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ɆɈȾȿɅɂɊɈȼȺɇɂȿ  ɉɊɈɂɁȼɈȾɋɌȼȿɇɇɈɃ  
ȾȿəɌȿɅɖɇɈɋɌɂ ɉɊȿȾɉɊɂəɌɂə ɋ ȾɂɋɄɊȿɌɇɕɆ 

ɌɂɉɈɆ ɉɊɈɂɁȼɈȾɋɌȼȺ 

 
ɂ.ȼ. ȼɨɪɨɧɰɨɜ 

 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
 

Ɋɚɡɪɚɛɨɬɤɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɧɚ ɥɸɛɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɚɱɢɧɚɟɬɫɹ ɫ ɚɧɚɥɢɡɚ 
ɨɪɝɚɧɢɡɚɰɢɨɧɧɨ-ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ, ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɟɞɩɪɢɹɬɢɹ. ȼ ɫɬɚɬɶɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜɨɩɪɨɫ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɟɣ ɞɢɫɤɪɟɬɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ ɤɚɤ ɤɨɦɩɨɡɢɰɢɢ 
ɷɥɟɦɟɧɬɚɪɧɵɯ ɚɛɫɬɪɚɤɬɧɵɯ ɚɜɬɨɦɚɬɨɜ. 

 

Ʉɚɠɞɵɣ ɷɥɟɦɟɧɬ ɞɢɫɤɪɟɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɚɤ ɨɛɴɟɤɬ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɨɠɧɨ 
ɨɩɢɫɚɬɶ ɜɟɤɬɨɪɨɦ  ȿ =( ɏɟ, Ƚɟ, Ⱥɟ, Ɍɟ, ɍɟ, ȼɟ, Ɋɟ), ɝɞɟ: 

ɏɟ = дɯж, ɝɞɟ ɯ – ɡɚɝɨɬɨɜɤɚ, ɩɨɫɬɭɩɚɸɳɚɹ ɧɚ ɜɯɨɞ ɷɥɟɦɟɧɬɚ ȿ; ɯ = 1, ɟɫɥɢ ɧɚ ɜɯɨɞɟ 
ɷɥɟɦɟɧɬɚ ɟɫɬɶ ɡɚɝɨɬɨɜɤɚ; ɯ = 0, ɟɫɥɢ ɧɚ ɜɯɨɞɟ ɷɥɟɦɟɧɬɚ ɧɟɬ ɡɚɝɨɬɨɜɤɢ; 

Ƚɟ = дɝж, ɝɞɟ ɝ – ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɷɥɟɦɟɧɬ ȿ, ɧɚɩɪɢɦɟɪ,  
ɝ = 1– ɧɚɱɚɬɶ ɨɛɪɚɛɨɬɤɭ ɡɚɝɨɬɨɜɤɢ; ɝ = 0 – ɨɫɬɚɧɨɜ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ ȿ; 

Ⱥɟ = дɚ0 ,ɚ1, ɚ2, ɚ3ж, ɝɞɟ ɫɨɫɬɨɹɧɢɹ ɷɥɟɦɟɧɬɚ ɚi ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɫɦɵɫɥ: 
ɚ0 =1 – ɨɛɴɟɤɬ ɧɚɯɨɞɢɬɫɹ ɜ ɧɟɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ (ɨɫɬɚɧɨɜ); 
ɚ1 =1–ɨɛɴɟɤɬ ɧɚɱɢɧɚɟɬ ɨɛɪɚɛɨɬɤɭ ɡɚɝɨɬɨɜɤɢ (ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ);    
ɚ2 =1 – ɨɛɴɟɤɬ ɨɛɪɚɛɚɬɵɜɚɟɬ ɡɚɝɨɬɨɜɤɭ;    
ɚ3 =1 – ɨɛɴɟɤɬ ɡɚɤɨɧɱɢɥ ɨɛɪɚɛɨɬɤɭ ɡɚɝɨɬɨɜɤɢ (ɡɚɤɥɸɱɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ); 
Ɍɟ= дɬ0 ,ɬ1, ɬ2, ɬ3ж, ɝɞɟ ɬi ɨɞɧɨɡɧɚɱɧɨ ɫɜɹɡɚɧɵ ɫ ɚi ɢ ɨɬɨɛɪɚɠɚɸɬ ɜɪɟɦɹ, ɜ ɬɟɱɟɧɢɟ 

ɤɨɬɨɪɨɝɨ ɷɥɟɦɟɧɬ ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɚi; 

