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Ⱥɧɧɨɬɚɰɢɹ 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫɟɝɦɟɧɬɚɰɢɢ ɨɛɥɚɤɚ ɬɨɱɟɤ, 
ɨɩɢɫɵɜɚɸɳɟɝɨ ɩɪɟɞɦɟɬ ɢɧɬɟɪɶɟɪɚ, ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɫɟɝɦɟɧɬɚɰɢɢ, ɛɥɢɡɤɨɣ ɤ ɪɚɡɛɢɟɧɢɸ 
ɨɛɴɟɤɬɚ ɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɷɥɟɦɟɧɬɵ. Ⱦɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɱɚɫɬɶ ɦɟɬɨɞɚ 
ɭɥɭɱɲɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɬɪɟɯɦɟɪɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɨɣ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ 
ɞɥɹ ɫɬɪɭɤɬɭɪɢɡɚɰɢɢ ɨɛɥɚɤɚ ɬɨɱɟɤ, ɩɨɥɭɱɚɟɦɨɝɨ ɧɚ ɨɞɧɨɦ ɢɡ ɷɬɚɩɨɜ ɦɟɬɨɞɚ. Ⱥɥɝɨɪɢɬɦ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɪɟɤɭɪɫɢɜɧɨɦ ɪɚɡɛɢɟɧɢɢ ɨɛɥɚɤɚ ɬɨɱɟɤ ɧɚ ɞɜɟ ɱɚɫɬɢ, ɜɩɥɨɬɶ ɞɨ ɞɨɫɬɢɠɟɧɢɹ 
ɡɚɞɚɧɧɨɝɨ ɤɪɢɬɟɪɢɹ ɨɫɬɚɧɨɜɤɢ ɪɚɡɛɢɟɧɢɹ. ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɬɪɭɤɬɭɪɚ ɚɥɝɨɪɢɬɦɚ, 
ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɚ ɟɝɨ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ, ɩɪɨɜɟɞɟɧɵ ɩɪɢɦɟɪɵ ɪɟɡɭɥɶɬɚɬɨɜ 
ɪɚɛɨɬɵ, ɨɩɪɟɞɟɥɟɧɨ ɧɚɩɪɚɜɥɟɧɢɟ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɛɥɚɤɨ ɬɨɱɟɤ; ɫɟɝɦɟɧɬɚɰɢɹ. 
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Ⱥbstract 
The algorithm of point cloud segmentation is proposed in the article. This algorithm aimed to get 

segmentation similar to segmentation of object by his functional elements in field of interior 

design. The given algorithm is used as a part of method of dense 3D reconstruction enhancing for 

point cloud structuration at some point. Main idea of proposed algorithm is recursive division of 

parent cloud by two parts until exit conditions are met. Algorithm structure is reviewed, 

computing complexity is analyzed. The field for further investigations of given problems and 

their solution is suggested. 

Keywords: point cloud; segmentation. 
 

ȼȼȿȾȿɇɂȿ 
ɉɨɫɬɪɨɟɧɢɟ ɬɪɟɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ ɧɚ ɨɫɧɨɜɟ ɢɡɨɛɪɚɠɟɧɢɣ – ɨɞɧɚ ɢɡ ɡɚɞɚɱ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 

ɡɪɟɧɢɹ, ɡɚɤɥɸɱɚɸɳɚɹɫɹ ɜ ɪɚɫɩɨɡɧɚɜɚɧɢɢ ɨɛɪɚɡɨɜ ɜ ɩɨɞɚɧɧɵɯ ɧɚ ɜɯɨɞ ɚɥɝɨɪɢɬɦɭ ɢɡɨɛɪɚɠɟɧɢɹɯ ɢ 
ɩɨɫɬɪɨɟɧɢɢ ɧɚ ɢɯ ɨɫɧɨɜɟ ɬɪɟɯɦɟɪɧɵɯ ɦɨɞɟɥɟɣ.  

