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ʇʦʩʦʙʠʝ ʧʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʠʢ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʥʦʛʦʟʚʝʥʥʳʭ ʦʙʲʝʢʪʦʚ ʧʠʱʝ-

ʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚ ʩ ʮʝʣʴʶ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʭ ʥʘ ʦʩ-

ʥʦʚʝ ʧʨʠʤʝʥʝʥʠʷ ʤʥʦʛʦʢʘʥʘʣʴʥʳʭ, ʢʘʩʢʘʜʥʦ-ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʠ ʤʥʦʛʦʨʝʟʝʨʚʥʳʭ ʩʠʩ-

ʪʝʤ ʫʧʨʘʚʣʝʥʠʷ. 

ʇʨʝʜʥʘʟʥʘʯʝʥʦ ʜʣʷ ʤʘʛʠʩʪʨʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 15.04.04. ɸʚʪʦʤʘ-

ʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ ʧʨʠ ʠʟʫʯʝʥʠʠ ʜʠʩʮʠʧʣʠʥ çʆʨʛʘʥʠ-

ʟʘʮʠʷ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡè, çʀʥʪʝʛʨʠʨʦʚʘʥʥʳʝ ʠʥʬʦʨʤʘʮʠ-

ʦʥʥʦ-ʫʧʨʘʚʣʷʶʱʠʝ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʩʳʨʴʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè, çɸʚʪʦ-

ʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚ ʧʠʱʝʚʳʭ ʧʨʦʠʟʚʦʜʩʪʚʘʭè, çʄʦʜʝʣʠ-

ʨʦʚʘʥʠʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤè, çʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪ-

ʚʦʤ ʩʳʨʴʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè, çʂʦʥʪʨʦʣʴ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʝ ʫʧʨʘʚʣʝʥʠʝ ʢʘʯʝ-

ʩʪʚʦʤ ʧʨʦʜʫʢʮʠʠè, çɸʥʘʣʠʟ ʘʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʠʟʚʦʜʩʪʚ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè, çɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʚʣʘʞʥʦʩʪʥʳʭ ʨʝʞʠʤʦʚ ʭʨʘʥʝʥʠʷ 

ʩʳʨʴʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè ʦʯʥʦʡ ʠ ʟʘʦʯʥʦʡ ʬʦʨʤ ʦʙʫʯʝʥʠʷ, ʘ ʪʘʢʞʝ ʨʝʢʦʤʝʥʜʫʝʪʩʷ 

ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʜʣʷ ʙʘʢʘʣʘʚʨʦʚ, ʦʙʫʯʘʶʱʠʭʩʷ ʧʦ ʥʘʧʨʘʚʣʝʥʠʶ 

15.03.04. ɸʚʪʦʤʘʪʠʟʘʮʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚ. 
 
 

ʈʝʮʝʥʟʝʥʪʳ: ʛʝʥʝʨʘʣʴʥʳʡ ʜʠʨʝʢʪʦʨ ʆʆʆ çʀʎ ʍʦʣʦʜʠʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʠè, ʢʘʥʜʠ-

ʜʘʪ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ɺ.ɹ. ɼʘʥʠʥ; ʜʦʢʪʦʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ. ɸ.ɸ. ɹʝʛʫʥʦʚ (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ).  
 
 

ʈʝʢʦʤʝʥʜʦʚʘʥʦ ʢ ʧʝʯʘʪʠ ʉʦʚʝʪʦʤ ʬʘʢʫʣʴʪʝʪʘ ʧʠʱʝʚʳʭ ʙʠʦʪʝʭʥʦʣʦʛʠʡ ʠ ʠʥʞʝʥʝ-

ʨʠʠ, ʧʨʦʪʦʢʦʣ ˉ 10 ʦʪ 30 ʠʶʥʷ 2016 ʛ. 

 

 
ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ ï ʚʝʜʫʱʠʡ ʚʫʟ ʈʦʩʩʠʠ ʚ ʦʙʣʘʩʪʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ             

ʠ ʬʦʪʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʦʜʠʥ ʠʟ ʥʝʤʥʦʛʠʭ ʨʦʩʩʠʡʩʢʠʭ ʚʫʟʦʚ, ʧʦʣʫʯʠʚʰʠʭ 

ʚ    2009 ʛʦʜʫ ʩʪʘʪʫʩ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.                  

ʉ 2013 ʛʦʜʘ ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ ï ʫʯʘʩʪʥʠʢ ʧʨʦʛʨʘʤʤʳ ʧʦʚʳʰʝʥʠʷ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʩʪʠ ʨʦʩʩʠʡʩʢʠʭ ʫʥʠʚʝʨʩʠʪʝʪʦʚ ʩʨʝʜʠ ʚʝʜʫʱʠʭ 

ʤʠʨʦʚʳʭ     ʥʘʫʯʥʦ-ʦʙʨʘʟʦʚʘʪʝʣʴʥʳʭ ʮʝʥʪʨʦʚ, ʠʟʚʝʩʪʥʦʡ ʢʘʢ ʧʨʦʝʢʪ                 

ç5 ï 100è. ʎʝʣʴ ʋʥʠʚʝʨʩʠʪʝʪʘ ʀʊʄʆ ï ʩʪʘʥʦʚʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ ʤʠʨʦʚʦʛʦ ʫʨʦʚʥʷ, ʧʨʝʜʧʨʠʥʠʤʘʪʝʣʴʩʢʦʛʦ ʧʦ ʪʠʧʫ, 

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ  ʥʘ  ʠʥʪʝʨʥʘʮʠʦʥʘʣʠʟʘʮʠʶ  ʚʩʝʭ  ʥʘʧʨʘʚʣʝʥʠʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ.  
 

É ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ, ʤʝʭʘʥʠʢʠ ʠ ʦʧʪʠʢʠ, 2016 

É ɸʣʸʰʠʯʝʚ ʉ.ɽ., ɹʘʣʶʙʘʰ ɺ.ɸ., ʉʪʝʛʘʣʠʯʝʚ ʖ.ɻ., 2016 
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ʉʇʀʉʆʂ ʇʈʀʅʗʊʓʍ ʉʆʂʈɸʑɽʅʀʁ ʀ ʆɹʆɿʅɸʏɽʅʀʁ 
 

 

ʉʦʢʨʘʱʝʥʠʷ 
 

ɸʉʋʊʂ ï ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠ-

ʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ʇʂ ï ʧʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ. 

ʉɸʋ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ. 

ʉɸʈ ï ʩʠʩʪʝʤʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ. 

ʊʂ ï ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ï ʩʣʦʞʥʳʡ ʤʥʦʛʦʟʚʝʥʥʳʡ, 

ʤʥʦʛʦʬʘʢʪʦʨʥʳʡ ʦʙʲʝʢʪ ʫʧʨʘʚʣʝʥʠʷ, ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ ʢʦʪʦʨʦʛʦ, ʘ 

ʪʘʢʞʝ ʚʥʫʪʨʠ ʩʘʤʦʛʦ ʦʙʲʝʢʪʘ ʧʨʠ ʨʘʙʦʪʝ ʦʙʦʨʫʜʦʚʘʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ. 

ʊʆ ï ʪʝʧʣʦʦʙʤʝʥʥʳʡ ʘʧʧʘʨʘʪ ʧʨʦʪʦʯʥʦʛʦ ʪʠʧʘ (ʪʝʧʣʦʦʙʤʝʥ-

ʥʠʢ). 

ʍʈʆ ï ʭʦʜ ʨʘʙʦʯʝʛʦ ʦʨʛʘʥʘ (ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ).  

QB ï ʢʦʤʧʠʣʷʪʦʨ QBasic. 

QBasic ï ʩʨʝʜʘ QBasic (ʥʘʙʦʨ ʧʨʦʛʨʘʤʤ). 

 

 

ʆʙʦʟʥʘʯʝʥʠʷ 
 

Z(i), (i = 1, é, n) ï ʦʙʦʙʱʸʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʬʦʨ-

ʤʠʨʫʶʱʠʭʩʷ ʥʘ ʚʳʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ (ʧʦʢʘʟʘʪʝʣʠ ʢʘ-

ʯʝʩʪʚʘ). 

z(i), (i = 1, é, n) ï ʪʦ ʞʝ ʥʘ ʚʳʭʦʜʝ ʟʚʝʥʘ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ. 

X(g), (g = 1, é, m) ï ʦʙʦʙʱʝʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʚʥʝʰʥʠʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʧʦʩʪʫʧʘʶʱʠʭ ʥʘ ʚʭʦʜ ʊʂ (ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʚʦʟ-

ʤʫʱʝʥʠʷ). 

x(g), (g = 1, é, m) ï ʪʦ ʞʝ ʥʘ ʚʳʭʦʜʝ ʟʚʝʥʘ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝ-

ʤʝ. 

Y(j), (j = 1, é, k) ï ʦʙʦʙʱʝʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝ-

ʥʷʝʤʳʭ ʚ Z(i), ʚ ʧʨʦʮʝʩʩʝ ʫʧʨʘʚʣʝʥʠʷ ʊʂ (ʫʧʨʘʚʣʷʝʤʳʝ ʚʦʟʜʝʡʩʪʚʠʷ). 

y(j), (j = 1, é, k) ï ʪʦ ʞʝ ʥʘ ʚʳʭʦʜʝ ʟʚʝʥʘ ʚ ʩʪʨʫʢʪʫʨʥʦʡ ʩʭʝʤʝ. 

nom z(i), nom x(g), nom y(j) ï ʥʦʤʠʥʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝ-

ʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʚʦʟʤʫʱʝʥʠʡ ʧʨʠ ʥʘʯʘʣʴʥʦʤ ʫʩʪʘʥʦʚʠʚ-
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ʰʠʤʩʷ (ʩʪʘʪʠʯʝʩʢʦʤ) ʨʝʞʠʤʝ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʥʠʤʘʝʤʳʝ ʟʘ ʥʘ-

ʯʘʣʦ ʰʢʘʣʳ ʦʪʩʯʸʪʘ ʦʪʢʣʦʥʝʥʠʡ ʧʝʨʝʤʝʥʥʳʭ. 

dZ(i), dX(g), dY(j) ï ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪ-

ʨʠʮʘʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ ʚʦʟʤʫʱʝʥʠʡ ʦʪ ʥʦ-

ʤʠʥʘʣʘ. 

min Z(i), min X(g), min Y(j), max Z(i), max X(g), max Y(j) ï ʤʠ-

ʥʠʤʘʣʴʥʳʝ ʠ ʤʘʢʩʠʤʘʣʴʥʳʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪ-

ʚʘ ʠ ʚʦʟʤʫʱʝʥʠʡ, ʜʦʩʪʠʞʝʥʠʝ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʥʦ ʧʨʠ ʵʢʩʧʣʫʘʪʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ. 

izm Z(i), izm X(g), izm Y(j) ï ʠʟʤʝʨʝʥʥʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʧʘʨʘʤʝʪʨʘ. 

opt Z(i), opt Y(j) ï ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʠ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʨʝʞʠʤ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢ-

ʩʘ ʦʧʪʠʤʘʣʴʥʳʡ ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ. 

ust Z(i), ust X(i) ï ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʝʛʫʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪ-

ʨʘ, ʫʩʪʘʚʢʘ ʨʝʛʫʣʷʪʦʨʫ, ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ. 
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1. ʉʊʈʋʂʊʋʈʅʆ-ʇɸʈɸʄɽʊʈʀʏɽʉʂʀʁ ɸʅɸʃʀɿ 
ɸɺʊʆʄɸʊʀɿʀʈʋɽʄʓʍ ʂʆʄʇʃɽʂʉʆɺ, ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 
ʂʆʊʆʈʓʍ ʄʆɼɽʃʀʈʋʖʊʉʗ ɺ ɺʀɼɽ ʋʈɸɺʅɽʅʀʁ 

ʄʅʆɾɽʉʊɺɽʅʅʆʁ ʈɽɻʈɽʉʉʀʀ 
 

ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʦʙʦʨʫʜʦʚʘ-

ʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʧʦʣʥʷʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʭ ʦʧʝʨʘʮʠʡ ʪʝʧʣʦʦʙʤʝʥʘ, ʤʘʩʩʦʦʙʤʝʥʘ, ʬʘʟʦʚʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʥʝʚʦʟʤʦʞʝʥ ʦʧʝʨʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʦ-

ʢʘʟʘʪʝʣʝʡ ʧʨʦʜʫʢʪʘ, ʬʦʨʤʠʨʫʶʱʠʭʩʷ ʧʦ ʭʦʜʫ ʧʨʦʮʝʩʩʘ. ɺ ʪʘʢʠʭ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʪʘʢʞʝ ʥʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʯʠʩ-

ʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʚʦʟʤʫʱʘʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ x(g)) ʚ ʦʙʲʝʤʝ ʧʘʨʪʠʠ ʠʣʠ ʧʦʪʦʢʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʩʪʫ-

ʧʘʶʱʠʭ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ, ʘ ʪʘʢʞʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ 

ʧʨʦʜʫʢʪʘ Z(i) ʥʘ ʚʳʭʦʜʝ ʢʦʤʧʣʝʢʩʘ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦʟʤʦʞʥʳʭ 

ʩʪʘʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʥʳʭ ʩʦʩʪʦʷʥʠʡ ʪʘʢʠʝ ʢʦʤʧʣʝʢʩʳ ʩʣʝʜʫʝʪ ʨʘʩ-

ʩʤʘʪʨʠʚʘʪʴ ʢʘʢ ʤʥʦʛʦʢʦʦʨʜʠʥʘʪʥʫʶ ʩʠʩʪʝʤʫ. ʄʦʜʝʣʴ ʪʘʢʦʡ ʩʠʩʪʝʤʳ 

ʤʦʞʥʦ ʩʬʦʨʤʠʨʦʚʘʪʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥ-

ʥʳʭ ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʚ ʚʠʜʝ ʫʨʘʚʥʝʥʠʡ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛ-

ʨʝʩʩʠʠ [1]. 

ɸʧʧʘʨʘʪʫʨʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʢʦʤʧʣʝʢʩʘ ʧʨʦʚʦʜʠʪʩʷ 

ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʦʞʠʜʘʝʤʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʚʳʭʦʜʥʳʝ ʧʦʢʘʟʘʪʝʣʠ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʘ Z(i) ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʠʩʭʦʜʥʦʛʦ ʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦ-

ʩʪʦʷʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʳʨʴʷ, ʵʥʝʨʛʦʥʦʩʠʪʝʣʝʡ X(g), ʘ ʪʘʢʞʝ ʫʧʨʘʚ-

ʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ Y(j) ʥʘ ʵʣʝʤʝʥʪʳ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʫʯʘʩʪʚʫʶʱʠʝ 

ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʨʘʙʦʪʢʠ ʩʳʨʴʷ ʚ ʧʨʦʜʫʢʪ. ʊʘʢ ʢʘʢ ʚ ʦʙʲʝʢʪʘʭ ʵʪʦʛʦ 

ʪʠʧʘ ʙʦʣʝʝ ʜʚʫʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʦʙʲ-

ʝʢʪ), ʪʦ ʠʤʝʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʪʠʤʠʟʘʮʠʠ ʨʝʞʠʤʦʚ ʦʙʨʘʙʦʪʢʠ ʢʦʥ-

ʢʨʝʪʥʦʡ ʧʘʨʪʠʠ ʩʳʨʴʷ ï ʚʳʙʦʨ ʩʦʯʝʪʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʚʳʧʦʣʥʝʥʠʝ ʟʘʜʘʥʥʦʛʦ ʢʨʠʪʝʨʠʷ ʦʧʪʠʤʠʟʘʮʠʠ, ʥʘ-

ʧʨʠʤʝʨ, ʤʠʥʠʤʘʣʴʥʳʭ ʧʦʪʝʨʴ ʤʘʩʩʳ ʩʳʨʴʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ. 

 

1.1. ʉʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ 
 

ɺ ʫʯʝʙʥʦʤ ʧʦʩʦʙʠʠ [2] ʠʟʣʦʞʝʥʘ ʤʝʪʦʜʠʢʘ ʧʦʜʛʦʪʦʚʢʠ, ʧʨʦʚʝ-

ʜʝʥʠʷ ʠ ʦʴʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺ ʧʦʩʦʙʠʠ 

ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʩʯʸʪʥʳʝ ʧʨʦʛʨʘʤʤʳ: 
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ï ʧʨʦʛʨʘʤʤʘ çozenkaè ʧʦʟʚʦʣʷʶʱʘʷ ʦʮʝʥʠʪʴ ʜʦʩʪʦʚʝʨʥʦʩʴ ʛʠ-

ʧʨʦʪʝʟʳ ʚʣʠʷʥʠʷ ʚʳʙʨʘʥʥʳʭ ʬʘʢʪʦʨʦʚ X(j) ʠ  Y(g) ʥʘ  Z(i):  

ï ʧʨʦʛʨʘʤʤʘ çmodel 06è ʧʦʟʚʦʣʷʶʱʘʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʦʙʨʘʥʥʦ-

ʛʦ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʘʪʴ ʢʦʵʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ ʣʠʥʝʡʥʦʡ 

ʨʝʛʨʝʩʩʠʠ ʤʦʜʝʣʠʨʫʶʱʠʭ ʩʚʷʟʴ Z (i)=  f ((X(j), Y(g)). 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʨʘʙʦʪʘ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʜʝʬʨʦʩʪʘʮʠʠ ʤʷʩ-

ʥʦʛʦ ʩʳʨʴʷ ʚ ʪʝʨʤʦʢʘʤʝʨʝ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ. ʅʘ ʨʠʩ. 1 ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʩ ʦʙʦʟʥʘʯʝʥʠʝʤ ʚʭʦʜʷʱʠʭ 

ʠ ʚʳʭʦʜʷʱʠʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʫʧʨʘʚ-

ʣʷʶʱʠʭ ʧʦʪʦʢʦʚ, ʚʳʜʝʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʚʝʥʴʷ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʦʮʝʩ-

ʩʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʳʨʴʷ ʚ ʧʨʦʜʫʢʪ, ʬʦʨʤʠʨʫʶʱʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ 

ʩʦʦʙʱʝʥʠʷ ʠ ʨʝʘʣʠʟʫʶʱʠʝ ʢʦʤʘʥʜʳ ʫʧʨʘʚʣʝʥʠʷ. 

ɿʚʝʥʦ1 ï ʇʦʪʦʢ ʟʘʛʨʫʞʘʝʤʦʡ ʚ ʢʘʤʝʨʫ ʧʘʨʪʠʠ ʩʳʨʴʷ. 

ɿʚʝʥʦ2 ï ʂʦʤʧʣʝʢʪ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʳʙʦʨʦʯʥʦʝ ʠʟʤʝʨʝʥʠʝ ʚ ʧʦʪʦʢʝ ʩʨrʴʷ ʦʩʨʝʜʥʸʥʥʦʡ ʤʘʩʩʳ ʪʫʰʠ (ʧʨʠ 

ʟʘʛʨʫʟʢʝ) ʄ1(l), ʢʛ, ʦʩʨʝʜʥʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʪʫʰʠ ʧʨʠ ʟʘ-

ʛʨʫʟʢʝ t1(l), 
o
C, ʦʩʨʝʜʥʸʥʥʫʶ ʦʮʝʥʢʫ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʘ ʚ ʤʘʩʩʝ ʪʫʰʠ 

h1(l), %. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʧʦ ʦʢʦʥʯʘʥʠʠ ʟʘʛʨʫʟʢʠ ʧʘʨʪʠʠ ʚ ʬʦʨ-

ʤʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʢʘʨʪʳ ʧʝʨʝʜʘʶʪʩʷ ʦʧʝʨʘʪʦʨʫ ʜʣʷ ʚʚʦʜʘ ʚ ʧʨʦ-

ʛʨʘʤʤʫ ɸʈʄ. 

ɿʚʝʥʦ3 ï ɿʘʤʢʥʫʪʳʡ ʦʙʲʝʤ ʢʘʤʝʨʳ, ʚ ʢʦʪʦʨʦʤ ʧʦʜʜʝʨʞʠʚʘʶʪ-

ʩʷ ʧʘʨʘʤʝʪʨʳ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʦʙʲʸʤʝ ʧʘʨ-

ʪʠʠ ʩʨrʴʷ ʧʨʠ ʨʘʟʤʦʨʦʟʢʝ ʪʫʰʠ. 

ɿʚʝʥʦ4 ï ʆʙʲʝʤ ʟʘʛʨʫʞʝʥʥʦʡ ʧʘʨʪʠʠ ʩʳʨʴʷ, ʚ ʢʦʪʦʨʦʤ ʚ ʪʝʯʝ-

ʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʨʦʤʝʞʫʪʢʘ ʚʨʝʤʝʥʠ Tk, ʯʘʩ, ʬʦʨʤʠʨʫʶʪʩʷ ʦʩʥʦʚʥʳʝ 

ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ: ʪʝʤʧʝʨʘʪʫʨʘ ʚʥʫʪʨʠ ʨʘʟʤʦ-

ʨʦʞʝʥʥʦʡ ʪʫʰʠ t2(i), 
o
C ʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʪʫʰʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʨʦ-

ʩʪʘʮʠʠ ʄ2(i), ʢʛ. 

ɿʚʝʥʦ5 ï ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʚʣʘʞʥʦʩʪʠ Wk, %, ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ, 

ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʦʙʲʝʤʝ ʢʘʤʝʨʳ. 

ɿʚʝʥʦ6 ï ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʜʠʩʪʘʥʮʠʦʥʥʦʡ ʢʦʨʨʝʢ-

ʪʠʨʦʚʢʠ ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʚ ʦʙʲʝʤʝ ʢʘʤʝ-

ʨʳ Vk, %. 

ɿʚʝʥʦ7 ï ʂʦʤʧʣʝʢʪ ʦʙʦʨʫʜʦʚʘʥʠʷ ʜʣʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠ-

ʟʘʮʠʠ ʥʘ ʟʘʜʘʥʥʦʤ ʫʨʦʚʥʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ tk, 
o
C, 

ʮʠʨʢʫʣʠʨʫʶʱʝʡ ʚ ʦʙʲʝʤʝ ʢʘʤʝʨʳ. 
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ɿʚʝʥʦ8 ï ʇʦʪʦʢ ʚʳʛʨʫʞʘʝʤʦʡ ʠʟ ʢʘʤʝʨʳ ʧʘʨʪʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦ-

ʜʫʢʪʘ. 

ɿʚʝʥʦ9 ï ʂʦʤʧʣʝʢʪ ʧʨʠʙʦʨʦʚ ʠ ʦʙʦʨʫʜʦʚʘʥʠʷ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ 

ʚʳʙʦʨʦʯʥʦʝ    ʠʟʤʝʨʝʥʠʝ    ʚ    ʧʦʪʦʢʝ    ʧʨʦʜʫʢʪʘ    ʦʩʨʝʜʥʸʥʥʦʡ    

ʤʘʩʩʳ ʜʝʬʨʦʩʪʠʨʦʚʘʥʥʦʡ ʪʫʰʠ ʄ2(i), ʢʛ ʠ ʦʩʨʝʜʥʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʥʫʪʨʠ ʪʫʰʠ ʧʨʠ ʚʳʛʨʫʟʢʝ t2, 
o
C. 

 

 

 
 

ʈʠʩ. 1. ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ ʢʦʤʧʣʝʢʩʘ ʜʝʬʨʦʩʪʘʮʠʠ ʤʷʩʥʦʛʦ ʩʳʨʴʷ 
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ʅʘ ʩʭʝʤʝ ʦʙʦʟʥʘʯʝʥʳ: 

 

ï ʟʚʝʥʴʷ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ 

ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ; 

 

 

ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʩʦʦʙʱʝʥʠʝ ʦʧʝʨʘʪʦʨʫ; 

 

 

ï ʢʦʤʘʥʜʳ ʟʘʜʘʥʠʷ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʦʪ  

ʦʧʝʨʘʪʦʨʘ. 

 

 

ɿʚʝʥʦ ʈɺ ï ʂʦʤʧʣʝʢʪ ʧʨʠʙʦʨʦʚ ʟʘʜʘʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʚʣʘʞʥʦʩʪʠ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ Wk, %, ʚ ʨʝʞʠʤʝ ʜʝʬʨʦʩʪʘ-

ʮʠʠ. 

ɿʚʝʥʦ ʈʊ ï ʂʦʤʧʣʝʢʪ ʧʨʠʙʦʨʦʚ ʟʘʜʘʥʠʷ, ʠʟʤʝʨʝʥʠʷ ʠ ʨʝʛʫʣʠ-

ʨʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ tk, 
o
C, ʚ ʨʝʞʠʤʝ ʜʝʬʨʦ-

ʩʪʘʮʠʠ. 

ɿʚʝʥʦ ɸʈʄ ï ʇʝʨʩʦʥʘʣʴʥʳʡ ʢʦʤʧʴʶʪʝʨ ʦʧʝʨʘʪʦʨʘ, ʩʦʜʝʨʞʘ-

ʱʠʡ ʧʨʦʛʨʘʤʤʥʳʝ ʙʣʦʢʠ: 

ï ʙʣʦʢ ʈʄ1 ʠ ʈʄ2 ʜʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ 

ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʦʥʥʦʡ ʤʦ-

ʜʝʣʠ ʧʨʦʮʝʩʩʘ; 

ï ʙʣʦʢ ʈʈ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʨʝʞʠʤʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝ-

ʪʘʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶɦ ʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʧʘʨʪʠʠ ʩʳʨʴʷ; 

ï ʙʣʦʢ ʂʈ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʢʘʯʝʩʪʚʦʤ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʨʘʙʦʪʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

 

 
1.2. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ɸʈʄ ʦʧʝʨʘʪʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʜʝʬʨʦʩʪʘʮʠʠ 

 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ 

ʨʝʘʣʠʟʦʚʘʥʦ ʥʘ ʢʦʤʧʴʶʪʝʨʝ ʚ ʚʠʜʝ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ 

ʤʝʩʪʘ (ɸʈʄ) ʦʧʝʨʘʪʦʨʘ [3]. 

ʊʝʭʥʦʣʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ ʥʘ ʨʠʩ. 1 ʠ ʢʦʤʤʝʥʪʘ-

ʨʠʠ ʢ ʥʝʡ ʚ ʧʨʠʣ. 5 [http://de.ifmo.ru/--books/appendix_1-10.zip] 

ʦʬʦʨʤʣʝʥʳ ʚ ʚʠʜʝ ʰʘʙʣʦʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʜʘʢʪʦ-

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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ʨʘ MS Word Picture ʚ ʩʨʝʜʝ Microsoft Word ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʠ ʚʳ-

ʧʦʣʥʝʥʠʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʟʘʜʘʥʠʡ. 

ɺ ʧʨʠʣ. 5 [http://de.ifmo.ru/--books/appendix_1-10.zip] ʨʘʟʤʝʱʝʥ 

ʪʘʢʞʝ ʨʘʩʯʸʪʥʳʡ ʤʦʜʫʣʴ çɼʝʬʨʦʩʪʘʮʠʷè, ʩʦʜʝʨʞʘʱʠʡ ʰʘʙʣʦʥʳ 

çʩʯʠʪʘʶʱʠʭ ʪʘʙʣʠʮè Excel ï ʣʠʩʪʳ çʈʄ1è, çʈʄ2è, çʈʈè ʠ çʂʈè 

ʩ ʧʨʠʤʝʨʦʤ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʜʝʬʨʦʩʪʘʮʠʠ ʧʘʨʪʠʠ ʩʳʨʴʷ ʩ ʟʘʜʘʥʥʳʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ. 

ɺ ʰʘʙʣʦʥʝ çɼʝʬʨʦʩʪʘʮʠʷè ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʫʧʧʦʚʳʝ ʦʙʦʟʥʘʯʝ-

ʥʠʷ ʧʝʨʝʤʝʥʥʳʭ ʜʣʷ ʧʨʦʮʝʩʩʘ ʜʝʬʨʦʩʪʘʮʠʠ. 

ʅʝʫʧʨʘʚʣʷʝʤʳʝ ʚʦʟʤʫʱʘʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ: 

- x1 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʪʫʰʠ ʄ1(i), ʢʛ ʧʨʠ ʟʘ-

ʛʨʫʟʢʝ; 

- x2 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʫʰʠ t1(i), 
o
C ʧʨʠ 

ʟʘʛʨʫʟʢʝ; 

- x3 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʞʠʨʘ h1(i), 

% ʚ ʩʳʨʴʝ. 

ʋʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʧʨʦʮʝʩʩ: 

- y1 ï ʫʩʪʘʚʢʘ ʨʝʛʫʣʷʪʦʨʫ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝ-

ʩʠ tk, 
o
C ʚ ʢʘʤʝʨʝ ʜʝʬʨʦʩʪʘʮʠʠ; 

-  y2 ï ʫʩʪʘʚʢʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʜʝʬʨʦʩʪʘʮʠʠ 

Tk, ʯʘʩ ʟʘʛʨʫʞʘʝʤʦʡ ʧʘʨʪʠʠ; 

- y3 ï ʫʩʪʘʚʢʘ ʨʝʛʫʣʷʪʦʨʫ ʚʣʘʞʥʦʩʪʠ ʧʘʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ 

Wk, % ʚ ʢʘʤʝʨʝ ʜʝʬʨʦʩʪʘʮʠʠ; 

- y4 ï ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʚʝʥʪʠʣʷʪʦʨʘ Vk, %, 

ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʠʟʤʝʥʝʥʠʝ (ʦʪ ʥʦʤʠʥʘʣʘ) ʩʢʦʨʦʩʪʠ ʮʠʨʢʫʣʷʮʠʠ ʧʘ-

ʨʦʚʦʟʜʫʰʥʦʡ ʩʤʝʩʠ ʯʝʨʝʟ ʢʘʤʝʨʫ ʜʝʬʨʦʩʪʘʮʠʠ. 

ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ ʥʘ ʚʳʭʦʜʝ: 

- z1 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ t2, 
o
C ʧʨʠ ʚʳʛ-

ʨʫʟʢʝ; 

- z2 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʠ ʤʘʩʩʳ ʪʫʰʠ ʚ ʙʝʟʨʘʟ-

ʤʝʨʥʦʡ ʬʦʨʤʝ ʟʘ ʚʨʝʤʷ (ʧʝʨʠʦʜ) ʜʝʬʨʦʩʪʘʮʠʠ 
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ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ï ʤʦʜʫʣʝ çɼʝʬʨʦʩʪʘʮʠʷè ʧʨʠʣ. 5 

[http://de.ifmo.ru/--books/appendix_1-10.zip], ʧʝʨʝʤʝʥʥʳʝ x3 ʠ y4 ʥʝ ʠʩ-

ʧʦʣʴʟʫʶʪʩʷ. 

ʅʘ ʨʠʩ. 2 ʠ 3 ʧʨʠʚʝʜʝʥʳ ʨʘʩʧʝʯʘʪʢʠ ʬʨʘʛʤʝʥʪʦʚ ʣʠʩʪʦʚ ʈʄ1 

ʠ ʈʄ2 ʤʦʜʫʣʷ çɼʝʬʨʦʩʪʘʮʠʷè (ʰʘʙʣʦʥʳ ʚ ʧʨʠʣ. 5), ʩʦʜʝʨʞʘʱʠʭ 

ʧʨʠʤʝʨ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ, ʠʩʧʦʣʴʟʫʝʤʦʡ ʜʣʷ ʦʮʝʥʢʠ 

ʠʟʤʝʥʝʥʠʡ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ z1 ʠ z2 ʧʨʠ ʠʟ-

ʤʝʥʝʥʠʠ ʚʦʟʤʫʱʘʶʱʠʭ x1éx2 ʠ ʫʧʨʘʚʣʷʶʱʠʭ y1é y3 ʚʦʟʜʝʡʩʪʚʠʡ. 

ʊʘʙʣʠʮʳ ʰʘʙʣʦʥʦʚ ʈʄ1 ʠ ʈʄ2 ʦʬʦʨʤʣʷʶʪʩʷ ʥʘ ʩʪʘʜʠʠ ʧʦʜʛʦ-

ʪʦʚʢʠ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʢʦʤʧʣʝʢʩʦʤ ʢ ʵʢʩʧʣʫʘ-

ʪʘʮʠʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʚ 

ʥʠʭ ʟʘʥʦʩʷʪ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʝʨʝʤʝʥʥʳʭ x(g), y(j) ʠ z(i), ʫʩʪʘʥʦʚ-

ʣʝʥʥʳʭ ʜʣʷ ʢʘʞʜʦʡ ʧʝʨʝʨʘʙʘʪʳʚʘʝʤʦʡ ʧʘʨʪʠʠ ʩʳʨʴʷ ʚ ʧʨʦʜʫʢʪ. 

ɺ  h ʘʙʣʦʥʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʘʚʪʦʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʚʚʝʜʝʥʥʦʛʦ 

ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ. 

ɺ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ ʚ çʩʯʠʪʘʶʱʠʭè ʷʯʝʡʢʘʭ ï ʨʝʟʫʣʴʪʘʪʳ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʤʘʩʩʠʚʘ. 

ʉʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʡ (nom) ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪ-

ʨʫ ʚ ʨʘʟʤʝʨʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ, ʤʘʢʩʠʤʘʣʴʥʦʝ (max) ʠ ʤʠʥʠʤʘʣʴʥʦʝ 

(min) ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʢʘʞʜʦ-

ʤʫ ʧʘʨʘʤʝʪʨʫ ʚ ʨʘʟʤʝʨʥʦʩʪʠ ʧʘʨʘʤʝʪʨʘ, ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʝʩʢʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ (sko) ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʥʘʙʣʶʜʝʥʠʡ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ. ʈʝʟʫʣʴ-

ʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʮʝʥʢʠ ʚʠʜʘ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʧʦ ʢʘʞʜʦʤʫ ʧʘʨʘʤʝʪʨʫ, ʘ ʪʘʢʞʝ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʛʨʘ-

ʥʠʯʝʥʠʡ ʥʘ ʠʩʩʣʝʜʫʝʤʫʶ ʦʙʣʘʩʪʴ ʤʥʦʛʦʤʝʨʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. 

ɺ ʰʘʙʣʦʥʘʭ ʈʄ1 ʠ ʈʄ2 ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʚʳʯʠʩʣʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ ʨʝʛʨʝʩʩʠʠ ʜʣʷ ʬʫʥʢʮʠʡ ʚʠʜʘ: 

- z1p = f1(x(g), y(j)) ʧʦ ʰʘʙʣʦʥʫ ʈʄ1; 

- z2p = f2(x(g), y(j)) ʧʦ ʰʘʙʣʦʥʫ ʈʄ2. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʚ ʬʦʨʤʝ ʫʨʘʚ-

ʥʝʥʠʷ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʨʝʛʨʝʩʩʠʠ ʣʠʥʝʡʥʦʛʦ ʚʠʜʘ 

z1p = a1Āx1 + a2Āx2 + a3Ā y1 + a4Ā y2 + a5Ā y3, 

ʠʥʘʯʝ 

t2p = a1ĀM1 + a2Āt1 + a3Ātk + a4ĀTk + a5ĀWk. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a1éa5 

ʚ  h ʘʙʣʦʥʝ  ʟʘʧʫʩʢʘʝʪʩʷ  ʬʫʥʢʮʠʷ  çʇʦʠʩʢ  ʨʝʰʝʥʠʷè  ʠʟ  ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ Excel. ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a1éa5 

ʬʦʨʤʠʨʫʶʪʩʷ ʧʦ ʤʝʪʦʜʫ ʠʪʝʨʘʮʠʡ ʚ ʷʯʝʡʢʘʭ ʥʠʞʥʝʡ ʯʘʩʪʠ ʪʘʙʣʠʮʳ. 

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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ʈʠʩ. 2. ʐʘʙʣʦʥ ʈʄ1 ï ʪʘʙʣʠʮʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ z1=f(x(g), y(j)) 

ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʙʲʝʢʪʝ 



 

 

12 

 
 

 

 

 

ʈʠʩ. 3. ʐʘʙʣʦʥ ʈʄ2 ï ʪʘʙʣʠʮʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ z2=  f(x(g), y(j)) 

ʧʦ ʜʘʥʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʙʲʝʢʪʝ 
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ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʧʦ ʢʨʠʪʝʨʠʶ ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʳ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʪʢʣʦ-

ʥʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʳʭʦʜʥʳʭ ʧʝʨʝʤʝʥʥʳʭ 

z1p(l), ʨʘʩʩʯʠʪʘʥʥʳʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

z1(l), ʥʘʙʣʶʜʘʚʰʠʭʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ. 

