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ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʠ ʟʘ ʨʫʙʝʞʦʤ  ʩ ʩʝʨʝʜʠʥʳ 60-ʭ ʛʦʜʦʚ ʍʍ ʚʝʢʘ ʥʘʯʘʣʠ ʩʦʟʜʘʚʘʪʴʩʷ ʪʠʧʦʚʳʝ ʧʨʦ-

ʝʢʪʥʳʝ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʞʝ ʧʦʣʫʯʠʣʠ  ʦʙʦʙʱʝʥʥʦʝ ʥʘʟʚʘʥʠʝ MRP/ERP-ʩʠʩʪʝʤʳ. ʉ ʨʦʩʪʦʤ 

ʤʦʱʥʦʩʪʝʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʩʠʩʪʝʤ ʠ ʧʦʠʩʢʦʤ ʥʦʚʳʭ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʚ 

ʫʩʣʦʚʠʷʭ ʢʦʥʢʫʨʝʥʮʠʠ ʩ ʩʝʨʝʜʠʥʳ 90-ʭ ʛʦʜʦʚ ʥʘ ʙʘʟʝ ʩʠʩʪʝʤ MRPII/ERP ʧʦʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ  ʢʣʘʩʩʘ  

APS (AdvancedPlanning/Scheduling-"ʈʘʟʚʠʪʳʝ ʩʠʩʪʝʤʳ ʧʣʘʥʠʨʦʚʘʥʠʷ"), ʜʣʷ ʢʦʪʦʨʳʭ ʜʝʢʣʘʨʠʨʦʚʘ-

ʣʦʩʴ ʧʨʠʤʝʥʝʥʠʝ ʵʢʦʥʦʤʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʧʣʘʥʠʨʦʚʘʥʠʷ. 
ʆʜʥʘʢʦ  ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʩʠʩʪʝʤʳ ʥʝ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ.  ɺ ʜʘʥʥʦʡ ʨʘ-

ʙʦʪʝ ʚʳʷʩʥʷʶʪʩʷ ʧʨʠʯʠʥʳ ʧʦʜʦʙʥʦʛʦ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ, ʘ ʪʘʢʞʝ ʜʘʶʪʩʷ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʜʣʦʞʝʥʠʷ. 
ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: MRP/ERP-ʩʠʩʪʝʤʘ, ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ,ʷʟʳʢ UML, ʷʟʳʢ x++, 

MicrosoftDynamics AX 2009, ʤʘʨʢʝʪʦʣʦʛ. 

ʉʠʩʪʝʤʳ ʢʣʘʩʩʘ MRP/ERP, ʢʦʪʦʨʳʝ ʧʨʘ-

ʚʠʣʴʥʝʝ ʙʳʣʦ ʙʳ ʥʘʟʳʚʘʪʴ ʪʠʧʦʚʳʤʠ ʧʨʦʝʢʪʥʳ-

ʤʠ ʨʝʰʝʥʠʷʤʠ, ʟʘʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʦʣʶ ʥʘ 

ʨʳʥʢʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ [1,2]. ʆʪ-

ʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪ-

ʩʷ ʨʝʘʣʠʟʘʮʠʷ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʩʪʠ ʚʩʝʭ ʧʦʜʩʠ-

ʩʪʝʤ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʝʜʧʨʠʷʪʠʷ, ʥʘʩʪʨʘʠʚʘʝ-

ʤʦʩʪʴ, ʥʘʣʠʯʠʝ ʪʝʭʥʦʣʦʛʠʠ ʦʙʫʯʝʥʠʷ. ʆʜʥʘʢʦ  

ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʳʥʢʝ ʩʠʩʪʝʤʳ ʥʝ ʠʩʧʦʣʴʟʫ-

ʶʪ ʤʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ [2].   

ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʡʩʷ ʤʝʪʦʜ ʦʧ-

ʪʠʤʠʟʘʮʠʠ- ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ, ʢʣʘʩ-

ʩʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʢʦʪʦʨʦʛʦ ʜʘʥʦ ʚ ʨʘʙʦʪʝ [4]. 

ʉʫʪʴ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʧʨʠʚʝʜʝʥʘ ʥʠʞʝ. 

ʎʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʚ ʢʘʥʦʥʠʯʝʩʢʦʤ  ʚʠʜʝ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ (1). 
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ʛʜʝ n ï ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʜʫʢʪʦʚ ʧʨʝʜʧʨʠʷ-

ʪʠʷ,i- ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʦʜʫʢʪʘ,ci- ʮʝʥʘ i-ʛʦ 

ʧʨʦʜʫʢʪʘ;xi ï ʚʳʧʫʩʢ  i-ʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʠʭ ʝʜʠʥʠʮʘʭ ʠʟʤʝʨʝʥʠʷ (ʧʣʘʥ),  xiÓ 0. 

ɼʣʷ ʫʧʨʦʱʝʥʠʷ ʨʘʩʩʤʦʪʨʠʤ ʪʦʣʴʢʦ ʜʚʘ 

ʦʛʨʘʥʠʯʝʥʠʷ ï ʧʦ ʧʝʨʩʦʥʘʣʫ ʩʤ. ʚʳʨʘʞʝʥʠʝ (2), 

ʧʦ ʤʘʪʝʨʠʘʣʘʤ ʩʤ. ʚʳʨʘʞʝʥʠʝ (3).  
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ʛʜʝ ai ï ʥʦʨʤʘ ʪʨʫʜʦʟʘʪʨʘʪ (ʯʘʩ) ʥʘ ʦʜʠʥ ʧʨʦʜʫʢʪ  

i-ʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ; ɸ- ʦʙʱʠʡ ʥʘʣʠʯʥʳʡ ʬʦʥʜ 

ʨʘʙʦʯʠʭ (ʯʘʩ) 
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ʛʜʝ bi ï ʥʦʨʤʘ ʨʘʩʭʦʜʘ ʤʘʪʝʨʠʘʣʦʚ  ʥʘ ʦʜʠʥ ʧʨʦ-

ʜʫʢʪ   i-ʛʦ ʥʘʠʤʝʥʦʚʘʥʠʷ B- ʦʙʱʘʷ ʚʝʣʠʯʠʥʘ ʟʘ-

ʧʘʩʦʚ ʤʘʪʝʨʠʘʣʦʚ ʥʘʩʢʣʘʜʝ. 

ʇʨʠ ʦʧʠʩʘʥʠʠ ʤʦʜʝʣʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥʠʷ ʦʙʳʯʥʦ ʫʢʘʟʳʚʘʶʪ ʝʱʝ ʜʚʘ ʦʛʨʘʥʠ-

ʯʝʥʠʷ ï ʧʦ ʬʠʥʘʥʩʘʤ ʠ ʧʦ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙ-

ʥʦʩʪʠ (ʤʦʱʥʦʩʪʠ) ʦʙʦʨʫʜʦʚʘʥʠʷ. ʕʪʠ ʜʚʘ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʟʘʧʠʩʳʚʘʶʪʩʷ ʘʥʘʣʦʛʠʯʥʦ (0=2) ʠ (0=3), 

ʧʦʵʪʦʤʫ ʜʣʷ ʫʧʨʦʱʝʥʠʷ ʠʟʣʦʞʝʥʠʷ ʤʦʞʥʦ ʦʧʫ-

ʩʪʠʪʴ. 

