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             ʖ.ɸ. ʋʨʤʘʥʮʝʚ 
 

               ʕɺʆʃʖʎʀʆʅʀʂɸ 

                     ʀʃʀ    ʆɹʑɸʗ    ʊɽʆʈʀʗ    ʈɸɿɺʀʊʀʗ ʉʀʉʊɽʄ  

                                ʇʈʀʈʆɼʓ, ʆɹʑɽʉʊɺɸ ʀ ʄʓʐʃɽʅʀʗ 

 

                             ʇʘʤʷʪʠ ɺʠʢʪʦʨʘ ʉʪʝʧʘʥʦʚʠʯʘ ʊʖʍʊʀʅɸ  

ð ʤʦʝʛʦ  ʩʘʤʦʛʦ ʙʦʣʴʰʦʛʦ ʜʨʫʛʘ ʠ ʦʜʥʦʛʦ ʠʟ ʧʝʨʚʳʭ 

 ʚ ʤʠʨʝ ʩʠʩʪʝʤʥʳʭ ʤʘʪʝʨʠʘʣʠʩʪʦʚ ʧʦʩʚʷʱʘʶ ʵʪʦʪ ʪʨʫʜ 

ɺɺɽɼɽʅʀɽ 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʚʦʪ ʫʞʝ 20 ʣʝʪ ʥʘʤʠ ʨʘʟʚʠʚʘʝʪʩʷ ʦʨʠʛʠʥʘʣʴʥʳʡ ʚʘʨʠʘʥʪ ʦʙʱʝʡ ʪʝʦʨʠʠ 

ʩʠʩʪʝʤ (ʆʊʉ) [1ð6]. ʇʨʠ ʵʪʦʤ ʤʳ ʩʦʟʥʘʪʝʣʴʥʦ ʠʩʭʦʜʠʣʠ ʠʟ ʜʠʘʣʝʢʪʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʠʟʤʘ: ʠ 

ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʚʩʝʭ ʝʝ ʧʷʪʠ ʧʨʝʜʧʦʩʳʣʦʢ, ʯʪʦ ʩʨʘʟʫ ʞʝ ʧʦʟʚʦʣʠʣʦ ʧʨʠʜʘʪʴ ʆʊʉ ʚʩʝʦʙʱʠʡ 

ʭʘʨʘʢʪʝʨ, ʠ ʢʘʢ ʬʠʣʦʩʦʬʩʢʦʡ, ʜʠʘʣʝʢʪʠʯʝʩʢʦʡ, ʤʝʪʦʜʦʣʦʛʠʠ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʩʪʨʦʠʪʴ ʆʊʉ, ʩ 

ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʪʝʦʨʠʶ ʝʜʠʥʩʪʚʘ ʠ çʙʦʨʴʙʳè ʩʠʩʪʝʤʥʳʭ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʝʡ ðçʩʠʩʪʝʤʳ ʠ 

ʭʘʦʩʘè, çʧʦʣʠ- ʠ ʠʟʦʤʦʨʬʠʟʤʘè, çʩʠʤʤʝʪʨʠʠ ʠ ʘʩʠʤʤʝʪʨʠʠè, ..., ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʢʘʢ ʪʝʦʨʠʶ 

ʨʘʟʚʠʪʠʷ ʚʦʟʥʠʢʥʦʚʝʥʠʷ, ʩʫʱʝʩʪʚʦʚʘʥʠʷ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ ʧʨʠʨʦʜʳ, ʦʙʱʝʩʪʚʘ 

ʠ ʤʳʰʣʝʥʠʷ, ʢʘʢ ʪʝʦʨʠʶ, ʩʦʜʝʨʞʘʱʫʶ ʚ ʢʘʯʝʩʪʚʝ ʩʚʦʝʡ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ ʵʚʦʣʶʮʠʦʥʠʢʫ. 