ɬ0 – ɧɟɨɩɪɟɞɟɥɟɧɧɨ, ɬɚɤ ɤɚɤ ɜɪɟɦɹ ɧɚɯɨɠɞɟɧɢɹ ɷɥɟɦɟɧɬɚ ɜ ɧɟɪɚɛɨɱɟɦ ɫɨɫɬɨɹɧɢɢ 
ɡɚɜɢɫɢɬ ɬɨɥɶɤɨ ɨɬ ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ Ƚɟ; 

ɬ1  > 0 , ɟɫɥɢ ɢɦɟɸɬ ɦɟɫɬɨ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ, ɢɧɚɱɟ ɬ1 = 0;    
ɬ2 > 0 – ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ;  
ɬ3 > 0 , ɟɫɥɢ ɢɦɟɸɬ ɦɟɫɬɨ ɡɚɤɥɸɱɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ, ɢɧɚɱɟ ɬ3 = 0;    
ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɚ ɡɧɚɱɟɧɢɹ ɬi ɦɨɠɟɬ ɧɚɤɥɚɞɵɜɚɬɶɫɹ ɧɟɤɨɬɨɪɚɹ ɫɥɭɱɚɣɧɚɹ 

ɜɟɥɢɱɢɧɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɭɱɟɫɬɶ ɜɧɟɲɧɢɟ ɢ ɜɧɭɬɪɟɧɧɢɟ ɮɚɤɬɨɪɵ, ɜɥɢɹɸɳɢɟ ɧɚ ɜɪɟɦɹ 
ɧɚɯɨɠɞɟɧɢɹ ɷɥɟɦɟɧɬɚ ȿ ɜ ɫɨɫɬɨɹɧɢɢ ɚi; 

ɍɟ= дɭж, ɝɞɟ ɭ=1, ɟɫɥɢ ɞɟɬɚɥɶ ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɵɯɨɞɟ ɷɥɟɦɟɧɬɚ, ɭ=0 ɜ ɨɫɬɚɥɶɧɵɯ 
ɫɥɭɱɚɹɯ;  

ȼɟ – ɮɭɧɤɰɢɹ ɜɵɯɨɞɚ ɷɥɟɦɟɧɬɚ ɬɪɢɜɢɚɥɶɧɚ: ɭ = ɚ3, ɬɚɤ ɤɚɤ ɜɵɯɨɞ ɞɟɬɚɥɢ ɩɪɨɢɫɯɨɞɢɬ 
ɬɨɥɶɤɨ ɜ ɫɨɫɬɨɹɧɢɢ ɚ3; 

Ɋɟ – ɮɭɧɤɰɢɢ ɩɟɪɟɯɨɞɨɜ ɷɥɟɦɟɧɬɚ ɢɡ ɫɨɫɬɨɹɧɢɹ ɚɟɦ ɜ ɫɨɫɬɨɹɧɢɟ ɚɟɤ; ɞɥɹ ɡɚɞɚɧɢɹ 
ɷɬɨɣ ɮɭɧɤɰɢɢ ɩɪɢɦɟɦ ɫɥɟɞɭɸɳɢɟ ɫɨɝɥɚɲɟɧɢɹ ɢ ɨɛɨɡɧɚɱɟɧɢɹ: 

ɚi – ɛɭɥɟɜɚ ɩɟɪɟɦɟɧɧɚɹ, ɩɪɢɧɢɦɚɸɳɚɹ ɡɧɚɱɟɧɢɟ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ, ɟɫɥɢ ɷɥɟɦɟɧɬ 
ɧɚɯɨɞɢɬɫɹ ɜ ɫɨɫɬɨɹɧɢɢ ɚi; 

ɯ – ɛɭɥɟɜɚ ɩɟɪɟɦɟɧɧɚɹ, ɩɪɢɧɢɦɚɸɳɚɹ ɡɧɚɱɟɧɢɟ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ, ɟɫɥɢ 
ɡɚɝɨɬɨɜɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɜɯɨɞɟ ɷɥɟɦɟɧɬɚ; 

ɝ – ɛɭɥɟɜɚ ɩɟɪɟɦɟɧɧɚɹ, ɩɪɢɧɢɦɚɸɳɚɹ ɡɧɚɱɟɧɢɟ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ, ɟɫɥɢ ɧɚ 
ɷɥɟɦɟɧɬ, ɧɚɩɪɢɦɟɪ, ɩɨɫɬɭɩɢɥ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ: «ɧɚɱɚɬɶ ɨɛɪɚɛɨɬɤɭ ɡɚɝɨɬɨɜɤɢ»; 

