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 ɽʣʙʘʩʳ ʅ. ʅʘʟʘʨʙʘʝʚʪʳש çɹʦʣʘʰʘץץʘ ʙʘסʜʘʨ: ʈʫʭʘʥʠ ʞʘסשʳʨʫè ʝשʙʝʛʽʥʜʝ 

ʞʘᴃʘʥʜʘʥʫ ʟʘʤʘʥʳʥʜʘ ʨʫʭʘʥʠ ʙʘʡʣʳץʪʳ ײʣʪʪʳװ ץʣʛʽʜʝ ʜʘʤʳʪʫ ʞᴇʥʽʥʜʝ 

ʝʣʽʤʽʟʜʽש ʙʽʣʽʤ ʤʝʥ סʳʣʳʤ ץʳʟʤʝʪʢʝʨʣʝʨʽʥʝ װʣʢʝʥ ʩʝʥʽʤ ʘʨʪץʘʥʳ ʙʝʣʛʽʣʽ. 

ʆʩʳסʘʥ ʦʨʘʡ ʋʥʠʚʝʨʩʠʪʝʪ ᴇʪʢʽʟʽʧ ʦʪʳʨסʘʥ çפʦʣʜʘʥʙʘʣʳ ʤʘʪʝʤʘʪʠʢʘ ʞᴅʥʝ 

ʠʥʬʦʨʤʘʪʠʢʘ ʤᴅʩʝʣʝʣʝʨʽè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷʩʳ ʞᴅʥʝ ʦʥʳש 

ʦʩʳ ʦץʫ ʦʨʥʳʥʜʘ ʘʰʳʣסʘʥ ʢװʥʽʥʝʥ ץʳʟʤʝʪ ʝʪʽʧ ʢʝʣʝ ʞʘʪץʘʥ ʝשʙʝʢ ʘʨʜʘʛʝʨʽʥʽש 

ʤʘʤʘʥʜʘʨ ʜʘʡʳʥʜʘʫʜʘסʳ סʳʣʳʤʠ-ײʩʪʘʟʜʳץ ץʳʟʤʝʪʽʥʽ50 ש ʞʳʣʜʳסʳʥʘ ʘʨʥʘʣʫʳ 

ï ʝʣʽʤʽʟʜʽש ʙʦʣʘʰʘסʳ, ʞʘʩʪʘʨʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ ʢᴇʟץʘʨʘʩʳʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ 

ʞᴅʥʝ ʦʣʘʨʜʳ סʳʣʳʤʠ ʽʟʜʝʥʽʩʢʝ ʙʝʡʽʤʜʝʧ, ʞʘץʩʳʣʘʨʜʳש ᴇʥʝʛʝʩʽʤʝʥ ʪᴅʨʙʠʝʣʝʫʜʝ 

ʤʘשʳʟʜʳ ʙʦʣʤʘץ ʜʝʧ װʤʽʪʪʝʥʜʽʨʝʜʽ. 
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ʠʥʬʦʨʤʘʪʠʢ סʘʣʳʤʜʘʨʳ ץʘʪʳʩʧʘץʰʳ. ʂʦʥʬʝʨʝʥʮʠʷסʘ 7 ʰʝʪʝʣʜʽש ʞᴅʥʝ 

ʈʝʩʧʫʙʣʠʢʘʤʳʟʜʳש ɸʩʪʘʥʘ, ɸʣʤʘʪʳ, פʘʨʘסʘʥʜʳ, ʊװʨʢʽʩʪʘʥ, ɸʪʳʨʘʫ, ʆʨʘʣ 

 ʩʪʽ. ɹʘʷʥʜʘʤʘװʪʘʨʳʥʘʥ ʙʘʷʥʜʘʤʘʣʘʨ ʪץʳʣʳʤʠ ʦʨʪʘʣʳס ʳסʘʣʘʣʘʨʳʥʜʘץ

ʘʚʪʦʨʣʘʨʳʥʳ7 ש-ʫʽ ʘʢʘʜʝʤʠʢ, 29-ʳ סʳʣʳʤ ʜʦʢʪʦʨʳ, 4-ʫʽ PhD ʤʝʥ 41-ʽ סʳʣʳʤ 

ʢʘʥʜʠʜʘʪʪʘʨʳ, 6-ʫʳ PhD-ʜʦʢʪʦʨʘʥʪʪʘʨ ʤʝʥ 7-ʫʽ ʤʘʛʠʩʪʨʘʥʪʪʘʨ. ʉʦʥʜʘʡ-ʘץ, 

 ʳʣʳʤʠ ʞʘʩʪʘʨʳס ʘʣʳʤʜʘʨʳ ʤʝʥ ʪʘʣʘʧʪʳס שʘ ʫʥʠʚʝʨʩʠʪʝʪʽʤʽʟʜʽסʳʣʳʤʠ ʬʦʨʫʤס

ʘʪʩʘʣʳʩʫʜʘ. ɹʽʨʥʝʰʝ ʰʝʪ ʝʣ סʘʣʳʤʜʘʨʳ ʬʦʨʫʤʥʳש ʘʣʜʳʥ ʘʣʘ ʢʝʣʽʧ, 

ʘʢʘʜʝʤʠʷʣʳײ ץʪץʳʨʣʳץ ʥʝʛʽʟʽʥʜʝ ʜʦʢʪʦʨʘʥʪʪʘʨ ʤʝʥ ʤʘʛʠʩʪʨʘʥʪʪʘʨסʘ, 

ʩʪʫʜʝʥʪʪʝʨʛʝ ʜᴅʨʽʩʪʝʨ ʦץʫʜʘ. 

 ʋʥʠʚʝʨʩʠʪʝʪʽʤʽʟʜʽש ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷʩʳʥʘ ץʘʪʳʩʫʰʳ 

ʙʘʨʣʳס ץʘʣʳʤʜʘʨסʘ ʙʘʷʥʜʘʤʘʣʘʨʳʥ ʞʽʙʝʨʽʧ, ʬʦʨʫʤʜʳ ʤʘʟʤײʥʜʳ ᴇʪʢʽʟʫʛʝ װʣʝʩ 

 .ʳʤʳʟʜʳ ʙʽʣʜʽʨʽʧ, ʨʘʭʤʝʪ ʘʡʪʘʤʳʟסʰʽʥ ʨʠʟʘʰʳʣʳװ ʘʥʜʘʨʳץʦʩʳʧ ʞʘʪץ

ʂʦʥʬʝʨʝʥʮʠʷסʘ ץʘʪʳʩץʘʥ סʘʣʳʤʜʘʨʜʳס שʳʣʳʤʠ ʞʝʪʽʩʪʽʢʪʝʨʽ ʤʦʣ, 

ʙʘʷʥʜʘʤʘʣʘʨʳ ץʦʥʳʤʜʳ ʙʦʣʳʧ, ץʳʟʫ ʪʘʣץʳʣʘʫʳʤʝʥ, סʳʣʳʤʠ ʪʝʨʝש ʦʡ 

ʙᴇʣʽʩʫʤʝʥ ᴇʪʫʽʥʝ ʪʽʣʝʢʪʝʩʪʽʛʽʤʽʟʜʽ ʙʽʣʜʽʨʝʤʽʟ. 

 

ϧ. ɾϰʙʘʥʦʚ ʘʪʳʥʜʘϤʳ 

 ɸϨʪϺʙʝ ϺϬʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ  

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽϬ ʨʝʢʪʦʨʳ 

ɹ.ɸ. ɽʨʜʝʤʙʝʢʦʚ  



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

5 

 ,ʳʟʤʝʪʢʝʨץ ʽʨʛʝʥשʙʝʢ ʩʽשʘʨʳ ʤʝʢʪʝʙʽʥʝ ʝסʞʦ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

 ,ʘʢʘʜʝʤʠʛʽ שʳʣʳʤ ɸʢʘʜʝʤʠʷʩʳʥʳנ ɾʘʨʘʪʳʣʳʩʪʘʥʫ ץʣʪʪʳױ ʈפ

ʌʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ 

ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ ʉʘʨʪʘʙʘʥʦʚʪʳש 

ᴇʤʽʨʽ ʞᴅʥʝ סʳʣʳʤʠ-ײʩʪʘʟʜʳץ ץʳʟʤʝʪʽ 

 
ɹʫʛʽʥʛʽ ʄʝʨʝʡʪʦʡ ʠʝʩʽʥ ʩᴇʟʛʝ ʪʘʨʪץʘʥʜʘ ʘʜʘʤʠ ײʩʪʘʥʳʤʳ ʪʫʨʘʣʳ: 

ç...ɹʽʨʘʟ ic ʪʳʥʜʳʨʳʣʜʳ, ʜʝʛʝʥʤʝʥ, ʘʣʜʘ ʪײʨסʘʥ ʽʩʪʝʨ ʜʝ ʙʘʨʰʳʣʳץ. ɹʽʣʽʤʽʤ ʤʝʥ ץʘʙʽʣʝʪʽʤ 

ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʞʝʨʛʝ ײʤʪʳʣʳʧ, ʘʩʳץʧʘʡ ʞװʨʽʧ, ʘץʳʨʳʥ ʙʘʩʳʧ, ʞʘʩʳʤʘ ʩʘʡ, ᴇʟ ʦʨʥʳʤʜʘ ʙʦʣʫסʘ 

ʪʳʨʳʩʪʳʤ. ɾʘʢʩʳʣʘʨʜʘʥ װʡʨʝʥʜʽʤ, װʣʛʽ ʘʣʜʳʤ, ʦʟסʘʥʜʘʨʜʳש ʰʘʣסʘʡʳʥʘʥ ʪʘʨʪʧʘʜʳʤ, 

ʢʝʡʽʥʛʽʣʝʨʜʽש ʢʘʪʘʨʣʘʩץʳʩʳ ʢʝʣʛʝʥʜʝʨʛʝ ץʦʣ ײʰʳʤʜʳ ʙʝʨʫʜʝʥ ʘʷʥʙʘʜʳʤ. ʊʘʣʘʥʪʪʳʣʘʨסʘ ʙʘʩ ʠʽʧ, 

ʪʘʣʘʧʪʳʣʘʨʜʳ ײץʧʪʘʫʜʳ ʤʽʥʜʝʪʽʤ ʩʘʥʘʜʳʤ. ɸʨʪʳץ ʩᴇʡʣʝʧ, ʢᴇשʽʣʛʝ ʞʘʨʘ ʩʘʣʤʘʜʳʤ, ʢʽʩʽʥi 

ʘʣʜʘʤʘʜʳʤ. ɾʘʩʪʘʨʜʳ ʙʽʣʽʤ-סʳʣʳʤ ʞʦʣʳʥʘ ʩʘʣʜʳʤ. ʈʝʥʞʽʪʢʝʥʜʝʨʤʝʥ ᴇʰʪʝʩʧʝʜʽʤ. ʄʘʣ 

ʙʘʡʣʳסʳʤ ʞʘʥ ʙʘʡʣʘסʳʤʜʳ ʩʘץʪʘʧ, ʨʫʭʘʥʠ ʙʘʡʣʳץ ʘʣʫסʘ ʞʝʪʩʝ ʙʦʣʘʨ ʜʝʧ ʦʡʣʘʜʳʤ. ʂᴅʩʽʙʠ, 

ʤᴅʜʝʥʠ ʞᴅʥʝ ʘʜʘʤʠ ʙʽʣʽʢʪʽʣʽʛʽʤʜʽ ᴇʟ ʙʝʪʽʤʰʝ װʟʜʽʢʩʽʟ ʢᴇʪʝʨʫ - ᴇʟʽʤʝ ץʦʡסʘʥ ʥʝʛʽʟʛʽ ʪʘʣʘʙʳʤ...è ʜʝʧ 

ʩʳʨ ץײʪʳʨסʘʥ ʝʢʝʥ. ɹײʣ ʩᴇʟʜʝʨʜʽ ʘʡʪʫ ʢʝʟ ʢʝʣʛʝʥ ʘʜʘʤʥʳץ שʦʣʳʥʘʥ ʢʝʣʝ ʙʝʨʤʝʡʜʽ. ʆʣ װʰʽʥ 

ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ ʩʠʷץʪʳ ᴇʤʽʨ ʞʦʣʳʥ ᴇʪʫ ʢʝʨʝʢ. ɹװʛʽʥʛʽ ʢװʥʽ ʰʘʰʳʥ ʘץ ץʳʨʘʫ ʰʘʣʳʧ, 

75 ʜʝʛʝʥ ʘʡʪʫʣʳ ʞʘʩץʘ ʢʝʣʽʧ ʦʪʳʨסʘʥ ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ - פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש 

ʞʦסʘʨʳ ʤʝʢʪʝʙʽʥʝ ʝשʙʝʛʽ ʩʽשʛʝʥ ץʳʟʤʝʪʢʝʨ, פʘʟʘץʩʪʘʥ ױʣʪʪʳץ ʞʘʨʘʪʳʣʳʩʪʘʥʫ סʳʣʳʤʜʘʨʳʥʳש 

ʘʢʘʜʝʤʠʛʽ, ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ, פ.ɾײʙʘʥʦʚ ʘʪʳʥʜʘסʳ ɸץʪᴇʙʝ 

ᴇשʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽפ שʦʣʜʘʥʙʘʣʳ ʤʘʪʝʤʘʪʠʢʘ ʞᴅʥʝ ʠʥʬʦʨʤʘʪʠʢʘ סʳʣʳʤʠ ï 

ʟʝʨʪʪʝʫ ʦʨʪʘʣʳסʳʥʳש ʜʠʨʝʢʪʦʨʳ. ʆʩʳ ᴇʤʽʨʽʥʜʝ 58 ʞʳʣ ʝʣʛʝ ʩʽשʽʨʛʝʥ ʝשʙʝʛʽʥʽ51 ש ʞʳʣʳʥ 

 ʘʨʘץ ʘʩʠʝʪʪʽץ ʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ ʜʝʧ ʘʪʘʣʘʪʳʥשʪᴇʙʝ  ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

ʰʘשʳʨʘץץʘ ʘʨʥʘʧʪʳ. ɹʽʨ ʦʨʳʥʥʘʥ ʪʘʧʞʳʣʤʘʡ ץʳʟʤʝʪ ʞʘʩʘסʘʥ, װʣʢʝʥʜʝʨʛʝ ʽʟʙʘʩʘʨ ʽʥʽ, ʞʘʩʪʘʨסʘ 

 .ʣʛʽ ʙʦʣʘ ʙʽʣʛʝʥװ

ʉʘʨʪʘʙʘʥʦʚ ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ - 1942 ʞʳʣʳ ʤʘʤʳʨ ʘʡʳʥʳ22 ש ʞײʣʜʳʟʳʥʜʘ 

ɸץʪᴇʙʝ ʦʙʣʳʩʳʥʳש ʐʘʣץʘʨ ʘʫʜʘʥʳʥʳש çɾʘשʘ ʞʦʣè ײʞʳʤʰʘʨʳʥʳש ɼʘʤʙʘʨ ʘʫʳʣʳʥʜʘ ʜװʥʠʝʛʝ 

ʢʝʣʛʝʥ. 1956 ʞʳʣʳ ɼʘʤʙʘʨ ʞʝʪʽ ʞʳʣʜʳץ ʤʝʢʪʝʙʽʥ, 1959 ʞʳʣʳ ˉ1 ʐʘʣץʘʨ ץʘʣʘʣʳץ ץʘʟʘץ ʦʨʪʘ 

ʤʝʢʪʝʙʽʥ ʙʽʪʽʨʝʜʽ. 1959-1961 ʞʳʣʜʘʨʳ çɾʘשʘ ʞʦʣè ײʞʳʤʰʘʨʳʥʜʘ ʞײʤʳʩ ʞʘʩʘʡʜʳ. ɾײʤʳʩ 

ʞʘʩʘʧ ʞװʨʽʧ, ᴇʟʽʥʽש ᴇʤʽʨ ʞʦʣʳʥ ʙʽʣʽʤ ʤʝʥ סʳʣʳʤסʘ ʘʨʥʘʤʘץ ʙʦʣסʘʥ ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ 

1961-1966 ʞʳʣʜʘʨʳ ץʘʟʽʨʛʽ ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘסʳ פʘʟʘױ ץʣʪʪʳץ ʋʥʠʚʝʨʩʠʪʝʪʽ, ʙײʨʳʥסʳ ʘʪʘʫʳ 

ʉ.ʄ.ʂʠʨʦʚ ʘʪʳʥʜʘסʳ פʘʟʘץ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʤʝʭʘʥʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ ʬʘʢʫʣʴʪʝʪʽʥ 

çʄʘʪʝʤʘʪʠʢʘè ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ ʦץʳʧ ʙʽʪʽʨʝʜʽ. ʆʥʳס שʳʣʳʤʠ ʞײʤʳʩʪʘʨסʘ ʜʝʛʝʥ ʠʢʝʤʜʽʣʽʛʽ 

ʩʪʫʜʝʥʪʪʽʢ ʰʘסʳʥʜʘ ʙʽʣʽʥʛʝʥ ʙʦʣʘʪʳʥ. ɸʣʤʘʪʳ, ʊʘʰʢʝʥʪ, ʉʘʤʘʨץʘʥ ץʘʣʘʣʘʨʳʥʜʘ ᴇʪʢʝʥ 

ʩʪʫʜʝʥʪʪʝʨʜʽס שʳʣʳʤʠ-ʪʝʦʨʠʷʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʳʥʜʘ ʙʘʷʥʜʘʤʘʣʘʨ ʞʘʩʘʧ, ʤʘʨʘʧʘʪʪʘʣʜʳ. 

ɾ.ɸ.ʉʘʨʪʘʙʘʥʦʚʪʳש ʙʦʣʘʰʘץ ᴇʤʽʨ ʞʦʣʳʥʳש ʘʡץʳʥʜʘʣʫʳ, ʦʥʳ1966 ש ʞʳʣʜʳש 

ʪʘʤʳʟʳʥʳ2 ש ʞײʣʜʳʟʳʥʜʘ ɾʦסʘʨʳ ʞᴅʥʝ ʦʨʪʘ ʘʨʥʘʫʣʳ ʙʽʣʽʤ ʄʠʥʠʩʪʨʣʽʛʽ ʞʦʣʜʘʤʘʩʳʤʝʥ ʞʘשʘ 

 ʳʪʫʰʳץʤʘʪʝʤʘʪʠʢʘ ʢʘʬʝʜʨʘʩʳʥʘ ʦ שʪᴇʙʝ ʧʝʜʘʛʦʛʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳץʘʥ ɸץʡʳʤʜʘʩʪʳʨʳʣʳʧ ʞʘʪײ

ʙʦʣʳʧ ץʘʙʳʣʜʘʥʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɹײʨʳʥ ʅײʨʧʝʡʽʩ ɹʘʡסʘʥʠʥ ʘʪʳʥʜʘסʳ ʄסײʘʣʽʤʜʝʨ ʠʥʩʪʠʪʫʪʳ 

ʙʦʣʳʧ, ʞʘʙʳʣʳʧ ץʘʣסʘʥ ʠʥʩʪʠʪʫʪ, ʦʩʳ ʞʳʣʳ ɸץʪᴇʙʝ ʧʝʜʘʛʦʛʠʢʘ ʠʥʩʪʠʪʫʪʳ ʘʪʘʫʳʤʝʥ ʭʘʣʳץ-

ʘסʘʨʪʫ ץʳʟʤʝʪʽʥʝ ʤʘʤʘʥʜʘʨ ʜʘʡʳʥʜʘʫʜʳ ʝʢʽʥʰʽ ʨʝʪ ʙʘʩʪʘʜʳ. ʆʥʳש ʟʘשʜʳ ʞʘʣסʘʩʳ ʙʦʣסʘʥ 

 ʫץʘ ʙʝʣʛʽʣʽ ʦסʘʟʽʨ ʈʝʩʧʫʙʣʠʢʘʤʳʟץ  ʪᴇʙʝ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

ʦʨʥʳʥʘ ʘʡʥʘʣʳʧ, ʝʣʽʤʽʟʛʝ ʤʳשʜʘסʘʥ ʤʘʤʘʥʜʘʨ ʜʘʡʳʥʜʘסʘʥ ʙʦʣʩʘ, ʦסʘʥ ץʦʩץʘʥ ɾʘʡʰʳʣʳץ 

ɸʣʤʘסʘʥʙʝʪײʣʳʥʳש ʜʘ װʣʝʩʽ ʙʘʨ. ʉʪʫʜʝʥʪ ʦʨʳʥʜʳסʳʥʘʥ ʞʘשʘ סʘʥʘ ʰʳץץʘʥ ʦʣ ʠʥʩʪʠʪʫʪץʘ 

ʘʣסʘʰץʳ ʪװʣʝʢʪʝʨʜʽ ץʘʙʳʣʜʘʫ ʝʤʪʠʭʘʥʳʥʘ ץʘʪʳʩʪʳ. ʆץʫ ʦʨʥʳʥʜʘ ᴇʪʝʪʽʥ ʦʢʳʪʫʰʳ, ʜʦʮʝʥʪ ʞᴅʥʝ 

ʧʨʦʬʝʩʩʦʨʣʳץ ʢʝʟʝשʜʝʨʜʽש ʙᴅʨʽʥ ʙʘʩʳʥʘʥ ʢʝʰʽʨʜʽ. 

ᴆʪʢʝʥ ᴇʤʽʨ ʞʦʣʳʥ ʩʘʨʘʣʘʧ ʦʪʳʨʩʘ 1966-1967 ʦץʫ ʞʳʣʳʥʜʘ ץʳʟʤʝʪʪʽ ʙʽʨʛʝ ʙʘʩʪʘסʘʥ            

15-20 ʘʜʘʤ װʣʢʝʥ ʙʦʣʘʰʘץʪʳש ʽʨʛʝʩʽʥ ץʘʣʘסʘʥ ʝʢʝʥ. ᴆʟʽʥʝ ʘץʳʣʰʳ ʙʦʣסʘʥ ʠʥʩʪʠʪʫʪ ʨʝʢʪʦʨʳ, 

ʜʦʮʝʥʪ ʇ.ʉ.ʑʝʪʠʥʠʥ, ʦץʫ ʞᴅʥʝ סʳʣʳʤʠ ʞײʤʳʩʪʘʨ ʧʨʦʨʝʢʪʦʨʳ, ʜʦʮʝʥʪ ʄ.ʆ.ʊᴇʣʝʛʝʥʦʚ, 

ʬʘʢʫʣʴʪʝʪ ʜʝʢʘʥʳ, ʜʦʮʝʥʪ ʇ.ʗ.ʐʠʙʘʝʚ, ʘסʘ ʦץʳʪʫʰʳʣʘʨ ʈ.ʖ.ʄʠʩʦʥʞʥʠʢ, ɸ.ʆ.ʆʪʘʨʦʚ, 

ɺ.ʄ.ɻʝʙʝʣʴʜʝʨ ʢʘʟʽʨ ʘʨʘʤʳʟʜʘ ʞʦפ .ץʫʘʥʳʰʳ ʤʦʣ, ʽʟʜʝʥʽʩʽ ʢᴇʧ ʩʦʣ ʘʣסʘʰץʳ ʞʳʣʜʘʨʜʳש ʢʫᴅʩʽ 

ʞʘʣסʳʟ סʘʥʘ ʬʠʣʦʣʦʛʠʷ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ ᴄ.ʄ.ʄʦʣʜʘʭʘʥʦʚ ץʘʥʘ ץʘʣʳʧʪʳ. 

ʂʝʟʜʝʩʽʧ ʩʳʨʣʘʩץʘʥʜʘ ʝʢʝʫʽ ʜʝ ʩʦʣ ʢװʥʜʝʨʜʽ ʞװʨʝʢʪʝʨʽ ʝʟʽʣʝ ʦʪʳʨʳʧ ʝʩʢʝ ʘʣʘʜʳ, ʙʽʨ ʞʘץʩʳʩʳ 

ʙʦʣʘʰʘץ ᴇʤʽʨ ʞʦʣʜʘʨʳʥʜʘ ʞʘץʩʳ ʞʘʥʜʘʨ, ʘʜʘʣʜʳץץʘ ײʤʪʳʣסʘʥ ʘʟʘʤʘʪʪʘʨ ʢʝʟʜʝʩʽʧʪʽ. 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

6 

ɾʘשʘ ʦץʫ ʦʨʥʳʥʘ ʞʦסʘʨʳ ʙʽʣʽʤʜʽ ʞʘʩ ʤʘʤʘʥʜʘʨ ʢʘʞʝʪ ʙʘʣʜʳ, ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ 

ʠʥʩʪʠʪʫʪʪʳש ʘʣסʘʰץʳ ʘʩʧʠʨʘʥʪʳ. ʆסʘʥ סʳʣʳʤ ʞʦʣʳʥʜʘ ʜʘ ʞʘʥ-ʞʘץʪʳ ʙʽʣʽʤʜʘʨ, ײʣʘסʘʪʪʳ 

 ʘʢʘʜʝʤʠʛʽ ʆ.ɸ.ɾᴅʫʪʽʢʦʚ ʞᴅʥʝ ʜʦʮʝʥʪ ,שɸ-ʥʳנʈפ ʩʪʘʟʜʘʨ ʢʝʟʜʝʩʪʽ. 1970-1974 ʞʳʣʜʘʨʳײ

ɼ.ת.תʤʙʝʪʞʘʥʦʚʪʘʨʜʳש ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ פʈנɸ-ʥʳש ʄʘʪʝʤʘʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳש ʘʩʧʠʨʘʥʪʫʨʘʩʳʥ 

ᴇʪʪʽ. ɸʩʧʠʨʘʥʪʫʨʘʥʳ 01.01.02- ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʞᴅʥʝ ʠʥʪʝʛʨʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʤʘʤʘʥʜʳסʳ 

ʙʦʡʳʥʰʘ çɼʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʪʝשʜʝʫʣʝʨʜʽש ʙʽʨ ʝʩʝʧʪʽ ʞװʡʝʩʽʥʽש ʢᴇʧʧʝʨʠʦʜʪʳ ʰʝʰʽʤʜʝʨʽè 

ʪʘץʳʨʳʙʳʥʜʘ ʢʘʥʜʠʜʘʪʪʳץ ʜʠʩʩʝʨʪʘʮʠʷ ץʦʨסʘʫʤʝʥ ʘʷץʪʘʜʳ. ʆʥʜʘ ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʪʝשʜʝʫʣʝʨ 

ʞװʡʝʩʽʥʽש ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʢᴇʧʧʝʨʠʦʜʪʳʣʳסʳ ʥʝʤʝʩʝ ʧʝʨʠʦʜʪʳ ʜʝʨʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʬʫʥʢʮʠʷʣʘʨ ʤʝʥ ʩʳʟʳץʪʳ ʞװʡʝʥʽש ʤʘʪʨʠʮʘʥʪʪʘʨʳʥʳץ שʘʩʠʝʪʪʝʨʽ ʟʝʨʪʪʝʣʜʽ. 

ʄײʥʜʘʡ ʟʝʨʪʪʝʫʣʝʨʜʝ ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʜʝʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʰʝʰʽʤʽʥʽש 

ʢᴇʧʧʝʨʠʦʜʪʳ ʙʦʣʫʳʥʳץ שʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʪʘʨʳ ʙʘʩʪʳ ʨᴇʣ ʘʪץʘʨʘʜʳ. ʆʣ ʰʘʨʪʪʳ ʘʣסʘ  h

ʨʝʪ ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ סʳʣʳʤʠ ʞʝʪʝʢʰʽʩʽ ɼᴅʫʣʝʪ תʤʙʝʪʞʘʥײʣʳʤʝʥ ʙʽʨʛʝ ʘʣסʘʥ 

ʙʦʣʘʪʳʥ. ʉʦʥʳʤʝʥ ʙʽʨʛʝ, ʥʝʛʽʟʛʽ ʟʝʨʪʪʝʫʣʝʨ ʛʠʧʝʨʙʦʣʘʣʳץ ʞᴅʥʝ ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʠʥʪʝʛʨʦ-

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ, ʘʨʛʫʤʝʥʪʪʝʨʽ ʘʫʳʪץʫʣʳ ʪʝשʜʝʫʣʝʨ ʞᴅʥʝ ʩʠʥʛʫʣʷʨ-ץʦʟʜʳʨʳʣסʘʥ 

ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ װʰʽʥ ʜʝ ʞװʨʛʽʟʽʣʝʜʽ. ɸʡʥʳʤʘʣʳʣʘʨʳ ʝʩʝʧʪʽʢ ʞʠʳʥ ʙʦʣʳʧ ʢʝʣʛʝʥ ʞװʡʝʣʝʨʜʽש 

ʢᴇʧʧʝʨʠʦʜʪʳ ʜʝʨʣʽʢ ʰʝʰʽʤʜʝʨʽ ʟʝʨʪʪʝʣʽʧ, ʦʣʘʨʜʳ ץʳʩץʘʨʪʳʣסʘʥ ʞװʡʝʣʝʨʜʽש ʰʝʰʽʤʽʤʝʥ ʞʫʳץʪʘʫ 

ᴅʜʽʩʽ ץʘʨʘʩʪʳʨʳʣʜʳ. 

 ʘʥסʤʳʩʪʘʨʳʥʘʥ ʘʞʳʨʘײʫ-ᴅʜʽʩʪʝʤʝʣʽʢ, ʞʘʩʪʘʨ ʪᴅʨʙʠʝʩʽ ʞץʤʳʩʪʘʨʳ ʦײʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞנ

ʝʤʝʩ. ᴄʨ ʞʳʣʜʘʨʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʘʣʜʘʫ (1975-1983ʞ.ʞ.), ʠʥʬʦʨʤʘʪʠʢʘ ʞᴅʥʝ ɽʊ (1991-

1992ʞ.ʞ.), ʘʣʛʝʙʨʘ ʞᴅʥʝ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝʥʜʝʫʣʝʨ (1997-2001 ʞ.ʞ.). ʢʘʬʝʜʨʘʣʘʨʳʥʳש 

ʤʝשʛʝʨʫʰʽʣʽʛʽ ץʳʟʤʝʪʪʝʨʽʥ ʘʪץʘʨʳʧ, ʦʣʘʨʜʘסʳ ʦץʫ-ᴅʜʽʩʪʝʤʝʣʽʢ ʞᴅʥʝ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʞײʤʳʩʪʘʨʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʘ ʟʦʨ ʳץʧʘʣʳʥ ʪʠʛʽʟʜʽ. 1984-1988 ʞᴅʥʝ 1992-1996 ʞʳʣʜʘʨʳ ɸץʪᴇʙʝ 

ʧʝʜʘʛʦʛʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳש ʬʠʟʠʢʘ ʞʵʥʝ ʤʘʪʝʤʘʪʠʢʘ ʬʘʢʫʣʴʪʝʪʪʝʨʽʥʽש ʜʝʢʘʥʳ, ʘʣ 2002-2008 

ʞʳʣʜʘʨʳ פ.ɾײʙʘʥʦʚ ʘʪʳʥʜʘסʳ ɸץʪᴇʙʝ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ 

ʬʘʢʫʣʴʪʝʪʽʥʽש ʜʝʢʘʥʳ ץʳʟʤʝʪʪʝʨʽʥ ʘʪץʘʨʜʳ. ʆʩʳ ʞʳʣʜʘʨʳ ʄʦʩʢʚʘ, ʂʠʝʚ, ɸʣʤʘʪʳ ʪ.ʙ. 

 ʙʽʣʽʤʜʝʨʽʥ שʪʘʨʳʤʝʥ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʳʧ, ʦʥʜʘ ʬʘʢʫʣʴʪʝʪ ʞʘʩʪʘʨʳʥʳץʳʣʳʤʠ ʦʨʪʘʣʳס שʘʣʘʣʘʨʜʳץ

ʢᴇʪʝʨʫʛʝ ʳץʧʘʣʳʥ ʪʠʛʽʟʜʽ. 

ɽשʙʝʢ ʝʪʝ ʞװʨʽʧ, ᴇʟʽ ʜʝ, סʳʣʳʤʠ-ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥ ʞʘʣסʘʩʪʳʨʘ ʙʽʣʛʝʥ ʦʣ, 1997 

ʞʳʣʜʳש ʩᴅʫʽʨʽʥʽ18 ש ʞײʣʜʳʟʳʥʜʘ פʈ ױFA-ʥʳש ʄʘʪʝʤʘʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳש ʜʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʂʝשʝʩʽʥʜʝ çʂʝʡʙʽʨ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʞᴅʥʝ ʬʫʥʢʮʠʦʥʘʣʜʳץ- ʘʡʳʨʳʤʜʳץ ʞװʡʝʣʝʨʜʝʛʽ 

ʢᴇʧʧʝʨʠʦʜʪʳ ʪʝʨʙʝʣʽʩʪʝʨè ʪʘץʳʨʳʙʳʥʘ ʜʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷ ץʦʨסʘʜʳ. ʈʝʩʤʠ ʦʧʧʦʥʝʥʪʪʝʨʽ 

ʙʦʣסʘʥ, ʙʝʣʛʽʣʽ סʘʣʳʤʜʘʨ פʳʨסʳʟ ʈʝʩʧʫʙʣʠʢʘʩʳ ױFA-ʥʳש ʞᴅʥʝ ʈʝʩʝʡ ױɸ-ʥʳש ʘʢʘʜʝʤʠʛʽ 

ʄ.ʀ.ʀʤʘʥʘʣʠʝʚ, ʋʢʨʘʠʥʘ ױFA- ʥʳש ʘʢʘʜʝʤʠʛʽ ɸ.ʄ.ʉʘʤʦʡʣʝʥʢʦ, פʈ ױFA-ʥʳש ʘʢʘʜʝʤʠʛʽ 

-ʳʣʳʤʠס ץʢᴇʧ ʞʳʣʜʳ שʜʠʩʩʝʨʪʘʮʠʷʩʳ ʦʥʳ ץʘʥ ʜʦʢʪʦʨʣʳסʘʣʘʥסʘʨʳ ʙʘסʘʩʳʤʦʚʪʘʨ ʞʦפ.ɸ.פ

ʟʝʨʪʪʝʫ ʞײʤʳʩʪʘʨʳʥʳש ʞʝʤʽʩʽ. ʆʣ ʍʘʨʘʩʘʭʘʣ-תʤʙʝʪʞʘʥʦʚʪʘʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʝʢʪʝʙʽʥʽש 

 ʘʥ ʝʤʝʩ. ᴆʟץץʳʪʪʘʨ ʽʟʜʝʫʜʝʥ ʞʘʣʳסʳʣʳʤʠ ʙʘס ʘשʨʽʧ, ᴇʟʽ ʜʝ ʞʘװʳʪʪʘʨʳʥ ʜʘʤʳʪʘ ʞסʳʣʳʤʠ ʙʘס

ʦץʫʰʳʣʘʨʳʤʝʥ ʙʽʨʛʝ ʩʳʟʳץʪʳ ʞᴅʥʝ ʩʳʟʳץʩʳʟ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʤʝʥ ʬʫʥʢʮʠʦʥʘʣ-

ʘʡʳʨʳʤʜʳ ʪʝשʜʝʫʣʝʨʜʽש ʪʝʨʙʝʣʤʝʣʽ ʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫ ʧʨʦʙʣʝʤʘʣʘʨʳʤʝʥ ʘʡʥʘʣʳʩʳʧ ʢʝʣʝʜʽ. ʆʣ 

ʘʡʥʘʣʳʩʳʧ, ʜʘʤʫʳʥʘ ץʦʤʘץʪʳ װʣʝʩ ץʦʩץʘʥ ʙʘסʳʪʪʘʨʳʥʘ ʤʳʥʘʣʘʨ ʞʘʪʘʜʳ: 

1. ɽʩʝʧʪʽ ʞʠʳʥ ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʣʘʨʳʥʘ ʪᴅʫʝʣʜʽ, ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʪʝשʜʝʫʣʝʨʜʽש 

ʝʩʝʧʪʽ ʞʠʳʥʜʘʨʳʥʳש ʞʘʣʧʳ ʪʝʦʨʠʷʩʳʥ ʜʘʤʳʪʫסʘ ץʘʪʳʩʪʳ ʟʝʨʪʪʝʫʣʝʨ ʞᴅʥʝ 

ʦʣʘʨʜʳש ʢᴇʧʧʝʨʠʦʜʪʳ ʰʝʰʽʤʜʝʨʽʥʽש ʙʘʨ ʙʦʣʫʳ ʤʝʥ ʞʘʣסʳʟʜʳסʳʥ ʦʨʥʘʪʫʜʘ. 

ɹײʨʳʥ ʙײʣ ʙʘסʳʪʪʘ ʂ.ʇ.ʇʝʨʩʠʜʩʢʠʡ ʞᴅʥʝ ʆ.ɸ.ɾᴅʫʪʽʢʦʚʪʝʨʜʽש ʞײʤʳʩʪʘʨʳ ʙʝʣʛʽʣʽ 

ʙʦʣʘʪʳʥ. ɸʚʪʦʨ, ʦסʘʥ ɺ.ʍ.ʍʘʨʘʩʘʭʘʣ ᴅʜʽʩʽʥ ʧʘʡʜʘʣʘʥʘ ʦʪʳʨʳʧ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʪʝשʜʝʫʣʝʨʜʽש ʘץʳʨʩʳʟ ʞװʡʝʩʽʥʽש ʧʝʨʠʦʜʪʳ ʜʝʨʣʽʢ ʰʝʰʽʤʜʝʨʽʥʽש ʙʘʨ ʙʦʣʫʳ 

ʧʨʦʙʣʝʤʘʣʘʨʳʥ ʟʝʨʪʪʝʜʽ. 

2. D-ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʜʝ ʢᴇʧʧʝʨʠʦʜʪʳʣʳסʳʥ ʦʨʥʘʪʫ ʙʘסʳʪʪʳʥʜʘסʳ ʟʝʨʪʪʝʫʣʝʨ. ʄײʥʜʘ 

ʙʘʩץʘ ʜʘ ʘʣʳʥסʘʥ ʤʘשʳʟʜʳ ʥᴅʪʠʞʝʣʝʨʤʝʥ ץʘʪʘʨ D -ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʢᴇʧʧʝʨʠʦʜʪʳ 

ʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫ ʧʨʦʙʣʝʤʘʣʘʨʳʥ ʩᴅʡʢʝʩ ʬʫʥʢʮʠʦʥʘʣ-ʘʡʳʨʳʤʜʳ ʪʝשʜʝʫʣʝʨ ʞװʡʝʣʝʨʽʥʝ 

ʢʝʣʪʽʨʫ ʘʨץʳʣʳ ʟʝʨʪʪʝʫʛʝ ʙʦʣʘʪʳʥʳ ʥʝʛʽʟʜʝʣʜʽ. ʆʩʳ ʙʘסʳʪʪʘסʳ ʟʝʨʪʪʝʫʣʝʨ, ʦʥʳש ʙʽʨʥʝʰʝ 

ʦץʫʰʳʣʘʨʳʥʳש ʢʘʥʜʠʜʘʪʪʳץ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨʳʥʳש ʪʘץʳʨʳʧʪʘʨʳʥ ײץʨʘʜʳ. 

3. ʌʫʥʢʮʠʦʥʘʣ-ʘʡʳʨʳʤʜʳ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʢᴇʧʧʝʨʠʦʜʪʳ ʰʝʰʽʤʜʝʨʽʥ ʞᴅʥʝ ʦʥʳש ʞʘʣʧʳ 

ʪʝʦʨʠʷʩʳʥʳש ʧʨʦʙʣʝʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ. 

4. D-ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʢᴇʧʧʝʨʠʦʜʪʳ ʰʝʰʽʤʜʝʨʽʥ ʬʫʥʢʮʠʦʥʘʣ-ʘʡʳʨʳʤʜʳ ʪʝשʜʝʫʣʝʨ 
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ʞʫʡʝʩʽʥʝ ʢʝʣʪʽʨʫ ʘʨץʳʣʳ ʰʝʰʫ ʧʨʦʙʣʝʤʘʣʘʨʳʥ ʟʝʨʪʪʝʫ. ɸʪʘʣסʘʥ ᴅʜʽʩʪʽ ʘʫʳʪץʳʤʘʣʳ 

ʘʨʛʫʤʝʥʪʪʽ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʝ ʞᴅʥʝ ʠʥʪʝʛʨʦ- ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʝ 

ʢʝʰʽʨʫʤʝʥ ʦʥʳש ʦץʫʰʳʣʘʨʳ ʘʡʥʘʣʳʩʪʳ. 

5. D ð ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʣʘʨʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʙʦʡʳʥʰʘ ʢᴇʧʧʝʨʠʦʜʪʳ 

ʰʝʰʽʤʜʝʨʽʥ ʟʝʨʪʪʝʫ. 

 ʰʽʥװ ʘʤʪʘʤʘʩʳʟ ʝʪʫץ ʤʳʩ ʽʩʪʝʫʽʥײʘʣʳʧʪʳ ʞץ שʦʣʜʘʥʙʘʣʳ ʤʘʪʝʤʘʪʠʢʘʜʘ ʦʙʲʝʢʪʽʥʽפ

ʘʡʥʤrʘʣʳʣʘʨʜʳש ʙʽʨ ʙᴇʣʽʛʽ ʙʦʡʳʥʰʘ ʧʝʨʠʦʜʪʳ, ʘʣ ץʘʣסʘʥ ʘʡʥʳʤʘʣʳʣʘʨ ʙʦʡʳʥʰʘ ʦʨʥʳץʪʳ 

ʙʦʣʘʪʳʥ ץʦʟסʘʣʳʩʪʳ ʪʘסʘʡʳʥʜʘʫ ʤʘשʳʟʜʳ ʦʨʳʥ ʘʣʘʜʳ. ʉʦסשʳ ʞʳʣʜʘʨʳ ɾ.ɸ.ʉʘʨʪʘʙʘʥʦʚ ʦʩʳ 

ʙʘסʳʪʪʘסʳ ʞײʤʳʩʪʘʨסʘ ʘʢʘʜʝʤʠʢ ʂ.ʂ.ʂʝʥʞʝʙʘʝʚʧʝʥ ʙʽʨʛʝ ᴇʟ װʣʝʩʪʝʨʽʥ ץʦʩʪʳ. ʆʣʘʨ ʦʩʳ ʙʘסʳʪʪʘ 

ʟʝʨʪʪʝʫʣʝʨ ʞװʨʛʽʟʽʧ, ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʜʦʢʪʦʨʣʳסʳʥʘ ʜʠʩʩʝʨʪʘʮʠʷ ץʦʨסʘסʘʥ 

ɸ.ɹ.ɹʝʨʞʘʥʦʚʪʳס שʳʣʳʤʠ ʢʝשʝʩʰʽʣʝʨʽ ʙʦʣʜʳ. 

 ץʳʥ ʰʝʪ ʝʣʜʽʢ, ʈʝʩʧʫʙʣʠʢʘʣʳץʙʝʢʪʝʨʽ ʘʣʳʩ ʞᴅʥʝ ʞʘשʳʣʳʤʠ-ᴅʜʽʩʪʝʤʝʣʽʢ ʝס ʳʣʳʤʠ ʞᴅʥʝנ

ʞᴅʥʝ ʘʡʤʘץʪʳץ ʙʘʩʳʣʳʤʜʘʨʜʘ ʞʘʨʳץ ʢᴇʨʜʽ. ʆʣʘʨʜʳש ʞʘʣʧʳ ʩʘʥʳ 350- ʜʝʥ ʘʩʪʘʤ. ɽʢʽ 

ʤʦʥʦʛʨʘʬʠʷʩʳ ʞᴅʥʝ 5 ᴅʜʽʩʪʝʤʝʣʽʢ ʦץʫ ײץʨʘʣʜʘʨʳ ʙʘʨ. 

ʇʨʦʬʝʩʩʦʨ ɾ.ɸ.ʉʘʨʪʘʙʘʥʦʚʪ סʳʣʳʤʠ ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ ɸ.ʀ.ʂʫʣʠʢ, ᴄ.ɸ.ʄײʭʘʤʙʝʪʦʚʘ, 

ɸ.ɸ.פʫʣʴʞʫʤʠʝʚʘ, ɸ.ʋ.ɹʝʢʙʘʫʦʚʘ, ɸ.ɿ.ɸʣʠʤʘסʘʥʙʝʪʦʚʘ, ɽ.ʂ.ײפʨʤʘʥסʘʣʠʝʚ, ɿ.ɾ. ɸʣʝʫʦʚʘʣʘʨ 

ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʜʘʨʳʥʳש ʢʘʥʜʠʜʘʪʪʳסʳʥʘ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨ ץʦʨסʘʜʳ. 

ᴆʤʽʨ ʙʦʡʳ ʽʟʜʝʥʽʩʪʝ ʞװʨʝʪʽʥ סʘʣʳʤ - ʈʝʩʝʡ סʳʣʳʤʜʘʨʳ ɸʢʘʜʝʤʠʷʩʳʥʳש ɺ.ɸ.ʉʪʝʢʣʦʚ 

ʘʪʳʥʜʘסʳ ʤʘʪʝʤʘʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʜʘ, ʄ.ɺ.ʃʦʤʦʥʦʩʦʚ ʘʪʳʥʜʘסʳ ʄʦʩʢʚʘ ʤʝʤʣʝʢʝʪʪʽʢ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ, ʊ.ɻ.ʐʝʚʯʝʥʢʦ ʘʪʳʥʜʘסʳ ʂʠʝʚ ʤʝʤʣʝʢʝʪʪʽʢ ʋʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʞᴅʥʝ ʋʢʨʘʠʥʘʥʳש 

 שɸ-ʥʳנױ ʈפ ʋ-ʜʝ ʞᴅʥʝױ ץʘʟʘפ ʳסʄʘʪʝʤʘʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʜʘ, ᴅʣ-ʌʘʨʘʙʠ ʘʪʳʥʜʘ שɸ - ʥʳנױ

ʄʘʪʝʤʘʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʜʘ ײʟʘץ ʞᴅʥʝ ץʳʩץʘ ʤʝʨʟʽʤʜʽ ʙʽʣʽʤ ʢᴇʪʝʨʫ ʢʫʨʩʪʘʨʳʥ ᴇʪʪʽ, ʽʩ-ʩʘʧʘʨʣʘʨʜʘ 

ʙʦʣʜʳ. ʆʣʘʨʜʳש ʙʘʡ ʢʽʪʘʧʭʘʥʘʣʘʨ ץʦʨʳʥʘʥ ʙʽʣʽʤ ʪʦʣʳץʪʳʨʩʘ, ᴅʣʝʤʜʽʢ ʜʝשʛʝʡʜʝʛʽ סʘʣʳʤʜʘʨʜʳש 

 ,ʰʪʘʜʳײ ʨʛʝʥ ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽʥװʳʣʳʤʠ ʩʝʤʠʥʘʨʣʘʨʳʥʜʘ ʙʘʷʥʜʘʤʘʣʘʨ ʞʘʩʘʧ, ʦʡʳʥʜʘ ʞס

ʙʦʣʘʰʘץץʘ ץʘʞʝʪʪʽ ʙʘסʜʘʨ ʘʣʜʳ. ʉʦʥʜʘʡ סʘʣʳʤʜʘʨ ץʘʪʘʨʳʥʜʘ ʋʢʨʘʠʥʘʜʘ ʘʢʘʜʝʤʠʢʪʝʨ 

ʖɸ..ʄʠʪʨʦʧʦʣʴʩʢʠʡ, ɸ.ʄ.ʉʘʤʦʡʣʝʥʢʦ, ʅ.ɸ.ʇʝʨʝʩʪʶʢʪʝʨʜʽ, ʈʝʩʝʡʜʝ ɸ.ɸ.ɼʝʟʠʥ, פʘʟʘץʩʪʘʥʜʘ 

ʘʢʘʜʝʤʠʢʪʝʨ ʆ.ɸ.ɾᴅʫʪʽʢʦʚ, ᴆ.ʄ.ʉײʣʪʘʥסʘʟʠʥ, ʅ.פ.ɹʣʠʝʚ, פʈ נױɸ-ʥʳש ʢʦʨʨʝʩʧʦʥʜʝʥʪ ʤװʰʝʩʽ 

ɼ.ת.תʤʙʝʪʞʘʥʦʚʪʘʨʜʳ ʘʪʘʫסʘ ʙʦʣʘʜʳ. 

 ʜʝʫʣʝʨשʪʝ ץʜʘʧ, ʜʠʬʬʝʨʝʥʮʠʘʣʜʳשʳ ʜᴅʨʽʩʪʝʨʽʥ ʪʳץʘʰסʳʣʳʤʠ ʝʩʝʶ ʞʦʣʳʥʜʘ ʘʣנ

ʪʝʦʨʠʷʩʳʥʘ ʜʝʛʝʥ ʘʣסʘʰץʳ ץʳʟʳסʫʰʳʣʳסʳʥ ʦʷʪץʘʥ ʘʪʳ ᴅʣʝʤʛʝ ᴅʡʛʽʣʽ סʘʣʳʤ, ʘʢʘʜʝʤʠʢ 

ʍ.ʇ.ʇʝʨʩʠʜʩʢʠʡ, ʤʘʪʝʤʘʪʠʢʘʣʳס ץʳʣʳʤʜʘ ᴇʟʽʥʜʽʢ ʞʘשʘ ᴅʜʽʩʪʽש ʥʝʛʽʟʽʥ ʩʘʣʫʰʳ ʧʨʦʬʝʩʩʦʨ 

ɺ.ʍ.ʍʘʨʘʩʘʭʘʣ, ʪʘʤʘʰʘ ʜᴅʨʽʩʢʝʨ ʞᴅʥʝ ʢᴇʨʥʝʢʪʽ סʘʣʳʤ ʧʨʦʬʝʩʩʦʨ ɼ.ת.תʤʙʝʪʞʘʥʦʚʪʘʨ ᴇʟ ᴇʤʽʨʽʥʜʝ 

ʦʡʳʧ ʦʨʳʥ ʘʣסʘʥ ʘסʘ ײʨʧʘץ ᴇʢʽʣʜʝʨʽ ʝʢʝʥʜʽʢʪʝʨʽʥ ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ ʟʦʨ ײץʨʤʝʪʧʝʥ ʝʩʢʝ 

ʘʣʘʜʳ. ɼᴅʫʣʝʪ תʤʙʝʪʞʘʥײʣʳ ײʩʪʘʟʳ ʍʘʨʘʩʘʭʘʣ ᴅʜʽʩʽʥ ʞʝʪʽʣʜʽʨʽʧ, ʘʣסʘ ץʘʨʘʡ ʜʘʤʳʪʫסʘ ʢװʰ 

ʩʘʣʜʳ. ʆʩʳʣʘʡʰʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʍʘʨʘʩʘʭʘʣ - תʤʙʝʪʞʘʥʦʚ ʤʝʢʪʝʙʽ ץʘʣʳʧʪʘʩʪʳ. ᴆʤʽʨʜʝʥ ʪװʡʛʝʥʽ 

ʢᴇʧ ʙʝʣʛʽʣʽ סʘʣʳʤ ᴇʟʽʥʽש ʽʟʙʘʩʘʨʣʘʨʳʥ ʜʘʡʳʥʜʘʫʜʳ ʜʘ ײʤʳʪʢʘʥ ʞʦץ. ʆʣʘʨʜʳ סʳʣʳʤ ʞʦʣʳʥʘ 

ʙʘסʳʪʪʘʡ ʙʽʣʜʽ. ᴆʟʽ ᴇʤʽʨʜʝʥ ᴇʪʩʝ ʜʝ ʘʨʪʳʥʘ ᴇʧʰʝʩ ʽʟ ʢʘʣʜʳʨʜʳ. ʅᴅʪʠʞʝʩʽʥʜʝ ɸʢʪᴇʙʝ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʙʽʨ ʜʦʢʪʦʨʣʳ7 ,ץ ʢʘʥʜʠʜʘʪʪʳץ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨ ץʦʨסʘʣʳʧ, ʍʘʨʘʩʘʭʘʣ - 

 ʘʩʳʥ ʪʘʧʪʳ. ʇʨʦʬʝʩʩʦʨ ɾ.ɸ.ʉʘʨʪʘʙʘʥʦʚ ʩʦʣסʤʙʝʪʞʘʥʦʚ ʤʝʢʪʝʙʽʥʜʝʛʽ ʟʝʨʪʪʝʫʣʝʨ ᴇʟ ʞʘʣת

ʟʝʨʪʪʝʫʣʝʨʜʽש ʢᴇʰʙʘʩʰʳʩʳ ʙʦʣʳʧ ץʘʣʜʳ. ʆʣ ʟʝʨʪʪʝʫʣʝʨʛʝ ʞʘʥʘ ʣʝʧ ʙʝʨʜʽ. 

ɹײʣ ʞʝʪʽʩʪʽʢʪʝʨʛʝ ʞʝʪʫʛʝ ɸץʪᴇʙʝ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝʛʽ סʳʣʳʤʠ ʜʘʤʫסʘ ץʦʣʘʡʣʳ 

ʞʘסʜʘʡʣʘʨʜʳש ʦש ᴅʩʝʨʽ ʙʦʣסʘʥʳ ʩᴇʟʩʽʟ. ʋʥʠʚʝʨʩʠʪʝʪʽʤʽʟ ʜʘʤʠ ʢʝʣʝ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ 

ʬʘʢʫʣʴʪʝʪʽʥʜʝ סʳʣʳʤʠ ʟʝʨʪʪʝʫʣʝʨʜʝ ʞʘשʘ ʩʝʨʧʽʥ ʧʘʡʜʘ ʙʦʣʜʳ. פʘʟʽʨ ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ 

 ʨʳʥ ɼᴅʫʣʝʪײʛʝʨʫʰʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ, ʙשʤʘʙʘʝʚ ʤʝײʜʦʢʪʦʨʳ, ʧʨʦʬʝʩʩʦʨ ɼ.ʉ.ɾ שʳʣʳʤʜʘʨʳʥʳס

 ץʞʘʡ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳ שʄʘʪʝʤʘʪʠʢʘ ʠʥʩʪʠʪʫʪʳʥʳ שɸ-ʥʳנױ ʈפ ʘʥסʘʨץʣʳ ʙʘʩײʤʙʝʪʞʘʥת

ʪʝשʜʝʫʣʝʨ ʣʘʙʦʨʘʪʦʨʠʷʩʳʤʝʥ ʪʳסʳʟ ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʳʣʜʳ. ʃʘʙʦʨʘʪʦʨʠʷ סʘʣʳʤʜʘʨʳ ɸץʪᴇʙʝ 

ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ ʜᴅʨʽʩʪʝʨ ʦץʳʧ ʞʘʩʪʘʨʜʳ סʳʣʳʤ ʞʦʣʳʥʘ ʙʘסʳʪʪʘʫסʘ ʤװʤʢʽʥʜʽʢ ʘʣʜʳ. ʇʨʦʬʝʩʩʦʨ 

ɾɸ.ʉʘʨʪʘʙʘʥʦʚ ʙʝʣʩʝʥʜʽ ʞʝʪʝʢʰʽʣʽʛʽʤʝʥ çɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʤʝʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʬʠʟʠʢʘʥʳש ʧʨʦʙʣʝʤʘʣʘʨʳè סʳʣʳʤʠ ʩʝʤʠʥʘʨʳʥʳש ʞײʤʳʩʳ ʞʦʣסʘ ץʦʡʳʣʜʳ. ɹʠʳʣסʳ ʞʳʣʳ 6-ʰʳ 

ʨʝʪ ᴇʪʢʽʟʛʝʣʽ ʦʪʳʨסʘʥ çɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ, ʘʥʘʣʠʟ ʞᴅʥʝ ʘʣʛʝʙʨʘ ʧʨʦʙʣʝʤʘʣʘʨʳè ʘʪʪʳ 

ʍʘʣʳץʘʨʘʣʳץ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳ ᴇʪʢʽʟʫ װʨʜʽʩʢʝ ʘʡʥʘʣʜʳ. çɽʨʞʘʥʦʚ ʦץʫʣʘʨʳè II ʞᴅʥʝ III 

ᴇʪʢʽʟʽʣʜʽ. ʆʩʳ ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʳײ שʡʳʤʜʘʩʪʳʨʫ ʢʦʤʠʪʝʪʪʝʨʽʥʽש ʪᴇʨʘסʘʩʳʥʳש ʦʨʳʥʙʘʩʘʨʣʳסʳʥ 

ɾʘʡʰʳʣʳץ ɸʣʤʘסʘʥʙʝʪײʣʳ ʘʪץʘʨʴʰ ʢʝʣʝʜʽ. ɹʽʨʥʝʰʝ ʞʳʣ פ.ɾײʙʘʥʦʚ ʘʪʳʥʜʘסʳ ɸץʪᴇʙʝ 

ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʜʝ çʄʘʪʝʤʘʪʠʢʘè ʤʘʤʘʥʜʳסʳ ʙʦʡʳʥʰʘ ʢʘʥʜʠʜʘʪʪʳץ ʜʠʩʩʝʨʪʘʮʠʷ 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

8 

 .ʘʥ ʙʦʣʘʪʳʥסʦʡʳʣץ ʘסʘʩʳʥʜʘ ʢʘʜʨ ʜʘʡʳʥʜʘʫ ʞʦʣסʤʳʩ ʞʘʩʘʧ, ᴇʟ ʢʘʙʳʨײʝʩʽ ʞשʳʣʳʤʠ ʢʝנ ʘʫסʦʨץ

ɾɸ.ʉʘʨʪʘʙʘʥʦʚ ʦʩʳ ʢʝשʝʩʪʝ נʳʣʳʤʠ ʂʝשʝʩ ʪᴇʨʘסʘʩʳʥʳש ʦʨʳʥʙʘʩʘʨʳ ʙʦʣʜʳ, ʃ.ʅ.ɻʫʤʠʣʝʚ 

ʘʪʳʥʜʘסʳ ɽʚʨʘʟʠʷ ױʣʪʪʳץ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽש ʢʘʥʜʠʜʘʪʪʳץ ʞᴅʥʝ ʜʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʣʘʨ ʢʦʨסʘʫ 

ʂʝשʝʩʪʝʨʽʥʽש ʤװʰʝʩʽ ʙʦʣʜʳ. ɹʽʨʥʝʰʝ ʢʘʥʜʠʜʘʪʪʳץ ʞᴅʥʝ ʜʦʢʪʦʨʣʳץ ʜʠʩʩʝʨʪʘʮʠʷʣʳץ 

ʞײʤʳʩʪʘʨʜʳש ʦʧʧʦʥʝʥʪʽ ʙʦʣʜʳ. çʋʥʠʚʝʨʩʠʪʝʪʪʽש ʭʘʙʘʨʰʳʩʳè סʳʣʳʤʠ ʞʫʨʥʘʣʳʥʳש, 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨ ʤʝʥ סʳʣʳʤʠ ʩʝʤʠʥʘʨʣʘʨʜʳש ʤʘʪʝʨʠʘʣʜʘʨ ʞʠʥʘץʪʘʨʳʥʳש ʨʝʜʘʢʮʠʷʣʳץ 

ʘʣץʘʣʘʨʳʥʳש ʤװʰʝʩʽ. נʳʣʳʤʠ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞʦʣʳʥʳץ שʘʣʳʧʪʘʩʫʳʥʘ ʩᴅʡʢʝʩ 1974 ʞʳʣʳ - 

ʜʦʮʝʥʪ, 1997 ʞʳʣʳ ʧʨʦʬʝʩʩʦʨ ʞᴅʥʝ 2010 ʞʳʣʳ פʈ ױɾנɸʢʘʜʝʤʠʷʩʳʥʳש ʘʢʘʜʝʤʠʛʽ ʘʪʘץʪʘʨʳʧ 

ʘʣʜʳ. 

ɾ.ɸ.ʉʘʨʪʘʙʘʥʦʚ ʘʪʘʣʳʧ ᴇʪʽʧ ʦʪʳʨסʘʥ 45 ʞʳʣʜʳץ ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʽʥʜʝ ʤʳשʜʘסʘʥ 

ʤʘʪʝʤʘʪʠʢ ʞᴅʥʝ ʬʠʟʠʢ ʪ.ʙ. ʤʘʤʘʥʜʘʨ ʜʘʡʳʥʜʘʜʳ. ʆʥʳש ʭʘʣʳץ ʘסʘʨʪʫ ʩʘʣʘʩʳʤʝʥ ʙʘʡʣʘʥʳʩʳ 

 ʳʧ ʢʝʣʝʜʽ. ɸʢʪᴇʙʝ ʦʙʣʳʩʳʥʳʥץʙʽʣʽʤ ʞʝʪʽʣʜʽʨʫ ʠʥʩʪʠʪʫʪʳʥʜʘ ʜᴅʨʽʩʪʝʨ ʦ ץʆʙʣʳʩʪʳ .ץʟʽʣʛʝʥ ʞʦװ

ʢᴇʧʪʝʛʝʥ ʘʫʜʘʥʜʘʨʳʥʜʘ ʜᴅʨʽʩʪʝʨ ʦץʳʧ, ʤסײʘʣʽʤʜʝʨʛʝ ʢʝשʝʩʪʝʨ ʙʝʨʜʽ. ʆʙʣʳʩ ʢᴇʣʝʤʽʥʜʝ ᴇʪʢʝʥ 

ʢᴇʧʪʝʛʝʥ ʦʣʠʤʧʠʘʜʘʣʘʨʜʳש ᴅʜʽʣ ʘʣץʘʩʳʥʳש ʪᴇʨʘסʘʩʳ ʙʦʣʳʧ, 20-ʜʘʥ ʘʩʪʘʤ ʤʝʢʪʝʧ 

ʦץʫʰʳʣʘʨʳʥʳס שʳʣʳʤʠ ʞʦʙʘʣʘʨʳʥʘ ʙʘʩʰʳʣʳץ ʝʪʪʽ. ʆʣ סʳʣʳʤʠ ʞʦʙʘʣʘʨʜʳש ʢᴇʙʽʩʽ 

ʨʝʩʧʫʙʣʠʢʘʣʳץ ʞʵʥʝ ʭʘʣʳץʘʨʘʣʳץ ʢʦʥʢʫʨʩʪʘʨʳʥʜʘ ʞװʣʜʝʣʽ ʦʨʳʥʜʘʨסʘ ʠʝ ʙʦʣʜʳ. ʆʣ ᴇʟʽʥʽש 

ʢᴇʧʪʝʛʝʥ ʦץʫʰʳʣʘʨʳʥʳש ʭʘʣʳץ ʘסʘʨʪʫ ʩʘʣʘʩʳʥʜʘ ʞʦסʘʨʳ ʣʘʫʘʟʳʤʜʳ ץʳʟʤʝʪʪʝʨ ʘʪץʘʨʳʧ, ʦץʫ 

ʦʨʳʥʜʘʨʳʥʜʘ ʦץʳʪʫʰʳʣʳץ ץʳʟʤʝʪʪʝʨʜʝ ʞʘץʩʳ ʞʘסʳʥʘʥ ʢᴇʨʽʥʽʧ, ʢʘʥʜʠʜʘʪʪʳץ ʞᴅʥʝ ʜʦʢʪʦʨʣʳץ 

ʜʠʩʩʝʨʪʘʮʠʷʣʘʨ ץʦʨסʘסʘʥʳʥ ʤʘץʪʘʥ ʪײʪʘʜʳ. ʆʣʘʨסʘ ײʩʪʘʟʜʳץ ʢᴇʤʝʢ ʢᴇʨʩʝʪʫʜʝʥ ʞʘʣʳץץʘʥ ʝʤʝʩ. 

ɾ.ɸ.ʉʘʨʪʘʙʘʥʦʚʪʳפ שʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳש ʙʽʣʽʤʽ ʤʝʥ סʳʣʳʤʳʥʘ ʩʽשʽʨʛʝʥ ʝשʙʝʛʽ 

ʫʥʠʚʝʨʩʠʪʝʪ ʞᴅʥʝ ʈʝʩʧʫʙʣʠʢʘ ʜʝשʛʝʡʽʥʜʝ ץʦʣʜʘʫ ʪʘʫʳʧ, ʘʪʘʣʳʧ ʦʪʳʨʜʳ. ʆʣ 1977 ʞʳʣʳ çפʘʟʘץ 

ʂʉʈ ʭʘʣʳץ ʘסʘʨʪʫ ʽʩʽʥʽש ʦʟʳסʳè ʙʝʣʛʽʩʽʤʝʥ, 1985 ʞʳʣʳ çɽשʙʝʢ ʘʨʜʘʛʝʨʽè ʤʝʜʘʣʽʤʝʥ, 1985 ʞʳʣʳ 

 ʳʟʤʝʪʢʝʨèץ ʛʝʥשʙʝʛʽ ʩʽשʘʨʳ ʤʝʢʪʝʙʽʥʝ ʝסʘʟʂʉʈ ʞʦפʳʤʝʥ çסʞʘʨʣʳ שʂʉʈ ʇʨʝʟʠʜʠʫʤʳʥʳ ץʘʟʘפ

 ʨʤʝʪײפ שʳʣʳʤ ʄʠʥʠʩʪʨʣʽʛʽʥʽנ ʈ ɹʽʣʽʤ ʞᴅʥʝפ ʳʤʝʥ, 2002 ʞᴅʥʝ 2006 ʞʳʣʜʘʨʳסʨʤʝʪʪʽ ʘʪʘײץ

ʛʨʘʤʦʪʘʩʳʤʝʥ ʤʘʨʘʧʘʪʪʘʣסʘʥ. ʉʦʥʳʤʝʥ ץʘʪʘʨ çʋʥʠʚʝʨʩʠʪʝʪʪʽש ʄʘʡʪʘʣʤʘʥ ʜʝʢʘʥʳè (2007 ʞ.), 

çʋʥʠʚʝʨʩʠʪʝʪʪʽש ʞʳʣ ʘʜʘʤʳè (2012 ʞ.). ʆʥʳש ʝʩʽʤʽ ʤʝʥ ʝשʙʝʢ ʞʦʣʳ ʈʝʩʧʫʙʣʠʢʘʣʳץ, ʦʙʣʳʩʪʳץ 

ʞᴅʥʝ ʘʫʜʘʥʜʳץ ʵʥʮʠʢʣʦʧʝʜʠʷʣʘʨסʘ ʝʥʛʝʥ. 

1941-1945 ʞʳʣʜʘʨʜʘסʳ ױʣʳ ʆʪʘʥ ʩʦסʳʩʳʥʳש ʘʨʜʘʛʝʨʽ ᴅʢʝʩʽ ɸʣʤʘסʘʥʙʝʪ ʧʝʥ ʘʥʘʩʳ 

ɹʠʙʽʩʘʨʘ ʙʝʩ ײʣ, ʙʽʨ ץʳʟ ʪᴅʨʙʠʝʣʝʧ ᴇʩʽʨʛʝʥ. פʘʨʘʧʘʡʳʤ ʞʘʥײʷʜʘʥ ʰʳץץʘʥ ɾʘʡʰʳʣʳץ 

ɸʣʤʘסʘʥʙʝʪײʣʳ ʜʘ ᴅʨ ʫʘץʳʪʪʘ ʞʘʥײʷ ʙʘץʳʪʳʥ ʞʦסʘʨʳ ץʦʷʜʳ. ɾʘʥ-ʞʘʨʳ ʈʘʭʠʤʘ ʝʢʝʫʽ ɻװʣʰʘʨʘ 

ʤʝʥ פʘʥʘʪʪʘʨʳʥʘʥ ɼʘʥʠʷʨ ʞᴅʥʝ ɼʘʷʥʘ ʝʩʽʤʜʽ - ʞʠʝʥ ʥʝʤʝʨʝʣʝʨ, ʉʘʤסʘʪ, ʈʘʭʘʪ ʞᴅʥʝ ʃᴅʟʘʪ ʝʩʽʤʜʽ 

ʥʝʤʝʨʝʣʝʨ ʩװʡʽʧ ʦʪʳʨ. ʂʝʣʽʥʽ ʅײʨʛװʣ ץʘʨʞʳ ץʳʟʤʝʪʽʥʜʝ. ɹᴅʨʽ ʙʽʨʽʛʽʧ, ʞʘʥײʷ ʙʘץʳʪʳʥ 

ʞʘʣסʘʩʪʳʨʫʜʘ. 

ɾ. ɸ. ʉʘʨʪʘʙʘʥʦʚ ʤʝʨʝʡʪʦʡ ʠʝʩʽ ʨʝʪʽʥʜʝ ʩʳʨ ʰʝʨʪʢʝʥʜʝ çױʩʪʘʟʜʳײ ץʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ 

 ,שʘʪʳʥʘʩʧʝʥ, ʦʪʙʘʩʳʥʳץ ץʘʤʜʳסʦץ ʰʪʘʩʪʳʨʫ, ʦʣʘʨʜʳײ ʤʳʩʪʘʨʳʤʝʥײʳʣʳʤʠ ʽʟʜʝʥʽʩ ʞס ʳʟʤʝʪʪʽץ

ʘסʘʡʳʥʥʳש ʤᴅʩʝʣʝʣʝʨʽʤʝʥ ʰʝʥʜʝʩʪʽʨʝ ײʩʪʘʧ, ʜʦʩ- ʞʘʨʘʥʜʘʨʤʝʥ ʘʨʘʣʘʩʫ ʦשʘʡ ʰʘʨʫʘ ʝʤʝʩ...è - ʜʝʧ 

ʩʳʨ ʘʰץʘʥ ʙʦʣʘʪʳʥ. ᴆʟʽʥʽש ʩʘʥ ץʳʨʣʳ סʳʣʳʤʠ ʧʝʜʘʛʦʛʠʢʘʣʳץ ץʳʟʤʝʪʽʥʜʝ, ʦʣ ʘʪʘʣסʘʥ 

 ʽʨʣʽʢשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ .ʰʪʘʩʪʳʨʘ ʙʽʣʜʽײ ʽʧ, ʙʽʨ-ʙʽʨʽʤʝʥשʪʘʨʜʳ ʞʝץʠʳʥʜʳץ

ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽʥʽפ שʦʣʜʘʥʙʘʣʳ ʤʘʪʝʤʘʪʠʢʘ ʞᴅʥʝ ʠʥʬʦʨʤʘʪʠʢʘ סʳʣʳʤʠ-ʟʝʨʪʪʝʫ 

ʦʨʪʘʣʳסʳʥʳש ʜʠʨʝʢʪʦʨʳ ץʳʟʤʝʪʽʥ ʘʪץʘʨʳʧ, ʫʥʠʚʝʨʩʠʪʝʪʪʽש ʜʘʤʫʳʥʘ ᴇʟ װʣʝʩʽʥ ץʦʩʳʧ ʢʝʣʝʜʽ. 

 ʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ - ʣʳײʘʥʙʝʪסɸʣʤʘ ץʨʤʝʪʪʽ ɾʘʡʰʳʣʳײפ

ʫʥʠʚʝʨʩʠʪʝʪʽʥʽײ שʞʳʤʳ 75 ʞʘʩץʘ ʪʦʣסʘʥ ʤʝʨʝʡʪʦʡʳשʳʟʙʝʥ ײץʪʪʳץʪʘʡ ʦʪʳʨʳʧ, ʉʽʟʛʝ - ʟʦʨ 

ʜʝʥʩʘʫʣʳץ, ʰʳסʘʨʤʘʰʳʣʳץ ʪʘʙʳʩ ʪʽʣʝʡʜʽ, ʙʽʣʽʤ ʤʝʥ סʳʣʳʤ ץʫסʘʥ ʞʘʩʪʘʨסʘ װʣʛʽ ʢʝʨʩʝʪʽʧ, ʞʘʥײʷ 

ʙʘץʳʪʳʥʘ ʙᴇʣʝʥʫʽשʽʟʛʝ ʞᴅʥʝ ʝʣʽʤʽʟʜʽש ʞʘʨץʳʥ ʙʦʣʘʰʘסʳ װʰʽʥ ץʳʟʤʝʪ ʞʘʩʘʡ ʙʝʨʫʽשʽʟʛʝ 

ʪʽʣʝʢʪʝʩʪʽʛʽʥ ʙʽʣʜʽʨʝʜʽ! 
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ʅɽʂʆʊʆʈʓɽ ɿɸɼɸʏʀ ʀ ʅɸʇʈɸɺʃɽʅʀʗ  

ɼʃʗ ʀʉʉʃɽɼʆɺɸʅʀʗ ʄʅʆɻʆʇɽʈʀʆɼʀʏɽʉʂʀʍ ʂʆʃɽɹɸʅʀʁ  

ɺ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʉʀʉʊɽʄɸʍ 
 

ʉʘʨʪʘʙʘʥʦʚ ɾ.ɸ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ʂ.ɾʫʙʘʥʦʚʘ, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 
 

 ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʪʝʦʨʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʙʝʨʝʪ ʩʚʦʝ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʷ ʩ 

ʂʘʟʘʭʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʥʘʯʠʥʘʷ ʩ ʠʩʩʣʝʜʦʚʘʥʠʡ ɺ.ʍ. ʍʘʨʘʩʘʭʘʣʘ ʟʘ 1958-

1967 ʛʦʜʳ, ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʉʚʷʟʴ ʤʝʞʜʫ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ ʦʙʥʘʨʫʞʝʥʘ 

ʝʱʝ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ ʠ ʧʨʠʚʝʜʝʥʘ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʇ.ɹʦʣʷ [1], ʕ.ʕʩʢʣʘʥʛʦʥʘ [2], ʘ ʪʘʢʞʝ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʟʘ ʜʚʘʜʮʘʪʳʝ ʛʦʜʳ ɻ.ɹʦʨʘ [3], ɸ.ɹʝʟʠʢʦʚʠʯʘ [4], ɺ.ɺ.ʉʪʝʧʘʥʦʚʘ [5], ʉ.ɹʦʭʥʝʨʘ 

[6]. ʇʦʜʨʦʙʥʦ ʦʙ ʵʪʦʡ ʛʣʫʙʦʢʦʡ ʩʚʷʟʠ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʠʟʚʝʩʪʥʦʡ ʤʦʥʦʛʨʘʬʠʠ 

ɹ.ʄ.ʃʝʚʠʪʘʥʘ [7]. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢ ʪʨʠʜʮʘʪʦʤʫ ʛʦʜʫ 20 ʚʝʢʘ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ ʩʪʘʣʠ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʪʝʭʥʠʢʝ ʠ ʘʢʪʠʚʥʦ ʥʘʯʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʪʝʦʨʠʷ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ [10-13]. 

ʊʝʦʨʠʷ ʣʠʥʝʡʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ ʩʚʷʟʠ ʩ ʨʝʣʝʝʚʩʢʦʡ 

ʪʝʦʨʠʝʡ ʟʚʫʢʘ.  

 ɸ ʪʝʦʨʠʷ ʥʝʣʠʥʝʡʥʳʭ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʙʳʣʘ ʩʦʟʜʘʥʘ ɸ.ʇʫʘʥʢʘʨʝ [8] ʚ ʩʚʷʟʠ 

ʩ ʟʘʜʘʯʘʤʠ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʠ ʠ ɸ.ʄ.ʃʷʧʫʥʦʚʳʤ [9] ʚ ʩʚʷʟʠ ʩ ʧʨʦʙʣʝʤʘʤʠ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʜʚʠʞʝʥʠʡ, ʢʦʪʦʨʘʷ ʤʝʪʦʜʠʯʥʦ ʠʟʣʦʞʝʥʘ ʚ ʪʨʫʜʘʭ ʀ.ɻ.ʄʘʣʢʠʥʘ [14,15]. 

 ʋʯʝʥʳʝ ʠ ʠʥʞʝʥʝʨʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʥʝʣʠʥʝʡʥʳʭ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʠ ʚʩʢʦʨʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʵʪʠ ʤʝʪʦʜʳ ʥʝ 

ʛʦʜʷʪʩʷ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʟʘʜʘʯ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

 ʇʨʠ ʧʨʠʤʝʥʝʥʠʠ ʤʝʪʦʜʦʚ ʇʫʘʥʢʘʨʝ-ʃʷʧʫʥʦʚʘ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʫʯʝʥʳʝ ʩʪʘʣʢʠʚʘʣʠʩʴ ʩ ʜʚʫʤʷ 

ʧʨʦʙʣʝʤʘʤʠ. 

 ʇʝʨʚʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʪʦʤ, ʯʪʦ ʢʦʛʜʘ ʧʦʯʪʠ ʧʝʨʠʦʜʠʝʩʢʠʝ ʨʝʰʝʥʠʷ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʦʪʳʩʢʠʚʘʣʠʩʴ ʚ ʚʠʜʝ ʨʷʜʦʚ ʌʫʨʴʝ ʚ ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʘʭ ʧʦʷʚʠʣʠʩʴ çʤʘʣʳʝ ʟʥʘʤʝʥʘʪʝʣʠè ʚ ʚʠʜʝ ʣʠʥʝʡʥʳʭ ʢʦʤʙʠʥʘʮʠʡ 

mmkkk nnn +++ ...2211  ʨʘʮʠʦʥʘʣʴʥʦ ʥʝʩʦʠʟʤʝʨʠʤʳʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ mnnn ...,, 21  ʩ ʮʝʣʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ mkkk ,...,, 21 , ʢʦʪʦʨʳʝ ʚʳʟʳʚʘʣʠ ʨʘʩʭʦʜʠʤʦʩʪʴ ʨʷʜʦʚ. ʕʪʫ ʧʨʦʙʣʝʤʫ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʚʘʣʠ çʪʨʫʜʥʦʩʪʴʶ ʤʘʣʳʭ ʜʝʣʠʪʝʣʝʡè. ʆʥʘ ʨʝʰʘʣʘʩʴ ʙʣʘʛʦʜʘʨʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ɸ.ʅ.ʂʦʣʤʦʛʦʨʦʚʘ [16,17], ɺ.ʀ.ɸʨʥʦʣʴʜʘ [18,19] ʠ 

ʖ.ʄʦʟʝʨʘ [20-22]. 

 ɺʪʦʨʘʷ ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʣʘʩʴ ʚ ʦʪʩʫʪʩʪʚʠʠ ʫʩʣʦʚʠʷ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʝʥʠʡ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʦʝ ʟʘʜʘʯʫ ʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʷʭ ʩʚʝʣʦ ʢ ʦʧʨʝʜʝʣʝʥʠʶ ʠʭ ʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ. ɺ ʩʣʫʯʘʝ ʟʘʜʘʯ ʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʷʭ ʝʩʪʴ ʫʩʣʦʚʠʝ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʝʥʠʡ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʦʪʳʩʢʠʚʘʶʪʩʷ ʥʘʯʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. 

ʇʨʦʙʣʝʤʘ ʧʝʨʚʦʛʦ ʨʦʜʘ ʨʘʟʨʝʰʝʥʘ ʙʣʘʛʦʜʘʨʷ ʨʘʙʦʪʘʤ ɸ.ʅ.ʂʦʣʤʦʛʦʨʦʚʘ, ɺ.ʀ. ɸʨʥʦʣʴʜʘ 

ʠ ʖ.ʄʦʟʝʨʘ ʧʦ ʂɸʄ-ʪʝʦʨʠʠ [16-22].  

ɺʪʦʨʫʶ ʧʨʦʙʣʝʤʫ ʥʝʚʦʟʤʦʞʥʦ ʙʳʣʦ ʨʝʰʠʪʴ ʙʝʟ ʧʝʨʝʭʦʜʘ ʢ ʫʨʘʚʥʝʥʠʷʤ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʦʪ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʏʪʦʙʳ ʦʙʦʩʥʦʚʘʪʴ ʵʪʫ ʤʳʩʣʴ ʚʩʧʦʤʥʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʦʙʳʯʥʦʡ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ 

()tx  ʩ ʧʝʨʠʦʜʦʤ q ʚʠʜʘ 

( ) ()tqt xx =+ , ( ) R=+¤¤-Í ;t . 
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ɼʣʷ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ()tx  ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

( )xfx ,t=# , 

ʚ ʩʠʣʫ ʩʚʦʡʩʪʚʘ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ, ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʝ ʵʪʦʛʦ ʫʩʣʦʚʠʷ ʪʦʣʴʢʦ 

ʚ ʦʜʥʦʡ ʪʦʯʢʝ :0=t  

( ) ,, 00 xxx =q  ().00 xx =  

ʇʦ ʘʥʘʣʦʛʠʠ, ʦʪʩʶʜʘ ʩʣʝʜʫʝʪ, ʤʳʩʣʴ ʦ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦʯʪʠ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʚ 

ʚʠʜʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʦʪ ʤʥʦʛʠʭ ʠʣʠ ʩʯʝʪʥʦʛʦ ʤʥʦʞʝʩʪʚʘ ʧʝʨʝʤʝʥʥʳʭ. ɽʩʣʠ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʨʘʩʩʤʦʪʨʝʥʠʝʤ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʪʦ, ʧʦ ʪʝʦʨʝʤʝ ɻ.ɹʦʨʘ, ʠʭ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʦʪ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

( ) ( )txktx ,, twqt =++ , ,mZkÍ  ( ) ,, mRRt ³Ít  

ʛʜʝ ( )( )mwwqwq ,...,, 11=  ï ʧʝʨʠʦʜʳ ʧʦ ʧʝʨʝʤʝʥʥʳʤ ( )( ),,...,, 11 mttt tt =  ʘ 

( )( )11,...,, --= mwqnm  ï ʢʨʫʛʦʚʳʝ ʯʘʩʪʦʪʳ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ( )ttex , , ( )1,...,1=e  ï 

m-ʚʝʢʪʦʨ, ( )mmkkk www ,...,11=  ï ʢʨʘʪʥʳʝ ʚʝʢʪʦʨ-ʧʝʨʠʦʜʳ. 

ʉ ʮʝʣʴʶ ʧʝʨʝʭʦʜʘ ʦʪ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʢ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ, ɺ.ʍ.ʍʘʨʘʩʘʭʘʣ ʟʘʤʝʪʠʣ, ʯʪʦ ʧʦʣʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ 

( ) ( ) ( ) ( )tttttt
t
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1 µ

µ
++

µ

µ
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µ

µ
=#  ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʥʘ ʦʩʥʦʚʝ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʦʧʝʨʘʪʦʨʘ ( ) ( ) ( ) ( )tx
t

tx
t
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m

,...,,,
1

ttt
t

t
µ

µ
++

µ

µ
+

µ

µ
=  ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʥʘ 

ʛʣʘʚʥʫʶ ʜʠʘʛʦʥʘʣʴ tet=  ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ( ) ., mRRt ³Ít  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʷʚʠʣʘʩʴ ʟʘʜʘʯʘ ʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʦʧʝʨʘʪʦʨʦʤ D  ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʜʠʘʛʦʥʘʣʠ tet=  ʚʠʜʘ   

( )xtfDx ,,t= ,                                                (1) 

ʢʦʪʦʨʘʷ ʩʪʘʚʠʣʘʩʴ ʠ ʨʝʰʘʣʘʩʴ ɺ.ʍ.ʍʘʨʘʩʘʭʘʣʦʤ [23]. 

 ɼʘʣʝʝ, ʙʦʣʝʝ ʦʙʱʘʷ ʟʘʜʘʯʘ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʠ ʨʝʰʘʣʘʩʴ ʚ ʨʘʙʦʪʘʭ ʋʤʙʝʪʞʘʥʦʚʘ ɼ.ʋ. 

[24,25] ʩ ʦʧʝʨʘʪʦʨʦʤ ( ) ,,,
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¶ ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʜʘʯ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ 

ʫʨʘʚʥʝʥʠʡ (1) ʚʦʟʥʠʢʣʘ ʥʦʚʘʷ ʟʘʜʘʯʘ ʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʤʝʪʦʜʦʚ ʂɸʄ-ʪʝʦʨʠʠ ʧʦ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʷʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʡ ʩʣʫʯʘʡ. ʊʘʢʘʷ ʟʘʜʘʯʘ ʚʧʦʣʥʝ ʨʝʘʣʠʟʫʝʤʘ, ʧʦʩʢʦʣʴʢʫ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ 

ʜʚʝ ʣʝʤʤʳ ɺ.ʀ. ɸʨʥʦʣʴʜʘ ʦʩʪʘʶʪʩʷ ʚ ʩʠʣʝ ʦʪʥʦʩʠʪʝʣʴʥʦ 1) ʩʠʣʥʦʡ ʥʝʩʦʠʟʤʝʨʠʤʦʩʪʠ ʯʘʩʪʦʪ 

ʠ 2) ʦʮʝʥʢʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ ʧʦ ʨʘʟʣʦʞʝʥʠʶ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʥʘ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʝ ʨʷʜʳ. 

 ɺ ʯʘʩʪʥʦʩʪʠ, ʵʪʘ ʟʘʜʘʯʘ ʨʘʟʨʝʰʝʥʘ ʜʣʷ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʢʦʛʜʘ ʚʳʥʫʞʜʘʶʱʘʷ ʩʠʣʘ ʧʨʝʜʩʪʘʚʠʤʘ ʬʫʥʢʮʠʝʡ, ʘʥʘʣʠʪʠʯʥʦ 

ʧʨʦʜʦʣʞʘʝʤʳʡ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʦʩʠ ʧʦ ʢʘʞʜʦʡ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʇʦʣʴʟʫʷʩʴ ʫʩʣʦʚʠʝʤ ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʠ, ʚ ʩʠʣʫ ʵʪʠʭ ʜʚʫʭ ʣʝʤʤ ʂɸʄ-ʪʝʦʨʠʠ, ʤʦʞʥʦ 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

11 

ʧʦʣʫʯʠʪʴ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʚ ʩʣʫʯʘʝ 

ʤʘʣʳʭ ʥʝʣʠʥʝʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʘʟʚʠʪʴ ʠʜʝʶ ʤʝʪʦʜʦʘ ʇʫʘʥʢʘʨʝ-ʃʷʧʫʥʦʚʘ ʩʪʘʣʦ ʚʦʟʤʦʞʥʳʤ ʚ ʩʣʫʯʘʝ  

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʧʝʨʘʪʦʨʘʤʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ. 

ɺ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʙʦʣʝʝ ʨʘʟʚʠʪʦ ʚ ʩʣʫʯʘʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʜʠʭʦʪʦʤʠʯʥʦʩʪʠ ʩʦʦʪʚʝʩʪʚʫʶʱʠʭ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ [32-54]. 

¶ ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʟʘʜʘʯ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʨʝʰʘʶʱʝʝ 
ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʝ ʩʧʝʮʠʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ  

( )xtPDx ,t=                                                       (3) 

ʩʚʷʟʘʥʥʳʝ ʩ ʤʘʪʨʠʮʘʥʪʘʤʠ ( )st ,,tX  ʠ ʤʘʪʨʠʮʝʡ ʤʦʥʦʜʨʦʤʠʠ ( )ssq ,,X , ʥʘʧʨʠʤʝʨ, ʢʘʢ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʠ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʪʚʠ ʣʦʛʘʨʠʬʤʘ 

ʤʘʪʨʠʮʳ ʤʦʥʦʜʨʦʤʠʠ, ʛʜʝ ts et-= . 

 ʀʟʫʯʘʷ ʟʘʜʘʯʠ ʚ ʪʝʨʤʠʥʘʭ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʚ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ʤʳ ʠʩʧʳʪʳʚʘʝʤ 

ʪʨʫʜʥʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʥʝʨʘʟʚʠʪʦʩʪʴʶ ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʳ ʦʧʝʨʘʪʦʨʦʚ, ʟʘʚʠʩʷʱʠʭ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ.  

 ɺ ʵʪʦʡ ʩʚʷʟʠ ʩʣʝʜʫʶʪ ʦʪʤʝʪʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʗ.ʉʠʙʫʡʷ [27], ɺ.ɺʘʟʦʚʘ [28] ʠ 

ɸ.ʄ.ʉʘʤʦʡʣʝʥʢʦ [29], ʛʜʝ ʧʨʠʚʝʜʝʥʳ ʥʝʢʦʪʦʨʳʝ ʨʝʟʫʣʴʪʘʪʳ ʥʳʥʝʰʥʝʛʦ ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʦʡ 

ʧʨʦʙʣʝʤʳ. 

 ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʥʘʤʠ ʨʘʟʚʠʪʳ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʡ [41]. 

¶ ɺʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʦʧʨʦʩ ʦ ʧʨʠʚʦʜʠʤʦʩʪʠ ʩʠʩʪʝʤʳ (3) ʢ ʩʠʩʪʝʤʝ  

()yCDy s=                                                           (4) 

ʩ ʛʣʘʜʢʦʡ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʠ ʧʦʩʪʦʷʥʥʦʡ ʥʘ ʜʠʘʛʦʥʘʣʠ ʤʘʪʨʠʮʝʡ ()sC , ʛʜʝ 

ts et-=  ʥʘ ʦʩʥʦʚʝ ʥʝʦʩʦʙʝʥʥʦʡ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʣʠʥʝʡʥʦʡ ʟʘʤʝʥʳ. 

 ʕʪʘ ʟʘʜʘʯʘ ʪʝʩʥʦ ʩʚʷʟʘʥʘ ʩʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʚʝʪʚʠ ʣʦʛʘʨʠʬʤʘ 

ʤʘʪʨʠʮʳ ʤʦʥʦʜʨʦʤʠʠ. 

 ʋʢʘʟʘʥʠʝ ʢʣʘʩʩʘ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʛʣʘʜʢʠʭ ʤʘʪʨʠʮ ( )tP ,t , ʧʨʠʚʦʜʠʤʳʭ ʢ ʩʠʩʪʝʤʝ 

ʚʠʜʘ (4) ʥʝʦʩʦʙʝʥʥʦʡ ʛʣʘʜʢʦʡ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʤʝʥʦʡ ( )ytQx ,t=  ʩʦʩʪʘʚʣʷʝʪ ʩʫʪʴ 

ʧʨʦʙʣʝʤʳ ʧʨʠʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤʳ (3).  

 ɿʘʤʝʪʠʤ, ʯʪʦ ʚʦʧʨʦʩ ʧʨʠʚʦʜʠʤʦʩʪʠ ʜʣʷ ʩʠʩʪʝʤ (3) ʚ ʨʘʥʥʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʘʚʠʣʩʷ ʚ 

ʙʦʣʝʝ ʞʝʩʪʢʦʡ ʬʦʨʤʝ, ʧʦʪʨʝʙʦʚʘʚ ʤʘʪʨʠʮʫ () CC =s  ʧʦʩʪʦʷʥʥʦʡ. 

¶ ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯ ʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʣʠʥʝʡʥʳʭ ʠ ʢʚʘʟʠʣʠʥʝʡʥʳʭ 
ʩʠʩʪʝʤ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʥʘ ʜʠʘʛʦʥʘʣʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʩʦʩʪʘʚʣʷʝʪ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʝ 

ʥʘʧʨʘʚʣʝʥʠʝ ʪʝʦʨʠʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

 ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʩʜʚʠʛʠ [40,41]. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʣʠʥʝʡʥʦʡ ʯʘʩʪʠ ʪʘʢʠʭ ʩʠʩʪʝʤ ʚʝʜʫʪ ʩʝʙʷ ʢʘʢ ʧʝʨʝʤʝʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ 

ʧʘʨʘʤʝʪʨʦʚ. 

¶ ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʩ ʮʝʣʴʶ ʧʨʠʤʝʥʝʥʠʷ ʤʝʪʦʜʦʚ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʢ 
ʛʘʤʠʣʴʪʦʥʦʚʳʤ ʩʠʩʪʝʤʘʤ ʧʨʠʩʪʫʧʠʣʠ ʨʘʟʨʘʙʦʪʢʝ ʦʙʱʠʭ ʚʦʧʨʦʩʦʚ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ 

ʦʧʝʨʘʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʩʥʦʚʘʪʴ ʩʧʝʮʠʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʢʘʢ ʤʝʪʦʜ ʢʘʥʦʥʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʤʝʪʦʜ ʮʠʢʣʠʯʝʩʢʠʭ 

ʧʝʨʝʤʝʥʥʳʭ. ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʦʚ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʙʱʠʪʴ ʦʩʥʦʚʦʧʦʣʘʛʘʶʱʠʝ ʤʝʪʦʜʳ ʂɸʄ-ʪʝʦʨʠʠ ʜʣʷ ʘʥʘʣʠʪʠʯʝʩʢʠʭ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʕʪʦ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʚ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʩʚʦʝʛʦ 

ʨʘʟʚʠʪʠʷ. 

¶ ɺ ʮʝʣʷʭ ʧʨʠʣʦʞʝʥʠʷ ʤʝʪʦʜʦʚ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʢ ʟʘʜʘʯʘʤ ʤʝʭʘʥʠʢʠ ʚ 
1840-1850 ʛʦʜʘʭ ʂ.ʗʢʦʙʠ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʚʚʝʣ ʫʨʘʚʥʝʥʠʷ ʗʢʦʙʠ, ʢʦʪʦʨʦʝ ʟʘʜʘʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʬʫʥʢʮʠʠ ɻʘʤʠʣʴʪʦʥʘ. 
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 ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʡ ʗʢʦʙʠ ʷʚʣʷʝʪʩʷ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʧʨʦʜʦʣʞʝʥʠʝʤ ʧʨʝʜʳʜʫʱʝʡ ʧʨʠʚʝʜʝʥʥʦʡ ʟʘʜʘʯʠ. ɺ ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʜʦʢʘʟʘʥʘ ʦʙʦʱʝʥʥʘʷ ʪʝʦʨʝʤʘ ʗʢʦʙʠ ʧʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʶ ʫʨʘʚʥʝʥʠʡ ʪʘʢʦʛʦ ʚʠʜʘ. ʇʝʨʚʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʟʘʣʦʞʝʥʳ ʚ ʦʩʥʦʚʫ ʤʘʛʠʩʪʝʨʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʞʜʝʪ ʩʚʦʝ ʧʨʦʜʦʣʞʝʥʠʝ. 

¶ ʇʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʷʚʣʷʝʪʩʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʃʷʧʫʥʦʚʘ ʩ ʦʧʝʨʘʪʦʨʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚʜʦʣʴ ʜʠʘʛʦʥʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ, ʢʦʛʜʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʦʡ 

ʃʷʧʫʥʦʚʘ. ʇʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯ ʜʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʰʣʦ ʚ ʧʣʘʥ ʙʣʠʞʘʡʰʠʭ 

ʣʝʪ. 

¶ ʂ ʠʥʪʝʨʝʩʥʦʤʫ ʩʣʫʯʘʶ ʦʪʥʦʩʠʪʩʷ, ʢʦʛʜʘ ʚʝʢʪʦʨʥʦʝ ʧʦʣʝ ( )taa ,t=  ʦʧʝʨʘʪʦʨʘ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ D  ʟʘʜʘʝʪʩʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʬʫʥʢʮʠʷʤʠ, ʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ 

ʩʠʩʪʝʤʳ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʙʳʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦ ʜʠʭʦʪʦʤʠʯʝʩʢʠʤʠ. ʋʩʣʦʚʠʝ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʩ ʧʝʨʝʤʝʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʟʘʜʘʯʠ ʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʩʠʩʪʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ 

ʧʝʨʝʤʝʥʥʦʡ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʘʟʥʦʩʪʴʶ. ɼʘʥʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʦʪʥʦʩʠʪʩʷ ʢ 

ʩʣʘʙʦʠʩʩʣʝʜʦʚʘʥʥʦʤʫ ʨʘʟʜʝʣʫ ʪʝʦʨʠʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ. 

¶ ɺʝʢʪʦʨʥʦʝ ʧʦʣʝ ( )hxt ,,,taa=  ʦʧʝʨʘʪʦʨʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ D  ʥʘʨʷʜʫ ʚʨʝʤʝʥʥʳʤʠ 

ʧʨʝʤʝʥʥʳʤʠ ( )t,t  ʩʦʜʝʨʞʠʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ çʫʛʦʣè-x ʠ çʜʝʡʩʪʚʠʝè-h ʠ 

ʠʩʩʣʝʜʫʝʪʩʷ ʢʦʣʝʙʘʥʠʷ ʩʠʩʪʝʤʳ ʧʦ ( )xt ,,t . ɺ ʯʘʩʪʥʦʩʪʠ ʵʪʠ ʧʝʨʝʤʝʥʥʳʝ ʤʦʛʫʪ ʚʦʡʪʠ ʚ 

ʩʠʩʪʝʤʫ ʩ ʧʦʤʦʱʴʶ ʛʘʤʠʣʴʪʦʥʠʘʥʘ. 

 ɼʣʷ ʩʠʩʪʝʤ ʩ ʫʢʘʟʘʥʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʘʢʞʝ 

ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʧʦ ʦʜʥʦʡ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤʠ ʧʦ ʚʨʝʤʝʥʥʳʤ ʧʝʨʝʤʝʥʥʳʤ. ʇʦ ʜʘʥʥʦʤʫ ʥʘʧʨʘʚʣʝʥʠʶ ʠʤʝʶʪʩʷ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʘʜʝʣʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʣʫʙʦʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ [44-54]. 

¶ ɿʘʥʠʤʘʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʤʝʩʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʟʘʜʘʯ ʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ 
ʤʝʪʦʜʦʤ ʃʘʛʨʘʥʞʘ, ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʩʪʨʦʝʥʠʠ ʠʥʪʝʛʨʘʣʦʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ 

ʩʠʩʪʝʤ, ʘ ʟʘʪʝʤ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʚʘʨʠʘʮʠʠ ʧʦʩʪʦʷʥʥʳʭ ʧʦʩʪʨʦʝʥʥʳʭ ʠʥʪʝʛʨʘʣʦʚ ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠʣʠ ʨʝʰʝʥʠʡ ʩ ʥʘʯʘʣʴʥʳʤ  ʫʩʣʦʚʠʷʤʠ. ɿʘʤʝʪʠʤ, 

ʯʪʦ ʧʦʩʪʨʦʝʥʠʝ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʠʥʪʝʛʨʘʣʦʚ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʣʦʚʠʡ ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʠ 

ʩʚʦʜʠʪʩʷ ʢ ʨʘʟʨʝʰʠʤʦʩʪʠ ʦʙʳʯʥʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. ʄʝʪʦʜ ʦʧʨʦʙʠʨʦʚʘʥ ʚ ʩʣʫʯʘʝ ʟʘʜʘʯʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ 

ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ [51-53]. 

¶ ɺ ʧʣʘʥʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ  

ʢʦʣʝʙʘʥʠʡ ʚʢʣʶʯʝʥʳ ʚʦʧʨʦʩʳ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩʠʩʪʝʤ ʩ 

ʟʘʧʘʟʜʳʚʘʶʱʠʤʠ ʘʨʛʫʤʝʥʪʘʤʠ ʠ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʦʧʝʨʘʪʦʨʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ. 

 ʊʘʢʦʚʳʝ ʥʝʢʦʪʦʨʳʝ ʧʨʦʙʣʝʤʳ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ ʨʘʟʚʠʪʠʶ ʪʝʦʨʠʠ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩ ʦʧʝʨʘʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ 

ʥʘʧʨʘʚʣʝʥʠʷʤ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʩʦʪʨʫʜʥʠʢʦʚ ʅʘʫʯʥʦʛʦ ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʎʝʥʪʨʘ 

ʇʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠ ʠ ʠʥʬʦʨʤʘʪʠʢʠ ɸʈɻʋ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ. 

 ɺ ʟʘʢʣʶʯʝʥʠʝ, ʭʦʯʝʪʩʷ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʝʦʨʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʦʧʝʨʘʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʚʝʢʪʦʨʥʦʛʦ ʧʦʣʷ ʟʘʨʦʞʜʝʥʘ ʚ 

ʂʘʟʘʭʩʪʘʥʝ ʠ ʥʝ ʠʤʝʝʪ ʘʥʘʣʦʛʦʚ ʚ ʈʝʩʧʫʙʣʠʢʝ ʠ ʤʠʨʝ, ʘ ʛʨʫʧʧʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ɸʈɻʋ ʧʦ ʵʪʦʡ 

ʪʝʤʘʪʠʢʝ ʟʘʥʠʤʘʝʪ ʣʠʜʝʨʫʶʱʝʝ ʧʦʣʦʞʝʥʠʝ ʧʦ ʩʦʟʜʘʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʢʦʣʝʙʘʥʠʡ ʚ 

ʜʘʥʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. 

 ɺ ʨʘʟʨʘʙʦʪʢʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚ ʜʘʥʥʦʤ ʵʪʠʢʝ 

ʘʢʪʠʚʥʦ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʠʩʩʣʝʣʦʚʘʪʝʣʝʤ: ɸʙʜʠʢʘʣʠʢʦʚʘ ɻ.ɸ., ɹʝʢʙʘʫʦʚʘ ɸ.ʋ., 

ʄʫʭʘʤʙʝʪʦʚʘ ɸ.ɸ., ʂʫʣʴʞʫʤʠʝʚʘ ɸ.ɸ., ɸʣʝʫʦʚʘ ɿ.ɾ., ʂʫʨʤʘʥʛʘʣʠʝʚ ɽ.ʂ., ʆʤʘʨʦʚʘ ɹ.ɾ., 

ɸʡʪʝʥʦʚʘ ɻ.ʄ., ɾʫʤʘʛʘʟʠʝʚ ɸ.ʍ. ʠ ʜʨ.  
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ʉʝʢʮʠʷ ˉ1 

Section ˉ1 

ɼʀʌʌɽʈɽʅʎʀɸʃɼʓפ ʊɽרɼɽʋʃɽʈ,  

ʄɸʊɽʄɸʊʀʂɸʃʓפ ʌʀɿʀʂɸ ɾᴄʅɽ ʆʃɸʈɼʓפ רʆʃɼɸʅʓʉʊɸʈʓ 

 

 

ʆɹ ʋʉʃʆɺʀʗʍ ʈɸɿʈɽʐʀʄʆʉʊʀ ʅɽʃʆʂɸʃʔʅʆʁ  

ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ ɼʃʗ ʆɼʅʆɻʆ ʂʃɸʉʉɸ ʋʈɸɺʅɽʅʀʁ  
 

ɸʙʜʠʢʘʣʠʢʦʚʘ ɻ.ɸ., ɸʡʪʝʥʦʚʘ ɻ.ʄ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʥʝʣʦʢʘʣʴʥʘʷ ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ ʩ ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. ʄʝʪʦʜʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʫʩʪʘʥʦʚʣʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʥʳʝ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʥʝʣʦʢʘʣʴʥʦʝ ʫʩʣʦʚʠʝ, ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ, ʦʜʥʦʟʥʘʯʥʦʩʪʴ, 

ʨʘʟʨʝʰʠʤʦʩʪʴ. 

 

ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʫʨʘʚʥʝʥʠʷ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʠʩʩʣʝʜʦʚʘʥʳ  ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʦʪʤʝʪʠʤ [1-2], ʛʜʝ ʤʦʞʥʦ ʥʘʡʪʠ 

ʦʙʟʦʨ ʧʦ ʪʝʦʨʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ  ʠ ʙʠʙʣʠʦʛʨʘʬʠʶ ʧʦ ʵʪʠʤ ʟʘʜʘʯʘʤ. 

ʅʘʭʦʞʜʝʥʠʝ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʟʥʘʢʦʚ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʥʝʢʦʪʦʨʳʭ ʢʣʘʩʩʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʘʢʪʫʘʣʴʥʳ ʢʘʢ 

ʜʣʷ ʨʘʩʰʠʨʝʥʠʷ ʢʣʘʩʩʘ ʨʘʟʨʝʰʠʤʳʭ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ, ʪʘʢ ʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. ʄʝʪʦʜʦʤ ʚʚʝʜʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʚ [3], 

ʷʚʣʷʶʱʝʛʦʩʷ ʦʙʦʙʱʝʥʠʝʤ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ [4], ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʠʟʥʘʢʠ ʦʜʥʦʟʥʘʯʥʦʡ ʠ 

ʢʦʨʨʝʢʪʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʩʠʩʪʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ ʩʦ ʩʤʝʰʘʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ ʚ ʪʝʨʤʠʥʘʭ ʩʧʝʮʠʘʣʴʥʦʡ ʤʘʪʨʠʮʳ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʧʦ 

ʠʩʭʦʜʥʳʤ ʤʘʪʨʠʮʘʤ ʫʨʘʚʥʝʥʠʷ ʠ ʤʘʪʨʠʮʘʤ ʛʨʘʥʠʯʥʦʛʦ ʫʩʣʦʚʠʷ. 

ʅʘ ( ){ }Tttxttx ¢¢+¢¢=W 0,:, w , 0>T , 0>w  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʣʦʢʘʣʴʥʘʷ ʢʨʘʝʚʘʷ 

ʟʘʜʘʯʘ ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ   
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= ; ( )nn³ -ʤʘʪʨʠʮʳ ( )txɸ , , ( )txS , , ( )txK ,  ʠ n -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ( )txf ,  

ʥʝʧʨʝʨʳʚʥʳ ʧʦ x  ʠ t  ʥʘ W; ( )nn³ -ʤʘʪʨʠʮʳ ()xB , ()xC  ʠ n -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ()xd  

ʥʝʧʨʝʨʳʚʥʳ ʥʘ [ ]w,0 ; ʬʫʥʢʮʠʷ ()t1Y  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʠ ()t2Y  ʥʝʧʨʝʨʳʚʥʘʷ 

ʬʫʥʢʮʠʷ ʥʘ [ ]T,0 . 

 ɺʚʝʜʝʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ( )nRC ,W  ʥʝʧʨʝʨʳʚʥʳʭ ʧʦ x  ʠ t  ʬʫʥʢʮʠʡ nRu ­W:  ʩ ʥʦʨʤʦʡ 
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ɺ ʩʦʦʙʱʝʥʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-(4). 

ʉʣʝʜʫʷ [5] ʚʚʦʜʷ ʥʦʚʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ ( ) ( )tx
x

u
txv ,,
µ

µ
=  ʠ ( ) Dutxw =,  ʟʘʜʘʯʫ (1)-

(4) ʩʚʦʜʠʤ ʢ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʟʘʜʘʯʝ ʜʣʷ ʩʠʩʪʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ 

                               ( ) ( ) ( )txfutxSvtxADv ,,, ++= ,    ( )WÍtx, ,                                   (5) 

                    ()( )[ ] ()( )[ ] ( )( ) ()xddssxvsxKTxvxCxvxB

T

xx =++ ñ+TTÍÍ ,,,0,
0

,,0 ww ,                     (6) 

                              ( ) () ( )ñ+Y=

x

t

dtvttxu hh,, 1 ,       [ ]Tt ,0Í ,                                         (7) 

                              ( ) () ( )ñ+Y=

x

t

dtDvttxw hh,, 2 ,   [ ]Tt ,0Í .                                          (8) 

ɽʩʣʠ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ( )txu ,  ʠʟʚʝʩʪʥʘ, ʪʦ ʨʝʰʘʷ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (5)-(6), ʥʘʭʦʜʠʤ 

( )txv , . ɽʩʣʠ ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ( )txv ,  ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʦʡ, ʪʦ ʠʟ (7)-(8) ʦʧʨʝʜʝʣʠʤ 

ʬʫʥʢʮʠʠ ( )txu ,  ʠ ( )txw , .  

 ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ (1)-(4) ʠ ʟʘʜʘʯʘ (5)-(8) ʵʢʚʠʚʘʣʝʥʪʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʩʤʳʩʣʝ: ʝʩʣʠ 

ʬʫʥʢʮʠʷ ( )txu ,  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (1)-(4), ʪʦ ʪʨʦʡʢʘ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʠ 

( )( )( )( )txwtxutxv ,,,,,  - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5)-(8) ʜʣʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ, ʛʜʝ ( )
x

u
txv
µ

µ
=, , ( ) Dutxw =,  ʠ, ʥʘʦʙʦʨʦʪ, ʝʩʣʠ ʪʨʦʡʢʘ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʠ 

( )( )( )( )txwtxutxv ,,,,,  - ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (5)-(8), ʪʦ ʠʟ (7)-(8) ʩʣʝʜʫʝʪ, ʯʪʦ ʬʫʥʢʮʠʠ ( )txu ,  ʠ 

( ) Dutxw =,  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʫʩʣʦʚʠʷʤ (3)-(4) ʠ ʠʤʝʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʇʦʜʩʪʘʚʠʚ 

( )
x

u
txv
µ

µ
=,  ʠ ( ) Dutxw =,  ʚ (5)-(8) ʠʤʝʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ ( )txu ,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1) ʠ 

ʫʩʣʦʚʠʷʤ (2)-(4) ʧʨʠ ʚʩʝʭ ( ) ,, WÍtx  [ ]w,0Íx , [ ]Tt ,0Í , ʪʦ ʝʩʪʴ ʬʫʥʢʮʠʷ ( )txu ,  - ʨʝʰʝʥʠʝ 

ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1)-(4). 

ʊʨʦʡʢʘ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘ W ʬʫʥʢʮʠʡ ( )( )( )( )txwtxutxv ,,,,,  ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (5) ʧʨʠ ʫʩʣʦʚʠʷʭ (6)-(8) ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦ ʌʨʠʜʨʠʭʩʫ [6], 

ʝʩʣʠ ʬʫʥʢʮʠʷ ( )txv ,  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t  ʚʜʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʫʩʣʦʚʠʶ (6), ʛʜʝ 

ʬʫʥʢʮʠʷ ( )txv ,  ʩ ʬʫʥʢʮʠʷʤʠ ( )txu ,  ʠ ( )txw ,  ʩʚʷʟʘʥʘ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (7)-(8). 

ʅʝʣʦʢʘʣʴʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ (5)-(8) ʜʣʷ ʩʠʩʪʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩʚʦʜʠʤ ʢ 

ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʥʘ ( ){ }T¢¢¢¢=H twxtx 0,0:, , 

0>T , 0>w : 

                                  ( ) ( )( ) ( )txtxtxtx
t

,
~

,~,
~~,

~~
fuSvA

v
++=

µ

µ
,   [ ]T,0Ít ,                          (9) 

ʩ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ  

                        ()( ) ()( ) ( )( ) ()xttxtxxxxx ddvKTvCvB

T
~

,~,
~

,~~
0,~~

0

=++ ñ ,  [ ]wx ,0Í ,             (10) 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ  

                                  ( ) () ( )ñ
+

+Y=

tx

t

VtVttx dvu ,~,~
1 ,      [ ]T,0Ít ,                                (11) 

                                  ( ) () ( )ñ
+

µ

µ
+Y=

tx

t

VtV
t

ttx d
v

w ,
~

,~
2 ,   [ ]T,0Ít ,                               (12) 
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 ʛʜʝ ( ) ( )ttxtx ,,~ +=vv , ( ) ( )ttxtx ,,~ +=uu , ( ) ( )ttxtx ,,~ +=ww , ( ) ( )ttxtx ,,
~

+=AA , 

( ) ( )ttxtx ,,
~

+=SS , ( ) ( )ttxtx ,,
~

+=KK , ( ) ( )ttxtx ,,
~

+=ff ; ( )nn³  - ʤʘʪʨʠʮʳ ( ),,
~
txA  

( )tx,
~
S , ( )tx,

~
K  ʠ n - ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ( )tx,

~
f  ʥʝʧʨʝʨʳʚʥʳ ʧʦ x ʠ t ʥʘ H; ()xB

~
, ()xC

~
 - 

( )nn³ ï ʤʘʪʨʠʮʳ ʠ n - ʚʝʢʪʦʨ - ʬʫʥʢʮʠʷ ()xd
~

 ï ʥʝʧʨʝʨʳʚʥʳ ʥʘ [ ]w,0 ; ʬʫʥʢʮʠʠ ()t1Y  ʠ 

()t2Y  ʥʝʧʨʝʨʳʚʥʳ ʥʘ [ ]T,0 . 

 ʅʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ( )tx,~v  ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (9)-(12) ʧʨʠ 

ʠʟʚʝʩʪʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʷʭ ( )tx,~u  ʠ ( )tx,~w , ʝʩʣʠ  ʬʫʥʢʮʠʷ ( ) ( )nRHCv ,,~ Ítx  ʠʤʝʝʪ 

ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʝʤʝʡʩʪʚʫ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (9), ʢʨʘʝʚʦʤʫ ʫʩʣʦʚʠʶ (10) ʧʨʠ ʚʩʝʭ ( ) [ ]wxtx ,0,, ÍÍH , ʛʜʝ 

ʬʫʥʢʮʠʠ ( )tx,~u  ʠ ( )tx,~w  ʩʚʷʟʘʥʳ ʩ ʬʫʥʢʮʠʝʡ ( )tx,~v  ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʦʦʪʥʦʰʝʥʠʷʤʠ 

(11)-(12). 

ʅʝʧʨʝʨʳʚʥʘʷ ʥʘ W ʬʫʥʢʮʠʷ ( ) ( )ttxutxu ,~, -=  ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

ʜʣʷ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ (1) ʩ ʫʩʣʦʚʠʷʤʠ (2)-(4) ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. 

 ʇʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ( )tx,~u  ʠ ( )tx,~w  ʥʝʣʦʢʘʣʴʥʘʷ ʟʘʜʘʯʘ (9)-(12) ʠʩʩʣʝʜʫʝʪʩʷ 

ʤʝʪʦʜʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ [4]. ɺ ʥʘʩʪʦʷʱʝʤ ʩʦʦʙʱʝʥʠʡ ʧʦʣʫʯʝʥʳ ʢʦʵʬʬʠʮʠʝʥʪʥʳʝ 

ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (9)-(12), 

ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʫʩʣʦʚʠʷʤʠ ʨʘʟʨʝʰʠʤʦʩʪʠ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʩ ʥʝʣʦʢʘʣʴʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ (1)-(4). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ 

ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʵʢʚʠʚʘʣʝʥʪʥʘ ʝʝ ʢʦʨʨʝʢʪʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ. 

 ɿʘʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠ 

ʧʦʩʪʨʦʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʥʝʧʨʝʨʳʚʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʠ ʧʦ 

ʧʝʨʝʤʝʥʥʳʤ x  ʠ t, ʪʦ ʬʫʥʢʮʠʷ ( ) ( )nRʉtxu ,, WÍ , ʦʙʣʘʜʘʶʱʘʷ ʥʝʧʨʝʨʳʚʥʳʤʠ ʯʘʩʪʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 
t

u

µ

µ
, 

x

u

µ

µ
, 

x

u

t

u

µ

µ
+

µ

µ
 ʠ ù

ú

ø
é
ê

è

µ

µ
u

x
D  ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʨʘʚʥʝʥʠʶ (1) ʧʨʠ ʚʩʝʭ 

( )WÍtx,  ʩ ʫʩʣʦʚʠʝʤ (2)-(4) ʷʚʣʷʝʪʩʷ ʠ ʢʣʘʩʩʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʥʝʣʦʢʘʣʴʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

(1)-(4). 
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ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʝʪʩʷ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ 

ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʌʨʠʜʨʠʭʩ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ. 

 

ʈʘʟʨʝʰʠʤʦʩʪʴ ʩʠʩʪʝʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ, ʦʪʤʝʪʠʤ [1-3]. 

ɺ ʩʪʘʪʴʝ [4] ʠʩʩʣʝʜʦʚʘʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʜʣʷ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʧʨʠʚʝʜʝʥʥʦʡ ʢ ʢʘʥʦʥʠʯʝʩʢʦʤʫ ʚʠʜʫ. 

ɺ ʤʦʥʦʛʨʘʬʠʠ [5] ʠʩʩʣʝʜʦʚʘʥ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʧʦʯʪʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ   

                       ( ) ( )uxtFxtfAu
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nRuÍ ,                            (1) 

ʛʜʝ kF , A  - ʧʦʩʪʦʷʥʥʳʝ ( )nn³  - ʤʘʪʨʠʮʳ; ( )xtf ,  - ʠʟʚʝʩʪʥʘʷ -n ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ʥʘ 

nE +1 , nE  - -n  ʤʝʨʥʦʝ ʚʝʱʝʩʪʚʝʥʥʦʝ ʝʚʢʣʠʜʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʝʢʪʦʨʦʚ ( )nxxx ,...,1= , 

( ) nExt +Í 1, ; ( )uxtF ,,  - -n ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ; 0>m  - ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ. 

 ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ (1) ʧʦʩʪʦʷʥʥʳʝ ( )nn³  - ʤʘʪʨʠʮʳ kF  ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʠ ʠʤʝʶʪ ʚʠʜ 
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kkk ssbbdiag ,...,,,..., , kk sb ¸ , nlm =+ . ʊʦʛʜʘ ʩʠʩʪʝʤʘ (1) ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʝ 

ʧʦʜʩʠʩʪʝʤʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ ʠ ʩʚʦʜʠʪʩʷ ʟʘʜʘʯʘ ʜʣʷ 

ʢʚʘʟʠʣʠʥʝʡʥʦʡ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʧʦ ʌʨʠʜʨʠʭʩʫ 

                                  ( ) ( )iiiiii uxtFxtfuAuD ,,,1 m++= , n

i Ru Í , mi ,1= ,                   

                                ( ) ( )jjjjjj uxtFxtfuAuD ,,,2 m++= , 
n

j Ru Í  , nmj ,1+= ,                    
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2 . 

ʅʝʧʨʝʨʳʚʥʘʷ ʥʘ W ʬʫʥʢʮʠʷ ( ) ( ) ( ) ( ) ( )( )xtuxtuxtuxtuxtu nmm ,,...,,,,,...,,, 11 +=  ʥʘʟʳʚʘʝʪʩʷ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʧʦ ʌʨʠʜʨʠʭʩʫ [6]  ʢʚʘʟʠʣʠʥʝʡʥʦʡ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʷ (2), ʝʩʣʠ ʬʫʥʢʮʠʷ 

( ) ( ) ( ) ( ) ( ) ( )( )xtuxtuxtuxtuxtuxtu nmm ,,...,,,,,...,,,,, 121 +=  ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʘ ʧʦ t  ʠ x, ʥʝʧʨʝʨʳʚʥʦ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t  ʚʜʦʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʝʤʝʡʩʪʚʫ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. 

ʇʫʩʪʴ { }0,: ><= hhuuHh .  ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ  

i) ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ( ) ( ) ( ) ( ) ( )( )xtfxtfxtfxtfxtf nmm ,,...,,,,,...,,, 11 += , ( ) nExt +Í 1,  

ʤʥʦʛʦʧʝʨʠʦʜʠʯʥʘ ʧʦ xt,  ʩ ʚʝʢʪʦʨ-ʧʝʨʠʦʜʦʤ ( )wq, ; 
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( ) ( ) ( ) ( ) ( )( )nnmmmm uxtFuxtFuxtFuxtFuxtF ,,,...,,,,,,,...,,,,, 1111 ++=  ʚ ʦʙʣʘʩʪʠ 
hn HE ³+1  ( )wq, -

ʧʝʨʠʦʜʠʯʥʘ ʧʦ xt,  ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ hHuÍ ; 

 ii ) ( )xtf ,  ʠ ( )uxtF ,,  ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʨʘʚʥʦʤʝʨʥʦʤʫ ʫʩʣʦʚʠʶ ɻʝʣʴʜʝʨʘ ʧʦ x  c 

ʧʦʢʘʟʘʪʝʣʝʤ ( )1,0Ía , ʘ ( )uxtF ,,  - ʪʘʢʞʝ ʫʩʣʦʚʠʶ ʃʠʧʰʠʮʘ ʧʦ u : 

                                      ( ) ( ) ( )uuxxFuxtFuxtF -+-¢-
a

1,,,, ,  

ʛʜʝ ( )1,0Ía , 01 >=constF , hHuu Í, . 

 ʉʦʚʦʢʫʧʥʦʩʪʴ ʫʩʣʦʚʠʡ  i) - ii)  ʥʘʟʦʚʝʤ ʫʩʣʦʚʠʝʤ (i). 

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ( )wq, - ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ (2). 

 ɺ ʩʠʩʪʝʤʝ (1) ʧʨʦʠʟʚʝʜʝʤ ʟʘʤʝʥʫ  

                                                  Tvu= ,                                                                (3) 

ʛʜʝ T  - ʧʦʩʪʦʷʥʥʘʷ ʥʝʦʩʦʙʘʷ ( )nn³  - ʤʘʪʨʠʮʘ; v  - ʥʦʚʳʡ ʥʝʠʟʚʝʩʪʥʳʡ -n ʚʝʢʪʦʨ.  

ʊʝʤ ʩʘʤʳʤ ʠʤʝʝʤ 

                             ( ) ( )TvxtFxtfATv
x

v
T

t

v
T

k

n

k

k ,,,
1

m++=
µ

µ
F+

µ

µ
ä
=

.                           (4) 

ʉʠʩʪʝʤʫ (4) ʫʤʥʦʞʠʚ ʩʣʝʚʘ ʥʘ 1-T  ʧʦʣʫʯʠʤ  
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ɿʜʝʩʴ TT kk L=L -* 1 , ATTA 1-*= , ( ) ( )xtfTxtf ,, 1-* = , ( ) ( )TvxtFTvxtF ,,,, 1-* = .  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʩʠʩʪʝʤʳ (2) ʩ ʧʦʤʦʱʴʶ ʤʘʪʨʠʮʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ T  

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʚʝʜʝʥʳ ʢ ʜʠʘʛʦʥʘʣʴʥʳʤ, ʞʦʨʜʘʥʦʚʳʤ ʠʣʠ ʪʨʝʫʛʦʣʴʥʳʤ  ʤʘʪʨʠʮʘʤ.  

 ɿʘʤʝʪʠʤ, ʯʪʦ ʠʟʫʯʘʷ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 

ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʚʠʜʘ (2) ʩ ʧʦʤʦʱʴʶ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʠ ʤʘʪʨʠʮʘʥʪʘ 

ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʤʘʪʨʠʮʳ  *Lk  ʠ *A  ʚ ʩʠʩʪʝʤʝ (5) ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʪʨʫʢʪʫʨʫ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʢʣʘʩʩ ( )nEH +1

a  ʥʝʧʨʝʨʳʚʥʳʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ 

( ) ( ) ( )( )xtgxtgxtg n ,,...,,, 1=  ( )wq, - ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ xt,  ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʨʘʚʥʦʤʝʨʥʦʤʫ 

ʫʩʣʦʚʠʶ ɻʝʣʴʜʝʨʘ ʧʦ nExÍ  c ʧʦʢʘʟʘʪʝʣʝʤ ( )1,0Ía  ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʥʦʨʤʝ ʯʠʩʣʦʤ 
2

h
.  

ɺ ʢʣʘʩʩʝ ( )nEH +1

a  ʦʧʨʝʜʝʣʠʤ ʦʧʝʨʘʪʦʨ L, ʢʦʪʦʨʳʡ ʦʪʦʙʨʘʞʘʝʪ ʢʘʞʜʫʶ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʶ ( ) ( )nEHxtg +Í 1, a  ʚ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʶ ( )( )( )xtLgxtPg ,, ¹ .  

 ʊʝʦʨʝʤʘ. ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (i), ʪʦ ʩʫʱʝʩʪʚʫʝʪ 0>m  ʪʘʢʦʝ, ʯʪʦ ʧʨʠ  

mm¢<0  ʩʠʩʪʝʤʘ (2) ʜʦʧʫʩʢʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ( )wq,  - ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʦ xt,  ʠʟ 

ʢʣʘʩʩʘ ( )nEH +1

a , ʢʦʪʦʨʦʝ ʧʨʠ 0­m  ʩʭʦʜʠʪʩʷ ʢ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʤʫ ʨʝʰʝʥʠʶ 

ʧʦʨʦʞʜʘʶʱʝʛʦ ʫʨʘʚʥʝʥʠʷ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ m ʚʳʙʨʘʥʳ  ʠʟ ʫʩʣʦʚʠʷ 

                                           { }21,min0 mmmm =¢¢ , 
6

1
2MF

hg
m= , 

7

2
2F

g
m = , 

ʛʜʝ M , 6F , 7F - ʧʦʩʪʦʷʥʥʳʝ. 

ʇʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʪʝʦʨʝʤʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʭʝʤʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʝʦʨʝʤʳ ʠʟ [5].  ʇʦ 

ʪʝʦʨʝʤʝ ʂʘʯʯʠʦʧʦʣʠ ï ɹʘʥʘʭʘ [7] ʚ ʢʣʘʩʩʝ ( )nEH +1

a  ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ ʥʝʧʦʜʚʠʞʥʘʷ 

ʪʦʯʢʘ ( )xtgg ,
**=  ʦʧʝʨʘʪʦʨʘ L, ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʫʩʣʦʚʠʶ  

                                                    ( )( )xtLgg ,**¹ .  
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ʊʦʛʜʘ ʬʫʥʢʮʠʷ  

                                           ( ) ( ) ( )xtgxtuxtu ,,, **** +=  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ (2) ʠ ʷʚʣʷʝʪʩʷ ( )wq,  - ʧʝʨʠʦʜʠʯʝʩʢʠʤ ʨʝʰʝʥʠʝʤ ʧʦ xt, , 

ʛʜʝ ( ) ( ) ( ) ( ) ( ) ( )( ) ( )n

nmm RHʉuuuuuu ,,~,...,,~,,~,...,,~,,~,~
121 Í= **

+

**** xtxtxtxtxtxt  - ʨʝʰʝʥʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ. 
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ɼʀʌʌɽʈɽʅʎʀɸʃɼʓפ ʊɽרɼɽʋʃɽʈ ɾתʁɽʉɯʅɯר ʈɽʊɯʅ ʂɽʄɯʊʋɼɽ 

ɻʀʇɽʈʂʆʄʇʃɽʂʉ ʉɸʅɼʓפ ɾתʁɽʅɯ פʆʃɼɸʅʋ 

 

ɸʙʠʨʦʚ ɸ.פ., ʂʝʥʞʝʙʘʝʚʘ ʌ.ʉ., פʘʨʘʢʝʥʦʚʘ ʉ.ɻ., ʊʘʡʰʠʝʚʘ ɸ.נ. 

ʍ. ɼʦʩʤײʭʘʤʝʜʦʚ ʘʪʳʥʜʘסʳ ɸʪʳʨʘʫ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʪʳʨʘʫ, פʘʟʘץʩʪʘʥ 

  
ɸʥʥʦʪʘʮʠʷ. ɾײʤʳʩʪʘ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨʜʳ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ  

ʞװʡʝʩʽʥ ʙʽʨ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳʣʳ ʪʝשʜʝʫʛʝ ᴅʢʝʣʫ ʤᴅʩʝʣʝʩʽ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʛʠʧʝʨʢʦʤʧʣʝʢʩ, ʢʚʘʪʝʨʥʠʦʥ, ʢʚʘʜʨʠʧʣʝʢʩ, ʙʠʢʚʘʪʝʨʥʠʦʥ, ʙʠʢʚʘʜʨʠʧʣʝʢʩʩʘʥʜʘʨ, 

ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʪʝשʜʝʫʣʝʨ. 

 

ʉ ʟrʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʨʝʪʪʽʥ ʪᴇʤʝʥʜʝʪʫ ᴇʪʝ ʤʘשʳʟʜʳ ʤᴅʩʝʣʝ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʈʝʪʪʽ ʪᴇʤʝʥʜʝʪʫʜʽש ᴅʨʪװʨʣʽ ᴅʜʽʩʪʝʨʽ ʙʘʨ, ʦʥʳש ʙʽʨʽ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ 

ʞװʡʝʩʽʥ ץʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʄʳʩʘʣסʘ ʢʚʘʪʝʨʥʠʦʥʜʘʨ ʞᴅʥʝ ʢʚʘʜʨʠʧʣʝʢʩʪʽ ʩʘʥʜʘʨ 

ʩʝʢʽʣʜʽ ʪᴇʨʪʽʥʰʽ ʨʝʪʪʽ  ʞᴅʥʝ ʜʝ ʙʠʢʚʘʪʝʨʥʠʦʥʜʘʨ ʞᴅʥʝ ʙʠʢʚʘʜʨʠʧʣʝʢʩʪʽ ʩʘʥʜʘʨ ʩʝʢʽʣʜʽ 

ʩʝʛʽʟʽʥʰʽ ʨʝʪʪʽ ʞװʡʝʩʽʥ ץʦʣʜʘʥʫ ʪᴇʨʪʽʥʰʽ ʞᴅʥʝ ʩʝʛʽʟʽʥʰʽ ʨʝʪʪʽ ʞװʡʝʣʝʨʽʥʽש ʢʝʡʙʽʨ ʢʣʘʩʳʥ  

ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳʥʳש ʙʽʨ ʪʝשʜʝʫʽʥʝ ʪᴇʤʝʥʜʝʫʜʽ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ[1,2].  

ɾʘʣʧʳ ʞʘסʜʘʡʜʘ ʙײʣ ʤᴅʩʝʣʝ ʩʳʟrץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʜʽש ʙʘʩʪʘʧץʳ ʞװʡʝʩʽʥ 

ʙʽʨ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳʣʳ ʪʝשʜʝʫʛʝ ʘʡʥʘʣʜʳʨʫסʘ ʙʦʣʘʪʳʥʜʘʡ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ 

ʞװʡʝʩʽʥ ʪװʨʣʝʥʜʽʨʫʜʽ ʽʟʜʝʫʛʝ ᴅʢʝʣʝʜʽ. ɹײʣ ʘʫʳʩʫ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש 

ʰʝʰʽʤʽʥ ʘʥʘʣʠʪʠʢʘʣʳץ ʪװʨʜʝ ʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ, ʙʽʨʘץ  ʦʣ װʰʽʥ ʦʩʳ ʪװʨʜʝʛʽ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ ʠʥʪʝʛʨʘʣʘʫʜʳש ʘʨʥʘʡʳ ᴅʜʽʩʽ ץʘʞʝʪ. 

ɹʽʟʜʽש ʤʘץʩʘʪʳʤʳʟ ʦʩʳ ʪװʨʜʝʛʽ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʙʦʣʘʪʳʥ ᴅʜʽʩʪʽ ץʘʨʘʩʪʳʨʫ. 

ɹײʣ ᴅʜʽʩʪʽש ʥʝʛʽʟʽʥʝ ʥʘץʪʳ ʘʡʥʳʤʘʣʳ ʞᴅʥʝ ʢʦʵʬʬʠʮʠʝʪʪʽ ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʪʝשʜʝʫʣʝʨ ʤʝʥ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ ʞװʡʝʩʽʥʽש  ʘʨʘʩʳʥʜʘ ʙʘʡʣʘʥʳʩʪʳש ʙʘʨ ʙʦʣʫʳʥʜʘ[3].  

  

ʅʘץʪʳ ʘʡʥʳʤʘʣʳʣʳ ʞᴅʥʝ ʢʦʵʬʬʠʮʠʝʥʪʽ ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ 

ʙʝʨʽʣʩʽʥ 

.                                        (1) 
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ɹʘʟʠʩʽ  ʞᴅʥʝ ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʘʨʳ ,  ʙʦʣʘʪʳʥ  

ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ ʞװʡʝʩʽʥ (1) ʞװʡʝ ʤʳʥʘ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʞᴅʥʝ ʢʦʵʬʬʠʮʠʝʪʪʽ 

ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʛʝ ʢʝʣʝʪʽʥʜʝʡ ʝʪʽʧ ʪʘʙʫ ʢʝʨʝʢ: 

.                                                (2) 

(1) ʪʝשʜʝʫʜʽש  ʦש ʞʘסʳ ʤʝʥ ʩʦʣ ʞʘסʳʥ ʩᴅʡʢʝʩ ʙʘʟʠʩʪʽʢ ʵʣʝʤʝʥʪʝʨʛʝ  ʢᴇʙʝʡʪʽʧ,  ʩʦʣ ʞᴅʥʝ 

ʦש ʞʘסʳʥ ץʦʩʳʧ ʘʣʘʤʳʟ: 

 
ʂʝʣʝʩʽ ʙʝʣʛʽʣʝʫʣʝʨʜʽ ʝʥʛʽʟʝʡʽʢ: 

 
ïʪʳש ʤᴅʥʽʥ ʩʦסשʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʛʝ ץʦʡʳʧ, ʦʥʳש ʩʦʣ ʞʘסʳʥʳש ʜᴅʣ (1) 

ʪװʨʜʝ ʙʦʣʘʪʳʥʳʥ ʘʣʘʤʳʟ.  ʆʣʘʡ ʙʦʣʩʘ, ʤʳʥʘ ʪʝשʜʽʢ ʦʨʳʥʜʘʣʫʳ ץʘʞʝʪ  

 
ɯʟʜʝʣʽʥʽʧ ʦʪʳʨסʘʥ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʳץ ʞװʡʝʜʝʛʽ ʢᴇʙʝʡʪʫ ʟʘשʜʳʣʳסʳʥʘ ʩᴅʡʢʝʩ 

ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

 
ɽʥʜʽ ʦʩʳ ʝʢʽ ʪʝʥʜʽʢʪʽש ʦש ʞʘסʳʥʜʘסʳ ʙʽʨʜʝʡ ʙʘʟʠʩʪʽʢ ʵʣʝʤʝʥʪʪʝʨʽʥ  ʪʝשʝʩʪʽʨʝ   ʦʪʳʨʳʧ, 

ʤʳʥʘ ʞװʡʝʥʽ ʘʣʘʤʳʟ: 

 
ɹʽʨʜʝʡ  ï ʣʝʨʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥ ʪʝשʝʩʪʽʨʝʤʽʟ: 

 
ɹײʜʘʥ (  ʩʘʥʳ ,  ʩʘʥʳ ) ʙʝʣʛʽʩʽʟʜʽ   ʩʳʟʳץʪʳ ʝʤʝʩ ʘʣʛʝʙʨʘʣʳץ ʪʝשʜʝʫʣʝʨ 

ʞװʡʝʩʽʥ ʘʣʘʤʳʟ. 

ɹײʣ ʞװʡʝʥʽש ʰʝʰʽʤʽ (2) ʪʝשʜʝʫʜʽש ʦש ʞʘסʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʽʥʽש ʤᴅʥʽʥ: 

ʞᴅʥʝ  ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʞװʡʝʥʽײץ שʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳʣʘʨʳʥ ʙʝʨʝʜʽ ʞᴅʥʝ ʞװʡʝʛʝ ʙʽʨ (2) ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ɽʛʝʨ ʩʦסשʳ ʞװʡʝʥʽש ʰʝʰʽʤʜʝʨʽʥʽש ʘʨʘʩʳʥʜʘ ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʥʘץʪʳ ʩʘʥ ʙʦʣʘʪʳʥ 

ʰʝʰʽʤ ʙʘʨ ʙʦʣʩʘ, ʦʥʜʘ ʽʟʜʝʣʽʥʽʧ ʦʪʳʨסʘʥ  ʨʝʪʪʽ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʞװʡʝ ʥʘץʪʳ ʩʘʥʜʘʨ 

ᴇʨʽʩʽʥʜʝʛʽ ʩʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ[3]. ɽʛʝʨʜʝ  ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪ 

ʥʘץʪʳ ʙʦʣʘʪʳʥ ʙʽʨʜʝ ʙʽʨ ʰʝʰʽʤ ʙʦʣʤʘʩʘ, ʦʥʜʘ ʽʟʜʝʣʽʥʽʧ ʦʪʳʨסʘʥ  ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʞװʡʝ 

ʩʦʥʜʘʡ  ʨʝʪʪʽ, ʙʽʨʘץ ʦʣ ʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ ᴇʨʽʩʽʥʜʝ ʙʝʨʽʣʛʝʥ ʙʦʣʘʜʳ.  ɹײʣ ײץʨʳʣʳʤʜʳץ 

ʪײʨʘץʪʳ ï ʢʦʤʧʣʝʢʩ ʩʘʥ ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. פʘʞʝʪ ʢʝʟʽʥʜʝ ʦʩʳ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʞװʡʝʥʽ  ʨʝʪʪʽ 

ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʞװʡʝʛʝ ʩʘʣʫסʘ ʙʦʣʘʜʳ. ʆʣ ʙʘʩʪʘʧץʳ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʞװʡʝʥʽש ʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ 

ʞװʡʝʩʽʥʽש ʝʢʽ ʝʩʝʩʽ ʙʦʣʳʧ ʰʳסʘʜʳ. ʆʥʜʘ ʙʘʨʣʳײץ ץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʘʨ ( ʙʦʣʘʜʳ) 

ʞᴅʥʝ (2) ʦש ʞʘסʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʝʨʽʥʽש ʢʦʤʧʦʥʝʥʪʽ  ʥʘץʪʳ ʩʘʥ ʙʦʣʘʜʳ[4]. 

ʅʘץʪʳ ʤʳʩʘʣ ץʘʨʘʩʪʳʨʘʡʳץ. ʉʳʟʳץʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ ʙʝʨʽʣʩʽʥ  

; 

; 

. 

ʉʦʥʜʘ (3) ʞװʡʝ ʤʳʥʘ ʪװʨʜʝ ʙʦʣʘʜʳ:  

; 
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; 

; 

; 

; 

; 

; 

; 

. 

ɹײʣ ʞװʡʝʥʽש ʙʽʨ ʰʝʰʽʤʽʥʽש  ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽ ʥʘץʪʳ ʩʘʥ ʙʦʣʘʜʳ: 

 

 

 

 
ɹʘʨʣʳץ ץʘʣסʘʥ . 

ʆʩʳʥʜʘʡ  ײץʨʳʣʳʤʜʳץ ʪײʨʘץʪʳʣʘʨʜʳ ʧʘʡʜʘʣʘʥʳʧ, ʢᴇʙʝʡʪʫ ʢʝʩʪʝʩʽʥ ײץʨʘʤʳʟ: 
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ʨʝʪʽʥʜʝ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ, ʤײʥʜʘ: 

; , 

ʘʣ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨ ʞװʡʝʩʽ ʞʦסʘʨʳʜʘ ʢᴇʨʩʝʪʽʣʛʝʥ ʢᴇʙʝʡʪʫ ʢʝʩʪʝʩʽʤʝʥ ʙʝʨʽʣʝʜʽ. 
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ʇʫʩʪʴ )[0,= ¤I ,   ¤<<1 p . ʅʘ I  ʨʘʩʩʤʦʪʨʠʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ 

ʯʝʪʚʝʨʪʦʛʦ  ʧʦʨʷʜʢʘ  
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 0,=)(|)(|)())(|)(|)(( 2''2' tytytvtytyt pp -¡¡-¡
-r  (1) 

 ʛʜʝ vïʥʝʧʨʝʨʳʚʥʘʷ (0̧v ), rï  ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʘ I . 

ʌʫʥʢʮʠʶ RIy ­:  ʥʘʟʦʚʝʤ ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1), ʝʩʣʠ ʦʥʘ ʚʤʝʩʪʝ ʩ 

)(|)(|)( 2 tytyt p ¡¡¡¡ -r   ʜʚʘʞʜʳ  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (1) 

ʥʘ I . 

ʋʨʘʚʥʝʥʠʝ (1) ʥʘʟʳʚʘʝʪʩʷ ʦʩʮʠʣʣʷʪʦʨʥʳʤ (ʧʨʠ ¤=t ), ʝʩʣʠ ʧʨʠ ʣʶʙʦʤ 0²T  

ʩʫʱʝʩʪʚʫʶʪ ʪʦʯʢʠ Ttt >> 21  ʠ ʥʝʥʫʣʝʚʳʝ ʨʝʰʝʥʠʷ )(Öy  ʫʨʘʚʥʝʥʠʷ (1) ʪʘʢʠʝ, ʯʪʦ 

0=)()(

k

i ty , 0,1,=i , 1,2=k ; ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (1) ʥʘʟʳʚʘʝʪʩʷ 

ʥʝʦʩʮʠʣʣʷʪʦʨʥʳʤ. 

ʇʨʠ 2=p  ʫʨʘʚʥʝʥʠʝ (1) ʧʝʨʝʭʦʜʠʪ ʚ ʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ  

 0.=)()())()(( '' tytvtyt -
¡¡

r  (2) 

ɺʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʠ ʠʭ ʩʚʷʟʴ ʩʦ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʭʦʨʦʰʦ ʠʟʣʦʞʝʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ [1].  

ʆʜʥʘʢʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ  ʪʝʦʨʠʷ  ʦʩʮʠʣʣʷʮʠʠ ʫʨʘʚʥʝʥʠʡ ʚʠʜʘ (1)  ʥʝ ʠʩʩʣʝʜʦʚʘʥʘ ʚ 

ʧʦʣʥʦʡ ʤʝʨʝ. 

ɺ ʨʘʙʦʪʝ [3] ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʝʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʠ 

ʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (2), ʧʨʠʤʝʥʷʷ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʥʝʨʘʚʝʥʩʪʚʘʤ ʪʠʧʘ 

ʍʘʨʜʠ, ʧʨʠ ʵʪʦʤ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ (1) ʠ (2) ʥʘʣʦʞʝʥʳ ʙʦʣʝʝ ʞʝʩʪʢʠʝ ʫʩʣʦʚʠʷ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʝʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ, ʥʝ 

ʥʘʣʘʛʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ .  

ʇʫʩʪʴ ),[= ¤TIT , 0²T , ¤<<1 p  ʠ ),(, Tpp ILL rr¹  ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʧʦʯʪʠ ʚʩʶʜʫ 

ʚʝʟʜʝ ʢʦʥʝʯʥʳʭ ʠ ʠʟʤʝʨʠʤʳʭ ʥʘ TI  ʬʫʥʢʮʠʡ f , ʜʣʷ ʢʦʪʦʨʳʭ ʢʦʥʝʯʥʘ ʥʦʨʤʘ  
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ʇʫʩʪʴ ),(1

Tp IAC r  ï ʩʦʚʦʢʫʧʥʦʩʪʴ ʬʫʥʢʮʠʡ f  ʠʤʝʶʱʠʝ ʘʙʩʦʣʶʪʥʦ ʥʝʧʨʝʨʳʚʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘ ],[ NT  ʜʣʷ ʣʶʙʦʛʦ TN >  ʠ r,pLf Í¡¡ , 

0,1}=0,=)(:),({=),( )(11

, iTfIACfIAC i

TpTLp rr Í . 

ʏʝʨʝʟ ),(10

Tp ICA r  ʦʙʦʟʥʘʯʠʤ ʤʥʦʞʝʩʪʚʦ ʬʫʥʢʮʠʡ ʠʟ ),(1

, TLp IAC r  ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʨʘʱʘʝʪʩʷ ʚ ʥʫʣʴ ʚ ʥʝʢʦʪʦʨʦʡ ʦʢʨʝʩʪʥʦʩʪʠ ʙʝʩʢʦʥʝʯʥʦʩʪʠ. ʌʫʥʢʮʠʶ f  ʠʟ ),(1

, TLp IAC r  

ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʠ ʦʙʦʟʥʘʯʘʪʴ 0̧f , ʝʩʣʠ 0
,
¸¡¡

rp
f . 
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 },,{max= ,,),,(2,1;,,),,(2,0;,,),,(2; rrr vpbavpbavpba AAA  

 }.,{max= ,,),,(2,1;,,),,(2,0;,,),,(2; rrr vpbavpbavpba BBB  

ʇʫʩʪʴ, ʜʘʣʝʝ, ʬʫʥʢʮʠʷ v  ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ, ʘ ʬʫʥʢʮʠʷ r ʧʦʣʦʞʠʪʝʣʴʥʘ ʥʘ ʧʦʣʫʦʩʠ 

)[0,¤ .       ɼʣʷ ʣʶʙʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ T>g  ʦʧʨʝʜʝʣʠʤ ʪʦʯʢʫ ),( ¤ÍTtg  ʪʘʢʫʶ, ʯʪʦ  

 dxxdxx pp

T
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ññ rr
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ʆʙʦʟʥʘʯʠʤ ),(sup=),( ,,),,(1;,,),,(1;
>

,,),,(2; r
tg

gtgtg
rgtg

g
r vpvp

T
vpT BAApTA ++¤  

ʛʜʝ )()(=)( 1 xxx rgr ttg
--  ʠ )()(=)( xvxxv ttg

g- .  

ʆʧʠʨʘʷʩʴ ʥʘ ʨʘʙʦʪʳ [1-5] ʠ ʚʘʨʠʘʮʠʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʮʠʣʣʷʮʠʠ, ʜʣʷ  

ʫʨʘʚʥʝʥʠʡ ʯʝʪʚʝʨʪʦʛʦ  ʧʦʨʷʜʢʘ(1), (2) ʠʤʝʝʤ: 

ʊʝʦʨʝʤʘ 1  ɽʩʣʠ  

 0,=),(lim pTA
T ¤­

  

ʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʥʝʦʩʮʠʣʣʷʪʦʨʥʦ.  

ʉʣʝʜʩʪʚʠʝ 1  ɽʩʣʠ  

 0,=,2)(lim TA
T ¤­

 

ʪʦ ʫʨʘʚʥʝʥʠʝ (2) ʥʝʦʩʮʠʣʣʷʪʦʨʥʦ.  
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PARTIAL DIFFERENTIAL  EQUATION OF HYPERBOL IC TYPE   
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Abstract. The special periodic problem for the  partial differential equation of hyperbolic type in the strip  is 

considered. The questions of existence and uniqueness of a classical solution of traveling waves type  to quasilinear 

hyperbolic  equation of second order are studied in the strip. The sufficient conditions of the unique solvability to the 
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investigated problem are obtained in the terms of initial data. Algorithms for finding solution to the special periodic 

problem for the hyperbolic equation with mixed derivative are constructed and  their  convergence are proved. 

Key words: hyperbolic equation; periodic solution; parameter; algorithm; solvability.  

 

1. Statement of problem.  On  the strip  }10,:),{( ¢¢+¤<<¤-=W xtxt   we consider  

the aperiodical problem  for  hyperbolic equation second  order with two variables 
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µ
l ,                                  (1) 

    ),(),( xtuxTtu -=+ ,           WÍ),( xt ,                         (2) 

where  ),( xtu  is unknown function, the  functions ),( xtA  and ),( xtf   are  continuous on W, 

the numbers 0>l ,  0>T . 

           Problem (1), (2)  arise  in the study of mathematical model of   real   RCLG-self-

excited oscillator described by system of telegraph equations  [1-6]: 
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with conditions  

                                    01

3

21

2

11000 =++++ ===== xxxxxa uuuuiR bbb ,                         (4) 

where ),( xtu  is voltage, ),( xti  is amperage,  the  GLCR ,,,  are distributed resistance, 

capacitance, inductance and conductivity,  the aR is output impedance of the amplifier, the 0b , 1b, 

2b  are constants calculating by  GLCR ,,, .  

In the monography [6] are considered a three mathematical models and, using special 

asymptotic methods, study the existence and stability of their periodic solutions. In contrast to 

buffering, which is quite universal and occurs in equations of various types, the concept of "gradient 

catastrophe" is applicable, generally speaking, only to nonlinear telegraph equations (and 

hyperbolic equations close to them).  

Periodic, aperiodic and nonlocal problems for partial differential equations of hyperbolic type 

are investigated by many authors [7-11]. The existence and uniqueness of the periodic solutions for 

the hyperbolic equations first and second orders are proved.   

In the present work we consider the partial differential  equation hyperbolic type of second 

order with aperiodic condition in the strip (1)-(3). The partial differential equation is specified as a 

linear and nonlinear terms with respect to the required function. We investigate the questions of 

existence  and uniqueness of the classical  solution  in the strip to partial differential equation of 

hyperbolic type and its applications. For solve to considered problem we use a method of 

introduction additional functional parameters [12-28]. The original problem is reduced to an 

equivalent problem including of family aperiodic problems for ordinary differential equations with 

introduced functional parameters and  integral relations. Sufficient conditions of  the unique 

solvability to investigated problem are established in the terms of initial data. Algorithms of finding 

solution  to periodic problem  are constructed.  

           2. Scheme of the method. Let ]1,0[],0[ ³=W TT . Condition of aperiodicity  by Poincare 

type  is written in the following form: 

     ),0(),( xuxTu -= ,          ],0[ wÍx ,                        (5)  

We also introduced a new  function )(tm  and  added  the condition  

)()0,( ttu m= ,                   ],0[ TtÍ .                         (6) 

Assume  the function  )(tm  is continuously differentiable on  ],0[ T . 

 A function ),(),( RCxtu TWÍ  having partial derivatives  ),(
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 is called a classical solution to aperiodic problem  (1), 
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(5), (6)  if for all  
Txt WÍ),(  it satisfies the equation  (1),  special  periodic condition (5) and 

boundary condition (6).      

Problem (1), (5), (6) is reduced to an equivalent problem, consisting of the family aperiodic 

problems for the differential equation and integral relations with respect to introduced a new 

unknown functions. The algorithm of finding the approximate solution of the investigated problem 

and its convergence is proved. The sufficient conditions of the existence unique classical solution to 

problem (1), (5), (6) in the terms of initial data.  

           3. Reduction to an equivalent problem. On the restangle TW  we consider  of  boundary 

value problem for hyperbolic equation (1), (4), (5). Introduce a new unknown functions  
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Then problem (1), (4), (5) is reduced to problem  
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Here the condition (6) take into account  in (9). Condition (8) is obtained from (5)  after 

differentiating by x .  

    A triple of functions )),(),,(),,(( xtwxtuxtv , where ),(),( RCxtv TWÍ , ),(
),(

RC
t

xtv
TWÍ

µ

µ
,  

),(),( RCxtu TWÍ , ),(),( RCxtw TWÍ  is called a solution to problem (7)ð(9)  if for all  

Txt WÍ),(  it satisfies the equation  (7), aperiodic condition (8) and integral relations  (9).      

 The problem  (7), (8)  at fixed  ),( xtu  and ),( xtw   is a family of aperiodic problems for 

ordinary differential equations  with respect to  ),( xtv  on  TW . The condition (9) allow us to 

determine the unknown functions ),( xtu  and ),( xtw  for all Txt WÍ),( . The variable x  is played of 

role parameter of family and continuously changes on ],0[ w . 

           4.  Solve of the family aperiodic problems for ordinary differential  equations with 

functional parameters. Consider the family of aperiodic problems for differential equation (7), (8). 

We integrate differential equation (7) by t : 

                 [ ]ttttltt dxfxwxuxuxAxvxtv

t

ñ +-++=
0

2 ),(),()),(1(),(),(),0(),( .         (10) 

In the relation (8) instead of a function ),( xTv ,  we substitute the appropriate expression of 

the integral relation  (10) under  Tt= . Then we obtain 

[ ]ttttltt dxfxwxuxuxAxv
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2 ),(),()),(1(),(),(
2

1
),0( . 

Then, the unique solution of family aperiodic problems (7), (8) has the following form: 

[ ] ++-+-= ñ ttttltt dxfxwxuxuxAxtv

T

0

2 ),(),()),(1(),(),(
2

1
),(  

                                  [ ]ttttltt dxfxwxuxuxA

t

ñ +-++
0

2 ),(),()),(1(),(),( .                     (11) 

The unknown function ),( xtv  will be determined from family aperiodic problems for 

ordinary differential equations  (7), (8). The unknown  functions ),( xtu  and ),( xtw  will be 

determined from  integral relations  (9). 
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Since the functions ),( xtu  and ),( xtw  and ),( xtv  are unknowns together for finding of the 

solution to problem (7)--(9) we use an iterative method.  The solution to problem (7)--(9) is the 

triple of functions )),(),,(),,(( xtwxtuxtv ***  we defined as a limit of sequence of triples 

)),(),,(),,(( )()()( xtwxtuxtv kkk ,  ,...2,1,0=k , according to the following algorithm:   

Block I. From family of aperiodic problems (7), (8)  we find the  successive approximation 
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Block 2. From the integral relations (9) under ),(),( )( xtvxtv k= ,  
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        The realizability and convergence of the proposed algorithm is proved. The conditions 

for the existence of a unique solution of  problem (7)ð(9) are obtained in the terms of initial data. 

Sufficient conditions for the unique solvability of problem (1), (5), (6) are established. Depending 

on the function  )(tm , we obtain a series of aperiodic solutions to original problem (1), (2). 
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ɹʝʢʙʘʫʦʚʘ ɸ.ʋ., ɾʘʣʘʫʦʚʘ ɼ.
 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

  
ɸʥʥʦʪʘʮʠʷ. ʇʨʠʚʝʜʝʥʳ ʘʣʛʦʨʠʪʤ ʧʦʩʪʨʦʝʥʠʝ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʚ 

ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. ʋʩʪʘʥʦʚʣʝʥʦ, ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʧʦ 

ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʡ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʤʘʪʨʠʮʘʥʪ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ. 

 

ʉʠʩʪʝʤʳ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʪʝʯʝʥʠʡ ʩʞʠʛʘʝʤʳʭ ʛʘʟʦʚ ʠ ʞʠʜʢʦʩʪʝʡ, ʚ ʟʘʜʘʯʘʭ ʬʠʣʴʪʨʘʮʠʠ, ʪʝʦʨʠʠ çʤʝʣʢʦʡ ʚʦʜʳè[1, 

ʉ.25]. ʊʨʝʫʛʦʣʴʥʦ ï ʙʣʦʯʥʦʡ ʪʠʧ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ, 

ʦʙʣʝʛʯʘʝʪ ʧʦʩʪʨʦʝʥʠʝ ʤʘʪʨʠʮʘʥʪʘ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ, ʪʘʢ ʢʘʢ ʧʝʨʚʦʝ ʫʨʘʚʥʝʥʠʝ ʩʠʩʪʝʤʳ, 

ʤʦʞʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʢʘʢ ʫʨʘʚʥʝʥʠʝ ʩ ʦʜʠʥʘʢʦʚʦʡ ʛʣʘʚʥʦʡ ʯʘʩʪʴʶ[2, ʉ.33]. 

ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʛʠʧʝʨʙʦʣʠʯʝʩʢʦʛʦ ʪʠʧʘ 
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ʇʦ ʤʝʪʦʜʠʢʝ ʨʘʙʦʪʳ [3, ʉ.39] ʜʦʢʘʟʘʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ 

ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʧʦ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʷ ʚ ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ 

ʩʠʩʪʝʤʳ D -ʫʨʘʚʥʝʥʠʡ. 

ʊʝʦʨʝʤʘ 1. ʇʨʠ ʫʩʣʦʚʠʷʭ (2), (4) ʠ (5) ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ  ʥʝ ʠʤʝʝʪ ( )wq, - 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʨʦʤʝ ʥʫʣʝʚʦʛʦ.  

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (2), (3), (4) ʠ (5). ʊʦʛʜʘ ʣʠʥʝʡʥʘʷ ʥʝʦʜʥʦʨʦʜʥʘʷ 

ʩʠʩʪʝʤʘ (1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦ ʯʘʩʪʠ ʧʝʨʝʤʝʥʥʳʭ ʨʝʰʝʥʠʝ ʚ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ. 
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1. ʈʦʞʜʝʩʪʚʝʥʩʢʠʡ ɹ.ʃ., ʗʥʝʥʢʦ ʅ.ʅ. ʉʠʩʪʝʤʳ ʢʚʘʟʠʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ. ï ʄ.: ʅʘʫʢʘ, 1968. ï ʉ.625 

2. ʋʤʙʝʪʞʘʥʦʚ ɼ.ʋ. ʇʦʯʪʠ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ. ï ɸʣʤʘ-ɸʪʘ. : ʅʘʫʢʘ, 1979. ï ʉ. 211 

3. ɹʝʢʙʘʫʦʚʘ ɸ.ʋ., ʂʝʥʞʝʙʘʝʚ ʂ.ʂ., ʉʘʨʪʘʙʘʥʦʚ ɾ.ɸ. ʄʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ ʢʚʘʟʠʣʠʥʝʡʥʳʭ 

ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ // ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʞʫʨʥʘʣ 

ʄʆʅ ʈʂ. ï 2010.ʊ.3. ˉ3(9). ʉ. 39-43 

 

 

ʆ ʅɽʂʆʊʆʈʓʍ ʂɸʏɽʉʊɺɽʅʅʓʍ ʉɺʆʁʉʊɺɸʍ  

ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʐʊʋʈʄɸ-ʃʀʋɺʀʃʃʗ  

 

ɹʠʣʘʣ ʐ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʆʅ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
 

ɸʥʥʦʪʘʮʠʷ. ʅʘ ʠʥʪʝʨʚʘʣʝ ,  ʨʘʩʩʤʦʪʨʝʥʦ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ 

ʫʨʘʚʥʝʥʠʝ ʐʪʫʨʤʘ-ʃʠʫʚʠʣʣʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʦʧʨʷʞʝʥʥʦʩʪʴ, ʦʩʮʠʣʣʠʨʫʝʤʦʩʪʴ, ʃɼʋ ʐʪʫʨʤʘ-ʃʠʫʚʠʣʣʷ, ʢʨʠʪʝʨʠʡ, ʯʝʨʝʜʦʚʘʥʠʝ 

ʥʫʣʝʡ, ʟʥʘʢʦʧʝʨʝʤʝʥʥʘʷ ʬʫʥʢʮʠʷ.   

  

  (1) 

  -- ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ ʥʘ  ʠ . 

ɺʘʨʠʘʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ ʫʩʪʘʥʦʚʣʝʥʳ ʢʨʠʪʝʨʠʠ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʠ ʦʩʮʠʣʣʠʨʫʝʤʦʩʪʠ.   

ɺʦʧʨʦʩʳ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʠ ʦʩʮʠʣʣʠʨʫʝʤʦʩʪʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʚ ʩʣʫʯʘʝ 

ʟʥʘʢʦʧʦʩʪʦʷʥʥʦʡ ʬʫʥʢʮʠʠ  ʠ ʠʤ ʧʦʩʚʷʱʝʥʳ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʨʘʙʦʪ, ʯʘʩʪʴ ʢʦʪʦʨʳʭ 

ʧʦʜʳʪʦʞʝʥʳ ʚ ʢʥʠʛʝ [9]. ʆʜʥʘʢʦ, ʤʘʣʦ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʧʨʦʩʳ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʠ 

ʦʩʮʠʣʣʠʨʫʝʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1), ʢʦʛʜʘ ʬʫʥʢʮʠʷ  ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ. ʆʪʜʝʣʴʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ [10-12]. ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʵʪʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. 

 ɿʘʜʘʯʘ. ʊʨʝʙʫʝʪʩʷ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʧʨʦʩʳ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʠ ʦʩʮʠʣʣʠʨʫʝʤʦʩʪʠ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʬʫʥʢʮʠʷ  ʚ ʫʨʘʚʥʝʥʠʠ (1) ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʢʦʧʝʨʝʤʝʥʥʦʡ. 
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 ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʠ 

ʦʩʮʠʣʣʠʨʫʝʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʩʠʣʫ ʪʝʦʨʝʤʳ ʐʪʫʨʤʘ [9,ʩ.16] ʦ ʯʝʨʝʜʦʚʘʥʠʠ ʥʫʣʝʡ 

ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ (1) ʚʳʪʝʢʘʝʪ: 

 ʊʝʦʨʝʤʘ 1. ʋʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʧʨʠ  , ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʜʣʷ ʣʶʙʦʛʦ  ʦʥʦ ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʳʝ ʪʦʯʢʠ ʥʘ ʧʨʦʤʝʞʫʪʢʝ   

ʀʟ ʚʘʨʠʘʮʠʦʥʥʦʛʦ ʧʨʠʥʮʠʧʘ ʚ ʢʘʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ [9,ʪʝʦʨʝʤʘ 1.2.2,ʩ.14-15] ʩʣʝʜʫʝʪ: 

 ʃʝʤʤʘ 1.  ʇʫʩʪʴ  ʋʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʳʝ ʪʦʯʢʠ ʥʘ 

ʠʥʪʝʨʚʘʣʝ  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʬʫʥʢʮʠʷ  ʪʘʢʘʷ, ʯʪʦ  

  

         ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. ɼʣʷ ʬʦʨʤʫʣʠʨʦʚʢʠ ʨʝʟʫʣʴʪʘʪʘ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ 

ʩʦʧʨʷʞʝʥʥʳʭ ʪʦʯʝʢ ʚʚʝʜʝʤ ʩʣʝʜʫʶʱʠʝ ʦʙʦʟʥʘʯʝʥʠʷ. ɼʣʷ  ʠ  

ʧʦʣʦʞʠʤ  

  

 

  

 

  

 

  

ʛʜʝ  

ʅʘ ʚʦʧʨʦʩ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʩʦʧʨʷʞʝʥʥʳʭ ʪʦʯʝʢ ʦʪʚʝʯʘʶʪ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ 

 ʊʝʦʨʝʤʘ 2.  ʇʫʩʪʴ  ɽʩʣʠ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʢʠ  ʪʘʢʠʝ, 

ʯʪʦ  

                 (2) 

 ʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʳʝ ʪʦʯʢʠ ʥʘ ʠʥʪʝʨʚʘʣʝ .  

 ʉʣʝʜʩʪʚʠʝ 1.  ʇʫʩʪʴ  ɽʩʣʠ  ʪʦʯʢʠ  ʪʘʢʠʝ, ʯʪʦ  

  (3) 

 ʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʳʝ ʪʦʯʢʠ ʥʘ ʠʥʪʝʨʚʘʣʝ . 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 2. ʇʫʩʪʴ  ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʨʘʚʝʥʩʪʚʦ (2). 

ʊʦʛʜʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  ʪʦʯʢʠ  ʠ  ʪʘʢʠʝ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ  

  

  

ʠʣʠ  

  

                                                               

(4) 

 ɺʚʝʜʝʤ ʬʫʥʢʮʠʶ  
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ʆʯʝʚʠʜʥʦ, ʯʪʦ . 

ɺʳʯʠʩʣʠʤ ʠʥʪʝʛʨʘʣʳ  

  

 

  

  (5) 

   

  

  (6) 

 ʀʟ (4), (5) ʠ (6) ʩʣʝʜʫʝʪ, ʯʪʦ  

  

ʪʦ ʝʩʪʴ  

  

ʇʦʵʪʦʤʫ ʧʦ ʣʝʤʤʝ 1 ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʳʝ ʪʦʯʢʠ ʥʘ . 

ʊʝʦʨʝʤʘ 2 ʜʦʢʘʟʘʥʘ. 

