
 

 
 



2 

 

ʇʆʗʉʅʀʊɽʃʔʅɸʗ ɿɸʇʀʉʂɸ 

 

ʎʝʣʠ ʕʋʄʂ: ʕʋʄʂ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʠʩʮʠʧʣʠʥʳ 

çɸʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚè ʥʘ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1-31 81 12 çʇʨʠʢʣʘʜʥʦʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭè. ʕʋʄʂ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ ʵʪʦʡ 

ʜʠʩʮʠʧʣʠʥʝ. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʠʷ ʠ ʧʦʜʘʯʠ ʫʯʝʙʥʦʛʦ ʤʘʪʝʨʠʘʣʘ: ʕʋʄʂ 

ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʯʘʩʪʝʡ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʥʘʙʦʨ ʤʝʪʦʜʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʧʦ 

ʧʨʝʜʤʝʪʫ: ʢʨʘʪʢʠʭ ʣʝʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʚʷʱʝʥʥʳʭ ʠʟʣʦʞʝʥʠʶ ʚ 

ʥʘʛʣʷʜʥʦʤ ʚʠʜʝ ʦʩʥʦʚʥʳʭ ʧʦʥʷʪʠʡ ʠ ʦʧʨʝʜʝʣʝʥʠʡ, ʧʨʝʟʝʥʪʘʮʠʡ ʠ ʩʩʳʣʦʢ ʥʘ 

ʵʣʝʢʪʨʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ. 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʟʘʜʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʟʘʥʷʪʠʡ, ʘ ʪʘʢʞʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʜr ʧʨʠʤʝʨʦʚ (ʩʢʨʠʧʪʳ Matlab), 

ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʨʘʟʜʝʣʝ. ɼʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʢʦʜr ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ rʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʥʠʡ. 

ʈʘʟʜʝʣ ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ ʩʦʜʝʨʞʠʪ ʚʦʧʨʦʩʳ ʜʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʢʫʱʝʛʦ 

ʢʦʥʪʨʦʣʷ ʟʥʘʥʠʡ. 

ɺʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʨʘʟʜʝʣ ʩʦʜʝʨʞʠʪ ʧʨʦʛʨʘʤʤʫ ʜʠʩʮʠʧʣʠʥʳ, ʩʧʠʩʦʢ 

ʨʝʢʦʤʝʥʜʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʨʘʙʦʪʝ ʩ ʕʋʄʂ: 

¶ ʕʋʄʂ ʧʨʝʜʩʪʘʚʣʝʥ .pdf-ʬʘʡʣʦʤ; 

¶ ʪʨʝʙʦʚʘʥʠʷ ʢ ʩʠʩʪʝʤʝ: IBM PC-ʩʦʚʤʝʩʪʠʤʳʡ ʇʂ ʩʪʘʥʜʘʨʪʥʦʡ 

ʢʦʥʬʠʛʫʨʘʮʠʠ, Adobe Reader. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʤ ʚ ʩʨʝʜʝ Windows XX; 

¶ ʦʪʢʨʳʪʠʝ ʕʋʄʂ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʟʘʧʫʩʢʘ ʬʘʡʣʦʚ ʩ 

ʨʘʩʰʠʨʝʥʠʝʤ .pdf ï ʚ Adobe Reader 
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1. ʊɽʆʈɽʊʀʏɽʉʂʀʁ ʈɸɿɼɽʃ 

1.1. ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ 

ʈʘʟʜʝʣ 1. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

1. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ /ɺ.ʄ.ɺʦʣʢʦʚ, ʆ.ʃ.ɿʫʙʢʦ, ʀ.ʅ.ʂʘʪʢʦʚʩʢʘʷ, 

ʀ.ʃ.ʂʦʚʘʣʝʚʘ, ɺ.ɻ.ʂʨʦʪʦʚ, ʇ.ʃʠʤʘ. ï ʄʠʥʩʢ: ʈʋʇ çɹʝʣʛʦʩʣʝʩè, 2017-207 ʩ. 

2. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʤʘʛʠʩʪʨʘʥʪʦʚ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1-31 81 12 çʇʨʠʢʣʘʜʥʦʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè/ 

ɺ.ʄ.ɺʦʣʢʦʚ, ʀ.ʃ.ʂʦʚʘʣʝʚʘ ï ɹʅʊʋ, 2016. 

ʊʝʤʘ 1.1. ɿʘʜʘʯʘ ʂʦʰʠ 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  

ɿʘʜʘʯʠ ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ (ʟʘʜʘʯʠ ʂʦʰʠ) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʴ 

ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʘʩʩʦʮʠʠʨʫʝʪʩʷ ʩ ʧʨʠʥʮʠʧʦʤ ʜʝʪʝʨʤʠʥʠʟʤʘ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʝʩʣʠ ʫʨʘʚʥʝʥʠʷ ʠ ʥʘʯʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʢʦʨʨʝʢʪʥʦ ʥʘ 

ʬʠʟʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʩʪʨʦʛʦʩʪʠ, ʪʦ ʠ ʩ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʟʘʜʘʯʘ ʪʘʢʞʝ 

ʷʚʣʷʝʪʩʷ ʢʦʨʨʝʢʪʥʦʡ ʚ ʩʤʳʩʣʝ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʠ ʝʜʠʥʩʪʚʝʥʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ʏʠʩʣʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʦʜʥʦʟʥʘʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʦʙʳʯʥʦ ʩʦʚʧʘʜʘʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʫʨʘʚʥʝʥʠʡ ʩʠʩʪʝʤʳ. 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤʳ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ (ʆɼʋ) ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 

(1.1) 

   (1.2) 

ʛʜʝ 
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ʛʜʝ uk = uk(t) ï ɻ ʪʦ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʦʜʥʦʡ ʧʝʨʝʤʝʥʥʦʡ, ʘ fk - ʟʘʜʘʥʥʳʝ ʬʫʥʢʮʠʠ 

N + 1 ʧʝʨʝʤʝʥʥʳʭ. 

 

ʄʝʪʦʜ ʕʡʣʝʨʘ. ʗʚʥʳʝ ʠ ʥʝʷʚʥʳʝ ʩʭʝʤʳ. ʇʦʥʷʪʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ.  

ʄʝʪʦʜ ʕʡʣʝʨʘ - ʩʘʤʳʡ ʵʣʝʤʝʥʪʘʨʥʳʡ ʤʝʪʦʜ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ 

ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʌʦʨʤʫʣʘ (1.3) 

ʠʟʚʝʩʪʥʘ ʢʘʢ ʤʝʪʦʜ ʕʡʣʝʨʘ 

 

U(tk+1) = U(tk) +  f(tk, U(tk));  tk = kt ; k = 0, 1, 2 ,  é              (1.3) 

 

ʈʝʰʝʥʠʝ ʚ ʤʝʪʦʜʝ ʕʡʣʝʨʘ ʚʳʯʠʩʣʷʝʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦ ʷʚʥʦʡ ʬʦʨʤʫʣʝ. 

ɼʘʥʥʳʡ ʢʣʘʩʩ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʷʚʥʳʤʠ. ɹʫʜʝʤ ʪʘʢʞʝ ʥʘʟʳʚʘʪʴ 

ʤʝʪʦʜ ʕʡʣʝʨʘ ʦʜʥʦʰʘʛʦʚʳʤ, ʧʦʜʯʝʨʢʠʚʘʷ ʪʝʤ ʩʘʤʳʤ ʪʦ, ʯʪʦ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ 

ʥʦʚʦʛʦ ʟʥʘʯʝʥʠʷ Uk+1 ʧʨʠ t = tk+1 ʠʩʧʦʣʴʟʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʝʰʝʥʠʷ ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ 

ʧʨʝʜʳʜʫʱʝʡ ʪʦʯʢʝ ʧʨʠ t = tk (ʥʘ ʜʠʩʪʘʥʮʠʠ ʦʜʥʦʛʦ ʰʘʛʘ ʦʪ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʚ 

ʥʦʚʦʡ ʪʦʯʢʝ). 

ʋʩʪʦʡʯʠʚʦʩʪʴ ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ (1.1) ʠ (1.2) 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʨʝʙʦʚʘʥʠʝʤ ʚʳʧʦʣʥʝʥʠʷ ʦʮʝʥʢʠ   

                    (1.4) 

ʛʜʝ C1 ʠ C2 - ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʧʦʩʪʦʷʥʥʳʝ, ʥʝ ʟʘʚʠʩʷʱʠʝ ʦʪ t , Uk = U(tk). 
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ɼʘʥʥʦʝ ʥʝʨʘʚʝʥʩʪʚʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʥʝʧʨʝʨʳʚʥʦ 

ʟʘʚʠʩʠʪ ʦʪ ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ. ʏʠʩʣʝʥʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʫʩʪʦʡʯʠʚ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʥʝʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʰʘʛʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ, ʥʘʟʳʚʘʝʪʩʷ 

ʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʤ. ɽʩʣʠ ʜʣʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʦʜʘ ʥʠʢʘʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ 

ʰʘʛʠ ʩʝʪʢʠ ʥʝ ʪʨʝʙʫʝʪʩʷ, ʪʦ ʪʘʢʦʡ ʤʝʪʦʜ ʥʘʟʳʚʘʶʪ ʙʝʟʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʤ. 

 

ʇʨʠʤʝʨ 1.1. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʡ ʪʠʧʠʯʥʳʝ 

ʧʨʦʷʚʣʝʥʠʷ ʵʬʬʝʢʪʘ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʢʦʛʜʘ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʢʘʟʳʚʘʶʪʩʷ ʥʘʨʫʰʝʥʥʳʤʠ. ɼʣʷ ʵʪʦʛʦ ʨʘʩʩʤʦʪʨʠʤ ʷʚʥʳʡ ʤʝʪʦʜ ʕʡʣʝʨʘ 

ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʤʦʜʝʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ ʚʠʜʘ  

                                   (1.5) 

l = 1:5 ʩ ʥʘʯʘʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ u(0) = 2. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʧʨʠʚʝʜʝʥʘ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ,  ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.1.1 

 

ʈʠʩ.1.1 ʇʦʪʝʨʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʥʦʛʦ ʤʝʪʦʜʘ ʕʡʣʝʨʘ 
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ʄʝʪʦʜʳ ʈʫʥʛʝ-ʂʫʪʪʘ. ɸʜʘʧʪʘʮʠʷ ʰʘʛʘ ʩʝʪʢʠ.  

ʄʝʪʦʜʳ ʈʫʥʛʝ ï ʂʫʪʪʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʟʘʜʘʯ ʂʦʰʠ ʜʣʷ ʩʠʩʪʝʤ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

ʚʠʜʘ (1.1)ï(1.2). ʅʘʠʙʦʣʴʰʝʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʧʨʘʢʪʠʢʝ ʚʳʯʠʩʣʝʥʠʡ 

ʧʦʣʫʯʠʣʠ ʷʚʥʳʝ ʦʜʥʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ʈʫʥʛʝ ï ʂʫʪʪʳ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ: 

                    (1.6) 

ʛʜʝ s- ʮʝʣʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʢʦʣʠʯʝʩʪʚʦ ʩʪʘʜʠʡ ʚʳʯʠʩʣʝʥʠʡ, 

ʩʚʷʟʘʥʥʳʭ ʧʝʨʝʩʯʝʪʦʤ ʬʫʥʢʮʠʠ ʧʨʘʚʦʡ ʯʘʩʪʠ, ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʰʘʛʘ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ, 

        (1.7) 

 

ʂʦʵʬʬʠʮʠʝʥʪʳ bm, cm ʠ akm ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ ʫʩʣʦʚʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ 

ʧʦʨʷʜʢʘ ʤʘʣʦʩʪʠ ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʯʠʩʣʘ ʩʪʘʜʠʡ. 

ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʤʝʪʦʜʘ ʈʫʥʛʝ ï ʂʫʪʪʳ ʟʘʚʠʩʠʪ ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʚʳʯʠʩʣʝʥʠʡ ʬʫʥʢʮʠʠ f(t;u) ʠ ʨʘʩʪʝʪ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʯʠʩʣʫ ʩʪʘʜʠʡ s, 

ʧʦʩʢʦʣʴʢʫ ʥʘ ʢʘʞʜʦʡ ʩʪʘʜʠʠ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʚʳʯʠʩʣʷʝʪʩʷ ʦʜʠʥ ʨʘʟ.  

ɼʣʷ s = 1 ʦʜʥʦʩʪʘʜʠʡʥʳʡ ʤʝʪʦʜ ʈʫʥʛʝ ï ʂʫʪʪʳ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʩ 

ʤʝʪʦʜʦʤ ʕʡʣʝʨʘ. 

ʉʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʢʣʘʩʩʫ ʦʜʥʦʰʘʛʦʚʳʭ 

ʷʚʥʳʭ ʤʝʪʦʜʦʚ ʦʙʣʘʜʘʝʪ ʛʠʙʢʦʩʪʴʶ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ.  

ʊʝʤ ʥʝ ʤʝʥʝʝ, ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʚʳʰʝ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʚ 

ʤʝʪʦʜʘʭ ʈʫʥʛʝ ï ʂʫʪʪʳ ʩʦʧʨʷʞʝʥʦ ʩ ʥʝʢʦʪʦʨʳʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʨʦʩʪʦʤ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
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ʦʜʥʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ. ʊʘʢʦʛʦ ʨʦʜʘ ʥʝʜʦʩʪʘʪʢʠ ʤʦʞʥʦ 

ʧʨʝʦʜʦʣʝʪʴ, ʠʩʧʦʣʴʟʫʷ ʤʥʦʛʦʰʘʛʦʚʳʡ ʧʦʜʭʦʜ ʢ ʧʦʩʪʨʦʝʥʠʶ ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ. 

 

ʄʥʦʛʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ. ɾʝʩʪʢʠʝ ʩʠʩʪʝʤʳ. ʄʝʪʦʜ ɻʠʨʘ. 

ʃʠʥʝʡʥʳʝ ʤʥʦʛʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ (1.1)ï(1.2) 

ʠʤʝʪʁ ʩʣʝʜʫʶʱʠʡ ʦʙʱʠʡ ʚʠʜ: 

  (1.8) 

ʛʜʝ fk = f(tk, Uk), Uk = U(tk), ʘ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ an ʠ bn ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʟ 

ʫʩʣʦʚʠʡ ʤʠʥʠʤʫʤʘ ʣʦʢʘʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ. 

ɺ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ, ʩʧʦʩʦʙʥʳʭ ʦʙʝʩʧʝʯʠʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ, 

ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʝʤʝʡʩʪʚʦ ʤʝʪʦʜʦʚ ɸʜʘʤʩʘ. ʆʩʥʦʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʝʪʦʜʦʚ 

ɸʜʘʤʩʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ, ʬʫʥʢʮʠʷ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʟʘʜʘʯʠ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ ʚʳʯʠʩʣʷʝʪʩʷ ʚʩʝʛʦ ʦʜʠʥ ʨʘʟ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʤʝʪʦʜʘ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ 

ʤʥʦʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ, ʯʪʦ 

ʚʳʛʦʜʥʦ ʦʪʣʠʯʘʝʪ ʠʭ ʦʪ ʦʜʥʦʰʘʛʦʚʳʭ ʘʥʘʣʦʛʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʤʝʪʦʜʝ ʈʫʥʛʝ 

ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʬʫʥʢʮʠʷ ʧʨʘʚʦʡ ʯʘʩʪʠ ʚʳʯʠʩʣʷʝʪʩʷ 

ʯʝʪʳʨʝ ʨʘʟʘ ʥʘ ʢʘʞʜʦʤ ʰʘʛʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʷʚʥʦʤ ʤʝʪʦʜʝ ɸʜʘʤʩʘ ʤʦʞʥʦ 

ʦʛʨʘʥʠʯʠʪʴʩʷ ʦʜʥʦʢʨʘʪʥʳʤ ʚʳʯʠʩʣʝʥʠʝʤ ʧʨʘʢʪʠʯʝʩʢʠ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʦʛʦ 

ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʥʦʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ 

ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʤ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʬʦʨʤʫʣ ʙʦʣʝʝ ʚʳʩʦʢʦʛʦ 

ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʠ ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʚʳʯʠʩʣʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʘʚʦʡ 

ʯʘʩʪʠ ʟʘʜʘʯʠ (1.1)ï(1.2) ʩʦʧʨʷʞʝʥʦ ʩʦ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʳʯʠʩʣʠʪʝʣʴʥʳʤʠ 

ʟʘʪʨʘʪʘʤʠ.  

ʇʨʠʤʝʨ 1.2. ɺ ʧʨʠʤʝʨʝ, ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʥʠʞʝ, ʚʳʧʦʣʥʷʣʦʩʴ ʩʨʘʚʥʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ ʠ ʤʥʦʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ ɸʜʘʤʩʘ, 

ʦʮʝʥʠʚʘʷ ʚr ʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ. ɺ 

ʢʘʯʝʩʪʚʝ ʪʝʩʪʦʚʦʡ ʟʘʜʘʯʠ ʙʳʣʦ ʨʘʩʩʤʦʪʨʝʥʦ ʫʨʘʚʥʝʥʠʝ  
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ʜʣʷ ʢʦʪʦʨʦʛʦ ʠʟʚʝʩʪʥʦ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ. ʉʨʘʚʥʠʚʘʣʘʩʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʘʣʛʦʨʠʪʤʦʚ ʧʨʠʚʝʜʝʥʘ 

ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩ.1.2. 

 

 

ʈʠʩ.1.2. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʦʚ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʈʫʥʛʝ-

ʂʫʪʪʳ (RK), ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ (AB), ʧʨʝʜʠʢʪʦʨ ï ʢʦʨʨʝʢʪʦʨ (PC) 

 

ɹʦʣʴʰʠʥʩʪʚʦ ʤʝʪʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʂʦʰʠ ʷʚʣʷʶʪʩʷ 

ʫʩʣʦʚʥʦ ʫʩʪʦʡʯʠʚʳʤʠ. ʋʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʘʣʘʛʘʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʰʘʛʘ ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʠ 

ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʨʘʟʤʝʨ ʰʘʛʘ, 

ʚʳʪʝʢʘʶʱʠʝ ʠʟ ʫʩʣʦʚʠʡ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʥʝ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ ʞʝʩʪʢʠʤʠ, ʥʝʞʝʣʠ 

ʦʛʨʘʥʠʯʝʥʠʷ, ʧʨʦʜʠʢʪʦʚʘʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʦʯʥʦʩʪʠ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʨʠ 

ʯʠʩʣʝʥʥʦʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʠ ʦʜʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʥʳʝ ʤʝʪʦʜʳ ʧʨʝʜʩʪʘʚʣʷʶʪʩʷ 
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ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʩʠʩʪʝʤ ʆɼʋ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʠʥʘʷ 

ʩʠʪʫʘʮʠʷ.  

ɼʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʨʘʟʤʝʨ ʰʘʛʘ, ʥʝ 

ʩʚʷʟʘʥʥʳʭ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʪʦʯʥʦʩʪʠ, ʩʣʝʜʫʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʝʟʫʩʣʦʚʥʦ 

ʫʩʪʦʡʯʠʚʳʝ (ɸ-ʫʩʪʦʡʯʠʚʳʝ) ʥʝʷʚʥʳʝ ʤʝʪʦʜʳ. ʂʘʞʜʳʡ ʰʘʛ ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʟʘʪʨʘʪ, ʦʜʥʘʢʦ, ʙʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʙʦʣʝʝ ʢʨʫʧʥʳʡ ʨʘʟʤʝʨ ʰʘʛʘ ʙʝʟ ʧʦʪʝʨʠ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʪʘʢʠʝ 

ʤʝʪʦʜʳ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʢʘʟʳʚʘʶʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʚ̫ʥʳʤʠ. ɺ ʨʘʤʢʘʭ ʥʝʷʚʥʦʡ ʤʥʦʛʦʰʘʛʦʚʦʡ ʩʭʝʤʳ ɸʜʘʤʩʘ ï ʄʦʫʣʪʦʥʘ ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʘʙʩʦʣʶʪʥʦ ʫʩʪʦʡʯʠʚʳʡ ʤʝʪʦʜ, ʥʝ ʧʨʝʚʦʩʭʦʜʷʱʠʡ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

ʪʦʯʥʦʩʪʠ. 

ɼʣʷ ʫʣʫʯʰʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʥʦʛʦʰʘʛʦʚʦʛʦ ʤʝʪʦʜʘ ʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʯʠʩʪʦ ʥʝʷʚʥʦʡ ʩʭʝʤʳ, ʦʩʥʦʚʘʥʥʦʡ ʥʘ ʬʦʨʤʫʣʘʭ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘʟʘʜ (backward di erentiation formulae), (backward 

di erentiation formulae (BDF)). ɼʘʥʥʳʡ ʢʣʘʩʩ ʤʥʦʛʦʰʘʛʦʚʳʭ ʤʝʪʦʜʦʚ ʠʟʚʝʩʪʝʥ 

ʪʘʢʞʝ ʢʘʢ ʤʝʪʦʜʳ ɻʠʨʘ. 

ɼʨʫʛʦʡ ʧʦʜʭʦʜ ʢ ʨʝʰʝʥʠʶ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ ʦʩʥʦʚʘʥ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ. ʉʨʝʜʠ ʜʦʩʪʦʠʥʩʪʚ ʥʝʷʚʥʳʭ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï 

ʂʫʪʪʳ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʠʭ ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʯʪʦ 

ʜʝʣʘʝʪ ʚʝʩʴʤʘ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʢʣʘʩʩʘ ʤʝʪʦʜʦʚ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ. ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʨʷʜʦʢ 

ʪʦʯʥʦʩʪʠ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʈʫʥʛʝ ï ʂʫʪʪʳ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʯʠʩʣʝ ʩʪʘʜʠʡ 

ʧʨʝʚʦʩʭʦʜʠʪ ʪʦʯʥʦʩʪʴ ʷʚʥʦʡ ʩʭʝʤʳ.  

 

ʇʨʠʤʝʨ 1.3. ʉʨʘʚʥʠʤ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʥʦʛʦ ʠ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʈʫʥ-

ʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. ʈʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʨʘʩʯʝʪʦʚ 

ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1.3. ʂʦʜ 

ʧʨʦʛʨʘʤʤʳ ʧʨʠʚʝʜʝʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ. 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʠʤʝʨʘ, ʥʝʷʚʥʳʡ ʤʝʪʦʜ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʧʦʨʷʜʢʘ 

ʠʤʝʝʪ ʥʝʦʛʨʘʥʠʯʝʥʥʫʶ ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʦʢʨʳʚʘʶʱʫʶ ʚʩʶ ʣʝʚʫʶ 

file:///E:/Ira/ЭУМК/Сравнение%23_Пример_1.3._
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ʧʦʣʫʧʣʦʩʢʦʩʪʴ ʢʦʤʧʣʝʢʩʥʦʡ ʧʣʦʩʢʦʩʪʠ, ʪ.ʝ. ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ɸ-

ʫʩʪʦʡʯʠʚʳʤ.  

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʝʚʦʩʭʦʜʥʳʝ ʩʚʦʡʩʪʚʘ ʫʩʪʦʡʯʠʚʦʩʪʠ ʠ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ 

ʥʝʷʚʥʳʝ ʤʝʪʦʜʳ ʈʫʥʛʝ ï ʂʫʪʪʳ ʠʤʝʶʪ ʩʝʨʴʝʟʥʳʡ ʥʝʜʦʩʪʘʪʦʢ, ʩʚʷʟʘʥʥʳʡ ʩ 

ʚʳʩʦʢʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ ʨʝʘʣʠʟʘʮʠʠ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ 

ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʧʨʠʚʣʝʢʘʶʪ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʘʨʠʘʥʪʳ ʥʝʷʚʥʦʡ ʩʭʝʤʳ 

ʥʝʚʳʩʦʢʦʛʦ ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ ʜʣʷ ʨʝʰʝʥʠʷ ʞʝʩʪʢʠʭ ʩʠʩʪʝʤ ʧʨʠ ʫʤʝʨʝʥʥʳʭ 

ʪʨʝʙʦʚʘʥʠʷʭ ʢ ʪʦʯʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʝʢʦʪʦʨʳʝ ʚʘʨʠʘʥʪʳ ʥʝʷʚʥʳʭ 

ʩʭʝʤ ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʬʫʥʢʮʠʷʭ MATLAB1 ode23tb, ode23t ʠ ode23s. 

ʄʥʦʛʦʰʘʛʦʚʳʝ ʤʝʪʦʜʳ ʧʝʨʝʤʝʥʥʦʛʦ ʧʦʨʷʜʢʘ, ʚʢʣʶʯʘʷ ʯʠʩʪʦ ʥʝʷʚʥʳʝ ʬʦʨʤʫʣʳ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʥʘʟʘʜ, ʨʝʘʣʠʟʦʚʘʥʳ ʚ ʬʫʥʢʮʠʠ ode15s.  

 

 

ʈʠʩ.1.3. ʆʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʥʦʛʦ ʠ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʨʷʜʢʘ ʪʦʯʥʦʩʪʠ. 
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ʊʝʤʘ 1.2. ʂʨʘʝʚʳʝ ʟʘʜʘʯʠ  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ.  

ʇʨʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʠʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ 

ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʨʝʰʝʥʠʷ 

ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʥʝʟʘʚʠʩʠʤʦʡ 

ʧʝʨʝʤʝʥʥʦʡ. ɼʣʷ ʧʨʦʩʪʦʪʳ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ 

                    (1.9)             

ʩ ʥʫʣʝʚʳʤʠ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ʥʘ ʢʦʥʮʘʭ ʦʪʨʝʟʢʘ: 

                                    (1.10) 

ɿʘʜʘʯʠ ʪʘʢʦʛʦ ʪʠʧʘ, ʢʦʛʜʘ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʫʩʣʦʚʠʷ ʟʘʜʘʶʪʩʷ ʚ ʨʘʟʥʳʭ 

ʪʦʯʢʘʭ, ʥʘʟʳʚʘʶʪʩʷ ʢʨʘʝʚʳʤʠ ʟʘʜʘʯʘʤʠ.  

ɿʘʜʘʯʘ (1.9)ï(1.10) ʜʦʧʫʩʢʘʝʪ ʵʢʚʠʚʘʣʝʥʪʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ 

ʜʚʫʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ: 

                           (1.11) 

ʌʦʨʤʫʣʠʨʦʚʢʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʡ, ʦʩʦʙʝʥʥʦ ʝʩʣʠ ʠʩʢʦʤʳʝ ʬʫʥʢʮʠʠ ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʥʘʜʝʣʝʥʳ 

ʢʦʥʢʨʝʪʥʳʤ ʩʤʳʩʣʦʤ.  

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʙʦʣʴʰʠʥʩʪʚʘ ʤʝʪʦʜʦʚ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʭʦʜʝ ʦʪ ʨʘʩʩʤʦʪʨʝʥʠʷ 

ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʜʘʯʠ ʚ ʙʝʩʢʦʥʝʯʥʦ-ʤʝʨʥʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ V ʢ 

ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʝ, ʬʦʨʤʫʣʠʨʫʝʤʦʡ ʚ ʢʦʥʝʯʥʦʤʝʨʥʦʤ ʚʝʢʪʦʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ 
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VN . ʉʨʝʜʠ ʥʘʠʙʦʣʝʝ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʨʝʰʝʥʠʶ ʢʨʘʝʚʳʭ ʟʘʜʘʯ ʜʣʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩʣʝʜʫʝʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜʳ 

ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʨʝʰʝʥʠʷ ʢʨʘʝʚʳʭ ʟʘʜʘʯ.  

ɺ ʤʝʪʦʜʝ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʠʩʭʦʜʥʦʡ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ 

ʟʘʜʘʯʠ, ʠʩʢʦʤʦʝ ʨʝʰʝʥʠʝ ʷʚʣʷʝʪʩʷ ʥʝ ʬʫʥʢʮʠʝʡ, ʟʘʜʘʥʥʦʡ ʚ ʥʝʢʦʪʦʨʦʡ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʠ, ʘ ʤʥʦʞʝʩʪʚʦʤ ʟʥʘʯʝʥʠʡ ʵʪʦʡ ʬʫʥʢʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʳʭ ʚ 

ʢʦʥʝʯʥʦʤ ʯʠʩʣʝ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʰʝʥʠʷ. 

ʂʦʥʝʯʥʦïʨʘʟʥʦʩʪʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʟʘʤʝʥʝ ʧʨʦʠʟʚʦʜʥʳʭ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʨʘʟʥʦʩʪʥʳʝ ʧʨʠʙʣʠʞʝʥʠʷ. 

ʊʝʦʨʝʪʠʯʝʩʢʫʶ ʦʩʥʦʚʫ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʩʣʘʙʘʷ 

ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ, ʤʝʪʦʜ ɻʘʣʝʨʢʠʥʘ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʡ ʬʠʥʠʪʥʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. 

ʆʩʥʦʚʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʦʪ ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ 

ʩʦʩʪʦʠʪ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʩʣʘʙʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ. 

ʉʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ (1.12) ʥʘ ʥʝʢʦʪʦʨʫʶ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʫʶ 

ʪʝʩʪʦʚʫʶ ʬʫʥʢʮʠʶ Y(x) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʚʝʥʩʪʚʘ, ʠʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ: 

 (1.12) 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ ʦʪʣʠʯʠʝ ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʩʪʨʦʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʳʭ  ʧʦʜʭʦʜʦʚ ʜʠʩʢʨʝʪʥʳʝ 

ʤʦʜʝʣʠ ʤʦʛʫʪ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʩʦʚʧʘʜʘʪʴ. 

ʇʨʠʤʝʥʝʥʠʝ ʨʘʟʥʦʩʪʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʠ 

ʨʝʰʝʥʠʠ ʣʠʥʝʡʥʦʡ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ ʧʨʠʚʦʜʠʪ ʢ 

ʜʠʩʢʨʝʪʥʳʤ ʤʦʜʝʣʷʤ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʣʠʥʝʡʥʳʭ ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ ʩ 
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ʨʘʟʨʝʞʝʥʥʦʡ ʣʝʥʪʦʯʥʦʡ ʤʘʪʨʠʮʝʡ ʪʨʝʭʜʠʘʛʦʥʘʣʴʥʦʛʦ ʚʠʜʘ. ʊʘʢʦʛʦ ʨʦʜʘ 

ʩʠʩʪʝʤʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʦ ʨʝʘʣʠʟʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ɻʘʫʩʩʘ ʠʣʠ 

ʝʛʦ ʤʦʜʠʬʠʢʘʮʠʡ ʤʝʪʦʜʘ ʧʨʦʛʦʥʢʠ. ɺʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʨʝʘʣʠʟʘʮʠʠ 

ʪʘʢʦʡ ʩʠʩʪʝʤʳ ʠʤʝʝʪ ʧʦʨʷʜʦʢ O(N) ʚʤʝʩʪʦ O(N3), ʠʤʝʶʱʝʛʦ ʤʝʩʪʦ ʚ ʩʣʫʯʘʝ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʣʠʥʝʡʥʳʭ ʩʠʩʪʝʤ ʩ ʧʦʣʥʦʡ ʤʘʪʨʠʮʝʡ. 

ʇʨʠ ʨʝʰʝʥʠʠ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ 

ʜʠʩʢʨʝʪʥʘʷ ʤʦʜʝʣʴ ʪʘʢʞʝ ʙʫʜʝʪ ʥʝʣʠʥʝʡʥʦʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ ʘʥʘʣʠʟʘ 

ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʠʪʝʨʘʮʠʦʥʥʳʡ 

ʤʝʪʦʜ, ʚʳʙʦʨ ʢʦʪʦʨʦʛʦ ʯʘʱʝ ʚʩʝʛʦ ʟʘʚʠʩʠʪ ʦʪ ʧʦʩʪʘʥʦʚʢʠ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʜʦʚ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ 

ʤʥʦʛʦʤ ʩʚʷʟʘʥʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʧʦʣʫʯʘʝʤʳʭ ʧʨʠ ʵʪʦʤ ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʚ 

ʚʠʜʝ ʩʠʩʪʝʤ ʩ ʨʘʟʨʝʞʝʥʥʦʡ ʤʘʪʨʠʮʝʡ ʣʝʥʪʦʯʥʦʛʦ ʪʠʧʘ, ʜʦʧʫʩʢʘʶʱʝʡ 

ʵʬʬʝʢʪʠʚʥʦʝ ʦʙʨʘʱʝʥʠʝ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʪʦʜʳ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ ʠ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚʦ ʤʥʦʛʦʤ ʦʪʚʝʯʘʶʪ ʢʦʤʧʨʦʤʠʩʩʫ ʤʝʞʜʫ ʜʦʩʪʘʪʦʯʥʦ 

ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ ʠ ʫʤʝʨʝʥʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʴʶ. 

