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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɢɨɬɟɯɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɟ ɞɥɹ 
ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɨɰɟɧɤɢ ɮɢɡɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɚɰɢɟɧɬɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ ɝɚɧɬɟɥɶ, 
ɨɫɧɚɳɟɧɧɭɸ ɩɥɚɬɨɣ ɫ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɦ ɢ ɢɧɟɪɰɢɚɥɶɧɵɦɢ ɞɚɬɱɢɤɚɦɢ. Ⱦɥɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ ɝɢɪɨɫɤɨɩ ɢ ɚɤɫɟɥɟɪɨɦɟɬɪ. 
Ɍɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɫɬɪɨɢɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ: ɭɝɥɚɦ ɩɨɜɨɪɨɬɚ ɢ ɩɟɪɟɦɟɳɟɧɢɸ. 
ɉɟɪɟɦɟɳɟɧɢɟ ɜɵɱɢɫɥɹɟɬɫɹ ɩɭɬɟɦ ɞɜɨɣɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ, 
ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɝɚɧɬɟɥɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɝɢɪɨɫɤɨɩɚ. Ⱦɚɧɧɵɟ, ɫɱɢɬɚɧɵɟ ɫ ɞɚɬɱɢɤɨɜ, ɩɨɫɬɭɩɚɸɬ ɧɚ ɩɥɚɬɭ ɫ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɦ, ɝɞɟ 
ɩɪɨɢɫɯɨɞɢɬ ɢɯ ɮɢɥɶɬɪɚɰɢɹ ɢ ɨɛɪɚɛɨɬɤɚ. ɇɚ ɨɫɧɨɜɟ ɨɛɪɚɛɨɬɚɧɧɵɯ ɞɚɧɧɵɯ ɫɬɪɨɢɬɫɹ 
ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ. Ɇɚɫɫɚ ɝɚɧɬɟɥɢ ɫɨɫɬɚɜɥɹɟɬ 0,50 ɤɝ, ɨɛɳɚɹ ɦɚɫɫɚ ɭɫɬɪɨɣɫɬɜɚ 
0,54 ɤɝ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɛɢɨɬɟɯɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɩɨɫɨɛɧɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɩɚɬɨɥɨɝɢɢ 
ɥɨɤɬɟɜɨɝɨ ɫɭɫɬɚɜɚ ɜɟɪɯɧɟɝɨ ɩɥɟɱɟɜɨɝɨ ɩɨɹɫɚ ɱɟɥɨɜɟɤɚ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɮɢɡɢɱɟɫɤɢɯ 
ɩɚɪɚɦɟɬɪɨɜ ɩɚɰɢɟɧɬɚ ɩɪɢ ɬɪɚɜɦɚɯ ɥɨɤɬɟɜɨɝɨ ɫɭɫɬɚɜɚ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: «ɭɦɧɵɟ» ɫɩɨɪɬɢɜɧɵɟ ɫɧɚɪɹɞɵ; ɢɧɟɪɰɢɚɥɶɧɵɟ ɞɚɬɱɢɤɢ; ɚɧɚɥɢɡ 
ɞɜɢɠɟɧɢɣ; ɮɢɥɶɬɪ Ʉɚɥɦɚɧɚ; ɪɟɚɛɢɥɢɬɚɰɢɹ. 
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Annotation 
In this paper, a biotechnical device for recording and assessing a person's physical activity is 
presented, which is a dumbbell equipped with a microprocessor board and inertial sensors. To 
restore the trajectory of the projectile, a gyroscope and an accelerometer are used. The trajectory 
of the motion is based on the coordinates: the angles of rotation and displacement. The movement 
is calculated by double integration of the accelerometer readings, the angles of rotation of the 
dumbbell are determined by integrating the angular velocity of rotation of the gyroscope. The 
data read from the sensors is fed to the microprocessor board, where they are filtered and 
processed. Based on the processed data, the trajectory of the projectile's motion is constructed. 
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The weight of the dumbbell is 0.50 kg, the total mass of the device is 0.54 kg. The developed 
biotechnical device is able to detect the elbow joint pathology of the upper human shoulder girdle 
and to assess the physical parameters of the patient with injuries of the elbow joint. 
Keywords: smart sports equipment; inertial sensors; motion analysis; Kalman filter; 
rehabilitation. 

 

ȼȼȿȾȿɇɂȿ 
ɋɩɨɪɬɢɜɧɵɟ ɫɧɚɪɹɞɵ ɞɥɹ ɥɟɱɟɛɧɨɣ ɮɢɡɤɭɥɶɬɭɪɵ ɜɫɟ ɱɚɳɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɦɟɞɢɰɢɧɫɤɨɣ 

ɩɪɚɤɬɢɤɟ ɞɥɹ ɩɪɨɮɢɥɚɤɬɢɤɢ ɢ ɥɟɱɟɧɢɹ ɡɚɛɨɥɟɜɚɧɢɣ ɨɩɨɪɧɨ-ɞɜɢɝɚɬɟɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɚ ɬɚɤɠɟ ɜ 
ɩɟɪɢɨɞ ɦɟɞɢɰɢɧɫɤɨɣ ɪɟɚɛɢɥɢɬɚɰɢɢ ɩɚɰɢɟɧɬɚ. Ⱥɧɚɥɢɡɢɪɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɮɢɡɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɟ 
ɦɨɠɧɨ ɩɪɢ ɩɨɦɨɳɢ «ɭɦɧɨɝɨ» ɫɩɨɪɬɢɜɧɨɝɨ ɫɧɚɪɹɞɚ, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɚɞɢɰɢɨɧɧɵɣ 
ɫɩɨɪɬɢɜɧɵɣ ɫɧɚɪɹɞ, ɨɛɴɟɞɢɧɟɧɧɵɣ ɫ ɷɥɟɤɬɪɨɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. «ɍɦɧɵɣ» ɫɧɚɪɹɞ ɩɨɡɜɨɥɢɬ 
ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɮɢɡɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɫɩɨɪɬɫɦɟɧɚ ɢɥɢ ɩɚɰɢɟɧɬɚ, ɩɪɨɜɨɞɢɬɶ ɱɚɫɬɢɱɧɵɣ 
ɦɨɧɢɬɨɪɢɧɝ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ, ɪɟɝɢɫɬɪɢɪɭɹ ɩɨɤɚɡɚɬɟɥɢ ɪɚɡɜɢɬɢɹ ɮɢɡɢɱɟɫɤɢɯ ɤɚɱɟɫɬɜ, 
ɨɩɟɪɚɬɢɜɧɨ ɢ ɝɪɚɦɨɬɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɧɚɝɪɭɡɤɭ ɜ ɬɟɱɟɧɢɟ ɡɚɧɹɬɢɹ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɚɧɚɥɢɡɚ ɢ ɨɰɟɧɤɢ 
ɞɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɚɠɧɟɧɢɣ, ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɤɨɦɩɶɸɬɟɪ ɢɥɢ ɫɩɟɰɢɚɥɶɧɨɟ 
ɩɪɢɥɨɠɟɧɢɟ ɧɚ ɬɟɥɟɮɨɧɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɩɪɢɛɨɪɵ, ɜɫɬɪɨɟɧɧɵɟ ɜ ɫɩɨɪɬɢɜɧɵɣ ɫɧɚɪɹɞ, 
ɚ ɧɟ ɡɚɤɪɟɩɥɟɧɧɵɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɱɟɥɨɜɟɤɟ, ɫɨɯɪɚɧɹɸɬ ɧɟɨɛɯɨɞɢɦɵɣ ɤɨɦɩɪɨɦɢɫɫ ɦɟɠɞɭ 
ɬɨɱɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɣ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɫɩɨɪɬɫɦɟɧɚ ɢɥɢ ɩɚɰɢɟɧɬɚ, ɬɚɤ ɤɚɤ ɧɟ ɫɨɡɞɚɸɬ 
ɞɢɫɤɨɦɮɨɪɬ ɩɪɢ ɞɜɢɠɟɧɢɢ ɢ ɧɟ ɭɬɹɠɟɥɹɸɬ ɨɞɟɠɞɭ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɩɪɨɰɟɫɫ ɤɪɟɩɥɟɧɢɹ ɫɢɫɬɟɦɵ 
ɞɚɬɱɢɤɨɜ ɧɚ ɬɟɥɟ ɱɟɥɨɜɟɤɚ ɦɨɠɟɬ ɛɵɬɶ ɭɬɨɦɢɬɟɥɶɧɵɦ ɢ ɡɚɧɹɬɶ ɦɧɨɝɨ ɜɪɟɦɟɧɢ [Fuss, 2013].  

ɉɪɢɦɟɪɨɦ «ɭɦɧɨɝɨ» ɫɩɨɪɬɢɜɧɨɝɨ ɫɧɚɪɹɞɚ ɹɜɥɹɟɬɫɹ «ɭɦɧɚɹ ɝɚɧɬɟɥɶ», ɤɨɬɨɪɚɹ ɨɫɧɚɳɟɧɚ 
ɷɥɟɤɬɪɨɧɧɵɦɢ ɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ. Ɉɫɧɨɜɧɚɹ ɮɭɧɤɰɢɹ ɬɚɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ – 

ɨɬɫɥɟɠɢɜɚɧɢɟ ɤɨɪɪɟɤɬɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɣ ɧɚ ɨɩɪɟɞɟɥɟɧɧɭɸ 
ɝɪɭɩɩɭ ɦɵɲɰ. Ʉɪɨɦɟ ɬɨɝɨ, «ɭɦɧɚɹ» ɝɚɧɬɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɚ ɞɢɫɩɥɟɟɦ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ 
ɞɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɤɨɥɢɱɟɫɬɜɚ ɩɪɚɜɢɥɶɧɨ ɜɵɩɨɥɧɟɧɧɵɯ ɭɩɪɚɠɧɟɧɢɣ, ɚ ɬɚɤɠɟ ɞɚɬɱɢɤɚɦɢ ɡɜɭɤɚ ɢɥɢ 
ɜɢɛɪɚɰɢɢ ɞɥɹ ɨɩɨɜɟɳɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɨ ɧɚɪɭɲɟɧɢɹɯ ɩɪɚɜɢɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ. 

