙʨʘʟʫʶʪʩʷ ʟʦʥʳ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʷ (çʟʦʥʳ ʤʦʣʯʘʥʠʷè), ʛʜʝ 

ʧʨʠʝʤ ʩʠʛʥʘʣʦʚ ʨʘʜʠʦʩʪʘʥʮʠʡ ʥʝʚʦʟʤʦʞʝʥ. 

 ʅʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ 

ɿʝʤʣʷ ʠ ʘʪʤʦʩʬʝʨʘ. ɺʣʠʷʥʠʝ ɿʝʤʣʠ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʯʘʩʪʴ ʵʥʝʨʛʠʠ 
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ʨʘʜʠʦʚʦʣʥ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʭʩʷ ʚʜʦʣʴ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ, ʧʦʛʣʦʱʘʝʪʩʷ 

ʧʦʯʚʦʡ. ʇʦʛʣʦʱʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ ʚʦʟʙʫʞʜʝʥʠʷ ʨʘʜʠʦʚʦʣʥʘʤʠ ʚ ʧʦʯʚʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʪʦʢʦʚ, ʧʨʠ ʵʪʦʤ ʯʘʩʪʴ ʵʥʝʨʛʠʠ ʨʘʜʠʦʚʦʣʥ ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ 

ʪʝʧʣʦ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʧʦʛʣʦʱʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ. 

 ɸʪʤʦʩʬʝʨʘ ɿʝʤʣʠ ʷʚʣʷʝʪʩʷ ʛʘʟʦʦʙʨʘʟʥʳʤ ʩʣʦʝʤ ʚʳʩʦʪʦʡ ʜʦ 

~20000ʢʤ. ʉʘʤʳʡ ʥʠʞʥʠʡ ʩʣʦʡ, ʚ ʢʦʪʦʨʦʤ ʩʦʩʨʝʜʦʪʦʯʝʥʦ ʜʦ 80%  ʚʩʝʡ ʤʘʩʩʳ 

ʘʪʤʦʩʬʝʨʥʦʛʦ ʚʦʟʜʫʭʘ, ʥʘʟʳʚʘʶʪ ʪʨʦʧʦʩʬʝʨʦʡ. ʆʥʘ ʠʤʝʝʪ ʪʦʣʱʠʥʫ ʥʘʜ 

ʵʢʚʘʪʦʨʦʤ ~16 18... ʢʤ, ʘ ʚ ʫʤʝʨʝʥʥʳʭ ʰʠʨʦʪʘʭ ~10 12... ʢʤ. 

 ɺʦʟʜʫʭ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʩʤʝʩʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚ, ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʫʶ 

ʧʣʦʪʥʦʩʪʴ ʫ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʭʦʨʦʰʠʡ ʜʠʵʣʝʢʪʨʠʢ. 

ʇʣʦʪʥʦʩʪʴ ʚʦʟʜʫʭʘ ʧʦ ʤʝʨʝ ʧʦʜʲʝʤʘ ʥʘʜ ɿʝʤʣʝʡ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʜ 

ʚʣʠʷʥʠʝʤ ʠʟʣʫʯʝʥʠʡ ʉʦʣʥʮʘ ʠ ʢʦʩʤʠʯʝʩʢʠʭ ʣʫʯʝʡ ʚʦʟʜʫʭ ʠʦʥʠʟʠʨʫʝʪʩʷ. ɽʛʦ 

ʘʪʦʤʳ ʨʘʩʧʘʜʘʶʪʩʷ ʥʘ ʩʚʦʙʦʜʥʳʝ ʵʣʝʢʪʨʦʥʳ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ. ʅʘ 

ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʚʣʠʷʶʪ ʩʣʫʯʘʡʥʳʝ ʚʩʧʳʰʢʠ ʥʘ ʉʦʣʥʮʝ, ʘ ʪʘʢʞʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʮʠʢʣʳ ʚʦʟʨʘʩʪʘʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʉʦʣʥʮʘ ʢʘʞʜʳʝ 11 ʣʝʪ 

(ʧʦʩʣʝʜʥʠʡ ʤʘʢʩʠʤʫʤ ʘʢʪʠʚʥʦʩʪʠ ʙʳʣ ʚ 1992 ʛ., ʩʣʝʜʫʶʱʠʡ ʧʦʧʘʜʘʝʪ ʥʘ 

2003 ʛ.). ʀʦʥʠʟʠʨʦʚʘʥʥʘʷ ʯʘʩʪʴ ʘʪʤʦʩʬʝʨʳ ʦʙʨʘʟʫʝʪ ʠʦʥʦʩʬʝʨʫ, ʦʢʘʟʳʚʘʶʱʫʶ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ.  

 ʀʦʥʦʩʬʝʨʘ ʥʘʯʠʥʘʝʪʩʷ ʥʘ ʚʳʩʦʪʝ ~60 90... ʢʤ ʠ ʠʤʝʝʪ ʫʩʣʦʚʥʦ 

ʥʝʩʢʦʣʴʢʦ ʩʣʦʝʚ, ʧʣʘʚʥʦ ʧʝʨʝʭʦʜʷʱʠʭ ʜʨʫʛ ʚ ʜʨʫʛʘ (ʨʠʩ.3.1,ʘ). ʇʝʨʚʳʡ ʩʣʦʡ D  

ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʘʭ ~60 90... ʢʤ ʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʜʥʝʤ. ʉʣʦʡ E  

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʥʘ ʚʳʩʦʪʘʭ ~90 150... ʢʤ. ʉʣʦʡ F  ʥʦʯʴʶ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʳʩʦʪʝ 

~150 300... ʢʤ, ʘ ʜʥʝʤ ʨʘʟʜʝʣʷʝʪʩʷ ʥʘ ʜʚʘ ʩʣʦʷ: F1  - ʥʘ ʚʳʩʦʪʝ ~150 250... ʢʤ ʠ 

F2  - ʥʘ ʚʳʩʦʪʝ ~250 400... ʢʤ. ʆʪ ʩʣʦʷ ʢ ʩʣʦʶ ʠʦʥʠʟʘʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʜʦʩʪʠʛʘʷ ʤʘʢʩʠʤʫʤʘ ʚ ʩʣʦʝ F2 . ɺʳʰʝ - ʠʦʥʠʟʘʮʠʷ ʧʘʜʘʝʪ. ɿʦʥʳ ʧʦʣʷʨʥʳʭ 

ʩʠʷʥʠʡ ʥʘʭʦʜʷʪʩʷ ʥʘ ʫʩʣʦʚʥʦʡ ʛʨʘʥʠʮʝ ʩʣʦʝʚ E  ʠ F, ʠʭ ʚʳʩʦʪʘ ~140 160... ʢʤ.  

 ʀʟ-ʟʘ ʷʚʣʝʥʠʡ ʦʪʨʘʞʝʥʠʷ, ʧʨʝʣʦʤʣʝʥʠʷ, ʨʝʬʨʘʢʮʠʠ ʠ ʜʠʬʨʘʢʮʠʠ 

ʨʘʜʠʦʚʦʣʥʳ ʤʦʛʫʪ ʜʦʩʪʠʛʘʪʴ ʤʝʩʪʘ ʧʨʠʝʤʘ ʥʝʩʢʦʣʴʢʠʤʠ ʧʫʪʷʤʠ. ɼʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʦʷʩʥʝʥʠʡ ʧʨʠʤʝʤ, ʯʪʦ ʨʘʜʠʦʚʦʣʥʳ ʠʟʣʫʯʘʶʪʩʷ ʧʝʨʝʜʘʪʯʠʢʦʤ (ʇ) 

ʚ ʢʘʢʦʤ-ʣʠʙʦ ʥʘʧʨʘʚʣʝʥʠʠ ʫʟʢʠʤʠ ʣʫʯʘʤʠ.  

ʈʘʜʠʦʚʦʣʥʳ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ 

ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʯʘʩʪʠʯʥʦ ʝʝ ʦʛʠʙʘʶʱʠʝ ʚʩʣʝʜʩʪʚʠʝ ʜʠʬʨʘʢʮʠʠ, 

ʥʘʟʳʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʠʣʠ ʟʝʤʥʳʤʠ (ʣʫʯ 1, ʨʠʩ.3.1,ʙ). ʇʦʚʝʨʭʥʦʩʪʥʳʝ 

ʚʦʣʥʳ ʧʨʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʠʩʧʳʪʳʚʘʶʪ ʧʦʛʣʦʱʝʥʠʝ ɿʝʤʣʝʡ, ʩʪʨʦʝʥʠʷʤʠ, 

ʣʝʩʥʳʤʠ ʤʘʩʩʠʚʘʤʠ ʠ ʪ.ʧ., ʢʦʪʦʨʦʝ ʪʝʤ ʙʦʣʴʰʝ, ʯʝʤ ʚʳʰʝ ʯʘʩʪʦʪʘ 
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ʨʘʜʠʦʚʦʣʥ. 

 ʈʘʜʠʦʚʦʣʥʳ, ʠʟʣʫʯʘʝʤʳʝ ʥʘʢʣʦʥʥʦ ʢ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʥʘʟʳʚʘʝʤʳʝ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ, ʜʦʭʦʜʷʪ ʜʦ ʠʦʥʦʩʬʝʨʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʭ 

ʧʣʘʚʥʦʝ ʧʨʝʣʦʤʣʝʥʠʝ - ʨʝʬʨʘʢʮʠʷ (ʨʠʩ.3.1,ʙ, ʣʫʯʠ 2,3,4). ɺʦʟʤʦʞʥʦʩʪʴ 

ʚʦʟʚʨʘʪʘ ʨʘʜʠʦʚʦʣʥ ʢ ɿʝʤʣʝ ʟʘʚʠʩʠʪ ʦʪ ʠʭ ʯʘʩʪʦʪʳ ʠ ʫʛʣʘ ʠʟʣʫʯʝʥʠʷ. ʏʝʤ 

ʤʝʥʴʰʝ ʫʛʦʣ ʠʟʣʫʯʝʥʠʷ (ʨʠʩ.3.1,ʙ) ʠ ʯʝʤ ʤʝʥʴʰʝ ʯʘʩʪʦʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʚʦʣʥ (ʨʠʩ.3.1,ʚ), ʪʝʤ ʣʝʛʯʝ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʣʷ ʠʭ ʚʦʟʚʨʘʱʝʥʠʷ ʥʘ 

ɿʝʤʣ.ʁ ɼʣʷ ʢʘʞʜʦʛʦ ʫʛʣʘ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠʦʥʦʩʬʝʨʳ 

ʩʫʱʝʩʪʚʫʝʪ ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ (ʄʇʏ). ɺʦʣʥʳ ʩ ʯʘʩʪʦʪʘʤʠ 

ʚʳʰʝ ʄʇʏ ʥʝ ʚʦʟʚʨʘʱʘʶʪʩʷ ʢ ɿʝʤʣʝ (ʨʠʩ. 3.2). 

 

ʈʠʩ. 3.1. ɺʳʩʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ (ʘ);  

ʠʩʢʘʞʝʥʠʷ ʪʨʘʝʢʪʦʨʠʡ ʣʫʯʝʡ ʨʘʜʠʦʚʦʣʥ ʠʦʥʦʩʬʝʨʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʛʣʘ 
ʠʟʣʫʯʝʥʠʷ (ʙ) ʠ ʯʘʩʪʦʪʳ (ʚ) 

 ʏʝʤ ʥʠʞʝ ʯʘʩʪʦʪʘ, ʪʝʤ ʩʠʣʴʥʝʝ ʧʦʛʣʦʱʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʚ ʘʪʤʦʩʬʝʨʝ 

(ʥʘ ʆʅʏ ʧʦʛʣʦʱʝʥʠʝ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ 1 2/ f ). ʇʦʛʣʦʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʩʪʦʣʴ 

ʟʥʘʯʠʪʝʣʴʥʳʤ, ʯʪʦ ʧʨʠ ʚʝʨʪʠʢʘʣʴʥʦ ʧʦʩʣʘʥʥʦʡ ʨʘʜʠʦʚʦʣʥʝ ʦʪʨʘʞʝʥʥʳʡ ʩʠʛʥʘʣ 

ʚʦʦʙʱʝ ʥʝ ʫʜʘʝʪʩʷ ʦʙʥʘʨʫʞʠʪʴ. ʇʨʠ ʧʦʚʳʰʝʥʠʠ ʯʘʩʪʦʪʳ ʧʦʛʣʦʱʝʥʠʝ 

ʫʤʝʥʴʰʘʝʪʩʷ ʠ ʫʨʦʚʝʥʴ ʦʪʨʘʞʝʥʥʦʛʦ ʩʠʛʥʘʣʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʆʜʥʘʢʦ 

ʩʫʱʝʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ( fʢp), ʧʦʩʣʝ ʢʦʪʦʨʦʡ ʚʝʨʪʠʢʘʣʴʥʦ 

ʧʦʩʣʘʥʥʳʝ ʨʘʜʠʦʚʦʣʥʳ ʦʪ ʠʦʥʦʩʬʝʨʳ ʥʝ ʦʪʨʘʞʘʶʪʩʷ ʠ ʫʭʦʜʷʪ ʚ ʢʦʩʤʠʯʝʩʢʦʝ 

ʧʨʦʩʪʨʘʥʩʪʚʦ (ʩʤ. ʨʠʩ. 3.2). ɼʥʝʤ f ʄɻʮʢp=5 15... , ʥʦʯʴʶ f ʄɻʮʢp=2 8... . 

 ɿʘʤʝʪʠʤ, ʯʪʦ fʢp<ʄʇʏ. 
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ʉʫʱʝʩʪʚʫʝʪ ʠ ʥʘʠʥʠʟʰʘʷ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ (ʅʇʏ) ʨʘʜʠʦʚʦʣʥʳ. 

ʅʇʏ - ʵʪʦ ʯʘʩʪʦʪʘ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʜʘʣʴʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʣʦʷʭ ʠʦʥʦʩʬʝʨʳ. 

 

 
ʈʠʩ. 3.2. ʂ ʧʦʥʷʪʠʷʤ ʢʨʠʪʠʯʝʩʢʦʡ ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥʳ ʠ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʤʝʥʠʤʦʡ 

ʯʘʩʪʦʪʳ ʨʘʜʠʦʚʦʣʥʳ 

 ʉʫʝɦʩʪʚʫʝʪ ʠ ʥʘʠʥʠʟʰʘʷ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ (ʅʇʏ) ʨʘʜʠʦʚʦʣʥʳ. 

ʅʇʏ - ʵʪʦ ʯʘʩʪʦʪʘ, ʥʠʞʝ ʢʦʪʦʨʦʡ ʜʘʣʴʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ ʠʟ-ʟʘ ʩʠʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʣʦʷʭ ʠʦʥʦʩʬʝʨʳ. 

 ɺʳʩʦʪʘ ʠ ʩʪʝʧʝʥʴ ʠʦʥʠʟʘʮʠʠ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ ʥʝʧʦʩʪʦʷʥʥʳ ʚʦ 

ʚʨʝʤʝʥʠ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʚʦʣʥ. ɺ ʢʘʢʦʡ-ʣʠʙʦ ʪʦʯʢʝ ʧʨʠʝʤʘ ʚʦʟʤʦʞʥʘ ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

(ʥʘʣʦʞʝʥʠʝ) ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʨʘʜʠʦʚʦʣʥ. ʀʥʪʝʨʬʝʨʝʥʮʠʷ 

ʚʳʟʳʚʘʝʪ ʠʟʤʝʥʝʥʠʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʠʨʘʥʠʷʤ (ʬʝʜʠʥʛʘʤ) ʩʠʛʥʘʣʘ ʩ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪ ʜʦʣʝʡ ʩʝʢʫʥʜʳ ʜʦ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʩʝʢʫʥʜ. ʌʝʜʠʥʛ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ ʠʩʢʘʞʝʥʠʷʤʠ 

ɸʄ-ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʥʝʩʫʱʝʡ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 8.1, 

ʨʠʩ.8.3). 

 4. ʇʨʠʝʤ ʨʘʜʠʦʚʦʣʥ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ. ʄʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ 
ʧʦʤʝʭ ʠ ʰʫʤʦʚ 

 ɼʣʠʥʥʳʝ ʠ ʩʨʝʜʥʠʝ ʚʦʣʥʳ. ʇʨʠʝʤ ʜʘʣʴʥʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʚʦʟʤʦʞʝʥ ʥʘ 

ʯʘʩʪʦʪʘʭ, ʥʝʩʢʦʣʴʢʦ ʥʠʞʝ ʄʇʏ, ʢʦʛʜʘ ʝʱʝ ʝʩʪʴ ʦʪʨʘʞʝʥʠʝ ʦʪ ʠʦʥʦʩʬʝʨʳ, ʘ 

ʧʦʛʣʦʱʝʥʠʝ ʚ ʥʝʡ ʤʠʥʠʤʘʣʴʥʦ. ɼʣʷ ʩʣʦʷ D  ʄʇʏ ʥʝ ʧʨʝʚʳʰʘʝʪ ʩʦʪʝʥ 

ʢʠʣʦʛʝʨʮ, ʠ ʵʪʦʪ ʩʣʦʡ ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʪʦʣʴʢʦ ʩʚʝʨʭʜʣʠʥʥʳʝ ʚʦʣʥʳ. ʉʣʦʡ E  

ʭʦʨʦʰʦ ʦʪʨʘʞʘʝʪ ʨʘʜʠʦʚʦʣʥʳ ʩ ʯʘʩʪʦʪʘʤʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ ʤʝʛʘʛʝʨʮ. ʇʦʵʪʦʤʫ 

ʥʦʯʴʶ, ʢʦʛʜʘ ʦʪʩʫʪʩʪʚʫʝʪ ʧʦʛʣʦʱʝʥʠʝ ʚ ʩʣʦʝ D, ʚʦʟʤʦʞʝʥ ʧʨʠʝʤ ʜʘʣʴʥʠʭ 
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ʨʘʜʠʦʩʪʘʥʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʥʘ ʜʣʠʥʥʳʭ ʠ ʩʨʝʜʥʠʭ ʚʦʣʥʘʭ. ɼʘʣʴʥʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʣʥ çʦʜʥʠʤ ʩʢʘʯʢʦʤè ʧʨʠ ʦʪʨʘʞʝʥʠʠ ʦʪ ʩʣʦʷ E  

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʜʠʫʩʦʤ ɿʝʤʣʠ, ʚʳʩʦʪʦʡ ʩʣʦʷ E  (~120ʢʤ) ʠ ʩʦʩʪʘʚʣʷʝʪ 

2500 3000... ʢʤ. ɼʥʝʤ ʞʝ ʨʘʜʠʦʚʦʣʥʝ, ʯʪʦʙʳ ʦʪʨʘʟʠʪʴʩʷ ʦʪ ʩʣʦʷ E  ʠ ʚʝʨʥʫʪʴʩʷ 

ʥʘ ɿʝʤʣʶ, ʥʘʜʦ ʜʚʘʞʜʳ ʧʨʦʡʪʠ ʯʝʨʝʟ ʩʣʦʡ D. ʇʨʠ ʵʪʦʤ ʦʥʘ ʩʠʣʴʥʦ 

ʦʩʣʘʙʣʷʝʪʩʷ, ʠ ʢ ʨʘʜʠʦʩʣʫʰʘʪʝʣʶ ʧʨʘʢʪʠʯʝʩʢʠ ʥʠʯʝʛʦ ʥʝ ʧʨʠʭʦʜʠʪ. ʇʦʵʪʦʤʫ 

ʜʥʝʤ ʥʘ ʩʨʝʜʥʠʭ ʨʘʜʠʦʚʦʣʥʘʭ ʩʣʳʰʥʳ ʪʦʣʴʢʦ ʤʝʩʪʥʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ. ɼʣʠʥʥʳʝ 

ʞʝ ʚʦʣʥʳ ʟʘ ʩʯʝʪ ʜʠʬʨʘʢʮʠʠ ʚʦʢʨʫʛ ʟʝʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ 

ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ (1000ʢɺʪ ʠ ʙʦʣʝʝ) ʤʦʛʫʪ ʨʘʩʧʨʦʩʪʨʘʥʷʪʴʩʷ ʥʘ ʜʦʚʦʣʴʥʦ 

ʙʦʣʴʰʠʝ ʨʘʩʩʪʦʷʥʠʷ (1000 3000... ʢʤ) ʠ ʜʥʝʤ. 

 ʂʦʨʦʪʢʠʝ ʚʦʣʥʳ ʦʪʨʘʞʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʣʦʝʤ F. ɺʳʩʦʪʘ ʩʣʦʷ 

F  ʚʳʰʝ, ʯʝʤ ʩʣʦʷ E, ʧʦʵʪʦʤʫ ʜʘʣʴʥʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ çʦʜʥʠʤ ʩʢʘʯʢʦʤè 

ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʜʦʩʪʠʛʘʝʪ 5000ʢʤ. ʀʟ-ʟʘ ʩʣʘʙʦʛʦ ʟʘʪʫʭʘʥʠʷ ʢʦʨʦʪʢʠʭ ʚʦʣʥ ʚ 

ʘʪʤʦʩʬʝʨʝ ʚʦʟʤʦʞʥʦ ʠʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝʩʢʦʣʴʢʠʤʠ ʩʢʘʯʢʘʤʠ, ʢʦʛʜʘ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʜʥʦʢʨʘʪʥʦʝ ʧʝʨʝʦʪʨʘʞʝʥʠʝ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ɿʝʤʣʠ ʠ ʦʪ 

ʠʦʥʦʩʬʝʨʳ. ɹʦʣʝʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʳ ʨʠʢʦʰʝʪʠʨʫʶʱʠʝ ʦʪʨʘʞʝʥʠʷ ʦʪ ʨʘʟʥʳʭ 

ʩʣʦʝʚ ʠʦʥʦʩʬʝʨʳ ʠ ʚʦʟʚʨʘʱʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʥʘ ɿʝʤʣʶ ʥʘ ʦʯʝʥʴ ʙʦʣʴʰʦʤ 

ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ. ʅʘ ʧʨʘʢʪʠʢʝ ʟʘʬʠʢʩʠʨʦʚʘʥʳ ʩʣʫʯʘʠ çʢʨʫʛʦʩʚʝʪʥʦʛʦ 

ʵʭʘè, ʢʦʛʜʘ ʢ ʧʝʨʝʜʘʪʯʠʢʫ, ʦʙʦʡʜʷ ʚʦʢʨʫʛ ɿʝʤʣʠ, ʧʨʠʭʦʜʠʪ ʝʛʦ ʩʦʙʩʪʚʝʥʥʳʡ 

ʩʠʛʥʘʣ. ɺʨʝʤʝʥʥʘʷ ʟʘʜʝʨʞʢʘ ʩʠʛʥʘʣʘ ʧʨʠ ʵʪʦʤ ʩʦʩʪʘʚʣʷʝʪ 013 015, ... , ʩ. ʆʜʥʘʢʦ 

ʥʘ ʜʘʣʴʥʠʝ ʨʘʩʩʪʦʷʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʥʝ ʚʩʝ ʢʦʨʦʪʢʠʝ ʚʦʣʥʳ, ʘ ʣʠʰʴ 

ʥʝʢʦʪʦʨʳʝ, ʯʘʩʪʦʪʳ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʤʝʞʜʫ ʅʇʏ ʠ ʄʇʏ. ʇʨʠʯʝʤ ʯʝʤ ʙʣʠʞʝ 

ʯʘʩʪʦʪʘ ʨʘʜʠʦʚʦʣʥʳ ʢ ʄʇʏ, ʪʝʤ ʜʘʣʴʰʝ ʠ ʩ ʤʝʥʴʰʠʤʠ ʧʦʪʝʨʷʤʠ ʦʥʘ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ. 

 ɼʣʷ ʨʘʜʠʦʚʝʱʘʥʠʷ ʥʘ ʂɺ ʚʳʜʝʣʝʥʳ ʫʟʢʠʝ ʫʯʘʩʪʢʠ (ʠʣʠ ʜʠʘʧʘʟʦʥʳ, ʩʤ. 

ʪʘʙʣ. 2.2). ɼʥʝʤ ʚ ʛʦʜʳ ʤʠʥʠʤʫʤʘ ʩʦʣʥʝʯʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʘʣʴʥʠʝ ʨʘʜʠʦʩʪʘʥʮʠʠ 

ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʚ 19-ʤʝʪʨʦʚʦʤ ʠʣʠ 25-ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʘʭ. ɽʩʣʠ ʥʘ 

16-ʤʝʪʨʦʚʦʤ ʜʠʘʧʘʟʦʥʝ çʪʠʭʦè, ʟʥʘʯʠʪ ʄʇʏ ʦʢʦʣʦ 15 16... ʄɻʮ. ʅʘ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ (11-ʤʝʪʨʦʚʦʤ ʠ 13-ʤʝʪʨʦʚʦʤ) ʧʨʠʝʤ ʜʘʣʴʥʠʭ 

ʨʘʜʠʦʩʪʘʥʮʠʡ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʝʥ. ʂʦʛʜʘ ʞʝ ʉʦʣʥʮʝ ʘʢʪʠʚʥʦ, ʧʨʦʭʦʞʜʝʥʠʝ 

ʚʦʟʤʦʞʥʦ ʠ ʚ ʜʠʘʧʘʟʦʥʘʭ 11ʤ, 13ʤ, 16ʤ. ɽʩʣʠ ʜʘʣʴʥʠʝ ʨʘʜʠʦʩʪʘʥʮʠʠ ʩʣʳʰʥʳ 

ʛʨʦʤʢʦ ʠ ʭʦʨʦʰʦ, ʘ ʩʪʘʥʮʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~2000 3000... ʢʤ ʥʝ 

ʩʣʳʰʥʦ ʩʦʚʩʝʤ, ʪʦ ʧʨʠʝʤʥʠʢ ʥʘʭʦʜʠʪʩʷ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ çʤʝʨʪʚʦʡ ʟʦʥʝè. 

ôôʄʝʨʪʚʘʷ ʟʦʥʘôô ʦʙʨʘʟʫʝʪʩʷ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʠʦʥʦʩʬʝʨʘ ʦʪʨʘʞʘʝʪ ʪʦʣʴʢʦ ʦʯʝʥʴ 
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ʧʦʣʦʛʠʝ ʣʫʯʠ, ʢʘʩʘʪʝʣʴʥʳʝ ʢ ʛʦʨʠʟʦʥʪʫ. ʆʪ ʙʦʣʝʝ ʙʣʠʟʢʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʣʫʯʠ 

ʧʘʜʘʶʪ ʢʨʫʯʝ, ʠ ʠʦʥʦʩʬʝʨʘ ʠʭ ʥʝ ʦʪʨʘʞʘʝʪ. ʊʘʢʠʝ ʩʪʘʥʮʠʠ ʤʦʞʥʦ ʧʨʠʥʷʪʴ ʚ 

ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ, ʥʘʧʨʠʤʝʨ ʚ ʜʠʘʧʘʟʦʥʝ 31ʤ. 

 ɼʥʝʤ ʚ ʜʠʘʧʘʟʦʥʘʭ 41ʤ ʠ 49ʤ ʤʦʞʥʦ ʫʩʣʳʰʘʪʴ ʪʦʣʴʢʦ ʤʝʩʪʥʳʝ 

ʨʘʜʠʦʩʪʘʥʮʠʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ ʢʠʣʦʤʝʪʨʦʚ 

(ʵʪʦ ʨʘʩʩʪʦʷʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʚʳʩʦʪ ʧʝʨʝʜʘʶʱʝʡ ʠ 

ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥ). ʀʦʥʦʩʬʝʨʥʳʝ ʚʦʣʥʳ ʦʪ ʜʘʣʴʥʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʥʝ ʧʨʦʭʦʜʷʪ 

ʟʘ ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʦʥʦʩʬʝʨʝ - ʯʘʩʪʦʪʳ ʜʘʣʴʥʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʵʪʠʭ 

ʜʠʘʧʘʟʦʥʦʚ ʥʠʞʝ ʅʇʏ. 

 ɺʝʯʝʨʦʤ ʩʠʪʫʘʮʠʷ ʤʝʥʷʝʪʩʷ: çʟʘʤʦʣʢʘʝʪè ʩʥʘʯʘʣʘ ʜʠʘʧʘʟʦʥ 16ʤ, 

ʟʘʪʝʤ ʜʠʘʧʘʟʦʥ 19ʤ, ʟʘʪʦ çʦʞʠʚʘʶʪè ʜʠʘʧʘʟʦʥʳ 41ʤ ʠ 49ʤ. ʋʩʣʦʚʥʦ 

ʜʠʘʧʘʟʦʥʳ 41ʤ ʠ 49ʤ ʥʘʟʳʚʘʶʪ çʥʦʯʥʳʤʠè, ʘ ʜʠʘʧʘʟʦʥʳ ʢʦʨʦʯʝ 25ʤ - 

çʜʥʝʚʥʳʤʠè [25].  

 ʋʣʴʪʨʘʢʦʨʦʪʢʠʝ ʚʦʣʥʳ ʠʦʥʦʩʬʝʨʦʡ ʥʝ ʦʪʨʘʞʘʶʪʩʷ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʯʘʩʪʦʪʳ ʣʝʞʘʪ ʚʳʰʝ ʄʇʏ. ʂʨʦʤʝ ʪʦʛʦ, ʫʣʴʪʨʘʢʦʨʦʪʢʠʝ ʚʦʣʥʳ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʧʳʪʳʚʘʶʪ ʜʠʬʨʘʢʮʠʠ ʠʟ-ʟʘ ʚʳʧʫʢʣʦʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ. ʇʦʵʪʦʤʫ ʧʨʠʝʤ 

ʋʂɺ-ʨʘʜʠʦʩʪʘʥʮʠʡ ʚʦʟʤʦʞʝʥ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʥʘ 

ʨʘʩʩʪʦʷʥʠʠ 

r ʢʤ H ʤ H ʤʇ ʇʈ[ ] , ( [ ] [ ])º +3 57 ,   (4.1) 

ʛʜʝ H Hʇ ʇʈ, -ʚʳʩʦʪʳ ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 ʏʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʟʦʥʫ ʦʙʩʣʫʞʠʚʘʥʠʷ ʋʂɺ-ʨʘʜʠʦʩʪʘʥʮʠʡ, ʠʭ ʘʥʪʝʥʥʳ 

ʧʦʤʝʱʘʶʪʩʷ ʥʘ ʚʳʩʦʢʠʭ ʤʘʪʯʘʭ ʠʣʠ ʙʘʰʥʷʭ. ʅʘʧʨʠʤʝʨ, ʆʩʪʘʥʢʠʥʩʢʘʷ 

ʪʝʣʝʚʠʟʠʦʥʥʘʷ ʙʘʰʥʷ ʚ ʄʦʩʢʚʝ ʠʤʝʝʪ ʚʳʩʦʪʫ 530ʤ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʝʤʘ ʪʝʣʝ- ʠ ʨʘʜʠʦʧʨʦʛʨʘʤʤ ʥʘ ʫʜʘʣʝʥʠʠ 100 150... ʢʤ; ʙʘʰʥʷ 

ʊʦʤʩʢʦʛʦ ʪʝʣʝʮʝʥʪʨʘ, ʥʘʭʦʜʷʱʘʷʩʷ ʥʘ ɺʦʩʢʨʝʩʝʥʩʢʦʡ ʛʦʨʝ, ʠʤʝʝʪ 

ʵʢʚʠʚʘʣʝʥʪʥʫʶ ʚʳʩʦʪʫ ʦʢʦʣʦ 200ʤ (ʩʤ. ʜʘʥʥʳʝ ʪʘʙʣ. ʇ.3 ʧʦ ʚʳʩʦʪʝ 

ʧʝʨʝʜʘʶʱʠʭ ʘʥʪʝʥʥ), ʧʨʠʝʤ ʪʝʣʝ- ʠ ʨʘʜʠʦʧʨʦʛʨʘʤʤ ʧʨʠ ʵʪʦʤ ʚʦʟʤʦʞʝʥ ʥʘ 

ʫʜʘʣʝʥʠʠ 50 80... ʢʤ). 

 ʈʘʜʠʦʧʨʠʝʤʫ ʦʢʘʟʳʚʘʶʪ ʤʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚʥʝʰʥʠʝ ʧʦʤʝʭʠ ʠ 

ʰʫʤʳ, ʘ ʪʘʢʞʝ ʩʦʙʩʪʚʝʥʥʳʡ ʰʫʤ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. 

 ɺʥʝʰʥʠʝ ʧʦʤʝʭʠ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʨʦʜʥʦʛʦ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ 

(ʧʨʦʤʳʰʣʝʥʥʦʛʦ) ʧʨʦʠʩʭʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʜʨʫʛʠʤʠ 

ʨʘʜʠʦʩʪʘʥʮʠʷʤʠ (ʩʤ. ʨʘʟʜʝʣ 5). ɺ ʜʠʘʧʘʟʦʥʝ ʫʤʝʨʝʥʥʦ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (
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f ʄɻʮ<30 ) ʦʩʥʦʚʥʳʤʠ ʧʦʤʝʭʘʤʠ ʷʚʣʷʶʪʩʷ ʘʪʤʦʩʬʝʨʥʳʝ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ, 

ʥʦʩʷʱʠʝ ʠʤʧʫʣʴʩʥʳʡ ʭʘʨʘʢʪʝʨ. ʀʟ-ʟʘ ʢʦʥʝʯʥʦʡ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ 

ʠʭ ʩʧʝʢʪʨ ʥʘ ʚʳʭʦʜʝ ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ ʙʣʠʟʦʢ ʢ ʩʧʝʢʪʨʫ ʰʫʤʦʚʦʡ ʧʦʤʝʭʠ. 

 ʇʦʵʪʦʤʫ ʠʭ ʥʘʟʳʚʘʶʪ ʘʪʤʦʩʬʝʨʥʳʤʠ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʤʠ ʰʫʤʘʤʠ. ʅʘ 

ʯʘʩʪʦʪʘʭ f ʄɻʮ>10 , ʧʨʝʚʳʰʘʶʱʠʭ ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ fʢp, ʢ ʘʪʤʦʩʬʝʨʥʳʤ ʠ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʤ ʰʫʤʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʢʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ, ʧʨʦʭʦʜʷʱʠʝ ʩʢʚʦʟʴ 

ʠʦʥʦʩʬʝʨʫ. 

 ʅʘ ʨʠʩ.4.1 ʧʨʠʚʝʜʝʥʳ ʫʩʨʝʜʥʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 

ʚʥʝʰʥʠʭ ʰʫʤʦʚ ʦʪ ʯʘʩʪʦʪʳ.  
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ʈʠʩ. 4.1. ʋʩʨʝʜʥʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʥʝʰʥʠʭ ʰʫʤʦʚ ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ 

ʰʫʤʦʚʦʡ ʧʦʣʦʩʝ ʧʨʠʝʤʥʠʢʘ 1 ʢɻʮ: 
1 - ʘʪʤʦʩʬʝʨʥʳʝ ʰʫʤʳ ʜʥʝʤ; 2 - ʘʪʤʦʩʬʝʨʥʳʝ ʰʫʤʳ ʥʦʯʴʶ;  

3 - ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʰʫʤʳ ʚ ʛʦʨʦʜʝ; 4 - ʠʥʜʫʩʪʨʠʘʣʴʥʳʝ ʰʫʤʳ ʚ ʩʝʣʴʩʢʦʡ ʤʝʩʪʥʦʩʪʠ; 
5 - ʢʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ 

 ɸʪʤʦʩʬʝʨʥʳʝ ʰʫʤʳ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ (ʤʦʣʥʠʡ). 

 ɻʨʦʟʦʚʘʷ ʘʢʪʠʚʥʦʩʪʴ ʦʩʦʙʦ ʠʥʪʝʥʩʠʚʥʘ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʤ ʧʦʷʩʝ ʟʝʤʥʦʛʦ 

ʰʘʨʘ (ɿʐ). ɺ ʩʨʝʜʥʝʤ ʥʘ ɿʐ ʚʩʝʛʜʘ ʠʤʝʶʪ ʤʝʩʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 2000 ʛʨʦʟ ʠ 

ʢʘʞʜʫʶ ʩʝʢʫʥʜʫ ʧʨʦʠʩʭʦʜʠʪ ʦʢʦʣʦ 100 ʛʨʦʟʦʚʳʭ ʨʘʟʨʷʜʦʚ. ɻʨʦʟʦʚʳʝ ʨʘʟʨʷʜʳ 

ʦʙʣʘʜʘʶʪ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ, ʤʘʢʩʠʤʫʤ ʢʦʪʦʨʦʛʦ ʥʘʭʦʜʠʪʩʷ ʚʙʣʠʟʠ 10ʢɻʮ. ʉ 

ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʘʪʤʦʩʬʝʨʥʳʭ ʰʫʤʦʚ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 4.1, 

ʢʨʠʚʳʝ 1 2, ). ʀʟ-ʟʘ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʩʬʝʨʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʚʦʣʥʳ ʫʨʦʚʝʥʴ 
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ʘʪʤʦʩʬʝʨʥʳʭ ʰʫʤʦʚ ʥʘ ʜʣʠʥʥʳʭ ʠ ʩʨʝʜʥʠʭ ʚʦʣʥʘʭ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ ʥʠʞʝ, ʯʝʤ 

ʥʦʯʴʶ. ʅʘ ʢʦʨʦʪʢʠʭ ʚʦʣʥʘʭ (ʧʨʠ ʯʘʩʪʦʪʘʭ 3 10... ʄɻʮ) ʵʪʦ ʨʘʟʣʠʯʠʝ ʫʤʝʥʴʰʘʝʪʩʷ 

ʟʘ ʩʯʝʪ ʠʭ ʜʘʣʴʥʝʛʦ ʤʥʦʛʦʩʢʘʯʢʦʚʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ. ʋʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ 

ʰʫʤʦʚ ʩʠʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʧʨʠ ʤʝʩʪʥʦʡ ʛʨʦʟʝ. ɺ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʷʭ 

ʩʫʱʝʩʪʚʝʥʥʳ ʧʦʤʝʭʠ ʦʪ ʩʝʚʝʨʥʳʭ ʧʦʣʷʨʥʳʭ ʩʠʷʥʠʡ.  

 ʀʥʜʫʩʪʨʠʘʣʴʥʳʝ ʰʫʤʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ 

ʧʨʠʙʦʨʦʚ ʠ ʘʧʧʘʨʘʪʦʚ ʩ ʠʩʢʨʦʦʙʨʘʟʦʚʘʥʠʝʤ (ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʝʡ, ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʩʚʘʨʢʠ, ʪʦʢʦʩʲʝʤʥʠʢʦʚ ʪʨʘʤʚʘʝʚ ʠ ʪʨʦʣʣʝʡʙʫʩʦʚ, ʩʠʩʪʝʤ ʟʘʞʠʛʘʥʠʷ 

ʘʚʪʦʤʦʙʠʣʝʡ ʠ ʧʨ.). ʋʨʦʚʝʥʴ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʰʫʤʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʠ 

ʘʪʤʦʩʬʝʨʥʳʭ, ʫʙʳʚʘʝʪ ʩ ʨʦʩʪʦʤ ʯʘʩʪʦʪʳ (ʨʠʩ.4.1, ʢʨʠʚʳʝ 3 4, ). ɺ ʢʨʫʧʥʳʭ 

ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʮʝʥʪʨʘʭ ʠʭ ʫʨʦʚʝʥʴ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ 

ʰʫʤʦʚ.  

 ʂʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʨʘʜʠʦʠʟʣʫʯʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʢʦʩʤʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ. ʕʪʠ ʰʫʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʱʠʤ ʫʨʦʚʥʝʤ ʬʦʥʘ, 

ʩʦʟʜʘʚʘʝʤʳʤ ʤʝʞʟʚʝʟʜʥʳʤ ʠʦʥʠʟʠʨʦʚʘʥʥʳʤ ʛʘʟʦʤ ʠ ʜʨʫʛʠʤʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʘʣʦʤʦʱʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ. ʄʘʢʩʠʤʫʤ ʢʦʩʤʠʯʝʩʢʠʭ ʰʫʤʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ (ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʄʣʝʯʥʦʛʦ ʧʫʪʠ), ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʙʦʣʴʰʝʤʫ ʢʦʣʠʯʝʩʪʚʫ ʦʭʚʘʪʳʚʘʝʤʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ, ʤʠʥʠʤʫʤ 

- ʚ ʩʪʦʨʦʥʫ ʦʪ ʮʝʥʪʨʘ ɻʘʣʘʢʪʠʢʠ. ʅʘ ʦʙʱʠʡ ʬʦʥ ʤʦʛʫʪ ʥʘʢʣʘʜʳʚʘʪʴʩʷ ʠʟʣʫʯʝʥʠʷ 

ʤʦʱʥʳʭ ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ (ʉʦʣʥʮʘ, ʨʘʜʠʦʠʩʪʦʯʥʠʢʦʚ ʚ ʩʦʟʚʝʟʜʠʠ ʂʘʩʩʠʦʧʝʠ, 

ʃʝʙʝʜʷ ʠ ʜʨ.), ʝʩʣʠ ʦʥʠ ʧʦʧʘʜʘʶʪ ʚ ʣʝʧʝʩʪʢʠ ʜʠʘʛʨʘʤʤʳ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ 

ʘʥʪʝʥʥʳ ʧʨʠʝʤʥʠʢʘ. ʂʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ ʜʦʩʪʠʛʘʶʪ ʧʦʚʝʨʭʥʦʩʪʠ ʟʝʤʥʦʛʦ ʰʘʨʘ, 

ʝʩʣʠ ʠʭ ʯʘʩʪʦʪʘ ʧʨʝʚʳʰʘʝʪ ʢʨʠʪʠʯʝʩʢʫʶ ʯʘʩʪʦʪʫ (ʩʤ. ʨʠʩ.3.2). ʉ ʧʦʚʳʰʝʥʠʝʤ 

ʯʘʩʪʦʪʳ ʢʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ ʫʤʝʥʴʰʘʶʪʩʷ (ʨʠʩ.4.1, ʢʨʠʚʘʷ 5), ʠ ʧʨʠ f ʄɻʮ>120  

ʠʭ ʚʣʠʷʥʠʝ ʥʘ ʨʘʜʠʦʧʨʠʝʤ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʘʢʪʠʯʝʩʢʠ ʢʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ 

ʦʢʘʟʳʚʘʶʪ ʤʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʨʘʜʠʦʧʨʠʝʤ ʥʘ ʯʘʩʪʦʪʘʭ 

20 120ʄɻʮf ʄɻʮ< < , ʢʦʛʜʘ ʠʭ ʫʨʦʚʝʥʴ ʩʦʠʟʤʝʨʠʤ ʠʣʠ ʧʨʝʚʳʰʘʝʪ ʫʨʦʚʝʥʴ 

ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʰʫʤʦʚ. ɺ ʦʙʣʘʩʪʷʭ ʯʘʩʪʦʪ ʦʢʦʣʦ 1 42, ɻɻʮ ʠ 

10ɻɻʮ ʚʦʟʥʠʢʘʝʪ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʩʤʠʯʝʩʢʦʛʦ ʰʫʤʘ. ʇʝʨʚʦʡ ʦʙʣʘʩʪʠ 

ʯʘʩʪʦʪ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʣʫʯʝʥʠʝ ʤʝʞʟʚʝʟʜʥʦʛʦ ʚʦʜʦʨʦʜʘ, ʚʪʦʨʦʡ - ʰʫʤ 

ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʦʚ ʚʦʜʳ ʚʝʨʭʥʠʭ ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ. 

 ʉʦʙʩʪʚʝʥʥʳʡ ʰʫʤ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʤʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʚ 

ʧʨʠʝʤʥʠʢʘʭ ɼɺ ʠ ʉɺ, ʠʤʝʶʱʠʭ ʤʘʛʥʠʪʥʳʝ (ʬʝʨʨʠʪʦʚʳʝ) ʘʥʪʝʥʥʳ ʩ ʥʝʙʦʣʴʰʦʡ 

ʜʝʡʩʪʚʫʶʱʝʡ ʚʳʩʦʪʦʡ [19], ʘ ʪʘʢʞʝ ʚ ʧʨʠʝʤʥʠʢʘʭ ʋʂɺ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ 
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(ʧʨʠ ʯʘʩʪʦʪʘʭ ʧʨʠʝʤʘ f ʄɻʮ>80 100... , ʥʘ ʢʦʪʦʨʳʭ ʫʨʦʚʝʥʴ ʚʥʝʰʥʠʭ ʰʫʤʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʤʘʣʳʤ).  

 ʍʘʨʘʢʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʚʝʱʘʥʠʷ ʠ ʩʚʷʟʠ ʥʘ ʨʘʜʠʦʚʦʣʥʘʭ ʨʘʟʣʠʯʥʦʡ 

ʜʣʠʥʳ ʥʘʛʣʷʜʥʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣ. 4.1.  

ʊʘʙʣʠʮʘ 4.1 
ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʚʝʱʘʥʠʷ (ʈɺ) ʠ ʨʘʜʠʦʩʚʷʟʠ (ʈʉ) 

ʥʘ ʨʘʜʠʦʚʦʣʥʘʭ ʨʘʟʣʠʯʥʦʡ ʜʣʠʥʳ 

ʅʘʠʤʝʥʦʚʘʥʠʝ 
ʨʘʜʠʦʚʦʣʥ 

1. ɼʘʣʴʥʦʩʪʴ ʈɺ (ʈʉ) 
2. ʃʫʯʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ 
3. ʄʝʰʘʶʱʠʝ ʬʘʢʪʦʨʳ ʧʨʠ ʧʨʠʝʤʝ 

ʂʠʣʦʤʝʪʨʦʚʳʝ ʠ 
ʛʝʢʪʦʤʝʪʨʦʚʳʝ 
(0,03é3,0 ʄɻʮ) 

   1. ɼʘʣʴʥʝʝ ʥʘʟʝʤʥʦʝ (500 ... 3000) ʢʤ 
   2. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʣʫʯʠ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ; ʧʦʚʝʨʭʥʦʩʪʥʳʝ ʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʣʫʯʠ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ 
   3. ʆʯʝʥʴ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʰʫʤʦʚ; 
ʟʘʤʠʨʘʥʠʷ ʩʠʛʥʘʣʘ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ ʠʟ-ʟʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʨʘʜʠʦʚʦʣʥ ʚ 
ʪʦʯʢʝ ʧʨʠʝʤʘ; ʧʦʤʝʭʠ ʦʪ ʜʘʣʴʥʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʚ ʥʦʯʥʦʝ ʚʨʝʤʷ 

ɼʝʢʘʤʝʪʨʦʚʳʝ 
(3,0é30,0 ʄɻʮ) 

   1. ɹʣʠʞʥʝʝ ʥʘʟʝʤʥʦʝ (100 ... 150 ʢʤ); 
ʜʘʣʴʥʝʝ ʥʘʟʝʤʥʦʝ (ʜʦ 20000 ... 40000) ʢʤ 
   2. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʣʫʯʠ (ʙʣʠʞʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ); 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʣʫʯʠ (ʜʘʣʴʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ) ʧʨʠ ʠʭ ʦʪʨʘʞʝʥʠʠ 
(ʤʥʦʛʦʢʨʘʪʥʦʤ) ʦʪ ʠʦʥʦʩʬʝʨʳ ʠ ɿʝʤʣʠ: ʜʥʝʤ ʥʘ ʯʘʩʪʦʪʘʭ 

10 15ʄɻʮf ʄɻʮ< < ; ʚ ʩʫʤʝʨʝʯʥʦʝ ʚʨʝʤʷ ʥʘ ʯʘʩʪʦʪʘʭ 

9 12ʄɻʮf ʄɻʮ< < ; ʥʦʯʴʶ ʥʘ ʯʘʩʪʦʪʘʭ 4 9ʄɻʮf ʄɻʮ< <  

   3. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ ʠ ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʰʫʤʦʚ; 
ʟʘʤʠʨʘʥʠʷ ʩʠʛʥʘʣʘ; ʧʦʤʝʭʠ ʦʪ ʜʘʣʴʥʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ 

ʄʝʪʨʦʚʳʝ,  
ʜʝʮʠʤʝʪʨʦʚʳʝ ʠ 
ʩʘʥʪʠʤʝʪʨʦʚʳʝ 

(30,0é30000,0 ʄɻʮ) 

   1. ɹʣʠʞʥʝʝ ʥʘʟʝʤʥʦʝ - ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʥʘʟʝʤʥʦʤ 
ʈɺ ʠ ʈʉ (50 ... 150 ʢʤ); ʜʘʣʴʥʝʝ - ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʧʨʠ 
ʈʉ ʩ ʚʦʟʜʫʰʥʳʤ ʬʣʦʪʦʤ (500 ... 10000 ʢʤ); ʩʚʝʨʭʜʘʣʴʥʝʝ 
ʢʦʩʤʠʯʝʩʢʦʝ - ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ʧʨʠ ʈʉ ʩ ʀʉɿ (70000 ʢʤ 
ʠ ʙʦʣʝʝ) 
   2. ʇʦʚʝʨʭʥʦʩʪʥʳʝ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʣʫʯʠ ʧʨʠ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ 
   3. ɿʘʤʝʪʥʳʡ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ, ʠʥʜʫʩʪʨʠʘʣʴʥʳʭ ʠ ʢʦʩʤʠʯʝʩʢʠʭ 

ʰʫʤʦʚ ʧʨʠ ( ... )10 20 120ʄɻʮf ʄɻʮ< <  ʠ ʠʭ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠ 

f ʄɻʮ>120 , ʢʨʦʤʝ ʯʘʩʪʦʪ f ɻɻʮº1 42,  (ʰʫʤ ʤʝʞʟʚʝʟʜʥʦʛʦ 

ʚʦʜʦʨʦʜʘ) ʠ f ɻɻʮº10  (ʰʫʤ ʠʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʘʨʦʚ ʚʦʜʳ ʚʝʨʭʥʠʭ 

ʩʣʦʝʚ ʘʪʤʦʩʬʝʨʳ) 

 ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʘʤ 3 ʠ 4 

1.  ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ? 