ʇʨʠʚʝʜʝʥʥʘʷ ʥʠʞʝ ʩʭʝʤʘ ð ʥʘʛʣʷʜʥʦʝ ʦʪʦʙʨʘʞʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʜʘʥʥʦʛʦ ʚʘʨʠʘʥʪʘ ʆʊʉ, ʠʣʠ ʆʊʉ(ʋ), ʢʘʢ ʚʩʝ ʯʘʱʝ ʝʛʦ ʠʤʝʥʫʶʪ. ʕʪʘ ʩʭʝʤʘ 

ʧʦʟʚʦʣʠʪ ʯʠʪʘʪʝʣʶ ʣʫʯʰʝ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ ʢʘʢ ʆʊʉ (ʋ) ʚ ʚʠʜʝ ʥʝʢʦʝʛʦ ʝʜʠʥʦʛʦ ʮʝʣʦʛʦ, ʪʘʢ ʠ 

ʪʦ ʤʝʩʪʦ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʝʪ ʚ ʥʝʡ ʵʚʦʣʶʮʠʦʥʠʢʘ. 

ʇʨʝʜʧʦʩʳʣʢʠ, ʦʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ, ʘʣʛʦʨʠʪʤʳ, ʫʯʝʥʠʷ, ʟʘʢʦʥʳ, ʢʘʪʝʛʦʨʠʠ ʆʊʉ(ʋ)  

(ʩʭʝʤʘ) 

ʇʨʝʜʧʦʩʳʣʢʠ:    1ðʩʫʱʝʩʪʚʦʚʘʥʠʝ,   2ðʤʥʦʞʝʩʪʚʦ   ʦʙʲʝʢʪʘ 3ð ʝʜʠʥʦʝ, 4ð 

ʝʜʠʥʩʪʚʦ, 5ð ʜʦʩʪʘʪʦʯʥʦʩʪʴ. 

ʆʩʥʦʚʥʳʝ  ʧʦʥʷʪʠʷ:   ʥʫʣʴ   (ʧʫʩʪʘʷ)-ʩʠʩʪʝʤʘ,   ʦʙʲʝʢʪ-ʩʠʩʪʝʤʘ, ʩʠʩʪʝʤʘ ʦʙʲʝʢʪʦʚ ʦʜʥʦʛʦ 

ʠ ʪʦʛʦ ʞʝ çʨʦʜʘè (R-ʩʠʩʪʝʤʘ), ʘʙʩʪʨʘʢʪʥʘʷ ʩʠʩʪʝʤʘ. 

ɸʣʛʦʨʠʪʤʳ: 1ð ʘʣʛʦʨʠʪʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦʙʲʝʢʪʘ ʚ ʚʠʜʝ ʦʙʲʝʢʪʘ-ʩʠʩʪʝʤʳ, 2ð ʘʣʛʦʨʠʪʤ 

ʧʦʩʪʨʦʝʥʠʷ R-ʩʠʩʪʝʤʳ. 

ʋʯʝʥʠʷ: 1ðʪʝʦʨʠʷ ʛʨʫʧʧ ʥʝʵʚʦʣʶʮʠʦʥʥʳʭ, ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʩʪʝʤʥʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, 

ʘʥʪʠʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʠ ʠʭ ʠʥʚʘʨʠʘʥʪʦʚ, 2ðʦʧʝʨʘʮʠʠ  ʩʣʦʞʝʥʠʷ  ʠ  ʚʳʯʠʪʘʥʠʷ,  ʚʭʦʜʘ   ʠ   ʚʳʭʦʜʘ 

ʚ ʆʊʉ,  3ð ʦʙʱʘʷ ʪʝʦʨʠʷ ʠʟʦʤʝʨʠʠ. ʀʟʦʤʝʨʠʷ ʠ ʩʠʤʤʝʛʨʠʷ, ʆʙʦʙʱʝʥʥʦʝ ʫʯʝʥʠʝ ʦ ʧʦʣʠʤʦʨʬʠʟʤʝ, 

5ð ʦʙʦʙʱʝʥʥʦʝ ʫʯʝʥʠʝ ʦʙ ʠʟʦʤʦʨʬʠʟʤʝ, 6ðʩʠʩʪʝʤʥʳʝ ʫʯʝʥʠʷ ʦ ʩʠʤʤʝʪʨʠʠ ʠ ʜʠʩʩʠʤʤʝʪʨʠʠ, 7 

