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ɍȾɄ 681.5 
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ɂɋɉɕɌȺɇɂəɏ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɈɉɌɂɆȺɅɖɇɈȽɈ ɇȺȻɅɘȾȺɌȿɅə 

 
Ɉ.ɘ. ɋɟɪɝɢɟɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ, ɂɧɫɬɢɬɭɬ ɂɧɠɟɧɟɪɢɢ Ⱥɜɬɨɧɨɦɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ 

ɇɢɠɧɟɣ Ʉɚɥɢɮɨɪɧɢɢ, Ɇɟɤɫɢɤɚ 
 
Ⱥɧɧɨɬɚɰɢɹ. ɂɫɫɥɟɞɭɟɬɫɹ ɭɫɤɨɪɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ɜɨ ɜɪɟɦɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ. ȼɯɨɞɨɦ ɮɢɥɶɬɪɚ ɹɜɥɹɟɬɫɹ ɜɟɤɬɨɪ ɧɚɛɥɸɞɟɧɢɹ, ɫɨɫɬɨɹɳɢɣ ɢɡ 
ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɩɪɨɞɨɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. ȼɵɯɨɞ ɮɢɥɶɬɪɚ – 
ɨɰɟɧɤɚ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ, ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɫɨɞɟɪɠɢɬ ɫɤɨɪɨɫɬɶ ɢ ɩɪɨɞɨɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɚɜ-
ɬɨɦɨɛɢɥɹ. ɉɨɥɭɱɟɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɲɢɛɤɢ ɮɢɥɶɬɪɚ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɤɚɡɵɜɚɸɬ 
ɭɥɭɱɲɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɨɬɧɨɲɟɧɢɹ ɫɢɝɧɚɥ/ɩɨɦɟɯɚ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ. 
 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɤɫɟɥɟɪɨɦɟɬɪ, ɮɢɥɶɬɪ Ʉɚɥɦɚɧɚ, ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɩɨɦɟɯɢ. 
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Ɉ.ɘ. ɋɟɪɝɿɽɧɤɨ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., ȱɧɫɬɢɬɭɬ ȱɧɠɟɧɟɪɿʀ Ⱥɜɬɨɧɨɦɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ  

ɇɢɠɧɶɨʀ Ʉɚɥɿɮɨɪɧɿʀ, Ɇɟɤɫɢɤɚ 
 
Ⱥɧɨɬɚɰɿɹ. Ⱦɨɫɥɿɞɠɭɽɬɶɫɹ ɩɪɢɫɤɨɪɟɧɧɹ ɚɜɬɨɦɨɛɿɥɹ ɩɪɢ ɟɤɫɩɥɭɚɬɚɰɿɣɧɢɯ ɜɢɩɪɨɛɭɜɚɧɧɹɯ ɿɡ ɜɢ-
ɤɨɪɢɫɬɚɧɧɹɦ ɮɿɥɶɬɪɚ Ʉɚɥɦɚɧɚ. ȼɯɨɞɨɦ ɮɿɥɶɬɪɚ ɽ ɜɟɤɬɨɪ ɫɩɨɫɬɟɪɟɠɟɧɧɹ, ɳɨ ɫɤɥɚɞɚɽɬɶɫɹ ɡ 
ɪɟɡɭɥɶɬɚɬɿɜ ɜɢɦɿɪɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɿ ɩɨɡɞɨɜɠɧɶɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɚɜɬɨɦɨɛɿɥɹ. ȼɢɯɿɞ ɮɿɥɶɬɪɚ – 
ɨɰɿɧɤɚ ɜɟɤɬɨɪɚ ɫɬɚɧɭ, ɹɤɚ ɬɚɤɨɠ ɫɤɥɚɞɚɽɬɶɫɹ ɡɿ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɨɡɞɨɜɠɧɶɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ 
ɚɜɬɨɦɨɛɿɥɹ. Ɉɞɟɪɠɚɧɨ ɩɨɜɟɪɯɧɸ ɩɨɯɢɛɤɢ ɮɿɥɶɬɪɚ. Ɋɟɡɭɥɶɬɚɬɢ ɟɤɫɩɟɪɢɦɟɧɬɭ ɩɨɤɚɡɭɸɬɶ ɩɨɤ-
ɪɚɳɟɧɧɹ ɤɨɟɮɿɰɿɽɧɬɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɫɢɝɧɚɥ/ɡɚɜɚɞɢ ɞɚɧɨʀ ɫɢɫɬɟɦɢ. 
 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɚɤɫɟɥɟɪɨɦɟɬɪ, ɮɿɥɶɬɪ Ʉɚɥɦɚɧɚ, ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɫɢɝɧɚɥ/ɡɚɜɚɞɢ. 
 

ESTIMATION OF VEHICLE ACCELERATION UNDER PERFORMANCE TESTS 
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Abstract. In this paper, the acceleration of the vehicle under performance tests is estimated by using 
the Kalman filter. Here, the observation vector consists of the observation of both the velocity and the 
longitudinal acceleration of the vehicle. The output is the filtered estimate of the state vector, which 
consist of the velocity and longitudinal acceleration of the vehicle. The error-performance surface of 
the filter is obtained and the experimental results show satisfactory improvement in the signal-to-noise 
ratio of the system. 
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ȼɜɟɞɟɧɢɟ 
 

ȼ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɪɨɢɫɯɨɞɹɬ ɩɨɫɬɨɹɧɧɵɟ 
ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɩɟɪɟɯɨɞɟ ɨɬ 
ɭɫɬɚɪɟɥɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɡɦɟɪɟɧɢɹ ɢ ɨɩɪɟɞɟ-
ɥɟɧɢɹ ɮɢɡɢɱɟɫɤɢɯ ɜɟɥɢɱɢɧ ɤ ɩɟɪɟɞɨɜɵɦ ɬɟɯ-

ɧɨɥɨɝɢɹɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɨɜ-
ɲɟɫɬɜɚ ɜ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɧɨɣ ɬɟɯɧɢɤɟ. Ʉɚɤ 
ɢɡɜɟɫɬɧɨ, ɞɚɬɱɢɤ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɢɫɩɨɥɶɡɭ-
ɟɦɨɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɢɥɢ ɢɡɦɟɪɟɧɢɹ ɮɢɡɢ-
ɱɟɫɤɨɣ ɜɟɥɢɱɢɧɵ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɢɧɬɟɥɥɟɤ-
ɬɭɚɥɶɧɵɦ ɞɚɬɱɢɤɨɦ ɧɚɡɵɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ, 
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ɹɜɥɹɸɳɟɟɫɹ ɨɫɧɨɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɫɟɧɫɨɪɧɨɣ 
ɫɢɫɬɟɦɵ ɫ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɨɦ, ɩɪɨɰɟɫɫɨɪɨɦ 
ɰɢɮɪɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ, ɢɥɢ ɜ ɬɟɯɧɨ-
ɥɨɝɢɹɯ ɫɨɡɞɚɧɢɹ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɢɡɦɟ-
ɪɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɫɬɚɧɞɚɪɬɧɵɯ 
ɦɚɬɪɢɰ ɥɨɝɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɞɚɧɧɵɟ ɜ ɫɚɦɨɦ ɞɚɬɱɢɤɟ.  
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
ɇɚ ɩɪɚɤɬɢɤɟ ɫɢɝɧɚɥɵ, ɩɪɨɢɡɜɨɞɢɦɵɟ ɞɚɬɱɢ-
ɤɚɦɢ, ɢɫɤɚɠɚɸɬɫɹ ɩɨɦɟɯɚɦɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɠɟɥɚɬɟɥɶɧɨɦɭ ɭɪɨɜɧɸ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɢɡ-
ɦɟɪɟɧɢɹɯ, ɜɵɩɨɥɧɹɟɦɵɯ ɞɚɬɱɢɤɚɦɢ. ɉɨɷɬɨɦɭ 
ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɫɨɤɪɚɬɢɬɶ ɭɪɨɜɟɧɶ ɩɨɦɟɯ, ɤɨ-
ɬɨɪɵɟ ɫɨɞɟɪɠɚɬ ɪɟɥɟɜɚɧɬɧɭɸ ɢɧɮɨɪɦɚɰɢɸ, 
ɩɨɫɬɭɩɚɸɳɭɸ ɨɬ ɞɚɬɱɢɤɨɜ, ɧɟɨɛɯɨɞɢɦɵ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɟ ɫɬɚɞɢɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɢ ɨɛ-
ɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ. 
 
ɋ ɷɬɨɣ ɰɟɥɶɸ ɜ ɩɨɫɥɟɞɧɢɟ ɞɟɫɹɬɢɥɟɬɢɹ ɩɨ-
ɫɬɟɩɟɧɧɨ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɬɟɯɧɨɥɨɝɢɢ ɨɩɬɢ-
ɦɚɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɚ ɩɪɢ ɫɨɡɞɚɧɢɢ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɞɚɬɱɢɤɨɜ, ɫ ɰɟɥɶɸ ɢɯ ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɵ, ɫɩɨɫɨɛɧɵɟ ɮɭɧɤɰɢɨ-
ɧɢɪɨɜɚɬɶ ɜ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɫɪɟɞɟ [1]. ɉɪɢ-
ɦɟɪɨɦ ɬɚɤɨɣ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɣ ɫɪɟɞɵ ɦɨɠɟɬ 
ɫɥɭɠɢɬɶ ɫɪɟɞɚ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɜɬɨɦɨɛɢɥɹ, ɜ 
ɤɨɬɨɪɨɣ ɞɚɬɱɢɤɢ ɞɨɥɠɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɨɩɚɫ-
ɧɨɟ ɯɢɦɢɱɟɫɤɢɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɧɟɠɟɥɚɬɟɥɶɧɵɟ 
ɫɢɥɶɧɵɟ ɜɢɛɪɚɰɢɢ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɦɟ-
ɯɢ, ɜɵɫɨɤɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɵɫɨɤɭɸ ɜɥɚɠ-
ɧɨɫɬɶ, ɩɨɦɟɯɢ ɨɬ ɞɪɭɝɢɯ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ 
ɢɥɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɢ ɬ.ɞ. ȼɫɥɟɞ-
ɫɬɜɢɟ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ 
ɞɚɬɱɢɤɨɜ ɛɵɥɢ ɢ ɨɫɬɚɸɬɫɹ ɜɚɠɧɵɦɢ ɜɨɩɪɨɫɚ-
ɦɢ ɜ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ.  
 