ʇʨʠ ʟʘʧʫʩʢʝ ʧʨʦʮʝʜʫʨʳ çʇʦʠʩʢ ʨʝʰʝʥʠʷè ʚ ʧʨʘʚʳʭ ʩʪʦʣʙʮʘʭ 

ʪʘʙʣʠʮʳ ʈʄ1: 

- ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʦʢʠ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

z1p(l) = f(x1(l), x2(l), y1(l), y2(l), y3(l)), 

ʛʜʝ l = 1éN, N ï ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʨʝʞʠʤʦʚ; 

- ʢʚʘʜʨʘʪʠʯʥʘʷ ʦʰʠʙʢʘ ʚ ʙʝʟʨʘʟʤʝʨʥʦʡ ʬʦʨʤʝ 
2

1

)z1(-)ʨ(1
)ʨ(1 öö

÷

õ
ææ
ç

å
=

znom

llz
ldz  ʜʣʷ ʢʘʞʜʦʡ ʩʪʨʦʢʠ; 

- ʩʫʤʤʘ ʢʚʘʜʨʘʪʠʯʥʳʭ ʦʰʠʙʦʢ ʧʦ ʚʩʝʤ ʨʝʞʠʤʘ 
2

1 1

)(1-)ʨ(1
ʨ1 ää

=
öö
÷

õ
ææ
ç

å
=

N

l znom

lzlz
dz . 

ʇʨʦʮʝʜʫʨʘ çʇʦʠʩʢ ʨʝʰʝʥʠʷè ʦʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʧʨʠ ʩʦʯʝʪʘʥʠʠ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a1éa5, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʫʩʣʦ-

ʚʠʝ Ɇdz1p Ÿ min. 

ʆʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a1éa5 ʩʦʭʨʘʥʷʶʪʩʷ 

ʚ ʥʠʞʥʝʡ ʩʪʨʦʢʝ ʰʘʙʣʦʥʘ ʈʄ1. 

ɸʥʘʣʦʛʠʯʥʳʤ ʤʝʪʦʜʦʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʮʝʜʫʨʳ çʇʦʠʩʢ 

ʨʝʰʝʥʠʷè ʚ ʰʘʙʣʦʥʝ ʈʄ2 ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʦʧʪʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ (ʨʠʩ. 3) 

z2p = b1Āx1 + b2Āx2 + b3Ā y1 + b4Ā y2 + b5Ā y3. 

ʄʦʜʝʣʠ z1p = f1(x(g), y(j)) ʠ z2p = f2(x(g), y(j)) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ 

ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ z1p ʠ z2p ʧʨʠ ʚʦʟ-

ʥʠʢʥʦʚʝʥʠʠ ʚʦʟʤʫʱʝʥʠʡ x(g) ʠ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ y(j). 

ɺ ʤʦʜʫʣʝ çɼʝʬʨʦʩʪʘʮʠʷè ʧʨʠʣ. 5 ʥʘ ʣʠʩʪʝ çʈʈè ʨʘʟʤʝʱʝʥ 

ʰʘʙʣʦʥ ʧʨʦʛʨʘʤʤʥʦʛʦ ʤʦʜʫʣʷ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʡ ʜʣʷ ʦʧʝʨʘʪʠʚʥʳʭ 

ʨʘʩʯʝʪʦʚ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ: y1 ï ʚʨʝ-

ʤʝʥʠ ʜʝʬʨʦʩʪʘʮʠʠ, Tk, ʯʘʩ.; y2 ï ʪʝʤʧʝʨʘʪʫʨʳ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ, tk, 
o
C; 

y3 ï ʚʣʘʞʥʦʩʪʠ ʚʦʟʜʫʭʘ ʚ ʢʘʤʝʨʝ, Wk, %, ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʩʳʨʴʷ ʩ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢʘʤʠ: x1 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʤʘʩʩʳ ʪʫʰʠ ʧʨʠ ʟʘʛʨʫʟʢʝ 
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ʄ1(l), ʢʛ; x2 ï ʦʩʨʝʜʥʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʪʫʰʠ ʧʨʠ ʟʘʛʨʫʟʢʝ 

t1(l), 
o
C; ʢʨʠʪʝʨʠʝʤ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʧʨʠʙʣʠʞʝʥʠʝ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ: z1ʨ ï ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʪʫʰʠ, 

t2ʨ, 
o
C ʠ z2ʨ ï ʧʦʪʝʨʠ ʤʘʩʩʳ ʪʫʰʠ ʧʨʠ ʜʝʬʨʦʩʪʘʮʠʠ 

100
1

21
2 Ö

-
=

M

MM
pz , % ʢ ʥʦʤʠʥʘʣʴʥʳʤ ʟʥʘʯʝʥʠ̫ ʤ nom z1 ʠ nom z2. 

ʌʫʥʢʮʠʦʥʘʣ ʦʧʪʠʤʠʟʘʮʠʠ: 

min
znom

znompz
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znompz
ABSidz ­ö

ö
÷

õ
æ
æ
ç

å
öö
÷

õ
ææ
ç

å
+öö
÷

õ
ææ
ç

å
=ä

2

2-2

1

1-1
)( . 

ʅʘ ʨʠʩ. 4 ʧʨʠʚʝʜʝʥʘ ʨʘʩʧʝʯʘʪʢʘ ʣʠʩʪʘ çʈʈè ʠʟ ʤʦʜʫʣʷ çɼʝʬʨʦ-

ʩʪʘʮʠʷè. ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥ ʧʨʠʤʝʨ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʰʘʙʣʦʥʘ 

çʈʈè ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʜʝʬ-

ʨʦʩʪʘʮʠʠ ʧʘʨʪʠʠ ʪʫʰ ˉ11 ʠʟ ʪʘʙʣ. ʥʘ ʨʠʩ. 2  ʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ: 

ʠʟʤ. x1 = 95 ʢʛ;  

ʠʟʤ. x2 = ï10 
o
C. 

ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʥʘ ʰʘʙʣʦʥʝ çʃʠʩʪ ʈʈè: 

1. ɺʳʟʚʘʪʴ ʥʘ ʨʘʙʦʯʠʡ ʩʪʦʣ ʬʘʡʣ çɼʝʬʨʦʩʪʘʮʠʷè ʠ ʦʪʢʨʳʪʴ 

ʩ ʧʦʤʦʱʴʶ çExcelè. 

2. ʅʘ ʣʠʩʪʘʭ çʈʄ1è ʠ çʈʄ2è (ʨʠʩ. 2  ʠ 3) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ 

ʩʢʦʧʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʤʦʜʝʣʠ ï ʩʪʨʦʢʠ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

a1éa5 ʠ b1éb5. 

3. ɺʩʪʘʚʠʪʴ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ 

ʚ ʦʙʦʟʥʘʯʝʥʥʳʝ ʷʯʝʡʢʠ ʪʘʙʣʠʮ ʥʘ ʣʠʩʪʝ çʈʈè. 

4. ɺ ʨʘʩʯʝʪʥʫʶ ʪʘʙʣʠʮʫ ʥʘ ʣʠʩʪʝ çʈʈè ʚʥʝʩʪʠ ʯʠʩʣʝʥʥʳʝ 
ʟʥʘʯʝʥʠʷ ʥʘʯʘʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʘʩʯʝʪʘ (ʨʠʩ. 4): 

ï ʄ1(i), ʢʛ ʚ ʷʯʝʡʢʫ çʠʟʤ. x1è; 

ï t1(i), 
o
C ʚ ʷʯʝʡʢʫ çʠʟʤ. x2è; 

ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ t2, 
o
C ʚ ʷʯʝʡʢʫ çnom z1è;  

ï ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʦʪʝʨʴ z2, % ʚ ʷʯʝʡʢʫ çnom z2è. 

5. ɺʳʟʚʘʪʴ ʥʘ ʵʢʨʘʥ ʧʨʦʮʝʜʫʨʫ çʇʦʠʩʢ ʨʝʰʝʥʠʷè ʠʟ ʛʨʘʬʳ 
çʩʝʨʚʠʩè ʤʝʥʶ çExcelè (ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʫʩʪʘʥʦʚʠʪʴ!). 

ɺ ʪʘʙʣʠʮʝ çʇʦʠʩʢ ʨʝʰʝʥʠʷè: 

ï ʦʙʦʟʥʘʯʠʪʴ ʚ ʢʘʯʝʩʪʚʝ çʮʝʣʝʚʦʡ ʷʯʝʡʢʠè ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

çɆdz(i)è ʨʘʚʥʦʡ çʤʠʥʠʤʘʣʴʥʦʤʫè; 

ï ʚ ʛʨʘʬʝ çʠʟʤʝʥʷʪʴ ʷʯʝʡʢʠè ʧʝʨʝʯʠʩʣʷʶʪʩʷ ʷʯʝʡʢʠ ʩ ʯʠʩʣʝʥ-

ʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ çʫʩʪ y1èéçʫʩʪ y3è; 
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ï ʚ ʛʨʘʬʝ çʦʛʨʘʥʠʯʝʥʠʷè ʟʘʧʠʩʘʪʴ ʧʨʝʜʝʣʳ ʚʘʨʴʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʠʟ ʪʘʙʣʠʮʳ ʥʘ ʣʠʩʪʝ çʈʄ1è ï ʯʠʩʣʝʥʥʳʝ 

ʟʥʘʯʝʥʠʷ max Y1émax Y3 ʠ min Y1émin Y3; 

ï ʢʦʤʘʥʜʦʡ çʚʳʧʦʣʥʠʪʴè ʟʘʧʫʩʪʠʪʴ ʇʦʠʩʢ ʨʝʰʝʥʠʷ (ʨʝʟʫʣʴʪʘ-

ʪʳ ʠʪʝʨʘʮʠʡ ʧʦʢʘʟʳʚʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ); 

ï ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʧʦʠʩʢʘ ʢʦʤʘʥʜʦʡ çʆʂè ʟʘʢʨʳʪʴ çʇʦʠʩʢ 

ʨʝʝhʥʠʷè. 

6. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʝʞʠʤʘ ʜʝʬʨʦʩʪʘʮʠʠ ʠʟʤ. x1, ʠʟʤ. x2, 

ʫʩʪ y1, ʫʩʪ y2, ʫʩʪ y3, ʘ ʪʘʢʞʝ ʨʘʩʯ z1 ʠ ʨʘʩʯ z2 ʠʟ çʨʘʩʯʝʪʥʦʡ ʪʘʙʣʠʮʳè 

ʢʦʧʠʨʫʶʪ ʠ ʧʝʨʝʥʦʩʷʪ ʥʘ ʣʠʩʪ çʂʈè ʚ ʪʘʙʣʠʮʫ çʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘè 

ʚ ʰʘʙʣʦʥʝ çʂʈè (ʨʠʩ. 5). 

7. ʀʟ ʪʘʙʣʠʮʳ çʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘè ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʫʩʪ y1, ʫʩʪ y2, ʫʩʪ y3 ʧʝʨʝʜʘʶʪʩʷ ʥʘ ʧʫʣʴʪ 

ʫʧʨʘʚʣʝʥʠʷ ʢʘʤʝʨʦʡ ʜʝʬʨʦʩʪʘʮʠʠ ʠ ʚʚʦʜʷʪʩʷ ʢʘʢ ʫʩʪʘʚʢʠ ʚ ʩʠʩʪʝʤʫ 

ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʢʘʤʝʨʳ (ʩʤ. ʢʘʥʘʣʳ ʫʧʨʘʚʣʝʥʠʷ tk, Tk, Wk ʥʘ ʨʠʩ. 1). 

 

ʋʧʨʘʚʣʝʥʠʝ ʮʠʢʣʦʤ ʜʝʬʨʦʩʪʘʮʠʠ ʜʘʥʥʦʡ ʧʘʨʪʠʠ ʪʫʰ ʦʩʫʱʝʩʪ-

ʚʣʷʝʪʩʷ ʩ ʧʫʣʴʪʘ ʫʧʨʘʚʣʝʥʠʷ ʢʘʤʝʨʦʡ. 

ʇʦ ʠʩʪʝʯʝʥʠʠ ʟʘʜʘʥʥʦʛʦ ʧʝʨʠʦʜʘ ʜʝʬʨʦʩʪʘʮʠʠ ʧʘʨʪʠʠ, ʫʩʪ y2 ï 

Tk, ʯʘʩ, ʦʙʦʨʫʜʦʚʘʥʠʝ ʦʪʢʣʶʯʘʝʪʩʷ ʠ ʥʘʯʠʥʘʝʪʩʷ ʚʳʛʨʫʟʢʘ. 

ɿʘ ʧʝʨʠʦʜ ʚʳʛʨʫʟʢʠ ʧʘʨʪʠʠ ʧʨʦʠʟʚʦʜʷʪ ʠʟʤʝʨʝʥʠʷ ʚ ʚʳʙʦʨʢʝ 

ʠʟ ʧʦʪʦʢʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: 

- ʦʩʨʝʜʥʝʥʥʦʡ ʤʘʩʩʳ ʪʫʰʠ ʧʨʠ ʚʳʛʨʫʟʢʝ ʄ2(l), ʢʛ; 

- ʦʩʨʝʜʥʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚʥʫʪʨʠ ʪʫʰʠ ʧʨʠ ʚʳʛʨʫʟʢʝ 

t2(l), 
o
C. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʧʝʨʝʜʘʶʪʩʷ ʦʧʝʨʘʪʦʨʫ ɸʈʄ ʠ ʥʘ ʣʠʩʪʝ 

çʂʈè ʚʚʦʜʷʪʩʷ ʚ ʪʘʙʣʠʮʫ çʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʪʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘè 

(ʩʤ. ʨʠʩ. 5). 

ʊʘʙʣʠʮʘ çʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʪʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘè ʦʙʝʩʧʝ-

ʯʠʚʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʤʘʩʩʠʚʘ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘ-

ʨʘʤʝʪʨʦʚ x(g), y(j) ʠ z(i), ʨʝʘʣʠʟʦʚʘʥʥʳʭ ʧʨʠ ʧʝʨʝʨʘʙʦʪʢʝ ʢʘʞʜʦʡ ʧʘʨ-

ʪʠʠ ʩʳʨʴʷ ʚ ʧʨʦʜʫʢʪ. 

ʅʘʢʦʧʣʝʥʥʳʝ ʜʘʥʥʳʝ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʜʦʧʦʣʥʝʥʠʷ ʪʘʙʣʠʮ ʠʥ-

ʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʚ ʰʘʙʣʦʥʘʭ ʈʄ1 ʠ ʈʄ2 ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʢʦʨ-

ʨʝʢʪʠʨʦʚʢʠ ʫʨʘʚʥʝʥʠʡ z1p = f1(x(g), y(j)) ʠ z2p = f2(x(g), y(j)). 
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1.3. ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʨʘʙʦʪʳ ʢʦʤʧʣʝʢʩʘ 

 

ʅʘʢʦʧʣʝʥʥʳʡ ʚ ʪʘʙʣʠʮʘʭ çʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘè ʠ çʍʘʨʘʢʪʝʨʠ-

ʩʪʠʢʠ ʧʘʨʪʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘè ʰʘʙʣʦʥʘ çʂʈè ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ 

ʤʘʩʩʠʚ ʧʦʟʚʦʣʷʝʪ ʪʘʢʞʝ ʦʩʫʱʝʩʪʚʣʷʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʟʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʨʘʙʦʪʳ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʤ 

ʜʝʬʨʦʩʪʘʮʠʠ ï ʤʦʥʠʪʦʨʠʥʛ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʟʤʝʱʝʥʥʘʷ 

ʚ   h ʘʙʣʦʥʝ çʂʈè ʪʘʙʣʠʮʘ çʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪ-

ʚʘè (ʨʠʩ. 5). 

ɺ çʩʯʠʪʘʶʱʠʭè ʷʯʝʡʢʘʭ çʧʦʛʨ z1(l)è ʠ çʧʦʛʨ z2(l)è ʵʪʦʡ ʪʘʙʣʠ-

ʮʳ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʘʩʩʠʚʘ ʥʘʢʦʧʣʝʥʥʦʛʦ ʚ ʪʘʙʣʠʮʘʭ 

çʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘè ʠ çʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʘʨʪʠʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘè 

ʜʣʷ ʢʘʞʜʦʡ ʦʙʨʘʙʦʪʘʥʥʦʡ ʧʘʨʪʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʩʭʦʞʜʝʥʠʝ ʠʟʤʝ-

ʨʝʥʥʳʭ  ʠ  ʨʘʩʯʝʪʥʳʭ  ʧʦʢʘʟʘʪʝʣʝʡ  ʢʘʯʝʩʪʚʘ  ʚ  ʙʝʟʨʘʟʤʝʨʥʦʡ  ʬʦʨʤʝ 

 

 

1

)1(ʨʘʩʯ-)1(ʠʟʤ
)(1ʧʦʛʨ

znom

lzlz
lz =  

2

)2(ʨʘʩʯ-)2(ʠʟʤ
)(2ʧʦʛʨ

znom

lzlz
lz = . 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʤʘʩʩʠʚ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʦʛʨʝʰʥʦʩʪʝʡ 

(ʪʘʙʣʠʮʘ çʩʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘè) ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ 

ʢʘʢ ʦʜʠʥ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʨʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʧʨʦʮʝʩʩʦʤ ʜʝʬʨʦʩʪʘʮʠʠ ʤʷʩʥʦʛʦ ʩʳʨʴʷ. 

ʇʝʨʠʦʜʠʯʝʩʢʠ, ʩ ʟʘʜʘʥʥʳʤ ʧʝʨʠʦʜʦʤ ʦʞʠʜʘʝʤʦʡ ʨʘʟʣʘʜʢʠ ï ʂ, 

ʛʜʝ ʂ ï ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʨʘʙʦʪʘʥʥʳʭ ʧʘʨʪʠʡ ʧʨʦʜʫʢʪʘ, ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʳʡ ʤʘʩʩʠʚ, ʥʘʢʦʧʣʝʥʥʳʡ ʚ ʷʯʝʡʢʘʭ çʧʦʛʨ z1(l)è ʠ çʧʦʛʨ z2(l)è ʧʦʜ-

ʚʝʨʛʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʥʘʧʨʠʤʝʨ, ʜʣʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ. ʢʦʥʪʨʦʣʴʥʳʭ ʢʘʨʪ ʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʩʨʝʜʥʝʛʦ ʩ ʧʨʝ-

ʜʫʧʨʝʞʜʘʶʱʠʤʠ ʛʨʘʥʠʮʘʤʠè [4]. 

ɺ ʰʘʙʣʦʥʝ ʪʘʙʣʠʮʳ çʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘè 

(ʨʠʩ. 5) ʧʨʠʚʝʜʝʥ ʬʨʘʛʤʝʥʪ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʤʘʩʩʠʚʘ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ 

ʉɸɿ ʠ ʨʘʟʤʘʭʦʚ R ʠʩʩʣʝʜʫʝʤʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
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)(1ʧʦʛʨ

 ʉɸɿ1 ;     
K

lz
K

l

ä
== 1

)(2ʧʦʛʨ

 ʉɸɿ2 ; 

 

R1 = max {ʧʦʛʨ z1(l), ʛʜʝ l = 1éK} - min {ʧʦʛʨ z1(l), ʛʜʝ l = 1éK};  

 

R2 = max {ʧʦʛʨ z2(l), ʛʜʝ l = 1éK} - min {ʧʦʛʨ z2(l), ʛʜʝ l = 1éK}.  

 

 

ʅʘʢʦʧʣʝʥʥʳʝ ʟʘ ʙʦʣʴʰʦʡ ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ ʚ ʪʘʙʣʠʮʝ 

çʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘè ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʉɸɿ ʠ R ʠʩ-

ʧʦʣʴʟʫʶʪ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ çʢʦʥʪʨʦʣʴʥʳʭ ʢʘʨʪè ʠ ʘʥʘʣʠʟʘ ʠʭ ʠʟʤʝ-

ʥʝʥʠʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʡ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʉʤʝʱʝʥʠʝʤ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʉɸɿ ʚ ʩʪʦʨʦʥʫ ʧʨʝʜʫʧʨʝʞ-

ʜʘʶʱʠʭ ʛʨʘʥʠʮ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ çʨʘʟʣʘʜʢʝè ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʤʦʞʝʪ ʙʳʪʴ ʫʩʪʨʘʥʝʥʦ ʫʧʨʘʚ-

ʣʷʶʱʠʤ ʚʦʟʜʝʡʩʪʚʠʝʤ, ʥʘʧʨʠʤʝʨ ʢʦʨʨʝʢʪʠʨʦʚʢʦʡ ʫʨʘʚʥʝʥʠʡ ʚ ʰʘʙ-

ʣʦʥʘʭ ʈʄ1 ʠ ʈʄ2.  

ʋʚʝʣʠʯʝʥʠʝ ʨʘʟʤʘʭʘ R ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ çʠʟʥʦʩʝè ʵʣʝʤʝʥʪʦʚ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʝʛʦ ʨʘʙʦʪʦ-

ʩʧʦʩʦʙʥʦʩʪʠ ʥʝʦʙʭʦʜʠʤʘ ʢʦʨʨʝʢʮʠʷ ʨʘʙʦʪʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ. 

ɺ ʨʘʟʜʝʣʝ 4 ʠ ʧʨʠʣ. 8 [http://de.ifmo.ru/--books/appendix_1-

10.zip] ʧʨʝʜʣʘʛʘʝʪʩʷ ʤʝʪʦʜʠʯʝʩʢʦʝ ʧʦʩʦʙʠʝ ʠ ʰʘʙʣʦʥʳ ʧʨʦʛʨʘʤʤ, ʠʩ-

ʧʦʣʴʟʫʝʤʳʝ ʚ ʋʥʠʚʝʨʩʠʪʝʪʝ ʀʊʄʆ [5] ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʨʘʙʦʪ ʧʦ ʪʝʤʝ çʄʥʦʛʦʢʘʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʩr-

ʨʴʷ ʠ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚè. ʄʘʪʝʨʠʘʣ, ʩʦʙʨʘʥʥʳʡ ʚ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ, 

ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʫʨʩʦʚʦʡ ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴ-

ʥʦʡ ʨʘʙʦʪʳ ʧʦ ʥʘʟʚʘʥʥʦʡ ʪʝʤʝ. 

 

 

 

 

 

 

 

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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1.4. ɿʘʜʘʥʠʝ ʥʘ ʢʫʨʩʦʚʫʶ ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʫʶ ʨʘʙʦʪʫ 
çʇʦʜʛʦʪʦʚʢʘ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʩʦʟʜʘʥʠʷ  
ɸʈʄ ʤʥʦʛʦʢʘʥʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘè 

 

ɺ ʢʘʯʝʩʪʚʝ ʠʥʜʠʚʠʜʫʘʣʴʥʦʛʦ ʟʘʜʘʥʠʷ ʧʨʝʜʣʘʛʘʪʁʩʷ ʩʣʝʜʫʶʱʠʝ 

ʚʘʨʠʘʥʪʳ. 

 

ɺʘʨʠʘʥʪ 0. 

ʇʨʷʤʦʪʦʯʥʳʡ ʪʨʫʙʯʘʪʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʜʣʷ ʧʦʜʦʛʨʝʚʘ ʩʣʠ-

ʚʦʢ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʢʣʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʣʠ-

ʚʦʯʥʦʛʦ ʤʘʩʣʘ ʩʧʦʩʦʙʦʤ ʥʝʧʨʝʨʳʚʥʦʛʦ ʩʙʠʚʘʥʠʷ. 

 

ɺʘʨʠʘʥʪ 1. 

ʇʨʷʤʦʪʦʯʥʳʡ ʪʨʫʙʯʘʪʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʤʦ-

ʣʦʢʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʠʝʤʢʝ) ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. 

 

ɺʘʨʠʘʥʪ 2. 

ʊʨʫʙʯʘʪʳʡ ʪʝʧʣʦʦʙʤʝʥʥʠʢ ʧʨʦʪʠʚʦʪʦʢʘ ʜʣʷ ʦʭʣʘʞʜʝʥʠʷ ʤʦʣʦ-

ʢʘ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʨʠʝʤʢʝ) ʭʣʘʜʦʥʦʩʠʪʝʣʝʤ, ʧʦʩʪʫʧʘʶʱʠʤ ʠʟ ʮʝʥ-

ʪʨʘʣʠʟʦʚʘʥʥʦʡ ʤʘʛʠʩʪʨʘʣʠ. 

 

ɺʘʨʠʘʥʪ 3. 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʩʤʝʰʝʥʠʷ (ʙʦʡʣʝʨ) ʜʣʷ ʥʘʛʨʝʚʘ ʧʦʪʦʢʘ ʚʦʜʳ 

ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʘʨʦʤ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʢʣʝ ʧʘʩʪʝʨʠʟʘʮʠʠ ʧʠ-

ʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɺʘʨʠʘʥʪ 4. 

ʊʝʧʣʦʦʙʤʝʥʥʠʢ ʩʤʝʰʝʥʠʷ ï ʥʘʛʨʝʚʘʥʠʝ ʧʦʪʦʢʘ ʚʦʟʜʫʭʘ ʩʞʠʛʘ-

ʥʠʝʤ ʛʘʟʘ (ʪʦʧʢʘ), ʥʘʧʨʠʤʝʨ ʚ ʮʠʢʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʭʣʝʙʦʙʫʣʦʯʥʳʭ 

ʠʟʜʝʣʠʡ. 

 

ɺʘʨʠʘʥʪ 5. 

ʐʥʝʢʦʚʳʡ ʧʦʪʦʯʥʳʡ ʚʟʙʠʚʘʪʝʣʴ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʧʨʠ-

ʤʝʨ, ʥʘʩʳʱʝʥʠʝ ʚʦʟʜʫʭʦʤ ʚ ʮʠʢʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʝʬʠʨʥʦʡ ʤʘʩʩʳ. 

 

ɺʘʨʠʘʥʪ 6. 

ʐʥʝʢʦʚʳʡ ʘʧʧʘʨʘʪ ʫʜʘʣʝʥʠʷ ʚʣʘʛʠ ʠʟ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘ-

ʧʨʠʤʝʨ, ʚ ʮʠʢʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʪʚʦʨʦʛʘ. 



 

 

20 

 

ɺʘʨʠʘʥʪ 7. 

ʐʥʝʢʦʚʳʡ ʘʧʧʘʨʘʪ ʥʘʩʳʱʝʥʠʷ ʚʣʘʛʦʡ ʧʠʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘ-

ʧʨʠʤʝʨ, ʚ ʮʠʢʣʝ ʨʘʟʚʝʜʝʥʠʷ ʩʫʭʦʛʦ ʤʦʣʦʢʘ. 

 

ɺʘʨʠʘʥʪ 8. 

ʇʦʪʦʯʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʦʩʪʘʚʘ ʧʠʱʝʚʦʛʦ ʧʨʦ-

ʜʫʢʪʘ, ʥʘʧʨʠʤʝʨ, ʥʦʨʤʘʣʠʟʘʮʠʷ ʤʦʣʦʢʘ ʧʦ ʞʠʨʫ. 

 

ɺʘʨʠʘʥʪ 9. 

ʇʦʪʦʯʥʳʡ ʘʧʧʘʨʘʪ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʦʪʜʝʣʴʥʳʭ ʬʨʘʢʮʠʡ ʠʟ ʧʠ-

ʱʝʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʥʘʧʨʠʤʝʨ, ʚ ʮʠʢʣʝ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʣʠʚʦʢ. 

 

 

 

ʉʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ 
 

1. ʆʬʦʨʤʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʘʚʪʦʤʘʪʠʟʠ-

ʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʚʳʙʨʘʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ (ʠʩʧʦʣʴʟʦʚʘʪʴ ʰʘʙʣʦʥ 

ʨʠʩ. 1) . 

2. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʦʙʦʩʥʦʚʘʪʴ ʦʧʪʠʤʠʟʘʮʠʦʥʥʫʶ ʟʘʜʘʯʫ. 

3. ʇʝʨʝʨʘʙʦʪʘʪʴ ʧʨʦʛʨʘʤʤʥʳʝ ʤʦʜʫʣʠ ʚ ʰʘʙʣʦʥʘʭ çʈʄè, çʈʈè, 

çʂʈè. 

4. ɸʥʘʣʠʟʠʨʫʷ ʨʝʟʫʣʴʪʘʪʳ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʢʦʤʧʣʝʢʩʘ, ʦʬʦʨʤʠʪʴ ʚ ʰʘʙʣʦʥʘʭ çʈʄè ʫʩʣʦʚʥʫʶ ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʦʙʲʝʢʪʝ. 

5. ʉʬʦʨʤʫʣʠʨʦʚʘʪʴ ʠ ʦʙʦʟʥʘʯʠʪʴ ʚ ʰʘʙʣʦʥʝ çʈʈè ʢʨʠʪʝʨʠʡ ʦʧ-

ʪʠʤʠʟʘʮʠʠ. 

6. ʈʘʩʩʯʠʪʘʪʴ ʧʘʨʘʤʝʪʨʳ ʦʧʪʠʤʘʣʴʥʦʛʦ ʨʝʞʠʤʘ ʦʙʨʘʙʦʪʢʠ ʜʣʷ 

ʦʜʥʦʡ ʠʟ ʧʘʨʪʠʡ ʚ ʪʘʙʣʠʮʘʭ çʈʄ 1è ʠ çʈʄ 2è. 

7. ʇʨʦʚʝʨʠʪʴ ʢʘʯʝʩʪʚʦ ʨʘʙʦʪʳ çɸʈʄè ʚ ʨʘʟʨʘʙʦʪʘʥʥʦʤ ʚʘʨʠ-

ʘʥʪʝ. 
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2. ʇʈʆɻʈɸʄʄʅʓʁ ʄʆɼʋʃʔ ʆʇʊʀʄʀɿɸʎʀʆʅʅʓʍ  
ʈɸʉʏɽʊʆɺ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆʁ ʆʇɽʈɸʎʀʀ 

çʇʈʀɻʆʊʆɺʃɽʅʀɽ ʉʄɽʉɽʁ ɼʃʗ ʄʆʈʆɾɽʅʆɻʆè 
 

 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ ʷʚʣʷʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʦʡ 

ʦʧʝʨʘʮʠʝʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʧʨʦʠʟʚʦʜʩʪʚʘ ʤʦʨʦʞʝʥʦʛʦ [6]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʠʷ ʵʪʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʬʦʨʤʠʨʫ-

ʝʪʩʷ ʥʦʨʤʘʪʠʚʥʦʝ ʜʣʷ ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʦʨʦʞʝʥʦʛʦ ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚ-

ʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʞʠʨ, ʉʆʄʆ, ʩʘʭʘʨʦʟʘ, ʩʫʭʠʝ ʚʝʱʝʩʪʚʘ, ʚʣʘʛʘ) ʚ ʩʤʝʩʠ 

(ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ z(i)). ʈʝʟʫʣʴʪʘʪʳ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʦʧʝʨʘʮʠʠ ʥʝ-

ʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʠ ʥʘ ʢʘʯʝʩʪʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ z(i) ʛʦʪʦʚʦʛʦ 

ʧʨʦʜʫʢʪʘ ï ʚʟʙʠʪʦʩʪʴ, ʪʝʨʤʦʩʪʘʙʠʣʴʥʦʩʪʴ, ʜʠʩʧʝʨʩʥʳʡ ʩʦʩʪʘʚ, ʚʢʫʩʦ-

ʚʫʶ ʦʮʝʥʢʫ, ʢʦʥʩʠʩʪʝʥʮʠʶ. ɺ ʢʘʯʝʩʪʚʝ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ 

y(j) ʚ ʦʧʝʨʘʮʠʠ ʠʩʧʦʣʴʟʫʶʪ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʩʳ-

ʨʴʷ (ʤʦʣʦʢʦ, ʩʣʠʚʢʠ, ʩʘʭʘʨ ʠ ʜʨ.), ʜʦʟʠʨʫʝʤʳʭ ʚ ʩʤʝʩʴ. ɹʦʣʴʰʦʝ ʨʘʟ-

ʥʦʦʙʨʘʟʠʝ ʢʦʤʧʦʥʝʥʪʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʦʚʨʝʤʝʥ-

ʥʳʭ ʚʠʜʦʚ ʤʦʨʦʞʝʥʦʛʦ, ʘ ʪʘʢʞʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʩʦʜʝʨʞʘʥʠʷ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʞʠʨ, ʉʆʄʆ, ʩʘʭʘʨʦʟʘ, ʩʫʭʠʝ ʚʝʱʝ-

ʩʪʚʘ, ʚʣʘʛʘ) ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ (ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʚʦʟʤʫʱʝʥʠʷ xi, j) 

ʧʨʝʚʨʘʱʘʶʪ ʦʧʝʨʘʮʠʶ ʫʧʨʘʚʣʝʥʠʷ ʜʦʟʠʨʦʚʢʦʡ ʚ ʤʥʦʛʦʬʘʢʪʦʨʥʫʶ 

ʠ ʤʥʦʛʦʤʝʨʥʫʶ ʟʘʜʘʯʫ.  

 

 

 
2.1. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʦʙʲʝʢʪʘ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ 
ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʮʝʜʫʨʳ ʨʘʩʯʝʪʘ ʧʨʠ ʧʨʠʛʦʪʦʚʣʝʥʠʠ 

ʩʤʝʩʠ ʜʣʷ ʤʦʨʦʞʝʥʦʛʦ 

 

 

ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʧʝʨʘʮʠʠ ʧʨʠ-

ʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ.  

ʇʦ ʘʥʘʣʦʛʠʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʦʩʪʘʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪʘʭ ʩʳʨʴʷ X(i, j).  
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ʈʠʩ. 6. ʇʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʦʧʝʨʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ: 

 

1. ʇʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ, ʬʦʨʤʠʨʫʝʤʳʝ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ:  

Z1 ï ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ ʚ ʩʤʝʩʠ, % ;  

Z2 ï ʩʦʜʝʨʞʘʥʠʝ ʉʆʄʆ ʚ ʩʤʝʩʠ, % ; 

Z3 ï ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʟʳ ʚ ʩʤʝʩʠ, % ; 

Z4 ï ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ ʚ ʩʤʝʩʠ, % ; 

Z5 ï ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ ʚ ʩʤʝʩʠ, % ; 

Z6 ï ʦʮʝʥʢʘ ʚʢʫʩʘ ʩʤʝʩʠ, ʙʘʣʣʳ.  

2. ʋʧʨʘʚʣʷʶʱʠʝ ʚʦʟʜʝʡʩʪʚʠʷ ï ʜʦʟʠʨʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʳʨʴʷ ʚ ʩʤʝʩʴ 

(ʥʘ ʧʨʠʤʝʨʝ ʤʦʨʦʞʝʥʦʛʦ çʇʣʦʤʙʠʨè):  

Y1 ï ʢʦʣʠʯʝʩʪʚʦ ʮʝʣʴʥʦʛʦ ʤʦʣʦʢʘ, ʢʛ; 

Y2 ï ʢʦʣʠʯʝʩʪʚʦ ʤʘʩʣʘ ʩʣʠʚʦʯʥʦʛʦ, ʢʛ; 

Y3 ï ʢʦʣʠʯʝʩʪʚʦ ʩʛʫʱʸʥʥʦʛʦ ʤʦʣʦʢʘ ʩ ʩʘʭʘʨʦʤ, ʢʛ; 

Y4 ï ʢʦʣʠʯʝʩʪʚʦ ʩʫʭʦʛʦ ʤʦʣʦʢʘ, ʢʛ; 

Y5 ï ʢʦʣʠʯʝʩʪʚʦ ʩʘʭʘʨʥʦʛʦ ʧʝʩʢʘ, ʢʛ; 

Y6 ï ʢʦʣʠʯʝʩʪʚʦ ʘʛʘʨʦʠʜʘ, ʢʛ; 

Y7 ï ʢʦʣʠʯʝʩʪʚʦ ʚʘʥʠʣʠʥʘ, ʢʛ; 

Y8 ï ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ, ʢʛ.  