Ɂɚɞɚɱɚ ɬɪɟɯɦɟɪɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɭɠɟ ɞɚɜɧɨ ɪɟɲɟɧɚ ɜ ɨɛɳɟɦ ɜɢɞɟ [1]. Ɉɞɧɚɤɨ, ɟɫɬɶ ɩɭɬɢ 
ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɫɭɳɟɫɬɜɭɸɳɢɯ ɬɟɯɧɨɥɨɝɢɣ ɩɨ ɬɚɤɢɦ ɩɚɪɚɦɟɬɪɚɦ, ɤɚɤ ɬɨɱɧɨɫɬɶ ɢ ɩɨɥɧɨɬɚ 
ɪɟɤɨɧɫɬɪɭɤɰɢɢ. Ɉɞɧɢɦ ɢɡ ɬɚɤɢɯ ɩɭɬɟɣ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɚɩɪɢɨɪɧɨ ɢɡɜɟɫɬɧɨɣ ɫɬɪɭɤɬɭɪɵ 
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ɪɟɤɨɧɫɬɪɭɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɩɨɥɧɨɬɵ ɪɟɤɨɧɫɬɪɭɤɰɢɢ. ȼ ɪɚɦɤɚɯ ɤɨɧɤɪɟɬɧɨɣ 
ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – ɞɢɡɚɣɧɚ ɢɧɬɟɪɶɟɪɚ, ɜɨɡɦɨɠɟɧ ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ:  

 Ɉɩɢɫɚɧɢɟ ɨɩɟɪɚɬɨɪɨɦ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ;  
 ɉɪɨɜɟɞɟɧɢɟ ɩɥɨɬɧɨɣ ɬɪɟɯɦɟɪɧɨɣ ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɩɨ ɫɧɢɦɤɚɦ ɨɛɴɟɤɬɚ ɫ ɪɟɡɭɥɶɬɚɬɨɦ ɜ 

ɜɢɞɟ ɨɛɥɚɤɚ ɬɨɱɟɤ;  
 Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɟɝɦɟɧɬɚɰɢɹ ɩɨɥɭɱɟɧɧɨɝɨ ɨɛɥɚɤɚ ɬɨɱɟɤ ɢ ɩɨɥɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɨɛɥɚɤɚ 

ɬɨɱɟɤ ɜ ɬɚɤɨɦ ɠɟ ɜɢɞɟ, ɤɚɤ ɢ ɫɬɪɭɤɬɭɪɚ, ɨɩɢɫɚɧɧɚɹ ɨɩɟɪɚɬɨɪɨɦ;  
 ɋɪɚɜɧɟɧɢɟ ɞɜɭɯ ɫɬɪɭɤɬɭɪ ɢ ɜɵɩɨɥɧɟɧɢɟ ɨɩɟɪɚɰɢɣ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɩɨɥɧɨɬɵ 

ɪɟɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɨɫɧɨɜɟ ɪɟɡɭɥɶɬɚɬɨɜ ɫɪɚɜɧɟɧɢɹ. 
ɉɪɢ ɷɬɨɦ ɫɬɪɭɤɬɭɪɚ ɨɛɴɟɤɬɚ ɨɩɢɫɵɜɚɟɬɫɹ ɨɩɟɪɚɬɨɪɨɦ ɧɚ ɭɪɨɜɧɟ «ɫɬɭɥ ɫɨɫɬɨɢɬ ɢɡ ɫɢɞɟɧɶɹ, 

4 ɧɨɠɟɤ, ɫɩɢɧɤɢ, ɢɦɟɸɳɢɯ ɡɚɞɚɧɧɵɟ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɡɦɟɪɵ ɢ ɩɨɥɨɠɟɧɢɹ». Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɨɞɧɢɦ ɢɡ ɷɬɚɩɨɜ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ ɹɜɥɹɟɬɫɹ ɫɟɝɦɟɧɬɚɰɢɹ ɪɟɤɨɧɫɬɪɭɢɪɨɜɚɧɧɨɝɨ ɨɛɥɚɤɚ ɬɨɱɟɤ ɫ 
ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɟɝɨ ɫɬɪɭɤɬɭɪɵ ɜ ɜɢɞɟ ɩɨɯɨɠɟɦ ɧɚ ɫɬɪɭɤɬɭɪɭ, ɡɚɞɚɜɚɟɦɭɸ ɨɩɟɪɚɬɨɪɨɦ. 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ, 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɢ, ɩɪɨɜɨɞɢɬɫɹ ɟɝɨ ɚɧɚɥɢɡ, ɫɬɪɨɹɬɫɹ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ 
ɜɨɡɦɨɠɧɵɯ ɞɚɥɶɧɟɣɲɢɯ ɟɝɨ ɭɥɭɱɲɟɧɢɹɯ. 

