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ɍȾɄ 004.0- 519.854.001 
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Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ⱦɨɧɟɰɤ,  

alexandruckin@ramber.ru 

  
  
Ⱥɧɞɪɸɯɢɧ A.ɂ. ɉɨɥɟɬɚɟɜ ȼ.Ⱥ. Ɋɟɤɭɪɫɢɜɧɵɟ ɪɟɚɥɢɡɚɰɢɢ ɡɚɞɚɱ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ȼ 
ɪɚɛоɬе ɪɚɫɫɦоɬɪеɧɵ ɪеɤɭɪɫɢвɧɵе ɪеɚɥɢɡɚɰɢɢ ɢɡвеɫɬɧɵɯ  ɡɚɞɚɱ, ɪеɲɚеɦɵɯ ɫ ɩоɦощɶɸ ɦеɬоɞɚ 
ɞɢɧɚɦɢɱеɫɤоɝо ɩɪоɝɪɚɦɦɢɪовɚɧɢɹ. ɉɪеɞɫɬɚвɥеɧɵ ɡɚɞɚɱɚ оɩɬɢɦɚɥɶɧоɝо ɭɩɪɚвɥеɧɢɹ, ɡɚɞɚɱɚ 
оɩɬɢɦɚɥɶɧоɝо ɪɚɫɩɪеɞеɥеɧɢɹ ɪеɫɭɪɫов, ɡɚɞɚɱɚ оɩɬɢɦɚɥɶɧоɣ ɡɚɦеɧɵ оɛоɪɭɞовɚɧɢɹ. ɉɪɢвеɞеɧ оɛщɢɣ 
ɚɥɝоɪɢɬɦ ɪеɲеɧɢɹ ɡɚɞɚɱ ɞɢɧɚɦɢɱеɫɤоɝо ɩɪоɝɪɚɦɦɢɪовɚɧɢɹ. ɍɤɚɡɚɧɵ ɞоɫɬоɢɧɫɬвɚ ɢ ɧеɞоɫɬɚɬɤɢ 
ɩɪɢɦеɧеɧɢɹ ɩɪɢɧɰɢɩɚ Ȼеɥɥɦɚɧɚ ɢ ɪеɤɭɪɫɢɢ в ɩɪоɝɪɚɦɦɧɵɯ ɪеɚɥɢɡɚɰɢɹɯ. ɉɪɢвеɞеɧɵ  ɪеɡɭɥɶɬɚɬɵ 
ɤоɦɩɶɸɬеɪɧɵɯ ɪɚɫɱеɬов. ȼ ɪɚɫɱеɬɚɯ ɢɫɩоɥɶɡовɚɥɫɹ  ɩɚɤеɬ Mathematica.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚμ ɞɢɧɚɦɢɱеɫɤое ɩɪоɝɪɚɦɦɢɪовɚɧɢе, ɩɪɢɧɰɢɩ Ȼеɥɥɦɚɧɚ, ɪеɤɭɪɫɢɹ.  

ȼɜɟɞɟɧɢɟ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɩɟɪɚɰɢɣ ɡɚɧɢɦɚɟɬɫɹ 
ɢɡɭɱɟɧɢɟɦ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɡɚɞɚɱ ɭɩɪɚɜɥɟɧɢɹ, 
ɩɥɚɧɢɪɨɜɚɧɢɟɦ ɢ ɪɚɡɪɚɛɨɬɤɨɣ ɦɟɬɨɞɨɜ ɢɯ 
ɪɟɲɟɧɢɹ. Ⱦɢɧɚɦɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɤɚɤ 
ɨɞɢɧ ɢɡ ɪɚɡɞɟɥɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩɟɪɚɰɢɣ, 
ɩɪɟɞɩɨɥɚɝɚɟɬ , ɱɬɨ ɩɪɨɰɟɫɫ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɢ 
ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɛɢɬ ɧɚ ɨɬɞɟɥɶɧɵɟ 
ɱɚɫɬɢ ɢɥɢ ɷɬɚɩɵ, ɬ.ɟ. ɹɜɥɹɟɬɫɹ ɦɧɨɝɨɷɬɚɩɧɵɦ. 
Ɉɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɨɜ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɆȾɉ) ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ Ɋ.Ȼɟɥɥɦɚɧɚ Д1–5], 

ɤɨɬɨɪɵɣ ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɟɝɨ ɠɟ 
ɩɪɢɧɰɢɩɚ ɨɩɬɢɦɚɥɶɧɨɫɬɢ.  

Ɋɟɤɭɪɫɢɹ ɢ ɟɟ ɩɪɢɦɟɧɟɧɢɟ 

 

Ɉɬɜɟɬ ɧɚ ɜɨɩɪɨɫ ɨ ɧɭɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɪɟɤɭɪɫɢɢ ɜ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɧɟɩɪɨɫɬμ ɫ ɨɞɧɨɣ 
ɫɬɨɪɨɧɵ, ɨɛɵɱɧɨ ɫɬɚɪɚɸɬɫɹ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɪɟɤɭɪɫɢɸ ɜ ɩɪɨɝɪɚɦɦɚɯ ɜɫɥɟɞɫɬɜɢɟ ɩɨɧɢɠɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɫɬɚɪɚɸɬɫɹ ɟɟ ɢɫɤɨɪɟɧɹɬɶД6Ж.  C 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ ɢɫɫɥɟɞɭɟɦɚɹ ɩɪɨɛɥɟɦɚ 
ɹɜɥɹɟɬɫɹ ɩɨ ɫɜɨɟɣ ɫɭɬɢ ɪɟɤɭɪɫɢɜɧɨɣ, ɬɨ 
ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ  ɦɨɠɟɬ ɛɵɬɶ ɫɬɪɭɤɬɭɪɧɨ 
ɩɪɨɳɟ ɢ ɧɚɝɥɹɞɧɟɟ. Ɍɚɤɠɟ ɦɨɠɧɨ ɞɨɛɚɜɢɬɶ, ɱɬɨ 
ɨɤɪɭɠɚɸɳɢɣ ɧɚɫ ɦɢɪ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɪɨɦ 
ɝɥɨɛɚɥɶɧɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɤɭɪɫɢɢ ɫɨɝɥɚɫɧɨ 
ɪɚɛɨɬɚɦД7-8] ɢ ɞɪ., ɚ   ɪɟɤɭɪɫɢɹ ɜ ɫɨɜɪɟɦɟɧɧɵɯ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɹɡɵɤɚɯ ɬɢɩɚ Haskell ɹɜɥɹɟɬɫɹ 
ɟɞɢɧɫɬɜɟɧɧɵɦ ɫɩɨɫɨɛɨɦ ɨɪɝɚɧɢɡɚɰɢɢ ɰɢɤɥɚ. 

 Ɋɟɤɭɪɫɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɬɚɦ, ɝɞɟ ɨɧɚ 
ɟɫɬɟɫɬɜɟɧɧɨ  ɬɪɟɛɭɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɪɟɤɭɪɫɢɜɧɨɫɬɢ 
ɫɚɦɨɣ ɡɚɞɚɱɢ. ɉɪɢ ɷɬɨɦ  ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ 
ɩɪɨɝɪɚɦɦɵ ɢɦɟɟɬ ɦɚɥɨɟ ɡɧɚɱɟɧɢɟ ɢ  ɧɟ ɧɭɠɧɨ 
ɪɟɲɚɬɶ ɩɪɨɛɥɟɦɭ ɩɚɪɚɥɥɟɥɶɧɨɝɨ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɦɨɞɭɥɟɣ 
ɪɟɚɥɢɡɭɟɦɨɣ ɫɢɫɬɟɦɵ.  

ɉɪɢɦɟɪɵ ɪɟɚɥɢɡɚɰɢɢ ɮɭɧɤɰɢɢ Ⱥɤɤɟɪɦɚɧɚ ɜ 
ДλЖ ɩɨɤɚɡɚɬɟɥɶɧɵ ɜ ɷɬɨɦ ɩɥɚɧɟ. 

 

ɉɪɢɧɰɢɩ ɨɩɬɢɦɚɥɶɧɨɫɬɢ Ȼɟɥɥɦɚɧɚ 

 

ɂɡɜɟɫɬɧɵɣ ɩɪɢɧɰɢɩ Ȼɟɥɥɦɚɧɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, 
ɱɬɨ, ɩɪɢ ɥɸɛɨɦ  ɧɚɱɚɥɶɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɚ ɥɸɛɨɦ 
ɲɚɝɟ ɢ ɥɸɛɨɦ ɭɩɪɚɜɥɟɧɢɢ, ɜɵɛɪɚɧɧɨɦ ɧɚ ɷɬɨɦ 
ɲɚɝɟ, ɩɨɫɥɟɞɭɸɳɢɟ ɭɩɪɚɜɥɹɸɳɢɟ ɜɨɡɞɟɣɫɬɜɢɹ 
ɞɨɥɠɧɵ ɜɵɛɢɪɚɬɶɫɹ ɨɩɬɢɦɚɥɶɧɵɦɢ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɨɫɬɨɹɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɫɢɫɬɟɦɚ ɜ ɤɨɧɰɟ 
ɞɚɧɧɨɝɨ ɲɚɝɚ, ɬ.ɟ. ɧɟ ɨɧɢ ɧɟ ɡɚɜɢɫɹɬ ɨɬ 
ɩɪɟɞɵɫɬɨɪɢɢ.  

Ȼɨɥɟɟ ɞɟɬɚɥɶɧɨ, ɪɚɫɫɦɨɬɪɢɦ ɪɢɫ.1, ɧɚ 
ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ 
ɭɩɪɚɜɥɹɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɟɪɟɦɟɧɧɵɯ 
ɫɨɫɬɨɹɧɢɣ (x1,..,xi..,xn). Ɍɨɱɤɚ xS ɞɟɥɢɬ 
ɨɩɬɢɦɚɥɶɧɭɸ ɬɪɚɟɤɬɨɪɢɸ x0,xT  ɧɚ ɞɜɟ ɱɚɫɬɢ, 
ɤɨɬɨɪɵɟ ɨɛɨɡɧɚɱɟɧɵ 1 ɢ 2 ɧɚ ɪɢɫ.1. ɉɪɢɧɰɢɩ 
Ȼɟɥɥɦɚɧɚ ɝɥɚɫɢɬ, ɱɬɨ ɟɫɥɢ ɜɫɹ ɬɪɚɟɤɬɨɪɢɹ x0,xT 

ɨɩɬɢɦɚɥɶɧɚ, ɬɨ ɨɩɬɢɦɚɥɟɧ ɢ ɭɱɚɫɬɨɤ 2. 
 

 

 
 

 

Ɋɢɫɭɧɨɤ 1-Ɍɪɚɟɤɬɨɪɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ 

 

ɉɪɢɦɟɧɟɧɢɟ ɩɪɢɧɰɢɩɚ Ȼɟɥɥɦɚɧɚ ɡɚɱɚɫɬɭɸ 
ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜɵɛɪɚɧɧɨɟ ɧɚ ɞɚɧɧɨɦ ɲɚɝɟ 
ɭɩɪɚɜɥɟɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ ɥɨɤɚɥɶɧɨ ɥɭɱɲɢɦ, ɧɨ 

https://ru.wikipedia.org/wiki/Haskell
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ɛɭɞɟɬ ɨɩɬɢɦɚɥɶɧɵɦ ɩɨ ɝɥɨɛɚɥɶɧɨɦɭ ɤɪɢɬɟɪɢɸ 
ɜɫɟɝɨ ɦɧɨɝɨɷɬɚɩɧɨɝɨ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ. 
ɇɟɩɪɟɪɵɜɧɵɣ ɭɩɪɚɜɥɹɟɦɵɣ ɩɪɨɰɟɫɫ ɦɨɠɧɨ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɞɢɫɤɪɟɬɧɵɣ, ɭɫɥɨɜɧɨ ɪɚɡɛɢɜ 
ɟɝɨ ɧɚ ɜɪɟɦɟɧɧɵɟ ɨɬɪɟɡɤɢ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɧɟɬ 
ɮɨɪɦɚɥɶɧɨɝɨ ɦɟɬɨɞɚ ɪɚɡɛɢɟɧɢɹ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɧɚ 
ɷɬɚɩɵ ɢ ɡɞɟɫɶ ɜɫɟ ɡɚɜɢɫɢɬ ɨɬ ɭɦɟɧɢɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɹ. 
 

Ⱥɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɆȾɉ 

 

ɏɚɪɚɤɬɟɪɧɵɦ ɩɪɢɡɧɚɤɨɦ ɆȾɉ  ɹɜɥɹɟɬɫɹ 
ɧɟɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɡɚɞɚɱ, ɤɨɬɨɪɵɟ 
ɪɟɲɚɸɬɫɹ ɦɧɨɝɨɤɪɚɬɧɨ. 

ȼɜɢɞɭ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢɧɰɢɩɚ Ȼɟɥɥɦɚɧɚ 
ɫɥɟɞɭɸɳɢɦ ɨɬɥɢɱɢɬɟɥɶɧɵɦ ɫɜɨɣɫɬɜɨɦ  ɪɟɲɟɧɢɹ 
ɡɚɞɚɱ ɆȾɉ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɚɥɶɧɨɫɬɶ ɞɥɹ ɩɨɞɡɚɞɚɱ. 

Ɉɛɳɢɣ ɩɨɞɯɨɞ  ɩɨɫɬɪɨɟɧɢɹ ɚɥɝɨɪɢɬɦɨɜ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɆȾɉ ɨɩɪɟɞɟɥɢɦ ɫɥɟɞɭɸɳɢɦɢ 
ɩɭɧɤɬɚɦɢμ 

1.  ɑɟɬɤɚɹ ɮɨɪɦɭɥɢɪɨɜɤɚ ɩɪɨɛɥɟɦɵ. 
2. ȼɵɩɨɥɧɢɬɶ ɪɚɡɛɢɟɧɢɟ ɨɩɬɢɦɢɡɢɪɭɟɦɨɝɨ 

ɩɪɨɰɟɫɫɚ ɧɚ ɷɬɚɩɵ (ɷɬɨ ɢɫɤɭɫɫɬɜɨ, ɚ ɧɟ ɧɚɭɤɚ, ɱɬɨ 
ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɟɟ).  

3. ɇɚɩɢɫɚɬɶ ɪɟɤɭɪɪɟɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ, ɬ.ɟ 
ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɝɥɨɛɚɥɶɧɵɦ 
ɤɪɢɬɟɪɢɟɦ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɜɫɟɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ 
ɡɚɞɚɱɢ ɢ ɥɨɤɚɥɶɧɵɦɢ ɤɪɢɬɟɪɢɹɦɢ ɨɩɬɢɦɚɥɶɧɨɫɬɢ 
ɷɬɚɩɨɜ ɢɥɢ ɩɨɞɡɚɞɚɱ. ȼ  ɷɬɨɦ ɩɭɧɤɬɟ ɧɟɨɛɯɨɞɢɦɨ 
ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚɣɞɟɧɧɨɝɨ ɝɥɨɛɚɥɶɧɨɝɨ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɱɢɫɬɨ ɩɪɚɤɬɢɱɟɫɤɨɦ 
ɩɥɚɧɟ ɩɪɢ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɤɭɪɫɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 
ɧɟɨɛɯɨɞɢɦɨ ɹɜɧɨ ɭɤɚɡɵɜɚɬɶ ɭɫɥɨɜɢɟ ɜɵɯɨɞɚ ɢɡ 
ɪɟɤɭɪɫɢɢ. 

4. ɇɚɣɬɢ ɨɩɬɢɦɚɥɶɧɨɟ ɝɥɨɛɚɥɶɧɨɟ ɪɟɲɟɧɢɟ 
ɞɥɹ ɩɪɨɛɥɟɦɧɨɣ ɡɚɞɚɱɢ ɢɥɢ ɨɩɬɢɦɢɡɢɪɭɟɦɨɝɨ 
ɩɪɨɰɟɫɫɚ. ɉɪɢ ɪɟɤɭɪɫɢɜɧɨɦ ɪɟɲɟɧɢɢ ɢɫɩɨɥɶɡɭɟɦ 
ɫɬɪɚɬɟɝɢɸ ɪɟɲɟɧɢɹ ɫɜɟɪɯɭ ɜɧɢɡ ɬ.ɟ. ɛɟɪɟɦ 
ɝɥɨɛɚɥɶɧɭɸ ɡɚɞɚɱɭ, ɜ ɤɨɬɨɪɨɣ ɪɟɲɚɟɦ 
ɧɟɨɛɯɨɞɢɦɵɟ ɩɨɞɡɚɞɚɱɢ. ȼ ɩɪɨɬɢɜɧɨɦ ɫɥɭɱɚɟ 
ɢɫɩɨɥɶɡɭɟɦ ɫɬɪɚɬɟɝɢɸ ɫɧɢɡɭ ɜɜɟɪɯ, ɬ.ɟ. ɪɟɲɚɟɦ 
ɫɧɚɱɚɥɚ ɷɥɟɦɟɧɬɚɪɧɵɟ ɩɨɞɡɚɞɚɱɢ, ɩɨɬɨɦ ɧɚ 
ɫɥɟɞɭɸɳɟɣ ɢɬɟɪɚɰɢɢ ɩɨɞɡɚɞɚɱɢ, ɤɨɬɨɪɵɟ ɬɪɟɛɭɸɬ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɟɲɟɧɧɵɯ ɩɨɞɡɚɞɚɱ ɧɚ ɩɪɟɞɵɞɭɳɟɣ 
ɢɬɟɪɚɰɢɢ ɢ ɬ.ɞ., ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɪɟɲɟɧɚ ɝɥɨɛɚɥɶɧɚɹ 
ɩɪɨɛɥɟɦɚ. Ɉɛɵɱɧɨ ɩɨɫɥɟɞɧɢɣ ɩɨɞɯɨɞ ɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɦ . 