ï ʆʊʉ ʠ ʦʪʥʦʰʝʥʠʷ ʧʨʦʪʠʚʦʨʝʯʠʷ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʷ, 8 ï ʆʊʉ ʠ_ʦʪʥʦʰʝʥʠʷ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʜʥʦʩʪʦʨʦʥʥʝʛʦ ʜʝʡʩʪʚʠʷ ʠ ʚʟʘʠʤʦʥʝʜʝʡʩʪʚʠʷ, 9ð ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʩʠʩʪʝʤ, 10ð ʵʚʦʣʶʮʠʦʥʠʢʘ ʢʘʢ ʦʙʱʘʷ ʪʝʦʨʠʷ ʨʘʟʚʠʪʠʷ ʩʠʩʪʝʤ, 11ð ʩʠʩʪʝʤʥʘʷ 

ʧʘʨʘʜʠʛʤʘ, ʩʠʩʪʝʤʥʳʡ ʠʜʝʘʣ, ʩʠʩʪʝʤʥʳʡ ʤʝʪʦʜ, 12ð ʆʊʉ ʠ ʬʠʣʦʩʦʬʠʷ. 

ɿʘʢʦʥʳ: 1ð ʩʠʩʪʝʤʥʦʩʪʠ, 2ð ʩʠʩʪʝʤʥʳʭ (ʥʝʵʚʦʣʶʮʠʦʥʥʳʭ ʠ ʵʚʦʣʶʮʠʦʥʥʳʭ) 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ð ʦʩʥʦʚʥʦʡ ʟʘʢʦʥ ʆʊʉ(ʋ), 3ð ʜʦʩʪʘʪʦʯʥʦʛʦ ʦʩʥʦʚʘʥʠʷ ʩʠʩʪʝʤʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, 4ð ʠʟʦʤʝʨʠʟʘʮʠʠ, 5ð ʧʦʣʠʤʦʨʬʠʟʘʮʠʠ, 6ð ʠʟʦʤʦʨʬʠʟʘʮʠʠ, 7ð ʩʦʭʨʘʥʝʥʠʷ 
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ʩʠʩʪʝʤʥʦʛʦ ʩʭʦʜʩʪʚʘ, 8ð ʩʦʦʪʚʝʪʩʪʚʠʷ, 9ð ʩʠʩʪʝʤʥʦʛʦ ʩʭʦʜʩʪʚʘ, 10ðʩʠʩʪʝʤʥʦʡ ʩʠʤʤʝʪʨʠʠ, 

11ðʩʠʩʪʝʤʥʦʡ ʘʩʠʤʤʝʪʨʠʠ, 12ð ʩʠʩʪʝʤʥʦʡ ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ, 13ð ʩʠʩʪʝʤʥʦʡ ʥʝʧʨʦʪʠʚʦʨʝʯʠ-

ʚʦʩʪʠ. 

ʂʘʪʝʛʦʨʠʠ: ʩʠʩʪʝʤʘ ʠ ʭʘʦʩ; ʧʦʣʠ- ʠ ʠʟʦʤʦʨʬʠʟʤ; ʩʠʤʤʝʪʨʠʷ ʠ ʘʩʠʤʤʝʪʨʠʷ; 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʴ; ʠʟʤʝʥʝʥʠʝ ʠ ʥʝʵʚʦʣʶʮʠʦʥʥʦʝ ʩʦʭʨʘʥʝʥʠʝ; ʨʘʟʚʠʪʠʝ ʠ 

ʵʚʦʣʶʮʠʦʥʥʦʝ ʩʦʭʨʘʥʝʥʠʝ; ʜʝʡʩʪʚʠʝ ʠ ʦʪʥʦʰʝʥʠʝ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ; ʬʦʨʤʳ: 

ʩʠʩʪʝʤʥʦʩʪʠ ʠ ʭʘʦʪʠʯʥʦʩʪʠ, ʧʦʣʠʤʦʨʬʠʟʤʘ ʠ ʠʟʦʤʦʨʬʠʟʤʘ, ʩʠʤʤʝʪʨʠʠ ʠ ʘʩʠʤʤʝʪʨʠʠ, 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʠ ʥʝʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ, ʠʟʤʝʥʝʥʠʷ ʠ ʥʝʵʚʦʣʶʮʠʦʥʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ, ʨʘʟʚʠʪʠʷ 

ʠ ʵʚʦʣʶʮʠʦʥʥʦʛʦ ʩʦʭʨʘʥʝʥʠʷ, ʜʝʡʩʪʚʠʷ ʠ ʦʪʥʦʰʝʥʠʷ, ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʤʘʪʝʨʠʠ. 

ʆʙʱʝʝ ʯʠʩʣʦ ʢʘʪʝʛʦʨʠʡ ʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦð32. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ 

ʩʚʦʝʦʙʨʘʟʥʦʤ çʢʘʪʝʛʦʨʠʘʣʴʥʦʤ ʚʟʨʳʚʝè, ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʨʘʟʚʠʪʠʝʤ ʆʊʉ. 

ʀʟ ʩʭʝʤʳ ʚʠʜʥʦ, ʯʪʦ ʆʊʉ ð ʵʪʦ ʩʣʦʞʥʘʷ ʪʝʦʨʠʷ ʦ ʨʝʘʣʴʥʳʭ (ʤʘʪʝʨʠʘʣʴʥʳʭ ʠ 

ʠʜʝʘʣʴʥʳʭ) ʩʠʩʪʝʤʘʭ. ʆʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʜʣʷ ʥʝʝ ʧʨʝʜʧʦʩʳʣʢʘʤʠ, 

ʧʦʥʷʪʠʷʤʠ, ʘʣʛʦʨʠʪʤʘʤʠ, ʫʯʝʥʠʷʤʠ, ʟʘʢʦʥʘʤʠ, ʢʘʪʝʛʦʨʠʷʤʠ, ʤʝʪʦʜʘʤʠ, ʠʜʝʘʣʦʤ. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ð ʨʘʟʨʘʙʦʪʘʪʴ ʵʚʦʣʶʮʠʦʥʠʢʫ, ʠʣʠ ʦʙʱʝʩʠʩʪʝʤʥʫʶ ʪʝʦʨʠʶ 

ʨʘʟʚʠʪʠʷ
1
. ʆʜʥʘʢʦ ʧʨʝʞʜʝ ʥʘʤ ʧʨʠʜʝʪʩʷ ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʦʩʥʦʚʥʳʤʠ ʧʦʥʷʪʠʷʤʠ ʆʊʉ(ʋ), ʙʝʟ 

ʢʦʪʦʨʳʭ ʥʝʚʦʟʤʦʞʥʳ ʢʘʢ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʢʦʥʘ ʥʝʵʚʦʣʶʮʠʦʥʥʳʭ ʠ ʵʚʦʣʶʮʠʦʥʥʳʭ ʩʠʩʪʝʤʥʳʭ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ, ʪʘʢ ʠ ʠʟʣʦʞʝʥʠʝ ʠ ʨʘʟʚʠʪʠʝ (ʥʘ ʦʩʥʦʚʝ ʵʪʦʛʦ ʟʘʢʦʥʘ) ʩʘʤʦʡ ʵʚʦʣʶʮʠʦʥʠʢʠ. 

 

ʏɸʉʊʔ I. ʈɸɿɺʀʊʀɽ ʀ  ʀɿʄɽʅɽʅʀɽ ʉʀʉʊɽʄ  

 

ʆʩʥʦʚʥʳʝ ʧʦʥʷʪʠʷ ʆʊʉ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʚ ʆʊʉ (ʋ) ʧʨʠʜʘʝʪʩʷ ʚʧʝʨʚʳʝ ʚʳʚʝʜʝʥʥʦʤʫ ʚ ʝʝ ʨʘʤʢʘʭ 

ʟʘʢʦʥʫ ʩʠʩʪʝʤʥʦʩʪʠ ð ʫʪʚʝʨʞʜʝʥʠʶ ʦ ʪʦʤ, ʯʪʦ çʣʶʙʦʡ ʦʙʲʝʢʪ ʝʩʪʴ ʦʙʲʝʢʪ-ʩʠʩʪʝʤʘ ʠ ʣʶʙʦʡ 

ʦʙʲʝʢʪ-ʩʠʩʪʝʤʘ ʧʨʠʥʘʜʣʝʞʠʪ ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʩʠʩʪʝʤʝ ʦʙʲʝʢʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ çʨʦʜʘè. 