 
ɈɋɇɈȼɇȺə ɑȺɋɌɖ 

Ɉɛɡɨɪ ɪɚɛɨɬ ɩɨ ɫɨɡɞɚɧɢɸ ɦɟɞɢɰɢɧɫɤɢɯ ɢ ɫɩɨɪɬɢɜɧɵɯ ɛɢɨɬɟɯɧɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ 

Ȼɢɨɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɢɦɟɸɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ: ɦɟɞɢɰɢɧɚ ɢ ɫɩɨɪɬ. 
Ⱦɥɹ ɦɟɞɢɰɢɧɫɤɢɯ ɰɟɥɟɣ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɢɫɬɟɦɵ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɞɢɚɝɧɨɫɬɢɤɢ ɩɨɯɨɞɤɢ ɢ ɨɫɚɧɤɢ, 
ɤɨɬɨɪɵɟ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɰɟɧɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɯɢɪɭɪɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ, ɭɥɭɱɲɟɧɢɹ 
ɫɬɚɛɢɥɶɧɨɫɬɢ ɯɨɞɶɛɵ ɢ ɫɧɢɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɫɭɫɬɚɜɵ [Shull et al., 2014]. 

Ⱥɜɬɨɪɵ ɪɚɛɨɬɵ [Sun et al., 2014] ɩɪɟɞɥɚɝɚɸɬ ɫɢɫɬɟɦɭ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɩɨɯɨɞɤɢ ɩɨɠɢɥɵɯ 
ɥɸɞɟɣ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɬɟɩɟɧɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɪɟɚɛɢɥɢɬɚɰɢɢ. ɍɫɬɪɨɣɫɬɜɨ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɛɟɫɤɨɧɬɚɤɬɧɵɣ ɫɟɧɫɨɪɧɵɣ ɢɝɪɨɜɨɣ ɤɨɧɬɪɨɥɥɟɪ Kinect, ɡɚɤɪɟɩɥɟɧɧɵɣ ɧɚ 
ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɥɟɫɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɭɪɨɜɧɟ ɤɨɥɟɧ ɛɨɥɶɧɨɝɨ, ɢ ɜɨɫɶɦɢ ɦɟɬɨɤ, ɧɚɤɥɟɟɧɧɵɯ ɧɚ 
ɮɪɨɧɬɚɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɢɠɧɢɯ ɤɨɧɟɱɧɨɫɬɟɣ (ɩɨ ɱɟɬɵɪɟ ɧɚ ɤɚɠɞɭɸ). Ʉɨɥɟɫɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɬɪɚɯɨɜɤɭ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɚɰɢɟɧɬɚ ɢ ɩɪɢɜɨɞɢɬɫɹ ɜ ɞɜɢɠɟɧɢɟ ɱɟɬɵɪɶɦɹ ɲɚɝɨɜɵɦɢ 
ɞɜɢɝɚɬɟɥɹɦɢ. ɋɱɢɬɵɜɚɧɢɟ ɞɚɧɧɵɯ ɨ ɩɨɥɨɠɟɧɢɢ ɬɟɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɩɨɦɨɳɢ 
Kinect-ɤɨɧɬɪɨɥɥɟɪɚ, ɤɨɬɨɪɵɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɪɢ ɤɚɦɟɪɵ: ɰɜɟɬɧɭɸ RGB, ɢɧɮɪɚɤɪɚɫɧɭɸ 
ɩɪɨɟɤɰɢɨɧɧɭɸ ɢ ɄɆɈɉ ɢɧɮɪɚɤɪɚɫɧɭɸ. ɉɨɫɥɟ ɩɨɥɭɱɟɧɧɵɟ ɩɨɤɚɡɚɧɢɹ ɮɢɥɶɬɪɭɸɬɫɹ ɮɢɥɶɬɪɨɦ 
Ʉɚɥɦɚɧɚ. 

Ʉɨɧɬɪɨɥɥɟɪ Kinect ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɷɥɟɤɬɪɨɦɢɨɝɪɚɮɨɦ ɬɚɤɠɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɦɢɬɚɰɢɢ 
ɮɭɧɤɰɢɣ ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɱɟɥɨɜɟɤɚ [Kundu et al., 2014]. Ʉɨɧɬɪɨɥɥɟɪ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɫɝɢɛɚ ɤɨɥɟɧɚ ɩɚɰɢɟɧɬɚ, ɚ ɷɥɟɤɬɪɨɦɢɨɝɪɚɮ ɪɟɝɢɫɬɪɢɪɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɚɤɬɢɜɧɨɫɬɶ ɦɵɲɰ. Ⱦɚɧɧɵɟ, ɩɨɥɭɱɟɧɧɵɟ ɨɬ ɷɬɢɯ ɭɫɬɪɨɣɫɬɜ, ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɣ 
ɷɤɡɨɫɤɟɥɟɬ ɧɢɠɧɢɯ ɤɨɧɟɱɧɨɫɬɟɣ, ɤɨɬɨɪɵɣ ɫɨɜɟɪɲɚɟɬ ɞɜɢɠɟɧɢɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɧɚɦɟɪɟɧɢɹɦɢ 
ɩɨɥɶɡɨɜɚɬɟɥɹ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɪɟɚɛɢɥɢɬɚɰɢɢ ɩɚɰɢɟɧɬɨɜ 
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ɩɨɫɥɟ ɢɧɫɭɥɶɬɚ, ɫɬɪɚɞɚɸɳɢɯ ɰɟɪɟɛɪɚɥɶɧɵɦ ɩɚɪɚɥɢɱɨɦ ɢ ɞɪɭɝɢɦɢ ɧɟɪɜɧɨ-ɦɵɲɟɱɧɵɦɢ 
ɡɚɛɨɥɟɜɚɧɢɹɦɢ. 

Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɮɪɚɤɪɚɫɧɵɯ ɤɚɦɟɪ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɚɫɬɪɨɣɤɢ, ɱɬɨ 
ɩɪɟɩɹɬɫɬɜɭɟɬ ɢɯ ɩɪɢɦɟɧɟɧɢɸ ɜ ɦɨɛɢɥɶɧɵɯ ɫɢɫɬɟɦɚɯ. ɍɫɬɪɨɣɫɬɜɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɯɨɞɤɢ ɩɪɢ 
ɩɨɦɨɳɢ ɢɧɟɪɰɢɚɥɶɧɵɯ ɞɚɬɱɢɤɨɜ ɧɟ ɢɦɟɟɬ ɞɚɧɧɨɝɨ ɧɟɞɨɫɬɚɬɤɚ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɹɞɟ 
ɢɫɫɥɟɞɨɜɚɧɢɣ. ȼ ɪɚɛɨɬɟ [Senanayake, Senanayake, 2009] ɚɜɬɨɪɚɦɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɢɫɬɟɦɚ ɞɥɹ 
ɜɵɹɜɥɟɧɢɹ ɚɧɨɦɚɥɢɣ ɩɨɯɨɞɤɢ, ɫɨɞɟɪɠɚɳɚɹ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɯɨɞɤɢ. ɗɥɟɦɟɧɬɚɪɧɚɹ ɛɚɡɚ ɭɫɬɪɨɣɫɬɜɚ ɫɨɫɬɨɢɬ ɢɡ ɫɬɟɥɶɤɢ ɫ ɱɟɬɵɪɶɦɹ 
ɜɫɬɪɨɟɧɧɵɦɢ ɬɟɧɡɨɪɟɡɢɫɬɨɪɚɦɢ ɫ ɥɢɧɟɣɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɞɚɜɥɟɧɢɹ, 
ɨɤɚɡɵɜɚɟɦɨɝɨ ɫɬɨɩɨɣ ɧɚ ɚɤɬɢɜɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɢ ɞɜɭɯ ɢɧɟɪɰɢɚɥɶɧɵɯ IMU-ɫɟɧɫɨɪɨɜ (Inertial 
measurement unit — ɢɧɟɪɰɢɨɧɧɨɟ ɢɡɦɟɪɢɬɟɥɶɧɨɟ ɭɫɬɪɨɣɫɬɜɨ) ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɭɝɥɨɜ ɫɝɢɛɚ 
ɤɨɥɟɧɧɨɝɨ ɫɭɫɬɚɜɚ ɩɪɢ ɯɨɞɶɛɟ. Ɉɞɢɧ ɫɟɧɫɨɪ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɛɟɞɪɟ, ɞɪɭɝɨɣ – ɧɚ ɝɨɥɟɧɢ, ɚ ɪɟɡɢɫɬɨɪɵ 
ɜ ɨɛɥɚɫɬɢ ɩɹɬɤɢ, ɛɨɥɶɲɨɝɨ ɩɚɥɶɰɚ ɫɬɨɩɵ, ɩɟɪɜɨɣ ɢ ɱɟɬɜɟɪɬɨɣ ɩɥɸɫɧɟɜɵɯ ɤɨɫɬɹɯ. Ɍɟɧɡɨɪɟɡɢɫɬɨɪɵ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɥɢɦɟɪɧɵɟ ɩɥɟɧɤɢ ɬɨɥɳɢɧɨɣ 0,5 ɦɦ, ɤɨɬɨɪɵɟ ɧɟ ɫɨɡɞɚɸɬ ɞɢɫɤɨɦɮɨɪɬ ɩɪɢ 
ɯɨɞɶɛɟ. ɂɯ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɫɧɢɠɚɟɬɫɹ ɩɪɢ ɫɢɥɨɜɨɦ ɜɨɡɞɟɣɫɬɜɢɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ 
ɞɚɜɥɟɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɫɬɨɩɨɣ. 

ɂɞɟɹ «ɭɦɧɨɣ» ɫɬɟɥɶɤɢ ɨɩɢɫɚɧɚ ɬɚɤɠɟ ɜ ɫɬɚɬɶɟ [Wang et al., 2015]. Ⱥɜɬɨɪɚɦɢ ɫɬɚɬɶɢ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ ɧɚɞ ɧɚɡɜɚɧɢɟɦ FreeWalker, ɤɨɬɨɪɨɟ ɫɨɫɬɨɢɬ ɢɡ ɜɨɫɶɦɢ ɞɚɬɱɢɤɨɜ ɞɚɜɥɟɧɢɹ 
ɢ ɞɜɭɯ ɞɚɬɱɢɤɨɜ ɞɜɢɠɟɧɢɹ, ɬɪɟɯɨɫɟɜɨɝɨ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɢ ɬɪɟɯɨɫɟɜɨɝɨ ɝɢɪɨɫɤɨɩɚ. Ɉɫɧɨɜɧɵɦɢ 
ɞɨɫɬɨɢɧɫɬɜɚɦɢ «ɭɦɧɨɣ» ɫɬɟɥɶɤɢ FreeWalker ɹɜɥɹɸɬɫɹ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ, ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɨɜɨɞɢɬɶ 
ɚɧɚɥɢɡ ɩɨɯɨɞɤɢ ɜɧɟ ɥɚɛɨɪɚɬɨɪɢɢ ɢ ɩɟɪɟɞɚɜɚɬɶ ɞɚɧɧɵɟ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɞɨ 20 ɦ. 