3. ʅʝʫʧʨʘʚʣʷʝʤʳʝ ʚʦʟʤʫʱʝʥʠʷ ï ʩʦʜʝʨʞʘʥʠʝ ʦʩʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʜʦ-

ʟʠʨʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʩʳʨʴʷ, ʥʘʧʨʠʤʝʨ, ʚ ʮʝʣʴʥʦʤ ʤʦʣʦʢʝ xi, j: 

X(1,1) ï ʩʦʜʝʨʞʘʥʠʝ ʞʠʨʘ, %;  

X(2,1) ï ʩʦʜʝʨʞʘʥʠʝ ʉʆʄʆ, %;  

X(3,1) ï ʩʦʜʝʨʞʘʥʠʝ ʩʘʭʘʨʦʟʳ, %;  

X(4,1) ï ʩʦʜʝʨʞʘʥʠʝ ʩʫʭʠʭ ʚʝʱʝʩʪʚ, %;  

X(5,1) ï ʩʦʜʝʨʞʘʥʠʝ ʚʣʘʛʠ, %.  
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ʈʝʘʣʠʟʘʮʠʠ ʦʧʝʨʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ ʟʘʜʘʥ-

ʥʦʛʦ ʩʦʩʪʘʚʘ Z(i) = nom Z(i) ʧʨʝʜʰʝʩʪʚʫʝʪ ʨʘʩʯʸʪ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʜʦʟʠʨʫʝʤʳʭ ʚ ʩʤʝʩʴ Y(j) = opt Y(j), ʩ ʫʯʝʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʦʩ-

ʥʦʚʥʳʭ ʵʣʝʤʝʥʪʦʚ X(i, j) ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ. ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʪʘʢʦʡ ʟʘʜʘʯʠ (ʤʦʜʝʣʴ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʩʪʘʪʠʯʝʩʢʠʭ ʩʦ-

ʩʪʦʷʥʠʡ  ʢʦʤʧʣʝʢʩʘ  Y(j) = opt Y(j))  ʚʢʣʶʯʘʝʪ  ʚ  ʩʝʙʷ  ʩʣʝʜʫʶʱʠʝ 

ʤʦʜʫʣʠ. 

1.  ʉʠʩʪʝʤʫ N ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ:  

      () () ( ) ()( )ä ä
= =

Ö=
k

j

k

j

jyj,ixjyiz
1 1

 , i=1 ... N, j=1 ... k,            (1) 

ʛʜʝ z(i) ï ʦʞʠʜʘʝʤʦʝ ʩʦʜʝʨʞʘʥʠʝ iïʛʦ ʵʣʝʤʝʥʪʘ (ʞʠʨ, ʉʆʄʆ, ʩʫʭʠʝ 

ʚʝʱʝʩʪʚʘ, ʩʘʭʘʨʦʟʘ, ʚʦʜʘ) ʚ ʩʤʝʩʠ, %; x(i, j) ï ʠʟʤʝʨʝʥʥʦʝ ʩʦʜʝʨʞʘʥʠʝ 

iïʛʦ ʵʣʝʤʝʥʪʘ ʚ j-ʦʤ ʢʦʤʧʦʥʝʥʪʝ ʩʳʨʴʷ, ʟʘʢʣʘʜʳʚʘʝʤʦʤ ʚ ʩʤʝʩʴ, %; 

y(j) ï ʨʘʩʯʸʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ j-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʟʘʢʣʘʜʳʚʘʝʤʦʛʦ 

ʚ ʩʤʝʩʴ, ʢʛ. 

ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ (1) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʯʠʩʣʝʥʠʝ 

ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ z(i) ʧʨʠ ʣʶʙʳʭ ʩʦʯʝʪʘʥʠʷʭ x(i, j) ʠ y(j) ʚ ʜʠʘʧʘ-

ʟʦʥʝ ʜʦʧʫʩʪʠʤʦʛʦ ʚʘʨʴʠʨʦʚʘʥʠʷ ʵʪʠʭ ʧʝʨʝʤʝʥʥʳʭ ʠ ʧʨʠ ʵʪʦʤ ʤʦʞʝʪ 

ʙʳʪʴ ʧʦʣʫʯʝʥʦ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʪʘʢʠʭ ʨʝʰʝʥʠʡ. ɼʣʷ ʦʧʪʠʤʠʟʘ-

ʮʠʠ ʨʝʰʝʥʠʷ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʚʚʦʜʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʫʩʣʦʚʠʷ. 

2.  ʉʠʩʪʝʤʫ ʦʛʨʘʥʠʯʝʥʠʡ ʥʘ ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʨʠ ʨʘʩʯʸ-

ʪʝ ʦʧʪʠʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʣʘʜʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ: 

       min Y(j) <  y(j) <  max Y(j) , j= 1 ... k.                         (2) 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʛʠʙʢʦʡ ʨʝʮʝʧʪʫʨʳè ʟʘʜʘʶʪʩʷ ʪʘʢʞʝ ʦʛʨʘ-

ʥʠʯʝʥʠʷ ʥʘ ʜʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʜʣʷ ʧʦʢʘ-

ʟʘʪʝʣʝʡ ʩʦʩʪʘʚʘ ʩʤʝʩʠ: 

      min Z(i) <z(i) <  max Z(i), i= 1 ... N.                        (3) 

ɺʚʝʜʝʥʠʝ ʵʪʠʭ ʦʛʨʘʥʠʯʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪ ʨʝʘʣʴʥʫʶ ʦʙʣʘʩʪʴ ʧʦ-

ʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʜʦʟʠʨʦʚʦʢ ʜʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʳʨʴʷ y(j) 

ʚ ʩʤʝʩʴ, ʧʨʠ ʜʦʧʫʩʪʠʤʳʭ ʧʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʦʪʢʣʦʥʝ-

ʥʠʷʭ ʦʪ ʥʦʤʠʥʘʣʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ z(i). 
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3. ʌʫʥʢʮʠʦʥʘʣ (ʢʨʠʪʝʨʠʡ) ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʠ ʦʧʝʨʘʪʠʚʥʳʭ ʨʘʩʯʸʪʘʭ ʜʦʟʠʨʦʚʦʢ ʚ ʩʤʝʩʴ ʤʦʨʦʞʝʥʦʛʦ 

ʩʣʦʞʥʦʡ ʨʝʮʝʧʪʫʨʳ, ʦʩʥʦʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦ-

ʯʝʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʟʘʢʣʘʜʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʳʨʴʷ ʷʚʣʷʝʪʩʷ ʪʨʝ-

ʙʦʚʘʥʠʝ ʧʦʣʫʯʝʥʠʷ ʩʤʝʩʠ ʥʦʨʤʘʪʠʚʥʦʛʦ ʩʦʩʪʘʚʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ 

ʬʫʥʢʮʠʦʥʘʣ ʦʧʪʠʤʠʟʘʮʠʠ ʟʘʧʠʩʚrʘʶʪ ʚ ʚʠʜʝ:  

ï ʜʣʷ çʞʸʩʪʢʦʡ ʨʝʮʝʧʪʫʨʳè: 

 

() ()( )
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;                      (4) 

 

ï ʜʣʷ çʛʠʙʢʦʡ ʨʝʮʝʧʪʫʨʳè:  
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,                       (5) 

 

ʛʜʝ nom z(i), min z(i), max z(i) ï ʥʦʨʤʘʪʠʚʥʦʝ, ʤʠʥʠʤʘʣʴʥʦ- ʠ ʤʘʢʩʠ-

ʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʩʦʜʝʨʞʘʥʠʷ iïʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʤʝʩʠ, %; z(i) ï ʨʘʩ-

ʯʸʪʥʦʝ (ʦʞʠʜʘʝʤʦʝ) ʩʦʜʝʨʞʘʥʠʝ iïʛʦ ʵʣʝʤʝʥʪʘ ʚ ʩʤʝʩʠ, %; di (0<di<1, 

ädi=1) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʘ (ʟʥʘʯʠʤʦʩʪʠ) ʚ ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʢʝ ʦʧʪʠ-

ʤʘʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʘ iïʛʦ ʵʣʝʤʝʥʪʘ .  

 ʉʦʚʤʝʩʪʥʦʝ ʨʝʰʝʥʠʝ ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ (1) ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʫʩʣʦʚʠʡ ʦʛʨʘʥʠʯʝʥʠʡ (2) ʠ ʢʨʠʪʝʨʠʷ (4) ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʙʦʨ ʠʟ ʤʥʦ-

ʞʝʩʪʚʘ ʚʦʟʤʦʞʥʳʭ ʩʦʯʝʪʘʥʠʡ ʜʦʟʠʨʦʚʦʢ ʢʦʤʧʦʥʝʥʪʦʚ y(j) ʚʘʨʠʘʥʪʘ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʩʣʦʚʠʶ (4) ï ʤʠʥʠʤʘʣʴʥʦʡ ʩʫʤʤʝ ʦʪʢʣʦʥʝʥʠʡ ʦʪ 

ʥʦʤʠʥʘʣʘ ʩʦʜʝʨʞʘʥʠʷ ʚʩʝʭ ʵʣʝʤʝʥʪʦʚ z(i) ʚ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʘʨʪʠʠ 

ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ. ɺ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʠʪʩʷ ʪʘʢʞʝ ʟʘʜʘʥʠʝ ʧʨʝʜʝʣʴʥʦʡ 

ʧʦʛʨʝʰʥʦʩʪʠ ʚʳʯʠʩʣʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ (4) ï dW,%. ɺ ʮʠʢʣʝ ʨʘʩʯʸʪʘ 

ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʘʨʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰ-

ʥʦʩʪʠ ʨʘʩʯʸʪʘ ʬʫʥʢʮʠʦʥʘʣʘ (4) ï dLH, (ʜʦʣʠ). ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ 

dLH = dW/100 ʧʦʣʫʯʝʥʥʦʝ ʩʦʯʝʪʘʥʠʝ y(j) ʧʨʠʥʠʤʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ.   

ɺ ʧʨʦʛʨʘʤʤʝ ʮʠʢʣʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʧʨʝʜʫʩʤʦʪʨʝʥʳ ʫʩʪʘʚʢʠ 

ʧʨʝʜʝʣʴʥʦʛʦ ʯʠʩʣʘ ʰʘʛʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ y(j), ʘ ʪʘʢʞʝ ʚʝʣʠʯʠʥʘ ʰʘʛʘ 
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ʦʪʩʪʫʧʘ ʦʪ ʛʨʘʥʠʮ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʧʨʝʜʝʣʴʥʦʛʦ ʯʠʩʣʘ 

ʰʘʛʦʚ, ʝʩʣʠ ʟʘʜʘʥʥʘʷ ʧʦʛʨʝʰʥʦʩʪʴ dLH ʥʝ ʜʦʩʪʠʛʥʫʪʘ, ʧʦʠʩʢ ʧʨʝʢʨʘ-

ʱʘʝʪʩʷ ʠ ʦʙ ʵʪʦʤ ʚʳʚʦʜʠʪʩʷ ʩʦʦʙʱʝʥʠʝ. 

ɺ ʧʨʦʛʨʘʤʤʫ ʚʳʙʦʨʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʜʦʟʠʨʦʚʦʢ y(j) 

ʚ ʩʤʝʩʴ ʤʦʛʫʪ ʙʳʪʴ ʚʢʣʶʯʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʨʠʪʝʨʠʠ ʧʦʠʩʢʘ ʦʧ-

ʪʠʤʘʣʴʥʦʛʦ ʨʝʰʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʫʩʣʦʚʠʝ ʚʳʙʦʨʘ ʜʦʟʠʨʦʚʦʢ ʩ ʫʯʝʪʦʤ 

ʤʠʥʠʤʠʟʘʮʠʠ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʘʨʪʠʠ ʧʨʦʜʫʢʪʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ ʥʦ-

ʤʝʥʢʣʘʪʫʨʫ ʥʝʫʧʨʘʚʣʷʝʤʳʭ ʚʦʟʤʫʱʝʥʠʡ ʜʦʙʘʚʣʷʝʪʩʷ x(6, j) ï ʩʪʦʠ-

ʤʦʩʪʴ ʨʫʙ./ʢʛ i-ʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʟʘʢʣʘʜʳʚʘʝʤʦʛʦ ʚ ʩʤʝʩʴ. ɺ ʬʫʥʢʮʠʦ-

ʥʘʣ ʦʧʪʠʤʠʟʘʮʠʠ ʜʦʙʘʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ 

( ) ()ä
+

=

­Ö=
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6
n

j
C minjyj,xL .                                (6) 

ɺʳʙʦʨ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʜʦʟʠʨʦʚʦʢ yj ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ  ʩʤʝʩʴ ʤʦʨʦʞʝʥʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ ʧʦʣʫʯʝʥʠʷ ʥʦʨʤʘ-

ʪʠʚʥʦʛʦ ʩʦʩʪʘʚʘ ʩʤʝʩʠ (4) ʦʩʦʙʝʥʥʦ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ çʛʠʙʢʠʭ ʨʝ-

ʮʝʧʪʫʨè ʠʣʠ ʢʨʠʪʝʨʠʷ ʩʝʙʝʩʪʦʠʤʦʩʪʠ, ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʥʝ-

ʙʣʘʛʦʧʨʠʷʪʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʜʨʫʛʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, 

ʚʢʫʩʘ, ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʩʦʯʝʪʘʥʠʠ opt y(j). 

ɼʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʦʮʝʥʢʠ ʚʢʫʩʘ ʦʪ 

ʥʦʨʤʳ, ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʦʩʪʘʚʘ ʩʤʝʩʠ, ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ 

ʩʠʩʪʝʤʳ ʫʨʘʚʥʝʥʠʡ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ (1) ʜʦʧʦʣʥʷʝʪʩʷ ʨʝʡʪʠʥ-

ʛʦʚʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʴʶ, ʬʦʨʤʠʨʫʶʱʝʡ ʦʞʠʜʘʝʤʳʝ ʦʪʢʣʦʥʝ-

ʥʠʷ ʦʮʝʥʢʠ ʚʢʫʩʘ ʚ ʙʘʣʣʘʭ, ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʩʤʝʩʠ [7]. 

ʄʦʜʝʣʴ ʨʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ, ʦʪʢʣʦ-

ʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʚʢʫʩʘ nom Z(a) ï ʵʢʩʧ Z(a) =  dZ(a) 

ʚ ʙʘʣʣʘʭ, ʦʮʝʥʦʢ ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʜʝʛʫʩʪʘʮʠʠ ʠʣʠ ʘʥʢʝʪʠʨʦʚʘʥʠʠ 

ʚ ʭʦʜʝ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ (çʧʘʩʩʠʚʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪè). 

ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝ-

ʜʝʣʠʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ʦʞʠʜʘʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚʢʫʩʘ dZ(a) ʧʨʠ ʚʘʨʴʠʨʦ-

ʚʘʥʠʠ ʜʦʟʠʨʦʚʦʢ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʴ y(j) ʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘ-

ʥʠʷ ʦʩʥʦʚʥʳʭ ʚʝʱʝʩʪʚ ʚ ʢʘʞʜʦʤ ʢʦʤʧʦʥʝʥʪʝ (x(i, j)): 
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ɺ ʢʘʯʝʩʪʚʝ ʥʦʨʤʘʪʠʚʥʦʡ ʦʮʝʥʢʠ ʚʢʫʩʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ 

ʤʘʢʩʠʤʘʣʴʥʦʝ ʯʠʩʣʦ ʙʘʣʣʦʚ, ʥʘʧʨʠʤʝʨ, nomZa = 6 ʙʘʣʣʦʚ. ʏʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʦʮʝʥʢʠ ʚʢʫʩʘ nomZa ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʦʧʨʝ-

ʜʝʣʝʥʦ ʧʫʪʝʤ ʧʨʦʚʝʜʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʡ ʜʝʛʫʩʪʘʮʠʦʥʥʦʡ ʦʮʝʥʢʠ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʦʨʦʞʝʥʦʛʦ ʧʨʠ ʥʦʨʤʘʪʠʚʥʳʭ nom y(j) ʠ nom x(i, j) ʟʘ-

ʢʣʘʜʢʘʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʴ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʪʢʣʦʥʝʥʠʝ ʯʠʩʣʝʥʥʦʡ 

ʦʮʝʥʢʠ ʚʢʫʩʘ ʦʪ ʥʦʤʠʥʘʣʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ, 

ʪʘʢ ʠ ʚ ʦʪʨʠʮʘʪʝʣʥɹʫʶ ʩʪʦʨʦʥʫ. 

ɼʣʷ ʦʛʨʘʥʠʯʝʥʠʷ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʚʢʫʩʘ ʧʨʦʜʫʢʪʘ 

ʦʪ ʥʦʨʤʳ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʩʪʘʚʘ ʩʤʝʩʠ ʚ ʧʨʦʛʨʘʤʤʫ ʨʘʩʯʝʪʘ ʜʦʟʠʨʦ-

ʚʦʢ ʚ ʩʤʝʩʴ ʚʚʦʜʠʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ LV 

()
()

min
aZĔnom

aZĔd
dvLV ­Ö= ,                                  (8) 

ʛʜʝ ()aZĔnom  ï ʥʦʨʤʘʪʠʚʥʘʷ ʦʮʝʥʢʘ ʚ ʙʘʣʣʘʭ ʚʢʫʩʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʜʣʷ 

ʜʘʥʥʦʛʦ ʚʠʜʘ ʤʦʨʦʞʝʥʦʛʦ; ()aZĔd  ï ʦʞʠʜʘʝʤʘʷ ʦʮʝʥʢʘ ʚ ʙʘʣʣʘʭ ʦʪ-

ʢʣʦʥʝʥʠʷ ʚʢʫʩʘ ʤʦʨʦʞʝʥʦʛʦ ʧʨʠ ʚʳʙʨʘʥʥʦʤ ʩʦʯʝʪʘʥʠʠ ʜʦʟʠʨʦʚʦʢ 

ʢʦʤʧʦʥʝʥʪʦʚ y(j) ʚ ʩʤʝʩʴ; dv (0 < dv < 1) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʘ ʦʪʢʣʦʥʝ-

ʥʠʷ ʚʢʫʩʘ ʚ ʩʫʤʤʘʨʥʦʡ ʦʮʝʥʢʝ ʦʧʪʠʤʘʣʴʥʦʩʪʠ ʨʝʰʝʥʠʷ. 

ɺ ʨʘʟʜʝʣʝ 3 ʠ ʧʨʠʣ. 7 [http://de.ifmo.ru/--books/appendix_1-

10.zip] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʟʣʦʞʝʥʠʝ ʤʝʪʦʜʠʯʝʩʢʠʭ ʫʢʘʟʘʥʠʡ ʠ ʰʘʙʣʦʥʳ 

ʧʨʦʛʨʘʤʤ çEXPERTè ʠ çRTMODè, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ 

ʧʨʦʚʝʜʝʥʠʷ ʣʘʙʦʨʘʪʦʨʥʳʭ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʨʘʙʦʪ ʧʦ ʦʨʛʘʥʠʟʘʮʠʠ 

ʵʢʩʧʝʨʪʥʳʭ ʦʧʨʦʩʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨ-

ʪʠʟʳ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʦʞʠʜʘʝʤʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʥʦʤʠʥʘʣʘ ʦʮʝʥʦʢ ʚʢʫʩʘ ʤʦʨʦʞʝʥʦʛʦ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʦʟʠʨʦʚʦʢ 

ʠ ʩʦʩʪʘʚʘ ʢʦʤʧʦʥʝʥʪʦʚ, ʟʘʢʣʘʜʳʚʘʝʤʳʭ ʚ ʩʤʝʩʴ ʤʦʨʦʞʝʥʦʛʦ. 

 

2.2. ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ 
ʨʘʩʯʝʪʦʚ ʦʧʝʨʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʜʣʷ ʤʦʨʦʞʝʥʦʛʦ 

 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʝʨʘʪʠʚʥʳʭ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʧʨʠ 

ʧʨʠʛʦʪʦʚʣʝʥʠʠ ʩʤʝʩʠ ʜʣʷ ʤʦʨʦʞʝʥʦʛʦ ʚ ʧʨʠʣ. 6 [http://de.ifmo.ru/--

books/appendix_1-10.zip] ʨʘʟʤʝʱʝʥʘ ʧʨʦʛʨʘʤʤʘ ï ʰʘʙʣʦʥ çMORè ï 

ʧʨʦʛʨʘʤʤʥʳʡ ʵʣʝʤʝʥʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʨʘʙʦʯʝʛʦ ʤʝʩʪʘ (ɸʈʄ) 

ʦʧʝʨʘʪʦʨʘ-ʪʝʭʥʦʣʦʛʘ ʫʯʘʩʪʢʘ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ.  

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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ʐʘʙʣʦʥ ʦʬʦʨʤʣʝʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʠʣʷʪʦʨʘ çQBasicè, 

ʧʦ ʪʝʢʩʪʫ ʠʤʝʶʪʩʷ ʢʦʤʤʝʥʪʘʨʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʥʘʛʣʷʜʥʦʩʪʴ ʨʝʘ-

ʣʠʟʘʮʠʠ ʘʣʛʦʨʠʪʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʧʨʦʛʨʘʤʤʳ ʠ ʨʘʙʦʪʳ ʩ ʥʝʡ.  

ʐʘʙʣʦʥ çMORè ʧʦʜʛʦʪʦʚʣʝʥ ʜʣʷ ʨʘʩʯʝʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟʠ-

ʨʦʚʦʢ ʚ ʩʤʝʩʴ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, nom Z(i) ʢʦʤʧʦʥʝʥʪʦʚ y(j). ʇʨʝʜʫ-

ʩʤʦʪʨʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʘʩʯʝʪʘ ʩ ʤʠʥʠʤʠʟʘʮʠʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ (C=1). 

ʈʝʡʪʠʥʛʦʚʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʠʟʤʝʥʝʥʠʡ ʚʢʫʩʘ ʥʝ ʠʩʧʦʣʴʟʫʝʪʩʷ. 

ɺ ʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤʳ çMORè, ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ ʚʚʦʜʷʪʩʷ ʠʩ-

ʭʦʜʥʳʝ ʜʘʥʥʳʝ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʦʧʪʠʤʠʟʠʨʦʚʘʥʥʳʭ 

ʨʘʩʯʝʪʦʚ ʧʦ ʢʦʥʢʨʝʪʥʦʤʫ ʟʘʢʘʟʫ. 

ɼʣʷ ʨʝʰʝʥʠʷ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ ʚ ʧʨʦʛʨʘʤʤʝ ʠʩʧʦʣʴʟʫ-

ʝʪʩʷ ʤʝʪʦʜ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʧʝʨʝʙʦʨʘ ʩʦʯʝʪʘʥʠʡ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝ-

ʥʠʡ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ çy(j)è ʚ ʫʢʘʟʘʥʥʦʤ ʚ ʧʨʦʛʨʘʤʤʝ ʜʣʷ 

ʢʘʞʜʦʛʦ çy(j)è ʜʠʘʧʘʟʦʥʝ ʚʘʨʴʠʨʦʚʘʥʠʷ ï çmin a(j)è ʠ çmax b(j)è. ʇʨʠ 

ʵʪʦʤ ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʦʩʪʝʧʝʥʥʦ ʩʫʞʘʝʪʩʷ (ʤʝʪʦʜ çʧʦʡʤʘʪʴ 

ʣʴʚʘ ʚ ʧʫʩʪʳʥʝè). 

ʇʨʠ ʢʘʞʜʦʤ ʥʦʚʦʤ ʩʦʯʝʪʘʥʠʠ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʯʠʩʣʝʥʥʳʝ ʟʥʘ-

ʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʘ ʦʧʪʠʤʠʟʘʮʠʠ çLNè ʥʘ ʛʨʘʥʠʮʘʭ ʜʠʘʧʘʟʦʥʦʚ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ y(j) ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʩʦʯʝʪʘʥʠʝ y(j) ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʤʠʥʠ-

ʤʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ʢʨʠʪʝʨʠʷ çLNè. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʩʨʘʚʥʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ çLNè ʥʘ ʦʜʠʥ 

ʰʘʛ ʫʤʝʥʴʰʘʶʪʩʷ ʜʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʩʝʭ y(j). ʏʠʩʣʦ ʰʘʛʦʚ 

ʠ ʚʝʣʠʯʠʥʘ ʰʘʛʘ, ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʚ ʧʨʦʛʨʘʤʤʝ ʦʧʨʝʜʝʣʷʶʪ ʧʦʛʨʝʰ-

ʥʦʩʪʴ ʨʘʩʯʝʪʘ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ Z(i).  

ʇʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʮʠʢʣʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʜʦ-

ʟʠʨʦʚʦʢ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʴ opt y(j), ʧʦ ʧʨʦʛʨʘʤʤʝ ʚʳʚʦʜʠʪʩʷ ʥʘ ʵʢ-

ʨʘʥ ʚʳʚʦʜʘ QB ʦʪʯʝʪ ʠ ʟʘʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʩʧʝʯʘʪʘʪʴ ʜʦʢʫ-

ʤʝʥʪ.  

 

 

2.3. ɸʣʛʦʨʠʪʤ ʨʘʙʦʪʳ ʩ ʧʨʦʛʨʘʤʤʦʡ çMORè 
 

ʇʦʜʛʦʪʦʚʢʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʨʘʩʯʝʪʘ 
 

ʅʘ ʨʠʩ. 7 ʠ 8 ʧʨʝʜʩʪʘʚʣʝʥʳ ʬʦʨʤʳ ʪʘʙʣʠʮ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʟʘʧʦʣʥʠʪʴ ʧʨʠ ʧʦʜʛʦʪʦʚʢʝ ʧʨʦʮʝ-

ʜʫʨʳ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ, ʧʦ ʚʳʙʨʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶ, ʢʦʣʠʯʝʩʪʚʘ ʜʦ-

ʟʠʨʫʝʤʳʭ ʚ ʩʤʝʩʴ ʤʦʨʦʞʝʥʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ y(j), ʛʜʝ j =  1ém. ʐʘʙ-
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ʣʦʥʳ ʪʘʙʣʠʮ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʨʘʟʤʝʱʝʥʳ ʚ ʧʨʠʣ. 6 

[http://de.ifmo.ru/--books/appendix_1-10.zip]. ɹʣʘʥʢʠ ʪʘʙʣʠʮ ʚʳʟʳʚʘʶʪ-

ʩ,̫ ʨʘʩʧʝʯʘʪʳʚʘʶʪʩʷ ʠ ʟʘʧʦʣʥʷʶʪʩʷ ʜʦ ʥʘʯʘʣʘ ʨʘʙʦʪ ʩ ʧʨʦʛʨʘʤʤʦʡ 

ʨʘʩʯʝʪʘ. 

ʊʘʙʣʠʮʘ çʅʦʨʤʘʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʤʦʨʦʞʝʥʦʤ 

ʇʣʦʤʙʠʨè (ʨʠʩ. 7) ʟʘʧʦʣʥʷʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʠʥʩʪ-

ʨʫʢʮʠʡ ʧʦ ʧʨʦʠʟʚʦʜʩʪʚʫ ʚʳʙʨʘʥʥʦʛʦ ʚʠʜʘ ʤʦʨʦʞʝʥʦʛʦ. ʊʘʙʣʠʮʘ 

çʂʦʤʧʦʥʝʥʪʳ, ʚʥʦʩʠʤʳʝ ʚ ʩʤʝʩʴè ʜʣʷ ʤʦʨʦʞʝʥʦʛʦ (ʨʠʩ. 8) ʟʘʧʦʣʥʷ-

ʝʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʚʭʦʜʥʦʛʦ ʢʦʥʪʨʦʣʷ ʩʳʨʴʷ ʠʣʠ ʩʦʧʨʦ-

ʚʦʜʠʪʝʣʴʥʳʭ ʜʦʢʫʤʝʥʪʦʚ ʥʘ ʩʳʨʴʝ. ʅʘ ʨʠʩ. 7 ʠ 8 ʚ ʪʘʙʣʠʮʘʭ ʧʨʠʚʝʜʝʥ 

ʧʨʠʤʝʨ ʧʦʜʛʦʪʦʚʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʦʜʥʦʛʦ ʠʟ ʚʠ-

ʜʦʚ ʤʦʨʦʞʝʥʦʛʦ ʪʠʧʘ çʇʣʦʤʙʠʨè. 

ɺ ʪʘʙʣʠʮʳ ʥʘ ʨʠʩ. 7 ʠ 8 ʚʥʝʩʝʥʳ ʠʥʜʝʢʩʳ ʧʘʨʘʤʝʪʨʦʚ, ʟʥʘʯʝ-

ʥʠʷ ʢʦʪʦʨʳʭ ʥʝʦʙʭʦʜʠʤʦ ʦʧʨʝʜʝʣʠʪʴ ʚ ʧʨʦʮʝʩʩʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʳ. 

ʆʙʦʟʥʘʯʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ ʥʘ ʨʠʩ. 8 ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʜʠʘʧʘ-

ʟʦʥʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʟʘʢʣʘʜʳʚʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ça(i)è ʠ çb(i)è ʟʘʥʝ-

ʩʝʥʳ ʚ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ çMORè ʧʨʠ ʝʝ ʧʦʜʛʦʪʦʚʢʝ, ʥʦ ʧʨʠ ʥʝʦʙʭʦ-

ʜʠʤʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʠʟʤʝʥʝʥʳ ʚ ʧʨʦʮʝʩʩʝ ʨʘʙʦʪʳ.  

ɺ ʪʘʙʣʠʮʫ çʂʦʤʧʦʥʝʥʪʳ, ʚʥʦʩʠʤʳʝ ʚ ʩʤʝʩʴè ʟʘʧʠʩʳʚʘʶʪ ʯʠʩ-

ʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʵʣʝʤʝʥʪʦʚ x(i, j) ʪʦʣʴʢʦ ʜʣʷ ʪʝʭ ʢʦʤʧʦ-

ʥʝʥʪʦʚ y(j), ʢʦʪʦʨʳʝ ʚʥʝʩʝʥʳ ʚ ʟʘʢʘʟ.  

ɽʩʣʠ ʧʦ ʟʘʢʘʟʫ ʥʝʦʙʭʦʜʠʤʦ ʨʘʩʩʯʠʪʘʪʴ ʚʘʨʠʘʥʪ ʩ ʦʧʪʠʤʠʟʘʮʠ-

ʝʡ ʩʝʙʝʩʪʦʠʤʦʩʪʠ ʧʘʨʪʠʠ ʩʤʝʩʠ ç(C=1)è, ʪʦ ʚ ʛʨʘʬʫ çʮʝʥʘéè ʥʝʦʙ-

ʭʦʜʠʤʦ ʟʘʧʠʩʘʪʴ ʩʪʦʠʤʦʩʪʴ, ʨʫʙ./100ʢʛ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʚʥʦʩʠ-

ʤʦʛʦ ʚ ʧʘʨʪʠʶ ʩʤʝʩʠ. 

 

 

ʅʘʠʤʝʥʦʚʘʥʠʝ ʆʙʦʟʥʘʯʝʥʠʝ, 

ʨʘʟʤʝʨʥʦʩʪʴ 

ʅʦʤʠʥʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ 

ɾʠʨ Z0(1), % 15 

ʉʆʄʆ Z0(2), % 10 

ʉʘʭʘʨʦʟʘ Z0(3), % 15 

ʉʫʭʠʝ ʚʝʱʝʩʪʚʘ Z0(4), % 42 

ɺʣʘʛʘ Z0(5), % 58 

ɺʢʫʩ Z6, ʙʘʣʣʳ 3 

ʄʘʩʩʘ ʧʘʨʪʠʠ Z4, ʢʛ 100 

   
ʈʠʩ. 7. ʅʦʨʤʘʪʠʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʚʝʱʝʩʪʚ ʚ ʤʦʨʦʞʝʥʦʤ ʇʣʦʤʙʠʨ 

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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ɺʳʧʦʣʥʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ 
ʩ  ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʧʨʦʛʨʘʤʤʳ çMORè 

 

ɺʳʟʚʘʪʴ ʰʘʙʣʦʥ ʬʘʡʣʘ çMORè ʠʟ ʧʨʠʣ. 6 [http://de.ifmo.ru/--

books/appendix_1-10.zip] ʥʘ ʨʘʙʦʯʠʡ ʩʪʦʣ ʠ ʩʦʭʨʘʥʠʪʴ ʧʦʜ ʩʚʦʠʤ ʠʤʝ-

ʥʝʤ. ʆʪʢʨʳʪʴ ʧʨʦʛʨʘʤʤʫ ʚ ʩʨʝʜʝ ʢʦʤʧʠʣʷʪʦʨʘ çQBasicè. ɿʘʧʫʩʪʠʪʴ 

ʧʨʦʛʨʘʤʤʫ ï çɿʘʧʫʩʢ  R5è. ʀʩʧʦʣʴʟʫʷ ʢʦʤʤʝʥʪʘʨʠʠ ʧʦ ʪʝʢʩʪʫ ʧʨʦ-

ʛʨʘʤʤʳ, ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ ʚʚʝʩʪʠ ʧʦʜʛʦʪʦʚʣʝʥʥʳʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʠʟ ʪʘʙʣʠʮ (ʨʠʩ. 7, 8). 

ʄʦʜʫʣʴ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʦʛʦ ʩʦʯʝʪʘʥʠʷ ʜʦʟʠʨʦʚʦʢ ʚʢʣʶʯʘʝʪʩʷ 

ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʧʦʩʣʝ ʚʚʦʜʘ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʟʘʢʘʟʳʚʘʝʤʦʡ ʤʘʩʩʳ 

ʧʘʨʪʠʠ çZ4è.  

ʇʨʦʮʝʩʩ ʧʦʠʩʢʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʥʘ ʵʢʨʘʥʝ ʚʳʚʦʜʘ ʢʦʤʧʠʣʷ-

ʪʦʨʘ QB. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʨʘʩʯʝʪʦʚ ʥʘ ʵʪʦʪ ʵʢʨʘʥ ʘʚʪʦʤʘʪʠʯʝʩʢʠ ʚʳʚʦ-

ʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ (ʩʤ. ʧʨʠʤʝʨ ʥʘ ʨʠʩ. 9), ʘ ʪʘʢʞʝ ʟʘʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠ-

ʤʦʩʪʠ ʚʳʚʦʜʘ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʧʝʯʘʪʴ.  

ʇʨʦʮʝʜʫʨʘ ʧʦʠʩʢʘ ʦʧʪʠʤʘʣʴʥʳʭ ʩʦʯʝʪʘʥʠʡ ʜʦʟʠʨʦʚʦʢ y(j) ʟʘ-

ʚʝʨʰʘʝʪʩʷ ʧʨʠ ʜʦʩʪʠʞʝʥʠʠ ʯʠʩʣʝʥʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ LN, ʟʘ-

ʜʘʥʥʦʡ ʚ ʧʨʦʛʨʘʤʤʝ, ʩʫʤʤʘʨʥʦʡ ʘʙʩʦʣʶʪʥʦʡ ʧʦʛʨʝʰʥʦʩʪʠ, V, % ï 

100ĀLN Ò W. ʇʨʠ ʵʪʦʤ ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʘ QB ʧʦʩʪʫʧʘʝʪ ʪʝʢʩʪʦʚʦʝ ʩʦʦʙ-

ʱʝʥʠʝ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʝʪʦʚ ʦʧʪ y(j) ʠ ʨʘʩʯʝʪ-

ʥʳʭ ʟʥʘʯʝʥʠʡ z(i), ʘ ʪʘʢʞʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ 

ʠʟʤ x(i, j) ʠ ʥʦʨʤ z(i). ɽʩʣʠ ʧʦʛʨʝʰʥʦʩʪʴ W ʥʝ ʜʦʩʪʠʛʥʫʪʘ ʟʘ Z3 ʮʠʢ-

ʣʦʚ ʨʘʩʯʝʪʘ ʟʘʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʝ, ʪʦ ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʘ QB ʧʦʩʪʫʧʘʝʪ 

ʩʦʦʙʱʝʥʠʝ çʀʟ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʩʳʨʴʷ ʩʤʝʩʴ ʥʝ ʧʨʠʛʦʪʦʚʠʪʴéè ʠ ʨʝ-

ʟʫʣʴʪʘʪʳ ʥʝʫʜʘʯʥʦʛʦ ʧʦʠʩʢʘ, ʘʥʘʣʠʟʠʨʫʷ ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʧʦʜʛʦʪʦʚʠʪʴ 

ʠʟʤʝʥʝʥʠʷ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʠʣʠ ʜʠʘʧʘʟʦʥʘ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʆʜʥʦʚʨʝ-

ʤʝʥʥʦ ʥʘ ʵʢʨʘʥ ʚʳʚʦʜʠʪʩʷ ʟʘʧʨʦʩ ʦ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʝʯʘʪʘʪʴ ʜʦʢʫ-

ʤʝʥʪ. ʇʨʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʚʝʪʝ ʵʢʨʘʥʥʘʷ ʬʦʨʤʘ ʪʘʙʣʠʮʳ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʧʝʯʘʪʘʝʪʩʷ ʚ ʬʘʡʣ ʧʦ ʘʜʨʝʩʫ 

d$=çC:\RESULTAT\è+èmorè+è.txtè 

OPEN ïd$ FOR OUTPUT AS #1. 
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ʈʠʩ. 9. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʦʧʪʠʤʘʣʴʥʳʭ ʜʦʟʠʨʦʚʦʢ 
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ʊʝʢʩʪʦʚʳʡ ʬʘʡʣ çmorè ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʩ ʠʩʧʦʣʴʟʦ-

ʚʘʥʠʝʤ çʤʘʩʪʝʨʘ ʪʝʢʩʪʦʚè ʚ ʣʠʩʪ çExcelè ʠ ʩʦʭʨʘʥʠʪʴ ʧʦʜ ʩʚʦʠʤ ʠʤʝ-

ʥʝʤ ʚ ʧʘʧʢʝ çʊɸɹʃè. ʧʨʠʣ. 2 [http://de.ifmo.ru/--books/appendix_1-

10.zip]. 

