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ɀɭɪɧɚɥ ɞɪɭɤɭє ɫɬɚɬɬɿ ɧɚɭɤɨɜɰɿɜ ɜɭɡɿɜ ɬɚ ɭɫɬɚɧɨɜ 
ɍɤɪɚʀɧɢ, ɿɧɲɢɯ ɤɪɚʀɧ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɭɛɪɢɤ: 

 

Ⱥɜɿɚɰɿɣɧɚ ɿ ɤɨɫɦɿɱɧɚ ɬɟɯɧɿɤɚ 

ȼɿɣɫɶɤɨɜɨ-ɬɟɯɧɿɱɧɿ ɩɪɨɛɥɟɦɢ 

Ƚɟɨɥɨɝɿɹ, ɜɢɞɨɛɭɜɚɧɧɹ ɬɚ ɩɟɪɟɪɨɛɤɚ ɤɨɪɢɫɧɢɯ  
ɤɨɩɚɥɢɧ 

ȱɧɠɟɧɟɪɧɿ ɩɪɨɛɥɟɦɢ ɚɝɪɨɩɪɨɦɢɫɥɨɜɨɝɨ ɤɨɦɩɥɟɤɫɭ 

ȱɧɮɨɪɦɚɰɿɣɧɿ ɫɢɫɬɟɦɢ, ɨɛɱɢɫɥɸɜɚɥɶɧɚ ɣ ɟɥɟɤɬɪɨɧɧɚ 
ɬɟɯɧɿɤɚ, ɫɢɫɬɟɦɢ ɡɜ'ɹɡɤɭ ɬɚ ɩɪɢɥɚɞɨɛɭɞɭɜɚɧɧɹ 

Ɇɚɬɟɪɿɚɥɨɡɧɚɜɫɬɜɨ 

Ɇɚɲɢɧɨɛɭɞɭɜɚɧɧɹ 

Ɇɟɞɢɱɧɚ ɿɧɠɟɧɟɪɿɹ 

Ɇɟɬɚɥɭɪɝɿɹ 

Ɉɯɨɪɨɧɚ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ (ɿɧɠɟɧɟɪɧɚ 
ɟɤɨɥɨɝɿɹ) ɿ ɪɟɫɭɪɫɨɡɛɟɪɟɠɟɧɧɹ 

ɋɬɚɧɞɚɪɬɢɡɚɰɿɹ, ɦɟɬɪɨɥɨɝɿɹ ɿ ɫɟɪɬɢɮɿɤɚɰɿɹ  
Ȼɭɞɿɜɧɢɰɬɜɨ ɬɚ ɛɭɞɿɧɞɭɫɬɪɿɹ 

Ɍɟɯɧɨɥɨɝɿɹ ɥɟɝɤɨʀ ɩɪɨɦɢɫɥɨɜɨɫɬɿ 
Ɍɟɯɧɨɥɨɝɿɹ ɯɚɪɱɨɜɨʀ ɩɪɨɦɢɫɥɨɜɨɫɬɿ 
ɏɿɦɿɱɧɿ ɬɟɯɧɨɥɨɝɿʀ ɣ ɿɧɠɟɧɟɪɧɚ ɛɿɨɬɟɯɧɨɥɨɝɿɹ 

ȿɤɨɧɨɦɿɤɚ, ɩɪɚɜɨ ɬɚ ɤɟɪɭɜɚɧɧɹ ɜ ɿɧɠɟɧɟɪɧɿɣ  
ɞɿɹɥɶɧɨɫɬɿ 
ȿɧɟɪɝɟɬɢɤɚ 

Ɉɫɜɿɬɚ ɬɚ  ɜɢɯɨɜɚɧɧɹ 
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ɍȾɄ 621.317.08 
Ⱥ.ȼ. Ɋɭɞɢɤ, ɞ.ɬ.ɧ.,  

ȼ.Ⱥ. Ɋɭɞɢɤ,  

Ɇ.ȱ. Ɇɚɬɟɣ 

ȺɇȺɅȱɁ  ɈȾɈɆȿɌɊɂɑɇɂɏ  ɆȿɌɈȾȱȼ  ȼɂɁɇȺɑȿɇɇə  ɉȺɊȺɆȿɌɊȱȼ  Ɋɍɏɍ  
ɆɈȻȱɅɖɇɂɏ  ɊɈȻɈɌȱȼ 

ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ (ɦ. Ɋɿɜɧɟ), a.v.rudyk@nuwm.edu.ua 

ȼ ɫɬɚɬɬɿ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɟɚɥɿɫɬɢɱɧɚ ɦɨɞɟɥɶ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ, ɹɤɚ ɩɟɪɟɞɛɚɱɚє ɜɪɚɯɭɜɚɧɧɹ ɨɫɧɨ-

ɜɧɢɯ ɜɩɥɢɜɨɜɢɯ ɧɚ ɪɟɡɭɥɶɬɚɬ ɜɢɦɿɪɸɜɚɧɧɹ ɱɢɧɧɢɤɿɜ. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɩɨɡɢɰɿɣɧɨʀ ɬɚ ɲɜɢɞɤɿɫɧɨʀ 
ɿɧɬɟɪɩɪɟɬɚɰɿɣ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ ɡ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɬɚ ɡ’ɹɫɨɜɚɧɨ, ɳɨ ɞɥɹ ɡɚɞɚɱ ɿɧɬɟɝɪɚɰɿʀ 
ɜɚɪɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɨɡɢɰɿɣɧɭ ɿɧɬɟɪɩɪɟɬɚɰɿɸ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɨɞɨɦɟɬɪɢɱɧɟ ɤɿɧɟɦɚɬɢɱɧɟ 
ɱɢɫɥɟɧɧɹ. Ɂɚ ɜɟɤɬɨɪɧɨɸ ɿɧɬɟɪɩɪɟɬɚɰɿєɸ ɩɪɢɪɨɫɬɭ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ ɜɢɞɿɥɟɧɨ ɦɨɞɟɥɿ ɜɟɤɬɨɪɧɨɝɨ 
ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɪɨɫɬɭ ɤɨɨɪɞɢɧɚɬ ɬɚ ɜɟɤɬɨɪɧɨɝɨ ɲɜɢɞɤɿɫɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ. Ɋɨɡɝɥɹɧɭɬɨ ɨɫɧɨɜɧɿ 
ɨɞɨɦɟɬɪɢɱɧɿ ɜɢɦɿɪɸɜɚɥɶɧɿ ɚɥɝɨɪɢɬɦɢ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɨɞɨɦɟɬɪɢɱɧɿ ɦɟɬɨɞɢ, ɦɨɛɿɥɶɧɢɣ ɪɨɛɨɬ, ɟɧɤɨɞɟɪ, ɫɬɟɪɟɨɡɿɪ, ɬɟɯɧɿɱɧɢɣ ɡɿɪ, ɨɞɨɦɟɬɪɿɹ, 
ɜɿɡɭɚɥɶɧɚ ɨɞɨɦɟɬɪɿɹ, ɜɢɦɿɪɸɜɚɧɧɹ ɜɿɞɫɬɚɧɿ. 

ȼɫɬɭɩ 

Ⱦɥɹ ɧɚɞɿɣɧɨɝɨ ɤɟɪɭɜɚɧɧɹ ɦɨɛɿɥɶɧɢɦ ɪɨɛɨɬɨɦ (ɆɊ) ɣɨɝɨ ɫɢɫɬɟɦɚ ɤɟɪɭɜɚɧɧɹ ɦɚє ɨɬɪɢɦɭɜɚɬɢ ɫɢɝ-
ɧɚɥɢ ɜɿɞ ɪɿɡɧɢɯ ɫɟɧɫɨɪɿɜ, ɜ ɪɟɡɭɥɶɬɚɬɿ ɨɛɪɨɛɤɢ ɹɤɢɯ ɜɢɡɧɚɱɚɸɬɶɫɹ ɩɨɬɨɱɧɿ ɤɨɨɪɞɢɧɚɬɢ ɪɨɛɨɬɚ, ɣɨɝɨ 
ɲɜɢɞɤɿɫɬɶ ɿ ɩɪɢɫɤɨɪɟɧɧɹ, ɚ ɬɚɤɨɠ ɨɪɿєɧɬɚɰɿɹ ɭ ɩɪɨɫɬɨɪɿ (ɤɭɬɢ ɤɭɪɫɭ, ɬɚɧɝɚɠɭ ɿ ɤɪɟɧɭ). ɇɚ ɞɚɧɢɣ ɱɚɫ 
ɨɫɧɨɜɧɢɦɢ ɬɢɩɚɦɢ ɬɚɤɢɯ ɫɟɧɫɨɪɿɜ є ɿɧɟɪɰɿɚɥɶɧɿ, ɥɨɤɚɰɿɣɧɿ, ɟɧɤɨɞɟɪɢ ɿ ɜɿɞɟɨ (ɦɨɧɨ- ɬɚ ɫɬɟɪɟɨɤɚɦɟɪɢ) 
[1]. 

Ⱦɥɹ ɭɩɪɚɜɥɿɧɧɹ ɦɨɛɿɥɶɧɢɦ ɪɨɛɨɬɨɦ ɩɪɢ ɣɨɝɨ ɩɟɪɟɦɿɳɟɧɧɿ ɩɨ ɞɟɹɤɿɣ ɬɪɚєɤɬɨɪɿʀ ɧɟɨɛɯɿɞɧɨɸ є 
ɫɢɫɬɟɦɚ ɜɢɡɧɚɱɟɧɧɹ ɦɿɫɰɟɡɧɚɯɨɞɠɟɧɧɹ ɬɚ ɨɪɿєɧɬɚɰɿʀ ɭ ɩɪɨɫɬɨɪɿ. Ɉɞɧɚɤ ɩɟɪɟɪɚɯɨɜɚɧɿ ɜɢɳɟ ɬɢɩɢ 
ɫɟɧɫɨɪɿɜ ɦɚɸɬɶ ɜɥɚɫɧɿ ɧɟɞɨɥɿɤɢ: ɜɢɤɨɪɢɫɬɚɧɧɹ ɟɧɤɨɞɟɪɿɜ ɧɟɦɨɠɥɢɜɟ ɛɟɡ ɩɪɨɫɤɨɜɡɭɜɚɧɧɹ ɤɨɥɿɫ, 
ɿɧɟɪɰɿɚɥɶɧɿ ɫɢɫɬɟɦɢ ɧɚɤɨɩɢɱɭɸɬɶ ɩɨɯɢɛɤɭ, GPS ɧɟɞɨɫɬɚɬɧɶɨ ɬɨɱɧɚ ɞɥɹ ɥɨɤɚɥɶɧɨʀ ɧɚɜɿɝɚɰɿʀ ɬɚ 
ɧɟɫɬɿɣɤɚ ɜ ɡɚɤɪɢɬɢɯ ɩɪɢɦɿɳɟɧɧɹɯ, ɚ ɫɢɫɬɟɦɚ ɡ ɞɚɥɟɤɨɦɿɪɨɦ ɫɤɥɚɞɧɚ ɬɚ ɦɚє ɜɢɫɨɤɭ ɫɤɥɚɞɧɿɫɬɶ. 

Ɂɛɿɥɶɲɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɜɛɭɞɨɜɚɧɢɯ ɨɛɱɢɫɥɸɜɚɱɿɜ ɞɨɡɜɨɥɹє ɨɛɪɨɛɥɹɬɢ ɜɿɞɟɨɞɚɧɿ ɛɨɪɬɨɜɨʀ 
ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ ɦɨɛɿɥɶɧɨɝɨ ɪɨɛɨɬɚ ɜ ɪɟɚɥɶɧɨɦɭ ɱɚɫɿ ɬɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ʀɯ ɞɥɹ ɪɨɡɜ’ɹɡɚɧɧɹ 
ɜɫɟ ɛɿɥɶɲ ɫɤɥɚɞɧɢɯ ɡɚɞɚɱ, ɡɨɤɪɟɦɚ ɞɥɹ ɧɚɜɿɝɚɰɿʀ. 

ȼ ɫɬɚɬɬɿ ɨɫɧɨɜɧɚ ɭɜɚɝɚ ɩɪɢɞɿɥɹєɬɶɫɹ ɨɞɨɦɟɬɪɢɱɧɢɦ ɬɟɯɧɨɥɨɝɿɹɦ, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɧɟ ɬɿɥɶɤɢ 
ɜ ɬɪɚɞɢɰɿɣɧɿɣ ɝɚɥɭɡɿ ɧɚɜɿɝɚɰɿʀ ɬɚ ɤɟɪɭɜɚɧɧɹ ɪɭɯɨɦ, ɚɥɟ ɣ ɜ ɝɟɨɞɟɡɿʀ, ɬɨɩɨɝɪɚɮɿʀ, ɦɟɬɪɨɥɨɝɿʀ, ɥɨɝɿɫɬɢɰɿ 
ɬɚ ɿɧ. Ƚɚɥɭɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɨɞɨɦɟɬɪɢɱɧɢɯ ɫɟɧɫɨɪɿɜ ɩɨɫɬɿɣɧɨ ɪɨɡɲɢɪɸɸɬɶɫɹ ɱɟɪɟɡ ʀɯ ɦɚɥɿ ɝɚɛɚɪɢɬɧɿ 
ɪɨɡɦɿɪɢ, ɟɧɟɪɝɨɫɩɨɠɢɜɚɧɧɹ ɿ ɫɨɛɿɜɚɪɬɿɫɬɶ [2]. Ɉɞɨɦɟɬɪɢɱɧɿ ɫɟɧɫɨɪɢ ɡɚɛɟɡɩɟɱɭɸɬɶ ɲɢɪɨɤɢɣ ɞɿɚɩɚɡɨɧ 
ɜɢɦɿɪɸɜɚɧɶ ɬɚ ɦɚɸɬɶ ɬɨɱɧɿɫɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɧɚɜɿɝɚɰɿɣɧɢɯ ɫɢɫɬɟɦ (ɇɋ) ɧɢɡɶɤɨɝɨ ɬɚ ɫɟɪɟɞɧɶɨɝɨ 
ɤɥɚɫɿɜ. Ɉɞɧɚɤ ɜɢɦɨɝɢ ɞɨ ɬɨɱɧɨɫɬɿ ɨɞɨɦɟɬɪɢɱɧɢɯ ɫɟɧɫɨɪɿɜ ɬɚ ɫɢɫɬɟɦ ɧɚ ʀɯ ɨɫɧɨɜɿ ɩɪɢ ɪɨɡɜ’ɹɡɚɧɧɿ 
ɡɚɞɚɱ ɧɚɜɿɝɚɰɿʀ ɬɚ ɨɪɿєɧɬɚɰɿʀ ɡ ɱɚɫɨɦ ɭɫɤɥɚɞɧɸɸɬɶɫɹ, ɳɨ ɩɪɢɜɨɞɢɬɶ ɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ 
ɦɟɬɨɞɿɜ ʀɯ ɜɢɩɪɨɛɭɜɚɧɶ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɞɨɫɬɨɜɿɪɧɢɯ ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ ɩɨɤɚɡɿɜ, ɹɤɿ ɜɪɚɯɨɜɭɸɬɶ 
ɭɦɨɜɢ ɩɨɞɚɥɶɲɨʀ ɟɤɫɩɥɭɚɬɚɰɿʀ. 

