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Ɉɥɟɤɫɚɧɞɪ Ʌɢɬɜɢɧ, Ⱥɧɞɪɿɣ Ƚɚɜɪɭɲɤɟɜɢɱ, Ⱦɚɧɿʀɥ Ⱥɥɟɤɫɢɤ  
ɆɈȾȿɅɘȼȺɇɇə ɌȺ ȾɈɋɅȱȾɀȿɇɇə ȾɂɇȺɆȱɑɇɂɏ ɉȺɊȺɆȿɌɊȱȼ 

ɆȺɅɖɌȱɃɋɖɄɂɏ ɆȿɏȺɇȱɁɆȱȼ ɌȿɏɇɈɅɈȽȱɑɇɂɏ ɆȺɒɂɇ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɍ ɫɭɱɚɫɧɢɯ ɩɨɥɿɝɪɚɮɿɱɧɢɯ ɦɚɲɢɧɚɯ ɬɚ ɬɟɯɧɨɥɨɝɿɱɧɨɦɭ ɨɛɥɚɞɧɚɧɧɿ ɦɚɲɢɧɨɛɭ-
ɞɭɜɚɧɧɹ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɟɯɚɧɿɡɦɢ ɩɟɪɿɨɞɢɱɧɨɝɨ ɩɨɜɨɪɨɬɭ, ɡɨɤɪɟɦɚ ɦɚɥɶɬɿɣɫɶɤɿ, ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɿʀ ɪɿɡɧɢɯ 
ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɩɪɨɰɟɫɿɜ. ɇɚ ɩɨɤɚɡɧɢɤɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɿ ɹɤɨɫɬɿ ɩɪɨɰɟɫɿɜ ɜɩɥɢɜɚɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢ-
ɫɬɢɤ ɡɚɡɧɚɱɟɧɢɯ ɦɟɯɚɧɿɡɦɿɜ, ɬɨɦɭ ɬɟɦɚ ɞɨɫɥɿɞɠɟɧɧɹ є ɩɪɢɤɥɚɞɧɨɸ ɬɚ ɚɤɬɭɚɥɶɧɨɸ. Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨ-
ɞɟɥɶ ɬɚ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɬɚ ɫɢɥɨɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɚɲɢɧ.  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɉɿɞɜɢɳɟɧɧɹ ɲɜɢɞɤɨɞɿʀ ɦɟɯɚɧɿɡɦɭ ɩɨɜɨɪɨɬɭ ɨɛɦɟɠɭє ɡɧɚɱɧɟ ɡɪɨɫɬɚɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɧɚɜɚ-
ɧɬɚɠɟɧɶ ɭ ɣɨɝɨ ɥɚɧɤɚɯ. ɐɟ ɩɪɢɜɨɞɢɬɶ ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɤɪɭɬɧɨɝɨ ɦɨɦɟɧɬɭ ɧɚ ɩɪɢɜɨɞɿ, ɧɚ ɜɟɞɭ-
ɱɨɦɭ ɜɚɥɭ ɜ ɩɟɪɲɿɣ ɩɨɥɨɜɢɧɿ ɩɨɜɨɪɨɬɭ. ɍ ɩɪɨɰɟɫɿ ɤɨɧɫɬɪɭɸɜɚɧɧɹ ɦɚɲɢɧ ɪɨɡɪɨɛɧɢɤɭ ɞɨɜɨɞɢɬɶɫɹ ɛɚɥɚɧɫɭɜɚɬɢ ɦɿɠ 
ɩɪɨɞɭɤɬɢɜɧɿɫɬɸ ɿ ɧɚɞɿɣɧɿɫɬɸ ɬɟɯɧɿɱɧɢɯ ɫɢɫɬɟɦ. Ɋɨɡɜ´ɹɡɨɤ ɰɿєʀ ɩɪɨɛɥɟɦɢ ɧɟɦɨɠɥɢɜɢɣ ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɟɬɨɞɿɜ ɦɚ-
ɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ȼɭɥɢ ɪɨɡɝɥɹɧɭɬɿ ɧɚɭɤɨɜɿ ɩɭɛɥɿɤɚɰɿʀ ɜɿɬɱɢɡɧɹɧɢɯ ɿ ɡɚɤɨɪɞɨɧɧɢɯ ɚɜɬɨɪɿɜ 
ɬɚ ɦɟɬɨɞɢɤɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɨɝɨ ɩɪɨєɤɬɭɜɚɧɧɹ ɜɢɳɟɜɤɚɡɚɧɢɯ ɦɟɯɚɧɿɡɦɿɜ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɇɟɦɚє ɧɚɞɿɣɧɢɯ ɦɟɬɨɞɢɤ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɞɨɫɥɿɞɠɟɧɧɹ 
ɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. Ɇɟɬɚ – ɪɨɡɪɨɛɢɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɞɥɹ ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɥɢɜɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ ɪɨɛɨɱɨɝɨ 
ɨɪɝɚɧɭ ɡ ɦɚɥɶɬɿɣɫɶɤɢɦ ɦɟɯɚɧɿɡɦɨɦ ɩɨɜɨɪɨɬɭ ɬɚ ɡ ʀʀ ɞɨɩɨɦɨɝɨɸ ɞɨɫɥɿɞɢɬɢ ɞɢɧɚɦɿɱɧɿ ɬɚ ɫɢɥɨɜɿ ɩɚɪɚɦɟɬɪɢ ɬɚ ɤɨɧɤɪɟ-
ɬɢɡɭɜɚɬɢ ɟɥɟɦɟɧɬɢ ɤɨɧɫɬɪɭɤɰɿʀ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ɋɨɡɝɥɹɧɭɬɨ ɦɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɩɨɜɨɪɨɬɭ: ɿɧɮɨɪɦɚɰɿɣɧɿ, ɚɧɚɥɿɬɢ-
ɱɧɿ, ɦɨɞɟɥɸɜɚɧɧɹ.  

Ɉɬɪɢɦɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɧɢɯ ɮɭɧɤɰɿɣ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɿɡ ɤɪɭɝɨɜɢɦɢ ɩɚ-
ɡɚɦɢ ɯɪɟɫɬɚ. ȼɢɛɪɚɧɨ ɪɚɰɿɨɧɚɥɶɧɭ ɤɨɧɫɬɪɭɤɰɿɸ ɦɟɯɚɧɿɡɦɭ ɿ ɣɨɝɨ ɩɚɪɚɦɟɬɪɿɜ. Ɋɨɡɪɨɛɥɟɧɨ ɚɥɝɨɪɢɬɦɢ ɿ ɩɪɨɝɪɚɦɢ ɞɥɹ 
ɦɨɞɟɥɸɜɚɧɧɹ ɜ ɫɟɪɟɞɨɜɢɳɿ MatLAB.  

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍ ɪɟɡɭɥɶɬɚɬɿ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɩɨɜɨɪɨɬɭ ɨɬɪɢɦɚɧɿ ɝɪɚ-
ɮɿɤɢ ɡɦɿɧɢ ɦɨɦɟɧɬɿɜ ɫɢɥ ɩɪɭɠɧɨɫɬɿ ɩɪɢ ɨɛɟɪɬɚɧɧɿ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɩɪɹɦɢɦɢ ɩɚɡɚɦɢ ɬɚ ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ 
ɞɭɝɢ ɤɨɥɚ, ɳɨ ɞɨɡɜɨɥɢɬɶ ɜɧɟɫɬɢ ɡɦɿɧɢ ɞɨ ɝɟɨɦɟɬɪɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɥɚɧɨɤ ɡɚɡɧɚɱɟɧɢɯ ɦɟɯɚɧɿɡɦɿɜ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ; ɤɿɧɟɦɚɬɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; ɩɪɨɰɟɫ ɩɨɜɨɪɨɬɭ; ɧɚɜɚɧɬɚɠɟɧɧɹ; ɞɢ-
ɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ; ɦɟɯɚɧɿɡɦɢ ɩɟɪɿɨɞɢɱɧɨɝɨ ɩɨɜɨɪɨɬɭ; ɧɚɞɿɣɧɿɫɬɶ; ɞɨɜɝɨɜɿɱɧɿɫɬɶ. 