ʇʦʨʷʜʦʢ ʨʘʙʦʪʳ ʩ ʤʦʜʫʣʝʤ çRESULTATè ʩʤ. çɸʃɻʆʈʀʊʄè 

ʚ ʧʨʠʣ. 2 [http://de.ifmo.ru/--books/appendix_1-10.zip]. 

 

 

2.4. ʃʘʙʦʨʘʪʦʨʥʳʝ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʪʝʤʝ 
çʋʧʨʘʚʣʝʥʠʝ ʤʥʦʛʦʢʘʥʘʣʴʥʳʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 
ʢʦʤʧʣʝʢʩʦʤ ʩ ʦʧʪʠʤʠʟʘʮʠʝʡ ʨʝʞʠʤʦʚ ʨʘʙʦʪʳ 

ʧʦ ʟʘʜʘʥʥʦʤʫ ʢʨʠʪʝʨʠʶè 
 

ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʟʘʜʘʥʠʷ ʥʘ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʝ ʚʳʜʘʶʪʩʷ 

ʚ ʚʠʜʝ ʫʢʘʟʘʥʠʷ ʪʠʧʘ ʤʦʨʦʞʝʥʦʛʦ, ʝʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ ʠʤʝʶʱʠʭʩʷ ʚ ʥʘʣʠʯʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʦʩʠʤʳʭ ʚ ʩʤʝʩʴ 

(ʨʠʩ. 7 ʠ 8). ɼʣʷ ʚʥʝʩʝʥʠʷ ʯʠʩʣʦʚʳʭ ʜʘʥʥʳʭ ʚ ʵʪʠ ʪʘʙʣʠʮʳ ʩʣʝʜʫʝʪ 

ʚʦʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʝʡ [8]. 

ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʚ ʪʘʙʣʠʮʘʭ ʨʠʩ. 7 ʠ 8 ʦʙʨʘʙʘʪʳʚʘʶʪʩʷ ʚ ʧʨʦ-

ʛʨʘʤʤʝ çMORè, ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʠ ʦʬʦʨʤʣʷʶʪʩʷ ʚ ʚʠʜʝ ʦʪ-

ʯʝʪʘ.  

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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3. ʈɸɿʈɸɹʆʊʂɸ ʀ ʈɽɸʃʀɿɸʎʀʗ ʈɽʁʊʀʅɻʆɺʆʁ ʄʆɼɽʃʀ 
ɼʃʗ ʊɽʍʅʆʃʆɻʀʏɽʉʂʆɻʆ ʂʆʄʇʃɽʂʉɸ ʅɸ ʆʉʅʆɺɽ 

ʕʂʉʇɽʈʊʅʓʍ ʆʎɽʅʆʂ 
 

3.1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʝʪʦʜʠʢʘ ʨʘʟʨʘʙʦʪʢʠ ʠ ʨʝʘ-

ʣʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ (ʤʦʜʝʣʠ), ʦʧʨʝʜʝʣʷʶʱʝʛʦ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʦʜʥʦʛʦ ʠʟ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ (ʦʪʢʣʠʢʘ) Z(a) ʦʪ ʛʨʫʧʧʳ 

ʬʘʢʪʦʨʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ï ʚʦʟʤʫʱʘʶʱʠʭ ʠ ʫʧʨʘʚʣʷʶ-

ʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʧʨʦʮʝʩʩ X(g) ʠ Y(j). ʀʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʜʣʷ 

ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ-

ʩʧʝʮʠʘʣʠʩʪʦʚ, ʠʣʠ ʨʝʟʫʣʴʪʘʪʳ ʘʥʢʝʪʠʨʦʚʘʥʠʷ. ʕʢʩʧʝʨʪʳ, ʢʘʢ ʧʨʘʚʠ-

ʣʦ, ʦʮʝʥʠʚʘʶʪ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʚ ʙʘʣʣʘʭ. ʈʝʟʫʣʴʪʘʪʳ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ [9]. 

ʊʘʢʘʷ ʤʦʜʝʣʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʪʝʭ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ ʘʥʘʣʠʪʠʯʝʩʢʠʡ 

ʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʢʣʠʢʘ ʦʪ ʚʣʠʷʶʱʠʭ ʥʘ ʥʝʛʦ ʬʘʢʪʦʨʦʚ ʟʘʪʨʫʜʥʸʥ.  

ʆʩʥʦʚʥʳʤʠ ʵʪʘʧʘʤʠ ʩʦʟʜʘʥʠʷ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʷʚʣʷʶʪʩʷ: 

1. ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

2. ʇʦʜʛʦʪʦʚʢʘ ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ. 

2.1. ʈʘʟʨʘʙʦʪʢʘ ʬʦʨʤʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʦʧʨʦʩʥʳʭ ʢʘʨʪ. 

2.2. ʇʦʜʛʦʪʦʚʢʘ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ. 

2.3. ʇʨʦʚʝʜʝʥʠʝ ʦʧʨʦʩʘ. 

3. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʩ ʮʝʣʴʶ 

ʧʦʣʫʯʝʥʠʷ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ X(g) ʠ Y(j) ʥʘ ʠʩ-

ʩʣʝʜʫʝʤʳʡ ʦʪʢʣʠʢ Z(a). 

4. ɺʳʙʦʨ ʚʠʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ (ʨʝʡʪʠʥʛʦʚʦʡ ʤʦ-

ʜʝʣʠ): 

Z(a) =  f (X(g), Y(j)), ʛʜʝ g = 1õm, j = 1õ k. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʝʜʠʥʦʡ ʠʥʜʝʢʩʘʮʠʠ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʜʣʷ 

ʫʧʨʦʱʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʤʦʜʝʣʠ 

Z(a) = f(X(1),é, X(N)), ʛʜʝ N = m + k. 

5. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʠ ʦʛʨʘʥʠ-

ʯʝʥʠʡ ʥʘ ʚʘʨʴʠʨʦʚʘʥʠʝ ʦʪʢʣʠʢʘ Z(a) ʠ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ X(g), Y(j). 
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6. ʇʦʜʛʦʪʦʚʢʘ ʧʨʠʢʣʘʜʥʦʡ ʧʨʦʛʨʘʤʤʳ, ʨʝʘʣʠʟʫʶʱʝʡ ʦʧʝʨʘʮʠʠ 

ʚʳʯʠʩʣʝʥʠʷ ʦʞʠʜʘʝʤʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʠʢʘ Z(a) ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʬʘʢʪʦʨʦʚ X(g) ʠ Y(j) ʚ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯʠ ʦʧʪʠʤʠʟʘʮʠʠ. 

 

3.2.  ʇʘʨʘʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. ʇʦʜʛʦʪʦʚʢʘ 
ʠ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʪʠʟʳ 

 

ʅʘ ʨʠʩ. 6 ʚ ʨʘʟʜʝʣʝ 2 ʧʨʠʚʝʜʝʥʘ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʪʝʭʥʦ-

ʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ çʇʨʠʛʦʪʦʚʣʝʥʠʝ ʩʤʝʩʠ ʜʣʷ ʤʦʨʦʞʝʥʦʛʦè. ʅʘ 

ʩʭʝʤʝ ʦʙʦʟʥʘʯʝʥʳ ʬʦʨʤʠʨʫʝʤʳʝ ʥʘ ʚʳʭʦʜʝ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ Z(i) 

ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ, ʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ Y(j) ï ʜʦʟʠʨʦʚʢʠ ʢʦʤ-

ʧʦʥʝʥʪʦʚ ʚʥʦʩʠʤʳʝ ʚ ʩʤʝʩʴ, ʥʝʫʧʨʘʚʣʷʝʤʳʝ ʧʝʨʝʤʝʥʥʳʝ X(i, j) ï ʩʦ-

ʜʝʨʞʘʥʠʝ ʚ ʜʦʟʠʨʫʝʤʳʭ ʢʦʤʧʦʥʝʥʪʘʭ ʚʝʱʝʩʪʚ ʬʦʨʤʠʨʫʶʱʠʭ ʢʘʯʝʩʪ-

ʚʝʥʥʳʝ ʧʦʢʘʟʘʪʝʣʠ ʧʨʦʜʫʢʪʘ Z(i). ʇʨʠ ʫʧʨʘʚʣʝʥʠʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ 

ʢʦʤʧʣʝʢʩʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʙʨʘʪʴ ʠ ʧʦʜʜʝʨʞʠʚʘʪʴ ʪʘʢʞʝ ʩʦʯʝʪʘʥʠʝ 

ʜʦʟʠʨʦʚʦʢ opt Y(j) ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʤʝʩʴ ʧʨʠ ʢʦʪʦʨʦʤ ʚʩʝ ʢʘʯʝʩʪʚʝʥ-

ʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʥʝ ʚʳʭʦʜʷʪ ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ 

ʧʨʝʜʝʣʳ: min Z(i) < Z(i) < max Z(i). 

ɺ ʯʠʩʣʦ ʫʨʘʚʥʝʥʠʡ ʦʧʨʝʜʝʣʷʶʱʠʭ ʦʧʪʠʤʘʣʴʥʦʩʪʴ ʨʝʰʝʥʠʷ ʟʘ-

ʜʘʯʠ ʢʨʦʤʝ ʫʨʘʚʥʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʙʘʣʘʥʩʘ (ʩʤ. ʨʘʟʜʝʣ 6) ʮʝʣʝʩʦ-

ʦʙʨʘʟʥʦ ʚʢʣʶʯʠʪʴ ʫʨʘʚʥʝʥʠʝ, ʦʪʩʣʝʞʠʚʘʶʱʝʝ ʟʘʚʠʩʠʤʦʩʪʴ: 

Z(a) = f(Y(i), X(i, j)), ʛʜʝ Z(a) ï ʦʞʠʜʘʝʤʘʷ ʦʮʝʥʢʘ ʚʢʫʩʘ ʤʦʨʦʞʝʥʥʦʛʦ 

ʚ ʙʘʣʣʘʭ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʝʜʣʘʛʘ-

ʝʪʩʷ ʧʨʦʚʝʩʪʠ ʦʧʨʦʩ ʛʨʫʧʧʳ ʵʢʩʧʝʨʪʦʚ-ʩʧʝʮʠʘʣʠʩʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠ-

ʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʦʧʨʦʩʥʳʭ ʢʘʨʪ (ʨʠʩ. 10). ɺ ʧʨʠʣ. 7 ʰʘʙʣʦʥ çʆʧʨʦʩ-

ʥʘʷ ʢʘʨʪʘè çʊɸɹʃ. 7.1è [http://de.ifmo.ru/--books/appendix_1-10.zip] 

ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʨ, ʧʦʜʛʦʪʦʚʣʝʥʥʳʡ ʜʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘ ʚʢʫʩ ʤʦ-

ʨʦʞʝʥʦʛʦ Z(a) ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʥʦʤʠʥʘʣʘ ʦʜʥʦʛʦ ʠʟ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ ʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʤʦʨʦʞʝ-

ʥʦʛʦ ï ʜʦʟʠʨʦʚʢʠ ʚ ʩʤʝʩʴ ʤʦʣʦʢʘ ʮʝʣʥɹʦʛʦ Y(1) (ʨʠʩ. 10). 

ɼʣʷ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʥʘ ʚʢʫʩ ʩʦʜʝʨʞʘʥʠ ̫ʚ ʜʦʟʠʨʫʝʤʦʤ ʤʦʣʦʢʝ 

ʞʠʨʘ X(1, 1) ʠ ʉʆʄʆ, X(2, 1) ʥʝʦʙʭʦʜʠʤʦ ʬʦʨʤʫ ʢʘʨʪʳ ʜʚʘʞʜʳ ʩʢʦ-

ʧʠʨʦʚʘʪʴ ʠ ʠʟʤʝʥʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʩʪʦʣʙʮʘ 3 ʥʘ X(1, 1) ʠ X(2, 1). ɸʥʘ-

ʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʜʛʦʪʘʚʣʠʚʘʶʪʩʷ ʦʧʨʦʩʥʳʝ ʢʘʨʪʳ ʜʣʷ ʦʮʝʥʢʠ 

ʚʣʠʷʥʠʷ ʥʘ ʚʢʫʩ ʤʦʨʦʞʝʥʥʦʛʦ ʦʩʪʘʣʴʥʳʭ ʫʧʨʘʚʣʷʶʱʠʭ 

ʚʦʟʜʝʡʩʪʚʠʡ Y(j).  

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʪʨʝʙʦʚʘʥʠʷ, ʩʦʩʪʘʚ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʦʤʠʥʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʥʷʪʳ ʧʦ ɻʆʉʊ ʈ 52175-2003 

çʄʦʨʦʞʝʥʦʝ ʤʦʣʦʯʥʦʝ, ʩʣʠʚʦʯʥʦʝ ʠ ʧʣʦʤʙʠʨ. ʊʝʭʥʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ 

(ʩ ʀʟʤʝʥʝʥʠʝʤ ˉ1)è. ɸʥʘʣʠʟ ɻʆʉʊʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ 

ʬʘʢʪʦʨʦʚ Y(j) (ʜʦʟʠʨʦʚʢʘ ʢʦʤʧʦʥʝʥʪʦʚ) ʜʦʧʫʩʢʘʝʪʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ, ʥʦ ʥʝ ʟʘʜʘʥʳ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʠʘʧʘʟʦʥ ʠʭ ʚʘʨʴ-

ʠʨʦʚʘʥʠʷ. 

ʇʨʠ ʧʦʜʛʦʪʦʚʢʝ ʢʘʨʪʳ ʧʨʦʚʦʜʠʪʴʩʷ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʜʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ 

ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʤʝʩʠ ʜʣʷ ʤʦʨʦʞʝʥʥʦʛʦ ʩ ʮʝʣʴʶ ʦʮʝʥʢʠ ʥʦʤʝʥʢʣʘʪʫ-

ʨ ,r ʥʦʤʠʥʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʜʠʘʧʘʟʦʥʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʚʩʝʭ ʧʝʨʝ-

ʤʝʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʳʭ ʚʣʠʷʝʪ ʥʘ ʦʮʝʥʢʫ ʚʢʫʩʘ Z(a). 

ɺ ʧʨʠʣ. 7 [http://de.ifmo.ru/--books/appendix_1-10.zip] ʧʨʝʜʩʪʘʚ-

ʣʝʥ ʰʘʙʣʦʥ çʊɸɹʃ. 7.2è (ʨʠʩ. 11) ʚ ʢʦʪʦʨʦʤ ʩʦʭʨʘʥʝʥ ʬʨʘʛʤʝʥʪ ʧʨʠ-

ʤʝʨʘ ʧʦʜʛʦʪʦʚʢʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʦʬʦʨʤʣʝʥʠʷ ʦʧʨʦʩʥʳʭ ʢʘʨʪ ʧʦ ʦʜʥʦʤʫ ʠʟ ʚʠʜʦʚ ʤʦʨʦʞʝʥʦʛʦ ʪʠʧʘ 

çʇʣʦʤʙʠʨè ʜʣʷ ʫʩʣʦʚʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʅʦʤʠʥʘʣʴ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʘʨʘʤʝʪʨʦʚ ʜʦʣʞʥʳ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʠʥʩʪʨʫʢʮʠʠ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʦ ʜʘʥʥʦʛʦ ʪʠʧʘ ʤʦʨʦʞʝʥʥʦ-

ʛʦ. ɼʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʫʪʦʯʥʷʶʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ. 

 ʂʘʞʜʘʷ ʦʧʨʦʩʥʘʷ ʢʘʨʪʘ ʵʢʩʧʝʨʪʦʚ ʦ ʚʣʠʷʥʠʠ ʬʘʢʪʦʨʦʚ ʥʘ 

ʚʢʫʩ ʤʦʨʦʞʝʥʦʛʦ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ-

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʦʜʥʦʡ ʠʟ ʚʘʨʴʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ 

ʥʘ ʦʪʢʣʠʢ. ʂʘʞʜʳʡ ʵʢʩʧʝʨʪ ʧʨʦʠʟʚʦʜʠʪ ʦʮʝʥʢʫ, ʚʳʙʠʨʘʷ ʯʠʩʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʨʘʥʛʘ ʚ ʛʨʘʬʘʭ 4-14 ʪʘʙʣ. 7.1 (ʨʠʩ. 10). 

ɻʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʜʦʣʞʥʘ ʚʢʣʶʯʘʪʴ ʥʝ ʤʝʥʝʝ 5 ʯʝʣʦʚʝʢ. ʂʘʞ-

ʜʳʡ ʵʢʩʧʝʨʪ ʟʘʧʦʣʥʷʝʪ ʦʧʨʦʩʥʫʶ ʢʘʨʪʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʦʨʤʫʣʠ-

ʨʦʚʢʦʡ ʟʘʜʘʯʠ, ʨʫʢʦʚʦʜʩʪʚʫʷʩʴ ʩʦʙʩʪʚʝʥʥʳʤ ʦʧʳʪʦʤ, ʣʠʙʦ ʧʨʦʚʦʜʷ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ. ʇʨʠʤʝʨ ʢʘʨʪʳ, ʟʘʧʦʣʥʝʥʥʦʡ ʦʜʥʠʤ 

ʠʟ ʵʢʩʧʝʨʪʦʚ, ʧʨʠʚʝʜʸʥ ʚ ʪʘʙʣ. 7.2 ʥʘ ʨʠʩ. 11. 
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ʈʠʩ. 10. ʆʧʨʦʩʥʘʷ ʢʘʨʪʘ (ʣʠʩʪ 1) 
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ʈʠʩ. 11. ʊʘʙʣʠʮʘ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʜʣʷ ʧʦʜʛʦʪʦʚʢʠ ʦʧʨʦʩʥʳʭ ʢʘʨʪ ʠ ʧʨʦʚʝʜʝʥʠʷ 

ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ ʧʦ ʠʟʤʝʥʝʥʠʶ ʚʢʫʩʘ ʧʘʨʪʠʠ ʤʦʨʦʞʝʥʥʦʛʦ ʧʨʠ 

ʚʘʨʴʠʨʦʚʘʥʠʠ ʜʦʟʠʨʦʚʦʢ ʢʦʤʧʦʥʝʥʪʦʚ Y(i) ʠ ʠʭ ʩʦʩʪʘʚʘ X(i, j) 
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ʈʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ ʦʬʦʨʤʣʷʶʪʩʷ ʦʧʝʨʘʪʦʨʦʤ 

ʚ ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ 7.3. ʐʘʙʣʦʥ ʪʘʙʣʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʧʨʠʣ. 7 

çʊɸɹʃ. 7.3è [http://de.ifmo.ru/--books/appendix_1-10.zip]. ʅʘ ʨʠʩ. 12 

ʧʨʠʚʝʜʝʥ ʧʨʠʤʝʨ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʳ ʧʨʦʩʪʘʚʣʝʥʥʳʭ ʧʷʪʴʶ ʵʢʩʧʝʨʪʘʤʠ 

ʦʮʝʥʦʢ ʚʣʠʷʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ï ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʥʘ ʦʪʢʣʠʢ 

Z(ʘ) ï ʚʢʫʩ ʤʦʨʦʞʝʥʦʛʦ. ʆʙʦʟʥʘʯʝʥʠʝ ʧʝʨʝʤʝʥʥʳʭ ʧʦ çʊɸɹʃ. 7.2è 

ʧʨʠʣ. 7 (ʨʠʩ. 11). ʆʮʝʥʢʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ (ʫʣʫʯʰʝʥʠʝ 

ʚʢʫʩʘ) ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤʠ (ʫʭʫʜʰʝʥʠʝ ʚʢʫʩʘ). ɺ ʩʚʦʜʥʦʡ ʪʘʙʣʠʮʝ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʚʘ ʤʘʩʩʠʚʘ ʜʘʥʥʳʭ. ʄʘʩʩʠʚ çaè ʩʦʜʝʨʞʠʪ ʦʮʝʥʢʠ ʦʪ-

ʢʣʦʥʝʥʠʷ ʚʢʫʩʘ ʚ ʨʘʥʛʘʭ ʧʨʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʦʪ ʥʦʤʠ-

ʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʘʞʜʦʛʦ ʠʟ ʚʣʠʷʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʤʘʩʩʠʚ çbè ï 

ʦʪʢʣʦʥʝʥʠʷ ʚʢʫʩʘ ʚ ʨʘʥʛʘʭ ʧʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʪʝʭ ʞʝ 

ʧʘʨʘʤʝʪʨʦʚ.  

 

 

 
 

 
ʈʠʩ. 12. ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʦʮʝʥʢʠ ʵʢʩʧʝʨʪʦʚ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʘ ʦʪʢʣʠʢʘ ï  

ʚʢʫʩʘ ʤʦʨʦʞʝʥʥʦʛʦ, dZ(a) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ 

ʦʪ ʥʦʤʠʥʘʣʘ ʬʘʢʪʦʨʦʚ ʚʦʟʤʫʱʝʥʠʡ ÑdY(j) ʠ Ñ dX(i, j) 
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3.3. ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ 

 

ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʵʢʩʧʝʨʪʦʚ ʦʩʫ-

ʱʝʩʪʚʣʷʝʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʦʡ ʧʨʦʛʨʘʤʤʳ çEXPERTè, 

ʢʦʪʦʨʘʷ ʚʳʟʳʚʘʝʪʩʷ ʠʟ ʧʨʠʣ. 7 [http://de.ifmo.ru/--books/appendix_1-

10.zip]. ʇʨʦʛʨʘʤʤʘ çEXPERTè ʦʬʦʨʤʣʝʥʘ ʚ ʩʨʝʜʝ çQBasicè ʩ ʠʩʧʦʣʴ-

ʟʦʚʘʥʠʝʤ SUB-ʢʦʤʧʦʥʦʚʦʢ ʧʨʦʛʨʘʤʤʥʳʭ ʙʣʦʢʦʚ ʠ ʮʚʝʪʦʚʦʛʦ ʚʳʜʝʣʝ-

ʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʵʢʨʘʥʝ. ɿʘʧʫʩʢ ʧʨʦʛʨʘʤʤʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

çʷʨʣʳʢʘ ʜʣʷ QBè. 

ɺ ʧʨʦʛʨʘʤʤʫ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ ʚʥʦʩʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʦʩʘ 

ʵʢʩʧʝʨʪʦʚ ʠʟ ʪʘʙʣ. 7.3 ʧʨʠʣ. 7 (ʨʠʩ. 12). ʂʘʞʜʳʡ ʠʟ ʤʘʩʩʠʚʦʚ ʩʚʦʜʥʦʡ 

ʪʘʙʣʠʮʳ (çʘè ʠ çbè) ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʧʦ ʧʨʦʛʨʘʤʤʝ çEXPERTè ʦʪ-

ʜʝʣʴʥʦ. ʆʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 

çEXPERTè ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʠʪʴ ʤʝʪʦʜʳ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʩʪʘʪʠʩʪʠʢʠ 

ʜʣʷ ʩʥʠʞʝʥʠʷ ʚʣʠʷʥʠʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʧʨʦʤʘʭʦʚ (çʦʰʠʙʦʢè) ʦʮʝʥʦʢ 

ʦʪʜʝʣʴʥʳʭ ʵʢʩʧʝʨʪʦʚ ʥʘ ʨʝʟʫʣʴʪʘʪ ʠ ʦʮʝʥʠʪʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʥʝʥʠʡ 

ʵʢʩʧʝʨʪʦʚ. 

 ʉ ʘʣʛʦʨʠʪʤʦʤ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʠ ʤʘʪʝʤʘʪʠ-

ʯʝʩʢʠʤ ʦʙʝʩʧʝʯʝʥʠʝʤ ʵʪʦʡ ʟʘʜʘʯʠ ʤʦʞʥʦ ʧʦʟʥʘʢʦʤʠʪʴʩʷ ʧʦ ʪʝʢʩʪʫ 

ʧʨʦʛʨʘʤʤʳ, ʧʨʠʚʝʜʝʥʥʦʡ ʥʠʞʝ, ʛʜʝ ʠʤʝʶʪʩʷ ʢʦʤʤʝʥʪʘʨʠʠ ʢʦ ʚʩʝʤ 

ʦʧʝʨʘʮʠʷʤ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʥʬʦʨʤʘʮʠʠ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d


 

 

42 

ʊʝʢʩʪ ʧʨʦʛʨʘʤʤʳ Expert 
 

' Expert2* (ʩ) 2016 * ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ, ʢʘʬ. ɸɹʠʊʇ 

'----------------------------------------------------- 

DECLARE SUB Init ()          'ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʧʝpʝʤʝʥʥʳʭ 

DECLARE SUB StartScreen ()   'ʩʪʘpʪʦʚʳʡ ʵʢpʘʥ 

DECLARE SUB InputData ()     'ʚʚʦʜ ʜʘʥʥʳʭ 

DECLARE SUB Calculate ()     'pʘʩʯʝʪ 

DECLARE SUB ShowResult ()    'pʝʟʫʣʴʪʘʪʳ ʥʘ ʜʠʩʧʣʝʡ 

DECLARE SUB PrintResult ()   'pʝʟʫʣʴʪʘʪʳ ʥʘ ʧpʠʥʪʝp 

DECLARE SUB EndProgram ()    'ʟʘʚʝpʰʝʥʠʝ ʧpʦʛpʘʤʤʳ 

DECLARE SUB ShowInfo (Info$) 'ʠʥʬʦpʤʘʮʠʦʥʥʘʷ ʩʪpʦʢʘ 

DECLARE SUB ErrorMsg ()      'ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧpʠ ʚʚʦʜʝ 

DIM SHARED MaxM AS INTEGER 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʢʪʦpʦʚ (ʠʥʜʝʢʩ J) 

DIM SHARED MaxN AS INTEGER 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʵʢʩʧʝpʪʦʚ (ʠʥʜʝʢʩ I) 

DIM SHARED MaxL AS INTEGER 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʫpʦʚʥʝʡ ʦʮʝʥʢʠ 

DIM SHARED MinusMaxL AS INTEGER 'ʦʛpʘʥʠʯʝʥʠʝ ʧʦ ʦʪpʠʮ. 

ʰʢʘʣʝ ʦʮʝʥʦʢ 

MaxM = 15: MaxN = 10: MaxL = 5: MinusMaxL = -5 

DIM SHARED M 'ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦpʦʚ 

DIM SHARED N 'ʢʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝpʪʦʚ 

DIM SHARED L 'ʢʦʣʠʯʝʩʪʚʦ ʫpʦʚʥʝʡ ʦʮʝʥʢʠ (1 <= L <= MaxL) 

DIM SHARED MinusL ' MinusL = L - 2 * L  

DIM SHARED LC, RC, BlankStr$, ProgName$, CopyRight$ 

DIM SHARED ScCode ' ʚʠʜ ʰʢʘʣʳ: 1 -/+, 2 + 

DIM SHARED KofKonk, KritPirs 'ʢʦʵʬ. ʢʦʥʢʦpʜʘʮʠʠ, ʢpʠʪʝpʠʡ 

ʇʠpʩʦʥʘ 

DIM SHARED Q(1 TO MaxM, 1 TO MaxN) AS INTEGER 'ʦʮʝʥʢʠ 

ʵʢʩʧʝpʪʦʚ 

DIM SHARED QV(1 TO MaxM, 1 TO MaxN) 'ʩʢʦppʝʢʪʠpʦʚʘʥʥʳʝ 

ʦʮʝʥʢʠ ʵʢʩʧʝpʪʦʚ 

DIM SHARED R(1 TO MaxM) 'ʩʫʤʤʘ ʦʮʝʥʦʢ ʢʘʞʜʦʛʦ ʬʘʢʪʦpʘ 

DIM SHARED R1(1 TO MaxM) 'ʩʫʤʤʘ ʩʢʦppʝʢʪʠpʦʚʘʥʥʳʭ ʦʮʝʥʦʢ 

DIM SHARED C(1 TO MaxM) 'ʩp. ʦʮʝʥʢʘ ʢʘʞʜʦʛʦ ʬʘʢʪʦpʘ ʚʩʝʤʠ 

ʵʢʩʧʝpʪʘʤʠ 



 

 

43 

DIM SHARED Delta(1 TO MaxM, 1 TO MaxN) 'ʦʰʠʙʢʘ ʦʮʝʥʢʠ j-ʛʦ 

ʬʘʢʪʦpʘ i-ʤ ʵʢʩʧʝpʪʦʤ 

DIM SHARED DeltaOneExp(1 TO MaxN) 'ʩʫʤʤʘ ʦʰʠʙʦʢ i-ʛʦ ʵʢʩʧʝpʪʘ 

ʧʦ ʚʩʝʤ ʬʘʢʪʦpʘʤ 

DIM SHARED V1(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ i-ʛʦ 

ʵʢʩʧʝpʪʘ ʧʦ ʉɸɿ 

DIM SHARED SigmaOneExp(1 TO MaxN) 'ʩpʝʜʥʝʢʚʘʜpʘʪʠʯʥʘʷ ʦʰʠʙ-

ʢʘ i-ʛʦ ʵʢʩʧʝpʪʘ 

DIM SHARED C1(1 TO MaxM) 'ʦʮʝʥʢʠ ʬʘʢʪʦpʦʚ ʩ ʢʦppʝʢʮʠʝʡ ʧʦ 

ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ (ʉɸɿ) 

DIM SHARED h(1 TO MaxM) 'ʵʥʪpʦʧʠʷ pʘʩʧpʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ 

DIM SHARED W(1 TO MaxM) 'ʩʪʝʧʝʥʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʵʢʩʧʝpʪʦʚ 

 

CLS 

MenuCode = 1 

 

DO 

 

 SELECT CASE MenuCode 

  CASE 1 

   Init 

   StartScreen 

   InputData 

   Calculate 

   ShowResult 

  CASE 2 

   PrintResult 

  CASE 3 

   EndProgram 

 END SELECT 

 

 LOCATE 23, 1 

 COLOR 15: PRINT "1 "; : COLOR 3: PRINT "ʇʦʚʪʦpʠʪʴ ʚʚʦʜ "; 

 COLOR 9: PRINT "ƴ "; 

 COLOR 15: PRINT "2 "; : COLOR 3: PRINT "ʇʝʯʘʪʘʪʴ pʝʟʫʣʴʪʘʪʳ "; 

 COLOR 9: PRINT "ƴ "; 

 COLOR 15: PRINT "3 "; : COLOR 3: PRINT "ɺʳʭʦʜ " 

 COLOR 14: PRINT STRING$(50, "Ƅ"); 
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 COLOR 15 

 

 DO 

  LOCATE 25, 1: PRINT STRING$(70, " "); 

  LOCATE 25, 1: INPUT ; "ɺʘ hʚʳʙʦp: ", MenuCode$ 

  IF (VAL (MenuCode$) < 1) OR (VAL (MenuCode$) > 3) THEN Er-

rorMsg 

 LOOP UNTIL (VAL (MenuCode$) >= 1) AND (VAL (MenuCode$) <= 3) 

 

 MenuCode = VAL(MenuCode$) 

 

LOOP 

 

SUB Calculate 

'ʈʘʩʯʝʪ 

 

DIM NQ(1 TO MaxM, 1 TO MaxL) 

DIM NQ1(1 TO MaxM, MinusMaxL TO MaxL) 

 

' ɺʳʯʠʩʣʝʥʠʝ ʩʫʤʤʳ ʨʘʥʛʦʚ j-ʛʦ ʬʘʢʪʦʨʘ [R(J)] 

 FOR j = 1 TO M 

  R(j) = 0 

  FOR i = 1 TO N 

   R(j) = R(j) + Q(j, i) 

  NEXT i 

 NEXT j 

 

' ɺʳʯʠʩʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ j-ʛʦ ʬʘʢʪʦʨʘ [C(J)] 

 FOR j = 1 TO M 

  C(j) = R(j) / N 

 NEXT j 

 

' ʆʪʢʣʦʥʝʥʠʝ ʦʮʝʥʢʠ i-ʛʦ ʵʢʩʧʝpʪʘ Q ʦʪ ʩpʝʜʥʝʡ C [Delta(J,I)] 

 FOR j = 1 TO M 

  FOR i = 1 TO N 

   'ʪʘʢ ʙʳʣʦ: Delta(J, I) = ABS(C(J) - Q(J, I)) 

   Delta(j, i) = C(j) - Q(j, i) 

  NEXT i 
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 NEXT j 

 

' ʉʫʤʤʘ ʦʰʠʙʦʢ i-ʛʦ ʵʢʩʧʝʨʪʘ [DeltaOneExp(I)]  

 FOR i = 1 TO N 

  DeltaOneExp(i) = 0 

  FOR j = 1 TO M 

   ' ʪʘʢ ʙʳʣʦ: DeltaOneExp(I) = DeltaOneExp(I) + Delta(J, I) 

   DeltaOneExp(i) = DeltaOneExp(i) + ABS(Delta(j, i)) 

  NEXT j 

 NEXT i 

 

' ʉʫʤʤʘ ʦʰʠʙʦʢ ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ [DeltaAllExp] 

 DeltaAllExp = 0 

 FOR i = 1 TO N 

  DeltaAllExp = DeltaAllExp + DeltaOneExp(i) 

NEXT i 

 

' ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʤʧʝʪʝʥʪʥʦʩʪʠ i-ʛʦ ʵʢʩʧʝpʪʘ ʧʦ ʉɸɿ [V1(I)]  

 FOR i = 1 TO N 

  IF DeltaAllExp <> 0 THEN 

   V1(i) = DeltaOneExp(i) / DeltaAllExp 

  ELSE 

   V1(i) = 0 

  END IF 

 NEXT i 

 

' ɺʳʯʠʩʣʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʟʥʘʯʠʤʦʩʪʠ j-ʛʦ ʬʘʢʪʦʨʘ ʩ 

' ʧʦʧʨʘʚʢʦʡ ʥʘ ʢʦʤʧʝʪʝʥʪʥʦʩʪʴ ʵʢʩʧʝʨʪʦʚ [C1(J)]: 

 FOR j = 1 TO M 

  R1(j) = 0 

  FOR i = 1 TO N 

   QV(j, i) = Q(j, i) + Delta(j, i) * V 1(i) 'ʢʦppʝʢʮʠʷ ʦʮʝʥʦʢ 

   R1(j) = R1(j) + QV(j, i) 

  NEXT i 

  C1(j) = R1(j) / N 

 NEXT j 
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' ʆʧʨʝʜʝʣʝʥʠʝ ʯʠʩʣʘ ʵʢʩʧʝʨʪʦʚ, ʧʨʠʩʚʦʠʚʰʠʭ j-ʤʫ ʬʘʢʪʦʨʫ ʨʘʥʛ Rang 

[NQ(Rang)] 

 FOR j = 1 TO M 

  SELECT CASE ScCode 

   CASE 1 

    FOR Rang = MinusL TO L STEP 1 

     NQ1(j, Rang) = 0 

    NEXT Rang 

   CASE 2 

    FOR Rang = 1 TO L 

     NQ(j, Rang) = 0 

    NEXT Rang 

   END SELECT 

 NEXT j 

 

 FOR j = 1 TO M 

  SELECT CASE ScCode 

   CASE 1 

    FOR Rang = MinusL TO L STEP 1 

     FOR i = 1 TO N 

      IF Q(j, i) = Rang THEN 

NQ1(j, Rang) = NQ1(j, Rang) + 1 

      END IF 

     NEXT i 

    NEXT Rang 

   CASE 2 

    FOR Rang = 1 TO L 

     FOR i = 1 TO N 

      IF Q(j, i) = Rang THEN 

       NQ(j, Rang) = NQ(j, Rang) + 1 

      END IF 

     NEXT i 

    NEXT Rang 

  END SELECT 

 NEXT j 

 

' ɺʳʯʠʩʣʝʥʠʝ ʵʥʪʨʦʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʦʮʝʥʦʢ, ʧʨʠʩʚʦʝʥʥʳʭ 

' j-ʤʫ ʬʘʢʪʦʨʫ ʚʩʝʤʠ N ʵʢʩʧʝʨʪʘʤʠ [H(J)] 
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 FOR j = 1 TO M 

  h(j) = 0 

  SELECT CASE ScCode 

   CASE 1 

    FOR Rang = MinusL TO L STEP 1 

     IF NQ1(j, Rang) <> 0 THEN 

      Lg = LOG(NQ1(j, Rang) / N) / LOG(10) 

      h(j) = h(j) + NQ1(j, Rang) / N * Lg 

     END IF 

    NEXT Rang 

   CASE 2 

    FOR Rang = 1 TO L 

     IF NQ(j, Rang) <> 0 THEN 

      Lg = LOG(NQ(j, Rang) / N) / LOG(10) 

      h(j) = h(j) + NQ(j, Rang) / N * Lg 

     END IF 

    NEXT Rang 

  END SELECT 

 NEXT j 

 

' ɺʳʯʠʩʣʝʥʠʝ ʤʘʢʩʠʤʘʣʴʥʦʡ ʵʥʪʨʦʧʠʠ [HMax] 

 SELECT CASE ScCode 

  CASE 1 

   Lg = LOG(1 / (2 * L + 1)) / LOG(10) 

CASE 2 

   Lg = LOG(1 / L) / LOG(10) 

 END SELECT 

 HMax = Lg 

 

' ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ [W(J)] 

 FOR j = 1 TO M 

  W(j) = 1 - h(j) / HMax 

 NEXT j 

 

' ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʢʦʥʢʦʨʜʘʮʠʠ [KofKonk]: 

 SumH = 0 

 FOR j = 1 TO M 

  SumH = SumH + h(j) 
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 NEXT j 

 SELECT CASE ScCode 

  CASE 1 

   Lg = LOG(2 * L + 1) / LOG(10) 

  CASE 2 

   Lg = LOG(L) / LOG(10) 

 END SELECT 

 KofKonk = (M * Lg + SumH) / (M * Lg) 

 

' ɺʳʯʠʩʣʝʥʠʝ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ [KritPirs] 

 KritPirs = N * (M - 1) * KofKonk 

 

END SUB 

 

SUB EndProgram 

 COLOR 7, 0 

 CLS 

 LOCATE 24 

 PRINT ProgName$ 

 PRINT CopyRight$ 

 PRINT "ʈʘʟpʘʙʦʪʯʠʢʠ: ʉʪʝʛʘʣʠʯʝʚ ʖ.ɻ., ʇʦʣʷʢʦʚ ʈ.ʀ." 

