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Ɉ ɊȺɁɆȿɊɇɈɋɌɂ ȽɊȺɇɂɐ ɇȿɄɈɌɈɊɕɏ ɎɊȺɄɌȺɅɖɇɕɏ 
ɆɇɈɀȿɋɌȼ, ȺɋɋɈɐɂɂɊɈȼȺɇɇɕɏ ɋ 

ɄȼȺɁɂɄȺɇɈɇɂɑȿɋɄɂɆɂ ɋɂɋɌȿɆȺɆɂ ɋɑɂɋɅȿɇɂə 

 
ɉ.ɋ. Ȼɨɝɞɚɧɨɜ 

 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦ. ɚɤɚɞɟɦɢɤɚ ɋ.ɉ. Ʉɨɪɨɥёɜɚ 
(ɧɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 

ȼ ɪɚɛɨɬɟ ɜɵɱɢɫɥɹɸɬɫɹ ɮɪɚɤɬɚɥɶɧɵɟ ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɜɫɟɯ ɛɢɧɚɪɧɵɯ ɢ ɬɟɪɧɚɪɧɵɯ 
ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɜ ɦɧɢɦɵɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨɥɹɯ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɢɮɢɤɚɰɢɹ 
ɦɟɬɨɞɚ, ɩɪɢɦɟɧɹɟɦɨɝɨ ȼ. Ⱦɠɢɥɶɛɟɪɬɨɦ ɢ Ⱦɠ. Ɍɭɫɜɚɥɶɞɧɟɪɨɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. 

ȼɜɟɞɟɧɢɟ 

ɇɚɱɢɧɚɹ ɫ ɨɫɧɨɜɨɩɨɥɚɝɚɸщɢɯ ɪɚɛɨɬ Ȼ. Ɇɚɧɞɟɥɶɛɪɨɬɚ Д1-4Ж, ɤɨɬɨɪɵɣ ɜɜёɥ ɜ 
ɧɚɭɱɧɵɣ ɨɛɢɯɨɞ ɩɨɧɹɬɢɟ ɮɪɚɤɬɚɥɶɧɨɣ ɝɟɨɦɟɬɪɢɢ, ɚɩɩɪɨɤɫɢɦɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ, 
ɢɫɩɨɥɶɡɭɸщɢɟ ɮɪɚɤɬɚɥɶɧɵɟ ɨɛɴɟɤɬɵ, ɫɬɚɥɢ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɛɥɚɫɬɹɯ 
ɟɫɬɟɫɬɜɨɡɧɚɧɢɹ Д5-7].  