ɉɪɢ ɫɢɧɬɟɡɟ ɫɬɨɯɚɫɬɢɱɟɫɤɢɯ ɮɢɥɶɬɪɨɜ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɧɟɢɡɜɟɫɬɧɵɟ ɩɨɦɟɯɢ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɜɢɧɟɪɨɜɫɤɢɣ ɩɪɨɰɟɫɫ  
[2–4]. ȼ ɪɚɛɨɬɟ [5] ɚɤɫɟɥɟɪɨɦɟɬɪ ɫ ɮɢɥɶɬɪɨɦ 
Ʉɚɥɦɚɧɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɪɨ-
ɞɨɥɶɧɨɝɨ ɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɹɯ.  
ɇɟɫɦɨɬɪɹ ɧɚ ɷɬɨ, ɤɨɥɢɱɟɫɬɜɨ ɩɨɦɟɯ, ɢɫɤɚɠɚ-
ɸɳɢɯ ɢɧɮɨɪɦɚɰɢɸ, ɩɨɫɬɭɩɚɸɳɭɸ ɨɬ ɞɚɬɱɢ-
ɤɚ ɜ ɪɚɛɨɬɟ [5], ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɟɥɢɤɨ ɢ ɩɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ [5], ɧɟɥɶɡɹ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɤɚɱɟɫɬɜɨ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɢ ɮɢɥɶɬɪɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ  
ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɟ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɝɨ ɜɟɤɬɨɪɚ ɩɨɦɟɯ ɢ ɬɚɤɢɯ ɠɟ 
ɤɨɦɩɨɧɟɧɬɨɜ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ ɜɟɤ-
ɬɨɪɚ ɩɨɦɟɯ ɩɪɢ ɢɡɦɟɪɟɧɢɢ.  

ȼ [6] ɚɞɚɩɬɢɜɧɵɣ ɮɢɥɶɬɪ ɪɚɞɢɨɥɨɤɚɰɢɨɧɧɨɣ 
ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɥɹ ɨɰɟɧɤɢ ɭɝɥɚ ɪɚɡ-
ɜɨɪɨɬɚ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 
ɢɫɩɵɬɚɧɢɹɯ. ɉɨɫɥɟɞɧɢɟ ɨɩɢɫɚɧɢɹ ɩɪɨɦɵɲ-
ɥɟɧɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ ɦɨɠ-
ɧɨ ɧɚɣɬɢ ɜ [8–12]. 
 

ɐɟɥɶ ɪɚɛɨɬɵ 
 
ɐɟɥɶ ɞɚɧɧɨɣ ɫɬɚɬɶɢ – ɪɚɡɪɚɛɨɬɤɚ ɛɥɨɤɚ 
ɧɚɛɥɸɞɟɧɢɹ, ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɮɢɥɶɬɪɟ Ʉɚɥɦɚ-
ɧɚ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɨɰɟɧɤɢ ɢɧɮɨɪɦɚɰɢɢ, ɩɨ-
ɫɬɭɩɚɸɳɟɣ ɨɬ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɚɜɬɨɦɨɛɢɥɹ, 
ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɫɩɵ-
ɬɚɧɢɹɯ. ɉɪɢ ɷɬɨɦ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ɫɨɞɟɪɠɢɬ 
ɜɟɤɬɨɪ ɫɤɨɪɨɫɬɢ ɢ ɩɪɨɞɨɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɚɜ-
ɬɨɦɨɛɢɥɹ, ɚ ɚɤɫɟɥɟɪɨɦɟɬɪ ɫɦɨɞɟɥɢɪɨɜɚɧ ɤɚɤ 
ɥɢɧɟɣɧɚɹ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ, ɜ ɤɨɬɨɪɨɣ 
ɭɫɤɨɪɟɧɢɟ – ɷɬɨ ɜɢɧɟɪɨɜɫɤɢɣ ɩɪɨɰɟɫɫ. 
 

Ⱥɤɫɟɥɟɪɨɦɟɬɪ 
 

ɋɨɝɥɚɫɧɨ Ɇɨɧɤɭ [13] ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 
ɚɤɫɟɥɟɪɨɦɟɬɪɵ ɩɪɢɦɟɧɹɥɢɫɶ ɞɥɹ ɢɫɫɥɟɞɨɜɚ-
ɧɢɹ ɫɨɫɬɨɹɧɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɫ ɛɨɥɶ-
ɲɨɣ ɦɚɫɫɨɣ. ɉɨɷɬɨɦɭ ɲɢɪɢɧɚ ɫɩɟɤɬɪɚ ɫɢɝɧɚ-
ɥɚ ɩɪɢ ɭɞɚɪɟ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 400 Ƚɰ ɢ 
50 Ƚɰ – ɜ ɞɪɭɝɢɯ ɫɥɭɱɚɹɯ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
ɱɚɫɬɨɬɚ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɭɫɤɨɪɟɧɢɹ ɧɢɡɤɚɹ 
(<50 Ƚɰ) [5, 6]. 
 
ɍɱɢɬɵɜɚɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɫɩɟɤɬɪ ɞɥɹ ɩɨ-
ɤɪɵɬɢɹ ɨɠɢɞɚɟɦɵɯ ɜɟɥɢɱɢɧ ɭɫɤɨɪɟɧɢɹ, ɫɨɛ-
ɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɛɭɞɟɬ ɛɨɥɟɟ 
ɱɟɦ ɜ ɞɜɚ ɪɚɡɚ ɜɵɲɟ ɱɚɫɬɨɬɵ, ɩɪɢ ɤɨɬɨɪɨɣ 
ɩɪɨɢɫɯɨɞɢɬ ɪɟɝɢɫɬɪɚɰɢɹ ɢɡɦɟɪɹɟɦɨɝɨ ɭɫɤɨ-
ɪɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɨɝɨɜɵɯ ɭɫɬ-
ɪɨɣɫɬɜ, ɚ ɢɦɟɧɧɨ ɞɜɭɯɤɨɨɪɞɢɧɚɬɧɨɝɨ ɚɤɫɟɥɟ-
ɪɨɦɟɬɪɚ 202.ADXL  ɗɬɨ ɧɟɞɨɪɨɝɨɣ ɞɚɬɱɢɤ 
ɧɢɡɤɨɣ ɦɨɳɧɨɫɬɢ, ɩɨɥɧɵɣ ɞɜɭɯɤɨɨɪɞɢɧɚɬ-
ɧɵɣ ɚɤɫɟɥɟɪɨɦɟɬɪ ɫ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɪɟɧɢɣ 

2g ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ 312 ɦȼ/ɝ, ɝɞɟ g – 
ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ (9,81 ɦ/ɫ2).  
 