ȼ ɫɬɚɬɶɟ [Jung et al., 2014] ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. ɉɨɞɨɛɧɨ ɩɪɟɞɵɞɭɳɢɦ 
ɪɚɡɪɚɛɨɬɤɚɦ ɫɢɫɬɟɦɚ ɡɚɯɜɚɬɚ ɞɜɢɠɟɧɢɹ ɨɫɧɨɜɚɧɚ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɢɧɟɪɰɢɚɥɶɧɵɯ ɞɚɬɱɢɤɨɜ ɢ ɭɦɧɨɣ 
ɫɬɟɥɶɤɟ. ɉɹɬɶ IMU-ɞɚɬɱɢɤɨɜ, ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ ɤɨɧɟɱɧɨɫɬɹɯ ɢ ɧɚ ɬɭɥɨɜɢɳɟ ɱɟɥɨɜɟɤɚ, 
ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɢ ɫɟɝɦɟɧɬɨɜ ɬɟɥɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɚ «ɭɦɧɚɹ» ɨɛɭɜɶ 
ɩɨɡɜɨɥɹɟɬ ɨɛɧɨɜɥɹɬɶ ɬɨɱɤɭ ɨɬɫɱɟɬɚ. 

Ȼɟɫɩɪɨɜɨɞɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɚɧɚɥɢɡɚ ɩɨɯɨɞɤɢ ɩɚɰɢɟɧɬɨɜ ɫ ɧɚɪɭɲɟɧɢɟɦ ɛɚɥɚɧɫɚ ɢ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɬɪɚɜɦ ɩɪɢ ɩɚɞɟɧɢɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɪɚɛɨɬɟ [Nukala et al., 2015], ɫɨɞɟɪɠɢɬ 
ɬɪɟɯɨɫɟɜɨɣ ɥɢɧɟɣɧɵɣ ɚɤɫɟɥɟɪɨɦɟɬɪ ɢ ɝɢɪɨɫɤɨɩ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨ ɛɟɫɩɪɨɜɨɞɧɨɦɭ ɤɚɧɚɥɭ 
ɫɜɹɡɢ ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɤɨɦɩɶɸɬɟɪ, ɝɞɟ ɧɚ ɢɯ ɨɫɧɨɜɟ ɩɪɨɜɨɞɢɬɫɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. 
Ɍɟɫɬɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɩɪɢ ɞɜɭɯ ɜɚɪɢɚɧɬɚɯ ɟɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ: ɧɚ ɡɚɞɧɟɣ ɱɚɫɬɢ 
ɲɟɢ ɢ ɧɚ ɫɩɢɧɟ ɜ ɨɛɥɚɫɬɢ ɱɟɬɜɟɪɬɨɝɨ ɝɪɭɞɧɨɝɨ ɩɨɡɜɨɧɤɚ. Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ 
ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɤɪɟɩɥɟɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɲɟɟ, ɬɚɤ ɤɚɤ ɩɪɢ ɷɬɨɦ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɚɹ 
ɢɡɦɟɧɱɢɜɨɫɬɶ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɱɟɦ ɜ ɫɥɭɱɚɟ ɪɚɡɦɟɳɟɧɢɹ ɫɢɫɬɟɦɵ ɞɚɬɱɢɤɨɜ ɧɚ ɫɩɢɧɟ.  

ɂɧɟɪɰɢɚɥɶɧɵɟ ɞɚɬɱɢɤɢ ɬɚɤɠɟ ɥɟɝɥɢ ɜ ɨɫɧɨɜɭ ɫɢɫɬɟɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɩɚɞɚɧɢɹ, ɪɚɛɨɬɚɸɳɟɣ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ [Shibuya et al., 2015]. ɍɫɬɪɨɣɫɬɜɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɪɟɯɨɫɧɵɣ 
ɚɤɫɟɥɟɪɨɦɟɬɪ, ɞɜɚ ɝɢɪɨɫɤɨɩɚ ɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ. Ɍɟɫɬɢɪɨɜɚɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɩɨɤɚɡɚɥɨ ɜɵɫɨɤɭɸ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɹɜɥɟɧɢɹ ɩɚɞɟɧɢɣ: 98,8% ɩɪɢ ɤɪɟɩɥɟɧɢɢ ɭɫɬɪɨɣɫɬɜɚ ɧɚ ɫɩɢɧɟ ɜ ɨɛɥɚɫɬɢ 
ɱɟɬɜɟɪɬɨɝɨ ɝɪɭɞɧɨɝɨ ɩɨɡɜɨɧɤɚ ɢ 98,7% ɩɪɢ ɤɪɟɩɥɟɧɢɢ ɧɚ ɩɨɹɫɟ. 

Ȼɢɨɬɟɯɧɢɱɟɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ ɧɚɯɨɞɹɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɫɩɨɪɬɚ: ɥɟɝɤɚɹ 
ɚɬɥɟɬɢɤɚ, ɮɭɬɛɨɥ, ɛɚɫɤɟɬɛɨɥ, ɯɨɤɤɟɣ, ɩɥɚɜɚɧɢɟ, ɜɟɥɨɫɩɨɪɬ – ɢ ɬɚɤɠɟ ɨɫɧɨɜɚɧɵ ɧɚ ɬɟɯɧɨɥɨɝɢɢ 
ɫɨɱɟɬɚɧɢɹ ɞɚɬɱɢɤɨɜ [Mendes et al., 2016]. ȼ ɥɟɝɤɨɣ ɚɬɥɟɬɢɤɟ ɫɢɫɬɟɦɚ ɢɧɟɪɰɢɚɥɶɧɵɯ ɞɚɬɱɢɤɨɜ, ɱɚɳɟ 
ɜɫɟɝɨ ɜɤɥɸɱɚɸɳɚɹ ɚɤɫɟɥɟɪɨɦɟɬɪ, ɝɢɪɨɫɤɨɩ, ɦɚɝɧɢɬɨɦɟɬɪ, ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɪɢɱɢɧɵ ɪɚɡɥɢɱɢɣ ɜ 
ɪɟɡɭɥɶɬɚɬɢɜɧɨɫɬɢ ɞɜɭɯ ɫɩɨɪɬɫɦɟɧɨɜ [Azcueta et al., 2014]. 

ɉɨɪɬɚɬɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ SwimMaster, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ ɜ ɪɚɛɨɬɟ [Bächlin, Tröster, 2012], 

ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɤɨɧɬɪɨɥɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢ ɬɟɯɧɢɤɢ ɩɥɚɜɚɧɢɹ, ɚ ɬɚɤɠɟ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɗɥɟɦɟɧɬɚɪɧɚɹ ɛɚɡɚ SwimMaster ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɛɥɨɤɨɜ: SwimRecorder 
ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɡɦɟɪɟɧɢɣ ɢ ɡɚɩɢɫɢ ɩɨɥɭɱɟɧɧɵɯ ɩɨɤɚɡɚɧɢɣ ɢ Swim-Feedback-System [Förster et al., 

2009] ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. SwimRecorder ɫɨɞɟɪɠɢɬ ɜ ɫɟɛɟ ɬɪɟɯɨɫɟɜɨɣ ɚɤɫɟɥɟɪɨɦɟɬɪ, 
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ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, ɭɫɬɪɨɣɫɬɜɨ ɮɥɟɲ-ɩɚɦɹɬɢ ɢ ɩɟɪɟɡɚɪɹɠɚɟɦɵɣ ɚɤɤɭɦɭɥɹɬɨɪ, ɩɨɡɜɨɥɹɸɳɢɣ 
ɫɢɫɬɟɦɟ ɚɜɬɨɧɨɦɧɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɞɨ 48 ɱɚɫɨɜ. Ⱦɜɚ ɞɚɬɱɢɤɚ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɫɩɢɧɟ ɦɟɠɞɭ 
ɥɨɩɚɬɤɚɦɢ ɢ ɧɚ ɭɪɨɜɧɟ ɩɨɹɫɧɢɰɵ (SUBack, SLBack), ɞɪɭɝɢɟ ɞɜɚ – ɡɚɮɢɤɫɢɪɨɜɚɧɵ ɧɚ ɡɚɩɹɫɬɶɹɯ 
(SLWrist ɢ SRWrist) ɤɚɤ ɧɚɪɭɱɧɵɟ ɱɚɫɵ. Swim-Feedback-System ɩɪɟɞɫɬɚɜɥɟɧɚ ɭɫɬɪɨɣɫɬɜɚɦɢ 
ɜɢɡɭɚɥɶɧɨɣ (AVisual), ɬɚɤɬɢɥɶɧɨɣ (ATactile) ɢ ɚɤɭɫɬɢɱɟɫɤɨɣ (AAudio) ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. Ⱦɥɹ 
ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɚɧɚɥɢɡɚ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɥɨɜɰɚ ɩɨɪɬɚɬɢɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɦɨɠɟɬ ɛɵɬɶ 
ɞɨɩɨɥɧɟɧɨ ɫɬɚɬɢɱɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɦɨɧɢɬɨɪɢɧɝɚ: ɤɚɦɟɪɨɣ ɞɥɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɫɴɟɦɤɢ ɢ 
ɞɚɬɱɢɤɚɦɢ ɞɚɜɥɟɧɢɹ, ɜɫɬɪɨɟɧɧɵɦɢ ɜ ɫɩɨɪɬɢɜɧɭɸ ɬɭɦɛɭ [Chakravorti et al., 2013]. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɪɢ ɩɥɚɜɚɧɢɢ ɦɨɠɟɬ ɛɵɬɶ 
ɢɫɩɨɥɶɡɨɜɚɧ ɨɩɬɢɱɟɫɤɢɣ ɛɟɫɩɪɨɜɨɞɧɨɣ ɢɧɮɪɚɤɪɚɫɧɵɣ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤ [Hagem et al., 2013]. 
ɉɨɫɥɟ ɜɵɱɢɫɥɟɧɢɹ ɢ ɚɧɚɥɢɡɚ ɩɨɥɭɱɟɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɨɬɜɟɬɧɵɣ ɫɢɝɧɚɥ ɩɟɪɟɞɚɟɬɫɹ ɨɛɪɚɬɧɨ 
ɫɩɨɪɬɫɦɟɧɭ ɞɥɹ ɚɤɬɢɜɚɰɢɢ ɫɜɟɬɨɞɢɨɞɨɜ, ɜɫɬɪɨɟɧɧɵɯ ɜ ɩɥɚɜɚɬɟɥɶɧɵɟ ɨɱɤɢ. ɉɨ ɰɜɟɬɭ ɢɧɞɢɤɚɬɨɪɚ 
ɩɥɨɜɟɰ ɨɩɪɟɞɟɥɹɟɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɚɠɧɟɧɢɣ ɢ ɤɨɪɪɟɤɬɢɪɭɟɬ ɫɜɨɢ ɞɟɣɫɬɜɢɹ. Ɂɟɥɟɧɵɣ 
ɫɜɟɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɩɨɪɬɫɦɟɧ ɞɨɫɬɢɝ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ, ɟɫɥɢ ɢɧɞɢɤɚɬɨɪ ɝɨɪɢɬ ɤɪɚɫɧɵɦ, 
ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ, ɩɨɤɚ ɧɟ ɩɨɹɜɢɬɫɹ ɡɟɥɟɧɵɣ ɫɜɟɬ, ɫɢɧɢɣ ɰɜɟɬ ɢɧɞɢɤɚɬɨɪɚ 
ɫɢɝɧɚɥɢɡɢɪɭɟɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɫɧɢɠɟɧɢɹ ɫɤɨɪɨɫɬɢ. 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢ ɫɨɤɪɚɳɟɧɢɹ ɬɪɚɜɦ ɜ ɜɟɥɨɫɩɨɪɬɟ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬɵ [Xu et al., 