ʕʪʠ ʤʝʪʦʜʳ ʣʝʛʢʦ ʦʙʦʙʱʘʶʪʩʷ ʥʘ ʩʣʫʯʘʡ ʥʝʦʜʥʦʨʦʜʥʳʭ ʠ ʘʜʘʧʪʠʚʥʳʭ 

ʩʝʪʦʢ, ʯʪʦ ʚʘʞʥʦ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʟʘʜʘʯ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤʠ ʨʝʰʝʥʠʷʤʠ, 

ʚʢʣʶʯʘʷ ʩʠʥʛʫʣʷʨʥʳʝ ʨʝʞʠʤʳ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʣʦʢʘʣʠʟʦʚʘʥʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ. ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʝʩʷʪʠʣʝʪʠʷ ʨʘʟʨʘʙʦʪʘʥʦ ʙʦʣʴʰʦʝ ʯʠʩʣʦ 

ʤʦʜʠʬʠʢʘʮʠʡ ʜʘʥʥʳʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʣʫʯʰʠʪʴ ʠʭ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʢ ʚ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ ʨʝʰʝʥʠʷ 

ʚʘʞʥʳʭ ʯʘʩʪʥʳʭ ʟʘʜʘʯ. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʵʪʠʭ ʜʚʫʭ ʢʣʘʩʩʦʚ ʤʝʪʦʜʦʚ 

ʤʦʛʫʪ ʙʳʪʴ ʢʨʘʪʢʦ ʨʝʟʶʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʝʩʣʠ ʚʘʤ ʥʝʦʙʭʦʜʠʤʦ 

ʨʝʰʠʪʴ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʫʶ ʢʨʘʝʚʫʶ ʟʘʜʘʯʫ ʢʘʢ ʤʦʞʥʦ ʙʳʩʪʨʝʝ, ʘ ʚʳ ʥʝ ʠʤʝʝʪʝ 

ʦʧʳʪʘ ʚ ʦʙʣʘʩʪʠ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʪʦʛʜʘ ʨʘʟʥʦʩʪʥʳʡ ʤʝʪʦʜ, ʧʦʞʘʣʫʡ, ʤʦʞʝʪ 

ʙʳʪʴ ʣʫʯʰʠʤ ʚʳʙʦʨʦʤ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚʳ ʠʱʠʪʝ ʤʦʱʥʳʡ ʚʳʯʠʩʣʠʪʝʣʴʥʳʡ 

ʘʧʧʘʨʘʪ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʠʪ ʨʝʰʠʪʴ ʥʝ ʪʦʣʴʢʦ ʪʝʢʫʱʠʝ ʧʨʦʙʣʝʤʳ, ʥʦ ʩʧʦʩʦʙʝʥ 

ʦʙʝʩʧʝʯʠʪʴ ʥʘʜʝʞʥʫʶ ʧʦʜʜʝʨʞʢʫ ʧʨʠ ʨʘʟʚʠʪʠʠ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʪʦʛʜʘ ʩʪʦʠʪ ʦʙʨʘʪʠʪʴ ʚʥʠʤʘʥʠʝ ʥʘ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʇʨʝʠʤʫʱʝʩʪʚʘ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʝʱʝ 
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ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʧʨʠ ʨʝʰʝʥʠʠ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʩ ʯʘʩʪʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ. 

 

ʉʧʝʢʪʨʘʣʴʥʳʝ ʤʝʪʦʜʳ.  

ʀʜʝʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʩʢʦʤʦʝ ʧʨʠʙʣʠʞʝʥʥʦʝ 

ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʠ ʥʝʢʦʪʦʨʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʙʘʟʠʩʥʳʭ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʭ ʬʫʥʢʮʠʡ fn (x), n = 0,1,2, é, N-1. 

                (1.13) 

ʛʜʝ ʢʦʵʬʬʠʮʠʝʥʪʳ a(n) ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʨʘʟʥʦʩʪʴ ʤʝʞʜʫ 

ʠʩʢʦʤʦʡ ʬʫʥʢʮʠʷ u(x) ʠ ʝʝ ʧʨʠʙʣʠʞʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʝʤ  ʙʳʣʘ 

ʤʠʥʠʤʘʣʴʥʦʡ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʩʤʳʩʣʝ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʵʣʝʤʝʥʪʦʚ, ʜʣʷ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʥʝ ʪʨʝʙʫʝʪʩʷ ʦʛʨʘʥʠʯʝʥʥʦʩʪʠ ʥʦʩʠʪʝʣʷ 

ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ. 

ʊʠʧʠʯʥʳʤ ʧʨʠʤʝʨʦʤ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʌʫʨʴʝ, 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʨʠʛʦʥʦʤʝʪʨʠʯʝʩʢʠʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ, 

ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʥʘ ʥʝʢʦʪʦʨʦʤ ʠʥʪʝʨʚʘʣʝ x ɴ  [0,L]. 

 

                                                                                                                          (1.14) 

ɺr ʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʟʥʦʩʪʥʳʤʠ ʠ ʢʦʥʝʯʥʦ ʵʣʝʤʝʥʪʥʳʤʠ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚʳʩʦʢʘʷ 

ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʳʭ ʤʦʜʝʣʝʡ ʚ ʩʣʫʯʘʝ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʠʭ 

ʨʝʰʝʥʠʡ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʚʳʩʦʢʦʡ ʪʦʯʥʦʩʪʴʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚ ʠʪʦʛʝ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʝʪʦʜʦʚ. 

 

ʇʨʠʤʝʨ 1.4. ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʌʫʨʴʝ, ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʬʫʥʢʮʠʷʤ, ʠʤʝʶʱʠʤ 

ʨʘʟʣʠʯʥʫʶ ʩʪʝʧʝʥʴ ʛʣʘʜʢʦʩʪʠ:  
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ʌʫʥʢʮʠʷ u1(x) ʷʚʣʷʝʪʩʷ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʬʫʥʢʮʠʷ u2(x) ʠʤʝʝʪ ʣʠʰʴ ʦʜʥʫ ʥʝʧʨʝʨʳʚʥʫʶ ʧʨʦʠʟʚʦʜʥʫʶ. ʈʝʟʫʣʴʪʘʪʳ 

ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.1.4. ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 

ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʌʫʨʴʝ ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ. 

 

 

 

ʈʠʩ.1.4. ʇʦʛʨʝʰʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʌʫʨʴʝ ʚ ʩʣʫʯʘʝ ʛʣʘʜʢʦʡ ʠ ʥʝ 

ʛʣʘʜʢʦʡ ʬʫʥʢʮʠʠ ʧʨʠ N = 128 

 

ʇʨʝʜʩʪʘʚʣʝʥʥʳʝ ʥʘ ʨʠʩ. 1.4 ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʳʚʘʶʪ ʩʫʱʝʩʪʚʝʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʛʨʝʰʥʦʩʪʠ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʌʫʨʴʝ ʦʪ 

ʛʣʘʜʢʦʩʪʠ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ. ɼʣʷ ʙʝʩʢʦʥʝʯʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ 

ʬʫʥʢʮʠʠ u1(x) ʧʦʛʨʝʰʥʦʩʪʴ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʜʦʩʪʠʛʘʝʪ 

file:///E:/Ira/ЭУМК/Зависимость%23_Пример_1.4._
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ʧʦʨʦʛʘ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ ʥʘ ʩʨʘʚʥʠʪʝʣʴʥʦ ʛʨʫʙʦʡ ʩʝʪʢʝ N > =128. 

ɺ ʩʣʫʯʘʝ ʬʫʥʢʮʠʠ u2(x) ʧʨʦʠʟʚʦʜʥʳʝ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ ʨʘʟʨʳʚʥʳʝ ʧʨʠ  x = 0. 

ʂʘʢ ʩʣʝʜʩʪʚʠʝ, ʦʰʠʙʢʘ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʳʰʝ ʠ ʤʝʜʣʝʥʥʦ ʫʙʳʚʘʝʪ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʰʘʛʘ ʩʝʪʢʠ.  

ʅʘʨʷʜʫ ʩ ʤʝʪʦʜʦʤ ʌʫʨʴʝ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ 

ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʩʧʝʢʪʨʘʣʴʥʳʡ ʤʝʪʦʜ ʏʝʙʳʰʝʚʘ, 

ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʦʠʟʚʦʣʴʥʳʭ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ. 
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ʈʘʟʜʝʣ 2. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ 

ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

1. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ /ɺ.ʄ.ɺʦʣʢʦʚ, ʆ.ʃ.ɿʫʙʢʦ, ʀ.ʅ.ʂʘʪʢʦʚʩʢʘʷ, 

ʀ.ʃ.ʂʦʚʘʣʝʚʘ, ɺ.ɻ.ʂʨʦʪʦʚ, ʇ.ʃʠʤʘ. ï ʄʠʥʩʢ: ʈʋʇ çɹʝʣʛʦʩʣʝʩè, 2017-207 ʩ. 

 

ʊʝʤʘ 2.1. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʨʘʟʥʦʩʪʝʡ 

ʅʝʩʪʘʮʠʦʥʘʨʥʦʝ ʦʜʥʦʤʝʨʥʦʝ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ.  

ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʦʙʝʩʧʝʯʠʚʘʶʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʨʝʘʣʴʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ, 

ʨʝʰʝʥʠʷ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʬʫʥʢʮʠʷʤʠ ʤʥʦʛʠʭ ʧʝʨʝʤʝʥʥʳʭ. ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʟʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʤʦʛʫʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʢʘʢ ʝʩʪʝʩʪʚʝʥʥʦʝ ʦʙʦʙʱʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʘʝʚʳʭ ʟʘʜʘʯ 

ʠ ʟʘʜʘʯ ʂʦʰʠ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ. ʆʜʥʠʤ ʠʟ 

ʪʠʧʠʯʥʳʭ ʧʨʠʤʝʨʦʚ ʪʘʢʦʛʦ ʪʠʧʘ ʦʙʦʙʱʝʥʠʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʟʘʚʠʩʷʱʝʝ ʦʪ 

ʚʨʝʤʝʥʠ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʥʝʩʪʘʮʠʦʥʘʨʥʳʤ 

ʘʥʘʣʦʛʦʤ ʦʙʳʢʥʦʚʝʥʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ 

ʚr ʰʝ:  

      (2.1) 

ɿʘʜʘʯʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ (2.1) ʧʦʜʨʘʟʫʤʝʚʘʶʪ ʬʦʨʤʫʣʠʨʦʚʢʫ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʥʘʯʘʣʴʥʳʭ ʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: 

 

                                                    (2.2) 
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                        (2.3)    

ʉʦʛʣʘʩʦʚʘʥʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʭʦʜʠʤʦʩʪʴ.  

ʂʣʶʯʝʚʦʡ ʚʦʧʨʦʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʣʶʙʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʢʘʩʘʝʪʩʷ ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʝʛʦ ʪʦʯʥʦʩʪʠ. ʇʦʛʨʝʰʥʦʩʪʴ ʨʘʟʥʦʩʪʥʦʛʦ ʤʝʪʦʜʘ ʦʮʝʥʠʚʘʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʨʘʟʥʦʩʪʠ ʤʝʞʜʫ ʪʦʯʥʳʤ ʨʝʰʝʥʠʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ, ʢʦʪʦʨʦʝ ʚ ʦʙʱʝʤ 

ʩʣʫʯʘʝ ʥʝʠʟʚʝʩʪʥʦ, ʠ ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʝʰʝʥʠʝʤ ʜʠʩʢʨʝʪʥʦʡ ʟʘʜʘʯʠ ʚ ʫʟʣʘʭ 

ʩʝʪʢʠ. ʆʮʝʥʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥʘ ʥʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʣʠ ʪʝʦʨʝʪʠʯʝʩʢʠ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʧʦʛʨʝʰʥʦʩʪʠ 

ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ ʜʣʷ ʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʚʦʟʤʦʞʥʳ ʥʘ ʦʩʥʦʚʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (ʘʧʧʨʦʢʩʠʤʘʮʠʠ) ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʟʥʦʩʪʥʳʭ 

ʩʭʝʤ.  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʨʘʟʥʦʩʪʥʘʷ ʩʭʝʤʘ ʩʭʦʜʠʪʩʷ ʝʩʣʠ ʥʦʨʤʘ ʧʦʛʨʝʰʥʦʩʪʠ, ʢʦʪʦʨʘʷ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʥʦʩʪʴʶ ʤʝʞʜʫ ʪʦʯʥʳʤ ʠ ʧʨʠʙʣʠʞʝʥʥʳʤ ʨʝʰʝʥʠʷʤʠ ʚ ʫʟʣʘʭ 

ʩʝʪʢʠ, ʩʪʨʝʤʠʪʩʷ ʢ ʥʫʣʶ ʧʨʠ Ű Ÿ 0, h Ÿ 0:  

                                                (2.3)                                                 

ʂʘʢ ʧʨʘʚʠʣʦ, ʥʦʨʤʘ ʧʦʛʨʝʰʥʦʩʪʠ ʩʚʷʟʘʥʘ ʩ ʰʘʛʘʤʠ ʜʠʩʢʨʝʪʠʟʘʮʠʠ Ű ʠ h 

ʦʮʝʥʢʘʤʠ ʚʠʜʘ  

 

                                                                                                                         (2.4) 

ʛʜʝ ʯʠʩʣʘ s ʠ p ʭʘʨʘʢʪʝʨʠʟʫʶʪ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ ʠʣʠ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ, C1 ʠ 

C2 ð ʧʦʩʪʦʷʥʥʳʝ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʨʦʠʟʚʦʜʥʳʭ ʚʳʩʰʠʭ ʧʦʨʷʜʢʦʚ ʦʪ ʨʝʰʝʥʠʷ.  

ʇʦʥʷʪʠʝ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ (ʘʧʧʨʦʢʩʠʤʘʮʠʠ) ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʦʟʥʘʯʘʝʪ, ʯʪʦ 

ʜʣʷ ʣʶʙʦʛʦ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʦʛʦ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ u(x,t)  

     (2.5) 
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ɺʝʣʠʯʠʥʫ ɣ(h,Ű) ʦʙʳʯʥʦ ʥʘʟʳʚʘʶʪ ʧʦʛʨʝʰʥʦʩʪʴʶ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʠʣʠ 

ʥʝʚʷʟʢʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ. ʆʙʳʯʥʦ ʚʝʣʠʯʠʥʘ ɣ(h,Ű) ʥʘʭʦʜʠʪʩʷ ʠʟ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ ʚ ʪʦʯʢʘʭ ʰʘʙʣʦʥʘ ʩʝʪʢʠ ʚ 

ʚʠʜʝ ʩʪʝʧʝʥʥʦʛʦ ʨʷʜʘ ʧʦ ʩʪʝʧʝʥʷʤ h ʠ Ű. 

 

ʕʣʣʠʧʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ.  

ʄʥʦʛʠʝ ʘʢʪʫʘʣʴʥʳʝ ʧʨʠʣʦʞʝʥʠʷ ʧʨʠʚʦʜʷʪ ʢ ʢʨʘʝʚʳʤ ʟʘʜʘʯʘʤ ʜʣʷ ʫʨʘʚʥʝʥʠʡ 

ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʢʦʪʦʨʳʝ ʚ ʪʨʝʭʤʝʨʥʦʡ 

ʧʦʩʪʘʥʦʚʢʝ ʠʤʝʶʪ ʚʠʜ 

            (2.6)      

ʇʨʠʤʝʨʦʤ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʇʫʘʩʩʦʥʘ  

       (2.7)     

ʩ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ ɼʠʨʠʭʣʝ:  

                (2.8) 

ʇʨʠʤʝʨ 2.1. ʈʘʩʩʤʦʪʨʠʤ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ  

 

 

ʩ ʥʫʣʝʚʳʤʠ ʠ ʥʝʥʫʣʝʚʳʤʠ ʛʨʘʥʠʯʥʳʤʠ ʫʩʣʦʚʠʷʤʠ  
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ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʨʘʟʥʦʩʪʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʟʘʜʘʯ 

ʧʨʠʚʝʜʝʥʘ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ, ʘ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ.2.1. 

 

 

ʈʠʩ.2.1. ʈʝʰʝʥʠʝ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʇʫʘʩʩʦʥʘ ʩ ʥʫʣʝʚʳʤʠ ʠ ʥʝʥʫʣʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ 

ɼʠʨʠʭʣʝ 

 

ʅʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ.  

ʆʙʣʘʩʪʴ ʧʨʠʤʝʥʠʤʦʩʪʠ ʣʠʥʝʡʥʳʭ ʤʦʜʝʣʝʡ ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʘ ʧʨʝʜʝʣʘʤʠ 

ʚʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ ʟʘʚʠʩʠʤʦʩʪʴʶ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʪ ʨʝʰʝʥʠʷ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ. ɺ ʩʠʣʫ ʵʪʦʛʦ, ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʧʨʠʢʣʘʜʥʳʭ ʠʥʞʝʥʝʨʥʦ-ʬʠʟʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʘʜʝʢʚʘʪʥʦʝ 

ʦʧʠʩʘʥʠʝ ʨʝʘʣʴʥʦʩʪʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʣʠʥʝʡʥʳʭ 

ʫʨʘʚʥʝʥʠʡ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

ʅʝʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʟʘʜʘʯʠ ʚʝʩʴʤʘ ʥʝʪʨʠʚʠʘʣʴʥʳ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʧʦʜʭʦʜʘ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʦʣʫʯʠʪʴ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ. ɹʦʣʝʝ ʪʦʛʦ, ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ 

ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ, ʥʝʣʠʥʝʡʥʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʟʘʜʘʯʠ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ 

ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʝʤʘʣʫʶ ʩʣʦʞʥʦʩʪʴ.  
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ʇʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʣʠʥʝʡʥʳʭ ʥʝʷʚʥʳʭ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ, 

ʜʠʩʢʨʝʪʠʟʘʮʠʷ ʥʝʣʠʥʝʡʥʳʝ ʫʨʘʚʥʝʥʠʷ ʚ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʩʠʩʪʝʤʘʤ ʥʝʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘʥʘʣʠʟ ʢʦʪʦʨʳʭ ʩʘʤ ʧʦ ʩʝʙʝ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʝʨʴʝʟʥʫʶ ʧʨʦʙʣʝʤʫ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʥʝʣʠʥʝʡʥʦʡ ʜʠʥʘʤʠʢʠ 

ʧʨʠʭʦʜʠʪʩʷ ʠʤʝʪʴ ʜʝʣʦ ʩ ʦʧʠʩʘʥʠʝʤ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʭ ʨʝʞʠʤʦʚ, ʪʘʢʠʭ ʢʘʢ 

ʛʝʥʝʨʘʮʠʷ ʫʜʘʨʥʳʭ ʚʦʣʥ, ʜʠʬʬʫʟʠʦʥʥʳʡ ʭʘʦʩ, ʨʝʞʠʤʳ ʩ ʦʙʦʩʪʨʝʥʠʝʤ ʠ ʪ.ʧ. ʂʘʢ 

ʧʨʘʚʠʣʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʣʦʞʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʨʝʞʠʤʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʜʝʛʨʘʜʘʮʠʝʡ ʛʣʘʜʢʦʩʪʠ ʠ ʫʰʠʨʝʥʠʝʤ ʌʫʨʴʝ ʩʧʝʢʪʨʘ ʨʝʰʝʥʠʷ, ʯʪʦ ʥʝʠʟʙʝʞʥʦ 

ʧʦʨʦʞʜʘʝʪ ʧʨʦʙʣʝʤʳ ʩ ʦʙʝʩʧʝʯʝʥʠʝʤ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʩʭʦʜʠʤʦʩʪʠ 

ʜʠʩʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ. ʀ, ʥʘʢʦʥʝʮ, ʧʨʠʥʮʠʧʠʘʣʴʥʳʤ ʤʦʤʝʥʪʦʤ ʪʝʦʨʠʠ 

ʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʪʝʦʨʝʤʳ ʃʘʢʩʘ ʦʙ ʵʢʚʠʚʘʣʝʥʪʥʦʩʪʠ 

ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʩʭʦʜʠʤʦʩʪʠ ʜʠʩʢʨʝʪʥʦʡ 

ʤʦʜʝʣʠ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʚʳʧʦʣʥʷʝʪʩʷ ʜʣʷ ʩʣʫʯʘʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ. 

ʇʦʵʪʦʤʫ, ʝʩʣʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ 

ʫʩʣʦʚʠʷʤʠ ʩʭʦʜʠʤʦʩʪʠ ʚ ʣʠʥʝʡʥʦʤ ʩʣʫʯʘʝ, ʪʦ ʜʣʷ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ ʵʪʦ ʣʠʰʴ 

ʥʝʦʙʭʦʜʠʤʦʝ ʫʩʣʦʚʠʝ ʩʭʦʜʠʤʦʩʪʠ. 

 

ʄʝʪʦʜʳ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʠ ʜʨʦʙʥʳʭ ʰʘʛʦʚ.  

ʄʥʦʛʠʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ ʟʘʜʘʯʠ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚ ʚʠʜʝ 

ʦʧʝʨʘʪʦʨʥʳʭ ʫʨʘʚʥʝʥʠʡ 

                                         (2.9) 

ʩ ʦʧʝʨʘʪʦʨʦʤ A ʜʦʧʫʩʢʘʶʱʠʤ ʘʜʜʠʪʠʚʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ 

                                       (2.10) 

ʛʜʝ ʢʦʤʧʦʥʝʥʪʳ A1 ʠ A2 ʷʚʣʷʶʪʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤʠ ʦʧʝʨʘʪʦʨʘʤʠ, ʠʣʠ ʠʭ 

ʜʠʩʢʨʝʪʥʳʤʠ ʧʨʠʙʣʠʞʝʥʠʷʤʠ. 

ʂ ʦʙʦʙʱʝʥʥʦʡ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ ʟʘʜʘʯʝ, ʦʧʠʩʘʥʥʦʡ (2.9) ʠ (2.10), ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʧʦʜʭʦʜ, ʧʦʣʫʯʠʚʰʠʡ ʥʘʟʚʘʥʠʝ ʤʝʪʦʜ ʧʝʨʝʤʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ 
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(ʄʇʅ). ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʥ ʠʟʚʝʩʪʝʥ ʧʦʜ ʘʙʙʨʝʚʠʘʪʫʨʦʡ ADI ʤʝʪʦʜ 

(alternative direction implicit method). ʄʇʅ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦ ʠʟ 

ʢʦʤʧʨʦʤʠʩʩʥʳʭ ʨʝʰʝʥʠʡ, ʧʦʟʚʦʣʷʶʱʝʝ ʩʦʚʤʝʩʪʠʪʴ ʧʨʝʠʤʫʱʝʩʪʚʦ ʷʚʥʳʭ 

ʤʝʪʦʜʦʚ (ʧʨʦʩʪʦʪʫ ʨʝʘʣʠʟʘʮʠʠ) ʠ ʥʝʷʚʥʳʭ ʩʭʝʤ (ʙʝʟʫʩʣʦʚʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ) ʚ 

ʦʜʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʝ. ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʟʘʜʘʯʠ ʩʭʝʤʘ ʄʇʅ 

ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 

 

 

 

ʂʘʞʜʦʝ ʠʟ ʧʨʠʚʝʜʝʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʣʦʢʘʣʴʥʦ 

ʥʝʷʚʥʫʶ ʩʭʝʤʫ ʧʦ ʦʜʥʦʤʫ ʠʟ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ. ʀʜʝʷ, 

ʧʦʣʦʞʝʥʥʘʷ ʚ ʦʩʥʦʚʫ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʛʦ ʄʇʅ, ʩʦʩʪʦʠʪ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʜʚʫʭ 

ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʩʭʝʤ, ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʷʚʥʘʷ ʧʦ ʦʜʥʦʤʫ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ 

ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʥʝʷʚʥʦʡ ʧʦ ʜʨʫʛʦʤʫ. ʏʝʨʝʜʦʚʘʥʠʝ ʵʪʠʭ ʩʭʝʤ ʧʨʠʚʦʜʠʪ ʢ 

ʫʜʠʚʠʪʝʣʴʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ. ɼʘʥʥʳʡ ʤʝʪʦʜ ʦʙʣʘʜʘʝʪ ʙʝʟʫʩʣʦʚʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʠ ʝʛʦ ʚʳʯʠʩʣʠʪʝʣʴʥʘʷ ʩʣʦʞʥʦʩʪʴ ʩʨʘʚʥʠʤʘ ʩ ʤʝʪʦʜʘʤʠ ʨʝʰʝʥʠʷ ʦʜʥʦʤʝʨʥʳʭ 

ʟʘʜʘʯ, ʪ.ʝ. ʥʝ ʚʳʭʦʜʠʪ ʟʘ ʧʨʝʜʝʣʳ ʦʧʪʠʤʘʣʴʥʦʡ ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. 

ʂʨʦʤʝ ʪʦʛʦ, ʩʠʤʤʝʪʨʠʯʥʦʩʪʴ ʘʣʛʦʨʠʪʤʘ ʥʘ ʯʝʪʥʦʤ ʯʠʩʣʝ ʰʘʛʦʚ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʠʪʴ ʚʪʦʨʦʡ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ ʢʘʢ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʫ, ʪʘʢ ʠ ʧʦ ʚʨʝʤʝʥʠ. 

ʆʙʱʘʷ ʠʜʝʷ ʤʝʪʦʜʦʚ ʨʘʩʱʝʧʣʝʥʠʷ ʠʣʠ ʤʝʪʦʜʦʚ ʜʨʦʙʥʳʭ ʰʘʛʦʚ. ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʵʚʦʣʶʮʠʦʥʥʳʡ ʦʧʝʨʘʪʦʨ ʟʘʜʘʯʠ (2.9) ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚ ʚʠʜʝ 

ʩʫʧʝʨʧʦʟʠʮʠʠ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʵʚʦʣʶʮʠʦʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ, ʧʨʦʩʪʳʭ ʚ ʩʤʳʩʣʝ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʩʣʦʞʥʦʩʪʠ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʠʩʭʦʜʥʘʷ ʟʘʜʘʯʘ ʨʘʟʙʠʚʘʝʪʩʷ ʥʘ 

ʩʦʚʦʢʫʧʥʦʩʪʴ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʨʝʰʘʶʪʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʮʠʢʣʠʯʝʩʢʠ ʠ 

ʨʝʰʝʥʠʝ ʢʘʞʜʦʡ ʟʘʜʘʯʠ ʚʳʩʪʫʧʘʶʪ ʚ ʢʘʯʝʩʪʚʝ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ 

ʩʣʝʜʫʶʱʝʡ ʟʘʜʘʯʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ. 
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ɺ ʦʪʣʠʯʠʝ ʦʪ ʄʇʅ, ʤʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 

ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʯʠʩʣʘ ʢʦʤʧʦʥʝʥʪ ʚ ʘʜʜʠʪʠʚʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʦʧʝʨʘʪʦʨʘ, 

ʚʢʣʶʯʘʷ ʩʣʫʯʘʡ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʦʧʝʨʘʪʦʨʦʚ. ʉʭʝʤʘ ʄʇʅ ʷʚʣʷʝʪʩʷ ʙʝʟʫʩʣʦʚʥʦ 

ʫʩʪʦʡʯʠʚʦʡ ʚ ʩʣʫʯʘʝ ʜʚʫʭ ʢʦʤʧʦʥʝʥʪ ʠ ʩ ʥʝʙʦʣʴʰʠʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʦʙʱʝʥʘ ʥʘ ʪʨʝʭʤʝʨʥʳʡ ʩʣʫʯʘʡ. ʄʝʪʦʜ ʨʘʩʱʝʧʣʝʥʠʷ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ 

ʧʨʠ ʨʝʰʝʥʠʠ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʟʘʜʘʯ, ʜʦʧʫʩʢʘʶʱʠʭ ʘʜʜʠʪʠʚʥʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦʧʝʨʘʪʦʨʘ, ʚ ʢʦʪʦʨʦʤ ʢʦʤʧʦʥʝʥʪʳ ʩʣʘʙʦ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ. 

 

ʄʥʦʛʦʩʝʪʦʯʥʳʝ ʤʝʪʦʜʳ. 

ʀʜʝʷ ʤʥʦʛʦʩʝʪʦʯʥʦʛʦ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʚ ʦʪʜʝʣʝʥʠʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʭ, 

ʤʝʜʣʝʥʥʦ ʩʭʦʜʷʱʠʭʩʷ ʩʦʩʪʘʚʣʷʶʱʠʭ ʨʝʰʝʥʠʷ ʩ ʮʝʣʴʶ ʠʭ ʥʝʟʘʚʠʩʠʤʦʡ 

ʦʙʨʘʙʦʪʢʠ ʥʘ ʛʨʫʙʦʡ ʩʝʪʢʝ. 

 

ʇʨʠʤʝʨ 2.2. ʇʨʦʜʝʤʦʥʩʪʨʠʨʫʝʤ ʧʨʝʠʤʫʱʝʩʪʚʦ ʤʥʦʛʦʩʝʪʦʯʥʦʛʦ ʤʝʪʦʜʘ ʥʘ 

ʧʨʠʤʝʨʝ ʨʝʘʣʠʟʘʮʠʠ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ ʜʣʷ ʨʝʰʝʥʠʷ ʜʚʫʤʝʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 

ʇʫʘʩʩʦʥʘ: 

 

ʩ ʥʫʣʝʚʳʤʠ ʢʨʘʝʚʳʤʠ ʫʩʣʦʚʠʷʤʠ 

 

 

ɸʧʧʨʦʢʩʠʤʠʨʫʝʤ ʟʘʜʘʯʫ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʦʡ. ɼʘʣʝʝ, ʚʦʩʧʦʣʴʟʫʝʤʩʷ 

ʜʚʫʭʩʝʪʦʯʥʳʤ v-ʮʠʢʣʦʤ, ʧʨʠʤʝʥʷʷ ʄʇʀ ʜʣʷ ʠʪʝʨʘʮʠʡ ʩʛʣʘʞʠʚʘʥʠʷ. ɺ ʢʘʯʝʩʪʚʝ 

ʦʧʝʨʘʪʦʨʦʚ ʧʨʦʝʢʮʠʠ ʠ ʧʨʦʜʦʣʞʝʥʠʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʛʨʫʙʦʡ ʠ ʤʝʣʢʦʡ 

ʩʝʪʢʘʤʠ ʚʦʩʧʦʣʴʟʫʝʤʩʷ ʧʨʦʮʝʜʫʨʘʤʠ ʧʨʦʨʝʞʠʚʘʥʠʷ ʠ ʠʥʪʝʨʧʦʣʷʮʠʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  
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ʇʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʤʥʦʛʦʩʝʪʦʯʥʦʛʦ ʘʣʛʦʨʠʪʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ 

ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ, ʘ ʥʝʢʦʪʦʨʳʝ ʠʣʣʶʩʪʨʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ. ʅʘ ʨʠʩ. 2.2 ʧʦʢʘʟʘʥʘ ʜʠʥʘʤʠʢʘ ʩʭʦʜʠʤʦʩʪʠ 

ʄʇʀ ʩ ʦʧʪʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʧʘʨʘʤʝʪʨʘ ʧʨʠ ʨʝʰʝʥʠʠ 

ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʟʘʜʘʯʠ ʥʘ ʛʨʫʙʦʡ ʠ ʤʝʣʢʦʡ ʩʝʪʢʘʭ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ, ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 10īī4 ʜʦʩʪʠʛʘʝʪʩʷ ʥʘ ʤʝʣʢʦʡ ʩʝʪʢʝ 

ʧʨʠʤʝʨʥʦ ʟʘ 700 ʠʪʝʨʘʮʠʡ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʥʘ ʛʨʫʙʦʡ ʩʝʪʢʝ ʯʠʩʣʦ ʠʪʝʨʘʮʠʡ ʥʝ 

ʧʨʝʚʦʩʭʦʜʠʪ 200. 