ȼ ɪɚɛɨɬɟ Д8Ж ɩɨɤɚɡɚɧɚ ɫɚɦɨɩɨɞɨɛɧɨɫɬɶ ɨɛɴɟɤɬɨɜ, ɢɫɫɥɟɞɭɟɦɵɯ ɜ ɧɚɧɨɮɨɬɨɧɢɤɟ, ɢ 
ɩɟɪɫɩɟɤɬɢɜɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɪɚɤɬɚɥɶɧɵɯ ɦɨɞɟɥɟɣ ɞɥɹ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɥɨɫɤɢɣ ɯɚɪɚɤɬɟɪ ɨɬɨɛɪɚɠɟɧɢɹ ɧɚɛɥɸɞɚɟɦɵɯ ɜ ɧɚɧɨɮɨɬɨɧɢɤɟ 
ɢɡɨɛɪɚɠɟɧɢɣ, ɟɝɨ ɫɚɦɨɩɨɞɨɛɧɵɟ ɮɪɚɤɬɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɞɢɤɬɭɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ, ɤɚɤ ɧɟɤɨɬɨɪɨɣ ɨɛɥɚɫɬɢ ɩɥɨɫɤɨɫɬɢ, ɬɚɤ ɢ ɨɬɞɟɥɶɧɨ ɟɝɨ 
ɝɪɚɧɢɰɵ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɝɪɚɧɢɰɵ ɮɪɚɤɬɚɥɶɧɨɝɨ ɨɛɴɟɤɬɚ ɜ ɩɪɢɥɨɠɟɧɢɹɯ 
ɦɨɠɟɬ ɨɛɴɹɫɧɹɬɶɫɹ, ɧɚɩɪɢɦɟɪ, ɬɟɦ, ɱɬɨ ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ, ɢɫɩɨɥɶɡɭɸщɢɯ ɜ ɱɚɫɬɧɨɫɬɢ 
ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɢ ɟɝɨ ɪɚɡɧɨɜɢɞɧɨɫɬɢ, ɭɠɟ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ, ɱɬɨ ɝɪɚɧɢɰɚ ɨɛɴɟɤɬɚ ɢɦɟɟɬ 
ɦɟɪɭ Ʌɟɛɟɝɚ ɪɚɜɧɭɸ ɧɭɥɸ. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɧɵɯ ɫɥɭɱɚɟɜ 
ɝɪɚɧɢɱɧɵɯ ɫɜɨɣɫɬɜ ɫɩɟɰɢɮɢɱɧɵɯ ɮɪɚɤɬɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɟɫɶɦɚ 
ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ȼ. Ⱦɠɢɥɶɛɟɪɬ ɜ ɪɚɛɨɬɚɯ Дλ,10Ж ɢɫɫɥɟɞɨɜɚɥ ɮɪɚɤɬɚɥɶɧɭɸ 
ɪɚɡɦɟɪɧɨɫɬɶ ɝɪɚɧɢɰɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. ȼ ɷɬɢɯ 
ɪɚɛɨɬɚɯ ȼ. Ⱦɠɢɥɶɛɟɪɬɨɦ ɛɵɥɚ ɭɤɚɡɚɧɚ ɹɜɧɚɹ ɫɜɹɡɶ ɦɟɠɞɭ ɫɜɨɣɫɬɜɚɦɢ ɝɪɚɧɢɰ ɪɚɡɥɢɱɧɵɯ 
ɮɪɚɤɬɚɥɨɜ ɢ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸщɢɯ ɤɚɧɨɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦɚɯ ɫɱɢɫɥɟɧɢɹ. Ⱦɠ. Ɍɭɫɜɚɥɶɞɧɟɪ ɜ ɫɜɨɟɣ ɪɚɛɨɬɟ ɨɛɨɛщɢɥ ɪɟɡɭɥɶɬɚɬ ȼ. Ⱦɠɢɥɶɛɟɪɬɚ 
ɧɚ ɫɥɭɱɚɣ ɦɧɢɦɵɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨɥɟɣ Д11Ж, ɚ ɡɚɬɟɦ ɢ ɧɚ ɫɥɭɱɚɣ ɞɜɭɦɟɪɧɵɯ ɤɚɧɨɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ [12]. 

ȼ ɧɚɫɬɨɹщɟɣ ɪɚɛɨɬɟ ɦɵ, ɫɥɟɞɭɹ ɨɫɧɨɜɧɨɣ ɢɞɟɟ Ⱦɠɢɥɶɛɟɪɬɚ, ɪɚɫɫɦɚɬɪɢɜɚɟɦ 
ɫɜɨɣɫɬɜɚ ɮɪɚɤɬɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɯ ɫ ɩɪɟɞɫɬɚɜɥɟɧɢɟɦ ɱɢɫɟɥ ɜ ɛɢɧɚɪɧɵɯ ɢ 
ɬɟɪɧɚɪɧɵɯ ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦɚɯ ɫɱɢɫɥɟɧɢɹ ɦɧɢɦɵɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨɥɟɣ. 

Ɉɫɧɨɜɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ 

ɉɭɫɬɶ  Q i d  - ɦɧɢɦɨɟ ɤɜɚɞɪɚɬɢɱɧɨɟ ɩɨɥɟ, ɚ  S i d  - ɤɨɥɶɰɨ ɟɝɨ ɰɟɥɵɯ ɷɥɟɦɟɧɬɨɜ, 

ɧɚɡɵɜɚɟɦɵɯ ɰɟɥɵɦɢ ɚɥɝɟɛɪɚɢɱɟɫɤɢɦɢ ɱɢɫɥɚɦɢ, ɚ  ; I  - ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ 

ɫɱɢɫɥɟɧɢɹ ɜ ɤɨɥɶɰɟ  S i d  [13]. 

