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Abstract. TСe alРoritСm oП diРital control is oППered bв tСe active pendant oП СoistinР macСines аitС 
adaptation to eбternal perturbation.  
 
Key words: mecСatronics, sвstem, diРital control, active pendant, СoistinР macСine, adaptation, eбter-
nal indiРnation. 
 
 

ȼɫɬɭɩ 
 

ȿɮɟɤɬɢɜɧɟ ɜɢɪɿɲɟɧɧɹ ɡɚɞɚɱɿ ɫɭɬɬєɜɨɝɨ ɡɧɢ-
ɠɟɧɧɹ ɜɟɪɬɢɤɚɥɶɧɢɯ ɤɨɥɢɜɚɧɶ ɩɿɞɪɟɫɨɪɟɧɨʀ 
ɦɚɫɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ (ɧɚ ɱɚɫɬɨɬɚɯ  

0–10 Ƚɰ), ɜɢɤɥɢɤɚɧɢɯ ɪɭɯɨɦ, ɧɚɩɪɢɤɥɚɞ, ɚɜ-
ɬɨɦɨɛɿɥɶɧɨɝɨ ɤɪɚɧɚ ɜɩɨɞɨɜɠ ɦɿɤɪɨɩɪɨɮɿɥɸ 
ɞɨɪɨɝɢ (ɱɢ ɪɟɣɤɨɜɨɝɨ ɲɥɹɯɭ – ɞɥɹ, ɫɤɚɠɿɦɨ, 
ɦɨɫɬɨɜɢɯ ɤɪɚɧɿɜ), ɚ ɬɚɤɨɠ ɡɚɞɚɱɿ ɤɨɦɩɟɧɫɚɰɿʀ 
ɧɚɯɢɥɭ (ɧɚɩɪɢɤɥɚɞ, ɩɪɢ ɩɨɜɨɪɨɬɿ) ɦɨɠɥɢɜɟ 
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ɥɢɲɟ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɚɤɬɢɜɧɨʀ (ɤɟɪɨɜɚɧɨʀ) 
ɩɿɞɜɿɫɤɢ. ɉɪɢ ɰɶɨɦɭ ɞɨ ɫɤɥɚɞɭ ɩɿɞɜɿɫɤɢ ɜɯɨ-
ɞɹɬɶ, ɨɤɪɿɦ ɡɜɢɱɚɣɧɢɯ ɩɚɫɢɜɧɢɯ ɟɥɟɦɟɧɬɿɜ 
(ɪɟɫɨɪɢ, ɝɿɞɪɚɜɥɿɱɧɿ ɞɟɦɩɮɟɪɢ), ɜɢɤɨɧɚɜɱɿ 
ɨɪɝɚɧɢ (ɹɤ ɩɪɚɜɢɥɨ, ɝɿɞɪɨɰɢɥɿɧɞɪɢ) ɿ ɫɢɫɬɟɦɚ 
ɭɩɪɚɜɥɿɧɧɹ (ɦɟɯɚɬɪɨɧɧɚ), ɹɤɚ ɡɞɿɣɫɧɸє ɡɦɿɧɭ 
ɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɩɿɞɜɿɫɤɢ ɡɚɥɟɠɧɨ 
ɜɿɞ ɡɨɜɧɿɲɧɿɯ ɜɩɥɢɜɿɜ, ɨɬɪɢɦɭɸɱɢ ɿɧɮɨɪ-
ɦɚɰɿɸ ɜɿɞ ɜɿɞɩɨɜɿɞɧɢɯ ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɟɥɟ-
ɦɟɧɬɿɜ (ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ ɿ ɞɚɬɱɢɤɿɜ ɜɿɞɧɨɫɧɨ 
ɩɨɥɨɠɟɧɧɹ ɩɿɞɪɟɫɨɪɟɧɢɯ ɬɚ ɧɟɩɿɞɪɟɫɨɪɟɧɢɯ 
ɦɚɫ). Ɋɨɡɜɢɬɨɤ ɡɚɫɨɛɿɜ ɨɛɱɢɫɥɸɜɚɥɶɧɨʀ ɬɟɯ-
ɧɿɤɢ ɿ, ɡɨɤɪɟɦɚ, ɦɿɤɪɨɩɪɨɰɟɫɨɪɿɜ, ɞɨɡɜɨɥɹє 
ɲɭɤɚɬɢ ɩɿɞɯɨɞɢ ɞɨ ɫɬɜɨɪɟɧɧɹ ɚɞɚɩɬɢɜɧɢɯ 
ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ (ɦɟɯɚɬɪɨɧɧɨɝɨ ɬɢɩɭ) ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɛɨɪɬɨɜɨʀ ɉȿɈɆ. 
 

Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 
 
ȼɢɤɨɪɢɫɬɚɧɧɹ ɩɪɢɧɰɢɩɿɜ ɫɭɱɚɫɧɨʀ ɬɟɨɪɿʀ ɚɜ-
ɬɨɦɚɬɢɱɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ Д1] ɩɟɪɟɞɛɚɱɚє ɧɚ-
ɹɜɧɿɫɬɶ ɞɢɧɚɦɿɱɧɨʀ ɦɨɞɟɥɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚ-
ɫɨɛɭ/ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɨʀ ɦɚɲɢɧɢ (ɚɜɬɨɦɨ-
ɛɿɥɶɧɢɣ ɤɪɚɧ ɚɛɨ ɦɨɫɬɨɜɢɣ ɤɪɚɧ ɬɚ ɿɧ.) ɡ ɚɤ-
ɬɢɜɧɨɸ ɩɿɞɜɿɫɤɨɸ ɭ ɜɢɝɥɹɞɿ ɪɿɜɧɹɧɶ ɫɬɚɧɭ ɿ 
ɫɩɨɫɬɟɪɟɠɟɧɧɹ.  
 
Ⱥɜɬɨɪɢ Д2] ɨɬɪɢɦɚɥɢ ɦɚɬɪɢɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚɧɭ 
ɿ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɭɹɜɥɟɧɧɹ 
ɩɪɨ ɤɨɪɩɭɫ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɨʀ ɦɚɲɢɧɢ 
(ɧɚɩɪɢɤɥɚɞ, ɚɜɬɨɦɨɛɿɥɹ) ɹɤ ɩɪɨ ɬɜɟɪɞɟ ɬɿɥɨ 
Д3]. Ɋɟɡɭɥɶɬɚɬɢ ɰɢɬɨɜɚɧɢɯ ɜɢɳɟ ɪɨɛɿɬ ɛɭɞɭɬɶ 
ɜɢɤɨɪɢɫɬɚɧɿ ɭ ɰɶɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ. Ⱦɥɹ ɚɜɬɨ-
ɦɨɛɿɥɶɧɢɯ ɤɪɚɧɿɜ (ɹɤ, ɞɨ ɪɟɱɿ, ɣ ɦɨɫɬɨɜɢɯ) ɡɚ 
ɰɿєɸ ɬɟɦɨɸ ɜɿɞɫɭɬɧɿ ɛɭɞɶ-ɹɤɿ ɞɨɫɥɿɞɠɟɧɧɹ. 
Ⱦɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɰɢɮɪɨ-
ɚɧɚɥɨɝɨɜɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ (ɐȺɉ) ɜɢɤɨɪɢ-
ɫɬɚɧɨ ɣɨɝɨ ɧɚɣɩɪɨɫɬɿɲɢɣ ɬɢɩ – ɟɤɫɬɪɚɩɨɥɹɬɨɪ 
(ɮɿɤɫɚɬɨɪ) ɧɭɥɶɨɜɨɝɨ ɩɨɪɹɞɤɭ, ɚ ɡɚɩɿɡɧɟɧɧɹ ɭ 
ɡɛɭɪɟɧɧɹɯ Д5] ɿ ɞɢɫɤɪɟɬɧɢɣ ɫɩɨɫɬɟɪɿɝɚɱ (ɭ 
ɮɨɪɦɿ ɮɿɥɶɬɪɚ Ʉɚɥɦɚɧɚ) Д1, 6] ɜɢɤɨɪɢɫɬɚɧɨ 
ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɭɩɪɚɜ-
ɥɿɧɧɹ (ɞɢɫɤɪɟɬɧɢɣ ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ + ɞɢɫ-
ɤɪɟɬɧɟ ɨɩɬɢɦɚɥɶɧɟ ɭɩɪɚɜɥɿɧɧɹ ɡɚ ɜɟɤɬɨɪɨɦ 
ɨɰɿɧɨɤ ɤɨɨɪɞɢɧɚɬ ɫɬɚɧɭ). 
 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 
 

