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ɉɊɂɆȿɇȿɇɂȿ ɆȿɌɈȾȺ ɏȺɎȺ ȾɅə ȾȿɌȿɄɌɂɊɈȼȺɇɂə 
ɈȻɔȿɄɌɈȼ ȼ ɌɊȿɏɆȿɊɇɈɃ ɋɐȿɇȿ 

 
ɉ.ɘ. əɤɢɦɨɜ, ɋ.Ⱥ. Ɋɚɡɥɚɰɤɢɣ 

 

ɋɚɦɚɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɷɪɨɤɨɫɦɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɚɤɚɞɟɦɢɤɚ 
ɋ.ɉ. Ʉɨɪɨɥɟɜɚ (ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ) 

 
ȼ ɩɨɫɥɟɞɧɢɟ ɧɟɫɤɨɥɶɤɨ ɥɟɬ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸщɟɟ ɫɴɟɦɤɭ ɬɪɟɯɦɟɪɧɵɯ ɫɰɟɧ, ɩɨɥɭɱɢɥɨ 

ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɨɛɥɚɫɬɹɯ ɪɨɛɨɬɨɬɟɯɧɢɤɢ ɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɡɪɟɧɢɹ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ 
ɫɬɨɢɦɨɫɬɢ. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɛ 
ɨɤɪɭɠɚɸщɟɣ ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. ȼɦɟɫɬɟ ɫ ɩɨɹɜɥɟɧɢɟɦ ɬɪɟɬɶɟɣ ɤɨɨɪɞɢɧɚɬɵ ɩɨɹɜɢɥɚɫɶ ɢ 
ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɧɨɜɵɯ ɚɥɝɨɪɢɬɦɚɯ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ. ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧ 
ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɨɛɧɚɪɭɠɟɧɢɹ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɬɪɟɯɦɟɪɧɨɦ ɨɛɥɚɤɟ ɬɨɱɟɤ. Ɋɟɚɥɢɡɨɜɚɧɧɵɣ 
ɦɟɬɨɞ Хɚɮɚ ɞɥɹ ɬɪɟɯɦɟɪɧɵɯ ɞɚɧɧɵɯ ɩɪɨɬɟɫɬɢɪɨɜɚɧ ɧɚ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɨɬ ɫɟɧɫɨɪɚ Microsoft Kinect. ȼ 
ɫɬɚɬɶɟ ɬɚɤɠɟ ɩɨɤɚɡɚɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 

1 ȼɜɟɞɟɧɢɟ 

ɋɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɬɪɟɯɦɟɪɧɵɯ ɞɚɧɧɵɯ ɫɭщɟɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɦɧɨɠɟɫɬɜɨ. Ɉɞɧɚɤɨ, 
ɜ ɰɟɥɨɦ ɢɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ ɜɢɞɚμ ɩɚɫɫɢɜɧɵɟ ɢ ɚɤɬɢɜɧɵɟ (ɢɡɥɭɱɚɸщɢɟ) ɫɟɧɫɨɪɵ. 
ɇɚɩɪɢɦɟɪ, ɫɬɟɪɟɨɤɚɦɟɪɵ ɢɫɩɨɥɶɡɭɸɬ ɬɭ ɠɟ ɢɞɟɸ, ɱɬɨ ɢ ɱɟɥɨɜɟɱɟɫɤɨɟ ɡɪɟɧɢɟ, ɢ, ɫɨɜɦɟщɚɹ 
ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɞɜɭɯ ɢɥɢ ɛɨɥɟɟ ɤɚɦɟɪ, ɩɨɥɭɱɚɸɬ ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɤɚɪɬɭ ɝɥɭɛɢɧ Д1Ж. ɉɪɢ 
ɷɬɨɦ ɫɬɟɪɟɨɤɚɦɟɪɵ ɢɫɩɨɥɶɡɭɸɬ ɬɨɥɶɤɨ ɫɜɟɬ, ɢɡɥɭɱɚɟɦɵɣ ɞɪɭɝɢɦɢ ɨɛɴɟɤɬɚɦɢ. ɂɧɨɣ 
ɩɪɢɧɰɢɩ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɭɸɬ TOF-ɤɚɦɟɪɵ (time of flight) ДβЖ. Ɉɧɢ ɩɨɥɭɱɚɸɬ ɢɡɨɛɪɚɠɟɧɢɟ 
ɧɚ ɨɫɧɨɜɟ ɪɚɫɱɟɬɚ ɜɪɟɦɟɧɢ ɩɪɨɥɟɬɚ ɥɚɡɟɪɧɨɝɨ ɥɭɱɚ (ɢɧɮɪɚɤɪɚɫɧɵɣ ɞɢɚɩɚɡɨɧ) ɦɟɠɞɭ 
ɫɟɧɫɨɪɨɦ ɢ ɨɛɴɟɤɬɨɦ ɞɥɹ ɤɚɠɞɨɣ ɬɨɱɤɢ, ɬɨ ɟɫɬɶ ɪɚɛɨɬɚɸɬ ɩɨ ɩɪɢɧɰɢɩɭ ɷɯɨɥɨɤɚɬɨɪɚ. 

ɋɭщɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɴɟɤɬɨɜ 
ɜ ɞɜɭɦɟɪɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹɯ. Ʉ ɫɨɠɚɥɟɧɢɸ, ɞɚɥɟɤɨ ɧɟ ɜɫɟ ɢɡ ɧɢɯ ɩɪɢɦɟɧɢɦɵ ɞɥɹ ɨɛɪɚɛɨɬɤɢ 
ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɬɪɟɯɦɟɪɧɵɯ ɞɚɧɧɵɯ. Ɉɞɧɚɤɨ, ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɨɬɟɧɰɢɚɥ ɪɚɡɜɢɬɢɹ 
ɬɪɟɯɦɟɪɧɵɯ ɦɟɬɨɞɨɜ ɢ ɚɥɝɨɪɢɬɦɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɱɟɧɶ ɜɟɥɢɤ.  

ȼɨɫɬɪɟɛɨɜɚɧɧɨɫɬɶ ɬɚɤɢɯ ɦɟɬɨɞɨɜ ɜ ɩɪɢɤɥɚɞɧɵɯ ɫɮɟɪɚɯ ɫɥɨɠɧɨ ɩɟɪɟɨɰɟɧɢɬɶ. 
Ⱥɥɝɨɪɢɬɦɵ ɪɚɛɨɬɵ ɫ ɬɪɟɯɦɟɪɧɵɦɢ ɞɚɧɧɵɦɢ ɦɨɝɭɬ ɫɨ ɜɪɟɦɟɧɟɦ ɩɨɥɧɨɫɬɶɸ ɡɚɦɟɧɢɬɶ 
ɦɟɬɨɞɵ ɨɛɪɚɛɨɬɤɢ ɞɜɭɦɟɪɧɵɯ ɞɚɧɧɵɯ ɜ ɨɛɥɚɫɬɹɯ, ɝɞɟ ɬɪɟɛɭɟɬɫɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɟ ɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɬɪɟɯɦɟɪɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɨɹɜɥɟɧɢɟ ɬɪɟɬɶɟɝɨ ɢɡɦɟɪɟɧɢɹ ɦɨɠɟɬ ɫɭщɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

2 ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɟɯɦɟɪɧɨɟ ɨɛɥɚɤɨ ɬɨɱɟɤ, ɩɨɥɭɱɟɧɧɨɟ 