Ɉɩɪɟɞɟɥɟɧɢɟ 1. Ɏɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɶɸ  , I  ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ  ; I  

ɧɚɡɵɜɚɟɬɫɹ ɦɧɨɠɟɫɬɜɨ ɜɫɟɯ ɱɢɫɟɥ ɩɨɥɹ  Q i d

 
ɫ ɧɭɥɟɜɨɣ ɰɟɥɨɣ ɱɚɫɬɶɸ, ɬɨ ɟɫɬɶ 

 
1

, , .j
j j

j

I a a I 




     
  
  ɋɯɨɞɢɦɨɫɬɶ ɷɬɨɝɨ ɪɹɞɚ ɩɨɧɢɦɚɟɬɫɹ ɜ ɫɦɵɫɥɟ ɧɨɪɦɵ ɤɨɥɶɰɚ 

ɰɟɥɵɯ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɱɢɫɟɥ. 
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ȿɫɥɢ ɤɨ ɜɫɟɦ ɱɢɫɥɚɦ, ɫɨɫɬɚɜɥɹɸщɢɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɨɛɥɚɫɬɶ  , I , ɞɨɛɚɜɢɬɶ 
ɧɟɤɨɬɨɪɨɟ ɰɟɥɨɟ ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ ɱɢɫɥɨ z , ɬɨ ɩɨɥɭɱɚɟɦ ɫɞɜɢɧɭɬɭɸ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɚ 

ɤɨɨɪɞɢɧɚɬ ɮɭɧɞɚɦɟɧɬɚɥɶɧɭɸ ɨɛɥɚɫɬɶ. Ɉɛɨɡɧɚɱɢɦ ɟɟ  
1

, , .j
z j j

j

I z a a I 




      
  

  

ɉɪɢ ɷɬɨɦ, ɞɥɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ  , I  ɫɭщɟɫɬɜɭɟɬ ɧɟɩɭɫɬɨɟ ɦɧɨɠɟɫɬɜɨ 
ɬɨɱɟɤ  , I , ɬɚɤɢɯ, ɱɬɨ       , , ,z

z

I I I      . Ɇɧɨɠɟɫɬɜɨ ɬɨɱɟɤ   ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ 

ɝɪɚɧɢɰɟɣ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. 
Ɉɤɪɟɫɬɧɨɫɬɶɸ ɬɨɱɤɢ 

1
j

j
j l

c a 



  ,  c Q i d  ɧɚɡɨɜɟɦ ɜɧɭɬɪɟɧɧɨɫɬɶ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɜɵɩɭɤɥɨɣ ɩɥɨɫɤɨɣ ɮɢɝɭɪɵ, ɫɢɦɦɟɬɪɢɱɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɱɤɢ c . Ɋɚɜɧɵɟ ɨɤɪɟɫɬɧɨɫɬɢ 
ɬɨɱɟɤ 

1
j

j
j l

a 



  ɛɭɞɟɦ ɜɵɛɢɪɚɬɶ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɢɯ ɩɨɩɚɪɧɨɟ ɩɟɪɟɫɟɱɟɧɢɟ ɛɵɥɨ 

ɩɭɫɬɵɦ ɦɧɨɠɟɫɬɜɨɦ, ɚ ɨɛɴɟɞɢɧɟɧɢɟ ɢɯ ɡɚɦɵɤɚɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɡɚɦɤɧɭɬɨɟ ɫɜɹɡɧɨɟ 
ɨɞɧɨɫɜɹɡɧɨɟ ɦɧɨɠɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɛɭɞɟɦ ɧɚɡɵɜɚɬɶ l -ɩɪɢɛɥɢɠɟɧɢɟɦ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 
ɨɛɥɚɫɬɢ.  

ȼ ɞɚɥɶɧɟɣɲɟɦ, ɜ ɤɚɱɟɫɬɜɟ ɨɤɪɟɫɬɧɨɫɬɟɣ ɬɨɱɟɤ 
1

j
j

j l

a 



  ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ 

ɦɧɨɝɨɭɝɨɥɶɧɢɤɢ, ɞɥɢɧɵ ɜɫɟɯ ɫɬɨɪɨɧ ɤɨɬɨɪɵɯ ɪɚɜɧɵ ɧɟɤɨɬɨɪɨɦɭ ɱɢɫɥɭ lL . Ɍɨɝɞɚ ɝɪɚɧɢɰɚ l

-ɩɪɢɛɥɢɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɫɨɫɬɨɢɬ ɢɡ lS  ɨɬɪɟɡɤɨɜ ɞɥɢɧɨɣ lL .  