Ɍɚɤɠɟ ɞɚɬɱɢɤ 202ADXL  ɦɨɠɟɬ ɢɡɦɟɪɢɬɶ ɤɚɤ 
ɞɢɧɚɦɢɱɟɫɤɨɟ ɭɫɤɨɪɟɧɢɟ (ɬ.ɟ. ɜɢɛɪɚɰɢɸ), ɬɚɤ 
ɢ ɫɬɚɬɢɱɟɫɤɨɟ ɭɫɤɨɪɟɧɢɟ (ɫɢɥɭ ɬɹɠɟɫɬɢ), ɲɢ-
ɪɢɧɚ ɫɩɟɤɬɪɚ ɦɨɠɟɬ ɛɵɬɶ ɭɫɬɚɧɨɜɥɟɧɚ ɨɬ 
0,01 Ƚɰ ɞo 5ɤȽɰ. 
 
Ɇɢɧɢɦɚɥɶɧɵɣ ɭɪɨɜɟɧɶ ɲɭɦɚ 

202 500 / Ƚɰ,ADXL g   ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢ-
ɧɹɬɶ ɫɢɝɧɚɥ ɧɢɠɟ 5ɦȽɰ ɞɥɹ ɲɢɪɢɧɵ ɫɩɟɤɬɪɚ 
ɧɢɠɟ 60 Ƚɰ. 
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Ɂɚɞɚɱɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɢɥɶɬɪɚ Ʉɚɥɦɚɧɚ  
 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [5] ɪɚɫɫɦɨɬɪɢɦ ɥɢɧɟɣɧɭɸ, 
ɞɢɫɤɪɟɬɧɭɸ, ɤɨɧɟɱɧɨɦɟɪɧɭɸ ɞɢɧɚɦɢɱɧɭɸ 
ɫɢɫɬɟɦɭ, ɩɨɤɚɡɚɧɧɭɸ ɧɚ ɪɢɫ. 1, ɝɞɟ I –
ɟɞɢɧɢɱɧɚɹ ɦɚɬɪɢɰɚ, 1z – ɡɚɞɟɪɠɤɚ ɫɢɝɧɚɥɚ. 
 

 
Ɋɢɫ. 1. Ɇɨɞɟɥɶ ɨɫɧɨɜɧɨɝɨ ɫɢɝɧɚɥɚ 

 
ɋɢɫɬɟɦɚ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫ. 1, ɨɩɢɫɵɜɚɟɬɫɹ 
ɫɥɟɞɭɸɳɢɦɢ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɫɨɫɬɨɹɧɢɣ 
 

x( 1) F( 1, )x( ) G( )w( )n n n n n n    ,   (1) 
 

y( ) C( )x( ) D( )v( )n n n n n  ,           (2) 
 

ɝɞɟ (1) – ɷɬɨ ɭɪɚɜɧɟɧɢɟ ɩɪɨɰɟɫɫɚ; (2) –
ɭɪɚɜɧɟɧɢɟ ɢɡɦɟɪɟɧɢɹ; n – ɷɬɨ ɜɪɟɦɟɧɧɨɣ ɚɪ-
ɝɭɦɟɧɬ  0n  ; F(n+1,n) – ɢɡɜɟɫɬɧɚɹ ɦɚɬɪɢɰɚ 
ɪɚɡɦɟɪɧɨɫɬɢ MM, ɨɬɧɨɫɹɳɚɹɫɹ ɤ ɫɬɪɭɤɬɭɪɟ 
ɫɢɫɬɟɦɵ ɩɪɢ ɜɪɟɦɟɧɢ 1n   ɢ n; G(n) – ɷɬɨ 
ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɢ MU, ɰɟɥɶ ɤɨɬɨɪɨɣ – 
ɜɵɞɟɥɢɬɶ ɜɟɤɬɨɪ ɩɨɦɟɯ w(n) ɪɚɡɦɟɪɧɨɫɬɢ 
U1; x(n + 1) – M1 ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ ɩɪɢ 
ɜɪɟɦɟɧɢ 1;n   x(n) – ɷɬɨ ɜɟɤɬɨɪ ɫɨɫɬɨɹɧɢɹ 
ɪɚɡɦɟɪɧɨɫɬɢ M1 ɩɪɢ ɜɪɟɦɟɧɢ n; C(n) – ɦɚɬ-
ɪɢɰɚ ɢɡɦɟɪɟɧɢɹ NM; D(n) – ɤɜɚɞɪɚɬɧɚɹ ɦɚɬ-
ɪɢɰɚ N-ɝɨ ɩɨɪɹɞɤɚ, ɰɟɥɶ ɤɨɬɨɪɨɣ, ɜɵɞɟɥɢɬɶ 
N1 ɜɟɤɬɨɪ ɩɨɦɟɯ ɩɪɢ ɢɡɦɟɪɟɧɢɢ v(n) ɢ y(n) 
– N1 ɜɟɤɬɨɪ ɧɚɛɥɸɞɟɧɢɹ. 
 