ʇʦʩʢʦʣʴʢʫ ʚ ʜʘʥʥʦʡ ʪʝʦʨʠʠ ʧʦʜ çʦʙʲʝʢʪʦʤè ʧʦʥʠʤʘʝʪʩʷ ʣʶʙʦʡ ʧʨʝʜʤʝʪ ʢʘʢ ʦʙʲʝʢʪʠʚʥʦʡ, ʪʘʢ 

ʠ ʩʫʙʲʝʢʪʠʚʥʦʡ ʨʝʘʣʴʥʦʩʪʠ, ʪʦ ʜʘʥʥʳʡ ʟʘʢʦʥ ʧʦʟʚʦʣʷʝʪ ʫʩʪʘʥʦʚʠʪʴ ʥʝʦʙʳʯʥʦʝ ʠ ʚʤʝʩʪʝ ʩ ʪʝʤ 

ʛʣʫʙʦʢʦʝ ʝʜʠʥʩʪʚʦ ʤʝʞʜʫ ʦʙʲʝʢʪʘʤʠ, ʚʥʝʰʥʝ ʤʘʣʦ ʩʭʦʜʥʳʤʠ ʜʨʫʛ ʩ ʜʨʫʛʦʤ : ʪʫʚʠʥʩʢʠʤʠ 

ʪʘʥʮʘʤʠ, ʝʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʝʡ, ʠʛʨʦʡ ʚ ʬʫʪʙʦʣ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢʫʢʫʨʫʟʳ ʢ 

ʟʘʩʫʭʝ, ʤʘʪʨʝʰʢʘʤʠ, ʬʦʪʦʩʠʥʪʝʟʦʤ, ʢʚʘʥʪʦʚʦʡ ʬʠʟʠʢʦʡ, ʩʧʦʩʦʙʦʤ ʧʨʦʠʟʚʦʜʩʪʚʘ. 

ɺ ʢʘʞʜʦʤ ʠʟ ʥʠʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ ɻʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ð ʦʙʲʝʢʪʝ ʢʦʥʮʝʧʪʫʘʣʴʥʦʤ; 

ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ð ʦʙʲʝʢʪʝ ʩʦʮʠʘʣʴʥʦʤ; ʚ ʬʦʨʤʫʣʝ ɽ = mʩ
2
ð ʟʘʢʦʥʝ ʧʨʠʨʦʜʳ; ʚʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ð ʦʙʝ̡ʢʪʝ ʜʠʥʘʤʠʯʝʩʢʦʤ ʩ ʪʦʯʥʦʩʪʴʶ ʜʦ ʠʟʦʤʦʨʬʠʟʤʘ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʦʜʥʦ ʠ 

ʪʦ ʞʝ: 

(1) ʩʪʨʦʷʱʠʝ ʠʭ çʧʝʨʚʠʯʥʳʝè (ʪ.ʝ. ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʝ ʢʘʢ çʥʝʜʝʣʠʤʳʝè ʥʘ ʜʘʥʥʦʤ 

ʫʨʦʚʥʝ ʠʩʩʣʝʜʦʚʘʥʠʷ) ʵʣʝʤʝʥʪʳ: çʪʦʯʢʠè, çʧʨʷʤʳʝè, çʧʣʦʩʢʦʩʪʠèð ʚ ɻʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ; 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʩʠʣʳ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ð ʚ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʜʚʝ 

ʧʝʨʝʤʝʥʥʳʝ ʠ ʦʜʥʫ ʧʦʩʪʦʷʥʥʫʶ ð ʚ ʬʦʨʤʫʣʝ ɽ = mʩ
2
; ʠʟʤʝʥʷʶʱʠʝʩʷ ʠ ʠʟʤʝʥʷʝʤʳʝ ʦʙʲʝʢʪʳ 