ɺ ʩʣʫʯʘʝ ʜʚʫʭʩʝʪʦʯʥʦʛʦ ʤʝʪʦʜʘ ʩ ʪʨʝʤʷ ʠʪʝʨʘʮʠʷʤʠ ʩʛʣʘʞʠʚʘʥʠʷ 

ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ 10ī4 ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ ʦʜʥʦʛʦ v-ʮʠʢʣʘ ʥʝʟʘʚʠʩʠʤʦ 

ʦʪ ʨʘʟʤʝʨʘ ʩʝʪʢʠ (ʩʤ. ʨʠʩ. 2.3). 

 

 

ʈʠʩ.2.2. ʉʭʦʜʠʤʦʩʪʴ ʄʇʀ ʥʘ ʤʝʣʢʦʡ (ɤh) ʠ ʛʨʫʙʦʡ (ɤ2h) ʩʝʪʢʘʭ  
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ʈʠʩ.2.3. ɼʠʥʘʤʠʢʘ ʧʦʛʨʝʰʥʦʩʪʠ ʚ ʧʨʦʮʝʩʩʝ ʜʚʫʭʩʝʪʦʯʥʦʛʦ v-ʮʠʢʣʘ 

 

ʊʝʤʘ 2.2. ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ 

 

ʉʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʨʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ 

ʨʝʰʝʥʠʶ ʟʘʜʘʯʠ ɼʠʨʠʭʣʝ ʜʣʷ ʜʚʫʤʝʨʥʦʛʦ ʵʣʣʠʧʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚ 

ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ Ý ʩ ʛʨʘʥʠʮʝʡ ÖÝ: 

           (2.11) 

                                     (2.12) 
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ʇʝʨʚʳʡ ʰʘʛ ʚ ʧʦʩʪʨʦʝʥʠʠ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʩʦʩʪʦʠʪ ʚ ʧʝʨʝʭʦʜʝ ʢ 

ʩʣʘʙʦʡ ʬʦʨʤʫʣʠʨʦʚʢʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʟʘʜʘʯʠ. ʉʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʜʣʷ 

(2.11) ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ ʫʤʥʦʞʝʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʛʣʘʜʢʫʶ 

ʧʨʦʙʥʫʶ ʬʫʥʢʮʠʶ v(x,y): v(x,y) = 0, (x,y) ɴ  ÖÝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝʤ 

ʧʦʣʫʯʝʥʥʦʛʦ ʨʘʚʝʥʩʪʚʘ ʧʦ ʦʙʣʘʩʪʠ Ý: 

 

(2.13) 

 

ʀʩʧʦʣʴʟʫʷ ʬʦʨʤʫʣʳ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʯʘʩʪʷʤ ʙʫʜʝʤ ʠʤʝʪʴ: 

 (2.14) 

 

ʋʨʘʚʥʝʥʠʝ (2.14) ʥʘʟʳʚʘʶʪ ʩʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʢʨʘʝʚʦʡ ʟʘʜʘʯʠ (2.11) ï

(2.12), ʘ u ð ʩʣʘʙʦʝ ʨʝʰʝʥʠʝ. 

ʇʨʝʜʧʦʯʪʠʪʝʣʴʥʦʩʪʴ ʩʣʘʙʦʡ ʬʦʨʤʫʣʠʨʦʚʢʠ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʠʥʪʝʛʨʘʣʴʥʘʷ 

ʬʦʨʤʘ ʩʥʠʞʘʝʪ ʪʨʝʙʦʚʘʥʠʷ ʢ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʩʪʠ ʨʝʰʝʥʠʷ (ʪʨʝʙʫʝʪʩʷ ʥʘʣʠʯʠʝ 

ʪʦʣʴʢʦ ʧʝʨʚʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʨʝʰʝʥʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʩʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ 

ʟʘʜʘʯʠ ʫʧʨʦʱʘʝʪ ʜʘʣʴʥʝʡʰʠʝ ʰʘʛʠ ʚ ʧʦʩʪʨʦʝʥʠʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʦʡ ʤʦʜʝʣʠ. 

 

ʂʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʜʠʩʢʨʝʪʠʟʘʮʠʷ.  

ʉʣʝʜʫʶʱʠʡ ʰʘʛ ʩʦʩʪʦʠʪ ʚ ʜʠʩʢʨʝʪʠʟʘʮʠʠ ʦʙʣʘʩʪʠ ʠ ʚʳʙʦʨʝ ʙʘʟʠʩʥʳʭ 

ʬʫʥʢʮʠʡ. ɺ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʦʙʣʘʩʪʴ Ý ʨʘʟʙʠʚʘʝʪʩʷ ʦʙʳʯʥʦ ʥʘ ʪʨʝʫʛʦʣʴʥʳʝ 

ʧʦʜʦʙʣʘʩʪʠ. ʆʜʥʘʢʦ, ʚʦʦʙʱʝ ʛʦʚʦʨʷ, ʜʣʷ ʵʪʠʭ ʮʝʣʝʡ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ 

ʩʝʤʝʡʩʪʚʘ ʧʨʦʠʟʚʦʣʴʥʳʭ ʤʥʦʛʦʫʛʦʣʴʥʠʢʦʚ Ýn (ʚʢʣʶʯʘʷ ʢʨʠʚʦʣʠʥʝʡʥʳʝ 

ʤʥʦʛʦʫʛʦʣʴʥʠʢʠ): . ʉʣʘʙʘʷ ʬʦʨʤʫʣʠʨʦʚʢʘ ʟʘʜʘʯʠ ʧʦʟʚʦʣʷʝʪ 

ʝʩʪʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʧʨʦʚʝʩʪʠ ʜʝʢʦʤʧʦʟʠʮʠʶ ʦʙʣʘʩʪʠ ʚ ʩʠʩʪʝʤʫ ʧʦʜʦʙʣʘʩʪʝʡ, 

ʧʦʩʢʦʣʴʢʫ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʚ (2.14) ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʢʘʞʜʦʡ 
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ʧʦʜʦʙʣʘʩʪʠ Ýn ʚ ʦʪʜʝʣʴʥʦʩʪʠ. ʉʣʝʜʫʶʱʘʷ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʟʘʤʝʥʝ 

ʙʝʩʢʦʥʝʯʥʦʤʝʨʥʦʡ ʟʘʜʘʯʠ ʢʦʥʝʯʥʦʤʝʨʥʳʤ ʘʥʘʣʦʛʦʤ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʨʝʰʝʥʠʝ 

ʟʘʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʦ ʪʦʯʥʦ (ʠʣʠ ʧʨʠʙʣʠʞʝʥʥʦ) ʙʝʩʢʦʥʝʯʥʦʡ (ʠʣʠ 

ʢʦʥʝʯʥʦʡ) ʢʦʤʙʠʥʘʮʠʝʡ ʥʝʢʦʪʦʨʳʭ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ð ʬʫʥʢʮʠʡ ʬʦʨʤʳ. 

kʟ(x,y): 

                    (2.15) 

 

ʇʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠʝ ʠ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʝ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʦ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʧʫʪʝʤ ʧʝʨʝʭʦʜʘ ʢ ʢʦʥʝʯʥʦʤʝʨʥʦʤʫ ʙʘʟʠʩʫ ʚ ʧʨʝʜʩʪʘʚʣʝʥʠʠ 

(2.15). 

ɺ ʢʘʯʝʩʪʚʝ ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʛʦ ʢʦʥʝʯʥʦʤʝʨʥʦʛʦ ʧʦʜʧʨʦʩʪʨʘʥʩʪʚʘ H1 0 

ʙʫʜʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʥʦʞʝʩʪʚʦ ʢʫʩʦʯʥʦ ʧʦʣʠʥʦʤʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʢʨʘʝʚʳʤ ʫʩʣʦʚʠʷʤ ʠ ʠʤʝʶʱʠʡ ʢʦʤʧʘʢʪʥʳʡ ʥʦʩʠʪʝʣʴ ʚ 

ʧʨʝʜʝʣʘʭ ʦʪʜʝʣʴʥʦʡ ʷʯʝʡʢʠ ʩʝʪʢʠ. ʇʨʦʩʪʝʡʰʠʡ ʧʨʠʤʝʨ ʙʘʟʠʩʥʳʭ ʬʫʥʢʮʠʡ ð 

ʢʫʩʦʯʥʦïʣʠʥʝʡʥʳʝ ʬʫʥʢʮʠʠ. ʇʦʣʘʛʘʝʤ, ʯʪʦ ʚ ʜʚʫʤʝʨʥʦʤ ʩʣʫʯʘʝ ʘʧʧʨʦʢʩʠʤʘʮʠʷ 

ʚʳʧʦʣʥʷʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʪʨʝʫʛʦʣʴʥʦʡ ʷʯʝʡʢʠ ʩʝʪʢʠ ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʝʡ 

ʇʦʜ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʥʠʤʘʶʪ ʷʯʝʡʢʫ ʩʝʪʢʠ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʥʘ 

ʥʝʤ ʬʫʥʢʮʠʠ ʬʦʨʤʳ. ɺ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʩʣʫʯʘʝ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʣʠʥʝʡʥʳʤ 

ʪʨʝʫʛʦʣʴʥʳʤ ʢʦʥʝʯʥʳʤ ʵʣʝʤʝʥʪʦʤ. ɺ ʩʣʫʯʘʝ ʢʚʘʜʨʘʪʠʯʥʳʭ ʠʣʠ ʢʫʙʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʬʦʨʤʳ ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʩ ʢʦʥʝʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʳʩʰʝʛʦ ʧʦʨʷʜʢʘ. 

 

ʉʤʝʰʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʠ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ.  

ɽʩʪʴ ʜʚʘ ʢʣʘʩʩʘ ʩʪʘʥʜʘʨʪʥʳʭ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ: ʢʨʘʝʚʳʝ ʫʩʣʦʚʠʷ ɼʠʨʠʭʣʝ 

ʠ ʅʝʡʤʘʥʘ. ɺ ʩʣʫʯʘʝ ʢʨʘʝʚʦʛʦ ʫʩʣʦʚʠʷ ɼʠʨʠʭʣʝ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ (ʠʣʠ ʥʘ 

ʥʝʢʦʪʦʨʦʤ ʫʯʘʩʪʢʝ ʛʨʘʥʠʮʳ ÖÝ1 Ṓ ÖÝ) ʟʘʜʘʝʪʩʷ ʷʚʥʦ ʟʥʘʯʝʥʠʝ ʠʩʢʦʤʦʛʦ 

ʨʝʰʝʥʠʷ: 

                          (2.16) 
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ɺ ʩʣʫʯʘʝ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʅʝʡʤʘʥʘ ʥʘ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ (ʠʣʠ ʝʝ ʯʘʩʪʠ ÖÝ2  ɴ

ÖÝ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʨʘʜʠʝʥʪ ʠʩʢʦʤʦʛʦ ʨʝʰʝʥʠʷ ʚ ʚʠʜʝ: 

                 (2.17) 

 

ʛʜʝ n ð ʝʜʠʥʠʯʥʳʡ ʚʝʢʪʦʨ ʚʥʝʰʥʝʡ ʥʦʨʤʘʣʠ ʢ ʛʨʘʥʠʮʝ ʦʙʣʘʩʪʠ ÖÝ. 

 

ɼʠʩʢʨʝʪʥʘʷ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʘʷ ʤʦʜʝʣʴ.   

 

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ ʠ ʚʝʢʪʦʨʳ ʧʨʘʚʳʭ ʯʘʩʪʝʡ ʚʳʯʠʩʣʝʥʳ ʜʣʷ 

ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ, ʩʣʝʜʫʶʱʠʤ ʰʘʛʦʤ ʷʚʣʷʝʪʩʷ ʩʙʦʨʢʘ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ. ɼʘʥʥʘʷ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʠʩʪʝʤʫ 

ʘʣʛʝʙʨʘʠʯʝʩʢʠʭ ʫʨʘʚʥʝʥʠʡ, ʨʘʟʤʝʨʥʦʩʪʴ ʢʦʪʦʨʦʡ ʩʦʚʧʘʜʘʝʪ ʩ ʯʠʩʣʦʤ ʪʦʯʝʢ 

ʩʝʪʢʠ.  

ɼʣʷ ʧʨʦʩʪʦʪʳ ʙʫʜʝʤ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʝ ʢʦʥʝʯʥʳʝ ʵʣʝʤʝʥʪʳ ʣʠʥʝʡʥʳʝ ʠ 

ʠʤʝʶʪ ʦʜʥʦʨʦʜʥʫʶ ʛʝʦʤʝʪʨʠʶ. ʇʨʠʤʝʨ ʪʘʢʦʡ ʦʜʥʦʨʦʜʥʦʡ ʪʨʠʘʥʛʫʣʷʮʠʠ ʜʣʷ 

ʩʣʫʯʘʷ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ. 2.4.  

 

ʈʠʩ.2.4. ʆʜʥʦʨʦʜʥʘʷ ʪʨʝʫʛʦʣʴʥʘʷ ʩʝʪʢʘ ʚ ʧʨʷʤʦʫʛʦʣʴʥʦʡ ʦʙʣʘʩʪʠ 
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ɺʥʘʯʘʣʝ ʧʨʦʥʫʤʝʨʫʝʤ ʚʥʫʪʨʝʥʥʠʝ ʫʟʣʳ ʩʝʪʢʠ ʠ ʚʥʫʪʨʝʥʥʠʝ ʪʨʝʫʛʦʣʴʥʠʢʠ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʠʩʧʦʣʴʟʫʝʤ ʥʫʤʝʨʘʮʠʶ ʧʦ ʩʪʨʦʢʘʤ. ɻʨʘʥʠʯʥʳʝ ʵʣʝʤʝʥʪʳ 

ʤʦʞʥʦ ʧʨʦʥʫʤʝʨʦʚʘʪʴ ʦʪʜʝʣʴʥʦ (ʩʤ. ʨʠʩ. 2.4).  

ʇʨʦʮʝʜʫʨʘ ʩʙʦʨʢʠ ʥʝ ʩʪʦʣʴ ʪʨʠʚʠʘʣʴʥʘ, ʢʘʢ ʤʦʞʝʪ ʧʦʢʘʟʘʪʴʩʷ ʥʘ ʧʝʨʚʳʡ 

ʚʟʛʣʷʜ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʢʘʞʜʳʡ ʫʟʝʣ ʩʝʪʢʠ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʫʛʣʦʚʳʭ 

ʛʨʘʥʠʯʥʳʭ ʪʦʯʝʢ, ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ ʥʝʩʢʦʣʴʢʠʤ ʩʦʩʝʜʥʠʤ 

ʵʣʝʤʝʥʪʘʤ. ʅʘʧʨʠʤʝʨ, ʢʘʞʜʳʡ ʚʥʫʪʨʝʥʥʠʡ ʫʟʝʣ ʧʨʠʥʘʜʣʝʞʠʪ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʰʝʩʪʠ ʵʣʝʤʝʥʪʘʤ ʠ ʚʢʣʘʜ ʢʘʞʜʦʛʦ ʜʦʣʞʝʥ ʙʳʪʴ ʘʜʝʢʚʘʪʥʦ ʫʯʪʝʥ ʚ ʠʪʦʛʦʚʦʡ 

ʜʠʩʢʨʝʪʥʦʡ ʤʦʜʝʣʠ.  

ʆʜʠʥ ʠʟ ʚʦʟʤʦʞʥʳʭ ʘʣʛʦʨʠʪʤʦʚ ʩʙʦʨʢʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʚʠʜʝ ʜʚʫʭ 

ʩʪʘʜʠʡ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ ʤʳ ʩʦʙʠʨʘʝʤ ʚʤʝʩʪʝ ʚʩʝ ʣʦʢʘʣʴʥʳʝ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ 

ʚ ʙʣʦʢ-ʜʠʘʛʦʥʘʣʴʥʫʶ ʯʝʨʥʦʚʫʶ ʤʘʪʨʠʮʫ ʞʝʩʪʢʦʩʪʠ, ʩʦʛʣʘʩʥʦ ʧʦʨʷʜʢʫ 

ʥʫʤʝʨʘʮʠʠ ʵʣʝʤʝʥʪʦʚ ʩʝʪʢʠ. ʈʘʟʤʝʨʥʦʩʪʴ ʯʝʨʥʦʚʦʡ ʤʘʪʨʠʮʳ ʞʝʩʪʢʦʩʪʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʦʙʱʠʤ ʯʠʩʣʦʤ ʵʣʝʤʝʥʪʦʚ ʠ ʨʘʟʤʝʨʥʦʩʪʴʶ ʣʦʢʘʣʴʥʳʭ ʤʘʪʨʠʮ 

ʞʝʩʪʢʦʩʪʠ. ɼʣʷ ʥʫʣʝʚʳʭ ʢʨʘʝʚʳʭ ʫʩʣʦʚʠʡ ʨʘʟʤʝʨʥʦʩʪʴ ʣʦʢʘʣʴʥʦʡ ʤʘʪʨʠʮʳ 

ʞʝʩʪʢʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʥʠʞʝʥʘ ʩ ʫʯʝʪʦʤ ʥʫʣʝʚʦʛʦ ʚʢʣʘʜʘ ʛʨʘʥʠʯʥʳʭ ʫʟʣʦʚ. 

ʉʣʝʜʫʶʱʠʡ ʵʪʘʧ ʩʦʩʪʦʠʪ ʚ ʦʙʲʝʜʠʥʝʥʠʠ ʩʪʨʦʢ ʯʝʨʥʦʚʦʡ ʤʘʪʨʠʮʳ, ʢʦʪʦʨʳʝ 

ʩʚʷʟʘʥʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʫʟʣʦʤ ʩʝʪʢʠ. 

 

ʇʨʠʤʝʨʳ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ 

ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ. 

ʄʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʭ 

ʠʥʩʪʨʫʤʝʥʪʦʚ ʯʠʩʣʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʨʘʚʥʝʥʠʡ ʩ ʯʘʩʪʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ. ɺ ʪʦ 

ʞʝ ʚʨʝʤʷ ʜʘʥʥʳʡ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʳʤ ʠ ʪʨʝʙʫʝʪ ʩʝʨʴʝʟʥʦʡ 

ʧʦʜʛʦʪʦʚʢʠ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʝʛʦ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʪʦʤʫ 

ʤʥʦʛʦʦʙʨʘʟʠʶ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʟʘʜʘʯ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʠʥʞʝʥʝʨʥʦ ï ʬʠʟʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʷʭ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʠʥʞʝʥʝʨʥʦʡ ʧʨʘʢʪʠʢʝ 

ʨʘʟʫʤʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʧʨʦʛʨʘʤʤʥʳʝ ʩʨʝʜʩʪʚʘ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʫʧʨʦʩʪʠʪʴ ʠ ʩʜʝʣʘʪʴ ʜʦʩʪʫʧʥʦʡ ʜʘʥʥʫʶ ʪʝʭʥʠʢʫ ʜʣʷ ʰʠʨʦʢʦʛʦ 



31 

ʢʨʫʛʘ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʥʝ ʠʤʝʶʱʠʭ ʦʧʳʪʘ ʨʘʟʨʘʙʦʪʢʠ ʧʦʜʦʙʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʦ 

ʭʦʨʦʰʦ ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʫʪʴ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ.  

ʉʨʝʜʠ ʧʨʦʛʨʘʤʤʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʤʝʪʦʜ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ, 

ʤʦʞʥʦ ʥʘʡʪʠ ʜʝʩʷʪʢʠ ʠʥʪʝʨʝʩʥʳ ʚʘʨʠʘʥʪʦʤ, ʥʘʯʠʥʘʷ ʦʪ ʧʨʦʩʪʝʡʰʠʭ ʙʠʙʣʠʦʪʝʢ 

ʩ ʦʪʨʳʪʳʤ ʢʦʜʦʤ (Elmer, FreeFem++, OOFEM, Code Aster, OpenFOAM, 

Z88Aurora ʠ ʪ.ʧ.) ʜʦ ʧʨʦʜʚʠʥʫʪʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʝʢʪʦʚ (COMSOL, ANSYS, 

SOLIDWORKS, Range Software ʠ ʜʨ.). 

 ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʦʧʳʪʘ ʨʘʙʦʪʳ ʩ ʤʝʪʦʜʦʤ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʤʦʞʥʦ 

ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʦʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ, ʰʠʨʦʢʦ ʜʦʩʪʫʧʥʳʭ ʠ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʚʝʩʴʤʘ ʵʬʬʝʢʪʠʚʥʳʭ ʧʨʠʣʦʞʝʥʠʡ MATLAB Partial Di erential Equations 

ToolboxTM (PDE app). ɼʘʥʥʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚʢʣʶʯʘʝʪ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, 

ʨʘʩʩʯʠʪʘʥʥʳʭ ʥʘ ʨʝʰʝʥʠʷ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

(ʵʣʣʠʧʪʠʯʝʩʢʠʭ ʧʘʨʘʙʦʣʠʯʝʩʢʠʭ, ʛʠʧʝʨʙʦʣʠʯʝʩʢʠʭ ʠ ʧʨʦʙʣʝʤʫ ʩʦʙʩʪʚʝʥʥʳʭ 

ʬʫʥʢʮʠʡ) ʚ ʜʚʫʤʝʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʜʣʷ ʦʙʣʘʩʪʠ ʧʨʦʠʟʚʦʣʴʥʦʡ ʬʦʨʤʳ. ɹʣʘʛʦʜʘʨʷ 

ʥʘʣʠʯʠʶ ʚʝʩʴʤʘ ʘʜʝʢʚʘʪʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ ʨʘʙʦʪʘ ʩ ʧʨʠʣʦʞʝʥʠʝʤ 

ʜʦʩʪʘʪʦʯʥʦ ʫʜʦʙʥʘ ʠ ʜʦʩʪʫʧʥʘ ʰʠʨʦʢʦʤʫ ʢʨʫʛʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʧʨʠʯʝʤ 

ʛʣʫʙʦʢʠʝ ʟʥʘʥʠʷ ʠ ʦʧʳʪ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʩʨʝʜʝ MATLAB ʥʝ ʷʚʣʷʶʪʩʷ 

ʦʙʷʟʘʪʝʣʴʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʠʷ. 
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ʈʘʟʜʝʣ 3. ʄʝʪʦʜʳ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

1. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ /ɺ.ʄ.ɺʦʣʢʦʚ, ʆ.ʃ.ɿʫʙʢʦ, ʀ.ʅ.ʂʘʪʢʦʚʩʢʘʷ, 

ʀ.ʃ.ʂʦʚʘʣʝʚʘ, ɺ.ɻ.ʂʨʦʪʦʚ, ʇ.ʃʠʤʘ. ï ʄʠʥʩʢ: ʈʋʇ çɹʝʣʛʦʩʣʝʩè, 2017-207 ʩ. 

2. ˽͍ͦͨͦ͊ ˹ΦˤΦ ˸͔͙͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͔ͣͭͦ͒· ς- ̏ ͔ͭͪͦͤͤ͟͡·͚ ͯ;͔͙͋ͤ͟Σ нллр ˤ́˴ 

3. ˢΦ˥Φ͙́ͪͺ͍ͦͤͦΦ ˽͍ͦͫͭ͊ͤͦ͊͟ ͊͒͊͘;͙ ͙͙ͦͨͭͣ͊͘ͼ͙͙ ͙ ;͙͔ͫͤͤ͡·͔ ͔ͣͭͦ͒· ͔͔ ͔ͪ΄͔͙ͤΎΦ 

4.  ru.wikipedia.org 

 

ʊʝʤʘ 3.1. ʃʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ.  

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ.  

 

ʇʦʜ ʣʠʥʝʡʥʳʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝʤ ʧʦʥʠʤʘʝʪʩʷ ʨʘʟʜʝʣ ʪʝʦʨʠʠ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʟʘʜʘʯ, ʚ ʢʦʪʦʨʦʤ ʠʟʫʯʘʶʪʩʷ ʟʘʜʘʯ ʠ ʤʠʥʠʤʠʟʘʮʠʠ (ʠʣʠ 

ʤʘʢʩʠʤʠʟʘʮʠʠ) ʣʠʥʝʡʥʳʭ ʬʫʥʢʮʠʡ ʥʘ ʤʥʦʞʝʩʪʚʘʭ, ʟʘʜʘʚʘʝʤʳʭ ʩʠʩʪʝʤʘʤʠ 

ʣʠʥʝʡʥʳʭ ʨʘʚʝʥʩʪʚ ʠ ʥʝʨʘʚʝʥʩʪʚ. ʂʘʞʜʦʝ ʠʟ ʫʩʣʦʚʠʡ-ʥʝʨʘʚʝʥʩʪʚ ʦʧʨʝʜʝʣʷʝʪ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚʦ, ʦʛʨʘʥʠʯʝʥʥʦʝ ʛʠʧʝʨʧʣʦʩʢʦʩʪʴʶ. ʇʝʨʝʩʝʯʝʥʠʝ 

ʧʦʣʫʧʨʦʩʪʨʘʥʩʪʚ ʦʙʨʘʟʫʝʪ ʚʳʧʫʢʣʳʡ ʧ-ʤʝʨʥʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ Q. ʋʩʣʦʚʠʷ 

ʨʘʚʝʥʩʪʚʘ ʚʳʜʝʣʷʶʪ ʠʟ n-ʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ (ʧ-l) -ʤʝʨʥʫʶ ʧʣʦʩʢʦʩʪʴ, 

ʧʝʨʝʩʝʯʝʥʠʝ ʢʦʪʦʨʦʡ ʩ ʦʙʣʘʩʪʴʶ Q ʜʘʝʪ ʚʳʧʫʢʣʳʡ (n-l) -ʤʝʨʥʳʡ ʤʥʦʛʦʛʨʘʥʥʠʢ 

G. ʕʢʩʪʨʝʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʣʠʥʝʡʥʦʡ ʬʦʨʤʳ (ʝʩʣʠ ʦʥʦ ʩʫʱʝʩʪʚʫʝʪ) 

ʜʦʩʪʠʛʘʝʪʩʷ ʚ ʥʝʢʦʪʦʨʦʡ ʚʝʨʰʠʥʝ ʤʥʦʛʦʛʨʘʥʥʠʢʘ. ʇʨʠ ʚʳʨʦʞʜʝʥʠʠ ʦʥʦ ʤʦʞʝʪ 

ʜʦʩʪʠʛʘʪʴʩʷ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʨʝʙʨʘ ʠʣʠ ʛʨʘʥʠ ʤʥʦʛʦʛʨʘʥʥʠʢʘ.  

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʚ ʣʠʥʝʡʥʦʤ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ. 

ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʥʘʯʠʥʘʝʪʩʷ ʩ ʨʘʩʩʤʦʪʨʝʥʠʡ ʦʜʥʦʡ ʠʟ ʚʝʨʰʠʥ ʤʥʦʛʦʛʨʘʥʥʠʢʘ 

ʫʩʣʦʚʠʡ. ɽʩʣʠ ʠʩʩʣʝʜʫʝʤʘʷ ʚʝʨʰʠʥʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤʫ (ʤʠʥʠʤʫʤʫ), 

ʪʦ ʧʝʨʝʭʦʜʷʪ ʢ ʩʦʩʝʜʥʝʡ, ʫʚʝʣʠʯʠʚʘʷ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʮʝʣʠ ʧʨʠ ʨʝʰʝʥʠʠ 

ʟʘʜʘʯʠ ʥʘ ʤʘʢʩʠʤʫʤ ʠ ʫʤʝʥʴʰʘʷ ʧʨʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯʠ ʥʘ ʤʠʥʠʤʫʤ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʦʪ ʦʜʥʦʡ ʚʝʨʰʠʥʳ ʢ ʜʨʫʛʦʡ ʫʣʫʯʰʘʝʪ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʮʝʣʠ. 

ʊʘʢ ʢʘʢ ʯʠʩʣʦ ʚʝʨʰʠʥ ʤʥʦʛʦʛʨʘʥʥʠʢʘ ʦʛʨʘʥʠʯʝʥʦ, ʪʦ ʟʘ ʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʰʘʛʦʚ 
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ʛʘʨʘʥʪʠʨʫʝʪʩʷ ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʝ ʪʦʛʦ 

ʬʘʢʪʘ, ʯʪʦ ʟʘʜʘʯʘ ʥʝʨʘʟʨʝʰʠʤʘ.  

ʕʪʦʪ ʤʝʪʦʜ ʷʚʣʷʝʪʩʷ ʫʥʠʚʝʨʩʘʣʴʥʳʤ, ʧʨʠʤʝʥʠʤʳʤ ʢ ʣʶʙʦʡ ʟʘʜʘʯʝ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʚ ʢʘʥʦʥʠʯʝʩʢʦʡ ʬʦʨʤʝ. ʉʠʩʪʝʤʘ ʦʛʨʘʥʠʯʝʥʠʡ 

ʟʜʝʩʴ - ʩʠʩʪʝʤʘ ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʚ ʢʦʪʦʨʦʡ ʢʦʣʠʯʝʩʪʚʦ ʥʝʠʟʚʝʩʪʥʳʭ 

ʙʦʣʴʰʝ ʢʦʣʠʯʝʩʪʚʘ ʫʨʘʚʥʝʥʠʡ. ɽʩʣʠ ʨʘʥʛ ʩʠʩʪʝʤʳ ʨʘʚʝʥ r, ʪʦ ʤʳ ʤʦʞʝʤ ʚʳʙʨʘʪʴ 

r ʥʝʠʟʚʝʩʪʥʳʭ, ʢʦʪʦʨʳʝ ʚʳʨʘʟʠʤ ʯʝʨʝʟ ʦʩʪʘʣʴʥʳʝ ʥʝʠʟʚʝʩʪʥʳʝ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʧʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʳʙʨʘʥʳ ʧʝʨʚʳʝ, ʠʜʫʱʠʝ ʧʦʜʨʷʜ, 

ʥʝʠʟʚʝʩʪʥʳʝ X1, X2, ..., Xr. ʊʦʛʜʘ ʥʘʰʘ ʩʠʩʪʝʤʘ ʫʨʘʚʥʝʥʠʡ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʠʩʘʥʘ ʢʘʢ 

 

 

 

ʂ ʪʘʢʦʤʫ ʚʠʜʫ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʣʶʙʫʶ ʩʦʚʤʝʩʪʥʫʶ ʩʠʩʪʝʤʫ, ʥʘʧʨʠʤʝʨ, 

ʤʝʪʦʜʦʤ ɻʘʫʩʩʘ. ʇʨʘʚʜʘ, ʥʝ ʚʩʝʛʜʘ ʤʦʞʥʦ ʚʳʨʘʞʘʪʴ ʯʝʨʝʟ ʦʩʪʘʣʴʥʳʝ ʧʝʨʚʳʝ r 

ʥʝʠʟʚʝʩʪʥʳʭ (ʤʳ ʵʪʦ ʩʜʝʣʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ʟʘʧʠʩʠ). ʆʜʥʘʢʦ ʪʘʢʠʝ r 

ʥʝʠʟʚʝʩʪʥʳʭ ʦʙʷʟʘʪʝʣʴʥʦ ʥʘʡʜʫʪʩʷ. ʕʪʠ ʥʝʠʟʚʝʩʪʥʳʝ (ʧʝʨʝʤʝʥʥʳʝ) ʥʘʟʳʚʘʶʪʩʷ 

ʙʘʟʠʩʥʳʤʠ, ʦʩʪʘʣʴʥʳʝ ʩʚʦʙʦʜʥʳʤʠ.  

ʇʨʠʜʘʚʘʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʚʦʙʦʜʥʳʤ ʧʝʨʝʤʝʥʥʳʤ ʠ ʚʳʯʠʩʣʷʷ 

ʟʥʘʯʝʥʠʷ ʙʘʟʠʩʥʳʭ (ʚʳʨʘʞʝʥʥʳʭ ʯʝʨʝʟ ʩʚʦʙʦʜʥʳʝ), ʤʳ ʙʫʜʝʤ ʧʦʣʫʯʘʪʴ 

ʨʘʟʣʠʯʥʳʝ ʨʝʰʝʥʠʷ ʥʘʰʝʡ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʣʶʙʦʝ ʝʝ ʨʝʰʝʥʠʝ. ʅʘʩ ʙʫʜʫʪ ʠʥʪʝʨʝʩʦʚʘʪʴ ʦʩʦʙʳʝ ʨʝʰʝʥʠʷ, 

ʧʦʣʫʯʘʝʤʳʝ ʚ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʩʚʦʙʦʜʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʨʘʚʥʳ ʥʫʣʶ. ʊʘʢʠʝ ʨʝʰʝʥʠʷ 

ʥʘʟʳʚʘʶʪʩʷ ʙʘʟʠʩʥʳʤʠ, ʠʭ ʩʪʦʣʴʢʦ ʞʝ, ʩʢʦʣʴʢʦ ʨʘʟʣʠʯʥʳʭ ʙʘʟʠʩʥʳʭ ʚʠʜʦʚ ʫ 

ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ. ɹʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ ʥʘʟʳʚʘʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ 

ʙʘʟʠʩʥʳʤ ʨʝʰʝʥʠʝʤ ʠʣʠ ʦʧʦʨʥʳʤ ʨʝʰʝʥʠʝʤ, ʝʩʣʠ ʚ ʥʝʤ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ 
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ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ. ɽʩʣʠ ʚ ʢʘʯʝʩʪʚʝ ʙʘʟʠʩʥʳʭ ʚʟʷʪʳ ʧʝʨʝʤʝʥʥʳʝ X1, X2, ..., Xr, ʪʦ 

ʨʝʰʝʥʠʝ {b1, b2,..., br, 0, ..., 0} ʙʫʜʝʪ ʦʧʦʨʥʳʤ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ b1, b2,..., br җ л.  