ɩɪɢ ɩɨɦɨщɢ ɤɚɦɟɪɵ Microsoft Kinect. Ɉɛɥɚɤɨ ɬɨɱɟɤ – ɷɬɨ ɧɚɛɨɪ ɜɟɪɲɢɧ ɜ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ. ȼɟɪɲɢɧɵ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɚɦɢ X, Y, Z ɢ ɨɛɵɱɧɨ ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ ɞɥɹ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜɧɟɲɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɴɟɤɬɚ. Microsoft Kinect – ɷɬɨ ɛɟɫɤɨɧɬɚɤɬɧɵɣ 
ɫɟɧɫɨɪɧɵɣ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɵɣ ɤɨɧɬɪɨɥɥɟɪ, ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɞɥɹ 
ɤɨɧɫɨɥɢ Xbox γ60, ɚ ɜɩɨɫɥɟɞɫɬɜɢɢ ɢ ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɵɯ ɤɨɦɩɶɸɬɟɪɨɜ ɩɨɞ ɭɩɪɚɜɥɟɧɢɟɦ 
ɨɩɟɪɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ Windows ДγЖ. ɋɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɟɧɫɨɪɨɜ ɝɥɭɛɢɧɵ, 
ɰɜɟɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɵ ɢ ɦɢɤɪɨɮɨɧɧɨɣ ɪɟɲɟɬɤɢ. ɉɪɨɩɪɢɟɬɚɪɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɨɫɭщɟɫɬɜɥɹɟɬ ɩɨɥɧɨɟ γ-ɯ ɦɟɪɧɨɟ ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɞɜɢɠɟɧɢɣ ɬɟɥɚ, ɦɢɦɢɤɢ ɥɢɰɚ 
ɢ ɝɨɥɨɫɚ. Ⱦɚɬɱɢɤ ɝɥɭɛɢɧɵ ɫɨɫɬɨɢɬ ɢɡ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɩɪɨɟɤɬɨɪɚ, ɨɛɴɟɞɢɧɟɧɧɨɝɨ ɫ 
ɦɨɧɨɯɪɨɦɧɨɣ ɄɆɈɉ-ɦɚɬɪɢɰɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɚɬɱɢɤɭ KТЧОМЭ ɩɨɥɭɱɚɬɶ ɬɪёɯɦɟɪɧɨɟ 
ɢɡɨɛɪɚɠɟɧɢɟ ɩɪɢ ɥɸɛɨɦ ɟɫɬɟɫɬɜɟɧɧɨɦ ɨɫɜɟщɟɧɢɢ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɥɚɤɚ ɬɨɱɟɤ ɩɨɞɯɨɞɢɬ 
ɬɚɤɠɟ ɢ ɫɬɟɪɟɨɤɚɦɟɪɚ, ɨɞɧɚɤɨ ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɚɥɝɨɪɢɬɦɨɜ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɜ 
ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɚɧɧɵɟ Microsoft Kinect ɜɜɢɞɭ 
ɛɨɥɶɲɟɣ ɬɨɱɧɨɫɬɢ. 

Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨɛɵ ɨɛɧɚɪɭɠɢɬɶ ɡɚɪɚɧɟɟ ɢɡɜɟɫɬɧɵɣ ɨɛɴɟɤɬ ɩɨ 
ɩɨɥɭɱɚɟɦɵɦ ɬɪɟɯɦɟɪɧɵɦ ɞɚɧɧɵɦ. ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɢɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ 
ɩɪɢ ɩɨɦɨщɢ Kinect. 
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 (ɚ) (ɛ) (ɜ) 

Ɋɢɫɭɧɨɤ 1 – ɚ) ɢɧɮɪɚɤɪɚɫɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ; ɛ) ɤɚɪɬɚ ɝɥɭɛɢɧ; ɜ) FullHD ɤɚɦɟɪɚ 

3 ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ ɏɚɮɚ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ 

Ɂɚ ɨɫɧɨɜɭ ɦɟɬɨɞɚ ɜɡɹɬ ɚɥɝɨɪɢɬɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Хɚɮɚ (Hough Transform) [4]. 

Ɍɪɟɯɦɟɪɧɚɹ ɜɟɪɫɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Хɚɮɚ ɨɫɧɨɜɚɧɚ ɧɚ ɬɟɯ ɠɟ ɩɪɢɧɰɢɩɚɯ, ɱɬɨ ɢ ɞɜɭɦɟɪɧɚɹ. 
Ɉɞɧɢɦ ɢɡ ɨɬɥɢɱɢɣ ɹɜɥɹɟɬɫɹ ɢɡɜɥɟɱɟɧɢɟ ɨɫɨɛɵɯ ɬɨɱɟɤ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɧɚɝɪɭɡɤɢ. Ɍɪɟɯɦɟɪɧɚɹ ɫɰɟɧɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɫɨɞɟɪɠɢɬ ɫɨɬɧɢ ɬɵɫɹɱ ɬɨɱɟɤ, ɦɨɞɟɥɶ ɢɫɤɨɦɨɝɨ 
ɨɛɴɟɤɬɚ ɬɚɤɠɟ ɦɨɠɟɬ ɫɨɫɬɨɹɬɶ ɢɡ ɞɟɫɹɬɤɨɜ ɬɵɫɹɱ ɬɨɱɟɤ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɫɟɯ ɬɨɱɟɤ, ɤɚɤ ɜ 
ɞɜɭɦɟɪɧɨɦ ɫɥɭɱɚɟ, ɧɚ ɩɨɪɹɞɨɤ ɩɨɜɵɲɚɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. 