Ɉɩɪɟɞɟɥɟɧɢɟ β. Ɏɪɚɤɬɚɥɶɧɨɣ ɪɚɡɦɟɪɧɨɫɬɶɸ ɝɪɚɧɢɰɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 
 , I  ɧɚɡɵɜɚɟɬɫɹ ɱɢɫɥɨ d , ɬɚɤɨɟ, ɱɬɨ ɜɵɩɨɥɧɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ  lim 1d

l l
l

S L


  .  

ȿɫɥɢ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɨɤɪɟɫɬɧɨɫɬɟɣ ɦɧɨɝɨɭɝɨɥɶɧɢɤɢ, ɭ ɤɨɬɨɪɵɯ ɧɟ ɜɫɟ 
ɫɬɨɪɨɧɵ ɪɚɜɧɵ, ɬɨ ɮɪɚɤɬɚɥɶɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ 

  lim 1d
l l

l
N L L


  , ɝɞɟ  lN L  - ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɪɟɡɤɨɜ ɞɥɢɧɵ lL , ɩɨɥɧɨɫɬɶɸ 

ɩɨɤɪɵɜɚɸщɢɯ ɝɪɚɧɢɰɭ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. 
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɛɢɧɚɪɧɨɣ ɢɥɢ 

ɬɟɪɧɚɪɧɨɣ ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ, 
ɩɪɢɜɟɞɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ȼ. Ⱦɠɢɥɶɛɟɪɬɚ ɞɥɹ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɩɨɥɹ  Q i  ɢɥɢ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɸ 
ɜ ɫɥɭɱɚɟ ɨɫɬɚɥɶɧɵɯ ɦɧɢɦɵɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨɥɟɣ. ɋɨɝɥɚɫɧɨ ɷɬɨɦɭ ɦɟɬɨɞɭ ɜɧɚɱɚɥɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɬɪɨɹɬɫɹ ɩɪɢɛɥɢɠɟɧɢɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɜɵɛɪɚɧɧɨɣ ɫɢɫɬɟɦɵ 
ɫɱɢɫɥɟɧɢɹ  ; I . ɇɚɱɚɥɶɧɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɫɥɭɠɢɬ ɩɪɚɜɢɥɶɧɚɹ ɱɟɬɵɪɟɯɭɝɨɥɶɧɚɹ 
ɨɤɪɟɫɬɧɨɫɬɶ (ɤɜɚɞɪɚɬ) ɬɨɱɤɢ 0 , ɫ ɩɥɨщɚɞɶɸ ɪɚɜɧɨɣ 1 . Ʉɚɠɞɨɟ ɩɨɫɥɟɞɭɸщɟɟ ɩɪɢɛɥɢɠɟɧɢɟ 
ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɩɪɟɞɵɞɭщɟɝɨ ɡɚɦɟɧɨɣ ɨɞɧɨɝɨ ɤɜɚɞɪɚɬɚ ɧɚ ɞɜɚ ɤɜɚɞɪɚɬɚ ɦɟɧɶɲɟɣ ɩɥɨщɚɞɢ, ɫ 
ɢɯ ɩɨɜɨɪɨɬɨɦ, ɫɨɨɬɜɟɬɫɬɜɭɸщɢɦ ɞɟɥɟɧɢɸ ɧɚ  . ɉɪɢ ɷɬɨɦ ɧɚ ɲɚɝɟ ɩɪɢɛɥɢɠɟɧɢɹ ɫ 

ɧɨɦɟɪɨɦ l  ɩɥɨщɚɞɶ ɤɚɠɞɨɝɨ ɤɜɚɞɪɚɬɚ ɛɭɞɟɬ ɪɚɜɧɚ 
1

2

l
 
 
 

, ɚ ɫɬɨɪɨɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
1

2

l
 
 
 

.  