ʊʝʦʨʠʷ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚʧʝʨ-

ʚʳʝ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʚ 30-ʝ ʛʦʜʳ ʧʨʦʰʣʦʛʦ ʚʝ-

ʢʘ [4]. ʆʜʥʘʢʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʧʨʘʢʪʠʯʝʩʢʦʝ ʚʥʝʜ-

ʨʝʥʠʝ ʙʳʣʦ ʟʘʪʨʫʜʥʝʥʦ ʚʩʣʝʜʩʪʚʠʝ  ʜʚʫʭ ʦʩʥʦʚ-

ʥʳʭ ʧʨʠʯʠʥ: 

-ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʪʝʭʥʠʢʘ ʠʣʠ ʦʪʩʫʪʩʪʚʦʚʘ-

ʣʘ, ʠʣʠ ʤʦʱʥʦʩʪʠ ʝʝ ʙʳʣʠ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʳ; 

-ʥʝ ʙʳʣʦ ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʚʦʙʦʜʳ ʚ ʥʘʰʝʡ 

ʩʪʨʘʥʝ. ʇʣʘʥ ʦʧʨʝʜʝʣʷʣʩʷ ʧʨʘʚʠʪʝʣʴʩʪʚʦʤ (ʛʦʩ-

ʧʣʘʥʦʤ) ʠ ʙʳʣ ʦʙʷʟʘʪʝʣʝʥ ʜʣʷ ʚʩʝʭ ʧʨʝʜʧʨʠʷʪʠʡ 

ʩʪʨʘʥʳ. ɸ ʢʘʢ ʠʟʚʝʩʪʥʦ ʦʧʪʠʤʠʟʘʮʠʷ ʚʦʟʤʦʞʥʦ-

ʩʪʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʩʚʦʙʦʜʳ ʚʳʙʦʨʘ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʩʠʪʫʘʮʠʷ ʢʘʨʜʠʥʘʣʴʥʦ 

ʠʟʤʝʥʠʣʘʩʴ, ʤʦʱʥʦʩʪʴ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ 

ʨʝʟʢʦ ʚʦʟʨʦʩʣʘ, ʩʪʨʘʥʘ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʰʣʘ ʢ 

ʨʳʥʦʯʥʦʡ ʵʢʦʥʦʤʠʢʝ. ʉʤ., ʥʘʧʨʠʤʝʨ, [8]. ʊʝʤ ʥʝ 

ʤʝʥʝʝ, ʢʘʢ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʳʥʢʝ ERP-ʩʠʩʪʝʤʘʭ ʦʪʩʫʪʩʪʚʫʶʪ  ʤʝʪʦʜʳ ʦʧ-

ʪʠʤʠʟʘʮʠʠ. ʇʨʠʯʠʥʘ ʧʦʜʦʙʥʦʡ ʥʝʚʦʩʪʨʝʙʦʚʘʥ-

ʥʦʩʪʠ ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ ʜʘʥʥʦʡ ʩʪʘʪʴʠ ʚ ʩʣʝ-

ʜʫʶʱʝʤ. 

ʈʘʟʤʝʨʥʦʩʪʴ ʨʝʘʣʴʥʳʭ ʟʘʜʘʯ ʜʣʷ ʧʨʘʢʪʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʝʣʠʢʘ.  ʊʘʢ ʚʝ-

ʣʠʯʠʥʘ ʧʘʨʘʤʝʪʨʘ çnè ʚ ʚʳʨʘʞʝʥʠʠ (1) ʠʟʤʝʨʷ-

ʝʪʩʷ ʜʝʩʷʪʢʘʤʠ ʠ ʩʦʪʥʷʤʠ. ɸ ʜʣʷ ʧʨʝʜʧʨʠʷʪʠʡ 

ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 

ʪʳʩʷʯʠ, ʪʘʢ ʢʘʢ ʣʶʙʘʷ ʜʝʪʘʣʴ ʠ ʩʙʦʨʦʯʥʘʷ ʝʜʠ-

ʥʠʮʘ ʤʦʞʝʪ ʙʳʪʴ ʚ ʢʘʯʝʩʪʚʝ ʟʘʧʘʩʥʳʭ ʯʘʩʪʝʡ 

ʷʚʣʷʪʴʩʷ ʦʪʜʝʣʴʥʳʤ ʪʦʚʘʨʥʳʤ ʧʨʦʜʫʢʪʦʤ. 

