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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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Ɇɚɬɟɪɿɚɥɢ ɞɪɭɤɭɸɬɶɫɹ ɭɤɪɚʀɧɫɶɤɨɸ, ɪɨɫɿɣɫɶɤɨɸ ɚɛɨ 
ɚɧɝɥɿɣɫɶɤɨɸ ɦɨɜɚɦɢ. 
 

ɇɨɦɟɪ ɡɚɬɜɟɪɞɠɟɧɨ ɧɚ ɡɚɫɿɞɚɧɧɿ ȼɱɟɧɨʀ ɪɚɞɢ   
ɐɟɧɬɪɚɥɶɧɨɭɤɪɚʀɧɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ 

ɭɧɿɜɟɪɫɢɬɟɬɭ 

 

ɉɪɨɬɨɤɨɥ № 7 ɜɿɞ 25.05.2019ɪ 

Materials are submited in Ukrainian, Russian or English 

languages. 
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ȼɿɫɧɢɤ ȱɧɠɟɧɟɪɧɨʀ ɚɤɚɞɟɦɿʀ ɍɤɪɚʀɧɢ ɜɤɥɸɱɟɧɢɣ ɭ ɧɨɜɢɣ 
ɉɟɪɟɥɿɤ ɧɚɭɤɨɜɢɯ ɮɚɯɨɜɢɯ ɜɢɞɚɧɶ ɍɤɪɚʀɧɢ, ɜ ɹɤɢɯ 
ɦɨɠɭɬɶ ɩɭɛɥɿɤɭɜɚɬɢɫɹ ɪɟɡɭɥɶɬɚɬɢ ɞɢɫɟɪɬɚɰɿɣɧɢɯ ɪɨɛɿɬ 
ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɢɯ ɫɬɭɩɟɧɿɜ ɞɨɤɬɨɪɚ ɿ ɤɚɧɞɢɞɚɬɚ ɧɚɭɤ 
ɜ ɝɚɥɭɡɿ ɬɟɯɧɿɱɧɢɯ ɧɚɭɤ (ɇɚɤɚɡ ɆɈɇ ɍɤɪɚʀɧɢ ɜɿɞ 
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ɍȾɄ 621.317.08 
Ⱥ.ȼ. Ɋɭɞɢɤ, ɞ.ɬ.ɧ.,  

Ɉ.Ⱥ. Ȼɿɞɭɧ 

ȺɇȺɅȱɁ  ɈɋɇɈȼɇɂɏ  Ɍȿɏɇȱɑɇɂɏ  ɉȺɊȺɆȿɌɊȱȼ,  ɏȺɊȺɄɌȿɊɂɋɌɂɄ  ɌȺ  
ɆȺɌȿɆȺɌɂɑɇɂɏ  ɆɈȾȿɅȿɃ  ȺɄɋȿɅȿɊɈɆȿɌɊȱȼ 

ɇɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɜɨɞɧɨɝɨ ɝɨɫɩɨɞɚɪɫɬɜɚ ɬɚ ɩɪɢɪɨɞɨɤɨɪɢɫɬɭɜɚɧɧɹ, a.v.rudyk@nuwm.edu.ua 

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 ɟɤɜɿɜɚɥɟɧɬ-

ɧɨʀ 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 ɞɨ-

ɜɨɞɢɬɶ ɚɞɟɤɜɚɬɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɦɨɞɟɥɟɣ. 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɤɫɟɥɟɪɨɦɟɬɪ, ɬɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ, ɬɟɯɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ, 
ɟɤɜɿɜɚɥɟɧɬɧɚ ɫɯɟɦɚ, ɞɿɚɩɚɡɨɧ ɜɢɦɿɪɸɜɚɧɧɹ, ɩɪɢɫɤɨɪɟɧɧɹ. 

ȼɫɬɭɩ 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ є ɫɟɧɫɨɪɨɦ, ɹɤɢɣ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɞɥɹ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ ɚɛɨ ɫɢɥɢ, 
ɜɢɤɥɢɤɚɧɢɯ ɩɪɢɫɤɨɪɟɧɧɹɦ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ. Ɏɿɡɢɱɧɨɸ ɦɨɞɟɥɥɸ ɚɤɫɟɥɟɪɨɦɟɬɪɚ є ɫɟɣɫɦɿɱɧɚ (ɿɧɟɪ-

ɰɿɣɧɚ) ɦɚɫɚ, ɩɿɞɜɿɲɟɧɚ ɧɚ ɡɚɤɪɿɩɥɟɧɿɣ ɜ ɧɟɪɭɯɨɦɨɦɭ ɤɨɪɩɭɫɿ ɩɪɭɠɢɧɿ (ɟɥɟɦɟɧɬɚɪɧɨɸ ɤɨɥɢɜɚɥɶɧɨɸ 
ɫɢɫɬɟɦɨɸ ɡ ɨɞɧɢɦ ɫɬɟɩɟɧɟɦ ɫɜɨɛɨɞɢ ɯ ɜ ɧɚɩɪɹɦɤɭ ɜɢɦɿɪɸɜɚɥɶɧɨʀ ɨɫɿ) (ɪɢɫ. 1). ɉɪɢ ɞɿʀ 
ɩɪɢɫɤɨɪɸɜɚɥɶɧɨʀ ɫɢɥɢ ɿɧɟɪɰɿɣɧɚ ɦɚɫɚ ɧɚɛɭɜɚє ɩɪɢɫɤɨɪɟɧɧɹ, ɩɪɢ ɰɶɨɦɭ ɫɢɥɚ ɡɚ ɞɪɭɝɢɦ ɡɚɤɨɧɨɦ 
ɇɶɸɬɨɧɚ ɩɪɨɩɨɪɰɿɣɧɚ ɦɚɫɿ ɬ ɬɚ ɩɪɢɫɤɨɪɟɧɧɸ ɚ: 

.amF                                                                        (1) 

                         

                                                      ɚ)                                                          ɛ) 
Ɋɢɫ. 1. Ɏɿɡɢɱɧɚ ɦɨɞɟɥɶ ɚɤɫɟɥɟɪɨɦɟɬɪɚ: ɚ – ɤɨɧɫɬɪɭɤɰɿɹ ɮɿɡɢɱɧɨʀ ɦɨɞɟɥɿ (1 – ɧɟɪɭɯɨɦɢɣ ɤɨɪɩɭɫ; 2 – ɩɪɭɠɢɧɚ, 

ɡɚɤɪɿɩɥɟɧɚ ɜ ɤɨɪɩɭɫɿ; 3 – ɿɧɟɪɰɿɣɧɚ ɦɚɫɚ, ɩɿɞɜɿɲɟɧɚ ɧɚ ɩɪɭɠɢɧɿ); ɛ – ɫɢɥɢ, ɳɨ ɞɿɸɬɶ ɜ ɦɨɞɟɥɿ 

ɋɢɥɚ ɩɪɭɠɧɨɫɬɿ (ɠɨɪɫɬɤɨɫɬɿ) ɩɪɭɠɢɧɢ ɜ ɰɿɣ ɦɨɞɟɥɿ ɡɪɿɜɧɨɜɚɠɭє (ɞɟɦɩɮɭє) ɩɟɪɟɦɿɳɟɧɧɹ 
ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ ɬ ɜɿɞɧɨɫɧɨ ɤɨɪɩɭɫɭ: 

                                                                     (2) 

ɞɟ ɠɨɪɫɬɤɿɫɬɶ ɩɪɭɠɢɧɢ, ɩɟɪɟɦɿɳɟɧɧɹ ɦɚɫɢ ɬ ɜɿɞɧɨɫɧɨ ɜɢɯɿɞɧɨɝɨ ɩɨɥɨɠɟɧɧɹ. 
Ɂ ɫɩɿɜɜɿɞɧɨɲɟɧɶ (1) ɬɚ (2) ɜɢɯɨɞɢɬɶ, ɳɨ 

,
m

k
xa                                                                      (3) 

ɞɟ ɤɨɧɫɬɪɭɤɬɢɜɧɢɣ ɩɚɪɚɦɟɬɪ ɜɢɦɿɪɸɜɚɥɶɧɨɝɨ ɩɟɪɟɬɜɨɪɸɜɚɱɚ (ɫɟɧɫɨɪɚ). 