 

1. ɉɈɋɌȺɇɈȼɄȺ ɁȺȾȺɑɂ  
Ɂɚɞɚɱɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɜɟɞɟɧɢɢ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɜ ɜɢɞɟ ɨɛɥɚɤɚ ɬɨɱɟɤ ɤ ɜɢɞɭ ɝɪɚɮɚ 

ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ, ɜ ɤɨɬɨɪɨɦ ɤɚɠɞɚɹ ɜɟɪɲɢɧɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɤɨɬɨɪɨɦɭ ɷɥɟɦɟɧɬɭ ɥɨɝɢɱɟɫɤɢ 
ɰɟɥɶɧɨɦɭ ɷɥɟɦɟɧɬɭ ɨɛɴɟɤɬɚ, ɨɩɢɫɵɜɚɟɦɨɦɭ ɨɛɥɚɤɨɦ ɬɨɱɟɤ, ɚ ɪɟɛɪɚ ɛɭɞɭɬ ɨɡɧɚɱɚɬɶ ɮɚɤɬ ɫɨɫɟɞɫɬɜɚ 
ɷɥɟɦɟɧɬɨɜ ɝɪɚɮɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ. 

ɇɚɩɪɢɦɟɪ, ɪɚɡɛɢɟɧɢɟ ɫɬɭɥɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 1ɚ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɞɟɥɟɧɢɟ ɧɚ 
ɬɚɤɢɟ ɷɥɟɦɟɧɬɵ ɤɚɤ: «ɫɢɞɟɧɶɟ» - ɜɟɪɲɢɧɚ v1, «ɧɨɠɤɢ» - ɜɟɪɲɢɧɵ v2, v3, v4, v5 ɢ «ɫɩɢɧɤɚ» - ɜɟɪɲɢɧɚ 
v6 (ɪɢɫɭɧɨɤ 1ɛ). 

 

ɚ)  ɛ) 
Рɢɫ. 1. ɚ – ɩɪɢɦɟɪ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɛ – ɩɪɢɦɟɪ ɬɪɟɛɭɟɦɵɯ ɜɵɯɨɞɧɵɯ ɞɚɧɧɵɯ 

Fig. 1. a – example input data, b – example of required output sample data 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɜɟ ɩɨɞɡɚɞɚɱɢ: ɩɨɥɭɱɟɧɢɟ ɜɟɪɲɢɧ ɝɪɚɮɚ ɢ ɨɩɪɟɞɟɥɟɧɢɟ 
ɧɚɥɢɱɢɹ ɪɟɛɟɪ ɦɟɠɞɭ ɩɨɥɭɱɟɧɧɵɦɢ ɜɟɪɲɢɧɚɦɢ. 

 
2. ɉɈɅɍɑȿɇɂȿ ȼȿɊɒɂɇ ȽɊȺɎȺ 
Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɜɟɪɲɢɧ ɝɪɚɮɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɟɝɦɟɧɬɢɪɨɜɚɬɶ ɨɛɥɚɤɨ ɬɨɱɟɤ ɢ ɫɨɩɨɫɬɚɜɢɬɶ 

ɜɟɪɲɢɧɭ ɝɪɚɮɚ ɤɚɠɞɨɦɭ ɩɨɥɭɱɟɧɧɨɦɭ ɫɟɝɦɟɧɬɭ. 
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ȼ ɤɚɱɟɫɬɜɟ ɨɬɩɪɚɜɧɨɣ ɬɨɱɤɢ ɛɵɥɨ ɪɟɲɟɧɨ ɩɪɢɦɟɧɢɬɶ ɩɨɞɯɨɞ, ɪɚɫɫɦɨɬɪɟɧɧɵɣ ɜ [2], 
ɡɚɤɥɸɱɚɸɳɢɣɫɹ ɜ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɨɛɥɚɤɚ ɬɨɱɟɤ ɨɝɪɚɧɢɱɢɜɚɸɳɢɦ ɩɪɹɦɨɭɝɨɥɶɧɵɦ 
ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɦ ɦɢɧɢɦɚɥɶɧɨɝɨ ɨɛɴɟɦɚ (MVBB)[3] ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɪɟɤɭɪɫɢɜɧɵɦ ɪɚɡɛɢɟɧɢɟɦ 
«ɫɜɟɪɯɭ-ɜɧɢɡ» ɩɨɥɭɱɟɧɧɨɝɨ ɨɛɴɟɦɚ ɧɚ ɞɜɟ ɱɚɫɬɢ ɫ ɦɢɧɢɦɢɡɚɰɢɟɣ ɰɟɥɟɜɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ɧɚ 
ɤɚɠɞɨɦ ɲɚɝɟ. 