ʉʠʤʧʣʝʢʩ-ʤʝʪʦʜ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʪʦʨʫʶ ʧʨʦʮʝʜʫʨʫ ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʧʝʨʝʙʦʨʘ ʦʧʦʨʥʳʭ ʨʝʰʝʥʠʡ. ʀʩʭʦʜʷ ʠʟ ʥʝʢʦʪʦʨʦʛʦ, ʥʘʡʜʝʥʥʦʛʦ ʟʘʨʘʥʝʝ 

ʦʧʦʨʥʦʛʦ ʨʝʰʝʥʠʷ ʧʦ ʦʧʨʝʜʝʣʝʥʥʦʤʫ ʘʣʛʦʨʠʪʤʫ ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʤʳ 

ʧʦʜʩʯʠʪʳʚʘʝʤ ʥʦʚʦʝ ʦʧʦʨʥʦʝ ʨʝʰʝʥʠʝ, ʥʘ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

F ʥʝ ʤʝʥʴʰʝ, ʯʝʤ ʥʘ ʩʪʘʨʦʤ. ʇʦʩʣʝ ʨʷʜʘ ʰʘʛʦʚ ʤʳ ʧʨʠʭʦʜʠʤ ʢ ʦʧʦʨʥʦʤʫ 

ʨʝʰʝʥʠʶ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ ʧʣʘʥʦʤ.  

ʀʪʘʢ, ʩʠʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʚʥʦʩʠʪ ʦʧʨʝʜʝʣʝʥʥʳʡ ʧʦʨʷʜʦʢ ʢʘʢ ʧʨʠ 

ʥʘʭʦʞʜʝʥʠʠ ʧʝʨʚʦʛʦ (ʠʩʭʦʜʥʦʛʦ) ʙʘʟʠʩʥʦʛʦ ʨʝʰʝʥʠʷ, ʪʘʢ ʠ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ 

ʜʨʫʛʠʤ ʙʘʟʠʩʥʳʤ ʨʝʰʝʥʠʷʤ. ɽʛʦ ʠʜʝʷ ʩʦʩʪʦʠʪ ʚ ʩʣʝʜʫʶʱʝʤ.  

ʀʤʝʷ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ, ʧʨʠʚʝʜʝʥʥʫʶ ʢ ʦʙʱʝʤʫ ʚʠʜʫ, ʪʦ ʝʩʪʴ ʢ ʩʠʩʪʝʤʝ 

m ʣʠʥʝʡʥʳʭ ʫʨʘʚʥʝʥʠʡ ʩ n ʧʝʨʝʤʝʥʥʳʤʠ (m < n), ʥʘʭʦʜʷʪ ʣʶʙʦʝ ʙʘʟʠʩʥʦʝ 

ʨʝʰʝʥʠʝ ʵʪʦʡ ʩʠʩʪʝʤʳ, ʟʘʙʦʪʷʩʴ ʪʦʣʴʢʦ ʦ ʪʦʤ, ʯʪʦʙʳ ʥʘʡʪʠ ʝʛʦ ʢʘʢ ʤʦʞʥʦ 

ʧʨʦʱʝ.  

ɽʩʣʠ ʧʝʨʚʦʝ ʞʝ ʥʘʡʜʝʥʥʦʝ ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ ʦʢʘʟʘʣʦʩʴ ʜʦʧʫʩʪʠʤʳʤ, ʪʦ 

ʧʨʦʚʝʨʷʶʪ ʝʛʦ ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ. ɽʩʣʠ ʦʥʦ ʥʝ ʦʧʪʠʤʘʣʴʥʦ, ʪʦ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʧʝʨʝʭʦʜ ʢ ʜʨʫʛʦʤʫ, ʦʙʷʟʘʪʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʤʫ ʙʘʟʠʩʥʦʤʫ ʨʝʰʝʥʠʶ.  

ʉʠʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʥʦʚʦʤ ʨʝʰʝʥʠʠ ʣʠʥʝʡʥʘʷ 

ʬʦʨʤʘ, ʝʩʣʠ ʠ ʥʝ ʜʦʩʪʠʛʥʝʪ ʦʧʪʠʤʫʤʘ, ʪʦ ʧʨʠʙʣʠʟʠʪʩʷ ʢ ʥʝʤʫ. ʉ ʥʦʚʳʤ 

ʜʦʧʫʩʪʠʤʳʤ ʙʘʟʠʩʥʳʤ ʨʝʰʝʥʠʝʤ ʧʦʩʪʫʧʘʶʪ ʪʘʢ ʞʝ, ʧʦʢʘ ʥʝ ʥʘʭʦʜʷʪ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ.  

ɽʩʣʠ ʧʝʨʚʦʝ ʥʘʡʜʝʥʥʦʝ ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ ʦʢʘʞʝʪʩʷ ʥʝʜʦʧʫʩʪʠʤʳʤ, ʪʦ ʩ 

ʧʦʤʦʱʴʶ ʩʠʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʢ ʜʨʫʛʠʤ ʙʘʟʠʩʥʳʤ 

ʨʝʰʝʥʠʷʤ, ʢʦʪʦʨʳʝ ʧʨʠʙʣʠʞʘʶʪ ʥʘʩ ʢ ʦʙʣʘʩʪʠ ʜʦʧʫʩʪʠʤʳʭ ʨʝʰʝʥʠʡ, ʧʦʢʘ ʥʘ 

ʢʘʢʦʤ-ʪʦ ʰʘʛʝ ʨʝʰʝʥʠʷ ʣʠʙʦ ʙʘʟʠʩʥʦʝ ʨʝʰʝʥʠʝ ʦʢʘʞʝʪʩʷ ʜʦʧʫʩʪʠʤʳʤ ʠ ʢ ʥʝʤʫ 

ʧʨʠʤʝʥʷʶʪ ʘʣʛʦʨʠʪʤ ʩʠʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ, ʣʠʙʦ ʤʳ ʫʙʝʞʜʘʝʤʩʷ ʚ 

ʧʨʦʪʠʚʦʨʝʯʠʚʦʩʪʠ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠʤʝʥʝʥʠʝ ʩʠʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʜʚʘ ʵʪʘʧʘ: 

ʥʘʭʦʞʜʝʥʠʝ ʜʦʧʫʩʪʠʤʦʛʦ ʙʘʟʠʩʥʦʛʦ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ ʠʣʠ 
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ʫʩʪʘʥʦʚʣʝʥʠʝ ʬʘʢʪʘ ʝʝ ʥʝʩʦʚʤʝʩʪʥʦʩʪʠ; ʥʘʭʦʞʜʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ.  

ʇʨʠ ʵʪʦʤ ʢʘʞʜʳʡ ʵʪʘʧ ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʥʝʩʢʦʣʴʢʦ ʰʘʛʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʪʦʤʫ ʠʣʠ ʠʥʦʤʫ ʙʘʟʠʩʥʦʤʫ ʨʝʰʝʥʠʶ. ʅʦ ʪʘʢ ʢʘʢ ʯʠʩʣʦ ʙʘʟʠʩʥʳʭ ʨʝʰʝʥʠʡ 

ʚʩʝʛʜʘ ʦʛʨʘʥʠʯʝʥʥʦ, ʪʦ ʦʛʨʘʥʠʯʝʥʥʦ ʠ ʯʠʩʣʦ ʰʘʛʦʚ ʩʠʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ.  

ʇʨʠʚʝʜʝʥʥʘʷ ʩʭʝʤʘ ʩʠʤʧʣʝʢʩʥʦʛʦ ʤʝʪʦʜʘ ʷʚʥʦ ʚʳʨʘʞʘʝʪ ʝʛʦ 

ʘʣʛʦʨʠʪʤʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ (ʭʘʨʘʢʪʝʨ ʯʝʪʢʦʛʦ ʧʨʝʜʧʠʩʘʥʠʷ ʦ ʚʳʧʦʣʥʝʥʠʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʦʧʝʨʘʮʠʡ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʫʩʧʝʰʥʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʪʴ ʠ 

ʨʝʘʣʠʟʦʚʘʪʴ ʵʪʦʪ ʤʝʪʦʜ ʥʘ ʕɺʄ. ɿʘʜʘʯʠ ʞʝ ʩ ʥʝʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʧʝʨʝʤʝʥʥʳʭ ʠ 

ʦʛʨʘʥʠʯʝʥʠʡ ʤʦʛʫʪ ʙʳʪʴ ʨʝʰʝʥʳ ʩʠʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ ʚʨʫʯʥʫʶ.  

 

ɼʚʦʡʩʪʚʝʥʥʦʩʪʴ. 

ɺ ʧʨʷʤʦʡ ʟʘʜʘʯʝ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ 

ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ n ʧʝʨʝʤʝʥʥʳʭ. ɽʩʪʴ m ʦʛʨʘʥʠʯʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ 

ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʚʝʨʭʫ ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ n ʧʝʨʝʤʝʥʥʳʭ. ʎʝʣʴ ï 

ʤʘʢʩʠʤʠʟʠʨʦʚʘʪʴ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʧʨʠ ʦʛʨʘʥʠʯʝʥʠʷʭ. ʈʝʰʝʥʠʝ ï ʵʪʦ ʚʝʢʪʦʨ 

ʠʟ  n ʟʥʘʯʝʥʠʡ, ʜʘʶʱʝʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. 

ɺ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʝ ʮʝʣʝʚʘʷ ʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʡ ʢʦʤʙʠʥʘʮʠʝʡ m 

ʟʥʘʯʝʥʠʡ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʧʨʘʚʳʤʠ ʯʘʩʪʷʤʠ m ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʷʤʦʡ ʟʘʜʘʯʠ. 

ʀʤʝʝʪʩʷ n ʜʚʦʡʩʪʚʝʥʥʳʭ ʦʛʨʘʥʠʯʝʥʠʡ, ʢʘʞʜʦʝ ʠʟ ʢʦʪʦʨʳʭ ʦʛʨʘʥʠʯʠʚʘʝʪ ʩʥʠʟʫ 

ʣʠʥʝʡʥʫʶ ʢʦʤʙʠʥʘʮʠʶ m ʜʚʦʡʩʪʚʝʥʥʳʭ ʧʝʨʝʤʝʥʥʳʭ. 

ʉʦʧʦʩʪʘʚʣʷʷ ʬʦʨʤʳ ʟʘʧʠʩʠ ʧʨʷʤʦʡ ʠ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯ, ʤʦʞʥʦ 

ʫʩʪʘʥʦʚʠʪʴ ʤʝʞʜʫ ʥʠʤʠ ʩʣʝʜʫʶʱʠʝ ʚʟʘʠʤʦʩʚʷʟʠ: 

1. ɽʩʣʠ ʧʨʷʤʘʷ ʟʘʜʘʯʘ ʷʚʣʷʝʪʩʷ ʟʘʜʘʯʝʡ ʤʘʢʩʠʤʠʟʘʮʠʠ, ʪʦ ʜʚʦʡʩʪʚʝʥʥʘʷ ʙʫʜʝʪ 

ʟʘʜʘʯʝʡ ʤʠʥʠʤʠʟʘʮʠʠ, ʠ ʥʘʦʙʦʨʦʪ. 

2. ʂʦʵʬʬʠʮʠʝʥʪʳ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʨʷʤʦʡ ʟʘʜʘʯʠ c1,...,cn ʩʪʘʥʦʚʷʪʩʷ 

ʩʚʦʙʦʜʥʳʤʠ ʯʣʝʥʘʤʠ ʦʛʨʘʥʠʯʝʥʠʡ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ. 

3. ʉʚʦʙʦʜʥʳʝ ʯʣʝʥʳ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʷʤʦʡ ʟʘʜʘʯʠ b1,...,bm ʩʪʘʥʦʚʷʪʩʷ 

ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ. 

4. ʄʘʪʨʠʮʘ ʦʛʨʘʥʠʯʝʥʠʡ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ ʧʦʣʫʯʘʝʪʩʷ ʧʫʪʝʤ 

ʪʨʘʥʩʧʦʥʠʨʦʚʘʥʠʷ ʤʘʪʨʠʮʳ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʷʤʦʡ ʟʘʜʘʯʠ. 
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5. ɿʥʘʢʠ ʥʝʨʘʚʝʥʩʪʚ ʚ ʦʛʨʘʥʠʯʝʥʠʷʭ ʠʟʤʝʥʷʶʪʩʷ ʥʘ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ. 

6. ʏʠʩʣʦ ʦʛʨʘʥʠʯʝʥʠʡ ʧʨʷʤʦʡ ʟʘʜʘʯʠ ʨʘʚʥʦ ʯʠʩʣʫ ʧʝʨʝʤʝʥʥʳʭ ʜʚʦʡʩʪʚʝʥʥʦʡ 

ʟʘʜʘʯʠ, ʠ ʥʘʦʙʦʨʦʪ. 

 

 ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ.  

ʇʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ ʨʘʟʜʝʣʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʠʟʫʯʘʶʱʠʡ ʟʘʜʘʯʠ, ʚ ʢʦʪʦʨʳʭ ʮʝʣʝʚʘʷ 

ʬʫʥʢʮʠʷ ʠʣʠ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʦʜʥʦʛʦ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ ʧʘʨʘʤʝʪʨʦʚ.  

ʅʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʩʤʦʪʨʝʥʠʷ ʧʦʜʦʙʥʳʭ ʟʘʜʘʯ ʦʙʫʩʣʦʚʣʝʥʘ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʠʯʠʥʘʤʠ. ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʷʚʣʷʝʪʩʷ ʪʘ, ʯʪʦ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʣʶʙʦʡ ʨʝʘʣʴʥʦʡ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʠʙʣʠʞʝʥʥʦ ʠʣʠ ʤʦʛʫʪ ʠʟʤʝʥʷʪʴʩʷ ʧʦʜ ʚʣʠʷʥʠʝʤ ʢʘʢʠʭ-

ʪʦ ʬʘʢʪʦʨʦʚ, ʯʪʦ ʤʦʞʝʪ ʩʫʱʝʩʪʚʝʥʥʦ ʩʢʘʟʘʪʴʩʷ ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʚʳʙʠʨʘʝʤʦʡ 

ʧʨʦʛʨʘʤʤʳ (ʧʣʘʥʘ) ʜʝʡʩʪʚʠʡ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʫʤʥʦ ʫʢʘʟʳʚʘʪʴ ʥʝ 

ʢʦʥʢʨʝʪʥʳʝ ʜʘʥʥʳʝ, ʘ ʜʠʘʧʘʟʦʥ ʚʦʟʤʦʞʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʘʥʥʳʭ, ʯʪʦʙʳ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʨʝʰʝʥʠʷ ʠʤʝʪʴ ʥʘʠʣʫʯʰʠʝ ʧʣʘʥʳ ʜʣʷ ʣʶʙʦʛʦ ʚʘʨʠʘʥʪʘ ʠʩʭʦʜʥʳʭ 

ʜʘʥʥʳʭ.  

ʉ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ 

ʚʳʩʪʫʧʘʝʪ ʢʘʢ ʦʜʥʦ ʠʟ ʩʨʝʜʩʪʚ ʘʥʘʣʠʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʢ ʚʘʨʠʘʮʠʠ 

ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ, ʦʮʝʥʢʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʨʝʰʝʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʢ ʧʦʜʦʙʥʦʤʫ ʘʥʘʣʠʟʫ (ʥʘʧʨʠʤʝʨ, ʥʘ ʦʩʥʦʚʝ 

ʧʦʩʪʘʥʦʚʢʠ ʜʚʦʡʩʪʚʝʥʥʦʡ ʟʘʜʘʯʠ).  

 

ʄʦʜʝʣʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɿʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʤʝʪʦʜʘʤʠ ʃʇ, ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳ ʧʦ ʩʦʜʝʨʞʘʥʠʶ. ʅʦ ʠʭ 

ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ ʩʭʦʞʠ ʠ ʫʩʣʦʚʥʦ ʦʙʲʝʜʠʥʷʶʪʩʷ ʚ ʪʨʠ ʙʦʣʴʰʠʝ ʛʨʫʧʧʳ 

ʟʘʜʘʯ:  

¶ ʪʨʘʥʩʧʦʨʪʥʳʝ ʟʘʜʘʯʠ;  

¶ ʟʘʜʘʯʠ ʦ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ;  
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¶ ʟʘʜʘʯʠ ʦ ʩʤʝʩʠ (ʦ ʜʠʝʪʝ).  

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨʳ ʢʦʥʢʨʝʪʥʳʭ ʵʢʦʥʦʤʠʯʝʩʢʠʭ ʟʘʜʘʯ ʢʘʞʜʦʛʦ ʪʠʧʘ, 

ʧʦʜʨʦʙʥʦ ʦʩʪʘʥʦʚʠʤʩʷ ʥʘ ʧʦʩʪʨʦʝʥʠʠ ʤʦʜʝʣʠ ʢʘʞʜʦʡ ʟʘʜʘʯʠ.  

 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ 

ʅʘ ʜʚʫʭ ʪʦʨʛʦʚʳʭ ʙʘʟʘʭ ɸ ʠ ɺ ʠʤʝʝʪʩʷ 30 ʛʘʨʥʠʪʫʨʦʚ ʤʝʙʝʣʠ, ʧʦ 15 ʥʘ 

ʢʘʞʜʦʡ. ɺʩʶ ʤʝʙʝʣʴ ʪʨʝʙʫʝʪʩʷ ʜʦʩʪʘʚʠʪʴ ʚ ʜʚʘ ʤʝʙʝʣʴʥʳʭ ʤʘʛʘʟʠʥʘ, ʉ ʠ ɼ 

ʧʨʠʯʝʤ ʚ ʉ ʥʘʜʦ ʜʦʩʪʘʚʠʪʴ 10 ʛʘʨʥʠʪʫʨʦʚ, ʘ ʚ ɼ - 20. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʦʩʪʘʚʢʘ 

ʦʜʥʦʛʦ ʛʘʨʥʠʪʫʨʘ ʩ ʙʘʟʳ ɸ ʚ ʤʘʛʘʟʠʥ ʉ ʦʙʭʦʜʠʪʩʷ ʚ ʦʜʥʫ ʜʝʥʝʞʥʫʶ ʝʜʠʥʠʮʫ, ʚ 

ʤʘʛʘʟʠʥ ɼ - ʚ ʪʨʠ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮʳ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ ʩ ʙʘʟʳ ɺ ʚ ʤʘʛʘʟʠʥʳ ʉ ʠ 

ɼ: ʜʚʝ ʠ ʧʷʪʴ ʜʝʥʝʞʥʳʭ ʝʜʠʥʠʮ. ʉʦʩʪʘʚʠʪʴ ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ ʪʘʢ, ʯʪʦʙʳ ʩʪʦʠʤʦʩʪʴ 

ʚʩʝʭ ʧʝʨʝʚʦʟʦʢ ʙʳʣʘ ʥʘʠʤʝʥʴʰʝʡ. 

ɼʘʥʥʳʝ ʟʘʜʘʯʠ ʜʣʷ ʫʜʦʙʩʪʚʘ ʨʘʟʤʝʪʠʤ ʚ ʪʘʙʣʠʮʝ. ʅʘ ʧʝʨʝʩʝʯʝʥʠʠ ʩʪʨʦʢ ʠ 

ʩʪʦʣʙʮʦʚ ʩʪʦʷʪ ʯʠʩʣʘ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʩʪʦʠʤʦʩʪʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʝʨʝʚʦʟʦʢ (ʪʘʙʣ. 3.1).  

ʊʘʙʣʠʮʘ 3.1  

ʤʘʛʘʟʠʥʳ / ʙʘʟʳ ʉ ɼ 
ʦʪʧʨʘʚʣʝʥʦ 

ʛʘʨʥʠʪʫʨʦʚ 

ɸ 1 3 15 

ɺ 2 5 15 

ʧʦʣʫʯʝʥʦ 

ʛʘʨʥʠʪʫʨʦʚ 
10 20 30 = 30 

 

ʉʦʩʪʘʚʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʟʘʜʘʯʠ.  

ʅʝʦʙʭʦʜʠʤʦ ʚʚʝʩʪʠ ʧʝʨʝʤʝʥʥʳʝ. ɺ ʬʦʨʤʫʣʠʨʦʚʢʝ ʚʦʧʨʦʩʘ ʛʦʚʦʨʠʪʩʷ, ʯʪʦ 

ʥʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ ʭ1, ʭ2 ʢʦʣʠʯʝʩʪʚʦ 

ʛʘʨʥʠʪʫʨʦʚ, ʧʝʨʝʚʦʟʠʤʳʭ ʩ ʙʘʟʳ ɸ ʚ ʤʘʛʘʟʠʥʳ ʉ ʠ ɼ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʯʝʨʝʟ ʫ1, 

ʫ2 - ʢʦʣʠʯʝʩʪʚʦ ʛʘʨʥʠʪʫʨʦʚ, ʧʝʨʝʚʦʟʠʤʳʭ ʩ ʙʘʟʳ ɺ ʚ ʤʘʛʘʟʠʥʳ ʉ ʠ ɼ 
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʦʛʜʘ ʢʦʣʠʯʝʩʪʚʦ ʤʝʙʝʣʠ, ʚʳʚʦʟʠʤʦʝ ʩʦ ʩʢʣʘʜʘ ɸ, ʨʘʚʥʦ (ʭ1 + 

ʭ2), ʘ ʩʦ ʩʢʣʘʜʘ ɺ - (ʫ1 + ʫ2). ʇʦʪʨʝʙʥʦʩʪʴ ʤʘʛʘʟʠʥʘ ʉ ʨʘʚʥʘ 10 ʛʘʨʥʠʪʫʨʘʤ, ʠ ʚ 

ʥʝʛʦ ʧʨʠʚʝʟʣʠ (ʭ1 + ʫ1) ʰʪʫʢ, ʪ. ʝ. ʭ1 + ʫ1 = 10. ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ʤʘʛʘʟʠʥʘ ɼ ʠʤʝʝʤ 

ʭ2 + ʫ2 = 20. ɿʘʤʝʪʠʤ, ʯʪʦ ʧʦʪʨʝʙʥʦʩʪʠ ʤʘʛʘʟʠʥʦʚ ʚ ʪʦʯʥʦʩʪʠ ʨʘʚʥʳ ʢʦʣʠʯʝʩʪʚʫ 

ʛʘʨʥʠʪʫʨʦʚ, ʠʤʝʶʱʠʭʩʷ ʥʘ ʩʢʣʘʜʘʭ, ʧʦʵʪʦʤʫ ʭ1 + ʫ2 = 15 ʠ ʫ1 + ʫ2 = 15. ɽʩʣʠ ʙʳ 

ʩʦ ʩʢʣʘʜʦʚ ʚʳ ʫʚʝʟʣʠ ʤʝʥʴʰʝ, ʯʝʤ ʧʦ 15 ʢʦʤʧʣʝʢʪʦʚ, ʪʦ ʤʘʛʘʟʠʥʘʤ ʥʝ ʭʚʘʪʠʣʦ 

ʙʳ ʤʝʙʝʣʠ ʜʣʷ ʫʜʦʚʣʝʪʚʦʨʝʥʠʷ ʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ. ʀʪʘʢ, ʧʝʨʝʤʝʥʥʳʝ ʭ1, ʭ2, ʫ1, ʫ2 

ʧʦ ʩʤʳʩʣʫ ʟʘʜʘʯʠ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʠ ʫʜʦʚʣʝʪʚʦʨʷʶʪ ʩʠʩʪʝʤʝ ʦʛʨʘʥʠʯʝʥʠʡ:  

 

                                      (3.1) 

 

ʆʙʦʟʥʘʯʠʚ ʯʝʨʝʟ F ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʘʩʭʦʜʳ, ʧʦʩʯʠʪʘʝʤ ʠʭ. ʥʘ ʧʝʨʝʚʦʟʢʫ ʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʪʘ ʤʝʙʝʣʠ ʠʟ ɸ ʚ ʉ ʪʨʘʪʠʪʩʷ ʦʜʥʘ ʜʝʥ. ʝʜ., ʥʘ ʧʝʨʝʚʦʟʢʫ x1 ʢʦʤʧʣʝʢʪʦʚ - 

x1 ʜʝʥ. ʝʜ. ɸʥʘʣʦʛʠʯʥʦ, ʥʘ ʧʝʨʝʚʦʟʢʫ x2 ʢʦʤʧʣʝʢʪʦʚ ʠʟ ɸ ʚ ɼ ʟʘʪʨʘʪʠʪʩʷ 3x2 ʜʝʥ. 

ʝʜ.; ʠʟ ɺ ʚ ʉ - 2y1 ʜʝʥ. ʝʜ., ʠʟ ɺ ʚ ɼ - 5y2 ʜʝʥ. ʝʜ. 

ʀʪʘʢ,  

F = 1x1 + 3x2 + 2y1 + 5y2 Ÿ min                           (3.2) 

(ʦʙʱʘʷ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʜʦʣʞʥʘ ʙʳʪʴ ʤʠʥʠʤʘʣʴʥʦʡ).  

ʉʬʦʨʤʫʣʠʨʫʝʤ ʟʘʜʘʯʫ ʤʘʪʝʤʘʪʠʯʝʩʢʠ. 

ʅʘ ʤʥʦʞʝʩʪʚʝ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ ʦʛʨʘʥʠʯʝʥʠʡ (3.1) ʥʘʡʪʠ ʪʘʢʦʝ ʨʝʰʝʥʠʝ, 

ʢʦʪʦʨʦʝ ʦʙʨʘʱʘʝʪ ʚ ʤʠʥʠʤʫʤ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ F (3.2), ʠʣʠ ʥʘʡʪʠ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ (x1, x2, y1, y2), ʦʧʨʝʜʝʣʷʝʤʳʡ ʩʠʩʪʝʤʦʡ ʦʛʨʘʥʠʯʝʥʠʡ (3.1) ʠ 

ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ (3.2). 

ʇʝʨʝʡʪʠ ʢ ʦʥʣʘʡʥ ʨʝʰʝʥʠʶ ʩʚʦʝʡ ʟʘʜʘʯʠ  
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ɿʘʜʘʯʘ ʦ ʩʦʩʪʘʚʣʝʥʠʠ ʧʣʘʥʘ 

ʅʝʢʦʪʦʨʦʤʫ ʟʘʚʦʜʫ ʪʨʝʙʫʝʪʩʷ ʩʦʩʪʘʚʠʪʴ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʚʳʧʫʩʢʘ ʜʚʫʭ 

ʚʠʜʦʚ ʠʟʜʝʣʠʡ, ʢʦʪʦʨʳʝ ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʥʘ ʯʝʪʳʨʝʭ ʚʠʜʘʭ ʤʘʰʠʥ. ʀʟʚʝʩʪʥʳ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ ʠ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʦʙʦʨʫʜʦʚʘʥʠʷ; ʮʝʥʘ 

ʠʟʜʝʣʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʘʷ ʧʨʠʙʳʣʴ ʟʘʚʦʜʫ, ʩʦʩʪʘʚʣʷʝʪ 4 ʪʳʩ. ʨʫʙ. ʟʘ ʠʟʜʝʣʠʝ I 

ʚʠʜʘ, 6 ʪʳʩ. ʨʫʙ. - ʟʘ ʠʟʜʝʣʠʝ II ʚʠʜʘ. ʉʦʩʪʘʚʠʪʴ ʧʣʘʥ ʚʳʧʫʩʢʘ ʵʪʠʭ ʠʟʜʝʣʠʡ ʪʘʢ, 

ʯʪʦʙʳ ʦʪ ʨʝʘʣʠʟʘʮʠʠ ʠʭ ʟʘʚʦʜ ʧʦʣʫʯʠʣ ʥʘʠʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ. ɺ ʪʘʙʣʠʮʝ 

ʫʢʘʟʘʥʦ ʚʨʝʤʷ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʢʘʞʜʦʛʦ ʠʟ ʜʚʫʭ ʚʠʜʦʚ ʠʟʜʝʣʠʡ ʥʘ 

ʦʙʦʨʫʜʦʚʘʥʠʠ ʚʩʝʭ ʯʝʪʳʨʝʭ ʚʠʜʦʚ (ʪʘʙʣ. 3.2).  

ʊʘʙʣʠʮʘ 3.2  

 

ʀʟʜʝʣʠʷ 

ɺʠʜʳ ʤʘʰʠʥ 

1 2 3 4 

I 1 0,5 1 0 

II  1 1 0 1 

ɺʦʟʤʦʞʥʦʝ 

ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʤʘʰʠʥ 

18 12 12 9 

 

ʇʦʩʪʨʦʠʤ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ. 

ɺ ʟʘʜʘʯʝ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʧʣʘʥ ʚʳʧʫʩʢʘ ʠʟʜʝʣʠʡ, ʦʙʦʟʥʘʯʠʤ ʟʘ x 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʜʝʣʠʡ I ʚʠʜʘ, ʟʘ y - ʢʦʣʠʯʝʩʪʚʦ ʠʟʜʝʣʠʡ II ʚʠʜʘ. ʊʦʛʜʘ ʧʦʩʯʠʪʘʝʤ, 

ʩʢʦʣʴʢʦ ʚʨʝʤʝʥʠ ʟʘʪʨʘʪʠʪ ʧʝʨʚʘʷ ʤʘʰʠʥʘ ʥʘ ʦʙʨʘʙʦʪʢʫ ʚʩʝʭ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʠʟʜʝʣʠʡ. ʆʥʘ ʪʨʘʪʠʪ ʦʜʥʫ ʝʜʠʥʠʮʫ ʚʨʝʤʝʥʠ ʥʘ ʦʜʥʦʛʦ ʠʟʜʝʣʠʝ I ʚʠʜʘ, ʟʥʘʯʠʪ ʥʘ 

x ʰʪʫʢ ʠʟʜʝʣʠʡ ʧʦʪʨʘʪʠʪ 1x ʝʜ. ʚʨʝʤʝʥʠ, ʥʘ ʦʙʨʘʙʦʪʢʫ y ʠʟʜʝʣʠʡ II ʚʠʜʘ 

ʟʘʪʨʘʪʠʪʩʷ 1y ʝʜ. ʚʨʝʤʝʥʠ. ɺʩʝʛʦ ʨʝʟʝʨʚ ʚʨʝʤʝʥʠ ʨʘʙʦʪʳ ʧʝʨʚʦʡ ʤʘʰʠʥʳ - 18 

ʝʜʠʥʠʮ ʚʨʝʤʝʥʠ. ɿʥʘʯʠʪ, x + y Ò 18. ɸʥʘʣʦʛʠʯʥʳʝ ʨʘʩʩʫʞʜʝʥʠʷ ʩʦ ʚʪʦʨʦʡ 

ʤʘʰʠʥʦʡ, ʪʨʝʪʴʝʡ ʠ ʯʝʪʚʝʨʪʦʡ ʜʘʜʫʪ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ: 
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                                          (3.3)  

 

ʆʙʱʘʷ ʧʨʠʙʳʣʴ ʙʫʜʝʪ ʚʳʨʘʞʝʥʘ ʚ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ:  

 

F = 4x + 6y Ÿ max.                                                       (3.4) 

  

ɿʘʜʘʯʘ ʩʦʩʪʦʠʪ ʚ ʥʘʭʦʞʜʝʥʠʠ ʥʘ ʤʥʦʞʝʩʪʚʝ ʨʝʰʝʥʠʡ ʩʠʩʪʝʤʳ (3.3) ʪʘʢʦʛʦ 

ʨʝʰʝʥʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ (3.4) ʙʳʣʦ ʙʳ ʤʘʢʩʠʤʘʣʴʥʳʤ.  

 

ɿʘʜʘʯʘ ʩʦʩʪʘʚʣʝʥʠʷ ʩʤʝʩʠ 

ɽʱʝ ʦʜʥʘ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʘʷ ʟʘʜʘʯʘ ʃʇ - ʟʘʜʘʯʘ ʦ ʩʦʩʪʘʚʣʝʥʠʠ ʩʤʝʩʠ. 