 SYSTEM 

END SUB 

 

SUB ErrorMsg 

 FOR i% = 440 TO 1000 STEP 10 

  SOUND i%, i% / 20000 

 NEXT i% 

 

END SUB 

 

SUB Init 

 LC = 1 'ʢpʘʡʥʠʡ ʣʝʚʳʡ ʩʪʦʣʙʝʮ ʵʢpʘʥʘ 

 RC = 79 'ʢpʘʡʥʠʡ ʧpʘʚʳʡ ʩʪʦʣʙʝʮ ʵʢpʘʥʘ 

 BlankStr$ = "" 'ʇʫʩʪʘʷ ʩʪpʦʢʘ ʜʣʷ ʠʥʬʦpʤʘʮʠʠ ʠ ʧʦʜʩʢʘʟʦʢ 

 FOR k = LC TO RC 

  BlankStr$ = BlankStr$ + " " 

 NEXT k 
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 ProgName$ = "ʕʂʉʇɽʈʊʀɿɸ V2.0" 

 CopyRight$ = "(ʩ)1995-1999, ʂʘʬ. ɸɹʠʊʇ ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ" 

END SUB 

 

SUB InputData 

' ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ 

 

 DO 

  CLS 

  ShowInfo ("ɺʳʙʝpʠʪʝ ʚʠʜ ʰʢʘʣʳ ʦʮʝʥʦʢ") 

  LOCATE 3: COLOR 14, 0: PRINT "ʂʦʜ  ʆʧʠʩʘʥʠʝ" 

  PRINT STRING$(60, "Ƅ") 

  COLOR 15: PRINT " 1   "; 

  COLOR 2: PRINT "ɼʚʫʥʘʧpʘʚʣʝʥʥʘʷ ʰʢʘʣʘ ʦʮʝʥʦʢ: "; 

  COLOR 10, 0: PRINT "-QmaxƊƄƎƄƎƄƎƄƋ0ƊƄƎƄƎƄƎƄƋ+Qmax" 

  COLOR 2, 0: PRINT "     ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʢ ʜʦʧʫʩʪʠʤʳ ʮʝʣʳʝ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ" 

  PRINT "     ʠ ʦʪpʠʮʘʪʝʣʴʥʳʝ ʯʠʩʣʘ (ʚʢʣʶʯʘʷ 0) ʚ ʜʠʘʧʘʟʦʥʝ (-

Qmax...+Qmax)." 

  PRINT 

  COLOR 15: PRINT " 2   "; 

  COLOR 2: PRINT "ʇʦʣʦʞʠʪʝʣʴʥʘʷ ʰʢʘʣʘ ʦʮʝʥʦʢ: "; 

  COLOR 10, 0: PRINT "0ƊƄƎƄƎƄƎƄƋ+Qmax": 

  COLOR 2, 0: PRINT "     ɺ ʢʘʯʝʩʪʚʝ ʦʮʝʥʦʢ ʜʦʧʫʩʪʠʤʳ ʮʝʣʳʝ ʧʦʣʦ-

ʞʠʪʝʣʴʥʳʝ" 

  PRINT "     ʯʠʩʣʘ ʚ ʜʠʘʧʘʟʦʥʝ (1...+Qmax)." 

  COLOR 14: PRINT STRING$(60, "Ƅ") 

  LOCATE CSRLIN + 1: COLOR 15 

  INPUT "ɺʚʝʜʠʪʝ ʢʦʜ ʰʢʘʣʳ: ", ScCode$ 

  IF (VAL (ScCode$) <> 1) AND (VAL (ScCode$) <> 2) THEN ErrorMsg 

 LOOP UNTIL (VAL (ScCode$) = 1) OR (VAL (ScCode$) = 2) 

 ScCode = VAL(ScCode$) 

 

 DIM Help$(3) 

 Help$(1) = "ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ: (2..." + LTRIM$(STR$(MaxN)) + 

")"  

 Help$(2) = "ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ: (2..." + LTRIM$(STR$(MaxM)) + 

")"  
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 Help$(3) = "ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ: " + STR$(MaxL) 

 DIM S$(3) 

 S$(1) = "     ʂʦʣʠʯʝʩʪʚʦ ʵʢʩʧʝpʪʦʚ: " 

 S$(2) = "      ʂʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦpʦʚ: " 

 S$(3) = "ʂʦʣʠʯʝʩʪʚʦ ʫpʦʚʥʝʡ ʦʮʝʥʢʠ: " 

 DIM Min (3), Max(3), x$(3) 

 Min(1) = 2: Max(1) = MaxN 

 Min(2) = 2: Max(2) = MaxM 

 Min(3) = 1: Max(3) = MaxL 

  

 CLS 

 ShowInfo ("ɺʚʝʜʠʪʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ") 

 

 FOR k = 1 TO 3 

  LOCATE 10: PRINT STRING$(78, " ") 

  LOCATE 10: COLOR 2: PRINT Help$(k): COLOR 15 

  DO 

   LOCATE 3 + k: PRINT STRING$(78, " ") 

   LOCATE 3 + k: PRINT S$(k); : INPUT "", x$(k) 

   IF (VAL (x$(k)) < Min(k)) OR (VAL (x$(k)) > Max(k)) THEN ErrorMsg 

  LOOP UNTIL (VAL (x$(k)) >= Min(k)) AND (VAL (x$(k)) <= Max(k)) 

  LOCATE 3 + k: COLOR 7 

  PRINT S$(k); x$(k) 

 NEXT k 

 

 N = VAL(x$(1)) 

 M = VAL (x$(2)) 

 L = VAL (x$(3)) 

 

 FOR j = 1 TO M 'ʬʘʢʪʦp  r

  

  CLS 

  ShowInfo ("ɺʚʝʜʠʪʝ ʦʮʝʥʢʠ ʵʢʩʧʝpʪʦʚ") 

  LOCATE 16: COLOR 2: PRINT "ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ: ʮʝʣʳʝ ʯʠʩʣʘ 

ʚ ʜʠʘʧʘʟʦʥʝ"; 

  

  SELECT CASE ScCode 

   CASE 1 
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    MinusL = L - 2 * L  

    PRINT " ("; LTRIM$(STR$(MinusL)); "..."; LTRIM$(STR$(L)); "), 

ʚʢʣʶʯʘʷ 0" 

   CASE 2 

    PRINT " (1..."; LTRIM$(STR$(L)); ")"  

   

END SELECT 

  

  LOCATE 3: COLOR 14: PRINT "ʌʘʢʪʦp "; 

  COLOR 15: PRINT LTRIM$(STR$(j)) 

  COLOR 14: PRINT STRING$(20, "Ƅ") 

  COLOR 15 

  

  FOR i = 1 TO N 'ɻ ʢʩʧʝpʪ r

   

   SELECT CASE ScCode 

    CASE 1 

     DO 

      LOCATE 4 + i: PRINT STRING$(78, " ") 

      LOCATE 4 + i: PRINT "ʕʢʩʧʝpʪ "; LTRIM$(STR$(i)); ": ";  

      INPUT "", Qstr$ 

      IF (VAL (Qstr$) < MinusL) OR (VAL (Qstr$) > L) THEN ErrorMsg 

     LOOP UNTIL (VAL (Qstr$) >= MinusL) AND (VAL (Qstr$) <= L) 

    CASE 2 

     DO 

      LOCATE 4 + i: PRINT STRING$(78, " ") 

      LOCATE 4 + i: PRINT "ʕʢʩʧʝpʪ "; LTRIM$(STR$(i)); ": ";  

      INPUT "", Qstr$ 

      IF (VAL (Qstr$) < 1) OR (VAL (Qstr$) > L) THEN ErrorMsg 

     LOOP UNTIL (VAL (Qstr$) >= 1) AND (VAL (Qstr$) <= L) 

    END SELECT 

   

   LOCATE 4 + i: COLOR 7: PRINT "ʕʢʩʧʝpʪ "; LTRIM$(STR$(i)); ": "; 

Qstr$ 

   Q(j, i) = VAL (Qstr$) 

   COLOR 15 

  

  NEXT i 
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 NEXT j 

 

 COLOR 7, 0 

 

END SUB 

 

SUB PrintResult 

' ɺʳʚʦʜ ʥʘ ʧpʠʥʪʝp 

 

d$ = "C:\REZULTAT\" + "exp" + ".txt" 

OPEN d$ FOR OUTPUT AS #1 

PRINT #1, "ʊʘʙʣʠʮʘ 7.4" 

PRINT #1, "ʉʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʧʚ" 

PRINT #1, "--------------  --------------------------------------------" 

PRINT #1, "  ʅʦʤʝp      |               ʆ ʮ ʝ ʥ ʢ ʠ" 

PRINT #1, "  ʬʘʢʪʦpʘ    |            ʵ ʢ ʩ ʧ ʝ p ʪ ʦ ʚ" 

FOR i = 1 TO N 

 

      PRINT #1, USING "      ##   |"; i; 

NEXT i 

 PRINT #1, 

PRINT #1, "------------------------------------------------------------" 

 

FOR j = 1 TO M 

 PRINT #1, USING "   ##  |"; j; 

 FOR i = 1 TO N - 1 

  PRINT #1, USING "        ## |"; Q(j, i); 

 NEXT i 

 PRINT #1, USING "         ##"; Q(j, N) 

NEXT j 

PRINT #1, 

 

PRINT #1, "ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʪʥʳʭ ʢʘʨʪ" 

PRINT #1, "--------+----------------+--------------------+--------------" 

PRINT #1, " ʅʦʤʝp  | ʉpʝʜʥʷʷ ʦʮʝʥʢʘ |  ʉpʝʜʥʷʷ ʦʮʝʥʢʘ  | ʉʪʝʧʝʥʴ" 

PRINT #1, "ʬʘʢʪʦpʘ |      (ʉ0)      | ʩ ʧʦʧpʘʚʢʦʡ (ʉ1) |  ʩʦʛʣ." 

PRINT #1, "--------+----------------+--------------------+--------------" 
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FOR j = 1 TO M 

 PRINT #1, USING "   ##             |"; j; 

 PRINT #1, USING "       ##.###      |"; C(j); 

 PRINT #1, USING "       ##.###      |"; C1(j); 

 PRINT #1, USING "    ##.#"; W(j) 

NEXT j 

 

PRINT #1, "-------------------------------------------------------------" 

PRINT #1, USING "ʂpʠʪʝpʠʡ ʇʠpʩʦʥʘ: ###.##"; KritPirs 

 

END SUB 

 

SUB ShowInfo (Info$) 

' ɺʳʚʦʜ ʠʥʬʦpʤʘʮʠʦʥʥʦʡ ʩʪpʦʢʠ 

 LOCATE 1, LC 

 COLOR 15, 1 

 PRINT BlankStr$ 

 LOCATE 1, LC + 1 

 PRINT Info$ 

LOCATE 1, RC - LEN(ProgName$) 

 COLOR 14 

 PRINT ProgName$ 

 COLOR 7, 0 

END SUB 

 

SUB ShowResult 

' ɺʳʚʦʜ pʝʟʫʣʴʪʘʪʦʚ ʥʘ ʜʠʩʧʣʝʡ 

 CLS 

 ShowInfo ("ʈʝʟʫʣʴʪʘʪʳ pʘʩʯʝʪʘ") 

 

'ʐʘʙʣʦʥ ʪʘʙʣʠʮʳ 

' ʅʦʤʝp  | ʉpʝʜʥʷʷ ʦʮʝʥʢʘ |  ʉpʝʜʥʷʷ ʦʮʝʥʢʘ  | ʉʪʝʧʝʥʴ 

'ʬʘʢʪʦpʘ |      (ʉ0)      | ʩ ʧʦʧpʘʚʢʦʡ (ʉ1) |  ʩʦʛʣ. 

'--------+----------------+------------------+-------- 

'  ʍʍ    |     -ʍ.ʍʍʍ     |      -ʍ.ʍʍʍ      |   ʍ.ʍ 

'  3     9     15         26     33          45  49 
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 p = 10 

  T1$ = "          ƅ                ƅ                  ƅ" 

  T2$ = 

"ƴƄƄƄƄƄƄƄƄƄƎƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƎƄƄƄƄƄƄƄƄƄƄƄƄƄ

ƄƄƄƄƄƎƄƄƄƄƄƄƄƄƄƴ" 

  T3$ = 

"ƴƄƄƄƄƄƄƄƄƄƍƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƄƍƄƄƄƄƄƄƄƄƄƄƄƄƄ

ƄƄƄƄƄƍƄƄƄƄƄƄƄƄƄƴ" 

 LOCATE 3, p + 1: COLOR 9: PRINT T1$: COLOR 14 

 LOCATE 3, p + 2: PRINT "ʅʦʤʝp" 

 LOCATE 3, p + 11: COLOR 7: PRINT "ʉpʝʜʥʷʷ ʦʮʝʥʢʘ": COLOR 14 

 LOCATE 3, p + 29: PRINT "ʉpʝʜʥʷʷ ʦʮʝʥʢʘ" 

 LOCATE 3, p + 47: PRINT "ʉʪʝʧʝʥʴ" 

 LOCATE 4, p + 1: COLOR 9: PRINT T1$: COLOR 14 

 LOCATE 4, p + 1: PRINT "ʬʘʢʪʦpʘ" 

 LOCATE 4, p + 16: COLOR 7: PRINT "(C0)": COLOR 14 

 LOCATE 4, p + 28: PRINT "ʩ ʧʦʧpʘʚʢʦʡ (C1)" 

 LOCATE 4, p + 48: PRINT "ʩʦʛʣ." 

 LOCATE 5, p - 1: COLOR 9: PRINT T2$ 

 FOR j = 1 TO M 

 LOCATE 5 + j, p + 1: COLOR 9: PRINT T1$: COLOR 15 

 LOCATE 5 + j, p + 3: PRINT LTRIM$(STR$(j)) 

 LOCATE 5 + j, p + 15: COLOR 7: PRINT USING "+#.###"; C(j): COL-

OR 15 

 LOCATE 5 + j, p + 33: PRINT USING "+#.###"; C1(j) 

 LOCATE 5 + j, p + 49: PRINT USING "#.#"; W(j) 

 NEXT j 

 LOCATE CSRLIN, p - 1 

 COLOR 9: PRINT T3$ 

 LOCATE CSRLIN, p + 1 

 COLOR 14: PRINT "ʂpʠʪʝpʠʡ ʇʠpʩʦʥʘ: "; 

 COLOR 15: PRINT USING "###.##"; KritPirs 

 

END SUB 

 

SUB StartScreen 

 SHARED LC, RC, ProgName$, CopyRight$, BlankStr$ 

 DIM L$(11) 
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 CLS 

 LOCATE 1, LC 

 COLOR 15, 1 

 PRINT BlankStr$ 

 LOCATE 1, LC + 1 

 PRINT CopyRight$ 

 LOCATE 1, RC - LEN(ProgName$) 

 COLOR 14 

 PRINT ProgName$ 

 COLOR 9, 0 

 L$(1) = "ƮƮƮƮƮƮ ƮƮ  ƮƮ ƮƮƮƮƮƮ ƮƮƮƮƮƮƮ ƮƮƮƮƮƮ 

ƮƮƮƮƮƮ ƮƮƮƮƮƮ ƮƮ   ƮƮ ƮƮƮƮƮƮ ƮƮƮƮƮƮ" 

 L$(2) = "    ƮƮ ƮƮ ƭƮƮ ƮƮ     ƮƮ   ƮƮ ƮƮ     ƮƮ  ƮƮ   ƮƮ   ƮƮ  

ƭƮƮ     ƮƮ ƮƮ  ƮƮ" 

 L$(3) = "ƮƮƮƮƮƮ ƮƮƮƮ   ƮƮ     ƮƮ   ƮƮ ƮƮƮƮƮ  ƮƮ  ƮƮ   ƮƮ   

ƮƮ Ʈ ƮƮ   ƮƮƮ  ƮƮ  ƮƮ" 

 L$(4) = "    ƮƮ ƮƮ ƮƮ  ƮƮ     ƮƮ   ƮƮ ƮƮ     ƮƮƮƮƮƮ   ƮƮ   ƮƮƮ  

ƮƮ     ƮƮ ƮƮƮƮƮƮ" 

 L$(5) = "ƮƮƮƮƮƮ ƮƮ  ƮƮ ƮƮƮƮƮƮ ƮƮ   ƮƮ ƮƮƮƮƮƮ ƮƮ       ƮƮ   

ƮƮ   ƮƮ ƮƮƮƮƮƮ ƮƮ  ƮƮ" 

 L$(6) = "" 

 L$(7) = " ƮƮƮƮƮƮ    ƮƮƮƮƮƮ" 

 L$(8) = "     ƮƮ    ƮƮ  ƮƮ" 

 L$(9) = " ƮƮƮƮƮƮ    ƮƮ  ƮƮ" 

 L$(10) = "ƮƮ        ƮƮ  ƮƮ" 

 L$(11) = "ƮƮƮƮƮƮ ƮƮ ƮƮƮƮƮƮ" 

 FOR k = 1 TO 11 

  Raw = k + 2 

  Col = 41 - LEN(L$(k)) / 2 

 LOCATE Raw, Col 

  PRINT L$(k) 

 NEXT k 

 LOCATE CSRLIN + 1, LC 

 COLOR 15, 1 

 PRINT BlankStr$; 

 LOCATE CSRLIN, LC + 1 

 PRINT "ʅʘʞʤʪʝ ʣʶʙʫʶ ʢʣʘʚʠʰʫ" 

 COLOR 7, 0 



 

 

56 

 WHILE INKEY$ = "": WEND 

END SUB 
 

 

 

ɺ ʧʨʦʛʨʘʤʤʝ çEXPERTè ʚʳʧʦʣʥʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʧʝʨʘʮʠʠ ʧʦ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ: 

 

1. ɺʳʯʠʩʣʝʥʠʝ ʩʫʤʤʳ ʦʮʝʥʦʢ i-ʛʦ ʬʘʢʪʦʨʘ, ʚʳʩʪʘʚʣʝʥʥʳʭ 

ʚʩʝʤʠ ʵʢʩʧʝʨʪʘʤʠ:  

() ( )ä
=b

b=b
M

i;qR
1

, 

ʛʜʝ i ï ʥʦʤʝʨ ʦʮʝʥʠʚʘʝʤʦʛʦ ʬʘʢʪʦʨʘ, b ï ʥʦʤʝʨ ʵʢʩʧʝʨʪʘ, q(b, i) ï 

ʝʜʠʥʠʯʥʳʡ ʨʘʥʛ (ʦʮʝʥʢʘ) i-ʛʦ ʬʘʢʪʦʨʘ b-ʤ ʵʢʩʧʝʨʪʦʤ, ʄ ï ʯʠʩʣʦ ʵʢʩ-

ʧʝʨʪʦʚ. 

2. ʆʧʨʝʜʝʣʝʥʠʝ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ i-ʛʦ ʬʘʢʪʦʨʘ 

ʚʩʝʤʠ ʵʢʩʧʝʨʪʘʤʠ: 

()
()
M

R
iC

b
= . 

3. ʂʦʨʨʝʢʪʠʨʦʚʢʘ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩ ʧʦʤʦʱʴʶ 

ʧʦʧʨʘʚʢʠ ʥʘ çʢʦʤʧʝʪʝʥʪʥʦʩʪʴè ʵʢʩʧʝʨʪʘ, ʜʣʷ ʯʝʛʦ ʦʧʨʝʜʝʣʷʝʪʩʷ: 

ï çʦʰʠʙʢʘè ï ʦʪʢʣʦʥʝʥʠʝ ʦʮʝʥʢʠ i-ʛʦ ʬʘʢʪʦʨʘ b-ʳʤ ʵʢʩʧʝʨʪʦʤ 

ʦʪ ʩʨʝʜʥʝʡ ʦʮʝʥʢʠ ʜʘʥʥʦʛʦ ʬʘʢʪʦʨʘ ʚʩʝʤʠ ʵʢʩʧʝʨʪʘʤʠ (ʤʦʞʝʪ ʙʳʪʴ 

ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʯʠʩʣʦʤ)  

æ(ɓ, i) = C(i) ï q(ɓ, i); 

ï ʩʫʤʤʘ çʦʰʠʙʦʢè b-ʛʦ ʵʢʩʧʝʨʪʘ ʧʦ ʚʩʝʤ ʬʘʢʪʦʨʘʤ 

() ( )[ ]ä
=

b=bs
N

i

i;ABS
1

, 

ʛʜʝ N ï ʯʠʩʣʦ ʬʘʢʪʦʨʦʚ; 
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ï ʩʫʤʤʘ çʦʰʠʙʦʢè ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ 

()ä
=b

bs=s
M

1

; 

ï ʢʦʵʬʬʠʮʠʝʥʪ çʢʦʤʧʝʪʝʥʪʥʦʩʪʠè b-ʛʦ ʵʢʩʧʝʨʪʘ (ʜʦʣʷ çʦʰʠ-

ʙʦʢè b-ʛʦ ʵʢʩʧʝʨʪʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ çʦʰʠʙʦʢè ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ) 

()
()
s

bs
=bV . 

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ b-ʤ ʵʢʩʧʝʨʪʦʤ i-ʛʦ ʬʘʢʪʦʨʘ ʩ ʧʦ-

ʧʨʘʚʢʦʡ ʥʘ çʢʦʤʧʝʪʝʥʪʥʦʩʪʴè ʦʧʨʝʜʝʣʝ̫ʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

( ) ( ) ( ) ( )i,Vi,i;qi,bqV bÖbD+b= . 

ʉʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʦʮʝʥʢʘ i-ʛʦ ʬʘʢʪʦʨʘ (ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝ-

ʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʦ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʥʳʤ ʦʮʝʥʢʘʤ ʚʩʝʭ ʵʢʩʧʝʨʪʦʚ) 

()

( )

M

i;qV

iR

M

ä
=b

b

=
1

. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ R(i) (ʨʘʥʛʠ) ʠʩʧʦʣʴʟʫʶʪʩʷ ʥʘ ʩʣʝʜʫʶʱʠʭ 

ʵʪʘʧʘʭ ʨʘʟʨʘʙʦʪʢʠ ʤʦʜʝʣʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ R1(i) 

ʠ R2(i) ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʘ X(i) ʥʘ ʦʪʢʣʠʢ Z(a). 

ɺ ʧʨʦʛʨʘʤʤʝ çEXPERTè ʪʘʢʞʝ ʧʨʝʜʫʩʤʦʪʨʝʥʘ ʧʨʦʮʝʜʫʨʘ ʩʪʘ-

ʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ, ʧʦ-

ʟʚʦʣʷʶʱʘʷ ʧʦ ʢʦʵʬʬʠʮʠʝʥʪʫ ʢʦʥʢʦʨʜʘʮʠʠ W(i) ʠ ʢʨʠʪʝʨʠʶ ʇʠʨʩʦʥʘ 

c
2
 ʚʳʙʨʘʪʴ ʨʝʰʝʥʠʝ ï ʧʨʠʥʠʤʘʪʴ ʠʣʠ ʥʝ ʧʨʠʥʠʤʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩ-

ʧʝʨʪʠʟʳ ʠʟ-ʟʘ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ.  

ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʛʨʫʧʧʳ ʵʢʩ-

ʧʝʨʪʦʚ ʦ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʝ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʦ ʵʥʪʨʦ-

ʧʠʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʤʝʩʪ, ʧʨʠʩʚʦʝʥʥʳʭ ʵʢʩʧʝʨʪʘʤʠ i-ʤʫ ʬʘʢʪʦʨʫ: 

 

()
( ) ( )

ä
=

=
L

q M

i,qn
lg

M

i,qn
iH

1

, 
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ʛʜʝ N(q, i) ï ʯʠʩʣʦ ʵʢʩʧʝʨʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʩʪʘʚʠʣʠ i-ʤʫ ʬʘʢʪʦʨʫ ʨʘʥʛ 

(ʦʮʝʥʢʫ) q, L ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʠ (ʜʣʷ ʰʢʘʣʳ 

ʦʮʝʥʦʢ 0é5 ʟʥʘʯʝʥʠʝ L = 5, ʜʣʷ ʰʢʘʣʳ ï5é0é+5 ʟʥʘʯʝʥʠʝ L = 10). 

ʉʪʝʧʝʥʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʦ i-ʤʫ ʬʘʢʪʦʨʫ 

ʦʮʝʥʠʚʘʝʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ 

()
()
()iH

iH
iW

max

-=1 . 

ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʝʨʘ ʨʘʩʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ 

Hmax(i) ʙʫʜʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʨʘʚʥʦʝ ʯʠʩʣʦ ʵʢʩʧʝʨʪʦʚ 

ʧʨʠʩʚʦʠʣʦ i-ʤʫ ʬʘʢʪʦʨʫ ʚʩʝ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʨʘʥʛʦʚ ʦʪ 1 ʜʦ L, ʪ.ʝ. 

N (1, i) = N (2, i) =é= N (L, i) = M/L. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʵʥʪʨʦʧʠʷ ʦʧʨʝʜʝ-

ʣʷʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ 

()ä
=

=
M

q
max

M

L/M
lg

M

L/M
iH

1

. 

ɼʣʷ ʦʮʝʥʢʠ ʚʝʨʦʷʪʥʦʩʪʠ ʧʦʷʚʣʝʥʠʷ ʦʰʠʙʦʯʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʵʢʩʧʝʨʪʠʟʳ ʧʦ ʚʩʝʤ ʬʘʢʪʦʨʘʤ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʚʝʨʦʷʪʥʦʩʪʴ ʩʣʫ-

ʯʘʡʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ. ɼʣʷ ʪʘʢʦʡ ʦʮʝʥʢʠ ʦʧʨʝʜʝʣʷʶʪ 

ʠʥʬʦʨʤʘʮʠʦʥʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʢʦʥʢʦʨʜʘʮʠʠ 

()
()

()

()

LlgN

iHLlgN

iH

iH

uW

N

i
N

i
max

N

i

ä

ä

ä
=

=

=

+

== 1

1

1 , 

ʛʜʝ ʚ ʯʠʩʣʠʪʝʣʝ ï ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʦʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʧʨʦʩʘ ʠʥ-

ʬʦʨʤʘʮʠʠ, ʚ ʟʥʘʤʝʥʘʪʝʣʝ ï ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʠʥ-

ʬʦʨʤʘʮʠʠ. 

ɿʥʘʯʠʤʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʚ ʮʝʣʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ 

ʢʨʠʪʝʨʠʶ ʇʠʨʩʦʥʘ. 

ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʦʙʨʘʙʦʪʢʠ ʚʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ ʧʨʦʛʨʘʤʤʘ çEX-

PERTè ʚʳʜʘʝʪ ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʬʦʨʤʝ ʪʘʙʣ. 7.4, ʬʨʘʛʤʝʥʪ ʢʦ-

ʪʦʨʦʡ ʧʨʠʚʝʜʝʥ ʥʘ ʨʠʩ. 13. 
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ʇʨʝʞʜʝ ʯʝʤ ʠʩʧʦʣʴʟʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʡ-

ʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʦʮʝʥʠʪʴ ʩʪʝʧʝʥʴ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝ-

ʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʦ ʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʩʪʦʣʙʮʝ R ʪʘʙʣ. 7.4. ɿʘ ʧʨʝ-

ʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʦʝ ʨʘʩʭʦʞʜʝʥʠʝ ʦʮʝʥʦʢ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʥʷʪʦ ʫʩʣʦʚʠʝ 

R > 0,35 (ʚʦʟʤʦʞʥʳʡ ʜʠʘʧʘʟʦʥ ʠʟʤʝʥʝʥʠʷ 0 < R < 1). ɼʣʷ ʬʘʢʪʦʨʦʚ, 

ʧʦ ʢʦʪʦʨʳʤ ʨʘʩʭʦʞʜʝʥʠʝ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʦʮʝʥʠʚʘʝʪʩʷ ʯʠʩʣʦʤ 

R < 0,35 ʥʝʦʙʭʦʜʠʤʦ ʦʨʛʘʥʠʟʦʚʳʚʘʪʴ ʥʦʚʫʶ ʵʢʩʧʝʨʪʠʟʫ. 

ʈʝʟʫʣʴʪʘʪʳ ʚ ʪʘʙʣ. 7.4 ʪʘʢʞʝ ʧʨʦʚʝʨʷʶʪʩʷ ʥʘ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦ 

ʢʨʠʪʝʨʠʶ ʇʠʨʩʦʥʘ: 

( ) ()uWNM Ö-=c 12 . 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʥʝʦʙʭʦʜʠʤʦ ʩʨʘʚʥʠʪʴ ʨʘʩ-

ʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʩ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʢʨʠʪʝ-

ʨʠʷ, ʧʨʠʚʝʜʝʥʥʳʤ ʚ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʪʘʙʣʠʮʘʭ. ʕʣʝʤʝʥʪ ʪʘʢʦʡ ʪʘʙʣʠ-

ʮʳ ʧʨʠʚʝʜʝʥ ʚ ʪʘʙʣ. 7.5 ʧʨʠʣ. 7 [http://de.ifmo.ru/--books/appendix_1-

10.zip]. 

ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ ʚʳʚʦʜʠʪʩʷ ʚʤʝʩʪʝ ʩ ʪʘʙ-

ʣʠʮʝʡ ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙʣ. 7.4 ʥʘ ʨʠʩ. 13). ɽʩʣʠ ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ 

ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ c
2
 ʙʦʣʴʰʝ ʪʘʙʣʠʯʥʦʛʦ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ 2

Tc , ʥʘʡ-

ʜʝʥʥʦʛʦ ʧʦ ʪʘʙʣ. 7.5 ʧʨʠʣ. 7 ʜʣʷ ʯʠʩʣʘ ʩʪʝʧʝʥʝʡ ʩʚʦʙʦʜʳ f = Mï1 

ʠ ʫʨʦʚʥʷ ʟʥʘʯʠʤʦʩʪʠ a (ʥʘʧʨʠʤʝʨ, a = 0,05), ʪʦ ʩ ʚʝʨʦʷʪʥʦʩʪʴʶ 

p = 1-a ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʴ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ 

ʥʦʩʠʪ ʥʝ ʩʣʫʯʘʡʥʳʡ ʭʘʨʘʢʪʝʨ, ʠ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʠʟʳ ʧʨʠʥʠʤʘʶʪ-

ʩʷ. ʇʨʠ 2c  < 2
Tc  ʵʢʩʧʝʨʪʠʟʫ ʪʨʝʙʫʝʪʩʷ ʧʨʦʚʦʜʠʪʴ ʟʘʥʦʚʦ. 

ʆʪʢʦʨʨʝʢʪʠʨʦʚʘʥʥʘʷ ʪʘʙʣʠʮʘ 7.4 ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʝʯʘʪʘʥʘ ʠʟ 

ʧʨʦʛʨʘʤʤʳ çEXPERTè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʘʥʜʳ çʈʝʟʫʣʴʪʘʪʳ ʥʘ 

ʧʨʠʥʪʝʨè.  

ɺ ʰʘʙʣʦʥʝ çEXPERTè SUB, çShoWResultè ʩʦʜʝʨʞʠʪ ʦʧʝʨʘʮʠʶ 

çʧʝʯʘʪʴ ʚ ʬʘʡʣè, ʧʦ ʢʦʪʦʨʦʡ ʪʘʙʣ. 7.4 ʚ ʬʦʨʤʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ çex-

pertè ʧʝʨʝʜʘʸʪʩʷ ʚ ʧʘʧʢʫ çRESULTATè (ʩʤ. çɸʣʛʦʨʠʪʤè ʚ ʧʨʠʣ. 2), ʛʜʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʣʠʩʪ Excel ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʘʧʢʝ çʊɸɹʃè ʜʣʷ ʜʘʣʴ-

ʥʝʡʰʝʡ ʦʙʨʘʙʦʪʢʠ ʠ ʧʝʯʘʪʠ. 
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3.4. ɺʳʙʦʨ ʚʠʜʘ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ 

 

ʌʦʨʤʠʨʫʝʤʘʷ ʤʦʜʝʣʴ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪʢʣʠʢʘ dZ(a) (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʧʨʠʤʝʨʝ ï ʦʮʝʥʢʘ ʚ ʙʘʣʣʘʭ ʚʢʫʩʘ 

ʤʦʨʦʞʝʥʦʛʦ) ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ Znom (a) ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ 

ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ï ʜʦʟʠʨʦʚʢʠ ʢʦʤʧʦʥʝʥʪʦʚ ʟʘʢʣʘʜʳʚʘʝʤʳʭ 

ʚ ʩʤʝʩʴ ï Y(j) ʠ ʠʟʤʝʥʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʚʝʱʝʩʪʚ ʚ ʢʦʤʧʦʥʝʥʪʘʭ X(i, j). 

ʆʧʪʠʤʠʟʘʮʠʦʥʥʳʝ ʨʘʩʯʝʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʦʜʝʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʧʨʦʚʦʜʠʪʴ ʜʣʷ ʥʘʣʘʞʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʪ. ʝ. ʜʣʷ ʪʘ-

ʢʦʛʦ ʨʝʞʠʤʘ, ʧʨʠ ʢʦʪʦʨʦʤ, ʠʩʭʦʜʷ ʠʟ ʢʦʥʮʝʧʮʠʠ ʥʦʨʤʘʣʴʥʦʛʦ ʨʘʩ-

ʧʨʝʜʝʣʝʥʠʷ ʚʘʨʴʠʨʫʝʤʳʭ ʧʝʨʝʤʝʥʥʳʭ, ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ 

Z(a) ʠ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʙʣʠʟʢʠ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ (ʤʘʪʝʤʘʪʠʯʝʩʢʦʤʫ 

ʦʞʠʜʘʥʠʶ ʄʆ) ʜʣʷ ʜʠʘʧʘʟʦʥʘ ʚʘʨʴʠʨʦʚʘʥʠʷ ʢʘʞʜʦʡ ʧʝʨʝʤʝʥʥʦʡ. 