Ⱦɥɹ ɢɡɜɥɟɱɟɧɢɹ ɨɫɨɛɵɯ ɬɨɱɟɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɥɝɨɪɢɬɦ ɤɥɚɫɬɟɪɢɡɚɰɢɢ [5]. Ɍɨ ɟɫɬɶ 
ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ, ɧɚɯɨɞɹщɢɯɫɹ ɞɪɭɝɚ ɨɬ ɞɪɭɝɚ ɧɚ ɦɚɥɨɦ ɪɚɫɫɬɨɹɧɢɢ, ɨɛɴɟɞɢɧɹɟɬɫɹ ɜ ɨɞɧɭ 

ɨɛɥɚɫɬɶ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɨɛɴɟɦ ɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɢ ɷɬɨɦ ɤɚɤ ɨɞɧɚ ɬɨɱɤɚ ɜ ɧɨɜɨɦ ɨɛɥɚɤɟ 
ɬɨɱɟɤ. Ⱦɥɹ ɩɨɥɭɱɚɟɦɵɯ ɫɰɟɧ ɧɟɨɛɯɨɞɢɦɨ ɤɚɠɞɵɣ ɪɚɡ ɢɡɜɥɟɤɚɬɶ ɨɫɨɛɵɟ ɬɨɱɤɢ. Ⱦɥɹ ɦɨɞɟɥɢ 
ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɜɟɫɬɢ ɤɥɚɫɬɟɪɢɡɚɰɢɸ ɨɞɢɧ ɪɚɡ ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɟɟ ɜ 
ɞɚɥɶɧɟɣɲɟɦ. ɂɡɜɥɟɱɟɧɧɵɟ ɨɫɨɛɵɟ ɬɨɱɤɢ ɡɚɬɟɦ ɩɨɩɨɥɧɹɸɬɫɹ ɢɧɮɨɪɦɚɰɢɟɣ ɨ ɬɨɱɤɚɯ 
ɜɨɤɪɭɝ. ɂɦɟɹ ɧɚɛɨɪɵ «ɪɚɫɲɢɪɟɧɧɵɯ» ɨɫɨɛɵɯ ɬɨɱɟɤ ɞɥɹ ɫɰɟɧɵ ɢ ɦɨɞɟɥɢ, ɟɫɬɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɢɬɶ ɦɧɨɠɟɫɬɜɨ ɫɨɨɬɜɟɬɫɬɜɢɣ ɨɫɨɛɵɯ ɬɨɱɟɤ. 

Ɍɚɤ ɠɟ, ɤɚɤ ɢ ɜ ɞɜɭɦɟɪɧɨɦ ɫɥɭɱɚɟ, ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ ɝɨɥɨɫɨɜɚɧɢɹ Хɚɮɚ 
ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɬɚɤ ɧɚɡɵɜɚɟɦɨɟ ɚɤɤɭɦɭɥɹɬɨɪɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɞɥɹ ɫɛɨɪɚ ɢɧɮɨɪɦɚɰɢɢ ɨ 
ɜɨɡɦɨɠɧɨɦ ɩɪɢɫɭɬɫɬɜɢɢ ɜ ɞɚɧɧɨɣ ɨɛɥɚɫɬɢ ɨɛɴɟɤɬɚ. Ⱦɥɹ ɨɛɧɚɪɭɠɟɧɢɹ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ 
ɦɨɞɟɥɶ-ɷɬɚɥɨɧ «ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ» ɤ ɨɫɨɛɵɦ ɬɨɱɤɚɦ ɜ ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ. ȼ ɤɚɱɟɫɬɜɟ 
ɨɩɨɪɧɨɣ ɬɨɱɤɢ ɦɨɠɟɬ ɛɵɬɶ ɜɵɛɪɚɧɚ ɥɸɛɚɹ ɬɨɱɤɚ, ɩɪɢɧɚɞɥɟɠɚщɚɹ ɦɨɞɟɥɢ. ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ 
ɞɥɹ ɭɞɨɛɫɬɜɚ ɦɵ ɜɵɛɪɚɥɢ ɰɟɧɬɪɚɥɶɧɭɸ ɬɨɱɤɭ CM

. 

ɉɪɢ ɤɚɠɞɨɦ ɫɨɜɩɚɞɟɧɢɢ ɬɨɱɟɤ ɦɨɞɟɥɢ ɢ ɫɰɟɧɵ ɜ ɬɪɟɯɦɟɪɧɨɦ ɚɤɤɭɦɭɥɹɬɨɪɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɛɚɜɥɹɸɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɝɨɥɨɫɚ ɜ ɬɨɣ ɨɛɥɚɫɬɢ, ɝɞɟ ɩɪɨɢɡɨɲɥɨ 
ɫɨɜɩɚɞɟɧɢɟ ɬɨɱɟɤ. 

Ɉɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɫɥɨɠɧɨɫɬɟɣ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɚɥɝɨɪɢɬɦɚ – ɷɬɨ ɜɟɪɨɹɬɧɨɫɬɶ 
ɪɚɡɥɢɱɧɨɣ ɨɪɢɟɧɬɚɰɢɢ ɫɰɟɧɵ ɢ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ. ɉɪɢ ɷɬɨɦ ɜ ɨɬɥɢɱɢɢ ɨɬ ɞɜɭɦɟɪɧɨɝɨ 
ɫɥɭɱɚɹ ɞɨɛɚɜɥɹɟɬɫɹ ɟщɟ ɨɞɧɚ ɫɬɟɩɟɧɶ ɫɜɨɛɨɞɵ, ɭɜɟɥɢɱɢɜɚɹ ɧɚ ɩɨɪɹɞɨɤ ɤɨɥɢɱɟɫɬɜɨ 
ɜɚɪɢɚɧɬɨɜ ɨɪɢɟɧɬɚɰɢɢ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɫɰɟɧɟ. ɗɬɚ ɩɪɨɛɥɟɦɚ ɪɟɲɚɟɬɫɹ ɩɪɢ ɩɨɦɨщɢ 
ɜɜɟɞɟɧɢɹ ɫɩɟɰɢɚɥɶɧɵɯ ɜɟɤɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɨɩɢɫɚɧɵ ɧɢɠɟ. 

ɉɪɟɞɩɨɥɨɠɢɦ ɜɫɟ ɬɨɱɤɢ ɤɨɨɪɞɢɧɚɬ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɢ ɫɰɟɧɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ 
ɨɞɧɨɣ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, ɞɥɹ ɤɚɠɞɨɣ ɨɫɨɛɨɣ ɬɨɱɤɢ ɦɨɞɟɥɢ ܨ௜ெ ɜɵɱɢɫɥɹɟɬɫɹ ɜɟɤɬɨɪ ɦɟɠɞɭ 
ɋெ(ɬɨɱɤɚ ɰɟɧɬɪɚ ɨɛɴɟɤɬɚ) ɢ ܨ௜ெ: ௜ܸ,ெீ = ɋெ −  ௜ெ (1)ܨ

Ɂɚɬɟɦ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɤ ɜɪɚщɟɧɢɸ ɢ ɩɨɜɨɪɨɬɭ, ɤɚɠɞɵɣ ɜɟɤɬɨɪ ௜ܸ,ெீ  ɩɪɟɨɛɪɚɡɨɜɵɜɚɟɬɫɹ ɜ ɤɨɨɪɞɢɧɚɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸщɟɣ ɥɨɤɚɥɶɧɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ 
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ɤɨɨɪɞɢɧɚɬ (ɜ ɚɧɝɥɨɹɡɵɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ – local reference frame ɢɥɢ local RF) (ɬ.ɟ. 
ɜɵɱɢɫɥɹɟɦɨɣ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ܨ௜ெ) ɫ ɩɨɦɨщɶɸ ɫɥɟɞɭɸщɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹμ ௜ܸ,௅ெ = ܴீ,௅ெ ∗ ௜ܸ,ெீ , (2) 

ɝɞɟ «*» ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɪɨɢɡɜɟɞɟɧɢɟ ɦɚɬɪɢɰ, ɚ ܴீ,௅ெ  ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɰɟɣ 
ɜɪɚщɟɧɢɹ, ɝɞɟ ɤɚɠɞɚɹ ɫɬɪɨɤɚ ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ ɥɨɤɚɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɨɫɨɛɨɣ 
ɬɨɱɤɢ ܨ௜ெ: ܴீ,௅ெ = ௜,௫ெܮ] , ௜,௬ெܮ , ௜,௭ெܮ ]் (3) 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɬɚɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ. 
 

 
Ɋɢɫɭɧɨɤ β – ɋɯɟɦɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜɟɤɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɨɱɟɤ ɜ ɦɨɞɟɥɢ 

 

ȼɵɱɢɫɥɟɧɢɹ (1) – (γ) ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɥɹ ɦɨɞɟɥɢ ɨɞɢɧ ɪɚɡ. ɗɬɚ ɫɬɚɞɢɹ ɡɚɤɚɧɱɢɜɚɟɬɫɹ 
ɩɪɢɜɹɡɤɨɣ ɤɚɠɞɨɣ ɨɫɨɛɨɣ ɬɨɱɤɢ ܨ௜ெ ɩɨ ɫɜɨɟɦɭ ɜɟɤɬɨɪɭ ௜ܸ,௅ெ. 

