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ɍȾɄ 004.04 

 

ɋɬɚɬɢɫɬɢɱɟɫɤɢɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɧɨɝɨɦɟɪɧɵɯ 
ɨɩɟɪɚɰɢɣ ɢ ɨɛɴɟɤɬɨɜ.II. 

 

Ⱥɪɬɟɦɟɧɤɨ ȼ.Ⱥ., Ⱥɧɞɪɸɯɢɧ Ⱥ.ɂ., Ɏɢɥɟɪ Ɂ.ȿ1
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Ⱥɪɬɟɦɟɧɤɨ ȼ.Ⱥ., Ⱥɧɞɪɸɯɢɧ A.ɂ, Ɏɢɥɟɪ Ɂ.ȿ . Ʉɨɦɩɶɸɬɟɪɧɵɟ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɧɨɝɨɦɟɪɧɵɯ ɨɩɟɪɚɰɢɣ ɢ ɨɛɴɟɤɬɨɜ.II. В ɪаɛɨɬɟ ɪаɫɫɦаɬɪɢɜаɸɬɫɹ ɢɡɜɟɫɬɧɵɟ ɤɥаɫɫɢɱɟɫɤɢɟ 

ɦɧɨɝɨɦɟɪɧɵɟ ɨɛɴɟɤɬɵ, ɬаɤɢɟ ɤаɤ ɤɨɦɩɥɟɤɫɧɵɟ ɢ ɝɢɩɟɪɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥаɦ, ɤɨɦɩɥɟɤɫɧɵɟ ɜɟɤɬɨɪɵ 

ɢ ɦаɬɪɢɰɵ. Ɋаɫɫɦаɬɪɢɜаɸɬɫɹ ɜаɪɢаɧɬɵ ɩɨɫɬɪɨɟɧɢɹ  ɫɤаɥɹɪɧɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ. На ɛаɡɟ ɷɬɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɪаɫɫɦаɬɪɢɜаɸɬɫɹ ɩɪɟɞɫɬаɜɥɟɧɢɹ ɢ ɫɜɨɣɫɬɜа ɦаɬɪɢɰ. 
ɉɪɢɜɟɞɟɧɵ ɜɢɡуаɥɶɧɵɟ ɢ ɫɬɨɯаɫɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɢɧɬɟɪɜаɥɶɧɵɟ ɨɛɥаɫɬɟɣ  ɨɬɨɛɪаɠɟɧɢɣ ɞɥɹ 
ɪаɡɥɢɱɧɵɯ ɢɯ ɩаɪаɦɟɬɪɨɜ. Ɋɟɡуɥɶɬаɬɵ ɪаɛɨɬɵ,  ɦɨɝуɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɪɟɲɟɧɢɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɩɨɫɬɪɨɟɧɢɹ уɫɬɨɣɱɢɜɵɯ ɫɢɫɬɟɦ уɩɪаɜɥɟɧɢɹ, ɬɟɨɪɢɢ ɢɧɬɟɪɜаɥɶɧɨɝɨ 
аɧаɥɢɡа ɢ ɬɟɨɪɢɢ ɢɞɟɧɬɢɮɢɤаɰɢɹ ɫɢɫɬɟɦ. ɉɪɢ ɪаɫɱɟɬаɯ ɩɪɢɦɟɧɹɥɫɹ ɩаɤɟɬ Wolfram Mathematica 

11.2. 

 

ȼɜɟɞɟɧɢɟ  

ɇɚɫɬɨɹɳɚɹ ɪɚɛɨɬɚ ɹɜɥɹɟɬɫɹ ɩɪɨɞɨɥɠɟɧɢɟɦ 
ɫɬɚɬɶɢ Д1Ж , ɨɞɧɚɤɨ ɜ ɧɟɣ ɨɫɧɨɜɧɨɟ ɜɧɢɦɚɧɢɟ 
ɭɞɟɥɹɟɬɫɹ ɢɡɜɟɫɬɧɵɦ ɤɥɚɫɫɢɱɟɫɤɢɦ ɦɧɨɝɨɦɟɪɧɵɦ 
ɨɛɴɟɤɬɚɦ, ɬɚɤɢɦ ɤɚɤ ɤɨɦɩɥɟɤɫɧɵɟ ɢ 
ɝɢɩɟɪɤɨɦɩɥɟɤɫɧɵɦ ɱɢɫɥɚɦ, ɤɨɦɩɥɟɤɫɧɵɦ ɜɟɤ 
ɬɨɪɚɦ ɢ ɦɚɬɪɢɰɚɦ ɢ ɨɩɪɟɞɟɥɟɧɢɸ ɨɩɟɪɚɰɢɣ 
ɫɪɚɜɧɟɧɢɹ ɢɯ.  

Ɉɫɧɨɜɨɣ  ɦɧɨɝɨɦɟɪɧɵɯ ɨɩɟɪɚɰɢɣ ɹɜɥɹɟɬɫɹ 
ɜɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɣ ɫɪɚɜɧɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ. 
ɇɚɩɨɦɧɢɦ, ɱɬɨ ɧɚ ɪɚɧɧɢɯ ɷɬɚɩɚɯ ɢɡɭɱɟɧɢɹ 
ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɩɪɢɦɟɧɟɧɢɟ ɨɛɵɱɧɵɯ 
ɥɨɝɢɱɟɫɤɢɯ ɪɚɫɫɭɠɞɟɧɢɣ ɩɪɢɜɨɞɢɥɨ ɤ 
ɧɟɩɪɚɜɢɥɶɧɵɦ ɜɵɜɨɞɚɦ.  