Ɉɞɧɚɤɨ, ɩɪɢ ɚɧɚɥɢɡɟ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɜɵɹɫɧɢɥɨɫɶ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɩɪɨɛɥɟɦɵ, 
ɩɪɟɩɹɬɫɬɜɭɸɳɢɟ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɞɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɡɚɞɚɱɢ. ɂɡɧɚɱɚɥɶɧɚɹ ɰɟɥɶ ɪɚɡɪɚɛɨɬɤɢ [2] 
ɛɵɥɚ ɡɚɞɚɧɚ ɤɚɤ «ɛɵɫɬɪɨɟ ɩɨɥɭɱɟɧɢɟ ɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɨɣ ɦɨɞɟɥɢ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɟɟ ɜ 
ɚɥɝɨɪɢɬɦɚɯ ɤɨɨɪɞɢɧɚɰɢɢ ɪɚɛɨɬɵ ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɵɯ ɦɚɧɢɩɭɥɹɬɨɪɨɜ». ɇɚɢɛɨɥɟɟ ɜɚɠɧɚɹ ɩɪɨɛɥɟɦɚ, 
ɤɨɬɨɪɚɹ ɫɥɟɞɭɟɬ ɢɡ ɰɟɥɢ – ɞɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɨɩɬɢɦɢɡɢɪɭɟɬ ɪɚɡɛɢɟɧɢɟ ɨɛɴɟɦɚ ɫ ɰɟɥɶɸ 
ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɟɝɨ ɮɨɪɦɵ ɜ ɨɛɳɢɯ ɱɟɪɬɚɯ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɞɚɧɧɨɣ ɡɚɞɚɱɟ ɧɟɨɛɯɨɞɢɦɨ 
ɫɟɝɦɟɧɬɢɪɨɜɚɬɶ ɢɦɟɸɳɢɣɫɹ ɨɛɴɟɦ ɧɚ ɨɫɧɨɜɟ ɫɟɦɚɧɬɢɤɢ ɟɝɨ ɱɚɫɬɟɣ. 

Ʉɨɪɨɬɤɨ ɚɥɝɨɪɢɬɦ [2] ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  
 ȼɵɱɢɫɥɢɬɶ MVBB ɨɛɥɚɤɚ; 
 ȼɵɱɢɫɥɢɬɶ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɵɣ ɪɚɡɪɟɡ ɩɨɥɭɱɟɧɧɨɝɨ MVBB: 

 ɋɩɪɨɟɰɢɪɨɜɚɬɶ ɜɫɟ ɬɨɱɤɢ ɨɛɴɟɦɚ ɧɚ ɤɚɠɞɭɸ ɢɡ ɫɬɨɪɨɧ MVBB; 
 ɉɪɨɜɟɫɬɢ ɪɚɡɪɟɡ ɩɚɪɚɥɥɟɥɶɧɨ ɝɪɚɧɢɰɚɦ MVBB ɱɟɪɟɡ ɤɚɠɞɭɸ ɫɩɪɨɟɰɢɪɨɜɚɧɧɭɸ 

ɬɨɱɤɭ; 
 ȼɵɱɢɫɥɢɬɶ ɨɩɢɫɵɜɚɸɳɢɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ ɞɥɹ ɞɜɭɯ ɧɚɛɨɪɨɜ ɬɨɱɟɤ ɧɚ 

ɩɥɨɫɤɨɫɬɢ; 
 ɂɡ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɪɚɡɛɢɟɧɢɣ ɜɵɛɪɚɬɶ ɬɚɤɨɟ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɫɭɦɦɚ ɩɥɨɳɚɞɟɣ 

ɞɜɭɯ ɨɩɢɫɵɜɚɸɳɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɥɨɳɚɞɢ ɢɫɯɨɞɧɨɝɨ 
ɨɩɢɫɵɜɚɸɳɟɝɨ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ - ɦɢɧɢɦɚɥɶɧɚ. 

 Ɋɚɡɛɢɬɶ ɜɯɨɞɧɨɟ ɨɛɥɚɤɨ ɬɨɱɟɤ ɧɚ ɞɜɚ ɩɨ ɜɵɱɢɫɥɟɧɧɨɦɭ ɪɚɡɪɟɡɭ ɢ, ɟɫɥɢ ɤɪɢɬɟɪɢɣ 
ɨɫɬɚɧɨɜɤɢ ɟɳɟ ɧɟ ɞɨɫɬɢɝɧɭɬ, ɡɚɩɭɫɬɢɬɶ ɚɥɝɨɪɢɬɦ ɪɟɤɭɪɫɢɜɧɨ ɞɥɹ ɨɛɨɢɯ ɩɨɬɨɦɤɨɜ. 