ʇʨʠʤʝʨʦʤ ʪʘʢʠʭ ʟʘʜʘʯ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʯʘ ʦ ʩʦʩʪʘʚʣʝʥʠʠ ʪʘʢʠʭ ʩʤʝʩʝʡ 

ʥʝʬʪʝʧʨʦʜʫʢʪʦʚ, ʢʦʪʦʨʳʝ ʙʳ ʫʜʦʚʣʝʪʚʦʨʷʣʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤ 

ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʙʳʣʠ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʤʠ ʧʦ ʩʪʦʠʤʦʩʪʠ. ʃʠʙʦ ʟʘʜʘʯʠ ʦ ʨʘʮʠʦʥʝ, 

ʢʦʛʜʘ ʠʟʚʝʩʪʥʘ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚʘʭ ʠ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ 

ʚʝʱʝʩʪʚ ʚ ʨʘʟʣʠʯʥʳʭ ʧʨʦʜʫʢʪʘʭ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʨʘʮʠʦʥ ʪʘʢ, ʯʪʦʙʳ 

ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʥʝʦʙʭʦʜʠʤʳʭ ʚʝʱʝʩʪʚʘʭ, ʠ ʧʨʠ ʵʪʦʤ ʧʨʦʜʫʢʪʦʚʘʷ 

ʢʦʨʟʠʥʘ ʠʤʝʣʘ ʙʳ ʤʠʥʠʤʘʣʴʥʫʶ ʩʪʦʠʤʦʩʪʴ ʧʨʠ ʟʘʜʘʥʥʳʭ ʮʝʥʘʭ ʥʘ ʧʨʦʜʫʢʪʳ.  

ʇʨʘʢʪʠʯʝʩʢʠ ʧʦʜʦʙʥʳʝ ʟʘʜʘʯʠ ʩʪʘʚʷʪʩʷ, ʢ ʧʨʠʤʝʨʫ, ʚ ʣʶʙʦʤ ʞʠʚʦʪʥʦʚʦʜʯʝʩʢʦʤ 

ʭʦʟʷʡʩʪʚʝ ʠ ʠʤʝʶʪ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʩʧʝʢʪʨ ʧʨʠʤʝʥʝʥʠʷ. 

ʈʘʩʩʤʦʪʨʠʤ ʧʨʠʤʝʨ. ɼʣʷ ʦʪʢʦʨʤʘ ʮʳʧʣʷʪ ʥʘ ʧʪʠʮʝʬʘʙʨʠʢʝ ʚ ʠʭ ʨʘʮʠʦʥ 

ʥʝʦʙʭʦʜʠʤʦ ʚʢʣʶʯʘʪʴ ʥʝ ʤʝʥʝʝ 33 ʝʜʠʥʠʮ ʚʝʱʝʩʪʚʘ ɸ, 23 ʝʜʠʥʠʮ ʧʠʪʘʪʝʣʴʥʦʛʦ 

ʚʝʱʝʩʪʚʘ ɺ, 12 ʝʜʠʥʠʮ ʉ. ɼʣʷ ʦʪʢʦʨʤʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʨʠ ʚʠʜʘ ʢʦʨʤʘ. ɼʘʥʥʳʝ ʦ 

ʩʦʜʝʨʞʘʥʠʠ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʘʞʜʦʤ ʚʠʜʝ ʢʦʨʤʘ ʟʘʜʘʥʳ ʪʘʙʣʠʮʝʡ. 

ʊʘʢʞʝ ʠʟʚʝʩʪʥʘ ʩʪʦʠʤʦʩʪʴ ʢʦʨʤʦʚ. ʅʝʦʙʭʦʜʠʤʦ ʩʦʩʪʘʚʠʪʴ ʥʘʠʙʦʣʝʝ ʜʝʰʝʚʳʡ 

ʨʘʮʠʦʥ (ʪʘʙʣ. 3.3).  
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ʊʘʙʣʠʮʘ 3.3  

ʂʦʨʤʘ-

ʧʨʦʜʫʢʪʳ 

ɺʝʱʝʩʪʚʘ ʉʪʦʠʤʦʩʪʴ 

1 ʝʜ. 

ʢʦʨʤʘ 
ɸ ɺ ʉ 

I 4 3 1 20 

II  3 2 1 20 

III  2 1 2 10 

 

ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʟʘʜʘʯʠ ʤʦʞʝʪʝ ʧʨʝʜʩʪʘʚʠʪʴ ʩʝʙʝ, ʯʪʦ ʚʝʱʝʩʪʚʘ ɸ, ɺ, ʉ - ʵʪʦ 

ʞʠʨʳ, ʙʝʣʢʠ, ʫʛʣʝʚʦʜʳ, ʘ ʧʨʦʜʫʢʪʳ I, II, III - ʪʦ, ʯʝʤ ʢʦʨʤʷʪ ʮʳʧʣʷʪ, ʥʘʧʨʠʤʝʨ, 

ʧʰʝʥʦ, ʢʦʤʙʠʢʦʨʤ, ʚʠʪʘʤʠʥʥʳʝ ʜʦʙʘʚʢʠ. ʊʦʛʜʘ ʧʝʨʚʘʷ ʩʪʨʦʢʘ ʪʘʙʣʠʮʳ 

ʧʦʢʘʟʳʚʘʝʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʦʜʥʦʡ ʝʜʠʥʠʮʝ ʧʰʝʥʘ: 4 ʝʜ. ʙʝʣʢʘ, 3 ʝʜ. ʞʠʨʦʚ, ʦʜʥʦʡ 

ʝʜ. ʫʛʣʝʚʦʜʦʚ. ɺʪʦʨʘʷ ʩʪʨʦʢʘ - ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʦʚ, ʞʠʨʦʚ, ʫʛʣʝʚʦʜʦʚ ʚ 1 ʝʜ. II 

ʧʨʦʜʫʢʪʘ ʠ ʪ. ʜ. 

ɽʩʣʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʷʩʥʘ, ʧʨʠʩʪʫʧʠʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ 

ʤʦʜʝʣʠ. ɺ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʫʶ ʟʘʜʘʯʫ ʤʳ ʜʦʣʞʥʳ ʧʨʝʜʣʦʞʠʪʴ 

ʨʘʮʠʦʥ, ʪ. ʝ. ʫʢʘʟʘʪʴ ʩʢʦʣʴʢʦ ʠ ʢʘʢʠʭ ʢʦʨʤʦʚ ʚʟʷʪʴ, ʯʪʦʙʳ ʥʝʦʙʭʦʜʠʤʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ ʙʳʣʦ ʩʦʙʣʶʜʝʥʦ ʠ ʧʨʠ ʵʪʦʤ ʦʥ ʩʪʦʠʣ ʢʘʢ 

ʤʦʞʥʦ ʜʝʰʝʚʣʝ.  

ʇʦʵʪʦʤʫ, ʦʙʦʟʥʘʯʠʤ ʟʘ x1 ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʦʚ ʪʠʧʘ I ʚ ʨʘʮʠʦʥʝ, ʟʘ x2 - 

ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʦʚ ʪʠʧʘ II ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, x3 - ʢʦʣʠʯʝʩʪʚʦ ʢʦʨʤʘ III ʚ 

ʨʘʮʠʦʥʝ. ʊʦʛʜʘ, ʚʝʱʝʩʪʚʘ ɸ ʧʨʠ ʫʧʦʪʨʝʙʣʝʥʠʠ ʪʘʢʦʛʦ ʨʘʮʠʦʥʘ ʮʳʧʣʷʪʘ ʧʦʣʫʯʘʪ 

4x1 - ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ ʧʨʦʜʫʢʪʦʚ ʪʠʧʘ I, 3x2 - ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ II ʧʨʦʜʫʢʪʘ, 2x3 

- ʧʨʠ ʧʦʪʨʝʙʣʝʥʠʠ III. ɺʩʝʛʦ ʚʝʱʝʩʪʚʘ ɸ ʥʝʦʙʭʦʜʠʤʦ ʫʧʦʪʨʝʙʠʪʴ ʧʦ ʫʩʣʦʚʠʶ 

ʟʘʜʘʯʠ ʥʝ ʤʝʥʝʝ 33 ʝʜʠʥʠʮ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 4x1 + 3x2 + 2x3 Ó 33.  

ɸʥʘʣʦʛʠʯʥʦ ʨʘʩʩʫʞʜʘʷ ʩ ʚʝʱʝʩʪʚʘʤʠ ɺ ʠ ʉ, ʠʤʝʝʤ:  

3x1 + 2x2 + 1x3 Ó 23 ʠ x1 + x2 + 2x3 Ó 12.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʠʤ ʩʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ:  
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                                              (3.5)  

 

ʇʝʨʝʤʝʥʥʳʝ ʥʝʦʪʨʠʮʘʪʝʣʴʥʳ ʧʦ ʩʤʳʩʣʫ ʟʘʜʘʯʠ. ʇʨʠ ʵʪʦʤ ʩʪʦʠʤʦʩʪʴ ʨʘʮʠʦʥʘ 

ʚʳʨʘʞʘʝʪʩʷ ʬʫʥʢʮʠʝʡ:  

 

F = 20x1 + 20x2 + 10x3 Ÿ min,                                 (3.6)  

 

ʪ. ʢ. 20, 20, 10 - ʩʪʦʠʤʦʩʪʴ ʦʜʥʦʡ ʝʜ. ʧʨʦʜʫʢʪʦʚ I, II, III ʪʠʧʦʚ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ 

ʚ ʨʘʮʠʦʥʝ ʠʭ ʩʦʜʝʨʞʠʪʩʷ x1, x2, x3 ʝʜʠʥʠʮ.  

ʉʠʩʪʝʤʘ ʦʛʨʘʥʠʯʝʥʠʡ (3.5) ʚʤʝʩʪʝ ʩ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʝʡ (3.6) ʠ ʩʦʩʪʘʚʣʷʶʪ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ. ʈʝʰʠʪʴ ʝʝ - ʟʥʘʯʠʪ ʥʘʡʪʠ x1, x2, x3, 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʩʠʩʪʝʤʝ ʦʛʨʘʥʠʯʝʥʠʡ ʠ ʦʙʨʘʱʘʶʱʠʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ F ʚ 

ʤʠʥʠʤʘʣʴʥʦʝ.  

 

 

ʊʝʤʘ 3.2. ʎʝʣʦʯʠʩʣʝʥʥʦʝ ʣʠʥʝʡʥʦʝ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ  

 

ɺʚʝʜʝʥʠʝ.  

ʇʦʜ ʟʘʜʘʯʝʡ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ (ʎʃʇ) 

ʧʦʥʠʤʘʝʪʩʷ ʟʘʜʘʯʘ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʦʡ ʥʝʢʦʪʦʨʳʝ (ʘ 

ʚʦʟʤʦʞʥʦ, ʠ ʚʩʝ) ʧʝʨʝʤʝʥʥʳʝ ʜʦʣʞʥʳ ʧʨʠʥʠʤʘʪʴ ʮʝʣʳʝ ʟʥʘʯʝʥʠʷ. ɿʘʜʘʯʘ ʎʃʇ 

ʥʘʟʳʚʘʝʪʩʷ ʧʦʣʥʦʩʪʴʶ ʮʝʣʦʯʠʩʣʝʥʥʦʡ, ʝʩʣʠ ʚʩʝ ʝʸ ʧʝʨʝʤʝʥʥʳʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ. ɼʣʷ ʩʤʝʰʘʥʥʦʡ ʟʘʜʘʯʠ ʎʃʇ ʣʠʰʴ ʥʝʢʦʪʦʨʳʝ ʧʝʨʝʤʝʥʥʳʝ 

ʧʨʝʜʧʦʣʘʛʘʶʪʩʷ ʮʝʣʦʯʠʩʣʝʥʥʳʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ ʤʦʛʫʪ ʧʨʠʥʠʤʘʪʴ ʧʨʦʠʟʚʦʣʴʥʳʝ 

(ʥʝʮʝʣʳʝ) ʟʥʘʯʝʥʠʷ.  
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ʇʨʠʤʝʨʳ ʟʘʜʘʯ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ.  

ʎʝʣʦʯʠʩʣʝʥʥʳʝ ʟʘʜʘʯʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʨʘʟʣʠʯʥʳʤʠ ʧʫʪʷʤʠ. 

1. ʉʫʱʝʩʪʚʫʶʪ ʟʘʜʘʯʠ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʬʦʨʤʘʣʴʥʦ ʢ 

ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʥʝ ʦʪʥʦʩʷʪʩʷ, ʥʦ ʧʨʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʚʩʝʛʜʘ ʦʙʣʘʜʘʶʪ ʮʝʣʦʯʠʩʣʝʥʥʳʤ ʧʣʘʥʦʤ. ʇʨʠʤʝʨʳ ʪʘʢʠʭ ʟʘʜʘʯ ï ʪʨʘʥʩʧʦʨʪʥʘʷ 

ʟʘʜʘʯʘ ʠ ʝʝ ʤʦʜʠʬʠʢʘʮʠʠ (ʟʘʜʘʯʠ ʦ ʥʘʟʥʘʯʝʥʠʷʭ, ʦ ʧʦʪʦʢʘʭ ʚ ʩʝʪʷʭ). 

2. ʊʦʣʯʢʦʤ ʢ ʠʟʫʯʝʥʠʶ ʮʝʣʦʯʠʩʣʝʥʥʳʭ ʟʘʜʘʯ ʚ ʩʦʙʩʪʚʝʥʥʦʤ ʩʤʳʩʣʝ ʩʣʦʚʘ 

ʷʚʠʣʦʩʴ ʨʘʩʩʤʦʪʨʝʥʠʝ ʟʘʜʘʯ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ, ʚ ʢʦʪʦʨʳʭ 

ʧʝʨʝʤʝʥʥʳʝ ʧʨʝʜʩʪʘʚʣʷʣʠ ʬʠʟʠʯʝʩʢʠ ʥʝʜʝʣʠʤʳʝ ʚʝʣʠʯʠʥʳ. ʆʥʠ ʙʳʣʠ ʥʘʟʚʘʥʳ 

ʟʘʜʘʯʘʤʠ ʩ ʥʝʜʝʣʠʤʦʩʪʴʶ. ʊʘʢʦʚʳ, ʥʘʧʨʠʤʝʨ, ʟʘʜʘʯʠ ʦʙ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ ʛʨʫʟʦʚ, ʦ ʥʘʭʦʞʜʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦʛʦ ʧʦʨʦʞʥʝʛʦ 

ʧʨʦʙʝʛʘ ʘʚʪʦʤʦʙʠʣʝʡ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʣʘʥʘ ʧʝʨʝʚʦʟʦʢ, ʦʙ 

ʦʧʨʝʜʝʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʦʛʦ ʤʘʰʠʥʥʦʛʦ ʧʘʨʢʘ ʠ ʝʛʦ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦ ʫʢʘʟʘʥʥʳʤ ʨʘʙʦʪʘʤ ʧʨʠ ʫʩʣʦʚʠʠ ʤʠʥʠʤʠʟʘʮʠʠ ʩʫʤʤʘʨʥʦʡ 

ʩʪʦʠʤʦʩʪʠ (ʤʘʰʠʥʥʦʛʦ ʧʘʨʢʘ ʠ ʧʨʦʠʟʚʦʜʠʤʳʭ ʨʘʙʦʪ), ʦ ʥʘʭʦʞʜʝʥʠʠ 

ʤʠʥʠʤʘʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʫʜʦʚ ʜʣʷ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʜʘʥʥʦʛʦ ʛʨʘʬʠʢʘ ʧʝʨʝʚʦʟʦʢ 

ʠ ʪ. ʧ. 

3. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʪʦʣʯʢʦʤ ʢ ʧʦʩʪʨʦʝʥʠʶ ʪʝʦʨʠʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʪʘʣ ʥʦʚʳʡ ʧʦʜʭʦʜ ʢ ʥʝʢʦʪʦʨʳʤ ʵʢʩʪʨʝʤʘʣʴʥʳʤ 

ʢʦʤʙʠʥʘʪʦʨʥʳʤ  ʟʘʜʘʯʘʤ. ɺ ʥʠʭ ʪʨʝʙʫʝʪʩʷ ʥʘʡʪʠ ʵʢʩʪʨʝʤʫʤ ʮʝʣʦʯʠʩʣʝʥʥʦʡ 

ʣʠʥʝʡʥʦʡ ʬʫʥʢʮʠʠ, ʟʘʜʘʥʥʦʡ ʥʘ ʢʦʥʝʯʥʦʤ ʤʥʦʞʝʩʪʚʝ ʵʣʝʤʝʥʪʦʚ. ʊʘʢʠʝ ʟʘʜʘʯʠ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʟʘʜʘʯʘʤʠ ʩ ʘʣʴʪʝʨʥʘʪʠʚʥʳʤʠ ʧʝʨʝʤʝʥʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ 

ʧʨʠʤʝʨʦʚ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʟʘʜʘʯʠ ʢʦʤʤʠʚʦʷʞʝʨʘ (ʙʨʦʜʷʯʝʛʦ ʪʦʨʛʦʚʮʘ), ʦʙ 

ʦʧʪʠʤʘʣʴʥʦʤ ʥʘʟʥʘʯʝʥʠʠ, ʪʝʦʨʠʠ ʨʘʩʧʠʩʘʥʠʷ, ʠʣʠ ʢʘʣʝʥʜʘʨʥʦʛʦ ʧʣʘʥʠʨʦʚʘʥʠʷ, 

ʠ ʟʘʜʘʯʠ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤʠ ʣʦʛʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ (ʥʘʧʨʠʤʝʨ, ʪʠʧʘ çʠʣʠ ï 

ʠʣʠè, çʝʩʣʠ ï ʪʦè ʠ ʪ. ʧ.). 

       ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʦʡ ʟʘʜʘʯʝʡ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʪʠʧʘ ʷʚʣʷʝʪʩʷ 

ʦʧʫʙʣʠʢʦʚʘʥʥʘʷ ʚ 1932 ʛ. ʚʝʥʛʝʨʩʢʠʤ ʤʘʪʝʤʘʪʠʢʦʤ ɽ. ʕʛʝʨʚʘʨʠ ʟʘʜʘʯʘ ʦ 

ʥʘʟʥʘʯʝʥʠʠ ʧʝʨʩʦʥʘʣʘ. ɺ 1955 ʛ. ʥʘ ɺʪʦʨʦʤ ʩʠʤʧʦʟʠʫʤʝ ʧʦ ʣʠʥʝʡʥʦʤʫ 
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ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʶ ʙʳʣʘ ʨʘʩʩʤʦʪʨʝʥʘ ʟʘʜʘʯʘ ʦ ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʝ, ʠʟʚʝʩʪʥʘʷ 

ʢʘʢ ʟʘʜʘʯʘ ʦ ʨʘʥʮʝ. 

        ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ɺ ʦʙʱʝʤ ʞʝ ʩʣʫʯʘʝ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʎʃʇ ʪʨʝʙʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ 

ʤʝʪʦʜʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʪʘʢʠʭ ʤʝʪʦʜʦʚ, ʠʟ ʢʦʪʦʨʳʭ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ɻʦʤʦʨʠ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʦʛʦ ʣʝʞʠʪ 

ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ ʩʠʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ.  

ʇʨʦʮʝʩʩ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ ʟʘʜʘʯʠ ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ɻʦʤʦʨʠ ʚʢʣʶʯʘʝʪ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ ʵʪʘʧʳ:  

1. ʀʩʧʦʣʴʟʫʷ ʩʠʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ, ʥʘʭʦʜʷʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʙʝʟ ʫʯʝʪʘ 

ʪʨʝʙʦʚʘʥʠʷ ʮʝʣʦʯʠʩʣʝʥʥʦʩʪʠ ʧʝʨʝʤʝʥʥʳʭ.  

2. ʉʦʩʪʘʚʣʷʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʦʛʨʘʥʠʯʝʥʠʝ ʜʣʷ ʧʝʨʝʤʝʥʥʦʡ, ʢʦʪʦʨʘʷ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʣʘʥʝ ʟʘʜʘʯʠ ʠʤʝʝʪ ʤʘʢʩʠʤʘʣʴʥʦʝ ʜʨʦʙʥʦʝ ʟʥʘʯʝʥʠʝ, ʘ ʚ 

ʦʧʪʠʤʘʣʴʥʦʤ ʧʣʘʥʝ ʟʘʜʘʯʠ ʜʦʣʞʥʘ ʙʳʪʴ ʮʝʣʦʯʠʩʣʝʥʥʦʡ.  

3. ʀʩʧʦʣʴʟʫʷ ʜʚʦʡʩʪʚʝʥʥʳʡ ʩʠʤʧʣʝʢʩïʤʝʪʦʜ, ʥʘʭʦʜʷʪ ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ, 

ʧʦʣʫʯʘʶʱʝʡʩʷ ʠʟ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʦʝʜʠʥʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʦʛʨʘʥʠʯʝʥʠʷ.  

 4. ɺ ʩʣʫʯʘʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ ʝʱʝ ʦʜʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ 

ʦʛʨʘʥʠʯʝʥʠʝ ʠ ʧʨʦʜʦʣʞʘʶʪ ʠʪʝʨʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʜʦ ʧʦʣʫʯʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʧʣʘʥʘ ʠʩʭʦʜʥʦʡ ʟʘʜʘʯʠ ʠʣʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʝʝ ʥʝʨʘʟʨʝʰʠʤʦʩʪʠ.  

 

ʊʝʤʘ 3.3. ʄʝʪʦʜʳ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʳʭ ʟʘʜʘʯ  

ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʠ ʩʪʨʘʪʝʛʠʠ ʨʝʰʝʥʠʷ. ʄʝʪʦʜʳ ʥʘʭʦʞʜʝʥʠʷ 

ʥʘʯʘʣʴʥʦʛʦ ʧʣʘʥʘ ʧʝʨʝʚʦʟʦʢ. ʄʝʪʦʜ ʧʦʪʝʥʮʠʘʣʦʚ 

 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ (ʟʘʜʘʯʘ ʄʦʥʞʘ - ʂʘʥʪʦʨʦʚʠʯʘ) - ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʟʘʜʘʯʘ 

ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʛʦ ʚʠʜʘ ʦ ʧʦʠʩʢʝ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʜʥʦʨʦʜʥʳʭ ʦʙʲʝʢʪʦʚ ʠʟ ʘʢʢʫʤʫʣʷʪʦʨʘ ʢ ʧʨʠʝʤʥʠʢʘʤ ʩ 

ʤʠʥʠʤʠʟʘʮʠʝʡ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʤʝʱʝʥʠʝ. 

http://www.mathelp.spb.ru/applet/SimplexTool.htm
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ɼʣʷ ʧʨʦʩʪʦʪʳ ʧʦʥʠʤʘʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʟʘʜʘʯʘ ʦʙ ʦʧʪʠʤʘʣʴʥʦʤ ʧʣʘʥʝ 

ʧʝʨʝʚʦʟʦʢ ʛʨʫʟʦʚ ʠʟ ʧʫʥʢʪʦʚ ʦʪʧʨʘʚʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʩʢʣʘʜʦʚ) ʚ ʧʫʥʢʪʳ 

ʧʦʪʨʝʙʣʝʥʠʷ (ʥʘʧʨʠʤʝʨ, ʤʘʛʘʟʠʥʳ), ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʦʙʱʠʤʠ ʟʘʪʨʘʪʘʤʠ ʥʘ 

ʧʝʨʝʚʦʟʢʠ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʦʧʠʩʘʥʘ ʚʳʰʝ. 

ʈʝʠhʪʴ ʪʨʘʥʩʧʦʨʪʥʫʶ ʟʘʜʘʯʫ ʤʦʞʥʦ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ, ʥʘʯʠʥʘʷ ʦʪ 

ʩʠʤʧʣʝʢʩ-ʤʝʪʦʜʘ ʠ ʧʨʦʩʪʦʛʦ ʧʝʨʝʙʦʨʘ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʤʝʪʦʜʦʤ ʛʨʘʬʦʚ. ʆʜʠʥ ʠʟ 

ʥʘʠʙʦʣʝʝ ʧʨʠʤʝʥʷʝʤʳʭ ʠ ʧʦʜʭʦʜʷʱʠʭ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʩʣʫʯʘʝʚ ʤʝʪʦʜʦʚ ï 

ʠʪʝʨʘʮʠʦʥʥʦʝ ʫʣʫʯʰʝʥʠʝ ʧʣʘʥʘ ʧʝʨʝʚʦʟʦʢ. 

ʉʫʪʴ ʝʛʦ ʚ ʩʣʝʜʫʶʱʝʤ: ʥʘʭʦʜʠʤ ʥʝʢʠʡ ʦʧʦʨʥʳʡ ʧʣʘʥ ʠ ʧʨʦʚʝʨʷʝʤ ʝʛʦ ʥʘ 

ʦʧʪʠʤʘʣʴʥʦʩʪʴ (F Ÿ min). ɽʩʣʠ ʧʣʘʥ ʦʧʪʠʤʘʣʝʥ ï ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ. ɽʩʣʠ ʥʝʪ ï 

ʫʣʫʯʰʘʝʪ ʧʣʘʥ ʩʪʦʣʴʢʦ ʨʘʟ, ʩʢʦʣʴʢʦ ʧʦʪʨʝʙʫʝʪʩʷ, ʧʦʢʘ ʥʝ ʙʫʜʝʪ ʥʘʡʜʝʥ 

ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʘʣʛʦʨʠʪʤ ʨʝʰʝʥʠʷ ʪʨʘʥʩʧʦʨʪʥʦʡ ʟʘʜʘʯʠ ʚ ʩʘʤʦʤ ʦʙʱʝʤ 

ʚʠʜʝ: 

1. ʇʦʩʪʨʦʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʳ. 

2. ʇʨʦʚʝʨʢʘ ʟʘʜʘʯʠ ʥʘ ʟʘʢʨʳʪʦʩʪʴ. 

3. ʉʦʩʪʘʚʣʝʥʠʝ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ. 

4. ʇʨʦʚʝʨʢʘ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ ʥʘ ʚʳʨʦʞʜʝʥʥʦʩʪʴ. 

5. ɺʳʯʠʩʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʧʣʘʥʘ ʧʝʨʝʚʦʟʢʠ. 

6. ʇʨʦʚʝʨʢʘ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ. 

7. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʘʚʦʢ. 

8. ɽʩʣʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʧʝʨʝʭʦʜʠʤ ʢ ʧ. 9, ʝʩʣʠ ʥʝʪ ï ʢ ʧ. 5. 

9. ɺʳʯʠʩʣʝʥʠʝ ʦʙʱʠʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ. 

10. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʧʝʨʝʚʦʟʦʢ. 

 

1. ʇʦʩʪʨʦʝʥʠʝ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʳ  

ʉʪʨʦʠʤ ʪʘʙʣʠʮʫ, ʛʜʝ ʫʢʘʟʳʚʘʝʤ ʟʘʧʘʩʳ ʤʘʪʝʨʠʘʣʦʚ, ʠʤʝʶʱʠʝʩʷ ʥʘ ʩʢʣʘʜʘʭ 

ʧʦʩʪʘʚʱʠʢʦʚ (A i), ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʟʘʚʦʜʦʚ (Bj) ʚ ʵʪʠʭ ʤʘʪʝʨʠʘʣʘʭ. 
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ɺ ʥʠʞʥʠʡ ʧʨʘʚʳʡ ʫʛʦʣ ʷʯʝʝʢ ʪʘʙʣʠʮʳ ʟʘʥʦʩʠʤ ʟʥʘʯʝʥʠʝ ʪʘʨʠʬʦʚ ʥʘ 

ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ (Cij). 

 

 

2. ʇʨʦʚʝʨʢʘ ʟʘʜʘʯʠ ʥʘ ʟʘʢʨʳʪʦʩʪʴ 

ʆʙʦʟʥʘʯʠʤ ʩʫʤʤʘʨʥʳʡ ʟʘʧʘʩ ʛʨʫʟʘ ʫ ʚʩʝʭ ʧʦʩʪʘʚʱʠʢʦʚ ʩʠʤʚʦʣʦʤ A, ʘ 

ʩʫʤʤʘʨʥʫʶ ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʛʨʫʟʝ ʫ ʚʩʝʭ ʧʦʪʨʝʙʠʪʝʣʝʡ ï ʩʠʤʚʦʣʦʤ B. 

ʊʦʛʜʘ: 

 

ʊʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ ʥʘʟʳʚʘʝʪʩʷ ʟʘʢʨʳʪʦʡ, ʝʩʣʠ A = B . ɽʩʣʠ ʞʝ A Í B , ʪʦ 

ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ ʥʘʟʳʚʘʝʪʩʷ ʦʪʢʨʳʪʦʡ. ɺ ʩʣʫʯʘʝ ʟʘʢʨʳʪʦʡ ʟʘʜʘʯʠ ʦʪ 

ʧʦʩʪʘʚʱʠʢʦʚ ʙʫʜʫʪ ʚʳʚʝʟʝʥʳ ʚʩʝ ʟʘʧʘʩʳ ʛʨʫʟʘ, ʠ ʚʩʝ ʟʘʷʚʢʠ ʧʦʪʨʝʙʠʪʝʣʝʡ ʙʫʜʫʪ 

ʫʜʦʚʣʝʪʚʦʨʝʥʳ. ɺ ʩʣʫʯʘʝ ʦʪʢʨʳʪʦʡ ʟʘʜʘʯʠ ʜʣʷ ʝʝ ʨʝʰʝʥʠʷ ʧʨʠʜʝʪʩʷ ʚʚʦʜʠʪʴ 

ʬʠʢʪʠʚʥʳʭ ʧʦʩʪʘʚʱʠʢʦʚ ʠʣʠ ʧʦʪʨʝʙʠʪʝʣʝʡ. 

ʇʨʦʚʝʨʠʤ ʟʘʜʘʯʫ ʥʘ ʟʘʢʨʳʪʦʩʪʴ: 

A = 10 + 20 + 30 = 60 

B = 15 + 20 + 25 = 60 

A = B, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʜʘʥʥʘʷ ʪʨʘʥʩʧʦʨʪʥʘʷ ʟʘʜʘʯʘ ï ʟʘʢʨʳʪʘʷ. 

 

3. ʉʦʩʪʘʚʣʝʥʠʝ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ  



47 

ʉʦʩʪʘʚʣʷʝʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ (ʦʧʦʨʥʳʡ) ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ. ʆʥ ʥʝ ʦʙʷʟʘʪʝʣʴʥʦ 

ʜʦʣʞʝʥ ʙʳʪʴ ʦʧʪʠʤʘʣʴʥʳʡ. ʕʪʦ ʧʨʦʩʪʦ ʩʚʦʝʦʙʨʘʟʥʳʡ çʯʝʨʥʦʚʠʢè, çʥʘʙʨʦʩʦʢè, 

ʫʣʫʯʰʘʷ ʢʦʪʦʨʳʡ ʤʳ ʧʦʩʪʝʧʝʥʥʦ ʧʨʠʜʝʤ ʢ ʧʣʘʥʫ ʦʧʪʠʤʘʣʴʥʦʤʫ. 

ɽʩʪʴ ʨʘʟʥʳʝ ʤʝʪʦʜʳ ʥʘʭʦʞʜʝʥʠʷ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ. ʅʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʩʣʝʜʫʶʱʠʝ: 

ʘ) ʄʝʪʦʜ ʉʝʚʝʨʦ-ɿʘʧʘʜʥʦʛʦ ʫʛʣʘ. 

ʉʫʪʴ ʤʝʪʦʜʘ ʧʨʦʩʪʘ - ʷʯʝʡʢʠ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʟʘʧʦʣʥʷʶʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʳʤʠ ʦʙʲʝʤʘʤʠ ʧʝʨʝʚʦʟʦʢ, ʚ ʥʘʧʨʘʚʣʝʥʠʠ 

ʩʚʝʨʭʫ ʚʥʠʟ ʠ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. ʊʦ ʝʩʪʴ ʩʧʝʨʚʘ ʟʘʧʦʣʥʷʝʪʩʷ ʩʘʤʘʷ ʚʝʨʭʥʷʷ ʣʝʚʘʷ 

ʷʯʝʡʢʘ ("ʩʝʚʝʨʦ-ʟʘʧʘʜʥʘʷ" ʷʯʝʡʢʘ), ʧʦʪʦʤ ʩʣʝʜʫʶʱʘʷ ʩʧʨʘʚʘ ʠ ʪ.ʜ. ɿʘʪʝʤ 

ʧʝʨʝʭʦʜʷʪ ʥʘ ʥʦʚʫʶ ʩʪʨʦʢʫ ʠ ʚʥʦʚʴ ʟʘʧʦʣʥʷʶʪ ʝʝ ʩʣʝʚʘ ʥʘʧʨʘʚʦ. ʀ ʪʘʢ ʧʦʢʘ 

ʪʘʙʣʠʮʘ ʥʝ ʙʫʜʝʪ ʟʘʧʦʣʥʝʥʘ ʧʦʣʥʦʩʪʴʶ. 

