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Ɉ.Ɇ. ɒɜɟɰ1
 

ɋɈȼȿɊɒȿɇɋɌȼɈȼȺɇɂȿ ɆɈɇɂɌɈɊɂɇȽȺ ɂ ɍɉɊȺȼɅȿɇɂə  
ȺȼɌɈɆȺɌɂɁɂɊɈȼȺɇɇɕɆɂ ɉɊɈɐȿɋɋȺɆɂ ɗɄɋɉɅɍȺɌȺɐɂɂ  

ɀȿɅȿɁɇɈȾɈɊɈɀɇɈȽɈ ɌɊȺɇɋɉɈɊɌȺ ɆȿɌɈȾȺɆɂ ɂɇɌȿɅɅȿɄɌɍȺɅɖɇɕɏ ɋɂɋɌȿɆ 

ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɩɪɨ-
ɰɟɫɫɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɭ-
ɸɬ ɫɪɟɞɫɬɜɚ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ ɢ ɩɨɡɜɨɥɹɸɬ ɨɩɪɟɞɟɥɹɬɶ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɬɶ 
ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦ. 

ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ  
ɫɥɨɠɧɵɯ ɬɟɯɧɨɥɨɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢɥɢ ɢɯ ɤɨɦɩɨɧɟɧɬɨɜ 

ɋɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɷɥɟɦɟɧɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢ-
ɫɬɟɦ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. Ɂɚɞɚɱɚ ɩɨɜɵ-
ɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɬɟɯɧɨɥɨɝɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢɥɢ ɢɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

Ⱦɚɧ ɩɚɪɤ ɷɥɟɦɟɧɬɨɜ (ɨɛɴɟɤɬɨɜ) ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ. Ɍɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴ-
ɟɤɬɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɫɧɢɦɚɟɦɨɝɨ ɫ ɧɟɝɨ ɫɢɝɧɚɥɚ. Ⱦɚɧɨ ɦɧɨɠɟɫɬɜɨ ɷɬɚɥɨɧ-
ɧɵɯ ɨɛɴɟɤɬɨɜ, ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɨɬɨɪɵɯ ɢɡɜɟɫɬɧɨ. Ɍɚɤɠɟ ɞɚɧɵ ɪɟɫɭɪɫɵ, ɧɟɨɛɯɨ-
ɞɢɦɵɟ ɢɥɢ ɠɟ ɜɵɞɟɥɟɧɧɵɟ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɨɛɴɟɤɬɨɜ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɨɛɴɟɤɬɨɜ 
ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɬɟɤɭɳɟɟ ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɨɦɩɨɧɟɧɬɨɜ ɫɢɫɬɟɦɵ (ɦɨɧɢɬɨ-
ɪɢɧɝ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ). Ɋɟɡɭɥɶɬɚɬɨɦ ɦɨɧɢɬɨɪɢɧɝɚ ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɚ ɩɪɢɧɚɞɥɟɠ-
ɧɨɫɬɢ ɨɛɴɟɤɬɚ ɤ ɤɥɚɫɫɭ ɢɫɩɪɚɜɧɨɝɨ ɢɥɢ ɤ ɤɥɚɫɫɭ ɧɟɢɫɩɪɚɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ. ȿɫɥɢ ɜɵɹɜɥɟ-
ɧɨ ɧɟɢɫɩɪɚɜɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ, ɬɨ ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɜɢɞ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɢ ɩɨ-
ɥɭɱɢɬɶ ɨɰɟɧɤɭ ɞɨɫɬɨɜɟɪɧɨɫɬɢ. ɇɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɦɨɧɢɬɨɪɢɧɝɚ ɨɛɴɟɤɬɨɜ ɬɪɟɛɭɟɬɫɹ 
ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɭɫɬɚɧɨɜɢɬɶ ɪɚɰɢɨɧɚɥɶ-
ɧɭɸ ɨɱɟɪɟɞɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɷɥɟɦɟɧɬɨɜ ɜ ɫɥɭɱɚɟ ɨɝɪɚɧɢɱɟɧɧɵɯ ɪɟɫɭɪɫɨɜ. 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɬɟɯɧɨɥɨɝɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɩɨɡɜɨɥɢɬ ɪɟɚɥɢɡɨɜɚɬɶ ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɬɟɯɧɢɱɟɫɤɨ-
ɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ, ɱɬɨ ɩɪɢɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɟɯɧɢɱɟ-
ɫɤɨɣ ɫɢɫɬɟɦɵ. ɋɜɨɟɜɪɟɦɟɧɧɚɹ ɞɢɚɝɧɨɫɬɢɤɚ ɩɨɡɜɨɥɢɬ ɫɧɢɡɢɬɶ ɢɡɞɟɪɠɤɢ, ɜɵɡɜɚɧɧɵɟ 
ɩɪɨɫɬɨɟɦ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɢ ɭɦɟɧɶɲɢɬɶ ɡɚɬɪɚɬɵ ɧɚ ɢɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ. ɉɪɨɝɧɨɡɢɪɨ-
ɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɨɜ ɩɨɡɜɨɥɢɬ ɪɟɚɥɢɡɨɜɚɬɶ ɩɥɚɧɢɪɨɜɚɧɢɟ ɩɪɨɰɟɫ-
ɫɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ «ɩɨ ɬɟɤɭɳɟɦɭ ɫɨɫɬɨɹɧɢɸ». 