ɉɪɢ ɷɬɨɦ, ɤɪɢɬɟɪɢɟɦ ɨɫɬɚɧɨɜɤɢ ɹɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɨɞɧɨɝɨ ɢɡ ɞɜɭɯ ɭɫɥɨɜɢɣ: 
1) Ɉɬɧɨɲɟɧɢɟ ɧɨɜɨɝɨ ɨɛɴɟɦɚ ɩɨɫɥɟ ɪɚɡɛɢɟɧɢɹ ɤ ɨɛɴɟɦɭ ɞɨ ɪɚɡɛɢɟɧɢɹ ɞɨɫɬɢɝɥɨ ɩɨɪɨɝɨɜɨɝɨ 

ɡɧɚɱɟɧɢɹ: Θ = 𝑉ሺ𝐶భሻ+𝑉ሺ𝐶మሻ+𝑉ሺ𝐴\𝑃ሻ𝑉ሺ𝑃ሻ+𝑉ሺ𝐴\𝑃ሻ , 

ɝɞɟ ϴ – ɩɪɨɜɟɪɹɟɦɵɣ ɩɚɪɚɦɟɬɪ, ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɡɧɚɱɟɧɢɟ ɩɨɪɨɝɚ: 0.80-0.95; 

V(x) – ɮɭɧɤɰɢɹ, ɜɨɡɜɪɚɳɚɸɳɚɹ ɨɛɴɟɦ MVBB ɨɛɥɚɤɚ ɬɨɱɟɤ; 
P – ɢɫɯɨɞɧɨɟ ɨɛɥɚɤɨ ɬɨɱɟɤ, ɩɨɞɥɟɠɚɳɟɟ ɪɚɡɛɢɟɧɢɸ; 
ɋ1, ɋ2 – ɨɛɥɚɤɚ ɬɨɱɟɤ, ɱɚɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɪɚɡɛɢɟɧɢɹ; 
A\P – ɨɫɬɚɥɶɧɵɟ ɥɢɫɬɶɹ ɞɟɪɟɜɚ ɪɚɡɛɢɟɧɢɹ ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɜɟɪɲɢɧɵ P. 

ɑɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɢɪɨɫɬ ɭɦɟɧɶɲɟɧɢɹ ɨɛɴɟɦɚ ɫ ɩɨɫɥɟɞɧɟɝɨ ɪɚɡɛɢɟɧɢɹ ɨɤɚɡɚɥɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɦ 

2) Ʉɨɥɢɱɟɫɬɜɨ ɬɨɱɟɤ ɜ ɨɞɧɨɣ ɢɡ ɱɚɫɬɟɣ ɪɚɡɛɢɟɧɢɹ ɨɤɚɡɚɥɨɫɶ ɦɟɧɶɲɟ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ. 
ɉɪɢ ɚɧɚɥɢɡɟ ɚɥɝɨɪɢɬɦɚ ɛɵɥɨ ɜɵɞɜɢɧɭɬɨ ɩɪɟɞɥɨɠɟɧɢɟ, ɱɬɨ ɫ ɧɟɤɨɬɨɪɵɦɢ ɦɨɞɢɮɢɤɚɰɢɹɦɢ ɨɧ 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧ ɤ ɞɚɧɧɨɣ ɡɚɞɚɱɟ, ɩɪɢ ɭɱɟɬɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ, ɝɥɚɜɧɨɣ ɢɡ 
ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɪɟɞɦɟɬɵ ɢɧɬɟɪɶɟɪɚ ɡɚɱɚɫɬɭɸ ɢɦɟɸɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɹɦɵɯ ɭɝɥɨɜ 
ɢ ɩɪɹɦɵɯ ɥɢɧɢɣ ɢ ɦɧɨɝɢɟ ɱɚɫɬɢ ɨɛɴɟɤɬɨɜ ɦɨɝɭɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɵ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɦ ɧɟ 
ɡɚɯɜɚɬɵɜɚɹ ɨɛɴɟɦ ɞɪɭɝɢɯ ɱɚɫɬɟɣ. 