ʇʨʠ ʚʳʙʦʨʝ ʚʠʜʘ ʤʦʜʝʣʠ ʩʣʝʜʫʝʪ ʪʘʢʞʝ ʫʯʠʪʳʚʘʪʴ, ʯʪʦ ʚ ʨʝ-

ʘʣʴʥʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʜʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʠ ʚʣʠ̫ ʶʱʠʭ ʧʘʨʘʤʝʪʨʦʚ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʙʦʣʴʰʠʤʠ. 

ʉ ʫʯʝʪʦʤ ʠʟʣʦʞʝʥʥʦʛʦ ʚʳʰʝ ʤʦʞʥʦ ʨʝʘʣʠʟʦʚʘʪʴ ʤʦʜʝʣʴ ʚ ʚʠʜʝ 

ʣʠʥʝʡʥʦʡ ʘʣʛʝʙʨʘʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʦʪʢʣʦʥʝʥʠʡ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘ-

ʯʝʩʪʚʘ ʦʪʢʣʠʢʘ dZ(a) = Z(a) ï Znom(a) ʠ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʴʥʳʭ 

ʟʥʘʯʝʥʠʡ ʬʘʢʪʦʨʦʚ dX(i) = X(i) ï Xnom(i). ɼʦʣʷ ʚʣʠʷʥʠʷ ʢʘʞʜʦʛʦ ʧʘʨʘ-

ʤʝʪʨʘ X(i) ʥʘ ʦʪʢʣʠʢ Z(a) ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʚ ʵʪʦʤ ʫʨʘʚʥʝʥʠʠ ʢʦʵʬ-

ʬʠʮʠʝʥʪʘʤʠ ʚʝʩʘ, ʚʳʯʠʩʣʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ. 

ɺ ʦʙʱʝʤ ʚʠʜʝ ʨʝʡʪʠʥʛʦʚʘʷ ʤʦʜʝʣʴ ʦʮʝʥʢʠ ʦʪʢʣʦʥʝʥʠʡ ʢʘʯʝʩʪʚʝʥʥʦʛʦ 

ʧʦʢʘʟʘʪʝʣʷ dZ(a) ʦʪ ʥʦʨʤʳ ʤʦʞʝʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚʳʨʘʞʝʥʠʝʤ: 

() () () ( ) ( )äää
= ==

+=
n

i

k

j

k

j

j;idXj;iBjdYjAadZ
1 11

. 

ɺ ʫʨʘʚʥʝʥʠʝ ʚʭʦʜʷʪ: 

ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʘ 

ʢʦʣʠʯʝʩʪʚʘ (ʚ ʜʦʣʷʭ ʦʪ ʜʠʘʧʘʟʦʥʘ ʚʘʨʴʠʨʦʚʘʥʠʷ) jïʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʘ-

ʧʨʠʤʝʨ, ʩʫʭʦʛʦ ʤʦʣʦʢʘ, ʟʘʢʣʘʜʳʚʘʝʤʦʛʦ ʚ ʩʤʝʩʴ: 

 

()
() ()

() ()jminjmax

nom

YY

jYjY
jdY

-

-
= ; 
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ï ʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʣʠ ʦʪʨʠʮʘʪʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʘ 

ʩʦʜʝʨʞʘʥʠʷ i-ʛʦ ʵʣʝʤʝʥʪʘ ʉʆʄʆ, ʚ j-ʦʤ ʢʦʤʧʦʥʝʥʪʝ, ʥʘʧʨʠʤʝʨ, ʚ ʩʫ-

ʭʦʤ ʤʦʣʦʢʝ, ʟʘʢʣʘʜʳʚʘʝʤʦʤ ʚ ʩʤʝʩʴ ʜʦʣʠ: 

( ) ( )

( )j;imin

nom

X

j;iXj;iX
)j;i(dX

-
= ; 

ï ʬʫʥʢʮʠʷ ʚʝʩʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʥʘ ʦʮʝʥʢʫ ʚʢʫʩʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʜʦʟʠ-

ʨʦʚʢʠ j-ʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʤʝʩʴ: 

() ()( )( )jdYSGNfjA j= ; 

ï ʬʫʥʢʮʠʷ ʚʝʩʘ, ʦʧʨʝʜʝʣʷʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʠ ʩʪʝʧʝʥʴ ʚʣʠʷʥʠʷ 

ʥʘ ʦʮʝʥʢʫ ʚʢʫʩʘ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ 

ʥʦʤʠʥʘʣʘ ʩʦʜʝʨʞʘʥʠʷ iïʛʦ ʵʣʝʤʝʥʪʘ ʚ j-ʦʤ ʢʦʤʧʦʥʝʥʪʝ ʟʘʢʣʘʜʳʚʘʝ-

ʤʦʤ ʚ ʩʤʝʩʴ: 

( ) ()( )( )jdYSGNfj;iB j,i= . 

ʏʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʬʫʥʢʮʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʠʜʦʤ ʜʦʟʠʨʫʶʱʝ-

ʛʦ ʢʦʤʧʦʥʝʥʪʘ Y(j) ʠ ʚʠʜʦʤ ʵʣʝʤʝʥʪʘ, ʩʦʜʝʨʞʘʱʝʛʦʩʷ ʚ ʜʦʟʠʨʫʝʤʦʤ 

ʢʦʤʧʦʥʝʥʪʝ X(i, j). ʄʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʧʝʨʘʮʠʷ SGN (ʩʠʛʥʘʪʫʨʘ) ʬʦʨ-

ʤʠʨʫʝʪ ʫʩʣʦʚʠʝ (+1, 0, -1), ʢʦʪʦʨʦʝ ʧʦʟʚʦʣʷʝʪ ʫʯʝʩʪʴ ʨʘʟʣʠʯʥʦʝ ʚʣʠʷ-

ʥʠʝ ʥʘ ʚʢʫʩ ʧʨʦʜʫʢʪʘ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʥʦʤʠʥʘʣʘ ʘʨʛʫʤʝʥʪʦʚ Y ʠ X. ɿʥʘʯʝʥʠʝ ʠ ʟʥʘʢ ʬʫʥʢʮʠʠ Ai ʠ Bij ʦʧʨʝ-

ʜʝʣʷʝʪʩʷ ʧʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ ʩʧʝʮʠʘ-

ʣʠʩʪʦʚ-ʵʢʩʧʝʨʪʦʚ ʚ ʧʨʦʮʝʩʩʝ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ. 

 

3.5. ʈʝʘʣʠʟʘʮʠʷ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ 

 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʠʩʭʦʜʥʳʝ 

ʜʘʥʥʳʝ - ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ 

ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ (ʪʘʙʣ. 7.6) ʬʦʨʤʘ ʠ ʧʨʠʤʝʨ ʟʘʧʦʣʥʝʥʠʷ ʪʘʙʣ. 7.6 

ʥʘ ʨʠʩ. 14, ʰʘʙʣʦʥ ʚ ʧʨʠʣ. 7 [http://de.ifmo.ru/--books/appendix_1-

10.zip].  
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ʇʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ, ʘ ʚ ʜʘʣʴʥʝʡʰʝʤ ʠ ʧʨʠ ʝʝ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʠ, ʠʟʤʝʥʝʥʠʷ ʚʩʝʭ ʚʦʟʤʫʱʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ X(i) ʧʝʨʝʚʦʜʷʪʩʷ 

ʚ ʧʨʠʨʘʱʝʥʠʷ ʠ ʚʳʨʘʞʘʶʪʩʷ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʬʦʨʤʝ: 

()
() ()
() ()iXiX

iXiX
idX

minmax

nom

-

-
= . 

ɿʥʘʯʝʥʠʝ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ R1(i), ʧʨʠʚʝʜʝʥʥʳʭ ʚ ʪʘʙʣ. 7.6 ʙʫ-

ʜʫʪ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ +dX(i), 

ʘ R2(i) ï ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʦʪʢʣʦʥʝʥʠʷʤ ïdX(i) (ʩʤ. ʤʘʩʩʠʚʳ çaè ʠ çbè 

ʚ ʪʘʙʣ. 7.3). ɿʥʘʢ ʧʝʨʝʜ ʨʘʥʛʦʚʦʡ ʦʮʝʥʢʦʡ ʚ ʪʘʙʣʠʮʝ ʧʦʢʘʟʳʚʘʝʪ ʥʘ-

ʧʨʘʚʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ ʦʪʢʣʠʢʘ: ç+ R1(i)è ʠʣʠ ç+ R2(i)è ʩʦʦʪʚʝʪʩʪʚʫ-

ʶʪ ʩʤʝʝɦʥʠ ʁZ(a) ʚ ʩʪʦʨʦʥʫ Zmax(a) ʦʪ ʥʦʤʠʥʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʨʠ 

ʜʘʥʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ dX(i), ʘ çïR1(i)è ʠʣʠ çïR2(i)è ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʪ ʩʤʝɦ ʝʥʠʶ Z(a) ʚ ʩʪʦʨʦʥʫ Zmin(a). 

 

 
 

ʈʠʩ. 14. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʪʥʦʛʦ ʦʙʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ 

 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚ ʪʘʙʣ. 7.6 ʢʨʦʤʝ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ 

ʚʢʣʶʯʝʥʳ ʟʥʘʯʝʥʠʷ ʥʦʤʠʥʘʣʴʥʳʭ ʠ ʧʨʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʠʢʘ: 

Znom(a), Zmax(a), Zmin(a) ʠ ʚʩʝʭ ʚʣʠʷʶʱʠʭ ʥʘ ʦʪʢʣʠʢ ʧʘʨʘʤʝʪʨʦʚ: 

Xnom(i), Xmax(i), Xmin(i). 

ʅʦʤʠʥʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʠ ʜʠʘʧʘʟʦʥ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ 

ʠ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʥʝʩʝʥʳ ʚ ʪʘʙʣ. 7.6 ʠʟ ʪʘʙʣ. 7.2 

ʧʨʠʣ. 7 [http://de.ifmo.ru/--books/appendix_1-10.zip]. 

https://mail.rambler.ru/m/redirect?url=http%3A//de.ifmo.ru/--books/appendix_1-10.zip&hash=f9227410322181560c62003949ce344d
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ɼʠʘʧʘʟʦʥʳ ʚʘʨʴʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʧʨʠ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ. ɼʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʥʝʦʙʭʦʜʠʤʦ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ çEXPERTè ʧʨʦʚʝʩʪʠ ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ 

ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʦ ʜʦʧʫʩʪʠʤʳʭ ʤʘʢʩʠʤʘʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʷʭ ʧʦ ʚʩʝʤ 

ʦʧʨʦʩʥʳʤ ʢʘʨʪʘʤ (ʩʤ. ʪʘʙʣ. 7.1 ʧʨʠʣ.7). 

ʈʝʘʣʠʟʦʚʘʪʴ ʨʝʡʪʠʥʛʦʚʫʶ ʤʦʜʝʣʴ ʤʦʞʥʦ ʩ ʧʦʤʦʱʴʶ ʩʧʝʮʠʘʣʴ-

ʥʦʡ ʧʨʦʛʨʘʤʤʳ çRTMODè ʰʘʙʣʦʥ ʢʦʪʦʨʦʡ ʨʘʟʤʝʱʝʥ ʚ ʧʨʠʣ. 7, 

ʘ ʪʝʢʩʪ ʧʨʦʛʨʘʤʤʳ ï ʥʠʞʝ. 

 

 

ʊʝʢʩʪ ʧʨʦʛʨʘʤʤʳ RTMOD 
 

' ʈʝʡʪʤʦʜʝʣʴ * (ʩ)1999-2000 * ʂʘʬ. ɸɹʠʊʇ ʋʥʠʚʝʨʩʠʪʝʪ ʀʊʄʆ 

 

DECLARE SUB Init ()          'ʠʥʠʮʠʘʣʠʟʘʮʠʷ ʧʝpʝʤʝʥʥʳʭ 

DECLARE SUB StartScreen ()   'ʩʪʘpʪʦʚʳʡ ʵʢpʘʥ 

DECLARE SUB InputData ()     'ʚʚʦʜ ʜʘʥʥʳʭ 

DECLARE SUB ShowInput ()      'ʧpʦʚʝpʢʘ ʚʚʦʜʘ 

DECLARE SUB Calculate ()     'pʘʩʯʝʪ 

DECLARE SUB ShowResult ()    'pʝʟʫʣʴʪʘʪʳ ʥʘ ʜʠʩʧʣʝʡ 

DECLARE SUB Primer ()         'ʧpʠʤʝp pʘʩʯʸʪʘ 

DECLARE SUB PrintResult ()   'pʝʟʫʣʴʪʘʪʳ ʥʘ ʧpʠʥʪʝp 

DECLARE SUB EndProgram ()    'ʟʘʚʝpʰʝʥʠʝ ʧpʦʛpʘʤʤʳ 

DECLARE SUB ShowInfo (Info$) 'ʠʥʬʦpʤʘʮʠʦʥʥʘʷ ʩʪpʦʢʘ 

DECLARE SUB ErrorMsg ()     'ʩʦʦʙʱʝʥʠʝ ʦʙ ʦʰʠʙʢʝ ʧpʠ ʚʚʦʜʝ 

DIM SHARED MaxN AS INTEGER 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʬʘʢʪʦpʦʚ (ʠʥʜʝʢʩ i) 

DIM SHARED MaxRM AS INTEGER 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ pʝʡʪʠʥʛʘ 

DIM SHARED MaxRL AS INTEGER 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪpʠʮʘʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ pʝʡʪʠʥʛʘ 

MaxN = 10: MaxRM = 5: MaxRL = -5 

DIM SHARED N 'ʢʦʣʠʯʝʩʪʚʦ ʬʘʢʪʦpʦʚ(1<=N<=MaxN) 

DIM SHARED ZMAX 'ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ 

DIM SHARED ZNOM 'ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ 

DIM SHARED ZMIN 'ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ 

DIM SHARED K1 'ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʦʪʢʣʠʢʘ 
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DIM SHARED K2 'ʤʘʩʰʪʘʙʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʜʣʷ ʦʪpʠʮʘʪʝʣʴʥʦʛʦ 

ʩʤʝʱʝʥʠʷ ʦʪʢʣʠʢʘ 

DIM SHARED LC, RC, BlankStr$, ProgName$, CopyRight$ 

DIM SHARED R1(1 TO MaxN) 'pʝʡʪʠʥʛ ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝ-

ʥʠʠ ʬʘʢʪʦpʘ 

DIM SHARED R2(1 TO MaxN) 'pʝʡʪʠʥʛ ʧpʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝ-

ʥʠʠ ʬʘʢʪʦpʘ 

DIM SHARED X$(1 TO MaxN)  'ʦʙʦʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ 

DIM SHARED XI(1 TO MaxN)  'ʠʥʜʝʢʩ ʬʘʢʪʦpʘ 

DIM SHARED XMAX(1 TO MaxN)  'ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ 

DIM SHARED XNOM(1 TO MaxN)  'ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ 

DIM SHARED XMIN(1 TO MaxN)  'ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ 

DIM SHARED dx(1 TO MaxN)  'ʦʪʢʣʦʥʝʥʠʝ ʬʘʢʪʦpʘ ʦʪ ʥʦʤʠʥʘʣʘ 

DIM SHARED hx1(1 TO MaxN)  'ʧpʝʜʝʣʴʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʬʘʢʪʦpʘ 

DIM SHARED hx2(1 TO MaxN)  'ʧpʝʜʝʣʴʥʦʝ ʦʪpʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ ʬʘʢʪʦpʘ 

DIM SHARED d1(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʘ ʚ ʩʫʤʤʘpʥʦʤ ʚʣʠʷ-

ʥʠʠ ʥʘ ʦʪʢʣʠʢ 

'ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʬʘʢʪʦpʘ 

DIM SHARED d2(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʘ ʚ ʩʫʤʤʘpʥʦʤ ʚʣʠʷ-

ʥʠʠ ʥʘ ʦʪʢʣʠʢ 

'ʧpʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʬʘʢʪʦpʘ 

DIM SHARED c1(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ pʝʛpʝʩʩʠʠ ʧpʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 

'ʬʘʢʪʦpʘ (+dx(i)),ʚʳʟʳʚʘʶʱʝʤ ʫʚʝʣʠʯʝʥʠʝ pʘʩʩʯʸʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ-

ʢʣʠʢʘ (+z1) 

DIM SHARED c2(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ pʝʛpʝʩʩʠʠ ʧpʠ 

ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 

'ʬʘʢʪʦpʘ (-dx(i)),ʚʳʟʳʚʘʶʱʝʤ ʫʚʝʣʠʯʝʥʠʝ pʘʩʩʯʸʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ-

ʢʣʠʢʘ (+z1) 

DIM SHARED f1(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ pʝʛpʝʩʩʠʠ ʧpʠ ʧʦʣʦʞʠ-

ʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 

'ʬʘʢʪʦpʘ (+dx(i)),ʚʳʟʳʚʘʶʱʝʤ ʫʤʝʥʴʰʝʥʠʝ pʘʩʩʯʸʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ-

ʢʣʠʢʘ (-z2) 

DIM SHARED f2(1 TO MaxN) 'ʢʦʵʬʬʠʮʠʝʥʪ pʝʛpʝʩʩʠʠ ʧpʠ 

ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ 
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'ʬʘʢʪʦpʘ (-dx(i)),ʚʳʟʳʚʘʶʱʝʤ ʫʤʝʥʴʰʝʥʠʝ pʘʩʩʯʸʪʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪ-

ʢʣʠʢʘ (-z2) 

 

CLS 

MenuCode = 1 

 

DO 

SELECT CASE MenuCode 

  CASE 1 

   Init 

   StartScreen 

   InputData 

   ShowInput 

  CASE 2 

   Calculate 

    ShowResult 

    

   CASE 3 

   Primer 

   CASE 4 

   PrintResult 

  CASE 5 

   EndProgram 

 END SELECT 

 

 LOCATE 23, 1 

 COLOR 15: PRINT "1 "; : COLOR 3: PRINT "ʇʦʚʪʦpʠʪʴ ʚʚʦʜ "; 

 COLOR 9: PRINT "ƴ "; 

 COLOR 15: PRINT "2 "; : COLOR 3: PRINT "ʈʘʩʯʸʪ"; 

 COLOR 9: PRINT "ƴ "; 

 COLOR 15: PRINT "3 "; : COLOR 3: PRINT "ʇpʠʤʝp"; 

 COLOR 9: PRINT "ƴ "; 

 COLOR 15: PRINT "4 "; : COLOR 3: PRINT "ʇʝʯʘʪʴ"; 

 COLOR 9: PRINT "ƴ "; 

 COLOR 15: PRINT "5 "; : COLOR 3: PRINT "ɺʳʭʦʜ" 

 

 COLOR 14: PRINT STRING$(50, "Ƅ"); 

 COLOR 15 
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 DO 

  LOCATE 25, 1: PRINT STRING$(70, " "); 

  LOCATE 25, 1: INPUT ; "ɺʘ hʚʳʙʦp: ", MenuCode$ 

  IF (VAL (MenuCode$) < 1) OR (VAL (MenuCode$) > 5) THEN Er-

rorMsg 

 LOOP UNTIL (VAL (MenuCode$) >= 1) AND (VAL (MenuCode$) <= 5) 

 

 MenuCode = VAL(MenuCode$) 

 

LOOP 

 

SUB Calculate 

'ʈʘʩʯʝʪ 

 

 

' ɺʳʯʠʩʣʝʥʠʝ ʩʫʤʤʳ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ ʚʩʝʭ ʬʘʢʪʦʨʦʚ ʚʳʟʳʚʘʶ-

ʱʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ (ʩʫʤʤʘ A1) ʠ ʦʪpʠʮʘʪʝʣʴʥʦʝ (ʩʫʤʤʘ B1) ʦʪʢʣʦ-

ʥʝʥʠʷ ʦʪʢʣʠʢʘ 

 A1 = 0: B1 = 0 

  FOR i = 1 TO N 

  IF R1(i) > 0 AND R2(i) < 0 THEN A1 = A1 + R1(i) 

  IF R1(i) < 0 AND R2(i) > 0 THEN B1 = B1 + R1(i) 

  IF R2(i) < 0 AND R1(i) > 0 THEN B1 = B1 + R2(i) 

  IF R2(i) > 0 AND R1(i) < 0 THEN A1 = A1 + R2(i) 

  IF R1(i) > 0 AND R2(i) > 0 AND R1(i) > R2(i) THEN A1 = A1 + R1(i) 

  IF R1(i) > 0 AND R2(i) > 0 AND R1(i) < R2(i) THEN A1 = A1 + R2(i) 

  IF R1(i) < 0 AND R2(i) < 0 AND R1(i) < R2(i) THEN B1 = B1 + R1(i) 

  IF R1(i) < 0 AND R2(i) < 0 AND R1(i) > R2(i) THEN B1 = B1 + R2(i) 

 NEXT i 

' ɺʳʯʠʩʣʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʘ ʢʘʞʜʦʛʦ ʬʘʢʪʦpʘ ʚ ʩʫʤʤʘpʥʦʤ 

ʚʣʠʷʥʠʠ ʥʘ ʦʪʢʣʠʢ 

' ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ (ʢʦʵʬʬʠʮʠʝʥʪ d1(i)) ʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ (ʢʦʵʬʬʠ-

ʮʠʝʥʪ d2(i)) 

' ʦʪʢʣʦʥʝʥʠʷʭ ʬʘʢʪʦpʦʚ 

 FOR i = 1 TO N 

  IF R1(i) > 0 THEN d1(i) = R1(i) / A1 ELSE d1(i) = R1(i) / B1 

  IF R2(i) > 0 THEN d2(i) = R2(i) / A1 ELSE d2(i) = R2(i) / B1 



 

 

68 

 NEXT i 

' ɺʳʯʠʩʣʝʥʠʝ ʧpʝʜʝʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪʢʣʦʥʝʥʠʡ ʬʘʢʪʦpʦʚ ʚ ʧʦʣʦʞʠ-

ʪʝʣʴʥʫʶ hx1(i), 

' ʠ ʦʪpʠʮʘʪʝʣʴʥʫʶ hx2(i) ʩʪʦpʦʥʳ 

 FOR i = 1 TO N 

  hx1(i) = (XMA X(i) - XNOM(i)) / (XMA X(i) - XMIN (i)) 

  hx2(i) = (XNOM(i) - XMIN (i)) / (XMA X(i) - XMIN (i)) 

 

 NEXT i 

' ʄʘʩʰʪʘʙʠpʦʚʘʥʠʝ ʜʠʘʧʘʟʦʥʘ ʠʟʤʝʥʝʥʠʷ pʘʩʩʯʝʪʥʳʭ ʟʥʘʯʝʥʠʡ ʦʪ-

ʢʣʠʢʘ zmin<zr<zmax. 

' ʈʘʩʩʯʠʪʳʚʘʝʪʩʷ ʩʦʚʦʢʫʧʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʦʪʢʣʠʢ z ʚʩʝʭ ʬʘʢʪʦpʦʚ 

ʧpʠ ʠʭ 

' ʧpʝʜʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ hx1(i) ʠ hx2(i).ʉʫʤʤʠpʫʝʪʩʷ ʵʬʬʝʢʪ ʚʦʟʜʝʡ-

ʩʪʚʠʷ 

' d1(i)*hx1(i) ʠʣʠ d2(i)*hx2(i) ʚʳʟʳʚʘʶʱʠʡ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝ-

ʥʠʝ z 

' (ʩʫʤʤʘ A2) ʠ ʦʪpʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ z (ʩʫʤʤʘ B2). ʇpʠ ʵʪʦʤ 

ʫʯʠʪʳʚʘʝʪʩʷ, 

' ʯʪʦ ʦʜʥʦʚpʝʤʝʥʥʦ ʦʪʢʣʦʥʝʥʠʷ hx1(i) ʠ hx2(i) ʚʦʟʥʠʢʘʪʴ ʥʝ ʤʦʛʫʪ,ʧpʠ 

' ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʢʦʚ R1(i) ʠ R2(i) ʚ ʩʫʤʤʫ A2 ʠʣʠ B2 ʜʦʙʘʚʣʷʝʪʩʷ ʤʘʢ-

ʩʠʤʘʣʴʥʳʡ 

' ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʵʬʬʝʢʪ 

 A2 = 0: B2 = 0 

 FOR i = 1 TO N 

  IF R1(i) > 0 AND R2(i) < 0 THEN A2 = A2 + d1(i) * hx1(i) 

  IF R1(i) < 0 AND R2(i) > 0 THEN B2 = B2 + d1(i) * hx1(i) 

  IF R2(i) < 0 AND R1(i) > 0 THEN B2 = B2 + d2(i) * hx2(i) 

  IF R2(i) > 0 AND R1(i) < 0 THEN A2 = A2 + d2(i) * hx2(i) 

 NEXT i 

 FOR i = 1 TO N 

  IF R1(i) > 0 AND R2(i) > 0 AND d1(i) * hx1(i) > d2(i) * hx2(i) THEN 

A2 = A2 + d1(i) * hx1(i) 

  IF R1(i) > 0 AND R2(i) > 0 AND d1(i) * hx1(i) < d2(i) * hx2(i) THEN 

A2 = A2 + d2(i) * hx2(i) 

  IF R1(i) < 0 AND R2(i) < 0 AND d1(i) * hx1(i) < d2(i) * hx2(i) THEN 

B2 = B2 + d1(i) * hx1(i) 
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  IF R1(i) < 0 AND R2(i) < 0 AND d1(i) * hx1(i) > d2(i) * hx2(i) THEN 

B2 = B2 + d2(i) * hx2(i) 

 NEXT i 

' ʈʘʩʩʯʸʪ ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʦʛpʘʥʠʯʠʚʘʶʱʠʭ pʘʩʩʯʸʪʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ 

' ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʝʛʦ ʦʪʢʣʦʥʝʥʠʠ - K1 ʠ ʧpʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪ-

ʢʣʦʥʝʥʠʠ - K2: 

  K1 = (ZMAX - ZNOM) / A2 

  K2 = (ZNOM - ZMIN) / B2 

' ʈʝʘʣʠʟʘʮʠʷ ʤʦʜʝʣʠ. 

' ʆʞʠʜʘʝʤʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ pʘʩʩʯʠʪʳʚʘʶʪ ʧʦ 

ʫpʘʚʥʝʥʠʶ: zr=zo+z1-z2, 

' ʛʜʝ z1 -ʩʫʤʤʘpʥʘʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʧʦʧpʘʚʢʘ ʢ ʥʦʤʠʥʘʣʴʥʦʤʫ ʟʥʘʯʝ-

ʥʠʶ ʦʪʢʣʠʢʘ 

' zo ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʳʭ e1(i)=+dx(i) ʠʣʠ ʦʪpʠʮʘʪʝʣʴʥʳʭ e2(i)=ABS(-

dx(i)) 

' ʦʪʢʣʦʥʝʥʠʠʷʭ ʬʘʢʪʦpʦʚ, z2 -ʪʦ ʞʝ ʦʪpʠʮʘʪʝʣʴʥʘʷ ʩʫʤʤʘpʥʘʷ 

ʧʦʧpʘʚʢʘ. 

' ʇʦʧpʘʚʢʘ ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ ʦʧpʝʜʝʣʷʝʪʩʷ 

ʫpʘʚʥʝʥʠʝʤ: 

'        z1=K1*ʉʋʄʄ(c1(i)*e1(i)+c2(i)*e2(i)). 

' ʇʦʧpʘʚʢʘ ʫʤʝʥʴʰʘʶʱʘʷ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ ʦʧpʝʜʝʣʷʝʪʩʷ 

ʫpʘʚʥʝʥʠʝʤ: 

'       z2=K2*ʉʋʄʄ(f1(i)*e1(i)+f2(i)*e2(i)). 

' ʆʧpʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ. 

 FOR i = 1 TO N 

  IF R1(i) > 0 AND R2(i) > 0 THEN c1(i) = d1(i): c2(i) = d2(i): f1(i) = 0: 

f2(i) = 0 

  IF R1(i) < 0 AND R2(i) < 0 THEN f1(i) = d1(i): f2(i) = d2(i): c1(i) = 0: 

c2(i) = 0 

  IF R1(i) > 0 AND R2(i) < 0 THEN c1(i) = d1(i): f2(i) = d2(i): f1(i) = 0: 

c2(i) = 0 

  IF R1(i) < 0 AND R2(i) > 0 THEN c2(i) = d2(i): f1(i) = d1(i): c1(i) = 0: 

f2(i) = 0 

NEXT i 

END SUB 

 

SUB EndProgram 
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 COLOR 7, 0 

 CLS 

 LOCATE 24 

 PRINT ProgName$ 

 PRINT CopyRight$ 

 PRINT "ʈʘʟpʘʙʦʪʯʠʢʠ: ʉʪʝʛʘʣʠʯʝʚ ʖ.ɻ., ɸʣʸʰʠʯʝʚ ʉ.ɽ., ɸʙʫʛʦʚ 

ʄ.ɹ." 

 SYSTEM 

END SUB 

 

SUB ErrorMsg 

 FOR i% = 440 TO 1000 STEP 10 

  SOUND i%, i% / 20000 

 NEXT i% 

END SUB 

 

SUB Init 

 LC = 1 'ʢpʘʡʥʠʡ ʣʝʚʳʡ ʩʪʦʣʙʝʮ ʵʢpʘʥʘ 

 RC = 79 'ʢpʘʡʥʠʡ ʧpʘʚʳʡ ʩʪʦʣʙʝʮ ʵʢpʘʥʘ 

 BlankStr$ = "" 'ʇʫʩʪʘʷ ʩʪpʦʢʘ ʜʣʷ ʠʥʬʦpʤʘʮʠʠ ʠ ʧʦʜʩʢʘʟʦʢ 

 FOR k = LC TO RC 

  BlankStr$ = BlankStr$ + " " 

 NEXT k 

 ProgName$ = "ʈʝʡʪʠʥʛʦʚʘʷ ʤʦʜʝʣʴ" 

 CopyRight$ = "(ʩ)1999-2000, ʂʘʬ. ɸʠɸʇʇ ʉʇʙʋʅʠʇʊ" 

END SUB 

 

SUB InputData 

' ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʩ ʢʣʘʚʠʘʪʫʨʳ 

 

 'DO 

  CLS 

  ShowInfo ("ɺʚʝʜʠʪʝ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ") 

  PRINT STRING$(60, "Ƅ") 

  COLOR 15: PRINT " 1   "; 

  COLOR 2: INPUT "ʋʢʘʞʠʪʝ ʯʠʩʣʦ ʬʘʢʪʦpʦʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧpʠ 

ʵʢʩʧʝpʪʠʟʝ: ", N 

  COLOR 15: PRINT " 2   "; 
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  COLOR 2: INPUT "ɺʚʝʜʠʪʝ ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ znom :", 

ZNOM 

  COLOR 15: PRINT " 3   "; 

  COLOR 2: INPUT "ɺʚʝʜʠʪʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ zmax :", 

ZMAX  

  COLOR 15: PRINT " 4   "; 

  COLOR 2: INPUT "ɺʚʝʜʠʪʝ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ zmin :", 

ZMIN 

  COLOR 14: PRINT STRING$(60, "Ƅ") 

 

 DIM Help$(7) 

 Help$(1) = "ɼʦʧʫʩʪʠʤʳʝ ʦʙʟʥʘʯʝʥʠʷ: (ʙʫʢʚʳ,ʥʘʧpʠʤʝp x,y,z)" 

 Help$(2) = "ɼʦʧʫʩʪʠʤʳʝ ʦʙʟʥʘʯʝʥʠʷ: (ʯʠʩʣʘ ʦʪ 1 ʜʦ 9)" 

 Help$(3) = "ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʜʣʷ x(i),y(i),z(i). ʈʘʟʤʝpʥʦʩʪʴ ʜʦ 

###.##" 

 Help$(4) = "ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ x(i),y(i),z(i).ʈʘʟʤʝpʥʦʩʪʴ ʜʦ 

####.##" 

 Help$(5) = "ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ x(i),y(i),z(i).ʈʘʟʤʝpʥʦʩʪʴ ʜʦ -

###.##" 

 Help$(6) = "ʈʝʡʪʠʥʛ ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʬʘʢʪʦpʘ 

(+5>r1>-5)" 

 Help$(7) = "ʈʝʡʪʠʥʛ ʧpʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʬʘʢʪʦpʘ 

(+5>r2>-5)" 

 DIM S$(7) 

 S$(1) = "     ʆʙʦʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ ʥʘ ʧʘpʘʤʝʪpʠʯʝʩʢʦʡ ʩʭʝʤʝ: " 

 S$(2) = "    ʀʥʜʝʢʩ ʬʘʢʪʦpʘ ʥʘ ʧʘpʘʤʝʪpʠʯʝʩʢʦʡ ʩʭʝʤʝ:" 

 S$(3) = "   ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ: " 

 S$(4) = "   ʄʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ: " 

 S$(5) = "   ʄʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ: " 

 S$(6) = "   ʈʝʠʪʠʥʛ ʧpʠ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʬʘʢʪʦpʘ: " 

 S$(7) = "   ʈʝʠʪʠʥʛ ʧpʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʬʘʢʪʦpʘ: " 

 DIM Y$(7), Min(7), Max(7) 

 Min(1) = 0: Max(1) = 10 

 Min(2) = 1: Max(2) = 9 

 Min(3) = 0: Max(3) = 999 

 Min(4) = 0: Max(4) = 9999 

 Min(5) = -999: Max(5) = 999 

 Min(6) = -5: Max(6) = 5 
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 Min(7) = -5: Max(7) = 5 

 CLS 

 ShowInfo ("ɺʚʝʜʠʪʝ pʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝpʪʠʟʳ") 

 FOR i = 1 TO N 

 

   LOCATE 3: COLOR 14: PRINT "ʌʘʢʪʦp X("; i; ")"  

  DO 

   LOCATE 12: PRINT STRING$(78, " ") 

   LOCATE 12: COLOR 2: PRINT Help$(1): COLOR 15 

   LOCATE 4: PRINT STRING$(78, " ") 

   LOCATE 4: PRINT S$(1); : INPUT "", Y$(1) 

   IF (ASC(Y$(1)) < 120) OR (ASC(Y$(1)) > 122) THEN ErrorMsg 

  LOOP UNTIL (ASC(Y$(1)) >= 120) AND (ASC(Y$(1)) <= 122) 

  LOCATE 4: COLOR 7 

    

 FOR k = 2 TO 7 

  DO 

   LOCATE 12: PRINT STRING$(78, " ") 

   LOCATE 12: COLOR 2: PRINT Help$(k): COLOR 15 

   LOCATE 3 + k: PRINT STRING$(78, " ") 

   LOCATE 3 + k: PRINT S$(k); : INPUT "", Y$(k) 

   IF (VAL (Y$(k)) < Min(k)) OR (VAL (Y$(k)) > Max(k)) THEN Er-

rorMsg 

  LOOP UNTIL (VAL (Y$(k)) >= Min(k)) AND (VAL (Y$(k)) <= Max(k)) 

  LOCATE 3 + k: COLOR 7 

   PRINT S$(k); Y$(k) 

NEXT k 

 

 X$(i) = Y$(1) 

 XI (i) = VAL (Y$(2)) 

 XNOM(i) = VAL (Y$(3)) 

 XMA X(i) = VAL (Y$(4)) 

 XMIN (i) = VAL (Y$(5)) 

 R1(i) = VAL (Y$(6)) 

 R2(i) = VAL (Y$(7)) 

 NEXT i 

  COLOR 14: PRINT STRING$(20, "Ƅ") 
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 COLOR 7, 0 

 

END SUB 

 

SUB Primer 

 'ʂʦʥʪpʦʣʴʥʳʡ ʧpʠʤʝp ʚʳʯʠʩʣʝʥʠʷ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ z(a) ʧpʠ ʟʘʜʘʥ-

ʥʳʭ ʩʦʩʪʦʷʥʠʷʭ 

 'ʬʘʢʪʦpʦʚ x,y,z. 

 CLS 

 ShowInfo ("ɺʚʝʜʠʪʝ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦpʦʚ") 

 DIM X(N), e1(N), e2(N) 

 FOR i = 1 TO N 

   LOCATE 15: PRINT STRING$(78, " ") 

   LOCATE 15: COLOR 2 

   PRINT "ɼʦʧʫʩʪʠʤʳʝ ʟʥʘʯʝʥʠʷ ʦʪ"; XMIN (i); "ʜʦ"; XMAX(i); ""  

   DO 

   LOCATE 3 + i: PRINT STRING$(78, " ") 

   LOCATE 3 + i: PRINT "ɿʥʘʯʝʥʠʝ ʬʘʢʪʦpʘ "; X$(i); "("; XI (i); ")";  

   INPUT "   ", X(i) 

   IF (X(i) < XMIN (i)) OR (X(i) > XMA X(i)) THEN ErrorMsg 

  LOOP UNTIL (X(i) >= XMIN(i)) AND (X(i) <= XMAX(i)) 

  LOCATE 3 + i: COLOR 7 

  NEXT i 

'ʇʝpʝʭʦʜ ʢ ʦʪʢʣʦʥʝʥʠʷʤ ʬʘʢʪʦpʦʚ. 