Ɂɝɿɞɧɨ ɬɚɤɨʀ ɟɥɟɦɟɧɬɚɪɧɨʀ ɦɨɞɟɥɿ ɨɞɧɿєɸ ɡ ɨɫɧɨɜɧɢɯ ɤɥɚɫɢɮɿɤɚɰɿɣɧɢɯ ɨɡɧɚɤ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ є ɜɿɞ-

ɦɿɧɧɿɫɬɶ ɩɪɢ ɨɬɪɢɦɚɧɧɿ ɟɥɟɤɬɪɢɱɧɨɝɨ ɫɢɝɧɚɥɭ ɩɪɢ ɞɟɬɟɤɬɭɜɚɧɧɿ ɪɭɯɭ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ [1]. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
ȼ ɫɬɚɬɬɿ ɧɟɨɛɯɿɞɧɨ: 
1) ɩɪɨɜɟɫɬɢ ɚɧɚɥɿɡ ɨɫɧɨɜɧɢɯ ɬɟɯɧɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ, ɹɤɿ ɜɢɤɨɪɢ-

ɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɰɿɧɤɢ ʀɯ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɬɚ ɜɢɤɨɧɚɧɧɹ ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɡɚɞɚɱ; 
2) ɪɨɡɪɨɛɢɬɢ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɜ ɪɿɡɧɢɯ ɮɨɪɦɚɯ; 
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3) ɩɪɨɜɟɫɬɢ ɨɰɿɧɤɭ ɩɚɪɚɦɟɬɪɿɜ ɟɥɟɤɬɪɢɱɧɨʀ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɤɨɧɤɪɟɬɧɨɝɨ ɬɢɩɭ 
(“ɿɧɞɢɜɿɞɭɚɥɶɧɨʀ” ɦɨɞɟɥɿ) ɜɢɛɪɚɧɢɦ ɦɟɬɨɞɨɦ. 

Ɉɫɧɨɜɧɿ ɬɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ 

Ⱥɤɫɟɥɟɪɨɦɟɬɪɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɛɿɥɶɲ ɧɿɠ 40 ɩɚɪɚɦɟɬɪɚɦɢ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɹɤɿ ɜɢɤɨɪɢ-

ɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɰɿɧɤɢ ʀɯ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɬɚ ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɧɚɧɧɹ ɤɨɧɤɪɟɬɧɢɯ 
ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɡɚɞɚɱ. Ɍɟɯɧɿɱɧɿ ɩɚɪɚɦɟɬɪɢ ɬɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ ɩɪɢɣɧɹɬɨ ɞɿɥɢɬɢ ɧɚ 
ɦɟɬɪɨɥɨɝɿɱɧɿ ɿ ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ [2]. 

ɇɚɣɛɿɥɶɲ ɜɚɠɥɢɜɢɦɢ ɦɟɬɪɨɥɨɝɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ є ʀɯ ɬɨɱɧɿɫɧɿ ɯɚɪɚɤɬɟ-

ɪɢɫɬɢɤɢ, ɤɨɟɮɿɰɿєɧɬɢ ɩɟɪɟɬɜɨɪɟɧɧɹ ɬɚ ɜɩɥɢɜɭ, ɚ ɬɚɤɨɠ ɱɚɫɬɨɬɧɿ ɬɚ ɱɚɫɨɜɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. Ɉɫɧɨ-

ɜɧɢɦɢ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ є ɦɚɫɚ ɿ ɝɚɛɚɪɢɬɧɿ ɪɨɡɦɿɪɢ, ɫɩɨɫɿɛ ɤɪɿɩɥɟɧɧɹ ɧɚ ɨɛ’єɤɬɿ 
ɬɚ ɡɚɯɢɳɟɧɿɫɬɶ ɜɿɞ ɜɩɥɢɜɭ ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɿ ɞɠɟɪɟɥ ɡɚɜɚɞ. ȱɧɨɞɿ ɦɨɠɭɬɶ ɛɭɬɢ 
ɧɟɨɛɯɿɞɧɢɦɢ ɟɤɜɿɜɚɥɟɧɬɧɚ ɟɥɟɤɬɪɢɱɧɚ єɦɧɿɫɬɶ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɪɟɡɨɧɚɧɫɧɿ ɱɚɫɬɨɬɢ ɧɟɡɚɤɪɿɩɥɟɧɨɝɨ 
ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɭ ɩɨɜɡɞɨɜɠɧɨɦɭ ɿ ɡɚɤɪɿɩɥɟɧɨɝɨ ɭ ɩɨɩɟɪɟɱɧɨɦɭ ɧɚɩɪɹɦɤɚɯ ɬɚ ɿɧ. 

Ɉɞɧɢɦ ɡ ɨɫɧɨɜɧɢɯ ɩɚɪɚɦɟɬɪɿɜ, ɳɨ є ɜɢɪɿɲɚɥɶɧɢɦ ɮɚɤɬɨɪɨɦ ɩɪɢ ɜɢɛɨɪɿ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɞɥɹ 
ɤɨɧɤɪɟɬɧɨʀ ɡɚɞɚɱɿ, є ɞɿɚɩɚɡɨɧ ɜɢɦɿɪɸɜɚɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ. Ɂɚ ɰɿєɸ ɨɡɧɚɤɨɸ ɜɢɞɿɥɹɸɬɶ ɚɤɫɟɥɟɪɨɦɟɬɪɢ 
ɞɥɹ ɞɟɬɟɤɬɭɜɚɧɧɹ ɦɚɥɢɯ  (Low·g) ɬɚ  ɿ ɜɢɳɟ (High·g) ɩɪɢɫɤɨɪɟɧɶ. ȱɧɲɿ 
ɤɥɚɫɢɮɿɤɚɰɿɣɧɿ ɨɡɧɚɤɢ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɤɿɥɶɤɿɫɬɶ ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɨɫɟɣ, ɬɢɩ ɜɢɯɨɞɭ, ɱɚɫɬɨɬɧɢɣ 
ɞɿɚɩɚɡɨɧ ɣ ɿɧ. [3]. 

ȼɚɠɥɢɜɢɦ ɩɨɤɚɡɧɢɤɨɦ ɪɨɛɨɬɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ є ɱɚɫɨɜɚ ɫɬɚɛɿɥɶɧɿɫɬɶ ɣɨɝɨ ɦɟɬɪɨɥɨɝɿɱɧɢɯ ɯɚɪɚɤ-

ɬɟɪɢɫɬɢɤ ɿ ɫɬɚɛɿɥɶɧɿɫɬɶ ɞɨ ɜɩɥɢɜɭ ɡɨɜɧɿɲɧɿɯ ɞɟɫɬɚɛɿɥɿɡɭɸɱɢɯ ɮɚɤɬɨɪɿɜ. ȼ ɟɤɫɬɪɟɦɚɥɶɧɢɯ ɭɦɨɜɚɯ 
ɟɤɫɩɥɭɚɬɚɰɿʀ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ ɦɨɠɥɢɜɿ ɹɤ ɨɛɨɪɨɬɧɿ, ɬɚɤ ɿ ɧɟɡɜɨɪɨɬɧɿ ɡɦɿɧɢ ʀɯ ɤɨɟɮɿɰɿєɧɬɿɜ ɩɟɪɟ-

ɬɜɨɪɟɧɧɹ ɬɚ ɿɧɲɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɳɨ ɨɛɦɟɠɭє ɭɦɨɜɢ ʀɯ ɜɢɤɨɪɢɫɬɚɧɧɹ ɿ є ɨɞɧɢɦ ɡ ɧɚɣɫɭɬɬєɜɿɲɢɦ ʀɯ 
ɧɟɞɨɥɿɤɨɦ. 

Ɂɚ ɮɿɡɢɱɧɨɸ ɦɨɞɟɥɥɸ ɮɭɧɤɰɿɨɧɚɥɶɧɟ ɩɪɢɡɧɚɱɟɧɧɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɩɨɥɹɝɚє ɜ ɨɬɪɢɦɚɧɧɿ ɥɿɧɿɣɧɨʀ 
ɮɭɧɤɰɿʀ ɩɟɪɟɬɜɨɪɟɧɧɹ (ɡɚɥɟɠɧɨɫɬɿ ɜɢɯɿɞɧɨʀ ɧɚɩɪɭɝɢ U ɜɿɞ ɩɪɢɫɤɨɪɟɧɧɹ a) ɩɟɪɟɜɚɠɧɨ ɜ ɚɧɚɥɨɝɨɜɨɦɭ 
ɚɛɨ ɒȱɆ-ɮɨɪɦɚɬɿ (ɪɢɫ. 2). 