(ɸ ʠ ɺ, ɺ ʠ ɸ), ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʦʪ ɸ ʜʦ ɺ ʠ ʦʪ ɺ ʜʦ ɸ ʧʝʨʝʥʦʩʯʠʢʠ ʜʝʡʩʪʚʠʷ 

(çʚʦʟʜʝʡʩʪʚʠʷè); ʩʨʝʜʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ð ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ; 

(2) ʦʪʥʦʰʝʥʠʷ ʝʜʠʥʩʪʚʘ, ʩʚʷʟʠ ʤʝʞʜʫ ʵʣʝʤʝʥʪʘʤʠ, ʩʢʨʝʧʣʷʶʱʠʝ ʠʭ ʚ ʦʜʥʦ ʮʝʣʦʝ: 

ʦʪʥʦʰʝʥʠʷ çʣʝʞʠʪ ʥʘ...è, çʤʝʞʜʫè, çʢʦʥʛʨʫʵʥʪʥʳèð ʚ ʵʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ; ʩʦʮʠʘʣʴʥʦ-

ʵʢʦʥʦʤʠʯʝʩʢʠʝ ʦʪʥʦʰʝʥʠʷ ð ʚ ʩʧʦʩʦʙʝ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʦʪʥʦʰʝʥʠʷ ʨʘʚʝʥʩʪʚʘ ʠ ʧʨʷʤʦʡ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʩʪʠ ð ʚ ʬʦʨʤʫʣʝ ɽ = mc
2
; ʧʨʠʯʠʥʥʦ-ʩʣʝʜʩʪʚʝʥʥʳʝ ʦʪʥʦʰʝʥʠʷ ð ʚʦ 

                                                      
1
 ʋʤʝʩʪʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʜʝʩʴ ʠ ʜʘʣʝʝ ʪʝʨʤʠʥʳ çʵʚʦʣʶʮʠʷè ʠ çʨʘʟʚʠʪʠʝè ʧʦʥʠʤʘʶʪʩʷ ʢʘʢ ʩʠʥʦʥʠʤʳ; 

ʪʝʨʤʠʥ çʵʚʦʣʶʮʠʦʥʠʢʘè ʧʨʝʜʣʦʞʝʥ ʖ.ʉ.ʃʘʨʠʥʳʤ [37]. 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ; 

(3) ʫʩʣʦʚʠʷ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ ʦʪʥʦʰʝʥʠʷ ʝʜʠʥʩʪʚʘ, ʠʣʠ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʟʘʢʦʥʳ 

ʢʦʤʧʦʟʠʮʠʠ: ʘʢʩʠʦʤʳ ʩʚʷʟʠ, ʧʦʨʷʜʢʘ, ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ, ʥʝʧʨʝʨʳʚʥʦʩʪʠ, ʧʘʨʘʣʣʝʣʴʥʦʩʪʠ ʠ 

ʩʣʝʜʫʶʱʠʝ ʠʟ ʥʠʭ ʪʝʦʨʝʤʳ ð ʚ ʩʣʫʯʘʝ ʵʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ; ʟʘʢʦʥ ʩʦʦʪʚʝʪʩʪʚʠʷ 

ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʦʪʥʦʰʝʥʠʡ ʭʘʨʘʢʪʝʨʫ ʠ ʫʨʦʚʥʶ ʨʘʟʚʠʪʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʭ ʩʠʣ ð ʚ ʩʧʦʩʦʙʝ 

ʧʨʦʠʟʚʦʜʩʪʚʘ; ʫʩʣʦʚʠʝ ʨʘʚʝʥʩʪʚʘ ɽ ʠʤʝʥʥʦ mʩ
2
, ʘ ʥʝ, ʩʢʘʞʝʤ, mʩ

3
 ð ʚ ʩʣʫʯʘʝ ʬʦʨʤʫʣʳ 

ʕʡʥʰʪʝʡʥʘ; ʪʨʝʙʦʚʘʥʠʷ, ʯʪʦʙʳ DtAB<TB, DtB A< T ɸ  ; DtAB , DtBA ² tmin=RAB// Vk ʛʜʝ  DtB A  DtA B - 

ʚʨʝʤʝʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʚʦʟʜʝʡʩʪʚʠʡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʦʪ ɸ ʜʦ ɺ ʠ ʦʪ ɺ ʜʦ ɸ; ʊA  ʠ ʊB   ð 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʨʝʤʝʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ɸ ʠ ɺ; Rɸɺ ð ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, tmin ð 

ʤʠʥʠʤʘʣʴʥʦʝ ʚʨʝʤʷ, ʟʘʪʨʘʯʠʚʘʝʤʦʝ ʥʘ ʧʨʝʦʜʦʣʝʥʠʝ ʨʘʩʩʪʦʷʥʠʷ R ɸB ʧʝʨʝʥʦʩʯʠʢʦʤ ʜʝʡʩʪʚʠʷ, 

ʦʙʣʘʜʘʶʱʠʤ ʩʘʤʦʡ ʙʦʣʴʰʦʡ ʢʦʥʝʯʥʦʡ ʩʢʦʨʦʩʪʴʶ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ vmax = ʩ; 

 (4) ʥʝʠʟʙʝʞʥʫʶ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ (ʢʘʞʜʦʛʦ ʦʙʲʝʢʪʘ-ʩʠʩʪʝʤʳ) ʭʦʪʷ ʙʳ ʦʜʥʦʡ ʩʠʩʪʝʤʝ 

ʦʙʲʝʢʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ çʨʦʜʘè: 

ʚ ʩʣʫʯʘʝ ʵʚʢʣʠʜʦʚʦʡ ʛʝʦʤʝʪʨʠʠ ð ʝʝ ʧʨʠʥʘʜʣʝʞʥʦʩʪʴ ʩʠʩʪʝʤʝ ʛʝʦʤʝʪʨʠʡ ʕʚʢʣʠʜʘ, 

ʃʦʙʘʯʝʚʩʢʦʛʦ-ɹʦʣʴʷʠ, ʈʠʤʘʥʘ, ɻʠʣʴʙʝʨʪʘ, ʂʘʨʪʘʥʘ, ɺʝʡʣʷ. ʉʭʦʫʪʝʥʘ, ɹʘʭʤʘʥʘ ʠ ʜʨ.; ʚ ʩʣʫʯʘʝ 

ʩʧʦʩʦʙʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ð ʩʠʩʪʝʤʝ ʩʧʦʩʦʙʦʚ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘ (ʧʝʨʚʦʙʳʪʥʦʦʙʱʠʥʥʦʛʦ, 

ʨʘʙʦʚʣʘʜʝʣʴʯʝʩʢʦʛʦ, ʬʝʦʜʘʣʴʥʦʛʦ, ʢʘʧʠʪʘʣʠʩʪʠʯʝʩʢʦʛʦ, ʢʦʤʤʫʥʠʩʪʠʯʝʩʢʦʛʦ); ʚ ʩʣʫʯʘʝ ʬʦʨʤʫʣʳ 

ɽ = mʩ
2
 ð ʩʠʩʪʝʤʝ ʬʦʨʤʫʣ ʩʧʝʮʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʦʪʥʦʩʠʪʝʣʴʥʦʩʪʠ; ʚ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ð 

ʩʠʩʪʝʤʝ ʜʝʡʩʪʚʠʡ (ʜʚʫʩʪʦʨʦʥʥʠʭ, ʦʜʥʦʩʪʦʨʦʥʥʠʭ, ʥʦʣʴʩʪʦʨʦʥʥʠʭ ð ʪʘʙʣ. 1) . 

ʀʩʭʦʜʷ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʧʨʠʤʝʨʦʚ, ʤʳ ʤʦʞʝʤ ʜʘʪʴ ʩʣʝʜʫʶʱʠʝ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʥʷʪʠʷʤ 

çʦʙʲʝʢʪ-ʩʠʩʪʝʤʘè (ʆʉ) ʠ çʩʠʩʪʝʤʘ ʦʙʲʝʢʪʦʚ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ çʨʦʜʘèè (R-ʩʠʩʪʝʤʘ), 