ɺʳʨʘʞʝʥʠʝ (2) ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʠʜʝ ʥʝ 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ, ʪʘʢ ʢʘʢ ʢʦʣʠʯʝʩʪʚʦ ʧʨʦʬʝʩʩʠʡ, 

ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʩʦʟʜʘʥʠʠ ʩʦʚʨʝʤʝʥʥʦʡ ʧʨʦʜʫʢ-

ʮʠʠ ʠʟʤʝʨʷʝʪʩʷ ʜʝʩʷʪʢʘʤʠ, ʩ ʫʯʝʪʦʤ ʨʘʟʣʠʯʥʳʭ 



ɺʝʩʪʥʠʢ ɹɻʊʋ ʠʤ. ɺ.ɻ. ʐʫʭʦʚʘ                                                                                                                          2014, ˉ1 

177 

ʨʘʟʨʷʜʦʚ ʨʘʙʦʪ (ʢʦʪʦʨʳʝ ʢʘʢ ʧʨʘʚʠʣʦ ʠʤʝʶʪʩʷ 

ʜʣʷ ʢʘʞʜʦʡ ʧʨʦʬʝʩʩʠʠ) ʩʯʝʪ ʫʞʝ ʠʜʝʪ ʥʘ ʩʦʪʥʠ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜ.ʙ. ʥʝ ʦʜʥʦ ʚʳʨʘʞʝʥʠʝ (2), ʘ 

ʤʥʦʞʝʩʪʚʦ ʦʛʨʘʥʠʯʝʥʠʡ, ʪʘʢ ʢʘʢ ʢʘʞʜʘʷ ʩʦʚʦ-

ʢʫʧʥʦʩʪʴ ʧʨʦʬʝʩʩʠʷ-ʨʘʟʨʷʜ ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ 

ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʣʠʥʝʡʥʦʡ ʤʦʜʝʣʠ. 

ʅʦʤʝʥʢʣʘʪʫʨʘ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ  ʚ 

ʨʝʘʣʴʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʘʢ ʞʝ ʠʟʤʝʨʷʝʪʩʷ ʩʦʪ-

ʥʷʤʠ ʠ ʪʳʩʷʯʘʤʠ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚʤʝʩʪʦ ʦʜʥʦ-

ʛʦ ʚʳʨʘʞʝʥʠʷ (3) ʜ.ʙ. ʩʪʦʣʴʢʦ ʦʛʨʘʥʠʯʝʥʠʡ, 

ʩʢʦʣʴʢʦ ʤʘʪʝʨʠʘʣʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ 

ʪʦʚʘʨʥʦʛʦ ʧʨʦʜʫʢʪʘ. 

ɺ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʧʦʩʚʷ-

ʱʝʥʥʳʭ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠ-

ʨʦʚʘʥʠʷ  [5], ʜʝʤʦʥʩʪʨʠʨʫʶʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʧʨʠʤʝʨʳ ʫʯʝʙʥʦʛʦ ʭʘʨʘʢʪʝʨʘ.  ʄʥʦʛʠʝ ʧʘʢʝʪʳ 

ʧʨʠʢʣʘʜʥʳʭ ʧʨʦʛʨʘʤʤ, ʨʝʘʣʠʟʫʶʱʠʭ ʤʝʪʦʜ ʣʠ-

ʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʦʩʥʦʚʝ ʩʚʦʝʡ ʩʦ-

ʜʝʨʞʘʪ ʠʣʠ MathCad, ʠʣʠ Excel (ʚ Excel, ʥʘʧʨʠ-

ʤʝʨ,  ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʜʦ-

ʩʪʠʛʘʝʪ ʜʚʝ ʩʦʪʥʠ). ɼʣʷ ʫʯʝʙʥʳʭ ʮʝʣʝʡ ʚʦʟʤʦʞ-

ʥʦʩʪʠ ʫʢʘʟʘʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʙʦʣʝʝ 

ʯʝʤ ʜʦʩʪʘʪʦʯʥʳ, ʯʝʛʦ ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦ ʧʨʦʤʳʰ-

ʣʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ ʚ 

ʀʚʘʥʦʚʩʢʦʤ ʭʠʤʠʢʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨ-

ʩʠʪʝʪʝ [3,6,7], ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʪʝʭ-

ʥʦʣʦʛʠʷ. 

ɸʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʧʫʪʝʤ ʬʦʨʤʠʨʫʝʪʩʷ 

ʤʘʪʨʠʮʘ ʪʨʫʜʦʟʘʪʨʘʪ ʥʘ ʝʜʠʥʠʮʫ ʧʨʦʜʫʢʪʘ ʧʦ 

ʢʘʞʜʦʡ ʩʚʷʟʢʝ ʧʨʦʬʝʩʩʠʷ-ʨʘʟʨʷʜ, ʩʤ. ʚʳʨʘʞʝʥʠʝ 

(04). ʊʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʦʙʱʠʡ ʬʦʥʜ ʥʘʣʠʯ-

ʥʳʭ ʪʨʫʜʦʚʳʭ ʨʝʩʫʨʩʦʚ ʧʦ ʢʘʞʜʦʡ ʩʚʷʟʢʝ ʧʨʦ-

ʬʝʩʩʠʷ-ʨʘʟʨʷʜ. 

ija                                 (4) 

ʛʜʝ i- ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʧʨʦʜʫʢʪʘ,j- ʧʦʨʷʜʢʦʚʳʡ 

ʥʦʤʝʨ ʩʚʷʟʢʠ ʧʨʦʬʝʩʩʠʷ-ʨʘʟʨʷʜ, m1,j= , m ï 

ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʩʚʷʟʦʢ ʧʨʦʬʝʩʩʠʷ-ʨʘʟʨʷʜ. 

ʆʛʨʘʥʠʯʝʥʠʷ ʧʦ ʪʨʫʜʦʚʳʤ ʨʝʩʫʨʩʘʤ ʙʫʜʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʩʦʚʦʢʫʧʥʦʩʪʴ ʚʳʨʘʞʝʥʠʡ, 

ʩʤ. (05). 
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= = = =

¢ ¢ ¢ ¢ä ä ä ä                           (5)

 

ʂʘʢ ʫʢʘʟʳʚʘʣʦʩʴ ʚʳʰʝ ʢʦʣʠʯʝʩʪʚʦ ʦʛʨʘʥʠ-

ʯʝʥʠʡ (5) ʤʦʞʝʪ ʙʳʪʴ ʜʦʚʦʣʴʥʦ ʙʦʣʴʰʠʤ. ʇʨʝʜ-

ʣʘʛʘʝʪʩʷ ʠʟ ʤʥʦʞʝʩʪʚʘ ʵʣʝʤʝʥʪʦʚ  m1,j=  ʚr -

ʙʨʘʪʴ ʪʘʢʦʝ ʧʦʜʤʥʦʞʝʩʪʚʦ r1,j= , ʢʦʪʦʨʦʝ ʙʫ-

ʜʝʪ ʩʦʜʝʨʞʘʪʴ ʪʦʣʴʢʦ ʷʚʥʦ ʢʨʠʪʠʯʝʩʢʠʝ ʧʦʟʠ-

ʮʠʠ. ʆʪʙʦʨ ʧʨʦʠʟʚʦʜʠʪʩʷ ʵʢʩʧʝʨʪʥʦ ʩ ʫʯʝʪʦʤ 

ʜʘʥʥʳʭ ʧʨʦʰʣʳʭ ʧʝʨʠʦʜʦʚ. 

ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʧʨʦʚʦʜʠʪʩʷ ʜʣʷ ʤʘ-

ʪʝʨʠʘʣʦʚ, ʬʠʥʘʥʩʦʚ, ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʣʠʥʝʡʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʯʝʩʪʴ 

ʦʜʠʥ ʚʘʞʥʳʡ ʥʶʘʥʩ. ʆʛʨʘʥʠʯʝʥʠʝ ʥʘ xi Ó 0 ʥʝ 

ʚʩʝʛʜʘ ʤʦʞʝʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʨʝʘʣʴʥʦʡ ʜʝʡ-

ʩʪʚʠʪʝʣʴʥʦʩʪʠ.  

ɺ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʝʢʦʝʛʦ ʧʣʘʥʦʚʦʛʦ ʧʝ-

ʨʠʦʜʘ ʧʦʨʪʬʝʣʴ ʟʘʢʘʟʦʚ ʧʨʝʜʧʨʠʷʪʠʷ ʤʦʞʝʪ ʦʢʘ-

ʟʘʪʴʩʷ ʧʫʩʪʳʤ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ ʜʦʧʫʩʪʠ-

ʤʳʭ ʟʥʘʯʝʥʠʡ  ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ  ʦʛʨʘʥʠʯʝ-

ʥʠʷʤʠ ɸ, ɺ ʠ xi Ó 0 (ʨʠʩ.1ʘ). 

 

 
ʈʠʩ.1ʘ ʅʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ. ɿʘʢʘʟʳ ʦʪʩʫʪʩʪʚʫʶʪ.  

ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʟʘʰʪʨʠʭʦʚʘʥʘ. 

ʈʠʩ.1ʙ. ɺʪʦʨʦʡ ʤʦʤʝʥʪ. ʇʦʷʚʠʣʩʷ ʟʘʢʘʟ ʥʘ ʧʝʨʚʦʝ  

ʠʟʜʝʣʠʝ. ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʷ ʩʫʟʠʣʘʩʴ. 
 

ɺ ʥʝʢʦʪʦʨʳʡ ʤʦʤʝʥʪ (ʨʠʩ.1ʙ) ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʢʣʶʯʝʥ ʜʦʛʦʚʦʨ ʩ ʢʣʠʝʥʪʦʤ ʥʘ ʧʝʨʚʦʝ ʠʟʜʝʣʠʝ 

ʚ ʢʦʣʠʯʝʩʪʚʝ 
min

1x , ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʣʘʩʪʴ 

ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ ʫʤʝʥʴʰʠʪʩʷ, ʪ.ʢ. ʩʦʚʝʨ-

ʰʝʥʥʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʥʝʚʳʧʦʣʥʝʥʠʝ ʜʦʛʦʚʦʨʥʳʭ 

ʦʙʷʟʘʪʝʣʴʩʪʚ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ  ʰʪʨʘʬʥʳʤ 

ʩʘʥʢʮʠʷʤ. ʇʨʠ ʵʪʦʤ ʪʦʯʢʘ ʦʧʪʠʤʫʤʘ  ʥʝ ʠʟʤʝ-

ʥʠʪʩʷ. ɺ ʩʣʝʜʫʶʱʠʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ (ʨʠʩ.2ʘ) 

ʤʦʞʝʪ ʧʦʷʚʠʪʩʷ ʜʦʛʦʚʦʨ ʥʘ ʚʪʦʨʦʝ ʠʟʜʝʣʠʝ ʚ ʢʦ-

ʣʠʯʝʩʪʚʝ 
min

2x . ʆʙʣʘʩʪʴ ʜʦʧʫʩʪʠʤʳʭ ʟʥʘʯʝʥʠʡ 

ʝʱʝ ʙʦʣʝʝ ʩʫʟʠʪʩʷ, ʥʦ ʪʦʯʢʘ ʦʧʪʠʤʫʤʘ ʦʧʷʪʴ ʞʝ 

ʦʩʪʘʥʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ. 

. 