ɇɚ ɪɢɫ. 2 ɜɜɟɞɟɧɨ ɬɚɤɿ ɩɨɡɧɚɱɟɧɧɹ: , ɝɪɚɧɢɰɿ ɞɿɚɩɚɡɨɧɭ ɡɦɿɧɢ ɩɪɢɫɤɨɪɟɧɧɹ; 
ɦɚɤɫɢɦɚɥɶɧɢɣ ɞɿɚɩɚɡɨɧ; , ɨɛɦɟɠɭɜɚɥɶɧɿ ɪɿɜɧɿ; ɫɟɪɟɞɧɶɨ-

ɤɜɚɞɪɚɬɢɱɧɚ ɧɚɩɪɭɝɚ; ɭɧɿɩɨɥɹɪɧɚ (1) ɬɚ ɿɧɜɟɪɬɨɜɚɧɚ ɭɧɿɩɨɥɹɪɧɚ (2) ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ; 
ɬɪɢɜɚɥɨɫɬɿ ɿɦɩɭɥɶɫɿɜ ( ɦɿɧɿɦɚɥɶɧɚ ɬɪɢɜɚɥɿɫɬɶ ɩɪɢ  (ɦɿɧɿɦɚɥɶɧɢɣ ɪɨ-

ɛɨɱɢɣ ɰɢɤɥ), ɬɪɢɜɚɥɿɫɬɶ ɿɦɩɭɥɶɫɭ, ɳɨ ɜɿɞɩɨɜɿɞɚє 50%-ɦɭ ɪɨɛɨɱɨɦɭ ɰɢɤɥɭ ɩɪɢ ɚ = 0, 

ɦɚɤɫɢɦɚɥɶɧɚ ɬɪɢɜɚɥɿɫɬɶ ɩɪɢ  (ɦɚɤɫɢɦɚɥɶɧɢɣ ɪɨɛɨɱɢɣ ɰɢɤɥ));  ɬɚ 
 ɫɬɚɥɿ ɡɧɚɱɟɧɧɹ ɩɟɪɿɨɞɭ ɿ ɱɚɫɬɨɬɢ ɒȱɆ-ɫɢɝɧɚɥɭ. 

 
Ɋɢɫ. 2. Ɍɢɩɨɜɿ ɮɭɧɤɰɿʀ ɩɟɪɟɬɜɨɪɟɧɧɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚ: ɚɧɚɥɨɝɨɜɚ ɚɛɨ ɥɿɧɿɣɧɚ (ɚ) ɬɚ ɒІɆ (ɛ) 

Ɂɚ ɞɚɧɢɦ ɜɢɡɧɚɱɟɧɧɹɦ ɨɫɧɨɜɧɢɦɢ ɪɨɛɨɱɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ є ɬɚɤɿ. 
1. Ʉɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ, ɹɤɢɣ ɜ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ є ɤɨɦɩɥɟɤɫɧɨɸ ɜɟɥɢɱɢɧɨɸ ɿ ɜɢɡɧɚɱɚ-

єɬɶɫɹ ɜɿɞɧɨɲɟɧɧɹɦ ɜɢɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɞɨ ɩɪɢɫɤɨɪɟɧɧɹ ɩɪɢ ɫɢɧɭɫɨʀɞɚɥɶɧɿɣ ɞɿʀ, ɩɪɢ-

ɤɥɚɞɟɧɿɣ ɞɨ ɩɨɫɚɞɨɱɧɨʀ ɩɨɜɟɪɯɧɿ ɜɡɞɨɜɠ ɨɫɿ ɱɭɬɥɢɜɨɫɬɿ ɫɟɧɫɨɪɚ; ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɚ 
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ɧɚɩɪɭɝɨɸ ɜɢɡɧɚɱɚєɬɶɫɹ ɜ ɪɟɠɢɦɿ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ, ɚ ɡɚ ɡɚɪɹɞɨɦ – ɧɟ ɡɚɥɟɠɢɬɶ ɜɿɞ ɞɨɞɚɬɤɨɜɨʀ єɦɧɨɫɬɿ 
ɧɚɜɚɧɬɚɠɟɧɧɹ. 

2. ȼɿɞɧɨɫɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɬɜɨɪɟɧɧɹ, ɹɤɢɣ є ɜɿɞɧɨɲɟɧɧɹɦ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧ-

ɧɹ ɫɢɝɧɚɥɭ, ɳɨ ɜɢɧɢɤɚє ɩɪɢ ɞɿʀ ɩɪɢɫɤɨɪɟɧɧɹ, ɧɚɩɪɚɜɥɟɧɨɝɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɨɛɨɱɿɣ ɨɫɿ ɚɤɫɟ-

ɥɟɪɨɦɟɬɪɚ, ɞɨ ɡɧɚɱɟɧɧɹ ɫɢɝɧɚɥɭ, ɜɢɦɿɪɹɧɨɝɨ ɩɪɢ ɞɿʀ ɬɨɝɨ ɫɚɦɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɜɡɞɨɜɠ ɣɨɝɨ ɪɨɛɨɱɨʀ 
ɨɫɿ (%). 

3. Ʉɨɟɮɿɰɿєɧɬɢ ɜɩɥɢɜɭ ɞɟɮɨɪɦɚɰɿʀ ɨɫɧɨɜɢ ɜ ɦɿɫɰɿ ɡɚɤɪɿɩɥɟɧɧɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ 
ɩɨɥɹ, ɛɥɭɤɚɸɱɢɯ ɫɬɪɭɦɿɜ ɬɚ ɪɿɡɧɢɯ ɬɢɩɿɜ ɜɢɩɪɨɦɿɧɸɜɚɧɶ. 

4. Ɇɚɤɫɢɦɚɥɶɧɢɣ ɞɟɬɟɤɬɨɜɚɧɢɣ ɞɿɚɩɚɡɨɧ ɩɪɢɫɤɨɪɟɧɶ , ɹɤɢɣ ɞɨɪɿɜɧɸє ɩɿɤɨ-

ɜɨɦɭ ɪɨɡɦɚɯɭ ɞɟɬɟɤɬɨɜɚɧɢɯ ɚɦɩɥɿɬɭɞɧɢɯ ɡɧɚɱɟɧɶ  ɬɚ . 

5. Ⱦɢɧɚɦɿɱɧɢɣ ɞɿɚɩɚɡɨɧ ɚɦɩɥɿɬɭɞɢ  (SNR – signal to noise ratio) – ɜɿɞɧɨɲɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ 
ɞɿɚɩɚɡɨɧɭ ɜɢɦɿɪɸɜɚɧɶ  ɞɨ ɫɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɨʀ ɧɚɩɪɭɝɢ 
ɲɭɦɿɜ : 

 

6. ɑɭɬɥɢɜɿɫɬɶ (ɮɚɤɬɨɪ ɦɚɫɲɬɚɛɭ) – ɜɿɞɧɨɲɟɧɧɹ ɩɪɢɪɨɫɬɿɜ ɜɢɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ (ɧɚɩɪɢɤɥɚɞ, ɚɧɚ-

ɥɨɝɨɜɨʀ ɧɚɩɪɭɝɢ) ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ: 

                                                             (4) 

7. ɑɭɬɥɢɜɨɫɬɿ ɞɨ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ , ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ  ɬɚ ɜɿɛɪɚɰɿɣ 
, ɞɟ , [ɦ/(ɪɚɞ∙ɫ)], , [ɦ/(ɫ2∙ɨɋ], , [ɦ/ɫ] – ɜɿɞɩɨɜɿɞɧɨ ɤɨɟɮɿɰɿєɧɬɢ ɱɭɬɥɢɜɨɫɬɿ 
ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɞɨ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɿɞɧɨɫɧɨ ɜɿɞɩɨɜɿɞɧɨʀ ɨɫɿ, ɞɨ ɡɦɿɧɢ ɬɟɦɩɟɪɚɬɭɪɢ ɬɚ ɞɨ ɱɚɫɬɨɬɢ 
ɜɿɛɪɚɰɿʀ; ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬɶ; ɜɟɥɢɱɢɧɚ ɜɿɞɯɢɥɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜɿɞ ɧɨɦɿɧɚɥɶɧɨʀ; ɱɚɫɬɨɬɚ 
ɜɿɛɪɚɰɿʀ. 

8. ɑɭɬɥɢɜɿɫɬɶ ɞɨ ɚɤɭɫɬɢɱɧɢɯ ɲɭɦɿɜ. 
9. ɉɨɩɟɪɟɱɧɚ ɨɫɶɨɜɚ ɱɭɬɥɢɜɿɫɬɶ – ɡɧɚɱɟɧɧɹ ɩɨɩɟɪɟɱɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ, ɹɤɟ ɞɿє ɩɿɞ ɤɭɬɨɦ 90ɨ, ɧɚ 

ɜɢɯɨɞɿ ɚɤɫɟɥɟɪɨɦɟɬɪɚ (ɭ ɿɞɟɚɥɶɧɨɝɨ ɫɟɧɫɨɪɚ ɞɨɪɿɜɧɸє ɧɭɥɸ). 

10. ɋɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɚ ɧɚɩɪɭɝɚ (ɋɄɇ) , ɹɤɚ є ɫɟɪɟɞɧɿɦ ɡ ɨɛɦɟɠɭɜɚɥɶ-

ɧɢɯ ɪɿɜɧɿɜ ɜɢɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ  ɬɚ . 