Ɍɚɤ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɂ.Ȼɟɪɧɭɥɥɢ, Ⱦɚɥɚɦɛɟɪ ɢ 
Ʌɟɣɛɧɢɰ ɢɦɟɥɢ ɨɲɢɛɨɱɧɨɟ ɦɧɟɧɢɟ ɨ ɡɧɚɱɟɧɢɢ 
ɥɨɝɚɪɢɮɦɚ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɱɢɫɥɚ Д2Ж. Ɍɨɥɶɤɨ 
Ʌ.ɗɣɥɟɪ ɞɚɥ ɩɪɚɜɢɥɶɧɵɣ ɨɬɜɟɬ. Ɏɨɪɦɭɥɵ ɗɣɥɟɪɚ 
(ɫɦ.ɪɢɫ.1) ɢ Ɇɭɚɜɪɚ ɩɨɡɜɨɥɹɸɬ ɭɜɟɪɟɧɧɨ ɪɟɲɚɬɶ 
ɥɸɛɵɟ ɜɨɩɪɨɫɵ ɫɜɹɡɚɧɧɵɟ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ 
ɱɢɫɥɚɦɢ ɢ ɩɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɢɡɜɟɫɬɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ  e2πТ=1 (ɢɥɢ eπТ

=-1), i
i
= 0.20788, 

 i
i

=0.00719188, i
ie=0.0139836 ɩɨɥɭɱɟɧɵ ɩɪɢ 

ɪɚɛɨɬɟ ɫ ɨɩɟɪɚɰɢɟɣ ɜɨɡɜɟɞɟɧɢɹ ɱɢɫɟɥ ɜ 
ɤɨɦɩɥɟɤɫɧɭɸ ɫɬɟɩɟɧɶ, ɤɨɬɨɪɚɹ ɜ ɫɭɳɧɨɫɬɢ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɧɨɝɨɦɟɪɧɭɸ ɨɩɟɪɚɰɢɸ. 
 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

Ɏɨɪɦɭɥɢɪɨɜɤɚ ɡɚɞɚɱɢ ɩɪɨɫɬɚ: 

ɧɟɨɸɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɫɤɚɥɹɪɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ 

ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ, ɱɬɨ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɚɬɶ 
ɭɪɚɜɧɟɧɢɹ ɢ ɧɟɪɚɜɟɧɫɬɜɚ ɫ ɧɢɦɢ.  

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 1 – Ƚɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ 
ɤɨɦɩɥɟɤɫɧɨɝɨ ɧɨɪɦɢɪɨɜɚɧɧɨɝɨ ɱɢɫɥɚ 

 

ɇɟɨɛɯɨɞɢɦɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɩɚɤɟɬɵ Wolfram Mathematica, 

Maple ɢ ɞɪɭɝɢɟ, ɩɨɡɜɨɥɹɸɬ ɫ ɩɨɦɨɳɶɸ  
ɜɫɬɪɨɟɧɧɵɯ ɮɭɧɤɰɢɣ (ɦɨɞɭɥɶ, ɚɪɝɭɦɟɧɬ, 
ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɢ ɦɧɢɦɚɹ ɱɚɫɬɢ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɱɢɫɥɚ) ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɭɪɚɜɧɟɧɢɹ ɢ 
ɧɟɪɚɜɟɧɫɬɜɚ ɫ ɤɨɦɩɥɟɤɫɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ.  

Ʉ ɩɪɢɦɟɪɭ, ɪɟɲɟɧɢɟ ɞɜɭɯ ɫɨɬɟɧ ɭɪɚɜɧɟɧɢɣ 

ɞɥɹ ɩɟɪɟɦɟɧɧɨɣ M ɞɥɹ ɡɚɞɚɧɧɵɯ S,D  ɩɪɢ n=2,200, 

i=1,n  c ɜɵɞɚɱɟɣ ɡɚɜɢɫɢɦɨɫɬɢ M(n) ∑ ��+���ଵ = ሺ∑ �ሻ�ଵ
�

 

ɡɚɧɢɦɚɟɬ ɜɪɟɦɹ, ɦɟɧɶɲɟɟ 1 ɫɟɤɭɧɞɵ ɞɥɹ 
ɩɪɨɰɟɫɫɨɪɚ I3 4170. Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ M(n) 

ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ.2 ɩɪɢ S=-1, D=2. 
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Ɋɢɫɭɧɨɤ 2 - Ɂɚɜɢɫɢɦɨɫɬɶ M(n) ,S=-1, D=2 

 

ɇɟɫɤɨɥɶɤɨ ɢɧɨɣ ɯɚɪɚɤɬɟɪ ɢɦɟɸɬ 
ɪɟɡɭɥɶɬɚɬɵ ɩɪɢ S=-1/2(ɝɢɩɨɬɟɡɚ Ɋɢɦɚɧɚ), D=2 ɧɚ 
ɪɢɫ.3. 

Ɍɚɤ ɤɚɤ ɤɨɦɩɥɟɤɫɧɨɟ ɱɢɫɥɨ ɹɜɥɹɟɬɫɹ 
ɦɧɨɝɨɦɟɪɧɨɣ ɜɟɥɢɱɢɧɨɣ (ɢɦɟɟɬ ɞɜɟ ɤɨɦɩɨɧɟɧɬɵ) 
ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞɢɤɭ ɪɟɲɟɧɢɹ 
ɢɡɜɟɫɬɧɨɣ ɜ ɫɢɫɬɟɦɧɨɦ ɚɧɚɥɢɡɟ ɩɪɨɛɥɟɦɵ ɨɰɟɧɤɢ 
ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɯ ɫɢɫɬɟɦ. Ɉɧɚ ɫɨɫɬɨɢɬ ɜ 
ɜɵɛɨɪɟ ɧɚɢɥɭɱɲɟɣ ɫɢɫɬɟɦɵ ɢɡ ɦɧɨɠɟɫɬɜɚ 
ɡɚɞɚɧɧɵɯ ɫɢɫɬɟɦ Q1,Q2,…,Qn, ɞɥɹ ɤɨɬɨɪɵɯ ɡɚɞɚɧɵ 
ɢɯ ɨɰɟɧɤɢ ɩɨ ɤɪɢɬɟɪɢɹɦ K1,K2,…,Km.  