5. Ɋɟɲɢɬɶ ɡɚɞɚɱɭ ɨɛɪɚɬɧɨɝɨ ɯɨɞɚ, ɬ.ɟ. 
ɩɨɥɭɱɢɬɶ ɧɟ ɬɨɥɶɤɨ ɡɧɚɱɟɧɢɹ ɤɪɢɬɟɪɢɹ 
ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɪɟɲɟɧɢɹ, ɧɨ ɢ ɧɚɣɬɢ ɫɚɦɨ 
ɪɟɲɟɧɢɟ,  

 

Ɂɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɯɨɞ ɤ ɨɩɬɢɦɚɥɶɧɨɦɭ 
ɭɩɪɚɜɥɟɧɢɸ ɞɢɫɤɪɟɬɧɨɣ ɫɢɫɬɟɦɵ ɫɨɝɥɚɫɧɨ [1,10]. 

ɉɭɫɬɶ ɞɢɫɤɪɟɬɧɚɹ ɫɢɫɬɟɦɚ ɨɩɢɫɵɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɪɟɤɭɪɪɟɧɬɧɵɯ ɭɪɚɜɧɟɧɢɣ 
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Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɭɩɪɚɜɥɟɧɢɹ ɫ qN   

ɲɚɝɚɦɢ, ɢɦɟɸɳɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ɧɚɱɚɥɶɧɨɝɨ 
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ɉɨɫɥɟɞɧɟɟ ɫɨɨɬɧɨɲɟɧɢɟ ɹɜɥɹɟɬɫɹ 
ɱɚɫɬɧɵɦ ɜɚɪɢɚɧɬɨɦ ɭɪɚɜɧɟɧɢɹ Ȼɟɥɥɦɚɧɚ. 

ɉɪɢɦɟɧɢɦ ɷɬɢ ɛɚɡɨɜɵɟ ɫɨɨɬɧɨɲɟɧɢɹ  ɤ 
ɪɟɲɟɧɢɸ ɫɬɚɧɞɚɪɬɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɡɚɞɚɱɢ. 

 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɞɥɹ ɡɚɞɚɱɢ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ.  

 

ɉɭɫɬɶ ɬɪɚɟɤɬɨɪɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ x(t) 

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɪɚɜɧɟɧɢɸ  . 

ɇɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɦɢɧɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ 

 
ɩɪɢ ɭɫɥɨɜɢɹɯ  t0=5, t1=7, x(t0)=0, x(t1)=1, 

n=6, b=3. 
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ɑɢɫɥɨ ɲɚɝɨɜ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜɨɡɶɦɟɦ 
ɪɚɜɧɵɦ 8.  

ɉɪɹɦɚɹ ɢ ɪɟɤɭɪɫɢɜɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ 
ɪɟɚɥɢɡɚɰɢɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ.2. 

ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɞɨɫɬɨɢɧɫɬɜɨɦ 
ɪɟɤɭɪɫɢɜɧɨɣ ɪɟɚɥɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɧɟɢɡɦɟɧɹɟɦɵɣ 
ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɞ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɱɢɫɥɚ ɲɚɝɨɜ 
ɞɢɫɤɪɟɬɢɡɚɰɢɢ.  

 

Ɂɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɪɟɫɭɪɫɨɜ 

 

ɉɭɫɬɶ ɢɦɟɟɬɫɹ ɧɟɤɨɬɨɪɨɟ ɤɨɥɢɱɟɫɬɜɨ 
ɪɟɫɭɪɫɨɜ ɯ, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɩɪɟɞɟɥɢɬɶ 
ɦɟɠɞɭ N ɪɚɡɥɢɱɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɮɢɪɦɚɦɢ, 
ɨɛɴɟɤɬɚɦɢ, ɢ ɬ. ɞ. ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ 
ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɨɬ ɜɵɛɪɚɧɧɨɝɨ 
ɫɩɨɫɨɛɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ.  

ɉɪɢɦɟɦ ɫɥɟɞɭɸɳɢɟ  ɨɛɨɡɧɚɱɟɧɢɹμ  xi-

ɤɨɥɢɱɟɫɬɜɨ ɪɟɫɭɪɫɨɜ, ɜɵɞɟɥɟɧɧɵɯ i-ɦɭ 
ɩɪɟɞɩɪɢɹɬɢɸ, 

Rj(xi) - ɷɬɨ ɮɭɧɤɰɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɚ xi  j-ɦ ɦɟɪɨɩɪɢɹɬɢɟɦ; 

 fj(x)- ɤɪɢɬɟɪɢɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɯ-ɟɞɢɧɢɰ ɪɟɫɭɪɫɨɜ   ɩɟɪɜɵɦɢ j 

ɪɚɡɥɢɱɧɵɦɢ ɦɟɪɨɩɪɢɹɬɢɹɦɢ.  
ɉɨɫɬɪɨɢɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ ɷɬɨɣ 

ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɣ ɡɚɞɚɱɢμ  
 

Fn(x)=max∑ Rj(xj)  

ɩɪɢ ɭɫɥɨɜɢɢ , ɱɬɨ ∑ xj=x,   xj>0,   j=1,n 

 

Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ  
     F1(x)=R1(x),      

Fj(x)=max (Rj(z\)+Fj-1(x-z)),j=2,n  

 

 Ɍɟɦ ɫɚɦɵɦ ɦɵ ɩɨɥɭɱɢɥɢ ɪɟɤɭɪɪɟɧɬɧɵɟ  
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ Ȼɟɥɥɦɚɧɚ .  