 FOR i = 1 TO N 

 dx(i) = (X(i) - XNOM(i)) / (XMA X(i) - XMIN (i)) 

 'ɸʥʘʣʠʟ ʟʥʘʢʘ ʦʪʢʣʦʥʝʥʠʷ ʬʘʢʪʦpʘ,ʟʘʤʝʥʘ ʧʝpʝʤʝʥʥʳʭ. 

 IF dx(i) > 0 THEN e1(i) = dx(i): e2(i) = 0 ELSE e1(i) = 0: e2(i) = 

ABS(dx(i)) 

 NEXT i 

 

'ʆʧpʝʜʝʣʝʥʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ M1 ʠ ʦʪpʠʮʘʪʝʣʴʥʦʛʦ M2 ʚʣʠʷʥʠʷ 

ʬʘʢʪʦpʦʚ. 

 M1 = 0: M2 = 0 

 FOR i = 1 TO N 

 M1 = M1 + (c1(i) * e1(i) + c2(i) * e2(i)) 

 M2 = M2 + (f1(i) * e1(i) + f2(i) * e2(i)) 

 NEXT i 
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 'ʆʧpʝʜʝʣʝʥʠʝ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʦʪʢʣʠʢʘ z(a). 

 z = ZNOM + K1 * M 1 - K2 * M2 

   LOCATE 16: COLOR 13 

   PRINT "˄ ˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄˄ 

" 

    

   LOCATE 17: COLOR 14 

   PRINT " ʆʞʠʜʘʝʤʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ z(a)="; USING " ###.##  "; z 

   LOCATE 18: COLOR 13 

   PRINT " ʇpʝʜʝʣʳ ʚʘpʴʠpʦʚʘʥʠʷ ʦʪʢʣʠʢʘ zmin="; ZMIN, "zmax="; 

ZMAX  

    

   LOCATE 20: COLOR 5 

   PRINT " ɽʩʣʠ ʥʝʙʭʦʜʠʤʦ ʦʪʧʝʯʘʪʘʪʴ ʧpʠʤʝp ʚʳʙʝpʠʪʝ 4   " 

    

   LOCATE 21: COLOR 5 

   PRINT " ʏʪʦʙʳ ʧʦʚʪʦpʠʪʴ ʧpʠʤʝp ʜʣʷ ʜpʫʛʠʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦpʦʚ 

ʚʳʙʝpʠʪʝ 3 " 

END SUB 

 

SUB PrintResult 

' ɺʳʚʦʜ ʥʘ ʧpʠʥʪʝp 

 

  

 d$ = "C:\REZULTAT\" + "PR" + ".txt" 

 OPEN d$ FOR OUTPUT AS #1 

    

PRINT #1, "- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " 

PRINT #1, " ɺ ʧpʦʛpʘʤʤʫ ʧʦʜʩʪʘʚʣʷʶʪ ʢʦʥʩʪʘʥʪʳ ʠʟ ʧpʠʚʝʜʸʥʥʳʭ 

ʥʠʞʝ ʪʘʙʣʠʮ." 

PRINT #1, "ʍʘpʘʢʪʝpʠʩʪʠʢʠ ʦʪʢʣʠʢʘ znom="; ZNOM; "zmax="; 

ZMAX; "zmin="; ZMIN; ""  

PRINT #1, "------------------------------------------------------------------" 

PRINT #1, "ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝpʪʠʟʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ pʘʩʯʝʪʝ" 

PRINT #1, "+-------+--------+---------+---------+---------+---------+--------+" 

PRINT #1, "|ʌʘʢʪʦp |ʆʙʦʟʥʘʯ.|  xnom   |  xmax   |  xmin   |    r1   |    r2  |" 

PRINT #1, "+-------+--------+---------+---------+---------+---------+--------+" 

FOR i = 1 TO N 
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PRINT #1, USING "|   ##  "; i; 

PRINT #1, "|"; X$(i); "("; XI (i); ")";  

PRINT #1, USING "   | ###.##  "; XNOM(i); 

PRINT #1, USING "| ####.## "; XMAX(i); 

PRINT #1, USING "| +###.## "; XMIN(i); 

PRINT #1, USING "|  +#.##  "; R1(i); 

PRINT #1, USING "|  +#.##  | "; R2(i) 

NEXT i 

PRINT #1, "------------------------------------------------------------------" 

PRINT #1, "ʈʝʟʫʣʴʪʘʪʳ pʘʩʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ" 

PRINT #1, "+-------+--------+-----------+-----------+-----------+-----------+" 

PRINT #1, "|ʌʘʢʪʦp |ʆʙʦʟʥʘʯ.|    c1     |    c2     |    f1     |    f2     |" 

PRINT #1, "+-------+--------+-----------+-----------+-----------+-----------+" 

FOR i = 1 TO N 

 PRINT #1, USING "|   ##  "; i; 

 PRINT #1, "|"; X$(i); "("; XI (i); ")";  

 PRINT #1, USING "   |  #.### "; c1(i); 

 PRINT #1, USING "   |  #.### "; c2(i); 

 PRINT #1, USING "   |  #.### "; f1(i); 

 PRINT #1, USING "   |  #.### "; f2(i) 

NEXT i 

PRINT #1, "----------------------------------------------------------------- " 

PRINT #1, "ʄʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: K1="; 

 PRINT #1, USING " ###.###"; K1; 

 PRINT #1, "  K2="; 

 PRINT #1, USING " ###.###"; K2 

 

END SUB 

 

SUB ShowInfo (Info$) 

' ɺʳʚʦʜ ʠʥʬʦpʤʘʮʠʦʥʥʦʡ ʩʪpʦʢʠ 

 LOCATE 1, LC 

 COLOR 15, 1 

 PRINT BlankStr$ 

 LOCATE 1, LC + 1 

 PRINT Info$ 

 LOCATE 1, RC - LEN(ProgName$) 

 COLOR 14 
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 PRINT ProgName$ 

 COLOR 7, 0 

END SUB 

 

SUB ShowInput 

' ʇpʦʚʝpʢʘ ʧpʘʚʠʣʴʥʦʩʪʠ ʚʚʦʜʘ 

 CLS 

 ShowInfo ("ʇpʦʚʝpʴʪʝ ʧpʘʚʠʣʴʥʦʩʪʴ ʚʚʦʜʘ") 

LOCATE 3: COLOR 14, 0 

PRINT "ʍʘpʘʢʪʝpʠʩʪʠʢʠ ʦʪʢʣʠʢʘ znom="; ZNOM; "zmax="; ZMAX; 

"zmin="; ZMIN 

PRINT 

PRINT 

"___________________________________________________________

_________" 

COLOR 10, 0 

PRINT "ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝpʪʠʟʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ pʘʩʯʝʪʝ" 

PRINT 

"___________________________________________________________

________" 

PRINT "|ʌʘʢʪʦp |ʆʙʦʟʥʘʯ.|  xnom   |  xmax   |  xmin   |    r1   |    r2   |" 

PRINT "+-------+--------+---------+---------+---------+---------+---------+" 

FOR i = 1 TO N 

 PRINT USING "|   ##  "; i; 

 PRINT "|"; X$(i); "("; XI (i); ")";  

 PRINT USING "  | ###.##  "; XNOM(i); 

 PRINT USING "| ####.## "; XMAX(i); 

 PRINT USING "| +###.## "; XMIN(i); 

 PRINT USING "|  +#.##  "; R1(i); 

 PRINT USING "|  +#.##  | "; R2(i) 

NEXT i 

 

END SUB 

 

SUB ShowResult 

' ɺʳʚʦʜ pʝʟʫʣʴʪʘʪʦʚ ʥʘ ʜʠʩʧʣʝʡ 

 CLS 

PRINT "- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " 
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PRINT " ɺ ʧpʦʛpʘʤʤʫ ʧʦʜʩʪʘʚʣʷʶʪ ʢʦʥʩʪʘʥʪʳ ʠʟ ʧpʠʚʝʜʸʥʥʳʭ ʥʠʞʝ 

ʪʘʙʣʠʮ." 

PRINT "ʍʘpʘʢʪʝpʠʩʪʠʢʠ ʦʪʢʣʠʢʘ znom="; ZNOM; "zmax="; ZMAX; 

"zmin="; ZMIN; ""  

 

PRINT "------------------------------------------------------------------" 

PRINT "ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝpʪʠʟʳ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ pʘʩʯʝʪʝ" 

PRINT "+-------+--------+---------+---------+---------+---------+--------+" 

PRINT "|ʌʘʢʪʦp |ʆʙʦʟʥʘʯ.|  xnom   |  xmax   |  xmin   |    r1   |    r2  |" 

PRINT "+-------+--------+---------+---------+---------+---------+--------+" 

FOR i = 1 TO N 

PRINT USING "|   ##  "; i; 

PRINT "|"; X$(i); "("; XI (i); ")";  

PRINT USING "   | ###.##  "; XNOM(i); 

PRINT USING "| ####.## "; XMAX(i); 

PRINT USING "| +###.## "; XMIN(i); 

PRINT , USING "|  +#.##  "; R1(i); 

PRINT USING "|  +#.##  | "; R2(i) 

NEXT i 

  

 PRINT "ʈʝʟʫʣʴʪʘʪʳ pʘʩʯʸʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʤʦʜʝʣʠ" 

 

PRINT 

"___________________________________________________________

_________" 

PRINT 

PRINT "|ʌʘʢʪʦp |ʆʙʦʟʥʘʯ.|    c1     |    c2     |    f1     |    f2     |" 

PRINT "+-------+--------+-----------+-----------+-----------+-----------+" 

FOR i = 1 TO N 

 PRINT USING "|   ##  "; i; 

 PRINT "|"; X$(i); "("; XI (i); ")";  

 PRINT USING "  |  #.### "; c1(i); 

 PRINT USING "   |  #.### "; c2(i); 

 PRINT USING "   |  #.### "; f1(i); 

 PRINT USING "   |  #.### "; f2(i) 

NEXT i 
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PRINT 

"___________________________________________________________

________" 

PRINT 

 

PRINT "ʄʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ: K1="; 

 PRINT USING " ###.###"; K1; 

 PRINT "  K2="; 

 PRINT USING " ###.###"; K2 

  

 

   PRINT " ɽʩʣʠ ʥʝʙʭʦʜʠʤʦ ʦʪʧʝʯʘʪʘʪʴ ʧpʠʤʝp ʚʳʙʝpʠʪʝ 4   " 

   

 

   PRINT " ʏʪʦʙʳ ʧʦʚʪʦpʠʪʴ ʧpʠʤʝp ʜʣʷ ʜpʫʛʠʭ ʟʥʘʯʝʥʠʡ ʬʘʢʪʦpʦʚ 

ʚʳʙʝpʠʪʝ 3 " 

END SUB 

 

SUB StartScreen 

 SHARED LC, RC, ProgName$, CopyRight$, BlankStr$ 

 DIM L$(12) 

 CLS 

 LOCATE 1, LC 

 COLOR 15, 1 

 PRINT BlankStr$ 

 LOCATE 1, LC + 1 

 PRINT CopyRight$ 

LOCATE 1, RC - LEN(ProgName$) 

 COLOR 14 

 PRINT ProgName$ 

 COLOR 12, 0 

 L$(1) = "ʇpʦʛpʘʤʤʘ pʝʘʣʠʟʫʝʪ ʤʦʜʝʣʴ ʧʦʟʚʦʣʷʶʱʫʶ ʦʮʝʥʠʪʴ ʦʪʢʣʦ-

ʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ" 

 L$(2) = "ʢʘʯʝʩʪʚʘ, ʥʘʧpʠʤʝp, ʚʢʫʩʘ ʧpʦʜʫʢʪʘ, ʧpʠ ʠʟʤʝʥʝʥʠʠ 

ʬʘʢʪʦpʦʚ " 

 L$(3) = "ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧpʦʮʝʩʩʘ. ʄʦʜʝʣʴ pʝʘʣʠʟʫʝʪʩʷ ʥʘ ʦʩʥʦʚʝ 

pʝʟʫʣʴʪʘʪʦʚ" 

 L$(4) = "ʦʧpʦʩʘ ʵʢʩʧʝpʪʦʚ ʠʣʠ ʘʥʢʝʪʠpʦʚʘʥʠʷ. " 
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 L$(5) = "ʇʦ pʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʲʝʢʪʘ ʠ ʦʙpʘʙʦʪʢʠ 

ʵʢʩʧʝpʪʥʳʭ ʦʮʝʥʦʢ " 

 L$(6) = "ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʩʣʝʜʫʶʱʠʝ ʜʘʥʥʳʝ: " 

 L$(7) = "ʏʠʩʣʦ ʬʘʢʪʦpʦʚ, ʚʣʠʷʥʠʝ ʢʦʪʦpʳʭ pʘʩʩʤʘʪpʠʚʘʣʦʩʴ ʧpʠ 

ʵʢʩʧʝpʪʠʟʝ. " 

 L$(8) = "ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ znom ʠ ʧpʝʜʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ 

zmax,zmin ʦʪʢʣʠʢʘ." 

 L$(9) = "ɹʫʢʚʝʥʥʦʝ ʦʙʦʟʥʘʯʝʥʠʝ ʠ ʠʥʜʝʢʩ i-ʛʦ ʬʘʢʪʦpʘ ʥʘ 

ʧʘpʘʤʝʪpʠʯʝʩʢʦʡ ʩʭʝʤʝ" 

 L$(10) = "ʅʦʤʠʥʘʣʴʥʳʝ xnom(i) ʠ ʧpʝʜʝʣʴʥʳʝ  xmax(i),xmin(i) ʟʥʘʯʝ-

ʥʠʷ ʬʘʢʪʦpʦʚ." 

 L$(11) = "ʈʝʡʪʠʥʛ r1(i) ʧpʠ ʧʦʣʞʠʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʢʘʞʜʦʛʦ 

ʬʘʢʪʦpʘ. " 

 L$(12) = "ʈʝʡʪʠʥʛ r2(i) ʧpʠ ʦʪpʠʮʘʪʝʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʢʘʞʜʦʛʦ 

ʬʘʢʪʦpʘ." 

 FOR k = 1 TO 12 

  Raw = k + 2 

  Col = 41 - LEN(L$(k)) / 2 

  LOCATE Raw, Col 

  PRINT L$(k) 

 NEXT k 

 LOCATE CSRLIN + 1, LC 

 COLOR 15, 1 

 PRINT BlankStr$; 

LOCATE CSRLIN, LC + 1 

 PRINT "ʅʘʞʤʪʝ ʣʶʙʫʶ ʢʣʘʚʠʰʫ" 

 COLOR 7, 0 

 WHILE INKEY$ = "": WEND 

END SUB 

 
 

 

ɺʚʦʜ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʫ çRTMODè ʦʩʫʱʝʩʪʚʣʷʝʪ-

ʩʷ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ. ʇʦʩʣʝ ʧʨʦʚʝʨʢʠ ʧʨʘʚʠʣʴʥʦʩʪʠ ʚʚʦʜʘ ʧʦ ʧʨʦ-

ʛʨʘʤʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʘʩʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ. 

ɺ ʧʨʦʮʝʩʩʝ ʨʘʩʯʝʪʘ ʦʪ ʨʝʡʪʠʥʛʦʚʳʭ ʦʮʝʥʦʢ R1(i) ʠ R2(i) ʧʨʦ-

ʛʨʘʤʤʘ ʧʝʨʝʭʦʜʠʪ ʢ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚʝʩʘ d1(i), d2(i), ʦʧʨʝʜʝʣʷʶʱʠʤ 

ʜʦʣʶ ʫʯʘʩʪʠʷ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ dX(i) ʚ ʩʫʤʤʘʨʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʧʦ-

ʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʢʣʠʢʘ Z(a) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʘ d1(i) ʠ ʦʪ-
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ʨʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ Z(a) ï ʢʦʵʬʬʠʮʠʝʥʪ ʚʝʩʘ d2(i). ʇʝʨʝʭʦʜ ʢ ʢʦ-

ʵʬʬʠʮʠʝʥʪʘʤ ʚʝʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʠʩʭʦʜʷ ʠʟ ʫʩʣʦʚʠʷ, ʯʪʦ ʩʫʤʤʘ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʚʝʩʘ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʦʪʢʣʦʥʝʥʠʝ ʦʪʢʣʠʢʘ 

Z(a) ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʥʝ ʜʦʣʞʥʘ ʧʨʝʚʳh ʘʪʴ ʝʜʠʥʠʮʳ. 

ɼʣʷ ʧʝʨʝʭʦʜʘ ʢ ʢʦʵʬʬʠʮʠʝʥʪʘʤ ʚʝʩʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʫʤʤʘ ʚʩʝʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ:  
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ʇʨʠ ʩʫʤʤʠʨʦʚʘʥʠʠ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

dX(i) ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ. 

ʇʨʠ ʩʦʚʧʘʜʝʥʠʠ ʟʥʘʢʦʚ R1(i) ʠ R2(i) ʚ ʩʫʤʤʫ ɸ1 ʠʣʠ ɺ1 ʜʦʙʘʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʴʰʝʝ ʧʦ ʘʙʩʦʣʶʪʥʦʡ ʚʝʣʠʯʠʥʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʥʛʘ. 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʘ 
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ʉʣʝʜʫʶʱʠʤ ʵʪʘʧʦʤ ʨʝʘʣʠʟʘʮʠʠ ʤʦʜʝʣʠ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʝʥʠʝ 

ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʂ1 ʠ ʂ2. ʄʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ 

ʧʦʟʚʦʣʷʶʪ ʧʝʨʝʚʝʩʪʠ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ ʬʘʢʪʦʨʦʚ ʠʟ ʨʘʟʤʝʨʥʦ-

ʩʪʠ çʨʘʥʛè (ʜʣʷ çZ1è ʠ çZ2è) ʚ ʨʘʟʤʝʨʥʦʩʪʴ çʙʘʣʣ (ʜʣʷ çʩ1è, çʩ2è, 

çf1(i)è, çf2(i)è). ʄʘʩʰʪʘʙʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʠʩʭʦʜʷ ʠʟ 

ʫʩʣʦʚʠʷ, ʯʪʦ ʩʦʚʦʢʫʧʥʦʝ ʤʘʢʩʠʤʘʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ 
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X(i), ʚʳʟʳʚʘʶʱʠʭ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪʢʣʠʢʘ, ʥʝ ʜʦʣʞʥʦ 

ʧʨʠʚʦʜʠʪʴ ʢ ʯʠʩʣʝʥʥʦʤʫ ʟʥʘʯʝʥʠʶ ʦʪʢʣʠʢʘ ʙʦʣʝʝ Zmax(a) (ʜʣʷ ʂ1), 

ʘ ʩʦʚʦʢʫʧʥʦʝ ʜʝʡʩʪʚʠʝ ʬʘʢʪʦʨʦʚ, ʚʳʟʳʚʘʶʱʠʭ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʦʪʢʣʦ-

ʥʝʥʠʝ ʦʪʢʣʠʢʘ, ʥʝ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʟʥʘʯʝʥʠʶ ʦʪʢʣʠʢʘ ʤʝʥʝʝ 

Zmin(a) (ʜʣʷ ʂ2). 

  ɿʘʪʝʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʝʜʝʣʴʥʳʝ ʦʪʢʣʦʥʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ X(i) 

ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ 
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ʇʦʪʦʤ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪ-

ʢʣʠʢ Z(a) ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ X(i): 
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ʊʦʛʜʘ ʩʫʤʤʘʨʥʦʝ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ 
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ɼʘʣʝʝ ʚʳʯʠʩʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʵʬʬʝʢʪ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʦʪ-

ʢʣʠʢ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʦʤ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʘ X(i) 

 

() () () () ()

() () () () ()

() () () () ()[ ] () () .ir,irʝʩʣʠ,ihXia,ihXiaminib

,ir,irʝʩʣʠ,ihXiaib

,ir,irʝʩʣʠ,ihXiaib

0201 22112

0201 222

0201 112

>>ÖÖ=

><Ö=

<>Ö=
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ʊʦʛʜʘ ʩʫʤʤʘʨʥʦʝ ʦʪʨʠʮʘʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʚʩʝʭ ʧʘʨʘʤʝʪʨʦʚ: 

()ä
=

=
N

i

ibB
1

22 . 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ: 

ï ʜʣʷ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪʢʣʠʢʘ 

() ()
2

1
A

aZaZ
K nommax -
= , 

ï ʜʣʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

() ()
2

2
B

aZaZ
K minnom -
= . 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʘ d1(i), d2(i) ʠ ʤʘʩʰʪʘʙʥʳʭ ʢʦʵʬ-

ʬʠʮʠʝʥʪʦʚ ʂ1 ʠ ʂ2 ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʡʪʠʥ-

ʛʦʚʦʡ ʤʦʜʝʣʠ. 

ʆʞʠʜʘʝʤʦʝ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ ʨʘʩʩʯʠʪʳʚʘʝʪʩʷ ʧʦ 

ʫʨʘʚʥʝʥʠʶ: 

() () () ()aZaZaZaZ nom 21 -+= , 

ʛʜʝ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʦʧʨʘʚʢʘ Z1(a), ʫʚʝʣʠʯʠʚʘʶʱʘʷ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝ-

ʥʠʝ ʦʪʢʣʠʢʘ ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʣʝʜʫʶʱʠʤ 

ʦʙʨʘʟʦʤ: 

() () () () ()( )ä Ö+ÖÖ= ieicieicKaZ 221111 , 

ʘ ʧʦʧʨʘʚʢʘ, ʫʤʝʥʴʰʘʶʱʘʷ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʦʪʢʣʠʢʘ ʧʨʠ ʦʪʢʣʦʥʝ-

ʥʠʠ ʧʘʨʘʤʝʪʨʦʚ: 

() () () () ()( )ä Ö+ÖÖ= ieifieifKaZ 221122 . 

ɺ ʵʪʠʭ ʫʨʘʚʥʝʥʠʷʭ: 

ï ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ 

(dX(i) > 0): 

() ()idXie =1  ʠ () 02 =ie ; 
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ï ʧʨʠ ʦʪʢʣʦʥʝʥʠʠ ʧʘʨʘʤʝʪʨʦʚ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ ʩʪʦʨʦʥʫ 

(dX(i) < 0): 

() 01 =ie  ʠ () ()idXie =2 . 

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚʝʩʘ ʩ1(i), ʩ2(i), f1(i), f2(i) 

ʚ ʨʘʩʯʝʪʥʳʭ ʫʨʘʚʥʝʥʠʷʭ ʬʦʨʤʠʨʫʶʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʧʨʘʚʣʝʥʠʷ 

ʚʦʟʜʝʡʩʪʚʠʷ X(i) ʥʘ ʦʪʢʣʠʢ Z(a), ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʟʥʘʢʦʤ ʠ ʨʘʥʛʦʚʦʡ 

ʦʮʝʥʢʠ R1(i) ʠ R2(i).   

ɽʩʣʠ ʦʪʢʣʠʢ ʧʦ ʦʮʝʥʢʘʤ ʵʢʩʧʝʨʪʦʚ ʦʪʢʣʦʥʷʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

Zmax(a) ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ X(i) ʢʘʢ ʚ ʧʦʣʦʞʠʪʝʣʴʥʫʶ (Z1(i) > 0), ʪʘʢ 

ʠ ʚ ʦʪʨʠʮʘʪʝʣʴʥʫʶ (Z2(i) > 0) ʩʪʦʨʦʥʫ, ʪʦ ʚ ʨʘʩʯʝʪʥʦʝ ʫʨʘʚʥʝʥʠʝ ʧʦʜ-

ʩʪʘʚʣʷʶʪ: 

() () () () () () 0212211 === if,if,idic,idic . 

ɽʩʣʠ ʦʪʢʣʦʥʝʥʠʷ X(i) ʚ ʣʶʙʦʤ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝ-

ʥʠʝ ʦʪʢʣʠʢʘ ʚ ʩʪʦʨʦʥʫ Zmin(a) ʠ ʧʨʠ ʵʪʦʤ ʦʮʝʥʢʠ R1(i) < 0 ʠ R2(i) < 0, 

ʪʦ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ: 

() () () () () () 0201221 ==== if,if,idic,idic . 

ɽʩʣʠ ʨʘʥʛʦʚʳʝ ʦʮʝʥʢʠ R1(i) > 0 ʠ R2(i) < 0, ʪʦ ʥʘʟʥʘʯʘʶʪʩʷ ʢʦ-

ʵʬʬʠʮʠʝʥʪʳ: 

() () () () () ()idif,if,ic,idic 22010211 ==== . 

ɽʩʣʠ ʨʘʥʛʦʚʳʝ ʦʮʝʥʢʠ R1(i) > 0 ʠ R2(i) > 0, ʪʦ ʥʝʦʙʭʦʜʠʤʦ 

ʧʨʠʥʷʪʴ: 

() () () () () () 02112201 ==== if,idif,idic,ic . 

ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʨʦʛʨʘʤʤʳ 

çRTMODè, ʩʚʦʜʷʪʩʷ ʚ ʜʚʝ ʪʘʙʣʠʮʳ (ʨʠʩ. 15). ɺ ʧʝʨʚʦʡ ʪʘʙʣʠʮʝ ʫʩʣʦ-

ʚʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʧʨʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʳʭ ʨʘʩʯʸ-

ʪʘʭ, ʚʦ ʚʪʦʨʦʡ ʪʘʙʣʠʮʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʫʨʘʚʥʝʥʠʡ ʤʦʜʝʣʠʨʫʶʱʠʭ ʦʪ-

ʢʣʦʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ ʦʪ ʥʦʤʠʥʘʣʘ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʚʦʟʤʫʱʝ-

ʥʠʡ. ʊʘʙʣʠʮʳ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʧʨʦʛʨʘʤʤʦʡ çRTMODè ʚʳʚʦʜʷʪʩʷ 

ʢʦʤʘʥʜʦʡ çʧʝʯʘʪʴ ʚ ʬʘʡʣè ʚ ʢʥʠʛʫ çREZULTATè (ʩʤ. çɸʣʛʦʨʠʪʤè 

ʚ ʧʨʠʣ. 2) ʚ ʚʠʜʝ ʪʝʢʩʪʦʚʦʛʦ ʬʘʡʣʘ çPRè (ʧʨʠʤʝʨ ʩʤ. ʥʘ ʨʠʩ. 15), ʛʜʝ 

ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʬʘʡʣ çExcelè ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʧʘʧʢʝ çʊɸɹʃè.  
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ʈʠʩ. 15. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ 

 

 

3.6. ʇʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ 

 

ɺ ʨʘʟʜʝʣʝ 6 ʧʨʠ ʬʦʨʤʫʣʠʨʦʚʘʥʠʠ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ 

ʚ ʦʧʝʨʘʮʠʠ ʧʨʠʛʦʪʦʚʣʝʥʠ ̫ʩʤʝʩʠ ʤʦʨʦʞʝʥʦʛʦ ʦʪʤʝʯʝʥʘ ʮʝʣʝʩʦʦʙʨʘʟ-

ʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʚ ʨʘʩʯʸʪʥʫʶ ʤʦʜʝʣʴ ʢʦʤʧʣʝʢʩʘ ʢʨʠʪʝʨʠʷ ʤʠʥʠʤʠʟʘ-
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ʮʠʠ ʦʪʢʣʦʥʝʥʠʷ ʚʢʫʩʘ (ʩʤ. ʫʨʘʚʥʝʥʠʷ 6 ʠ 7 ʚ ʨʘʟʜʝʣʝ 2). ɼʣʷ ʨʝʘʣʠʟʘ-

ʮʠʠ ʵʪʦʡ ʟʘʜʘʯʠ ʥʝʦʙʭʦʜʠʤʦ: 

ï ʚ ʢʦʤʧʣʝʢʪ ʫʨʘʚʥʝʥʠʡ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ (ʩʤ. ʧʨʦ-

ʛʨʘʤʤʫ çMORè ʚ ʧʨʠʣ. 6) ʚʢʣʶʯʠʪʴ ʨʝʛʨʝʩʩʠʦʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʩ ʢʦ-

ʵʬʠʮʠʝʥʪʘʤʠ ʠʟ ʪʘʙʣ. 7.7. (ʨʠʩ. 15) 

() () () ()aZaZaZaZ nom 21 -+= ; 

() () () () ()( )ä
=

Ö+Ö=
N

i

ieicieicKaZ
1

221111 ; 

() () () () ()( )ä
=

Ö+Ö=
N

i

ieifieifKʘZ
1

221122 ; 

ï ʠʥʬʦʨʤʘʮʠʦʥʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʦʧʪʠʤʠʟʘʮʠʦʥʥʦʡ ʟʘʜʘʯʠ (ʩʤ. 

ʨʠʩ. 8) ʦʪʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʩ ʫʯʸʪʦʤ ʪʨʝʙʦʚʘʥʠʡ ʪʘʙʣʠʮʳ 7.7; 

ï ʚʚʝʩʪʠ ʚ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʨʦʛʨʘʤʤʳ çMORè 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʨʠʪʝʨʠʡ ʦʧʪʠʤʠʟʘʮʠʠ. 

ʇʨʦʛʨʘʤʤʘ çRTMODè ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʨʢʠ 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʤʦʜʝʣʠ ʥʘ ʢʦʥʢʨʝʪʥʳʭ ʧʨʠʤʝʨʘʭ. ʇʨʦʚʝʨʢʘ ʧʨʦʠʟʚʦ-

ʜʠʪʩʷ ʚʚʦʜʦʤ ʚ ʧʨʦʛʨʘʤʤʫ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ ʨʘʟʣʠʯʥʳʭ ʩʦʯʝʪʘʥʠʡ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚʦʟʤʫʱʝʥʠʡ X(i) (ʚ ʧʨʝʜʝʣʘʭ ʦʛʨʘʥʠʯʝʥʠʡ ʜʠʘ-

ʧʘʟʦʥʘ ʚʘʨʴʠʨʦʚʘʥʠʷ) ʠ ʘʥʘʣʠʟʘ ʦʞʠʜʘʝʤʳʭ ʨʘʩʩʯʠʪʘʥʥʳʭ ʧʨʦʛʨʘʤ-

ʤʦʡ ʟʥʘʯʝʥʠʡ Z(a). 

 
 

3.7. ɿʘʜʘʥʠʝ ʢ ʣʘʙʦʨʘʪʦʨʥʦʡ ʠʣʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʡ 
ʨʘʙʦʪʝ ʧʦ ʪʝʤʝ çʈʘʟʨʘʙʦʪʢʘ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ 

ʥʘ ʦʩʥʦʚʝ ʵʢʩʧʝʨʪʥʳʭ ʦʮʝʥʦʢè 
 

ʉʦʜʝʨʞʘʥʠʝ ʣʘʙʦʨʘʪʦʨʥʦʡ ʨʘʙʦʪʳ 
 

1. ʇʦ ʩʪʨʫʢʪʫʨʥʦ-ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʩʭʝʤʝ, ʠʟʫʯʘʝʤʦʡ ʩʪʫʜʝʥ-

ʪʦʤ, ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ, ʚʳʙʠʨʘʝʪʩʷ ʦʜʠʥ ʧʦʢʘʟʘʪʝʣʴ ʢʘʯʝʩʪ-

ʚʘ Z(a), ʦʪʢʣʦʥʝʥʠʷ ʢʦʪʦʨʦʛʦ ʦʪ ʥʦʨʤʳ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʮʝʥʠʚʘʪʴ 

ʚ ʙʘʣʣʘʭ ʠʣʠ ʧʨʦʮʝʥʪʘʭ (ʥʘʧʨʠʤʝʨ, ʚʢʫʩ, ʮʚʝʪ, ʩʪʨʫʢʪʫʨʥʦ-

ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʵʢʦʣʦʛʠʯʝʩʢʦʡ ʙʝʟʦ-

ʧʘʩʥʦʩʪʠ ʠ ʪ.ʧ.). 
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2. ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʧʘʨʘʤʝʪʨʠʯʝʩʢʘʷ ʩʭʝʤʘ ʜʣʷ ʚʳʙʨʘʥʥʦʡ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʘʥʘʣʦʛʠʯʥʦ ʨʠʩ. 6 ʚ ʨʘʟʜʝʣʝ 2. 

3. ʈʘʟʨʘʙʘʪʳʚʘʝʪʩʷ ʬʦʨʤʘ ʠ ʩʦʜʝʨʞʘʥʠʝ ʦʧʨʦʩʥʳʭ ʢʘʨʪ ʵʢʩ-

ʧʝʨʪʦʚ ʧʦ ʪʠʧʫ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʣʠʩʪʘʭ ʪʘʙʣ. 7.1 ʧʨʠʣ. 7 

[http://de.ifmo.ru/--books/appendix_1-10.zip] ʠ ʢʘʨʪ ʪʘʙʣʠʮʳ ʠʥʬʦʨʤʘ-

ʮʠʦʥʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ï ʪʘʙʣ. 7.2 ʚ ʧʨʠʣ.7. 

4. ʆʧʨʝʜʝʣʷʝʪʩʷ ʛʨʫʧʧʘ ʵʢʩʧʝʨʪʦʚ ʚ 5 ʯʝʣʦʚʝʢ, ʢʘʞʜʦʤʫ ʠʟ ʢʦ-

ʪʦʨʳʭ ʚʨʫʯʘʝʪʩʷ ʢʦʤʧʣʝʢʪ ʢʘʨʪ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʧʦʩʪʘʚʣʝʥʥʳʝ ʚ ʢʘʨʪʘʭ 

ʚʦʧʨʦʩʳ. 

5. ʉʦʩʪʘʚʣʷʝʪʩʷ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʦʮʝʥʦʢ (ʨʘʥʛʦʚ), ʧʨʦʩʪʘʚʣʝʥ-

ʥʳʭ ʚʩʝʤʠ ʵʢʩʧʝʨʪʘʤʠ ʧʦ ʪʠʧʫ ʪʘʙʣ. 7.3 ʧʨʠʣ. 7. 

6. ʇʨʦʠʟʚʦʜʠʪʩʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʦʧʨʦʩʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʧʨʦʛʨʘʤʤʳ çEXPERTè. ʇʦʩʣʝ ʟʘʧʫʩʢʘ ʧʨʦʛʨʘʤʤʘ çEXPERTè 

ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʜʠʘʣʦʛʘ. ɺ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʷʪʩʷ ʠʩʭʦʜʥʳʝ ʜʘʥʥʳʝ 

ʠʟ ʪʘʙʣ. 7.2 ʠ 7.3 ʧʨʠʣ. 7. ɼʘʥʥʳʝ ʚʚʦʜʷʪʩʷ ʦʪʜʝʣʴʥʳʤʠ ʤʘʩʩʠʚʘʤʠ 

ʜʣʷ ʨʘʩʯʝʪʘ ʨʘʥʛʦʚʳʭ ʦʮʝʥʦʢ ʟʥʘʯʝʥʠʡ ʩʪʝʧʝʥʠ ʚʣʠʷʥʠʷ R1(i), ʟʘʪʝʤ 

R2(i). 

7. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨ-

ʪʠʟʳ ʧʦ ʢʘʞʜʦʤʫ ʦʙʨʘʙʘʪʳʚʘʝʤʦʤʫ ʤʘʩʩʠʚʫ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʯʠʩʣʝʥ-

ʥʳʝ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʩʦʛʣʘʩʦʚʘʥʥʦʩʪʠ ʤʥʝʥʠʡ ʵʢʩʧʝʨʪʦʚ ʧʦ ʢʘʞʜʦʤʫ 

ʬʘʢʪʦʨʫ (ʧʦʩʣʝʜʥʠʡ ʩʪʦʣʙʝʮ ʚ ʪʘʙʣ. 7.4 ʧʨʠʣ. 2). ɽʩʣʠ R(i) < 0,3 ʪʦ 

ʵʢʩʧʝʨʪʠʟʫ ʧʦ i-ʤʫ ʬʘʢʪʦʨʫ ʩʣʝʜʫʝʪ ʧʦʚʪʦʨʠʪʴ. ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʨʘʩ-

ʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ ʢʨʠʪʝʨʠʷ ʇʠʨʩʦʥʘ (ʥʠʞʥʷʷ ʩʪʨʦʢʘ ʚ ʪʘʙʣ. 7.4 

ʧʨʠʣ. 2). ʈʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʢʨʠʪʝʨʠʷ ʩʨʘʚʥʠʚʘʶʪ ʩ ʧʨʝʜʝʣʴʥʳʤ ʟʥʘ-

ʯʝʥʠʝʤ ʢʨʠʪʝʨʠʷ, ʥʘʡʜʝʥʥʳʤ ʧʦ ʪʘʙʣ. 7.5 ʧʨʠʣ. 7. ɽʩʣʠ 
22
ʊc¢c , ʪʦ 

ʧʦ ʜʘʥʥʦʤʫ ʤʘʩʩʠʚʫ ʵʢʩʧʝʨʪʠʟʫ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʩʪʠ ʟʘʥʦʚʦ. 