Ɋɢɫ.: 6. Ȼɿɛɥ.: 8. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɋɭɬɬєɜɢɦ ɮɚɤɬɨɪɨɦ, ɹɤɢɣ ɨɛɦɟɠɭє ɩɿɞɜɢɳɟɧɧɹ 
ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɧɚɞɿɣɧɨɫɬɿ, ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɬɪɚɞɢɰɿɣɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɩɨɜɨɪɨɬɭ, є ɡɧɚɱɧɿ ɞɢ-
ɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜ ʀɯ ɟɥɟɦɟɧɬɚɯ.  

ȼɢɫɜɿɬɥɟɧɚ ɜ ɰɿɣ ɪɨɛɨɬɿ ɬɟɦɚ є ɚɤɬɭɚɥɶɧɨɸ ɞɥɹ ɝɚɥɭɡɿ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ, ɡɨɤɪɟɦɚ ɩɨ-
ɥɿɝɪɚɮɿɱɧɨɝɨ ɬɚ ɮɚɫɭɜɚɥɶɧɨ-ɩɚɤɭɜɚɥɶɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ. ɉɪɢ ɫɬɜɨɪɟɧɧɿ ɧɨɜɢɯ ɿ ɦɨɞɟɪɧɿɡɚ-
ɰɿʀ ɿɫɧɭɸɱɢɯ ɦɟɯɚɧɿɡɦɿɜ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ, ɡɨɤɪɟɦɚ ɚɜɿɚɛɭɞɭɜɚɧɧɹ, ɜɢɧɢɤɚє ɧɟ-
ɨɛɯɿɞɧɿɫɬɶ ɜɢɛɨɪɭ ɜɚɪɿɚɧɬɚ ɤɨɧɫɬɪɭɤɰɿʀ ɦɟɯɚɧɿɡɦɭ ɧɚ ɨɫɧɨɜɿ ɨɰɿɧɤɢ ɜɟɥɢɱɢɧɢ ɞɢɧɚɦɿɱɧɢɯ 
ɧɚɜɚɧɬɚɠɟɧɶ ɪɿɡɧɢɯ ɥɚɧɨɤ. ȼɢɡɧɚɱɟɧɧɹ ɤɿɥɶɤɿɫɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɫɭ ɡ ɜɪɚɯɭɜɚɧɧɹɦ 
ɪɟɚɥɶɧɢɯ ɮɿɡɢɱɧɢɯ ɮɚɤɬɨɪɿɜ ɦɨɠɧɚ ɡɞɿɣɫɧɢɬɢ ɬɿɥɶɤɢ ɧɚ ɨɫɧɨɜɿ ɱɢɫɥɟɧɧɨ-ɚɧɚɥɿɬɢɱɧɢɯ ɦɟ-
ɬɨɞɿɜ, ɳɨ ɜɢɦɚɝɚє ɪɨɡɪɨɛɤɢ ɜɿɞɩɨɜɿɞɧɢɯ ɦɨɞɟɥɟɣ ɿ ɦɟɬɨɞɢɤ ɪɨɡɪɚɯɭɧɤɿɜ. 

ɇɚ ɩɨɤɚɡɧɢɤɢ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɿ ɹɤɨɫɬɿ ɩɪɨɰɟɫɿɜ ɜɩɥɢɜɚɸɬɶ ɨɫɨɛɥɢɜɨɫɬɿ ɞɢɧɚɦɿɱɧɢɯ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤ ɡɚɡɧɚɱɟɧɢɯ ɦɟɯɚɧɿɡɦɿɜ, ɬɨɦɭ ɬɟɦɚ ɞɨɫɥɿɞɠɟɧɧɹ є ɩɪɢɤɥɚɞɧɨɸ ɿ ɚɤɬɭɚɥɶɧɨɸ. 

Ɋɨɡɝɥɹɞɚєɬɶɫɹ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɬɚ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɬɚ ɫɢɥɨ-
ɜɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɚɲɢɧ.  

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. Ɉɩɢɫɭєɬɶɫɹ ɩɪɨɛɥɟɦɚ (ɡɚɞɚɱɚ), ɹɤɿɣ ɩɪɢɫɜɹɱɟɧɟ ɞɨ-
ɫɥɿɞɠɟɧɧɹ, ɜɚɠɥɢɜɿɫɬɶ ɿ ɚɤɬɭɚɥɶɧɿɫɬɶ ʀʀ ɜɢɪɿɲɟɧɧɹ ɞɥɹ ɩɟɜɧɨʀ ɝɚɥɭɡɿ ɧɚɭɤɢ ɣ ɬɟɯɧɿɤɢ, 
ɡɜ’ɹɡɨɤ ɿɡ ɜɚɠɥɢɜɢɦɢ ɧɚɭɤɨɜɢɦɢ ɱɢ ɩɪɚɤɬɢɱɧɢɦɢ ɡɚɜɞɚɧɧɹɦɢ. 

ɉɨɜɨɪɨɬɧɿ ɩɪɢɫɬɪɨʀ ɡɚɫɬɨɫɨɜɭɸɬɶ ɭ ɜɟɪɫɬɚɬɚɯ ɚɜɬɨɦɚɬɚɯ, ɚɝɪɟɝɚɬɧɢɯ ɜɟɪɫɬɚɬɚɯ ɬɚ ɚɜ-
ɬɨɦɚɬɢɱɧɢɯ ɥɿɧɿɹɯ ɪɿɡɧɨɝɨ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ. ɇɚɣɛɿɥɶɲ ɤɨɦɩɥɟɤɫɧɨ ɪɨɛɨɬɭ 
ɰɢɯ ɩɪɢɫɬɪɨʀɜ ɡɪɭɱɧɨ ɪɨɡɝɥɹɞɚɬɢ ɜ ɬɟɯɧɨɥɨɝɿɱɧɨɦɭ ɨɛɥɚɞɧɚɧɧɿ, ɜ ɹɤɢɯ ɩɟɪɟɦɿɳɟɧɧɹ 
ɨɛɪɨɛɥɸɜɚɧɢɯ ɞɟɬɚɥɟɣ ɿ ɿɧɫɬɪɭɦɟɧɬɭ ɡ ɩɨɡɢɰɿʀ ɧɚ ɩɨɡɢɰɿɸ ɡɞɿɣɫɧɸєɬɶɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɦɟɯɚɧɿɡɦɿɜ ɩɟɪɿɨɞɢɱɧɨɝɨ ɩɨɜɨɪɨɬɭ. ɋɟɪɟɞ ɬɚɤɢɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɬɚɤɿ ɬɢɩɢ ɦɟɯɚɧɿɡɦɿɜ: 
ɤɭɥɚɱɤɨɜɢɣ, ɤɭɥɿɫɧɢɣ, ɪɚɜɥɢɤɨɜɢɣ, ɦɚɥɶɬɿɣɫɶɤɢɣ, ɡɭɛɱɚɫɬɨ-ɜɚɠɿɥɶɧɢɣ. 