11. Ɂɦɿɳɟɧɧɹ ɧɭɥɹ – ɜɿɞɯɢɥɟɧɧɹ ɩɨ ɨɫɿ ɜɢɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ , ɳɨ ɜɿɞɩɨɜɿɞɚє ɧɭɥɶɨɜɨɦɭ ɡɧɚ-

ɱɟɧɧɸ ɩɪɢɫɤɨɪɟɧɧɹ  (ɞɥɹ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ ɬɨɬɨɠɧɨ ). 

12. Ⱦɪɟɣɮ ɱɭɬɥɢɜɨɫɬɿ – ɜɚɪɿɚɰɿʀ ɱɭɬɥɢɜɨɫɬɿ, ɹɤɿ ɧɟ є ɮɭɧɤɰɿєɸ ɜɢɦɿɪɸɜɚɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ, ɧɚ-

ɩɪɢɤɥɚɞ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɥɿɦɚɬɢɱɧɢɯ ɮɚɤɬɨɪɿɜ (ɬɟɦɩɟɪɚɬɭɪɢ Ɍ, ɜɿɞɧɨɫɧɨʀ ɜɨɥɨɝɨɫɬɿ W ɬɚ ɬɢɫɤɭ Ɋ 

ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɩɨɜɿɬɪɹ), ɳɨ ɜɿɞɪɿɡɧɹєɬɶɫɹ ɜɿɞ ʀɯ ɧɨɦɿɧɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɩɪɢ ɜɢɦɿɪɸɜɚɧɧɿ ɩɚɪɚɦɟɬɪɿɜ 
ɪɭɯɭ ɨɛ’єɤɬɿɜ 20 ɨɋ, 65% ɿ 99.992 ɤɉɚ (750 ɦɦ. ɪɬ. ɫɬ.) [4] (ɤɥɿɦɚɬɢɱɧɢɣ ɞɪɟɣɮ 

), ɜ ɡɚɥɟɠɧɨɫɬɿ ɬɿɥɶɤɢ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ (ɬɟɦɩɟɪɚɬɭɪɧɢɣ ɞɪɟɣɮ ), ɚɛɨ ɜ ɪɟɡɭɥɶɬɚɬɿ 

ɞɿʀ ɿɧɲɢɯ ɮɚɤɬɨɪɿɜ ɩɪɨɬɹɝɨɦ ɱɚɫɨɜɨɝɨ ɿɧɬɟɪɜɚɥɭ  (ɱɚɫɨɜɢɣ ɞɪɟɣɮ ): 

              (5) 

13. Ⱦɪɟɣɮ ɡɦɿɳɟɧɧɹ – ɜɿɞɯɢɥɟɧɧɹ ɋɄɇ  ɜɿɞ ɬɟɨɪɟɬɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɜ ɩɨɜɧɨɦɭ ɞɿɚɩɚɡɨɧɿ, ɧɚ-

ɩɪɢɤɥɚɞ, ɜɧɚɫɥɿɞɨɤ ɜɩɥɢɜɭ ɤɥɿɦɚɬɢɱɧɢɯ ɮɚɤɬɨɪɿɜ [1]: 

                                       (6) 

14. ɇɟɥɿɧɿɣɧɿɫɬɶ – ɦɚɤɫɢɦɚɥɶɧɟ ɜɿɞɯɢɥɟɧɧɹ ɜɢɯɿɞɧɨɝɨ ɫɢɝɧɚɥɭ ɜɿɞ ɿɞɟɚɥɶɧɨʀ ɩɪɹɦɨɥɿɧɿɣɧɨʀ ɡɚ-

ɥɟɠɧɨɫɬɿ (ɪɢɫ. 2, ɚ), ɜɢɪɚɠɟɧɟ ɭ ɜɿɞɫɨɬɤɚɯ ɜɿɞ ɩɨɜɧɨʀ ɲɤɚɥɢ: 
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ȼɩɥɢɜ ɜɟɥɢɤɢɯ ɦɟɯɚɧɿɱɧɢɯ ɧɚɜɚɧɬɚɠɟɧɶ ɧɚ ɱɭɬɥɢɜɢɣ ɟɥɟɦɟɧɬ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɦɨɠɟ ɩɪɢɜɟɫɬɢ ɹɤ 

ɞɨ ɧɟɥɿɧɿɣɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ɝɟɧɟɪɨɜɚɧɨɝɨ ɫɢɝɧɚɥɭ ɜɿɞ ɦɟɯɚɧɿɱɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɫɟɧɫɨɪɚ, ɬɚɤ ɿ ɞɨ ɩɨɹɜɢ 
ɧɟɡɜɨɪɨɬɧɢɯ ɡɦɿɧ, ɜɢɤɥɢɤɚɧɢɯ ɝɿɫɬɟɪɟɡɢɫɨɦ, ɱɚɫɬɤɨɜɨɸ ɩɨɥɹɪɢɡɚɰɿєɸ ɚɛɨ ɞɟɩɨɥɹɪɢɡɚɰɿєɸ, ɚ ɬɚɤɨɠ 
ɧɚɹɜɧɿɫɬɸ ɦɿɤɪɨɧɟɪɿɜɧɨɫɬɟɣ ɤɨɧɬɚɤɬɧɢɯ ɩɨɜɟɪɯɨɧɶ. Ⱦɟɹɤɿ ɜɢɪɨɛɧɢɤɢ ɜɤɚɡɭɸɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫ-

ɬɢɦɿ ɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧɶ, ɩɟɪɟɜɢɳɟɧɧɹ ɹɤɢɯ ɦɨɠɟ ɩɪɢɜɟɫɬɢ ɞɨ ɧɟɡɜɨɪɨɬɧɢɯ ɡɦɿɧ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɚɠ ɞɨ ɣɨɝɨ ɦɟɯɚɧɿɱɧɨɝɨ ɪɭɣɧɭɜɚɧɧɹ. Ɂɧɚɱɟɧɧɹ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɢɯ ɩɪɢɫɤɨɪɟɧɶ 
ɜɢɡɧɚɱɚɸɬɶɫɹ ɜ ɧɚɩɪɹɦɤɭ ɪɨɛɨɱɨʀ ɨɫɿ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɿ ɫɭɬɬєɜɨ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɜɿɞ ɡɧɚɱɟɧɶ ɞɥɹ ɩɨɩɟ-

ɪɟɱɧɨɝɨ ɧɚɩɪɹɦɤɭ [5]. 

15. Ɋɟɡɨɧɚɧɫɧɚ ɱɚɫɬɨɬɚ  ɚɛɨ . 

16. Ⱦɿɚɩɚɡɨɧ ɪɨɛɨɱɢɯ ɱɚɫɬɨɬ , ɹɤɢɣ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ Ⱥɑɏ (ɪɢɫ. 3). ȼ ɡɚɝɚɥɶɧɨɦɭ 
ɜɢɩɚɞɤɭ ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɡɚ ɧɚɩɪɭɝɨɸ ɧɚ ɛɭɞɶ-ɹɤɿɣ ɱɚɫɬɨɬɿ, ɧɢɠɱɟ 
ɪɟɡɨɧɚɧɫɧɨʀ, ɩɪɟɞɫɬɚɜɥɹєɬɶɫɹ ɬɚɤ [5, 6]: 

                                                      (7) 

ɞɟ ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɬɜɨɪɟɧɧɹ ɡɚ ɧɚɩɪɭɝɨɸ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɞɿɥɹɧɰɿ Ⱥɑɏ; 

ɤɨɟɮɿɰɿєɧɬ ɱɚɫɬɨɬɧɢɯ ɫɩɨɬɜɨɪɟɧɶ, ɹɤɢɣ ɧɚ ɱɚɫɬɨɬɚɯ, ɦɟɧɲɢɯ , ɡɚɡɜɢɱɚɣ ɩɪɢɣɦɚє ɡɧɚɱɟɧɧɹ, ɦɟɧɲɿ 

1, ɚ ɧɚ ɱɚɫɬɨɬɚɯ, ɛɿɥɶɲɢɯ – ɛɿɥɶɲɿ 1; ɜɿɞɧɨɫɧɟ ɜɿɞɯɢɥɟɧɧɹ 

Ⱥɑɏ ɜɿɞ ɡɧɚɱɟɧɧɹ . 