 
 

Ɋɢɫɭɧɨɤ 3 - Ɂɚɜɢɫɢɦɨɫɬɶ M(n) ,S=-1/2, D=2 

 

ȼ ɬɚɛɥɢɰɟ 1 ɷɥɟɦɟɧɬ Xi,j  ɟɫɬɶ ɨɰɟɧɤɚ 
ɨɛɴɟɤɬɚ Qi ɩɨ ɤɪɢɬɟɪɢɸ Kj.  

 

Ɍɚɛɥɢɰɚ 1 - Ɇɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɵɟ ɨɰɟɧɤɢ ɫɢɫɬɟɦ 

 K1 … Kj … Km 

Q1      

…      

Qi   Xi,j   

…      

Qn      

 

Ɍɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ «ɧɚɢɥɭɱɲɢɣ» 
ɨɛɴɟɤɬ. ɋɨɝɥɚɫɧɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ ɫɢɫɬɟɦɧɨɝɨ 
ɚɧɚɥɢɡɚ ɦɵ ɞɨɥɠɧɵ ɩɨɫɬɪɨɢɬɶ ɢɧɬɟɝɪɚɥɶɧɵɣ 
ɤɪɢɬɟɪɢɣ ɨɛɴɟɤɬɚ (ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ). 

ɗɬɢ ɩɪɨɛɥɟɦɵ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɪɚɡɥɢɱɧɵɦɢ 
ɦɟɬɨɞɚɦɢ, ɜɚɠɧɟɣɲɢɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ:  

1) ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ 
ɢɡɦɟɪɟɧɢɹɯ, ɝɞɟ:  

ɚ) ɦɟɬɨɞɵ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ 

ɦɧɨɝɨɤɪɢɬɟɪɢɚɥɶɧɭɸ ɬɟɨɪɢɸ ɩɨɥɟɡɧɨɫɬɢ MAUT 

[4-5]; 

ɛ) ɦɟɬɨɞɵ, ɱɶɢ  ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɟɜɨɞɹɬɫɹ ɜ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɜɢɞ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ 

ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɢɟɪɚɪɯɢɢ (AHP) [6,7];  

ɜ) ɩɨɞɯɨɞɵ ɢɫɩɨɥɶɡɭɸɳɢɟ ɢɧɞɢɤɚɬɨɪɵ ɩɪɢ 
ɪɚɫɫɦɨɬɪɟɧɢɢ  ɚɥɶɬɟɪɧɚɬɢɜ ɜ ɦɟɬɨɞɚɯ ELECTRE 

[8-9]; 

2) ɦɟɬɨɞɵ, ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɤɚɱɟɫɬɜɟɧɧɵɯ 
ɢɡɦɟɪɟɧɢɹɯ, ɩɪɢ ɤɨɬɨɪɵɯ: 

ɚ) ɧɟɬ ɩɟɪɟɯɨɞɚ ɤ ɤɨɥɢɱɟɫɬɜɟɧɧɵɦ 
ɩɟɪɟɦɟɧɧɵɦ ɜ  ɜɟɪɛɚɥɶɧɨɦ ɚɧɚɥɢɡɟ ɪɟɲɟɧɢɣ Д10-

13]; 

 ɛ) ɢɫɩɨɥɶɡɭɸɬ ɬɟɨɪɢɸ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ 
[14; 

 Ɉɛɵɱɧɨ ɧɚ ɩɪɚɤɬɢɤɟ ɢɫɩɨɥɶɡɭɸɬ 
ɦɭɥɶɬɢɚɞɞɢɬɢɜɧɵɣ ɢɧɬɟɝɪɚɥɶɧɵɣ ɤɪɢɬɟɪɢɣ, ɢ 
ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɛɨɬ, ɜ ɤɨɬɨɪɵɯ ɨɧ 
ɨɩɢɫɚɧ Д3Ж. 

Ⱦɥɹ ɩɪɢɦɟɧɟɧɢɹ ɦɭɥɶɬɢɚɞɞɢɬɢɜɧɨɝɨ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɜɚɬɶ 
ɩɪɢɨɪɢɬɟɬɵ ɫj  ɞɥɹ ɤɪɢɬɟɪɢɟɜ Kj, j=1,m ɢ ɞɚɥɟɟ ɦɵ 
ɨɩɪɟɞɟɥɹɟɦ «ɧɚɢɥɭɱɲɢɣ» ɨɛɴɟɤɬ ɫɨɝɥɚɫɧɨ 
ɜɵɪɚɠɟɧɢɹ F=max{Fi,i=1,n}, Fi ={ ɫj Xi,j,j=1,m}.  

ɇɚ ɪɢɫ.4-6 ɨɬɨɛɪɚɠɟɧɵ ɩɪɟɞɫɬɚɜɥɟɧɢɹ 
ɜɵɪɚɠɟɧɢɹ  (xi)

yi  ɞɥɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ x,y ɞɥɹ  
ɨɩɟɪɚɰɢɢ  ɜɨɡɜɟɞɟɧɢɹ ɱɢɫɟɥ ɜ ɤɨɦɩɥɟɤɫɧɭɸ 
ɫɬɟɩɟɧɶ. 