Ɇɟɬɨɞ ɜɿɡɭɚɥɶɧɨʀ ɨɞɨɦɟɬɪɿʀ ɨɫɧɨɜɚɧɢɣ ɧɚ ɜɢɦɿɪɸɜɚɧɧɿ ɡɦɿɳɟɧɧɹ ɤɥɸɱɨɜɢɯ ɬɨɱɨɤ ɭ ɩɪɨɫɬɨɪɿ, 
ɿɧɮɨɪɦɚɰɿɸ ɩɪɨ ɹɤɿ ɨɬɪɢɦɭɸɬɶ ɡ ɚɧɚɥɿɡɭ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɫɬɟɪɟɨɡɨɛɪɚɠɟɧɶ ɫɢɫɬɟɦɢ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ. 
Ɍɚɤɚ ɫɢɫɬɟɦɚ ɦɨɠɟ ɩɪɚɰɸɜɚɬɢ ɜ ɧɟɞɟɬɟɪɦɿɧɨɜɚɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɞɨɡɜɨɥɹє ɪɨɡɜ’ɹɡɭɜɚɬɢ ɫɭɦɿɠɧɿ 
ɡɚɞɚɱɿ, ɬɚɤɿ ɹɤ ɩɨɛɭɞɨɜɚ ɤɚɪɬɢ ɩɪɢɦɿɳɟɧɧɹ. 

ɉɪɢ ɰɶɨɦɭ ɨɞɧɿєɸ ɡ ɧɚɣɜɚɠɥɢɜɿɲɢɯ є ɡɚɞɚɱɚ ɜɢɡɧɚɱɟɧɧɹ ɬɨɱɧɨɝɨ ɦɿɫɰɹ ɪɨɡɬɚɲɭɜɚɧɧɹ ɪɨɛɨɬɚ – 

ɩɪɨɛɥɟɦɚ ɥɨɤɚɥɿɡɚɰɿʀ ɚɛɨ ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ. ɐɹ ɩɪɨɛɥɟɦɚ є ɜɚɠɥɢɜɨɸ ɬɨɦɭ, ɳɨ ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɬɨɱɧɟ 
ɦɿɫɰɟɡɧɚɯɨɞɠɟɧɧɹ ɪɨɛɨɬɚ ɧɟɨɛɯɿɞɧɚ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɛɿɥɶɲ ɫɤɥɚɞɧɢɯ ɿ ɤɨɦɩɥɟɤɫɧɢɯ ɡɚɜɞɚɧɶ ɧɚɜɿɝɚɰɿʀ, 
ɚ ɬɚɤɨɠ ɩɨɛɭɞɨɜ ɬɪɚєɤɬɨɪɿʀ ɩɟɪɟɦɿɳɟɧɧɹ ɬɚ ɤɚɪɬɢ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ. ɇɚ ɞɚɧɢɣ ɱɚɫ ɿɫɧɭє 
ɤɿɥɶɤɚ ɪɿɡɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɩɪɨɛɥɟɦɢ ɥɨɤɚɥɿɡɚɰɿʀ, ɜ ɹɤɢɯ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɪɿɡɧɿ ɫɟɧɫɨɪɢ ɬɚ 
ɚɥɝɨɪɢɬɦɢ ɨɛɪɨɛɤɢ ɞɚɧɢɯ. Ɍɚɤ, ɜ ɪɨɛɨɬɿ [3] ɪɨɡɝɥɹɧɭɬɨ ɩɿɞɯɿɞ ɞɨ ɥɨɤɚɥɿɡɚɰɿʀ, ɨɫɧɨɜɚɧɢɣ ɧɚ ɚɧɚɥɿɡɿ 
ɞɚɧɢɯ ɫɟɧɫɨɪɿɜ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ, ɚ ɜ ɪɨɛɨɬɿ [4] ɨɩɢɫɚɧɢɣ ɣɦɨɜɿɪɧɿɫɧɢɣ ɩɿɞɯɿɞ ɞɨ ɥɨɤɚɥɿɡɚɰɿʀ ɬɚ 
ɤɚɪɬɨɝɪɚɮɭɜɚɧɧɹ ɧɚ ɨɫɧɨɜɿ SLAM-ɦɟɬɨɞɢɤ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɥɚɡɟɪɧɨɝɨ ɫɤɚɧɟɪɚ ɚɛɨ ɞɚɥɟɤɨɦɿɪɿɜ. 
Ɉɞɧɚɤ ɛɭɞɶ-ɹɤɿ ɦɟɬɨɞɢ ɨɰɿɧɤɢ ɩɨɡɢɰɿʀ ɪɨɛɨɬɚ ɦɚɸɬɶ ɩɨɯɢɛɤɢ, ɡɭɦɨɜɥɟɧɿ ɪɿɡɧɢɦɢ ɱɢɧɧɢɤɚɦɢ 
ɮɿɡɢɱɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ, ɞɥɹ ɨɰɿɧɤɢ ɹɤɢɯ ɬɚ ɭɬɨɱɧɟɧɧɹ ɪɟɚɥɶɧɨʀ ɩɨɡɢɰɿʀ ɪɨɛɨɬɚ ɬɚɤɨɠ ɿɫɧɭɸɬɶ ɪɿɡɧɿ 
ɦɟɬɨɞɢɤɢ. Ɍɚɤ, ɜ ɪɨɛɨɬɿ [5] ɪɨɡɝɥɹɧɭɬɨ ɩɿɞɯɿɞ ɧɚ ɨɫɧɨɜɿ ɪɨɡɪɚɯɭɧɤɭ ɦɚɬɪɢɰɶ ɤɨɜɚɪɿɚɰɿʀ, ɚ ɜ ɪɨɛɨɬɿ [6] 
– ɦɟɬɨɞ ɨɰɿɧɤɢ ɩɨɦɢɥɤɢ ɨɞɨɦɟɬɪɿɜ ɧɚ ɨɫɧɨɜɿ ɧɚɜɿɝɚɰɿɣɧɢɯ ɞɚɧɢɯ ɦɨɛɿɥɶɧɨɝɨ ɪɨɛɨɬɚ. Ʉɥɚɫɢɱɧɨɸ ɜ 
ɞɚɧɨɦɭ ɧɚɩɪɹɦɤɭ є ɪɨɛɨɬɚ [7], ɞɟ ɪɨɡɪɨɛɥɟɧɚ ɦɟɬɨɞɢɤɚ ɤɚɥɿɛɪɭɜɚɧɧɹ ɿ ɤɨɪɟɤɰɿʀ ɩɨɯɢɛɤɢ ɨɞɨɦɟɬɪɿɜ, 
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ɚ ɬɚɤɨɠ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɦɟɬɨɞɢ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɭ ɞɥɹ ɨɰɿɧɤɢ ɪɿɡɧɢɯ ɱɢɧɧɢɤɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ 
ɧɚ ɩɨɯɢɛɤɭ. ȼ ɪɨɛɨɬɿ [8] ɜɢɤɨɧɚɧɨ ɩɨɪɿɜɧɹɥɶɧɢɣ ɚɧɚɥɿɡ ɞɟɤɿɥɶɤɨɯ ɪɿɡɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɨɰɿɧɤɢ ɩɨɯɢɛɤɢ 
ɨɞɨɦɟɬɪɿɜ, ɨɞɧɢɦ ɡ ɹɤɢɯ є ɦɟɬɨɞ ɧɟɣɪɨɧɧɢɯ ɦɟɪɟɠ. ɍ ɰɿɣ ɪɨɛɨɬɿ ɞɥɹ ɨɰɿɧɤɢ ɩɨɯɢɛɤɢ ɨɞɨɦɟɬɪɿɜ 
ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɛɚɝɚɬɨɲɚɪɨɜɢɣ ɩɟɪɫɟɩɬɪɨɧ ɬɚ ɞɨɜɟɞɟɧɚ ɚɤɬɭɚɥɶɧɿɫɬɶ ɞɨɫɥɿɞɠɟɧɶ ɜ ɨɛɥɚɫɬɿ 
ɧɟɣɪɨɦɟɪɟɠɟɜɢɯ ɬɟɯɧɨɥɨɝɿɣ ɨɰɿɧɤɢ ɩɨɯɢɛɨɤ ɫɟɧɫɨɪɿɜ ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ. 

ȼ ɥɿɬɟɪɚɬɭɪɿ ɬɚɤɨɠ ɜɿɞɨɦɢɣ ɦɟɬɨɞ ɜɿɡɭɚɥɶɧɨʀ ɨɞɨɦɟɬɪɿʀ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɨɛɱɢɫɥɸɜɚɬɢ ɩɨɬɨɱɧɿ ɤɨ-
ɨɪɞɢɧɚɬɢ ɦɨɛɿɥɶɧɨɝɨ ɪɨɛɨɬɚ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɢɫɬɟɦɢ ɬɪɢɜɢɦɿɪɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ ɡɨɪɭ. Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫ-
ɥɿɞɠɟɧɶ ɬɚɤɨʀ ɫɢɫɬɟɦɢ ɩɨɤɚɡɚɥɢ, ɳɨ ɜɿɡɭɚɥɶɧɢɣ ɨɞɨɦɟɬɪ ɞɨɡɜɨɥɹє ɡ ɱɚɫɬɨɬɨɸ 10 Ƚɰ ɬɚ ɜɢɦɿɪɸɜɚɬɢ 
ɩɟɪɟɦɿɳɟɧɧɹ ɪɨɛɨɬɚ ɡ ɩɨɯɢɛɤɨɸ ɞɨ 7% ɬɚ ɤɭɪɫɨɜɢɣ ɤɭɬ ɡ ɬɨɱɧɿɫɬɸ ɞɨ 10%. ɉɪɢ ɞɨɫɥɿɞɠɟɧɧɹɯ 
ɜɿɡɭɚɥɶɧɢɣ ɨɞɨɦɟɬɪ ɧɟ ɡɚɞɿɸɜɚɜɫɹ ɜ ɤɨɧɬɭɪɿ ɫɢɫɬɟɦɢ ɤɟɪɭɜɚɧɧɹ ɪɨɛɨɬɚ, ɚ ɬɨɱɧɿɫɬɶ ɿ ɱɚɫ ɨɛɱɢɫɥɟɧɧɹ 
ɤɨɨɪɞɢɧɚɬ ɨɰɿɧɸɜɚɥɢɫɹ ɧɟɡɚɥɟɠɧɨ. 

Ɋɨɡɪɨɛɥɟɧɿ ɧɚ ɞɚɧɢɣ ɱɚɫ ɦɟɬɨɞɢ ɬɚ ɡɚɫɨɛɢ ɜɢɦɿɪɸɜɚɧɧɹ ɧɟ є ɞɨɫɬɚɬɧɶɨ ɟɮɟɤɬɢɜɧɢɦɢ ɞɥɹ ɪɨɡ-

ɜ’ɹɡɚɧɧɹ ɡɚɞɚɱ ɜɢɦɿɪɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɛ’єɤɬɿɜ ɜ ɫɤɥɚɞɧɢɯ ɤɥɿɦɚɬɢɱɧɢɯ ɭɦɨɜɚɯ ɬɚ ɩɪɢ ɞɿʀ 
ɪɿɡɧɢɯ ɞɟɫɬɚɛɿɥɿɡɭɸɱɢɯ ɮɚɤɬɨɪɿɜ ɡ ɞɨɫɬɚɬɧɶɨɸ ɬɨɱɧɿɫɬɸ. Ȼɿɥɶɲɿɫɬɶ ɡ ɧɢɯ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ 
ɫɤɥɚɞɧɿɫɬɸ, ɧɟɞɨɫɬɚɬɧɿɦɢ ɲɜɢɞɤɨɞɿєɸ ɬɚ ɬɨɱɧɿɫɬɸ, ɚ ɬɚɤɨɠ ɧɟɞɨɫɤɨɧɚɥɿɫɬɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɬɚ ɩɪɨ-

ɝɪɚɦɧɨɝɨ ɡɚɛɟɡɩɟɱɟɧɧɹ. Ɍɨɦɭ ɩɨɫɬɚє ɩɢɬɚɧɧɹ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɩɪɢɥɚɞɨɜɢɯ ɫɢɫɬɟɦ 
ɜɢɦɿɪɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɆɊ, ɪɨɡɪɨɛɤɢ ɧɨɜɢɯ ɿ ɭɞɨɫɤɨɧɚɥɟɧɧɹ ɿɫɧɭɸɱɢɯ ɦɟɬɨɞɿɜ ɬɚ ɡɚɫɨɛɿɜ 
ɜɢɦɿɪɸɜɚɧɧɹ ɡ ɩɨɤɪɚɳɟɧɢɦɢ ɦɟɬɪɨɥɨɝɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɿ ɚɥɝɨɪɢɬɦɿɱɧɨɸ ɨɛɪɨɛɤɨɸ ɞɚɧɢɯ 
ɩɪɨ ɩɚɪɚɦɟɬɪɢ ɪɭɯɭ ɧɚ ɮɨɧɿ ɲɭɦɿɜ ɿ ɡɚɜɚɞ ɪɿɡɧɨɝɨ ɪɨɞɭ [9]. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
ȼ ɫɬɚɬɬɿ ɧɟɨɛɯɿɞɧɨ: 
1) ɪɨɡɪɨɛɢɬɢ ɪɟɚɥɿɫɬɢɱɧɭ ɦɨɞɟɥɶ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ, ɜ ɹɤɿɣ ɜɪɚɯɭɜɚɬɢ ɨɫɧɨɜɧɿ ɜɩɥɢɜɨɜɿ ɧɚ 

ɪɟɡɭɥɶɬɚɬ ɜɢɦɿɪɸɜɚɧɧɹ ɱɢɧɧɢɤɢ; 
2) ɩɨɪɿɜɧɹɬɢ ɩɨɡɢɰɿɣɧɭ ɬɚ ɲɜɢɞɤɿɫɧɭ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ ɡ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɬɨɱɤɢ 

ɡɨɪɭ; 
3) ɡɚ ɜɟɤɬɨɪɧɨɸ ɿɧɬɟɪɩɪɟɬɚɰɿєɸ ɩɪɢɪɨɫɬɭ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ ɜɢɞɿɥɢɬɢ ɪɿɡɧɿ ɦɨɞɟɥɿ ɜɟɤɬɨɪɧɨɝɨ 

ɨɞɨɦɟɬɪɢɱɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ; 
4) ɪɨɡɝɥɹɧɭɬɢ ɨɫɧɨɜɧɿ ɨɞɨɦɟɬɪɢɱɧɿ ɜɢɦɿɪɸɜɚɥɶɧɿ ɚɥɝɨɪɢɬɦɢ. 

Ɋɟɚɥɿɫɬɢɱɧɚ ɦɨɞɟɥɶ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ 

Ɉɞɨɦɟɬɪɿɹ – ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɚɧɢɯ ɩɪɨ ɪɭɯ ɩɪɢɜɨɞɿɜ ɞɥɹ ɨɰɿɧɤɢ ɩɟɪɟɦɿɳɟɧɧɹ ɿ ɧɟ є ɦɟɬɨɞɨɦ 
ɜɢɡɧɚɱɟɧɧɹ ɩɨɥɨɠɟɧɧɹ. ȼɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɜ ɆɊ ɞɥɹ ɩɿɞɪɚɯɭɧɤɭ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ. ȼ ɬɢɩɨɜɢɯ 
ɫɯɟɦɚɯ ɨɞɨɦɟɬɪɿʀ ɆɊ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɟɧɤɨɞɟɪɢ, ɹɤɿ ɡɱɢɬɭɸɬɶ ɤɭɬ ɩɨɜɨɪɨɬɭ ɤɨɥɿɫ (ɪɢɫ. 1, ɚ). ɉɪɢ 
ɜɢɤɨɪɢɫɬɚɧɧɿ ɜ ɟɧɤɨɞɟɪɚɯ ɤɨɞɭ Ƚɪɟɹ ɦɨɠɧɚ ɜɿɞɫɥɿɞɤɨɜɭɜɚɬɢ ɧɟ ɬɿɥɶɤɢ ɤɭɬ, ɚɥɟ ɣ ɧɚɩɪɹɦɨɤ 
ɨɛɟɪɬɚɧɧɹ. 