 
Ɋɢɫ. 3. Ɂɚɥɟɠɧɿɫɬɶ ɤɨɟɮɿɰɿєɧɬɚ ɩɟɪɟɬɜɨɪɟɧɧɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɡɚ ɧɚɩɪɭɝɨɸ ɜɿɞ ɱɚɫɬɨɬɢ (Ⱥɑɏ)                      

ɩɪɢ ɮɿɤɫɨɜɚɧɨɦɭ ɩɪɢɫɤɨɪɟɧɧɿ 

ɇɢɠɧɹ 
 

ɿ ɜɟɪɯɧɹ  ɝɪɚɧɢɰɿ ɪɨɛɨɱɨɝɨ ɞɿɚɩɚɡɨɧɭ ɱɚɫɬɨɬ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɨɛɭɦɨ-

ɜɥɟɧɿ ɞɨɩɭɫɬɢɦɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɜɿɞɧɨɫɧɨɝɨ ɜɿɞɯɢɥɟɧɧɹ Ⱥɑɏ ɧɚ ɰɢɯ ɱɚɫɬɨɬɚɯ 
, ɹɤɿ ɜɢɤɥɢɤɚɧɿ ɪɿɡɧɢɦɢ ɩɪɢɱɢɧɚɦɢ ɿ ɜɢɡɧɚɱɚɸɬɶɫɹ ɧɟ-

ɡɚɥɟɠɧɨ ɨɞɧɚ ɜɿɞ ɞɪɭɝɨʀ. ɇɢɠɧɹ ɝɪɚɧɢɰɹ ɪɨɛɨɱɨɝɨ ɞɿɚɩɚɡɨɧɭ ɱɚɫɬɨɬ ɜɢɡɧɚɱɚєɬɶɫɹ ɫɭɦɚɪɧɨɸ єɦɧɿɫɬɸ 
ɤɨɥɚ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɬɚ ɚɤɬɢɜɧɨɸ ɫɤɥɚɞɨɜɨɸ ɜɯɿɞɧɨɝɨ ɨɩɨɪɭ ɩɪɢɫɬɪɨɸ ɚɛɨ ɤɚɫɤɚɞɭ, ɳɨ 
ɩɿɞɤɥɸɱɚєɬɶɫɹ ɞɨ ɜɢɯɨɞɭ ɚɤɫɟɥɟɪɨɦɟɬɪɚ. ȼɿɞɯɢɥɟɧɧɹ Ⱥɑɏ ɭ ɜɢɫɨɤɨɱɚɫɬɨɬɧɿɣ ɨɛɥɚɫɬɿ ɜɢɤɥɢɤɚɧɨ ɩɨ-

ɜɡɞɨɜɠɧɿɦ ɪɟɡɨɧɚɧɫɨɦ ɦɟɯɚɧɿɱɧɨʀ ɫɢɫɬɟɦɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɬɨɛɬɨ ɜɟɪɯɧɹ ɝɪɚɧɢɱɧɚ ɪɨɛɨɱɚ ɱɚɫɬɨɬɚ 
ɩɪɨɩɨɪɰɿɣɧɚ ɪɟɡɨɧɚɧɫɧɿɣ ɱɚɫɬɨɬɿ ɡɚɤɪɿɩɥɟɧɨɝɨ ɚɤɫɟɥɟɪɨɦɟɬɪɚ [7]. 

17. Ɋɨɡɞɿɥɶɧɚ ɡɞɚɬɧɿɫɬɶ – ɦɿɧɿɦɚɥɶɧɟ ɩɪɢɫɤɨɪɟɧɧɹ, ɹɤɟ ɦɨɠɟ ɜɢɦɿɪɹɬɢ ɚɤɫɟɥɟɪɨɦɟɬɪ (ɜɢɡɧɚɱɚ-

єɬɶɫɹ ɲɭɦɚɦɢ ɬɚ ɲɢɪɢɧɨɸ ɞɿɚɩɚɡɨɧɭ ɪɨɛɨɱɢɯ ɱɚɫɬɨɬ). 
18. Ɋɿɜɟɧɶ ɲɭɦɿɜ ɩɪɢ ɜɢɦɿɪɸɜɚɧɧɿ (ɫɩɟɤɬɪɚɥɶɧɚ ɝɭɫɬɢɧɚ ɚɛɨ ɩɿɤɨɜɢɣ ɪɨɡɦɚɯ ɲɭɦɿɜ) – ɜɤɥɸɱɚє 

ɮɨɧɨɜɢɣ ɲɭɦ ɬɚ ɲɭɦ, ɝɟɧɟɪɨɜɚɧɢɣ ɫɟɧɫɨɪɨɦ [1]. 

19. Ʉɨɟɮɿɰɿєɧɬ ɞɟɦɩɮɭɜɚɧɧɹ (ɡɚɬɭɯɚɧɧɹ ɤɨɥɢɜɚɧɶ), ɹɤɢɣ ɜɢɡɧɚɱɚєɬɶɫɹ ɱɚɫɬɨɬɨɸ ɜɥɚɫɧɢɯ 
ɤɨɥɢɜɚɧɶ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɬɚ ɣɨɝɨ ɿɧɟɪɰɿɣɧɿɫɬɸ. 

20. Ʉɿɥɶɤɿɫɬɶ ɜɢɦɿɪɸɜɚɧɢɯ ɨɫɟɣ. 
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21. Ⱦɿɚɩɚɡɨɧ ɪɨɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ . 

22. Ɇɚɫɨɝɚɛɚɪɢɬɧɿ ɩɚɪɚɦɟɬɪɢ. 
ɇɚ ɞɚɧɢɣ ɱɚɫ ɬɟɯɧɨɥɨɝɿɱɧɢɣ ɪɿɜɟɧɶ ɆȿɆɋ-ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ ɡɧɚɱɧɨ ɜɢɪɿɫ – ɧɨɜɿ ɤɨɦɩɨɧɟɧɬɢ ɜɚɪ-

ɬɿɫɬɸ (1…10)$ ɩɪɢ ɦɚɫɨɜɨɦɭ ɜɢɪɨɛɧɢɰɬɜɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɜɢɫɨɤɢɦ ɪɿɜɧɟɦ ɿɧɬɟɝɪɚɰɿʀ, ɩɨɤɪɚ-

ɳɟɧɧɹɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɿ ɞɨɞɚɜɚɧɧɹɦ ɧɨɜɢɯ ɮɭɧɤɰɿɣ. Ɍɚɤɿ ɿɧɬɟɝɪɚɥɶɧɿ ɚɤɫɟɥɟɪɨɦɟɬɪɢ ɪɟɚɥɿɡɭɸɬɶɫɹ 
ɩɪɢ ɪɨɡɬɚɲɭɜɚɧɧɿ ɧɚ ɨɞɧɨɦɭ ɤɪɢɫɬɚɥɿ ɬɪɢɨɫɶɨɜɨɝɨ ɫɟɧɫɨɪɧɨɝɨ ɟɥɟɦɟɧɬɭ ɬɚ ɩɪɢɫɬɪɨʀɜ ɨɛɪɨɛɤɢ, ɳɨ 
ɡɚɛɟɡɩɟɱɭє ɜɢɤɨɧɚɧɧɹ ɨɞɧɿєɸ ȱɋ ɡ ɞɟɤɿɥɶɤɨɦɚ ɡɨɜɧɿɲɧɿɦɢ ɞɢɫɤɪɟɬɧɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɮɭɧɤɰɿɣ 
ɫɟɧɫɨɪɚ, ɟɥɟɤɬɪɢɱɧɨʀ ɨɛɪɨɛɤɢ ɫɢɝɧɚɥɭ, ɫɚɦɨɬɟɫɬɭɜɚɧɧɹ, ɤɚɥɿɛɪɭɜɚɧɧɹ ɿ ɩɪɨɝɪɚɦɭɜɚɧɧɹ (ɤɨɲɬɭɸɬɶ 
ɬɚɤɿ ȱɋ ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɲɟ, ɧɿɠ ɫɩɟɰɿɚɥɿɡɨɜɚɧɿ ɩɪɢɫɬɪɨʀ) [8]. 

Ɇɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ 

ȼ ɡɚɝɚɥɶɧɨɦɭ ɜɢɩɚɞɤɭ ɩɪɢ ɪɨɛɨɬɿ ɜ ɲɢɪɨɤɨɦɭ ɞɢɧɚɦɿɱɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɩɪɢɫɤɨɪɟɧɶ ɞɥɹ ɚɤɫɟɥɟɪɨ-