 ɼʣʷ ʩʣʫʯʘʷ  ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 

 ʊʝʦʨʝʤʘ 3.  ʇʫʩʪʴ  ʠ ʩʫʱʝʩʪʚʫʝʪ  

  (7) 

ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʧʨʠ , ʝʩʣʠ ʜʣʷ ʣʶʙʦʛʦ  ʠʤʝʝʪ 

ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʦ  

  (8) 

ʯʪʦ ʧʨʠ  ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ  

  (9) 

 ɹʝʨʝʤ  ʩʪʦʣʴ ʙʦʣʴʰʠʤ, ʯʪʦʙʳ ʜʣʷ  ʝʱʝ ʚʳʧʦʣʥʷʣʦʩʴ ʥʝʨʘʚʝʥʩʪʚʦ 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 3. ɼʣʷ  ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ  ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ  ʩʭʦʜʷʱʘʷʩʷ ʢ  ʪʘʢʘʷ, 

 

ʧʨʠ , ʪʘʢ ʢʘʢ  

  

ʆʪʢʫʜʘ  

  (10) 

 ɺ ʩʠʣʫ ʫʩʣʦʚʠʷ  

  

ʠ ʨʘʚʝʥʩʪʚʘ (7) ʠʤʝʝʤ  

  

ʇʦʵʪʦʤʫ ʠʟ (9) ʩʣʝʜʫʝʪ ʥʝʨʘʚʝʥʩʪʚʦ  

  

ɺ ʩʠʣʫ ʧʨʦʠʟʚʦʣʴʥʦʩʪʠ  ʠ  ʵʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʚ ʩʠʣʫ 

ʪʝʦʨʝʤʳ 2 ʠʤʝʝʪ ʩʦʧʨʷʞʝʥʥʳʝ ʪʦʯʢʠ ʥʘ  ʜʣʷ ʣʶʙʦʛʦ , ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦ ʪʝʦʨʝʤʝ 1 

ʫʨʘʚʥʝʥʠʝ (1) ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʧʨʠ . ʊʝʦʨʝʤʘ 3 ʜʦʢʘʟʘʥʘ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʩʣʫʯʘʡ  
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  (11) 

 ʇʦʣʦʞʠʤ  

 (12) 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʩʧʨʘʚʝʜʣʠʚʘ ʩʣʝʜʫʶʱʘʷ 

 ʊʝʦʨʝʤʘ 4. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ (11), ʘ ʪʘʢʞʝ ʩʫʱʝʩʪʚʫʝʪ ʠ ʢʦʥʝʯʥʳ ʧʨʝʜʝʣʳ (7) 

ʠ (12). ʊʦʛʜʘ ʫʨʘʚʥʝʥʠʝ (1)ʷʚʣʷʝʪʩʷ ʦʩʮʠʣʣʠʨʫʶʱʠʤ ʧʨʠ , ʝʩʣʠ ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ 

ʥʝʨʘʚʝʥʩʪʚʦ  

  (13) 
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THE EXISTENCE OF INVARIANT SETS  OF EXTENSIONS  

OF DYNAMICAL SYSTEMS ON THE MANIFOLDS  

 

Grod I.M. 

Ternopil Ivan Puluj National Technical University, ʊernopil, Ukraine 

 
Abstract: We obtain sufficient conditions for the existence of bounded invariant manifolds for certain 

extensions of dynamical systems on the manifolds.  

Key words: bounded invariant manifold, the Green function of the problem of bounded invariant manifolds, 

regular system 

 

The research of the invariant manifolds of dynamical systems is the subject of many studies , 

Samoilenko [1], Samoilenko and Kulik [2], Perestyuk and Slyusarchuk [3].  

The concept of Green-Samoilenko function of the problem on invariant tori, introduced in the 

work by Samoilenko (1970), allowed to set out the perturbation theory of differentiable as well as 

continuous invariant manifolds from a single point of view. Let us recall some concepts. 

Let us consider a system of differential equations 

 () (),=,= yxA
dt

dy
xf

dt

dx
 (2) 
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where nm RyRx ÍÍ , , ()xf  is a vector function deýned for all ,mRxÍ  and that locally 

satisfies the Lipschitz condition. Matrix of coefýcients ()xA  is nn³  dimensional, its elements are 

real functions that are continuous and bounded onmR . 

 

In addition, let us assume that every solution( )0; xtx  of the Cauchy problem  

() 00=
=,= xxxf

dt

dx
t

 

is defined for all RtÍ  and for every ýxed value 
nmRx Í0
. It is sufficient to assume for this 

that the vector function satisfies the inequality 

 
() 21 aa +¢ xxf  (2) 

with some positive constants 21, aa . 

We will subsequently use the following notation: ( )mRC0 is the space of real functions that 

are continuous and bounded on 
mR . For an nn³  matrix ( )mRCG 0Í , we set ()

0
=sup

x R
m

G G x
Í

 

and GyG
y

max
1=

= , here yyy ,= , where jj

n

j
zyzy ä 1=

=,   is the inner product in 
nR .  

We will denote by ( )fRC m;¡ subspace of space ( )mRC0  of functions ()xF  so that 

superposition ( )( )0; xtxF  as a function of variable t  is continuously differentiable, wherein 

( )( ) () ( )m
df

t

RCxFxtxF
dt

d 0

0=

=; Í# . 

Next to the system (1) let us write the non-homogeneous system  

 () () (),=,= xhyxA
dt

dy
xf

dt

dx
+  (3) 

where () ( )mRCxh 0Í . 

 

Definition 1.. We say (Samoilenko (1970)), that the system (4) possesses a bounded invariant 

manifold, determined by the equality  

 (),= xuy  (4) 

when the function () ( )fRCxu m;¡Í  and the identity  

 () ()() (),xhxuxAxu +¹#  (5) 

holds for all mRxÍ . 

 

In case the function (4) is continuously differentiable the identity (5) has to be defined as:  

 
()

() ()() ().
1=

xhxuxAxf
x

xu
j

j

m

j

+¹
µ

µ
ä  

Definition 2. (Mitropol'skii et al. (1990)) Let us assume that there exists an nn³  dimensional 

matrix () ( )mRCxC 0Í  such that the function 

 ( )
() ( )( )

() ( )( )[ ]í
ì
ë

-W

¢W

0>,;

0,;
=,

0

0

0
tt

tt
t

t

t

nIxxCx

xxCx
xG  (6)  

satisfies the estimate 

 ( ) { }tgt -¢ exp,0 KxG  (7) 

where the positive constants gandK are independent of mRxÍ  and ,.RtÍ    

()xt

tW  is the fundamental matrix of solutions of linear systems 
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 ( )( )yxtxA
dt

dy
;= . (8) 

normalized to the point: t=t : () n
t

t Ix =
=ttW , nI - identity matrix. 

In this case, a function of the form (6) is called the Green function of the problem of bounded 

invariant manifolds of system (1).  

 

The existence of the Green function (6) allows us to assert, that the system (3) has a bounded 

invariant manifold (4) for every function () ( )mRCxh 0Í . This manifold can be defined by the 

integral formula:  

 () ( ) ( )( ) .;,== 0 ttt dxxhxGxuy Öñ
+¤

¤-

 

Note that estimate (7) for the Green function (6) is equivalent to the estimate 

 ( ) { }tgt --¢ tKxGt exp,  (9) 

for the auxiliary function 

 ( )
() ( )( )

() ( )( )[ ]í
ì
ë

-W

²W

.0<,;

0,;
=,

tIxxCx

txxCx
xG

n

t

t

t
t

t
t

t

t

.

 (10) 

The latter follows from the identity ( )( ) ()xxx tt q

qtt q +

+W¹W ;  the matriciant of system (8), which 

is true for any Rt Íqt,, .  

 

Definition 3. [1] The system (4) is said to be regular, if for the arbitrary vector function 

() ( )mRCxh 0Í  it has a unique invariant bounded manifold. 

 

The question of the existence of the Green function is closely connected with the question of 

the existence of the extended Lyapunov function that is considered in quadratic forms (Mitropol'skii 

et al. (1990)). Such functions can change their sign and degenerate in some points, and their 

derivative with respect to the system of equations is negative deýnite. Let us recall (Mitropol'skii et 

al. (1990)) that the existence ʦf non-degenerate quadratic form () yyxSV ,= , 

()( ),,0det mRxxS Í"¸ the derivative of which with respect to system (1) is negative deýnite,  

()
() ()() ()() 0,,=

2

1=

>--¢
ù
ù
ú

ø

é
é
ê

è
++

µ

µ
ä constyyyxSxAxAxSxf

x

xS
V T

j

j

m

j

bb#  (11) 

provides the regularity of this system, which means that this system has סʜʠʥʫ a unique Green 

function. In case () 0=det 0xS  when 0= xx , the system (1) has no Green function for the problem 

of an invariant bounded manifolds.  

In what follows, we will consider the general system of the form 

 () ( ),,=,= yxG
dt

dy
xf

dt

dx
 (12) 

where ()xf is a vector function defined for all mR , ( )yxG ,  is defined and continuous on 
nm RR ³  vector function.  

For such systems of nonlinear differential equations studied the conditions of existence of 

bounded invariant manifold. 

Definition 4. We say, that the system (12) possesses an invariant bounded manifold, 

determined by the equality  

 (),= xuy  (13) 

when the function () ( )fRCxu m;¡Í  and the identity  
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 () ()( )xuxQxu ,¹#   

holds for all mRxÍ . 

 

Theorem 1. Suppose that the system (12) is such that()xf is a vector function defined for all 
mR for which the inequality (2) holds and that locally satisfies the Lipschitz condition. The 

function ( )yxG ,  can be defined in the form ( ) () ( ),,=, yxQyxAyxG +  moreover : 

¶ for matrix functions () ( )mRCxA 0Í  there is such non-degenerate quadratic form 

() yyxSV ,= , ()( )mRxxS Í"¸ ,0det  for which the inequality (11) holds; 

¶ ( )yxQ ,   is a function that is continuous and bounded on nm RR ³ , 

 

¤<
³Í

),(sup
),(

yxQ
MmRyx  

 

 

 

for any bounded set nRM Ë and the inequality 

 ,),(),( zyNzxQyxQ -¢-  

holds for some positive constantN and arbitrary ., mRzy Í  

 

Let us assume as well that 

 ,
)24(2

1
<

5/2

0

2/3

0
îý

î
ü
û

îí

î
ì
ë

+
Ö

S
NA

b
) 

then the system (12) has a unique bounded invariant manifold ()xuy = . 

 

It is evident from the condition (11) that in case of "little perturbations" of the matrix ()xA  

the system (1) will also have the Green function. Let us consider a case when vector function ()xf  

and the matrix function ()xA  are continuous on the whole totality of variables mxx ,,12 and p2  -- 

periodical on every variable ,jx ,1,= mj that means that they are set on an m-measurable 

torus mT ; nRxÍ  and let us describe the class of perturbation of the matrix ()xA , not necessarily 

small by the norm, with which the regularity of system (1) is preserved. There is the following 

affirmation. 

Theorem 2. Suppose for the matrizant );(0 AxtW  of the linear system of equations (1) the 

estimate  

 ( ) m

tt xtKeAx TÍ"¢¢W - 0,;0

g  (14) 

fullfills with positive constantsK  and g, that are independent from mx TÍ  and +ÍRt . 

Then a perturbation system 

 () () ()( )yxBxA
dt

dy
xf

dt

dx
+=,=  (15) 

for every matrix function () ( )mCxB T0Í  with the condition  

 ()( ) ,1KdxxB ¢ñ
+¤

¤-

ss  (16) 

where the constant ¤<1K , will be regular. 

Proof. It is easy to make sure that the matrizant ( ) ()tXBAxt =;0 +W  of the perturbation linear 

system  

 ()( ) ()( )( )yxxBxxAy tt +=#  



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

37 

fullfills the integral equation  

 () ( ) ( ) ()( )() .;;= 0
0

0 ùú
ø

éê
è W+W ñ sss

s dXxxBAxIAxtX
t

n

t  

Hence, taking into account the estimate (37), we receive  

 () ()( ) () 0.,1
0

²ö
÷
õæ

ç
å+¢ ñ

- tdtXxxBeKetX
t

t ss
gsg  

And this gives us the possibility to get the estimate  

 ( )
()( )

0.,; 0
0 ²¢+W

ñ- t
dxxB

eKeBAx

t

tt
ss

g  (17) 

 Now, taking into account the condition (16) on the base (17), we can confirm that the system 

has a unique Green-Samoilenko function of the problem on invariant tori 

 ( )
( )

í
ì
ë ¢+W

0.>0,

0;,;
=,

0

0
t

t
t t BAx

xG  

So the system (38) is regular. 

 

Remark . The estimate (37) can be changed by:  

 ( ) ,0,; 30 m

tt xteKAx TÍ"¢¢W g  

where 3K , g -- are positive constants, herewith, Theorem 2 remains correct. 

And so we can affirm that the system of the form  

 () () ()2211 =,=,= yxAyyxAyxf
dt

dx -+ ##  (17) 

with matrizants ( ) ( ),;,; -+ WW AxAx tt

tt  that satisfy the estimates  

 
( )()

( )()( ) 0,<,;

0,;

0

0

tKeIxCAx

tKexCAx

t

n

t

tt

g

g

¢-W

²¢W -

 (18) 

keeps its characteristic of regularity with perturbations:  

 (),= xf
dt

dx
 

 
() ()( )

() ()( ) ,=

,=

22

2

1

1

yxBxA
dt

dy

yxBxA
dt

dy

+

+

-

-

+

  

Where matrices () ( )mi CxB T0Í  satisfy the conditions (16). 

Let us notice that in case of the fullfilment of the estimates (18) the trivial torus 0=iy  of the 

system (17) is exponentially dichotomic, that is the linear system () ,= 11 yxAy +#  ()22 = yxAy -#  is 

exponentially dichotomic on the whole axis R evenly with the parameters mx TÍ . There arises a 

question: will the regularity of the system (16) be kept, if we choose the perturbation )(xB  not of 

block-diagonal form? In the system (15) the perturbation () )}(),({= 21 xBxBdiagxB . Let us consider 

one of the examples which shows that the regularity of the system (15) may be broken. 

 

Theorem 3. Suppose the system with the separate variables (17) is regular and according to 

the matriciants ( )°W Axt ;0  the estimates (18) are fullfilled. Then the perturbation system  

 (),= xf
dt

dx
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 () ()( ),= 11
1 yxBxA

dt

dy
++

 (19) 

 () () ()( )2213
2 = yxBxAyxB

dt

dy
++ -

 

with any matrices () ( ),0

mi CxB TÍ  i=1,2, that satisfies the condition (39), will be regular. 

It follows from the regularity of both systems (17) that there exists a non-degenerate quadratic 

form  

 ( ) () () ,,,=,, 22211121 yyxSyyxSyyxV +  

that has a negative deýnite derivative V#with respect to system (19), that is 

 .2

2

2

1 yyV +²#  

Now, choosing the quadratic form  

 ( ) () () ,,,=,, 22211121 yyxSyyxSpyyxVp +  

we are immediately convinced that for large values of the parameter 0>p  its derivative with 

respect to the system (19) will be negative deýnite. This obviously gives us the possibility to 

confirm that the system (19) is regular. The theorem is proved. 

 

Conclusion 

In this article using the connection between the Green function of the problem of bounded 

invariant manifolds and the sign-changing Lyapunov functions, that are defined in terms of 

quadratic form, we obtain the sufficient conditions for the existence of a bounded invariant 

manifold for the nonlinear systems of the form () ( ).,=,= yxG
dt

dy
xf

dt

dx
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 Consider the linear Fredholm integro-differential equation 

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

n
T

RxTttfdxxKxtA
dt

dx
ÍÍ+ñ+= ttt     (1) 

where the )( nn³ matrix )(tA  and nvector )(tf  are continuous on ],0[ T ; the )( nn³  matrix 

),( ttK  is continuous on ],0[],0[ TT ³ ; and ||max
,1

i
ni

xx
=

= . 
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Denote by )],,0([ nRTC the space of continuous functions nRTx ­],0[:  with the norm 

)(|max
],0[1

txx
TtÍ

= . 

Solution to equation (1) is a continuously differentiable on ),0( T function  

)],,0([)( nRTCtx Í , which satisfies the equation for any ),0( TtÍ .  

 Let a function ),( ctx  be a solution to equation (1) for any ,nRcÍ and each solution )(~ tx to 

equation (1) coincides with ),( ctx  at a unique ʩc ~= . Then the function ),( ctx  is called a classical 

general solution to Eq.(1) if it exists for all )],,0([)( nRTCtf Í . 

 As was noted in [1] there are linear nonhomogeneous Fredholm integro-differential 

equations, which do not have any solution. Therefore, a classical general solution exists not for all 

Fredholm integro-differential equations.  

 In communication one concept of general solution to Eq.(1) is proposed. 

 Take a partition .0: 11 Ttttt NNN =<<<<=D -2  Using parametrizations method [2], we 

get the special Cauchy problem for the system of integro-differential equations with parameters 

),,(),())()(,())(( 1
1

1

rr

N

j

t

t
jjrr

r ttttfduxKutA
dt

du j

j

-
=

Í+äñ +++=
-

tlttl   (2) 

.,1,0)( 1 Nrtu rr ==-            (3) 

 Denote by ),],,0([ nN
N RTC D  the space of function system 

)),(,),(),((][ 21 tutututu N3= where n
rrr Rttu ­- ),[: 1  is continuous and has finite left-sided limit 

)(lim
0

tur
tt r-­

 for any ,,1 Nr =  with the norm .)(|supmax][
),[,1

2
1

tuu r
tttNr
rr-Í=

=Ö  

 A solution to problem (2), (3) is a function system 

),,],,0([)),(,),,(),,((],[ 21
nN

NN RTCtutututu DÍ= llll 3 which satisfies the system of integro-

differential equations (2) and initial conditions (3).  

 Let )(tX be a fundamental matrix of differential of Eq.1 on ],0[ T . Then problem (2), (3) is 

equivalent to the system of integral equations.  

+äñ +ñ+ñ=
=

--

---

N

j

t

t
jj

t

t

t

t
rr

j

jrr

dduxKXXAXtXtu
1

11
11

111

))()(,()()())()()()( ttlttttltt  

.,1),,(,)()()( 1
1

1

NrtttdfXX rr

t

tr

=Íñ+ -
-

-

tttt    (4) 

 Multiplying both sides of (4) by ),( txK , integrating by t on the interval ),[ 1 rr tt - , and 

summing up over r , we obtain the Fredholm integro-differential equation of the second kind 

ñ ä ÍD+D+D=
=

T N

r
NrNrN TttFtDdytMty

0 1

].,0[),,(),()(),,()( lttt   (5) 

Here .)(),()(
1

1

1

äñ=
=

-

N

j

t

t
j

j

j

duxKty ttt  

],,0[],,0[,)()(),(),,( 1
1

111

1

tTtXdXxKtM
t

N tttttt
t

Íñ=D -
 

NjttTtXdXxKtM jj

t

N

j

,2],,[],,0[,)()(),(),,( 1
1

111 =ÍÍñ=D -
- tttttt

t

 

+ñ ñ=D
- -

-
r

r

r

r

t

t

t

t
Nr ddAXXxKtD

1 1

11
1 )()()(),(),( tttttt  
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äñ ñ ñ+
=

-

- - -

N

j

t

t

t

t

t

t

j

j

r

r

r

r

dddAKAXXxK
1

1212111
1

1 1 1

)(),()()()(),( tttttttttt , 

äñ ñ=D
=

-

- -

N

j

t

t

t

t
N

j

j

r

r

ddfXXxKtF
1

111
1

1 1

.)()()(),(),( tttttt  

A partition ND  is called regular for Eq.(1) if homogoneous equation corresponding to Eq.(5) 

has only the trivial solution. 

Choose a regular partition ND  and by solving Eq.(5) find )(ty  via :,1, Nrr =l  

.),(),(),()1;,,(),(),()(
10

11
1

ttlttttl dFDFtFtDty Nr

N

r
Nr

T

NNNr

N

r
Nr ùú

ø
éê

è
D+ä Dñ DDG+D+ä D=

==

 

Substituting the expression of )(ty  into the right-hand side of (4), we got the presentations of 

),( ltur  through the parameters :),,,( 21
nN

N RÍ= llll 3  

,,1],,[,),(),(),( 1
1

, Nrttttttu rr

N

j
NrjNjrr =Íä D+D= -

=

blal   

where 

,),()1;,,(),(),()()(),(
1 1

1
0

1111
1

, tttttttta ddDtDdxKXtXt
t

t

t

t

T

NjNNjNjr

r

r

r

ñ ù
ú

ø
é
ê

è
ñ ñ DDG+D+=D

- -

-  

       ,,1,,],,[ 1 Njrjrttt rr =¸Í -  

,),()1;,,(),(),()()()(),(
1 1

1
0

1111
1

, ñ ù
ú

ø
é
ê

è
ñ DDG+D+ñ+=D

- -

-
t

t

T

NrNNr

t

t
Nrr

r

r

r

ddDtDdxKAXtXt ttttttttta

    ,,1],,[ 1 Nrttt rr =Í -  

,),()1;,,(),()()()(),(
1 1

1
0

11
1

, tttttttb ddFtFfXtXt
t

t

t

t

T

NNNNjr

r

r

r

ñ ù
ú

ø
é
ê

è
ñ ñ DDG+D+=D

- -

-  

         ,,1],,[ 1 Nrttt rr =Í -  

 The ND general solution 
),,( ltx ND is defined by the equalities: 

,,1],,[,),(),(),,( 1
1

, Nrttttttx rr

N

j
NrjNjrrN =Íä D+D+=D -

=

blall
 

.),(),(),,(
1

,ä D+D+=D
=

N

j
NNjNjNNN TTTx blall  
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DOMAIN  AND SPHERICALLY SYMMETRICAL  SOLUTIONS IN GR WITH 

POTENTIALS OF THE 4TH AND 6TH ORDERS  

 

Dzhunushaliev V., Urazalina A., Tules Y., Ykylas B. 

Al -Farabi Kazakh National University, Almaty, Kazakhstan  

Aktobe Regional State University named after K.Zhubanov, Aktobe, Kazakhstan 

 

Here we consider phantom domain and spherically symmetrical solutions in general relativity 

created with two phantom scalar fields with potentials of the 4th, 6th and 8th orders. It has been 

shown that the solutions with finite energy exist for some specific values of the parameters  

only. Corresponding field equations are solved numerically as nonlinear eigenvalue problem where 

the parameters  are eigenvalues and scalar fields are eigenfunctions. The phantom solutions 

depending on values of scalar fields at the center of phantom domain, wormhole, spherically 

symmetrical and cylindrically symmetric solutions are obtained. The dependence of parameters 

 on initial values  is investigated. 

 

INTRODUCTION 

One category of extended objects are planar symmetric domain walls which are topological 

defects arising in both particle physics and cosmology [1, 2]. They separate a spacetime into several 

domains along a single coordinate. The domain walls we find here arise from regions with fast 

spatial variation of the scalar fields. Depending on the behavior of the field near the wall, solutions 

describing such objects can be subdivided into thin-wall solutions [3], for which the scalar-field 

energy density can be replaced by the delta function, and thick-wall solutions [4].  

It is clear that the characteristics of the aforementioned compact and extended objects will depend 

on the specific type of fields employed in their modeling. In the present paper we consider two 

types of configurations (domain walls, boson stars) constructed from two interacting phantom scalar 

fields with potentials of the 4th, 6th and 8th orders. Systems with two ordinary scalar fields are well 

known from quantum field theory, where they are used to obtain solitary wave solutions [5]. When 

a gravitational field is present, such systems have also been repeatedly considered in the 

cosmological and astrophysical contexts [6]. In our previous works we have obtained a number of 

solutions with two scalar fields (both normal scalar fields and phantom scalar fields) which can be 

employed to describe astrophysical objects and also when considering cosmological solutions [7]. 

We have considered regular spherically and cylindrically symmetric solutions [8ï10]; cosmological 

solutions [11, 12]; thick brane solutions supported by normal and ghost scalar fields [13]. Here we 

study these solutions with other potentials.  

GENERAL EQUATIONS 

In the simplest case a phantom scalar field can be introduced by changing the sign of the 

kinetic term in the Lagrangian. Consistent with this, we choose the Lagrangian for two scalar fields 

 as in Ref. [9]:  

 
(1) 

and variation of the Lagrangian (1) gives the Einstein and scalar field equations in the form  

 
(2) 

and variation of the Lagrangian (1) gives the Einstein and scalar field equations in the form  

 
(3) 

 

(4) 

Below we will consider only static problems, for which Eqs. (3)-(4) give the system of 

ordinary nonlinear differential equations with the potential energy  

http://www.kaznu.kz/en/3/news/one/12016/
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(5) 

 

(6) 

 

(7) 

Here  and  are the masses of the scalar fields,  are the coupling constants, and  
is some constant whose value will be given for each of the four types of solutions considered below. 

Our previous investigations of such kind of systems [8ï13] indicate that regular solutions of the 

system (3)-(4) with the potentials (5)-(7) do exist only for certain eigenvalues of the parameters 

. We will find the same result here ï that only certain values of  lead to regular 

solutions. 

PHANTOM DOMAIN WALLS 

You can obtain the following Einstein and scalar field equations for the domain wall: 

 

(8) 

 

(9) 

 

(10) 

 

(11) 

The results of numerical calculations for the scalar fields are given in Figs. 1, 2; for the metric 

functions  ï in Fig. 3; and for the energy density  ï in Fig. 4.  

 

 
 

FIG 1: The scalar fields  for the phantom 

domain walls. Green curve corresponds to the 

potential of the 4th order, red curve corresponds to 

the potential 6th order, blue curve corresponds to the 

potential of the 8th order. 

FIG. 2: The scalar fields  for the phantom 

domain walls. Green curve corresponds to the 

potential of the 4th order, red curve corresponds to 

the potential 6th order, blue curve corresponds to the 

potential of the 8th order. 
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FIG. 3: The functions  for the phantom 

domain walls. Green curve corresponds to the 

potential of the 4th order, red curve corresponds to the 

potential 6th order, blue curve corresponds to the 

potential of the 8th order. 

FIG. 4: The energy densities  for the phantom 

domain walls. Green curve corresponds to the 

potential of the 4th order, red curve corresponds to 

the potential 6th order, blue curve corresponds to 

the potential of the 8th order. 

 

 

 ̄ Potentials    
1 4th orders    
2 6th orders    
3 8th orders    

TABLE I: The initial values of  and eigenvalues of  for the system of 

potentials with the 4th, 6th and 8th orders with  

 

 

PHANTOM BALL 

Einstein's equation and scalar field equations for the phantom ball is: 

 
(12) 

 

(13) 

 

(14) 

 

(15) 

 

(16) 

 

The results of the numerical calculations for the scalar fields are presented in Figs. 5, 6; for 

the metric functions  ï in Figs. 7, 8; and for the energy density  ï in Fig. 9.  
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FIG 5: The scalar fields  for the phantom ball.  

Green curve corresponds to the potential of the 4th 

order, red curve corresponds to the potential 6th 

order, blue curve corresponds to the potential of the 

8th order. 

FIG. 6: The scalar fields  for the phantom ball.  

Green curve corresponds to the potential of the 4th 

order, red curve corresponds to the potential 6th 

order, blue curve corresponds to the potential of the 

8th order. 

  
FIG 7: The metric functions  for the phantom 

ball. Green curve corresponds to the potential of the 

4th order, red curve corresponds to the potential 6th 

order, blue curve corresponds to the potential of the 

8th order. 

FIG. 8: The metric functions  for the phantom 

ball. Green curve corresponds to the potential of the 

4th order, red curve corresponds to the potential 6th 

order, blue curve corresponds to the potential of the 

8th order. 

 
FIG. 9: The energy density profiles for the phantom ball. 

 

 ̄ Potentials    
1 4th orders    
2 6th orders    
3 8th orders    
 

TABLE II: The initial values of  and eigenvalues of  for the system of 

potentials with the 4th, 6th and 8th orders with  for phantom ball. 
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Abstract:  Earlier we studied the homogeneous boundary value problem for the heat equation in degenerating 

domains. For this problem in the weight class of essentially bounded functions it was established the existence of a 

nontrivial solution up to a constant multiplier. In this paper, on the basis of the above result, we study the issues of the 

existence of nontrivial solutions of homogeneous nonlinear heat equations in degenerating domains.  

Key words: Nonlinear Heat Equation, Degenerating Domain, Nontrivial Solution  

 

 

1. Introduction.  Earlier in several papers [1-6] it was shown the existence of non-trivial 

solutions for the homogeneous boundary value problem for linear heat equation in degenerating (in 

the power-law order) domains. In this paper, based on our previous results established for a linear 

problem, we study the existence of nontrivial solutions of homogeneous boundary value problems 
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for one nonlinear heat equation, given in degenerate domains. Classes of essentially bounded 

functions with weight in which there exists or does not exist a nontrivial solution are found. 

Nontrivial solutions of the nonlinear equations under consideration are found in explicit form. We 

show in the degenerating domain the existence of nontrivial solutions for a nonlinear heat equation. 

We will note the paper [1ï6] where for linear and semilinear equations of Tricomi type, 

existence, uniqueness and qualitative properties of weak solutions to the degenerate hyperbolic 

Goursat problem on characteristic triangles were established. For the linear problem, a robust 2L -

based theory was developed, including well-posedness, elements of a spectral theory, partial 

regularity results and maximum and comparison principles. For the nonlinear problem, existence of 

weak solutions with nonlinearities of unlimited polynomial growth at infinity was proved by 

combining standard topological methods of nonlinear analysis with the linear theory developed 

there. 

In the work [7ï8] for semilinear partial differential equations of mixed elliptic-hyperbolic 

type with various boundary conditions, the nonexistence of nontrivial solutions was showed for 

domains which are suitably star-shaped and for nonlinearities with supercritical growth in a suitable 

sense. 

2. Nonlinear heat equation. The reduction of the boundary value problem (2) to an 

integral equation.  Let 0}>,<<0|,{= ttxtxG . In the infinite corner domain G  we study the 

existence of nontrivial solutions for the following boundary value problem [9]:  

 0.=|),(=|),(,},{),,(),(=),( =0=

2

txxxxxt txwtxwGtxtxwtxwtxw Í+  (3) 

Using the transform  

 1)},({exp=),( -txwtxu  (4) 

the boundary value problem (1) is reduced to a linear homogeneous boundary value problem 

for the heat equation:  

 0.=|),(=|),(,},{),,(=),( =0= txxxxt txutxuGtxtxutxu Í  (5) 

Search for a solution to the boundary value problem (2) as the sum of double-layer heat 

potentials [10]:  
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It is known [10] that the function (4) satisfies the equation (3) for any )(tn  and )(tj . Using 

boundary conditions from (3) and the properties of heat potentials, we obtain the following integral 

equation with respect to the unknown function )(tj :  
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We have shown earlier [1ï6, 9] that the integral equation (5) along with the trivial solution 

has a non-trivial solution up to a constant multiplier. 

Theorem 1.   The general solution of equation (5) has the form  

 ,=),(=)( 0 constCtCt jj Ö  (9) 

 { } ( )[ ]./2e1/2/4exp=)( 1/21/2

0 trfttt ++-- pj  (10) 

 

In the following paragraph we clarify the class of solutions (7) of the integral equation (5), 

which we have set earlier in works [1ï6]. 
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3. The class of solutions of the integral equation (5). First set the property of the integral 

operator K  in equation (5). Let us introduce the weight class of essentially bounded functions  

 )},()(),(|{=)),(;( 11 +¤+¤ Í RR LtTtTtL jqjq        (11) 
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and T  is an arbitrary positive finite number. Let us introduce the weight class of essentially 

bounded functions (uniqueness class)  

 )},()(),,(|{=)),,(;( 22 +¤+¤ Í RR LtTtTtL jeqjeq  (13) 
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and T  is an arbitrary positive finite number, 0>e . 

Lemma 1.  The integral operator  K  in the equation (5) is bounded in the space 

)),(;( 1 TtL q+¤ R  (9)ï(10), i.e.  

 ( ).)),(;( 1 TtL q+¤Í RLK  (15) 

 

From the assertion of Lemma 1 follows the validity of the following Lemmas. 

Lemma 2.  The solution of the integral equation (5) belongs to the class )),(;( 1 TtL q+¤ R  (9)ï

(10), i.e.  

 ).()(),( 01 +¤Í RLtTt jq  (16) 

Lemma 3 (uniqueness class).  For the integral equation (5) the space )),,(;( 2 TtL eq+¤ R  is a 

class of uniqueness, i.e., in the class (11)ï(12) the equation (5) has only a trivial solution. 

 

4. The class of solutions of the boundary value problem for the heat equation (3). For 

further we transform the representation (4) of the solution of the boundary value problem (3). For 

this purpose, substituting the representation of the function )(tn  (6) in (4), we get:  
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and T  is an arbitrary positive finite number, 0>e . 

Lemma 4.  Let }.<0,<<{0=0, TttxG T ¢  Then the solution ),( txu  of the boundary value 

problem (3) belongs to the class  

 )).,,(;( 30, TtGL T eq¤  

Lemma 5.  Let }.<<,<<{0=, ¤tTtxG InfT  Then the solution ),( txu  of the boundary value 

problem ((5)) belongs to the class  

 )).,,(;( 3, TtGL InfT eq¤  

From the assertions of Lemmas 4 and 5 follows the validity of the following theorem. 

Theorem 2.  Along with a trivial solution, the boundary value problem (3) has a family of 

nontrivial solutions  0},=),,({ ¸Ö constCtxuC  where  

 )),,,(;(),( 3 TtGLtxu eq¤Í  

defined by the relations (15)ï(16). 
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Theorem 3 (uniqueness class).  The boundary value problem (3) has only a trivial solution 

in the class )),,,,(;( 214 TtGL eeq¤  where  
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and T  is an arbitrary positive finite number, 0.0, 21 ²² ee  

5. The main result for the nonlinear heat equation. From the theorems and lemmas which 

were set above it follows 

 

 Theorem 4.  Along with a trivial solution, the boundary value problem (1) has a family of 

nontrivial solutions  0},=)],,([1ln=),({ ¸Ö+ constCtxuCtxw  which is determined by 

transformation (2), where  )).,,(;(),( 3 TtGLtxu eq¤Í  

To solve the nonlinear equation (1), we have: )).,,(;(1)},({exp 3 TtGLtxw eq¤Í-  

Conclusion. From the assertions of Theorem 4 it follows that some functionals of non-trivial 

solutions of both the nonlinear equation allow growth both at the top of the corner and at infinity. 

This orders of growth are determined by one weight function ),,(3 Tt eq  for each of the 

considered equations. 
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ʈɸʉʏɽʊʓ ʉʃʆɾʅʓʍ ʎɽʇɽʁ ʇʆʉʊʆʗʅʅʆɻʆ ʊʆʂɸ 

ʄɽʊʆɼʆʄ ʋɿʃʆɺʆɻʆ ʅɸʇʈʗɾɽʅʀʗ 

 

ɾʫʙʘʝʚ ʉ.ʊ., ɻʶʣʴʤʘʤʝʜʦʚ ʉ.ɸ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ  ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ  ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ ʜʣʷ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ 

ʮʝʧʝʡ  ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʦʞʥʘʷ ʮʝʧʴ, ʟʘʢʦʥʳ ʂʠʨʭʛʦʬʘ, ʫʟʝʣ, ʙʘʣʘʥʩ ʤʦʱʥʦʩʪʝʡ. 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʩʣʦʞʥʳʭ ʮʝʧʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ ʩ ʧʦʤʦʱʴʶ ʟʘʢʦʥʦʚ ʂʠʨʭʛʦʬʘ 

ʩʦʩʪʘʚʣʷʶʪʩʷ ʫʨʘʚʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʫʟʣʦʚ ʠ ʢʦʥʪʫʨʦʚ ʮʝʧʠ. ʏʠʩʣʦ 

ʠʩʭʦʜʥʳʭ ʨʘʩʯʝʪʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʚʥʦ ʯʠʩʣʫ ʚʝʪʚʝʡ, ʪ.ʝ. ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ, ʯʪʦ 

ʫʩʣʦʞʥʷʝʪ ʨʘʩʯʝʪ ʮʝʧʝʡ. ʇʦʵʪʦʤʫ ʯʘʱʝ ʚʩʝʛʦ ʧʨʠʤʝʥʷʶʪ ʨʘʮʠʦʥʘʣʠʟʠʨʦʚʘʥʥʳʝ ʤʝʪʦʜʳ 

ʨʘʩʯʝʪʘ. 

ɺ ʮʝʧʷʭ, ʚ ʢʦʪʦʨʳʭ ʯʠʩʣʦ ʫʟʣʦʚ ʤʝʥʴʰʝ ʯʠʩʣʘ ʢʦʥʪʫʨʦʚ (ʩʭʝʤʘ ʥʘ ʨʠʩ.1) ʥʘʠʙʦʣʝʝ 

ʧʨʦʩʪʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʫʟʣʦʚʳʭ ʥʘʧʨʷʞʝʥʠʡ. 

 

 
ʈʠʩ. 1 

 

ɿʘʜʘʚʘʷʩʴ ʥʘʧʨʘʚʣʝʥʠʷʤʠ ʪʦʢʦʚ (ʫʢʘʟʘʥʥʳʤʠ ʥʘ ʨʠʩ.1), ʩʦʩʪʘʚʣʷʝʤ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʦʜʥʦʛʦ ʫʟʣʘ ʠ ʜʚʫʭ ʢʦʥʪʫʨʦʚ ʮʝʧʠ: 

 
ʈʝʰʘʷ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʥʘʭʦʜʠʤ ʥʘʧʨʷʞʝʥʠʝ ʤʝʞʜʫ ʫʟʣʘʤʠ  ʘ ʠ  ʚ: 

, 

ʛʜʝ =  ,      = ,      =   - 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʝʪʚʝʡ ʮʝʧʠ ʤʝʞʜʫ ʫʟʣʘʤʠ   ʘ ʠ  ʚ. 

ʊʦʢʠ ʚʝʪʚʝʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʨʘʚʥʳ 

 

 

 
ɼʣʷ ʢʦʥʪʨʦʣʷ ʧʨʘʚʠʣʴʥʦʩʪʠ ʨʘʩʯʝʪʘ ʤʦʞʥʦ ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʙʘʣʘʥʩʦʤ ʤʦʱʥʦʩʪʝʡ: 

 
 

ʃʠʪʝʨʘʪʫʨʘ 
1. ʂʘʩʘʪʢʠʥ ɸ.ʉ.  ʕʣʝʢʪʨʦʪʝʭʥʠʢʘ, - ʄ.: ʕʥʝʨʛʠʷ, 1973 ʛ. 

2. ʅʦʚʠʢʦʚ ʇ.ʅ., ʂʘʫʬʤʘʥ ɺ.ʗ., ʊʦʣʯʝʝʚ ʆ.ɺ. ʠ ʜʨ. - ʄ.: ɺʳʩʰʘʷ        ʰʢʦʣʘ, 1992 
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ʅɽʋʉʊʆʁʏʀɺʆʉʊʔ ʇʈʆɻʈɸʄʄʅʆɻʆ ʄʅʆɻʆʆɹʈɸɿʀʗ 

ʉʀʉʊɽʄ ʅɽʇʈʗʄʆɻʆ ʋʇʈɸɺʃɽʅʀʗ  

ʉ ʅɽʉʊɸʎʀʆʅɸʈʅʓʄʀ ʅɽʃʀʅɽʁʅʆʉʊʗʄʀ 

 

ɾʫʤʘʪʦʚ ʉ.ʉ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʆʅ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʩʣʝʜʫʶʪʩʷ ʫʩʣʦʚʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ ʥʝʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ 

ʥʝʣʠʥʝʡʥʦʩʪʴʶ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ. ʉ ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʠ ʃʷʧʫʥʦʚʘ 

ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʟʘʜʘʥʥʦʡ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ, ʩʠʩʪʝʤʘ ʥʝʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ, ʧʨʦʛʨʘʤʤʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ, ʬʫʥʢʮʠʷ 

ʃʷʧʫʥʦʚʘ 

 

ʉʦʚʨʝʤʝʥʥʳʝ ʤʝʪʦʜʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʧʨʝʜʧʦʣʘʛʘʶʪ 

ʦʙʝʩʧʝʯʝʥʠʝ ʚʳʧʦʣʥʝʥʠʠ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʥʘ ʵʪʘʧʝ ʩʦʩʪʘʚʣʝʥʠʷ 

ʫʨʘʚʥʝʥʠʡ ʜʠʥʘʤʠʢʠ. [1-2]. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, 

ʦʧʠʩʳʚʘʝʤʳʭ ʦʙʳʢʥʦʚʝʥʥʳʤʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʘ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʠʣ ʠ ʤʦʤʝʥʪʦʚ ʧʦ ʟʘʜʘʥʥʳʤ ʢʠʥʝʤʘʪʠʯʝʩʢʠʤ ʵʣʝʤʝʥʪʘʤ ʜʚʠʞʝʥʠʷ ʠʣʠ, ʚ ʙʦʣʝʝ 

ʦʙʱʝʡ ʧʦʩʪʘʥʦʚʢʝ. ʧʦ ʟʘʜʘʥʥʳʤ ʩʚʦʡʩʪʚʘʤ ʜʚʠʞʝʥʠʷ. ɿʘʜʘʯʠ ʪʘʢʦʛʦ ʪʠʧʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʠʭ 

ʚʠʜʦʠʟʤʝʥʝʥʠʷʤʠ ʥʘʟʚʘʥʳ ʦʙʨʘʪʥʳʤʠ ʟʘʜʘʯʘʤʠ ʜʠʥʘʤʠʢʠ ʠʣʠ ʦʙʨʘʪʥʳʤʠ ʟʘʜʘʯʘʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ [3]. ʊʝʦʨʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ 

ʦʙʦʙʱʝʥʠʝʤ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ.  ɽʨʫʛʠʥʳʤ ʅ.ʇ. [4] 

ʨʝʰʝʥʘ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʠʤʝʶʱʠʭ 

ʟʘʜʘʥʥʫʶ ʠʥʪʝʛʨʘʣʴʥʫʶ ʢʨʠʚʫʶ, ʢʦʪʦʨʘʷ ʩʪʘʣʘ ʠʩʭʦʜʥʦʡ ʜʣʷ ʨʝʰʝʥʠʷ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ. ɺ ʜʘʣʴʥʝʡʰʝʤ ʦʥʘ ʨʘʟʚʠʚʘʣʘʩʴ ʢʘʢ ʟʘʜʘʯʘ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ ʟʘʜʘʥʥʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʤʥʦʛʦʦʙʨʘʟʠʶ, ʢʘʢ ʨʝʰʝʥʠʝ 

ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʪʥʳʭ ʟʘʜʘʯ ʜʠʥʘʤʠʢʠ, ʢʘʢ ʧʦʩʪʨʦʝʥʠʝ ʩʠʩʪʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʜʚʠʞʝʥʠʷ. ʆʙʟʦʨ 

ʨʘʙʦʪ ʧʦ ʵʪʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠ ʦʙʰʠʨʥʘʷ ʙʠʙʣʠʦʛʨʘʬʠʷ ʧʨʠʚʝʜʝʥʳ ʚ [5-7]. ɺ [8-9] ʦʙʨʘʪʥʳʝ 

ʟʘʜʘʯʠ ʜʠʥʘʤʠʢʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʧʨʠ ʥʘʣʠʯʠʠ ʩʣʫʯʘʡʥʳʭ ʚʦʟʤʫʱʝʥʠʡ, ʘ ʠʤʝʥʥʦ ʚ ʢʣʘʩʩʝ 

ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʀʪʦ.  

 ɺ ʨʘʙʦʪʝ [10] ʥʘʡʜʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʥʝʷʚʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʫʩʣʦʚʠʷ ʢʦʥʚʝʨʛʝʥʪʥʦʩʪʠ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʫʣʝʚʦʛʦ ʧʦʣʦʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ. ɺ [11-12] ʧʦʣʫʯʝʥʳ ʯʘʩʪʦʪʥʳʝ ʫʩʣʦʚʠʷ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʪʨʦʝʥʠʷ ʬʫʥʢʮʠʡ ʃʷʧʫʥʦʚʘ ʠʩʩʣʝʜʫʶʪʩʷ ʫʩʣʦʚʠʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʩʪʝʤ 

ʥʝʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩ ʤʘʪʨʠʮ E, ʦʙʣʘʜʘʶʱʠʡ ʩʚʦʡʩʪʚʦʤ ʥʝʧʨʝʨʳʚʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʠ ʠ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʧʦ ʥʦʨʤʝ[ )¤=Í" ,0It  ʠ ʟʘʜʘʜʠʤ ʤʥʦʛʦʦʙʨʘʟʠʝ 

( )W¹ =w t x, 0, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʜʣʷ ʩʠʩʪʝʤʳ 

( ) ( ) () xwssjxx RtPtBxtfx T -==-= ,,,, 1
##                    (1) 

ʧʨʠ ʫʩʣʦʚʠʠ 0>R . 

ɿʜʝʩʴ ,,,,,,,, rsrrrnrn RPRRRBnsRRfx ³³³ ÍÍÍ¢ÍÍ xs  ʥʝʣʠʥʝʡʥʘʷ 

ʬʫʥʢʮʠʷ( )j st,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ 

( ) ( ) ()

() ( )[ ] () () ()[ ]
() () () ()[ ] rrTT

rrT

TT

tKtKtKtK

tKtKtKdtdtK
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,0,000,

2211

21 ssj

ssssjsj

               (2)   

ʊʘʢ ʢʘʢ W ʷʚʣʷʝʪʩʷ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʩʠʩʪʝʤʳ (1) ʠʤʝʝʤ 
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,xww BA --=# ( ) xwssjx RPt T -== ,,# ,                   (3) 

ʛʜʝ ʬʫʥʢʮʠʷ ɽʨʫʛʠʥʘ [4]  

( ) ssAAxtF ³EÍ-= ,,, ww , 

., 1HBB
x

H ==
µ

µw
 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ʇʨʦʛʨʘʤʤʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ʥʘʟʳʚʘʝʪʩʷ ʥʝʫʩʪʦʡ-ʯʠʚʳʤ ʚ ʮʝʣʦʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ w, ʝʩʣʠ ʚ ʬʘʟʦʚʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʫʱʝʩʪʚʫʝʪ 

ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʦʪʢʨʳʪʘʷ ʦʙʣʘʩʪʴ X, ʚʢʣʶʯʘʶʱʘʷ ʦʢʨʝʩʪʥʦʩʪʴ ʟʘʜʘʥʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ʠ 
ʦʙʣʘʜʘʶʱʘʷ ʪʝʤ ʩʚʦʡʩʪʚʦʤ, ʯʪʦ ʚʩʝ ʨʝʰʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ w 

ʥʘʯʠʥʘʶʱʠʝʩʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʥʝ ʦʛʨʘʥʠʯʝʥʳ ʧʨʠ .¤­t    

ʆʧʨʝʜʝʣʝʥʠʝ 2. ʇʨʦʛʨʘʤʤʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ()tW  ʥʘʟʳʚʘʝʪʩʷ ʘʙʩʦʣʶʪʥʦ 

ʥʝʫʩʪʦʡʯʠʚʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ w, ʝʩʣʠ ʦʥʦ ʥʝʫʩʪʦʡʯʠʚʳʤ ʚ ʮʝʣʦʤ  ʧʨʠ ʚʩʝʭ 

ʬʫʥʢʮʠʡ ( )sj ,t  ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʫʩʣʦʚʠʷʤ (2).  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʧʦʣʫʯʠʪʴ ʫʩʣʦʚʠʝ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ 

ʩʠʩʪʝʤ ʥʝʧʨʷʤʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʩ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤʠ  ʥʝʣʠʥʝʡʥʦʩʪʷʤʠ.  

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ ʜʣʷ ʩʠʩʪʝʤʳ ʥʘʡʜʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ),( wtV  ʜʦʧʫʩʢʘʶʱʘʷ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚʳʩʰʠʡ ʧʨʝʜʝʣ ʚ ʦʙʣʘʩʪʠ X ʧʨʦʠʟʚʦʜʥʘʷ ʢʦʪʦʨʦʡ 

IttV ÍØXÍ">² wgw 0),(# , 

ʊʦ ʧʨʦʛʨʘʤʤʥʦʝ ʤʥʦʛʦʦʙʨʘʟʠʝ ()tW  ʥʝʫʩʪʦʡʯʠʚʦ ʚ ʮʝʣʦʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʠ w 

ʊʝʦʨʝʤʘ 2. ʇʨʝʜʧʦʣʦʞʠʤ,ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʤʘʪʨʠʮʳ  

0),,(,0 1 >=>= r
T diagLL bbb 2 , 

ʘ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ ),( sjt  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ (2). 

ʊʦʛʜʘ ʜʣʷ ʘʙʩʦʣʶʪʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʥʦʛʦʦʙʨʘʟʠʷ ()tW  

ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʠ w ʜʦʩʪʘʪʦʯʥʦ ʚʳʧʦʣʥʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʡ 
2

2

2

1 ww lVl ¢¢ , 

2

2

2

1 whwh ¢¢V# , 

ʛʜʝ 2121 ,,, qqll - ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʢʦʥʩʪʘʥʪʳ. 
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ʆ ʈɸɿʈɽʐʀʄʆʉʊʀ ʉɽʄɽʁʉʊɺɸ ʇɽʈʀʆɼʀʏɽʉʂʀʍ ʂʈɸɽɺʓʍ ɿɸɼɸʏ  

ɼʃʗ ʉʀʉʊɽʄ ʅɸɻʈʋɾɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ 

 

ʂʘʜʠʨʙʘʝʚʘ ɾ.ʄ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʄʆʅ ʈʂ, ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ ʠʩʩʣʝʜʫʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʩʠʩʪʝʤ ʥʘʛʨʫʞʝʥʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʇʦʩʪʨʦʝʥʳ ʘʣʛʦʨʠʪʤʳ ʥʘʭʦʞʜʝʥʠʷ 

ʧʨʠʙʣʠʞʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʠ ʚ ʪʝʨʤʠʥʘʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʠʭ 

ʩʭʦʜʠʤʦʩʪʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʛʨʫʞʝʥʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʢʨʘʝʚʘʷ ʟʘʜʘʯʘ, ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ 

 

ʅʘ  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʩʝʤʝʡʩʪʚʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʩʠʩʪʝʤ ʥʘʛʨʫʞʝʥʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(1) 

                      (2) 

ʛʜʝ -ʤʘʪʨʠʮʳ  , ʠ -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ  ʥʝʧʨʝʨʳʚʥʳ ʥʘ 

, . 

ʏʝʨʝʟ  ʦʙʦʟʥʘʯʠʤ ʧʨʦʩʪʨʘʥʩʪʚʦ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ  ʩ ʥʦʨʤʦʡ 

.  
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ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘʛʨʫʞʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʩʚʷʟʘʥʥʦʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʟʘʜʘʯ, 

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʘʛʨʫʞʝʥʥʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. ʂ ʟʘʜʘʯʘʤ ʧʨʠʣʦʞʝʥʠʡ, ʦʧʠʩʳʚʘʝʤʳʭ 

ʵʪʠʤʠ ʫʨʘʚʥʝʥʠʷʤʠ, ʦʪʥʦʩʷʪʩʷ ʟʘʜʘʯʘ ʜʦʣʛʦʩʨʦʯʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ ʠ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

ʫʨʦʚʥʷ ʛʨʫʥʪʦʚʳʭ ʚʦʜ ʠ ʧʦʯʚʝʥʥʦʡ ʚʣʘʛʠ, ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʥʦʩʘ ʯʘʩʪʠʮ, 

ʥʝʢʦʪʦʨʳʝ ʟʘʜʘʯʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘʛʨʫʞʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʫʨʘʚʥʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʧʨʦʮʝʩʩʳ ʩ ʧʦʩʣʝʜʝʡʩʪʚʠʝʤ, ʚ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʥʠʝ ʧʨʦʮʝʩʩʘ ʚ ʢʘʢʦʡ-

ʣʠʙʦ ʪʦʯʢʝ ʠ ʚ ʢʘʢʦʡ-ʣʠʙʦ ʤʦʤʝʥʪ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʚʝʩʴ ʧʨʦʮʝʩʩ ʚ ʮʝʣʦʤ [1-2]. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʯʣʝʥʦʚ ʩ ʥʘʛʨʫʞʝʥʠʷʤʠ ʥʘ 

ʩʚʦʡʩʪʚʘ ʟʘʜʘʯʠ. 

ʇʨʠʤʝʨ. ʅʘ  ʨʘʩʩʤʦʪʨʠʤ ʩʝʤʝʡʩʪʚʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

 

ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʠʤʝʝʪ ʚʠʜ: ʛʜʝ 

 ʧʨʦʠʟʚʦʣʴʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ ʥʘ  ʬʫʥʢʮʠʷ. ʇʦʜʩʪʘʚʣʷʷ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʚ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ  ʧʦʣʫʯʠʤ ʩʦʦʪʥʦʰʝʥʠʷ:  ʊʘʢ 

ʢʘʢ, ʪʘʢʘʷ ʬʫʥʢʮʠʷ  ʥʝ ʩʫʱʝʩʪʚʫʝʪ, ʪʦ ʟʘʜʘʯʘ ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʷ. 

ʊʝʧʝʨʴ, ʜʦʙʘʚʠʚ ʢ ʧʨʘʚʦʡ ʯʘʩʪʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʛʨʫʞʝʥʥʳʡ ʯʣʝʥ ʚ 

ʪʦʯʢʝ  ʧʦʣʫʯʠʤ ʩʝʤʝʡʩʪʚʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʥʘʛʨʫʞʝʥʥʦʛʦ 

ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ  

 

ʨʝʰʝʥʠʝ ʢʦʪʦʨʦʛʦ ʠʤʝʝʪ ʚʠʜ  

ʉʝʤʝʡʩʪʚʦ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʩʠʩʪʝʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʚ ʥʝʣʦʢʘʣʴʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯʘʭ ʜʣʷ ʩʠʩʪʝʤ ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʩʦ ʩʤʝʰʘʥʥʦʡ ʧʨʦʠʟʚʦʜʥʦʡ [3]. ʀʩʩʣʝʜʫʝʤ ʚʦʧʨʦʩʳ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ (1), (2) ʥʝʧʨʝʨʳʚʥʦ ʟʘʚʠʩʷʱʝʛʦ ʦʪ ʧʘʨʘʤʝʪʨʘ ʩʝʤʝʡʩʪʚʘ . 

ʆʧʨʝʜʝʣʝʥʠʝ. ʅʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ , ʠʤʝʶʱʘʷ ʥʘ  ʥʝʧʨʝʨʳʚʥʫʶ 

ʧʨʦʠʟʚʦʜʥʫʶ ʧʦ , ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (1), (2), ʝʩʣʠ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʝʤʝʡʩʪʚʫ ʩʠʩʪʝʤ ʥʘʛʨʫʞʝʥʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʠ ʢʨʘʝʚʦʤʫ 

ʫʩʣʦʚʠʶ (2). 

ɿʘʜʘʯʫ (1), (2) ʠʩʩʣʝʜʫʝʤ ʤʝʪʦʜʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ [4]. ʇʫʩʪʴ 

 ʛʜʝ ʥʝʧʨʝʨʳʚʥʳ ʥʘ  ʠ 

  

ʇʨʦʠʟʚʝʜʝʤ ʨʘʟʙʠʝʥʠʝ:  ʉʫʞʝʥʠʝ ʬʫʥʢʮʠʠ 

 ʥʘ , ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ,  ʪ.ʝ. 

,  ʧʨʠ , , ʠ ʚʚʝʜʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ ʬʫʥʢʮʠʠ  , , ʠ ʥʘ 

ʢʘʞʜʦʡ ʦʙʣʘʩʪʠ  ʧʨʦʠʟʚʝʜʷ ʟʘʤʝʥʫ   ʧʦʣʫʯʠʤ 

ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʩ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ :  

 (3) 

   (4) 

  (5) 

  (6) 

ɺʚʦʜʠʪʩʷ  ï ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʠʩʪʝʤ ʬʫʥʢʮʠʡ 

, ʛʜʝ ʬʫʥʢʮʠʷ  ʥʝʧʨʝʨʳʚʥʘ ʠ 
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ʨʘʚʥʦʤʝʨʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ  ʠʤʝʝʪ ʢʦʥʝʯʥʳʡ ʣʝʚʦʩʪʦʨʦʥʥʠʡ ʧʨʝʜʝʣ , 

, ʩ ʥʦʨʤʦʡ   

ʈʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3) ï (6) ʷʚʣʷʝʪʩʷ ʧʘʨʘ , ʩ ʵʣʝʤʝʥʪʘʤʠ 

 

 ʛʜʝ ʬʫʥʢʮʠʠ  

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʥʘ , ʠ ʧʨʠ   ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʩʠʩʪʝʤʝ ʩʝʤʝʡʩʪʚ ʥʘʛʨʫʞʝʥʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (3) ʠ ʫʩʣʦʚʠʷʤ 

(4) ï (6). 

ɿʘʜʘʯʠ (1), (2) ʠ (3) ï (6) ʵʢʚʠʚʘʣʝʥʪʥʳ ʚ ʩʣʝʜʫʶʱʝʤ ʩʤʳʩʣʝ. ɽʩʣʠ ʧʘʨʘ 

, ʛʜʝ , 

 ï ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (3) ï (6), ʪʦ ʬʫʥʢʮʠʷ  

ʦʧʨʝʜʝʣʷʝʤʘʷ ʨʘʚʝʥʩʪʚʘʤʠ ,   

 ʙʫʜʝʪ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (1), (2). ʀ ʥʘʦʙʦʨʦʪ, ʝʩʣʠ 

 ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (1), (2), ʪʦ ʧʘʨʘ  ʩ ʵʣʝʤʝʥʪʘʤʠ 

  ʛʜʝ 

    ʙʫʜʝʪ 

ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ (3) ï (6).  

ʇʦʷʚʣʝʥʠʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ   ʧʦʟʚʦʣʷʶʪ ʧʨʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʭ  , ʦʧʨʝʜʝʣʠʪʴ ʬʫʥʢʮʠʠ   , ʠʟ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ɺʦʣʴʪʝʨʨʘ ʚʪʦʨʦʛʦ ʨʦʜʘ  

  

          (7)  

 ɺ ʫʨʘʚʥʝʥʠʠ (7) ʚʤʝʩʪʦ  ʧʦʜʩʪʘʚʣʷʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʫʶ ʧʨʘʚʫʶ 

ʯʘʩʪʴ ʠ ʧʦʚʪʦʨʷʷ ʵʪʦʪ ʧʨʦʮʝʩʩ   ʨʘʟ, ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ 

ʬʫʥʢʮʠʠ :  

 
       (8) 

ʛʜʝ  

  

 

  

  

  

  

   

ʀʟ (8) ʥʘʡʜʝʤ  , ʧʦʜʩʪʘʚʣʷʷ ʠʭ ʚ (5), (6), ʧʦʣʫʯʠʤ 

ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʘʨʘʤʝʪʨʦʚ :   

  (9) 

ʄʘʪʨʠʮʘ  ʠʤʝʝʪ ʩʧʝʮʠʘʣʴʥʫʶ ʙʣʦʯʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʨʠ ʣʶʙʦʤ  

ʧʝʨʝʚʦʜʠʪ ʵʣʝʤʝʥʪʳ  ʚ  ʠ ʠʟ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʤʘʪʨʠʮ , , ʥʘ 

 ʚʳʪʝʢʘʝʪ, ʯʪʦ  ʷʚʣʷʝʪʩʷ ʥʝʧʨʝʨʳʚʥʦʡ ʧʦ  ʧʨʠ ʣʶʙʦʤ  
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ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ (3) ï (6) ï ʧʘʨʫ  ʥʘʭʦʜʠʤ ʢʘʢ ʧʨʝʜʝʣ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ , , ʦʧʨʝʜʝʣʷʝʤʦʡ ʧʦ ʩʣʝʜʫʶʱʝʤʫ 

ʘʣʛʦʨʠʪʤʫ:  

0-ʐʘʛ. ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ  ʤʘʪʨʠʮʘ  

ʦʙʨʘʪʠʤʘ ʜʣʷ ʚʩʝʭ  ʥʘʯʘʣʴʥʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʧʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤʫ ʧʘʨʘʤʝʪʨʫ 

, ʦʧʨʝʜʝʣʷʝʤ ʠʟ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ 

 .  ʅʘ   ʨʝhʘʷ ʩʝʤʝʡʩʪʚʦ ʟʘʜʘʯ ʂʦʰʠ (3), (4)  ʧʨʠ 

 ʥʘʭʦʜʠʤ   ʠ ʩʦʩʪʘʚʠʤ 

. 

1-ʐʘʛ. ʇʦʜʩʪʘʚʠʚ ʚʤʝʩʪʦ  ʥʘʡʜʝʥʥʫʶ ʬʫʥʢʮʠʶ  ʠʟ ʩʠʩʪʝʤ 

ʫʨʘʚʥʝʥʠʡ (9) ʦʧʨʝʜʝʣʷʝʤ   . ʅʘ  ʨʝʰʘʷ 

ʩʝʤʝʡʩʪʚʦ ʟʘʜʘʯ ʂʦʰʠ (3), (4) ʧʨʠ   ʥʘʭʦʜʠʤ  

. ʀ ʪ.ʜ. 

ɼʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ (1), (2) ʠ ʦʮʝʥʢʫ ʝʝ ʨʝʰʝʥʠʷ 

ʜʘʝʪ ʩʣʝʜʫʶʱʘʷ  

ʊʝʦʨʝʤʘ.  ʇʫʩʪʴ ʧʨʠ ʥʝʢʦʪʦʨʦʤ   ʤʘʪʨʠʮʘ  

ʦʙʨʘʪʠʤʘ ʜʣʷ ʚʩʝʭ  ʠ ʚʳʧʦʣʥʷʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ:  

    

  

  

ʛʜʝ  ï ʧʦʣʦʞʠʪʝʣʴʥʘʷ,  ʥʝʧʨʝʨʳʚʥʘʷ  ʧʦ   ʬʫʥʢʮʠʷ,  

   

ʊʦʛʜʘ ʩʝʤʝʡʩʪʚʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʥʘʛʨʫʞʝʥʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1), (2)  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ  ʠ ʜʣʷ ʥʝʛʦ 

ʩʧʨʘʚʝʜʣʠʚʘ ʦʮʝʥʢʘ:  

    

ʛʜʝ  

  

  

  

  

  

ʋʩʣʦʚʠʷ ʪʝʦʨʝʤʳ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʭʦʜʠʤʦʩʪʴ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ ʘʥʘʣʦʛʠʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʫ ʪʝʦʨʝʤʳ ʠʟ [5], ʛʜʝ ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 

ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʟʙʠʝʥʠʝ ʠʥʪʝʨʚʘʣʦʚ ʤʝʞʜʫ ʪʦʯʢʘʤʠ ʥʘʛʨʫʞʝʥʠʷ.  
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ʂʝʥʞʝʙʘʝʚ ʂ.ʂ., ʀʤʘʥʯʠʝʚ ɸ.ɽ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ
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)ʘʪʪʘʥʜʳʨʘʜʳ:    )()0סʘʥʘץ Taa
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= ,  nk ,1= , )()0( Tff = . 

(1), (2) ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ʜʝʧ  ],0[ T  ʘʨʘʣʳסʳʥʜʘ װʟʽʣʽʩʩʽʟ, ],0[ T  ʘʨʘʣʳסʳʥʜʘ n -ʰʽ ʨʝʪʢʝ 

ʜʝʡʽʥʛʽ װʟʽʣʽʩʩʽʟ ʪʫʳʥʜʳʣʘʨʳ ʙʦʣʘʪʳʥ ʞᴅʥʝ (2) ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʰʘʨʪʪʘʨʳʥ 

ʘʪʪʘʥʜʳʨʘʪʳʥ  )(txסʘʥʘץ  ʬʫʥʢʮʠʷʩʳʥ ʘʪʘʡʤʳʟ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ װʰʽʥ ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʧʪʝʨʜʽש ʜʘʤʫ ʪʘʨʠʭʳ ʤʝʥ  

ʩʘʧʘʣʳץ ʪʝʦʨʠʷʩʳ ʍɯʍ סʘʩʳʨʜʘʥ ʙʘʩʪʘʫ ʘʣʘʪʳʥʳ ʢᴇʧʰʽʣʽʢʢʝ ʙʝʣʛʽʣʽ. ʄײʥʜʘʡ ʝʩʝʧʪʝʨʜʽש 

 ,ʪʝʨʙʝʣʽʩʪʝʨ ʪʝʦʨʠʷʩʳʥʜʘ ,ץʳʤʜʳ ʜʝʫʛʝ ʙʦʣʘʜʳ, ʘʪʘʧ ʘʡʪʩʘץʦʣʜʘʥʳʣʫ ʘʷʩʳ ᴇʪʝ ʘʫץ

ʠʤʧʫʣʴʩʪʽʢ ʞװʡʝʣʝʨ ʪʝʦʨʠʷʩʳʥʜʘ, ʪʠʽʤʜʽ ʙʘʩץʘʨʫ ʤʝʥ ʜʠʥʘʤʠʢʘʣʳץ ʞװʡʝʣʝʨ ʪʝʦʨʠʷʩʳʥʜʘ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ʨʝʪʽʥʜʝ ʞʠʽ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. ɿʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ (1), (2)  ʧʝʨʠʦʜʪʳ 

ʰʝʪʪʽʢ ʝʩʝʙʽ - ʪʝʨʙʝʣʽʩʪʝʨ ʪʝʦʨʠʷʩʳʥʳש ʤʘשʳʟʜʳ ᴅʨʽ ʢᴇʧ ץʦʣʜʘʥʳʣʘʪʳʥ ʝʩʝʧʪʝʨʽʥʽש ʙʽʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ [1-17]. ʇʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʛʝ ʘʨʥʘʣʳʧ ʞʘʩʘʣסʘʥ ᴅʜʽʩʪʝʨʜʽש 

ʩʘʥʳ ᴇʪʝ ʢᴇʧ ʜʝʫʛʝ ʙʦʣʘʜʳ. ʆʩʳ ᴅʜʽʩʪʝʨ ʢᴇʤʝʛʽʤʝʥ  ʟʝʨʪʪʝʣʽʧ ʦʪʳʨסʘʥ ʝʩʝʧʪʝʨ ʢʣʘʩʪʘʨʳ װʰʽʥ 

ʰʝʰʽʣʽʤʜʽʣʽʢ, ʙʽʨʤᴅʥʜʽ ʰʝʰʽʣʽʤʜʽʣʽʢ ʰʘʨʪʪʘʨʳ ʪʘסʘʡʳʥʜʘʣʜʳ ʞᴅʥʝ ʦʣʘʨʜʳ ʪʘʙʫ ʪᴅʩʽʣʜʝʨʽ 

 ʪʠʽʤʜʽ שʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫʜʳ שʩʳʥʳʣʜʳ. ɸʣʘʡʜʘ, (1), (2) ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʙʽʥʽײ

ʘʣʛʦʨʠʪʤʜʝʨʽʥ ײץʨʫ ʞᴅʥʝ ʙʘʩʪʘʧץʳ ʙʝʨʽʣʽʤʜʝʨ ʪʝʨʤʠʥʽʥʜʝ ʘʣʳʥסʘʥ ץʦʣʘʡʣʳ ʙʽʨʤᴅʥʜʽ 

ʰʝʰʽʣʽʤʜʽʣʽʢ ʰʘʨʪʪʘʨʳʥ ʪʘסʘʡʳʥʜʘʫ ᴅʣʽ ʢװʥʛʝ ʦʩʳ ʪʝʦʨʠʷʥʳש ᴇʟʝʢʪʽ ʤᴅʩʝʣʝʣʝʨʽʥʽש ʙʽʨʽ 

ʙʦʣʳʧ ʦʪʳʨ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ ʙײʣ ʞײʤʳʩʪʘ (1), (2) ʝʩʝʙʽʥʽש ʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫʜʳש ʞʘשʘ 

ʘʣʛʦʨʠʪʤʜʝʨʽ ʞᴅʥʝ ʙʽʨʤᴅʥʜʽ ʰʝʰʽʣʽʤʜʽʣʽʛʽʥʽש ʞʘשʘ ʢʦʵʬʬʠʮʠʝʥʪʪʽʢ ʰʘʨʪʪʘʨʳ ײʩʳʥʳʣʘʪʳʥ 

ʙʦʣʘʜʳ. ɹײʨʳʥ [18-20] ʞײʤʳʩʪʘʨʳʥʜʘ  ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ װʰʽʥ ʢᴇʧʥװʢʪʝʣʽ 

ʰʝʪʪʽʢ ʝʩʝʙʽʥ ʟʝʨʪʪʝʫʛʝ ʞᴅʥʝ ʰʝʰʫʛʝ ʧʘʨʘʤʝʪʨʣʝʫ ᴅʜʽʩʽ [21-22] ץʦʣʜʘʥʳʣסʘʥ ʙʦʣʘʪʳʥ. ʆʥʳש 

ʥʝʛʽʟʽʥʜʝ ʟʝʨʪʪʝʣʛʝʥ ʢᴇʧʥװʢʪʝʣʽ ʰʝʪʪʽʢ ʝʩʝʧʪʽש ʙʽʨʤᴅʥʜʽ ʰʝʰʽʣʽʤʜʽʛʽʥʽש ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʪʘʨʳ 

ʪʘסʘʡʳʥʜʘʣʳʧ, ʰʝʰʽʤʽʥ ײץʨʫʜʳש ʘʣʛʦʨʠʪʤʜʝʨʽ ײʩʳʥʳʣסʘʥ ʝʜʽ.   

      ɹײʣ ʙʘʷʥʜʘʤʘʜʘ ʘʪʘʣסʘʥ ʥᴅʪʠʞʝʣʝʨ (1), (2) ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʙʽʥʝ ʧʘʡʜʘʣʘʥʳʣʳʧ, 

ʦʥʳש ʙʽʨʤᴅʥʜʽ ʰʝʰʽʣʽʤʜʽʛʽʥʽש ʞʘשʘ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʪʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ.   
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l, 1,0 -= nj , ʧʘʨʘʤʝʪʨʣʝʨʽʥʝ    ʪᴅʫʝʣʜʽ  ʙʦʣʘʜʳ. 
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 ʬʫʥʢʮʠʷʩʳ ),( stK  ᴇʟʝʛʽʥʽש  n -ʰʽ ʠʪʝʨʘʮʠʷʩʳ ʜʝʧ ʘʪʘʣʘʜʳ.  
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ɽʛʝʨ   ),( stK  ʬʫʥʢʮʠʷʩʳʥʳ0,[]0,[ ש[ TT ³  ʰʘʨʰʳʩʳʥʜʘסʳ ʝװ שʣʢʝʥ ʤᴅʥʽʥ  M  

ʘʨץʳʣʳ ʙʝʣʛʽʣʝʡʪʽʥ ʙʦʣʩʘץ, ʦʥʜʘ ʢʝʣʝʩʽ ʙʘסʘʣʘʫ ʦʨʳʥʜʳ ʙʦʣʘʜʳ 
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ʞʠʥʘץʪʘʣʘʜʳ ʞᴅʥʝ (7) ʠʥʪʝʛʨʘʣʜʳץ ʪʝשʜʝʫʽʥʽש ʞʘʣסʳʟ ʰʝʰʽʤʽ ʙʘʨ ʙʦʣʘʜʳ    
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ɹײʣ ʞʝʨʜʝ  ),( stG  - (7) ʠʥʪʝʛʨʘʣʜʳץ ʪʝשʜʝʫʽ װʰʽʥ ʨʝʟʦʣʴʚʝʥʪʘ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

(10) ʪʝשʜʽʛʽʥʜʝʛʽ  )(tj  ʬʫʥʢʮʠʷʩʳʥʘ ʘʨʥʘʣסʘʥ  ᴇʨʥʝʢʪʽ   (5) ʘʨʘ ץʘʪʳʥʘʩʳʥʘ ץʦʡʳʧ,  

)(tx  ʽʟʜʝʣʽʥʜʽ ʰʝʰʽʤʽʥʽש ʢʝʡʽʧʪʝʤʝʩʽʥ ʤʳʥʘ ʪװʨʜʝ ʘʣʘʤʳʟ   
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ʆʩʳʣʘʡʰʘ, )(tx  ʽʟʜʝʣʽʥʜʽ ʰʝʰʽʤʽ ʤʝʥ ʦʥʳש ʪʫʳʥʜʳʣʘʨʳ ʝʥʛʽʟʽʣʛʝʥ  
j
l, 1,0 -= nj ,  

 .ʳʥ ᴇʨʥʝʢʪʝʣʝʜʽץʳʣʳ ʘʡץʦʩʳʤʰʘ ʧʘʨʘʤʝʪʨʣʝʨʽ ʘʨץ

(11), (12)  ᴇʨʥʝʢʪʝʨʽʥʝʥ )(tx  ʬʫʥʢʮʠʷʩʳ ʤʝʥ ʦʥʳש ʪʫʳʥʜʳʣʘʨʳʥʳש Tt=    ʙʦʣסʘʥʜʘסʳ 

ʤᴅʥʜʝʨʽʥ  (2) h ʘʨʪʳʥʘ ץʦʡʳʧ, n  ʙʝʣʛʽʩʽʟʽ ʙʘʨ n  ʪʝשʜʝʫʜʝʥ ʪײʨʘʪʳʥ ʞװʡʝʥʽ ʘʣʘʤʳʟ:  

)(
~

)( TFTQ =l ,                                                     (13) 
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ʤײʥʜʘ  )',...,,(
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=
n
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(13) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽ ʢʦʤʧʦʥʝʥʪʪʝʨʽ 
j
l, 1,0 -= nj  ʙʦʣʘʪʳʥ ʙʝʣʛʽʩʽʟ  l ʚʝʢʪʦʨʳʥ 

ʪʘʙʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. (13) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʽש ʞʘʣסʳʟ ʰʝʰʽʤʽ ʙʘʨ ʙʦʣʫʳ װʰʽʥ  )(TQ  

ʤʘʪʨʠʮʘʩʳʥʳש ʢʝʨʽ ʤʘʪʨʠʮʘʩʳ ʙʦʣʫʳ ץʘʞʝʪʪʽ ʞᴅʥʝ ʞʝʪʢʽʣʽʢʪʽ. )(TQ  ʤʘʪʨʠʮʘʩʳ 

  .ʘʡʪʘʨʳʤʜʳ ʙʦʣʩʳʥץ

ɽʥʜʝʰʝ l ʚʝʢʪʦʨʳ (13) ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥʝʥ ʢʝʣʝʩʽ ʪװʨʜʝ ʘʥʳץʪʘʣʘʜʳ:    

)(
~

)]([ 1 ttl FQ -= .  )(tQ  ʤʘʪʨʠʮʘʩʳʥʘ ʢʝʨʽ ʤʘʪʨʠʮʘʥʳש ʙʘʨ ʙʦʣʫʳ (2) ʞᴅʥʝ (3) ʰʘʨʪʪʘʨʳʥʳש 

 ץʳ ʨʝʪʪʽ ʞᴅʡ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳסʘʨסʣ  (1), (2), (3) ʝʩʝʙʽʥ ʞʦײʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ. ɹץ ʡʣʝʩʽʤʜʽʣʽʛʽʥװ

ʪʝשʜʝʫ װʰʽʥ ץʦʩʳʤʰʘ ʧʘʨʘʤʝʪʨʣʝʨʽ ʙʘʨ ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʧ ʨʝʪʽʥʜʝ ʥʝʤʝʩʝ ʢʝʨʽ ʝʩʝʧ [23] 

ʨʝʪʽʥʜʝ ץʘʨʘʩʪʳʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʊʘʙʳʣסʘʥ  l ʚʝʢʪʦʨʳʥʳש 
j
l, 1,0 -= nj  

ʢʦʤʧʦʥʝʥʪʪʝʨʽʥ  (11) ᴇʨʥʝʛʽʥʝ ץʦʷ ʦʪʳʨʳʧ, (1), (2) ʝʩʝʙʽʥʽש ʽʟʜʝʣʽʥʜʽ ʰʝʰʽʤʽʥʽש ʢʝʡʽʧʪʝʤʝʩʽʥ 

ʘʣʘʤʳʟ.  

ɾʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʪײʞʳʨʳʤʜʘʨʜʘʥ (1), (2) ʞʦסʘʨסʳ ʨʝʪʪʽ ʞᴅʡ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʪʝשʜʝʫ װʰʽʥ  ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʧʪʽש ʞʘʣסʳʟ ʰʝʰʽʤʽʥʽש ʙʘʨ ʙʦʣʫʳʥʳש ʞʝʪʢʽʣʽʢʪʽ ʰʘʨʪʪʘʨʳ 

ʰʳסʘʜʳ. 

       1-ʪʝʦʨʝʤʘ. )( nn³  - Ϻʣʰʝʤʜʽ )(TQ  ʤʘʪʨʠʮʘʩʳ Ϩʘʡʪʘʨʳʤʜʳ ʙʦʣʩʳʥ.  

ʆʥʜʘ  (1), (2) ʧʝʨʠʦʜʪʳ ʰʝʪʪʽʢ ʝʩʝʙʽʥʽϬ ʞʘʣϤʳʟ ʰʝʰʽʤʽ ʙʘʨ ʙʦʣʘʜʳ. 

    1-ʪʝʦʨʝʤʘʥʳש ʰʘʨʪʪʘʨʳ ץʘʞʝʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  

       2-ʪʝʦʨʝʤʘ. (1), (2) ʧʝʨʠʦʜʪʳ  ʰʝʪʪʽʢ ʝʩʝʙʽ ʙʽʨʤϸʥʜʽ ʰʝʰʽʣʽʤʜʽ ʙʦʣʘʜʳ ʩʦʥʜʘ ʪʝʢ 

ʩʦʥʜʘ Ϥʘʥʘ, ʝʛʝʨ )( nn³  - Ϻʣʰʝʤʜʽ )(TQ  ʤʘʪʨʠʮʘʩʳ Ϩʘʡʪʘʨʳʤʜʳ ʙʦʣʩʘ.  
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ʆʎɽʅʂɸ ʈɽʐɽʅʀʁ ʂʈɸɽɺʆʁ ɿɸɼɸʏʀ ʉ ʅɸʏɸʃʔʅʓʄ ʉʂɸʏʂʆʄ  

ɼʃʗ ʉʀʅɻʋʃʗʈʅʆ ɺʆɿʄʋʑɽʅʅʓʍ ɼʀʌʌɽʈɽʅʎʀɸʃʔʅʓʍ ʋʈɸɺʅɽʅʀʁ  

ɺ ʏɸʉʊʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

 

ʂʝʥʞʝʙʘʝʚʘ ʊ.ɽ., ɾʦʣʜʳʙʘʝʚ ʄ.ɽ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ, ɸʢʪʦʙʝ, 

ʂʘʟʘʭʩʪʘʥ  

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʦʮʝʥʢʠ ʨʝʰʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤ ʩʢʘʯʢʦʤ ʜʣʷ 

ʩʠʥʛʫʣʷʨʥʦ ʚʦʟʤʫʱʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

 

1.  ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʈʘʩʩʤʦʪʨʠʤ ʚ ʦʙʣʘʩʪʠ )}()(,10:),{( 21 txttxtD ll ¢¢¢¢=  ʣʠʥʝʡʥʦʝ ʩʠʥʛʫʣʷʨʥʦ 

ʚʦʟʤʫʱʝʥʥʦʝ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ: 
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2.  ʆʮʝʥʢʘ ʨʝʰʝʥʠʷ 
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ʛʜʝ ʬʫʥʢʮʠʠ ),( 0xtjj=  ʠ ),(0 xtx y=  ʪʝ ʞʝ, ʯʪʦ ʠ ʚ [2]. 

ʆʪʢʫʜʘ, ʫʯʠʪʳʚʘʷ ʯʪʦ ʬʫʥʢʮʠʠ )(),( ),,( )( DCxtBxtA ¤Í , ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ 

ʦʮʝʥʢʠ: 
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ʀʟ ʧʦʩʣʝʜʥʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʷ 1)-2)  ʧʦʣʫʯʘʝʤ ʩʣʝʜʫʶʱʠʝ ʦʮʝʥʢʠ: 
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʯʠʪʳʚʘʷ ʦʮʝʥʢʠ ʬʫʥʢʮʠʷ ʪʠʧʘ ɻʨʠʥʘ [1]-[2], ʧʦʣʫʯʠʤ ʦʮʝʥʢʠ (3) ʚ 

ʦʙʣʘʩʪʠ D  (ʚʜʦʣʴ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ),( 0xtx j=  ʜʣʷ ʣʶʙʦʛʦ ]1 ,0[Íx )  ʜʣʷ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ),,( extyt¡ , ʊʝʧʝʨʴ ʚʩʧʦʤʥʠʚ, ʯʪʦ )],,([ extyH  ʝʩʪʴ ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʝ 
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ʀʟ (4), ʫʯʠʪʳʚʘʷ (7), ʧʦʣʫʯʠʤ ʦʮʝʥʢʠ (3) ʚ ʦʙʣʘʩʪʠ D  (ʚʜʦʣʴ ʢʘʞʜʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

),( 0xtx j=  ʜʣʷ ʣʶʙʦʛʦ ]1 ,0[Íx ) ʜʣʷ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ),,( extyx¡ . ʊʝʦʨʝʤʘ  

ʜʦʢʘʟʘʥʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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ʆ ʈɸɿʈɽʐʀʄʆʉʊʀ  

ʅɽʃʀʅɽʁʅʆɻʆ ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ ʌʈɽɼɻʆʃʔʄɸ 

 

ʂʝʨʠʤʙʝʢʦʚ ɸ. 

ʂʳʨʛʳʟʩʢʦ-ʈʦʩʠʡʩʢʠʡ ʉʣʘʚʷʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ɹʠʰʢʝʢ, ʂʠʨʛʠʟʠʷ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʠʩʩʣʝʜʦʚʘʥʘ ʨʘʟʨʝʰʠʤʦʩʪʴ ʥʝʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʌʨʝʜʛʦʣʴʤʘ. 

ʅʘʡʜʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʩʫʤʤʳ ʜʚʫʭ ʬʫʥʢʮʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʝʣʠʥʝʡʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʨʝʰʝʥʠʝ, ʦʨʪʦʛʦʥʘʣʴʥʦʩʪʴ, ʧʝʨʝʩʝʯʝʥʠʝ 

ʤʥʦʞʝʩʪʚ, ʤʥʦʞʝʩʪʚʦ ʢʦʨʥʝʡ.  

 

ʊʝʦʨʠʷ ʥʝʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʟʨʘʙʦʪʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʪʝʦʨʠʷ ʣʠʥʝʡʥʳʭ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʀʤʝʶʪʩʷ ʣʠʰʴ ʥʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʥʝʣʠʥʝʡʥʳʭ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʢʦʪʦʨʦʝ ʙʦʣʝʝ ʠʣʠ ʤʝʥʝʝ ʧʦʣʥʦ ʠʩʩʣʝʜʦʚʘʥʳ [1, 2, 4, 5]  ʉʨʝʜʠ ʥʠʭ 

ʥʘʠʙʦʣʝʝ  ʠʟʫʯʝʥʥʳʤʤʠ ʷʚʣʷʪʁʩʷ  ʫʨʘʚʥʝʥʠ ̫ɻʘʤʤʝʨʰʪʝʡʥʘ 

( ) ( , ) ( , ( ))

b

a

t K t s F s s dsj j=ñ , 

ʠ ʋʨʳʩʦʥʘ 

( ) ( , , ( ), )

b

a

t K t s s dsj j l=ñ , 

 ʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʥʳ  ʧʨʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʷʜʨʘ 

( , )K t s  ʠ ʬʫʥʢʮʠʡ ( , ( ))F s sj , ( , , ( ), )K t s sj l. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʝʣʠʥʝʡʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʌʨʝʜʛʦʣʴʤʘ 

ʚʠʜʘ  

           ( ) ( , , ( )) ( )

b

a

x K x t t dt f xj l j= +ñ ,                                                    (1) 

ʛʜʝ ,a b ʟʘʜʘʥʥʳʝ ʯʠʩʣʘ, ( , )lʆ -ᴆ +ᴆ - ʧʘʨʘʤʝʪʨ, ( )f x - ʟʘʜʘʥʥʘʷ ʥʝʧʨʝʨʳʚʥʘʷ 

ʬʫʥʢʮʠʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʥʘ ʦʪʨʝʟʢʝ [a,b], ( , , ( ))K x t tj - ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʘʷ ʧʦ 

ʩʦʚʦʢʫʧʥʦʩʪʠ ʘʨʛʫʤʝʥʪʦʚ ʚ ʦʙʣʘʩʪʠ { ;Q a x b= ᴄ ᴄ }1 2;a t bj j jᴄ ᴄ ᴄ ᴄ  ʠ ʠʤʝʶʱʘ ̫

ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ( , , ( ))K x t tj j , 1 2,j j- ʧʦʩʪʦʷʥʥʳʝ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜ, ʧʦʟʚʦʣʷʶʱʠʡ  ʥʘʭʦʜʠʪʴ  ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʚ ʚʠʜʝ 

ʩʫʤʤʳ  

0( ) ( ) ( )x x u xj j l= + ,                                                                               (2) 

ʛʜʝ   
0( ), ( )x u xj   ʬʫʥʢʮʠʠ, ʧʦʜʣʝʞʘʱʠʝ ʢ ʦʧʨʝʜʝʣʝʥʠʶ.  

ʏʪʦʙʳ ʥʘʡʪʠ ʫʩʣʦʚʠʷ  ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ  (1) ʚ ʩʣʫʯʘʝ,  ʢʦʛʜʘ ʦʥʦ  ʜʦʧʫʩʢʘʝʪ 

ʨʝʰʝʥʠʷ ʚʠʜʘ (2), ʬʫʥʢʮʠʶ (2) ʧʦʜʩʪʘʚʠʤ ʚ (1). ɺ ʨʝʟʫʣʴʪʘʪʝ  ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʞʜʝʩʪʚʦ  

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

b

a

x u x K x t t u t dt f xj l l j l+ ¹ + +ñ .                                  (3) 
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ɼʘʣʝʝ ʧʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ  ʬʫʥʢʮʠʷ  ( , , ( ))K x t tj  ʧʨʠ ʢʘʞʜʦʤ ʬʠʢʩʠʨʦʚʘʥʥʦʤ  ( , )x t , ʢʘʢ 

ʬʫʥʢʮʠʷ ʧʦ ʧʝʨʝʤʝʥʥʦʡ 
1 2,j j j jᴄ ᴄ  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʪʝʦʨʝʤʝ ʃʘʛʨʘʥʞʘ çʦ ʢʦʥʝʯʥʳʭ 

ʧʨʠʨʘʱʝʥʠʷʭè  [3] ʠ  ʝʝ ʧʨʝʜʩʪʘʚʠʤ ʚ ʚʠʜʝ 

[ ] [ ] [ ]0 0, , ( ) ( ) , , ( ) , , ( ) ( )K x t t u t K x t t K x t t u tjj l j j l+ = + ,                      (4) 

ʛʜʝ   ( )tj - ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ [ ],t a b" Í , ʫʜʦʚʣʝʪʚʦʨʷʱʘʷ ʫʩʣʦʚʠʶ 

1 0 0 2( ) ( ( ) )) (t t u ttj j j l jj¢ < < + ¢,                                               (5) 

1 0 0 2( ) ( ( ) )) (t t u ttj j j l jj² > > + ².     

ʉ ʫʯʝʪʦʤ (4) ʪʦʞʜʝʩʪʚʦ (3) ʧʝʨʝʧʠʰʝʤ ʚ ʚʠʜʝ 

[ ] ()2

0 0( ) ( ) ( , , ( ))dt , , ( ) ( )

b b

a a

x u x K x t t K x t t u t dt f xjj l l j l j+ ¹ - +ñ ñ .     (6) 

ʆʪʩʶʜʘ ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ ʪʦʞʜʝʩʪʚʘ 

0( ) ( )x f xj ס ,                              (7) 

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

b b

a a

u x K x t t dt K x t f t dtj¹ ¹ñ ñ ,                                            (8) 

[ ], , ( ) (0 )

b

a

K x t t u t dtj jסʪ .                                   (9) 

ʀʟ ʩʦʦʪʥʦʰʝʥʠʡ (7) ʠ (8) ʥʘʭʦʜʠʤ ʬʫʥʢʮʠʠ 
0( )xj  ʠ ( )u x . ʆʜʥʘʢʦ ʪʦʞʜʝʩʪʚʦ (6) 

ʚʳʧʦʣʥʷʪʝʪʩʷ ʣʠʰʴ ʧʨʠ ʚʳʧʦʣʥʝʥʠʷ (9), ʢʦʪʦʨʦʝ ʩʦʜʝʨʞʠʪ ʥʝʠʟʚʝʩʪʥʫʶ ʬʫʥʢʮʠʶ ( )tj . 

ʇʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʙʳʣʠ ʥʘʡʜʝʥʳ ʬʫʥʢʮʠʠ 
0( )xj  ʠ ( )u x , ʩʦʦʪʚʝʪʩʚʝʥʥʦ ʧʦ ʬʦʨʤʫʣʘʤ (7) 

ʠ (8),  ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ ( )tj  ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʘ ʠʟ ʩʦʦʪʥʦʰʝʥʠʷ 

[ ] [ ] [ ], , ( ) ( ) , , ( ) ( ) , , ( )K x t t u t K x t f t u t K x t f tj j l l= + - ,                                 (10) 

ʢʦʪʦʨʦʝ ʩʦʛʣʘʩʥʦ ʪʝʦʨʝʤʝ ʃʘʛʨʘʥʞʘ ʠʤʝʝʪ ʭʦʪʷ ʙʳ ʦʜʥʦ ʨʝʰʝʥʠʝ, ʧʨʠ ʢʘʞʜʦʤ ʟʥʘʯʝʥʠʠ 

ʧʘʨʘʤʝʪʨʘ l. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ( , )ty l-ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ (10), ʪ.ʝ. ( ) ( , )t tj y l= . ʊʝʧʝʨʴ 

ʪʦʞʜʝʩʪʚʦ (9) ʠʤʝʝʪ ʚʠʜ 

[ ], , ( , ) ( ) 0

b

a

K x t t u t dtj y l ¹ñ ,                                       (11) 

ʛʜʝ ( , )ty l - ʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʫʨʘʚʥʝʥʠʝ (1) ʜʦʧʫʩʢʘʝʪ ʨʝʰʝʥʠʝ ʚ 

ʚʠʜʝ ʩʫʤʤʳ (2) ʣʠʰʴ ʪʦʛʜʘ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʞʜʝʩʪʚʦ (11).  ʇʦʜʳʥʪʝʛʨʘʣʴʥʦʝ ʚʳʨʘʞʝʥʠʝ 

ʠʤʝʝʪ ʩʣʦʞʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ  ʥʝʝ  ʪʦʞʜʝʩʪʚʦ (11) ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ  ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʡ.  ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʬʫʥʢʮʠʷ [ ], , ( , )K x t tj y l ʠʤʝʝʪ 

ʩʪʫʢʪʫʨʫ, 

[ ] 1 1, , ( , ) ( ) ( , ) ... ( ) ( , )m mK x t t x t x tj y l a y l a y l= + + , 

ʛʜʝ 1( ), ..., ( )mx xa a - ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʝ ʥʝʧʨʝʨʳʚʥʳʝ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʝ ʥʘ 

ʦʪʨʝʟʢʝ  [ , ]a b , ʪʦʞʜʝʩʪʚʦ (11) ʙʫʜʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʝ ʨʘʚʝʥʩʪʚ 

                         ( , ) ( ) 0, 1,...,

b

i

a

t u t dt i my l = =ñ                                                        (12) 

ɼʘʣʝʝ ʚʦʟʤʦʞʥʳ ʩʣʝʜʫʶʱʠʝ ʩʣʫʯʘʠ: 

1-ʩʣʫʯʘʡ. ʂʘʞʜʦʝ ʠʟ ʩʦʦʪʥʦʰʝʥʠʡ (12) ʷʚʣʷʝʪʩʷ ʘʣʛʝʙʨʘʠʯʝʩʢʠʤ ʫʨʘʚʥʝʥʠʝʤ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʘʤʝʪʨʘ l. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʭʦʜʠʤ ʢʦʨʥʠ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʠ ʩʦʩʪʘʚʠʤ 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

66 

ʤʥʦʞʝʩʪʚʦ ʢʦʨʥʝʡ ʢʘʞʜʦʛʦ ʫʨʘʚʥʝʥʠʷ. ʅʝʪʨʫʜʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʚ 

ʚʠʜʝ ʩʫʤʤʳ (2) ʣʠʰʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʤʥʦʞʝʩʪʚʘ ʢʦʨʥʝʡ ʠʤʝʶʪ ʥʝʧʫʩʪʦʝ ʧʝʨʝʩʝʯʝʥʠʝ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʥʝʧʫʩʪʦʛʦ ʧʝʨʝʩʝʯʝʥʠʷ ʧʦʣʫʯʠʤ  ʥʝʩʢʦʣʴʢʦ ʨʝʰʝʥʠʡ 

ʫʨʘʚʥʝʥʠʷ (1). 

2-ʩʣʫʯʘʡ. ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʬʫʥʮʠʷ ( )u t  ʦʨʪʦʛʦʥʘʣʴʥʘ ʢʦ ʚʩʝʤ ʬʫʥʢʮʠʷʤ ( , )i ty l 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ l. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ 

ʩʫʤʤʳ (2) ʧʨʠ ʣʶʙʦʤ ʟʥʘʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ l.  

3-ʩʣʫʯʘʡ.  ʄʦʞʝʪ ʦʢʘʟʘʪʴʩʷ, ʯʪʦ ʜʣʷ ʯʘʩʪʠ ʨʘʚʝʥʩʪʚ ʩʠʩʪʝʤʳ (12) ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ 

ʧʝʨʚʳʡ ʩʣʫʯʘʡ, ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ ʯʘʩʪʝʡ ʚʪʦʨʦʡ ʩʣʫʯʘʡ. 

 ʆʪʤʝʪʠʤ, ʯʪʦ ʝʩʣʠ ʚ ʩʠʩʪʝʤʝ ʨʘʚʝʥʩʪʚ (12) ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʭʦʪʷ  ʙʳ ʦʜʥʦ ʨʘʚʝʥʩʪʚʦ, ʪʦ 

ʫʨʘʚʥʝʥʠʝ (1) ʥʝ ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ (2). 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʧʨʠʚʦʜʠʤ ʩʣʝʜʫʶʱʠʝ ʧʨʠʤʝʨʳ 

ʇʨʠʤʝʨ 1. ɼʣʷ ʫʨʘʚʥʝʥʠʷ ʚʠʜʘ  

0 1( ) ( ) ( ) ( ) ... ( ) ( ) ( ) ( )

b

n

n n

a

x x b t t b t t b t dt f xj l a j j-
è ø= + + + +ê úñ ,                     (13) 

ʧʦʣʫʯʝʥʦ, ʯʪʦ 

0

0 1 0 0

( ) ( );

( ) ( ) ( ) ( ) ... ( ) ( ) ( ) ( ) , .

b

n

n n

a

x f x

u x x b t f t b t f t b t dt x u u const

j

a a-

=

è ø= + + + = -ê úñ
 

ʈʝʟʦʣʴʚʝʥʪʥʦʝ ʘʣʛʝʙʨʘʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʠʤʝʝʪ ʚʠʜ  
1 2

1 2 2 1... 0n n

n nh h h hl l l- -

- -+ + + + =,                                                        (14) 

ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʢʦʨʥʠ 
1 1,..., nl l-. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ  ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʨʝʰʝʥʠʷ  

0( ) ( ) ( ) , 1, 1i ix f x x u i nj la= + = -
. 

ʇʨʠʤʝʨ 2. ɽʩʣʠ ʚ ʫʨʘʚʥʝʥʠʠ (13) ( )xa  ʠ ( ), 0,...,ib t i k=  ʷʚʣʷʶʪʩʷ ʚʝʢʪʦʨʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʦʜʠʥʘʢʦʚʦʡ ʨʘʟʤʝʨʥʦʩʪʠ, ʪʦ ʫʨʘʚʥʝʥʠʝ (13) ʠʤʝʝʪ ʨʝʰʝʥʠʝ, ʝʩʣʠ l 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ ʚʠʜʘ (14), ʛʜʝ ʚʝʣʠʯʠʥʘ 
ih  ʷʚʣʷʶʪʩʷ ʧʦʩʪʦʷʥʥʳʤʠ ʚʝʢʪʦʨʘʤʠ. ʕʪʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʨʝʰʘʝʪʩʷ ʤʝʪʦʜʦʤ ñʧʝʨʝʩʝʯʝʥʠʡò ʠ ʤʦʞʝʪ ʠʤʝʪʴ ʦʜʥʦ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 

ʨʝʰʝʥʠʡ, ʣʠʙʦ ʥʝ ʠʤʝʪʴ ʨʝʰʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ (13) ʚ ʩʣʫʯʘʝ ʢʦʛʜʘ ʬʫʥʢʮʠʠ ( )xa , ( ), 0,...,ib t i k=  ʷʚʣʷʶʪʩʷ 

ʚʝʢʪʦʨʥʳʤʠ ʬʫʥʢʮʠʷʤʠ ʚʠʜʘ 

{ } { }1 1( ) ( ),..., ( ) , ( ) ( ),..., ( ) , 0,..., ,m i i imx x x b t b t b t i n m na a a= = = ¢. ʇʦʩʪʫʧʘʷ ʢʘʢ ʚ 

ʧʨʠʤʝʨʝ 1 ʥʘʭʦʜʠʤ, ʯʪʦ 

0 0 0

1

( ) ( ), ( ) ( ) * ( )
m

k

k

x f x u x x u x uj a a
=

= = =ä , 

ʛʜʝ ʚʝʢʪʦʨ 

0 0 1( ) ( ) ... ( ) ( ) ( )

b

n

n n

a

u b t f t b t f t b t dt-
è ø= + + +ê úñ , 

* - ʟʥʘʢ ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ. 

ʈʝʟʦʣʴʚʝʥʪʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʩʠʩʪʝʤʘ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʠʜʘ 
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2,1 1,111 21

1 2

1 2 2, 1,

0

... 1

0

n n

n n

m m n m n m

h hh h

h h h h

l l l

- -

- -

- -

å õ å õå õ å õ å õ
æ ö æ öæ ö æ ö æ ö

+ + + + Ö =æ ö æ öæ ö æ ö æ ö
æ öæ ö æ ö æ ö æ ö
ç ÷ç ÷ ç ÷ ç ÷ ç ÷

, 

ʛʜʝ ʥʝʠʟʚʝʩʪʥʳʡ ʷʚʣʷʝʪʩʷ ʣʠʰʴ ʧʘʨʘʤʝʪʨ l. 

 

ʗʩʥʦ, ʯʪʦ ʨʝʰʝʥʠʝʤ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʪʦ ʟʥʘʯʝʥʠʝ l, ʢʦʪʦʨʦʝ ʥʘʭʦʜʠʪʩʷ ʥʘ 

ʧʝʨʝʩʝʯʝʥʠʠ ʤʥʦʞʝʩʪʚ 
kD , ʛʜʝ 

kD  ʤʥʦʞʝʩʪʚʦ ʢʦʨʥʝʡ ʫʨʘʚʥʝʥʠʝ 

1 2

1 2 2, 1,...n n

k k n k n kh h h hl l l q- -

- -+ + + + =. 
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ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  

ʇʫʩʪʴ R=¤+-¤Í ),(t , 
m

m RRRttt =³³Í= ...)...,,( 1
 ï ʚʨʝʤʝʥʥʳʝ ʧʝʨʝʤʝʥʥʳʝ, 

eD  ï ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ʚʠʜʘ 

ä
=µ

µ
+

µ

µ
=

m

j j

e
t

D
1t

, 

ʛʜʝ )1...,,1(=e  ï m-ʚʝʢʪʦʨ. 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ  

),,,,(),,( mstmst xtfxtPxDe += ,                           (1) 

ʛʜʝ ts et-=  ï ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʧʝʨʘʪʦʨʘ eD , 0>m  ï ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ, ),,( sttP  ï 

nn³ -ʤʘʪʨʠʮʘ, ),,,,( mst xtf  ï ʟʘʜʘʥʥʘʷ n -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ, )...,,( 1 nxxx=  ï ʠʩʢʦʤʳʡ 

ʚʝʢʪʦʨ. 

ɼʦʧʫʩʪʠʤ, ʯʪʦ ʤʘʪʨʠʮʘ ),,( sttP  ʠ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ),,,,( mst xtf  ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʫʩʣʦʚʠʷʤ: 
mmm

t ZkRRRCtPkktP Í"³³Í=+++ ),(),,(),,( )1,1,0(

,, ststwswqt ,     (2) 
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=+++ ),,,,( mwswqt xkktf  

mnmm

xt ZkIRRRRCxtf Í"³³³³Í= ),(),,,,( )0,1,1,1,0(

,,,, mstmst ,           (3) 

ʛʜʝ )...,,( 11 mmkkk www= , )...,,( 1 mkkk= , )...,,( 1 mwww= , 
0wq= , 

mww ...,,1
 ï 

ʨʘʮʠʦʥʘʣʴʥʦ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʧʝʨʠʦʜʳ, 
mZ  ï ʤʥʦʞʝʩʪʚʦ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʚʝʢʪʦʨʦʚ, 

[ ]0,0m=I , 00 >=constm . 

ʉʪʘʚʠʪʩʷ ʚʦʧʨʦʩ ʦʙ ʠʥʪʝʛʨʘʣʴʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ ),,( wwq -ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʩʠʩʪʝʤʳ (1) ʧʦ ),,( stt . 

ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʛʦ ʚʦʧʨʦʩʘ ʥʘʨʷʜʫ ʩ ʩʠʩʪʝʤʦʡ (1) ʨʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ 

ʩʠʩʪʝʤʫ 

),,(),,( stst tfxtPxDe += ,                                    (4) 

ʛʜʝ ʦʧʝʨʘʪʦʨ eD  ʠ ʤʘʪʨʠʮʘ ),,( sttP  ʠʤʝʶʪ ʪʦʪ ʞʝ ʩʤʳʩʣ, ʘ ʟʘʜʘʥʥʘʷ n -ʚʝʢʪʦʨ-

ʬʫʥʢʮʠʷ ),,( sttf  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ: 

mmm

t ZkRRRCtfkktf Í"³³Í=+++ ),(),,(),,( )1,1,0(

,, ststwswqt . 

ʇʫʩʪʴ U  ï ʧʨʦʩʪʨʘʥʩʪʚʦ w-ʧʝʨʠʦʜʠʯʝʩʢʠʭ, ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ n -

ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ )(tuu=  ʩ ʥʦʨʤʦʡ |)(|sup|||| tuu
t

= , ʛʜʝ ||Ö ï ʟʥʘʢ ʝʚʢʣʠʜʦʚʦʡ ʤʝʪʨʠʢʠ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʨʝʰʝʥʠʝ ),,( sttx  ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʝ (4), ʩ ʥʘʯʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ Utu Í)(  ʧʨʠ 0=t  ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

)(),,(),,( sstst utXtx = . 

ɿʜʝʩʴ ),,( sttX  ï ʤʘʪʨʠʮʘʥʪ ʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ, ʢʨʦʤʝ ʪʦʛʦ, ʧʨʠ 0=t  ʦʥ 

ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʝʜʠʥʠʯʥʫʶ nn³ -ʤʘʪʨʠʮʫ. 

ʊʦʛʜʘ ʚ ʩʠʣʫ [1-4] ʨʝʰʝʥʠʝ ʥʝʦʜʥʦʨʦʜʥʦʡ ʩʠʩʪʝʤʳ (4) ʠʤʝʝʪ ʩʣʝʜʫʶʱʝʝ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

ñ
-+=

t

t

ssstsstst

0

),,(),,(),,()(),,(),,( 1 dsessfessXtXutXtx . 

ɼʣʷ ),,( wwq -ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (4) ʥʝʦʙʭʦʜʠʤʳʤ ʠ ʜʦʩʪʘʪʦʯʥʳʤ 

ʫʩʣʦʚʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦ Utu Í)(  ʷʚʣʷʝʪʩʷ ʨʘʚʝʥʩʪʚʦ 

[ ] ++-++ )(,,(),,( 0000 sstststsqt ueXeX  

ñ
+

- =+++

qt

t

ssstsqt
0

0

0),,(),,(),,( 1

00 dsessfessXeX  

ʜʣʷ ʣʶʙʦʛʦ RÍ0t . 

ʕʪʦ ʫʨʘʚʥʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʨʝʰʝʥʦ ʦʪʥʦʩʠʪʝʣʴʥʦ )(su  ʧʨʠ ʣʶʙʦʤ ʩʚʦʙʦʜʥʦʤ ʯʣʝʥʝ 

),,( sttf  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  

[ ] 0),,(det ¸-EX ssq ,                                       (5) 

ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʰʝʥʠʝ ʝʜʠʥʩʪʚʝʥʥʦ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʩʣʦʚʠʝ (5) ʚʳʧʦʣʥʷʝʪʩʷ ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʠʩʪʝʤʝ (1), ʠʤʝʝʪ ʪʦʣʴʢʦ 

ʪʨʠʚʠʘʣʴʥʦʝ ),,( wwq -ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ.  

ʃʝʤʤʘ. ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʠ ʛʣʘʜʢʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʠʩʪʝʤʳ 

(4) ʠ ʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ (4), ʥʝ ʠʤʝʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʛʦ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ 
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ʨʝʰʝʥʠʷ ʩ ʧʝʨʠʦʜʦʤ ),,( wwq  ʧʦ ),,( stt , ʪʦ ʥʝʦʜʥʦʨʦʜʥʘʷ ʩʠʩʪʝʤʘ (4) ʠʤʝʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ),,( wwq -ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ 

 ñ
+

---- -+=

qt

t

ssstsqtst dsessfessXtXtXtx ),,(),,()],,(),,([),,( 1111
.     (6) 

ʇʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʩʠʩʪʝʤʳ. 

ʊʝʧʝʨʴ ʚʝʨʥʝʤʩʷ ʢ ʧʦʩʪʘʚʣʝʥʥʦʤʫ ʚʦʧʨʦʩʫ. ʉʦʛʣʘʩʥʦ [5-6] ʤʦʞʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ 

ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʠʤʝʝʪ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ  

=),,( sttx  

ñ
+

---- -+=

qt

t

msssmstsqt dsessxessfessXtXtX )),,,(,,,(),,()],,(),,([ 1111
. 

ɺ ʧʨʦʩʪʨʘʥʩʪʚʝ C  ʥʝʧʨʝʨʳʚʥʳʭ ʚ 
mm RRR ³³  n -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ  

),,(),),(( stwswsqt txkktx =+++ , 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʧʦ ʥʦʨʤʝ 

),,(sup sttxx
mm RRR ³³

=  

ʯʠʩʣʦʤ 0>D  ʦʧʨʝʜʝʣʠʤ ʦʧʝʨʘʪʦʨ T  ʩʦʦʪʥʦʰʝʥʠʝʤ  

=),,( sttxT  

ñ
+

---- -+=

qt

t

msssmstsqt dsessxessfessXtXtX )),,,(,,,(),,()],,(),,([ 1111
. 

ʅʝʪʨʫʜʥʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʦʧʝʨʘʪʦʨ T  ʧʝʨʝʚʦʜʠʪ ʧʨʦʩʪʨʘʥʩʪʚʦ C  ʚ ʩʝʙʷ ʠ ʷʚʣʷʝʪʩʷ 

ʩʞʠʤʘʶʱʠʤ ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 0mmm ¢¢ * .  

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʣʫ ʧʦʣʥʦʪʳ ʧʨʦʩʪʨʘʥʩʪʚʘ C  ʦʧʝʨʘʪʦʨ T  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʫʶ 

ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ ),,(),,( stst txTtx ** = .  

ɼʘʣʝʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʴ ʧʦ ʚʩʝʤ ʘʨʛʫʤʝʥʪʘʤ ʥʝʧʦʜʚʠʞʥʦʡ ʪʦʯʢʠ. 

ʊʝʦʨʝʤʘ. ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʡ ʛʣʘʜʢʦʩʪʠ ʠ ʧʝʨʠʦʜʠʯʥʦʩʪʠ (2), (3) ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 0>m  ʥʝʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ (1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ),,( wwq -

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ. 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʚʦʧʨʦʩ ʷʚʣʷʝʪʩʷ ʧʨʦʜʦʣʞʝʥʠʝʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ [7-8]. 
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 פɸʅ ɼʀʌʌɽʈɽʅʎʀɸʃɼʓנʓפʐɯʅʐɯ ʈɽʊʊɯ ʉʀʅɻʋʃʗʈʃʓ ɸʋʓʊת

ʊɽרɼɽʋɼɯת רʐ ʅתʂʊɽʃɯ ʐɽʊʊɯʂ ɽʉɽɹɯʅɯר ʐɽʐɯʄɯʅ  

ɸʉʀʄʇʊʆʊʀʂɸʃʓפ ɹɸנɸʃɸʋ 

 

 .ʐʝʨʠʷʟʜʘʥ ʊ.ʊ., ɸʨʳʟʘʭʤʝʪʦʚ ɽ.ɸ ,.פ.ʘʡʜʘʩʦʚ ɾפ

  ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ. ɹײʣ ʤʘץʘʣʘʜʘ װʰʽʥʰʽ ʨʝʪʪʽ ʩʳʟʳץʪʳ ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʛʝ 

 ʞᴅʥʝ ץʘʥ. ʐʝʢʘʨʘʣʳסʪʘʣץʳ ʬʫʥʢʮʠʷʣʘʨ ʘʥʳץʞᴅʥʝ ʙʘʩʪʘʧ ץʘʨʘʩʪʳʨʳʣʘʜʳ. ʐʝʢʘʨʘʣʳץ ʘʥ ʰʝʪʪʽʢ ʝʩʝʧסʦʡʳʣץ

ʙʘʩʪʘʧץʳ ʬʫʥʢʮʠʷʣʘʨ ʥʝʛʽʟʽʥʜʝ ʰʝʪʪʽʢ ʝʩʝʧʪʽש ʰʝʰʽʤʽ ʘʥʘʣʠʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʣʝʜʽ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʘʫʳʪץʳסʘʥ ʞᴅʥʝ ʘʫʳʪץʳʤʘסʘʥ ʝʩʝʧʪʝʨ, ʂʦʰʠ ʬʫʥʢʮʠʷʩʳ, ʰʝʢʘʨʘʣʳץ ʬʫʥʢʮʠʷ, 

ʘʩʠʤʧʪʦʪʠʢʘ. 

 

1. ɽʩʝʧʪʽץ שʦʡʳʣʫʳ. תʰʽʥʰʽ ʨʝʪʪʽ ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ ʢʘʨʘʧʘʡʳʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʜʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʤʝʥ ץʘʨʘʩʪʳʨʘʡʳץ: 

              ( ) )(),()(),()(),()(),(, tFtytCtytBtytAtytyL =+¡+¡¡+¡¡¡¹ eeeeeee                (1) 

                        ae=),0(y ,      be=),
2

1
(y ,      ge=),1(y                                    (2) 

 ʤײʥʜʘסʳ, 0>e -ʢʽʰʢʝʥʝ ʧʘʨʘʤʝʪʨ, gba ,, -ʙʝʣʛʽʣʽ ʪײʨʘץʪʳʣʘʨ, ),(tA ),(tB ),(tC )(tF - 

)10( ¢¢= tD  ʦʙʣʳʩʳʥʜʘ ʘʥʳץʪʘʣסʘʥ, ץʘʡʩʳʙʽʨ ʙʝʣʛʽʣʽ ʬʫʥʢʮʠʷʣʘʨ. 

ʂʝʣʝʩʽ ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʳʥ: 

I. ),(tA ),(tB )(tC  ʞᴅʥʝ )(tF  ʬʫʥʢʮʠʷʣʘʨʳ )10( ¢¢= tD  ʦʙʣʳʩʳʥʜʘ ʝʢʽʥʰʽ ʨʝʪʢʝ ʜʝʡʽʥ 

 .ʟʜʽʢʩʽʟ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʬʫʥʢʮʠʷʣʘʨװ

II.  )(tA  ʬʫʥʢʮʠʷʩʳ ʢʝʣʝʩʽ ʪʝשʩʽʟʜʽʢʪʽ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ: 

                             ,0)( 0 ²¹² consttA g  )10( ¢¢t                                     (3) 

III.   ),(til  )2,1( =i  ʬʫʥʢʮʠʷʣʘʨʳ ]1,0[ -ʛʽ ʢʝʣʝʩʽ ʪʝשʜʝʫʜʽש ʪװʙʽʨʣʝʨʽ: 

0)()()()()( 2 =++ tCttBttA ll  

IV.                                                         0

)1()1(

)
2

1
()

2

1
(

21

21 ¸=D

yy

yy                                                     (4) 

ʪʝשʩʽʟʜʽʛʽ ʦʨʳʥʜʘʣʩʳʥ, ʤײʥʜʘסʳ )()(exp)( 0

0

tzdxxty i

t

ii ö
ö

÷

õ

æ
æ

ç

å
= ñl ,  )2,1( =i  

ʌʫʥʜʘʤʝʥʪʘʣʴ ʰʝʰʽʤʜʝʨ ʞװʡʝʩʽ. (1) ʪʝשʜʝʫʛʝ ʩᴅʡʢʝʩ ʙʽʨʪʝʢʪʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʜʳ 

 :ץʘʨʘʩʪʳʨʘʡʳץ ʜʝʫʜʽשʘʥ ʪʝסʳץʘʪʪʘʥʜʳʨʘʪʳʥ ʙʽʨʪʝʢʪʽ ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪסʘʥʘץ

       ( ) 0),()(),()(),()(),(, =+¡+¡¡+¡¡¡¹ eeeeeee tytCtytBtytAtytyL                    )1
~

(  

              0),0( =ey ,      0),
2

1
( =ey ,      0),1( =ey                                         (5) 

ɸʣ ʦʥʳש ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʪʝשʜʝʫʽ 

                          0)()()()()( 23 =+++ tCttBttA llel                                                 (6) 

 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʪʝשʜʝʫʜʽש ᴅʨʪװʨʣʽ ʝʢʽ ʪװʙʽʨʽ ʙʦʣʩʳʥ, ʘʣ װʰʽʥʰʽ ʪװʙʽʨʜʽ 

e

em
el

),(
),(

t
t =  ʘʡʥʳʤʘʣʳʩʳʥ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʪʘʙʳʣʘʜʳ, ʦʜʘʥ 0­e  ʘʥʜʘ ʢʝʣʝʩʽסʤʪʳʣײ 

ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʣʫʜʽ ʘʣʘʤʳʟ: 
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)()(),( elel Ott ii +=     )2,1( =i  

 [ ] [ ])()(
1

)()(
1

),( 03 e
e

em
e

el OtAOtt +-=+=                                    (7) 

ʃʝʤʤʘ 1. (6) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʪʝשʜʝʫʽʥʽש ʪװʙʽʨʣʝʨʽ 0­e  ʢʝʣʝʩʽ (7) ʘʩʠʤʧʪʦʪʠʢʘʣʳץ 

ᴇʨʥʝʢʪʝʣʫʛʝ ʠʝ. 

ɹײʣ ʪʝשʜʝʫʜʽש ʬʫʥʜʘʤʝʥʪʘʣʴ ʰʝʰʽʤʜʝʨʽʥʽש ʞװʡʝʩʽʥ ʢʝʣʝʩʽ ʪװʨʜʝ ʽʟʜʝʡʤʽʟ: 

),,()(exp),(
0

ele tzdxxty i

t

ii ö
ö

÷

õ

æ
æ

ç

å
= ñ  )2,1( =i   ),()(

1
exp),( 3

0

03 em
e

e tzdxxty

t

ö
ö

÷

õ

æ
æ

ç

å
= ñ     (8) 

ʄײʥʜʘסʳ, ),( etzi , )3,2,1( =i , ʙʝʣʛʽʩʽʟ ʬʫʥʢʮʠʷʣʘʨ. ʆʣʘʨʜʳ ʘʥʳץʪʘʫ װʰʽʥ (8) ʪʝשʜʽʢʪʝʨʜʽ 

)1
~

(  ʪʝשʜʝʫʛʝ ץʦʡʳʧ ʪʝשʜʽʢʪʽש ʝʢʽ ʞʘסʳʥʘʥ e ʙʽʨʜʝʡ ʜᴅʨʝʞʝʣʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʜʽ 

ʪʝשʝʩʪʽʨʝʤʽʟ, ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʤʝʥ ʰʳץץʘʥ ʪʝשʜʝʫʜʽ ʰʝʰʩʝʢ, ),( etyi , )3,2,1( =i  ʰʝʰʽʤʜʝʨʽ: 

 ( ))()()(exp),( 0

0

ele Otzdxxty i

t

ii +
ö
ö

÷

õ

æ
æ

ç

å
= ñ , )2,1( =i    ( ))()()(

1
exp),( 30
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e Otzdxxty
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å
= ñ  

 3. ʂʦʰʠ ʬʫʥʢʮʠʷʩʳ ʞᴅʥʝ ʰʝʢʘʨʘʣʳץ ʬʫʥʢʮʠʷʣʘʨ. )10( ¢¢¢ ts  ʦʙʣʳʩʳʥʜʘ 

ʘʥʳץʪʘʣסʘʥ, ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨʜʳ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ )1
~

(  ʙʽʨʪʝʢʪʽ ʪʝשʜʝʫʜʽש t ʙʦʡʳʥʰʘ 

ʰʝʰʽʤʽ ʙʦʣʘʪʳʥ,  

( ) 0),,()(),,()(),,()(),,(,, =+¡+¡¡+¡¡¡¹ eeeeeee stKtCstKtBstKtAstKstKL           (14) 

0),,( =essK ,      0),,( =¡ essK ,      1),,( =¡¡¡ essK                               (15) 

),,( estK  t  ʞᴅʥʝ s  ʘʡʥʳʤʘʣʳʣʘʨʳʥʘʥ ʪᴅʫʝʣʜʽ ʬʫʥʢʮʠʷʥʳ ʂʦʰʠ ʬʫʥʢʮʠʷʩʳ ʜʝʧ 

ʘʪʘʡʤʳʟ. ʃʝʤʤʘ. e ʢʽʰʢʝʥʝ ʤᴅʥʜʝʨʽ װʰʽʥ ʂʦʰʠ ʬʫʥʢʮʠʷʩʳ )10( ¢¢¢ ts  ʦʙʣʳʩʳʥʜʘ ʙʘʨ 

ʙʦʣʘʜʳ, ʞʘʣסʳʟ ʙʦʣʘʜʳ ʞᴅʥʝ ʢʝʣʝʩʽ ʪװʨʛʝ ʠʝ: 

),,(
),(

1
),,( e

e
e stW

sW
stK Ö=                                        (16) 

ʄײʥʜʘסʳ, ),( esW -ʬʫʥʜʘʤʝʥʪʘʣʴ ʰʝʰʽʤʜʝʨ ʞװʡʝʩʽʥʽש ʚʨʦʥʩʢʠʘʥʳ, ʘʣ ),,( estW - 

ʚʨʦʥʩʢʠʘʥʥʳ3 ש ʞʦʣʳʥ ),( etyi  )3,2,1( =i ʬʫʥʜʘʤʝʥʪʘʣʴ ʰʝʰʽʤʜʝʨ ʞװʡʝʩʽʥʝ ʘʫʳʩʪʳʨסʘʥʳʥʘʥ 

ʧʘʡʜʘ ʙʦʣסʘʥ ʘʥʳץʪʘʫʳʰ. 

ɼᴅʣʝʣʜʝʫ. ),,( estK  ʂʦʰʠ ʬʫʥʢʮʠʷʩʳʥ 

),(),(),(),(),(),(),,( 332211 eeeeeee tysctysctyscstK ++=                    (17) 

 ʪװʨʽʥʜʝ ʽʟʜʝʡʤʽʟ, ʤײʥʜʘסʳ, ),( esʩi , )3,2,1( =i - ʙʝʣʛʽʩʽʟ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ. (17) ᴇʨʥʝʢʪʽ 

(15) ʙʘʩʪʘʧץʳ ʰʘʨʪʪʘʨסʘ ץʦʡʳʧ, ʩʳʟʳץʪʳץ ʘʣʛʝʙʨʘʣʳץ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʘʣʘʤʳʟ. ʆʥʳש 

ʪʘʙʳʣסʘʥ ),( esʩi , )3,2,1( =i  ʤᴅʥʜʝʨʽʥ (17) ץʦʡʩʘ(16) ,ץ ʘʣʘʤʳʟ. ʃʝʤʤʘ ʜᴅʣʝʣʜʝʥʜʽ. 

ʃʝʤʤʘ 3. ),,( estK  ʂʦʰʠ ʬʫʥʢʮʠʷʩʳ ʞᴅʥʝ ʦʥʳש t ʙʦʡʳʥʰʘ ʝʢʽʥʰʽ ʨʝʪʢʝ ʜʝʡʽʥ ץʦʩʘ 

ʘʣסʘʥʜʘסʳ ʪʫʳʥʜʳʣʘʨʳ 10 ¢¢¢ ts  ʦʙʣʳʩʳʥʜʘ 0­e  ʢʝʣʝʩʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʣʫʛʝ 

ʠʝ:  

,),,( ee CstK ¢   ,),,(' ee CstK ¢   ù
ú

ø
é
ê

è
ö
÷

õ
æ
ç

å -
-+¢
e

gee
st

CstK exp),,(''                   (18) 

ʄײʥʜʘסʳ, 0>ʉ  ʞᴅʥʝ 0>g ʘʡʩʳʙʽʨ sץ- , t , e ʪᴅʫʝʣʩʽʟ ʪײʨʘץʪʳʣʘʨ. ʃʝʤʤʘʥʳש 

ʜᴅʣʝʣʜʝʫʽ ʂʦʰʠ ʬʫʥʢʮʠʷʩʳʤʝʥ ʦʥʳש ʪʫʳʥʜʳʣʘʨʳʥʳש ᴇʨʥʝʢʪʝʣʫʽʥʝʥ ʰʳסʘʜʳ. )1
~

(  ʙʽʨʪʝʢʪʽ 

ʪʝשʜʝʫ װʰʽʥ ʢʝʣʝʩʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʤʝʥ ʘʨʥʘʡʳ ʰʝʪʪʽʢ ʝʩʝʧʪʽ ץʘʨʘʩʪʳʨʘʡʳץ: 

0=FiLe ,  )3,2,1( =i                                           (19) 
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                        (19*) 

ʃʝʤʤʘ 4. ),( etiF  )3,2,1( =i  ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʳ ]1,0[  ʢʝʩʽʥʜʽʩʽʥʜʝ ʙʘʨ, ʞʘʣסʳʟ ʞᴅʥʝ 

ʢʣʝʩʽ ʬʦʨʤʫʣʘʤʝʥ ʘʥʳץʪʘʣʘʜʳ: 

),,(
)(

1
),( e

e
e tt ii DÖ
D
=F   )3,2,1( =i                                      (20) 

ɼᴅʣʝʣʜʝʫ: ),( etiF  )3,2,1( =i  ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʳʥ ʙʝʣʛʽʣʽ ʬʦʨʤʫʣʘ ʙʦʡʳʥʰʘ, ʢʝʣʝʩʽ 

ʪװʨʜʝ ʽʟʜʝʡʤʽʟ: 

 ),(),(),(),(),(),(),,( 332211 eeeeeee tysctysctyscst iiii ++=F , )3,2,1( =i               (21) 

(21), )1
~

(  ʙʽʨʪʝʢʪʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʽʥʽש ʩʳʟʳץʪʳ ʢʦʤʙʠʥʘʮʠʷʩʳ ʝʢʝʥʽʥ 

ʝʩʢʝʨʩʝʢ, ʦʥʜʘ (2) ʬʫʥʢʮʠʷ (19) ʪʝשʜʝʫʜʽש ʰʝʰʽʤʽ ʙʦʣʘʜʳ. (21)-ʛʝ (19*) ʰʝʢʘʨʘʣʳץ 

ʰʘʨʪʪʘʨʳʥ ץʦʡʳʧ, )(eijc , )3,2,1( =i  0)( ¸De  ʙʦʣסʘʥʜʳץʪʘʥ ʂʨʘʤʝʨ ʬʦʨʤʫʣʘʩʳʥʘʥ ʙʽʨʤᴅʥʜʽ 

ʘʥʳץʪʘʡʤʳʟ.ʊʘʙʳʣסʘʥ ʤᴅʥʜʝʨʜʽ (21) ץʦʡʩʘ(20) ,ץ ʘʣʘʤʳʟ. ʃʝʤʤʘ ʜᴅʣʝʣʜʝʥʜʽ. 

ʃʝʤʤʘ 5. ),( etiF  )3,2,1( =i  ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʳ ]1,0[  ʢʝʩʽʥʜʽʩʽʥʜʝ ʢʝʣʝʩʽ 

ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʙʘסʘʣʘʫסʘ ʠʝ: 
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t -+¢F ,                                (22)  

ʤײʥʜʘסʳ, 0>C  ʞᴅʥʝ 0>g ʘʡʩʳʙʽʨ tץ ,  ʤʝʥ e ʪᴅʫʝʣʩʽʟ ʪײʨʘץʪʳʣʘʨ. ʃʝʤʤʘ ʜᴅʣʝʣʜʝʤʝʩʽ 

ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʜʳש ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʣʫʽʥʝʥ ʰʳסʘʜʳ. 

ɸʥʘʣʠʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʣʫ ʞᴅʥʝ ʰʝʰʽʤʜʽ ʙʘסʘʣʘʫ. (1), (2) ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ 

ʰʝʪʪʽʢ ʝʩʝʙʽʥ ץʘʨʘʩʪʳʨʘʡʳץ.     

ʊʝʦʨʝʤʘ. I-IV ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʳʥ. ʆʥʜʘ 0>e -ʢʽʰʢʝʥʝ ʤᴅʥʜʝʨʽ װʰʽʥ (1), (2) 

ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ ʰʝʪʪʽʢ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ]1,0[  ʢʝʩʽʥʜʽʩʽʥʜʝ ʙʘʨ, ʞʘʣסʳʟ ʞᴅʥʝ ʢʝʣʝʩʽ 

ʬʦʨʤʫʣʘ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʣʝʜʽ 

ñ ñ++F+F+F=
2

1

0

1

2

1

21321 ),,()(),,()(),(),(),(),( dsstGsFdsstGsFtttty eeegebeae          (23) 

ʄײʥʜʘסʳ, ),( etiF  )3,2,1( =i -ʰʝʢʪʽʢ ʝʩʝʧʪʽש ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʳ, ),,( estGi  )2,1( =i -

ʙʽʨʪʝʢʪʽ ʰʝʢʪʽʢ ʝʩʝʧʪʽש ɻʨʠʥ ʬʫʥʢʮʠʷʩʳ, ʘʣ )(tF -(1) ʪʝשʜʝʫʜʽש ʦש ʞʘץ ʙᴇʣʽʛʽ. ɹײʣ 

ʬʫʥʢʮʠʷʥʳ(2) -(1) ש ʰʝʪʪʽʢ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ʙʦʣʘʪʳʥʳʥ ʪʝʢʩʝʨʫ ʘʨץʳʣʳ ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ. 

ʊʝʦʨʝʤʘ. I-IV ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʳʥ. ʆʥʜʘ 0>e -ʢʽʰʢʝʥʝ ʤᴅʥʜʝʨʽ װʰʽʥ (1), (2) 

ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ ʰʝʪʪʽʢ ʝʩʝʙʽʥʽש ʰʝʰʽʤʽ ]1,0[  ʢʝʩʽʥʜʽʩʽʥʜʝ ʙʘʨ, ʞʘʣסʳʟ ʞᴅʥʝ 0­e  

ʢʝʣʝʩʽ ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʙʘסʘʣʘʫסʘ ʠʝ: 
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ɼᴅʣʝʣʜʝʫ: ɽʛʝʨ (23) ʙʘסʘʣʘʩʘץ ʞᴅʥʝ ʂʦʰʠ ʬʫʥʢʮʠʷʩʳʤʝʥ ʘʨʥʘʡʳ ʬʫʥʢʮʠʷʣʘʨʜʳש 

ʘʩʠʤʧʪʦʪʠʢʘʣʳץ ʙʘסʘʣʘʫʳʥ (18),(22) ʝʩʢʝʨʩʝʢ, (25) ʘʣʘʤʳʟ, ʦʥʳ ʪʫʳʥʜʳʣʘʩʘץ (24ô) ʘʣʘʤʳʟ, 

ʦʥʳ ʪʫʳʥʜʳʣʘʩʘץ (24ôô) ʘʣʘʤʳʟ.  ʘʣʘʤʳʟ.ʊʝʦʨʝʤʘ ʜᴅʣʝʣʜʝʥʜʽ. 

ʄʳʩʘʣ. ʂʝʣʝʩʽ װʰʽʥʰʽ ʨʝʪʪʽ ʩʳʟʳץʪʳ ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

ʪʝשʜʝʫʜʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʤʝʥ ץʘʨʘʩʪʳʨʘʡʳץ: 
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ɸʣ ʘʫʳʪץʫ ʙʦʣʤʘסʘʥ ʞʘסʜʘʡʜʘ, ʷסʥʠ ʪʝשʜʝʫʜʽ ʢʝʣʝʩʽ ʰʝʢʘʨʘʣʳץ ʰʘʨʪʪʘʨʤʝʥ ʰʝʰʝʤʽʟ:        

( ) 1),(,0 =¡¡¹ ee tytyL  

1)
2

1
( =y ,      1)1( =y  

ʉʦʥʜʘ ʰʝʰʽʤ: ()
24

3

4

5 2t
tty +-= . 

ɽʛʝʨ ʩʠʥʛʫʣʷʨʣʳ ʘʫʳʪץʳסʘʥ ʞᴅʥʝ ʘʫʳʪץʳʤʘסʘʥ ʪʝשʜʝʫʣʝʨʜʽש ʰʝʰʽʤʜʝʨʽʥ Mathematica 

ʞװʡʝʩʽʥʜʝ ʙʝʡʥʝʣʝʡʪʽʥ ʙʦʣʩʘץ, ʢʝʣʝʩʽʥʽ ʘʣʘʤʳʟ:  
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                        ʉʫʨʝʪ 1. ( 1.0=e )                                 ʉʫʨʝʪ 2. ( 06.0=e )                         
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ʄʘץʩײʪ ʊ.ᴄ., ʂʦʢʦʪʦʚʘ ɽ.ɺ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 
 ɸʥʥʦʪʘʮʠʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʢʦʪʦʨʳʭ ʞʝʩʪʢʠʭ ʣʠʥʝʡʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʩʠʩʪʝʤʳ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʝʪʦʜʦʤ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ.

  
 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ɾʝʩʪʢʘʷ ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ 

ʧʦʨʷʜʢʘ. ʂʨʘʝʚʘʷ ʟʘʜʘʯʘ. ʆʜʥʦʟʥʘʯʥʘʷ ʨʘʟʨʝʰʠʤʦʩʪʴ.   

 

ʆʙʳʢʥʦʚʝʥʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʠ ʷʚʣʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʪʝʭʥʠʢʠ, ʥʘʫʢʠ ʠ ʧʨʦʠʟʚʦʜʩʪʚʘ. ʕʬʬʝʢʪʠʚʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʧʨʦʮʝʩʩʘʤʠ ʠ ʩʠʩʪʝʤʘʤʠ ʦʩʥʦʚʘʥʦ 

ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʜʝʢʚʘʪʥʳʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʦʙʲʝʢʪʦʚ. ʋʯʝʪ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʬʘʢʪʦʨʦʚ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʥʝʠʟʙʝʞʥʦ ʧʨʠʚʦʜʠʪ ʢ ʷʚʣʝʥʠʶ ʞʝʩʪʢʦʩʪʠ ʠ 

ʦʧʠʩʳʚʘʶʱʠʤ ʝʛʦ ʞʝʩʪʢʠʤ ʩʠʩʪʝʤʘʤ.  ɾʝʩʪʢʠʤʠ ʥʘʟʳʚʘʶʪ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, 

ʤʦʜʝʣʠʨʫʶʱʠʝ ʧʨʦʮʝʩʩ ʩ  ʷʚʣʝʥʠʝʤ ʞʝʩʪʢʦʩʪʠ. ʉʫʱʥʦʩʪʴ ʵʪʦʛʦ ʷʚʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʧʨʠʚʣʝʯʝʥʠʷ ʜʣʷ ʧʦʣʥʦʛʦ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʥʘ ʣʶʙʦʤ ʦʪʨʝʟʢʝ 

ʥʘʙʣʶʜʝʥʠʷ ʜʚʫʭ ʚʠʜʦʚ ʬʫʥʢʮʠʡ: ʬʫʥʢʮʠʡ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʠ ʬʫʥʢʮʠʡ ʩ ʤʘʣʳʤ 

ʧʨʦʠʟʚʦʜʥʳʤʠ, ʧʨʠʯʝʤ ʬʫʥʢʮʠʠ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʙʳʩʪʨʦ ʫʙʳʚʘʶʪ, ʪʘʢ  ʯʪʦ 

ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʚʨʝʤʝʥʠ ʧʨʦʪʝʢʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʠʩʩʣʝʜʦʚʘʪʝʣʶ ʜʦʩʪʫʧʥʳ ʣʠʰʴ ʬʫʥʢʮʠʠ ʩ 

ʤʘʣʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʣʶʙʦʡ ʤʦʤʝʥʪ ʥʘʙʣʶʜʝʥʠʷ ʩʥʦʚʘ ʚʦʟʤʦʞʥʦ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʙʳʩʪʨʦʟʘʪʫʭʘʶʱʝʛʦ ʧʨʦʮʝʩʩʘ, ʦʧʠʩʳʚʘʝʤʦʛʦ ʬʫʥʢʮʠʷʤʠ ʩ ʙʦʣʴʰʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ.  

ʇʦʵʪʦʤʫ ʞʝʩʪʢʠʝ ʩʠʩʪʝʤʳ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʩʧʝʮʠʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ.  

ʊʝʨʤʠʥ çʞʝʩʪʢʠʝ ʫʨʘʚʥʝʥʠʷè ʙʳʣ ʚʚʝʜʝʥ ʚ ʧʨʠʢʣʘʜʥʫʶ ʤʘʪʝʤʘʪʠʢʫ ʚ ʨʘʙʦʪʝ  ʏ.ʌ. 

ʂʝʨʪʠʩʩʘ ʠ ɼ. ʍʠʨʰʬʝʣʴʜʝʨʘ [1] ʚ 1952 ʛʦʜʫ.  

ʀʩʪʦʨʠʯʝʩʢʠ, ʠʥʪʝʨʝʩ ʢ ʞʝʩʪʢʠʤ ʩʠʩʪʝʤʘʤ ʚʦʟʥʠʢ ʚ ʩʝʨʝʜʠʥʝ XX ʚʝʢʘ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʫʨʘʚʥʝʥʠʡ ʭʠʤʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʠ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʩʫʪʩʪʚʠʝʤ ʦʯʝʥʴ ʤʝʜʣʝʥʥʦ ʠ ʦʯʝʥʴ 

ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʶʱʠʭ ʭʠʤʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ʇʝʨʚʦʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʦʚʘʣʦ ʤʥʝʥʠʝ, ʯʪʦ 

ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʘ ʧʨʘʢʪʠʢʝ ʨʝʜʢʦ. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ ʥʘʢʦʧʣʝʥʠʷ ʦʧʳʪʘ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʞʝʩʪʢʠʝ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʶʪ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʦʙʣʘʩʪʷʭ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʚ ʭʠʤʠʯʝʩʢʦʡ ʠ ʬʠʟʠʯʝʩʢʦʡ ʢʠʥʝʪʠʢʝ [2], ʪʝʦʨʠʠ ʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, 

ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ ʧʨʦʮʝʩʩʘʭ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʷʭ, ʪʝʦʨʠʠ  ʫʩʪʨʦʡʩʪʚ ʵʣʝʢʪʨʦʥʠʢʠ, 

ʙʠʦʣʦʛʠʠ, ʵʢʦʥʦʤʠʢʝ, ʩʦʮʠʦʣʦʛʠʠ, ʤʝʜʠʮʠʥʝ, ʪʝʦʨʠʠ ʫʧʨʘʚʣʝʥʠʷ [3], ʘʩʪʨʦʬʠʟʠʢʝ, 

ʩʪʨʦʠʪʝʣʴʥʦʡ ʤʝʭʘʥʠʢʝ [4] ʠ ʪ. ʜ. ɾʝʩʪʢʠʝ ʩʠʩʪʝʤʳ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʧʨʠ ʥʝʡʪʨʦʥʥʳʭ ʨʝʘʢʮʠʷʭ, ʚ ʩʣʦʞʥʳʭ ʨʘʜʠʦʮʝʧʷʭ, 

ʩʠʩʪʝʤʘʭ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʜʠʬʬʫʟʠʠ ʤʝʪʦʜʦʤ 

ʧʨ̫ʤʳʭ [5]. ɾʝʩʪʢʠʝ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ ʚʦʟʥʠʢʘʶʪ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʤʝʭʘʥʠʢʠ, ʚ  ʢʦʪʦʨʳʭ 

ʧʨʦʮʝʩʩ ʟʘʚʠʩʠʪ ʦʪ ʥʝʩʢʦʣʴʢʠʭ ʤʘʩʰʪʘʙʦʚ, ʩʠʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ  ʠ ʤʥʦʛʠʭ  

ʜʨʫʛʠʭ ʦʙʣʘʩʪʷʭ. 

ʈʘʩʰʠʨʝʥʠʝ ʢʣʘʩʩʦʚ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ  ʧʦʟʚʦʣʠʣʠ ʫʩʪʘʥʦʚʠʪʴ, ʯʪʦ ʷʚʣʝʥʠʝ ʞʝʩʪʢʦʩʪʠ ʚ 

ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ - ʩʢʦʨʝʝ ʧʨʘʚʠʣʦ, ʯʝʤ ʠʩʢʣʶʯʝʥʠʝ, ʠ ʯʪʦ ʚʳʩʦʢʘʷ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʥʝ ʩʥʠʤʘʝʪ ʧʨʦʙʣʝʤʳ ʞʝʩʪʢʠʭ 

ʩʠʩʪʝʤ ʩ ʧʦʚʝʩʪʢʠ ʜʥʷ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʪʦʨʦʡ 

ʠʤʝʶʪʩʷ ʚʩʪʨʦʝʥʥʳʝ ʬʫʥʢʮʠʠ ʚ ʩʠʩʪʝʤʘʭ ʢʦʤʧʴʶʪʝʨʥʦʡ ʤʘʪʝʤʘʪʠʢʠ MathCAD, Mathlab ʠ 

ʜʨ., ʤʝʪʦʜʳ ʨʝʰʝʥʠʷ ʞʝʩʪʢʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʥʘʜʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʩʘʤʦʤʫ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʞʝʩʪʢʠʭ ʣʠʥʝʡʥʳʭ ʜʚʫʭʪʦʯʝʯʥʳʭ ʢʨʘʝʚʳʭ ʜʣʷ 

ʩʠʩʪʝʤʳ ʆɼʋ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʦʜ ʧʘʨʘʤʝʪʨʠʟʘʮʠʠ [6] ʩ ʥʝʨʘʚʥʦʤʝʨʥʳʤ ʰʘʛʦʤ ʨʘʟʙʠʝʥʠʷ 

ʠʥʪʝʨʚʘʣʘ  [7]. 

ɼʣʷ ʯʠʩʣʝʥʥʦʡ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʚʝʨʢʠ ʜʦʩʪʘʪʦʯʥʳʭ ʫʩʣʦʚʠʡ ʦʜʥʦʟʥʘʯʥʦʡ ʨʘʟʨʝʰʠʤʦʩʪʠ 

ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʦʛʨʘʤʤʘ ʩ ʧʦʤʦʱʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʘʢʝʪʘ MathʉɸD.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʄ.ᴆʪʝʤʽʩʦʚ ʘʪʳʥʜʘסʳ ɹʘʪʳʩ פʘʟʘץʩʪʘʥ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, 

ʆʨʘʣ, פʘʟʘץʩʪʘʥ 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

 

ɼʠʬʬʝʨʝʥʮʠʘʣʜʳץ 

                           (1) 

ʪʝשʜʝʫʽʥ ץʘʨʘʩʪʳʨʘʡʳץ. ʢᴇʧ ᴇʣʰʝʤʜʽ  ʫʘץʳʪʳ ʙʦʡʳʥʰʘ 

ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʳ ʤʳʥʘ ʪװʨʜʝʛʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʦʧʝʨʘʪʦʨ: 

 
ʤײʥʜʘסʳ é , 

 
ï  ץʦʧʝʨʘʪʦʨ,  ʚʝʢʪʦʨʣʳ ץʰ ʝʩʝʣʽ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳװ ʘʪʳʩʪʳץ ʘס-

ʘʡʥʳʤʘʣʳʥʳש  ʞᴅʥʝ  ʩʢʘʣʷʨ ʬʫʥʢʮʠʷʣʘʨʳ,  m-ʚʝʢʪʦʨ, 

ïʚʝʢʪʦʨʣʳץ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʫ ʦʧʝʨʘʪʦʨʳ,  ʩʢʘʣʷʨ ʢᴇʙʝʡʪʽʥʜʽʥʽש 

ʙʝʣʛʽʩʽ, ʭ ʘʡʥʳʤʘʣʳʩʳʥʳש ʙʝʣʛʽʩʽʟ ʬʫʥʢʮʠʷʩʳ. ʄײʥʜʘסʳ  ʘʡʥʳʤʘʣʳʩʳʥʘʥ 

ʪᴅʫʝʣʜʽ ʬʫʥʢʮʠʷʣʘʨ ʜʠʘʛʦʥʘʣʜʘ ʪײʨʘץʪʳ ʜʝʧ ʘʡʪʳʣʘʜʳ. ʆʣʘʡ ʙʦʣʩʘ (1) ʪʝשʜʝʫ  

ʙʦʡʳʥʰʘ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳװ ץʰʽʥʰʽ ʨʝʪʪʽ ʩʳʟʳץʪʳ ʪʝשʜʝʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ ʞᴅʥʝ ʦʥʳש 

 ʜʠʘʛʦʥʘʣʳ ʙʦʡʳʥʜʘ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʪײʨʘץʪʳ. 

ʂʝʣʪʽʨʽʣʛʝʥ (1) ʪʝשʜʝʫ װʰʽʥ ʤʳʥʘʥʜʘʡ ʘʣסʘʰץʳ ʰʘʨʪ ץʦʡʳʣʘʜʳ: 

                                  

ʤײʥʜʘסʳ ʙʝʨʽʣʛʝʥ u ʞᴅʥʝ  ʬʫʥʢʮʠʷʣʘʨʳ ʪᴇʤʝʥʜʝʛʽ ʧʝʨʠʦʜʪʳʣʳץ ʞᴅʥʝ ʞʘʟʳץʪʳץ 

 :ʘʩʠʝʪʪʝʨʽʥʝ ʠʝץ

      

ʙʘʨʣʳץ  ʝʩʝʣʽ ʧʝʨʠʦʜ, , - ʙװʪʽʥ 

ʩʘʥʜʘʨ ʞʠʳʥʳ,  ï ïʜʘ  ʙʦʡʳʥʰʘ װʟʜʽʢʩʽʟ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ 

ʬʫʥʢʮʠʷʣʘʨ ʢʣʘʩʳ. 

 ʞᴅʥʝ  ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ װʰʽʥ ʪᴇʤʝʥʜʝʛʽ ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʘʫʳ ʪʘʣʘʧ ʝʪʽʣʝʜʽ: 

                              

                              

                               

( ), ( ) ʞᴅʥʝ () ʰʘʨʪʪʘʨʳ ʦʨʳʥʜʘʣסʘʥʜʘ  ʝʩʝʙʽʥ ʰʝʰʫ ʢʝʨʝʢ. 
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ɼʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʩʢʘʣʷʨ  ʬʫʥʢʮʠʷʩʳʥ ʘʣʳʧ, ( ) ʪʝשʜʝʫʜʽש ʰʝʰʽʤʽש 

 ʪװʨʽʥʜʝ ʽʟʜʝʡʤʽʟ. ʆʩʳ ʬʫʥʢʮʠʷʥʳ () ʪʝשʜʝʫʜʽ ץʘʥʘסʘʪʘʥʜʳʨʘʪʳʥʜʘʡ ʝʪʽʧ ʘʣʘʤʳʟ. 

ɹײʜʘʥ (1) ʪʝשʜʝʫʽʥʽש ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʪʝשʜʝʫʽ ʰʳסʘʜʳ: 

                          

(6) ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʣʳץ ʪʝשʜʝʫʜʽש ʪװʙʽʨʣʝʨʽʥ ʪʘʙʘʤʳʟ.  

ʂʫʙʪʳץ ʪʝשʜʝʫʽ ʙʦʣסʘʥ ʞʘסʜʘʡʳ:  

 ᴇʨʥʝʢʪʽש ʝʢʽ ʞʘסʳʥʜʘ ʢʚʘʜʨʘʪʪʘʡʤʳʟ . 

 ᴇʨʥʝʢʪʽש ʝʢʽ ʞʘסʳʥʜʘ ʢʫʙʪʘʡʤʳʟ . 

ʆʩʳ ᴇʨʥʝʢʪʝʨʜʽ ʦʨʥʳʥʘ ץʦʡʳʧ, ʪװʨʣʝʥʜʽʨʝʤʽʟ 

. 

ʄʳʥʘʥʜʘʡ ʪװʨʣʝʥʜʽʨʫ ʝʥʛʽʟʝʡʽʢ  

 .ʙʽʨʽ ʙʦʣʩʳʥװʪ שʜʝʫʜʽשʰʽʥʰʽ ʪʝװ - , ,

 ʞʘץʰʘʣʘʨʜʳ ʘʰʳʧ, ᴇʨʥʝʢʪʽ ʪװʨʣʝʥʜʽʨʝʡʽʢ: 

. 

 

ïʂʘʨʜʘʥʦ ʜʠʩʢʨʠʤʝʥʘʥʪʳ ʜʝʧ ʘʪʘʣʘʜʳ. 

1)  ɹʽʨ ʥʘץʪʳ ʪװʙʽʨʽ, 2 ᴇʟʘʨʘ ʪװʡʽʥʜʝʩ ʢʦʤʧʣʝʢʩ ʪװʙʽʨʽ ʙʦʣʘʜʳ. 

 .שʙʽʨ, ʝʢʝʫʽ ʙʽʨ-ʙʽʨʽʥʝ ʪʝװʪʳ ʪץʰʝʫʽ ʥʘת  (2

 .ʨʣʽװʝʤʝʩ, ᴅʨʪ שʙʽʨʽ, ʙʽʨ- ʙʽʨʽʥʝ ʪʝװʪʳ ʪץʰʝʫʽ ʥʘת  (3

ʄʘץʩʘʪʳʤʳʟ ʢʫʙʪʳץ ʪʝשʜʝʫʜʽש ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽʥʝ ץʘʥʜʘʡ ʰʘʨʪ ץʦʡסʘʥʜʘ 1) ʞʘסʜʘʡ, 2) 

ʞʘסʜʘʡ, 3) ʞʘסʜʘʡ ʙʦʣʘʪʳʥʳʥ ʘʥʳץʪʘʫ. 

ᴆʟ ʢʝʟʝʛʽʥʜʝ ʦʩʳ װʰ ʞʘסʜʘʡʜʳץ שʘʡʩʳʩʳʥʜʘ ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʜʽש ʪʝʨʙʝʣʽʩʪʽ 

ʰʝʰʽʤʽ ʙʦʣʘʜʳ, ץʘʡʩʳʩʳʥʜʘ ʙʦʣʤʘʡʜʳ. 

ɯ. ɸʡʪʘʣʳ1 ,ץ) ʞʘסʜʘʡ, ʷסʥʠ ʙʦʣʘʪʳʥ ʞʘסʜʘʡʜʳש ʙʦʣʘʪʳʥʳʥ ʢʦʵʬʬʠʮʠʝʥʪʪʪʝʨ 

ʘʨץʳʣʳ ʘʥʳץʪʘʡʳץ.  

 ʙʦʣʫʳ ʢʝʨʝʢ. ɽʥʜʝʰʝ, 

                    ( ) 

                                 ( ) 

ʝʢʝʥʽʥ ʝʩʢʝʨʽʧ,  ʜʠʩʢʨʠʤʝʥʘʥʪʳʥ  ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʡʽʢ. 

ɸʣʜʳʤʝʥ  

,    . 

ʰʘʤʘʣʘʨʳʥ ʘʥʳץʪʘʧ ʘʣʳʧ,  ʰʘʤʘʩʳʥ ʝʩʝʧʪʝʡʽʢ: 

 
ɽʥʜʝʰʝ, ʦʩʳ ᴇʨʥʝʢʪʝʥ  ʞʘסʜʘʡʳ  ʪʝשʜʝʫʜʽש ʢʦʵʬʬʠʮʠʝʥʪʝʨʽ 

 
                                ( ) 

ʰʘʨʪʳ ʦʨʳʥʜʘʣסʘʥʜʘ ʪʫʘʪʳʥʳʥ ʢᴇʨʝʤʽʟ. 

ɽʥʜʽ ʦʩʳ ʞʘסʜʘʡסʘ ʩᴅʡʢʝʩ  ʞᴅʥʝ  ʪװʙʽʨʣʝʨʽʥ ʪʘʙʫ װʰʽʥ 
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ʰʘʤʘʣʘʨʳʥ, ʷסʥʠ ʢᴇʧʧʝʨʠʦʜʪʳ ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʥʘץʪʳ ʬʫʥʢʮʠʷʣʘʨʳʥ 

ʘʥʳץʪʘʡʤʳʟ. ɹײʣ () ʞᴅʥʝ () ʥʘץʪʳ ᴇʨʥʝʢʪʝʨʽ ʤʝʥ () ʰʘʨʪʘʥ ʢᴇʨʽʥʽʧ ʪײʨ. 

ɽʥʜʝʰʝ,  ʪװʙʽʨʽ 

                                        

ᴇʨʥʝʛʽʤʝʥ ʘʥʳץʪʘʣסʘʥ,  ץʘʩʠʝʪʪʽ ʥʘץʪʳ ʬʫʥʢʮʠʷ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. 

 ,ʙʽʨʽ שʡʽʥʜʝʩ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʷʣʘʨ ʙʦʣʘʜʳ. ʆʥʳװʙʽʨʽ ,  ᴇʟʘʨʘ ʪװʘʥ ʝʢʽ ʪסʘʣפ

ʞʦסʘʨʳʜʘ ʢʝʣʪʽʨʽʣʛʝʥ ʬʦʨʤʫʣʘʣʘʨ ʙʦʡʳʥʰʘ, 

                    

ʞᴅʥʝ ʝʢʽʥʰʽʩʽ 

                    

ᴇʨʥʝʢʪʝʨʽʤʝʥ ʘʥʳץʪʘʣסʘʥ ʥʘץʪʳ ʘʡʥʳʤʘʣʳ ʪװʡʽʥʜʝʩ ʢʦʤʧʣʝʢʩ ʬʫʥʢʮʠʷʣʘʨʳʤʝʥ 

ʘʥʳץʪʘʣʘʜʳ. ɼʝʤʝʢ,  ʙʦʣʘʜʳ. ɽʥʜʝʰʝ,  

ʆʩʳ ʞʘסʜʘʡʜʘ () ʪʝשʜʝʫʜʽש  ᴇʟʽʥʜʽʢ ʤᴅʥʜʽʢ ʬʫʥʢʮʠʷʩʳʥʘ ʩᴅʡʢʝʩ ʰʝʰʽʤʽ 

                                        

ʪװʨʽʥʜʝ ʘʥʳץʪʘʣʘʜʳ. 

ɽʛʝʨ  ʤᴅʥʜʝʨʽ ʜʝʩʝʢ,  ʙʦʣʘʜʳ ʜʘ,  

ʞʘסʜʘʡʜʘ  ʰʝʰʽʤ 

 
ʢᴇʨʩʝʪʢʽʰʪʽʢ  ʞᴅʥʝ  ʬʫʥʢʮʠʷʣʘʨʳʤʝʥ ʘʥʳץʪʘʣסʘʥ ʞʦʣʘץʪʘ ᴇʟʛʝʨʝʜʽ. ʆʣʘʡ ʙʦʣʩʘ, 

 ʙʦʡʳʥʰʘ  ʰʝʰʽʤʽ ʪʝʨʙʝʣʽʩʪʽ ʬʫʥʢʮʠʷ ʙʦʣʘ ʘʣʤʘʡʜʳ. 

ɽʛʝʨ  ʞᴅʥʝ  ᴇʟʽʥʜʽʢ ʤᴅʥʜʽ ʬʫʥʢʮʠʷʣʘʨʳ װʰʽʥ 

                            

                         

ʙʝʣʛʽʣʝʨʽʥ ʝʥʛʽʟʩʝʢ, ʦʥʜʘ () ʪʝשʜʝʫʜʽש 

               

ʰʝʰʽʤʜʝʨʽʥ ʘʣʘʤʳʟ. 

ʆʩʳ  ᴇʨʥʝʢʪʝʨʜʝʥ, ʝʛʝʨ  ʙʦʣʩʘ, ʦʥʜʘ  ʰʝʰʽʤʜʝʨʜʽש 

ʵʢʩʧʦʥʝʥʮʠʘʣʜʳץ ᴇʩʧʝʣʽ ʥʝʤʝʩʝ ʢʝʤʽʤʝʣʽ ʪʝʨʙʝʣʽʩʪʝ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʝʤʽʟ. 

ɸʣ, ʝʛʝʨ  ʰʘʨʪʳ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ ʙײʣ ʰʝʰʽʤʜʝʨ ʰʝʥʝʣʛʝʥ ʪʝʨʙʝʣʽʩʪʝ 

ʙʦʣʘʪʳʥʳʥ ʙʘʡץʘʡʤʳʟ. 

ɽʛʝʨ  ʝʩʢʝʨʩʝʢ, ʦʥʜʘ  ʬʫʥʢʮʠʷʩʳ ʞʠʽʣʽʢ ʙʦʣʘʪʳʥ, 

ʧʝʨʠʦʜʳ  ʙʦʣʘʪʳʥ ʢװʨʜʝʣʽ ʪʝʨʙʝʣʽʩʪʽ ʰʝʰʽʤ ʙʦʣʘʪʳʥʜʳסʳʥ ʢᴇʨʝʤʽʟ. 

ʉᴇʡʪʽʧ, ʜʠʘʛʦʥʘʣʴ ʙʦʡʳʥʜʘ ʪײʨʘץʪʳ ʧʝʨʠʦʜʪʳ ʬʫʥʢʮʠʷʣʘʨ סײʳʤʳʥʘ ʢʝʣʜʽʢ. ɽʥʜʽ  

ʞᴅʥʝ  ʬʫʥʢʮʠʷʣʘʨʳʥ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʡʽʢ. 

ʆʣ װʰʽʥ  ʞᴅʥʝ  ʬʫʥʢʮʠʷʣʘʨʳʥ ʢʝʣʪʽʨʝʡʽʢ: 

                

                 

ʉʦʥʳʤʝʥ ʙײʣ ʬʫʥʢʮʠʷʣʘʨ (),  ʞᴅʥʝ  ᴇʨʥʝʢʪʝʨʽʤʝʥ ʙʝʨʽʣʝʜʽ. 

ɽʥʜʝʰʝ, ʦʩʳ ʬʦʨʤʫʣʘʣʘʨ ʘʨץʳʣʳ 
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ʰʘʨʪʪʘʨʳʥʳש ʦʨʳʥʜʘʣʫʳʥʳש ʢʦʵʬʬʠʮʠʝʥʪʪʽʢ ʙʝʣʛʽʣʝʨʽʥ ʢʝʣʪʽʨʝ ʘʣʘʤʳʟ. 

ʉʦʥʳʤʝʥ (9) ʰʘʨʪ ʦʨʳʥʜʘʣʩʘ, (1) ʪʝשʜʝʫʜʽש ʞʘʣʧʳ ʰʝʰʽʤʽ 

    (15) 

ᴇʨʥʝʛʽʤʝʥ ʙʝʨʽʣʝʪʽʥʽʥ ʢᴇʨʝʤʽʟ, ʤײʥʜʘסʳ  ï ʢʝʟ ʢʝʣʛʝʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʘʥʘʪʳʥ ʬʫʥʢʮʠʷʣʘʨ,  ᴇʨʥʝʛʽʥʝʥ  ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ. 

ʂᴇʧʧʝʨʠʦʜʪʳ ʰʝʰʽʤʜʝʨʜʽ ʟʝʨʪʪʝʫʜʝ ʙײʣ ʬʫʥʢʮʠʷʣʘʨ  ï ʧʝʨʠʦʜʪʳ ʜʝʧ ʝʩʝʧʪʝʣʽʥʝʜʽ. 

ɼʝʤʝʢ, ʤʳʥʘʜʘʡ ʪʝʦʨʝʤʘʥʳ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. 

ʊʝʦʨʝʤʘ 1. ɽʛʝʨ (2)-( 4), (8) ʞϸʥʝ  ʰʘʨʪ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) ʪʝϬʜʝʫʜʽϬ ʥϺʣʜʝʥ 

Ϻʟʛʝʰʝ ʰʝʥʝʣʛʝʥ ʰʝʰʽʤʽ ʞʦϨ. 

ɼᴅʣʝʣʜʝʫʽ. ɽʛʝʨ (2)- (4) ʞᴅʥʝ (8) ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (14) ʰʘʨʪ ʦʨʳʥʜʘʣʘʜʳ. ʆʜʘʥ 

 ʪװʙʽʨʣʝʨ ʪʘʙʳʣʘʜʳ. ʊʝʦʨʝʤʘʥʳש  ʰʘʨʪʳʥʘʥ  ᴇʨʥʝʛʽʥʝ ʩᴅʡʢʝʩ 

 ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ. ɽʥʜʝʰʝ, (15) ʞʘʣʧʳ ʰʝʰʽʤʜʝ  

ʰʝʥʝʣʛʝʥ ʬʫʥʢʮʠʷʣʘʨ ʙʦʣסʘʥʳץʪʘʥ ʥᴇʣʜʝʥ ʙʘʩץʘ ʰʝʰʽʤʜʝʨ ʵʢʩʧʦʥʝʥʮʠʘʣʜʳץ 

ʬʫʥʢʮʠʷʣʘʨʜʳש ʩʳʟʳץʪʳ ʢʦʤʙʠʥʘʮʠʷʩʳ ʝʢʝʥʽʥ ʘʣʘʤʳʟ. 

ʊʝʦʨʝʤʘ ʪʦʣʳץ ʜᴅʣʝʣʜʝʥʜʽ. 

ʊʝʦʨʝʤʘ 2. ɽʛʝʨ (2)-(4), (8) ʞϸʥʝ  ʰʘʨʪʪʘʨʳ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) ʪʝϬʜʝʫʜʽ 

ʰʝʥʝʣʛʝʥ ʩʘʥʩʳʟ ʢϺʧ ʪʝʨʙʝʣʽʩʪʽ ʰʝʰʽʤʽ ʙʦʣʘʜʳ. 

ɼᴅʣʝʣʜʝʫʽ.  ʰʘʨʪʳ ʙʦʡʳʥʰʘ (15) ʞʘʣʧʳ ʰʝʰʽʤʥʝʥ ʙʘʨʣʳץ ʰʝʰʽʤ 

 ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʩʳʟʳץʪʳ ʢʦʤʙʠʥʘʮʠʷʩʳ ʝʢʝʥʜʽʛʽʥʝʥ ʰʳסʘʜʳ: 

 
ʊʝʦʨʝʤʘ ʦʩʳʤʝʥ ʜᴅʣʝʣʜʝʥʜʽ. 

II.  ʞʘסʜʘʡʳʥ ʘʣʘʡʳץ. ɼʝʤʝʢ, ʦʩʳ ʞʘסʜʘʡסʘ ʙʘʡʣʘʥʳʩʪʳ 

 
                                ( ) 

ʰʘʨʪʳʥ ʘʣʘʤʳʟ. 

ɼʝʤʝʢ, , 

 ï ʝʩʝʣʽ ʪװʙʽʨ, ʤײʥʜʘסʳ  ʬʫʥʢʮʠʷʩʳ (6) ᴇʨʥʝʢʧʝʥ 

ʘʥʳץʪʘʣʘʜʳ, ʙʘʨʣʳסʳ ʜʘ ʥʘץʪʳ ʬʫʥʢʮʠʷʣʘʨ, ʜʝʤʝʢ,  ï ʥʘץʪʳ ʬʫʥʢʮʠʷ. 

ɽʥʜʝʰʝ, (2.2.1) ʪʝשʜʝʫʜʽש ʞʘʣʧʳ ʰʝʰʽʤʽ 

          ( ) 

ᴆʨʥʝʢʧʝʥ ʘʥʳץʪʘʣʘʜʳ. 

ʄײʥʜʘ ʜʘ 

                  

                                             

                                             

                                             

ʰʘʨʪʪʘʨʳʥʳש ʙʽʨʽʥ ץʦʡʳʧ, (18) ʰʝʰʽʤʛʝ ʘʥʘʣʠʟ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ. 

ʊʝʦʨʝʤʘ 3. ɽʛʝʨ (2)-(4), (16) ʞϸʥʝ  ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) ʪʝϬʜʝʫʜʽϬ 

ʥϺʣʜʝʥ Ϻʟʛʝʰʝ ʰʝʥʝʣʛʝʥ ʰʝʰʽʤʽ ʙʦʣʤʘʡʜʳ. 

ʊʝʦʨʝʤʘ 4. ɽʛʝʨ (2)-( 4), (17) ʞϸʥʝ  ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) ʪʝϬʜʝʫʜʽϬ 

ʩʘʥʩʳʟ ʢϺʧ ʰʝʥʝʣʛʝʥ ʰʝʰʽʤʽ ʙʦʣʘʜʳ. 