Ɉɞɨɦɟɬɪ є ɩɪɢɫɬɪɨєɦ, ɳɨ ɜɢɦɿɪɸє ɤɿɥɶɤɿɫɬɶ ɨɛɟɪɬɿɜ ɤɨɥɟɫɚ. ɉɟɪɜɢɧɧɨɸ ɜɢɦɿɪɸɜɚɥɶɧɨɸ ɿɧɮɨɪ-

ɦɚɰɿєɸ є ɰɿɥɿ ɱɢɫɥɚ Ni , ɹɤɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɩɨɤɚɡɚɧɧɹɦɢ ɰɿɥɨɱɢɫɟɥɶɧɨɝɨ ɥɿɱɢɥɶɧɢɤɚ ɩɚɪɰɿɚɥɶɧɢɯ ɤɭɬɿɜ 
ɩɨɜɨɪɨɬɭ ɤɨɥɟɫɚ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ [t0, tɿ] (ɜ ɩɨɱɚɬɤɨɜɢɣ ɦɨɦɟɧɬ ɱɚɫɭ t0  ɞɥɹ ɜɢɡɧɚɱɟɧɨɫɬɿ ɩɪɢɣɦɚɸɬɶ 
N0 = 0). əɤɳɨ ɩɪɢɣɧɹɬɢ, ɳɨ n – ɤɿɥɶɤɿɫɬɶ ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɢɯ ɩɨ ɨɤɪɭɠɧɨɫɬɿ ɤɨɥɟɫɚ ɦɿɬɨɤ 
(ɪɨɡɞɿɥɶɧɚ ɡɞɚɬɧɿɫɬɶ), ɬɨ ɜɟɥɢɱɢɧɚ ɩɚɪɰɿɚɥɶɧɨɝɨ ɤɭɬɚ Δα ɜ ɪɚɞɿɚɧɚɯ: 

.
n




2  

əɤɳɨ R – ɡɧɚɱɟɧɧɹ ɪɚɞɿɭɫɭ ɤɨɥɟɫɚ, ɬɨ ɩɪɨɣɞɟɧɢɣ ɲɥɹɯ s ɬɨɱɤɨɸ ɤɨɧɬɚɤɬɭ ɤɨɥɟɫɚ ɡ ɩɨɜɟɪɯɧɟɸ 
ɞɨɪɨɝɢ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ [t0, tɿ] ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ: 

  ,RK,KN
n

RN
ts i

i
i 




2
                                              (1) 

ɞɟ K є ɦɚɫɲɬɚɛɧɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ ɨɞɨɦɟɬɪɚ, ɳɨ ɩɟɪɟɜɨɞɢɬɶ ɩɟɪɜɢɧɧɿ ɰɿɥɨɱɢɫɟɥɶɧɿ ɜɢɦɿɪɸɜɚɧɧɹ ɜ 
ɩɪɨɣɞɟɧɢɣ ɲɥɹɯ, ɩɪɢ ɰɶɨɦɭ ɡɦɿɧɚ ɫɬɚɧɭ ɥɿɱɢɥɶɧɢɤɚ Ni  ɜɿɞɛɭɜɚєɬɶɫɹ ɫɚɦɟ ɜ ɦɨɦɟɧɬ ɱɚɫɭ tɿ . 

Ɋɿɡɧɢɰɹ 
1 iii NNN  ɯɚɪɚɤɬɟɪɢɡɭє ɩɪɨɣɞɟɧɢɣ ɲɥɹɯ 

is  ɩɪɨɬɹɝɨɦ ɿɧɬɟɪɜɚɥɭ ɱɚɫɭ [tɿ-1, tɿ]:     

.NKs ii   

ɐɟ є ɞɿɣɫɧɟ ɡɧɚɱɟɧɧɹ ɩɪɢɪɨɫɬɭ ɲɥɹɯɭ, ɹɤɳɨ ɫɚɦɟ ɜ ɦɨɦɟɧɬɢ ɱɚɫɭ tɿ-1, tɿ ɜɿɞɛɭɜɚɥɨɫɹ ɡɛɿɥɶɲɟɧɧɹ 
ɫɬɚɧɭ ɥɿɱɢɥɶɧɢɤɚ ɡ ɜɟɥɢɱɢɧɢ 1iN  ɞɨ ɜɟɥɢɱɢɧɢ iN . 

ȱɞɟɚɥɿɡɨɜɚɧɚ ɦɨɞɟɥɶ ɨɞɨɦɟɬɪɚ є ɦɨɞɟɥɥɸ ɞɚɜɚɱɚ, ɡɜ’ɹɡɚɧɨɝɨ ɡ ɩɨɜɡɞɨɜɠɧɶɨɸ ɜɿɫɫɸ ɨɛ’єɤɬɚ, ɳɨ 
ɞɢɫɤɪɟɬɧɨ ɜɢɦɿɪɸє ɩɪɨɣɞɟɧɢɣ ɲɥɹɯ  its  (ɫɤɚɥɹɪɧɭ ɜɟɥɢɱɢɧɭ) ɩɪɢɜɟɞɟɧɨɝɨ ɰɟɧɬɪɭ ɦɚɫ ɨɛ’єɤɬɚ Ɇ, 
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ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɧɚ ɰɿɣ ɨɫɿ. ɉɪɢ ɰɶɨɦɭ ɜɜɚɠɚɸɬɶ, ɳɨ: 
- ɪɭɯ ɨɛ’єɤɬɭ ɜɿɞɛɭɜɚєɬɶɫɹ ɛɟɡ ɩɪɨɫɤɨɜɡɭɜɚɧɶ; 
- ɨɛ’єɤɬ ɩɨɫɬɿɣɧɨ ɡɱɟɩɥɟɧɢɣ ɡ ɞɨɪɨɝɨɸ, ɬɨɛɬɨ ɧɟ ɩɿɞɫɬɪɢɛɭє ɬɚ ɧɟ ɩɪɨɜɚɥɸєɬɶɫɹ, ɚ ɬɚɤɨɠ ɜɿɞɫɭɬ-

ɧɿɣ ɡɧɨɫ ɨɛ’єɤɬɭ ɜ ɩɨɩɟɪɟɱɧɨɦɭ ɧɚɩɪɹɦɤɭ. 
ɐɟ ɞɨɡɜɨɥɹє ɩɟɪɟɣɬɢ ɜɿɞ ɫɤɚɥɹɪɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɪɨɫɬɭ ɩɟɪɟɦɿɳɟɧɧɹ ɨɞɨɦɟɬɪɨɦ 

ɞɨ ɜɟɤɬɨɪɧɨʀ: ɜɟɤɬɨɪ ɩɟɪɟɦɿɳɟɧɧɹ ɆɊ ɜ ɨɫɹɯ ɡɜ’ɹɡɚɧɨʀ ɡ ɤɨɪɩɭɫɨɦ ɫɢɫɬɟɦɢ ɤɨɨɪɞɢɧɚɬ 
SM  є 

ɜɟɤɬɨɪɨɦ ɡ ɞɜɨɦɚ ɧɭɥɶɨɜɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ (ɩɪɨɟɤɰɿʀ ɧɚ ɛɿɱɧɭ 
1SM  ɬɚ ɜɟɪɬɢɤɚɥɶɧɭ 

3SM  ɨɫɿ) ɬɚ 

ɨɞɧɿєɸ ɧɟɧɭɥɶɨɜɨɸ ɤɨɦɩɨɧɟɧɬɨɸ  (ɩɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɆɊ) ɜɡɞɨɜɠ ɩɨɜɡɞɨɜɠɧɶɨʀ ɨɫɿ 
2SM :  

  .,s,s
T

is 00                                                             (2) 

Ⱥɧɚɥɨɝɿɱɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ ɫɩɪɚɜɟɞɥɢɜɚ ɞɥɹ ɛɭɞɶ-ɹɤɨʀ ɥɨɤɚɥɶɧɨʀ ɩɨɜɡɞɨɜɠɧɶɨʀ ɫɟɪɟɞɧɶɨʀ 
ɲɜɢɞɤɨɫɬɿ 

iV  ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ 
1 iii ttt : 

  ,
t

s
V,,V,V

i

i
i

T

is 


 00                                                    (3) 

ɞɟ sV ɜɟɤɬɨɪ ɞɿɣɫɧɨʀ ɜɿɞɧɨɫɧɨʀ ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ Ɇ ɭ ɡɜ’ɹɡɚɧɿɣ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ SM .   

Ɋɟɚɥɿɫɬɢɱɧɚ ɦɨɞɟɥɶ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ s   ɩɟɪɟɞɛɚɱɚє ɜɪɚɯɭɜɚɧɧɹ ɬɚɤɢɯ ɮɚɤɬɨɪɿɜ [10]. 

1. ȼɿɞɧɨɫɧɚ ɩɨɯɢɛɤɚ ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ k, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɩɟɪɜɢɧɧɟ ɜɢɦɿɪɸɜɚɧɧɹ 
ɩɟɪɟɜɨɞɢɬɶɫɹ ɭ ɩɪɨɣɞɟɧɭ ɜɿɞɫɬɚɧɶ: 

,1 k
K

K



 

ɞɟ K – ɧɨɦɿɧɚɥɶɧɟ ɡɧɚɱɟɧɧɹ ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ, K ɡɧɚɱɟɧɧɹ, ɹɤɟ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ 
ɨɛɱɢɫɥɟɧɶ. 

Ȼɭɞɟɦɨ ɜɜɚɠɚɬɢ, ɳɨ ɜ ɞɚɧɿɣ ɦɨɞɟɥɿ ɩɨɯɢɛɤɚ k ɧɟ ɡɦɿɧɸєɬɶɫɹ ɡ ɱɚɫɨɦ. 
2. ɇɚɹɜɧɿɫɬɶ ɡɨɧɢ ɧɟɱɭɬɥɢɜɨɫɬɿ ɜɢɦɿɪɸɜɚɧɧɹ, ɨɛɭɦɨɜɥɟɧɚ ɰɿɥɨɱɢɫɟɥɶɧɿɫɬɸ ɩɟɪɜɢɧɧɨʀ ɜɢɦɿɪɸ-

ɜɚɥɶɧɨʀ ɿɧɮɨɪɦɚɰɿʀ. Ɋɨɡɝɥɹɧɟɦɨ ɿɧɬɟɪɜɚɥ ɱɚɫɭ [tɿ-1, tɿ] ɡɿ ɡɧɚɱɟɧɧɹɦɢ ɥɿɱɢɥɶɧɢɤɚ 1iN , iN . ȼ ɞɚɧɨɦɭ 
ɜɢɩɚɞɤɭ ɜɢɦɿɪɸɜɚɧɢɣ ɩɪɢɪɿɫɬ ɩɟɪɟɦɿɳɟɧɧɹ is   є ɫɭɦɨɸ ɞɿɣɫɧɨɝɨ ɩɪɢɪɨɫɬɭ ɩɟɪɟɦɿɳɟɧɧɹ is , 

ɩɨɦɢɥɤɨɸ ɜɿɞ ɩɨɯɢɛɤɢ ɦɚɫɲɬɚɛɭ k, ɚ ɬɚɤɨɠ ɜɢɩɚɞɤɨɜɨʀ ɩɨɯɢɛɤɢ s

is : 

  .1

s

iii

s

iiii sskssNNKs    

ɇɚɹɜɧɿɫɬɶ ɜɢɩɚɞɤɨɜɨʀ ɫɤɥɚɞɨɜɨʀ ɩɨɜ’ɹɡɚɧɨ ɡ ɬɢɦ, ɳɨ ɧɟɪɭɯɨɦɚ ɬɨɱɤɚ ɤɨɥɟɫɚ, ɳɨ ɤɨɧɬɚɤɬɭє ɡ 
ɞɨɪɨɝɨɸ, ɜɢɩɚɞɤɨɜɢɦ ɱɢɧɨɦ ɦɨɠɟ ɡɧɚɯɨɞɢɬɢɫɹ ɧɚ ɞɭɡɿ ɩɚɪɰɿɚɥɶɧɨɝɨ ɤɭɬɚ ɩɨɜɨɪɨɬɭ ɤɨɥɟɫɚ (ɿɧɚɤɲɟ 
ɰɟ ɩɨɦɢɥɤɚ ɫɢɧɯɪɨɧɿɡɚɰɿʀ ɡɧɿɦɚєɦɢɯ ɞɚɧɢɯ ɡ ɨɞɨɦɟɬɪɚ ɬɚ ɿɧɟɪɰɿɚɥɶɧɢɯ ɫɟɧɫɨɪɿɜ). Ⱦɥɹ ɩɚɪɚɦɟɬɪɚ s

is  

ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɦɨɞɭɥɶ ɜɢɩɚɞɤɨɜɨʀ ɜɟɥɢɱɢɧɢ, ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɨʀ ɧɚ ɿɧɬɟɪɜɚɥɿ [0, K]. 

3. ɉɨɯɢɛɤɢ, ɳɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɩɨɜɡɞɨɜɠɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɨɜɡɞɨɜɠɧɶɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ, ɚ ɬɚɤɨɠ 
ɩɨɯɢɛɤɢ, ɨɛɭɦɨɜɥɟɧɿ ɧɟɧɭɥɶɨɜɢɦ ɤɭɬɨɦ ɡɧɨɫɭ ɩɪɢ ɩɨɜɨɪɨɬɿ ɆɊ. 

4. ɇɟɫɨɨɫɧɿɫɬɶ ɜɢɦɿɪɸɜɚɥɶɧɨʀ ɨɫɿ ɨɞɨɦɟɬɪɚ ɬɚ ɩɨɜɡɞɨɜɠɧɶɨʀ ɩɪɢɥɚɞɨɜɨʀ ɨɫɿ Ȼȱɇɋ 
2ZM . Ⱦɚɧɚ 

ɩɨɦɢɥɤɚ ɨɩɢɫɭєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɜɜɟɞɟɧɧɹ ɜɟɤɬɨɪɭ ɦɚɥɨɝɨ ɩɨɜɨɪɨɬɭ  TZZZZ 321
,,  , ɹɤɢɣ 

ɯɚɪɚɤɬɟɪɢɡɭє ɜɡɚєɦɧɭ ɨɪɿєɧɬɚɰɿɸ ɩɪɢɥɚɞɨɜɨɝɨ ɬɪɢɝɪɚɧɧɢɤɚ Ȼȱɇɋ 
ZM  ɬɚ ɡɜ’ɹɡɚɧɨʀ ɡ ɤɨɪɩɭɫɨɦ ɆɊ 

ɫɢɫɬɟɦɢ ɤɨɨɪɞɢɧɚɬ SM : 

  ,ˆ
SZZ lEl                                                                    (4) 

ɞɟ SZ ll , ɨɞɢɧ ɿ ɬɨɣ ɫɚɦɢɣ ɜɟɤɬɨɪ l . 

Ɂɚɡɜɢɱɚɣ ɜɜɚɠɚєɬɶɫɹ, ɳɨ ɩɨɯɢɛɤɚ 
Z  ɬɚɤɨɠ ɧɟ ɡɦɿɧɸєɬɶɫɹ ɡ ɱɚɫɨɦ. 