2.  ʏʪʦ ʪʘʢʦʝ ʦʪʨʘʞʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ? 

3.  ʏʪʦ ʪʘʢʦʝ ʧʨʝʣʦʤʣʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ? 

4.  ʏʪʦ ʪʘʢʦʝ ʜʠʬʨʘʢʮʠʷ ʨʘʜʠʦʚʦʣʥ ? 

5.  ʏʪʦ ʪʘʢʦʝ ʨʝʬʨʘʢʮʠʷ ʨʘʜʠʦʚʦʣʥ ? 

6.  ʂʘʢʠʝ ʨʘʜʠʦʚʦʣʥʳ ʥʘʟʳʚʘʶʪʩʷ ʧʦʚʝʨʭʥʦʩʪʥʳʤʠ (ʟʝʤʥʳʤʠ) ? 

7.  ʂʘʢʠʝ ʨʘʜʠʦʚʦʣʥʳ ʥʘʟʳʚʘʶʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤʠ ? 

8.  ʏʪʦ ʪʘʢʦʝ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ (ʄʇʏ) ʨʘʜʠʦʚʦʣʥʳ ? 
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9.  ʏʪʦ ʪʘʢʦʝ ʢʨʠʪʠʯʝʩʢʘʷ ʯʘʩʪʦʪʘ ʨʘʜʠʦʚʦʣʥʳ (fʢʨ) ? 

10. ʏʪʦ ʪʘʢʦʝ ʥʘʠʥʠʟʰʘʷ ʧʨʠʤʝʥʠʤʘʷ ʯʘʩʪʦʪʘ (ʅʇʏ) ʨʘʜʠʦʚʦʣʥʳ ? 

11. ʀʟ-ʟʘ ʯʝʛʦ ʧʨʦʠʩʭʦʜʷʪ ʟʘʤʠʨʘʥʠʷ (ʬʝʜʠʥʛ) ʨʘʜʠʦʚʦʣʥ ? 

12. ʇʦʯʝʤʫ ʫʩʪʦʡʯʠʚʘʷ ʥʘʟʝʤʥʘʷ ʨʘʜʠʦʩʚʷʟʴ ʥʘ ʋʂɺ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʚ ʧʨʝʜʝʣʘʭ 
ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ ? 

13. ʇʦʯʝʤʫ ʫʨʦʚʝʥʴ ʘʪʤʦʩʬʝʨʥʳʭ ʰʫʤʦʚ ʥʦʯʴʶ ʙʦʣʴʰʝ, ʯʝʤ ʜʥʝʤ ? 

14. ʇʦʯʝʤʫ ʚ ʜʠʘʧʘʟʦʥʘʭ ɼɺ ʠ ʉɺ ʧʨʠ ʥʘʟʝʤʥʦʡ ʨʘʜʠʦʩʚʷʟʠ ʢʦʩʤʠʯʝʩʢʠʝ ʰʫʤʳ 
ʦʪʩʫʪʩʪʚʫʶʪ ? 

 
 5. ɿʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʜʠʦʩʪʘʥʮʠʡ 

 ʂʘʞʜʘʷ ʨʘʜʠʦʩʪʘʥʮʠʷ ʦʙʩʣʫʞʠʚʘʝʪ ʚʝʱʘʥʠʝʤ ʦʧʨʝʜʝʣʝʥʥʫʶ 

ʪʝʨʨʠʪʦʨʠʶ. 

 ɿʦʥʦʡ ʦʙʩʣʫʞʠʚʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ ʨʘʜʠʦʩʪʘʥʮʠʠ ʥʘʟʳʚʘʶʪ ʯʘʩʪʴ ʟʝʤʥʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʦʛʨʘʥʠʯʝʥʥʦʡ ʟʘʤʢʥʫʪʦʡ ʢʨʠʚʦʡ, ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʢʦʪʦʨʦʡ ʩ 

ʚʝʨʦʷʪʥʦʩʪʴʶ ʥʝ ʥʠʞʝ ʟʘʜʘʥʥʦʡ ʧʦʣʝʟʥʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʝʨʝʜʘʪʯʠʢʘ eʩ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʡ ʧʨʠʝʤ ʧʨʠ ʥʘʣʠʯʠʠ ʰʫʤʦʚ ʠʣʠ ʧʦʤʝʭ ʩ 

ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ eh n( )  [32,33]. 

 ʐʫʤʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʨʦʜʥʦʛʦ ʠʣʠ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

(ʩʤ. ʨʘʟʜʝʣ 4). ʇʦʤʝʭʠ ʤʦʛʫʪ ʩʦʟʜʘʚʘʪʴʩʷ ʜʨʫʛʠʤʠ ʨʘʜʠʦʩʪʘʥʮʠʷʤʠ.  

 ɿʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ (g) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʦʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 

ʰʫʤʦʚ (ʧʦʤʝʭ) ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ 

  g e e= c ʰ n/ ( ) ,  g e e[ ] log( / )( )ʜɹ c ʰ n=20 .  (5.1) 

 ɿʥʘʯʝʥʠʝ ec  ʦʧʨʝʜʝʣʷʝʪ ʥʝʦʙʭʦʜʠʤʫʶ ʨʝʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

ʧʨʠʝʤʥʠʢʘ ʧʦ ʧʦʣʶ. 

 ʅʘʠʤʝʥʴʰʘʷ ʜʦʧʫʩʪʠʤʘʷ ʚʝʣʠʯʠʥʘ ʟʘʱʠʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦ ʚʳʩʦʢʦʡ 

ʯʘʩʪʦʪʝ ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʳ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʈʉʊ. 

 ɿʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʫʨʦʚʥʷ ʰʫʤʦʚ (ʧʦʤʝʭ) ʚ 

ʪʦʯʢʝ ʧʨʠʝʤʘ, ʥʦ ʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤ ʚʝʱʘʥʠʷ, ʢ ʢʦʪʦʨʳʤ ʦʪʥʦʩʷʪʩʷ: 

 - ʪʠʧ ʠ ʛʣʫʙʠʥʘ ʤʦʜʫʣʷʮʠʠ, ʨʘʟʥʦʩ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʧʝʨʝʜʘʪʯʠʢʦʚ; 

 - ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʢʘʥʘʣʘ ʚʝʱʘʥʠʷ (ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʷʚʣʷʝʪʩʷ ʰʠʨʠʥʘ 

ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ); 

 - ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʴ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ; 

 - ʪʨʝʙʫʝʤʦʝ ʟʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʥʠʟʢʦʡ (ʟʚʫʢʦʚʦʡ) ʯʘʩʪʦʪʝ. 

 ʄʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʦʚ ʨʘʟʣʠʯʥʳʭ ʜʣʠʥ 
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ʚʦʣʥ, ʨʘʙʦʪʘʶʱʠʭ ʩ ʥʘʩʪʨʦʝʥʥʳʤʠ ʠ ʥʝʥʘʩʪʨʦʝʥʥʳʤʠ ʘʥʪʝʥʥʘʤʠ, ʩ ʫʯʝʪʦʤ 

ʚʥʝʰʥʠʭ ʰʫʤʦʚ ʧʦʜʨʦʙʥʦ ʠʟʣʦʞʝʥʳ ʚ [19]. 

 ɿʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʝ (gʚʳʭ) ʭʘʨʘʢʪʝʨʠʟʫʝʪ 

ʪʨʝʙʫʝʤʦʝ ʦʪʥʦʰʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ Uc  ʢ ʥʘʧʨʷʞʝʥʠʶ ʰʫʤʘ 

Uʰ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʥʠʟʢʦʡ ʯʘʩʪʦʪʳ (ʋʅʏ) ʧʨʠʝʤʥʠʢʘ 

gʚʳʭ c ʰU U= / , gʚʳʭ c ʰʜɹ U U[ ] log( / )=20 .  (5.2) 

 ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʘʭ ʋʅʏ g gʚʳʭ ʚʳʭʜʝʪº , ʛʜʝ 

gʚʳʭʜʝʪ-ʟʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ (ʠʣʠ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʣʠʯʠʤʦʩʪʠ), 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʝ (ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ) ʦʪʥʦʰʝʥʠʝ ʩʠʛʥʘʣ/ʰʫʤ (ʉ/ʐ) ʥʘ ʚʳʭʦʜʝ 

ʜʝʪʝʢʪʦʨʘ ʧʨʠʝʤʥʠʢʘ. ɺʝʣʠʯʠʥʫ gʚʳʭ, ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʡ 

ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʦʡ ʢʦʤʠʩʩʠʠ (ʄʕʂ), ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʤʘʩʩʦʚʦʛʦ 

ʦʧʨʦʩʘ ʩʣʫʰʘʪʝʣʝʡ, ʜʣʷ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʧʨʠʝʤʥʠʢʦʚ, ʧʨʠʥʠʤʘʶʪ ʨʘʚʥʦʡ 

20 40... ʜɹ. ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʚʝʣʠʯʠʥʳ gʚʳʭ ʜʣʷ ʧʨʠʝʤʥʠʢʦʚ ʩʚʷʟʥʳʭ, 

ʣʦʢʘʮʠʦʥʥʳʭ ʠ ʜʨ. ʧʨʠʚʝʜʝʥʳ, ʥʘʧʨʠʤʝʨ, ʚ [19].  

 ʇʨʠ ʜʝʤʦʜʫʣʷʮʠʠ (ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ) ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʤʝʥʷʪʴʩʷ (g gʚʳʭʜʝʪ ʚʭʜʝʪ¸ ). ʉʚʷʟʴ ʤʝʞʜʫ gʚʭʜʝʪ ʠ gʚʳʭʜʝʪ ʜʣʷ ʜʠʦʜʥʳʭ 

ʜʝʪʝʢʪʦʨʦʚ ʢʦʣʝʙʘʥʠʡ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ɸʄ) ʠ ʢʦʣʝʙʘʥʠʡ ʩ ʫʛʣʦʚʦʡ 

ʤʦʜʫʣʷʮʠʝʡ (ʋʄ) ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʬʦʨʤʫʣʘʤ [31]: 
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ʛʜʝ DF F Fʛpʚ ʛpʥ= - -11, ( ) ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʣʦʩʘ ʰʫʤʦʚ ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ 

ʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ {ʚ ʬʦʨʤʫʣʝ (5.3) ʧʨʠ 2DF ʇh>  ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʘʛʘʪʴ 

2DF ʇh= }; 

 F Fʛpʥ ʛpʚ, -ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʠʞʥʷʷ ʠ ʚʝʨʭʥʷʷ ʛʨʘʥʠʯʥʳʝ ʯʘʩʪʦʪʳ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʛʦ ʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ; 

 ʇ ʇʰº Ö -11 0 7, , ʵʬʬʝʢʪʠʚʥʘʷ ʧʦʣʦʩʘ ʰʫʤʦʚ ʧʨʠʝʤʥʠʢʘ; 

 ʇ0 7, -ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ ʧʦ ʫʨʦʚʥʶ 0 7, ; 

 m-ʠʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ ɸʄ-ʢʦʣʝʙʘʥʠʷ; 
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 fʜʤʘʢʩ-ʤʘʢʩʠʤʘʣʴʥʘʷ ʜʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʷ ʩ ʋʄ; 

 M-ʠʥʜʝʢʩ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ (M f Fʜ ʚ= max / , ʩʤ. ʧʦʜʨʘʟʜʝʣ 8.6);  

 Fʚ-ʚʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʤʦʜʫʣʷʮʠʠ. 

 ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʩʠʛʥʘʣʘ ec ʤʢɺʤ[ / ]  ʚʦʢʨʫʛ ʧʝʨʝʜʘʪʯʠʢʘ ʩ 

ʢɻʚʠʚʘʣʝʥʪʥʦʡ ʤʦʱʥʦʩʪʴʶ ʠʟʣʫʯʝʥʠʷ P ʢɺʪʵʢ[ ]  ʥʘ ʨʘʩʩʪʦʷʥʠʠ r ʢʤ[ ]  ʟʘ ʩʯʝʪ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʣʫʯʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʫʣʦʡ 

    ec a ʵʢ
F

r
Pº Ö( , )1 73 105 ,   (5.5) 

ʛʜʝ F -ʢʦʵʬʬʠʮʠʝʥʪ ʦʩʣʘʙʣʝʥʠʷ (F¢1 ), ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʣʠʥʳ ʨʘʜʠʦʚʦʣʥʳ 

ʠ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʯʚʳ sʧʚ; 

 a-ʧʦʢʘʟʘʪʝʣʴ ʦʩʣʘʙʣʝʥʠʷ (a²1), ʟʘʚʠʩʷʱʠʡ ʦʪ ʜʣʠʥʳ ʨʘʜʠʦʚʦʣʥʳ ʠ 

ʦʪ ʩʚʦʡʩʪʚ ʩʨʝʜʳ, ʧʦ ʢʦʪʦʨʦʡ ʦʥʘ ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ. 

 ʕʢʚʠʚʘʣʝʥʪʥʘʷ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ Pɻ ʢ (ʠʣʠ ɻʢʚʠʚʘʣʝʥʪʥʘʷ 

ʠʟʦʪʨʦʧʥʦ ʠʟʣʫʯʘʝʤʘʷ ʤʦʱʥʦʩʪʴ (ʕʀʀʄ)) ʩʚʷʟʘʥʘ ʩ ʵʬʬʝʢʪʠʚʥʦʡ 

ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ Pnʵʬ ʠ ʩ ʚʳʭʦʜʥʦʡ ʤʦʱʥʦʩʪʴʶ ʧʝʨʝʜʘʪʯʠʢʘ Pʧ 

ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

P P G P Gʵʢ n ʵʬʧ ʧ ʧ ʧ= = h ,   (5.6) 

ʛʜʝ Gn-ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʘʥʪʝʥʥʳ ʧʝʨʝʜʘʪʯʠʢʘ; 

 hʧ-ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʦ ʤʦʱʥʦʩʪʠ ʘʥʪʝʥʥʦ-ʚʦʣʥʦʚʦʜʥʦʛʦ ʪʨʘʢʪʘ 

ʧʝʨʝʜʘʪʯʠʢʘ. 

 ʀʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ ʫʨʦʚʝʥʴ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʠʛʥʘʣʘ ʈʉʊ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ 

ʠʟʤʝʥʷʪʴʩʷ ʚʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 5.1). ɼʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʦʣʷ 

ʠʩʧʦʣʴʟʫʶʪ ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʚʨʝʤʷ (T% ) 

ʧʨʝʚʳʰʝʥʠʷ ʟʘʜʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʠʛʥʘʣʘ e (ʜʣʷ ʧʨʦʩʪʦʪʳ ʟʘʧʠʩʠ 

ʦʧʫʱʝʥ ʠʥʜʝʢʩ çʩè). ɺʝʣʠʯʠʥʘ T  ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʦʪʥʦʰʝʥʠʝ ʩʫʤʤʘʨʥʦʛʦ 

ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʟʘʜʘʥʥʦʛʦ ʫʨʦʚʥʷ ʢ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ T0 : 

T t t T t T= + + Ö = Ö[( ... ) / ] % ( / ) %D D D1 2 0 0100 100 .  (5.7) 

 ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʩʠʛʥʘʣʘ, ʧʨʝʚʳʰʘʝʤʘʷ ʚ T%  ʚʨʝʤʝʥʠ, 

ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ e( )T . ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ e e( ) ( )T = 50 , ʧʨʝʚʳʰʘʝʤʘʷ ʚ 

50%  ʚʨʝʤʝʥʠ, ʥʘʟʳʚʘʝʪʩʷ ʤʝʜʠʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʴʶ ʧʦʣʷ. 
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ʈʠʩ. 5.1. ɼʠʘʛʨʘʤʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʧʦʥʷʪʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʝʥʠʷ 

ʟʘʜʘʥʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ  

 ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʦʢʨʫʛ ʧʝʨʝʜʘʪʯʠʢʘ ʈʉʊ ʥʘ ʟʘʜʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ r  ʟʘʚʠʩʠʪ ʝʱʝ ʠ ʦʪ ʭʘʨʘʢʪʝʨʘ ʤʝʩʪʥʦʩʪʠ, ʠ ʤʝʩʪʘ ʧʦʣʦʞʝʥʠʷ ʥʘ ʥʝʡ 

ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʕʪʠ ʫʩʣʦʚʠʷ ʫʯʠʪʳʚʘʶʪʩʷ ʧʨʦʮʝʥʪʦʤ ʤʝʩʪ ʧʨʠʝʤʘ L, ʚ 

ʢʦʪʦʨʳʭ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʨʝʚʳʰʘʝʪ ʟʘʜʘʥʥʳʡ ʫʨʦʚʝʥʴ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

e( )L . ʅʘʧʨʠʤʝʨ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ e e( ) ( )L = 50  ʧʨʝʚʳʰʘʝʪʩʷ ʚ  L=50%   ʪʦʯʝʢ 

ʧʨʠʝʤʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʦʢʨʫʛ ʧʝʨʝʜʘʪʯʠʢʘ ʷʚʣʷʝʪʩʷ 

ʜʚʫʤʝʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʚʝʣʠʯʠʥʦʡ, ʧʦʩʢʦʣʴʢʫ ʟʘʚʠʩʠʪ ʦʪ ʤʝʩʪʘ ʧʨʠʝʤʘ ʠ 

ʠʟʤʝʥʷʝʪʩʷ ʚʦ ʚʨʝʤʝʥʠ. ʇʦʵʪʦʤʫ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ec r T L( , , ) , 

ʢʦʪʦʨʦʝ ʚ ʪʝʯʝʥʠʝ T=50%  ʚʨʝʤʝʥʠ ʧʨʝʚʳʰʘʝʪʩʷ ʚ L=50%  ʦʙʱʝʛʦ ʯʠʩʣʘ 

ʪʦʯʝʢ ʧʨʠʝʤʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ, ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚʳʨʘʞʝʥʠʝʤ 

e ec ʵʢ cr T L ʤʢɺʤ P ʢɺʪ r R(T R(L( , , )[ / ] [ ] ( , , ) ) )= 50 50 ,  (5.8) 

ʛʜʝ ec r( , , )50 50 -ʤʝʜʠʘʥʥʦʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ (ʧʨʝʚʳʰʘʝʤʦʝ ʚ 

ʪʝʯʝʥʠʝ 50%  ʚʨʝʤʝʥʠ ʧʨʠʝʤʘ) ʚ L=50%  ʤʝʩʪ ʧʨʠʝʤʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ 

ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ʵʬʬʝʢʪʠʚʥʦʡ ʤʦʱʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ Pɻ ʢ; 

 R T( )-ʬʫʥʢʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʦ ʚʨʝʤʝʥʠ ʚ ʪʦʯʢʘʭ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʥʘ ʟʘʜʘʥʥʦʤ 

ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ; 

 R L( )-ʬʫʥʢʮʠʷ, ʫʯʠʪʳʚʘʶʱʘʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʦʯʢʘʭ ʧʨʠʝʤʘ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ r  

ʦʪ ʧʝʨʝʜʘʪʯʠʢʘ. 

 ɺʳʨʘʞʝʥʠʝ (5.8) ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʚʠʜʝ 

e ec ʵʢ cr T L ʜɹʤʢɺʤ P ʜɹʢɺʪ r R T R L( , , )[ / ] [ / ] ' ( , , ) ' ( ) ' ( )= + + +50 50 , (5.9) 
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ʛʜʝ e e' ( , , ) lg [ ( , , )]c cr r50 50 20 50 50= ; 

 R T R T' ( ) lg [ ( )]=20 ; 

 R L R L' ( ) lg [ ( )]=20 . 

 ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 0 15 10, ... ʄɻʮ, ʢʦʛʜʘ ʧʨʠʝʤ ʚ ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʧʝʨʝʜʘʪʯʠʢʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʟʘ ʩʯʝʪ ʟʝʤʥʦʡ ʚʦʣʥʳ, ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚʦ 

ʚʨʝʤʝʥʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪʩʷ. ʂʨʦʤʝ ʪʦʛʦ, ʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ 

ʨʘʜʠʦʚʦʣʥ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʤʘʣʦ ʩʢʘʟʳʚʘʝʪʩʷ ʨʝʣʴʝʬ ʤʝʩʪʥʦʩʪʠ. ʊʦʛʜʘ 

e ec ʵʢ cr T L P ʜɹʢɺʪ r( , , ) [ / ] ' ( )= +  ʠ ʜʣʷ ʨʘʩʯʝʪʘ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʜʠʦʩʪʘʥʮʠʡ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ e' ( )c r  

ʧʨʠ P ʢɺʪʵʢ=1  (ʨʠʩ.5.2). 

 ɺ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 30 300... ʄɻʮ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʛʨʘʥʠʮ ʟʦʥʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ 

e' ( , , )c r T L  ʧʨʠ P ʢɺʪʵʢ=1  (ʨʠʩ. 5.3), ʫʯʠʪʳʚʘʶʱʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʚʦ ʚʨʝʤʝʥʠ ʥʘ ʟʘʜʘʥʥʦʤ ʨʘʩʩʪʦʷʥʠʠ r  ʦʪ 

ʧʝʨʝʜʘʪʯʠʢʘ (ʬʫʥʢʮʠʶ R T( ), ʥʘʧʨʠʤʝʨ ʧʨʠ T=50% ) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʜʣʷ ʩʨʝʜʥʝʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʬʫʥʢʮʠʶ 

R L( ), ʥʘʧʨʠʤʝʨ, ʧʨʠ L=50%). ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʟʘʤʝʪʠʪʴ, ʯʪʦ, ʩʦʛʣʘʩʥʦ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʨʘʜʠʦʚʝʱʘʥʠʷ ʠ ʪʝʣʝʚʠʜʝʥʠʷ, ʚ 

ʟʦʥʝ ʦʙʩʣʫʞʠʚʘʥʠʷ ʈʉʊ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ, ʩʦʟʜʘʚʘʝʤʘʷ ʧʝʨʝʜʘʪʯʠʢʦʤ, 

ʜʦʣʞʥʘ ʦʙʝʩʧʝʯʠʪʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʧʨʠʝʤ ʚʝʱʘʥʠʷ ʥʘ ʤʘʩʩʦʚʫʶ ʘʧʧʘʨʘʪʫʨʫ ʚ 

L=50%  ʤʝʩʪ ʧʨʠʝʤʘ ʚ ʪʝʯʝʥʠʝT=90%  ʚʨʝʤʝʥʠ ʜʣʷ ʤʦʥʦ- ʠ T=99%  ʚʨʝʤʝʥʠ 

ʜʣʷ ʩʪʝʨʝʦʚʝʱʘʥʠʷ. ʊʦʣʴʢʦ ʚ ʪʝʯʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 10  ʠ 1%  ʚʨʝʤʝʥʠ 

ʜʦʧʫʩʢʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʟʘʤʝʪʥʳʭ ʧʦʤʝʭ. ʕʪʠ ʪʨʝʙʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʶʪ 

ʥʝʢʦʪʦʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʚʝʱʘʪʝʣʴʥʳʭ ʈʉʊ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʟʦʥʘʤʠ, ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʟʘʚʠʩʠʤʦʩʪʷʤ ʨʠʩ.5.3. 

 ʇʨʠ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ  (ʠʣʠ ʧʨʠ ) 

ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ, ʢʘʢ ʩʣʝʜʫʝʪ ʠʟ (5.9), 

ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʧʨʠʚʝʜʝʥʥʳʭ ʥʘ ʨʠʩ.5.2 ʠ 5.3, ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʦʨʜʠʥʘʪʳ ʥʘ ʚʝʣʠʯʠʥʫ . 

 ʅʘʠʙʦʣʝʝ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ 

ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʯʘʩʪʦʪ , ʚ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʩʚʝʨʭʜʘʣʴʥʝʝ 

ʤʥʦʛʦʩʢʘʯʢʦʚʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʨʘʜʠʦʚʦʣʥ ʟʘ ʩʯʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʣʫʯʝʡ. 

ʕʪʦʪ ʚʦʧʨʦʩ ʟʜʝʩʴ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ. 

P ʢɺʪʵʢ>1 P ʢɺʪʵʢ<1

e' [ / ] lg{( ) / [ ]}c ʵʢʜɹʤʢɺʤ ʢɺʪP ʢɺʪ=10 1

10 30... ʄɻʮ
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ʈʠʩ. 5.2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ 

ʦʪ ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʯʘʩʪʦʪʳ ʧʨʠ P ʢɺʪʵʢ ʧʚ= º Ö -1 3 10 2, s  

ɽʩʣʠ ʧʦʣʝʟʥʳʡ ʧʝʨʝʜʘʪʯʠʢ ʨʘʙʦʪʘʝʪ ʚ ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ ʦʪ ʜʨʫʛʦʛʦ 

ʧʝʨʝʜʘʪʯʠʢʘ, ʪʦ ʥʘ ʛʨʘʥʠʮʝ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ ʫʩʣʦʚʠʷ 

,  ,   (5.10) 

ʛʜʝ  ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʝʟʥʦʛʦ ʠ 

ʤʝʰʘʶʱʝʛʦ ʧʝʨʝʜʘʪʯʠʢʦʚ (ʨʠʩ.5.4,ʘ); 

 ʤʠʥʠʤʘʣʴʥʦ ʥʝʦʙʭʦʜʠʤʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʨʝʘʣʴʥʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʨʠʝʤʥʠʢʘ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʥʘ 

ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ ʪʨʝʙʫʝʤʦʝ . 

 ʇʨʠ ʨʘʙʦʪʝ ʨʘʜʠʦʩʪʘʥʮʠʡ ʚ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʦʠʩʭʦʜʠʪ 

ʥʝʢʦʪʦʨʦʝ ʩʤʝʱʝʥʠʝ ʮʝʥʪʨʦʚ ʠʭ ʢʨʫʛʦʚʳʭ ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʝʩʪʦʨʘʩʧʦʣʦʞʝʥʠʷ ʧʝʨʝʜʘʪʯʠʢʦʚ (ʨʠʩ.5.4,ʙ). 

 ɺʟʘʠʤʥʳʝ ʧʦʤʝʭʠ ʤʦʛʫʪ ʠʤʝʪʴ ʤʝʩʪʦ: 

 ʘ) ʦʪ ʈʉʊ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʚʤʝʱʝʥʥʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ ʢʘʥʘʣʝ 

(ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ ʈʉʊ ʦʜʠʥʘʢʦʚʳ) ʠ ʧʝʨʝʜʘʶʱʠʭ ʨʘʟʥʳʝ ʠʣʠ ʦʜʠʥʘʢʦʚʳʝ 

ʧʨʦʛʨʘʤʤʳ (ʢʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚʳʰʝ, ʦʜʠʥʘʢʦʚʳʝ ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ ʤʦʛʫʪ ʠʤʝʪʴ 

ʈʉʊ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʟʥʳʭ ʛʝʦʛʨʘʬʠʯʝʩʢʠʭ ʨʘʡʦʥʘʭ); 

 ʙ) ʦʪ ʈʉʊ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʘʟʥʳʭ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʢʘʥʘʣʘʭ ʠ 

ʧʝʨʝʜʘʶʱʠʭ ʨʘʟʥʳʝ ʠʣʠ ʦʜʠʥʘʢʦʚʳʝ ʧʨʦʛʨʘʤʤʳ; 
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 ʚ) ʦʪ ʩʠʥʭʨʦʥʥʳʭ ʈʉʊ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʦʚʤʝʱʝʥʥʦʤ ʨʘʜʠʦʯʘʩʪʦʪʥʦʤ 

ʢʘʥʘʣʝ ʠ ʧʝʨʝʜʘʶʱʠʭ ʦʜʠʥʘʢʦʚʳʝ ʩʬʘʟʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʳ. 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʣʷ ʧʝʨʚʦʛʦ ʩʣʫʯʘʷ ʪʨʝʙʫʝʤʳʝ ʟʥʘʯʝʥʠʷ  ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ. 
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ʈʠʩ. 5.3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʦʪ 

ʨʘʩʩʪʦʷʥʠʷ ʜʦ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʚʳʩʦʪʳ ʧʦʜʲʝʤʘ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ ʜʣʷ ʜʠʘʧʘʟʦʥʘ 

ʯʘʩʪʦʪ 30 300... ʄɻʮ  ʧʨʠ P ʢɺʪʵʢ=1  ʠ H ʤnp=10  

 
ʈʠʩ. 5.4. ɿʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʜʚʫʭ ʈʉʊ  

ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʠ (ʘ) ʠ ʟʦʥʳ ʠʭ ʦʙʩʣʫʞʠʚʘʥʠʷ ʥʘ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ (ʙ) 

g
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ʈʠʩ. 5.5. ɿʘʚʠʩʠʤʦʩʪʠ ʟʘʱʠʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʦ ʨʘʜʠʦʯʘʩʪʦʪʝ  
ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ ʦʪ ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʥʝʩʫʱʠʤʠ ʯʘʩʪʦʪʘʤʠ  

ʧʦʣʝʟʥʦʡ ʠ ʤʝʰʘʶʱʝʡ ʨʘʜʠʦʩʪʘʥʮʠʡ 

 ɼʣʷ ʧʨʠʤʝʨʘ ʥʘ ʨʠʩ. 5.5 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʥʝʦʙʭʦʜʠʤʦʛʦ 

ʟʘʱʠʪʥʦʛʦ ʦʪʥʦʰʝʥʠʷ ʧʨʠ ʤʦʥʦ- ʠ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʤ ʧʨʠʝʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ. 

 ɼʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʜʠʦʚʝʱʘʥʠʝʤ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʡ ʩʧʣʦʰʥʦʡ 

ʪʝʨʨʠʪʦʨʠʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʢʚʘʜʨʘʪʥʘʷ ʠʣʠ ʪʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʠ 

ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʉʊ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ, ʠʤʝʶʱʠʝ ʚ ʠʜʝʘʣʴʥʦʤ ʩʣʫʯʘʝ 

(ʨʘʚʥʠʥʥʘʷ ʤʝʩʪʥʦʩʪʴ ʙʝʟ ʣʝʩʥʳʭ ʤʘʩʩʠʚʦʚ ʠ ʩʪʨʦʝʥʠʡ) ʢʨʫʛʦʚʳʝ ʟʦʥʳ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʩ ʨʘʜʠʫʩʦʤ r0  (ʨʠʩ. 5.6). ʂʚʘʜʨʘʪʥʘʷ ʠ ʪʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʠ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʘʣʴʥʦʩʪʴʶ ʤʝʞʜʫ ʈʉʊ (Dʢʚ ʠʣʠ Dʪʨ) ʠ ʯʘʩʪʠʯʥʦ 

ʧʝʨʝʩʝʢʘʶʱʠʤʠʩʷ ʟʦʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ ʫʯʘʩʪʢʠ), ʛʜʝ 

ʚʦʟʤʦʞʥʳ ʧʦʤʝʭʠ ʦʪ ʩʦʩʝʜʥʠʭ ʈʉʊ. ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʈʉʊ ʧʨʠ ʢʚʘʜʨʘʪʥʦʡ ʩʝʪʢʝ D rʢʚʤʘʢʩ= 2 0, ʧʨʠ ʪʨʝʫʛʦʣʴʥʦʡ 

ʩʝʪʢʝ D rʪ ʤʘʢʩʨ = 3 0 .  

 ʊʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʉʊ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ ʧʦ ʜʚʫʤ 

ʧʨʠʯʠʥʘʤ.  

 ɺʦ-ʧʝʨʚʳʭ, ʧʨʠ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʝ ʧʣʦʱʘʜʴ ʧʝʨʝʩʝʯʝʥʠʷ ʟʦʥ 

ʦʙʩʣʫʞʠʚʘʥʠʷ ʈʉʊ ʤʝʥʴʰʝ.  

 ɺʦ-ʚʪʦʨʳʭ, ʪʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʙʦʣʝʝ ʚʳʛʦʜʥʘ ʵʢʦʥʦʤʠʯʝʩʢʠ. ʕʪʦ 

ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ ʢʘʞʜʳʝ ʯʝʪʳʨʝ ʈʉʊ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʫʛʣʘʭ ʨʦʤʙʘ, 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʜʚʫʤʷ ʨʘʚʥʦʩʪʦʨʦʥʥʠʤʠ ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ, ʦʙʩʣʫʞʠʚʘʶʪ ʧʣʦʱʘʜʴ 
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S S rʪ ʪ' ,ʨ ʨ= =2 2 6 0
2
, ʘ ʢʘʞʜʳʝ ʯʝʪʳʨʝ ʈʉʊ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʫʛʣʘʭ ʢʚʘʜʨʘʪʘ, 

ʦʙʩʣʫʞʠʚʘʶʪ ʧʣʦʱʘʜʴ S rʢʚ=2 0
2
. ʇʨʠ ʵʪʦʤ S Sʪ ʢʚ' / ,ʨ =1 3 . 

 ʅʘʧʨʠʤʝʨ, ʧʨʠ ʩʦʪʦʚʦʡ ʨʘʜʠʦʪʝʣʝʬʦʥʠʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʙʘʟʦʚʳʭ 

ʩʪʘʥʮʠʡ ʚʳʧʦʣʥʷʝʪʩʷ ʧʦ ʪʨʝʫʛʦʣʴʥʦʡ ʩʝʪʢʝ. 

 

ʈʠʩ. 5.6. ʉʭʝʤʳ ʨʘʟʤʝʱʝʥʠʷ ʈʉʊ: ʢʚʘʜʨʘʪʥʘʷ ʩʝʪʢʘ (ʘ); 
ʪʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʠʣʠ çʧʯʝʣʠʥʳʝ ʩʦʪʳè ʟʦʥ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʙ) 

 6. ʉʠʥʭʨʦʥʥʦʝ ʨʘʜʠʦʚʝʱʘʥʠʝ 

 ʇʨʠʥʮʠʧ ʩʠʥʭʨʦʥʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʝʨʝʜʘʯʝ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʧʨʦʛʨʘʤʤʳ ʜʚʫʤʷ ʠʣʠ ʥʝʩʢʦʣʴʢʠʤʠ ʈʉʊ ʩ ʨʘʚʥʳʤʠ ʥʝʩʫʱʠʤʠ 

ʯʘʩʪʦʪʘʤʠ, ʦʜʠʥʘʢʦʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʩʜʚʠʛʘʤʠ ʬʘʟ ʥʝʩʫʱʠʭ ʢʦʣʝʙʘʥʠʡ ʠ 

ʦʜʠʥʘʢʦʚʳʤʠ ʥʘʯʘʣʴʥʳʤʠ ʩʜʚʠʛʘʤʠ ʬʘʟ ʤʦʜʫʣʠʨʫʶʱʠʭ ʢʦʣʝʙʘʥʠʡ.  

 ʉʠʥʭʨʦʥʥʦʝ ʚʝʱʘʥʠʝ ʚʝʜʝʪʩʷ ʦʙʳʯʥʦ ʚ ʜʠʘʧʘʟʦʥʝ ʉɺ. ʏʠʩʣʦ 

ʧʝʨʝʜʘʪʯʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʦʜʥʦʤ ʯʘʩʪʦʪʥʦʤ ʢʘʥʘʣʝ, ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʥʝʩʢʦʣʴʢʠʭ ʜʝʩʷʪʢʦʚ. ʇʨʠ ʩʠʥʭʨʦʥʥʦʤ ʚʝʱʘʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʘʪʯʠʢʠ 

ʤʘʣʦʡ ʠ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ. ʇʨʠ ʵʪʦʤ ʠʭ ʩʫʤʤʘʨʥʘʷ ʤʦʱʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ 

ʤʝʥʴʰʝ, ʯʝʤ ʤʦʱʥʦʩʪʴ ʦʜʥʦʛʦ ʤʦʱʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ʪʦʡ ʞʝ ʟʦʥʝ 

ʦʙʩʣʫʞʠʚʘʥʠʷ. ʅʘʜʝʞʥʦʩʪʴ ʩʠʥʭʨʦʥʥʦʡ ʩʠʩʪʝʤʳ ʚʝʱʘʥʠʷ ʦʯʝʥʴ ʚʳʩʦʢʘ, ʪʘʢ ʢʘʢ 

ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʜʘʪʯʠʢʦʚ ʣʠʰʴ ʩʦʢʨʘʱʘʝʪ ʟʦʥʫ 

ʫʚʝʨʝʥʥʦʛʦ ʧʨʠʝʤʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚʳʭʦʜ ʠʟ ʩʪʨʦʷ ʦʜʥʦʛʦ ʤʦʱʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ 

ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʤʫ ʥʘʨʫʰʝʥʠʶ ʨʘʜʠʦʚʝʱʘʥʠʷ. 

 ʅʝʜʦʩʪʘʪʢʦʤ ʩʠʥʭʨʦʥʥʦʛʦ ʚʝʱʘʥʠʷ ʷʚʣʷʝʪʩʷ ʠʥʪʝʨʬʝʨʝʥʮʠʷ 

ʨʘʜʠʦʚʦʣʥ, ʧʨʠʚʦʜʷʱʘʷ ʢ ʧʫʯʥʦʩʪʷʤ ʠ ʫʟʣʘʤ ʩʪʦʷʯʝʡ ʩʫʤʤʘʨʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʚ 

ʩʨʝʜʥʝʡ ʟʦʥʝ ʤʝʞʜʫ ʈʉʊ (ʨʠʩ.6.1). ɺ ʤʘʢʩʠʤʫʤʘʭ ʦʙʱʘʷ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ 

ʨʘʚʥʘ ʩʫʤʤʝ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ  ʠ , ʘ ʚ ʤʠʥʠʤʫʤʘʭ - ʠʭ ʨʘʟʥʦʩʪʠ. ɺ ʤʝʩʪʘʭ 

ʤʠʥʠʤʫʤʦʚ ʚʝʣʠʯʠʥʘ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ 

ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʧʨʠʝʤʘ (ʚʦʟʤʦʞʥʦ ʫʤʝʥʴʰʝʥʠʝ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʜʦ ʥʫʣʷ). 

e1 e2
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ʀʥʪʝʨʬʝʨʝʥʮʠʷ ʧʦʣʝʡ ʧʨʠʚʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʢ ʠʟʤʝʥʝʥʠʷʤ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ, 

ʥʦ ʠ ʢ ʠʩʢʘʞʝʥʠʷʤ ʧʨʠʝʤʘ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʤʘʢʩʠʤʫʤʳ ʠ ʤʠʥʠʤʫʤʳ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ ʧʦʣʷ ʜʣʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʠ ʙʦʢʦʚʳʭ ʧʦʣʦʩ ʥʝ ʩʦʚʧʘʜʘʶʪ 

(ʠʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʠʭ ʯʘʩʪʦʪ). 

 

P1
P2

D

l/ 2

e1 e2

ep

ɿʦʥʘ
ʠʥʪʝʬʝʝʥʮʠʠʨ ʨ

a)

ʙ)

ɺʠʜ ʩʚʝʨʭʫ

 

ʈʠʩ. 6.1. ʀʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʷ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ  
ʚ ʟʦʥʝ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʈɺ ʜʚʫʤʷ ʈʉʊ 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ ʫʟʣʘʤʠ ʠ ʧʫʯʥʦʩʪʷʤʠ ʥʝʩʫʱʝʛʦ 

ʢʦʣʝʙʘʥʠʷ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʧʨʠʝʤʥʠʢ ʨʘʩʧʦʣʦʞʝʥ ʚ ʩʨʝʜʥʝʡ ʟʦʥʝ ʤʝʞʜʫ ʜʚʫʭ 

ʈʉʊ, ʧʝʨʝʜʘʶʱʠʭ ʩʠʥʭʨʦʥʥʳʝ ɸʄ-ʩʠʛʥʘʣʳ (w w w1 2= = ;  m m m1 2= = ;  

j q0 0= = , ʛʜʝ j0 -ʥʘʯʘʣʴʥʘʷ ʨʘʟʥʦʩʪʴ ʬʘʟ ʥʝʩʫʱʠʭ ʢʦʣʝʙʘʥʠʡ; q-ʫʛʦʣ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʥʝʩʠʥʬʘʟʥʦʩʪʴ ʤʦʜʫʣʷʮʠʠ). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʝʥʠʝ 

ʨʝʟʫʣʴʪʠʨʫʶʱʝʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ  ʩ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ ʝʩʪʴ 

e e e e w e w j e w fʨ( , ) cos cos( ) cos( )1 2 1 2= + + = +t t tp , 

ʛʜʝ j w p l= - = - -( ) / ( ) /r r c r r2 1 2 1 2 ʨʘʟʥʦʩʪʴ ʬʘʟ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʥʝʦʜʠʥʘʢʦʚʦʩʪʴʶ ʨʘʩʩʪʦʷʥʠʡ r1  ʠ r 2  ʦʪ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʈʉʊ ʜʦ ʧʨʠʝʤʥʠʢʘ; 

e e e ee jp= + +1
2

2
2

1 22 cos ; 

  f e e j e e j= +arctg{[( / )sin ] / ( ( / )sin }` `1 2 1 21 . 

 ɽʩʣʠ e e1 2º , ʪʦ 
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e e j e jp= + =1 12 1 2 2( cos ) cos( / ) .   (6.1) 

 ʇʨʠ ʧʝʨʝʤʝʱʝʥʠʠ ʧʨʠʝʤʥʠʢʘ ʥʘ ʨʘʩʩʪʦʷʥʠʝ Dr  ʨʘʟʥʦʩʪʴ ʨʘʩʩʪʦʷʥʠʡ 

r r r r r r r2 1 2 1 2- = + - - =( ) ( )D D D , ʘ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʞʜʫ ʥʝʩʫʱʠʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ j p l=( / )2 2Dr. ʇʦʜʩʪʘʚʠʚ ʚʳʨʘʞʝʥʠʝ ʜʣʷ j ʚ (6.1), ʧʦʣʫʯʠʤ 

e e p lp r=2 21 cos[( / )]D     (6.2) 

 ʀʟ (6.2) ʩʣʝʜʫʝʪ, ʯʪʦ ʫʟʣʳ ʠ ʧʫʯʥʦʩʪʠ ʩʪʦʷʯʝʡ ʚʦʣʥʳ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ 

ʚʝʱʘʥʠʠ ʧʦʚʪʦʨʷʶʪʩʷ ʯʝʨʝʟ ʠʥʪʝʨʚʘʣʳ, ʨʘʚʥʳʝ l/ 2. ʇʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ 

ʦʜʥʦʡ ʠʣʠ ʢ ʜʨʫʛʦʡ ʈʉʊ ʢʦʣʝʙʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʫʤʝʥʴʰʘʶʪʩʷ 

(ʨʠʩ. 6.1,ʘ), ʟʦʥʳ ʠʩʢʘʞʝʥʥʦʛʦ ʧʨʠʝʤʘ ʩʫʞʘʶʪʩʷ (ʨʠʩ.6.1,ʙ, ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ 

ʟʦʥʳ). ʐʠʨʠʥʘ ʧʦʣʦʩ ʚ ʮʝʥʪʨʝ ʟʦʥʳ ʠʥʪʝʨʬʝʨʝʥʮʠʠ, ʛʜʝ ʠʩʢʘʞʝʥʠʷ 

ʥʘʠʙʦʣʴʰʠʝ, ʨʘʚʥʘ ʧʨʠʤʝʨʥʦ 0 1, l. ʇʨʠ ʵʪʦʤ ʧʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʧʦʣʦʩʳ ʭʦʨʦʰʝʛʦ 

ʧʨʠʝʤʘ ʟʘʥʠʤʘʶʪ ʦʢʦʣʦ 70%  ʟʦʥʳ ʠʩʢʘʞʝʥʠʡ. 

 ʀʩʢʘʞʝʥʠʷ ʩʪʘʥʦʚʷʪʩʷ ʩʫʙʲʝʢʪʠʚʥʦ ʥʝʟʘʤʝʪʥʳ, ʝʩʣʠ 

( / )e eʧʦʣ ʤʝʰ ʜɹ²8 . 

 ʅʘʧʨʷʞʝʥʥʦʩʪʴ ʩʫʤʤʘʨʥʦʛʦ ʧʦʣʷ ʚ ʢʘʢʦʡ-ʪʦ ʢʦʥʢʨʝʪʥʦʡ ʪʦʯʢʝ ʟʦʥʳ 

ʠʩʢʘʞʝʥʠʡ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ ʥʝʩʫʱʠʭ ʢʦʣʝʙʘʥʠʡ ʧʝʨʝʜʘʪʯʠʢʦʚ. 

ɽʩʣʠ ʨʘʟʥʦʩʪʴ ʬʘʟ ʥʝʧʨʝʨʳʚʥʦ ʠʟʤʝʥʷʝʪʩʷ (ʪ.ʝ. ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʈʉʊ 

ʩʦʚʧʘʜʘʶʪ ʧʦ ʯʘʩʪʦʪʝ ʥʝ ʩʦʚʩʝʤ ʪʦʯʥʦ), ʪʦ ʠʥʪʝʨʬʝʨʝʥʮʠʦʥʥʘʷ ʢʘʨʪʠʥʘ 

ʩʤʝʱʘʝʪʩʷ ʧʦ ʪʝʨʨʠʪʦʨʠʠ ʩʦ ʩʢʦʨʦʩʪʴʶ, ʟʘʚʠʩʷʱʝʡ ʦʪ ʨʘʩʭʦʞʜʝʥʠʷ ʬʘʟ 

ʢʦʣʝʙʘʥʠʡ. ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʝʞʠʤ ʬʘʟʦʚʦʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʈʉʊ.  

 ʇʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʩʝʪʠ ʩʠʥʭʨʦʥʥʦʛʦ ʚʝʱʘʥʠʷ ʚʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ 

ʠ ʤʦʱʥʦʩʪʴ ʨʘʜʠʦʩʪʘʥʮʠʡ ʚʳʙʠʨʘʶʪ ʪʘʢ, ʯʪʦʙʳ ʟʦʥʳ ʠʩʢʘʞʝʥʠʡ ʧʨʠʭʦʜʠʣʠʩʴ 

ʥʘ ʤʘʣʦʥʘʩʝʣʝʥʥʳʝ ʨʘʡʦʥʳ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʫʜʘʝʪʩʷ ʜʦʙʠʪʴʩʷ, ʪʦ ʚ ʟʦʥʘʭ 

ʠʩʢʘʞʝʥʠʡ ʠʥʦʛʜʘ ʩʪʨʦʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ, ʧʝʨʝʜʘʶʱʠʝ ʪʫ ʞʝ 

ʧʨʦʛʨʘʤʤʫ, ʥʦ ʥʘ ʜʨʫʛʦʡ ʯʘʩʪʦʪʝ. 

 ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʠʥʭʨʦʥʥʦʝ ʚʝʱʘʥʠʝ ʦʭʚʘʪʳʚʘʝʪ ʙʦʣʝʝ ʧʦʣʦʚʠʥʳ 

ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʦʚ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʪʨʘʥ ɽʚʨʦʧʳ, ʘ ʚ ɸʥʛʣʠʠ ð 90% . 

ʉʠʥʭʨʦʥʠʟʘʮʠʷ ʧʝʨʝʜʘʪʯʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʫʪʝʤ ʠʟʣʫʯʝʥʠʷ ʚ ʵʬʠʨ 

ʵʪʘʣʦʥʥʦʡ ʯʘʩʪʦʪʳ (ʩ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʩʪʘʙʠʣʴʥʦʩʪʴʶ ʥʝ ʙʦʣʝʝ 10 12- ), 

ʧʦʣʫʯʝʥʥʦʡ ʦʪ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʪʦʤʥʦʛʦ ʩʪʘʥʜʘʨʪʘ ʯʘʩʪʦʪʳ ʠ ʚʨʝʤʝʥʠ, 

ʧʨʠʝʤʘ ʝʝ ʥʘ ʨʘʜʠʦʮʝʥʪʨʘʭ ʠ ôôʧʨʠʚʷʟʢʠôô ʢ ʥʝʡ ʥʝʩʫʱʠʭ ʯʘʩʪʦʪ ʚʝʱʘʪʝʣʴʥʳʭ 

ʧʝʨʝʜʘʪʯʠʢʦʚ. ʅʘ ʝʚʨʦʧʝʡʩʢʦʡ ʯʘʩʪʠ ʈʦʩʩʠʠ ʵʪʘʣʦʥʥʳʡ ʩʠʛʥʘʣ ʧʝʨʝʜʘʝʪʩʷ ʥʘ 

ʯʘʩʪʦʪʝ 66 6,( )ʢɻʮ ʠʟ ʧʦʜʤʦʩʢʦʚʥʦʛʦ ʧʦʩʝʣʢʘ ʄʝʥʜʝʣʝʝʚʦ. ɼʣʷ ʉʠʙʠʨʠ ʠ 
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ɼʘʣʴʥʝʛʦ ɺʦʩʪʦʢʘ ʨʘʙʦʪʘʝʪ ʵʪʘʣʦʥʥʳʡ ʧʝʨʝʜʘʪʯʠʢ ʥʘ ʯʘʩʪʦʪʝ 50ʢɻʮ ʚ 

ʀʨʢʫʪʩʢʝ. ɺ ʢʘʯʝʩʪʚʝ çʚʪʦʨʠʯʥʳʭè ʵʪʘʣʦʥʦʚ ʯʘʩʪʦʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ ɼɺ ʠ ʉɺ ʨʘʜʠʦʩʪʘʥʮʠʡ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʠʥʭʨʦʥʥʦʤ ʨʝʞʠʤʝ 

[25]. 

 ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʘʤ 5 ʠ 6 

1.  ʏʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ? 
2.  ʏʪʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʟʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʝ? 
3.  ʂʘʢʦʡ ʧʘʨʘʤʝʪʨ ʦʧʨʝʜʝʣʷʝʪ ʛʨʘʥʠʮʳ ʟʦʥʳ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʜʠʦʩʪʘʥʮʠʠ ? 
4.  ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʟʘʱʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ ʧʦ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʝ ? 
5.  ʂʦʛʜʘ ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ ʨʘʜʠʦʩʪʘʥʮʠʡ ʥʘʠʙʦʣʝʝ ʦʧʘʩʥʳ ? 
6.  ʂʘʢʠʝ ʫʩʣʦʚʠʷ ʜʦʣʞʥʳ ʚʳʧʦʣʥʷʪʴʩʷ, ʝʩʣʠ ʧʦʣʝʟʥʳʡ ʧʝʨʝʜʘʪʯʠʢ ʨʘʙʦʪʘʝʪ ʚ 
ʫʩʣʦʚʠʷʭ ʧʦʤʝʭ ʦʪ ʜʨʫʛʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ? 

7.  ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʩ ʢʨʫʛʦʚʳʤʠ ʟʦʥʘʤʠ ʦʙʩʣʫʞʠʚʘʥʠʷ ʜʚʫʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʧʨʠ 
ʠʭ ʨʘʙʦʪʝ ʚ ʫʩʣʦʚʠʷʭ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ? 

8.  ʂʘʢʠʝ ʩʝʪʢʠ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʉʊ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʤʦʛʫʪ 
ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʜʠʦʚʝʱʘʥʠʝʤ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʡ 
ʩʧʣʦʰʥʦʡ ʪʝʨʨʠʪʦʨʠʠ? 

9.  ʂʘʢʘʷ ʩʝʪʢʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʈʉʊ ʩ ʦʜʠʥʘʢʦʚʦʡ ʤʦʱʥʦʩʪʴʶ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ 
ʜʣʷ ʦʙʩʣʫʞʠʚʘʥʠʷ ʨʘʜʠʦʚʝʱʘʥʠʝʤ ʢʘʢ ʤʦʞʥʦ ʙʦʣʴʰʝʡ ʩʧʣʦʰʥʦʡ 
ʪʝʨʨʠʪʦʨʠʠ? 

10. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʧʨʠʥʮʠʧ ʩʠʥʭʨʦʥʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ? 
11. ʂʘʢʦʚʳ ʜʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʩʠʥʭʨʦʥʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ? 

 7. ʉʠʛʥʘʣʳ ʵʣʝʢʪʨʦʩʚʷʟʠ ʠ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʄʦʜʫʣʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ ʵʣʝʢʪʨʦʩʚʷʟʠ 

 ʉʠʛʥʘʣʳ ʵʣʝʢʪʨʦʩʚʷʟʠ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʤʦʜʫʣʠʨʫʶʱʠʝ ʠ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ. ʄʦʜʫʣʠʨʫʶʱʠʝ ʩʠʛʥʘʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʧʦʜʘʯʠ ʥʘ 

ʤʦʜʫʣʷʪʦʨ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ. ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʨʝʜʥʘʟʥʘʯʝʥʳ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʧʦ ʣʠʥʠʷʤ ʩʚʷʟʠ. ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʧʦʣʫʯʘʶʪ ʧʨʠ 

ʧʦʤʦʱʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʠ 

ʢʦʜʠʨʦʚʘʥʠʷ. 

 ʆʩʥʦʚʥʳʤʠ ʤʦʜʫʣʠʨʫʶʱʠʤʠ ʩʠʛʥʘʣʘʤʠ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʪʝʣʝʬʦʥʥʳʝ, 

ʟʚʫʢʦʚʦʛʦ ʚʝʱʘʥʠʷ, ʪʝʣʝʚʠʜʝʥʠʷ, ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ (ʪʝʣʝʛʨʘʬʥʳʝ, 

ʬʘʢʩʠʤʠʣʴʥʳʝ, ʪʝʣʝʤʝʪʨʠʯʝʩʢʠʝ ʠ ʜʨ.). 

 ʉʠʛʥʘʣʳ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʰʠʨʠʥʦʡ ʧʦʣʦʩʳ ʯʘʩʪʦʪ, ʩʨʝʜʥʠʤ ʠ 

ʧʠʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʤʦʱʥʦʩʪʠ, ʧʠʢ-ʬʘʢʪʦʨʦʤ, ʜʠʥʘʤʠʯʝʩʢʠʤ ʜʠʘʧʘʟʦʥʦʤ. 

 ɺʩʝ ʩʠʛʥʘʣʳ ʩʚʷʟʠ ʷʚʣʷʶʪʩʷ ʩʣʫʯʘʡʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ ʠ ʠʤʝʶʪ 

ʙʝʩʢʦʥʝʯʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ. ʆʜʥʘʢʦ ʠʭ ʩʧʝʢʪʨʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʨʘʩʧʨʝʜʝʣʝʥʘ 
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ʧʦ ʰʢʘʣʝ ʯʘʩʪʦʪ ʥʝʨʘʚʥʦʤʝʨʥʦ. 

 ʐʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʩʠʛʥʘʣʘ (Dfc ) ð ʦʩʥʦʚʥʘʷ ʯʘʩʪʴ ʝʛʦ ʩʧʝʢʪʨʘ, 

ʢʦʪʦʨʫʶ ʥʝʦʙʭʦʜʠʤʦ ʧʝʨʝʜʘʪʴ ʧʦ ʢʘʥʘʣʫ ʩʚʷʟʠ ʜʣʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʩʠʛʥʘʣʘ ʧʨʠ ʧʨʠʝʤʝ. 

 ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ( P ) ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ 

ʫʩʨʝʜʥʝʥʠʝʤ ʠʟʤʝʥʷʶʱʝʡʩʷ ʤʦʱʥʦʩʪʠ ʥʘ ʦʧʨʝʜʝʣʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʚʨʝʤʝʥʠ. 

 ʇʠʢʦʚʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʩʠʛʥʘʣʘ ( Pʧʠʢ) ð ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʱʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʝʝ ʠʟʤʝʥʝʥʠʷ. 

 ʇʠʢ-ʬʘʢʪʦʨ ʩʠʛʥʘʣʘ ( kʧʠʢ) ð ʦʪʥʦʰʝʥʠʝ ʝʛʦ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʢ 

ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ: k ʜɹ P ʈʧʠʢ ʧʠʢ[ ] lg( / )=10 . ʆʯʝʚʠʜʥʦ, ʯʪʦ 

k ʜɹ U Uʧʠʢ cpʢ[ ] lg( / )max=20 , ʛʜʝ Umax-ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʠʛʥʘʣʘ; 

Ucpʢ-ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ (ʵʬʬʝʢʪʠʚʥʦʝ, ʜʝʡʩʪʚʫʶʱʝʝ) ʥʘʧʨʷʞʝʥʠʝ ʩʠʛʥʘʣʘ.  

 ʅʘʧʨʠʤʝʨ, ʜʣʷ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʥʫʩʦʠʜʘʣʴʥʦʛʦ ʩʠʛʥʘʣʘ U Umax= 0  (

U0 -ʘʤʧʣʠʪʫʜʘ ʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ), U Ucpʢ= 0 2/ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ 

k ʜɹʧʠʢ= =20 1 2 3lg( / ) . 

 ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʷʶʱʝʛʦʩʷ ʧʦ ʫʨʦʚʥʶ ʩʠʛʥʘʣʘ ( D ) ð 

ʦʪʥʦʰʝʥʠʝ ʝʛʦ ʧʠʢʦʚʦʡ (ʤʘʢʩʠʤʘʣʴʥʦʡ) ʤʦʱʥʦʩʪʠ ʢ ʤʠʥʠʤʘʣʴʥʦʡ ʤʦʱʥʦʩʪʠ (

Pmin): D ʜɹ P ʈʧʠʢ[ ] lg( / )min=10 , ʠʣʠ D ʜɹ U U[ ] lg( / )max min=20 . 

 7.1. ʊʝʣʝʬʦʥʥʳʡ ʩʠʛʥʘʣ. ʊʝʣʝʬʦʥʥʳʤ ʩʠʛʥʘʣʦʤ ʥʘʟʳʚʘʶʪ 

ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʩʠʛʥʘʣ ʨʝʯʠ. ʊʝʣʝʬʦʥʥʳʡ ʩʠʛʥʘʣ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ 

ʩʣʫʯʘʡʥʳʤ ʧʨʦʮʝʩʩʦʤ ʩ ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ 0 08 12, ... ʢɻʮ. ʆʜʥʘʢʦ ʨʘʟʙʦʨʯʠʚʦʩʪʴ 

ʨʝʯʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʦʨʤʘʥʪʘʤʠ ð ʦʩʥʦʚʥʳʤʠ ʪʦʥʘʤʠ (ʯʘʩʪʦʪʥʳʤʠ 

ʦʙʣʘʩʪʷʤʠ, ʛʜʝ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʘ ʦʩʥʦʚʥʘʷ ʵʥʝʨʛʠʷ ʟʚʫʢʦʚ). ɹʦʣʴʰʠʥʩʪʚʦ 

ʬʦʨʤʘʥʪ ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʦʪ F ʢɻʮʥ=0 3,  ʜʦ F ʢɻʮʚ=3 4, . ʇʦʵʪʦʤʫ 

ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʠ ʄʝʞʜʫʥʘʨʦʜʥʦʛʦ ʢʦʥʩʫʣʴʪʘʪʠʚʥʦʛʦ ʢʦʤʠʪʝʪʘ ʧʦ ʪʝʣʝʬʦʥʠʠ ʠ 

ʪʝʣʝʛʨʘʬʠʠ (ʄʂʂʊʊ) ʧʨʠ ʧʝʨʝʜʘʯʝ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʝʛʦ ʧʦʣʦʩʫ 

ʦʛʨʘʥʠʯʠʚʘʶʪ ʜʠʘʧʘʟʦʥʦʤ ʯʘʩʪʦʪ 0 3 3 4, ... , ʢɻʮ. ʇʨʠ ʵʪʦʤ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ 

ʨʝʯʠ ʧʦʣʫʯʘʝʪʩʷ ʚʧʦʣʥʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʤ: ʩʣʦʛʦʚʘʷ ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʨʝʯʠ 

ʩʦʩʪʘʚʣʷʝʪ ~90%, ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʬʨʘʟ - ~99%. ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ 

ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ 10 30... ʜɹ, ʧʠʢ-ʬʘʢʪʦʨ 6 15... ʜɹ. 
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 7.2. ʉʠʛʥʘʣ ʟʚʫʢʦʚʦʛʦ ʚʝʱʘʥʠʷ. ʇʦʜ ʧʝʨʚʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ 

ʟʚʫʢʦʚʦʛʦ ʚʝʱʘʥʠʷ ʧʦʥʠʤʘʶʪ ʩʠʛʥʘʣʳ ʨʝʯʠ ʠ ʤʫʟʳʢʠ. ʉʧʝʢʪʨ ʩʠʛʥʘʣʦʚ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʟʚʫʢʦʚʦʛʦ ʤʫʟʳʢʘʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ ʛʦʨʘʟʜʦ ʰʠʨʝ ʩʧʝʢʪʨʘ 

ʨʝʯʝʚʦʛʦ ʩʠʛʥʘʣʘ ʠ ʟʘʥʠʤʘʝʪ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʦʪ F ʢɻʮʥ=0 02,  ʜʦ F ʢɻʮʚ=20 . ʇʨʠ 

ʚʝʱʘʥʠʠ ʚ ʨʘʟʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʚʦʣʥ ʵʪʫ ʧʦʣʦʩʫ ʦʛʨʘʥʠʯʠʚʘʶʪ ʢʘʢ ʩʥʠʟʫ, ʪʘʢ ʠ 

ʩʚʝʨʭʫ: ʜʣʷ ʜʠʘʧʘʟʦʥʦʚ ɼɺ, ʉɺ ʠ ʂɺ F ʢɻʮʥ=0 1 0 15, ... , , F ʢɻʮʚº4 5 10, ... ; ʜʣʷ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʚʝʱʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʘʭ ʋʂɺ (FM) ʠ ʜʣʷ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ 

ʪʝʣʝʚʠʜʝʥʠʷ F ʢɻʮʥ=0 03 0 04, ... , , F ʢɻʮʚ=15 . ʅʘʠʙʦʣʴʰʠʡ ʜʠʥʘʤʠʯʝʩʢʠʡ 

ʜʠʘʧʘʟʦʥ ʠʤʝʶʪ ʩʠʛʥʘʣʳ ʤʫʟʳʢʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤ. ɽʛʦ ʚʝʣʠʯʠʥʘ ʜʦʩʪʠʛʘʝʪ 

90 96... ʜɹ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʪʘʢʠʭ ʩʠʛʥʘʣʦʚ ʫʤʝʥʴʰʘʶʪ ʜʦ 

40 60... ʜɹ ʩ ʧʦʤʦʱʴʶ ʢʦʤʧʨʝʩʩʦʨʦʚ, ʦʩʣʘʙʣʷʶʱʠʭ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʩʠʛʥʘʣʳ. 

ʇʠʢ-ʬʘʢʪʦʨ ʩʠʛʥʘʣʦʚ ʟʚʫʢʦʚʦʛʦ ʚʝʱʘʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʞʘʥʨʘ ʧʨʦʛʨʘʤʤʳ ʠ ʤʦʞʝʪ 

ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ 6 30... ʜɹ. 

 7.3. ʊʝʣʝʚʠʟʠʦʥʥʳʡ ʩʠʛʥʘʣ. ʇʦʜ ʧʝʨʚʠʯʥʳʤ ʪʝʣʝʚʠʟʠʦʥʥʳʤ ʩʠʛʥʘʣʦʤ 

ʧʦʥʠʤʘʶʪ ʚʠʜʝʦʩʠʛʥʘʣ { S tʚ( ) }, ʫʧʨʘʚʣʷʶʱʠʡ ʚ ʪʝʣʝʚʠʟʠʦʥʥʦʤ ʧʨʠʝʤʥʠʢʝ 

ʷʨʢʦʩʪʴʶ ʠʟʦʙʨʘʞʝʥʠʷ, ʛʝʥʝʨʘʪʦʨʘʤʠ ʩʪʨʦʯʥʦʡ ʠ ʢʘʜʨʦʚʦʡ ʨʘʟʚʝʨʪʦʢ, 

ʛʘʰʝʥʠʝʤ ʣʫʯʘ ʢʠʥʝʩʢʦʧʘ ʧʨʠ ʦʙʨʘʪʥʦʤ ʭʦʜʝ ʧʦ ʩʪʨʦʢʘʤ ʠ ʢʘʜʨʘʤ, ʘ ʪʘʢʞʝ 

ʩʦʜʝʨʞʘʱʠʡ ʩʠʛʥʘʣʳ ʮʚʝʪʥʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ 

(ʨʠʩ.7.1,ʘ). 

 ɼʣʷ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʷ ʥʘ ʵʢʨʘʥʝ ʢʠʥʝʩʢʦʧʘ ʧʨʠʝʤʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 

ʠʩʭʦʜʥʦʛʦ ʷʨʢʦʩʪʥʦʛʦ ʪʦʥʘ ʠʟʦʙʨʘʞʝʥʠʷ (ʩʚʝʪʣʦʝ, ʧʦʣʫʪʝʤʥʦʝ, ʪʝʤʥʦʝ ʠ ʜʨ.) 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʧʨʠʚʷʟʢʫ ʚʠʜʝʦʩʠʛʥʘʣʘ ʢ ʬʠʢʩʠʨʦʚʘʥʥʦʤʫ ʫʨʦʚʥʶ 

(ʥʘʧʨʠʤʝʨ, ʢ ʫʨʦʚʥʶ ʠʤʧʫʣʴʩʦʚ ʛʘʰʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʥʠʞʥʷʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ 

ʚʠʜʝʦʩʠʛʥʘʣʘ Fʥ=0 .  

 
ʈʠʩ. 7.1. ɺʠʜ ʚʠʜʝʦʩʠʛʥʘʣʘ (ʘ); 

ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʳʝ ʩʧʝʢʪʨʦʤ ʚʠʜʝʦʩʠʛʥʘʣʘ (ʙ) 
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 ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʚʝʨʭʥʝʡ ʯʘʩʪʦʪʳ ʩʧʝʢʪʨʘ ʚʠʜʝʦʩʠʛʥʘʣʘ ʥʝʦʙʭʦʜʠʤʦ 

ʨʘʩʩʤʦʪʨʝʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʚʠʜʝʦʩʠʛʥʘʣʘ. ɺ ʩʪʘʥʜʘʨʪʝ ʉɽʂɸʄ ʚ 

ʩʝʢʫʥʜʫ ʧʝʨʝʜʘʝʪʩʷ 25  ʢʘʜʨʦʚ (N ʢʘʜʩʢ=25 ʨ/), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʤʝʨʮʘʥʠʷ ʠʟʦʙʨʘʞʝʥʠʷ ʩʦʩʪʦʠʪ ʠʟ ʜʚʫʭ ʧʦʣʫʢʘʜʨʦʚ (

N ʧʢʘʜʩʧʢ=50 ʨ/). ʇʨʠ ʵʪʦʤ ʯʘʩʪʦʪʘ ʢʘʜʨʦʚʦʡ ʨʘʟʚʝʨʪʢʠ F N ɻʮʢʘʜ ʧʢʨ= =50 . 

ʂʘʞʜʳʡ ʢʘʜʨ ʩʦʜʝʨʞʠʪ 625  ʩʪʨʦʢ (N ʩʪʢʘʜc =625 ʨ/ ʨ), ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʯʘʩʪʦʪʘ 

ʩʪʨʦʯʥʦʡ ʨʘʟʚʝʨʪʢʠ F N N ɻʮʩʪ ʢ cʨ= = Ö =25 625 15625 .  

 ɺʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ ʚʠʜʝʦʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʪʨʝʙʫʝʤʦʡ ʯʝʪʢʦʩʪʠ 

ʠʟʦʙʨʘʞʝʥʠʷ, ʢʦʪʦʨʫʶ ʦʧʨʝʜʝʣʷʝʪ ʩʠʛʥʘʣ ʷʨʢʦʩʪʠ ʧʨʠ ʧʝʨʝʜʘʯʝ ʯʝʨʝʜʫʶʱʠʭʩʷ 

ʯʝʨʥʳʭ ʠ ʙʝʣʳʭ ʢʚʘʜʨʘʪʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠʟʦʙʨʘʞʝʥʠʷ. ɺʝʨʪʠʢʘʣʴʥʳʡ ʨʘʟʤʝʨ 

ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʦʤ ʦʜʥʦʡ ʩʪʨʦʢʠ. ɽʩʣʠ ʰʠʨʠʥʘ ʢʘʜʨʘ 

ʦʪʥʦʩʠʪʩʷ ʢ ʝʛʦ ʚʳʩʦʪʝ ʢʘʢ 4 3:  (ʂ ʂʰ ʚ/ /=4 3), ʪʦ ʯʠʩʣʦ ʵʣʝʤʝʥʪʦʚ ʚ ʦʜʥʦʡ 

ʩʪʨʦʢʝ ʧʨʠ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ, ʚʳʨʘʞʝʥʥʦʛʦ ʚ çʫʩʣʦʚʥʳʭ ʩʪʨʦʢʘʭè (Zʩʪʨ), 

N Z ʂ ʂʵʣʩʪ cʪ ʰ ʚ/ ʨ ʨ( / )= . ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʡ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ 

Z Nʩʪ cʨ= =625 ʠ Nʵʣʩʪ/ ʨ ( / )= Ö º625 4 3 833. ɺʨʝʤʷ ʧʝʨʝʜʘʯʠ ʦʜʥʦʡ ʩʪʨʦʢʠ 

T N N ʤʢʩc ʢ c= = Ö =1 1 25 625 64/ ( ) / , ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʪʨʦʢʝ 

t= = = Ö Ö =
=

T N ʂ N N Z ʂ ʤʢʩc ʵʣʩʪ ʚ ʢ c ʩʪ ʰ
Z Ncʪ c

/ / ( ) / ( ) ,/ ʨ ʨ

ʨ

3 25 625 4 0 07682 .  

 ʇʨʠ ʵʪʦʤ ʚʝʨʭʥʷʷ ʯʘʩʪʦʪʘ ʩʧʝʢʪʨʘ ʩʠʛʥʘʣʘ ʷʨʢʦʩʪʠ  

F N N Z ʂ ʂ ʄɻʮʚ ʢ c ʩʪ ʰ ʚ
Z Nʩʪ c

= = º
=

0 5 0 5 6 5, / , / ,ʨ

ʨ

t . (7.1) 

 ʇʨʠ ʧʝʨʝʜʘʯʝ Fʚ ʥʝʩʢʦʣʴʢʦ ʫʤʝʥʴʰʘʶʪ, ʦʛʨʘʥʠʯʠʚʘʷ ʝʝ ʚʝʣʠʯʠʥʦʡ 

~6 ʄɻʮ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʭʫʜʰʝʥʠʶ ʯʝʪʢʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʷ (ʩ 

625  çʫʩʣʦʚʥʳʭ ʩʪʨʦʢè ʜʦ ~575  çʫʩʣʦʚʥʳʭ ʩʪʨʦʢè), ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʟʘʤʝʪʥʦ, 

ʪ.ʢ. ʦʩʥʦʚʥʘʷ ʵʥʝʨʛʠʷ ʩʨʝʜʥʝʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʩʠʛʥʘʣʘ ʷʨʢʦʩʪʠ ʩʦʩʨʝʜʦʪʦʯʝʥʘ ʚ 

ʧʦʣʦʩʝ ʯʘʩʪʦʪ ʜʦ 1 5, ʄɻʮ. 

 ʇʨʠ ʧʝʨʝʜʘʯʝ ʮʚʝʪʥʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ ʚ ʩʪʘʥʜʘʨʪʝ ʉɽʂɸʄ ʚ ʚʠʜʝʦʩʠʛʥʘʣ 

(ʚʦ ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʘ ʷʨʢʦʩʪʠ) ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʚʚʦʜʷʪ ʜʚʘ 

ʮʚʝʪʦʨʘʟʥʦʩʪʥʳʭ ʩʠʛʥʘʣʘ (R Y- ) ʠ (B Y- ) ʥʘ ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ 

ʧʦʜʥʝʩʫʱʠʭ F ʄɻʮ FR ʩʪ= =4 250 272, ʨ ʠ F ʄɻʮ FB ʩʪ= =4 406 282, ʨ (ʢʨʘʪʥʳʭ 

ʯʝʪʥʳʤ ʛʘʨʤʦʥʠʢʘʤ ʯʘʩʪʦʪʳ ʩʪʨʦʢ). ʀʟ-ʟʘ ʣʠʥʝʡʯʘʪʳʭ ʩʧʝʢʪʨʦʚ ʚʠʜʝʦʩʠʛʥʘʣʘ ʠ 
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ʩʠʛʥʘʣʦʚ ʮʚʝʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʠʭ çʧʝʨʝʧʣʝʪʝʥʠʝè (ʥʝʩʦʚʧʘʜʝʥʠʝ 

ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ), ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʚʟʘʠʤʥʦʛʦ 

ʚʣʠʷʥʠʷ ʧʨʠ ʧʝʨʝʜʘʯʝ ʚ ʦʜʥʦʤ ʢʘʥʘʣʝ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʚʝʣʠʯʠʥʳ 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʯʘʩʪʦʪ ʩʠʛʥʘʣʦʚ ʮʚʝʪʥʦʩʪʠ F ʄɻʮʚʮʚ=1 4, ; ʜʝʚʠʘʮʠʷ ʧʝʨʚʦʡ 

ʧʦʜʥʝʩʫʱʝʡ f ʢɻʮʜR=280 , ʚʪʦʨʦʡ - f ʢɻʮʜB =230 ; ʠʥʜʝʢʩ ʯʘʩʪʦʪʥʦʡ 

ʤʦʜʫʣʷʮʠʠ (ʏʄ) ʩʠʛʥʘʣʦʚ ʮʚʝʪʥʦʩʪʠ ʧʨʠ ʵʪʦʤ M ʏʄ ʮʚ= º <f Fʜ ʚʮʚ/ ( , ... , )016 0 2 1  

(ʧʦʥʷʪʠʷ ʦ ʜʝʚʠʘʮʠʠ ʯʘʩʪʦʪʳ ʠ ʦʙ ʠʥʜʝʢʩʝ ʏʄ ʩʤ. ʚ ʧʦʜʨʘʟʜʝʣʝ 8.6). ʇʨʠ 

ʫʟʢʦʧʦʣʦʩʥʦʡ ʏʄ (M ʏʄ ʮʚ<1) ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʢʘʞʜʦʛʦ ʠʟ ʮʚʝʪʦʨʘʟʥʦʩʪʥʳʭ 

ʩʠʛʥʘʣʦʚ Df F ʄɻʮʮʚ ʚʮʚº =2 2 8, . ʇʦʣʦʩʘ ʯʘʩʪʦʪ, ʟʘʥʠʤʘʝʤʘʷ 

ʮʚʝʪʦʨʘʟʥʦʩʪʥʳʤʠ ʩʠʛʥʘʣʘʤʠ, ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ ~2 8, ʄɻʮ   ʜʦ ~5 8, ʄɻʮ 

(ʨʠʩ.7.1,ʙ). 

 ɼʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʷʨʢʦʩʪʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

~40ʜɹ, ʧʠʢ-ʬʘʢʪʦʨ ~4 5 5, ... ʜɹ. 

 7.4. ʉʠʛʥʘʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ. ʉʠʛʥʘʣʳ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʷʚʣʷʶʪʩʷ 

ʜʠʩʢʨʝʪʥʳʤʠ, ʠʤʝʶʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʚʘ ʨʘʟʨʝʰʝʥʥʳʭ ʩʦʩʪʦʷʥʠʷ 

(ʝʜʠʥʠʮʘ - ʥʦʣʴ; ʚ ʩʠʤʚʦʣʴʥʦʤ ʚʠʜʝ +1 0, ) ʠ ʥʘʟʳʚʘʶʪʩʷ ʮʠʬʨʦʚʳʤʠ 

ʜʚʦʠʯʥʳʤʠ ʠʣʠ ʮʠʬʨʦʚʳʤʠ ʜʚʫʭʧʦʟʠʮʠʦʥʥʳʤʠ ʩʠʛʥʘʣʘʤʠ. ʏʘʱʝ ʵʪʦ ʠʤʧʫʣʴʩʳ 

ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ (ʨʝʞʝ - ʠʤʧʫʣʴʩʳ ʧʝʨʝʤʝʥʥʦʛʦ ʪʦʢʘ), ʧʨʠ ʧʦʤʦʱʠ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ (ʢʦʜʠʨʫʝʪʩʷ) ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ.  

 ʐʠʨʠʥʘ ʦʩʥʦʚʥʦʛʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʳʭ 

ʠʤʧʫʣʴʩʦʚ tʠ ʠ ʧʝʨʠʦʜʘ T  ʠʭ ʩʣʝʜʦʚʘʥʠʷ, ʥʘʟʳʚʘʝʤʦʛʦ ʧʝʨʠʦʜʦʤ ʪʘʢʪʦʚʦʡ 

ʯʘʩʪʦʪʳ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ F Tʊ=1 / . ʊʘʢ ʢʘʢ ʟʘ ʧʝʨʠʦʜ T  ʧʝʨʝʜʘʝʪʩʷ 1ʙʠʪ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʙʫʜʝʤ ʦʙʦʟʥʘʯʘʪʴ ʝʛʦ çTbè. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʰʠʨʠʥʳ ʩʧʝʢʪʨʘ ʜʚʦʠʯʥʳʭ ʩʠʛʥʘʣʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʚʳʜʝʣʝʥʠʷ ʠʭ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʧʨʠ ʧʨʠʝʤʝ (ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʜʝʢʦʜʠʨʫʶʱʠʭ ʫʩʪʨʦʡʩʪʚ) ʨʘʩʩʤʦʪʨʠʤ ʨʘʟʣʠʯʥʳʝ ʠʤʧʫʣʴʩʥʳʝ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ S t( )  ʠ ʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ A F( )  (ʨʠʩ.7.2). 

 ʀʟ ʪʝʦʨʠʠ ʩʠʛʥʘʣʦʚ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠʤʧʫʣʴʩʥʦʡ 

ʦʜʥʦʧʦʣʷʨʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʤʝʶʱʝʡ ʧʦʩʪʦʷʥʥʳʡ 

(ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʡ) ʧʝʨʠʦʜ ʧʦʚʪʦʨʝʥʠʷ , ʬʠʢʩʠʨʦʚʘʥʥʫʶ ʜʣʠʪʝʣʴʥʦʩʪʴ 

ʠʤʧʫʣʴʩʘ  ʠ ʩʣʫʯʘʡʥʫʶ ʚʝʣʠʯʠʥʫ ʘʤʧʣʠʪʫʜ (ʨʠʩ.7.2,ʘ), ʩʧʝʢʪʨ ʩʦʩʪʦʠʪ ʠʟ 

ʜʠʩʢʨʝʪʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ ʥʝʧʨʝʨʳʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ. ɼʠʩʢʨʝʪʥʘʷ 

T

tʠ
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ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʧʝʢʪʨʘ - ʣʠʥʝʡʯʘʪʘʷ, ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪ 

 ( ), ʪ.ʝ. ʠʤʝʝʪ ʥʫʣʝʚʫʶ ʯʘʩʪʦʪʫ (ʧʦʩʪʦʷʥʥʫʶ 

ʩʦʩʪʘʚʣʷʶʱʫʶ), ʧʝʨʚʫʶ ʠ ʚʳʩʰʠʝ ʛʘʨʤʦʥʠʢʠ ʯʘʩʪʦʪʳ ʩʣʝʜʦʚʘʥʠʷ . ʇʨʠ 

 
  (ʛʜʝ  ʩʢʚʘʞʥʦʩʪʴ  ʠʤʧʫʣʴʩʥʦʡ  ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, 

) ʣʠʥʝʡʯʘʪʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ ʨʘʚʥʳ ʥʫʣʶ.  

 
ʈʠʩ. 7.2. ʀʤʧʫʣʴʩʥʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠ ʠʭ ʩʧʝʢʪʨʳ 

 ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʧʨʝʨʳʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩʧʝʢʪʨʘ {ʟʘʰʪʨʠʭʦʚʘʥʥʳʝ 

ʦʙʣʘʩʪʠ A F( )} ʟʘʚʠʩʠʪ ʦʪ ʜʠʩʧʝʨʩʠʠ ʩʣʫʯʘʡʥʳʭ ʘʤʧʣʠʪʫʜ ʠʤʧʫʣʴʩʦʚ. 

 ʅʘ ʦʩʥʦʚʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʩʧʝʢʪʨʘ ʠʤʧʫʣʴʩʥʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.7.2,ʘ, ʤʦʞʥʦ ʧʨʠʡʪʠ ʢ ʚʳʚʦʜʫ, ʯʪʦ 

ʜʣʷ ʦʜʥʦʧʦʣʷʨʥʦʡ ʩʣʫʯʘʡʥʦʡ ʠʤʧʫʣʴʩʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ 

ʨʘʚʥʦʚʝʨʦʷʪʥʳʤ ʯʝʨʝʜʦʚʘʥʠʝʤ çʝʜʠʥʠʮʳè ʠ çʥʫʣʷè (ʪʘʢʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʧʝʨʚʠʯʥʳʡ ʩʠʛʥʘʣ ʩ ʠʤʧʫʣʴʩʥʦ-

ʢʦʜʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʀʂʄ)) ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʝʜʠʥʠʯʥʦʛʦ ʠʤʧʫʣʴʩʘ tʠ Tº  

ʜʠʩʢʨʝʪʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʧʝʢʪʨʘ ʠʤʝʝʪ ʪʦʣʴʢʦ ʥʫʣʝʚʫʶ ʯʘʩʪʦʪʫ, ʧʦʩʢʦʣʴʢʫ 

ʣʠʥʝʡʯʘʪʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʢʨʘʪʥʳʝ k T/  ( k²1), ʨʘʚʥʳ ʥʫʣʶ (ʨʠʩ.7.2,ʙ). 

ʅʝʧʨʝʨʳʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʩʧʝʢʪʨʘ ʠʤʝʝʪ ʚʠʜ, ʘʥʘʣʦʛʠʯʥʳʡ ʧʨʝʜʳʜʫʱʝʤʫ 

ʩʣʫʯʘʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʩʠʛʥʘʣ ʪʘʢʦʛʦ ʚʠʜʘ ʥʝ ʩʦʜʝʨʞʠʪ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʯʘʩʪʦʪʦʡ F T, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʚʳʜʝʣʠʪʴ ʚ ʧʨʠʝʤʥʠʢʝ 

k F k TT = / k=0 1 2 3, , , ,...

FT

k qn= q T ʠ= -/t

n=1 2 3, , ,...
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ʫʟʢʦʧʦʣʦʩʥʳʤ ʬʠʣʴʪʨʦʤ.  

 ɺʦʟʤʦʞʥʦʩʪʴ ʚʳʜʝʣʝʥʠʷ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʠʟ ʜʚʦʠʯʥʦʛʦ ʩʠʛʥʘʣʘ 

ʫʟʢʦʧʦʣʦʩʥʳʤ ʬʠʣʴʪʨʦʤ ʧʦʷʚʣʷʝʪʩʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʜʣʠʪʝʣʴʥʦʩʪʠ ʠʤʧʫʣʴʩʘ 

ʜʦ ʟʥʘʯʝʥʠʷ tʠ T= / 2  (ʨʠʩ.7.2,ʚ). ʇʨʠ ʵʪʦʤ ʣʠʥʝʡʯʘʪʘʷ ʩʧʝʢʪʨʘʣʴʥʘʷ 

ʩʦʩʪʘʚʣʷʶʱʘʷ ʩ ʯʘʩʪʦʪʦʡ FT  ʤʘʢʩʠʤʘʣʴʥʘ [3], ʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʝʨʚʠʯʥʦʛʦ 

ʜʚʫʭʧʦʟʠʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʩ ʀʂʄ: 

D

D

F F ʧʠ T

F F ʧʠ T

ʀʂʄ T ʠ

ʀʂʄ T ʠ

+

+

º =

º =

1 0

1 0 2 2

,

,

ʨ ;

ʨ / .

t

t
   (7.2) 

 ʅʘ ʨʠʩ.7.2,ʛ ʧʨʠʚʝʜʝʥʘ ʩʣʫʯʘʡʥʘʷ ʙʠʧʦʣʷʨʥʘʷ ʠʤʧʫʣʴʩʥʘʷ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʩ ʯʝʨʝʜʫʶʱʝʡʩʷ ʧʦʣʷʨʥʦʩʪʴʶ ʠʤʧʫʣʴʩʦʚ (ʏʇʀ) 

ʜʣʠʪʝʣʴʥʦʩʪʴʶ tʠ T= / 2 . ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

ʩ ʏʇʀ (+ -1 0 1, , ) ʚʦʟʥʠʢʘʝʪ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʜʘʯʝ ʧʝʨʚʠʯʥʳʭ ʩʠʛʥʘʣʦʚ 

ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʧʦ ʮʝʧʷʤ ʩ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘʤʠ ʠ  ʧʝʨʝʭʦʜʥʳʤʠ ʝʤʢʦʩʪʷʤʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʨʦʧʫʩʢʘʶʪ ʧʦʩʪʦʷʥʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ ʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʩʠʛʥʘʣʘ. ʉʧʝʢʪʨ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʏʇʀ ʥʝ 

ʩʦʜʝʨʞʠʪ ʥʠ ʧʦʩʪʦʷʥʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʥʠ ʣʠʥʝʡʯʘʪʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʩ ʯʘʩʪʦʪʦʡ FT. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʏʇʀ 

DF Fʀʂʄ T+ - º1 0 1, , .    (7.3) 

 ɺʳʜʝʣʝʥʠʝ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ ʠʟ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʩ ʏʇʀ ʧʨʦʚʦʜʷʪ 

ʧʦʩʣʝ ʝʝ ʜʚʫʭʧʦʣʫʧʝʨʠʦʜʥʦʛʦ ʚʳʧʨʷʤʣʝʥʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʦʣʫʯʘʝʪʩʷ 

ʦʜʥʦʧʦʣʷʨʥʘʷ ʠʤʧʫʣʴʩʥʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ.7.2,ʚ.  

 ʆʪ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʳ FT  ʟʘʚʠʩʠʪ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʛʦ 

ʩʠʛʥʘʣʘ (ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ) ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ 

ʠʥʬʦʨʤʘʮʠʠ ʮʠʬʨʦʚʳʤ ʩʠʛʥʘʣʦʤ. 

 ʉʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʮʠʬʨʦʚʦʛʦ ʩʠʛʥʘʣʘ fb  ʦʧʨʝʜʝʣʷʝʪʩʷ ʯʠʩʣʦʤ 

ʜʚʦʠʯʥʳʭ ʩʠʤʚʦʣʦʚ n , ʧʝʨʝʜʘʚʘʝʤʳʭ ʟʘ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ Dt c=1 . ʊʘʢ ʢʘʢ 

ʢʘʞʜʳʡ ʩʠʤʚʦʣ ʥʝʩʝʪ 1ʙʠʪ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʘʯʠ ʠʤʝʝʪ 

ʨʘʟʤʝʨʥʦʩʪʴ ʙʠʪʩ/  ʠ ʨʘʚʥʘ ʪʘʢʪʦʚʦʡ ʯʘʩʪʦʪʝ ʮʠʬʨʦʚʦʛʦ ʧʦʪʦʢʘ 

f ʙʠʪʩ n t Fb T[ / ] /= =D .   (7.4) 
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 8. ʄʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ ʵʣʝʢʪʨʦʩʚʷʟʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ 
ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ 
ʤʦʜʫʣʷʮʠʠ 

 ʂʘʢ ʫʞʝ ʦʪʤʝʯʘʣʦʩʴ, ʤʦʜʫʣʠʨʦʚʘʥʥʳʝ ʩʠʛʥʘʣʳ (ʨʘʜʠʦʩʠʛʥʘʣʳ) 

ʧʦʣʫʯʘʶʪ ʧʨʠ ʧʦʤʦʱʠ ʤʦʜʫʣʠʨʫʶʱʠʭ ʩʠʛʥʘʣʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ 

ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ ʠ ʢʦʜʠʨʦʚʘʥʠʷ. ʈʘʩʩʤʦʪʨʠʤ ʦʩʥʦʚʥʳʝ ʚʠʜʳ ʤʦʜʫʣʷʮʠʠ, 

ʧʨʠʤʝʥʷʝʤʳʝ ʧʨʠ ʨʘʜʠʦʚʝʱʘʥʠʠ ʠ ʨʘʜʠʦʩʚʷʟʠ, ʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʤʦʜʫʣʠʨʦʚʘʥʥʳʭ ʩʠʛʥʘʣʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ. 

 8.1. ʈʘʜʠʦʩʠʛʥʘʣ ʩ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ɸʄ-ʩʠʛʥʘʣ). ʇʨʠ ɸʄ 

ʦʛʠʙʘʶʱʘʷ ʘʤʧʣʠʪʫʜ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʠʟʤʝʥʷʝʪʩʷ ʧʦ 

ʟʘʢʦʥʫ, ʩʦʚʧʘʜʘʶʱʝʤʫ ʩ ʠʟʤʝʥʝʥʠʝʤ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ S t( ), ʯʘʩʪʦʪʘ 

ʠ ʬʘʟʘ ʢʦʣʝʙʘʥʠʷ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ɸʄ-ʩʠʛʥʘʣ ʤʦʞʥʦ 

ʧʨʝʜʩʪʘʚʠʪʴ ʢʘʢ ʧʨʦʠʟʚʝʜʝʥʠʝ ʦʛʠʙʘʶʱʝʡ U t S tʦʛ( ) ( )~  ʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ 

cos( )w j0 0t+ : 

u t U t tAM ʦʛ( ) ( )cos( )= +w j0 0 .    (8.1) 

 ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ ʩ ʯʘʩʪʦʪʦʡ W=2pF  ʦʛʠʙʘʶʱʘʷ 

U t U U t U m tʦʛ( ) cos( ) [ cos( )]= + + = + +0 0 0 01D W Y W Y , (8.2) 

ʛʜʝ U0 -ʘʤʧʣʠʪʫʜʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʤʦʜʫʣʷʮʠʠ; 

 m U U U U U U U Uʦʛ ʦʛ= = - = - -D / [ ] / [ ] /max min0 0 0 0 0 ʢʦʵʬʬʠʮʠʝʥʪ 

(ʠʥʜʝʢʩ) ʤʦʜʫʣʷʮʠʠ (0 1¢ ¢m ).  

 ɸʄ-ʩʠʛʥʘʣ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ 

u tAM ( )=U m t t0 0 0 01[ cos( )] cos( )+ + + =W Y w j  

= + + - + - +U t
mU

t0 0 0
0

0 0 0
2

cos( ) cos[( ) )]w j w jW Y  

+ + + + =
mU

t0
0 0 0

2
cos[( ) )]w jW Y u t u t u tʥ ʥʙ ʚʙ( ) ( ) ( )+ + . (8.3) 

 ʀʟ (8.3) ʩʣʝʜʫʝʪ, ʯʪʦ ɸʄ-ʩʠʛʥʘʣ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠʤʝʝʪ 

ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ u tʥ( )  ʩ ʯʘʩʪʦʪʦʡ w0, ʥʠʞʥʝʝ ʙʦʢʦʚʦʝ ʢʦʣʝʙʘʥʠʝ u tʥʙ( )  ʩ 

ʯʘʩʪʦʪʦʡ ( )w0 -W , ʚʝʨʭʥʝʝ ʙʦʢʦʚʦʝ ʢʦʣʝʙʘʥʠʝ u tʚʙ( )  ʩ ʯʘʩʪʦʪʦʡ ( )w0 +W  

(ʨʠʩ.8.1,ʘ). ʆʪ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ m ʟʘʚʠʩʷʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʠʞʥʝʛʦ ʠ 

ʚʝʨʭʥʝʛʦ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʝʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʚ 
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ɸʄ-ʩʠʛʥʘʣʝ ʩʦʜʝʨʞʠʪʩʷ ʪʦʣʴʢʦ ʚ ʥʠʞʥʝʤ ʠ ʚʝʨʭʥʝʤ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʷʭ, 

ʧʨʠʯʝʤ ʩʦʚʝʨʰʝʥʥʦ ʦʜʠʥʘʢʦʚʘʷ. ʅʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʥʝ 

ʩʦʜʝʨʞʠʪ. 

 
ʈʠʩ. 8.1. ɼʣʷ ɸʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ m=1 : 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ); ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ 
ʦʛʠʙʘʶʱʝʡ ɸʄ-ʩʠʛʥʘʣʘ (ʙ); ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʦʛʠʙʘʶʱʝʡ (ʚ)  

ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ɸʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʩʣʦʞʥʦʤ ʤʦʜʫʣʠʨʫʶʱʝʤ ʢʦʣʝʙʘʥʠʠ ʩ 

ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ  (ʨʠʩ.8.2,ʘ) ʨʘʚʥʘ ʫʜʚʦʝʥʥʦʡ ʚʳʩʰʝʡ ʯʘʩʪʦʪʝ ʤʦʜʫʣʷʮʠʠ 

(ʨʠʩ.8.2,ʙ): 

.     (8.4) 

ɼʣʷ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʥʷʪʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ (ʂʀʇʄʇ): 

ʂʀʇʄʇ ( ) ʨʘʚʝʥ ʦʪʥʦʰʝʥʠʶ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ, 

ʧʨʠʭʦʜʷʱʝʡʩʷ ʥʘ ʢʦʣʝʙʘʥʠʷ ʩ ʧʦʣʝʟʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ, ʢ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ 

ʧʝʨʝʜʘʪʯʠʢʘ. 

 
ʈʠʩ. 8.2. ʉʧʝʢʪʨ ʩʣʦʞʥʦʛʦ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ (ʘ) 

ʠ ʩʧʝʢʪʨ ɸʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʩʣʦʞʥʦʤ ʤʦʜʫʣʠʨʫʶʱʝʤ ʢʦʣʝʙʘʥʠʠ (ʙ)  

F Fʥ ʚ...

Df FAM ʚ=2

h
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 ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʂʀʇʄʇ ʧʨʠ ɸʄ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʩʠʛʥʘʣ ʚʠʜʘ 

(8.3) ʧʦʜʘʥ ʥʘ ʚʭʦʜʥʦʡ ʟʘʞʠʤ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ, ʚʭʦʜʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʢʦʪʦʨʦʡ ʜʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ ʨʘʚʥʳʤ 1ʆʤ (ʝʜʠʥʠʯʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ). 

 ʇʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ɸʄ-ʩʠʛʥʘʣʘ 

U m U Ucpʢmax max( )= + =1 20 , ʛʜʝ Ucpʢmax-ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʝ (ʵʬʬʝʢʪʠʚʥʦʝ) ʟʥʘʯʝʥʠʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, 

ʪʦ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ɸʄ-ʩʠʛʥʘʣʘ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ( R ʆʤ=1 ) ʧʨʠ 

mmax=1  

P U U m U Uʧʠʢ cpʢ= = = + =max max max/ ( ) /2 2 2
0
2

0
22 1 2 2 .  (8.5) 

 ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ ɸʄ-ʩʠʛʥʘʣʘ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

p t u t u t u t u tAM ʥ ʥʙ ʚʙ( ) ( ) ( ) ( ) ( )= = + + +2 2 2 2
 

+ + +2 2 2u t u t u t u t u t u tʥ ʥʙ ʥ ʚʙ ʥʙ ʚʙ( ) ( ) ( ) ( ) ( ) ( ) . 

 ɺ ʵʪʦʤ ʚʳʨʘʞʝʥʠʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʱʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʠ 

ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ, ʪʘʢ ʠ ʠʭ ʚʟʘʠʤʥʳʝ ʤʦʱʥʦʩʪʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʧʦʧʘʨʥʳʤ 

ʧʨʦʠʟʚʝʜʝʥʠʷʤ ʤʛʥʦʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ. 

 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ɸʄ-ʩʠʛʥʘʣʘ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ 

ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʤ ʦʪʨʝʟʢʝ ʚʨʝʤʝʥʠ T. ʇʨʠ ʵʪʦʤ 

ʢʦʤʧʦʥʝʥʪʳ ʚʟʘʠʤʥʦʡ ʤʦʱʥʦʩʪʠ ʦʙʨʘʱʘʶʪʩʷ ʚ ʥʫʣʴ ʠ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

ʦʢʘʟʳʚʘʝʪʩʷ ʨʘʚʥʦʡ ʩʫʤʤʝ ʩʨʝʜʥʠʭ ʤʦʱʥʦʩʪʝʡ ʥʝʩʫʱʝʛʦ ʠ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ 

[4]: 

P
T

p t d t P P P
U mU mU

T

T

ʥ ʥʙ ʚʙ=
è

ê

é
é

ø

ú

ù
ù
= + + = + +

­¤
ñlim ( )

( ) ( )1

2 8 8
0

0
2

0
2

0
2

.  (8.6) 

 ʀʟ (8.5) ʠ (8.6) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ mmax=1  

P P mʧʠʢ ʥ/ ( )max= + =1 42
,   (8.7) 

ʪ.ʝ. ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ɸʄ-ʩʠʛʥʘʣʘ ʚ ʯʝʪʳʨʝ ʨʘʟʘ ʙʦʣʴʰʝ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ 

ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

 ɼʣʷ ɸʄ-ʩʠʛʥʘʣʘ ʂʀʇʄʇ, ʚʳʨʘʞʝʥʥʳʡ ʚ ʧʨʦʮʝʥʪʘʭ: 

hɸʄ
ʥʙ ʚʙ

ʧʠʢ

P m P m

P m
m[%]

( ) ( )

( )
( / )

max

=
+

Ö = Ö100 8 1002
.  (8.8) 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ɸʄ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ, ʝʩʣʠ m m= =max 1. ʇʨʠ ʵʪʦʤ  
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hmax
max max

max
max

( ) ( )

( )
( / ) , %ɸʄ

ʥʙ ʚʙ

ʧʠʢAM

P m P m

P m
m=

+
Ö = Ö =100 8 100 12 52

. (8.9) 

 ʉʨʝʜʥʠʡ ʠʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ ʟʚʫʢʦʚʳʭ ʩʦʦʙʱʝʥʠʡ ʥʘ ʧʨʘʢʪʠʢʝ mʩʨ ,º0 3 . 

ʊʦʛʜʘ 

hcpɸʄ
ʥʙ cp ʚʙ cp

ʧʠʢAM
cp

P m P m

P m
m=

+
Ö = Ö º

( ) ( )

( )
( / ) , %

max

100 8 100 1132
. (8.10) 

 ɼʘʥʥʳʝ ʚʳʢʣʘʜʢʠ ʧʦʢʘʟʳʚʘʶʪ ʥʝʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ɸʄ. 

 ʇʨʦʮʝʩʩ ʜʝʤʦʜʫʣʷʮʠʠ (ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ) ɸʄ-ʩʠʛʥʘʣʘ ʚ ʧʨʠʝʤʥʠʢʝ 

ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʚʳʜʝʣʝʥʠʠ ʝʛʦ ʦʛʠʙʘʶʱʝʡ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ 

G k G k kn ʣʩnp ʧ ʜʨ =1 ,    (8.11) 

ʛʜʝ Gn-ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ;  

 kʣʩ-ʢʦʵʬʬʠʮʠʝʥʪ ʟʘʪʫʭʘʥʠʷ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʣʷ ʨʘʜʠʦʚʦʣʥʳ ʚ ʣʠʥʠʠ 

ʩʚʷʟʠ; 

 Gnp-ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʧʨʠʝʤʥʦʡ ʘʥʪʝʥʥʳ;  

 kʧʨ-ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ;  

 kʜ-ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʜʝʪʝʢʪʦʨʘ ʧʨʠʝʤʥʠʢʘ. 

 ʊʦʛʜʘ ʦʛʠʙʘʶʱʘʷ ɸʄ-ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʠʜʝʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ 

ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ɸɼ) ʧʨʠʝʤʥʠʢʘ ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ, ʠʟʦʙʨʘʞʝʥʥʳʡ ʥʘ 

ʨʠʩ.8.1,ʚ (ʠʜʝʘʣʴʥʳʡ ʣʠʥʝʡʥʳʡ ɸɼ - ʜʝʪʝʢʪʦʨ, ʥʝ ʠʩʢʘʞʘʶʱʠʡ ʬʦʨʤʫ 

ʦʛʠʙʘʶʱʝʡ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʠ ʥʝ ʠʤʝʶʱʠʡ ʧʦʪʝʨʴ). 

 ʇʨʠ ʜʘʣʴʥʝʤ ʨʘʜʠʦʧʨʠʝʤʝ ʠʟ-ʟʘ ʠʥʪʝʨʬʝʨʝʥʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʣʫʯʝʡ ʨʘʜʠʦʚʦʣʥʳ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʠʥʭʨʦʥʥʦʤ ʨʘʜʠʦʚʝʱʘʥʠʠ 

ʚʦʟʤʦʞʥʳ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʝʡ ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ɸʄ-ʩʠʛʥʘʣʘ. 

ʅʘʠʙʦʣʝʝ ʦʧʘʩʝʥ ʵʬʬʝʢʪ ʩʝʣʝʢʪʠʚʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ (ʩʝʣʝʢʪʠʚʥʦʛʦ ʬʝʜʠʥʛʘ) 

ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʜʘʣʴʥʝʤ ʨʘʜʠʦʧʨʠʝʤʝ ʚ 

ʜʠʘʧʘʟʦʥʘʭ ɼɺ, ʉɺ ʠ ʂɺ. ʅʘ ʨʠʩ. 8.3 ʠʟʦʙʨʘʞʝʥʳ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ ʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘ ɸʄ-ʨʘʜʠʦʩʠʛʥʘʣʘ ʩ ʯʘʩʪʠʯʥʦ ʧʦʜʘʚʣʝʥʥʳʤ ʥʝʩʫʱʠʤ 

ʢʦʣʝʙʘʥʠʝʤ { u tɸʄʠʩʢ( ) }. ʀʟ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʚʠʜʥʦ, ʯʪʦ ʩʝʣʝʢʪʠʚʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʝʣʠʥʝʡʥʳʤ 

ʠʩʢʘʞʝʥʠʷʤ ʦʛʠʙʘʶʱʝʡ ʨʘʜʠʦʩʠʛʥʘʣʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t1  ʠ 

t 2  ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʬʘʟʳ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʥʘ 180o . 
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ʈʠʩ. 8.3. ɺʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ) ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʘ ɸʄ-ʩʠʛʥʘʣʘ (ʙ) ʧʨʠ ʯʘʩʪʠʯʥʦ 

ʩʝʣʝʢʪʠʚʥʦ ʧʦʜʘʚʣʝʥʥʦʤ ʥʝʩʫʱʝʤ ʢʦʣʝʙʘʥʠʠ 

 8.2. ʈʘʜʠʦʩʠʛʥʘʣ ʩ ʙʘʣʘʥʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

(ɹʄ-ʩʠʛʥʘʣ). ɹʄ-ʩʠʛʥʘʣ ʧʦʣʫʯʘʶʪ ʩ ʧʦʤʦʱʴʶ ʙʘʣʘʥʩʥʦʛʦ ʤʦʜʫʣʷʪʦʨʘ, 

ʧʦʜʘʚʣʷʶʱʝʛʦ ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ ʩ ʯʘʩʪʦʪʦʡ w0. ʇʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ɹʄ - ʩʠʛʥʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

u tɹʄ( ) = + =u t ʠ tʥʙ ʚʙ( ) ( )   

= - + - +
mU

t
0

0 0 02
cos[( ) ]w jW Y

mU
t0

0 0 0
2

cos[( ) ]w j+ + + =W Y  

= + +m t U tcos( )[ cos( )]W Y0 0 0 0w j = +S t U t( ) [ cos( )]0 0 0w j .    (8.12) 

 ʀʟ ʧʦʩʣʝʜʥʝʡ ʩʪʨʦʢʠ (8.12) ʩʣʝʜʫʝʪ, ʯʪʦ ɹʄ-ʩʠʛʥʘʣ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʢʦʣʝʙʘʥʠʷ S t m t( ) cos( )= +W Y0  ʠ ʥʝʩʫʱʝʛʦ 

ʢʦʣʝʙʘʥʠʷ U t0 0 0cos( )w j+ . ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʘʣʘʥʩʥʳʡ ʤʦʜʫʣʷʪʦʨ, ʧʨʠ ʧʦʤʦʱʠ 

ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ɹʄ-ʩʠʛʥʘʣ, ʥʘʟʳʚʘʶʪ ʠʜʝʘʣʴʥʳʤ ʧʝʨʝʤʥʦʞʠʪʝʣʝʤ 

ʩʠʛʥʘʣʦʚ. 

ʉʧʝʢʪʨ ɹʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ ʩʦʜʝʨʞʠʪ ʜʚʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ - ʥʠʞʥʶʶ ʩ ʯʘʩʪʦʪʦʡ  ʠ ʚʝʨʭʥʶʶ ʩ 

ʯʘʩʪʦʪʦʡ  (ʨʠʩ.8.4,ʘ). ʇʨʠ ʤʦʜʫʣʷʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʠʛʥʘʣʦʤ ʩ 

ʧʦʣʦʩʦʡ ʯʘʩʪʦʪ ʦʪ  ʜʦ  ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ɹʄ-ʩʠʛʥʘʣʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʫ 

ɸʄ-ʩʠʛʥʘʣʘ: . 

 ʉ ʬʠʟʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʢʦʣʝʙʘʥʠʷ ʩ ɹʄ ʷʚʣʷʶʪʩʷ ʙʠʝʥʠʷʤʠ ʜʚʫʭ 

ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ, ʥʦ ʨʘʟʥʳʤʠ ʯʘʩʪʦʪʘʤʠ, 

ʨʘʚʥʳʤʠ ʚʝʨʭʥʝʡ ʠ ʥʠʞʥʝʡ ʙʦʢʦʚʳʤ ʯʘʩʪʦʪʘʤ. ɺʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ ʠ 

ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ ɹʄ-ʩʠʛʥʘʣʘ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ.8.4,ʙ,ʚ,ʛ.  

( )w0 -W

( )w0 +W

Fʥ Fʚ

D Df F fɹM ʚ AM= =2
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ʈʠʩ. 8.4. ɼʣʷ ɹʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ: 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ); ʚʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ (ʙ,ʚ); ʦʩʮʠʣʣʦʛʨʘʤʤʘ (ʛ)  

 ɺ ʩʧʝʢʪʨʝ ɹʄ-ʩʠʛʥʘʣʘ ʥʝʪ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ (ʩʤ. ʨʠʩ.8.4,ʘ), ʭʦʪʷ ʦʥʦ 

ʷʚʥʦ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʚʳʨʘʞʝʥʠʠ (8.12) ʠ ʥʘ ʦʩʮʠʣʣʦʛʨʘʤʤʝ ɹʄ-ʩʠʛʥʘʣʘ 

(ʨʠʩ.8.4,ʛ). ʆʙʲʷʩʥʝʥʠʝ ʵʪʦʤʫ ʬʘʢʪʫ ʩʣʝʜʫʶʱʝʝ: ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʛʠʙʘʶʱʝʡ 

ʯʝʨʝʟ ʥʫʣʴ (ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ t1 , t2 , t3 , . . .) ʬʘʟʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ 

ʟʘʧʦʣʥʝʥʠʷ ʩʢʘʯʢʦʤ ʠʟʤʝʥʷʝʪʩʷ ʥʘ 180o, ʧʦʩʢʦʣʴʢʫ ʬʫʥʢʮʠʷ cos( )W t+y0  

ʠʤʝʝʪ ʨʘʟʥʳʝ ʟʥʘʢʠ ʩʣʝʚʘ ʠ ʩʧʨʘʚʘ ʦʪ ʥʫʣʷ. ɽʩʣʠ ʪʘʢʦʡ ʩʠʛʥʘʣ ʧʦʜʘʪʴ ʥʘ 

ʚʳʩʦʢʦʜʦʙʨʦʪʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ LC-ʢʦʥʪʫʨ, ʥʘʩʪʨʦʝʥʥʳʡ ʥʘ ʯʘʩʪʦʪʫ w0 , ʪʦ 

ʚʳʭʦʜʥʦʡ ʵʬʬʝʢʪ ʙʫʜʝʪ ʦʯʝʥʴ ʤʘʣ: ʢʦʣʝʙʘʥʠʷ ʚ ʢʦʥʪʫʨʝ, ʚʦʟʙʫʞʜʝʥʥʳʝ ʦʜʥʠʤ 

ʧʝʨʠʦʜʦʤ ʙʠʝʥʠʡ, ʙʫʜʫʪ ʛʘʩʠʪʴʩʷ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʠʦʜʦʤ.  

 ɺʳʨʘʞʝʥʠʝ ʜʣʷ ʦʛʠʙʘʶʱʝʡ ɹʄ-ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ, ʧʨʠʤʝʥʠʚ ʪʝʦʨʝʤʫ ʢʦʩʠʥʫʩʦʚ ʢ ʤʦʜʫʣʷʤ ʚʝʢʪʦʨʦʚ ʥʠʞʥʝʛʦ ʠ 

ʚʝʨʭʥʝʛʦ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ (ʨʠʩ.8.4,ʚ):  

U t U U U U tʦʛ ʥʙ ʚʙ ʥʙ ʚʙ( ) # # # # cos[ ( )]= + +
2 2

2 f , (8.13) 

ʛʜʝ f w j w j( ) {( ) [( ) ]} ( )t t t t= + + + - - + - = + -0 0 0 0 0 0 02 2W Y W Y W Y  -ʪʝʢʫʱʠʡ 

ʫʛʦʣ ʤʝʞʜʫ ʚʝʢʪʦʨʘʤʠ #U ʥʙ ʠ 
#U ʚʙ. 
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 ʊʦʛʜʘ (ʨʠʩ.8.4,ʛ): 

U t mU tʦʛ( ) ( / )[ cos( )]= + +0 01 2 1 2 2W Y .  (8.14) 

 ʇʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ɹʄ-ʩʠʛʥʘʣʘ (U m Umax max= 0 , mmax=1 ) ʝʛʦ 

ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

P m U Uʧʠʢ= =( ) / /max 0
2

0
22 2 .  (8.15) 

 ʄʛʥʦʚʝʥʥʘʷ ʤʦʱʥʦʩʪʴ 

p t u t u t u t u t u tɹM ʥʙ ʚʙ ʥʙ ʚʙ( ) ( ) ( ) ( ) ( ) ( )= = + +2 2 2 2 .  (8.16) 

 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ 

P
T

p t d t P P
mU mU mU

T

T

ʥʙ ʚʙ=
è

ê

é
é

ø

ú

ù
ù
= + = + =

­¤
ñlim ( )

( ) ( ) ( )1

8 8 4
0

0
2

0
2

0
2

. (8.17) 

 ʊʘʢ ʞʝ, ʢʘʢ ʠ ʘʤʧʣʠʪʫʜʥʘʷ ʤʦʜʫʣʷʮʠʷ, ʙʘʣʘʥʩʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ 

ʤʦʜʫʣʷʮʠʷ ʧʦʟʚʦʣʷʝʪ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ mmax=1 : 

hmax
max max

max
max

( ) ( )

( )
( / ) %ɹʄ

ʥʙ ʚʙ

ʧʠʢ

P m P m

P m
m=

+
Ö = Ö =100 2 100 502

. (8.18) 

 ɽʩʣʠ mʩʨ ,º0 3, ʪʦ 

hcpɹʄ
ʥʙ cp ʚʙ cp

ʧʠʢɹM
cp

P m P m

P m
m=

+
Ö = Ö º

( ) ( )

( )
( / ) , %

max

100 2 100 4 52 . (8.19) 

 ʅʝʩʤʦʪʨʷ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ɹʄ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ɸʄ (ʯʪʦ 

ʦʯʝʚʠʜʥʦ ʧʨʠ ʩʨʘʚʥʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ (8.8), (8.9), (8.18), (8.19)), 

ɹʄ ʥʝ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʠʟ-ʟʘ ʩʚʦʠʭ ʥʝʜʦʩʪʘʪʢʦʚ. ɺʦ-ʧʝʨʚʳʭ, 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ ɹʄ-ʩʠʛʥʘʣʘ ʩʪʦʣʴ ʞʝ ʰʠʨʦʢʘ, ʢʘʢ ʠ ɸʄ-ʩʠʛʥʘʣʘ: 

D Df f Fɹʄ ɸʄ ʚ= =2 . ɺʦ-ʚʪʦʨʳʭ, ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʧʨʠʥʷʪʦʛʦ ɹʄ-ʩʠʛʥʘʣʘ ʚ 

ʧʨʠʝʤʥʠʢʝ ʥʝʦʙʭʦʜʠʤ ʛʝʪʝʨʦʜʠʥʥʳʡ ʜʝʪʝʢʪʦʨ, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʦʛʦ ʚʭʦʜʠʪ 

ʛʝʥʝʨʘʪʦʨ ʢʦʣʝʙʘʥʠʷ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 8.4). ʇʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ɹʄ-ʩʠʛʥʘʣʘ ʚʦʟʤʦʞʥʳ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʠ ʟʘ ʩʯʝʪ ʘʩʠʥʭʨʦʥʠʟʤʘ (ʨʘʟʣʠʯʠʷ) 

ʯʘʩʪʦʪʳ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʠ ʯʘʩʪʦʪʳ ʠʩʪʠʥʥʦʡ ʥʝʩʫʱʝʡ, ʧʦʜʘʚʣʝʥʥʦʡ ʚ 

ʧʝʨʝʜʘʪʯʠʢʝ (ʵʪʠ ʠʩʢʘʞʝʥʠʷ ʨʘʩʩʤʦʪʨʝʥʳ ʥʠʞʝ - ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʧʨʠʝʤʘ 

ʨʘʜʠʦʩʠʛʥʘʣʘ ʩ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʦʡ). ɺʦʟʤʦʞʥʦ, ʦʜʥʘʢʦ, ʥʝʧʦʣʥʦʝ 

ʧʦʜʘʚʣʝʥʠʝ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ ʚ ʧʝʨʝʜʘʪʯʠʢʝ, ʪʦ ʝʩʪʴ ʧʝʨʝʜʘʯʘ, ʢʨʦʤʝ 

ʢʦʣʝʙʘʥʠʡ ʩ ʙʦʢʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʝʱʝ ʠ ʦʩʪʘʪʢʘ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ (ʧʠʣʦʪ-
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ʪʦʥʘ), ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʛʦ ʚ ( ... )5 10  ʨʘʟ ʤʝʥʴʰʝ ʥʝʧʦʜʘʚʣʝʥʥʦʛʦ ʥʝʩʫʱʝʛʦ 

ʢʦʣʝʙʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʠʝʤʥʠʢʝ ʥʝʦʙʭʦʜʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ 

ʫʟʢʦʧʦʣʦʩʥʳʡ ʢʘʥʘʣ ʫʩʠʣʝʥʠʷ ʧʠʣʦʪ-ʪʦʥʘ ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ɹʄ-ʩʠʛʥʘʣʘ ʩ ʤʘʣʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʢʠ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ɹʄ-ʩʠʛʥʘʣʝ ʩ 

ʧʠʣʦʪ-ʪʦʥʦʤ ʪʝʤ ʭʫʞʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ ʬʦʨʤʫʣʘʤ (8.18), 

(8.19)), ʯʝʤ ʙʦʣʴʰʝ ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʠʣʦʪ-ʪʦʥʘ. 

 ʆʜʥʘʢʦ ʙʘʣʘʥʩʥʘʷ ʤʦʜʫʣʷʮʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʧʝʨʝʜʘʯʠ 

ʥʘʜʪʦʥʘʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʪʝʨʝʦʩʠʛʥʘʣʘ ʧʨʠ ʩʪʝʨʝʦʚʝʱʘʥʠʠ ʧʦ 

ʩʪʘʥʜʘʨʪʫ ʉʐɸ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 10.6). 

 8.3. ʈʘʜʠʦʩʠʛʥʘʣ ʩ ʦʜʥʦʧʦʣʦʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

(ʆʄ-ʩʠʛʥʘʣ). ʆʄ-ʩʠʛʥʘʣ ʬʦʨʤʠʨʫʶʪ ʠʟ ɸʄ-ʩʠʛʥʘʣʘ ʧʫʪʝʤ ʧʦʜʘʚʣʝʥʠʷ 

ʢʦʣʝʙʘʥʠʡ ʩ ʥʠʞʥʝʡ (ʠʣʠ ʚʝʨʭʥʝʡ) ʙʦʢʦʚʦʡ ʧʦʣʦʩʦʡ. ʇʨʠ ʵʪʦʤ ʧʦʣʦʩʘ ʯʘʩʪʦʪ 

ʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʳʤ ʩʠʛʥʘʣʦʤ ʫʤʝʥʴʰʘʝʪʩʷ ʚ ʜʚʘ 

ʨʘʟʘ: 

D Df F fOM ʚ AM= = / 2 .   (8.20) 

 ʇʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ ʧʦʜʘʚʣʝʥʠʠ ʢʦʣʝʙʘʥʠʷ ʩ ʥʠʞʥʝʡ 

ʙʦʢʦʚʦʡ ʯʘʩʪʦʪʦʡ (ʨʠʩ.8.5,ʘ) 

u tOM ( )=u t u tʥ ʚʙ( ) ( )+ =U t
mU

t0 0 0
0

0 0 0
2

cos( ) cos[( ) )]w j w j+ + + + +W Y .  (8.21) 

 ʇʨʠʤʝʥʠʚ ʪʝʦʨʝʤʫ ʢʦʩʠʥʫʩʦʚ ʢ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʝ ʆʄ-ʩʠʛʥʘʣʘ 

(ʨʠʩ.8.5,ʙ), ʟʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʝʛʦ ʦʛʠʙʘʶʱʝʡ (ʨʠʩ.8.5,ʚ):  

U t U U U U t tʦʛ ʥ ʚʙ ʥ ʚʙ( ) # # # # cos[( ) ( )]= + + + + + - + =
2 2

0 0 0 0 02 w j w jW Y  

= + + +U m m t0
2

01 4/ cos( )W Y .   (8.22) 

 ʀʟ (8.22) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʆʄ-ʩʠʛʥʘʣʘ 

U U m mmax /= + +0
21 4 .   ʇʨʠ ʵʪʦʤ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʥʘ ʝʜʠʥʠʯʥʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʠ mmax=1  

P U m m Uʧʠʢ= + + =0
2 2

0
21 4 2 1125( / ) / ,max max .  (8.23) 

 ʄʛʥʦʚʝʥʥʘʷ ʠ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʆʄ-ʩʠʛʥʘʣʘ ʥʘ ʝʜʠʥʠʯʥʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ: 

;   (8.24) p t u t u t u t u t u tOM ʥ ʚʙ ʥʙ ʚʙ( ) ( ) ( ) ( ) ( ) ( )= = + +2 2 2 2
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.  (8.25) 

 
ʈʠʩ. 8.5. ɼʣʷ ʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ m=1 : 

ʩʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ); ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʙ); 
ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʦʛʠʙʘʶʱʘʷ (ʚ)  

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʠ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʂʀʇʄʇ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠ 

mmax=1  ʠ mʩʨ ,=0 3 : 

hʤʘʢʩʆʄ
ʚʙ

ʧʠʢOM

P m

P m

m
= Ö = Ö =

( )

( )

/

,
, %

max

max

max
100

8

1125
100 111

2

;  (8.26) 

hcpʆʄ
ʚʙ cp

ʧʠʢOM

cpP m

P m

m
= Ö = Ö =

( )

( )

/

,
%

max

100
8

1125
100 1

2

.  (8.27) 

 ʉʨʘʚʥʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʧʦ ʬʦʨʤʫʣʘʤ (8.8), (8.9), (8.26), (8.27) 

ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʨʠ ɸʄ-ʩʠʛʥʘʣʝ ʠ ʧʨʠ ʆʄ-ʩʠʛʥʘʣʝ 

ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʨʘʚʥʦʟʥʘʯʥʘ. 

 ʅʝʜʦʩʪʘʪʢʦʤ ʆʄ-ʩʠʛʥʘʣʘ ʷʚʣʷʝʪʩʷ ʥʝʢʦʩʠʥʫʩʦʠʜʘʣʴʥʘʷ ʬʦʨʤʘ ʝʛʦ 

ʦʛʠʙʘʶʱʝʡ (ʩʤ. ʨʠʩ.8.5,ʚ). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆʄ-ʩʠʛʥʘʣʘ ʣʠʥʝʡʥʳʤ ɸɼ. ʌʦʨʤʘ ʦʛʠʙʘʶʱʝʡ ʆʄ-ʩʠʛʥʘʣʘ ʪʝʤ 

ʙʦʣʴʰʝ ʦʪʣʠʯʥʘ ʦʪ ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʦʡ, ʯʝʤ ʙʦʣʴʰʝ ʚʝʣʠʯʠʥʘ m.  

 ʆʮʝʥʠʤ ʢʘʯʝʩʪʚʝʥʥʦ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʣʠʥʝʡʥʦʤ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʘʣʳʭ ʚʝʣʠʯʠʥʘʭ m. ɼʣʷ ʵʪʦʛʦ ʦʧʨʝʜʝʣʠʤ 

ʩʧʝʢʪʨʘʣʴʥʳʡ ʩʦʩʪʘʚ ʦʛʠʙʘʶʱʝʡ ʆʄ - ʩʠʛʥʘʣʘ, ʧʨʠʤʝʥʠʚ ʙʠʥʦʤʠʘʣʴʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ: 

P
T

p t d t P P
U mU

T

T

ʥ ʚʙ=
è

ê

é
é

ø

ú

ù
ù
= + = +

­¤
ñlim ( )

( )1

2 8
0

0
2

0
2
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( )
( )

!
. . .a b a na b

n n
a bn n n n+ = + +

-
+- -1 2 21

2
 

 ʇʦʣʘʛʘʷ ʚ ʬʦʨʤʫʣʝ (8.22) a m= +( / )1 42
, b m t= cosW , Y0 0=  ʠ 

ʫʯʠʪʳʚʘʷ ʤʘʣʦʩʪʴ ʚʝʣʠʯʠʥʳ m, ʦʛʨʘʥʠʯʠʤʩʷ ʫʯʝʪʦʤ ʧʝʨʚʳʭ ʪʨʝʭ ʯʣʝʥʦʚ ʨʷʜʘ. 

ʊʦʛʜʘ 

U m m t0
21 4+ + =( / ) cosW U m0

2 1 21 4[( / ) /+ + 

+ + - + +- -1

2
1 4

1

8
1 42 1 2 2 3 2 2 2( / ) cos ( / ) cos ...]/ /m m t m m tW W . (8.28) 

 ʀʟ (8.28) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʦʛʠʙʘʶʱʝʡ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʩʦʜʝʨʞʠʪʩʷ ʧʦʩʪʦʷʥʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʠ 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʦʩʥʦʚʥʦʡ ʠ ʫʜʚʦʝʥʥʦʡ ʯʘʩʪʦʪʦʡ ʤʦʜʫʣʷʮʠʠ {ʧʦʩʣʝʜʥʝʝ 

ʩʣʝʜʫʝʪ ʠʟ ʪʦʛʦ, ʯʪʦ   cos ( / )( cos )2 1 2 1 2W Wt t= + }. 

 ɸʤʧʣʠʪʫʜʳ ʧʝʨʝʤʝʥʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʚ ʩʧʝʢʪʨʝ ʨʝʟʫʣʴʪʠʨʫʶʱʝʛʦ 

ʥʘʧʨʷʞʝʥʠʷ: 

U U m mʦʛW= + -1

2
1 40

2 1 2( / ) / ;   U U m mʦʛ2 0
2 3 2 21

16
1 4W= + -( / ) / . 

 ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʦ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʝ 

k
U

U

m

m

m
ʛ

ʦʛ

ʦʛ

m

= =
+

¢

º
2

2

0 3

8 1 4 8

W

W ( / )

,

.   (8.29) 

ʊʘʙʣʠʮʘ 8.1 
ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʦʛʠʙʘʶʱʝʡ ʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʥʳʭ 

ʚʝʣʠʯʠʥʘʭ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ 

ʀʥʜʝʢʩ 
ʤʦʜʫʣʷʮʠʠ m 

kʛ ʩ ʫʯʝʪʦʤ  

ʪʦʣʴʢʦ 
2-ʡ ʛʘʨʤʦʥʠʢʠ 

kʛ ʩ ʫʯʝʪʦʤ  

2-ʡ ʠ 3-ʡ 
ʛʘʨʤʦʥʠʢ 

kʛ ʩ ʫʯʝʪʦʤ  

2-ʡ, 3-ʡ ʠ 4-ʡ 
ʛʘʨʤʦʥʠʢ 

m=0 2,  

2,5 2,5 2,5 

m=0 4,  

4,97 5,00 5,00 

m=0 67,  

8,21 8,33 8,33 

m=1 0,  

12,08 12,43 12,46 

 ʀʟ (8.29) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʩʨʝʜʥʝʤ ʠʥʜʝʢʩʝ ʤʦʜʫʣʷʮʠʠ  

ʢʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʣʠʥʝʡʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʆʄ-ʩʠʛʥʘʣʘ . ʊʦʯʥʳʝ ʨʘʩʯʝʪʳ ʥʘ ʕɺʄ ʚʝʣʠʯʠʥʳ  ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

 (ʩʤ. ʪʘʙʣ. 8.1) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʬʦʨʤʫʣʘ  ʩ ʤʘʣʦʡ ʧʦʛʨʝʰʥʦʩʪʴʶ 

mʩʨ ,º0 3

kʛº3 8, % kʛ

m k mʛº / 8
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ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʠ ʣʶʙʳʭ ʟʥʘʯʝʥʠʷʭ . ʊʦʛʜʘ ʧʨʠ    

. 

 ɼʣʷ ʫʤʝʥʴʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʆʄ-ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʧʨʠʤʝʥʠʪʴ ʢʚʘʜʨʘʪʠʯʥʳʡ ʜʝʪʝʢʪʦʨ. ɺʳʭʦʜʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

ʠʜʝʘʣʴʥʦʛʦ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʢʚʘʜʨʘʪʫ ʦʛʠʙʘʶʱʝʡ: 

U U tʚʳʭʢʚʜʝʪ ʦʛ. . ( )~ =2 U m m t0
2 21 4[ ( / ) cos ]+ + W , 

ʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʠʜʝʘʣʴʥʦʤ ʢʚʘʜʨʘʪʠʯʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʦʪʩʫʪʩʪʚʫʶʪ. 

 8.4. ʈʘʜʠʦʩʠʛʥʘʣ ʩ ʦʜʥʦʡ ʙʦʢʦʚʦʡ ʧʦʣʦʩʦʡ (ʆɹʇ-ʩʠʛʥʘʣ). 

ʆɹʇ-ʩʠʛʥʘʣ ð ʵʪʦ ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʦʜʥʦʧʦʣʦʩʥʦʡ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʠ 

ʧʦʜʘʚʣʝʥʥʦʡ ʥʝʩʫʱʝʡ (ʆɹʇ-ʤʦʜʫʣʷʮʠʷ ð ʆɹʇʄ). ʇʦʣʦʩʘ ʯʘʩʪʦʪ ʆɹʇ-ʩʠʛʥʘʣʘ 

ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝ, ʯʝʤ ʫ ʆʄ-ʩʠʛʥʘʣʘ: 

Df F FOM ʚ ʥ= - .    (8.30) 

 ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʆɹʇ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʠ ʧʦʜʘʚʣʝʥʥʳʭ ʥʠʞʥʝʡ ʙʦʢʦʚʦʡ ʠ ʥʝʩʫʱʝʡ ʩʣʝʜʫʶʱʝʝ: 

u tOɹʇ( )=u tʚʙ( )=mU t0 0 0 0cos[( ) ]w j+ + +W Y .   (8.31) 

 ʀʟ (8.31) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʆɹʇ-ʩʠʛʥʘʣ 

ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʩʧʝʢʪʨʘʣʴʥʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʡ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʝʥ ʠʥʜʝʢʩʫ ʤʦʜʫʣʷʮʠʠ m (ʨʠʩ.8.6,ʘ). 

 ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʆɹʇ-ʩʠʛʥʘʣʘ U m Umax max= 0. ʇʠʢʦʚʘʷ 

ʤʦʱʥʦʩʪʴ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʠ mmax=1 : 

P m U Uʧʠʢ= =( ) / /max 0
2

0
22 2 .  (8.32) 

 ʄʛʥʦʚʝʥʥʘʷ ʠ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʠ ʆɹʇ-ʩʠʛʥʘʣʘ: 

p t u t u tOɹʇ ʚʙ( ) ( ) ( )= =2 2
 ;   (8.33) 

P
T

p t d t P
mU

T

T

ʚʙ=
è

ê

é
é

ø

ú

ù
ù
= =

­¤
ñlim ( )

( )1

2
0

0
2

.   (8.34) 

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʠ ʩʨʝʜʥʷʷ ʚʝʣʠʯʠʥʳ ʂʀʇʄʇ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ  ʠ 

: 

m m m= =max 1

kʛº =1 8 12 5/ , %

mmax=1

mcp=0 3,
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;  (8.35) 

.  (8.36) 

 
ʈʠʩ. 8.6. ɼʣʷ ʆɹʇ-ʩʠʛʥʘʣʘ ʩ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʝʡ: 
ʩʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ); ʚʝʢʪʦʨʥʳʝ ʜʠʘʛʨʘʤʤʳ (ʙ); 

ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʦʛʠʙʘʶʱʝʡ ʧʨʠ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ (ʚ) 

 ʀʟ (8.35) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʆɹʇ-ʩʠʛʥʘʣʘ ʚʦʟʤʦʞʥʦ 100%-ʥʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʝʨʝʜʘʪʯʠʢʘ, ʥʦ ʪʦʣʴʢʦ ʧʨʠ 

mmax=1 . 

 ʆʩʦʙʝʥʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʆɹʇ-ʩʠʛʥʘʣʘ. ɼʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ 

ʧʨʠʥʷʪʦʛʦ ʆɹʇ-ʩʠʛʥʘʣʘ (ʪʘʢ ʞʝ, ʢʘʢ ʠ ɹʄ-ʩʠʛʥʘʣʘ) ʚ ʧʨʠʝʤʥʠʢʝ ʥʝʦʙʭʦʜʠʤ 

ʩʧʝʮʠʘʣʴʥʳʡ ʛʝʥʝʨʘʪʦʨ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ (ɻʄʅ). ʂʦʣʝʙʘʥʠʝ ʩ ʯʘʩʪʦʪʦʡ 

ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ fʤʥ ʠ ʘʤʧʣʠʪʫʜʦʡ Uʤʥ ʧʦʜʘʝʪʩʷ ʥʘ ʘʤʧʣʠʪʫʜʥʳʡ ʜʝʪʝʢʪʦʨ 

(ɸɼ) ʚʤʝʩʪʝ ʩ ʆɹʇ - ʩʠʛʥʘʣʦʤ (ʨʠʩ.8.7). ɼʝʪʝʢʪʦʨ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʟʳʚʘʝʪʩʷ 

ʛʝʪʝʨʦʜʠʥʥʳʤ. 

 ʇʨʠ ʛʝʪʝʨʦʜʠʥʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʩʫʤʤʳ ʥʘʧʨʷʞʝʥʠʡ -

u t u t u tʤʥ ʆɹʇS ( ) ( ) ( )= + , ʛʜʝ u t U tʤʥ ʤʥ ʤʥ ʤʥ( ) cos( )= +w j0 , ʚʦʟʤʦʞʥʳ ʜʚʘ ʚʠʜʘ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ:  

 1) ʠʩʢʘʞʝʥʠʷ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ;  

 2) ʠʩʢʘʞʝʥʠʷ ʠʟ-ʟʘ ʘʩʠʥʭʨʦʥʠʟʤʘ (ʨʘʟʥʦʩʪʠ ʯʘʩʪʦʪ) ʠʩʪʠʥʥʦʡ 

ʥʝʩʫʱʝʡ (ʩ ʯʘʩʪʦʪʦʡ f0), ʢʦʣʝʙʘʥʠʝ ʢʦʪʦʨʦʡ ʧʦʜʘʚʣʝʥʦ ʚ ʧʝʨʝʜʘʪʯʠʢʝ, ʠ 

hʤʘʢʩʆɹʇ
ʚʙ

ʧʠʢOɹʇ

P m

P m
m= Ö = Ö =

( )

( )
%

max

max
max100 100 1002

hʩʆɹʇ
ʚʙ cp

ʧʠʢOɹʇ
cp

P m

P m
mʨ

max

( )

( )
%= Ö = Ö º100 100 92
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ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ (ʩ ʯʘʩʪʦʪʦʡ fʤʥ) 

df f fʤʥ= -( )0 .    (8.37) 

 
ʈʠʩ. 8.7. ɻʝʪʝʨʦʜʠʥʥʳʡ ʜʝʪʝʢʪʦʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ 

ʠ ʛʝʥʝʨʘʪʦʨʘ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ 

 ʀʩʢʘʞʝʥʠʷ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʠʟ-ʟʘ ʥʝʜʦʩʪʘʪʦʯʥʦʛʦ ʫʨʦʚʥʷ 

ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʠʤʝʶʪ ʤʝʩʪʦ, ʝʩʣʠ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʦʠʟʤʝʨʠʤʘ ʩ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʆɹʇ-ʩʠʛʥʘʣʘ. ʅʘ ʨʠʩ.8.6,ʙ,ʚ ʧʨʠʚʝʜʝʥʳ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ 

ʠ ʦʩʮʠʣʣʦʛʨʘʤʤʘ, ʧʦʷʩʥʷʶʱʠʝ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʦʛʠʙʘʶʱʝʡ ʥʘ ʚʳʭʦʜʝ 

ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ (8.11).  

 ʅʘ ʦʩʥʦʚʝ ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ ʦʛʠʙʘʶʱʘʷ ʆɹʇ-ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ 

ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ w wʤʥ= 0  (df =0) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

U t U mU U mU tʦʛ ʤʥ ʤʥ ʤʥ( ) ( ) cos( )= + + + + -2
0

2
0 0 0 02 W j y j ,  (8.38) 

ʛʜʝ j0ʤʥ-ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʢʦʣʝʙʘʥʠʷ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ. 

 ɽʩʣʠ U mUʤʥ1 0= , ʪʦ ʦʛʠʙʘʶʱʘʷ U tʦʛ( )  ʠʤʝʝʪ ʬʦʨʤʫ ʮʠʢʣʦʠʜʳ 

(ʪʨʘʝʢʪʦʨʠʷ ʜʚʠʞʝʥʠʷ ʪʦʯʢʠ ʥʘ ʢʦʣʝʩʝ, çʢʘʪʷʱʝʤʩʷè ʧʦ ʦʩʠ Wt, ʨʠʩ.8.6,ʚ). 

ʅʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʵʪʦʤ ʟʥʘʯʠʪʝʣʴʥʳ ʠ ʜʦʩʪʠʛʘʶʪ 22%  (ʩʤ. ʜʘʥʥʳʝ 

ʪʘʙʣ.8.2, ʧʦʣʫʯʝʥʥʳʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʕɺʄ).  

 ɽʩʣʠ U mUʤʥ2 0>> , ʪʦ ʬʦʨʤʘ ʦʛʠʙʘʶʱʝʡ U tʦʛ( )  ʙʣʠʟʢʘ ʢ 

ʢʦʩʠʥʫʩʦʠʜʘʣʴʥʦʡ ʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʤʘʣʳ.  

 ʇʦ ʘʥʘʣʦʛʠʠ ʩ ʚʳʚʦʜʦʤ (8.29) ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʧʨʠ ( / )U mUʤʥ 0 2²  

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʜʦʧʫʩʪʠʤʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʠ 

ʛʝʪʝʨʦʜʠʥʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ (kʛʜʦʧ) ʘʤʧʣʠʪʫʜʘ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʜʦʣʞʥʘ 

ʙʳʪʴ ʚʳʙʨʘʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

U U kʤʥ ʚʭʜʝʪ ʛʜʦʧ² max / 4 .   (8.39) 

 ʀʟ (8.39) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ kʛʜʦʧ¢2 5, %  ʠ m m= =max 1  
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U U Uʤʥ ʚʭʜʝʪ² =10 10 0max . 

ʊʘʙʣʠʮʘ 8.2 
ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ 

ʧʨʠ ʛʝʪʝʨʦʜʠʥʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ 

U

mU

ʤʥ

0

 

kʛ ʩ ʫʯʝʪʦʤ  

ʪʦʣʴʢʦ 
2-ʡ ʛʘʨʤʦʥʠʢʠ 

kʛ ʩ ʫʯʝʪʦʤ  

2-ʡ ʠ 3-ʡ 
ʛʘʨʤʦʥʠʢ 

kʛ ʩ ʫʯʝʪʦʤ  

2-ʡ, 3-ʡ ʠ 4-ʡ 
ʛʘʨʤʦʥʠʢ 

10 2,5 2,5 2,5 

5 4,97 5,00 5,00 

3 8,21 8,33 8,33 

2 12,08 12,43 12,46 

1 20,00 21,15 22,27 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʜʣʷ 

ʆɹʇ-ʩʠʛʥʘʣʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʝʛʦ ʫʨʦʚʥʷ, ʧʦʩʢʦʣʴʢʫ 

( )max minU U mUʦʛ ʦʛ- =2 0  

ʢʘʢ ʧʨʠ U mUʤʥ>> 0, ʪʘʢ ʠ ʧʨʠ U mUʤʥº 0  (ʩʤ. ʨʠʩ.8.6).  

 ɸʩʠʥʭʨʦʥʠʟʤ ʢʦʣʝʙʘʥʠʡ ʠʩʪʠʥʥʦʡ ʥʝʩʫʱʝʡ ʠ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ 

df f fʤʥ= -( )0  ʧʨʠʚʦʜʠʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʢ ʥʘʨʫʰʝʥʠʶ ʢʦʥʩʦʥʘʥʩʘ 

(ʩʦʟʚʫʯʠʷ) ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʨʝʯʝʚʦʛʦ ʠʣʠ ʤʫʟʳʢʘʣʴʥʦʛʦ ʩʦʦʙʱʝʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ 

ʩ ʥʘʨʫʰʝʥʠʝʤ ʢʨʘʪʥʦʩʪʠ ʬʦʨʤʘʥʪ ʟʚʫʢʘ. ʌʦʨʤʘʥʪʘʤʠ ʥʘʟʳʚʘʶʪʩʷ ʦʙʣʘʩʪʠ 

ʯʘʩʪʦʪ, ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʳʭ ʥʘʭʦʜʷʪʩʷ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ ʟʚʫʢʘ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʘʤʧʣʠʪʫʜʘʤʠ. ʅʝʩʢʦʣʴʢʦ ʫʧʨʦʱʝʥʥʦ ʬʦʨʤʘʥʪʳ ʤʦʞʥʦ 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʜʠʩʢʨʝʪʥʳʤʠ ʯʘʩʪʦʪʘʤʠ F Fʬ ʥʪʦʥ1 = , F Fʬ ʥʪʦʥ2 2= , 

F Fʬ ʥʪʦʥ3 3=  ʠ ʪ.ʜ., ʛʜʝ Fʥʪʦʥ-ʯʘʩʪʦʪʘ ʥʠʞʥʝʛʦ ʟʚʫʢʦʚʦʛʦ ʪʦʥʘ.  

 ɽʩʣʠ ʘʩʠʥʭʨʦʥʠʟʤ df =0, ʪʦ F Fʬ ʬ2 1 2/ = , F Fʬ ʬ3 1 3/ =  ʠ ʪ. ʜ. ɽʩʣʠ 

ʞʝ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʢ ʢʘʞʜʦʡ ʬʦʨʤʘʥʪʝ ʜʦʙʘʚʣʷʝʪʩʷ ʘʩʠʥʭʨʦʥʠʟʤ df , ʪʦ 

ʢʨʘʪʥʦʩʪʴ ʬʦʨʤʘʥʪ ʥʘʨʫʰʘʝʪʩʷ: ( ) / ( )F f F fʬ ʬ2 1 2+ + ¸d d , 

( ) / ( )F f F fʬ ʬ3 1 3+ + ¸d d  ʠ ʪ. ʜ. ʇʨʠ ʧʝʨʝʜʘʯʝ ʤʫʟʳʢʘʣʴʥʳʭ ʩʦʦʙʱʝʥʠʡ 

ʥʘʨʫʰʝʥʠʝ ʢʨʘʪʥʦʩʪʠ ʬʦʨʤʘʥʪ ʧʨʠʚʦʜʠʪ ʢ ʜʠʩʩʦʥʘʥʩʫ ʟʚʫʯʘʥʠʷ, ʢʦʪʦʨʳʡ 

ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ ʧʨʠ df ɻʮ>1 5, . ʇʨʠ ʨʝʯʝʚʳʭ ʩʦʦʙʱʝʥʠʷʭ 

ʥʝʝʩʪʝʩʪʚʝʥʥʦʩʪʴ ʟʚʫʯʘʥʠʷ ʨʝʯʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ df ɻʮ>20 . ʇʨʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʤ ʘʩʠʥʭʨʦʥʠʟʤʝ ʛʦʣʦʩ ʥʘʯʠʥʘʝʪ çʙʘʩʠʪʴè ʠ ʞʝʥʩʢʠʡ ʛʦʣʦʩ ʤʦʞʝʪ 
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ʙʳʪʴ ʧʨʠʥʷʪ ʟʘ ʤʫʞʩʢʦʡ, ʘ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʘʩʠʥʭʨʦʥʠʟʤʝ ʛʦʣʦʩ ʥʘʯʠʥʘʝʪ 

çʚʳʩʠʪʴè ʠ ʤʫʞʩʢʦʡ ʛʦʣʦʩ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪ ʟʘ ʞʝʥʩʢʠʡ. ʈʝʯʴ ʦʩʪʘʝʪʩʷ 

ʧʦʥʷʪʥʦʡ ʜʦ ʚʝʣʠʯʠʥ ʘʩʠʥʭʨʦʥʠʟʤʘ df ɻʮº250  (ʢʦʵʬʬʠʮʠʝʥʪ ʘʨʪʠʢʫʣʷʮʠʠ 

ʬʨʘʟ ʧʨʠ ʵʪʦʤ ~95%). ʅʦ ʝʩʣʠ df ɻʮ>500  ʠʟ-ʟʘ çʚʟʨʳʚʥʳʭè ʟʚʫʢʦʚ (çʧè, çʪè, 

çʯè ʠ ʜʨ.) ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ ʫʭʫʜʰʝʥʠʝ ʨʘʟʙʦʨʯʠʚʦʩʪʠ ʨʝʯʠ: ʢʦʵʬʬʠʮʠʝʥʪ 

ʘʨʪʠʢʫʣʷʮʠʠ ʬʨʘʟ (ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʟʙʦʨʯʠʚʦʩʪʠ ʨʝʯʠ) ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʝʝ 50% . 