 

 

Ɋɢɫɭɧɨɤ 4 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ Y=i
xi

  

 

 

 

Ɋɢɫɭɧɨɤ 5 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ Z=Re((xi)
yi

)  
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X
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Ɋɢɫɭɧɨɤ 6 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ Z=Im((xi)

yi
) 

 

 

 

Ɋɢɫɭɧɨɤ 7 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ Y=Im(xi)
i
 

 

 

Ɋɢɫɭɧɨɤ 8 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ Y=Re(xi)
i
 

 

Ɇɧɨɝɨɦɟɪɧɵɟ ɨɩɟɪɚɰɢɢ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ 

ɉɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɧɨɝɨɦɟɪɧɨɣ ɨɩɟɪɚɰɢɢ 
ɚɜɬɨɪɵ ɜɧɚɱɚɥɟ ɩɵɬɚɥɢɫɶ ɩɨɫɬɪɨɢɬɶ ɦɧɨɝɨɦɟɪɧɭɸ 
ɨɩɟɪɚɰɢɸ ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ  
ɨɫɧɨɜɵɜɚɹɫɶ ɧɚ ɨɩɟɪɚɰɢɢ ɜɨɡɜɟɞɟɧɢɹ ɢɯ ɜ ɜ 
ɧɟɤɨɬɨɪɭɸ ɫɬɟɩɟɧɶ. 

Ɉɩɪɟɞɟɥɢɦ ɦɧɨɝɨɦɟɪɧɭɸ ɨɩɟɪɚɰɢɸ 
ɫɪɚɜɧɟɧɢɹ ɞɜɭɯ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ  (r1, 1), (r2, 2), 

ɝɞɟ r( ), ɦɨɞɭɥɶ(ɚɪɝɭɦɟɧɬ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.   

Ɂɞɟɫɶ ɦɵ ɜɜɟɥɢ ɨɛɨɡɧɚɱɟɧɢɟ  (r, )= re
i ɢ 

ɞɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ T , ɤɚɤ   
T((r1,1), ((r2,2))= ((r1,1)

P
, ((r2,2)

P
)        (1) 

ɝɞɟ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ  P=4π2
/(12). 

Ʉɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ ((r1,1)
P
, ((r2,2)

P
) 

ɹɜɥɹɸɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɱɢɫɥɚɦɢ, ɬ.ɤ. 
(r1,1)

P
=((r1,1)

P1
)

P2, ɝɞɟ P1=2π/1, P2=2π/2 ɢ 
ɫɥɟɞɨɜɚɬɟɥɶɧɨ  P1⸱P2=4π2

/(12).  

ȼɵɪɚɠɟɧɢɟ  (r1,1)
P1

=r1
P1

e
P1

= r1
P1

e
2πТ

=r1
P1

 

ɟɫɬɶ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɱɢɫɥɨ. Ɂɞɟɫɶ ɦɵ 
ɢɫɩɨɥɶɡɨɜɚɥɢ ɢɡɜɟɫɬɧɨɟ ɬɨɠɞɟɫɬɜɨ e2πТ

=1. 

Ɉɞɧɚɤɨ ɱɬɨ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɷɬɨ ɨɬɨɛɪɚɠɟɧɢɟ ɨɛɥɚɞɚɟɬ  ɦɧɨɠɟɫɬɜɨɦ 
ɧɟɞɨɫɬɚɬɤɨɜ: 

1) ɢɦɟɟɦ ɜɵɱɢɫɥɟɧɢɹ ɜɢɞɚ 2π/, ɬ.ɟ. ɨɫɨɛɚɹ 
ɬɨɱɤɚ ɩɪɢ 0; 

2) ɤɨɦɩɥɟɤɫɧɵɟ  ɱɢɫɥɚ, ɤɨɬɨɪɵɟ ɥɟɠɚɬ ɧɚ 
ɟɞɢɧɢɱɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ ɨɤɪɭɠɧɨɫɬɢ ɢɦɟɸɬ 
ɨɞɢɧɚɤɨɜɭɸ ɦɟɪɭ 1; 

3) ɝɪɚɮɢɱɟɫɤɢɟ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɩɪɢ 
ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɢɦɟɸɬ 
ɫɥɢɲɤɨɦ ɫɥɨɠɧɵɣ ɜɢɞ, ɧɟ ɫɨɝɥɚɫɭɸɳɢɣɫɹ ɫ 
ɢɧɬɭɢɬɢɜɧɵɦɢ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦɢ.  

ɉɨɫɥɟɞɧɟɟ ɨɛɭɫɥɨɜɥɟɧɨ ɫɥɨɠɧɵɦ 
ɩɨɜɟɞɟɧɢɟɦ ɮɭɧɤɰɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫ.5-8. 

ɉɨɢɫɤɢ ɩɪɢɜɟɥɢ ɤ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ ɞɥɹ 
ɨɬɨɛɪɚɠɟɧɢɹ ɤɨɦɩɥɟɤɫɧɨɝɨ ɱɢɫɥɚ (r, )= re

i 
. 

 

T(r,) = r∑ �݁�� ሺሻ�ଵ                      (2) 

 

Ɏɭɧɤɰɢɹ g  ɞɨɥɠɧɚ ɭɞɨɜɥɟɬɜɨɪɹɬɶ 
ɨɫɧɨɜɧɵɦ ɭɫɥɨɜɢɹɦ: 

ɚ) ɱɢɫɥɟɧɧɵɟ ɦɟɪɵ ɜɟɤɬɨɪɨɜ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ ɫ ɨɞɢɧɚɤɨɜɵɦ ɚɪɝɭɦɟɧɬɨɦ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵ ɢɯ ɦɨɞɭɥɹɦ; 

ɛ) ɱɢɫɥɟɧɧɵɟ ɦɟɪɵ ɜɟɤɬɨɪɨɜ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ ɫ ɨɞɢɧɚɤɨɜɵɦ ɦɨɞɭɥɟɦ, ɬ.ɟ. ɥɟɠɚɳɢɯ ɧɚ 
ɤɨɦɩɥɟɤɫɧɵɯ ɨɤɪɭɠɧɨɫɬɹɯ ɨɞɢɧɚɤɨɜɨɝɨ ɪɚɞɢɭɫɚ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɞɢɧɚɤɨɜɨɝɨ ɩɨɪɹɞɤɚ. 