ɹײʣ ʪʝʦʨʝʤʘ ʜʘ (18) ʞʘʣʧʳ ʰʝʰʽʤ ʥʝʛʽʟʽʥʜʝ 2 ʪʝʦʨʝʤʘ ʩʠʷץʪʳ ʜᴅʣʝʣʜʝʥʝʜʽ. 

III.  ʞʘסʜʘʡʳ. ʄײʥʜʘ 

 
                                (19) 

ʰʘʨʪʳʥ ʞʘʟʳʧ, 
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ʢʦʤʧʣʝʢʩ ᴇʨʥʝʢʪʝʨʽʥʽש ʢʫʙʪʳץ ʪװʙʽʨʣʝʨʽʥʝʥ  ʞᴅʥʝ  ʘʨץʳʣʳ ʙʝʣʛʽʣʝʥʛʝʥ 

 ʦʩʳʥʜʳʩʳץ

 
ʥʘץʪʳ ʪװʙʽʨʽʥ ʙʝʨʝʪʽʥ ʝʢʝʫʽʥ ʪʘʫʳʧ, 

 

 
ʥʘץʪʳ ʪװʙʽʨʣʝʨ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʫʛʝ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ  ʞᴅʥʝ  ʦʩʳ ʞʘסʜʘʡʜʘ, ᴅʨʪװʨʣʽ ʪװʙʽʨʣʝʨ ʙʦʣʘʜʳ. ɾʘʣʧʳ 

ʰʝʰʽʤ 

                (20) 

ʪװʨʽʥʜʝ ᴇʨʥʝʢʪʝʣʝʜʽ. ɹײʣ  ʞᴅʥʝ  ʬʫʥʢʮʠʷʣʘʨʳʥ  

ʬʫʥʢʮʠʷʣʘʨʳ ʘʨץʳʣʳ ᴇʨʥʝʢʪʝʧ, 

                      

                      

                      

                      

ʰʘʨʪʪʘʨʳ ʦʨʳʥʜʘʣʘʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪʪʽʢ ʙʝʣʛʽʣʝʨʜʽ ʘʥʳץʪʘʫסʘ ʙʦʣʘʜʳ. ɹʽʟ ʦסʘʥ 

ʪʦץʪʘʣʳʧ ʞʘʪʧʘʡʤʳʟ. 

ʊʝʦʨʝʤʘ 5. ɽʛʝʨ (2) - (4), (19) ʞϸʥʝ  ʰʘʨʪʪʘʨ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) ʪʝϬʜʝʫʜʽϬ 

ʥϺʣʜʝʥ Ϻʟʛʝʰʝ ʰʝʥʝʣʛʝʥ ʰʝʰʽʤʽ ʙʦʣʤʘʡʜʳ. 

ʊʝʦʨʝʤʘ 6. ɽʛʝʨ (2) - (4), (19) ʞϸʥʝ  ʰʘʨʪ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ (1) ʪʝϬʜʝʫʜʽϬ ʩʘʥʩʳʟ 

ʢϺʧ ʰʝʥʝʣʛʝʥ ʰʝʰʽʤʽ ʙʦʣʘʜʳ. 

ɹײʣ 5 ʞᴅʥʝ 6 ʪʝʦʨʝʤʘʣʘʨ (21) ʞʘʣʧʳ ʰʝʰʽʤ ʥʝʛʽʟʽʥʜʝ ʜᴅʣʝʣʜʝʥʝʜʽ. 
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ʄʫʭʘʤʙʝʪʦʚʘ
1
 ɸ.ɸ., ʉʘʨʪʘʙʘʥʦʚ

2
 ɾ.ɸ. 

ʂʘʟʘʭʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ, ʬʠʥʘʥʩʦʚ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ,  

ɸʩʪʘʥʘ
1
, ʂʘʟʘʭʩʪʘʥ  

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ
2
, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʚʝʩʪʥʳʝ ʠʟ [1,2] ʨʝʟʫʣʴʪʘʪʳ ʦ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʩʠʩʪʝʤ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʥʘ ʩʣʫʯʘʡ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤ ʩ ʤʥʦʛʦʤʝʨʥʳʤ 

ʚʨʝʤʝʥʝʤ [3-5]. ʇʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: -D ʫʨʘʚʥʝʥʠʷ, ʤʘʪʨʠʮʘ ʤʦʥʦʜʨʦʤʠʠ, ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ,  

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

 

ʈʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ ʦʜʥʦʨʦʜʥʫʶ ʩʠʩʪʝʤʫ  

xtAxDe ),(t=       (1) 

ʩ ʦʧʝʨʘʪʦʨʦʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚʠʜʘ 
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ʚʝʢʪʦʨ,-ʟʥʘʢ ʩʢʘʣʷʨʥʦʛʦ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ,  

-= )...,,( 1 nxxx ʠʩʢʦʤʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ʧʝʨʝʤʝʥʥʳʭ 

[ ]-==
n

jkm
tatAttt
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),(),(),...,,,(),( tttt ʟʘʜʘʥʥʘʷ ʤʘʪʨʠʮʘ, ʦʙʣʘʜʘʶʱʘʷ ʩʚʦʡʩʪʚʘʤʠ ʛʣʘʜʢʦʩʪʠ 

ʧʦʨʷʜʢʘ )1,0( ʧʦ mRRt ³Í),(t  ʠ -= )...,,,(),( 1 mwwqwq ʧʝʨʠʦʜʠʯʥʦʩʪʠ: 

mm
t ZqRRCtAqtA Í³Í¹++ ),(),(),( )1,0(

,ttwqt    (3) 

ʩ ʢʨʘʪʥʳʤʠ 

ʧʝʨʠʦʜʘʤʠ ,...)...,,(),...,,( 111
m

mmm ZZZqqqqqq =³³Í== www -Z ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ 

ʯʠʩʝʣ. 

ʇʫʩʪʴ  -),( tX t ʤʘʪʨʠʮʘʥʪ ʩʠʩʪʝʤʳ (1) ʩ ʦʧʝʨʘʪʦʨʦʤ (2). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

EtXtXtAtXDe =Ö= ),0(),,(),(),( ttt     (4) 

ʠ ʧʨʠ ʫʩʣʦʚʠʠ (3) ʫʜʦʚʣʝʪʚʦʨʷʝʪ []1  ʩʦʦʪʥʦʰʝʥʠʷʤ: 

,),,(),( mZqtXqtX Í=+ twt     (5) 

,),,(),(),( tssqtqt etXtXtX -==+    (6) 

ʛʜʝ  -E ʝʜʠʥʠʯʥʘʷ -³nn ʤʘʪʨʠʮʘ. 

ʄʘʪʨʠʮʘ ),( sqX  ʥʘʟʳʚʘʝʪʩʷ ʤʘʪʨʠʮʝʡ ʤʦʥʦʜʨʦʤʠʠ, ʘ ʢʦʨʥʠ )(srr= ʫʨʘʚʥʝʥʠʷ  

[ ]0),(det),( =-¹ sqrrs XEHn     (7) 

ʥʘʟʳʚʘʶʪʩʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘʤʠ ʩʠʩʪʝʤʳ (1), ʢʦʪʦʨʳʝ ʚʘʞʥʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʶʪ ʚ ʪʝʦʨʠʠ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʠ ʠʭ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʘʪʨʠʮʳ ʤʦʥʦʜʨʦʤʠʠ),( sqX ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʢʨʘʪʥʦʩʪʴ an ʢʘʞʜʦʛʦ 

ʢʦʨʥʷ )(sra ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ (7) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ,mRÍs ʧʨʠʯʝʤ ʦʥ 
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ʠʟʤʝʥʷʝʪʩʷ ʣʠʙʦ ʚʥʫʪʨʠ, ʣʠʙʦ ʚʜʦʣʴ, ʣʠʙʦ ʚʦ ʚʥʝ ʝʜʠʥʠʯʥʦʡ ʦʢʨʫʞʥʦʩʪʠ 1=r ʢʦʤʧʣʝʢʩʥʦʡ 

ʧʣʦʩʢʦʩʪʠ: 

[ ] ?
?

,1),(,,)(),(
1

==Í-¹
=

aassrrrs aa
a

a constnRH mn
n ʇ ,  (8) 

ʣʠʙʦ ,1)( <sra ʣʠʙʦ ,1)( =sra ʣʠʙʦ ,,1,,1)( ?=Í"> assra
mR  (9) 

ʛʜʝ ....1 nnn =++ ?  

ʊʘʢʞʝ ʧʦʪʨʝʙʫʝʤ, ʯʪʦʙʳ ʨʘʥʛ ar ʤʘʪʨʠʮʳ ),()( sqsra XE- ʧʨʠ ʢʘʞʜʦʤ ?,1=a  ʥʝ 

ʟʘʚʠʩʝʣ ʦʪ
mRÍs : 

[ ] ?,1),(),()( ===- aasqsr aa constrXErang    (10). 

ʊʝʦʨʝʤʘ 1. ʇʨʠ ʫʩʣʦʚʠʷʭ (3)  ʠ (8)-(10) ʜʣʷ ʢʘʞʜʦʛʦ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʘ 

)(sra ʩʫʱʝʩʪʚʫʝʪ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ),( ttz ʩʠʩʪʝʤʳ (1), ʪʘʢʦʝ, ʯʪʦ  

tstzsrwqtz a etZqtqt m -=Í=++ ,),,()(),(  (11) 

ʆʙʨʘʪʥʦ, ʧʨʠ ʫʩʣʦʚʠʷʭ (3), (8)- (11) ʬʫʥʢʮʠʷ )(sra ʷʚʣʷʝʪʩʷ ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʦʤ 

ʩʠʩʪʝʤʳ (1).  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʨʠ ʫʩʣʦʚʠʷʭ (3) ʠ (8)- (10) ʤʘʪʨʠʮʘ ),( sqX ʜʦʧʫʩʢʘʝʪ ʩʦʙʩʪʚʝʥʥʘʷ 

ʚʝʢʪʦʨ- ʬʫʥʢʮʠʷ ),(su  ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʩʦʙʩʪʚʝʥʥʦʡ ʬʫʥʢʮʠʠ  )(sra : 

),()()(),( ssrssq a uuX =     (12) 

ʧʨʠʯʝʤ 

,,1,),()()(
)1( ?=ÍÍ=+ asrwsr saa

mm ZqRq C    (13) 

.),()()(
)1( mm ZqRuqu C ÍÍ=+ ssws    (14) 

ʊʦʛʜʘ ʥʝʪʨʫʜʥʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʨʝʰʝʥʠʝ )(),(),( sttz utXt =  ʩʠʩʪʝʤʳ (1) 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (11). 

ɺ ʩʠʣʫ (5), (6) ʠ (12)- (14) ʠʤʝʝʤ ʩʦʦʪʥʦʰʝʥʠʝ (11): 
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)()(),()(),(),(

tutXutX

uXtXquqtXqt

tzsrstsrssrt
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aaa ===
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ʅʝʦʙʭʦʜʠʤʦʩʪʴ. ʇʫʩʪʴ ʥʝʪʨʠʚʠʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ),0(),(),( szttz tXt =  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (11) ʧʨʠ ʫʩʣʦʚʠʷʭ (3), (8)- (10). ʊʦʛʜʘ ʠʟ (11) ʧʨʠ 0=t  ʠʤʝʝʤ 

),0()(),0(),(),0(),(),( ttttXqtqtXqt zrzqwzwqwqz a==++=+  

ʠʣʠ ʦʪʩʶʜʘ ʧʦʣʫʯʠʤ ),0()(),0(),( szsrszsq a=X . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

),0()( szs=u  ʷʚʣʷʝʪʩʷ ʩʦʙʩʪʚʝʥʥʦʡ ʚʝʢʪʦʨ- ʬʫʥʢʮʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨʫ )(sra : [ ] .0),()(det =- sqsra XE ʊʝʦʨʝʤʘ 1 ʜʦʢʘʟʘʥʘ. ʂʘʢ ʝʝ 

ʩʣʝʜʩʪʚʠʝ, ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʊʝʦʨʝʤʘ 2.  ʇʨʠ ʫʩʣʦʚʠʷʭ ʪʝʦʨʝʤʳ (1) ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʠʩʪʝʤʘ (1) ʠʤʝʣʘ ),( wq - 

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʥʘ ʠʤʝʣʘ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʦʜʠʥ 

ʤʫʣʴʪʠʧʣʠʢʘʪʦʨ ,rʨʘʚʥʳʡ ʝʜʠʥʠʮʝ. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ (2) ʦʯʝʚʠʜʥʦ.  

ɺ ʟʘʢʣʶʯʝʥʠʠ ʦʪʤʝʪʠʤ, ʯʪʦ ʨʘʩʩʤʘʪʨʠʚʘʷ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʚʜʦʣʴ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ 

tet= ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ),,( tt ʠʤʝʝʤ ʨʝʟʫʣʴʪʘʪʳ ʦ 

ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʷʭ ʜʣʷ ʦʜʥʦʨʦʜʥʦʡ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʩʠʩʪʝʤʝ (1). 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʉʋʑɽʉʊɺʆɺɸʅʀʗ  

ʄʅʆɻʆʇɽʈʀʆɼʀʏɽʉʂʀʍ ʈɽʐɽʅʀʁ ʋʈɸɺʅɽʅʀʁ  

ʉ ʆʇɽʈɸʊʆʈʆʄ ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ ʇʆ ɼʀɸɻʆʅɸʃʀ ɺʊʆʈʆɻʆ 

ʇʆʈʗɼʂɸ ʄɽʊʆɼʆʄ ʌʈʀɼʈʀʍʉɸ 

 

ʉʘʨʪʘʙʘʥʦʚ ɾ.ɸ., ʆʤʘʨʦʚʘ ɹ.ɾ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
 ɸʥʥʦʪʘʮʠʷ. ɺ ʜʘʥʥʦʡ ʟʘʤʝʪʢʝ ʤʝʪʦʜ ʌʨʠʜʨʠʭʩʘ [1] ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʢʚʘʟʠʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥ ʥʘ ʠʟʫʯʝʥʠʝ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʩ 

ʦʧʝʨʘʪʦʨʦʤ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ D ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʜʠʘʛʦʥʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʄʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʦʧʝʨʘʪʦʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ, ʤʝʪʦʜ ʌʨʠʜʨʠʭʩʘ, ʩʞʠʤʘʶʱʠʡ 

ʦʧʝʨʘʪʦʨ. 

 

 1. ʈʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʦʧʝʨʘʪʦʨʦʤ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ ʛʣʘʚʥʦʡ ʜʠʘʛʦʥʘʣʠ D: 
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 ɼʣʷ ʬʫʥʢʮʠʠ ()tx , ʧʨʝʜʩʪʘʚʠʤʦʡ ʚ ʚʠʜʝ ʨʷʜʘ 
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 ʃʝʛʢʦ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ ʥʦʨʤʘ, ʚʚʝʜʝʥʥʘʷ ʚ ʚʠʜʝ (1.4) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʚʩʝʤ ʝʸ 

ʪʨʝʙʦʚʘʥʠʷʤ.  
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ʫʜʦʚʣʝʪʚʦʨʷʶʱʝʡ ʥʝʨʘʚʝʥʩʪʚʫ D¢x  ʷʚʣʷʝʪʩʷ ʟʘʤʢʥʫʪʳʤ. 
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 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʣʫ (1.2) ʠ (1.5) ʨʷʜ (1.4) ʩʭʦʜʠʪʩʷ ʠ ʨʷʜ (1.3) ʩʭʦʜʠʪʩʷ ʨʘʚʥʦʤʝʨʥʦ, 

ʧʨʠʯʝʤ ()tx
~

 ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʤ ʩ ʧʝʨʠʦʜʦʤ w~  ʨʝʰʝʥʠʝʤ ʫʨʘʚʥʝʥʠʷ (1.1). 

 ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 012 =++ll a  ʥʝ ʠʤʝʝʪ ʯʠʩʪʦʤʥʠʤʳʭ ʢʦʨʥʝʡ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1.1) ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ ʥʝ ʠʤʝʝʪ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʢʨʦʤʝ ʪʨʠʚʠʘʣʴʥʦʛʦ. ʆʪʩʶʜʘ ʠʤʝʝʤ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʝ (1.3). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʩʣʝʜʫʶʱʫʶ ʪʝʦʨʝʤʫ. 

 ʊʝʦʨʝʤʘ 1. ʇʨʠ ʫʩʣʦʚʠʷʭ (1.2) ʫʨʘʚʥʝʥʠʝ (1.1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʚʠʜʘ (1.3) ʩ ʥʦʨʤʦʡ r¢x , ʛʜʝ r - ʧʦʩʪʦʷʥʥʘʷ, ʦʧʨʝʜʝʣʝʥʥʘʷ 

ʩʦʦʪʥʦʰʝʥʠʝʤ (1.7). 

 ʉ ʮʝʣʴʶ ʦʙʦʙʱʝʥʠʷ ʠʜʝʶ ʪʝʦʨʝʤʳ 1 ʥʘ ʥʝʣʠʥʝʡʳʡ ʩʣʫʯʘʡ ʚʚʝʜʝʤ ʣʠʥʝʡʥʳʡ ʦʧʝʨʘʪʦʨ 

F, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʠʣ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ()txx
~

=  ʫʨʘʚʥʝʥʠʷ (1.1) ʧʨʠ 
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 2. ʈʘʩʩʤʦʪʨʠʤ ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ  

(),~22 tfxxDxaxD +=++ m                                  (2.1) 

ʛʜʝ 0>m  - ʤʘʣʳʡ ʧʘʨʘʤʝʪʨ, ʦʩʪʘʣʴʥʳʝ ʦʙʦʟʥʘʯʝʥʠʷ ʠʤʝʶʪ ʧʨʝʞʥʠʡ ʩʤʳʩʣ. 

 ʇʦʩʪʘʚʠʤ ʟʘʜʘʯʫ ʦ ʚʳʷʩʥʝʥʠʠ ʫʩʣʦʚʠʡ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʝʜʠʥʩʪʚʝʥʥʦʛʦ 

ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (2.1). 

 ɺʚʝʜʝʤ ʚ ʨʘʩʩʤʦʪʨʝʥʠʝ ʦʧʝʨʘʪʦʨ 

() ()[ ]tftx
~~2 +Fm                                           (2.2) 

ʜʣʷ () .
~ ~w

D
ÍMtx  

 ɺʳʙʝʨʝʤ D ʪʘʢ, ʯʪʦʙʳ ʚʳʧʦʣʥʷʣʦʩʴ ʫʩʣʦʚʠʝ 

,2 D<+D dmr                                               (2.3) 

ʛʜʝ ., f=F= dr  

 ʀʩʩʣʝʜʫʝʤ ʬʫʥʢʮʠʶ ()Dj  ʚʠʜʘ  

() dmrj +D-D=D 2
                                    (2.4) 

ʥʘ ʵʢʩʪʨʝʤʫʤ ʧʨʠ ʜʠʩʢʨʠʤʠʥʘʥʪʝ  

041 >- dmr                                           (2.5) 

 ʏʪʦʙʳ ʠʤʝʣʦ ʤʝʩʪʦ ʫʩʣʦʚʠʝ (2.5) ʧʦʩʪʦʷʥʥʫʶ 0>m ʚʳʙʝʨʝʤ ʫʩʣʦʚʠʝʤ  

.
4

1
0
m

dr
m =<                                         (2.6) 

 ʇʨʠ ʫʩʣʦʚʠʠ (2.6) ʬʫʥʢʮʠʷ (2.4) ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʪʦʯʢʝ ʵʢʩʪʨʝʤʫʤʘ 

,
2

1
0

mr
=D  ʦʧʨʝʜʝʣʝʥʥʦʡ ʠʟ ʫʨʘʚʥʝʥʠʡ () ,012 =-D=D¡ mrj  ʧʨʠʯʝʤ 

( ) .0
4

1
1

4

1

2

1

4

1

2

1

4

1
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>öö
÷

õ
ææ
ç

å
-=-=+-=+-Ö=D

dmr
d

mr
dd

mrmr
d

mrmr
mrj  
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 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʩʠʣʫ ʥʝʨʘʚʝʥʩʪʚʘ () ( )
0
D¢D jj  ʧʦʣʫʯʠʤ ʫʩʣʦʚʠʝ, ʩʚʷʟʳʚʘʶʱʝʝ 

ʧʘʨʘʤʝʪʨʦʚ 
0

,, Drm  ʠ D: 

0

0
2

1
0

mr
=D<D<

                                    (2.7) 

ʧʨʠ ʢʦʪʦʨʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ (2.3) 

 ɼʣʷ  () ()txxtxx
~

,
~

2211
==  ʠʟ ʤʥʦʞʝʩʪʚʘ 

w~

D
M  ʠʤʝʝʤ ʦʮʝʥʢʫ 

[ ] [ ]

21

0

210

2121

2

2

2

1

2

2

2

1

2 xxxx

xxxxxxfxfx

-
D

D
<-D¢

¢-Ö+¢-¢+F-+F

mr

mrmrmm

       (2.8) 

ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ (2.7) ʦʧʝʨʘʪʦʨ F ʷʚʣʷʝʪʩʷ ʩʞʠʤʘʶʱʠʤ. 

 ʀʪʘʢ, ʦʧʝʨʘʪʦʨ Fʚ ʩʠʣʫ ʪʝʦʨʝʤʳ 1 ʧʨʠ ʫʩʣʦʚʠʷʭ (2.6) ʠ (2.7) ʧʝʨʝʚʦʜʠʪ ʧʨʦʩʪʨʘʥʩʪʚʦ 
w~

D
M  ʚ ʩʝʙʷ ʠ ʚ ʩʠʣʫ ʫʩʣʦʚʠʷ (2.8) ʷʚʣʷʝʪʩʷ ʩʞʠʤʘʶʱʠʤ. ʊʦʛʜʘ ʠʟ ʟʘʤʢʥʫʪʥʦʩʪʠ 

w~

D
M  

ʦʧʝʨʘʪʦʨ Fʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʫʶ ʥʝʧʦʜʚʠʞʥʫʶ ʪʦʯʢʫ () w~~
D*

ÍMtx : 

() () ()[ ].~~~ 2 tftxtx +F=
**

m                                      (2.9) 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ()tx
~

*
 ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘ ʠ ʚ ʩʠʣʫ (2.9) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ (2.1). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʢʘʟʘʥʘ ʪʝʦʨʝʤʘ. 

 ʊʝʦʨʝʤʘ 2. ʇʨʠ ʫʩʣʦʚʠʷʭ (1.2), (2.6) ʠ (2.7) ʥʝʣʠʥʝʡʥʦʝ ʫʨʘʚʥʝʥʠʝ (2.1) ʠʤʝʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ w~ - ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ()txx
~

*
=  ʩ ʥʦʨʤʦʡ .

0
D¢

*
x  

 ɼʦʢʘʟʘʥʥʫʶ ʪʝʦʨʝʤʫ ʤʦʞʥʦ ʦʙʦʙʱʠʪʴ ʥʘ ʙʦʣʝʝ ʦʙʱʠʝ ʩʣʫʯʘʠ ʥʝʣʠʥʝʡʥʦʩʪʠ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʫʨʘʚʥʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Friedrichs K.O., Le Corbeiller Ph., Levinson N. and Stoker J.J.  Non-linear Mechanics, Brown Univ., 1942-

1943. A set of mimeographed lecture notes. 

 

 

ʄʅʆɻʆʇɽʈʀʆɼʀʏɽʉʂʀɽ ʈɽʐɽʅʀʗ   

ʃʀʅɽʁʅʓʍ ʉʀʉʊɽʄ ʉ ʆʇɽʈɸʊʆʈʆʄ ɼʀʌʌɽʈɽʅʎʀʈʆɺɸʅʀʗ  

ʇʆ ɼʀɸɻʆʅɸʃʀ ʀ ʇʆʉʊʆʗʅʅʓʄʀ ʂʆʕʌʌʀʎʀɽʅʊɸʄʀ 

 

ʉʘʨʪʘʙʘʥʦʚ ɾ.ɸ., ʆʤʘʨʦʚʘ ɹ.ɾ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʟʘʤʝʪʢʝ ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ ʣʠʥʝʡʥʦʡ 

ʩʠʩʪʝʤʳ ʩ ʧʦʩʪʦʷʥʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʚ ʩʣʫʯʘʝ ʦʧʝʨʘʪʦʨʘ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʧʦ ʜʠʘʛʦʥʘʣʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʄʥʦʛʦʧʝʨʠʦʜʠʯʥʦʩʪʴ, ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ, ʘʥʘʣʠʪʠʯʥʦʩʪʴ,  ʦʧʝʨʘʪʦʨ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ. 

 

1. ʈʘʩʩʤʦʪʨʠʤ ʣʠʥʝʡʥʫʶ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ 

( )tfAxDx ,t+=                                                (1.1) 

ʩ ʦʧʝʨʘʪʦʨʦʤ  ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 
t

eD
µ

µ
+

µ

µ
= ,
t

 ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ m-ʚʝʢʪʦʨʘ 

)1,...,1(=e , ʛʜʝ 
t

e
µ

µ
,  - ʩʢʘʣʷʨʥʦʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʚʝʢʪʦʨʦʚ e ʠ ʚʝʢʪʦʨʥʦʛʦ ʦʧʝʨʘʪʦʨʘ 
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, A - ʧʦʩʪʦʷʥʥʘʷ nn³ -ʤʘʪʨʠʮʘ, ( )-tf ,t n -ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ 

ʧʝʨʝʤʝʥʥʳʭ ( ) R=+¤¤-Í ,t  ʠ ʚʝʢʪʦʨ-ʧʝʨʝʤʝʥʥʦʡ ( ) ....,...,
1

m

m
RRRttt =³Í=  

 ʇʫʩʪʴ -
m
nnn ...,,,

10  ʨʘʮʠʦʥʘʣʴʥʦ ʥʝʩʦʠʟʤʝʨʠʤʳʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, 

( )( ),,...,,,
010
nnnnnn ==

m
 ( )

m
nnn ...,,

1
=  - ʚʝʢʪʦʨʳ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʶ ʩʠʣʴʥʦʡ 

ʥʝʩʦʠʟʤʝʨʠʤʦʩʪʠ 

11 ,0,, +
-

- Í>² mZkkkak
a

n                                (1.2) 

ʩ ʥʝʢʦʪʦʨʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ 2,0 +>> ma a , ʛʜʝ ( )( ),,...,,,
010

kkkkkk
m
==  

( ),...,,
1 m

kkk=   -³³=Í + ZZZk m ...1
ʤʥʦʞʝʩʪʚʦ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʚʝʢʪʦʨʦʚ, 

....
10 m

kkkk +++=   

ʄʘʪʨʠʮʘ ɸ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʦʤ 

[ ] b

np kbAEki ¢-
-1

,2                                          (1.3) 

ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʧʦʩʪʦʷʥʥʳʤʠ 2,0 +>> mb b , ʛʜʝ ɽ ï ʝʜʠʥʠʯʥʘʷ nn³ -ʤʘʪʨʠʮʘ. 

ʉʤʳʩʣ ʫʩʣʦʚʠʷ (1.3) ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʦʪʩʫʪʩʪʚʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ l ʤʘʪʨʠʮʳ ɸ 

ʧʨʝʜʩʪʘʚʠʤʳʭ ʚ ʚʠʜʝ 

,,,2 1+Í= mZkki npl  

ʧʨʠʯʝʤ ʩʢʦʨʦʩʪʴ ʧʨʠʙʣʠʞʝʥʠʷ l ʧʨʠ +¤­k  ʦʛʨʘʥʠʯʝʥʘ ʩʥʠʟʫ:  

b

npl
-

²- kdki ,2  

ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦʡ .d  

 ɺʝʢʪʦʨ-ʬʫʥʢʮʠʷ ( ) ()tftf ¹,t  ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩ ʚʝʢʪʦʨ-ʧʝʨʠʦʜʦʤ 

( )( )wqwwqww ,...,,,
10

===
m

 

ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʧʨʠ ( )( ) :...,...,,, 1
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+P=P³³PÍ=== m

m
ttttt
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tt  

( ) ( ) ( ) ,,,, mm Zktfktf ÍP³PAÍ=++
rr

twqt                       (1.4) 
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jjj
ttmj   

,10 <=< constr ( )....,,
11 mm

kkk www=  

 ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʫʩʣʦʚʠʷ (1.4) ʧʦʣʫʯʠʤ ( ) mt ¢tf ,  ʧʨʠ ( ) ,, mt
rr

t P³PÍ ʧʨʠʯʝʤ 

ʠʤʝʝʤ ʨʘʟʣʦʞʝʥʠʝ 
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= =

=
c c
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k
eftf                                            (1.5) 

ʛʜʝ ( ) -==
-kkmm

fftttt ,...,,,
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nnnn ʩʦʧʨʷʞʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ, ʢʦʪʦʨʳʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʦʮʝʥʢʝ  

.0,, 1 >=Í¢ +-

constZkef mk

k
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r
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 ʃʝʛʢʦ ʧʦʢʘʟʘʪʴ, ʯʪʦ ʥʘ ʦʩʥʦʚʝ ʫʩʣʦʚʠʷ (1.2) ʠ ʦʮʝʥʢʠ (1.6) ʨʷʜ (1.5) ʩʭʦʜʠʪʩʷ 

ʘʙʩʦʣʶʪʥʦ ʠ ʨʘʚʥʦʤʝʨʥʦ. 

 ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ (1.2)-(1.4). ʊʦʛʜʘ ʣʠʥʝʡʥʘʷ ʩʠʩʪʝʤʘ (1.1) ʠʤʝʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ( )wq, -ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʧʦ ( )t,t  ʨʝʰʝʥʠʝ. 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʈʝʰʝʥʠʝ ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʚʠʜʝ ʨʷʜʘ 
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k
extx                                           (1.7) 

ʢʦʵʬʬʠʮʠʝʥʪʳ 
k

x  ʢʦʪʦʨʦʛʦ ʚ ʩʠʣʫ (1.5) ʠ (1.7) ʦʜʥʦʟʥʘʯʥʦ ʦʧʨʝʜʝʣʷʶʪʩʷ ʚ ʚʠʜʝ 
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 ʊʘʢʞʝ ʦʪʤʝʪʠʤ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ( )c,mq  ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʚʝʢʪʦʨʦʚ ( )
m

kkkk ...,,,
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=  

ʩ ʥʦʨʤʦʡ  m
kkk +++= ...
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c  ʥʝ ʧʨʝʚʳʰʘʝʪ :2 1 mm c+  

( ) .2, 1 mmmq cc +¢                                           (1.9) 

 ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚ ʩʠʣʫ (1.3), (1.8) ʠ (1.9) ʠʤʝʝʤ ʦʮʝʥʢʫ 
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ʛʜʝ d ʧʦʩʪʦʷʥʥʘʷ ʠʟ ʧʨʦʤʝʞʫʪʢʘ .0 rd<<  

 ɺ ʩʠʣʫ ʦʮʝʥʢʠ (1.10) ʨʷʜ (1.7) ʩʭʦʜʠʪʩʷ ʧʨʠ 
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ʛʜʝ 0>m  - ʧʦʩʪʦʷʥʥʘʷ ʦʮʝʥʢʠ ( ) ,, mt ¢tf ( ) ., mt
rr

t P³PÍ  

 ʇʦʩʪʦʷʥʥʘʷ g ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 
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 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟ ʦʮʝʥʢʠ (2.9) ʩʣʝʜʫʝʪ ʘʙʩʦʣʶʪʥʘʷ ʠ ʨʘʚʥʦʤʝʨʥʘʷ ʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ 

(2.6). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 
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 ʀʟ ʫʩʣʦʚʠʷ (2.5) ʩʣʝʜʫʝʪ, ʯʪʦ ʦʜʥʦʨʦʜʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʨʘʚʥʝʥʠʶ 

(2.1) ʥʝ ʠʤʝʝʪ ( )wq, -ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʨʝʰʝʥʠʷ, ʢʨʦʤʝ ʥʫʣʝʚʦʛʦ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 

ʊʝʦʨʝʤʘ 2. ʇʨʠ ʫʩʣʦʚʠʷʭ (2.2) ʠ (2.5) ʫʨʘʚʥʝʥʠʝ (2.1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ( )wq, -

ʧʝʨʠʦʜʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ( )tx ,t* , ʦʧʨʝʜʝʣʝʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʷʤʠ (2.6)  ʠ (2.7). 

 ɼʦʢʘʟʘʥʥʘʷ ʪʝʦʨʝʤʘ 2 ʷʚʣʷʝʪʩʷ ʯʘʩʪʥʳʤ ʩʣʫʯʘʝʤ ʪʝʦʨʝʤʳ 1. ʇʨʠʚʝʜʝʥʥʘʷ ʤʝʪʦʜʠʢʘ 

ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʝʰʝʥʠʡ ʦʩʥʦʚʘʥʘ ʥʘ ʤʝʪʦʜʘʭ, ʠʟʚʝʩʪʥʳʭ ʠʟ ʨʘʙʦʪ [1-4]. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ʄʘʣʢʠʥ ʀ.ɻ. ʄʝʪʦʜʳ ʃʷʧʫʥʦʚʘ ʠ ʇʫʘʥʢʘʨʝ ʚ ʪʝʦʨʠʠ ʥʝʣʠʥʝʡʥʳʭ ʢʦʣʝʙʘʥʠʡ. ʃ.-ʄ.: ɻʊʊʃ, 1949. ï 

244 ʩ. 

2. ɸʨʥʦʣʴʜ ɺ.ʀ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʣʘʚʳ ʪʝʦʨʠʠ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʄ.:ʅʘʫʢʘ, 

1978. ï 304 ʩ. 

3. ʄʦʟʝʨ ʖ. ʃʝʢʮʠʠ ʦ ʛʘʤʠʣʴʪʦʥʦʚʳʭ ʩʠʩʪʝʤʘʭ. ʄ.: ʄʠʨ, 1973. ï 168 ʩ. 

4. ɻʨʝʙʝʥʠʢʦʚ ɽ.ɸ., ʈʷʙʦʚ ʖ.ɸ. ʅʦʚʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʤʝʪʦʜʳ ʚ ʥʝʙʝʩʥʦʡ ʤʝʭʘʥʠʢʝ. ʄ.:ʅʘʫʢʘ,ï444 ʩ. 
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ɿʘʜʘʯʫ (1)-(6) ʠʟʫʯʠʣ ʚ [1], ʧʝʨʝʭʦʜʷ ʢ ʦʙʦʙʱʝʥʥʦʡ ʧʦʩʪʘʥʦʚʢʝ, ʪ.ʝ. ʫʩʣʦʚʠʷ ʥʘ ʛʨʘʥʠʮʝ 

ʦʙʣʘʩʪʠ ʟʘʤʝʥʷʶʪʩʷ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʨʠʥʘʜʣʝʞʥʦʩʪʠ ʠʩʢʦʤʳʭ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʡ ʥʝʢʦʪʦʨʳʤ 
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()W
1

H , ʪ.ʢ.  

()W
W

¢ñ 1
2W

fdxf jj
CCC

, 

() () () ()WWWW
W

¢¢ñ 1
2222

WLLL
jcrotjdxrotj yyy

CCCCCC
. 

ʀʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʫʪʚʝʨʞʜʝʥʠʷ. 

ʇʨʝʜʣʦʞʝʥʠʝ 1. ɽʩʣʠ () ()WÍ
p

Lxf
C

 ʧʨʠ 
5

6
²p , ʪʦ () ()WÍ *Hxf

C
. 

ʕʪʦ ʩʣʝʜʫʝʪ ʠʟ ʩʣʝʜʫʶʱʝʛʦ ʥʝʨʘʚʝʥʩʪʚʘ 

 
() () () ()WWWW

W

¢¢ñ 1
2WLLL p

p
p

fcfdxf jjj
CCCCCC

, 

ʛʜʝ  6
1
¢

-
=¡

p

p
p , ʪʘʢ ʯʪʦ ()W1

2
W  ʚʢʣʘʜʳʚʘʝʪʩʷ ʚ ()W

p
L . 

ʇʨʝʜʣʦʞʝʥʠʝ 2 [2]. ɼʣʷ ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ-ʬʫʥʢʮʠʡ () ()WÍ
1

Hxy
C

 ʠʤʝʝʪ ʤʝʩʪʦ 

ʩʣʝʜʫʶʱʘʷ ʦʮʝʥʢʘ  

 

() () ()WWW
¢¢

2
1
22

21 LWL
rotcrotc yyy
CCC

. 

 

ɺ ʨʘʙʦʪʝ [1] ʜʦʢʘʟʘʥʘ ʩʣʝʜʫʶʱʝʝ 

ʇʨʝʜʣʦʞʝʥʠʝ 3. ʇʨʠ ʣʶʙʳʭ () ()WÍ *Hxf
C

, () ()WÍ
2

Lxj
C

 ʟʘʜʘʯʘ (1)-(6) ʠʤʝʝʪ 

ʝʜʠʥʩʪʚʝʥʥʦʝ ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʧʨʠʯʝʤ  

() () ()
( )

WWW
+¢+

2
1
2

1
2 LWW

jfcH
CCCC

u .              (10) 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʤʳ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ () ()WÍ
p

Lxf
C

,
5

6
²p , () ()WÍ 1

p
Wxj

C
. ʄʳ 

ʜʦʢʘʞʝʤ ʩʣʝʜʫʶʱʝʛʦ ʦʜʥʦʛʦ ʠʟ ʚʘʞʥʳʭ ʫʪʚʝʨʞʜʝʥʠʡ. 

ʊʝʦʨʝʤʘ 1. ɽʩʣʠ () ()WÍ
p

Lxf
C

, () ()WÍ 1

2
Wxj

C
, ʪʦ ʦʙʦʙʱʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (1)-(6) 

ʧʨʠʥʘʜʣʝʞʠʪ ()W2

p
W  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 

() () () ()
ö
÷

õ
æ
ç

å +¢+
WWWW 122

pppp WLWW
jfcH
CCCC

u .       (11) 

ʄʳ ʥʘʯʥʝʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʩʦʦʪʥʦʰʝʥʠʡ (7), (8). ʇʝʨʚʦʝ ʠʟ ʥʠʭ 

ʟʘʧʠʰʝʤ ʚ ʚʠʜʝ  
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ñ ñ
W W

=ÐÐ dxFdx jjun
CC~:~ ,  ()WÍ" Hj

C
,                                 (12) 

ʛʜʝ ( ) ( )HHfF
CCCC

Ð+Ð-¹
r

m
uu ~~

. 

ʇʨʠʚʦʜʠʤ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ, ʧʦʣʝʟʥʦʝ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʦʞʜʝʩʪʚʘ (12). 

ʇʨʝʜʣʦʞʝʥʠʝ 4. ɽʩʣʠ ʚ ʩʦʦʪʥʦʰʝʥʠʷ (12) ()WÍ
q

LF
C

, 
5

6
²q , ʪʦ ʠʤʝʝʪ ʤʝʩʪʦ 

ʩʣʝʜʫʶʱʝʝ ʥʝʨʘʚʝʥʩʪʚʘ  

() ()WW
¢

qq LW
Fc
CC

2u                  (13) 

ʠ ʙʦʣʝʝ ʪʦʛʦ, ʦʧʝʨʘʪʦʨ ()WÍÐ
q

Lp , ʪʘʢ ʯʪʦ  

()xf
H

p
C

C
C

=+Ð+D-
2

1 2m

r
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() ()WW
¢Ð

qq LL
Fcp
C

. 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʝʦʙʨʘʟʦʚʘʪʴ (8), ʥʘʧʦʤʥʠʤ ʦʨʪʦʛʦʥʘʣʴʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ɺʝʡʣʷ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ()W2L , ʢʚʘʜʨʘʪʠʯʥʦ ʠʥʪʝʛʨʠʨʫʝʤʳʭ ʚʝʢʪʦʨʥʳʭ ʧʦʣʝʡ [1,3] 

() () () () (),
00

2
WÄW=WÄW=W JGJGL            (*)  

ʛʜʝ () ()
ý
ü
û

í
ì
ë WÍÐ==W 1

2
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, WuG ff , ʘ ()WJ -ʧʨʦʩʪʨʘʥʩʪʚʦ ʩʦʣʝʥʦʠʜʘʣʴʥʳʭ ʧʦʣʝʡ ʠʟ 

()W
2

L  (ʪ.ʝ. ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʚʩʝʤ fÐ , ()WÍ 1

2

0

Wf ). ʇʫʩʪʴ JP -ʦʨʪʦʛʦʥʘʣʴʥʳʡ ʧʨʦʝʢʪʦʨ ʥʘ 

()WJ ; ʷʩʥʦ, ʯʪʦ 1
22

¢
ÝLLJ

P , ʢʨʦʤʝ ʪʦʛʦ, ʠʤʝʝʪ ʤʝʩʪʦ  

ʇʨʝʜʣʦʞʝʥʠʝ 5. ɽʩʣʠ () ()WÍ k

q
Wxu , 1,0=k , ʪʦ () ()WÍ k

qJ
WxuP , ʠ  

() ()WW
¢ k

q
k
q WWJ ucuP , 1,0=k .        (14) 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʟʥʦʩʪʴ  uPu J-=Ðf  ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ  

uÐ=Ðf2 , WÍx ,  ʠ ʦʥʘ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ 
() ()WW
¢Ð k

p
k
p WW

ucf , 

ʘ ʠʟ ʥʝʛʦ ʚʳʪʝʢʘʝʪ (14). 

ʅʘʢʦʥʝʮ, ʥʘʤ ʧʦʥʘʜʦʙʠʪʩʷ ʩʣʝʜʫʶʱʝʝ ʠʟʚʝʩʪʥʦʝ ʚ [2]. 

ʇʨʝʜʣʦʞʝʥʠʝ 6. ɼʣʷ ʣʶʙʦʛʦ ʚʝʢʪʦʨʘ () () ()WÆWÍ 1

p
WJxx

C
 ʩʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ  

() ()xxHrot x
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= , () 0=xHdiv

C
, WÍx , 0=SnH

CC
           (15) 

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ   () ()WÍ 2
pWxH

C
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() ()WW
¢
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pp WW

cH x
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.        (**)  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ɺʝʢʪʦʨʥʳʝ ʧʦʣʝ ()xx
C

 ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʜʦʣʞʝʥʦ ʥʘ ʚʩʝ ʧʨʦʩʪʨʘʥʩʪʚʦ 

3R  ʪʘʢ, ʯʪʦ ʧʨʦʜʦʣʞʝʥʥʦʝ ʧʦʣʝ ()x*x
C

 ʙʫʜʝʪ ʩʦʣʝʥʦʠʜʘʣʴʥʳʤ, ʙʫʜʝʪ ʠʤʝʪʴ ʢʦʤʧʘʢʪʥʳʡ 

ʥʦʩʠʪʝʣʴ ʠ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʥʝʨʘʚʝʥʩʪʚʫ 
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(ʧʦ ʪʝʦʨʝʤʝ ʂʘʣʴʜʝʨʦʥʘ-ɿʠʛʤʫʥʜʘ) [4] ʠ  
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ʜʦʢʘʟʳʚʘʝʪ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. ʇʨʝʜʣʦʞʝʥʠʝ 6 ʜʦʢʘʟʘʥʦ. 
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C

). ʌʦʨʤʫʣʫ (16) ʤʦʞʥʦ ʪʨʘʢʪʦʚʘʪʴ ʢʘʢ ʨʘʟʣʦʞʝʥʠʝ (*) 
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ʇʦʩʣʝ ʚʩʝʭ ʵʪʠʭ ʫʪʚʝʨʞʜʝʥʠʡ, ʤʳ ʤʦʞʝʤ ʪʝʧʝʨʴ ʜʦʢʘʟʘʪʴ ʦʮʝʥʢʫ (11). ʄʳ ʦʮʝʥʠʤ 
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q-¢3p , ʪʦ ʜʦʩʪʘʪʦʯʥʦ ʧʨʠʤʝʥʠʪʴ ʦʮʝʥʦʢ (13), (14), (**). ʇʨʠ q->3p  ʠʤʝʝʤ 
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Q . ʗʩʥʦ, ʯʪʦ 1
1
>>q  ʧʨʠ ʤʘʣʦʤ q. ʂʨʦʤʝ ʪʦʛʦ, ()WÍ

¤
LH

CC
,u . 

ʆʮʝʥʠʚ ʥʝʣʠʥʝʡʥʳʝ ʯʣʝʥʳ, ʢʘʢ ʚʳʰʝ, ʧʨʠ ()WÍ 1

1
,

Q
WH

CC
u , ()WÍ

¤
LH

CC
,u , ʤʳ 

ʫʙʝʜʠʤʩʷ ʚ ʪʦʤ, ʯʪʦ ʦʥʠ ʩʫʤʤʠʨʫʝʤʳ ʩ ʧʨʦʠʟʚʦʣʴʥʦ ʙʦʣʴʰʠʤ ʧʦʢʘʟʘʪʝʣʝʤ, ʠ ʩʣʝʜʦʚʘʪʝʣʴʥʦ 
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C
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p
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u . ʅʘ ʵʪʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ 

ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ 1. 

ʀʟ ʩʠʩʪʝʤʳ (1)-(5) ʤʦʞʥʦ ʚʦʩʩʪʘʥʦʚʠʪʴ ʚʝʢʪʦʨ ()xE
C

 ʠ ʝʛʦ ʦʮʝʥʠʪʴ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ 

() () ()WÍ-Ð= 1

p
WxxE f

C
, 

ʪʦ 
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ö
÷

õ
æ
ç

å +¢+¢
WWWWW

1111

1
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s
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ʕʪʠʤʠ ʞʝ ʩʧʦʩʦʙʘʤʠ ʠʟʫʯʘʝʪʩʷ ʟʘʜʘʯʘ (1)-(6) ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ ɻʝʣʴʜʝʨʘ ()W+a2C  c 
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ʂ ʈɸʉʏɽʊʋ ʂʆʈʇʋʉʂʋʃʗʈʅʆ-ʆʇʊʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ 

ʊʈɽʍʕʃɽʂʊʈʆɼʅʆʁ ʊʈɸʅʉɸʂʉʀɸʃʔʅʆʁ ʃʀʅɿʓ 

 

ʉʧʠʚʘʢ-ʃʘʚʨʦʚ ʀ.ʌ., ɹʘʡʩʘʥʦʚ ʆ.ɸ., ɼʦʩʢʝʝʚ ɻ.ɸ., ʅʫʨʤʫʭʘʥʦʚʘ ɸ.ɸ.
 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

ɺʦʝʥʥʳʡ ʠʥʩʪʠʪʫʪ ʉʠʣ ʚʦʟʜʫʰʥʦʡ ʦʙʦʨʦʥʳ ʠʤ. ʊ.ʗ. ɹʝʛʝʣʴʜʠʥʦʚʘ, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʪʨʘʥʩʘʢʩʠʘʣʴʥʳʭ ʧʦʣʝʡ ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʨʘʟʙʠʝʥʠʠ ʧʦʪʝʥʮʠʘʣʘ 

ʥʘ ʜʚʝ ʩʦʩʪʘʚʣʷʶʱʠʭ. ɻʣʘʚʥʦʝ ʩʣʘʛʘʝʤʦʝ ʷʚʣʷʝʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʟʘʜʘʥʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ. ɻʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ ʧʦʪʝʥʮʠʘʣʘ ʥʘʭʦʜʠʪʩʷ ʘʥʘʣʠʪʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 
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ʤʝʪʦʜʦʚ ʊʌʂʇ. ɺʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʥʝʦʜʥʦʨʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʥʫʣʝʚʳʤʠ ʛʨʘʥʠʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʥʘʡʜʝʥʦ ʯʠʩʣʝʥʥʦ ʩ ʥʝʦʙʭʦʜʠʤʦʡ ʪʦʯʥʦʩʪʴʶ. ʇʦʣʫʯʝʥʦ ʧʨʦʩʪʦʝ ʜʦʩʪʘʪʦʯʥʦ 

ʪʦʯʥʦʝ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʳ. ʈʘʩʩʯʠʪʘʥʳ 

ʧʘʨʘʤʝʪʨʳ ʪʦʨʤʦʟʷʱʝʡ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʳ ʚ ʨʝʞʠʤʝ ʘʥʘʤʦʨʬʦʪʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʨʘʥʩʘʢʩʠʘʣʴʥʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʣʠʥʟʘ, ʩʪʠʛʤʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ ʬʦʢʫʩʠʨʦʚʢʠ 

 

ʆʙʳʯʥʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ ʧʦʣʷ ʪʨʘʥʩʘʢʩʠʘʣʴʥʳʭ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ 

ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʦʧʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ r, 

y, z . ʋʨʘʚʥʝʥʠʝ ʃʘʧʣʘʩʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʣʷ j ʚ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 

ʢʦʦʨʜʠʥʘʪʘʭ ʠʤʝʝʪ ʚʠʜ: 

0
11

2

2

2

2

2
=

µ

µ
+

µ

µ
+

µ

µ

µ

µ

z

j

y

j

rr

j
r
rr

.                                           (1) 

ɺ ʩʣʫʯʘʝ ʪʨʘʥʩʘʢʩʠʘʣʴʥʳʭ ʠ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʩʠʩʪʝʤ ʧʦʪʝʥʮʠʘʣ j ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ 

ʧʝʨʝʤʝʥʥʳʭ r, z  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʨʘʚʥʝʥʠʶ: 
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ʅʘʠʙʦʣʝʝ ʦʙʱʠʤ ʤʝʪʦʜʦʤ ʨʝʰʝʥʠʷ ʛʨʘʥʠʯʥʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2) ʷʚʣʷʝʪʩʷ 

ʩʪʘʥʜʘʨʪʥʳʡ ʤʝʪʦʜ ʨʘʟʜʝʣʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ. ʇʨʠ ʵʪʦʤ ʧʦʪʝʥʮʠʘʣ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʨʷʜʦʚ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ. ʇʨʝʜʩʪʘʚʠʤ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2) ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ [1]: 

)()(),( zZRz rrj = .                                               (3) 

ʇʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʝ (3) ʚ ʫʨʘʚʥʝʥʠʝ (2) ʠ ʨʘʟʜʝʣʷʷ ʧʝʨʝʤʝʥʥʳʝ, ʧʦʣʫʯʠʤ ʜʚʘ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʬʫʥʢʮʠʡ )(rR ʠ )(zZ : 
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ʛʜʝ l ï ʧʦʩʪʦʷʥʥʘʷ. ʇʝʨʚʦʝ ʠʟ ʵʪʠʭ ʫʨʘʚʥʝʥʠʡ ʠʤʝʝʪ ʧʨʦʩʪʦʝ ʨʝʰʝʥʠʝ, ʘ ʚʪʦʨʦʝ ʧʫʪʝʤ 

ʟʘʤʝʥʳ rl=t  ʩʚʦʜʠʪʩʷ ʢ ʫʨʘʚʥʝʥʠʶ ɹʝʩʩʝʣʷ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ʏʘʩʪʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʵʪʠʭ 

ʫʨʘʚʥʝʥʠʡ ʙʫʜʫʪ ʬʫʥʢʮʠʠ: 

zZ lch= ,         )(0 rlJR= ,                                           (6) 

ʛʜʝ )(0 rlJ  ï ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ. ʆʙʱʝʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ (2) ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʦ ʚ ʚʠʜʝ ʩʫʧʝʨʧʦʟʠʮʠʠ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ 

zJɺ lrlljl ch)()( 0=  ʧʫʪʝʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʧʘʨʘʤʝʪʨʫ l:  

llrllrj dzJɺz ñ
¤

=

0

0 ch)()(),( .                                    (7) 

ɺʠʜ ʬʫʥʢʮʠʠ )(lɺ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ, ʢʦʪʦʨʳʤ ʜʦʣʞʝʥ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʧʦʪʝʥʮʠʘʣ  ),( zrj . 

ʊʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʪʨʘʥʩʘʢʩʠʘʣʴʥʘʷ ʣʠʥʟʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʜʚʝ ʧʘʨʘʣʣʝʣʴʥʳʝ 

ʧʨʦʚʦʜʷʱʠʝ ʧʣʘʩʪʠʥʳ, ʨʘʟʨʝʟʘʥʥʳʝ ʜʚʫʤʷ ʧʨʷʤʳʤʠ ʢʨʫʛʦʚʳʤʠ ʮʠʣʠʥʜʨʘʤʠ ʩ ʨʘʜʠʫʩʘʤʠ 1R  

ʠ 2R , ʦʩʴ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʝʪ ʩ ʦʩʴʶ z. ʊʘʢʘʷ ʣʠʥʟʘ ʩʭʝʤʘʪʠʯʝʩʢʠ ʠʟʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1, ʛʜʝ 

ʧʦʢʘʟʘʥʘ ʪʘʢʞʝ  ʩʦʧʫʪʩʪʚʫʶʱʘʷ  ʜʝʢʘʨʪʦʚʘʷ  ʩʠʩʪʝʤʘ  ʢʦʦʨʜʠʥʘʪ  x,  y,  z  ʩ ʥʘʯʘʣʦʤ ʚ ʩʨʝʜʥʝʡ  
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ʈʠʩ. 1 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʳ 

 

ʧʣʦʩʢʦʩʪʠ ʣʠʥʟʳ yx ; 
0V , 

1V  ʠ 2V ïʧʦʪʝʥʮʠʘʣʳ ʵʣʝʢʪʨʦʜʦʚ, dïʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ 

ʧʣʘʩʪʠʥʘʤʠ. ɿʘʟʦʨʳ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʩʯʠʪʘʶʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʫʟʢʠʤʠ. ɺʜʘʣʠ ʦʪ ʢʨʘʝʚ 

ʧʣʘʩʪʠʥ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ j ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʧʝʨʝʤʝʥʥʳʭ 22 yx +=r ʠ z. 

ɺ ʩʣʫʯʘʝ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʳ c ʙʝʩʢʦʥʝʯʥʦ ʫʟʢʠʤʠ ʟʘʟʦʨʘʤʠ 

ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʧʦʪʝʥʮʠʘʣ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ: 
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ʀʩʧʦʣʴʟʫʷ ʠʥʪʝʛʨʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ [2] : 
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ʊʝʧʝʨʴ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ, ʩʧʨʘʚʝʜʣʠʚʳʤ ʜʣʷ ʚʩʝʭ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ 
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ʀʩʧʦʣʴʟʫʷ ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ (13) ʠ ʬʦʨʤʫʣʫ ʅʴʶʪʦʥʘïʃʝʡʙʥʠʮʘ, ʧʦʣʫʯʠʤ ʜʣʷ 
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ɿʜʝʩʴ ʫʯʪʝʥʦ, ʯʪʦ ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷ ʧʝʨʚʦʛʦ ʨʦʜʘ ʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ )(1 xJ  ʨʘʚʥʘ ʥʫʣʶ 

ʧʨʠ ʥʫʣʝʚʦʤ ʟʥʘʯʝʥʠʠ ʘʨʛʫʤʝʥʪʘ. ɺʳʨʘʞʝʥʠʝ (14) ʜʣʷ )(lɺ   ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʪʘʢʞʝ ʚ 

ʚʠʜʝ: 
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ʇʦʜʩʪʘʚʣʷʷ ʵʪʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ )(lɺ  ʚ ʬʦʨʤʫʣʫ (8) ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʚ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʝ: 

( ) ( ) ),,(),,(),( 2211102 RzIVVRzIVVVz rrrj -+-+= ,                       (16) 

ʛʜʝ  ʬʫʥʢʮʠʷ ),,( kRzI r  ( 2,1=k ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʠʥʪʝʛʨʘʣʦʤ: 
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ʇʦʣʫʯʝʥʥʦʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʳ ʥʝʫʜʦʙʥʦ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ, ʪʘʢ ʢʘʢ ʨʷʜʳ ʜʣʷ ʬʫʥʢʮʠʡ ɹʝʩʩʝʣʷ ʧʣʦʭʦ 

ʩʭʦʜʷʪʩʷ ʧʨʠ ʙʦʣʴʰʠʭ ʟʥʘʯʝʥʠʷʭ ʘʨʛʫʤʝʥʪʘ, ʘ ʧʦʜʠʥʪʝʛʨʘʣʴʥʳʝ ʬʫʥʢʮʠʠ ʚ (17) ʩʠʣʴʥʦ 

ʦʩʮʠʣʣʠʨʫʶʪ. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʳ ʛʨʘʬʠʢʠ ʧʦʜʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ʚ ʚʳʨʘʞʝʥʠʠ (17) ʜʣʷ 

ʩʣʫʯʘʷ dRk 10=  ʠ ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ r, ʨʘʚʥʳʭ 9, 10 ʠ 11d, ʢʦʪʦʨʳʤ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʢʨʠʚʳʝ ʚ ʧʦʨʷʜʢʝ ʫʙʳʚʘʥʠʷ ʚʝʣʠʯʠʥʳ ʠʭ ʧʝʨʚʦʛʦ ʤʘʢʩʠʤʫʤʘ. ʇʨʠ ʵʪʦʤ ʚʝʣʠʯʠʥʘ ʠʥʪʝʛʨʘʣʘ 

),,( kRzI r ʜʣʷ ʪʨʝʭ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʟʥʘʯʝʥʠʡ r ʨʘʚʥʘ: 0.99473; 0.49171; 0.00142. 
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ʈʠʩ. 2 ï ʇʦʚʝʜʝʥʠʝ ʧʦʜʠʥʪʝʛʨʘʣʴʥʦʡ ʬʫʥʢʮʠʡ ʚ ʚʳʨʘʞʝʥʠʠ (17) ʜʣʷ ʟʥʘʯʝʥʠʡr, 

ʨʘʚʥʳʭ 9, 10 ʠ 11d ; dRk 10=  

ɼʘʣʝʝ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʨʘʩʯʝʪʘ ʧʦʪʝʥʮʠʘʣʘ ʦʩʝʩʠʤʤʝʪʨʠʯʥʳʭ ʠ 

ʪʨʘʥʩʘʢʩʠʘʣʴʥʳʭ ʩʠʩʪʝʤ, ʧʨʝʜʣʦʞʝʥʥʳʡ ʚ ʨʘʙʦʪʝ [3]. ɻʘʨʤʦʥʠʯʝʩʢʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ( )zh,F  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʚʫʤʝʨʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʃʘʧʣʘʩʘ ʠ 

ʷʚʣʷʶʪʩʷ ʛʘʨʤʦʥʠʯʝʩʢʦʡ ʬʫʥʢʮʠʝʡ ʙʝʟʨʘʟʤʝʨʥʳʭ ʧʝʨʝʤʝʥʥʳʭ  

R

r
h ln= ,       

R

z
=z ,                                             (18) 

ʛʜʝ R ï ʧʦʩʪʦʷʥʥʘʷ, ʠʤʝʶʱʘʷ ʨʘʟʤʝʨʥʦʩʪʴ ʜʣʠʥʳ. ʇʦʵʪʦʤʫ ʜʣʷ ʨʘʩʯʝʪʘ ( )zhj ,  ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʘʧʧʘʨʘʪ ʪʝʦʨʠʠ ʬʫʥʢʮʠʡ ʢʦʤʧʣʝʢʩʥʦʡ ʧʝʨʝʤʝʥʥʦʡ (ʊʌʂʇ) [4]. ʇʦʣʫʯʝʥʥʳʝ 

ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʦʩʪʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʜʘʶʪ ʭʦʨʦʰʝʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʜʣʷ ʨʝʰʝʥʠʷ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ, ʪʘʢ ʢʘʢ ʪʦʯʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʟʘʜʘʥʥʳʤ 
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ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ ɼʠʨʠʭʣʝ ʠ ʧʨʠ R@r  ʷʚʣʷʶʪʩʷ ʨʝʰʝʥʠʝʤ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʃʘʧʣʘʩʘ.  

ɺʚʦʜʷ ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʝʨʝʤʝʥʥʳʝ h ʠ z ʩʦʛʣʘʩʥʦ ʬʦʨʤʫʣʘʤ (18), ʛʜʝ 

21 RRR= ,                                                     (19) 

ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ: 
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ɺ ʧʣʦʩʢʦʩʪʠ hz ʧʦʪʝʥʮʠʘʣ ( )zhj ,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʣʝʜʫʶʱʠʤ ʛʨʘʥʠʯʥʳʤ 
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ɺ ʧʦʩʣʝʜʥʝʡ ʬʦʨʤʫʣʝ  
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ʋʨʘʚʥʝʥʠʝ (20) ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʤʦʞʥʦ ʨʝʰʘʪʴ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʧʨʠʙʣʠʞʝʥʠʡ, ʚʟʷʚ ʟʘ ʥʫʣʝʚʦʝ ʧʨʠʙʣʠʞʝʥʠʝ ʛʘʨʤʦʥʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ),( zhF , 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʫʶ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ (21).  

ɺ ʧʣʦʩʢʦʩʪʠ hz ʠʤʝʝʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʩ ʜʚʫʤʝʨʥʳʤ ʧʦʣʝʤ, 

ʠʟʦʙʨʘʞʝʥʥʫʶ ʥʘ ʨʠʩ. 3. ʅʘ ʵʪʦʤ ʨʠʩʫʥʢʝ ʩʠʩʪʝʤʘ ʵʣʝʢʪʨʦʜʦʚ ʨʘʩʧʦʣʦʞʝʥʘ ʩʠʤʤʝʪʨʠʯʥʦ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʝʡ ʢʦʦʨʜʠʥʘʪ h, z.  

ʏʪʦʙʳ ʥʘʡʪʠ ʧʦʪʝʥʮʠʘʣ ʧʦʣʷ ( )zhj ,  ʵʪʦʡ ʩʠʩʪʝʤʳ, ʦʪʦʙʨʘʟʠʤ ʧʦʣʦʩʫ 00 zzz ¢¢-  

ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ zhw i+=  ʥʘ ʚʝʨʭʥʶʶ ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʧʣʦʩʢʦʩʪʠ  viuw +=  ʩ 

ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʝʛʦ ʢʦʥʬʦʨʤʥʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ: 
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ʈʠʩ. 3 ï ʊʨʝʭʵʣʝʢʪʨʦʜʥʘʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʜʚʫʤʝʨʥʳʤ ʧʦʣʝʤ ʚ ʧʣʦʩʢʦʩʪʠ 

hz. 
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ɺ w-ʧʣʦʩʢʦʩʪʠ ʧʦʣʫʯʘʝʤ ʛʨʘʥʠʯʥʫʶ ʟʘʜʘʯʫ, ʧʨʝʜʩʪʘʚʣʝʥʥʫʶ ʥʘ ʨʠʩ. 4, ʛʜʝ ʚʝʨʭʥʠʤ  

ʵʣʝʢʪʨʦʜʘʤ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʦʙʣʘʩʪʴ  0<u ,  ʘ ʥʠʞʥʠʤ ï 0>u .   

 
ʈʠʩ. 4 ï ɻʨʘʥʠʯʥʘʷ ʟʘʜʘʯʘ ʚ w-ʧʣʦʩʢʦʩʪʠ 

ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʘ ʚ w-ʧʣʦʩʢʦʩʪʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ ʚʳʨʘʞʝʥʠʝʤ: 
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ɺʳʨʘʞʝʥʠʝ (24) ʤʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ: 
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ʇʝʨʝʭʦʜʷ ʢ ʧʝʨʝʤʝʥʥʳʤ r, z ʟʘʧʠʰʝʤ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ 
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ʇʦ ʩʚʦʝʡ ʩʪʨʫʢʪʫʨʝ ʚʳʨʘʞʝʥʠʝ (28) ʧʦʜʦʙʥʦ ʚʳʨʘʞʝʥʠʶ (16), ʧʨʘʚʜʘ, ʬʫʥʢʮʠʠ 

),,( Rz
R

P
k

k

r
 ʟʘʚʠʩʷʪ ʝʱʝ ʠ ʦʪ ʚʝʣʠʯʠʥʳ 21 RRR=  (19). ʉʨʘʚʥʠʤ ʟʥʘʯʝʥʠʷ 

),,(
1

1 Rz
R

P
r

 ʠ ʚʝʣʠʯʠʥʫ ʠʥʪʝʛʨʘʣʘ ),,( 1RzI r ʚ ʚʳʨʘʞʝʥʠʠ (17) ʜʣʷ ʩʣʫʯʘʷ dR 101=  ʠ 
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dR 122=  ʜʣʷ ʪʨʝʭ ʟʥʘʯʝʥʠʡ r, ʨʘʚʥʳʭ 9, 10 ʠ 11d  ʧʨʠ 0=z . ʇʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʟʥʘʯʝʥʠʷ ʜʣʷ  ),,(
1

1 Rz
R

P
r

 ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʦʯʢʘʭ ï 0.98305, 0.5,  0.02394, ʪ.ʝ. ʨʘʟʣʠʯʠʝ 

ʚ ʟʥʘʯʝʥʠʷʭ ʧʦʨʷʜʢʘ 1%. ʇʨʠ ʚʳʯʠʩʣʝʥʠʠ ʟʥʘʯʝʥʠʡ ʧʦʪʝʥʮʠʘʣʘ ( )z,rj  ʩ ʧʦʤʦʱʴʶ 

ʚʳʨʘʞʝʥʠʷ (28) ʪʦʯʥʦʩʪʴ ʦʢʘʟʳʚʘʝʪʩʷ ʝʱʝ ʚʳʰʝ.  

ʋʨʘʚʥʝʥʠʷ ʜʚʠʞʝʥʠʷ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ ʩ ʟʘʨʷʜʦʤ q  ʠ ʤʘʩʩʦʡ m ʚ ʙʝʟʨʘʟʤʝʨʥʳʭ 

ʜʝʢʘʨʪʦʚʳʭ ʢʦʦʨʜʠʥʘʪʘʭ ʭ, y, z  ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

xūx=## ,       yūy=## ,       zūz=## .                                    (30) 

ɿʜʝʩʴ 0Vū j-=  ï ʙʝʟʨʘʟʤʝʨʥʳʡ ʧʦʪʝʥʮʠʘʣ, ʟʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʙʝʨʝʪʩʷ ʚʝʣʠʯʠʥʘ d ï 

ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʧʣʦʩʢʦʩʪʷʤʠ ʣʠʥʟʳ; ʠʥʜʝʢʩʳ ʧʨʠ ū ʦʙʦʟʥʘʯʘʶʪ ʯʘʩʪʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʦʨʜʠʥʘʪʘʤ, ʢʦʪʦʨʳʝ ʧʨʦʩʪʦ ʥʘʡʪʠ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ 

(28) ʠ (29); ʪʦʯʢʘʤʠ ʦʙʦʟʥʘʯʝʥʳ ʧʨʦʠʟʚʦʜʥʳʝ ʧʦ ʙʝʟʨʘʟʤʝʨʥʦʤʫ ʚʨʝʤʝʥʠ 0tt t= , ʛʜʝ 

0
0

Vq

m
d=t .                                              (31) 

ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʪʨʘʝʢʪʦʨʠʡ ʯʘʩʪʠʮ ʚ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʝ ʩ ʧʦʤʦʱʴʶ 

ʫʨʘʚʥʝʥʠʡ (30) ʤʦʞʥʦ ʟʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

lx =0 ,  bzʘy == 00 , ;   aesin)1(20 +=y# ,  besin)1(20 +=z# , 

2
0

2
00 )1(2 zyx ### --+= e .                                     (32) 

ɿʜʝʩʴ e ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʨʘʟʙʨʦʩ ʧʦ ʵʥʝʨʛʠʠ ʥʘ ʚʭʦʜʝ ʚ ʣʠʥʟʫ, ʘ ʧʦʩʪʦʷʥʥʳʝ a, b  ʠ  

ʫʛʣʳ a, b ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʢʫ ʚʳʣʝʪʘ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʯʘʩʪʠʮʳ ʚ ʧʣʦʩʢʦʩʪʠ  lx= . 

ʏʠʩʣʝʥʥʦ ʠʥʪʝʛʨʠʨʫʷ ʫʨʘʚʥʝʥʠʷ (30) ʤʦʞʥʦ ʧʦʜʦʙʨʘʪʴ 1R  ʠ 2R , ʘ ʪʘʢʞʝ ʧʦʪʝʥʮʠʘʣʳ 

ʵʣʝʢʪʨʦʜʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʪʠʛʤʘʪʠʯʝʩʢʘʷ ʬʦʢʫʩʠʨʦʚʢʘ ʦʙʲʝʤʥʦʛʦ ʧʫʯʢʘ 

ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ, ʚʳʭʦʜʷʱʠʭ ʠʭ ʪʦʯʝʯʥʦʛʦ ʠʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. 
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ʈʠʩ. 5 ï ʍʦʜ ʠʦʥʥʳʭ ʪʨʘʝʢʪʦʨʠʡ ʚ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʝ ʚ ʧʨʦʝʢʮʠʷʭ ʥʘ 

ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʭʫ ʠ ʚʝʨʪʠʢʘʣʴʥʦʝ ʭz ʥʘʧʨʘʚʣʝʥʠʷ 

 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

101 

ɹʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʠʤʤʝʨʩʠʦʥʥʘʷ ʪʨʘʥʩʘʢʩʠʘʣʴʥʘʷ ʣʠʥʟʘ ʚ ʨʝʞʠʤʝ ʘʥʘʤʦʨʬʦʪʘ, ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ: dR 101=  ʠ dR 2.132= ; 10=V , 068.01=V  ʠ 4.02 =V  ʩ 

ʬʦʢʫʩʥʳʤ ʨʘʩʩʪʦʷʥʠʝʤ ʧʨʠʤʝʨʥʦ ʨʘʚʥʳʤ df 20@ . ʍʦʜ ʪʨʘʝʢʪʦʨʠʡ ʠʦʥʦʚ ʚ ʣʠʥʟʝ ʚ ʜʚʫʭ 

ʧʨʦʝʢʮʠʷʭ ʚ ʧʘʨʘʢʩʠʘʣʴʥʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ. 5, ʛʜʝ ʚʩʝ ʨʘʟʤʝʨʳ ʜʘʥʳ ʚ 

ʝʜʠʥʠʮʘʭ d . 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʧʨʦʩʪʳʝ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʳʝ ʘʥʘʣʠʪʠʯʝʩʢʠʝ 

ʚʳʨʘʞʝʥʠʷ (28), (29) ʜʣʷ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʪʨʝʭʵʣʝʢʪʨʦʜʥʦʡ ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ 

ʣʠʥʟʳ, ʢʦʪʦʨʦʝ ʫʜʦʙʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʘʩʯʝʪʘ ʬʦʢʫʩʠʨʫʶʱʠʭ 

ʩʚʦʡʩʪʚ ʪʨʘʥʩʘʢʩʠʘʣʴʥʳʭ ʣʠʥʟ. ʇʨʦʚʝʜʝʥ ʨʘʩʯʝʪ ʠʤʤʝʨʩʠʦʥʥʦʡ ʪʦʨʤʦʟʷʱʝʡ 

ʪʨʘʥʩʘʢʩʠʘʣʴʥʦʡ ʣʠʥʟʳ, ʨʘʙʦʪʘʶʱʝʡ ʚ ʨʝʞʠʤʝ ʘʥʘʤʦʨʬʦʪʘ. ʊʘʢʘʷ ʣʠʥʟʘ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʘʯʝʩʪʚʝ ʢʦʣʣʠʤʘʪʦʨʥʦʡ ʠʣʠ ʬʦʢʫʩʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʧʨʠʟʤʝʥʥʳʭ 

ʩʧʝʢʪʨʦʤʝʪʨʦʚ ʟʘʨʷʞʝʥʥʳʭ ʯʘʩʪʠʮ. 
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ʉʪʘʥʞʠʮʢʠʡ ɸ.ʅ. 

ʂʠʝʚʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʊʘʨʘʩʘ ʐʝʚʯʝʥʢʦ, ʂʠʝʚ, ʋʢʨʘʠʥʘ 

 

ʆʧʨʝʜʝʣʝʥʠʝ 1. ɺʨʝʤʝʥʥʦʡ ʰʢʘʣʦʡ ʥʘʟʳʚʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦʝ (ʥʝʧʫʩʪʦʝ) ʧʦʜʤʥʦʞʝʩʪʚʦ 

ʯʠʩʣʦʚʦʡ ʦʩʠ. 

ʇʨʠʤʝʨʳ: ,R ,Z  ,N  [ ][ ],3,21,0 8  [ ] ,1,0 N8  ʢʘʥʪʦʨʦʚʦ ʤʥʦʞʝʩʪʚʦ. 

ʅʦ ,Q  ,\ QR  ( ]1;0  - ʥʝ ʚʨʝʤʝʥʥʳʝ ʰʢʘʣʳ. 

ʆʧʨʝʜʝʣʝʥʠʝ 2. 

ʇʫʩʪʴ T  ï ʚʨʝʤʝʥʥʘʷ ʰʢʘʣʘ. 

ɼʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ TtÍ  ʦʧʨʝʜʝʣʠʤ ʧʨʷʤʦʡ ʦʧʝʨʘʪʦʨ ʧʨʳʞʢʘ (forward jump operator) 

TT­:s  

() { }tsTst >Í= :inf:s  

ʠ ʦʙʨʘʪʥʳʡ ʦʧʝʨʘʪʦʨ ʧʨʳʞʢʘ (backward jump operator) 

TT­:r  

() { }tsTst <Í= :sup:r . 

ɿʜʝʩʴ ʤʳ ʣʦʞʠʤ Tsupinf =Å  

(ʪ.ʝ. () ,tt =s  ʝʩʣʠ t  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʢʘ T ),  

i Tinfsup =Å  

(ʪ.ʝ. () ,tt =r  ʝʩʣʠ t  ï ʤʘʢʩʠʤʘʣʴʥʘʷ ʪʦʯʢʘ T ). 

ɽʩʣʠ () ,tt >s  ʪʦ ʩʢʘʞʝʤ, ʯʪʦ t   ʝʩʪʴ ʧʨʘʚʦʡ ʨʘʩʩʝʷʥʥʦʡ ʪʦʯʢʦʡ (right-scattered) 

ʠ ʝʩʣʠ () ,tt <r  ʪʦ ʩʢʘʞʝʤ, ʯʪʦ t  ʝʩʪʴ ʣʝʚʦʡ ʨʘʩʩʝʷʥʥʦʡ ʪʦʯʢʦʡ (left-scattered). 

ʊʦʯʢʠ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʝʩʪʴ ʠ ʧʨʘʚʳʤʠ ʠ ʣʝʚʳʤʠ ʨʘʩʩʝʷʥʥʳʤʠ ʥʘʟʘʚʝʤ 

ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ. 

ɽʩʣʠ Tt sup<  ʠ () tt =s , ʪʦ t  ʥʘʟʦʚʝʤ ʧʨʘʚʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʦʡ (right-dense) 

ʠ ʝʩʣʠ Tt inf>  ʠ () ,tt =r  ʪʦ t  ʥʘʟʦʚʝʤ ʣʝʚʦʡ ʧʨʝʜʝʣʴʥʦʡ ʪʦʯʢʦʡ (left-dense). 
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ʊʦʯʢʠ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠ ʣʝʚʦ ʠ ʧʨʘʚʦ ʧʨʝʜʝʣʴʥʳʝ ʥʘʟʦʚʝʤ ʧʨʝʜʝʣʴʥʳʤʠ. 

ʌʫʥʢʮʠʝʡ ʩʪʝʧʝʥʷ ʜʨʦʙʣʝʥʠʷ (graininess function) 

[ )¤­ ,0:Tm  

() () ttt -=sm : . 

t  ʧʨʘʚʘʷ 

ʨʘʩʩʝʷʥʥʘʷ 
()tt s<  

t  ʧʨʘʚʘʷ 

ʧʨʝʜʝʣʴʥʘʷ 
()tt s=  

t  ʣʝʚʘʷ ʨʘʩʩʝʷʥʥʘʷ t<r  

t  ʣʝʚʘʷ ʧʨʝʜʝʣʴʥʘʷ t=r  

t  ʠʟʦʣʠʨʦʚʘʥʥʘʷ ()tt sr <<  

t  ʧʨʝʜʝʣʴʥʘʷ ()tt sr =<=  

1t -ʧʨʝʜʝʣʴʥʘʷ                                                          

2t -ʣʝʚʘʷ ʧʨʝʜʝʣʴʥʘʷ ʠ ʧʨʘʚʘʷ ʨʘʩʩʝʷʥʥʘʷ               

 

3t -ʣʝʚʘʷ ʧʨʝʜʝʣʴʥʘʷ ʠ ʧʨʘʚʘʷ ʨʘʩʩʝʷʥʥʘʷ                  

4t -ʠʟʦʣʠʨʦʚʘʥʥʘʷ                                                          

 

ʇʫʩʪʴ ,: RTf ­  RTf ­:s  

() ()( )tftf ss =  TtÍ , ʪʦʙʪʦ ss Aff = . 

ʇʈʀʄɽʈʓ: 

RT= . 

() () () 0=Ý== tttt mrs . ɺʩʝ ʪʦʯʢʠ ʧʨʝʜʝʣʴʥʳʝ 

ZT=  () 1+=tts , () 1-=ttr . ɺʩʝ ʪʦʯʢʠ ʠʟʦʣʠʨʦʚʘʥʥʳʝ  

() 1=tm . 

{ }{}0:2 8ZnT n Í=  

() () tt nn 222 1=== +ss , 0̧t  

() ( )
2

22 1 t
t nn === -rr  

() tttt =-= 22m  

0=t  () () 000 ==rs ; () 00 =m . 

ʆʙʦʟʥʘʯʝʥʠʷ: [ ] { }btaTtba ¢¢Í= ::; . 

[ ] [ ]baba
k

,, = , ʝʩʣʠ b  ï ʣʝʚʘʷ ʧʨʝʜʝʣʴʥʘʷ ʠ 

[ ] [ ) ()[ ]bababa
k

r,,, == , ʝʩʣʠ b  ʣʝʚʘʷ ʨʘʩʩʝʷʥʥʘʷ. 

ɼʝʣʴʪʘ-ʧʨʦʠʟʚʦʜʥʘʷ 

RTf ­:  

ʆʧʨʝʜʝʣʝʥʠʝ 3. (Higer S. 1988) 

D - ʇʨʦʠʟʚʦʜʥʦʡ ʬʫʥʢʮʠʠ f  ʚ ʪʦʯʢʝ t  ʥʘʟʦʚʝʤ ʯʠʩʣʦ ()tf D , ʯʪʦ 0>e ʩʫʱʝʩʪʚʫʝʪ 

ʦʢʨʝʩʪʥʦʩʪʴ 8 ʪʦʯʢʠ t , ʪʦ ʝʩʪʴ ʩʫʱʝʩʪʚʫʝʪ 0>d  ( ) ,; Ttt 18 dd +-= ʯʪʦ 

()( ) () ()()[ ] () ststtfsftf -¢--- D deds , ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 8Ís . 

 

ʊʝʦʨʝʤʘ 1.  
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ʇʫʩʪʴ  RTf ­:  

1) ɽʩʣʠ f  D-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ t, ʪʦʛʜʘ f  ʥʝʧʨʝʨʳʚʥʘ ʚ t .  

2) ɽʩʣʠ f  ʥʝʧʨʝʨʳʚʥʘ ʚ ʪ. t  ʠ t  ʝʩʪʴ ʧʨʘʚʘ ʨʘʩʩʝʷʥʥʘʷ, ʪʦʛʜʘ f  ï D-

ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ t  ʠ  

()
()( ) ()
()t

tftf
tf

m

s -
=D  

3) ɽʩʣʠ t  ʝʩʪʴ ʧʨʘʚʘʷ ʧʨʝʜʝʣʴʥʘʷ ʪʦʯʢʘ, ʪʦ f  ʝʩʪʴ D-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ t  ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ 

() ()
()tf

st

sftf

ts

D

­
=

-

-
lim . 

4) ɽʩʣʠ f  D-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ t, ʪʦ 

()( ) () () ()tfttftf D+= ms . 

ʇʈʀʄɽʈʓ: 

.RT=  ʊʦʛʜʘ () .D=¡ ftf  

ZT= . ʊʦʛʜʘ ʠʟ ʩʚʦʡʩʪʚʘ 2) ʩʣʝʜʫʝʪ ()
()( ) ()
()

( ) ()
()tf

tftf

t

tftf
tf D=

-+
=

-
=D

1

1

m

s
. 

{ }{}0:2 8ZnT n Í=  

0̧t  ()
()( ) ()
()

() ()
t

tftf

t

tftf
tf

-
=

-
=D 2

m

s
 

0=t  ()
()( ) () () ()

s

fsf

s

tff
f

ss

0
lim

0

0
lim0

00

-
=

-

-
=

­­

D s
 

ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʧʨʝʜʝʣ ʩʫʱʝʩʪʚʫʝʪ. 

ʊʝʦʨʝʤʘ 2. (ʆʙ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʜʝʡʩʪʚʠʷʭ) 

ʇʫʩʪʴ RTgf ­:, ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ ʪʦʯʢʝ TtÍ . ʊʦʛʜʘ:  

1) gf +  ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʚ t   ̔

( )() () ()tgtftgf DDD
+=+ . 

2) a ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ, fa  ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʠ ( )() ()tftf DD
=aa ; 

3) gf Ö  ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʠ ( )() ()() ()( ) ()=+= DDD
tgtftgtftfg s  

() () ()() ()( )tgtftgtf sDD +=  

4) ɽʩʣʠ () ()( ) 0̧Ö tftf s , ʪʦ 
f

1
 ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ  ʠ ()

()
() ()( )tftf

tf
t

f s

DD

-=
1

. 

5) ɽʩʣʠ () ()( ) 0̧Ö tgtg s , ʪʦ 
g

f
 ï ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ  ʠ  ()

()() () ()
() ()( )tgtg

tgtftgtf
t

g

f

s

DDD
-

-= . 

ʇʈʀʄɽʈʓ: 

() ()ttt s+=
D2

; 
()ttt s

11
-=ö

÷

õ
æ
ç

å
D

; 

ʇʈʀʄɽʈʓ: 

00 =H , ä
=

=
n

k

n
k

H
1

1
, NnÍ . 

{ }NnHT n Í= :  

( ) 1+= nn HHs , ( ) 1-= nn HHr ; ( ) 00 HH =r  

( ) ( )
1

1
1

+
=-=-= +

n
HHHHH nnnnn sm  
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( )
( )( )

( )
( ) ( )n

n

nn

n Hfn
H

HfHf
Hf D+=

-
= +D 11

m
. 

ʆʧʨʝʜʝʣʝʥʠʝ 4. 

F  ï ʥʝʦʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣ ʜʣʷ f , ʝʩʣʠ () ()tftF =D  ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ  DtÍ . 

() ()CtFttf +=Dñ . 

ʊʦʛʜʘ () () ()aFbFttf

b

a

-=Dñ  

ʇʈʀʄɽʈʓ: 

ZT= , C
a

a
ta

t
t +

-
=Dñ 1

, 1̧a  

() ()äñ
=

=D
b

at

b

a

tfttf , ba<  

ʉɺʆʁʉʊɺɸ: 

1. () ()( ) () ()ñññ D+D=D+

b

a

b

a

b

a

ttgttfttgtf ; 

2. () ()ññ D=D

b

a

b

a

ttfttf aa ; 

3. () ()ññ D-=D

a

b

b

a

ttfttfa ; 

4. () () ()ñññ D+D=D

b

c

c

a

b

a

ttfttfttfa ; 

5. ()( ) () ( )()( )() ()()ññ D--=D DD

b

a

b

a

ttgtfafgbfgttgtf as ; 

6. () 0=Dñ
a

a

ttf ; 

7. ɽʩʣʠ gf ¢ , () ()ññ D¢D

a

a

a

a

ttgttf ; 

8. ɽʩʣʠ 0²f , () 0²Dñ
b

a

ttfa . 

ʌʦʨʤʫʣʘ ʟʘʤʝʥʳ ʧʝʨʝʤʝʥʥʦʡ. 

 

ʊʝʦʨʝʤʘ 3.  

ʇʫʩʪʴ RRg ­:  ï ʥʝʧʨʝʨʳʚʥʘʷ, RTg ­:  D-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʥʘ RRfT ­:,  

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ. ʊʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ C  ʠʟ ʠʥʪʝʨʚʘʣʘ ()[ ]tt s, , ʯʪʦ 

( ) ()( ) ()tgCgfgf DD
¡=A . 

ʊʝʦʨʝʤʘ 4. 

ʇʫʩʪʴ RRf ­:  ï ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ, ʘ RTg ­:  D-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ. 

ʊʦʛʜʘ RTgf ­:A  D-ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʘʷ ʠ 

( )() () () ()( ) ()tgdhtgthtgftgf DDD

ö
ö

÷

õ

æ
æ

ç

å
+¡=ñ

1

0

mA . 
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ʇʈʀʄɽʈʓ: 

RZf ­: , RRg ­:  

() 2ttg = , () xexf =  

ʊʦʛʜʘ ()( ) 121 22
+=-+=D ttttg , () xexf =¡  ( )11222

-=D +ttt eee . 

ʇʫʩʪʴ T  ï ʚʨʝʤʝʥʥʘʷ ʰʢʘʣʘ, Tt Í0 . 

nRDTf ­³: , nRDÍ . 

ʈʘʩʩʤʪʦʨʠʤ ʩʣʝʜʫʶʱʝʝ ʫʨʘʚʥʝʥʠʝ 

( )xtfx ,=D .                                                      (1) 

ʆʧʨʝʜʝʣʝʥʠʝ 5. ʌʫʥʢʮʠʷ nRTx ­: , ()txx=  ʥʘʟʳʚʘʝʪʩʷ ʨʝʰʝʥʠʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ T, ʝʩʣʠ ()tx  ʠʤʝʝʪ ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ t  D-ʧʨʦʠʟʚʦʜʥʫʶ ʠ 

ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ TtÍ  ʩʧʨʘʚʝʜʣʠʚʦ ʨʘʚʝʥʩʪʚʦ 

() ()( )txtftx ,=D  

ɸʥʘʣʦʛʠʯʥʦ ʚʚʦʜʠʪʩʷ ʧʦʥʷʪʠʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ 

() ()( )txtftx ,=D  

() 00 xtx = .                                                         (2) 

ʊʝʦʨʝʤʘ 5. ʇʫʩʪʴ T  ï ʚʨʝʤʝʥʥʘʷ ʰʢʘʣʘ, Tt Í0 , nRx Í0 , 0>a , 0>b , atT -¢0inf , 

atT +²0sup . ʇʦʣʦʞʠʤ 

( )atatI a +-= 00 , , { }bxxRx n

b <-Í= 0:8  

ʇʫʩʪʴ n

ba RIf ­³8:  ʥʝʧʨʝʨʳʚʥʘʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ, ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʧʦʩʪʦʷʥʥʦʡ M , ʠ ʣʠʧʰʠʮʝʚʘ ʧʦ x  ʩ ʧʦʩʪʦʷʥʥʦʡ L . 

ʊʦʛʜʘ ʟʘʜʘʯʘ ʂʦʰʠ (2) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ʦʪʨʝʟʢʝ [ ]aa +- 00 ,tt , ʛʜʝ 

ý
ü
û

í
ì
ë -

=
LM

b
a

e
a

1
,,min  ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 0>e . ɽʩʣʠ 0t  ʝʩʪʴ ʧʨʘʚʦʡ ʨʘʩʩʝʷʥʥʦʡ ʪʦʯʢʦʡ ʠ 

()0tma< , ʪʦ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʠʥʪʝʨʚʘʣʝ ()[ ]00 , tt sa- . 

ʆʧʨʝʜʝʣʝʥʠʝ 6. ʉʢʘʞʝʤ, ʯʪʦ ʟʘʜʘʯʘ ʂʦʰʠ (2) ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʜʦʣʞʠʤʦʝ 

ʨʝʰʝʥʠʝ nRIx ­max:~  ʥʘ ʤʘʢʩʠʤʘʣʴʥʦʤ ʠʥʪʝʨʚʘʣʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ maxI , ʝʩʣʠ ʚʳʧʦʣʥʝʥʦ 

ʫʩʣʦʚʠʝ: 

ʝʩʣʠ ʠʥʪʝʨʚʘʣ TJË  ʠ nRJx ­:  ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ (2), ʪʦ maxIJË  ʠ () ()txtx =~ , .ItÍ  

ʆʧʨʝʜʝʣʝʥʠʝ 7. ʉʢʘʞʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ ( ) nn RRTxtf ­³:,  ʝʩʪʴ ʨʝʛʨʝʩʩʠʚʥʦʡ ʚ ʪʦʯʢʝ 

TtÍ  ʝʩʣʠ ʦʪʦʙʨʘʞʝʥʠʝ ()() nn RRtftE ­Ö+ :,m  ʝʩʪʴ ʦʙʨʘʪʠʤʳʤ. 

ʊʝʦʨʝʤʘ 6. ʇʫʩʪʴ RDTf ­³:  ʥʝʧʨʝʨʳʚʥʘʷ ʠ ʨʝʛʨʝʩʩʠʚʥʘʷ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ 

ʢʘʞʜʦʡ ʪʦʯʢʠ ( ) DTxt ³Í;  ʩʫʱʝʩʪʚʫʝʪ ʦʙʣʘʩʪʴ baI 8³  ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʪʝʦʨʝʤʳ ʠʟ ʫʩʣʦʚʠʝʤ 

ʃʠʧʰʠʮʘ ( ) ( ) ( ) 2121 ,,, xxxtLxtfxtf -¢- , ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ  ( )( ) baIxtxt 8³Í21 ,,, , 

( ) 0, >xtL . ʊʦʛʜʘ ʟʘʜʘʯʘ (2) ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦ ʧʨʦʜʦʣʞʠʤʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ( ) DTxt ³Í00, . 

ɿʘʤʝʯʘʥʠʝ. 

1. ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʧʨʝʜʳʜʫʱʝʡ ʪʝʦʨʝʤʳ, ʧʦʩʪʦʷʥʥʳʝ ba,  ʠ M  ʠʟ ʣʦʢʘʣʴʥʦʡ 

ʪʝʦʨʝʤʳ. ʊʦʛʜʘ ʟʘʜʘʯʘ (2) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ ù
ú

ø
é
ê

è
+-

M

b
t

M

b
t 00 , . 

2. ɽʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 6 ʠ ʥʝʨʘʚʝʥʩʪʚʦ 

( ) () ()tqxtpxtf +¢, , ( ) DTxt ³Í,  

ʜʣʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʥʘ T  ʬʫʥʢʮʠʡ p  ʠ q, ʪʦ ʣʶʙʦʝ ʨʝʰʝʥʠʝ 

ʫʨʘʚʥʝʥʠʷ ( )xtfx ,=D  ʩʫʱʝʩʪʚʫʝʪ ʥʘ ʚʩʝʤ T . 
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() ()tfxtpx +=D , 1RxÍ .                                               (3) 

ʈʝʛʨʝʩʩʠʚʥʘʷ ʛʨʫʧʧʘ 

ʉʢʘʞʝʤ, ʯʪʦ ʬʫʥʢʮʠʷ RTp ­:  ʝʩʪʴ ʨʝʛʨʝʩʩʠʚʥʦʡ, ʝʩʣʠ ()() 01 ¸+ tptm  ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ TtÍ . 

ʄʥʦʞʝʩʪʚʦ ʨʝʛʨʝʩʩʠʚʥʳʭ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ ʦʙʦʟʥʘʯʠʤ () ( ).,RTT Á=Á=Á  

ʅʘ Á ʚʚʦʜʠʪʩʷ ʦʧʝʨʘʮʠʷ ʩʣʦʞʝʥʠʷ 

( )() () () ()()()ÁÍ++=Ä tqtpttqtptqp m:  

i( )()
()
()()

ÁÍ
+

-=-
tpt

tp
tp

m1
. 

ʊʦʛʜʘ ( ) 0¹-Ä pp  ʠ ʝʩʪʴ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ 0=Äxp . ʄʦʞʥʘ 

ʧʦʢʘʟʘʪʴ, ʯʪʦ ( )ÄÁ,  ʘʙʝʣʝʚʘ ʛʨʫʧʘ. ʆʥʘ ʥʘʟʳʚʘʝʪʩʷ ʨʝʛʨʝʩʩʠʚʥʦʡ ʛʨʫʧʧʦʡ. 

ʊʝʦʨʝʤʘ 7. ʇʫʩʪʴ Ttp ÍÁÍ 0 , . ʊʦʛʜʘ ʟʘʜʘʯʘ ʂʦʰʠ 

() ()1 , 0 ==D txxtpx  

ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʘ T . 

ɼʘʥʥʦʝ ʨʝʰʝʥʠʝ ʦʙʦʟʥʘʯʠʤ ( )0,tI p Ö . 

ʊʝʦʨʝʤʘ 8. ɽʩʣʠ ÁÍqp, , ʪʦ 

1) ( ) () ;1,,1,0 ¹¹ ttIstI p  

2) ()( ) ()()( )( );,1, stItptstI pp ms +=  

3) 
( )

( );1,
,

1
stI

stI
p

p

-=  

4) ( )
( )

( );,
,

1
, tsI

stI
stI p

p

p -==  

5) ( )( ) ( );,,, rtIrsIstI ppp =  

6) ( )( ) ( );,,, stIstIstI qpqp Ä=  

7) 
( )

( )
( );,

,

,
stI

stI

stI
qp

p

p

-=  

 

ʇʈʀʄɽʈʓ: 

1) 0, >= hhZT . ɽʩʣʠ ÁÍa , a ï ʧʦʩʪʦʷʥʥʘʷ, ʪʦ ( )( )h
t

htI aa +=10, . 

2) { }02, NnnT Í= . 

( ) ( )! 20,1 ttI t= . 

3) { }0, NnHT n Í= . ä
=

=
n

k

n
k

H
1

1
 0²a  ( ) ,0, öö

÷

õ
ææ
ç

å+
=

n

n
HI n

a
a  ʛʜʝ 

()

( )
,

1+G
=öö
÷

õ
ææ
ç

å

b

a

b

a b

 

() ( )
( )1

1

+-G

+G
=

ba

a
a b . 

öö
÷

õ
ææ
ç

å

b

a
 ï ʙʠʥʦʤʠʥʘʣʴʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ. 

ʊʝʦʨʝʤʘ 8. (ʬʦʨʤʫʣʘ ʚʘʨʠʘʮʠʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʧʦʩʪʦʷʥʥʦʡ) 

ʇʫʩʪʴ ,ÁÍp  f  ï ʥʝʧʨʝʨʳʚʥʘʷ, RxTt ÍÍ 00 , . ʊʦʛʜʘ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ 

() ()() 00, ytxtfxtpx =+=D  ʟʘʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  
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() ( ) ()( )() .,,

0

00 ñ D+=

t

t

pp ssfstIyttItx s  

 

 

ʇʆʉʊʈʆɽʅʀɽ ʅʆʈʄɸʃʔʅʆ-ʈɽɻʋʃʗʈʅʓʍ ʈɽʐɽʅʀʁ ʉʀʉʊɽʄ  

ʊʀʇɸ ʃɸɻɽʈʈɸ 

 

ʊʘʩʤʘʤʙʝʪʦʚ ɾ.ʅ., ɾʘʭʠʥʘ ʈ.ʋ., ʊʘʣʠʧʦʚʘ ʄ.ɾ.  

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʫʩʪʘʥʦʚʣʝʥʳ ʠ ʠʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʪʠʧʘ ʃʘʛʝʨʨʘ, ʧʦʩʪʨʦʝʥʳ ʠʭ ʥʦʨʤʘʣʴʥʦ-

ʨʝʛʫʣʷʨʥʳʝ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ ʤʥʦʛʦʯʣʝʥʦʚ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʠʩʪʝʤʳ ʪʠʧʘ ʃʘʛʝʨʨʘ, ʤʥʦʛʦʯʣʝʥʳ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʩʠʩʪʝʤʳ ɻʦʨʥʘ, ʤʝʪʦʜ 

ʌʨʦʙʝʥʠʫʩʘ-ʃʘʪʳʰʝʚʦʡ. 

 

ɺʳʚʦʜ ʩʠʩʪʝʤ ʪʠʧʘ ʃʘʛʝʨʨʘ. ɺ ʨʘʙʦʪʝ [1] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟ ʩʠʩʪʝʤʳ ɻʦʨʥʘ  

( ) 0x y x y yg a¡¡ ¡Ö + - Ö - Ö =                                                   (1) 

ʧʨʠ 1, 1, 0, 0, ng a g b a b l¡= + = + ¸ ¸ =- ʧʦʣʫʯʘʝʪʩʷ ʦʩʥʦʚʥʘʷ ʩʠʩʪʝʤʘ ʃʘʛʝʨʨʘ 

( )

( )

1 0

1 0

xx x y

yy y x

x Z x Z y Z n Z

y Z y Z x Z n Z

a

b

Ö + + - Ö - Ö + Ö =ûî
ü

Ö + + - Ö - Ö + Ö =îý

                              (2) 

ʨʝʰʝʥʠʝʤ ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʤʥʦʛʦʯʣʝʥ 

( )
( )

( )( )
2

, 0

, 1, 1; , .
1 1 ! !

n x y
n x y

m n
m n

mn m n

a b
a b m n

¤
+

=

-
Y - + + = Ö Ö

+ Ö +
ä                      (3) 

 ʇʦ ʘʥʘʣʦʛʠʠ ʦʙʳʢʥʦʚʝʥʥʳʤ ʩʣʫʯʘʷʤ ʵʪʦʪ ʤʥʦʛʦʯʣʝʥ ʥʘʟʳʚʘʣʠ ʦʙʦʙʱʝʥʥʳʤ 

ʤʥʦʛʦʯʣʝʥʦʤ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʦʙʦʟʥʘʯʘʝʤ ʯʝʨʝʟ  
( ) ( ),

, 2 , 1, 1; , .n nL n x y
a b

a b=Y - + +                                                  (4) 

 ʀʟ ʩʠʩʪʝʤʳ ɻʦʨʥʘ ( )2Y  ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ  

( )
1 1

2 2exp ,
2 2

x y
Z x y U x y

a b+ +
- -å õ

= + Ö Ö Öæ ö
ç ÷

                                    (5) 

ʚʳʚʦʜʷʪʩʷ ʚʪʦʨʘʷ ʩʠʩʪʝʤʘ ʪʠʧʘ ʃʘʛʝʨʨʘ 
2

2 2

2
2 2

1
0,

4 2 4

1
0,

4 2 4

xx y

yy x

x xy
x U xy U kx U

y xy
y U xy U ky U

a

b

ûå õ
Ö - Ö + - - + + - Ö =îæ ö

ç ÷ î
ü

å õ î
Ö - Ö + - - + + - Ö =æ ö î

ç ÷ ý

                       (6) 

ʛʜʝ ( )2 2 / 2k a b l= + + - . 

 ʊʘʢʠʝ ʩʠʩʪʝʤʳ ʦʪʥʦʩʷʪʩʷ ʢ ʩʠʩʪʝʤʝ ʪʠʧʘ ʋʠʪʪʝʢʝʨʘ [2]. ʇʨʠʤʝʥʷʷ ʤʝʪʦʜ ʌʨʦʙʝʥʠʫʩʘ-

ʃʘʪʳhʝʚʦʡ [3] ʭʦʪʠʤ ʫʩʪʘʥʦʚʠʪʴ ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʠʩʪʝʤʳ (6) ʠ ʧʦʩʪʨʦʠʪʴ ʝʸ 

ʥʦʨʤʘʣʴʥʦ-ʨʝʛʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ ʟʘʚʠʩʷʱʝʝ ʦʪ ʤʥʦʛʦʯʣʝʥʦʚ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʘ ʌʨʦʙʝʥʠʫʩʘ-ʃʘʪʳʰʝʚʦʡ. ʂʘʢ ʠ (2) ʩʠʩʪʝʤʘ (6) ʠʤʝʝʪ 

ʨʝʛʫʣʷʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ( )0,0  ʠ ʠʨʨʝʛʫʣʷʨʥʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ( ),¤ ¤. ʇʦ ʥʘʠʙʦʣʴʰʠʤ 

ʩʪʝʧʝʥʷʤ ʥʝʟʘʚʠʩʠʤʳʭ ʧʝʨʝʤʝʥʥʳʭ x  ʠ y  ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʜʨʘʥʛʠ: 
1 10, 0k k¡ ¡¡= =, ʘ ʨʘʥʛ 

1 1p k= + =. ʊʦʛʜʘ ʩʦʛʣʘʩʥʦ ʤʝʪʦʜʫ ʌʨʦʙʝʥʠʫʩʘ-ʃʘʪʳʰʝʚʦʡ ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʥʦʨʤʘʣʴʥʦ-

ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʰʝʥʠʷ  
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( ) ( ) () ( ), 0,0

, 0

, exp , 0i i
i

Z x y Q x y x y A x y A
r s m n

mn
mn

¤

=

= Ö Ö Ö Ö Ö ¸ä ,                 (7) 

(ʛʜʝ ( ) ()( ),, 1,2,3,4 , , 0,1,2,...
i

i i i Amnr s mn= =  ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʦʩʪʦʷʥʥʳʝ; ( ),Q x y  ï 

ʤʥʦʛʦʯʣʝʥ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ) ʩʧʨʘʚʝʜʣʠʚʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ (6):  

( ) ( )10 01exp ,U x y x ya a= Ö + Ö ÖF,                                                 (8) 

ʛʜʝ 
10a  ʠ 

01a  ï ʥʝʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ, ʢʦʪʦʨʳʝ ʩʣʝʜʫʝʪ ʦʧʨʝʜʝʣʠʪʴ ʠʟ ʚʥʦʚʴ 

ʧʦʣʫʯʝʥʥʦʡ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ. 
2

2 2 2 2 2 2

10 10 01

2
2 2 2 2 2 2

01 01 10

1 1 1
2 0,

4 2 4 4

1 1 1
2 0.

4 2 4 4

xx x y

yy x y

x x xy x xy kx

y xy y y xy ky

a
a a a

b
a a a

å õå õ å õ
ÖF + Ö ÖF - ÖF + - - - + + - ÖF=æ öæ ö æ ö

ç ÷ ç ÷ç ÷

å õå õ å õ
ÖF + ÖF + Ö ÖF + - - - + + - ÖF=æ öæ ö æ ö

ç ÷ ç ÷ç ÷

          (9) 

ʇʨʠʨʘʚʥʠʚʘʷ ʢ ʥʫʣʶ ʢʦʵʬʬʠʮʠʝʥʪʳ ʧʨʠ ʥʘʠʙʦʣʴʰʠʭ ʩʪʝʧʝʥʷʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʧʝʨʝʤʝʥʥʳʭ 2x  ʠ 2y  ʧʨʠ ʥʝʠʟʚʝʩʪʥʦʡ ( ),x yF , ʦʧʨʝʜʝʣʠʤ ʩʠʩʪʝʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ 

ʫʨʘʚʥʝʥʠʡ 

()( )

()( )

1 2

10 10 01 10

2 2

01 10 01 01

1
, 0,

4

1
, 0.

4

b

b

a a a

a a a

= - =

= - =

                                       (10) 

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʧʝʨʚʦʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʥʦʨʤʘʣʴʥʦ-

ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʰʝʥʠʷ (7), ʩʚʷʟʘʥʥʦʝ ʩ ʦʧʨʝʜʝʣʝʥʠʝʤ ʥʝʠʟʚʝʩʪʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʤʥʦʛʦʯʣʝʥʘ ( ),Q x y  [3]. 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʩʧʦʤʦʛʘʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʠʤʝʣʘ ʭʦʪʷ ʙʳ ʦʜʥʦ ʨʝʰʝʥʠʝ ʚʠʜʘ 

(7), ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʝʥʠʝ ʨʘʚʝʥʩʪʚʘ (10). 

ʉʠʩʪʝʤʘ (9) ʠʤʝʝʪ ʯʝʪʳʨʝ ʧʘʨʳ ʢʦʨʥʝʡ: 

() ()( ) () ()( )

() ()( ) () ()( )

1 1 1 2

10 01 10 01

2 1 2 2

10 01 10 01

1 1 1 1
, , , , , ,

2 2 2 2

1 1 1 1
, , , , , ,

2 2 2 2

a a a a

a a a a

å õ å õ
= = -æ ö æ ö
ç ÷ ç ÷

å õ å õ
= - = - -æ ö æ ö
ç ÷ ç ÷

                         (11) 

ʦʧʨʝʜʝʣʷʶʱʠʝ ʯʝʪʳʨʝ ʤʥʦʛʦʯʣʝʥʘ ʧʝʨʚʦʡ ʩʪʝʧʝʥʠ ʚʠʜʘ  

( ) yxxyy
p

x
p

yxQ pppp
Ö+Ö+Ö++Ö+Ö= 011011

00
..., aaa

aa
                (12) 

(ʩ ʥʝʠʟʚʝʩʪʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 01101100 ,,,...,, aaaaa pp ), ʧʦʩʢʦʣʴʢʫ ʨʘʥʛ ʩʠʩʪʝʤʳ 

ʨʘʚʝʥ ʝʜʠʥʠʮʝ: 

( ) () ()
10 01,

i i

iQ x y x ya a= Ö + Ö,      1,2,3,4i= . 

ʏʝʪʳʨʝ ʧʘʨʳ 
() ()( )10 01, ,   1,2,
l l

la a =  ʚ (8) ʦʧʨʝʜʝʣʷʶʪ ʯʝʪʳʨʝ ʩʠʩʪʝʤʳ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ 

ʩʠʩʪʝʤʳ (10). ʂʘʞʜʘʷ ʠʟ ʥʠʭ ʤʦʞʝʪ ʠʤʝʪʴ ʜʦ ʯʝʪʳʨʝʭ ʣʠʥʝʡʥʦ-ʥʝʟʘʚʠʩʠʤʳʭ ʯʘʩʪʥʳʭ 

ʨʝʰʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʥʘʷ ʩʠʩʪʝʤʘ ʜʦʣʞʥʘ ʠʤʝʪʴ ʜʦ 16 ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ. ʆʜʥʘʢʦ 

ʧʦʜʨʦʙʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠʟ ʯʝʪʳʨʝʭ ʩʠʩʪʝʤ ʪʦʣʴʢʦ ʩʠʩʪʝʤʘ 
2

2 2

2
2 2

1
0,

4 4

1
0,

4 4

xx x y

yy x y

x x xy kx

y xy y ky

a

b

å õ
ÖF + ÖF - ÖF + + - ÖF=æ ö

ç ÷

å õ
ÖF - ÖF + ÖF + + - ÖF=æ ö

ç ÷

                            (13) 
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ʠʤʝʝʪ ʯʝʪʳʨʝ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʷ. ɺʩʝ ʦʥʠ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ 

ʚʳʨʦʞʜʝʥʥʫʶ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ɻʫʤʙʝʨʪʘ ( )2 , , ; ,x ya g g¡Y . 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩʦʩʪʘʚʣʷʷ ʩʠʩʪʝʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʣʷ (13) ʫʙʝʞʜʘʝʤʩʷ, 

ʯʪʦ ʩʠʩʪʝʤʘ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʦʙʝʥʥʦʩʪʠ ( )0,0  

()( ) ( )

()( ) ( )

2
1

00

2
2

00

1
, 1 0,

4 4

1
, 1 0

4 4

f

f

a
r s r r

b
r s s s

û
= - + - =îî

ü
î= - + - =
îý

                                              (14) 

ʠʤʝʝʪ ʯʝʪʳʨʝ ʧʘʨʳ ʢʦʨʥʝʡ: 

( ) ( )

( ) ( )

1 1 1 2

2 1 2 2

1 1 1 1
, , , , , ,

2 2 2 2 2 2 2 2

1 1 1 1
, , , , , .

2 2 2 2 2 2 2 2

a b a b
r s r s

a b a b
r s r s

å õ å õ
= + + = + -æ ö æ ö
ç ÷ ç ÷

å õ å õ
= - + = - -æ ö æ ö
ç ÷ ç ÷

 

ʕʪʦ ʧʦʢʘʟʳʚʘʝʪ ʚʳʧʦʣʥʝʥʠʝ ʚʪʦʨʦʛʦ ʥʝʦʙʭʦʜʠʤʦʛʦ ʫʩʣʦʚʠʷ. 

ʊʝʦʨʝʤʘ 2. ɼʣʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʫ ʩʠʩʪʝʤʳ (6) ʥʦʨʤʘʣʴʥʦ-ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʰʝʥʠʷ ʚʠʜʘ (7) 

ʥʝʦʙʭʦʜʠʤʦ, ʯʪʦʙʳ ʧʘʨʘ ( ),r s ʙʳʣʘ ʢʦʨʥʝʤ ʦʧʨʝʜʝʣʷʶʱʠʭ ʫʨʘʚʥʝʥʠʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʩʦʙʝʥʥʦʩʪʠ ( )0,0  ʚʠʜʘ (14) ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ (13) ʧʫʪʝʤ 

ʧʦʜʩʪʘʥʦʚʢʠ ʚʤʝʩʪʦ ʥʝʠʟʚʝʩʪʥʦʡ ( ),Z x y x yr s= Ö . 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ ʧʘʨ ʢʦʨʥʝʡ ʚʠʜʘ (14) ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʯʝʪʳʨʝʭ 

ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʯʘʩʪʥʳʭ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (13) ʚ ʚʠʜʝ ʦʙʦʙʱʝʥʥʳʭ ʩʪʝʧʝʥʥʳʭ ʨʷʜʦʚ  

( ) () ( ), 0,0

, 0

, 0 ,i i
i

Z x y x y A x y A
r s m n

mn
mn

¤

=

= Ö Ö Ö Ö ¸ä                          (15) 

ʛʜʝ ( ) ()( ),, 1,2,3,4 , , 0,1,2,...
i

i ip i Amns mn= =  ï ʥʝʠʟʚʝʩʪʥʳʝ ʧʦʩʪʦʷʥʥʳʝ.  

ʇʦʩʢʦʣʴʢʫ, ʟʥʘʯʝʥʠʷ r ʠ s ʦʧʨʝʜʝʣʝʥʳ, ʪʦ ʦʩʪʘʝʪʩʷ ʥʘʭʦʜʠʪʴ ʥʝʠʟʚʝʩʪʥʳʝ 

ʧʦʩʪʦʷʥʥʳʝ ( ),...2,1,0,, =nmnmA  ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤ ʨʝʢʫʨʨʝʥʪʥʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ 

() ()( ) ( ), ,

, 0

, 0, , 0,1,2,...; 1,2; , 0,1,2,... .
i i

m nA f m n m n jm n mn
mn

r m s n mn
¤

- -

=

Ö + - + - = = = =ä  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʥʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ (13) ʠʤʝʝʪ ʚʠʜ 

( )

( )

( )

( )

1 1

2 2
1 2

1 1

2 2
2 2

1 1

2 2
3 2

1 1

2 2
4 2

, 1 , 1, 1; , ,
2

, 1 , 1,1 ; , ,
2

, 1 ,1 , 1; , ,
2

, 1 ,1 ,1 ; , .
2

x y x y k x y

x y x y k x y

x y x y k x y

x y x y k x y

a b

a b

a b

a b

a b
a b

a b
a b

b a
a b

a b
a b

+ +

+ -

- +

- -

+å õ
F = Ö ÖY + - + +æ ö

ç ÷

-å õ
F = Ö ÖY + - + -æ ö

ç ÷

-å õ
F = Ö ÖY + - - +æ ö

ç ÷

- -å õ
F = Ö ÖY + - - -æ ö

ç ÷

                                 (16) 

ʉ ʫʯʝʪʦʤ ( )2 2 / 2k a b l= + + - ʵʪʠ ʨʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

( ) ( )
1 1

2 2
1 2, , 1, 1; , ,x y x y n x y

a b

a b
+ +

F = Ö ÖY - + + 

( ) ( )
1 1

2 2
2 2, , 1,1 ; , ,x y x y n x y

a b

b a b
+ -

F = Ö ÖY - - + - 

( ) ( )
1 1

2 2
3 2, ,1 , 1; , ,x y x y n x y

a b

a a b
- +

F = Ö ÖY - - - + 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

110 

( ) ( )
1 1

2 2
4 2, ,1 ,1 ; , .x y x y n x y

a b

a b a b
- -

F = Ö ÖY - - - - - 

ʆʪʩʶʜʘ ʥʝʪʨʫʜʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʥʪʝʨʝʩʫʶʱʘʷ ʥʘʩ ʨʝʰʝʥʠʝ ʧʨʠ  

( ) ( ) ( )( )
1 1 1 1

,2 2 2 2
1 2 ,, , 1, 1; , , .n nx y x y n x y x y L x y

a b a b
a b

a b
+ + + +

F = Ö ÖY - + + = Ö Ö        (17) 

ʀ ʦʩʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ ʤʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ. 

ɺʳʧʦʣʥʝʥʠʝ ʜʚʫʭ ʥʝʦʙʭʦʜʠʤʳʭ ʫʩʣʦʚʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʥʦʨʤʘʣʴʥʦ-

ʨʝʛʫʣʷʨʥʦʛʦ ʨʝʰʝʥʠʷ 

( ) ( )

( )( )

1 1

2 2
2

1 1
,2 2

,

, exp , 1, 1; ,
2 2

exp ,
2 2

n n

x y
U x y x y n x y

x y
x y L x y

a b

a b
a b

a b
+ +

+ +

å õ
= - - Ö Ö ÖY - + + =æ ö

ç ÷

å õ
= - - Ö Ö Öæ ö

ç ÷

                (18) 

ʟʘʚʠʩʷʱʝʝ ʦʪ ʤʥʦʛʦʯʣʝʥʘ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ 

( )

( ) ( )

( )

( )( )

( )

( )( )

( )

( )( )
( )

( )

( )( )

( )
( )

( )( )( )
( )

( )

( )( )

, 2

,

2

1

1 1
1

1! 1 1! 1 1! 1 1 2! 1 2

1 1 ...1
... 1

2! 1 2 ! 1 ...

1 ...1 1 ...1
1 ... 1 .

! 1 ... 1 1 ! 1 ...

n n

n n

n nn n

n n n nn n
L x y xy x

n n n n
y x

n n

n n n n
x y y

n n n n

a b

a b a b a a

b b a a

a a b b b

-

- -
= - Ö - Ö + Ö + Ö +

+ + + + + +

- -
+ Ö + + - Ö +

+ + + +

- -
+ - Ö Ö + + - Ö

+ + - + + +

         (19) 

 ʆʙʱʝʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (6) ʩ ʫʯʝʪʦʤ ʬʦʨʤʫʣ (16) ʥʘ ʦʩʥʦʚʘʥʠʠ  

( ) ( ) ( ) ( ) ( )yxZCyxZCyxZCyxZCyxZ ,,,,, 44332211 Ö+Ö+Ö+Ö=  

(ʛʜʝ ( )4,3,2,1=iCi  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ( )yxZZ ,=  ï ʦʙʱʘʷ ʥʝʠʟʚʝʩʪʥʘʷ) 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

( ) ( ) ( ) ( ) ( )

( ) ( )

1 1 2 2 3 3 4 4

1 1 2 2

, , , , ,

exp , exp ,
2 2 2 2

U x y C U x y C U x y C U x y C U x y

x y x y
C x y C x y

= Ö + Ö + Ö + Ö =

å õ å õ
= Ö - - ÖF + Ö - - ÖF +æ ö æ ö

ç ÷ ç ÷

 

( ) ( )3 3 4 4exp , exp , ,
2 2 2 2

x y x y
C x y C x y

å õ å õ
+ Ö - - ÖF + Ö - - ÖFæ ö æ ö

ç ÷ ç ÷
 

ʛʜʝ ( )1,2,3,4iC iÖ =  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

 ʅʘ ʦʩʥʦʚʘʥʠʡ ʚʳʰʝʧʨʠʚʝʜʝʥʥʳʭ ʨʘʩʩʫʞʜʝʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʫʪʚʝʨʞʜʝʥʠʷ. 

 ʊʝʦʨʝʤʘ 3. ʉʠʩʪʝʤʘ (13) ʦʪʥʦʩʠʪʝʣʴʥʦ ( ), ,x yF  ʧʦʣʫʯʝʥʥʘʷ ʠʟ (6) ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

( ) ( ) ( ), exp , ,U x y Q x y x y= ÖF                                                  (20) 

ʠʤʝʝʪ ʪʦʪ ʞʝ ʨʘʥʛ, ʯʪʦ ʠ ʩʠʩʪʝʤʘ (6). 

 ʊʝʦʨʝʤʘ 4. ʉʠʩʪʝʤʘ (6) ʜʣʷ ʢʦʪʦʨʦʛʦ 0, 0p m> ¢ ʠʤʝʝʪ ʥʦʨʤʘʣʴʥʦ-ʨʝʛʫʣʷʨʥʦʝ 

ʨʝʰʝʥʠʝ (18), ʢʦʪʦʨʦʡ ʚʳʨʘʞʘʝʪʩʷ ʯʝʨʝʟ ʦʙʦʙʱʝʥʥʳʡ ʤʥʦʛʦʯʣʝʥ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, 

ʧʨʠʯʝʤ ʧʨʘʚʘʷ ʯʘʩʪʴ (18) ʩʭʦʜʠʪʩʷ ʚʙʣʠʟʠ ʦʩʦʙʝʥʥʦʩʪʠ ( )0, 0 .x y= =  

 ʉʠʩʪʝʤʫ (6) ʥʘʟʦʚʝʤ ʩʠʩʪʝʤʦʡ ʪʠʧʘ ʃʘʛʝʨʨʘ. ɽʸ ʨʝʰʝʥʠʝʤ ʷʚʣʷʝʪʩʷ ʦʨʪʦʛʦʥʘʣʴʥʳʡ 

ʤʥʦʛʦʯʣʝʥ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʃʘʛʝʨʨʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠ ʦʙʦʙʱʝʥʠʠ ʢʣʘʩʩʠʯʝʩʢʠʭ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʥʘ ʩʣʫʯʘʠ ʜʚʫʭ ʠ ʙʦʣʝʝ ʧʝʨʝʤʝʥʥʳʭ ʚʦʟʥʠʢʣʘ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʨʘʩʩʤʦʪʨʝʥʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʙʠʦʨʪʦʛʦʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʤʥʦʛʦʯʣʝʥʦʚ. 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ, ʤʳ ʩʣʝʜʫʷ ʢʣʘʩʩʠʯʝʩʢʦʤʫ ʤʝʪʦʜʫ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʤʥʦʛʦʯʣʝʥʳ 

ʠʟʫʯʘʝʤ ʢʘʢ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ɻʦʨʥʘ ( )2 .Y  ʇʨʝʜʳʜʫʱʠʡ ʭʦʜ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʠ ʚ 
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ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʘʧʧʘʨʘʪʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʚʳʨʦʞʜʝʥʥʘʷ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʇ. ɻʫʤʙʝʨʪʘ ( )2 , , ; ,x ya g g¡Y . 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʚʝ ʩʠʩʪʝʤʳ ʪʠʧʘ ʃʘʛʝʨʨʘ. ʆʥʠ ʦʙʘ ʩʚʷʟʘʥʳ ʩ 

ʩʠʩʪʝʤʦʡ ɻʦʨʥʘ ( ).2Y  ʇʝʨʚʘʷ ʠʟ ʥʠʭ ʧʦʣʫʯʘʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤ ʧʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ 

1, 1, .ng a g b l¡= + = + =- ɺʪʦʨʘʷ ʩʠʩʪʝʤʘ ʚʚʝʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ (5). ɼʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ (6) ʙʳʣ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʌʨʦʙʝʥʠʫʩʘ-ʃʘʪʳʰʝʚʦʡ, ʢʦʪʦʨʳʡ 

ʧʦʟʚʦʣʠʣ ʧʦʩʪʨʦʠʪʴ ʥʦʨʤʘʣʴʥʦ-ʨʝʛʫʣʷʨʥʦʝ ʨʝʰʝʥʠʝ (18) ʟʘʚʠʩʷʱʝʝ ʦʪ ʤʥʦʛʦʯʣʝʥʘ ʃʘʛʝʨʨʘ 

ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ (19). ʈʝʰʝʥʠʝ ʚ ʪʘʢʦʡ ʬʦʨʤʝ ʧʦʩʪʨʦʝʥʦ ʚʧʝʨʚʳʝ. 
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463 ʩ. 
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ʏɸʉʊʅʓʍ ʇʈʆʀɿɺʆɼʅʓʍ ɺʊʆʈʆɻʆ ʇʆʈʗɼʂɸ 

 

ʊʘʩʤʘʤʙʝʪʦʚ ɾ.ʅ., ʊʘʣʠʧʦʚʘ ʄ.ɾ., ɾʘʭʠʥʘ ʈ.ʋ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ɾʫʙʘʥʦʚʘ 

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʪʠʧʘ ʃʘʛʝʨʨʘ. ʀʩʩʣʝʜʦʚʘʥʳ ʠʭ ʩʚʷʟʠ ʩ ʦʜʥʠʤ 

ʜʦʧʫʩʪʠʤʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʩʪʨʦʝʥʠʝ ʠʭ ʥʦʨʤʘʣʴʥʦ-ʨʝʛʫʣʷʨʥʳʭ 

ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ ʤʥʦʛʦʯʣʝʥʦʚ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʨʦʞʜʝʥʥʦʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ, ʜʦʧʫʩʪʠʤʦʝ ʫʨʘʚʥʝʥʠʝ, ʚʳʨʦʞʜʝʥʥʘʷ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ, ʤʥʦʛʦʯʣʝʥʳ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʩʠʩʪʝʤʳ ʪʠʧʘ ʃʘʛʝʨʨʘ. 

 

 ɺʚʝʜʝʥʠʝ. ɺʳʨʦʞʜʝʥʥʦʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ 

( ) 0x y x y yg a¡¡ ¡Ö + - Ö - Ö =                                        (1) 

ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʱʘʷ ʝʤʫ ʚʳʨʦʞʜʝʥʥʘʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʙʳʣʠ ʠʟʫʯʝʥʳ 

ʤʥʦʛʠʤʠ ʠʟʚʝʩʪʥʳʤʠ ʤʘʪʝʤʘʪʠʢʘʤʠ ʪʘʢʠʝ ʢʘʢ, ʕ.ʂʫʤʤʝʨ, ʇ.ɻʫʤʙʝʨʪ, ʕ.ɻ.ʋʠʪʪʝʢʝʨ, 

ʌ.ʊʨʠʢʦʤʠ, ɸ.ʕʨʜʝʡʠ ʠ ʜʨ. ʅʘʟʚʘʥʥʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʤʥʦʛʠʭ ʠʟʚʝʩʪʥʳʭ 

ʬʫʥʢʮʠʡ, ʘ ʪʘʢʞʝ ʯʝʨʝʟ ʥʝʝ ʚʳʨʘʞʘʶʪʩʷ ʚʩʝ ʦʨʪʦʛʦʥʘʣʴʥʳʝ ʤʥʦʛʦʯʣʝʥʳ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ 

[1]. 

 ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʝʩʣʠ g ï ʥʝ ʮʝʣʦʝ, ʘ a ï ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʮʝʣʦʝ ʯʠʩʣʦ ʠʣʠ ʥʫʣʴ, ʪʦ ʨʷʜ 

( )
( )

( )
2

1
, ; 1 ...

2! 1
G x x x

a aa
a g

g g g

+
= + Ö + Ö +

Ö Ö +
                               (2) 

ʧʨʝʜʩʪʘʚʣʷʶʱʠʡ ʚʳʨʦʞʜʝʥʥʫʶ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʫʶ ʬʫʥʢʮʠʶ ʦʙʨʳʚʘʝʪʩʷ, ʠ ʧʦʣʫʯʠʤ 

ʤʥʦʛʦʯʣʝʥ ( ), ;G n xg- , ʚ ʯʘʩʪʥʦʩʪʠ ʚʳʨʘʞʘʶʱʠʡ ʤʥʦʛʦʯʣʝʥ ʃʘʛʝʨʨʘ. ɺ ʪʝʦʨʠʠ 

ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʨʝʰʝʥʠʷʤʠ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʤʥʦʛʦʯʣʝʥʳ ʃʘʛʝʨʨʘ ʠ ʥʘʭʦʜʷʱʠʝʩʷ ʨʘʟʣʠʯʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʚ 

ʟʘʜʘʯʘʭ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʪʝʦʨʠʠ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ ʠ ʜʨ. [2, ʩ.226]. 

ʆʙʦʙʱʝʥʠʝ ʵʪʦʡ ʪʝʦʨʠʠ ʥʘ ʤʥʦʛʦʯʣʝʥʳ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʩʠʩʪʝʤ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʤ ʦʥʠ 

ʫʜʦʚʣʝʪʚʦʨʷʶʪ, ʥʝ ʜʦʩʪʠʛʣʠ ʪʘʢʦʛʦ ʫʨʦʚʥʷ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʫʩʣʦʞʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʝʩʣʠ ʚ 

ʦʙʳʢʥʦʚʝʥʥʦʤ ʩʣʫʯʘʝ ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʦʜʥʦ ʚʳʨʦʞʜʝʥʥʦʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʝ 
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ʫʨʘʚʥʝʥʠʝ (1), ʪʦ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʧʦʷʚʣʷʶʪʩʷ 20 ʚʳʨʦʞʜʝʥʥʳʭ ʩʠʩʪʝʤ ʠ 20 

ʚʳʨʦʞʜʝʥʥʳʭ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʠʤ [3, 

ʩ.226-230]. ʇʦʢʘ ʥʝ ʠʟʚʝʩʪʥʦ, ʩʢʦʣʴʢʦ ʩʫʱʝʩʪʚʫʝʪ ʩʠʩʪʝʤ ʪʠʧʘ ʃʘʛʝʨʨʘ ʠ ʦʥʠ ʢʘʢʠʤ ʠʟ 20-ʪʠ 

ʚʳʨʦʞʜʝʥʥʳʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʳ. ɺʠʜʠʤʦ ʥʘ ʵʪʦ ʧʦʚʣʠʷʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʨʘʟʚʠʪʠʝ 

ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ, ʧʦʣʫʯʠʣ ʨʘʟʚʠʪʠʝ ʜʨʫʛʦʝ ʥʘʧʨʘʚʣʝʥʠʝ 

ʠʟʫʯʘʶʱʠʝ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʤʥʦʛʦʯʣʝʥʦʚ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ ʢʘʢ ʩʦʙʩʪʚʝʥʥʳʝ ʬʫʥʢʮʠʡ 

ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

 ɺ ʨʘʙʦʪʘʭ ʊʘʩʤʘʤʙʝʪʦʚʘ ɾ.ʅ. ʠ ɾʘʭʠʥʦʡ ʈ.ʋ. ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʳʚʘʶʱʝʡ ʩʠʩʪʝʤʳ 

ʧʦʜʦʙʨʘʥʘ ʩʠʩʪʝʤʘ ɻʦʨʥʘ ( )2Y  ʠ ʠʟʫʯʝʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʚʳʨʦʞʜʝʥʥʦʡ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʡ 

ʬʫʥʢʮʠʝʡ ɻʫʤʙʝʨʪʘ ( )2 , , ; ,x ya g g¡Y  ʠ ʬʫʥʢʮʠʝʡ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ 
( )( ),

, ,n mL x y
a b

. 

 ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʫʩʪʘʥʦʚʣʝʥʠʝ ʠ ʠʟʫʯʝʥʠʝ ʩʚʷʟʠ ʩʠʩʪʝʤ ʪʠʧʘ ʃʘʛʝʨʨʘ ʩ 

ʦʜʥʠʤ ʜʦʧʫʩʪʠʤʳʤ ʫʨʘʚʥʝʥʠʝʤ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʧʦʩʪʨʦʝʥʠʝ ʠʭ 

ʥʦʨʤʘʣʴʥʦ-ʨʝʛʫʣʷʨʥʳʭ ʨʝʰʝʥʠʡ ʚ ʚʠʜʝ ʤʥʦʛʦʯʣʝʥʦʚ ʃʘʛʝʨʨʘ ʜʚʫʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʅʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʙʳʢʥʦʚʝʥʥʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʚ (1) ʧʦʣʦʞʠʪʴ ( )1 1g a a= + >- ʠ 

na=-, ʪʦ ʚʳʨʦʞʜʝʥʥʳʡ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʡ ʨʷʜ (2) ʧʨʝʚʨʘʱʘʝʪʩʷ ʤʥʦʛʦʯʣʝʥ ʃʘʛʝʨʨʘ 

()() ( )
( )

( )

( )( )

( )
( )

( )( )( )

2
1

, 1; 1 ...
1! 1 2! 1 2

1 ...1
              1
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è -
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+ + +ê

ø-
+ - Öù
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       (3) 

ʛʜʝ nC  ï ʧʨʦʠʟʚʦʣʴʥʘʷ ʧʦʩʪʦʷʥʥʘʷ. ʊʦʛʜʘ, ʧʨʦʠʟʚʝʜʝʥʠʷ ʜʚʫʭ ʦʙʦʙʱʝʥʥʳʭ 

ʤʥʦʛʦʯʣʝʥʦʚ ʃʘʛʝʨʨʘ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ ʜʘʝʪ ʪʘʢʞʝ ʦʙʦʙʱʝʥʥʳʡ ʤʥʦʛʦʯʣʝʥ ʃʘʛʝʨʨʘ ʜʚʫʭ 

ʧʝʨʝʤʝʥʥʳʭ  
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ʛʜʝ 
,n m n mC C C= Ö  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ. 

 ʇʨʠʚʝʜʝʤ ʥʝʩʢʦʣʴʢʦ ʧʝʨʚʳʭ ʧʦʣʠʥʦʤʦʚ ʵʪʦʛʦ ʤʥʦʛʦʯʣʝʥʘ 
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 ʆʙʱʠʝ ʩʚʦʡʩʪʚʘ ʤʝʞʜʫ ʩʠʩʪʝʤ ʠ ʜʦʧʫʩʪʠʤʳʤʠ ʫʨʘʚʥʝʥʠʷʤʠ. 

 1. ʄʥʦʛʦʯʣʝʥ (4) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʜʦʧʫʩʪʠʤʦʤʫ ʫʨʘʚʥʝʥʠʶ  

( ) ( ) ( )
2 2

2 2
1 1 0

U U U U
x y x y n m U

x y x y
a b

µ µ µ µ
Ö + Ö + + - Ö + + - Ö + + Ö =
µ µ µ µ

                           (5)  

ʠ ʩʠʩʪʝʤʫ ʩʦʩʪʦʷʱʝʤʫ ʠʟ ʜʚʫʭ ʫʨʘʚʥʝʥʠʡ ʃʘʛʝʨʨʘ 

( )

( )

1

2

1 0

1 0

xx x

yy y

x Z x Z Z

y Z y Z Z

a l

b l

Ö + + - Ö - Ö =ûî
ü

Ö + + - Ö - Ö =îý

                                                    (6) 

ʛʜʝ 1l ʠ 2l ʧʘʨʘʤʝʪʨʳ, ʘ ( ),Z Z x y=  ï ʦʙʱʘʷ ʥʝʠʟʚʝʩʪʥʘʷ. 

 ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ 1, 1, 0, 0.a b a b>- >- ¸ ¸ ʊʦʛʜʘ ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ (6) ʠʤʝʝʪ ʨʝʰʝʥʠʝ (4) ʚ ʚʠʜʝ 

ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʧʦʣʠʥʦʤʦʚ ʃʘʛʝʨʨʘ ʧʦ x  ʠ y, ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʧʘʨʘʤʝʪʨʳ (1 2, 0, 0n m n ml l=- =- > > ï ʮʝʣʳʝ ʯʠʩʣʘ). 

 ɸʥʘʣʦʛʠʯʥʫʶ ʪʝʦʨʝʤʫ ʤʦʞʥʦ ʩʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʜʣʷ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ. 

 ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ 1, 1, 0, 0.a b a b>- >- ¸ ¸ ʊʦʛʜʘ ʜʦʧʫʩʪʠʤʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʠʤʝʝʪ 

ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʦʙʦʙʱʝʥʥʳʭ ʧʦʣʠʥʦʤʦʚ ʃʘʛʝʨʨʘ ʧʦ x  ʠ y  (4), ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ 

ʪʦʛʜʘ, ʢʦʛʜʘ ʩʫʤʤʘ ʧʘʨʘʤʝʪʨʦʚ  ( )(1 2 0, 0n m n ml l+ =- + > > ï ʮʝʣʳʝ ʯʠʩʣʘ). 

 2. ʉʣʫʯʘʡ 0=l  ʠ 0=b  ʪʨʝʙʫʝʪ ʦʪʜʝʣʴʥʦʛʦ ʨʘʩʩʤʦʪʨʝʥʠʷ. ɽʩʣʠ 0=l  ʠ ,0=b  ʪʦ 

ʩʠʩʪʝʤʘ (6) ʧʨʠʚʦʜʠʪʩʷ ʢ ʚʠʜʫ 

( )

( )

1

2

1 0

1 0

xx x

yy y

x Z x Z Z

y Z y Z Z

l

l

Ö + - Ö - Ö =ûî
ü

Ö + - Ö - Ö =îý

                                  (7) 

ʛʜʝ 1l ʠ 2l ʧʘʨʘʤʝʪʨʳ, ʘ ( ),Z Z x y=  ï ʦʙʱʘʷ ʥʝʠʟʚʝʩʪʥʘʷ. 

 ɼʦʧʫʩʪʠʤʦʝ ʫʨʘʚʥʝʥʠʝ (5) ʧʨʠʥʠʤʘʝʪ ʚʠʜ 

( ) ( ) ( )
2 2

2 2
1 1 0.

U U U U
x y x y n m U

x y x y

µ µ µ µ
Ö + Ö + - Ö + - Ö + + Ö =
µ µ µ µ

                     (8) 

 ʊʝʦʨʝʤʘ 3. ʇʫʩʪʴ 1, 1, 0, 0.a b a b>- >- = = ʊʦʛʜʘ ʩʠʩʪʝʤʘ (6) ʠ ʜʦʧʫʩʪʠʤʦʝ 

ʫʨʘʚʥʝʥʠʝ (8) ʠʤʝʝʪ ʨʝʰʝʥʠʝ ʚ ʚʠʜʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʧʨʦʩʪʳʭ ʧʦʣʠʥʦʤʦʚ ʃʘʛʝʨʨʘ ʧʦ x  ʠ y  

( ) ()() ()() ( ) ( ), , ,1; ,1; ,n m n m n mL x y L x L y C G n x C G m y
a b

= Ö = Ö - Ö Ö - 

( nC  ʠ 
mC  ï ʧʨʦʠʟʚʦʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ), ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʫʤʤʘ ʧʘʨʘʤʝʪʨʦʚ 

( )( 0,021 >>+-=+ mnmnll  ï ʮʝʣʳʝ ʯʠʩʣʘ). 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʘ ʩʚʷʟʴ ʩʠʩʪʝʤ ʪʠʧʘ ʃʘʛʝʨʨʘ ʠ ʜʦʧʫʩʪʠʤʳʭ 

ʫʨʘʚʥʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʠʤʝʶʪ ʦʙʱʠʝ ʩʚʦʡʩʪʚʘ ʠ ʠʜʝʥʪʠʯʥʳʝ ʨʝʰʝʥʠʷ.  

ʃʠʪʝʨʘʪʫʨʘ 
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ʆʉʎʀʃʃʗʎʀʗ ʈɽʐɽʅʀʁ ʆɼʅʆɻʆ ʂʃɸʉʉɸ ʆʇɽʈɸʊʆʈʅʆ-ʈɸɿʅʆʉʊʅʆɻʆ 

ʋʈɸɺʅɽʅʀʗʄʀ ʉ ʂʆʅɽʏʅʓʄʀ ʈɸɿʅʆʉʊʗʄʀ   ʇʈʆʀɿɺʆʃʔʅʆɻʆ 

ʅɽʏɽʊʅʆɻʆ ʇʆʈʗɼʂɸ  

 

ʊʝʤʠʨʦʚ ɹ.ʂ., ɹʘʨʘʪʦʚʘ ɹ.ʐ., ʊʘʣʘʥʪʙʝʢʦʚ ɸ.ʊ. 

ʂʳʨʛʳʟʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɾ.ɹʘʣʘʩʘʛʳʥʘ,  

ɹʠʰʢʝʢ, ʂʳʨʛʳʟʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʩʪʘʪʴʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʦʩʮʠʣʷʮʠʠ ʧʨʘʚʠʣʴʥʳʭ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʦʛʦ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ  ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʯʝʪʥʦʛʦ 

ʧʦʨʷʜʢʘ ʩ ʦʧʝʨʘʪʦʨʦʤ ʃʘʧʣʘʩʘ. 

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʆʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ, ʅʝʨʘʚʝʥʩʪʚʦ ʁʝʥʩʝʥʘ, ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʩʪʴ, 

ʢʦʥʝʯʥʘʷ ʨʘʟʥʦʩʪʴ, ʌʫʥʢʮʠʷ ɻʨʠʥʘ ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ ʚʠʜʘ 

 

 
 

ɺʚʝʜʝʥʠʝ. ʆʩʮʠʣʣʷʮʠʷ ʨʝʰʝʥʠʡ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ 

ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ  ʧʨʦʠʟʚʦʣʴʥʦ ʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʝ [3]. ɺ ʩʣʫʯʘʝ 

ʢʦʛʜʘ ʢʦʥʝʯʥʳʝ ʨʘʟʥʦʩʪʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ () ʚʦʧʨʦʩ ʦʩʮʠʣʣʷʮʠʠ ʨʝʰʝʥʠʡ ʪʘʢʦʛʦ ʪʠʧʘ 

ʫʨʘʚʥʝʥʠʡ ʠʟʫʯʝʥʳ ʚ [2]. ɺ ʜʘʥʥʦʩ ʩʪʘʪʴʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ ʦʩʮʠʣʣʷʮʠʠ ʨʝʰʝʥʠʡ 

ʫʨʘʚʥʝʥʠʷ (1) ʠ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʨʝʰʝʥʠʝ 

ʣʠʙʦ ʦʩʮʠʣʣʠʨʫʝʪ ʣʠʙʦ . 

 ʇʦʜʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ: ʋʩʪʘʥʦʚʠʪʴ ʢʦʵʬʬʠʮʠʝʥʪʥʳʝ ʢʨʠʪʝʨʠʠ ʦʩʮʠʣʣʷʮʠʠ ʨʝʰʝʥʠʡ 

ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʩ ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ  

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ ʩ ʦʧʝʨʘʪʦʨʦʤ ʃʘʧʣʘʩʘ. 

  ɺʚʝʜʝʤ ʦʙʦʟʥʘʯʝʥʠʷ: 1)  ʦʪʢʨʳʪʘʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʦʙʣʘʩʪʴ ʩ ʢʫʩʦʯʥʦ-

ʛʣʘʜʢʦʡ ʛʨʘʥʠʮʝʡ ; 2) ; 3)  ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ; 4) 

 

  

  

  

  
ʆʯʝʚʠʜʥʦ, ʯʪʦ 

 
5)  ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ ʧʦ  ʜʣʷ ʢʘʞʜʦʛʦ ʬʠʢʩʠʨʦʚʘʥʥʦʛʦ 

ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ . 

6)  ʬʫʥʢʮʠʷ ʥʘʪʫʨʘʣʴʥʦʛʦ ʘʨʛʫʤʝʥʪʘ.  

7)  ʦʧʝʨʘʪʦʨ ʃʘʧʣʘʩʘ. 

8)  ʦʧʨʝʜʝʣʝʥʳ  ʠ ʥʝʧʨʝʨʳʚʥʘ ʧʦ . 

 ɹʫʜʝʤ ʠʩʭʦʜʠʪʴ ʠʟ ʦʧʨʝʜʝʣʝʥʠʡ [1]. 

 ʆʧʨʝʜʝʣʝʥʠʝ 1. ɺʩʷʢʫʶ ʬʫʥʢʮʠʶ ʦʧʨʝʜʝʣʝʥʥʫʶ ʚ ʦʙʣʘʩʪʠ  

ʥʘʟʳʚʘʶʪ ʧʨʘʚʠʣʴʥʦʡ. 
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 ʆʧʨʝʜʝʣʝʥʠʝ 2. ʇʨʘʚʠʣʴʥʫʶ ʬʫʥʢʮʠʶ  ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ 

{ʥʝʧʦʣʦʞʠʪʝʣʴʥʦʡ}, ʝʩʣʠ  ʪʘʢʦʝ ʯʪʦ , , 

, 

 
 ʆʧʨʝʜʝʣʝʥʠʝ 3. ʇʨʘʚʠʣʴʥʫʶ ʬʫʥʢʮʠʶ ʥʘʟʳʚʘʶʪ ʥʝʦʩʮʠʣʣʠʨʫʶʱʝʡ, ʝʩʣʠ ʦʥʘ ʣʠʙʦ 

ʥʝʦʪʨʠʮʘʪʝʣʴʥʘ ʣʠʙʦ ʥʝʧʦʣʦʞʠʪʝʣʴʥʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʝʝ ʥʘʟʳʚʘʶʪ ʦʩʮʠʣʣʠʨʫʶʱʝʡ. 

 ʀʟʚʝʩʪʥʦ [4], ʯʪʦ ʚʩʝ ʩʦʙʩʪʚʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ 

 
ʧʦʣʦʞʠʪʝʣʴʥʳ, ʥʘʠʤʝʥʴʰʝʤʫ ʩʦʙʩʪʚʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ  ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʘʷ 

ʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʦʙʩʪʚʝʥʥʘʷ ʬʫʥʢʮʠʷ ,  (ʅʦʨʤʠʨʦʚʘʥʥʘʷ ʚ ʩʤʳʩʣʝ 

). 

 ʉʣʝʜʩʪʚʠʝ ʬʦʨʤʫʣʳ ɻʨʠʥʘ. 

 ʉʣʝʜʩʪʚʠʝ 1. ɼʣʷ ʚʩʷʢʦʡ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ 

 (ʉʠʤʚʦʣ  ʦʟʥʘʯʘʝʪ, ʯʪʦ  ) ʚʳʧʦʣʥʷʝʪʩʷ 

 
 ʉʣʝʜʩʪʚʠʝ 2. ɼʣʷ ʚʩʷʢʦʡ ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʡ ʜʚʘʞʜʳ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ 

ʬʫʥʢʮʠʠ  

 
 ʃʝʤʤʘ 1. ʇʫʩʪʴ 1) ; 2)  ʯʝʪʥʦʝ ʯʠʩʣʦ; 3)  ʥʝʧʨʝʨʳʚʥʘʷ ʬʫʥʢʮʠʷ 

. ʊʦʛʜʘ ʥʝʨʘʚʝʥʩʪʚʦ 

 
ʥʝ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ . 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (3) ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ 

 . ʊʦʛʜʘ . ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ. 

ɺʦʟʤʦʞʥʳ ʪʦʣʴʢʦ ʩʣʝʜʫʶʱʠʝ ʜʦʧʫʱʝʥʠʷ: 

1) ʣʠʙʦ  ʪʘʢʦʝ, ʯʪʦ ; 

2) ʣʠʙʦ  . 

 ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʩʣʫʯʘʡ. ɼʦʢʘʞʝʤ, ʯʪʦ ʵʪʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʪ 

ʥʝʨʘʚʝʥʩʪʚʫ  . ʂʘʢ ʥʘʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ 

 ʧʨʠ . 

ʆʪʩʶʜʘ, ʩʣʝʜʫʝʪ ʯʪʦ ,  ʪʘʢʠʝ, ʯʪʦ 

 
ʇʨʦʜʦʣʞʘʷ ʘʥʘʣʦʛʠʯʥʦ ʪʘʢʠʝ ʞʝ ʨʘʩʩʫʞʜʝʥʠʷ ʧʦʣʫʯʠʤ, ʯʪʦ ,  ʪʘʢʠʝ, 

ʯʪʦ 

 

 

 
ɼʘʣʝʝ ʩʫʤʤʠʨʫʷ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʦʪ  ʜʦ , ʧʦʣʫʯʠʤ 

 ʧʨʠ  

ʕʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʝʨʘʚʝʥʩʪʚʫ  . ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʝ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʥʝʩʦʩʪʦʷʪʝʣʴʥʳ. 

ʈʘʩʩʤʦʪʨʠʤ ʚʪʦʨʦʡ ʩʣʫʯʘʡ. 

 
 ʥʝʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʣʦʛʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 
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1) ʣʠʙʦ  ʪʘʢʦʝ, ʯʪʦ . 

2) ʣʠʙʦ  . 

 ʈʘʩʩʤʦʪʨʠʤ ʧʝʨʚʳʡ ʩʣʫʯʘʡ 

 
 ʧʨʠ . 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ,  ʪʘʢʠʝ, ʯʪʦ 

 
ʇʨʦʜʦʣʞʘʷ ʪʘʢʠʝ ʨʘʩʩʫʞʜʝʥʠʷ, ʧʦʣʫʯʠʤ ʯʪʦ ,  ʪʘʢʠʝ, ʯʪʦ 

 
ʊʦʛʜʘ . 

 ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠʟ (3) ʠʤʝʝʤ 

 
ʋʯʠʪʳʚʘʷ ʥʝʨʘʚʝʥʩʪʚʦ   ʧʦʣʫʯʠʤ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʢʦʪʦʨʦʝ 

ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ 1) ʣʝʤʤʳ 1. ʇʦʵʪʦʤʫ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ 1) ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʷʤ 1) 

ʣʝʤʤʳ 1. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʚʝʨʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ 2) ʯʪʦ . 

 
  ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ ʬʫʥʢʮʠʷ . ʃʦʛʠʯʝʩʢʠ ʚʦʟʤʦʞʥʳ ʪʦʣʴʢʦ 

ʩʣʝʜʫʶʱʠʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ: 

1) ʣʠʙʦ , ʪʘʢʦʝ, ʯʪʦ  ; 

2) ʣʠʙʦ  . 

 ʇʝʨʚʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʥʝʨʘʚʝʥʩʪʚʫ, ʯʪʦ 

 
ʉʣʝʜʦʚʘʪʝʣʴʥʦ,  . 

 ɸʥʘʣʦʛʠʯʥʦ, ʨʘʩʩʫʞʜʘʷ ʧʦʣʫʯʠʤ, ʯʪʦ  . ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ 

. 

 ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ (3) ʠʤʝʝʤ 

 
ʉʫʤʤʠʨʫʷ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʦʪ  ʜʦ  ʧʦʣʫʯʠʤ 

 
ʊʘʢ ʢʘʢ , ʪʦ ʫʩʠʣʠʚʘʷ ʥʝʨʘʚʝʥʩʪʚʦ ʧʦʣʫʯʠʤ 

 
ʢʦʪʦʨʦʝ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ 1) ʣʝʤʤʳ 1. 

 ʇʨʠʤʝʨ. ʇʫʩʪʴ  

; 

 
ʊʦʛʜʘ ʥʝʨʘʚʝʥʩʪʚʦ (2) ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ . ʆʯʝʚʠʜʥʦ, ʯʪʦ 

; . 

 ɿʘʤʝʯʘʥʠʝ. ɽʩʣʠ 1) ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ 1), 3) ʣʝʤʤʳ 1; 2)  ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ, ʪʦ 

ʥʝʨʘʚʝʥʩʪʚʦ (3) ʤʦʞʝʪ ʠʤʝʪʴ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ. 

 ʃʝʤʤʘ 2. ɽʩʣʠ 1) ; 2)  ʥʝʧʨʝʨʳʚʥʘʷ ʫʙʳʚʘʶʱʘʷ ʬʫʥʢʮʠʷ 

; 3)  ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ, ʪʦ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ  ʥʝʨʘʚʝʥʩʪʚʘ (3) ʠʤʝʝʪ 

ʤʝʩʪʦ . 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (3) ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ 

 . ɼʘʣʝʝ ʨʘʩʩʫʞʜʘʷ ʧʦʯʪʠ ʪʘʢʞʝ ʢʘʢ ʠ ʧʨʠ ʜʦʢʘʟʘʪʝʣʴʩʪʚʝ ʣʝʤʤʳ 1 ʠ 

ʧʦʢʘʞʝʤ, ʯʪʦ , , . ʆʪʩʶʜʘ ʚʳʪʝʢʘʝʪ, ʯʪʦ 
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1)  ʥʝʚʦʟʨʘʩʪʘʶʰʘʷ ʬʫʥʢʮʠʷ . 

2) . 

 ɼʦʧʫʩʪʠʤ, ʯʪʦ . ʊʦʛʜʘ , 

 
ʉ ʫʯʝʪʦʤ ʵʪʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ, ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ (3) ʠʤʝʝʤ 

 
ʊʘʢ ʢʘʢ  , ʪʦ ʵʪʦ ʥʝʨʘʚʝʥʩʪʚʦ ʧʨʦʪʠʚʦʨʝʯʠʪ ʫʩʣʦʚʠʶ 1) ʣʝʤʤʳ 2. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʝʜʧʦʣʦʞʝʥʠʝ  ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʪʠʚʦʨʝʯʠʶ. 

ʇʦʵʪʦʤʫ . 

 ʉʢʘʞʝʤ, ʯʪʦ ʚʳʧʦʣʥʝʥʦ: 1) ʫʩʣʦʚʠʝ , ʝʩʣʠ , , ʪʦ  

ʛʜʝ , ; 2) ʫʩʣʦʚʠʝ , ʝʩʣʠ . 

 
3) ʫʩʣʦʚʠʝ , ʝʩʣʠ  ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ  ʠ  

 
 ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ 1) ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ ,  ʠ ; 2) ; 3)  

ʥʝʯʝʪʥʦʝ ʯʠʩʣʦ. ʊʦʛʜʘ ʚʩʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʣʠʙʦ ʦʩʮʠʣʣʠʨʫʝʪ ʣʠʙʦ . 

 ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ 

, . ʊʦʛʜʘ ʥʘ ʦʩʥʦʚʘʥʠʠ ʟʥʘʯʝʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʥʝʨʘʚʝʥʩʪʚʦ 

 
ʉ ʫʯʝʪʦʤ ʣʝʤʤʳ 2 ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʨʝʰʝʥʠʷ ʙʫʜʝʪ ʚʳʧʦʣʥʷʪʩʷ ʨʘʚʝʥʩʪʚʦ 

. 

 ʇʫʩʪʴ  ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1). ʊʦʛʜʘ 

 ʙʫʜʝʪ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤ ʨʝʰʝʥʠʝʤ ʵʪʦʛʦ ʞʝ ʫʨʘʚʥʝʥʠʷ. ʆʪʩʶʜʘ ʩʣʝʜʫʝʪ 

ʯʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (4) ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ  ʠ ʥʘ 

ʦʩʥʦʚʘʥʠʠ ʣʝʤʤʳ 2 ʠʤʝʝʪ ʤʝʩʪʦ 

 
 ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ 1) ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 1; 2)  . ʊʦʛʜʘ 

ʚʩʝ ʧʨʘʚʠʣʴʥʳʝ ʨʝʰʝʥʠʷ ʫʨʘʚʥʝʥʠʷ (1) ʣʠʙʦ ʦʩʮʠʣʣʠʨʫʝʪ ʣʠʙʦ . 
 

ɿʘʢʣʶʯʝʥʠʝ. 
 ʀʟʫʯʝʥʠʝ ʦʩʮʠʣʣʷʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʨʝʰʝʥʠʡ ʣʠʥʝʡʥʦʛʦ ʠʥʪʝʛʨʦ-ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦ-

ʨʘʟʥʦʩʪʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʢʦʥʝʯʥʳʤʠ ʨʘʟʥʦʩʪʷʤʠ  ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʥʝʯʝʪʥʦʛʦ ʧʦʨʷʜʢʘ ʩ 

ʦʧʝʨʘʪʦʨʦʤ ʃʘʧʣʘʩʘ ʨʘʥʝʝ ʥʝ ʠʟʫʯʘʣʘʩʴ. ʇʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʷʚʣʷʝʪʩʷ ʥʦʚʳʤ. 

 ɺ ʩʪʘʪʴʝ ʫʩʪʘʥʦʚʣʝʥʦ ʜʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʢʦʪʦʨʦʛʦ ʚʩʝ ʧʨʘʚʠʣʴʥʳʝ 

ʨʝʰʝʥʠʷ ʣʠʙʦ ʙʫʜʝʪ ʦʩʮʠʣʣʠʨʦʚʘʪʴ ʣʠʙʦ . 
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ʦʮʝʥʠʚʘʝʪʩʷ ʧʦ ʜʨʫʛʦʤʫ [1,2]. 
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ɺ ʯʘʩʪʥʦʩʪʠ, ʠʟ (8) ʠʤʝʝʤ ʩʣʝʜʫʶʱʠʝ ʧʨʦʩʪʳʝ ʫʩʣʦʚʠʷ ʩʦʧʨʷʞʝʥʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʥʘ 
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ʋʩʣʦʚʠʝ (9) ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ ʊʝʦʨʝʤʳ 5 ʠʟ [6]. 

ʊʝʧʝʨʴ ʨʘʩʩʤʦʪʨʠʤ ʚʦʧʨʦʩʳ ʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ, ʥʝʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1). 

 ʊʝʦʨʝʤʘ 3.  ʇʫʩʪʴ ¤
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)(i  ɼʣʷ ʥʝʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʫʩʣʦʚʠʝ 1),( ¢¤mB
p

 ʧʨʠ ʥʝʢʦʪʦʨʦʤ 0²m  

ʥʝʦʙʭʦʜʠʤʦ, ʘ ʫʩʣʦʚʠʝ 1),(2 ¢¤nB
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a  ʧʨʠ ʥʝʢʦʪʦʨʦʤ 0²n  ʜʦʩʪʘʪʦʯʥʦ; 

)(ii  ɼʣʷ ʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʫʩʣʦʚʠʝ 1>),(suplim2 ¤
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ʥʝʦʙʭʦʜʠʤʦ, ʘ ʫʩʣʦʚʠʝ 1),(suplim >¤
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 ʜʦʩʪʘʪʦʯʥʦ.  

ʀʟ ʊʝʦʨʝʤʳ 3 ʩʣʝʜʫʝʪ. 
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kkk
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 ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ k, ʪʦ ʫʨʘʚʥʝʥʠʝ (0.1) ʦʩʮʠʣʣʷʪʦʨʥʦ. 

)(ii  ɽʩʣʠ ʫʨʘʚʥʝʥʠʝ (1) ʦʩʮʠʣʣʷʪʦʨʥʦ, ʪʦ ʩʫʱʝʩʪʚʫʶʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʮʝʣʳʭ 
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ɺ ʯʘʩʪʥʦʩʪʠ ʠʟ (11) ʠʤʝʝʤ ʩʣʝʜʫʶʱʝʝ ʫʩʣʦʚʠʝ ʦʩʮʠʣʣʷʪʦʨʥʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʧʨʠ 

ʫʩʣʦʚʠʠ ʉʣʝʜʩʪʚʠʷ 2  
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 ʋʩʣʦʚʠʝ (11) ʩʦʚʧʘʜʘʝʪ ʩ ʫʩʣʦʚʠʝʤ ʉʣʝʜʩʪʚʠʷ 2 ʠʟ [6]. ʅʘʧʨʠʤʝʨ ʠʟ (11) ʧʨʠ 
kk

ts =1-  

ʩʣʝʜʫʝʪ  

 .  ,> ¤­+
k

k
t

k
t

k
t

tv rr  (0.12) 

 ʆʪʢʫʜʘ ʩʣʝʜʫʝʪ, ʝʩʣʠ 0,=
i

v  
k

ti¸  ʠ 0̧
k

t
v  ʠ ʚʳʧʦʣʥʝʥʦ (12), ʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʩʣʝʜʩʪʚʠʷ 2 ʫʨʘʚʥʝʥʠʝ (1) ʦʩʮʠʣʣʷʪʦʨʥʦ. 
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ʆ ʇʆʉʊʈʆɽʅʀʀ ɺ ɺɽʈʆʗʊʅʆʉʊʅʆʁ ʇʆʉʊɸʅʆɺʂɽ ʉʀʃʆɺʆʁ ʌʋʅʂʎʀʀ 

ʇʆ ɿɸɼɸʅʅʓʄ ʉɺʆʁʉʊɺɸʄ, ʅɽ ɿɸɺʀʉʗʑʀʄ ʆʊ ʉʂʆʈʆʉʊɽʁ 

 

ʊʣʝʫʙʝʨʛʝʥʦʚ ʄ.ʀ.
 1
, ɸʞʳʤʙʘʝʚ ɼ.ʊ.

 2
 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ɸʣʤʘʪʳ
1
, ʂʘʟʘʭʩʪʘʥ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɾʫʙʘʥʦʚʘ
2
, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʉʪʨʦʠʪʩʷ ʩʠʣʦʚʘʷ ʬʫʥʢʮʠʷ ʧʦ ʟʘʜʘʥʥʦʤʫ ʠʥʪʝʛʨʘʣʴʥʦʤʫ ʤʥʦʛʦʦʙʨʘʟʠʶ, ʥʝ ʟʘʚʠʩʷʱʝʤʫ ʦʪ 

ʩʢʦʨʦʩʪʝʡ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʤʝʪʦʜʦʤ ʢʚʘʟʠʦʙʨʘʱʝʥʠʷ ʩʪʨʦʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʀʪʦ, 

ʦʙʣʘʜʘʶʱʠʭ ʟʘʜʘʥʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ. ɼʘʣʝʝ, ʧʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʤʫ ʫʨʘʚʥʝʥʠʶ ʀʪʦ ʩʪʨʦʠʪʩʷ 

ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʣʘʛʨʘʥʞʝʚʦʡ ʩʪʨʫʢʪʫʨʳ, ʠ ʟʘʪʝʤ ʧʦ ʬʫʥʢʮʠʠ ʃʘʛʨʘʥʞʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʠʣʦʚʘʷ 

ʬʫʥʢʮʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʪʥʘʷ ʟʘʜʘʯʘ, ʩʪʦʭʘʩʪʠʯʝʩʢʦʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ, ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʤʥʦʛʦʦʙʨʘʟʠʝ, ʩʠʣʦʚʘʷ ʬʫʥʢʮʠʷ. 

 

 

1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
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ʇʦ ʟʘʜʘʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ  

             
22,0,=),(:)( xt

nm CRxRtxt ÍÍÍL lll                          (1) 

ʪʨʝʙʫʝʪʩʷ ʧʦʩʪʨʦʠʪʴ ʦʙʦʙʱʝʥʥʫʶ ʩʠʣʦʚʫʶ ʬʫʥʢʮʠʶ ( )txxUU ,,#=  ʪʘʢ, ʯʪʦʙʳ 
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ɿʜʝʩʴ )},(,),,({ 1 wxwx tt r2  ï ʩʠʩʪʝʤʳ ʩʣʫʯʘʡʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʧʨʠʨʘʱʝʥʠʷʤʠ,  ʢʦʪʦʨʳʝ, ʩʣʝʜʫʷ [1], ʤʦʞʥʦ ʧʨʝʜʩʪʘʚʠʪʴ ʚ ʚʠʜʝ ʩʫʤʤʳ 

ʧʨʦʮʝʩʩʦʚ:ñ+= ),,()( 0
0 dytPycxx  ʛʜʝ 

T
r tt )),(,),,(( 1 wxwxx 2= , -0x ʚʝʢʪʦʨʥʳʡ  

ʚʠʥʝʨʦʚʩʢʠʡ ʧʨʦʮʝʩʩ; -0P  ʧʫʘʩʩʦʥʦʚʩʢʠʡ ʧʨʦʮʝʩʩ; -),(0 dytP  ʯʠʩʣʦ ʩʢʘʯʢʦʚ ʧʨʦʮʝʩʩʘ 

0P  ʚ ʠʥʪʝʨʚʘʣʝ [0, t], ʧʦʧʘʜʘʶʱʠʭ ʥʘ ʤʥʦʞʝʩʪʚʦ dy; )(yc - ʚʝʢʪʦʨʥʘʷ ʬʫʥʢʮʠʷ, 

ʦʪʦʙʨʘʞʘʶʱʘʷ ʧʨʦʩʪʨʘʥʩʪʚʦ 
nR2

 ʚ ʧʨʦʩʪʨʘʥʩʪʚʦ ʟʥʘʯʝʥʠʡ rR  ʧʨʦʮʝʩʩʘ )(tx   ʧʨʠ ʣʶʙʦʤ t. 

ɿʘʜʘʯʠ ʧʦʩʪʨʦʝʥʠʷ ʫʨʘʚʥʝʥʠʡ ʃʘʛʨʘʥʞʘ, ɻʘʤʠʣʴʪʦʥʘ ʠ ɹʠʨʢʛʦʬʘ ʧʦ ʟʘʜʘʥʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʜʚʠʞʝʥʠʷ (2.1) ʚ ʢʣʘʩʩʝ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ [2-4], ʘ ʚ ʢʣʘʩʩʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʀʪʦ ï ʚ 

[5,6]. ɺ ʨʘʙʦʪʝ [6] cʪʨʦʷʪʩʷ ʫʨʘʚʥʝʥʠʷ ʃʘʛʨʘʥʞʘ, ɻʘʤʠʣʴʪʦʥʘ ʠ ɹʠʨʢʛʦʬʘ ʧʦ ʟʘʜʘʥʥʳʤ 

ʩʚʦʡʩʪʚʘʤ ʜʚʠʞʝʥʠʷ ʚ ʢʣʘʩʩʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʪʠʧʘ ʀʪʦ ʚ 

ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 1) ʩʣʫʯʘʡʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʢʣʘʩʩʘ ʚʠʥʝʨʦʚʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚ ʦʪʣʠʯʠʝ ʦʪ [6] ʩʠʣʦʚʘʷ ʬʫʥʢʮʠʷ ʩʪʨʦʠʪʩʷ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ 

ʩʣʫʯʘʡʥʳʝ ʚʦʟʤʫʱʝʥʠʷ ʠʟ ʙʦʣʝʝ ʦʙʱʝʛʦ ʢʣʘʩʩʘ, ʯʝʤ ʚʠʥʝʨʦʚʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʘ ʠʤʝʥʥʦ ʠʟ 

ʢʣʘʩʩʘ ʧʨʦʮʝʩʩʦʚ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ ʧʨʠʨʘʱʝʥʠʷʤʠ. 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʨʝʰʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʧʦ ʟʘʜʘʥʥʦʤʫ 

ʤʥʦʞʝʩʪʚʫ ʤʝʪʦʜʦʤ ʢʚʘʟʠʦʙʨʘʱʝʥʠʷ [7, 8] ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʤʝʪʦʜʦʤ ɽʨʫʛʠʥʘ [9,10] ʠ ʚ ʩʠʣʫ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩʣʦʞʥʦʡ ʬʫʥʢʮʠʠ [1] ʩʪʨʦʠʪʩʷ ʫʨʘʚʥʝʥʠʝ ʀʪʦ  

xs ##### ),,(),,( txxtxxfx +=                                           (3) 

ʪʘʢ, ʯʪʦʙʳ ʤʥʦʞʝʩʪʚʦ )(tL  (1) ʷʚʣʷʣʦʩʴ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʧʦʩʪʨʦʝʥʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (3).  

ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʥʝʢʦʪʦʨʘʷ ʬʫʥʢʮʠʷ  ),( tzg  ʧʨʠʥʘʜʣʝʞʠʪ ʢʣʘʩʩʫ K, ,),( Ktzg Í , 

ʝʩʣʠ g  - ʥʝʧʨʝʨʳʚʥʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ t  ɴ [0,Ð], ʣʠʧʰʠʮʝʚʘ ʧʦ ʧʝʨʝʤʝʥʥʦʡ    

nTTT Rxxz 2),( Í= # , ʪ.ʝ.  zzBtzgtzg
~~~),

~~(),~( -¢-  ʠ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʧʦ z ʫʩʣʦʚʠʶ 

ʣʠʥʝʡʥʦʛʦ ʨʦʩʪʘ )1(),( zBtzg +¢  ʩ ʥʝʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦʡ B. 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ n -ʤʝʨʥʘʷ ʚʝʢʪʦʨ-ʬʫʥʢʮʠʷ ( )txxf ,,#  ʠ ( )rn³  ʤʘʪʨʠʮʘ ( )txx ,,#s  

ʧʨʠʥʘʜʣʝʞʘʪ ʢʣʘʩʩʫ ʂ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ 
nR2

 ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ ʜʦ 

ʩʪʦʭʘʩʪʠʯʝʩʢʦʡ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ʨʝʰʝʥʠʷ ()tz  ʫʨʘʚʥʝʥʠʷ (3) ʩ ʥʘʯʘʣʴʥʳʤ ʫʩʣʦʚʠʝʤ 

() 00 ztz = , ʷʚʣʷʶʱʝʛʦʩʷ ʥʝʧʨʝʨʳʚʥʳʤ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 1 ʩʪʨʦʛʦ ʤʘʨʢʦʚʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

[11]. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʟʘʪʝʤ ʧʦ ʧʦʩʪʨʦʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʀʪʦ ʩʪʨʦʷʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʝʤʫ 

ʫʨʘʚʥʝʥʠʷ ʣʘʛʨʘʥʞʝʚʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʀ ʥʘ ʪʨʝʪʴʝʤ ʵʪʘʧʝ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʦʙʦʙʱʝʥʥʳʡ ʣʘʛʨʘʥʞʠʘʥ ʠʤʝʝʪ ʚʠʜ  

( ) ( )txxUtxxTL ,,,, ## += , ʛʜʝ ,jiij xxaT ##=   ( ),,1, nji =                 (4) 
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( ) ( ) .,,,, jiij xxatxxLtxxU #### -=                                                (5) 
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ʛʜʝ ( )Tniiii ssss ,,, 21 2= - i -ʳʡ ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ ( )jnss= ,( ,,1 n=n  

);,1 rj = ( )Tmiiii BBBB ,,, 21 2= - i -ʳʡ ʩʪʦʣʙʝʮ ʤʘʪʨʠʮʳ  ( ),jBB m=  ( ,,1 m=m  )rj ,1= ,  

-ksi ,  ʧʨʦʠʟʚʦʣʴʥʳʝ ʩʢʘʣʷʨʥʳʝ ʚʝʣʠʯʠʥʳ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʠʟ (9), (10) ʩʣʝʜʫʝʪ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʀʪʦ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʦʙʣʘʜʘʶʱʝʝ ʟʘʜʘʥʥʳʤ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ(1) ʠʤʝʝʪ ʚʠʜ  
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ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʫʨʘʚʥʝʥʠʝ (2) ʩ ʫʯʝʪʦʤ (11) ʧʨʠʥʠʤʘʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ 
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ʛʜʝ f  ʠ ʩʪʦʣʙʮʳ is  ʤʘʪʨʠʮʳ s ʠʤʝʶʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʠʜ (9) ʠ (10). ʀʟ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʢʦʪʦʨʳʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʨʝʰʝʥʠʝ ʧʦʩʪʘʚʣʝʥʥʦʡ ʚʳʰʝ ʟʘʜʘʯʠ ʚ ʧʨʷʤʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʧʦ 

ʧʦʩʪʨʦʝʥʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʀʪʦ (5) ʵʢʚʠʚʘʣʝʥʪʥʦʛʦ ʩʪʦʭʘʩʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʣʘʛʨʘʥʞʝʚʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʠʜʘ (2). 

ɺʚʝʜʝʤ ʪʝʧʝʨʴ ʤʘʪʨʠʮʫ khn ʠ ʨʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʫ ʢʦʩʚʝʥʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʫʨʘʚʥʝʥʠʷ 
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ʊʝʤ ʩʘʤʳʤ ʜʦʢʘʟʘʥʘ 

ʊʝʦʨʝʤʘ 1. ɼʣʷ ʥʝʧʨʷʤʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʞʝʩʪʚʘ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ 

ʣʘʛʨʘʥʞʝʚʦʡ ʩʪʨʫʢʪʫʨʳ (2) ʧʦ ʟʘʜʘʥʥʦʤʫ ʤʥʦʞʝʩʪʚʫ (1) ʩ ʦʙʦʙʱʝʥʥʳʤ ʣʘʛʨʘʥʞʠʘʥʦʤ ʚʠʜʘ 

(4) ʪʘʢ, ʯʪʦʙʳ ʤʥʦʞʝʩʪʚʦ (1) ʙʳʣʦ ʠʥʪʝʛʨʘʣʴʥʳʤ ʤʥʦʛʦʦʙʨʘʟʠʝʤ ʧʦʩʪʨʦʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ 
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ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʙʦʙʱʝʥʥʘʷ ʩʠʣʦʚʘʷ ʬʫʥʢʮʠʷ ( )txxUU ,,#=  ʫʜʦʚʣʝʪʚʦʨʷʣʘ 

ʫʩʣʦʚʠʷʤ (17), ʘ ʚʝʢʪʦʨ - ʬʫʥʢʮʠʷ f  ʠ ʤʘʪʨʠʮʘ s-ʫʩʣʦʚʠʷʤ (9), (10).   
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ʌʋʅɼɸʄɽʅʊɸʃʔʅʓɽ ʈɽʐɽʅʀʗ ɼɺʋʍ ɺʓʈʆɾɼɸʖʑʀʍʉʗ 

ʕʃʃʀʇʊʀʏɽʉʂʀʍ ʋʈɸɺʅɽʅʀʁ ʀ ʈɽʐɽʅʀʗ ʂʈɸɽɺʓʍ ɿɸɼɸʏ  

ɺ ɹɽʉʂʆʅɽʏʅʆʁ ʆɹʃɸʉʊʀ 

 

ʍʘʩʘʥʦʚ ɸ. ʍ., ʉʝʡʣʦʚʘ ʈ. ɼ. 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ, ʊʘʰʢʝʥʪ, ʋʟʙʝʢʠʩʪʘʥ 

ɸʢʪʶʙʠʥʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ. ɹʘʠʰʝʚʘ, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʦʙʣʘʩʪʠ ( ){ }, , :0 , ,D x y z x y z= < -¤< <+¤ -¤< <+¤ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʩʠʥʛʫʣʷʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

() 22
0,xx yy zz xL u u u u u u

x

l

a

a
l¹ + + + + =0 2 1,a< < 

1 2 1 2, , .il l l l l= + Í
 

ɼʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘʭʦʜʠʤ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʦʥʬʣʫʝʥʪʥʳʝ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʂʫʤʤʝʨʘ ( )3 , ; ; ,H a b c x y ʦʪ ʜʚʫʭ ʘʨʛʫʤʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ ʨʘʟʣʦʞʝʥʠʡ 

ʢʦʥʬʣʫʝʥʪʥʳʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʂʫʤʤʝʨʘ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʦʩʪʨʦʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ 

ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʨʷʜʢʘ 1/ r ʧʨʠ 0r­ . ɼʘʣʝʝ, ʚ ʩʣʫʯʘʝ ʢʦʛʜʘ 
2 2l m=-  ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩ ʧʦʤʦʱʴʶ 

ʥʘʡʜʝʥʥʳʭ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʨʝʰʝʥʠʡ, ʚ ʦʙʣʘʩʪʠ D  ʨʝʰʘʶʪʩʷ ʢʨʘʝʚʳʝ ʟʘʜʘʯʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʉʠʥʛʫʣʷʨʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ, 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ, ʢʦʥʬʣʫʝʥʪʥʳʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ, ʨʘʟʣʦʞʝʥʠʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ. 

 

1. ɺʚʝʜʝʥʠʝ. 
ɺ ʤʦʥʦʛʨʘʬʠʠ R. P. Gilbert [1], ʧʨʠʤʝʥʷʷ ʤʝʪʦʜʳ ʢʦʤʧʣʝʢʩʥʦʛʦ ʘʥʘʣʠʟʘ, ʙʳʣʦ 

ʧʦʩʪʨʦʝʥʦ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʜʣʷ ʦʙʦʙʱʝʥʥʦʛʦ ʦʩʝʩʠʤʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ɻʝʣʴʤʛʦʣʴʮʘ 
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a b

a b
l¹ + + + - =, , .consta b l-                                     (1.1) 
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ʇʦʣʫʯʝʥʥʦʝ ʨʝʰʝʥʠʝ ʚʳʧʠʩʳʚʘʝʪʩʷ ʩʣʦʞʥʦʡ ʠ ʥʝʠʩʩʣʝʜʦʚʘʥʥʦʡ ʨʷʜʦʤ ʬʫʥʢʮʠʝʡ. ɺ 

ʨʘʙʦʪʝ [2-9], ʠʩʩʣʝʜʦʚʘʥʳ ʨʘʟʥʳʝ ʯʘʩʪʥʳʝ ʩʣʫʯʘʷ ʫʨʘʚʥʝʥʠʷ (1.1), ʛʜʝ ʦʙʣʘʩʪʴ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʦʢʨʫʞʥʦʩʪʴ ʩ ʮʝʥʪʨʦʤ ʚ ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ.  

ɺ ʵʪʦʡ ʩʪʘʪʴʝ ʨʘʩʩʤʦʪʨʠʤ ʵʣʣʠʧʪʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʝ ʩ ʩʠʥʛʫʣʷʨʥʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ 
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a
l¹ + + + + =0 2 1,a< < 1 2 1 2, , ,il l l l l= + Í                   (1.2) 

ʚ ʦʙʣʘʩʪʠ ( ){ }, , :0 , , .D x y z x y z= < -¤< <+¤ -¤< <+¤ ɼʣʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʥʘʭʦʜʷʪʩʷ  ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʯʝʨʝʟ ʢʦʥʬʣʫʝʥʪʥʳʝ 

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʂʫʤʤʝʨʘ ( )3 , ; ; ,H a b c x y ʦʪ ʜʚʫʭ ʘʨʛʫʤʝʥʪʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʨʘʟʣʦʞʝʥʠʡ ʢʦʥʬʣʫʝʥʪʥʳʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʂʫʤʤʝʨʘ ʜʦʢʘʟʳʚʘʝʪʩʷ, 

ʧʦʩʪʨʦʝʥʥʳʝ ʨʝʰʝʥʠʷ ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʨʷʜʢʘ 1/ rʧʨʠ 0r­ .   

2. ʉʣʫʯʘʡ 0l=  

ʈʘʩʩʤʦʪʨʠʤ ʫʨʘʚʥʝʥʠʝ  
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ʚ ʦʙʣʘʩʪʠ ( ){ }, , :0 , , .D x y z x y z= < -¤< <+¤ -¤< <+¤ ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (2.1) ʠʱʝʤ 

ʚ ʚʠʜʝ 

(),u Pw x=                                                               (2.2) 
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ʇʦʜʩʪʘʚʣʷʷ (2.2) ʚ (2.1), ʠʤʝʝʤ 

0,A B Cxx xw w w+ + =                                                 (2.4) 
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ʇʦʩʣʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʥʘʭʦʜʠʤ 
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r
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                                                                                        (2.7) 

ʇʦʜʩʪʘʚʣʷʷ (2.5)-(2.7) ʚ ʫʨʘʚʥʝʥʠʝ (2.4),  ʥʘʭʦʜʠʤ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʝ ʫʨʘʚʥʝʥʠʶ 

ɻʘʫʩʩʘ [10]. 

( )
1 1

1 2 1 0.
2 2

xx xx x w a a a x w a aw
è øå õ å õ

- + - + + + - + =æ ö æ öé ù
ç ÷ ç ÷ê ú

                                        (2.8) 

ʋʨʘʚʥʝʥʠʝ (2.8) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ [10] 

( )1 0 0 0

1
, , ; , , , ;2 ; ,

2
x y z x y z Fw a a a x

å õ
= +æ ö
ç ÷

                                                               (2.9) 
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( ) 1 2

2 0 0 0

3
, , ; , , ,1 ;2 2 ; ,

2
x y z x y z Faw x a a a x- å õ

= - - -æ ö
ç ÷

                                             (2.10) 

ʛʜʝ ( )
()()

()0

, ; ; ,
!

mm m

m m

a b
F a b c x x

c m

¤

=

=ä  

ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ɻʘʫʩʩʘ [10]. ʇʦʜʩʪʘʚʣʷʷ (2.9)-(2.10) ʚ (2.2), ʠʤʝʝʤ 

( ) ( )
1 2 2

2 12
1 0 0 0 1 2

1
, , ; , , , ;2 ; ,

2

r r
q x y z x y z k r F

r

a

a a a
- - å õ-

= +æ ö
ç ÷

                                       (2.11) 

( ) ( )
3 2 2

2 1 2 1 2 12
2 0 0 0 2 0 2

3
, , ; , , ,1 ;2 2 ; ,

2

r r
q x y z x y z k r x x F

r

a
a a a a a

-
- - å õ-

= - - -æ ö
ç ÷

                 (2.12) 

ʛʜʝ 
1 2,k k  ʦʧʨʝʜʝʣʷʶʪʩʷ  ʧʨʠ ʨʝʰʝʥʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2.1). ɼʦʢʘʞʝʤ, ʯʪʦ 

ʥʘʡʜʝʥʥʳʝ ʨʝʰʝʥʠʷ (2.11)-(2.12) ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʴ 1/ r  ʧʨʠ 0r­ . ɺ ʩʘʤʦʤ ʜʝʣʝ, ʚ ʩʠʣʫ 

ʬʦʨʤʫʣʳ [10] 

( )( ), ; ; 1 , ; ; ,
1

b x
F a b c x x F c a b c

x

- å õ
= - -æ ö

-ç ÷
                                                           (2.13) 

ʨʝʰʝʥʠʝ (2.11) ʠʤʝʝʪ ʚʠʜ 

( ) ( )( )
1 2 2

2 2 12
1 0 0 0 1 1 2

1

1
, , ; , , , ;2 ; .

2

r r
q x y z x y z k r r F

r

a

a a a
- - å õ-

= -æ ö
ç ÷

                                (2.14) 

ʋʯʠʪʳʚʘʷ ʟʥʘʯʝʥʠʝ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ɻʘʫʩʩʘ [10] 

( )
()( )

( )( )
( ), ; ;1 , 0, 1, 2,...,Re Re ,

c c a b
F a b c c c a b

c a c b

G G - -
= ¸ - - > +
G - G -

 

ʠʟ ʨʘʚʝʥʩʪʚʘ (2.14) ʩʣʝʜʫʝʪ ʯʪʦ ʨʝʰʝʥʠʝ  ( )1 0 0 0, , ; , ,q x y z x y z , ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ 1/ rʧʨʠ 

0r­ . ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʝʰʝʥʠʝ (2.12) ʪʘʢʞʝ ʠʤʝʝʪ ʦʩʦʙʝʥʥʦʩʪʴ 

1/ r  ʧʨʠ 0r­ . ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʩʪʨʦʝʥʥʳʝ ʨʝʰʝʥʠʷ (2.11) - (2.12) ʷʚʣʷʶʪʩʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʤʠ ʨʝʰʝʥʠʷʤʠ ʫʨʘʚʥʝʥʠʷ (2.1).  

3. ʉʣʫʯʘʡ 0ļ  

 ʈʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.2) ʠʱʝʤ ʚ ʚʠʜʝ 

( ), ,u Pw x h=                                                                                                      (3.1) 

ʛʜʝ 

( )
1

2 2P r
a- -

= ,
2 2

1

2

r r

r
x

-
= ,

2
2,

4
r

l
h=                                                                        (3.2) 

2 2

1,r r  ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʨʘʚʝʥʩʪʚʘ (2.3). ʇʦʜʩʪʘʚʣʷʷ (3.1) ʚ ʫʨʘʚʥʝʥʠʝ (1.2), ʠʤʝʝʤ 

1 2 3 1 2 0.A A A B B Cxx xh hh x hw w w w w w+ + + + + =                                                         (3.3) 

ʛʜʝ 
2 2 2

1 ,x y zA P P Px x x= + +  

2 2 2 2 ,x x y y z zA P P Pxh xh xh= + +  

2 2 2

3 ,x y zA P P Ph h h= + +  

1

2
2 2 2 ,xx yy zz x x y y z z xB P P P P P P P

x

a
x x x x x x x= + + + + + +  

2

2
2 2 2 ,xx yy zz x x y y z z xB P P P P P P P

x

a
h h h h h h h= + + + + + +  

22
.xx yy zz xC P P P P P

x

a
l= + + + + 

ʇʦʩʣʝ ʵʣʝʤʝʥʪʘʨʥʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʠʤʝʝʤ 
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( )1

1 02

4
1 ,

P
A x x

r
x x-=- -                                                                                       (3.4) 

1 2

2 02

4
,

P
A x x P

r
xh l x-=- -                                                                                     (3.5) 

2

3 ,A Pl h=                                                                                                         (3.6) 

1

1 02

4 1
2 1 ,

2

P
B x x

r
a a a x- è øå õ

=- - + + +æ öé ù
ç ÷ê ú

                                                                 (3.7) 

1 2

2 02

4 1
1 ,

2

P
B x x P

r
ah l a- è øå õ

=- + - +æ öé ù
ç ÷ê ú

                                                                   (3.8) 

1 2

02

4 1
.

2

P
C x x P

r
a a l-å õ

= + +æ ö
ç ÷

                                                                                (3.9) 

ʇʦʜʩʪʘʚʣʷʷ ʧʦʣʫʯʝʥʥʳʝ ʨʘʚʝʥʩʪʚʘ (3.4)-(3.9) ʚ ʫʨʘʚʥʝʥʠʝ (3.3), ʥʘʭʦʜʠʤ 

( )
1 1

1 2 1 0
2 2

1
1 0,

2

xx xh x h

hh xh h

x x w xhw a a a x w ahw a aw

hw xw a w w

ë è øå õ å õ
- + + - + + + + - + =î æ ö æ öé ù

ç ÷ ç ÷î ê ú
ì

è øå õî - + - + + =æ öé ùî ç ÷ê úí

              (3.10) 

ʩʠʩʪʝʤʫ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ [10]. ʉʠʩʪʝʤʘ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (3.10) ʠʤʝʝʪ ʜʚʘ ʣʠʥʝʡʥʦ ʥʝʟʘʚʠʩʠʤʳʭ ʨʝʰʝʥʠʷ 

 
1 3

1
, ;2 ; , ,

2
Hw a a a x h
å õ

= +æ ö
ç ÷

                                                                              (3.11) 

1 2

2 3

3
,1 ;2 2 ; , ,

2
Haw x a a a x h- å õ

= - - -æ ö
ç ÷

                                                                (3.12) 

ʛʜʝ ʢʦʥʬʣʫʝʥʪʥʘʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʘʷ ʬʫʥʢʮʠʷ ʂʫʤʤʝʨʘ ʠʤʝʝʪ ʚʠʜ[10] 

( )
() ()

()
3

, 0

, ; ; , , 1,
! !

i j i i j

i j i

a b
H a b c x y x y x

c i j

¤
-

=

= <ä Re Re 0.c b> >                                   (3.13) 

ʇʦʜʩʪʘʚʣʷʷ ʨʝʰʝʥʠʷ (3.11)-(3.12), ʚ (3.1), ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʷ (1.2) 

( ) ( )
1 2 2 2

2 212
1 0 0 0 1 3 2

1
, , ; , , , ;2 ; , ,

2 4

r r
q x y z x y z k r H r

r

a l
a a a

- - å õ-
= +æ ö

ç ÷
                            (3.14) 

( ) ( )
1 2 2 2

2 1 2 212
2 0 0 0 2 3 2

3
, , ; , , ,1 ;2 2 ; , ,

2 4

r r
q x y z x y z k r H r

r

a
a l

x a a a
- -

- å õ-
= - - -æ ö

ç ÷
           (3.15) 

1 2,k k
 
ʦʧʨʝʜʝʣʷʶʪʩʷ  ʧʨʠ ʨʝʰʝʥʠʠ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (1.2).  

ʆʪʤʝʪʠʤ ʯʪʦ, ʜʣʷ ʢʦʥʬʣʫʝʥʪʥʦʡ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ  ʂʫʤʤʝʨʘ 

( )3 , ; ; ,H a b c x y  ʠʤʝʶʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʠʝ ʬʦʨʤʫʣʳ ʨʘʟʣʦʞʝʥʠʷ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 
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( )()
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( )
()()

()
3

0

, ; ; , 2
!

ii i
a i

i i

a b
H a b c x y x J y
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( )
()

()( )
( ) ( ) ( )

1
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0

, ; ; , 1 1 2 1
c b ab

a

c
H a b c x y t t xt J y xt dt

b c b

- - --
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G
è ø= - - -
ê úG G -ñ

,           (3.19) 

Re Re 0c b> >, [ ] ( ) [ ] ( )zFzJzzJ -+=+G=
-

;1212 10
2 nn n

n

n  ʬʫʥʢʮʠʷ ɹʝʩʩʝʣʷï

ʂʣʠʬʬʦʨʜʘ [10]. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʨʘʟʣʦʞʝʥʠʷ (3.16) ʦʩʥʦʚʘʥʦ ʥʘ ʦʧʝʨʘʪʦʨʥʦʤ ʤʝʪʦʜʝ Burchnall-Chaundy 

[11, 12]. ʆʪʤʝʪʠʤ, ʯʪʦ ʚ ʨʘʙʦʪʝ [13] ʜʣʷ ʛʠʧʝʨʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʫʥʢʮʠʠ ʃʘʫʨʘʯʝʣʣʠ ʦʪ 

ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ ʥʘʡʜʝʥʳ ʬʦʨʤʫʣʳ ʨʘʟʣʦʞʝʥʠʷ. 

ɼʦʢʘʞʝʤ ʯʪʦ, ʧʦʣʫʯʝʥʥʳʝ ʯʘʩʪʥʳʝ ʨʝʰʝʥʠʷ (3.14)-(3.15) ʠʤʝʶʪ ʦʩʦʙʝʥʥʦʩʪʴ 1/ r  ʧʨʠ 

0r­ . ʈʘʩʩʤʦʪʨʠʤ ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ (3.14). ɺ ʩʠʣʫ ʨʘʟʣʦʞʝʥʠʝ (3.17) ʠ ʫʯʠʪʳʚʘʷ ʬʦʨʤʫʣʫ 

(2.13), ʯʘʩʪʥʦʝ ʨʝʰʝʥʠʝ (3.14) ʧʨʝʦʙʨʘʟʫʝʤ ʢ ʚʠʜʫ  
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                            (3.20) 

ʀʟ ʪʦʞʜʝʩʪʚʘ (3.20) ʩʣʝʜʫʝʪ, ʯʪʦ ʧʝʨʚʦʝ ʩʣʘʛʘʝʤʦʝ ʦʙʨʘʱʘʝʪʩʷ ʚ ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʧʦʨʷʜʢʘ 

1/ r, ʘ ʚʪʦʨʦʝ ʩʣʘʛʘʝʤʦʝ ʦʛʨʘʥʠʯʝʥʦ ʧʨʠ 0r­ .   

ɽʩʣʠ ʚ ʨʝʰʝʥʠʷʭ (3.14) ʠ (3.15) 0l= , ʪʦ ʦʥʠ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʰʝʥʠʷʤʠ (2.11) ʠ (2.12) 
ʫʨʘʚʥʝʥʠʷ (2.1).  
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ʉʝʢʮʠʷ ˉ2 

Section ˉ2 

ʌʋʅʂʎʀʗʃɸʈ ʊɽʆʈʀʗʉʓ, ʌʋʅʂʎʀʆʅɸʃɼʓפ ʊɸʃɼɸʋ ɾᴄʅɽ ʆʃɸʈɼʓר 

 ʆʃɼɸʅʓʉʊɸʈʓפ

 

 

ʆʈʊʆʅʆʈʄʀʈʆɺɸʅʅɸʗ ʉʀʉʊɽʄɸ ʌʋʅʂʎʀʁ ʊʀʇɸ ʍɸɸʈɸ,  

ʇʆʃʅʆʊɸ ʀ ɹɸɿʀʉ 

 

ɹʘʡʜʘʚʣʝʪʦʚ ɸ., ʉʫʣʝʡʤʝʥʦʚ ʂ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 
ɺ ʨʘʙʦʪʝ ʚʚʦʜʠʪʩʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ, ʥʘʟʳʚʘʝʤʘʷ ʩʠʩʪʝʤʦʡ ʪʠʧʘ ʍʘʘʨʘ, ʠʟʫʯʘʝʪʩʷ ʚʦʧʨʦʩ ʦʙ 

ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʩʪʠ, ʦ ʧʦʣʥʦʪʝ ʚʚʝʜʝʥʥʦʡ ʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʠʩʪʝʤʘ ʷʚʣʷʝʪʩʷ ʙʘʟʠʩʦʤ ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʝ . 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ. ʆʨʪʦʥʦʨʤʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʬʫʥʢʮʠʡ, ʢʦʵʬʬʠʮʠʝʥʪʳ ʌʫʨʴʝ. 

 

 ʇʫʩʪʴ . ʅʘ ʩʝʛʤʝʥʪʝ  ʚʚʝʜʝʤ ʩʠʩʪʝʤʫ ʬʫʥʢʮʠʡ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

, 

 

 
  

ɼʣʷ ʣʶʙʦʛʦ ʥʘʪʫʨʘʣʴʥʦʛʦ ʯʠʩʣʘ  ʧʦʣʦʞʠʤ 
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ɼʣʷ  

 
 ʇʦʣʦʞʠʤ 

   ʠ   

ʧʨʠ   

ɼʘʥʥʫʶ ʩʠʩʪʝʤʫ ʥʘʟʦʚʝʤ ʩʠʩʪʝʤʦʡ ʬʫʥʢʮʠʡ ʪʠʧʘ ʍʘʘʨʘ (ʦʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʍʘʘʨʘ 

ʩʤ., ʥʘʧʨ. ʚ [1, 2]). 

 ʉʢʘʣʷʨʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ ʬʫʥʢʮʠʠ  ʥʘʟʳʚʘʝʪʩʷ [2] 

. 

ʀʤʝʝʪ ʤʝʩʪʦ 

 ʊʝʦʨʝʤʘ 1. ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʪʠʧʘ ʍʘʘʨʘ  ʷʚʣʷʝʪʩʷ ʦʨʪʦʥʦʨʤʠʨʦʚʘʥʥʦʡ ʚ 

. 

 ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ  ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ , ʝʩʣʠ ʢʘʞʜʘʷ 

ʬʫʥʢʮʠʠ   ʜʣʷ ʢʦʪʦʨʦʡ ʩʧʨʘʚʝʜʣʠʚʳ ʩʦʦʪʥʦʰʝʥʠʷ 

, 

ʩʘʤʘ ʨʘʚʥʘ ʥʫʣʶ [2]. 

 ʉʧʨʘʚʝʜʣʠʚ r

 ʊʝʦʨʝʤʘ 2. ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʪʠʧʘ ʍʘʘʨʘ  ʷʚʣʷʝʪʩʷ ʧʦʣʥʦʡ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

. 
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 ʊʝʦʨʝʤʘ 3. ʉʠʩʪʝʤʘ ʬʫʥʢʮʠʡ ʪʠʧʘ ʍʘʘʨʘ  ʷʚʣʷʝʪʩʷ ʙʘʟʠʩʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ʇ. ʃ. ʋʣʴʷʥʦʚ, ʆ ʨʷʜʘʭ ʧʦ ʩʠʩʪʝʤʝ ʍʘʘʨʘ, ʄʘʪʝʤ. ʩʙ., 1964, ʪʦʤ 63(105), ˉ3, ʩʪʨ. 356ï391. 

2. ʉ. ʂʘʯʤʘʞ, ɻ. ʐʪʝʡʥʛʘʫʟ, ʊʝʦʨʠʷ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʨʷʜʦʚ, ʄʦʩʢʚʘ, ʌʠʟʤʘʪʛʠʟ, 1958. 

 

 

ʅɽʊɽʈʆɺʆʉʊʔ ʉʀʅɻʋʃʗʈʅʆɻʆ ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʆʇɽʈɸʊʆʈʅʆɻʆ 

ʋʈɸɺʅɽʅʀʗ ʉ ʆʇɽʈɸʎʀʗʄʀ ʉɼɺʀɻɸ ʀ ʂʆʄʇʃɽʂʉʅʆɻʆ ʉʆʇʈʗɾɽʅʀʗ  

ɺ ɼʈʆɹʅʓʍ ʇʈʆʉʊʈɸʅʉʊɺɸʍ 

 

ɹʣʠʝʚ ʅ.ʂ.  

ʂʘʟʘʭʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʘʣʴ-ʌʘʨʘʙʠ, ʀʄʄʄ ʄʆʅ ʈʂ, 

ɸʣʤʘʪʳ, ʂʘʟʘʭʩʪʘʥ 
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2

,1 ¢- nn
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 (1) 

ʛʜʝ )(ta , )(tb , )(tc , )(td  ʠ )(tg  ʧʨʠʥʘʜʣʝʞʘʪ )(GB , )(ta ï ʩʜʚʠʛʘ ʂʘʨʣʝʤʘʥʘ: 

ʛʦʤʝʦʤʦʨʬʥʦ ʦʪʦʙʨʘʞʘʝʪ  ʥʘ ʩʝʙʷ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʣʠ ʠʟʤʝʥʝʥʠʝʤ ʦʨʠʝʥʪʘʮʠʠ ʥʘ G ʠ 

tt =)]([aa . ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ ʪʘʢʞʝ, ʯʪʦ ʩʫʱʝʩʪʚʫʝʪ ʧʨʦʠʟʚʦʜʥʘʷ)(' ta , ʧʨʠʥʘʜʣʝʞʘʱʘʷ 

ʧʨʦʩʪʨʘʥʩʪʚʫ )(GmH  ʬʫʥʢʮʠʡ ʥʝʧʨʝʨʳʚʥʳʭ ʧʦ ɻʝʣʴʜʝʨʫ ʩ ʧʦʢʘʟʘʪʝʣʝʤ  1<1
2

¢- n
p

. ʗʜʨʘ 

,2,1),,( =jtK j t  ʠʤʝʶʪ ʪʘʢʠʝ ʩʣʘʙʳʝ ʦʩʦʙʝʥʥʦʩʪʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʥʪʝʛʨʘʣʴʥʳʝ 

ʦʧʝʨʘʪʦʨʳ ʚʧʦʣʥʝ ʥʝʧʨʝʨʳʚʥʳ ʚ)(GB . 

ɿʘʤʝʪʠʤ ʯʪʦ )(GB  ʚʣʦʞʝʥʦ ʚ ʢʣʘʩʩ ʥʝʧʨʝʨʳʚʥʳʭ ʬʫʥʢʮʠʡ )(GC , ʥʦ ʥʝ ʚʣʦʞʝʥʦ ʚ  

1<0),( ¢G mmH , ʷʚʣʷʝʪʩʷ ʢʦʤʤʫʪʘʪʠʚʥʦʡ ʙʘʥʘʭʦʚʦʡ ʘʣʛʝʙʨʦʡ ʩ ʝʜʠʥʠʮʝʡ ʩ ʦʙʳʯʥʳʤʠ 

ʦʧʝʨʘʮʠʷʤʠ ʩʣʦʞʝʥʠʷ ʠ ʫʤʥʦʞʝʥʠʷ [1, 2]. ʋʨʘʚʥʝʥʠʝ (1) ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʚ [3] ʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘʭ1<0),( ¢G mmH , ʠ ¤G <p<1),(pL . ʅʘʤʠ ʧʦʣʫʯʝʥʳ ʫʩʣʦʚʠʷ ʥʝʪʝʨʦʚʦʡ 

ʨʘʟʨʝʰʠʤʦʩʪʠ ʫʨʘʚʥʝʥʠʷ (1) ʚ )(GB  ʠ ʬʦʨʤʫʣʳ ʝʛʦ ʠʥʜʝʢʩʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. Besov O.V., Ilin V.P., Nikolskii S.M.: Integral representations of function and embedding theorems, 1, 2. 

John Willey, New York, 1978; 1979, 345; 399 p. 

2. Bliev N.K. : Singular integral operators with Cauchy kernel in fractional spaces, Siberiam Mathematical 

Journal, 2006, vol. 47, ˉ1, pp. 37 ï 45. 

3. Litvinchuk G.S.: Solvability Theory of Boundary Value Problems and Singular Intergal Equations with 

Shift, Mathematics and Its Applications. ï V. 23. ï Kluwer Academic Publishers, Amsterdam, 2000, 378p.  
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ʆ ʂʆʄʇɸʂʊʅʆʉʊʀ ʂʆʄʄʋʊɸʊʆʈɸ ɼʃʗ ʇʆʊɽʅʎʀɸʃɸ ʈʀʉʉɸ  

ɺ ɻʃʆɹɸʃʔʅʓʍ ʇʈʆʉʊʈɸʅʉʊɺɸʍ ʊʀʇɸ ʄʆʈʈʀ 
 

ɹʦʢʘʝʚ ʅ.ɸ., ʄʘʪʠʥ ɼ.ʊ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ  

 
ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʳ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʢʦʤʧʘʢʪʥʦʩʪʠ ʢʦʤʤʫʪʘʪʦʨʘ ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʈʠʩʩʘ 

[ ]
a

Ib,  ʚ ʛʣʦʙʘʣʴʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʪʠʧʘ ʄʦʨʨʠ 
)(Öw

p
GM

q
. 

ʂʣʯʁʝʚʳʝ ʩʣʦʚʘ: ʛʣʦʙʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʠʧʘ ʄʦʨʨʠ, ʧʦʪʝʥʮʠʘʣʘ ʈʠʩʩʘ, ʢʦʤʧʘʢʪʥʦʩʪʴ ʢʦʤʤʫʪʘʪʦʨ 

ʜʣʷ ʧʦʪʝʥʮʠʘʣʘ ʈʠʩʩʘ , ʧʨʦʩʪʨʘʥʩʪʚʦ ʄʦʨʨʠ.   

 

ʇʫʩʪʴ ¤¢¢p1 , w -- ʠʟʤʝʨʠʤʘʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʘ )(0,¤  ʥʝ 

ʵʢʚʠʚʘʣʝʥʪʥʘʷ ʥʫʣʶ. ɻʣʦʙʘʣʴʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʪʠʧʘ ʄʦʨʨʠ )()()( nw

p

w

p
GMGM RÖÖ¹

qq
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ʛʜʝ ),( rxB  - ʦʪʢʨʳʪʳʡ ʰʘʨ ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ 
nx RÍ  ʨʘʜʠʫʩʘ 0>r . 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ [1], [2], ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 
qp

W  ʤʥʦʞʝʩʪʚʦ ʚʩʝʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʤʠ, ʠʟʤʝʨʠʤʳʤʠ ʥʘ )(0,¤, ʥʝ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ 0 ʠ ʪʘʢʠʤʠ, ʯʪʦ 

ʜʣʷ ʥʝʢʦʪʦʨʦʛʦ 0>t  (ʘ, ʟʥʘʯʠʪ, ʠ ʜʣʷ ʣʶʙʳʭ 0>t )  .<),()(,<
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ʵʢʚʠʚʘʣʝʥʪʥʳʭ 0 ʥʘ 
nR , ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 
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w WÍ  (ʩʤ. [3], [4]). ʇʫʩʪʴ )(Ac  -- 
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 ʆʡʥʘʨʦʚ ʈ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʃ.ʅ.ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ  

 

§  1. ɺʚʝʜʝʥʠʝ  

ʇʫʩʪʴ ¤<<1 p , ¤<<0 q , 1=
11

p'p
+  ʠ )(:= ILL pp  - ʧʨʦʩʪʨʘʥʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ ʥʘ 

)(0,:= ¤I  ʬʫʥʢʮʠʡ f  ʩ ʢʦʥʝʯʥʦʡ ʥʦʨʤʦʡ  

 .|)(|=
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p
p

p dxxff
ö
ö

÷

õ

æ
æ

ç

å
ñ
¤

||||  

ʇʫʩʪʴ )(Öu  ʠ )(Öv  - ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ ʣʦʢʘʣʴʥʦ ʩʫʤʤʠʨʫʝʤʳʝ ʥʘ I  ʚʝʩʦʚʳʝ ʬʫʥʢʮʠʠ. 

ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ qp LL ­  ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʦʧʝʨʘʪʦʨʦʚ ʩʚʝʨʪʢʠ ʚ ʚʠʜʝ  

0,>,)()()()(=)(
0

xdssfsusxKxvxf

x

-ñ
+K               (1.1) 

 0,>,)()()()(=)( xdssfsuxsKxvxf
x

-ñ
¤

-K                        (1.2) 

 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʬʫʥʢʮʠʷ )(ÖK  - ʥʝʦʪʨʠʮʘʪʝʣʴʥʘʷ ʠ ʥʝʚʦʟʨʘʩʪʘʶʱʘʷ ʥʘ I . 

ɺ 1997 ʛʦʜʫ ʄ.ʃʦʨʝʥʪʝ [1], ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʠ 0=)(lim xK
x ¤­

 ʠ )(2)( xCKxK ¢  ʧʨʠ ʚʩʝʭ 

IxÍ  ʜʣʷ ʥʝʢʦʪʦʨʦʡ ʧʦʩʪʦʷʥʥʦʡ 0>C , ʫʩʪʘʥʦʚʠʣ ʢʨʠʪʝʨʠʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʧʝʨʘʪʦʨʘ (1.2) 

ʠʟ )(RLp  ʚ )(RLq  ʧʨʠ ¤¢ <<1 qp .  
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ʆʜʥʘʢʦ ʚ ʩʠʣʫ ʥʝʷʚʥʦʩʪʠ ʫʩʣʦʚʠʡ qp LL ­  ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ (1.2) ʚ [1] ʜʝʣʘʝʪ 

ʠʭ ʪʨʫʜʥʦ ʧʨʦʚʝʨʷʝʤʳʤʠ.  

ɺ ʨʘʙʦʪʝ [2] ʧʨʠ ʫʩʣʦʚʠʡ )(2)( xCKxK ¢ , q

p

C 2<<0 , )(1 RLK locp

q

Í  ʠ )[0,¤ËsuppK  

ʧʦʣʫʯʝʥʳ ʷʚʥʳʝ ʢʨʠʪʝʨʠʠ qp LL ­  ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ (1.1) ʠ (1.2), ʢʦʛʜʘ ʣʠʙʦ 

ʬʫʥʢʮʠʷ u  ʥʝ ʫʙʳʚʘʝʪ, ʣʠʙʦ ʬʫʥʢʮʠʷ v  ʥʝ ʚʦʟʨʘʩʪʘʝʪ. 

ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʷ ʷʚʥʳʭ ʢʨʠʪʝʨʠʝʚ qp LL ­  

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ (1.1) ʠ (1.2) ʧʨʠ ʜʨʫʛʠʭ ʫʩʣʦʚʠʷʭ ʥʘ ʬʫʥʢʮʠʠ )(xK . 

 

§  2. ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʝ ʫʪʚʝʨʞʜʝʥʠʷ.  

 ʆʧʨʝʜʝʣʝʥʠʝ 2.1. ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( Ku  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

),( ++dg , ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʯʠʩʣʘ 1>+g  ʠ 0>+d  ʪʘʢʠʝ, ʯʪʦ  

 (2.3))()()(
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ʜʣʷ ʧ.ʚ. IxÍ . 

ʇʫʩʪʴ ¤-ñ <)()(
0

dssxKsu

x

 ʧ.ʚ. 0>x . ʇʫʩʪʴ ʬʫʥʢʮʠʷ )(xs  ʪʘʢʦʚʘ, ʯʪʦ  
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dssxKsudssxKxu
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)()(=)()(
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0)(

-- ññ  

ʌʫʥʢʮʠʶ )(Ös  ʥʘʟʳʚʘʶʪ  ʌʘʨʚʘʪʝʨ-ʬʫʥʢʮʠʝʡ. 

 ʃʝʤʤʘ 2.1.  ɽʩʣʠ 1>
)(

inf=
0> x

x
ess

x s
g+ . ʊʦʛʜʘ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( Ku  ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ ,1)( +g . 

ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ 1  ʬʫʥʢʮʠʶ, ʪʦʞʜʝʩʪʚʝʥʥʦ ʨʘʚʥʫʶ ʝʜʠʥʠʮʝ. 

 ʃʝʤʤʘ 2.2.  ɽʩʣʠ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( K1  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ),( ++dg , ʘ ʬʫʥʢʮʠʷ )(1 Öu  

ʥʝ ʚʦʟʨʘʩʪʘʝʪ ʠ 
bssusu )(=)( 1 , 0²b , ʪʦ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( Ku  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

),( 1

++dg , ʛʜʝ 
bgbdd 1)(=1 + . 

 ʆʧʨʝʜʝʣʝʥʠʝ 2.2. ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( Ku  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

),( --dg , ʝʩʣʠ ʩʫʱʝʩʪʚʫʶʪ ʯʠʩʣʘ 1>-g  ʠ 0>-d  ʪʘʢʠʝ, ʯʪʦ  
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ʧ.ʚ. 0>x . 

ʇʫʩʪʴ ¤-ñ
¤

<)()( dsxsKsu
x

 ʧ.ʚ. 0>x  ʠ  
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 ʃʝʤʤʘ 2.3.  ɽʩʣʠ 1>
)(

inf=
0> x

x
ess

x

-
- s
g , ʪʦ ʧʘʨʘ ),( Ku  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

1)=,( -+dg . 

 ʃʝʤʤʘ 2.4.  ʇʫʩʪʴ b-ssu =)(0
, 0>b  ʠ ʬʫʥʢʮʠʷ )(1 Öu  ʥʝ ʫʙʳʚʘʝʪ. ɽʩʣʠ ʧʘʨʘ ʬʫʥʢʮʠʡ 

),( 0 Ku  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ),( --dg , ʪʦ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( Ku , ʛʜʝ 
b-ssusu )(=)( 1 , 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ),( --dg . 

 

   §  3. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ +K .  

ʇʫʩʪʴ ʩʫʱʝʩʪʚʫʶʪ ʯʠʩʣʘ 0>a  ʠ 0>0C  ʪʘʢʠʝ, ʯʪʦ  

 )()(sup 0

1

1<<0

xKCxKess ¢-a

l

ll                               (3.1) 

ʜʣʷ ʧ.ʚ. 0>x . 

ʋʩʣʦʚʠʝ (3.1) ʦʧʨʝʜʝʣʷʝʪ ʧʦʚʝʜʝʥʠʝ ʬʫʥʢʮʠʠ K  ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʫʣʷ ʠ ʦʧʝʨʘʪʦʨ +K  

ʤʦʞʝʪ ʠʤʝʪʴ ʠʥʪʝʛʨʠʨʫʝʤʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʥʫʣʷ. 

ɿʜʝʩʴ ʠ ʜʘʣʝʝ ʙʫʜʝʤ ʩʯʠʪʘʪʴ, ʯʪʦ ʜʣʷ ʬʫʥʢʮʠʠ K  ʚʳʧʦʣʥʝʥʦ ʫʩʣʦʚʠʝ (3.1) 

 ʊʝʦʨʝʤʘ 3.1.  ʇʫʩʪʴ ¤¢ <<1 qp  ʠ ʧʘʨʘ ʬʫʥʢʮʠʡ ( )pp Ku
¡¡

,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

),( ++dg . ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ +K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  
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+ ºA||K|| qp , ʛʜʝ qp­

+||K||  - ʥʦʨʤʘ ʦʧʝʨʘʪʦʨʘ +K  ʠʟ pL  ʚ qL . 

 ʊʝʦʨʝʤʘ 3.2.  ʇʫʩʪʴ ¤<<<0 pq , 1>p  ʠ ʧʘʨʘ ʬʫʥʢʮʠʡ ( )pp Ku
¡¡

,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ ),( ++dg . ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ +K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  
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ʇʫʩʪʴ ʬʫʥʢʮʠʷ K  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (3.1) ʩ 
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ʇʦʵʪʦʤʫ ʚ ʩʠʣʫ ʣʝʤʤʳ 2.2 ʠ ʪʝʦʨʝʤʳ 3.1 - 3.2 ʠʤʝʝʤ 
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 ʉʣʝʜʩʪʚʠʝ 3.1.  ʇʫʩʪʴ 
p

1
>a , 

bssusu )(=)( 1 , 0²b  ʠ ʬʫʥʢʮʠʷ 1u  ʥʝ ʚʦʟʨʘʩʪʘʝʪ. 

ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ +K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

ʘ) ¤+<A  ʧʨʠ ¤¢ <<1 qp ; 

ʙ) ¤+<B  ʧʨʠ ¤<<<0 pq , 1>p .  

 

§  4. ʆʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ -K .  

 ʊʝʦʨʝʤʘ 4.1.  ʇʫʩʪʴ ¤¢ <<1 qp  ʠ ʧʘʨʘ ʬʫʥʢʮʠʡ ( )pp Ku
¡¡

,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

),( --dg . ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ -K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  
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 ʊʝʦʨʝʤʘ 4.2.  ʇʫʩʪʴ ¤<<<0 pq , 1>p  ʠ ʧʘʨʘ ʬʫʥʢʮʠʡ ( )pp Ku
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,  ʫʜʦʚʣʝʪʚʦʨʷʝʪ 

ʫʩʣʦʚʠʶ ),( --dg . ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ -K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ  
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ʇʝʨʝʭʦʜʷ ʢ ʩʦʧʨʷʞʸʥʥʦʤʫ ʦʧʝʨʘʪʦʨʫ, ʠʟ ʪʝʦʨʝʤʳ 3.1,3.2,4.1 ʠ 4.2 ʧʦʣʫʯʠʤ ʩʣʝʜʫʶʱʠʝ 

ʢʨʠʪʝʨʠʡ qp LL ­  ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ -K  ʠ +K  ʧʨʠ ¤<,<1 qp . 

 ʊʝʦʨʝʤʘ 4.3.  ʇʫʩʪʴ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( KU  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ),( ++dg . ʊʦʛʜʘ 

ʦʧʝʨʘʪʦʨ -K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 
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-||K||  - ʥʦʨʤʘ ʦʧʝʨʘʪʦʨʘ -K  ʠʟ pL  ʚ 

qL . 

 ʊʝʦʨʝʤʘ 4.4.  ʇʫʩʪʴ ʧʘʨʘ ʬʫʥʢʮʠʡ ),( KU  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ ),( --dg . ʊʦʛʜʘ 

ʦʧʝʨʘʪʦʨ +K  ʦʛʨʘʥʠʯʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 
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(ii)  
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+||K||  - ʥʦʨʤʘ ʦʧʝʨʘʪʦʨʘ +K  ʠʟ pL  ʚ 

qL . 

 

   §  5. ʂʦʤʧʘʢʪʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ +K  ʠ -K .  

ʊʝʦʨʝʤʘ 5.1.  ʇʫʩʪʴ ¤¢ <<1 qp  ʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 3.1. ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ 
+K  ʢʦʤʧʘʢʪʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ¤+<A  ʠ  
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ʊʝʦʨʝʤʘ 5.2. ʇʫʩʪʴ ¤¢ <<1 qp  ʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 4.1. ʊʦʛʜʘ ʦʧʝʨʘʪʦʨ 
-K  ʢʦʤʧʘʢʪʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ¤-<A  ʠ  
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ʊʝʦʨʝʤʘ 5.3. ʇʫʩʪʴ ¤<<<0 pq  ʠ 1>p . ʊʦʛʜʘ 

(i) ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 3.2, ʪʦ ʦʧʝʨʘʪʦʨ +K  ʢʦʤʧʘʢʪʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ¤+<B ; 

(ii) ʝʩʣʠ ʚʳʧʦʣʥʝʥʳ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 4.2, ʪʦ ʦʧʝʨʘʪʦʨ -K  ʢʦʤʧʘʢʪʝʥ ʠʟ pL  ʚ qL  ʪʦʛʜʘ ʠ 

ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ¤-<B .  

 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʚʩʝʭ ʚʳʰʝ ʧʨʠʚʝʜʝʥʥʳʭ ʪʝʦʨʝʤ ʤʦʞʥʦ ʥʘʡʪʠ ʚ [3]. 

 

ʃʠʪʝʨʘʪʫʨʘ  
1. M.Lorente, A characterization of two weight norm inequalities for one-sided operators of fractional type 

//Cared. J. Math. 49 (5) (1997), 1010-1033. 

2. ʅ.ɸ.ʈʘʫʪʠʘʥ, ʆʙ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʜʨʦʙʥʦʛʦ ʪʠʧʘ // ʄʘʪ. ʉʙ. 200 (12) (2009), 

81-105. 

3. ʈ. ʆʡʥʘʨʦʚ, ʆʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʜʥʦʛʦ ʢʣʘʩʩʘ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʩʚʝʨʪʢʠ ʪʠʧʘ 

ʜʨʦʙʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ // ʊʨʫʜʳ ʄʀ ʈɸʅ ʠʤ. ɺ.ɸ.ʉʪʝʢʣʦʚʘ. ï 2016. ï ʊ. 293. ï ʉ. 263-279. 
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ʂ ʊɽʆʈʀʀ ʆɼʅʆɻʆ ʂʃɸʉʉɸ  

ʉʀʅɻʋʃʗʈʅʆɻʆ ʀʅʊɽɻʈɸʃʔʅʆɻʆ ʋʈɸɺʅɽʅʀʗ  

ʇʆ ʎʀʃʀʅɼʈʀʏɽʉʂʆʁ ʆɹʃɸʉʊʀ 

 

ʈʘʜʞʘʙʦʚ ʅ. 

ʊʘʜʞʠʢʩʢʠʡ ʅʘʮʠʦʥʘʣʴʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ɼʫʰʘʥʙʝ, ʊʘʜʞʠʢʠʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ: ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʦʜʠʥ ʥʦʚʳʡ ʢʣʘʩʩ ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʦ 

ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʦʙʣʘʩʪʠ , ʷʜʨʦ ʢʦʪʦʨʦʝ ʠʤʝʝʪ ʩʣʘʙʫʶ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦ ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ ʠ ʩʚʝʨʭ-

ʩʠʥʛʫʣʷʨʥʦʩʪʴ  ʥʘ ʥʠʞʥʝʤ ʦʩʥʦʚʘʥʠʝ ʮʠʣʠʥʜʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʣʘʙʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ïʩʫʧʝʨʩʠʥʛʫʣʷʨʥʦʩʪʴ-ʢʦʤʧʣʝʢʩʥʦʝ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ ï

ʬʦʨʤʫʣʳ ʦʙʨʘʱʝʥʠʷ. 

 

 ʏʝʨʝʟ  ʦʙʦʟʥʘʯʠʤ ʮʠʣʠʥʜʨʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ , 

. ʅʠʞʥʝʝ ʦʩʥʦʚʘʥʠʝ ʮʠʣʠʥʜʨʘ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ   ʠ ʙʦʢʦʚʫʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ ʯʝʨʝʟ  . 

 ɺ ʦʙʣʘʩʪʠ    ʨʘʩʩʤʦʪʨʠʤ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ  

 

,                                                                                                            

(1) 

ʛʜʝ   ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ ʪʦʯʝʢ ʦʙʣʘʩʪʝʡ  ʠ  , 

 

ʥʝʠʟʚʝʩʪʥʘʷ ʬʫʥʢʮʠʷ. ʀʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʨʘʩʩʤʦʪʨʠʤ ʧʨʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ 

 

 ʈʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʙʫʜʝʤ ʠʩʢʘʪʴ ʚ ʢʣʘʩʩʝ ʬʫʥʢʮʠʡ  

=0 ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

  ʧʨʠ  

 ʇʨʦʙʣʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʩʣʫʯʘʝʚ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʘ ʪʘʢ ʞʝ 

ʠʥʪʝʛʨʘʣʴʥʳʤ ʫʨʘʚʥʝʥʠʷʤ ʪʠʧʦʚ (1) ʧʦ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʠ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʫ 

ʧʦʩʚʷʱʝʥʦ ʨʘʙʦʪʳ [1]-[9]. 

 ʇʫʩʪʴ ʚ ʫʨʘʚʥʝʥʠʷ (1)  ʊʦʛʜʘ ʟʘʜʘʯʘ ʦ ʥʘʭʦʞʜʝʥʠʝ ʨʝʰʝʥʠʷ 

ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʝ (1) ʩʚʦʜʠʪʩʷ ʢ ʨʝʰʝʥʠʝ ʩʣʝʜʫʶʱʝʡ ʨʘʩʱʝʧʣʝʥʥʦʡ ʩʠʩʪʝʤʝ 

ʠʥʪʝʛʨʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ  

,                                                                                  (2) 

ʛʜʝ  

 , 

                                                                                    (3) 

ʛʜʝ  

 , 

ɽʩʣʠ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ  ʫʨʘʚʥʝʥʠʷ (3) ʩʫʱʝʩʪʚʫʝʪ , ʪʦʛʜʘ ʦʥʘ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [1] 

   ,    (4) 

 ʛʜʝ   

ɽʩʣʠ ,  ʠ  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ  

,  ʧʨʠ .             (5) 

ʪʦʛʜʘ ʩʦʛʣʘʩʥʦ [1] ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (2) ʩʫʱʝʩʪʚʫʝʪ ʠ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ 
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 ,                                                                                            (6) 

ʛʜʝ ʧʨʦʠʟʚʦʣʴʥʘ ʘʥʘʣʠʪʠʯʝʩʢʘʷ  ʬʫʥʢʮʠʷ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ   ʠ ʥʝʧʨʝʨʳʚʥʦʝ ʧʦ 

ʧʝʨʝʤʝʥʥʦʤʫ  , . 

ʇʦʜʩʪʘʚʣʷʷ ʥʘʡʜʝʥʥʦʝ ʟʥʘʯʝʥʠʝ  ʚ (4) , ʥʘʭʦʜʠʤ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ 

ʫʨʘʚʥʝʥʠʷ (1) ʚ ʚʠʜʝ 

.         (7) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ,  ʜʦʢʘʟʘʥʦ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʝ (1) ʧʘʨʘʤʝʪʨʳ  ʠ ʬʫʥʢʮʠʠ ,  

ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʦʡ  ʌʫʥʢʮʠʷ 

,  

ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ (5) ʧʨʠ  . ʊʦʛʜʘ ʣʶʙʦʝ ʨʝʰʝʥʠʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʟ 

ʢʣʘʩʩʘ  ʧʨʝʜʩʪʘʚʠʤʦ ʚ ʚʠʜʝ (7) , ʛʜʝ  ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ ʥʝʧʨʝʨʳʚʥʦʝ ʧʦ 

ʧʝʨʝʤʝʥʥʦʤʫ ʠ ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʧʦ ʧʝʨʝʤʝʥʥʦʤʫ ʚ ʦʙʣʘʩʪʠ    

ʀʥʪʝʛʨʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ (7) ʦʙʨʘʪʠʤʦ, ʪʦ ʝʩʪʴ ʧʨʦʠʟʚʦʣʴʥʘʷ ʬʫʥʢʮʠʷ  ʯʝʨʝʟ 

ʟʥʘʯʝʥʠʝ ʥʝʠʟʚʝʩʪʥʦʡ ʬʫʥʢʮʠʠ ʥʘʭʦʜʠʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

  .                            (8) 

ɺ ʩʣʫʯʘʝ , ʢʦʛʜʘ    ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ 

 ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʚ ʠʥʪʝʛʨʘʣʴʥʦʤ ʫʨʘʚʥʝʥʠʝ (1) ʧʘʨʘʤʝʪʨʳ  ʠ ʬʫʥʢʮʠʠ ,  

ʤʝʞʜʫ ʩʦʙʦʡ ʩʚʷʟʘʥʳ ʬʦʨʤʫʣʦʡ  ʌʫʥʢʮʠʷ 

,  ʩ ʘʩʠʤʧʪʦʪʠʯʝʩʢʠʤ ʧʦʚʝʜʝʥʠʝʤ 

,  ʧʨʠ .             

ʊʦʛʜʘ ʠʥʪʝʛʨʘʣʴʥʦʝ ʫʨʘʚʥʝʥʠʝ (1) ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ  ʢʦʪʦʨʦʝ ʜʘʝʪʩʷ 

ʬʦʨʤʫʣʦʡ  

 .                                                               (9)  

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʱʝʝ ʨʝʰʝʥʠʝ ʩʦʜʝʨʞʠʪ ʧʨʦʠʟʚʦʣʴʥʳʝ ʬʫʥʢʮʠʠ, ʤʦʞʥʦ ʩʪʘʚʠʪʴ ʠ 

ʠʩʩʣʝʜʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʛʨʘʥʠʯʥʳʝ ʟʘʜʘʯʠ. 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʚʳʧʦʣʥʝʥʦ ʚʩʝ ʫʩʣʦʚʠʠ ʪʝʦʨʝʤʳ 1 ʩʪʘʚʷʪʩʷ ʠ ʠʩʩʣʝʜʫʶʪʩʷ ʩʣʝʜʫʶʱʘʷ 

ʟʘʜʘʯʘ: 

ɿʘʜʘʯʘ  ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʨʝʰʝʥʠʝ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1) ʠʟ ʢʣʘʩʩʘ  ʧʨʠ 

ʧʦ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ  

,    

ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ ʠ ʩʣʝʜʫʶʱʝʤʫ ʛʨʘʥʠʯʥʦʤʫ ʫʩʣʦʚʠʶ  

  ,     

ʥʘ ʦʩʠ ʮʠʣʠʥʜʨʘ,  

ʛʜʝ ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʪʦʯʝʢ ʦʩʴ ʮʠʣʠʥʜʨʘ ɻ= ,  

ʟʘʜʘʥʥʘʷ ʬʫʥʢʮʠʷ ʪʦʯʝʢ  ʙʦʢʦʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʮʠʣʠʥʜʨʘ.   

 ʆ ʨʘʟʨʝʰʠʤʦʩʪʠ ʟʘʜʘʯʠ  ʠʤʝʝʪ ʤʝʩʪʦ ʩʣʝʜʫʶʱʝʝ ʫʪʚʝʨʞʜʝʥʠʝ 

ʊʝʦʨʝʤʘ 3 ʇʫʩʪʴ ʚʳʧʦʣʥʝʥʳ ʚʩʝ ʫʩʣʦʚʠʷ ʪʝʦʨʝʤʳ 1. ɺ ʟʘʜʘʯʝ  ʬʫʥʢʮʠʷ  

ʥʝʧʨʝʨʳʚʥʦ ʥʘ ʦʩʴ ʮʠʣʠʥʜʨʘ, ʬʫʥʢʮʠʷ  ʥ. ʝʧʨʝʨʳʚʥʦ ʥʘ ʙʦʢʦʚʫʶ ʧʦʚʝʨʭʥʦʩʪʴ ʮʠʣʠʥʜʨʘ 

. ʊʦʛʜʘ ʟʘʜʘʯʘ  ʠʤʝʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʨʝʰʝʥʠʝ, ʢʦʪʦʨʦʝ ʜʘʝʪʩʷ ʬʦʨʤʫʣʦʡ  (7), ʛʜʝ  

 , 
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ʛʜʝ 

 ,                       (10) 
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ʆɹʑɸʗ ʊɽʆʈɽʄɸ ɺʃʆɾɽʅʀʗ 

 

ʈʘʤʘʟʘʥʦʚ ʄ.ɼ 

ʀʥʩʪʠʪʫʪ ʤʘʪʝʤʘʪʠʢʠ ʩ ɺʎ ʋʬʠʤʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʮʝʥʪʨʘ ʈɸʅ, ɹʘʰʢʠʨʠʷ, ʈʦʩʩʠʷ 

 

 1. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʧʨʦʙʣʝʤ ʪʝʦʨʠʠ ʚʣʦʞʝʥʠʡ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ ʷʚʣʷʝʪʩʷ 

ʟʘʜʘʯʘ ʦʧʠʩʘʥʠʷ ʩʣʝʜʘ ʵʣʝʤʝʥʪʘ ʙʘʥʘʭʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ ʬʫʥʢʮʠʡ n ʚʝʱʝʩʪʚʝʥʥʳʭ 

ʧʝʨʝʤʝʥʥʳʭ ʥʘ ʧʦʜʤʥʦʞʝʩʪʚʘ R
n
. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʣʫʯʝʥʦ ʤʥʦʛʦ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʦʧʠʩʘʥʠʶ 

ʩʣʝʜʦʚ ʬʫʥʢʮʠʡ ʥʘ ʛʣʘʜʢʠʭ ʧʦʜʤʥʦʞʝʩʪʚʘʭ ʤʝʥʴʰʠʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠʣʠ ʧʨʦʜʦʣʞʝʥʠʷ 

ʬʫʥʢʮʠʡ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʢʣʘʩʩʦʚ ʠʭ ʛʣʘʜʢʦʩʪʝʡ ʯʝʨʝʟ ʛʣʘʜʢʠʝ (n-1)-ʤʝʨʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ [1], 

[2]. ʇʦʯʪʠ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʚʦʟʤʦʞʥʦʩʪʠ ʵʪʠʭ 

ʦʧʝʨʘʮʠʡ, ʧʨʠʯʝʤ ʦʛʨʘʥʠʯʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʥʘ ʚʠʜ ʧʦʚʝʨʭʥʦʩʪʠ ï ʵʪʦ 

ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ ʪʠʧʘ ñʛʠʙʢʦʛʦ ʨʦʛʘò ʚ ʣʶʙʦʡ ʪʦʯʢʝ ʪʘʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʄʳ ʩʪʘʚʠʤ ʚʦʧʨʦʩ 

ʧʦʣʫʯʝʥʠʷ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ ʜʣʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʶʙʳʭ ʨʘʟʤʝʨʥʦʩʪʝʡ ʠ ʛʣʘʜʢʦʩʪʝʡ. 

ʏʘʩʪʠʯʥʦ ʵʪʦ ʙʳʣʦ ʩʜʝʣʘʥʦ ʥʘʤʠ ʚ ʨʘʙʦʪʝ [3] ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʙʘʥʘʭʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚ 

ʬʫʥʢʮʠʡ n ʧʝʨʝʤʝʥʥʳʭ ʚ ʧʨʝʜʧʦʣʦʞʝʥʠʷʭ: ʝʜʠʥʠʯʥʳʡ ʰʘʨ ʪʘʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʙʳʣ ʩʪʨʦʛʦ 

ʚʳʧʫʢʣʳʤ ʠ ʦʛʨʘʥʠʯʠʚʘʣʩʷ ʛʣʘʜʢʦʡ ʩʬʝʨʦʡ (ʩ ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʢʘʩʘʪʝʣʴʥʦʡ ʛʠʧʝʨʧʣʦʩʢʦʩʪʠ 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ). 
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 ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʙʦʣʝʝ ʦʙʱʠʡ ʩʣʫʯʘʡ ʧʨʦʠʟʚʦʣʴʥʳʭ ʙʘʥʘʭʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ ï ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ ʬʫʥʢʮʠʡ ʢʦʥʝʯʥʦʛʦ ʯʠʩʣʘ ʚʝʱʝʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʪʘʢʘʷ. ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʠʟʚʦʣʴʥʦʝ ʙʘʥʘʭʦʚʦ ʧʨʦʩʪʨʘʥʩʪʚʦ B, 

ʥʝʢʦʪʦʨʦʝ ʝʛʦ ʩʦʙʩʪʚʝʥʥʦʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ B1ËB ʠ ʬʘʢʪʦʨ-ʧʨʦʩʪʨʘʥʩʪʚʦ B/B1, ʩʥʘʙʞʝʥʥʦʝ 

ʥʦʨʤʦʡ "bÍB/B1  ||b| B/B1||=inf ||g+h|B||  (gÍb, "hÍB1). ɺʦʟʴʤʝʤ ʧʨʦʠʟʚʦʣʴʥʳʡ ʵʣʝʤʝʥʪ f 

ʧʨʦʩʪʨʘʥʩʪʚʘ B, fÍB. ʕʪʦʪ ʵʣʝʤʝʥʪ ʣʝʞʠʪ ʚ ʢʘʢʦʤ-ʪʦ ʢʣʘʩʩʝ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ ï ʵʣʝʤʝʥʪʝ 

ʬʘʢʪʦʨ-ʧʨʦʩʪʨʘʥʩʪʚʘ, ʦʙʦʟʥʘʯʠʤ ʝʛʦ , fÍ  ÍB/B1. ʆʛʨʘʥʠʯʠʚʘʷʩʴ ʩʣʫʯʘʝʤ, ʢʦʛʜʘ ʜʣʷ 

ʟʘʜʘʥʥʦʛʦ f ʵʪʦʪ ʠʥʬʠʥʫʤ ʝʩʪʴ ʤʠʥʠʤʫʤ, ʤʳ ʟʘʜʘʝʤʩʷ ʮʝʣʴʶ ʚʳʯʠʩʣʠʪʴ ʵʣʝʤʝʥʪ, ʥʘ ʢʦʪʦʨʦʤ 

ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ, ʪʦ ʝʩʪʴ ʧʦʣʫʯʠʪʴ ʬʦʨʤʫʣʫ ʜʣʷ V¹arg min||f+h|B|| ʜʣʷ ʚʩʝʭ hÍB1. 

ʇʨʠʚʝʜʝʤ ʧʨʠʤʝʨʳ ʯʘʩʪʥʳʭ ʩʣʫʯʘʝʚ ʵʪʦʡ ʟʘʜʘʯʠ. ʇʫʩʪʴ ɋ ï ʣʶʙʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ ʚ   R
n
 ʠ 

(R
n
) ï ʥʝʢʦʪʦʨʦʝ ʩʦʙʦʣʝʚʩʢʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. ʊʨʝʙʫʝʪʩʷ ʥʘʡʪʠ gÍB, ʩʦʚʧʘʜʘʶʱʝʝ ʩ f ʥʘ ɋ 

ʠ ʠʤʝʶʱʝʝ ʥʘʠʤʝʥʴʰʫʶ ʚʦʟʤʦʞʥʫʶ (R
n
)-ʥʦʨʤʫ. 

ɽʩʣʠ ɋ ï n-ʤʝʨʥʘʷ ʦʙʣʘʩʪʴ ʚ R
n
, ʪʦ ʵʪʦ ʟʘʜʘʯʘ ʥʘʠʣʫʯʰʝʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʠʟ ʦʙʣʘʩʪʠ, 

ʝʩʣʠ  ɋ ï ʢʘʢʦʝ-ʪʦ ʧʦʜʤʥʦʞʝʩʪʚʦ ʨʘʟʤʝʨʥʦʩʪʠ ʤʝʥʴʰʝʡ n, ʪʦ ʠʤʝʝʤ ʟʘʜʘʯʫ ʦʧʠʩʘʥʠʷ ʩʣʝʜʘ ʥʘ 

ɋ ʣʶʙʦʡ ʬʫʥʢʮʠʠ fÍ (R
n
). 

 2. ʅʘʯʠʥʘʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʱʝʡ ʧʨʦʙʣʝʤʳ, ʧʦʣʫʯʠʤ ʩʥʘʯʘʣʘ ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʝʝ 

ʨʘʟʨʝʰʠʤʦʩʪʠ. ʊʦ ʝʩʪʴ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʜʣʷ ʟʘʜʘʥʥʦʡ fÍB ʩʫʱʝʩʪʚʫʝʪ gÍbf, ʠʤʝʶʱʝʝ 

ʥʘʠʤʝʥʴʰʫʶ ʥʦʨʤʫ ʩʨʝʜʠ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ ʬʘʢʪʦʨ-ʢʣʘʩʩʘ bf. 

ʅʘʧʦʤʥʠʤ ʦʧʨʝʜʝʣʝʥʠʝ ʵʢʩʪʨʝʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʘ: ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ y 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʙʘʥʘʭʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ B2 ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ  ï ʵʪʦ ʬʫʥʢʮʠʦʥʘʣ ʠʟ 

, ʠʤʝʶʱʠʡ ʝʜʠʥʠʯʥʫʶ ʥʦʨʤʫ ||| ||=1, ʜʣʷ ʢʦʪʦʨʦʛʦ (,y)=||y|B2||. ʇʦ ʪʝʦʨʝʤʝ ʍʘʥʘ-

ɹʘʥʘʭʘ ʜʣʷ ʣʶʙʦʛʦ ʵʣʝʤʝʥʪʘ ʙʘʥʘʭʦʚʘ ʧʨʦʩʪʨʘʥʩʪʚʘ B2 ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ 

ʩʫʱʝʩʪʚʫʝʪ. ɽʩʣʠ ʚ ʪʦʯʢʝ f ʩʬʝʨʘ S(||f|B||)={g|||g|B2||=||f|B2||} ʠʤʝʝʪ ʢʘʩʘʪʝʣʴʥʫʶ 

ʛʠʧʝʨʧʣʦʩʢʦʩʪʴ, ʪʦ =D||f|B2|| ï ʵʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʠʟ ʨʘʙʦʪʳ [3], ʤʳ ʦʙʦʟʥʘʯʘʝʤ ʝʛʦ ñʃʝʤʤʘ 

1ò ʠ ʧʦʚʪʦʨʥʦ ʧʨʠʚʝʜʝʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ï ʜʣʷ ʟʘʤʢʥʫʪʦʩʪʠ ʠʟʣʦʞʝʥʠʷ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʣʝʤʤʳ 1. D||f|B2|| ʦʟʥʘʯʘʝʪ ʧʨʦʠʟʚʦʜʥʫʶ ɻʘʪʦ ʦʪʦʙʨʘʞʝʥʠʷ j­||j|B2||, 

ʚʟʷʪʫʶ ʚ ʪʦʯʢʝ j=f.  

| (D||f|B2||,h)|¹| |¢ ¢||h| ||. 

ʊʦ ʝʩʪʴ ||D||f|B2||, ||¢1. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ h=f ʠʤʝʝʤ  

(||D||f|B2||,f)= = = . 

ɿʥʘʯʠʪ, ||D||f|B2||, ||=1. ɸ ʨʘʚʝʥʩʪʚʦ (D||f|B2||,f)= ||f|B2|| ʦʟʥʘʯʘʝʪ, ʯʪʦ D||f|B2|| ʷʚʣʷʝʪʩʷ 

ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ f.                  

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ ʝʩʪʴ ʚʥʝʰʥʷʷ ʝʜʠʥʠʯʥʘʷ ʥʦʨʤʘʣʴ ʦʧʦʨʥʦʡ 

ʧʣʦʩʢʦʩʪʠ ʩʬʝʨʳ S(||f|B||) ʚ ʪʦʯʢʝ f. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʦʧʦʨʥʳʭ ʧʣʦʩʢʦʩʪʝʡ ʤʦʞʝʪ ʙʳʪʴ 

ʥʝʩʢʦʣʴʢʦ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʙʫʜʝʪ ʥʝʩʢʦʣʴʢʦ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʬʫʥʢʮʠʦʥʘʣʦʚ. ɺʟʷʚ B2= B/B1 

ʠ ʵʣʝʤʝʥʪ , ʦʙʦʟʥʘʯʠʤ ʝʛʦ ʵʢʩʪʨʝʤʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ , Í . 

ʃʝʤʤʘ 2. ʕʢʩʪʨʝʤʘʣʴʥʳʡ ʬʫʥʢʮʠʦʥʘʣ  ʠʤʝʝʪ ñʝʩʪʝʩʪʚʝʥʥʦʝò ʧʨʦʜʦʣʞʝʥʠʝ ʥʘ B
*
 ʚ 

ʚʠʜʝ ʬʫʥʢʮʠʦʥʘʣʘ , ʦʧʨʝʜʝʣʷʝʤʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷʤʠ: "gÍB  (l,g)=( , ), ʧʨʠʯʸʤ |||B*||=1. 

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ. 

|||B
*
||= ¢|| || ¢1 

ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ g=f   = =1.                      

ʇʫʩʪʴ ʪʝʧʝʨʴ V ï ʵʪʦ ʪʦʪ ʵʣʝʤʝʥʪ , ʥʘ ʢʦʪʦʨʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʤʠʥʠʤʫʤ ʥʦʨʤʳ ʵʣʝʤʝʥʪʦʚ 

ʠʟ .  ( ,V)=( , )=|||B/B1||= ||g|B||=||V|B||. 

ʊʦ ʝʩʪʴ  ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʜʣʷ V ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ  

ʷʚʣʷʝʪʩʷ ʵʢʩʪʨʝʤʘʣʴʥʳʤ ʵʣʝʤʝʥʪʦʤ ʠʟ Ë  ʜʣʷ ʵʣʝʤʝʥʪʘ  ʠʟ . ʂʘʢ ʵʢʩʪʨʝʤʘʣʴʥʳʡ 
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ʵʣʝʤʝʥʪ    ̫ ʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʝʜʠʥʠʯʥʳʭ ʚʥʝʰʥʠʭ ʥʦʨʤʘʣʝʡ ʢ ʦʧʦʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʰʘʨʘ 

{ | ||l|||¢1} ʚ ʪʦʯʢʝ l=V. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʳ ʦʙʦʩʥʦʚʘʣʠ ʫʪʚʝʨʞʜʝʥʠʝ: 

 

ʊʝʦʨʝʤʘ. ʆʧʪʠʤʘʣʴʥʳʡ ʵʣʝʤʝʥʪ VÍ  ʩʦʜʝʨʞʠʪʩʷ ʚ ʤʥʦʞʝʩʪʚʝ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʪʦʙʨʘʞʝʥʠʷ f­ ­ ­ ­ , ( , )=|||B||=1, = . 

  3. ʇʝʨʚʦʝ ʠ ʧʦʩʣʝʜʥʝʝ ʦʪʦʙʨʘʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʤʥʦʛʦʟʥʘʯʥʳʤʠ, ʪʘʢ ʢʘʢ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʠʯʥʳʤʠ ʥʦʨʤʘʣʷʤʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʧʦʨʥʳʭ ʛʠʧʝʨʧʣʦʩʢʦʩʪʝʡ. 

ɺʦʦʙʱʝ ʛʦʚʦʨʷ, Í . ʅʦ ʝʩʣʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʜʥʦʟʥʘʯʥʦ, ʪʦ ʵʪʦ ʠ ʝʩʪʴ            

Í . ɽʩʪʴ ʧʨʠʤʝʨʳ (ʜʘʞʝ ʜʣʷ ʨʝʬʣʝʢʩʠʚʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ) ʤʥʦʛʦʟʥʘʯʥʦʩʪʠ ʧʝʨʚʦʛʦ ʠ 

ʧʦʩʣʝʜʥʝʛʦ ʦʪʦʙʨʘʞʝʥʠʡ. ʇʨʠʚʝʜʝʤ ʦʜʠʥ ʪʘʢʦʡ ʧʨʠʤʝʨ, ʚʟʷʚ  

= (R
3
), f= , ʘ B1 ï ʚ ʜʚʫʭ ʚʘʨʠʘʥʪʘʭ: B11={x|xÍR

3
,x1=x2=0}= R

1
 ʠʣʠ 

B12={x|xÍR
3
,x3=0}. ɺ ʧʝʨʚʦʤ ʚʘʨʠʘʥʪʝ B/B11= (R

2
), ʚʦ ʚʪʦʨʦʤ B/B12= (R

1
)=R

1
. ɺʩʝ 

ʢʦʥʝʯʥʦʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʨʝʬʣʝʢʩʠʚʥʳ, ʧʦʵʪʦʤʫ ʚʩʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʠʩʘʥʥʦʛʦ ʚʳʰʝ 

ʦʪʦʙʨʘʞʝʥʠʠ ʜʘʶʪ ʤʠʥʠʤʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʬʘʢʪʦʨ-ʧʨʦʩʪʨʘʥʩʪʚ. ɺ ʧʝʨʚʦʤ 

ʚʘʨʠʘʥʪʝ ʵʢʩʪʨʝʤʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʦʙʨʘʟʫʶʪ ʤʥʦʞʝʩʪʚʦ 

={ }, ʚʦ ʚʪʦʨʦʤ ï ={ }.  

ʇʦʷʩʥʠʤ ʦʩʦʙʝʥʥʦʩʪʠ ʚʳʙʦʨʘ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚ B1ËB ʥʘ ʧʨʠʤʝʨʝ ʰʢʘʣʳ ʩʦʙʦʣʝʚʩʢʠʭ 

ʧʨʦʩʪʨʘʥʩʪʚ  ʠ .  ʦʟʥʘʯʘʝʪ ʟʘʤʳʢʘʥʠʝ ʤʥʦʞʝʩʪʚʘ  ʚ ʥʦʨʤʝ 

. 

ʕʪʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʬʫʥʢʮʠʡ ʠʟ , ʩʦʚʧʘʜʘʶʱʠʭ ʥʘ  ʩ . ɺʦʟʤʦʞʝʥ ʜʨʫʛʦʡ 

ʚʳʙʦʨ ʧʨʦʩʪʨʘʥʩʪʚʘ B1ËB ï ʠʟ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʝ ʥʘ  ʥʝ ʪʦʣʴʢʦ ʩʘʤʠ ʩʦʚʧʘʜʘʶʪ ʩ , ʥʦ ʠ ʚʩʝ 

ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ, ʠʤʝʶʱʠʝ ʩʤʳʩʣ ʥʘ , ʩʦʚʧʘʜʘʶʪ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ . 

ʊʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ B1 ïʥʦʨʤʳ: 

 
(ʠʣʠ, ʚ ʜʨʫʛʦʡ ʟʘʧʠʩʠ, ʫʩʣʦʚʠʝ  ʜʣʷ  ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ 

ʥʘ ). ɺʦʟʤʦʞʥʳ ʠ çʧʨʦʤʝʞʫʪʦʯʥʳʝè B1, ʫ ʢʦʪʦʨʳʭ ʩʦʚʧʘʜʘʶʪ ʩ  ʪʦʣʴʢʦ 

ʥʝʢʦʪʦʨʳʝ ʧʨʦʠʟʚʦʜʥʳʝ. ʊʦʛʜʘ  
 

(ʚʤʝʩʪʦ  ʤʦʞʥʦ ʙʨʘʪʴ ʥʝʢʦʪʦʨʳʡ ʣʠʥʝʡʥʳʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʦʧʝʨʘʪʦʨ ). 

 

4. ɼʘʜʠʤ ʦʜʥʦ ʧʨʠʤʝʥʝʥʠʝ ʪʝʦʨʝʤʳ ʢ ʨʘʟʨʝʰʠʤʦʩʪʠ ʣʠʥʝʡʥʳʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʆʙʱʘʷ ʣʠʥʝʡʥʘʷ ʟʘʜʘʯʘ ʠʤʝʝʪ ʪʘʢʦʡ 

ʚʠʜ (x,D)u(x)=g(x) ʧʨʠ xÍɋ ʠ (x,D)u(x)=h(x) ʧʨʠ xÍµɋ, ʛʜʝ  ʠ  ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 

ʦʧʝʨʘʪʦʨʳ ʧʦʨʷʜʢʦʚ  ʠ . ʊʨʝʙʫʝʪʩʷ ʫʩʪʘʥʦʚʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʝʰʝʥʠʷ ʚ ʥʝʢʦʪʦʨʦʤ 

ʧʨʦʩʪʨʘʥʩʪʚʝ  ʩ m ʧʨʦʠʟʚʦʜʥʳʤʠ, m { , }. ʏʘʩʪʥʳʡ ʩʣʫʯʘʡ ʵʪʦʡ ʟʘʜʘʯʠ ʩ ʦʜʥʦʨʦʜʥʳʤʠ 

ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ h¹0. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʠʟ ʨʘʟʨʝʰʠʤʦʩʪʠ ʦʙʱʝʡ ʟʘʜʘʯʠ 

ʩʣʝʜʫʝʪ ʨʘʟʨʝʰʠʤʦʩʪʴ ʠ ʯʘʩʪʥʦʛʦ ʩʣʫʯʘʷ. ʇʦʢʘʞʝʤ, ʯʪʦ ʚʝʨʥʦ ʠ ʦʙʨʘʪʥʦʝ. ʀʪʘʢ, ʜʘʥʦ, ʯʪʦ 

ʟʘʜʘʯʘ ʩ ʦʜʥʦʨʦʜʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʝʤ ʨʘʟʨʝʰʠʤʘ, v=g ʚ ɋ,  v=0 ʥʘ ʛʨʘʥʠʮʝ µɋ. 

ɺʦʟʴʤʝʤ B= , B1= { v| }, f=v. ʇʫʩʪʴ VÍ  ʠ ʜʦʩʪʘʚʣʷʝʪ 

||z| z=h ʧʨʠ xÍµɋ||. ʇʦʣʦʞʠʤ v=u-V. ʊʘʢʘʷ ʬʫʥʢʮʠʷ v ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʟʘʜʘʯʠ ʩ 

ʦʜʥʦʨʦʜʥʳʤ ʛʨʘʥʠʯʥʳʤ ʫʩʣʦʚʠʷʤ  

v=g- V¹  ʚ ɋ, =0 ʥʘ ʛʨʘʥʠʮʝ µɋ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ v ʚʣʝʯʝʪ ʩʫʱʝʩʪʚʦʚʘʥʠʝ u ï 

ʨʝʰʝʥʠʝ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʟʘʜʘʯʠ. 

ɽʱʝ ʨʘʟ ʧʦʜʯʝʨʢʥʝʤ ʦʪʣʠʯʠʝ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʛʦ. ɺ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʟʘʜʘʯʠ ʥʘʢʣʘʜʳʚʘʶʪ ʫʩʣʦʚʠʝ ʥʘ B1 , ʩʚʷʟʘʥʥʦʝ 

ʩ ʦʩʥʦʚʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ B ʣʠʥʝʡʥʳʤ ʦʧʝʨʘʪʦʨʦʤ ʧʨʦʜʦʣʞʝʥʠʷ ʩ  ʥʘ ʚʩʝ , ʠ ʩʣʝʜʦʤ ʥʘ 

 ʪʦʯʥʳʤ ʧʦ ʧʦʨʷʜʢʫ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ ʥʘ . ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʭʦʜʷʪ ʢ 

ʜʦʩʪʘʪʦʯʥʳʤ ʫʩʣʦʚʠʷʤ ʥʘ ʛʝʦʤʝʪʨʠʶ , ʬʦʨʤʫʣʠʨʫʝʤʳʭ ʢʘʢ ʥʝʢʦʪʦʨʦʝ ʫʩʣʦʚʠʝ çʛʣʘʜʢʦʛʦ 
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ʨʦʛʘè, ʧʦʟʚʦʣʷʶʱʝʝ ʧʨʦʜʦʣʞʠʪʴ  ʯʝʨʝʟ  ʥʘ ʚʩʝ . ʄʳ ʩ ʩʘʤʦʛʦ ʥʘʯʘʣʘ  

ʦʪʢʘʟʳʚʘʝʤʩʷ ʦʪ ʦʛʨʘʥʠʯʝʥʠʷ ï ʣʠʥʝʡʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ ʩʣʝʜʘ, ʪʘʢ ʢʘʢ ʪʦʯʥʳʡ ʦʧʝʨʘʪʦʨ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʥʝʣʠʥʝʡʥʳʡ (ʦʥ ʣʠʥʝʡʥʳʡ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʛʠʣʴʙʝʨʪʦʚʳʭ 

ʧʨʦʩʪʨʘʥʩʪʚ). ʇʨʠʭʦʜʠʤ ʢ ʢʨʠʪʝʨʠʶ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʣʝʜʘ ʥʘ , ʘ ʦʩʦʙʝʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ  

ʬʦʨʤʠʨʫʶʪ ʥʦʨʤʫ ʧʨʦʩʪʨʘʥʩʪʚʘ B1. 

5. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʚʦʟʴʤʝʤ B =  ʠ . ɿʜʝʩʴ ʚʦʟʥʠʢʘʶʪ 

ʚʝʩʦʚʳʝ B1-ʥʦʨʤʳ, ʜʦʧʫʩʢʘʶʱʠʝ ʩʠʥʛʫʣʷʨʥʦʩʪʠ ʚ çʧʣʦʭʦʡè ʪʦʯʢʝ ï ʥʘʯʘʣʝ ʢʦʦʨʜʠʥʘʪ. 

ʀʤʝʥʥʦ, ʚ ʢʘʯʝʩʪʚʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʥʦʨʤʳ B  ʤʦʞʥʦ ʚʟʷʪʴ 

 
 6. ɼʘʜʠʤ ʧʨʠʣʦʞʝʥʠʝ ʥʘʰʝʡ ʦʩʥʦʚʥʦʡ ʪʝʦʨʝʤʳ ʢ ʪʝʦʨʠʠ ʤʥʦʛʦʤʝʨʥʳʭ ʚʘʨʠʘʮʠʦʥʥʳʭ 

ʩʧʣʘʡʥʦʚ. 

ʆʧʨʝʜʝʣʝʥʠʝ.  ʥʘʟʦʚʝʤ ʚʘʨʠʘʮʠʦʥʥʳʤ ʩʧʣʘʡʥʦʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʪʨʦʡʢʝ . 

ʅʘʧʨʠʤʝʨ ʚ ʦʜʥʦʤʝʨʥʦʤ ʩʣʫʯʘʝ ʩ , ,  

ʧʨʠ .  ï ʷʚʣʷʝʪʩʷ ʢʫʙʠʯʝʩʢʠʤ ʩʧʣʘʡʥʦʤ ʜʝʬʝʢʪʘ 2, ʧʦʩʪʨʦʝʥʥʳʤ ʧʦ ʟʥʘʯʝʥʠʷʤ 

ʟʘʜʘʥʥʦʡ ʬʫʥʢʮʠʠ ʚ ʪʦʯʢʘʭ . 

 ï ʵʪʦ ʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʦʛʨʘʥʠʯʝʥʠʷ  ʥʘ , ʜʣʷ ʢʦʪʦʨʦʛʦ ʤʳ ʠʤʝʝʤ ʬʦʨʤʫʣʫ ʚ 

ʥʘʰʝʡ ʪʝʦʨʝʤʝ, ʝʩʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ B ʨʝʬʣʝʢʩʠʚʥʦʝ, ʝʜʠʥʠʯʥʳʡ ʰʘʨ ʚ ʥʝʤ ʩʪʨʦʛʦ ʚʳʧʫʢʣʳʡ, 

ʘ ʝʛʦ ʩʬʝʨʘ ʛʣʘʜʢʘʷ. ʇʨʠʤʝʨʦʤ ʦʙʦʙʱʝʥʠʷ çʢʣʘʩʩʠʯʝʩʢʠʭè ʦʜʥʦʤʝʨʥʳʭ ʩʧʣʘʡʥʦʚ ʥʘ 

ʤʥʦʛʦʤʝʨʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʟʴʤʝʤ ʚʘʨʠʘʮʠʦʥʥʳʡ ʩʧʣʘʡʥ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ 

. ʄʳ ʚʳʙʨʘʣʠ ʧʨʦʩʪʨʘʥʩʪʚʦ ʛʠʣʴʙʝʨʪʦʚʳʤ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʚʳʯʠʩʣʝʥʠʡ. 

,  ï ʵʪʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ ʬʫʥʢʮʠʠ , 

. 

. ʇʦʣʫʯʘʝʤ 

 ʛʜʝ . 

 7. ɽʱʝ ʨʘʟ ʦʙʨʘʪʠʤ ʚʥʠʤʘʥʠʝ ʥʘ ʪʦ, ʯʪʦ ʭʦʪʷ ʦʧʝʨʘʪʦʨ  ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ 

ʥʝʣʠʥʝʡʥʳʡ, ʥʦ ʧʝʨʝʚʦʜ ʵʪʦʡ ʟʘʜʘʯʠ ʚ ʩʦʧʨʷʞʝʥʥʳʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʩʝʛʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʣʠʥʝʡʥʦʡ ʟʘʜʘʯʝ. ɸ ʩʘʤʦ ʩʦʦʪʚʝʪʩʪʚʠʝ ʵʪʠʭ ʟʘʜʘʯ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ 

ʃʝʞʘʥʜʨʘ . 
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ʊɽʆʈɽʄʓ ɺʃʆɾɽʅʀʗ ʈɸɿʅʓʍ ʄɽʊʈʀʂ  

ɼʃʗ ʆɹʆɹʑɽʅʅʓʍ ʇʈʆʉʊʈɸʅʉʊɺ ɹɽʉʆɺɸ ʉ ɹɸɿʀʉʆʄ ʍɸɸʈɸ 
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ʉʤʘʠʣʦʚ ɽ.ʉ. 

ʈɻʂʇ çʀʥʩʪʠʪʫʪ ʧʨʠʢʣʘʜʥʦʡ ʤʘʪʝʤʘʪʠʢʠè ʂʅ ʄʆʅ ʈʂ, ʂʘʨʘʛʘʥʜʘ, ʂʘʟʘʭʩʪʘʥ 

 

ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʚʚʦʜʠʪʩʷ ʦʙʦʙʱʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ɹʝʩʦʚʘ ʩ ʙʘʟʠʩʦʤ ʍʘʘʨʘ ( )[0,1];pB Hj

q   ʠ 

ʧʨʠʚʦʜʠʪʩʷ ʪʝʦʨʝʤʳ ʚʣʦʞʝʥʠʷ ʨʘʟʥʳʭ ʤʝʪʨʠʢ ʜʣʷ ʥʝʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʈʷʜʳ ʌʫʨʴʝ-ʍʘʘʨʘ, ʙʘʟʠʩ ʍʘʘʨʘ, ʦʙʦʙʱʝʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ɹʝʩʦʚʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ 

ʃʦʨʝʥʮʘ, ʧʨʦʩʪʨʘʥʩʪʚʦ ʄʘʨʮʠʥʢʝʚʠʯʘ, ʪʝʦʨʝʤʘ ʚʣʦʞʝʥʠʷ, ʧʨʠʙʣʠʞʝʥʠʝ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʢʚʘʜʨʘʪʫʨʥʘʷ ʬʦʨʤʫʣʘ. 

 

ʆʧʨʝʜʝʣʝʥʠʝ ʩʠʩʪʝʤʳ ʍʘʘʨʘ, ʩ ʢʦʪʦʨʳʤ ʤʳ ʨʘʙʦʪʘʝʤ, ʩʦʛʣʘʩʥʦ [1]: 1( ) 1, [0,1];h t t= " Í   
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ɺʦ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʢʘʭ ʨʘʟʨʳʚʘ ʬʫʥʢʮʠʠ ʍʘʘʨʘ ʧʦʣʘʛʘʝʪʩʷ ʧʦʣʫ ʩʫʤʤʝ ʧʨʝʜʝʣʦʚ ʩ ʧʨʘʚʘ 

ʠ ʩʣʝʚʘ, ʘ ʥʘ ʢʦʥʮʘʭ ʦʪʨʝʟʢʘ [0,1] ʩʚʦʠʤ ʧʨʠʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ. 

ʉʠʩʪʝʤʘ ʍʘʘʨʘ  ʷʚʣʷʝʪʩʷ ʙʘʟʠʩʦʤ ʚ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ,  . 

ʇʫʩʪʴ , ʪʦʛʜʘ, ʧʦʣʘʛʘʷ , , ʦʧʨʝʜʝʣʠʤ ʨʷʜ 

ʌʫʨʴʝ-ʍʘʘʨʘ ʬʫʥʢʮʠʠ :  

 
 ʥʘʟʦʚʝʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʌʫʨʴʝ-ʍʘʘʨʘ ʬʫʥʢʮʠʠ . 

 ï ʠʟʤʝʨʠʤʘʷ ʚ ʩʤʳʩʣʝ ʃʝʙʝʛʘ ʥʘ  ʬʫʥʢʮʠʷ ʠ , . ʇʫʩʪʴ 

 ʧʨʦʩʪʨʘʥʩʪʚʦ ʃʦʨʝʥʮʘ [2]. 

ɺ ʩʣʫʯʘʝ   ʠ . 

  ʤʥʦʞʝʩʪʚʦ ʮʝʣʳʭ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʯʠʩʝʣ. 

ʏʝʨʝʟ  ʦʙʦʟʥʘʯʠʤ ʥʘʠʣʫʯʰʝʝ ʧʨʠʙʣʠʞʝʥʠʝ 

ʬʫʥʢʮʠʠ , ʚ ʤʝʪʨʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ ʃʝʙʝʛʘ , ʧʦʩʨʝʜʩʪʚʦʤ ʤʥʦʛʦʯʣʝʥʦʚ ʍʘʘʨʘ ʧʦʨʷʜʢʘ 

ʥʝ ʚʳʰʝ . 

ʈʘʩʩʤʦʪʨʠʤ ʢʣʘʩʩ ʥʝʧʨʝʨʳʚʥʳʭ, ʚʦʟʨʘʩʪʘʶʱʠʭ ʥʘ [0,1] ʬʫʥʢʮʠʡ  ( )tj   ʪʘʢʠʭ, ʯʪʦ  

(0) 0j = . ɼʘʥʥʳʡ ʢʣʘʩʩ ʬʫʥʢʮʠʡ ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ  U . 

ʆʧʨʝʜʝʣʝʥʠʝ   ʇʫʩʪʴ  1 p¢ +¤,  1 q¢ +¤,  UjÍ . ɹʫʜʝʤ ʛʦʚʦʨʠʪʴ, ʯʪʦ ʬʫʥʢʮʠʷ  

( )[0,1];pf B Hj

qÍ  , ʝʩʣʠ  [0,1]pf LÍ   ʠ ʢʦʥʝʯʥʘ ʚʝʣʠʯʠʥʘ  

( ) ( )
1

1

2
1

; [0,1]; || || ( (2 )) ( ) ,k

k

p p p

k

f B H f E f
q

q
j

q j
+¤

- -

=

ë û
= + <+¤ì ü

í ý
ä

 
ʧʨʠ  1 q¢ <+¤; 

( ) { }1

2
; [0,1]; || || sup ( (2 )) ( ) ,k

k

p p p
k

f B H f E fj j - -

¤
Í

= + Ö <+¤
 

ʧʨʠ  q=+¤. 

 ( )[0,1];pB Hj

q   ʥʘʟʦʚʝʤ ʦʙʦʙʱʝʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ ɹʝʩʦʚʘ ʩ ʙʘʟʠʩʦʤ ʍʘʘʨʘ. ɼʣʷ  

( )[0,1];pf B Hj

qÍ   ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʘ  ( ); [0,1];pf B Hj

q   ̫ ʚʣʷʝʪʩʷ ʥʦʨʤʦʡ. 

ʇʨʠ j(t)= , ʛʜʝ  ʧʨʦʩʪʨʘʥʩʪʚʦ ( )[0,1];pB Hj

q  ʧʨʝʚʨʘʱʘʝʪʩʷ ʚ ʘʥʘʣʦʛ 

ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ɹʝʩʦʚʘ, ʪʦʣʴʢʦ ʩ ʙʘʟʠʩʦʤ ʍʘʘʨʘ, ʦʧʨʝʜʝʣʝʥʥʳʡ ʚ [3]. 

ɺ ʟʘʚʠʩʠʤʩʦʩʪʠ ʦʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʦʪ ʬʫʥʢʮʠʠ j ʪʨʝʙʝʪʩʷ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʢ ʢʣʘʩʩʘʤ   

( )S ,   1( )S ,( 1L ) ʚʚʝʜʝʥʥʳʝ ʚ [4].  
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ʉʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ ʷʚʣʷʝʪʩʷ ʦʯʝʥʴ ʚʘʞʥʳʤ ʨʝʟʫʣʴʪʘʪʦʤ ʜʣʷ ʨʘʙʦʪʳ ʩ ʦʙʦʙʱʝʥʥʳʤ 

ʧʨʦʩʪʨʘʥʩʪʚʦʤ ɹʝʩʦʚʘ, ʢʦʪʦʨʘʷ ʦʪʨʘʞʘʝʪ ʦʩʦʙʝʥʥʦʩʪʴ ʩʠʩʪʝʤʳ ʍʘʘʨʘ ʠ ʷʚʣʷʝʪʩʷ ʧʦʜʦʙʠʝʤ 

ʨʘʚʝʥʩʪʚʦ ʇʘʨʩʝʚʘʣʷ ʜʣʷ ʵʣʝʤʝʥʪʦʚ ʧʨʦʩʪʨʘʥʩʪʚʘ([0,1], )pB Hj

q , ʧʨʠ  1 p¢ <+¤,.1 q¢ ¢¤. 

ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ 1 p¢ <+¤, 1 q¢ ¢¤ ʠ 1( )jÍL . ʇʫʩʪʴ 
1{ }k ka +¤

=
- ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ 

ʢʦɻʬʬʠʮʠʝʥʪʦʚ ʌʫʨʴʝ-ʍʘʘʨʘ ʬʫʥʢʮʠʠ 1[0,1]f LÍ . ʊʦʛʜʘ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ  ([0,1], )pf B Hj

qÍ  

ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʙʳʣʘ ʢʦʥʝʯʥʘ ʚʝʣʠʯʠʥʘ  

( )

1

1
1

1 1
2

2
1

1

0 2 1

|| ; ([0,1], ) || | | ( (2 )) 2 | | .

k p

p

k

kk p

p

k

f B H a a

qq

j

q n

n

j

++¤
-- -

= = +

ë ûè øå õî îé ù= + <+¤æ öì üæ öé ùç ÷î îê úí ý

ä ä

 
ʇʨʠ ʵʪʦʤ || ; ([0,1], ) ||pf B Hj

q  | ; ([0,1], ) |pf B Hj

q . 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ 1 p q¢ < <+¤,  1 q¢ ¢+¤, 1 t¢ <+¤  ʠ 1( )jÍL . ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ 

ʠʤʝʣʦ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ ([0,1], )pB Hj

q  [0,1]qL t , ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʙʳʣʠ 

ʢʦʥʝʯʥʳ ʚʝʣʠʯʠʥʳ  

( )
1

1 1

0

(2 )2 ,p q
kk

pq

k

A

ll

qtj j
+¤

--

=

ë ûî îè ø
=ì üé ùê úî îí ý
ä

 
ʛʜʝ  qtq t
l

-
=  ʧʨʠ 1 t q¢ < <+¤ ;  l t=   ʧʨʠ  q=+¤ .  

( ){ }
1 1

sup (2 )2 ,p q
kk

pq
k

A j j
+

--

Í

=
 

ʧʨʠ  1 q t¢ ¢ <+¤ . 

ʊʝʦʨʝʤʘ 2 ʇʫʩʪʴ 1 p< <+¤, 1 q¢ ¢+¤, q q qq¡ ¡+ = , ʠ 1( )jÍL . ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʤʝʣʦ 

ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ  

([0,1], )pB Hj

q  [0,1]L¤  

ʅʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʙʝʩʢʦʥʝʯʥʦ ʚʝʣʠʯʠʥʘ  

 

 

 
 

ʊʝʦʨʝʤʘ 3 ʇʫʩʪʴ 1 ,p q¢ < <+¤  0 ,q¢ ¢+¤, q q qq¡ ¡+ = ; ( )SjÍ . ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʠʤʝʣʦ ʤʝʩʪʦ ʚʣʦʞʝʥʠʝ  

([0,1], )pB Hj

q  [0,1]qL ¤ , 

ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ  

 

ʇʫʩʪ (ɹ ) {2 2
([0,1], ) sup ( ) |  ʙʝʨʝʪʩʷ ʧʦ ʚʩʝʤ ([0,1], )p q pq

E B H E f f B Hn n

j j

q t qt
n +ÍZ

= Ísupremum

 ʪʘʢʠʤ, ʯʪʦ |  ; ([0,1], )| 1}pf B Hj

q = .ʊʦʛʜʘ ʧʦʨʷʜʦʢ ʧʨʠʙʣʠʞʝʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʘ ([0,1], )pB Hj

q  ʚ 

ʤʝʪʨʠʢʝ ʧʨʦʩʪʨʘʥʩʪʚʘ [0,1]qL t  ʦʧʨʝʜʝʣʷʝʪ ʩʣʝʜʫʶʱʘʷ ʪʝʦʨʝʤʘ. 
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ʊʝʦʨʝʤʘ 4  ʇʫʩʪʴ  1 p q¢ < <+¤, 1 q¢ ¢+¤, 1 t¢ <+¤ ʠ 1( )jÍL . ʇʫʩʪʴ ʠʤʝʝʪ ʤʝʩʪʦ 

ʚʣʦʞʝʥʠʝ ([0,1], ) [0,1]p qB H Lj

q tË . ɽʩʣʠ ʧʘʨʘʤʝʪʨ 0a>  ʠʟ ʦʧʨʝʜʝʣʝʥʠʷ ʢʣʘʩʩʘ ʬʫʥʢʮʠʡ ( )S  

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʥʝʨʘʚʝʥʩʪʚʫ  ( )1 1
p q

a> -, ʪʦ ʩʧʨʘʚʝʜʣʠʚʦ ʩʦʦʪʥʦʰʝʥʠʝ  

( )
2

([0,1], )p q
E B Hn

j

q t
    

( ){ }
1 1

2 (2 ) , .p q
n nj n
- - +" Í  

ʊʝʧʝʨʴ ʧʨʠʚʝʜʝʤ ʦʮʝʥʢʫ ʧʦʛʨʝʰʥʦʩʪʠ ʢʚʘʜʨʘʪʫʨʥʦʡ ʬʦʨʤʫʣʳ ʜʣʷ ʵʣʝʤʝʥʪʦʚ 

ʧʨʦʩʪʨʘʥʩʪʚʘ   

ʊʝʦʨʝʤʘ 5  ʇʫʩʪʴ ( )SjÍ ,   . ʊʦʛʜʘ 
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ʆʇɽʈɸʊʆʈ ʍɸʈɼʀ-ʉʊɽʂʃʆɺɸ  

ʉ ʗɼʈʆʄ ʅɸ ʂʆʅʋʉɽ ʄʆʅʆʊʆʅʅʓʍ ʌʋʅʂʎʀʁ 

 

ʊʝʤʠʨʭʘʥʦʚʘ ɸ.ʄ. 

ɽʚʨʘʟʠʡʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 

ʇʫʩʪʴ ),,(= baI  ,< ¤¢¢¤- ba  ¤<,<1 qp , 1=
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pp ¡
+  ʠ 1=
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qq ¡
+ . ʇʫʩʪʴ w ʠ v  

- ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʝ, ʠʟʤʝʨʠʤʳʝ ʠ ʧ.ʚ. ʢʦʥʝʯʥʳʝ ʥʘ I  ʬʫʥʢʮʠʠ ʪʘʢʠʝ, ʯʪʦ ,q¡-w  ,qw  
pv
¡
 ʠ 

pv
¡-
 ʣʦʢʘʣʴʥʦ ʩʫʤʤʠʨʫʝʤʳʝ ʥʘ I . 

ʄʥʦʞʝʩʪʚʦ ʚʩʝʭ ʠʟʤʝʨʠʤʳʭ ʥʘ I  ʬʫʥʢʮʠʡ f  ʪʘʢʠʭ, ʯʪʦ  

 ,<||=

1

,
¤ö

÷

õ
æ
ç

å
¹ ñ

p
p

b

a
pvp

vfvff  

ʦʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ).,(
,

IvLL
pvp

¹  

ʇʫʩʪʴ ®M , ¬M  ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʤʥʦʞʝʩʪʚʘ ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ, ʥʝʫʙʳʚʘʶʱʠʭ ʥʘ I  

ʬʫʥʢʮʠʡ. 

ɼʣʷ ʠʥʪʝʛʨʘʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ  

 ,)(),(=)(
)(

)(

dssfxsKxfK
x

x

ñ-

b

a

 (1) 

  ,)(),(=)(
)(

)(

dssfsxKxfK
x

x

ñ+

b

a

 (2) 

 ʨʘʩʩʤʦʪʨʠʤ ʥʝʨʘʚʝʥʩʪʚʘ  
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 ,  , ®Í¢
-

MfvfCfK
pq

w  (3) 

  ,  , ¬Í¢
+

MfvfCfK
pq

w  (4) 

 ʛʜʝ ʥʘ ʛʨʘʥʠʯʥʳʝ ʬʫʥʢʮʠʠ a ʠ b ʥʘʢʣʘʜʳʚʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʫʩʣʦʚʠʷ: 

( i ) )(xa  ʠ )(xb  ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʝ ʠ ʩʪʨʦʛʦ ʚʦʟʨʘʩʪʘʶʱʠʝ ʬʫʥʢʮʠʠ ʥʘ I ; 

( ii ) )(<)( xx ba  ʜʣʷ ʣʶʙʦʛʦ IxÍ  ʠ ,=)(lim=)(lim axx
axax

ba
+­+­

 

,=)(lim=)(lim bxx
bxbx

ba
-­-­

 

ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ ),(),( susxK ¹  ʦʧʝʨʘʪʦʨ (1) ʦʙʦʟʥʘʯʘʝʪʩʷ  

 dssusfxHf
x

x

)()(=)(
)(

)(

ñ
b

a

 (5) 

 ʠ ʥʘʟʳʚʘʝʪʩʷ ʦʧʝʨʘʪʦʨʦʤ ʍʘʨʜʠ-ʉʪʝʢʣʦʚʘ [1]. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʥʘʯʘʣʠʩʴ ʠʥʪʝʥʩʠʚʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʧʨʦʩʦʚ 

ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ ʢʦʤʧʘʢʪʥʦʩʪʠ ʦʧʝʨʘʪʦʨʦʚ (5), (1) ʠ (2) ʚ ʚʝʩʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʃʝʙʝʛʘ [1]-

[5]. 

ʉ ʥʘʯʘʣʦ 90-ʭ ʛʦʜʦʚ ʧʨʦʰʣʦʛʦ ʩʪʦʣʝʪʠʷ, ʚ ʩʚʷʟʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʝʡ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʠ 

ʦʮʝʥʢʠ ʥʦʨʤ ʢʣʘʩʩʠʯʝʩʢʠʭ ʦʧʝʨʘʪʦʨʦʚ ʚ ʚʝʩʦʚʳʭ ʧʨʦʩʪʨʘʥʩʪʚʘʭ ʃʦʨʝʥʮʘ, ʩʪʘʣʦ ʙʫʨʥʦ 

ʨʘʟʚʠʚʘʪʴʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʝʨʘʚʝʥʩʪʚ ʪʠʧʘ (3) ʠ (4) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʣʘʩʩʦʚ ʦʧʝʨʘʪʦʨʦʚ ʥʘ 

ʤʥʦʞʝʩʪʚʝ ʤʦʥʦʪʦʥʥʳʭ ʬʫʥʢʮʠʡ (ʩʤ., ʥʘʧʨʠʤʝʨ, [1]-[5] ʠ ʧʨʠʚʝʜʝʥʥʳʝ ʪʘʤ ʩʩʳʣʢʠ). ʇʦʯʪʠ ʩ 

ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʟʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʝʩʦʚʳʭ ʥʝʨʘʚʝʥʩʪʚ ʜʣʷ ʦʧʝʨʘʪʦʨʦʚ ʥʘ ʢʦʥʫʩʝ 

ʤʦʥʦʪʦʥʥʳʭ ʬʫʥʢʮʠʡ ʦʩʥʦʚʥʳʤ ʤʝʪʦʜʦʤ ʠʟʫʯʝʥʠʷ ʪʘʢʠʭ ʦʮʝʥʦʢ ʩʪʘʣ "óʤʝʪʦʜ ʨʝʜʫʢʮʠʠ"ô, 

ʩʫʪʴ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʩʚʝʜʝʥʠʝ ʜʘʥʥʦʛʦ ʥʝʨʘʚʝʥʩʪʚʘ ʥʘ ʢʦʥʫʩʝ ʤʦʥʦʪʦʥʥʳʭ ʬʫʥʢʮʠʡ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ ʥʘ ʤʥʦʞʝʩʪʚʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ. 

ɺʧʝʨʚʳʝ ʚ ʨʘʙʦʪʝ ɽ. ʉʦʡʝʨʘ [6] ʙʳʣ ʫʩʪʘʥʦʚʣʝʥ ʤʝʪʦʜ ʨʝʜʫʢʮʠʠ ʥʝʨʘʚʝʥʩʪʚʫ ʪʠʧʘ (3) 

ʜʣʷ ʣʠʥʝʡʥʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʧʝʨʘʪʦʨʦʚ ʥʘ ʤʥʦʞʝʩʪʚʝ ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ ʬʫʥʢʮʠʡ ʢ 

ʥʝʢʦʪʦʨʦʤʫ ʥʝʨʘʚʝʥʩʪʚʫ ʜʣʷ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʬʫʥʢʮʠʡ, ʢʦʪʦʨʳʡ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʣʠʪʝʨʘʪʫʨʝ ʥʘʟʳʚʘʝʪʩʷ "ʧʨʠʥʮʠʧ ʜʚʦʡʩʪʚʝʥʥʦʩʪʠ ʉʦʡʝʨʘ" (ʜʘʣʝʝ ʜʣʷ ʢʨʘʪʢʦʩʪʠ "ʧʨʠʥʮʠʧ 

ʉʦʡʝʨʘ"). 

ʍʦʪʷ, ʢʘʢ ʩʢʘʟʘʥʦ ʚʳʰʝ, ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʦʚ (1) ʠ (2) ʠʟ 
vp

L
,

 ʚ 
w,q

L  ʠʟʫʯʝʥ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ, ʥʦ ʥʝʨʘʚʝʥʩʪʚʘ ʚʠʜʘ (3) ((4)) ʠʩʩʣʝʜʦʚʘʥʳ ʪʦʣʴʢʦ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʍʘʨʜʠ-

ʉʪʝʢʣʦʚʘ [4], ʘ ʢʦʛʜʘ ʬʫʥʢʮʠʷ ),( ÖÖK  ʟʘʚʠʩʠʪ ʦʪ ʦʙʦʠʭ ʧʝʨʝʤʝʥʥʳʭ ʟʘʜʘʯʘ ʦʩʪʘʝʪʩʷ 

ʦʪʢʨʳʪʳʤ. 
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ʇʨʠʚʝʜʝʤ ʨʝʟʫʣʴʪʘʪʳ [4] ʧʦ ʦʧʝʨʘʪʦʨʫ ʍʘʨʜʠ-ʉʪʝʢʣʦʚʘ 

ʊʝʦʨʝʤʘ ɸ. ʇʫʩʪʴ ¤¢ <<1 qp . ʊʦʛʜʘ ʚʝʩʦʚʘʷ ʦʮʝʥʢʘ ʜʣʷ ʦʧʝʨʘʪʦʨʘ ʍʘʨʜʠ-

ʉʪʝʢʣʦʚʘ ʥʘ ʤʥʦʞʝʩʪʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳʭ ʥʝʚʦʟʨʘʩʪʘʶʱʠʭ ʬʫʥʢʮʠʡ, ʪ.ʝ. ʥʝʨʘʚʝʥʩʪʚʦ 
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ʚʳʧʦʣʥʝʥʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ¤++ <=
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AAAA , ʧʨʠ ʵʪʦʤ ACº , ʛʜʝ 

C  ʥʘʠʣʫʯʰʘʷ ʧʦʩʪʦʷʥʥʘʷ ʚ (6). 

ɺ ʨʘʙʦʪʝ [1] ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ (1) ʠʟ 
vp

L
,

 ʚ 
w,q

L  ʨʘʩʩʤʦʪʨʝʥ, ʢʦʛʜʘ ʝʛʦ ʷʜʨʦ 

),( ÖÖK  ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ  

 ).()(  ,<<  ),),((),(),( xszbzxaxzKzsKxsK baa ¢¢¢+º  (7) 

 ʊʝʧʝʨʴ, ʧʨʝʜʧʦʣʘʛʘʷ ʚʳʧʦʣʥʝʥʠʝ ʫʩʣʦʚʠʷ (7) ʨʘʩʩʤʦʪʨʠʤ ʥʝʨʘʚʝʥʩʪʚʦ (3). 
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 ʊʝʦʨʝʤʘ 1. ʇʫʩʪʴ ¤¢ <<1 qp . ɽʩʣʠ ʷʜʨʦ ʦʧʝʨʘʪʦʨʘ (1) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ 

(7), ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (3) ʚʳʧʦʣʥʝʥʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ 

¤------ <},,,,{=
31,31,21,10

AAAAAA , ʧʨʠ ʵʪʦʤ ,-ºAC  ʛʜʝ C  ï ʥʘʠʤʝʥʴʰʘʷ ʢʦʥʩʪʘʥʪʘ ʚ (3). 

ɺ ʨʘʙʦʪʘʭ [1]-[3] ʦʛʨʘʥʠʯʝʥʥʦʩʪʴ ʦʧʝʨʘʪʦʨʘ (2) ʠʟ 
vp

L
,

 ʚ 
w,q

L  ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʠ ʫʩʣʦʚʠʠ, 

ʯʪʦ ʝʛʦ ʷʜʨʦ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ  

 ).()(   ,<<   ),,())(,(),( zsxbxzaszKxxKsxK bab ¢¢¢+º   (8) 

 ʈʘʩʩʤʦʪʨʠʤ ʚʳʧʦʣʥʝʥʠʝ ʥʝʨʘʚʝʥʩʪʚʘ (4) ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʷʜʨʦ ʦʧʝʨʘʪʦʨʘ (2) 

ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (8). 
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ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ¤¢ <<1 qp . ɽʩʣʠ ʷʜʨʦ ʦʧʝʨʘʪʦʨʘ (2) ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʶ (8), 