Ɇɟɬɚ ɪɨɛɨɬɢ ɩɨɥɹɝɚє ɜ ɨɛґɪɭɧɬɭɜɚɧɧɿ ɚɥɝɨ-
ɪɢɬɦɭ ɰɢɮɪɨɜɨɝɨ ɭɩɪɚɜɥɿɧɧɹ ɚɤɬɢɜɧɨɸ ɩɿɞ-
ɜɿɫɤɨɸ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɯ ɦɚɲɢɧ ɡ ɚɞɚɩɬɚɰɿ-
єɸ ɞɨ ɡɨɜɧɿɲɧɶɨɝɨ ɡɛɭɪɟɧɧɹ (ɦɟɯɚɬɪɨɧɧɨɝɨ 
ɬɢɩɭ), ɹɤɿ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ ɭɩɪɚɜɥɿɧɧɿ ɪɭ-
ɯɨɦ/ɦɚɧɟɜɪɚɦɢ, ɡɨɤɪɟɦɚ ɚɜɬɨɦɨɛɿɥɶɧɢɯ ɬɚ 
ɦɨɫɬɨɜɢɯ ɤɪɚɧɿɜ. 

 

Ɉɛґɪɭɧɬɭɜɚɧɧɹ ɚɥɝɨɪɢɬɦɭ ɰɢɮɪɨɜɨɝɨ  
ɭɩɪɚɜɥɿɧɧɹ 

 
Ⱥɜɬɨɪɢ Д2] ɨɬɪɢɦɚɥɢ ɦɚɬɪɢɱɧɿ ɪɿɜɧɹɧɧɹ ɫɬɚ-
ɧɭ ɿ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɦɟɯɚɧɿɱɧɨʀ 
ɫɢɫɬɟɦɢ (ɬɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ, ɚɜɬɨɦɨɛɿɥɶ-
ɧɢɣ/ɦɨɫɬɨɜɢɣ ɤɪɚɧ ɬɚ ɿɧ.), ɹɤɚ ɜɧɚɫɥɿɞɨɤ ɧɚɹ-
ɜɧɨɫɬɿ ɩɥɨɳɢɧɢ ɫɢɦɟɬɪɿʀ ɦɚє ɞɜɿ ɦɚɬɟɦɚɬɢɱɧɿ 
ɦɨɞɟɥɿ: 1) ɫɢɦɟɬɪɢɱɧɭ ɦɨɞɟɥɶ (ɫɢɫɬɟɦɚ 23-ɝɨ 
ɩɨɪɹɞɤɭ); 2) ɤɨɫɨɫɢɦɟɬɪɢɱɧɭ ɦɨɞɟɥɶ (ɫɢɫɬɟ-
ɦɚ 19-ɝɨ ɩɨɪɹɞɤɭ). ɉɟɪɲɚ ɡ ɧɢɯ ɨɩɢɫɭєɬɶɫɹ 
ɫɢɫɬɟɦɨɸ ɦɚɬɪɢɱɧɢɯ ɪɿɜɧɹɧɶ ɬɢɩɭ 
 

ɋ ɋ ɋ ɋ ɋ 1ɋ ɋ ɋ ɋ, .X A X B U W Y C X        (1) 
 

Ⱦɪɭɝɚ ɦɚє ɬɚɤɢɣ ɜɢɝɥɹɞ: 
 

K K K K K 1K K K K, .X A X B U W Y C X       (2) 
 
Ⱦɨ ɪɿɜɧɹɧɶ (1) ɿ (2) ɫɥɿɞ ɞɨɞɚɬɢ ɞɜɚ ɞɨɞɚɬɤɨ-
ɜɢɯ ɪɿɜɧɹɧɧɹ, ɹɤɿ ɜɪɚɯɭɸɬɶ ɩɨɩɟɪɟɞɧɸ 
ɨɛɪɨɛɤɭ ɫɢɝɧɚɥɿɜ ɡ ɞɚɬɱɢɤɿɜ ɩɪɢɫɤɨɪɟɧɧɹ 
 

 
1

ɋ
2 3

,1
2

A
Y

A A


 
  (3) 

 

 K 2 3 / 2Y A A l  .  (4) 
 

Ɍɭɬ ɿ ɧɚɞɚɥɿ ɿɧɞɟɤɫ «ɋ» ɜɿɞɩɨɜɿɞɚє ɬɟɪɦɿɧɭ 
«ɫɢɦɟɬɪɢɱɧɢɣ», ɚ «K» – ɬɟɪɦɿɧɭ «ɤɨɫɨɫɢ-
ɦɟɬɪɢɱɧɢɣ». 
 
ɍ (3), (4) 1A – ɫɢɝɧɚɥ ɩɪɢɫɤɨɪɟɧɧɹ, ɹɤɢɣ 
ɜɢɦɿɪɸєɬɶɫɹ ɭ ɰɟɧɬɪɿ ɪɚɦɢ ɧɚɞ ɩɟɪɟɞɧɿɦ ɦɨ-
ɫɬɨɦ; 2A  ɣ 3A – ɫɢɝɧɚɥɢ ɩɪɢɫɤɨɪɟɧɶ, ɳɨ 
ɜɢɦɿɪɸɸɬɶɫɹ ɭ ɤɿɧɰɟɜɢɯ ɬɨɱɤɚɯ ɪɚɦɢ ɧɚɞ 
ɡɚɞɧɿɦ ɦɨɫɬɨɦ; l – ɞɨɜɠɢɧɚ ɪɚɦɢ. Ɋɿɜɧɹɧɧɹ 
(1) – (4) ɭ ɫɭɤɭɩɧɨɫɬɿ ɨɩɢɫɭɸɬɶ ɩɨɜɧɭ ɞɢ-
ɧɚɦɿɱɧɭ ɦɨɞɟɥɶ ɞɜɨ ɜɿɫɧɨɝɨ  ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɫɨɛɭ (ɤɪɚɧɚ) ɿ є ɨɫɧɨɜɨɸ ɩɨɛɭɞɨɜɢ ɞɢɫ-
ɤɪɟɬɧɨʀ (ɰɢɮɪɨɜɨʀ) ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ 
ɩɿɞɜɿɫɤɨɸ. ȼɜɚɠɚєɦɨ, ɳɨ ɜɯɿɞɧɟ ɡɛɭɪɟɧɧɹ 
ɹɜɥɹє ɫɨɛɨɸ ɫɬɚɰɿɨɧɚɪɧɢɣ ɜɢɩɚɞɤɨɜɢɣ ɩɪɨ-
ɰɟɫ. ɍ ɦɚɬɪɢɱɧɢɯ ɪɿɜɧɹɧɧɹɯ (1) ɿ (2) 
ɤɨɟɮɿɰɿєɧɬɢ, ɹɤɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɜɯɿɞɧɿ ɡɛɭ-
ɪɟɧɧɹ 1 0 3 2 1 0, , , , ,C C d d d d  ɣ  , ɩɨɫɬɿɣɧɿ, ɿ 
ɪɿɜɧɹɧɧɹ (1), (2) ɦɚɸɬɶ ɩɨɫɬɿɣɧɿ ɦɚɬɪɢɰɿ 

, , .A B C  
 
Ⱦɥɹ ɤɟɪɭɜɚɧɧɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɛɨɪɬɨɜɨʀ ɉȿɈɆ 
ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɣɬɢ ɜɿɞ ɧɟɩɟɪɟɪɜɧɨʀ ɫɢɫɬɟɦɢ 
(1) – (4) ɞɨ ɞɢɫɤɪɟɬɧɨʀ Д1] ɹɤ ɞɥɹ ɫɢɦɟɬɪɢɱɧɨʀ 
ɦɨɞɟɥɿ, ɬɚɤ ɿ ɞɥɹ ɤɨɫɨɫɢɦɟɬɪɢɱɧɨʀ. 
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Ⱦɥɹ ɡɪɭɱɧɨɫɬɿ ɧɚɞɚɦɨ ɡɦɿɧɧɢɦ ɿ ɤɨɟɮɿɰɿєɧɬɚɦ 
ɪɿɜɧɹɧɶ ɞɥɹ ɧɟɩɟɪɟɪɜɧɢɯ ɫɢɫɬɟɦ ɿɧɞɟɤɫ «ɇ» ɿ 
ɞɥɹ ɞɢɫɤɪɟɬɧɢɯ – «Ⱦ». 
 