Ȼɵɥɢ ɩɨɫɬɪɨɟɧɵ ɱɢɫɥɟɧɧɵɟ ɦɟɪɵ ɞɥɹ 
ɮɭɧɤɰɢɣ: 

1) g1(r,)=Ы⸱Eбp(/(2));  

2) g2(r,)=Ы⸱Eбp(-/(2)); 

3) g3(r,)=Ы⸱Eбp(Мos()/(2)); 

4) g4(r,)=Ы⸱Eбp((-1/4cos(-)-3/4cos())/(2));  

5) g5(r,)=Ы⸱Eбp((-3/4cos(-/2)-

1/4cos(/2))/(2));  

6) g6(r,)=Ы⸱Eбp((-1/4sin(-)-3/4sin())/(2)); 

7) g7(r,)=Ы⸱Eбp((-1/4sin(-)-3/4sin())/(2)). 

 

ȼ ɬɚɛɥ.2 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɥɢɠɟɧɢɣ ɞɥɹ ɷɬɢɯ 

ɡɚɜɢɫɢɦɨɫɬɟɣ.  

ɇɚ ɪɢɫ.9-15 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ 

gi(), i=1,7 ɞɥɹ r=1, 
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Ɋɢɫɭɧɨɤ 9 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g1() 

 

 

 
Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g2() 

 

 
 

Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g3() 

 

 

 
Ɋɢɫɭɧɨɤ 12 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g4() 

 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 13 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g5() 

 

 

 
Ɋɢɫɭɧɨɤ 14 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g6 () 

 

 
 

Ɋɢɫɭɧɨɤ 15 – Ƚɪɚɮɢɤ ɮɭɧɤɰɢɢ g7 () 

 

   Ɍɚɛɥɢɰɚ 2 - ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɥɢɠɟɧɢɣ 

№ Ɏɭɧɤɰɢɹ ɋɪɟɞɧɟɟ ɋɪɟɞ.ɤɜ.ɨɬɤɥɨɧɟɧɢɟ 

1 g1 1.06405     0.2623 

2 g2 1.02063     0.25169 

3 g3 1.00634     0.10155 

4 g4 1.00634     0.10155 

5 g5 0.904881   0.0390529 

6 g6 1.00158     0.0505385 

7 g7 1.00158     0.0505385 

 

ɉɪɢɜɟɞɟɦ ɩɪɢɦɟɪɵ ɪɟɲɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɧɟɪɚɜɟɧɫɬɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɭɧɤɰɢɣ 
ɨɬɨɛɪɚɠɟɧɢɹ G1(r,)=r⸱Exp(/(2)), 

G2(r,)=r⸱Exp(-/(2)), G3(r,)=r⸱Exp(-/(4)). 

ȼɟɞɟɦ ɨɛɨɡɧɚɱɟɧɢɹ Z1=-1+I, Z2=3+2I. ɇɚ ɪɢɫ.16-

29   ɢɦɟɟɦ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ. 
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Ɋɢɫɭɧɨɤ 16 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 
Z1   ɞɥɹ G1(r,) 

 

 
 

Ɋɢɫɭɧɨɤ 17 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 
Z2    ɞɥɹ G1(r,) 

  

Ⱦɚɥɟɟ ɦɵ ɩɪɟɞɫɬɚɜɢɦ ɪɟɡɭɥɶɬɚɬɵ 
ɫɪɚɜɧɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɜ ɢɯ ɨɬɧɨɲɟɧɢɹɯ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɥɚɦɢ Z1 ɢ Z2 ɞɥɹ G1(r,). 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 18 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z2 ɢ ɱɢɫɥɚ Z1    ɞɥɹ G1() 

 

 
 

Ɋɢɫɭɧɨɤ 19 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z2  ɞɥɹ G1(r,) 

 

 

 
 

Ɋɢɫɭɧɨɤ 20 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ , ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ G1(r,) 
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əɫɧɨ, ɱɬɨ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  ɱɢɫɥo 

Z2 ɢ ɦɟɧɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z1    ɞɥɹ G1() ɧɟ 
ɫɭɳɟɫɬɜɭɟɬ ɢ ɜ ɰɟɥɹɯ ɷɤɨɧɨɦɢɢ ɬɟɤɫɬɚ ɧɟ 
ɩɨɦɟɳɚɟɦ ɩɭɫɬɨɣ ɪɢɫɭɧɨɤ ɞɥɹ ɷɬɨɝɨ ɜɚɪɢɚɧɬɚ.. 
Ⱦɥɹ ɤɪɢɬɟɪɢɹ G2() ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɛɥɚɫɬɢ 
ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ. 
 

 
 

Ɋɢɫɭɧɨɤ 21 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 
Z1     ɞɥɹ G2(r,) 

 

 
 

Ɋɢɫɭɧɨɤ 22 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 
Z2     ɞɥɹ G2(r,)  

 

Ⱥɧɚɥɨɝɢɱɧɨ ɜ ɫɥɭɱɚɟ ɫ ɤɪɢɬɟɪɢɟɦ  G1(). ɦɵ 
ɩɪɟɞɫɬɚɜɢɦ ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɜ ɢɯ ɨɬɧɨɲɟɧɢɹɯ 
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɱɢɫɥɚɦɢ Z1 ɢ Z2 ɞɥɹ G2(). 

 
 

Ɋɢɫɭɧɨɤ 23 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z2 ɢ ɱɢɫɥɨ Z1    ɞɥɹ G2(r,) 

 

 
Ɋɢɫɭɧɨɤ 24 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  

ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ , ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ G2(r,) 

 
Ɋɢɫɭɧɨɤ 25 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɟ ɱɟɦ  

ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ , ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ G2(r,) 

 

Ʉɚɤ ɢ ɪɚɧɟɟ ɩɪɨɩɭɫɤɚɟɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ 
ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  ɱɢɫɥɚ Z2 ɢ 
ɦɟɧɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z1    ɞɥɹ G2(). 
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ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɥɚɫɬɢ ɫɪɚɜɧɟɧɢɹ ɞɥɹ G3(). 