 Ʌɢɬɜɢɧ Ɉ. ȼ., Ƚɚɜɪɭɲɤɟɜɢɱ Ⱥ. ɘ., Ⱥɥɟɤɫɢɤ Ⱦ. ȱ., 2020 
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ɇɚɣɛɿɥɶɲɨɝɨ ɩɨɲɢɪɟɧɧɹ ɫɟɪɟɞ ɩɨɜɨɪɨɬɧɢɯ ɨɬɪɢɦɚɥɢ ɦɚɥɶɬɿɣɫɶɤɿ ɦɟɯɚɧɿɡɦɢ. ȱɫɬɨɬɧɢɦ 
ɮɚɤɬɨɪɨɦ, ɳɨ ɨɛɦɟɠɭє ɩɿɞɜɢɳɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ, ɧɚɞɿɣɧɨɫɬɿ ɣ ɞɨɜɝɨɜɿɱɧɨɫɬɿ ɪɨɛɨɱɢɯ ɨɪ-
ɝɚɧɿɜ ɿɡ ɦɚɥɶɬɿɣɫɶɤɢɦɢ ɦɟɯɚɧɿɡɦɚɦɢ, є ɡɧɚɱɧɿ ɞɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɜ ɣɨɝɨ ɥɚɧɤɚɯ.  

Ɇɚɥɶɬɿɣɫɶɤɢɣ ɦɟɯɚɧɿɡɦ, ɤɪɿɦ ɩɪɨɫɬɨɬɢ ɤɨɧɫɬɪɭɤɰɿʀ, ɩɨɜɢɧɟɧ ɡɚɞɨɜɨɥɶɧɹɬɢ ɬɚɤɢɦ ɨɫ-
ɧɨɜɧɢɦ ɜɢɦɨɝɚɦ:  

- ɩɨɜɨɪɨɬ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɡɚ ɹɤɨɦɨɝɚ ɦɟɧɲɢɣ ɱɚɫ ɩɪɢ ɩɪɢɩɭɫɬɢɦɢɯ ɡɧɚɱɟɧɧɹɯ ɧɚɜɚɧ-
ɬɚɠɟɧɶ, ɳɨ ɜɢɧɢɤɚɸɬɶ, ɿ ɜɿɞɫɭɬɧɨɫɬɿ ɭɞɚɪɿɜ;  

- ɩɨɜɨɪɨɬ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ ɧɚ ɧɟɨɛɯɿɞɧɢɣ ɤɭɬ ɿɡ ɬɨɱɧɿɫɬɸ, ɞɨɫɬɚɬɧɶɨɸ ɞɥɹ ɡɚɛɟɡɩɟ-
ɱɟɧɧɹ ɧɨɪɦɚɥɶɧɨʀ ɪɨɛɨɬɢ ɦɟɯɚɧɿɡɦɭ ɮɿɤɫɚɰɿʀ ɪɨɛɨɱɢɯ ɨɪɝɚɧɿɜ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ʉɿɧɟɦɚɬɢɤɚ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɿɡ 
ɪɚɞɿɚɥɶɧɢɦɢ ɩɚɡɚɦɢ ɜɢɜɱɚєɬɶɫɹ ɜ ɬɟɨɪɿʀ ɦɟɯɚɧɿɡɦɿɜ. Ɉɞɧɚɤ ɦɚɥɶɬɿɣɫɶɤɿ ɯɪɟɫɬɢ ɡ ɤɪɭɝɨ-
ɜɢɦɢ ɩɚɡɚɦɢ ɜ ɧɚɜɱɚɥɶɧɿɣ ɥɿɬɟɪɚɬɭɪɿ ɧɟ ɩɪɟɞɫɬɚɜɥɟɧɿ. ɇɚɫɤɿɥɶɤɢ ɜɿɞɨɦɨ ɚɜɬɨɪɚɦ ɿɡ ɞɠɟ-
ɪɟɥ [1-8], ɡɚɝɚɥɨɦ ɧɢɧɿ ɧɟɦɚє ɡɚɤɿɧɱɟɧɢɯ ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɡɪɨɛɨɤ ɡ ɰɿєʀ ɩɪɨɛɥɟɦɢ. ȼɟɥɢɤɚ 
ɤɿɥɶɤɿɫɬɶ ɩɭɛɥɿɤɚɰɿɣ ɩɪɢɫɜɹɱɟɧɚ ɞɨɫɥɿɞɠɟɧɧɸ ɨɤɪɟɦɢɯ ɚɫɩɟɤɬɿɜ ɞɢɧɚɦɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫ-
ɬɟɣ ɩɨɥɿɝɪɚɮɿɱɧɢɯ ɦɚɲɢɧ ɿɡ ɩɨɜɨɪɨɬɧɢɦ ɪɨɛɨɱɢɦ ɨɪɝɚɧɨɦ [1; 2]. Ɂɞɟɛɿɥɶɲɨɝɨ ɭɜɚɝɭ ɚɜ-
ɬɨɪɿɜ ɩɪɢɜɟɪɬɚɸɬɶ ɝɨɥɨɜɧɿ ɜɭɡɥɢ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɩɨɤɚɡɧɢɤɢ ɣɨɝɨ ɞɢɧɚɦɿɱɧɨʀ ɹɤɨɫɬɿ. Ⱦɨ-
ɫɥɿɞɠɟɧɧɹ ɜ ɰɶɨɦɭ ɧɚɩɪɹɦɿ ɦɚɸɬɶ ɮɭɧɞɚɦɟɧɬɚɥɶɧɢɣ ɯɚɪɚɤɬɟɪ [3]. 

ɋɤɥɚɞɨɜɢɦ ɟɥɟɦɟɧɬɨɦ ɭ ɫɭɱɚɫɧɢɯ ɮɚɫɭɜɚɥɶɧɢɯ ɦɚɲɢɧɚɯ є ɫɢɫɬɟɦɚ ɜɧɭɬɪɿɲɧɶɨɦɚɲɢɧ-
ɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɫɩɨɠɢɜɱɨʀ ɬɚɪɢ. ɍ ɦɚɲɢɧɚɯ ɪɨɬɨɪɧɨɝɨ ɬɢɩɭ ɞɥɹ ɩɪɢɜɟɞɟɧɧɹ ɜ ɪɭɯ ɤɚɪɭ-
ɫɟɥɶɧɨɝɨ ɫɬɨɥɭ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɦɚɥɶɬɿɣɫɶɤɢɣ ɦɟɯɚɧɿɡɦ ɡ ɟɥɟɤɬɪɨɩɪɢɜɨɞɨɦ. Ƀɨɝɨ 
ɞɨɫɥɿɞɠɟɧɧɹ ɧɚɜɟɞɟɧɟ ɜ [2]. Ɋɨɛɨɬɚ [3] ɩɪɢɫɜɹɱɟɧɚ ɩɪɨɛɥɟɦɿ ɩɿɞɜɢɳɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ 
ɛɥɨɤɨɨɛɪɨɛɥɸɜɚɥɶɧɢɯ ɚɝɪɟɝɚɬɿɜ ɬɚ ɦɚɲɢɧ ɤɚɪɭɫɟɥɶɧɨɝɨ ɿ ɤɨɧɜɟєɪɧɨɝɨ ɬɢɩɭ ɛɪɨɲɭ-
ɪɭɜɚɥɶɧɨ-ɩɚɥɿɬɭɪɧɨɝɨ ɜɢɪɨɛɧɢɰɬɜɚ ɭ ɩɪɢɜɨɞɚɯ, ɜ ɹɤɢɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɦɟɯɚɧɿɡɦɢ 
ɩɟɪɿɨɞɢɱɧɨɝɨ ɩɨɜɨɪɨɬɭ, ɡɨɤɪɟɦɚ, ɤɨɦɛɿɧɨɜɚɧɿ ɦɚɥɶɬɿɣɫɶɤɿ ɦɟɯɚɧɿɡɦɢ.  