Ɂɚɡɧɚɱɢɦɨ ɬɚɤɨɠ, ɳɨ ɞɥɹ ɜɩɥɢɜɭ ɧɚ ɜɢɤɨɧɚɜ-
ɱɢɣ ɨɪɝɚɧ (ɝɿɞɪɨɰɢɥɿɧɞɪ) ɭ ɞɨɫɥɿɞɠɭɜɚɧɨɦɭ 
ɜɢɩɚɞɤɭ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɧɟɩɟɪɟɪɜɧɢɣ ɫɢɝ-
ɧɚɥ U , ɹɤɢɣ ɜɢɪɨɛɥɹєɬɶɫɹ ɭ ɰɢɮɪɨ-ɚɧɚɥɨ-
ɝɨɜɨɦɭ ɩɟɪɟɬɜɨɪɸɜɚɱɿ (ɐȺɉ), ɳɨ ɡɧɚɯɨɞɢɬɶ-
ɫɹ ɦɿɠ ɤɟɪɭɸɱɢɦ ɜɢɯɨɞɨɦ ɛɨɪɬɨɜɨʀ ɭɧɿɜɟɪ-
ɫɚɥɶɧɨʀ ȿɈɆ ɿ ɜɢɤɨɧɚɜɱɢɦ ɨɪɝɚɧɨɦ. 
 
ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɹɤ ɐȺɉ ɡɚɫɬɨɫɨɜɭєɬɶɫɹ 
ɧɚɣɩɪɨɫɬɿɲɢɣ ɬɢɩ, ɹɤɢɣ ɦɚє ɧɚɡɜɭ ɟɤɫɬɪɚɩɨ-
ɥɹɬɨɪɚ (ɮɿɤɫɚɬɨɪɚ) ɧɭɥɶɨɜɨɝɨ ɩɨɪɹɞɤɭ Д4], ɳɨ 
ɩɿɞɬɪɢɦɭє ɪɿɜɟɧɶ ɫɢɝɧɚɥɭ ɧɚ ɜɢɯɨɞɿ ɩɨɫɬɿɣ-
ɧɢɦ ɜ ɿɧɬɟɪɜɚɥɿ 1 ii ttt , ɞɟ  ii tt 1 – 
ɩɟɪɿɨɞ ɤɜɚɧɬɭɜɚɧɧɹ. 
 

ɉɟɪɟɯɿɞ ɜɿɞ ɧɟɩɟɪɟɪɜɧɨʀ ɫɢɫɬɟɦɢ  
ɞɨ ɞɢɫɤɪɟɬɧɨʀ 

 
Ɉɬɠɟ, ɫɥɿɞ ɩɟɪɟɣɬɢ ɜɿɞ ɫɢɫɬɟɦɢ 
 

H ɇ ɇ ɇ 1ɇ H H H,НX A X B U W Y C X        ɞɨ 
ɞɢɫɤɪɟɬɧɨʀ ɫɢɫɬɟɦɢ 
 

Ⱦ Ⱦ Ⱦ1( 1) ( ) ( ) ( ),X i A X i B U i W i       (5) 
 

ɞɟ  Ⱦ ɇОбЩA A  ;  Ⱦ ɇ ɇ
0

ОбЩB B A d


    ;

   Ⱦ1 ɇ ɇ1
0

( ОбЩ )W i A d W


     ;  ОбЩ – ɦɚɬ-

ɪɢɱɧɢɣ ɟɤɫɩɨɧɟɧɰɿɚɥ;  ii tt  1 – ɿɧɬɟɪɜɚɥ 
ɤɜɚɧɬɭɜɚɧɧɹ, ɹɤɢɣ ɞɥɹ ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ 
ɜɢɩɚɞɤɭ є ɩɨɫɬɿɣɧɢɦ  МШЧsЭ  . 
 

  2 3
ɇ ɇ ɇ ɇ

1 1ОбЩ
2! 3!

A I A A A      , (6) 

 
ɞɟ I – ɨɞɢɧɢɱɧɚ ɤɜɚɞɪɚɬɧɚ ɦɚɬɪɢɰɹ ɬɨɝɨ ɠ 
ɩɨɪɹɞɤɭ, ɳɨ ɣ ɇA . 
 
Ⱦɥɹ ɩɟɪɟɯɨɞɭ ɜɿɞ ɧɟɩɟɪɟɪɜɧɨʀ ɫɢɫɬɟɦɢ 
ɪɿɜɧɹɧɶ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɞɨ ɞɢɫɤɪɟɬɧɨʀ ɫɥɿɞ 
ɡɚɡɧɚɱɢɬɢ ɧɚɜɟɞɟɧɟ ɧɢɠɱɟ. 
 

ȼɪɚɯɭɜɚɧɧɹ ɡɚɩɿɡɧɟɧɧɹ ɭ ɡɛɭɪɟɧɧɹɯ 
 

Ⱦɨɞɚɬɤɨɜɨɸ ɡɚɞɚɱɟɸ, ɳɨ ɜɢɧɢɤɚє ɩɿɞ ɱɚɫ 
ɜɢɜɱɟɧɧɹ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɞɢɧɚɦɿɱɧɢɯ ɫɢɫɬɟɦ, 
є ɜɪɚɯɭɜɚɧɧɹ ɡɚɩɿɡɧɟɧɧɹ (ɱɢ ɜɢɩɟɪɟɞɠɟɧɧɹ) ɭ 

ɡɛɭɪɟɧɧɹɯ, ɡɭɦɨɜɥɟɧɨɝɨ ɩɨɜɬɨɪɟɧɧɹɦ ɞɿʀ ɡɛɭ-
ɪɟɧɧɹ ɧɚ ɩɟɪɟɞɧɸ ɬɚ ɡɚɞɧɸ ɩɿɞɜɿɫɤɢ. 
 
ɍ ɧɟɩɟɪɟɪɜɧɿɣ ɫɢɫɬɟɦɿ ɦɚɸɬɶ ɦɿɫɰɟ ɫɤɚɥɹɪɧɿ 
ɡɛɭɪɟɧɧɹ ɭ ɜɢɝɥɹɞɿ ɛɿɥɢɯ ɲɭɦɿɜ  tW  ɞɥɹ 
ɩɟɪɟɞɧɶɨʀ ɩɿɞɜɿɫɤɢ ɣ  tW – ɞɥɹ ɡɚɞɧɶɨʀ. ɍ 
ɞɢɫɤɪɟɬɧɨɦɭ ɪɿɜɧɹɧɧɿ (5) ɜɨɧɢ ɬɪɚɧɫɮɨɪɦɭ-
ɸɬɶɫɹ ɭ ɞɢɫɤɪɟɬɧɿ ɩɪɨɰɟɫɢ ɬɢɩɭ ɛɿɥɨɝɨ ɲɭɦɭ.  
ȼɿɡɶɦɟɦɨ ɧɚɞɚɥɿ, ɳɨ ɡɚɩɿɡɧɟɧɧɹ (ɜɢɩɟɪɟ-
ɞɠɟɧɧɹ) ɭ ɱɚɫɿ ɤɪɚɬɧɟ ɿɧɬɟɪɜɚɥɭ ɞɢɫɤɪɟɬ-
ɧɨɫɬɿ, ɬɨɛɬɨ  k . Ɍɨɞɿ  tW  ɬɪɚɧɫ-
ɮɨɪɦɭєɬɶɫɹ ɭ ɫɤɚɥɹɪɧɢɣ ɞɢɫɤɪɟɬɧɢɣ ɩɪɨɰɟɫ 
ɬɢɩɭ ɛɿɥɨɝɨ ɲɭɦɭ  iW , ɚ  tW  – ɭ ɩɪɨɰɟɫ 
 kiW  , ɳɨ ɩɨɞɚєɬɶɫɹ ɭ ɜɢɝɥɹɞɿ ɩɨɫɥɿɞɨɜ-