Ɍɚɤɨɣ ɩɪɟɞɥɚɝɚɟɦɨɣ ɦɨɞɢɮɢɤɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɭɥɭɱɲɟɧɢɟ ɫɩɨɫɨɛɚ ɜɵɱɢɫɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ 
ɪɚɡɪɟɡɚ. ȼ ɬɟɤɭɳɟɣ ɜɚɪɢɚɰɢɢ ɪɚɡɛɢɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɫɬɪɨɝɨ ɜɞɨɥɶ ɬɪɟɯ ɫɬɨɪɨɧ MVBB, Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɜ ɩɪɢɜɟɞɟɧɧɨɦ ɩɪɢɦɟɪɟ (ɪɢɫɭɧɨɤ 2) ɨɧ ɧɚɣɞɟɬ ɞɚɥɟɤɢɣ ɨɬ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɡɭɥɶɬɚɬ. 
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Рɢɫ. 2. ɚ – ɪɚɡɪɟɡ ɫɨɝɥɚɫɧɨ ɢɫɯɨɞɧɨɦɭ ɚɥɝɨɪɢɬɦɭ, ɛ – ɪɚɡɪɟɡ ɫɨɝɥɚɫɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɨɦɭ 

ɚɥɝɨɪɢɬɦɭ 

Fig. 2. a – sectional view according to the original algorithm,   b – section according to the optimized 

algorithm 

 

Ɇɨɠɧɨ ɦɨɞɢɮɢɰɢɪɨɜɚɬɶ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤ ɪɚɡɪɟɡɚ ɞɨɛɚɜɢɜ ɤ ɤɚɠɞɨɦɭ ɩɪɨɫɦɚɬɪɢɜɚɟɦɨɦɭ 
ɪɚɡɪɟɡɭ ɩɨɜɨɪɨɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɚɱɟɫɬɜɨ ɧɚɯɨɞɢɦɵɯ ɪɚɡɪɟɡɨɜ, ɚ ɫ 
ɭɱɟɬɨɦ ɫɩɟɰɢɮɢɤɢ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ – ɩɨɥɭɱɚɟɦɵɟ ɪɚɡɪɟɡɵ ɫ ɛɨɥɶɲɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɛɭɞɭɬ 
ɨɩɬɢɦɚɥɶɧɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɞɨɛɧɨɟ ɭɥɭɱɲɟɧɢɟ ɩɪɢɜɟɞɟɬ ɤ ɩɨɜɵɲɟɧɢɸ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɫɥɨɠɧɨɫɬɢ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɦɧɨɠɢɬɟɥɟɦ 𝑂ሺʹ𝜋/݇ሻ, ɝɞɟ k – ɲɚɝ ɩɨɜɨɪɨɬɚ ɪɚɡɪɟɡɚ. 

Ɉɞɧɚɤɨ, ɜ ɩɨɫɬɚɧɨɜɤɟ [2] ɜɚɠɧɵɦ ɤɪɢɬɟɪɢɟɦ ɫɬɨɢɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɟɧɢɹ ɜ ɪɟɚɥɶɧɨɦ 
ɜɪɟɦɟɧɢ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɜ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɟ ɬɚɤɨɣ ɤɪɢɬɟɪɢɣ ɧɟ ɹɜɥɹɟɬɫɹ ɨɛɹɡɚɬɟɥɶɧɵɦ, ɜ 
ɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɩɨɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɜɵɲɚɬɶ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɜ 
ɧɟɤɨɬɨɪɵɯ ɪɚɡɭɦɧɵɯ ɩɪɟɞɟɥɚɯ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɤɚɤ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɫɪɟɞɫɬɜɨ ɩɨɜɵɲɟɧɢɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɤɨ ɜɯɨɞɧɵɦ 
ɞɚɧɧɵɦ ɩɪɢɦɟɧɹɟɬɫɹ ɮɢɥɶɬɪɚɰɢɹ ɧɚ ɨɫɧɨɜɟ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜɨɤɫɟɥɶɧɵɦ ɨɛɴɟɦɨɦ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɵ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɥɭɱɚɟɬɫɹ ɞɟɪɟɜɨ ɪɚɡɛɢɟɧɢɹ ɨɛɳɟɝɨ 
ɨɛɴɟɦɚ ɧɚ ɧɟɫɤɨɥɶɤɨ ɩɨɞɨɛɴɟɦɨɜ. Ɉɞɧɚɤɨ, ɧɚɫ ɢɧɬɟɪɟɫɭɸɬ ɬɨɥɶɤɨ ɥɢɫɬɶɹ ɩɨɥɭɱɟɧɧɨɝɨ ɞɟɪɟɜɚ 
ɪɚɡɛɢɟɧɢɹ, ɩɨɷɬɨɦɭ ɷɬɢ ɥɢɫɬɶɹ ɢ ɛɭɞɭɬ ɜɟɪɲɢɧɚɦɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɝɪɚɮɚ ɫɬɪɭɤɬɭɪɵ ɨɛɴɟɤɬɚ. 