ɋɭɱɚɫɧɿ ɜɢɪɨɛɧɢɱɿ ɦɚɲɢɧɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɭ ɩɪɢɜɨɞɚɯ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɦɚɤɫɢɦɚɥɶɧɢɦ ɫɩɪɨɳɟɧɧɹɦ ɤɿɧɟɦɚɬɢɤɢ, ɡɧɢɠɟɧɧɹɦ ɦɚɬɟɪɿɚɥɨєɦɧɨɫɬɿ ɨɫ-
ɧɨɜɧɢɯ ɜɭɡɥɿɜ. ɉɪɢ ɰɶɨɦɭ ɜɢɧɢɤɚɸɬɶ ɪɿɡɧɨɦɚɧɿɬɧɿ ɞɢɧɚɦɿɱɧɿ ɪɟɠɢɦɢ ɪɨɛɨɬɢ. Ɂɨɤɪɟɦɚ, ɦɨ-
ɠɥɢɜɿ ɚɜɬɨɤɨɥɢɜɚɥɶɧɿ ɣ ɪɟɡɨɧɚɧɫɧɿ ɪɟɠɢɦɢ ɜ ɨɛɥɚɫɬɿ ɧɢɡɶɤɢɯ ɱɚɫɬɨɬ (ɞɨ 500 Ƚɰ). ɉɪɢ 
ɰɶɨɦɭ ɜɨɧɢ ɧɟ ɡɚɛɟɡɩɟɱɭɸɬɶ ɬɨɱɧɨʀ ɮɿɤɫɨɜɚɧɨʀ ɡɭɩɢɧɤɢ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ [4]. 

ɍ ɪɨɛɨɬɿ [5] ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɿ ʀɯ ɩɪɨɝɪɚɦɧɚ ɪɟɚɥɿɡɚɰɿɹ. ɍ ɛɚɝɚɬɶɨɯ ɪɨ-
ɛɨɬɚɯ ɡɚɩɪɨɩɨɧɨɜɚɧɿ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɿ ʀɯ ɩɪɨɝɪɚɦɧɚ ɪɟɚɥɿɡɚɰɿɹ [5]. Ɇɟɯɚɧɿɡɦɢ ɡ ɦɚɥɶ-
ɬɿɣɫɶɤɢɦ ɯɪɟɫɬɨɦ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɩɪɢ ɚɜɬɨɦɚɬɢɡɚɰɿʀ, ɭ ɪɨɛɨɬɨɬɟɯɧɿɰɿ, ɦɟɯɚɧɿɱɧɢɯ ɩɟɪɟɞɚ-
ɱɚɯ, ɛɟɡɩɟɪɟɪɜɧɢɯ ɡɦɿɧɧɢɯ ɩɟɪɟɞɚɱɚɯ, ɝɨɞɢɧɧɢɤɚɯ, ɨɫɨɛɥɢɜɨ ɤɨɥɢ ɣɞɟɬɶɫɹ ɩɪɨ ɩɟɪɟɞɚɱɭ ɫɢɥ 
ɿ ɜɢɫɨɤɢɯ ɦɨɦɟɧɬɿɜ. ȼɨɧɢ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɡɚɦɿɫɬɶ ɚɛɨ ɡ ɩɟɪɟɞɚɱɚɦɢ. ɍ ɫɬɚɬɬɿ [6] ɧɚɜɟɞɟɧɚ 
ɝɟɨɦɟɬɪɿɹ ɦɟɯɚɧɿɡɦɭ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɟɥɟɦɟɧɬɿɜ, ɤɿɧɟɦɚɬɢɤɚ ɬɚ ɫɢɥɢ, ɳɨ ɜɢɧɢɤɚɸɬɶ ɭ 
ɰɶɨɦɭ ɦɟɯɚɧɿɡɦɿ ɡ ɜɟɪɯɧɶɨɸ ɦɭɮɬɨɸ ɱɟɬɜɟɪɬɨɝɨ ɤɥɚɫɭ. Ɋɨɡɝɥɹɧɭɬɿ ɫɢɥɢ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɭɫɟ-
ɪɟɞɢɧɿ ɦɟɯɚɧɿɡɦɭ ɩɚɪɢ, ɧɚɜɟɞɟɧɿ ɪɟɡɭɥɶɬɚɬɢ ɬɚɤɨɠ ɞɢɧɚɦɿɱɧɢɯ ɞɨɫɥɿɞɠɟɧɶ. 

ɍ ɫɬɚɬɬɿ [7] ɪɨɡɝɥɹɞɚєɬɶɫɹ ɡɚɫɬɨɫɭɜɚɧɧɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ 
ɡɛɪɨʀ ɜ ɨɛɨɥɨɧɰɿ ɚɛɨ ɩɚɬɪɨɧɧɨɦɭ ɤɨɧɜɟєɪɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɩɪɢɜɨɞɚ. Ɉɩɢɫɚɧɚ 
ɤɿɧɟɦɚɬɢɤɚ ɬɚ ɞɢɧɚɦɿɤɚ ɰɶɨɝɨ ɦɟɯɚɧɿɡɦɭ. Ɋɨɡɪɨɛɥɟɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɡ ɨɞɧɢɦ ɫɬɭ-
ɩɟɧɟɦ ɜɿɥɶɧɨɫɬɿ ɿ ɞɪɭɝɚ ɦɨɞɟɥɶ, ɳɨ ɦɚє ɞɜɿ ɫɬɭɩɟɧɿ ɜɿɥɶɧɨɫɬɿ. Ɉɛɢɞɜɿ ɦɨɞɟɥɿ ɜɢɤɨɪɢɫɬɨ-
ɜɭɸɬɶ ɦɟɯɚɧɿɡɦ ɿɡ ɪɿɡɧɨɸ ɮɭɧɤɰɿєɸ ɩɟɪɟɞɚɱɿ. ɇɚɜɟɞɟɧɨ ɪɿɜɧɹɧɧɹ, ɳɨ ɨɩɢɫɭɸɬɶ ɦɟ-
ɯɚɧɿɱɧɭ ɬɚ ɝɿɞɪɚɜɥɿɱɧɭ ɱɚɫɬɢɧɢ. 

Ⱥɜɬɨɪɚɦɢ [8] ɪɨɡɪɨɛɥɟɧɚ ɤɨɦɩ’ɸɬɟɪɧɚ ɩɪɨɝɪɚɦɚ GEO7, ɹɤɚ ɞɨɡɜɨɥɹє ɨɛɱɢɫɥɸɜɚɬɢ 
ɪɨɡɦɿɪɢ, ɤɭɬ ɪɨɛɨɬɢ, ɲɜɢɞɤɿɫɬɶ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɜɧɭɬɪɿɲɧɿɯ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ. 
GEO7 ɫɬɜɨɪɸє ɤɪɟɫɥɟɧɧɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɤɨɥɟɫɚ ɬɚ ɩɪɢɜɨɞɧɨɝɨ ɤɪɢɜɨɲɢɩɚ ɹɤ ɮɚɣɥɢ DXF 
ɚɛɨ IGES, ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɡ ɩɪɨɝɪɚɦɧɢɦ ɡɚɛɟɡɩɟɱɟɧɧɹɦ CAD. ɋɤɥɚɞɨɜɿ ɱɚɫɬɢɧɢ 
ɦɨɠɧɚ ɝɟɧɟɪɭɜɚɬɢ ɭ ɜɢɝɥɹɞɿ STL-ɮɚɣɥɿɜ, ɩɨɬɿɦ ɧɚɞɪɭɤɭɜɚɬɢ ɧɚ 3D-ɩɪɢɧɬɟɪɿ ɬɚ ɡɿɛɪɚɬɢ ɹɤ 
ɮɭɧɤɰɿɨɧɭɸɱɭ ɦɨɞɟɥɶ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ. 
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ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɍ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥɚɯ 
[1-8] ɧɟ ɜɢɹɜɥɟɧɨ ɧɚɞɿɣɧɢɯ ɦɟɬɨɞɢɤ ɦɨɞɟɥɸɜɚɧɧɹ ɬɚ ɞɨɫɥɿɞɠɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 
ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ. Ɍɨɦɭ є ɩɿɞɫɬɚɜɢ ɜɜɚɠɚɬɢ, ɳɨ ɧɟɞɨɫɬɚɬɧɹ ɞɨɫɥɿɞɠɟɧɿɫɬɶ ɰɶɨɝɨ 
ɩɢɬɚɧɧɹ ɡɭɦɨɜɥɸɸɬɶ ɧɟɨɛɯɿɞɧɿɫɬɶ ɩɪɨɜɟɞɟɧɧɹ ɞɨɫɥɿɞɠɟɧɶ ɭ ɰɶɨɦɭ ɧɚɩɪɹɦɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɶ. ɍ ɪɨɛɨɬɿ ɩɨɫɬɚɜɥɟɧɨ ɦɟɬɭ – ɪɨɡɪɨɛɢɬɢ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɞɥɹ 
ɞɨɫɥɿɞɠɟɧɧɹ ɤɨɥɢɜɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɡ ɦɚɥɶɬɿɣɫɶɤɢɦ ɦɟɯɚɧɿɡɦɨɦ ɩɨɜɨ-
ɪɨɬɭ ɬɚ ɡ ʀʀ ɞɨɩɨɦɨɝɨɸ ɞɨɫɥɿɞɢɬɢ ɞɢɧɚɦɿɱɧɿ ɬɚ ɫɢɥɨɜɿ ɩɚɪɚɦɟɬɪɢ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɦɚɲɢɧ. 

Ⱦɢɧɚɦɿɱɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɜɢɧɢɤɧɟɧɧɹ ɫɤɥɚɞɧɢɯ ɤɨɥɢɜɚɥɶɧɢɯ ɩɪɨɰɟɫɿɜ 
ɭ ɞɢɧɚɦɿɱɧɿɣ ɫɢɫɬɟɦɿ ɲɩɢɧɞɟɥɹ ɿ ɜɟɪɫɬɚɬɚ ɜ ɰɿɥɨɦɭ. ɐɿ ɤɨɥɢɜɚɥɶɧɿ ɩɪɨɰɟɫɢ ɦɚɸɬɶ ɫɬɨɯɚ-
ɫɬɢɱɧɢɣ ɯɚɪɚɤɬɟɪ ɿ є ɫɭɬɬєɜɨ ɧɟɫɬɚɰɿɨɧɚɪɧɢɦɢ. Ⱦɥɹ ɭɫɭɧɟɧɧɹ ɩɟɪɟɥɿɱɟɧɢɯ ɧɟɞɨɥɿɤɿɜ ɜɢ-
ɤɨɪɢɫɬɨɜɭɸɬɶ ɞɢɧɚɦɿɱɧɢɣ ɪɨɡɜɚɧɬɚɠɭɜɚɱ. Ⱦɨɫɥɿɞɠɟɧɧɹ ɬɚɤɢɯ ɩɪɨɰɟɫɿɜ ɩɨɜ’ɹɡɚɧɨ ɡɿ ɡɧɚ-
ɱɧɢɦɢ ɬɪɭɞɧɨɳɚɦɢ ɿ ɩɨɬɪɟɛɭє ɪɨɡɪɨɛɤɢ ɫɩɟɰɿɚɥɶɧɢɯ ɦɟɬɨɞɢɤ ɿ ɚɥɝɨɪɢɬɦɿɜ.  

ɇɚ ɫɶɨɝɨɞɧɿ ɧɟɦɚє ɡɚɝɚɥɶɧɢɯ ɩɿɞɯɨɞɿɜ ɞɨ ɦɨɞɟɥɸɜɚɧɧɹ ɧɟɫɬɚɰɿɨɧɚɪɧɢɯ ɫɬɨɯɚɫɬɢɱɧɢɯ 
ɩɪɨɰɟɫɿɜ, ɳɨ ɦɚɸɬɶ ɦɿɫɰɟ ɜ ɪɨɛɨɱɢɯ ɦɚɲɢɧɚɯ. ɇɚɣɛɿɥɶɲɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɚɜɬɨɦɚɬɢɡɚɰɿʀ 
ɪɨɡɪɚɯɭɧɤɨɜɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɶɤɢɯ ɪɨɛɿɬ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ȿɈɆ ɞɨɫɹɝɚєɬɶɫɹ ɬɨɞɿ, ɤɨɥɢ ɪɨ-
ɡɪɚɯɭɧɤɢ ɡɜɟɞɟɧɿ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɭɡɚɝɚɥɶɧɟɧɢɯ ɞɢɧɚɦɿɱɧɢɯ ɦɨɞɟɥɟɣ ɿ ɧɟɜɟɥɢɤɨʀ ɤɿɥɶɤɨ-
ɫɬɿ ɬɢɩɨɜɢɯ ɦɨɞɭɥɿɜ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɩɪɨɜɟɫɬɢ ɪɨɡɪɚɯɭɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɹɤɨɦɨɝɚ ɛɿɥɶ-
ɲɨɝɨ ɱɢɫɥɚ ɦɟɯɚɧɿɡɦɿɜ. Ɍɨɦɭ ɬɟɨɪɟɬɢɱɧɟ ɜɢɡɧɚɱɟɧɧɹ ɩɪɢɱɢɧ ɿ ɧɚɫɥɿɞɤɿɜ ɬɚɤɢɯ ɪɟɠɢɦɿɜ 
ɪɨɛɨɬɢ є ɧɚɞɡɜɢɱɚɣɧɨ ɚɤɬɭɚɥɶɧɢɦ ɡɚɜɞɚɧɧɹɦ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. Ⱦɨɫɜɿɞ ɩɨɤɚɡɭє, ɳɨ ɧɚɣɛɿɥɶɲɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɢɤɨɪɢɫ-
ɬɚɧɧɹ ɋȺɉɊ ɞɨɫɹɝɚєɬɶɫɹ ɬɨɞɿ, ɤɨɥɢ ɪɨɡɪɚɯɭɧɤɢ ɩɪɢɜɟɞɟɧɿ ɞɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɭɡɚɝɚɥɶɧɟɧɢɯ 
ɦɚɬɟɦɚɬɢɱɧɢɯ ɦɨɞɟɥɟɣ, ɳɨ ɞɨɡɜɨɥɹє ɨɛɪɚɬɢ ɧɚɣɤɪɚɳɢɣ ɜɚɪɿɚɧɬ ɦɟɯɚɧɿɡɦɭ. 

Ⱦɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡɚɡɜɢɱɚɣ ɩɪɢɣɦɚɸɬɶ ɬɚɤɿ ɬɟɯɧɿɱɧɿ ɭɦɨɜɢ: 
ɧɚ ɪɨɡɦɿɪɢ R ɿ L ɞɨɩɭɫɤ ±0,1 ɦɦ; ɞɨɩɭɫɬɢɦɟ ɜɿɞɯɢɥɟɧɧɹ ɤɪɨɤɭ ɪɨɡɬɚɲɭɜɚɧɧɹ ɩɚɡɿɜ (ɧɚ 
ɡɨɜɧɿɲɧɿɣ ɞɭɡɿ ɯɪɟɫɬɚ) ±0,1 ɦɦ; ɲɢɪɢɧɚ ɩɚɡɚ ɯɪɟɫɬɚ – ɩɨ ɩɨɫɚɞɰɿ h8; ɡɨɜɧɿɲɧɿɣ ɞɿɚɦɟɬɪ 
ɪɨɥɢɤɚ ɤɪɢɜɨɲɢɩɚ - ɩɨ ɩɨɫɚɞɰɿ ɇ8; ɧɟɩɚɪɚɥɟɥɶɧɿɫɬɶ ɨɫɟɣ ɪɨɥɢɤɚ ɿ ɤɪɢɜɨɲɢɩɚ – ɞɨ 0,05 
ɦɦ ɧɚ 100 ɦɦ; ɲɨɪɫɬɤɿɫɬɶ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧɶ ɩɚɡɿɜ ɯɪɟɫɬɚ – ɩɨ 8-ɦɭ ɤɜɚɥɿɬɟɬɭ.  