ɧɨɫɬɿ ɿɦɩɭɥɶɫɿɜ. ȼɜɚɠɚєɦɨ ɧɟɜɿɞɨɦɢɦ ɥɢɲɟ 
 iW , ɚ ɪɹɞ ɡɧɚɱɟɧɶ  kiW 1 ,  1 kiW ,…, 
 11 iW  ɡɚɧɟɫɟɦɨ ɭ ɩɚɦ’ɹɬɶ ɰɢɮɪɨɜɨʀ ɨɛ-

ɱɢɫɥɸɜɚɧɨʀ ɦɚɲɢɧɢ (ɐɈɆ), ɜɜɚɠɚɸɱɢ, ɳɨ 
ɜɨɧɢ ɜɿɞɧɨɜɥɸɸɬɶɫɹ ɩɪɢ ɫɩɨɫɬɟɪɟɠɟɧɧɹɯ, ɿ 
ʀɯ ɛɟɪɟɦɨ ɡɚ ɞɨɞɚɬɤɨɜɿ ɤɨɨɪɞɢɧɚɬɢ ɫɬɚɧɭ Д1, 
5]. ɉɪɢ ɰɶɨɦɭ ɹɤɳɨ ɜɢɯɿɞɧɚ ɫɢɫɬɟɦɚ ɦɚɥɚ 
ɩɨɪɹɞɨɤ n , ɬɨɞɿ, ɡɚɜɞɹɤɢ ɧɚɜɟɞɟɧɨɦɭ ɜɢɳɟ, 
ɦɚє ɦɿɫɰɟ ɪɨɡɲɢɪɟɧɧɹ ɩɪɨɫɬɨɪɭ ɫɬɚɧɿɜ 
 

   
   

   
   

;

.1
;11

..................................
;21

;11

1

11

12

11




























iWiб
iWiб

kiWiб
kiWiб

kn

kn

n

n

  (7) 

 
Ʉɨɨɪɞɢɧɚɬɚ    1nX i W i k    ɭɜɿɣɞɟ ɭ 
ɩɟɪɲɿ n  ɪɿɜɧɹɧɶ ɫɢɫɬɟɦɢ (5). Ɍɚɤɢɦ ɱɢɧɨɦ, 
ɩɪɨɫɬɿɪ ɫɬɚɧɿɜ ɛɭɞɟ ɦɚɬɢ ɩɨɪɹɞɨɤ  kn   (ɡɚ-
ɜɞɹɤɢ ɞɨɩɨɜɧɟɧɧɸ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ (5) ɫɢ-
ɫɬɟɦɨɸ (7)). 

 
Ɉɫɬɚɬɨɱɧɨ ɦɚєɦɨ 
 

1( 1) ( ) ( ) ( )X i A X i B i W i      (8) 
 

ɣ 
 

2( ) ( ) ( ) ( ).Y i C X i E U i W i      (9) 
 

ɍ ɰɢɯ ɪɿɜɧɹɧɧɹɯ ɜɪɚɯɨɜɭєɬɶɫɹ ɪɨɡɲɢɪɟɧɧɹ 
ɩɪɨɫɬɨɪɭ ɫɬɚɧɭ, ɨɫɤɿɥɶɤɢ 
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; 0 ;

kn
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Ⱦɢɫɤɪɟɬɧɢɣ ɫɩɨɫɬɟɪɿɝɚɱ ɭ ɮɨɪɦɿ ɮɿɥɶɬɪɚ 
Ʉɚɥɦɚɧɚ 

 
ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɪɨɛɨɬɢ Д1, 6], ɡɚɫɬɨɫɭєɦɨ 
ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɫɢɫɬɟɦɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɤɟ-
ɪɭɜɚɧɧɹ ɞɢɫɤɪɟɬɧɢɣ ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ ɣ ɞɢɫ-
ɤɪɟɬɧɟ ɨɩɬɢɦɚɥɶɧɟ ɤɟɪɭɜɚɧɧɹ ɡɚ ɜɟɤɬɨɪɨɦ 
ɨɰɿɧɨɤ ɤɨɨɪɞɢɧɚɬ ɫɬɚɧɭ. ɉɪɢɩɭɫɤɚɸɱɢ, ɳɨ 
 iY  ɡ ɪɿɜɧɹɧɧɹ (9) є ɨɫɬɚɧɧɿɦ ɞɨɫɬɭɩɧɢɦ 

ɫɩɨɫɬɟɪɟɠɟɧɧɹɦ ɞɥɹ ɜɿɞɧɨɜɥɟɧɧɹ  1X i  , 
ɞɨ ɫɢɫɬɟɦɢ, ɹɤɚ ɨɩɢɫɭєɬɶɫɹ ɪɿɜɧɹɧɧɹɦɢ (8) ɬɚ 
(9), ɦɨɠɧɚ ɞɨɞɚɬɢ ɫɩɨɫɬɟɪɿɝɚɱ ɜɢɝɥɹɞɭ 
 

 
     

ˆ ˆ( 1) ( ) ( )
ˆK C

X i A X i B i U i

Y i E U i X i

     

      
, (10) 

 
ɚ ɤɟɪɭɜɚɧɧɹ ɡɚ ɡɜɨɪɨɬɧɢɦɢ ɡɜ’ɹɡɤɚɦɢ 
ɡɞɿɣɫɧɸɜɚɬɢ ɡɚ ɜɟɤɬɨɪɨɦ ɨɰɿɧɨɤ ɫɬɚɧɭ 
 

   ˆU i F X i   .  (11) 
 
ɍ ɪɿɜɧɹɧɧɹɯ (10) ɬɚ (11) K  ɣ F – ɧɟɜɿɞɨɦɿ 
ɩɨɫɬɿɣɧɿ ɦɚɬɪɢɰɿ ɤɨɟɮɿɰɿєɧɬɿɜ ɩɿɞɫɢɥɟɧɧɹ; K  
– ɦɚɬɪɢɰɹ ɩɨɪɹɞɤɭ   223  k  ɞɥɹ ɫɢɦɟɬɪɢ-
ɱɧɨʀ ɦɨɞɟɥɿ ɣ   119  k  ɞɥɹ ɤɨɫɨɫɢɦɟɬɪɢɱ-
ɧɨʀ; F – ɦɚɬɪɢɰɹ ɩɨɪɹɞɤɭ   k 231  ɞɥɹ 
ɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɣ   k 191  – ɞɥɹ ɤɨɫɨ-
ɫɢɦɟɬɪɢɱɧɨʀ. ɋɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɢ ɩɨɞɚɧɨ ɧɚ 
ɪɢɫ. 1. 
 