ɋɨɝɥɚɫɧɨ Ƚɚɣɤɢɧɭ [7] ɜɟɤɬɨɪɵ w(n) ɢ v(n) 
ɫɦɨɞɟɥɢɪɨɜɚɧɵ ɤɚɤ ɧɟɡɚɜɢɫɢɦɵɟ ɜɟɤɬɨɪɵ ɫ 
ɧɭɥɟɜɵɦ ɫɪɟɞɧɢɦ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɛɟ-
ɥɵɣ ɲɭɦ ɫ ɤɨɜɚɪɢɚɰɢɹɦɢ, ɜɵɪɚɠɟɧɧɵɦɢ ɜ 
(3) ɢ (4) 
 

     Q ,
E w w

0,
wH n n k

n n
n k

          
           (3) 

 

     Q ,
E v v

0,
vH n n k

n n
n k

          
           (4) 

 

ɝɞɟ ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ H ɨɛɨɡɧɚɱɚɟɬ ɷɪɦɢɬɨ-
ɜɭ ɬɪɚɧɫɩɨɡɢɰɢɸ (ɬ.ɟ. ɤɨɦɩɥɟɤɫ ɫɨɟɞɢɧɟɧɢɹ ɢ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ) ɜɟɤɬɨɪɚ ɢɥɢ ɦɚɬɪɢɰɵ; 
Qw(n) – ɷɬɨ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ ɜɟɤɬɨɪɚ 
ɩɨɦɟɯ, ɚ Qv(n) – ɷɬɨ ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ; 
ɜɟɤɬɨɪɚ ɩɨɦɟɯ ɩɪɢ ɢɡɦɟɪɟɧɢɢ. Qw(n) ɢ Qv(n) 
ɧɟɨɬɪɢɰɚɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɞɥɹ ɜɫɟɯ n. 
 
Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɢɫɯɨɞɧɨɟ ɫɨɫɬɨɹɧɢɟ x(0)  ɧɟ-
ɤɨɪɪɟɥɢɪɨɜɚɧɧɨɟ ɫ w(n) ɢ v(n) ɞɥɹ 0,n   
ɝɚɭɫɫɨɜɚ ɫɥɭɱɚɣɧɚɹ ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ 
w(n) ɢ v(n) [7]. ȼɟɤɬɨɪɵ ɩɨɦɟɯ w(n) ɢ v(n) – 
ɫɬɚɬɢɱɟɫɤɢ ɧɟɡɚɜɢɫɢɦɵɟ ɩɪɨɰɟɫɫɵ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɢɪɭɟɬɫɹ ɡɚɞɚɱɚ ɮɢɥɶɬɪɚɰɢɢ 
Ʉɚɥɦɚɧɚ: ɢɫɩɨɥɶɡɭɹ ɜɫɟ ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɧɚɛɥɸɞɟɧɢɹ ɞɚɧɧɵɟ, ɫɨɫɬɨɹɳɢɟ ɢɡ 
ɜɟɤɬɨɪɨɜ y(1), y(2), …, y(n), ɧɚɣɬɢ ɞɥɹ ɤɚɠɞɨ-
ɝɨ 1n   ɦɢɧɢɦɚɥɶɧɵɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɟ 
ɨɰɟɧɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɫɨɫɬɨɹɧɢɹ x(i) [7]. 
 

ɉɟɪɟɦɟɧɧɵɟ Ʉɚɥɦɚɧɚ 
 

ȼɵɲɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɛɨɥɶɲɢɧɫɬɜɨ ɩɟɪɟ-
ɦɟɧɧɵɯ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɮɢɥɶɬɪɟ Ʉɚɥɦɚɧɚ, 
ɤɨɬɨɪɵɟ ɨɫɧɨɜɵɜɚɥɢɫɶ ɧɚ ɨɞɧɨɲɚɝɨɜɨɦ ɚɥ-
ɝɨɪɢɬɦɟ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ. ɋɥɟɞɭɟɬ ɩɪɟɞɨ-
ɫɬɚɜɢɬɶ ɟɳɟ ɧɟɫɤɨɥɶɤɨ ɧɟɨɛɯɨɞɢɦɵɯ ɷɥɟɦɟɧ-
ɬɨɜ ɞɥɹ ɩɟɪɟɦɟɧɧɵɯ, ɤɨɬɨɪɵɟ ɟɳɟ ɧɟ ɛɵɥɢ 
ɨɩɪɟɞɟɥɟɧɵ ɢ ɩɪɢɜɨɞɹɬɫɹ ɧɢɠɟ [7]: 
 
– ˆ( 1/ )nɯ n Y  – ɩɪɨɝɧɨɡɢɪɭɟɦɚɹ ɨɰɟɧɤɚ ɜɟɤ-
ɬɨɪɚ ɫɨɫɬɨɹɧɢɹ ɩɪɢ ɜɪɟɦɟɧɢ n, ɜɟɤɬɨɪɵ 
ɧɚɛɥɸɞɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ M1 ɢɡɜɟɫɬɧɵ: 
y(1), y(2),…, y(n); 
– x̂( / )nn Y  – ɨɰɟɧɤɚ ɮɢɥɶɬɪɚɰɢɢ ɜɟɤɬɨɪɚ ɫɨ-
ɫɬɨɹɧɢɹ ɩɪɢ ɜɪɟɦɟɧɢ n, ɜɟɤɬɨɪɵ ɧɚɛɥɸɞɟɧɢɹ 
ɪɚɡɦɟɪɧɨɫɬɢ M1 ɢɡɜɟɫɬɧɵ: y(1), y(2), …, 
y(n); 
– 1ŷ( / )nn Y   – ɦɢɧɢɦɚɥɶɧɚɹ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢ-
ɱɟɫɤɚɹ ɨɰɟɧɤɚ ɞɚɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ y(n) ɩɪɢ 
ɜɪɟɦɟɧɢ n, ɜɟɤɬɨɪɵ ɧɚɛɥɸɞɟɧɢɹ ɢɡɜɟɫɬɧɵ: 
y(1), y(2), …, y(n) (ɪɚɡɦɟɪɧɨɫɬɶ N1);  
– 1ˆĮ y( ) y( / )nn n Y    – ɧɨɜɵɟ ɞɚɧɧɵɟ ɜ ɞɚɧ-
ɧɵɯ ɧɚɛɥɸɞɟɧɢɹ y(n), ɧɨɜɵɣ ɜɟɤɬɨɪ ɩɪɢ ɜɪɟ-
ɦɟɧɢ n;  
– R(n)=E[(n)H(n)] – ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɦɚɬ-
ɪɢɰɚ ɧɨɜɨɝɨ ɜɟɤɬɨɪɚ Į( ),n N N ; 
– ˆİ( ) x( ) x( / )nn n n Y   – ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɣ 
ɜɟɤɬɨɪ ɩɨɝɪɟɲɧɨɫɬɢ; 
– ɉ(n+1,n) = E[(n+1,n) H(n+1,n) – ɤɨɪɪɟɥɹ-
ɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ x̂( 1 / )nn Y  
ɪɚɡɦɟɪɧɨɫɬɢ Ɇ Ɇ ; 
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– ɉ(n, n) = E[(n,n)H(n, n) – ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ 
ɦɚɬɪɢɰɚ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ˆ( / )nx n Y  ɪɚɡɦɟɪɧɨ-
ɫɬɢ Ɇ Ɇ ; 
– K ( )G n  – ɤɨɷɮɮɢɰɢɟɧɬ ɭɫɢɥɟɧɢɹ Ʉɚɥɦɚɧɚ 
ɪɚɡɦɟɪɧɨɫɬɢ Ɇ N  ɩɪɢ ɜɪɟɦɟɧɢ n. 
 