Ⱦɠɢɥɶɛɟɪɬ ɜɵɱɢɫɥɹɟɬ ɞɥɢɧɭ ɝɪɚɧɢɰɵ ɤɚɠɞɨɝɨ l  - ɩɪɢɛɥɢɠɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ 

     
1

22
1

1

2 1 0 2

2 2 0 1

0 1 0

k k

a b c k a b c k

k k

n na a

L L L b L L L n n n b

c c







                           

. Ɂɞɟɫɶ , ,k k ka b c  - ɤɨɥɢɱɟɫɬɜɨ 

ɷɥɟɦɟɧɬɨɜ ɜɢɞɚ , , ,A B C  ɧɚɯɨɞɹщɢɯɫɹ ɧɚ ɝɪɚɧɢɰɟ l -ɩɪɢɛɥɢɠɟɧɢɹ, ɚ , ,a b cL L L  - ɞɥɢɧɵ ɷɬɢɯ 
ɷɥɟɦɟɧɬɨɜ. ȼɢɞ ɫɚɦɢɯ ɷɥɟɦɟɧɬɨɜ , ,A B C  ɞɥɹ 1l   ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1. 
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Ɋɢɫɭɧɨɤ 1 – ȼɢɞ ɷɥɟɦɟɧɬɨɜ A, B, C ɞɥɹ l-ɩɪɢɛɥɢɠɟɧɢɹ ɩɪɢ l=1 

ɉɨɫɥɟɞɧɹɹ ɮɨɪɦɭɥɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ Ⱦɠɢɥɶɛɟɪɬɨɦ ɬɨɥɶɤɨ ɞɥɹ ɤɚɧɨɧɢɱɟɫɤɢɯ 
ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɜ ɩɨɥɟ  Q i . ɋ ɧɟɤɨɬɨɪɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɷɬɨɬ ɦɟɬɨɞ ɩɪɢɦɟɧɢɦ ɢ ɞɥɹ 
ɞɪɭɝɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ Д1γЖ ɛɭɞɭɬ ɢɦɟɬɶ 
ɨɞɢɧɚɤɨɜɵɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɨɛɥɚɫɬɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɨɜɨɪɨɬɚ. ɉɨɷɬɨɦɭ ɞɥɹ ɤɚɠɞɨɝɨ 
ɦɧɢɦɨɝɨ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɩɨɥɹ ɞɨɫɬɚɬɨɱɧɨ ɩɨɫɱɢɬɚɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɝɪɚɧɢɰɵ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɥɢɲɶ ɨɞɧɨɣ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ ɢɡ ɤɚɠɞɨɝɨ ɤɥɚɫɫɚ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɫɚɦ ɩɪɨɰɟɫɫ ɜɵɱɢɫɥɟɧɢɹ ɷɬɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɞɥɹ ɪɚɡɥɢɱɧɵɯ 
ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɨɬɥɢɱɚɟɬɫɹ ɥɢɲɶ ɞɟɬɚɥɹɦɢ, ɩɨɷɬɨɦɭ ɩɪɢɜɟɞɟɦ ɜɵɱɢɫɥɟɧɢɹ ɬɨɥɶɤɨ ɞɥɹ 
ɨɞɧɨɝɨ ɤɥɚɫɫɚ ɬɟɪɧɚɪɧɵɯ ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɩɨɥɹ  2Q i . 

ȼɵɱɢɫɥɟɧɢɟ ɮɪɚɤɬɚɥɶɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 
ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ   1 2, 0,1, 2i i   

Ɉɛщɢɣ ɜɢɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɫɢɫɬɟɦɵ ɫɱɢɫɥɟɧɢɹ   1 2, 0,1, 2i i   

ɩɪɢɜɟɞёɧ ɜ ɬɚɛɥɢɰɟ 1. Ɍɚɦ ɠɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɟё l -ɩɪɢɛɥɢɠɟɧɢɟ ɩɪɢ 2l  , ɢ ɜɵɞɟɥɟɧɵ 
ɷɥɟɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɩɨɜɬɨɪɹɬɶɫɹ ɞɥɹ ɤɚɠɞɨɝɨ l -ɩɪɢɛɥɢɠɟɧɢɹ. ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ 
ɷɥɟɦɟɧɬ A  ɞɥɹ ɝɪɚɧɢɰɵ l -ɩɪɢɛɥɢɠɟɧɢɹ ɧɚ 1l  -ɩɪɢɛɥɢɠɟɧɢɢ ɩɟɪɟɯɨɞɢɬ ɜ ɨɞɢɧ ɷɥɟɦɟɧɬ B

, ɷɥɟɦɟɧɬ B  ɩɟɪɟɯɨɞɢɬ ɜ ɨɞɢɧ C , ɚ C  – ɜ ɨɞɢɧ C , ɬɪɢ A  ɢ ɨɞɢɧ B . 