5. ɉɪɢɜɟɞɟɧɢɣ ɰɟɧɬɪ Ȼȱɇɋ (ɬɨɱɤɚ Ɇ) ɬɚ ɬɨɱɤɚ ɤɨɧɬɚɤɬɭ ɤɨɥɟɫɚ ɡ ɩɨɜɟɪɯɧɟɸ ɞɨɪɨɝɢ, ɩɟɪɟɦɿɳɟɧɧɹ 
ɹɤɨʀ ɜɢɦɿɪɸє ɨɞɨɦɟɬɪ, ɧɟ ɡɛɿɝɚɸɬɶɫɹ. Ⱦɥɹ ɫɩɪɨɳɟɧɧɹ ɡɚɡɜɢɱɚɣ ɨɛɦɟɠɭɸɬɶɫɹ ɪɨɡɝɥɹɞɨɦ ɩɨɯɢɛɤɢ 
ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ k, ɧɚɹɜɧɿɫɬɸ ɡɨɧɢ ɧɟɱɭɬɥɢɜɨɫɬɿ, ɧɟɫɨɨɫɧɿɫɬɸ ɩɨɜɡɞɨɜɠɧɶɨʀ ɨɫɿ ɨɛ’єɤɬɭ ɬɚ 
ɩɨɜɡɞɨɜɠɧɶɨʀ ɩɪɢɥɚɞɨɜɨʀ ɨɫɿ Ȼȱɇɋ, ɹɤɚ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɤɨɦɩɨɧɟɧɬɚɦɢ ɜɟɤɬɨɪɚ ɦɚɥɨɝɨ ɩɨɜɨɪɨɬɭ 

Z . 
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ɉɨɪɿɜɧɹɧɧɹ ɩɨɡɢɰɿɣɧɨʀ ɬɚ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿɣ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ ɡ 
ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɬɨɱɤɢ ɡɨɪɭ 

Ɋɨɡɝɥɹɧɟɦɨ ɜɿɫɶ ɱɚɫɭ t , ɧɚ ɹɤɿɣ ɩɨɡɧɚɱɟɧɿ ɦɨɦɟɧɬɢ ɱɚɫɭ ɨɧɨɜɥɟɧɧɹ ɩɨɤɚɡɚɧɶ ɞɚɜɚɱɿɜ Ȼȱɇɋ ɬɚ 
ɨɞɨɦɟɬɪɚ (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. Ɇɨɦɟɧɬɢ ɨɧɨɜɥɟɧɧɹ ɩɨɤɚɡɚɧɶ ɞɚɜɚɱɿɜ ȻІɇɋ ɬɚ ɨɞɨɦɟɬɪɚ 

ɇɢɠɱɟ ɨɫɿ t  ɱɟɪɟɡ d

jt  ɩɨɡɧɚɱɟɧɿ ɦɨɦɟɧɬɢ ɱɚɫɭ ɨɧɨɜɥɟɧɧɹ ɩɨɤɚɡɚɧɶ ɫɟɧɫɨɪɚ ɩɪɨɣɞɟɧɨɝɨ ɲɥɹɯɭ; 

ɱɟɪɟɡ ɱɚɫ jt  ɜɿɞɛɭɜɚєɬɶɫɹ ɨɧɨɜɥɟɧɧɹ ɩɨɤɚɡɚɧɶ ɿɧɟɪɰɿɚɥɶɧɢɯ ɫɟɧɫɨɪɿɜ ɬɚ ɪɟɡɭɥɶɬɚɬɿɜ ɨɛɱɢɫɥɟɧɶ Ȼȱɇɋ. 

Ɂɚɡɜɢɱɚɣ ɱɚɫɬɨɬɚ ɪɟєɫɬɪɚɰɿʀ ɞɚɧɢɯ Ȼȱɇɋ ɛɿɥɶɲɟ ɱɚɫɬɨɬɢ ɨɩɢɬɭɜɚɧɶ ɨɞɨɦɟɬɪɚ, ɬɨɦɭ ɦɨɦɟɧɬɢ d

jt  

ɜɿɞɦɿɱɟɧɿ ɪɿɞɲɟ, ɧɿɠ jt . 

ȼɢɳɟ ɨɫɿ t  ɜɿɞɦɿɱɟɧɚ ɩɪɢɜ’ɹɡɤɚ ɰɿɥɨɱɢɫɟɥɶɧɨɝɨ ɥɿɱɢɥɶɧɢɤɚ N  ɩɚɪɰɿɚɥɶɧɢɯ ɤɭɬɿɜ ɩɨɜɨɪɨɬɭ ɤɨɥɟɫɚ 
ɞɨ ɱɚɫɭ. Ɍɨɛɬɨ ɜ ɦɨɦɟɧɬ ɱɚɫɭ d

jt  ɩɨɤɚɡɚɧɧɹ ɥɿɱɢɥɶɧɢɤɚ ɡɦɿɧɢɥɨɫɹ ɬɚ ɧɚɛɭɥɨ ɡɧɚɱɟɧɧɹ iN . Ⱦɥɹ 

ɜɢɡɧɚɱɟɧɨɫɬɿ ɛɭɞɟɦɨ ɜɜɚɠɚɬɢ, ɳɨ ɫɬɚɧ ɥɿɱɢɥɶɧɢɤɚ ɨɞɨɦɟɬɪɚ ɡɦɿɧɢɜɫɹ ɧɚ 1: 11  ii NN , 

11  ii NN . 

Ɋɨɡɝɥɹɧɟɦɨ ɱɚɫɨɜɢɣ ɿɧɬɟɪɜɚɥ  d

i

d

i tt 1,  , ɧɚ ɹɤɨɦɭ ɡɦɿɧɢɥɨɫɹ ɡɧɚɱɟɧɧɹ ɥɿɱɢɥɶɧɢɤɚ ɩɚɪɰɿɚɥɶɧɢɯ ɤɭɬɿɜ 
ɩɨɜɨɪɨɬɭ ɤɨɥɟɫɚ ɡɿ ɡɧɚɱɟɧɧɹ iN  ɞɨ ɡɧɚɱɟɧɧɹ 1iN . ȼɜɚɠɚєɦɨ, ɳɨ ɩɨɤɚɡɚɧɧɹ ɨɞɨɦɟɬɪɚ ɮɿɤɫɭɸɬɶɫɹ ɡ 
ɩɪɢɜ’ɹɡɤɨɸ ɞɨ ɦɨɦɟɧɬɿɜ ɪɟєɫɬɪɚɰɿʀ ɩɨɤɚɡɚɧɶ ɫɟɧɫɨɪɿɜ Ȼȱɇɋ. Ɍɨɞɿ ɜɿɞɪɿɡɤɨɦ ɱɚɫɭ, ɜ ɦɟɠɚɯ ɹɤɨɝɨ ɛɭɜ 
ɡɚɮɿɤɫɨɜɚɧɢɣ ɞɚɧɢɣ ɩɪɢɪɿɫɬ, ɛɭɞɟ   010 , ii tt . 

Ɋɟєɫɬɪɚɰɿɹ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɫɟɧɫɨɪɿɜ Ȼȱɇɋ ɦɨɠɟ ɛɭɬɢ ɧɟ ɩɨɜɧɿɫɬɸ ɫɢɧɯɪɨɧɿɡɨɜɚɧɚ, ɳɨ ɧɚ 
ɦɨɦɟɧɬ ɱɚɫɭ  01it  ɜɢɪɚɠɚєɬɶɫɹ ɧɚ ɱɚɫɨɜɢɯ ɜɿɞɪɿɡɤɚɯ  0, i

d

i tt  ɬɚ   011,  i

d

i tt . ȱɧɲɢɦɢ ɫɥɨɜɚɦɢ, ɤɨɠɧɨɝɨ 

ɦɨɦɟɧɬɭ ɱɚɫɭ 0it  ɜɿɞɨɦɢɦ є ɩɨɤɚɡɚɧɧɹ ɞɚɜɚɱɚ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ ɡ ɬɨɱɧɿɫɬɸ ɞɨ ɰɿɧɢ ɨɞɧɨɝɨ 
ɩɚɪɰɿɚɥɶɧɨɝɨ ɤɭɬɚ ɤɨɥɟɫɚ  . 

ɒɜɢɞɤɿɫɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ є ɨɰɿɧɤɨɸ ɩɨɜɡɞɨɜɠɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɨɛ’єɤɬɭ, ɹɤɚ 
ɜɢɡɧɚɱɚєɬɶɫɹ ɩɪɹɦɢɦ ɱɢɫɟɥɶɧɢɦ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹɦ ɩɨɡɢɰɿɣɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ ɨɞɨɦɟɬɪɚ – ɩɪɢɪɨɫɬɭ 
ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ ɧɚ ɜɿɞɩɨɜɿɞɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ. 

 
Ɋɢɫ. 2. ɉɪɢɤɥɚɞ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ 

Ⱦɥɹ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɦɚєɦɨ: 
1. ɋɟɪɟɞɧɹ ɩɨɜɡɞɨɜɠɧɹ ɲɜɢɞɤɿɫɬɶ V, ɳɨ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɮɨɪɦɭɥɨɸ ɩɪɹɦɨɝɨ ɱɢɫɟɥɶɧɨɝɨ ɞɢ-

ɮɟɪɟɧɰɿɸɜɚɧɧɹ 
  001 ii tt

K
V






 ɿ ɡɜ’ɹɡɚɧɚ ɡ ɿɧɬɟɪɜɚɥɨɦ   010 , ii tt  ɲɤɚɥɢ ɱɚɫɭ ɜɥɚɫɧɟ Ȼȱɇɋ. 

2. Ɉɛɱɢɫɥɟɧɭ ɲɜɢɞɤɿɫɬɶ V ɩɪɢɪɨɞɧɨ ɜɿɞɧɟɫɬɢ ɞɨ ɫɟɪɟɞɢɧɢ ɿɧɬɟɪɜɚɥɭ   010 , ii tt , ɬɨɛɬɨ ɞɨ ɦɨɦɟɧɬɭ 

ɱɚɫɭ   0105.0  ii tt . 
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3. ɉɪɢ ɰɶɨɦɭ ɜɢɧɢɤɚє ɡɚɩɿɡɧɟɧɧɹ ɧɚ ɩɨɥɨɜɢɧɭ ɞɨɜɠɢɧɢ ɿɧɬɟɪɜɚɥɭ ɭ ɡɧɚɱɟɧɧɿ ɲɜɢɞɤɨɫɬɿ, ɹɤɟ 
ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ ɩɪɢ ɩɨɛɭɞɨɜɿ ɚɥɝɨɪɢɬɦɿɜ ɤɨɦɩɥɟɤɫɭɜɚɧɧɹ, ɡɨɤɪɟɦɚ ɮɨɪɦɭɜɚɧɧɹ ɫɢɝɧɚɥɭ 
ɤɨɪɟɤɰɿʀ Ȼȱɇɋ ɡɚ ɨɞɨɦɟɬɪɢɱɧɨɸ ɲɜɢɞɤɿɫɬɸ. 

4. ȼɟɥɢɱɢɧɚ ɡɚɩɿɡɧɟɧɧɹ є ɡɦɿɧɧɨɸ, ɨɫɤɿɥɶɤɢ ɜɨɧɚ ɡɚɥɟɠɢɬɶ ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɨɛ’єɤɬɭ. ɑɢɦ 
ɛɿɥɶɲɨɸ є ɲɜɢɞɤɿɫɬɶ, ɬɢɦ ɦɟɧɲɨɸ ɬɪɢɜɚɥɿɫɬɶ ɱɚɫɨɜɨɝɨ ɿɧɬɟɪɜɚɥɭ  iMi tt ,0

. 

5. ɇɚ ɩɪɚɤɬɢɰɿ ɜɪɚɯɭɜɚɧɧɹ ɡɚɩɿɡɧɟɧɧɹ ɡɜɨɞɹɬɶ ɞɨ ɜɜɟɞɟɧɧɹ ɞɨ ɦɨɞɟɥɿ ɡɚɞɚɱɿ ɿɧɬɟɝɪɚɰɿʀ Ȼȱɇɋ – 

ɨɞɨɦɟɬɪ ɲɭɦɭ ɨɞɨɦɟɬɪɢɱɧɨʀ ɲɜɢɞɤɨɫɬɿ, ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɹɤɨɝɨ ɩɿɞɫɬɪɨɸɸɬɶ ɩɿɞ ɲɜɢɞɤɿɫɬɶ ɩɟɪɟɦɿ-
ɳɟɧɧɹ, ɱɚɫɬɨɬɭ ɨɩɢɬɭɜɚɧɶ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɱɚɫɬɨɬɭ ɪɨɡɜ’ɹɡɤɭ ɧɚɜɿɝɚɰɿɣɧɨʀ ɡɚɞɚɱɿ Ȼȱɇɋ. 

6. ȼ ɚɩɚɪɚɬɧɿɣ ɱɚɫɬɢɧɿ ɡɦɟɧɲɟɧɧɹ ɜɩɥɢɜɭ ɡɚɩɿɡɧɟɧɧɹ ɪɨɡɜ’ɹɡɭɸɬɶ ɡɛɿɥɶɲɟɧɧɹɦ ɱɚɫɬɨɬɢ ɨɩɢɬɭ-

ɜɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɡɦɟɧɲɟɧɧɹɦ ɡɧɚɱɟɧɧɹ ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ. 
ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ ɲɜɢɞɤɿɫɧɨʀ ɩɨɡɢɰɿɣɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɧɚ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ   010 , ii tt  

ɜɿɞɫɬɚɧɶ, ɩɪɨɣɞɟɧɚ ɨɛ’єɤɬɨɦ, ɡɦɿɧɢɥɚɫɹ ɧɚ ɜɟɥɢɱɢɧɭ 1 Ks  ɜ ɩɨɜɡɞɨɜɠɧɶɨɦɭ ɧɚɩɪɹɦɤɭ. 
Ɉɬɪɢɦɚɧɢɣ ɩɪɢ ɰɶɨɦɭ ɤɿɧɟɦɚɬɢɱɧɢɣ ɨɞɨɦɟɬɪɢɱɧɢɣ ɪɨɡɜ’ɹɡɨɤ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɦɨɦɟɧɬɭ ɱɚɫɭ  01it . ȼ 
ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɜɿɞɫɭɬɧє ɡɧɚɱɭɳɟ ɡɚɩɿɡɧɟɧɧɹ ɿɧɮɨɪɦɚɰɿʀ, ɬɨɛɬɨ ɧɟɦɚє ɩɨɬɪɟɛɢ ɜɜɨɞɢɬɢ ɥɨɝɿɱɧɨ 
ɫɤɥɚɞɧɿ ɦɨɞɟɥɿ ɲɭɦɭ ɜɢɦɿɪɸɜɚɧɶ ɬɚ ɩɨɫɥɚɛɥɸɸɬɶɫɹ ɜɢɦɨɝɢ ɞɨ ɱɚɫɬɨɬɢ ɨɩɢɬɭɜɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɞɨ 
ɜɟɥɢɱɢɧɢ ɣɨɝɨ ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɭ. 

Ʉɚɥɿɛɪɭɜɚɧɧɹ ɨɞɨɦɟɬɪɚ ɩɨɥɹɝɚє ɜ ɨɰɿɧɸɜɚɧɧɿ ɩɨɯɢɛɤɢ k  ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ, ɤɭɬɨɜɢɯ 
ɩɨɯɢɛɨɤ ɩɪɢɜ’ɹɡɤɢ ɣɨɝɨ ɜɢɦɿɪɸɜɚɥɶɧɨʀ ɨɫɿ ɧɚ ɨɫɧɨɜɿ ɫɩɟɰɿɚɥɿɡɨɜɚɧɢɯ ɟɤɫɩɟɪɢɦɟɧɬɿɜ ɿɡ ɡɚɫɬɨɫɭɜɚɧ-

ɧɹɦ ɩɨɡɢɰɿɣɧɨʀ ɿɧɮɨɪɦɚɰɿʀ. 
ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɤɚɥɿɛɪɭɜɚɧɧɹ ɨɞɨɦɟɬɪɚ ɦɨɠɟ ɜɿɞɛɭɜɚɬɢɫɹ ɨɩɨɫɟɪɟɞ-

ɤɨɜɚɧɨ ɱɟɪɟɡ ɪɨɡɜ’ɹɡɨɤ ɡɚɞɚɱɿ ɤɨɪɟɤɰɿʀ Ȼȱɇɋ ɡɚ ɞɨɩɨɦɨɝɨɸ ɥɨɤɚɥɶɧɨʀ ɨɞɨɦɟɬɪɢɱɧɨʀ ɲɜɢɞɤɨɫɬɿ. 
ɑɟɪɟɡ ɡɚɡɧɚɱɟɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ʀʀ ɪɟɡɭɥɶɬɚɬɢ ɧɟ ɡɚɜɠɞɢ є ɫɬɿɣɤɢɦɢ. 