ȼ ɬɚɛɥɢɰɟ, ɨɩɢɫɵɜɚɸɳɟɣ ɮɭɧɤɰɢɸ: Ɋɟ : Ⱥɬ*ɏɬ*Ƚɬ*Ɍ  Aɬ+1  ɢ ɞɚɥɟɟ ɫɢɦɜɨɥ  
«  » ɨɛɨɡɧɚɱɚɟɬ ɭɧɚɪɧɭɸ ɥɨɝɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ - ɢɧɜɟɪɫɢɸ.  
Ȼɭɥɟɜɚ ɩɟɪɟɦɟɧɧɚɹ t  ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ɥɨɝɢɱɟɫɤɨɣ ɟɞɢɧɢɰɵ, ɟɫɥɢ, ɧɚɩɪɢɦɟɪ, 

ɨɛɪɚɛɨɬɤɚ ɡɚɝɨɬɨɜɤɢ ɡɚɤɨɧɱɟɧɚ, ɬ.ɟ. ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɬ=ɬ2. ɂɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɭ Ɋɟ ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɮɭɧɤɰɢɢ ɩɟɪɟɯɨɞɨɜ ɢɡ ɫɨɫɬɨɹɧɢɣ ɚɟɦ ɜ ɫɨɫɬɨɹɧɢɟ ɚɟɤ (ɡɞɟɫɶ ɫɢɦɜɨɥɵ * ɢ  

ɨɛɨɡɧɚɱɚɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɤɨɧɴɸɧɤɰɢɸ ɢ ɞɢɡɴɸɧɤɰɢɸ): 
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ɚ0  ɚ0 *ɝ   ɚ1*ɝ ; 
ɚ1  ɚ1 *t   ɚ2* t ; 

ɚ2  ɚ2 *t   ɚ3* t ; 

ɚ3  ɚ3 *t   ɚ1*ɯ*ɝ*t  ɚ0*(ɯ ɝ)*t; 

 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɞɢɫɤɪɟɬɧɨɦ (ɦɨɞɟɥɶɧɨɦ) ɜɪɟɦɟɧɢ. ȿɫɥɢ ɜ ɫɢɫɬɟɦɟ 

ɧɟɫɤɨɥɶɤɨ ɷɥɟɦɟɧɬɨɜ, ɬɨ t ɫɥɟɞɭɟɬ ɜɵɛɪɚɬɶ ɪɚɜɧɨɦɭ ɧɚɢɛɨɥɶɲɟɦɭ ɨɛɳɟɦɭ ɞɟɥɢɬɟɥɸ ɞɥɹ  
ɬi ɜɫɟɯ ɦɨɞɟɥɢɪɭɟɦɵɯ ɷɥɟɦɟɧɬɨɜ. ȼ ɩɪɢɜɟɞɟɧɧɨɦ ɧɢɠɟ ɚɥɝɨɪɢɬɦɟ ɞɥɹ ɭɩɪɨɳɟɧɢɹ ɩɪɢɧɹɬɨ 
ɬ1 = 0, ɬ3 = 0 ɢ t =1.       

 

Ⱥɥɝɨɪɢɬɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɨɞɧɨɝɨ ɷɥɟɦɟɧɬɚ: 
1. ɂɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ (ɨɫɬɚɧɨɜ):  ɚ0:=1. 

2. ȿɫɥɢ ɝ = 0, ɩɟɪɟɯɨɞ ɤ ɩ.1. 
3. ȿɫɥɢ ɯ = 0, ɩɟɪɟɯɨɞ ɤ ɩ.1. 
4. ɋɨɫɬɨɹɧɢɟ:  ɚ1:=1, ɚ0:=0: ɧɚɱɚɥɨ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɤɢ; ɬ:= ɬ2. 

5. ɋɨɫɬɨɹɧɢɟ:  ɚ2:=1, ɚ1:=0: ɨɛɪɚɛɨɬɤɚ ɡɚɝɨɬɨɜɤɢ; ɬ:= ɬ - 1. 

6. ȿɫɥɢ ɬ  0 (t =1), ɩɟɪɟɯɨɞ ɤ ɩ.5. 
7. ɋɨɫɬɨɹɧɢɟ ɚ3:=1: , ɚ2:=0:: ɜɵɩɭɫɤ ɞɟɬɚɥɢ; ɭ:=1. 

8. ȿɫɥɢ ɝ = 1, ɩɟɪɟɯɨɞ ɤ ɩ.3. 
9. ɉɟɪɟɯɨɞ ɤ ɩ.1. 
 