ʪʦ ʥʝʨʘʚʝʥʩʪʚʦ (4) ʚʳʧʦʣʥʝʥʦ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ¤++++++ <},,,,{=
31,31,21,10

AAAAAA , 

ʧʨʠ ʵʪʦʤ ,+ºAC  ʛʜʝ C  ï ʥʘʠʤʝʥʴʰʘʷ ʢʦʥʩʪʘʥʪʘ ʚ (4). 
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ʆɹ ʆʇʊʀʄɸʃʔʅʆʁ ɼʀʉʂʈɽʊʀɿɸʎʀʀ ʈɽʐɽʅʀʁ ʋʈɸɺʅɽʅʀʗ 

ʊɽʇʃʆʇʈʆɺʆɼʅʆʉʊʀ ʇʆ ʅɽʊʆʏʅʓʄ ʊʈʀɻʆʅʆʄɽʊʈʀʏɽʉʂʀʄ 

 ʂʆʕʌʌʀʎʀɽʅʊɸʄ ʌʋʈʔɽ  
 

ʋʪʝʩʦʚ ɸ.ɹ., ʆʪʘʨʦʚ ʍ.ʊ., ɸʙʜʳʢʫʣʦʚ ɸ.ʊ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ  ʠʤ.ʂ. ɾʫʙʘʥʦʚʘ 

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
 ɸʥʥʦʪʘʮʠʷ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʦ ʧʣʘʥʫ ʂ(ɺ)ʇ ï ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ ʨʝʰʝʥʘ ʟʘʜʘʯʘ 

ʦʧʪʠʤʘʣʴʥʦʡ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ ʥʝʪʦʯʥʳʤ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʤ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤ  ʌʫʨʴʝ  ʥʘʯʘʣʴʥʦʛʦ ʫʩʣʦʚʠʷ ʠʟ ʘʥʠʟʦʪʨʦʧʥʦʛʦ ʢʣʘʩʩʘ ʉʦʙʦʣʝʚʘ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʦʤʧʴʶʪʝʨʥʳʡ (ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ) ʧʦʧʝʨʝʯʥʠʢ, ʧʨʝʜʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʛʦ ʘʛʨʝʛʘʪʘ, ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʨʝʰʝʥʠʡ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʘʥʠʟʦʪʨʦʧʥʳʡ ʢʣʘʩʩ 

ʉʦʙʦʣʝʚʘ. 
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  ɿʘʜʘʯʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʧʝʨʘʪʦʨʘ Tf  ʧʦ ʥʝʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  ʦ 
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 ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʝ ʨʝʰʝʥʠʝ ʟʘʜʘʯ ʂ(ɺ)ʇï1, ʂ(ɺ)ʇï2 ʠ ʂ(ɺ)ʇï3 ʝʩʪʴ ʥʦʚʳʡ ʧʣʘʥ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʧʧʨʦʢʩʠʤʘʪʠʚʥʳʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʚr ʯʠʩʣʠʪʝʣʴʥʳʭ ʘʛʨʝʛʘʪʦʚ, ʪʘʢ ʢʘʢ ʥʠ ʦʜʠʥ 

ʠʟʚʝʩʪʥʳʡ ʧʣʘʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩ  ʂ(ɺ)ʇï ʠʩʩʣʝʜʦʚʘʥʠʝʤ  ʥʝ ʩʦʚʧʘʜʘʝʪ, ʭʦʪʷ ʙʳ ʧʦ ʯʘʩʪʷʤ  

ʂ(ɺ)ʇï2 ʠ ʂ(ɺ)ʇï3 (ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʩʤ., [1]).  

 ʂʦʥʢʨʝʪʠʟʠʨʫʷ ʚ (1) ʤʥʦʞʝʩʪʚʦ 
N

D , ʦʧʝʨʘʪʦʨ Tf , ʬʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʩ F , 

ʧʨʦʩʪʨʘʥʩʪʚʘ Y  ʧʦʣʫʯʘʝʤ ʨʘʟʣʠʯʥʳʝ ʟʘʜʘʯʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦ ʥʝʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ (ʩʤ., 

[1], [3] ʠ [4]). ɺ ʩʣʫʯʘʝ, ʢʦʛʜʘ Tf  ʝʩʪʴ ʨʝʰʝʥʠʝ ʢʘʢʦʛʦ ï ʣʠʙʦ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ 

ʧʨʦʠʚʦʜʥʳʭ, ʚʤʝʩʪʝ ʪʝʨʤʠʥʘ çʚʦʩʩʪʘʥʦʚʣʝʥʠʝè ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʝʨʤʠʥ çʜʠʩʢʨʝʪʠʟʘʮʠʷè (ʧʦ 

ʵʪʦʤʫ ʧʦʚʦʜʫ ʩʤ., [5]). 

 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʢʦʥʢʨʝʪʠʟʘʮʠʷ:  
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 3. ɼʦʢʘʟʘʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ
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ɽʅʋ ʠʤ. ʃ.ʅ.ɻʫʤʠʣʝʚʘ, 2010.  ʉ.1-194. 
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ʉʝʢʮʠʷ ˉ3 

Section ˉ3 

ɸʃɻɽɹʈɸ, ɻɽʆʄɽʊʈʀʗ ɾᴄʅɽ ʄɸʊɽʄɸʊʀʂɸʅʓ ʆפʓʊʋɼɸנʓ 

ʀʅʅʆɺɸʎʀʗʃʓפ ᴄɼɯʉʊɽʈ 

 

 

ɾɸʃʇʓʃɸʅנɸʅ ɼʋɸʃɼʓ ʉɸʅɼɸʈ ɸʃɻɽɹʈɸʉʓ 

 

ɸʙʠʨʦʚ ɸ.פ., ɽʨʢʠʥʦʚʘ ɸ.ʄ., ɾʫʙʘʥʦʚʘ ʉ.ɹ. 

ʍ. ɼʦʩʤײʭʘʤʝʜʦʚ ʘʪʳʥʜʘסʳ ɸʪʳʨʘʫ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʪʳʨʘʫ, פʘʟʘץʩʪʘʥ  

 
ɸʥʥʦʪʘʮʠʷ. ɾײʤʳʩʪʘ ʜʫʘʣʜʳ ʩʘʥʜʘʨʜʳש  ʘʣʛʝʙʨʘʩʳʥʳש ʥʘץʪʳ ʩʘʥʜʘʨ ᴇʨʽʩʽʥʜʝʛʽ ʞʘʣʧʳʣʘʫʳ ʙʦʣʘʪʳʥ 

ʢʦʤʤʫʪʘʪʠʚʪʽ, ʘʩʩʦʮʠʘʪʠʚʪʽ  ʘʣʛʝʙʨʘʩʳʥ ײץʨʫ ʤʝʥ ʦʥʳש ʘʣʛʝʙʨʘʣʳײץ ץʨʳʣʳʤʳ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ʂʽʣʪ ʩᴇʟʜʝʨ: ʜʫʘʣʜʳ ʩʘʥ, ʧʦʣʠʩʘʥʜʘʨ, ʜʫʘʣʜʳ ʘʣʛʝʙʨʘ, ʢʦʤʤʫʪʘʪʠʚʪʽ, ʘʩʩʦʮʠʘʪʠʚʪʽ ʘʣʛʝʙʨʘʣʘʨ. 

 

ɼʫʘʣʜʳ ʩʘʥ ʜʝʧ  ʪװʨʽʥʜʝʛʽ ʝʢʽʥʰʽ ʨʝʪʪʽ ʞʘʣʧʳʣʘʥסʘʥ ʩʘʥʜʘʨʜʳ 

ʘʡʪʘʤʳʟ, ʤײʥʜʘ  [1,2]. ɼʫʘʣʜʳ ʩʘʥʜʳ ʢʝʡʜʝ ʧʘʨʘʙʦʣʘʣʳץ ʩʘʥ ʜʝʧʪʝ ʘʪʘʡʜʳ [3]. 

 ʞᴅʥʝ  ʜʫʘʣʜʳ ʩʘʥʜʘʨʳʥ ץʦʩʫ ʞᴅʥʝ ʢᴇʙʝʡʪʫ ʤʳʥʘ ʝʨʝʞʝ ʘʨץʳʣʳ 

ʦʨʳʥʜʘʣʘʜʳ [1]: 

, 

. 

ɼʫʘʣʜʳ ʩʘʥʜʘʨ ʞʠʳʥʳ ʥʘץʪʳ ʩʘʥʜʘʨʜʳש  ᴇʨʽʩʽʥʽװ שʩʪʽʥʜʝ ʝʢʽʥʰʽ ʨʝʪʪʽ  

ʢʦʤʤʫʪʘʪʠʚʪʽ, ʘʩʩʦʮʠʘʪʠʚʪʽ  ʘʣʛʝʙʨʘʩʳʥ ʙʝʨʝʜʽ. 

ɼʫʘʣʜʳ ʩʘʥʜʘʨʜʳ ʝʢʽʥʰʽ ʨʝʪʪʽ  ʤʘʪʨʠʮʘʩʳ ʘʨץʳʣʳ ʢʝʩʢʽʥʜʝʫʛʝ ʙʦʣʘʜʳ. 

 ʘʟʽʨʛʽ ʢʝʟʜʝ ʢʦʤʤʫʪʘʪʠʚʪʽ ʞᴅʥʝ ʘʩʩʦʮʠʘʪʠʚʪʽ ʛʠʧʝʨʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨʜʳ ʧʦʣʠʩʘʥʜʘʨ ʜʝʧפ

ʘʪʘʡʜʳ. 

ɽʥʜʽ ʜʫʘʣʜʳ ʩʘʥʜʘʨʜʳ ʞʘʣʧʳʣʘʫʜʳ ץʘʨʘʩʪʳʨʘʣʳץ. ʆʣ װʰʽʥ  ʚʝʢʪʦʨʳʥ  

ʩʘʥʳ ʞᴅʥʝ  ʚʝʢʪʦʨʳ ʘʨץʳʣʳ ʤʳʥʘ ʪװʨʜʝ ʞʘʟʘʤʳʟ: . 

ʉʦʥʜʘ  ïʥʝʥ ʘʣʳʥסʘʥ  ʞᴅʥʝ  ʜʫʘʣʜʳ ʩʘʥʜʘʨʳʥ ץʦʩʫ, ʢᴇʙʝʡʪʫ ʞᴅʥʝ 

ʥʘץʪʳ ʩʥסʘ ʢᴇʙʝʡʪʫʜʽ ʤʳʥʘ ʪװʨʜʝ ʘʥʳץʪʘʡʤʳʟ: 

, 

, 

. 

ɼʫʘʣʜʳ ʩʘʥʜʘʨʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽ ײץʨʳʣסʘʥʜʘסʳʥʳ ץʘʡʪʘʣʘʧ [1], ïʜʽװ שʩʪʽʥʜʝ 

ʘʥ ïhסʨʳʣײץ ʽ ʨʝʪʪʽ  ʘʣʛʝʙʨʘʩʳʥ ʘʣʘʤʳʟ.  

  ʘʣʛʝʙʨʘʩʳʥʜʘסʳ  ʦʧʝʨʘʮʠʷʣʘʨʳʥʘʥ , , , , 

, ,  ʘʣʛʝʙʨʘʣʳײץ ץʨʳʣʳʤʜʘʨʜʳ ʘʣʘʤʳʟ. ɹײʣ ʙʽʨ, ʝʢʽ ʞᴅʥʝ װʰ 

ʦʨʳʥʜʳ ʘʣʛʝʙʨʘʣʘʨʳʥʜʘסʳ ʦʧʝʨʘʮʠʷʣʘʨ װʰʽʥ, ʦʣʘʨʜʳץ שʘʩʠʝʪʪʝʨʽʥ ʜᴅʣʝʣʜʝʫ ʥʘץʪʳ ʩʘʥʜʘʨסʘ 

  .ʘʡ ʪʝʢʩʝʨʫʛʝ ʙʦʣʘʜʳשʨʝʪʽʥʜʽʢʪʝʥ ʦʣʘʨʜʳ ʦװʳʣʳ ʞץʦʣʜʘʥʳʣʘʪʳʥ ʘʤʘʣʜʘʨ ʘʨץ

 ʞᴅʥʝ  ʞʘʣʧʳʣʘʥסʘʥ ʜʫʘʣʜʳ ʩʘʥʜʘʨʜʳ   ï ץʦʩʫ ʞᴅʥʝ  ï 

ʢᴇʙʝʡʪʫ ʘʤʘʣʜʘʨʳʥʳש ʥʝʡʪʨʘʣ ʵʣʝʤʝʥʪʪʝʨʽ ʙʦʣʩʳʥ. ʉʦʥʜʘ ʤʳʥʘʣʘʨ ʘץʠץʘʪ ʙʦʣʘʪʳʥʳʥʘ 

ʪʽʢʝʣʝʡ ʪʝʢʩʝʨʫ ʘʨץʳʣʳ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳ. 

 1Á ; 

 2Á ; 

 3Á ; 

 4Á ; 

 5Á ; 

 6Á ; 

 7Á ;  

 8Á ; 

 9Á ; 
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 10Á ; 

 11Á ; 

 12Á . 

ʆʧʝʨʘʮʠʷʣʘʨʜʳש ʙײʣ ץʘʩʠʝʪʪʝʨʜʝʥ ʤʳʥʘ ײʡסʘʨʳʤʜʘʨʜʳש ʘץʠץʘʪ ʙʦʣʘʪʳʥʜʳסʳʥ 

ʘʣʘʤʳʟ: 

1 ï ϰʡϤʘʨʳʤ.  ï ʛʨʫʧʧʦʠʜ ײץʨʘʡʜʳ. 

2 ï ϰʡϤʘʨʳʤ.  ï ʞʘʨʪʳʣʘʡ ʪʦʧ ײץʨʘʡʜʳ. 

3 ï ϰʡϤʘʨʳʤ.  ï ʢʦʤʤʫʪʘʪʠʚʪʽ ʞʘʨʪʳʣʘʡ ʪʦʧ ײץʨʘʡʜʳ. 

4 ï ϰʡϤʘʨʳʤ.  ï ʢʦʤʤʫʪʘʪʠʚʪʽ ʤʦʥʦʠʜ ײץʨʘʡʜʳ. 

5 ï ϰʡϤʘʨʳʤ.  ï ʢʦʤʤʫʪʘʪʠʚʪʽ ʪʦʧ (ʛʨʫʧʧʘ) ײץʨʘʡʜʳ. 

6 ï ϰʡϤʘʨʳʤ.  ï ʛʨʫʧʧʦʠʜ ײץʨʘʡʜʳ. 

7 ï ϰʡϤʘʨʳʤ.  ï ʢʦʤʤʫʪʘʪʠʚʪʽ ʛʨʫʧʧʦʠʜ ײץʨʘʡʜʳ. 

8 ï ϰʡϤʘʨʳʤ. ï ʢʦʤʤʫʪʘʪʠʚʪʽ ʞʘʨʪʳʣʘʡ ʪʦʧ ײץʨʘʡʜʳ. 

9 ï ϰʡϤʘʨʳʤ.  ï ʢʦʤʤʫʪʘʪʠʚʪʽ,  ʘʩʩʦʮʠʘʪʠʚʪʽ, ϸʨʽ ʙʽʨʣʽʢʪʽ ʩʘϨʠʥʘ ײץʨʘʡʜʳ. 

10 ï ϰʡϤʘʨʳʤ.  ï ʚʝʢʪʦʨʣʳϨ ʢʝϬʽʩʪʽʢ ײץʨʘʡʜʳ. 

 ʘʣʛʝʙʨʘʩʳʥ  ʙʣʦʢץʘ ʞʽʢʪʝʣʛʝʥ ïh ʽ ʨʝʪʪʽ ʤʳʥʘ ʥʘץʪʳ ʤʘʪʨʠʮʘ 

ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʫסʘ ʙʦʣʘʜʳ: 

 
ʤײʥʜʘ  ï ʥʘץʪʳ ʩʘʥ,   ïʥʝʥ ʘʣʳʥסʘʥ ʙʘסʘʥ ʚʝʢʪʦʨ,  ʨʝʪʽ ïʛʝ ʪʝש ʙʽʨʣʽʢ 

ʤʘʪʨʠʮʘ. 
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ʂɺɸɿʀʆʈʊɸʃɸʈɼʓר  ʆʈʊɸ ʄɽʂʊɽʇʊɽ פʆʃɼɸʅʋʃɸʈʓ 

 

ɸʙʠʨʦʚ ɸ.פ., ʉʳʨʳʤʦʚ ɽ. 

ʍ. ɼʦʩʤײʭʘʤʝʜʦʚ ʘʪʳʥʜʘסʳ ɸʪʳʨʘʫ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸʪʳʨʘʫ, פʘʟʘץʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɾײʤʳʩʪʘ ʢʚʘʟʠʦʨʪʘʣʘʨʜʳ ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫ ʤʝʥ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʜᴅʣʝʣʜʝʫʜʝ ץʦʣʜʘʥʳʣʫʳ 

 .ʘʨʘʩʪʳʨʳʣʘʜʳץ

ʂʽʣʪ ʩᴇʟʜʝʨ: ʛʘʨʤʦʥʠʢʘʣʳץ, ʛʝʦʤʝʪʨʠʷʣʳץ, ʘʣʛʝʙʨʘʣʳץ, ʢʚʘʜʨʘʪʪʳץ ʦʨʪʘʣʘʨ. 

 

ʂʚʘʟʠʦʨʪʘʣʘʨʜʳש ʢʝʡʙʽʨ ץʦʣʜʘʥʫʣʘʨʳ ʤʝʥ ײץʨʳʣʳʤʳ [1,2] ʤʘץʘʣʘʜʘ ץʘʨʘʩʪʳʨʳʣסʘʥʳ 

ʤʝʥ, ʦʥʳש ʦʨʪʘ ʤʝʢʪʝʧʪʝ ץʦʣʜʘʥʳʣʫʳ ʥʘʟʘʨʜʘʥ ʪʳʩ ץʘʣסʘʥ ʙʦʣʘʪʳʥ. ɹײʣ ʤʘץʘʣʘʜʘ 

ʢʚʘʟʠʦʨʪʘʣʘʨʜʳש ʝץ שʘʨʘʧʘʡʳʤʳ ʞᴅʥʝ ʦʨʪʘ ʤʝʢʪʝʧʪʝ ʩʳʥʳʧʪʘʥ ʪʳʩ ᴅʩʽʨʝʩʝ, ʦʣʠʤʧʠʘʜʘʣʳץ 

ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʜʝ ʞʠʽ ʢʝʟʜʝʩʝʪʽʥʽ ï ʘʣʛʝʙʨʘʣʳץ, ʛʘʨʤʦʥʠʢʘʣʳץ, ʛʝʦʤʝʪʨʠʷʣʳץ, ʢʚʘʜʨʘʪʪʳץ 

ʦʨʪʘʣʘʨʜʳש ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʜʝʛʽ ʘʣʘʪʳʥ ʦʨʥʳʥʘ ʪʦץʪʘʣʘʤʳʟ. ɹײʣ ʦʨʪʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʩ 

ʤʳʥʘ ʪװʨʜʝ ʙʦʣʘʜʳ:. ɽʥʜʽ ʥʘץʪʳ ʤʳʩʘʣʜʘʨסʘ ʪʦץʪʘʣʘʣʳץ. 

 1. ʪʝשʩʽʟʜʽʛʽʥ ʜᴅʣʝʣʜʝ [3]. 

ɽʢʽ ʦש ʩʘʥʥʳש ʘʨʘʩʳʥʜʘסʳʪʝשʩʽʟʜʽʢʪʝʥ .   

 ʰʽʥװ ʨʳʰײʰʙװ ʘʩʳ   ʞᴅʥʝ ʞʘʨʪʳ ʧʝʨʠʤʝʪʨʽ  ʙʦʣʘʪʳʥ ʢʝʟ ʢʝʣʛʝʥסʘʙʳʨפ .2

ʜᴅʣʝʣʜʝʥʜʝʨ [4]:  
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ɹʽʨʽʥʰʽ ʝʩʝʧʪʝʛʽ ʪʝשʩʽʟʜʽʢʪʽ ʤʳʥʘ ʪװʨʜʝ ʞʘʟʘʣʳץ:ɹײʣ ʪʝשʩʽʟʜʽʢʪʝ  

ʞᴅʥʝ   ʜʝʧ ʘʣʩʘץ, ʦʥʜʘ  

 
 

ɼᴅʣ ʦʩʳʣʘʡʰʘ: ɹײʣ װʰ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ץʦʩʳʧ ʜᴅʣʝʣʜʝʫ 

ʢʝʨʝʛʽʥ ʘʣʘʤʳʟ. 

3.  ʂʝʟ ʢʝʣʛʝʥ װʰʙײʨʳʰ װʰʽʥ   ʪʝשʩʽʟʜʽʛʽʥ ʜᴅʣʝʣʜʝʧ, ʪʝשʜʽʢ 

ʪʘשʙʘʩʳʥʳץ שʘʡ ʞʘסʜʘʡʜʘ ʦʨʳʥʜʘʣʘʪʳʥʜʳסʳʥ ʘʥʳץʪʘ [4]. 

 ʘʩʳ  ʞᴅʥʝ ʞʘʨʪʳ ʧʝʨʠʤʝʪʨʽ  ʙʦʣʘʪʳʥסʘʙʳʨפ

,ʨʳʰʪʘײʰʙװ ʰʽʥװ .ʊʝשʜʽʢ ʪʘשʙʘʩʳ 

  ʥʝʤʝʩʝ ʙʦʣסʘʥʜʘ סʘʥʘ  ʦʨʳʥʜʘʣʘʜʳ. 

ʄʝʢʪʝʧ ʦץʫʣʳץʪʘʨʳʥʜʘסʳ ʢʝʡʙʽʨ ץʘʣʳʧʪʳ ʝʤʝʩ ʪʝשʜʝʫʣʝʨʜʽ, ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ 

ʰʝʰʫʜʝ ʦʨʪʘʣʘʨ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳ ʧʘʡʜʘʣʘʥʫ ᴇʪʝ ʪʠʽʤʜʽ ʙʦʣʳʧ ʢʝʣʝʜʽ. ɽʥʜʽ ʦʩʳʥʜʘʡ 

ʝʩʝʧʪʝʨʜʽש ʙʽʨʥʝʰʝʫʽʥ ץʘʨʘʩʪʳʨʘʣʳץ. 

4.  ʪʝשʜʝʫʽʥ ʰʝʰʽשʜʝʨ [5; 9.49(ʘ), 125 ʙʝʪ]. 

ʊʝשʜʽʢʪʽש ʩʦʣ ʞʘסʳ ʦש ʩʘʥ ʙʦʣʘʪʳʥʜʳץʪʘʥ,  ʙʦʣʘʜʳ.ʂʦʰʠ ʪʝשʩʽʟʜʽʛʽʥ 

ʧʘʡʜʘʣʘʥʳʧ, ʪᴇʤʝʥʝʥ ʙʘסʘʣʘʣʳץ: , ʉʦʥʜʘ 

.ɹײʜʘʥ ,   ʥʝʤʝʩʝ , . ɽʥʜʽ  

ʘʡʥʳʤʘʣʳʣʘʨʜʳש  ʪʘשʙʘʣʘʨʳ ʙʽʨʜʝʡ ʙʦʣʘʪʳʥʜʳסʳʥ ʝʩʢʝʨʽʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: ,  

ʞᴅʥʝ  , .  

5.   ʪʝשʜʝʫʽʥ ʪʝשʜʝʫʽʥ ʰʝʰʽשʜʝʨ [5; 9.51(ʘ), 125 ʙʝʪ]. 

 ʙʦʣʘʪʳʥʜʳץʪʘʥ . ɼʝʤʝʢ ʪʝשʜʽʢʪʽש ʩʦʣ ʞʘסʳ ïʜʝʥ 

ʘʩʧʘʡʜʳ. ʆʣʘʡ ʙʦʣʩʘ, .ɹײʜʘʥ   ʥʝʤʝʩʝ . ɹײʣ 

ʞʘסʜʘʡʜʘ , , , . ʉʦʥʳʤʝʥ  , .  

6.  ʩʘʥʜʘʨʳ װʰʽʥ ʪʝשʜʽʛʽ ʦʨʳʥʜʘʣʩʘ, ʦʥʜʘ 

 ʪʝשʩʽʟʜʽʛʽʥʽש ʦʨʳʥʜʘʣʘʪʳʥʳʥ ʜᴅʣʝʣʜʝשʽʟ. 

   ʙʦʣʩʳʥ ʜʝʧ ʘʣʘʣʳץ. ʉʦʥʜʘ ɼᴅʣ ʦʩʳʣʘʡʰʘ 

 ʞᴅʥʝ ɹײʜʘʥ ʤʳʥʘʥʳ ʘʣʘʤʳʟ:  

 
ɹײʣ ʝʩʝʧʪʽש ʰʘʨʪʳʥʘ ץʘʡʰʳ ʢʝʣʝʜʽ. ɼʝʤʝʢ    ʜʝʧ ײʡסʘʨʫʳʤʳʟ ץʘʪʝ 

ʙʦʣʘʜʳ. ʆʣʘʡ ʙʦʣʩʘ, ʝʩʝʧʪʽש ʰʘʨʪʳ ʪʦʣʳץ ʦʨʳʥʜʘʣʫʳ װʰʽʥ                      ʙʦʣʫʳ 

ʢʝʨʝʢ.   

7.ʊʝשʜʝʫʜʽ ʰʝʰʽשʽʟ:  

ʂʦʰʠ ʪʝשʩʽʟʜʽʛʽʥ ʧʘʡʜʘʣʘʥʩʘץ,ʦʥʜʘ: 

 

 
ɹײʜʘʥ ; ; . ɹײʣ ʪʝשʜʽʢʪʝʨʜʽ 

ʢʚʘʜʨʘʪʪʘʩʘץ, ʦʥʜʘ ; ; . ɽʥʜʽ  ʙʦʣʘʪʳʥʳʥ 

ʞᴅʥʝ ʦʥʘʥ ʘʣʜʳʥסʳ ʪʝשʜʽʢʪʝʨʜʽ ʘʟʘʡʪʩʘץ, ʦʥʜʘ, , . ɼʝʤʝʢ, ʝʩʝʧʪʽש ʰʝʰʽʤʽ 

, , .  

 8.ʂʦʵʬʠʮʝʥʪʪʝʨʽ ʥʘץʪʳ ʩʘʥʜʘʨ ʙʦʣʘʪʳʥ ʢᴇʧʤװʰʝʣʽʛʽ 

ʢʦʵʬʠʮʝʥʪʪʝʨʽ ʥʘץʪʳ ʩʘʥʜʘʨ ʙʦʣʘʪʳʥ ʩʳʟʳץʪʳ ʝʢʽʤװʰʝʣʽʢʪʝʨʜʽש ʢᴇʙʝʡʪʽʥʜʽʩʽʥʝ ʞʽʢʪʝʣʩʝ, 

ʤʳʥʘ ʪʝשʩʽʟʜʽʢʪʽש ʦʨʳʥʜʘʣʘʪʳʥʳʥ ʜᴅʣʝʣʜʝשʜʝʨ: 
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ɽʩʝʧʪʽש ʰʘʨʪʳʥʘʥ ʢᴇʧʤװʰʝʣʽʢʪʽש  ʥʘץʪʳ  ʪװʙʽʨʣʝʨʽ ʙʘʨ ʙʦʣʘʪʳʥʜʳסʳʥ 

ʢᴇʨʝʤʽʟ. ʉʦʥʜʘ ɺʠʝʪ ʪʝʦʨʝʤʘʩʳ ʙʦʡʳʥʰʘ ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

 
ɹײʣ ʝʢʽ ᴇʨʥʝʢʪʽ ʤʳʥʘ ʬʦʨʤʫʣʘ ʙʘʡʣʘʥʳʩʪʳʨʘʜʳ: 

ɹײʜʘʥ 

 
 ɽʥʜʽ  ʪʝשʩʽʟʜʽʛʽʥ  ʪװʨʽʥʜʝ ʞʘʟʩʘץ, 

ʦʥʜʘ ; ,  

8.   .ʜʝʨשʩʽʟʜʽʛʽʥ ʜᴅʣʝʣʜʝשʰʽʥ  ʪʝװ  

 ʙʝʣʛʽʣʝʫʽʥ ʝʥʛʽʟʩʝʢ, ʦʥʜʘ  

 

ʊʝשʜʽʢ ʪʘשʙʘʩʳ   ʙʦʣסʘʥʜʘ ʦʨʳʥʜʘʣʘʜʳ. ɼʝʤʝʢ, . 

 9. ʊʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʽשʜʝʨ: 

 ɹʽʨʽʥʰʽ ʞᴅʥʝ װʰʽʥʰʽ ʪʝשʜʽʢʪʝʨʜʽ ʤװʰʝʣʝʧ ץʦʩʳʧ, ʘʨʠʬʤʝʪʠʢʘʣʳץ ʦʨʪʘʩʳʥ ʪʘʫʳʧ 

ʞᴅʥʝ  ʪʝשʩʽʟʜʽʛʽʥ ʧʘʡʜʘʣʘʥʳʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

 

 

 
 

ʊʝשʜʽʢ , , ʙʦʣסʘʥʜʘ ʦʨʳʥʜʘʣʘʜʳ. 

ɼʝʤʝʢ , , . ɹײʣ ʞװʡʝʥʽש ʰʝʰʽʤʽ 

; ; ʙʦʣʘʜʳ. 

10.  ʬʫʥʢʮʠʷʩʳʥʳש  ʘʨʘʣʳסʳʥʜʘסʳ ʝש ʢʽʰʽ ʤᴅʥʽʥ ʪʘʙʳשʜʘʨ. 

 ɹʝʨʽʣʛʝʥ ʘʨʘʣʳץʪʘסʳ ʝש ʢʽʰʽ ʤᴅʥʜʽ ʪʘʙʫ װʰʽʥ ʞʘʣʧʳ ʘʣסʘʥʜʘ ʪʫʳʥʜʳʥʳ ʧʘʡʜʘʣʘʥʘʜʳ. 

ɹʽʟʜʽש ʞʘסʜʘʡʳʤʳʟʜʘ ʪʫʳʥʜʳʥʳ ʧʘʡʜʘʣʘʥʫ ʢᴇʧʪʝʛʝʥ ץʠʳʥʰʳʣʳץʪʘʨסʘ ʘʣʳʧ ʢʝʣʝʜʽ. ʆʩʳ 

ʝʩʝʧʪʽ ʰʝʰʫʜʝ ʘʨʠʬʤʝʪʠʢʘʣʳץ ʞᴅʥʝ ʛʝʦʤʝʪʨʠʷʣʳץ ʦʨʪʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫʜʳש ʪʠʽʤʜʽʣʽʛʽʥ 

ʢᴇʨʩʝʪʝʣʽʢ. ʆʣ װʰʽʥ ʬʫʥʢʮʠʷʥʳ ʘʣʜʳʤʝʥ ʳסשʘʡʣʳ ʪװʨʛʝ ʢʝʣʪʽʨʽʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʦש ʩʘʥʜʘʨ 

 :ʩʽʟʜʽʛʽʥ ʧʘʡʜʘʣʘʥʳʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟשʰʽʥ ʂʦʰʠ ʪʝװ

 

 

ʊʝשʜʽʢ ʪʘשʙʘʩʳ ʦʨʳʥʜʘʣʫ װʰʽʥ  ʰʘʨʪʪʳ ʦʨʳʥʜʘʣʫʳ ʢʝʨʝʢ. ɹײʜʘʥ, 

  ʥʝʤʝʩʝ  . ʉʦʥʜʘ  . 
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ɾɸרɸ ʊɽʍʅʆʃʆɻʀʗʅʓ ʌʀɿʀʂɸ ʉɸɹɸנʓʅɼɸ פʆʃɼɸʅʋ 

 

ɸʣʜʘʥʠʷʟʦʚʘ ɻ. ʄ., ʀʩʝʥʦʚʘ ʅ. ɾ., ɿʠʥʝʣ ʉ. ɸ., ʊʣʝʢʝʰʦʚʘ ɸ. ʅ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ. ʄʘץʘʣʘʜʘ ʬʠʟʠʢʘ ʩʘʙʘץʪʘʨʳʥʜʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʠʜʘʣʘʥʘ ʦʪʳʨʳʧ, 

ʦץʫʰʳʣʘʨʜʳײץ שʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʪʫʨʘʣʳ ʦʠ ץʦʟסʘʣסʘʥ. פʘʟʽʨʛʽ ʟʘʤʘʥ ʤסײʘʣʽʤʽ ʟʘʤʘʥ ʪʘʣʘʙʳʥʘ 

ʩʘʠ ʙʽʣʽʤ ʙʝʨʫʜʝ ʞʘשʘʣʳץץʘ ʞʘʥʳ ײץʤʘʨ, ʰʳסʘʨʤʘʰʳʣʳץʧʝʥ ʞײʤʳʩ ʽʩʪʝʧ, ʦץʫ ʤʝʥ ʪᴅʨʙʠʝ ʽʩʽʥʝ ʝʥʽʧ, ʞʘשʘ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʤסײʘʣʽʤ ײʪʳʤʜʳ ʧʘʠʜʘʣʘʥʘ ʙʽʣʩʝ, ʟʘʤʘʥʘʫʠ ʩʘʙʘץʪʳש ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘ ʪװʩʽʧ, ʦץʫʰʳʣʘʨʜʳש 

ʥʝʛʽʟʛʽ ײץʟʳʨʝʪʪʽʣʽʢʪʝʨʽʥʽץ שʘʣʳʧʪʘʩʘʪʳʥʜʳסʳ ʘʪʘʧ ʢᴇʨʩʝʪʽʣʛʝʥ.  

ʂʽʣʪ ʩᴇʟʜʝʨ: ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ, ʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ, ʤʦʜʫʣʴ, ʧʝʜʘʛʦʛʠʢʘ. 

 

 ʜʘʤʫʳʥʘ ץʘʣʳסʣײʪ שʙʽʨ ʝʨʝʢʰʽʣʽʛʽ ï ʙʘʣʘʥʳ שʳʣʳʤʳʥʳס ʳʪʪʘ ʧʝʜʘʛʦʛʠʢʘץʘʟʽʨʛʽ ʫʘפ

ʙʘסʳʪʪʘʣסʘʥ ʞʘשʘ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ᴇʤʽʨʛʝ ʝʥʛʽʟʫʛʝ ײʤʪʳʣʫʳ. çʇʝʜʘʛʦʛʠʢʘʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨ ï ʙײʣ ʙʽʣʽʤʥʽש ʙʘʩʳʤʜʳ ʤʘץʩʘʪʪʘʨʳʤʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ ʧᴅʥʜʝʨ ʤʝʥ 

ᴅʜʽʩʪʝʤʝʣʝʨʜʽש: ʦץʫ-ʪᴅʨʙʠʝ ʧʨʦʮʝʩʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜrש ᴇʟʘʨʘ ʦʨʪʘץ ʪײʞʳʨʳʤʜʘʤʘʤʝʥ 

ʙʘʡʣʘʥʳʩץʘʥ ʤʽʥʜʝʪʪʝʨʽʥʽש, ʤʘʟʤײʥʳʥʳש, ʪײʨʧʘʪʪʘʨʳ ʤʝʥ ᴅʜʽʩʪʝʨʽʥʽש ʢװʨʜʝʣʽ ʞᴅʥʝ ʘʰʳץ 

ʞװʡʝʣʝʨʽ, ʤײʥʜʘ ᴅʨ ʙʽʨ ײץʨʘʤʥʳש  ʙʘʩץʘʣʘʨʳʥʘ ᴅʩʝʨʝʪʽʧ, ʘץʳʨ ʘʷסʳʥʜʘ ʦץʫʰʳʥʳש ʜʘʤʫʳʥʘ 

ʞʘסʳʤʜʳ ʞʘסʜʘʡʣʘʨ ʞʠʳʥʪʳסʳʥ ײץʨʘʡʜʳè. 

ʆץʫʰʳ ʩʘʥʘʩʳʥʘ ʙʽʣʽʤʜʽ ʞװʡʝʣʽ ʪװʨʜʝ ʤʝשʛʝʨʫʽʥʝ ʞᴅʥʝ ʦץʫʰʳʥʳץ שʘʙʽʣʝʪ ʜʝשʛʝʡʽʥ 

ʜʘʤʳʪʫʜʘ ʄ. ɾʘʥʧʝʡʽʩʦʚʘʥʳש çʄʦʜʫʣʴʜʽʢ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳשè ʤʘשʳʟʳ ʟʦʨ. ʄʦʜʫʣʴʜʽʢ 

ᴅʜʽʩ ʦץʫʰʳʣʘʨʜʳש ʪʝʦʨʠʷʣʳץ ʙʽʣʽʤʽʥ ʘʟ ʫʘץʳʪʪʘ ʤʝשʛʝʨʽʧ, ʰʳסʘʨʤʘʰʳʣʳץ ʞײʤʳʩʪʘʨסʘ 

ʙʘʫʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

ɹʽʨʣʝʩʢʝʥ ײʞʳʤʜʳץ ʽʩïᴅʨʝʢʝʪʢʝ ʥʝʛʽʟʜʝʣʛʝʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ ʪʠʽʤʜʽ ʧʘʡʜʘʣʘʥסʘʥ 

ʞʘסʜʘʡʜʘ סʘʥʘ ʥᴅʪʠʞʝʣʽ ʙʦʣʳʧ, ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʘʨʪʪʳʨʘʜʳ. ʆʣ ʥᴅʪʠʞʝʣʝʨ:  

-ʦץʫʰʳ ᴇʟ ʙʝʪʽʥʰʝ ʦץʳʧ, ʤʘץʩʘʪ ץʦʷ ʘʣʘʜʳ;  

-ᴇʟʽʥʝ ʜʝʛʝʥ ʪʦʣʳץ ʩʝʥʽʤʜʽʣʽʢ ʧʘʡʜʘ ʙʦʣʘʜʳ;  

-ʤᴅʩʝʣʝʣʝʨʜʽ ʽʨʽʢʪʝʧ, ʰʝʰʫ ʞʦʣʜʘʨʳʥ ʽʟʜʝʩʪʽʨʝʜʽ;  

-ʦʡʣʘʫ ʙʝʣʩʝʥʜʽʣʽʛʽ, ʪʘʧץʳʨʣʳסʳ, ᴇʟ ʦʡʳʥ ʝʨʢʽʥ ʞʝʪʢʽʟʽʧ, ʩʘʙʘץץʘ ʜʝʛʝʥ ײץʰʪʘʨʣʳסʳ 

ʘʨʪʘʜʳ;  

-ʰʳסʘʨʤʘʰʳʣʳץʧʝʥ ʘʡʥʘʣʳʩʫסʘ ʪʘʣʧʳʥʳʩʳ.   

ʆץʳʪʫʜʳש ʝש ʪʠʽʤʜʽ ʞʦʣʜʘʨʳ ʤʝʥ ʪװʨʣʝʨʽ, ʪᴅʩʽʣʜʝʨʽʥ ץʘʨʘʩʪʳʨʫ, ʦʥʳ ʽʩʢʝ ʘʩʳʨʫ 

ʙʽʨʜʝʥ-ʙʽʨ ᴇʤʽʨ ʪʘʣʘʙʳ ʙʦʣסʘʥʜʳץʪʘʥ ʞʝʢʝ ʪײʣסʘʥʳ ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ RWST 

ʙʘסʜʘʨʣʘʤʘʩʳʥ ʧʘʡʜʘʣʘʥʫ ʤסײʘʣʽʤʥʽש ʞײʤʳʩʳʥ ʞʝשʽʣʜʝʪʝʨʽ ʩᴇʟʩʽʟ. RWST  - ʘסʳʣʰʳʥ 

ʪʽʣʽʥʝʥ ʪʫʨʘ ʘʣʤʘʩץʘʥʜʘ çʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ װʰʽʥ ʦץʫ ʤʝʥ ʞʘʟʫè ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. ʉʳʥʠ 

ʪײʨסʳʜʘʥ ʦʡʣʘʫ ʞʦʙʘʩʳ ʝʨʝʢʰʝ, ᴇʡʪʢʝʥʽ ï ʦʣ ײʟʘץ ʤʝʨʟʽʤʜʽ, ʙʽʨ ʤʝʟʛʽʣʜʝ ᴅʨʪװʨʣʽ 24 ʞᴅʥʝ 

ʆʨʪʘʣʳץ ʧʝʥ ʐʳסʳʩ ɽʚʨʦʧʘ ʤʝʥ ʆʨʪʘ ɸʟʠʷʜʘסʳ ʢᴇʧײʣʪʪʳ ʤʝʢʪʝʧʪʝʨʽʥ ץʘʡʪʘ ײץʨʫ װʰʽʥ 

 ʘʣʳʤʜʘʨʳ ɼʞʠʥʥʠס ʜʘʨʣʘʤʘʩʳ ɸʤʝʨʠʢʘסʫ ʞʦʩʧʘʨʳ ʤʝʥ ʙʘץʦ שʘʥ ʞʦʙʘ. ɾʦʙʘʥʳסʦʣʜʘʥʳʣץ

ʉʪʠʣʣ, ʂʫʨʪʠʩ ʄʝʨʝʜʠʪ ʞᴅʥʝ ʏʘʨʣʴʟ ʊʝʤʧʣ ʞʘʩʘʜʳ.  

çʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥʳשè ײץʨʳʣʳʤʳ 
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ɸʣסʘʰץʳ ʬʘʟʘ, ץʳʟʳסʫʰʳʣʳץʪʳ ʦʷʪʫ ʦץʫʰʳʣʘʨʜʳש ʙײʨʳʥסʳ ʙʽʣʽʤʜʝʨʽ ʤʝʥ ʩʝʟʽʤʜʝʨʽʥʝ 

ʥʝʤʝʩʝ ᴅʩʝʨʣʝʨʽʥʝ ʝʥʽʧ, ʞʘשʘ ʙʽʣʽʤʛʝ ʤʘʟʤײʥ ץʘʣʘʧ, ʙʦʣʘʰʘץʪʘ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫʛʝ ʢװʰ 

ʘʣʫʣʘʨʳʥʘ ʞᴅʥʝ ʦʨʳʥʜʘʣʫʳ ʢʝʨʝʢ ʪʘʧʩʳʨʤʘʣʘʨ ʞᴇʥʽʥʜʝʛʽ ʞʝʢʝ ʞᴅʥʝ ʪʦʧʪʳץ ʪװʩʽʥʽʢʪʝʨʜʽ 

 ʘ ʢᴇʟץץʫʰʳʣʘʨ ʙʽʨʽʥʰʽ ʨʝʪ ʙʦʣʘʰʘץʳ ʬʘʟʘʜʘ ʦץʘʰסʘʣʳʧʪʘʩʪʳʨʫʣʘʨʳʥʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʆʩʳ ʘʣץ

ʞװʛʽʨʪʽʧ, סײʳʥʳʧ, ʞʘשʘʜʘʥ ʪʘʥʳʩʪʳʨʳʣסʘʥ ʪʘץʳʨʳʧʪʘʨסʘ ʟʝʨʪʪʝʫ ʞװʨʛʽʟʫ װʰʽʥ ᴇʟ ʘʣʜʘʨʳʥʘ 

ʤʘץʩʘʪ ץʦʷʜʳ. פʳʟʳסʫʰʳʣʳץʪʳ ʦʷʪʫ ï ʦץʫʰʳʣʘʨ װʰʽʥ ʩʘʙʘץץʘ ץʘʪʳʩʫʜʘסʳ ʘʣסʘʰץʳ ץʘʜʘʤ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʣʘʨ ᴇʟ ʝʨʢʽʤʝʥ ʩʘʥʘʣʳ ʪװʨʜʝ ʘʣסʘ ʞʳʣʞʠʪʳʥʜʳץʪʘʨʳʥ ʥʝʤʝʩʝ װʡʨʝʪʽʣʝʪʽʥ 

ʪʘץʳʨʳʧץʘ ʝʥʝʪʽʥʜʽʢʪʝʨʽʥʝ ʰʝʰʽʤ ץʘʙʳʣʜʘʡʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʦץʫʰʳʣʘʨʜʳש ʞʘשʘ ʠʜʝʷ ʤʝʥ 

ʤᴅʣʽʤʝʪʪʝʨʜʽ װʡʨʝʥʫʛʝ ʞᴅʥʝ ʦʥʳ ᴇʟʽʥʜʝʛʽ ʙʽʣʽʤ ʥʝʛʽʟʽʤʝʥ ײʰʪʘʩʪʳʨʫʜʘ ʽʰʪʝʡ ʥʝʤʝʩʝ ʩʳʨʪʪʘʡ 

ʙʝʣʩʝʥʜʽ ʙʦʣʘʪʳʥ-ʙʦʣʤʘʡʪʳʥʜʳץʪʘʨʳʥ ʰʝʰʫʽ ʜʝ ʘʣסʘʰץʳ ʬʘʟʘʜʘ ʽʩʢʝ ʘʩʘʜʳ. 

ʌʠʟʠʢʘ ʩʘʙʘץʪʘʨʳʥʜʘ ʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʞʦʙʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦץʫʰʳʣʘʨʜʳש 

ʙʽʣʽʤʽʥ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʦʡʣʘʫ ץʘʙʽʣʝʪʪʝʨʽʥ, ʬʠʟʠʢʘʣʳץ ʪʽʣʽʥ ʜʘʤʳʪʫʜʳש ʪʝʦʨʠʷʣʳץ 

ʪײʞʳʨʳʤʜʘʨʳʥ, ᴅʜʽʩʪʝʨʽʥ, ץʦʨʳʪʳʥʜʳʩʳʥ ʤʝʢʪʝʧ ʽʩ-ʪᴅʞʽʨʠʙʝʩʽʥʜʝ, ʞʦסʘʨʳ ʦץʫ 

ʦʨʳʥʜʘʨʳʥʜʘ, ʩʪʫʜʝʥʪʪʝʨ ʢʫʨʩʪʳץ ʞײʤʳʩ, ʙʘʷʥʜʘʤʘ ʞʘʟʫ ʙʘʨʳʩʳʥʜʘ, סʳʣʳʤʠ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ʦʩʳ ʩʘʣʘʜʘʥ ʙʽʣʽʤ, ʙʽʣʽʢ, ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʤʘץʩʘʪʳʥʜʘ ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʜʳ. ʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʙʘסʜʘʨʣʘʤʘʩʳʥʳש ʧʩʠʭʦʣʦʛʠʷʩʳʥ ʜײʨʳʩ ʪװʩʽʥʛʝʥ ʤסײʘʣʽʤ, 

ᴇʟʽʥʽש ʩʘʙʘץ ʙʝʨʫ װʨʜʽʩʽʥʜʝ ʦʥʳש ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʳʧ ʙʽʨʽʢʢʝʥ ʽʩ-ᴅʨʝʢʝʪʪʽ 

 ʫʰʳ ᴇʟʽ ʦʡʣʘʫʳ ʙʘʨʳʩʳʥʜʘ ʙʽʣʽʤʛʝ ʜʝʛʝʥ ʳʥʪʘʩʳʥ ʜʘʤʳʪʘʜʳ, ʦʡ-ᴇʨʽʩʽʥץʡʳʤʜʘʩʪʳʨʘʜʳ. ʆײ

ʢʝשʝʡʪʝʜʽ, ʝש ʙʘʩʪʳʩʳ ï ʦץʫʰʳʥʳ ʰʘʨʰʘʪʧʘʡʜʳ. ɹʽʨʪʝ-ʙʽʨʪʝ ʤסײʘʣʽʤʥʽש ʘʡʪץʘʥʳʥʘʥ ʛᴇʨʽ, ᴇʟʽ 

ʙʝʣʩʝʥʜʽ ʦʡʣʘʫʰʳ, ʽʟʜʝʥʽʤʧʘʟ ʰʳסʘʨʤʘʰʳʣ ʪʘסʳ ʙʘʩץʘ ץʘʙʽʣʝʪʢʝ ʠʝ ʙʦʣʘʜʳ. ʉʘʙʘץʪʘ 

ʦץʫʰʳʥʳש ᴇʟ ʦʡʳʥ ʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʧ, ʜᴅʣʝʣʜʝʡ ʙʽʣʫʽʥʝ ʞᴅʥʝ ʝʨʢʽʥ ʦʡʣʘʫʳʥʘ ʤװʤʢʽʥʜʽʢ 

ʙʝʨʽʣʫʽ ʢʝʨʝʢ. 

ñʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫò סײʳʤʳ ʙʝʣʛʽʣʽ ʙʽʨ ʠʜʝʷʣʘʨʜʳ ץʘʙʳʣʜʘʡ ʦʪʳʨʳʧ, ʦʥʳש ʥʝʛʝ 

 ,ʦʷ ʙʽʣʫ, ʩʘʣʳʩʪʳʨʘ ʘʣʫץ ʘʨʩʳץ ʘסʦʡʣʘʨ ץʽʣ ʩʝʧʪʠʢʘʣʳשʘʪʳʩʪʳ ʝʢʝʥʽʥ ʟʝʨʪʪʝʫ, ʦʣʘʨʜʳ ʞʝץ

ʩʦʣ ʠʜʝʷʣʘʨסʘ ץʘʨʩʳ ʢᴇʟץʘʨʘʩʪʘʨʤʝʥ ʪʝʧʝ-ʪʝשʜʽʢʪʝ ײʩʪʘʧ ʟʝʨʪʪʝʫ, ʦʣʘʨסʘ ʩʝʥʽʤʤʝʥ ץʘʨʘʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ.  ʉʘʙʘװ ץʩʪʽʥʜʝ ʤסײʘʣʽʤ ʦץʫʰʳʣʘʨסʘ ʘʨʥʘʡʳ ʙʘʩʪʘʧץʳʜʘ ʜײʨʳʩ ʙʝʣʛʽʣʽ ʙʽʨ 

ʤᴅʩʝʣʝʜʝʥ ᴅʨ ʪװʨʣʽ ʣʦʛʠʢʘʣʳץ ʦʧʝʨʘʮʠʷʣʘʨ ʘʨץʳʣʳ ʪʝʨʽʩ ʥᴅʪʠʞʝʥʽ ʰʳסʘʨʳʧ, ʦʩʳ 

ʩᴅʡʢʝʩʩʽʟʜʽʢʪʽ ʦץʫʰʳʣʘʨʜʳש ᴇʟʜʝʨʽʥʝ ʰʝʰʫʛʝ ʪʘʧʩʳʨʘʜʳ. 

ʉʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫ ï ʙײʣ ʩʘʥʘʣʳ ʤʘסʳʥʘʥʳ ʽʟʜʝʫ: ᴇʟʽʥʽש ʢᴇʟץʘʨʘʩʳʥʳץ  שʘʥʜʘʡʣʳץ 

ʙʦʣʫʳʤʝʥ, ʙʘʩץʘʣʘʨʜʳש ʜʘ ʧʽʢʽʨʽʥ ʝʩʢʝʨʽʧ, ץʘʥʜʘʡ ʜʘ ʦʙʴʝʢʪʠʚʪʽ ʦʡʣʘʫ ʞᴅʥʝ ץʠʩʳʥʳ ʙʘʨ 

ᴇʟʽʥʜʽʢ ץʘʪʝ ʩʝʥʽʤʽʥʝʥ ʙʘʩ ʪʘʨʪʘ ʙʽʣʫ. ʉʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫʜʳש ʞʘשʘ ʠʜʝʷʣʘʨʜʳ ײʩʳʥʫסʘ 

ʞᴅʥʝ ʞʘשʘ ʤװʤʢʽʥʜʽʢʪʝʨʜʽ ʢᴇʨʫʛʝ ץʘʙʽʣʝʪʪʽ, ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫ ʢʝʟʽʥʜʝ ʤʘשʳʟʳ ʟʦʨ. 

 çʆץʫ ʤʝʥ ʞʘʟʫ ʘʨץʳʣʳ ʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫè ʭʘʣʳץʘʨʘʣʳץ ʦץʫ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʳʥʳש (ᴅʜʽʩʪʝʨʽʥ) ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʩʘʙʘץʪʳש ᴅʨʪװʨʣʽ ʢʝʟʝשʜʝʨʽʥʜʝ, ʘʪʘʧ 

ʘʡʪץʘʥʜʘ: 

1.ɾʘשʘ ʪʝʦʨʠʷʣʳץ ʤʘʪʝʨʠʘʣʜʳ ʪװʩʽʥʜʽʨʫ; 

2.ɽʩʝʧ ʰʳסʘʨʫ ʪᴅʩʽʣʽʥʽװ שʣʛʽʩʽʥ ʢᴇʨʩʝʪʫ; 

ʆץʫ װʨʜʽʩʽʥʽש ʩʘʪʳʣʘʨʳ 

 ʪʳץʫʰʳʣʳסʳʟʳפ

ʦʷʪʫ 

ʄʘסʳʥʘʥʳ 

ʪʘʥʫ 
ʆʡ-ʪʦʣסʘʥʳʩ 

ɹײʨʳʥסʳ ʙʽʣʛʝʥʽʥ 

 ʘשʦʨʳʪʳʧ, ʞʘץ

ʩʘʙʘץץʘ ʤʘʟʤײʥ 

 .ʘʣʘʫץ

ɾʘשʘ ʠʜʝʷʥʳ 

 ,ʘʙʳʣʜʘʧץ

ʙײʨʳʥסʳʥʳש 

ʞʘשʘ ʙʽʣʽʤʤʝʥ 

ʙʘʡʣʘʥʳʩʳ. 

ɾʘשʘ ʩʘʙʘץʪʘʥ ʘʣסʘʥ 

ʙʽʣʽʤʽʥ 

 ,ʦʨʳʪʳʥʜʳʣʳʧץ

ʦʡʣʘʫ ʤʝʥ ʩʘʨʘʣʘʫʜʳ 

 .ʡʨʝʥʫװ



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

165 

3.ɾʘשʘ ʙʽʣʽʤ ʤʝʥ ʜʘסʜʳʥʳ ʠʛʝʨʫ; 

4.ɾʘʪʪʳסʫʣʘʨ װʡʨʝʥʫʜʝ ʪװʨʣʽʰʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 

ʌʠʟʠʢʘ ʩʘʙʘץʪʘʨʳʥʜʘ ʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʞʦʙʘʩʳʥ ץʦʣʜʘʥʫ ʘʨץʳʣʳ ʦץʫʰʳʣʘʨʜʳש 

ʙʽʣʽʤʽʥ ʞᴅʥʝ ʬʠʟʠʢʘʣʳץ ʦʡʣʘʫ ץʘʙʽʣʝʪʪʝʨʽʥ, ʬʠʟʠʢʘʣʳץ ʪʽʣʽʥ ʜʘʤʳʪʫʜʳש ʪʝʦʨʠʷʣʳץ 

ʪײʞʳʨʳʤʜʘʨʳʥ, ᴅʜʽʩʪʝʨʽʥ, ץʦʨʳʪʳʥʜʳʩʳʥ ʤʝʢʪʝʧ ʽʩ-ʪᴅʞʽʨʠʙʝʩʽʥʜʝ, ʞʦסʘʨʳ ʦץʫ 

ʦʨʳʥʜʘʨʳʥʜʘ, ʩʪʫʜʝʥʪʪʝʨ ʢʫʨʩʪʳץ ʞײʤʳʩ, ʙʘʷʥʜʘʤʘ ʞʘʟʫ ʙʘʨʳʩʳʥʜʘ, סʳʣʳʤʠ 

ʢʦʥʬʝʨʝʥʮʠʷʣʘʨʜʘ ʦʩʳ ʩʘʣʘʜʘʥ ʙʽʣʽʤ, ʙʽʣʽʢ, ʜʘסʜʳʣʘʨʳʥ ʞʝʪʽʣʜʽʨʫ ʤʘץʩʘʪʳʥʜʘ ʧʘʡʜʘʣʘʥʫסʘ 

ʙʦʣʘʜʳ. 

ʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫ ʜʝʛʝʥ סײʳʤʜʳ ʢʝʟ - ʢʝʣʛʝʥ ʞʘשʘ ʠʜʝʷʥʳ ʩʦʣ ʢװʡʽʥʜʝ 

 ʟʝʛʝװʥʝʛʽʟʛʽ ʩʝʙʝʧʪʝʨʽʥ, ʞ שʙʝʛʝʡʣʽ ʩʝʥʽʤ ʘʨʪʫ ʝʤʝʩ, ʦʣ ʠʜʝʷʣʘʨʜʳװʘʥ ʪסʘʙʳʣʜʘʫ ʥʝʤʝʩʝ ʦץ

ʘʩʳʨʫ ʞʦʣʜʘʨʳʥ ʞᴅʥʝ ʥᴅʪʠʞʝʩʽʥ ʙʽʣʫ, ʦʣʘʨʜʳ ᴇʟ ʦʨʪʘשʘ, ᴇʟ ʤװʤʢʽʥʜʽʛʽשʝ, ᴇʟ ʢʝʨʝʛʽשʝ, ᴇʟ ʽʩ - 

ᴅʨʝʢʝʪʽשʝ ʣʘʡʳץʪʳ ʢʽʨʽʢʪʽʨʫ, ʪʘʣʜʘʫ, ʦʡ ʝʣʝʛʽʥʝʥ ᴇʪʢʽʟʫ, ʷסʥʠ ʧʨʦʙʣʝʤʘסʘ ʩʳʥʠ ʪײʨסʳʜʘʥ 

 .ʩʘʪʳʥʘ ʧʘʡʜʘʣʘʥʘ ʙʽʣʫץʘʨʘʧ, ᴇʟ ʤʘץ

ʇʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʥʳש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʤʳʥʘʣʘʨʜʳ ײץʨʘʡʜʳ. 

1. ʂʦʥʩʝʧʪʫʘʣʜʳ ʥʝʛʽʟʽʥʽש ʙʦʣʫʳ. ʊʝʭʥʦʣʦʛʠʷסʘ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʬʠʣʦʩʦʬʠʷʣʳץ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʧʩʠʭʦʣʦʛʠʷʣʘʨ סʳʣʳʤʠ ʪײʞʳʨʳʤʜʘʤʘʣʘʨסʘ ʥʝʛʽʟʜʝʣʫʽ ʪʠʽʩ. 

2. ɾװʡʝʣʽʣʽʛʽ. ʇʝʜʘʛʦʛʠʢʘʣʳץ ʞװʡʝʥʽש ʙʘʨʣʳץ ʙᴇʣʽʢʪʝʨʽʥʽש ʣʦʛʠʢʘʣʳץ ʙʘʡʣʘʥʳʩʪʘ 

ʙʦʣʫʳ. 

3. ɹʘʩץʘʨʫסʘ ʦשʪʘʡʣʳʣʳסʳ. ɼʠʘʛʥʦʩʪʠʢʘʣʳץ ʙʦʣʞʘʫ ʞʘʩʘʫסʘ, ʞʦʩʧʘʨʣʘʫסʘ ʞᴅʥʝ 

ʥᴅʪʠʞʝʛʝ ᴇשʜʝʫ ʝʥʛʽʟʫ ʤʘץʩʘʪʳʥʜʘ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʜʽ ʢʝʟʝʢʪʝʧ ʧʘʡʜʘʣʘʥʫ ʤװʤʢʽʥʜʽʛʽ. 

ʀʥʥʦʚʘʮʠʷʣʳץ ʦץʳʪʫ ʜʝʛʝʥʽʤʽʟ - ץʘʟʽʨʛʽ ʢʝʟʝשʜʝʛʽ ᴅʣʝʫʤʝʪʪʽʢ, ʤᴅʜʝʥʠ ʦʨʪʘʜʘסʳ 

ʠʥʥʦʚʘʮʠʷʣʳץ ᴇʟʛʝʨʽʩʪʝʨʜʽ ʞʝʪʝ ץʘʨʘʩʪʳʨʘʪʳʥ װʨʜʽʩ ʞᴅʥʝ ʦץʫ ʙʽʣʽʤ ʙʝʨʫ ᴅʨʝʢʝʪʽʥʽש 

ʥᴅʪʠʞʝʩʽ. 

 ʙʘʩʪʳ שʡʝʩʽʥʽװʳʥʜʘ çɹʽʣʽʤ ʙʝʨʫ ʞשçɹʽʣʽʤ ʪʫʨʘʣʳè ɿʘ שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʳץʘʟʘפ

ʤʽʥʜʝʪʽ ï ײʣʪʪʳץ ʞᴅʥʝ ʞʘʣʧʳ ʘʜʘʤʟʘʪʪʳײץ ץʥʜʳʣʳץʪʘʨ, סʳʣʳʤ ʤʝʥ ʧʨʘʢʪʠʢʘ ʞʝʪʽʩʪʽʢʪʝʨʽ 

ʥʝʛʽʟʽʥʜʝ ʞʝʢʝ ʘʜʘʤʜʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ ʙʽʣʽʤ ʘʣʫ װʰʽʥ ץʘʞʝʪʪʽ ʞʘסʜʘʡʣʘʨ ʞʘʩʘʫ; 

ʦץʳʪʫʜʳש ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥ ʝʥʛʽʟʫ, ʙʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫè - ʜʝʧ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʩʽʥ ʦʜʘʥ ᴅʨʽ ʜʘʤʳʪʫ ʤʽʥʜʝʪʪʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ʉʦʣʘʨʜʳש ʙʽʨʽ ʙʽʣʽʤ ʙʝʨʫʜʽ ʘץʧʘʨʘʪʪʘʥʜʳʨʫ 

ʙʘʨʳʩʳʥʜʘ ʜʠʜʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʦץʳʪʫ ײץʨʘʣʳ ʙʦʣʳʧ ʢʦʤʧʴʶʪʝʨ ʩʘʥʘʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʢʝʟ 

ʢʝʣʛʝʥ ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳʥʜʘ ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʵʣʝʢʪʨʦʥʜʳץ ʦץʳʪʫ ײץʨʘʣʜʘʨʳ ʙʘʨʣʳץ 

ʧᴅʥʜʝʨʜʽ ʦץʳʪʫסʘ ʧʘʡʜʘʣʘʥʘʜʳ. ʆʩʳ ʨʝʪʪʝ ʘץʧʘʨʘʪʪʳץ ʪʝʭʥʦʣʦʛʠʷʥʳ ʧʘʡʜʘʣʘʥʫʜʳש 

ʪʠʽʤʜʽʣʽʛʽʥ ʘʰʳʧ ʘʡʪʫסʘ ʙʦʣʘʜʳ.  

ɹʘסʜʘʨʣʘʤʘʣʳץ - ʪʝʭʥʠʢʘʣʳץ ʢʝʰʝʥʥʽײץ שʨʘʤʳʥʘ ʢʽʨʝʪʽʥ ʠʥʪʝʨʘʢʪʠʚʪʽ ʪʘץʪʘʥʳ 

ʦץʳʪʫʰʳסʘ ʩʘʙʘץʪʳ ץʳʟʳץʪʳ ʞᴅʥʝ ʜʠʥʘʤʠʢʘʣʳץ ʪװʨʜʝ ʤʫʣʴʪʠʤʝʜʠʘʣʳײץ ץʨʘʣʜʘʨ ʢᴇʤʝʛʽʤʝʥ 

ʦץʫʰʳʣʘʨʜʳץ שʳʟʳסʫʰʳʣʳץʪʘʨʳʥ ʪʫʜʳʨʘʪʳʥʜʘʡ ʦץʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʚʠʟʫʘʣʜʳ ץʦʨ ʜʝʧ 

ʪʝ ʘʪʘʫסʘ ʙʦʣʘʜʳ. ʉʘʙʘץʪʳ ʪװʩʽʥʜʽʨʫ ʙʘʨʳʩʳʥʜʘ ʤסײʘʣʽʤ ʪʘץʪʘ ʘʣʜʳʥʜʘ ʪײʨʳʧ, ʙʽʨ ʤʝʟʝʪʪʝ 

ʤᴅʪʽʥʜʽʢ, ʘʫʜʠʦ, ʙʝʡʥʝ ײץʞʘʪʪʘʨʜʳ DVD, CD - ROM ʞᴅʥʝ ʀʥʪʝʨʥʝʪ ʨʝʩʫʨʩʪʘʨʳʥ ץʦʣʜʘʥʘ 

ʘʣʘʜʳ. ɹײʣ ʢʝʟʜʝ ʤסײʘʣʽʤ ץʦʩʳʤʰʘʥʳ ʽʩʢʝ ץʦʩʫ, Web - ʪװʡʽʥ ʤʘʟʤײʥʳʥ ץʘʨʘʩʪʳʨʫ, ʘץʧʘʨʘʪ 

ʩʘץʪʘʫ, ʙʝʣʛʽ ʞʘʩʘʫ ʪʳʰץʘʥʜʳ ʘʫʳʩʪʳʨʘʪʳʥ ʘʨʥʘʡʳ ץʘʣʘʤ ʘʨץʳʣʳ ʞʘʟʫʣʘʨ ʞʘʟʫ ʞᴅʥʝ ʪ. ʙ. 

ᴅʨʝʢʝʪʪʝʨʜʽ ʞʝשʽʣ ʦʨʳʥʜʘʡ ʘʣʘʜʳ. 

 ,ץʙʽʣʛʽʨʽ ʙʦʣʫʳ ʝʤʝʩ, ʪʘʨʠʭʠ ʪʘʥʳʤʜʳ שʪʝʨʝ שʘʣʽʤʥʝʥ ʪʝʢ ᴇʟ ʧᴅʥʽʥʽסײʘʟʽʨʛʽ ʟʘʤʘʥ ʤפ

ʧʝʜʘʛʦʛʠʢʘʣʳץ ï ʧʩʠʭʦʣʦʛʠʷʣʳץ ʩʘʫʘʪʪʳʣʳץ, ʩʘʷʩʠ ʵʢʦʥʦʤʠʢʘʣʳץ ʙʽʣʽʤʜʽʣʽʢ ʞᴅʥʝ 

ʘץʧʘʨʘʪʪʳץ ʩʘʫʘʪʪʳʣʳץ ʪʘʣʘʧ ʝʪʽʣʫʜʝ. ʆʣ ʟʘʤʘʥ ʘסʳʤʳʥʘ ʩᴅʡʢʝʩ ʙʽʣʽʤ ʙʝʨʫʜʝ ʞʘשʘʣʳץץʘ 

ʞʘʥʳ ײץʤʘʨ, ʰʳסʘʨʤʘʰʳʣʳץʧʝʥ ʞײʤʳʩ ʽʩʪʝʧ, ʦץʫ ʤʝʥ ʪᴅʨʙʠʝ ʽʩʽʥʝ ʝʥʽʧ, ʦץʳʪʫʜʳש ʞʘשʘ 

ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʰʝʙʝʨ ʤʝשʛʝʨʛʝʥ ʞʘʥ ʙʦʣסʘʥʜʘ סʘʥʘ ʙʽʣʽʛʽ ʤʝʥ ʙʽʣʽʤʽ ʞʦסʘʨʳ ʞʝʪʝʢʰʽ ʪײʣסʘ 

ʨʝʪʽʥʜʝ ײʣʘסʘʪʪʳ ʩʘʥʘʣʘʜʳ. 

ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷ ʪװʨʣʝʨʽʥ ʩʘʙʘװ ץʨʜʽʩʽʥʜʝ ʧʘʡʜʘʣʘʥʫ, ʦץʫʰʳʥʳש ʰʳסʘʨʤʘʰʳʣʳʢ, 

ʠʥʪʝʣʣʝʢʪʽʢ ץʘʙʽʣʝʪʽʥʽש ʜʘʤʫʳʥʘ, ᴇʟ ʙʽʣʽʤʽʥ ᴇʤʽʨʜʝ ʧʘʡʜʘʣʘʥʘ ʙʽʣʫ ʜʘסʜʳʣʘʨʳʥʳש 

 .ʘʣʳʧʪʘʩʫʳʥʘ ᴅʢʝʣʝʜʽץ

ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʥʳ ץʦʣʜʘʥʫ ʤʳʥʘ ʢʝʟʝשʜʝʨ ʘʨץʳʣʳ ʽʩʢʝ ʘʩʘʜʳ: 

ɯ ʢʝʟʝש: ʦץʳʧ-װʡʨʝʥʫ; 

ɯɯ ʢʝʟʝש: ʤʝשʛʝʨʫ; 
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ɯɯɯ ʢʝʟʝש: ᴇʤʽʨʛʝ ʝʥʜʽʨʫ; 

IV ʢʝʟʝש: ʜʘʤʳʪʫ. 

ʆʥʳ ץʦʣʜʘʥʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ: 
1. ɾʘשʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʤʘץʩʘʪʳ ï ʦץʳʪʫʜʳ ʽʟʛʽʣʝʥʜʽʨʫʽ, ʷסʥʠ ʦץʫ 

 .ʨʛʽʟʝ ʘʣʘʪʳʥʜʘʡ ʙʦʣʫʳ ʢʝʨʝʢװʽʩ-ᴅʨʝʢʝʪʽʥ ʞ ץᴇʟʜʽʛʽʥʝʥ ʪʘʥʳʤʜʳ שʫʰʳʣʘʨʜʳץʨʘʣʜʘʨʳ ʦײץ

ɾʘשʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʪװʨʣʝʨʽ ᴇʪʝ ʢᴇʧ. 

2. ʆʡʳʥ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʇʝʜʘʛʦʛʠʢʘʣʳץ ʦʡʳʥʜʘʨ ʪʝʭʥʦʣʦʛʠʷʩʳ ʜʝʛʝʥʽʤʽʟ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞײʤʳʩʪʳ ʦʡʳʥ ʪװʨʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʫʜʳש ᴅʜʽʩʪʝʨʽ ʤʝʥ ʪᴅʩʽʣʜʝʨʽʥʽש ʞʠʳʥʳ. 

ʆʡʳʥ ʪװʨʽʥʜʝʛʽ ʞײʤʳʩʪʘʨ ʩʘʙʘװ ץʩʪʽʥʜʝʛʽ ץʦʣʘʡʣʳ ʜʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʧʘʡʜʘ ʙʦʣʳʧ, 

ʦץʫʰʳʣʘʨʜʳ ץʳʟʳץʪʳʨʫʰʳ ײץʨʘʣ ʨʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʜʳ. 

3. ʇʨʦʙʣʝʤʘʣʳ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʇʨʦʙʣʝʤʘʣʳ ʦץʳʪʫ ï ʤסײʘʣʽʤ ʙʘʩʰʳʣʳסʳ ʤʝʥ 

 ʨʜʝ ᴇʟ ʙʝʪʪʝʨʽʤʝʥ ʤᴅʩʝʣʝʣʝʨʜʽװʙʝʣʩʝʥʜʽ ʪ שʫʰʳʣʘʨʜʳץʳʟʫ ʞᴅʥʝ ʦסʠʳʥ ʤᴅʩʝʣʝʣʝʨʜʽ ʪʫץ

ʰʝʰʫ. פʦʨʳʪʳʥʜʳʩʳʥʜʘ ʦʣʘʨʜʳש ʦʡʣʘʫ ץʘʙʽʣʝʪʪʝʨʽ ʜʘʤʳʧ, ʰʳסʘʨʤʘʰʳʣʳץ ʽʩʢʝʨʣʽʢʪʝʨʽ ʤʝʥ 

ʜʘסʜʳʣʘʨʳ ץʘʣʳʧʪʘʩʫʳʥʘ ʞʘסʜʘʡ ʞʘʩʘʡʜʳ. 

4. ʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʄʘץʩʘʪ ʧʝʥ ʤʽʥʜʝʪʪʝʨʜʽש ʦʨʳʥʜʘʣʫʳ ʤʳʥʘʜʘʡ ײʟʘץ ʞʦʩʧʘʨʣʘʨ ʘʨץʳʣʳ ʽʩʢʝ ʘʩʘʜʳ: 

ʘʩʩʦʮʠʘʮʠʷ, ʙʽʨʣʝʩʪʽʢ ץʳʟʤʝʪ, ʢᴇʟץʘʨʘʩʳʥ ʪʘʣʜʘʫ ʤʝʥ ʜᴅʣʝʣʜʝʫ ʪװʨʽʥʜʝ ץʦʨסʘʫ.  

5. ɼʝשʛʝʡʣʽʢ ʩʘʨʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʉʘʨʘʣʘʧ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ, ʦץʳʪʫ ʧʨʦʮʝʩʽʥʽש 

ʙʝʣʛʽʣʽ ʙᴇʣʽʛʽʥ ץʘʤʪʳʧ, ײʡʳʤʜʘʩʪʳʨʫʜʳש ʰʝʰʽʤʜʝʨʽ, ʦʥʳ ʦץʳʪʫ ײץʨʘʣʜʘʨʳʥʳש ʞʠʳʥʪʳסʳ 

ʪװʨʽʥʜʝ ʢᴇʨʽʥʝʜʽ. ʉʳʥʳʧʪʳ, ʪʦʧʪʘʨʜʳ ʦץʳʪʫסʘ ᴅʨʪװʨʣʽ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʪʫסʳʟʫʜʳ ץʘʞʝʪ 

ʝʪʝʜʽ; ᴅʜʽʩʪʝʤʝʣʽʢ ʧʝʜʘʛʦʛʠʢʘʣʳץ-ʧʩʠʭʦʣʦʛʠʷʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫ-ʙʘʩץʘʨʫ ʰʘʨʘʣʘʨʳ 

ʙʽʨʽʢʪʽʨʽʣʝʜʽ. 

6. ɾʝʢʝʣʝʧ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʄסײʘʣʽʤ ʙʽʨ סʘʥʘ ʦץʫʰʳʤʝʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʦץʫʰʳ 

ʪʝʢ ʦץʫ ײץʨʘʣʜʘʨʳ ʤʝʥ ᴇʟʘʨʘ ץʘʪʳʥʘʩʪʘ (ʦץʫʣʳץʪʘʨ, ʢʦʤʧʴʶʪʝʨ, ʪ.ʙ) ʙʦʣʘʜʳ. ɾʝʢʝʣʽʢ ʦץʫʜʳש 

ʙʘʩʪʳ ʞʝʪʽʩʪʽʛʽ ʙʘʣʘʥʳץ שʘʙʽʣʝʪʽʤʝʥ ʦץʫ ץʳʟʤʝʪʽʥʽש ʞʝʣʽʩʽʥ ᴅʜʽʩʽ ʤʝʥ ʤʘʟʤײʥʳʥ ᴇʟ ץʘʙʽʣʝʪʽʥʝ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʘʨʘʡ ʙʝʡʽʤʜʝʫʽʥʝ ʤץ

7. ʊʦʧʪʳץ ʪʝʭʥʦʣʦʛʠʷ. ɹײʣ ʩʳʥʳʧʪʘ ʦץʫ ʞײʤʳʩʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʳװ שʰʽʥʰʽ ʞᴅʥʝ 

ʪᴇʨʪʽʥʰʽ ʜʝשʛʝʡʽ. ɹײʥʜʘʡ ʞײʤʳʩ ʙʝʣʛʽʣʽ-ʙʽʨ ʪʘʧʩʳʨʤʘʥʳ ʙʽʨʣʝʩʽʧ ʰʝʰʫʽ װʰʽʥ ʩʳʥʳʧʪʳ 

ʫʘץʳʪʰʘ ʪʦʧʪʘʨסʘ ʙᴇʣʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ʆץʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʽʧ, ʙʽʨʣʝʩʽʧ 

 .ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʡʨʝʥʫʛʝ ʤװ

8. ʂʝʟʝשʜʝʧ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

9. ɾʝʢʝ ʧᴅʥʜʽʢ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷ. ɽʨʪʝ ʞᴅʥʝ ʳʞʜʘסʘʪʪʳ ʩʘʫʘʪʪʳʣʳץץʘ 

ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʊʝʭʥʦʣʦʛʠʷ ʤʘʟʤײʥʳ ʦץʫ ʧʨʦʮʝʩʽ ʙʘʣʘ ʤʠʳʥʳש ʪʘʥʳʤʜʳץ ץʫʘʪʳʥ ʞʘʥ-

ʞʘץʪʳ ʞʘʥʜʘʥʜʳʨʘ ʦʪʳʨʘ, ץʳʟʤʝʪʽ ʤʝʥ ץʘʪʳʥʘʩʪʘʨʳ ʘʨץʳʣʳ ʙʘʣʘʥʳש ʪʘʙʠסʠ ʦʡʣʘʫʳʥʘ 

ʥʝʛʽʟʜʝʣʛʝʥ. ᴄʩʝʨʣʽ ʩʘʙʘץʪʘʨ ʞװʡʝʩʽʥʝ ʥʝʛʽʟʜʝʣʛʝʥ ʪʝʭʥʦʣʦʛʠʷ. 

10. ᴆʟʽʥʜʽʢ ʜʘʤʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ (ʄ. ʄʦʥʪʝʩʩʦʨʠ) ʄʘץʩʘʪʪʳץ ʙʘסʳʪʳ: 

- ʞʘʥ-ʞʘץʪʳ ʜʘʤʳʪʫ; 

- ʞʝʢʝʣʽʢʪʽ ʪᴅʨʙʠʝʣʝʫ; 

- ʙʘʣʘ ʩʘʥʘʩʳʥʜʘ ʦʡʣʘʫ ץʳʟʤʝʪʽ ʤʝʥ ʧᴅʥʜʝʨ ʪװʟʛʽʰʪʝʨʽʥ ʙʽʨʽʢʪʽʨʫ. 

ɹʘʩʪʳ ʤʘץʩʘʪʳ ï ʦץʳʪʫ ʜʘסʜʳʩʳ: ץʦʣʜʘסʳ ײʩʘץ ʤʦʪʦʨʣʘʨ, ʝʩʪʽ ʜʘʤʳʪʫ. 

11. ɼʘʤʳʪʘ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ. ʃ.ɺ. ɿʘʥʢʦʚʪʳש ʜʘʤʳʪʘ ʦץʫ ʞװʡʝʩʽ. ʆץʳʪʫ 

 ʳʟʤʝʪʪʝʨʛʝץ ʨʣʽװɿʘʥʢʦʚ ᴅʜʽʩʽ ᴅʨʪ .ץʫʰʳʣʳסʳʟʳץ ץʥʝʛʽʟʛʽ ʤʦʪʠʚʘʮʠʷʩʳ ʪʘʥʳʤʜʳ שʳʟʤʝʪʽʥʽץ

ʪʘʨʪʫ, ʜʠʩʢʫʩʩʠʷ, ʜʠʜʘʢʪʠʢʘʣʳץ ʦʡʳʥʜʘʨʜʘ ʦץʳʪʫʜʘ, ʧʘʡʜʘʣʘʥʫ, ʩʦʣ ʩʠʷץʪʳ ʝʩʪʽ, ʦʡʣʘʫʜʳ, 

ʝʣʝʩʪʝʪʫʜʽ, ʩᴇʡʣʝʫʜʽ ʙʘʡʳʪʫ ʙʘסʳʪʳʥʜʘסʳ ʦץʳʪʫ ᴅʜʽʩʽ. 

12. ʄʦʜʫʣʴʜʽʢ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʩʳ. ʄʦʜʫʣʴ ʜʝʛʝʥʽʤʽʟ ï ץʘʥʜʘʡʜʘ ʙʽʨ ʞװʡʝʥʽש, 

 .ʪʳʣʘʪʳʥ, ʙʽʨʰʘʤʘ ʜʝʨʙʝʩ ʙᴇʣʽʛʽץʥʘ שʳʤʥʳסײ
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ɺɽʈʆʗʊʅʆʉʊʅʓʁ ʄɽʊʆɼ ɼʆʂɸɿɸʊɽʃʔʉʊɺɸ  

ɹɽʉʂʆʅɽʏʅʆʉʊʀ ʇʈʆʉʊʓʍ ʏʀʉɽʃ ɹʃʀɿʅɽʎʆɺ 

 

ɸʙʜʳʤʘʥʘʧʦʚ ʉ.ɸ., ʄʫʨʘʪʙʝʢʦʚ ʄ.ʄ., ʊʫʨʛʠʥʙʘʝʚʘ ɸ.ʉ. 

ʂʘʟʘʭʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʵʢʦʥʦʤʠʢʠ ʬʠʥʘʥʩʦʚ ʠ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʪʦʨʛʦʚʣʠ,  

ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʠ ʯʠʩʝʣ ʙʣʠʟʥʝʮʦʚ ʚ 

ʤʘʪʨʠʮʝ ɹʘʡʙʝʢʦʚʘ. ɼʘʥʘ ʥʠʞʥʷʷ ʦʮʝʥʢʘ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʥʘʙʦʨʝ ʠʥʪʝʨʚʘʣʦʚ ʠ ʧʨʠʙʣʠʞʝʥʥʦʡ ʬʫʥʢʮʠʠ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʩʪʳʝ ʯʠʩʣʘ, ʩʦʩʪʘʚʥʳʝ ʯʠʩʣʘ, ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʯʠʩʝʣ, ʪʝʩʪ ʉʦʣʦʚʝʡ-ʐʪʨʘʩʩʝʥʘ, 

ʧʨʦʩʪʳʝ ʯʠʩʣʘ ʙʣʠʟʥʝʮʳ. 

 

ʇʨʦʙʣʝʤʘ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʙʣʠʟʥʝʮʦʚ (ʢʦʥʝʯʥʘʷ ʠʣʠ ʙʝʩʢʦʥʝʯʥʘʷ), ʠ ʠʭ ʦʮʝʥʢʘ ʥʘ 

ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʚʦʣʥʫʝʪ ʥʘʫʯʥʳʝ ʢʨʫʛʠ ʚʩʝʛʦ ʤʠʨʘ. ʇʦʩʣʝ ʧʫʙʣʠʢʘʮʠʠ ʥʘʫʯʥʦʡ 

ʨʘʙʦʪʳ ʧʨʦʬʝʩʩʦʨʘ ɹʘʡʙʝʢʦʚʘ ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʧʨʦʩʪʳʭ ʯʠʩʝʣ 

ʙʣʠʟʥʝʮʦʚ, ʘ ʪʘʢʞʝ ʚʝʨʦʷʪʥʦʩʪʥʦʝ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦ ʙʝʩʢʦʥʝʯʥʦʩʪʠ, ʦʩʥʦʚʘʥʥʦʝ ʥʘ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʢʠ ʠ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʝʡ. ɼʣʷ ʙʦʣʝʝ 

ʦʯʝʚʠʜʥʦʛʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʘʪʨʠʮʘ . 

ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʠʟʚʝʩʪʥʦʝ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʨʘʚʝʥʩʪʚʦ, ʠʤʝʶʱʝʝ ʩʣʝʜʫʶʱʠʡ 

ʚʠʜ: 

.      (1) 

ɿʜʝʩʴ ʬʫʥʢʮʠʷ  ʚʳʨʘʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʯʠʩʝʣ, ʤʝʥʴʰʝʝ ʠʣʠ ʨʘʚʥʦʝ . 

ʊʘʙʣʠʮʘ 1. ʄʘʪʨʠʮʘ ɹʘʡʙʝʢʦʚʘ ʨʘʟʤʝʨʥʦʩʪʠ   

  ʂʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ 

   1 2 3 4 5 6 7 8 9 10 11 12 13 

  1              

ʉ
ʪ
ʨ
ʦ
ʢ
ʠ

 

1  2 8 14 20 26 32 38 44 50 56 62 68 é 

2  3 9 15 21 27 33 39 45 51 57 63 69 é 

3  4 10 16 22 28 34 40 46 52 58 64 70 é 

4  5 11 17 23 29 35 41 47 53 59 65 71 é 

5  6 12 18 24 30 36 42 48 54 60 66 72 é 

6  7 13 19 25 31 37 43 49 55 61 67 73 é 

 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʤʧʠʨʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʩʪʨʦʢʝ ʤʘʪʨʠʮʳ, 

ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ 

,      (2) 

ʛʜʝ  ,  ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʚ ʤʘʪʨʠʮʝ,  ʬʫʥʢʮʠʷ ʕʡʣʝʨʘ. 

ʉʥʘʯʘʣʘ ʤʳ ʨʘʟʜʝʣʠʤ ʩʪʦʣʙʮʳ ʚ ʪʘʙʣʠʮʝ (1) ʩ ʦʢʨʫʛʣʝʥʠʝʤ ʥʘ ʠʥʪʝʨʚʘʣʳ ʧʦ ʬʦʨʤʫʣʝ 

  ʠ 

,      (3) 

ʛʜʝ . 

 

 
ST0 ST1      ST2      ST3         STn-1        STn 

ʈʠʩʫʥʦʢ 1. ʈʘʟʜʝʣʝʥʥʳʝ ʩʪʦʣʙʮʳ 

 

ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʝʨʚʳʡ ʠʥʪʝʨʚʘʣ ʙʫʜʝʪ ʤʝʞʜʫ 1 ʠ 3 ʩʪʦʣʙʮʘʤʠ, ʚʪʦʨʦʡ ʠʥʪʝʨʚʘʣ 

ʤʝʞʜʫ 4 ʠ 8, ʘ ʪʨʝʪʠʡ ʠʥʪʝʨʚʘʣ ʤʝʞʜʫ 9 ʠ 403 ʩʪʦʣʙʮʘʤʠ. ʏʝʪʚʝʨʪʳʡ ʠʥʪʝʨʚʘʣ ʙʫʜʝʪ 

ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʩʪʦʣʙʮʘʤʠ 404 ʠ 26 489 122 129 [3, 4]. 
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ʊʘʙʣʠʮʘ 2. ʄʘʪʨʠʮʘ ɹʘʡʙʝʢʦʚʘ ʧʦ ʠʥʪʝʨʚʘʣʘʤ  
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ʠʥʪʝʨʚʘʣ 
2 ʠʥʪʝʨʚʘʣ 3 ʠʥʪʝʨʚʘʣ 

4 ʠʥʪʝʨʚʘʣ 

1                  

 2 8 14 20 26 32 38 44 50 56 é 2408 2414 2420 2426 2432 2438 

 3 9 15 21 27 33 39 45 51 57 é 2409 2415 2421 2427 2433 2439 

 4 10 16 22 28 34 40 46 52 58 é 2410 2416 2422 2428 2434 2440 

 5 11 17 23 29 35 41 47 53 59 é 2411 2417 2423 2429 2435 2441 

 6 12 18 24 30 36 42 48 54 60 é 2412 2418 2424 2430 2436 2442 

 7 13 19 25 31 37 43 49 55 61 é 2413 2419 2425 2431 2437 2443 

 

ʉʣʝʜʫʶʱʘʷ ʟʘʜʘʯʘ - ʥʘʡʪʠ ʦʮʝʥʢʫ ʧʦʷʚʣʝʥʠʷ ʧʨʦʩʪʦʛʦ ʯʠʩʣʘ ʚ ʟʘʜʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ. 

   (4) 

ʊʝʧʝʨʴ ʤʳ ʚʳʯʠʩʣʠʤ ʚʝʨʦʷʪʥʦʩʪʴ ʧʦʷʚʣʝʥʠʷ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʙʣʠʟʥʝʮʦʚ ʚ ʢʘʞʜʦʤ 

ʠʥʪʝʨʚʘʣʝ. ʕʪʦ ʟʘʜʘʯʘ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʦʨʠʠ ʚʝʨʦʷʪʥʦʩʪʠ. 

    (5) 

ʀʩʧʦʣʴʟʫʷ ʫʨʘʚʥʝʥʠʝ (5) ʠ ʢʦʣʠʯʝʩʪʚʦ ʩʪʦʣʙʮʦʚ ʚ ʠʥʪʝʨʚʘʣʝ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʞʠʜʘʥʠʝ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʙʣʠʟʥʝʮʦʚ ʚ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ. 

,  (6) 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʫ (6) ʧʨʦʩʫʤʤʠʨʫʝʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʦʞʠʜʘʥʠʷ ʚ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ  

     (7) 

ɼʣʷ ʘʥʘʣʠʟʘ ʬʦʨʤʫʣʳ (7) ʠʩʧʦʣʴʟʫʝʤ ʧʨʠʟʥʘʢ ɼʘʣʘʤʙʝʨʘ ʜʣʷ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ, ʪ.ʝ. 

ʚʳʯʠʩʣʠʤ ʧʨʝʜʝʣ 

      (8) 

ɺʳʚʦʜ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʮʝʥʢʘ ʯʠʩʝʣ-ʙʣʠʟʥʝʮʦʚ ʚ ʨʘʤʢʘʭ 

ʧʨʦʩʪʝʡʰʝʡ ʚʝʨʦʷʪʥʦʩʪʥʦʡ ʤʦʜʝʣʠ ʚ ʢʘʞʜʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʨʨʝʣʠʨʫʝʪ ʬʘʢʪʠʯʝʩʢʦʡ 

ʚʝʣʠʯʠʥʦʡ. 
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ʄɸʊɽʄɸʊʀʂɸ ʇᴄʅɯʅ ʆפʓʊʋɼɸ ʅɽʁʈʆ-ʃʀʅɻɺʀʉʊʀʂɸʃʓפ 

ʇʈʆɻʈɸʄʄɸʃɸʋ ʊɽʍʅʆʃʆɻʀʗʉʓ ʄɽʅ ɸפʇɸʈɸʊʊʓפ-

ʂʆʄʄʋʅʀʂɸʎʀʗʃʓפ ʊɽʍʅʆʃʆɻʀʗʃɸʈɼʓ פʆʃɼɸʅʋ 

 

ɸʣʝʫʦʚʘ ɿ.ɾ. 

ʋʯʝʙʥʳʡ ʮʝʥʪʨ FIZMATH, ɸץʪᴇʙʝ, פʘʟʘץʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɹײʣ ʤʘץʘʣʘʜʘ ʦץʫʰʳʣʘʨʤʝʥ ᴇʟʘʨʘ ʪװʩʽʥʽʩʪʽʢʪʽ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ, ʦץʳʪʫʜʘ ʞʦסʘʨʳ ʥᴅʪʠʞʝʛʝ 

ʞʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʥʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ץʘʪʘʨ ץʦʣʜʘʥʳʣʫʳ ʪʫʨʘʣʳ ʘʡʪʳʣסʘʥ. ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳ 

ʥʝʛʽʟʽʥʜʝ ʞᴅʥʝ ʘץʧʘʨʘʪʪʳץ-ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʢᴇʪʝʨʝʪʽʥ 

ʦץʫʰʳʣʘʨʜʳש ʘץʧʘʨʘʪʪʳ ץʘʙʳʣʜʘʫ ʤʝʥ ᴇʥʜʝʫ ʪᴅʩʽʣʜʝʨʽ ʟʝʨʪʪʝʣʛʝʥ. 

 

 שʳʥʜʳ ʜʘʤʳʧ ʢʝʣʫʜʝ. ʆʥʳץʘʨץ ʡʝʩʽװʘ ʟʘʤʘʥ ʪʘʣʘʧʪʘʨʳʥʘ ʩʘʡ ʙʽʣʽʤ ʞשʜʘ ʞʘשʘʟʽʨʛʽ ʪʘפ

ʥʝʛʽʟʽʥʜʝ ʦʪʘʥʜʳץ ʝש ʙʘʩʪʳ ʜᴅʩʪװʨ ï ʨʫʭʘʥʠ ʞᴅʥʝ ʠʥʪʝʣʣʝʢʪʫʘʣʜʳ ʢװʰ-ץʫʘʪʳ, ʘʟʘʤʘʪʪʳץ 

ʞʘʫʘʧʢʝʨʰʽʣʽʛʽ, ץʦסʘʤ ʠʛʽʣʽʛʽʥʝ ʝשʙʝʢ ʝʪʫʛʝ ʜʝʛʝʥ ʪʘʣʧʳʥʳʩʳ ʙʘʨ ʟʠʷʣʳ ץʘʫʳʤ, ʝʣʽʤʽʟʜʽש 

ʙʝʣʜʽ ʘʟʘʤʘʪʪʘʨʳʥ ʜʘʡʳʥʜʘʫ ʤʽʥʜʝʪʽ ʞʘʪʳʨ. ʉʦʥʜʳץʪʘʥ ʜʘ ʙʽʟʜʽש ʝʣʽʤʽʟʜʝ ʥʝʛʽʟʛʽ 

ʙʘʩʳʤʜʳʣʳץ ʨʝʪʽʥʜʝ ʙʽʣʽʤ ʙʝʨʫʜʽש ʤʘשʳʟʳʥ ʢᴇʪʝʨʫ, ʠʥʥʦʚʘʮʠʷʣʘʨסʘ ץʦʣʘʡʣʳ ʞʘסʜʘʡ ʞʘʩʘʫ 

ʤᴅʩʝʣʝʣʝʨʽ ᴇʟ ʰʝʰʽʤʽʥ ʪʘʙʫ ʢʝʨʝʢ, ʷסʥʠ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ ʞʘסשʳʨʪʫ ï ʘʜʘʤʠ ʢʘʧʠʪʘʣʜʳש 

ʩʘʧʘʣʳ ᴇʩʫʽʥʽש ʙʘʩʪʳ ʙʘסʳʪʳ ʝʢʝʥʜʽʛʽʥ ײʜʘʡʳ ʥʘʟʘʨʜʘʥ ʪʳʩ ץʘʣʜʳʨʤʘʫʳʤʳʟ ʢʝʨʝʢ. פʘʟʽʨʛʽ 

ʪʘשʜʘ ʧᴅʥʜʝʨʜʽ ʦץʳʪʫʜʘ ʦץʫʰʳʣʘʨʜʳש ʪʚʦʨʯʝʩʪʚʦʣʳץ ץʘʙʽʣʝʪʪʽʣʽʢʪʝʨʽʥ ʜʘʤʳʪʫסʘ 

ʙʘסʜʘʨʣʘʥסʘʥ ʘץʧʘʨʘʪʪʳץ ʞᴅʥʝ ʢʦʤʤʫʥʠʢʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץʦʣʜʘʥʫ ץʘʞʝʪʪʽʣʽʛʽʥʝ ʝʰ 

ʢװʤᴅʥ ʞʦפ .ץʘʟʽʨʛʽ ʪʘשʜʘ ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʦץʳʪʫʜʳש ʠʥʥʦʚʘʮʠʷʣʳץ ᴅʜʽʩ-ʪᴅʩʽʣʜʝʨʽʥʽש 

ʨʦʣʽ װʣʢʝʥ, ʦʣ ʢװʨʜʝʣʽ ʤʘʪʝʤʘʪʠʢʘ סʳʣʳʤʳʥ ʙʘʨʳʥʰʘ ץʦʣʞʝʪʽʤʜʽ ʝʪʽʧ ʙʝʨʝʜʽ. 

ʆץʫʰʳʣʘʨʜʳש ʙʘʨʣʳץ (ʞʘץʩʳ, ʦʨʪʘʰʘ, ʥʘʰʘʨ ʦץʠʪʳʥ) ʢʘʪʝʛʦʨʠʷʩʳʥʘ ʙʽʨʜʝʡ ʳסשʘʡʣʳ 

ʙʦʣʘʪʳʥ ᴅʤʙʝʙʘʧ ᴅʜʽʩʪʝʤʝʥʽ ʞʘʩʘʫסʘ ʙʦʣʤʘʡʪʳʥ ʙʦʣסʘʥʜʳץʪʘʥ, ᴅʨʙʽʨ ʦץʫʰʳʥʳש ʞʝʢʝ 

ʪײʣסʘʣʳץ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʝʩʢʝʨʫʛʝ ʪʫʨʘ ʢʝʣʝʜʽ. ʆʣ ʞʝʢʝ ʝʨʝʢʰʝʣʽʢʪʝʨ ᴅʨʙʽʨ ʦץʫʰʳʥʳש ʦץʫ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʞʝʢʝ-ʜʘʨʘ ʤʳʩʘʣʜʘʥ ʙʘʩʪʘʧ ʪװʩʽʥʜʽʨʽʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʞʘʣʧʳ ʞʘסʜʘʡסʘ ʢᴇʰʩʝ 

ʞʘץʩʳ ʪװʩʽʥʽʧ, ʤʘʪʝʨʠʘʣʜʳ ʞʝשʽʣ ʪװʩʽʥʽʧ ʢʝʪʝʜʽ. ɸʣ, ʙʘʩץʘ ʙʽʨ ʦץʫʰʳʣʘʨ ʘʣʜʳʤʝʥ ʞʘʣʧʳ 

ʞʘסʜʘʡʜʳ ץʘʨʘʩʪʳʨʳʧ, ʩʦʜʘʥ ʢʝʡʽʥ, ʦסʘʥ ʞʝʢʝ-ʜʘʨʘ ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʩʝ, ʞʘץʩʳ ʪװʩʽʥʽʧ 

ʤʘʪʝʨʠʘʣʜʳ ʤʝשʛʝʨʫʽ ʘʨʪʘʜʳ. ʆʩʳ ʞʘסʜʘʡʜʳ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʦץʫʰʳʣʘʨסʘ ʩʘʧʘʣʳ ʙʽʣʽʤ 

ʙʝʨʫʜʝ ʢʦʤʧʴʶʪʝʨʤʝʥ ץʘʪʘʨ ʥʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ 

ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫ ʧʨʦʮʝʩʽʥʜʝ ץʦʣʜʘʥʫ ʞʘשʘʰʘ ʩʠʧʘʪʪʘסʳ ʦץʳʪʫ ᴅʜʽʩʽ ʜʝʫʛʝ ʙʦʣʘʜʳ.   

ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ 1970 ʞʳʣʜʘʨʳ ʧʩʠʭʦʪʝʨʘʧʠʷʥʳש ʞʘשʘʜʘʥ ʧʘʡʜʘ 

ʙʦʣסʘʥ ʙʘסʳʪʳ. ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʜʘʨʳʥʜʳ ʘʜʘʤʜʘʨʜʳש ʞʝʪʽʩʪʽʢʪʝʨʽʥ 

ʤʦʜʝʣʴʜʝʫʜʝʥ, ʦʣʘʨʜʳש ʪʘʣʘʥʪʪʘʨʳʥʳײץ שʧʠʷʩʳʥ ʟʝʨʪʪʝʫʜʝʥ, ʙʘʩץʘ ʘʜʘʤʜʘʨסʘ ʦʡʣʘʫ ʤʝʥ 

ʤʽʥʝʟ-ײץʣʳץʪʳש ʝש ʳץʧʘʣʜʳ ʩʪʨʘʪʝʛʠʷʣʘʨʳʥ ʙʝʨʫ װʰʽʥ ʘʨʥʘʡʳ ײץʨʘʣʜʘʨʜʳ ʦʡʣʘʧ ʪʘʙʫʜʘʥ 

ʙʘʩʪʘʣסʘʥ. ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʞʘץʪʘʫʰʳʣʘʨʜʳש 

ʢᴇʟץʘʨʘʩʪʘʨʳ ʥʝʛʝ ʪײʞʳʨʳʤʜʘʣסʘʥ? ɹײʣ ʥʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʘʪʘʫʳʥʘʥ, 

ʦʥʜʘ װʰ ʙᴇʣʽʢ ʙʘʨʳ ʰʳסʘʜʳ. ʆʣʘʨʜʳש ʙʽʨʽʥʰʽʩʽ ï ʪʽʣʜʽ ץʦʣʜʘʥʫʜʳש ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʢᴇʟץʘʨʘʩʪʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. ɽʢʽʥʰʽʩʽ ï ʩᴇʟʜʽʢ ʤʘʤʘʥʜʳץʪʳש ᴇʟ ʪʽʣʜʽʢ ʞʘסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ. 

 ʳʥ ʨʝʪʪʝʫʜʝ ʘʜʘʤʜʘʨʜʳ ʟʝʨʪʪʝʫʜʝץʣײץ-ʤʽʥʝʟ שʰʽʥʰʽʩʽ ï ʩᴇʡʣʝʫ ʧʨʦʮʝʩʽʥʜʝ ʞᴅʥʝ ʦʣʘʨʜʳת

ᴅʩʝʨ ʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ʌʠʟʠʦʣʦʛʠʷʣʳץ ʢᴇʟץʘʨʘʩ. ʅʝʡʨʦ-ʬʠʟʠʦʣʦʛʠʷʣʳץ ʪײʨסʳʜʘʥ ʪװʩʽʥʽʢ ʙʝʨʛʝʥʜʝ, ᴅʨʙʽʨ 

ʘʜʘʤʥʳש ʘץʧʘʨʘʪʪʘʨʜʳ ץʘʙʳʣʜʘʫʳ ʞᴅʥʝ ʩʘץʪʘʫʳʥʜʘ çʨʝʧʨʝʟʝʥʪʘʮʠʷʣʳץ ʞװʡʝè ʜʝʧ ʘʪʘʣʘʪʳʥ 

ᴇʟʽʥʜʽʢ ʥʝʛʽʟʛʽ ʢʘʥʘʣʳ ʙʘʨ ʜʝʣʽʥʛʝʥ. ɸʜʘʤʜʘʨסʘ ʜᴅʣ ʦʩʳ ʙʘʩʪʘʧץʳ ʢʘʥʘʣʜʘʨ ʘʨץʳʣʳ 

ʘץʧʘʨʘʪʪʘʨʜʳש ʥʝʛʽʟʛʽ ʘסʳʥʳ ʪװʩʝʜʽ ʜʝʧ ʝʩʝʧʪʝʣʽʥʝʜʽ.  

ʈʝʧʨʝʟʝʥʪʘʮʠʷ ʙʽʟʜʽש ᴅʣʝʤʜʽ ץʘʣʘʡ ʙʝʡʥʝʣʝʡʪʽʥʽʤʽʟʜʽ ʞᴅʥʝ ʙʽʟʜʽש ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʤʽʟʜʽש 

 ʘ ʩᴅʡʢʝʩסʧʨʦʛʨʘʤʤʘʣʘʫ ץʣ ʥʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳײʪʘʡʜʳ. ɹץʡʳʤʜʘʩʪʳʨʳʣʘʪʳʥʳʥ ʘʥʳײ ʘʣʘʡץ

ʙʝʡʥʝʣʽʢ (ʚʠʟʫʘʣʜʳץ ʞװʡʝ), ʜʳʙʳʩʪʳץ (ʘʫʜʠʘʣʜʳץ ʞװʡʝ) ʞᴅʥʝ ʩʝʟʽʤʜʽʢ (ʢʠʥʝʩʪʝʪʠʢʘʣʳץ) 

ʪװʨʜʝ ʙʦʣʘʜʳ. 

ʉʦʥʳʤʝʥ ץʘʪʘʨ ʢʝʡʙʽʨ ʞײʤʳʩʪʘʨʜʘ ʘץʧʘʨʘʪʪʳ ʘʣʫʜʳש ʠʥʪʝʣʣʝʢʪ ʩʠʷץʪʳ ʞʦʣʳ 

ʨʘʮʠʦʥʘʣʜʳ ʥʝʤʝʩʝ ʜʠʛʠʪʘʣʜʳ ʞװʡʝʩʽ ʢᴇʨʩʝʪʽʣʛʝʥ. ɼʠʛʠʪʘʣʜʳ ʞװʡʝ ʘʜʘʤʥʳש ʣʦʛʠʢʘʩʳʥʘ 
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ʞᴅʥʝ ʦʡʣʘʫʳʥʘ ʙʘסʳʪʪʘʣסʘʥ. ɹʘʩץʘʰʘ ʘʡʪץʘʥʜʘ ʘʜʘʤʜʘʨʜʳ ʘץʧʘʨʘʪʪʳ ץʘʣʘʡ ץʘʙʳʣʜʘʡʪʳʥʳʥʘ 

ʙʘʡʣʘʥʳʩʪʳ 3 ʪʦʧץʘ ʞʽʢʪʝʫʛʝ ʙʦʣʘʜʳ. ʆʣʘʨ - ʘʫʜʠʘʣ, ʚʠʟʫʘʣ, ʢʠʥʝʩʪʝʪʠʢ. ɸʫʜʠʘʣʜʘʨ 

ʘץʧʘʨʘʪʪʳ ʝʩʪʫ ʤװʰʝʩʽ ʘʨץʳʣʳ ץʘʙʳʣʜʘʡʜʳ. ɹײʣ - ᴇʪʝ ʩʠʨʝʢ ʢʝʟʜʝʩʝʪʽʥ ʞʘʥʜʘʨ. ʆʣʘʨʜʳש 

ʝʩʪʝ ʩʘץʪʘʫ ץʘʙʽʣʝʪʽ ʤʝʥ ʝʩʪʫ ʤװʤʢʽʥʜʽʛʽ ᴇʪʝ ʞʘץʩʳ ʜʘʤʳסʘʥ. ɾᴅʥʝ ᴅשʛʽʤʝʣʝʩʫʰʽʩʽʤʝʥ 

ʤʽʥʜʝʪʪʽ ʪװʨʜʝ ʙʝʪʧʝ-ʙʝʪ ʞװʟʜʝʩʫʜʽ ץʘʞʝʪʩʽʥʙʝʡʜʽ. ʉᴇʡʣʝʛʝʥ ʩʘʡʳʥ ʞʘʜʳʨʘʡ ʪװʩʝʜʽ. ʉʽʟʜʽש 

ʘʡʪʳʧ ʙʝʨʛʝʥʽשʽʟʜʽ ʩᴇʟʙʝ ʩᴇʟ ץʘʡʪʘʣʘʧ ʙʝʨʫ ʤװʤʢʽʥʜʽʛʽ ʜʝ ʙʘʨ. ɺʠʟʫʘʣʜʘʨ ʘʡʥʘʣʘʩʳʥʜʘ ʞװʟʝʛʝ 

ʘʩʳʧ ʞʘʪץʘʥ ײץʙʳʣʳʩʪʘʨסʘ ʪʝʨʝשװ שʽʣʽʧ, ʘץʧʘʨʘʪʪʳ ʢᴇʟʜʝʨʽ ʘʨץʳʣʳ ץʘʙʳʣʜʘʡʜʳ. ʆʣʘʨ ʢᴇʟ 

ʘʣʜʳʥʘ ʢʘʨʪʠʥʘʥʳ ʝʣʝʩʪʝʪʽʧ, ʦʥʳ ʩʠʧʘʪʪʘʧ ʙʝʨʝ ʘʣʘʜʳ. ᴄשʛʽʤʝʥʽ ʜʝ ʞʘץʩʳ ʘʡʪʘʜʳ. ɺʠʟʫʘʣʜʳ 

ʞװʡʝʥʽש ʘʨץʘʩʳʥʜʘ ʰʝʢʩʽʟ ʘʨʤʘʥʜʘʧ, ʞʘשʘ ʜװʥʠʝʣʝʨʜʽ ʦʡʣʘʧ ʪʘʙʫסʘ ʙʦʣʘʜʳ. ʆʣʘʨ ʙʘʨʣʳסʳʥ 

ʜʘ ᴇʪʝ ʞʘץʩʳ ײʡʳʤʜʘʩʪʳʨʘʜʳ. פʳʟʤʝʪʢʝʨʣʝʨ ʘʨʘʩʳʥʜʘ ʞײʤʳʩʪʳ ʪʝשʜʝʡ ʙᴇʣʝʜʽ. ɺʠʟʫʘʣʜʘʨסʘ 

ʙʽʨ ʥᴅʨʩʝʥʽ ʪװʩʽʥʜʽʨʫ װʰʽʥ ʩʫʨʝʪ, ʛʨʘʬʠʢʘ, ʢʝʩʪʝ ײʩʳʥסʘʥ ʘʙʟʘʣ. ʆʩʳʣʘʡʰʘ ʘץʧʘʨʘʪʪʳ 

ʞʳʣʜʘʤ ᴅʨʽ ʞʘץʩʳ ʪװʩʽʥʝʜʽ. ʆʣʘʨ ʘʨʘ-ץʘʰʳץʪʳץ ʧʝʥ ʟʘʪʪʳץ שʘʡ ʞʝʨʜʝ ʪײʨסʘʥʳʥ ץʦʣʳ 

ʘʨץʳʣʳ ʢᴇʨʩʝʪʝʜʽ. ʂʠʥʝʩʪʝʪʠʢʪʝʨ ץʦʨʰʘסʘʥ ʦʨʪʘʥʳ ʝʨʝʢʰʝ ʩʝʟʽʥʽʧ, ʘץʧʘʨʘʪʪʳ ץʠʤʳʣ-

 .ʳʪʪʘ ʩʝʟʽʤʽʥ ʞʘʩʳʨʘ ʘʣʤʘʡʜʳץʘʙʳʣʜʘʡʜʳ. ʆʣʘʨ ʝʰ ʫʘץ ʳʣʳץʪʘʫ ʘʨץʰʘײץ ,ʘʣʳʩסʦʟץ

 ʡʝʥʝ ʦʪʳʨʳʧװʘ ʞʘʫʘʧ ʙʝʨʝʜʽ. ʐʝʰʽʤʜʽ ʩʝʟʽʤʜʝʨʽʥʝ ʩץʩײʘ ʜʘ, ʥץʳʩץ ʘץץʨʘײʘʥ ʩסʦʡʳʣפ

 .ʘʙʳʣʜʘʡʜʳץ

ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫʜʳש ʪʽʣʜʽʢ ʘʩʧʝʢʪʽʩʽ (ʢᴇʟץʘʨʘʩʳ).  ʅʝʡʨʦ-

ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫʜʘ ץʘʙʳʣʜʘʫʜʘסʳ ʙʘʩʳʤ ʙʦʣʳʧ ʢʝʣʝʪʽʥ ʢʘʥʘʣʜʳ ʘʥʳץʪʘʫʜʳש 

ʙʽʨ ʪᴅʩʽʣʽ ʘʜʘʤʜʘʨʜʳש ʣʝʢʩʠʢʘʥʳ ץʦʣʜʘʥʫʣʘʨʳʥʳש ʩʘʨʘʧʪʘʤʘʩʳ. ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ 

ʧʨʦʛʨʘʤʤʘʣʘʫʜʳש ʥʝʛʽʟʛʽ ʤᴅʥʽ: ʘʜʘʤʜʘʨʜʳש ʠʥʬʦʨʤʘʮʠʷʥʳ ץʘʙʳʣʜʘʫʳ, ʩʘץʪʘʫʳ, ʩʘʨʘʧʪʘʫʳ 

(ʪʘʣʜʘʫʳ) ʥʝʛʽʟʽʥʜʝʛʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʪʽʢ ʞװʡʝ ʞᴅʥʝ ʤʝʪʘʧʨʦʛʨʘʤʤʘʣʘʨ, ʩʦʣ ʩʠʷץʪʳ ʤʠʜʳש ʦש 

ʞᴅʥʝ ʩʦʣ ʞʘץ ʞʘʨʪʳ ʙᴇʣʽʤʽʥʝ ʩᴅʡʢʝʩ ʦʡʣʘʫʜʳש ᴅʨʪװʨʣʽ ʩʪʠʣʽ. çʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ 

ʧʨʦʛʨʘʤʤʘʣʘʫ (ʅʃʇ)è ʘʪʘʫʳʥʜʘסʳ çʅʝʡʨʦ (ʞװʡʢʝʣʽʢ)è ʙᴇʣʽʛʽ ʘʜʘʤ ʪᴅʞʽʨʠʙʝʩʽʥ ʩʠʧʘʪʪʘʧ 

ʞʘʟʫ װʰʽʥ çʤʠ ʪʽʣʜʝʨʽʥè ʙʽʣʫ ʞᴅʥʝ ʪװʩʽʥʫ ʢʝʨʝʢʪʽʛʽʥ, ʷסʥʠ ʘץʧʘʨʘʪʪʳש ʩʘץʪʘʣʫʳʥʘ, ᴇשʜʝʣʫʽʥʝ 

ʞᴅʥʝ ʙʝʨʽʣʫʽʥʝ ʞʘʫʘʧʪʳ ʥʝʡʨʦʣʦʛʠʷʣʳץ ʧʨʦʮʝʩʪʝʨ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ɸʣ, çʃʠʥʛʚʠʩʪʠʢʘʣʳץ 

(ʪʽʣʜʽʢ)è ʙᴇʣʽʛʽ ʦʡʣʘʫ ʞᴅʥʝ ʤʽʥʝʟ-ײץʣʳץ ʤʝʭʘʥʠʟʤʜʝʨʽ, ʩʦʥʜʘʡ-ʘץ ץʘʨʳʤ-ץʘʪʳʥʘʩʪʳ 

(ʢʦʤʤʫʥʠʢʘʮʠʷʥʳ) ײʡʳʤʜʘʩʪʳʨʫ ʧʨʦʮʝʩʩʪʝʨʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ʩʠʧʘʪʪʘʫʜʘסʳ ʪʽʣʜʽש 

ʤʘשʳʟʳʥ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ. ʉʦʥʳʤʝʥ ץʘʪʘʨ çʇʨʦʛʨʘʤʤʘʣʘʫè ʦʡʣʘʫ ʤʝʥ ʤʽʥʝʟ-ײץʣʳץʪʳץ 

ʧʨʦʮʝʩʩʪʝʨʜʽש ʞװʡʝʣʽʣʽʛʽʥ ʘʥʳץʪʘʡʜʳ: çʧʨʦʛʨʘʤʤʘè ʛʨʝʢ ʪʽʣʽʥʝʥ ʘʫʜʘʨסʘʥʜʘ çץʘʥʜʘʡ ʜʘ ʙʽʨ 

ʥᴅʪʠʞʝʛʝ ʞʝʪʫʛʝ ʙʘסʳʪʪʘʣסʘʥ ץʘʜʘʤʜʘʨʜʳש ʤװʣʪʽʢʩʽʟ ʨʝʪʪʽʣʽʛʽè ʜʝʛʝʥʜʽ ʙʽʣʜʽʨʝʜʽ. 

ʉʦסשʳ ʧʩʠʭʦʣʦʛʠʷʣʳץ ʟʝʨʪʪʝʫʣʝʨʛʝ ʩᴅʡʢʝʩ, ʤʠʜʳש ʩʦʣ ʞʘץ ʙᴇʣʽʛʽ ʩᴇʡʣʝʫ, ʦʡʣʘʫ, ʘʥʘʣʠʟ, 

ʙʝʣʛʽʣʽʢ ʘץʧʘʨʘʪʪʳש ᴇשʜʝʣʫʽʥʝ ʞʘʫʘʧ ʙʝʨʝʜʽ. ʆש ʞʘץ ʙᴇʣʽʛʽ ʠʥʪʫʠʮʠʷסʘ, ʩʠʥʪʝʟʛʝ, ʝʣʝʩʪʝʪʫʛʝ, 

ʩʝʟʽʤ ʤʝʥ ʢᴇשʽʣ-ʢװʡʛʝ ʞᴅʥʝ ʪװʨʣʽ ʘץʧʘʨʘʪʪʳ ᴇשʜʝʫʛʝ ʞʘʫʘʧ ʙʝʨʝʜʽ. ʅʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ 

ʧʨʦʛʨʘʤʤʘʣʘʫ ᴇʤʽʨʜʝʛʽ ʢʝʟʜʝʡʩʦץ ʞʘסʜʘʡʜʘʥ ʪʫʳʥʜʘʡʪʳʥ ʰʳסʘʨʤʘʰʳʣʳץ ʦʡʣʘʫ ץʘʙʽʣʝʪʽʥ, 

ʦץʳʪʫ ʩʘʣʘʩʳʥʜʘ ʪʠʽʤʜʽ ץʦʣʜʘʥʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ʤʝʥ ʪʘʥʳʤʜʳץ ʧʨʦʮʝʩʪʽ 

ʘʰʘʜʳ. ʆץʫ ʧʨʦʮʝʩʽʥʜʝʛʽ ʦץʳʪʫʰʳʥʳש ʥʝʛʽʟʛʽ ʤʽʥʜʝʪʽ ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʞʝשʽʣ 

ᴅʨʽ ʙʝʨʽʢ ʠʛʝʨʪʫʽ. ɸʣ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʦץʫʰʳʣʘʨʜʳש, ʩʪʫʜʝʥʪʪʝʨʜʽש ʙʽʨʽʥʝ ʪװʩʽʥʽʢʪʽ 

ʙʦʣסʘʥʳʤʝʥ, ʝʢʽʥʰʽʩʽʥʝ ʪװʩʽʥʫʛʝ ץʠʳʥʜʳץ ʪʫʜʳʨʫʳ ʤװʤʢʽʥ. ʉʦʥʜʳץʪʘʥ, ʦץʳʪʫʰʳ 

ʦץʫʰʳʣʘʨʜʳש ʞʝʢʝ ʜʘʨʘ ʝʨʝʢʰʝʣʽʛʽʥ ʝʩʢʝʨʽʧ, ʩʦסʘʥ ʙʝʡʽʤʜʝʣʫʽ ʢʝʨʝʢ. ʆʩʳ ʙʘסʳʪʪʘ ʞײʤʳʩ 

ʞʘʩʘʫ װʰʽʥ ʥʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʫ 

ʤװʤʢʽʥʰʽʣʽʛʽ ʙʘʨ.  

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʤסײʘʣʽʤʥʽש ʢᴅʩʽʧʪʽʢ ʜʝשʛʝʡʽ ʤʝʥ ʦץʫʰʳʣʘʨʜʳץ שʳʟʳסʫʰʳʣʳסʳʥ 

ʘʨʪʪʳʨʫʜʘ ʙʽʨʜʝʥ-ʙʽʨ ײץʨʘʣ ï ʢʦʤʧʴʶʪʝʨ. ʆץʫ װʨʜʽʩʽʥʜʝ ʢʦʤʧʴʶʪʝʨ ʦץʳʧ-װʡʨʝʥʫ ʥʳʩʘʥʳ 

ʨʝʪʽʥʜʝ, ʩʦʥʳʤʝʥ ʙʽʨʛʝ ʦץʳʪʫ, ʪᴅʨʙʠʝʣʝʫ, ʜʘʤʳʪʫ ʤʝʥ ʦץʳʪʫʜʳש ʤʘʟʤײʥʳʥ ʤʝשʛʝʨʫʜʽ 

ʜʠʘʛʥʦʩʪʠʢʘʣʘʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ᴅʨʝʢʝʪ ʝʪʩʝ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ʦץʫʰʳʥʳש ʥʝʛʽʟʛʽ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʪʽ ʞװʡʝʩʽ ʝʩʢʝʨʽʧ ʪʘʧʩʳʨʤʘʣʘʨ ʙʝʨʫʜʝ ʪʘʧʪʳʨʤʘʩ ײץʥʜʳ ײץʨʘʣ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʄʳʩʘʣʳ, ʘʫʜʠʘʣ ʪʠʧʪʽ ʦץʫʰʳ װʰʽʥ ʚʠʜʝʦʣʝʢʮʠʷʥʳ ʪʳשʜʘʫ, ʚʠʟʫʘʣ ʪʠʧʪʽ ʦץʫʰʳ 

 ʥʝʛʽʟʛʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʪʽ שʫʰʳʥʳץʨʣʽ ʛʨʘʬʠʢʘʣʘʨ ʤʝʥ ʚʠʜʝʦʣʘʨʜʳ ʢᴇʨʽʧ ʙʽʣʽʤ ʘʣʫ. ʆװʰʽʥ ʪװ

ʞװʡʝʩʽʥʝ ʤᴅʥ ʙʝʨʝ ʦʪʳʨʳʧ ʵʣʝʢʪʨʦʥʜʳ ʦץʫʣʳץ, ʘʨʥʘʡʳ ʙʽʣʽʤ ʙʝʨʫ ʧʦʨʪʘʣʜʘʨʳʥ, 

ʚʠʜʝʦʣʝʢʮʠʷʣʘʨʜʳ ʦץʫ װʨʜʽʩʽʥʜʝ ץʦʣʜʘʥʫʜʳש ʞʝʪʽʩʪʽʢʪʝʨʽ ʤʳʥʘʣʘʨ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ: 

- ʰסײʳʣ ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

- ʜᴅʩʪװʨʣʽ ʦץʫʣʳץʪʘ ʢᴇʧ ʽʟʜʝʫʜʽ ץʘʞʝʪ ʝʪʝʪʽʥ ʪʠʽʩʪʽ ʘץʧʘʨʘʪʪʳ ʪʝʟ ʪʘʙʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ; 
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- ʛʠʧʝʨʤᴅʪʽʥʜʽ ʪװʩʽʥʜʽʨʤʝʣʝʨʜʽ ʙʽʨʥʝʰʝ ʨʝʪ ץʘʨʘʧ ʰʳסʫ ʙʘʨʳʩʳʥʜʘ ʫʘץʳʪʪʳ ʘʥʘײסʨʣʳʤ 

 ;ʤʢʽʥʜʽʢ ʙʝʨʝʜʽװʥʝʤʜʝʫʛʝ ʤװ

-ʛʽʤʝʣʝʡʜʽ, ʞʦʙʘʣʘʡʜʳ, ʪ.ʩ.ʩ. (ʤʫʣʴʪʠʤʝʜʠʘשʘʪʘʨ ʢᴇʨʩʝʪʝʜʽ, ᴅץ ʘ ʤᴅʪʽʥʜʝʨʤʝʥץʳʩץ -

ʪʝʭʥʦʣʦʛʠʷʥʳש ʤװʤʢʽʥʜʽʛʽ ʤʝʥ ʘʨʪʳץʰʳʣʳסʳ ʪʫʨʘ ʦʩʳ ʞʝʨʜʝ ʢᴇʨʽʥʝʜʽ); 

- ᴅʨʙʽʨ ʦץʫʰʳסʘ ʜʝʨʙʝʩʪʽʢ ʪײʨסʳʜʘʥ ץʘʪʳʥʘʩ ʞʘʩʘʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʽʧ, ʦʣʘʨʜʳש ᴇʟ 

ʙʝʪʽʥʰʝ ʙʽʣʽʤ ʘʣʫʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʝʜʽ; 

- ʙʝʣʛʽʣʽ ʙʽʨ ʙᴇʣʽʤ ʙʦʡʳʥʰʘ ʙʽʣʽʤʜʽ ʪʝʢʩʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʪʫʘʜʳ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥסʘ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʦץʫʰʳʣʘʨʜʳש ʞʝʢʝ ʜʘʨʘ ʝʨʝʢʰʝʣʽʛʽʥ ʝʩʢʝʨʽʧ 

ʦʪʨrʘ ʦץʫ ʧʨʦʮʝʩʽʥ ʪʠʽʤʜʽ ᴇʪʢʽʟʽʧ ʩʘʧʘʣʳ ʙʽʣʽʤ ʙʝʨʫ װʰʽʥ ʢʝʣʝʩʽ ץʘʜʘʤʜʘʨʜʳ ʦʨʳʥʜʘʫ ץʘʞʝʪ:  

- ʦץʫʰʳʥʳש ʥʝʛʽʟʛʽ ʨʝʧʨʝʟʝʥʪʘʪʠʚʪʽ ʞװʡʝʩʽʥ ʘʥʳץʪʘʫ; 

- ʦץʫʰʳʥʳש ʜʘʨʘ ʝʨʝʢʰʝʣʽʛʽʥ ʝʩʢʝʨʽʧ ʪʘʧʩʳʨʤʘʣʘʨ ʙʝʨʫ, ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʘץʧʘʨʘʪʪʳץ-

ʢʦʤʤʫʥʠʢʘʪʠʚʪʽ ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ʙʘʡʣʘʥʳʩʳʥ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

- ʦץʫʰʳʥʳש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʤʝשʛʝʨʫ ʜʝשʛʝʡʽʥ ʙʘץʳʣʘʫ ʞᴅʥʝ ʥᴅʪʠʞʝʥʽ ʦץʫʰʳʤʝʥ ʙʽʨʛʝ 

ʪʘʣʜʘʫ; 

-  ʦץʫʰʳʥʳץ שʘʙʳʣʜʘʫ ʞᴅʥʝ ʘץʧʘʨʘʪ ᴇשʜʝʫ ʢʘʥʘʣʜʘʨʳʥʳש ʙᴅʨʽʥʝ ץʦʩʳʤʰʘ 

ʪʘʧʩʳʨʤʘʣʘʨ ʙʝʨʫ ʘʨץʳʣʳ ᴅʩʝʨ ʝʪʫ. 

 ʡʳʤʜʘʩʪʳʨʳʧײ ʫ ʧʨʦʮʝʩʽʥ ʪʠʽʤʜʽץʳʪʫʜʘ ʦץʘʥʜʘ ʤʘʪʝʤʘʪʠʢʘ ʧᴅʥʽʥ ʦץʦʨʳʪʘ ʘʡʪפ

ʤʝשʛʝʨʪʫ װʰʽʥ ʥʝʡʨʦ-ʣʠʥʛʚʠʩʪʠʢʘʣʳץ ʧʨʦʛʨʘʤʤʘʣʘʫ ʪʝʭʥʦʣʦʛʠʷʩʳʥ  ץʘʟʽʨʛʽ ʘץʧʘʨʘʪʪʳץ-

ʪʝʭʥʦʣʦʛʠʷʣʘʨʤʝʥ ץʘʪʘʨ ץʦʣʜʘʥʫ ʙʽʣʽʤ ʙʝʨʫ ʩʘʧʘʩʳʥ ʢᴇʪʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  
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ɸʭʤʝʪʦʚʘ ɸ.ʋ., ʂʝʤʘʣʘʜʠʥʦʚʘ ʋ.ʋ., ʂʦʢʦʪʦʚʘ ɽ.ɺ.   

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ,  

ʛ. ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʦʙʣʝʤʳ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʩʪʫʜʝʥʪʘʤ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʢʘ, ʪʠʧʦʚʦʡ ʫʯʝʙʥʳʡ ʧʣʘʥ, ʠʥʞʝʥʝʨʥʳʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

 

ʆʙʱʝʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʪʝʭʥʠʯʝʩʢʠʭ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʧʝʨʚʳʭ ï ʚʪʦʨʳʭ ʢʫʨʩʦʚ 

ʜʠʩʮʠʧʣʠʥʘ çʄʘʪʝʤʘʪʠʢʘè ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʜʣʷ ʫʩʚʦʝʥʠʷ. ɺ ʩʦʚʨʝʤʝʥʥʳʭ ʩʪʘʥʜʘʨʪʘʭ 

ʦʙʨʘʟʦʚʘʥʠʷ ʯʘʩʳ, ʦʪʚʦʜʠʤʳʝ ʥʘ ʠʟʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʫʤʝʥʴʰʠʣʠʩʴ ʥʘ ʥʝʢʦʪʦʨʳʭ 

ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʚ ʯʝʪʳʨʝ ʨʘʟʘ, ʫ ʦʪʜʝʣʴʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ ʚ ʪʨʠ ʨʘʟʘ! ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʨʠ ʵʪʦʤ ʥʝ ʩʦʢʨʘʪʠʣʦʩʴ, ʧʨʠʭʦʜʠʪʩʷ ʫʤʝʱʘʪʴ ʚ ʥʝʙʦʣʴʰʦʡ ʦʙʲʝʤ 

ʯʘʩʦʚ ʦʛʨʦʤʥʳʡ ʤʘʪʝʨʠʘʣ.  

ʈʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʢʠ, ʢʦʪʦʨr ʝ ʬʦʨʤʠʨʦʚʘʣʠʩʴ ʩʪʦʣʝʪʠʷʤʠ, ʩʪʫʜʝʥʪʳ ʚʳʥʫʞʜʝʥʳ 

çʦʩʚʘʠʚʘʪʴè ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ʅʘ ʥʝʢʦʪʦʨʳʭ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʷʭ ʚʩʝ 

ʨʘʟʜʝʣʳ ʤʘʪʝʤʘʪʠʢʠ çʚʪʠʩʢʠʚʘʶʪè ʚ ʩʦʜʝʨʞʘʥʠʝ ʦʜʥʦʛʦ ʩʝʤʝʩʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʤʘʪʝʤʘʪʠʢʘ 

ʷʚʣʷʝʪʩʷ ʘʙʩʪʨʘʢʪʥʦʡ ʥʘʫʢʦʡ, ʤʥʦʛʠʝ ʥʝ ʧʦʥʠʤʘʶʪ ʩʦ ʰʢʦʣʴʥʦʛʦ ʢʫʨʩʘ, ʘ ʚ ʚʫʟʝ 

ʥʝʧʦʥʠʤʘʥʠʝ ʠ çʦʪʪʦʨʛʘʥʠʝè ʤʘʪʝʤʘʪʠʢʠ  ʨʘʩʪʝʪ ʩ ʢʘʞʜʳʤ ʜʥʝʤ. 
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ʆʩʪʘʥʦʚʠʤʩʷ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʥʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 5ɺ072900 ï ʉʪʨʦʠʪʝʣʴʩʪʚʦ. ʉʦʛʣʘʩʥʦ 

ʊʠʧʦʚʦʤʫ ʫʯʝʙʥʦʤʫ ʧʣʘʥʫ (ʇʨʠʣʦʞʝʥʠʝ 119 ʢ ʧʨʠʢʘʟʫ ʠʩʧʦʣʥʷʶʱʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ 

ʄʠʥʠʩʪʨʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 16 ʘʚʛʫʩʪʘ 2013 ʛʦʜʘ ˉ 343) 

ʠʟʫʯʘʝʪʩʷ ʙʘʟʦʚʘʷ ʜʠʩʮʠʧʣʠʥʘ ʦʙʷʟʘʪʝʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ çʄʘʪʝʤʘʪʠʢʘ 1è, ʦʜʥʘʢʦ  

ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʜʦʣʞʝʥʠʷ ʚ ʚʠʜʝ çʄʘʪʝʤʘʪʠʢʘ 2è ʥʝʪ. ʆʪʤʝʪʠʤ, ʯʪʦ ʥʘ ʜʠʩʮʠʧʣʠʥʫ 

ʦʪʚʦʜʠʪʩʷ ʚʩʝʛʦ 3 ʢʨʝʜʠʪʘ, ʪ.ʝ. 30 ʯ ʣʝʢʮʠʡ ʠ 15 ʯʘʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʥʷʪʠʡ. ʇʨʠ ʵʪʦʤ 

ʠʟʫʯʝʥʠʝ ʤʘʪʝʤʘʪʠʢʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʪʝʤʦʡ çʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʛʨʘʣè ʜʣʷ ʬʫʥʢʮʠʠ ʦʜʥʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. ɻʜʝ ʬʫʥʢʮʠʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʝ ʠ ʠʥʪʝʛʨʘʣʴʥʦʝ 

ʠʩʯʠʩʣʝʥʠʷ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ, ʪʝʦʨʠʷ ʚʝʨʦʷʪʥʦʩʪʝʡ ʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʩʪʘʪʠʩʪʠʢʘ? ɹʫʜʫʱʠʡ ʩʪʨʦʠʪʝʣʴ ʜʦʣʞʝʥ ʟʥʘʪʴ ʤʘʪʝʤʘʪʠʢʫ ʥʝ ʪʦʣʴʢʦ ʥʘ 

ʫʨʦʚʥʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʠ ʚʚʝʜʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ!   

ʇʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʥʳʥʝʰʥʝʝ ʧʦʣʦʞʝʥʠʝ ʧʨʝʧʦʜʘʚʘʥʠʷ ʤʘʪʝʤʘʪʠʢʠ ʥʘ ʪʝʭʥʠʯʝʩʢʦʤ 

ʬʘʢʫʣʴʪʝʪʝ ʥʫʞʜʘʝʪʩʷ ʚ ʥʝʟʘʤʝʜʣʠʪʝʣʴʥʦʤ ʦʙʩʫʞʜʝʥʠʠ. ʉʣʝʜʫʝʪ ʧʝʨʝʩʤʦʪʨʝʪʴ ʪʠʧʦʚʳʝ 

ʧʣʘʥʳ ʠʥʞʝʥʝʨʥʳʭ ʩʧʝʮʠʘʣʴʥʦʩʪʝʡ, ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʩʦʜʝʨʞʘʥʠʝ ʪʠʧʦʚʳʭ ʧʨʦʛʨʘʤʤ, 

ʦʧʨʝʜʝʣʠʪʴ ʧʝʨʝʯʝʥʴ ʚʘʞʥʝʡʰʠʭ ʧʦʥʷʪʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʩʪʫʜʝʥʪʘʤ ʢʘʞʜʦʡ ʠʥʞʝʥʝʨʥʦʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʫʩʚʦʝʥʠʷ ʩʧʝʮʠʘʣʴʥʳʭ ʜʠʩʮʠʧʣʠʥ. ʇʨʠ ʩʦʩʪʘʚʣʝʥʠʠ 

ʪʠʧʦʚʳʭ ʧʨʦʛʨʘʤʤ ʧʦ ʤʘʪʝʤʘʪʠʢʝ ʧʨʝʜʣʘʛʘʝʤ ʚ ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʚʢʣʶʯʘʪʴ ʩʧʝʮʠʘʣʠʩʪʦʚ 

ʧʦ ʢʘʞʜʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. ʊʠʧʦʚʦʡ ʫʯʝʙʥʳʡ ʧʣʘʥ (ʇʨʠʣʦʞʝʥʠʝ 119 ʢ ʧʨʠʢʘʟʫ ʠʩʧʦʣʥʷʶʱʝʛʦ ʦʙʷʟʘʥʥʦʩʪʠ ʄʠʥʠʩʪʨʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʪ 16 ʘʚʛʫʩʪʘ 2013 ʛʦʜʘ ˉ 343). 

 

 

ʇʀʌɸɻʆʈ ʊɽʆʈɽʄɸʉʓʅʓר  ɼᴄʃɽʃɼɽʄɽʃɽʈɯʅ ʆפʓʊʋ ᴄɼɯʉʊɽʄɽʉɯ 

 

ɹʘʝʰʝʚʘ ʂ.ʉ., ʉʘʨʤʘʥ ɸ.ɼ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ. ʄʘץʘʣʘʜʘ ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥʳש ʙʽʨʥʝʰʝ ʜᴅʣʝʣʜʝʤʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ. ɽʚʢʣʠʜ, ɹʭʘʩʢʘʨʘ, 

ɸ.ʖ. ɼʘʚʠʜʦʚʪʳש ʝשʙʝʢʪʝʨʽʥʜʝ ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥʳש ʜᴅʣʝʣʜʝʤʝʣʝʨʽ ʢʝʣʪʽʨʽʣʛʝʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʞʘʥʘʤʘ ʤʝʥ 

 .ʠʶʰʳ ʪʫʨʘʣʳ ʪʝʦʨʝʤʘ ʙʦʡʳʥʰʘ ʜʘ ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʪʳʥʳ ʢᴇʨʩʝʪʽʣʛʝʥץ

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʛʠʧʦʪʝʥʫʟʘ, ʢʘʪʝʪ, ʪʝʦʨʝʤʘ, ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰ. 

 

 ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳ - ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰʪʳץ שʘʙʳʨסʘʣʘʨʳʥʳש ʘʨʘʩʳʥʜʘסʳ 

ʙʘʡʣʘʥʳʩʪʳ ʪײʞʳʨʳʤʜʘʡʪʳʥ ʛʝʦʤʝʪʨʠʷ ʪʝʦʨʝʤʘʩʳ. ɸʣסʘʰʳʥʜʘ ʪʝʦʨʝʤʘ ʪʽʢ ʙײʨʳʰʪʳ 

 ʘʪʳʥʘʩʳʥץ שʘʥ ʢʚʘʜʨʘʪʪʘʨ ʘʫʜʘʥʜʘʨʳʥʳסʛʠʧʦʪʝʥʫʟʘʩʳ ʤʝʥ ʢʘʪʝʪʪʝʨʽʥʝ ʩʘʣʳʥ שʨʳʰʪʳײʰʙװ

ʪײʞʳʨʳʤʜʘסʘʥ: ʛʠʧʦʪʝʥʫʟʘסʘ ʪײʨסʳʟʳʣסʘʥ ʢʚʘʜʨʘʪ ʘʫʜʘʥʳ ʢʘʪʝʪʪʝʨʛʝ ʪײʨסʳʟʳʣסʘʥ 

ʢʚʘʜʨʘʪʪʘʨ ʘʫʜʘʥʜʘʨʳʥʳץ שʦʩʳʥʜʳʩʳʥʘ ʪʝש.  

 ʇʠʬʘʛʦʨ ʪʝʦʛʨʝʤʘʩʳ ץʳʩץʘʰʘ ʙʳʣʘʡ 

ʪײʞʳʨʳʤʜʘʣʘʜʳ: ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰʪʳש 

ʛʠʧʦʪʝʥʫʟʘʩʳʥʳש ʢʚʘʜʨʘʪʳ ʢʘʪʝʪʪʝʨʽ ʢʚʘʜʨʘʪʪʘʨʳʥʳש 

 .שʦʩʳʥʜʳʩʳʥʘ ʪʝץ

1) ɽʚʢʣʠʜ ʜᴅʣʝʣʜʝʤʝʩʽ. 

BACD  ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰʳʥʳש ʛʠʧʦʪʝʥʫʟʘʩʳ ʤʝʥ 

ʢʘʪʝʪʪʝʨʽʥʝʥ ʢʚʘʜʨʘʪʪʘʨ ʪײʨסʳʟʳʧ, ʛʠʧʦʪʝʥʫʟʘʜʘ 

ʪײʨסʳʟʳʣסʘʥ ʢʚʘʜʨʘʪ ʘʫʜʘʥʳ ʢʘʪʝʪʪʝʨʽʥʝ ʪײʨסʳʟʳʣסʘʥ 

ʢʚʘʜʨʘʪʪʘʨ ʘʫʜʘʥʜʘʨʳʥʳץ שʦʩʳʥʜʳʩʳʥʘ ʪʝש ʝʢʝʥʽʥ ʜᴅʣʝʣʜʝʫ 

  .ʘʞʝʪץ

ʗסʥʠ, cBCbACaAB === ,, , ɸɺ ʢʘʪʝʪʽʥʝʥ FBAH  

ʢʚʘʜʨʘʪʳ, aHFAHBAFB ==== , AC  ʢʘʪʝʪʽʥʝʥ 

GKCAʢʚʘʜʨʘʪʳ, bAGACKCGK ==== , BC  

ʛʠʧʦʪʝʥʫʟʘʜʘʥ BDEC ʢʚʘʜʨʘʪʳ, cCBECDEBD ====  
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ʘʣʳʥʘʜʳ. 
ɼᴅʣʝʣʜʝʫ: FBADBC Ï=Ï ,  

ABCFBAABCDBC Ï+Ï=Ï+Ï . 

ʆʩʳʜʘʥ FBCABD D=D  :ʰʽ ʙʝʣʛʽʩʽ ʙʦʡʳʥʰʘ-1 שʜʽʛʽʥʽשʨʳʰʪʘʨ ʪʝײʰʙװ)

)(,, FBCDBAcBDBCaFBAB Ï=Ï==== . 

ɸʣ, 
BDLJABD

SS
2

1
=

D
 , -BD ʦʨʪʘץ ʪʘʙʘʥ, -LD ʦʨʪʘץ ʙʠʽʢʪʽʢ. 

HFBAFBC
SS

2

1
=

D
 -FB ʦʨʪʘץ 

ʪʘʙʘʥ, -AB ʦʨʪʘץ ʙʠʽʢʪʽʢ. ʉʦʥʜʳץʪʘʥ HFBA ʢʚʘʜʨʘʪʳ ʤʝʥ BDLJ  ʪᴇʨʪʙײʨʳʰʳ ʪʝש ʰʘʤʘʣʘʩ 
2aS

HFBA
= . 

ʆʩʳ ʞʦʣʤʝʥ GKCA ʢʚʘʜʨʘʪʳ ʤʝʥ CELJ ʪᴇʨʪʙײʨʳʰʳʥʳש ʪʝש ʰʘʤʘʣʘʩ ʝʢʝʥʽ 

ʜᴅʣʝʣʜʝʥʝʜʽ: 
2bSGKCA=  

ɸʣ ʙײʜʘʥ, EDBCCELJBDLG SSS =+  ʥʝʤʝʩʝ EDBCGKCAHFBA SSS =+  ʥʝʤʝʩʝ  
222 cba =+  

ʰʳסʘʜʳ. 

 2) ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥʳש ʪʘסʳ ʙʽʨ ʢᴇʥʝ 

ʜᴅʣʝʣʜʝʤʝʣʝʨʽʥʽש ʙʽʨʽ ɹʭʘʩʢʘʨʘ ʝשʙʝʢʪʝʨʽʥʜʝ ʢᴇʨʩʝʪʽʣʛʝʥ. 

-ABDE ʢʚʘʜʨʘʪʳ ʙʝʨʽʣʩʽʥ.  

cAEDEBDAB ==== . 

-DABC ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰ 

bACaBCcAB === ,, . 

ʉʦʥʜʘ -D=D=D=D MAEDELBDKABC  
ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰʪʘʨ. ʉʦʜʘʥ 

baCKCMLMKL -==== . ɽʥʜʽ ʙʝʨʽʣʛʝʥ ʢʚʘʜʨʘʪʪʳש 

ʘʫʜʘʥʳʥ ʪʘʙʘʤʳʟ: 

KLMC
ABC

ABDE S
S

S +=
2

4
, 

.

,)(
2

4
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22

bac

ba
ab

c

+=

-+=
 

3) ɸ.ʖ. ɼʘʚʠʜʦʚʪʳש ʜᴅʣʝʣʜʝʤʝʩʽ. 

-DABC ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰ ʙʝʨʽʣʩʽʥ. ʄײʥʜʘ  

-CD ʙʠʽʢʪʽʢ ʙʦʣʩʳʥ. ʉʦʥʜʘ  

ACDD CABD ,  ʙײʜʘʥ 
AD

AC

AC

AB
=  

ʥʝʤʝʩʝ         

ADABAC Ö=2
.                              (1) 

ABCD DCBD , ʙײʜʘʥ  
BD

BC

BC

AB
=   ʥʝʤʝʩʝ 

ɺDABBC Ö=2
.                              (2) 

(1)  ʤʝʥ  (2)  ʪʝשʜʝʫʣʝʨʜʽ ץʦʩʘʡʳץ, ʩʦʥʜʘ:    

.

),(

,

222

22

22

ABBCAC

BDADABBCAC

ɺDABADABBCAC

=+

+=+

Ö+Ö=+

  

4) ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥʳש ʪʘסʳ ʙʽʨ ץʘʨʘʧʘʡʳʤ ʜᴅʣʝʣʜʝʤʝʩʽʥ 

ABCD- .ץʘʨʘʩʪʳʨʘʡʳץ  ʢʚʘʜʨʘʪ ʘʣʳʥʩʳʥ, ʘʣ 

baCDADBCAB +==== .  
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-ABCD ʢʚʘʜʨʘʪʳʥʘ ʽʰʪʝʡ -KLMN ʢʚʘʜʨʘʪʳ ʩʳʟʳʣסʘʥ ʞᴅʥʝ cKLMLNMKN ==== .  

-D=D=D=D DNMCMLBLKAKN ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰʪʘʨ. ɹײʜʘʥ 

KLMN
AKN

ABʉB S
S

S +=
2

4
, 

.

,
2

4
)(

222

22

bac

c
ab

ba

+=

+=+
 

5) ʉʦʥʳʤʝʥ ץʘʪʘʨ ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥ ʞʘʥʘʤʘ ʤʝʥ ץʠʶʰʳ ʪʫʨʘʣʳ ʪʝʦʨʝʤʘ 

ʙʦʡʳʥʰʘ ʜʘ ʜᴅʣʝʣʜʝʫʛʝ ʙʦʣʘʜʳ. 

ɽʛʝʨ ʜʝ BD  ʙʝʨשʠʶʰʳ ʰʝץ 

ʮʝʥʪʨʽʥʝʥ ᴇʪʩʝ ʞᴅʥʝ 

bAOcBOaBD === ,,  ʜʝʧ ʘʣʩʘץ, ʦʥʜʘ  

BCBDBA Ö=2
 

ʥʝʤʝʩʝ   

))((2 OCBOODBOBA -+=  

ʷסʥʠ 

))((2 bcbca +-=  

ʦʩʳʜʘʥ  
222222 , cbabʩa =+-= . 

6) ɽʥʜʽ ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥʳש ᴇʟʽʤʽʟ ʢʝʣʪʽʨʛʝʥ 

ʜᴅʣʝʣʜʝʤʝʩʽʥ ײʩʳʥʘʤʳʟ: 

-ABC ʪʝש ʙװʡʽʨʣʽ װʰʙײʨʳʰʳ ʙʝʨʽʣʩʽʥ 

., ahBDʩBCAB ====  

-ABC ʪʝש ʙװʡʽʨʣʽ װʰʙײʨʳʰ ʙʦʣסʘʥʜʳץʪʘʥ 

DCAD= . ɹײʣ װʰʙײʨʳʰʪʳש ʪʘʙʘʥʳʥʳש ʞʘʨʪʳʩʳ  -b  ʘס

ʪʝש ʙʦʣʩʳʥ, ʷסʥʠ bAC=
2

1
. ʉʦʥʜʘ            

bDCAD == . 

-ABC    ץʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ ʪʘʙʘʡʳ שʨʳʰʪʘʨ ʘʫʜʘʥʳʥʳײʰʙװ ʘʫʜʘʥʳʥ שʨʳʰʳʥʳײʰʙװ

baS
ABC

Ö= . 

ɸʣ ɻʝʨʦʥ ʬʦʨʤʫʣʘʩʳ ʙʦʡʳʥʰʘ     

))()(( cpbpappS ---= , 

ʤײʥʜʘסʳ bcp +=  ʜʝʩʝʢ,  

)()()( 2222 bcbbcbbcS -=-+= , 

.

),(
222222

22222

cbabca

bcbba

=+Ý-=

-=
 

ɽʥʜʝʰʝ -ABD ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰ, ʞᴅʥʝ ʦʣ ʪʽʢ ʙײʨʳʰʪʳ װʰʙײʨʳʰ ʙʦʣסʘʥʜʳץʪʘʥ 

ʇʠʬʘʛʦʨ ʪʝʦʨʝʤʘʩʳʥʳש ʰʘʨʪʳ ʦʨʳʥʜʘʣʘʜʳ. 
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ɹʘʭʳʪʦʚʘ ʈ.ʆ. 

ˉ6 ʦʨʪʘ ʤʝʢʪʝʙʽ, ʐʘʣץʘʨ ץʘʣʘʩʳ, פʘʟʘץʩʪʘʥ 

 

ʆץʫʰʳʣʘʨʜʳש ʧᴅʥʜʽ ʠʛʝʨʫʛʝ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳסʳʥ ʘʨʪʪʳʨʫ ᴅʨ ײʩʪʘʟʜʳש ʙʘʩʪʳ 

ʤʽʥʜʝʪʽ. ʆץʫ-ʪᴅʨʙʠʝ װʨʜʽʩʽʥʽש ʜײʨʳʩ ʞװʨʛʽʟʽʣʫʽʥʝ ʩʘʙʘץץʘ ʤסײʘʣʽʤʥʽש ᴅʨ-ʘʣʫʘʥ ʦץʳʪʫ ᴅʜʽʩ-

ʪᴅʩʽʣʜʝʨʽʥʽש ʪʠʽʤʜʽʩʽʥ ʦץʫʰʳʣʘʨʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʤʝʥ ʞʝʢʝ ʞʘסʜʘʡʣʘʨʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 

ʪʘשʜʘʧ ʘʣʫʳ ʢᴇʧ ᴅʩʝʨ ʝʪʝʜʽ. ʊʠʽʤʜʽ ʧʘʡʜʘʣʘʥʳʣסʘʥ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷ ʩʘʧʘʣʳ ʙʽʣʽʤ 

ʥʝʛʽʟʽ ʙʦʣʘ ʘʣʘʜʳ. ɾʘשʘ ʪʘʣʘʧʪʘʨסʘ ʩʘʡ ʢᴇʧʪʝʛʝʥ ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʙʘʨ.  

ʉʦʣʘʨʜʳש ʙʽʨʽ ï ʦץʳʪʫʜʳש çתʰᴇʣʰʝʤʜʽ ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝ (תᴄɾ)è ʧʝʜʘʛʦʛʠʢʘʣʳץ 

ʪʝʭʥʦʣʦʛʠʷʩʳ. ʆʥʳש ʙʘʩץʘ ʧʝʜʘʛʦʛʠʢʘʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘʥ ʘʡʨʳץʰʘ ʝʨʝʢʰʝʣʽʛʽ ï 

ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʥʽש ʙʘʨʣʳץ ʢʦʤʧʦʥʝʥʪʪʝʨʽʥʽש (ʤʘϨʩʘʪ, ʤʘʟʤϰʥ, ϸʜʽʩ-ʪϸʩʽʣʜʝʨ, ʬʦʨʤʘʩʳ ʤʝʥ 

ϨϰʨʘʣʜʘʨʳʥʳϬ) װʰᴇʣʰʝʤʜʽʣʽʛʽʥʜʝ. תʰᴇʣʰʝʤʜʽʢʪʽש ʤᴅʥʽ: ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʥʽש (ʷϤʥʠ, ʩʘʙʘϨ 

ʞʦʩʧʘʨʳʥʳϬ) ᴅʨ ʢʦʤʧʦʥʝʥʪʽʥʽװ שʰ ʜʝשʛʝʡʜʝ ʙʽʨ-ʙʽʨʽʤʝʥ ʠʝʨʘʨʭʠʷʣʳץ ʙʘʡʣʘʥʳʩʪʘ ʙʦʫʳʥʜʘ. 

ʉʦʥʳש ʽʰʽʥʜʝ ʙʽʨʽʥʰʽ ʢʝʟʝʢʪʝ, װʰ ʤʝשʛʝʨʫ ʜʝשʛʝʡʣʝʨʽʥʽש ʤʘϨʩʘʪʪʘʨʳ ʙʽʨʽʥʝʥ-ʙʽʨʽ 

ʪʫʳʥʜʘʡʜʳ ʞᴅʥʝ ʙʽʨʪʽʥʜʝʧ ʞʝʪʝʪʽʥ ʘʨʘʣʳץ ʥϸʪʠʞʝʣʝʨʽ ʙʦʣʞʘʤʜʳ ʪϮʨʜʝ (ʙʝʣʛʽʣʽ ʙʽʨ ʙʘʣʣ 

ʩʘʥʳʤʝʥ Ϻʣʰʝʥʝʪʽʥʜʝʡ ʝʪʽʣʽʧ) ʥʘץʪʳ ץʦʡʳʣʘʜʳ. ᴄʨʙʽʨ ʜʝשʛʝʡʜʽש ʤʘץʩʘʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ, 

ʙʽʨʽʥ-ʙʽʨʽ ʪʦʣʳץʪʳʨʘʪʳʥ, ʪʝʨʝשʜʝʪʝʪʽʥ ʞᴅʥʝ ʢװʨʜʝʣʝʥʜʽʨʽʧ ʦʪʳʨʘʪʳʥ ʜʝשʛʝʡʣʽʢ ʪʝʩʪ 

ʪʘʧʩʳʨʤʘʣʘʨ ʪʽʟʙʝʛʽ ʽʨʽʢʪʝʣʝʜʽ. 

 :ʫʰʳʣʘʨץʦʣʜʘʥʫ ʙʘʨʳʩʳʥʜʘ ʦץ ʨʜʽʩʽʥʜʝװ ʳʪʫץᴄɾ ʪʝʭʥʦʣʦʛʠʷʩʳʥ ʦת

ʘ) ʟʝʨʪʪʝʫʰʽʣʽʢ ϸʜʽʩ ʘʨϨʳʣʳ Ϻʟ ʙʝʪʽʤʝʥ ʙʽʣʽʤ ʘʣʫϤʘ ʜʘϤʜʳʣʘʥʘʜʳ; 

ϸ) ʤʽʥʜʝʪʪʽ ʪϮʨʜʝ ϸʨ ʪʘϨʳʨʳʧ ʙʦʡʳʥʰʘ ʙʘϤʘʣʘʥʘʜʳ. ʆʣ װʰʽʥ ʩʘʙʘץʪʳש ʩʦשʳʥʜʘ 

ʙʽʨʽʥ-ʙʽʨʽ ʪʦʣʳץʪʳʨʳʧ, ʪʝʨʝשʜʝʪʽʣʽʧ, ʢװʨʜʝʣʝʥʽʧ ʦʪʳʨʘʪʳʥ װʰ ʜʝשʛʝʡʣʽʢ ʪʝʩʪ ʪʘʧʩʳʨʤʘʣʘʨʳ 

ʦʨʳʥʜʘʣʘʜʳ. ʆʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘ ʦץʫʰʳ ץʘʙʽʣʝʪʽʥʝ ץʘʨʘʡ, ʦסʘʥ ʩᴅʡʢʝʩ ʙʘʣʣ ʞʠʥʘʡʜʳ. 

ɹʽʨʽʥʰʽ ʜʝשʛʝʡʜʽש ʙʘʨʣʳץ ʪʘʧʩʳʨʘʤʘʣʘʨʳ ʜײʨʳʩ ʦʨʳʥʜʘʣʩʘ 5 ʙʘʣʣ, ʝʢʽʥʰʽ ʜʝשʛʝʡ װʰʽʥ 4 

ʙʘʣʣ, װʰʽʥʰʽ ʜʝשʛʝʡ װʰʽʥ 3 ʙʘʣʣ ץʦʩʳʣʳʧ, ʙʘʨʣʳסʳ 12 ʙʘʣʣ ʞʠʥʘʩʘ, ʦʥʳש ʙʽʣʽʤ, ʙʽʣʽʢʴʽʣʽʢ 

ʜʝשʛʝʡʽ çʙʝʨʽʢè ʜʝʧ ʙʘסʘʣʘʥʘʜʳ ʞᴅʥʝ ʦʣ ʜᴅʩʪװʨʣʽ ʦץʳʪʫʜʘסʳ çʙʝʩʪʽʢè ʙʘסʘʩʳʥʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʄײʥʜʘʡ ᴅʨ ʦץʫʰʳʤʝʥ ᴅʨ ʧᴅʥʥʽש ʪʘץʳʨʳʙʳ ʙʦʡʳʥʰʘ ʢʝʨʽ ʙʘʡʣʘʥʳʩʪʳ ʤʽʥʜʝʪʪʽ ʪװʨʜʝ 

ʞװʨʛʽʟʽʧ, ʪʠʽʩʪʽ ʙʘסʘʩʳʥ ץʦʶ ï ʦץʳʪʫʜʳש çתʰᴇʣʰʝʤʜʽ ᴅʜʽʩʪʝʤʝʣʽʢ ʞװʡʝʩʽè ʪʝʭʥʦʣʦʛʠʷʩʳʥʳש 

ʘʡʨʳץʰʘ ʙʝʣʛʽʩʽ ʞᴅʥʝ ʙʘʩץʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʘʥ ʘʨʪʳץʰʳʣʳסʳ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʅᴅʪʠʞʝʩʽʥʜʝ: 

- ᴅʨ ʦץʫʰʳ  ʙʘʨʣʳץ ʧᴅʥʥʝʥ ʝʢʽʣʽʢʩʽʟ ʦץʫסʘ ʢʝʧʽʣʜʽʢ ʘʣʘʜʳ; 

- ʜʘʨʳʥʜʳ ʙʘʣʘ ʞʘʥ-ʞʘץʪʳ ʜʘʤʫסʘ ʤװʤʢʽʥʜʽʢ ʘʣʘʜʳ; 

- ʨʝʡʪʠʥʛ ʞװʡʝʩʽ ʙʦʡʳʥʰʘ çץʦʩʫè ᴅʜʽʩʽʤʝʥ ʙʘʣʣ ʞʠʥʘʫ ʘʨץʳʣʳ ʦץʫסʘ ʜʝʛʝʥ 

 ,ץᴄɾ ʪʝʭʥʦʣʛʠʷʩʳ ï ʜʝʥʩʘʫʣʳת .(ʘ ʢʚʘʣʠʤʝʪʨʠʷ ʥʝʛʽʟʽʥʜʝשʞʘ) ʳ ʘʨʪʘʜʳסʫʰʳʣʳסʳʟʳץ

ʧʩʠʭʠʢʘ ʩʘץʪʘʫʰʳ ʪʝʭʥʦʣʦʛʠʷʣʘʨ ץʘʪʘʨʳʥʘʥ ʪʘʙʳʣʘʜʳ. ɼᴅʩʪװʨʣʽ ʙʝʩ ʙʘʣʜʳץ ʙʘסʘʣʘʫ 

çʘʟʘʡʪʫè ʘʤʘʣʳʤʝʥ ʞװʨʛʽʟʽʣʝʜʽ. (çʙʝʩè ʘʣʘ ʘʣʤʘʩʘש) ï çʪᴇʨʪè ʥʝʤʝʩʝ çʦʜʘʥ ʜʘ ʪᴇʤʝʥ ʙʘסʘ 

 ʘ ʜʝʛʝʥ ʳʥʪʘʩʳʥ ʞʦʷʪʳʥסʫץʡʢʝʩʽʥ ʪʦʟʜʳʨʘʪʳʥ ʦװʞ שʫʰʳʣʘʨʜʳץʠʜʘʩʳʥʘ ʩᴅʡʢʝʩ), ʦסʘץ ʦʶèץ

çʞʘʟʘʣʘʫè ᴅʜʽʩʽʤʝʥ ʙʘסʘʣʘʥʘʜʳ; 

- ʪװʣʝʢʪʝʨ ʢᴅʩʽʙʠ ʙʘסʜʘʨʣʘʥʘʜʳ; 

- ᴇʤʽʨ ʙʦʡʳ ᴇʟʽʥʝ ץʘʞʝʪʪʽ ʙʽʣʽʤ ʘʣʘ ʘʣʘʪʳʥ ײץʟʳʨʝʪʪʽ ʪײʣסʘ ץʘʣʳʧʪʘʩʘʜʳ. 

ʄʝʥ  ʩʽʟʜʝʨʛʝ ʙʽʨ ʩʘʙʘץʪʳש ʪʘץʳʨʳʧʪʳץ ʞʦʩʧʘʨʳʥ, ʪʘʧʩʳʨʤʘʣʘʨ װʣʛʽʩʽʥ (ʞײʤʳʩ 

ʜᴅʧʪʝʨʽʥʽש ʤסײʘʣʽʤʛʝ ʘʨʥʘʣסʘʥ ʢʽʣʪʽ ʥײʩץʘʩʳʥ), ײʩʳʥסʘʣʳ ʦʪʳʨʤʳʥ. ױʩʳʥʳʣʳʧ ʦʪʳʨסʘʥ ʢʽʣʪ 

ʥײʩץʘʩʳ ʥʝʛʽʟʽʥʜʝ ʦץʫʰʳסʘ ʘʨʥʘʣסʘʥ ʞײʤʳʩ ʜᴅʧʪʝʨʽ ʜʘʡʳʥʜʘʣʘʜʳ.   

 ɯ ʢʝʟʝש. çʂᴇʧʽʨè ʪʘʧʩʳʨʤʘʣʘʨʳ (ʙײʣʘʨ ᴇʪʽʧ ʢʝʪʢʝʥ ʪʘץʳʨʳʧʪʘʨʜʘʥ ʙװʛʽʥʛʽ ʩʘʙʘץץʘ 

ʥʝʛʽʟ ʙʦʣʘʪʳʥ ʪʘʧʩʳʨʤʘʣʘʨ). 

 ʄʳʩʘʣʳ, 6-ʩʳʥʳʧʪʘ ᴇʪʢʽʟʽʣʛʝʥ çɽʢʽ ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ ʪʝשʜʝʫʣʝʨ 

ʞװʡʝʩʽʥ ʘʣʤʘʩʪʳʨʫ ʪᴅʩʽʣʽʤʝʥ ʰʝʰʫè ʪʘץʳʨʳʙʳʥʜʘסʳ ʩʘʙʘץʪʘ ʦץʫʰʳʣʘʨ װʡʜʝʥ ᴇʟ ʙʝʪʽʤʝʥ 

ʞʘשʘ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ ʜʘʡʳʥʜʘʣʳʧ ʢʝʣʝʜʽ.  

 

ɯ ʢʝʟʝϬ:      

 

çʂᴆʇɯʈè 

ɹʦʩ ʦʨʳʥסʘ ʪʠʽʩʪʽ ʩᴇʟʜʝʨʜʽ ʞʘʟʳʧ ʩᴇʡʣʝʤʜʽ ʪʦʣʳץʪʳʨ: 

     1.ʘx +bʫ =ʩ  ʪװʨʽʥʜʝʛʽ ʪʝשʜʝʫʣʝʨʜʽ ʝʢʽ  ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ 
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ʪʘʧʩʳʨʤʘʣ

ʘʨʳʥ 

ʦץʫʰʳʣʘʨ 

 ʡʜʝװ

ʦʨʳʥʜʘʧ, 

ʙװʛʽʥʛʽ 

ʩʘʙʘץץʘ 

ʜʘʡʳʥʜʘʣʳ

ʧ ʢʝʣʝʜʽ 

ʪʝשʜʝʫʣʝʨ ʜʝʧ ʘʪʘʡʜʳ. 

2.ɽʢʽ  ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ ʪʝשʜʝʫʜʽ ʪʫʨʘ ʩʘʥʜʳ ʪʝשʜʽʢʢʝ ʘʡʥʘʣʜʳʨʘʪʳʥ 

ʘʠʥʳʤʘʣʳʣʘʨʜʳש ʤᴅʥʜʝʨʽʥʽש ʞײʙʳ ʦʩʳ ʪʝשʜʝʫʜʽש ʰʝʰʽʤʽ ʜʝʧ ʘʪʘʣʘʜʳ 

3.ʂʦʦʨʜʠʥʘʪʘʣʘʨʳ ʪʝשʜʝʫʜʽש ʰʝʰʽʤʜʝʨʽ ʙʦʣʘʪʳʥ ʥװʢʪʝʣʝʨ ʞʠʳʥʳ ʪʝשʜʝʫʜʽש 

ʛʨʘʬʠʛʽ ʜʝʧ ʘʪʘʣʘʜʳ. 

4.ʘx +bʫ =ʩ ʝʢʽ  ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ ʪʝשʜʝʫʜʽש ʝש ʙʦʣʤʘסʘʥʜʘ ʙʽʨ 

ʘʡʥʳʤʘʣʳʩʳʥʳש ʢʦʵʬʬʠʮʝʥʪʽ ʥᴇʣʛʝ ʪʝש ʙʦʣʤʘʩʘ , ʦʥʳש ʛʨʘʬʠʛʽ  ʪװʟʫ ʩʳʟʳץ 

ʙʦʣʘʜʳ.  

5.ʊʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ ʜʝʛʝʥʽʤʽʟ ï ʦʥʳש ʙʘʨʣʳץ ʰʝʰʽʤʜʝʨʽʥ ʥʝʤʝʩʝ 

ʰʝʰʽʤʜʝʨʽʥʽש  ʙʦʣʤʘʡʪʳʥʳʥ ʜᴅʣʝʣʜʝʫ.. 

ɯɯ ʢʝʟʝש. ʉʠʥʝʢʪʠʢʘʣʳץ ʙᴇʣʽʤ (ᴇʟ ʙʝʪʽʤʝʥ ʞʘשʘ ʪʘץʳʨʳʧʪʳ ʤʝשʛʝʨʪʫ). ɹײʣ ʞʝʨʜʝ 

ʤסײʘʣʽʤ ᴅʜʝʪʪʝʛʽʜʝʡ ʩʘʙʘץʪʳ ᴇʟʽ ʪװʩʽʥʜʽʨʫʜʝʥ ʙʘʩʪʘʤʘʡʜʳ, ʦʣ 5-7 ʤʠʥʫʪʪʳץ ᴇʟʽʥʜʽʢ ʪʦʧʪʳץ 

ʞײʤʳʩ ײʡʳʤʜʘʩʪʳʨʘʜʳ. ʄʳʩʘʣʳ, ʦץʫʰʳסʘ ʟʝʨʪʪʝʫʰʽʣʽʢ ᴅʜʽʩʪʽש ʘʣʛʦʨʠʪʤʽ ʙʦʡʳʥʰʘ 

ʽʨʽʢʪʝʣʛʝʥ ʩײʨʘץʪʘʨסʘ ʞʘʫʘʧ ʙʝʨʫ ײʩʳʥʳʣʘʜʳ. ʉײʨʘץʪʘʨסʘ ʞʘʫʘʧ ʙʝʨʫ װʰʽʥ ʦץʫʰʳʣʘʨ 

ʘʣʜʳʤʝʥ ᴇʟ ʙʝʪʽʥʰʝ ʤᴅʪʽʥʜʽ (ʞʘשʘ ʪʘץʳʨʳʧ ʙʦʡʳʥʰʘ) ʦץʠʜʳ, ʞʘʫʘʧ ʪʘʙʘʜʳ ʥʝʤʝʩʝ 

ʦץʫʣʳץʪʘסʳ ʤᴅʪʽʥʤʝʥ ʞײʤʳʩʪʳ ʪᴇʤʝʥʜʝʛʽ ᴅʜʽʩʪʝʨ ʙʦʡʳʥʰʘ ײʡʳʤʜʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ.  

ʄʳʩʘʣʳ: çʊʝשʩʽʟʜʽʢʪʝʨ ʞװʡʝʩʽè ʪʘץʳʨʳʙʳʥʳש ɯɯ ʢʝʟʝשʽ: 

ɯɯ ʢʝʟʝϬ:           ɾʘϬʘ ʪʘϨʳʨʳʧ ʙʦʡʳʥʰʘ ʪʘʧʩʳʨʤʘʣʘʨ      

ʊʝʦʨʠʷʩʳ: 

çɹɯʃʋè 

 

(ʂʽʤ? ʅʝ? 

 ?ʘʰʘʥפ

 ?ʘʥʜʘʡפ

 ʘʣʘʡ? ʅʝפ

ʽʩʪʝʜʽ?) 

 

 

 

 

 

 

ɹʦʩ ʦʨʳʥסʘ ʪʠʽʩʪʽ ʩᴇʟʜʝʨʜʽ ʞʘʟʳʧ ʩᴇʡʣʝʤʜʽ ʪʦʣʳץʪʳʨ: 

1. ɹʽʨ ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ ʪʝשʩʽʟʜʽʢʪʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ װʰʽʥ,  

2. ʘʡʥʳʤʘʣʳʥʳש ʙʝʨʽʣʛʝʥ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʪʫʨʘ ʩʘʥʜʳ ʪʝשʩʽʟʜʽʢʪʝʨʛʝ  

ʘʡʥʘʣʜʳʨʘʪʳʥ  ʤᴅʥʜʝʨ ʞʠʳʥʳʥ ʪʘʙʫ ʢʝʨʝʢ. 

3. ɹʽʨ ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ ʪʝשʩʽʟʜʽʢʪʝʨ ʞװʡʝʩʽʥ ʰʝʰʫ װʰʽʥ: 

1) ɾװʡʝʜʝʛʽ ʪʝשʩʽʟʜʽʢʪʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥʳש ʰʝʰʽʤʜʝʨʽʥ ʪʘʙʫ ʢʝʨʝʢ 

2) ɾװʡʝʜʝʛʽ ʪʝשʩʽʟʜʽʢʪʝʨʜʽש ᴅʨץʘʡʩʳʩʳʥʳש ʪʘʙʳʣסʘʥ ʰʝʰʽʤʜʝʨʽʥ  ʙʽʨ 

ʢʦʦʨʜʠʥʘʪʘʣʳץ  ʪװʟʫʜʝ ʢʝʩʢʽʥʜʝʫ ʢʝʨʝʢ 

3) ɾװʠʝʥʽש ʰʝʰʽʤʜʝʨʽʥ ʩʘʥ ʘʨʘʣʳסʳʤʝʥ  ʥʝʤʝʩʝ ʪʝשʩʽʟʜʽʢʧʝʥ ʞʘʟʫ 

ʢʝʨʝʢ. 

4. ʄʳʩʘʣ:         6ʭ-18 Ó 0 

                      8ʭ < 56 

      6ʭ-18 Ó 0                            8ʭ < 56       

        6ʭ Ó 18                              ʭ < 56:8 

        ʭ Ó 18: 6                             ʭ <  7                         3                                7            

ʭ 

        ʭ Ó 3                                                                   ɾʘʫʘʙʳ: 3Ò ʭ <7 ʥʝʤʝʩʝ 

[3;7) 

ʊʝʦʨʠʷʩʳ: 

çʊתʉɯʅʋè 

(ʅʝʣʽʢʪʝʥ? 

ʉʝʙʝʙʽ?) 

ɹʦʩ ʦʨʳʥʜʘʨסʘ ʪʠʽʩʪʽ ʩᴇʟʜʝʨʜʽ ʞʘʟʳʧ,  ʊתʉɯʅɼɯʈ: 

ʅʝʣʽʢʪʝʥ  ʪʝשʩʽʟʜʽʢʪʝʨ ʙʽʨ ʞװʡʝʛʝ  ʙʽʨʽʢʪʽʨʽʣʝʜʽ? 

× ʉʝʙʝʙʽ : ʪʝϬʩʽʟʜʽʢʪʝʨ ʞϮʡʝʩʽʥ Ϩϰʨʫ ʞϸʥʝ ʦʣʘʨʜʳ ʰʝʰʫ Ϯʰʽʥ. 

ʊʝʦʨʠʷʩʳ: 

çʊɸʃɼɸʋè 

(ʩʘʣʳʩʪʳʨ, 

ʘʡʳʨʤʘʰʳʣʳס

ʳ ʥʝʜʝ? 

ʪ.ʙ.ʪʘʣʜʘʫ ʪʘʧ) 

   ɼײʨʳʩ ʩʳʟʙʘʥʳ ʪʘשʜʘʧ ʩʳʟʙʘסʘ ʤᴅʥ ʙʝʨ: 

      3ʭ+7 > 16                                                            -5                      3           ʭ        

       ʭ+5 > 0                                                               

                                                                                        -5                         3           

ʭ 

                   

                                                                                        -5                         3 

                                                                               - 5                           3                                                                                                

 
ʊʝʦʨʠʷʩʳ: 

çɾʀʅɸפʊɸʋè 

 ʦʨʳʪʳʥʜʳפ)

           ʉʭʝʤʘʥʳ  ʪʦʣʪʳʨ: 

 

 
ʊʝϬʩʽʟʜʽʢʪʝʨ ʞϮʡʝʩʽʥʝ  ʪϸʥ 

ϰϤʳʤʜʘʨ: 

3ʭ+7 > 16            ʭ+5 > 0                    

3ʭ > 16-7             ʭ > -5                

3ʭ > 9                                                                     

ʭ > 3                                                                     
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ʰʳסʘʨ, ʘʥʳץ-

ʪʘʤʘ ʙʝʨ.) 

 

 

  

ʇʨʘʢʪʠʢʘʩʳ: 

çϧʆʃɼɸʅʋè 

ɽʩʝʧʪʽ ʰʳסʘʨ:    ˉ1579 

ʭ-ʙʝʨʽʣʛʝʥ ʩʘʥ            24 

ʩʘʥʳ 

ʇʨʘʢʪʠʢʘʩʳ: 

çɹɸϣɸ ɹɽʈʋè 

(ʩʝʥ ץʘʣʘʡ 

ʦʡʣʘʡʩʳש? ʥʝ 

ʽʩʪʝʨ ʝʜʽש?) 

  ɹʦʩ ʦʨʳʥʜʘʨסʘ ʪʠʽʩʪʽ ʩᴇʟʜʝʨʜʽ ʞʘʟ:   

   ʉʝʥ  ץʘʣʘʡ  ʦʡʣʘʡʩʳש?     ɹʽʨ ʘʡʥʳʤʘʣʳʩʳ ʙʘʨ ʩʳʟʳץʪʳץ ʪʝשʩʽʟʜʽʢʪʝʨ 

ʞװʡʝʩʽʥ 

ʰʝʰʫ ʢװʥʜʝʣʽʢʪʽ ᴇʤʽʨʜʝ ץʘʥʜʘʡ ʞʘסʜʘʡʣʘʨʜʘ ץʦʣʜʘʥʳʣʘʜʳ?  

ɾʘʫʘʙʳ: ʄʝʥʽϬ ʦʡʳʤʰʘ, ʪϰʨʤʳʩʪʳϨ ʞʘϤʜʘʡʣʘʨʳʥʜʘ, ʦʥʳϬ ʽʰʽʥʜʝ 

ʩʘʫʜʘ 
ʞϸʥʝ Ϩϰʨʳʣʳʩ ʞϮʡʝʣʝʨʽʥʜʝ ʢϺʙʽʨʝʢ Ϩʦʣʜʘʥʳʣʘʜʳ.ץʦʣʜʘʥʙʘʡ ʝʩʝʧʪʝʫ 

ʞװʨʛʽʟʫ ץʦʣʜʘʥʙʘʩʳʥ ʞʘʩʘʫסʘ ʙʦʣʘʜʳ ʤʘ? 

ɯɯɯ ʢʝʟʝשʽʥʽש (ʢʝʨʽ ʙʘʡʣʘʥʳʩ) ʥʝʛʽʟʛʽ ʤʘץʩʘʪʳ: ʜʝשʛʝʡʣʽʢ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ 

ʙʘʨʳʩʳʥʜʘ ʦץʫʣʳץʪʘסʳ 2-ʰʽ ʢʝʟʝשʜʝ ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ ʜᴅʣʝʣʜʝʧ, ץʘʙʽʣʝʪʽʥʝ ץʘʨʘʡ ʪʝʨʝשʜʝʪʫ 

ʞᴅʥʝ ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥ 12-ײʧʘʡʣʳץ ʨʝʡʪʠʥʛ ʞװʡʝʩʽ ʙʦʡʳʥʰʘ ᴅʜʽʣ ʙʘסʘʣʘʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆץʫʰʳʣʘʨסʘ ʩʪʘʥʜʘʨʪ ʢᴇʣʝʤʽʥʜʝʛʽ װʰ ʜʝשʛʝʡʣʽʢ ʪʘʧʩʳʨʤʘʣʘʨ ײʩʳʥʳʣʘʜʳ. ʄʳʩʘʣʳ, 

çפʠʳʣʳʩʘʪʳʥ ʪװʟʫʣʝʨè  ʪʘץʳʨʳʙʳʥʳש ɯɯɯ ʢʝʟʝשʽ: 

ɯɯɯ ʢʝʟʝϬ:    ɼʝϬʛʝʡʣʽʢ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʧ, ʙʘʣʣ ʞʠʥʘʫ 

ʊʝʦʨʠʷʩʳ: 

çɹɯʃʋè 

 

(ʂʽʤ? ʅʝ? 

 ?ʘʰʘʥפ

 ?ʘʥʜʘʡפ

 ʘʣʘʡ? ʅʝפ

ʽʩʪʝʜʽ?) 

1-ʜʝϬʛʝʡ  ( 5ʙʘʣʣ) 

ʊϮʟʫʣʝʨʜʽ ʩʳʟʳʧ, ϸʨʽʧʧʝʥ ʙʝʣʛʽʣʝϬʜʝʨ 

1.ᴅ ï ʩʫʨʝʪʪʝʨʜʝ ʥʝʰʝ ʪװʟʫ ʢʝʩʢʽʥʜʝʣʛʝʥ?      ʘ)    2     ᴅ)  3      ʙ)  4 

2.ʊװʟʫʣʝʨʜʽ ᴅʨʽʧʪʝʨʤʝʥ ʙʝʣʛʽʣʝשʜʝʨ. (ʙ - ʩʫʨʝʪ)  ʘ) ʘ,b   ᴅ)   ʘ,b,c,    ʙ) ʘ,b,c,d               

                                                                           

1.ʄʳʥʘ ʩʫʨʝʪʪʝʥ:  ʘ) ʚʝʨʪʠʢʘʣʴ ʙײʨʳʰʪʘʨʜʳ ʞʘʟʳשʜʘʨ         2                                                           

ɾʘʫʘʙʳ:1 ʞᴅʥʝ 3, 2ʞᴅʥʝ 4                                                 1         4        3 

ᴅ ) ɹʘʨʣʳץ ʙײʨʳʰʪʘʨʜʳץ שʦʩʳʥʜʳʩʳ ʥʝʰʝʛʝ ʛʨʘʜʫʩ           ɾʘʫʘʙʳ: 360