ʙ) ʄʝʪʦʜ ʤʠʥʠʤʘʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʄʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʜʣʷ ʟʘʧʦʣʥʝʥʠʷ ʷʯʝʝʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʳ 

ʚʳʙʠʨʘʝʪʩʷ ʢʣʝʪʢʘ ʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʪʘʨʠʬʘ. ɿʘʪʝʤ ʚʳʙʠʨʘʝʪʩʷ 

ʩʣʝʜʫʶʱʘʷ ʢʣʝʪʢʘ ʩ ʥʘʠʤʝʥʴʰʠʤ ʪʘʨʠʬʦʤ ʠ ʪʘʢ ʧʨʦʜʦʣʞʘʝʪʩʷ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ 

ʪʘʙʣʠʮʘ ʥʝ ʙʫʜʝʪ ʟʘʧʦʣʥʝʥʘ (ʚʩʝ ʟʘʧʘʩʳ ʠ ʧʦʪʨʝʙʥʦʩʪʠ ʧʨʠ ʵʪʦʤ ʦʙʥʫʣʷʪʩʷ).  

ʚ) ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʌʦʛʝʣʷ.  

ʆʩʥʦʚʘ ʤʝʪʦʜʘ ʚ ʥʘʭʦʞʜʝʥʠʠ ʨʘʟʥʦʩʪʠ (ʧʦ ʤʦʜʫʣʶ) ʤʝʞʜʫ ʧʘʨʦʡ 

ʤʠʥʠʤʘʣʴʥʳʭ ʪʘʨʠʬʦʚ ʚ ʢʘʞʜʦʡ ʩʪʨʦʢʝ ʠ ʩʪʦʣʙʮʝ. ɿʘʪʝʤ ʚ ʩʪʨʦʢʝ ʠʣʠ ʩʪʦʣʙʮʝ 

ʩ ʥʘʠʙʦʣʴʰʝʡ ʨʘʟʥʦʩʪʴʶ ʟʘʧʦʣʥʷʝʪʩʷ ʢʣʝʪʢʘ ʩ ʥʘʠʤʝʥʴʰʠʤ ʪʘʨʠʬʦʤ. ɿʘʪʝʤ ʚʩʝ 

ʵʪʠ ʜʝʡʩʪʚʠʷ ʧʦʚʪʦʨʷʶʪʩʷ ʟʘʥʦʚʦ, ʪʦʣʴʢʦ ʧʨʠ ʵʪʦʤ ʫʞʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ 

ʟʘʧʦʣʥʝʥʥʳʝ ʢʣʝʪʢʠ. 

ʛ) ʄʝʪʦʜ ʜʚʦʡʥʦʛʦ ʧʨʝʜʧʦʯʪʝʥʠʷ.  

ʉʫʪʴ ʤʝʪʦʜʘ ʚ ʪʦʤ, ʯʪʦ ʦʪʤʝʯʘʶʪʩʷ ʢʣʝʪʢʠ ʩ ʥʘʠʤʝʥʴʰʠʤ ʪʘʨʠʬʦʤ ʧʦ 

ʩʪʨʦʢʘʤ, ʘ ʟʘʪʝʤ ʧʦ ʩʪʦʣʙʮʘʤ. ɿʘʪʝʤ ʷʯʝʡʢʠ ʟʘʧʦʣʥʷʶʪʩʷ ʚ ʩʣʝʜʫʶʱʝʡ 

ʦʯʝʨʝʜʥʦʩʪʠ: ʩʥʘʯʘʣʘ ʢʣʝʪʢʠ ʩ ʜʚʫʤʷ ʦʪʤʝʪʢʘʤʠ, ʧʦʪʦʤ ʩ ʦʜʥʦʡ, ʥʘʢʦʥʝʮ ʙʝʟ 

ʦʪʤʝʪʦʢ. 
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4. ʇʨʦʚʝʨʢʘ ʦʧʦʨʥʦʛʦ ʧʣʘʥʘ ʥʘ ʚʳʨʦʞʜʝʥʥʦʩʪʴ 

ʂʣʝʪʢʠ ʪʘʙʣʠʮʳ, ʚ ʢʦʪʦʨʳʝ ʟʘʧʠʩʘʥʳ ʦʪʣʠʯʥʳʝ ʦʪ ʥʫʣʷ ʧʝʨʝʚʦʟʢʠ, 

ʥʘʟʳʚʘʶʪʩʷ ʙʘʟʠʩʥʳʤʠ, ʘ ʦʩʪʘʣʴʥʳʝ (ʧʫʩʪʳʝ) - ʩʚʦʙʦʜʥʳʤʠ. ʇʣʘʥ ʥʘʟʳʚʘʝʪʩʷ 

ʚʳʨʦʞʜʝʥʥʳʤ, ʝʩʣʠ ʢʦʣʠʯʝʩʪʚʦ ʙʘʟʠʩʥʳʭ ʢʣʝʪʦʢ ʚ ʥʝʤ ʤʝʥʴʰʝ, ʯʝʤ m + n -1. 

ɽʩʣʠ ʚʦ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʧʦʣʫʯʠʣʩʷ ʚʳʨʦʞʜʝʥʥʳʡ ʧʣʘʥ, ʪʦ ʝʛʦ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʧʦʣʥʠʪʴ, ʧʨʦʩʪʘʚʠʚ ʚ ʥʝʜʦʩʪʘʶʱʝʤ ʯʠʩʣʝ ʢʣʝʪʦʢ ʥʫʣʝʚʫʶ 

ʧʝʨʝʚʦʟʢʫ ʠ ʧʨʝʚʨʘʪʠʚ, ʪʝʤ ʩʘʤʳʤ, ʵʪʠ ʢʣʝʪʢʠ ʚ ʙʘʟʠʩʥʳʝ (ʦʙʱʠʡ ʙʘʣʘʥʩ ʠ 

ʩʫʤʤʘʨʥʘʷ ʩʪʦʠʤʦʩʪʴ ʧʝʨʝʚʦʟʦʢ ʧʣʘʥʘ ʧʨʠ ʵʪʦʤ ʥʝ ʠʟʤʝʥʷʪʩʷ). ʆʜʥʘʢʦ 

ʧʨʦʚʦʜʠʪʴ ʧʦʧʦʣʥʝʥʠʝ ʧʣʘʥʘ, ʚʳʙʠʨʘʷ ʢʣʝʪʢʠ ʧʨʦʠʟʚʦʣʴʥʦ, ʥʝʣʴʟʷ. ʇʣʘʥ 

ʜʦʣʞʝʥ ʙʳʪʴ ʘʮʠʢʣʠʯʝʩʢʠʤ! ʇʣʘʥ ʥʘʟʳʚʘʝʪʩʷ ʘʮʠʢʣʠʯʝʩʢʠʤ, ʝʩʣʠ ʝʛʦ ʙʘʟʠʩʥʳʝ 

ʢʣʝʪʢʠ ʥʝ ʩʦʜʝʨʞʘʪ ʮʠʢʣʦʚ. ʎʠʢʣʦʤ ʚ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʝ ʥʘʟʳʚʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʢʣʝʪʦʢ, ʩʦʝʜʠʥʝʥʥʳʭ ʟʘʤʢʥʫʪʦʡ ʣʦʤʘʥʦʡ ʣʠʥʠʝʡ ʪʘʢ, ʯʪʦʙʳ ʜʚʝ 

ʩʦʩʝʜʥʠʝ ʚʝʨʰʠʥʳ ʣʦʤʘʥʦʡ ʙʳʣʠ ʨʘʩʧʦʣʦʞʝʥʳ ʣʠʙʦ ʚ ʦʜʥʦʡ ʩʪʨʦʢʝ, ʣʠʙʦ ʚ 

ʦʜʥʦʤ ʩʪʦʣʙʮʝ. ʅʠʞʝ ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʮʠʢʣʘ: 

 

ʃʦʤʘʥʘʷ ʣʠʥʠʷ ʤʦʞʝʪ ʠʤʝʪʴ ʪʦʯʢʠ ʩʘʤʦʧʝʨʝʩʝʯʝʥʠʷ, ʥʦ ʥʝ ʚ ʢʣʝʪʢʘʭ ʮʠʢʣʘ. 

ʂʦʣ-ʚʦ ʙʘʟʠʩʥʳʭ ʢʣʝʪʦʢ = 5 

m + n ï 1  = 3 + 3 ï 1 = 5 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʝʨʚʦʥʘʯʘʣʴʥʳʡ ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ ï ʥʝʚʳʨʦʞʜʝʥʥʳʡ. 

5. ɺʳʯʠʩʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣʦʚ ʜʣʷ ʧʣʘʥʘ ʧʝʨʝʚʦʟʢʠ  

ɼʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʝʥʥʳʭ ʧʣʘʥʦʚ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʛʦ ʫʣʫʯʰʝʥʠʷ ʫʜʦʙʥʦ 

ʚʚʝʩʪʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʫʥʢʪʦʚ ʦʪʧʨʘʚʣʝʥʠʷ ʠ ʥʘʟʥʘʯʝʥʠʷ, 

ʥʘʟʳʚʘʝʤʳʝ ʧʦʪʝʥʮʠʘʣʘʤʠ. ʕʪʦʪ ʤʝʪʦʜ ʫʣʫʯʰʝʥʠʷ ʧʣʘʥʘ ʧʝʨʝʚʦʟʦʢ ʥʘʟʳʚʘʝʪʩʷ 
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ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʘʣʦʚ. ɽʩʪʴ ʜʨʫʛʠʝ ʤʝʪʦʜʳ ʠʪʝʨʘʮʠʦʥʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʧʣʘʥʘ 

ʧʝʨʝʚʦʟʦʢ, ʥʦ ʟʜʝʩʴ ʤʳ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʥʝ ʙʫʜʝʤ. 

ʀʪʘʢ, ʩʦʧʦʩʪʘʚʠʤ ʢʘʞʜʦʤʫ ʧʦʩʪʘʚʱʠʢʫ Ai ʠ ʢʘʞʜʦʤʫ ʧʦʪʨʝʙʠʪʝʣʶ Bj 

ʚʝʣʠʯʠʥʳ Ui ʠ Vj ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʪʘʢ, ʯʪʦʙʳ ʜʣʷ ʚʩʝʭ ʙʘʟʠʩʥʳʭ ʢʣʝʪʦʢ ʧʣʘʥʘ 

ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʦʦʪʥʦʰʝʥʠʝ: 

Ui + Vj = Cij 

ɼʦʙʘʚʠʤ ʢ ʪʨʘʥʩʧʦʨʪʥʦʡ ʪʘʙʣʠʮʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʩʪʨʦʢʫ ʠ ʩʪʦʣʙʝʮ ʜʣʷ Ui 

ʠ Vj. 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ U1 = 0. 

 

ʊʦʛʜʘ ʤʳ ʩʤʦʞʝʤ ʥʘʡʪʠ V3 = C13 ï U1 = 1 ï 0 = 1. 
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ɿʥʘʷ V3, ʤʳ ʪʝʧʝʨʴ ʤʦʞʝʤ ʥʘʡʪʠ U3: 

 

ʇʦ ʘʥʘʣʦʛʠʠ ʚʳʯʠʩʣʷʝʤ ʚʩʝ ʦʩʪʘʚʰʠʝʩʷ ʧʦʪʝʥʮʠʘʣʳ: 

 

6. ʇʨʦʚʝʨʢʘ ʧʣʘʥʘ ʥʘ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʤʝʪʦʜʦʤ ʧʦʪʝʥʮʠʘʣʦʚ  

ɼʣʷ ʢʘʞʜʦʡ ʩʚʦʙʦʜʥʦʡ ʢʣʝʪʢʠ ʧʣʘʥʘ ʚʳʯʠʩʣʠʤ ʨʘʟʥʦʩʪʠ 

ȹCij = Cij ï (Ui + Vj ) 

ʠ ʟʘʧʠʰʝʤ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʣʝʚʳʭ ʥʠʞʥʠʭ ʫʛʣʘʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʷʯʝʝʢ. 
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ʇʣʘʥ ʷʚʣʷʝʪʩʷ ʦʧʪʠʤʘʣʴʥʳʤ, ʝʩʣʠ ʚʩʝ ʨʘʟʥʦʩʪʠ ȹCij Ó 0. 

ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʣʘʥ ï ʥʝʦʧʪʠʤʘʣʴʥʳʡ (ȹC22 < 0), ʠ ʝʛʦ ʩʣʝʜʫʝʪ ʫʣʫʯʰʠʪʴ 

ʧʫʪʝʤ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʩʪʘʚʦʢ. 

7. ʇʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʩʪʘʚʦʢ  

ʅʘʡʜʝʤ ʷʯʝʡʢʫ ʩ ʥʘʠʙʦʣʴʰʝʡ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ 

ʨʘʟʥʦʩʪʴʶ ȹCij ʠ ʧʦʩʪʨʦʠʤ ʮʠʢʣ, ʚ ʢʦʪʦʨʦʤ ʢʨʦʤʝ ʵʪʦʡ ʢʣʝʪʢʠ ʚʩʝ ʦʩʪʘʣʴʥʳʝ 

ʷʚʣʷʶʪʩʷ ʙʘʟʠʩʥʳʤʠ. ʊʘʢʦʡ ʮʠʢʣ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʠ ʝʜʠʥʩʪʚʝʥʝʥ. 

 

ʆʪʤʝʪʠʤ ʷʯʝʡʢʫ ʩ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʘʟʥʦʩʪʴʶ ȹCij ʟʥʘʢʦʤ ç+è, ʩʣʝʜʫʶʱʫʶ 

ʟʥʘʢʦʤ ç-è, ʠ ʪʘʢ ʜʘʣʝʝ, ʧʦʦʯʝʨʝʜʥʦ. 

ɿʘʪʝʤ ʥʘʭʦʜʠʤ ʤʠʥʠʤʘʣʴʥʦʡ ʟʥʘʯʝʥʠʝ ʛʨʫʟʘ ʚ ʷʯʝʡʢʘʭ ʮʠʢʣʘ ʠʤʝʶʱʠʭ ʟʥʘʢ 

ç-è (ʟʜʝʩʴ ʵʪʦ 5) ʠ ʚʧʠʩʳʚʘʝʤ ʝʛʦ ʚ ʩʚʦʙʦʜʥʫʶ ʷʯʝʡʢʫ ʩʦ ʟʥʘʢʦʤ ç+è. ɿʘʪʝʤ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʦʙʭʦʜʠʤ ʚʩʝ ʷʯʝʡʢʠ ʮʠʢʣʘ, ʧʦʦʯʝʨʝʜʥʦ ʚʳʯʠʪʘʷ ʠ ʧʨʠʙʘʚʣʷʷ ʢ 

ʥʠʤ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ (ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩʦ ʟʥʘʢʘʤʠ, ʢʦʪʦʨʳʤʠ ʵʪʠ ʷʯʝʡʢʠ 

ʧʦʤʝʯʝʥʳ: ʛʜʝ ʤʠʥʫʩ - ʚʳʯʠʪʘʝʤ, ʛʜʝ ʧʣʶʩ - ʧʨʠʙʘʚʣʷʝʤ). 
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ʇʦʣʫʯʠʤ ʥʦʚʳʡ ʦʧʦʨʥʳʡ ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ: 

 

ʊʘʢ ʢʘʢ ʙʘʟʠʩʥʳʭ ʢʣʝʪʦʢ ʩʪʘʣʦ ʙʦʣʴʰʝ, ʯʝʤ m + n ï 1, ʪʦ ʙʘʟʠʩʥʫʶ ʢʣʝʪʢʫ ʩ 

ʥʫʣʝʚʳʤ ʟʥʘʯʝʥʠʝʤ ʜʝʣʘʝʤ ʩʚʦʙʦʜʥʦʡ:  

 

 ʉʥʦʚʘ ʚʳʯʠʩʣʷʝʤ ʟʥʘʯʝʥʠʷ ʧʦʪʝʥʮʠʘʣʦʚ ʠ ʨʘʟʥʦʩʪʠ ȹCij: 

 

ʅʘ ʵʪʦʪ ʨʘʟ ʚʩʝ ʨʘʟʥʦʩʪʠ ȹCij  ̫ ʯʝʝʢ ʧʦʣʦʞʠʪʝʣʴʥʳʝ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘʡʜʝʥʦ 

ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ. 



53 

8. ɽʩʣʠ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʧʝʨʝʭʦʜʠʤ ʢ ʧ. 9, ʝʩʣʠ ʥʝʪ ï ʢ ʧ. 5.  

ʋ ʥʘʩ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ ʥʘʡʜʝʥʦ, ʧʦʵʪʦʤʫ ʧʝʨʝʭʦʜʠʤ ʢ ʧʫʥʢʪʫ 9. 

9. ɺʳʯʠʩʣʝʥʠʝ ʦʙʱʠʭ ʟʘʪʨʘʪ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ 

ɺʳʯʠʩʣʠʤ ʦʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʧʝʨʝʚʦʟʢʫ ʛʨʫʟʘ (Z), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʥʘʡʜʝʥʥʦʤʫ ʥʘʤʠ ʦʧʪʠʤʘʣʴʥʦʤʫ ʧʣʘʥʫ, ʧʦ ʬʦʨʤʫʣʝ: 

 Fmin = 10 Ā 1 + 15 Ā 3 + 5 Ā 2 + 15 Ā 1 + 15 Ā 2 = 110 ʜʝʥ. ʝʜ. 

ʆʙʱʠʝ ʟʘʪʨʘʪʳ ʥʘ ʜʦʩʪʘʚʢʫ ʚʩʝʡ ʧʨʦʜʫʢʮʠʠ, ʜʣʷ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, 

ʩʦʩʪʘʚʣʷʶʪ 110 ʜʝʥ. ʝʜ. 

10. ʇʦʩʪʨʦʝʥʠʝ ʛʨʘʬʘ ʧʝʨʝʚʦʟʦʢ  

ʅʘʡʜʷ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ ʧʝʨʝʚʦʟʦʢ, ʧʦʩʪʨʦʠʤ ʛʨʘʬ. ɺʝʨʰʠʥʘʤʠ ʛʨʘʬʘ 

ʙʫʜʫʪ çʩʢʣʘʜʳè ʠ çʤʘʛʘʟʠʥʳè. ɺ ʚʝʨʰʠʥʘʭ ʫʢʘʞʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʦʙʲʝʤʳ 

ʟʘʧʘʩʦʚ ʠ ʧʦʪʨʝʙʥʦʩʪʝʡ. ɼʫʛʘʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʚʝʨʰʠʥʳ ʛʨʘʬʘ, ʙʫʜʫʪ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʥʝʥʫʣʝʚʳʝ ʧʝʨʝʚʦʟʢʠ. ʂʘʞʜʫʶ ʪʘʢʫʶ ʜʫʛʫ ʧʦʜʧʠʰʝʤ, ʫʢʘʟʘʚ 

ʦʙʲʝʤ ʧʝʨʝʚʦʟʠʤʦʛʦ ʛʨʫʟʘ. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʠʪʩʷ ʛʨʘʬ, ʘʥʘʣʦʛʠʯʥʳʡ ʠʟʦʙʨʘʞʝʥʥʦʤʫ ʥʠʞʝ: 
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ʈʘʟʜʝʣ 4. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʙʝʟʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ 

ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

1. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ /ɺ.ʄ.ɺʦʣʢʦʚ, ʆ.ʃ.ɿʫʙʢʦ, ʀ.ʅ.ʂʘʪʢʦʚʩʢʘʷ, 

ʀ.ʃ.ʂʦʚʘʣʝʚʘ, ɺ.ɻ.ʂʨʦʪʦʚ, ʇ.ʃʠʤʘ. ï ʄʠʥʩʢ: ʈʋʇ çɹʝʣʛʦʩʣʝʩè, 2017-207 ʩ. 

 

ʊʝʤʘ 4.1. ʆʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ 

ʄʝʪʦʜʳ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ.  

 

ɺ ʪʠʧʠʯʥʳʭ ʤʝʪʦʜʘʭ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʠʩʢʘ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʯʠʩʣʝʥʠʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

Ὢ●. ʕʪʠ ʤʝʪʦʜʳ ʥʝ ʪʨʝʙʫʶʪ ʨʝʛʫʣʷʨʥʦʩʪʠ ʠ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ 

ʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʥʳʭ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʧʨʠ 

ʨʝʰʝʥʠʠ ʩʣʦʞʥʳʭ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ. 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʪʢʦ ʩʪʨʘʪʝʛʠʠ ʧʦʠʩʢʘ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ 

ʤʝʪʦʜʘʭ ʥʫʣʝʚʦʛʦ ʧʦʨʷʜʢʘ.  

 

ʄʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʘ (ʤʝʪʦʜ ɻʘʫʩʩʘ)  

ʄʝʪʦʜ ʧʦʢʦʦʨʜʠʥʘʪʥʦʛʦ ʩʧʫʩʢʘ (ʤʝʪʦʜ ɻʘʫʩʩʘ) ʥʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʧʦ 

ʦʯʝʨʝʜʠ ʤʠʥʠʤʠʟʠʨʫʝʪ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ ʚʜʦʣʴ ʢʘʞʜʦʡ ʠʟ ʢʦʦʨʜʠʥʘʪ. ʅʘ 

ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʨʝʰʝʥʠʝ ʫʣʫʯʰʘʝʪʩʷ ʟʘ ʩʯʝʪ ʤʠʥʠʤʠʟʘʮʠʠ ʚʜʦʣʴ ʚʳʙʨʘʥʥʦʡ 

i-ʦʡ ʢʦʦʨʜʠʥʘʪʳ (ʢʦʤʧʦʥʝʥʪʳ) xi ʚʝʢʪʦʨʘ x  ɴD ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʦʩʪʘʣʴʥʳʭ 

ʢʦʦʨʜʠʥʘʪʘʭ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ɻʘʫʩʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʜʝʣʝʥʠʷ 

ʧʦʧʦʣʘʤ ʚ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʘ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩ. 4.1, ʩʢʨʠʧʪ 

Matlab ʧʨʠʚʝʜʝʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ. 

ʄʝʪʦʜ ʥʝ ʚʩʝʛʜʘ ʜʘʝʪ ʪʦʯʥʳʡ ʨʝʟʫʣʴʪʘʪ. ʇʦʛʨʝʰʥʦʩʪʠ ʤʦʛʫʪ ʚʦʟʥʠʢʥʫʪʴ 

ʢʘʢ ʠʟ-ʟʘ ʧʦʛʨʝʰʥʦʩʪʝʡ ʚ ʣʠʥʝʡʥʦʤ ʧʦʠʩʢʝ, ʪʘʢ ʠ ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʮʝʣʝʚʦʡ 

ʬʫʥʢʮʠʠ. 
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ʈʠʩ. 4.1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ɻʘʫʩʩʘ 

 

ʄʝʪʦʜ ʍʫʢʘïɼʞʠʚʩʘ (ʤʝʪʦʜ ʢʦʥʬʠʛʫʨʘʮʠʡ)  

ʄʝʪʦʜ ʍʫʢʘïɼʞʠʚʩʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʢʦʤʙʠʥʘʮʠʠ ʜʚʫʭ ʰʘʛʦʚ: 

ʠʩʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʠ ʰʘʛʘ ʧʦ ʦʙʨʘʟʮʫ. ʉ ʧʦʤʦʱʴʶ ʠʩʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʠʩʢʘ ʧʦ 

ʦʙʨʘʟʮʫ.  ɺʝʣʠʯʠʥʘ ʠʩʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ ʚʜʦʣʴ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʳ ʤʦʞʝʪ ʙʳʪʴ 

ʨʘʟʣʠʯʥʦʡ ʠ ʤʦʞʝʪ ʤʝʥʷʪʴʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ. ɺʦʟʤʦʞʥʳ 

ʤʦʜʠʬʠʢʘʮʠʠ ʘʣʛʦʨʠʪʤʘ, ʚ ʢʦʪʦʨʳʭ ʚ ʧʨʦʮʝʩʩʝ ʠʩʩʣʝʜʫʶʱʝʛʦ ʰʘʛʘ 

ʚʳʧʦʣʥʷʝʪʩʷ ʤʠʥʠʤʠʟʘʮʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʧʦ ʢʘʞʜʦʡ ʢʦʦʨʜʠʥʘʪʝ ʩ ʧʦʤʦʱʴʶ 

ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʰʘʛʘ ʧʦ ʦʙʨʘʟʮʫ 

ʤʦʞʥʦ ʪʘʢʞʝ ʠʩʢʘʪʴ ʤʠʥʠʤʫʤ ʬʫʥʢʮʠʠ c ʧʦʤʦʱʴʶ ʢʘʢʦʛʦ-ʥʠʙʫʜʴ ʣʠʥʝʡʥʦʛʦ 

ʧʦʠʩʢʘ ʠʣʠ ʠʟʤʝʥʷʪʴ ʰʘʛ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʯʝʥʠʷ ʬʫʥʢʮʠʠ f(x). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʍʫʢʘïɼʞʠʚʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠʤʠʟʘʮʠʠ 

ʬʫʥʢʮʠʠ (ʜʝʣʝʥʠʝ ʧʦʧʦʣʘʤ) ʥʘ ʠʩʩʣʝʜʫʶʱʝʤ ʰʘʛʝ ʠ ʥʘ ʵʪʘʧʝ ʧʦʠʩʢʘ ʧʦ ʦʙʨʘʟʮʫ 

ʧʦʢʘʟʘʥʳ ʥʘ ʈʠʩ. 4.2 ʠ 4.3. 

ʊʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʤʝʪʦʜʝ ɻʘʫʩʩʘ, ʚ ʩʣʫʯʘʝ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʳʭ, ʠʟʦʛʥʫʪʳʭ ʠ 

ʢʨʫʪʦ ʠʟʛʠʙʘʶʱʠʭʩʷ ʣʠʥʠʡ ʫʨʦʚʥʷ, ʤʝʪʦʜ ʍʫʢʘïɼʞʠʚʩʘ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʛʨʝʰʥʦʩʪʷʤʠ. 
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ʄʝʪʦʜ ʈʦʟʝʥʙʨʦʢʘ  

ʄʝʪʦʜ ʈʦʟʝʥʙʨʦʢʘ ʷʚʣʷʝʪʩʷ ʠʪʝʨʘʮʠʦʥʥʦʡ ʧʨʦʮʝʜʫʨʦʡ, ʚ ʥʝʤ, ʧʦʜʦʙʥʦ 

ʤʝʪʦʜʫ ʍʫʢʘïɼʞʠʚʩʘ, ʧʨʝʜʫʩʤʦʪʨʝʥ ʠʩʩʣʝʜʫʶʱʠʡ ʧʦʠʩʢ. ʆʜʥʘʢʦ, ʝʩʣʠ ʚ 

ʤʝʪʦʜʝ ʍʫʢʘ ï ɼʞʠʚʩʘ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʫʶʱʝʛʦ ʧʦʠʩʢʘ ʬʠʢʩʠʨʦʚʘʥʳ, ʪʦ ʚ 

ʤʝʪʦʜʝ ʈʦʟʝʥʙʨʦʢʘ ʚʳʙʦʨ ʵʪʠʭ ʥʘʧʨʘʚʣʝʥʠʡ ʧʨʦʚʦʜʷʪ ʥʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʩʢʦʨʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ.  

 

ʈʠʩ. 4.2. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʍʫʢʘïɼʞʠʚʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʜʝʣʝʥʠʷ 

ʧʦʧʦʣʘʤ ʥʘ ʠʩʩʣʝʜʫʶʱʝʤ ʰʘʛʝ 

 

 



57 

ʈʠʩ. 4.3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʍʫʢʘïɼʞʠʚʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʜʝʣʝʥʠʷ 

ʧʦʧʦʣʘʤ ʥʘ ʵʪʘʧʝ ʧʦʠʩʢʘ ʧʦ ʦʙʨʘʟʮʫ 

 

ɺʳʙʦʨ ʥʦʚʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʢʦʦʨʜʠʥʘʪʥʳʭ ʦʩʝʡ dk ʥʘ ʢʘʞʜʦʡ kïʦʡ ʠʪʝʨʘʮʠʠ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʜʫʨʳ Gram-Smidt: 

 

ʕʪʦʪ ʤʝʪʦʜ ʭʦʨʦʰʦ ʧʨʠʩʧʦʩʦʙʣʝʥ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʫʟʢʠʡ ʦʚʨʘʛ (ʠʣʠ ʛʨʝʙʝʥʴ), ʧʨʦʠʟʚʦʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʘʨʴʠʨʫʝʤʳʤ ʧʝʨʝʤʝʥʥʳʤ.  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʈʦʟʝʥʙʨʦʢʘ ʧʨʠʚʝʜʝʥʳ ʥʠʞʝ ʥʘ ʈʠʩ. 4.4. ʉʢʨʠʧʪ 

Matlab ʧʨʠʚʝʜʝʥ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʙʣʦʢʝ. 

 

 

 

ʈʠʩ. 4.4. ʈʝʟʫʣʴʪʘʪ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʈʦʟʝʥʙʨʦʢʘ 
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ʄʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ  

ʄʝʪʦʜʳ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ ʦʪʥʦʩʷʪʩʷ ʢ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʤ ʤʝʪʦʜʘʤ ʧʦʠʩʢʘ 

ʦʧʪʠʤʫʤʘ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʚʝʩʴʤʘ 

ʵʬʬʝʢʪʠʚʥʳ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʬʫʥʢʮʠʡ. ʉʣʫʯʘʡʥʦʩʪʴ ʚ ʵʪʠʭ 

ʤʝʪʦʜʘʭ ʯʘʱʝ ʚʩʝʛʦ ʩʚʷʟʘʥʘ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʠʩʢʘ, ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʩʣʫʯʘʡʥʦʛʦ ʚʝʢʪʦʨʘ ʝʜʠʥʠʯʥʦʡ ʜʣʠʥʳ ɝk. 

ʉʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʤʝʪʦʜʦʚ ʩʣʫʯʘʡʥʦʛʦ ʧʦʠʩʢʘ. ʈʘʩʩʤʦʪʨʠʤ 

ʥʝʢʦʪʦʨʳʝ ʠʟ ʥʠʭ.  

ʉʣʫʯʘʡʥʳʡ ʧʦʠʩʢ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ. ɺ ʘʣʛʦʨʠʪʤʝ ʩ ʚʦʟʚʨʘʪʦʤ ʧʨʠ 

ʥʝʫʜʘʯʥʦʤ ʰʘʛʝ (ʚ ʩʣʫʯʘʝ, ʝʩʣʠ f(y) > f(xk)) ʧʨʦʠʩʭʦʜʠʪ ʚʦʟʚʨʘʪ ʚ ʪʝʢʫʱʫʶ ʪʦʯʢʫ 

xk ʠ ʧʦʠʩʢ ʧʨʦʜʦʣʞʘʝʪʩʷ. ɽʩʣʠ ʯʠʩʣʦ ʥʝʫʜʘʯʥʳʭ ʰʘʛʦʚ ʠʟ ʪʝʢʫʱʝʡ ʪʦʯʢʠ 

ʜʦʩʪʠʛʥʝʪ ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ M, ʪʦ ʘʣʛʦʨʠʪʤ ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ xk ʷʚʣʷʝʪʩʷ 

ʠʩʢʦʤʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ.  