 
 

 

Ɋɢɫɭɧɨɤ 26 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 
Z1     ɞɥɹ G3(r,) 

 

 
 

Ɋɢɫɭɧɨɤ 27 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 
Z2     ɞɥɹ G3(r,) 

 

 
Ɋɢɫɭɧɨɤ 28 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  

ɱɢɫɥɚ Z2 ɢ ɱɢɫɥɨ Z1    ɞɥɹ G3(r,) 

 

 

 
 

Ɋɢɫɭɧɨɤ 29 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ , ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ G3(r,) 

 

 
Ɋɢɫɭɧɨɤ 30 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɟ ɱɟɦ  

ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ , ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ G3(r,) 

 

Ɉɩɹɬɶ ɩɪɨɩɭɫɤɚɟɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ 
ɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  ɱɢɫɥɚ Z2 ɢ 
ɦɟɧɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z1 ɞɥɹ G3(r,). 

  

Ɇɧɨɝɨɦɟɪɧɵɟ ɨɩɟɪɚɰɢɢ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɦɚɬɪɢɰ 

Ɇɚɬɪɢɰɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɜɨɢɦ ɫɩɟɤɬɪɨɦ, 
ɬ.ɟ. ɦɧɨɠɟɫɬɜɨɦ  ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. Ȼɵɥɨ 
ɩɪɟɞɥɨɠɟɧɨ ɦɧɨɠɟɫɬɜɨ ɪɟɲɟɧɢɣ ɷɬɨɣ ɩɪɨɛɥɟɦɵ. 
ɉɨɷɬɨɦɭ ɡɚɞɚɱɚ ɫɪɚɜɧɟɧɢɹ ɦɚɬɪɢɰ ɫɜɨɞɢɬɫɹ ɤ 
ɡɚɞɚɱɟ ɫɪɚɜɧɟɧɢɹ ɜɟɤɬɨɪɨɜ. 

ɇɚɥɢɱɢɟ ɦɧɨɠɟɫɬɜɚ ɩɟɪɟɦɟɧɧɵɯ 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɤɨɦɩɥɟɤɫɧɵɟ ɡɧɚɱɟɧɢɹ 
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ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɩɨɡɜɨɥɹɟɬ ɜɢɡɭɚɥɶɧɨ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɨɛɥɚɫɬɢ ɫɪɚɜɧɟɧɢɹ ɬɨɥɶɤɨ ɞɥɹ 
ɤɜɚɞɪɚɬɧɵɯ ɦɚɬɪɢɰ ɪɚɡɦɟɪɚ 22 , ɭ ɤɨɬɨɪɵɯ ɨɞɧɨ 
ɫɨɛɫɬɜɟɧɧɨɟ ɱɢɫɥɨ ɹɜɥɹɟɬɫɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ. Ɍɚɤ 
ɮɢɤɫɢɪɭɹ ɦɚɬɪɢɰɭ  A = {{2 + I, -1 - 2*I}, {-0.5 - I, 

2 + 0.3*I}}, ɨɩɪɟɞɟɥɹɟɦ ɟɟ ɫɨɛɫɬɜɟɧɧɵɟ ɱɢɫɥɚ 
{2.69024 + 2.09877 I, 1.30976 - 0.798769 I}.Ⱦɚɥɟɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɦɚɬɪɢɰɵ ɜɢɞɚ {{X, 0}, {0, Y + I 

Z}} ɢ ɦɨɠɟɦ ɜɢɡɭɚɥɶɧɨ ɫɬɪɨɢɬɶ ɞɥɹ ɧɢɯ ɨɛɥɚɫɬɢ 
{X,  Y, Z}, ɞɥɹ ɤɨɬɨɪɵɯ ɷɬɢ ɦɚɬɪɢɰɵ ɦɟɧɶɲɟ 
ɡɚɥɚɧɧɨɣ Ⱥ ɩɨ ɪɚɡɥɢɱɧɵɦ ɤɪɢɬɟɪɢɹɦ 
G1(r,)=r⸱Exp(/(2)), G2(r,)=r⸱Exp(-/(2)), 

G3(r,)=r⸱Exp(cos(-/(2))). 

ɇɚ ɪɢɫ.29-31 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɥɚɫɬɢ 
ɫɪɚɜɧɟɧɢɹ ɞɥɹ ɫɭɦɦɵ ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. 

ɇɚ ɪɢɫ.32-34  ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɥɚɫɬɢ 
ɫɪɚɜɧɟɧɢɹ ɞɥɹ ɩɪɨɢɡɜɟɞɟɧɢɹ  ɫɨɛɫɬɜɟɧɧɵɯ 
ɱɢɫɟɥ.Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɵ ɫɪɚɜɧɢɜɚɟɦ ɜɟɤɬɨɪɵ ɫ 
ɤɨɦɩɥɟɤɫɧɵɦɢ ɤɨɦɩɨɧɟɬɚɦɢ. 