Ⱦɢɚɝɧɨɫɬɢɪɨɜɚɧɢɟ ɫɨɫɬɨяɧɢɣ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ  
ɫɪɟɞɫɬɜɚɦɢ ɧɟɱɟɬɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɷɤɫɩɟɪɬɧɵɯ ɫɢɫɬɟɦ 

ȼ ɪɚɛɨɬɟ Д1Ж ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɤɫɩɟɪɬɧɚɹ ɫɢɫɬɟɦɚ (ɗɋ) ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɩɨ 
ɞɚɧɧɵɦ ɢɯ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ. Ɉɫɧɨɜɨɣ ɗɋ ɹɜɥɹɟɬɫɹ ɛɚɡɚ ɧɟɱɟɬɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɚ-
ɜɢɥ (Ȼɇɋɉ) Д2Ж ɢ ɦɟɬɨɞ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ Д3Ж. ɇɟɱɟɬɤɚɹ ɤɨɦɩɨɧɟɧɬɚ Ȼɇɋɉ ɨɬɪɚɠɚɟɬ 
ɫɭɛɴɟɤɬɢɜɧɵɟ ɡɧɚɧɢɹ ɷɤɫɩɟɪɬɚ ɨ ɱɚɫɬɨɬɧɨɦ ɫɩɟɤɬɪɟ ɨɛɴɟɤɬɨɜ. ɋɬɚɬɢɫɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜ-

                                            
1
 ɒɜɟɰ Ɉ.Ɇ. – ɤ.ɬ.ɧ., ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ, Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɠɟ-

ɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ ȼ. Ʌɚɡɚɪɹɧɚ (ɝ. Ⱦɧɟɩɪɨɩɟɬɪɨɜɫɤ, ɍɤɪɚɢɧɚ) 
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ɥɹɸɳɚɹ Ȼɇɋɉ ɨɬɨɛɪɚɠɚɟɬ ɮɚɤɬɢɱɟɫɤɢɣ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɷɬɚɥɨɧɧɵɯ ɨɛɴɟɤɬɨɜ ɤɥɚɫ-
ɫɢɮɢɤɚɰɢɢ ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɜ ɩɪɨɰɟɫɫɟ ɚɞɚɩɬɚɰɢɢ ɗɋ. 

ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɬɪɭɤɬɭɪɚ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ ɧɟɱɟɬɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɩɨ ɱɚɫɬɨɬɧɨɦɭ ɫɩɟɤɬɪɭ. 

Ɋɢɫ. 1. ɋɬɪɭɤɬɭɪɚ ɷɤɫɩɟɪɬɧɨɣ ɫɢɫɬɟɦɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɩɨ ɱɚɫɬɨɬɧɨɦɭ ɫɩɟɤɬɪɭ 
ɧɚ ɨɫɧɨɜɟ ɚɞɚɩɬɢɜɧɨɣ ɛɚɡɵ ɧɟɱɟɬɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɚɜɢɥ 

 

ɋɧɹɬɵɣ ɫ ɨɛɴɟɤɬɚ ɫɢɝɧɚɥ ɩɨɞɚɟɬɫɹ ɧɚ Ⱥɐɉ ɞɥɹ ɞɢɫɤɪɟɬɢɡɚɰɢɢ. ɑɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ 
ɫɢɝɧɚɥɚ ɨɛɴɟɤɬɚ ɩɨɥɭɱɚɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ȻɉɎ). Ɋɟ-
ɡɭɥɶɬɚɬɨɦ ȻɉɎ ɹɜɥɹɟɬɫɹ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɨɛɴɟɤɬɚ ɦɧɨɠɟɫɬɜɨɦ ɝɚɪɦɨɧɢɤ 

Hi
NihH ,1},{   ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ. ɑɚɫɬɨɬɧɨɟ ɪɚɡɪɟɲɟɧɢɟ ɝɚɪɦɨɧɢɤ f  ɩɪɢ 

ɷɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 
h

N

f
f max  Ƚɰ, ɝɞɟ 

max
f – ɦɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɫɩɟɤɬɪɚ ɞɢɫɤɪɟɬɢɡɢɪɨ-

ɜɚɧɧɨɝɨ ɫɢɝɧɚɥɚ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɴɟɤɬɚ. ɑɚɫɬɨɬɚ 
i

h  ɝɚɪɦɨɧɢɤɢ ɪɚɜɧɚ 

Hi
Nifif ,1,*   Ƚɰ. Ʉɚɠɞɚɹ ɝɚɪɦɨɧɢɤɚ ɜ ɦɧɨɠɟɫɬɜɟ }{

i
h  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɩɚɪɨɣ ɤɨ-

ɷɮɮɢɰɢɟɧɬɨɜ  
Hii

Ni ,1,Im,Re  . Ⱦɥɹ ɤɚɠɞɨɣ ɝɚɪɦɨɧɢɤɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɜɵ-

ɱɢɫɥɹɟɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɱɚɫɬɨɬɵ 
i

I  ɫɨɝɥɚɫɧɨ 

 
Hiii

NiI ,1,ImRe
22  . (1) 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɛɚɡɵ ɩɪɚɜɢɥ ɗɋ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 
Ɍɚɤɚɝɢ-ɋɭɝɟɧɨ Д3Ж ɢ ɦɟɬɨɞ ɧɟɱɟɬɤɨ-ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ (ɇɋɍ) Д2Ж. ȼ ɪɚɦɤɚɯ ɦɟ-
ɬɨɞɚ ɇɋɍ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɜɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ ɧɟɱɟɬɤɨɦɭ ɦɧɨɠɟɫɬɜɭ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ  , ɩɨɫɬɪɨɟɧɧɚɹ ɧɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ 
ɞɚɧɧɵɯ ɜɯɨɞɧɨɣ ɜɟɥɢɱɢɧɵ. 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ 
l

c  ɫɭɳɟɫɬɜɭɟɬ ɫɜɨɟ ɩɪɚɜɢɥɨ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɫɬɟɩɟɧɶ ɩɪɢɧɚɞ-

ɥɟɠɧɨɫɬɢ ɨɛɴɟɤɬɚ 
j

b  ɤ ɤɥɚɫɫɭ 
l

c . ɉɪɚɜɢɥɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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ɝɞɟ l

i
I  – ɧɟɱɟɬɤɨɟ ɦɧɨɠɟɫɬɜɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ i-ɨɣ ɝɚɪɦɨɧɢɤɢ Х-ɝɨ ɤɥɚɫɫɚ ɨɛɴɟɤɬɨɜ, ɩɪɟɞ-

ɫɬɚɜɥɟɧɧɨɟ ɮɭɧɤɰɢɟɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ l

i
  ɢ ɮɭɧɤɰɢɟɣ ɩɥɨɬɧɨɫɬɢ l

i
 ; 

 l
f  – ɮɭɧɤɰɢɹ 

ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɫɬɟɩɟɧɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ l

j
S  ɨɛɴɟɤɬɚ 

j
b  ɤ ɤɥɚɫɫɭ 

l
c . 

Ⱦɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ Ȼɇɋɉ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɮɭɧɤɰɢɢ l

i
  ɢ l

i
  

HC
NiNl ,1,,1  . 

Ɏɭɧɤɰɢɢ l

i
  ɨɩɪɟɞɟɥɹɸɬɫɹ ɷɤɫɩɟɪɬɨɦ ɫɭɛɴɟɤɬɢɜɧɨ ɧɚ ɨɫɧɨɜɚɧɢɢ ɟɝɨ ɡɧɚɧɢɣ ɨ ɱɚɫɬɨɬ-

ɧɨɦ ɫɩɟɤɬɪɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɴɟɤɬɨɜ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɣ l

i
  ɗɋ ɞɨɥɠɧɚ ɛɵɬɶ 

ɨɛɭɱɟɧɚ ɧɚ ɦɧɨɠɟɫɬɜɟ ɨɛɭɱɚɸɳɢɯ ɨɛɴɟɤɬɨɜ P . ɑɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɤɚɠɞɨɝɨ ɨɛɭɱɚɸɳɟɝɨ 

ɨɛɴɟɤɬɚ 
a

p  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɧɨɠɟɫɬɜɨɦ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɝɚɪɦɨɧɢɤ 
H

a

i
NiI ,1},{  . Ⱦɢɚ-

ɩɚɡɨɧ ɮɚɤɬɢɱɟɫɤɢɯ ɡɧɚɱɟɧɢɣ a

i
I  ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ l

T
N  ɪɚɜɧɵɯ ɢɧɬɟɪɜɚɥɨɜ. Ʉɚɠɞɵɣ ɨɛɭ-

ɱɚɸɳɢɣ ɨɛɴɟɤɬ 
a

p  ɩɪɢɧɚɞɥɟɠɢɬ ɧɟɤɨɬɨɪɨɦɭ ɤɥɚɫɫɭ ɨɛɴɟɤɬɨɜ 
l

c . ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɤɚɠ-

ɞɨɦɭ 
l

c  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɱɢɫɥɚ ɢɧɬɟɪɜɚɥɨɜ 
C

l

T
NlN ,1,   . 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɗɋ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɨɛɴɟɤɬɨɜ ɩɨ ɱɚɫɬɨɬɧɨɦɭ ɫɩɟɤɬɪɭ ɧɚ ɨɫɧɨɜɟ 
ɚɞɚɩɬɢɜɧɨɣ Ȼɇɋɉ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɨɝɨ ɤɨɦ-
ɩɥɟɤɫɚ ɞɢɚɝɧɨɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ (ɗȾ). ɉɪɨɜɨɞɢɥɚɫɶ ɞɢɚɝɧɨɫɬɢɤɚ ɗȾ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɨɜ ɦɨɞɟɥɟɣ Ⱦɉ 0.18, Ⱦɉ 0.25, Ɇɋɉ 0.15 ɢ 
Ɇɋɉ 0.25. 