Ɇɨɞɟɥɶ ɜɫɟɣ ɫɢɫɬɟɦɵ  (ɧɚɩɪɢɦɟɪ ɢɡ ɬɪɟɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɫɜɹɡɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ȿ1, 

ȿ2, ȿ3.) ɢɦɟɟɬ ɜɢɞ: ɋ = ( дȿж, ɏ, Ƚ, Z, R ), ɝɞɟ: 
ɝɞɟ: дȿж – ɦɧɨɠɟɫɬɜɨ ɜɟɤɬɨɪɨɜ (ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ  ȿ1, ȿ2, ȿ3.),  

ɏ - ɜɯɨɞ ɫɢɫɬɟɦɵ, 
Ƚ = U Ƚi = {ɝ1, ɝ2, ɝ3}, 
Z – ɜɵɯɨɞ ɫɢɫɬɟɦɵ, 
R  - ɦɚɬɪɢɰɚ ɫɜɹɡɧɨɫɬɢ ɷɥɟɦɟɧɬɨɜ ȿ ɫɢɫɬɟɦɵ ɋ. 

Ⱦɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɞɨɛɧɨɣ ɫɢɫɬɟɦɵ ɜɜɟɞɟɦ ɬɪɢ ɛɭɮɟɪɚ (ɧɚɤɨɩɢɬɟɥɹ): Ȼɯ – ɛɭɮɟɪ 
ɡɚɝɨɬɨɜɨɤ ɯ, Ȼɭ – ɛɭɮɟɪ ɩɨɥɭɮɚɛɪɢɤɚɬɨɜ ɭ ɢ Ȼz – ɛɭɮɟɪ ɞɟɬɚɥɟɣ z. ȼ ɷɬɢɯ ɧɚɤɨɩɢɬɟɥɹɯ 
ɛɭɞɟɬ ɯɪɚɧɢɬɶɫɹ ɤɨɥɢɱɟɫɬɜɨ ɯ, ɭ ɢ z. ɋɨɞɟɪɠɢɦɨɟ ɛɭɮɟɪɚ ɦɨɠɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ (ɧɚɩɪɢɦɟɪ, 
ɩɪɢ ɜɵɩɭɫɤɟ ɨɱɟɪɟɞɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɭ: Ȼɭ:= Ȼɭ+1) ɢɥɢ ɭɦɟɧɶɲɚɬɶɫɹ (ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɩɨɫɬɭɩɥɟɧɢɢ ɨɱɟɪɟɞɧɨɣ ɡɚɝɨɬɨɜɤɢ ɯ ɢɡ ɛɭɮɟɪɚ Ȼɯ ɧɚ ɜɯɨɞ ɷɥɟɦɟɧɬɚ ȿ: Ȼɯ:=Ȼɯ-1). 

Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤ ɠɟ ɜ ɞɢɫɤɪɟɬɧɨɦ (ɦɨɞɟɥɶɧɨɦ) ɜɪɟɦɟɧɢ ɫ ɲɚɝɨɦ t. 

Ⱦɚɧɧɚɹ ɫɬɚɬɶɹ (ɞɨɤɥɚɞ) ɧɟ ɩɪɟɬɟɧɞɭɟɬ ɧɚ ɧɚɭɱɧɭɸ ɧɨɜɢɡɧɭ, ɚ ɩɪɟɞɥɚɝɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɬɟɨɪɢɢ ɚɛɫɬɪɚɤɬɧɵɯ ɚɜɬɨɦɚɬɨɜ ɜ ɢɦɢɬɚɰɢɨɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɞɢɫɤɪɟɬɧɵɯ ɩɪɨɰɟɫɫɨɜ ɥɸɛɨɣ ɩɪɢɪɨɞɵ.  

ɏ Ƚ 
ɚ0 ɚ1 ɚ2 ɚ3 

t t t t t t t t 

ɏ 
ɝ  ɚ1 ɚ1 ɚ1 ɚ2 ɚ2 ɚ3 ɚ 3 ɚ1 

ɝ ɚ0 ɚ0 ɚ 1 ɚ2 ɚ2 ɚ3 ɚ 3 ɚ0 

ɯ 
ɝ ɚ1 ɚ1 ɚ 1 ɚ2 ɚ2 ɚ3 ɚ 3 ɚ0 

ɝ  ɚ0 ɚ0 ɚ 1 ɚ2 ɚ2 ɚ3 ɚ3 ɚ0 