0
                                                                                                                                                                                          

ʇʨʘʢʪʠʢʘʩʳ: 

çϧʆʃɼɸʅʋè 

 

ʆץʫʣʳץʪʘʥ ʝʩʝʧ  ˉ  1064 

     ʆ ʥװʢʪʝʩʽʥʜʝ ʥʝʰʝ ʪװʟʫ ץʠʳʣʳʩʘʜʳ?  ʆʩʳ ʪװʟʫʣʝʨʜʽץ שʠʳʣʳʩʫʳʥʘʥ ʧʘʡʜʘ 

ʙʦʣסʘʥ ʚʝʨʪʠʢʘʣʴ ʙײʨʳʰʪʘʨʜʳ ʪʘʫʳʧ ʞʘʟʳשʜʘʨ.                                2  0   3                                                                                                                                                                               

ʐʝʰʫʽ: תʰ ʪװʟʫ ץʠʳʣʳʩʘʜʳ.          

ɾ/ʙʳ: 1᷁ = ᷁ 4,  ᷁ 2 = ᷁ 5, ᷁ 6 = ᷁ 3                                              6     5                                                                                                                                                                                                

 ɯɯ  ʜʝϬʛʝʡ:   (5 ʙʘʣʣ + 4 ʙʘʣʣ = 9 ʙʘʣʣ) 

ʊʝʦʨʠʷʩʳ: 

çʊתʉɯʅʋè 

 

(ʅʝʣʽʢʪʝʥ? 

ʉʝʙʝʙʽ? ʅʝ 

 (?ʰʽʥ? ʅʝʛʝװ

1. ɽʢʽ ʪװʟʫ ץʠʳʣʳʩץʘʥʜʘ ʧʘʡʜʘ ʙʦʣסʘʥ ʙײʨʳʰʪʘʨʜʳש ʙʽʨʝʫʽ 75
0
 ïץʘ ʪʝש. 

  .ʜʘʨשᴇʣʰʝʤʽʥ ʪʘʙʳ ץʛʨʘʜʫʩʪʳ שʨʳʰʪʘʨʜʳײʘʥ ʙסʘʣפ

ʐʝʰʫʽ: 1᷁ = ᷁ 3= 75
0
   (ʚʝʨʪʠʢʘʣʴ ʙײʨʳʰʪʘʨ)    360

0
-150

0
=210

0
 

210
0 
: 2 = 105

0
               ɾʘʫʘʙʳ: 75

0
, 105

0
, 105

0
 

2. ʆץʫʣʳץʪʘʥ ˉ  1072  ʝʩʝʧ    

ɸɺ, ʉD ʞᴅʥʝ ɽF ʪװʟʫʣʝʨʽ ʆ ʥװʢʪʝʩʽʥʜʝ ץʠʳʣʳʩʘʜʳ.ɸ᷁ʆɽ = 40
0 
;
 

D᷁ʆF = 80
0
. 

ʉʆɺ ʙײʨʳʰʳʥʳש ʛʨʘʜʫʩʪʳץ ᴇʣʰʝʤʽʥ ʪʘʙʳשʜʘʨ                40
0
    ɸ           D.                                                                                                                             

ʐʝʰʫʽ: ɸ᷁ʆD = 180
0
- (40

0
+80

0
) = 60

0                                            
ɽ         ʆ      80

0
 

ɸ᷁ʆD = ᷁ ʉʆɺ = 60 (ʚʝʨʪʠʢʘʣʴ ʙײʨʳʰʪʘʨ )                      ʉ          ɺ        F 

ɾʘʫʘʙʳ: ʉ᷁ʆɺ = 60
0
                 

 
                                                                                                                                  

                             
                                    

                 
                                                                                                                                                                                                                                                                                                                                                                 

ʊʝʦʨʠʷʩʳ: 

çʊɸʃɼɸʋè 

(ʩʘʣʳʩʪʳʨ, 

ʘʡʳʨʤʘʰʳʣʳ

 (?ʳ ʥʝʜʝס

ʉʝʥ ץʘʣʘʡ ʦʡʣʘʡʩʳש? 

 ?ʳ ʥʝʜʝסʘʡʳʨʤʘʰʳʣʳ שʟʫʣʝʨʜʽװʟʫʣʝʨ ʤʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨ    ʪװʠʳʣʳʩʫʰʳ  ʪפ

   ɾʘʫʘʙʳ: ʘʡʳʨʤʘʰʳʣʳסʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ʪװʟʫʣʝʨ ʪʽʢ ʙײʨʳʰ ʞʘʩʘʧ 

                                               .ʘʜʳסʧʪʘʨʳ ʰʳײʨʳʰʪʘʨ ʞײʘʥʜʘ ʚʝʨʪʠʢʘʣʴ ʙץʠʳʣʳʩץ ʠʳʣʳʩʘʜʳ, ʘʣ ʪʫʟʫʣʝʨץ

 1 

 4 

ʞϮʡʝ ʰʝʰʽʤ ϧϰʨ 

ʞʠʳʥ 
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ᴆʟ ʪᴅʞʽʨʠʙʝʤʜʝʛʽ ʦץʫʰʳʥʳש ʦʡʣʘʫ ץʘʙʽʣʝʪʽʥ ʘʨʪʪʳʨʫ װʰʽʥ ץʦʣʘʡʣʳ ʜʝʧ ʩʘʥʘʡʪʳʥ ᴅʜʽʩʪʝʨʽʤ: 

ʦץʫʰʳʥʳץ שʠʷʣʳʥ, ʙʘץʳʣʘʫʳʥ ץʦʣʜʘʥʫ, ʪʘʥʳʤʜʳץ ʦʡʳʥ ʞᴅʥʝ ʰ rסʘʨʤʘʰʳʣʳץʧʝʥ ʦʨʳʥʜʘʫסʘ 

ʘʨʥʘʣסʘʥ ʪʘʧʩʳʨʤʘ. ʄᴅʩʝʣʝʥ ʩײʨʘץʪʘʨ ץʦʷ ʦʪʳʨʳʧ ʩʘʙʘץ ᴇʪʢʽʟʫ.  

 

 

ɼʀɸʃʆɻʀʏɽʉʂʆɽ ʆɹʋʏɽʅʀɽ ɺ ʅʆɺʆʄ ʌʆʈʄɸʊɽ 

 

ɹʝʢʪʣʝʫʦʚʘ ɸ.ʈ., ʐʘʥʛʳʪʙʘʝʚʘ ɻ.ɸ., ʄʝʜʝʫʦʚʘ ɸ.ɹ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ ʢʦʥʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʦʜʥʘ ʠʟ ʟʥʘʯʠʤʳʭ ʨʦʣʝʡ 

ʦʪʚʦʜʠʪʩʷ ʩʬʝʨʝ ʦʙʨʘʟʦʚʘʥʠʷ. ɺ ʇʦʩʣʘʥʠʠ ʇʨʝʟʠʜʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ 

ʅ.ɸ.ʅʘʟʘʨʙʘʝʚʘ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ, ʦʧʨʝʜʝʣʠʚʰʝʤ ʩʪʨʘʪʝʛʠʯʝʩʢʠʝ ʧʨʠʦʨʠʪʝʪʳ ʨʘʟʚʠʪʠʷ 

ʩʪʨʘʥʳ ʜʦ 2030 ʛʦʜʘ, ʩʢʘʟʘʥʦ, ʯʪʦ ʚʝʜʫʱʠʤ ʬʘʢʪʦʨʦʤ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʠ ʩʦʮʠʘʣʴʥʦʛʦ 

ʧʨʦʨʳʚʘ ʚ ʛʨʷʜʫʱʠʡ ʚʝʢ ʷʚʣʷʶʪʩʷ çʩʘʤʠ ʣʶʜʠ, ʠʭ ʚʦʣʷ, ʵʥʝʨʛʠʷ, ʥʘʩʪʦʡʯʠʚʦʩʪʴ, ʟʥʘʥʠʷè. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʥʦʚʥʳʤ ʧʨʠʥʮʠʧʦʤ ʨʘʟʚʠʪʠʠʷ ʦʙʱʝʩʪʚʘ ʚ XXI ʚʝʢʝ ʷʚʣʷʝʪʩʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʴ ʥʘʮʠʠ, ʦʧʨʝʜʝʣʷʝʤʘʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʫʨʦʚʥʝʤ ʦʙʨʘʟʦʚʘʥʥʦʩʪʠ. 

ɺ ʩʚʦʝʤ ʇʦʩʣʘʥʠʝ ʥʘʨʦʜʫ ʂʘʟʘʭʩʪʘʥʘ ʦʪ 27 ʷʥʚʘʨʷ 2012 ʛʦʜʘ  ʇʨʝʟʠʜʝʥʪ ʈʝʩʧʫʙʣʠʢʠ 

ʂʘʟʘʭʩʪʘʥ - ʃʠʜʝʨʘ ʅʘʮʠʠ ʅ.ɸ.ʅʘʟʘʨʙʘʝʚ ʦʪʤʝʪʠʣ: 

¶ ʚʘʞʥʦ ʧʦʚʳʰʘʪʴ ʢʘʯʝʩʪʚʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ 

¶ ʥʘʜʦ ʫʩʠʣʠʪʴ ʩʪʘʥʜʘʨʪʳ ʙʘʟʦʚʦʛʦ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʨʝʙʦʚʘʥʠʷ ʢ 

ʧʦʚʳʰʝʥʠʶ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʰʢʦʣ ʠ ʚʫʟʦʚ ʦʙʨʘʟʦʚʘʥʠʷ.  

ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʦʚ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ ʧʝʜʘʛʦʛʦʚ ʦʙʱʝʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʰʢʦʣ 

ʈʝʩʧʫʙʣʠʢʠ ʂʘʟʘʭʩʪʘʥ ʙr ʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚʤʝʩʪʝ ʩ ʂʝʤʙʨʠʜʞʩʢʠʤ ʋʥʠʚʝʨʩʠʪʝʪʦʤ ʠ 

ʅʘʟʘʨʙʘʝʚ ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʝ ʰʢʦʣʳ.  

ɻʣʘʚʥʘʷ ʟʘʜʘʯʘ ʩʠʩʪʝʤʳ ʧʦʚʳʰʝʥʠʷ ʢʚʘʣʠʬʠʢʘʮʠʠ: 

ʆʧʝʨʘʪʠʚʥʦʝ ʠ ʢʘʯʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʧʝʜʘʛʦʛʦʚ ʥʘ 

ʦʩʥʦʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʣʫʯʰʝʛʦ ʤʠʨʦʚʦʛʦ ʠ ʢʘʟʘʭʩʪʘʥʩʢʦʛʦ ʦʧʳʪʘ. 

ʇʨʦʛʨʘʤʤʘ ʢʫʨʩʘ ʂʝʤʙʨʠʜʞʩʢʦʛʦ ʧʦʜʭʦʜʘ ʢ ʦʙʫʯʝʥʠʶ ʠ ʧʨʝʧʦʜʘʚʘʥʠʶ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ 

ʚʟʘʠʤʦʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ ʤʦʜʫʣʝʡ. çʆʙʫʯʝʥʠʝ ʯʝʨʝʟ ʜʠʘʣʦʛè ʚʭʦʜʠʪ ʚ ʤʦʜʫʣʴ çʅʦʚʳʝ 

ʧʦʜʭʦʜʳ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʠ ʦʙʫʯʝʥʠʠè, ʭʦʪʷ ʩʝʤʴ ʤʦʜʫʣʝʡ ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʥʦʚʳʤʠ 

ʧʦʜʭʦʜʘʤʠ ʚ ʧʨʝʧʦʜʘʚʘʥʠʠ ʠ ʦʙʫʯʝʥʠʠ. çʆʙʫʯʝʥʠʝ ʠ ʧʨʝʧʦʜʘʚʘʥʠʝ ʥʘ ʦʩʥʦʚʝ ʜʠʘʣʦʛʘ 

ʧʨʝʜʣʘʛʘʝʪ ʧʦʜʭʦʜ, ʧʨʠ ʢʦʪʦʨʦʤ ʜʠʘʣʦʛ ʤʝʞʜʫ ʫʯʝʥʠʢʘʤʠ, ʤʝʞʜʫ ʫʯʝʥʠʢʦʤ ʠ ʫʯʠʪʝʣʝʤ 
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ʧʦʤʦʛʘʝʪ ʫʯʘʱʠʤʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠ ʨʘʟʚʠʚʘʪʴ ʩʦʙʩʪʚʝʥʥʦʝ ʤʳʰʣʝʥʠʝè [2, 

117]. 

ʄʳ ʟʥʘʝʤ, ʯʪʦ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʥʘ ʫʨʦʢʝ ʟʘʥʠʤʘʝʪ ʜʠʘʣʦʛ: ʯʘʱʝ ï ʵʪʦ ʜʠʘʣʦʛ ʤʝʞʜʫ 

ʫʯʠʪʝʣʝʤ ʠ ʫʯʝʥʠʢʦʤ, ʨʝʞʝ ï ʤʝʞʜʫ ʫʯʝʥʠʢʘʤʠ. ʇʨʠ ʪʨʘʜʠʮʠʦʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ ʦʙʫʯʝʥʠʷ 

ʧʨʦʠʩʭʦʜʠʪ ʜʠʘʣʦʛ ʤʝʞʜʫ ʫʯʠʪʝʣʝʤ ʠ ʫʯʝʥʠʢʦʤ ʥʘ ʣʶʙʦʤ ʵʪʘʧʝ ʫʨʦʢʘ, ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʤʝʥ ʨʝʧʣʠʢʘʤʠ. ʋʯʠʪʝʣʴ ʟʘʜʘʝʪ ʚʦʧʨʦʩ, ʠ ʪʫʪ ʞʝ ʧʦʣʫʯʘʝʪ 

ʦʜʥʦʩʣʦʞʥʳʡ ʦʪʚʝʪ. ɸʥʘʣʠʟ ʧʨʦʚʝʜʝʥʥʳʭ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʦʡ ʩʪʠʣʴ 

ʜʠʘʣʦʛʘ ʥʝ ʧʦʚʳʰʘʝʪ ʫʨʦʚʝʥʴ ʤʳʰʣʝʥʠʷ ʠ ʥʝ ʨʘʟʚʠʚʘʝʪ ʨʝʯʴ.  

ʇʨʠ ʂʝʤʙʨʠʜʞʩʢʦʤ ʧʦʜʭʦʜʝ ʢ ʧʨʝʧʦʜʘʚʘʥʠʶ ʠ ʦʙʫʯʝʥʠʶ ʫʯʝʙʥʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ 

ʩʪʨʦʠʪʩʷ ʥʘ ʨʘʙʦʪʝ ʫʯʘʱʠʭʩʷ ʚ ʛʨʫʧʧʘʭ, ʛʜʝ ʦʙʱʝʥʠʝ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ 

ʦʙʫʯʝʥʠʷ, ʪʦ ʝʩʪʴ ʜʠʘʣʦʛ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʝʞʜʫ ʫʯʝʥʠʢʘʤʠ. ʋʯʘʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʜʠʘʣʦʛʠʯʝʩʢʦʡ ʙʝʩʝʜʳ, ʟʘʜʘʚʘʷ ʜʨʫʛ ʜʨʫʛʫ ʚʦʧʨʦʩʳ ʠ ʦʪʚʝʯʘʷ ʥʘ ʥʠʭ, ʚʦʚʣʝʢʘʶʪʩʷ ʚ ʧʨʦʮʝʩʩ 

ʧʦʣʫʯʝʥʠʷ ʟʥʘʥʠʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. çʋʯʝʥʠʢʠ ʣʝʛʯʝ ʦʙʫʯʘʶʪʩʷ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʠʤʝʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʜʠʘʣʦʛʘ ʩ ʜʨʫʛʠʤʠ, ʙʦʣʝʝ ʟʥʘʶʱʠʤʠ, ʚ ʨʦʣʠ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʦʜʥʦʢʣʘʩʩʥʠʢʠ ʠʣʠ ʫʯʠʪʝʣʴè [2, 145]. 

ʆʩʥʦʚʥʳʝ ʪʝʟʠʩʳ ʵʪʦʛʦ ʤʦʜʫʣʷ ʩʣʝʜʫʶʱʠʝ: 

ʄʝʨʩʝʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʜʠʘʣʦʛ ʢʘʢ çʩʦʚʤʝʩʪʥʦʝ ʧʨʠʦʙʨʝʪʝʥʠʝ ʟʥʘʥʠʡ ʠʣʠ ʚʦʚʣʝʯʝʥʥʦʩʪʴ 

ʚ ʧʨʦʮʝʩʩ çʦʙʤʝʥʘ ʤʳʩʣʷʤʠè ʚ ʧʨʦʮʝʩʩʝ ʩʦʚʤʝʩʪʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷè [2, 145] 

ɸʣʝʢʩʘʥʜʝʨ ʫʪʚʝʨʞʜʘʣ, ʯʪʦ ʵʪʦ ʚʟʘʠʤʥʳʡ ʧʨʦʮʝʩʩ, ʚ ʝʛʦ ʫʯʘʩʪʥʠʢʠ ʨʘʚʥʦʧʨʘʚʥʳʝ 

ʧʘʨʪʥʝʨʳ, ʫ ʢʦʪʦʨʳʭ ʦʜʥʘ ʦʙʱʘʷ ʮʝʣʴ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʦʩʪʘʪʦʯʥʦ ʜʦʢʘʟʘʪʝʣʴʩʪʚ, ʢʦʪʦʨʳʝ ʫʢʘʟʳʚʘʶʪ ʥʘ ʪʦ, 

ʯʪʦ ʩʦʚʤʝʩʪʥʘʷ ʙʝʩʝʜʘ ʠʣʠ ʜʠʘʣʦʛ ʫʯʝʥʠʢʦʚ ʚ ʢʣʘʩʩʝ ʧʨʠʥʦʩʠʪ ʙʦʣʴʰʫʶ ʧʦʣʴʟʫ, ʪʘʢ ʢʘʢ: 

- ʧʦʟʚʦʣʷʝʪ ʫʯʝʥʠʢʘʤ ʚʳʨʘʞʘʪʴ ʩʚʦʝ ʧʦʥʠʤʘʥʠʝ ʪʝʤʳ, 

-ʧʦʤʦʛʘʝʪ ʠʤ ʦʩʦʟʥʘʚʘʪʴ, ʯʪʦ ʫ ʣʶʜʝʡ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʥʳʝ ʠʜʝʠ, 

-ʩʦʜʝʡʩʪʚʫʝʪ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʠʶ ʫʯʝʥʠʢʘʤʠ ʩʚʦʠʭ ʠʜʝʡ 

-ʧʦʤʦʛʘʝʪ ʫʯʠʪʝʣʷʤ ʧʦʥʷʪʴ, ʥʘ ʢʘʢʦʡ ʩʪʘʜʠʠ ʥʘʭʦʜʠʪʩʷ ʠʭ ʫʯʝʥʠʢʠ ʚ ʧʨʦʮʝʩʩʝ ʩʚʦʝʛʦ 

ʦʙʫʯʝʥʠʷ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʦʙʫʯʝʥʠʷ ʥʘ ʢʫʨʩʘʭ ʇʨʦʛʨʘʤʤʦʡ ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʧʨʘʢʪʠʢʘ, ʟʘʜʘʯʝʡ 

ʢʦʪʦʨʦʡ ʷʚʣʷʝʪʩʷ ʚʥʝʜʨʝʥʠʝ ʩʝʤʠ ʤʦʜʫʣʝʡ ʇʨʦʛʨʘʤʤʳ ʚ ʩʚʦʶ ʧʝʜʘʛʦʛʠʯʝʩʢʫʶ ʜʝʷʪʝʣʴʥʦʩʪʴ. 

ʇʨʘʢʪʠʢʫ ʷ ʧʨʦʚʝʣʘ ʚ ʰʢʦʣʝ. ɺ ʪʝʯʝʥʠʝ ʧʨʘʢʪʠʢʠ ʩ ʮʝʣʴʶ ʚʳʧʦʣʥʝʥʠʷ ʥʘʤʝʯʝʥʥʦʛʦ ʧʣʘʥʘ 

ʙʳʣʦ ʟʘʜʘʯʝʡ ʚʥʝʜʨʝʥʠʝ ʜʠʘʣʦʛʦʚʦʝ ʦʙʫʯʝʥʠʝ. ʆʩʥʦʚʥʘʷ ʬʦʨʤʘ ʨʘʙʦʪʳ ʩ ʫʯʘʱʠʤʠʩʷ ï ʵʪʦ 

ʨʘʙʦʪʘ ʚ ʛʨʫʧʧʘʭ. ʇʨʦʚʝʜʝʥʠʝ ʨʘʟʥʳʭ ʤʝʪʦʜʦʚ, ʧʨʠʝʤʦʚ ʠ ʩʪʨʘʪʝʛʠʡ ʥʘ ʫʨʦʢʝ ʥʝʚʦʟʤʦʞʥʳ 

ʙʝʟ ʜʠʘʣʦʛʘ ʚ ʛʨʫʧʧʝ, ʢʦʛʜʘ ʫʯʘʱʠʝʩʷ ʦʙʩʫʞʜʘʶʪ ʥʦʚʫʶ ʪʝʤʫ, ʬʦʨʤʫʣʠʨʫʶʪ ʚʦʧʨʦʩʳ ʢ ʪʝʤʝ, 

ʩʦʩʪʘʚʣʷʶʪ ʧʦʩʪʝʨ ʠ ʪ.ʜ. ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʭ ʫʨʦʢʦʚ ʫʯʘʱʠʝʩʷ ʘʢʪʠʚʥʦ ʦʙʫʯʘʣʠʩʴ ʯʝʨʝʟ 

ʜʠʘʣʦʛ, ʥʝʚʦʣʴʥʦ ʩʪʘʥʦʚʷʩʴ ʫʯʘʩʪʥʠʢʘʤʠ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʂ ʢʦʥʮʫ ʧʨʘʢʪʠʢʠ ʷ ʟʘʤʝʪʠʣʘ, ʯʪʦ ʫʯʘʱʠʝʩʷ ʚʥʠʤʘʪʝʣʴʥʝʝ ʯʠʪʘʶʪ ʪʝʦʨʝʪʠʯʝʩʢʠʡ 

ʤʘʪʝʨʠʘʣ, ʚʳʠʩʢʠʚʘʷ ʠʥʪʝʨʝʩʥʦʝ ʠ ʘʢʮʝʥʪʠʨʫʷ ʚʥʠʤʘʥʠʝ ʥʘ ʩʘʤʦʤ ʚʘʞʥʦʤ. ʀ ʦʪʚʝʪʳ 

ʫʯʘʱʠʭʩʷ ʩʪʘʣʠ ʨʘʟʚʝʨʥʫʪʳʤʠ ʠ ʘʨʛʫʤʝʥʪʠʨʦʚʘʥʥʳʤʠ. ʇʦʚʳʩʠʣʘʩʴ ʩʪʝʧʝʥʴ ʧʦʥʠʤʘʥʠʷ 

ʤʘʪʝʨʠʘʣʘ. ɽʩʣʠ ʜʘʞʝ ʫʯʘʱʠʝʩʷ ʜʘʚʘʣʠ ʥʝʧʨʘʚʠʣʴʥʳʝ ʠʣʠ ʥʝʪʦʯʥʳʝ ʦʪʚʝʪʳ, ʪʦ ʦʙʷʟʘʪʝʣʴʥʦ 

ʥʘʭʦʜʠʣʠʩʴ ʫʯʘʱʠʝʩʷ, ʢʦʪʦʨʳʝ ʤʦʛʣʠ  ʦʙʲʷʩʥʠʪʴ ʧʨʘʚʠʣʴʥʳʡ ʦʪʚʝʪ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʩʪʦʨʦʥʳ ʜʠʘʣʦʛʠʯʝʩʢʦʛʦ 

ʦʙʫʯʝʥʠʷ   ʢʘʢ ʩʦʚʤʝʩʪʥʦʛʦ ʦʙʫʯʝʥʠʷ:  

1. ʅʝʤʘʣʦʚʘʞʝʥ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʪʝʦʨʝʪʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ 

ʧʨʦʛʦʚʘʨʠʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʟ, ʨʘʟʙʠʨʘʶʪʩʷ ʥʝʧʦʥʷʪʥʳʝ ʩʣʦʚʘ ʠ ʚʳʨʘʞʝʥʠʷ, ʢʘʞʜʳʡ ʤʦʞʝʪ 

ʟʘʜʘʪʴ ʚʦʧʨʦʩ ʠ ʧʦʣʫʯʠʪʴ ʦʪʚʝʪ. 

ʅʝ ʚʩʝ ʫʯʘʱʠʝʩʷ ʛʦʪʦʚʳ ʟʘʜʘʚʘʪʴ ʚʦʧʨʦʩʳ ʫʯʠʪʝʣʶ, ʝʩʣʠ ʥʝ ʧʦʥʷʣʠ ʥʦʚʳʡ ʠʣʠ ʨʘʥʝʝ 

ʧʨʦʡʜʝʥʥʳʡ ʤʘʪʝʨʠʘʣ. ʇʨʠ ʨʘʙʦʪʝ ʚ ʤʘʣʳʭ ʛʨʫʧʧʘʭ, ʧʨʠ ʩʦʚʤʝʩʪʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʫʯʘʱʠʝʩʷ 

ʚʳʷʩʥʷʶʪ ʜʨʫʛ ʫ ʜʨʫʛʘ ʚʩʝ, ʯʪʦ ʠʤ ʥʝ ʷʩʥʦ. 

2. ɺ ʭʦʜʝ ʛʨʫʧʧʦʚʦʡ ʨʘʙʦʪʳ ʥʝʪ ʨʘʚʥʦʜʫʰʥʳʭ, ʦʥʠ ʩʠʜʷʪ ʨʷʜʦʤ, ʩʤʦʪʨʷʪ ʜʨʫʛ ʥʘ 

ʜʨʫʛʘ, ʟʥʘʶʪ, ʯʪʦ ʦʪ ʢʘʞʜʦʛʦ ʯʣʝʥʘ ʛʨʫʧʧʳ ʟʘʚʠʩʠʪ ʨʘʙʦʪʘ ʮʝʣʦʡ ʛʨʫʧʧʳ. ɺʩʷ ʛʨʫʧʧʘ 

ʟʘʠʥʪʝʨʝʩʦʚʘʥʘ ʚ ʫʩʚʦʝʥʠʠ ʫʯʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʢʘʞʜʳʤ ʝʝ ʯʣʝʥʦʤ, ʧʦʩʢʦʣʴʢʫ ʫʩʧʝʭ ʛʨʫʧʧʳ 
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ʟʘʚʠʩʠʪ ʦʪ ʚʢʣʘʜʘ ʢʘʞʜʦʛʦ, ʘ ʪʘʢ ʞʝ ʚ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʧʦʩʪʘʚʣʝʥʥʦʡ ʧʝʨʝʜ ʛʨʫʧʧʦʡ 

ʧʨʦʙʣʝʤʳ. 

3. çʉʠʣʴʥʳʝè ʦʙʫʯʘʶʪ çʩʣʘʙʳʭè, ʪʝʤ ʩʘʤʳʤ ʛʣʫʙʞʝ ʧʦʥʠʤʘʶʪ ʥʝʢʦʪʦʨʳʝ ʚʦʧʨʦʩʳ 

ʠʣʠ ʟʘʜʘʶʪʩʷ ʚʦʧʨʦʩʘʤʠ ʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ, çʩʣʘʙʳʝè ʧʦʥʠʤʘʶʪ ʤʘʪʝʨʠʘʣ, ʯʪʦ ʚʩʝʣʷʝʪ ʚ ʥʠʭ 

ʫʚʝʨʝʥʥʦʩʪʴ ʚ ʩʝʙʝ, ʧʦʚʳʰʘʷ ʤʦʪʠʚʘʮʠʦʥʥʫʶ ʩʪʦʨʦʥʫ ʫʯʝʙʥʦʛʦ ʧʨʦʮʝʩʩʘ. çʉʨʝʜʥʠʝè 

ʧʝʨʝʭʦʜʷʪ ʥʘ ʩʪʫʧʝʥʴ ʚʳʰʝ. ʋʯʝʙʘ ʚʤʝʩʪʝ ʩ ʢʝʤ-ʪʦ, ʧʦʩʪʨʦʝʥʥʘʷ ʥʘ ʜʠʘʣʦʛʝ ʫʯʘʱʠʭʩʷ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʫʯʝʙʳ ʚ ʦʜʠʥʦʯʢʫ, ʩʥʠʤʘʝʪ ʩʪʨʘʭ ʧʝʨʝʜ ʥʝʫʜʘʯʘʤʠ ʫ çʩʣʘʙʳʭè ʫʯʝʥʠʢʦʚ, ʜʝʣʘʝʪ 

ʧʨʦʯʥʝʝ ʟʥʘʥʠʷ çʩʠʣʴʥʳʭè. ʇʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʥʦʝ ʦʙʦʛʘʱʝʥʠʝ ʫʯʘʱʠʭʩʷ ʚ ʛʨʫʧʧʝ, ʦʥʠ 

ʦʙʤʝʥʠʚʘʶʪʩʷ ʟʥʘʥʠʷʤʠ ʠ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʜʝʡʩʪʚʠʡ. 

4. ɼʠʘʣʦʛ ʤʝʞʜʫ ʫʯʘʱʠʤʠʩʷ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʨʘʟʚʠʪʠʶ ʤʳʩʣʠʪʝʣʴʥʳʭ ʥʘʚʳʢʦʚ 

ʫʯʘʱʠʭʩʷ, ʥʝʦʙʭʦʜʠʤʳʭ ʥʝ ʪʦʣʴʢʦ ʚ ʫʯʸʙʝ, ʥʦ ʠ ʚ ʦʙʳʯʥʦʡ ʞʠʟʥʠ (ʫʤʝʥʠʝ ʧʨʠʥʠʤʘʪʴ 

ʚʟʚʝʰʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʨʘʙʦʪʘʪʴ ʩ ʠʥʬʦʨʤʘʮʠʝʡ, ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʩʪʦʨʦʥʳ ʩʦʙʳʪʠʡ ʠ 

ʷʚʣʝʥʠʡ); ʬʦʨʤʠʨʦʚʘʪʴ ʩʪʨʝʤʣʝʥʠʝ ʢ ʩʦʪʨʫʜʥʠʯʝʩʪʚʫ, ʫʤʝʥʠʝ ʩʣʫʰʘʪʴ ʠ ʩʣʳʰʘʪʴ ʜʨʫʛʠʭ. 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʭʦʪʝʣʦʩʴ ʙʳ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʘʣʦʛʠʯʝʩʢʦʝ ʦʙʫʯʝʥʠʝ ï ʵʪʦ ʪʠʧ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʝʸ ʫʯʘʩʪʥʠʢʠ ʚʥʦʩʷʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʫʯʝʥʠʝ.  
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ʩʢʘʟʘʪʴ, ʯʪʦ ʠʩʪʦʨʠʯʝʩʢʠ, ʚ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʤ ʠʩʢʫʩʩʪʚʝ ʤʘʪʝʤʘʪʠʢʘ ʠʛʨʘʣʘ ʚʘʞʥʫʶ ʨʦʣʴ.[2]. 

ʄʘʪʝʤʘʪʠʢʘ ʩʦʙʣʶʜʘʝʪ ʧʨʠʩʪʨʘʩʪʠʝ ʢ ʪʦʯʥʦʩʪʠ, ʢ ʩʪʨʦʛʦʤʫ ʣʦʛʠʯʝʩʢʦʤʫ ʤʳʰʣʝʥʠʶ. 

ʉʦʛʣʘʩʥʦ ʩʦʚʨʝʤʝʥʥʳʤ ʚʟʛʣʷʜʘʤ, ʤʘʪʝʤʘʪʠʢʘ ʠ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ ʦʯʝʥʴ ʫʜʘʣʝʥʥʳʝ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʜʠʩʮʠʧʣʠʥʳ, ʧʝʨʚʘʷ ï ʘʥʘʣʠʪʠʯʝʩʢʘʷ, ʚʪʦʨʘʷ ï ʵʤʦʮʠʦʥʘʣʴʥʘʷ. [6]. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʭʫʜʦʞʥʠʢʦʚ ʩʯʠʪʘʶʪ, ʯʪʦ ʤʘʪʝʤʘʪʠʢʘ ʥʝ ʠʛʨʘʝʪ ʥʠʢʘʢʦʡ ʨʦʣʠ ʚ 

ʨʘʙʦʪʘʭ ʠʩʢʫʩʩʪʚʘ. ʇʦʧʳʪʘʝʤʩʷ ʜʦʢʘʟʘʪʴ ʦʙʨʘʪʥʦʝ.  

ɺ 1509 ʛʦʜʫ ʚ ʀʪʘʣʠʠ ʧʦʷʚʠʣʘʩʴ ʢʥʠʛʘ ʃʫʢʠ ʇʘʯʦʣʠ ʧʦʜ ʥʘʟʚʘʥʠʝʤ çʆ ʙʦʞʝʩʪʚʝʥʥʦʡ 

ʧʨʦʧʦʨʮʠʠè. ɺ ʥʝʡ ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ, ʩʦʙʣʶʜʘʷ ʢʦʪʦʨʳʝ 

ʭʫʜʦʞʥʠʢ ʜʦʩʪʠʛʥʝʪ ʢʨʘʩʦʪʳ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʪʦʨʦʥ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ ʨʘʚʥʦ ʯʠʩʣʘʤ ʌʠʙʦʥʘʯʯʠ.  

ɽʩʣʠ ʜʣʠʥʫ ʙʦʣʴʰʝʡ ʩʪʦʨʦʥʳ ʨʘʟʜʝʣʠʪʴ ʥʘ ʜʣʠʥʫ ʤʝʥʴʰʝʡ, ʧʦʣʫʯʘʝʪʩʷ ʧʨʠʤʝʨʥʦ 1,61. 

ɽʩʣʠ ʜʣʠʥʫ ʤʝʥʴʰʝʡ ʩʪʦʨʦʥʳ ʨʘʟʜʝʣʠʪʴ ʥʘ ʙʦʣʴʰʫʶ, ʨʝʟʫʣʴʪʘʪ ʙʫʜʝʪ ʨʘʚʝʥ ʧʨʠʤʝʨʥʦ 0,61. 

ʊʘʢʠʝ ʧʨʦʧʦʨʮʠʠ, ʥʘʟʚʘʥʥʳʝ ʟʦʣʦʪʳʤ ʩʝʯʝʥʠʝʤ. 
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ʈʠʩ.1. ɿʦʣʦʪʦʝ ʩʝʯʝʥʠʝ ʥʘ ʧʨʠʤʝʨʝ ʦʪʨʝʟʢʘ ʠ ʧʨʷʤʦʫʛʦʣʴʥʠʢʘ 

 

 
ʈʠʩ.2. ʇʦʨʪʨʝʪ ʄʦʥʳ ʃʠʟʳ 

 

ʇʦʨʪʨʝʪ ʄʦʥʳ ʃʠʟʳ, ʥʘʧʠʩʘʥʥʳʡ ʃʝʦʥʘʨʜʦ ʜʘ ɺʠʥʯʠ, ʧʦʩʪʨʦʝʥʦ ʥʘ ʟʦʣʦʪʦʤ ʩʝʯʝʥʠʠ, 

ʝʝ ʣʠʮʦ ʚʧʠʩʘʥʦ ʚ ʟʦʣʦʪʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʨʘʟʥʦʛʦ ʨʘʟʤʝʨʘ.  

ɺ çʊʘʡʥʦʡ ʚʝʯʝʨʝè ʟʦʣʦʪʳʝ ʧʨʷʤʦʫʛʦʣʴʥʠʢʠ ʦʧʨʝʜʝʣʷʶʪ ʨʘʟʤʝʨʳ ʢʘʨʪʠʥʳ ʠ 

ʧʦʣʦʞʝʥʠʝ ʧʝʨʩʦʥʘʞʝʡ. 

 
ʈʠʩ.3. ʂʘʨʪʠʥʘ çʊʘʡʥʦʡ ʚʝʯʝʨʷè 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʠ ʮʝʥʥʦʩʪʠ ʟʦʣʦʪʦʛʦ ʩʝʯʝʥʠʷ, ʨʘʩʩʤʦʪʨʠʤ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʴ 

ʧʠʨʘʤʠʜ ʍʝʦʧʩʘ ʠ ʍʝʬʨʝʥʘ, ʛʜʝ ʥʘʠʙʦʣʝʝ ʷʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʦʪ ʧʨʠʥʮʠʧ. ɼʣʷ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʪʘʢʠʭ ʛʠʛʘʥʪʩʢʠʭ ʩʦʦʨʫʞʝʥʠʡ, ʜʨʝʚʥʠʝ ʟʦʜʯʠʝ ʦʯʝʥʴ ʚʥʠʤʘʪʝʣʴʥʦ 

ʨʘʩʩʯʠʪʳʚʘʣʠ ʚʩʝ ʠʭ ʨʘʟʤʝʨʳ. ʀʥʘʯʝ ʥʝʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ ʪʘʢʦʝ ʛʠʛʘʥʪʩʢʦʝ 

ʩʪʨʦʠʪʝʣʴʩʪʚʦ  
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ʈʠʩ.4 ʇʠʨʘʤʠʜʘ 

 

ʅʝ ʦʙʦʡʪʠʩʴ ʚ ʞʠʚʦʧʠʩʠ ʙʝʟ ʦʩʝʚʳʭ ʣʠʥʠʡ. ʆʥʠ ʥʫʞʥʳ, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ 

ʤʝʩʪʦʧʦʣʦʞʝʥʠʝ ʣʝʧʝʩʪʢʦʚ ʫ ʮʚʝʪʢʘ, ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʧʦʨʪʨʝʪʘ. 

 
ʈʠʩ.4 ʏʝʨʪʝʞ 

 

ʇʦʣʫʯʘʝʪʩʷ, ʯʪʦ ʚʩʷʢʠʡ ʨʘʟ, ʢʦʛʜʘ ʤʳ ʚʦʩʭʠʱʘʝʤʩʷ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʨʦʠʟʚʝʜʝʥʠʝʤ 

ʠʩʢʫʩʩʪʚʘ, ʛʦʚʦʨʠʤ ʦ ʛʘʨʤʦʥʠʠ, ʢʨʘʩʦʪʝ, ʵʤʦʮʠʦʥʘʣʴʥʦʩʪʠ ʚʦʟʜʝʡʩʪʚʠʷ, ʤʳ ʪʝʤ ʩʘʤʳʤ 

ʢʘʩʘʝʤʩʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʥʝʠʩʯʝʨʧʘʥʥʦʡ ʧʨʦʙʣʝʤʳ ï ʧʨʦʙʣʝʤʳ ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ 

ʩʠʤʤʝʪʨʠʝʡ ʠ ʘʩʠʤʤʝʪʨʠʝʡ.  

ʆʜʥʠʤ ʠʟ ʢʨʫʧʥʝʡʰʠʭ ʞʠʚʦʧʠʩʮʝʚ ʍʍ ʚʝʢʘ ʇʠʪ ʄʦʥʜʨʠʘʥ (1872-1944) ʷʚʣʷʝʪʩʷ  

ʩʦʟʜʘʪʝʣʝʤ ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʙʩʪʨʘʢʮʠʦʥʠʟʤʘ ɸʙʩʪʨʘʢʮʠʦʥʠʟʤ - ʤʦʜʝʨʥʠʩʪʩʢʦʝ ʪʝʯʝʥʠʝ ʚ 

ʠʩʢʫʩʩʪʚʝ, ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʢʘʟʘʚʰʝʝʩʷ ʦʪ ʠʟʦʙʨʘʞʝʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʝʜʤʝʪʦʚ ʚ ʞʠʚʦʧʠʩʠ, 

ʩʢʫʣʴʧʪʫʨʝ ʠ ʛʨʘʬʠʢʝ. ʇʨʦʠʟʚʝʜʝʥʠʷ ʘʙʩʪʨʘʢʮʠʦʥʠʟʤʘ ʦʩʥʦʚʘʥʳ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ 

ʬʦʨʤʘʣʴʥʳʭ ʵʣʝʤʝʥʪʘʭ: ʣʠʥʠʷ, ʮʚʝʪʦʚʦʝ ʧʷʪʥʦ, ʦʪʚʣʝʯʝʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ. 

ɺʠʢʪʦʨ ɺʘʟʘʨʝʣʠ (1906ï1997), ʬʨʘʥʮʫʟʩʢʠʡ ʭʫʜʦʞʥʠʢ ʠ ʪʝʦʨʝʪʠʢ ʥʘʧʨʘʚʣʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ Op Art (ʩʦʢʨʘʱʝʥʠʝ ʦʪ ʘʥʛʣʠʡʩʢʦʛʦ "Optical Art" - ʦʧʪʠʯʝʩʢʦʝ 

ʠʩʢʫʩʩʪʚʦ), ʢʦʪʦʨʦʝ ʧʦʩʪʨʦʝʥʦ ʥʘ ʵʬʬʝʢʪʘʭ ʦʙʤʘʥʘ ʟʨʝʥʠʷ. ʍʫʜʦʞʥʠʢ ʢʘʢ ʙʳ ʠʛʨʘʝʪ ʩʦ 

ʟʨʠʪʝʣʝʤ, ʟʘʩʪʘʚʣʷʷ ʩʚʦʠ ʦʙʨʘʟʳ ʤʝʨʮʘʪʴ ʠ ʧʫʣʴʩʠʨʦʚʘʪʴ.  

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʟʠʪʝʣʴʥʦʝ ʠʩʢʫʩʩʪʚʦ ʧʨʦʮʚʝʪʘʝʪ ʩʝʛʦʜʥʷ. ʍʫʜʦʞʥʠʢʠ ʨʘʙʦʪʘʶʪ 

ʚ ʨʘʟʣʠʯʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʚʢʣʶʯʘʷ ʩʢʫʣʴʧʪʫʨʫ, ʨʠʩʦʚʘʥʠʝ ʥʘ ʧʣʦʩʢʠʭ ʠ ʪʨʝʭʤʝʨʥʳʭ 

ʧʦʚʝʨʭʥʦʩʪʷʭ, ʣʠʪʦʛʨʘʬʠʶ ʠ ʢʦʤʧʴʶʪʝʨʥʫʶ ʛʨʘʬʠʢʫ. ʅʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʤʠ ʪʝʤʘʤʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʠʩʢʫʩʩʪʚʘ ʦʩʪʘʶʪʩʷ ʤʥʦʛʦʛʨʘʥʥʠʢʠ, ʪʝʩʩʝʣʣʷʮʠʠ, ʥʝʚʦʟʤʦʞʥʳʝ ʬʠʛʫʨʳ, 

ʣʝʥʪʳ ʄʝʙʠʫʩʘ, ʠʩʢʘʞʝʥʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠ ʬʨʘʢʪʘʣʳ.  

ʉʫʱʝʩʪʚʫʝʪ ʚʩʝʛʦ ʧʷʪʴ ʧʨʘʚʠʣʴʥʳʭ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ, ʫ ʢʦʪʦʨʳʭ ʚʩʝ ʩʪʦʨʦʥʳ ʷʚʣʷʶʪʩʷ 

ʧʨʘʚʠʣʴʥʳʤʠ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤʠ ʠ ʚʩʝ ʚʝʨʰʠʥʳ ʦʜʠʥʘʢʦʚʳ, ʠʭ ʥʘʟʳʚʘʶʪ ʤʥʦʛʦʫʛʦʣʴʥʠʢʘʤʠ 

ʇʣʘʪʦʥʘ ʠʣʠ ʇʣʘʪʦʥʦʚʳ ʪʝʣʘ. ʕʰʝʨ ʠʩʧʦʣʴʟʦʚʘʣ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʚʦ ʤʥʦʛʠʭ ʩʚʦʠʭ ʨʘʙʦʪʘʭ, 

ʚʢʣʶʯʘʷ "ʈʝʧʪʠʣʠʠ", "ɼʚʦʡʥʦʡ ʧʣʘʥʝʪʦʠʜ" ʠ "ɻʨʘʚʠʪʘʮʠʷ". 

ʊʝʩʩʝʣʣʷʮʠʠ - ʧʦʢʨʳʪʠʝ ʧʣʦʩʢʦʩʪʠ ʧʣʠʪʢʘʤʠ (tiling), ʢʦʪʦʨʳʝ ʧʦʢʨʳʚʘʶʪ ʚʩʶ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʧʣʦʩʢʦʩʪʴ, ʩʦʚʤʝʱʘʷʩʴ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʙʝʟ ʥʘʣʦʞʝʥʠʡ ʠ ʧʨʦʙʝʣʦʚ. 

ʊʝʩʩʝʣʣʷʮʠʠ, ʷʚʣʷʶʪʩʷ ʦʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʪʝʤ ʪʚʦʨʯʝʩʪʚʘ ʕʰʝʨʘ. ʆʥ ʠʩʧʦʣʴʟʦʚʘʣ ʠʭ ʚ 
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ʦʛʨʦʤʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʚʦʠʭ ʢʘʨʪʠʥ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ "ɼʝʥʴ ʠ ʥʦʯʴ", ʩʝʨʠʷ ʢʘʨʪʠʥ "ʇʨʝʜʝʣ 

ʢʨʫʛʘ" I-IV, ʠ ʟʥʘʤʝʥʠʪʳʝ "ʄʝʪʘʤʦʨʬʦʟʳ" I-III.  

ʅʝʚʦʟʤʦʞʥʳʝ ʬʠʛʫʨʳ - ʵʪʠ ʬʠʛʫʨʘ, ʠʟʦʙʨʘʞʝʥʥʘʷ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ, 

ʯʪʦʙʳ ʚʳʛʣʷʜʝʪʴ ʦʙʳʯʥʦʡ ʬʠʛʫʨʦʡ, ʢʦʪʦʨʳʝ ʧʨʠ ʚʥʠʤʘʪʝʣʴʥʦʤ ʨʘʩʩʤʦʪʨʝʥʠʠ ʚʳʷʩʥʷʝʪʩʷ, 

ʯʪʦ ʪʘʢʘʷ ʬʠʛʫʨʘ ʥʝ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ. ʆʜʥʠʤ ʠʟ ʧʨʠʤʝʨʦʚ 

ʥʝʚʦʟʤʦʞʥʦʡ ʬʠʛʫʨʳ ʩʣʫʞʠʪ ʢʘʨʪʠʥʘ ʩʦʚʨʝʤʝʥʥʦʛʦ ʚʝʥʛʝʨʩʢʦʛʦ ʭʫʜʦʞʥʠʢʘ ʀʰʪʚʘʥʘ ʆʨʦʩʘ. 

ʅʘ ʢʘʨʪʠʥʝ ʠʟʦʙʨʘʞʝʥʳ ʤʦʩʪʳ, ʢʦʪʦʨʳʝ ʥʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ ʪʨʝʭʤʝʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ.  

ʃʝʥʪʘ ʄʝʙʠʫʩʘ - ʵʪʦ ʪʨʝʭʤʝʨʥʳʡ ʦʙʲʝʢʪ, ʠʤʝʶʱʠʡ ʪʦʣʴʢʦ ʦʜʥʫ ʩʪʦʨʦʥʫ. ʊʘʢʘʷ ʣʝʥʪʘ 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʧʦʣʫʯʝʥʘ ʠʟ ʧʦʣʦʩʢʠ ʙʫʤʘʛʠ, ʧʝʨʝʢʨʫʪʠʚ ʦʜʠʥ ʢʦʥʮʦʚ ʧʦʣʦʩʢʠ, ʘ ʟʘʪʝʤ 

ʩʢʣʝʠʚ ʦʙʘ ʢʦʥʮʘ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. ʕʰʝʨ ʠʟʦʙʨʘʟʠʣ ʣʝʥʪʫ ʄʝʙʠʫʩʘ ʥʘ ʨʘʙʦʪʘʭ "ɺʩʘʜʥʠʢʠ", 

"ʃʝʥʪʘ ʄʝʙʠʫʩʘ II (ʂʨʘʩʥʳʝ ʤʫʨʚʴʠ)"  ʠ "ʋʟʣʳ". 

ʀʩʢʘʞʝʥʥʳʝ ʠ ʥʝʦʙʳʯʥʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʅʝʦʙʳʯʥʳʝ ʩʠʩʪʝʤʳ ʧʝʨʩʧʝʢʪʠʚʳ, ʩʦʜʝʨʞʘʱʠʝ 

ʜʚʝ ʠʣʠ ʪʨʠ ʠʩʯʝʟʘʶʱʠʝ ʪʦʯʢʠ, ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʠʟʣʶʙʣʝʥʥʦʡ ʪʝʤʦʡ ʤʥʦʛʠʭ ʭʫʜʦʞʥʠʢʦʚ. 

ɼʠʢ ʊʝʨʤʝʩ (Dick Termes) ʠʩʧʦʣʴʟʫʝʪ ʰʝʩʪʠʪʦʯʝʯʥʫʶ ʧʝʨʩʧʝʢʪʠʚʫ ʜʣʷ ʨʠʩʦʚʘʥʠʷ ʩʮʝʥ ʥʘ 

ʩʬʝʨʘʭ ʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘʭ. ɺ ʝʛʦ ʢʘʨʪʠʥʝ "ʂʣʝʪʢʘ ʜʣʷ ʯʝʣʦʚʝʢʘ" ʠʟʦʙʨʘʞʝʥʘ ʛʝʦʤʝʪʨʠʯʝʩʢʘʷ 

ʩʪʨʫʢʪʫʨʘ ʚ ʚʠʜʝ ʩʝʪʢʠ, ʩʢʚʦʟʴ ʢʦʪʦʨʫʶ ʚʠʜʝʥ ʣʘʥʜʰʘʬʪ. ʊʨʠ ʚʝʪʢʠ ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ 

ʢʣʝʪʢʠ, ʘ ʪʘʢʞʝ ʧʦ ʥʝʡ ʧʦʣʟʘʶʪ ʨʝʧʪʠʣʠʠ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʜʥʠ ʠʟʫʯʘʶʪ ʤʠʨ, ʜʨʫʛʠʝ 

ʦʙʥʘʨʫʞʠʚʘʶʪ ʩʝʙʷ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚ ʢʣʝʪʢʝ. 

ʉʣʦʚʦ ʘʥʘʤʦʨʬʥʳʡ (anamorthic) ʩʬʦʨʤʠʨʦʚʘʥʦ ʠʟ ʜʚʫʭ ʛʨʝʯʝʩʢʠʭ ʩʣʦʚ "ana" (ʩʥʦʚʘ) ʠ 

morthe (ʬʦʨʤʘ). ʂ ʘʥʘʤʦʨʬʥʳʤ ʦʪʥʦʩʷʪʩʷ ʠʟʦʙʨʘʞʝʥʠʷ ʥʘʩʪʦʣʴʢʦ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʳʝ, ʯʪʦ 

ʨʘʟʦʙʨʘʪʴ ʠʭ ʙʝʟ ʩʧʝʮʠʘʣʴʥʦʛʦ ʟʝʨʢʘʣʘ ʙʳʚʘʝʪ ʥʝʚʦʟʤʦʞʥʦ. ɽʩʣʠ ʩʤʦʪʨʝʪʴ ʚ ʘʥʘʤʦʨʬʦʩʢʦʧ, 

ʪʦ ʠʟʦʙʨʘʞʝʥʠʝ "ʬʦʨʤʠʨʫʝʪʩʷ ʩʥʦʚʘ" ʚ ʫʟʥʘʚʘʝʤʫʶ ʢʘʨʪʠʥʫ  

ʌʨʘʢʪʘʣ - ʵʪʦ ʦʙʲʝʢʪ, ʧʦʚʪʦʨʷʶʱʠʡ ʩʘʤ ʩʝʙʷ ʚ ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʘʭ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ ʩʧʦʩʦʙʦʤ. ʌʨʘʢʪʘʣʳ ʬʦʨʤʠʨʫʶʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦ, ʤʥʦʛʦʢʨʘʪʥʦ ʧʦʚʪʦʨʷʷ 

ʚʳʯʠʩʣʝʥʠʷ ʪʘʢ, ʯʪʦ ʧʦʣʫʯʘʝʪʩʷ ʦʙʲʝʢʪ ʚʳʩʦʢʦʡ ʩʣʦʞʥʦʩʪʠ ʩ ʤʥʦʞʝʩʪʚʦʤ ʤʝʣʢʠʭ ʜʝʪʘʣʝʡ. 

ʂʘʨʪʠʥʘ "ɹʫʜʜʘ" ʩʦʚʨʝʤʝʥʥʦʛʦ ʭʫʜʦʞʥʠʢʘ ʂʵʨʠ ʄʠʪʯʝʣʣ (Kerry Mitchell) - ʢʦʤʧʴʶʪʝʨʥʘʷ 

ʢʘʨʪʠʥʘ ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʤʥʦʞʝʩʪʚʝ ʄʘʥʜʝʣʴʙʨʦʪʘ. 

ɻʣʫʙʦʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʵʢʦʥʦʤʠʢʝ ʠ ʪʝʭʥʠʢʝ ʚ 20 ʚʝʢʝ ʧʨʠʚʝʣʠ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʥʦʚʦʡ 

ʥʘʫʢʠ, ʧʦʣʫʯʠʚʰʝʡ ʥʘʟʚʘʥʠʝ ʪʝʭʥʠʯʝʩʢʦʡ ʵʩʪʝʪʠʢʠ ʠʣʠ ʜʠʟʘʡʥʘ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʠ ʥʦʚʦʡ 

ʧʨʦʬʝʩʩʠʠ ï ʭʫʜʦʞʥʠʢʘ-ʢʦʥʩʪʨʫʢʪʦʨʘ. ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʘʩʯʝʪʘʭ, ʠʩʧʦʣʴʟʫʷ ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ 

ʟʘʢʦʥʳ, ʧʨʠʤʝʥʷʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʢʦʤʧʴʶʪʝʨʥʫʶ ʛʨʘʬʠʢʫ ʠ ʭʫʜʦʞʥʠʢʠ, ʠ 

ʜʠʟʘʡʥʝʨʳ ʩʦʟʜʘʶʪ ʜʣʷ ʥʘʩ ʪʘʢʠʝ ʧʨʦʠʟʚʝʜʝʥʠʷ ʠʩʢʫʩʩʪʚ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ ʵʤʦʮʠʦʥʘʣʴʥʦʝ 

ʠ ʧʩʠʭʦʣʦʛʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʯʝʣʦʚʝʢʘ, ʧʦʚʳʰʘʶʪ ʝʛʦ ʨʘʙʦʪʦʩʧʦʩʦʙʥʦʩʪʴ. 

ʄʘʪʝʤʘʪʠʢʘ ï ʵʪʦ ʥʝ ʪʦʣʴʢʦ ʩʪʨʦʡʥʘʷ ʩʠʩʪʝʤʘ ʟʘʢʦʥʦʚ, ʪʝʦʨʝʤ, ʟʘʜʘʯ, ʥʦ ʠ ʫʥʠʢʘʣʴʥʦʝ 

ʩʨʝʜʩʪʚʦ ʧʦʟʥʘʥʠʷ ʢʨʘʩʦʪʳ. ɸ ʢʨʘʩʦʪʘ ʤʥʦʛʦʛʨʘʥʥʘ ʠ ʤʥʦʛʦʣʠʢʘ. ʆʥʘ ʚʳʨʘʞʘʝʪ ʚʳʩʰʫʶ 

ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ ʫʩʪʨʦʡʩʪʚʘ ʤʠʨʘ, ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʢʦʪʦʨʳʝ ʜʝʡʩʪʚʫʶʪ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʦ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʚ ʞʠʚʳʭ 

ʦʨʛʘʥʠʟʤʘʭ, ʚ ʘʪʦʤʘʭ ʠ ʚʦ ɺʩʝʣʝʥʥʦʡ, ʚ ʧʨʦʠʟʚʝʜʝʥʠʷʭ ʠʩʢʫʩʩʪʚʘ ʠ ʥʘʫʯʥʳʭ ʦʪʢʨʳʪʠʷʭ. 
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ɼʈʋɻʆɽ ɼʆʂɸɿɸʊɽʃʔʉʊɺʆ ʆɼʅʆʁ ʊɽʆʈɽʄʓ ʆ ʈɸʉʇʈɽɼɽʃɽʅʀʀ 

ʇʈʆʉʊʓʍ ʏʀʉɽʃ ɺ ʄʅʆɻʆʏʃɽʅɸʍ ɺʊʆʈʆʁ ʉʊɽʇɽʅʀ  

 

ʀʣʴʷʩʦʚ ʀ.ʀ., ʄʘץʩײʪ ʊ.ᴄ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʂ. ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 

ɺ 1837 ʛ. ɼʠʨʠʭʣʝ ʜʦʢʘʟʘʣ, ʙʝʩʢʦʥʝʯʥʦʩʪʴ ʧʨʦʩʪʳʭ ʯʠʩʝʣ ʚ ʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʧʨʦʛʨʝʩʩʠʠ 

 ʧʨʠ ʫʩʣʦʚʠʠ  ʚʟʘʠʤʥʦ ʧʨʦʩʪʳʝ ʥʘʪʫʨʘʣʴʥʳʝ ʯʠʩʣʘ. 

ʉʫʱʝʩʪʚʫʝʪ ʣʠ ʤʥʦʛʦʯʣʝʥʳ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩ ʮʝʣʳʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ 

ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ ʯʠʩʝʣ, ʷʚʣʷʝʪʩʷ ʥʝʨʝʰʝʥʥʦʡ ʟʘʜʘʯʝʡ. ʕʪʘ ʟʘʜʘʯʘ ʚ ʩʚʦʝ 

ʚʨʝʤʷ ʧʨʠʚʣʝʢʣʘ ʚʥʠʤʘʥʠʝ ʕʡʣʝʨʘ, ʃʝʞʘʥʜʨʘ ʠ ʜʨʫʛʠʭ: ʕʡʣʝʨ ʦʪʢʨʳʣ, ʯʪʦ ʤʥʦʛʦʯʣʝʥ 

 ʜʣʷ  ʧʨʠʥʠʤʘʝʪ ʧʨʦʩʪʳʝ ʟʥʘʯʝʥʠʷ.  

ʃʝʞʘʥʜʨ ʪʘʢ ʞʝ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʤʥʦʛʦʯʣʝʥ  ʜʣʷ  ʧʨʠʥʠʤʘʶʪ 

ʧʨʦʩʪʳʝ ʟʥʘʯʝʥʠʷ [1] ʩʪʨ. 420.  

ʏʝʙʳʰʝʚ ʜʦʢʘʟʘʣ, ʯʪʦ  ʧʨʠ , ʛʜʝ    ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʩʪʦʡ ʜʝʣʠʪʝʣʴ 

 [2] ʩʪʨ. 32-52. ɺ ʵʪʦʡ ʞʝ ʢʥʠʛʝ ʘʚʪʦʨʦʤ ʜʦʢʘʟʘʥʦ, ʯʪʦ .  

ɻ. ʇʦʣʠʘ ʜʦʢʘʟʘʣ ʪʝʦʨʝʤʫ: ʝʩʣʠ , ʪʦ   ʧʨʠ 

, ʛʜʝ  - ʥʘʠʙʦʣʴʰʠʡ ʧʨʦʩʪʦʡ ʜʝʣʠʪʝʣʴ  [3] ʩʪʨ. 86. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʦʯʣʝʥ , ʘ ʪʘʢ ʞʝ ʤʥʦʛʦʯʣʝʥʳ  ʧʨʠ ʣʶʙʦʤ 

ʥʘʪʫʨʘʣʴʥʦʤ  ʩʦʜʝʨʞʠʪ ʙʝʩʢʦʥʝʯʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʩʪʳʭ. [4]. 

ʉʚʝʜʝʥʠʷʤʠ ʦ ʧʨʦʩʪʳʭ ʯʠʩʣʘʭ ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʜʢʠʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʭ ʤʦʞʥʦ 

ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ [2] ʩʪʨ. 117-127. 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʜʦʢʘʟʳʚʘʝʪʩʷ ʪʝʦʨʝʤʘ: ʉʫʱʝʩʪʚʫʝʪ ʙʝʩʢʦʥʝʯʥʦʝ ʤʥʦʞʝʩʪʚʦ 

ʤʥʦʛʦʯʣʝʥʦʚ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ ʩ ʮʝʣʳʤʠ ʢʦʵʬʬʠʮʝʥʪʘʤʠ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ 

N ʧʨʦʩʪʳʭ, ʛʜʝ N ï ʣʶʙʦʝ ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ. ʕʪʦ ʫʪʚʝʨʞʜʝʥʠʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʙʦʪʳ 

[6], ʛʜʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʝʨʘʚʝʥʩʪʚʘ ʏʝʙʳʰʝʚʘ ʜʣʷ (́x), ʛʜʝ (́x) ʯʠʩʣʦ ʧʨʦʩʪʳʭ, ʥʝ 

ʧʨʝʚʦʩʭʦʜʷʱʠʭ ʭ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʦʧʠʨʘʝʪʩʷ ʣʠʰʴ ʥʘ ʨʘʩʭʦʜʠʤʦʩʪʴ ʨʷʜʘ ʦʙʨʘʪʥʳʭ ʧʨʦʩʪʳʤ 

ʯʠʩʣʘʤ (ʕʡʣʝʨ) [5]. 

ɺ ʨʘʙʦʪʝ [6] ʜʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʥʦʛʦʯʣʝʥ 

  ʜʣʷ ʮʝʣʳʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʦʯʝʢ (ʭ,ʫ) ʧʨʦʙʝʛʘʝʪ 

ʚʝʩʴ ʥʘʪʫʨʘʣʴʥʳʡ ʨʷʜ ʙʝʟ ʧʦʚʪʦʨʝʥʠʷ. 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʤʥʦʛʦʯʣʝʥʳ ʦʪ ʫ f(k,y), ʛʜʝ k ï ʬʠʢʩʠʨʦʚʘʥʥʦʝ 

ʥʘʪʫʨʘʣʴʥʦʝ ʯʠʩʣʦ. 

ʆʙʦʟʥʘʯʝʥʠʷ : r = 1,2, . . 

 - ʤʥʦʞʝʩʪʚʦ ʤʥʦʛʦʯʣʝʥʦʚ f(k,y), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʩʦʜʝʨʞʠʪ ʥʝ ʤʝʥʝʝ r ʧʨʦʩʪʳʭ. 

 - ʤʥʦʞʝʩʪʚʦ ʤʥʦʛʦʯʣʝʥʦʚ f(k,y), ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʨʦʚʥʦ ʩʦʜʝʨʞʠʪ r ʧʨʦʩʪʳʭ . 

 ʦʟʥʘʯʘʝʪ ʩʫʱʝʩʪʚʫʝʪ ʚ ʤʥʦʛʦʯʣʝʥ ʦʪ ʫ f(k,y), ʯʪʦ ʧʨʠ ʥʝʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʠ ʫ   

f(k,y)  =  p. 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ  . 

ʃʝʤʤʘ.   ,      r  1  ʩʭʦʜʠʪʩʷ.  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʵʪʦʡ ʣʝʤʤʳ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʩʭʦʜʠʤʦʩʪʠ ʨʷʜʘ 

  

ɼʦʢʘʟʘʪʝʣʴʩʪʚʦ ʪʝʦʨʝʤʳ : 

ʗʩʥʦ, ʯʪʦ  . 

ɼʘʣʝʝ ʨʷʜ   

     

ʨʘʩʭʦʜʠʪʩʷ. ɸ ʨʷʜʳ  
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ʨʘʩʭʦʜʠʪʩʷ. ʊʝʦʨʝʤʘ ʜʦʢʘʟʘʥʘ.  
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ʇʈʀʄɽʅɽʅʀʗ ʄɸʊɽʄɸʊʀʏɽʉʂʀʍ ʄɽʊʆɼʆɺ 

ɺ ʕʂʆʅʆʄʀʏɽʉʂʆʄ ɸʅɸʃʀɿɽ 

 

ʀʨʛʘʣʠʝʚʘ ʀ.ʉ., ʊʫʨʛʘʥʙʘʝʚ ɸ.ɸ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ɾʫʙʘʥʦʚʘ, ɸʢʪʦʙʝ 

 
ɸʥʥʦʪʘʮʠʷ: ʆʧʨʝʜʝʣʝʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʘʥʘʣʠʟʘ ʬʠʥʘʥʩʦʚʦ-

ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʠʜʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠʟʥʘʢʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʵʢʦʥʦʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʩʬʝʨʘ ʫʧʨʘʚʣʝʥʠʷ, ʬʘʢʪʦʨʥʳʝ ʠ 

ʨʝʟʫʣʴʪʘʪʠʚʥʳʝ ʧʨʠʟʥʘʢʠ 

 

ʕʢʦʥʦʤʠʯʝʩʢʦʝ ʨʘʟʚʠʪʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʩʠʪʫʘʮʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʦʟʨʘʩʪʘʶʱʝʡ 

ʧʦʪʨʝʙʥʦʩʪʴʶ ʚ ʩʚʦʝʚʨʝʤʝʥʥʦʤ ʧʨʠʥʷʪʠʠ ʨʝʰʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʠ 

ʜʠʘʛʥʦʩʪʠʢʝ ʚʘʨʠʘʮʠʡ ʚʝʨʦʷʪʥʳʭ ʪʝʥʜʝʥʮʠʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʝʜʧʨʠʷʪʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʧʨʦʠʟʚʝʩʪʠ ʧʦʜʦʙʥʦʝ ʥʝʠʩʧʦʣʥʠʤʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʙʝʟ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ[2].  

ɼʣʷ ʥʘʩʪʦʷʱʝʡ ʧʨʘʢʪʠʢʠ ʭʘʨʘʢʪʝʨʥʦ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ. ʇʨʠʥʷʪʠʝ ʨʝʰʝʥʠʡ ʫʧʨʘʚʣʝʥʠʷ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʠʭ ʚʠʜʦʚ, ʢʘʢ: 

¶ ʦʧʝʨʘʪʠʚʥʳʭ, ʪʝʢʫʱʠʭ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ (ʚʨʝʤʝʥʥʳʝ ʦʪʨʝʟʢʠ); 

¶ ʯʘʩʪʠʯʥʳʭ ʠ ʢʦʤʧʣʝʢʩʥʳʭ (ʦʙʲʝʤ); 

¶ ʚʳʷʚʣʝʥʠʝ ʨʝʟʝʨʚʦʚ, ʧʦʚʳʰʝʥʠʝ ʢʘʯʝʩʪʚʘ ʠ ʪ.ʧ. (ʥʘʟʥʘʯʝʥʠʝ); 

¶ ʧʨʦʛʥʦʟʥʳʝ ʘʥʘʣʠʟʳ. 

ɹʣʘʛʦʜʘʨʷ ʧʨʦʛʥʦʟʘʤ ʧʨʦʚʦʜʠʪʩʷ ʦʙʦʩʥʦʚʘʥʠʝ ʩʪʨʘʪʝʛʠʯʝʩʢʠʭ, ʦʧʝʨʘʪʠʚʥʳʭ ʠʣʠ 

ʪʘʢʪʠʯʝʩʢʠʭ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʠ ʩʧʦʩʦʙʳ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʨʘʟʜʝʣʷʶʱʠʝʩʷ ʥʘ 

ʪʨʘʜʠʮʠʦʥʥʳʝ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʘʜʠʮʠʦʥʥʳʭ ʧʨʠʝʤʦʚ ʧʨʠʤʝʥʷʶʪʩʷ ʘʙʩʦʣʶʪʥʳʝ, ʩʨʝʜʥʠʝ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʚʝʣʠʯʠʥʳ, ʩʧʦʩʦʙʳ ʩʨʘʚʥʝʥʠʷ, ʛʨʫʧʧʠʨʦʚʦʢ, ʠʥʜʝʢʩʥʳʝ ʤʝʪʦʜʳ, ʤʝʪʦʜʳ 

ʮʝʧʥʳʭ ʧʦʜʩʪʘʥʦʚʦʢ, ʙʘʣʘʥʩʦʚʳʡ ʤʝʪʦʜ. ɼʘʥʥʳʝ ʤʝʪʦʜʳ ʦʮʝʥʠʚʘʶʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʤʝʪʦʜʘ ʘʥʘʣʠʟʠʨʫʶʪ ʠ ʦʮʝʥʠʚʘʶʪ 

ʜʝʪʝʨʤʠʥʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ 

ʘʥʘʣʠʟʠʨʫʝʤʳʭ ʬʘʢʪʦʨʦʚ ʩ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. ʕʪʘ ʩʚʷʟʴ ʦʪʦʙʨʘʞʘʝʪʩʷ 

ʧʨʦʠʟʚʝʜʝʥʠʝʤ, ʯʘʩʪʥʳʤ ʠ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʩʫʤʤʦʡ ʬʘʢʪʦʨʦʚ. 
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ʀʟʫʯʝʥʠʝ ʩʪʦʭʘʩʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʨʠʤʝʥʝʥʠʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʉʚʷʟʴ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʤʝʞʜʫ 

ʬʘʢʪʦʨʥʳʤʠ ʠ ʨʝʟʫʣʴʪʘʪʠʚʥʳʤʠ ʧʨʠʟʥʘʢʘʤʠ ʦʧʨʝʜʝʣʝʥʘ ʚʝʨʦʷʪʥʦʩʪʥʳʤ ʭʘʨʘʢʪʝʨʦʤ[1]. 

ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʧʦʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʫʩʢʦʨʝʥʠʷ 

ʪʝʤʧʦʚ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʨʘʩʯʝʪʦʚ. 

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʩʧʦʩʦʙʦʚ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ ʪʨʝʙʫʶʪʩʷ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʚ ʢʦʪʦʨʳʭ ʧʦʩʨʝʜʩʪʚʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʧʨʦʚʦʜʠʪʩʷ ʚʳʨʘʞʝʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ ʠ ʟʘʚʠʩʠʤʦʩʪʝʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʚ ʩʬʝʨʝ ʫʧʨʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ. 

ʉʠʩʪʝʤʘʪʠʟʘʮʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʦʥʦʤʠʯʝʩʢʦʤ ʘʥʘʣʠʟʝ 

ʤʦʞʥʦ ʧʨʦʚʦʜʠʪʴ ʧʦ ʤʥʦʞʝʩʪʚʫ ʧʨʠʟʥʘʢʦʚ.  ʉʦʛʣʘʩʥʦ ʧʨʦʩʪʝʡʰʝʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ  

ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʪʨʝʤ ʧʨʠʟʥʘʢʘʤ: 

1. ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʦʜʘ; 

2. ʩʦʜʝʨʞʘʥʠʝ ʟʘʜʘʯ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; 

3. ʩʦʜʝʨʞʘʥʠʝ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ. 

ɿʘʜʘʯʠ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʤʥʦʞʝʩʪʚʦʤ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʧʨʘʚʣʝʥʠʷ ʟʘʧʘʩʘʤʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʝʦʨʠʷ 

ʤʘʩʩʦʚʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ ʠ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʉʝʪʝʚʦʝ ʫʧʨʘʚʣʝʥʠʝ 

ʠ ʧʣʘʥʠʨʦʚʘʥʠʝ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ[4].  

ɹʣʘʛʦʜʘʨʷ ʧʨʠʤʝʥʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʵʢʦʥʦʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʦʚʳʰʝʥʠʶ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʠ ʘʥʘʣʠʟʘ ʭʦʟʷʡʩʪʚʝʥʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʧʦʩʨʝʜʩʪʚʦʤ ʫʚʝʣʠʯʝʥʠʷ 

ʬʘʢʪʦʨʦʚ, ʘʨʛʫʤʝʥʪʘʮʠʠ ʧʨʠ ʧʨʠʥʷʪʠʠ ʫʧʨʘʚʣʝʥʯʝʩʢʠʭ ʨʝʰʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʚʘʨʠʘʥʪʘ ʧʨʠʤʝʥʝʥʠʷ ʨʝʩʫʨʩʦʚ, ʦʧʨʝʜʝʣʝʥʠʝ ʠ ʧʨʠʚʣʝʯʝʥʠʝ ʟʘʧʘʩʦʚ ʜʣʷ ʨʦʩʪʘ 

ʨʝʥʪʘʙʝʣʴʥʦʩʪʠ ʧʨʦʠʟʚʦʜʩʪʚʘ[3].  
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ɹɯʃɯʄ ɹɽʈʋ ʄɸɿʄױʅʓʅ ɾɸרɸʈʊʋ ɾɸנɼɸʁʓʅɼɸ ʄɸʊɽʄɸʊʀʂɸ 

ʄנױɸʃɯʄɯʅɯר ʂᴄʉɯɹʀ ױפɿʈɽʊʊɯʃɯɻɯ 

 

 .ʘʟʙʘʝʚʘ ᴄ.ʂסʘפ

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ: ʄʘץʘʣʘʜʘ ץʘʟʘץʩʪʘʥʜʳץ ʙʽʣʽʤʜʽ ʜʘʤʳʪʫ ʢʝʟʝשʽʥʽש ʝʨʝʢʰʝʣʽʢʪʝʨʽ ץʘʨʘʩʪʳʨʳʣʳʧ, ʙʽʣʽʤ ʙʝʨʫ 

ʩʘʧʘʩʳʥ ʢᴇʪʝʨʫʜʝ ʜʘʡʳʥʜʳסʳ ʞʦסʘʨʳ, ʙʽʣʽʢʪʽ ʧʝʜʘʛʦʛ - ʧᴅʥ ʤסײʘʣʽʤʜʝʨʽʥʽץ שʘʞʝʪʪʽʣʽʛʽ ʥʝʛʽʟʜʝʣʛʝʥ.  ɹʽʣʽʤ ʙʝʨʫ 

ʤʘʟʤײʥʳʥ ʞʘשʘʨʪʫ ʞʘסʜʘʡʳʥʜʘ ʤʘʪʝʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʢᴅʩʽʙʠ ʙʽʣʽʤʜʝʨʽ  ʤʝʥ ʽʩʢʝʨʣʽʢʪʝʨʽʥʝ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨ ʥʘץʪʳʣʘʥʳʧ, ʞʘשʘ ʪʘʣʘʧʪʘʨסʘ ʩᴅʡʢʝʩ ʤʘʪʝʤʘʪʠʢʘ ʤסײʘʣʽʤʽʥʽש ʙʘʟʘʣʳץ ʙʽʣʽʤʜʽʢ ײץʟʨʝʪʪʽʣʽʢʪʝʨʽʥʽש 

ʩʠʧʘʪʪʘʤʘʣʘʨʳ ʢʝʣʪʽʨʽʣʛʝʥ, ʦץʫʰʳʣʘʨ ʠʛʝʨʝʪʽʥ ʽʩʢʝʨʣʽʢʪʝʨ ʤʝʥ ײץʟʳʨʣʳץʪʘʨ ʪװʨʣʝʨʽ ץʘʨʘʩʪʳʨʳʣסʘʥ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʙʽʣʽʤ ʙʝʨʫ, ʞʘשʘʨʪʫ, ʠʥʥʦʚʘʮʠʷʣʳץ ʧʨʦʮʝʩʩ,  ײץʟʳʨʣʳץʪʘʨ 

 

XXI סʘʩʳʨ ï ʞʘhʘʥʜʘʥʫ סʘʩʳʨʳʥʜʘ ץʦסʘʤ ʜʘʤʫʳʥʳʥ ʢʘʨץʳʥʜʳʣʳסʳʥʳש ʘʨʪʫʳ, 

ʭʘʣʳץʘʨʘʣʳץ ʳʥʪʳʤʘץʪʘʩʪʳץ ʥᴅʪʠʞʝʩʽʥʜʝ ʰʝʰʽʣʫʽ ʤװʤʢʽʥ סʘʣʘʤʜʳץ ʧʨʦʙʣʝʤʘʣʘʨʜʳש 

ʪʫʳʥʜʘʫʳ ʞᴅʥʝ ᴇʩʫʽ, ץʦסʘʤʜʳ ʜʝʤʦʢʨʘʪʠʟʘʮʠʷʣʘʫ, ʵʢʦʥʦʤʠʢʘʥʳץ שʘʨץʳʥʜʳ ʜʘʤʫʳ ʤʝʥ 
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ʙᴅʩʝʢʝʣʝʩʪʽʢʪʽש ᴇʩʫʽ, ʘʜʘʤ ʢʘʧʠʪʘʣʳ ʤᴅʥʽʥʽש ʘʨʪʫʳ ᴅʣʝʤʜʽʢ ʞᴅʥʝ ץʘʟʘץʩʪʘʥʜʳץ ʙʽʣʽʤ ʙʝʨʫ 

ʞװʡʝʣʝʨʽʥʝ װʣʢʝʥ ʤʽʥʜʝʪ ʞװʢʪʝʡʜʽ. ʆʣ- ʪʝʢ ץʘʥʘ װʥʝʤʽ ᴇʟʛʝʨʽʧ ʦʪʳʨʘʪʳʥ ᴅʣʝʫʤʝʪʪʽʢ ʞᴅʥʝ 

ʵʢʦʥʦʤʠʢʘʣʳץ ʞʘסʜʘʡʜʘ סʘʥʘ ᴇʤʽʨ ʩװʨʝ ʘʣʘʪʳʥ ʝʤʝʩ, ʩʦʥʳʤʝʥ ץʘʪʘʨ ץʘʟʽʨʛʽ ʞʘסʜʘʡסʘ 

ʙʝʣʩʝʥʜʽ ᴅʩʝʨ ʝʪʝ ʦʪʳʨʳʧ, ʦʥʳ ʞʘץʩʳ ʞʘץץʘ ץʘʨʘʡ ᴇʟʛʝʨʪʝ ʘʣʘʪʳʥ ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽ ʪײʣסʘʥʳ 

 .ʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳץ

ɸʜʘʤ ץʳʟʤʝʪʽʥʽש  ʙʘʨʣʳץ ʩʘʣʘʩʳʥʘ ʠʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʞʘʧʧʘʡ ʝʥʛʽʟʫ 

ʞʘסʜʘʡʳʥʜʘ,  ʢᴅʩʽʙʠ ʝשʙʝʢ ʥʘʨʳסʳ ʘʥʳץʪʘʣʤʘסʘʥʜʳץ ʞʘשʜʘʡʳʥʜʘ ʞײʤʳʩ ʞʘʩʘʡ ʘʣʘʪʳʥ, 

ʤᴅʩʝʣʝʣʝʨʜʽ ץʦʷ ʘʣʘʪʳʥ ʞᴅʥʝ ʦʥʳש ʰʝʰʫ ʞʦʣʳʥ ʘʡץʳʥʜʘʡ ʘʣʘʪʳʥ, ʩʪʨʘʪʝʛʠʷʣʘʨʜʳ ʞʘʩʘץʪʘʫ 

ʧʨʠʥʮʠʧʪʝʨʽʥ ʙʽʣʝʪʽʥ, ʘʣ ʞʘʣʧʳ ʘʣסʘʥʜʘ, ʵʢʩʪʨʝʤʘʣʜʳ ʞʘסʜʘʡʣʘʨʜʘ ʤᴅʩʝʣʝʣʝʨʜʽש ʪʠʽʤʜʽ 

ʰʝʰʽʤʽʥ ʪʘʙʘ ʘʣʘʪʳʥ ʪײʣסʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫʜʘ ʞʘשʘ ʙʘסʳʪʪʘʨʜʳ ʘʡץʳʥʜʘʧ, ʞʘשʘ ʪᴅʩʽʣʜʝʨʜʽ  

 .ʦʣʜʘʥʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽץ

ɸʣ ʙײʣ ᴇʟ ʢʝʟʝʛʽʥʜʝ ʙʽʣʽʤ ʩʘʧʘʩʳʥ ʢᴇʪʝʨʫ ʤʝʥ ʦʥʳש ʪʠʽʤʜʽʣʽʛʽʥ ʘʨʪʪʳʨʫʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ. ɹʽʣʽʤ ʩʘʧʘʩʳʥ ʢᴇʪʝʨʫ ʤᴅʩʝʣʝʩʽ פʘʟʘץʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ 

ʜʘʤʳʪʫʜʳש ʥʝʛʽʟʛʽ ʙʘʩʳʤʜʳץ ʙʘסʳʪʳ ʙʦʣʳʧ ʩʘʥʘʣʘʜʳ [1],[2],[3]. 

 ,שʥʳʥʳײʤʘʟʤ שʽ ʙʽʣʽʤʥʽשʙʽʣʽʤʜʽ ʜʘʤʳʪʫ ʢʝʟʝ ץʩʪʘʥʜʳץʘʟʘץ ,ʜʘשʘʟʽʨʛʽ ʪʘפ

 שʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ץᴇʟʛʝʨʫʽʤʝʥ, ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥʝ ʠʥʥʦʚʘʮʠʷʣʳ ץʩʘʧʘʣʳ שʨʳʣʳʤʳʥʳײץ

ʝʥʜʽʨʽʣʫʽʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ.  

 שʘʨʪʫ ʙʽʣʽʤʥʽשʥʳʥ ʞʘײʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʞʘʣʧʳ ʦʨʪʘ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤץʘʟʘפ

ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ײץʥʜʳʣʳץʪʘʨʳʥʘ ʥʝʛʽʟʜʝʣʛʝʥ ʙʽʣʽʤ ʙʝʨʫ ʤʦʜʝʣʽʥ ײץʨʫסʘ ʙʘסʳʪʪʘʣסʘʥ. ɹʽʣʽʤ 

ʥᴅʪʠʞʝʣʝʨʽ ʤʝʥ ײץʥʜʳʣʳץʪʘʨʳ "ʥʝ תʰʽʥ ʦץʫ ʢʝʨʝʢ?" ʩײʨʘסʳ ʤᴅʥʤᴅʪʽʥʽʥʜʝ ᴇʨʽʩʪʝʪʽʣʝʜʽ: 

ʢװʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʣʝʨ, ʢʝש ʩʧʝʢʪʽʨʣʽ ʜʘסʜʳʣʘʨʜʳ ץʘʣʳʧʪʘʩʪʳʨʫ[4]. 

 ʉʘʧʘʣʳ ʙʽʣʽʤ ʙʝʨʫʜʽ  ʜʘʡʳʥʜʳסʳ ʞʦסʘʨʳ, ʙʽʣʽʢʪʽ ʧʝʜʘʛʦʛ - ʧᴅʥ ʤסײʘʣʽʤʜʝʨʽʥʩʽʟ ʞװʟʝʛʝ 

ʘʩʳʨʫ ʤװʤʢʽʥ ʝʤʝʩ. 

ʆʨʪʘ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ʞʘשʘʨʪʫ ʞʘסʜʘʡʳʥʜʘ ʤסײʘʣʽʤʜʝʨʜʽש ʢᴅʩʽʙʠ ײץʟʨʝʪʪʽʣʽʢʪʝʨʽʥʝ 

ʩʘʧʘʩʳ ʞʘסʳʥʘʥ ʞʘשʘ ʪʘʣʘʧʪʘʨ ץʦʡʳʣʘʜʳ. ɾʘשʘ ʪʠʧʪʽ ʤסײʘʣʽʤ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽʥ 

ʨʝʬʦʨʤʘʣʘʫʜʳש ʤʘץʩʘʪʳʥ, ʙʽʣʽʤʜʝʛʽ ʙʦʣʳʧ ʞʘʪץʘʥ ʠʥʥʦʚʘʮʠʷʣʳץ ʧʨʦʮʝʩʪʝʨʜʽש ʤᴅʥʽʥ ʪװʩʽʥʫʽ 

ʞᴅʥʝ ʬʘʩʠʣʠʪʘʪʦʨ ʞᴅʥʝ ʯʝʣʝʥʜʞʝʨ ץʳʟʤʝʪʪʝʨʽʥ ʘʪץʘʨʘ ʘʣʫסʘ ʜʘʡʳʥ ʙʦʣʫʣʘʨʳ ʢʝʨʝʢ. 

ɾʦסʘʨʳʜʘסʳ ʤᴅʥʤᴅʪʽʥ ʘʷʩʳʥʜʘ ʤʘʪʝʤʘʪʠʢʘ ʤסײʘʣʽʤʽ, ʞʘʣʧʳ ʘʣסʘʥʜʘ, ʞʘשʘʨʪʳʣסʘʥ ʦʨʪʘ 

ʞʘʣʧʳ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳʥʳש  ʤʝʪʦʜʦʣʦʛʠʷʩʳ ʤʝʥ ʤʘʟʤײʥʳʥ  ץʘʙʳʣʜʘʫסʘ, ʙʽʣʽʤ ʙʝʨʫ 

ʧʨʦʮʝʩʽʥ ʙʘסʜʘʨʣʘʤʘʣʳץ ʞᴅʥʝ ᴅʜʽʩʪʝʤʝʣʽʢ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʜʽש ᴇʟʛʝʨʫʽʥʝ, ʧʝʜʘʛʦʛʠʢʘʣʳץ 

 ,ʘʥʜʘץʪʳ ʘʡʪץᴇʟʛʝʨʫʽʥʝ ʜʘʷʨ ʙʦʣʫʳ ʢʝʨʝʢ, ʘʣ ʥʘ שʩʘʪʪʘʨʳ ʤʝʥ ʪᴅʩʽʣʜʝʨʽʥʽץʤʘ שʳʟʤʝʪʪʽץ

ʞʘשʘʨʪʳʣסʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʽʣʽʤ ʤʘʟʤײʥʳʥʳש ʞᴅʥʝ  ʦץʳʪʫ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳʥʳש 

ʤʘץʩʘʪʪʘʨʳ ʤʝʥ ʤʽʥʜʝʪʪʝʨʽʥ סײʳʥʫʳ, ʧᴅʥʜʽʢ ʞᴅʥʝ ʤʝʪʘʧᴅʥʜʽʢ  ʙʽʣʽʤ, ʽʩʢʝʨʣʽʢ, ʜʘסʜʳʣʘʨʜʳ 

ʙʘסʘʣʘʫʜʳש  ʞʘשʘ ʬʦʨʤʘʣʘʨʳʥ ʠʛʝʨʫʽ ʢʝʨʝʢ.  

 ʳʪʫץʘʰʘ ʦשʟʨʝʪʪʽʣʽʛʽ ʤʘʪʝʤʘʪʠʢʘʥʳ ʞʘײץ ʢᴅʩʽʙʠ שʘʣʽʤʽʥʽסײʜʘ ʤʘʪʝʤʘʪʠʢʘ ʤשʘʟʽʨʛʽ ʪʘפ

ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʝ ʘʣʫʳʥʘ  ʳץʧʘʣ ʝʪʝʪʽʥ ץʘʙʽʣʝʪʪʽʣʽʢʢʝ ʥʝʛʽʟʜʝʣʝʜʽ. ɸʣ ץʘʙʽʣʝʪʪʽʣʽʢ ʦʥʳש 

ʙʽʣʽʤʽʥʜʝ, ʽʩʢʝʨʣʽʛʽʥʜʝ, ʜʘסʜʳʣʘʨʳʥʜʘ ʞᴅʥʝ ץʳʟʤʝʪ ᴅʜʽʩʪʝʨʽʥʜʝ ʢᴇʨʽʥʽʩ ʪʘʙʘʜʳ, ʘʣ ʙײʥʳש ʙᴅʨʽ  

ᴅʩ-ʽʨʝʢʝʪ ʝʪʫ ʘʨץʳʣʳ ʙʘʡץʘʣʘʜʳ. 

ʆʣʘʡ ʙʦʣʩʘ,  ʤʘʪʝʤʘʪʠʢʘ ʤסײʘʣʽʤʽ, ʝש ʘʣʜʳʤʝʥ, ʢʝʣʝʩʽʜʝʡ ʩײʨʘץʪʘʨסʘ ʞʘʫʘʧ ʽʟʜʝʡ 

ʦʪʳʨʳʧ, ʙʽʣʽʤʜʝʨʜʽ ʠʛʝʨʫʣʝʨʽ/ʢʝשʝʡʪʫʣʝʨʽ ʢʝʨʝʢ:  

- çʄʘʪʝʤʘʪʠʢʘʜʘʥ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥ ᴇʟʛʝʨʪʫʜʽש ʧʘʨʘʜʠʛʤʘʣʳץ ʥʝʛʽʟʽ ץʘʥʜʘʡ?è; 

- çʅᴅʪʠʞʝʛʝ ʙʘסʳʪʪʘʣסʘʥ ʙʽʣʽʤ è סײʳʤʳʥ ץʘʣʘʡ ʪװʩʽʥʫʛʝ ʙʦʣʘʜʳ?è;  

- çפʘʟʽʨʛʽ ʞʘסʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʤʘʟʤײʥʳ ʤʝʥ  ʜᴅʩʪװʨʣʽ ʙʽʣʽʤ ʤʘʟʤײʥʳʥʳש 

ʘʡʳʨʤʘʰʳʣʳץʪʘʨʳ ʥʝʜʝ?è; 

- çɾʘשʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ʧᴅʥʜʝʨʜʽ ʦץʳʪʫʜʳש ʤʘץʩʘʪʪʘʨʳ ʤʝʥ 
ʤʽʥʜʝʪʪʝʨʽ ץʘʥʜʘʡ?è;  

- çʄʘʪʝʤʪʠʢʘʜʘʥ ʙʽʣʽʤ ʙʝʨʫʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʞʘשʘ  ʪᴅʩʽʣʜʝʨʽ ץʘʥʜʘʡ?è;  

- çʄʘʪʝʤʘʪʠʢʘʜʘʥ ʞʘשʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʘ ʤʘʪʝʤʘʪʠʢʘ ʤסײʘʣʽʤʽ ץʘʣʘʡ 
ʞᴅʥʝ ץʘʡ ʙʘסʳʪʪʘ ʜʘʡʳʥʜʘʣʫʳ ʢʝʨʝʢ?è; 

- çʀʥʥʦʚʘʮʠʷʣʳץ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʪװʨʣʝʨʽ, ʦʣʘʨʜʳ ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘ 

  ;ʘʥʜʘʡ?èץ  ʤʢʽʥʜʽʢʪʝʨʽ ʤʝʥ ʪʠʽʤʜʽʣʽʢʪʝʨʽװʦʣʜʘʥʫ ʤץ

- çɾʘשʘ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳ ץʘʥʜʘʡ ʦʨʪʘʥʳ ײץʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽè;  



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  
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- çɹʽʣʽʤ ʙʝʨʫ ʥᴅʪʠʞʝʩʽʥ ʙʘסʘʣʘʫʜʳש ʞʘשʘ ʬʦʨʤʘʣʘʨʳ ץʘʥʜʘʡ ʞᴅʥʝ ʦʣʘʨʜʳ 

 .ʝʨʝʢʰʝʣʽʢʪʝʨʽ ʥʝʜʝ?è שʦʣʜʘʥʫʜʳץ

ʉʦʥʳʤʝʥ ץʘʪʘʨ, ʢʝʣʝʩʽʜʝʡ ʽʩʢʝʨʣʽʢʪʝʨʜʽ ʠʛʝʨʫʣʝʨʽ ʢʝʨʝʢ: 

1. ʅᴅʪʠʞʝʣʝʨʛʝ ץʦʣ ʞʝʪʢʽʟʝʪʽʥ ʦץʫ ʤʘץʩʘʪʪʘʨʳ ʞװʡʝʩʽʥ  ʽʩʢʝ ʘʩʳʨʫ ʞʦʣʜʘʨʳʥ 

ʘʥʳץʪʘʫʜʳ.  ɼᴅʩʪװʨʣʽ ʦץʳʪʫʜʘ ʤʘץʩʘʪʪʘʨ ʞװʡʝʩʽʥ ʘʥʳץʪʘʫʜʘ ʥʝʛʽʟʛʽ ʦץʫ ʤʘʟʤײʥʳʥʳש ʝʢʽ 

ʪʝʦʨʠʷʣʳץ ʙʣʦʛʳʥʘ (ʪʝʦʨʠʷʣʳץ ʤʘʪʝʨʠʘʣ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʨ)   ʘʩʘ ʤᴅʥ ʙʝʨʽʣʩʝ, 

ʞʘשʘ ʙʽʣʽʤ ʙʝʨʫ ʤʘʟʤײʥʳʥʜʘ ʥʝʛʽʟʛʽ ʞʝʣʽʣʽʢ ʙᴇʣʽʤʜʝʨʜʽש ʢʣʘʩʪʘʥ ʢʣʘʩץʘ ץʘʨʘʡ ʞʦסʘʨʳ 

 ʦʣץ ʪʽʣʝʪʽʥ ʥᴅʪʠʞʝʣʝʨʛʝװʪʘʣʘʪʳʥ ʢץʜʝʪʽʣʫʽʤʝʥ ʘʥʳשʳʪʳʣʳʧ, ʪʝʨʝץʛʝʡʽʥʜʝ ʦשʜʝ ץʠʳʥʜʳץ

ʞʝʪʢʽʟʫ ʤʘץʩʘʪʪʘʨʳ ʞװʡʝʩʽ ʝʨʝʢʰʝ ʤᴅʥʛʝ ʠʝ ʙʦʣʘʜʳ. 

2. ʆץʫ ʤʘʪʝʨʠʘʣʳʥ ʠʛʝʨʫʜʽ ײʡʳʤʜʘʩʪʳʨʫ ʙʦʡʳʥʰʘ ʦץʫ ʧʨʦʮʝʩʽʥ ײץʨʫʜʳ. ɹײʣ ʦץʫ 

ʧʨʦʮʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ ʤסײʘʣʽʤ ʥʦʨʤʘʪʠʚʪʽ ײץʞʘʪʪʘʨʜʳ ( ʄʝʤʣʝʢʝʪʪʽʢ ʩʪʘʥʜʘʨʪ. ʊʠʧʪʽʢ 

ʦץʫ ʞʦʩʧʘʨʳ. ʆץʫ ʧᴅʥʥʝʨʽ ʙʦʡʳʥʰʘ  ʞʘשʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʤʘʟʤײʥʳ ʜʝשʛʝʡʣʝʨʽ ʙʦʡʳʥʰʘ   

(çʄʘʪʝʤʘʪʠʢʘ 5-6 ʩʳʥʳʧʪʘʨè, çɸʣʛʝʙʨʘ 7-9 ʩʳʥʳʧʪʘʨè, çɻʝʦʤʝʪʨʠʷ 7-9 ʩʳʥʳʧʪʘʨè) ʪʠʧʪʽʢ 

ʦץʫ ʙʘסʘʨʣʘʨʤʘʣʘʨʳ)  ʙʘʩʰʳʣʳץץʘ ʘʣʫʜʳ ץʘʨʘʩʪʳʨʘʜʳ.  

3. ʆץʫ ʤʘץʩʘʪʪʘʨʳʥʘ ʩᴅʡʢʝʩ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʜʘʡʳʥʜʘʫʜʳ. ʆץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ 

ʩʧʠʨʘʣʜʳץ ʧʨʠʥʮʠʧʽ ʙʦʡʳʥʰʘ ʩʘʥʜʘʨ, ʘʣʛʝʙʨʘ, ʛʝʦʤʝʪʨʠʷ, ʩʪʘʪʠʩʪʠʢʘ ʞᴅʥʝ ʳץʪʠʤʘʣʜʳץʪʘʨ 

ʪʝʦʨʠʷʩʳ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʫ ʩʘʣʘʣʘʨʳ ʙʦʡʳʥʰʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʽʣʽʤ ʤʝʥ ʽʩʢʝʨʣʽʢʪʽ 

ʜʘʤʳʪʫסʘ ʙʘסʳʪʪʘʣסʘʥ ʙʦʣʫʳ ʢʝʨʝʢ. 

4. ʆץʫ ʧʨʦʮʝʩʽ װʰʽʥ ʘץʧʘʨʘʪʪʳץ ʦʨʪʘ ʧʦʪʝʥʮʠʷʣʳʥ  ץʦʣʜʘʥʫʜʳ. ɹײʣ ʪʝʭʥʠʢʘʣʳץ 

  .ʦʣʜʘʥʫʜʳ ʢᴇʟʜʝʡʜʽץ ʜʘʨʣʘʤʘʣʘʨʜʳסʦʣʜʘʥʙʘʣʳ ʙʘץ ʨʘʣʜʘʨ ʤʝʥײץ

5. ʆץʫʰʳʣʘʨʜʳ ʜʘʤʳʪʘ ʦץʳʪʫסʘ ʞᴅʥʝ ʦʣʘʨʜʳש ʪײʣסʘʣʳץ-ᴅʨʝʢʝʪʪʽʢ 

ʙʘסʳʪʪʳʣʳץʪʘʨʳʥʘ ʞʘסʜʘʡ ʞʘʩʘʫʜʳ. ɹײʣ ʧʨʦʙʣʝʤʘʣʳץ ʘʭʫʘʣ ʪʫʜʳʨʫʜʳ, ʙʝʣʩʝʥʜʽ ʦץʳʪʫ 

ʦʨʪʘʩʳʥ ײץʨʫʜʳ, ʩʘʨʘʣʘʫ,ײץʥʜʳʣʳץץʘ ʙʳסʳʪʪʳʣʳץ, ʞᴅʥʝ ʪײʣסʘʣʳץ-ʙʘסʳʪʪʳʣʳץ ʪᴅʩʽʣʜʝʨʜʽ 

 .ʦʣʜʘʥʫʜʳ ʢᴇʟʜʝʡʜʽץ

6. ʇʩʠʭʦʣʦʛʠʷʣʳץ ʢʦʤʬʦʨʪ ʧʝʥ ץʦʣʜʘʫ  ʘʪʤʦʩʬʝʨʘʩʳʥ ʦʨʥʘʪʫʜʳ. ʄײʥʜʘ ʞʝʢʝ, 

ʞײʧʪʳץ ʞᴅʥʝ ʪʦʧʪʳץ ʞײʤʳʩ ʬʦʨʤʘʣʘʨʳʥ ʪʠʽʤʜʽ ײʡʳʤʜʘʩʪʳʨʫʜʳ, ʦץʫʰʳʣʘʨʜʳש ʙʽʨʽʥ-ʙʽʨʽ 

ʦץʳʪʫʳʥ ץʘʨʘʩʪʳʨʘʜʳ.   

7. ʆץʫʰʳʣʘʨʜʳ ᴇʟʜʽʛʽʥʝʥ ʙʽʣʽʤ ʘʣʫסʘ, ᴇʟʽʥ-ᴇʟʽ ʘʥʳץʪʘʡ ʘʣʫסʘ, ᴇʟʽʥ - ᴇʟʽ ʞװʟʝʛʝ ʘʩʳʨʘ 

ʘʣʫʳʥʘ ʙʘʫʣʫʜʳ. ɹײʣ  ʧʨʘʢʪʠʢʘʣʳץ ʞᴅʥʝ ʰʳסʘʨʤʘʰʳʣʳץ ץʳʟʤʝʪʪʽ ʞװʟʝʛʝ ʘʩʳʨʫʜʳ, 

ʞʘʨʪʳʣʘʡ ʽʟʜʝʥʽʩ ʞײʤʳʩʪʘʨʳʥ ײʡʳʤʜʘʩʪʳʨʫʜʳ, ʟʝʨʪʪʝʫ ʪᴅʩʽʣʜʝʨʽʥ ץʦʣʜʘʥʫʜʳ, ʦʫʰʳʥʳש  

ʦץʫ ץʳʟʤʝʪʽʥʝ ʜʝʛʝʥ ʨʝʬʣʝʢʩʠʚʪʽʢ ץʘʪʳʥʘʩʳʥ  ײʡʳʤʜʘʩʪʳʨʫʜʳ ʤʝשʟʝʡʜʽ. 

 ʘʣʘʫʜʳסʥᴅʪʠʞʝʣʝʨʜʽ ʙʘ ץʘʥ ʘʨʘʣʳסʳʪʪʘʣסʦʣ ʞʝʪʢʽʟʫʛʝ ʙʘץ ʘסʩʘʪʪʘʨץʘʥ ʤʘסʦʡʳʣפ .8

ʞװʟʝʛʝ ʘʩʳʨʘ ʘʣʫʜʳ. ʅᴅʪʠʞʝʛʝ ʙʘסʳʪʪʘʣסʘʥ ʙʽʣʽʤ ʙʝʨʫ ʤʦʜʝʣʽʥʜʝ  ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥ ʙʘסʘʣʘʫ 

ʩʘʙʘץʪʘ ʦץʳʪʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʙʘסʘʣʘʫ ʪᴅʩʽʣʜʝʨʽ ʤʝʥ ʪʦץʩʘʥ ʙʦʡʳʥʰʘ ץʦʨʳʪʳʥʜʳ ʞײʤʳʩʪʳ 

 ʦʩʘʨʣʘʥʘץ ʘʣʘʫʜʳסʦʩʳʥʜʳ (ʩʫʤʤʘʪʠʚʪʽ) ʙʘץ ʪʘʥ ʜʘ  ʬʦʨʤʘʪʠʚʪʽ ʞᴅʥʝץʘʤʪʠʜʳ. ʉʦʥʜʳץ

ʜʘʤʳʪʫ ʢᴇʟʜʝʣʝʜʽ. ʆץʫʰʳʣʘʨʜʳש ʦץʫ ʞʝʪʽʩʪʽʢʪʝʨʽʥʝ װʥʝʤʽ ʤʦʥʠʪʦʨʠʥʛ ʞװʨʛʽʟʽʧ ʦʪʳʨʫ 

  .ʘʨʘʩʪʳʨʳʣʘʜʳץ

ɹʘסʘʣʘʫ ʢʝʣʝʩʽ ʧʨʠʥʮʠʧʪʝʨʛʝ ʩװʡʝʥʝ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ ʢʝʨʝʢ: ʞװʡʝʣʽʣʽʢ, ʙʽʨʽʟʜʽʣʽʢ, 

ʰʳʥʘʡʳʣʳץ, ʘʰʳץʪʳײ ,ץʩʳʥʳʩʪʘʨ, ʩʝʥʽʤʜʽʣʽʢ. 

ɾʘשʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ʤʘʪʝʤʘʪʠʢʘʜʘʥ ʧᴅʥʜʝʨʜʽ ʦץʳʪʫ ʢʝʣʝʩʽ 

ʤʽʥʜʝʪʪʝʨʜʽ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣʘʜʳ [5]: 

- çʉʘʥʜʘʨè, çɸʣʛʝʙʨʘè, çɻʝʦʤʝʪʨʠʷè, çʉʪʘʪʠʩʪʠʢʘ ʞᴅʥʝ ʳץʪʠʤʘʣʜʳץʪʘʨ ʪʝʦʨʠʷʩʳè, 

çʄʘʪʝʤʘʪʠʢʘʥʳ ʤʦʜʝʣʴʜʝʫ ʞᴅʥʝ ʪʘʣʜʘʫè ʙᴇʣʽʤʜʝʨʽ ʙʦʡʳʥʰʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʽʣʽʤ, ʽʩʢʝʨʣʽʢ, 

ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʫ. 

- ʄʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣ ʤʝʥ ʥʝʛʽʟʛʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʟʘשʜʘʨʜʳ ץʦʣʜʘʥʫ ʜʘסʜʳʩʳʥ 

ʜʘʤʳʪʫסʘ ʳץʧʘʣ ʝʪʫ. 

- ᴄʨʪװʨʣʽ ʤᴅʪʽʥʜʝ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫ װʰʽʥ ʩʘʥʜʳץ ץʘʪʳʥʘʩʪʘʨ ʤʝʥ ʢʝשʽʩʪʽʢ 

ʬʦʨʤʘʣʘʨʳʥ ʦץʳʧ װʡʨʝʥʫʛʝ ʳץʧʘʣ ʝʪʫ. 

- ʅʘץʪʳ ʧʨʦʮʝʩʪʝʨʜʽש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʽʥ ײץʨʫ ʤʝʥ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ 

ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫ. 

- ʃʦʛʠʢʘʣʳץ ʞᴅʥʝ ʩʳʥʠ ʦʡʣʘʫ, ʰʳסʘʨʤʘʰʳʣʳץ ץʘʙʽʣʝʪʪʝʨʜʽ ʜʘʤʳʪʫ. 
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- ʂʦʤʤʫʥʠʢʘʪʠʚʪʽ ʜʘסʜʳʣʘʨʜʳ, ᴅʨʪװʨʣʽ ʜʝʨʝʢʢᴇʟʜʝʨʜʝʥ ʤᴅʣʽʤʝʪ ʽʟʜʝʩʪʽʨʫ ʞᴅʥʝ ʦʥʳ 
 .ʜʳʣʘʨʳʥ ʜʘʤʳʪʫסʦʣʜʘʥʫ ʜʘץ

- ʂʝʣʝʩʽʜʝʡ ʪײʣסʘʣʳץ ʩʘʧʘʣʘʨʜʳ ʜʘʤʳʪʫ: ʪᴅʫʝʣʩʽʟʜʽʢ: ʞʘʫʘʧʢʝʨʰʽʣʽʢ;  ᴇʟʽʥʜʽʢ 

ʪʘʣʧʳʥʳʩ ʢᴇʨʩʝʪʫ; ץʘʡʩʘʨʣʳץ; ʪʦʣʝʨʘʥʪʪʳץ, 

 (ʨʜʝװʩʘʥʘʣʳ ʪ)ʩʽʥʫʛʝװʜʘʤʳʪʫ ʤᴅʥʽʥ ʪ ץʰʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳװ ʧʨʦʛʨʝʩʩ ץʘʤʜʳסʦפ -

 .ʘʤʪʘʤʘʩʳʟ ʝʪʫץ

- ʄʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ɸʂʊ-ʥʳ ץʦʣʜʘʥʫ ʜʘסʜʳʣʘʨʳʥ ʜʘʤʳʪʫ. 

ʄʘʪʝʤʘʪʠʢʘ ʤסײʘʣʽʤʽ ʞʘשʘʨʪʳʣסʘʥ ʙʽʣʽʤ ʤʘʟʤײʥʳ ʘʷʩʳʥʜʘ ʞʦסʘʨʳʜʘ ʘʪʘʣסʘʥʜʘʡ 

 ʘ ʜʘ ʙʽʣʽʤʜʽʢץʘʪʘʨ ʙʘʩץ ʛʝʨʫʤʝʥשʛʝʡʽʥ ʤʝשʘʨʳ ʜʝסʞʦ שʟʨʝʪʪʽʣʽʢʪʽײץ ʘʥ ʘʨʥʘʡʳץʘʣʳʧʪʘʩץ

ʪʽʨʝʢ  ײץʟʨʝʪʪʽʣʽʢʪʝʨʜʽש ʜʝ ץʘʣʳʧʪʘʩʫʳʥʘ ץʦʣ ʞʝʪʢʽʟʫʽ ʢʝʨʝʢ. 

ʄʳʩʘʣʳ: 

-  ʂʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ײץʟʨʝʪʪʽʣʽʢ. ɹײʣ ײץʟʨʝʪʪʽʣʽʢ ʙʽʨʣʝʩʢʝʥ (ײʞʳʤʜʳץ, ʪʦʧʪʳץ) ʢᴅʩʽʙʠ 

 ʳʥʜʘסʤʳʩ ʞʘʩʘʫ ʞᴅʥʝ ʤʝʥʝʜʞʝʨ ʤʘʤʘʥʜʳײʪʘ ʞץʪʘʩʪʳץʳʟʤʝʪʧʝʥ ʘʡʥʘʣʳʩʫʜʳ, ʳʥʪʳʤʘץ

 .ʘʤʪʠʜʳץ ʦʣʜʘʥʘ ʙʽʣʫʜʽץ ʘʪʳʥʘʩ ʪᴅʩʽʣʜʝʨʽʥץ-ʘʨʳʤץ ʘʥ  ʢᴅʩʽʙʠסʘʙʳʣʜʘʥץ

- ɸץʧʘʨʘʪʪʳײץ ץʟʨʝʪʪʽʣʽʢ. ɹײʣ ײץʟʨʝʪʪʽʣʽʢ ʦץʫ ʧᴅʥʜʝʨʽʥʜʝʛʽ ʞᴅʥʝ ʙʽʣʽʤ 

ʩʘʣʘʣʘʨʳʥʜʘסʳ, ʩʦʣ ʩʠʷץʪʳ ץʦʨʰʘסʘʥ ʦʨʪʘʜʘסʳ ʘץʧʘʨʘʪʪʘʨʤʝʥ ʞײʤʳʩ ʞʘʩʘʫ ʜʘסʜʳʣʘʨʳʥ 

 .ʘʤʪʤʘʩʳʟ ʝʪʝʜʽץ

- ʄᴅʩʝʣʝʥʽ ʰʝʰʝ ʘʣʫ ײץʟʨʝʪʪʽʣʽʛʽ. ʊʫʳʥʜʘסʘʥ ʤᴅʩʝʣʝʣʝʨʜʽש ʰʝʰʫ ʞʦʣʳʥ ʘʡץʳʥʜʘʡ 

ʘʣʫʜʳ, ʰʝʰʝ ʘʣʫʜʳ ʞᴅʥʝ ʘʨʳ ץʘʨʘʡ ʜʘʤʳʪʫ ʞʦʣʜʘʨʳʥ ʙʝʣʛʽʣʝʡ ʘʣʫʜʳ ʢᴇʟʜʝʡʜʽ. 

-  ɸʂʊ-ײץʟʨʝʪʪʽʣʽʢ. ɹײʣ ʥʘץʪʳ ʙʽʣʽʤ ʙʝʨʫ ץʳʟʤʝʪʽʥʜʝ ʪʝʭʥʠʢʘʣʳץ ʙʽʣʽʤ ʤʝʥ 

ʜʘסʜʳʣʘʨʜʳ ʤʘץʩʘʪʪʳ, ʪʠʽʤʜʽ ץʦʣʜʘʥʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄסײʘʣʽʤʥʽש ɸʂʊ ʩʘʣʘʩʳʥʜʘסʳ 

 ʘשʞʘ שʘʤʪʘʤʘʩʳʟ ʝʪʫʽ ʢʝʨʝʢ: ʙʽʣʽʤ ʙʝʨʫʜʽץ ʟʳʨʝʪʪʽʣʽʛʽ ʢʝʣʝʩʽʣʝʨʜʽ ʽʩʢʝ ʘʩʳʨʫʜʳײץ

ʤʘץʩʘʪʪʘʨʳʥ; ʙʽʣʽʤ ʙʝʨʫ ʧʨʦʮʝʩʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʳש ʞʘשʘ ʬʦʨʤʘʣʘʨʳʥ; ʙʽʣʽʤ ʙʝʨʫ ץʳʟʤʝʪʽʥʽש 

ʞʘשʘ ʤʘʟʤײʥʳʥ. 

-  ɾʝʢʝ ᴇʟʽʥ-ᴇʟʽ ʞʝʪʽʣʜʽʨʫ ײץʟʳʨʝʪʪʽʣʽʛʽ. ɹײʣ ʬʠʟʠʢʘʣʳץ, ʨʫʭʘʥʠ ʞᴅʥʝ ʟʠʷʪʢʝʨʣʽʢ 

ʪײʨסʳʜʘʥ ᴇʟʽʥ-ᴇʟʽ ʜʘʤʳʪʫ, ʵʤʦʮʠʦʥʘʣʜʳץ ᴇʟʽʥ-ᴇʟʽ ʨʝʪʪʝʫ ʤʝʥ ץʦʣʜʘʫ ʞʦʣʜʘʨʳʥ ʠʛʝʨʫʜʽ 

ʤʝשʟʝʡʜʽ. 

ɾʘשʘ ʤʘʟʤײʥ ʥʝʛʽʟʽʥʜʝ ʦץʫʰʳʣʘʨʜʘ ʜʘʤʳʪʳʣʘʪʳʥ ʽʩʢʝʨʣʽʢʪʝʨ: 

- ʙʽʣʽʤ ʘʣʫʜʳש ʜʘʨʘ ʪʨʘʝʢʪʦʨʠʷʩʳʥ (ʪʝʤʧʽʥ, ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʧᴅʥʜʽʢ ʞᴅʥʝ ʤʝʪʘʧᴅʥʜʽʢ 

ʜʝשʛʝʡʜʝ ʠʛʝʨʫ) ײץʨʘ ʘʣʫ ʤװʤʢʽʥʜʽʛʽʥ ץʦʣʜʘʥʘ ʘʣʫ; 

- ᴇʟʽʥʽש ʦץʫ ץʳʟʤʝʪʽʥʽש ʽʢʝʨʣʽʢʪʝʨʽʥ, ʞʦʣʜʘʨʳʥ, ʪᴅʩʽʣʜʝʨʽʥ ʠʛʝʨʫ; 

- ʙʽʣʽʤʜʝʨʽʥ, ʽʩʢʝʨʣʽʢʪʝʨʽʥ ʞᴅʥʝ ʜʘסʜʳʣʘʨʳʥ, ʩʦʥʳʤʝʥ ץʘʪʘʨ, ʙʘʨ ʤᴅʣʽʤʝʪʪʝʨʜʽ ʦץʫ 
ʞʘסʜʘʷʪʪʘʨʳʥ ʰʝʰʫʜʝ  ץʦʣʜʘʥʘ ʘʣʫ. 

 ʆץʫʰʳ ᴅʨʙʽʨ ʜʝשʛʝʡʜʝ ᴇʟʽʥʽש ʞʘץʳʥ ʜʘʤʫ ʘʡʤʘסʳʥʘʥ ʘʢʪʫʘʣʜʳ ʜʘʤʫ ʘʡʤʘסʳʥʘ ʰʳסʘ 

ʦʪʳʨʳʧ, ʬʫʥʢʮʠʦʥʘʣʜʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʘʫʘʪʪʳ ʙʦʣʳʧ ץʘʣʳʧʪʘʩʫʳ ʢʝʨʝʢʝ. ɹʘʩץʘʰʘ 

ʘʡʪץʘʥʜʘ, ʦʣ ʙʽʣʽʤʜʽ, ʰʳסʘʨʤʘʰʳʣ, ײץʟʨʝʪʪʽ ʞᴅʥʝ  ץʘʨץʳʥʜʳ ʜʘʤʳʧ ʢʝʣʝ ʞʘʪץʘʥ ʦʨʪʘʜʘ ᴇʤʽʨ 

ʩװʨʝ ʘʣʘʪʳʥ, ᴇʟʽʥʽש ʞᴅʥʝ ץʦסʘʤʥʳש ʤװʜʜʝʣʝʨʽ װʰʽʥ ᴇʟʽʥ ᴇʟʝʢʪʽ ʝʪʝ ʘʣʘʪʳʥ ʙʦʣʫʳ ʢʝʨʝʢ. ɹײʣ 

ʦʥʳש ʢʝʣʝʩʽʜʝʡ ײץʟʳʨʣʳץʪʘʨʜʳ ʠʛʝʨʫʣʝʨʽʥ ʞᴅʥʝ ʦץʫ ʤʝʥ ᴇʤʽʨʣʽʢ  ʞʘשʜʘʷʪʪʘʨʜʳ ʰʝʰʫʜʝ 

 ;ʪʘʨץʟʳʨʣʳײץ ץʪʘʨ; ʤᴅʜʝʥʠʝʪʪʘʥʫʣʳץʟʳʨʣʳײץ ʜʘʨʣʳסʙʘ-ץʥʜʳʣʳײץ :ʟʨʝʪʪʽ ʙʦʣʫʳʥ ʢᴇʟʜʝʡʜʽײץ

ʦץʫ-ʪʘʥʳʤʜʳײץ ץʟʳʨʣʳץʪʘʨ; ʢʦʤʤʫʥʠʢʘʪʠʚʪʽ ײץʟʳʨʣʳץʪʘʨ; ʘץʧʘʨʘʪʪʳץ-ʪʝʭʥʦʣʦʛʠʷʣʳץ 

 .ʪʘʨץʟʳʨʣʳײץ ʙʝʢשʪʘʨ; ᴅʣʝʫʤʝʪʪʽʢ-ʝץʟʳʨʣʳײץ

ɾʘשʘ ʙʽʣʽʤ ʤʘʟʤײʥʳ ʞʘʜʘʡʳʥʜʘ ʪײʣסʘʥʳ ץʘʣʳʧʪʘʩʪʳʨʫ ʤᴅʩʝʣʝʣʝʨʽʥ ʰʝʰʫʜʝ 

ʞʘʫʘʧʢʝʨʰʽʣʽʢ ʤסײʘʣʽʤʜʝʨʜʽש ᴇʟʜʝʨʽʥʝ, ʙʦʣʘʰʘץ ʧᴅʥ ʤסײʘʣʽʤʜʝʨʽʥ ʜʘʡʳʥʜʘʡʪʳʥ 

ʧʝʜʘʛʦʛʠʢʘʣʳץ ʞʦסʘʨסʳ ʦץʫ ʦʨʳʥʜʘʨʳʥʘ ʞᴅʥʝ  ʙʽʣʽʢʪʽʣʽʢʪʽ ʢᴇʪʝʨʫ ʞװʡʝʣʝʨʽʥʝ ʞװʢʪʝʣʝʪʽʥʽ 

ʩᴇʟʩʽʟ.  

ᴄʜʝʙʠʝʪʪʝʨ 
 ʳ.- ɸʩʪʘʥʘ, 2007 ʞʳʣ (2017.11.07. ʙʝʨʽʣʛʝʥ ᴇʟʛʝʨʽʩʪʝʨ ʤʝʥשʨʘʣʳè ʟʘײʈ çɹʽʣʽʤ ʪפ .1

ʪʦʣʳץʪʳʨʫʣʘʨʳʤʝʥ) ... 

2. ʅʘʟʘʨʙʘʝʚ ʅ.ᴄ. פʘʟʘץʩʪʘʥʥʳװ שʰʽʥʰʽ ʞʘסשʳʨʫʳ: ʙᴅʩʝʢʝʛʝ ץʘʙʽʣʝʪʪʽʣʽʢ.-ɸʩʪʘʥʘ,2017. 

 ʘʥ ʤʝʤʣʝʢʝʪʪʽʢסʘ ʘʨʥʘʣסʞʳʣʜʘʨ 2011-2020 שʩʪʘʥ ʈʝʩʧʫʙʣʠʢʘʩʳʥʜʘ ʙʽʣʽʤ ʙʝʨʫʜʽ ʜʘʤʳʪʫʜʳץʘʟʘפ .3

ʙʘסʜʘʨʣʘʤʘʩʳ.-ɸʩʪʘʥʘ, 2010 ʞʳʣ (01.03.2016 ʞʳʣסʳ ᴇʟʛʝʨʽʩʪʝʨʤʝʥ). 
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4. ɹʽʣʽʤ ʙʝʨʫʜʽש ʪʠʽʩʪʽ ʜʝשʛʝʡʣʝʨʽʥʽש ʤʝʤʣʝʢʝʪʪʽʢ ʞʘʣʧʳסʘ ʤʽʥʜʝʪʪʽ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʳ.-ɸʩʪʘʥʘ, 

2007ʞʳʣ (25.04.2015ʞʳʣʳ 1-ʪʘʨʤʘץץʘ ᴇʟʛʝʨʽʩʪʝʨ ʝʥʛʽʟʽʣʫʽʤʝʥ, 01.09.2016, 13.05.2016, 01.09.2017 ʞʳʣʜʘʨʜʘ 

 .(ʘ ʝʥʛʽʟʽʣʫʽʤʝʥץʦʣʜʘʥʳʩץ

5. ɻʆʉ ʅʐ ʈʂ 1: ʀʥʪʝʨʥʝʪ ʨʝʩʫʨʩ:   http://www.myshared.ru/slide/1216066/. 

 

 

ɽʂɯ ʆʈɸʄɼʓ çʂɸʊʋʐʂɸè ʊᴄʈɯɿɼɽʉ ɹɽʊʊɯ ɸʃʋ ᴄɼɯʉɯ 

 

 .ʘʡʜʘʩʦʚ ɾפ

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ. ʄʠʥʜʠʥʛ ʢʘʪʫʰʢʘʩʳ ʜʝʧ ʘʪʘʣʘʪʳʥ ʪײʨʘץʪʳ ʪʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʽש ʥʝʛʽʟʽʥʜʝ ʧʘʨʘʤʝʪʨʣʽʢ 

ʪʝשʜʝʫʣʝʨʽʥʝ ʞʘשʘ ʬʫʥʢʮʠʷʣʘʨ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫʣʝʨ ʞʘʩʘʣʳʧ, ʪʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʝʨʜʽש ʞʘשʘ ʪװʨʣʝʨʽʥ 

ʘʣʫʜʳש  ʪᴅʩʽʣʽ ʢʝʣʪʽʨʽʣʛʝʥ.  

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ʙʝʪʪʽש ʛʘʫʩʩʪʳץ ʠʽʣʽʤʽ, ʧʩʝʚʜʦʩʬʝʨʘʣʳץ ʙʝʪʪʝʨ, ʄʠʥʜʠʥʛ ʢʘʪʫʰʢʘʩʳ. 

 

ʰ ᴇʣʰʝʤʜʽ ɽת
3
 ʢʝשʽʩʪʽʢʪʝʛʽ ʪײʨʘץʪʳ ʪʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʝʨʜʽ ʟʝʨʪʪʝʫ ʪʘʨʠʭʳ ʞʘסʳʥʘʥ 

ʃʦʙʘʯʝʚʩʢʠʡ ʛʝʦʤʝʪʨʠʷʩʳʥʳש ʠʥʪʝʨʧʨʝʪʘʮʠʷʩʳ (ʤʦʜʝʣʽ) ʧʨʦʙʣʝʤʘʩʳʤʝʥ ʙʘʡʣʘʥʳʩʪʳ 

ʜʘʤʳʜʳ[1]. ʀʪʘʣʴʷʥ ʤʘʪʝʤʘʪʠʛʽ ɽ. ɹʝʣʴʪʨʘʤʠ 1868 ʞʳʣʳ ʪײʨʘץʪʳ ʪʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʝʨʜʝ 

ʣʦʢʘʣʴʜʳ ʪװʨʜʝ ʃʦʙʘʯʝʚʩʢʠʡ ʧʣʘʥʠʤʝʪʨʠʷʩʳ ʦʨʳʥʜʘʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ. ʌ.ʄʠʥʜʠʥʛ, 

ɽ.ɹʝʣʴʪʨʘʤʠ ʝשʙʝʢʪʝʨʽʥʜʝ ʃʦʙʘʯʝʚʩʢʠʡ ʞʘʟʳץʪʳסʳ ʙᴇʣʽʢʪʝʨʽʥʽש ʽʰʢʽ ʛʝʦʤʝʪʨʠʷʩʳ 

ʦʨʳʥʜʘʣʘʪʳʥ ʢʝʡʙʽʨ ʙʝʪʪʝʨ ʢᴇʨʩʝʪʽʣʽʧ, ʦʣʘʨ ʟʝʨʪʪʝʣʜʽ. ʆʩʳʥʜʘʡ ʙʝʪʪʝʨ ץʘʟʽʨ ʧʩʝʚʜʦʩʬʝʨʘʣʳץ 

ʙʝʪʪʝʨ ʜʝʧ ʘʪʘʣʳʧ ʢʝʪʪʽ[2]. ɹʝʣʛʽʣʽ ʧʩʝʚʜʦʩʬʝʨʘʣʳץ ʙʝʪʪʝʨʜʽש ʩʘʥʳ ᴇʪʝ ʘʟ, ʩʦʥʜʳץʪʘʥ 

ʧʩʝʚʜʦʩʬʝʨʘʣʳץ ʙʝʪʪʝʨʜʽ ʥʝʤʝʩʝ ʦʣʘʨסʘ ʞʘץʳʥ ʪʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʝʨʜʽ ʽʟʜʝʩʪʽʨʫ 

ʞʘʣסʘʩʪʳʨʳʣʫʜʘ. ɹʘʷʥʜʘʤʘʜʘ ʦʩʳʥʜʘʡ ʙʝʪʪʽ ʘʣʫʜʳש ʪᴅʩʽʣʜʝʨʽ ʞᴅʥʝ ʪʝʨʽʩ ʠʽʣʽʤʜʽ(ʝʢʽ ʞʘסʳʥʘʥ 

ʰʝʢʪʝʣʛʝʥ) ʞʘשʘ ʙʝʪʪʽש  ʤʳʩʘʣʳ ʢʝʣʪʽʨʽʣʛʝʥ. 

ʊʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʝʨʜʽש ʞʘשʘ ʪװʨʣʝʨʽʥ ʘʣʫʜʳש ʙʽʨ ʪᴅʩʽʣʽ, ʦʣ ʢʝʡʙʽʨ ʙʝʣʛʽʣʽ ʙʝʪʪʝʨʜʽש 

ʧʘʨʘʤʝʪʨʣʽʢ ʪʝשʜʝʫʣʝʨʽʥʝ ʞʘשʘ ʬʫʥʢʮʠʷʣʘʨ ʝʥʛʽʟʫ ʘʨץʳʣʳ ʪװʨʣʝʥʜʽʨʫʣʝʨ ʞʘʩʘʫ. ʆʩʳʥʜʘʡ 

ʙʝʪʪʽש ʤʳʩʘʣʳʥ ʢᴇʨʩʝʪʝʤʽʟ.  

1838ʞ. ʌ.ʄʠʥʜʠʥʛ ʪײʨʘץʪʳ ʠʽʣʽʤʜʽ ʘʡʥʘʣʫ ʙʝʪʪʝʨʽʥ ʟʝʨʪʪʝʜʽ. ʆʣ 1-=K  ʙʦʣסʘʥʜʘ  

ʞᴅʥʝ ץʘʡʩʳʙʽʨ ɚïʧʘʨʘʤʝʪʨʜʽש ʤᴅʥʜʝʨʽʥʝ ʩᴅʡʢʝʩ ʧʩʝʚʜʦʩʬʝʨʘʣʳץ ʘʡʥʘʣʫ ʙʝʪʪʝʨʽʥʽװ שʰ ʪװʨʽʥ 

ʪʘʙʫסʘ ʙʦʣʘʪʳʥʳʥ ʢᴇʨʩʝʪʪʽ.  

ʇʩʝʚʜʦʩʬʝʨʘʣʳץ ʙʝʪʪʝʨʜʽש ʽʰʽʥʜʝ ʢʘʪʫʰʢʘ ʪᴅʨʽʟʜʝʩ (ʄʠʥʜʠʥʛ ʢʘʪʫʰʢʘʩʳ) ʜʝʧ 

ʘʪʘʣʘʪʳʥ ʙʝʪʪʽש ʦʨʥʳ ʝʨʝʢʰʝ (1-ʩʫʨʝʪ). 

ʆʥʳש ʧʘʨʘʤʝʪʨʣʽʢ ʪʝשʜʝʫʣʝʨʽ ץʘʟʽʨʛʽ ʪʘשʜʘ ʙʝʣʛʽʣʽ: 

 , 

  dt. 

ɾʘשʘ ʪʝʨʽʩ ʠʽʣʽʤʜʽ ʙʝʪʪʽ ʘʣʫ װʰʽʥ ʧʘʨʘʤʝʪʽʨʣʽʢ ʪʝשʜʝʫʣʝʨʜʽ 

ᴇʟʛʝʨʽʩʢʝ ײʰʳʨʘʪʘʤʳʟ: 

  

ɻʘʫʩʩʪʳץ ʠʽʣʽʤʜʽ ʝʩʝʧʪʝʫ װʰʽʥ ʜʝʨʙʝʩ ʪʫʳʥʜʳʣʘʨʜʳ 

ʝʩʝʧʪʝʣʽʢ[3]:  

, 

   

 

 

 
:    

. 
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, 

 

 

 
  

 
= 

 
ʇʘʨʘʤʝʪʨʣʝʨ u ʤʝʥ v ʩᴅʡʢʝʩ [0; 2] ʞᴅʥʝ [0; 3] ʘʨʘʣʳץʪʘʨʳʥʜʘ ᴇʟʛʝʨʛʝʥʜʝ ʙʝʪʪʽש 

ʛʘʫʩʩʪʳץ ʠʽʣʽʤʽ ʪʝʨʽʩ ʤᴅʥʜʽ ʞᴅʥʝ ʪᴇʤʝʥʛʽ, ʞʦסʘʨסʳ ʞʘץʪʘʨʳʥʘʥ -1-ʛʝ ʞʘץʳʥ ʩʘʥʜʘʨʤʝʥ 

ʰʝʢʪʝʣʝʪʽʥʽʥ ʢᴇʨʝʤʽʟ. פʘʨʘʩʪʳʨʳʣסʘʥ ʙʝʪʪʽש ʧʽʰʽʥʽʥ ʞʦʙʘʣʘʧ ʝʣʝʩʪʝʪʫ װʰʽʥ ʦʥʳש  

ʛʦʨʠʟʦʥʪʘʣʴ ʞʘʟʳץʪʳץʪʘʨʤʝʥ ץʠʤʘʣʘʨʳʥ ʪʘʙʘʤʳʟ.  

ʉʦʥʜʘ ʛʦʨʠʟʦʥʪʘʣʴ ץʠʤʘʣʘʨ ʞʘʥʘʩץʘʥ ʝʢʽ ʰʝשʙʝʨ ʪᴅʨʽʟʜʝʩ ʙʦʣʳʧ ʰʳץʪʳ(2-ʰʽ ʞᴅʥʝ 3-ʰʽ 

ʩʫʨʝʪʪʝʨ). ɹײʣ ץʘʨʘʩʪʳʨʳʣסʘʥ ʙʝʪʪʽש ʙʽʨʽʥʽש ʽʰʽʥʝ ʙʽʨʽ ʩʘʣʳʥסʘʥ ʞᴅʥʝ ʞʘʥʘʩץʘʥ ʝʢʽ ʢʘʪʫʰʢʘ 

ʪᴅʨʽʟʜʝʩ ʝʢʝʥʜʽʛʽʥ ʙʽʣʜʽʨʝʜʽ.  

 
4- ʩʫʨʝʪʪʝ ʙʝʪʪʽש ʙʽʨ ץʘʙʘʪʳʥʳש ʚʝʨʪʠʢʘʣʴ ʞʘʟʳץʪʳץʧʝʥ ץʳʡʤʘʩʳ ʢʝʣʪʽʨʽʣʛʝʥ. ɽʥʜʽ 

ʢʦʤʧʴʶʪʝʨʣʽʢ ʛʨʘʬʠʢʘ ʢᴇʤʝʛʽʤʝʥ ʩʘʣʳʥסʘʥ ʞʘשʘ ʙʝʪʪʽש ʙʝʡʥʝʩʽʥ ץʘʨʘʩʘץ, ʦʥʳש ʝʢʽ ʦʨʘʤʜʳ 

ʢʘʪʫʰʢʘ ʪᴅʨʽʟʜʝʩ ʝʢʝʥʽʥ ʢᴇʨʝʤʽʟ (5-ʩʫʨʝʪ). 
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ʉʦʥʳʤʝʥ ʞʘשʘ ʙʝʪʪʽש ʛʘʫʩʩʪʳץ ʠʽʣʽʤʽ ʪʝʨʽʩ ᴅʨʽ ʝʢʽ ʞʘסʳʥʘʥ ʰʝʢʪʝʣʛʝʥ. ɸʣ ʘʣʳʥסʘʥ 

ʙʝʪʪʽש ʧʽʰʽʥʽ ʝʢʽ ʦʨʘʤʜʳ çʢʘʪʫʰʢʘè ʪᴅʨʽʟʜʝʩ ʙʝʪ ʙʦʣʳʧ ʰʳסʘʜʳ. 
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ɸʥʥʦʪʘʮʠʷ. ɼʘʥʥʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʧʨʝʠʤʫʱʝʩʪʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʦʚʨʝʤʝʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʢʫʨʩʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʦʚʨʝʤʝʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʠʟʫʘʣʠʟʘʮʠʷ, ʧʦʚʝʨʭʥʦʩʪʴ. 

 

ʉʪʨʝʤʠʪʝʣʴʥʦʝ, ʧʦʩʪʦʷʥʥʦʝ ʦʙʥʦʚʣʝʥʠʝ ʟʥʘʥʠʡ, ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ ʚʠʜʦʚ ʪʝʭʥʠʢʠ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʠ ʧʨʝʧʦʜʘʚʘʪʝʣʷʤ ʧʦʩʪʦʷʥʥʦ ʫʯʠʪʴʩʷ ʠ ʧʦʚʳʰʘʪʴ ʢʚʘʣʠʬʠʢʘʮʠʶ. 

ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʦʩʪʫ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʦʙʨʘʟʦʚʘʥʠʠ, ʩ 

ʜʨʫʛʦʡ ï ʩʪʘʥʦʚʠʪʩʷ ʧʨʠʯʠʥʦʡ ʢʨʠʟʠʩʘ ʦʙʨʘʟʦʚʘʥʠʷ, ʪʨʝʙʫʶʱʝʛʦ ʫʚʝʣʠʯʝʥʠʷ ʯʠʩʣʘ 

ʧʨʝʧʦʜʘʚʘʪʝʣʝʡ ʧʨʠ ʨʘʟʨʘʩʪʘʥʠʠ ʠʭ ʥʝʪʚʦʨʯʝʩʢʠʭ ʬʫʥʢʮʠʡ [1]. ɸʢʪʠʚʥʦʝ ʚʥʝʜʨʝʥʠʝ 

ʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʩʣʫʞʠʪ ʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʵʪʠʭ ʟʘʜʘʯ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʢʦʤʧʴʶʪʝʨʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚʢʣʶʯʘʶʪʩʷ ʚ ʫʯʝʙʥʳʡ 

ʧʨʦʮʝʩʩ ʚ ʢʘʯʝʩʪʚʝ çʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦè ʩʨʝʜʩʪʚʘ ʜʣʷ ʪʨʘʜʠʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʦʙʫʯʝʥʠʷ, ʚ 

ʙʫʜʫʱʝʤ, ʚʥʝ ʚʩʷʢʦʛʦ ʩʦʤʥʝʥʠʷ, ʧʨʦʮʝʩʩ ʦʙʫʯʝʥʠʷ ʙʫʜʝʪ ʥʝʚʦʟʤʦʞʝʥ ʙʝʟ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [2]. ʇʦʩʪʝʧʝʥʥʦ ʦʥʠ ʠʟʤʝʥʷʶʪ ʥʝ ʪʦʣʴʢʦ ʩʧʦʩʦʙʳ ʦʙʫʯʝʥʠʷ, ʥʦ 

ʠ ʨʦʣʴ ʧʨʝʧʦʜʘʚʘʪʝʣʷ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʥʷʪʠʡ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʡ ʟʘʠʥʪʝʨʝʩʦʚʘʥʥʦʩʪʴʶ ʩʪʫʜʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʝʜʦʩʪʘʚʣʷʪʴ ʠʤ 

ʤʘʢʩʠʤʫʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʩʪʠ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪʳ, ʧʨʝʧʦʜʘʚʘʪʝʣʴ ʞʝ ʚʳʩʪʫʧʘʝʪ ʙʦʣʴʰʝ 

ʚ ʨʦʣʠ ʢʦʥʩʫʣʴʪʘʥʪʘ [3]. 

ʊʘʢ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʴʶʪʝʨʥʳʭ ʧʨʦʛʨʘʤʤ ʚʦʟʤʦʞʥʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ 

ʬʦʨʤʳ ʫʯʝʙʥʦ-ʧʦʟʥʘʚʘʪʝʣʴʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʩʪʫʜʝʥʪʘ, ʩʜʝʣʘʪʴ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʡ ʠ ʙʦʣʝʝ 

ʘʢʪʠʚʥʦʡ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ ʦʙʫʯʘʶʱʠʭʩʷ, ʫʛʣʫʙʠʪʴ ʤʝʞʧʨʝʜʤʝʪʥʳʝ ʩʚʷʟʠ, 

ʦʙʝʩʧʝʯʠʪʴ ʣʠʯʥʦʩʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʡ ʧʦʜʭʦʜ ʚ ʦʙʫʯʝʥʠʠ. 

ʀʟʚʝʩʪʝʥ ʬʘʢʪ, ʯʪʦ ʯʝʣʦʚʝʢ ʩʧʦʩʦʙʝʥ ʣʫʯʰʝ ʚʦʩʧʨʠʥʠʤʘʪʴ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ, 

ʥʝʞʝʣʠ ʪʝʢʩʪʦʚʫʶ ʠʣʠ ʟʚʫʢʦʚʫʶ. ʅʘʣʠʯʠʝ ʠʣʣʶʩʪʨʘʮʠʡ ʜʝʣʘʝʪ ʤʘʪʝʨʠʘʣ ʙʦʣʝʝ ʜʦʩʪʫʧʥʳʤ ʠ 

ʧʦʤʦʛʘʝʪ ʙʦʣʝʝ ʛʣʫʙʦʢʦʤʫ ʫʩʚʦʝʥʠʶ ʦʙʩʫʞʜʘʝʤʳʭ ʷʚʣʝʥʠʡ [4]. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʝʟʫʣʴʪʘʪʳ 
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ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʜʦʙʥʝʝ ʠ ʧʦʨʦʡ ʵʬʬʝʢʪʠʚʥʝʝ ʧʨʝʜʩʪʘʚʣʷʪʴ ʚ 

ʛʨʘʬʠʯʝʩʢʦʤ ʚʠʜʝ. ʀ ʝʩʣʠ ʨʘʥʴʰʝ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʫʤʝʨʥʳʝ ʪʘʙʣʠʮʳ, ʛʨʘʬʠʢʠ ʠ 

ʜʠʘʛʨʘʤʤʳ, ʪʦ ʩʝʡʯʘʩ, ʩ ʥʦʚʳʤʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ, 

ʩʠʪʫʘʮʠʷ ʠʟʤʝʥʠʣʘʩʴ [5]. 

ʆʩʦʙʝʥʥʦ ʧʦʣʝʟʥʳʤʠ ʵʪʠ ʥʦʚʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʢʘʟʳʚʘʶʪʩʷ ʧʨʠ ʠʟʫʯʝʥʠʠ ʪʝʦʨʠʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʘʣʝʢʦ ʥʝ ʢʘʞʜʳʡ ʯʝʣʦʚʝʢ ʤʦʞʝʪ ʧʦʩʪʨʦʠʪʴ ʚ ʩʚʦʝʤ ʚʦʦʙʨʘʞʝʥʠʠ ʦʙʲʝʤʥʫʶ 

ʬʠʛʫʨʫ ʧʦ ʜʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ. ʕʪʘ ʠʜʝʷ ʠ ʣʝʛʣʘ ʚ ʦʩʥʦʚʫ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʨʦʚʝʜʸʥʥʦʛʦ 

ʘʚʪʦʨʘʤʠ ʩʪʘʪʴʠ ʚ 2 ʛʨʫʧʧʘʭ ʩʪʫʜʝʥʪʦʚ 3 ʢʫʨʩʘ ɸʈɻʋ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

çʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʠ ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝè. ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʵʪʠʭ ʛʨʫʧʧʘʭ ʧʨʦʚʦʜʠʣʩʷ 

ʧʘʨʘʣʣʝʣʴʥʦ ʦʙʫʯʝʥʠʶ ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧ ʪʦʛʦ ʞʝ ʧʦʪʦʢʘ, ʢʦʪʦʨʳʝ ʠʟʫʯʘʣʠ ʪʦʪ ʞʝ ʤʘʪʝʨʠʘʣ 

ʩʦʛʣʘʩʥʦ ʪʨʝʙʦʚʘʥʠʷʤ ʪʠʧʦʚʦʡ ʠ ʫʯʝʙʥʦʡ ʧʨʦʛʨʘʤʤ.  

ʀʟʫʯʘʝʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʙʳʣʠ ʫʩʣʦʚʥʦ ʨʘʟʜʝʣʝʥʳ ʥʘ ʪʨʠ ʨʘʟʜʝʣʘ: 

1. ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ ʦʩʠ; 

2. ʧʦʚʝʨʭʥʦʩʪʠ ʚʨʘʱʝʥʠʷ ʧʦ ʩʧʠʨʘʣʠ; 

3. ʪʨʫʜʥʦ ʧʨʝʜʩʪʘʚʠʤʳʝ ʧʦʚʝʨʭʥʦʩʪʠ, ʟʘʜʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʚʠʜʘ. 

ʇʦʩʣʝ ʠʟʫʯʝʥʠʷ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ ʧʝʨʚʦʛʦ ʨʘʟʜʝʣʘ ʩʪʫʜʝʥʪʘʤ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʧʦʩʪʨʦʠʪʴ ʟʘʜʘʥʥʫʶ ʫʨʘʚʥʝʥʠʝʤ ʤʝʨʠʜʠʘʥʳ 1cos -= xxy  ʧʦʚʝʨʭʥʦʩʪʴ ʚʨʘʱʝʥʠʷ ʚʦʢʨʫʛ 

ʦʩʠ ʆʭ (ʧʨʠ [ ]2/3;2/ pp-Íʭ ) ʦʪ ʨʫʢʠ. ɿʘʪʝʤ ʩʪʫʜʝʥʪʳ ʧʦʩʪʨʦʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴ, ʠʩʧʦʣʴʟʫʷ 

ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤʤʳ. 
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ʈʠʩ.1. ʆʙʨʘʟʫʶʱʘʷ ʢʨʠʚʘʷ 

ʈʠʩ. 2. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʈʠʩ. 3. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʚʪʦʨʦʛʦ ʨʘʟʜʝʣʘ 
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ʕʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʩʧʦʩʦʙʩʪʚʫʝʪ: 

o ʣʫʯʰʝʤʫ ʧʦʥʠʤʘʥʠʶ ʤʘʪʝʨʠʘʣʘ ʠ ʫʩʚʦʝʥʠʶ ʝʛʦ ʩʪʫʜʝʥʪʘʤʠ ʚʩʣʝʜʩʪʚʠʝ ʝʛʦ 

ʥʘʛʣʷʜʥʦʩʪʠ; 

o ʧʦʚʳʰʝʥʠʶ ʠʥʪʝʨʝʩʘ ʢ ʧʨʝʜʤʝʪʫ ʠʟʫʯʝʥʠʷ ʟʘ ʩʯʸʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʧʨʦʛʨʘʤʤ; 

o ʠʥʜʠʚʠʜʫʘʣʠʟʘʮʠʠ ʧʨʦʮʝʩʩʘ ʦʙʫʯʝʥʠʷ ʠ ʘʢʪʠʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʦʙʫʯʘʶʱʝʛʦʩʷ ʚ 

ʭʦʜʝ ʝʛʦ; 

o ʵʢʦʥʦʤʠʠ ʚʨʝʤʝʥʠ ʥʘ ʟʘʥʷʪʠʷʭ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦʜʪʚʝʨʜʠʣʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ ʧʨʠ ʠʟʫʯʝʥʠʠ ʧʦʚʝʨʭʥʦʩʪʝʡ. ɼʘʣʴʥʝʡʰʘʷ ʨʘʙʦʪʘ ʧʦ ʪʝʤʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʠʜʠʪʩʷ 

ʘʚʪʦʨʫ ʚ ʧʦʠʩʢʝ ʥʦʚʳʭ, ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʠʝʤʦʚ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʘ ʚ ʧʨʦʮʝʩʩʝ ʦʙʫʯʝʥʠʷ. 

ʇʨʠʤʝʥʝʥʠʝ ʩʦʚʨʝʤʝʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ [6]. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʴʶʪʝʨʥʦʡ ʚʠʟʫʘʣʠʟʘʮʠʠ ʪʨʝʙʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʦʜʛʦʪʦʚʢʠ ʫʯʘʱʠʭʩʷ ʚ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ ʟʘʚʝʜʝʥʠʷʭ. ɺʳʩʦʢʠʡ ʫʨʦʚʝʥʴ 

ʧʦʜʛʦʪʦʚʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʫʯʝʙʥʦʛʦ 

ʟʘʚʝʜʝʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʣʘʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʷʤʠ ï ʚʘʞʥʦʝ ʠ 

ʥʝʦʙʭʦʜʠʤʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ ʩʧʝʮʠʘʣʠʩʪʫ. ʋʯʝʙʥʦʝ ʟʘʚʝʜʝʥʠʝ ʜʦʣʞʥʦ ʧʦʩʪʦʷʥʥʦ 

ʧʨʠʩʧʦʩʘʙʣʠʚʘʪʴʩʷ ʠ ʘʜʘʧʪʠʨʦʚʘʪʴʩʷ ʢ ʥʝʧʨʝʨʳʚʥʦ ʤʝʥʷʶʱʠʤʩʷ ʪʝʥʜʝʥʮʠʷʤ ʠ ʚʝʷʥʠʷʤ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 
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ʈʠʩ. 4. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ 

ʪʨʝʪʴʝʛʦ ʨʘʟʜʝʣʘ 
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ʇɸʈɸʄɽʊʈʄɽʅ ɹɽʈɯʃɻɽʅ ʊɽרɼɽʋʃɽʈɼɯ ʐɽʐʋ 

 

ʅʠʷʟʤʘסʘʤʙʝʪʦʚ פ.ʅ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

 
ɸʥʥʦʪʘʮʠʷ. ʄʘץʘʣʘʜʘ ᴅʨʪװʨʣʽ ʧʘʨʘʤʝʪʨʤʝʥ ʙʝʨʽʣʛʝʥ ʞʦסʘʨʳ ץʠʳʥʜʳץʪʘסʳ  ʪʝשʜʝʫʣʝʨʜʽ ʰʝʰʫ ᴅʜʽʩʪʝʨʽ 

 .ʘʥסʩʳʥʳʣײ

ʂʽʣʪ ʩᴇʟʜʝʨ. ʇʘʨʘʤʝʪʨ, ʙᴇʛʜʝ ʪװʙʽʨ,  ʵʢʚʠʚʘʣʝʥʪʪʽʢ ʪװʨʣʝʥʜʽʨʫ, ʧʘʨʘʤʝʪʨʜʽש ʘʥʳץʪʘʣʫ ʦʙʣʳʩʳ. 

 

1. ʘ ʧʘʨʘʤʝʪʨʽʤʝʥ ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰʽשʜʝʨ 

îí

î
ì
ë

=+

=--

.

,

ayx

xxyy
 

ʐʝʰʫʽ. Oʩʳ ʞװʡʝʛʝ ʞʘʪʘʪʳʥ ʘ ʧʘʨʘʤʝʪʨʽʥʽש ʤװʤʢʽʥ ʤᴅʥʜʝʨʽʥ ʪʘʙʘʤʳʟ:  

,0²x  ,xy² ,0²a xyy -²                                  (1) 

ɾװʡʝʥʽש ʙʽʨʽʥʰʽ ʪʝשʜʝʫʽʥ ʢʚʘʜʨʘʪʪʘʧ, ʝʢʽ ʞʘסʳʥʘʥ ʜʘ ʭ-ʪʽ ʘʣʘʤʳʟ:  

.2 xxxyxy -=---  

ɸʡʪʘʣʳץ, txy =-  );0( ²t  ʦʥʜʘ  

;022 =+-- xxtt  .0)1)(( =-+- xtxt  

ɹײʜʘʥ  

xt -=1                                                      (2) 

ʄʳʥʘ ʞװʡʝʥʽ ʘʣʘʤʳʟ:  

í
ì
ë

=+

-=-

.

,1

ayx

xxy
 

ɹײʜʘʥ ,xay -=  ʤײʥʳ ʙʽʨʽʥʰʽ ʪʝשʜʝʫʛʝ ץʦʡʳʧ, ʝʢʽ ʞʘסʳʥʜʘ ʢʚʘʜʨʘʪʪʘʡʤʳʟ: 

,212 2xxxa +-=-  

12 -=ax                                                         (3) 

ɹײʜʘʥ 1
1

-= ax  )1(
2

--= ax  - ʙײʣ ʰʝʰʽʤ ʙʝʨʽʣʛʝʥ ʞװʡʝ װʰʽʥ ʙᴇʛʜʝ ʰʝʰʽʤ 

.1
1

--= aay  ɹײʣ ʪʘʙʳʣסʘʥ ʪװʙʽʨʣʝʨʜʽ ʰʝʰʽʤ ʜʝʧ ʘʪʘʫ װʰʽʥ, ᴅʫʝʣʽ ʘ ʧʘʨʘʤʝʪʨʽʥʽ(1) ש 

ʪʝשʜʝʫʜʽ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʰʘʨʪʪʘʨʳʥ ʪʘʙʫʳʤʳʟ ʢʝʨʝʢ. ʆʥʜʘʡ ʘ-ʥʳש ʤᴅʥʜʝʨʽʥ (2) ʤʝʥ (3) 

ʪʝשʜʽʢʪʝʨʜʝʥ ʪʘʙʘʤʳʟ. 0²t  ʙʦʣסʘʥʜʳץʪʘʥ (2) ʪʝשʜʝʫʜʝʥ 10 ¢¢ʭ  ʘʣʘʤʳʟ ʦʥʜʘ (3)-ʪʝʥ 

21 ¢¢ʘ ʘʣʘʤʳʟ. ʆʥʜʘ ʤʳʥʘ ʞװʡʝʜʝ  

í
ì
ë

--=

-=

1

1

1

1

aay

aʭ
 

21 ¢¢a  ʙʦʣסʘʥʜʘ (1) ʪʝשʜʝʫʜʽ ץʘʥʘסʘʪʪʘʥʜʳʨʘʜʳ. ʆʣʘʡ ʙʦʣʩʘ, ʙײʣ ʞʘסʜʘʡ ʙʝʨʽʣʛʝʥ (1) 

ʞװʡʝʥʽש ʰʝʰʽʤʽ ʙʦʣʘʜʳ.  

ɽʢʽʥʰʽ ʞʘסʜʘʡ: .0=-xt  ɹʽʨʽʥʰʽ ʞʘסʜʘʡʜʘסʳʜʘʡ ץʘʨʘʩʪʳʨʳʧ, 0²ʘ -ʜʘ ʢʝʣʝʩʽ ʞװʡʝʥʽ 

ʘʣʘʤʳʟ: 

í
ì
ë

+-+=

++-=

.11

11

2

2

aay

ax
 

ʉʦʥʳʤʝʥ, ʞʘʫʘʙʳ: 21 ¢¢a  ʙʦʣסʘʥʜʘ ;1
1

-= ax  ;1
1

--= aay ʘʣ 0²a  ʙʦʣסʘʥʜʘ 

;11
2

ax ++-=  .11
2

+-+= aay  

2. m ʧʘʨʘʤʝʪʨʽʤʝʥ ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʜʽ ʰʝʰ:  
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.0
)sin22)(44)(sin1(

2sin)64(sin

44sin

1 2

=
-++++

-+++
+

++ xmmxm

mxmx

mx
              (4) 

ɹײʣ ʪʝשʜʝʫ ʧʘʨʘʤʝʪʨʜʽ1 ש-=m ʜʝʥ (4) ʙʘʩץʘ ʤᴅʥʜʝʨʽʥʜʝ ʘʥʳץʪʘʣסʘʥ, ʷסʥʠ 1-̧m . ɹײʣ 

ʪʝשʜʝʫʜʽש ʰʝʰʽʤʜʝʨʽ ʤʳʥʘ ʰʘʨʪʪʳ ץʘʥʘסʘʪʪʘʥʜʳʨʫʳ ʢʝʨʝʢ:  

.0)sin22)(44(sin ¸-+++ xmmx                                   (5) 

ʊװʨʣʝʥʜʽʨʛʝʥʥʝʥ ʢʝʡʽʥ, ʤʳʥʘʣʘʨʜʳ ʘʣʘʤʳʟ:  

,052sin)53(sin 22 =++++ mmxmx  

.
2

)5(53

2

)5(53
sin

2
++--

=
++--

=
mmmm

x  

(4) ʰʘʨʪʪʳ ʞᴅʥʝ 1sin ¢x ʝʩʢʝʨʽʧ, ʤʳʥʘ ʞװʡʝʣʝʨʜʽ ʘʣʘʤʳʟ:  

ʘ) 
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--=
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(5) ʰʘʨʪʪʳ ʪʝʢʩʝʨʝʤʽʟ. ʆʣ װʰʽʥ sinx-ʪʽש ʘ) ʞᴅʥʝ ʙ) ʤᴅʥʜʝʨʽʥ (5) ʰʘʨʪץʘ ץʦʡʳʧ, 

ʤʳʥʘʣʘʨʜʳ ʘʣʘʤʳʟ:  

ʚ) ,44 --=- mm  ,
3

4
-=m  

ʛ) ,22 +=- mm  ,
3

2
-=m  

ʜ) ,4452 --=-- mm ,
2

1
=m  

ʝ) ,2252 +=-- mm .
4

7
-=m  

(ʘ) ʞᴅʥʝ (ʛ) ʰʘʨʪʪʘʨʳʥ 
3

2
-=m  ʞʘסʜʘʡʜʘ ʘ) ʞװʡʝʩʽ ᴇʟʛʝ ʰʝʰʽʤ ʙʝʨʝʪʽʥʜʽʛʽ ʰʳסʘʜʳ:  

,
3

2
arcsin)1( 1 nx n p+-= +

 ,...1,0°=n  

ɾʘʫʘʙʳ: ɽʛʝʨ 23 -¢¢- m ʙʦʣʩʘ, ʦʥʜʘ nmx n p++-= + )52arcsin()1( 1

1
 , ʘʣ ʝʛʝʨ 

11 ¢¢- m ʙʦʣʩʘ, ʙʽʨʘץ 
3

2
-̧m   ʙʦʣʤʘʩʘ, ʦʥʜʘ ,arcsin)1( 1

2
nmx n p+-= + ,...1,0°=n  

3. p ʧʘʨʘʤʝʪʨʽʤʝʥ ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʣʝʨ ʞװʡʝʩʽʥ ʰʝʰ:  
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222 xypyx
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yx

                              (6) 

ɾװʡʝʥʽש ʙʽʨʽʥʰʽ ʪʝשʜʝʫʽʥʝʥ ʤʳʥʘʥʳ ʘʣʘʤʳʟ: .0)1)(1( =-- yx          

ʘ) 
îí

î
ì
ë

-°=+

=

.41

,1

2py

x
         ʙ) 
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î
ì
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-°=+

=
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x, y, p ʰʘʤʘʣʘʨʳ ʥʘץʪʳ ʩʘʥʜʘʨ ʙʦʣסʘʥʜʳץʪʘʥ 2²p  ʰʘʨʪʳʥ ʘʣʘʤʳʟ. ɹʽʨ ʝʩʢʝʨʝʪʽʥ 

ʞʘסʜʘʡ 2°=p  ʙʦʣסʘʥʜʘ (6) ʰʘʨʪ ʦʨʳʥʜʘʣʤʘʡʜʳ.  
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ɾʘʫʘʙʳ: ʝʛʝʨ ,2>p ;12,1 =x ;41 2

2,1 -°-= py ;41 2

4,3 -°-= px .14,3 =y  

4. ʘ ʧʘʨʘʤʝʪʨʽʤʝʥ ʙʝʨʽʣʛʝʥ ʪʝשʩʽʟʜʽʢʪʽ ʰʝʰ: 

.,
2

1
cos)

42
(sin 22 Raxa
x

Í²+-
p

 

ʐʝʰʫʽ: ɹײʣ ʪʝשʜʝʫʜʽ ʤʳʥʘ ʪװʨʛʝ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ: 

.02sinsin2;
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sin1 22 ¢-+²-+
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axxaxa
x

                    (7) 

ʘ) 0=ʘ ʙʦʣʩʘ, ʦʥʜʘ 0sin ¢x ,...1,0),1(2)12( °=+¢¢+Ý kkxk pp    

ʙ)  0̧ʘ ʙʦʣʩʘ, ʦʥʜʘ  

a

a
x
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1611
sin

2+°-
=                                  (8) 

(7) ʞᴅʥʝ 1sin ¢x ʰʘʨʪʪʘʨʳʥ ʝʩʢʝʨʩʝʢ, ʤʳʥʘʣʘʨʜʳ ʘʣʘʤʳʟ: 
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ɾʘʫʘʙʳ:  ɽʛʝʨ 0=ʘ , ʦʥʜʘ ),1(2)1( +¢¢+ kxk pp  ʝʛʝʨ 0̧ʘ , ʦʥʜʘ  
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ʇʘʨʘʤʝʪʨʤʝʥ ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʣʝʨ ʤʝʥ ʪʝשʩʽʟʜʽʢʪʝʨ ʰʝʰʽʣʛʝʥ ʜʝʧ ʝʩʝʧʪʝʣʽʥʝʜʽ, ʝʛʝʨ 

ʦʥʜʘסʳ ʧʘʨʘʤʝʪʨʜʽש ʘʥʳץʪʘʣʫ ʦʙʣʳʩʳ ʙʝʣʛʽʣʽ ʙʦʣʘʪʳʥ ʙʦʣʩʘ. 

5. ʘ ʧʘʨʘʤʝʪʨʽʥʝ ʪᴅʫʝʣʜʽ ʠʨʨʘʮʠʦʥʘʣʜʳץ ʪʝשʜʝʫʜʽ ʰʝʰ: 

.5)(4)( 3 223 23 2 xaxaxa -=-++  

ʐʝʰʫʽ: ʊʝשʜʝʫʜʽש ʝʢʽ ʞʘסʳʥʜʘ ʢʫʙ ʜᴅʨʝʞʝʛʝ ʰʳסʘʨʘʤʳʟ. 

( )
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223 223 22222

223 23 23 2222

xaxaxaxaxa

xaxaxaxaxaxa
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ɹײʣ ʪʝשʜʝʫʜʽ ᴅʫʝʣʽ ʳץʰʘʤʜʘʧ, ʩʦʜʘʥ ʢʝʡʽʥ ʰʳסʘʨʳʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

.
65

63
;006365
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2 a
xxaxx ==Ý=-  

ɹײʣ ʪʘʙʳʣסʘʥ ʝʢʽ ʰʝʰʽʤʜʝ, ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʜʽ +¤<<¤- a  ʙʘʨʣʳץ ʤᴅʥʜʝʨʽʥʜʝ 

 .ʘʪʪʘʥʜʳʨʘʪʳʥʳʥʘ ʪʝʢʩʝʨʫ ʙʘʨʳʩʳʥʜʘ ʢᴇʟ ʞʝʪʢʽʟʫʛʝ ʙʦʣʘʜʳסʘʥʘץ

6. ʘ ʧʘʨʘʤʝʪʨʽʥʝ ʪᴅʫʝʣʜʽ ʠʨʨʘʮʠʦʥʘʣʜʳץ ʪʝשʜʝʫʜʽ ʰʝʰ: 

.2555 axaxa =-++  

ʐʝʰʫʽ: ʂʝʣʝʩʽ ʘʣʤʘʩʪʳʨʫʣʘʨʜʳ ץʦʣʜʘʥʘʤʳʟ: 
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.255 azy =+Ý  

ʘ ʧʘʨʘʤʝʪʨʽʥʽש ʙײʣ ʪʘʙʳʣסʘʥ ʤᴅʥʽʥ ʙʝʨʽʣʛʝʥ ʪʝשʜʝʫʛʝ ץʦʡʳʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

5 55 zyzy +=+  

ɹײʣ ʪʝשʜʝʫʜʽש ʝʢʽ ʞʘסʳʥʜʘ  ʜᴅʨʝʞʝʛʝ ʰʳסʘʨʳʧ, ʳץʰʘʤʜʘסʘʥʥʘʥ ʢʝʡʽʥ ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  
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0))(( 22 =+++ yzzyzyyz  

ɹײʣ ʘʣʳʥסʘʥ ʪʝשʜʝʫ ʢʝʣʝʩʽ ʞװʡʝʣʝʨʛʝ ʵʢʚʠʚʘʣʝʥʪʪʽ ʙʦʣʘʜʳ: 
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ᴄʨʽ ץʘʨʘʡ, y ʧʝʥ z ʤᴅʥʜʝʨʽʥ ʦʨʳʥʜʘʨʳʥʘ ץʦʡʳʧ, ʢʝʣʝʩʽ ʞװʡʝʣʝʨʜʽש ʞװʡʝʩʽʥ ʘʣʘʤʳʟ: 
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ɹʝʨʽʣʛʝʥ ʪʝשʜʝʫʜʽש ʰʝʰʽʤʽ a"  ʞᴅʥʝ ,RxÍ  ʝʛʝʨ 0=a  ʙʦʣʩʘ, axax =-= ,  ʙʦʣʘʜʳ. 

 7. ʘ ʞᴅʥʝ b ʧʘʨʘʤʝʪʨʽʤʝʥ ʙʝʨʽʣʛʝʥ ʪʝשʩʽʟʜʽʢʪʽ ʰʝʰ: 

xbaxbxa 2-+>-+-                               (9) 

ʐʝʰʫʽ: ʊʝשʩʽʟʜʽʢʪʽש ʝʢʽ ʞʘסʳʥʜʘ ʢʚʘʜʨʘʪʪʘʡʤʳʟ. ʆʜʘʥ ʪʝשʩʽʟʜʽʢʪʽש ʘʥʳץʪʘʣʫ ʦʙʣʳʩʳ 

ᴇʟʛʝʨʤʝʡʜʽ, ʩʝʙʝʙʽ, ʪʝשʩʽʟʜʽʢʪʽש ʝʢʽ ʞʘסʳʥʜʘ ʪײʨסʘʥ ᴇʨʥʝʢʪʝʨ ʦש ʰʘʤʘʣʘʨ. ɹײʣ ʪʝשʩʽʟʜʽʢʪʽש 

ax¢  ʞᴅʥʝ bx¢  ʤᴅʥʜʝʨʽʥʜʝ ʝʢʽ ʞʘסʳʥʳש ʤᴅʥʜʝʨʽ ʘʥʳץʪʘʣסʘʥ ʙʦʣʘʜʳ. ʉʦʥʳʤʝʥ, (9) 

ʪʝשʩʽʟʜʽʢʪʝʥ 

( )
~

0))((

,

,

~

,2

,0

,0

2 î
í

î
ì

ë

>--

¢

¢

î
î
í

îî
ì

ë

-+>-+-

²-

²-

xbxa

bx

ax

xbaxbxa

xb

xa

 

é
é
é
é
é

ê

è

í
ì
ë

<

<

í
ì
ë

<

<

é
é
é

ê

è

í
ì
ë

<

<

é
é
é
é
é
é
é
é
é
é
é

ê

è

î
î

í

î
î

ì

ë

>

>

¢

¢

î
î

í

î
î

ì

ë

<

<

¢

¢

î
î
î
î

í

îî
î
î

ì

ë

í
ì
ë

<-

<-

í
ì
ë

>-

>-

¢

¢

bx

ab

ax

ba

ʃ

bx

ax

bx

ax

bx

ax

bx

ax

bx

ax

xb

xa

xb

xa

bx

ax

~

,

~

.

,

,

,

,

,

,

,

~

.0

,0

,0

,0

,

,

~  

ɹײʣ ʵʢʚʠʚʘʣʝʥʪʪʽʢ ʪװʨʣʝʥʜʽʨʫʣʝʨʜʽ ץʦʣʜʘʥסʘʥʜʘ ʞʦסʘʨʳ ʜᴅʨʝʞʝʣʽ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ 