 ɼʣʷ ʫʩʪʨʘʥʝʥʠʷ ʘʩʠʥʭʨʦʥʠʟʤʘ ʧʨʠ ʧʝʨʝʜʘʯʝ ʆɹʇ-ʩʠʛʥʘʣʘ, ʢʨʦʤʝ 

ʢʦʣʝʙʘʥʠʡ ʩ ʙʦʢʦʚʳʤʠ ʯʘʩʪʦʪʘʤʠ, ʧʝʨʝʜʘʝʪʩʷ ʧʠʣʦʪ-ʪʦʥ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʧʨʠʝʤʥʠʢʝ ʥʝʦʙʭʦʜʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʫʟʢʦʧʦʣʦʩʥʳʡ ʢʘʥʘʣ 

ʫʩʠʣʝʥʠʷ ʧʠʣʦʪ-ʪʦʥʘ ʜʦ ʫʨʦʚʥʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʦʟʤʦʞʥʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ 

ɹʄ-ʩʠʛʥʘʣʘ ʩ ʤʘʣʳʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ. ʕʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʦʢʘʟʘʪʝʣʠ 

ʆɹʇ-ʩʠʛʥʘʣʘ ʩ ʧʠʣʦʪ-ʪʦʥʦʤ ʪʝʤ ʭʫʞʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʯʠʪʘʥʥʳʤʠ ʧʦ 

ʬʦʨʤʫʣʘʤ (8.35), (8.36)), ʯʝʤ ʙʦʣʴʰʝ ʫʨʦʚʝʥʴ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʧʠʣʦʪ-ʪʦʥʘ. 

 8.5. ʈʘʜʠʦʩʠʛʥʘʣ ʩ ʩʦʚʤʝʩʪʠʤʦʡ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʝʡ 

(ʉʆʄ-ʩʠʛʥʘʣ). ʉʆʄ-ʩʠʛʥʘʣ ʧʦʣʫʯʘʶʪ ʥʘ ʦʩʥʦʚʝ ʩʫʤʤʳ ʜʚʫʭ ʩʠʛʥʘʣʦʚ, ʦʜʠʥ ʠʟ 

ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʥʝʩʫʱʫʶ ʩ ʯʘʩʪʦʪʦʡ w0 , ʘ 

ʚʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʆɹʇ-ʩʠʛʥʘʣʦʤ ʩ ʯʘʩʪʦʪʦʡ w0 +W (ʝʩʣʠ ʤʦʜʫʣʷʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʦʜʥʠʤ ʪʦʥʦʤ ʩ ʯʘʩʪʦʪʦʡ W). ʌʦʨʤʠʨʦʚʘʥʠʝ ʉʆʄ-ʩʠʛʥʘʣʘ 

ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦʚʝ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ, ʫʧʨʦʱʝʥʥʘʷ ʩʪʨʫʢʪʫʨʥʘʷ 

ʩʭʝʤʘ ʢʦʪʦʨʦʛʦ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ.8.8. ʕʪʠ ʧʝʨʝʜʘʪʯʠʢʠ ʧʦʜʢʣʶʯʘʶʪʩʷ ʢ ʦʙʱʝʡ 

ʘʥʪʝʥʥʝ (ɸ ʇ) ʯʝʨʝʟ ʩʫʤʤʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ (ʉʋ). ʉʋ ʜʦʣʞʥʦ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʚʟʘʠʤʥʫʶ ʨʘʟʚʷʟʢʫ ʧʝʨʝʜʘʪʯʠʢʦʚ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʨʝʜʥʳʭ 

ʢʦʤʙʠʥʘʮʠʦʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʟʘ ʩʯʝʪ ʥʝʣʠʥʝʡʥʦʩʪʝʡ ʠʭ ʚʳʭʦʜʥʳʭ ʢʘʩʢʘʜʦʚ.  

 
ʈʠʩ. 8.8. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʜʚʫʭʢʘʥʘʣʴʥʦʛʦ ʧʝʨʝʜʘʪʯʠʢʘ ʉʆʄ-ʩʠʛʥʘʣʘ:  

ɻʅ ð ʛʝʥʝʨʘʪʦʨ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ; ʆɹʇʄ ð ʤʦʜʫʣʷʪʦʨ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʆɹʇ-ʩʠʛʥʘʣʘ; 
ʋʄʇ1, ʋʄʇ 2 ð ʫʩʠʣʠʪʝʣʠ ʤʦʱʥʦʩʪʠ; Cʋ ð ʩʫʤʤʠʨʫʶʱʝʝ ʫʩʪʨʦʡʩʪʚʦ;  

ɸ ʇ ð ʧʝʨʝʜʘʶʱʘʷ ʘʥʪʝʥʥʘ 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʉʆʄ-ʩʠʛʥʘʣʘ ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʫ ʆʄ-ʩʠʛʥʘʣʘ 
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{ʩʤ. (8.20)}. 

 ɼʚʫʭʢʦʤʧʦʥʝʥʪʥʳʡ ʉʆʄ-ʩʠʛʥʘʣ ʚ ʘʥʪʝʥʥʝ ʧʝʨʝʜʘʶʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʩ 

ʠʜʝʘʣʴʥʳʤ ʉʋ (ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʥʘʧʨʷʞʝʥʠʡ ʠʜʝʘʣʴʥʦʛʦ ʉʋ kʉʋ=1 ) 

ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ: 

u tCOM( )=u t u tʥ ʚʙ( ) ( )+ =U t mU t0 0 0 0 0 0 0cos( ) cos[( ) )]w j w j+ + + + +W Y . (8.40) 

 ʉʧʝʢʪʨ ʦʜʥʦʪʦʥʘʣʴʥʦʛʦ ʉʆʄ-ʩʠʛʥʘʣʘ ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ.8.9,ʘ. 

 ʅʘ ʦʩʥʦʚʝ ʚʝʢʪʦʨʥʦʡ ʜʠʘʛʨʘʤʤʳ ʉʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ 

ʤʦʜʫʣʷʮʠʠ (ʨʠʩ.8.9,ʙ) ʤʦʞʥʦ ʧʦʩʪʨʦʠʪʴ ʝʛʦ ʦʛʠʙʘʶʱʫʶ (ʨʠʩ.8.9,ʚ). ʅʘ ʦʩʥʦʚʝ 

ʪʝʦʨʝʤʳ ʢʦʩʠʥʫʩʦʚ 

U t U U U U t tʦʛ ʥ ʚʙ ʥ ʚʙ( ) # # # # cos[( ) ( ]}= + + + + + - + =2 2
0 0 0 0 02 w j w jW Y  

= + + +U m m t0
2

01 2 cos( )]W Y .  (8.41) 

 ɽʩʣʠ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (8.11), ʪʦ ʠʤʝʥʥʦ ʪʘʢʘʷ 

ʬʦʨʤʘ ʦʛʠʙʘʶʱʝʡ ʉʆʄ-ʩʠʛʥʘʣʘ ʙʫʜʝʪ ʥʘ ʚʳʭʦʜʝ ʣʠʥʝʡʥʦʛʦ ɸɼ ʧʨʠʝʤʥʠʢʘ. 

 
ʈʠʩ. 8.9. ɼʣʷ ʉʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ m=1 :  
ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ (ʘ); ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʙ); 

ʦʩʮʠʣʣʦʛʨʘʤʤʘ ʦʛʠʙʘʶʱʝʡ (ʚ)  

 ʆʛʠʙʘʶʱʘʷ ʉʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ m m= =max 1  ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʮʠʢʣʦʠʜʫ {ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʢ ʮʠʢʣʦʠʜʳ kʛº22%  (ʩʤ. ʧʦʩʣʝʜʥʶʶ ʩʪʨʦʢʫ 

ʪʘʙʣ.8.3)}. ʉ ʫʤʝʥʴʰʝʥʠʝʤ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ ʬʦʨʤʘ ʦʛʠʙʘʶʱʝʡ ʫʣʫʯʰʘʝʪʩʷ, 

ʦʜʥʘʢʦ ʜʘʞʝ ʧʨʠ m mʩ= =ʨ ,0 3  ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʢ kʛº8%. ɿʘʤʝʪʠʤ, ʯʪʦ 

ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʦʛʠʙʘʶʱʝʡ ʉʆʄ-ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʠʩʢʣʶʯʠʪʴ, ʝʩʣʠ 

ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʉʆʄ-ʩʠʛʥʘʣʘ ʠʜʝʘʣʴʥʳʡ ʢʚʘʜʨʘʪʠʯʥʳʡ 

ʜʝʪʝʢʪʦʨ.  

 ɺ ʧʦʜʨʘʟʜʝʣʝ 9.2 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʆʄ-ʩʠʛʥʘʣʘ 
ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʠ ʜʘʣʴʥʝʤ ʨʘʜʠʦʚʝʱʘʥʠʠ ʚ ʜʠʘʧʘʟʦʥʘʭ ʉɺ ʠ ʂɺ. ʇʨʠ ʵʪʦʤ 
ʉʆʄ-ʩʠʛʥʘʣ ʤʦʞʥʦ ʧʨʠʥʠʤʘʪʴ ʥʘ ʦʙʳʯʥʳʝ ʨʘʜʠʦʧʨʠʝʤʥʠʢʠ ɸʄ-ʩʠʛʥʘʣʘ ʙʝʟ 
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ʢʘʢʠʭ-ʣʠʙʦ ʧʝʨʝʜʝʣʦʢ ʠʭ ʜʝʪʝʢʪʦʨʦʚ ʧʨʠ ʚʧʦʣʥʝ ʧʨʠʝʤʣʝʤʦʤ ʢʘʯʝʩʪʚʝ ʧʨʠʝʤʘ.  
 ʇʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ ʉʆʄ-ʩʠʛʥʘʣʘ (ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ), 
ʩʦʩʪʦʷʱʘʷ ʠʟ ʩʫʤʤʳ ʧʠʢʦʚʳʭ ʤʦʱʥʦʩʪʝʡ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʢʘʥʘʣʴʥʳʭ 

ʫʩʠʣʠʪʝʣʝʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ mmax=1 : 

P P Pʧʠʢ ʧʠʢ ʧʠʢ= + =1 2
U m U

U0
2

0
2

0
2

2 2
+ =

( )max
.  (8.42) 

 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʉʆʄ-ʩʠʛʥʘʣʘ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

P P P
U mU

ʥ ʚʙ= + = +0
2

0
2

2 2

( )
.    (8.43) 

 ʄʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ʉʆʄ-ʩʠʛʥʘʣʘ, ʝʩʣʠ 

mmax=1  {ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʧʦʣʝʟʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʟʘʢʣʶʯʝʥʘ ʪʦʣʴʢʦ ʚ 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʯʘʩʪʦʪʦʡ ( )w0 +W }: 

hʤʘʢʩʉʆʄ
ʚʙ

ʧʠʢʉʆʄ

P m

P m

m
= Ö = Ö =

( )

( )
%

max

max

max
100

2
100 50

2

.  (8.44) 

 ʉʨʝʜʥʷʷ ʚʝʣʠʯʠʥʘ ʂʀʇʄʇ ʉʆʄ-ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ mʩpº0 3, : 

hcpʉʆʄ
ʚʙ ʩ

ʧʠʢʉʆʄ

cpP m

P m

m
= Ö = Ö =

( )

( )
, %

ʨ

max

100
2

100 4 5

2

.  (8.45) 

 ʉʨʘʚʥʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʦ (8.18), (8.19), (8.44), (8.45), 
ʧʦʢʘʟʳʚʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʫʶ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
ʵʥʝʨʛʝʪʠʢʠ ʧʝʨʝʜʘʶʱʠʭ ʫʩʪʨʦʡʩʪʚ ʧʨʠ ʉʆʄ ʠ ɹʄ. 

 8.6. ʈʘʜʠʦʩʠʛʥʘʣ ʩ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʋʄ-ʩʠʛʥʘʣ). ʋʄ-ʩʠʛʥʘʣ 

ʠʤʝʝʪ ʥʝʠʟʤʝʥʥʫʶ ʘʤʧʣʠʪʫʜʫ U0  ʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

u t U ʌ tʋʄ( ) cos[ ( )]= 0 ,   (8.46) 

ʛʜʝ ʌt t( ) ( )= + -w j  ʧʦʣʥʘʷ ʬʘʟʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ. 

 ʇʦʩʢʦʣʴʢʫ ʘʤʧʣʠʪʫʜʘ ʋʄ-ʩʠʛʥʘʣʘ ʥʝʠʟʤʝʥʥʘ, ʂʀʇʄʇ  ʋʄ-ʧʝʨʝʜʘʪʯʠʢʘ 

ʚʩʝʛʜʘ ʤʘʢʩʠʤʘʣʝʥ:hʤʘʢʩ=100% .  

 ɽʩʣʠ ʧʝʨʝʜʘʚʘʝʤʦʝ ʩʦʦʙʱʝʥʠʝ S t( )  ʠʟʤʝʥʷʝʪ ʯʘʩʪʦʪʫ ʥʝʩʫʱʝʛʦ 

ʢʦʣʝʙʘʥʠʷ ʧʝʨʝʜʘʪʯʠʢʘ {ʯʘʩʪʦʪʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ: 

w w w( ) ( )t t= +0 D }, ʪʦ ʨʘʜʠʦʩʠʛʥʘʣ ʥʘʟʳʚʘʶʪ ʩʠʛʥʘʣʦʤ ʩ ʯʘʩʪʦʪʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ (ʏʄ-ʩʠʛʥʘʣ). ɽʩʣʠ ʞʝ ʩʦʦʙʱʝʥʠʝ S t( )  ʠʟʤʝʥʷʝʪ ʥʘʯʘʣʴʥʫʶ ʬʘʟʫ 

ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ {ʥʘʯʘʣʴʥʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʬʫʥʢʮʠʝʡ ʚʨʝʤʝʥʠ 

j j j( ) ( )t t= +0 D }, ʪʦ ʨʘʜʠʦʩʠʛʥʘʣ ʥʘʟʳʚʘʶʪ ʩʠʛʥʘʣʦʤ ʩ ʬʘʟʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ 

(ʌʄ-ʩʠʛʥʘʣ).  
ʊʘʙʣʠʮʘ 8.3 

ʇʘʨʘʤʝʪʨʳ ʏʄ-ʩʠʛʥʘʣʘ ʠ ʌʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ  
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ʏʄ-ʩʠʛʥʘʣ ʌʄ-ʩʠʛʥʘʣ 

ʏʘʩʪʦʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʨʝʤʝʥʠ: 

w w w( ) ( )t t= + =0 D  

= +w0 k ʏʄSʏʄ( )t = 

= +w0 k ʏʄU tW Wcos = 

= + =w0 Dw Wmaxcos t   

= +w w0 ʜ tmaxcosW , 

ʛʜʝ  wʜ kmax= ʏʄUW  

ʇʦʣʥʘʷ ʬʘʟʘ: 

ʌ t t t( ) ( )= + + =w j j0 0D  

= + + =w j0 0t k S tʌʄ ʌʄ( )  

= + + =w j0 0t k U tʌʄ W Wsin   

= + +w j0 0t tDj Wmaxsin , 

ʛʜʝ  Dj Wmax=k Uʌʄ   

ʇʦʣʥʘʷ ʬʘʟʘ: 

ʌ t t d t

t

( ) ( )= =ñw  

= +ñ[w0 k
t

ʏʄSʏʄ( )]t dt= 

= + + =w
w

j0 0t t
ʜmax

sin
W

W   

= +w0 t k ʏʄ
U

tW

W
Wsin + =j0  

= + +w j0 0t tDj Wmaxsin ,  

ʛʜʝ  Dj
W

max
max

= =
wʜ

k ʏʄ
UW

W
 

ʏʘʩʪʦʪʘ, ʟʘʚʠʩʷʱʘʷ ʦʪ ʚʨʝʤʝʥʠ: 

w µ µ( ) ( ) /t ʌ t t= = 

= + =w0 k U tʌʄ WW Wcos  

= + =w0 Dw Wmaxcos t   

= +w w0 ʜ tmaxcosW , 

ʛʜʝ  wʜ ʌʄk Umax= WW  

ʆʙʱʠʡ ʚʠʜ ʟʘʧʠʩʠ: 

uʏʄ( ) cos[ ( )]t U ʌ t= =0  

= + + =U t t
ʜ

0 0 0cos[ sin ]
max

w
w

j
W

W

= + + =U t t0 0 0cos[ sin ]maxw j jD W  

= +U t M0 0cos[w ʏʄsin ]Wt+j0 , 

ʛʜʝ  

M ʏʄ [ʨ] max
max

ʘʜ
ʜ

= = =Dj
W

w
  

=k ʏʄ
UW

W
-ʠʥʜʝʢʩ ʯʘʩʪʦʪʥʦʡ 

                        ʤʦʜʫʣʷʮʠʠ 

ʆʙʱʠʡ ʚʠʜ ʟʘʧʠʩʠ: 

u t U ʌ tʌʄ( ) cos[ ( )]= =0   

= + + =U t t0 0 0cos[ sin ]maxw j jD W   

= + +U t M tʌʄ0 0 0cos[ sin ]w jW , 

ʛʜʝ  

M ʘʜʌʄ[ʨ] max= =Dj   

 

= -k Uʌʄ W  

ʠʥʜʝʢʩ ʬʘʟʦʚʦʡ 
 ʤʦʜʫʣʷʮʠʠ 

 ɼʣʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʧʠʩʠ ʏʄ- ʠ ʌʄ-ʩʠʛʥʘʣʦʚ ʚʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 

 ʏʄ ʢʨʫʪʠʟʥʘ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ k [(ʨ/ ) / ]ʘʜʩ ɺ-
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ʧʝʨʝʜʘʪʯʠʢʘ ʏʄ-ʩʠʛʥʘʣʘ; 

 ʢʨʫʪʠʟʥʘ ʤʦʜʫʣʷʮʠʦʥʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʝʨʝʜʘʪʯʠʢʘ 

ʌʄ-ʩʠʛʥʘʣʘ; 

 ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʠ ʏʄ ʠʣʠ ʌʄ, 

ʥʘʟʳʚʘʝʤʦʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʚʠʘʮʠʝʡ ʯʘʩʪʦʪʳ: . 

ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ ʏʄ-ʩʠʛʥʘʣʦʤ ʠ ʌʄ-ʩʠʛʥʘʣʦʤ ʨʘʩʩʤʦʪʨʠʤ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʠʭ ʦʩʥʦʚʥʳʝ ʧʘʨʘʤʝʪʨʳ ʧʨʠ ʤʦʜʫʣʷʮʠʠ 

ʦʜʥʦʪʦʥʦʚʳʤ ʩʠʛʥʘʣʦʤ  {ʩʤ. ʪʘʙʣ. 8.3, ʛʜʝ ʜʣʷ ʫʜʦʙʩʪʚʘ ʟʘʧʠʩʠ ʧʨʠʥʷʪʦ: ʏʄ

; ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʘʤʧʣʠʪʫʜʘ ʩʠʛʥʘʣʘ 

ʤʦʜʫʣʷʮʠʠ}. 

 ʅʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣ ʪʘʙʣ. 8.3 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ.  

 1. ʂʘʢ ʧʨʠ ʏʄ, ʪʘʢ ʠ ʧʨʠ ʌʄ ʠʟʤʝʥʷʝʪʩʷ ʯʘʩʪʦʪʘ ʥʝʩʫʱʝʡ. 

 2. ɼʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ, ʢʘʢ ʜʣʷ ʏʄ, ʪʘʢ ʠ ʜʣʷ ʌʄ, ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʛʨʦʤʢʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ (wʜ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ UW ). 

 3. ʇʨʠ ʌʄ ʜʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ 

ʤʦʜʫʣʷʮʠʠ  (wʜ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ W , ʩʤ. ʨʠʩ.8.10). 

 4. ʀʥʜʝʢʩ ʤʦʜʫʣʷʮʠʠ, ʢʘʢ ʜʣʷ ʏʄ, ʪʘʢ ʠ ʜʣʷ ʌʄ, ʦʪʦʙʨʘʞʘʝʪ ʩʦʙʦʡ ʜʝʚʠʘʮʠʶ 

ʬʘʟʳ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ, ʚʳʨʘʞʝʥʥʫʶ ʚ ʨʘʜʠʘʥʘʭ. 

 5. ʂʘʢ ʏʄ-ʩʠʛʥʘʣʳ, ʪʘʢ ʠ ʌʄ-ʩʠʛʥʘʣʳ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʦʙʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 

u t U t M tʋʄ( ) cos[ sin( ) ]= + +0 0 0w jW ,   (8.47) 

ʛʜʝ M-ʠʥʜʝʢʩ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ.  

 

 
ʈʠʩ. 8.10. ɿʘʚʠʩʠʤʦʩʪʠ ʜʝʚʠʘʮʠʠ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ  
ʦʪ ʤʦʜʫʣʠʨʫʶʱʝʡ ʯʘʩʪʦʪʳ ʜʣʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʋʄ 

 ʅʘ ʧʨʘʢʪʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʏʄ ʩ ʧʨʝʜʳʩʢʘʞʝʥʠʷʤʠ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ 

ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ (ʦ ʧʨʝʜʳʩʢʘʞʝʥʠʷʭ ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ ʩʤ. ʚ 

k ʘʜɺʌʄ[ʨ/ ] -

Dwmax-

Dwmax max max= =w pʜ ʜf2

S t( ) S

( ) cost U t= W W S t U tʌʄ( ) sin= W W UW-
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ʧʦʜʨʘʟʜʝʣʝ 10.1). ʇʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ fʜ ʦʪ F  ʜʣʷ ʏʄ ʩ ʧʨʝʜʳʩʢʘʞʝʥʠʷʤʠ 

ʙʣʠʟʢʘ ʢ ʘʥʘʣʦʛʠʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʣʷ ʌʄ (ʨʠʩ.8.10). ʇʝʨʝʜʘʪʯʠʢʠ 

ʚʝʱʘʪʝʣʴʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʋʂɺ ʜʠʘʧʘʟʦʥʘ ʠʤʝʶʪ ʧʦʩʪʦʷʥʥʫʶ ʚʨʝʤʝʥʠ 

ʧʨʝʜʳʩʢʘʞʝʥʠʡ 50ʤʢʩ (FM-ʧʝʨʝʜʘʪʯʠʢʠ ð 75ʤʢʩ) ʠ ʨʘʙʦʪʘʶʪ ʚ ʨʝʞʠʤʝ, 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʨʝʞʠʤ ʏʄ-ʌʄè. 

 ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʘ ʋʄ-ʩʠʛʥʘʣʘ ʨʘʩʩʤʦʪʨʠʤ ʩʥʘʯʘʣʘ 

ʩʣʫʯʘʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʣʦʤʫ ʠʥʜʝʢʩʫ ʤʦʜʫʣʷʮʠʠ (M<<1). ʉ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʦʨʤʫʣʳ cos( ) cos( )cos( ) sin( )sin( )a b a b a b+ = -  ʠʟ (8.47) ʧʨʠ 

j0 0=  ʧʦʣʫʯʠʤ: 

u t U M t tʋʄ( ) cos[ sin ] cos= -0 0W w  

-U M t t0 0sin[ sin ] sinW w . 

 ʇʨʠ M<<1 : cos[ sin ]M tW º1 ; sin[ sin ] sinM t M tW Wº . ʋʯʠʪʳʚʘʷ, ʯʪʦ 

sin( )sin( ) ( / )[cos( ) cos( )]a b a b a b= - - +1 2 , ʟʘʧʠʰʝʤ 

u t U t
MU

t
MU

tʋʄ( ) cos( ) cos( ) cos( )= - - + +0 0
0

0
0

0
2 2

w w wW W .  (8.48) 

 ʀʟ (8.48) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʝʢʪʨ ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ M<<1  ʠʤʝʝʪ ʥʝʩʫʱʝʝ 

ʢʦʣʝʙʘʥʠʝ ʠ ʜʚʘ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʷ. ʐʠʨʠʥʘ ʩʧʝʢʪʨʘ ʋʄ-ʩʠʛʥʘʣʘ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ 

Df Fʋʄ
M

ʚ
<<

º
1

2 .   (8.49) 

 ʉʦʧʦʩʪʘʚʣʷʷ (8.49) ʠ (8.11), ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ: ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ 

ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ M<<1  ʪʘʢʘʷ ʞʝ, ʢʘʢ ʠ ʫ ɸʄ-ʩʠʛʥʘʣʘ. ʆʜʥʘʢʦ ʤʝʞʜʫ ʩʧʝʢʪʨʘʤʠ 

ʋʄ-ʩʠʛʥʘʣʘ ʠ ɸʄ-ʩʠʛʥʘʣʘ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʝʩʪʴ ʠ ʩʫʱʝʩʪʚʝʥʥʦʝ ʨʘʟʣʠʯʠʝ: ʥʠʞʥʝʝ 

ʙʦʢʦʚʦʝ ʢʦʣʝʙʘʥʠʝ ʧʨʠ ʋʄ ʠʤʝʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʥʘ 180o .  

 ʉʧʝʢʪʨʘʣʴʥʘʷ ʠ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʳ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ 

ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩ.8.11. 

 ʉʪʨʦʛʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʣʶʙʦʡ ʚʝʣʠʯʠʥʝ 

 ʚ ʩʣʫʯʘʝ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʋʄ-ʩʠʛʥʘʣ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ 

ʚʠʜʝ 

,  (8.50) 

ʛʜʝ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʪʦʛʦ ʧʦʨʷʜʢʘ ʦʪ ʘʨʛʫʤʝʥʪʘ . ʀʟʚʝʩʪʥʦ, 

ʯʪʦ 

M

u t U J M k tʋʄ k
k

( ) ( )cos[( ) ]= + +
=-¤

¤

ä0 0 0w jW

J Mk ( )- k- M
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.   (8.51) 

 
ʈʠʩ. 8.11. ʉʧʝʢʪʨʘʣʴʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʘ) ʠ ʚʝʢʪʦʨʥʘʷ ʜʠʘʛʨʘʤʤʘ (ʙ) ʫʟʢʦʧʦʣʦʩʥʦʛʦ 

ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ 

 ʀʟ (8.50) ʠ (8.51) ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʯʘʣʴʥʳʝ ʬʘʟʳ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʩ 

ʯʘʩʪʦʪʘʤʠ ( )w0 -kW  ʠ ( )w0 +kW  ʩʦʚʧʘʜʘʶʪ, ʝʩʣʠ k-ʯʝʪʥʦʝ, ʠ ʦʪʣʠʯʘʶʪʩʷ ʥʘ 

180o, ʝʩʣʠ k-ʥʝʯʝʪʥʦʝ.  

 ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʦʩʦʙʝʥʥʦʩʪʝʡ ʩʧʝʢʪʨʘ ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʨʘʟʥʳʭ 

ʚʝʣʠʯʠʥʘʭ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʜʘʥʥʳʝ ʪʘʙʣ.8.4 

(ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ k-ʪʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ 

M ).  

ʊʘʙʣʠʮʘ 8.4 

ɿʥʘʯʝʥʠʷ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ J Mk ( )  

M
 

1 2 3 4 5 

J M0 ( )  

0,765 0224 - 0,260 - 0,397 - 0,178 

J M1 ( )  

0,440 0,577 0,339 - 0,066 - 0,328 

J M2 ( )  

0,115 0,353 0,486 0,364 0,047 

J M3 ( )  

0,020 0,129 0,309 0,430 0,365 

J M4 ( )  

0,002 0,034 0,132 0,281 0,391 

J M5 ( )  

2 x 10 
- 4

 0,007 0,043 0,132 0,261 

J M6 ( )  

2 x 10 
- 5

 0,001 0,011 0,049 0,131 

J M7 ( )  

1 x 10 
- 6

 2 x 10
 - 4

 0,003 0,015 0,053 

 

 ʇʦ ʜʘʥʥʳʤ ʪʘʙʣ. 8.4 ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ. 

 1. ʉ ʨʦʩʪʦʤ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʨʘʩʰʠʨʝʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ 

J M J Mk
k

k- =-( ) ( ) ( )1
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ʋʄ-ʩʠʛʥʘʣʘ ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʛʦʩʷ ʫʨʦʚʥʷ ʚʝʨʭʥʠʭ ʠ ʥʠʞʥʠʭ ʙʦʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ . 

 2. ʀʟʤʝʥʝʥʠʝ M  ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʵʥʝʨʛʠʠ ʋʄ-ʩʠʛʥʘʣʘ 

ʧʦ ʩʧʝʢʪʨʘʣʴʥʳʤ ʩʦʩʪʘʚʣʷʶʱʠʤ. ʇʦʢʘʟʘʪʝʣʴʥʦ, ʯʪʦ ʥʝʩʫʱʝʝ ʢʦʣʝʙʘʥʠʝ ʚ 

ʩʧʝʢʪʨʝ ʋʄ-ʩʠʛʥʘʣʘ ʦʪʩʫʪʩʪʚʫʝʪ ʚʦʦʙʱʝ, ʝʩʣʠ M =2 405 5 520 8 654 11 792, ; , ; , ; ,  

ʠ ʪ.ʜ. 

 3. ʇʨʠ ʚʝʣʠʯʠʥʝ M²1  ʜʦʧʫʩʪʠʤʦ ʧʨʝʥʝʙʨʝʯʴ ʚʩʝʤʠ ʩʧʝʢʪʨʘʣʴʥʳʤʠ 

ʩʦʩʪʘʚʣʷʶʱʠʤʠ, ʥʦʤʝʨʘ ʢʦʪʦʨʳʭ k M> +1  (ʵʪʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʟʘʪʝʤʥʝʥʥʳʝ 

ʮʠʬʨʳ ʪʘʙʣ. 8.4). ʊʦʛʜʘ ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ M²1 : 

Df F M f Fʋʄ
M

ʚ ʜ ʚ
²

º + = +
1

2 1 2( ) ( )max .  (8.52) 

 ɽʩʣʠ M>>1, ʪʦ 

Df M F fʋʄ
M

ʚ ʜ
>>

º =
1

2 2 max.    (8.53) 

 ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʩʧʝʢʪʨʘ ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʠ 

M º5  ʠʟʦʙʨʘʞʝʥ ʥʘ ʨʠʩ.8.12. 

 ɽʩʣʠ M>1, ʫʛʣʦʚʫʶ ʤʦʜʫʣʷʮʠʶ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ, 

ʝʩʣʠ M¢1  - ʫʟʢʦʧʦʣʦʩʥʦʡ (ʵʪʠ ʧʦʥʷʪʠʷ ʦʪʥʦʩʷʪʩʷ ʢʘʢ ʢ ʏʄ, ʪʘʢ ʠ ʢ ʌʄ). 

ɿʘʤʝʪʠʤ, ʯʪʦ ʋʄ ʩ ʠʥʜʝʢʩʦʤ ʤʦʜʫʣʷʮʠʠ Mº1  ʪʘʢʞʝ ʦʪʥʦʩʷʪ ʢ ʫʟʢʦʧʦʣʦʩʥʦʡ ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʰʠʨʠʥʫ ʩʧʝʢʪʨʘ ʧʦ ʬʦʨʤʫʣʝ (8.49), ʯʪʦ ʥʝ ʩʦʚʩʝʤ ʚʝʨʥʦ {ʩʤ. 

ʜʘʥʥʳʝ ʪʘʙʣ.8.4 ʠ ʬʦʨʤʫʣʫ (8.52)}. ʆʜʥʘʢʦ ʥʘ ʧʨʘʢʪʠʢʝ ʵʪʦ ʦʢʘʟʳʚʘʝʪʩʷ 

ʦʧʨʘʚʜʘʥʥʳʤ. ɼʝʣʦ ʚ ʪʦʤ, ʯʪʦ ʋʄ ʩ ʠʥʜʝʢʩʦʤ ʤʦʜʫʣʷʮʠʠ Mº1  ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʜʣʷ ʧʝʨʝʜʘʯʠ ʪʝʣʝʬʦʥʥʳʭ (ʨʝʯʝʚʳʭ) ʩʠʛʥʘʣʦʚ. ʉʦʢʨʘʱʝʥʠʝ ʧʦʣʦʩʳ 

ʧʝʨʝʜʘʚʘʝʤʳʭ (ʠ ʧʨʠʥʠʤʘʝʤʳʭ) ʯʘʩʪʦʪ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ, ʢʦʪʦʨʳʝ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝ ʩʪʦʣʴ 

ʙʦʣʴʰʠʤʠ, ʯʪʦʙʳ ʩʫʱʝʩʪʚʝʥʥʦ ʫʭʫʜʰʠʪʴ ʨʘʟʙʦʨʯʠʚʦʩʪʴ ʨʝʯʠ.  

 
ʈʠʩ. 8.12. ʇʨʠʤʝʨʥʳʡ ʚʠʜ ʩʧʝʢʪʨʘʣʴʥʦʡ ʜʠʘʛʨʘʤʤʳ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʋʄ-ʩʠʛʥʘʣʘ  

ʧʨʠ ʦʜʥʦʪʦʥʘʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ (M º5 ) 

( )w0 °kW
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 ɺ ʣʠʪʝʨʘʪʫʨʝ ʚʩʪʨʝʯʘʶʪʩʷ ʜʨʫʛʠʝ ʬʦʨʤʫʣʳ ʜʣʷ ʨʘʩʯʝʪʘ ʰʠʨʠʥʳ 

ʋʄ-ʩʠʛʥʘʣʘ. ʀʭ ʥʘʟʳʚʘʶʪ çʬʦʨʤʫʣʘ ʂʦʥʦʥʦʚʠʯʘè ʠ çʬʦʨʤʫʣʘ ʄʘʥʘʝʚʘè: 

Df f f Fʋʄ ʜ ʜ ʚº +2 23( )max max ;  (8.54) 

Df F M Mʋʄ ʚº + +2 1( ) .   (8.55) 

 ʌʦʨʤʫʣʘ ʂʦʥʦʥʦʚʠʯʘ ʧʨʠ ʨʘʩʯʝʪʘʭ ʜʘʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʪʦʪ ʞʝ 

ʨʝʟʫʣʴʪʘʪ, ʯʪʦ ʠ ʬʦʨʤʫʣʘ (8.52). ʌʦʨʤʫʣʘ ʄʘʥʘʝʚʘ ʫʯʠʪʳʚʘʝʪ ʚʩʝ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ, ʘʤʧʣʠʪʫʜʘ ʢʦʪʦʨʳʭ ʙʦʣʴʰʝ 1%  ʦʪ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʡ ʥʝʩʫʱʝʡ. ʈʘʩʯʝʪʳ ʧʦ ʥʝʡ ʜʘʶʪ ʙʦʣʴʰʫʶ ʚʝʣʠʯʠʥʫ Dfʋʄ ʚ 

( , ... , )1 4 1 5  ʨʘʟ, ʯʝʤ ʨʘʩʯʝʪʳ ʧʦ (8.52) ʠ (8.54). 

 ʆʪʤʝʪʠʤ ʝʱʝ ʦʜʥʫ ʦʩʦʙʝʥʥʦʩʪʴ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʠ. ʇʨʠ 

ʥʝʛʘʨʤʦʥʠʯʝʩʢʦʤ ʤʦʜʫʣʠʨʫʶʱʝʤ ʩʠʛʥʘʣʝ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʫʤʤʦʡ 

ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ W W W1 2 3, , , ...), ʩʧʝʢʪʨ ʋʄ-ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʠʪ 

ʩʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩ ʯʘʩʪʦʪʘʤʠ 

( ... )w0 1 1° ° °n n N NW W ,   (8.56) 

ʛʜʝ n n N1 , ... , -ʚʩʝʚʦʟʤʦʞʥʳʝ ʮʝʣʳʝ ʯʠʩʣʘ, ʚʢʣʶʯʘʷ ʥʫʣʴ.  

 ʆʙʨʘʟʦʚʘʥʠʝ ʚ ʩʧʝʢʪʨʝ ʢʦʤʧʦʥʝʥʪʦʚ ʩ ʯʘʩʪʦʪʘʤʠ ʚʠʜʘ (8.56) 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ ʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʩ ʯʘʩʪʦʪʘʤʠ 

W W W1 2 3, , , ...  ʥʘ ʥʝʣʠʥʝʡʥʦʤ ʵʣʝʤʝʥʪʝ, ʧʦʵʪʦʤʫ ʫʛʣʦʚʫʶ ʤʦʜʫʣʷʮʠʶ 

ʥʘʟʳʚʘʶʪ ʤʦʜʫʣʷʮʠʝʡ ʥʝʣʠʥʝʡʥʦʛʦ ʪʠʧʘ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʧʝʢʪʨ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʋʄ-ʩʠʛʥʘʣʘ ʛʦʨʘʟʜʦ ʰʠʨʝ, ʯʝʤ ɸʄ-ʩʠʛʥʘʣʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ 

ʫʛʣʦʚʘʷ ʤʦʜʫʣʷʮʠʷ ʧʨʠʤʝʥʷʝʪʩʷ ʚ ʫʩʪʨʦʡʩʪʚʘʭ ʨʘʜʠʦʚʝʱʘʥʠʷ ʠ ʨʘʜʠʦʩʚʷʟʠ 

ʜʠʘʧʘʟʦʥʦʚ ʋʂɺ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ.  

 8.7. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʤʦʜʫʣʷʮʠʠ. ɼʣʷ ʩʦʧʦʩʪʘʚʣʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʝʨʝʜʘʪʯʠʢʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʤʦʜʫʣʷʮʠʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʦʚ hʤʘʢʩ ʠ 

hcp  (ʩʤ. ʧʦʜʨʘʟʜʝʣʳ 8.1 - 8.6) ʩʚʝʜʝʥʳ ʚ ʪʘʙʣ.8.5. 

 ʀʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ.8.5 ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʝʨʝʜʘʪʯʠʢʠ ʋʄ-ʩʠʛʥʘʣʘ ʠ ʆɹʇ-ʩʠʛʥʘʣʘ, ʥʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ - 

ʧʝʨʝʜʘʪʯʠʢʠ ʆʄ-ʩʠʛʥʘʣʘ ʠ ɸʄ-ʩʠʛʥʘʣʘ. 
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ʊʘʙʣʠʮʘ 8.5 

ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʚʠʜʘʤʠ ʤʦʜʫʣʷʮʠʠ 

ɺʠʜ ʤʦʜʫʣʷʮʠʠ hmax,%  hcp,%  

ɸʄ 12,5 1,13 

ɹʄ 50,0 4,5 

ʆʄ 11,1 1,0 

ʆɹʇ 100,0 9,0 

ʉʆʄ 50,0 4,5 

ʋʄ 100,0 100,0 

 ʂʦʥʪʨʦʣʴʥʳʝ ʚʦʧʨʦʩʳ ʢ ʨʘʟʜʝʣʘʤ 7 ʠ 8 

1.  ʂʘʢʠʝ ʩʠʛʥʘʣʳ ʥʘʟʳʚʘʶʪ ʧʝʨʚʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʩʚʷʟʠ ? 
2.  ʂʘʢʠʝ ʩʠʛʥʘʣʳ ʥʘʟʳʚʘʶʪ ʚʪʦʨʠʯʥʳʤʠ ʩʠʛʥʘʣʘʤʠ ʩʚʷʟʠ ? 
3.  ʏʪʦ ʪʘʢʦʝ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʧʝʨʚʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʷʟʠ ? 
4.  ʏʪʦ ʪʘʢʦʝ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʚʪʦʨʠʯʥʦʛʦ ʩʠʛʥʘʣʘ ʩʚʷʟʠ ? 
5.  ʏʪʦ ʪʘʢʦʝ ʧʠʢ-ʬʘʢʪʦʨ ʩʠʛʥʘʣʘ ? 
6.  ʏʪʦ ʪʘʢʦʝ ʜʠʥʘʤʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʩʠʛʥʘʣʘ ? 
7.  ʏʪʦ ʪʘʢʦʝ ʢʦʵʬʬʠʮʠʝʥʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ? 
8.  ʂʘʢʠʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʧʝʢʪʨʘ ɸʄ-ʩʠʛʥʘʣʘ ʩʦʜʝʨʞʘʪ ʧʦʣʝʟʥʫʶ 
ʠʥʬʦʨʤʘʮʠʶ ? 

9.  ʇʨʠ ʢʘʢʦʡ ʚʝʣʠʯʠʥʝ ʠʥʜʝʢʩʘ ʤʦʜʫʣʷʮʠʠ m ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ 
ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠ ɸʄ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ? 

10. ʂʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʝʤʦʜʫʣʷʮʠʶ ɸʄ-ʩʠʛʥʘʣʘ ? 
11. ʇʦʯʝʤʫ ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ɹʄ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ɸʄ-ʩʠʛʥʘʣʘ, ʝʩʣʠ m mɸʄ ɹʄ=  ? 

12. ʂʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʝʤʦʜʫʣʷʮʠʶ ɹʄ-ʩʠʛʥʘʣʘ ? 
13. ʇʦʯʝʤʫ ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ʆʄ-ʩʠʛʥʘʣʘ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ɸʄ-ʩʠʛʥʘʣʘ, ʝʩʣʠ m mɸʄ Oʄ=  ? 

14. ʂʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʝʤʦʜʫʣʷʮʠʶ ʆʄ-ʩʠʛʥʘʣʘ ? 
15. ʇʦʯʝʤʫ ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ʆɹʇ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ɸʄ-ʩʠʛʥʘʣʘ, ʝʩʣʠ m mɸʄ Oʄ=  ? 

16. ʂʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʝʤʦʜʫʣʷʮʠʶ ʆɹʇ-ʩʠʛʥʘʣʘ ? 
17. ʇʦ ʢʘʢʠʤ ʧʨʠʯʠʥʘʤ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ 
ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ? 

18. ʂʘʢ ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʨʘʜʠʦʩʠʛʥʘʣ ʩ ʩʦʚʤʝʩʪʠʤʦʡ ʦʜʥʦʧʦʣʦʩʥʦʡ 
ʤʦʜʫʣʷʮʠʝʡ (ʉʆʄ-ʩʠʛʥʘʣ) ? 

19. ʇʦʯʝʤʫ ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ʉʆʄ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ɸʄ-ʩʠʛʥʘʣʘ, ʝʩʣʠ m mɸʄ Oʄ=  ? 

20. ʂʘʢʠʤ ʫʩʪʨʦʡʩʪʚʦʤ ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʜʝʤʦʜʫʣʷʮʠʶ ʉʆʄ-ʩʠʛʥʘʣʘ ? 
21. ɺ ʯʝʤ ʦʪʣʠʯʠʝ ʏʄ-ʩʠʛʥʘʣʘ ʦʪ ʌʄ-ʩʠʛʥʘʣʘ ? 
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22. ʂʘʢʦʚʘ ʚʝʣʠʯʠʥʘ ʂʀʇʄʇ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ ʩ ʫʛʣʦʚʦʡ ʤʦʜʫʣʷʮʠʝʡ 
(ʏʄ-ʩʠʛʥʘʣʘ ʠʣʠ ʌʄ-ʩʠʛʥʘʣʘ) ? 

23. ɺ ʯʝʤ ʩʭʦʜʩʪʚʦ ʠ ʚ ʯʝʤ ʦʪʣʠʯʠʝ ʩʧʝʢʪʨʦʚ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʋʄ-ʩʠʛʥʘʣʘ ʠ 
ɸʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ ? 

24. ɺ ʯʝʤ ʟʘʢʣʶʯʘʝʪʩʷ ʦʪʣʠʯʠʝ ʩʧʝʢʪʨʦʚ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʋʄ-ʩʠʛʥʘʣʘ ʠ 
ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʋʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʤʦʜʫʣʷʮʠʠ ʦʜʥʠʤ ʪʦʥʦʤ ? 

 
9. ɼʘʣʴʥʷʷ ʨʘʜʠʦʩʚʷʟʴ ʠ ʜʘʣʴʥʝʝ ʨʘʜʠʦʚʝʱʘʥʠʝ 

 ɼʘʣʴʥʦʩʪʴ ʧʨʠʝʤʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʨʘʜʠʦʚʦʣʥ, ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ, ʚʠʜʘ ʤʦʜʫʣʷʮʠʠ, ʚʝʣʠʯʠʥʳ ʟʘʱʠʪʥʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚ ʧʨʠʝʤʥʠʢʝ.  

 ʇʦʥʷʪʠʝ çʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷè ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ, ʚʦ-

ʧʝʨʚʳʭ, ʠʟʤʝʥʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ, ʚʦ-ʚʪʦʨʳʭ, 

ʧʦʣʝʟʥʳʤ ʪʝʣʝʬʦʥʥʳʤ ʵʬʬʝʢʪʦʤ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ð ʚʳʜʝʣʝʥʠʝʤ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ. 

 ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʘʣʴʥʝʡ 

ʨʘʜʠʦʩʚʷʟʠ ʠ ʜʘʣʴʥʝʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʤʦʜʫʣʷʮʠʠ ʠ ʩ ʫʯʝʪʦʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʨʘʜʠʦʩʠʛʥʘʣʘ ʚ 

ʧʨʠʝʤʥʠʢʝ. 

 9.1. ɼʘʣʴʥʷʷ ʨʘʜʠʦʩʚʷʟʴ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʤʦʜʫʣʷʮʠʠ. ɺʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʪʘʥʦʚʣʝʥʠʷ ʜʘʣʴʥʝʡ ʩʚʷʟʠ, ʷʚʣʷʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ (gʚʳʭ), ʢʦʪʦʨʦʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʨʘʟʙʦʨʯʠʚʦʛʦ ʧʨʠʝʤʘ ʩʠʛʥʘʣʦʚ. ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʚ ʨʘʟʜʝʣʝ 5, 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ ʩʦʙʩʪʚʝʥʥʳʭ ʰʫʤʘʭ ʋʅʏ g gʚʳʭ ʚʳʭʜʝʪº , ʛʜʝ gʚʳʭʜʝʪ- 

ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʧʨʠʝʤʥʠʢʘ. 

 ʅʘ ʨʠʩ.9.1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʨʘʟʙʦʨʯʠʚʦʩʪʠ ʨʝʯʠ 

(ʢʦʵʬʬʠʮʠʝʥʪʘ ʘʨʪʠʢʫʣʷʮʠʠ ʬʨʘʟ) R  ʦʪ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ 

[23]. ʀʟ ʛʨʘʬʠʢʘ ʚʠʜʥʦ, ʯʪʦ ʜʣʷ R=50%  (ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʘʷ ʨʘʟʙʦʨʯʠʚʦʩʪʴ) 

ʪʨʝʙʫʝʤʦʝ gʚʳʭ ʜɹº10 .  

 ʇʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ɸʄ-ʩʠʛʥʘʣʘ ʘʤʧʣʠʪʫʜʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʠ 

ʏʄ-ʩʠʛʥʘʣʘ ʯʘʩʪʦʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʭʦʜʘʭ ʜʝʪʝʢʪʦʨʦʚ ʠ ʥʘ 

ʠʭ ʚʳʭʦʜʘʭ ʨʘʟʣʠʯʥʳ: ; ʏʄ ʏʄ (ʩʤ. 

ʬʦʨʤʫʣʳ (5.3), (5.4), ʛʨʘʬʠʢʠ ʨʠʩ.9.2). ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʵʪʠʭ ʚʠʜʦʚ ʤʦʜʫʣʷʮʠʠ 

ʠʤʝʝʪʩʷ ʧʦʨʦʛʦʚʦʝ ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ, ʧʨʠ ʨʘʙʦʪʝ ʥʠʞʝ 

g gʚʳʭʜʝʪɸʄ ʚʭʜʝʪAM< gʚʳʭʜʝʪ>gʚʭʜʝʪ
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ʢʦʪʦʨʦʛʦ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʩʠʛʥʘʣ ʧʦʜʘʚʣʷʝʪʩʷ ʰʫʤʦʤ.  
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ʈʠʩ. 9.2. ɺʟʘʠʤʦʩʚʷʟʴ ʦʪʥʦʰʝʥʠʡ ʉ/ʐ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʦʚ 

ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʚʠʜʘʭ ʤʦʜʫʣʷʮʠʠ  

 ʇʦʨʦʛ (ʧʝʨʝʛʠʙ ʥʘ ʛʨʘʬʠʢʘʭ ʨʠʩ.9.2) ʥʘʙʣʶʜʘʝʪʩʷ: 

- ʜʣʷ ɸʄ - ʧʨʠ gnʚʭʜʝʪAM ʜɹº10 ; 

- ʜʣʷ ʫʟʢʦʧʦʣʦʩʥʦʡ ʏʄ (M =1 ) - ʧʨʠ gn ʚʭʜʝʪʋʏʄ º6ʜɹ; 

- ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʏʄ (ʝʩʣʠ M f F ʢɻʮ ʢɻʮʜʤʘʢʩʚ= = º/ / ,50 15 3 33, ʯʪʦ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʝʯʝʩʪʚʝʥʥʦʤʫ ʩʪʘʥʜʘʨʪʫ ʤʦʥʦʬʦʥʠʯʝʩʢʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʋʂɺ, ʩʤ. ʨʘʟʜʝʣ 2) - ʧʨʠ gn ʚʭʜʝʪʐʏʄ º10ʜɹ. 

 ʇʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ʠʣʠ CW-ʩʠʛʥʘʣʘ (CW ð Code Work ð
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 ʦʙʦʟʥʘʯʝʥʠʝ ʪʝʣʝʛʨʘʬʠʠ ʄʦʨʟʝ) ʛʝʪʝʨʦʜʠʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ (ʦ ʛʝʪʝʨʦʜʠʥʥʦʤ 

ʜʝʪʝʢʪʦʨʝ ʩʤ. ʚ ʧʦʜʨʘʟʜʝʣʝ 8.4) ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʤʝʥʷʝʪʩʷ: 

g gʚʳʭʜʝʪ ʚʭʜʝʪº . ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚ ʛʝʪʝʨʦʜʠʥʥʦʤ ʜʝʪʝʢʪʦʨʝ ʧʨʠ 

ʧʦʤʦʱʠ ʩʠʣʴʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʧʨʦʠʩʭʦʜʠʪ ʣʠʥʝʡʥʘʷ ʦʧʝʨʘʮʠʷ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʪʦʪʳ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʦʛʦ ʟʘ ʩʯʝʪ 

ʫʩʠʣʝʥʠʷ ʚ ʋʇʏ ʧʨʠʝʤʥʠʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ, ʯʝʤ ʫʨʦʚʝʥʴ ʩʦʙʩʪʚʝʥʥʳʭ 

ʰʫʤʦʚ ʜʝʪʝʢʪʦʨʘ. 

 ʇʨʦʚʝʜʝʤ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦʝ ʩʨʘʚʥʝʥʠʝ ʜʘʣʴʥʦʩʪʝʡ ʧʨʠʝʤʘ ʩ ʫʯʝʪʦʤ 

ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʚ ʧʨʦʮʝʩʩʝ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠ ʨʘʟʣʠʯʠʷ ʧʦʣʦʩ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʦʚ ɸʄ-, ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-, ʆɹʇ-, CW-ʩʠʛʥʘʣʦʚ. ʇʨʠ 

ʵʪʦʤ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʠʤʝʶʪ ʤʝʩʪʦ ʠʜʝʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʣʫʯʘ ʨʘʜʠʦʚʦʣʥʳ:  

- ʦʙʝʩʧʝʯʝʥʘ ʧʨʷʤʘʷ ʚʠʜʠʤʦʩʪʴ; 

- ʢʦʵʬʬʠʮʠʝʥʪʳ F=1  ʠ a=1  (ʩʤ. ʬʦʨʤʫʣʫ (5.5)); 

- ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʣʫʯʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʚʳʟʚʘʪʴ ʠʥʪʝʨʬʝʨʝʥʮʠʶ ʨʘʜʠʦʚʦʣʥʳ 

ʚ ʪʦʯʢʝ ʧʨʠʝʤʘ, ʦʪʩʫʪʩʪʚʫʶʪ.  

 ʊʦʛʜʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʣʷ ʨʘʜʠʦʚʦʣʥʳ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʜʘʣʴʥʦʩʪʠ ʜʦ ʧʝʨʝʜʘʪʯʠʢʘ: 

e~ P rʵʢ/ . 

 ʅʘʧʨʷʞʝʥʠʝ ʧʦʣʝʟʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ (ʥʘ 

ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ) ʣʠʥʝʡʥʦ ʩʚʷʟʘʥʦ ʩ e ʯʝʨʝʟ ʜʝʡʩʪʚʫʶʱʫʶ ʚʳʩʦʪʫ ʘʥʪʝʥʥʳ hʜ 

ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʫʩʠʣʝʥʠʷ ʨʘʜʠʦʪʨʘʢʪʘ kʧʨ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʘʢʞʝ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ  r : 

U h k rc ʚʭʜʝʪ ʜ ʧ= ~e ʨ /1 .   (9.1) 

 ʋʯʪʝʤ, ʯʪʦ ʜʣʷ ʨʘʟʙʦʨʯʠʚʦʩʪʠ ʨʝʯʠ Rº50%  (ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

gʚʳʭʜʝʪ ʜɹ=10 , ʩʤ. ʨʠʩ.9.1) ʥʝʦʙʭʦʜʠʤʳʝ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʚʥʳ: 

- ʥʘ ʚʭʦʜʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʧʨʠʝʤʝ ɸʄ-ʩʠʛʥʘʣʘ - 

gʚʭʜʝʪAM ʜɹº =20 10 ,  

- ʥʘ ʚʭʦʜʝ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʧʨʠʝʤʝ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ - 

gʚʭʜʝʪʋʏʄ º =6 2ʜɹ ,  

- ʥʘ ʚʭʦʜʝ ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʧʨʠʝʤʝ ʆɹʇ-ʩʠʛʥʘʣʘ - 

gʚʭʜʝʪʆɹʇ ʜɹº =10 316, . 

 ʆʪʥʦʰʝʥʠʝ ʜʘʣʴʥʦʩʪʝʡ ʧʨʠʝʤʘ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ ( r ʋʏʄ) ʠ 
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ɸʄ-ʩʠʛʥʘʣʘ ( rɸʄ) ʥʘ ʦʩʥʦʚʝ (9.1) ʠ ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʰʫʤʘ ʥʘ ʚʳʭʦʜʝ ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʇ : 

r ʋʏʄ/ rɸʄº( /gʚʭʜʝʪɸʄ gʚʭʜʝʪʋʏʄ)( /ʇ ʇɸʄ ʋʏʄ)
/1 2

, (9.2) 

ʛʜʝ ʇɸʄ ʠ ʇʋʏʄ -ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ 

ɸʄ-ʩʠʛʥʘʣʘ ʠ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ. 

 ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʫʟʢʦʧʦʣʦʩʥʦʡ ʏʄ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 8.6) ʇʋʏʄº =ʇ Fɸʄ ʚ2 , 

ʪʦ 

r ʏʄ ʋʇ/ rɸʄº( / )( ) /10 2 1 51 2 = .  (9.3) 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʨʠʝʤʝ ʏʄ-ʩʠʛʥʘʣʘ ʠʤʧʫʣʴʩʥʳʝ ʠ ʧʝʨʝʢʨʝʩʪʥʳʝ 

ʧʦʤʝʭʠ ʩʢʘʟʳʚʘʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʨʠ ʧʨʠʝʤʝ ɸʄ-ʩʠʛʥʘʣʘ, 

ʧʦʩʢʦʣʴʢʫ ʧʝʨʝʜ ʯʘʩʪʦʪʥʳʤ ʜʝʪʝʢʪʦʨʦʤ ʚ ʧʨʠʝʤʥʠʢʝ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʚʫʩʪʦʨʦʥʥʠʡ ʦʛʨʘʥʠʯʠʪʝʣʴ ʘʤʧʣʠʪʫʜʳ ʨʘʜʠʦʩʠʛʥʘʣʘ. 

 ʆʪʥʦʰʝʥʠʝ ʜʘʣʴʥʦʩʪʝʡ ʧʨʠʝʤʘ ʆɹʇ-ʩʠʛʥʘʣʘ ( rʆɹʇ) ʠ ɸʄ-ʩʠʛʥʘʣʘ ʧʨʠ 

ʇ F ʇʆɹʇ ʚ ɸʄº = / 2 : 

( / )'r rʆɹʇ AM º( / )( / ) /g gʚʭʜʝʪɸʄ ʚʭʜʝʪʆɹʇ ɸʄ ʆɹʇʇ ʇ 1 2 = 

= º( / , )( ) ,/10 3 16 2 4 51 2
.   (9.4) 

 ɺ ʧʦʜʨʘʟʜʝʣʝ 9.2.4 ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʦʣʴʰʠʡ ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ʧʨʠʚʦʜʠʪ ʢ ʚʳʠʛʨʳʰʫ ʚ ʜʘʣʴʥʦʩʪʠ ʨʘʜʠʦʩʚʷʟʠ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʄ ʝʱʝ ʚ ʜʚʘ ʨʘʟʘ, ʠ ʤʦʞʥʦ ʩʯʠʪʘʪʴ, ʯʪʦ  

r r r rʆɹʇ ɸʄ ʆɹʇ ɸʄ/ ( / )'= º2 9 .   (9.5) 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʧʨʠʝʤʝ ʆɹʇ-ʩʠʛʥʘʣʘ ʚʦʟʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʛʣʫʙʦʢʦʛʦ ʘʤʧʣʠʪʫʜʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʧʝʨʝʜ ʜʝʪʝʢʪʦʨʦʤ. ʈʘʟʙʦʨʯʠʚʦʩʪʴ ʨʝʯʠ 

ʧʨʠ ʵʪʦʤ ʫʭʫʜʰʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ [12].  

 ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʜʘʣʴʥʦʩʪʝʡ ʧʨʠʝʤʘ CW-ʩʠʛʥʘʣʘ (rCW ) ʠ ɸʄ-ʩʠʛʥʘʣʘ 

ʦʪʤʝʪʠʤ, ʯʪʦ ʩʣʫʭʦʚʦʡ ʧʨʠʝʤ CW-ʩʠʛʥʘʣʦʚ ʚʦʟʤʦʞʝʥ ʧʨʠ gʚʳʭʜʝʪ ʜɹ=-( ... )6 0  ʠ 

ʧʦʣʦʩʝ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ ʇ ʢɻʮCWº1  [23]. ɼʘʣʴʥʝʡʰʝʝ ʩʫʞʝʥʠʝ ʧʦʣʦʩʳ 

ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ ʚ ʩʠʣʫ ʩʚʦʡʩʪʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʫʭʘ: ʥʘ ʬʦʥʝ ʫʟʢʦʧʦʣʦʩʥʦʛʦ 

ʰʫʤʘ ʪʨʫʜʥʝʝ ʨʘʟʙʠʨʘʪʴ ʩʠʛʥʘʣ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʧʦʣʦʩʝ 100ɻʮ ʪʨʝʙʫʝʤʦʝ 

gʚʳʭʜʝʪ ʧʦʚʳʰʘʝʪʩʷ ʜʦ 6 10... ʜɹ.  

 ʉʯʠʪʘʷ, ʯʪʦ gʚʭʜʝʪʆɹʇ ʜɹ= =0 1 ,  F ʢɻʮʚ=3 4, ,  ʇ Fɸʄ ʚº2 ,  

ʇ ʇɸʄ CW/ , /º6 8 1, ʧʦʣʫʯʠʤ 
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r rCW AM/ º( / )( / ) /g gʚʭʜʝʪɸʄ ʚʭʜʝʪCW ɸʄ ʆɹʇʇ ʇ 1 2 = 

= º( / )( , ) /10 1 6 8 251 2
.    (9.6) 

 ʆʮʝʥʠʤ ʚʳʠʛʨʳʰ ʧʦ ʜʘʣʴʥʦʩʪʠ ʧʨʠʝʤʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʄ-ʩʠʛʥʘʣʦʤ. ʇʨʠ ʨʘʙʦʪʝ ʚʳʰʝ ʧʦʨʦʛʘ ʙʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ 

ʫʩʣʦʚʠʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʛʦ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʚ ʠʩʧʦʣʥʠʪʝʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ 

ʧʨʠʝʤʥʠʢʘ (ʚ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝ): g gʚʳʭ ʚʳʭʜʝʪ ʜɹº = º30 32. ɼʣʷ ʪʘʢʦʛʦ 

ʦʪʥʦʰʝʥʠʷ ʉ/ʐ (ʩʤ. ʨʠʩ.9.2): gʚʭʜʝʪʐʏʄ º º12 3 98ʜɹ , , gʚʭʜʝʪAM ʜɹº =40 100 . 

ʉ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʏʄ (ʩʤ. ʬʦʨʤʫʣʫ (8.52))  ʇ

ʐʏʄ = + º =
=

2 1 8 66 4 33
3 33

F M F ʇʚ

M

ʚ ɸʄ( ) , ,
,

, ʧʦʣʫʯʠʤ 

r ʐʏʄ/ rɸʄº( /gʚʭʜʝʪɸʄ gʚʭʜʝʪ ʐʏʄ )( /ʇ ʇɸʄ ʐʏʄ) /1 2 = 

= º( / , )( / , ) /100 3 98 1 4 33 121 2
.    (9.7) 

 ʅʝʩʤʦʪʨʷ ʥʘ ʚʳʷʚʣʝʥʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʰʠʨʦʢʦʧʦʣʦʩʥʫʶ ʏʄ ʜʣʷ 

ʜʘʣʴʥʝʡ ʨʘʜʠʦʩʚʷʟʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪ. ʕʪʦ ʧʦʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʙʦʣʴʰʘʷ ʰʠʨʠʥʘ 

ʩʧʝʢʪʨʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ ʦʧʨʝʜʝʣʷʝʪ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ ʠ ʙʦʣʝʝ ʢʦʨʦʪʢʠʭ ʚʦʣʥ. ʕʪʠ ʨʘʜʠʦʚʦʣʥʳ 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʪʩʷ ʟʝʤʥʳʤʠ ʣʫʯʘʤʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ 

ʚʠʜʠʤʦʩʪʠ. ʇʦʵʪʦʤʫ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʏʄ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʙʣʠʞʥʝʤ 

ʨʘʜʠʦʚʝʱʘʥʠʠ (ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ) ʚ ʜʠʘʧʘʟʦʥʘʭ ʋʂɺ ʠ FM, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʟʚʫʢʘ ʚ ʥʘʟʝʤʥʦʤ ʪʝʣʝʚʠʟʠʦʥʥʦʤ ʚʝʱʘʥʠʠ. ʇʨʠ 

ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʏʄ ʪʨʝʙʫʝʤʦʝ ʦʪʥʦʰʝʥʠʝ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʧʨʠʝʤʥʠʢʘ gʚʳʭ

ʐʏʄ ²26ʜɹ.  

 ʇʨʦʚʝʜʝʥʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʟʚʦʣʷʶʪ ʟʘʢʣʶʯʠʪʴ: 

1)  ʥʘʠʙʦʣʝʝ ʜʘʣʴʥʶʶ ʨʘʜʠʦʩʚʷʟʴ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʩʣʫʭʦʚʦʤ ʧʨʠʝʤʝ 

CW-ʩʠʛʥʘʣʦʚ; 

2)  ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʦʚ ʠ ʫʟʢʦʧʦʣʦʩʥʳʭ ʏʄ-ʩʠʛʥʘʣʦʚ; 

3)  ʝʱʝ ʤʝʥʴʰʘʷ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ɸʄ; 

4)  ʰʠʨʦʢʦʧʦʣʦʩʥʳʡ ʏʄ-ʩʠʛʥʘʣ ʜʣʷ ʜʘʣʴʥʝʡ ʨʘʜʠʦʩʚʷʟʠ ʥʝʧʨʠʛʦʜʝʥ. 

ʐʠʨʦʢʦʧʦʣʦʩʥʳʡ ʏʄ-ʩʠʛʥʘʣ ʥʘʭʦʜʠʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ 

ʙʣʠʞʥʝʤ ʨʘʜʠʦʚʝʱʘʥʠʠ (ʚ ʧʨʝʜʝʣʘʭ ʧʨʷʤʦʡ ʚʠʜʠʤʦʩʪʠ), ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʨʠ ʵʪʦʤ ʚʳʩʦʢʦʝ ʢʘʯʝʩʪʚʦ ʧʨʠʝʤʘ ʠ ʙʦʣʴʰʫʶ ʜʘʣʴʥʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɸʄ-ʩʠʛʥʘʣʦʤ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ ʧʠʢʦʚʳʭ ʤʦʱʥʦʩʪʷʭ 

ʧʝʨʝʜʘʪʯʠʢʦʚ.  
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 9.2. ʊʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ɸʄ- , ʆɹʇ- , 
ʉʆʄ-ʩʠʛʥʘʣʦʚ ʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ 

 9.2.1. ʊʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ɸʄ-ʩʠʛʥʘʣʘ. 

ʆʧʨʝʜʝʣʠʤ, ʢʘʢʘʷ ʯʘʩʪʴ ʤʦʱʥʦʩʪʠ ɸʄ-ʩʠʛʥʘʣʘ ʫʯʘʩʪʚʫʝʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ.  

 ʀʟ ʬʦʨʤʫʣʳ (8.4) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʦʜʥʦʪʦʥʦʚʦʛʦ 

ɸʄ-ʩʠʛʥʘʣʘ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʨʝʜʥʠʭ 

ʤʦʱʥʦʩʪʝʡ ʥʝʩʫʱʝʛʦ ʠ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ: 

P P P
U m U

ɸʄ ʥ ʙ= + = +0
2 2

0
2

2 4
.   (9.8) 

 
ʈʠʩ. 9.3. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ ʜʠʦʜʥʳʡ ɸɼ 

 ʇʦʣʦʞʠʤ, ʯʪʦ ʦʜʥʦʪʦʥʦʚʳʡ ɸʄ-ʩʠʛʥʘʣ ʧʦʜʘʥ ʥʘ ʠʜʝʘʣʴʥʳʡ (ʥʝ 

ʠʩʢʘʞʘʶʱʠʡ ʬʦʨʤʫ ʦʛʠʙʘʶʱʝʡ ʠ ʥʝ ʠʤʝʶʱʠʡ ʧʦʪʝʨʴ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʜʠʦʜʥʳʡ ɸɼ (ʨʠʩ.9.3) ʩʦ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R ʆʤʚʭʜʝʪ=1 . ʆʛʠʙʘʶʱʘʷ 

ɸʄ-ʩʠʛʥʘʣʘ, ʚʳʜʝʣʷʝʤʘʷ ʠʜʝʘʣʴʥʳʤ ɸɼ (ʩʤ. ʨʠʩ.8.1, ʚ): 

U t U m tʦʛɸʄ( ) ( cos )= +0 1 W .    (9.9) 

 ʇʦʩʢʦʣʴʢʫ ʜʣʷ ʠʜʝʘʣʴʥʦʛʦ ɸɼ R Rʚʭʜʝʪ ʥ= / 2  , ʪʦ ʥʘʧʨʷʞʝʥʠʝ 

ʦʛʠʙʘʶʱʝʡ ʚʳʜʝʣʷʝʪʩʷ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ R R ʆʤʥ ʚʭʜʝʪ= =2 2 . 

ʉʨʝʜʥʶʶ ʤʦʱʥʦʩʪʴ ʦʛʠʙʘʶʱʝʡ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʜʝʪʝʢʪʦʨʘ ʤʦʞʥʦ 

ʥʘʡʪʠ ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʤʛʥʦʚʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʦʛʠʙʘʶʱʝʡ ʟʘ ʧʝʨʠʦʜ 

ʯʘʩʪʦʪʳ W : 

P
U t

d tʦʛɸʄ

R ʆʤ

ʦʛɸʄ

ʥ=

= =ñ
2

2

0

2
1

2 2p

p ( )
W

U m U0
2 2

0
2

2 4
+ .  (9.10) 

 ʉʨʘʚʥʠʚʘʷ (9.8) ʠ (9.10), ʚʠʜʠʤ, ʯʪʦ ʧʨʠ ʠʜʝʘʣʴʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʩʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ɸʄ-ʩʠʛʥʘʣʘ ʨʘʚʥʘ ʩʨʝʜʥʝʡ ʤʦʱʥʦʩʪʠ ʦʛʠʙʘʶʱʝʡ. 

 ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ( / )U0
2

2  ʚ (9.10) ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʫʱʠʤ ʢʦʣʝʙʘʥʠʝʤ 

ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʚ ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ ʦʪ ʧʨʦʪʝʢʘʥʠʷ ʩʨʝʜʥʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʦʛʠʙʘʶʱʝʡ. ɿʘʤʝʪʠʤ, ʯʪʦ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʥʘʧʨʷʞʝʥʠʷ ʥʘ 

ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʨʠʝʤʥʠʢʝ ʚ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʝʛʦ ʜʣʷ 
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ʩʠʩʪʝʤʳ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʫʩʠʣʝʥʠʷ (ɸʈʋ).  

 ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ( / )m U2
0
2

4  ʚ (9.10) ʦʙʫʩʣʦʚʣʝʥʦ ʜʚʫʤʷ ʙʦʢʦʚʳʤʠ 

ʢʦʣʝʙʘʥʠʷʤʠ ɸʄ-ʩʠʛʥʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ɸʄ-ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʝʛʦ ʙʦʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʱʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

 9.2.2. ʊʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ. 

ɽʩʣʠ ʥʘ ɸɼ (ʩʤ. ʨʠʩ.9.3) ʧʦʜʘʥʘ ʩʫʤʤʘ ʜʚʫʭ ʢʦʣʝʙʘʥʠʡ: 

U U t mU tʚʭʜʝʪ ʤʥ ʤʥ= + +cos cos( )w w0 0 W ,  (9.11) 

ʪʦ ʝʛʦ ʨʝʞʠʤ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʝʞʠʤʦʤ ʛʝʪʝʨʦʜʠʥʥʦʛʦ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ (ʩʤ. 

ʧʦʜʨʘʟʜʝʣ 8.4). 

 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʩʫʤʤʳ ʢʦʣʝʙʘʥʠʡ (9.11) ʥʘ ʝʜʠʥʠʯʥʦʤ ʚʭʦʜʥʦʤ 

ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʜʝʪʝʢʪʦʨʘ (R ʆʤʚʭʜʝʪ=1 ) 

P
T

U dt
U m U

ʤʥOɹʇ
T

ʚʭʜʝʪ

T
ʤʥ

( ) lim+
­¤

=
è

ê

é
é

ø

ú

ù
ù
= +ñ
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2 2

2

0

2 2
0
2

.  (9.12) 

 ʆʛʠʙʘʶʱʘʷ ʆɹʇ-ʩʠʛʥʘʣʘ, ʚʳʜʝʣʷʝʤʘʷ ʠʜʝʘʣʴʥʳʤ ʛʝʪʝʨʦʜʠʥʥʳʤ 

ʜʝʪʝʢʪʦʨʦʤ, ʧʨʠ w wʤʥ= 0 , j0 0= , y0 0=  ʠ j0 0ʤʥ=  (ʩʤ. ʬʦʨʤʫʣʫ (8.38)): 

U t U mU U mU tʦʛʆɹʇ ʤʥ ʤʥ( ) ( ) cos= + +2
0

2
02 W .  (9.13) 

 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʦʛʠʙʘʶʱʝʡ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ ʠʜʝʘʣʴʥʦʛʦ 

ɸɼ (R R ʆʤʥ ʚʭʜʝʪ= =2 2 ): 

P
U t

d tʦʛʆɹʇ
R ʆʤ

ʦʛʆɹʇ

=

= =ñ
2

2

0

2
1

2 2p

p ( )
W

U m Uʤʥ
2 2

0
2

2 2
+ = +P ʤʥOɹʇ( ) . (9.14) 

 ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ( / )Uʤʥ
2 2  ʚ (9.14) ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʚ ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ ʦʪ ʧʨʦʪʝʢʘʥʠʷ ʩʨʝʜʥʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʦʛʠʙʘʶʱʝʡ.  

 ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ( / )m U2
0
2

2  ʚ (9.14) ʦʙʫʩʣʦʚʣʝʥʦ ʆɹʇ-ʩʠʛʥʘʣʦʤ ʠ 

ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʆɹʇ-ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʤʦʱʥʦʩʪʠ ʆɹʇ-ʩʠʛʥʘʣʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 
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ʤʦʱʥʦʩʪʠ ʤʝʩʪʥʦʛʦ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

 9.2.3. ʊʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʉʆʄ-ʩʠʛʥʘʣʘ. 

ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʉʆʄ-ʩʠʛʥʘʣʘ ʥʘ ʝʜʠʥʠʯʥʦʤ ʩʦʧʨʦʪʠʚʣʝʥʠʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʫʤʤʦʡ ʩʨʝʜʥʠʭ ʤʦʱʥʦʩʪʝʡ ʥʝʩʫʱʝʛʦ ʠ ʙʦʢʦʚʦʛʦ ʢʦʣʝʙʘʥʠʡ 

(ʩʤ. ʬʦʨʤʫʣʫ (8.41)): 

P P P
U m U

ʉʆʄ ʥ ʚʙ= + = +0
2 2

0
2

2 2
.   (9.15) 

 ʇʦʣʦʞʠʤ, ʯʪʦ ʉʆʄ-ʩʠʛʥʘʣ ʧʦʜʘʥ ʥʘ ʠʜʝʘʣʴʥʳʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʡ 

ʜʠʦʜʥʳʡ ɸɼ (ʨʠʩ.9.3) ʩʦ ʚʭʦʜʥʳʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ R ʆʤʚʭʜʝʪ=1 . ʆʛʠʙʘʶʱʘʷ 

ʉʆʄ-ʩʠʛʥʘʣʘ, ʚʳʜʝʣʷʝʤʘʷ ʠʜʝʘʣʴʥʳʤ ɸɼ ʧʨʠ Y0 0=  (ʩʤ. ʬʦʨʤʫʣʫ (8.45)): 

U t U m m tʦʛʉʆʄ( ) cos= + +0
21 2 W .   (9.16) 

 ʉʨʝʜʥʷʷ ʤʦʱʥʦʩʪʴ ʦʛʠʙʘʶʱʝʡ ʉʆʄ-ʩʠʛʥʘʣʘ ʥʘ ʩʦʧʨʦʪʠʚʣʝʥʠʠ ʥʘʛʨʫʟʢʠ 

ʜʝʪʝʢʪʦʨʘ (R R ʆʤʥ ʚʭʜʝʪ= =2 2 ) ʟʘ ʧʝʨʠʦʜ ʯʘʩʪʦʪʳ W  

P
U t

d tʦʛʉʆʄ
R ʆʤ

ʦʛʉʆʄ

ʥ=

= =ñ
2

2

0

2
1

2 2p

p ( )
W

U m U0
2 2

0
2

2 2
+ =Pʉʆʄ. (9.17) 

 ʇʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ( / )U0
2

2  ʚ (9.17) ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʫʱʠʤ ʢʦʣʝʙʘʥʠʝʤ 

ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʚ ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ ʦʪ ʧʨʦʪʝʢʘʥʠʷ ʩʨʝʜʥʝʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʪʦʢʘ ʦʛʠʙʘʶʱʝʡ.  

 ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ( / )m U2
0
2

2  ʚ (9.17) ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʢʦʚʳʤ 

ʢʦʣʝʙʘʥʠʝʤ ʉʆʄ-ʩʠʛʥʘʣʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʤʦʱʥʦʩʪʴ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʚ 

ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʉʆʄ-ʩʠʛʥʘʣʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʤʦʱʥʦʩʪʠ ʝʛʦ ʙʦʢʦʚʦʛʦ ʢʦʣʝʙʘʥʠʷ ʠ ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʤʦʱʥʦʩʪʠ ʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ. 

 9.2.4. ʊʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ. ʆʮʝʥʠʤ 

ʫʚʝʣʠʯʝʥʠʝ ʜʘʣʴʥʦʩʪʠ ʨʘʜʠʦʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ʠʣʠ 

ʉʆʄ-ʩʠʛʥʘʣʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʄ-ʩʠʛʥʘʣʘ ʟʘ ʩʯʝʪ ʙʦʣʴʰʝʛʦ 

ʪʝʣʝʬʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ. ɼʣʷ ʵʪʦʛʦ ʧʦʣʦʞʠʤ, ʯʪʦ:  

1)  ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ (8.10) ʠ (9.1); 

2)  ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ɸʄ-ʩʠʛʥʘʣʘ ʠʣʠ ʉʆʄ-ʩʠʛʥʘʣʘ ʚ ʧʨʠʝʤʥʠʢʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ɸɼ; ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʆɹʇ-ʩʠʛʥʘʣʘ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʠʜʝʘʣʴʥʳʤ ʛʝʪʝʨʦʜʠʥʥʳʤ ʜʝʪʝʢʪʦʨʦʤ; 

3)  ʧʠʢʦʚʳʝ ʤʦʱʥʦʩʪʠ ɸʄ-ʧʝʨʝʜʘʪʯʠʢʘ, ʆɹʇ-ʧʝʨʝʜʘʪʯʠʢʘ ʠ 

ʉʆʄ-ʧʝʨʝʜʘʪʯʠʢʘ ʨʘʚʥʳ: 

P P Pʧʠʢɸʄ ʧʠʢʆɹʇ ʧʠʢʉʆʄ= = .   (9.18) 

 ʇʦʩʢʦʣʴʢʫ ʤʘʢʩʠʤʘʣʴʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ɸʄ-ʩʠʛʥʘʣʘ ʧʨʠ mmax=1  

U Uɸʄmax =2 0  {ʩʤ. ʬʦʨʤʫʣʫ (8.5)}, ʘ ʧʠʢʦʚʘʷ ʤʦʱʥʦʩʪʴ 

P U Uʧʠʢɸʄ= =( / )2 2 20
2

0
2
, ʪʦ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʨʘʚʝʥʩʪʚʘ (9.18), ʢʘʢ ʩʣʝʜʫʝʪ 

ʠʟ (8.34) ʠ (8.42), ʤʘʢʩʠʤʘʣʴʥʳʝ ʥʘʧʨʷʞʝʥʠʷ ʆɹʇ-ʩʠʛʥʘʣʘ ʠ ʉʆʄ-ʩʠʛʥʘʣʘ 

ʜʦʣʞʥʳ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ:  

U Uʆɹʇmax =2 0     (9.19) 

(ʧʨʠ ʵʪʦʤP U Uʧʠʢʆɹʇ= =( / )2 2 20
2

0
2
=Pʧʠʢɸʄ); 

U Uʉʆʄmax =2 2 0     (9.20) 

(ʧʨʠ ʵʪʦʤ P U U Uʧʠʢʉʆʄ= + =( / ) ( / )2 2 2 2 20
2

0
2

0
2
=Pʧʠʢɸʄ). 

 ʅʘ ʨʠʩ.9.6,ʘ,ʙ,ʚ ʠʟʦʙʨʘʞʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ ɸʄ-ʩʠʛʥʘʣʘ, 

ʆʇɹ-ʩʠʛʥʘʣʘ ʠ ʉʆʄ-ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʥʦʤ ʟʘʞʠʤʝ ʧʝʨʝʜʘʶʱʝʡ ʘʥʪʝʥʥʳ (ʜʣʷ 

ʚʩʝʭ ʩʣʫʯʘʝʚ ʵʧʶʨʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʠʛʥʘʣʳ ʩʥʘʯʘʣʘ ʧʨʠ m=0, ʘ ʟʘʪʝʤ ʧʨʠ 

m m= =max 1 ). ʅʘ ʨʠʩ.9.4,ʛ,ʜ,ʝ ʠʟʦʙʨʘʞʝʥʳ ʦʩʮʠʣʣʦʛʨʘʤʤʳ ʥʘʧʨʷʞʝʥʠʡ 

ʦʛʠʙʘʶʱʠʭ ʵʪʠʭ ʩʠʛʥʘʣʦʚ ʥʘ ʚʳʭʦʜʝ ʠʜʝʘʣʴʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ɸɼ ʧʨʠʝʤʥʠʢʘ. 

ʈʘʟʤʘʭ ʥʘʧʨʷʞʝʥʠʷ ʢʘʞʜʦʡ ʠʟ ʦʛʠʙʘʶʱʠʭ (ʨʘʟʤʘʭ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ) 

ʭʘʨʘʢʪʝʨʠʟʫʝʪ ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ.  

 ʆʪʥʦʰʝʥʠʝ ʨʘʟʤʘʭʘ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʦʪ 

ʆɹʇ-ʩʠʛʥʘʣʘ (U p ʆɹʇ) ʢ ʨʘʟʤʘʭʫ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ɸʄ-ʩʠʛʥʘʣʘ (U p ɸʄ): 

U

U

U

U

p ʆɹʇ

p ɸʄ

= =
4

2
20

0

.    (9.21) 

 ʀʟ (9.21) ʩʣʝʜʫʝʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʆɹʇ-ʩʠʛʥʘʣʘ ʚʤʝʩʪʦ ɸʄ-ʩʠʛʥʘʣʘ 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʣʝʟʥʦʛʦ ʪʝʣʝʬʦʥʥʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʚʳʭʦʜʝ ɸɼ 

ʧʨʠʝʤʥʠʢʘ ʚ 2 ʨʘʟʘ. ʕʪʦ ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʚ 

4 ʨʘʟʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʣʴʥʦʩʪʠ ʨʘʜʠʦʩʚʷʟʠ ʝʱʝ ʚ 

2 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʫʣʳ (9.4). 



80 
 

 
ʈʠʩ. 9.4. ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʚʭʦʜʥʦʤ ʟʘʞʠʤʝ ʘʥʪʝʥʥʳ ʧʝʨʝʜʘʪʯʠʢʘ: ɸʄ-ʩʠʛʥʘʣʘ (ʘ); 

ʆɹʇ-ʩʠʛʥʘʣʘ (ʙ); ʉʆʄ-ʩʠʛʥʘʣʘ (ʚ). ʅʘʧʨʷʞʝʥʠʷ ʥʘ ʥʘʛʨʫʟʢʝ ʠʜʝʘʣʴʥʦʛʦ ɸɼ ʧʨʠʝʤʥʠʢʘ 

ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ: ɸʄ-ʩʠʛʥʘʣʘ (ʛ); ʆɹʇ-ʩʠʛʥʘʣʘ ʧʨʠ # #U Uʤʥ ʆɹʇ=  (ʜ); 

ʉʆʄ-ʩʠʛʥʘʣʘ (ʝ)  

 ʆʪʥʦʰʝʥʠʝ ʨʘʟʤʘʭʘ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʦʪ 

ʉʆʄ-ʩʠʛʥʘʣʘ (U p ʉʆʄ) ʢ ʨʘʟʤʘʭʫ ʪʝʣʝʬʦʥʥʦʛʦ ʩʠʛʥʘʣʘ ʦʪ ɸʄ-ʩʠʛʥʘʣʘ: 

U

U

U

U

p ʉʆʄ

p ɸʄ

= =
2 2

2
20

0

.   (9.22) 

 ʀʟ (9.22) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʝʭʦʜ ʩ ɸʄ ʥʘ ʉʆʄ ʜʘʝʪ ʚʳʠʛʨʳʰ ʧʦ 

ʧʦʣʝʟʥʦʤʫ ʪʝʣʝʬʦʥʥʦʤʫ ʵʬʬʝʢʪʫ ʥʘ ʚʳʭʦʜʝ ɸɼ ʧʨʠʝʤʥʠʢʘ ʚ 2  ʨʘʟ. ʕʪʦ 

ʵʢʚʠʚʘʣʝʥʪʥʦ ʫʚʝʣʠʯʝʥʠʶ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʚ 2 ʨʘʟʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʜʘʣʴʥʦʩʪʠ ʨʘʜʠʦʩʚʷʟʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 1,4 ʨʘʟʘ: 

r rʉʆʄ ɸʄ/ ,º º2 1 4 .    (9.23) 



81 
 
 9.3. ɼʘʣʴʥʝʝ ʨʘʜʠʦʚʝʱʘʥʠʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɸʄ-ʩʠʛʥʘʣʘ ʠ 

ʉʆʄ-ʩʠʛʥʘʣʘ [24]. ʅʝʜʦʩʪʘʪʢʠ ʨʘʜʠʦʚʝʱʘʥʠʷ ʩ ɸʄ - ʢʨʘʡʥʝ ʥʠʟʢʠʡ ʂʇɼ 

ʧʝʨʝʜʘʪʯʠʢʦʚ ʠ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʣʦʩʳ ʯʘʩʪʦʪ (ʩʤ. 

ʧʦʜʨʘʟʜʝʣ 8.1). ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɻʆʉʊ 13924 - 80 ʩʧʝʢʪʨ ʟʚʫʢʦʚʳʭ 

ʤʦʜʫʣʠʨʫʶʱʠʭ ʯʘʩʪʦʪ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʩʦʩʪʘʚʣʷʝʪ 0 05 10, ... ʢɻʮ, 

ʧʨʠ ʵʪʦʤ ʰʠʨʠʥʘ ʧʦʣʦʩʳ ʯʘʩʪʦʪ ʢʘʞʜʦʡ ʩʪʘʥʮʠʠ ʚ ʵʬʠʨʝ ʜʦʩʪʠʛʘʝʪ 20ʢɻʮ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʯʘʩʪʦʪʥʘʷ ʩʝʪʢʘ ʥʝʩʫʱʠʭ, ʧʦ ʤʝʞʜʫʥʘʨʦʜʥʦʤʫ ʩʦʛʣʘʰʝʥʠʶ, ʠʤʝʝʪ 

ʰʘʛ 9ʢɻʮ ʚ ʜʠʘʧʘʟʦʥʘʭ ɼɺ ʠ ʉɺ ʠ 5ʢɻʮ ʚ ʜʠʘʧʘʟʦʥʝ ʂɺ. ʉʧʝʢʪʨʳ ʙʦʢʦʚʳʭ 

ʧʦʣʦʩ ʨʘʟʣʠʯʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʧʝʨʝʢʨʳʚʘʶʪʩʷ ʠ ʠʟʙʝʞʘʪʴ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ 

ʥʝʚʦʟʤʦʞʥʦ (ʨʠʩ.9.5).  

 
ʈʠʩ. 9.5. ʇʝʨʝʢʨʳʪʠʝ ʩʧʝʢʪʨʦʚ ʙʦʢʦʚʳʭ ʧʦʣʦʩ  

ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʩʪʘʥʮʠʡ ʜʣʷ ʜʠʘʧʘʟʦʥʦʚ ɼɺ ʠ ʉɺ  

 ʃʠʰʴ ʧʨʠ ʧʨʠʝʤʝ ʤʝʩʪʥʳʭ ʨʘʜʠʦʩʪʘʥʮʠʡ (ʠʭ ʥʝʩʫʱʠʝ ʯʘʩʪʦʪʳ ʦʙʳʯʥʦ 

ʨʘʟʥʝʩʝʥʳ ʙʦʣʝʝ ʯʝʤ ʥʘ ʦʜʠʥ ʰʘʛ ʩʝʪʢʠ) ʥʘ ɼɺ ʠ ʉɺ ʚ ʜʥʝʚʥʦʝ ʚʨʝʤʷ, ʢʦʛʜʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʨʘʜʠʦʚʦʣʥʘ ʧʦʛʣʦʱʘʝʪʩʷ ʚ ʠʦʥʦʩʬʝʨʝ, ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ 

ʤʘʣʳ ʠ ʧʨʠʥʠʤʘʪʴ ʤʦʞʥʦ ʚʩʶ ʠʟʣʫʯʘʝʤʫʶ ʨʘʜʠʦʧʝʨʝʜʘʪʯʠʢʘʤʠ ʧʦʣʦʩʫ ʯʘʩʪʦʪ. 

ɺʦ ʚʩʝʭ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ (ʜʘʣʴʥʠʡ ʧʨʠʝʤ, ʧʨʠʝʤ ʚ ʚʝʯʝʨʥʝʝ ʠ ʥʦʯʥʦʝ ʚʨʝʤʷ, 

ʧʨʠʝʤ ʥʘ ʂɺ) ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʠʭʦʜʠʪʩʷ ʫʤʝʥʴʰʘʪʴ ʧʦʣʦʩʫ 

ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ. 

 ɺʦ ʚʩʝʭ ʙʝʟ ʠʩʢʣʶʯʝʥʠʷ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʧʨʠʝʤʥʠʢʘʭ ɸʄ-ʩʠʛʥʘʣʦʚ, 

ʚʳʧʫʩʢʘʝʤʳʭ ʚ ʤʠʨʝ, ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʥʝ ʙʦʣʝʝ 10ʢɻʮ. ʇʨʠ ʵʪʦʤ 

ʤʝʰʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʩʦʩʝʜʥʠʭ ʧʦ ʯʘʩʪʦʪʝ ʩʪʘʥʮʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. 

ɻʆʉʊ 5651 - 71 ʪʨʝʙʫʝʪ ʦʙʝʩʧʝʯʠʪʴ ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʧʨʠ ʨʘʩʩʪʨʦʡʢʝ °9ʢɻʮ ʥʝ 

ʤʝʥʝʝ 18 55... ʜɹ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʣʘʩʩʘ ʧʨʠʝʤʥʠʢʘ, ʘ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʋʅʏ 

- 315 5 6, ... , ʢɻʮ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʭ ʜʠʘʧʘʟʦʥʘʭ ʧʨʠ ʧʝʨʝʜʘʯʝ 

ɸʄ-ʩʠʛʥʘʣʦʚ ʩʣʦʞʠʣʘʩʴ ʧʘʨʘʜʦʢʩʘʣʴʥʘʷ ʩʠʪʫʘʮʠʷ, ʦʪʨʘʞʝʥʥʘʷ ʜʘʞʝ ʚ ɻʆʉʊ: 

ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʝ ʩʪʘʥʮʠʠ ʠʟʣʫʯʘʶʪ ʰʠʨʦʢʫʶ ʧʦʣʦʩʫ ʯʘʩʪʦʪ, ʩʦʟʜʘʚʘʷ 

ʚʟʘʠʤʥʳʝ ʧʦʤʝʭʠ.  

 ʈʘʜʠʦʩʣʫʰʘʪʝʣʠ, ʫʚʣʝʢʘʶʱʠʝʩʷ ʜʘʣʴʥʠʤ ʧʨʠʝʤʦʤ, ʚʳʙʠʨʘʶʪ 
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ʧʨʠʝʤʥʠʢʠ ʩ ʧʦʣʦʩʦʡ ʥʝ ʰʠʨʝ 4 5... ʢɻʮ. ʅʦ ʵʪʦ ʥʝ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʦʣʦʩʘ ʧʦ 

ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʝ ʩʫʞʘʝʪʩʷ ʜʦ 2 2 5... , ʢɻʮ. ɹʦʣʴʰʠʥʩʪʚʦ ʨʘʜʠʦʩʣʫʰʘʪʝʣʝʡ 

ʧʨʝʜʧʦʯʠʪʘʶʪ çʙʦʢʦʚʫʶ ʥʘʩʪʨʦʡʢʫè, ʧʨʠ ʢʦʪʦʨʦʡ ʩʝʨʝʜʠʥʘ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ 

ʧʨʠʝʤʥʠʢʘ ʩʤʝʱʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʯʘʩʪʦʪʳ ʥʝʩʫʱʝʡ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʙʦʛʘʱʘʝʪ ʟʚʫʯʘʥʠʝ ʧʨʠʝʤʥʠʢʘ ʚʝʨʭʥʠʤʠ ʯʘʩʪʦʪʘʤʠ (ʨʠʩ.9.6). 

 
ʈʠʩ. 9.6. ʎʝʥʪʨʘʣʴʥʘʷ ʥʘʩʪʨʦʡʢʘ (ʘ) ʠ ʙʦʢʦʚʘʷ ʥʘʩʪʨʦʡʢʘ (ʙ) ʧʨʠʝʤʥʠʢʘ 

ʊʘʙʣʠʮʘ 9.1 

ʂʦʵʬʬʠʮʠʝʥʪ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ (ʚ ʧʨʦʮʝʥʪʘʭ) ʧʨʠ ɸʄ ʠ ʉʆʄ 

ʧʨʠ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʦʚ P ʢɺʪʧʠʢ=200  

ʋʩʣʦʚʠʷ ʦʧʳʪʘ: 

ʜʠʘʧʘʟʦʥ ʚʦʣʥ; 

ʜʘʣʴʥʦʩʪʴ 

ɸʄ - ʩʠʛʥʘʣ, 

ʜʝʪʝʢʪʦʨ 

ʦʛʠʙʘʶʱʝʡ 

ʉʆʄ - ʩʠʛʥʘʣ, 

ʜʝʪʝʢʪʦʨ 

ʦʛʠʙʘʶʱʝʡ 

ʉʆʄ - ʩʠʛʥʘʣ, 

ʩʠʥʭʨʦʥʥʳʡ 

ʜʝʪʝʢʪʦʨ 

ʉɺ, r ʢʤº300  16...35 16...18 3,5 

ʂɺ, r ʢʤº3000  10...40 15...30 15 

 ʋʤʝʥʴʰʝʥʠʝ ʚʟʘʠʤʥʳʭ ʧʦʤʝʭ ʧʨʠ ʨʘʜʠʦʚʝʱʘʥʠʠ ʚʦʟʤʦʞʥʦ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʆʄ-ʩʠʛʥʘʣʘ (ʩʤ. ʧʦʜʨʘʟʜʝʣ 8.5), ʰʠʨʠʥʘ ʩʧʝʢʪʨʘ ʢʦʪʦʨʦʛʦ ʚ 

2 ʨʘʟʘ ʤʝʥʴʰʝ, ʯʝʤ ɸʄ-ʩʠʛʥʘʣʘ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʧʨʠʝʤ ʉʆʄ-ʩʠʛʥʘʣʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥ ʦʙʳʯʥʳʤ ʨʘʜʠʦʚʝʱʘʪʝʣʴʥʳʤ ʧʨʠʝʤʥʠʢʦʤ ʩ 

ʘʤʧʣʠʪʫʜʥʳʤ ʜʝʪʝʢʪʦʨʦʤ. ʇʨʠ ʩʣʘʙʦʤ ʧʨʠʥʠʤʘʝʤʦʤ ʩʠʛʥʘʣʝ ɸɼ ʧʨʠʝʤʥʠʢʘ 

ʷʚʣʷʝʪʩʷ ʢʚʘʜʨʘʪʠʯʥʳʤ ʠ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ʉʆʄ-ʩʠʛʥʘʣʘ ʤʘʣʳ. ʇʨʠ ʩʠʣʴʥʦʤ ʧʨʠʥʠʤʘʝʤʦʤ ʩʠʛʥʘʣʝ ʣʠʥʝʡʥʦʝ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʝ ʉʆʄ-ʩʠʛʥʘʣʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, 

ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ, ʦʜʥʘʢʦ, ʦʢʘʟʳʚʘʝʪʩʷ ʩʦʠʟʤʝʨʠʤʳʤ ʩ ʥʝʣʠʥʝʡʥʳʤʠ 

ʠʩʢʘʞʝʥʠʷʤʠ ɸʄ-ʩʠʛʥʘʣʘ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʤʥʦʛʦʣʫʯʝʚʦʛʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʨʘʜʠʦʚʦʣʥ. ʕʪʦ ʧʦʢʘʟʳʚʘʶʪ ʜʘʥʥʳʝ ʪʘʙʣ. 9.1, ʚ ʢʦʪʦʨʦʡ 

ʧʨʠʚʝʜʝʥʳ ʚʝʣʠʯʠʥʳ ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʧʨʠʝʤʝ 

ɸʄ-ʩʠʛʥʘʣʘ ʠ ʉʆʄ-ʩʠʛʥʘʣʘ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʠʭ ʨʘʟʣʠʯʥʳʤʠ ʜʝʪʝʢʪʦʨʘʤʠ [24].  

 ʀʟ ʜʘʥʥʳʭ ʚʪʦʨʦʛʦ ʠ ʪʨʝʪʴʝʛʦ ʩʪʦʣʙʮʦʚ ʪʘʙʣ.9.1 ʩʣʝʜʫʝʪ, ʯʪʦ ʧʨʠ 
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ʧʨʠʝʤʝ ɸʄ-ʩʠʛʥʘʣʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʜʘʞʝ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʧʨʠʝʤʝ ʉʆʄ-ʩʠʛʥʘʣʘ. ʆʙʲʷʩʥʷʝʪʩʷ ʵʪʦ ʩʣʝʜʫʶʱʠʤ.  

 ʆʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʝʘʣʴʥʳʡ ɸʄ-ʩʠʛʥʘʣ, ʦʪʨʘʞʝʥʥʳʡ ʦʪ ʠʦʥʦʩʬʝʨʳ ʥʘ 

ʂɺ ʠʣʠ ʥʘ ɼɺ ʠ ʉɺ ʚʝʯʝʨʦʤ ʠ ʥʦʯʴʶ, ʠʤʝʝʪ ʩʦʚʩʝʤ ʥʝ ʪʘʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 

ʢʘʢ ʩʠʛʥʘʣ, ʧʨʠʰʝʜʰʠʡ ʟʝʤʥʦʡ ʚʦʣʥʦʡ ʦʪ ʙʣʠʞʘʡʰʝʡ ʩʪʘʥʮʠʠ. ʀʦʥʦʩʬʝʨʥʳʡ 

ʩʠʛʥʘʣ ʠʤʝʝʪ ʤʥʦʛʦʣʫʯʝʚʦʡ ʭʘʨʘʢʪʝʨ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʫʶ ʠʥʪʝʨʬʝʨʝʥʮʠʶ 

ʚʦʣʥ. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʣʶʙʳʝ ʢʦʤʧʦʥʝʥʪʳ ʩʠʛʥʘʣʘ, ʨʘʟʜʝʣʝʥʥʳʝ ʯʘʩʪʦʪʥʳʤ 

ʠʥʪʝʨʚʘʣʦʤ ʙʦʣʝʝ 1ʢɻʮ, ʠʟʤʝʥʷʶʪʩʷ ʧʦ ʘʤʧʣʠʪʫʜʝ ʠ ʬʘʟʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʦ. ʇʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʦʙʳʯʥʦʛʦ ɸʄ-ʩʠʛʥʘʣʘ ʥʘʧʨʷʞʝʥʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʩʠʤʤʝʪʨʠʯʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫʱʝʡ ʠ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʜʚʫʤ 

ʙʦʢʦʚʳʤ ʧʦʣʦʩʘʤ, ʩʠʥʬʘʟʥʦ ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʥʘʛʨʫʟʢʝ ʜʝʪʝʢʪʦʨʘ. ɼʣʷ 

ʠʦʥʦʩʬʝʨʥʦʛʦ ɸʄ-ʩʠʛʥʘʣʘ ʩʠʥʬʘʟʥʦʛʦ ʩʣʦʞʝʥʠʷ ʙʦʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠ 

ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʥʝ ʙʫʜʝʪ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʬʘʟʳ ʦʢʘʟʳʚʘʶʪʩʷ ʥʝʦʜʠʥʘʢʦʚʳʤʠ. 

ɹʦʣʝʝ ʪʦʛʦ, ʙʦʢʦʚʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʜʘʞʝ ʧʨʦʪʠʚʦʬʘʟʥʳʤʠ, ʯʪʦ 

ʚʳʟʦʚʝʪ ʛʣʫʙʦʢʦʝ ʟʘʤʠʨʘʥʠʝ (ʬʝʜʠʥʛ) ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ. ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚ 

ʠʦʥʦʩʬʝʨʥʦʤ ʩʠʛʥʘʣʝ ʚʪʦʨʘʷ ʙʦʢʦʚʘʷ ʧʦʣʦʩʘ ʪʦʣʴʢʦ ʤʝʰʘʝʪ ʥʦʨʤʘʣʴʥʦʤʫ 

ʧʨʠʝʤʫ ʠ ʠʩʢʘʞʝʥʠʷ ɸʄ-ʩʠʛʥʘʣʘ ʧʦʣʫʯʘʶʪʩʷ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ ʠʩʢʘʞʝʥʠʡ 

ʉʆʄ-ʩʠʛʥʘʣʘ. ɽʱʝ ʭʫʞʝ ʩʝʣʝʢʪʠʚʥʳʡ ʬʝʜʠʥʛ ʥʝʩʫʱʝʡ ɸʄ-ʩʠʛʥʘʣʘ, ʢʦʛʜʘ ʝʝ 

ʘʤʧʣʠʪʫʜʘ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʴʰʝ ʘʤʧʣʠʪʫʜ ʙʦʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ (ʩʤ. 

ʧʦʜʨʘʟʜʝʣ 8.1, ʨʠʩ.8.3). ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʯʝʥʴ 

ʙʦʣʴʰʠʤʠ ʥʝʣʠʥʝʡʥʳʤʠ ʠʩʢʘʞʝʥʠʷʤʠ, ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʧʦʪʝʨʠ ʨʘʟʙʦʨʯʠʚʦʩʪʠ 

ʩʠʛʥʘʣʘ ʤʦʜʫʣʷʮʠʠ.  

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʥʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʧʨʠʝʤʝ ʉʆʄ-ʩʠʛʥʘʣʘ 

ʧʦʟʚʦʣʷʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʫʤʝʥʴʰʠʪʴ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ (ʩʤ. ʜʘʥʥʳʝ 

ʪʘʙʣ.8.1), ʪʘʢ ʢʘʢ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʘʤʧʣʠʪʫʜʘ ʤʝʩʪʥʦʡ ʥʝʩʫʱʝʡ ʟʘʚʝʜʦʤʦ ʙʦʣʴʰʝ 

ʘʤʧʣʠʪʫʜ ʢʦʤʧʦʥʝʥʪʦʚ ʧʨʠʥʠʤʘʝʤʦʛʦ ʩʠʛʥʘʣʘ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʝʪ ʠʩʢʘʞʝʥʠʡ 

ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʡ ʦʧʝʨʘʮʠʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʩʝʣʝʢʪʠʚʥʦʛʦ 

ʬʝʜʠʥʛʘ ʥʝʩʫʱʝʡ. 

 ʍʦʪʷ ʧʨʠʥʮʠʧ ʩʦʚʤʝʩʪʠʤʦʡ ʦʜʥʦʧʦʣʦʩʥʦʡ ʤʦʜʫʣʷʮʠʠ ʧʨʝʜʣʦʞʝʥ 

ʥʘʰʠʤʠ ʩʦʦʪʝʯʝʩʪʚʝʥʥʠʢʘʤʠ ɸ.ɸ. ʇʠʨʦʛʦʚʳʤ ʠ ɺ.ʅ. ɸʢʩʝʥʦʚʳʤ ʝʱʝ ʚ 1969 ʛ., ʚ 

ʈʦʩʩʠʠ ʦʥ ʥʝ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʷ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ. ʆʜʥʘʢʦ ʩ ʪʘʢʦʡ 

ʤʦʜʫʣʷʮʠʝʡ ʨʘʙʦʪʘʶʪ ʤʥʦʛʠʝ ʟʘʨʫʙʝʞʥʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ, ʥʘʧʨʠʤʝʨ, 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʳʝ ʨʘʜʠʦʩʪʘʥʮʠʠ çɻʦʣʦʩ ɸʤʝʨʠʢʠè, çɹʠ-ɹʠ-ʉʠè ʠ ʜʨ. [24]. 

ʈʘʜʠʦʩʣʫʰʘʪʝʣʠ ʩ ɸʄ-ʧʨʠʝʤʥʠʢʘʤʠ ʧʝʨʝʭʦʜ ʵʪʠʭ ʨʘʜʠʦʩʪʘʥʮʠʡ ʩ ɸʄ ʥʘ ʉʆʄ 

ʧʨʦʩʪʦ ʥʝ ʟʘʤʝʪʠʣʠ. ʇʨʠ ʧʨʠʝʤʝ ʨʘʜʠʦʩʠʛʥʘʣʦʚ ʩ ʉʆʄ ʭʘʨʘʢʪʝʨʥʘ ʥʝʙʦʣʴʰʘʷ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʪʝʤʙʨʘ ʠ ʠʩʢʘʞʝʥʠʡ ʧʨʠ ʨʘʩʩʪʨʦʡʢʝ ʧʨʠʝʤʥʠʢʘ çʚʥʠʟè ʠʣʠ 

çʚʚʝʨʭè ʧʦ ʯʘʩʪʦʪʝ. 
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1.  ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʜʘʣʴʥʦʩʪʴ ʧʨʠʝʤʘ ʨʘʜʠʦʩʠʛʥʘʣʘ ? 

2.  ʂʘʢʦʚʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʘʤʧʣʠʪʫʜʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (

gʚʳʭʜʝʪ) ʦʪ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ (gʚʭʜʝʪ) ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ 

ɸʄ-ʩʠʛʥʘʣʘ ? 

3.  ʂʘʢʦʚʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʫʟʢʦʧʦʣʦʩʥʦʛʦ 

ʏʄ-ʩʠʛʥʘʣʘ ? 

4.  ʂʘʢʦʚʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʪ 

ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ 

ʏʄ-ʩʠʛʥʘʣʘ ? 

5.  ʂʘʢʦʚʘ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ ʚʳʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʦʪ ʦʪʥʦʰʝʥʠʷ ʉ/ʐ ʥʘ 

ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ ʧʨʠ ʛʝʪʝʨʦʜʠʥʥʦʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ʠʣʠ 

ʨʘʜʠʦʠʤʧʫʣʴʩʥʦʛʦ ʩʠʛʥʘʣʘ ʪʝʣʝʛʨʘʬʠʠ ʄʦʨʟʝ (CW-ʩʠʛʥʘʣʘ) ? 

6.  ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʘʢʦʛʦ ʨʘʜʠʦʩʠʛʥʘʣʘ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘʠʙʦʣʝʝ ʜʘʣʴʥʶʶ 

ʨʘʜʠʦʩʚʷʟʴ (ʧʨʠ ʧʨʦʯʠʭ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ) ? 

7.  ʂʘʢʦʡ ʨʘʜʠʦʩʠʛʥʘʣ ʥʝʧʨʠʛʦʜʝʥ ʜʣʷ ʜʘʣʴʥʝʡ ʥʘʟʝʤʥʦʡ ʩʚʷʟʠ ? 

8.  ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ɸʄ-ʩʠʛʥʘʣʘ ? 

9.  ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ? 

10. ʆʪ ʯʝʛʦ ʟʘʚʠʩʠʪ ʪʝʣʝʬʦʥʥʳʡ ʵʬʬʝʢʪ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʉʆʄ-ʩʠʛʥʘʣʘ ? 

11. ʇʦʯʝʤʫ ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʠʥʘʢʦʚʦʡ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʜʘʣʴʥʦʩʪʴ 
ʨʘʜʠʦʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʆɹʇ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ɸʄ-ʩʠʛʥʘʣʘ ? 

12. ʇʦʯʝʤʫ ʧʨʠ ʫʩʣʦʚʠʠ ʦʜʠʥʘʢʦʚʦʡ ʧʠʢʦʚʦʡ ʤʦʱʥʦʩʪʠ ʧʝʨʝʜʘʪʯʠʢʘ ʜʘʣʴʥʦʩʪʴ 

ʨʘʜʠʦʩʚʷʟʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʉʆʄ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ɸʄ-ʩʠʛʥʘʣʘ ? 

13. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʆɹʇ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʄ-ʩʠʛʥʘʣʘ ? 

14. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʉʆʄ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʄ-ʩʠʛʥʘʣʘ ? 

15. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 
ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ CW-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɸʄ-ʩʠʛʥʘʣʘ ? 

16. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʟʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ɸʄ-ʩʠʛʥʘʣʘ ? 

17. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚʦ ʩʢʦʣʴʢʦ ʨʘʟ ʧʨʠ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʨʘʜʠʦʚʦʣʥʳ ʥʘ ʨʘʚʥʠʥʥʦʡ ʤʝʩʪʥʦʩʪʠ ʜʘʣʴʥʦʩʪʴ ʨʘʜʠʦʩʚʷʟʠ ʩ 
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ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʰʠʨʦʢʦʧʦʣʦʩʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ ʙʦʣʴʰʝ, ʯʝʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ɸʄ-ʩʠʛʥʘʣʘ ? 

18. ʇʦʯʝʤʫ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ ʏʄ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʜʘʣʴʥʝʡ ʥʘʟʝʤʥʦʡ 

ʨʘʜʠʦʩʚʷʟʠ ? 

19. ʇʦʯʝʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʉʆʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʜʘʣʴʥʝʤ ʨʘʜʠʦʚʝʱʘʥʠʠ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʝʝ, ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ɸʄ-ʩʠʛʥʘʣʘ ? 

 
 10. ɺʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʘʥʘʣʦʛʦʚʦʝ ʤʦʥʦ- ʠ 
ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʝ ʨʘʜʠʦʚʝʱʘʥʠʝ 

 10.1. ʆʩʦʙʝʥʥʦʩʪʠ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʋʂɺ-ʏʄ ʨʘʜʠʦʚʝʱʘʥʠʷ. 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ (ʩʤ. ʨʘʟʜʝʣ 2), ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʝ ʤʦʥʦ- ʠ 

ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʝ ʚʝʱʘʥʠʝ ʚ ʈʦʩʩʠʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʚ ʜʚʫʭ 

ʯʘʩʪʦʪʥʳʭ ʜʠʘʧʘʟʦʥʘʭ: ʚ ʜʠʘʧʘʟʦʥʝ ʋʂɺ (65 8 73, ... ʄɻʮ) ʧʦ ʩʪʘʥʜʘʨʪʫ ʙʳʚʰʝʛʦ 

ʉʉʉʈ; ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʜʠʘʧʘʟʦʥʘ FM (100 108... ʄɻʮ) ʧʦ ʩʪʘʥʜʘʨʪʫ ʉʐɸ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʏʄ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʚʠʘʮʠʝʡ ʥʝʩʫʱʝʡ 

ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ f ʢɻʮʜ ʋʂɺmax =50  ( f ʢɻʮʜ FMmax =75 ) ʧʦʟʚʦʣʷʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʠʪʴ ʧʦʤʝʭʦʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʢʘʯʝʩʪʚʦ ʏʄ-ʨʘʜʠʦʚʝʱʘʥʠʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ɸʄ-ʨʘʜʠʦʚʝʱʘʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʘʭ ɼɺ, ʉɺ ʠ ʂɺ. ɺ ʧʝʨʝʜʘʪʯʠʢʘʭ 

ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʪʝʣʝʚʠʜʝʥʠʷ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʰʠʨʦʢʦʧʦʣʦʩʥʘʷ 

ʏʄ.  

 ʇʨʠʤʝʥʝʥʠʝ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʏʄ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʷʝʪ ʧʦʣʦʩʫ 

ʯʘʩʪʦʪ ʨʘʜʠʦʩʠʛʥʘʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ɸʄ. ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, F ʢɻʮʚ=15 , ʪʦ 

ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʨʘʜʠʦʩʠʛʥʘʣʘ ʩ ɸʄ (ʩʤ. (8.11)) Df F ʢɻʮɸʄ ʚ= =2 30 . ʇʦʣʦʩʘ 

ʯʘʩʪʦʪ ʨʘʜʠʦʩʠʛʥʘʣʘ ʰʠʨʦʢʦʧʦʣʦʩʥʦʡ ʏʄ ʧʨʠ ʤʦʥʦʬʦʥʠʯʝʩʢʦʤ ʚʝʱʘʥʠʠ ʩ 

f ʢɻʮʜmax=50  ʠ ʠʥʜʝʢʩʦʤ ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ M f Fʜ ʚ= ºmax / ,3 33 (ʩʤ. 

(8.52)): 

Df ʏʄ ʤʦʥʦ º + º2 1 130F M ʢɻʮʚ( ) .   (10.1) 

ʆʪʥʦʰʝʥʠʝ (Df ʏʄ / ) ,Dfɸʄ º4 33, ʪ.ʝ. ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʏʄ-ʩʠʛʥʘʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʴʰʝ, ʯʝʤ ɸʄ-ʩʠʛʥʘʣʘ. ʇʨʠ ʩʪʝʨʝʦʚʝʱʘʥʠʠ ʧʦʣʦʩʘ ʯʘʩʪʦʪ ʏʄ-ʩʠʛʥʘʣʘ ʝʱʝ 

ʙʦʣʴʰʝ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 195ʢɻʮ, ʩʤ. (10.35)). ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʯʘʩʪʦʪ 

ʦʧʨʝʜʝʣʠʣʘ ʦʨʛʘʥʠʟʘʮʠʶ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʩ ʏʄ ʚ 

ʜʠʘʧʘʟʦʥʝ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ (ʤʝʪʨʦʚʳʭ) ʚʦʣʥ. ɺ ʚʳʜʝʣʝʥʥʳʭ ʥʘ ʫʣʴʪʨʘʢʦʨʦʪʢʠʭ 

ʚʦʣʥʘʭ ʜʠʘʧʘʟʦʥʘʭ ʤʦʞʥʦ ʨʘʟʤʝʩʪʠʪʴ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʨʘʜʠʦʢʘʥʘʣʦʚ ʩ ʏʄ, 

ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ɼɺ ʜʠʘʧʘʟʦʥʝ ʫʜʘʣʦʩʴ ʙʳ ʨʘʟʤʝʩʪʠʪʴ ʚʩʝʛʦ ʣʠʰʴ ʦʜʠʥ 

ʨʘʜʠʦʢʘʥʘʣ, ʘ ʚ ʜʠʘʧʘʟʦʥʝ ʉɺ - ʥʝ ʙʦʣʝʝ ʩʝʤʠ. 
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 ʋʂɺ-ʏʄ (FM) ʚʝʱʘʥʠʝ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ ʧʦʤʝʭʦʟʘʱʠʱʝʥʥʦʩʪʴʶ. 

ʏʄ-ʧʨʠʝʤʥʠʢʠ ʫʩʪʦʡʯʠʚʳ ʢ ʠʤʧʫʣʴʩʥʳʤ ʧʦʤʝʭʘʤ ʠ ʢ ʧʝʨʝʢʨʝʩʪʥʦʡ ʤʦʜʫʣʷʮʠʠ, 

ʧʦʩʢʦʣʴʢʫ ʚ ʩʦʩʪʘʚʝ ʋʇʏ ʧʨʠʝʤʥʠʢʘ ʚʩʝʛʜʘ ʠʤʝʝʪʩʷ ʜʚʫʩʪʦʨʦʥʥʠʡ 

ʦʛʨʘʥʠʯʠʪʝʣʴ ʘʤʧʣʠʪʫʜʳ ʨʘʜʠʦʩʠʛʥʘʣʘ. 

 ʇʨʠʝʤʥʠʢʠ ʏʄ-ʩʠʛʥʘʣʘ ʫʩʪʦʡʯʠʚʳ ʠ ʢ ʚʟʘʠʤʥʦʡ ʤʦʜʫʣʷʮʠʠ 

(ʠʥʪʝʨʤʦʜʫʣʷʮʠʠ) ʟʘ ʩʯʝʪ ʩʣʘʙʦʡ ʨʝʘʢʮʠʠ ʯʘʩʪʦʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ (ʏɼ) ʥʘ 

ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʧʦʤʝʭʫ. ʆʪʥʦʰʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ / ʩʠʛʥʘʣ ʥʘ ʚʳʭʦʜʝ 

ʏɼ (ʨʠʩ.10.1,ʘ) [12,21]: 
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c ʚʳʭʜʝʪ
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n c ʚʭʜʝʪ

n c ʚʭʜʝʪ

å

ç
æ
õ

÷
ö = Ö

-max

( / )

[ ( / ) ]1
2

,  (10.2) 

ʛʜʝ F f fʙ n c= - -( ) ʯʘʩʪʦʪʘ ʙʠʝʥʠʡ ʥʘ ʚʳʭʦʜʝ ʏɼ ʧʨʠ ʥʘʣʠʯʠʠ ʥʘ ʚʭʦʜʝ ʏɼ 

ʧʦʤʝʭʠ ʩ ʯʘʩʪʦʪʦʡ fn  ʠ ʩʠʛʥʘʣʘ ʩ ʯʘʩʪʦʪʦʡ fc . 

 
ʈʠʩ. 10.1. ɿʘʚʠʩʠʤʦʩʪʴ ʦʪʥʦʰʝʥʠʷ ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ / ʩʠʛʥʘʣ  

ʥʘ ʚʳʭʦʜʝ ʏɼ ʦʪ ʯʘʩʪʦʪʳ ʙʠʝʥʠʡ (ʘ); ʟʘʚʠʩʠʤʦʩʪʠ ʚʳʠʛʨʳʰʘ ʩʠʛʥʘʣ / ʛʘʨʤʦʥʠʯʝʩʢʘʷ 
ʧʦʤʝʭʘ ʥʘ ʚʳʭʦʜʝ ʏɼ ʦʪ ʦʪʥʦʰʝʥʠʷ ʩʠʛʥʘʣ / ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ 

ʧʨʠ ʨʘʟʥʳʭ ʚʝʣʠʯʠʥʘʭ ʯʘʩʪʦʪʳ ʙʠʝʥʠʡ (ʙ)  

 ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʏɼ ʙʠʝʥʠʷ ʧʨʦʩʣʫʰʠʚʘʶʪʩʷ ʧʨʠ ʨʘʜʠʦʧʨʠʝʤʝ ʚ ʚʠʜʝ 

ʩʚʠʩʪʦʚ. ʇʨʠ ʥʠʟʢʦʡ ʯʘʩʪʦʪʝ Fʙ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʠʩʪʦʚ ʤʘʣʘ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

Fʙ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɽʩʣʠ F Fʙ ʚ> , ʛʜʝ Fʚ-ʚʝʨʭʥʷʷ ʛʨʘʥʠʯʥʘʷ 

ʯʘʩʪʦʪʘ ʟʚʫʢʦʚʦʛʦ ʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ, ʪʦ ʩʚʠʩʪʳ ʩʪʘʥʦʚʷʪʩʷ ʥʝʩʣʳʰʠʤʳʤʠ.  

 ʀʟ (10.2) ʩʣʝʜʫʝʪ, ʯʪʦ ʚʳʠʛʨʳʰ ʚ ʦʪʥʦʰʝʥʠʠ ʩʠʛʥʘʣ / ʛʘʨʤʦʥʠʯʝʩʢʘʷ 

ʧʦʤʝʭʘ ʥʘ ʚʳʭʦʜʝ ʏɼ ʢ ʦʪʥʦʰʝʥʠʶ ʩʠʛʥʘʣ / ʛʘʨʤʦʥʠʯʝʩʢʘʷ ʧʦʤʝʭʘ ʥʘ ʝʛʦ 

ʚʭʦʜʝ (ʨʠʩ.10.1,ʙ): 

G
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ʩ ʧʚʳʭʜʝʪ

ʩ ʧʚʭʜʝʪ

ʜ

ʙ
n c ʚʭʜʝʪ n n= = - =

( / )

( / )
[ ( / ) ], [ ] lg

max
1 20

2
. (10.3) 

 ʀʟ ʟʘʚʠʩʠʤʦʩʪʝʡ, ʠʟʦʙʨʘʞʝʥʥʳʭ ʥʘ ʨʠʩ.10.1,ʙ, ʩʣʝʜʫʝʪ, ʯʪʦ ʏɼ 
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ʦʙʣʘʜʘʝʪ ʧʦʨʦʛʦʚʳʤ ʩʚʦʡʩʪʚʦʤ, ʪ.ʝ. ʩʪʘʙʠʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʚʳʠʛʨʳʰʘ Gn  

ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ( / )U Uʩ ʧʚʭʜʝʪ²3. ɽʩʣʠ ( / )U Uʩ ʧʚʭʜʝʪ<3, ʪʦ Gn  ʨʝʟʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ. ɽʩʣʠ ʞʝ ʧʦʤʝʭʘ ʙʦʣʴʰʝ ʩʠʛʥʘʣʘ, ʪʦ ʏɼ çʨʘʙʦʪʘʝʪè ʧʦ ʧʦʤʝʭʝ, 

ʧʦʜʘʚʣʷʷ ʩʠʛʥʘʣ. 

 ʏɼ ʫʣʫʯʰʘʝʪ ʦʪʥʦʰʝʥʠʝ ʉ/ʐ, ʥʘʯʠʥʘʷ ʩ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ 

gʚʭʜʝʪ (ʩʤ. ʨʠʩ. 9.2). ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʫʣʫʯʰʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ ʠʥʜʝʢʩʘ ʯʘʩʪʦʪʥʦʡ 

(ʫʛʣʦʚʦʡ) ʤʦʜʫʣʷʮʠʠ M f Fʜ ʚ= max /  (ʩʤ ʬʦʨʤʫʣʫ (5.4)): 

Gʰ ʚʳʭʜʝʪ=g ʏʄ/gʚʭʜʝʪʏʄº =3 20 33 3M G ʜɹ Mʰ, [ ] lg[ ] .    (10.4) 

 ɽʩʣʠ, ʥʘʧʨʠʤʝʨ, M =3 33, ,  ʪʦ G ʜɹʰº º10 53 20 45, , .  

 ʇʦʯʝʤʫ ʏɼ ʫʣʫʯʰʘʝʪ ʦʪʥʦʰʝʥʠʝ ʉ/ʐ, ʣʝʛʢʦ ʧʦʥʷʪʴ, ʝʩʣʠ ʧʨʝʜʩʪʘʚʠʪʴ 

ʙʝʣʳʡ ʰʫʤ ʥʘ ʚʭʦʜʝ ʜʝʪʝʢʪʦʨʘ (ʚ ʧʨʝʜʝʣʘʭ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʨʠʝʤʥʠʢʘ 

ʇʇʈ) ʩʫʤʤʦʡ ʤʥʦʛʠʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʰʫʤʘ (f ih
i=

¤

ä
1

) ʩ 

ʧʦʩʪʦʷʥʥʳʤʠ ʘʤʧʣʠʪʫʜʘʤʠ ʠ ʩʣʫʯʘʡʥʳʤʠ ʬʘʟʘʤʠ, ʨʘʟʥʝʩʝʥʥʳʭ ʧʦ ʯʘʩʪʦʪʝ ʥʘ 

ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʝ ʠʥʪʝʨʚʘʣʳ df  (ʨʠʩ. 10.2,ʘ). ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʵʣʝʤʝʥʪʘʨʥʫʶ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʧʦʤʝʭʫ. ʏɼ ʚʳʜʝʣʷʝʪ 

ʰʫʤʦʚʳʝ ʙʠʝʥʠʷ ʤʝʞʜʫ ʢʘʞʜʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʰʫʤʦʚʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠ 

ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʩʠʛʥʘʣʘ (DF f fih ih= - 0). ɺ ʨʝʟʫʣʴʪʘʪʝ ʥʘ ʚʳʭʦʜʝ ʏɼ ʩʧʝʢʪʨ 

ʰʫʤʦʚ ʤʝʥʷʝʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴʶ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ 

ʨʠʩ. 10.1,ʘ. ɽʛʦ ʚʠʜ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 10.2,ʙ. ɺʠʜʥʦ, ʯʪʦ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ 

ʰʫʤʳ ʥʘ ʚʳʭʦʜʝ ʏɼ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʶʪ, ʘ ʩ ʧʦʚʳʰʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʰʫʤʦʚ ʥʘ ʚʳʭʦʜʝ ʏɼ ʚʦʟʨʘʩʪʘʝʪ (ʨʠʩ. 10.2,ʙ).  

 
ʈʠʩ. 10.2. ʉʧʝʢʪʨ ʰʫʤʦʚ ʠ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʩʠʛʥʘʣʘ ʥʘ ʚʭʦʜʝ ʏɼ (ʘ); 

ʩʧʝʢʪʨ ʤʦʱʥʦʩʪʠ ʰʫʤʦʚ ʥʘ ʚʳʭʦʜʝ ʏɼ (ʙ)  
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ʈʠʩ. 10.3. ʉʭʝʤʳ ʎʇ ʧʝʨʝʜʘʪʯʠʢʘ (ʘ) ʠ ʎʂʇ ʧʨʠʝʤʥʠʢʘ (ʙ) 

 ɺʝʣʠʯʠʥʫ Gʰ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʤʦʞʥʦ ʫʚʝʣʠʯʠʪʴ, ʧʨʠʤʝʥʷʷ ʯʘʩʪʦʪʥʳʝ 

ʧʨʝʜʳʩʢʘʞʝʥʠʷ ʟʚʫʢʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʠ ʢʦʤʧʝʥʩʘʮʠʶ ʵʪʠʭ 

ʧʨʝʜʳʩʢʘʞʝʥʠʡ ʚ ʧʨʠʝʤʥʠʢʝ. ɽʩʣʠ ʚ ʏʄ-ʧʝʨʝʜʘʪʯʠʢʝ ʋʂɺ ʜʠʘʧʘʟʦʥʘ 

ʦʙʝʩʧʝʯʠʪʴ ʧʦʜʲʝʤ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʥʘʣʘ ʟʚʫʢʘ ʮʝʧʴʶ ʯʘʩʪʦʪʥʳʭ 

ʧʨʝʜʳʩʢʘʞʝʥʠʡ (ʎʇ, ʨʠʩ.10.3,ʘ) ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ tn ʤʢʩ=50  (ʚ ʜʠʘʧʘʟʦʥʝ 

FM tn ʤʢʩ=75 ), ʘ ʚ ʧʨʠʝʤʥʠʢʝ ʧʦʩʣʝ ʜʝʪʝʢʪʦʨʘ, ʥʘʦʙʦʨʦʪ, ʦʩʣʘʙʠʪʴ ʚʳʩʦʢʠʝ 

ʯʘʩʪʦʪʳ ʟʚʫʢʘ ʮʝʧʴʶ ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ (ʎʂʇ, 

ʨʠʩ.10.3,ʙ) ʩ ʪʦʡ ʞʝ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ, ʪʦ ʚʳʠʛʨʳʰ ʚ ʦʪʥʦʰʝʥʠʠ ʉ/ʐ ʥʘ 

ʚʳʭʦʜʝ ʏɼ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 7 9... ʜɹ ʧʨʠ tn ʤʢʩ=50  ʠ ʥʘ 9 11... ʜɹ ʧʨʠ tn ʤʢʩ=75  

[15]. 

 ʄʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʎʇ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.10.3,ʘ: 

k
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+
+

>>

=
1 1

1
2

2 2
2

2 2
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W
W

W
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t
t

t

,  (10.5) 

ʛʜʝ t=R C1 1 ;  a R R= +1 1 2/ . 

 ʄʦʜʫʣʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʝʨʝʜʘʯʠ ʎʂʇ, ʠʟʦʙʨʘʞʝʥʥʦʡ ʥʘ ʨʠʩ.10.3,ʙ: 

kʮʢʧ=

+

1

1 2( )Wt
.    (10.6) 

 ʀʟ (10.5) ʠ (10.6) ʩʣʝʜʫʝʪ, ʯʪʦ k k aʮʧ ʮʢʧÖ =1 / , ʪ.ʝ. ʩʢʚʦʟʥʦʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʝʨʝʜʘʯʠ ʪʨʘʢʪʦʚ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ ʠ ʧʨʠʝʤʥʠʢʘ ʦʪ 

ʯʘʩʪʦʪʳ W  ʥʝ ʟʘʚʠʩʠʪ. 

 ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʎʇ ʦʙʝʩʧʝʯʠʚʘʝʪ ʧʦʜʲʝʤ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʢʘʥʘʣʘ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ ʧʝʨʝʜʘʪʯʠʢʘ ʧʨʠʤʝʨʥʦ 6ʜɹ ʥʘ ʦʢʪʘʚʫ (ʦʢʪʘʚʘ - 

ʜʚʦʡʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʯʘʩʪʦʪʳ) ʧʨʠ F ʢɻʮ>6  (ʩʤ. ʜʘʥʥʳʝ ʪʘʙʣ. 10.1). ʏʘʩʪʦʪʥʘʷ 

ʤʦʜʫʣʷʮʠʷ ʧʨʠ ʵʪʦʤ ʩʪʘʥʦʚʠʪʩʷ ʤʦʜʫʣʷʮʠʝʡ ʚʠʜʘ ʏʄ-ʌʄ (ʩʤ. ʨʠʩ.8.10). 

 



89 
 

ʊʘʙʣʠʮʘ 10.1 
ʅʦʨʤʠʨʦʚʘʥʥʳʝ ʯʘʩʪʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʎʇ ʏʄ-ʧʝʨʝʜʘʪʯʠʢʦʚ 

ʧʨʠ t=50ʤʢʩ (ʩʪʘʥʜʘʨʪ ʙʳʚʰʝʛʦ ʉʉʉʈ) ʠ t=75ʤʢʩ (ʩʪʘʥʜʘʨʪ ʉʐɸ) 

F ʢɻʮ,  

0,3 1,5 3,0 6,0 12,0 15,0 

t=50ʤʢʩ 0,05 ʜɹ 0,87 ʜɹ 2,76 ʜɹ 6,58 ʜɹ 11,81 ʜɹ 13,63 ʜɹ 

t=75ʤʢʩ 0,075 ʜɹ 1,8 ʜɹ 4,77 ʜɹ 9,54 ʜɹ 14,68 ʜɹ 16,68 ʜɹ 

 ʅʘ ʨʠʩ.10.4 ʧʨʠʚʝʜʝʥʳ ʫʧʨʦʱʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ 

ʏʄ-ʧʝʨʝʜʘʪʯʠʢʘ ʩ ʎʇ ʚ ʢʘʥʘʣʝ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ (ʘ) ʠ ʧʨʠʝʤʥʠʢʘ ʩ ʎʂʇ ʧʦʩʣʝ 

ʜʝʪʝʢʪʦʨʘ (ʙ). 

 ɸʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʠʦʪʨʘʢʪʘ ʏʄ-ʧʨʠʝʤʥʠʢʘ ʟʘ ʩʯʝʪ 

ʛʣʫʙʦʢʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʣʠʥʝʡʥʘʷ. ʇʦʢʘʞʝʤ, ʯʪʦ ʥʝʣʠʥʝʡʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ ʥʝ ʚʳʟʳʚʘʝʪ ʥʝʣʠʥʝʡʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʏʄ-ʩʠʛʥʘʣʘ. 

 
ʈʠʩ. 10.4. ʋʧʨʦʱʝʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʩʭʝʤʳ ʤʦʥʦʬʦʥʠʯʝʩʢʠʭ  

ʏʄ-ʧʝʨʝʜʘʪʯʠʢʘ (ʘ) ʠ ʏʄ-ʧʨʠʝʤʥʠʢʘ (ʙ): 
ʋɿʏ ð ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʫʩʠʣʠʪʝʣʴ ʟʚʫʢʦʚʦʡ ʯʘʩʪʦʪʳ; ʎʇ ð ʮʝʧʴ ʯʘʩʪʦʪʥʳʭ 

ʧʨʝʜʳʩʢʘʞʝʥʠʡ; ʏʄɺ ð ʏʄ ʚʦʟʙʫʜʠʪʝʣʴ; ʋʄ ð ʫʩʠʣʠʪʝʣʴ ʤʦʱʥʦʩʪʠ; ʇʌ ð ʧʦʣʦʩʦʚʦʡ 
ʬʠʣʴʪʨ; ʈʊʇʈ ð ʨʘʜʠʦʪʨʘʢʪ ʧʨʠʝʤʥʠʢʘ; ʏɼ ð ʯʘʩʪʦʪʥʳʡ ʜʝʪʝʢʪʦʨ; ʎʂʇ ð ʮʝʧʴ 

ʢʦʤʧʝʥʩʘʮʠʠ ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ 

 ʇʫʩʪʴ ʥʝʣʠʥʝʡʥʘʷ ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʠʦʪʨʘʢʪʘ 

ʏʄ-ʧʨʠʝʤʥʠʢʘ ʚʳʨʘʞʘʝʪʩʷ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ ʧʦʣʠʥʦʤʦʤ ʡ ʩʪʝʧʝʥʠ: 

   (10.7) 

ʇʦʩʢʦʣʴʢʫ ʤʛʥʦʚʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʭʦʜʥʦʛʦ ʏʄ-ʩʠʛʥʘʣʘ ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ 

ʚʠʜʝ (ʩʤ. ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʣʥʦʡ ʬʘʟʳ ʏʄ-ʩʠʛʥʘʣʘ ʚ ʪʘʙʣ. 8.3) 

u U t S t d tʚʭ ʚʭ ʜ= + ñ0 0cos[ ( ) ]maxw w ,   (10.8) 

ʛʜʝ S t( )-ʣʶʙʘʷ ʤʦʜʫʣʠʨʫʶʱʘʷ ʬʫʥʢʮʠʷ, ʪʦ, ʧʦʜʩʪʘʚʠʚ (10.8) ʚ (10.7), 

ʧʦʣʫʯʠʤ 

u a U t S t d tʚʳʭ ʚʭ ʜ= + +ñ1 0 0cos[ ( ) ]maxw w  

+ + +ña U t S t d tʚʭ ʜ2 0
2 2

0cos [ ( ) ]maxw w    

n-

u a u a u a uʚʳʭ ʚʭ ʚʭ ʚʭ= + + +1 2
2

3
3 ...
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+ + +ña U t S t d tʚʭ ʜ3 0
3 3

0cos [ ( ) ] ...maxw w   (10.9) 

 ʈʘʩʢʨʳʚ ʚ (10.9) ʚʪʦʨʦʝ ʠ ʪʨʝʪʴʝ ʩʣʘʛʘʝʤʳʝ ʠ ʩʛʨʫʧʧʠʨʦʚʘʚ ʯʣʝʥʳ ʩ 

ʫʜʚʦʝʥʥʳʤʠ, ʫʪʨʦʝʥʥʳʤʠ ʠ ʪ.ʜ. ʘʨʛʫʤʝʥʪʘʤʠ, ʠʤʝʝʤ 

u U t S t d tʚʳʭ ʜ= + +ñ0 0
'

maxcos[ ( ) ]w w  

+ + +ñU t S t d tʜ0 02
' '

maxcos [ ( ) ]w w    

+ + +ñU t S t d tʜ0 03
' ' '

maxcos [ ( ) ] ...w w    (10.10) 

 ʀʟ (10.10) ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʦʩʪʘʚʝ ʚʳʭʦʜʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʨʘʜʠʦʪʨʘʢʪʘ 

ʧʨʠʝʤʥʠʢʘ ʥʘʨʷʜʫ ʩ ʧʦʣʝʟʥʳʤ ʢʦʣʝʙʘʥʠʝʤ ʩ ʯʘʩʪʦʪʦʡ wʜ ʧʦʷʚʣʷʶʪʩʷ 

ʛʘʨʤʦʥʠʢʠ ʩ ʫʚʝʣʠʯʝʥʥʦʡ ʜʝʚʠʘʮʠʝʡ ʯʘʩʪʦʪʳ (2 3w wʜ ʜ, , ...), ʢʦʪʦʨʳʝ ʤʦʛʣʠ ʙʳ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ. ʆʜʥʘʢʦ ʛʘʨʤʦʥʠʢʠ ʜʝʚʠʘʮʠʠ ʯʘʩʪʦʪʳ 

ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʩʪʘʚʝ ʛʘʨʤʦʥʠʢ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ (2 30 0w w, , ...), ʢʦʪʦʨʳʝ ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ w0  ʠ ʦʪʬʠʣʴʪʨʦʚʳʚʘʶʪʩʷ ʨʝʟʦʥʘʥʩʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʧʨʠʝʤʥʠʢʘ. ʇʦʵʪʦʤʫ ʥʝʣʠʥʝʡʥʦʩʪʴ ʘʤʧʣʠʪʫʜʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʏʄ-ʩʠʛʥʘʣʘ ʥʝ ʚʳʟʳʚʘʝʪ. 

 ʅʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʏʄ-ʚʝʱʘʥʠʠ ʤʦʛʫʪ ʙʳʪʴ ʚʳʟʚʘʥʳ: 

ʘ) ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴʶ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʨʘʢʪʘ 

ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʝʤʥʠʢ; ʙ) ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʨʘʜʠʦʪʨʘʢʪʘ ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʝʤʥʠʢ; ʚ) ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʜʝʪʝʢʪʦʨʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏɼ ʧʨʠʝʤʥʠʢʘ; ʛ) ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʮʝʧʠ ʧʨʝʜʳʩʢʘʞʝʥʠʡ 

ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ ʚ ʧʝʨʝʜʘʪʯʠʢʝ. 

 1. ʅʝʨʘʚʥʦʤʝʨʥʦʩʪʴ ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʨʘʢʪʘ 

ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʝʤʥʠʢ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʘʨʘʟʠʪʥʦʡ ɸʄ, ʝʩʣʠ 

ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʠ (ʦʪʢʣʦʥʝʥʠʷ ʯʘʩʪʦʪʳ ʧʨʠ ʏʄ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳ ʛʨʦʤʢʦʩʪʠ ʧʝʨʝʜʘʚʘʝʤʦʛʦ ʩʦʦʙʱʝʥʠʷ). ʋʩʠʣʝʥʠʝ 

ʨʘʜʠʦʪʨʘʢʪʘ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʦʜʠʥʘʢʦʚʳʤ ʜʣʷ ʨʘʟʥʳʭ ʯʘʩʪʦʪ (ʨʠʩ.10.5,ʘ). ɽʩʣʠ, 

ʢʨʦʤʝ ʪʦʛʦ, ʪʨʘʢʪ ʧʨʠʝʤʥʠʢʘ ʙʫʜʝʪ ʨʘʩʩʪʨʦʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ, 

ʪʦ ʧʦʷʚʠʪʩʷ ʨʘʟʣʠʯʠʝ ʚ ʘʤʧʣʠʪʫʜʘʭ ʜʣʷ +fʜ ʠ -fʜ (ʨʠʩ.10.5,ʙ). ʕʪʦ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʩʠʛʥʘʣʘ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ (ʭʨʠʧʳ ʥʘ 

ʧʠʢʘʭ ʛʨʦʤʢʦʩʪʠ). ʆʜʥʘʢʦ ʧʘʨʘʟʠʪʥʘʷ ɸʄ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʘ ʧʫʪʝʤ 

ʧʨʘʚʠʣʴʥʦʛʦ ʚʳʙʦʨʘ ʧʦʨʦʛʘ ʦʛʨʘʥʠʯʝʥʠʷ ʜʚʫʩʪʦʨʦʥʥʝʛʦ ʦʛʨʘʥʠʯʠʪʝʣʷ, 

ʦʙʷʟʘʪʝʣʴʥʦ ʧʨʠʤʝʥʷʝʤʦʛʦ ʧʨʠ ʧʨʠʝʤʝ ʏʄ-ʩʠʛʥʘʣʘ. ʇʦʵʪʦʤʫ ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʴ 

ʯʘʩʪʦʪʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʨʘʢʪʘ ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʝʤʥʠʢ ʥʝ ʧʨʠʚʦʜʠʪ ʢ 

ʟʘʤʝʪʥʳʤ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ ʏʄ-ʩʠʛʥʘʣʘ. 
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ʈʠʩ. 10.5. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʧʘʨʘʟʠʪʥʦʡ ɸʄ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʥʝʣʠʥʝʡʥʳʤ ʠʩʢʘʞʝʥʠʷʤ 

ʏʄ-ʩʠʛʥʘʣʘ ʧʨʠ ʙʦʣʴʰʠʭ fʜ (ʘ) ʠ ʧʨʠ ʨʘʩʩʪʨʦʡʢʝ ʧʨʠʝʤʥʠʢʘ (ʙ) 

 2. ʅʝʣʠʥʝʡʥʦʩʪʴ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʨʘʢʪʘ 

ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʝʤʥʠʢ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ 

ʚʩʣʝʜʩʪʚʠʝ ʠʟʤʝʥʝʥʠʷ ʟʘʢʦʥʘ ʤʦʜʫʣʷʮʠʠ ʯʘʩʪʦʪʳ ʩʠʛʥʘʣʘ. ɼʣʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʘ ʚʭʦʜ ʨʝʟʦʥʘʥʩʥʦʛʦ ʫʩʠʣʠʪʝʣʷ ʩ 

ʯʘʩʪʦʪʥʦʡ ʠ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʠʟʦʙʨʘʞʝʥʥʳʤʠ ʥʘ ʨʠʩ.10.6, ʧʦʜʘʝʪʩʷ 

ʯʘʩʪʦʪʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʥʘʧʨʷʞʝʥʠʝ 

u U ʌ t U t tʚʭ ʚʭ ʚʭ ʚʭ ʚʭ= = +0 0 0cos[ ( )] cos[ ( )]w j . (10.11) 

 ʇʨʠ ʵʪʦʤ ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʥʘ ʚʭʦʜʝ ʫʩʠʣʠʪʝʣʷ 

w w
j

w wʚʭ
ʚʭ ʚʭ

ʚʭt
dʌ t

d t

d t

d t
t( )

( ) ( )
( )= = + = +0 0 D  (10.12) 

 
ʈʠʩ. 10.6. ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʠʩʢʘʞʝʥʠʡ ʏʄ-ʩʠʛʥʘʣʦʚ ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʬʘʟʦʯʘʩʪʦʪʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʘʜʠʦʪʨʘʢʪʘ ʧʝʨʝʜʘʪʯʠʢ-ʧʨʠʝʤʥʠʢ 
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 ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ 

u U t ʌ t U t t t tʚʳʭ ʚʳʭ ʚʳʭ ʚʳʭ ʚʭ= = + +( )cos[ ( )] ( )cos[ ( ) ( )]w j j0 , (10.13) 

ʛʜʝ j( )t -ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʚ ʫʩʠʣʠʪʝʣʝ. 

 ɸʤʧʣʠʪʫʜʘ ʥʘʧʨʷʞʝʥʠʷ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ U tʚʳʭ( )  ʙʫʜʝʪ ʠʤʝʪʴ 

ʧʘʨʘʟʠʪʥʫʶ ɸʄ, ʪ.ʢ. ʘʤʧʣʠʪʫʜʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫʩʠʣʠʪʝʣʷ ʥʝʨʘʚʥʦʤʝʨʥʘ. 

ʅʝʥʫʞʥʘʷ ɸʄ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʘ ʜʚʫʩʪʦʨʦʥʥʠʤ ʦʛʨʘʥʠʯʠʪʝʣʝʤ. 

 ʅʘʧʨʷʞʝʥʠʝ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʙʫʜʝʪ ʠʤʝʪʴ ʠ ʠʟʤʝʥʝʥʠʷ ʯʘʩʪʦʪʳ. ʀʟ 

(10.13) ʩʣʝʜʫʝʪ, ʯʪʦ ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ 

w w
j j

ʚʳʭ
ʚʳʭ ʚʭt

dʌ t

d t

d t

d t

d t

d t
( )

( ) ( ) ( )
= = + + =0  

= + +w
j

0 Dwʚʭt
d t

d t
( )

( )
    (10.14) 

 ʉʨʘʚʥʠʚʘʷ (10.12) ʠ (10.14), ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʟʘʢʦʥ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʥʘ ʚʳʭʦʜʝ ʫʩʠʣʠʪʝʣʷ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʟʘʢʦʥʫ ʠʟʤʝʥʝʥʠʷ 

ʯʘʩʪʦʪʳ ʥʘ ʝʛʦ ʚʭʦʜʝ, ʝʩʣʠ ʬʘʟʦʚʳʡ ʩʜʚʠʛ ʩʠʛʥʘʣʘ ʚ ʫʩʠʣʠʪʝʣʝ ʧʦʩʪʦʷʥʝʥ. 

ʕʪʦ ʚʦʟʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʣʠʥʝʡʥʦʡ ʬʘʟʦʚʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʫʩʠʣʠʪʝʣʷ, ʪ.ʢ. ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ 

d t

d t
const

j( )
= .    (10.15) 

 ʈʝʟʦʥʘʥʩʥʳʝ ʩʠʩʪʝʤʳ (ʦʜʠʥʦʯʥʳʝ ʢʦʥʪʫʨʳ, ʜʚʫʭʢʦʥʪʫʨʥʳʝ ʬʠʣʴʪʨʳ, 

ʌʉʉ), ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʜʠʦʧʨʠʝʤʥʠʢʘʭ, ʷʚʣʷʶʪʩʷ ʤʠʥʠʤʘʣʴʥʦ-

ʬʘʟʦʚʳʤʠ ʮʝʧʷʤʠ. ɺ ʤʠʥʠʤʘʣʴʥʦ-ʬʘʟʦʚʳʭ ʮʝʧʷʭ ʯʘʩʪʦʪʥʘʷ ʠ ʬʘʟʦʚʘʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʜʥʦʟʥʘʯʥʦ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʠʪʴ 

ʥʝʦʙʭʦʜʠʤʫʶ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʨʘʜʠʦʪʨʘʢʪʘ ʧʨʠʝʤʥʠʢʘ (ʚ ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ 

ʬʘʟʦʚʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʜʠʦʪʨʘʢʪʘ ʢʚʘʟʠʣʠʥʝʡʥʘ) ʠʩʭʦʜʷ ʠʟ ʟʘʜʘʥʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʏʄ-ʩʠʛʥʘʣʘ. 