Ɋɚɫɫɦɨɬɪɢɦ ɤɨɧɤɪɟɬɧɭɸ ɡɚɞɚɱɭ ɩɨ 
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɫɪɟɞɫɬɜ ɦɟɠɞɭ ɦɟɪɨɩɪɢɹɬɢɹɦɢ.  

 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɞɥɹ ɡɚɞɚɱɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɟɫɭɪɫɨɜ. 
  
ɋɨɜɟɬ ɞɢɪɟɤɬɨɪɨɜ ɪɚɫɫɦɚɬɪɢɜɚɟɬ 

ɩɪɟɞɥɨɠɟɧɢɹ  ɩɨ 4 ɦɟɪɨɩɪɢɹɬɢɹɦ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ.  

Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ   
ɫɨɜɟɬ ɞɢɪɟɤɬɨɪɨɜ ɜɵɞɟɥɹɟɬ ɫɪɟɞɫɬɜɚ ɜ ɨɛɴɟɦɟ 150 
ɭ.ɟ. ɫ ɞɢɫɤɪɟɬɧɨɫɬɶɸ 25   ɭ.ɟ. ɉɨɜɵɲɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ   ɡɚɜɢɫɢɬ ɨɬ 
ɜɵɞɟɥɟɧɧɨɣ ɫɭɦɦɵ ɧɚ ɤɚɠɞɨɟ ɦɟɪɨɩɪɢɹɬɢɟ. ɗɬɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ  ɜ ɬɚɛɥ. 1.  

ɇɚɣɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɪɟɞɫɬɜ ɦɟɠɞɭ 
ɦɟɪɨɩɪɢɹɬɢɹɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɦɚɤɫɢɦɚɥɶɧɵɣ 
ɩɪɢɪɨɫɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɬɪɭɞɚ, ɩɪɢɱɟɦ ɧɚ 
ɨɞɧɨ ɦɟɪɨɩɪɢɹɬɢɟ ɦɨɠɧɨ ɜɵɞɟɥɹɬɶ ɧɟ ɛɨɥɟɟ 
ɨɞɧɨɝɨ ɜɥɨɠɟɧɢɹ. Ɋɟɤɭɪɫɢɜɧɨɟ ɩɪɨɝɪɚɦɦɧɚɹ 
ɪɟɚɥɢɡɚɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.3 

 

Ɍɚɛɥɢɰɚ 1.ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 

Ɇɟɪɨɩɪɢɹɬɢɹ Ɉɛɴɟɦ ɜɥɨɠɟɧɢɣ    z  ɜ ɭ.ɟ. 
25 50 75 100 125 150 

Ɇɟɪɨɩɪɢɹɬɢɟ 

1 

R1(x) 

5 9 18 22 29 39 

Ɇɟɪɨɩɪɢɹɬɢɟ  
2 

R2(x) 

7 12 15 20 34 37 

Ɇɟɪɨɩɪɢɹɬɢɟ  
3 

R3(x) 

11 20 23 26 32 37 

Ɇɟɪɨɩɪɢɹɬɢɟ 

 4 

R4(x) 

6 15 24 30 36 38 

 

 

Ɂɚɞɚɱɚ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɚɬɟɝɢɢ 
ɡɚɦɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ  ɢ ɟɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 

 

ɉɪɨɛɥɟɦɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɪɨɟɧɢɢ 

ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɚɬɟɝɢɢ ɩɪɢ ɡɚɦɟɧɟ ɫɬɚɪɵɯ 
ɭɫɬɪɨɣɫɬɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ 
ɧɨɜɵɟ. ɋɬɚɪɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ  ɜɵɡɵɜɚɟɬ 
ɭɜɟɥɢɱɟɧɢɟ ɡɚɬɪɚɬ ɧɚ ɟɝɨ ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ, 
ɱɬɨ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɧɢɠɟɧɢɟ ɟɝɨ  
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ȿɫɬɟɫɬɜɟɧɧɨ ɜɨɡɧɢɤɚɟɬ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɞɢɧɚɦɢɱɟɫɤɢ ɨɬɫɥɟɠɢɜɚɬɶ  
ɜɪɟɦɟɧɧɨɣ ɦɨɦɟɧɬ , ɤɨɝɞɚ ɫɬɚɪɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɧɭɠɧɨ  ɡɚɦɟɧɢɬɶ ɧɨɜɵɦ ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ ɩɪɨɞɚɠɢ 
ɩɟɪɜɨɝɨ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɜɪɟɦɟɧɧɵɯ 
ɦɨɦɟɧɬɨɜ ɡɚɦɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɫɨɫɬɚɜɥɹɸɬ ɫɭɬɶ 
ɩɪɨɛɥɟɦɵ ɨɩɬɢɦɚɥɶɧɨɣ ɫɬɪɚɬɟɝɢɢ  ɡɚɦɟɧɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ.  

ȼ ɪɨɥɢ ɤɪɢɬɟɪɢɹ ɨɩɬɢɦɚɥɶɧɨɫɬɢ ɩɪɢ ɪɟɲɟɧɢɢ 
ɷɬɨɣ ɩɪɨɛɥɟɦɵ  ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚ ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ 

1)ɦɚɤɫɢɦɭɦ ɩɪɢɛɵɥɢ ɨɬ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɨɛɨɪɭɞɨɜɚɧɢɹ,  

2) ɦɢɧɢɦɭɦ ɨɛɳɢɯ ɡɚɬɪɚɬ ɧɚ ɷɤɫɩɥɭɚɬɚɰɢɸ, 
ɩɨɞɥɟɠɚɳɢɟ ɦɢɧɢɦɢɡɚɰɢɢ. 

ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ μ  
t-ɞɢɫɤɪɟɬɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, 
r(t)- ɫɬɨɢɦɨɫɬɶ ɩɪɨɞɭɤɰɢɢ, ɩɪɨɢɡɜɨɞɢɦɨɣ ɡɚ 

ɨɞɢɧ ɝɨɞ ɧɚ ɟɞɢɧɢɰɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚ t  ɥɟɬ, 
 u(t)- ɟɠɟɝɨɞɧɵɟ ɡɚɬɪɚɬɵ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ  
s(t) -ɨɫɬɚɬɨɱɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɜɨɡɪɚɫɬɚ ɥɟɬ; 
p - ɩɨɤɭɩɧɚɹ ɰɟɧɚ ɨɛɨɪɭɞɨɜɚɧɢɹ.  
Ɋɚɫɫɦɨɬɪɢɦ ɩɟɪɢɨɞ n  ɥɟɬ, ɜ ɩɪɟɞɟɥɚɯ 

ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɰɢɤɥ 
ɡɚɦɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ Fn(t)  ɦɚɤɫɢɦɚɥɶɧɵɣ ɞɨɯɨɞ, 
ɩɨɥɭɱɚɟɦɵɣ ɨɬ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚ t ɥɟɬ ɡɚ 
ɨɫɬɚɜɲɢɟɫɹ n ɥɟɬ ɰɢɤɥɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɭɫɥɨɜɢɢ ɨɩɬɢɦɚɥɶɧɨɣ  
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15 

 

 

 

Ɋɢɫɭɧɨɤ 2ɚ-ɉɪɹɦɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ,  ɤɚɤ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

 

  

 

Ɋɢɫɭɧɨɤ 2ɛ-Ɋɟɤɭɪɫɢɜɧɨɟ  ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, ɤɚɤ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 
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16 

 

ɫɬɪɚɬɟɝɢɢ. ȼɨɡɪɚɫɬ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɨɬɫɱɢɬɵɜɚɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɬɟɱɟɧɢɹ ɩɪɨɰɟɫɫɚ. 
ɋɱɢɬɚɟɦ, ɱɬɨ t=0  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɜɚɪɢɚɧɬɭ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 ȼɪɟɦɟɧɧɵɟ ɷɬɚɩɵ ɩɪɨɰɟɫɫɚ ɧɭɦɟɪɭɸɬɫɹ ɜ 

ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɯɨɞɭ 
ɩɪɨɰɟɫɫɚ ɢ ɧɭɦɟɪɚɰɢɹ k ɷɬɚɩɨɜ ɢ  t-ɜɨɡɪɚɫɬ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɬɚɛ.2. 

 

Ɍɚɛɥɢɰɚ 2.ɇɭɦɟɪɚɰɢɹ  ɷɬɚɩɨɜ ɢ ɜɨɡɪɚɫɬɚ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɗɬɚɩɵ-   k n n-1 n-2 … 1 0 

 ȼɨɡɪɚɫɬ-t 

ɨɛɨɪɭɞɨɜɚɧɢɹ 

0 1 2 … t-1 t 

 

  ɇɚ ɤɚɠɞɨɦ ɷɬɚɩɟ k=1,.. n  ɧɟɨɛɯɨɞɢɦɨ  
ɩɪɢɧɹɬɶ ɪɟɲɟɧɢɟ ɩɨ ɡɚɦɟɧɟ ɨɛɨɪɭɞɨɜɚɧɢɹ.   

Ʉɪɢɬɟɪɢɟɦ ɞɥɹ ɪɟɲɟɧɢɹ ɹɜɥɹɟɬɫɹ 
ɦɚɤɫɢɦɢɡɚɰɢɹ  ɩɪɢɛɵɥɢ.  

Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ 
ɩɪɢɧɰɢɩɟ ɨɩɬɢɦɚɥɶɧɨɫɬɢ, ɢɦɟɸɬ ɜɢɞμ 

 

 f1(t)=max(r(t)-u(t),s(t)-p+r(0)-u(0))             (1) 

fk(t)=max(r(t)-u(t)+f(t+1),s(t)-p+r(0)-u(0))    (2) 

     ɩɪɢ ɤ=2,..,n   

 

ɍɪɚɜɧɟɧɢɟ (1) ɨɩɢɫɵɜɚɟɬ ɨɞɧɨɷɬɚɩɧɵɣ 
ɩɪɨɰɟɫɫ, ɚ ɭɪɚɜɧɟɧɢɟ  (2)  ɩɪɨɰɟɫɫ ɫ n- ɷɬɚɩɚɦɢ.  

Ɉɛɚ ɭɪɚɜɧɟɧɢɹ ɫɨɫɬɨɹɬ ɢɡ ɞɜɭɯ ɱɚɫɬɟɣμ ɩɟɪɜɚɹ 
ɱɚɫɬɶ ɨɩɪɟɞɟɥɹɟɬ ɞɨɯɨɞ, ɩɨɥɭɱɚɟɦɵɣ ɩɪɢ 
ɫɨɯɪɚɧɟɧɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ; ɜɬɨɪɚɹ ɱɚɫɬɶ — ɞɨɯɨɞ, 
ɩɨɥɭɱɚɟɦɵɣ ɩɪɢ ɡɚɦɟɧɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɧɨɜɨɟ.  

ȼ ɭɪɚɜɧɟɧɢɢ (2) ɮɭɧɤɰɢɹ r(t)-u(t) ɟɫɬɶ 
ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɫɬɨɢɦɨɫɬɶɸ ɩɪɨɢɡɜɟɞɟɧɧɨɣ 
ɩɪɨɞɭɤɰɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɢɡɞɟɪɠɤɚɦɢ ɧɚ 
k –ɦ ɷɬɚɩɟ ɩɪɨɰɟɫɫɚ. 