8. ʉʦʩʪʘʚʣʷʝʪʩʷ ʩʚʦʜʥʘʷ ʪʘʙʣʠʮʘ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʧʦ ʪʠʧʫ ʪʘʙʣ. 7.6 ʧʨʠʣ. 7. 

9. ʈʘʩʩʯʠʪʳʚʘʶʪʩʷ ʢʦʵʬʬʠʮʠʝʥʪʳ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ çRTMODè. ʇʨʦʛʨʘʤʤʘ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ 

ʜʠʘʣʦʛʘ. ɺ ʧʨʦʛʨʘʤʤʫ ʚʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʠʟ ʪʘʙʣ. 7.6 ʧʨʠʣ. 7.  

10. ʇʨʦʠʟʚʦʜʠʪʩʷ ʧʨʦʚʝʨʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ. ʅʝ ʟʘʢʨʳʚʘʷ ʧʨʦʛʨʘʤʤʫ 

çRTMODè, ʥʝʦʙʭʦʜʠʤʦ ʟʘʢʘʟʘʪʴ ʦʧʝʨʘʮʠʶ çʇʨʠʤʝʨè, ʚʚʝʩʪʠ ʚ ʨʝʞʠ-

ʤʝ ʜʠʘʣʦʛʘ ʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʚʣʠʷʶʱʠʭ ʬʘʢʪʦʨʦʚ X(i), ʚʳʙʨʘʥʥʳʝ 

ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʙʨʘʟʦʤ ʠʟ ʜʠʘʧʘʟʦʥʘ ʚʘʨʴʠʨʦʚʘʥʠʷ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʦ-

ʚʝʨʢʠ ʦʬʦʨʤʣʷʶʪ ʚ ʚʠʜʝ ʜʦʢʫʤʝʥʪʘ (ʩʤ. ʨʠʩ. 15) ʠ ʘʥʘʣʠʟʠʨʫʶʪ.  
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ʆʪʯʝʪ ʧʦ ʨʘʙʦʪʝ ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ: 

ï ʢʨʘʪʢʦʝ ʦʧʠʩʘʥʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʦʧʝʨʘʮʠʠ ʩ ʦʙʦʩʥʦʚʘʥʠʝʤ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʨʘʟʨʘʙʦʪʢʠ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ; 

ï ʧʘʨʘʤʝʪʨʠʯʝʩʢʫʶ ʩʭʝʤʫ ʠʩʩʣʝʜʫʝʤʦʡ ʦʧʝʨʘʮʠʠ, ʘʥʘʣʠʟ ʜʠʘ-

ʧʘʟʦʥʦʚ ʚʘʨʴʠʨʦʚʘʥʠʷ ʦʪʢʣʠʢʘ (ʪʘʙʣ. 7.2 ʧʨʠʣ.7), ʬʦʨʤʫʣʠʨʦʚʢʫ ʚʦ-

ʧʨʦʩʦʚ ʢ ʵʢʩʧʝʨʪʘʤ; 

ï ʢʦʤʧʣʝʢʪ ʦʧʨʦʩʥʳʭ ʢʘʨʪ (ʪʘʙʣ. 7.1 ʧʨʠʣ. 7), ʟʘʧʦʣʥʝʥʥʳʭ 

ʵʢʩʧʝʨʪʘʤʠ ʠ ʩʚʦʜʥʳʭ ʪʘʙʣʠʮʳ ʦʮʝʥʦʢ (ʪʘʙʣ. 7.3 ʧʨʠʣ. 7); 

ï ʨʘʩʧʝʯʘʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʨʘʙʦʪʢʠ ʦʮʝʥʦʢ ʵʢʩʧʝʨʪʦʚ ʧʦ ʦʪ-

ʜʝʣʴʥʳʤ ʤʘʩʩʠʚʘʤ ʧʨʦʛʨʘʤʤʦʡ çEXPERTè (ʪʘʙʣ. 7.4 ʧʨʠʣ. 2); 

ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʵʢʩʧʝʨʪʠʟʳ, ʚʳʚʦʜ ʦ ʮʝ-

ʣʝʩʦʦʙʨʘʟʥʦʩʪʠ ʜʘʣʴʥʝʡʰʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ; 

ï ʩʚʦʜʥʫʶ ʪʘʙʣʠʮʫ ʨʝʟʫʣʴʪʘʪʦʚ ʵʢʩʧʝʨʪʠʟʳ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ 

ʦʧʝʨʘʮʠʠ (ʪʘʙʣ. 7.6 ʧʨʠʣ. 7); 

ï ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʨʝʡʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʧʨʦ-

ʛʨʘʤʤʦʡ çRTMODè ʚ ʚʠʜʝ ʨʘʩʧʝʯʘʪʢʠ (ʨʠʩ. 7.7 ʧʨʠʣ. 2); 

ï ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʨʢʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʨʝʘʣʠʟʦʚʘʥʥʦʡ ʨʝʡ-

ʪʠʥʛʦʚʦʡ ʤʦʜʝʣʠ ʜʣʷ 1-2 ʚʘʨʠʘʥʪʦʚ ʩʦʯʝʪʘʥʠʡ ʚʦʟʤʫʱʝʥʠʡ X(i) 

ʠ ʘʥʘʣʠʟ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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4. ʉʀʉʊɽʄʓ ʉʊɸʊʀʉʊʀʏɽʉʂʆɻʆ ʂʆʅʊʈʆʃʗ 
ʉʊɸɹʀʃʔʅʆʉʊʀ ʈɸɹʆʊʓ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ 

ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʂʆʄʇʃɽʂʉʆɺ 
(ʉʀʉʊɽʄʓ ʄʆʅʀʊʆʈʀʅɻɸ)  

ʉʀʉʊɽʄʓ ʈɽɻʋʃʀʈʆɺɸʅʀʗ ʂɸʏɽʉʊɺɸ 

 
 

4.1. ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 
 

ʂʦʥʪʨʦʣʴ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʚ ʥʘʩʪʨʦʝʥʥʦʤ (ʥʘʣʘʞʝʥʥʦʤ), 

ʫʧʨʘʚʣʷʝʤʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ 

ʩʚʦʝʚʨʝʤʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʥʜʝʥʮʠʶ ʨʘʟʣʘʜʢʠ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢ-

ʪʝʨʠʩʪʠʢ  ʦʙʦʨʫʜʦʚʘʥʠʷ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʝʜʦʧʫʩʪʠʤʳʤ ʠʟʤʝʥʝʥʠʷʤ 

ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ X(i) ʥʘ ʚʳʭʦʜʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʈʘʟʣʘʜʢʘ ʠ ʦʩʦʙʝʥʥʦ ʧʨʦʮʝʩʩ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʷʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʩʪʝʧʝʥʥʦ, ʥʘ ʙʦʣʴʰʠʭ ʧʨʦʤʝ-

ʞʫʪʢʘʭ ʚʨʝʤʝʥʠ, ʧʦʵʪʦʤʫ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʦʨʛʘʥʠʟʦʚʘʪʴ  ʢʦʥʪʨʦʣʴ ʠʟ-

ʤʝʥʝʥʠʷ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʝʨʠʦʜʠʯʝʩʢʠ ʟʘ ʧʣʘʥʠʨʫʝʤʳʡ ʧʝʨʠʦʜ 

ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʩʦʭʨʘʥʷʪʴ ʠ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪ. ɺ ʫʯʝʙʥʦʤ 

ʧʦʩʦʙʠʠ  [2]  ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʨʦʮʝʜʫʨʘ ʚʳʙʦʨʘ ʤʝʪʦʜʦʚ ʠ ʪʝʭʥʠʯʝ-

ʩʢʠʭ ʩʨʝʜʩʪʚ ʢʦʥʪʨʦʣʷ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʩʦʟʜʘʥʠʠ ʢʦʤʧʣʝʢʩʥʳʭ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ. 

ʇʨʦʮʝʜʫʨʘ ʠʟʤʝʨʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʘ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝʩʪʚʘ ʧʠʱʝ-

ʚʳʭ ʧʨʦʜʫʢʪʦʚ ʪʨʫʜʦʝʤʢʘ, ʪʨʝʙʫʝʪ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʧʦʢʘʟʘʪʝʣʷ. ʀʟʤʝʨʝʥʠʝ ʯʠʩʣʝʥ-

ʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ X(i) ʚ ʚʳʙʦʨʢʝ 

(ʧʨʦʙʝ) ʤʦʞʝʪ ʦʩʫʱʝʩʪʚʣʷʪʴʩʷ ʧʨʠʙʦʨʘʤʠ,  ʥʘʧʨʠʤʝʨ, ʘʚʪʦʤʘʪʠʯʝ-

ʩʢʠʡ ʢʦʥʪʨʦʣʴ ʢʘʞʜʦʡ ʫʧʘʢʦʚʢʠ ʥʘ ʚʳʭʦʜʝ ʬʘʩʦʚʦʯʥʦʛʦ ʘʚʪʦʤʘʪʘ. 

ɺ ʪɻʦʤ ʩʣʫʯʘʝ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ X(i) ʧʦʣʫʯʘʶʪ ʦʙʨʘʙʦʪʢʦʡ ʠ ʚʳ-

ʯʠʩʣʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ  j ï ʦʡ ʚʳʙʦʨʢʝ. ɽʩʣʠ ʠʩ-

ʧʦʣɹʟʫʶʪʩʷ ʣʘʙʦʨʘʪʦʨʥʳʝ  ʠʣʠ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʤʝʨʝʥʠʷ 

(ʦʮʝʥʢʠ) ʧʦʢʘʟʘʪʝʣʷ X(i),  ʪʦ ʚ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʚʚʦʜʷʪ-

ʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʨʝ-

ʟʫʣʴʪʘʪʘ ʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ  j ï ʦʡ ʚʳʙʦʨʢʝ. ʉ ʮʝʣʴʶ 

ʩʥʠʞʝʥʠʷ ʪʨʫʜʦʝʤʢʦʩʪʠ ʢʦʥʪʨʦʣʷ ʟʘ ʩʦʩʪʦʷʥʠʝʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʧʨʠʤʝʥʷʶʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ 

ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ [10].  ʕʪʠ ʩʠʩʪʝʤʳ ʧʦʟʚʦʣʷʶʪ ʧʣʘ-

ʥʠʨʦʚʘʪʴ ʫʧʨʘʚʣʝʥʠʝ ʧʨʠ ʧʝʨʠʦʜʠʯʝʩʢʦʤ ʢʦʥʪʨʦʣʝ ʧʦʢʘʟʘʪʝʣʝʡ ʢʘʯʝ-

ʩʪʚʘ ʚ ʦʛʨʘʥʠʯʝʥʥʦʡ ʚʳʙʦʨʢʝ ʠʟ ʧʦʪʦʢʘ ʧʨʦʜʫʢʪʘ. 
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ʄʝʪʦʜ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧ-

ʨʝʜʝʣʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʡ ʧʝʨʠʦʜʠʯʥʦʩʪʠ ʢʦʥʪʨʦʣʷ ʜʘʥʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ 

ʢʘʯʝʩʪʚʘ X(i), ʦʙʲʝʤ ʚʳʙʦʨʢʠ, ʯʠʩʣʘ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʘʨʪʠʡ ʛʦʪʦʚʦ-

ʛʦ ʧʨʦʜʫʢʪʘ ʦʪʙʠʨʘʝʤʳʭ ʚ ʦʜʥʦʡ ʩʝʨʠʠ, ʮʠʢʣʝ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʪʝʣʷ, 

ʘ ʪʘʢʞʝ ʜʦʧʫʩʪʠʤʳʭ ʧʨʝʜʝʣʦʚ ʦʪʢʣʦʥʝʥʠʷ ʯʠʩʣʦʚʦʛʦ ʟʥʘʯʝʥʠʷ X(i), 

ʚ ʦʙʲʝʤʝ ʚʳʙʦʨʢʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ) ʠ ʜʦ-

ʧʫʩʪʠʤʦʛʦ ʨʘʩʭʦʞʜʝʥʠʷ ʠʟʤʝʨʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ X(i), ʤʝʞʜʫ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʤʠ ʚʳʙʦʨʢʘʤʠ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʣʘʜʢʠ ʧʨʦʮʝʩʩʘ). 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʩʠʩʪʝʤʳ ʢʦʥʪʨʦʣʷ ʠ ʫʧʨʘʚʣʝʥʠʷ ʢʘʯʝʩʪʚʦʤ ʥʝʦʙ-

ʭʦʜʠʤʦ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ ʢʘʢ ʦʙʲʝʢʪ ʫʧʨʘʚ-

ʣʝʥʠʷ, ʘ ʪʘʢʞʝ ʦʙʦʟʥʘʯʠʪʴ ʦʞʠʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ 

ʩʠʪʫʘʮʠʡ ʥʘ ʢʦʤʧʣʝʢʩʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, ʥʘ-

ʧʨʠʤʝʨ, ʧʦ ʤʝʪʦʜʫ ʧʘʩʩʠʚʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʩʤ. ʨʘʟʜʝʣ 1). ɺ  ʨʘʟʜ. 1 

ʥʘ ʨʠʩ. 2 ʠ 3 ʦʧʨʝʜʝʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʘʯʝʩʪʚʘ X(1) = tp2 ï ʪʝʤʧʝʨʘʪʫ-

ʨʘ ʪʫʰʠ ʥʘ ʚʳʭʦʜʝ ʠ X(2) = m2 ï ʧʦʪʝʨʷ ʤʘʩʩʳ ʪʫʰʠ ʧʨʠ ʜʝʬʨʦʩʪʘ-

ʮʠʠ. 

ʇʨʠ ʘʥʘʣʠʟʝ ʦʙʲʝʢʪʘ ʦʧʨʝʜʝʣʷʶʪ:  

ʏʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ. ʅʘ-

ʧʨʠʤʝʨ, ʥʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʚ ʥʘʯʘʣʝ ʧʨʦʮʝʜʫʨʳ ʨʝʛʫ-

ʣʠʨʦʚʘʥʠʷ ʢʘʯʝʩʪʚʘ, nom X(i).  

ʇʨʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʤ ʤʝʪʦʜʝ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʘ ʠʟʤʝʨʝʥʠʷ ï 

ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʚ ʚʳʙʦʨʢʝ, nom ʉɸɿ. 

ʄʘʢʩʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ (ʚʝʨʭʥʷʷ ʛʨʘʥʠ-

ʮʘ ʙʨʘʢʦʚʢʠ), max X(i). 

ʄʠʥʠʤʘʣʴʥʦʝ ʜʦʧʫʩʪʠʤʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ (ʥʠʞʥʷʷ ʛʨʘʥʠʮʘ 

ʙʨʘʢʦʚʢʠ), min X(i). 

ʅʦʤʠʥʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ 

ʚ ʚʳʙʦʨʢʝ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʟʙʨʦʩʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʚ ʚʳʙʦʨ-

ʢʝ), nom ʉʂʆ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʞʠʜʘʝʤʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʳʭ ʩʠʪʫʘʮʠʡ 

ʥʝʦʙʭʦʜʠʤʦ ʦʙʦʟʥʘʯʠʪʴ: 

ï ʧʣʘʥʠʨʫʝʤʳʡ ʦʙʲʝʤ ʚʳʧʫʩʢʘ ʧʨʦʜʫʢʮʠʠ, ʥʘʧʨʠʤʝʨ, ʚ ʝʜʠʥʠ-

ʮʘʭ ʧʨʦʜʫʢʮʠʠ, ʊɿ; 

ï  ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʞʠʜʘʝʤʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʟʥʘʯʝʥʠʷ ʨʘʟʣʘʜʢʠ 

(ʫʚʝʣʠʯʝʥʠʝ ʟʥʘʯʝʥʠʷ, ʉɸɿ ʚ ʧʦʩʣʝʜʫʶʱʠʭ ʚʳʙʦʨʢʘʭ, ç + è ʠʣʠ 

ʫʤʝʥʴʰʝʥʠʝ ʉɸɿ, ç ï è); 
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 ʉʠʩʪʝʤʘ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʠʟʤʝʨʝʥʠʷ X(i) ʠ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙ-

ʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʢʘʞʜʦʡ 

ʚʳʙʦʨʢʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʩʤʝʱʝʥʠʝ ʫʨʦʚʥʷ ʥʘʣʘʜʢʠ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʜʦʟʠʨʫʝʤʦʡ ʤʘʩʩʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ ʧʨʠ ʬʘ-

ʩʦʚʢʝ. ʉʠʩʪʝʤʘ  ʪʘʢʞʝ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝ-

ʩʢʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʘʧʨʠʤʝʨ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ 

ʟʥʘʯʝʥʠʡ ʜʦʟʠʨʫʝʤʦʡ ʤʘʩʩʳ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ, ʘ ʪʘʢʞʝ 

ʦʮʝʥʠʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ (ʩʦʩʪʦʷʥʠʷ ʦʙʦʨʫ-

ʜʦʚʘʥʠʷ) ʧʦ ʠʟʤʝʥʝʥʠʶ ʨʘʩʩʝʠʚʘʥʠʷ ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘ-

ʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨʢʝ, ʥʘʧʨʠʤʝʨ, ʧʦ ʠʟʤʝʥʝʥʠʶ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʉʂʆ ʚ ʚʳʙʦʨʢʘʭ. 

ʇʨʦʮʝʜʫʨʫ ʧʝʨʠʦʜʠʯʝʩʢʦʛʦ ʦʪʙʦʨʘ ʚʳʙʦʨʢʠ ʠʟ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦ-

ʛʦ ʧʦʪʦʢʘ, ʠʟʤʝʨʝʥʠʷ ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ X(i) ʚ ʢʘʞʜʦʤ 

ʵʢʟʝʤʧʣʷʨʝ ʧʨʦʜʫʢʪʘ ʚ ʚʳʙʦʨʢʝ, ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʨʝʟʫʣʴʪʘ-

ʪʦʚ ʩ ʮʝʣʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʉɸɿ ʠ ʉʂʆ ʚ ʚʳʙʦʨʢʝ 

ʥʝʦʙʭʦʜʠʤʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʥʘ ʙʦʣʴʰʠʭ ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ. ɺʦʟʥʠ-

ʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʩʦʟʜʘʥʠʷ ʢʦʤʧʴʶʪʝʨʥʦʡ  ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʦʥʪʨʦ-

ʣʷ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʦʷʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʙʦʣʴʰʠʭ 

ʧʨʦʤʝʞʫʪʢʘʭ ʚʨʝʤʝʥʠ ï ʤʦʥʠʪʦʨʠʥʛʘ [11]. 

ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʫʩʤʦʪʨʝʥʦ ʥʘʢʦʧʣʝʥʠʝ ʚ ʧʘʤʷʪʠ 

ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʉɸɿ (j) ʠ ʉʂʆ (j) ʚ ʦʪʜʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ ʩ ʧʨʠ-

ʚʷʟʢʦʡ ʢ ʨʝʘʣʴʥʦʤʫ ʚʨʝʤʝʥʠ ʠʣʠ ʢ ʦʙʲʝʤʫ ʚʳʧʫʱʝʥʥʦʡ ʧʨʦʜʫʢʮʠʠ. 

ʇʦ ʜʘʥʥʳʤ ʥʘʢʦʧʣʝʥʥʳʤ ʚ ʧʘʤʷʪʠ ʧʨʦʛʨʘʤʤʦʡ, ʤʦʛʫʪ ʙʳʪʴ ʦʬʦʨʤ-

ʣʝʥʳ ʛʨʘʬʠʢʠ ï ʢʘʨʪʳ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ ʧʨʝʜʫʩʤʦʪʨʝʥʥʳʝ ɻʆʉʊ [4]  

ɺ ʧʨʦʛʨʘʤʤʝ ʤʦʥʠʪʦʨʠʥʛʘ ʧʨʝʜʫʩʤʦʪʨʝʥ ʤʦʜʫʣʴ, ʘʥʘʣʠʟʠʨʫʶʱʠʡ 

ʦʪʢʣʦʥʝʥʠʷ ʉɸɿ(j) ʠ ʉʂʆ(j) ʚ ʪʝʯʝʥʠʠ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʚʳʧʫʩʢʘ ʟʘʜʘʥ-

ʥʦʛʦ ʦʙʲʝʤʘ ʧʨʦʜʫʢʮʠʠ ʠ ʬʦʨʤʠʨʫʶʱʠʡ ʩʦʦʙʱʝʥʠʷ ʦ ʧʦʷʚʣʝʥʠʠ ʚ 

ʚʳʙʦʨʢʝ ʝʜʠʥʠʮ ʙʨʘʢʦʚʘʥʥʦʡ ʧʨʦʜʫʢʮʠʠ, izmX(i) > maxX(i) ʠʣʠ 

izmX(i) < minX(i), ʘ ʪʘʢʞʝ ʩʦʦʙʱʝʥʠʝ ʦ ʚʳʭʦʜʝ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ 

ʉɸɿ   ʠ   ʉʂʆ   ʟʘ   ʫʩʪʘʥʦʚʣʝʥʥʳʝ   ʚ   ʧʨʦʛʨʘʤʤʝ   ʧʨʝʜʝʣʳ   ʫʩʪʘʚʦʢ  

ʨʝʛʫʣʠʨʦʚʘʥʠʷ izmʉɸɿ(j) > maxʉɸɿ ʠʣʠ izmʉɸɿ(j) < minʉɸɿ, 

izmʉʂʆ(j) > ustʉʂʆ. 

ɺ ʧʨʦʛʨʘʤʤʫ ʦʙʨʘʙʦʪʢʠ ʤʦʞʝʪ ʙʳʪʴ ʚʢʣʶʯʝʥ ʤʦʜʫʣʴ ʨʝʛʫʣʠʨʦ-

ʚʘʥʠʷ ʢʘʯʝʩʪʚʘ. ʕʪʦʪ ʤʦʜʫʣʴ ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʯʝʪ ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟ-

ʜʝʡʩʪʚʠʡ ʥʘ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʥʘʧʨʠʤʝʨ, ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ 

ʫʧʨʘʚʣʷʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʜʣʷ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʥʘʩʪʨʦʡʢʠ ʜʦʟʠʨʫʶ-

ʱʝʛʦ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠ ʩʤʝʱʝʥʠʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʤʘʩʩʳ (ʉɸɿ) ʟʘ 
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ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʝʣʳ, ʠʣʠ ʩʦʦʙʱʠʪʴ ʥʦʤʝʨ ʧʘʨʪʠʠ ʧʨʦʜʫʢʪʘ, ʧʨʠ 

ʚʳʧʫʩʢʝ ʢʦʪʦʨʦʡ ʯʠʩʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʨʘʩʩʝʠʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨʢʝ (ʉʂʆ) ʜʦʩʪʠʛʥʝʪ ʧʨʝʜʝʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ 

(ustʉʂʆ), ʧʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʩʪʘʥʦʚʠʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦ-

ʮʝʩʩ. 

ʇʨʦʛʨʘʤʤʥʳʡ ʤʦʜʫʣʴ çʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘè ʤʦʞʝʪ ʙʳʪʴ 

ʨʝʘʣʠʟʦʚʘʥ ʜʣʷ ʟʘʜʘʥʥʦʛʦ ʠʩʭʦʜʥʳʤʠ ʜʘʥʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʦʮʝʩʩʘ, ʧʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ɻʆʉʊʘ, ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʘʢ ʧʨʦʮʝʜʫʨʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʘʨʠʘʥʪʦʚ 

ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ: 

ï ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʩʨʝʜʥʝʘʨʠʬʤʝʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠ-

ʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨʢʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ʩʨʝʜʥʝʢʚʘʜʨʘ-

ʪʠʯʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʪ ʥʦʤʠʥʘʣʘ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʚ ʚʳʙʦʨʢʝ 

(ʉɸɿ-ʉʂʆ); 

ï ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʤʝʜʠʘʥʳ ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʟʥʘ-

ʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨʢʝ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʢʦʥʪʨʦ-

ʣʝʤ ʨʘʟʤʘʭʘ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨ-

ʢʝ (ʄɽD-R); 

ï ʤʝʪʦʜ ʢʦʥʪʨʦʣʷ ʢʫʤʫʣʷʪʠʚʥʦʡ ʩʫʤʤʳ ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜʥʝʛʦ, 

ʨʘʩʩʯʠʪʘʥʥʦʡ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨʢʝ ʚ ʩʦ-

ʯʝʪʘʥʠʠ ʩ ʢʦʥʪʨʦʣʝʤ ʉʂʆ ʚ ʚʳʙʦʨʢʝ (ʂʉɺʉ-ʉʂʆ). 

ɺ ʧʨʦʛʨʘʤʤʝ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʢʦʥʢʨʝʪʥʦʛʦ ʪʝʭ-

ʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʨʝʘʣʠʟʫʝʪʩʷ ʦʜʠʥ ʠʟ ʥʘʟʚʘʥʥʳʭ ʤʝʪʦʜʦʚ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ: 

ï ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʘʟʣʘʜʢʠ (ʙʳʩʪʨʦ ʧʨʦʪʝʢʘʶʱʠʡ ʠʣʠ ʚʷʣʦʪʝ-

ʢʫʱʠʡ ʧʨʦʮʝʩʩ); 

ï ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʟʣʘʜʢʠ (ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʷ X(i) 

ʚ ʚʳʙʦʨʢʝ, ç+è, ʚ ʩʪʦʨʦʥʫ ʩʥʠʞʝʥʠʷ X(i), çïè, ʠʣʠ ʚ ʜʚʫʭ ʥʘʧʨʘʚʣʝʥʠ-

ʷʭ, ç+è ʠ çïè ); 

ï ʧʨʠ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʠʟʤʝʨʝʥʥʳʭ ʟʥʘʯʝʥʠʡ X(i) ʚ ʚʳʙʦʨʢʝ ʦʪʣʠ-

ʯʘʶʱʝʤʩʷ ʦʪ ʥʦʨʤʘʣʴʥʦʛʦ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʨʘʚʥʦʤʝʨʥʦʤ ʨʘʩʧʨʝʜʝʣʝ-

ʥʠʠ ʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ X(i) ʚ ʚʳʙʦʨʢʝ). 

ɺ ʧʨʦʛʨʘʤʤʝ çʈʝʛʫʣʠʨʦʚʘʥʠʝ ʢʘʯʝʩʪʚʘ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝ-

ʪʦʜʘ ʢʦʥʪʨʦʣʷ ʩʨʝʜʥʠʭ ʘʨʠʬʤʝʪʠʯʝʩʢʠʭ ʟʥʘʯʝʥʠʡ (ʉɸɿ) ʚʳʯʠʩʣʷʝʪʩʷ 
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ʛʜʝ X(i, j)  ï i-ʳʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ʚ j-ʡ ʚʳʙʦʨʢʝ, n ï 

ʦʙʲʝʤ ʚʳʙʦʨʢʠ (ʢʦʣʠʯʝʩʪʚʦ ʥʘʙʣʶʜʝʥʠʡ ʚʝʣʠʯʠʥʳ X ʚ j-ʡ ʤʦʤʝʥʪ 

ʚʨʝʤʝʥʠ). 

ʄʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʤʝʜʠʘʥ (ʄɽɼ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝ-

ʥʠʝ ʚʳʙʦʨʦʯʥʦʡ ʤʝʜʠʘʥʳ )j(X  ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ X(i, j), 

ʛʜʝ i= 1én ï ʯʠʩʣʦ ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ ʚʳʙʦʨʢʝ 

(ʚ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ j). ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ )j(X  ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʚ  j-ʡ ʚʳʙʦʨʢʝ ʨʘʩʧʦʣʘʛʘʶʪ ʚ ʚʠʜʝ ʚʦʟʨʘʩʪʘʶʱʝʛʦ ʨʷʜʘ. ʇʨʠ ʯʝʪʥʦʤ 

ʯʠʩʣʝ ʯʣʝʥʦʚ ʨʷʜʘ ʤʝʜʠʘʥʫ ʦʧʨʝʜʝʣʷʶʪ ʢʘʢ ʩʨʝʜʥʝʝ ʘʨʠʬʤʝʪʠʯʝʩʢʦʝ 

ʜʚʫʭ ʟʥʘʯʝʥʠʡ, ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʚ ʩʝʨʝʜʠʥʝ ʨʷʜʘ. ʇʨʠ ʥʝʯʝʪʥʦʤ ʯʠʩʣʝ 

ʯʣʝʥʦʚ ʤʝʜʠʘʥʦʡ ʷʚʣʷʝʪʩʷ ʟʥʘʯʝʥʠʝ ʠʟʤʝʨʷʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ, ʥʘʭʦʜʷ-

ʱʝʝʩʷ ʚ ʮʝʥʪʨʝ ʨʷʜʘ. 

ɺʳʯʠʩʣʝʥʠʝ ʟʥʘʯʝʥʠʷ X(j) ʠ )j(X  ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ 

ʩʤʝʱʝʥʠʷ ʥʘʩʪʨʦʡʢʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʥʦʨʤʘʪʠʚʥʦʛʦ 

ʟʥʘʯʝʥʠʷ Q1 ʚ ʢʘʞʜʦʡ ʚʳʙʦʨʢʝ. ʇʨʠ ʩʤʝʱʝʥʠʠ ʚʳʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝ-

ʥʠʷ X(j) ʠʣʠ )j(X  ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʧʨʝʜʝʣʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʚʳʨʘʙʘ-

ʪʳʚʘʝʪʩʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ Y2 ʜʣʷ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʥʘʩʪʨʦʡʢʠ ʧʨʦʮʝʩʩʘ. 

ʄʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʢʫʤʫʣʷʪʠʚʥʳʭ ʩʫʤʤ ʜʣʷ ʚʳʙʦʨʦʯʥʦʛʦ ʩʨʝʜ-

ʥʝʛʦ (ʂʉɺʉ) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʯʠʩʣʝʥʠʝ ʉɸɿ ï X(j) ʚ ʚʳʙʦʨʢʝ j, ʚʳ-

ʯʠʩʣʝʥʠʝ ʦʪʢʣʦʥʝʥʠʷ X(j) ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʝ ʛʨʘʥʠʮʳ ʨʝʛʫʣʠʨʦʚʘʥʠʷ 

(ʧʝʨʚʘʷ ʛʨʘʥʠʮʘ) ʜʣʷ ʢʘʞʜʦʡ ʚʳʙʦʨʢʠ ʠ ʩʫʤʤʠʨʦʚʘʥʠʷ ʵʪʠʭ ʦʪʢʣʦʥʝ-

ʥʠʡ ʚ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ ʧʦ ʬʦʨʤʫʣʝ 

)K)j(X(ʂm
m

j
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ʛʜʝ  Km ï ʂʉɺʉ  ï ʩʫʤʤʘ ʧʝʨʝʭʦʜʦʚ ʯʝʨʝʟ ʧʝʨʚʫʶ ʛʨʘʥʠʮʫ ʟʘ m ʚr -

ʙʦʨʦʢ, K ï ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʧʝʨʚʘʷ ʛʨʘʥʠʮʘ ʨʝʛʫʣʠʨʦʚʘʥʠʷ (D7 ʠʣʠ D8). 

ʉʫʤʤʠʨʦʚʘʥʠʝ ʉɸɿ ʧʨʦʠʟʚʦʜʠʪʩʷ ʧʨʠ ʦʪʢʣʦʥʝʥʠʷʭ ʚ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʳʭ ʚʳʙʦʨʢʘʭ ʪʦʣʴʢʦ ʚ ʦʜʥʫ ʩʪʦʨʦʥʫ, ʥʘʧʨʠʤʝʨ, ʦʪʢʣʦʥʝʥʠʷ ʟʘ 

ʚʝʨʭʥʠʡ ʧʨʝʜʝʣ. ʇʨʠ ʩʤʝʥʝ ʟʥʘʢʘ ʦʪʢʣʦʥʝʥʠʡ ʟʥʘʯʝʥʠʷ Km ʩʙʨʘʩʳ-

ʚʘʶʪʩʷ, ʠ ʥʘʯʠʥʘʝʪʩʷ ʥʘʢʦʧʣʝʥʠʝ ʥʦʚʦʡ ʂʉɺʉ. ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʫʧʨʘʚʣʷʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʚʳʯʠʩʣʝʥʠʷ ʂʉɺʉ ʫʩʪʘ-

ʥʘʚʣʠʚʘʝʪʩʷ ʧʨʝʜʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʩʫʤʤʳ ʂʉɺʉ, D9. ʇʨʠ ʧʝʨʝʭʦʜʝ 

ʯʠʩʣʝʥʥʦʛʦ ʟʥʘʯʝʥʠʷ Km ʟʘ ʛʨʘʥʠʮe ʨʝʛʫʣʠʨʦʚʘʥʠʷ Km > D9, ʚʳʨʘʙʘ-
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ʪʳʚʘʝʪʩʷ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ Y2 ʜʣʷ ʢʦʨʨʝʢʪʠ-

ʨʦʚʢʠ ʧʨʦʮʝʩʩʘ. 

ʄʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʩʨʝʜʥʠʭ ʢʚʘʜʨʘʪʠʯʝʩʢʠʭ ʦʪʢʣʦʥʝʥʠʡ (ʉʂʆ) 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʚʳʯʠʩʣʝʥʠʝ  
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ʛʜʝ S(j) ï ʚʳʙʦʨʦʯʥʦʝ ʉʂʆ ʚ j-ʦʡ ʚʳʙʦʨʢʝ, X(i, j) ï i-ʡ ʨʝʟʫʣʴʪʘʪ ʠʟʤʝ-

ʨʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ ʚ j-ʡ ʚʳʙʦʨʢʝ, X0 ï ʩʨʝʜʥʝʝ ʟʥʘʯʝ-

ʥʠʝ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʤʦʞʝʪ ʩʦʚʧʘʜʘʪʴ ʩ ʥʦʨʤʘʪʠʚʥʳʤ 

ʟʥʘʯʝʥʠʝʤ), n ï ʦʙ̡ʝʤ ʚʳʙʦʨʢʠ. 

ʄʝʪʦʜ ʚʳʯʠʩʣʝʥʠʷ ʨʘʟʤʘʭʦʚ (R) ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʦʧʨʝʜʝʣʝʥʠʝ   

      

                                 min)j(Xmax)j(X)j(R -= ,                       (12) 

 

ʛʜʝ R(j) ï ʯʠʩʣʦʚʦʝ ʟʥʘʯʝʥʠʝ ʨʘʟʤʘʭʘ ʚ j-ʦʡ ʚʳʙʦʨʢʝ, X(j)max, 

X(j)min  ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʠ ʤʠʥʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʚ j-ʦʡ ʚʳʙʦʨʢʝ. 

ɺʳʯʠʩʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ S(j) ʠ R(j) ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʦʮʝʥʢʠ ʨʘʟ-

ʙʨʦʩʘ (ʨʘʩʩʝʠʚʘʥʠʷ) ʟʥʘʯʝʥʠʡ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʚʝʣʠʯʠʥʳ. ʇʨʠ ʚʳʭʦ-

ʜʝ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ S(j) ʠ R(j) ʟʘ ʫʩʪʘʥʦʚʣʝʥʥʳʡ ʧʨʝʜʝʣ ʬʦʨ-

ʤʠʨʫʝʪʩʷ ʫʧʨʘʚʣʷʶʱʠʡ ʩʠʛʥʘʣ ʜʣʷ ʦʩʪʘʥʦʚʢʠ ʧʨʦʮʝʩʩʘ ʠ ʨʝʤʦʥʪʘ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. 

ʅʘ ʨʠʩ. 16 ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʭʝʤʘ ʢʦʥʪʨʦʣʴʥʦʡ ʢʘʨʪʳ ʜʣʷ ʨʘʟʤʝ-

ʱʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʢʘʯʝʩʪʚʘ 

ʟʘ ʧʝʨʠʦʜ ʚʳʧʫʩʢʘ ʧʣʘʥʠʨʫʝʤʦʛʦ ʦʙʲʝʤʘ ʧʨʦʜʫʢʮʠʠ.  
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ʈʠʩ. 16. ʉʭʝʤʘ ʢʦʥʪʨʦʣʴʥʦʡ ʢʘʨʪʳ 

 