ɂɫɯɨɞɧɵɣ ɚɥɝɨɪɢɬɦ [2] ɫɨɫɬɨɢɬ ɢɡ ɬɚɤɢɯ ɷɬɚɩɨɜ ɤɚɤ ɩɨɫɬɪɨɟɧɢɟ MVBB, ɤɨɬɨɪɨɟ ɢɦɟɟɬ 
ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɫɥɨɠɧɨɫɬɶ 𝑂ሺ݊ log ݊ + ݊/𝜀ଷሻ, ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ ɜ ɨɛɥɚɤɟ ɬɨɱɟɤ, Ͳ <  𝜀 ≤ ͳ – ɧɟɤɨɬɨɪɵɣ ɩɚɪɚɦɟɬɪ ɚɥɝɨɪɢɬɦɚ, ɚ ɬɚɤ ɠɟ ɜɵɱɢɫɥɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɪɟɡɚ ɡɚ Оሺ݊ log ݊ሻ ɧɚɩɪɢɦɟɪ, ɫ ɩɨɦɨɳɶɸ ɞɟɪɟɜɚ ɨɬɪɟɡɤɨɜ[4], ɱɬɨ ɜ ɫɭɦɦɟ ɞɚɟɬ ɨɰɟɧɤɭ Оሺ݊ log ݊ +  ݊/𝜀ଷሻ. 

Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɠɟ ɚɥɝɨɪɢɬɦ ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɨɩɟɪɚɰɢɢ ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɨɠɧɨɫɬɶ Оሺ݊ log ݊ ⋅ ʹ𝜋/݇ + ݊/𝜀ଷሻ. 

 

3. ɇȺɏɈɀȾȿɇɂȿ ɊȿȻȿɊ ȽɊȺɎȺ 
ɂɫɯɨɞɹ ɢɡ ɨɩɪɟɞɟɥɟɧɢɹ ɪɟɛɪɚ ɤɚɤ «ɮɚɤɬɚ ɫɨɫɟɞɫɬɜɚ ɨɩɢɫɵɜɚɟɦɵɯ ɨɛɴɟɤɬɨɜ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ», 

ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɪɟɛɪɚ ɩɭɬɟɦ ɚɧɚɥɢɡɚ ɞɟɤɚɪɬɨɜɚ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɨɩɢɫɵɜɚɸɳɢɦɢ ɤɭɛɚɦɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɪɲɢɧ: ɜ ɫɥɭɱɚɟ ɟɫɥɢ ɞɚɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɪɚɜɧɨ ɧɭɥɸ, ɥɢɛɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ 
ɧɟɤɨɬɨɪɨɝɨ ɩɨɪɨɝɨɜɨɝɨ ɡɧɚɱɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɡɚɜɢɫɹɳɟɝɨ ɨɬ ɪɚɡɦɟɪɚ ɨɩɢɫɵɜɚɸɳɢɯ ɤɭɛɨɜ ɜɟɪɲɢɧ), 
ɬɨ ɫɱɢɬɚɟɬɫɹ ɱɬɨ ɪɟɛɪɨ ɦɟɠɞɭ ɞɜɭɦɹ ɞɚɧɧɵɦɢ ɜɟɪɲɢɧɚɦɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɜ ɝɪɚɮɟ, ɢɧɚɱɟ – ɧɟɬ.  

Ɂɚɞɚɱɚ ɧɚɯɨɠɞɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɞɜɭɦɹ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚɦɢ ɪɟɲɚɟɬɫɹ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢ 
ɢɦɟɟɬ ɫɥɨɠɧɨɫɬɶ 𝑂ሺͳሻ ɞɥɹ ɨɞɧɨɣ ɩɚɪɵ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɨɜ. Ɍɚɤ ɤɚɤ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɪɢɬɶ 
ɫɭɳɟɫɬɜɨɜɚɧɢɟ ɤɚɠɞɨɝɨ ɪɟɛɪɚ ɜ ɝɪɚɮɟ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɞɚɧɧɨɝɨ ɷɬɚɩɚ ɞɨɫɬɢɝɚɟɬ 𝑂ሺ݉ଶሻ, 

ɝɞɟ m – ɤɨɥɢɱɟɫɬɜɨ ɜɟɪɲɢɧ ɩɨɥɭɱɟɧɧɨɝɨ ɝɪɚɮɚ.  
 