 Ɏɭɧɤɰɢɹ Fk-1(t+1)  ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɭɦɦɚɪɧɭɸ 
ɩɪɢɛɵɥɶ ɨɬ ɨɫɬɚɜɲɢɯɫɹ k-1 ɷɬɚɩɨɜ ɞɥɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɨɡɪɚɫɬ ɤɨɬɨɪɨɝɨ ɜ ɧɚɱɚɥɟ 
ɪɟɚɥɢɡɚɰɢɢ ɷɬɢɯ ɷɬɚɩɨɜ ɫɨɫɬɚɜɥɹɟɬ t+1 ɥɟɬ. ȼɬɨɪɚɹ 
ɱɚɫɬɶ (2) ɷɤɫɩɥɢɰɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 
ɨɧɚ ɨɩɪɟɞɟɥɹɟɬ ɱɢɫɬɵɟ ɢɡɞɟɪɠɤɢ ɩɨ ɡɚɦɟɧɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɨɡɪɚɫɬ ɤɨɬɨɪɨɝɨ  t ɥɟɬ. Ɏɭɧɤɰɢɹ 
r(0) ɨɩɪɟɞɟɥɹɟɬ ɞɨɯɨɞ, ɩɨɥɭɱɚɟɦɵɣ ɨɬ ɧɨɜɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨɡɪɚɫɬɚ 0 ɥɟɬ.  ɉɪɟɞɩɨɥɚɝɚɟɦ 

ɦɝɧɨɜɟɧɧɵɣ  ɩɟɪɟɯɨɞ  ɨɬ ɪɚɛɨɬɵ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ 
ɜɨɡɪɚɫɬɚ t ɥɟɬ ɤ ɪɚɛɨɬɟ ɧɚ ɧɨɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ.  

Ɏɭɧɤɰɢɹ Fn-1(t+1)  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɯɨɞ 
ɨɬ ɨɫɬɚɜɲɢɯɫɹ k-1  ɷɬɚɩɨɜ (F0(t)=0)  , ɞɨ ɧɚɱɚɥɚ 
ɜɵɩɨɥɧɟɧɢɹ ɤɨɬɨɪɵɯ ɜɨɡɪɚɫɬ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɫɨɫɬɚɜɥɹɟɬ ɨɞɢɧ ɝɨɞ.  Ⱥɧɚɥɨɝɢɱɧɚɹ ɷɤɫɩɥɢɤɚɰɢɹ 
ɞɥɹ ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɨɞɧɨɷɬɚɩɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɧɨ ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɬ ɫɥɚɝɚɟɦɨɝɨ ɜɢɞɚ F0(t+1)   , ɬɚɤ ɤɚɤ 
k ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ 1, 2,…, n.  

Ɋɚɫɫɦɚɬɪɢɜɚɟɦɵɟ ɭɪɚɜɧɟɧɢɹ (1) ɢ (2) 
ɹɜɥɹɸɬɫɹ ɪɟɤɭɪɪɟɧɬɧɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ 
ɭɪɚɜɧɟɧɢɹɦɢ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɢɬɶ 
ɜɟɥɢɱɢɧɭ Fk(t)   ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ Fk-1(t+1)  . 

 

 

ɉɪɢɦɟɪ ɪɚɫɱɟɬɚ ɡɚɞɚɱɢ ɨɩɬɢɦɚɥɶɧɨɣ 
ɡɚɦɟɧɵ ɨɛɨɪɭɞɨɜɚɧɢɹ 
 

Ɉɩɪɟɞɟɥɢɬɶ ɨɩɬɢɦɚɥɶɧɵɣ ɰɢɤɥ ɡɚɦɟɧɵ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ           
p=0,s(t)=0, f(t)= r(t)-u(t). Ɉɫɬɚɥɶɧɵɟ ɞɚɧɧɵɟ, 
ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɨɩɪɟɞɟɥɟɧɵ ɜ                                                  
ɪɟɤɭɪɫɢɜɧɨɣ ɩɪɨɝɪɚɦɦɧɨɣ  ɪɟɚɥɢɡɚɰɢɹ, ɤɨɬɨɪɚɹ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ.4. 
 

ȼɵɜɨɞɵ  
 

ɇɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɦɟɬɨɞ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ  ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚɦɢ.  

ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ ɭɫɥɨɜɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 
ɢɦɟɸɬ ɫɥɭɱɚɣɧɭɸ ɩɪɢɪɨɞɭ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ  
ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɜɟɪɨɹɬɧɨɫɬɢ ɢ 
ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ ɩɪɨɰɟɫɫɨɜ 
ɭɩɪɚɜɥɟɧɢɹ. ȿɫɥɢ ɠɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɫɜɹɡɚɧɚ  ɫ 
ɚɤɬɢɜɧɵɦ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɣ ɪɟɚɤɰɢɟɣ ɜɧɟɲɧɟɣ 
ɫɪɟɞɵ, ɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞɵ ɬɟɨɪɢɢ 
ɢɝɪ. ɉɨɫɥɟɞɧɢɟ ɦɵ ɢɫɩɨɥɶɡɭɟɦ ɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ  
ɧɟɨɛɯɨɞɢɦɨ ɨɛɟɫɩɟɱɢɬɶ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɣ 
ɪɟɡɭɥɶɬɚɬ ɥɢɛɨ ɨɬɫɟɱɶ ɜɚɪɢɚɧɬɵ ɪɟɚɥɢɡɚɰɢɢ 
ɯɭɞɲɢɯ ɧɟɭɩɪɚɜɥɹɟɦɵɯ ɜɨɡɞɟɣɫɬɜɢɣ.  

Ɇɟɬɨɞɵ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ 
ɬɚɤɠɟ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ 
ɨɩɬɢɦɚɥɶɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɨɩɪɟɞɟɥɟɧɢɹ  
ɷɤɫɬɪɟɦɭɦɨɜ ɢ ɤɨɪɧɟɣ  ɮɭɧɤɰɢɣ. 

Ɉɞɧɚɤɨ ɧɚɪɹɞɭ ɫ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɢ ɦɚɥɵɦ 
ɨɛɴɟɦɨɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɞɚ (ɯɨɬɹ  ɩɥɨɯɨ 
ɩɨɧɢɦɚɟɦɨɝɨ ɢ ɬɪɭɞɧɨ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɝɨ ɜɨ 
ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ) ɟɫɬɶ ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɟɞɨɫɬɚɬɤɢ.  