2015] ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɮɢɥɹ ɭɝɥɚ ɧɨɝɢ, ɬɚɤ ɤɚɤ ɞɚɧɧɵɣ ɩɚɪɚɦɟɬɪ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ ɟɡɞɵ ɧɚ ɜɟɥɨɫɢɩɟɞɟ. Ⱥɤɫɟɥɟɪɨɦɟɬɪ, 
ɡɚɤɪɟɩɥɟɧɧɵɣ ɧɚ ɨɛɭɜɢ ɫɩɨɪɬɫɦɟɧɚ, ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɩɨɥɨɠɟɧɢɢ ɩɟɞɟɥɢ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɢɜɨɲɢɩɚ. Ʉɚɠɞɵɣ ɰɢɤɥ ɜɪɚɳɟɧɢɹ ɩɟɞɚɥɢ ɢɦɟɟɬ ɞɜɟ ɮɚɡɵ: ɫɢɥɨɜɭɸ, 
ɤɨɝɞɚ ɫɩɨɪɬɫɦɟɧ ɬɨɥɤɚɟɬ ɩɟɞɚɥɶ (180° ɩɨ ɱɚɫɨɜɨɣ ɫɬɪɟɥɤɟ ɨɬ ɰɟɧɬɪɚɥɶɧɨɝɨ ɜɟɪɯɧɟɝɨ ɩɨɥɨɠɟɧɢɹ), ɢ 
ɮɚɡɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɤɨɝɞɚ ɜɟɥɨɫɢɩɟɞɢɫɬ ɪɚɫɫɥɚɛɥɹɟɬɫɹ. ɉɪɢɥɨɠɟɧɢɟ ɫɢɥɵ ɜ ɬɟɱɟɧɢɟ ɮɚɡɵ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɧɟɷɮɮɟɤɬɢɜɧɨɣ ɟɡɞɟ. 

ȼ [Büthe et al., 2016] ɩɪɟɞɫɬɚɜɥɟɧɚ ɩɨɪɬɚɬɢɜɧɚɹ ɫɟɧɫɨɪɧɚɹ ɫɢɫɬɟɦɚ ɜɪɟɦɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ 
ɢɝɪɵ ɜ ɬɟɧɧɢɫ, ɤɨɬɨɪɚɹ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ IMU-ɫɟɧɫɨɪɨɜ, ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ ɧɨɝɚɯ ɫɩɨɪɬɫɦɟɧɚ ɢ 
ɪɚɤɟɬɤɟ, ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɨɨɪɞɢɧɚɰɢɢ ɞɜɢɠɟɧɢɹ ɢɝɪɨɤɚ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ 
ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɭɞɚɪɨɜ ɢ ɨɬɨɛɪɚɠɚɬɶ ɩɟɪɟɦɟɳɟɧɢɟ 
ɪɚɤɟɬɤɢ ɢ ɲɚɝɢ ɫɩɨɪɬɫɦɟɧɚ, ɱɬɨ ɜɩɨɫɥɟɞɫɬɜɢɢ ɩɨɦɨɠɟɬ ɩɨɥɶɡɨɜɚɬɟɥɸ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɬɶ ɞɜɢɠɟɧɢɹ 
ɪɭɤ ɢ ɧɨɝ. ȼ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɞɚɧɧɵɦɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɫɩɨɪɬɫɦɟɧɨɜ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɪɚɛɨɬɚɧɨ 
ɩɪɢɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɞɚɜɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɜ ɩɪɨɰɟɫɫɟ ɬɪɟɧɢɪɨɜɨɤ ɛɟɡ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɪɢɫɭɬɫɬɜɢɹ ɬɪɟɧɟɪɚ. Ʉɪɨɦɟ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɩɪɨɬɨɬɢɩɨɜ ɫɟɧɫɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɚɧɚɥɢɡɚ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɩɨɪɬɢɜɧɵɯ ɬɪɟɧɢɪɨɜɨɤ ɫ ɪɚɤɟɬɤɨɣ ɚɜɬɨɪɚɦɢ ɪɚɛɨɬ [Shan et al., 2015; Sharma et al., 

2017] ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɨɦɦɟɪɱɟɫɤɢ ɭɫɩɟɲɧɵɟ ɫɩɨɪɬɢɜɧɵɟ ɝɚɞɠɟɬɵ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɸɬ 
ɞɟɬɟɤɬɢɪɨɜɚɬɶ ɮɚɡɵ ɡɚɦɚɯɚ ɪɚɤɟɬɤɨɣ ɢ ɨɩɪɟɞɟɥɢɬɶ ɤɥɸɱɟɜɭɸ ɬɨɱɤɭ ɞɭɝɢ ɡɚɦɚɯɚ ɞɥɹ ɧɚɢɛɨɥɟɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɭɞɚɪɚ. 

ɉɨɦɢɦɨ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɞɥɹ ɚɧɚɥɢɡɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɩɨɪɬɫɦɟɧɨɜ 
ɫɭɳɟɫɬɜɭɸɬ ɬɚɤɠɟ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɚɧɚɥɢɡɚ ɞɜɢɠɟɧɢɹ ɜ 
ɰɟɥɨɦ. ɋɟɧɫɨɪɧɚɹ ɫɢɫɬɟɦɚ ɞɥɹ ɫɩɨɪɬɚ ɢ ɪɟɚɛɢɥɢɬɚɰɢɢ ASSESSOR (Assistive Sensor System for 
Sports and Rehabilitation), ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɜ ɪɚɛɨɬɟ [Azcueta et al., 2014], ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɱɚɫɬɟɣ: 
IMU-ɫɟɧɫɨɪɚ ɞɥɹ ɫɛɨɪɚ ɞɚɧɧɵɯ ɨ ɞɜɢɠɟɧɢɢ ɢ ɨɪɢɟɧɬɚɰɢɢ ɱɟɥɨɜɟɤɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɚɦɟɪɵ ɞɥɹ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɫɴɟɦɤɢ (GoPro Hero3 Black Edition Action Camera) ɢ Android-ɩɥɚɧɲɟɬɚ ɫ 
ɩɪɢɥɨɠɟɧɢɟɦ ASSESSOR ɞɥɹ ɡɚɩɢɫɢ, ɚɧɚɥɢɡɚ ɢ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ. ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɩɪɢɥɨɠɟɧɢɟ 
ASSESSOR ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɩɨɦɨɳɢ ɬɪɟɧɟɪɭ ɢɥɢ ɜɪɚɱɭ ɜ ɨɰɟɧɤɟ ɮɢɡɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ 
ɫɩɨɪɬɫɦɟɧɚ ɢɥɢ ɩɚɰɢɟɧɬɚ, ɩɪɨɯɨɞɹɳɟɝɨ ɪɟɚɛɢɥɢɬɚɰɢɸ. WiFi-ɫɨɟɞɢɧɟɧɢɟ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɞɟɥɢɬɶɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɜ ɩɪɢɥɨɠɟɧɢɢ, ɩɨɥɭɱɚɬɶ ɤɨɧɫɬɪɭɤɬɢɜɧɭɸ ɤɪɢɬɢɤɭ ɨɬ ɤɨɥɥɟɝ-ɫɩɟɰɢɚɥɢɫɬɨɜ 
ɢ ɩɪɨɜɨɞɢɬɶ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɚɰɢɟɧɬɵ ɢɥɢ ɫɩɨɪɬɫɦɟɧɵ ɦɨɝɭɬ 
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫɥɟɞɢɬɶ ɡɚ ɩɪɨɝɪɟɫɫɨɦ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɨɬɢɜɚɰɢɢ ɞɥɹ 
ɞɚɥɶɧɟɣɲɢɯ ɡɚɧɹɬɢɣ. 



 

ʗˉ˄ˑˎˇˋː˃ ʑ.ʑ., ʐ˖ˇˍˑ˅ ʑ.ʭ., ʓˈːˋ˔ˑ˅ ʏ.ʑ. ʏː˃ˎˋˊ ˕˓˃ˈˍ˕ˑ˓ˋˋ ˇ˅ˋˉˈːˋя  
ˍˑːˈ˚ːˑ˔˕ˋ ː˃ ˑ˔ːˑ˅ˈ ˇ˃ːː˞˘ ˔ ˏˋˍ˓ˑˏˈ˘˃ːˋ˚ˈ˔ˍˋ˘ ˇ˃˕˚ˋˍˑ˅ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕.  
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ɉɨɦɢɦɨ ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɩɨɪɬɫɦɟɧɚ ɢ ɩɨɦɨɳɢ ɜ ɪɟɚɛɢɥɢɬɚɰɢɢ ɩɚɰɢɟɧɬɨɜ, 
«ɭɦɧɵɟ» ɭɫɬɪɨɣɫɬɜɚ ɩɨɦɨɝɚɸɬ ɫɩɨɪɬɢɜɧɵɦ ɫɭɞɶɹɦ ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɹ, ɧɚɩɪɢɦɟɪ, ɜ ɮɭɬɛɨɥɟ. 
ɋɢɫɬɟɦɵ ɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɬɟɯɧɨɥɨɝɢɸ ɫɥɢɹɧɢɹ ɞɚɬɱɢɤɨɜ ɦɨɝɭɬ ɛɵɬɶ 
ɪɟɚɥɢɡɨɜɚɧɵ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɩɪɢ ɩɨɦɨɳɢ ɬɪɟɯ ɤɚɦɟɪ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɮɢɤɫɢɪɭɸɳɢɯ ɩɟɪɟɫɟɱɟɧɢɟ 
ɦɹɱɨɦ ɥɢɧɢɢ ɜɨɪɨɬ [Shan et al., 2014], ɢ ɩɪɢ ɩɨɦɨɳɢ ɞɚɬɱɢɤɨɜ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ, ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ 
ɬɪɟɯ ɫɬɨɣɤɚɯ ɜɨɪɨɬ [Psiuk et al., 2014]. Ⱦɚɬɱɢɤɢ ɪɟɚɝɢɪɭɸɬ ɧɚ ɥɸɛɨɟ ɢɡɦɟɧɟɧɢɟ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɡɚ 
ɥɢɧɢɟɣ ɜɨɪɨɬ ɢ ɩɨɫɵɥɚɸɬ ɫɢɝɧɚɥ ɩɨɫɪɟɞɫɬɜɨɦ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ ɫɭɞɶɟ. Ɉɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ 
ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɤɚɦɟɪɚɦɢ ɹɜɥɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɬɨɱɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ ɦɹɱɚ ɨɬ 
ɬɢɩɚ ɩɪɟɩɹɬɫɬɜɢɣ ɢ ɜɨɡɦɨɠɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɩɪɢ ɩɨɥɧɨɦ ɡɚɝɪɚɠɞɟɧɢɢ ɞɚɬɱɢɤɚ 
ɫɩɨɪɬɫɦɟɧɨɦ ɜɨ ɜɪɟɦɹ ɢɝɪɵ. ɉɨɞɨɛɧɵɟ ɫɢɫɬɟɦɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɢ ɜ ɞɪɭɝɢɯ ɜɢɞɚɯ 
ɫɩɨɪɬɚ, ɬɚɤɢɯ ɤɚɤ ɯɨɤɤɟɣ, ɛɚɫɤɟɬɛɨɥ, ɜɨɞɧɨɟ ɩɨɥɨ. 

Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɤɨɦɦɟɪɱɟɫɤɢɟ «ɭɦɧɵɟ» ɫɩɨɪɬɢɜɧɵɟ ɫɧɚɪɹɞɵ, ɤɨɬɨɪɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ ɞɨɫɬɭɩɧɵ ɞɥɹ ɩɨɤɭɩɤɢ ɨɧɥɚɣɧ. ȼ 2016 ɝɨɞɭ ɧɚ ɪɵɧɨɤ ɮɢɬɧɟɫ-ɩɪɢɥɨɠɟɧɢɣ ɭɫɩɟɲɧɨ ɜɵɲɥɚ 
«ɭɦɧɚɹ» ɝɚɧɬɟɥɶ Helko. ɍɫɬɪɨɣɫɬɜɨ ɪɚɛɨɬɚɟɬ ɫɨɜɦɟɫɬɧɨ ɫ ɦɨɛɢɥɶɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɢ, ɩɨ ɦɧɟɧɢɸ 
ɪɚɡɪɚɛɨɬɱɢɤɨɜ, ɫɩɨɫɨɛɧɨ ɦɨɬɢɜɢɪɨɜɚɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɤ ɡɚɧɹɬɢɹɦ ɫɩɨɪɬɨɦ ɩɪɢ ɩɨɦɨɳɢ 
ɭɜɟɞɨɦɥɟɧɢɣ, ɧɚɩɨɦɢɧɚɸɳɢɯ ɨ ɬɪɟɧɢɪɨɜɤɚɯ. ȼ ɫɥɭɱɚɟ ɧɟɜɵɩɨɥɧɟɧɢɹ ɭɩɪɚɠɧɟɧɢɣ ɭɫɬɪɨɣɫɬɜɨ 
ɨɫɬɚɜɢɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɡɚɩɢɫɶ ɧɚ ɫɬɪɚɧɢɰɟ ɩɨɥɶɡɨɜɚɬɟɥɹ ɜ ɫɨɰɢɚɥɶɧɨɣ ɫɟɬɢ. ɋɧɚɪɹɞ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɫɬɢɤɨɜɵɣ ɤɨɪɩɭɫ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɭɬɹɠɟɥɢɬɟɥɶ, ɞɚɬɱɢɤɢ ɢ 
Bluetooth-ɦɨɞɭɥɶ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɵɧɧɵɯ ɨ ɬɪɟɧɢɪɨɜɤɚɯ ɧɚ ɫɦɚɪɬɮɨɧ, ɝɞɟ 
ɜɩɨɫɥɟɞɫɬɜɢɢ ɮɨɪɦɢɪɭɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɬɚɬɢɫɬɢɤɚ. Ⱦɥɹ ɢɧɞɢɤɚɰɢɢ ɩɪɨɝɪɟɫɫɚ ɜ ɪɚɡɜɢɬɢɢ 
ɮɢɡɢɱɟɫɤɢɯ ɤɚɱɟɫɬɜ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɟɬɨɞɢɨɞɧɚɹ ɩɨɞɫɜɟɬɤɚ. Ɍɚɤɠɟ ɫ ɩɨɦɨɳɶɸ ɫɢɧɬɟɡɚɬɨɪɚ ɪɟɱɢ 
ɫɦɚɪɬɮɨɧɚ ɝɚɧɬɟɥɶ ɦɨɠɟɬ ɩɟɪɟɞɚɜɚɬɶ ɩɨɥɶɡɨɜɚɬɟɥɸ ɡɜɭɤɨɜɵɟ ɫɨɨɛɳɟɧɢɹ.  

ɉɪɨɟɤɬ ɭɦɧɨɣ ɝɚɧɬɟɥɢ GoTo Dumbbell ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɜ ɪɚɦɤɚɯ ɧɚɩɪɚɜɥɟɧɢɹ IoT ɲɤɨɥɵ 
GoTo ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɤɨɦɩɚɧɢɢ Intel. Ƚɚɧɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɩɨɪɬɢɜɧɵɣ ɫɧɚɪɹɞ ɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɩɟɪɫɨɧɚɥɶɧɨɝɨ ɩɨɦɨɳɧɢɤɚ-ɬɪɟɧɟɪɚ, ɝɨɥɨɫɨɜɵɦ ɭɩɪɚɜɥɟɧɢɟɦ, ɚ 
ɬɚɤɠɟ ɦɨɛɢɥɶɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ ɞɥɹ ɨɛɭɱɟɧɢɹ ɢ ɫɛɨɪɚ ɫɬɚɬɢɫɬɢɤɢ. ȼ ɨɫɧɨɜɟ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ 
ɭɦɧɨɣ ɝɚɧɬɟɥɢ ɥɟɠɢɬ ɩɥɚɬɚ Genuino 101 ɫ ɦɨɞɭɥɟɦ Intel Curi, ɧɚ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɨɠɟɧ 
ɚɤɫɟɥɟɪɨɦɟɬɪ, ɝɢɪɨɫɤɨɩ ɢ ɦɨɞɭɥɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ Bluetooth. Ⱦɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɝɨɥɨɫɨɜɨɝɨ ɤɚɧɚɥɚ 
ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɷɥɟɤɬɪɨɧɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɩɥɚɬɵ ɞɨɩɨɥɧɟɧɵ ɫɢɫɬɟɦɨɣ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɡɜɭɤɚ.  

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɹ ɧɚ ɫɝɢɛɚɧɢɟ-ɪɚɡɝɢɛɚɧɢɟ ɥɨɤɬɟɜɨɝɨ ɫɭɫɬɚɜɚ ɬɪɚɟɤɬɨɪɢɹ 
ɞɜɢɠɟɧɢɹ ɪɭɤɢ ɦɨɠɟɬ ɨɬɤɥɨɧɹɬɶɫɹ ɩɨ ɩɪɢɱɢɧɟ ɧɟɩɪɚɜɢɥɶɧɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɚɠɧɟɧɢɹ, ɱɬɨ, 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜɥɢɹɟɬ ɧɚ ɫɧɢɦɚɟɦɵɟ ɞɚɬɱɢɤɚɦɢ ɡɧɚɱɟɧɢɹ ɢ ɦɨɠɟɬ ɜɵɡɜɚɬɶ ɧɟɤɨɪɪɟɤɬɧɨɟ 
ɩɨɫɬɪɨɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɧɚ ɷɤɪɚɧɟ ɤɨɦɩɶɸɬɟɪɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɪɚɱ ɧɟ ɫɩɨɫɨɛɟɧ ɜɟɪɧɨ ɨɰɟɧɢɬɶ 
ɧɚɝɪɭɡɤɭ. ȼɨɫɫɬɚɧɨɜɥɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɨɬɤɥɨɧɟɧɢɟ ɞɥɹ ɜɧɟɫɟɧɢɹ 
ɤɨɪɪɟɤɬɢɪɨɜɨɤ ɩɪɨɰɟɫɫɚ ɪɟɚɛɢɥɢɬɚɰɢɢ. 

ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɩɨɹɜɢɥɫɹ ɪɹɞ ɤɨɦɩɥɟɤɫɨɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɨɬɫɥɟɠɢɜɚɧɢɹ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. Ȼɨɥɶɲɢɧɫɬɜɨ ɩɪɨɞɭɤɬɨɜ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɝɥɚɜɧɵɦ 
ɨɛɪɚɡɨɦ ɧɚ ɬɪɟɤɢɧɝ ɞɜɢɠɟɧɢɣ ɚɤɬɟɪɚ ɫ ɰɟɥɶɸ ɩɨɫɥɟɞɭɸɳɟɝɨ ɫɨɡɞɚɧɢɹ 3D-ɦɨɞɟɥɟɣ ɫ ɚɧɢɦɚɰɢɟɣ. ȼ 
[Lochmatter et al., 2008] ɩɪɟɞɫɬɚɜɥɟɧɨ ɝɢɛɤɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ 
ɜɢɡɭɚɥɶɧɨɝɨ ɨɬɫɥɟɠɢɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɦɭɥɶɬɢɚɝɟɧɬɧɨɣ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. Ɂɚ ɤɚɠɞɵɦ 
ɦɢɧɢɚɬɸɪɧɵɦ ɪɨɛɨɬɨɦ (ɷɥɟɤɬɪɨɧɧɨɣ ɲɚɣɛɨɣ) ɡɚɤɪɟɩɥɹɟɬɫɹ ɤɚɦɟɪɚ ɢ ɩɨ ɭɫɬɚɧɨɜɥɟɧɧɨɦɭ ɧɚ 
ɪɨɛɨɬɟ ɷɥɥɢɩɬɢɱɟɫɤɨɦɭ ɦɚɪɤɟɪɭ ɨɬɫɥɟɠɢɜɚɟɬɫɹ ɟɝɨ ɩɟɪɟɞɜɢɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɨɥɭɱɟɧɧɵɣ 
ɤɚɦɟɪɨɣ ɫɧɢɦɨɤ ɤɨɧɜɟɪɬɢɪɭɟɬɫɹ ɜ ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɨɬɬɟɧɤɚɯ ɫɟɪɨɝɨ ɢ ɞɚɥɟɟ ɩɪɢ ɩɨɦɨɳɢ ɫɪɚɜɧɟɧɢɹ ɫ 
ɩɨɪɨɝɨɜɵɦ ɡɧɚɱɟɧɢɟɦ ɞɟɬɟɤɬɢɪɭɸɬɫɹ ɦɚɪɤɟɪɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɨɫɫɨɡɞɚɬɶ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ 
ɤɚɠɞɨɝɨ ɪɨɛɨɬɚ. 