 ɼʣʷ ʋʇʏ, ʠʤʝʶʱʝʛʦ n  ʦʜʥʦʢʦʥʪʫʨʥʳʭ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʩʪʝʤ: 

ʇ f n M kʜ
n

ʛ0 7
2 32 1 2, max

( / )( )( / )= - .  (10.16) 

 ɼʣʷ ʋʇʏ ʩ n  ʜʚʫʭʢʦʥʪʫʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ: 

ʇ f n M kʜ
n n

ʛ0 7
2 14 32 4, max

[ ( )/ ]( )( / )= -+ .  (10.17) 

 ɼʣʷ ʨʘʜʠʦʪʨʘʢʪʘ ʩ ʌʉʉ ʢʦʵʬʬʠʮʠʝʥʪ ʛʘʨʤʦʥʠʢ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʣʝʜʫʶʱʠʭ ʬʦʨʤʫʣ: 
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;    q
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2

0 5

d
n

,

,      (10.18) 

ʛʜʝ n-ʯʠʩʣʦ ʩʚʷʟʘʥʥʳʭ ʦʜʠʥʦʯʥʳʭ ʢʦʥʪʫʨʦʚ ʚ ʌʉʉ; 

 d-ʫʨʦʚʝʥʴ, ʥʘ ʢʦʪʦʨʦʤ ʦʪʩʯʠʪʳʚʘʝʪʩʷ ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʌʉʉ ʇd ; 

 x-ʦʙʦʙʱʝʥʥʘʷ ʨʘʩʩʪʨʦʡʢʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʛʨʘʥʠʮʝ ʧʦʣʦʩʳ 

ʧʨʦʧʫʩʢʘʥʠʷ ʌʉʉ. ɽʩʣʠ d=0 5, , ʪʦ x= -å
ç
æ õ

÷
ö4 1

0 5
n

,

. 

 ʈʘʩʯʝʪ, ʥʘʧʨʠʤʝʨ, ʧʦ (10.17) ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ kʛ¢2%  

ʧʨʠ f ʢɻʮʜmax=50  ʠ M º3 33,  ʋʇʏ ʩ ʪʨʝʤʷ ʜʚʫʭʢʦʥʪʫʨʥʳʤʠ ʩʠʩʪʝʤʘʤʠ (n=3 ) 

ʜʦʣʞʝʥ ʠʤʝʪʴ ʧʦʣʦʩʫ ʧʨʦʧʫʩʢʘʥʠʷ ʇ ʢɻʮ0 7 220, ² . 

 3. ʅʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ ʏʄ-ʩʠʛʥʘʣʘ ʚʦʟʥʠʢʘʶʪ 

ʠʟ-ʟʘ ʥʝʣʠʥʝʡʥʦʩʪʠ ʜʝʪʝʢʪʦʨʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʏɼ. ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚ 

ʧʨʠʝʤʥʠʢʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʠʣʠ ʜʠʦʜʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʏɼ, ʠʣʠ ʜʠʦʜʥʳʡ 

ʜʨʦʙʥʳʡ ʏɼ, ʩ ʜʚʫʭʢʦʥʪʫʨʥʳʤ ʧʦʣʦʩʦʚʳʤ ʬʠʣʴʪʨʦʤ [21,31]. ʂʦʵʬʬʠʮʠʝʥʪ 

ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʪʘʢʠʭ ʏɼ ʟʘʚʠʩʠʪ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ ʜʝʚʠʘʮʠʠ ʯʘʩʪʦʪʳ 

ʏʄ-ʩʠʛʥʘʣʘ ʠ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦʣʦʩʦʚʦʛʦ ʬʠʣʴʪʨʘ (ʇ ʇʌ0 7, ). ʇʨʠ ʬʘʢʪʦʨʝ 

ʩʚʷʟʠ ʢʦʥʪʫʨʦʚ b=1  [6,21.]: 

k
f

ʇ
ʛ

ʜ

ʇʌ

=
å

ç

æ
æ

õ

÷

ö
ö

2

3 0 7

2

max

,

.    (10.19) 

 ʀʟ (10.19) ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ kʛ 

ʇ f kʇʌ ʜ ʛ0 7 2 3, max /² .   (10.20) 

 ʅʘʧʨʠʤʝʨ, ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʠ kʛ¢2%  ʥʝʦʙʭʦʜʠʤʘʷ 

ʧʦʣʦʩʘ ʧʨʦʧʫʩʢʘʥʠʷ ʜʚʫʭʢʦʥʪʫʨʥʦʡ ʩʠʩʪʝʤʳ ʏɼ ʇ ʢɻʮ0 7 290, ² . 

 4. ʇʨʠʯʠʥʦʡ ʧʦʷʚʣʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʠʩʢʘʞʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʮʝʧʴ 

ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ ʚ ʢʘʥʘʣʝ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ ʧʝʨʝʜʘʪʯʠʢʘ. ʇʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ ʵʪʦʡ ʮʝʧʠ t=50ʤʢʩ ʫʨʦʚʝʥʴ ʤʦʜʫʣʠʨʫʶʱʝʛʦ ʩʠʛʥʘʣʘ ʥʘ 

ʯʘʩʪʦʪʝ 6ʢɻʮ ʚʦʟʨʘʩʪʘʝʪ ʥʘ 6 6, ʜɹ, ʘ ʥʘ ʯʘʩʪʦʪʝ 15ʢɻʮ ð ʥʘ 13 6, ʜɹ (ʩʤ. 

ʜʘʥʥʳʝ ʪʘʙʣ.10.1). ʆʙʳʯʥʦ ʵʪʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʝʧʨʠʷʪʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʪ.ʢ. 

ʤʘʢʩʠʤʘʣʴʥʳʝ ʫʨʦʚʥʠ ʟʚʫʢʦʚʳʭ ʩʠʛʥʘʣʦʚ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 5 7... ʢɻʮ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʨʝʜʥʠʭ, ʠ ʧʦʥʠʞʘʶʪʩʷ ʪʝʤ ʟʥʘʯʠʪʝʣʴʥʝʝ, ʯʝʤ 

ʚʳʰʝ ʯʘʩʪʦʪʘ (ʨʠʩ.10.7). ʆʜʥʘʢʦ ʚ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʥʘ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪʘʭ ʤʦʛʫʪ 
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ʧʦʷʚʣʷʪʴʩʷ ʫʨʦʚʥʠ, ʤʘʣʦ ʦʪʣʠʯʘʶʱʠʝʩʷ ʦʪ ʠʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ. ʀʟ-ʟʘ 

ʯʘʩʪʦʪʥʳʭ ʧʨʝʜʳʩʢʘʞʝʥʠʡ ʚ ʪʘʢʠʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ 

ʜʝʚʠʘʮʠʷ ʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ, ʚʳʟʳʚʘʶʱʘʷ ʧʨʠ ʧʨʠʝʤʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʝʣʠʥʝʡʥʳʝ ʠʩʢʘʞʝʥʠʷ. ʕʪʠ ʠʩʢʘʞʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʥʘ ʩʣʫʭ ʢʘʢ 

ʭʨʠʧʳ. 

 
ʈʠʩ. 10.7. ɿʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʦʪ ʯʘʩʪʦʪʳ 

ʜʣʷ ʨʝʯʝʚʳʭ ʠ ʤʫʟʳʢʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʟʚʫʢʦʚʦʛʦ ʚʝʱʘʥʠʷ 

 10.2. ʉʪʝʨʝʦʬʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʉʣʫʭʦʚʦʡ ʘʧʧʘʨʘʪ ʯʝʣʦʚʝʢʘ 

ʩʧʦʩʦʙʝʥ ʦʧʨʝʜʝʣʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ, ʠʟ ʢʦʪʦʨʦʛʦ ʧʨʠʭʦʜʠʪ ʟʚʫʢʦʚʦʡ ʩʠʛʥʘʣ, ʪ.ʝ. 

ʣʦʢʘʣʠʟʦʚʘʪʴ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ. ʅʘʠʙʦʣʝʝ ʩʦʚʝʨʰʝʥʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʩʣʫʭʦʚʦʛʦ 

ʘʧʧʘʨʘʪʘ ʢ ʣʦʢʘʣʠʟʘʮʠʠ ʟʚʫʢʘ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʤʝʥʝʝ ʩʦʚʝʨʰʝʥʥʘ - 

ʚ ʚʝʨʪʠʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʠ. ʀʥʬʦʨʤʘʮʠʷ ʦ ʣʦʢʘʣʠʟʘʮʠʠ ʟʚʫʢʘ ʩʦʜʝʨʞʠʪʩʷ ʚ 

ʨʘʟʥʦʩʪʠ ʬʘʟ (ʨʘʟʥʦʩʪʠ ʚʨʝʤʝʥʠ ʧʨʠʭʦʜʘ) ʠ ʨʘʟʥʦʩʪʠ ʘʤʧʣʠʪʫʜ ʟʚʫʢʦʚʳʭ 

ʢʦʣʝʙʘʥʠʡ, ʧʦʧʘʜʘʶʱʠʭ ʚ ʣʝʚʦʝ ʠ ʧʨʘʚʦʝ ʫʭʦ. ʉʧʦʩʦʙʥʦʩʪʴ ʩʣʫʭʘ ʫʣʘʚʣʠʚʘʪʴ 

ʵʪʠ ʨʘʟʥʦʩʪʠ ʥʘʟʳʚʘʶʪ ʙʠʥʘʫʨʘʣʴʥʳʤ ʵʬʬʝʢʪʦʤ.  

 ʅʘ ʨʠʩ. 10.8,ʘ ʧʦʢʘʟʘʥ ʧʝʨʝʤʝʱʘʶʱʠʡʩʷ ʧʦ ʦʢʨʫʞʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʛʦʣʦʚʳ ʯʝʣʦʚʝʢʘ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ, ʥʘʧʨʘʚʣʝʥʠʝ ʥʘ ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʫʛʣʦʤ 

a. ɽʩʣʠ ʨʘʩʩʪʦʷʥʠʝ ʜʦ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ~5 ʤ, ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʫʰʘʤʠ 

~18cʤ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʬʘʟ (Db) ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʯʘʩʪʦʪ 

100ɻʮ, 1ʢɻʮ ʠ 10ʢɻʮ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʨʘʬʠʢʘʤʠ ʨʠʩ. 10.8,ʙ [15]. ɺʠʜʥʦ, ʯʪʦ ʥʘ 

ʯʘʩʪʦʪʝ 100ɻʮ ʠʥʬʦʨʤʘʮʠʷ, ʟʘʣʦʞʝʥʥʘʷ ʚ ʨʘʟʥʦʩʪʴ ʬʘʟ, ʤʝʥʷʝʪʩʷ ʤʝʜʣʝʥʥʦ ʠ 

ʚ ʥʝʙʦʣʴʰʠʭ ʧʨʝʜʝʣʘʭ. ʅʘ ʯʘʩʪʦʪʝ 1ʢɻʮ ʨʘʟʥʦʩʪʴ ʬʘʟ ʜʘʝʪ ʯʝʪʢʫʶ 

ʠʥʬʦʨʤʘʮʠʶ ʦ ʥʘʧʨʘʚʣʝʥʠʠ. ʅʘ ʯʘʩʪʦʪʝ 10ʢɻʮ ʨʘʟʥʦʩʪʴ ʬʘʟ ʤʝʥʷʝʪʩʷ ʙʳʩʪʨʦ 

ʠ ʩʪʘʥʦʚʠʪʩʷ ʤʥʦʛʦʟʥʘʯʥʦʡ, ʪ.ʝ. ʦʜʥʘ ʠ ʪʘ ʞʝ ʚʝʣʠʯʠʥʘ Db ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʨʘʟʣʠʯʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʥʘ ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ. ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, 

ʯʪʦ ʩʣʫʭʦʚʦʡ ʘʧʧʘʨʘʪ ʯʝʣʦʚʝʢʘ ʭʦʨʦʰʦ ʣʦʢʘʣʠʟʫʝʪ ʠʩʪʦʯʥʠʢʠ ʟʚʫʢʦʚ, ʝʩʣʠ ʠʭ 

ʯʘʩʪʦʪʳ ʣʝʞʘʪ ʚ ʧʨʝʜʝʣʘʭ ʧʨʠʤʝʨʥʦ ʦʪ 300ɻʮ ʜʦ 5ʢɻʮ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ 

ʜʠʘʧʘʟʦʥʝ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʘʷ ʘʧʧʘʨʘʪʫʨʘ ʜʦʣʞʥʘ ʥʘʠʙʦʣʝʝ ʧʨʘʚʠʣʴʥʦ 
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ʚʦʩʧʨʦʠʟʚʦʜʠʪʴ ʘʤʧʣʠʪʫʜʳ ʠ ʬʘʟʳ ʟʚʫʢʦʚʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

 
ʈʠʩ. 10.8. ʀʟʤʝʥʝʥʠʝ ʨʘʩʩʪʦʷʥʠʡ ʜʦ ʫʰʝʡ ʯʝʣʦʚʝʢʘ (l l1 2, var- ) ʧʨʠ ʧʝʨʝʤʝʱʝʥʠʠ 

ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ (ʘ); ʠʟʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʠ ʬʘʟ ʟʚʫʢʦʚʳʭ ʢʦʣʝʙʘʥʠʡ ʨʘʟʥʳʭ ʯʘʩʪʦʪ ʧʨʠ 

ʧʝʨʝʤʝʱʝʥʠʠ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ (ʙ)  

 ʉʣʫʰʘʪʝʣʴ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʢʦʥʮʝʨʪʥʦʤ ʟʘʣʝ, ʚʦʩʧʨʠʥʠʤʘʝʪ ʦʙʲʝʤʥʦʝ 

ʟʚʫʯʘʥʠʝ, ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʪʦʨʦʛʦ ʫʯʘʩʪʚʫʶʪ ʟʚʫʢʠ, ʧʨʠʭʦʜʷʱʠʝ ʩ ʨʘʟʥʳʭ 

ʥʘʧʨʘʚʣʝʥʠʡ. ʇʨʠ ʵʪʦʤ, ʙʣʘʛʦʜʘʨʷ ʙʠʥʘʫʨʘʣʴʥʦʤʫ ʵʬʬʝʢʪʫ, ʤʦʞʥʦ ʥʘ ʩʣʫʭ 

ʦʧʨʝʜʝʣʠʪʴ ʤʝʩʪʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʠʥʩʪʨʫʤʝʥʪʦʚ ʦʨʢʝʩʪʨʘ, 

ʩʦʣʠʨʫʶʱʝʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʠ ʩʦʣʠʩʪʘ. ɺ ʦʙʨʘʟʦʚʘʥʠʠ ʦʙʲʝʤʥʦʛʦ ʟʚʫʯʘʥʠʷ ʩʚʦʡ 

ʚʢʣʘʜ ʚʥʦʩʠʪ ʟʘʣ, ʚ ʢʦʪʦʨʦʤ ʢ ʧʨʷʤʳʤ ʟʚʫʢʘʤ ʜʦʙʘʚʣʷʶʪʩʷ ʟʚʫʢʠ, ʦʪʨʘʞʝʥʥʳʝ 

ʦʪ ʩʪʝʥ, ʧʦʪʦʣʢʘ ʠ ʧʦʣʘ.  

 ɿʚʫʢʦʚʦʩʧʨʦʠʟʚʦʜʷʱʘʷ ʘʧʧʘʨʘʪʫʨʘ ʜʦʣʞʥʘ ʩʦʟʜʘʚʘʪʴ 

ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ, ʢʦʪʦʨʳʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʩʣʫʰʘʪʝʣʴ 

ʚʦʩʧʨʠʥʠʤʘʣ ʦʪ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ (ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ) ʦʙʲʝʤʥʦʝ ʟʚʫʯʘʥʠʝ, 

ʜʘʶʱʝʝ ʵʬʬʝʢʪ ʧʨʠʩʫʪʩʪʚʠʷ ʚ ʢʦʥʮʝʨʪʥʦʤ ʟʘʣʝ.  

 ʅʘʠʣʫʯʰʠʡ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʦʡ ʩʪʝʨʝʦʬʦʥʠʠ ʠʣʠ ʢʚʘʜʨʘʬʦʥʠʠ. ʇʨʠ ʵʪʦʤ 

ʠʩʧʦʣʴʟʫʶʪ ʯʝʪʳʨʝ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʚʝʨʰʠʥʘʭ ʢʚʘʜʨʘʪʘ ʠ 

ʦʢʨʫʞʘʶʱʠʭ ʩʣʫʰʘʪʝʣʷ. ʂʚʘʜʨʘʬʦʥʠʯʝʩʢʦʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʤʦʞʝʪ ʩʦʟʜʘʪʴ 

ʵʬʬʝʢʪ ʢʨʫʛʦʚʦʛʦ ʧʝʨʝʤʝʱʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʫʰʘʪʝʣʷ. 

ʆʜʥʘʢʦ ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʘʷ ʩʪʝʨʝʦʬʦʥʠʷ ʪʨʝʙʫʝʪ ʩʣʦʞʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, 

ʩʪʦʠʤʦʩʪʴ ʢʦʪʦʨʦʡ ʚʳʩʦʢʘ. ʇʦʵʪʦʤʫ ʥʘʠʙʦʣʴʰʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʘ 

ʜʚʫʭʢʘʥʘʣʴʥʘʷ ʩʪʝʨʝʦʬʦʥʠʷ.  

 10.3. ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʠʛʥʘʣʦʚ ʩʪʝʨʝʦʧʘʨʳ. ʈʘʟʣʠʯʘʶʪ ʪʨʠ ʩʧʦʩʦʙʘ 

ʧʦʣʫʯʝʥʠʷ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ: AB , XY  ʠ MS  [15]. 

 ʇʨʠ ʩʧʦʩʦʙʝ AB  ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʦʜʠʥʘʢʦʚʳʭ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ 
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ʤʠʢʨʦʬʦʥʘ ʩ ʢʘʨʜʠʦʠʜʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʥʘ ʨʘʩʩʪʦʷʥʠʠ 0 5 6, ... ʤ ʩʠʤʤʝʪʨʠʯʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʮʝʥʪʨʘ ʩʮʝʥʳ 

(ʨʠʩ.10.9,ʘ). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʤʠʢʨʦʬʦʥʘʤʠ ʥʘʟʳʚʘʶʪ ʙʘʟʦʡ ʤʠʢʨʦʬʦʥʦʚ 

(ɹʄʢ). ʄʠʢʨʦʬʦʥʳ ʚʦʩʧʨʠʥʠʤʘʶʪ ʟʚʫʢʠ ʦʪ ʦʪʜʝʣʴʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ 

ʬʘʟʘʤʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤʠ. ɺʘʞʝʥ ʧʨʘʚʠʣʴʥʳʡ ʚʳʙʦʨ ʚʝʣʠʯʠʥʳ ɹʄʢ. ʉʣʠʰʢʦʤ 

ʤʘʣʘʷ ɹʄʢ ʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ çʩʪʝʨʝʦʬʦʥʠʯʥʦʩʪʠè ʟʚʫʢʘ, ʧʨʠʙʣʠʞʝʥʠʶ ʢ 

ʤʦʥʦʬʦʥʠʯʝʩʢʦʤʫ ʟʚʫʯʘʥʠʶ. ʉʣʠʰʢʦʤ ʙʦʣʴʰʘʷ ɹʄʢ ʚʳʟʳʚʘʝʪ çʨʘʟʨʳʚè 

ʟʚʫʯʘʥʠʷ, ʢʦʪʦʨʳʡ ʥʘʟʳʚʘʶʪ çʵʬʬʝʢʪʦʤ ʧʠʥʛ-ʧʦʥʛʘè. ʇʨʠ ʵʪʦʤ ʥʘʨʫʰʘʝʪʩʷ 

ʩʣʠʪʥʦʩʪʴ ʟʚʫʯʘʥʠʷ, ʦʥʦ ʢʘʞʝʪʩʷ ʨʘʟʦʨʚʘʥʥʳʤ ʥʘ ʜʚʝ ʯʘʩʪʠ - ʧʨʘʚʫʶ ʠ ʣʝʚʫʶ. 

ɿʚʫʢʦʚ ʠʟ ʮʝʥʪʨʘ ʧʦʯʪʠ ʥʝ ʩʣʳʰʥʦ, ʢʘʢ ʵʪʦ ʙʳʚʘʝʪ ʧʨʠ ʠʛʨʝ ʚ ʧʠʥʛ-ʧʦʥʛ.  

 
ʈʠʩ. 10.9. ʈʘʩʧʦʣʦʞʝʥʠʝ ʤʠʢʨʦʬʦʥʦʚ ʚ ʩʪʫʜʠʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʩʪʝʤʳ AB  (ʘ); 

ʟʦʥʳ ʩʪʝʨʝʦʵʬʬʝʢʪʘ ʚ ʢʦʤʥʘʪʝ ʧʨʦʩʣʫʰʠʚʘʥʠʷ (ʙ) 

 ʇʨʠ ʩʧʦʩʦʙʝ XY  ʠʩʧʦʣʴʟʫʶʪ ʜʚʘ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʤʠʢʨʦʬʦʥʘ ʩ ʢʘʨʜʠʦʠʜʥʳʤʠ ʜʠʘʛʨʘʤʤʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ 

ʧʦʚʝʨʥʫʪʳʭ ʪʘʢ, ʯʪʦʙʳ ʤʘʢʩʠʤʫʤʳ ʢʘʨʜʠʦʠʜ ʦʙʨʘʟʦʚʳʚʘʣʠ ʫʛʣʳ -45o  ʠ 45o  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘ ʩʮʝʥʫ. ʇʨʠ ʵʪʦʤ ʤʠʢʨʦʬʦʥʳ ʚʦʩʧʨʠʥʠʤʘʶʪ 

ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʦʪ ʨʘʟʣʠʯʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ. 

ʌʘʟʦʚʳʝ ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʟʚʫʢʦʚʳʤʠ ʚʦʣʥʘʤʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʫʶʪ.  

 ʇʨʠ ʩʧʦʩʦʙʝ MS  ʜʚʘ ʤʠʢʨʦʬʦʥʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʘʢʞʝ ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʆʜʠʥ ʠʟ ʤʠʢʨʦʬʦʥʦʚ (M ) ʠʤʝʝʪ 

ʢʘʨʜʠʦʠʜʥʫʶ ʜʠʘʛʨʘʤʤʫ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ, ʘ ʚʪʦʨʦʡ (S ) - ʜʠʘʛʨʘʤʤʫ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʚ ʚʠʜʝ ʚʦʩʴʤʝʨʢʠ, ʤʘʢʩʠʤʫʤʳ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʶʪ ʫʛʦʣ 90o  ʩ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘ ʩʮʝʥʫ. ʄʠʢʨʦʬʦʥ M  ʚʦʩʧʨʠʥʠʤʘʝʪ ʚʩʝ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ, ʘ 

ʤʠʢʨʦʬʦʥ S  - ʩ ʣʝʚʦʡ ʠ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥ. 

 ʀʜʝʥʪʠʯʥʳʝ ʧʦ ʩʚʦʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʢʘʥʘʣʳ (A  - ʣʝʚʳʡ, B  - ʧʨʘʚʳʡ) 

ʧʝʨʝʜʘʶʪ ʩʠʛʥʘʣʳ ʦʪ ʤʠʢʨʦʬʦʥʦʚ ʢ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷʤ, ʨʘʟʤʝʱʝʥʥʳʤ ʚ 



97 
 
ʧʦʤʝʱʝʥʠʠ ʜʣʷ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʜʨʫʛ ʦʪ ʜʨʫʛʘ 

(ʨʠʩ.10.9,ʙ). ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʦʚ ʢʦʤʥʘʪʳ ʧʨʦʩʣʫʰʠʚʘʥʠʷ ʠ 

ʥʘʟʳʚʘʝʪʩʷ ʙʘʟʦʡ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʝʡ (ɹɻʨ). ʉʪʝʨʝʦʬʦʥʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʥʘʠʣʫʯʰʠʤ ʦʙʨʘʟʦʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʟʦʥʝ, ʥʘʟʳʚʘʝʤʦʡ ʟʦʥʦʡ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʩʪʝʨʝʦʵʬʬʝʢʪʘ (ɿʆʉ). ʇʨʠ ʦʙʳʯʥʳʭ ʘʢʫʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ɿʆʉ ʠʤʝʝʪ ʚʠʜ, 

ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩ.10.9,ʙ ʩʧʣʦʰʥʳʤʠ ʣʠʥʠʷʤʠ. ʉʧʝʮʠʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʩ 

ʘʢʫʩʪʠʯʝʩʢʠʤʠ ʣʠʥʟʘʤʠ ʧʦʟʚʦʣʷʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʵʪʫ ʟʦʥʫ 

(ʰʪʨʠʭʦʚʳʝ ʣʠʥʠʠ). 

 10.4. ʊʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʤʫ 

ʨʘʜʠʦʚʝʱʘʥʠʶ. ʆʩʥʦʚʥʳʝ ʪʝʭʥʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʢ 

ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʤʫ ʨʘʜʠʦʚʝʱʘʥʠʶ, ʩʣʝʜʫʶʱʠʝ. 

 1. ʆʙʝʩʧʝʯʝʥʠʝ ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʦʡ ʩʦʚʤʝʩʪʠʤʦʩʪʠ. ʇʨʷʤʘʷ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʦʧʨʝʜʝʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʝʤʘ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʥʘ 

ʤʦʥʦʬʦʥʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ. ʆʙʨʘʪʥʘʷ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ð ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʝʤʘ 

ʤʦʥʦʬʦʥʠʯʝʩʢʠʭ ʧʝʨʝʜʘʯ ʥʘ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʠʡ ʧʨʠʝʤʥʠʢ.  

 2. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʠ ʩʪʝʨʝʦʚʝʱʘʥʠʠ ʧʨʠʤʝʨʥʦ ʪʦʡ ʞʝ ʧʦʣʦʩʳ 

ʯʘʩʪʦʪ ʨʘʜʠʦʪʨʘʢʪʘ, ʢʘʢ ʠ ʧʨʠ ʤʦʥʦʚʝʱʘʥʠʠ.  

 3. ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʧʝʨʝʭʦʜʥʦʛʦ ʟʘʪʫʭʘʥʠʷ (aʧ) ʤʝʞʜʫ 

ʢʘʥʘʣʘʤʠ A  ʠ B, ʢʦʪʦʨʦʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʣʦʩʳ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʥʝʨʘʚʥʦʤʝʨʥʦʩʪʠ ɸʏʍ ʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʌʏʍ ʨʘʜʠʦʪʨʘʢʪʘ 

çʧʝʨʝʜʘʪʯʠʢ - ʧʨʠʝʤʥʠʢè, ʦʪ ʨʘʟʙʘʣʘʥʩʘ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʳ ʧʦ ʬʘʟʝ ʥʘ 

ʧʝʨʝʜʘʶʱʝʡ ʠ ʧʨʠʝʤʥʦʡ ʩʪʦʨʦʥʘʭ ʩʠʩʪʝʤʳ ʩʪʝʨʝʦʚʝʱʘʥʠʷ.  

 ʇʝʨʝʭʦʜʥʦʝ ʟʘʪʫʭʘʥʠʝ ʤʝʞʜʫ ʢʘʥʘʣʘʤʠ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʘʨʘʤʝʪʨʦʤ 

ʢʘʯʝʩʪʚʘ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ ʪʨʘʢʪʘ. ɽʩʣʠ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʠʝ ʩʠʛʥʘʣʳ 

ʧʨʦʥʠʢʘʶʪ ʠʟ ʦʜʥʦʛʦ ʢʘʥʘʣʘ ʚ ʜʨʫʛʦʡ, ʪʦ ʩʪʝʨʝʦʵʬʬʝʢʪ ʩʥʠʞʘʝʪʩʷ. ʉʥʠʞʝʥʠʝ 

ʢʘʯʝʩʪʚʘ ʩʪʝʨʝʦʵʬʬʝʢʪʘ ʩʪʘʥʦʚʠʪʩʷ ʟʘʤʝʪʥʳʤ, ʝʩʣʠ ʚ ʧʦʣʦʩʝ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ 

( , ... )0 3 5 ʢɻʮ aʧ ʜɹ¢( ... )25 30 . ɽʩʣʠ aʧ ʜɹ=0 , ʪʦ ʟʚʫʯʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ 

ʤʦʥʦʬʦʥʠʯʝʩʢʠʤ. ʇʦʜʨʦʙʥʝʝ ʦ ʧʝʨʝʭʦʜʥʦʤ ʟʘʪʫʭʘʥʠʠ ʩʤ. ʚ ʧʦʜʨʘʟʜʝʣʝ 10.6. 

 4. ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʥʝʠʜʝʥʪʠʯʥʦʩʪʠ ʬʘʟʦʚʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʪʝʨʝʦʢʘʥʘʣʦʚ ʧʦ ʟʚʫʢʦʚʳʤ ʯʘʩʪʦʪʘʤ Dj j j= -A B . 

ʅʝʠʜʝʥʪʠʯʥʦʩʪʴ Dj ʦʩʦʙʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʧʦʣʦʩʝ ( , ... )0 3 5 ʢɻʮ (ʩʤ. ʨʠʩ.10.8) ʠ 

ʚʳʟʳʚʘʝʪ ʥʝʧʨʘʚʠʣʴʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʠʩʪʦʯʥʠʢʦʚ ʟʚʫʢʘ. ʅʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʚ 

ʵʪʦʡ ʧʦʣʦʩʝ ʯʘʩʪʦʪ Dj¢45 o
. 

 5. ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʨʘʟʙʘʣʘʥʩʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ 
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ʩʪʝʨʝʦʢʘʥʘʣʦʚ ʧʦ ʟʚʫʢʦʚʳʤ ʯʘʩʪʦʪʘʤ. ʈʘʟʙʘʣʘʥʩ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʝʨʝʜʘʯʠ 

ʩʪʝʨʝʦʢʘʥʘʣʦʚ ʧʦ ʟʚʫʢʦʚʳʤ ʯʘʩʪʦʪʘʤ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʤʝʱʝʥʠʶ ʢʘʞʫʱʝʛʦʩʷ 

ʠʩʪʦʯʥʠʢʘ ʟʚʫʢʘ: ʠʩʪʦʯʥʠʢ ʟʚʫʢʘ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ôôʛʨʦʤʢʦʛʦôô 

ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ. ʈʘʟʙʘʣʘʥʩ ʩʪʝʨʝʦʢʘʥʘʣʦʚ ʥʝ ʜʦʣʞʝʥ ʧʨʝʚʳʰʘʪʴ 3ʜɹ. ʇʨʠ 

ʨʘʟʙʘʣʘʥʩʝ ʙʦʣʝʝ 12ʜɹ ʟʚʫʢ ʢʘʞʝʪʩʷ ʠʩʭʦʜʷʱʠʤ ʠʟ ʦʜʥʦʛʦ ʛʨʦʤʢʦʛʦʚʦʨʠʪʝʣʷ ʠ 

ʟʚʫʯʘʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʤʦʥʦʬʦʥʠʯʝʩʢʠʤ. 

 10.5. ʉʠʩʪʝʤʘ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʩ ʧʦʣʷʨʥʦʡ 

ʤʦʜʫʣʷʮʠʝʡ   ʧʦʜʥʝʩʫʱʝʡ 

 10.5.1. ʇʦʣʷʨʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʝ ʢʦʣʝʙʘʥʠʝ. ʂʦʤʧʣʝʢʩʥʳʡ 

ʩʪʝʨʝʦʩʠʛʥʘʣ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ 

ʏʄ-ʧʝʨʝʜʘʪʯʠʢʘ. ɺ ʩʪʨʘʥʘʭ ʙʳʚʰʝʛʦ ʉʉʉʈ ʜʣʷ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ 

ʨʘʜʠʦʚʝʱʘʥʠʷ ʧʨʠʥʷʪʘ ʩʠʩʪʝʤʘ ʩ ʧʦʣʷʨʥʦʡ ʤʦʜʫʣʷʮʠʝʡ (ʇʄ) ʧʦʜʥʝʩʫʱʝʛʦ 

(ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ) ʢʦʣʝʙʘʥʠʷ. ʀʜʝʷ ʇʄ ʜʣʷ ʧʝʨʝʜʘʯʠ ʜʚʫʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʩʦʦʙʱʝʥʠʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʚ 1939 ɸ.ʀ. ʂʦʩʮʦʚʳʤ. ɺ 1958 ʛ. ʃ.ʄ. ʂʦʥʦʥʦʚʠʯ 

ʧʨʝʜʣʦʞʠʣ ʧʨʠʤʝʥʠʪʴ ʇʄ ʜʣʷ ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ ʨʘʜʠʦʚʝʱʘʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ 

ʋʂɺ-ʏʄ. 

 ʏʘʩʪʦʪʘ ʧʦʜʥʝʩʫʱʝʡ ʚʳʙʨʘʥʘ ʨʘʚʥʦʡ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʝ ʯʘʩʪʦʪʳ ʩʪʨʦʢ 

ʪʝʣʝʚʠʜʝʥʠʷ (f F ʢɻʮ ʢɻʮn ʩʪ= = Ö =2 2 15 625 31 25ʨ , , ;Df ɻʮn =°2 ), ʯʪʦ ʜʘʝʪ 

ʧʨʠʥʮʠʧʠʘʣʴʥʫʶ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʩ ʇʄ ʜʣʷ 

ʩʪʝʨʝʦʬʦʥʠʯʝʩʢʦʛʦ ʟʚʫʢʦʚʦʛʦ ʩʦʧʨʦʚʦʞʜʝʥʠʷ ʪʝʣʝʧʝʨʝʜʘʯ. 

 ʉʫʪʴ ʇʄ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ. ʇʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʣʫʧʝʨʠʦʜʳ 

ʢʦʣʝʙʘʥʠʷ ʩ ʧʦʜʥʝʩʫʱʝʡ ʯʘʩʪʦʪʦʡ ʤʦʜʫʣʠʨʫʶʪʩʷ ʟʚʫʢʦʚʳʤ ʩʠʛʥʘʣʦʤ A  ʣʝʚʦʛʦ 

ʢʘʥʘʣʘ ʩʪʝʨʝʦʧʘʨʳ, ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʧʦʣʫʧʝʨʠʦʜʳ - ʟʚʫʢʦʚʳʤ ʩʠʛʥʘʣʦʤ B  

ʧʨʘʚʦʛʦ ʢʘʥʘʣʘ. ɽʩʣʠ ʵʪʠ ʩʠʛʥʘʣʳ ʦʜʥʦʪʦʥʦʚʳʝ (A U tA A= sinW , B U tB B= sinW

), ʪʦ ʚʠʜ ʧʦʣʷʨʥʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʦʛʦ ʢʦʣʝʙʘʥʠʷ (ʇʄʂ) ʠʟʦʙʨʘʞʝʥ (ʨʠʩ.10.10,ʘ), ʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʧʠʩʴ ʩʣʝʜʫʶʱʘʷ: 

u t U m t m tʇʄʂ n A A B B( ) ( / )[ sin sin= + +2 W W  

+ + -( sin sin )cos ]2 m t m t tA A B B nW W w ,  (10.21) 

ʛʜʝ Un-ʘʤʧʣʠʪʫʜʘ ʧʦʜʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ; 

 m U UA A n= / , m U UB B n= -/ ʢʦʵʬʬʠʮʠʝʥʪʳ ʘʤʧʣʠʪʫʜʥʦʡ ʤʦʜʫʣʷʮʠʠ 

ʧʦ ʢʘʥʘʣʘʤ A  ʠ B  (0 1 0 1¢ ¢ ¢ ¢m mA B, ); 

 w pn nf= -2 ʫʛʣʦʚʘʷ ʯʘʩʪʦʪʘ ʧʦʜʥʝʩʫʱʝʛʦ ʢʦʣʝʙʘʥʠʷ.  

 ɽʩʣʠ ʤʦʜʫʣʠʨʫʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʯʘʩʪʦʪʫ (W WA B= ) ʠ 
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ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʬʘʟʳ (m mB A=- ), ʪʦ ʠʟ (10.21) ʩʣʝʜʫʝʪ, ʯʪʦ ʇʄʂ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ɸʄ-ʢʦʣʝʙʘʥʠʝ (ʨʠʩ.10.10,ʙ): 

u t U m t tʇʄʂ n A A n( ) ( sin )cos= +1 W w .   (10.22) 

 
ʈʠʩ. 10.10. ɺʠʜ ʇʄʂ ʧʨʠ W WA B¸ , mA =1 , mB =0 5,  (ʘ); 

ʚʠʜ ʇʄʂ ʧʨʠ W WA B= , mA =1 , m mB A=- =-1  (ʙ) 

 ʂʦʣʝʙʘʥʠʝ (10.21) ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ 

u t u t u t U t u t u t tʇʄʂ A B n n A B n( ) [ ( ) ( )] cos [ ( ) ( )] cos= + + + -w w ,  (10.23) 

ʛʜʝ 

[ ( ) ( )] ( ) ( / )( sin sin )u t u t u t U m t m tA B M n A A B B+ = = + -2 W W   (10.24) 

ʪʦʥʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʇʄʂ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʘʷ ʩʫʤʤʫ ʩʠʛʥʘʣʦʚ 

ʩʪʝʨʝʦʧʘʨʳ; 

u t U tn n n( ) cos= -w    (10.25) 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʘʷ ʧʦʜʥʝʩʫʱʘʷ; 

[ ( ) ( )] cos ( )cos ( )u t u t t u t t u tA B n S n Sn
- = = =w w  

= - -( / )[ sin sin ] cosU m t m t tn A A B B n2 W W w   (10.26) 

ʨʘʟʥʦʩʪʴ ʩʠʛʥʘʣʦʚ ʩʪʝʨʝʦʧʘʨʳ, ʫʤʥʦʞʝʥʥʘʷ ʥʘ ʬʫʥʢʮʠʶ coswn t . 

 ʀʟ (10.23) - (10.26) ʩʣʝʜʫʝʪ, ʯʪʦ ʩʧʝʢʪʨ ʇʄʂ ʩʦʜʝʨʞʠʪ ʪʦʥʘʣʴʥʳʝ 

ʩʦʩʪʘʚʣʷʶʱʠʝ (ʩʦʩʪʘʚʣʷʶʱʠʝ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʩʫʤʤʫ ʩʠʛʥʘʣʦʚ ʩʪʝʨʝʦʧʘʨʳ (M ), ʠ ʥʘʜʪʦʥʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ 

(ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʚʝʨʭʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ), ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪ 

ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʧʦʜʥʝʩʫʱʫʶ ʠ ʙʦʢʦʚʳʝ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʜʥʝʩʫʱʝʡ) 

ʩʦʩʪʘʚʣʷʶʱʠʝ ʨʘʟʥʦʩʪʠ ʩʠʛʥʘʣʦʚ ʩʪʝʨʝʦʧʘʨʳ Sn  (ʨʠʩ.10.11,ʘ). 

 ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʠʤʚʦʣʠʯʝʩʢʫʶ ʟʘʧʠʩʴ 
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ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʩʠʛʥʘʣʘ: 

u t M A BM ( ) ( )­ = + ;  u t S A BS ( ) ( )­ = - ;  u t SS nn
( )­ .          (10.27) 

 
ʈʠʩ. 10.11. ʉʧʝʢʪʨʘʣʴʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʇʄʂ (ʘ) ʠ ʂʉʉ (ʙ) ʧʨʠ ʦʜʥʦʪʦʥʦʚʦʡ ʤʦʜʫʣʷʮʠʠ 

ʚ ʢʘʥʘʣʘʭ A  ʠ B  ʩ ʯʘʩʪʦʪʘʤʠ FA  ʠ FB   

(ʥʝ ʠʟʦʙʨʘʞʝʥ ʬʘʟʦʚʳʡ ʩʜʚʠʛ 180
0
 ʩʧʝʢʪʨʘʣʴʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩ ʯʘʩʪʦʪʘʤʠ f Fn B° ) 

 ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʩʠʛʥʘʣʦʚ M A B= +( )  ʠ S A B= -( )  ʠʩʧʦʣʴʟʫʶʪ 

ʩʫʤʤʘʨʥʦ-ʨʘʟʥʦʩʪʥʳʝ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʠ. ʉʭʝʤʘ ʧʨʦʩʪʝʡʰʝʛʦ ʩʫʤʤʘʨʥʦ-

ʨʘʟʥʦʩʪʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷ (ʉʈʇ) ʩ ʨʝʟʠʩʪʠʚʥʳʤ ʤʦʩʪʦʤ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩ.10.12. ɿʘʤʝʪʠʤ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʪʘʢʦʛʦ ʉʈʇ ʤʦʞʥʦ ʧʨʦʠʟʚʝʩʪʠ ʠ çʦʙʨʘʪʥʦʝ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʝè - ʠʟ ʩʠʛʥʘʣʦʚ ( )A B+  ʠ ( )A B-  ʧʦʣʫʯʠʪʴ ʩʠʛʥʘʣʳ 2 A  ʠ 2B . 

 
ʈʠʩ. 10.12. ʉʭʝʤʘ ʉʈʇ ʥʘ ʦʩʥʦʚʝ ʨʝʟʠʩʪʠʚʥʦʛʦ ʤʦʩʪʘ  

ʠ ʪʨʝʭ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʟʚʫʢʦʚʳʭ ʯʘʩʪʦʪ 

 ʅʝʜʦʩʪʘʪʢʦʤ ʩʧʝʢʪʨʘ ʇʄʂ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʦʡ ʫʨʦʚʝʥʴ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʩʦʩʪʘʚʣʷʶʱʝʡ ʩ ʯʘʩʪʦʪʦʡ fn, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʥʝʤʦʜʫʣʠʨʦʚʘʥʥʫʶ 

ʧʦʜʥʝʩʫʱʫʶ. ʕʪʘ ʩʧʝʢʪʨʘʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʥʝ ʩʦʜʝʨʞʠʪ ʠʥʬʦʨʤʘʮʠʠ, 
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ʦʜʥʘʢʦ ʥʘ ʝʝ ʧʝʨʝʜʘʯʫ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʜʝʚʠʘʮʠʠ 

ʯʘʩʪʦʪʳ ʏʄ-ʧʝʨʝʜʘʪʯʠʢʘ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʝʩʣʠ ʜʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘʧʨʷʞʝʥʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʚʠʜʝ (10.21), ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʜʝʚʠʘʮʠʷ ʙʫʜʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʤʘʢʩʠʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ uʇʄʂʤʘʢʩ, ʢʦʪʦʨʦʝ 

ʚʦʟʥʠʢʘʝʪ ʧʨʠ ʫʩʣʦʚʠʷʭ:  

coswn t =1 ,   m m mA B= = ;   sin sinW WA Bt t= =1 .  (10.28) 

 ʇʨʠ ʵʪʦʤ  

u U mʇʄʂ nmax ( )= +1 . 

 ɼʣʷ ʤʘʢʩʠʤʘʣʴʥʳʭ ʚʝʣʠʯʠʥ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʫʣʷʮʠʠ (ʨʝʞʠʤ 

ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʦʤʢʦʩʪʠ) m m mA Bmax max max ,= = =0 8,  ʢʦʪʦʨʳʝ ʧʨʠʥʷʪʳ ʚ 

ʩʠʩʪʝʤʝ ʩ ʧʦʣʷʨʥʦʡ ʤʦʜʫʣʷʮʠʝʡ: 

u U m Uʇʄʂ n nmax max( ) ,= + =1 1 8 .  (10.29) 

 ɺ ʧʘʫʟʝ (ʚ ʨʝʞʠʤʝ çʤʦʣʯʘʥʠʷè), ʢʦʛʜʘ m=0, ʜʝʚʠʘʮʠʷ ʯʘʩʪʦʪʳ 

ʧʝʨʝʜʘʪʯʠʢʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚʝʣʠʯʠʥʦʡ ʥʘʧʨʷʞʝʥʠʷ 

u Uʇʄʂo nmax= .   (10.30) 

 ʀʟ (10.29) ʠ (10.30) ʩʣʝʜʫʝʪ, ʯʪʦ ( / ) ( / , ) ,max maxu uʇʄʂo ʇʄʂ = º1 1 8 0 556 . 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʘʞʝ ʚ ʨʝʞʠʤʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʛʨʦʤʢʦʩʪʠ (ʧʨʠ mmax ,=0 8 ) 

ʙʦʣʴʰʝ ʧʦʣʦʚʠʥʳ ʜʝʚʠʘʮʠʠ ʯʘʩʪʦʪʳ ʧʝʨʝʜʘʪʯʠʢʘ ʙʫʜʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʘ 

ʧʝʨʝʜʘʯʫ ʧʦʜʥʝʩʫʱʝʡ (55 6, % ), ʠ ʣʠʰʴ 44 4, %  - ʥʘ ʧʝʨʝʜʘʯʫ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʩʠʛʥʘʣʦʚ M   ʠ  Sn .  

 ʇʦʵʪʦʤʫ ʚ ʩʠʩʪʝʤʝ ʩ ʧʦʣʷʨʥʦʡ ʤʦʜʫʣʷʮʠʝʡ ʚ ʧʝʨʝʜʘʪʯʠʢʝ ʚʚʝʜʝʥʦ 

ʯʘʩʪʠʯʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʧʦʜʥʝʩʫʱʝʡ ʥʘ ( , )14 0 2° ʜɹ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 5 ʨʘʟ). 

ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʧʴ ʯʘʩʪʠʯʥʦʛʦ ʧʦʜʘʚʣʝʥʠʷ ʧʦʜʥʝʩʫʱʝʡ (ʎʇʇ), 

ʠʟʦʙʨʘʞʝʥʥʘʷ ʥʘ ʨʠʩ. 10.13,ʘ. ɼʦʙʨʦʪʥʦʩʪʴ ʢʦʥʪʫʨʘ ʎʇʇ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʨʘʚʥʦʡ Q= °100 5. ʇʦʜʘʚʣʝʥʠʝ ʧʦʜʥʝʩʫʱʝʡ ʚ 5 ʨʘʟ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʩʣʦʚʠʶ 

, ʛʜʝ ɻ ʢʚʠʚʘʣʝʥʪʥʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʢʦʥʪʫʨʘ. 

ʅʦʨʤʠʨʦʚʘʥʥʘʷ ɸʏʍ ʠ ʌʏʍ ʮʝʧʠ ʧʨʝʜʳʩʢʘʞʝʥʠʡ ʠʟʦʙʨʘʞʝʥʳ ʥʘ ʨʠʩ.10.13,ʚ. 

 ɺ ʜʝʢʦʜʝʨʝ ʧʨʠʝʤʥʠʢʘ ʥʝʦʙʭʦʜʠʤʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʫʨʦʚʝʥʴ ʢʦʣʝʙʘʥʠʷ 

ʧʦʜʥʝʩʫʱʝʡ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʮʝʧʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʥʝʩʫʱʝʡ (ʎɺʇ), 

ʪʘʢʞʝ ʩʦʜʝʨʞʘʱʘʷ ʧʘʨʘʣʣʝʣʴʥʳʡ ʢʦʣʝʙʘʪʝʣʴʥʳʡ ʢʦʥʪʫʨ ʩ Q= °100 5  

(ʨʠʩ.10.13,ʙ). ʋʩʣʦʚʠʷ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʦʣʝʙʘʥʠʷ ʧʦʜʥʝʩʫʱʝʡ ʚ 5 ʨʘʟ: 

; . ʅʦʨʤʠʨʦʚʘʥʥʘʷ ɸʏʍ ʠ ʌʏʍ ʮʝʧʠ ʢʦʤʧʝʥʩʘʮʠʠ 