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɦɨɠɧɨ ɭɤɚɡɚɬɶ, ɱɬɨ ɦɟɬɨɞ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜ 
ɫɭɳɧɨɫɬɢ ɩɪɨɫɬɵɦ ɩɟɪɟɛɨɪɨɦ ɜɫɟɜɨɡɦɨɠɧɵɯ 
ɪɟɲɟɧɢɣ, ɯɨɬɹ ɢ ɷɤɨɧɨɦɧɵɦ ɜɜɢɞɭ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɱɢɫɥɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɟɞɵɞɭɳɢɯ ɷɬɚɩɚ ɧɚ 
ɬɟɤɭɳɟɦ. ɉɨɷɬɨɦɭ ɛɵɫɬɪɵɣ ɪɨɫɬ ɜɚɪɢɚɧɬɨɜ 
ɪɟɲɟɧɢɹ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɜɚɠɧɨɫɬɶ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 
ɩɪɨɤɥɹɬɢɹ ɪɚɡɦɟɪɧɨɫɬɢ, ɱɬɨ ɩɨɞɱɟɪɤɢɜɚɥ  
Ɋ.Ȼɟɥɥɦɚɧ.  

Ⱦɥɹ ɷɬɨɝɨ ɜɨɡɦɨɠɧɵ ɫɥɟɞɭɸɳɢɟ ɨɫɧɨɜɧɵɟ 
ɩɭɬɢ: 

1) ɫɭɳɟɫɬɜɟɧɧɨ ɠɟɪɬɜɨɜɚɬɶ ɬɨɱɧɨɫɬɶɸ 
ɜɵɱɢɫɥɟɧɢɣ; 

2) ɨɩɪɟɞɟɥɹɬɶ ɩɪɢɛɥɢɠɟɧɧɵɟ ɭɩɪɚɜɥɹɸɳɢɟ 
ɜɨɡɞɟɣɫɬɜɢɹ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɬɪɚɟɤɬɨɪɢɢ 
ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɹɜɥɹɬɶɫɹ 
ɝɥɨɛɚɥɶɧɨ ɨɩɬɢɦɚɥɶɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɦɚɥɵɦ 
(ɥɨɤɚɥɶɧɵɦ)  ɜɚɪɢɚɰɢɹɦ ɧɚɯɨɞɢɦɵɯ 
ɩɪɢɛɥɢɠɟɧɢɣ. 

Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɪɢɦɟɪɵ ɩɪɨɝɪɚɦɦɧɵɯ 
ɪɟɚɥɢɡɚɰɢɣ ɨɛɪɚɡɰɨɜ ɩɪɢɦɟɧɟɧɢɹ ɆȾɉ ɧɚ ɹɡɵɤɚɯ 
ɋ, Java, ɚ ɬɚɤɠɟ ɜ ɩɚɤɟɬɚɯ  Mathlab, Maple 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ Д10-13].  
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Ⱥɧɞɪɸɯɢɧ A.ȱ. ɉɨɥєɬɚєɜ ȼ.Ⱥ. Ɋɟɤɭɪɫɢɜɧɿ ɪɟɚɥɿɡɚɰɿʀ ɡɚɜɞɚɧɶ ɞɢɧɚɦɿɱɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ. ȼ ɪоɛоɬɿ ɪоɡɝɥɹɧɭɬɿ 
ɪеɤɭɪɫɢвɧɿ ɪеɚɥɿɡɚɰɿʀ вɿɞоɦɢɯ ɡɚɞɚɱ вɢɪɿɲɭɸɬɶɫɹ ɡɚ ɞоɩоɦоɝоɸ ɦеɬоɞɭ ɞɢɧɚɦɿɱɧоɝо ɩɪоɝɪɚɦɭвɚɧɧɹ. 
ɉɪеɞɫɬɚвɥеɧɿ ɡɚвɞɚɧɧɹ оɩɬɢɦɚɥɶɧоɝо ɭɩɪɚвɥɿɧɧɹ, ɡɚвɞɚɧɧɹ оɩɬɢɦɚɥɶɧоɝо ɪоɡɩоɞɿɥɭ ɪеɫɭɪɫɿв, ɡɚвɞɚɧɧɹ 
оɩɬɢɦɚɥɶɧоʀ ɡɚɦɿɧɢ оɛɥɚɞɧɚɧɧɹ. ɇɚвеɞеɧо ɡɚɝɚɥɶɧɢɣ ɚɥɝоɪɢɬɦ вɢɪɿɲеɧɧɹ ɡɚɞɚɱ ɞɢɧɚɦɿɱɧоɝо ɩɪоɝɪɚɦɭвɚɧɧɹ. 
ȼɤɚɡɚɧɿ ɩеɪевɚɝɢ ɿ ɧеɞоɥɿɤɢ ɡɚɫɬоɫɭвɚɧɧɹ ɩɪɢɧɰɢɩɭ Ȼеɥɥɦɚɧɚ ɿ ɪеɤɭɪɫɿʀ в ɩɪоɝɪɚɦɧɢɯ ɪеɚɥɿɡɚɰɿɹɯ. ɇɚвеɞеɧо 
ɪеɡɭɥɶɬɚɬɢ ɤоɦɩ'ɸɬеɪɧɢɯ ɪɚɫɱеɬов. ȼ ɪоɡɪɚɯɭɧɤɚɯ вɢɤоɪɢɫɬовɭвɚвɫɹ ɩɚɤеɬ MКtСОmКtТМК. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɞɢɧɚɦɿɱɧе ɩɪоɝɪɚɦɭвɚɧɧɹ, ɩɪɢɧɰɢɩ Ȼеɥɥɦɚɧɚ, ɪеɤɭɪɫɿɹ. 
 

 

Andruckin A.I., Poletaev V.A. Recursive implementation of dynamic programming problems. The paper discusses the 

recursive implementation of the known problems that can be solved using dynamic programming method. The optimal 

control problem, the problem of optimal allocation of resources, the problem of optimal replacement equipment are 

presented. General algorithm for solving dynamic programming problems presented. Advantages and disadvantages of 

the application of the principle of Bellman and recursion are discussed in software implementations. Сomputing results 

are shown. Mathematica package was used in the calculations. 
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