Ʉɨɥɢɱɟɫɬɜɨ ɷɥɟɦɟɧɬɨɜ , ,A B C  ɞɥɹ l -ɩɪɢɛɥɢɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸщɢɦ 

ɨɛɪɚɡɨɦ 
1

1
1

1

l

l
l

l

a a

b T b

c c


   
       

  
  

, ɝɞɟ 
0 0 3

1 0 1

0 1 1

T

 
   
 
 

. ɇɚɱɚɥɶɧɵɦ ɩɪɢɛɥɢɠɟɧɢɟɦ ɫɱɢɬɚɟɬɫɹ l -

ɩɪɢɛɥɢɠɟɧɢɟ ɞɥɹ 1l  , ɝɞɟ 1 2a  , 1 2b  , 1 2c  . Ɍɨɝɞɚ ɦɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɬɪɟɡɤɨɜ 
ɞɥɢɧɵ 2 lK L  , ɩɨɥɧɨɫɬɶɸ ɩɨɤɪɵɜɚɸщɢɯ ɝɪɚɧɢɰɭ l -ɩɪɢɛɥɢɠɟɧɢɹ ɪɚɜɧɨ 

     
1

1
1

1

1 1 2 1 1 2

l

l
l l

l

a a

N L b T b

c c


   
         

  
  

. Ⱦɥɹ ɦɚɬɪɢɰɵ T  ɟё ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ ɹɜɥɹɸɬɫɹ 

ɤɨɪɧɹɦɢ ɭɪɚɜɧɟɧɢɹ 3 2 3 0       , ɢ ɩɪɢɛɥɢɠёɧɧɨ ɪɚɜɧɵ 1 2,13 3   , 

2 3 0,57+1,04 i     , 2 3  . Ɂɞɟɫɶ 23

l

lL K


  , ɚ K  - ɤɨɧɫɬɚɧɬɚ, ɯɚɪɚɤɬɟɪɢɡɭɸщɚɹ ɞɥɢɧɭ 
ɛɨɥɶɲɟɝɨ ɪɟɛɪɚ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ ɩɪɢ 0l  . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛщɚɹ ɞɥɢɧɚ ɝɪɚɧɢɰɵ l -

ɩɪɢɛɥɢɠɟɧɢɹ ɪɚɜɧɚ  
1 1 1

1 1 2 2 3 3

23

l l l

l l l

C C C
N L L K

     
   , ɢ ɟɟ ɩɪɟɞɟɥ   lim l l

l
N L L


   . 

Ɏɪɚɤɬɚɥɶɧɭɸ ɪɚɡɦɟɪɧɨɫɬɶ d  ɝɪɚɧɢɰɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ 
ɜɵɱɢɫɥɢɬɶ ɢɡ ɪɚɜɟɧɫɬɜɚ 

 
1 1 1

1 1 2 2 3 3 1 1

1
2 2

lim lim lim 1

3 3

l

l l l

l l dl dl l l

C C C K C
S L K

   


  

  

   
             

   
   

. 