ɦɟɬɪɿɜ ɦɚɹɬɧɢɤɨɜɨɝɨ ɬɢɩɭ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɧɟɥɿɧɿɣɧɢɣ ɯɚɪɚɤɬɟɪ ɩɟɪɟɦɿɳɟɧɶ. ɇɚɩɪɢɤɥɚɞ, ɩɪɢ 
ɞɟɬɟɤɬɭɜɚɧɧɿ ɩɪɢɫɤɨɪɟɧɶ, ɛɿɥɶɲɢɯ ɦɚɤɫɢɦɚɥɶɧɨɝɨ, ɚɛɨ ɩɪɢ ɩɟɪɟɜɢɳɟɧɧɿ ɧɚɩɪɭɝɢ ɠɢɜɥɟɧɧɹ ɫɟɧɫɨɪɚ 
ɦɨɠɟ ɜɢɧɢɤɧɭɬɢ ɧɟɡɜɨɪɨɬɧɟ ɡɛɥɢɠɟɧɧɹ ɡɚɪɹɞɠɟɧɢɯ ɨɛɤɥɚɞɨɤ ɦɿɤɪɨɤɨɧɞɟɧɫɚɬɨɪɚ, ɳɨ ɩɪɢɜɨɞɢɬɶ ɞɨ 
ɟɮɟɤɬɭ ʀɯ “ɡɥɢɩɚɧɧɹ”. Ʉɪɢɬɢɱɧɿ ɡɧɚɱɟɧɧɹ ɞɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɡɚɡɜɢɱɚɣ ɧɚɜɨɞɹɬɶɫɹ ɜ ɩɚɫɩɨɪɬɧɢɯ ɞɚɧɢɯ 
ɚɤɫɟɥɟɪɨɦɟɬɪɚ [9]. ɉɪɢ ɪɨɡɜ’ɹɡɚɧɧɿ ɡɚɞɚɱ ɧɚɜɿɝɚɰɿʀ ɦɨɠɧɚ ɡɧɟɯɬɭɜɚɬɢ ɧɚɹɜɧɿɫɬɸ ɧɟɥɿɧɿɣɧɨɫɬɟɣ, 
ɨɫɤɿɥɶɤɢ ɚɤɫɟɥɟɪɨɦɟɬɪ ɩɪɚɰɸє ɜ ɧɨɦɿɧɚɥɶɧɨɦɭ ɪɟɠɢɦɿ, ɜɢɡɧɚɱɟɧɨɦɭ ɬɟɯɧɿɱɧɢɦ ɡɚɜɞɚɧɧɹɦ 
ɡɚɦɨɜɧɢɤɚ. Ɂɝɿɞɧɨ ɰɢɯ ɭɦɨɜ ɜ ɩɪɨɰɟɫɿ ɜɢɩɪɨɛɭɜɚɧɶ ɡɚɫɨɛɿɜ ɦɨɛɿɥɶɧɨʀ ɪɨɛɨɬɨɬɟɯɧɿɤɢ ɧɟ ɦɚє ɜɢɧɢɤɚɬɢ 
ɫɢɬɭɚɰɿɣ ɩɟɪɟɜɢɳɟɧɧɹ ɞɢɧɚɦɿɱɧɨɝɨ ɞɿɚɩɚɡɨɧɭ ɩɪɢɫɤɨɪɟɧɶ. 

Ɍɨɦɭ ɜ ɞɚɧɿɣ ɪɨɛɨɬɿ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɩɟɪɟɞɚɜɚɥɶɧɨʀ ɮɭɧɤɰɿʀ ɚɤ-

ɫɟɥɟɪɨɦɟɬɪɚ ɫɤɨɪɢɫɬɚєɦɨɫɹ ɫɩɪɨɳɟɧɨɸ ɥɿɧɟɚɪɢɡɨɜɚɧɨɸ ɦɟɯɚɧɿɱɧɨɸ ɫɯɟɦɨɸ ɦɚɹɬɧɢɤɨɜɨʀ 
ɫɬɪɭɤɬɭɪɢ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ, ɧɚɩɪɢɤɥɚɞ, ɬɢɩɭ MMA7331LT, ɧɚɜɟɞɟɧɨɸ ɧɚ ɪɢɫ. 4. 

 
Ɋɢɫ. 4. ɋɩɪɨɳɟɧɚ ɨɞɧɨɦɿɪɧɚ ɦɟɯɚɧɿɱɧɚ ɦɨɞɟɥɶ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT 

ɇɚ ɪɢɫ. 4 ɩɨɤɚɡɚɧɿ ɬɚɤɿ ɟɥɟɦɟɧɬɢ ɫɟɧɫɨɪɚ: 
- ɟɮɟɤɬɢɜɧɚ ɿɧɟɪɰɿɣɧɚ ɦɚɫɚ ɬ (ɦɿɪɚ ɪɨɡɦɿɪɭ ɪɭɯɨɦɨʀ ɱɚɫɬɢɧɢ, ɡɚɥɟɠɧɚ ɜɿɞ ɬɢɩɭ ɤɪɿɩɥɟɧɧɹ; 
- ɩɪɭɠɧɢɣ ɟɥɟɦɟɧɬ ɡ ɤɨɟɮɿɰɿєɧɬɨɦ ɠɨɪɫɬɤɨɫɬɿ k, ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɜɢɛɪɚɧɨɝɨ ɦɚɬɟ-

ɪɿɚɥɭ ɬɚ ɤɨɧɫɬɪɭɤɰɿʀ ɪɟɡɨɧɚɬɨɪɚ, ɚ ɜ ɪɟɡɨɧɚɧɫɧɨɦɭ ɪɟɠɢɦɿ ɪɨɛɨɬɢ ɣ ɜɿɞ ɦɨɞɢ ɤɨɥɢɜɚɧɶ; 
- ɞɟɦɩɮɭɸɱɢɣ ɟɥɟɦɟɧɬ, ɹɤɢɣ ɩɪɚɰɸє ɜ ɩɨɜɿɬɪɹɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɳɨ ɦɚє ɨɩɿɪ ɪɭɯɭ ɿɧɟɪɰɿɣɧɨʀ 

ɦɚɫɢ, ɩɪɢ ɰɶɨɦɭ ɤɨɟɮɿɰɿєɧɬ ɨɩɨɪɭ ɫ ɜɪɚɯɨɜɭє ɜɧɭɬɪɿɲɧɿ ɬɚ ɡɨɜɧɿɲɧɿ ɜɬɪɚɬɢ ɟɧɟɪɝɿʀ ɜ ɫɢɫɬɟɦɿ. 
MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪ MMA7331LT (Frescale Semiconductor) ɦɨɠɟ ɩɪɚɰɸɜɚɬɢ ɜ ɨɞɧɨɦɭ ɡ ɞɜɨɯ 

ɪɟɠɢɦɿɜ ɜɢɦɿɪɸɜɚɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ ±4g ɬɚ ±12g [9] ɬɚ ɦɚє ɬɪɢ ɨɪɬɨɝɨɧɚɥɶɧɿ ɨɫɿ ɱɭɬɥɢɜɨɫɬɿ, ɳɨ 
ɞɨɡɜɨɥɹє ɨɬɪɢɦɚɬɢ ɩɪɨɫɬɨɪɨɜɢɣ ɜɟɤɬɨɪ ɫɬɚɧɭ (ɬɪɢɤɚɧɚɥɶɧɿɫɬɶ MMA7331LT ɞɚє ɩɨɜɧɭ ɿɧɮɨɪɦɚɰɿɸ 
ɩɪɨ ɥɿɧɿɣɧɟ ɩɪɢɫɤɨɪɟɧɧɹ ɜ ɿɧɟɪɰɿɚɥɶɧɨɦɭ ɩɪɨɫɬɨɪɿ). 

ɉɿɞɫɭɦɤɨɜɟ ɩɪɢɫɤɨɪɟɧɧɹ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ ɜ ȱɋȼ ɜɢɡɧɚɱɚєɬɶɫɹ ɹɤ 0aaA


  [10], ɩɪɢ ɰɶɨɦɭ ɪɭɯ 
ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ ɡ ɞɚɧɢɦ ɩɪɢɫɤɨɪɟɧɧɹɦ ɜɢɧɢɤɚє ɡɚ ɪɚɯɭɧɨɤ ɫɢɥɢ .AmF


  Ⱦɥɹ ɫɩɪɨɳɟɧɨʀ ɫɯɟɦɢ 

ɩɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɡ ɩɪɢɫɤɨɪɟɧɧɹɦ ɚ ɧɚ ɿɧɟɪɰɿɣɧɭ ɦɚɫɭ ɞɿɸɬɶ ɫɢɥɚ ɩɪɭɠɧɨɫɬɿ xkFɉ   ɬɚ ɫɢɥɚ ɨɩɨɪɭ 

.
dt

xd
cFO


  Ɍɨɞɿ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ: 

  .
dt

xd
cxkaam


 0                                                         (8) 

ȼ ɡɜ’ɹɡɚɧɿɣ ɡ ɫɟɧɫɨɪɨɦ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ 0'X' ɦɨɞɭɥɶ ɩɪɢɫɤɨɪɟɧɧɹ є ɞɪɭɝɨɸ ɩɨɯɿɞɧɨɸ ɜɿɞ ɩɟɪɟɦɿ-

ɳɟɧɧɹ 
2

2

0
dt

xd
a


 , ɬɨɦɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (8) ɦɨɠɧɚ ɩɟɪɟɩɢɫɚɬɢ ɬɚɤɢɦ ɱɢɧɨɦ: 

 maxmin TTT 
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.am
dt

xd
cxk

dt

xd
m 







2

2

                                                    (9) 

Ɉɬɪɢɦɚɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (3) є ɞɢɮɟɪɟɧɰɿɚɥɶɧɢɦ ɪɿɜɧɹɧɧɹɦ ɜɿɞɧɨɫɧɨ ɤɨɨɪɞɢɧɚɬɢ x , ɹɤɟ ɩɪɢ 
ɧɭɥɶɨɜɢɯ ɩɨɱɚɬɤɨɜɢɯ ɭɦɨɜɚɯ ɩɟɪɟɬɜɨɪɸєɬɶɫɹ ɜ ɞɢɮɪɿɜɧɹɧɧɹ ɜ ɨɩɟɪɚɬɨɪɧɿɣ ɮɨɪɦɿ: 

       ,pampXpcpXkpXpm  2                                       (10) 

ɞɟ  pX   ɬɚ  pa ɡɨɛɪɚɠɟɧɧɹ ɡɚ Ʌɚɩɥɚɫɨɦ ɩɟɪɟɦɿɳɟɧɧɹ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ ɿ ɩɪɢɫɤɨɪɟɧɧɹ ɨɛ’єɤɬɭ. 
Ⱦɥɹ ɫɩɪɨɳɟɧɨʀ ɦɟɯɚɧɿɱɧɨʀ ɫɢɫɬɟɦɢ ɜɯɿɞɧɢɦ ɫɢɝɧɚɥɨɦ є ɩɪɢɫɤɨɪɟɧɧɹ ɨɛ’єɤɬɭ, ɚ ɜɢɯɿɞɧɢɦ – ɩɟ-

ɪɟɦɿɳɟɧɧɹ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ ɜ ɫɢɫɬɟɦɿ ɤɨɨɪɞɢɧɚɬ 0X', ɬɨɦɭ ʀʀ ɩɟɪɟɞɚɜɚɥɶɧɚ ɮɭɧɤɰɿɹ 

   
  kpcpm

m

pa

pX
pWC







2
                                               (11) 

є ɩɟɪɟɞɚɜɚɥɶɧɨɸ ɮɭɧɤɰɿєɸ ɡɚ ɤɚɧɚɥɨɦ “ɩɪɢɫɤɨɪɟɧɧɹ – ɡɦɿɳɟɧɧɹ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ”. 

əɤɳɨ ɩɟɪɟɣɬɢ ɜɿɞ ɦɟɯɚɧɿɱɧɢɯ ɡɦɿɧɧɢɯ k, ɬ ɬɚ ɫ ɞɨ ɟɥɟɤɬɪɢɱɧɢɯ, ɨɬɪɢɦɚєɦɨ [10]: 

,
mk

c
,

m

k




2
0                                                    (12) 

ɞɟ 0 ɱɚɫɬɨɬɚ ɜɥɚɫɧɢɯ ɤɨɥɢɜɚɧɶ ɚɤɫɟɥɟɪɨɦɟɬɪɚ;  ɤɨɟɮɿɰɿєɧɬ ɡɚɬɭɯɚɧɧɹ. 
Ɂ ɜɪɚɯɭɜɚɧɧɹɦ ɜɜɟɞɟɧɢɯ ɡɦɿɧɧɢɯ ɩɟɪɟɞɚɜɚɥɶɧɚ ɮɭɧɤɰɿɹ (11) ɩɟɪɟɩɢɲɟɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ: 

  .
pp

pWC 2
00

2 2

1


                                                   (13) 

Ɍɨɦɭ ɳɨ ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ ɫɟɧɫɨɪɚ ɩɪɨɩɨɪɰɿɣɧɚ ɡɦɿɳɟɧɧɸ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ, ɬɨ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ 

(13), ɜɜɿɜɲɢ ɤɨɟɮɿɰɿєɧɬɢ ,,,
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                                                  (14) 

ɞɟ K ɫɬɚɬɢɱɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɞɚɱɿ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɡɚ ɤɚɧɚɥɨɦ "ɩɪɢɫɤɨɪɟɧɧɹ – ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ"; 
α ɬɚ β – ɤɨɟɮɿɰɿєɧɬɢ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɿɧɟɪɰɿɣɧɿɫɬɶ ɚɤɫɟɥɟɪɨɦɟɬɪɚ. 

Ɉɬɪɢɦɚɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɥɹ ɩɟɪɟɞɚɜɚɥɶɧɨʀ ɮɭɧɤɰɿʀ (14) ɞɚɥɿ ɛɭɞɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɹɤ ɦɚɬɟ-

ɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɚɤɫɟɥɟɪɨɦɟɬɪɚ. Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɜɢɡɧɚɱɢɦɨ ɩɚɪɚɦɟɬɪɢ ɣɨɝɨ ɩɟɪɟɞɚɜɚɥɶɧɨʀ 
ɮɭɧɤɰɿʀ K , α ɬɚ β. ȼ ɩɚɫɩɨɪɬɧɢɯ ɞɚɧɢɯ [9] ɧɚɜɟɞɟɧɨ ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɱɭɬɥɢɜɨɫɬɿ K  

(ɦɚɫɲɬɚɛɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ) ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ. 
ȼ ɪɨɛɨɬɿ ɦɚɫɲɬɚɛɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɜɢɡɧɚɱɟɧɢɣ ɡɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɞɚɧɢɦɢ ɹɤ ɤɭɬ ɧɚɯɢɥɭ ɡɚ-

ɥɟɠɧɨɫɬɟɣ ɜɢɯɿɞɧɨʀ ɧɚɩɪɭɝɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɜɿɞ ɜɢɦɿɪɸɜɚɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ, ɧɚɜɟɞɟɧɢɯ 
ɧɚ ɪɢɫ. 5. ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɜɢɦɿɪɸɜɚɧɶ ɜɿɫɶ ɱɭɬɥɢɜɨɫɬɿ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɜɫɬɚɧɨɜɥɟɧɚ ɨɪɬɨɝɨɧɚɥɶɧɨ 
ɜɟɤɬɨɪɭ ɩɪɢɫɤɨɪɟɧɧɹ ɫɢɥɢ ɬɹɠɿɧɧɹ g, ɜ ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ ɜɢɡɧɚɱɟɧɨ ɡɧɚɱɟɧɧɹ ɫɬɚɬɢɱɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ 
ɩɟɪɟɞɚɱɿ ɫɟɧɫɨɪɚ ɡɚ ɤɚɧɚɥɨɦ "ɩɪɢɫɤɨɪɟɧɧɹ – ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ" ɜ ɞɿɚɩɚɡɨɧɚɯ: 
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Ⱦɥɹ ɨɰɿɧɤɢ ɤɨɟɮɿɰɿєɧɬɿɜ α ɬɚ β ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ ɥɨɝɚɪɢɮɦɿɱɧɚ ɚɦɩɥɿɬɭɞɧɨ-ɱɚɫɬɨɬɧɚ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚ (ɅȺɑɏ), ɨɬɪɢɦɚɧɚ ɡɚ ɜɢɪɚɡɨɦ ɞɥɹ ɩɟɪɟɞɚɜɚɥɶɧɨʀ ɮɭɧɤɰɿʀ (ɉɎ) (14). Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɡɧɚɱɟɧɶ 
ɤɨɟɮɿɰɿєɧɬɿɜ α ɬɚ β ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɹ ɚɩɪɨɤɫɢɦɚɰɿɹ ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡɧɹɬɨʀ ɅȺɑɏ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɞɨɞɚɬɤɨɜɢɯ ɭɦɨɜ, ɧɚɜɟɞɟɧɢɯ ɜ [10]. ȼɢɤɨɪɢɫɬɨ-

ɜɭɸɱɢ ɡɚɡɧɚɱɟɧɿ ɭɦɨɜɢ, ɨɬɪɢɦɚɧɨ ɤɨɟɮɿɰɿєɧɬɢ ɉɎ ɩɪɢ ɪɨɛɨɬɿ ɜ ɞɿɚɩɚɡɨɧɿ ±12g: ,c.
281063422   

c
5108127.9  , ɚ ɬɚɤɨɠ ɨɛɱɢɫɥɟɧɨ ɿɧɲɿ ɤɨɟɮɿɰɿєɧɬɢ ɉɎ ɜ ɮɨɪɦɿ (13): 
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                                            ɚ)                                                                                         ɛ) 

Ɋɢɫ. 5. Ɂɚɥɟɠɧɿɫɬɶ ɜɢɯɿɞɧɨʀ ɧɚɩɪɭɝɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɜɿɞ ɜɢɦɿɪɸɜɚɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɜ ɞɿɚɩɚɡɨɧɚɯ 
±4g (ɚ) ɬɚ ±12g (ɛ) 

Ɉɰɿɧɢɦɨ ɩɚɪɚɦɟɬɪɢ ɦɟɯɚɧɿɱɧɨʀ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɞɥɹ ɡɧɚɱɟɧɧɹ ɟɮɟɤ-

ɬɢɜɧɨʀ ɿɧɟɪɰɿɣɧɨʀ ɦɚɫɢ ɤɝm
610 : 
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɟɪɟɞɚɜɚɥɶɧɚ ɮɭɧɤɰɿɹ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɜ ɞɿɚɩɚɡɨɧɿ ±12g ɛɭɞɟ ɦɚɬɢ ɜɢɝɥɹɞ 

  .
p.p.