EB

K б i

A

C

F

 
 
Ɋɢɫ. 1. ɋɢɫɬɟɦɚ ɰɢɮɪɨɜɨɝɨ ɤɟɪɭɜɚɧɧɹ 
 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɚɬɪɢɰɿ K  ɡɪɨɛɢɦɨ ɩɪɢɩɭ-
ɳɟɧɧɹ, ɳɨ ɪɿɜɧɹɧɧɹ ɫɩɨɫɬɟɪɟɠɟɧɶ ɞɿɣɫɧɨ 
ɜɿɞɩɨɜɿɞɚɸɬɶ ɪɿɜɧɹɧɧɹɦ (6) ɬɚ (9), ɣ ɞɨɩɭ-
ɫɬɢɦɨ, ɳɨ ɜɟɤɬɨɪɧɿ ɩɪɨɰɟɫɢ  iW1  ɬɚ  iW2  ɧɟ 
ɤɨɪɟɥɶɨɜɚɧɿ, ɚ ɞɢɫɩɟɪɫɿɹ ɩɨɪɨɞɠɭɜɚɧɨɝɨ ɫɤɚ-
ɥɹɪɧɨɝɨ ɩɪɨɰɟɫɭ  iW  (ɩɨɪɨɞɠɭєɬɶɫɹ ɩɪɨɰɟ-
ɫɨɦ  tW ) ɞɨɪɿɜɧɸє ɨɞɢɧɢɰɿ. Ɉɫɤɿɥɶɤɢ ɰɟɣ 
ɩɪɨɰɟɫ є ɩɨɪɨɞɠɭɜɚɧɢɦ ɞɥɹ ɭɫɿɯ ɫɤɥɚɞɨɜɢɯ 

ɜɟɤɬɨɪɚ  iW1 , ɬɨɞɿ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɜɡɚєɦɧɿ 
ɤɨɪɟɥɹɰɿʀ ɦɿɠ ɨɤɪɟɦɢɦɢ ɫɤɥɚɞɨɜɢɦɢ ɜɟɤɬɨɪɚ 
ɣ ɩɨɛɭɞɭɜɚɬɢ ɜɫɸ ɩɨɫɬɿɣɧɭ ɦɚɬɪɢɰɸ ɞɢɫ-
ɩɟɪɫɿɣ 1V  ɩɪɨɰɟɫɭ 1W . ɓɨ ɫɬɨɫɭєɬɶɫɹ ɩɪɨ-
ɰɟɫɭ  iW2 , ɬɨ ɞɥɹ ɩɨɱɚɬɤɭ ɞɨɜɿɥɶɧɨ ɜɿɡɶɦɟɦɨ 
ɦɚɬɪɢɰɸ ɞɢɫɩɟɪɫɿɣ ɪɿɜɧɨɸ 
 

21
2

22

0
0

v
V

v
   (12) 

 
ɞɥɹ ɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɣ 2 2V v  –           (13) 
ɞɥɹ ɤɨɫɨɫɢɦɟɬɪɢɱɧɨʀ. 
 
Ɇɚɬɪɢɰɹ K  ɜɢɡɧɚɱɚєɬɶɫɹ ɱɟɪɟɡ ɞɨɩɨɦɿɠɧɭ 
ɤɜɚɞɪɚɬɧɭ ɦɚɬɪɢɰɸ Q  ɩɨɪɹɞɤɭ  kn   
 

1T T
2K A Q C V C Q C


         , (14) 

 
ɚ ɦɚɬɪɢɰɹ Q  – ɡ ɚɥɝɟɛɪɚʀɱɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ 
ɦɚɬɪɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ɋɿɤɚɬɬɿ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɫɩɨɫɬɟɪɟɠɟɧɧɹ Д8] 
 

T T

1T T
2 1

Q A Q A A Q C

C Q C V Q A V


      

        
. (15) 

 
Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɚɬɪɢɰɿ F  ɡɚɩɢɲɟɦɨ ɜɢɪɚɡ, 
ɳɨ ɦɿɧɿɦɿɡɭєɬɶɫɹ ɨɩɬɢɦɚɥɶɧɢɦ ɡɚɤɨɧɨɦ 
ɭɩɪɚɜɥɿɧɧɹ 
 

0

0

1
T T

3 2
1ХТЦ M

i N

N i i
J Z R Z U R U

N

 




         
 ,   (16) 

 
ɞɟ M  – ɦɚɬɟɦɚɬɢɱɧɟ ɨɱɿɤɭɜɚɧɧɹ; 2R  ɣ 3R  – 
ɦɚɬɪɢɰɿ ɜɚɝɨɜɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ; Z  – ɜɟɤɬɨɪ 
ɤɟɪɨɜɚɧɢɯ ɡɦɿɧɧɢɯ. 
 























33

32

31

3

00
00
00

R ; DXZ  ; 

 

 – ɫɤɚɥɹɪɧɢɣ ɜɚɝɨɜɢɣ ɤɨɟɮɿɰɿєɧɬ. 
 

Ⱦɥɹ ɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ 
 

 

20 0 0 0 0 0 0 0 0 ... 0
0 0 0 0 0 0 0 1 1 0 ... 0 ,
0 0 0 0 0 0 0 1 0 1 ... 0

НТЦ 3 23 , (17)

C
D

D k

 
   
   
    

 

 
ɞɟ 2C  – ɞɪɭɝɢɣ ɪɹɞɨɤ ɦɚɬɪɢɰɿ C  ɫɢɦɟɬɪɢɱ-
ɧɨʀ ɦɨɞɟɥɿ.  
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ɉɨɞɿɛɧɢɣ ɜɢɛɿɪ ɦɿɧɿɦɿɡɭɸɱɨɝɨ ɜɢɪɚɡɭ ɞɥɹ 
ɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɞɨɡɜɨɥɹє ɦɿɧɿɦɿɡɭɜɚɬɢ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɭ ɜɟɥɢɱɢɧɭ ɩɪɢɫɤɨɪɟɧɧɹ 
ɧɚ ɪɚɦɿ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ (ɜɚɧɬɚɠɨ-
ɩɿɞɣɨɦɧɨʀ ɦɚɲɢɧɢ) ɡɚ ɦɿɧɿɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨɝɨ ɜɿɞɧɨɫɧɨɝɨ ɩɟɪɟɦɿ-
ɳɟɧɧɹ ɩɿɞɪɟɫɨɪɟɧɨʀ ɣ ɧɟɩɿɞɪɟɫɨɪɟɧɨʀ ɦɚɫ 
ɡɚɞɧɶɨʀ ɩɿɞɜɿɫɤɢ ɣ ɦɿɧɿɦɚɥɶɧɨʀ ɫɟɪɟɞɧɶɨ-
ɤɜɚɞɪɚɬɢɱɧɨʀ ɞɟɮɨɪɦɚɰɿʀ ɲɢɧ ɡɚɞɧɿɯ ɤɨɥɿɫ 
(ɞɥɹ ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɤɪɚɧɚ), ɚ ɬɚɤɨɠ ɫɟɪɟɞ-
ɧɶɨɤɜɚɞɪɚɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɞɢɫɤɪɟɬɧɨʀ ɜɯɿɞɧɨʀ 
ɡɦɿɧɧɨʀ ɋȾU . 
 
Ⱦɥɹ ɤɨɫɨɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ 
 

 

0 0 0 C 0 0 0 0 ... 0
0 0 0 0 0 1 0 ... 0

,0 0 0 0 1 0 0 ... 0
0 0 0 0 1 0 1 0 ... 0
0 0 0 0 0 1 0 1 ... 0

НТЦ 5 19 ,
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  
  
 

 
  
     

(18) 

 
ɞɟ C  – ɦɚɬɪɢɰɹ ɫɩɨɫɬɟɪɟɠɟɧɶ ɞɥɹ ɫɢɦɟɬɪɢɱ-
ɧɨʀ ɦɨɞɟɥɿ ɪɨɡɦɿɪɧɿɫɬɸ   k 191 . 
 