Ɍɨɦɭ ɡɚɞɚɱɚ ɤɚɥɿɛɪɭɜɚɧɧɹ ɨɞɨɦɟɬɪɚ є ɨɤɪɟɦɢɦ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɟɬɚɩɨɦ. ɉɪɢ ɰɶɨɦɭ ɨɪɝɚɧɿɡɭєɬɶɫɹ 
ɫɩɟɰɿɚɥɶɧɚ ɦɿɪɧɚ ɬɪɚɫɚ, ɞɨ ɹɤɨʀ ɫɬɚɜɥɹɬɶɫɹ ɜɢɡɧɚɱɟɧɿ ɜɢɦɨɝɢ: ɦɿɧɿɦɚɥɶɧɚ ɞɨɜɠɢɧɚ ɬɪɚɫɢ, 
ɩɪɹɦɨɥɿɧɿɣɧɿɫɬɶ, ɝɨɪɢɡɨɧɬɚɥɶɧɿɫɬɶ ɬɚ ɩɪɢɜ’ɹɡɤɚ ɡ ɜɢɫɨɤɨɸ ɬɨɱɧɿɫɬɸ ɞɨ ɤɚɪɬɢ ɦɚɪɤɟɪɧɢɯ ɬɨɱɨɤ 
ɬɪɚɫɢ. ɉɪɢ ɬɚɤɨɦɭ ɩɿɞɯɨɞɿ ɞɨ ɤɚɥɿɛɪɭɜɚɧɧɹ ɨɞɨɦɟɬɪɚ ɣɨɝɨ ɲɜɢɞɤɿɫɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ ɧɟ ɜɢɤɨɪɢɫ-

ɬɨɜɭєɬɶɫɹ. 
Ʉɚɥɿɛɪɭɜɚɧɧɹ, ɧɚɩɪɢɤɥɚɞ, ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɩɪɨɜɨɞɢɬɶɫɹ ɧɚ ɨɫɧɨɜɿ ɩɨɪɿɜɧɹɧɧɹ ɜɿɞɫɬɚɧɿ 

ɦɿɠ ɦɚɪɤɟɪɧɢɦɢ ɬɨɱɤɚɦɢ ɡ ɜɿɞɫɬɚɧɧɸ, ɨɛɱɢɫɥɟɧɨɸ ɡɚ ɩɪɢɪɨɫɬɚɦɢ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ. 
Ɉɞɧɚɤ ɭ ɜɢɩɚɞɤɭ ɩɨɡɢɰɿɣɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ, ɤɨɥɢ ɩɚɪɚɥɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɿɧɟɪɰɿɚɥɶɧɟ ɱɢɫɥɟɧɧɹ 

Ȼȱɇɋ, ɤɿɧɟɦɚɬɢɱɧɟ ɨɞɨɦɟɬɪɢɱɧɟ ɱɢɫɥɟɧɧɹ ɬɚ ɤɨɪɟɤɰɿɹ Ȼȱɇɋ ɡɚ ɨɞɨɦɟɬɪɢɱɧɢɦ ɱɢɫɥɟɧɧɹɦ ɚɜɬɨ-

ɦɚɬɢɱɧɨ ɩɪɨɜɨɞɢɬɶɫɹ ɞɨɤɚɥɿɛɪɭɜɚɧɧɹ ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ ɬɚ ɩɟɪɟɤɨɫɿɜ ɨɞɨɦɟɬɪɚ ɩɪɢ ɪɭɫɿ. Ⱥ 
ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɥɟɝɤɨ ɨɪɝɚɧɿɡɨɜɭɜɚɧɨʀ (ɧɟɞɚɥɟɤɨ ɜɿɞ ɬɨɱɤɢ ɫɬɚɪɬɭ) ɦɚɪɤɟɪɧɨʀ ɬɨɱɤɢ ɩɪɨɜɟɞɟɧɿ ɜ ɰɿɣ 
ɬɨɱɰɿ ɩɨɡɢɰɿɣɧɚ ɤɨɪɟɤɰɿɹ Ȼȱɇɋ ɬɚ ɨɞɨɦɟɬɪɢɱɧɟ ɱɢɫɥɟɧɧɹ ɞɨɡɜɨɥɹɸɬɶ ɡ ɞɨɫɬɚɬɧɶɨɸ ɬɨɱɧɿɫɬɸ 
ɨɰɿɧɢɬɢ ɤɚɥɿɛɪɭɜɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɨɞɨɦɟɬɪɚ. 

ɉɪɢ ɰɶɨɦɭ ɜɿɞɩɚɞɚє ɩɨɬɪɟɛɚ ɜ ɨɪɝɚɧɿɡɚɰɿʀ ɫɩɟɰɿɚɥɶɧɨʀ ɦɿɪɧɨʀ ɬɪɚɫɢ ɬɚ ɜ ɪɟɚɥɿɡɚɰɿʀ ɫɩɟɰɿɚɥɶɧɨɝɨ 
ɪɟɠɢɦɭ ɤɚɥɿɛɪɭɜɚɧɧɹ. Ɍɚɤɨɠ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɦɚɪɤɟɪɧɢɯ ɬɨɱɨɤ (ɚɛɨ ɿɧɲɨʀ ɡɨɜɧɿɲɧɶɨʀ ɩɨɡɢɰɿɣɧɨʀ 
ɿɧɮɨɪɦɚɰɿʀ) ɤɨɪɟɝɭєɬɶɫɹ ɤɿɧɟɦɚɬɢɱɧɟ ɨɞɨɦɟɬɪɢɱɧɟ ɱɢɫɥɟɧɧɹ, ɜ ɹɤɨɦɭ ɡɛɟɪɿɝɚєɬɶɫɹ ɜɫɹ ɿɫɬɨɪɿɹ 
ɩɨɤɚɡɚɧɶ ɩɪɢɪɨɫɬɭ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ. ɍ ɜɢɩɚɞɤɭ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɜɪɚɯɨɜɭєɬɶɫɹ ɬɿɥɶɤɢ 
ɥɨɤɚɥɶɧɢɣ ɩɪɢɪɿɫɬ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ, ɩɪɨɞɢɮɟɪɟɧɰɿɣɨɜɚɧɨʀ ɡɚ ɱɚɫɨɦ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɨɠɧɚ ɜɜɚɠɚɬɢ, ɳɨ ɜ ɡɚɞɚɱɿ ɿɧɬɟɝɪɚɰɿʀ Ȼȱɇɋ-ɨɞɨɦɟɬɪ ɜɚɪɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɩɨɡɢɰɿɣɧɭ ɿɧɬɟɪɩɪɟɬɚɰɿɸ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɜɿɞɩɨɜɿɞɧɟ ɨɞɨɦɟɬɪɢɱɧɟ ɤɿɧɟɦɚɬɢɱɧɟ ɱɢɫɥɟɧɧɹ. 

Ɇɨɞɟɥɿ ɜɢɦɿɪɸɜɚɧɧɹ ɨɞɨɦɟɬɪɚ 

Ɂ ɜɪɚɯɭɜɚɧɧɹɦ ɩɨɥɨɠɟɧɶ, ɜ ɹɤɢɯ ɛɭɥɚ ɫɮɨɪɦɭɥɶɨɜɚɧɚ ɜɟɤɬɨɪɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ ɩɪɢɪɨɫɬɭ ɩɪɨɣɞɟɧɨʀ 
ɜɿɞɫɬɚɧɿ ɡɚ ɨɞɨɦɟɬɪɨɦ [11] ɜ ɿɞɟɚɥɿɡɨɜɚɧɨɦɭ ɜɢɩɚɞɤɭ, ɫɮɨɪɦɭєɦɨ ɚɧɚɥɨɝɿɱɧɟ ɜɟɤɬɨɪɧɟ ɩɪɟɞɫɬɚɜɥɟɧɧɹ 
ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɞɥɹ ɨɩɢɫɚɧɨʀ ɬɚ ɩɪɢɣɧɹɬɨʀ ɜɢɳɟ ɪɟɚɥɿɫɬɢɱɧɨʀ ɦɨɞɟɥɿ: 

  .0,,0
T

is ss                                                               (5) 

Ⱥɧɚɥɨɝɿɱɧɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ [12] ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɥɨɤɚɥɶɧɨʀ ɩɨɜɡɞɨɜɠɧɶɨʀ 
ɲɜɢɞɤɨɫɬɿ: 

   .,0,,0
i

i

i

T

is
t

s
VVV




                                                       (6) 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɬɚɤɿ ɦɨɞɟɥɿ ɜɢɦɿɪɸɜɚɧɧɹ ɨɞɨɦɟɬɪɚ: 
1. Ɇɨɞɟɥɶ ɜɟɤɬɨɪɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɪɨɫɬɭ ɤɨɨɪɞɢɧɚɬ, ɤɨɥɢ ɨɞɨɦɟɬɪ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ ɫɟɧɫɨɪ 
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ɥɨɤɚɥɶɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɨɛ’єɤɬɭ ɜ ɡɜ’ɹɡɚɧɿɣ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ Ms: 

  ,,,ˆ
13

sss
d

s

T

zziz

d

ssszz

d

ssss skssssksssskss           (7) 

ɞɟ ss  ɬɚ  zs ɜɟɤɬɨɪɢ ɞɿɣɫɧɨɝɨ ɩɪɢɪɨɫɬɭ ɥɨɤɚɥɶɧɢɯ ɤɨɨɪɞɢɧɚɬ ɜ ɩɪɨɟɤɰɿɹɯ ɧɚ ɡɜ’ɹɡɚɧɿ Ms ɬɚ 

ɩɪɢɥɚɞɨɜɿ Mz ɨɫɿ ɜɿɞɩɨɜɿɞɧɨ; 
s

d

ss ɜɟɤɬɨɪ, ɫɤɥɚɞɟɧɢɣ ɡ ɜɢɩɚɞɤɨɜɨʀ ɫɤɥɚɞɨɜɨʀ ɦɨɞɟɥɿ ɩɨɯɢɛɤɢ 

ɨɞɨɦɟɬɪɚ 
s

d

is :   .0,,0
T

d

i

d

s

ss

ss   

2. Ɇɨɞɟɥɶ ɜɟɤɬɨɪɧɨɝɨ ɲɜɢɞɤɿɫɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ, ɤɨɥɢ ɨɞɨɦɟɬɪ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ ɫɟɧɫɨɪ 
ɩɨɜɡɞɨɜɠɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɨɛ’єɤɬɭ ɜ ɡɜ’ɹɡɚɧɿɣ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ Ms: 

  ,,,ˆ
13

sss
d

s

T

zziz

d

ssszz

d

ssss VkVVVVkVVVVkVV                 (8) 

ɞɟ sV  ɬɚ zV ɜɟɤɬɨɪɢ ɞɿɣɫɧɨʀ ɜɿɞɧɨɫɧɨʀ ɥɿɧɿɣɧɨʀ ɲɜɢɞɤɨɫɬɿ ɨɛ’єɤɬɭ ɜ ɩɪɨɟɤɰɿɹɯ ɧɚ ɡɜ’ɹɡɚɧɭ Ms ɬɚ 

ɩɪɢɥɚɞɨɜɭ Mz ɫɢɫɬɟɦɢ ɤɨɨɪɞɢɧɚɬ ɜɿɞɩɨɜɿɞɧɨ; 
s

d

sV ɜɟɤɬɨɪ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɜɢɩɚɞɤɨɜɿɣ ɫɤɥɚɞɨɜɿɣ 
ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ:  
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                                            (9) 

Ɉɞɨɦɟɬɪɢɱɧɿ ɜɢɦɿɪɸɜɚɥɶɧɿ ɚɥɝɨɪɢɬɦɢ 

Ɂɚ ɪɟɡɭɥɶɬɚɬɚɦɢ ɜɢɦɿɪɸɜɚɧɧɹ ɤɿɥɶɤɨɫɬɿ ɨɛɟɪɬɿɜ ɩɪɢɜɨɞɧɨɝɨ ɜɚɥɭ ɿ ɜɚɥɭ ɪɭɥɶɨɜɨɝɨ ɭɩɪɚɜɥɿɧɧɹ 

ɧɚɜɿɝɚɰɿɣɧɚ ɫɢɫɬɟɦɚ ɨɰɿɧɸє ɩɨɥɨɠɟɧɧɹ, ɧɚɩɪɹɦɨɤ, ɲɜɢɞɤɿɫɬɶ ɿ ɩɪɢɫɤɨɪɟɧɧɹ ɆɊ. ɇɚ ɪɢɫ. 3, ɛ 
ɩɨɹɫɧɸєɬɶɫɹ ɜɢɦɿɪɸɜɚɧɧɹ ɜɿɞɫɬɚɧɿ ɨɞɨɦɟɬɪɨɦ, ɡɝɿɞɧɨ ɡ ɹɤɢɦ ɤɿɥɶɤɿɫɬɶ ɨɛɟɪɬɿɜ ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ 

ɥɿɧɿɣɧɭ ɡɦɿɧɭ ɩɟɪɟɦɿɳɟɧɧɹ  ɞɟ D – ɞɿɚɦɟɬɪ ɤɨɥɟɫɚ ɪɨɛɨɬɚ; Nȿ – ɜɢɦɿɪɹɧɚ ɤɿɥɶɤɿɫɬɶ 

ɿɦɩɭɥɶɫɿɜ ɫɟɧɫɨɪɚ; Nɋ – ɤɿɥɶɤɿɫɬɶ ɿɦɩɭɥɶɫɿɜ ɫɟɧɫɨɪɚ ɧɚ ɨɛɟɪɬ ɤɨɥɟɫɚ. 
ɉɪɢ ɪɟɚɥɿɡɚɰɿʀ ɦɨɛɿɥɶɧɨʀ ɩɥɚɬɮɨɪɦɢ ɡ ɞɜɨɦɚ ɧɟɡɚɥɟɠɧɢɦɢ ɞɜɢɝɭɧɚɦɢ (ɪɢɫ. 3, ɜ) ɞɥɹ ɨɰɿɧɤɢ 

ɩɨɥɨɠɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ [9]: 

                                         (10) 

ɞɟ ɤɭɬɨɜɟ ɩɨɥɨɠɟɧɧɹ ɆɊ ɜ ɦɨɦɟɧɬ ɱɚɫɭ ;  ɬɚ ɩɟɪɟɦɿɳɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɩɪɚɜɨɝɨ ɬɚ 
ɥɿɜɨɝɨ ɤɨɥɿɫ ɪɨɛɨɬɚ; ɲɢɪɢɧɚ ɪɨɛɨɬɚ;  ɩɟɪɟɦɿɳɟɧɧɹ ɆɊ ɡɚ ɿɧɬɟɪɜɚɥ ɱɚɫɭ ; 