ȼ ɪɚɛɨɬɟ [Yun et al., 2007] ɩɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɚɜɬɨɧɨɦɧɨɝɨ ɨɬɫɥɟɠɢɜɚɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ 
ɱɟɥɨɜɟɤɚ ɩɪɢ ɩɨɦɨɳɢ ɢɧɟɪɰɢɚɥɶɧɵɯ ɞɚɬɱɢɤɨɜ. ɋɟɧɫɨɪɧɵɣ ɦɨɞɭɥɶ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɪɬɨɝɨɧɚɥɶɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɢɪɨɫɤɨɩɨɜ, ɬɪɟɯ ɥɢɧɟɣɧɵɯ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ ɢ ɦɚɝɧɢɬɨɦɟɬɪɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ 
ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɢ ɤɪɟɩɢɬɫɹ ɧɚ ɫɬɨɩɭ. ɋɢɝɧɚɥ ɮɢɥɶɬɪɭɟɬɫɹ ɮɢɥɶɬɪɨɦ Ʉɚɥɦɚɧɚ. Ʉɨɨɪɞɢɧɚɬɵ 
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ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɞɜɨɣɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɩɨɤɚɡɚɧɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ. ɍɝɥɵ ɩɨɜɨɪɨɬɚ ɜɵɱɢɫɥɹɸɬɫɹ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɜɪɚɳɟɧɢɹ ɝɢɪɨɫɤɨɩɚ. Ɉɫɧɨɜɧɨɣ ɬɪɭɞɧɨɫɬɶɸ, ɫ ɤɨɬɨɪɨɣ 
ɫɬɨɥɤɧɭɥɢɫɶ ɚɜɬɨɪɵ ɫɬɚɬɶɢ, ɫɬɚɥɨ ɧɚɤɨɩɥɟɧɢɟ ɨɲɢɛɤɢ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɫɤɨɪɨɫɬɢ ɩɪɢ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɭɫɤɨɪɟɧɢɣ. Ɋɟɲɟɧɢɟɦ ɩɪɨɛɥɟɦɵ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɞɚɧɧɵɯ ɫɬɚɥɨ ɨɛɧɭɥɟɧɢɟ 
ɫɤɨɪɨɫɬɟɣ ɜ ɦɨɦɟɧɬɵ ɩɨɤɨɹ ɫɬɨɩɵ.  

ɇɟɫɦɨɬɪɹ ɧɚ ɨɛɲɢɪɧɵɣ ɪɹɞ ɪɚɛɨɬ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ, ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ, ɡɚɞɚɱɢ, ɤɚɫɚɸɳɢɟɫɹ 
ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɪɭɤ ɱɟɥɨɜɟɤɚ ɦɚɥɨ ɪɚɫɫɦɨɬɪɟɧɵ. ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ 
ɩɭɛɥɢɤɚɰɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɭɞɨɛɧɵɦ ɞɥɹ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ 
ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɢɧɟɪɰɢɚɥɶɧɵɟ ɞɚɬɱɢɤɢ. Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ 
ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɩɨɞɯɨɞ ɤ ɩɨɫɬɪɨɟɧɢɸ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ, ɧɚ ɨɫɧɨɜɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ 
ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

Ɋɚɡɪɚɛɨɬɤɚ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɫɩɨɪɬɢɜɧɵɣ ɫɧɚɪɹɞ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɦ ɡɚɦɟɳɟɧɢɟɦ ɭɠɟ ɫɭɳɟɫɬɜɭɸɳɢɯ 
ɬɪɟɧɚɠɟɪɨɜ ɞɥɹ ɪɟɚɛɢɥɢɬɚɰɢɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨɩɨɥɧɟɧɢɟ ɤ ɭɠɟ ɢɦɟɸɳɢɦɫɹ ɫɢɫɬɟɦɚɦ ɞɥɹ 
ɛɨɥɟɟ ɞɟɬɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɨɫɬɨɹɧɢɹ ɩɚɰɢɟɧɬɚ. Ɋɟɚɥɢɡɚɰɢɸ ɭɫɬɪɨɣɫɬɜɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ 
ɷɬɚɩɚ: ɪɚɡɪɚɛɨɬɤɚ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɨɰɟɧɤɢ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɝɨɞɧɨɫɬɢ ɫɩɨɪɬɫɦɟɧɨɜ ɢ ɪɚɡɪɚɛɨɬɤɚ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ (ɉɈ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɩɪɨɜɟɪɤɭ ɤɨɪɪɟɤɬɧɨɫɬɢ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɫɩɨɪɬɢɜɧɨɝɨ ɫɧɚɪɹɞɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɹ ɧɚ ɨɩɪɟɞɟɥɟɧɧɭɸ ɝɪɭɩɩɭ ɦɵɲɰ ɢ ɨɬɨɛɪɚɠɟɧɢɟ 
ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɚɧɚɥɢɡɚ ɜɪɚɱɨɦ-ɫɩɟɰɢɚɥɢɫɬɨɦ. Ʉ ɪɚɡɪɚɛɨɬɚɧɧɨɦɭ ɫɧɚɪɹɞɭ ɩɪɟɞɴɹɜɥɹɥɨɫɶ 
ɬɪɟɛɨɜɚɧɢɟ ɦɢɧɢɦɢɡɚɰɢɢ ɦɚɫɫɨɝɚɛɚɪɢɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɱɬɨɛɵ ɢɡɛɟɠɚɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɭɫɬɪɨɣɫɬɜɚ, ɟɝɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɫɩɨɪɬɢɜɧɵɯ ɭɩɪɚɠɧɟɧɢɣ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ. 

 

 

Рɢɫ. 1. ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

Fig. 1. Structural scheme of the biotechnical device 
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ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɟɝɨ ɫɜɹɡɢ ɫ ɩɚɰɢɟɧɬɨɦ ɢ 
ɜɪɚɱɨɦ. Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɛɢɨɬɟɯɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɝɚɧɬɟɥɶ ɜɟɫɨɦ 0,5 ɤɝ, ɩɟɱɚɬɧɭɸ 
ɩɥɚɬɭ ɫ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪɨɦ, ɛɥɨɤɨɦ ɩɢɬɚɧɢɹ ɢ ɫɢɫɬɟɦɨɣ ɞɚɬɱɢɤɨɜ, ɫɱɢɬɵɜɚɸɳɢɯ ɩɨɥɨɠɟɧɢɟ 
ɫɧɚɪɹɞɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. ɉɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɧɚ ɤɨɦɩɶɸɬɟɪ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɤɚɛɟɥɹ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɨɡɜɨɥɢɬ ɦɟɞɢɰɢɧɫɤɢɦ ɫɩɟɰɢɚɥɢɫɬɚɦ ɨɰɟɧɢɜɚɬɶ ɞɜɢɝɚɬɟɥɶɧɵɟ 
ɤɚɱɟɫɬɜɚ ɜɟɪɯɧɢɯ ɤɨɧɟɱɧɨɫɬɟɣ ɩɚɰɢɟɧɬɚ, ɜɵɧɨɫɢɬɶ ɜɪɚɱɟɛɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɢ ɞɚɜɚɬɶ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɟɤɨɦɟɧɞɚɰɢɢ. 

ɋɢɫɬɟɦɚ ɨɬɫɥɟɠɢɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɝɚɧɬɟɥɢ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɩɥɚɬɭ Arduino Nano ɢ IMU-

ɫɟɧɫɨɪɚ. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɥɚɬɵ ɢ ɫɟɧɫɨɪɚ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 2. 
ɉɨɞɤɥɸɱɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɜɵɜɨɞɵ ɩɥɚɬɵ 5V, GND, A4 ɢ A5 ɢ ɫɟɧɫɨɪɵ V, G, D ɢ ɋ ɫ 
ɩɨɦɨɳɶɸ ɩɪɨɜɨɞɨɜ. 

 

Рɢɫ. 2. ɋɯɟɦɚ ɩɨɞɤɥɸɱɟɧɢɹ ɩɥɚɬɵ Arduino Nano IMU-ɫɟɧɫɨɪɚ 

Fig. 2. Connection scheme of the IMU-sensor Arduino Nano board 

 

əɞɪɨɦ ɷɥɟɦɟɧɬɚɪɧɨɣ ɛɚɡɵ «ɭɦɧɨɝɨ» ɫɩɨɪɬɢɜɧɨɝɨ ɫɧɚɪɹɞɚ ɹɜɥɹɟɬɫɹ IMU-ɫɟɧɫɨɪ, ɤɨɬɨɪɵɣ 
ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɭɫɬɪɨɣɫɬɜɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. IMU-ɫɟɧɫɨɪ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ: 
ɝɢɪɨɫɤɨɩ, ɨɩɪɟɞɟɥɹɸɳɢɣ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɨɤɪɭɝ ɫɨɛɫɬɜɟɧɧɵɯ ɨɫɟɣ X, Y, Z; ɚɤɫɟɥɟɪɨɦɟɬɪ, 
ɫɱɢɬɵɜɚɸɳɢɣ ɜɟɥɢɱɢɧɭ ɭɫɤɨɪɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ ɩɨ ɨɫɹɦ X, Y, Z; ɤɨɦɩɚɫ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 
ɭɝɥɨɜ ɦɟɠɞɭ ɫɨɛɫɬɜɟɧɧɵɦɢ ɨɫɹɦɢ ɫɟɧɫɨɪɚ X, Y, Z ɢ ɫɢɥɨɜɵɦɢ ɥɢɧɢɹɦɢ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ Ɂɟɦɥɢ; 
ɛɚɪɨɦɟɬɪ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɟ, ɜɵɫɨɬɵ ɧɚɞ ɭɪɨɜɧɟɦ ɦɨɪɹ ɢ ɬɟɦɩɟɪɚɬɭɪɵ. 
ɉɨɫɬɪɨɟɧɢɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ: ɭɝɥɭ ɧɚɤɥɨɧɚ ɢ 
ɩɟɪɟɦɟɳɟɧɢɸ. ɍɝɨɥ ɧɚɤɥɨɧɚ ɝɚɧɬɟɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɧɬɟɝɪɢɪɨɜɚɧɢɟɦ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɫɧɚɪɹɞɚ, ɩɨɥɭɱɚɟɦɨɣ ɨɬ ɝɢɪɨɫɤɨɩɚ, ɚ ɩɟɪɟɦɟɳɟɧɢɟ – ɩɪɢ ɩɨɦɨɳɢ ɞɜɨɣɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɭɫɤɨɪɟɧɢɹ, ɜɵɱɢɫɥɹɟɦɨɝɨ ɩɨɫɪɟɞɫɬɜɨɦ ɚɤɫɟɥɟɪɨɦɟɬɪɚ. ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɭɫɬɪɨɣɫɬɜɚ. 
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Рɢɫ. 3. Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ 