ɉɨɫɥɟɞɧɢɣ ɩɪɟɞɟɥ ɛɭɞɟɬ ɤɨɧɟɱɟɧ ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ 1 1

3
d


 , ɢɥɢ 

3 12log 1,376841713d   . 
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Ɋɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰ ɞɥɹ ɨɫɬɚɥɶɧɵɯ ɛɢɧɚɪɧɵɯ ɢ ɬɟɪɧɚɪɧɵɯ 
ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɦɧɢɦɵɯ ɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨɥɟɣ 

Ɏɪɚɤɬɚɥɶɧɵɟ ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɪɚɫɫɱɢɬɚɧɵ ɞɥɹ ɜɫɟɯ 
ɛɢɧɚɪɧɵɯ ɢ ɬɟɪɧɚɪɧɵɯ ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɦɧɢɦɵɯ ɤɜɚɞɪɚɬɢɱɧɵɯ 
ɩɨɥɟɣ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɦɚɤɪɨɫ, ɧɚɩɢɫɚɧɧɵɣ ɧɚ VB-ЬМЫТЩЭ ɞɥɹ ɩɪɨɝɪɚɦɦɵ Corel 

draw, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɨɝɨ ɩɨɡɜɨɥɢɥɨ ɩɨɥɭɱɢɬɶ ɢɡɨɛɪɚɠɟɧɢɹ l-ɩɪɢɛɥɢɠɟɧɢɹ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɞɥɹ ɜɫɟɯ ɬɚɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. ɇɟɤɨɬɨɪɵɟ l-ɩɪɢɛɥɢɠɟɧɢɹ, 
ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨщɶɸ ɷɬɨɝɨ ɦɚɤɪɨɫɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
Ɍɚɛɥɢɰɚ 1. Ɉɛщɢɣ ɜɢɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɢ ɪɚɡɦɟɪɧɨɫɬɶ ɟɟ ɝɪɚɧɢɰɵ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. 

ɋɢɫɬɟɦɚ 
ɫɱɢɫɥɟɧɢɹ 

l-ɩɪɢɛɥɢɠɟɧɢɟ (l=2) Ɉɛщɢɣ ɜɢɞ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ 

Ɋɚɡɦɟɪɧɨɫɬɶ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ 

ɨɛɥɚɫɬɢ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɷɥɟɦɟɧɬɨɜ A, B, C 

1 2i    

 0,1, 1I    

  

1,376841713d   

1 2i     

 0,1, 2I i  

  

1,376841713d   

ɉɪɢɜɟɞёɦ ɜ ɬɚɛɥɢɰɟ β ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɞɥɹ ɜɫɟɯ 
ɨɫɬɚɥɶɧɵɯ ɛɢɧɚɪɧɵɯ ɢ ɬɟɪɧɚɪɧɵɯ ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. 
Ɍɚɛɥɢɰɚ β. Ɉɛщɢɣ ɜɢɞ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɢ ɪɚɡɦɟɪɧɨɫɬɶ ɟɟ ɝɪɚɧɢɰɵ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ. 

ɋɢɫɬɟɦɚ ɫɱɢɫɥɟɧɢɹ Ɋɚɡɦɟɪɧɨɫɬɶ ɝɪɚɧɢɰɵ 

  1 , 0,1i   1,5236d   

  2, 0,1i  1d   

 1 7
, 0,1

2

i  
 
  

 
1,210760534d   

 1 7
, 0,1, 1

2

i   
  

 
1,162039854d   

1 3
3, 0,1,

2

i
i
    
  

    
 

1,2619d   
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Ⱦɥɹ ɜɫɟɯ ɛɢɧɚɪɧɵɯ ɢ ɬɟɪɧɚɪɧɵɯ ɤɜɚɡɢɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ ɜ ɦɧɢɦɵɯ 
ɤɜɚɞɪɚɬɢɱɧɵɯ ɩɨɥɹɯ ɜɵɱɢɫɥɟɧɚ ɪɚɡɦɟɪɧɨɫɬɶ ɝɪɚɧɢɰɵ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɨɛɥɚɫɬɢ. Ⱦɥɹ 
ɷɬɨɝɨ ɛɵɥ ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɦɟɬɨɞ Ⱦɠɢɥɶɛɟɪɬɚ, ɤɨɬɨɪɵɣ ɨɧ ɩɪɢɦɟɧɹɥ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɮɪɚɤɬɚɥɶɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ ɝɪɚɧɢɰ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɤɚɧɨɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ 
ɫɱɢɫɥɟɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɣ ɦɟɬɨɞ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ 
ɝɪɚɧɢɰ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɨɛɥɚɫɬɟɣ ɩɪɨɢɡɜɨɥɶɧɵɯ ɫɢɫɬɟɦ ɫɱɢɫɥɟɧɢɹ.  
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