ɍ ɜɢɩɚɞɤɭ ɜɢɤɨɧɚɧɧɹ ɯɪɟɫɬɚ ɫɤɥɚɞɟɧɢɦ, ɞɨɩɭɫɤɚєɬɶɫɹ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɩɟɪɩɟɧɞɢɤɭɥɹ-
ɪɧɨɫɬɿ ɪɨɛɨɱɢɯ ɩɥɨɳɢɧ ɧɚɤɥɚɞɧɨɝɨ ɫɟɤɬɨɪɚ ɯɪɟɫɬɚ ɞɨ ɨɩɨɪɧɨʀ ɩɥɨɳɢɧɢ ɞɨ 0,02 ɦɦ ɩɨ 
ɜɫɿɣ ɲɢɪɢɧɿ. 

Ɂɚɜɞɚɧɧɹ ɩɨɥɹɝɚє ɜ ɪɨɡɪɨɛɰɿ ɤɨɦɩ’ɸɬɟɪɧɨʀ ɦɨɞɟɥɿ ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟ-
ɯɚɧɿɡɦɭ ɡ ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ. Ɋɨɡɪɨɛɥɟɧɚ ɭɡɚɝɚɥɶɧɟɧɚ ɧɟɥɿɧɿɣɧɚ ɬɪɶɨɯɦɚɫɨɜɚ ɞɢ-
ɧɚɦɿɱɧɚ ɦɨɞɟɥɶ ɦɟɯɚɧɿɡɦɿɜ ɩɨɜɨɪɨɬɭ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ, ɳɨ ɦɿɫɬɢɬɶ ɦɚɥɶɬɿɣɫɶɤɢɣ ɦɟɯɚ-
ɧɿɡɦ (ɛɭɞɶ-ɹɤɨɝɨ ɬɢɩɭ ɿ ɡ ɪɿɡɧɨɸ ɤɿɥɶɤɿɫɬɸ ɩɚɡɿɜ) ɿ ɞɢɧɚɦɿɱɧɢɣ ɪɨɡɜɚɧɬɚɠɭɜɚɱ, ɡ 
ɤɿɧɟɦɚɬɢɱɧɢɦ ɡɛɭɪɸɜɚɧɧɹɦ (ɪɢɫ. 1).  
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Ɋɢɫ. 1. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɞɢɧɚɦɿɱɧɚ ɫɯɟɦɚ ɦɟɯɚɧɿɡɦɭ 

ɉɨɞɜɿɣɧɢɦɢ ɬɨɧɤɢɦɢ ɥɿɧɿɹɦɢ ɧɚ ɪɢɫ. 1 ɩɨɡɧɚɱɟɧɿ ɥɚɧɤɢ, ɩɪɢɣɧɹɬɿ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɢɦɢ, 
ɚ ɩɨɬɨɜɳɟɧɢɦɢ ɥɿɧɿɹɦɢ – ɛɟɡɿɧɟɪɰɿɣɧɿ ɩɪɭɠɧɿ ɥɚɧɤɢ. ɉɪɢɣɧɹɬɿ ɬɚɤɨɠ ɬɚɤɿ ɩɨɡɧɚɱɟɧɧɹ: J1, 

J2, J3 – ɩɪɢɜɟɞɟɧɿ ɦɨɦɟɧɬɢ ɿɧɟɪɰɿʀ ɦɚɫɢ ɤɪɢɜɨɲɢɩɚ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɦɚɫ ɯɪɟɫɬɚ 
ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɬɚ ɡɭɛɱɚɫɬɢɯ ɩɟɪɟɞɚɱ ɿ ɦɚɫɢ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɜɿɞɩɨɜɿɞɧɨ; 0, 1, 

2 ɿ 3 – ɤɭɬɢ ɩɨɜɨɪɨɬɭ ɜɟɞɭɱɨʀ ɥɚɧɤɢ (ɱɟɪɜ’ɹɱɧɨɝɨ ɤɨɥɟɫɚ ɧɚ ɪɨɡɩɨɞɿɥɶɧɨɦɭ ɜɚɥɭ) ɿ ɦɚɫ ɿ 
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ɤɪɢɜɨɲɢɩɚ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɦɚɫ ɯɪɟɫɬɚ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɬɚ ɡɭɛɱɚɫɬɢɯ ɩɟ-
ɪɟɞɚɱ ɿ ɦɚɫɢ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɜɿɞɩɨɜɿɞɧɨ; ɋ01, ɋ23 – ɠɨɪɫɬɤɨɫɬɿ ɩɪɭɠɧɢɯ ɥɚɧɨɤ, ɪɨɡɬɚɲɨ-
ɜɚɧɢɯ ɦɿɠ ɜɟɞɭɱɨɸ ɥɚɧɤɨɸ ɬɚ ɤɪɢɜɨɲɢɩɨɦ ɿ ɦɿɠ ɦɚɥɶɬɿɣɫɶɤɢɦ ɯɪɟɫɬɨɦ ɿ ɪɨɛɨɱɢɦ ɨɪɝɚ-
ɧɨɦ; ɇ01, H23- ɤɨɟɮɿɰɿєɧɬ ɞɟɦɩɮɭɜɚɧɧɹ; U21 – ɤɿɧɟɦɚɬɢɱɧɚ ɩɟɪɟɞɚɬɨɱɧɚ ɮɭɧɤɰɿɹ ɩɟɪɲɨɝɨ 
ɩɨɪɹɞɤɭ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ; U32 – ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɡɭɛɱɚɫɬɢɯ ɩɟɪɟɞɚɱ, 
ɪɨɡɬɚɲɨɜɚɧɢɯ ɦɿɠ ɯɪɟɫɬɨɦ ɿ ɪɨɛɨɱɢɦ ɨɪɝɚɧɨɦ; Ɇɬɪ – ɦɨɦɟɧɬ ɫɢɥ «ɫɭɯɨɝɨ» ɬɟɪɬɹ, ɩɪɢɤɥɚ-
ɞɟɧɢɯ ɞɨ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ; Ɇɪ – ɦɨɦɟɧɬ, ɳɨ ɫɬɜɨɪɸєɬɶɫɹ ɞɢɧɚɦɿɱɧɢɦ ɪɨɡɜɚɧɬɚɠɭɜɚɱɟɦ; Z 

– ɱɢɫɥɨ ɩɚɡɿɜ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɯɪɟɫɬɚ; Zɪɨ – ɱɢɫɥɨ ɩɨɡɢɰɿɣ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ; t – ɩɨɬɨɱɧɢɣ ɱɚɫ; 

gM  – ɩɪɢɜɟɞɟɧɢɣ ɦɨɦɟɧɬ ɩɪɢɜɨɞɭ ɩɨɜɨɪɨɬɭ. 
Ɂɚɡɨɪɢ ɜ ɪɭɯɨɦɢɯ ɡ’єɞɧɚɧɧɹɯ ɧɟ ɜɪɚɯɨɜɭɸɬɶɫɹ, ɳɨɛ ɧɟ ɫɩɨɬɜɨɪɸɜɚɬɢ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ 

ɡɦɿɧɢ ɫɢɥ, ɳɨ ɞɿɸɬɶ ɧɚ ɥɚɧɤɢ ɦɟɯɚɧɿɡɦɿɜ, ɡɭɦɨɜɥɟɧɢɯ ʀɯɧɿɦɢ ɤɿɧɟɦɚɬɢɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫ-

ɬɢɤɚɦɢ. ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɩɨ ɯɚɪɚɤɬɟɪɭ ɡɦɿɧɢ ɫɢɥ ɦɨɠɥɢɜɨ ɜɢɡɧɚɱɢɬɢ ɦɨɦɟɧɬɢ ɱɚɫɭ, ɭ ɹɤɢɯ 
ɜɿɞɛɭɜɚєɬɶɫɹ ɩɟɪɟɪɨɡɩɨɞɿɥ ɡɚɡɨɪɿɜ ɭ ɦɟɯɚɧɿɡɦɿ, ɳɨ ɪɨɛɢɬɶ ɿɫɬɨɬɧɢɣ ɜɩɥɢɜ ɧɚ ɩɪɨɰɟɫ ɩɨɜɨ-
ɪɨɬɭ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ. ɍ ɞɢɧɚɦɿɱɧɭ ɦɨɞɟɥɶ ɧɟ ɜɤɥɸɱɟɧɿ ɦɚɫɢ ɥɚɧɨɤ ɩɪɢɜɨɞɚ. 