ɉɨɞɿɛɧɢɣ ɜɢɛɿɪ ɦɿɧɿɦɿɡɭɸɱɨɝɨ ɜɢɪɚɡɭ ɞɥɹ 
ɤɨɫɨɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɞɨɡɜɨɥɹє ɦɿɧɿɦɿɡɭɜɚ-
ɬɢ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨ-
ɪɟɧɧɹ  , ɜɿɞɧɨɫɧɿ ɩɟɪɟɦɿɳɟɧɧɹ ɭ ɩɟɪɟɞɧɿɣ ɬɚ 
ɡɚɞɧɿɣ ɩɿɞɜɿɫɤɚɯ ɿ ɦɿɧɿɦɚɥɶɧɿ ɫɟɪɟɞɧɶɨɤɜɚɞ-

ɪɚɬɢɱɧɿ ɞɟɮɨɪɦɚɰɿʀ ɲɢɧ ɩɟɪɟɞɧɶɨɝɨ ɣ ɡɚɞɧɶ-
ɨɝɨ ɤɨɥɿɫ (ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɤɪɚɧɚ), ɚ ɬɚɤɨɠ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɞɢɫɤɪɟɬɧɨʀ 
ɜɢɯɿɞɧɨʀ ɡɦɿɧɧɨʀ KȾU . Ɇɚɬɪɢɰɹ 1R  ɜɢɡɧɚ-

ɱɚєɬɶɫɹ ɱɟɪɟɡ 3R  ɣ D :  T
1 3R D R D   . 

 
Ʉɨɟɮɿɰɿєɧɬ ɩɿɞɫɢɥɟɧɧɹ F  ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɞɨɩɨɦɿɠɧɨʀ ɦɚɬɪɢɰɿ P  ɬɚɤɢɦ ɱɢ-
ɧɨɦ Д8] 
 

   1T T
2 1 1F R B R P B B R P A


         . (19) 

 
Ⱦɨɩɨɦɿɠɧɚ ɦɚɬɪɢɰɹ P  ɜɢɡɧɚɱɚєɬɶɫɹ ɡ 
ɪɨɡɜ’ɹɡɤɭ ɞɢɫɤɪɟɬɧɨɝɨ ɚɥɝɟɛɪɚʀɱɧɨɝɨ ɦɚɬ-
ɪɢɱɧɨɝɨ ɪɿɜɧɹɧɧɹ Ɋɿɤɤɚɬɿ ɞɥɹ ɡɚɞɚɱɿ ɨɩɬɢ-
ɦɚɥɶɧɨɝɨ ɭɩɪɚɜɥɿɧɧɹ 
 

1T 1 1 T
1 2P R A P B R B A

            (20) 
 

ɋɯɟɦɚ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɿɜ ɩɪɢɫɤɨɪɟɧɶ 1A , 2A  ɣ 

3A , ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɜɢɞɿɥɟɧɧɹ ɫɢɦɟɬɪɢɱɧɨʀ ɣ 
ɤɨɫɨɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɟɣ ɬɚ ɨɛ’єɞɧɚɧɧɹ ʀɯ ɜ 
єɞɢɧɭ ɦɨɞɟɥɶ ɩɪɢ ɨɩɬɢɦɚɥɶɧɨɦɭ ɭɩɪɚɜɥɿɧɧɿ 
ɚɤɬɢɜɧɨɸ ɩɿɞɜɿɫɤɨɸ, ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 2. 
 
Ɂ’ɹɫɭєɦɨ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɯɟɦɢ ɧɚ ɪɢɫ. 3 ɞɿɸ 
ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ ɭ ɪɟɚɥɶɧɨɦɭ ɦɚɫɲɬɚɛɿ 
ɱɚɫɭ.  

 
1A

2A

3A

   2 3

2
A i A i

 1A i

 2A i

 3A i

   2 3

2
A i A i

l
   C KU i U i

   C KU i U i

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɿɜ ɩɪɢɫɤɨɪɟɧɶ (ɡ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ 1A , 2A , 3A ) 
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     * ˆ1X i AX i B i  

   ˆK EU i CX i   



 в i
 Kв i

 Kв i

 ˆ 1FX i 

 1U i 

 1U i 

 ˆ 1X i  U i

t

t

 t i  t i  t i  1t i   
 
Ɋɢɫ. 3. ɑɚɫɨɜɚ ɞɿɚɝɪɚɦɚ ɞɿʀ ɫɢɫɬɟɦɢ ɭɩɪɚɜɥɿɧɧɹ 
 
Ɂ ɦɨɦɟɧɬɭ it  ɭ ɫɢɫɬɟɦɿ ɞɿє ɩɨɫɬɿɣɧɢɣ ɫɢɝɧɚɥ 
ɤɟɪɭɜɚɧɧɹ )(iu . ɍ ɪɿɜɧɹɧɧɿ (12) ɞɨ ɦɨɦɟɧɬɭ 
ɱɚɫɭ it  ɪɨɡɪɚɯɨɜɭɸɬɶɫɹ ɫɤɥɚɞɨɜɿ ɩɪɚɜɨʀ ɱɚ-
ɫɬɢɧɢ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɨɰɿɧɤɢ ˆ ( )X i  ɣ 
ɭɩɪɚɜɥɿɧɧɹ )(iu . Ⱦɨ ɦɨɦɟɧɬɭ t  ɭ ɫɢɫɬɟɦɭ 
ɧɚɞɯɨɞɢɬɶ ɿɧɮɨɪɦɚɰɿɹ ɡ ɞɚɬɱɢɤɿɜ )(iв , 
ɨɛɪɨɛɥɹєɬɶɫɹ ɣ ɞɨ ɦɨɦɟɧɬɭ t   ɪɨɡɪɚɯɨɜɭєɬɶ-
ɫɹ ɨɰɿɧɤɚ ˆ ( 1)X i  , ɚ ɞɨ ɦɨɦɟɧɬɭ ɱɚɫɭ 1it  
ɜɢɡɧɚɱɚєɬɶɫɹ )1( iu , ɣ ɭɩɪɚɜɥɿɧɧɹ )(iu  
ɡɦɿɧɸєɬɶɫɹ, ɫɬɚɸɱɢ ɪɿɜɧɢɦ )1( iu . 
 

Ⱥɞɚɩɬɚɰɿɹ ɞɨ ɡɨɜɧɿɲɧɿɯ ɡɛɭɪɟɧɶ 
 

ɇɚ ɧɚɫɬɭɩɧɨɦɭ ɟɬɚɩɿ ɩɨɛɭɞɨɜɢ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɤɟɪɭɜɚɧɧɹ ɡɧɿɦɚєɦɨ ɩɪɢɩɭɳɟɧɧɹ ɳɨɞɨ ɫɬɚ-
ɰɿɨɧɚɪɧɨɫɬɿ ɜɯɿɞɧɢɯ ɜɩɥɢɜɿɜ. Ɂɚɡɧɚɱɢɦɨ, ɳɨ 
ɩɢɬɚɧɧɹ ɩɪɨ ɞɨɫɤɨɧɚɥɿɫɬɶ ɦɟɬɨɞɿɜ ɫɢɧɬɟɡɭ 
ɩɿɞɜɿɫɤɢ, ɨɫɧɨɜɚɧɢɯ ɧɚ ɩɪɢɩɭɳɟɧɧɿ ɩɪɨ ɫɬɚ-
ɰɿɨɧɚɪɧɿɫɬɶ ɜɯɿɞɧɢɯ ɜɩɥɢɜɿɜ, ɞɨɫɢɬɶ ɱɚɫɬɨ 
ɩɨɫɬɚє ɭ ɞɢɫɤɭɫɿɣɧɨɦɭ ɩɥɚɧɿ Д8, 9].  

 
І ɯɨɱɚ ɦɟɬɨɞɢ ɫɢɧɬɟɡɭ ɩɿɞɜɿɫɨɤ, ɨɫɧɨɜɚɧɿ ɧɚ 
ɩɪɢɩɭɳɟɧɧɿ ɩɪɨ ɫɬɚɰɿɨɧɚɪɧɿɫɬɶ ɜɯɿɞɧɢɯ ɜɢ-
ɩɚɞɤɨɜɢɯ ɜɩɥɢɜɿɜ, ɪɨɡɪɨɛɥɟɧɿ ɳɟ ɧɟɞɨɫɬɚɬ-
ɧɶɨ ɞɥɹ ɩɪɚɤɬɢɱɧɢɯ ɰɿɥɟɣ, ɩɢɬɚɧɧɹ ɜɪɚɯɭ-
ɜɚɧɧɹ ɧɟɫɬɚɰɿɨɧɚɪɧɨɫɬɿ ɡɚɫɥɭɝɨɜɭє ɧɚ ɭɜɚɝɭ.  