Fig. 3. The functional scheme of the device 

 

ȼɵɩɨɥɧɟɧɢɟ ɭɩɪɚɠɧɟɧɢɣ ɥɟɱɟɛɧɨɣ ɮɢɡɤɭɥɶɬɭɪɵ ɜ ɩɪɨɰɟɫɫɟ ɪɟɚɛɢɥɢɬɚɰɢɢ ɫ ɩɨɦɨɳɶɸ 
«ɭɦɧɨɣ» ɝɚɧɬɟɥɢ ɩɪɨɢɫɯɨɞɢɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɚɰɢɟɧɬ ɩɪɢɧɢɦɚɟɬ ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ ɞɥɹ 
ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɚɠɧɟɧɢɹ, ɭɤɚɡɚɧɧɨɝɨ ɜɪɚɱɨɦ. Ⱦɚɥɟɟ ɩɚɰɢɟɧɬ ɜɵɩɨɥɧɹɟɬ ɷɬɨ ɭɩɪɚɠɧɟɧɢɟ. ȼɨ ɜɪɟɦɹ 
ɫɝɢɛɚɧɢɹ ɢ ɪɚɡɝɢɛɚɧɢɹ ɦɢɤɪɨɩɪɨɰɟɫɫɨɪ ɧɚɱɢɧɚɟɬ ɫɱɢɬɵɜɚɬɶ ɡɧɚɱɟɧɢɹ ɫ ɞɚɬɱɢɤɨɜ. Ɂɚɬɟɦ 
ɜɵɩɨɥɧɹɟɬɫɹ ɨɩɟɪɚɰɢɹ ɮɢɥɶɬɪɚɰɢɢ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɢ ɜɵɱɢɫɥɟɧɢɹ. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɟ 
ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɤɨɦɩɶɸɬɟɪ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ. ȼɪɚɱ ɧɚ ɷɤɪɚɧɟ ɤɨɦɩɶɸɬɟɪɚ ɜɢɞɢɬ 
ɩɨɥɭɱɟɧɧɵɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɹ ɧɚ ɫɝɢɛɚɧɢɟ-ɪɚɡɝɢɛɚɧɢɟ. 
ȿɫɥɢ ɜ ɩɨɥɭɱɟɧɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɢɦɟɸɬɫɹ ɨɬɤɥɨɧɟɧɢɹ ɢɥɢ ɨɧɚ ɫɢɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ ɭ ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ, ɬɨ ɜɪɚɱ ɞɚɟɬ ɩɚɰɢɟɧɬɭ ɪɟɤɨɦɟɧɞɚɰɢɢ ɜ ɰɟɥɹɯ 
ɛɵɫɬɪɨɣ ɪɟɚɛɢɥɢɬɚɰɢɢ ɫɭɫɬɚɜɚ. ȿɫɥɢ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɧɟ ɨɛɧɚɪɭɠɟɧɨ, ɬɨ ɩɪɨɰɟɞɭɪɚ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɜɟɪɲɚɟɬɫɹ. 

Ɏɢɥɶɬɪɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ 

Ɍɚɤ ɤɚɤ ɞɚɧɧɵɟ, ɫɧɢɦɚɟɦɵɟ ɫ ɝɢɪɨɫɤɨɩɚ ɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɫɢɥɶɧɨ ɡɚɲɭɦɥɟɧɵ, ɢɯ ɧɟɨɛɯɨɞɢɦɨ 
ɩɨɞɜɟɪɝɧɭɬɶ ɮɢɥɶɬɪɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɚɥɝɨɪɢɬɦɚ ɮɢɥɶɬɪɚɰɢɢ ɛɵɥ ɜɵɛɪɚɧ ɮɢɥɶɬɪ Ʉɚɥɦɚɧɚ ɜ ɫɢɥɭ 
ɜɵɫɨɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɪɚɛɨɬɵ. Ⱦɚɧɧɵɣ ɮɢɥɶɬɪ ɩɪɨɹɜɥɹɟɬɫɹ ɪɟɤɭɪɫɢɜɧɵɦ ɢ ɢɫɩɨɥɶɡɭɟɬ 
ɡɚɲɭɦɥɟɧɧɵɟ ɢɡɦɟɪɟɧɢɹ, ɨɩɟɪɢɪɭɹ ɜɟɤɬɨɪɨɦ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ, ɢɫɩɨɥɶɡɭɹ ɪɹɞ ɧɟɩɨɥɧɵɯ ɢ 
ɡɚɲɭɦɥɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ [Kalman, 1960]. Ɉɰɟɧɤɚ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɜ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 
ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɨɰɟɧɤɟ ɜ ɩɪɟɞɵɞɭɳɢɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɚ ɬɚɤɠɟ ɧɚ ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɚɯ ɢɡɦɟɧɟɧɢɹ. 
Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɨɩɢɫɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɫɨɨɬɧɨɲɟɧɢɟɦ:  

1 ,
k k k k k k

x F x B u w     

ɝɞɟ Fk – ɦɚɬɪɢɰɚ ɷɜɨɥɸɰɢɢ ɩɪɨɰɟɫɫɚ/ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɜɨɡɞɟɣɫɬɜɭɟɬ ɧɚ ɜɟɤɬɨɪ xk−1 (ɜ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ k-1); Bk – ɦɚɬɪɢɰɚ ɭɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɚɹ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɤ ɜɟɤɬɨɪɭ ɭɩɪɚɜɥɹɸɳɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ; wk – ɧɨɪɦɚɥɶɧɵɣ ɫɥɭɱɚɣɧɵɣ ɩɪɨɰɟɫɫ ɫ ɧɭɥɟɜɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ 
ɤɨɜɚɪɢɚɰɢɨɧɧɨɣ ɦɚɬɪɢɰɟɣ Qk, ɤɨɬɨɪɵɣ ɨɩɢɫɵɜɚɟɬ ɫɥɭɱɚɣɧɵɣ ɯɚɪɚɤɬɟɪ ɷɜɨɥɸɰɢɢ 
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ɫɢɫɬɟɦɵ/ɩɪɨɰɟɫɫɚ. Ⱥɥɝɨɪɢɬɦ ɮɢɥɶɬɪɚɰɢɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɩɨɜɬɨɪɹɸɳɢɯɫɹ ɮɚɡ: ɩɪɟɞɫɤɚɡɚɧɢɹ ɢ 
ɤɨɪɪɟɤɬɢɪɨɜɤɢ. ɇɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɪɟɞɫɤɚɡɚɧɢɟ ɫɨɫɬɨɹɧɢɹ ɜ ɫɥɟɞɭɸɳɢɣ ɦɨɦɟɧɬ 
ɜɪɟɦɟɧɢ, ɧɚ ɜɬɨɪɨɦ – ɧɨɜɚɹ ɢɧɮɨɪɦɚɰɢɹ ɫ ɞɚɬɱɢɤɚ ɤɨɪɪɟɤɬɢɪɭɟɬ ɩɪɟɞɫɤɚɡɚɧɧɨɟ ɡɧɚɱɟɧɢɟ. 
Ɏɢɥɶɬɪɚɰɢɹ ɞɚɧɧɵɯ ɹɜɥɹɟɬɫɹ ɪɟɫɭɪɫɨɟɦɤɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɬɚɤ ɤɚɤ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɦɧɨɝɨɲɚɝɨɜɨɟ ɪɟɤɭɪɪɟɧɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ ɤɜɚɞɪɚɬɚ 
ɨɲɢɛɤɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɢɡɦɟɪɟɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɵ ɬɟɫɬɢɪɨɜɚɧɢɹ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ 

ɇɚ ɪɢɫɭɧɤɚɯ 4 ɢ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɛɢɨɬɟɯɧɢɱɟɫɤɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ 
ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɨɰɟɧɤɢ ɮɢɡɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɚɰɢɟɧɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɩɚɰɢɟɧɬɨɜ ɛɵɥɢ ɜɵɛɪɚɧɵ ɞɜɚ 
ɢɫɩɵɬɭɟɦɵɯ: ɩɟɪɜɵɣ ɫɨ ɡɞɨɪɨɜɵɦ ɥɨɤɬɟɜɵɦ ɫɭɫɬɚɜɨɦ, ɜɬɨɪɨɣ ɫ ɬɪɚɜɦɨɣ ɫɭɫɬɚɜɚ ɜ ɜɢɞɟ ɫɢɥɶɧɨɝɨ 
ɭɲɢɛɚ. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɨɤɚɡɚɧ ɩɪɢɦɟɪ ɜɵɜɨɞɚ ɢɡ COM-ɩɨɪɬɚ ɡɧɚɱɟɧɢɣ ɝɢɪɨɫɤɨɩɚ ɩɨ ɨɫɢ ɏ ɜ ɫɨɫɬɨɹɧɢɢ 
ɩɨɤɨɹ. Ɍɚɤɭɸ ɩɪɨɰɟɞɭɪɭ ɜɵɜɨɞɚ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɞɥɹ ɜɫɟɯ ɡɧɚɱɟɧɢɣ, ɫɱɢɬɵɜɚɟɦɵɯ ɫ 
ɞɚɬɱɢɤɨɜ, ɢɥɢ ɬɨɥɶɤɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

 
Тɚɛɥɢɰɚ 1 

ɉɪɢɦɟɪ ɜɵɜɨɞɚ ɢɡ COM-ɩɨɪɬɚ ɡɧɚɱɟɧɢɣ ɝɢɪɨɫɤɨɩɚ ɩɨ ɨɫɢ ɏ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ 
Table 1 

Example of output from the COM port of the gyroscope values along the X-axis at rest 

ɂɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ -0 ,0023 0 , 0 0 2 1 0 , 0 0 5 8 0 , 0 0 5 8 0 , 0 0 3 4 0 , 0 0 3 4 0 , 0 0 5 7 0 , 0 0 5 8 