 ɦɢɬɬєɜɢɣ ɤɭɬ ɩɨɜɨɪɨɬɭ ɆɊ. 
Ʉɪɢɜɨɥɿɧɿɣɧɭ ɬɪɚєɤɬɨɪɿɸ ɪɭɯɭ ɦɨɠɧɚ ɪɨɡɞɿɥɢɬɢ ɧɚ ɥɿɧɿɣɧɿ ɞɿɥɹɧɤɢ, ɞɥɹ ɹɤɢɯ ɫɩɪɚɜɟɞɥɢɜɢɦɢ є 

ɮɨɪɦɭɥɢ (10), ɬɚ ɜɢɡɧɚɱɢɬɢ ɞɟɤɚɪɬɨɜɿ ɤɨɨɪɞɢɧɚɬɢ ɆɊ: 
 

Ɂɜ'ɹɡɨɤ ɦɿɠ ɩɨɱɚɬɤɨɜɨɸ Ɋ0 ɿ ɤɿɧɰɟɜɨɸ Ɋ1 ɩɨɡɢɰɿɹɦɢ ɆɊ ɡɚɞɚєɬɶɫɹ ɬɚɤ [9]: 

 

Ɍɚɤɢɣ ɩɿɞɯɿɞ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɩɪɨɫɬɨɬɨɸ ɪɟɚɥɿɡɚɰɿʀ (ɮɭɧɤɰɿɹ ɜɢɦɿɪɸɜɚɧɧɹ ɛɟɡɩɨɫɟɪɟɞɧɶɨ 
ɩɨɜ'ɹɡɚɧɚ ɡ ɫɢɫɬɟɦɚɦɢ ɩɪɢɜɨɞɭ ɿ ɭɩɪɚɜɥɿɧɧɹ), ɧɢɡɶɤɢɦɢ ɜɢɦɨɝɚɦɢ ɞɨ ɨɛɱɢɫɥɸɜɚɥɶɧɢɯ ɩɪɢɫɬɪɨʀɜ ɬɚ 
ɞɟɲɟɜɢɡɧɨɸ, ɨɞɧɚɤ ɦɚє ɪɹɞ ɧɟɞɨɥɿɤɿɜ [1]: 

- ɧɟɦɨɠɥɢɜɿɫɬɶ ɜɪɚɯɭɜɚɧɧɹ “ɩɪɨɫɤɨɜɡɭɜɚɧɧɹ” ɚɛɨ “ɡɚɤɥɢɧɸɜɚɧɧɹ” ɤɨɥɿɫ; 
- ɧɟɞɨɫɬɚɬɧɹ ɬɨɱɧɿɫɬɶ, ɩɨɜ’ɹɡɚɧɚ ɡ ɩɨɯɢɛɤɚɦɢ ɜɢɦɿɪɸɜɚɧɧɹ ɞɿɚɦɟɬɪɿɜ ɤɨɥɿɫ ɬɚ ʀɯ ɪɿɡɧɢɦɢ ɪɨɡ-

ɦɿɪɚɦɢ (ɝɟɨɦɟɬɪɿɹ ɲɢɧɢ ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɬɚɧɭ ɩɪɨɬɟɤɬɨɪɚ, ɬɢɫɤɭ ɜ ɲɢɧɿ, ɬɟɦɩɟɪɚɬɭɪɢ ɿ ɜɚɝɢ ɤɨɥɟɫɚ, ɹɤɿ 
ɦɨɠɭɬɶ ɡɦɿɧɸɜɚɬɢɫɹ ɡ ɱɚɫɨɦ ɧɚɜɿɬɶ ɜ ɧɨɦɿɧɚɥɶɧɢɯ ɭɦɨɜɚɯ ɟɤɫɩɥɭɚɬɚɰɿʀ [13]), ɚ ɬɚɤɨɠ ɧɢɡɶɤɨɸ 
ɪɨɡɞɿɥɶɧɨɸ ɡɞɚɬɧɿɫɬɸ ɟɧɤɨɞɟɪɿɜ; 

- ɩɨɬɪɟɛɭє ɜɢɫɨɤɨʀ ɱɚɫɬɨɬɢ ɨɛɪɨɛɤɢ ɞɚɧɢɯ ɞɥɹ ɜɿɞɫɬɟɠɟɧɧɹ ɦɿɧɿɦɚɥɶɧɢɯ ɜɿɞɦɿɧɧɨɫɬɟɣ ɭ ɩɟɪɟ-

ɦɿɳɟɧɧɿ ɤɨɥɿɫ (ɞɭɠɟ ɜɚɠɥɢɜɨ ɩɪɢ ɪɭɫɿ ɆɊ ɡɚ S-ɩɨɞɿɛɧɢɦɢ ɬɪɚєɤɬɨɪɿɹɦɢ ɩɪɢ ɨɛ’ʀɡɞɿ ɩɟɪɟɲɤɨɞ); 
- ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɩɨɥɨɠɟɧɧɹ ɆɊ ɜɿɞɧɨɫɧɨ ɩɨɱɚɬɤɨɜɨʀ ɬɨɱɤɢ, ɨɞɧɚɤ ɧɟ 

ɞɚє ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɩɨɥɨɠɟɧɧɹ ɪɨɛɨɬɚ ɭ ɩɪɨɫɬɨɪɿ ɜɿɞɧɨɫɧɨ ɿɧɲɢɯ ɨɛ’єɤɬɿɜ (ɫɬɿɧ, ɞɜɟɪɟɣ, ɞɟɪɟɜ, 
ɩɚɪɤɚɧɿɜ, ɛɭɞɿɜɟɥɶ) [14]; 

- ɧɟɪɟɚɥɿɡɨɜɚɧɿɫɬɶ ɦɟɬɨɞɭ ɞɥɹ ɥɿɬɚɥɶɧɢɯ, ɩɥɚɜɚɸɱɢɯ ɬɚ ɤɪɨɤɭɸɱɢɯ ɆɊ. 
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                                            ɚ)                                                                                      ɛ) 

 
ɜ) 

 Ɋɢɫ. 3. Ⱦɨ ɜɢɦɿɪɸɜɚɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɨɞɨɦɟɬɪɨɦ: ɚ) – ɩɪɢɧɰɢɩ ɪɨɛɨɬɢ ɟɧɤɨɞɟɪɚ; ɛ) – ɜɢɦɿɪɸɜɚɧɧɹ 
ɜɿɞɫɬɚɧɿ ɨɞɨɦɟɬɪɨɦ; ɜ) – ɨɰɿɧɤɚ ɩɟɪɟɦɿɳɟɧɧɹ ɩɥɚɬɮɨɪɦɢ ɡ ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦ ɩɪɢɜɨɞɨɦ 

Ɂɚɡɧɚɱɟɧɿ ɧɟɞɨɥɿɤɢ ɩɪɢɜɨɞɹɬɶ ɞɨ ɜɢɦɭɲɟɧɨʀ ɧɟɨɛɯɿɞɧɨɫɬɿ ɜɜɨɞɢɬɢ ɞɥɹ ɬɚɤɢɯ ɜɢɦɿɪɸɜɚɥɶɧɢɯ 
ɫɢɫɬɟɦ “ɨɩɨɪɧɿ ɬɨɱɤɢ”, ɜ ɹɤɢɯ ɜɪɚɯɨɜɭɸɬɶ ɚɛɨ ɤɨɦɩɟɧɫɭɸɬɶ ɧɚɤɨɩɢɱɟɧɿ ɩɨɯɢɛɤɢ. Ɉɞɧɚɤ ɬɚɤɢɣ 
ɩɿɞɯɿɞ ɪɟɚɥɿɡɭєɬɶɫɹ ɬɿɥɶɤɢ ɞɥɹ ɩɨɡɢɰɿɨɧɭɜɚɧɧɹ ɧɚ ɡɚɡɞɚɥɟɝɿɞɶ ɜɿɞɨɦɿɣ ɬɟɪɢɬɨɪɿʀ. Ɍɨɦɭ ɨɞɨɦɟɬɪɿɹ є 
ɧɟɞɨɪɨɝɢɦ ɦɟɬɨɞɨɦ ɡɚɛɟɡɩɟɱɟɧɧɹ ɞɨɫɬɚɬɧɶɨʀ ɤɨɪɨɬɤɨɬɪɢɜɚɥɨʀ ɬɨɱɧɨɫɬɿ ɩɪɢ ɜɢɫɨɤɿɣ ɱɚɫɬɨɬɿ 
ɞɢɫɤɪɟɬɢɡɚɰɿʀ. Ɉɞɧɚɤ ɧɟɨɛɯɿɞɧɨ ɜɪɚɯɨɜɭɜɚɬɢ, ɳɨ ɧɚɤɨɩɢɱɟɧɧɹ ɩɨɯɢɛɤɢ ɩɪɢɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ 
ɩɨɯɢɛɤɢ ɨɪɿєɧɬɚɰɿʀ, ɹɤɚ ɡɛɿɥɶɲɭєɬɶɫɹ ɩɪɨɩɨɪɰɿɣɧɨ ɩɟɪɟɦɿɳɟɧɧɸ ɆɊ. 

ɉɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɆɊ ɩɨ ɧɟɪɿɜɧɿɣ ɩɨɜɟɪɯɧɿ, ɨɫɨɛɥɢɜɨ ɞɥɹ ɤɪɨɤɭɸɱɢɯ ɪɨɛɨɬɿɜ, ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ 
ɜɿɡɭɚɥɶɧɚ ɨɞɨɦɟɬɪɿɹ – ɩɪɨɰɟɫ ɨɬɪɢɦɚɧɧɹ ɨɞɨɦɟɬɪɢɱɧɨʀ ɿɧɮɨɪɦɚɰɿʀ (ɩɟɪɟɦɿɳɟɧɧɹ ɬɚ ɧɚɩɪɹɦɤɭ ɪɭɯɭ) 
ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɡɨɛɪɚɠɟɧɶ ɡ ɤɚɦɟɪ ɦɨɛɿɥɶɧɨɝɨ ɪɨɛɨɬɚ (ɪɢɫ. 4) [15, 16]. ȼɨɧɚ 
ɞɨɡɜɨɥɹє ɩɨɤɪɚɳɢɬɢ ɧɚɜɿɝɚɰɿɣɧɭ ɬɨɱɧɿɫɬɶ ɪɨɛɨɬɿɜ ɧɟɡɚɥɟɠɧɨ ɜɿɞ ɣɨɝɨ ɫɩɨɫɨɛɭ ɩɟɪɟɦɿɳɟɧɧɹ ɬɚ ɞɥɹ 
ɛɿɥɶɲɨɫɬɿ ɬɢɩɿɜ ɩɨɜɟɪɯɧɿ (ɡɚ ɜɢɤɥɸɱɟɧɧɹɦ ɜɨɞɧɢɯ ɩɨɜɟɪɯɨɧɶ) ɪɟɚɥɿɡɭєɬɶɫɹ ɭ ɪɿɡɧɢɯ ɫɮɟɪɚɯ – ɜɿɞ 
ɦɚɪɫɨɯɨɞɿɜ ɞɨ ɨɩɬɢɱɧɢɯ ɦɢɲɨɤ. 

Ɍɢɩɨɜɢɣ ɚɥɝɨɪɢɬɦ ɜɿɡɭɚɥɶɧɨʀ ɨɞɨɦɟɬɪɿʀ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɚɤɢɯ ɟɬɚɩɿɜ [17]. 

1. Ɉɬɪɢɦɚɧɧɹ ɡɨɛɪɚɠɟɧɧɹ ɡ ɤɚɦɟɪɢ/ɫɬɟɪɟɨɤɚɦɟɪɢ/ɩɚɧɨɪɚɦɧɢɯ ɤɚɦɟɪ. 
2. Ʉɨɪɟɤɰɿɹ ɡɨɛɪɚɠɟɧɧɹ (ɭɫɭɧɟɧɧɹ ɞɢɫɬɨɪɫɿʀ (ɜɿɞ ɥɚɬ. distorsio, distortio – ɜɢɤɪɢɜɥɟɧɧɹ) – ɚɛɟɪɚɰɿʀ 

ɨɩɬɢɱɧɢɯ ɫɢɫɬɟɦ, ɩɪɢ ɹɤɿɣ ɥɿɧɿɣɧɟ ɡɛɿɥɶɲɟɧɧɹ ɡɦɿɧɸєɬɶɫɹ ɩɨ ɩɨɥɸ ɡɨɪɭ, ɩɨɪɭɲɭɸɱɢ ɩɨɞɿɛɧɿɫɬɶ ɦɿɠ 
ɨɛ'єɤɬɨɦ ɬɚ ɣɨɝɨ ɡɨɛɪɚɠɟɧɧɹɦ; «ɩɨɞɭɲɤɨɩɨɞɿɛɧɚ» ɞɢɫɬɨɪɫɿɹ ɜɢɧɢɤɚє ɭ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɥɿɧɿɣɧɟ 
ɡɛɿɥɶɲɟɧɧɹ ɡɪɨɫɬɚє ɡ ɜɿɞɞɚɥɟɧɧɹɦ ɟɥɟɦɟɧɬɿɜ ɡɨɛɪɚɠɟɧɧɹ ɜɿɞ ɨɩɬɢɱɧɨʀ ɨɫɿ; ɤɨɥɢ ɥɿɧɿɣɧɟ ɡɛɿɥɶɲɟɧɧɹ 
ɡɦɟɧɲɭєɬɶɫɹ ɡ ɜɿɞɞɚɥɟɧɧɹɦ ɟɥɟɦɟɧɬɿɜ ɡɨɛɪɚɠɟɧɧɹ ɜɿɞ ɨɩɬɢɱɧɨʀ ɨɫɿ – ɜɢɧɢɤɚє «ɛɨɱɤɨɩɨɞɿɛɧɚ» 
ɞɢɫɬɨɪɫɿɹ; ɞɢɫɬɨɪɫɿɹ ɜɢɩɪɚɜɥɹєɬɶɫɹ ɩɿɞɛɨɪɨɦ ɥɿɧɡ ɬɚ ɿɧɲɢɯ ɟɥɟɦɟɧɬɿɜ ɨɩɬɢɱɧɨʀ ɫɢɫɬɟɦɢ ɩɪɢ ʀʀ 
ɪɨɡɪɨɛɰɿ; ɜ ɰɢɮɪɨɜɨɦɭ ɡɨɛɪɚɠɟɧɧɿ ɞɢɫɬɨɪɫɿɹ ɦɨɠɟ ɛɭɬɢ ɜɢɩɪɚɜɥɟɧɚ ɩɪɨɝɪɚɦɧɨ). 