ɺ ʘʣʛʦʨʠʪʤʝ ʥʘʠʣʫʯʰʝʡ ʧʨʦʙʳ ʥʘ ʪʝʢʫʱʝʡ ʠʪʝʨʘʮʠʠ ʧʨʠ ʧʦʤʦʱʠ 

ʛʝʥʝʨʠʨʦʚʘʥʠʷ ʩʣʫʯʘʡʥʳʭ ʚʝʢʪʦʨʦʚ ɝk ʧʦʣʫʯʘʝʪʩʷ M ʪʦʯʝʢ, ʣʝʞʘʱʠʭ ʥʘ 

ʛʠʧʝʨʩʬʝʨʝ ʨʘʜʠʫʩʘ sk ʩ ʮʝʥʪʨʦʤ ʚ ʪʦʯʢʝ xk. ʉʨʝʜʠ ʧʦʣʫʯʝʥʥʳʭ ʪʦʯʝʢ 

ʚʳʙʠʨʘʝʪʩʷ ʪʘʢʘʷ ʪʦʯʢʘ y, ʚ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʥʘʠʤʝʥʴʰʝʝ. ɽʩʣʠ ʚ 

ʚʳʙʨʘʥʥʦʡ ʪʦʯʢʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʤʝʥʴʰʝ, ʯʝʤ ʚ ʮʝʥʪʨʝ, ʪ.ʝ. f(y) < f(xk), ʪʦ 

ʜʘʣʴʥʝʡʰʠʡ ʧʦʠʩʢ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʟ ʵʪʦʡ ʪʦʯʢʠ. ʀʥʘʯʝ ʘʣʛʦʨʠʪʤ 

ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ, ʠ ʪʦʯʢʘ xk ʷʚʣʷʝʪʩʷ ʠʩʢʦʤʳʤ ʧʨʠʙʣʠʞʝʥʠʝʤ. 

 ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ ʘʣʛʦʨʠʪʤ ʥʘʠʣʫʯʰʝʡ ʧʨʦʙʳ. ɸʥʘʣʦʛʠʯʥʦ 

ʧʨʝʜʳʜʫʱʝʤʫ ʘʣʛʦʨʠʪʤʫ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʯʢʘ y ʩ ʥʘʠʣʫʯʰʠʤ ʟʥʘʯʝʥʠʝʤ 

ʬʫʥʢʮʠʠ. ɿʘʪʝʤ ʧʨʦʚʦʜʷʪ ʧʦʠʩʢ ʚʜʦʣʴ ʧʨʷʤʦʡ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ xk ʠ y, ʠ 

ʦʧʨʝʜʝʣʷʶʪ ʪʦʯʢʫ xk+1, ʚ ʢʦʪʦʨʦʡ ʬʫʥʢʮʠʷ f(x) ʙʫʜʝʪ ʠʤʝʪʴ ʩʚʦʝ ʤʠʥʠʤʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ. 

 

ʄʝʪʦʜʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ.  
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ʄʝʪʦʜʳ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʜʣʷ ʧʦʠʩʢʘ ʦʧʪʠʤʫʤʘ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʶʪ 

ʛʨʘʜʠʝʥʪ ʵʪʦʡ ʬʫʥʢʮʠʠ. ɻʨʘʜʠʝʥʪ - ʵʪʦ ʚʝʢʪʦʨ ʚ ʪʦʯʢʝ x, ʥʘʧʨʘʚʣʝʥʠʝ ʢʦʪʦʨʦʛʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘʧʨʘʚʣʝʥʠʝ (ʣʦʢʘʣʴʥʦʝ) ʥʘʠʙʦʣʴʰʝʛʦ ʚʦʟʨʘʩʪʘʥʠʷ ʬʫʥʢʮʠʠ f. 

ʅʘʧʨʘʚʣʝʥʠʝ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʝ ʥʘʧʨʘʚʣʝʥʠʶ ʛʨʘʜʠʝʥʪʘ, ʷʚʣʷʝʪʩʷ 

ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʤʠʥʠʤʠʟʘʮʠʠ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ:  

 

dk = īɳf(xk). 

 

ʊʦʛʜʘ ʘʣʛʦʨʠʪʤʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʡ ʪʦʯʢʠ x zʩ ʤʠʥʠʤʘʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ 

ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʩʪʨʦʝʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦ 

ʛʨʘʜʠʝʥʪʝ ʵʪʦʡ ʬʫʥʢʮʠʠ. ʊʘʢʠʝ ʤʝʪʦʜʳ ʥʘʟʳʚʘʶʪʩʷ ʛʨʘʜʠʝʥʪʥʳʤʠ.  

ɻʨʘʜʠʝʥʪʥʳʝ ʤʝʪʦʜʳ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʟʣʠʯʘʶʪʩʷ ʩʧʦʩʦʙʦʤ 

ʧʦʩʪʨʦʝʥʠʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʪʦʯʝʢ xk ʠ ʩʧʦʩʦʙʦʤ ʚʳʙʦʨʘ ʨʘʟʤʝʨʘ ʰʘʛʘ sk. 

ʈʘʩʩʤʦʪʨʠʤ ʢʨʘʪʢʦ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʘʪʝʛʠʡ ʧʦʠʩʢʘ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ 

ʥʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʭ ʤʝʪʦʜʘʭ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

 

ɻʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ  

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʚʝʣʠʯʠʥʘ ʰʘʛʘ sk ʟʘʜʘʝʪʩʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʠ ʦʩʪʘʝʪʩʷ 

ʧʦʩʪʦʷʥʥʦʡ ʜʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʬʫʥʢʮʠʷ ʫʙʳʚʘʝʪ ʚ ʪʦʯʢʘʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ xk. 

ʅʘ ʢʘʞʜʦʡ ʠʪʝʨʘʮʠʠ ʤʝʪʦʜ çʧʨʠʙʣʠʞʘʝʪʩʷè ʢ ʨʝʰʝʥʠʶ, ʚʳʯʠʩʣʷʷ ʥʦʚʦʝ 

ʟʥʘʯʝʥʠʝ xk ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʦʡ: 

 

xk+1 = xk ī sk fɳ(xk). 

 

ɺʳʙʨʘʪʴ ʧʦʜʭʦʜʷʱʠʡ ʨʘʟʤʝʨ ʰʘʛʘ ʜʦʩʪʘʪʦʯʥʦ ʩʣʦʞʥʦ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʈʠʩ. 

4.5, ʩʣʠʰʢʦʤ ʤʘʣʝʥʴʢʠʡ ʰʘʛ sk ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʦʯʝʥʴ ʤʝʜʣʝʥʥʫʶ ʩʭʦʜʠʤʦʩʪʴ 

ʘʣʛʦʨʠʪʤʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʠʰʢʦʤ ʙʦʣʴʰʦʡ ʰʘʛ sk ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʪʦʤʫ, 

ʯʪʦ ʘʣʛʦʨʠʪʤ ʥʝ ʦʪʳʱʝʪ ʤʠʥʠʤʫʤ. 
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ʈʠʩ. 4.5. ɻʨʘʜʠʝʥʪʥʳʡ ʩʧʫʩʢ ʩ ʤʘʣʝʥʴʢʠʤ (ʣʝʚʳʡ ʨʠʩʫʥʦʢ) ʠ ʙʦʣʴʰʠʤ ʰʘʛʦʤ (ʧʨʘʚʳʡ 

ʨʠʩʫʥʦʢ) 

 

ʄʝʪʦʜ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ 

ɺ ʵʪʦʤ ʤʝʪʦʜʝ sk ʚʳʙʠʨʘʝʪʩʷ ʪʘʢ, ʯʪʦʙʳ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʬʫʥʢʮʠʶ f(x) ʚ 

ʥʘʧʨʘʚʣʝʥʠʠ ʩʧʫʩʢʘ. ʊ.ʝ. ʜʚʠʞʝʥʠʝ ʚʜʦʣʴ ʘʥʪʠʛʨʘʜʠʝʥʪʘ ʧʨʦʠʩʭʦʜʠʪ ʜʦ ʪʝʭ ʧʦʨ, 

ʧʦʢʘ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ f(x) ʫʙʳʚʘʝʪ. ɺʝʣʠʯʠʥʘ ʰʘʛʘ sk ʦʧʨʝʜʝʣʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ 

ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ: 

sk = argmin f (xk + sdk) 

 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʛʨʘʜʠʝʥʪ ʚ ʪʦʯʢʝ ʦʯʝʨʝʜʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʙʫʜʝʪ 

ʦʨʪʦʛʦʥʘʣʝʥ ʥʘʧʨʘʚʣʝʥʠʶ ʧʨʝʜʳʜʫʱʝʛʦ ʩʧʫʩʢʘ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʜʚʠʞʝʥʠʝ ʦʪ 

ʪʦʯʢʠ ʢ ʪʦʯʢʝ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦ ʚʟʘʠʤʥʦ-ʦʨʪʦʛʦʥʘʣʴʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ 

(ʈʠʩ. 4.6). 
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ʈʠʩ. 4.6. ʇʨʠʤʝʨ ʨʘʙʦʪʳ ʤʝʪʦʜʘ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ 

 

ʄʝʪʦʜʳ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ  

 

ʉʪʘʨʝʡʰʠʤ ʤʝʪʦʜʦʤ ʚʪʦʨʦʛʦ ʧʦʨʷʜʢʘ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʤʠʥʠʤʠʟʘʮʠʠ ʬʫʥʢʮʠʠ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʅʴʶʪʦʥʘ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʚʳʧʦʣʥʷʝʪʩʷ 

ʢʚʘʜʨʘʪʠʯʥʘʷ ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʬʫʥʢʮʠʠ f(x) ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ xk  

 

f(xk+1) å f(xk) +( fɳ(xk)æxk)+ 1/2 (æxk)H(xk)(æxk)T, 

 

ʛʜʝ H(xk) - ʤʘʪʨʠʮʘ ɻʝʩʩʝ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʩʦʙʦʡ ʢʚʘʜʨʘʪʥʫʶ ʤʘʪʨʠʮʫ 

ʚʪʦʨʳʭ ʯʘʩʪʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʬʫʥʢʮʠʠ f ʚ ʪʦʯʢʝ xk.  

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʘʧʨʘʚʣʝʥʠʷ ʧʦʠʩʢʘ, ʪ.ʝ. ʥʘʧʨʘʚʣʝʥʠʷ, ʚ ʢʦʪʦʨʦʤ ʟʥʘʯʝʥʠʝ 

f(xk+1) ʙʫʜʝʪ ʤʠʥʠʤʘʣʴʥʳʤ, ʚʳʧʦʣʥʷʶʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʝ f ʧʦ ʢʘʞʜʦʡ 

ʢʦʤʧʦʥʝʥʪʝ æx ʠ ʧʨʠʨʘʚʥʠʚʘʶʪ ʢ ʥʫʣʶ ʧʦʣʫʯʝʥʥʳʝ ʚʳʨʘʞʝʥʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʫʯʘʶʪ ʩʦʦʪʥʦʰʝʥʠʝ: 

 

æxk = ī(H(xk))ī1( fɳ(xk)T,  
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ʛʜʝ (H(xk))ī1 - ʵʪʦ ʤʘʪʨʠʮʘ, ʦʙʨʘʪʥʘʷ ʤʘʪʨʠʮʝ ɻʝʩʩʝ ʚ ʪʦʯʢʝ xk. 

ʊʨʘʝʢʪʦʨʠʷ ʧʦʠʩʢʘ ʦʧʪʠʤʫʤʘ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ ʧʦʢʘʟʘʥʘ ʥʘ ʈʠʩ. 4.7. 

 ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʣʘʩʩʠʯʝʩʢʦʡ ʚʝʨʩʠʠ ʤʝʪʦʜʘ ʅʴʶʪʦʥʘ 

ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʝʛʦ ʩʭʦʜʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʛʦ ʧʨʠʙʣʠʞʝʥʠʷ ʜʣʷ 

ʥʝʚʳʧʫʢʣʳʭ ʬʫʥʢʮʠʡ. ɽʩʣʠ ʥʘʯʘʣʴʥʘʷ ʪʦʯʢʘ ʥʘʭʦʜʠʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʜʘʣʝʢʦ ʦʪ 

ʤʠʥʠʤʫʤʘ, ʪʦ ʤʝʪʦʜ ʤʦʞʝʪ ʨʘʩʭʦʜʠʪʴʩʷ. 

 

 

ʈʠʩ. 4.7. ʊʨʘʝʢʪʦʨʠʷ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʤʝʪʦʜʦʤ ʅʴʶʪʦʥʘ 
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ʈʘʟʜʝʣ 5. ʅʝʣʠʥʝʡʥʘʷ ʦʧʪʠʤʠʟʘʮʠʷ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

 

ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

1. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ /ɺ.ʄ.ɺʦʣʢʦʚ, ʆ.ʃ.ɿʫʙʢʦ, ʀ.ʅ.ʂʘʪʢʦʚʩʢʘʷ, 

ʀ.ʃ.ʂʦʚʘʣʝʚʘ, ɺ.ɻ.ʂʨʦʪʦʚ, ʇ.ʃʠʤʘ. ï ʄʠʥʩʢ: ʈʋʇ çɹʝʣʛʦʩʣʝʩè, 2017-207 ʩ. 

2. ʇʠʩʘʨʫʢ, ʅ. ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ / ʅ. ʅ. ʇʠʩʘʨʫʢ. ð ʄʠʥʩʢ : ɹɻʋ, 2013. ð 

294 c. 

 

ʉʦʛʣʘʩʥʦ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʚʠʢʠʧʝʜʠʠ, ʚ ʪʝʦʨʠʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʩʣʦʚʠʷ 

ʂʘʨʫʰʘ ð ʂʫʥʘ ð ʊʘʢʢʝʨʘ (ʘʥʛʣ. Karush ð Kuhn ð Tucker conditions, KKT) ð 

ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʏʪʦʙʳ 

ʨʝʰʝʥʠʝ ʙʳʣʦ ʦʧʪʠʤʘʣʴʥʳʤ, ʜʦʣʞʥʳ ʙʳʪʴ ʚʳʧʦʣʥʝʥʳ ʥʝʢʦʪʦʨʳʝ ʫʩʣʦʚʠʷ 

ʨʝʛʫʣʷʨʥʦʩʪʠ. ʄʝʪʦʜ ʷʚʣʷʝʪʩʷ ʦʙʦʙʱʝʥʠʝʤ ʤʝʪʦʜʘ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʥʝʛʦ, ʦʛʨʘʥʠʯʝʥʠʷ, ʥʘʢʣʘʜʳʚʘʝʤʳʝ ʥʘ ʧʝʨʝʤʝʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʝ ʫʨʘʚʥʝʥʠʷ, ʘ ʥʝʨʘʚʝʥʩʪʚʘ. 

ʂʫʥ ʠ ʊʘʢʢʝʨ ʦʙʦʙʱʠʣʠ ʤʝʪʦʜ ʤʥʦʞʠʪʝʣʝʡ ʃʘʛʨʘʥʞʘ (ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʢʨʠʪʝʨʠʝʚ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʚ ʚʠʜʝ 

ʨʘʚʝʥʩʪʚ) ʥʘ ʩʣʫʯʘʡ ʦʙʱʝʡ ʟʘʜʘʯʠ ʥʝʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ʩ 

ʦʛʨʘʥʠʯʝʥʠʷʤʠ, ʢʘʢ ʚ ʚʠʜʝ ʨʘʚʝʥʩʪʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ. 

ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ ʜʣʷ ʟʘʜʘʯ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ 

ʠʩʩʣʝʜʫʶʪʩʷ ʜʘʚʥʦ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʦʩʪʘʸʪʩʷ ʧʨʝʜʣʦʞʝʥʥʳʡ ʃʘʛʨʘʥʞʝʤ 

ʧʝʨʝʥʦʩ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʮʝʣʝʚʫʶ ʬʫʥʢʮʠʶ. ʋʩʣʦʚʠʷ ʂʫʥʘʊʘʢʢʝʨʘ ʪʦʞʝ 

ʚʳʚʝʜʝʥʳ ʠʟ ʵʪʦʛʦ ʧʨʠʥʮʠʧʘ. 

 

ʊʝʤʘ 5.1. ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʇʫʩʪʴ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʟʘʜʘʯʘ  

                         (5.1) 
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ʛʜʝ ʬʫʥʢʮʠʠ f  ʠ gi (i Í I )  ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ. ʆʙʦʟʥʘʯʠʤ ʯʝʨʝʟ X 

ʤʥʦʞʝʩʪʚʦ ʨʝʰʝʥʠʡʟʘʜʘʯʠ (5.1), ʪ.ʝ. 

 

ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʤʥʦʞʝʩʪʚʦ X ʥʝʧʫʩʪʦ; ʦʜʥʘʢʦ ʜʦʧʫʩʢʘʝʤ, ʯʪʦ ʦʥʦ ʤʦʞʝʪ 

ʠʤʝʪʴ ʧʫʩʪʫʶ ʚʥʫʪʨʝʥʥʦʩʪʴ.  

ʊʦʯʢʘ x0  ɴ X ʝʩʪʴ ʣʦʢʘʣʴʥʳʡ ʦʧʪʠʤʫʤ (ʤʠʥʠʤʫʤ) ʟʘʜʘʯʠ (5.1), ʝʩʣʠ ʜʣʷ 

ʥʝʢʦʪʦʨʦʛʦ ʯʠʩʣʘ   > 0 ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ  

 

ɽʩʣʠ x0  ɴX ʝʩʪʴ ʣʦʢʘʣʴʥʳʡ ʦʧʪʠʤʫʤ ʟʘʜʘʯʠ (5.1), ʪʦ ʬʫʥʢʮʠʷ f(x) ʥʝ ʤʦʞʝʪ 

ʫʙʳʚʘʪʴ, ʢʦʛʜʘ x ʦʧʠʩʳʚʘʝʪ ʜʫʛʫ ʢʨʠʚʦʡ (ʜʦʩʪʘʪʦʯʥʦ ʨʝʛʫʣʷʨʥʦʡ), ʚʳʭʦʜʷʱʫʶ 

ʠʟ x0 ʠ ʩʦʜʝʨʞʘʱʫʶʩʷ ʚ ʤʥʦʞʝʩʪʚʝ ʨʝʰʝʥʠʡ X. 

ʊʘʢʫʶ ʜʫʛʫ ʢʨʠʚʦʡ ʙʫʜʝʤ ʥʘʟʳʚʘʪʴ ʜʦʧʫʩʪʠʤʦʡ ʠ ʙʫʜʝʤ ʦʧʨʝʜʝʣʷʪʴ 

ʧʦʩʨʝʜʩʪʚʦʤ ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʦʡ ʬʫʥʢʮʠʠ  ʟ: R+ ŸR
n ʧʘʨʘʤʝʪʨʘ ɗ 

Ó 0:  

(ʟɗ) = [ 1ʟ(ɗ), ... , nʟ(ɗ)]
T, 

 

ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʫʩʣʦʚʠʷʤ: 

 a) ʟ (0) = x0;  

b) ʟ (ɗ)  ɴX ʜʣʷ ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʳʭ ɗ > 0.  

ɼʦʧʫʩʪʠʤʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʪʦʯʢʝ x0 ʥʘʟʦʚʝʤ ʚʝʢʪʦʨ 

 

 

 

ʢʘʩʘʶʱʠʡʩʷ ʥʝʢʦʪʦʨʦʡ ʜʫʛʠ ʢʨʠʚʦʡ (ʟɗ), ʜʦʧʫʩʪʠʤʦʡ ʚ x0 . 
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ʅʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ ʂʫʥʘ ð ʊʘʢʢʝʨʘ 

ʊʝʦʨʝʤʘ 5.1 (ʂʫʥʘ ð ʊʘʢʢʝʨʘ). ʇʨʝʜʧʦʣʦʞʠʤ, ʯʪʦ ʚʩʝ ʬʫʥʢʮʠʠ f ʠ gi (i = 1,...,m) 

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ ʠ ʚ ʪʦʯʢʝ x0 ɴ  X ʚʳʧʦʣʥʷʝʪʩʷ ʫʩʣʦʚʠʝ ʚʳʜʝʣʝʥʠʷ 

ʦʛʨʘʥʠʯʝʥʠʡ. ɽʩʣʠ x0 ʝʩʪʴ ʪʦʯʢʘ ʣʦʢʘʣʴʥʦʛʦ ʤʠʥʠʤʫʤʘ, ʪʦ ʩʫʱʝʩʪʚʫʶʪ ʪʘʢʠʝ 

ʯʠʩʣʘ ɚi Ó 0 (i = 1,...,m), ʯʪʦ 

                            (5.2) 

                           (5.3) 

 (ʏʠʩʣʘ ɚi ʥʘʟʳʚʘʶʪʩʷ ʤʥʦʞʠʪʝʣʷʤʠ ʂʫʥʘ-ʊʘʢʢʝʨʘ.) 

ʊʦʯʢʘ x0  ɴ X, ʢʦʪʦʨʘʷ ʫʜʦʚʣʝʪʚʦʨʷʝʪ ʩʠʩʪʝʤʝ (5.2) ʠ (5.3) ʥʘʟʳʚʘʝʪʩʷ 

ʩʪʘʮʠʦʥʘʨʥʦʡ ʪʦʯʢʦʡ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʪʝʦʨʝʤʘ 5.1 ʫʪʚʝʨʞʜʘʝʪ, ʯʪʦ ʧʨʠ 

ʚʳʧʦʣʥʝʥʠʠ ʫʩʣʦʚʠʷ ʚʳʜʝʣʝʥʠʷ ʦʛʨʘʥʠʯʝʥʠʡ ʣʦʢʘʣʴʥʳʝ ʤʠʥʠʤʫʤʳ ʩʣʝʜʫʝʪ 

ʠʩʢʘʪʴ ʩʨʝʜʠ ʩʪʘʮʠʦʥʘʨʥʳʭ ʪʦʯʝʢ. ɽʩʣʠ ʚʩʝ ʬʫʥʢʮʠʠ f ʠ gi (i = 1,...,m) ʚʳʧʫʢʣʳ, 

ʪʦ, ʚʩʝ ʩʪʘʮʠʦʥʘʨʥʳʝ ʪʦʯʢʠ ʷʚʣʷʶʪʩʷ ʛʣʦʙʘʣʴʥʳʤʠ ʤʠʥʠʤʫʤʘʤʠ. 

 

ʊʝʤʘ 5.2. ɼʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ 

ʀʟʫʯʠʤ ʜʦʩʪʘʪʦʯʥʳʝ ʫʩʣʦʚʠʷ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʜʣʷ ʟʘʜʘʯ ʩʣʝʜʫʶʱʝʛʦ ʚʠʜʘ:  

                               (5.4) 

ɺ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ S = Rn, ʪʦ ʚʥʦʚʴ ʧʨʠʭʦʜʠʤ ʢ ʟʘʜʘʯʝ (5.1). ʅʦ ʪʝʧʝʨʴ 

ʤʥʦʞʝʩʪʚʦ S ʤʦʞʝʪ ʙʳʪʴ ʜʘʞʝ ʜʠʩʢʨʝʪʥʳʤ (S ṖZn), ʠ ʪʦʛʜʘ ʧʦʣʫʯʘʝʪʩʷ ʟʘʜʘʯʘ 

ʮʝʣʦʯʠʩʣʝʥʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. 

ʇʦʩʪʘʚʠʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʝ i-ʤʫ ʦʛʨʘʥʠʯʝʥʠʶ (i  ɴ I) ʥʝʦʪʨʠʮʘʪʝʣʴʥʦʝ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ ʯʠʩʣʦ, ʥʘʟʳʚʘʝʤʦʝ ʤʥʦʞʠʪʝʣʝʤ ʃʘʛʨʘʥʞʘ. ʆʧʨʝʜʝʣʠʤ 

ʬʫʥʢʮʠʶ ʃʘʛʨʘʥʞʘ ʧʦ ʧʨʘʚʠʣʫ: 
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ɻʦʚʦʨʷʪ, ʯʪʦ ʪʦʯʢʘ     ʝʩʪʴ ʩʝʜʣʦʚʘʷ ʪʦʯʢʘ ʬʫʥʢʮʠʠ L(x,ɚ), ʝʩʣʠ  

 

         (5.5) 

 

ɼʦʩʪʘʪʦʯʥʦʝ ʫʩʣʦʚʠʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ.  

ɽʩʣʠ  ʧʘʨʘ    ʝʩʪʴ   ʩʝʜʣʦʚʘʷ   ʪʦʯʢʘ ʬʫʥʢʮʠʠ  L(x, ɚ),  ʪʦ  

ʷʚʣʷʝʪʩʷ ʛʣʦʙʘʣʴʥʳʤ ʤʠʥʠʤʫʤʦʤ ʚ ʟʘʜʘʯʝ (5.4). 

ʕʪʦ ʫʩʣʦʚʠʝ - ʚʝʩʴʤʘ ʦʙʱʠʡ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʧʨʠʤʝʥʠʤ ʢ ʣʶʙʳʤ ʟʘʜʘʯʘʤ 

ʚʠʜʘ (5.4): ʚʳʧʫʢʣʳʤ ʠ ʥʝʚʳʧʫʢʣʳʤ, ʩ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʠ 

ʥʝʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳʤʠ ʬʫʥʢʮʠʷʤʠ f ʠ gi, ʥʝʧʨʝʨʳʚʥʳʤʠ ʠ ʜʠʩʢʨʝʪʥʳʤʠ 

ʤʥʦʞʝʩʪʚʘʤʠ S. ʅʝʫʜʠʚʠʪʝʣʴʥʦ, ʯʪʦ ʠʤʝʶʪʩʷ ʟʘʜʘʯʠ, ʜʣʷ ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʷ 

ʃʘʛʨʘʥʞʘ ʥʝ ʠʤʝʝʪ ʩʝʜʣʦʚʳʭ ʪʦʯʝʢ. 

 

ɿʘʜʘʯʘ ʚʳʧʫʢʣʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ ð ɻ ʪʦ ʟʘʜʘʯʘ (5.4), ʢʦʛʜʘ ʚʩʝ ʬʫʥʢʮʠʠ 

f ʠ gi (i  ɴI) ʚʳʧʫʢʣʳ, ʘ ʤʥʦʞʝʩʪʚʦ S ð ʪʘʢʞʝ ʚʳʧʫʢʣʦ.  

ʊʝʦʨʝʤʘ 5.1. ʇʫʩʪʴ ʚʩʝ ʬʫʥʢʮʠʠ f ʠ gi (i  ɴI) ʚʳʧʫʢʣʳ, ʤʥʦʞʝʩʪʚʦ S ʟʘʤʢʥʫʪʦ 

ʠ ʚʳʧʫʢʣʦ, ʠ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʘʷ ʪʦʯʢʘ x  ɴS, ʯʪʦ  

gi(x) < 0,     i  ɴI.                                                      (5.6)  

ʊʦʛʜʘ ʝʩʣʠ ʟʘʜʘʯʘ (5.4) ʠʤʝʝʪ ʦʧʪʠʤʘʣʴʥʦʝ ʨʝʰʝʥʠʝ , ʪʦ ʩʫʱʝʩʪʚʫʝʪ ʪʘʢʦʡ 

ʚʝʢʪʦʨ ʤʥʦʞʠʪʝʣʝʡ , ʯʪʦ  ʝʩʪʴ ʩʝʜʣʦʚʘʷ ʪʦʯʢʘ ʬʫʥʢʮʠʠ 

ʃʘʛʨʘʥʞʘ L(x,ɚ). 

 

ʊʝʦʨʝʤʘ 5.2. ɽʩʣʠ ʚ ʟʘʜʘʯʝ (5.1) ʚʩʝ ʬʫʥʢʮʠʠ f ʠ gi f ʠ gi (i  ɴI) ʚʳʧʫʢʣʳ ʠ 

ʥʝʧʨʝʨʳʚʥʦ ʜʠʬʬʝʨʝʥʮʠʨʫʝʤʳ, ʪʦ ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʪʦʯʢʘ   ɴ X ʙʳʣʘ 

ʛʣʦʙʘʣʴʥʳʤ ʤʠʥʠʤʫʤʦʤ, ʥʝʦʙʭʦʜʠʤʦ ʠ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚ ʪʦʯʢʝ  

ʚʳʧʦʣʥʷʣʠʩʴ ʫʩʣʦʚʠʷ ʂʫʥʘ ð ʊʘʢʢʝʨʘ. 
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ʈʘʟʜʝʣ 6. ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʧʦʠʩʢʘ ʫʩʣʦʚʥʦʛʦ ʵʢʩʪʨʝʤʫʤʘ 

ʄʘʪʝʨʠʘʣʳ ʢ ʣʝʢʮʠʷʤ ʜʘʥʥʦʛʦ ʨʘʟʜʝʣʘ ʩʬʦʨʤʠʨʦʚʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʣʝʜʫʶʱʠʭ 

ʠʩʪʦʯʥʠʢʦʚ: 

1. ʏʠʩʣʝʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ /ɺ.ʄ.ɺʦʣʢʦʚ, ʆ.ʃ.ɿʫʙʢʦ, ʀ.ʅ.ʂʘʪʢʦʚʩʢʘʷ, 

ʀ.ʃ.ʂʦʚʘʣʝʚʘ, ɺ.ɻ.ʂʨʦʪʦʚ, ʇ.ʃʠʤʘ. ï ʄʠʥʩʢ: ʈʋʇ çɹʝʣʛʦʩʣʝʩè, 2017-207 ʩ. 

 

ʄʝʪʦʜʳ ʰʪʨʘʬʥʳʭ ʠ ʙʘʨʴʝʨʥʳʭ ʬʫʥʢʮʠʡ  

ʄʝʪʦʜ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʫʩʣʦʚʥʦʡ 

ʦʧʪʠʤʠʟʘʮʠʠ ʩ ʦʛʨʘʥʠʯʝʥʠʷʤʠ ʢʘʢ ʚ ʚʠʜʝ ʨʘʚʝʥʩʪʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ. 

ʆʩʥʦʚʥʘʷ ʠʜʝʷ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʪʴ ʠʩʭʦʜʥʫʶ 

ʟʘʜʘʯʫ ʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ ʥʝʢʦʪʦʨʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʟʘʜʘʯ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ, ʠ ʟʘʪʝʤ ʨʝʰʠʪʴ ʟʘʜʘʯʠ ʵʪʦʡ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʠʟʚʝʩʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʙʝʟʫʩʣʦʚʥʦʡ ʦʧʪʠʤʠʟʘʮʠʠ. ɺ 

ʤʝʪʦʜʘʭ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ ʦʛʨʘʥʠʯʝʥʠʷ ʟʘʜʘʯʠ (ʚʩʝ ʠʣʠ ʥʝʢʦʪʦʨʘʷ ʠʭ ʯʘʩʪʴ) 

ʦʪʙʨʘʩʳʚʘʶʪʩʷ, ʘ ʢ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ ʜʦʙʘʚʣʷʝʪʩʷ ʰʪʨʘʬ ʟʘ ʠʭ ʥʘʨʫʰʝʥʠʝ, ʪ.ʝ. 

ʩʣʘʛʘʝʤʦʝ, ʢʦʪʦʨʦʝ ʧʨʠʥʠʤʘʝʪ ʙʦʣʴʰʠʝ ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʪʦʯʢʘʭ, ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʭ ʦʪʙʨʦʰʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʷʤ (ʜʣʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯ 

ʤʠʥʠʤʠʟʘʮʠʠ). ʐʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ ʨʘʚʥʘ ʥʫʣʶ ʚ ʜʦʧʫʩʪʠʤʦʡ ʦʙʣʘʩʪʠ. 

ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʚʠʜʝ ʨʘʚʝʥʩʪʚ, ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ 

ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ ʩʪʨʦʠʪʩʷ ʥʘ ʦʩʥʦʚʝ ʢʚʘʜʨʘʪʠʯʥʦʛʦ ʰʪʨʘʬʘ: 

 

 

 P(x,r) - ʵʪʦ ʰʪʨʘʬʥʘʷ ʬʫʥʢʮʠʷ, r - ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʧʘʨʘʤʝʪʨ ʰʪʨʘʬʘ, g(x) ï 

ʦʛʨʘʥʠʯʝʥʠʷ. ʉʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʰʪʨʘʬʘ r. ʏʝʤ ʙʦʣʴʰʝ r, 

ʪʝʤ ʚʳʰʝ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ. 