ʆʙʲʝʢʪ-ʩʠʩʪʝʤʘ (ʆʉ) ð ʵʪʦ ʢʦʤʧʦʟʠʮʠʷ, ʠʣʠ ʝʜʠʥʩʪʚʦ, ʧʦʩʪʨʦʝʥʥʦʝ ʧʦ ʦʪʥʦʰʝʥʠʷʤ (ʚ 

ʯʘʩʪʥʦʤ ʩʣʫʯʘʝ ð ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ) ʪ ʤʥʦʞʝʩʪʚʘ {R ʦʩ}, ʧʣʶʩ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʵʪʠ ʦʪʥʦʰʝʥʠʷ 

ʫʩʣʦʚʠʷʤ z ʤʥʦʞʝʩʪʚʘ {Zʦʩ} ʠʟ ʧʝʨʚʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ m ʤʥʦʞʝʩʪʚʘ {ʄ ʦʩ}. ʇʨʠ ʵʪʦʤ ʤʥʦʞʝʩʪʚʘ 

{Zoc},  {Zoc} ʠ {Roc}, {Zoc} ʠ {Roc} ʠ {ʄ ʦʩ} ʤʦʛʫʪ ʙʳʪʴ ʧʫʩʪʳʤʠ ʠʣʠ ʩʦʜʝʨʞʘʪʴ 1. 2, 3, ..., ¤ ʯʠʩʣʦ 

ʦʜʠʥʘʢʦʚʳʭ ʠʣʠ ʨʘʟʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʀʟ ʜʘʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʢʘʢʦʛʦ ʙʳ ʪʦ ʥʠ ʙʳʣʦ ʦʙʲʝʢʪʘ 

ʚ ʚʠʜʝ ʦʙʲʝʢʪʘ-ʩʠʩʪʝʤʳ ʥʝʦʙʭʦʜʠʤʦ ʫʢʘʟʘʪʴ ʝʛʦ: çʧʝʨʚʠʯʥʳʝè ʵʣʝʤʝʥʪʳ; ʦʪʥʦʰʝʥʠʷ ʝʜʠʥʩʪʚʘ; 

ʟʘʢʦʥ ʢʦʤʧʦʟʠʮʠʠ. 

ʉʠʩʪʝʤʘ   ʦʙʲʝʢʪʦʚ   ʦʜʥʦʛʦ   ʠ   ʪʦʛʦ   ʞʝ   i-ʪʦʛʦ   çʨʦʜʘè,   ʵʪʦ   ʚ ʩʫʱʥʦʩʪʠ, 

ʟʘʢʦʥʦʤʝʨʥʦʝ ʤʥʦʞʝʩʪʚʦ ʦʙʲʝʢʪʦʚ-ʩʠʩʪʝʤ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ çʨʦʜʘè i. ʇʨʠʯʝʤ ʩʣʦʚʘ çʦʜʥʦʛʦ ʠ 

ʪʦʛʦ ʞʝ, ʠʣʠ ʜʘʥʥʦʛʦ, ʨʦʜʘè ʦʟʥʘʯʘʶʪ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʦʙʲʝʢʪʦʚ-ʩʠʩʪʝʤ R-ʩʠʩʪʝʤʳ ʦʙʣʘʜʘʝʪ 

ʦʙʱʠʤʠ, çʨʦʜʦʚʳʤʠè, ʧʨʠʟʥʘʢʘʤʠ (ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʢʘʯʝʩʪʚʦʤ): ʢʘʞʜʳʡ ʠʟ ʥʠʭ ʧʦʩʪʨʦʝʥ ʠʟ 

ʚʩʝʭ ʠʣʠ ʯʘʩʪʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʧʝʨʚʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ m ʤʥʦʞʝʩʪʚʘ {ʄi
(0)

} ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ c 

ʯʘʩʪʴʶ ʠʣʠ ʚʩʝʤʠ ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʦʪʥʦʰʝʥʠʷʤʠ r ʤʥʦʞʝʩʪʚʘ {Ri }, ʩ ʯʘʩʪʴʶ ʠʣʠ ʚʩʝʤʠ 

ʬʠʢʩʠʨʦʚʘʥʥʳʤʠ ʟʘʢʦʥʘʤʠ ʢʦʤʧʦʟʠʮʠʠ  

 