 
Ⱦɥɹ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɯ ɦɚɲɢɧ ɧɟɫɬɚɰɿɨɧɚɪ-
ɧɿɫɬɶ ɜɩɥɢɜɿɜ ɩɨɜ’ɹɡɚɧɚ ɡɿ ɡɦɿɧɧɿɫɬɸ ɲɜɢɞɤɨ-
ɫɬɿ ɪɭɯɭ, ɿɡ ɡɚɥɟɠɧɿɫɬɸ ɪɟɚɤɰɿʀ ɨɩɟɪɚɬɨɪɚ (ɜɨ-
ɞɿɹ, ɤɪɚɧɿɜɧɢɤɚ) ɜɿɞ ɜɢɧɢɤɚɸɱɨʀ ɩɨɬɨɱɧɨʀ 
(ɞɨɪɨɠɧɶɨʀ/ɪɟɣɤɨɜɨʀ) ɫɢɬɭɚɰɿʀ, ɜɿɞ ɪɭɯɭ ɜɩɨ-
ɞɨɜɠ ɲɥɹɯɿɜ/ɪɟɣɨɤ ɡ ɪɿɡɧɢɦ ɦɿɤɪɨɩɪɨɮɿɥɟɦ. 

 
Ɋɨɡɜɢɬɨɤ ɦɟɯɚɬɪɨɧɧɢɯ ɡɚɫɨɛɿɜ ɤɟɪɭɜɚɧɧɹ ɪɭ-
ɯɨɦ ɫɭɱɚɫɧɢɯ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɯ ɦɚɲɢɧ, ɚ 
ɫɚɦɟ: 1) ɡɚɫɨɛɿɜ ɤɟɪɭɸɱɨʀ ɨɛɱɢɫɥɸɜɚɧɨʀ ɬɟɯ-
ɧɿɤɢ; 2) ɦɿɤɪɨɩɪɨɰɟɫɨɪɿɜ; 3) ɦɿɧɿ- ɬɚ ɦɿɤɪɨ-
ȿɈɆ – ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɫɬɜɨɪɸɜɚɬɢ ɚɥɝɨɪɢɬ-

ɦɢ ɭɩɪɚɜɥɿɧɧɹ ɡ ɚɞɚɩɬɚɰɿєɸ ɞɨ ɡɨɜɧɿɲɧɿɯ 
ɜɩɥɢɜɿɜ Д10]. 

 
Ɋɨɡɝɥɹɧɟɦɨ ɨɞɢɧ ɡ ɦɨɠɥɢɜɢɯ ɩɿɞɯɨɞɿɜ ɞɨ 
ɪɨɡɜ’ɹɡɤɭ ɰɿєʀ ɡɚɞɚɱɿ. əɤ ɨɫɧɨɜɧɟ ɩɪɢɩɭɳɟɧɧɹ 
ɜɿɡɶɦɟɦɨ, ɳɨ ɫɬɪɭɤɬɭɪɚ ɫɩɟɤɬɪɚɥɶɧɨʀ ɳɿɥɶ-
ɧɨɫɬɿ ɜɯɿɞɧɨɝɨ ɜɩɥɢɜɭ qqS  ɧɟ ɡɦɿɧɸєɬɶɫɹ, ɚ 
ɤɨɟɮɿɰɿєɧɬɢ 1 0 3 2 1 0, , , , ,C C d d d d , ɚ ɬɚɤɨɠ 21v  ɣ 

22v  ɞɥɹ ɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɣ 2V  – ɞɥɹ ɤɨɫɨ-
ɫɢɦɟɬɪɢɱɧɨʀ, є ɡɦɿɧɧɢɦɢ. 

 
ɉɨɛɭɞɭєɦɨ ɞɿɸɱɢɣ ɭ ɪɟɚɥɶɧɨɦɭ ɦɚɫɲɬɚɛɿ 
ɱɚɫɭ ɞɨɞɚɬɤɨɜɢɣ ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ, ɹɤɢɣ 
ɧɚɡɜɟɦɨ ɎɄ2, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɮɿɥɶɬɪɚ Ʉɚɥɦɚ-
ɧɚ, ɳɨ ɩɪɚɰɸє ɭ ɤɨɧɬɭɪɿ ɭɩɪɚɜɥɿɧɧɹ (ɎɄ1). 
ɋɬɪɭɤɬɭɪɭ ɎɄ2 ɩɨɞɚɦɨ ɭ ɜɢɝɥɹɞɿ 

 
 ( 1) ( ) ( ) ( )X i A X i K Y i CX i        ; 

2( ) ( ) ( )Y i C X i W i    .              (21) 
 
Ɍɭɬ ɭ (23) 
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 0;з CC  ,                       (22) 
 
ɞɟ Cз  – ɦɚɬɪɢɰɹ, ɹɤɚ ɦɚє ɜɞɜɿɱɿ ɛɿɥɶɲɟ ɫɬɨɜ-
ɩɱɢɤɿɜ ɿ ɬɭ ɠ ɤɿɥɶɤɿɫɬɶ ɪɹɞɤɿɜ, ɳɨ ɣ ɦɚɬɪɢɰɹ 
C . 
 
Ɍɚɤɢɦ ɱɢɧɨɦ, ɎɄ2 є ɫɩɨɫɬɟɪɿɝɚɱɟɦ ɞɥɹ ɩɨɜ-
ɧɨʀ ɞɢɫɤɪɟɬɧɨʀ ɫɢɫɬɟɦɢ «ɨɛ’єɤɬ ɭɩɪɚɜɥɿɧɧɹ 
+ɎɄ1», ɚɥɟ ɩɪɢ ɰɶɨɦɭ ɜɿɧ ɧɟ ɜɢɤɨɪɢɫɬɨɜɭ-
єɬɶɫɹ ɞɥɹ ɭɩɪɚɜɥɿɧɧɹ ɭ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ, ɚ 
ɬɿɥɶɤɢ ɞɥɹ ɜɢɪɨɛɥɟɧɧɹ ɨɰɿɧɨɤ ɤɨɨɪɞɢɧɚɬ ɫɬɚ-
ɧɭ. Ɋɨɡɪɚɯɭɧɨɤ ɦɚɬɪɢɰɿ Kз  ɣ ɞɨɩɨɦɿɠɧɨʀ ɦɚ-
ɬɪɢɰɿ Qз  ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɪɿɜɧɹɧɧɹɦɢ (16) ɿ 
(17). ɋɬɪɭɤɬɭɪɚ ɎɄ2 ɩɨɞɚɧɚ ɧɚ ɪɢɫ. 4. 
 
Ɋɨɡɝɥɹɧɟɦɨ ɚɥɝɨɪɢɬɦ ɚɞɚɩɬɚɰɿʀ. ɋɩɨɱɚɬɤɭ 
ɩɨɞɚɦɨ ɞɿɸ ɚɥɝɨɪɢɬɦɭ ɜ ɱɚɫɿ (ɪɢɫ. 5). Ɂɚɡɧɚ-
ɱɢɦɨ, ɳɨ ɩɪɨɰɟɫ ɚɞɚɩɬɚɰɿʀ ɩɟɪɿɨɞɢɱɧɨ ɩɨ-
ɜɬɨɪɸєɬɶɫɹ. ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɞɨ ɩɨɱɚɬɤɭ 
ɩɪɨɰɟɫɭ ɦɢ ɦɚєɦɨ ɭ ɎɄ1 ɣ ɎɄ2 ɭɫɿ 
ɤɨɟɮɿɰɿєɧɬɢ: , , , , ,A B C E F K  ɣ Kз .  
 