ɋ ɦɨɦɟɧɬɚ, ɤɨɝɞɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɶɸ ɢ ɫɰɟɧɨɣ ɩɨɥɭɱɟɧɵ, ɤɚɤ 
ɨɩɢɫɚɧɨ ɜɵɲɟ, ɤɚɠɞɚɹ ɢɡ ɨɫɨɛɵɯ ɬɨɱɟɤ ɫɰɟɧɵ ܨ௝ௌ, ɞɥɹ ɤɨɬɨɪɵɯ ɛɵɥɨ ɧɚɣɞɟɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ 
௝ௌܨ) ௝ௌ ɢɧɜɚɪɢɚɧɬɧɨ ɤ ɩɨɜɨɪɨɬɚɦ ɢ ɜɪɚщɟɧɢɹɦ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɚɤ ܴெܵ௅. ɇɚɤɨɧɟɰ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ௜ܸ,௅ௌܨ ௜ெ) ɝɨɥɨɫɭɟɬ ɧɚ ɫɜɨɟɣ ɩɨɡɢɰɢɢ ɜ ɫɰɟɧɟ. ɉɨɫɤɨɥɶɤɭ ɜɵɱɢɫɥɟɧɢɟ ɥɨɤɚɥɶɧɵɯ RF ɞɥɹܨ ↔  ɜ ɝɥɨɛɚɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ 
ɩɨɫɪɟɞɫɬɜɨɦ ɫɥɟɞɭɸщɟɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ: ௜ܸ,ௌீ = ܴ௅,ீௌ ∗ ௜ܸ,௅ௌ +  ௝ௌ, (4)ܨ

ɝɞɟ ܴ௅,ீௌ  ɹɜɥɹɟɬɫɹ ɦɚɬɪɢɰɟɣ ɜɪɚщɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɣ ɩɪɢ ɩɨɦɨщɢ ɜɵɫɬɪɨɟɧɧɵɯ ɜ ɫɬɨɥɛɰɵ 
ɟɞɢɧɢɱɧɵɯ ɜɟɤɬɨɪɨɜ ɥɨɤɚɥɶɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɞɥɹ ɨɫɨɛɨɣ ɬɨɱɤɢ ܨ௝ௌ: ܴ௅,ீௌ = ௜,௫ௌܮ] , ௜,௬ௌܮ , ௜,௭ௌܮ ]. (5) 