3. Ⱦɟɬɟɤɬɭɜɚɧɧɹ ɤɥɸɱɨɜɢɯ ɬɨɱɨɤ ɡɨɛɪɚɠɟɧɧɹ: 
ɚ) ɞɟɬɟɤɬɭɜɚɧɧɹ ɤɥɸɱɨɜɢɯ ɬɨɱɨɤ (ɧɚɩɪɢɤɥɚɞ, ɦɟɬɨɞ Ʌɭɤɚɫɚ-Ʉɚɧɚɞɟ [18], ɹɤɢɣ ɲɢɪɨɤɨ ɜɢɤɨ-

ɪɢɫɬɨɜɭєɬɶɫɹ ɭ ɤɨɦɩ'ɸɬɟɪɧɨɦɭ ɡɨɪɿ ɿ є ɞɢɮɟɪɟɧɰɿɣɧɢɦ ɥɨɤɚɥɶɧɢɦ ɦɟɬɨɞɨɦ ɨɛɱɢɫɥɟɧɧɹ ɨɩɬɢɱɧɨɝɨ 
ɩɨɬɨɤɭ. Ɉɫɧɨɜɧɟ ɪɿɜɧɹɧɧɹ ɨɩɬɢɱɧɨɝɨ ɩɨɬɨɤɭ ɦɿɫɬɢɬɶ ɞɜɿ ɧɟɡɚɥɟɠɧɿ ɡɦɿɧɧɿ ɿ ɧɟ ɦɨɠɟ ɛɭɬɢ ɨɞɧɨɡɧɚɱɧɨ 
ɪɨɡɜ'ɹɡɚɧɨɸ. Ⱥɥɝɨɪɢɬɦ Ʌɭɤɚɫɚ-Ʉɚɧɚɞɟ ɪɨɡɜ’ɹɡɭє ɧɟɨɞɧɨɡɧɚɱɧɿɫɬɶ ɡɚ ɪɚɯɭɧɨɤ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɿɧɮɨɪɦɚɰɿʀ ɩɪɨ ɫɭɫɿɞɧɿ ɩɿɤɫɟɥɿ ɜ ɤɨɠɧɿɣ ɬɨɱɰɿ. Ɇɟɬɨɞ ґɪɭɧɬɭєɬɶɫɹ ɧɚ ɩɪɢɩɭɳɟɧɧɿ, ɳɨ ɜ ɥɨɤɚɥɶɧɨɦɭ 
ɨɤɨɥɿ ɤɨɠɧɨɝɨ ɩɿɤɫɟɥɹ ɡɧɚɱɟɧɧɹ ɨɩɬɢɱɧɨɝɨ ɩɨɬɨɤɭ ɨɞɧɚɤɨɜɟ, ɬɚɤɢɦ ɱɢɧɨɦ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɪɿɜɧɹɧɧɹ 
ɨɩɬɢɱɧɨɝɨ ɩɨɬɨɤɭ ɞɥɹ ɜɫɿɯ ɩɿɤɫɟɥɿɜ ɜ ɨɤɨɥɿ ɿ ɪɨɡɜ'ɹɡɚɬɢ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ 
ɤɜɚɞɪɚɬɿɜ); 

ɛ) ɩɨɪɿɜɧɹɧɧɹ ɬɨɱɨɤ ɦɿɠ ɤɚɞɪɚɦɢ; 
ɜ) ɩɨɛɭɞɨɜɚ ɨɩɬɢɱɧɨɝɨ ɩɨɬɨɤɭ. 

4. ɉɟɪɟɜɿɪɤɚ ɜɟɤɬɨɪɿɜ ɨɩɬɢɱɧɨɝɨ ɩɨɬɨɤɭ ɧɚ ɦɨɠɥɢɜɿ ɩɨɯɢɛɤɢ, ɜɿɞɤɢɞɚɧɧɹ ɜɢɤɢɞɿɜ (outliers). 

5. ȼɢɡɧɚɱɟɧɧɹ ɪɭɯɭ ɤɚɦɟɪɢ ɡɚ ɨɩɬɢɱɧɢɦ ɩɨɬɨɤɨɦ: 
ɚ) ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ; 
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ɛ) ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɝɟɨɦɟɬɪɢɱɧɿ ɬɚ 3D-ɜɥɚɫɬɢɜɨɫɬɿ ɬɨɱɨɤ ɞɥɹ ɦɿɧɿɦɿɡɚɰɿʀ ɰɿɥɶɨɜɨʀ ɮɭɧɤɰɿʀ, 
ɨɫɧɨɜɚɧɨʀ ɧɚ ɦɿɧɿɦɿɡɚɰɿʀ ɩɨɦɢɥɤɢ ɩɪɨɟɤɰɿʀ ɦɿɠ ɞɜɨɦɚ ɫɭɦɿɠɧɢɦɢ ɤɚɞɪɚɦɢ. 

 
Ɋɢɫ. 4. Ɍɢɩɨɜɢɣ ɚɥɝɨɪɢɬɦ ɜɿɡɭɚɥɶɧɨʀ ɨɞɨɦɟɬɪɿʀ 

6. ɉɟɪɿɨɞɢɱɧɟ ɨɧɨɜɥɟɧɧɹ ɧɚɛɨɪɭ ɤɥɸɱɨɜɢɯ ɬɨɱɨɤ ɞɥɹ ɜɿɞɫɬɟɠɟɧɧɹ. 
ɉɟɪɟɜɚɝɨɸ ɬɚɤɨɝɨ ɚɥɝɨɪɢɬɦɭ є ɣɨɝɨ ɭɧɿɜɟɪɫɚɥɶɧɿɫɬɶ, ɚ ɧɟɞɨɥɿɤɢ є ɬɚɤɿ: 
- ɚɥɝɨɪɢɬɦ ɩɪɚɤɬɢɱɧɨ ɧɟ ɩɪɚɰɸє ɡ ɨɞɧɨɬɢɩɧɢɦɢ ɡɨɛɪɚɠɟɧɧɹɦɢ; 
- ɧɟɨɛɯɿɞɧɿɫɬɶ ɜɢɫɨɤɨʀ ɲɜɢɞɤɨɫɬɿ ɡɚɯɨɩɥɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ (ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɫɢɫɬɟɦ ɡ ɱɚɫɬɨɬɨɸ 

ɨɬɪɢɦɚɧɧɹ ɤɚɞɪɿɜ ɩɨɪɹɞɤɭ ɞɟɫɹɬɤɿɜ ɤȽɰ); 
- ɜɢɫɨɤɟ ɨɛɱɢɫɥɸɜɚɥɶɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ ɬɚ ɜɢɫɨɤɚ ɜɚɪɬɿɫɬɶ ɤɚɦɟɪ. 
ȼɢɫɧɨɜɤɢ 

1. ɉɪɟɞɫɬɚɜɥɟɧɚ ɪɟɚɥɿɫɬɢɱɧɚ ɦɨɞɟɥɶ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ, ɹɤɚ ɩɟɪɟɞɛɚɱɚє ɜɪɚɯɭɜɚɧɧɹ ɜɿɞɧɨɫɧɨʀ 
ɩɨɯɢɛɤɢ ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɩɟɪɜɢɧɧɟ ɜɢɦɿɪɸɜɚɧɧɹ ɩɟɪɟɜɨɞɢɬɶɫɹ ɭ 
ɩɪɨɣɞɟɧɭ ɜɿɞɫɬɚɧɶ, ɡɨɧɢ ɧɟɱɭɬɥɢɜɨɫɬɿ ɜɢɦɿɪɸɜɚɧɧɹ, ɨɛɭɦɨɜɥɟɧɨʀ ɰɿɥɨɱɢɫɟɥɶɧɿɫɬɸ ɩɟɪɜɢɧɧɨʀ ɜɢɦɿ-
ɪɸɜɚɥɶɧɨʀ ɿɧɮɨɪɦɚɰɿʀ, ɩɨɯɢɛɨɤ, ɳɨ ɡɚɥɟɠɚɬɶ ɜɿɞ ɩɨɜɡɞɨɜɠɧɿɯ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɿ 
ɧɟɧɭɥɶɨɜɨɝɨ ɤɭɬɚ ɡɧɨɫɭ ɩɪɢ ɩɨɜɨɪɨɬɿ, ɧɟɫɨɨɫɧɨɫɬɿ ɜɢɦɿɪɸɜɚɥɶɧɨʀ ɨɫɿ ɨɞɨɦɟɬɪɚ ɬɚ ɩɨɜɡɞɨɜɠɧɶɨʀ 
ɩɪɢɥɚɞɨɜɨʀ ɨɫɿ Ȼȱɇɋ, ɚ ɬɚɤɨɠ ɧɟɡɛɿɝ ɩɪɢɜɟɞɟɧɨɝɨ ɰɟɧɬɪɭ Ȼȱɇɋ ɬɚ ɬɨɱɤɢ ɤɨɧɬɚɤɬɭ ɤɨɥɟɫɚ ɡ ɩɨɜɟɪɯɧɟɸ 
ɞɨɪɨɝɢ, ɩɟɪɟɦɿɳɟɧɧɹ ɹɤɨʀ ɜɢɦɿɪɸє ɨɞɨɦɟɬɪ. 

2. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɩɨɡɢɰɿɣɧɨʀ ɬɚ ɲɜɢɞɤɿɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿɣ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ ɡ ɿɧɮɨɪ-

ɦɚɰɿɣɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɬɚ ɡ’ɹɫɨɜɚɧɨ, ɳɨ ɞɥɹ ɡɚɞɚɱ ɿɧɬɟɝɪɚɰɿʀ Ȼȱɇɋ-ɨɞɨɦɟɬɪ ɜɚɪɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ 
ɩɨɡɢɰɿɣɧɭ ɿɧɬɟɪɩɪɟɬɚɰɿɸ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɨɞɨɦɟɬɪɢɱɧɟ ɤɿɧɟɦɚɬɢɱɧɟ ɱɢɫɥɟɧɧɹ. 

3. Ɂ ɜɪɚɯɭɜɚɧɧɹɦ ɩɨɥɨɠɟɧɶ ɜɟɤɬɨɪɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɩɪɢɪɨɫɬɭ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ ɡɚ ɨɞɨɦɟɬɪɨɦ 
ɜɢɞɿɥɟɧɨ ɦɨɞɟɥɿ ɜɟɤɬɨɪɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɪɨɫɬɭ ɤɨɨɪɞɢɧɚɬ (ɨɞɨɦɟɬɪ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ ɫɟɧɫɨɪ 
ɥɨɤɚɥɶɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɨɛ’єɤɬɭ ɜ ɡɜ’ɹɡɚɧɿɣ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ) ɬɚ ɜɟɤɬɨɪɧɨɝɨ ɲɜɢɞɤɿɫɧɨɝɨ 
ɜɢɦɿɪɸɜɚɧɧɹ (ɨɞɨɦɟɬɪ ɪɨɡɝɥɹɞɚєɬɶɫɹ ɹɤ ɫɟɧɫɨɪ ɩɨɜɡɞɨɜɠɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ ɨɛ’єɤɬɭ ɜ ɡɜ’ɹɡɚɧɿɣ 
ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ). 

4. Ɋɨɡɝɥɹɧɭɬɨ ɬɚɤɿ ɨɞɨɦɟɬɪɢɱɧɿ ɜɢɦɿɪɸɜɚɥɶɧɿ ɚɥɝɨɪɢɬɦɢ, ɹɤ ɦɟɬɨɞ ɪɟɚɥɿɡɚɰɿʀ ɦɨɛɿɥɶɧɨʀ ɩɥɚɬɮɨ-

ɪɦɢ ɡ ɞɜɨɦɚ ɧɟɡɚɥɟɠɧɢɦɢ ɞɜɢɝɭɧɚɦɢ ɬɚ ɬɢɩɨɜɢɣ ɚɥɝɨɪɢɬɦ ɜɿɡɭɚɥɶɧɨʀ ɨɞɨɦɟɬɪɿʀ. 
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ɧɨɪɦɨɜɚɧɨɝɨ ɪɨɡɦɚɯɭ  ɞɨɡɜɨɥɢɜ ɧɟ ɬɿɥɶɤɢ ɩɨ-ɧɨɜɨɦɭ ɩɨɝɥɹɧɭɬɢ ɧɚ ɜɫɸ ɬɟɨɪɿɸ ɜɢɩɚɞɤɨɜɢɯ ɩɪɨɰɟɫɿɜ, 
ɚ ɣ ɫɬɚɜ ɞɭɠɟ ɟɮɟɤɬɢɜɧɢɦ ɿ ɩɨɩɭɥɹɪɧɢɦ ɬɟɯɧɿɱɧɢɦ ɩɿɞɯɨɞɨɦ ɜ ɞɨɫɥɿɞɠɟɧɧɿ ɩɪɨɰɟɫɿɜ ɫɚɦɨʀ ɪɿɡɧɨʀ 
ɩɪɢɪɨɞɢ: ɜɿɞ ɬɟɥɟɤɨɦɭɧɿɤɚɰɿɣ, ɚɧɚɥɿɡɭ ɛɿɨɟɥɟɤɬɪɢɱɧɢɯ ɫɢɝɧɚɥɿɜ ɞɨ ɜɢɪɿɲɟɧɧɹ ɡɚɜɞɚɧɶ 
ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɫɤɥɚɞɧɢɯ ɩɪɨɫɬɨɪɨɜɢɯ ɨɛ’єɤɬɿɜ. Ɋɟɡɭɥɶɬɚɬɢ, ɨɬɪɢɦɚɧɿ ɭ ɪɨɛɨɬɿ 
ɦɨɠɭɬɶ ɛɭɬɢ ɜɩɪɨɜɚɞɠɟɧɿ ɜ ɫɢɫɬɟɦɭ ɮɭɧɤɰɿɨɧɚɥɶɧɨʀ ɞɿɚɝɧɨɫɬɢɤɢ ɫɤɥɚɞɧɢɯ ɪɨɬɨɪɧɢɯ ɫɢɫɬɟɦ 
ɞɥɹ ɜɢɹɜɥɟɧɧɹ ɬɚ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɩɨɜɟɞɿɧɤɢ ɩɨɲɤɨɞɠɟɧɶ ʀɯ ɨɛɟɪɬɨɜɢɯ ɟɥɟɦɟɧɬɿɜ.  

ɍȾɄ 621.317.08 

ȺɇȺɅȱɁ ɈɋɇɈȼɇɂɏ Ɍȿɏɇȱɑɇɂɏ ɉȺɊȺɆȿɌɊȱȼ, ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɌȺ 
ɆȺɌȿɆȺɌɂɑɇɂɏ ɆɈȾȿɅȿɃ ȺɄɋȿɅȿɊɈɆȿɌɊȱȼ / Ⱥ.ȼ. Ɋɭɞɢɤ, Ɉ.Ⱥ. Ȼɿɞɭɧ // ȼɿɫɧɢɤ 
ȱɧɠɟɧɟɪɧɨʀ ɚɤɚɞɟɦɿʀ ɍɤɪɚʀɧɢ. – 2019. – №2. – ɋ. 99-106. 

ȼ ɫɬɚɬɬɿ ɩɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɛɿɥɶɲɨɫɬɿ ɬɟɯɧɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ, ɹɤɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɰɿɧɤɢ ʀɯ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɬɚ ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɧɚɧɧɹ ɤɨɧɤɪɟɬɧɢɯ 
ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɡɚɞɚɱ. ɉɪɟɞɫɬɚɜɥɟɧɿ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɜ 
ɪɿɡɧɢɯ ɮɨɪɦɚɯ (ɦɟɯɚɧɿɱɧɚ, ɟɥɟɤɬɪɢɱɧɚ ɜ ɮɨɪɦɿ ɩɟɪɟɞɚɜɚɥɶɧɨʀ ɮɭɧɤɰɿʀ ɬɚ ɫɯɟɦɨɬɟɯɧɿɱɧɚ ɜ ɮɨɪɦɿ 
ɟɤɜɿɜɚɥɟɧɬɧɨʀ ɟɥɟɤɬɪɢɱɧɨʀ ɫɯɟɦɢ). ɉɪɨɜɟɞɟɧɚ ɨɰɿɧɤɚ ɩɚɪɚɦɟɬɪɿɜ ɟɥɟɤɬɪɢɱɧɨʀ ɦɨɞɟɥɿ (ɩɟɪɟɞɚɜɚɥɶɧɨʀ 
ɮɭɧɤɰɿʀ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɡɚ ɤɚɧɚɥɨɦ "ɩɪɢɫɤɨɪɟɧɧɹ – ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ") MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ 
MMA7331LT ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ. ɉɨɪɿɜɧɹɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɬɚ ɡɦɨɞɟɥɶɨɜɚɧɨʀ 
ɧɨɪɦɨɜɚɧɢɯ Ⱥɑɏ ɞɨɜɨɞɢɬɶ ɚɞɟɤɜɚɬɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɦɨɞɟɥɟɣ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɤɫɟɥɟɪɨɦɟɬɪ, ɬɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ, ɬɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɚɬɟɦɚɬɢɱɧɚ 
ɦɨɞɟɥɶ, ɟɤɜɿɜɚɥɟɧɬɧɚ ɫɯɟɦɚ, ɞɿɚɩɚɡɨɧ ɜɢɦɿɪɸɜɚɧɧɹ, ɩɪɢɫɤɨɪɟɧɧɹ. 
 