Ⱦɚɥɿ ɩɨɫɥɿɞɨɜɧɿɫɬɶ ɨɛɪɨɛɤɢ ɛɭɞɟ ɬɚɤɨɸ: 
ɚ) ɡɚɩɨɜɧɸєɦɨ ɡɧɚɱɟɧɧɹ ɪɟɚɥɿɡɚɰɿɣ ɩɪɨɰɟɫɭ 

)(iв  ɭ ɱɚɫɿ ɞɥɹ N  ɞɢɫɤɪɟɬɧɢɯ ɬɨɱɨɤ; 
ɛ) ɩɿɞɪɚɯɨɜɭєɦɨ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɟ ɡɧɚ-
ɱɟɧɧɹ ɪɿɡɧɢɰɿ 
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            ( ) ( ) ( )Y i K E U i C X i     
    

ɬɚ  2
( ) ( ) ( )M Y i K E U i C X i     

   ;  (23) 

 
ɜ) ɭ ɎɄ2 ɡɚɞɚɸɬɶɫɹ ɧɨɜɿ ɡɧɚɱɟɧɧɹ 

1 0 3 2 1 0 21 22 2, , , , , , , ,C C d d d d V V V ; 
 
ɝ) ɜɢɡɧɚɱɚɸɬɶɫɹ ɧɨɜɿ ɡɧɚɱɟɧɧɹ , , , ,A B C E K  
ɡɚ ɞɨɩɨɦɨɝɨɸ ɪɿɜɧɹɧɶ (16) ɬɚ (17) ɬɚ ɜɫɬɚɧɨɜ-
ɥɸɸɬɶɫɹ ɧɚ ɎɄ2; 

ɞ) ɭ ɩɪɨɰɟɫɿ ɜɢɤɨɧɚɧɧɹ ɩ. «ɝ» ɡɚ-
ɩɚɦ’ɹɬɨɜɭɸɬɶɫɹ N   ɧɨɜɢɯ ɡɧɚɱɟɧɶ )(iY ; 
ɟ) ɩɨɜɬɨɪɸєɦɨ ɪɨɡɪɚɯɭɧɨɤ ɡɚ ɩ. «ɛ»; 
ɠ) ɩɨɜɬɨɪɸєɦɨ ɪɨɡɪɚɯɭɧɨɤ ɡɚ ɩ. «ɜ» ɿ  «ɝ»; 
ɢ) ɞɥɹ ɤɨɫɨɫɢɦɟɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɜɢɡɧɚɱɚєɦɨ 
ɦɿɧɿɦɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ,M  ɚ ɞɥɹ ɫɢɦɟɬɪɢɱɧɨʀ 
ɨɛɢɪɚєɦɨ ɬɨɱɤɭ ɡ ɦɧɨɠɢɧɢ ɉɚɪɟɬɨ Д11]. ɐɟɣ 
ɟɬɚɩ ɨɫɬɚɬɨɱɧɨ ɜɢɡɧɚɱɚє ɧɨɜɿ ɡɧɚɱɟɧɧɹ 

, , ,A B C E ɞɥɹ ɎɄ1 ɬɚ ɎɄ2. 

 

E

K
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Ɋɢɫ. 4. ɋɬɪɭɤɬɭɪɚ ɞɢɫɤɪɟɬɧɨɝɨ ɮɿɥɶɬɪɚ Ʉɚɥɦɚɧɚ ɎɄ2 
 

    21 n

i
в i K EU i CX

X
      

 
Ɋɢɫ. 5. ɑɚɫɨɜɚ ɞɿɚɝɪɚɦɚ ɞɿʀ ɚɥɝɨɪɢɬɦɭ ɚɞɚɩɬɚɰɿʀ 

 
ɉɨɬɿɦ ɡɚ ɪɿɜɧɹɧɧɹɦɢ (16) ɬɚ (17) ɪɨɡɪɚɯɨ-
ɜɭєɬɶɫɹ ɧɨɜɟ ɡɧɚɱɟɧɧɹ ,K  ɜɚɪɿɸɸɬɶɫɹ ɡɧɚ-
ɱɟɧɧɹ 2R  ɬɚ 3R  ɿ ɡ ɪɿɜɧɹɧɶ (21) ɬɚ (22) ɜɢɡɧɚ-
ɱɚєɬɶɫɹ ,F  ɩɪɢɱɨɦɭ ɨɛɢɪɚєɬɶɫɹ ɧɚɣɛɿɥɶɲ 
ɩɪɢɣɧɹɬɧɟ ɡɧɚɱɟɧɧɹ ,F  ɜɢɯɨɞɹɱɢ ɡ ɨɰɿɧɨɤ 
ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɢɯ ɡɧɚɱɟɧɶ ɩɪɢɫɤɨɪɟɧɶ 
ɬɚ ɜɿɞɧɨɫɧɢɯ ɩɟɪɟɦɿɳɟɧɶ ɭ ɫɢɦɟɬɪɢɱɧɿɣ ɬɚ 
ɤɨɫɨɫɢɦɟɬɪɢɱɧɿɣ ɦɨɞɟɥɹɯ ɡɚ ɞɚɧɢɦɢ ɨɩɬɢ-

ɦɚɥɶɧɨʀ ɪɟɚɥɿɡɚɰɿʀ )(iY . ɐɟɣ ɟɬɚɩ ɜɢɦɚɝɚє 
ɛɿɥɶɲ ɪɟɬɟɥɶɧɨɝɨ ɨɩɪɚɰɸɜɚɧɧɹ. Ⱦɚɥɿ ɨɩɢɫɚ-
ɧɢɣ ɜɢɳɟ ɩɪɨɰɟɫ ɩɨɜɬɨɪɸєɬɶɫɹ. 

 
ȼɢɫɧɨɜɤɢ 

 
Ɉɛґɪɭɧɬɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɰɢɮɪɨɜɨɝɨ ɭɩɪɚɜ-
ɥɿɧɧɹ ɚɤɬɢɜɧɨɸ ɩɿɞɜɿɫɤɨɸ ɡ ɚɞɚɩɬɚɰɿєɸ ɞɨ 
ɡɨɜɧɿɲɧɶɨɝɨ ɡɛɭɪɟɧɧɹ ɭ ɦɟɯɚɬɪɨɧɧɢɯ ɫɢɫɬɟ-

ȼɢɡɧɚɱɟɧɧɹ ɧɨɜɨɝɨ 
ɿɧɬɟɪɜɚɥɭ  
ɞɢɫɤɪɟɬɧɨɫɬɿ 
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ɦɚɯ ɤɟɪɭɜɚɧɧɹ ɪɭɯɨɦ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɯ ɦɚ-
ɲɢɧ. ɉɪɢ ɰɶɨɦɭ ɡɞɿɣɫɧɟɧɨ ɩɟɪɟɯɿɞ ɜɿɞ ɧɟɩɟ-
ɪɟɪɜɧɨʀ ɫɢɫɬɟɦɢ ɞɨ ɞɢɫɤɪɟɬɧɨʀ, ɜɪɚɯɨɜɚɧɨ 
ɡɚɩɿɡɧɟɧɧɹ ɭ ɡɛɭɪɟɧɧɹɯ, ɚ ɞɢɫɤɪɟɬɧɢɣ ɫɩɨ-
ɫɬɟɪɿɝɚɱ ɨɛɪɚɧɨ ɭ ɮɨɪɦɿ ɮɿɥɶɬɪɚ Ʉɚɥɦɚɧɚ. 
Ɉɬɪɢɦɚɧɿ ɭ ɪɨɛɨɬɿ ɪɟɡɭɥɶɬɚɬɢ ɦɨɠɭɬɶ ɧɚɞɚɥɿ 
ɫɥɭɝɭɜɚɬɢ ɞɥɹ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɿɫɧɭɸɱɢɯ ɦɚ-
ɲɢɧ – ɹɤ ɧɚ ɫɬɚɞɿɹɯ ʀɯ ɩɪɨɟɤɬɭɜɚɧɧɹ / ɤɨɧ-
ɫɬɪɭɸɜɚɧɧɹ, ɬɚɤ ɿ ɭ ɪɟɠɢɦɚɯ ɪɟɚɥɶɧɨʀ 
ɟɤɫɩɥɭɚɬɚɰɿʀ. 
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