Ȼɥɚɝɨɞɚɪɹ ɷɬɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦ ɮɭɧɤɰɢɹ ܨ௝ௌ ɦɨɠɟɬ ɩɪɨɝɨɥɨɫɨɜɚɬɶ ɜ ɚɤɤɭɦɭɥɹɬɨɪɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ Хɚɮɚ ɫ ɩɨɦɨщɶɸ ɜɟɤɬɨɪɚ ௜ܸ,ௌீ . ɉɪɢɡɧɚɤɨɦ ɧɚɥɢɱɢɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɨɛɴɟɤɬɚ 
ɹɜɥɹɸɬɫɹ ɷɤɫɬɪɟɦɭɦɵ ɜ ɚɤɤɭɦɭɥɹɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ Хɚɮɚ. ɋɪɟɞɢ ɩɨɥɭɱɢɜɲɢɯɫɹ 
ɦɧɨɠɟɫɬɜɟɧɧɵɯ ɩɢɤɨɜ ɜ ɚɤɤɭɦɭɥɹɬɨɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɧɟɫɤɨɥɶɤɨ 
ɤɚɧɞɢɞɚɬɨɜ ɧɚ ɪɨɥɶ ɩɨɬɟɧɰɢɚɥɶɧɨɝɨ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ. ȿɫɥɢ ɦɵ ɭɜɟɪɟɧɵ, ɱɬɨ ɧɚ ɫɰɟɧɟ 
ɢɦɟɟɬɫɹ ɥɢɲɶ ɨɞɢɧ ɷɤɡɟɦɩɥɹɪ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ, ɦɵ ɜɵɛɢɪɚɟɦ ɨɛɴɟɤɬ ɧɚ ɫɰɟɧɟ 
ɧɚɛɪɚɜɲɢɣ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɝɨɥɨɫɨɜ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɩɪɢɞɚɧɢɹ ɩɢɤɚɦ 
ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɷɮɮɟɤɬɭ ɤɜɚɧɬɨɜɚɧɢɹ, ɬɚɤɠɟ ɡɚɞɟɣɫɬɜɭɟɦ ɫɨɫɟɞɧɢɟ ɬɨɱɤɢ, ɤɨɬɨɪɵɟ 
ɭɫɬɭɩɚɸɬ ɥɨɤɚɥɶɧɨɦɭ ɦɚɤɫɢɦɭɦɭ. ȼ ɱɚɫɬɧɨɫɬɢ, ɦɵ ɩɪɟɞɥɚɝɚɟɦ ɩɨɪɨɝ ɩɪɨɫɬɪɚɧɫɬɜɚ Хɚɮɚ 
ɩɨ ɞɨɛɚɜɥɟɧɢɢ ɤ ɤɚɠɞɨɣ ɬɨɱɤɢ ɡɧɚɱɟɧɢɹ ɲɟɫɬɢ ɟɟ ɫɨɫɟɞɧɢɯ ɬɨɱɟɤ, ɬɚɤ ɤɚ ɢɡ-ɡɚ ɧɚɥɢɱɢɹ 
ɲɭɦɚ ɩɪɚɜɢɥɶɧɵɦ ɫɨɨɬɜɟɬɫɬɜɢɟɦ ɦɨɠɟɬ ɛɵɬɶ ɫɨɫɟɞɧɹɹ ɬɨɱɤɚ. Ɂɚɬɟɦ ɞɥɹ ɩɨɫɥɟɞɭɸщɢɯ 
ɫɬɚɞɢɣ ɜɵɛɢɪɚɸɬɫɹ ɩɨɞɦɧɨɠɟɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɢɣ ɩɪɢ ɬɨɦ, ɬɨɥɶɤɨ ɬɚɤɢɟ ɱɬɨ ɤɚɫɚɸɬɫɹ 
ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɢ ɧɚɞ ɩɨɪɨɝɨɜɵɦ ɦɚɤɫɢɦɭɦɨɦ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ. 
ɇɚ ɪɢɫɭɧɤɟ γ ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɦɟɬɨɞɚ Хɚɮɚ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɬɪɟɯɦɟɪɧɨɣ 
ɫɰɟɧɟ ɜ ɜɢɞɟ ɨɛɥɚɤɚ ɬɨɱɟɤ.  
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Ɋɢɫɭɧɨɤ 6.γ – ɋɯɟɦɚ ɦɟɬɨɞɚ ɏɚɮɚ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ  

ɨɛɴɟɤɬɨɜ ɜ ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ 

4 ɉɪɢɦɟɪɵ ɪɚɛɨɬɵ ɦɟɬɨɞɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɚɥɝɨɪɢɬɦɚ ɝɨɥɨɫɨɜɚɧɢɹ Хɚɮɚ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 4. Ʉɚɤ 
ɜɢɞɧɨ ɧɚ ɪɢɫɭɧɤɟ, ɚɥɝɨɪɢɬɦ ɭɫɩɟɲɧɨ ɪɟɲɢɥ ɩɨɫɬɚɜɥɟɧɧɭɸ ɡɚɞɚɱɭ ɢ ɬɨɱɧɨ ɭɤɚɡɚɥ ɧɚ 
ɨɛɥɚɫɬɶ ɩɪɢɫɭɬɫɬɜɢɹ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ. 

 

  
Ɋɢɫɭɧɨɤ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɚɥɝɨɪɢɬɦɨɦ ɏɚɮɚ 

 

ɋɥɟɜɚ ɧɚ ɪɢɫɭɧɤɟ 5 ɢɡɨɛɪɚɠɟɧɚ ɦɨɞɟɥɶ ɱɟɥɨɜɟɤɚ ɜ ɜɢɞɟ ɨɛɥɚɤɚ ɬɨɱɟɤ. ɋɩɪɚɜɚ 
ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɪɟɯɦɟɪɧɚɹ ɫɰɟɧɚ, ɧɚ ɤɨɬɨɪɨɣ ɨɩɢɫɚɧɧɵɦ ɜ ɧɚɫɬɨɹщɟɦ ɪɚɡɞɟɥɟ ɦɟɬɨɞɨɦ ɛɵɥ 
ɩɪɨɢɡɜɟɞɟɧ ɩɨɢɫɤ ɨɛɴɟɤɬɚ. 