ʰʝʰʫʜʽש ᴅʜʽʩʪʝʨʽ ʤʝʥ ʦʣʘʨʜʳש ʢʦʥʩʪʨʫʢʮʠʷʩʳ ץʦʣʜʘʥʳʣסʘʥ.  
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ɾʆנɸʈʓ ʉʓʅʓʇ ʆפʋʐʓʃɸʈʓʅʓר  

ʄɸʊɽʄɸʊʀʂɸʃʓפ ʉɸʋɸʊʊʓʃʓנʓʅ ɼɸʄʓʊʋ   

 

ʅʫʛʘʝʚʘ ɿ. ʊ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʝʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ. פʘʟʘץʩʪʘʥʥʳש ʙʽʣʽʤ ʙʝʨʫ ʩʘʣʘʩʳ, ʩʦʥʳש ʽʰʽʥʜʝ ʤʝʢʪʝʧʪʝʛʽ ʙʽʣʽʤ ʙʝʨʫ ʞװʡʝʩʽ ᴅʣʝʤʥʽש ʙʘʩץʘ 

ʝʣʜʝʨʽʥʜʝʛʽ ʩʠʷץʪʳ  ʢᴇʧʪʝʛʝʥ ᴇʟʛʝʨʽʩʪʝʨʛʝ ײʰʳʨʘʫʜʘ. ɹװʛʽʥʛʽ ʤʝʢʪʝʧ ʪװʣʝʢʪʝʨʽʥʽש ʙʽʣʽʤ ʜʝשʛʝʡʽʥʝ ץʦʡʳʣʘʪʳʥ 

ʪʘʣʘʧʪʘʨʜʳש ʞᴅʥʝ ʙʽʣʽʤ ʙʝʨʫ ʩʪʘʥʜʘʨʪʪʘʨʳʥʳש ʞʘשʘ ʤʘʟʤײʥʳ ץʘʣʳʧʪʘʩʪʳʨʳʣʫʜʘ. ʆʩʳסʘʥ ʙʘʡʣʘʥʳʩʪʳ 

ʦץʫʰʳʣʘʨʜʳץ שʘʙʽʣʝʪʽʥ ʜʘʤʳʪʫʜʘ, ᴅʣʝʫʤʝʪʪʽʢ, ᴇʤʽʨʣʽʢ ʞᴅʥʝ ʞʝʢʝ ʤᴅʩʝʣʝʣʝʨʜʽ ʰʝʰʫʜʝ ʧʨʘʢʪʠʢʘʣʳץ ʪʘʣʘʧʪʘʨ  

  .ʦʡʳʣʳʧ ʙʘʩʪʘʜʳץ

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ʬʫʥʢʮʠʦʥʘʣʳʜʳץ ʩʘʫʘʪʪʳʣʳץ, ʤʘʪʝʤʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳץ, PISA  ʬʦʨʘʤʘʪʳ, ʤʘʟʤײʥ, ʽʩ-

ᴅʨʝʢʝʪ ʪװʨʣʝʨʽ, ʞʘסʜʘʷʪ. 

 

ʌʫʥʢʮʠʦʥʘʣʜʳץ ʩʘʫʘʪʪʳʣʳץ - ʥʘץʪʳ ʤᴅʜʝʥʠ ʦʨʪʘʜʘ ᴇʤʽʨ ʩװʨʫ ץʳʟʤʝʪʽʥ ʽʩʢʝ ʘʩʳʨʫ װʰʽʥ 

 שʘʥʳסʣײʘʤʪʘʤʘʩʳʟ ʝʪʝʪʽʥ ʪץ ʳʟʤʝʪ ʞʘʩʘʫʳʥץ ʳʜʘʡסʘʪʳʥʘʩʪʘ ʦʡʜʘץ ʘʞʝʪʪʽ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢץ

ʙʽʣʽʤʽ, ʝʧʪʽʣʽʛʽ, ʜʘסʜʳʣʘʨʳ. ʌʫʥʢʮʠʦʥʘʣʜʳץ ʩʘʫʘʪʪʳʣʳץ ʘʜʘʤʥʳש ʩʳʨʪץʳ ʦʨʪʘסʘ ʪʝʟ 

ʙʝʡʽʤʜʝʣʫ ʞᴅʥʝ ʞײʤʳʩ ʽʩʪʝʫ ץʘʙʽʣʝʪʽʥ ʙʽʣʜʽʨʝʜʽ ʞᴅʥʝ ʥʘץʪʳ ʤᴅʜʝʥʠ ʦʨʪʘʜʘ ᴇʤʽʨ ʩװʨʫ װʰʽʥ 

  .ʘʞʝʪʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳץ

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳץ - ᴇʟʽ ʪײʨʳʧ ʞʘʪץʘʥ ᴅʣʝʤʜʝ ʤʘʪʝʤʘʪʠʢʘ ʨᴇʣʽʥ ʘʥʳץʪʘʫ 

ʞᴅʥʝ ʪװʩʽʥʫ, ʞʘʩʘʤʧʘʟ, ʤװʜʜʝʣʽ ʞᴅʥʝ ʦʡʰʳʣ ʘʟʘʤʘʪץʘ ʪᴅʥ ʜᴅʡʝʢʪʝʣʛʝʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʧʽʢʽʨ 

ʘʡʪʫ ʞᴅʥʝ ʤʘʪʝʤʘʪʠʢʘʥʳ ץʘʟʽʨʛʽ ʪʘשʜʘ ʞᴅʥʝ ʙʦʣʘʰʘץʪʘ ץʘʞʝʪʪʽʣʽʢʪʽ ץʘʥʘסʘʪʪʘʥʜʳʨʫ װʰʽʥ 

 ,ʙʘʡʣʘʥʳʩʪʳ ʥʝʛʽʟʛʝ ʘʣʳʧ ץʳʥʜʘ ʧᴅʥʘʨʘʣʳסʘʙʽʣʝʪʽ. ʄʘʪʝʤʘʪʠʢʘ ʩʘʙʘץ ʦʣʜʘʥʘ ʘʣʫʳʥʘ ʘʜʘʤʠץ

ʩײʨʘץ - ʞʘʫʘʧ, ʙʘʷʥʜʘʫ, ʧʨʦʙʣʝʤʘʣʳץ ʩʠʪʫʘʮʠʷʣʘʨʜʳ ʪʫסʳʟʘ ʦʪʳʨʳʧ, ʘʣסʘ ץʦʡסʘʥ ʤᴅʩʝʣʝʥʽ 

ʰʝʰʫ, ʰʳסʘʨʤʘʰʳʣʳץ ʞײʤʳʩʪʘʨʤʝʥ ʘʡʥʘʣʳʩʫ, ʙʽʨʽʥ - ʙʽʨʽ ʙʘסʘʣʘʡ ʘʣʫ, ᴇʟ ʦʡʣʘʨʳʥ ʥʘץʪʳ, 

ʪʦʣʳץ ʞʝʪʢʽʟʝ ʙʽʣʫ ʩʠʷץʪʳ ץʘʙʽʣʝʪʪʝʜʽ ץʘʣʳʧʪʘʩʪʳʨʫ  

PISA ʍʘʣʳץʘʨʘʣʳץ ʞʦʙʘʩʳʥʜʘסʳ ʦץʫʰʳʣʘʨʜʳש ʬʫʥʢʮʠʦʥʘʣʜʳ ʩʘʫʘʪʪʳʣʳסʳʥ ʙʘסʘʣʘʫ 

ʘʨʪʳץʰʳʣʳסʳ װʰ ʙʘסʳʪʪʘ ʞװʨʝʜʽ: ʦץʫ ײץʟʽʨʝʪʪʽʣʽʛʽ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ סʳʣʳʤʠ 

ʞʘʨʘʪʳʣʳʩʪʘʥʫ ʩʘʫʘʪʪʳʣʳץʪʘʨʳ. 

ᴄʜʝʪʪʝʛʽ ʤʝʢʪʝʧ ʙʘסʜʘʨʣʘʤʘʩʳ, ʤʝʢʪʝʧ ʢʫʨʩʳʥ, ᴇʟʘʨʘ ʙʘʡʣʳʥʳʩʳ ʘʟ ʤʘʪʝʤʘʪʠʢʘʥʳש 

ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨʳʥʘ ʙᴇʣʛʝʥ ʞᴅʥʝ ʬʦʨʤʫʣʘʣʘʨ ʤʝʥ ʝʩʝʧʪʝʫʣʝʨʛʝ ʢᴇʧ ʫʘץʳʪʪʳ ץʘʞʝʪ ʝʪʝʜʽ. 20 

 ץʘ (ʘʨʠʬʤʝʪʠʢʘ, ʘʣʛʝʙʨʘ, ʛʝʦʤʝʪʨʠʷ, ʤʘʪʝʤʘʪʠʢʘʣʳסʘʩʳʨʣʘʨʜʘ, ʤʘʪʝʤʘʪʠʢʘʥʳ 12 ʩʘʣʘס

ʘʥʘʣʠʟ ʞᴅʥʝ ʪ.ʙ.) ʙᴇʣʽʧ ץʘʨʘʩʳʪʳʨסʘʥ ʙʦʣʩʘ, ץʘʟʽʨʛʽ ʢʝʟʜʝ 60-70 ᴅʨʪװʨʣʽ ʩʘʣʘʣʘʨסʘ ʙᴇʣʫʛʝ 

ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ PISA ʟʝʨʪʪʝʫʰʽʣʝʨʽ, ץʘʥʜʘʡʜʘ ʙʽʨ ʦʙʴʝʢʪʽʣʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨʜʳ ʥʝʛʽʟʜʝ 

ʞʘʪʘʪʳʥ ʬʫʥʜʘʤʝʥʪʘʣʴʜʳ ʠʜʝʷʣʘʨʜʳʥʳ ʙʽʨʽʪʽʨʽʧ, ʙʘʩץʘʰʘ ץʘʜʘʤ ʞʘʩʘʜʳ. ʆʩʳʥʜʘʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʜʳ ʠʜʝʷ ʨʝʪʽʥʜʝ ʢʝʣʩʽʣʝʨ: Ϻʟʛʝʨʽʩ ʧʝʥ Ϩʘʪʳʥʘʩ, ʢʝϬʽʩʪʽʢ ʧʝʥ ʬʦʨʤʘ, 

ʘʥʳϨʪʘʣʤʘϤʘʥʜʳϨ ʞϸʥʝ ʧʘʡʳʤʜʘʨ ʤϺʣʰʝʨʽ ʪʘשʜʘʣʳʧ ʘʣʳʥʜʳ.  

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʘʟʤײʥʳʥ ʪʘשʜʘʫ ʢʝʟʽʥʜʝ ʜᴅʩʪװʨʽ ʤʝʢʪʝʧ ʢʫʨʩʳʥʳש ʥʝʛʽʟʛʽ 

çʪʘץʳʨʳʧʪʘʨʳʥè ʢᴇʨʩʝʪʫ ץʘʞʝʪʪʽʣʽʛʽ ʪʫʘʜʳ. ɹײʣ ʪʘץʳʨʳʧʪʘʨʜʳ ʟʝʨʪʪʝʫʰʽʣʝʨ ʤʳʥʘ ʙʘסʳʪʪʘʨ 

ʙʦʡʳʥʰʘ  ץʦʣʜʘʥʘʜʳ: ʩʘʥʜʘʨ, ᴇʣʰʝʫ, ʙʘסʘʣʘʫ, ʘʣʛʝʙʨʘ, ʬʫʥʢʮʠʷ, ʛʝʦʤʝʪʨʠʷ, ʳץʪʠʤʘʣʜʳץ, 

ʩʪʘʪʠʩʪʠʢʘ, ʩʘʥʜʘʨ ʪʝʦʨʠʷʩʳʥʳש ʵʣʝʤʝʥʪʪʝʨʽ. 

ʆץʫʰʳʣʘʨʜʳש ʦץʫ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞᴅʥʝ סʳʣʳʤʠ-ʞʘʨʘʪʳʣʳʩʪʘʥʫ ʩʘʫʘʪʪʳʣʳץʪʘʨʳʥ 

ʪʝʢʩʝʨʫ װʰʽʥ װʰ ʙʘסʳʪ ʘʥʳץʪʘʣʜʳ: ʤʘʟʤϰʥ, ʽʩ-ϸʨʝʢʝʪ ʪϮʨʣʝʨʽ, ʞʘϤʜʘʷʪʪʘʨ (1-ʢʝʩʪʝ) 

1-ʢʝʩʪʝ. ʄʘʪʝʤʘʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳץʪʳ ʘʥʳץʪʘʫʜʳש ʙʘסʳʪʪʘʨʳ 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʤʘʟʤײʥʳ 

(ʘʡʤʘסʳ) 

ʊʘʥʳʤʜʳץ ʽʩ ᴅʨʝʢʝʪ ʪװʨʣʝʨʽ  

 (ʟʳʨʝʪʪʽʣʽʢʪʝʨʽײץ)

ɾʘסʜʘʡʷʪʪʘʨ ʪʠʧʽ 

- ʄᴇʣʰʝʨ (ʩʘʥ);  

- ʢʝשʽʩʪʽʢ ʞᴅʥʝ ʬʦʨʤʘ;  

- ᴇʟʛʝʨʽʩ ʞᴅʥʝ ץʘʪʳʥʘʩ;  

- ʘʥʳץʪʘʣʤʘסʘʥʜʳץ.  

 

- ʝʣʝʩʪʝʪʫ (ʩʪʘʥʜʘʨʪʪʳ ץʘʙʳʣʜʘʫʣʘʨ ʤʝʥ 
ᴅʜʽʩʪʝʨ, ʙʝʣʛiʣi ʘʣʛʦʨʠʪʤʜʘʨʜʳ ץʦʣʜʘʥʫ; 

ʪʘʥʳʩ ᴇʨʥʝʢʪʝʨʤʝʥ ʞײʤʳʩ; ץʘʨʘʧʘʡʳʤ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʤʘʣʜʘʨʜʳ ʦʨʳʥʜʘʫ, 

ʪʽʢʝʣʝʡ ʝʩʝʧʪʝʫʜʽ ʦʨʳʥʜʘʫ);  

- ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫ  

(ʪʘʧʩʳʨʤʘʥʳש ʙʽʨ ʪװʨʽʥʝʥ ʝʢʽʥʰʽ ʪװʨʽʥʝ 

-ʞʝʢʝ ᴇʤʽʨ;  

-ʞʝʨʛʽʣʽʢʪʽ;  

 ;ᴇʤʽʨ ץʘʤʜʳסʦץ -

- ʦץʫ ʞᴅʥʝ ʢᴅʩʽʙʠ  

  ;ʳʟʤʝʪץ
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ᴇʪʫʽ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʤʦʜʝʣʴʜʝʨ ʞʘʩʘʫʳ, 

ʝʩʝʧʪʝʨʜʽש ʰʘʨʪʳʥ ʰʝʰʫʜʝ ᴅʨʪװʨʣʽ 

ʪᴅʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʘ ʙʽʣʫʽ, ʪʘʧʩʳʨʤʘ 

ʰʝʰʽʤʽʥ ʠʥʪʝʨʧʨʝʪʘʮʠʷʣʘʫ); 

-  ʧʘʡʳʤʜʘʫ, ʦʡʣʘʫ (ʢװʨʜʝʣi ʤᴅʩʝʣʝʣʝʨ; 
ʦʡʣʘʫ ʞᴅʥʝ ʪײʞʳʨʳʤʜʘʫ; 

ʰʳסʘʨʤʘʰʳʣʳץ ʪᴅʩʽʣʜʝʨ, ʰʝʰʫ  

ʪᴅʩʽʣʜʝʨʽʥ ᴇשʜʝʫ; ʞʘʣʧʳʣʘʫ; ʜᴅʣʝʣʜʝʫ; 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʠʢʝʤʜʽʣʽʢʪʽש ʢʝש ʩʧʝʢʪʨʽ). 

 .ʳʣʳʤʠס-

 

PISA ʝʩʝʧʪʝʨʽ ᴅʨʪװʨʣʽ ʬʦʨʤʘʜʘ ʙʝʨʽʣʝʜʽ. פʘʨʘʧʘʡʳʤ ʪװʨʣʝʨʽ ʞʘʫʘʧʪʳ ʪʘשʜʘʫʤʝʥ 

ʪʝʢʩʝʨʽʣʝʪʽʥ ʝʩʝʧʪʝʨ. ʂװʨʜʝʣʽʣʽʛʽ ʞʦסʘʨʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʞʘʫʘʧʪʘʨʳ ʝʨʽʢʪʽ ʪװʨʜʝ ʙʦʣʘʜʳ. 

ɹײʣ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦץʫʰʳʣʘʨ ʩײʨʘץץʘ ʞʘʫʘʧ ʙʝʨʫ ʤʝʥ ץʘʪʘʨ, ʰʳץץʘʥ 

ʞʘʫʘʧʪʳ ʪװʩʽʥʜʽʨʫʽ ʪʘʣʘʧ ʝʪʽʣʝʜʽ. ʄײʥʜʘʡ ʪʘʧʩʳʨʤʘʣʘʨ ʦץʫʰʳʣʘʨ ᴇʟʜʝʨʽ ʪʘשʜʘʧ ʘʣסʘʥ ʰʝʰʫ 

ʞʦʣʳʥʘ, ᴇʟʜʝʨʽ ʥʝʛʽʟ ʢʝʣʪʽʨʝ ʘʣʫʳʥʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ.  

PISA ʝʩʝʧʪʝʨʽʥʽײץ שʨʳʣʳʤʳ ʤʳʥʘʣʘʨʜʘʥ ʪײʨʘʜʳ: 

¶ ʉʫʨʝʪ, ʛʨʘʬʠʢ, ʢʝʩʪʝʣʝʨ ʞᴅʥʝ ʙʘʩץʘʜʘ ץʦʩʳʤʰʘ ʢᴇʨʥʝʢʽʣʽʢʪʝʨʤʝʥ ʙʝʡʥʝʣʝʥʛʝʥ ʤᴅʪʽʥ 
ʥʝʤʝʩʝ ʙʽʨ ʪʘץʳʨʳʧʧʝʥ ʙʽʨʽʢʪʽʨʽʣʛʝʥ (ʘʪʘʫʳ ʙʝʨʽʣʝʜʽ) ʤᴅʪʽʥ ʪװʨʽʥʜʝ; ʙײʣ ʞʝʨʜʝ ʙʝʨʣʽʛʝʥ 

ʩײʨʘץʪʳש ʞʘʫʘʙʳʥʜʘ, ʜײʨʳʩ ʤᴅʣʽʤʝʪʪʽ ײץʨʘʡʪʳʥ, ײץʨʘʤʘʡʪʳʥ ץʘʞʝʪʪʽ ʘץʧʘʨʘʪ ʢʝʣʪʽʨʽʣʝʜʽ;   

¶ ʘץʧʘʨʘʪʪʳץ ʙʣʦʢʪʘ ʙʝʨʽʣʛʝʥ ʪʘץʳʨʳʧץʘ ץʘʪʳʩʪʳ ʩײʨʘץʪʘʨ ʞʠʳʥʳʥʘʥ; 

¶ ʟʝʨʪʪʝʫʰʽ װʰʽʥ ï ץʠʳʥʜʳץ ʜʝשʛʝʡʽ, ʩʘʣʘʩʳ, ʢʦʜʪʘʣסʘʥ ʤᴅʣʽʤʝʪʪʝʨʜʝʥ. 

PISA  ʟʝʨʪʪʝʫʽʥʜʝʛʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ  ʪʘʧʩʳʨʤʘʣʘʨ ʥʘץʪʳ ᴇʤʽʨʣʽʢ ʤᴅʩʝʣʝʣʝʨʛʝ ʞʘץʳʥ, 

 ץʰʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳװ ʨʣʽ ʘʩʧʝʢʪʽʣʝʨʽʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʞᴅʥʝ ᴇʟ ʰʝʰʽʤʜʝʨʽװʪ שʘʥ ᴇʤʽʨʜʽסʦʨʰʘץ

ʪʘʣʜʘʫʜʳ ʪʘʣʘʧ ʝʪʝʪʽʥ, ץʦסʘʤ,  ʞʝʢʝ ᴇʤʽʨ, ʢᴅʩʽʙʠ ץʳʟʤʝʪ, ʩʧʦʨʪ ʞᴅʥʝ ʪ.ʙ. ʪʫʨʘʣʳ ʤᴅʣʽʤʝʪ 

 .ʩrʥʘʜʳײ

ʂʝʟ ʢʝʣʛʝʥ ʝʩʝʧ ï ʙײʣ ʤᴅʩʝʣʝ, ʝʩʝʧʪʽ ʰʝʰʫ - ʩʦʣ ʤᴅʩʝʣʝʥʽ ʰʝʰʫ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. 

ʆץʫʰʳʥʳש ʰʳסʘʨסʘʥ ʝʩʝʙʽ ץʘʨʘʧʘʡʳʤ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʝʛʝʨ ʦʣ ʝʩʝʧʪʽ ʰʳסʘʨʫ 

ʙʘʨʳʩʳʥʜʘ ᴇʟʽʥʜʽʢ ʦʡʣʘʥʳʧ, ʪʘʣʜʘʫ ʞʘʩʘʡ ʘʣʩʘ, ץʳʟʳסʘ ʙʘʩʪʘʡʜʳ. 

ʆʡʣʘʫʜʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʪʠʣʽ ʪᴇʤʝʥʜʝʛʽʜʝʡ ʝʨʝʢʰʝʣʽʢʪʝʨʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ: 

¶ ʊʘʣʘʜʘʫ ʤװʤʢʽʥʜʽʛʽ 

¶ ɽʩʝʧʪʽ ץʳʩץʘ ʞʦʣʤʝʥ ʰʝʰʫʛʝ ʪʘʣʧʳʥʫ 

ʂʝʟ ʢʝʣʛʝʥ ʝʩʝʧʪʝ ʣʦʛʠʢʘʣʳץ ʦʡʣʘʫʜʳ ʜʘʤʳʪʘʪʳʥ ʤװʤʢʽʥʜʽʢʪʝʨ ʙʝʨʽʣʝʜʽ. 

ɼᴅʩʪװʨʣʽ ʤʝʢʪʝʧ ʙʘסʜʘʨʣʘʤʘʩʳʥʜʘ ʙʝʨʽʣʛʝʥ ʝʩʝʧ ʞᴅʥʝ ʦʥʳ PISA  ʬʦʨʘʤʘʪʳʥʘ 

ʘʫʳʩʳʪʳʨʳʧ ץʦʣʜʘʥסʘʥ ʤʳʩʘʣʜʘʨʳʤʥʳש ʙʽʨʥʝʰʝʫʽʥ ʢʝʣʪʽʨʝʡʽʥ. 

1. 9 ʩʳʥʳʧ ʘʣʛʝʙʨʘ ʦץʫʣʳסʳʥʜʘ ʩʘʥʜʘʨ ʪʽʟʙʝʛʽ ʪʘץʳʨʳʙʳʥ ʪװʩʽʥʜʽʨʫ װʰʽʥ, 

 :ʙʝʨʽʣʫʽ שʨʣʽ ʤʝʢʪʝʧ ʢʫʨʩʳʥʜʘ ʝʩʝʧʪʽװɼᴅʩʪ  .ץʘʨʘʩʪʳʨʘʡʳץ ʦʣʜʘʥʜʘʥʳʣʘʪʳʥ  ʤʳʩʘʣץ

ɸʨʠʬʤʝʪʠʢʘʣʳץ ʧʨʦʛʨʝʩʩʠʷ ʙʝʨʽʣʛʝʥ. ,  ,    ʙʦʣʩʘ, ʦʥʜʘ                  

n ï ?  

PISA  ʬʦʨʘʤʘʪʳʥʜʘ ʝʩʝʧʪʽש ʙʝʨʽʣʫʽ: 

 ʗʃʓ ʊɽʃɽʌʆʅױ.1

ɸʨʤʘʥ ʞʘשʘ ײʷʣʳ ʪʝʣʝʬʦʥ ʘʣʫʜʳ  ʞʦʩʧʘʨʣʘʜʳ.  

ʆʥʳש ʪʝʢ ץʘʥʘ 12.000 ʪʝשʛʝʩʽ ʙʘʨ.  ױʷʣʳ ʪʝʣʝʬʦʥʳש ʙʘסʘʩʳ 

60.000 ʪʝשʛʝ ʪײʨʘʜʳ.  

ʉױʈɸפ 

ʆʣ ʘʡ ʩʘʡʳʥ 4800 ʪʝשʛʝʜʝʥ ʞʠʥʘץʪʘʧ ʦʪʳʨʩʘ, ʪʦʣʳץ ץʘʨʘʞʘʪʪʳ 

ʞʠʥʘʫ װʰʽʥ ץʘʥʰʘ ʘʡ ʫʘץʳʪ ʢʝʨʝʢ?   

ɸʨʠʬʤʝʪʠʢʘʣʳץʧʨʦʛʨʝʩʩʠʷʥʳש  n ï ʰʽ ʤװʰʝʩʽʥʽש ʬʦʨʤʫʣʘʩʳʥ 

 .ʦʣʜʘʥʳʧ ʪʘʙʫ ʢʝʨʝʢץ

ϧϰʟʳʨʝʪʪʽʣʽʢ:  ʙʘʡʣʘʥʳʩ ʦʨʥʘʪʫ 

ʄʘʪʝʤʘʪʠʢʘʣʳϨ ʘʡʤʘϤʳ:  Ϻʟʛʝʨʽʩ ʞϸʥʝ Ϩʘʪʳʥʘʩ 

ɾʘϤʜʘʷʪʳ:  ʞʝʢʝ Ϻʤʽʨ 

ʉײʨʘץ ʬʦʨʤʘʪʳ:  ײפʨʳʣʳʤʜʳץ 

ɼʝשʛʝʡʽ:  ʞʦסʘʨסʳ                                                              
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(ɼײʨʳʩ  ʞʘʫʘʙʳ: 10) 

2.11 ʩʳʥʳʧ ʛʝʦʤʝʪʨʠʷ ʧᴅʥʽ ʙʦʡʳʥʰʘ ʢᴇʧʞʘץʪʘʨʜʳש ʙʝʪʪʝʨʽʥʽש ʘʫʜʘʥʜʘʨʳ ʤʝʥ 

ʢᴇʣʝʤʜʝʨʽʥ ʪʘʙʫ ʪʘץʳʨʳʙʳʥʘ ץʘʪʳʩʪʳ ʝʩʝʧʪʝʨ. 

ɼᴅʩʪװʨʣʽ ʤʝʢʪʝʧ ʢʫʨʩʳʥʜʘ ʝʩʝʧʪʽש ʙʝʨʽʣʫʽ: ᴆʣʰʝʤʜʝʨʽ   

ʙʦʣʘʪʳʥ  ʪʽʢ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʽש  ʙʝʪʽʥʽש ʘʫʜʘʥʳʥ ʞᴅʥʝ ʢᴇʣʝʤʽʥ ʪʘʙʳשʳʟ? 

PISA  ʬʦʨʘʤʘʪʳʥʜʘ ʝʩʝʧʪʽש ʙʝʨʽʣʫʽ: 

2-3. ʍɸʋʓɿ ɾɸʉɸʋ 

ʊʝʨʝשʜʽʛʽ  2 ʤ, ʝʥʽ 15 ʤ, ʘʣ ײʟʳʥʜʳסʳ 20 ʤ-ʣʽʢ  ʭʘʫʳʟ ʞʘʩʘʫ ʢʝʨʝʢ. 

1 ʉױʈɸפ. ʍʘʫʳʟ ʞʘʩʘʫ װʰʽʥ ץʘʥʰʘ ʤ2
 ʢʘʬʝʣʴ ʢʝʨʝʢ? 

 
2 ʉױʈɸפ. ɸʣʜʳסשʳ ʝʩʝʧʪʝʛʽ ʭʘʫʳʟʜʳ ʪʦʣʪʳʨʫ װʰʽʥ ץʘʥʰʘ ʩʫ ײץʶ ʢʝʨʝʢ? 

ϧϰʟʳʨʝʪʪʽʣʽʢ:  ɽʣʝʩʪʝʪʫ 

ʄʘʪʝʤʘʪʠʢʘʣʳϨ ʘʡʤʘϤʳ:  ʂʝϬʽʩʪʽʢ ʧʝʥ ʬʦʨʤʘ 

ɾʘϤʜʘʷʪʳ:  ʢϸʩʽʙʠ Ϩʳʟʤʝʪ. 

ʉײʨʘץ ʬʦʨʤʘʪʳ:  ײץʨʳʣʳʤʜʳץ  

ɼʝשʛʝʡʽ:  ʦʨʪʘʰʘ 

(ɼײʨʳʩ  ʞʘʫʘʙʳ: 1) 440ʤ
2
,  2) ) 

 ʳ, ʝʥʽ ʞᴅʥʝסʟʳʥʜʳײ שʡʜʽװ ʨʽʥʜʝʛʽװʨʳʰʪʳ ʧʘʨʘʣʣʝʣʧʠʧʝʜ ʪײʁɼɯ ᴆʃʐɽʋ.  ʊʽʢʙת 4-5

 ʙʝʪʽ (ʢʨʳʰʘ) שʙʠʽʢʪʽʛʽ ʩᴅʡʢʝʩʽʥʰʝ 16,6ʤ,  12 ʤ ʞᴅʥʝ 3,2ʤ. ʐʘʪʳʨʜʳ שʘʩʳʥʳסʘʙʳʨץ ʡװ

ᴅʨץʘʡʩʳʩʳ  ʛʦʨʠʟʦʥʪʘʣʴ ʞʘʟʳץʪʳץʧʝʥ   ʞᴅʥʝ   ʙײʨʳʰ ʞʘʩʘʧ ץʠʳʣʳʩץʘʥ ʝʢʽ 

ʪʨʘʧʝʮʠʷ  ʤʝʥ ʝʢʽ װʰʙײʨʳʰʪʘʨʜʘʥ ײץʨʘʣסʘʥ.  

 
1 ʉױʈɸת .פʡʜʽש ʙʠʽʢʪʽʛʽʥ (ʞʝʨʜʝʥ ʙʘʩʪʘʧ, ʰʘʪʳʨ ʞʦʪʘʩʳʥʘ ʜʝʡʽʥʛ ʙʠʽʢʪʽʢ) ʪʘʙʳשʳʟ. 

( ) 

 
2 ʉױʈɸפ. ʐʘʪʳʨʜʳש ʙʝʪʽʥʽש ʘʫʜʘʥʳʥ ʪʘʙʳשʳʟ? 

ϧϰʟʳʨʝʪʪʽʣʽʢ:  ɽʣʝʩʪʝʪʫ 

ʄʘʪʝʤʘʪʠʢʘʣʳϨ ʘʡʤʘϤʳ:  ʂʝϬʽʩʪʽʢ ʧʝʥ ʬʦʨʤʘ 

ɾʘϤʜʘʷʪʳ:  ʢϸʩʽʙʠ Ϩʳʟʤʝʪ. 

ʉײʨʘץ ʬʦʨʤʘʪʳ:  ײץʨʳʣʳʤʜʳץ  

ɼʝשʛʝʡʽ:  ʞʦסʘʨʳ 
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(ɼײʨʳʩ  ʞʘʫʘʙʳ:  1) 6,6ʤ  2)   ) 

ɾʦסʘʨʳ ʩʳʥʳʧ ʦץʫʰʳʣʘʨʳʥʳש ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳסʳʥ ʜʘʤʳʪʫ ʤʳʥʳʜʘʡ ʥʝʛʽʟʽ 

 :ʳ ʙʦʣʘʜʳסʞʠʳʥʪʳ שʟʳʨʝʪʪʽʣʽʢʪʝʨʜʽײץ

ʆץʫ (ᴇʟ ʙʽʣʽʤʽ ʤʝʥ ʪᴅʞʨʠʙʝʩʽʥʽץ שʘʞʝʪʽʥ ʽʨʽʢʪʝʫ, ʘʣסʘʥ ʙʽʣʽʤʽʥ ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳʨʫ 

ʞᴅʥʝ ʦʣʘʨʜʳ ʨʝʪʪʝʫ, ᴇʟʽʥʜʽʢ ʦץʫʤʝʥ ʘʡʥʘʣʳʩʫ, ʧʨʦʙʣʝʤʘʣʘʣʘʨʜʳ ᴇʟʽ ʰʝʰʫʛʝ ץʘʙʽʣʝʪʪʽ 

ʙʦʣʫʳ); 

ɯʟʜʝʫ (ᴅʨʪװʨʣʽ ʙʽʣʽʤ ץʦʨʣʘʨʳʥ ʽʟʜʝʧ, ʞʘʥ ʞʘסʳʥʘʥ ʩײʨʘʩʪʳʨʫ, ʩʘʨʘʧʰʳʤʝʥ ʢʝשʝʩʫ,  

ʤᴅʣʽʤʝʪ ʘʣʫ); 

ʆʡʣʘʫ (ᴇʪʢʝʥʽ ʤʝʥ ץʘʟʽʨʛʽ ʦץʠסʘʣʘʨʳʥ ʙʘʡʣʘʥʳʩʪʳʨʫ, ץʦסʘʤʥʳש ʜʘʤʫʳʥʘ ʩʳʥʠ 

ʢᴇʟץʘʨʘʩʧʝʥ ץʘʨʘʫ, ʧʽʢʽʨʪʘʣʘʩ ʢʝʟʽʥʜʝ ᴇʟ ײʩʪʘʥʳʤʳʥ ץʘʙʳʣʜʘʫ ʞᴅʥʝ ᴇʟ ʧʽʢʽʨʽʥ 

 ;(ʘʣʳʧʪʘʩʪʳʨʫץ

ʓʥʪʳʤʘץʪʘʩʪʳץ (ʪʦʧʪʘ ʞײʤʳʩ ʽʩʪʝʫʜʽ ʞᴅʥʝ ʳʥʪʳʤʘץʪʘʩʪʳ ʙʽʣʫ,  ʰʝʰʽʤ ץʘʙʳʣʜʘʫ, 

ʢʝʣʽʩʩᴇʟʜʝʨ ʞװʨʛʽʟʫʛʝ ץʘʙʽʣʝʪʽʥʽש ʙʦʣʫʳ); 

ɹʝʡʽʤʜʝʫ (ʘץʧʘʨʘʪ ʞᴅʥʝ ʙʘʡʣʘʥʳʩ, ʞʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ, ʢʝʟʜʝʩʢʝʥ 

 .(ʘ ʙʝʡʽʤʜʽʣʽʛʽסʘ ʰʝʰʽʤʜʝʨ ʪʘʙʫשʢᴇʨʩʝʪʫ, ʞʘ ץʘ ʪʘʙʘʥʜʳʣʳסʪʘʨץʠʳʥʜʳץ

ʉʦʥʳʤʝʥ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩʘʫʘʪʪʳʣʳץʪʳ ʜʘʤʳʪʘ ʦʪʳʨʳʧ, ʘʣסʘʥ  ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʙʽʣʽʤʜʝʨʽʥ ʪʠʽʤʜʽ ץʦʣʜʘʥʘʪʳʥ, ᴇʤʽʨʜʝʛʽ ʢʝʟ ʢʝʣʛʝʥ ʞʘסʜʘʷʪʪʘʨʜʘ ʜײʨʳʩ ʰʝʰʽʤ ץʘʙʳʣʜʘʡ 

ʘʣʘʪʳʥ ʬʫʥʢʮʠʦʥʘʣʜʳץ ʩʘʫʘʪʪʳ ʪײʣסʘ ʪᴅʨʙʠʝʣʝʫ. 
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ʂʆʄʇʃɽʂʉ ɸʁʅʓʄɸʃʓ ʌʋʅʂʎʀʗʃɸʈ ʊɽʆʈʀʗʉʓʅʓר  

 ʆʃɼɸʅʓʃʋʓ ʊʋʈɸʃʓפ

 

ʉʘʤʘʨʙʘʝʚʘ ɹ.ɸ. 

ɾʘʨʘʪʳʣʳʩʪʘʥʫ ʤʘʪʝʤʘʪʠʢʘ ʙʘסʳʪʳʥʜʘסʳ ʤʝʢʪʝʧ-ʣʠʮʝʡ, ʆʨʘʣ, פʘʟʘץʩʪʘʥ 

 

ʂʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʣʘʨʳ ʢᴇʧ ץʦʣʜʘʥʳʣʘʜʳ, ʙʽʨ ʞʘסʳʥʘʥ, ᴅʨ ʪװʨʣʽ 

 ,ʬʠʟʠʢʘʜʘ, ʛʠʜʨʦʜʠʥʘʤʠʢʘʜʘ ץʧᴅʥʜʝʨʜʝ: ʪʝʦʨʠʷʣʳ ץʦʣʜʘʥʳʣʳʤʜʳ ʤʘʪʝʤʘʪʠʢʘʣʳץ

ʩʝʨʧʽʤʜʽʣʽʢ ʪʝʦʨʠʷʩʳʥʜʘ, ʘʩʧʘʥ ʤʝʭʘʥʠʢʘʩʳʥʜʘ, ʝʢʽʥʰʽ ʞʘסʳʥʘʥ, ʪʘʟʘ ʤʘʪʝʤʘʪʠʢʘʥʳש ᴅʨ 

ʪװʨʣʽ ʙᴇʣʽʤʜʝʨʽʥʜʝ, ʘʪʘʧ ʘʡʪץʘʥʜʘ: ʘʣʛʝʙʨʘʜʘ, ʩʘʥʜʘʨʜʳש ʘʥʘʣʠʪʠʢʘʣʳץ ʪʝʦʨʠʷʩʳʥʜʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʝ ʪ.ʙ. ץʦʣʜʘʥʳʣʘʜʳ. ʉʦʥʳʤʝʥ ץʘʪʘʨ ʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ 

ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʪʝʦʨʠʷʩʳ ʣʦʛʠʢʘʣʳײץ ץʨʳʣʳʤʜʳ ʞᴅʥʝ ʛʘʨʤʦʥʠʷʣʳװ ץʡʣʝʩʽʤʜʽ ʩʘʣʳʥסʘʥ װʡ 

ʽʩʧʝʪʪʝʩ, ʜʝʤʝʢ, ʙײʣ ʪʝʦʨʠʷʥʳש ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨʽʤʝʥ ʪʘʥʳʩʫʜʳש ᴇʟʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʽʣʽʤʥʽש 

  .ʳ ʜʘʫʩʳʟסʘʞʝʪʪʽ ʵʣʝʤʝʥʪʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳץ

ʂʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʣʘʨʳʥʜʘסʳ ᴅʜʽʩʪʝʨʜʽץ שʫʘʪʪʪʳʣʳסʳʥ ʙʘסʘʣʘʫ װʰʽʥ, ʙʽʟ 

ʦʩʳ ᴅʜʽʩʪʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʪʝʢ ʪʘʟʘ ʤʘʪʝʤʘʪʠʢʘ ʦʙʣʳʩʳʥʜʘסʳ ʢʝʡʙʽʨ ʽʨʽ ʪʘʙʳʩʪʘʨʜʳ ʘʪʘʧ 

ᴇʪʫʤʝʥ סʘʥʘ ʰʝʢʪʝʣʤʝʡ: ʞʘʡ ʩʘʥʜʘʨʜʳש ʪʘʨʘʣʫʳʥʳש ʝץ שʠʳʥ ʧʨʦʙʣʝʤʘʣʘʨʳ ʢʝʡʙʽʨ ʢʦʤʧʣʝʢʩ 

ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʥʳש ʥʦʣʴʜʝʨʽʥʽש ʪʘʨʘʣʳʩʳʥʘ ʪᴅʫʝʣʜʽ ʙʦʣʳʧ ʢʝʣʝʜʽ; ʢʝʟ ʢʝʣʛʝʥ ʙװʪʽʥ ʦש 

ʩʘʥʜʳ ʢʝʟ ʢʝʣʛʝʥ ʜᴅʨʝʞʝʣʝʨʜʝʛʽ ʰʝʢʪʝʣʛʝʥ ʩʘʥʜʘʨʜʳץ שʦʩʳʥʜʳʩʳ ʪװʨʽʥʜʝ ʢʝʩʢʽʥʜʝʫ 

ʞᴇʥʽʥʜʝʛʽ ɺʘʨʠʥʛ ʧʨʦʙʣʝʤʘʩʳ ʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ᴅʜʽʩʪʝʨʽ ʥʝʛʽʟʽʥʜʝ 

ʰʝʰʽʣʝʜʽ: çװʰ ʜʝʥʝ ʪʫʨʘʣʳè ʝʩʝʧ ʜʝʧ ʘʪʘʣʘʪʳʥ ʘʩʧʘʥ ʤʝʭʘʥʠʢʘʩʳʥʜʘסʳ ʝץ שʠʳʥ ʧʨʦʙʣʝʤʘ, 
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ʞʘʣʧʳ ʪװʨʜʝ ʪʝʢ ʢʦʤʧʣʝʢʩʪʽʢ ʘʥʘʣʠʟʜʽש ᴅʜʽʩʪʝʨʽʥ ץʦʣʜʘʥʫ ʘʨץʘʩʳʥʜʘ ʰʝʰʽʣʜʽ. ɸץʳʨʳʥʜʘ, 

ʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳʥʳש ʬʫʥʢʮʠʷʣʘʨʳʥʘ ʪᴅʥ ʟʦʨ ʤᴅʥʽ ʤʝʥ ʝʨʝʢʰʝ ʨʦʣʽʥ ʜᴅʣʝʣʜʝʫ 

ʤʘץʩʘʪʳʤʝʥ, ʤʘʪʝʤʘʪʠʢʘʥʳש ʦץʫʰʳʣʘʨסʘ ʞʘץʩʳ ʪʘʥʳʩ, ʥʝʛʽʟʛʽ ʙᴇʣʽʤʜʝʨʽʥʝʥ ʢᴇʧʪʝʛʝʥ 

ʤʳʩʘʣʜʘʨ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. 

ʂʝʟ ʢʝʣʛʝʥ ʘʣʛʝʙʨʘʣʳץ ʪʝשʜʝʫʜʽש ʝש ʙʦʣʤʘסʘʥʜʘ ʙʽʨ ʢʦʤʧʣʝʢʩ ʪװʙʽʨʽ ʙʘʨ ʜʝʛʝʥ ʩᴇʡʣʝʤ 

ʘʣʛʝʙʨʘʜʘסʳ ʤᴅʩʝʣʝʣʝʨʜʽש ʥʝʛʽʟʛʽʩʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʆʥʘʥ ʢʝʡʽʥ ʨʘʮʠʦʥʘʣ ʬʫʥʢʮʠʷʣʘʨʜʳ 

ʠʥʪʝʛʨʘʣʜʘʫʜʘ ʞᴅʥʝ ʢʦʵʬʬʠʮʠʝʥʪʪʝʨʽ ʪײʨʘץʪʳ ʩʳʟʳץʪʳץ ʜʠʬʬʝʨʝʥʝʮʠʘʣʜʳץ ʪʝשʜʝʫʣʝʨʜʽ 

ʰʝʰʫʜʝ ʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨʜʳץ שʘʥʜʘʡ ʤᴅʥʽ ʙʘʨ ʝʢʝʥʽ ʠʥʪʝʛʨʘʣʜʳץ ʝʩʝʧʪʝʫʜʝʥ ʙʝʣʛʽʣʽ. ʉʦʥʜʘʡ-

ʘץ, ʢʣʘʩʩʠʢʘʣʳץ ʘʥʘʣʠʟʜʽש ʢᴇʧʪʝʛʝʥ ʤᴅʩʝʣʝʣʝʨʽ ʪʝʢ ʢʦʤʧʣʝʢʩ ʘʥʘʣʠʟʛʝ ʙʝʪ ʙײʨʫ ʥᴅʪʠʞʝʩʽʥʜʝ 

 שʘʥʳʥ ʘʡʪʘ ʢʝʪʢʝʥ ʞᴇʥ. ʄʳʩʘʣʳ, ʕʡʣʝʨʜʽץʰʝʰʽʤʽʥ ʪʘʧ ץʳʥ ʢʝʣʙʝʪʽʥ, ʪʦʣʳץʘʡ שʘʥʘ ᴇʟʽʥʽס

ʙʝʣʛʽʣʽ ʪʝשʙʝ-ʪʝשʜʽʛʽ xiʭʝix sincos +=  ʦסʘʥ ʀ.ɹʝʨʥʫʣʣʠ ʤʝʥ ʃʝʡʙʥʠʮʪʽש ʪᴇʤʝʥʜʝʛʽ 

ʧʘʨʘʜʦʢʩʳʥ ʘʰʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ: 
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1=x   ʜʝʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 
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ʕʡʣʝʨ ʙײʣ ʧʘʨʘʜʦʢʩʪʳ 
zʝ ʢᴇʨʩʝʪʢʽʰʪʽʢ ʬʫʥʢʮʠʷʩʳʥʳש ʧʝʨʠʦʜʪʳʣʳסʳʥ ʢᴇʨʩʝʪʫ 

ʘʨץʳʣʳ ʘʰʪʳ. ʐʳʥʳʥʜʘ, ʕʡʣʝʨ ʪʝשʙʝ-ʪʝשʜʽʛʽʥʜʝʛʽ x -ʪʽ ï iz  ʘʨץʳʣʳ ʘʫʳʩʪʳʨʳʧ, ʤʳʥʘʥʳ 

ʘʣʘʤʳʟ: 

() ( ) iziiziziizʝz sincossincos -=-+=
   (1) 

ʉʦסשʳ ʪʝשʜʽʢʪʝʛʽ z-ʪʽ iz p2+  ʘʨץʳʣʳ ʘʫʳʩʪʳʨʳʧ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

( ) ( ) 22 sincos2sin2cos ziz eiziiziziizʝ =-=---=+ ppp

, 

ʷסʥʠ 
zʝ ʬʫʥʢʮʠʷʩʳ z-ʪʽ  iz p2+ -ʤʝʥ ʘʫʳʩʪʳʨסʘʥʜʳ ᴇʟʽʥʽש ʤᴅʥʽʥ ᴇʟʛʝʨʪʧʝʡʜʽ, ʙʘʩץʘʰʘ 

ʘʡʪץʘʥʜʘ, ip2  - ʦʩʳ ʬʫʥʢʮʠʷʥʳש ʧʝʨʠʦʜʳ. wln=z -ʥʳש ʩʘʥʩʳʟ ʢᴇʧ, ʙʽʨ-ʙʽʨʽʥʝʥ 

ʘʡʳʨʤʘʰʳʣʳסʳ ip2 -ʛʝ ʝʩʝʣʽ ʩʘʥ ʙʦʣʘʪʳʥ ʤᴅʥʜʝʨ ʞʠʳʥʳ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʽʥ ʢᴇʨʝʤʽʟ. ɽʛʝʨ 
0>w  ʙʦʣʩʘ, wln=z -ʥʳש ʙʽʨ ʤᴅʥʽ ʥʘץʪʳ, ץʘʣסʘʥ ʤᴅʥʜʝʨʽ ʞʦʨʘʤʘʣ; ʘʣ 0<w  ʙʦʣסʘʥʜʘ 

wln=z -ʥʳש ʙʘʨʣʳץ ʤᴅʥʜʝʨʽ ʞʦʨʘʤʘʣ ʙʦʣʘʜʳ. ʉᴇʡʪʽʧ, ʣʦʛʘʨʠʬʤʜʽʢ ʬʫʥʢʮʠʷ ʢᴇʧ ʤᴅʥʜʽ 

ʬʫʥʢʮʠʷ ʙʦʣʳʧ ʰʳץʪʳ, ʝʛʝʨ ip21ln =  ʜʝʧ ץʘʙʳʣʜʘʩʘץ ʧʘʨʘʜʦʢʩ ʞʦʡʳʣʘʜʳ. 

ʕʡʣʝʨ ʪʝשʙʝ-ʪʝשʜʽʛʽʥ ʪʨʠʛʦʥʦʤʝʪʨʠʷʣʳץ ʬʫʥʢʮʠʷʣʘʨ ʤʝʥ ʢᴇʨʩʝʪʢʽʰʪʽʢ ʬʫʥʢʮʠʷʥʳש 

ʘʨʘʩʳʥʜʘסʳ ʪᴅʫʝʣʜʽʣʽʢʪʽ ʘʰʘʜʳ. ʆʥʘʥ ʢʝʡʽʥ, (1) ʬʦʨʤʫʣʘʜʘ z-ʪʽ (-z)-ʧʝʥ ʘʫʳʩʪʳʨʩʘץ, 

iziizʝz sincos +=-     (2) 

ʞᴅʥʝ (2) ʪʝשʙʝ-ʪʝשʜʽʢʪʝʨʜʽ ᴇʟʘʨʘ ץʦʩʳʧ, ʘʟʘʡʪʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʤʳʥʘʥʳ ʘʣʘʤʳʟ:  
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ʙײʣ ʛʠʧʝʨʙʦʣʘʣʳץ ʩʠʥʫʩ ʧʝʥ ʢʦʩʠʥʫʩʪʳש ʪʨʠʛʦʥʦʤʝʪʨʠʷʣʳץ ʬʫʥʢʮʠʷʣʘʨ ʘʨץʳʣʳ 

ᴇʨʥʝʢʪʝʨʽʥ ʙʝʨʝʜʽ, ʩᴇʡʪʽʧ, ʢᴅʜʽʤʛʽ ʪʨʠʛʦʥʦʤʝʪʨʠʷʣʳץ ʬʦʨʤʫʣʘʣʘʨʳʥʘʥ ʛʠʧʝʨʙʦʣʘʣʳץ 

ʪʨʠʛʦʥʦʤʝʪʨʠʷʥʳש ʙʘʨʣʳץ ʬʦʨʤʫʣʘʣʘʨʳʥ ʰʳסʘʨʳʧ ʘʣʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ɼᴅʨʝʞʝʣʽʢ ץʘʪʘʨʣʘʨ ʪʝʦʨʠʷʩʳʥʘʥ ʪʦʣʳץ ʪװʩʽʥʽʢʪʝʤʝʥʽ ʪʝʢ ʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ 

ʬʫʥʢʮʠʷʣʘʨʳ ʪʝʦʨʠʷʩʳʥʳש ʢᴇʟץʘʨʘʩʳ ʘʨץʳʣʳ סʘʥʘ ʙʝʨʫʛʝ ʙʦʣʘʪʳʥ ʪʘסʳ ʙʽʨ ʬʘʢʪ ʢʝʣʪʽʨʝʣʽʢ. 

ɸʥʘʣʠʟʜʝ ʤʳʥʘ ʞʽʢʪʝʣʽʩʪʽש: 
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xxx

x  

x-ʪʽש ʪʝʢ 
1<ʭ

 ʪʝשʩʽʟʜʽʛʽʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʤᴅʥʜʝʨʽʥʜʝ סʘʥʘ ʦʨʳʥʜʘʣʘʪʳʥʳ ʙʝʣʛʽʣʽ. 

ʅʘץʪʳ ʘʡʥʳʤʘʣʳ ʭ ʦʙʣʳʩʳʥʜʘ ץʘʣʘ ʦʪʳʨʳʧ, ʙʽʟ ʪʘʙʠסʠ ʬʫʥʢʮʠʷ ʤʝʥ ʭ-ʪʽש ʪʝʢ 11 +<<- x  

ʰʘʨʪʳʥ ץʘʥʘסʘʪʪʘʥʜʳʨʘʪʳʥ ʤᴅʥʜʝʨʽʥʜʝ סʘʥʘ ʦʣ ʬʫʥʢʮʠʷʥʳש ʢʝʩʢʽʥʜʝʡʪʽʥ ʞʠʥʘץʪʳʣʳץ 

ʬʘʢʪʽʩʽ ʘʨʘʩʳʥʜʘסʳ ʙʘʡʣʘʥʳʩʪʳש ʩʳʨʳʥ ʘʰʘ ʘʣʤʘʡʤʳʟ. ʐʳʥʳʥʜʘ, 
21

1

x+  ʬʫʥʢʮʠʷʩʳ ʭ-ʪʽש 

( )¤- -ʪʳʥ ( )¤+ -ʢʝ ʜʝʡʽʥʛʽ ʘʨʘʣʳץʪʘסʳ ʙʘʨʣʳץ ʤᴅʥʜʝʨʽʥʜʝ ʤᴅʥʜʝʨʽʥʜʝ ʘʥʳץʪʘʣסʘʥ, ʝʥʜʝʰʝ 

ʪᴅʫʝʣʩʽʟ ʘʡʥʳʤʘʣʳʥʳש ( )1-  ʤʝʥ ( )1+  ʤᴅʥʜʝʨʽʥʽש ʦʣ ʬʫʥʢʮʠʷ װʰʽʥ ʝʰץʘʥʜʘʡ ʝʨʝʢʰʝʣʽʛʽ ʞʦץ. 

ɹײʜʘʥ ...1 642 +-+- xxx x¢-1 שʘʪʘʨʳ ʥʝ ʩʝʙʝʧʪʽ ʭ-ʪʽץ   ʤʝʥ 1+²x  ʪʝשʩʽʟʜʽʢʪʝʨʽʥ 

 ʣײʩʽʥʙʝʫ ʢʝʨʝʢ. ɸʣʘʡʜʘ, ʙװʪʳ ʙʦʣʤʘʡʜʳ  ʜʝʧ ʪץʘʪʪʘʥʜʳʨʘʪʳʥ ʤᴅʥʜʝʨʽʥʜʝ ʞʠʥʘסʘʥʘץ

 .ʩʝʜʽװʪʘʣʘ ʪץʘʥʳ ץʪʦʣʳ ,ץʘʨʘʩʘץ ʘʪʳ, ʝʛʝʨ ʦʥʳ ʢʦʤʧʣʝʢʩ ʦʙʣʳʩʳʥʜʘסʪʘʙʠ שʙʳʣʳʩʪʳײץ

ʐʳʥʳʥʜʘ, 
21

1

x+  ʙᴇʣʰʝʛʽʥʽש ʙᴇʣʽʤʽ ix °= ʙʦʣסʘʥʜʘ ʥʦʣʴʛʝ ʘʡʥʘʣʘʜʳ, ʜʝʤʝʢ, ʪᴅʫʝʣʩʽʟ 

ʘʡʥʳʤʘʣʳʥʳש ʙײʣ ʝʢʽ ʤᴅʥʽ ʙʽʟʜʽש ʬʫʥʢʮʠʷʤʳʟ װʰʽʥ ʝʨʝʢʰʝ ʥװʢʪʝʣʝʨ ʙʦʣʘʜʳ. ʂʦʤʧʣʝʢʩ 

bia+=a ʩʘʥʳʥ ʢʦʦʨʜʠʥʘʪʘʣʘʨʳ a ʤʝʥ b  ʙʦʣʘʪʳʥ ʞʘʟʳץʪʳץʪʘ ʞʘʪץʘʥ ʥװʢʪʝ ʜʝʧ 

ʢʝʩʢʽʥʜʝʧ, ʙײʣ ʞʦסʘʨʳʜʘ ʙʝʣʛʽʣʝʥʛʝʥ ʝʨʝʢʰʝ ʥװʢʪʝʣʝʨʜʽש ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʙʘʩʳʥʘʥ 

 ʘ ʢʝʣʝʤʽʟ: ʙʝʨʽʣʛʝʥסʦʨʳʪʳʥʜʳץ ʝʢʝʥʽʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʤʳʥʘʜʘʡ שʳ 1-ʛʝ ʪʝסʪʳץʘʰʳץ

ʬʫʥʢʮʠʷʥʳש ʮʝʥʪʨʽ ʢʦʦʨʜʠʥʘʪʘʣʘʨ ʙʘʩʳʥʜʘ ʞʘʪץʘʥ, ʨʘʜʠʫʩʳ 1-ʛʝ ʪʝש ʜᴇשʛʝʣʝʢʪʽש ʽʰʽʥʜʝ 

ʝʨʝʢʰʝ ʥװʢʪʝʣʝʨʽ ʙʦʣʤʘʡʜʳ, ʙʽʨʘץ ʩʦʥʳש ᴇʟʽʥʜʝ ʦʩʳ ʬʫʥʢʮʠʷʥʳש ʰʝשʙʝʨʜʽש ʙʦʡʳʥʜʘ ʝʢʽ 

ʝʨʝʢʰʝ ʥװʢʪʝʩʽ ʙʦʣʘʜʳ. ʄʽʥʝ, ʦʩʳ ʞᴅʡʪ, ʦʩʳʜʘʥ ʙʳʣʘʡ ʙʘʡץʘʣʘʪʳʥʜʘʡ, ʤʦʜʫʣʽ 1-ʜʝʥ ʘʨʪʳץ ʭ-

ʪʽש ʤᴅʥʜʝʨʽ װʰʽʥ ʙʝʨʽʣʛʝʥ ץʘʪʘʨʜʳש ʞʠʥʘץʩʳʟʜʳסʳʥ ʙʝʣʛʽʣʝʡʜʽ. 

ʊʫʳʥʜʳ ʩʠʷץʪʳ ʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳʥʳש ʬʫʥʢʮʠʷʩʳ װʰʽʥ ʜʠʬʬʝʨʝʥʮʠʘʣ סײʳʤʳ 

ʬʦʨʤʘʣʴʜʳ ʞʘסʳʥʘʥ ʥʘץʪʳ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʩʳ ʜʠʬʬʝʨʝʥʮʠʘʣʳʥʳש ʩᴅʡʢʝʩ סײʳʤʳʤʝʥ 

ʙʽʨʜʝʡ. 

ʂʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳʥʳש ʬʫʥʢʮʠʷʩʳ ()zf=w  ʬʫʥʢʮʠʷʩʳʥʳש z ʥװʢʪʝʩʽʥʜʝʛʽ 

ʪʫʳʥʜʳʩʳ  
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zz
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ʪװʨʽʥʜʝ ʘʥʳץʪʘʣʘʪʳʥʳʥ ʝʩʢʝ ʪװʩʽʨʩʝʢ, ʤʳʥʘʥʳ ʘʣʘʤʳʟ: 

()h
w

+¡=
D

D
zf

z      (3) 

ʤײʥʜʘסʳ zD-h -ʧʝʥ ʙʽʨʛʝ ʥʦʣʴʛʝ ײʤʪʳʣʘʜʳ. (3) ʪʝשʜʽʢʪʝʥ ʤʳʥʘʥʳ ʪʘʙʘʤʳʟ: 

() zzzf D+DÖ¡=D hw
     (4) 

ʉʦסשʳ (4) ʬʦʨʤʫʣʘ ʬʫʥʢʮʠʷʥʳש ʰʝʢʪʝʫʩʽʟ ʘʟ ᴇʩʽʤʰʝʩʽ wD  ʝʢʽ ʰʝʢʪʝʫʩʽʟ ʢʽʰʢʝʥʝ 

ʰʘʤʘʥʳץ שʦʩʳʥʜʳʩʳ ʝʢʝʥʽʥ ʢᴇʨʩʝʪʝʜʽ. ʆʣʘʨ: ()zzf D  ʞᴅʥʝ zDh . ɹײʣ ʝʢʽ ʰʝʢʪʝʫʩʽʟ ʘʟ 

ʰʘʤʘʥʳש ʪʘʙʠסʘʪʳ ᴅʨ ʪװʨʣʽ. ɹʽʨʽʥʰʽʩʽ zD -ʢʝ ʪᴅʫʝʣʩʽʟ zD  ʧʝʥ ()zf¡  ʰʘʤʘʩʳʥʳש 

ʢᴇʙʝʡʪʽʥʜʽʩʽʥʝ ʪʝש ʞᴅʥʝ () 0̧¡zf  ʙʦʣסʘʥʜʘ, zD  ʩʠʷץʪʳ, ʩʦʣ ʨʝʪʪʝʛʽ ʰʝʢʩʽʟ ʘʟ ʰʘʤʘ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ; ʝʢʽʥʰʽ ʰʘʤʘʥʳש zD -ʢʝ ץʘʪʳʥʘʩʳ h-סʘ ʪʝש ʞᴅʥʝ zD -ʧʝʥ ʙʽʨʛʝ ʥʦʣʴʛʝ ײʤʪʳʣʘʜʳ, 

ʷסʥʠ (4) ʬʦʨʤʫʣʘʜʘסʳ ʝʢʽʥʰʽ ץʦʩʳʣסʳʰ ᴅʨץʘʰʘʥʜʘ zD -ʧʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ʞʦסʘʨʳ ʨʝʪʪʽ 

ʰʝʢʪʝʫʩʽʟ ʘʟ ʰʘʤʘ ʙʦʣʘʜʳ. 

 ץʧʨʦʝʢʮʠʷ ʢʦʥʬʦʨʤʜʳ ץʘʥʜʘ, ʤʝʨʢʘʪʦʨʣʳסʘʨʘץ ʳʩʳʥʘʥסʨײʘʟʽʨʛʽ ʟʘʤʘʥʘʫʠ ʦʡʣʘʫ ʪפ 

ʙʝʡʥʝʣʝʫʜʽ ʙʽʣʜʽʨʝʪʽʥʽʥ ʠʥʪʫʠʪʠʚʪʽ ʝʣʝʩʪʝʪʫʛʝ ʙʦʣʘʜʳ. ʉʝʙʝʙʽ ʤʝʨʝʜʠʘʥʜʘʨ ʤʝʥ 
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ʧʘʨʘʣʣʝʣʜʝʨʜʽש ʪʽʢ ʙײʨʳʰʪʘʨʳ ʞʝʨ ʰʘʨʳʥʜʘ ʙʝʡʥʝʣʝʛʝʥʜʝ ʢʘʨʪʘʜʘסʳ ʪʽʢ ʙײʨʳʰʪʘʨסʘ 

ʢᴇʰʝʜʽ. 

ʂʝʟ ʢʝʣʛʝʥ ʤʝʨʝʜʠʘʥ װʰʽʥ 
a=zarg

 (ʥʝʤʝʩʝ iattz +=  ʤײʥʜʘסʳ atga= ) 

ʞʘʟʳץʪʳסʳ ʪװʟʫʛʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

aa iatitatW +++=++= 2222 1lnlnln
  (5) 

ʂʝʟ ʢʝʣʛʝʥ ʧʘʨʘʣʣʝʣʴ װʰʽʥ 
,rz =
 ʤײʥʜʘסʳ r -ʜʽ W  ʞʘʟʳץʪʳסʳʥʘ 
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æ
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ʝʪʽʧ ʦʨʥʘʣʘʩʪʳʨסʘʥʜʘ ʦʣ 
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     (6) 

ʪʝש ʪװʟʫʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

(5) ʪװʟʫ Ou ʦʩʽʥʝ ʧʝʘʨʘʣʣʝʣʴ, ʘʣ (6) ʪװʟʫ uO ʦʩʽʥʝ ʧʝʘʨʘʣʣʝʣʴ ʙʦʣסʘʥʜʘ ʦʣʘʨ ʙʽʨ ʙʽʨʽʥʝ 

ᴇʟʘʨʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨ. ʅʦʣʴʜʽʢ ʤʝʨʝʜʠʘʥ Ou ʦʩʽʥʜʝ ʙʝʡʥʝʣʝʥʝʜʽ, ʘʣ ʵʢʚʘʪʦʨ uO ʦʩʽʥʜʝ 

ʙʝʡʥʝʣʝʥʝʜʽ. ױʟʳʥʜʳסʳ °¤=j  ʤᴅʥʜʝʨʽ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ ʥʝʤʝʩʝ ¤=z  ʙʦʣʘʜʳ. ʉʦʥʜʳץʪʘʥ ʙײʣ 

ʢʘʨʪʘʥʳ *) jjj <<-  ʤײʥʜʘסʳ 2

p
j<

 ʰʝʢʪʝʨʤʝʥ ʙʝʨʽʣʛʝʥ j װʰʽʥ ץʦʣʜʘʥʳʣʘʜʳ. 

 .ʘʩʠʝʪʪʝʨʛʝ ʠʝץ ʘʞʝʪʪʽץ ʧʨʦʝʢʮʠʷ ʢʝʤʝ ʘʡʜʘʫʜʘ ᴇʪʝ ץʣ ʤʝʨʢʘʪʦʨʣʳײʘʥ ʙסʘʨʘʩʪʳʨʳʣפ

ʊʘʟʘ ʮʠʨʢʫʣʷʨ ʘסʳʥ. ʎʠʣʠʥʜʨʜʽש ʘʡʥʘʣʘʩʳʥʜʘסʳ ʮʠʨʢʫʣʷʮʠʷʩʳ ʙʘʨ ʘסʳʩʪʳש ʞʘʡ 

ʤʳʩʘʣʳʥʘ w ʩʠʧʘʪʪʳץ ʬʫʥʢʮʠʷʩʳ ʤʳʥʘ ʪװʨʜʝ ʙʝʨʽʣʛʝʥ ʞʘסʜʘʡ ʪʫʨʘ ʢʝʣʝʜʽ: 

zln
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I

p
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qirez=  ʜʝʧ ײʡסʘʨʳʧ, uʞᴅʥʝ uʬʫʥʢʮʠʷʩʳʥ ʘʥʳץʪʘʡʤʳʟ: 
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ʉʦʥʳʤʝʥ, ʘסʫʜʳש ʪʨʘʝʢʪʦʨʠʷʩʳ const=u  ʥʝʤʝʩʝ constr= , ʷסʥʠ ʢʦʥʮʝʥʪʨʣʽ 

ʰʝשʙʝʨʣʝʨ ʙʦʣʘʜʳ. 

ʂʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʣʘʨ ʪʝʦʨʠʷʩʳ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʜʘ ʤʘשʳʟʜʳ ʦʨʳʥ ʘʣʘʜʳ. 

ʆʣ ᴇʟʽʥʽש ʘʙʩʪʨʘʢʪʽʣʽʛʽʥʝ ץʘʨʘʤʘʩʪʘʥ, ʢʝש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟסʘ ʠʝ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʂʦʤʧʣʝʢʩ 

ʩʘʥʜʘʨʜʳש ʛʝʦʤʝʪʨʠʷʣʳץ ʪʘʣʜʘʫʳ ʢʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʤʝʥ ʙʘʡʣʘʥʳʩʪʳ ʢᴇʧʪʝʛʝʥ 

ʪװʩʽʥʽʢʪʝʨ ʪʘʙʫסʘ, ʦʣʘʨʜʳץ שʦʣʜʘʥʫ ʩʘʣʘʩʳʥ ʢʝשʝʡʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʜʽ. ʆʥʳש ʢᴇʤʝʛʽʤʝʥ 

ʢʘʨʪʦʛʨʘʬʠʷ, ʛʠʜʨʦ ʞᴅʥʝ ʘʵʨʦʤʝʭʘʥʠʢʘ, ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʘ ʪ.ʙ ʢᴇʧʪʝʛʝʥ ʩײʨʘץʪʘʨʳʥʳש ʰʝʰʽʤʽ 

ʪʘʙʳʣʘʜʳ. ɸʥʘʣʠʪʠʢʘʣʳץ ʬʫʥʢʮʠʷʥʳש ʢᴇʤʝʛʽʤʝʥ ʢʚʘʥʪʪʳץ ʪʝʦʨʠʷʥʳש ʤᴅʩʝʣʝʣʝʨʽ 

  .ʘʨʘʩʪʳʨʳʣʘʜʳץ

ʌʠʟʠʢʘ ʞᴅʥʝ ʪʝʭʥʠʢʘ ʪʘʧʩʳʨʤʘʣʳʨʳʥʳש ʰʝʰʽʤʽ ʢʝʨʽ ʜʠʩʢʨʠʤʠʥʘʥʪʪʳ ʢʚʘʜʨʘʪʪʳץ 

ʪʝשʜʝʫʣʝʨ ʘʨץʳʣʳ ʞװʨʛʽʟʽʣʝʜʽ. ɹײʣ ʪʝשʜʝʫʣʝʨʜʽש ʥʘץʪʳ ʩʘʥʜʘʨ ʦʙʣʳʩʳʥʜʘ ʰʝʰʽʤʽ ʞʦץ. ɹʽʨʘץ 

ʤײʥʜʘʡ ʢᴇʧʪʝʛʝʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʰʝʰʽʤʽʥʽש ʥʘץʪʳ ʬʠʟʠʢʘʣʳץ ʤʘסʳʥʘʩʳ ʙʘʨ. ʂᴇʨʩʝʪʽʣʛʝʥ 

ʪʝשʜʝʫʜʽ ʰʝʰʫ ʥᴅʪʠʞʝʩʽʥʜʝ ʘʣʳʥסʘʥ ʰʘʤʘ ʤᴅʥʽʥ ʢʦʤʧʣʝʢʩʪʽʢ ʩʘʥʜʘʨ ʜʝʧ ʘʪʘʜʳ. 

 

ᴄʜʝʙʠʝʪʪʝʨ 
1. ʄʘʢʘʨʦʚ ʀ.ʇ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʛʣʘʚʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. ʄ., çʇʨʦʩʚʝʱʝʥʠʝè, 1968. 

2. ʇʨʠʚʘʣʦʚ ʀ.ʀ. ʂʦʤʧʣʝʢʩ ʘʡʥʳʤʘʣʳ ʬʫʥʢʮʠʷʣʘʨʳʥʳש ʪʝʦʨʠʷʩʳʥʘ ʢʽʨʽʩʧʝ. çʄʝʢʪʝʧè ʙʘʩʧʘʩʳ, 

ɸʣʤʘʪʳ,1975. 
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 .ʩʪʘʥ ʤʝʢʪʝʙʽè, ɸʣʤʘʪʳ, 1983, ˉ9ץʘʟʘפʳʪʫ. çץʳʤʳʥ ʦסײ ʂʦʤʧʣʝʢʩ ʩʘʥʜʘʨ .נ ʦʚץʟʘױ .3

 .ʬʫʥʢʮʠʷʣʘʨ ʪʝʦʨʠʷʩʳ. çʄʝʢʪʝʧè ʙʘʩʧʘʩʳ, ɸʣʤʘʪʳ,1986 ץɸʥʘʣʠʪʠʢʘʣʳ .נ ʦʚץʟʘױ .4

5. ɾᴅʫʪʽʢʦʚ ʆ.ɸ. ʂʦʤʧʣʝʢʩ ʩʘʥʜʘʨ ʞᴅʥʝ ʦʣʘʨʜʳש ʧʨʘʢʪʠʢʘʣʳץ ʤʘשʳʟʳ. çʄʝʢʪʝʧè ʙʘʩʧʘʩʳ, 

ɸʣʤʘʪʳ,1969. 

 

 

ʄɸʊɽʄɸʊʀʂɸʃʓפ ʊɯʃɼɯ ʄɽʅɻɽʈʋɼɽɻɯ ʉʓʅ ʊױʈנʓʉʓʅɸʅ  

ʆʁʃɸʋɼʓר ʆʈʅʓ 

 

ʉʫʣʪʘʥʛʘʣʠʝʚʘ ʃ.ʉ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

 
ɸʥʥʦʪʘʮʠʷ. ɹײʣ ʤʘץʘʣʘʜʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣʜʽ ʤʝשʛʝʨʫʜʝʛʽ ʩʳʤ ʪײʨסʳʩʳʥʘʥ ʦʡʜʘʫ ʪʝʭʥʘʣʦʛʠʷʩʳʥʳש 

ʦʨʳʥʳ ʤʝʥ ʢʝʟʝשʜʝʨʽ ʢᴇʨʩʝʪʽʣʛʝʥ  

ʅʝʛʽʟʛʽ ʩᴇʟʜʝʨ: ʀʥʪʝʣʝʢʪʫʘʣʜʳץ ᴅʨʝʢʝʪʪʝʨ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣ, ʪʘשʙʘ, ʩʘʣʳʩʪʳʨʫ,  ʩʳʥ ʪײʨסʳʩʳʥʘʥ 

ʦʡʣʘʫ. 

 

ʉʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ï ʙײʣ ʢʝʟ ʢʝʣʛʝʥ ʤʘʟʤײʥʜʳ ʩʳʥʘʫ ʝʤʝʩ, ʦʥʳ ʟʝʨʪʪʝʫ, 

ʙʘץʳʣʘʫ,ʪʘʣʜʘʫ,ᴅʨ ʪװʨʣʽ ʩʪʨʘʪʝʛʠʷʣʘʨ ʘʨץʳʣʳ ᴇʟʽʥʽש ʦʡʣʘʫ , ʩᴇʡʣʝʫ  ʤᴅʥʝʨʽʥ ʩʳʥʠ ʪײʨסʳʜʘʥ 

ʜʘʤʳʪʫ. ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʣʘʨʜʳש ʘʨץʘʩʳʥʜʘ ʦץʫʰʳʥʳש ʙʝʣʩʝʥʜʽʣʽʛʽ ʘʨʪʳʧ, ʞʘʥ-ʞʘץʪʳ 

ʪʘʣʜʘʫסʘ, ʦʡʳʥ ʘʰʳץ ʘʡʪʫסʘ, ʦץʫ, ʞʘʟʫ, ʩᴇʡʣʝʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʽש ʞװʡʝʣʽʣʽʛʽ ץʘʣʳʧʪʘʩʘʜʳ. 

ʊʘʥʳʤʜʳץ ᴅʨʝʢʝʪʪʝʨʜʽ ʞᴅʥʝ ʦʣʘʨסʘ ʝʥʝʪʽʥ ʙʽʣʽʤʜʝʨʜʽ ʞʠʥʘץʪʘʧ ץʦʨʳʪʫʜʳ ʤʝשʛʝʨʫ 

ʦץʫʰʳʣʘʨʜʳש ʩʳʥ ʪײʨסʳʩʳʥʘʥ ʦʡʣʘʫ ʽʩ ᴅʨʝʢʝʪʪʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʘʨץʳʣʳ ʞװʟʝʛʝ ʘʩʳʨʳʣʫʳ 

ʪʠʽʩ. ʇʩʠʭʦʣʦʛʠʷʣʳץ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ʘʣסʳ ʰʘʨʪʪʘʨסʘ ʞᴅʥʝ ʞװʨʛʽʟʽʣʛʝʥ ʟʝʨʪʪʝʫʣʝʨʜʽש 

ʥᴅʪʠʞʝʣʝʨʽʥʝ ʩװʡʝʥʽʧ, ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣʜʽ ʠʛʝʨʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ ʪᴇʨʪ ʢʝʟʝשʛʝ ʙᴇʣʫʛʝ ʙʦʣʘʜʳ. 

1. ɼʘʡʳʥʜʳץ ʢʝʟʝשʽ, ʦʥʳש ʤʽʥʜʝʪʽ ñʦʡʣʘʫʜʳש ʪʠʽʩʪʽ ʜʘסʜʳʣʘʨʳʥ ñ ʞʘʩʘʫ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ɹײʣ ʢʝʟʝשʜʝ ʞʘʣʧʳ ʠʥʪʝʣʣʝʢʪʫʘʣʴʜʳץ ᴅʨʝʢʝʪʪʝʨ, ʩʦʥʜʘʡ-ʘץ ᴇʟʽʥʽײץ שʨʳʣʳʤʳ 

ʙʦʡʳʥʰʘ ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨʤʝʥ  ʥʝʤʝʩʝ ʙʝʣʛʽʣʽʢ ʤʦʜʝʣʴʜʝʨʤʝʥ ʘʤʘʣʜʘʨ ʞʘʩʘʡʪʳʥ ᴅʨʝʢʝʪʪʝʨ, 

ʘʣʛʦʨʠʪʤʜʽʢ ʩʠʧʘʪʪʘסʳ ᴅʨʝʢʝʪʪʝʨ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ. 

ɹʽʨʽʥʰʽ ʢʝʟʝשʜʝʛʽ ʽʩ-ᴅʨʝʢʝʪʪʝʨʜʽ ʩʠʧʘʪʪʘʡ ʦʪʳʨʳʧ, ʢװʨʜʝʣʽ ᴅʨʝʢʝʪʪʝʨʜʽ ʠʛʝʨʫʜʝʥ ʙײʨʳʥ 

 ʩʘʣʳʩʪʳʨʫ (ʪʘʫץʞʠʥʘ) ʨʳʣʳʤʜʘʫײץ  ,ʘʨʘʧʘʡʳʤ ᴅʨʝʢʝʪʪʝʨ ʠʛʝʨʽʣʝʪʽʥʽʥ ʘʪʘʧ ᴇʪʝʡʽʢ. ʊʘʣʜʘʫץ

 ʪʳץʪʘʫ ʩʠʷץʳʥ ʘʥʳסʩʘʩʪʳץײ ,ʘʣʘʫסʙʘ ץʩʘʧʘʣʳ ,(ʦʶץ ʘʨʩʳץ-ʘʨʘʤʘץ ʦʶ ʞᴅʥʝץ ʘʪʘʨץ)

ʦʧʝʨʘʮʠʷʣʘʨʜʳ, ʪʽʧʪʽ ʦʣʘʨ ץʘʨʘʧʘʡʳʤ ʪװʨʜʝ  ץʦʣʜʘʥסʘʥʥʳש ᴇʟʽʥʜʝ ʠʛʝʨʫ ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨʜʝʥ 

ʘʤʘʣʜʘʨ ʞʘʩʘʫ ʥʝʛʽʟʽʥʜʝ ᴇʪʫʽ ʤʘשʳʟʜʳ ʙʦʣʘʜʳ. ᴄʜʝʪʪʝ, ʙײʣ  ʜʝשʛʝʡʜʝʛʽ ᴅʨʝʢʝʪʪʝʨ ʧᴅʥʜʽʢ, 

ʢᴇʨʥʝʢʽ-װʣʛʽʣʽʢ ʩʠʧʘʪʪʘ ʙʦʣʘʜʳ. ɯʩ-ᴅʨʝʢʝʪʪʝʨʜʽש ʙʽʨʽʥʰʽ ʢʝʟʝשʽʥʜʝ ʘʣסʘ ᴇʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨסʘ 

ʙʽʨ ʤʝʟʛʽʣʜʝ ʞʝʪʫʛʝ ʞᴅʨʜʝʤʜʝʩʝʪʽʥʜʝʡ ʢʦʤʧʣʝʢʩʪʽʢ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʽʨʽʢʪʝʧ ʘʣʫ ʪʠʽʤʜʽʨʝʢ.  

ɼʘʡʳʥʜʳץ ʢʝʟʝשʽʥʽש ʤʽʥʜʝʪʽ ʘץʳʣ-ʦʡ ᴅʨʝʢʝʪʽʥʽש ʘʣʛʦʨʠʪʤʜʽʢ ʪʝʢʪʽ ᴅʨʝʢʝʪʪʝʨʜʽש 

ʪᴅʩʽʣʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʳʥ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ʙʽʟ ʙײʣ ʤᴅʩʝʣʝʣʝʨʜʽ ʜʘʡʳʥʜʳץ 

ʢʝʟʝשʽ ʘʫʤʘסʳʥʜʘ ʪʦʣʳסʳʤʝʥ ʰʝʰʫ ʤװʤʢʽʥ ʝʤʝʩʪʽʛʽʥ ʪװʩʽʥʝʤʽʟ. ʆʣʘʨʜʳ ʰʝʰʫ ʦץʳʪʫʜʳש 

ʢʝʣʝʩʽ ʢʝʟʝשʜʝʨʽʥʜʝ ʜʝ ʞʘʣסʘʩʪʳʨʳʣʘʜʳ. ɹʽʨʽʥʰʽ ʢʝʟʝש ï ʞʘʣʧʳ ʣʦʛʠʢʘʣʳץ ʞᴅʥʝ ʙʘʩץʘ ʜʘ 

ᴅʨʝʢʝʪʪʝʨʜʽ ʪʘʥʳʧ-ʙʽʣʫ ʤʝʟʛʽʣʽ, ʦʣ װʰʽʥ ʦʩʳ ᴅʨʝʢʝʪʪʝʨʜʽ ʰʘʨʪʪʳ ʙʝʣʛʽʣʝʨʜʽ ץʦʣʜʘʥʫʤʝʥ 

ʙʽʨʣʝʩʪʽʨʫ ץʘʞʝʪ. 

2. ʊʽʣʜʽ (ʤʘʪʝʤʘʪʠʢʘʣʳץ) ʦʙʲʝʢʪ, ʪʘשʙʘ (ʙʝʣʛʽ), ʪʘשʙʘʥʳש ʤʘסʳʥʘʩʳ ʩʝʢʽʣʜʽ 

ʢʘʪʝʛʦʨʠʷʣʘʨ ʙʘסʳʪʳʥʜʘ ʩʝʤʠʦʪʠʢʘʣʳײ ץʡʳʤʜʘʩʪʳʨʫʜʳ ʪʘʙʘ ʙʽʣʫ ᴅʨʝʢʝʪʪʝʨʽ. ɹײʥʜʘ ʙʽʨʽʥʰʽ 

ʢʝʟʝשʥʽש ᴅʨʝʢʝʪʪʝʨʽ ʙʘʷʥʜʳ ʝʪʽʣʝʜʽ ʜʝ, ʦʣʘʨʜʳ ʩʘʥʘʣʳ ʪװʨʜʝ ץʘʙʳʣʜʘʫסʘ ʞʘסʜʘʡ ʞʘʩʘʣʘʜʳ. 

ʆץʳʪʫʜʳש ʝʢʽʥʰʽ ʢʝʟʝשʽʥʜʝ ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ ʪװʩʽʥʫʽ ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʦʙʲʝʢʪʽʩʽʥ ʘʥʳץʪʘʡ 

ʙʽʣʫ ᴅʨʝʢʝʪʪʝʨʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʘʥ ʪײʨʘʜʳ. 

ʇʩʠʭʦʣʦʛʠʷʣʳץ-ʧʝʜʘʛʦʛʠʢʘʣʳץ ᴅʜʝʙʠʝʪʪʝʨʜʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʝʣʛʽʣʝʨʜʽ ʩʝʤʘʥʪʠʢʘʣʳץ 

 ʪʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨʤʝʥץʡʳʤʜʘʩʪʳʨʫʜʳ ʠʛʝʨʫ ᴇʟʛʝʨʪʫ, ʩʘʣʳʩʪʳʨʫ ʞᴅʥʝ ʤʦʜʝʣʴʜʝʫ ʩʠʷײ

ʩʠʧʘʪʪʘʣʘʜʳ. ᴆʟʛʝʨʪʫ ʽʩ-ᴅʨʝʢʝʪʽ ʘʨץʳʣʳ ʙʘʣʘ ʦץʳʧ-ʙʽʣʫ ʦʙʲʝʢʪʽʩʽʥʽש-ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʙʝʣʛʽʣʝʨʜʽש ʩʳʨʪ ʢᴇʨʽʥʽʩʪʽʢ ʞᴅʥʝ ʩʝʤʘʥʪʠʢʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ײץʨʘʜʳ ʞᴅʥʝ ʙʘʡץʘʧ ʢᴇʨʝʜʽ. 

ʉᴇʟʜʝʨ ʤʝʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʝʣʛʽʣʝʨʜʽש ᴇʟʘʨʘ ʘʫʳʩʪʳʨʳʤʜʳʣʳסʳ ʦʣʘʨʤʝʥ ᴇʨʥʝʢʪʝʣʝʪʽʥ 

ʤᴅʥʜʝʨʜʽש ʞʠʳʥʳʥ ʘʰʫסʘ ʞᴅʨʜʝʤʜʝʩʝʜʽ. ᴆʟʛʝʨʪʫ ʽʩ-ᴅʨʝʢʝʪʽʤʝʥ ʙʽʨ ʤʝʟʛʽʣʜʝ ʜʝʨʣʽʢ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʪʳʥ ʩʘʣʳʩʪʳʨʫ ʘʤʘʣʳ ʘʨץʳʣʳ ʬʦʨʤʘ ʤʝʥ ʤᴅʥ ʩʠʷץʪʳ ʤʘשʳʟʜʳ ʢʘʪʝʛʦʨʠʷʣʘʨ 
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ʩʘʣʳʩʪʳʨʳʣʘʜʳ, ʦʣʘʨʜʳש ʘʨʘʩʳʥʜʘסʳ ץʘʪʳʥʘʩʪʘʨ ʘʰʳʣʘʜʳ. ʆʩʳ ץʘʪʳʥʘʩʪʘʨʜʳ סײʳʥʫ 

ʩʠʤʚʦʣʜʘʨ ʤʝʥ ʩᴇʟʜʝʨʜʽ ʦʣʘʨʜʳש ʤᴅʥʜʝʨʽʤʝʥ ʢᴇʧ ʨʝʪ ʩʘʣʳʩʪʳʨʫ ʘʨץʳʣʳ ʽʩʢʝ ʘʩʳʨʳʣʘʜʳ. 

ʄʦʜʝʣʴʜʝʫ ʽʩ-ᴅʨʝʢʝʪʽ ץʘʨʘʩʪʳʨʳʣʳʧ ʦʪʳʨסʘʥ ʢʝʟʝשʜʝ ʩʘʣʳʩʪʳʨʫʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ ʙʝʣʛʽʣʝʠ 

ʘʣʫ ʨᴇʣʽʥ ʘʪץʘʨʘʜʳ. 

3. ʅʘץʪʳʣʳ ʤʘʪʝʤʪʠʢʘʣʳץ ʙʝʣʛʽʣʝʨʜʽ ʠʛʝʨʫ ʽʩ-ᴅʨʝʢʝʪʽ. ʆץʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʽװ שʰʽʥʽʰ 

ʢʝʟʝשʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣʜʽש ʩʝʤʘʥʪʠʢʘʩʳʥ ʠʛʝʨʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. ɹײʣ ʢʝʟʝשʜʝ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʪʽʣʜʽש ʵʣʝʤʝʥʪʘʨ ʙʽʨʣʽʢʪʝʨʽ-ʪʝʨʤʠʥʜʝʨʽ ʤʝʥ ʩʠʤʚʦʣʜʘʨʳ ʤʝשʛʝʨʽʣʝʜʽ. ʆץʫʰʳʥʳש ʥʘץʪʳʣʳ 

ʤʘʪʝʤʪʠʢʘʣʳץ ʙʽʣʽʤʜʝʨʛʝ ʠʝ ʙʦʣʫʜʘסʳ ʽʩ-ᴅʨʝʢʝʪʽ ʵʘʣʧʳ ʣʦʛʠʢʘʣʳץ ᴅʨʝʢʝʪʪʝʨʜʽ-ʩʘʣʳʩʪʳʨʫʜʳ, 

 .ʘʤʪʠʜʳץ ʦʨʳʪʳʥʜʳʣʘʫʜʳ, ʞʘʣʧʳʣʘʫʜʳ, ʘʙʩʪʨʘʢʮʠʷʣʘʫʜʳץ

ʉʘʣʳʩʪʳʨʫ ï ʩʳʨʪץʳ ʪʘʙʠסʘʪ ʟʘʪʪʘʨʳʥ סײʳʥʫʜʳש ʤʘשʳʟʜʳ ʞʦʣʳ. ʆʣ ᴅʨץʘʰʘʥ ץʘʥʜʘʡ 

ʜʘ ʙʽʨ ʘʥʳץʪʘʣסʘʥ ʪʘʥʳʤʜʳץ ʤʘץʩʘʪʪʘ ץʦʣʜʘʥʳʣʘʜʳ. ʆץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ײʡʳʤʜʘʩʪʳʨʫʜʘ 

ʩʘʣʳʩʪʳʨʫ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʦʙʲʝʢʪʽʣʝʨʜʽץײ שʩʘʩʪʳץ ʞᴅʥʝ ᴅʨʪװʨʣʽʣʽʢ ʙʝʣʛʽʣʝʨʽʥ ʟʝʨʪʪʝʫ 

ʤʘץʩʘʪʳʥʜʘ ʧʘʡʜʘʣʘʥʳʣʘʜʳ. פᴇʧʪʝʛʝʥ ʞʘסʜʘʡʣʘʨʜʘ ʙʽʨʪʽʥʜʝʧ ʩʘʣʳʩʪʳʨʫ ʪᴅʩʽʣʽ 

 ʛʝʨʽʣʛʝʥ ʦʙʲʝʢʪʽʤʝʥשʨʳʥ ʤʝײʘ ʦʙʲʝʢʪ ʙשʛʝʨʽʣʝʪʽʥ ʞʘשʥʠ ʤʝסʦʣʜʘʥʳʣʘʜʳ, ʷץ

ʩʘʣʳʩʪʳʨʳʣʘʜʳ. 

ʇʝʜʘʛʦʛʠʢʘʣʳץ ʧʩʠʭʦʣʦʛʠʷʜʘ ʦץʫʰʳʣʘʨʜʘ ץʦʨʳʪʳʥʜʳʣʘʫ ʽʩ-ᴅʨʝʢʝʪʽʥ 

 :ʘʤʝʥ ʙʝʡʥʝʣʝʥʝʜʽץʩײʨʣʫ, ʤʳʥʘʜʘʡ ʥװʝʢʽ ʞʦʣʳ ʙʝʣʛʽʣʽ. ɹʽʨʽʥʰʽ, ʜᴅʩʪ שʘʣʳʧʪʘʩʪʳʨʫʜʳץ

ʙʘץʳʣʘʫ-ʩʘʣʳʩʪʳʨʫ-ʙᴇʣʽʧ ʢᴇʨʩʝʪʫ-ץʦʨʳʪʳʥʜʳʣʘʫ. ɹײʣ ʞʘסʜʘʡʜʘ ʦץʫʰʳʣʘʨ ץײʩʘʩ ʥᴅʨʩʝʣʝʨʜʽ 

ʪʘʣʜʘʡʜʳ ʜʘ ʩʘʣʳʩʪʳʨʘʜʳ, ʦʣʘʨʜʳש ʞʘʣʧʳʣʳץ ʩʘʧʘʣʘʨ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ ץʘʨʘʩʪʳʨʘʜʳ ʜʘ ʘʪʘʧ 

ʢᴇʨʩʝʪʝʜʽ. ɸʪʘʧ ʢᴇʨʩʝʪʽʣʛʝʥ ʞʘʣʧʳʣʳץ ʩʘʧʘʣʘʨ סײʳʤʥʳש ʤʘʟʤײʥʳʥ ײץʨʘʡʜʳ. ɺ.ɺ.ɼʘʚʳʜʦʚ 

ʟʝʨʪʪʝʛʝʥ ʝʢʽʥʰʽ ʞʦʣ ʤʘʟʤײʥʜʳץ ץʦʨʳʪʳʥʜʳʣʘʫ ʪʝʦʨʠʷʩʳʥ ʙʝʡʥʝʣʝʡʜʽ ï ʞʘʣʧʳ ʞᴅʥʝ 

ʘʙʩʪʨʘʢʪʽʣʽ ʩʠʧʘʪʪʳ ʙʽʣʽʤʜʝʨʜʽ ʠʛʝʨʫ ʪʳʤ ʜʝʨʙʝʩʪʝʫ ʞᴅʥʝ ʥʘץʪʳʣʘʫ ʙʽʣʽʤʜʝʨʤʝʥ ʪʘʥʳʩʫʜʘʥ 

ʙײʨʳʥ ʙʦʣʳʧ ʦʪʳʨʘʜʳ. ɹʘʣʘʣʘʨסʘ ʙʽʣʽʤʥʽש ʙʝʨʽʣʛʝʥ ʦʙʣʳʩʳʥʜʘ ʟʝʨʪʪʝʣʝʪʽʥ ʙʘʩʪʘʧץʳ 

ʙʘʡʣʘʥʳʩʪʘʨ ʤʝʥ ץʘʪʳʥʘʩʪʘʨʜʳ ʘʰʳʧ ʙʝʨʫ , סײʳʤʜʘʨʜʳש ʰʳסʫ ʰʘʨʪʪʘʨʳʥ ʢᴇʨʩʝʪʫ, 

 ʡʨʝʥʫʛʝװ ʫ ʤʦʜʝʣʴʜʝʨʜʝ ʙʝʡʥʝʣʝʫ ʪᴅʩʽʣʜʝʨʽʥץʥʳʥ ʝʨʝʢʰʝ ʪʝʢʪʽ ʦײʤʘʟʤ שʳʤʜʘʨʜʳסײ

ʙʘסʳʪʪʘʣסʘʥ ʥᴅʨʩʝʣʝʨʤʝʥ ʞᴅʥʝ ʦʣʨʜʳש ʙʝʣʛʽʣʽʢ ʤʦʜʝʣʴʜʝʨʽʤʝʥ ʥʝʤʝʩʝ ʦʣʘʨʜʳ 

ʘʫʳʩʪʳʨʫʰʳʣʘʨʤʝʥ ʦʨʳʥʜʘʣʘʪʳʥ ʝʨʝʢʰʝ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ץʡʳʤʜʘʩʪʳʨʫ ץʘʞʝʪ. 

ɸʙʩʪʨʘʢʮʠʷʣʘʫ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʜʝ ץʦʣʜʘʥʳʣʘʪʳʥ ʘʙʩʪʨʘʢʮʠʷ ʪװʨʣʝʨʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʝʢʝʥʽ ʙʝʣʛʽʣʽ. ʄʘʪʝʤʘʪʠʢʘʥʳש ʙʘʩʪʘʧץʳ ʢʫʨʩʳʥ ʦץʳʧ װʡʨʝʥʫʜʝ סʳʣʳʤʠ ʘʙʩʪʨʘʢʮʠʷʥʳש ʝʢʽ 

ʪװʨʽ ʙʘʩʳʤ ʙʦʣʘʜʳ: 1) ʪʝשʜʝʩʪʽʨʫ ʘʙʩʪʨʘʢʮʠʷʩʳ; 2) ʦשʘʰʘʣʘʫ ʘʙʩʪʨʘʢʮʠʷʩʳ. ʊʝשʜʝʩʪʽʨʫ 

ʘʙʩʪʨʘʢʮʠʷʩʳʥʳש ᴅʨʝʢʝʪʽ ץʦʨʳʪʳʥʜʳʣʘʫʜʳ ץʘʤʪʠʜʳ, ᴇʡʪʢʝʥʽ ʤײʥʜʘʡ ʘʙʩʪʨʘʢʮʠʷʣʘʫ ʢʝʟʽʥʜʝ 

ʥᴅʨʩʝʣʝʨ ʤʝʥ ײץʙʳʣʳʩʪʘʨʜʳש ʝʨʝʢʰʝʣʽʢ ץʘʩʠʝʪʪʝʨʽʥʝʥ ʦʣʘʨʜʳש ʞʘʣʧʳ ץʘʩʠʝʪʪʝʨʽ ʘʪʘʧ 

ʢᴇʨʩʝʪʽʣʝʜʽ. ʊʝשʜʝʩʪʽʨʫ ʘʙʩʪʨʘʢʮʠʷʩʳ ᴅʨʝʢʝʪʝʨʽʥʽש ʦʧʝʨʘʮʠʷʣʳײץ ץʨʘʤʳʥʘ ʦשʘʰʘʣʘʫ 

ʦʧʝʨʘʮʠʷʩʳ ʜʘ ʝʥʝʜʽ. ʆשʘʰʘʣʘʫ ʘʙʩʪʨʘʢʮʠʷʩʳʥʳש ᴇʟ ʘʣʜʳʥʘ ᴅʨʝʢʝʪ ʝʪʫʽ ʩʠʪʫʘʮʠʷʣʘʨʳʥʳש 

ʢᴇʤʝʢʰʽ ʵʣʝʤʝʥʪʪʝʨʽʥʝʥ ʢᴇשʽʣʜʽ ʙʘʩץʘ ʞʘץץʘ ʘʫʜʘʨʫ ʢʝʟʽʥʜʝ ʙʘʡץʘʣʘʜʳ. ɽ.ʅ.ʂʘʙʘʥʦʚ-

ʄʝʣʣʝʨʜʽש ʟʝʨʪʪʝʫʣʝʨʽʥʜʝ ʪʝשʜʝʩʪʽʨʫ ʘʙʩʪʨʘʢʮʠʷʩʳʥʘʥ ʘʙʩʪʨʘʢʮʠʷʥʳש ʧʩʠʭʦʣʦʛʠʷʣʳץ 

ʪװʨʣʝʨʽ ʜʝʧ  ʘʪʘʣסʘʥ  ʦʧʝʨʘʮʠʷ ʙᴇʣʽʥʽʧ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

4. ʄʘʪʝʤʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʨʜʽ ʠʛʝʨʫ ʞᴅʥʝ ᴅʨ ʪװʨʣʽ ʞʘסʜʘʡʣʘʨʜʘ ʤʘʪʝʤʪʠʢʘʣʳץ ʪʽʣʜʽ 
 ʩᴇʡʣʝʤʜʝʨʽ ʤʝʥ שʠ ʪʽʣʜʽסʨʜʝʣʽʨʝʢ ʙʽʨʣʽʢʪʝʨʜʽ ï ʪʘʙʠװʢ שʣ ʢʝʟʝײʦʣʜʘʥʫ ᴅʨʝʢʝʪʪʝʨʽ. ɹץ

ʩʠʤʚʦʣʜʳץ ʪʽʣʜʽש ʬʦʨʤʫʣʘʨʳʥ ʠʛʝʨʫʤʝʥ ʩʠʧʘʪʪʘʣʘʜʳ. ɸʣʜʳסשʳ ʢʝʟʝשʜʝʨʜʝʛʽ ʩʠʷץʪʳ ʤײʥʜʘ 

ʜʘ סײʳʥʫ ʦʙʲʝʢʪʽʩʽ ʬʦʨʤʘ ï ʤᴅʥ ʢʘʪʝʛʦʨʠʷʩʳ ʙʦʣʘʜʳ. ɸʣʘʡʜʘ ʬʦʨʤʘ ʨʝʪʽʥʜʝ ᴅʨ ʪװʨʣʽ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ᴇʨʥʝʢʪʝʨ ʘʣʳʥʘʜʳ. ɹײʣ סײʳʤʜʘʨʜʳ ʩʠʤʚʦʣʜʳץ ᴇʨʥʝʢʪʝʨ ʥʝʛʽʟʽʥʜʝ ʪװʩʽʥʫʛʝ 

ʢᴇʰʫ ʦʣʘʨʜʳ ʪʘʙʠסʠ ʪʽʣʜʝ סײʳʥʫʜʘʥ ʢʝʡʽʥ ʙʦʣʳʧ ʦʪʳʨʘʜʳ. ʆʩʳʥʜʘʡ ʪװʩʽʥʫ ʙײʨʳʥ 

ʙʘʷʥʜʘʣסʘʥ ᴇʟʛʝʨʪʽ, ʩʘʣʳʩʪʳʨʫ, ʤʦʜʝʣʴʜʝʫ ᴅʨʝʢʝʪʪʝʨʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʽʩʢʝ ʘʩʘʜʳ. ʌʦʨʤʘ-ʤᴅʥ 

 ʨʜʝʣʽ ᴇʨʥʝʢʪʝʨ ʵʣʝʤʝʥʪʘʨ ʩʠʤʚʦʣʜʘʨʜʘʥװʫʰʳʣʘʨ ʢץʘʪʘʨ ʦץ ʳʥʫʤʝʥסײ שʘʪʳʥʘʩʳʥ ʪʝʨʝץ

 .ʩʽʥʫʣʝʨʽ ʢʝʨʝʢװʨʘʣʘʪʳʥʳʥ ʜʘ ʪײץ

ʄʝʢʪʝʧʪʝʛʽ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʳש ʤʘʪʝʤʪʠʢʘʣʳץ ʪʽʣʽ ʪװʨʽʥʝ ץʘʨʘʡ ʤʘʭʟʤײʥʜʳץ ʪʽʣ 

ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʜʳץʪʘʥ, ᴅʨʙʽʨ ʢװʨʜʝʣʽ ʙʽʨʣʽʢ ᴇʟ ײץʨʘʤʳʥʜʘ ʙʝʣʛʽʣʽ ʙʽʨ ʤʘסʳʥʘ (ʩʝʤʘʥʪʠʢʘ) 

ʤʝʥ ײץʨʳʣʳʤʜʳ (ʩʠʥʪʘʢʩʠʩ) ʞʠʥʘץʪʘʡʜʳ. ɼʝʤʝʢ, ᴇʨʥʝʢʪʽ ʠʛʝʨʫ װʰʽʥ ʙʽʨ ʞʘסʳʥʘʥ ʦʥʳש 

ʩʝʤʘʥʪʠʢʘʩʳʥ (ʤʘסʳʥʘʩʳʥ), ʝʢʽʥʰʽ ʞʘסʳʥʘʥ ʩʠʥʪʘʢʩʠʩʽʥ (ײץʨʳʣʳʤʳʥ) ʘʰʳʧ ʘʣʫ ץʘʞʝʪ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣʜʽש ʢװʨʜʝʣʽ ᴇʨʥʝʢʪʝʨʽʥʽש ʩʠʥʪʘʢʩʠʩʽʥ (ײץʨʳʣʳʤʳʥ) ʠʛʝʨʫ ʦʥʳש 

ʪʽʣʜʽʢ ʙʽʨʣʽʢʪʝʨʽʥʽש ʩʝʤʘʥʪʠʢʘʩʳʥ (ʤʘסʳʥʘʩʳ) ʤʝʥ ʪʘʙʠסʠ ʪʽʣʜʽש ʩʠʥʪʘʢʩʠʩʽ ײץʨʳʣʳʤʳ 
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ʜʝשʛʝʡʽʥʝ ʙʘʡʣʘʥʳʩʪʳ. ʊᴇʤʝʥʛʽ ʩʳʥʳʧʪʘʨʜʘ ʪʘʙʠסʠ ʪʽʣʜʽש ʩᴇʡʣʝʤʜʝʨʽʤʝʥ ʞʘʩʘʣʘʪʳʥ ʞײʤʳʩ 

 ʣʛʽװ שʫʰʳʣʘʨʜʳץʨʳʣʳʤʳʥ ᴇʟʛʝʨʪʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ , ʦײץ שʦʣʜʘʥʳʣʘʪʳʥ ʩᴇʡʣʝʤʜʝʨʜʽץ

ʙʦʡʳʥʰʘ ʩᴇʡʣʝʤ ײץʨʘʩʪʳʨʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ, ʩʠʥʪʘʢʩʠʩʪʽʢ ײץʙʳʣʳʩʪʘʨ ʪʫʨʘʣʳ ץʘʨʘʧʘʡʳʤ 

 ,ʳ ʙʘʡʣʘʥʳʩסʨʣʝʨʽ, ʩᴇʟʜʝʨ ʘʨʘʩʳʥʜʘװʪ שʘ ʩʘʡ ʩᴇʡʣʝʤʜʝʨʜʽץʩʘʪץʳʤʜʘʨʜʳ ʧʽʢʽʨʣʽʢ ʤʘסײ

ʩᴇʡʣʝʤʥʽש ʥʝʛʽʟʛʽ ʞᴅʥʝ ʪײʨʣʘʫʩʳʟ ʤװʰʝʣʝʨʽ ʠʛʝʨʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ, ʠʛʝʨʽʣʛʝʥ ʩʠʥʪʘʢʩʠʪʽʢ 

 ʦʣʜʘʥʫ ᴅʨʝʢʝʪʪʝʨʽʥץ ʳʪʳʥʜʘסʞʘʟʙʘʰʘ ʞᴅʥʝ ʘʫʳʟʰʘ ʜʘʤʫʳ ʙʘ שʨʳʣʳʤʜʘʨʜʳ ʪʽʣʜʽײץ

 ʨʘʩʪʳʨʫʜʘʥ ʞᴅʥʝײץ ʨʳʩײʘʤʪʠʜʳ. ɸʫʳʟʰʘ ʩᴇʡʣʝʫʜʝ ʩʠʥʪʘʢʩʠʩʪʽʢ ʽʩʢʝʨʣʽʢʪʝʨ ʩᴇʡʣʝʤʜʽ ʜץ

ʩᴇʡʣʝʫʜʽ ʠʥʪʦʥʘʮʠʷʣʳץ ʙʝʟʝʥʜʽʨʫʜʝʥ ʙʽʣʽʥʝʜʽ. 

ʄʘʪʝʤʘʪʠʢʘʣʳץ ʪʽʣʜʽש ʩʠʤʚʦʣʜʳץ ʢʦʤʧʦʥʝʥʪʽʥʜʝ ᴇʨʥʝʢ סײʳʤʳ ʝʥʛʽʟʽʣʝʜʽ, ᴇʨʥʝʢʪʝʨʜʽש 

ᴅʨʘʣʫʘʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪװʨʣʝʨʽ ײץʨʘʩʪʳʨʳʣʘʜʳ, ᴇʨʥʝʢʪʝʨʜʽ ʘʞʳʨʘʪʘ ʙʽʣʫ ʞᴅʨʜʝʤʩʝʪʽʥ 

ʤʘשʳʟʜʳ ᴅʨʝʢʝʪ ʦʣʘʨʜʳ ʞʘʣʧʳ ץʦʣʜʘʥʳʣʘʪʳʥ ʪʽʣʜʽʢ ʩᴇʡʣʝʤʜʝʨʤʝʥ ʩʘʣʳʩʪʳʨʫ ʙʦʣʘʜʳ. 

 ʳʥʫ ʤʝʥסײ ʪʽʣʜʽ ץʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨ ʤʘʪʝʤʘʪʠʢʘʣʳסʘʡʩʳʩʳʥʜʘץᴅʨ שʜʝʨʜʽשʘʥ ʢʝʟʝסʘʨʘʩʪʳʨʳʣפ

ʦʥʳ ץʦʣʜʘʥʘ ʙʽʣʫʛʝ ʙʘסʳʪʪʘʣסʘʥ. 

ʉʦʥʜʳץʪʘʥ ʜʘ ʩʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫʜʳ ʜʘʤʳʪʫʜʳש ʪʽʣʤʝʥ ʙʘʡʣʘʥʳʩʳ ץʘʨʩʳ ʧʽʢʽʨ 

ʘʡʪʫסʘ, ʙʘʣʘʤʘʣʳ ʰʝʰʽʤʜʝʨ ץʘʙʳʣʜʘʫסʘ, ʦʡʣʘʫ ʞᴅʥʝ ʽʩ-ᴅʨʝʢʝʪʽʤʽʟʛʝ ʞʘשʘ ʪᴅʩʣ̔ʜʝʨ ʝʥʛʽʟʫʛʝ, 

ʧᴅʥ ʙʦʡʳʥʰʘ ʩʘʫʘʪʪʳ ʩᴇʡʣʝʫʛʝ ʞᴅʥʝ ʙʘʩץʘʣʘʨʜʳ ʩʳʥʠ ʪײʨסʳʜʘʥ ʦʡʣʘʫסʘ ʙʘʫʣʫʜʳ ʙʽʣʜʽʨʝʜʽ. 
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ʆפʋ ɯʉ-ᴄʈɽʂɽʊɯʅɯפ רɸʃʓʇʊɸʉʋʓ ʄɽʅ ɼɸʄʋʓʅɼɸנʓ ᴆɿɯʅɼɯʂ 

ɾױʄʓʉʊʓר ʈᴆʃɯ ʄɽʅ ɸʃɸʊʓʅ ʆʈʅʓ 

 

ʉײʣʪʘʥסʘʣʠʝʚʘ ʃ.ʉ., פʘʩʳʤ ʄ.ɾ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

 
ɸʥʥʦʪʘʮʠʷ. ɹײʣ ʤʘץʘʣʘʜʘ ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽץ שʘʣʳʧʪʘʩʫʳʥʜʘסʳ ᴇʟʽʥʜʽʢ ʞײʤʳʩʳʥʳש ʨᴇʣʽ 

ʪʫʨʘʣʳ ʢᴇʨʩʝʪʽʣʛʝʥ. 

ʅʝʛʽʟʛʽ ʩᴇʟʜʝʨ: ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽ, ᴇʟʽʥʜʽ ʞײʤʳʩ. 

 

ʆץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽײץ שʨʳʣʳʤʳʥ ʞᴅʥʝ ʦʥʳץ שʘʣʳʧʪʘʩʫ ʧʨʦʮʝʩʽʥ ʪʘʣʜʘʫ ᴇʟʽʥʜʽʢ ʞײʤʳʩ 

ᴅʜʽʩʽʥʽש ᴇʟʽʥʝ סʘʥʘ ʪᴅʥ ʨᴇʣʽʥ ʘʰʳʧ ʢᴇʨʩʝʪʪʽ. ʆץʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽש 

 שʳʪʫʜʳץʰʽʥ ʦװ ʪʘʫץʨᴇʣʽ ʤʝʥ ʘʣʘʪʳʥ ʦʨʥʳʥ ʘʥʳ שʤʳʩʪʳײʳ ᴇʟʽʥʜʽʢ ʞסʘʣʳʧʪʘʩʫʳʥʜʘץ

ʞʝʢʝʣʝʛʝʥ ʵʣʝʤʝʪʪʝʨʽʥ ʙʽʨʪʽʥʜʝʧ ʦץʫʰʳʥʳש ᴇʟʽʥʝ ᴇʟ ʙʝʪʽʤʝʥ ʦʨʳʥʜʘʫסʘ ʙʝʨʫʜʽ ʽʩʢʝ ʘʩʳʨʘʪʳʥ 

ᴅʜʽʩʪʽש ʜʠʜʘʢʪʠʢʘʣʳץ ʤᴅʥʽʩʽʥ ץʘʨʘʩʪʳʨʫ ץʘʞʝʪ. 

ɼʠʜʘʢʪʠʢʘʣʳץ-ᴅʜʽʩʪʝʤʝʣʽʢ ᴅʜʝʙʠʝʪʪʝʨʜʝ çᴇʟʽʥʜʽʢ ʞײʤʳʩ è סײʳʤʳʥ ץʘʣʘʡ ʪװʩʽʥʫ 

ʞᴇʥʽʥʜʝ ʙʽʨ ʤᴅʥʜʽ ʧʽʢʽʨ ʞʦץ. ʆʣ סײʳʤ ʥʘץʪʳʣʳ ʞʘסʜʘʡʣʘʨסʘ  ʙʘʡʣʘʥʳʩʪʳ ʦץʳʪʫʜʳש ʪװʨʽ 

ʨʝʪʽʥʜʝ ʜʝ,ײץʨʘʣʳ ʨʝʪʽʥʜʝ ʜʝ,ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ʜʝ ץʘʨʘʩʪʳʨʳʣʘʜʳ. 

ᴆʟʽʥʜʽʢ ʞײʤʳʩʪʳש ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʽש ʙʽʨ ʪװʨʽ ʨʝʪʽʥʜʝ ʘʥʳץʪʘʡ 

ʦʪʳʨʳʧ,ᴅʨ ʘʚʪʦʨ ʦʥʳש ʤᴅʥʽʩʽʥ ᴅʨ ʪװʨʣʽ ʪװʩʽʥʜʽʨʝʜʽ.ʉʦʥʜʘ ʦץʫʰʳʣʘʜʳש ᴅʨʝʢʝʪʪʝʨʽʥ 

ʙʘʩץʘʨʫʜʳש ʪᴅʩʽʣʜʝʨʽ ʩʠʧʘʪʪʘʤʘʩʳʥʳש ʥʝʛʽʟʽ ʝʪʽʧ, ʙʽʨʝʫʣʝʨʽ-ʦʨʳʥʜʘʣʘʪʳʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳש 

 ʤʳʩ ʽʩʪʝʫʽ ʤʝʥ ʙʝʣʩʝʥʜʽʣʽʢײʞ שʳ ᴇʟʜʝʨʽʥʽסʘʥʜʘʡ ʜʘ ʙʽʨ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫ ʙʘʨʳʩʳʥʜʘץ

ʜʝשʛʝʡʽʥ,װʰʥʰʽʣʝʨʽ-ʰʝʰʽʣʝʪʽʥ ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳʥ ʞᴅʥʝ ʪ.ʩ.ʩ. ʘʣʘʜʳ. 

ʅ.ɻ.ɼʘʡʨʠ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳש ʢʝʣʝʩʽ ʙʝʣʛʽʣʝʨʽʥ ʘʪʘʧ ʢᴇʨʩʝʪʝʜʽ: ʘ) ʦץʫʰʳ ʞײʤʳʩʪʳ 

ʝʰץʘʥʜʘʡ ʙᴇʛʜʝ ʢᴇʤʝʢʩʽʟ ᴇʟʽ ʦʨʳʥʜʘʡʜʳ; ᴅ) ʦʣ ʰʳʥʳʥʜʘ ᴇʟʽʥʽש ʙʽʣʽʤʽʥʝ, ץʘʙʽʣʝʪʽʥʝ, 

ʪᴅʞʽʨʠʙʝʩʽʥʝ ʩװʡʝʥʝʜʽ, ʦʣʘʨʜʳ ʤᴅʩʝʣʝʥʽ ץʘʨʘʩʪʳʨʫʜʘ ʧʘʡʜʘʣʘʥʘʜʳ,ʳʥʪʘ ʤʝʥ ʰʳסʘʨʤʘʰʳʣʳץ 

ʙʘʩʪʘʤʘ ʙʽʣʜʽʨʝʜʽ; ʙ) ʞײʤʳʩ ʤʘʟʤײʥʳ-ʙʽʣʽʤʜʽʣʽʢ  ʞᴅʥʝ ʪᴅʨʙʠʝʣʽʢ ʤʘשʳʟʳ, ʪʦʣʳײץ ץʥʜʳ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ,ʩʦʥʜʳץʪʘʥ ʦʣ ʦʡʣʘʫ ץʘʙʽʣʝʪʽʥʽש ʢװʰʶʽʥ,ʜʘʤʫʳʥ ʪʫʜʳʨʘ ʦʪʳʨʳʧ, ʦץʫʰʳ 

ʙʽʣʽʤʽʥ  ʘʨʪʪʳʨʘʜʳ,ʪʝʨʝשʜʝʪʝʜʽ. 
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ʆ.ɸ. ʅʠʣʴʩʦʥ çʦץʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʞײʤʳʩʳ-ʞʝʢʝʣʝʡ, ʪʦʧʪʳץ ʦץʫ 

ʪʘʧʩʳʨʤʘʣʘʨʳʥ,ʦʣʘʨסʘ ץʘʞʝʪʪʽ ʘץʳʣ-ʦʡ ʤʝʥ ʞʽʛʝʨʽʥ ʞײʤʩʘʡ ʦʪʳʨʳʧ,ʦץʫʰʳʣʘʨʜʳש 

ʤסײʘʣʽʤʥʽש ʙʘʩʰʳʣʳסʳʤʝʥ ʞʘʩʘʡʪʳʥ ʦץʫ ʽʩʽʥʽש ʪװʨʽè ʜʝʧ ʝʩʝʧʪʝʡʜʽ. 

ɽʢʽʥʰʽ ʞʘסʳʥʘʥ,ᴇʟʽʥʜʽʢ ʞײʤʳʩ-ʦץʫ ʪʘʧʩʨʤʘʣʘʨʳʥ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦץʫʰʳ ʞʘʜʳʥʳש, 

ʘץʳʣ-ʦʡʳʥʳש, ʰʳסʘʨʤʘʰʳʣʳץ ʝʣʝʩʪʝʪʫʽʥʽש ʩᴅʡʢʝʩ ץʳʟʤʝʪʽ ʢᴇʨʽʥʽʩʽʥʽש ʪװʨʽ,ʙײʣ ʘץʳʨʳʥʜʘ 

ʦץʫʰʳʥʳ ʥʝ ʤװʣʜʝʤ ʞʘשʘ,ʙײʨʳʥ ʙʝʣʛʽʩʽʟ ʙʽʣʽʤ ʘʣʫסʘ,ʥʝ ʙײʨʳʥ ʘʣʳʥסʘʥ ʙʽʣʽʤʜʝʨʽ ᴅʨʝʢʝʪʽʥʽש 

ʘʫץʳʤʳʥ ʪʝʨʝשʜʝʪʫʛʝ ʞᴅʥʝ ʢʝשʝʡʪʫʛʝ ʞʝʪʝʣʝʡʜʽ.ʊʘʧʩʳʨʤʘ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳש ʩʳʨʪץʳ ʪװʨʽ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ,ʘʣ ʦʥʳש ʽʰʢʽ ʤʘʟʤײʥʳ ʨʝʪʽʥʜʝ ʦץʫ ʤʽʥʜʝʪʪʝʨʽ ʘʣʳʥʘʜʳ. ᴆʟʽʥʜʽʢ ʞײʤʳʩʪʳ 

ʙײʣʘʡ ʪװʩʽʥʫ ʦץʫʰʳʣʘʨסʘ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʜʘʡʳʥʜʘʧ, װʣʝʩʪʽʨʫʜʽ סʘʥʘ ʝʤʝʩ, ᴅʜʽʩʪʽש, ʷסʥʠ ʦץʫ 

ʤʽʥʜʝʪʪʝʨʽʥʽש ʽʰʢʽ ʤᴅʥʽʩʽʥ ʩʝʟʽʥʫʜʽ ץʘʞʝʪ ʝʪʝʜʽ. ʆץʳʪʫ ײץʨʘʣʳ ʨʝʪʽʥʜʝ ᴇʟʽʥʜʽʢ ʞײʤʳʩ ʙײʨʳʥ 

 ʘʜʘʥשʞʘ שʟʝʛʝ ʘʩʳʨʫʜʳװʘʪʳʩʪʳ ʦʨʳʥʜʘʫʜʳ ʞץ ʘסʘ ʤʘʪʝʨʠʘʣשʘʥ ᴅʨʝʢʝʪʪʝʨʜʽ ʞʘץʘʣʳʧʪʘʩץ

 ʫ ᴅʨʝʢʝʪʽץʤʳʩ ʦײʳʪʫ ᴅʜʽʩʽ ʨʝʪʽʥʜʝ ᴇʟʽʥʜʽʢ ʞץʘʤʪʫʳ ʢʝʨʝʢ. ʆץ ʘʣʳʧʪʘʩʘʪʳʥ ʪᴅʩʽʣʜʝʨʽʥץ

ʪᴅʩʽʣʜʝʨʽʥ ץʘʣʳʧʪʘʩʪʳʨʫ ʬʫʥʢʮʠʷʩʳʥ ʘʪץʘʨʫʳ ʪʠʽʩ. 

ʆץʫ ʪʘʥʳʤʜʳץ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʙʽʨ ʪװʨʽ ʨʝʪʽʥʜʝʛʽ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳש ʙʝʣʛʽʣʝʨʽʥ  

ʊ.ʀ.ʐʘʤʦʚʘ ʘʰʳʧ ʢᴇʨʩʝʪʪʽ. ʆʣ ʙʝʣʛʽʣʝʨʛʝ: ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳש ʥᴅʪʠʞʝʣʝʨʽʥ ᴇʨʥʝʢʪʝʫ ʪװʨʽʤʝʥ 

 ʪʳʣʳץʙʘʨ ʙʦʣʫʳ; ʥʘ שʩʘʪʳʥʳץʤʳʩ ʤʘײʪʘʫ; ᴇʟʽʥʜʽʢ ʞץʳʥ ʘʥʳץʘʪʘʨ ʦʣʘʨʜʳ ʪʝʢʩʝʨʫʜʽ ʘʡץ

ʪʘʧʩʳʨʤʘʥʳש ʙʘʨ ʙʦʣʫʳ ʞʘʪʘʜʳ. 

ʆץʳʪʫ ʧʨʘʢʪʠʢʘʩʳʥʜʘ ʝש ʢʝש ʪʘʨʘסʘʥ ɹ.ʇ. ɽʩʠʧʦʚʪʳש ʘʥʳץʪʘʤʘʩʳ , ᴇʡʪʢʝʥʽ ʦʥʜʘ 

ʤסײʘʣʽʤʛʝ ʘʨʥʘʣסʘʥ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳ ץʘʣʘʡ ײʡʳʤʜʘʩʪʳʨʫ ʞᴇʥʽʥʜʝʛʽ ʥײʩײʘʫʣʘʨ ʢʝʣʪʽʨʽʣʛʝʥ. 

ɸʚʪʦʨ ʦץʳʪʫ ʧʨʦʮʝʩʽʥʝ ʝʥʛʽʟʽʣʝʪʽʥ ʦץʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʞײʤʳʩʳ ï ʤסײʘʣʽʤʥʽש ʪʽʢʝʣʝʡ 

 ʳʪʪʘ ʦʨʳʥʜʘʣʘʪʳʥץʪʘʧʩʳʨʤʘʩʳ ʙʦʡʳʥʰʘ ʘʨʥʘʡʳ ʙᴇʣʽʥʛʝʥ ʫʘ שʦʥʳ ץʘʪʳʩʫʳʥʩʳʟ, ʙʽʨʘץ

ʞײʤʳʩ ʝʢʝʥʽʥʝ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʘʜʳ: ʩʦʥʜʘ ʦץʫʰʳʣʘʨ ᴇʟʜʝʨʽʥʽש ʘץʳʣ-ʦʡʳ ʽʩ-ᴅʨʝʢʝʪʽ 

ʥᴅʪʠʞʝʩʽʥ ץʘʥʜʘʡ ʜʘ ʙʽʨ ʪװʨʜʝ ʙʽʣʜʽʨʝ ʦʪʳʨʳʧ ʞᴅʥʝ ʢװʰ-ʞʽʛʝʨʽʥ ʞײʤʩʘʡ ʦʪʳʨʳʧ, 

ʪʘʧʩʳʨʤʘʜʘ ץʦʡʳʣסʘʥ ʤʘץʩʘʪץʘ ʞʝʪʫʛʝ ʩʘʥʘʣʳ ʪװʨʜʝ ʪʳʨʳʩʫʳ ʢʝʨʝʢ. 

ʉʦʥʳʤʝʥ, ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳ ץʦʣʜʘʥʫ ʙʦʡʳʥʰʘ ʥʝʛʽʟʛʽ ʜʠʜʘʢʪʠʢʘʣʳץ ᴅʜʝʙʠʝʪʪʝʨʜʽ 

ʪʘʣʜʘʫ  ʜʘ ᴇʟʽʥʜʽʢ ʞײʤʳʩ ʦץʳʪʫʜʳש ʙʽʨ ᴅʜʽʩʽ ʜʝʧ ʝʩʝʧʪʝʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʤײʥʜʘ: 

Á ʦץʫʰʳʣʘʨʜʳש ᴅʨʝʢʝʪʪʝʨʽʤʝʥ ʢװʰ ʞʽʛʝʨʣʝʨʽ ᴅʜʽʩʪʝ ʪʘʧʩʳʨʤʘʣʘʨ ʪװʨʽʥʜʝʝʥʛʽʟʽʣʛʝʥ  

ʦץʫ ײץʨʘʣʜʘʨʳʥʜʘסʳ ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫʛʝ ʙʘסʳʪʪʘʣʘʜʳ; 

Á ʤסײʘʣʽʤ ʤʝʥ ʦץʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ᴅʨʝʢʝʪʽ ʢᴇʤʝʢʪʽʢ (ʢʝשʝʩ ʙʝʨʫ) ʩʠʧʘʪʳʥʜʘ ʞᴅʥʝ 

ʫʘץʳʪ ʙʦʡʳʥʰʘ ʰʝʢʪʝʫʣʽ ʙʦʣʘʜʳ; 

Á ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ ʰʝʰʫ ʥᴅʪʠʞʝʣʝʨʽ ʘʥʳץʪʘʣסʘʥ ʪװʨʜʝ ᴇʨʥʝʢʪʝʣʽʧ, ץʦʡʳʣסʘʥ 

ʤʘץʩʘʪʪʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʜʽ. 

ʊᴇʤʝʥʛʽ ʩʳʥʳʧʪʘʨʜʘ ʤʘʪʝʤʘʪʠʢʘ ʩʘʙʘץʪʘʨʳʥʜʘסʳ ᴇʟʽʥʜʽʢ ʞײʤʳʩ ʙʽʣʽʤ, ʽʩʢʝʨʣʽʢ ʞᴅʥʝ 

ʜʘסʜʳʣʘʨʜʳ ʙʝʢʽʪʫʛʝ ʞᴅʥʝ ʞʝʪʽʣʜʽʨʫʛʝ, ʞʘשʘ ʤʘʪʝʨʠʘʣʜʳ סײʳʥʫ ʜʘʡʳʥʜʳסʳʥʘ, ʢʝʡʜʝ ʩʘʙʘץʪʘ 

ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ ץʘʨʘʩʪʳʨʫסʘ, ʦʥʳ ʰʝʰʫʛʝ, ʞʘשʘ ʙʽʣʽʤʜʝʨ ʘʣʫסʘ ʙʘסʳʪʪʘʣʘ ʘʣʘʜʳ. 

ᴆʟʽʥʜʽʢ ʞײʤʳʩ ʤᴅʥʽʩʽʥʽש ʩʠʧʘʪʪʘʤʘʩʳʥʜʘ ʦʥʳ ʦץʳʪʫʜʳ ײʡʳʤʜʘʩʪʳʨʫ  ʪװʨʣʝʨʽʤʝʥ 

ʩʘʙʘץʪʘʩʪʳסʳʥ ʢᴇʨʩʝʪʢʝʥʜʝʡ ʵʣʝʤʝʥʪʪʝʨ ʙʘʨ. ʆʣʘʨסʘ ʞʘʪʘʪʳʥʜʘʨ: 1) ʤסײʘʣʽʤ ʤʝʥ ʦץʫʰʳʥʳש 

ʙʦʣʫʳ, ʙײʣ ᴅʜʽʩʪʽש ʝʨʝʢʰʝʣʽʛʽ ʩʦʥʜʘ ï ʦץʫʰʳ ʤסײʘʣʽʤʥʽש ʪʽʢʝʣʝʡ ʦʙʴʝʢʪʽʩʽ ʙʦʣʤʘʡʜʳ.ᴄʜʽʩʪʽש 

ᴇʟʽ ʦץʫʰʳʜʘʥ ʦץʫ ʧʨʦʮʝʩʽʥʽש ʩʫʙʴʝʢʪʽʩʽ ʙʦʣʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ; 2)  ɾײʤʳʩʪʳ ʦʨʳʥʜʘʫʜʘ ʫʘץʳʪ 

ʘʨʘʣʳסʳʥ ʘʥʳץʪʘʫ; 3) ʂᴇʨʩʝʪʽʣʛʝʥ ʫʘץʳʪ ʘʨʘʣʳסʳʥʜʘסʳ ʦץʫ  ʧʨʦʮʝʩʽʥʝ ץʘʪʳʩʫʰʳʥʳש 

ʰסײʳʣʜʘʥʘʪʳʥʜʘʡ ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש ʙʘʨ ʙʦʣʫʳ;  4) ʪʘʧʩʳʨʤʘ ʙʝʨʽʣʝʪʽʥʜʝʡ ʞᴅʥʝ ʞײʤʳʩʪʳש 

ʥᴅʪʠʞʝʣʝʨʽ ᴇʨʥʝʢʪʝʣʝʪʽʥʜʝʡ ʦץʫ ײץʨʘʣʜʘʨʳʥʳש ʙʘʨ ʙʦʣʫʳ. 

ɼʝʤʝʢ, ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʘסʳ ᴇʟʽʥʜʽʢ ʞײʤʳʩ ᴅʨ ʪװʨʣʽ ײʡʳʤʜʘʩʪʳʨʫʰʳʣʳץ ʪװʨʜʝ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘ ʘʣʘʜʳ ʝʢʝʥ. ɹײʣ ʦץʳʪʫʜʳש ʥʘץʪʳʣʳ ʰʘʨʪʪʘʨʳʥ: ʦץʫ ʤʘʪʝʨʠʘʣʳʥʳש ʩʠʧʘʪʳʥ; 

ʦrץʪʫ ʢʝʟʝשʽʥ; ʙʘʣʘʣʘʨʜʳץ שʘʙʽʣʝʪ ʝʨʝʢʰʝʣʽʢʪʝʨʽʥ (ʞʘʩʳʥ, ʦץʫ ʽʩ ᴅʨʝʢʝʪʽʥʽץ שʘʣʳʧʪʘʩʫ 

ʜʝשʛʝʡʽʥ ʞᴅʥʝ ʪ.ʙ.) ʝʩʢʝʨʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʉʦʥʜʳץʪʘʥ ʪᴇʤʝʥʛʽ ʩʳʥʳʧ ʦץʫʰʳʣʘʨʳʥʘ , 

ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫ ᴅʜʽʩʪʝʤʝʩʽʥʜʝ , ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳ ײʡʳʤʜʘʩʪʳʨʫʜʳש ᴅʨ ʪװʨʣʽ ʪᴅʩʽʣʜʝʨʽʥ 

 ʳʟʜʳʣʘʨʳʥשʳ ʝʨʝʢʰʝ ʤʘסʘʣʳʧʪʘʩʪʳʨʫʜʘץ ʫ ʽʩ - ᴅʨʝʢʝʪʽʥץʽʰʽʥʝʥ ʦ שʘʨʘʩʪʳʨʫ, ʦʣʘʨʜʳץ

ʪʘשʜʘʧ ʘʣʫ ץʘʞʝʪ. ɹײʣ ʤᴅʩʝʣʝʣʝʨ ᴅʜʽʩʪʝʤʝʣʽʢ ᴅʜʝʙʠʝʪʪʝʨʜʝ  ʘʟ ʢʝʟʜʝʩʝʜʽ. 

ᴆʟʽʥʜʽʢ ʞײʤʳʩʪʘ ʤסײʘʣʽʤ ʤʝʥ ʦץʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ᴅʨʝʢʝʪʪʝʨʽ ʞʠʳʥʪʳסʳʥ  

ʘʥʳץʪʘʡ ʦʪʳʨʳʧ, ᴅʜʽʩʪʽש ʽʰʢʽ ʤʘʟʤײʥʳ ʦץʫ ʤʽʥʜʝʪʪʝʨʽ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥʘʥ ʙʘʩʪʘʡʤʳʟ. ɸʣ 

ʪʘʧʩʳʨʤʘ ᴅʜʽʩʪʽש ʩʳʨʪץʳ ʪװʨʽ ʙʦʣʘʜʳ. 
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ʆץʫ ʤʽʥʜʝʪʪʝʨ ʞװʡʝʩʽʥ ʪᴇʤʝʥʛʽ ʩʳʥʳʧ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʳש  ᴅʨ ʪװʨʣʽ ʦץʫ 

ʤʘʪʝʨʠʘʣʜʘʨʳʥ ʦץʳʧ - װʡʨʝʥʫʜʽש ʙʽʨʽסשʘʡ ᴅʜʽʩʪʝʤʝʣʽʢ ʞʝʣʽʩʽ ʨʝʪʽʥʜʝ ʞװʟʝʛʝ ʦʩʳ ʞװʡʝʥʽ, 

ʦʥʳש ʩᴅʡʢʝʩ ʪʘʧʩʳʨʤʘʣʘʨʳʥ ʘʥʳץʪʘʫʜʳ, ᴇʟʽʥʜʽʢ ʞײʤʳʩ װʰʽʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʙᴇʣʽʧ ʘʣʫʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ. 

ɾʦסʘʨʳʜʘ ʘʡʪʳʣסʘʥ ʝʨʝʞʝʣʝʨʜʽ ʝʩʢʝʨʝ ʦʪʳʨʳʧ, ᴇʟʽʥʜʽʢ ʞײʤʳʩ ᴅʜʽʩʽʥʽײץ שʨʳʣʳʤʳʥ 

 .ʘʨʘʩʪʳʨʳʧ ʢᴇʨʝʣʽʢץ

ʄסײʘʣʽʤʥʽש ʽʩ-ᴅʨʝʢʝʪʽ: 

Á ɹᴇʣʽʤʽʥʽש,ʪʘץʳʨʳʧʪʳש, ʩʘʙʘץʪʳש ʦץʫ ʤʘʪʝʨʠʘʣʳʥ , ʥʝʛʽʟʛʽ ʤᴅʩʝʣʝʣʝʨʜʽ ʽʨʽʢʪʝʡ 

ʦʪʳʨʳʧ ʞᴅʥʝ ʜʠʜʘʢʪʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨ ʞװʡʝʩʽʥ ץʘʨʘʩʪʳʨʘ ʦʪʳʨʳʧ,ʪʘʣʜʘʡʜʳ. ʉʦʥʜʘ ץʦʣ 

ʞʝʪʢʝʥ ʙʽʣʽʤ ,ᴇʩʫ ʜʝשʛʝʡʽ ,ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʜʝʛʝʥ ʳʥʪʘʩʳ ,ʞʘʣʧʳ ʦץʫ ʽʩʢʝʨʣʽʢʪʝʨʽʥʽש 

 ʘ ʞʝʪʫʜʽסʩʘʪʪʘʨץʳ ʤʘסʘʥʘ ʝʤʝʩ ,ʘʣʜʘס ʩʘʪʪʘʨʳʥʘ ʞʝʪʫʜʽץʫ ʤʘץʦ ץʡʝ ʞʫʳװʳ (ʞסʘʥʜʘץʘʣʳʧʪʘʩץ

ʜʝ ,ʩʦʥʳש ʽʰʽʥʜʝ ʙʘʣʘʣʘʨʜʳ ʢʝʣʝʰʝʢʪʝ ᴇʟ ʙʝʪʽʤʝʥ ʙʽʣʽʤ ʘʣʫסʘ ʜʘʡʳʥʜʘʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫʽ 

ʢʝʨʝʢ ) ʝʩʢʝʨʽʣʝʜʽ; 

Á ɼʠʜʘʢʪʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʜʽש ʢװʨʜʝʣʽʣʽʛʽ ʙʽʨʪʽʥʜʝʧ ʘʨʪʳʧ ʦʪʳʨʘʪʳʥʜʘʡ ʦץʫ 

ʤʽʥʜʝʪʪʝʨ ʞװʡʝʩʽʥʝ ʢᴇʰʽʨʫʜʽ ʞװʟʝʛʝ ʘʩʳʨʘʜʳ, ʦʣ ʤʽʥʜʝʪʪʝʨ ʞװʡʝʩʽ ᴅʨ ʤʽʥʜʝʪʪʽש 

ʩʘʣʳʩʪʳʨʤʘʣʳ ʞʝʢʝʣʽʛʽʥ, ʩʦʥʜʘʡ-ʘץ ʦʣʘʨʜʳש ʪʳסʳʟ ʙʘʡʣʘʥʳʩʳ ʤʝʥ ʙʽʨ-ʙʽʨʽʥʝ ʪᴅʫʝʣʜʽʣʽʛʽʥ ʜʝ 

ʙʝʡʥʝʣʫʽ ʢʝʨʝʢ. ɹײʣ ʪʘץʳʨʳʧʪʳש,ʪʘʨʘʫʜʳש, ʙᴇʣʽʤʥʽש ʞᴅʥʝ ʪ.ʩ.ʩ. ʦץʫ ʤʘʪʝʨʠʘʣʳʥ ʪʘʣʜʘʫʜʳ 

ʪʘʣʘʧ ʝʪʝʜʽ; 

Á ʆץʫ ʤʽʥʜʝʪʪʝʨʽʤʝʥ ʤʘʟʤײʥʜʳץ ʪʳסʳʟ ʙʘʡʣʘʥʳʩץʘʥ ʤʦʪʠʚʪʽ ʢᴇʢʝʡʪʝʩʪʽ  ʝʪʫ ʤʝʥ 

 ʫ ʤʽʥʜʝʪʪʝʨʽʥץʦ שʨʘʣʜʘʨʳʥ, ʙʘʣʘʣʘʨʜʳײץ ʨʣʝʨʽʥ ʞᴅʥʝװʘʣʳʧʪʘʩʪʳʨʫ ᴅʜʽʩʪʝʨʽʥ ,ʪץ

 ;ʪʘʡʜʳץʘʙʳʣʜʘʫʳʥ ʘʥʳץ

Á ʆץʫ ʤʽʥʜʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥʜʝʡ ʦץʫ ᴅʨʝʢʝʪʪʝʨʽʥʽש ʪʽʟʽʤʽʥ ʞʘʩʘʡʜʳ; 

Á ʆʣʘʨסʘ ʩᴅʡʢʝʩ ʢʝʣʝʪʽʥ ʙʽʣʽʤʜʝʨ ʞװʡʝʩʽʥ ʘʥʳץʪʘʡʜʳ,ʦץʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ 

ʞײʤʳʩʪʘʨʳ װʰʽʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʽʨʽʢʪʝʡʜʽ; 

Á פʦʣʜʘסʳ ʙʘʨ ײץʨʘʣʜʘʨ ʘʨץʳʣʳ ʦץʫʰʳʣʘʨʜʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ 

ʙʘסʳʪʪʘʡʜʳ,ʦʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ᴇʟʽ ʪʽʢʝʣʝʡ ץʘʪʳʩʧʘʡʜʳ; 

Á ʅᴅʪʠʞʝʣʝʨʜʽ, ʦʣʘʨʜʳ ʘʣʫ ʪᴅʩʽʣʜʝʨʽʥ, ʦʣʘʨסʘ ʢʝʪʢʝʥ ʫʘץʳʪ ʧʝʥ ʢװʰ-ʞʽʛʝʨʜʽ ʝʩʢʝʨʝ 

ʦʪʳʨʳʧ, ʪʘʣʜʘʫʜʳ ʞᴅʥʝ ʙʘסʘʣʘʫʜʳ ײʡʳʤʜʘʩʪʳʨʘʜʳ. ᴄʜʽʩʪʽ ʧʘʡʜʘʣʘʥʫ ʢʝʟʝשʽʥʝ ʙʘʡʣʘʥʳʩʪʳ 

ʪʘʣʜʘʫ ʤʝʥ ʙʘסʘʣʘʫ ʙʘʣʘʣʘʨʜʳש ʞʘשʘ ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ ץʘʙʳʣʜʘʫʳʥʳש ʥʝʛʽʟʽ ʙʦʣʘ ʘʣʘʜʳ; 

Á ʅᴅʪʠʞʝʣʝʨʜʝ ץʦʡʳʣסʘʥ ʤʘץʩʘʪʪʘʨʤʝʥ ʩʘʣʳʩʪʳʨʘʜʳ, ʙװʢʽʣ ʩʳʥʳʧ ʦץʫʰʳʣʘʨʜʳש 

ʽʣʛʝʨʽ ץʘʜʘʤ ʞʘʩʘʫ ʤᴇʣʰʝʨʽʥ ʘʥʳץʪʘʡʜʳ,ᴇʟʽʥʜʽʢ ʞײʤʳʩ ץʦʨʳʪʳʥʜʳʩʳʥ ʞʘʩʘʡʜʳ. 

ʆץʫʰʳʥʳש ʽʩ-ᴅʨʝʢʝʪʽ: 

Á ʆץʫ ʤʽʥʜʝʪʪʝʨʽʥ ᴇʟʽʥʰʝ ץʘʙʳʣʜʘʡʜʳ,ʦסʘʥ ʝʥʝʪʽʥ ʪʘʧʩʳʨʤʘʣʘʨʜʳש ʤʘץʩʘʪʳ ʤʝʥ 

 ;ʩʘʪʳʥ ʩʝʟʽʥʝʜʽץʤʘ שʦʣʜʘʥʳʣʘʪʳʥ ᴅʜʽʩʪʽץ

Á ʊʘʧʩʳʨʤʘʣʘʨסʘ ʪʘʣʜʘʫ ʞʘʩʘʡʜʳ; 

Á ʊʘʧʩʳʨʤʘʣʘʨʜʳש ʦʨʳʥʜʘʣʫʳʥ ʞʦʩʧʘʨʣʘʡʜʳ; 

Á ʄʽʥʜʝʪʢʝ ʩᴅʡʢʝʩ ᴅʨʝʢʝʪʪʝʨ ʪᴅʩʽʣʜʝʨʽʥ,ʦʣʘʨʜʳש ʥᴅʪʠʞʝʣʝʨʽʥ ץʘʥʜʘʮ ʜʘ ʙʽʨ ʪװʨʜʝ 

ᴇʨʥʝʢʪʝʡ ʦʪʳʨʳʧ,ᴇʟ ʙʝʪʽʤʝʥ ʘʥʳץʪʘʡʜʳ; 

Á ʊʘʧʩʳʨʤʘʥʳ ʰʝʰʫ ʧʨʦʮʝʩʽʥ,ʪʘʧʩʳʨʤʘʥʳ ʦʨʳʥʜʘʫסʘ ʢʝʪʢʝʥ ʫʘץʳʪʪʘ ʙʘץʳʣʘʫʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʘʜʳ,ץʘʞʝʪ ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ ʪװʟʝʪʫʣʝʨ ʝʥʛʽʟʝʜʽ; 

Á ᴆʟʽʥʽש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥʽש ʥᴅʪʠʞʝʣʝʨʽʥ,ʽʣʛʝʨʽ ץʘʜʘʤ ʞʘʩʘʫ ʜᴅʨʝʞʝʩʽʥ 

ʙʘסʘʣʘʡʜʳ,ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ʞײʤʩʘסʘʥ ʫʘץʳʪʳʥʘ ʪʘʣʜʘʫ ʞʘʩʘʡʜʳ,ץʦʡʳʣסʘʥ 

ʤʘץʩʘʪʪʘʨ ʤʝʥ ʘʣʳʥסʘʥ ʥᴅʪʠʞʝʣʝʨʜʽ ʩʘʣʳʩʪʳʨʘʜʳ. 

ʆʩʳ ʘʪʘʣסʘʥ ᴅʨʝʢʝʪʪʝʨ ʞʠʳʥʪʳסʳʥ ʥʘץʪʳʣʘʥʜʳʨʫסʘ,ʞʝʪʽʣʜʽʨʫʛʝ,ʪʦʣʳץʪʳʨʫסʘ 

ʙʦʣʘʜʳ.ʄסײʘʣʽʤ ʤʝʥ ʦץʫʰʳʣʘʨʜʳש ᴅʨʝʢʝʪʪʝʨʽʥ ʞʽʢʪʝʧ ʙᴇʣʫ ʙʝʣʛʽʣʽ ʜᴅʨʝʞʝʜʝ ʰʘʨʪʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ,ᴇʡʪʢʝʥʽ ʙײʣ ᴅʜʽʩ ʧʨʘʢʪʠʢʘʜʘ ʦץʳʪʫ ʽʩʽʥʝ ץʘʪʳʩʫʰʳʣʘʨʜʳש ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʽʩ-

ᴅʨʝʢʝʪʪʝʨʽʥʽש ʧʨʦʮʝʩʽ ʨʝʪʽʥʜʝ,ʥʘץʪʳʣʳ ᴅʨʝʢʝʪʪʝʨʜʽש, ʘʤʘʣʜʘʨʜʳש ʞʠʳʥʪʳסʳ ʨʝʪʽʥʜʝ ʞװʟʝʛʝ 

ʘʩʳʨʳʣʘʜʳ. 

ᴄʜʽʩʪʽײ שʩʳʥʳʣʳʧ ʦʪʳʨסʘʥ ײץʨʳʣʳʤʳʥʜʘ ʙʽʟ ʦʥʳש ʤʘʟʤײʥʳʥ, ʷסʥʠ ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ 

ʙʝʡʥʝʣʝʧ ʢᴇʨʩʝʪʫʛʝ ʪʳʨʳʩʪʳץ.ʉʦʥʳʤʝʥ ץʘʪʘʨ,ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʳש ʤʘʟʤײʥʳ ʙʦʡʳʥʰʘ ᴅʨ 

ʪװʨʣʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʦץʫ ʤʽʥʜʝʪʪʝʨ ʞװʡʝʩʽʥʽש ʢᴇʤʝʛʽʤʝʥ ʦץʳʧ װʡʨʝʥʫʜʽש ʙʽʨʳסשʘʡ 

ᴅʜʽʩʪʝʤʝʣʽʢ ʞʝʣʽʩʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ,ʙʽʟʜʽש ʦʡʳʤʳʟʰʘ,ᴅʜʽʩʪʽש ᴇʟʽʥ ײץʨʳʣʳʤʜʘʫסʘ ʞᴅʥʝ 
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ʧʘʡʜʘʣʘʥʫסʘ ʩᴅʡʢʝʩ ץʘʜʘʤ ʞʘʩʘʫʜʳ ײʡסʘʨʘʜʳ.ᴄʜʽʩʪʝʛʽ ʤסײʘʣʽʤ ʤʝʥ ʦץʫʰʳʥʳש ᴇʟʘʨʘ 

ʙʘʡʣʘʥʳʩʪʳ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥ ʞʽʢʪʝʧ ʢᴇʨʩʝʪʫ ʞᴅʥʝ ʪʘʣʜʘʫ ,ʦʣʘʨʜʳש ʦץʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʽײץ שʨʘʤʳ 

ʤʝʥ ʘʨʘ ץʘʪʳʥʘʩʳʥ ʙʝʣʛʽʣʝʫ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳץ שʘʨʘʩʪʳʨʳʣסʘʥ ʞʘʣʧʳ ʦץʫ ᴅʨʝʢʝʪʪʝʨʽʥ ʪʘʣʘʧ 

ʝʪʝʪʽʥʽʥ ʢᴇʨʩʝʪʝʜʽ.ᴄʜʽʩʪʽ ʤʝשʛʝʨʫ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳ ײʡסʘʨʘʜʳ ʜʘ ʦʥʳש ʙʝʣʛʽʣʽ 

ʙʽʨ ʜʝשʛʝʡʜʝ ץʘʣʳʧʪʘʩʫʳʥ ʪʘʣʘʧ ʝʪʝʜʽ.ᴆʟʽʥʜʽʢ ʞײʤʳʩ ʘʫץʳʤʳʥʜʘ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʪʝʨʽʥʽץ שʘʥʜʘʡ 

ʜʘ ʙʽʨ ʵʣʝʤʝʥʪʪʝʨʽʥ ʦʨʳʥʜʘʫ ʢʝʟʽʥʜʝ ʦץʫʰʳʣʘʨʜʳש ᴅʨʝʢʝʪ ʜʝʨʙʝʩʪʽʛʽʥʽש ʙʽʨʪʽʥʜʝʧ ᴇʩʫʽ 

ʞװʟʝʛʝ ʘʩʳʨʳʣʘʜʳ.ʆץʫʰʳʣʘʨʜʳש ᴇʟʽʥʜʽʢ ʞײʤʳʩʳʥʜʘסʳ ʞᴅʥʝ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ 

 ʪʽʢʝʣʝʡ שʘʣʽʤʥʽסײʳ- ᴇʟʘʨʘ ʙʘʡʣʘʥʳʩʪʳ ʧʨʦʮʝʩʪʝʨ.ʄסʙʘʩʰʳʣʳ שʘʣʽʤʥʽסײʳ ʤסʘʣʳʧʪʘʩʪʳʨʫʜʘץ

 ᴇʟʽʥʜʝʛʽ ᴅʨʙʽʨ  ᴅʨʝʢʝʪʢʝ שʫʰʳʣʘʨʜʘʥ ᴅʜʽʩʪʽץʤʳʩ ʦײʘʪʳʩʫʳʥʩʳʟ ʦʨʳʥʜʘʣʘʪʳʥ ᴇʟʽʥʜʽʢ ʞץ

ʜʘʡʳʥʜʳץʪʳ, ʦʥʳ װʡʨʝʥʫʜʽ ʪʘʣʘʧ ʝʪʝʪʽʥʽ ʪװʩʽʥʽʢʪʽ . ɹײʣ ᴅʨʝʢʝʪʪʽװ שʣʛʽʩʽʥ ʢᴇʨʩʝʪʫʜʽ, ʦסʘʥ 

ʞʘʪʪʳסʫʜʳ ʞᴅʥʝ ʪ.ʙ. ʪʘʣʘʧ ʝʪʝʜʽ. 

ʊʘץʳʨʳʧʪʳש ʥʝʛʽʟʛʽ ʦץʫ ʤʽʥʜʝʪʪʝʨʽ ʞʝʢʝʣʝʥʛʝʥ ʩʘʙʘץʪʘ ʜʝʨʙʝʩ ʤʽʥʜʝʪʪʝʨ ʪװʨʽʥʜʝ 

ʢʝʟʜʝʩʝʜʽ, ʦʣʘʨסʘ ʩᴅʡʢʝʩ ᴅʜʽʩʪʝʨ ʪʘשʜʘʣʳʧ ʘʣʳʥʘʜʳ, ʤʘשʳʟʜʳʣʳץ ʩʝʙʝʧʪʝʨʽ , ʙʘʣʘʣʘʨʜʳש 

ʩʘʙʘץʪʳש ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥ, ᴅʨʝʢʝʪ - ʘʤʘʣʜʳש ʪᴅʩʽʣʽʥ ʩʝʟʽʥʝʪʽʥʜʝʡ ʪʘʧʩʳʨʤʘʣʘʨ ʞװʡʝʩʽʥ 

ʦʡʣʘʩʪʳʨʳʧ, ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳ ʧʘʡʜʘʣʘʥʫʜʳש ʪװʨʽ ʤʝʥ ʦʨʥʳ ʘʥʳץʪʘʣʘʜʳ. 

ʆץʫ ʤʽʥʜʝʪʪʝʨʽʥ ʪʘʣʜʘʫ ʦʣʘʨʜʳ ʰʝʰʫʜʝʛʽ ᴇʟʽʥʜʽʢ ʞײʤʳʩʪʳש ʘʪץʘʨʘʪʳʥ ץʳʟʤʝʪʽʥ 

ʢᴇʨʩʝʪʫʛʝ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ᴄʜʽʩ ᴅʨʙʽʨ ᴅʨʝʢʝʪʪʽ ץʘʞʝʪʪʽ ʜʝשʛʝʡʛʝ ʜʝʡʽʥ ʞʝʪʢʽʟʫʜʽש ʰʘʨʪʳ, 

 שʫʰʳʣʘʨʜʳץʨʜʝ ʦʨʳʥ ʘʣʘʪʳʥ ʦװʨʘʣʳ ʞᴅʥʝ ʪᴅʩʽʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ᴄʜʝʪʪʝ ʦʙʲʝʢʪʠʚʪʽ ʪײץ

ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽʥ ץʘʣʳʧʪʘʩʪʳʨʫʜʳש ʤװʤʢʽʥʜʽʢʪʝʨʽʥ ʞװʟʝʛʝ ʘʩʳʨʫ װʰʽʥ ʢʝʣʝʩʽ ʰʘʨʪʪʘʨʜʳש 

ʦʨʳʥʜʘʣʫʳ ץʘʞʝʪ: 

Á ᴇʟʽʥʜʽʢ ʞײʤʳʩ ᴅʜʽʩʽʥʽש ʥʝʛʽʟʛʽ ʵʣʝʤʝʥʪʪʝʨʽʥ : ʝʩʝʧʪʽ ץʘʙʳʣʜʘʧ ʘʣʫʜʳ; ʪʘʧʩʳʨʤʘʥʳש 

, ʝʩʝʧʪʽש ʤʘץʩʘʪʳʥ , ʰʝʰʫʜʽש ᴅʜʽʩʽʥ ʩʝʟʽʥʫʜʽ; ʥᴅʪʠʞʝʣʝʨʜʽ ʞᴅʥʝ ʦʣʘʨסʘ ʞʝʪʫ ʪᴅʩʽʣʜʝʨʽʥ 

ʞʦʩʧʘʨʣʘʫʜʳ, ʪʝʢʩʝʨʫʜʽ ʞᴅʥʝ ʙʘסʘʣʘʫʜʳ; ʥᴅʪʠʞʝʣʝʨ ʤʝʥ ʞײʤʳʩʪʳש ʤʘץʩʘʪʳʥ ʩʘʣʳʩʪʳʨʫʜʳ 

ʞװʟʝʛʝ ʘʩʳʨʫʜʳ ץʘʤʪʘʤʘʩʳʟ ʝʪʫ; 

Á ʪʘץʳʨʳʧʪʳ ʦץʳʧ-װʡʨʝʥʫ ʥᴅʪʠʞʝʣʝʨʽʥ ʜʠʜʘʢʪʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨ ʞʠʳʥʪʳסʳ ʪװʨʽʥʜʝ 

ʞʦʩʧʘʨʣʘʫ. ʆʣ ʦץʫ ʤʘʪʝʨʠʘʣ ʤʘʟʤײʥʳʥʳש , ʞʘʣʧʳ ʦץʫ ʽʩʢʝʨʣʽʢʪʝʨʽʥʽש ʞʝʪʝʢʰʽ ʵʣʝʤʝʥʪʪʝʨʽʥ 

ʙᴇʣʽʧ ץʘʨʘʩʪʳʨʫ ʥʝʛʽʟʽʥʜʝ ʥʝʛʽʟʽʥʜʝ ײץʨʳʣʳʤʜʘʣʘʜʳ; 

Á ʜʠʜʘʢʪʠʢʘʣʳץ ʤʽʥʜʝʪʪʝʨʜʽ ʢװʨʜʝʣʽʣʽʛʽ ʙʽʨʪʽʥʜʝʧ ʘʨʪʳʧ ʦʪʳʨʘʪʳʥʜʘʡ ʦץʫ ʤʽʥʜʝʪʪʝʨ 

ʞװʡʝʩʽʥʝ ʢᴇʰʽʨʫ. ʉʦʥʜʘ ʦץʫʰʳʣʘʨʜʳ ʦץʳʧ-װʡʨʝʥʫʛʝ ʳʥʪʘʣʘʥʜʳʨʫ , ʦʥʳ ʪʫʜʳʨʫ ʞᴅʥʝ 

ʜʘʤʳʪʫ ʤʘשʳʟʜʳ ʙʦʣʘʜʳ; 

Á ʦץʫ ʤʽʥʜʝʪʪʝʨʽʥʝ ʩᴅʡʢʝʩ ʙʽʨʪʽʥʜʝʧ ʢװʨʜʝʣʝʥʝ ʙʝʨʝʪʽʥ ʪʘʧʩʳʨʤʘʣʘʨ ʪʽʟʙʝʛʽ. 

ʆʩʳ ʰʘʨʪʪʘʨʜʳש ʦʨʳʥʜʘʣʫʳ ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫ ʩʘʧʘʩʳʥʳש , ʦץʫʰʳʣʘʨʜʘ ʦץʫ ʽʩ-

ᴅʨʝʢʝʪʽʥʽץ שʘʣʳʧʪʘʩʪʳʨʳʣʫ ʜʝשʛʝʡʽʥʽש ʘʨʪʫʳʥʘ ʞᴅʨʜʝʤʜʝʩʝʜʽ. 

ʉʦʥʳʤʝʥ ᴇʟʽʥʜʽʢ ʞײʤʳʩ ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫ ʙʘʨʳʩʳʥʜʘ ʪᴇʤʝʥʛʽ ʩʳʥʳʧ 

ʦץʫʰʳʣʘʨʳʥʜʘ ʦץʫ ʽʩ-ᴅʨʝʢʝʪʽ ץʘʣʳʧʪʘʩʫʳʥʳש ʤʘשʳʟʜʳ ײץʨʘʣʳ , ᴅʜʽʩʽ ʞᴅʥʝ ʰʘʨʪʳ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ ʝʢʝʥ. ɸʪʘʧ ʘʡʪץʘʥʜʘ, ʙʽʣʽʤ ʤʝʥ ʽʩʢʝʨʣʽʢ ʙʝʣʛʽʣʽ ᴅʨʝʢʝʪʪʝʨʜʽ ʦʨʳʥʜʘʫʜʘ סʘʥʘ ʪʦʣʳץ 

ʞᴅʥʝ ʩʘʥʘʣʳ ʤʝשʛʝʨʽʣʝʜʽ, ʦʥʳש ʽʰʽʥʜʝ ʦץʫʰʳʥʳש ᴇʟ ʙʝʪʽʥʰʝ ᴅʨʝʢʝʪʽʥʜʝ ʞװʟʝʛʝ ʘʩʘʜʳ. 
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ɸנʓʃʐʓʅ ʊɯʃɯʅɼɽ ʆפʓʊʋɼɸנʓ ɽʈɽʂʐɯʃɯʂʊɽʈɯ 

 

ʊʣʝʫʙʝʨʛʝʥʦʚʘ ʄ.ɸ., ʉʘʨʤʘʥ ɸ.ɼ., ɽʩʘʣʠʥʘ ɸ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ: ʆʩʳ ʤʘץʘʣʘʜʘ ʦץʳʪʫʰʳʥʳש ʪᴅʞʽʨʙʠʝʩʽʥʝ ʩװʡʝʥʝ ʦʪʳʨʳʧ, ʬʠʟʠʢʘ-ʤʘʪʝʤʘʪʠʢʘ ʩʪʫʜʝʥʪʪʝʨʽʥʝ 

ʤʘʪʝʤʘʪʠʢʘ ʧᴅʥʽʥ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ ᴇʪʢʽʟʫ ʞʘʡʳʥʜʘ ʞᴅʥʝ ᴅʨʪװʨʣʽ  ʠʥʪʝʨʘʢʪʠʚʪʽʢ ᴅʜʽʩʪʝʨ ʘʨץʳʣʳ ʩʪʫʜʝʥʪʪʝʨʤʝʥ 

ʞײʤʳʩ ʞʘʩʘʫ ʪᴅʩʽʣʽ  ץʘʨʘʣסʘʥ. 

ʊʽʨʝʢ ʩᴇʟʜʝʨ: ʪʝʨʤʠʥ, ײץʟʳʨʝʪʪʽʣʽʢ, ʠʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩ. 

 

 ʄʘʪʝʤʘʪʠʢʘ ʢʘʬʝʜʨʘʩʳ ʢᴇʧʪʽʣʜʽʣʽʢ ʙʽʣʽʤ ʙʝʨʫʜʽ שʳ ɸᴆʄʋ-ʥʽסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

ʥʝʛʽʟʛʝ ʘʣʘ ʦʪʳʨʳʧ, ʢʝʡʙʽʨ çPractical solutions of problems of higher mathematicsè, çPractical 

solutions of problems of elementary mathematicsè, çPracticum on solving problems of geometryè, 

çApplications of Differential equationsè ʦץʫ ʧᴅʥʜʝʨʜʽ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʞװʨʛʽʟʝʜʽ.  

ɹײʣ ʦץʫ ʧᴅʥʜʝʨʜʽש ʝʨʝʢʰʝʣʽʛʽ ï ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪʝʨʤʠʥʦʣʦʛʠʷʥʳ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ 

ʤʝשʛʝʨʫ ï ʣʝʢʮʠʷʣʘʨʜʘ, ʦץʫʣʳץʪʘʨʜʘ, ʙʝʣʛʽʣʽ ʙʽʨ ʢʫʨʩʪʘ ʢʝʟʜʝʩʝʪʽʥ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʪʝʨʤʠʥʦʣʦʛʠʷʥʳ ʞᴅʥʝ ʩᴇʟ ʪʽʨʢʝʩʪʝʨʽʥ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʜײʨʳʩ ʘʡʪʘ ʘʣʫʳ[3]. 

ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʫʜʘ ʩʪʫʜʝʥʪʪʝʨ ʦʨʳʩ ʪʽʣʽʥʜʝ ʘʣסʘʥ ʙʽʣʽʤʜʝʨʽʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʢʦʥʪʝʢʩʪʪʝ ʧʘʡʜʘʣʘʥʘʪʳʥʳʥ ʙʽʣʫ ʢʝʨʝʢ. ɹײʣ ʪװʩʽʥʽʢ ʘסʳʣʰʳʥ ʪʽʣʽʥ ʙʽʣʫ 

ʜᴅʨʝʞʝʩʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʙʦʣʘʜʳ. ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʤʘʪʝʤʘʪʠʢʘ ʧᴅʥʽʥʽש ʤסײʘʣʽʤʽ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʩᴇʟʜʝʨ ʤʝʥ ʪʝʨʤʠʥʜʝʨʜʽ ʙʘʨʳʥʰʘ ʜᴅʣ ʞʝʪʢʽʟʫʽ ʢʝʨʝʢ. ᴄʨʙʽʨ ʩʘʙʘץʪʳש 

ʙʘʩʳʥʜʘ ʥʝʤʝʩʝ ʘʩʘ ʢװʨʜʝʣʽ ʤʘʪʝʨʠʘʣʜʳ ײʩʳʥʘʨ ʘʣʜʳʥʜʘ, ʪʝʨʤʠʥʜʝʨʛʝ ʞᴅʥʝ ʘʨʥʘʡʳ ʩᴇʟ 

ʪʽʨʢʝʩʪʝʨʽʥʝ ʥʘʟʘʨ ʘʫʜʘʨʫ ʢʝʨʝʢ [3]. ʊʝʨʤʠʥʦʣʦʛʠʷʣʳץ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʘʩʧʝʢʪ ʤʘʪʝʤʘʪʠʢʘ 

ʩʘʙʘץʪʘʨʳʥʳש ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʘʞʳʨʘʤʘʩ ʙᴇʣʽʛʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʝʙʝʙʽ ʪװʩʽʥʽʢʪʝʨ ʤʝʥ 

ʪʝʨʤʠʥʜʝʨʜʽש ʤʘסʳʥʘʩʳʥ װʡʨʝʥʫ ץʘʞʝʪʪʽʣʽʛʽ, ʝʨʝʞʝ ʤʝʥ ʬʦʨʤʫʣʘʣʘʨʜʳ ʠʛʝʨʫ ʢʝʟʝשʽ, ʷסʥʠ, 

ʦʩʳ ײץʙʳʣʳʩʪʳש ʤᴅʥʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʄʘʪʝʤʘʪʠʢʘʜʘסʳ ʙʽʨʝʛʝʡʣʽʢ ʤʘʪʝʤʘʪʠʢʘʣʳץ 

ʪʝʨʤʠʥʜʝʨ ʜᴅʣ ʞᴅʥʝ ץʳʩץʘ ʙʦʣʘʪʳʥʳʥ ʝʩʪʝ ʩʘץʪʘʫ ʢʝʨʝʢ. ʉʦʥʜʳץʪʘʥ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ 

ʤʘʪʝʤʘʪʠʢʘʥʳ ʦץʳʪʫʜʳש ʤʘץʩʘʪʪʘʨʳʥʳש ʙʽʨʽ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʪװʩʽʥʽʢʪʝʨʜʽש, 

ʘʥʳץʪʘʤʘʣʘʨʜʳש, ʤʘʪʝʤʘʪʠʢʘ ײץʨʳʣʳʤʳʥʳש ʧʘʡʜʘ ʙʦʣʫʳʥʘ ץʳʟʳסʫʰʳʣʳץʪʳ ʘʨʪʪʳʨʫ 

ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ 

ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʤʘʪʝʤʘʪʠʢʘ ʧʨʘʢʪʠʢʘʣʳץ ʩʘʙʘץʪʘʨסʘ ʢᴇʙʽʨʝʢ ʢᴇשʽʣ ʙᴇʣʝʪʽʥʜʽʛʽ 

ʙʝʣʛʽʣʽ. ɹʘʪʳʩʪʘ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʙʽʣʽʤ ʙʝʨʫʜʝʛʽ ʙʘʩʪʳ ʤʘץʩʘʪʳ ï know how ʙʦʣʳʧ ʪʘʙʳʣʩʘ, ʘʣ 

ʙʽʟʜʝ know why ʙʦʣʘʜʳ, ʩʦʥʜʳץʪʘʥ ʜʘ ʙʽʟʜʽש ʩʪʫʜʝʥʪʪʝʨ ʢװʥʜʝʣʽʢʪʽ ʥʘץʪʳ ʞʘסʜʘʡ ʙʦʡʳʥʰʘ 

ʩʠʧʘʪʪʘʣסʘʥ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʜʝ ץʠʳʥʜʳץʪʘʨסʘ ʪʘʧ ʙʦʣʫʳ ʤװʤʢʽʥ [4]. ʅᴅʪʠʞʝʩʽʥʜʝ ʙʽʟʜʽש 

ʢᴇʧʪʝʛʝʥ ʩʪʫʜʝʥʪʪʝʨʽʤʽʟ ʢʦʤʧʣʝʢʩ ʩʘʥʜʘʨʤʝʥ ᴇʨʥʝʢʪʝʣʛʝʥ ʤʘʪʨʠʮʘʣʘʨʜʳ ʦשʘʡ ʪװʨʣʝʥʜʽʨʽʧ 

ʞᴅʥʝ ʩʳʟʳץʪʳץ ʪʝשʜʝʫʣʝʨʜʽ ʦשʘʡ ʰʝʰʢʝʥʤʝʥ, ʝץ שʘʨʘʧʘʡʳʤ ʢʦʤʙʠʥʘʪʦʨʣʳץ, ʩʪʘʪʠʩʪʠʢʘʣʳץ 

ʥʝʤʝʩʝ ץʘʨʞʳʣʳץ ʝʩʝʧʪʝʨʜʝ ץʠʥʘʣʳʧ, ʛʨʘʬʠʢʘʣʳץ ʘץʧʘʨʘʪʪʘʨʜʳ ʰʘʪʘʩʪʳʨʳʧ, ʪײʞʳʨʳʤʜʘʡ 

ʘʣʤʘʡ, ʝʩʝʧʪʝʨʜʽ ʰʝʰʝ ʘʣʤʘʡʜʳ. ʉʦʥʜʳץʪʘʥ ʙʘʩץʘ ʜʘ ʪʘץʳʨʳʧʪʘʨʜʳ ᴇʤʽʨʤʝʥ 

ʙʘʡʣʘʥʳʩʪʳʨʳʧ ʦץʳʪʫ ץʘʞʝʪ. ʇᴅʥʘʨʘʣʳץ ʤʘʟʤײʥʜʘ ʥʝʤʝʩʝ ץʦʣʜʘʥʙʘʣʳ ʩʠʧʘʪʪʘ ʙʝʨʽʣʛʝʥ 

ʤʘʪʝʤʘʪʠʢʘʣʳץ ʝʩʝʧʪʝʨ ᴅʨʙʽʨ ʪʘץʳʨʳʧʪʳ ʞʘץʩʳ ʤʝשʛʝʨʫʛʝ ʢᴇʤʝʢʪʝʩʝʜʽ. פʘʟʽʨʛʽ ʫʘץʳʪʪʘ 

ʦץʳʪʫʜʳש ʟʘʤʘʥʘʫʠ ʪʝʭʥʦʣʦʛʠʷʣʘʨʳ ʝʨʽʢʪʽ ʪװʨʜʝ ʝʩʪʝ ʩʘץʪʘʫסʘ ʳץʧʘʣ ʝʪʝʜʽ, ʧᴅʥʛʝ ʞᴅʥʝ ʙʽʣʽʤ 

ʘʣʫסʘ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳ ʘʨʪʪʳʨʘʜʳ. 

ʄʦʪʠʚʘʮʠʷ ʢʝʟ ʢʝʣʛʝʥ ʪᴅʨʪʽʧʪʽ װʡʨʝʥʫʜʝʛʽ ʝש ʤʳץʪʳ ʞᴅʥʝ ʤʘשʳʟʜʳ ʬʘʢʪʦʨ ʙʦʣʳʧ 

ʪʘʙʳʣʘʜʳ. ʄʘʪʝʤʘʪʠʢ ʩʪʫʜʝʥʪʪʝʨʽ ʘʨʘʩʳʥʜʘ ʰʝʪ ʪʽʣʜʝʨʽʥ װʡʨʝʥʫʛʝ ʜʝʛʝʥ ʤʦʪʠʚʘʮʠʷ ᴇʪʝ 

ʪᴇʤʝʥ, ʤײʥʳ ʙʽʨʥʝʰʝ ʦʙʲʝʢʪʠʚʪʽ ʩʝʙʝʧʪʝʨʤʝʥ ʪװʩʽʥʜʽʨʫʛʝ ʙʦʣʘʜʳ: ʙʘʩץʘ ʧᴅʥʜʝʨ ʙʦʡʳʥʰʘ 

ʞʦסʘʨʳ ʞװʢʪʝʤʝ, ʙʝʡʽʥʜʽ ʝʤʝʩ ʧᴅʥʜʝʨʛʝ ʰʝʪ ʪʽʣʽʥ ʪʘסʘʡʳʥʜʘʫ, ʙʽʣʽʤʥʽש ʪᴇʤʝʥ ʜʝשʛʝʡʽ. 

ʉʪʫʜʝʥʪʪʝʨʛʝ ʩʘʙʘץ ץʳʟʳץʪʳ ᴇʪʢʽʟʽʣʽʧ, ʪʽʣʜʽ ʞʦסʘʨʳ ʜʝשʛʝʡʜʝ ʙʽʣʫ ʤʘץʩʘʪʪʘ ʝʤʝʩ, ʢʝʟ ʢʝʣʛʝʥ 

ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʞᴅʥʝ ʧʨʘʢʪʠʢʘʣʳץ ʤʘץʩʘʪʪʘʨʜʘ ʪʽʣʜʽ ץʦʣʜʘʥʫ ʤʦʪʠʚʘʮʠʷʩʳ װʥʝʤʽ ʞʘʩʘʣʳʧ 

ʦʪʳʨʫ ʢʝʨʝʢ. 

ʐʝʪ ʪʽʣʽʥ ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʤʘץʩʘʪʪʘʨסʘ ʞʝʪʫ ʞʦʣʳʥʘ ʘʡʥʘʣʜʳʨʫʜʳש ʙʽʨ ʞʦʣʳ - 

ᴇʤʽʨʜʽש ʧʨʘʢʪʠʢʘʣʳץ ʞʘסʜʘʡʣʘʨʳʥ ʤʦʜʝʣʴʜʝʫ. ʈᴇʣʜʽʢ ʦʡʳʥʜʘʨ, ʩʦʥʜʘʡ-ʘץ ʢʝʡʩʪʽʢ ʟʝʨʪʪʝʫ 

ᴅʜʽʩʪʝʤʝʩʽ ʽʩ-ᴅʨʝʢʝʪʪʽש ʪᴅʨʪʽʙʽʥ ʘʣʳʧ ʪʘʩʪʘʡʜʳ, ʦʣʘʨʜʳש ʵʤʦʮʠʦʥʘʣʜʳʣʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ 
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 ʘסʠʷʣʜʳ ʜʘʤʳʪʫץ ʧʝʥ ץʘʨʤʘʰʳʣʳסʘ, ʰʳסʪʘʣʘʜʳ, ᴅʨ ʩʪʫʜʝʥʪʢʝ ᴇʟʽʥ ʪʘʥʳʩʪʳʨʫץʝʩʪʝ ʩʘ ץʟʘײ

ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ, ʙײʣ ʙʦʣʘʰʘץ ʤʘʪʝʤʘʪʠʢʪʝʨ װʰʽʥ ʤʘשʳʟʜʳ. 

ʆץʳʪʫʜʘ ʦʡʳʥ ᴅʜʽʩʽʥ ʧʘʡʜʘʣʘʥʫ ʣʝʢʩʠʢʘ ʤʝʥ ʛʨʘʤʤʘʪʠʢʘʥʳ ʞʘʪʪʳץʪʳʨʫʜʘ ʪʠʽʤʜʽ. ɹײʣ 

ʤʘʤʘʥʜʳץ ʙʦʡʳʥʰʘ ʦץʫ װʰʽʥ ʤʽʥʜʝʪʪʽ ʩᴇʟʜʝʨ ʙʦʣʫʳ ʤװʤʢʽʥ, ʙʽʨʘץ ʦʡʳʥ ʜʠʟʘʡʥʳʥ ʘʣʫ, ʙײʣ 

ʙʝʣʩʝʥʜʽʣʽʢ ʵʤʦʮʠʦʥʘʣʜʳ ʪװʨʜʝ ʝʩʝʧʪʝʣʝʜʽ, ʝʩʪʝ ʩʘץʪʘʫ ʦשʘʡ ʞᴅʥʝ ʝʩʢʝ ʩʘץʪʘʣʘʜʳ. ʄʳʩʘʣʳ, 

ʘʥʳץʪʘʤʘʣʘʨʜʳ ײץʨʘʩʪʳʨʫ ʢʦʤʘʥʜʘʣʘʨʜʘסʳ ʩᴇʟʜʝʨʜʽ ʙʦʣʞʘʫ ʨʝʪʽʥʜʝ ײʡʳʤʜʘʩʪʳʨʳʣʫʳ 

ʤװʤʢʽʥ. ɹײʣ ץʳʟʳסʫʰʳʣʳץʪʳ ʘʨʪʪʳʨʘʜʳ, ʪʦʧʪʳ ʞʠʥʘʫ װʰʽʥ ʞײʤʳʩ ʽʩʪʝʡʜʽ, ʵʤʦʮʠʷʣʘʨ 

ʜʘʫʳʣʳʥʘ ʘʧʘʨʘʜʳ. 

ʉʦʥʜʘʡ-ʘץ, ʤʝʥʽש ʞײʤʳʩʳʤʜʘ ʢʝʣʝʩʽ ʠʥʪʝʨʘʢʪʠʚʪʽ ᴅʜʽʩʪʝʨ ʤʝʥ ʪʽʩʽʣʜʝʨʜʽ ץʦʣʜʘʥʘʤʳʥ: 

ʪʝʘʪʨʣʘʥסʘʥ ʜʠʘʣʦʛʪʘʨ, ᴅʥʜʝʨ ʤʝʥ ᴇʣʝשʜʝʨ, ʰʘסʳʥ ʪʦʧʪʘʨʜʘ ʞײʤʳʩ ʽʩʪʝʫ, ʙʝʡʥʝ ʞᴅʥʝ ʘʫʜʠʦ 

ʤʘʪʝʨʠʘʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ. ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʩʘʙʘץ ʙʝʨʫ ï ʞʘשʘ ʣʝʢʩʠʢʘʥʳ ʞᴅʥʝ ʤסײʘʣʽʤ ʤʝʥ 

ʦץʫʰʳʣʘʨʜʳש ʙʽʨʣʝʩʢʝʥ ʞײʤʳʩʳʥ ʝʥʛʽʟʫʜʽש ʪʠʽʤʜʽ ײץʨʘʣʳ. ʊʝʘʪʨʣʳץ ʜʠʘʣʦʛʪʘʨ 

ʢʦʤʤʫʥʠʢʘʪʠʚʪʽ ʜʘסʜʳʣʘʨʜʳ ʜʘʤʳʪʘʜʳ, ʧʘʩʩʠʚʪʽ ʩᴇʟʜʽʢ ץʦʨʳʥ ʙʝʣʩʝʥʜʽʨʝʜʽ ʞᴅʥʝ ʩʘʙʘץʪʘ 

ʝʨʢʽʥ ᴇʟ ʦʡʳʥ ʘʡʪʘ ʘʣʘʜʳ. 

ʂᴇʧʪʝʛʝʥ ʘץʧʘʨʘʪʪʳ ʨʝʪʩʽʟ ʞᴅʥʝ ʞװʡʝʩʽʟ ʝʩʪʝ ʩʘץʪʘʫ ᴇʪʝ ץʠʳʥ. ɹײʣ ʤᴅʩʝʣʝ ʩʭʝʤʘʣʘʨ 

ʘʨץʳʣʳ ʰʝʰʽʣʝʜʽ. פʦʣʜʘʫ ʩʭʝʤʘʩʳʥʳש ʝש ʤʘשʳʟʜʳ ʤʽʥʜʝʪʪʝʨʽʥʽש ʙʽʨʽ ï ʞʘשʘ ʘץʧʘʨʘʪʪʳ 

ʪװʩʽʥʫʜʽ ʞʝשʽʣʜʝʪʫ ʞᴅʥʝ ʦʥʳ ʥʳסʘʡʪʫ - ʙʝʡʥʝʣʽ ʞᴅʥʝ ʘʫʳʟʰʘ ʝʩʪʝʣʽʢʪʝʨʜʽש ᴇʟʘʨʘ 

ᴅʨʝʢʝʪʪʝʩʫʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ʦשʘʡ ʰʝʰʽʣʝʜʽ. ɻʨʘʤʤʘʪʠʢʘʣʳץ ʜʘסʜʳʣʘʨ ʤʝʥ ʩᴇʡʣʝʩʫ 

ʜʘסʜʳʣʘʨʳʥ ץʘʣʳʧʪʘʩʪʳʨʘʪʳʥ ץʦʣʜʘʫ ʩʭʝʤʘʣʘʨʳ ʙʦʣʤʘʩʘ ʤװʤʢʽʥ ʝʤʝʩ. ʄʳʩʘʣʳ, 

ʩʪʫʜʝʥʪʪʝʨʛʝ ײʩʳʥʘʪʳʥ ʙʽʨʽʥʰʽ ʥᴅʨʩʝ - ʦʨʳʩ ʞᴅʥʝ ץʘʟʘץ ʪʽʣʜʝʨʽʥʝ ʘʫʜʘʨʤʘʤʝʥ ʘסʳʣʰʳʥ 

ʪʽʣʽʥʜʝʛʽ ʩᴇʡʣʝʤʜʝʨʜʽ ײץʨʫʜʳש ʞʘʣʧʳ ʩʭʝʤʘʩʳ, ʝʢʽʥʰʽʩʽ ʜʘʡʳʥ ʤʘʪʝʤʘʪʠʢʘʣʳװ ץʣʛʽʣʝʨ (1-

 .(ʦʩʳʤʰʘץ

ʄסײʘʣʽʤʥʽש ʤʘץʩʘʪʳ ï ʩʪʫʜʝʥʪʢʝ ᴅʫʝʣʽ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳʤʝʥ, ʩʦʜʘʥ ʢʝʡʽʥ סʳʣʳʤʠ 

ʘץʧʘʨʘʪʧʝʥ ʞײʤʳʩ ʞʘʩʘʫʜʳ װʡʨʝʪʫ, ʷסʥʠ ʦʣ ײʡʳʤʜʘʩʪʳʨʫ ʞᴅʥʝ ʪᴅʨʙʠʝʣʝʫ ʥʝʛʽʟʜʝʨʽʥ ץʘʣʘʫʳ 

ʢʝʨʝʢ. ʄסײʘʣʽʤʥʽש ʤʽʥʜʝʪʽ ï ʞʦסʘʨʳ ʙʽʣʽʢʪʽ ʤʘʤʘʥʜʳ ʙʦʣʘʰʘץ ʤʘʤʘʥʜʳץ ʨʝʪʽʥʜʝ ʩʪʫʜʝʥʪʪʽש 

 .ʘʩʠʝʪʪʝʨʽʥ ʢᴇʨʫ ʞᴅʥʝ ʜʘʤʳʪʫץ ʟʜʽʢװ

ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʦץʳʪʫʜʳש ʢʝʡʙʽʨ ʢʝʤʰʽʣʽʢʪʝʨʽ ʙʘʨ. ʂʝʡ ʞʘסʜʘʡʜʘ, ʩʪʫʜʝʥʪʪʝʨ ᴇʟ ʘʥʘ 

ʪʽʣʽʥʜʝ ʝʤʝʩ ʤʘʪʝʨʠʘʣʜʳ ץʘʙʳʣʜʘʡ ʘʣʤʘʫʳ ʤװʤʢʽʥ. ɸסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʤʘʪʝʨʠʘʣʜʘʨʜʳ 

ʤʝשʛʝʨʫ ʞʳʣʜʘʤʜʳסʳ çʦʨʳʩʰʘ ʩᴇʡʣʝʡʪʽʥè ʤʘʤʘʥʜʳץʪʘʨʜʘʥ ʪᴇʤʝʥ ʙʦʣʫʳ ʤװʤʢʽʥ. ʄʳʩʘʣʳ, 

ʤסײʘʣʽʤ ʙʝʣʛʽʣʽ ʙʽʨ ʪʝʨʤʠʥʜʝʨʜʽ ʞᴅʥʝ סײʳʤʜʘʨʜʳ ʦʨʳʩ ʪʽʣʽʥʜʝ ץʘʡʪʘʣʘʫסʘ ʤᴅʞʙװʨ, ʦʩʳ 

ʞʘץʪʘʥ ʩʪʫʜʝʥʪʪʝʨ ʫʘץʳʪ ʧʝʥ ʢװʰ ʞײʤʩʘʡʜʳ. 

ʉʦʥʳʤʝʥ, ʤʘʪʝʤʘʪʠʢʘʥʳ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝ ʦץʳʪʫ ʞװʡʝʣʽ ʪװʨʜʝ ʙʝʣʛʽʣʽ ʙʽʨ ʤʘץʩʘʪץʘ 

ʙʘסʳʪʪʘʣסʘʥ, ײʡʳʤʜʘʩʪʳʨʳʣסʘʥ. ʆץʳʪʫʰʳʜʘʥ ʘסʳʣʰʳʥ ʪʽʣʽʥʜʝʛʽ ʤʘʪʝʤʘʪʠʢʘʜʘʥ ʘʣסʘʥ 

ʙʽʣʽʤʜʝʨʽʥ ʙʝʢʽʪʫ װʰʽʥ ʩʪʫʜʝʥʪʪʝʨʜʝʥ װʥʝʤʽ ʪʝʩʪ ʘʣʫʳʥ ץʘʞʝʪ ʝʪʝʜʽ. 

 

1 ï ץʦʩʳʤʰʘ  
 We have ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ   

 We obtain ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ   

 Take  ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ   

 Therefore ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ   

 Hence ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ   

 ʪʝʨʤʠʥ is called סײʳʤ  

 The result is ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ  

 Consider ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ   

 Let ʪʝʨʤʠʥ be ʬʦʨʤʫʣʘ, ʪʝʨʤʠʥʜʝʨ  

0 For any ʪʝʨʤʠʥʜʝʨ there exists a ʪʝʨʤʠʥʜʝʨ 

1 By ʩʠʤʚʦʣ denote ʪʝʨʤʠʥʜʝʨ 

2 The ʦʙʲʝʢʪ contains a סײʳʤ 

3 The ʦʙʲʝʢʪ has a סײʳʤ 

4 The set of all ʪʝʨʤʠʥʜʝʨ is a סײʳʤ 

5 Denote by ʩʠʤʚʦʣ any סײʳʤ 

6 ʉʽʣʪʝʤʝ follows from ʉʽʣʪʝʤʝ  

7 It follows from ʉʽʣʪʝʤʝ that ʪײʞʳʨʳʤ 

8 If  ʪײʞʳʨʳʤ then ʪײʞʳʨʳʤ 
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9 Suppose ʪײʞʳʨʳʤ then ʪײʞʳʨʳʤ 

10 ʪʝʨʤʠʥ corresponds to ʪʝʨʤʠʥ  
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ʆ ʇʆɼʆɹʅʓʍ ʊʈɽʋɻʆʃʔʅʀʂɸʍ  ʀ  ʄʅʆɻʆʋɻʆʃʔʅʀʂɸʍ 

 

ʊʣʝʫʙʝʨʛʝʥʦʚʘ ʄ.ɸ., ʊʘʤʫʦʚʘ ɻ.ʉ., ɻʨʠʛʦʨʴʝʚʘ ʅ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ.ɾʫʙʘʥʦʚʘ,  

ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
 ɸʥʥʦʪʘʮʠʷ: ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʪʝʦʨʝʤʘ, ʧʦʟʚʦʣʷʶʱʘʷ ʵʬʬʝʢʪʠʚʥʦ ʨʝʰʘʪʴ ʥʝʢʦʪʦʨʳʝ 

ʛʝʦʤʝʪʨʠʯʝʩʢʠʝ ʟʘʜʘʯʠ ʥʘ ʧʦʜʦʙʠʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʝʢʪʦʨʳ, ʛʦʤʦʪʝʪʠʷ, ʧʦʜʦʙʠʝ, ʢʦʤʧʦʟʠʮʠʷ. 

 

ʈʘʩʩʤʦʪʨʠʤ ʥʝʢʦʪʦʨʫʶ ʧʣʦʩʢʦʩʪʴ ʇ, ʬʠʛʫʨʳ, ʣʝʞʘʱʠʝ ʚ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ, ʠ ʤʥʦʞʝʩʪʚʦ 

ʚʝʢʪʦʨʦʚ V, ʧʘʨʘʣʣʝʣʴʥʳʭ ʇ. 

ɺʝʢʪʦʨʳ  ʠ  ʨʘʚʥʳ ʪʦʛʜʘ ʠ ʪʦʣʴʢʦ ʪʦʛʜʘ, ʢʦʛʜʘ ʩʝʨʝʜʠʥʳ ʦʪʨʝʟʢʦʚ ɸDʠ ɺʉ 

ʩʦʚʧʘʜʘʶʪ, ʠ ʝʩʣʠ ʪʦʯʢʠ ɸ, ɺ, ʉ ʠ D ʥʝ ʣʝʞʘʪ ʥʘ ʦʜʥʦʡ ʧʨʷʤʦʡ, ʪʦ ɸɺDʉ ï ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ. 

ɺʦʟʴʤʝʤ ʪʝʧʝʨʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʧʦʜʦʙʠʷ (ʛʦʤʦʪʝʪʠʶ ʠ ʜʚʠʞʝʥʠʝ ï ʢʘʢ ʝʛʦ ʯʘʩʪʥʳʡ 

ʚʠʜ). ʀʟ ʩʚʦʡʩʪʚ ʧʦʜʦʙʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʦʥʦ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ ɸɺʉD ʧʝʨʝʚʦʜʠʪ ʚ ʥʝʢʦʪʦʨʳʡ 

ʧʘʨʘʣʣʝʣʦʛʨʘʤʤ AôBôCôDô. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʨʘʚʥʳʝ ʚʝʢʪʦʨʳ  ʧʨʠ ʵʪʦʤ ʧʦʜʦʙʠʠ ä 

ʧʝʨʝʡʜʫʪ ʚ ʨʘʚʥʳʝ ʞʝ ʚʝʢʪʦʨʳ ( k , , ʛʜʝ k ï 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʜʦʙʠʷ ä): , . 

ʃʶʙʳʝ ʜʚʘ ʚʝʢʪʦʨʘ  ʠ  ʧʦʜʦʙʥʳ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ k, ʝʩʣʠ k . ʊʦʛʜʘ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʙʫʢʚʦʡ, ʥʘʧʨʠʤʝʨ ä, ʤʦʞʥʦ ʦʙʦʟʥʘʯʠʪʴ ʢʘʢ ʧʦʜʦʙʠʝ ʧʣʦʩʢʦʩʪʠ, ʪʘʢ ʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʝʤʫ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʤʥʦʞʝʩʪʚʘ ʚʝʢʪʦʨʦʚ V, ʢʦʪʦʨʦʝ ʥʘʟʦʚʝʤ ʧʦʜʦʙʠʝʤ 

ʚʝʢʪʦʨʦʚ: . ʀʪʘʢ, ʧʦʜʦʙʠʝ ʪʦʯʝʢ ʧʣʦʩʢʦʩʪʠ ʇ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ ʧʦʜʦʙʠʝ ʚʝʢʪʦʨʦʚ 

ʤʥʦʞʝʩʪʚʘ V.  

ʇʫʩʪʴ ä1 ï ʢʦʤʧʦʟʠʮʠʷ ʧʦʚʦʨʦʪʘ  ʠ ʛʦʤʦʪʝʪʠʠ . ʆʥʘ ʧʝʨʝʚʝʜʝʪ ʚʝʢʪʦʨ 

 ʚ ʚʝʢʪʦʨ , ʢʦʪʦʨʳʡ ʦʙʨʘʟʫʝʪ ʫʛʦʣ Ŭ ʩ . ʂʦʤʧʦʟʠʮʠʷä2  ʧʝʨʝʚʝʜʝʪ ʚʝʢʪʦʨ  

ʚ ʚʝʢʪʦʨ , ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʦʙʨʘʟʫʝʪ ʫʛʦʣ Ŭ ʩ ʚʝʢʪʦʨʦʤ . ʊʦʛʜʘ , ʪʘʢ ʢʘʢ 

.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʚʳʙʦʨʘ ʮʝʥʪʨʘ ʆ ʢʦʤʧʦʟʠʮʠʠ ä , ʚʝʢʪʦʨ  

ʧʝʨʝʡʜʝʪ ʚ ʚʝʢʪʦʨ , ʦʙʨʘʟʫʶʱʠʡ ʫʛʦʣ Ŭ ʩ ʚʝʢʪʦʨʦʤ .  

ʊʝʦʨʝʤʘ 1. ʇʦʜʦʙʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ä ʚʝʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ,  ʪ.ʝ.: 

ʘ)   ä()  (ʦʙʨʘʟ ʩʫʤʤʳ ʚʝʢʪʦʨʦʚ ʨʘʚʝʥ ʩʫʤʤʝ ʠʭ ʦʙʨʘʟʦʚ). 
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ʙ)   ä( . 

 ʘ) ʇʫʩʪʴ ,  (ʨʠʩ. 1) ʠ ʧʦʜʦʙʠʝ ä ʧʝʨʝʚʦʜʠʪ ʪʦʯʢʠ,      

, ʪʦʛʜʘ ä ʧʝʨʝʚʦʜʠʪ , ,  ʠ 

. 

 
ʙ)   ʇʫʩʪʴ , Ŭ  ʠ ,  , ʧʨʠʯʝʤ ʠ 

, ʪ.ʝ. ä(  (ʨʠʩ. 2). 

 
ʀʟ ʜʦʢʘʟʘʥʥʦʡ ʪʝʦʨʝʤʳ ʚʳʪʝʢʘʝʪ ʩʣʝʜʩʪʚʠʝ.                

ʉʣʝʜʩʪʚʠʝ. ʇʦʜʦʙʠʝ ʚʝʢʪʦʨʦʚ ʩʦʭʨʘʥʷʝʪ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʚʝʢʪʦʨʦʚ: 

ä( . 

ʕʪʦ ʩʣʝʜʩʪʚʠʝ ʤʦʞʥʦ ʧʦʥʠʤʘʪʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ. ɽʩʣʠ ʚʝʢʪʦʨʳ , , é , 

 ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʝʢʪʦʨʦʚ , , é ,  ʚ ʜʘʥʥʦʤ ʧʦʜʦʙʥʦʤ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ , ʪʦ ʠʭ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ  

ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʤ ʚʝʢʪʦʨʘ  ʧʨʠ ʪʦʤ ʞʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ : 

. 

ʇʨʠ ʨʝʰʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʥʘʭʦʜʠʪ ʧʨʠʤʝʥʝʥʠʝ ʩʣʝʜʫʶʱʝʝ 

ʧʨʝʜʣʦʞʝʥʠʝ, ʢʦʪʦʨʦʝ ʩʬʦʨʤʫʣʠʨʫʝʤ ʚ ʚʠʜʝ ʪʝʦʨʝʤʳ. 

ʊʝʦʨʝʤʘ 2. ʇʫʩʪʴ ʪʨʝʫʛʦʣʴʥʠʢʠ ɸɺʉ ʠ ɸ2ɺ2ʉ2 ʧʦʜʦʙʥʳ ʠ ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ, ʥʦ 

ʥʝ ʮʝʥʪʨʘʣʴʥʦ ʩʠʤʤʝʪʨʠʯʥʳ; ʄ, ʈ ʠ Q ï ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩʝʨʝʜʠʥʳ ʦʪʨʝʟʢʦʚ ɸɸ2, ɺɺ2, ʉʉ2. 

ʊʦʛʜʘ ʪʨʝʫʛʦʣʴʥʠʢ ʄʈQ ʧʦʜʦʙʝʥ ʜʘʥʥʳʤ ʠ ʦʜʠʥʘʢʦʚʦ ʩ ʥʠʤʠ ʦʨʠʝʥʪʠʨʦʚʘʥ. 

 1 ʩʧʦʩʦʙ. ʇʝʨʝʥʝʩʝʤ ʪʨʝʫʛʦʣʴʥʠʢ ɸ2ɺ2ʉ2 ʧʘʨʘʣʣʝʣʴʥʦ ʥʘ ʚʝʢʪʦʨ - ʚ ʧʦʣʦʞʝʥʠʝ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺ1ʉ1 (ʨʠʩ. 3). ʅʘʡʜʝʤ ʩʝʨʝʜʠʥʳ ɺ0 ʠʉ0 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪʨʝʟʢʦʚ ɺɺ1 ʠ ʉʉ1, 

ʪʦʛʜʘ , ʧʦʵʪʦʤʫ ʄʈQ ɸɺ0ʉ0. ɼʦʢʘʞʝʤ ʪʝʧʝʨʴ 

ʧʦʜʦʙʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸɺ0ʉ0 ʠ ɸɺʉ. ʊʘʢ ʢʘʢ ɺ1ɸʉ1, ʪʦ 

ɺɸɺ1 ɺɸʉ ʉɸɺ1 ɺ1ɸʉ1 ʉɸɺ1 ʉɸʉ1, ʘ ʠʟ ʧʦʜʦʙʠʷ ɸɺʉ ɸɺ1ʉ1 

ʩʣʝʜʫʝʪ  . ʇʦʣʫʯʠʣʦʩʴ, ʯʪʦ ɺɸɺ1 ʉɸʉ1; ʚ ʵʪʠʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ɸɺ0ʠ 

ɸʉ0ï ʤʝʜʠʘʥʳ, ʧʦʵʪʦʤʫ  . ʄʝʜʠʘʥʳ ʚ ʧʦʜʦʙʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘʭ ʦʙʨʘʟʫʶʪ ʨʘʚʥʳʝ 

ʫʛʣʳ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʩʪʦʨʦʥʘʤʠ, ʦʪʢʫʜʘ ɺɸɺ0 ʉɸʉ0, ʘ ʪʘʢ ʢʘʢ ɺɸʉ 

ɺɸɺ0 ʉɸɺ0, ɺ0ɸʉ0 ʉɸʉ0 ʉɸɺ0 (ʠʣʠ ɺɸʉ ɺɸɺ0 ʉɸɺ0, 

ɺ0ɸʉ0 ʉɸʉ0 ʉɸɺ0), ʪʦ ɺɸʉ ɺ0ɸʉ0. ʇʦʜʦʙʠʝ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸɺʉ ʠ ɸɺ0ʉ0, ʘ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸɺʉ ʠ ʄʈQ ʜʦʢʘʟʘʥʦ.  



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  

216 

2 ʩʧʦʩʦʙ. ʀʤʝʝʤ , ʧʦʚʝʨʥʝʤ ʚʝʢʪʦʨʳ ʚ ʧʨʘʚʦʡ ʯʘʩʪʠ ʵʪʦʛʦ 

ʨʘʚʝʥʩʪʚʘ ʥʘ ʉɸɺ  ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ, ʠ ʧʫʪʝʤ ʛʦʤʦʪʝʪʠʠ h ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