Ɋɿɜɧɹɧɧɹ ɪɭɯɭ ɦɚɫ ɞɢɧɚɦɿɱɧɨʀ ɦɨɞɟɥɿ, ɨɬɪɢɦɚɧɿ ɡ ɪɿɜɧɹɧɶ Ʌɚɝɪɚɧɠɚ ɞɪɭɝɨɝɨ ɪɨɞɭ, ɦɚ-
ɸɬɶ ɜɢɝɥɹɞ:  
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,
1

2
21 


d

d
U  ,

1

21
21 d

dU
U 


,2112 u 

ɪɨZ

Z
U 32 . (2) 

ɉɟɪɲɟ ɪɿɜɧɹɧɧɹ ɫɢɫɬɟɦɢ (1) ɨɬɪɢɦɚɧɟ ɡ ɪɿɜɧɹɧɧɹ ɨɛɟɪɬɚɥɶɧɨɝɨ ɪɭɯɭ ɬɿɥɚ ɡ ɩɟ-
ɪɟɦɿɧɧɢɦ ɦɨɦɟɧɬɨɦ ɿɧɟɪɰɿʀ (ɪɿɜɧɹɧɧɹ Ʌɚɝɪɚɧɠɚ ɞɪɭɝɨɝɨ ɪɨɞɭ ɞɥɹ ɭɡɚɝɚɥɶɧɟɧɨʀ ɤɨɨɪɞɢ-
ɧɚɬɢ ɭ ɜɢɞɿ ɤɭɬɚ) [6]: 
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ɞɟ Jn1 – ɩɪɢɜɟɞɟɧɢɣ ɞɨ ɪɨɡɩɨɞɿɥɶɱɨɝɨ ɜɚɥɭ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɟɯɚɧɿɡɦɭ. 
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ȼɢɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ ɤɿɧɟɦɚɬɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ, ɪɨɡɜɚɧ-
ɬɚɠɭɜɚɥɶɧɨɝɨ ɦɨɦɟɧɬɭ, ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɢɧɚɦɿɱɧɨʀ ɦɨɞɟɥɿ (ɩɪɢɜɟɞɟɧɢɯ ɦɨɦɟɧɬɿɜ 
ɿɧɟɪɰɿʀ ɦɚɫ, ɠɨɪɫɬɤɨɫɬɟɣ ɩɪɭɠɧɢɯ ɥɚɧɨɤ, ɤɨɟɮɿɰɿєɧɬɿɜ ɞɟɦɩɮɭɜɚɧɧɹ ɿ ɦɨɦɟɧɬɭ ɫɢɥ ɬɟɪɬɹ) 
ɩɨɞɚɧɨ ɧɢɠɱɟ. 
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Ʉɿɧɟɦɚɬɢɱɧɚ ɮɭɧɤɰɿɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ ɧɚɜɟɞɟɧɚ 
ɧɚ ɪɢɫ. 2.  

Ɏɨɪɦɭɥɢ (4)...(6) ɜɫɬɚɧɨɜɥɸɸɬɶ ɡɜ’ɹɡɨɤ ɦɿɠ ɤɭɬɨɦ ɩɨɜɨɪɨɬɭ ɜɨɞɢɥɚ ɣ ɤɭɬɨɦ ɩɨɜɨ-
ɪɨɬɭ, ɤɭɬɨɜɢɣ ɲɜɢɞɤɿɫɬɸ ɿ ɤɭɬɨɜɢɦ ɩɪɢɫɤɨɪɟɧɧɹɦ ɯɪɟɫɬɚ ɧɚ ɨɛɨɯ ɮɚɡɚɯ ɪɭɯɭ. Ɋɨɡɝɥɹɧɟɦɨ 
ɜɢɡɧɚɱɟɧɧɹ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɟɪɟɞɚɜɚɥɶɧɢɯ ɮɭɧɤɰɿɣ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡɚ ɞɨɩɨɦɨ-
ɝɨɸ ɪɨɡɪɚɯɭɧɤɨɜɨʀ ɫɯɟɦɢ ɡɚɦɿɧɸɸɱɨɝɨ ɤɭɥɿɫɧɨɝɨ ɦɟɯɚɧɿɡɦɭ. 

 
ɚ      ɛ 

Ɋɢɫ. 2. Ʉɿɧɟɦɚɬɢɱɧɚ ɮɭɧɤɰɿɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ 
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Ɋɨɡɪɨɛɥɟɧɿ ɚɥɝɨɪɢɬɦɢ ɪɨɡɪɚɯɭɧɤɭ ɞɢɧɚɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɪɟɚɥɿɡɨɜɚɧɿ ɭ ɜɢɝɥɹɞɿ ɫɬɪɭɤ-
ɬɭɪɧɨʀ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɩɨɜɨɪɨɬɭ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ. 

ɋɬɪɭɤɬɭɪɧɚ ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɪɟɚɥɿɡɨɜɚɧɚ ɡɚɫɨɛɚɦɢ ɫɢɫɬɟɦɢ SIMULINK ɩɚɤɟɬɭ 
MATLAB. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɩɪɨɰɟɞɭɪɚ ɩɚɤɟɬɚ MATLAB ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤ ɩɪɢɜɨɞɭ ɡ ɦɚɥɶɬɿɣɫɶɤɢɦ ɦɟɯɚɧɿɡɦɨɦ ɧɚɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3, ɚ ɧɚ ɪɢɫ. 4 ɬɚ 5 ɩɪɟɞ-
ɫɬɚɜɥɟɧɨ ɜɿɡɭɚɥɶɧɭ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɩɪɨɰɟɫɭ. 

 

Ɋɢɫ. 3. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɩɪɨɰɟɞɭɪɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɜɨɞɚ 

 

Ɋɢɫ. 4. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɤɿɧɟɦɚɬɢɱɧɚ ɮɭɧɤɰɿɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɩɪɹɦɢɦɢ ɩɚɡɚɦɢ 
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Ɋɢɫ. 5. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɤɿɧɟɦɚɬɢɱɧɚ ɮɭɧɤɰɿɹ ɦɚɥɶɬɿɣɫɶɤɨɝɨ ɦɟɯɚɧɿɡɦɭ  
ɡ ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ ɩɪɨɰɟɫɭ ɩɨɜɨɪɨɬɭ ɨɬɪɢɦɚɧɿ ɝɪɚɮɿɤɢ ɡɦɿɧɢ 
ɦɨɦɟɧɬɿɜ ɫɢɥ ɩɪɭɠɧɨɫɬɿ ɩɪɢ ɨɛɟɪɬɚɧɧɿ ɧɚ 60 ɦɚɥɶɬɿɣɫɶɤɢɦ ɦɟɯɚɧɿɡɦɨɦ ɡ ɩɪɹɦɢɦɢ ɬɚ 
ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ (ɪɢɫ. 6). 