Ɏɢɥɶɬɪ Ʉɚɥɦɚɧɚ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ 
ɨɞɧɨɫɬɚɞɢɣɧɨɦ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ [7] 

 
ȼ ɪɚɫɩɨɪɹɠɟɧɢɢ ɢɦɟɸɬɫɹ ɞɚɧɧɵɟ ɧɚɛɥɸɞɟ-
ɧɢɹ y(1), y(2), …, y(n). Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɜɟɫɬɧɵ 
ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: ɦɚɬɪɢɰɚ ɩɟɪɟɯɨɞɨɜ 
ɫɨɫɬɨɹɧɢɣ 1F( , 1) F ( 1, )n n n n   , ɦɚɬɪɢɰɚ 
ɢɡɦɟɪɟɧɢɣ C(n), ɦɚɬɪɢɰɚ, ɜɵɞɟɥɹɸɳɚɹ ɜɟɤ-
ɬɨɪ ɩɨɦɟɯ G(n), ɦɚɬɪɢɰɚ, ɜɵɞɟɥɹɸɳɚɹ ɜɟɤ-
ɬɨɪ ɩɨɦɟɯ ɩɪɢ ɢɡɦɟɪɟɧɢɢ D(n), ɤɨɪɪɟɥɹɰɢ-
ɨɧɧɚɹ ɦɚɬɪɢɰɚ ɜɟɤɬɨɪɚ ɩɨɦɟɯ Qw(n), 
ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɦɚɬɪɢɰɚ ɜɟɤɬɨɪɚ ɩɨɦɟɯ ɩɪɢ 
ɢɡɦɟɪɟɧɢɢ Qv(n).  
 
ȼ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 1, 2, 3,...n   ɩɪɨɢɡɜɨɞɹɬ-
ɫɹ ɫɥɟɞɭɸɳɢɟ ɜɵɱɢɫɥɟɧɢɹ 
 

2Q ( ) D( )Q ( )D ( )H
vn n n n , 

 

1
2

K ( ) F( 1, )ɉ( , 1)C ( )

[C( )ɉ( , 1)C ( ) Q ( )] ,

H
G

H

n n n n n n

n n n n n 

   

  
 

 

1ˆĮ( ) y( ) C( )x( / )nn n n n Y   , 
 

1ˆ ˆx( 1/ ) F( 1, )x( / ) G( )Į( )n nn Y n n n Y n n     
 

ɉ( ) ɉ( , 1)
F( , 1)G( )C( )K( , 1),

n n n
n n n n n n
  

  
 

 

1Q ( ) G( )Q ( )G ( )H
wn n n n , 

 

1ɉ( 1, )F( 1, )ɉ( )F ( 1, ) Q ( )Hn n n n n n n n    . 
 

ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ 
 
   0x̂ 1 / E 1Y x    , 

 

        0

ɉ(1,0)

E x 1 E x 1 x 1 E x 1 H ɉ



            
. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 
Ɋɢɫ. 2 ɩɨɤɚɡɵɜɚɟɬ ɨɛɳɭɸ ɫɬɪɭɤɬɭɪɭ ɩɪɨɰɟɫɫɚ 
ɢɡɦɟɪɟɧɢɹ. Ⱥɤɫɟɥɟɪɨɦɟɬɪ 202ADXL  ɭɫɬɚ-
ɧɨɜɥɟɧ ɜ ɰɟɧɬɪɟ ɬɹɠɟɫɬɢ ɚɜɬɨɦɨɛɢɥɹ ɞɥɹ ɢɡ-

ɦɟɪɟɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ (ɚɯ). Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɞɨɥɶɧɨɝɨ ɭɫɤɨɪɟɧɢɹ (vx) ɢɫ-
ɩɨɥɶɡɨɜɚɥɫɹ ɜɵɫɨɤɨɬɨɱɧɵɣ ɛɟɫɤɨɧɬɚɤɬɧɵɣ 
ɢɡɦɟɪɢɬɟɥɶ ɫɤɨɪɨɫɬɢ  
 