k  ʧʝʨʝʚʝʜʝʤ ,  (ʩʤ. ʩʣʝʜʩʪʚʠʝ ʠʟ ʪʝʦʨʝʤʳ 1). ʊʦʛʜʘ ʚʝʢʪʦʨ 

 ʧʝʨʝʡʜʝʪ ʚ ʚʝʢʪʦʨ , ʪ.ʝ. ʚʝʢʪʦʨ  ʧʨʠ ʪʘʢʦʡ ʢʦʤʧʦʟʠʮʠʠ 

ʧʦʚʦʨʦʪʘ ʠ ʛʦʤʦʪʝʪʠʠ ʧʝʨʝʡʜʝʪ ʚ ʚʝʢʪʦʨ . ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ɸɺʉ ʄʈQ ʠ ʦʥʠ ʦʜʠʥʘʢʦʚʦ 

ʦʨʠʝʥʪʠʨʦʚʘʥʳ. 

 
 

ɿʘʤʝʯʘʥʠʝ 1. ʊʝʦʨʝʤʘ ʚʳʧʦʣʥʷʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʥʝʢʦʪʦʨʳʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʚʝʨʰʠʥʳ ʪʨʝʫʛʦʣʴʥʠʢʦʚ ɸɺʉ ʠ ɸ2ɺ2ʉ2 ʩʦʚʧʘʜʘʶʪ. ʊʘʢ, ʝʩʣʠ ɸɸ2, ʪʦ ʟʘ ʩʝʨʝʜʠʥʫ ʦʪʨʝʟʢʘ 

ɸɸ2 ʧʨʠʥʠʤʘʝʪʩʷ ʩʘʤʘ ʵʪʘ ʪʦʯʢʘ. 

ɿʘʤʝʯʘʥʠʝ 2. ʊʝʦʨʝʤʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʦʙʱʝʥʘ ʜʣʷ ʩʣʫʯʘʷ, ʢʦʛʜʘ ʚʤʝʩʪʦ ʪʨʝʫʛʦʣʴʥʠʢʦʚ 

ʜʘʶʪʩʷ ʧʦʜʦʙʥʳʝ ʠ ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ, ʪʦʯʢʠ ʜʝʣʷʪ ʦʪʨʝʟʢʠ ʚ 

ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʦʪʥʦʰʝʥʠʠ, ʥʘʯʠʥʘʷ ʦʪ ʚʝʨʰʠʥ ʦʜʥʦʛʦ ʠʟ ʜʘʥʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ. 

ʈʘʩʩʤʦʪʨʠʤ ʪʝʧʝʨʴ ʧʨʠʤʝʨʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ. 

ɿʘʜʘʯʘ 1. ʀʟ ʧʨʦʠʟʚʦʣʴʥʦʡ ʪʦʯʢʠ ʄ, ʚʟʷʪʦʡ ʥʘ ʦʢʨʫʞʥʦʩʪʠ, ʦʧʠʩʘʥʥʦʡ ʚʦʢʨʫʛ 

ʪʨʝʫʛʦʣʴʥʠʢʘ ɸɺʉ, ʦʧʫʱʝʥʳ ʧʝʨʧʝʥʜʠʢʫʣʷʨʳ ʄɸ1 ʠ ʄɺ1 ʥʘ ʩʪʦʨʦʥʳ ɺʉ ʠ ɸʉ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʝʩʣʠ ʈ ʠ Q ï ʩʝʨʝʜʠʥʳ ʦʪʨʝʟʢʦʚ ɸɺ ʠ ɸ1ɺ1, ʪʦ ʫʛʦʣ ʈQʄ ï 

ʧʨʷʤʦʡ. 

 ʊʨʝʫʛʦʣʴʥʠʢʠ ʄɺɸ1 ʠ ʄɸɺ1 ï ʧʨʷʤʦʫʛʦʣʴʥʳʝ, ʧʦʜʦʙʥʳʝ, ʪʘʢ ʢʘʢ ʄɺʉ ʄɸʉ, 

ʠ ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ (ʨʠʩ. 4). ɿʥʘʯʠʪ ʚʳʧʦʣʥʷʶʪʩʷ ʫʩʣʦʚʠʷ ʜʦʢʘʟʘʥʥʦʡ ʪʝʦʨʝʤʳ 

ʠ MPQ ʄBA1 ʄQP .   

 
ɿʘʜʘʯʘ 2. ɺ ʧʨʷʤʦʫʛʦʣʴʥʠʢʝ ɸɺʉD ʦʧʫʱʝʥ ʧʝʨʧʝʥʜʠʢʫʣʷʨ ɺʂ ʥʘ ʜʠʘʛʦʥʘʣʴ ɸʉ, ʄ ï 

ʩʝʨʝʜʠʥʘ ɸʂ, N ï ʩʝʨʝʜʠʥʘ ʉD. ʅʘʡʜʠʪʝ ʫʛʦʣ ɺʄN. 
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 ʊʨʝʫʛʦʣʴʥʠʢʠ ɺɸD ʠ ɺʂʉ ʧʦʜʦʙʥʳ, ɸʂ ʠ Dʉ ï ʦʪʨʝʟʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ ʠʭ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʳ (ʨʠʩ. 5) ʇʦʵʪʦʤʫ ʠʭ ʩʝʨʝʜʠʥʳ ʩ ʪʦʯʢʦʡ ɺ ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ 

ɺʄN, ʧʦʜʦʙʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢʫ ɺɸD, ʟʥʘʯʠʪ . 

 
ɿʘʜʘʯʘ 3. ɺ ʨʘʚʥʦʙʝʜʨʝʥʥʦʤ ʪʨʝʫʛʦʣʴʥʠʢʝ ɸɺʉ (ɸɺɺʉ), D ï ʩʝʨʝʜʠʥʘ ɸʉ, ɽ ï 

ʧʨʦʝʢʮʠʷ D ʥʘ ɺʉ, F ï ʩʝʨʝʜʠʥʘ DE. ɼʦʢʘʞʠʪʝ, ʯʪʦ ʧʨʷʤʳʝ ɺF ʠ ɸɽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ. 

 ʇʫʩʪʴ ʂ ï ʩʝʨʝʜʠʥʘ ɸD, ʨʘʩʩʤʦʪʨʠʤ ʜʚʘ ʧʦʜʦʙʥʳʭ ʧʨʷʤʦʫʛʦʣʴʥʳʭ ʪʨʝʫʛʦʣʴʥʠʢʘ 

ɸɺD ʠ Dɺɽ (ʨʠʩ. 6). ɸD ʠ Dɽ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʦʪʨʝʟʢʠ, ʩʦʝʜʠʥʷʶʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʚʝʨʰʠʥʳ ʵʪʠʭ ʪʨʝʫʛʦʣʴʥʠʢʦʚ. ʊʦʛʜʘ ʠʭ ʩʝʨʝʜʠʥʳ ʂ ʠ F ʩ ʚʝʨʰʠʥʦʡ ɺ 

ʦʙʨʘʟʫʶʪ ʪʨʝʫʛʦʣʴʥʠʢ ɺʂF, ʧʦʜʦʙʥʳʡ ʪʨʝʫʛʦʣʴʥʠʢʫ ɺɸD, ʧʦʵʪʦʤʫ  ɺFʂ BF ɸɽ.  

 
 

ʃʠʪʝʨʘʪʫʨʘ: 

1. ʍʘʥ ɼ.ʀ. ʆ ʨʝʰʝʥʠʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʟʘʜʘʯ ʩ ʧʦʤʦʱʴʶ ʚʝʢʪʦʨʦʚ. ʄʐ, 1974, ˉ1, ʩ 22-25. 

 

 

ʆפʋʐʓʃɸʈɼʓר ɿɽʈʊʊɽʋʐɯʃɯʂ ɾױʄʓʉʊɸʈʓ 

 

ʋʪʘʨʙʘʝʚ ʉ.ʀ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

 
ɸʥʥʦʪʘʮʠʷ: ʤʘץʘʣʘʜʘ ʘʚʪʦʨʜʳש ʤʝʢʪʝʧ ʦץʫʰʳʣʘʨʤʝʥ ʰʳסʘʨʤʘʰʳʣʳץ ʞײʤʳʩʪʘʨʳʥʳש ʞʝʪʽʩʪʽʢʪʝʨʽ 

ʙʘʷʥʜʘʣʘʜʳ. 

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ʟʝʨʪʪʝʫʰʽʣʽʢ ʝʩʝʧ, ʞʘשʘʣʳץʪʘʨ ʘʣʫ. 

 

ʉʦסשʳ ʫʘץʳʪʪʘʨʜʘ ʙʘʩʧʘʣʘʨʜʘʥ ʦץʫʰʳʣʘʨסʘ ʘʨʥʘʣסʘʥ ʤʘʟʤײʥʜʳ ʤʘʪʝʨʠʘʣʜʘʨ (סʳʣʳʤʠ-

ᴅʜʽʩʪʝʤʝʣʽʢ) ʰʳסʘ ʙʘʩʪʘʜʳ. ɼʝʛʝʥʤʝʥ, ʟʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʳ ʞʘשʘʜʘʥ ʙʘʩʪʘʡʪʳʥ 

ʦץʫʰʳʣʘʨסʘ ʘʨʥʘʣסʘʥ ʤʘʪʝʨʠʘʣʜʘʨ ᴇʪʝ ʘʟ. ᴄʨʠʥʝ ʦʩʳ ʙʘסʳʪʪʘסʳ ʤʘʪʝʨʠʘʣʜʘʨ ʤʳʥʘ 

ʤᴅʩʝʣʝʣʝʨʛʝ ʙʘʡʣʘʥʳʩʪʳ ᴇʪʝ ץʘʞʝʪ: 

ɿʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʘʨʜʳש ʘʣסʘʰץʳ ʜʝשʛʝʡʽʤʝʥ ʢʝʟʜʝʩʫʰʽʣʝʨ ʩʘʥʳ ʞʘסʳʥʘʥ 

ʪᴅʞʨʠʙʝʣʽʛʽ ʙʘʨ ʦץʫʰʳʣʘʨסʘ ץʘʨʘסʘʥʜʘ ᴅʣʜʝץʘʡʜʘ ʢᴇʧ. 

ʊᴅʞʨʠʙʝʣʽʛʽ ʙʘʨ ʦץʫʰʳ ʢװʨʜʝʣʽʛʽ ʤʦʣ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ (ʟʝʨʪʪʝʫʰʽʣʽʢ ʝʩʝʧ 

ʙʦʣʤʘʩʘ ʜʘ) ᴇʟʽʥʝ ᴅʨʪװʨʣʽ ʙʦʣʞʘʤʜʘʨ ʞʘʩʘʡʜʳ, ץʦʩʳʤʰʘ ʝʩʝʧʪʝʨ ץʦʷʜʳ. ɸʣ ץʘʪʘʨʜʘסʳ ʦץʫʰʳ 

ʦץʫʣʳץʪʘסʳ ʝʩʝʧʪʝʨʜʽ ʰʳסʘʨʫʰʳ ʤʝʢʪʝʧʪʽʢ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʳש ʙʘʨʣʳץ ʙʘסʜʘʨʣʘʤʘʣʳץ 
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ʝʩʝʧʪʝʨʽʥ ʰʳסʘʨʫ ʢʝʟʽʥʜʝ ʝʰʙʽʨ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞʘשʘʣʳץץʘ ʢʝʟʜʝʩʧʝʫʽ ʤװʤʢʽʥ. ɹײʣ 

ʦץʫʰʳʣʘʨ װʰʽʥ ʞʘץʩʳ ʤװʤʢʽʥʜʽʢ - ʤʝʢʪʝʧʪʽʢ װʡʽʨʤʝ ʞᴅʥʝ ʤʝʢʪʝʧʪʽʢ ʟʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩ. 

ɿʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʘʨʜʳש ʥʝʛʽʟʛʽ ץʘסʠʜʘʩʳ: ʦץʫʰʳ ʢװʨʜʝʣʽ ʟʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʘʨסʘ 

ʞʝשʽʣ ʢʽʨʽʩʝ ʘʣʘʜʳ, ʝʛʝʨ ʦʣ ᴅʨʪװʨʣʽ ץʘʨʘʧʘʡʳʤ ʝʩʝʧʪʝʨʜʽ ʰʝʰʫʜʝ ʪᴅʞʨʠʙʝʩʽ ʙʘʨ ʙʦʣʩʘ. 

ʓʥʪʘʩʳ ʙʘʡץʘʣʘʪʳʥ ʦץʫʰʳʣʘʨʤʝʥ ʤʘʟʤײʥʜʳ ʟʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʘʨʤʝʥ ʘʡʥʘʣʘʩʫ 

 .ᴅʩʝʨ ʝʪʝʜʽ שʳʥʘ ʦסʙʦʣʘʰʘ שʫʰʳʥʳץʘʞʝʪ, ʩʝʙʝʙʽ ʦץ

ʍɯʍ סʘʩʳʨʜʳש ʦʨʪʘʩʳʥʜʘ ᴇʤʽʨ ʩװʨʛʝʥ ʘסʳʣʰʳʥ ʬʠʣʦʩʦʬʳ ʞᴅʥʝ ʩʦʮʠʦʣʦʛʳ ʉʧʝʥʩʝʨ 

ɻʝʨʙʝʨʪ (1820-1903) ʙʳʣʘʡ ʜʝʛʝʥ: çʏʪʦ ʟʥʘʯʠʪ ʧʨʝʧʦʜʘʚʘʪʴ? ï ʕʪʦ ʟʥʘʯʠʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠ 

ʧʦʙʫʞʜʘʪʴ ʫʯʘʱʠʭʩʷ ʢ ʩʦʙʩʪʚʝʥʥʳʤ ʦʪʢʨʳʪʠʷʤè. 

çɿʝʨʪʪʝʫʰʽʣʽʢ ʝʩʝʧʪʝʨ ʜʝʛʝʥʽʤʽʟ ʥʝ?è - ʜʝʛʝʥ ʩײʨʘץץʘ ץʳʩץʘʰʘ ʪװʩʽʥʜʽʢʪʝʤʝ ʙʝʨʝʡʽʢ. 

ʆץʳʪʫ ʤᴅʩʝʣʝʩʽʥʜʝ ʝʢʽ ᴅʜʽʩ ʙʘʨ. ɹʽʨʽʥʰʽʩʽ ï ץʘʣʳʧʪʘʩץʘʥ ᴅʜʽʩ - ʦץʫʰʳ ʙʘסʜʘʨʣʘʤʘ ʙʦʡʳʥʰʘ 

ʞʘשʘ ʪʝʦʨʠʷʥʳ ʠʛʝʨʽʧ, ʝʩʝʧʪʝʨ ʰʳסʘʨʘʜʳ, ʙʘסʘ ʘʣʘʜʳ, ʩʦʩʳʥ ʦץʳʪʫʰʳʜʘʥ ʞʘשʘ ʝʩʝʧʪʝʨ 

ʘʣʘʜʳ. ɽʢʽʥʰʽ ᴅʜʽʩ ï ʟʝʨʪʪʝʫʰʽʣʽʢ ʜʝʧ ʘʪʘʡʳץ, ʦץʫʰʳ ᴇʟʽ ʩײʨʘץ ץʦʡʳʧ ᴇʟʽ ʦסʘʥ ʞʘʫʘʧ ʽʟʜʝʡʜʽ, 

ʙʦʣʞʘʤ ײʩʳʥʳʧ, ʜᴅʣʝʣʜʝʤʝ ʥʝʤʝʩʝ ʦʥʳץ שʘʪʝ ʝʢʝʥʽʥ ʢʝʣʪʽʨʝʜʽ. ɸʣʳʥסʘʥ ʞʘʫʘʧ, ʞʘשʘ 

ʩײʨʘץʪʘʨʜʳש ʥʝʛʽʟʽ ʙʦʣʫʳ ʤװʤʢʽʥ. ʆʩʳ ᴅʜʽʩʧʝʥ ʦץʳסʘʥ ʦץʫʰʳ ʞʘשʘ ʤʘʪʝʤʘʪʠʢʘ ᴅʣʝʤʽʥʝ ʪʘʧ 

ʙʦʣʳʧ, ʦʩʳ ᴅʣʝʤʜʝ ʦץʫסʘ ᴇʤʽʨ ʢʝʰʫʛʝ װʡʨʝʥʝʜʽ. 

ʄʘץʘʣʘ ʩʦשʳʥʜʘ ʩʦסשʳ ʝʢʽ ʞʦʣʳʥʜʘ ʢʘʣʘʣʳץ ʝʢʽ ʦʨʪʘ ʤʝʢʪʝʧ-ʛʠʤʥʘʟʠʷ (ˉ32, ˉ9) 

ʦץʫʰʳʣʘʨʳ ʞʘשʘ ʪʘץʳʨʳʧʪʘʨ ʙʦʡʳʥʰʘ ʭʘʣʳץʘʨʘʣʳץ ʤʘʪʝʤʘʪʠʢʘʣʳץ ʞʦʙʘʣʘʨ ʞʘʨʳʩʪʘʨʳʥʘ 

(ɻʨʫʟʠʷʜʘ ʞᴅʥʝ ʈʝʩʩʝʡ ʘʩʪʘʥʘʩʳ ʄʦʩʢʚʘ ץ.) ץʘʪʳʩʳʧ ˉ32 ʤʝʢʪʝʧ ʦץʫʰʳʩʳ 2-ʰʳ ʜᴅʨʝʞʝʣʽ 

ʜʠʧʣʦʤסʘ ʠʝ ʙʦʣʳʧ ʢװʤʽʩ ʤʝʜʘʣʴʤʝʥ ʤʘʨʘʧʘʪʪʘʣʜʳ. 

ˉ9 ʤʝʢʪʝʧ ʦץʫʰʳʩʳ 1-ʜᴅʨʝʞʝʣʽ ʜʠʧʣʦʤסʘ ʞᴅʥʝ ʘʣʪʳʥ ʤʝʜʘʣʴ ʠʝʛʝʨʽ ʙʦʣʜʳ. ɽʢʝʫʽ ʜʝ 

ʛʨʘʥʪ ʙʦʡʳʥʰʘ ɾʆʆ-ʜʘ ʙʽʣʽʤ ʘʣʫʜʘ. 

ɾʦʙʘ ʪʘץʳʨʳʧʪʘʨʳ ʤʝʢʪʝʧʪʽʢ ʤʘʪʝʤʘʪʠʢʘ ʢʫʨʩʳʥʳש ʪʘץʳʨʳʧʪʘʨʤʝʥ ʪʳסʳʟ 

ʙʘʡʣʘʥʳʩʪʳ ʙʦʣסʘʥʳ, ʦץʫʰʳʣʘʨʜʳש ʟʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʘʨʳʥʘ ʳʥʪʘʣʘʨʳʥ ʘʨʪʪʳʨʳʧ , 

ʞʘשʘʣʳץʪʘʨ ʘʣʫʳʥʘ ʩʝʙʝʧʰʽ ʙʦʣʜʳ. 

ʆץʫʰʳʣʘʨʜʳש ʟʝʨʪʪʝʫʰʽʣʽʢ ʞײʤʳʩʪʘʨʳʥʘ ʦʙʣʳʩʪʳץ çɼʘʨʳʥè ʦʨʪʘʣʳסʳʥʳש 

ʩʘʨʘʧʪʘʤʘʣʳץ ʞᴅʥʝ ײʡʳʤʜʘʩʪʳʨʫ ʞײʤʳʩʪʘʨʳ ʜʘ ʦץʫʰʳʣʘʨʜʳ ʪʠʽʤʜʽ ʳʥʪʘʣʘʥʜʳʨʘʜʳ. 

 

 

ʄᴄʅɼɽʉ ʊɸרɹɸʃʓ ʂᴆɹɽʁʊʂɯʐʊɽʈ ᴄɼɯʉɯ 

 

ʐװʢʽʨʦʚ ɾ.ɾ., ᴄʣʽʤʙʘʝʚʘ ʉ.ɹ.  

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ  ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ.פ

ɸץʪᴇʙʝ ʢᴇʧʩʘʣʘʣʳ ɸɻʋ ʊʘʨʣʘʥ ʢʦʣʣʝʜʞʽ, ɸץʪᴇʙʝ, פʘʟʘץʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ᴄʜʽʩʪʽש ʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ï ʪʝשʩʽʟʜʽʢʪʽש ʩʦʣ ʞʘסʳʥʜʘסʳ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʢᴇʙʝʡʪʢʽʰʪʝʨʜʽ 

(ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʢʪʝʨʜʽ) çʩʦʥʜʘʡ ʪʘשʙʘʣʳè ץʘʨʘʧʘʡʳʤ ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʢʪʝʨʛʝ ʘʫʳʩʪʳʨʫ, ʙײʣ ᴇʟ ʪײʨסʳʩʳʥʘʥ 

ʪʝשʩʽʟʜʽʢʪʽ ʰʝʰʫʜʽ ʞʝשʽʣʜʝʪʝʣʽ. çʉʦʥʜʘʡ ʪʘשʙʘʣʳè ʩᴇʟʽ ʪʳʨʥʘץʰʘʜʘ ʪײʨ, ᴇʡʪʢʝʥʽ ᴅʣʽ ʜʝ ץʘʨʘʩʪʳʨʫʜʳ ʪʘʣʘʧ 

ʝʪʝʜʽ. ɹײʣ ץʘʨʘʩʪʳʨʳʣסʘʥ ᴅʜʽʩ ʣʦʛʦʨʠʬʤʜʽʢ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʪʝʟ ʞᴅʥʝ ʳץʰʘʤ ʪװʨʜʝ ʰʳסʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. 

ʆʩʳ ʪʘץʳʨʳʧʪʳ ץʘʨʘʩʪʳʨסʘʥ סʘʣʳʤ ʉ.ʐʝʩʪʘʢʦʚ ᴇʟ ᴅʜʽʩʽʥ ʘʣסʘʰʳʥʜʘ çʬʫʥʢʮʠʷʥʳ ʘʫʳʩʪʳʨʫ ᴅʜʽʩʽè ʜʝʧ ʘʪʘסʘʥ, 

ʢʝʡʽʥ çʨʘʮʠʦʥʘʣʠʟʘʮʠʷ ᴅʜʽʩʽè ʜʝʧ ʘʪʘʜʳ. ɹʽʟ ʘʚʪʦʨʜʳײ שʩʳʥʫʳ ʙʦʡʳʥʰʘ ʙײʣ ᴅʜʽʩʪʽ çʄᴅʥʜʝʩ ʪʘשʙʘʣʳ 

ʢᴇʙʝʡʪʢʽʰʪʝʨè ᴅʜʽʩʽ ʜʝʧ ʘʪʘʡʤʳʟ.  

ʂʽʣʪʪʽʢ ʩᴇʟʜʝʨ: ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʢʪʝʨ, ʬʫʥʢʮʠʷʥʳ ʘʫʳʩʪʳʨʫ ᴅʜʽʩʽ, ʤᴅʥʜʝʩ ʪʘשʙʘʣʳ ʢᴇʙʝʡʪʢʽʰʪʝʨ, 

ʣʦʛʦʨʠʬʤʜʽʢ ʬʫʥʢʮʠʷʣʘʨ.  

 

ɹʽʟ ץʘʨʘʩʪʳʨʘʪʳʥ  ᴅʜʽʩ ʢʝʣʝʩʽ            

                                                                         (1) 

ʥʝʤʝʩʝ   

                                              (2) 

ʪװʨʜʝʛʽ ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʰʳסʘʨʫʜʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ɹײʣ ʞʝʨʜʝʛʽ çè ʪʘשʙʘʩʳ ʪʝשʩʽʟʜʽʢʪʽש 

ʪᴇʨʪ ʪʘשʙʘʩʳʥʳש ʤװʤʢʽʥ ʤᴅʥʜʝʨʽʥʽש ʙʽʨʽ, ʷסʥʠ ç>è, ç<è, ç Òè, ç  Óè ʙʝʣʛʽʣʝʨʽʥʽש ʙʽʨʽ, ʧ ʞᴅʥʝ ʪ 

ï ʥʘʪʫʨʘʣ ʩʘʥʜʘʨ.  



çפʆʃɼɸʅɹɸʃʓ ʄɸʊɽʄɸʊʀʂɸ ɾᴄʅɽ ʀʅʌʆʈʄɸʊʀʂɸ ʄᴄʉɽʃɽʃɽʈɯè ʍʘʣʳץʘʨʘʣʳס ץʳʣʳʤʠ ʢʦʥʬʝʨʝʥʮʠʷ ʝשʙʝʢʪʝʨʽ  
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ᴄʜʽʩʪʽש ʥʝʛʽʟʛʽ ʠʜʝʷʩʳ ï ʪʝשʩʽʟʜʽʢʪʽש ʩʦʣ ʞʘסʳʥʜʘסʳ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʢᴇʙʝʡʪʢʽʰʪʝʨʜʽ 

(ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʢʪʝʨʜʽ) çʩʦʥʜʘʡ ʪʘשʙʘʣʳè ץʘʨʘʧʘʡʳʤ ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʢʪʝʨʛʝ ʘʫʳʩʪʳʨʫ, ʙײʣ 

ᴇʟ ʪײʨסʳʩʳʥʘʥ ʪʝשʩʽʟʜʽʢʪʽ ʰʝʰʫʜʽ ʞʝשʽʣʜʝʪʝʣʽ. çʉʦʥʜʘʡ ʪʘשʙʘʣʳè ʩᴇʟʽ ʪʳʨʥʘץʰʘʜʘ ʪײʨ, 

ᴇʡʪʢʝʥʽ ᴅʣʽ ʜʝ ץʘʨʘʩʪʳʨʫʜʳ ʪʘʣʘʧ ʝʪʝʜʽ.  

ɸʥʳץʪʘʤʘ 1. ɽʛʝʨ ʘ(ʭ) ʞᴅʥʝ ʚ(ʭ) ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʛʽ ʩᴅʡʢʝʩʽʥʰʝ ᴇʩʫ, ʢʝʤʫ ʘʨʘʣʳץʪʘʨʳ 

ʞᴅʥʝ ʥᴇʣʜʝʨʽ ʙʽʨʜʝʡ ʙʦʣʩʘ, ʷסʥʠ ʪʘשʙʘʪײʨʘץʪʳʣʳץ ʘʨʘʣʳץʪʘʨʳ ʙʽʨʜʝʡ ʘʨʘʣʳץʪʳ   ץʘʙʳʣʜʘʩʘ,  

ʘ(ʭ) ʞᴅʥʝ ʚ(ʭ) ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʛʽ ʤᴅʥʜʝʩ ʪʘשʙʘʣʳ ʜʝʧ ʘʪʘʣʘʜʳ. 

ʘ(ʭ) ʞᴅʥʝ ʚ(ʭ) ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʛʽʥʽש ʤᴅʥʜʝʩ ʪʘשʙʘʣʳʣʳץ ʬʘʢʪʽʥ: sing a(x)=sing b(x) ʜʝʧ 

ʙʝʣʛʽʣʝʡʤʽʟ (singum ï ʣʘʪʳʥ ʩᴇʟʽʥʝʥ çʪʘשʙʘè סײʳʤʳʥ ʙʽʣʜʽʨʝʜʽ).  

ɽʛʝʨ ʘ(ʭ) ʞᴅʥʝ ʚ(ʭ) ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʛʽ ʤᴅʥʜʝʩ ʪʘשʙʘʣʳ ʙʦʣʩʘ, ʦʥʜʘ ʢʝʣʝʩʽ ʢᴇʰʫʣʝʨ 

ʦʨʳʥʜʳ ʙʦʣʘʜʳ: 

, 

,  

,  

ʉʦʣ ʩʝʢʽʣʜʽ, ץʘʨʘʤʘ-ץʘʨʩʳ ʪʘשʙʘʣʳ, ץʘʪʘש ʪʘשʙʘʣʳ ʪʝשʩʽʟʜʽʢʪʝʨ װʰʽʥ ʜʝ ʦʨʳʥʜʘʣʘʜʳ.  

ʉʦʥʳʤʝʥ, (1) ʞᴅʥʝ (2) ʪװʨʜʝʛʽ ʪʝשʩʽʟʜʽʢʪʝʨ װʰʽʥ ʩʦʣ ʞʘסʳʥʜʘסʳ  ʘʣʛʝʙʨʘʣʳץ ᴇʨʥʝʢʪʽ 

ʤᴅʥʜʝʩ ʪʘשʙʘʣʳ ᴇʨʥʝʢʢʝ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ. ɽʩʢʝʨʪʝ ʢʝʪʝʪʽʥ ʤᴅʩʝʣʝ, ʤײʥʜʘʡ ʘʫʳʩʪʳʨʫʣʘʨ 

ʪʝʢ ʙʝʨʽʣʛʝʥ ʪװʨʜʝʛʽ ʪʝשʩʽʟʜʽʢʪʝʨ װʰʽʥ סʘʥʘ ʦʨʳʥʜʘʣʘʜʳ, ʝʛʝʨ ʤʳʩʘʣʳ, ʪʝשʩʽʟʜʽʢʪʽש ʦש ʞʘסʳ 

ʥʦʣʜʝʥ ᴇʟʛʝ ʙʦʣʩʘ, ʤײʥʜʘʡ ʘʫʳʩʪʳʨʫʜʳ ץʦʣʜʘʥʫסʘ ʙʦʣʤʘʡʜʳ, ᴇʡʪʢʝʥʽ ʧʘʡʜʘ ʙʦʣסʘʥ ʪʝשʩʽʟʜʽʢ 

ʙʝʨʽʣʛʝʥʛʝ ʤᴅʥʜʝʩ ʙʦʣʤʘʡʜʳ. ʄײʥʜʘʡ ʘʫʳʩʪʳʨʫʜʳ ʪʝʢ ʤᴅʥʜʝʩ ʪʝשʜʽʢ ץʘʨʘʧʘʡʳʤ ʙʦʣʘסʳʥ 

ʢʝʟʜʝ סʘʥʘ ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ. ʉʘʥʜʳץ ʪʝשʩʽʟʜʽʢʪʝʨʜʽץ שʘʩʠʝʪʪʝʨʽʥʝ ʩװʡʝʥʽʧ, ʘ(ʭ) ʞᴅʥʝ b(ʭ) 

ᴇʨʥʝʢʪʝʨʽʥʝ  ʤᴅʥʜʝʩ  ᴇʨʥʝʢʪʝʨʽʥ ʪʘʙʫסʘ ʙʦʣʘʜʳ. ʂʝʣʝʩʽ ʢʝʩʪʝʜʝ ʩʦʥʜʘʡ ʞײʧʪʘʨʜʳ ʢᴇʨʩʝʪʝʡʽʢ 

(ʧ, ʪ ï ʥʘʪʫʨʘʣ ʩʘʥʜʘʨ, l ʞᴅʥʝ  c ï ʥʘץʪʳ ʩʘʥʜʘʨ, - ʢʝʟ-ʢʝʣʛʝʥ ʘʣʛʝʙʨʘʣʳץ 

ᴇʨʥʝʢʪʝ).  

ɹײʣ ʞײʧʪʘʨʜʳש ʤᴅʥʜʝʩʪʘשʙʘʣʳʣʳסʳʥ ʪʝʢʩʝʨʫ ץʠʳʥʜʳץ ʪʫסʳʟʙʘʡʜʳ. ʆʣ װʰʽʥ ʦʣʘʨʜʳש 

ʘʡʳʨʤʘʩʳʥʳש ʞᴅʥʝ ʦʩʳ ᴇʨʝʥʝʢʪʝʨʜʽש ʢʚʘʜʨʘʪʪʘʨʳʥʳש ʘʡʳʨʤʘʩʳʥʳש ʤᴅʥʜʝʩʪʘשʙʘʣʳʣʳסʳʥ 

ʜᴅʣʝʣʜʝʡʽʢ. ɽʛʝʨ  

, 

 ʘ(ʭ)>0 ʙʦʣʘʜʳ ʪʝʢ ʩʦʣ ʞʘסʜʘʡʜʘ, ʝʛʝʨ  

 
ʗסʥʠ, b(ʭ)>0 ʜᴅʣʝʣʜʝʥʝʜʽ, ʩʦʣ ʩʝʢʽʣʜʽ ʪʝʨʽʩ ʪʘשʙʘʣʳʣʳץʪʳ ʜʘ ʜᴅʣʽʣʜʝʫʛʝ ʙʦʣʘʜʳ.  

ʂʝʣʝʩʽ ʢʝʩʪʝʜʝʛʽ ʞʦʣʜʘʨ ʩʘʥʳʥ ʘʟʘʡʪʫסʘ ʙʦʣʘʜʳ. ʐʳʥʜʳסʳʥʜʘ, ʙʽʨʜʝʡ ʜᴅʨʝʞʝʣʝʨʜʽש 

ʪװʙʽʨʣʝʨʽʥʽש ʘʡʳʨʳʤʳʥ (ʞײʧ ʜᴅʨʝʞʝʣʽ ʪװʙʽʨʣʝʨ ʞʘסʜʘʡʳʥʜʘ) ʦʣʘʨʜʳש ʪװʙʽʨ ʘʩʪʳʥʜʘסʳ 

ᴇʨʥʝʢʪʝʨʜʽש ʪװʙʽʨʣʝʨʽʥʽש ʘʡʳʨʳʤʳʤʝʥ ʘʣʤʘʩʪʳʨʫסʘ ʙʦʣʘʜʳ, ʪʝʢ ʦʣʘʨʜʳש ʦש ʪʘשʙʘʣʳʣʳסʳʥ 

ʰʘʨʪץʘ ץʦʩʫ ʢʝʨʝʢ. .ʄʳʩʘʣʳ:  

 
ɹײʜʘʥ  

 
ʉʦʣ ʩʠʷץʪʳ ʥʝʛʽʟʽ 1- ʜʝʥ װʣʢʝʥ ʣʦʛʦʨʠʬʤʜʝʨʜʽש ʘʡʳʨʤʘʩʳʥ ʦʣʘʨʜʳש ʣʦʛʦʨʠʬ 

ʘʩʪʳʥʜʘסʳ ᴇʨʥʝʢʧʝʥ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʪʳʥʜʳסʳʥ ʪװʩʽʥʫ ʢʝʨʝʢ, ʪʝʢ ʦʣʘʨסʘ ʦש ʪʘשʙʘʣʳʣʳץ 

ʰʘʨʪʳʥ ץʦʩʫ ʢʝʨʝʢ.    

 

1   
2   
3   
4 

  

5 
 

, ʝʛʝʨ ʪʝʢ ʝʢʽ 

ʬʫʥʢʮʠʷ ʜʘ ʦש ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

6 
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7 , l>1  
8 , 0<l< 1  
9  , ʝʛʝʨ ʪʝʢ ʝʢʽ 

ʬʫʥʢʮʠʷ ʜʘ ʦש ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

10  , ʝʛʝʨ ʪʝʢ ʝʢʽ 

ʬʫʥʢʮʠʷ ʜʘ ʦש ʙʦʣסʘʥ ʞʘסʜʘʡʜʘ 

11   (u(x)>0) 

12   (u(x)>0) 

13  (u(x)>0, c(x)>0) 

 

ʉʦʥʜʘ ʢʝʩʪʝʥʽ11 ש-ʰʽ ʞᴅʥʝ 13-ʰʽ ʞʦʣʳ ʦʩʳʥʜʘʡ ʘʫʳʩʪʳʨʫʣʘʨ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. ʐʳʥ 

ʤᴅʥʽʩʽʥʜʝ  ʙײʜʘʥ , c>1, 

u(x)>0. ʄײʥʜʘʡ ʘʣʤʘʩʪʳʨʫ ʞʘʩʘʫ װʰʽʥ ʘʣʜʳʤʝʥ ʞʘשʘ ʥʝʛʽʟʛʝ ʢᴇʰʫ ʬʦʨʤʫʣʘʩʳʥ ʧʘʡʜʘʣʘʥʫ 

ʢʝʨʝʢ. (m>1):  

  

ɹײʜʘʥ, , c>1, u(x)>0. ʆʩʳ ʞʝʨʜʝ . ʅʝʛʽʟʽ 1-ʜʝʥ ʢʽʰʽ 

ʙʦʣʘʪʳʥ ʢᴇʨʩʝʪʢʽʰʪʽ ʞᴅʥʝ ʣʦʛʦʨʠʬʤʜʽ ʦʨʥʝʢʪʝʨ װʰʽʥ (8, 10, 12 ʞʦʣʜʘʨ), ʤᴅʥʜʝʩ ᴇʨʥʝʢʪʝʨʛʝ 

ʤᴅʥ ʙʝʨʤʝʫʛʝ ʙʦʣʘʜʳ, ʘʣ ʥʝʛʽʟʽ 1-ʜʝʥ ʢᴇʧ ʙʦʣʘʪʳʥ ᴇʨʥʝʢʪʝʨ װʰʽʥ 7, 9,11 ʞʦʣʜʘʨʜʳ ʧʘʡʜʘʣʘʥʫ 

ʢʝʨʝʢ. 

ɹʽʨʥʝʰʝ ʟʝʨʪʝʫʣʝʨ ʞװʨʛʽʟʝ ʢʝʣʝ, ʤᴅʥʜʝʩ ʢᴇʙʝʡʪʢʽʰʪʝʨ ᴅʜʽʩʽ ʘʨץʳʣʳ ʪʝשʩʽʟʜʽʢʪʽ ץʦʣʘʡʣʳ 

ᴅʜʽʩʧʝʥ ʰʝʰʫ װʰʽʥ ʦʩʳʥʜʘʡ ʢᴇʙʝʡʪʢʽʰʪʝʨ ʧʘʨʳʥʳש ʥʝʛʽʟʛʽ ʪᴇʨʪ ʞʘסʜʘʡʳʥ ʝʩʪʝ ʩʘץʪʘʫ 

ʞʝʪʢʽʣʽʢʪʽ: 

1) ɸʡʥʳʤʘʣʳʥʳש ʰʝʢʪʝʫʣʽ ʤᴅʥʽʥʜʝ ʝʢʽ ʪʝʨʽʩ ʝʤʝʩ ᴇʨʥʝʢʪʝʨʜʽש ʘʡʳʨʤʘʩʳʥ (ʞʝʢʝ 

ʞʘסʜʘʡʜʘ, ʦʩʳ ᴇʨʥʝʢʪʝʨʜʽ ʤʦʜʫʣʴʜʝʨʽʥʽש ʘʡʳʨʤʘʩʳ ʞᴅʥʝ ʦʩʳ ᴇʨʥʝʢʪʝʨʜʽש ʢʚʘʜʨʘʪʘʨʳʥʳש 

ʘʡʳʨʤʘʩʳʥ; ʝʢʽ ᴇʨʥʝʢʪʽש ʙʽʨʜʝʡ ʞײʧ ʜᴅʨʝʞʝʣʝʨʽʥ ʞᴅʥʝ ʦʩʳ ᴇʨʥʝʢʪʽש ʢʚʘʜʨʘʪʳʥʳש 

ʘʡʳʨʤʘʩʳʥ ʪ.ʩ.ʩ);   

2) ɹʽʨʜʝʡ ʜᴅʨʝʞʝʣʽ ʪװʙʽʨʣʝʨʜʽש ʘʡʳʨʤʘʩʳʥ ʞᴅʥʝ ʪװʙʽʨʘʩʪʳ ᴇʨʥʝʢʪʝʨʽʥʽש 

ʘʡʳʨʤʘʩʳʥ; 

3) ɹᴇʣʽʤʜʝʨʽ ʙʽʨʜʝʡ ʢᴇʨʩʝʪʢʽʰʪʽ ᴇʨʥʝʢʪʝʨʜʽש ʞᴅʥʝ ʢᴇʨʩʝʪʢʽʰʪʝʨʜʽש ʘʡʳʨʤʘʩʳʥ; 

4) ʅʝʛʽʟʜʝʨʽ ʙʽʨʜʝʡ, 1 ïʜʝʥ ᴇʟʛʝ ʝʢʽ ʣʦʛʘʨʠʬʤʥʽש ʘʡʳʨʤʘʩʳʥ ʞᴅʥʝ ʣʦʛʦʨʠʬʤ 

ʘʩʪʳʥʜʘסʳ ᴇʨʥʝʢʪʽש ʘʡʳʨʤʘʩʳʥ ʙʽʣʫ ʢʝʨʝʢ.  

 ,ʪʘʣʫ ʦʙʣʳʩʳʥʜʘ ʤʦʥʦʪʦʥʜʳ ᴇʩʧʝʣʽ ʙʦʣʩʘץʘʥʳ ץʙʘʨʣʳ שʘʨʳʤ 1. ɽʛʝʨ  ᴇʟʽʥʽסʡױ

ʦʥʜʘ ʦʩʳ ʦʙʣʳʩץʘ ʪʠʽʩʪʽ ʢʝʟ-ʢʝʣʛʝʥ  װʰʽʥ   

ɼᴅʣʝʣʜʝʤʝʩʽʥ ʤʦʥʦʪʦʥʜʳ ʬʫʥʢʮʠʷʥʳץ שʘʩʠʝʪʽʥʝ ʩװʡʝʥʽʧ ʢʝʣʪʽʨʫʛʝ ʙʦʣʘʜʳ. ʉʦʥʜʘ,  

ʰʳʥ ʤᴅʥʽʥʜʝ    ʞᴅʥʝ  ᴇʨʥʝʢʪʝʨʽ  ʬʫʥʢʮʠʷʩʳʥʳש ʘʥʳץʪʘʣʫ 

ʦʙʣʳʩʳʥʜʘ ʤᴅʥʜʝʩ ʪʘשʙʘʣʳ ʙʦʣʳʧ ʢʝʣʝʜʽ. ʄʳʩʘʣʳ,   ʬʫʥʢʮʠʷʩʳ   

ʤᴅʥʽʥʜʝ ᴇʩʧʝʣʽ ʬʫʥʢʮʠʷ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ, ʩʦʥʜʳץʪʘʥ   ʞᴅʥʝ     ᴇʨʥʝʢʪʝʨʽ 

ʤᴅʥʜʝʩ ʪʘשʙʘʣʳ (  - ʦש ʬʫʥʢʮʠʷʣʘʨ ʙʦʣʫʳʥʘ ʙʘʡʣʘʥʳʩʪʳ). ʂʝʣʝʩʽ ʬʫʥʢʮʠʷʣʘʨ 

,   ᴇʟ ʘʥʳץʪʘʣʫ ʦʙʣʳʩʳʥʜʘ ʤʦʥʦʪʦʥʜʳ 

ᴇʩʧʝʣʽ ʙʦʣʳʧ ʪʘʙʳʣʘʜʳ. ʉʦʥʜʳץʪʘʥ (1)-(2) ʪʝשʩʽʟʜʽʢʪʝʨʜʽ ʰʝʰʫ ʙʘʨʳʩʳʥʜʘ ʢʝʟ-ʢʝʣʛʝʥ 

 ʪװʨʽʥʜʝʛʽ ᴇʨʥʝʢʪʽ   ᴅʨ ʪװʨʣʽ ʰʝʢʪʝʫʣʝʨ ץʦʡʳʧ ʘʫʳʩʪʳʨʫסʘ ʙʦʣʘʜʳ.  

ʉʦʣ ʩʝʢʽʣʜʽ ʤʦʥʦʪʦʥʜʳ ʢʝʤʽʤʝʣʽ ʬʫʥʢʮʠʷ װʰʽʥ  

ʦʨʳʥʜʘʣʘʪʳʥʳʥ ʦשʘʡ ʙʘʡץʘʫסʘ ʙʦʣʘʜʳ.  
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 ʪʘʣʫ ʦʙʣʳʩʳʥʜʘ ʤʦʥʦʪʦʥʜʳ ᴇʩʧʝʣʽ ʬʫʥʢʮʠʷ ʙʦʣʩʘץʘʨʳʤ 2. ɽʛʝʨ  ᴇʟ ʘʥʳסʡױ

ʞᴅʥʝ ʛʝʨ  ᴇʟ ʘʥʳץʪʘʣʫ ʦʙʣʳʩʳʥʜʘ 

ʤʦʥʦʪʦʥʜʳ ʢʝʤʽʤʝʣʽ ʬʫʥʢʮʠʷ ʙʦʣʩʘ ʞᴅʥʝ  

 ʰʘʤץʩʽʟʜʽʢʪʝʨʜʽ ʪʝʟ ʞᴅʥʝ ʳשʘʥ ᴅʜʽʩ ʣʦʛʦʨʠʬʤʜʽʢ ʪʝסʘʨʘʩʪʳʨʳʣץ ʣײʦʨʳʪʘ ʢʝʣʛʝʥʜʝ, ʙפ

ʪװʨʜʝ ʰʳסʘʨʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʜʽ. ʆʩʳ ʪʘץʳʨʳʧʪʳ ץʘʨʘʩʪʳʨסʘʥ סʘʣʳʤ ʉ.ʐʝʩʪʘʢʦʚ ᴇʟ ᴅʜʽʩʽʥ 

ʘʣסʘʰʳʥʜʘ çʬʫʥʢʮʠʷʥʳ ʘʫʳʩʪʳʨʫ ᴅʜʽʩʽè ʜʝʧ ʘʪʘסʘʥ, ʢʝʡʽʥ çʨʘʮʠʦʥʘʣʠʟʘʮʠʷ ᴅʜʽʩʽè ʜʝʧ ʘʪʘʜʳ. 

ɹʽʟ ʘʚʪʦʨʜʳײ שʩʳʥʫʳ ʙʦʡʳʥʰʘ ʙײʣ ᴅʜʽʩʪʽ çʄᴅʥʜʝʩ ʪʘשʙʘʣʳ ʢᴇʙʝʡʪʢʽʰʪʝʨè ᴅʜʽʩʽ ʜʝʧ ʘʪʘʡʤʳʟ.  

 

ᴄʜʝʙʠʝʪʪʝʨ 
1. ʉ.ʐʝʩʪʘʢʦʚ. çʄᴅʥʜʝʩ ʪʘשʙʘʣʳ ʢᴇʙʝʡʪʢʽʰʪʝʨ ᴅʜʽʩʽè. ʄʦʩʢʚʘ ץʘʣʘʩʳ, ʄʘʪʝʤʘʪʠʢʘ ʞʫʨʥʘʣʳ,  2015, 

ˉ4 

2. ɸ.ɽ. ᴄʙʽʣץʘʩʳʤʦʚʘ çɸʣʛʝʙʨʘ ʞᴅʥʝ ʘʥʘʣʠʟ ʙʘʩʪʘʤʘʣʘʨʳè, ɸʣʤʘʪʳ: ʄʝʢʪʝʧ, 2011-160 ʙ. 
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ʉʝʢʮʠʷ ˉ4 

Section ˉ4 

ʀʅʌʆʈʄɸʊʀʂɸ ɾᴄʅɽ ʂʆʄʇʔʖʊɽʈʃɯʂ-ʄɸʊɽʄɸʊʀʂɸʃʓפ ʄʆɼɽʃʔɼɽʋ 

 

 

ʄʆɼɽʃʀ ɼʀʅɸʄʀʂʀ ʏʀʉʃɽʅʅʆʉʊʀ ʇʆʇʋʃʗʎʀʀ ʉɸʈɸʅʏʀ 

 

ɸʙʜʝʰʦʚ ʍ.ʋ., ɻʘʙʙʘʩʦʚ ʄ.ɹ., ɽʨʤʘʛʘʤʙʝʪʦʚ ʊ.ʂ., ʄװʩʽʨʢʝʧ ʄ.פ., ʄʦʣʜʘʙʘʝʚʘ ʄ.ʅ. 

ʂʦʤʧʘʥʠʷ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ çʌʘʢʪʦʨè, ɸʩʪʘʥʘ, ʂʘʟʘʭʩʪʘʥ 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʂ. ɾʫʙʘʥʦʚʘ, ɸʢʪʦʙʝ, 

ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ʇʦʩʪʨʦʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ ʩ ʫʯʝʪʦʤ ʞʠʟʥʝʥʥʦʛʦ 

ʮʠʢʣʘ ʠ ʢʦʤʧʣʝʢʩʘ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʘʙʠʦʪʠʯʝʩʢʠʭ, ʛʠʜʨʦ-ʵʜʘʬʠʯʝʩʢʠʭ, ʙʠʦʪʠʯʝʩʢʠʭ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ). 

ʂʦʵʬʬʠʮʠʝʥʪʳ  ʦʧʨʝʜʝʣʝʥʳ ʣʠʙʦ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʣʠʙʦ ʵʤʧʠʨʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʜʝʣʴ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ ʠ ʤʝʪʦʜ ɸʜʘʤʩʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʟʫʯʝʥʳ ʚʣʠʷʥʠʝ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ ʠ ʦʧʨʝʜʝʣʝʥʳ ʜʘʪʳ 

ʵʬʬʝʢʪʠʚʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʥʝ ʜʦʧʫʱʝʥʠʷ ʚʩʧʳʰʢʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʩʘʨʘʥʯʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʜʠʥʘʤʠʢʘ ʧʦʧʫʣʷʮʠʠ, ʩʘʨʘʥʯʘ, ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ 

 

ɺ ʂʘʟʘʭʩʪʘʥʝ ʩ ʝʛʦ ʦʙʰʠʨʥʳʤʠ ʪʝʨʨʠʪʦʨʠʷʤʠ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʤ ʣʘʥʜʰʘʬʪʦʤ 

ʥʘʩʯʠʪʳʚʘʝʪʩʷ 271 ʚʠʜʦʚ ʠ ʧʦʜʚʠʜʦʚ ʩʘʨʘʥʯʦʚʳʭ. ʅʘʠʙʦʣʴʰʫʶ ʦʧʘʩʥʦʩʪʴ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʤ ʫʛʦʜʴʷʤ ʝʞʝʛʦʜʥʦ ʧʨʝʜʩʪʘʚʣʷʶʪ 15-20 ʚʠʜʦʚ. ɺ ʠʭ ʯʠʩʣʝ ʩʪʘʜʥʳʝ 

ʩʘʨʘʥʯʦʚʳʝ ï ʠʪʘʣʴʷʥʩʢʠʡ ʧʨʫʩ, ʘʟʠʘʪʩʢʘʷ ʠ ʤʘʨʦʢʢʘʥʩʢʘʷ ʩʘʨʘʥʯʘ [1].  

ɾʠʟʥʝʥʥʳʡ ʮʠʢʣ ʞʠʟʥʠ ʩʘʨʘʥʯʠ ʚ ʂʘʟʘʭʩʪʘʥʝ ʜʣʠʪʩʷ ʦʪ ʨʦʞʜʝʥʠʷ ʣʠʯʠʥʦʢ ʜʦ ʩʤʝʨʪʠ 

ʚʟʨʦʩʣʦʡ ʦʩʦʙʠ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 5 ʜʦ 8 ʤʝʩʷʮʝʚ.  

ɺʘʞʥʘʷ ʦʩʦʙʝʥʥʦʩʪʴ ʵʪʠʭ ʪʨʝʭ ʚʠʜʦʚ ʩʘʨʘʥʯʠ ï ʵʪʦ ʪʦ, ʯʪʦ ʚʩʝ ʦʥʠ ʫʥʠʚʦʣʴʪʠʥʥʳ, ʪ.ʝ. 

ʩʧʦʩʦʙʥʳ ʜʘʪʴ ʪʦʣʴʢʦ ʦʜʥʦ ʧʦʢʦʣʝʥʠʝ ʚ ʛʦʜ. 

ɼʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʝʣʝʪʥʦʡ ʩʘʨʘʥʯʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ-ʤʝʥʝʝ ʧʨʘʚʠʣʴʥʳʤʠ 

ʧʝʨʠʦʜʠʯʥʳʤʠ ʮʠʢʣʘʤʠ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʯʝʪʳʨʝ ʵʪʘʧʘ [2]: 

1. ʧʝʨʠʦʜ ʤʘʩʩʦʚʦʡ ʦʪʢʣʘʜʢʠ ʷʠʮ ʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʯʠʥʦʢ ʚ ʙʣʘʛʦʧʨʠʷʪʥʳʭ 

ʤʝʩʪʘʭ; 

2. ʧʝʨʝʭʦʜ ʦʪ ʦʜʠʥʦʯʥʦʡ ʬʦʨʤʳ ʢ ʩʪʘʜʥʦʡ, ʩʦʧʨʦʚʦʞʜʘʝʤʳʡ ʨʝʟʢʠʤ ʚʦʟʨʘʩʪʘʥʠʝʤ 

ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʟʦʥ ʚʨʝʤʝʥʥʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ; 

3. ʟʘʪʫʭʘʥʠʝ ʚʩʧʳʰʢʠ ʠ ʧʝʨʝʭʦʜ ʦʪ ʩʪʘʜʥʦʡ ʬʦʨʤʳ ʢ ʦʜʠʥʦʯʥʦʡ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʙʳʩʪʨʳʤ ʩʦʢʨʘʱʝʥʠʝʤ ʟʘʥʠʤʘʝʤʳʭ ʪʝʨʨʠʪʦʨʠʡ ʠ ʚʦʟʚʨʘʱʝʥʠʝʤ ʚ ʟʦʥʳ ʧʦʩʪʦʷʥʥʳʭ 

ʛʥʝʟʜʠʣʠʱ; 

4. ʧʝʨʠʦʜ ʜʝʧʨʝʩʩʠʠ, ʢʦʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʦʜʠʥʦʯʥʘʷ ʬʦʨʤʘ. 

ɺʩʧʳʰʢʘ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʩʘʨʘʥʯʠ ʤʦʞʝʪ ʜʣʠʪʴʩʷ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. ʀʥʪʝʨʚʘʣ 

ʤʝʞʜʫ ʧʠʢʘʤʠ ʯʠʩʣʝʥʥʦʩʪʠ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʝʪ 10-12 ʣʝʪ. ɺʦʟʤʦʞʥʳ ʤʝʩʪʥʳʝ ʚʩʧʳʰʢʠ 

ʨʘʟʤʥʦʞʝʥʠʷ ʩʘʨʘʥʯʠ, ʚʳʟʳʚʘʝʤʳʝ ʣʦʢʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʧʦʛʦʜʥʳʭ ʫʩʣʦʚʠʡ (ʩʫʤʤʘ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦʩʣʝ ʧʝʨʝʭʦʜʘ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʯʝʨʝʟ 0
0
ʉ, 

ʩʨʝʜʥʝʩʫʪʦʯʥʦʝ ʪʝʧʣʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ, ʚʣʘʛʦʩʦʜʝʨʞʘʥʠʝ ʚʦʟʜʫʭʘ). 

ɺʝʩʴ ʢʦʤʧʣʝʢʩ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʧʨʠʥʷʪʦ ʜʝʣʠʪʴ ʥʘ ʩʣʝʜʫʶʱʠʝ 4 ʛʨʫʧʧʳ: 

ʘʙʠʦʪʠʯʝʩʢʠʝ, ʛʠʜʨʦ-ʵʜʘʬʠʯʝʩʢʠʝ, ʙʠʦʪʠʯʝʩʢʠʝ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʝ. 

ɸʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʂ ʵʪʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʚʩʝ ʢʣʠʤʘʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʪʝʤʧʝʨʘʪʫʨʘ, ʩʦʣʥʝʯʥʘʷ ʨʘʜʠʘʮʠʷ ʠ ʚʣʘʞʥʦʩʪʴ. 

ɸʢʪʠʚʥʘʷ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʴ ʩʘʨʘʥʯʦʚʳʭ ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʢʦʪʦʨʘʷ ʫ ʤʥʦʛʠʭ ʠʟ ʥʠʭ ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 10 ʜʦ 55Á, ʧʨʠ ʦʧʪʠʤʫʤʝ 

ʦʢʦʣʦ 35-40Á. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʠʞʝ 10 ʠʣʠ ʚʳʰʝ 55Á ʩʘʨʘʥʯʦʚʳʝ ʫʪʨʘʯʠʚʘʶʪ ʘʢʪʠʚʥʦʩʪʴ. 

ʊʝʤʧʝʨʘʪʫʨʘ ʤʝʥʝʝ -5 ʠ ʙʦʣʝʝ 70Á ʦʙʳʯʥʦ ʚʳʟʳʚʘʝʪ ʛʠʙʝʣʴ ʩʘʨʘʥʯʦʚʳʭ.  
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ɺʣʘʞʥʦʩʪʴ. ʅʘ ʠʟʤʝʥʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʚʦʜʳ ʚ ʪʢʘʥʷʭ ʥʘʩʝʢʦʤʦʛʦ ʚʣʘʞʥʦʩʪʴ ʤʦʞʝʪ 

ʦʢʘʟʘʪʴ ʚʣʠʷʥʠʝ ʠ ʪʝʤ ʩʘʤʳʤ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʧʦʚʝʜʝʥʠʠ ʩʘʨʘʥʯʦʚʳʭ, ʠʭ ʚʳʞʠʚʘʝʤʦʩʪʠ ʠ 

ʧʣʦʜʦʚʠʪʦʩʪʠ.  

ɻʠʜʨʦ-ʵʜʘʬʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ʂ ʛʨʫʧʧʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʦʪʥʦʩʷʪʩʷ ʚʦʜʘ ʠ ʧʦʯʚʘ. 

ɹʦʣʴʰʠʥʩʪʚʦ ʩʘʨʘʥʯʦʚʳʭ ʷʡʮʘ ʦʪʢʣʘʜʳʚʘʝʪ ʚ ʧʦʯʚʫ, ʛʜʝ ʦʥʠ ʥʘʭʦʜʷʪʩʷ ʦʢʦʣʦ 8-10 ʤʝʩʷʮʝʚ. 

ʍʠʤʠʯʝʩʢʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʧʦʯʚ ʪʘʢʞʝ ʠʛʨʘʝʪ ʥʝʤʘʣʦʚʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ 

ʩʘʨʘʥʯʦʚʳʭ.  

ɹʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ. ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʞʠʟʥʠ ʩʘʨʘʥʯʦʚʳʭ ʠʛʨʘʶʪ ʠʭ 

ʚʟʘʠʤʦʦʪʥʦʰʝʥʠʷ ʩ ʨʘʟʣʠʯʥʳʤʠ ʞʠʚʳʤʠ ʦʨʛʘʥʠʟʤʘʤʠ - ʞʠʚʦʪʥʳʤʠ, ʨʘʩʪʝʥʠʷʤʠ ʠ 

ʙʘʢʪʝʨʠʷʤʠ (ʙʠʦʪʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ). 

ɸʥʪʨʦʧʦʛʝʥʥʳʝ ʬʘʢʪʦʨʳ. ʂ ʛʨʫʧʧʝ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

ʧʨʦʚʦʜʠʤʫʶ ʯʝʣʦʚʝʢʦʤ ʙʦʨʴʙʫ ʩ ʩʘʨʘʥʯʦʚʳʤʠ ʠ ʚʣʠʷʥʠʝ ʯʝʣʦʚʝʢʘ ʥʘ ʧʨʠʨʦʜʫ 

ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʩʘʨʘʥʯʦʚʳʭ ʚ ʩʚʷʟʠ ʩ ʦʩʚʦʝʥʠʝʤ ʵʪʠʭ ʤʝʩʪʦʦʙʠʪʘʥʠʡ ʧʦʜ ʧʦʩʝʚʳ 

ʩʝʣʴʩʢʦʭʦʟʷʡʩʪʚʝʥʥʳʭ ʢʫʣʴʪʫʨ. 

ɼʣʷ ʙʦʨʴʙʳ ʩ ʩʘʨʘʥʯʦʚʳʤʠ ʧʨʠʤʝʥʷʶʪʩʷ ʪʦʢʩʠʯʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʫ ʢʦʪʦʨʳʭ 

ʪʝʭʥʠʯʝʩʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʩʪʨʝʙʠʪʝʣʴʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʜʦʩʪʠʛʘʝʪ 97-99, ʘ ʥʝʨʝʜʢʦ ʠ 100% 

ʛʠʙʝʣʠ ʚʨʝʜʠʪʝʣʷ. 

ʆʩʚʦʝʥʠʝ ʛʥʝʟʜʠʣʠʱ ʦʪʨʠʮʘʪʝʣʴʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ ʚʧʣʦʪʴ ʜʦ 

ʧʦʣʥʦʡ ʣʠʢʚʠʜʘʮʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʝʝ ʩʪʘʜʥʦʡ ʬʘʟʳ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ  

ʀʩʭʦʜʷ ʠʟ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʨʘʟʚʠʪʠʷ, ʚʢʣʶʯʘʶʱʝʡ ʨʘʟʥʳʝ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʩʘʨʘʥʯʠ, 

ʠʩʢʦʤʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ ʙʫʜʫʪ: 

B0 (t) - ʯʠʩʣʝʥʥʦʩʪʴ ʷʠʮ ʚ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t; 

Bi (t),i=1,2,é,5 - ʯʠʩʣʝʥʥʦʩʪʴ ʣʠʯʠʥʦʢ i-ʚʦʟʨʘʩʪʘ ʚ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ ʚ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ t; 

B6(t) - ʯʠʩʣʝʥʥʦʩʪʴ ʚʟʨʦʩʣʦʡ ʦʩʦʙʠ (ʠʤʘʛʦ) ʚ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t. 

ʕʪʠ ʬʫʥʢʮʠʠ ʟʘʚʠʩʷʪ ʦʪ ʚʨʝʤʝʥʠ. 

 ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʠʩʢʦʤʳʭ ʥʝʠʟʚʝʩʪʥʳʭ ʧʝʨʝʤʝʥʥʳʭ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʟʘʢʦʥ 

ʩʦʭʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʚʠʜʝ ʟʘʢʦʥʘ ʩʦʭʨʘʥʝʥʠʷ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ ʜʣʷ ʢʘʞʜʦʡ ʩʪʘʜʠʠ 

ʨʘʟʚʠʪʠʷ, ʢʦʪʦʨʳʝ ʚʳʛʣʷʜʷʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʢʘʢ ʩʠʩʪʝʤʘ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ. 

ʊʘʢ ʢʘʢ ʞʠʟʥʝʥʥʳʡ ʮʠʢʣ ʩʘʨʘʥʯʠ ʩʦʩʪʦʠʪ ʠʟ ʩʝʤʠ ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ: ʷʡʮʘ, ʣʠʯʠʥʢʠ 

ʧʝʨʚʦʛʦ ʚʦʟʨʘʩʪʘ, ʣʠʯʠʥʢʠ ʚʪʦʨʦʛʦ ʚʦʟʨʘʩʪʘ, ʣʠʯʠʥʢʠ ʪʨʝʪʴʝʛʦ ʚʦʟʨʘʩʪʘ, ʣʠʯʠʥʢʠ ʯʝʪʚʝʨʪʦʛʦ 

ʚʦʟʨʘʩʪʘ, ʣʠʯʠʥʢʠ ʧʷʪʦʛʦ ʚʦʟʨʘʩʪʘ ʠ ʚʟʨʦʩʣʘʷ ʦʩʦʙʴ (ʠʤʘʛʦ).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʚʠʜʦʚ ʟʘʢʦʥʦʚ ʩʦʭʨʘʥʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʩʘʨʘʥʯʠ (ʷʠʮ, 

ʣʠʯʠʥʦʢ i-ʛʦ ʚʦʟʨʘʩʪʘ, ʚʟʨʦʩʣʦʡ ʦʩʦʙʠ ʜʠʥʘʤʠʢʘ ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʝʡ ʩʠʩʪʝʤʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ: 

-++++++-= 007060504030201660
0 )( BB

dt

dB
bbbbbbbg  

0010030201 )( BB gddd -++-   

-++++++-= -- iiiiiiiiiii
i BB

dt

dB
)( 76543211,1 bbbbbbbg    

iiiiiii BB 1321 )( +-++- gddd  ,  i = 1, 2, é,5    (1) 

-++++++-= 667666564636261556
6 )( BB

dt

dB
bbbbbbbg  

6606636261 )( BB gddd -++-  

 ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʭʘʨʘʢʪʝʨʠʟʠʨʫʶʪ: 

-=+ 5,...,2,1,, 1,60 iiigg ʜʠʥʘʤʠʢʫ ʧʝʨʝʭʦʜʘ ʩ ʜʘʥʥʦʛʦ ʵʪʘʧʘ ʨʘʟʚʠʪʠʷ ʚ ʩʣʝʜʫʶʱʠʡ; 
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-== 7,...,2,1,6,...,1,0, jiijb ʚʣʠʷʥʠʝ j-ʛʦ ʚʥʝʰʥʝʛʦ ʧʨʠʨʦʜʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ i-ʳʡ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʩʘʨʘʥʯʠ; 

 -== 3,2,1,6,...,1,0, jiijd ʚʣʠʷʥʠʝ j-ʛʦ ʘʥʪʨʦʧʦʛʝʥʥʦʛʦ ʬʘʢʪʦʨʘ ʥʘ i-ʳʡ ʫʨʦʚʝʥʴ 

ʨʘʟʚʠʪʠʷ ʩʘʨʘʥʯʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʟʘʜʘʯʠ ʟʘʜʘʶʪʩʷ ʟʥʘʯʝʥʠʷ ʠʩʢʦʤʳʭ ʧʝʨʝʤʝʥʥʳʭ ʚ 

ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ t0, ʢʦʪʦʨʳʡ ʦʧʨʝʜʝʣʷʝʪ ʥʘʯʘʣʦ ʩʯʝʪʘ. ʅʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ ʚ 

ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ:  

6,...,1,0,)( 00 == iBtB ii    (2)  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʠʩʪʝʤʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1) ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʠʤ 

ʥʘʯʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ (1) ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʜʠʥʘʤʠʢʠ ʯʠʩʣʝʥʥʦʩʪʠ 

ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʦʚʳʭ. ɼʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʩʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʚ ʧʨʘʚʳʭ ʯʘʩʪʷʭ ʧʨʠʚʝʜʝʥʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʕʪʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʣʠʙʦ ʠʟ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʜʘʥʥʳʭ, ʣʠʙʦ ʵʤʧʠʨʠʯʝʩʢʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

ɻʠʙʢʦʩʪʴ ʤʦʜʝʣʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʢʦʥʢʨʝʪʥʳʭ ʨʘʩʯʝʪʘʭ ʤ  rʤʦʞʝʤ ʤʝʥʷʪʴ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʠʭ ʥʘ ʯʠʩʣʝʥʥʦʩʪʴ. ɹʦʣʝʝ ʪʦʛʦ, ʤ  r

ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʘʞʜʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʛʫʪ ʙr ʪʴ ʧʦʩʪʨʦʝʥʳ 

ʩʦʙʩʪʚʝʥʥʳʝ ʤʦʜʝʣʠ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ, ʨʝʟʫʣʴʪʘʪʳ 

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʜʨʫʛʠʝ. ɼʣʷ ʥʘʭʦʞʜʝʥʠʷ ʥʝʢʦʪʦʨʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʛʫʪ 

ʙʳʪʴ ʧʨʠʚʣʝʯʝʥʳ ʠʟʚʝʩʪʥʳʝ ʤʦʜʝʣʠ, ʥʘʧʨʠʤʝʨ, ʤʦʜʝʣʴ ʚʠʨʪʫʘʣʴʥʦʛʦ ʧʦʧʫʣʷʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʤʝʨʪʥʦʩʪʠ ʦʪ ʭʠʱʥʠʢʦʚ ʠ ʪ.ʜ. ɺʪʦʨʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʠʭ ʜʠʥʘʤʠʯʥʦʩʪʴ, ʪʦ ʝʩʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʠʭ ʦʪ 

ʚʨʝʤʝʥʠ (ʩʝʟʦʥʥʳʝ ʚʣʠʷʥʠʷ). ʇʦʜ ʩʝʟʦʥʥʦʩʪʴʶ ʧʦʥʠʤʘʝʪʩʷ ʪʦ, ʯʪʦ ʜʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʜʝʡʩʪʚʫʶʪ ʚ ʢʘʢʦʤ-ʪʦ ʦʧʨʝʜʝʣʝʥʥʦʤ ʧʝʨʠʦʜʝ ʚʥʫʪʨʠ ʛʦʜʘ, ʘ ʥʝ ʚʩʝ ʚʨʝʤʷ. ɼʘʥʥʳʡ ʬʘʢʪʦʨ 

ʜʦʣʞʝʥ ʫʯʠʪʳʚʘʪʴʩʷ ʚ ʨʝʘʣʴʥʳʭ ʨʘʩʯʝʪʘʭ. ɽʱʝ ʦʜʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʨʘʟʥʳʭ ʛʦʜʘʭ, ʪʦ ʝʩʪʴ ʤʦʜʝʣʠʨʦʚʘʪʴ 

ʩʠʪʫʘʮʠʶ çʫʨʦʞʘʡʥʦʛʦè ʠ çʥʝʫʨʦʞʘʡʥʦʛʦè ʛʦʜʘ. 

ʈʘʟʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ ʨʝʘʣʠʟʦʚʘʥʘ ʥʘ 

ʙʘʟʝ ʩʦʚʨʝʤʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ ʤʦʥʠʪʦʨʠʥʛʘ ʩʦʩʪʦʷʥʠʡ 

ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʊʆʌʀ, ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʢʘʟʘʭʩʪʘʥʩʢʦʡ ʂʦʤʧʘʥʠʝʡ ʩʠʩʪʝʤʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

çʌʘʢʪʦʨ [3]. 

ʊʝʭʥʦʣʦʛʠʷ ʊʆʌʀ ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʫʶ ʤʦʜʝʣʴ (ʤʝʪʘʤʦʜʝʣʴ) 

ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ ʥʘ ʛʦʪʦʚʦʡ ʧʣʘʪʬʦʨʤʝ ʊʆʌʀ ʠ ʨʝʘʣʠʟʦʚʘʪʴ ʠʥʪʝʨʬʝʡʩʥʫʶ 

ʯʘʩʪʴ ʢ ʥʝʡ [4, 5]. ʆʙʤʝʥ ʜʘʥʥʳʤʠ ʩ ʜʨʫʛʠʤʠ ʩʠʩʪʝʤʘʤʠ ʙʫʜʝʪ ʦʩʫʱʝʩʪʚʣʝʥ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʠʥʭʨʦʥʠʟʘʪʦʨʘ ʊʆʌʀ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ (1,2), ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʜʝʣʴ 

ʜʠʥʘʤʠʢʠ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ, ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ - ʤʝʪʦʜ 

ʈʫʥʛʝ-ʂʫʪʪʘ.  

ɼʣʷ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʤʦʜʝʣʴ, ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʚʘ ʤʝʪʦʜʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: 

- ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ; 

- ʤʝʪʦʜ ɸʜʘʤʩʘ. 

ɹʳʣ ʚʳʙʨʘʥ ʤʝʪʦʜ ʈʫʥʛʝ-ʂʫʪʪʘ 4-ʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʩ ʘʚʪʦʤʘʪʠʯʝʩʢʠʤ ʚʳʙʦʨʦʤ 

ʰʘʛʘ.  

ʈʘʩʯʝʪʳ ʧʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

ɺ ʢʘʯʝʩʪʚʝ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʘʥʥʳʝ ʂʘʟʛʠʜʨʦʤʝʪʘ ʯʝʨʝʟ ʢʘʞʜʳʡ ʯʘʩ. ʊʘʢ ʢʘʢ ʚʚʦʜʠʤʳʝ ʜʘʥʥʳʝ ʧʦ ʧʦʛʦʜʥʳʤ ʜʘʥʥʳʤ 

ʷʚʣʷʶʪʩʷ ʜʠʩʢʨʝʪʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʟʘ ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʨʝʤʷ ʩʫʪʦʢ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʥʘʯʝʥʠʡ ʚ 

ʣʶʙʦʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʩʫʪʦʢ ʧʨʠʤʝʥʝʥ ʤʝʪʦʜ ʠʥʪʝʨʧʦʣʷʮʠʠ ʥʝʧʨʝʨʳʚʥʳʤʠ ʬʫʥʢʮʠʷʤʠ. 

 ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ ʩʘʨʘʥʯʠ ʠʩʧʦʣʴʟʦʚʘʥʘ ʩʣʫʯʘʡʥʘʷ ʚʝʣʠʯʠʥʘ Z
i
(t), 

i=0,é,6 ï ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʟʨʝʣʦʩʪʠ ʣʠʯʠʥʦʢ i-ʛʦ ʚʦʟʨʘʩʪʘ (ʷʠʮ). Z
i
(t) ʷʚʣʷʝʪʩʷ ʩʣʫʯʘʡʥʳʤ 
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ʧʨʦʮʝʩʩʦʤ, ʟʘʚʠʩʷʱʠʤ ʦʪ ʩʨʝʜʥʝʩʫʪʦʯʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. ʇʨʠʨʘʱʝʥʠʝ 

ȹZ
i
(t) ʩʨʝʜʥʝʡ ʩʪʝʧʝʥʠ ʟʨʝʣʦʩʪʠ ʣʠʯʠʥʦʢ i-ʛʦ ʚʦʟʨʘʩʪʘ (ʷʠʮ) ʦʧʨʝʜʝʣʝʥʘ ʥʝʧʨʝʨʳʚʥʳʤʠ 

ʬʫʥʢʮʠʷʤʠ ʚʨʝʤʝʥʠ, ʟʘʚʠʩʷʱʠʤʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ. 

ʇʦ ʧʦʩʪʨʦʝʥʥʦʡ ʤʦʜʝʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʝʪʳ ʯʠʩʣʝʥʥʦʩʪʠ ʩʘʨʘʥʯʠ ʜʣʷ ʨʘʟʥʳʭ ʧʦʛʦʜʥʳʭ 

ʫʩʣʦʚʠʡ, ʠʟʫʯʝʥʳ ʚʣʠʷʥʠʝ ʬʘʢʪʦʨʦʚ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʠ ʘʥʪʨʦʧʦʛʝʥʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʜʠʥʘʤʠʢʫ 

ʯʠʩʣʝʥʥʦʩʪʠ ʧʦʧʫʣʷʮʠʠ ʩʘʨʘʥʯʠ, ʦʧʨʝʜʝʣʷʣʠʩʴ ʜʘʪʳ ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʧʝʨʝʭʦʜʘ ʩ ʦʜʥʦʛʦ 

ʫʨʦʚʥʷ ʨʘʟʚʠʪʠʷ ʥʘ ʜʨʫʛʦʡ, ʘ ʪʘʢʞʝ ʜʘʪʳ ʧʨʦʚʝʜʝʥʠʷ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʨ ʥʝʜʦʧʫʱʝʥʠʷ 

ʚʩʧʳʰʢʠ ʤʘʩʩʦʚʦʛʦ ʨʘʟʤʥʦʞʝʥʠʷ ʩʘʨʘʥʯʠ.  
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ɸʙʜʠʢʘʣʠʢʦʚ ʂ.ɸ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʉ.ɹʘʠʰʝʚʘ, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɺ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʙʳʩʪʨʳʝ ʘʣʛʦʨʠʪʤʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ 

ʧʦʜʧʠʩʠ ʥʘ ʦʩʥʦʚʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʂʨʠʧʪʦʛʨʘʬʠʷ, ʵʣʝʢʪʨʦʥʥʘʷ ʮʠʬʨʦʚʘʷ ʧʦʜʧʠʩʴ, ʘʣʛʦʨʠʪʤ, ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ. 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʮʠʬʨʦʚʳʝ ʧʦʜʧʠʩʠ ʷʚʣʷʶʪʩʷ ʚʘʞʥʦʡ ʦʙʣʘʩʪʴʶ ʧʨʠʤʝʥʝʥʠʷ 

ʢʨʠʧʪʦʛʨʘʬʠʠ ʩ ʦʪʢʨʳʪʳʤ ʢʣʶʯʦʤ ʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʪʘʢʦʡ ʢʦʤʧʣʝʢʩ ʟʘʱʠʪʳ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʳʡ ʙʳʣʦ ʙʳ ʜʦʚʦʣʴʥʦ ʩʣʦʞʥʦ ʦʩʫʱʝʩʪʚʠʪʴ ʣʶʙʳʤ ʜʨʫʛʠʤ ʤʝʪʦʜʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʘʣʛʦʨʠʪʤʦʚ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ 

(ʕʎʇ) [1-5], ʚ ʪʦʤ ʯʠʩʣʝ: 

 - ʩʪʘʥʜʘʨʪ ʵʣʝʢʪʨʦʥʥʦʡ ʧʦʜʧʠʩʠ ɻʆʉʊ ʈ34.10-94; 

 - ʥʦʚʳʡ ʩʪʘʥʜʘʨʪ ɻʆʉʊ ʈ34.10-2001; 

 - ʨʘʟʣʠʯʥʳʝ ʦʙʱʝʠʟʚʝʩʪʥʳʝ ʘʣʛʦʨʠʪʤʳ: RSA, ʕʣʴ-ɻʘʤʘʣʷ, DSA. 

ʅʘ ʧʨʘʢʪʠʢʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚ ʩʭʝʤʘʭ ʕʎʇ ʚʤʝʩʪʦ ʜʦʢʫʤʝʥʪʘ x  ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʝʛʦ ʭʵʰ-

ʬʫʥʢʮʠʶ H(x), ʦʙʣʘʜʘʶʱʫʶ ʨʷʜʦʤ ʩʧʝʮʠʘʣʴʥʳʭ ʩʚʦʡʩʪʚ, ʦʩʥʦʚʥʳʤ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʪʦ, 

ʯʪʦ ʩʦʟʜʘʥʠʝ ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʟʥʘʯʝʥʠʝʤ ʭʵʰ-ʬʫʥʢʮʠʠ ï 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʦ. 

ɺ ʚʳʰʝʥʘʟʚʘʥʥʳʭ ʘʣʛʦʨʠʪʤʘʭ ʕʎʇ, ʪʘʢʞʝ ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʠʟʚʝʩʪʥʳʭ ʘʣʛʦʨʠʪʤʘʭ (OSS, 

ʈʘʙʠʥʘ, ʄʠʢʘʣʠ-ʐʘʤʠʨ ʠ ʜʨ.) [5], ʪʨʫʜʥʦʩʪʴ ʟʘʜʘʯ ʧʦʜʜʝʨʞʢʠ ʕʎʇ ʦʩʥʦʚʘʥʘ ʥʘ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ ʟʘʜʘʯ ʬʘʢʪʦʨʠʟʘʮʠʠ ʠʣʠ ʜʠʩʢʨʝʪʥʦʛʦ ʣʦʛʘʨʠʬʤʠʨʦʚʘʥʠʷ, ʘ ʚ 

ʩʭʝʤʝ ɸ.ɸ.ɻʨʫʰʢʦ (1992ʛ.) ʦʜʥʦʩʪʦʨʦʥʥʷʷ ʬʫʥʢʮʠʷ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʝ ʥʘ ʩʣʦʞʥʦʩʪʠ 

ʪʝʦʨʝʪʠʢʦ-ʯʠʩʣʦʚʳʭ ʟʘʜʘʯ, ʘ ʥʘ ʩʣʦʞʥʦʩʪʠ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤ ʙʫʣʝʚʳʭ ʫʨʘʚʥʝʥʠʡ. 

ɺ ʩʪʘʥʜʘʨʪʘʭ ʉʐɸ ʠ ʈʦʩʩʠʠ ʥʘ ʕʎʇ (DSS, ɻʆʉʊ 34.10-94) [1,5] ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʩʧʝʮʠʘʣʴʥʦ ʩʦʟʜʘʥʥʳʝ ʘʣʛʦʨʠʪʤʳ. ɺ ʠʭ ʦʩʥʦʚʫ ʧʦʣʦʞʝʥʳ ʩʭʝʤʳ ʕʣʴ-ɻʘʤʘʣʷ ʠ ʐʥʦʨʨʘ [4]. 
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ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʨʘʙʦʪʘ ʥʝʦʙʭʦʜʠʤʘʷ ʜʣʷ ʕʎʇ ʧʦʜ ʥʝʢʦʪʦʨʳʤ ʜʦʢʫʤʝʥʪʦʤ ʚʳʧʦʣʥʷʝʪʩʷ ʚ 2 

ʵʪʘʧʘ: ʛʝʥʝʨʘʮʠʷ ʢʣʶʯʝʡ ʠ ʧʦʜʧʠʩʳʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘ.  

ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʜʣʷ ʢʘʞʜʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʷ ʥʘ ʦʩʥʦʚʝ ʩʚʷʟʠ  

(n))1(moded j=  

ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʘʨʘ ʢʣʶʯʝʡ: dï ʩʝʢʨʝʪʥʳʡ ʠ e ï ʦʪʢʨʳʪʳʡ. ɿʜʝʩʴ: )1()1()( -Ö-= qpnj , 

p  ʠ q  ï ʙʦʣʴʰʠʝ ʧʨʦʩʪʳʝ ʯʠʩʣʘ, qp¸ .  

ʆʪʢʨʳʪʳʡ ʢʣʶʯ ʠʟʚʝʩʪʝʥ ʚʩʝʤ ʜʨʫʛʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩʝʪʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ 

ʥʝʦʙʭʦʜʠʤʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʦʚʝʨʢʠ ʧʦʜʧʠʩʠ, ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʥʦ 

ʥʝ ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʯʠʩʣʠʪʴ ʩʝʢʨʝʪʥʳʡ ʢʣʶʯ. 

ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ ʜʦʢʫʤʝʥʪ ʩ ʧʦʤʦʱʴʶ ʭʵʰ-ʬʫʥʢʮʠʠ çʩʞʠʤʘʝʪʩʷè ʜʦ ʥʝʩʢʦʣʴʢʦ 

ʜʝʩ̫ʪʢʦʚ ʠʣʠ ʩʦʪʝʥ ʙʘʡʪ. ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʧʦʣʫʯʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʭʵʰ-ʬʫʥʢʮʠʠ ʧʨʠʤʝʥʷʶʪ 

ʥʝʢʦʪʦʨʦʝ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʕʎʇ) ʠ 

ʧʦʣʫʯʘʶʪ ʧʦʜʧʠʩʴ ʜʦʢʫʤʝʥʪʘ ʚ ʚʠʜʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʥʝʯʠʪʘʝʤʳʭ ʩʠʤʚʦʣʦʚ. ʕʎʇ ʤʦʞʝʪ 

ʭʨʘʥʠʪʴʩʷ ʚʤʝʩʪʝ ʩ ʜʦʢʫʤʝʥʪʦʤ (ʚ ʝʛʦ ʥʘʯʘʣʝ ʠʣʠ ʢʦʥʮʝ), ʣʠʙʦ ʚ ʦʪʜʝʣʴʥʦʤ ʬʘʡʣʝ. 

ʅʘʠʙʦʣʝʝ ʫʧʦʪʨʝʙʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʭʵʰ-ʬʫʥʢʮʠʠ ʩʝʤʝʡʩʪʚʘ ʘʣʛʦʨʠʪʤʦʚ MD, 

ʨʘʟʨʘʙʦʪʘʥʥʳʭ ʈ.ɸ.ʈʠʚʝʩʪʦʤ [6], ʠ ʭʵʰ-ʬʫʥʢʮʠʷ ʥʘ ʦʩʥʦʚʝ ʙʳʩʪʨʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʌʫʨʴʝ 

(ɹʇʌ) [4] ʠ ʩʦʧʦʩʪʘʚʣʷʶʱʘʷ ʩʦʦʙʱʝʥʠʶ ʧʨʦʠʟʚʦʣʴʥʦʡ ʜʣʠʥʳ 128-ʙʠʪʥʳʡ ʩʞʘʪʳʡ ʦʙʨʘʟ. ɺ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤʠ ʦʧʝʨʘʮʠʷʤʠ ʷʚʣʷʶʪʩʷ ʩʣʦʞʝʥʠʝ ʧʦ ʤʦʜʫʣʶ 322 , ʮʠʢʣʠʯʝʩʢʠʡ 

ʩʜʚʠʛ, ʣʦʛʠʯʝʩʢʠʝ ʦʧʝʨʘʮʠʠ ÙØÄ ,, , ʘ ʚʦ ʚʪʦʨʦʤ ï ʜʠʩʢʨʝʪʥʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʌʫʨʴʝ (ɼʇʌ) 

ʠ ʨʝʢʫʨʩʠʷ ʧʦʣʠʥʦʤʦʚ ʥʘʜ ʢʦʥʝʯʥʳʤ ʧʦʣʝʤ. 

ɸʥʘʣʠʟ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʦʧʳʪʘ ʧʨʠʤʝʥʝʥʠʷ ʢʦʤʧʴʶʪʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤ ʠ ʩʨʝʜʩʪʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ [4] ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʨʝʙʫʝʤʳʝ ʧʦʜʣʠʥʥʦʩʪʴ ʠ ʮʝʣʦʩʪʥʦʩʪʴ 

ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʤʦʜʝʣʠ ʚʟʘʠʤʥʦʛʦ ʥʝʜʦʚʝʨʠʷ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ 

ʕʎʇ. 

ʉʭʝʤʘ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ ï ʵʪʦ ʥʘʙʦʨ ʘʣʛʦʨʠʪʤʦʚ ʠ ʧʨʦʪʦʢʦʣʦʚ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ 

ʧʦʩʪʨʦʠʪʴ ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʜʚʫʤʷ ʠ ʙʦʣʝʝ ʫʯʘʩʪʢʘʤʠ ʪʘʢ, ʯʪʦʙʳ ʬʘʢʪ 

ʘʚʪʦʨʩʪʚʘ ʧʝʨʝʜʘʥʥʦʛʦ ʩʦʦʙʱʝʥʠʷ, çʧʦʜʧʠʩʘʥʥʦʛʦè ʦʜʥʠʤ ʠʟ ʥʠʭ, ʤʦʛ ʙʳʪʴ ʥʘʜʝʞʥʦ 

ʧʦʜʪʚʝʨʞʜʝʥ ʠʣʠ ʦʧʨʦʚʝʨʛʥʫʪ ʪʨʝʪʴʝʡ ʩʪʦʨʦʥʦʡ, çʥʝʟʘʚʠʩʠʤʳʤ ʘʨʙʠʪʨʘʞʝʤè. ʇʦʜʦʙʥʘʷ 

ʪʝʭʥʦʣʦʛʠʷ ʥʝʦʙʭʦʜʠʤʘ ʜʣʷ ʚʩʝʭ ʩʠʩʪʝʤ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʦʦʙʦʨʦʪʘ, ʛʜʝ ʥʝʪ ʧʦʣʥʦʛʦ 

ʜʦʚʝʨʠʷ ʤʝʞʜʫ ʫʯʘʩʪʥʠʢʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʵʪʦ ʢʘʩʘʝʪʩʷ 

ʬʠʥʘʥʩʦʚʦʡ ʩʨʝʜʳ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʙʨʘʥʥʦʡ ʢʨʠʧʪʦʩʠʩʪʝʤʳ, ʘʣʛʦʨʠʪʤʳ ʕʎʇ ʤʦʞʥʦ 

ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʪʘʢ [4]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.1. ʂʣʘʩʩʠʬʠʢʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʕʎʇ 

ʕʎʇ 

ɸʩʠʤʤʝʪʨʠʯʥʳʡ ʉʠʤʤʝʪʨʠʯ-

ʥʳʡ 
ʍʵ-hʬʫʥʢʮʠʷ ʂʦʤʙʠʥʠʨʦʚʘ

ʥʥʳʡ 

ʥʘ ʦʩʥʦʚʝ 

RSA 

ʕʣʴ-ɻʘʤʘʣʷ 

ɻʆʉʊ 

DSA 

ʠ ʜʨʫʛʠʝ 

ʥʘ ʦʩʥʦʚʝ 

DES 

IDEA 

Blowfich 

ʠ ʜʨʫʛʠʝ 

MD2 

MD4 

MD5 

ʊʏʇ 

Haval 

ʠ ʜʨʫʛʠʝ 

ʕʣʝʢʪʨʦʥ- 

ʥʳʡ ʢʦʥʚʝʨʪ 
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ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʘʣʛʦʨʠʪʤʦʚ ʕʎʇ ʦʙʳʯʥʦ ʨʫʢʦʚʦʜʩʪʚʫʶʪʩʷ ʩʣʝʜʫʶʱʠʤʠ ʧʨʠʥʮʠʧʘʤʠ: 

I. ɺʳʙʦʨ ʙʘʟʦʚʦʡ ʢʨʠʧʪʦʩʠʩʪʝʤʳ. 

II.  ʋʩʢʦʨʝʥʠʝ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ. 

III.  ʋʩʪʘʥʦʚʣʝʥʠʝ ʚʨʝʤʝʥʥʳʭ ʤʝʪʦʢ (ʜʘʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʜʦʢʫʤʝʥʪʘ, ʥʦʤʝʨ 

ʜʦʢʫʤʝʥʪʘ, ʩʨʦʢ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʣʶʯʘ). 

ɼʘʥʥʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʧʦʩʪʨʦʝʥʠʷ ʩʭʝʤ ʕʎʇ. ʉʨʝʜʠ 

ʢʦʪʦʨʳʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠʤʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʰʠʬʨʦʚʘʥʠʷ: ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʬʘʢʪʦʤ ʧʦʜʧʠʩʘʥʠʷ ʜʦʢʫʤʝʥʪʘ ʷʚʣʷʝʪʩʷ ʟʘʰʠʬʨʦʚʘʥʠʝ ʜʦʢʫʤʝʥʪʘ ʥʘ ʩʝʢʨʝʪʥʦʤ 

ʢʣʶʯʝ ʝʛʦ ʦʪʧʨʘʚʠʪʝʣʷ. ʊʘʢ ʢʘʢ ʜʣʠʥʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʤʦʞʝʪ ʦʢʘʟʘʪʴʩʷ ʢʨʠʪʠʯʥʦʡ, 

ʪʦ ʧʨʠʤʝʥʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʜʣʷ ʟʘʰʠʬʨʦʚʘʥʠʷ ʩʦʦʙʱʝʥʠʡ ʙʦʣʴʰʦʡ ʜʣʠʥʳ 

ʤʦʞʝʪ ʙʳʪʴ ʥʝʵʬʬʝʢʪʠʚʥʳʤ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʇʦʵʪʦʤʫ, ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʣʛʦʨʠʪʤʘ ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʭʝʤʫ, ʚ 

ʢʦʪʦʨʦʡ ʟʘʰʠʬʨʦʚʘʥʠʝ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʝʟʫʣʴʪʘʪʘ ʦʙʨʘʙʦʪʢʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ ʭʵʰ-

ʬʫʥʢʮʠʝʡ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʤʦʱʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ. 

ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʪʘʢʦʛʦ ʚʘʨʠʘʥʪʘ ʧʦʩʪʨʦʝʥʠʷ ʕʎʇ ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʦʜʧʠʩʠ ʇʨʦʚʝʨʢʘ ʧʦʜʧʠʩʠ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ.2. ʉʠʩʪʝʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʮʠʬʨʦʚʦʡ ʧʦʜʧʠʩʠ 

 

ʇʨʠ ʵʪʦʤ ʧʦʜʧʠʩʴ ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʩʣʝʜʫʶʱʝʤ ʧʦʨʷʜʢʝ: 

- ʦʪʧʨʘʚʠʪʝʣʴ ʚʳʯʠʩʣʷʝʪ ʭʵʰ-ʢʦʜ ʦʪ ʵʣʝʢʪʨʦʥʥʦʛʦ ʜʦʢʫʤʝʥʪʘ, ʧʨʝʦʙʨʘʟʦʚʳʚʘʝʪ ʝʛʦ ʩ 

ʧʦʤʦʱʴʶ ʩʚʦʝʛʦ ʩʝʢʨʝʪʥʦʛʦ ʢʣʶʯʘ ʠ ʦʪʧʨʘʚʣʷʝʪ ʧʦʣʫʯʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʤʝʩʪʝ ʩ ʜʦʢʫʤʝʥʪʦʤ 

ʧʦʣʫʯʘʪʝʣʶ; 

- ʧʦʣʫʯʘʪʝʣʴ ʧʦʣʫʯʘʝʪ ʜʦʢʫʤʝʥʪ ʩ ʕʎʇ, ʧʦʜʚʝʨʛʘʝʪ ʜʦʢʫʤʝʥʪ ʦʧʝʨʘʮʠʠ ʭʵʰʠʨʦʚʘʥʠʷ, 

ʧʦʩʣʝ ʯʝʛʦ ʩʨʘʚʥʠʚʘʝʪ ʨʝʟʫʣʴʪʘʪʳ. ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ ʕʎʇ ʧʨʠʟʥʘʝʪʩʷ ʠʩʪʠʥʥʦʡ, ʚ ʧʨʦʪʠʚʥʦʤ 

ʩʣʫʯʘʝ ï ʣʦʞʥʦʡ. 

ʉʦʦʙʱʝʥʠʝ ʉʦʦʙʱʝʥʠʝ 
ʚʳʯʠʩʣʝʥʠʝ 
ʭʵʰ-ʢʦʜʘ 

Hú 

ʚʳʯʠʩʣʝʥʠʝ 

ʭʵʰ-ʢʦʜʘ ʅ 

ʧʨʦʚʝʨʢʘ 

ʧʦʜʧʠʩʠ 

ʬʦʨʤʠʨʦʚʘʥʠʝ 

ʧʦʜʧʠʩʠ 

ʨʘʩʰʠʬʨʦʚʳʚʘʝʪʩʷ ʦʪʢʨʳʪʳʤ 

ʢʣʶʯʦʤ 

 

ʰʠʬʨʫʝʪʩʷ ʩʝʢʨʝʪʥʳʤ ʢʣʶʯʦʤ 

 
 

 

 

ʰʠʬʨʦʚʘʥʥʳʡ 

ʕʎʇ 

* ʟʥʘʯʝʥʠʝ ʭʵʰ-ʢʦʜʘ 

*ʜʘʪʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʦʜʧʠʩʠ 

*ʥʦʤʝʨ ʜʦʢʫʤʝʥʪʘ 

*ʜʘʥʥʳʝ ʦʪʧʨʘʚʠʪʝʣʷ 

*ʜʘʥʥʳʝ ʧʦʣʫʯʘʪʝʣʷ 

*ʜʘʪʘ ʩʨʦʢʘ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʢʣʶʯʘ 

***  

ʦʪʧʨʘʚʢʘ ʩʦʦʙʱʝʥʠʷ ʧʨʦʚʝʨʢʘ ʨʘʚʝʥʩʪʚʘ 

HH ú=  

 

 

 

 

ʆʪʧʨʘʚ 

 

ʢʘ ʩʦʦʙʱʝʥʠʷ 
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ʰʠʬʨʦʚʘʥʠʷ ʠ ʧʨʠʤʝʥʷʝʤʳʭ ʭʵʰ-ʬʫʥʢʮʠʡ. 
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6. Rivest R.L. RFC 1320: The MD4 Message-Digest Algorithm. Network Working Group, April 1992. 

 

 

ɺʆʇʈʆʉʓ ʈɸɿʈɸɹʆʊʂʀ LINE-ʈʆɹʆʊɸ 

 

ɸʣʤʘʪʦʚʘ ɸ., ʉʘʨʪʘʙʘʥʦʚʘ ɾ.ɽ. 

ɸʢʪʶʙʠʥʩʢʠʡ ʨʝʛʠʦʥʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ.ʂ.ɾʫʙʘʥʦʚʘ, ɸʢʪʦʙʝ, ʂʘʟʘʭʩʪʘʥ 

 
ɸʥʥʦʪʘʮʠʷ. ɸʢʪʫʘʣʴʥʦʩʪʴʶ ʜʘʥʥʦʡ ʥʘʫʯʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʦʙʦʪʳ 

ʧʦʚʩʶʜʫ ʚʭʦʜʷʪ ʚ ʥʘʰʫ ʞʠʟʥʴ. ʈʦʙʦʪʦʪʝʭʥʠʢʘ ʩʪʨʝʤʠʪʝʣʴʥʦ ʨʘʟʚʠʚʘʝʪʩʷ ʠ ʧʨʦʥʠʢʘʝʪ ʚʦ ʤʥʦʛʠʝ ʩʬʝʨʳ ʥʘʰʝʡ 

ʞʠʟʥʠ, ʥʘʯʠʥʘʷ ʩ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʤʝʜʠʮʠʥʳ, ʙʝʩʧʠʣʦʪʥʳʭ ʨʘʟʚʝʜʯʠʢʦʚ ʠ ʟʘʢʘʥʯʠʚʘʷ ʩʬʝʨʘʤʠ ʙʳʪʦʚʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ. ɹʝʟ ʘʚʪʦʤʘʪʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ ʩʝʡʯʘʩ ʤʳ ʥʝ ʤʦʞʝʤ ʧʨʝʜʩʪʘʚʠʪʴ ʩʚʦʶ ʞʠʟʥʴ. ʈʦʙʦʪʳ ʚʝʟʜʝ, ʚ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʚ ʙʳʪʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʦʙʦʪʝʭʥʠʢʘ, LEGO, LINE. 

 

ʈʦʙʦʪ ï ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ ʩ ʘʥʪʨʦʧʦʤʦʨʬʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʢʦʪʦʨʦʝ ʯʘʩʪʠʯʥʦ 

ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʟʘʤʝʥʷʝʪ ʯʝʣʦʚʝʢʘ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʨʘʙʦʪ ʚ ʦʧʘʩʥʳʭ ʜʣʷ ʞʠʟʥʠ ʫʩʣʦʚʠʷʭ ʠʣʠ 

ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʥʝʜʦʩʪʫʧʥʦʩʪʠ ʦʙʲʝʢʪʘ. 

ʈʦʙʦʪ ʤʦʞʝʪ ʫʧʨʘʚʣʷʪʴʩʷ ʦʧʝʨʘʪʦʨʦʤ ʣʠʙʦ ʨʘʙʦʪʘʪʴ ʧʦ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʥʦʡ 

ʧʨʦʛʨʘʤʤʝ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʨʦʙʦʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʙʣʝʛʯʠʪʴ ʠʣʠ ʚʦʚʩʝ ʟʘʤʝʥʠʪʴ ʯʝʣʦʚʝʯʝʩʢʠʡ 

ʪʨʫʜ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ, ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ, ʧʨʠ ʨʫʪʠʥʥʦʡ ʨʘʙʦʪʝ, ʧʨʠ ʨʘʙʦʪʝ ʩ ʪʷʞʸʣʳʤʠ 

ʛʨʫʟʘʤʠ, ʚʨʝʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, ʘ ʪʘʢʞʝ ʚ ʜʨʫʛʠʭ ʪʷʞʸʣʳʭ ʠʣʠ ʥʝʙʝʟʦʧʘʩʥʳʭ ʜʣʷ ʯʝʣʦʚʝʢʘ 

ʫʩʣʦʚʠʷʭ. 

ʈʦʙʦʪ ï ʵʪʦ ʫʥʠʚʝʨʩʘʣʴʥʳʡ ʘʚʪʦʤʘʪ, ʧʦʟʚʦʣʷʶʱʠʡ ʚʳʧʦʣʥʷʪʴ ʤʝʭʘʥʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ. 

ɽʛʦ ʧʨʠʥʮʠʧʠʘʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʷʚʣʷʝʪʩʷ ʙʳʩʪʨʘʷ ʦʧʝʨʘʪʠʚʥʘʷ ʧʝʨʝʩʪʨʦʡʢʘ ʩ ʦʜʥʦʡ 

ʚʳʧʦʣʥʷʝʤʦʡ ʦʧʝʨʘʮʠʠ ʥʘ ʜʨʫʛʫʶ. ʉʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ʨʦʙʦʪʦʚ ʠ ʜʣʷ 

ʢʘʞʜʦʛʦ ʠʟ ʥʠʭ ʠʤʝʝʪʩʷ ʩʚʦʸ ʦʧʨʝʜʝʣʝʥʠʝ. ʏʘʱʝ ʚʩʝʛʦ ʛʦʚʦʨʷʪ ʦ ʪʨʸʭ ʧʦʢʦʣʝʥʠʷʭ ʨʦʙʦʪʦʚ: 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʨʦʙʦʪʘʭ ʠʣʠ ʤʘʥʠʧʫʣʷʪʦʨʘʭ, ʘʜʘʧʪʠʚʥʳʭ ʨʦʙʦʪʘʭ ʠ ʨʦʙʦʪʘʭ ʩ 

ʠʩʢʫʩʩʪʚʝʥʥʳʤ ʠʥʪʝʣʣʝʢʪʦʤ ʠʣʠ ʢʘʢ ʛʦʚʦʨʠʣʠ ʨʘʥʴʰʝ ï ʠʥʪʝʛʨʘʣʴʥʳʭ ʨʦʙʦʪʘʭ. 

ʏʝʣʦʚʝʢʦʧʦʜʦʙʥʳʡ ʨʦʙʦʪ (ʧʦʩʣʝ ʝʛʦ ʩʦʟʜʘʥʠʷ) ʩʪʘʥʝʪ ʧʝʨʚʳʤ ʫʥʠʚʝʨʩʘʣʴʥʳʤ 

ʠʥʩʪʨʫʤʝʥʪʦʤ, ʪʘʢ ʢʘʢ ʩʤʦʞʝʪ ʧʦʣʴʟʦʚʘʪʴʩʷ ʰʠʨʦʯʘʡʰʠʤ ʥʘʙʦʨʦʤ ʣʶʙʳʭ ʪʝʭʥʠʯʝʩʢʠʭ 

ʩʨʝʜʩʪʚ, ʫʞʝ ʩʜʝʣʘʥʥʳʭ ʯʝʣʦʚʝʢʦʤ ʜʣʷ ʩʝʙʷ. 

ʉʣʦʚʦ çʨʦʙʦʪʦʪʝʭʥʠʢʘè ʙʳʣʦ ʚʧʝʨʚʳʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʚ ʧʝʯʘʪʠ ɸʡʟʝʢʦʤ ɸʟʠʤʦʚʳʤ ʚ 

ʥʘʫʯʥʦ-ʬʘʥʪʘʩʪʠʯʝʩʢʦʤ ʨʘʩʩʢʘʟʝ çʃʞʝʮè, ʦʧʫʙʣʠʢʦʚʘʥʥʦʤ ʚ 1941ʛ. 

ɺʳʜʝʣʷʶʪ ʩʪʨʦʠʪʝʣʴʥʫʶ, ʦʙʨʘʟʦʚʘʪʝʣʴʥʫʶ, ʧʨʦʤʳʰʣʝʥʥʫʶ, ʩʧʦʨʪʠʚʥʫʶ, ʙʳʪʦʚʫʶ, 

ʘʚʠʘʮʠʦʥʥʫʶ ʠ ʵʢʩʪʨʝʤʘʣʴʥʫʶ (ʚʦʝʥʥʫʶ, ʢʦʩʤʠʯʝʩʢʫʶ, ʧʦʜʚʦʜʥʫʶ) ʨʦʙʦʪʦʪʝʭʥʠʢʫ. 

1.ʆʙʨʘʟʦʚʘʪʝʣʴʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ï ʠʥʥʦʚʘʮʠʦʥʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʦʙʫʯʝʥʠʷ, 

ʠʥʪʝʛʨʠʨʫʶʱʘʷ ʟʥʘʥʠʷ ʦ ʬʠʟʠʢʝ, ʤʝʭʘʪʨʦʥʠʢʝ, ʪʝʭʥʦʣʦʛʠʠ, ʤʘʪʝʤʘʪʠʢʝ ʠ ʀʂʊ, ʠ 

ʧʦʟʚʦʣʷʶʱʝʝ ʚʦʚʣʝʯʴ ʚ ʧʨʦʮʝʩʩ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʪʚʦʨʯʝʩʪʚʘ ʫʯʘʱʠʭʩʷ ʨʘʟʥʳʭ 

ʚʦʟʨʘʩʪʦʚ. 

http://ru.wikipedia.org/wiki/%D0%90%D0%B7%D0%B8%D0%BC%D0%BE%D0%B2,_%D0%90%D0%B9%D0%B7%D0%B5%D0%BA
http://ru.wikipedia.org/wiki/1941
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2.ʇʨʦʤʳʰʣʝʥʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ï ʨʦʙʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʜʚʠʛʘʪʝʣʴʥʳʭ ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʬʫʥʢʮʠʡ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʧʨʦʮʝʩʩʝ, ʤʘʥʠʧʫʣʷʮʠʦʥʥʳʡ 

ʨʦʙʦʪ, ʪ.ʝ. ʘʚʪʦʤʘʪʠʯʝʩʢʦʝ ʫʩʪʨʦʡʩʪʚʦ, ʩʦʩʪʦʷʱʝʝ ʠʟ ʤʘʥʠʧʫʣʷʪʦʨʘ ʠ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʫʝʤʦʛʦ 

ʫʩʪʨʦʡʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ, ʢʦʪʦʨʦʝ ʬʦʨʤʠʨʫʝʪ ʫʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ, ʟʘʜʘʶʱʠʝ ʪʨʝʙʫʝʤʳʝ 

ʜʚʠʞʝʥʠʷ ʠʩʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʦʚ ʤʘʥʠʧʫʣʷʪʦʨʘ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʝʨʝʤʝʱʝʥʠʷ ʧʨʝʜʤʝʪʦʚ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʠ ʚʳʧʦʣʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ. 

3.ɹʳʪʦʚʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ ï ʨʦʙʦʪ ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʧʦʤʦʱʠ ʯʝʣʦʚʝʢʫ ʚ 

ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ.  

4.ʇʦʜʚʦʜʥʘʷ ʨʦʙʦʪʦʪʝʭʥʠʢʘ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʨʘʟʨʘʙʦʪʦʢ ʨʦʙʦʪʦʚ ʧʝʨʝʤʝʱʘʶʱʠʭʩʷ 

ʚ ʚʦʜʝ ʧʦʜʨʘʞʘʷ ʜʚʠʞʝʥʠʷʤ ʨʳʙ. ʇʦ ʥʝʢʦʪʦʨʳʤ ʧʦʜʩʯʝʪʘʤ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʜʦʙʥʦʛʦ 

ʜʚʠʞʝʥʠʷ ʤʦʞʝʪ ʥʘ 80 % ʧʨʝʚʦʩʭʦʜʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʜʚʠʞʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʝʙʥʦʛʦ 

ʚʠʥʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʦʙʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʷʪ ʤʝʥʴʰʝ ʰʫʤʘ, ʘ ʪʘʢ ʞʝ ʦʪʣʠʯʘʶʪʩʷ 

ʧʦʚʳʰʝʥʥʦʡ ʤʘʥʸʚʨʝʥʥʦʩʪʴʶ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʯʠʥʦʡ ʚʳʩʦʢʦʛʦ ʠʥʪʝʨʝʩʘ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ 

ʨʦʙʦʪʘʤ, ʜʚʠʞʫʱʠʤʩʷ ʧʦʜʦʙʥʦ ʨʳʙʘʤ.  

ʃʝʪʘʶʱʠʝ ʨʦʙʦʪʳ. ɹʦʣʴʰʠʥʩʪʚʦ ʩʦʚʨʝʤʝʥʥʳʭ ʩʘʤʦʣʸʪʦʚ ʷʚʣʷʶʪʩʷ ʣʝʪʘʶʱʠʤʠ 

ʨʦʙʦʪʘʤʠ ʫʧʨʘʚʣʷʝʤʳʤʠ ʧʠʣʦʪʘʤʠ. ɸʚʪʦʧʠʣʦʪ ʩʧʦʩʦʙʝʥ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʧʦʣʸʪ ʥʘ ʚʩʝʭ 

ʩʪʘʜʠʷʭ ï ʚʢʣʶʯʘʷ ʚʟʣʸʪ ʠ ʧʦʩʘʜʢʫ. ʊʘʢ ʞʝ, ʢ ʣʝʪʘʶʱʠʤ ʨʦʙʦʪʘʤ ʦʪʥʦʩʷʪʩʷ ʙʝʩʧʠʣʦʪʥʳʝ 

ʣʝʪʘʪʝʣʴʥʳʝ ʘʧʧʘʨʘʪʳ (ɹʇʃɸ). ʇʦʜʦʙʥʳʝ ʘʧʧʘʨʘʪʳ ʠʤʝʶʪ ʤʝʥʴʰʠʡ ʚʝʩ, ʟʘ ʩʯʝʪ ʦʪʩʫʪʩʪʚʠʷ 

ʧʠʣʦʪʘ, ʠ ʤʦʛʫʪ ʚʳʧʦʣʥʷʪʴ ʦʧʘʩʥʳʝ ʤʠʩʩʠʠ. 

ʆʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʥʘʙʦʨʳ ʨʦʙʦʪʦʚ 

ʂʦʥʩʪʨʫʢʪʦʨ Lego Mindstorms NXT ʠ Lego Mindstorms EV3, ʧʦʢʘʟʘʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 1, ï 

ʥʦʚʦʝ ʧʦʢʦʣʝʥʠʝ ʢʦʥʩʪʨʫʢʪʦʨʦʚ Lego, ʧʦʟʚʦʣʷʝʪ ʩʦʟʜʘʚʘʪʴ ʨʦʙʦʪʦʚ ʩ ʧʨʦʛʨʘʤʤʠʨʫʝʤʳʤʠ 

ʤʠʢʨʦʢʦʤʧʴʶʪʝʨʘʤʠ. ʉʦʟʜʘʥʠʝ Lego ʈʦʙʦʪʦʚ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʵʪʘʧʦʚ ʠ ʟʘʡʤʝʪ ʥʝ 

ʙʦʣʝʝ 30 ʤʠʥʫʪ, ʘ ʙʣʘʛʦʜʘʨʷ ʧʦʜʨʦʙʥʳʤ ʠʥʩʪʨʫʢʮʠʷʤ ʩʜʝʣʘʪʴ ʵʪʦ ʥʝ ʩʦʩʪʘʚʠʪ ʪʨʫʜʘ.   

 
ʈʠʩʫʥʦʢ 1. ʇʨʠʤʝʨ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʨʦʙʦʪʘ 

 

ʇʨʝʞʜʝ ʚʩʝʛʦ, ʠʩʧʦʣʴʟʫʷ ʵʣʝʤʝʥʪʳ Lego Technic, ʩʦʙʠʨʘʝʪʩʷ ʩʘʤʘ ʤʦʜʝʣʴ, ʦʥʘ ʤʦʞʝʪ 

ʠʤʝʪʴ ʣʶʙʦʡ ʚʘʨʠʘʥʪ ʩʙʦʨʢʠ: ʢʠʙʦʨʛʘ, ʞʠʚʦʪʥʦʛʦ, ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʣʠ ʠʥʦʡ ʜʨʫʛʦʡ 

ʦʙʲʝʢʪ, ʢʦʪʦʨʳʡ ɺʳ ʧʨʠʜʫʤʘʝʪʝ ʩʘʤʠ.  

ɿʘʪʝʤ ʩʣʝʜʫʝʪ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʈʦʙʦʪʘ ʧʨʠ ʧʦʤʦʱʠ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ, ʯʪʦʙʳ ʦʥ ʤʦʛ ʚʳʧʦʣʥʷʪʴ ʢʦʤʘʥʜʳ.  

ɼʣʷ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʡ ʷʟʳʢ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ  - RCX-ʢʦʜ. 

ʆʥ ʠʤʝʝʪ ʫʜʦʙʥʳʡ ʠ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ, ʚ ʢʦʪʦʨʦʤ ʚʩʝ ʢʦʤʘʥʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ ʚ ʚʠʜʝ 

ʦʙʳʯʥʳʭ ʙʣʦʢʦʚ LEGO. ʀ ʜʣʷ ʥʘʧʠʩʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʧʝʨʝʤʝʱʘʝʪʝ ʙʣʦʢʠ ʩ ʦʜʥʦʛʦ ʥʘ ʜʨʫʛʦʡ, 

ʩ ʠʭ ʧʦʤʦʱʴʶ ʤʦʞʥʦ ʩ ʣʝʛʢʦʩʪʴʶ ʧʦʨʫʯʠʪʴ ʜʚʠʛʘʪʝʣʶ ʩʦʚʝʨʰʘʪʴ ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʦʙʦʨʦʪʦʚ, ʚʳʩʪʘʚʠʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʠʢʨʦʬʦʥʘ ʠʣʠ ʜʘʣʴʥʦʩʪʴ ʩʨʘʙʘʪʳʚʘʥʠʷ ʜʘʣʴʥʦʤʝʨʘ.  

ɽʩʣʠ ʚʳ ʥʠʢʦʛʜʘ ʥʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʣʠ ï ʥʝ ʙʝʩʧʦʢʦʡʪʝʩʴ, ʚ ʧʨʦʛʨʘʤʤʝ ʧʨʝʜʫʩʤʦʪʨʝʥʳ 

ʪʨʝʥʠʨʦʚʦʯʥʳʝ ʟʘʜʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʩʧʨʘʚʠʪʴʩʷ ʩ ʵʪʦʡ ʟʘʜʘʯʝʡ. ɼʘʥʥʳʝ ʩ ʢʦʤʧʴʶʪʝʨʘ 

ʤʦʞʥʦ ʧʝʨʝʜʘʚʘʪʴ ʢʘʢ ʧʦ USB-ʢʘʙʝʣʶ, ʪʘʢ ʠ ʯʝʨʝʟ Bluetooth. ɸ ʪʘʢʞʝ ʠ ʯʝʨʝʟ ʤʦʙʠʣʴʥʳʡ 

ʪʝʣʝʬʦʥ, ʧʨʠ ʧʦʤʦʱʠ Bluetooth. 

ʃʶʙʦʡ ʰʢʦʣʴʥʠʢ ʙʝʟ ʪʨʫʜʘ ʟʘʧʨʦʛʨʘʤʤʠʨʫʝʪ NXT, ʥʦ, ʢʘʢ ʥʠ ʩʪʨʘʥʥʦ, ʦʧʳʪʥʦʤʫ 

ʧʨʦʛʨʘʤʤʠʩʪʫ ʙʫʜʝʪ ʥʝʤʥʦʛʦ ʪʨʫʜʥʦʚʘʪʦ. ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʩʦʟʜʘʪʴ ʧʨʦʛʨʘʤʤʫ ʜʦʚʦʣʴʥʦ 

ʪʨʝʙʫʝʪʩʷ ʥʘʨʠʩʦʚʘʪʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʠʢʦʥʦʢ, ʢʦʪʦʨʳʝ ʧʦʢʘʟʳʚʘʶʪ ʪʦ ʠʣʠ ʠʥʦʝ 

ʜʝʡʩʪʚʠʝ. ʕʣʝʤʝʥʪʘʨʥʳʝ ʥʘʩʪʨʦʡʢʠ ʛʨʘʬʠʯʝʩʢʠ ʦʬʦʨʤʣʝʥʳ ʠ ʠʥʩʪʠʥʢʪʠʚʥʦ ʧʦʥʷʪʥʳ.   
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ʈʘʟʨʘʙʦʪʢʘ ʨʦʙʦʪʦʚ ʜʣʷ ʜʚʠʞʝʥʠʷ ʧʦ ʟʘʜʘʥʥʦʡ ʪʨʘʝʢʪʦʨʠʠ 

ʈʘʩʩʤʦʪʨʠʤ ʥʘ ʧʨʦʩʪʝʡʰʠʭ ʧʨʠʤʝʨʘʭ ʧʨʠʤʝʥʝʥʠʷ ʟʥʘʥʠʡ ʨʦʙʦʪʦʪʝʭʥʠʢʠ. ʇʨʝʜʣʘʛʘʝʪʩʷ 

ʨʘʟʨʘʙʦʪʘʪʴ ʘʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʠ ʧʦʩʪʨʦʠʪʴ ʨʦʙʦʪʘ ʥʘ ʣʦʛʠʢʝ, ʙʝʟ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʜʣʷ 

ʩʦʨʝʚʥʦʚʘʥʠʡ ï ʛʦʥʢʠ ʧʦ ʣʠʥʠʠ. 

ɽʩʪʴ ʤʥʦʛʠʝ, ʢʪʦ ʛʦʚʦʨʠʪ, ʯʪʦ ʨʦʙʦʪʳ ʥʘ ʧʨʦʩʪʳʭ ʣʦʛʠʯʝʩʢʠʭ ʤʠʢʨʦʩʭʝʤʘʭ ʵʪʦ ʥʝ 

ʨʦʙʦʪʳ. ʍʦʪʷ ʝʩʣʠ ʩʦʩʪʘʚʠʪʴ ʘʣʛʦʨʠʪʤ ʜʚʠʞʝʥʠʷ ʠ ʧʨʠʤʝʥʠʪʴ ʜʣʷ ʝʛʦ ʨʝʘʣʠʟʘʮʠʠ ʧʨʦʩʪʳʝ 

ʣʦʛʠʯʝʩʢʠʝ ʤʠʢʨʦʩʭʝʤʳ ï ʵʪʦ ʠ ʙʫʜʝʪ ʧʨʦʛʨʘʤʤʘ, ʪʦʣʴʢʦ ʞʝʩʪʢʦ ʚʳʧʦʣʥʝʥʥʘʷ ʚ ʚʠʜʝ 

ʤʠʢʨʦʩʭʝʤʥʳʭ ʩʙʦʨʦʢ. ʇʨʠʤʝʨʥʘʷ ʩʭʝʤʘ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʨʦʙʦʪʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 2. 

 
ʈʠʩʫʥʦʢ 2. ʆʩʥʦʚʥʘʷ ʩʭʝʤʘ ʨʦʙʦʪʘ 

 

ʆʜʠʥ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʘʤʦʜʝʣʴʥʦʛʦ ʨʦʙʦʪʘ, ʧʦʜʯʠʥʷʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʦʤʫ ʘʣʛʦʨʠʪʤʫ, ʠ 

ʠʤʝʝʪ ʙʦʣʝʝ ʩʣʦʞʥʫʶ ʢʦʥʩʪʨʫʢʮʠʶ. 

ʎʠʬʨʦʚʦʡ ʤʦʜʫʣʴ ʫʜʝʨʞʠʚʘʝʪ ʨʦʙʦʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʣʠʥʠʠ ʪʨʘʩʩʳ. ʎʠʬʨʦʚʦʡ 

ʤʦʜʫʣʴ ʤʦʥʪʠʨʫʝʪʩʷ ʥʘ ʧʣʘʪʬʦʨʤʝ ʩ ʤʦʪʦʨʘʤʠ. ʆʩʦʙʝʥʥʦʩʪʴ ʤʦʥʪʘʞʘ ʤʦʜʫʣʷ ʩʦʩʪʦʠʪ ʚ 

ʢʨʝʧʣʝʥʠʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜ ʜʥʠʱʝʤ ʨʦʙʦʪʘ. ʇʦʩʣʝ ʤʦʥʪʘʞʘ ʤʦʜʫʣʷ ʨʦʙʦʪ ʙʫʜʝʪ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʧʦ ʣʠʥʠʠ ʥʘʨʠʩʦʚʘʥʥʦʡ ʪʨʘʩʩʳ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʛʫʣʠʨʦʚʦʢ ʮʠʬʨʦʚʦʛʦ 

ʤʦʜʫʣʷ ʧʦʟʚʦʣʷʝʪ ʚʳʧʦʣʥʠʪʴ ʪʦʯʥʫʶ ʧʦʜʩʪʨʦʡʢʫ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʭʝʤʳ ʠ ʧʦʚʳʩʠʪʴ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʨʦʙʦʪʘ ʧʨʠ ʜʚʠʞʝʥʠʠ ʧʦ ʪʨʘʩʩʝ. 

ʅʘ ʧʣʘʪʝ ʮʠʬʨʦʚʦʛʦ ʤʦʜʫʣʷ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʝʛʫʣʠʨʦʚʢʠ: ʩʢʦʨʦʩʪʠ 

ʧʝʨʝʜʚʠʞʝʥʠʷ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ ʦʪʨʘʞʸʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʤʦʞʥʦ ʫʩʪʘʥʘʚʣʠʚʘʪʴ 

ʢʘʢ ʛʘʣʴʚʘʥʠʯʝʩʢʠʝ ʙʘʪʘʨʝʡʢʠ ʪʘʢ ʠ ʘʢʢʫʤʫʣʷʪʦʨʥʳʝ ʙʘʪʘʨʝʡʢʠ. 

ʅʘʩʪʨʦʡʢʘ ʨʦʙʦʪʘ. ʇʦʩʣʝ ʤʦʥʪʘʞʘ ʨʘʜʠʦʢʦʤʧʦʥʝʥʪʦʚ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ 

ʥʝʩʣʦʞʥʫʶ ʥʘʩʪʨʦʡʢʫ ʤʦʜʝʣʠ ʨʦʙʦʪʘ. ʇʝʨʝʜ ʥʘʩʪʨʦʡʢʦʡ ʥʝʦʙʭʦʜʠʤʦ ʫʙʝʜʠʪʴʩ ̫ ʚ ʪʦʤ, 

ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʬʫʪʣʷʨʝ ʙʘʪʘʨʝʡʢʠ ʜʘʶʪ ʦʙʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʥʝ ʥʠʞʝ 4 ɺʪ. ʊʘʢʞʝ ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʝ çʩʚʝʞʠʝè ʙʘʪʘʨʝʡʢʠ, ʪʘʢ ʢʘʢ ʥʘʩʪʨʦʡʢʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʥʝʢʦʪʦʨʦʛʦ ʚʨʝʤʝʥʠ. 

ʅʫʞʥʦ ʫʩʪʘʥʦʚʠʪ ɹʨʦʙʦʪʘ ʥʘ ʯʠʩʪʳʡ ʣʠʩʪ, ʠ ʚʳʚʝʨʥʫʪʴ ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʚʠʞʝʥʠʷ 

ʨʦʙʦʪʘ ʥʘ ʤʘʢʩʠʤʫʤ. ɼʘʣʝʝ ʥʝʦʙʭʦʜʠʦʤ ʚʢʣʶʯʠʪ ɹʧʠʪʘʥʠʝ. ɽʩʣʠ ʨʦʙʦʪ ʥʝ ʜʚʠʛʘʝʪʩʷ ʩ ʤʝʩʪʘ, 

ʟʥʘʯʠʪ, ʫʩʪʘʥʦʚʣʝʥ ʨʝʛʫʣʷʪʦʨ ʩʢʦʨʦʩʪʠ ʚ ʤʠʥʠʤʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʠʣʠ ʜʦʧʫʱʝʥʳ ʜʨʫʛʠʝ 

ʦʰʠʙʢʠ ʧʨʠ ʩʙʦʨʢʝ. ʅʝʦʙʭʦʜʠʦʤ ʫʩʪʨʘʥʠʪ ɹ ʚʩʝ ʟʘʤʝʯʝʥʥʳʝ ʥʝʜʦʩʪʘʪʢʠ ʠ ʧʦʚʪʦʨʠʪ ɹ

ʧʨʦʮʝʜʫʨʫ. ɽʩʣʠ ʨʦʙʦʪ ʝʜʝʪ ʧʨʠ ʵʪʦʤ ʨʘʟʚʦʨʘʯʠʚʘʝʪʩʷ ʥʘ ʤʝʩʪʝ ʠʣʠ ʝʜʝʪ ʥʘʟʘʜ, ʦʧʨʝʜʝʣʠʪʝ, 

ʢʘʢʦʡ ʠʟ ʜʚʠʛʘʪʝʣʝʡ ʚʨʘʱʘʝʪʩʷ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʩʪʦʨʦʥʫ, ʠ ʧʝʨʝʧʘʷʡʪʝ ʧʦʜʢʣʶʯʝʥʥʳʝ ʢ 

ʥʝʤʫ ʧʨʦʚʦʜʘ, ʧʦʤʝʥʷʚ ʠʭ ʤʝʩʪʘʤʠ. 

ʂʦʛʜʘ ʨʦʙʦʪ ʙʫʜʝʪ ʝʭʘʪʴ ʧʨʷʤʦ (ʥʘ ʙʝʣʦʤ ʣʠʩʪʝ) ʧʨʦʚʝʨʴʪʝ ʰʠʤ-ʨʝʛʫʣʠʨʦʚʢʫ ʩʢʦʨʦʩʪʠ. 

ɺʦʟʴʤʠʪʝ ʤʘʣʝʥʴʢʫʶ ʦʪʚʸʨʪʢʫ ʠ ʚʨʘʱʘʡʪʝ ʜʚʠʞʦʢ ʧʦʜʩʪʨʦʝʯʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R8. ɽʩʣʠ 
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ʩʢʦʨʦʩʪʴ ʠʟʤʝʥʷʝʪʩʷ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ, ʟʥʘʯʠʪ ʨʝʛʫʣʠʨʦʚʢʘ ʨʘʙʦʪʘʝʪ. ɽʩʣʠ 

ʥʝʪ, ʪʦ ʧʦʩʪʘʨʘʡʪʝʩʴ ʚʥʠʤʘʪʝʣʴʥʦ ʦʩʤʦʪʨʝʪʴ ʚʳʚʦʜʳ ʤʠʢʨʦʩʭʝʤʳ, ʢʘʯʝʩʪʚʦ ʧʘʡʢʠ ʠʣʠ 

ʚʦʟʤʦʞʥʳʝ ʢʦʨʦʪʢʠʝ ʟʘʤʳʢʘʥʠʷ ʧʨʠʧʦʝʤ. ɺʳʩʪʘʚʴʪʝ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʥʝʙʦʣʴʰʦʡ ʠ 

ʚʳʚʝʨʥʠʪʝ ʨʝʛʫʣʷʪʦʨ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʩʚʝʪʦʜʠʦʜʦʚ R1 ʙʣʠʞʝ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ. ʇʨʠ ʵʪʦʤ 

ʨʝʛʫʣʠʨʦʚʢʫ çʜʠʬʬʝʨʝʥʮè ʧʦʜʩʪʨʦʝʯʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R2 ʥʫʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʚ ʩʨʝʜʥʝʝ 

ʧʦʣʦʞʝʥʠʝ. 

ʋʩʪʘʥʦʚʠʪʝ ʨʦʙʦʪʘ ʥʘ ʣʠʥʠʶ, ʪʘʢ, ʯʪʦʙʳ ʣʠʥʠʷ ʦʢʘʟʘʣʘʩʴ ʤʝʞʜʫ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘʤʠ. 

ɽʩʣʠ ʚʘʰʘ ʪʨʘʩʩʘ ʩʣʠʰʢʦʤ ʰʠʨʦʢʘʷ ʠ ʟʘʢʨʳʚʘʝʪ ʦʙʘ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ, ʦʩʪʦʨʦʞʥʦ ʦʪʦʛʥʠʪʝ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʥʝʤʥʦʛʦ ʚʦ ʚʥʝʰʥʶʶ ʩʪʦʨʦʥʫ. ʇʨʦʩʣʝʜʠʪʝ, ʯʪʦʙʳ ʚʳʚʦʜʳ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ ʥʝ ʦʢʘʟʘʣʠʩʴ ʟʘʤʢʥʫʪʳʤʠ ʧʦʩʣʝ ʩʛʠʙʘ. ɿʘʤʝʪʴʪʝ, ʯʪʦ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʳ 

ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʥʝʢʦʪʦʨʦʤ ʨʘʩʩʪʦʷʥʠʠ ʦʪ ʧʦʚʝʨʭʥʦʩʪʠ ʣʠʩʪʘ ʠʥʘʯʝ (ʝʩʣʠ ʦʥʠ 

ʦʢʘʞʫʪʩʷ ʧʨʠʞʘʪʳʤʠ ʢ ʧʦʚʝʨʭʥʦʩʪʠ) ʦʥʠ ʥʝ ʙʫʜʫʪ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʪʨʘʞʸʥʥʦʝ ʠʟʣʫʯʝʥʠʝ. 

ʇʨʦʚʝʜʠʪʝ ʧʝʨʚʳʡ ʧʨʦʙʥʳʡ ʟʘʧʫʩʢ ʥʘ ʪʨʘʩʩʝ. ɽʩʣʠ ʚʘʰ ʨʦʙʦʪ ʩʭʦʜʠʪ ʩ ʪʨʘʩʩʳ, ʦʧʨʝʜʝʣʠʪʝ, ʚ 

ʢʘʢʫʶ ʩʪʦʨʦʥʫ ʵʪʦ ʯʘʱʝ ʧʨʦʠʩʭʦʜʠʪ. ɿʘʪʝʤ ʧʦʜʨʝʛʫʣʠʨʫʡʪʝ ʧʦʜʩʪʨʦʝʯʥʳʤ ʨʝʟʠʩʪʦʨʦʤ R2 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʤʝʞʜʫ ʣʝʚʳʤ ʠ ʧʨʘʚʳʤ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʤ. 

ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʧʦʜʩʪʨʦʡʢʫ ʤʦʞʥʦ ʚʳʧʦʣʥʠʪʴ ʠʥʘʯʝ. ʋʩʪʘʥʦʚʠʪʝ ʨʦʙʦʪʘ ʧʨʘʚʳʤ 

ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʤ ʥʘ ʯʸʨʥʫʶ ʧʦʣʦʩʫ ʧʨʠ ʵʪʦʤ ʤʦʪʦʨ ʩ ʧʨʘʚʦʡ ʩʪʦʨʦʥʳ ʜʦʣʞʝʥ 

ʚʳʢʣʶʯʠʪʴʩʷ. ɽʩʣʠ ʵʪʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ, ʪʦ ʚʨʘʱʘʡʪʝ ʨʝʛʫʣʠʨʦʚʢʫ "ʜʠʬʬʝʨʝʥʮ" ʜʦ ʪʝʭ ʧʦʨ 

ʧʦʢʘ ʤʦʪʦʨ ʥʝ ʙʫʜʝʪ ʯʸʪʢʦ ʚʳʢʣʶʯʘʪʴʩʷ. ʊʦʞʝ ʧʨʦʜʝʣʘʡʪʝ ʩ ʣʝʚʳʤ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʤ ʠ 

ʤʦʪʦʨʦʤ ʨʘʩʧʦʣʦʞʝʥʥʳʤ ʩ ʣʝʚʦʡ ʩʪʦʨʦʥʳ. ʅʝʦʙʭʦʜʠʤʦ ʜʦʙʠʪʴʩʷ ʪʘʢʦʛʦ ʫʩʣʦʚʠʷ ʧʨʠ 

ʢʦʪʦʨʦʤ ʥʘʜ ʯʝʨʥʦʡ ʧʦʣʦʩʦʡ ʜʣʷ ʧʨʘʚʦʛʦ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʚʳʢʣʶʯʘʣʩʷ ʤʦʪʦʨ ʩʧʨʘʚʘ, ʘ ʜʣʷ 

ʣʝʚʦʛʦ - ʤʦʪʦʨ ʩʣʝʚʘ. 

 ɽʩʣʠ ʨʦʙʦʪ ʥʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʯʸʨʥʫʶ ʣʠʥʠʶ ʪʨʘʩʩʳ, ʚʦʟʤʦʞʥʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʂ 

ʠʟʣʫʯʝʥʠʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʘ. ʇʦʜʩʪʨʦʡʪʝ ʫʨʦʚʝʥʴ ʠʟʣʫʯʝʥʠʷ ʙʣʠʞʝ ʢ ʤʠʥʠʤʘʣʴʥʦʤʫ 

ʨʝʟʠʩʪʦʨʦʤ R1. ɺʠʟʫʘʣʴʥʦ ʦʧʨʝʜʝʣʠʪʴ ʤʦʱʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ ʦʯʝʥʴ ʧʨʦʩʪʦ, ʝʩʣʠ ʚʘʰ ʩʦʪʦʚʳʡ 

ʪʝʣʝʬʦʥ ʦʙʦʨʫʜʦʚʘʥ ʬʦʪʦʢʘʤʝʨʦʡ. ɺʢʣʶʯʠʪʝ ʬʦʪʦʢʘʤʝʨʫ ʩʦʪʦʚʦʛʦ ʪʝʣʝʬʦʥʘ ʠ ʧʨʠʙʣʠʟʴʪʝ ʢ 

ʩʚʝʪʦʜʠʦʜʘʤ HL1, HL2. ɽʩʣʠ ʧʠʪʘʥʠʝ ʧʦʜʘʥʦ ʥʘ ʩʚʝʪʦʜʠʦʜʳ, ʪʦ ʦʥʠ ʙʫʜʫʪ ʩʚʝʪʠʪʴʩʷ! ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʚʳ ʩʤʦʞʝʪʝ ʫʚʠʜʝʪʴ ʥʝʚʠʜʠʤʦʝ ʠʟʣʫʯʝʥʠʝ ʠ ʦʪʨʝʛʫʣʠʨʦʚʘʪʴ ʝʛʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩ 

ʧʦʤʦʱʴʶ ʧʦʩʜʪʨʦʝʯʥʦʛʦ ʨʝʟʠʩʪʦʨʘ R1. ʅʝʤʘʣʦʚʘʞʥʳʤ ʬʘʢʪʦʨʦʤ ʩʭʦʜʘ ʩ ʣʠʥʠʠ ʷʚʣʷʝʪʩʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ. ʅʘ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʵʪʘ ʚʝʨʦʷʪʥʦʩʪʴ ʚʦʟʨʘʩʪʘʝʪ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ, ʧʦʵʪʦʤʫ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘ ʣʠʥʠʠ ʫʤʝʥʴʰʘʡʪʝ ʩʢʦʨʦʩʪʴ 

ʥʘʩʢʦʣʴʢʦ ʵʪʦ ʚʦʟʤʦʞʥʦ. ʂʨʦʤʝ ʪʦʛʦ, ʜʚʠʞʝʥʠʝ ʩ ʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʧʦʟʚʦʣʷʝʪ ʵʢʦʥʦʤʠʪʴ 

ʠʩʪʦʯʥʠʢ ʧʠʪʘʥʠʷ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʨʦʙʦʪ ʙʫʜʝʪ ʨʘʙʦʪʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʜʦʣʴʰʝ. ɽʱʸ ʦʜʥʠʤ 

ʬʘʢʪʦʨʦʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʦʙʦʪʘ ʥʘ ʣʠʥʠʠ ʷʚʣʷʝʪʩʷ ʰʠʨʠʥʘ ʩʘʤʦʡ ʪʨʘʩʩʳ. ʏʝʤ ʦʥʘ ʰʠʨʝ, ʪʝʤ 

ʧʨʦʱʝ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʨʦʙʦʪʫ ʠ "ʣʝʛʯʝò ʩʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʩʭʦʜ ʩ ʥʝʸ. ɺʦ ʚʨʝʤʷ ʠʩʧʳʪʘʥʠʡ 

ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʠʢʨʦʩʭʝʤʳ CD4011 ʠ 

ʨʝʟʠʩʪʦʨʘ R5 ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 10ʢʆʤ ʜʦ 47ʢʆʤ. ɽʩʣʠ ʨʦʙʦʪ ʫʚʝʨʝʥʥʦ ʙʝʞʠʪ 

ʧʦ ʪʨʘʩʩʝ, ʟʥʘʯʠʪ ʩʙʦʨʢʘ ʟʘʢʦʥʯʝʥʘ ʠ ʧʨʘʚʠʣʴʥʦ ʚʳʧʦʣʥʝʥʘ ʥʘʩʪʨʦʡʢʘ. 

R8 ʐʠʤ-ʨʝʛʫʣʷʪʦʨ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʧʝʨʝʜʚʠʞʝʥʠʷ ʨʦʙʦʪʘ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʦʪ ʤʠʥʠʤʘʣʴʥʦʡ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʡ. ʕʪʘ ʨʝʛʫʣʠʨʦʚʢʘ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ 

ʦʧʪʠʤʘʣʴʥʫʶ ʩʢʦʨʦʩʪʴ ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʫʩʪʦʡʯʠʚʦʛʦ ʧʝʨʝʜʚʠʞʝʥʠʷ ʧʦ ʪʨʘʩʩʝ. 

R1 ʇʦʜʩʪʨʦʡʢʦʡ ʨʝʛʫʣʠʨʦʚʢʠ ʷʨʢʦʩʪʠ ʩʚʝʯʝʥʠʷ ʠʢ-ʩʚʝʪʦʜʠʦʜʦʚ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʦʙʦʠʭ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ ʢ  ʦʪʨʘʞʝʥʥʦʤʫ ʠʟʣʫʯʝʥʠʶ. 

R2 ɼʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʨʝʛʫʣʷʪʦʨ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʫʨʘʚʥʷʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʜʣʷ 

ʦʙʦʠʭ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ, ʩ ʪʝʤ, ʯʪʦʙʳ ʨʦʙʦʪ ʨʝʘʛʠʨʦʚʘʣ ʧʨʘʚʠʣʴʥʦ ʙʝʟ çʧʝʨʝʢʦʩʦʚè ʚ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʦʜʥʦʛʦ ʠʟ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʦʚ. 
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ʈʠʩʫʥʦʢ 3. ʂʦʥʩʪʨʫʢʮʠʷ ʨʦʙʦʪʘ 

 

VT1,VT2 ʉʭʝʤʘ ʘʢʪʠʚʥʦʛʦ ʪʦʨʤʦʞʝʥʠʷ ʤʛʥʦʚʝʥʥʦ ʦʩʪʘʥʘʚʣʠʚʘʝʪ ʦʜʠʥ ʠʟ ʤʦʪʦʨʦʚ ʧʨʠ 

ʫʩʣʦʚʠʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʪʦʪʨʘʥʟʠʩʪʦʨ ʥʘʭʦʜʠʪʩʷ ʥʘ ʯʸʨʥʦʡ ʣʠʥʠʠ. ɸʢʪʠʚʥʦʝ 

ʪʦʨʤʦʞʝʥʠʝ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʭʦʣʦʩʪʦʡ ʭʦʜ ʜʚʠʛʘʪʝʣʷ ʠ ʚʦʟʤʦʞʥʳʡ ʩʲʝʟʜ ʨʦʙʦʪʘ ʩ ʣʠʥʠʠ ʧʦ 

ʠʥʝʨʮʠʠ.  

SA1 ʄʠʢʨʦʚʳʢʣʶʯʘʪʝʣʴ  ʧʠʪʘʥʠʷ. 

ʇʨʠʤʝʯʘʥʠʝ.1. ɺʠʥʪʦʚʳʝ ʢʣʝʤʤʥʠʢʠ ʜʣʷ ʧʦʜʢʣʶʯʝʥʠʷ ʠʩʪʦʯʥʠʢʘ ʧʠʪʘʥʠʷ ʠ ʤʦʪʦʨʦʚ 

ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʥʝʦʙʷʟʘʪʝʣʴʥʦ. ʅʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʭ ʧʨʠʜʸʪʩʷ ʟʘʧʘʠʚʘʪʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ 

ʧʝʯʘʪʥʫʶ ʧʣʘʪʫ. 

ʇʨʠʤʝʯʘʥʠʝ.2. ʄʠʢʨʦʚʳʢʣʶʯʘʪʝʣʴ ʧʠʪʘʥʠʷ ʤʦʞʥʦ ʫʩʪʘʥʦʚʠʪʴ ʣʶʙʦʛʦ ʪʠʧʘ 

ʧʦʜʭʦʜʷʱʝʛʦ ʧʦ ʨʘʟʤʝʨʘʤ ʠ ʨʘʙʦʪʘʶʱʠʡ ʢʦʥʪʘʢʪʘʤʠ ʥʘ ʟʘʤʳʢʘʥʠʝ. 

ʇʨʠʤʝʯʘʥʠʝ.3. ʌʦʪʦʪʨʘʥʟʠʩʪʦʨʳ ʤʦʞʥʦ ʟʘʤʝʥʠʪʴ ʥʘ ʬʦʪʦʜʠʦʜʳ ʚʢʣʶʯʝʥʥʳʝ ʚ 

ʦʙʨʘʪʥʦʤ ʥʘʧʨʘʚʣʝʥʠʠ. ɺ ʩʣʫʯʘʝ ʟʘʤʝʥʳ ʢʘʪʦʜ ʬʦʪʦʜʠʦʜʘ ʥʫʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ ʧʣʶʩʫ 

ʧʠʪʘʥʠʷ (ʧʦʟʠʮʠʷ ʢʦʣʣʝʢʪʦʨʘ(ʢ) ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ), ʘʥʦʜ ʬʦʪʦʜʠʦʜʘ ʥʫʞʥʦ ʧʦʜʢʣʶʯʠʪʴ ʢ 

ʧʦʟʠʮʠʠ ʵʤʠʪʪʝʨʘ (ʵ) ʬʦʪʦʪʨʘʥʟʠʩʪʦʨʘ ʧʦ ʨʠʩʫʥʢʫ ʥʘ ʤʦʥʪʘʞʥʦʡ ʧʣʘʪʝ. 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʦʢʘʟʘʥ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʩʘʤʦʜʝʣʴʥʳʡ ʨʦʙʦʪ. ʆʥ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʧʨʦʩʪʳʤ. 

 
ʈʠʩʫʥʦʢ 4. ʈʦʙʦʪ 

ʇʨʠ ʨʘʟʨʘʙʦʪʢʝ ʜʘʥʥʦʛʦ ʨʦʙʦʪʘ ʙʳʣʦ ʠʟʫʯʝʥʦ ʢʘʢ ʥʘ ʧʣʘʪʫ ʧʨʠʧʘʠʚʘʶʪ ʚʩʝ ʜʝʪʘʣʠ, 

ʧʨʠʧʘʠʚʘʷ ʜʝʪʘʣʠ ʤʥʦʶ ʙʳʣʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ ʜʣʷ ʢʘʢʠʭ ʮʝʣʝʡ ʚʩʝ ʵʪʦ ʜʝʣʘʝʪʩʷ, ʙʳʣʦ 

ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ ʜʝʪʘʣʝʡ ʥʘ ʜʚʠʞʝʥʠʝ ʜʘʥʥʦʛʦ ʨʦʙʦʪʘ, ʠʟʫʯʝʥ ʧʨʦʮʝʩʩ ʧʦʜʩʯʝʪʘ ʧʫʪʠ 

ʨʦʙʦʪʘ ʠ ʝʛʦ ʨʝʘʢʮʠʷ ʥʘ ʙʝʣʳʡ ʠ ʯʝʨʥʳʡ ʮʚʝʪʘ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
1. http://roboforum.ru/forum17/topic12005.html 

2. http://www.servodroid.ru/forum/62-633-1 
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ʄʋʃʔʊʀʄɽɼʀʗʃʓת פʁʈɽʊʋʐɯ ɹɸנɼɸʈʃɸʄɸʅʓר ʊʀɯʄɼɯʃɯɻɯ 

 

ᴄʣʠʝʚʘ ɸ.ʆ., ʂʫʣʤʘʛʘʥʙʝʪʦʚʘ ɾ.ʂ., ɽʨʝʢʝʰʝʚʘ ʄ.ʄ., ɹʘʡʛʘʥʦʚʘ ɸ.ʄ. 

 ʩʪʘʥץʘʟʘפ ,ʪᴇʙʝץʽʨʣʽʢ ʤʝʤʣʝʢʝʪʪʽʢ ʫʥʠʚʝʨʩʠʪʝʪʽ, ɸשʪᴇʙʝ ᴇץʳ ɸסʙʘʥʦʚ ʘʪʳʥʜʘײɾ .פ

  

 ᴇʟʛʝʨʽʩʪʝʨ ץʳʥʜʳ ʜʘʤʫʳ ʞᴅʥʝ ᴅʣʝʫʤʝʪʪʽʢ ʵʢʦʥʦʤʠʢʘʣʳץʘʨץ שʳʣʳʤ ʤʝʥ ʪʝʭʥʠʢʘʥʳנ

ʞʘʩ ײʨʧʘץʪʳ ʪᴅʨʙʠʝʣʝʫʛʝ ʞʘשʘʰʘ ʢᴇʟץʘʨʘʩʧʝʥ ץʘʨʘʫʜʳ ʪʘʣʘʧ ʝʪʫʜʝ. ɹײʣ ᴅʨʙʽʨ ʘʜʘʤʥʳש 

ʧʩʠʭʠʢʘʣʳץ, ʞʝʢʝ ʪײʣסʘʣʳץ ץʘʩʠʝʪʪʝʨʽʥ ʜʘʤʳʪʫסʘ ʤװʤʢʽʥʜʽʢ ʙʝʨʝʪʽʥ ʞʘשʘ ʞʘסʜʘʡʣʘʨ ײץʨʫʜʳ 

 .ʘʞʝʪ ʝʪʝʜʽץ

 ʫ ʽʩ ᴅʨʝʢʝʪʪʝʨʽʥʜʝץʳʪʫ ʧʨʘʢʪʠʢʘʩʳʥʜʘ ʦץʫ ʦʨʳʥʜʘʨʳʥʜʘ ʦץʳ ʦסʘʨסʘʟʽʨʛʽ ʢʝʟʜʝ ʞʦפ

ʽʩʢʝʨʣʽʢʪʽ, ʜʘסʜʳʥʳ ץʘʣʳʧʪʘʩʪʳʨʫסʘ ʞᴅʥʝ ᴇʟ ʙʝʪʽʤʝʥ ʞײʤʳʩ ʞʘʩʘʫסʘ װʡʨʝʪʫʰʽ ʙʘסʜʘʨʣʘʤʘʣʘʨ 

 ʘ ʥʝʤʝʩʝ ʙʝʢʽʪʫʛʝסʘʡʪʘʣʘʫץ ʘʞʝʪ ʜʝʛʝʥ ʧʽʢʽʨ ʪʫʳʥʜʘʫʜʘ. ᴄʜʝʪʪʝ ʦʣʘʨ ᴇʪʢʝʥʜʽץ ʦʣʜʘʥʳʣʫʳץ

ʘʨʥʘʣסʘʥ ʞᴅʥʝ ʤʘʟʤײʥʳʥʜʘ ʞʘשʘ ʦץʫ ʤʘʪʝʨʠʘʣʜʘʨʳ ʞʦץ ʦץʳʪʫ ʙʘסʜʘʨʣʘʤʘʣʘʨʳ. תʡʨʝʪʫʰʽ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ï ʙײʣ ʦʡʳʥʜʳץ ʬʦʨʤʘʜʘ ʙʽʨ ʥʝʤʝʩʝ ʙʽʨʥʝʰʝ ʢʦʤʧʴʶʪʝʨʣʽʢ ʩʘʫʘʪʪʳʣʳץʪʳ 

 ʣ ʦʡʳʥʜʘʨײʜʘʨʣʘʤʘʣʘʨ. ɹסʙʘ ץʪʠʧʪʝʛʽ ʦʡʳʥʜʳ (ץʞʘʙʳ)ץʩʳʥʘʪʳʥ ʜʠʜʘʢʪʠʢʘʣʳײ

ʩʪʫʜʝʥʪʪʝʨʜʽש ʪʘץʳʨʳʧʪʳ סײʳʧ ʘʣʫʳʥʘ, ʞʘʟʫ ʘʨץʳʣʳ ʦץʫ, ʦץʫ ʘʨץʳʣʳ ʞʘʟʫ ʤʘʰʳץʪʘʨʳʥ 

ʜʘʤʳʪʫסʘ; ʢᴅʩʽʙʠ ʠʥʬʦʨʤʘʪʠʢʘʣʳץ ʪװʩʽʥʽʢʪʝʨʜʽ, ʤʫʣʴʪʠʤʝʜʠʷʣʳץ ʞᴅʥʝ ʛʨʘʬʠʢʘʣʳץ 

ʙʘסʜʘʨʣʘʤʘʣʘʨ ʙʦʡʳʥʰʘ ʪװʩʽʥʽʢʪʝʨʜʽ ץʘʣʳʧʪʘʩʪʘʨʫסʘ; ʵʢʦʣʦʛʠʷʣʳץ ʪᴅʨʙʠʝʛʝ ʤװʤʢʽʥʜʽʢ 

ʪʫסʳʟʘʜʳ. 

ʂʦʤʧʴʶʪʝʨʜʽש ʢᴇʤʝʛʽʤʝʥ ʦץʳʪʫʜʳש ʤʳʥʘʜʘʡ ʞʘץʩʳ ʞʘץʪʘʨʳʥ ʘʪʘʧ ᴇʪʫʛʝ ʙʦʣʘʜʳ:  

- ʢʦʤʧʴʶʪʝʨʜʽ ʧʘʡʜʘʣʘʥʫ ʩʘʙʘץץʘ ʜʝʛʝʥ ץʳʟʳסʫʰʳʣʳץʪʳ ʘʨʪʪʳʨʘʜʳ;   

- ʢʦʤʧʴʶʪʝʨʛʝ ʘʨʥʘʧ ʦץʫʰʳʣʘʨʜʳש ʦʡʣʘʥʫ ʜᴅʨʝʞʝʩʽʥʝ, ʤʘʪʝʨʠʘʣʜʳ ץʘʙʳʣʜʘʫ 

ʝʨʝʢʰʝʣʽʛʽʥʝ ʙʘʡʣʘʥʳʩʪʳ ᴅʨ ʦץʫʰʳ װʰʽʥ ʞʝʢʝ ʙʘסʜʘʨʣʘʤʘ ײץʨʳʧ, ʦץʫʰʳʣʘʨʤʝʥ ʜʝʨʙʝʩ 

ʞײʤʳʩ ʞʘʩʘʫʜʳ ʢװʰʝʡʪʝʜʽ; 

- ʢʦʤʧʴʶʪʝʨ ʘʨץʳʣʳ ʩᴇʡʣʝʫ ץʘʙʽʣʝʪʽ ʜʘʤʳʤʘסʘʥ, ʥʘʰʘʨ ʝʩʪʠʪʽʥ ʪ.ʩ.ʩ. ʢʝʤʰʽʣʽʢʪʝʨʽ 

ʙʘʨ ʙʘʣʘʣʘʨʜʳ ʦץʳʪʫʜʳש ʪʠʽʤʜʽʣʽʛʽ ʘʨʪʘʜʳ; 

- ʢʦʤʧʴʶʪʝʨ ʦץʫʰʳסʘ ʤʘʪʝʨʠʘʣʜʳץ שʘʡ ʪײʩʳʥʘ ʙʘʩʘ ʥʘʟʘʨ ʘʫʜʘʨʫ ʢʝʨʝʢ ʝʢʝʥʽʥ 

ʢᴇʨʩʝʪʽʧ, ʢᴇʤʝʢʪʝʩʽʧ ʦʪʳʨʘʜʳ, ʦʥʳ ʘʩʳץʪʳʨʤʘʡʜʳ, ʦץʫʰʳ ʢʦʤʧʴʶʪʝʨ ʘʣʜʳʥʜʘ ץʳʩʳʣʳʧ 

 ;ʨʘʧ ʘʣʘʜʳײʘʡʪʘʣʘʧ ʩץ ʪʘʥ ʙʽʣʤʝʛʝʥ ʥᴅʨʩʝʩʽʥ ʤʘʰʠʥʘʜʘʥץʷʣʤʘʡʜʳ. ʉʦʥʜʳײ

- ʢʦʤʧʴʶʪʝʨʜʽ ʩʘʙʘץץʘ ʧʘʡʜʘʣʘʥʫ ʦסʘʥ ʞײʤʩʘʣʘʪʳʥ ʫʘrץʪʪʳ װʥʝʤʜʝʡʜʽ[1]. 

ɹײʜʘʥ ʢʦʤʧʴʶʪʝʨʜʽ ʦץʳʪʫ װʨʜʽʩʽʥʜʝ ʞʘʥ-ʞʘץʪʳ ʧʘʡʜʘʣʘʥʫ ʢʝʨʝʢ ʜʝʛʝʥʥʝʥ ʢʝʟ- ʢʝʣʛʝʥ 

ʙʘʨʣʳץ ʩʘʙʘץʪʘʨʳʥ ʪװʛʝʣʜʝʡ װʡʨʝʪʫʰʽ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʘʨץʳʣʳ ʦץʳʪʫ ʢʝʨʝʢ ʜʝʛʝʥ ʦʡ ʪʫʤʘʫʳ 

ʢʝʨʝʢ. ɹײʣ ʙʘסʜʘʨʣʘʤʘʣʘʨ ץʘʡʪʘʣʘʫ ʩʘʙʘץʪʘʨʳʥ ᴇʪʢʽʟʫ װʰʽʥ ʥʝʤʝʩʝ ʤʝשʛʝʨʫ ̔  ʠʳʥץ

ʪʘץʳʨʳʧʪʘʨʜʳ ʦץʳʪʫסʘ ʧʘʡʜʘʣʘʥʫ װʰʽʥ ײץʨʳʣʫסʘ ʪʠʽʩ. ʆʥʳש ʙʘʩʪʳ ʩʝʙʝʙʽ ʢʦʤʧʴʶʪʝʨʤʝʥ 

 ʳʪʫʰʳʣʘʨʳ, ᴅʜʽʩʢʝʨʣʝʨץʘ ʟʠʷʥʜʳ ʝʢʝʥʜʽʛʽʥʜʝ. ɼʝʤʝʢ, ʧᴅʥ ʦץץʜʝʥʩʘʫʣʳ שʤʳʩ ʽʩʪʝʫʜʽײʞ ץʟʘײ

ᴇʟ ʧᴅʥʜʝʨʽ ʙʦʡʳʥʰʘ װʡʨʝʪʫʰʽ ʙʘסʜʘʨʣʘʤʘ ײץʨʫʜʳ ʪʘʣʘʧ ʝʪʝʪʽʥ ʪʘץʳʨʳʧʪʘʨʜʳ ʽʨʽʢʪʝʡ ʙʽʣʫʽ 

ʢʝʨʝʢ[3]. 

ʄʫʣʴʪʠʤʝʜʠʷʣʳװ ץʡʨʝʪʫʰʽ ʙʘסʜʘʨʣʘʤʘʣʘʨ ʪʽʣ װʡʨʝʪʫʜʝ ᴇʪʝ ʪʠʽʤʜʽ. ʊʽʣ װʡʨʝʥʫʰʽʛʝ 

ʢᴇʨʽʧ ʞᴅʥʝ ʝʩʪʫ ʘʨץʳʣʳ ʝʩʽʥʝ ʩʘץʪʘʫסʘ, ʪʘʥʳʩ ʝʤʝʩ ʩᴇʟʜʝʨʜʽ סײʳʥʫסʘ ʢᴇʤʝʢʪʝʩʝʜʽ. ʇʝʜʘʛʦʛ-

 ʘʥʜʘסʦʣʜʘʥץ ʨʘʣʜʘʨʳʥײץ ʘʫץʩʽʥʫ, ʢᴇʨʽʧ-ʙʘʡװʜʘʧ-ʪשʘʜʘʰʝʚʘ ʙʳʣʘʡ ʜʝʡʜʽ: çʊʳפ.פ ʘʣʳʤס

ʩʘʙʘץʪʳש ʥʝʛʽʟʛʽ װ  hʪװʨʽ ʘʡץʳʥʜʘʣʘʜʳ: 

-  ʦץʫʣʳץ ʙʦʡʳʥʰʘ ᴇʪʽʣʝʪʽʥ ʤʘʪʝʨʠʘʣʜʳ ʙʝʢʽʪʫ ʞᴅʥʝ ץʦʨʳʪʳʥʜʳ; 

-  ᴇʤʽʨʜʝʛʽ ʰʳʥʜʳץʧʝʥ ʞʘץʳʥʜʘʩʪʳʨʫ ʞᴅʥʝ ʪʘʥʳʤʳʥ ʘʨʪʪʳʨʫ; 

 .ʳʟʤʝʪʽʥʜʝʛʽ ʩᴇʡʣʝʫʜʽ ʞʘʥʜʘʥʜʳʨʫ [2]ץ ʘʙʽʣʝʪ ʙʝʣʩʝʥʜʽʣʽʛʽץ שʡʨʝʥʫʰʽʥʽװ  -

ʂᴅʩʽʙʠ ʦʨʳʩ ʪʽʣʽʥ ʦץʳʪʫʜʳש ʤʫʣʴʪʠʤʝʜʠʷʣʳװ ץʡʨʝʪʫʰʽ ʙʘסʜʘʨʣʘʤʘʩʳ ʦץʫʰʳʣʘʨʜʳש 

 ᴅʨʙʽʨ שʫ-ʪᴅʨʙʠʝ ʧʨʦʮʝʩʽʥʽץʨʘʫʣʘʨʳʥʘ ʞʘʫʘʧ ʙʝʨʤʝʩʽʥ, ʤʝʤʣʝʢʝʪʪʽʢ ʪʽʣʜʝʛʽ ʦײʘʥʜʘʡ ʜʘ ʙʽʨ ʩץ

ʙᴇʣʽʛʽʥʜʝ ʩʦʣ ʥʝʤʝʩʝ ᴇʟʛʝ ʞʘʪʪʳסʫ ʞײʤʳʩʪʘʨʳ ʢᴇʣʝʤʽ ʥʝʤʝʩʝ ײʟʘץʪʳסʳʥʘ ʙʘʡʣʘʥʳʩʪʳ ʙʘʩʪʳ 

ʥʘʟʘʨʜʘ ʙʦʣʘʜʳ. ʊʝʢ ʜײʨʳʩ ײץʨʘʩʪʳʨʳʣסʘʥ ʞʘʪʪʳסʫʣʘʨ ʪʦʧʪʘʤʘʩʳ סʘʥʘ ʦץʳʪʫ ʧʨʦʮʝʩʽʥ 

ʤʘץʩʘʪʪʳ, ʢʦʤʤʫʥʠʢʘʪʠʚʪʽ ʞᴅʥʝ ʥᴅʪʠʞʝʣʽ ʝʪʝʜʽ[4]. 

 ʅʘץʪʳʣʳ ʞʘסʜʘʡסʘ (ʩʪʫʜʝʥʪʪʝʨʜʽש ʜʘʡʳʥʜʳסʳʥʘ) ʙʘʡʣʘʥʳʩʪʳ ץʘʡ ʩʘʙʘץץʘ ʙʦʣʩʘ ʜʘ ʙײʣ 

ʙʘסʜʘʨʣʘʤʘʣʘʨʜʳ ʧʘʡʜʘʣʘʥʫ ʤᴅʩʝʣʝʩʽʥ ʦץʳʪʫʰʳ ᴇʟʽ ʰʝʰʝʜʽ. ʆץʳʪʫʰʳ ᴇʟ ץʘʣʘʫʳʥʰʘ ʙʝʣʛʽʣʽ 

ʙʽʨ ʙʘסʜʘʨʣʘʤʘʥʳ ʪʦʣʳץ ʥʝʤʝʩʝ ʦʥʳש ʙʽʨ ʙᴇʣʽʛʽʥ סʘʥʘ ײʩʳʥʫʳʥʘ ʙʦʣʘʜʳ. 
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ɾʘשʘ ʪʝʭʥʦʣʦʛʠʷʥʳש ʢᴇʤʝʛʽʤʝʥ ʢᴅʩʽʙʠ ʦʨʳʩ ʪʽʣʜʽ ʦץʳʪʫʜʳש ᴅʨʙʽʨ ʢʝʟʝשʽʥʜʝ ʰʝʰʫʰʽ 

ʬʘʢʪʦʨ ʙʦʣʳʧ ʪʘʙʳʣʘʪʳʥ ʘʫʳʟʰʘ ʞʘʪʪʳסʫʣʘʨסʘ ʪʦʣʳ ʙʦʣʫʳ ʢʝʨʝʢ (ʩʫʨʝʪ 1). ʄײʥʳ ʝʣʝʤʝʫ 

ʦץʳʪʳʣʳʧ ʞװʨʛʝʥ ʪʽʣʜʽ ʧʨʘʢʪʠʢʘʣʳץ ʠʛʝʨʫ ʞʦʣʳʥʜʘ ʙᴇʛʝʪ ʙʦʣʘʪʳʥ ʜʘʡʳʥʜʳץ ʞᴅʥʝ ʪʽʣʜʽʢ 

ʞʘʪʪʳסʫʣʘʨʳʥʳש ʢװʰʪʝʧ ʪʳץʧʘʣʘʥʫʳʥʘ ᴅʢʝʧ ʩʦסʘʜʳ. ɸʣʘʡʜʘ ʤײʥʜʘʡ ʢᴇʟץʘʨʘʩ ʜʘʡʳʥʜʳץ 

ʞʘʪʪʳסʫʣʘʨʳʥʳש ʦʨʳʥʜʘʣʫ ץʘʞʝʪʪʽʣʽʛʽʥ ʪʝʨʽʩʢʝ ʰʳסʘʨʤʘʡʜʳ, ʙʽʨʘץ, ʙʽʨʽʥʰʽʜʝʥ, ʦʣʘʨʜʳש 

ʥʝʛʽʟʛʽ װʣʝʩʽ ʘʫʳʟʰʘ ʞʘʪʪʳסʫʣʘʨʤʝʥ ʩʘʣʳʩʪʳʨסʘʥʜʘ ᴇʪʝ ʘʟ ʙʦʣʘʜʳ, ʘʣ, ʝʢʽʥʰʽʜʝʥ, ʢʝʟ ʢʝʣʛʝʥ 

ʜʘʡʳʥʜʳץ ʞʘʪʪʳסʫʣʘʨʳʥʳש ʦʨʳʥʜʘʣʫʳʥ ʢʦʤʤʫʥʠʢʘʪʠʚʪʽʢ ʤʘץʩʘʪץʘ ʞʝʪʫ װʰʽʥ ʪʘʥʳʣסʘʥ 

 .ʪʘʫ ʢʝʨʝʢ (ʩʫʨʝʪ 2)ץʘʨʘʪʳʥʳʥ ʢᴇʨʩʝʪʫʤʝʥ ʘʷץʳʟʤʝʪ ʘʪץ ʘʣʘʡץ ʪʽʣʜʝ שʙʳʣʳʩʪʳײץ

ʊʘʧʩʳʨʤʘʣʘʨʜʳ ʦʨʳʥʜʘʫסʘ ץʘʞʝʪ ʫʘץʳʪ ʩײʨʘץʪʳץ שʠʳʥʜʳסʳʥʘ ʜʘ ʙʘʡʣʘʥʳʩʪʳ. 

ʉʦʥʜʳץʪʘʥ ʢʦʤʧʴʶʪʝʨʜʝ ʙʝʨʽʣʛʝʥ ʪʘʧʩʳʨʤʘʥʳ ʦʨʳʥʜʘʫסʘ 15-20 ʤʠʥʫʪ ʫʘץʳʪ ʙᴇʣʽʥʛʝʥʜʽʢʪʝʥ, 

ʦʩʳ  ʪʘʣʘʧʪʘʨʜʳש ʘʨʘ ʞʽʛʽʥ ʘʡץʳʥ ʙᴇʣʽʧ ʘʡʪʫ ʢʝʨʝʢ. ʄʳʩʘʣʳ: ʩʫʨʝʪʪʝ ʩʘʙʘץ ʞʦʩʧʘʨʳ 

ʙʦʡʳʥʰʘ ʙʝʨʽʣʛʝʥ ʪʘʧʩʳʨʤʘʣʘʨ. 

 ɹʘסʜʘʨʣʘʤʘʣʘʨʜʘסʳ ʪʘʧʩʳʨʤʘʣʘʨʜʳ ʞᴅʥʝ ʩʘʥʳʥ ʥʘץʪʳʣʳ ʞʘסʜʘʡסʘ ʙʘʡʣʘʥʳʩʪʳ 

(ʤʳʩʘʣʳ, ʙʽʨ ʪʦʧʪʘ ʙʽʣʽʤ ʜʝשʛʝʡʽ ᴅʨ ʪװʨʣʽ ʩʪʫʜʝʥʪʪʝʨʜʽש ʦʪʳʨʫʳ ʪ.ʙ.) ʦץʳʪʫʰʳ ᴇʟ ץʘʣʘʫʳʥʰʘ 

ᴇʟʛʝʨʪʫʽʥʝ ʙʦʣʘʜʳ. ʉʦʥʜʘʡ-ʘץ ʙʘסʜʘʨʣʘʤʘʥʳ ʦץʳʪʫʰʳ ᴇʟ ץʘʣʘʫʳʥʰʘ ʢʝʡʙʽʨ ʦץʫʰʳʣʘʨʤʝʥ 

ʞʝʢʝ ʞײʤʳʩ ʞװʨʛʽʟʫ װʰʽʥ ʜʝ ʧʘʡʜʘʣʘʥʫסʘ ʙʦʣʘʜʳ. 
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