ɉɪɢɦɟɪ ɪɟɚɥɢɡɚɰɢɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ  ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ –  

– ɷɤɫɩɥɭɚɬɚɰɢя ɩɚɪɤɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ  
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɨɜ 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɢ ɩɨɫɬɨɹɧɧɨɝɨ ɬɨɤɚ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɬɪɚɧɫɩɨɪɬɟ, ɝɞɟ ɨɛɫɥɭɠɢɜɚɧɢɟ ɢ ɪɟɦɨɧɬ ɗȾ 
ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɨɜ ɜɵɩɨɥɧɹɟɬɫɹ ɩɨ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɦɭ ɦɟɬɨɞɭ. ɉɪɢ 
ɷɬɨɦ ɩɪɨɜɨɞɢɬɫɹ ɢɫɤɥɸɱɟɧɢɟ ɗȾ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢ-
ɚɥɶɧɵɯ ɢ ɜɪɟɦɟɧɧɵɯ ɪɟɫɭɪɫɨɜ. Ɋɟɦɨɧɬ ɢ ɡɚɦɟɧɚ ɫɬɪɟɥɨɱɧɵɯ ɩɪɢɜɨɞɨɜ ɩɪɨɢɫɯɨɞɢɬ ɫɨ-
ɝɥɚɫɧɨ ɩɪɢɧɹɬɵɦ ɧɨɪɦɚɬɢɜɚɦ, ɱɬɨ ɱɚɫɬɨ ɜɟɞɟɬ ɤ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ ɤɚɩɢɬɚɥɶɧɨɦɭ ɪɟ-
ɦɨɧɬɭ ɞɜɢɝɚɬɟɥɹ ɫ ɧɟɢɫɩɨɥɶɡɨɜɚɧɧɵɦ ɪɟɫɭɪɫɨɦ. Ⱦɥɹ ɩɚɪɤɨɜ ɗȾ ɜɚɠɧɨɣ ɢ ɜɫɟ ɛɨɥɟɟ ɚɤ-
ɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɨɛɫɥɭɠɢɜɚɧɢɸ ɫ ɭɱɟɬɨɦ ɬɟɤɭɳɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɗȾ. Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨ-
ɬɚɬɶ ɷɮɮɟɤɬɢɜɧɭɸ ɬɟɯɧɨɥɨɝɢɸ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɦɨɞɟɥɢ ɢ ɦɟɬɨɞɵ, ɚ ɬɚɤɠɟ ɫɨɡɞɚɬɶ 
ɩɪɨɝɪɚɦɦɧɨ-ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɗȾ. ɉɪɢ ɷɬɨɦ ɬɪɟɛɭɟɬɫɹ 
ɨɛɟɫɩɟɱɢɬɶ ɫɜɨɟɜɪɟɦɟɧɧɭɸ ɨɰɟɧɤɭ ɮɚɤɬɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɜɢɝɚɬɟɥɟɣ, ɚ ɜ ɫɥɭɱɚɟ ɢɫ-
ɱɟɪɩɚɧɢɹ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɫɭɪɫɨɜ – ɭɤɚɡɚɬɶ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɯ ɡɚɦɟɧɵ, ɢɥɢ ɨɩɪɟɞɟ-
ɥɢɬɶ ɨɱɟɪɟɞɧɨɫɬɶ ɪɟɦɨɧɬɨɜ ɗȾ ɜ ɭɫɥɨɜɢɹɯ ɨɝɪɚɧɢɱɟɧɧɵɯ ɜɪɟɦɟɧɧɵɯ ɢ ɞɪɭɝɢɯ ɪɟɫɭɪ-
ɫɨɜ. 

Ɉɛɳɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɷɤɫɩɥɭɚ-
ɬɚɰɢɟɣ (Ⱥɋɍɗ) ɩɚɪɤɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ (ɉɗȾ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 2 Д4Ж. Ɂɞɟɫɶ ɩɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɤɚɛɟɥɹ, ɩɢɬɚɸɳɢɟ ɫɬɪɟɥɨɱɧɵɟ ɞɜɢɝɚɬɟɥɢ, ɫɜɨɞɹɬɫɹ ɜ ɪɟɥɟɣɧɭɸ, ɝɞɟ ɩɪɨɢɫɯɨ-
ɞɢɬ ɫɧɹɬɢɟ ɤɪɢɜɨɣ ɬɨɤɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ ɩɨɫɬɨɹɧɧɵɣ 
ɤɨɧɬɪɨɥɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɫɟɯ ɫɬɪɟɥɨɱɧɵɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɧɚ ɫɬɚɧɰɢɢ ɛɟɡ 
ɢɫɤɥɸɱɟɧɢɹ ɗȾ ɢɡ ɩɪɨɰɟɫɫɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɞɢɚɝɧɨɫɬɢɤɢ ɢ ɭɩɪɚɜɥɟɧɢɹ ɩɚɪɤɨɦ ɗȾ ɨɫɧɨɜɚɧɚ 
ɧɚ ɚɧɚɥɢɡɟ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɪɚɛɨɱɟɝɨ ɬɨɤɚ ɞɜɢɝɚɬɟɥɹ. Ⱦɢɫɤɪɟɬɢɡɚɰɢɹ ɬɨɤɚ ɷɥɟɤɬɪɨ-
ɞɜɢɝɚɬɟɥɹ ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɛɥɨɤɟ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ (Ⱥɐɉ), ɩɨɥɭɱɟɧɢɟ 
ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɨɤɚ ɗȾ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚ-
ɧɢɹ Ɏɭɪɶɟ (ȻɉɎ). ȼɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɦɨɞɭɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɹɜɥɹɟɬ-
ɫɹ ɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɬɨɤɚ ɗȾ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɜ ɛɥɨɤɟ ȻɉɎ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɹ ɮɨɪɦɢɪɭɟɬɫɹ ɢɧɞɢɜɢɞɭɚɥɶɧɚɹ ɦɨɞɟɥɶ (ɂɆ), ɤɨɬɨɪɚɹ ɯɪɚɧɢɬ ɫɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɢɫɩɪɚɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɞɜɢɝɚɬɟɥɹ. 

 

Ɋɢɫ. 2. Ɇɧɨɝɨɭɪɨɜɧɟɜɚɹ ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɷɤɫɩɥɭɚɬɚɰɢɟɣ  
ɩɚɪɤɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɨɜ 

 

Ɇɨɞɭɥɶ ɦɨɧɢɬɨɪɢɧɝɚ ɫɪɚɜɧɢɜɚɟɬ ɫɩɟɤɬɪ, ɩɨɥɭɱɟɧɧɵɣ ɢɡ ɛɥɨɤɚ ȻɉɎ, ɫɨ ɫɩɟɤɬɪɨɦ 
ɢɫɩɪɚɜɧɨɝɨ ɫɨɫɬɨɹɧɢɹ, ɩɪɨɱɢɬɚɧɧɨɝɨ ɢɡ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɂɆ ɗȾ. ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ 
ɫɭɳɟɫɬɜɟɧɧɵɯ ɪɚɡɥɢɱɢɣ ɜ ɷɬɢɯ ɫɩɟɤɬɪɚɯ ɦɨɞɭɥɶ ɦɨɧɢɬɨɪɢɧɝɚ ɩɟɪɟɞɚɟɬ ɫɩɟɤɬɪɚɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɗȾ ɜ ɦɨɞɭɥɶ ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ. ɇɚ ɜɵɯɨɞɟ ɦɨɞɭɥɹ 
ɞɢɚɝɧɨɫɬɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ ɨɰɟɧɤɢ ɞɨɫɬɨɜɟɪɧɨɫɬɟɣ ɜɵɹɜɥɹɟɦɵɯ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. ɗɬɢ ɨɰɟɧɤɢ ɫɨɯɪɚɧɹɸɬɫɹ ɜ ɂɆ ɗȾ, ɮɨɪɦɢɪɭɹ ɜɪɟɦɟɧɧɨɣ ɪɹɞ, ɤɨɬɨ-
ɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ. Ɍɟ-
ɤɭɳɟɟ ɢ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɨɟ ɬɟɯɧɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɤɚɠɞɨɝɨ ɗȾ ɢɡ ɦɨɞɭɥɹ ɞɢɚɝɧɨɫɬɢ-
ɪɨɜɚɧɢɹ ɩɟɪɟɞɚɟɬɫɹ ɜ ɦɨɞɭɥɶ ɨɱɟɪɟɞɧɨɫɬɢ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɤɨɬɨɪɵɣ ɪɚɫ-
ɫɱɢɬɵɜɚɟɬ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨ ɩɨɪɹɞɤɟ ɪɟɦɨɧɬɚ ɗȾ. 