Ɉɬɮɢɥɶɬɪɨɜɚɧɧɵɟ 
ɡɧɚɱɟɧɢɹ 

0 , 0 0 2 1 0 , 0 0 2 1 0 , 0 0 2 2 0 , 0 0 2 3 0 , 0 0 2 4 0 , 0 0 2 4 0 , 0 0 2 5 0 , 0 0 2 7 

 

ɇɚ ɪɢɫɭɧɤɟ 4, ɚ ɩɨɤɚɡɚɧ ɪɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɡɧɚɱɟɧɢɣ ɝɢɪɨɫɤɨɩɚ ɩɨ ɬɪɟɦ ɨɫɹɦ ɜ 
ɩɨɥɨɠɟɧɢɢ ɩɨɤɨɹ (gyr_x, gyr_y, gyr_z – ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ; gyr_x_F, gyr_y_F, gyr_z_F – 

ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ). ȼ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ ɜ ɝɢɪɨɫɤɨɩɟ ɩɨɫɬɨɹɧɧɨ ɩɪɢɫɭɬɫɬɜɭɸɬ ɲɭɦɵ, 
ɧɚɩɪɢɦɟɪ, ɞɪɟɣɮ ɧɭɥɹ. Ɋɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɡɧɚɱɟɧɢɣ ɚɤɫɟɥɟɪɨɦɟɬɪɚ ɩɨ ɬɪɟɦ ɨɫɹɦ ɜ ɩɨɥɨɠɟɧɢɢ 
ɩɨɤɨɹ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 4, ɛ (acc_x, acc_y, acc_z – ɢɫɯɨɞɧɵɟ ɡɧɚɱɟɧɢɹ; acc_x_F, acc_y_F, 

acc_z_F – ɨɬɮɢɥɶɬɪɨɜɚɧɧɵɟ ɡɧɚɱɟɧɢɹ). 
 

  

ɚ ɛ 

Рɢɫ. 4. Ɋɟɡɭɥɶɬɚɬ ɮɢɥɶɬɪɚɰɢɢ ɡɧɚɱɟɧɢɣ ɝɢɪɨɫɤɨɩɚ (ɚ) ɢ ɚɤɫɟɥɟɪɨɦɟɬɪɚ (ɛ) ɩɨ ɬɪɟɦ ɨɫɹɦ ɜ 
ɩɨɥɨɠɟɧɢɢ ɩɨɤɨɹ 

Fig. 4. The result of filtering the gyro (a) and accelerometer (b) values along three axes at rest 

 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɨɤɚɡɚɧɵ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɫɧɚɪɹɞɚ ɩɪɢ ɫɝɢɛɚɧɢɢ-ɪɚɡɝɢɛɚɧɢɢ ɥɨɤɬɟɜɨɝɨ 
ɫɭɫɬɚɜɚ ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ ɢ ɱɟɥɨɜɟɤɚ ɫ ɬɪɚɜɦɨɣ. 
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ɚ ɛ 

  

ɜ ɝ 

Рɢɫ. 5. Ɍɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɝɚɧɬɟɥɢ ɜ ɬɪɟɯɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɹ ɧɚ 
ɫɝɢɛɚɧɢɟ-ɪɚɡɝɢɛɚɧɢɟ ɥɨɤɬɟɜɨɝɨ ɫɭɫɬɚɜɚ: ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ (ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ – ɥɨɤɨɬɶ ɧɚ 
ɫɬɨɥɟ) (ɚ); ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ (ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ – ɪɭɤɚ ɩɪɹɦɚɹ) (ɛ); ɡɞɨɪɨɜɨɝɨ ɱɟɥɨɜɟɤɚ, 
ɭɩɪɚɠɧɟɧɢɟ ɜɵɩɨɥɧɟɧɨ ɫɥɢɲɤɨɦ ɛɵɫɬɪɨ, ɪɵɜɤɨɦ (ɢɫɯɨɞɧɨɟ ɩɨɥɨɠɟɧɢɟ – ɪɭɤɚ ɩɪɹɦɚɹ) (ɜ); 

ɢɫɩɵɬɭɟɦɨɝɨ ɫ ɬɪɚɜɦɨɣ ɥɨɤɬɟɜɨɝɨ ɫɭɫɬɚɜɚ (ɝ) 
Fig. 5. The trajectory of dumbbell movement in three-dimensional space when performing the flexion-

extension exercise of the elbow joint: a healthy person (the starting position is the elbow on the table) (a); 

healthy person (starting position - the arm is straight) (b); healthy person, the exercise is too fast, jerky 

(starting position - the arm is straight) (c); subject with an elbow joint injury (d) 

 

ɉɪɢ ɫɪɚɜɧɟɧɢɢ ɪɢɫɭɧɤɨɜ 5 (ɛ) ɢ 5 (ɜ) ɨɱɟɜɢɞɧɨ ɧɚɪɭɲɟɧɢɟ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ 
ɭɩɪɚɠɧɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɞɜɢɠɟɧɢɹ ɩɚɰɢɟɧɬɚ ɜɨɡɦɨɠɧɨ ɫɪɚɡɭ ɩɨɫɥɟ ɜɵɹɜɥɟɧɢɹ 
ɧɚɪɭɲɟɧɢɹ. ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɚɤɢɯ-ɥɢɛɨ ɩɨɜɪɟɠɞɟɧɢɣ ɫɭɫɬɚɜɚ ɤɪɢɜɵɟ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɢɦɟɸɬ 
ɝɥɚɞɤɭɸ ɮɨɪɦɭ ɛɟɡ ɨɬɤɥɨɧɟɧɢɣ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɠɧɟɧɢɹ ɩɚɰɢɟɧɬɨɦ ɫ ɬɪɚɜɦɨɣ ɥɨɤɬɟɜɨɝɨ 
ɫɭɫɬɚɜɚ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɩɟɪɟɫɬɚɟɬ ɛɵɬɶ ɝɥɚɞɤɨɣ ɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɪɭɤɚ ɩɚɰɢɟɧɬɚ 
ɬɪɹɫɥɚɫɶ ɨɬ ɧɚɩɪɹɠɟɧɢɹ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɝɪɭɡɤɭ ɧɚ ɪɭɤɭ ɫɥɟɞɭɟɬ ɫɧɢɡɢɬɶ, ɭɦɟɧɶɲɢɜ ɦɚɫɫɭ 
ɫɩɨɪɬɢɜɧɨɝɨ ɫɧɚɪɹɞɚ ɢɥɢ ɤɨɥɢɱɟɫɬɜɨ ɩɨɜɬɨɪɨɜ ɢ ɩɨɞɯɨɞɨɜ ɭɩɪɚɠɧɟɧɢɹ. 

ɁȺɄɅɘɑȿɇɂȿ 
Ɋɚɡɪɚɛɨɬɚɧɧɨɟ ɛɢɨɬɟɯɧɢɱɟɫɤɨɟ ɭɫɬɪɨɣɫɬɜɨ ɫɩɨɫɨɛɧɨ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɩɚɬɨɥɨɝɢɢ ɥɨɤɬɟɜɨɝɨ 

ɫɭɫɬɚɜɚ ɜɟɪɯɧɟɝɨ ɩɥɟɱɟɜɨɝɨ ɩɨɹɫɚ ɱɟɥɨɜɟɤɚ ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɨɰɟɧɤɭ ɮɢɡɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ 
ɩɚɰɢɟɧɬɚ ɩɪɢ ɬɪɚɜɦɚɯ ɥɨɤɬɟɜɨɝɨ ɫɭɫɬɚɜɚ. ɉɨ ɜɵɯɨɞɧɵɦ ɞɚɧɧɵɦ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɜɪɚɱ ɦɨɠɟɬ 

ɨɰɟɧɢɬɶ ɫɬɟɩɟɧɶ ɩɨɜɪɟɠɞɟɧɢɹ ɫɭɫɬɚɜɚ ɢ ɞɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɜ ɜɢɞɟ ɥɟɱɟɛɧɵɯ ɭɩɪɚɠɧɟɧɢɣ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɣ ɪɟɚɛɢɥɢɬɚɰɢɢ ɫɭɫɬɚɜɚ. ɉɪɟɞɥɚɝɚɟɦɨɟ ɭɫɬɪɨɣɫɬɜɨ ɹɜɥɹɟɬɫɹ ɜɨɫɬɪɟɛɨɜɚɧɧɵɦ ɜ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɚɤɬɢɜɧɨ ɩɪɨɜɨɞɢɦɵɦɢ ɢɡɵɫɤɚɧɢɹɦɢ ɜ ɨɛɥɚɫɬɢ 
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ɢɧɟɪɰɢɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɢ, ɧɚɰɟɥɟɧɧɵɦɢ ɧɚ ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɨɛɴɟɤɬɚ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɢɦɟɟɬ ɩɟɪɫɩɟɤɬɢɜɭ ɞɚɥɶɧɟɣɲɟɝɨ ɪɚɡɜɢɬɢɹ ɜ 
ɤɨɦɩɚɧɢɹɯ, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚɸɬɫɹ ɪɚɡɪɚɛɨɬɤɨɣ «ɭɦɧɵɯ» ɫɩɨɪɬɢɜɧɵɯ ɫɧɚɪɹɞɨɜ. ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ 
ɪɚɡɪɚɛɨɬɤɢ ɦɨɠɧɨ ɩɪɢɦɟɧɢɬɶ ɜɨ ɜɫɟɯ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɧɟɨɛɯɨɞɢɦɚ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɨɬɫɥɟɠɢɜɚɧɢɹ 
ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɴɟɤɬɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ɉɫɨɛɟɧɧɨ ɞɚɧɧɵɟ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫ ɩɪɢ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɚɧɬɪɨɩɨɦɨɪɮɧɵɯ ɪɨɛɨɬɨɬɟɯɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ [Pavluk, et al., 2016], ɩɪɢ ɚɧɚɥɢɡɟ 
ɞɜɢɠɟɧɢɣ ɤɨɧɟɱɧɨɫɬɟɣ ɪɨɛɨɬɚ ɩɨ ɪɚɡɥɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɦ, ɩɨɞɞɟɪɠɚɧɢɹ ɫɨɫɬɨɹɧɢɹ ɭɫɬɨɣɱɢɜɨɫɬɢ 
[Denisov et al.,] ɢ ɩɟɪɟɯɨɞɚ ɢɡ ɨɞɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɜ ɞɪɭɝɨɟ [Kodyakov et al., 2017]. 

 

Иɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Фɟɞɟɪɚɥɶɧɨɝɨ ɚɝɟɧɬɫɬɜɚ ɧɚɭɱɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ 
(№ AAAA-A16-116033110095-0). 
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