 
 

Ɋɢɫɭɧɨɤ 29 – Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɫɭɦɦɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɞɥɹ   G1 

 

 
 

Ɋɢɫɭɧɨɤ 30 – Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɫɭɦɦɵ 
ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɞɥɹ   G2 

 

 
Ɋɢɫɭɧɨɤ 31 – Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɫɭɦɦɵ 

ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɞɥɹ   G3.  
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Ɋɢɫɭɧɨɤ 32 – Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 
ɩɪɨɢɡɜɟɞɟɧɢɹ  ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɞɥɹ   G1 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 33 – Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 
ɩɪɨɢɡɜɟɞɟɧɢɹ  ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɞɥɹ   G2 

 
 

 

Ɋɢɫɭɧɨɤ 34 – Ɉɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 
ɩɪɨɢɡɜɟɞɟɧɢɹ  ɫɨɛɫɬɜɟɧɧɵɯ ɱɢɫɟɥ ɞɥɹ   G3 

 

ɋɪɚɜɧɟɧɢɹ  ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɞɥɹ 
ɨɩɟɪɚɰɢɢ T 

 ɇɚ ɪɢɫ.35-40 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ 
ɫɪɚɜɧɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɩɪɟɛɪɚɡɨɜɚɧɢɹ T. ɉɨɫɥɟɞɧɟɟ ɨɩɪɟɞɟɥɟɧɨ  ɜ (1).   
 

  
Ɋɢɫɭɧɨɤ 35 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɢɟ  ɱɢɫɥɚ 

Z1   ɞɥɹ T 
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Ɋɢɫɭɧɨɤ 36 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɢɟ  ɱɢɫɥɚ 
Z2     ɞɥɹ T 

 

 

 

Ɋɢɫɭɧɨɤ 37 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Г2 ɢ ɱɢɫɥɨ Г1    ɞɥɹ T 

 

 
 

Ɋɢɫɭɧɨɤ 38 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɛɨɥɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ T  

 
Ɋɢɫɭɧɨɤ 39 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɟ ɱɟɦ  

ɱɢɫɥɚ Z1 ɢ ɛɨɥɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ T 

 

 

 

Ɋɢɫɭɧɨɤ 40 – Ʉɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥɚ ɦɟɧɶɲɟ ɱɟɦ  
ɱɢɫɥɚ Z1 ɢ ɦɟɧɶɲɟ, ɱɟɦ ɱɢɫɥɨ Z2    ɞɥɹ T 

   

Ɋɟɲɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ  

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɫɤɚɥɹɪɧɵɯ 
ɨɬɨɛɪɚɠɟɧɢɣ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ 
ɧɟɧɚɛɥɸɞɚɟɦɵɟ ɜɨɡɦɭɳɟɧɢɹ. Ɉɞɧɚɤɨ 
ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɩɨɥɭɱɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɚ ɢ ɫɚɦɢ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɨɬɥɢɱɚɸɳɢɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ.  

Ⱦɥɹ ɩɪɢɦɟɪɚ ɪɚɫɫɦɨɬɪɢɦ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ 
ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ G(Z)=1, ɝɞɟ ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ 
G(Z) ɟɫɬɶ ɤɥɚɫɫ ɨɬɨɛɪɚɠɟɧɢɣ ɜɢɞɚ 
G1(Z)=|Z|(Exp((1-2A)⸱AЫР(Z)/2), ɡɚɜɢɫɹɳɢɣ ɨɬ 
ɩɚɪɚɦɟɬɪɚ A. ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ G2(Z)=|Z|(Exp((1-

2A)⸱ЬТЧ(Arg(Z))/2). Ȼɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ Re(Z)(-

1,1), Im(Z)(-1,1), Ⱥ(0,1). Ɋɟɲɟɧɢɹ  ɭɪɚɜɧɟɧɢɹ 
G(Z)=1 ɨɩɪɟɞɟɥɹɟɦ ɧɟɪɚɜɟɧɫɬɜɚɦɢ | G(Z)-1|<Eps. 
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ɇɚ ɪɢɫ.41-42 (43-44) ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɛɥɚɫɬɢ 
ɪɟɲɟɧɢɣ ɞɥɹ G1 (G2), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ɂɧɚɱɟɧɢɟ P ɨɩɪɟɞɟɥɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɢ ɨɬɪɚɠɚɟɬ ɩɪɨɰɟɧɬɧɨɟ 
ɨɬɧɨɲɟɧɢɟ ɨɛɴɟɦɚ ɧɚɣɞɟɧɧɨɣ ɨɛɥɚɫɬɢ ɪɟɲɟɧɢɣ  ɤ 

ɨɛɟɦɭ ɜɫɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɟɲɟɧɢɣ. 

  

Ɋɢɫɭɧɨɤ 41 – Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ:Eps=0.1, P=23.9% 

 

 
Ɋɢɫɭɧɨɤ 42 – Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ:Eps=0.025, P=6.5% 

 
Ɋɢɫɭɧɨɤ 43 – Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ:Eps=0.1, P=3.9% 

 

 
 

Ɋɢɫɭɧɨɤ 44 – Ɉɛɥɚɫɬɶ ɪɟɲɟɧɢɹ:Eps=0.025, P=1% 

 

ɉɨɫɥɟɞɧɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɩɨɞɯɨɞɵ  ɢ ɢɞɟɢ, ɢɡɥɨɠɟɧɧɵɟ  ɜ Д15-18]. 

 

ȼɵɜɨɞɵ 

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɩɨɥɭɱɟɧɵ  ɜɚɪɢɚɧɬɵ ɩɨɫɬɪɨɟɧɢɹ  
ɫɤɚɥɹɪɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ ɱɢɫɟɥ. ɇɚ 
ɛɚɡɟ ɷɬɢɯ ɨɬɨɛɪɚɠɟɧɢɹ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɢ ɫɤɚɥɹɪɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɦɚɬɪɢɰ.  

 Ɂɚɦɟɬɢɦ, ɱɬɨ ɨɬɨɛɪɚɠɟɧɢɟ T ɹɜɥɹɟɬɫɹ 
ɛɨɥɟɟ ɝɢɛɤɢɦ, ɧɟɠɟɥɢ ɫɤɚɥɹɪɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ 
ɮɭɧɤɰɢɢ, ɬɚɤ ɤɚɤ ɩɨɡɜɨɥɹɸɬ ɜɫɟɝɞɚ ɧɚɯɨɞɢɬɶ 
ɪɟɲɟɧɢɹ ɞɥɹ ɤɨɦɩɥɟɤɫɧɵɯ ɧɟɪɚɜɟɧɫɬɜ.  