Ɋɚɡɪɚɛɨɬɚɧɧɚɹ Ⱥɋɍɗ ɉɗȾ ɩɪɨɢɡɜɨɞɢɬ ɢɡɦɟɪɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɜɢɝɚɬɟɥɹ, ɧɚɯɨ-
ɞɹɳɟɝɨɫɹ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɧɨɦɢɧɚɥɶɧɵɯ, ɪɚɛɨɱɢɯ ɡɧɚɱɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ, ɬɨɤɚ, ɦɚɝ-
ɧɢɬɧɨɝɨ ɩɨɥɹ ɢ ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɥɹɬɶ ɛɨɥɶɲɟ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, 
ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɫɬɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɞɢɚɝɧɨɫɬɢɤɢ, ɢ ɞɟɥɚɟɬ ɜɨɡɦɨɠɧɵɦ ɡɚɦɟɧɭ 
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ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɞɨ ɟɝɨ ɩɨɥɧɨɝɨ ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ. Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɦɨɞɟɥɢ ɞɢɚɝɧɨɫɬɢ-
ɪɨɜɚɧɢɹ ɦɨɝɭɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚɫɬɪɚɢɜɚɬɶɫɹ ɞɥɹ ɜɵɹɜɥɟɧɢɹ ɧɨɜɵɯ ɜɢɞɨɜ ɧɟɢɫɩɪɚɜɧɨ-
ɫɬɟɣ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɬɨɤɚ ɞɜɢɝɚɬɟɥɟɣ ɫ ɷɬɚɥɨɧɧɵɦɢ ɧɟɢɫɩɪɚɜɧɨɫɬɹɦɢ. ɉɪɢɦɟɧɟɧɢɟ 
ɫɢɫɬɟɦɵ ɧɟ ɬɪɟɛɭɟɬ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɢɧɠɟɧɟɪɚ ɷɥɟɤɬɪɨɦɟɯɚɧɢɤɚ ɤɚɤ ɞɥɹ 
ɧɚɫɬɪɨɣɤɢ, ɬɚɤ ɢ ɞɥɹ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɪɢ ɭɩɪɚɜɥɟɧɢɢ ɩɚɪɤɨɦ ɪɟɲɚɟɬɫɹ ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɩɨɞɡɚɞɚɱ ɷɤɫɩɥɭɚɬɚɰɢɢ ɗȾ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɨɜ – ɨɩɪɟɞɟɥɟɧɢɟ ɨɱɟɪɟɞɧɨɫɬɢ ɪɟɦɨɧɬɨɜ ɬɟɯ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ, ɩɪɢ ɞɢɚɝɧɨɫɬɢɤɟ ɤɨɬɨɪɵɯ ɭɫɬɚɧɨɜɥɟɧɵ ɪɚɡɥɢɱɧɵɟ ɫɤɪɵɬɵɟ ɬɢɩɵ 
ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ. Ɂɚɞɚɱɚ ɭɫɬɚɧɨɜɥɟɧɢɹ ɨɱɟɪɟɞɧɨɫɬɢ ɪɟɦɨɧɬɨɜ ɜɨɡɧɢɤɚɟɬ ɩɪɢ ɨɝɪɚɧɢ-
ɱɟɧɧɨɫɬɢ ɪɟɫɭɪɫɨɜ, ɤ ɤɨɬɨɪɵɦ ɨɬɧɟɫɟɧɵ ɜɪɟɦɹ ɪɟɦɨɧɬɚ, ɩɟɪɫɨɧɚɥ, ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ, ɞɟ-
ɧɟɠɧɵɟ ɫɪɟɞɫɬɜɚ ɢ ɞɪ. 

ȼ ɪɚɛɨɬɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɱɟɪɟɞɧɨɫɬɢ ɪɟɦɨɧɬɚ ɗȾ ɩɪɟɞɥɨɠɟɧ ɩɨɤɚɡɚɬɟɥɶ ɢ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɪɢɬɟɪɢɣ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ «ɫɬɨɢɦɨɫɬɶ ɨɬɤɚɡɚ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɹ». Ɉɰɟɧɤɚ ɫɬɨɢɦɨɫɬɢ ɨɬɤɚɡɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ C ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ 

 ),,( ZFRfC  , (3) 

ɝɞɟ R – ɫɬɨɢɦɨɫɬɶ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 
      F – ɩɪɨɝɧɨɡɢɪɭɟɦɚɹ ɫɬɨɢɦɨɫɬɶ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ; 
      Z – ɢɡɞɟɪɠɤɢ, ɜɵɡɜɚɧɧɵɟ ɡɚɞɟɪɠɤɨɣ ɩɨɟɡɞɨɜ ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ 
ɩɪɟɤɪɚɳɟɧɢɹ ɪɚɛɨɬɵ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ. 

ȼ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɨɰɟɧɤɚ ɫɬɨɢɦɨɫɬɢ ɨɬɤɚɡɚ ɗȾ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɫɬɪɟɥɨɱɧɨ-
ɝɨ ɩɟɪɟɜɨɞɚ ɩɪɟɞɫɬɚɜɢɦɚ, ɤɚɤ 

  FRZC 
2

1
. (4) 

Ʉɨɝɞɚ ɜ ɤɚɱɟɫɬɜɟ 
i

d  ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɧɟɤɨɬɨɪɨ-
ɝɨ ɜɢɞɚ, ɤɨɬɨɪɵɟ ɫɱɢɬɚɸɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ, ɬɨ ɨɰɟɧɤɚ ɨɠɢɞɚɟɦɨɣ ɫɬɨɢɦɨɫɬɢ ɪɟɦɨɧɬɚ 
ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ R ɩɪɟɞɫɬɚɜɢɦɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

 
i

N

i
i
cdR 




1

, (5) 

ɝɞɟ 
i

d  – ɞɨɫɬɨɜɟɪɧɨɫɬɶ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ,  1;0
i

d ; 

       
i

c  – ɫɬɨɢɦɨɫɬɶ ɪɟɦɨɧɬɚ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ; 
       N – ɱɢɫɥɨ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɜɵɹɜɥɹɟɦɵɯ ɫɢɫɬɟɦɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. 