 
ɚ           ɛ 

Ɋɢɫ. 6. Ƚɪɚɮɿɤɢ ɡɦɿɧɢ ɦɨɦɟɧɬɿɜ ɫɢɥ ɩɪɭɠɧɨɫɬɿ ɩɪɢ ɨɛɟɪɬɚɧɧɿ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɧɚ 60 
ɦɚɥɶɬɿɣɫɶɤɢɦ ɦɟɯɚɧɿɡɦɨɦ ɿɡ ɩɪɹɦɢɦɢ ɩɚɡɚɦɢ (ɚ) ɬɚ ɡ ɩɚɡɚɦɢ ɭ ɜɢɝɥɹɞɿ ɞɭɝɢ ɤɨɥɚ (ɛ):  

1, 3 – ɧɚ ɜɚɥɭ ɤɪɢɜɨɲɢɩɚ; 2, 4 – ɧɚ ɨɫɿ ɲɩɢɧɞɟɥɶɧɨɝɨ ɛɚɪɚɛɚɧɚ 

Ɋɨɡɝɥɹɧɭɬɨ ɦɟɬɨɞɢ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɩɨɜɨɪɨɬ, ɿɧɮɨɪɦɚɰɿɣɧɿ, ɚɧɚɥɿɬɢɱɧɿ, ɦɨɞɟ-
ɥɸɜɚɧɧɹ.  

Ɉɬɪɢɦɚɧɨ ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɧɢɯ ɮɭɧɤɰɿɣ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟ-
ɯɚɧɿɡɦɿɜ ɿɡ ɤɪɭɝɨɜɢɦɢ ɩɚɡɚɦɢ ɯɪɟɫɬɚ. ȼɢɛɪɚɧɨ ɪɚɰɿɨɧɚɥɶɧɭ ɤɨɧɫɬɪɭɤɰɿɸ ɦɟɯɚɧɿɡɦɭ ɿ ɣɨɝɨ 
ɩɚɪɚɦɟɬɪɿɜ. Ɋɨɡɪɨɛɥɟɧɨ ɚɥɝɨɪɢɬɦɢ ɿ ɩɪɨɝɪɚɦɢ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɧɚ ɜ ɫɟɪɟɞɨɜɢɳɿ MatLAB.  

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ɍ ɫɬɚɬɬɿ ɪɨɡɪɨɛɥɟɧɨ ɭɡɚɝɚɥɶɧɟɧɭ ɞɢɧɚɦɿɱɧɭ ɦɨɞɟɥɶ 
ɦɟɯɚɧɿɡɦɿɜ ɩɨɜɨɪɨɬɭ, ɳɨ ɜɤɥɸɱɚɸɬɶ ɦɚɥɶɬɿɣɫɶɤɿ ɦɟɯɚɧɿɡɦɢ ɪɿɡɧɢɯ ɬɢɩɿɜ ɿ ɞɢɧɚɦɿɱɧɢɣ 
ɪɨɡɜɚɧɬɚɠɭɜɚɱ, ɳɨ ɜɪɚɯɨɜɭє ɩɪɭɠɧɿɫɬɶ ɥɚɧɨɤ ɿ ʀɯ ɞɢɫɢɩɚɬɢɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɬɪɢɦɚɧɨ 
ɚɧɚɥɿɬɢɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɨɱɧɢɯ ɮɭɧɤɰɿɣ ɦɚɥɶɬɿɣɫɶɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɿɡ 
ɤɪɭɝɨɜɢɦɢ ɩɚɡɚɦɢ ɯɪɟɫɬɚ. Ɋɨɡɪɨɛɥɟɧɨ ɚɥɝɨɪɢɬɦɢ ɬɚ ɩɪɨɝɪɚɦɢ ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ. Ⱥɧɚɥɿɡ 
ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɞɟɥɸɜɚɧɧɹ (ɪɢɫ. 6 ɬɚ ɪɢɫ. 7) ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɩɪɨ ɛɿɥɶɲ ɩɥɚɜɧɭ 
ɡɦɿɧɭ ɦɨɦɟɧɬɭ ɧɚ ɟɥɟɦɟɧɬɚɯ ɦɟɯɚɧɿɡɦɭ, ɜɿɞɫɭɬɧɿɫɬɶ ɩɿɤɨɜɢɯ ɞɨ 3000 ɇɦ ɦɨɦɟɧɬɿɜ ɧɚ ɜɚɥɭ 
ɤɪɢɜɨɲɢɩɚ, ɡɦɟɧɲɟɧɧɹ ɞɨ 500 ɇ ɦ ɦɨɦɟɧɬɭ ɧɚ ɨɫɿ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ. Ɋɨɡɪɨɛɥɟɧɿ ɦɟɬɨɞɢ 
ɜɞɨɫɤɨɧɚɥɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɩɨɜɨɪɨɬɭ, ɹɤɿ ɡɚɛɟɡɩɟɱɭɸɬɶ ɩɿɞɜɢɳɟɧɧɹ ɧɚɞɿɣɧɨɫɬɿ ɣ ɞɨɜɝɨɜɿ-
ɱɧɨɫɬɿ ɪɨɛɨɬɢ. ɉɨɞɚɥɶɲɟ ɜɢɤɨɪɢɫɬɚɧɧɹ ɩɟɪɟɞɛɚɱɚє ɫɬɜɨɪɟɧɧɹ ɜɿɪɬɭɚɥɶɧɢɯ ɤɨɧɫɬɪɭɤɰɿɣ 
ɞɥɹ ɪɿɡɧɢɯ ɝɚɥɭɡɟɣ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ. 
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Oleksandr Lytvyn, Andrii Havrushkevych, Aleksyk Daniil 

MODELING AND RESEARCH OF DYNAMIC PARAMETERS  

OF MALTHIAN MECHANISMS OF TECHNOLOGICAL MACHINES 

Urgency of the research. Modern printing machines and technological equipment of mechanical engineering are widely 

used mechanisms of periodic rotation, including Malta, for automation of various technological processes. The performance 

and quality of processes are influenced by the features of the dynamic characteristics of these mechanisms, so the topic of the 

study is applicable and relevant. The mathematical model and the results of the study of the dynamic and power parameters of 

the Malta mechanisms of technological machines are considered. 

Target setting. Increasing the speed of the turning mechanism limits the significant increase in the dynamic loads in its 

links. This leads to an increase in the maximum torque value on the drive shaft on the drive shaft in the first half of the turn. In 

the process of designing machines, the developer has to balance the performance and reliability of technical systems. This 

problem cannot be solved without the use of mathematical modeling methods. 

Actual scientific researches and issues analysis. Scientific publications of domestic and foreign authors and methods of 

automated design of the above mechanisms were considered. 

Uninvestigated parts of general matters defining. The methods of investigation of the mechanisms of rotation are con-

sidered: information, analytical, modeling. 

Analytical dependencies were obtained to determine the transfer functions of the Maltese mechanisms with circular 

grooves of the cross. The rational design of the mechanism and its parameters is selected. Algorithms and programs for mod-

eling on MatLAB environment have been developed. 

The research objective. As a result of mathematical modeling of the process of rotation, the graphs of change of moments 

of forces of elasticity at rotation of the Maltese mechanism with straight grooves and grooves in the form of a circle arc are 

obtained, which will allow to make changes to the geometrical parameters of the links of these mechanisms. 

The statement of basic materials. The methods of investigation of the mechanisms of turn are considered: information, 

analytical, modeling. 

Analytical dependencies were obtained to determine the transfer functions of the Maltese mechanisms with circular 

grooves of the cross. The rational design of the mechanism and its parameters is selected. Algorithms and programs for mod-

eling on MatLAB environment have been developed. 

Conclusions. As a result of mathematical modeling of the process of rotation, the graphs of change of moments of forces 

of elasticity at rotation of the Maltese mechanism with straight grooves and grooves in the form of a circle arc are obtained, 

which will allow to make changes to the geometrical parameters of the links of these mechanisms. 

Keywords: mathematical model; kinematic characteristics; the process of turning; load; dynamic loads; mechanisms of 

periodic rotation; reliability; durability. 
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