 
Ɋɢɫ. 2. ɂɡɨɛɪɚɠɟɧɢɟ ɦɟɫɬ, ɝɞɟ ɭɫɬɚɧɨɜɥɟɧɵ 

ɚɤɫɟɥɟɪɨɦɟɬɪ ɢ ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɞɚɬɱɢɤ 
 
ɉɪɢ ɷɬɨɦ ɨɛɪɚɛɨɬɤɚ ɫɢɝɧɚɥɚ ɛɵɥɚ ɩɪɨɢɡɜɟ-
ɞɟɧɚ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɚ ɢ 12-ɛɢɬɧɨɣ 
ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɤɚɪɬɵ ɫɛɨɪɚ ɞɚɧɧɵɯ 

700.DAQCard   ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ –
500 Ƚɰ. Ⱦɚɧɧɵɟ ɨ ɫɤɨɪɨɫɬɢ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɢɫɩɵɬɚɧɢɹɯ ɩɨɤɚɡɚɧɵ ɧɚ 
ɪɢɫ. 3, ɚ ɟɝɨ ɩɪɨɞɨɥɶɧɨɟ ɭɫɤɨɪɟɧɢɟ ɩɪɟɞɫɬɚɜ-
ɥɟɧɨ ɧɚ ɪɢɫ. 4. ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ 
ɧɚ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɨɦɟɯ ɫɢɝɧɚɥɚ.  
 

 
 

Ɋɢɫ. 3. ɋɤɨɪɨɫɬɶ (ɤɦ/ɱɚɫ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɜɪɟɦɟɧɢ (ɫ) 

 
 
Ɋɢɫ. 4. ɍɫɤɨɪɟɧɢɟ (ɦ/ɫ2) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɜɪɟɦɟɧɢ (ɫ) 

ɍ
ɫɤ

ɨɪ
ɟɧ

ɢɟ
, ɦ

/ɫ
2  

ȼɪɟɦɹ, ɫ 

ȼɪɟɦɹ, ɫ 

ɋ
ɤɨ

ɪɨ
ɫɬ

ɶ,
 ɤ

ɦ/
ɱ 
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Ɉɩɬɢɦɚɥɶɧɚɹ ɮɢɥɶɬɪɚɰɢɹ 
 

ɉɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɚɤɫɟɥɟɪɨɦɟɬɪ ɢɦɟɟɬ 
ɪɚɡɧɵɟ ɭɪɚɜɧɟɧɢɹ 
 

1 2

2

x ( ) x ( ),
x ( ) w( ),

t t
t t




  

 
ɢ ɦɨɞɟɥɶ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɨɫɬɨɹɧɢɣ ɛɭɞɟɬ 
ɜɵɪɚɠɟɧɚ ɤɚɤ, 
 

     x Ax Ew ,t t n                      (5) 
 

     y Cx Dv ,t t t                      (6) 
 

ɝɞɟ ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɜɟɤɬɨɪɚ ɫɨɫɬɨɹɧɢɹ x(t) 
ɹɜɥɹɸɬɫɹ ɫɤɨɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɟ ɢ 
 

0 1
A

0 0
 

  
 

, 
0

E
1
 

  
 

, 
1 0

C D
0 1
 

   
 

. 

 
ɉɨɷɬɨɦɭ ɦɚɬɪɢɰɵ F ɢ G ɞɢɫɤɪɟɬɧɵɯ ɜɨ ɜɪɟ-
ɦɟɧɢ ɭɪɚɜɧɟɧɢɣ ɩɪɨɫɬɪɚɧɫɬɜɚ ɫɨɫɬɨɹɧɢɣ (1) 
ɢ (2) ɛɭɞɭɬ ɫɥɟɞɭɸɳɢɦɢ 
 

1
F

0 1
sT 

  
 

, 

2

G 2
s

s

T

T

 
   
  

, 

 
ɝɞɟ Ts – ɷɬɨ ɜɪɟɦɹ ɡɚɦɟɪɚ. 
 
Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɢɥɶɬɪɚ ɛɵɥɢ ɫɨɡɞɚɧɵ ɫɥɟɞɭ-
ɸɳɢɟ ɦɚɬɪɢɰɵ Qw ɢ  Qv: 
 

1
1 0

Q 10 ,
0 1

r
w

 
   

 
  

 

2
1 0

Q 10
0 1

r
v

 
   

 
, 

 
ɝɞɟ 1r  ɢ 2r  ɛɵɥɢ ɰɟɥɵɦɢ ɱɢɫɥɚɦɢ, ɜɵɛɪɚɧ-
ɧɵɦɢ ɨɬ 0 ɞɨ 10. Ɂɚɬɟɦ ɮɭɧɤɰɢɹ ɩɨɬɟɪɶ  
 

   E[İ İ ]HJ n n . 
 
Ɋɢɫ. 5 ɩɨɤɚɡɵɜɚɟɬ ɧɨɪɦɚɥɢɡɨɜɚɧɧɭɸ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɩɨɝɪɟɲɧɨɫɬɟɣ ɮɢɥɶɬɪɚ. Ⱦɥɹ ɢɫɫɥɟɞɭɟ-
ɦɨɝɨ ɩɪɢɦɟɪɚ ɨɩɬɢɦɚɥɶɧɵɦ ɡɧɚɱɟɧɢɟɦ r1 ɢ r2 
ɛɭɞɭɬ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 1 ɢ 5.  
 

 
Ɋɢɫ. 5. ɇɨɪɦɚɥɢɡɨɜɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨ-

ɝɪɟɲɧɨɫɬɟɣ ɮɢɥɶɬɪɚ 
 
Ɋɢɫ. 5 ɩɨɤɚɡɵɜɚɟɬ ɨɬɥɢɱɢɟ ɨɬ [5], ɬ.ɟ. ɦɨɠɧɨ 
ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɮɢɥɶ-
ɬɪɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɜɟɥɢɱɢɧɵ ɤɨɦɩɨɧɟɧɬɨɜ 
ɦɚɬɪɢɰ  Qw ɢ Qv. 
  