4. ɊȿɁɍɅɖɌȺɌɕ ɊȺȻɈɌɕ ȺɅȽɈɊɂɌɆȺ  
ɉɪɢɦɟɪ ɪɚɛɨɬɵ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3.  
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ɚ)   ɛ)  
Рɢɫ. 3. ɩɪɢɦɟɪ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ: ɚ – ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ, ɛ – ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ 

Fig. 3. example of the algorithm: a – the original data, b – the result of the algorithm 
 

Ʉɚɤ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, ɜ ɪɟɡɭɥɶɬɚɬɟ, ɜ ɞɚɧɧɨɦ ɩɪɢɦɟɪɟ ɫɩɢɧɤɚ ɫɬɭɥɚ ɢ ɡɚɞɧɢɟ ɟɝɨ ɧɨɠɤɢ 
ɨɤɚɡɚɥɢɫɶ ɨɞɧɢɦ ɟɞɢɧɵɦ ɨɛɴɟɤɬɨɦ. ɗɬɨ ɦɨɠɧɨ ɨɛɴɹɫɧɢɬɶ ɬɟɦ ɮɚɤɬɨɦ, ɱɬɨ ɧɚ ɤɚɠɞɨɦ ɷɬɚɩɟ 
ɤɚɠɞɵɣ ɨɛɴɟɦ ɛɶɟɬɫɹ ɪɨɜɧɨ ɧɚ ɞɜɟ ɱɚɫɬɢ, ɧɟ ɭɱɢɬɵɜɚɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɨɞɧɚ ɢɡ ɱɚɫɬɟɣ ɦɨɠɟɬ ɛɵɬɶ 
ɡɚɩɨɥɧɟɧɚ ɭ ɤɪɚɟɜ ɢ ɚɛɫɨɥɸɬɧɨ ɧɟ ɢɦɟɬɶ ɬɨɱɟɤ ɜ ɰɟɧɬɪɟ ɨɛɴɟɦɚ. Ɋɟɲɟɧɢɟ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ 
ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɞɚɥɶɧɟɣɲɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

ȼ ɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ ɪɚɦɤɚɯ ɡɚɞɚɱɢ ݉ ≪ ݊, ɜ ɨɰɟɧɤɟ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɫɥɨɠɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ ɜ 
ɰɟɥɨɦ, ɩɚɪɚɦɟɬɪɨɦ m ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɢɧɚɥɶɧɚɹ ɨɰɟɧɤɚ ɫɥɨɠɧɨɫɬɢ ɚɥɝɨɪɢɬɦɚ 
ɫɨɫɬɚɜɥɹɟɬ Оሺ݊ log ݊ ⋅ ʹ𝜋/݇ + ݊/𝜀ଷሻ. 

 
ȼɕȼɈȾɕ 
ȼ ɯɨɞɟ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɛɵɥ ɪɚɫɫɦɨɬɪɟɧ ɷɜɪɢɫɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫɟɝɦɟɧɬɚɰɢɢ ɨɛɥɚɤɚ ɬɨɱɟɤ ɜ 

ɪɚɦɤɚɯ ɡɚɞɚɧɧɨɣ ɩɪɟɞɦɟɬɧɨɣ ɨɛɥɚɫɬɢ. Ɋɚɫɫɦɨɬɪɟɧ ɜɨɡɦɨɠɧɵɣ ɩɨɞɯɨɞɵ ɤ ɪɟɚɥɢɡɚɰɢɢ 
ɩɨɫɬɚɜɥɟɧɧɵɯ ɩɨɞɡɚɞɚɱ. ɇɚ ɨɫɧɨɜɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɢɫɯɨɞɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɢ 
ɪɟɚɥɢɡɨɜɚɧ ɫɩɨɫɨɛ ɟɝɨ ɭɥɭɱɲɟɧɢɹ. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɢɫɤ 
ɞɪɭɝɢɯ ɜɨɡɦɨɠɧɵɯ ɩɭɬɟɣ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɟ ɫɟɝɦɟɧɬɚɰɢɢ, ɧɚɩɪɢɦɟɪ, ɭɱɟɬ ɜɨɡɦɨɠɧɨɫɬɢ 
ɪɚɡɛɢɟɧɢɹ ɷɥɟɦɟɧɬɚ ɧɚ ɬɪɢ ɪɚɡɥɢɱɧɵɯ ɩɨɞɨɛɴɟɦɚ. 
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