ȺɇȺɅɂɁ ɈɋɇɈȼɇɕɏ ɌȿɏɇɂɑȿɋɄɂɏ ɉȺɊȺɆȿɌɊɈȼ, ɏȺɊȺɄɌȿɊɂɋɌɂɄ ɂ 
ɆȺɌȿɆȺɌɂɑȿɋɄɂɏ ɆɈȾȿɅȿɃ ȺɄɋȿɅȿɊɈɆȿɌɊɈȼ / Ⱥ.ȼ. Ɋɭɞɵɤ, Ɉ.Ⱥ. Ȼɢɞɭɧ // ȼɟɫɬɧɢɤ 
ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ ɍɤɪɚɢɧɵ. – 2019. – №2. – ɋ. 99-106. 

ȼ ɫɬɚɬɶɟ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɛɨɥɶɲɢɧɫɬɜɚ ɬɟɯɧɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɰɟɧɤɢ ɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ, ɬɨɱɧɨɫɬɢ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ 
ɤɨɧɤɪɟɬɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɡɚɞɚɱ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ 
MMA7331LT ɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦɚɯ (ɦɟɯɚɧɢɱɟɫɤɚɹ, ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɜ ɮɨɪɦɟ ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɢ 
ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɚɹ ɜ ɮɨɪɦɟ ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ). ɉɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ɩɟɪɟɞɚɬɨɱɧɨɣ ɮɭɧɤɰɢɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɩɨ ɤɚɧɚɥɭ "ɭɫɤɨɪɟɧɢɟ – ɜɵɯɨɞɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ") MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɦɟɬɨɞɨɦ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ. ɋɪɚɜɧɟɧɢɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢ ɫɦɨɞɟɥɢɪɨɜɚɧɧɨɣ ɧɨɪɦɢɪɨɜɚɧɧɵɯ Ⱥɑɏ ɞɨɤɚɡɵɜɚɟɬ ɚɞɟɤɜɚɬɧɨɫɬɶ 
ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɨɞɟɥɟɣ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɤɫɟɥɟɪɨɦɟɬɪ, ɬɟɯɧɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ, ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɟɧɢɹ, ɭɫɤɨɪɟɧɢɟ. 
 

ANALYSIS OF THE MAIN TECHNICAL PARAMETERS, CHARACTERISTICS AND 
MATHEMATICAL MODELS OF ACCELEROMETERS / A.V. Rudyk, O.A. Bidun // Bulletin of 

Engineering Academy of Ukraine. – 2019. – №2. – P. 99-106. 

The article analyzes most of the technical parameters and characteristics of accelerometers, which are 

used to assess their performance, accuracy and the ability to perform specific measurement tasks. The 

presented mathematical models of the MMA7331LT MEMS accelerometer in various forms (mechanical, 

electrical in the form of a transfer function and circuitry in the form of an equivalent electrical circuit). 

The parameters of the electric model (the transfer function of the accelerometer via the aceleration-output 

voltage channel) of the MMS7331LT MEMS accelerometer were estimated using the least squares method. 

Comparison of experimental and simulated normalized amplitude-frequency characteristics proves the 

adequacy of the proposed models. 

Keywords: accelerometer, technical parameters, technical characteristics, mathematical model, equivalent 

circuit, measuring range, acceleration 
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ȺɇȺɅȱɁ ɈȾɈɆȿɌɊɂɑɇɂɏ ɆȿɌɈȾȱȼ ȼɂɁɇȺɑȿɇɇə ɉȺɊȺɆȿɌɊȱȼ Ɋɍɏɍ ɆɈȻȱɅɖɇɂɏ 
ɊɈȻɈɌȱȼ / Ⱥ.ȼ. Ɋɭɞɢɤ, ȼ.Ⱥ. Ɋɭɞɢɤ, Ɇ.ȱ. Ɇɚɬɟɣ // ȼɿɫɧɢɤ ȱɧɠɟɧɟɪɧɨʀ ɚɤɚɞɟɦɿʀ ɍɤɪɚʀɧɢ. – 2019. – 

№2. – ɋ. 107-115. 

ȼ ɫɬɚɬɬɿ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɟɚɥɿɫɬɢɱɧɚ ɦɨɞɟɥɶ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ, ɹɤɚ ɩɟɪɟɞɛɚɱɚє ɜɪɚɯɭɜɚɧɧɹ ɨɫ-
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ɧɨɜɧɢɯ ɜɩɥɢɜɨɜɢɯ ɧɚ ɪɟɡɭɥɶɬɚɬ ɜɢɦɿɪɸɜɚɧɧɹ ɱɢɧɧɢɤɿɜ. ɉɪɨɜɟɞɟɧɨ ɩɨɪɿɜɧɹɧɧɹ ɩɨɡɢɰɿɣɧɨʀ ɬɚ ɲɜɢɞɤɿ-
ɫɧɨʀ ɿɧɬɟɪɩɪɟɬɚɰɿɣ ɜɢɦɿɪɸɜɚɧɶ ɨɞɨɦɟɬɪɚ ɡ ɿɧɮɨɪɦɚɰɿɣɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɬɚ ɡ’ɹɫɨɜɚɧɨ, ɳɨ ɞɥɹ ɡɚɞɚɱ 
ɿɧɬɟɝɪɚɰɿʀ ɜɚɪɬɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɨɡɢɰɿɣɧɭ ɿɧɬɟɪɩɪɟɬɚɰɿɸ ɩɨɤɚɡɚɧɶ ɨɞɨɦɟɬɪɚ ɬɚ ɨɞɨɦɟɬɪɢɱɧɟ 
ɤɿɧɟɦɚɬɢɱɧɟ ɱɢɫɥɟɧɧɹ. Ɂɚ ɜɟɤɬɨɪɧɨɸ ɿɧɬɟɪɩɪɟɬɚɰɿєɸ ɩɪɢɪɨɫɬɭ ɩɪɨɣɞɟɧɨʀ ɜɿɞɫɬɚɧɿ ɜɢɞɿɥɟɧɨ ɦɨɞɟɥɿ 
ɜɟɤɬɨɪɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɪɨɫɬɭ ɤɨɨɪɞɢɧɚɬ ɬɚ ɜɟɤɬɨɪɧɨɝɨ ɲɜɢɞɤɿɫɧɨɝɨ ɜɢɦɿɪɸɜɚɧɧɹ. 
Ɋɨɡɝɥɹɧɭɬɨ ɨɫɧɨɜɧɿ ɨɞɨɦɟɬɪɢɱɧɿ ɜɢɦɿɪɸɜɚɥɶɧɿ ɚɥɝɨɪɢɬɦɢ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɨɞɨɦɟɬɪɢɱɧɿ ɦɟɬɨɞɢ, ɦɨɛɿɥɶɧɢɣ ɪɨɛɨɬ, ɟɧɤɨɞɟɪ, ɫɬɟɪɟɨɡɿɪ, ɬɟɯɧɿɱɧɢɣ ɡɿɪ, ɨɞɨɦɟ-

ɬɪɿɹ, ɜɿɡɭɚɥɶɧɚ ɨɞɨɦɟɬɪɿɹ, ɜɢɦɿɪɸɜɚɧɧɹ ɜɿɞɫɬɚɧɿ. 
 

ȺɇȺɅɂɁ ɈȾɈɆȿɌɊɂɑȿɋɄɂɏ ɆȿɌɈȾɈȼ ɈɉɊȿȾȿɅȿɇɂə ɉȺɊȺɆȿɌɊɈȼ Ⱦȼɂɀȿɇɂə 
ɆɈȻɂɅɖɇɕɏ ɊɈȻɈɌɈȼ / Ⱥ.ȼ. Ɋɭɞɵɤ, ȼ.Ⱥ. Ɋɭɞɵɤ, Ɇ.ɂ. Ɇɚɬɟɣ // ȼɟɫɬɧɢɤ ɂɧɠɟɧɟɪɧɨɣ 
ɚɤɚɞɟɦɢɢ ɍɤɪɚɢɧɵ. – 2019. – №2. – ɋ. 107-115. 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɪɟɚɥɢɫɬɢɱɧɚɹ ɦɨɞɟɥɶ ɢɡɦɟɪɟɧɢɣ ɨɞɨɦɟɬɪɚ, ɤɨɬɨɪɚɹ ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɱɟɬ 
ɨɫɧɨɜɧɵɯ ɜɥɢɹɸɳɢɯ ɧɚ ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɹ ɮɚɤɬɨɪɨɜ. ɉɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɩɨɡɢɰɢɨɧɧɨɣ ɢ 
ɫɤɨɪɨɫɬɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɣ ɢɡɦɟɪɟɧɢɣ ɨɞɨɦɟɬɪɚ ɫ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢ ɜɵɹɫɧɟɧɨ, ɱɬɨ 
ɞɥɹ ɡɚɞɚɱ ɢɧɬɟɝɪɚɰɢɢ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɡɢɰɢɨɧɧɭɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɩɨɤɚɡɚɧɢɣ ɨɞɨɦɟɬɪɚ ɢ 
ɨɞɨɦɟɬɪɢɱɟɫɤɨɟ ɤɢɧɟɦɚɬɢɱɟɫɤɨɟ ɫɱɢɫɥɟɧɢɟ. ɉɨ ɜɟɤɬɨɪɧɨɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɩɪɢɪɨɫɬɚ ɩɪɨɣɞɟɧɧɨɝɨ 
ɪɚɫɫɬɨɹɧɢɹ ɜɵɞɟɥɟɧɨ ɦɨɞɟɥɢ ɜɟɤɬɨɪɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɩɪɢɪɚɳɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɢ ɜɟɤɬɨɪɧɨɝɨ 
ɫɤɨɪɨɫɬɧɨɝɨ ɢɡɦɟɪɟɧɢɹ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɨɞɨɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɚɥɝɨɪɢɬɦɵ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɞɨɦɟɬɪɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɦɨɛɢɥɶɧɵɣ ɪɨɛɨɬ, ɷɧɤɨɞɟɪ, ɫɬɟɪɟɨɡɪɟɧɢɟ, ɬɟɯɧɢɱɟɫɤɨɟ 
ɡɪɟɧɢɟ, ɨɞɨɦɟɬɪɢɹ, ɜɢɡɭɚɥɶɧɚɹ ɨɞɨɦɟɬɪɢɹ, ɢɡɦɟɪɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ. 
 

ANALYSIS OF ODOMETRIC METHODS FOR DETERMINING THE MOTION PARAMETERS 
OF MOBILE ROBOTS / A.V. Rudyk, V.A. Rudyk, M.I. Matei // Bulletin of Engineering Academy of 

Ukraine. – 2019. – №2. – P. 107-115. 

The article presents a realistic model of odometer measurements, which involves taking into account the 

main factors influencing the measurement result. The positional and velocity interpretations of the 

odometer measurements were compared from an information point of view and it was found that for 

integration problems, the positional interpretation of the odometer readings and the odometric kinematic 

number should be used. According to the vector interpretation of the increment of the distance traveled, 

the models of vector measurement of coordinate increment and vector velocity measurement are 

highlighted. The basic odometric measurement algorithms are considered. 

Keywords: odometric methods, mobile robot, encoder, stereo vision, technical vision, odometry, visual 

odometry, distance measurement. 

 

ɍȾɄ 531  

ȺɇȺɅȱɁ ɆȺɌȿɆȺɌɂɑɇɂɏ ɆɈȾȿɅȿɃ ɎɍɇɄɐȱɈɇɍȼȺɇɇə ɅȱɇȱɃɇɂɏ ȾȼɂȽɍɇȱȼ 
/ɋɥɟɫɚɪɟɧɤɨ Ʉ.ɋ. // ȼɿɫɧɢɤ ȱɧɠɟɧɟɪɧɨʀ ɚɤɚɞɟɦɿʀ ɍɤɪɚʀɧɢ. – 2019. – №2. – ɋ. 116-119. 

Ɋɨɡɝɥɹɧɭɬɨ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɥɿɧɿɣɧɢɯ ɞɜɢɝɭɧɿɜ (ɅȾ) ɬɚ ɝɨɥɨɜɧɿ ɨɫɨɛɥɢɜɨɫɬɿ  
ɤɨɠɧɨʀ ɡ ɪɨɡɝɥɹɧɭɬɢɯ ɦɨɞɟɥɟɣ. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɦɟɬɨɞɢ ɬɚ ɫɩɨɫɨɛɢ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɅȾ. Ɋɨɡɝɥɹɧɭɬɿ ɦɨɞɟɥɿ ɜɪɚɯɨɜɭɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɩɟɪɟɯɿɞɧɢɯ ɩɪɨɰɟɫɿɜ, 
ɜɢɤɥɢɤɚɧɢɯ ɜɿɞɦɿɧɧɨɫɬɹɦɢ ɤɨɧɫɬɪɭɤɰɿʀ  ɅȾ ɜɿɞ ɨɛɟɪɬɨɜɢɯ ɦɚɲɢɧ. Ɉɤɪɟɦɨ ɞɨɫɥɿɞɠɟɧɨ ɪɨɡɪɚɯɭɧɨɤ 
ɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ ɞɥɹ ɥɿɧɿɣɧɨɝɨ ɚɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɭɧɚ (ɅȺȾ) ɬɚ ɥɿɧɿɣɧɨɝɨ ɫɢɧɯɪɨɧɧɨɝɨ ɞɜɢɝɭɧɚ (ɅɋȾ). 
ȼɢɞɿɥɟɧɨ ɨɫɧɨɜɧɿ ɦɨɞɟɥɿ ɪɨɡɪɚɯɭɧɤɭ ɅȺȾ, ɹɤɿ ɡɚɫɧɨɜɚɧɿ ɧɚ ɦɟɬɨɞɚɯ ɤɿɧɰɟɜɢɯ ɪɿɡɧɢɰɶ ɚɛɨ ɤɿɧɰɟɜɢɯ 
ɟɥɟɦɟɧɬɿɜ ɬɚ ɫɯɟɦɚɯ ɡɚɦɿɳɟɧɧɹ. Ⱦɥɹ  ɪɨɡɪɚɯɭɧɤɭ ɅɋȾ, ɨɛґɪɭɧɬɨɜɚɧɨ ɩɟɜɧɿ ɚɞɚɩɬɚɰɿʀ ɬɚ ɭɬɨɱɧɟɧɧɹ 
ɤɥɚɫɢɱɧɢɯ ɦɟɬɨɞɿɜ ɪɨɡɪɚɯɭɧɤɭ ɨɛɟɪɬɨɜɢɯ ɫɢɧɯɪɨɧɧɢɯ ɦɚɲɢɧ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɥɿɧɿɣɧɢɣ ɚɫɢɧɯɪɨɧɧɢɣ ɞɜɢɝɭɧ, ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ, ɥɿɧɿɣɧɢɣ ɫɢɧɯɪɨɧɧɢɣ ɞɜɢɝɭɧ, 
ɤɪɚɣɨɜɢɣ ɟɮɟɤɬ, ɩɟɪɟɯɿɞɧɢɣ ɩɪɨɰɟɫ. 
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