Ɋɢɫ. 6 ɩɨɤɚɡɵɜɚɟɬ ɧɨɪɦɚɥɢɡɨɜɚɧɧɭɸ ɤɪɢɜɭɸ 
ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɦɚɬɪɢɰɵ 
ɫɨɫɬɨɹɧɢɹ  ɉ 1, ,n n  ɚ ɪɢɫ. 7 ɨɬɨɛɪɚɠɚɟɬ 
ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɭɫɤɨɪɟɧɢɟ. 
 

 
 

Ɋɢɫ. 6. ɇɨɪɦɚɥɢɡɨɜɚɧɧɚɹ ɤɪɢɜɚɹ  ɉ 1,n n  

 
Ɋɢɫ. 7. ɉɪɟɞɩɨɥɚɝɚɟɦɨɟ ɭɫɤɨɪɟɧɢɟ (ɦ/ɫ2) ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ (ɫ) 
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Ɋɢɫ. 8 ɩɨɤɚɡɵɜɚɟɬ ɫɩɟɤɬɪɚɥɶɧɭɸ ɩɥɨɬɧɨɫɬɶ 
ɦɨɳɧɨɫɬɢ (ɋɉɆ) ɜ ɞȻ [14] ɞɥɹ ɭɫɤɨɪɟɧɢɹ ɢ 
ɞɥɹ ɮɢɥɶɬɪɨɜɚɧɧɨɝɨ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɭɫɤɨ-
ɪɟɧɢɹ.  
 

 
 

Ɋɢɫ. 8. ɋɉɆ ɭɫɤɨɪɟɧɢɹ ɢ ɮɢɥɶɬɪɨɜɚɧɧɨɝɨ 
ɨɰɟɧɨɱɧɨɝɨ ɭɫɤɨɪɟɧɢɹ 

 
ɋɥɟɞɭɟɬ ɩɪɢɧɹɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɪɚɡɧɢɰɭ ɦɟɠɞɭ 
ɋɉɆ  ɞɚɧɧɵɯ ɞɜɭɯ ɫɢɝɧɚɥɨɜ. Ɋɢɫ. 8 ɞɟɦɨɧ-
ɫɬɪɢɪɭɟɬ ɭɥɭɱɲɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɫɢɝ-
ɧɚɥ/ɩɨɦɟɯɚ (Ɉɋɉ) ɞɥɹ ɤɚɠɞɨɣ ɨɩɪɟɞɟɥɹɟɦɨɣ 
ɱɚɫɬɨɬɵ. ɂɫɩɨɥɶɡɭɹ ɩɪɟɞɥɨɠɟɧɧɵɣ ɛɥɨɤ 
ɧɚɛɥɸɞɟɧɢɹ, ɦɨɠɧɨ ɞɨɫɬɢɱɶ ɭɥɭɱɲɟɧɢɹ Ɉɋɉ 
ɨɤɨɥɨ 20 ɞȻ ɞɥɹ ɱɚɫɬɨɬ ɜɵɲɟ 100 Ƚɰ, 16 ɞȻ – 
ɞɥɹ ɱɚɫɬɨɬ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 60 ɞɨ 100 Ƚɰ ɢ 
ɨɤɨɥɨ 16 ɞȻ – ɞɥɹ ɛɨɥɟɟ ɧɢɡɤɢɯ ɱɚɫɬɨɬ.  
 
ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ 
[15, 16] ɛɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɫɬɚɬɢɱɟɫɤɨɟ 
ɭɫɤɨɪɟɧɢɟ ɧɟ ɜɥɢɹɟɬ ɧɚ ɜɵɯɨɞɧɭɸ ɦɨɳɧɨɫɬɶ 
ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɝɨ ɧɚɛɥɸɞɚɬɟɥɹ. Ɍɟɦ ɧɟ 
ɦɟɧɟɟ, ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɩɪɨɛɥɟɦɧɵɯ ɭɫɥɨ-
ɜɢɹɯ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɫɧɚɱɚɥɚ ɮɢɥɶɬɪɨɜɚɬɶ 
ɫɢɝɧɚɥ, ɢɫɩɨɥɶɡɭɹ ɨɩɪɟɞɟɥɟɧɧɵɣ ɮɢɥɶɬɪ 
ɜɟɪɯɧɢɯ ɱɚɫɬɨɬ, ɚ ɡɚɬɟɦ ɩɪɢɦɟɧɹɬɶ ɮɢɥɶɬɪ 
Ʉɚɥɦɚɧɚ. 
 

ȼɵɜɨɞɵ 
 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɤɚɤ ɢ ɜ [15], ɞɥɹ ɨɩɪɟɞɟɥɟ-
ɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɨɰɟɧɤɢ ɭɫɤɨɪɟɧɢɹ ɚɜɬɨɦɨ-
ɛɢɥɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɹɯ ɢɫɩɨɥɶ-
ɡɨɜɚɥɫɹ ɮɢɥɶɬɪ Ʉɚɥɦɚɧɚ. 
 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɤɚɡɵɜɚɸɬ 
ɞɨɫɬɚɬɨɱɧɨɟ ɭɥɭɱɲɟɧɢɟ ɨɬɧɨɲɟɧɢɹ ɫɢɝ-
ɧɚɥ/ɩɨɦɟɯɚ ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɩɨɥɨɫɵ ɱɚ-
ɫɬɨɬ ɮɢɥɶɬɪɚ. 
 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɫɦɨɝɥɨ ɩɪɟ-
ɨɞɨɥɟɬɶ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɜ ɪɚɡɪɚɛɨɬɤɟ ɨɩɬɢ-

ɦɢɡɢɪɭɸɳɢɯ ɮɢɥɶɬɪɨɜ ɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ 
ɞɚɬɱɢɤɨɜ ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
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