ɉɪɢɜɟɞɟɧɵ ɜɢɡɭɚɥɶɧɵɟ ɢ ɫɬɨɯɚɫɬɢɱɟɫɤɢɟ 
ɨɰɟɧɤɢ ɢɧɬɟɪɜɚɥɶɧɵɟ ɨɛɥɚɫɬɟɣ  ɨɬɨɛɪɚɠɟɧɢɣ ɞɥɹ 
ɪɚɡɥɢɱɧɵɯ ɢɯ ɩɚɪɚɦɟɬɪɨɜ. 

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ 
ɫɨɫɬɨɢɬ  ɜ ɩɨɥɭɱɟɧɢɢ  ɢɧɬɟɪɜɚɥɶɧɵɯ ɨɰɟɧɨɤ 
ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɨɩɟɪɚɰɢɣ, 

ɜɵɩɨɥɧɹɟɦɵɯ ɫ ɦɧɨɝɨɦɟɪɧɵɦɢ ɜɟɥɢɱɢɧɚɦɢ.   
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Artemenko VA, Andryukhin A.I., Filer Z.E.  Computer estimates of the characteristics of 
multidimensional operations and objects. II. We consider well-known classical multidimensional 

objects, such as complex and hypercomplex numbers, complex vectors, and matrices. and the definition of 

their comparison operations. We consider variants of constructing a scalar mapping of complex numbers. 

Representations and properties of matrices are considered on the basis of this mapping. Visual mock-

stochastic estimates of interval mapping regions for various parameters are presented. The results of the 

work can be used to solve certain problems of constructing stable control systems, the theory of interval 

analysis, and the theory of system identification. In calculations, Wolfram Mathematica 11.2 was used. 

Keywords: scalar mapping, multidimensional operation, complex number, matrix, 

multidimensional quantities, interval analysis. 

 

Ⱥɪɬɟɦɟɧɤɨ ȼ.Ⱥ., Ⱥɧɞɪɸɯɢɧ A.ɂ.,Ɏɢɥɟɪ Ɂ.ȿ. Ʉɨɦɩɶɸɬɟɪɧɵɟ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɧɨɝɨɦɟɪɧɵɯ ɨɩɟɪɚɰɢɣ ɢ ɨɛɴɟɤɬɨɜ.II. В ɪаɛɨɬɟ ɪаɫɫɦаɬɪɢɜаɸɬɫɹ ɢɡɜɟɫɬɧɵɟ ɤɥаɫɫɢɱɟɫɤɢɟ 
ɦɧɨɝɨɦɟɪɧɵɟ ɨɛɴɟɤɬɵ, ɬаɤɢɟ ɤаɤ ɤɨɦɩɥɟɤɫɧɵɟ ɢ ɝɢɩɟɪɤɨɦɩɥɟɤɫɧɵɟ ɱɢɫɥаɦ, ɤɨɦɩɥɟɤɫɧɵɟ ɜɟɤɬɨɪɵ 
ɢ ɦаɬɪɢɰɵ. Ɋаɫɫɦаɬɪɢɜаɸɬɫɹ ɜаɪɢаɧɬɵ ɩɨɫɬɪɨɟɧɢɹ  ɫɤаɥɹɪɧɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɤɨɦɩɥɟɤɫɧɵɯ 
ɱɢɫɟɥ. На ɛаɡɟ ɷɬɨɝɨ ɨɬɨɛɪаɠɟɧɢɹ ɪаɫɫɦаɬɪɢɜаɸɬɫɹ ɩɪɟɞɫɬаɜɥɟɧɢɹ ɢ ɫɜɨɣɫɬɜа ɦаɬɪɢɰ. 
ɉɪɢɜɟɞɟɧɵ ɜɢɡуаɥɶɧɵɟ ɢ ɫɬɨɯаɫɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɢɧɬɟɪɜаɥɶɧɵɟ ɨɛɥаɫɬɟɣ  ɨɬɨɛɪаɠɟɧɢɣ ɞɥɹ 
ɪаɡɥɢɱɧɵɯ ɢɯ ɩаɪаɦɟɬɪɨɜ. Ɋɟɡуɥɶɬаɬɵ ɪаɛɨɬɵ,  ɦɨɝуɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜаɧɵ ɩɪɢ ɪɟɲɟɧɢɢ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɨɩɪɨɫɨɜ ɩɨɫɬɪɨɟɧɢɹ уɫɬɨɣɱɢɜɵɯ ɫɢɫɬɟɦ уɩɪаɜɥɟɧɢɹ, ɬɟɨɪɢɢ ɢɧɬɟɪɜаɥɶɧɨɝɨ 
аɧаɥɢɡа ɢ ɬɟɨɪɢɢ ɢɞɟɧɬɢɮɢɤаɰɢɹ ɫɢɫɬɟɦ. ɉɪɢ ɪаɫɱɟɬаɯ ɩɪɢɦɟɧɹɥɫɹ ɩаɤɟɬ Wolfram Mathematica 

11.2. 

 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɤаɥɹɪɧɨɟ ɨɬɨɛɪаɠɟɧɢɟ, ɦɧɨɝɨɦɟɪɧаɹ ɨɩɟɪаɰɢɹ, ɤɨɦɩɥɟɤɫɧɨɟ 
ɱɢɫɥɨ,ɦаɬɪɢɰа,ɦɧɨɝɦɟɪɧɵɟ ɜɟɥɢɱɢɧɵ,  ɢɧɬɟɪɜаɥɶɧɵɣ аɧаɥɢɡ. 
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