.
pWC

110812791063422

008340

528 



                                    (15) 

ɇɚ ɪɢɫ. 6 ɧɚɜɟɞɟɧɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚ (ɱɟɪɜɨɧɢɣ ɤɨɥɿɪ) ɬɚ ɡɦɨɞɟɥɶɨɜɚɧɚ ɡɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ (15) 
(ɫɢɧɿɣ ɤɨɥɿɪ) ɧɨɪɦɨɜɚɧɿ Ⱥɑɏ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɞɥɹ ɞɿɚɩɚɡɨɧɭ ±12g. 

Ɋɢɫ. 6. ɇɨɪɦɨɜɚɧɚ Ⱥɑɏ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɞɥɹ ɞɿɚɩɚɡɨɧɭ ±12g 

Ɍɚɤ, ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɚɫɩɨɪɬɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɞɥɹ ɞɿ-
ɚɩɚɡɨɧɭ ±12g ɦɚɤɫɢɦɚɥɶɧɚ ɩɨɯɢɛɤɚ ɜɿɞɯɢɥɟɧɧɹ ɜɿɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɧɟ ɛɭɞɟ ɩɟɪɟɜɢɳɭɜɚɬɢ 
14%, ɚ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɩɟɪɟɞɚɜɚɥɶɧɨʀ ɮɭɧɤɰɿʀ (10) – ɧɟ ɛɭɞɟ ɩɟɪɟɜɢɳɭɜɚɬɢ 3.5%. 

Ⱦɥɹ ɡɚɞɚɱ ɫɯɟɦɨɬɟɯɧɿɱɧɨɝɨ ɦɨɞɟɥɸɜɚɧɧɹ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪ ɞɨɰɿɥɶɧɨ ɩɪɟɞɫɬɚɜɢɬɢ ɟɤɜɿɜɚɥɟɧɬ-

ɧɨɸ ɟɥɟɤɬɪɢɱɧɨɸ ɫɯɟɦɨɸ ɭ ɜɢɝɥɹɞɿ ɩɨɫɥɿɞɨɜɧɨɝɨ ɪɟɡɨɧɚɧɫɧɨɝɨ ɤɨɧɬɭɪɭ, ɜ ɹɤɨɦɭ ɜɢɯɿɞɧɚ ɧɚɩɪɭɝɚ 
ɡɧɿɦɚєɬɶɫɹ ɡ ɤɨɧɞɟɧɫɚɬɨɪɚ. Ɍɚɤɟ ɩɪɟɞɫɬɚɜɥɟɧɧɹ ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɜ ɫɟɪɟɞɨɜɢɳɚɯ Electronics 
Workbench ɚɛɨ NI Multisim ɞɥɹ ɦɨɞɟɥɸɜɚɧɧɹ ɱɚɫɬɨɬɧɢɯ ɬɚ ɱɚɫɨɜɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɟɥɟɤɬɪɢɱɧɢɯ ɤɿɥ, 
ɡɚɞɚɧɢɯ ɭ ɜɢɝɥɹɞɿ ɟɥɟɤɬɪɢɱɧɨʀ ɫɯɟɦɢ [10]. 

Ɉɩɟɪɚɬɨɪɧɚ ɩɟɪɟɞɚɜɚɥɶɧɚ ɮɭɧɤɰɿɹ ɞɥɹ ɬɚɤɨʀ ɟɥɟɤɬɪɢɱɧɨʀ ɫɯɟɦɢ ɛɭɞɟ ɦɚɬɢ ɜɢɝɥɹɞ: 
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ɡɜɿɞɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ (14) LC , RC . 

Ⱦɥɹ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɜ ɞɿɚɩɚɡɨɧɿ ɜɢɦɿɪɸɜɚɧɧɹ ±12g ɟɥɟɤɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ 
ɟɤɜɿɜɚɥɟɧɬɧɨʀ ɫɯɟɦɢ (ɚɤɬɢɜɧɢɣ ɨɩɿɪ R, єɦɧɿɫɬɶ C, ɿɧɞɭɤɬɢɜɧɿɫɬɶ L, ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɢɣ ɨɩɿɪ ρ, 

ɞɨɛɪɨɬɧɿɫɬɶ Q ɬɚ ɤɨɟɮɿɰɿєɧɬ ɡɚɬɭɯɚɧɧɹ ξ ) ɛɭɞɭɬɶ ɦɚɬɢ ɬɚɤɿ ɡɧɚɱɟɧɧɹ (ɞɥɹ ;ɈɦR 5 ): 
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Ɂɚ ɜɢɡɧɚɱɟɧɢɦɢ ɟɥɟɤɬɪɢɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɜ ɞɿɚ-

ɩɚɡɨɧɿ ɜɢɦɿɪɸɜɚɧɧɹ ±12g ɜ ɫɟɪɟɞɨɜɢɳɿ Electronics Workbench ɦɨɠɧɚ ɩɪɨɜɟɫɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɧɨɪɦɨ-

ɜɚɧɢɯ ɱɚɫɬɨɬɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (Ⱥɑɏ, Ɏɑɏ ɬɚ ɅȺɑɏ). Ɍɪɢɜɚɥɿɫɬɶ ɩɟɪɟɯɿɞɧɨɝɨ ɩɪɨɰɟɫɭ ɡɚ 
ɟɤɜɿɜɚɥɟɧɬɧɨɸ ɟɥɟɤɬɪɢɱɧɨɸ ɫɯɟɦɨɸ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɨɰɿɧɸєɬɶɫɹ ɜɟɥɢɱɢɧɨɸ 
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Ⱦɥɹ ɚɧɚɥɿɡɭ ɫɬɿɣɤɨɫɬɿ ɫɢɫɬɟɦ ɭɩɪɚɜɥɿɧɧɹ ɡ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ ɦɨɠɟ ɜɢɧɢɤɧɭɬɢ ɩɨɬɪɟɛɚ ɜ ɩɨɛɭɞɨɜɿ 
ɝɨɞɨɝɪɚɮɚ (ɡɚɥɟɠɧɨɫɬɿ ɭɹɜɧɨʀ ɱɚɫɬɢɧɢ   pWIm C  ɉɎ (15) ɜɿɞ ɞɿɣɫɧɨʀ ɱɚɫɬɢɧɢ   pWRe C ). 

ȼɢɫɧɨɜɤɢ 

1. ȼ ɪɨɛɨɬɿ ɩɪɨɜɟɞɟɧɢɣ ɚɧɚɥɿɡ ɛɿɥɶɲɨɫɬɿ ɬɟɯɧɿɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɤɫɟɥɟɪɨɦɟɬɪɿɜ, 
ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɨɰɿɧɤɢ ʀɯ ɩɪɚɰɟɡɞɚɬɧɨɫɬɿ, ɬɨɱɧɨɫɬɿ ɬɚ ɦɨɠɥɢɜɨɫɬɿ ɜɢɤɨɧɚɧɧɹ ɤɨɧɤɪɟɬɧɢɯ 
ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɡɚɞɚɱ. 

2. ɉɪɟɞɫɬɚɜɥɟɧɿ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ MEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɜ ɪɿɡɧɢɯ ɮɨɪɦɚɯ (ɦɟɯɚ-

ɧɿɱɧɚ, ɟɥɟɤɬɪɢɱɧɚ ɜ ɮɨɪɦɿ ɉɎ ɿ ɫɯɟɦɨɬɟɯɧɿɱɧɚ ɜ ɮɨɪɦɿ ɟɤɜɿɜɚɥɟɧɬɧɨʀ ɟɥɟɤɬɪɢɱɧɨʀ ɫɯɟɦɢ). 
3. ɉɪɨɜɟɞɟɧɚ ɨɰɿɧɤɚ ɩɚɪɚɦɟɬɪɿɜ ɟɥɟɤɬɪɢɱɧɨʀ ɦɨɞɟɥɿ ɆEMS-ɚɤɫɟɥɟɪɨɦɟɬɪɚ MMA7331LT ɦɟɬɨɞɨɦ 

ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ. ɉɨɪɿɜɧɹɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨʀ ɬɚ ɡɦɨɞɟɥɶɨɜɚɧɨʀ ɧɨɪɦɨɜɚɧɢɯ Ⱥɑɏ (ɪɢɫ. 6) 
ɞɨɜɨɞɢɬɶ ɚɞɟɤɜɚɬɧɿɫɬɶ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɦɨɞɟɥɟɣ. 

ɋɩɢɫɨɤ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ 
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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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