ʄʝʪʦʜ ʙʘʨʴʝʨʥʳʭ ʬʫʥʢʮʠʡ (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ ʤʝʪʦʜ ʙʘʨʴʝʨʦʚ, ʠʣʠ ʤʝʪʦʜ 

ʚʥʫʪʨʝʥʥʠʭ ʰʪʨʘʬʦʚ) ʜʦʙʘʚʣʷʝʪ ʩʣʘʛʘʝʤʦʝ ʢ ʠʩʭʦʜʥʦʡ ʮʝʣʝʚʦʡ ʬʫʥʢʮʠʠ, 

ʢʦʪʦʨʦʝ ʥʝ ʧʦʟʚʦʣʷʝʪ ʛʝʥʝʨʠʨʫʝʤʳʤ ʪʦʯʢʘʤ ʚʳʭʦʜʠʪʴ ʟʘ ʧʨʝʜʝʣʳ ʜʦʧʫʩʪʠʤʦʡ 
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ʦʙʣʘʩʪʠ. ʊʝʤ ʩʘʤʳʤ ʚ ʤʝʪʦʜʘʭ ʙʘʨʴʝʨʥʳʭ ʬʫʥʢʮʠʡ ʠʩʢʣʶʯʝʥ ʦʩʥʦʚʥʦʡ 

ʥʝʜʦʩʪʘʪʦʢ ʰʪʨʘʬʥʳʭ ʬʫʥʢʮʠʡ, ʩʚʷʟʘʥʥʳʡ ʩ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʰʪʨʘʬʦʚ ʘʧʧʨʦʢʩʠʤʠʨʫʝʤʳʝ ʪʦʯʢʠ ʥʝ ʧʨʠʥʘʜʣʝʞʘʪ ʤʥʦʞʝʩʪʚʫ ʜʦʧʫʩʪʠʤʳʭ 

ʨʝʰʝʥʠʡ. ʄʝʪʦʜ ʙʘʨʴʝʨʥʳʭ ʬʫʥʢʮʠʡ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʩʣʫʯʘʝ 

ʦʛʨʘʥʠʯʝʥʠʡ ʚ ʚʠʜʝ ʥʝʨʘʚʝʥʩʪʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʙʘʨʴʝʨʥʳʭ ʬʫʥʢʮʠʡ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʦʙʨʘʪʥʫʶ ʠ 

ʣʦʛʘʨʠʬʤʠʯʝʩʢʫʶ ʬʫʥʢʮʠʠ 

 

ʆʙʝ ʵʪʠ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʝʥʳ ʠ ʥʝʧʨʝʨʳʚʥʳ ʚʥʫʪʨʠ ʜʦʧʫʩʪʠʤʦʛʦ ʤʥʦʞʝʩʪʚʘ 

ʠ ʩʪʨʝʤʷʪʴʩʷ ʢ ʙʝʩʢʦʥʝʯʥʦʩʪʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʛʨʘʥʠʮʝ ʤʥʦʞʝʩʪʚʘ ʠʟʥʫʪʨʠ. 

ʏʝʤ ʙʣʠʞʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ r ʢ ʥʫʣʶ, ʪʝʤ ʙʦʣʴʰʝ ʩʢʦʨʦʩʪʴ ʩʭʦʜʠʤʦʩʪʠ 

ʤʝʪʦʜʘ. ʆʜʥʘʢʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ r ʙʘʨʴʝʨʥʘʷ ʬʫʥʢʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʦʚʨʘʞʥʦʡ. ʇʦʵʪʦʤʫ ʧʨʠʥʠʤʘʪʴ ʩʨʘʟʫ r ʤʘʣʳʤ ʯʠʩʣʦʤ ʥʝʮʝʣʝʩʦʙʨʘʟʥʦ. 
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1.2. ʇʨʝʟʝʥʪʘʮʠʠ  
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1.3. ʕʣʝʢʪʨʦʥʥʳʝ ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʝ ʨʝʩʫʨʩʳ 

 

1. https://www.matburo.ru/st_subject.php?p=dr 

ʉʩʳʣʢʠ ʥʘ ʤʘʪʝʨʠʘʣʳ ʧʦ ʯʠʩʣʝʥʥʳʤ ʤʝʪʦʜʘʤ (ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʤʘʪʝʤʘʪʠʢʝ): 

ʫʯʝʙʥʠʢʠ ʩ ʪʝʦʨʠʝʡ, ʧʨʘʢʪʠʢʫʤʳ ʩ ʤʥʦʞʝʩʪʚʦʤ ʨʘʟʦʙʨʘʥʥʳʭ ʧʨʠʤʝʨʦʚ, 

ʚʠʜʝʦʫʨʦʢʠ. 

ʉʩʳʣʢʠ ʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʛʨʘʤʤʳ, ʢʦʪʦʨʳʝ ʧʦʤʦʛʫʪ ʚ ʚʳʯʠʩʣʝʥʠʷʭ, 

ʩʤʦʪʨʠʪʝ ʪʫʪ. ʆʩʥʦʚʥʳʝ ʨʘʟʜʝʣʳ c ʫʯʝʙʥʠʢʘʤʠ, ʣʝʢʮʠʷʤʠ ʠ ʚʠʜʝʦ - ʪʫʪ.  

 

2. https://rep.bntu.by/handle/data/27855 

ʏʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʜʣʷ ʦʙʳʢʥʦʚʝʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ 

[ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]: ʫʯʝʙʥʦ-ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʜʣʷ ʤʘʛʠʩʪʨʘʥʪʦʚ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1-31 81 12 çʇʨʠʢʣʘʜʥʦʡ ʢʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʜʘʥʥʳʭè/ 

ɺ.ʄ.ɺʦʣʢʦʚ, ʀ.ʃ.ʂʦʚʘʣʝʚʘ 

 

3. https://matmetod-popova.narod.ru 

ʇʦʧʦʚʘ ʅ.ɺ. ʄʘʪʝʤʘʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ï- ʕʣʝʢʪʨʦʥʥʳʡ ʫʯʝʙʥʠʢ, 2005 ɺʊʂ 

 

4. https://matlab.exponenta.ru/optimiz/book_2/ 

ɸ.ɻ.ʊʨʠʬʦʥʦʚ. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ ʠ ʯʠʩʣʝʥʥʳʝ ʤʝʪʦʜʳ ʝʝ 

ʨʝʰʝʥʠʷ. 

5. www.pisaruk-9591.appspot.com/static/books/OR.pdf 

ʇʠʩʘʨʫʢ, ʅ. ʅ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʧʝʨʘʮʠʡ / ʅ. ʅ. ʇʠʩʘʨʫʢ. ð ʄʠʥʩʢ : ɹɻʋ, 2013. 

ð 294 c. 

6. http://matica.org.ua/metodichki-i-knigi-po-matematike/metody-optimizatcii-

nekrasova-m-g 

ʅʝʢʨʘʩʦʚʘ ʄ. ɻ. ʄʝʪʦʜʳ ʦʧʪʠʤʠʟʘʮʠʠ.   

https://www.matburo.ru/st_subject.php?p=dr
https://www.matburo.ru/st_subject.php?p=math
https://www.matburo.ru/stuff.php
https://rep.bntu.by/handle/data/27855
https://matmetod-popova.narod.ru/
https://matlab.exponenta.ru/optimiz/book_2/
http://www.pisaruk-9591.appspot.com/static/books/OR.pdf
http://matica.org.ua/metodichki-i-knigi-po-matematike/metody-optimizatcii-nekrasova-m-g
http://matica.org.ua/metodichki-i-knigi-po-matematike/metody-optimizatcii-nekrasova-m-g
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2. ʇʈɸʂʊʀʏɽʉʂʀʁ ʈɸɿɼɽʃ 

 

2.1 ɿʘʜʘʥʠʷ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʟʘʥʷʪʠʡ 

 

ʋʧʨʘʞʥʝʥʠʝ 1.1  

1.ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʟʘʜʘʯʫ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʡ  

 

ʚ ʵʢʚʠʚʘʣʝʥʪʥʦʤ ʚʠʜʝ ʜʣʷ ʦʜʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ.  

2. ʉʬʦʨʤʫʣʠʨʫʡʪʝ ʩʣʝʜʫʶʱʫʶ ʟʘʜʘʯʫ ʂʦʰʠ 

 

ʚ ʚʠʜʝ ʵʢʚʠʚʘʣʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ. 

 

ʋʧʨʘʞʥʝʥʠʝ 1.2.  

1. ʀʩʩʣʝʜʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʜʚʫʭʩʪʘʜʠʡʥʦʛʦ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ ʨʝʰʝʥʠʷ 

ʟʘʜʘʯʠ ʂʦʰʠ ʜʣʷ ʫʨʘʚʥʝʥʠʷ  
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 ʩʦʩʪʦʷʱʝʛʦ ʚ ʯʝʨʝʜʦʚʘʥʠʠ ʷʚʥʦʡ ʠ ʥʝʷʚʥʦʡ ʬʦʨʤʫʣ ʕʡʣʝʨʘ  

 

 

ʥʘ ʥʝʯʝʪʥʳʭ ʠ ʯʝʪʥʳʭ ʰʘʛʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

2. ʆʮʝʥʠʪʝ ʣʦʢʘʣʴʥʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ʕʡʣʝʨʘ  

 

 ʠ ʤʝʪʦʜʘ, ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʫʧʨʘʞʥʝʥʠʠ.  

3.ʇʫʩʪʴ ʟʘʜʘʯʠ ʂʦʰʠ ʙʳʣʘ ʨʝʰʝʥʘ ʪʨʠʞʜʳ ʩ ʨʘʟʣʠʯʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʰʘʛʘ 

ʯʠʩʣʝʥʥʦʛʦ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ: Ű = Ű0; Ű = Ű0/2; ʠ Ű = Ű0/4, ʛʜʝ Ű0 ʜʦʩʪʘʪʦʯʥʦ ʤʘʣʦ. 

ʆʮʝʥʠʪʝ ʧʦʛʨʝʰʥʦʩʪʴ ʤʝʪʦʜʘ ʠ ʝʛʦ ʧʦʨʷʜʦʢ ʪʦʯʥʦʩʪʠ, ʠʩʧʦʣʴʟʫʷ ʫʧʦʤʷʥʫʪʳʝ 

ʚʳʰʝ ʪʨʠ ʧʨʠʙʣʠʞʝʥʥʳʝ ʨʝʰʝʥʠʷ, ʧʦʣʘʛʘʷ ʘʩʠʤʧʪʦʪʠʯʝʩʢʦʝ ʧʦʚʝʜʝʥʠʝ 

ʧʦʛʨʝʰʥʦʩʪʠ    ʠ ʩʯʠʪʘʷ ʪʦʯʥʦʝ ʨʝʰʝʥʠʝ ʥʝʠʟʚʝʩʪʥʳʤ.  

4. ɺʦʩʧʨʦʠʟʚʝʜʠʪʝ ʯʠʩʣʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʳʜʫʱʝʛʦ ʧʫʥʢʪʘ 3, ʠʩʧʦʣʴʟʫʷ 

ʯʠʩʣʝʥʥʳʡ ʘʣʛʦʨʠʪʤ, ʨʘʩʩʤʦʪʨʝʥʥʳʝ ʚ ʧʨʠʤʝʨʝ ʚʳʰʝ, ʠʩʧʦʣʴʟʫʷ Ű0 = 0.01. 

ʆʮʝʥʠʪʝ ʬʘʢʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴ ʯʠʩʣʝʥʥʦʛʦ ʤʝʪʦʜʘ, ʠʩʧʦʣʴʟʫʷ ʪʦʯʥʦʝ 

ʨʝʰʝʥʠʝ ʟʘʜʘʯʠ ʠ ʩʨʘʚʥʠʪʝ ʨʝʟʫʣʴʪʘʪ ʩ ʦʮʝʥʢʦʡ, ʧʦʣʫʯʝʥʥʦʡ ʚ ʧʨʝʜʳʜʫʱʝʤ 

ʧʫʥʢʪʝ 3. 

 

ʋʧʨʘʞʥʝʥʠʝ 1.3. 

1. ɺʥʦʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʢʦʨʨʝʢʪʠʚʳ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʧʨʠʤʝʨʝ 1.2., ʟʘʤʝʥʠʪʝ 

ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ ʠ ɸʜʘʤʩʘ ï ɹʘʰʬʦʨʪʘ ʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʪʘʥʜʘʨʪʥʳʝ ʬʫʥʢʮʠʠ MATLAB ode45 ʠ ode15s, ʚ ʢʦʪʦʨʳʭ 

ʨʝʘʣʠʟʦʚʘʥʳ ʫʢʘʟʘʥʥʳʝ ʤʝʪʦʜʳ. ʉʨʘʚʥʠʪʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʘʥʜʘʨʪʥʦʡ 
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ʨʝʘʣʠʟʘʮʠʠ ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʤʝʪʦʜʦʚ, ʩʦʧʦʩʪʘʚʣʷʷ ʚʳʯʠʩʣʠʪʝʣʴʥʳʝ ʟʘʪʨʘʪʳ ʜʣʷ 

ʜʦʩʪʠʞʝʥʠʷ ʟʘʜʘʥʥʦʡ ʪʦʯʥʦʩʪʠ 

2. ʀʩʧʦʣʴʟʫʷ ʪʝʩʪʦʚʫ  ʁʟʘʜʘʯʫ, ʨʘʩʩʤʦʪʨʝʥʥʫʶ ʚ ʧʨʠʤʝʨʝʚ 1.2 ʠ ʫʧʨʘʞʥʝʥʠʠ 

1.1., ʧʨʦʚʝʨʴʪʝ, ʢʘʢ ʟʥʘʯʝʥʠʷ ʚʭʦʜʥʦʛʦ ʧʘʨʘʤʝʪʨʘ RelTol ʚ ʬʫʥʢʮʠʷʭ ode45 ʠ 

ode15s ʚʣʠʷʶʪ ʥʘ ʬʘʢʪʠʯʝʩʢʫʶ ʧʦʛʨʝʰʥʦʩʪʴʶ ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ. 

 

ʋʧʨʘʞʥʝʥʠʝ 1.4.  

1. ʉʨʘʚʥʠʪʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʥʝʷʚʥʦʛʦ ʠ ʥʝʷʚʥʦ-ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʈʫʥʛʝ ï ʂʫʪʪʳ,. 

2. ʉʨʘʚʥʠʪʝ ʦʙʣʘʩʪʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʷʚʥʳʭ ʤʝʪʦʜʦʚ ʈʫʥʛʝ ï ʂʫʪʪʳ ʯʝʪʚʝʨʪʦʛʦ ʠ 

ʧʷʪʦʛʦ ʧʦʨʷʜʢʦʚ ʪʦʯʥʦʩʪʠ. 

 3. ɺʳʯʠʩʣʠʪʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʥʝʷʚʥʦʛʦ ʤʝʪʦʜʘ ɻʠʨʘ 7-ʛʦ ʧʦʨʷʜʢʘ. ʆʧʨʝʜʝʣʠʪʝ 

ʦʙʣʘʩʪʴ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ.  

ʉʨʘʚʥʠʪʝ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʘ ʧʨʠʤʝʨʘʭ ʩʠʩʪʝʤ 

ɺʘʥ ʜʝʨ ʇʦʣʷ ʠ ʃʦʨʝʥʮʘ. 

 

ʋʧʨʘʞʥʝʥʠʝ1. 5.  

1. ʉʨʘʚʥʠʪʝ ʚʨʝʤʷ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʢʦʥʝʯʥʳʭ 

ʨʘʟʥʦʩʪʝʡ ʠ ʢʦʥʝʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚʳʰʝ ʧʨʠʤʝʨʝ, ʠʩʧʦʣʴʟʫʷ 

ʬʫʥʢʮʠʠ Matlab tic ʠ toc. ʂʘʢʦʡ ʠʟ ʤʝʪʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ? 

2. ʇʦʩʪʨʦʡʪʝ ʢʦʥʝʯʥʦ-ʨʘʟʥʦʩʪʥʳʡ ʠ ʢʦʥʝʯʥʦ-ʵʣʝʤʝʥʪʥʳʡ ʤʝʪʦʜʳ ʜʣʷ 

ʯʠʩʣʝʥʥʦʛʦ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ: 
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ʋʧʨʘʞʥʝʥʠʝ 1.6. 

1.  ʂʘʢʦʝ ʤʠʥʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʫʟʣʦʚ ʩʝʪʢʠ ʪʨʝʙʫʝʪʩʷ ʜʣʷ ʜʦʩʪʠʞʝʥʠʷ 

ʧʨʝʜʝʣʴʥʦʡ (ʩʧʝʢʪʨʘʣʴʥʦʡ) ʪʦʯʥʦʩʪʠ ʧʨʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʠ ʧʦʣʠʥʦʤʘ 6-ʛʦ 

ʧʦʨʷʜʢʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʪʨʠʮʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʠʷ 

ʏʝʙʳʰʝʚʘ. ʇʨʦʚʝʨʴʪʝ ʦʪʚʝʪ ʩ ʧʦʤʦʱʴʶ ʧʨʷʤʳʭ ʚʳʯʠʩʣʝʥʠʡ, ʧʨʠʛʦʪʦʚʠʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʨʠʤʝʨ ʧʨʦʠʟʚʦʣʴʥʦʛʦ ʧʦʣʠʥʦʤʘ 6-ʛʦ ʧʦʨʷʜʢʘ. 

 

 

ʋʧʨʘʞʥʝʥʠʝ 2.1.  

1. ʀʩʧʦʣʴʟʫʷ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ ɼʶʬʦʨʪʘ ï ʌʨʘʥʢʝʣʘ ʚʳʯʠʩʣʠʪʝ 

ʧʨʠʙʣʠʞʝʥʥʦʝ ʨʝʰʝʥʠ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʚ ʧʨʠʤʝʨʝ ʟʘʜʘʯʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʰʘʛʘ: h = 1.e ī 2; 1.e ī 3; 1.e ī 4. ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʨʝʰʝʥʠʝ ʩʭʝʤʳ 

ɼʶʬʦʨʪʘ ï ʌʨʘʥʢʝʣʘ ʥʝ ʩʭʦʜʠʪʩʷ ʧʨʠ Ű = h. 

2. ɺʥʦʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʛʨʘʤʤʥʫʶ ʨʝʘʣʠʟʘʮʠʶ ʤʝʪʦʜʘ ɼʶʬʦʨʪʘ 

ï ʌʨʘʥʢʝʣʘ, ʟʘʤʝʥʠʪʝ ʩʭʝʤʫ ɼʶʬʦʨʪʘ ï ʌʨʘʥʢʝʣʘ ʷʚʥʦʡ ʪʨʝʭʩʣʦʡʥʦʡ ʩʭʝʤʦʡ . 

ʋʙʝʜʠʪʝʩʴ, ʯʪʦ ʜʘʥʥʘʷ ʩʭʝʤʘ ʥʝ ʫʩʪʦʡʯʠʚʘ ʠ ʥʝ ʩʭʦʜʠʪʩʷ ʧʨʠ ʣʶʙʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʰʘʛʦʚ Ű ʠ h. 

 

ʋʧʨʘʞʥʝʥʠʝ 2.2.  

1. ʈʝʘʣʠʟʫʡʪʝ ʧʨʦʛʨʘʤʤʥʦ ʩʭʝʤʫ BeamïWarming ʠ ʩʨʘʚʥʠʪʝ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʩʯʝʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʦʡ ʩʭʝʤʳ ʠ ʜʨʫʛʠʭ ʤʝʪʦʜʦʚ ʧʨʠ Ű = h = 0.02, ʚʘʨʴʠʨʫʷ 

ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ v = 0.9; v = 1.1; v = 1.2.  

2. ʈʝʘʣʠʟʫʡʪʝ ʧʨʦʛʨʘʤʤʥʫʶ ʩʭʝʤʫ ʂɸɹɸʈɽ. ʅʘ ʦʩʥʦʚʝ ʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʧʨʝʜʝʣʠʪʝ ʩʦʦʪʥʦʰʝʥʠʝ ʰʘʛʦʚ Ű ʠ h ʧʨʠ ʢʦʪʦʨʳʭ ʩʭʝʤʘ 

ʷʚʣʷʝʪʩʷ ʪʦʯʥʦʡ. 
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ʋʧʨʘʞʥʝʥʠʝ 2.3.  

1.ʀʩʩʣʝʜʦʚʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʩʭʝʤʳ ʃʘʢʩʘ ï ʌʨʠʜʨʠʭʩʘ. 

ʉʨʘʚʥʠʪʝ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʮʝʥʢʠ ʠ ʨʝʟʫʣʴʪʘʪʳ ʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ 

ʩʢʦʨʦʩʪʠ ʩʭʦʜʠʤʦʩʪʠ ʠ ʫʩʣʦʚʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʜʘʥʥʦʡ ʩʭʝʤʳ 

2. ʆʮʝʥʠʪʝ ʠ ʩʨʘʚʥʠʪʝ ʧʦʛʨʝʰʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʨʘʟʥʦʩʪʥʳʭ ʩʭʝʤ) ʜʣʷ 

ʫʨʘʚʥʝʥʠʷ ʧʝʨʝʥʦʩʘ. 

3. ʀʩʩʣʝʜʫʡʪʝ ʫʩʪʦʡʯʠʚʦʩʪʴ ʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʪʨʝʭʩʣʦʡʥʦʡ ʨʘʟʥʦʩʪʥʦʡ ʩʭʝʤʳ 

ʜʣʷ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. 

 

ʋʧʨʘʞʥʝʥʠʝ 3.1 

ʈʝʰʠʪʝ ʜʘʥʥʳʝ ʟʘʜʘʯʠ ʩʠʤʧʣʝʢʩ ʤʝʪʦʜʦʤ 

 

 

 

ʋʧʨʘʞʥʝʥʠʝ 3.2 

ʈʝʰʠʪʴ ʟʘʜʘʯʫ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʣʠʥʝʡʥʦʛʦ ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ. ʆʙʲʷʩʥʠʪʴ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 
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1. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = (1 - ɚ)x1 - (2 + 3ɚ)x2 + x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 + 4x2 + x3 = 5 

x1 - 2x2 + x3 = -1 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

2. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = x1 - (5 + ɚ)x2 - (1 + ɚ)x3 + 

x4 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 + 3x2 + 3x3 + x4 = 3 

2x1 + 3x3 - x4 = 4 

x1, x2, x3, x4 Ó 0 

-Ð < ɚ < +Ð  

3. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = (1 - ɚ)x1 + (1 + ɚ)x2 - x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 - x2 - x3 = 4 

x1 + 15x2 + x3 = 2 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

4. ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = -x1 - (4 - ɚ)x2 - (1 + 2ɚ)x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

4x1 + 11x2 + 3x3 = 7 

x1 + x2 - x3 = 0 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

5. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = (1 - ɚ)x1 + (3 - ɚ)x2 + 5x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 + 2x2 - x3 = 2 

x1 - x2 = 6 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

6. ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = (-1 + ɚ)x1 - (4 + ɚ)x2 - (1 + 

5ɚ)x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 - x2 + x3 = 3 

2x1 - 5x2 - x3 = 0 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  
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7. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = x1 + (2 - 10ɚ)x2 - (1 + ɚ)x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 + 7x2 + 9x3 = 8 

x1 + 3x2 + 5x3 = 4 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

8. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = (1 - ɚ)x1 + (8 - 2ɚ)x2 + (10 

+ ɚ)x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 - x2 + 4x3 = 2 

x1 - x2 + 2x3 = 0 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

9. ʄʠʥʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = -(1 + 2ɚ)x1 - (1 - ɚ)x2 - x3 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

-x1 + x2 + x3 = 2 

3x1 - x2 + x3 = 0 

x1, x2, x3 Ó 0 

-Ð < ɚ < +Ð  

10. ʄʘʢʩʠʤʠʟʠʨʦʚʘʪʴ 

L(x, ɚ) = (1 - ɚ)x1 - 3x2 - (5 + ɚ)x3 - 

(1 + 2ɚ)x4 

ʧʨʠ ʫʩʣʦʚʠʷʭ 

x1 + 4x2 + 4x3 + x4 = 5 

x1 + 7x2 + 8x3 + 2x4 = 9 

x1, x2, x3, x4 Ó 0 

-Ð < ɚ < +Ð  

ʋʧʨʘʞʥʝʥʠʝ 3.3 

1. ʌʠʨʤʘ ʤʦʞʝʪ ʚʳʧʫʩʢʘʪʴ ʜʚʘ ʚʠʜʘ ʠʟʜʝʣʠʡ, ʠʩʧʦʣʴʟʫʷ ʯʝʪʳʨʝ ʚʠʜʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ʇʦ ʥʦʨʤʘʪʠʚʘʤ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ ʧʝʨʚʦʛʦ ʚʠʜʘ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʝʨʚʦʛʦ, ʚʪʦʨʦʛʦ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ  ʚʠʜʘ ʧʨʠʜʝʪʩʷ ʟʘʥʷʪʴ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ  2,  3,  4  ʠ 1 ʜʝʥʴ. ɸʥʘʣʦʛʠʯʥʦ, ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʦʜʥʦʛʦ 

ʠʟʜʝʣʠʷ ʚʪʦʨʦʛʦ ʚʠʜʘ ʪʝ ʞʝ ʩʪʘʥʢʠ ʧʨʠʜʝʪʩʷ ʟʘʥʷʪʴ ʚ ʪʝʯʝʥʠʝ 6, 3, 0, 2 ʜʥʝʡ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʚʝʩʪʝʥ ʬʦʥʜ ʚʨʝʤʝʥʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʧʝʨʚʦʛʦ ʚʠʜʘ ʨʘʚʝʥ 18 

ʜʥʷʤ, ʚʪʦʨʦʛʦ ʚʠʜʘ ð 15 ʜʥʷʤ, ʪʨʝʪʴʝʛʦ ʠ ʯʝʪʚʝʨʪʦʛʦ ð ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 16 ʠ 8 

ʜʥʷʤ. ʋʜʝʣʴʥʘʷ ʧʨʠʙʳʣʴ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ ʧʝʨʚʦʛʦ ʚʠʜʘ 

ʩʦʩʪʘʚʣʷʝʪ 600 ʨʫʙ., ʘ ʦʪ ʧʨʦʠʟʚʦʜʩʪʚʘ ʦʜʥʦʛʦ ʠʟʜʝʣʠʷ ʚʪʦʨʦʛʦ ʚʠʜʘ ð 900  ʨʫʙ. 

ʉʦʩʪʘʚʴʪʝ ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʤʦʜʝʣʴ ʧʦʩʪʘʚʣʝʥʥʦʡ ʟʘʜʘʯʠ ʠ ʨʝʰʠʪʝ ʵʪʫ ʟʘʜʘʯʫ: 
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ʘ) ʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ; ʙ) ʩʠʤʧʣʝʢʩʥʳʤ ʤʝʪʦʜʦʤ. ʅʘʡʜʠʪʝ ʦʧʪʠʤʘʣʴʥʳʡ ʧʣʘʥ 

ʧʨʦʠʟʚʦʜʩʪʚʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʬʠʨʤʝ ʥʘʠʙʦʣʴʰʫʶ ʧʨʠʙʳʣʴ, ʘ ʪʘʢʞʝ 

ʜʚʦʡʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʢʘʞʜʦʛʦ ʚʠʜʘ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʘʡʪʝ ʠʤ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʠʥʪʝʨʧʨʝʪʘʮʠʶ.  

2. ʌʠʨʤʘ ʚʳʧʫʩʢʘʝʪ ʠʟ ʞʝʣʝʟʘ ʠ ʧʨʦʚʦʣʦʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʳ ʜʚʫʭ ʚʠʜʦʚ. ʅʘ 

ʦʜʠʥ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʝʨʚʦʛʦ ʚʠʜʘ ʪʨʘʪʠʪʩʷ 5 ʢʛ ʞʝʣʝʟʘ ʠ 3 ʢʛ ʧʨʦʚʦʣʦʢʠ, 

ʠʟʛʦʪʦʚʣʝʥʠʝ ʦʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʚʪʦʨʦʛʦ ʚʠʜʘ ʪʨʝʙʫʝʪ ʟʘʪʨʘʪ 3 ʢʛ ʞʝʣʝʟʘ ʠ 

2 ʢʛ ʧʨʦʚʦʣʦʢʠ. ʆʪ ʨʝʘʣʠʟʘʮʠʠ ʦʜʥʦʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʬʠʨʤʘ ʧʦʣʫʯʘʝʪ 

ʧʨʠʙʳʣʴ 600 ʠ 500 ʨʫʙ. ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɽʞʝʤʝʩʷʯʥʦ ʬʠʨʤʘ ʟʘʢʫʧʘʝʪ ʜʣʷ 4,8 ʪ 

ʞʝʣʝʟʘ ʠ 3 ʪ ʧʨʦʚʦʣʦʢʠ. ʆʧʨʝʜʝʣʠʪʝ: ʘ) ʩʢʦʣʴʢʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʦʚ ʢʘʞʜʦʛʦ ʚʠʜʘ 

ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʫʩʢʘʪʴ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʤʘʢʩʠʤʘʣʴʥʦʡ ʧʨʠʙʳʣʠ; ʙ) ʢʘʢʦʚʳ 

ʜʚʦʡʩʪʚʝʥʥʳʝ ʦʮʝʥʢʠ ʨʝʩʫʨʩʦʚ; ʚ) ʧʦ ʢʘʢʠʤ ʤʘʢʩʠʤʘʣʴʥʳʤ ʮʝʥʘʤ ʠʤʝʝʪ ʩʤʳʩʣ 

ʟʘʢʫʧʘʪʴ ʨʝʩʫʨʩʳ; ʛ) ʢʘʢʦʚʳ ʦʩʪʘʪʢʠ ʨʝʩʫʨʩʦʚ ʧʦʩʣʝ ʚʳʧʦʣʥʝʥʠʷ ʤʝʩʷʯʥʦʛʦ 

ʦʧʪʠʤʘʣʴʥʦʛʦ ʧʣʘʥʘ ʧʨʦʠʟʚʦʜʩʪʚʘ; ʜ) ʢʘʢʠʝ ʨʝʩʫʨʩʳ ʦʙʨʘʟʫʶʪ ʫʟʢʠʝ ʤʝʩʪʘ; ʝ) 

ʢʘʢʦʝ ʦʧʪʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʝʩʫʨʩʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʫʟʢʠʝ ʤʝʩʪʘ, ʩʣʝʜʫʝʪ 

ʟʘʢʘʟʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʦ.  

 

 

ʋʧʨʘʞʥʝʥʠʝ 4.1.  

1. ʈʘʟʨʘʙʦʪʘʪʴ GUI ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʚ ʤʝʪʦʜʝ ʥʘʠʩʢʦʨʝʡʰʝʛʦ ʩʧʫʩʢʘ. 

 2. ʈʘʟʨʘʙʦʪʘʪʴ GUI ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ 

ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʥʘ ʵʪʘʧʘʭ ʠʩʩʣʝʜʫʶʱʝʛʦ ʧʦʠʩʢʘ ʠ ʧʦʠʩʢʘ ʧʦ ʦʙʨʘʟʮʫ ʚ ʤʝʪʦʜʝ 

ʍʫʢʘïɼʞʠʚʩʘ.  

3. ɺʳʧʦʣʥʠʪʴ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʠʟʤʝʥʝʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ Ŭ ʠ ɓ ʚ 

ʤʝʪʦʜʝ ʈʦʟʝʥʙʨʦʢʘ.  
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4. ʉʨʘʚʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʨʘʙʦʪʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʚ 

ʤʝʪʦʜʝ ʇʘʫʵʣʣʘ.  

 

ʋʧʨʘʞʥʝʥʠʝ 4.2.  

1. ʀʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʘ ʰʘʛʘ ʥʘ ʩʭʦʜʠʤʦʩʪʴ ʤʝʪʦʜʘ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ 

ʩ ʧʦʩʪʦʷʥʥʳʤ ʰʘʛʦʤ.  

2. ʈʘʟʨʘʙʦʪʘʪʴ GUI ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʠʩʢʘ ʤʠʥʠʤʫʤʘ ʬʫʥʢʮʠʡ 

ʤʝʪʦʜʘʤʠ ʛʨʘʜʠʝʥʪʥʦʛʦ ʩʧʫʩʢʘ ʩ ʜʝʣʝʥʠʝʤ ʰʘʛʘ ʠ ʣʠʥʝʡʥʦʛʦ ʧʦʠʩʢʘ ʩ 

ʚʦʟʚʨʘʪʦʤ.  

3. ɺʳʧʦʣʥʠʪʴ ʩʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʨʘʩʯʝʪʘ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ɓ ʚ ʤʝʪʦʜʘʭ ʩʦʧʨʷʞʝʥʥʳʭ ʛʨʘʜʠʝʥʪʦʚ. 

 

ʋʧʨʘʞʥʝʥʠʝ 4.3.  

1. ʈʘʟʨʘʙʦʪʘʪʴ GUI ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʅʴʶʪʦʥʘï

ʈʘʬʩʦʥʘ ʠ ʄʘʨʢʚʘʨʜʪʘ.  

2. ʉʨʘʚʥʝʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪ ɹʨʘʙʦʪʳ ʤʝʪʦʜʦʚ ʅʴʶʪʦʥʘ ʠ ʄʘʨʢʚʘʨʜʪʘ. 

 

ʋʧʨʘʞʥʝʥʠʝ 5.1 

1. ɺʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ 
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2. ɺʳʧʦʣʥʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʣʝʜʫʶʱʝʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ 

 

 

  












