 

  
Ɋɢɫɭɧɨɤ 5 – Ɇɨɞɟɥɶ-ɷɬɚɥɨɧ ɢ ɢɫɯɨɞɧɚɹ ɬɪɟɯɦɟɪɧɚɹ ɫɰɟɧɚ 

Ɋɢɫɭɧɨɤ 6 ɩɨɤɚɡɵɜɚɟɬ ɜɢɞ ɧɚ ɬɪɟɯɦɟɪɧɭɸ ɫɰɟɧɭ ɫ ɞɜɭɯ ɪɚɤɭɪɫɨɜ ɫ ɨɛɧɚɪɭɠɟɧɧɵɦ ɢ 
ɨɬɦɟɱɟɧɧɵɦ ɢɫɤɨɦɵɦ ɨɛɴɟɤɬɨɦ. 
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Ɋɢɫɭɧɨɤ 6 – Ɉɛɧɚɪɭɠɟɧɧɵɣ ɨɛɴɟɤɬ ɧɚ ɬɪɟɯɦɟɪɧɨɣ ɫɰɟɧɟ 

 

Ⱥɥɝɨɪɢɬɦ ɬɪɟɛɭɟɬ ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɨɛɭɱɟɧɢɹ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɡɚɧɹɬɶ ɞɨɜɨɥɶɧɨ 
ɞɨɥɝɨɟ ɜɪɟɦɹ, ɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ. Ɉɞɧɚɤɨ, ɬɚɤɨɟ ɨɛɭɱɟɧɢɟ 
ɧɟɨɛɯɨɞɢɦɨ ɥɢɲɶ ɩɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɨɜɵɯ ɦɨɞɟɥɟɣ-ɷɬɚɥɨɧɨɜ. ɉɨɢɫɤ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɛɪɚɛɨɬɚɧɧɵɯ ɨɛɴɟɤɬɨɜ ɧɚ ɩɨɫɬɭɩɚɸщɢɯ ɬɪɟɯɦɟɪɧɵɯ ɫɰɟɧɚɯ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ. 

5 Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɧɚɫɬɨɹщɟɣ ɫɬɚɬɶɟ ɨɩɢɫɚɧ ɦɟɬɨɞ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɨɤɪɭɠɚɸщɟɣ ɞɨɪɨɠɧɨɣ ɨɛɫɬɚɧɨɜɤɢ. ȼ ɤɚɱɟɫɬɜɟ 
ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɦɟɬɨɞ ɩɪɢɧɢɦɚɟɬ ɷɬɚɥɨɧɧɵɟ ɨɛɴɟɤɬɵ (ɩɟɲɟɯɨɞɵ, 
ɠɢɜɨɬɧɵɟ, ɩɪɨɱɢɟ ɩɪɟɩɹɬɫɬɜɢɹ) ɢ ɩɨɫɬɭɩɚɸщɢɟ ɬɪɟɯɦɟɪɧɵɟ ɫɰɟɧɵ ɜ ɜɢɞɟ ɨɛɥɚɤɨɜ ɬɨɱɟɤ. 
ɇɚ ɜɵɯɨɞɟ ɦɟɬɨɞ ɩɨɥɭɱɚɟɬ ɬɪɟɯɦɟɪɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɢɫɤɨɦɵɯ ɨɛɴɟɤɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɫɧɢɦɚɸщɟɣ ɬɪɟɯɦɟɪɧɨɣ ɤɚɦɟɪɵ. 

Ɇɟɬɨɞ Хɚɮɚ ɞɥɹ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɬɪɟɯɦɟɪɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɨɛɥɚɤɟ ɬɨɱɟɤ ɩɨɤɚɡɚɥ 
ɷɮɮɟɤɬɢɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɡɚɞɚɱɟ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɟɲɟɯɨɞɨɜ ɢ 
ɩɪɨɱɢɯ ɩɪɟɩɹɬɫɬɜɢɹɯ ɩɪɢ ɞɜɢɠɟɧɢɢ ɚɜɬɨɦɨɛɢɥɹ. Ɍɚɤɠɟ ɩɥɚɧɢɪɭɟɬɫɹ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ 
ɦɟɬɨɞ ɫ ɰɟɥɶɸ ɭɦɟɧɶɲɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɤɚɱɟɫɬɜɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɨɬ ɬɨɱɧɨɝɨ ɫɨɜɩɚɞɟɧɢɹ 
ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɢ ɢɫɤɨɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɨɛɥɚɤɟ ɬɨɱɟɤ. Ⱦɥɹ ɭɫɤɨɪɟɧɢɹ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ 
ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɝɪɚɮɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɪɨɜ CUDA. 
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