ȼ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɩɚɪɤɚ ɗȾ ɡɧɚɱɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ 

i
d ɜɵɱɢɫɥɹɟɬɫɹ ɫɢɫɬɟɦɨɣ ɞɢɚ-

ɝɧɨɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɩɨ ɬɟɤɭɳɟɦɭ ɫɨɫɬɨɹɧɢɸ ɗȾ. ȼ ɱɚɫɬɧɨɫɬɢ, ɟɫɥɢ ɞɥɹ ɜɵɹɜ-
ɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɫɤɭɫɫɬɜɟɧɧɵɟ ɧɟɣɪɨɧɧɵɟ 
ɫɟɬɢ Д5Ж, ɬɨ ɡɧɚɱɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ 

i
d  ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 

ɧɟɣɪɨɧɚ ɜɵɯɨɞɧɨɝɨ ɫɥɨɹ ɦɧɨɝɨɫɥɨɣɧɨɝɨ ɩɟɪɫɟɩɬɪɨɧɚ. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ 
ɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɯ ɬɚɤɠɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɷɤɫɩɟɪɬɧɚɹ ɫɢɫɬɟɦɚ ɤɥɚɫɫɢɮɢɤɚ-
ɰɢɢ ɨɛɴɟɤɬɨɜ ɩɨ ɱɚɫɬɨɬɧɨɦɭ ɫɩɟɤɬɪɭ ɧɚ ɨɫɧɨɜɟ ɚɞɚɩɬɢɜɧɨɣ ɛɚɡɵ ɧɟɱɟɬɤɨ-

ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɩɪɚɜɢɥ. 
ɉɪɨɝɧɨɡɢɪɭɟɦɚɹ ɫɬɨɢɦɨɫɬɶ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ F ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ 
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i

N

i

F

i
cdF 




1

, (6) 

ɝɞɟ F

i
d  - ɩɪɨɝɧɨɡɢɪɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ,  1;0F

i
d . 

Ɇɟɬɨɞɢɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɗȾ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ ɋɉ ɨɫ-
ɧɨɜɚɧɚ ɧɚ ɚɧɚɥɢɡɟ ɡɧɚɱɟɧɢɣ ɞɨɫɬɨɜɟɪɧɨɫɬɟɣ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɜɵɱɢɫɥɹɸɬɫɹ 
ɫɢɫɬɟɦɨɣ ɞɢɚɝɧɨɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. ɋɢɫɬɟɦɚ ɞɢɚɝɧɨɫɬɢɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɩɨɫɬɨ-
ɹɧɧɵɣ ɤɨɧɬɪɨɥɶ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ. ɗɬɨɬ ɤɨɧɬɪɨɥɶ ɜ ɧɚɲɟɦ 
ɫɥɭɱɚɟ ɪɟɚɥɢɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɨɰɟɧɤɚ ɬɟɤɭɳɟɝɨ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɗȾ 
ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɟɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɫɬɪɟɥɨɱɧɨɝɨ ɩɪɢɜɨɞɚ (ɨɰɟɧɤɚ «ɩɨ ɬɟɤɭɳɟɦɭ ɫɨɫɬɨɹ-
ɧɢɸ»). ɉɨɞɨɛɧɵɣ ɦɨɧɢɬɨɪɢɧɝ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɗȾ ɪɟɚɥɢɡɭɟɬɫɹ ɩɭɬɟɦ ɩɟɪɢɨɞɢ-
ɱɟɫɤɨɝɨ ɩɨɢɫɤɚ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹɯ. Ɇɨɧɢɬɨɪɢɧɝ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹ-
ɧɢɹ ɤɨɧɤɪɟɬɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɜɪɟɦɟɧɧɨɣ ɪɹɞ ɨɰɟɧɨɤ ɞɨɫɬɨɜɟɪɧɨɫɬɟɣ 
ɞɥɹ ɤɚɠɞɨɣ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ 

i
d : 

    NidddddD
L

i

k

i

k

iiii
,1,,...,,,...,,

121  
. (7) 

ɉɪɢ ɪɚɛɨɬɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɟɝɨ ɞɟɬɚɥɢ ɫɬɚɪɟɸɬ ɢ ɢɡɧɚɲɢɜɚɸɬɫɹ, ɩɨɷɬɨɦɭ ɦɨɠ-
ɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɤɚɠɞɨɟ ɩɨɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ 1k

i
d  ɞɨɫɬɨ-

ɜɟɪɧɨɫɬɢ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ (7) ɛɭɞɟɬ ɧɟ ɦɟɧɶɲɟ ɩɪɟɞɵɞɭɳɟɝɨ k

i
d : 

 Nidd
k

i

k

i
,1,1  

. 

ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ ɫɬɨɢɦɨɫɬɢ ɪɟɦɨɧɬɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ F (6) ɧɟɨɛ-
ɯɨɞɢɦɨ ɞɥɹ ɤɚɠɞɨɣ ɞɨɫɬɨɜɟɪɧɨɫɬɢ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ ɫɩɪɨɝɧɨɡɢɪɨɜɚɬɶ ɡɧɚɱɟɧɢɟ F

i
d  ɧɚ 

ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ (7), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ i-ɨɣ ɧɟɢɫɩɪɚɜɧɨɫɬɢ. 
Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɨɰɟɧɨɤ ɫɩɪɨɝɧɨɡɢɪɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ F

i
d  ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɷɤɫɬɪɚɩɨɥɹɰɢɢ, ɜ ɩɪɨɫɬɟɣɲɟɦ ɫɥɭɱɚɟ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɚ 
ɩɚɪɚɛɨɥɢɱɟɫɤɚɹ ɷɤɫɬɪɚɩɨɥɹɰɢɹ. 

ɂɡɞɟɪɠɤɢ Z, ɜɵɡɜɚɧɧɵɟ ɡɚɞɟɪɠɤɨɣ ɩɨɟɡɞɨɜ ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ 
ɩɪɟɤɪɚɳɟɧɢɹ ɪɚɛɨɬɵ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ, ɦɨɝɭɬ ɛɵɬɶ ɨɰɟɧɟɧɵ ɤɚɤ 

 
zzvp

PCTNZ  , (8) 

ɝɞɟ 
p

N  – ɫɪɟɞɧɟɟ ɱɢɫɥɨ ɩɨɟɡɞɨɜ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɫɬɪɟɥɨɱɧɵɣ ɩɟɪɟɜɨɞ ɜ ɱɚɫ; 

       
v

T  – ɜɪɟɦɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɜɨɡɨɛɧɨɜɥɟɧɢɹ ɪɚɛɨɬɵ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ; 

       
z

C  – ɫɬɨɢɦɨɫɬɶ ɡɚɞɟɪɠɤɢ ɨɞɧɨɝɨ ɩɨɟɡɞɚ ɧɚ ɨɞɢɧ ɱɚɫ; 

       
z

P  – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ. 
ȿɫɥɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɜɡɚɢɦɧɵɟ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɗȾ, 

ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ 
z

P  ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ ɧɚ ɨɫɧɨɜɚɧɢɢ ɞɨɫɬɨ-
ɜɟɪɧɨɫɬɟɣ ɧɟɢɫɩɪɚɜɧɨɫɬɟɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɫɬɪɟɥɨɱɧɨɝɨ ɩɟɪɟɜɨɞɚ ɫɨɝɥɚɫɧɨ 

 
i

i
z

dP max . 

ȼ ɰɟɥɨɦ ɬɟɯɧɨɥɨɝɢɹ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɟɣ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɯ 
ɫɬɪɟɥɨɱɧɵɯ ɩɟɪɟɜɨɞɨɜ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɨɬ ɩɥɚɧɨɜɨɣ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɨɪɦɚɬɢɜɚɦɢ 
ɡɚɦɟɧɵ ɞɜɢɝɚɬɟɥɟɣ ɫ ɧɟɢɫɩɨɥɶɡɨɜɚɧɧɵɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɪɟɫɭɪɫɚɦɢ ɤ ɨɛɫɥɭɠɢɜɚ-
ɧɢɸ ɞɜɢɝɚɬɟɥɟɣ ɩɨ ɢɯ ɮɚɤɬɢɱɟɫɤɨɦɭ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ. 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɦɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɩɪɨɰɟɫɫɚɦɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɩɚɪɤɨɜ 
ɷɥɟɦɟɧɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ȼɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨ-
ɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɣɬɢ ɨɬ ɩɥɚɧɨɜɨ-ɩɪɟɞɭɩɪɟɞɢɬɟɥɶɧɨɣ ɡɚɦɟɧɵ ɷɥɟ-
ɦɟɧɬɨɜ ɫɢɫɬɟɦ ɤ ɨɛɫɥɭɠɢɜɚɧɢɸ ɩɨ ɢɯ ɮɚɤɬɢɱɟɫɤɨɦɭ ɬɟɯɧɢɱɟɫɤɨɦɭ ɫɨɫɬɨɹɧɢɸ. ɉɪɢ ɷɬɨɦ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɬɟɯɧɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɨɜ ɫɪɟɞɫɬɜɚɦɢ ɦɟ-
ɬɨɞɨɜ ɢɫɤɭɫɫɬɜɟɧɧɨɝɨ ɢɧɬɟɥɥɟɤɬɚ. 
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MONITORING AND MANAGEMENT IMPROVEMENT OF AUTOMATED EXPLOITATION 

PROCESSES OF THE RAIL TRANSPORT BY MEANS OF INTELLIGENT SYSTEMS 

In this paper, monitoring and management methods for automated exploitation processes of the 

rail transport are proposed. The methods use artificial intelligence and make it possible to define 

and predict the state of the elements of the technical system. 
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