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Кɨɦɩɥɟɤɬɚɰɢɹ ɛɨɪɬɨɜɨɣ ɚɩɩɚɪɚɬɭɪɵ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɜɵɫɨɤɨɧɚɞёɠɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɧɨɣ 
ɛɚɡɨɣ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɡɚɞɚɱ ɫɨɜɪɟɦɟɧɧɨɣ ɤɨɫɦɢɱɟɫɤɨɣ ɨɬɪɚɫɥɢ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɥɟɞɭɟɬ ɩɪɟɞɨɬ-

ɜɪɚɬɢɬɶ ɩɨɩɚɞɚɧɢɟ ɜ ɚɩɩɚɪɚɬɭɪɭ ɧɢɡɤɨɫɨɪɬɧɨɣ ɮɚɥɶɫɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɪɨɞɭɤɰɢɢ, ɤɨɬɨɪɚɹ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ 

ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɧɚɞёɠɧɨɫɬɢ. 

Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ. ɉɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɫɯɟɦɵ ɠɟɥɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɧɟɣ ɷɥɟɤɬɪɨɪɚɞɢɨɢɡɞɟɥɢɹ ɫ 
ɨɞɢɧɚɤɨɜɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɱɬɨ ɫ ɧɚɢɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨ-
ɪɚɞɢɨɢɡɞɟɥɢɣ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɜ ɨɞɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɚɪɬɢɢ. ȼ ɫɥɭɱɚɟ ɟɫɥɢ ɫɩɨɫɨɛ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ ɬɨɱɧɨ-
ɫɬɢ ɧɟ ɢɡɜɟɫɬɟɧ, ɟɞɜɚ ɥɢ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɦ ɞɨɫɬɭɩɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɜɫɟɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɩɵɬɚɧɢɣ ɩɨɫɬɚɜɥɹɟɦɵɯ ɩɚɪɬɢɣ. Ɉɫɨɛɟɧɧɨ ɚɤ-
ɬɭɚɥɶɧɨɣ ɞɚɧɧɚɹ ɩɪɨɛɥɟɦɚ ɹɜɥɹɟɬɫɹ ɩɪɢ ɫɛɨɪɤɟ ɭɡɥɨɜ ɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ. Кɨɫɦɢɱɟ-
ɫɤɢɣ ɚɩɩɚɪɚɬ ɫɨɞɟɪɠɢɬ ɨɬ 100 ɞɨ 200 ɬɵɫɹɱ ɷɥɟɤɬɪɨɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ. К ɧɢɦ ɨɬɧɨɫɹɬɫɹ ɦɢɤɪɨɫɯɟɦɵ, 

ɬɪɚɧɡɢɫɬɨɪɵ, ɞɢɨɞɵ, ɤɨɧɞɟɧɫɚɬɨɪɵ, ɪɟɥɟ, ɤɜɚɪɰɟɜɵɟ ɪɟɡɨɧɚɬɨɪɵ, ɪɟɡɢɫɬɨɪɵ ɢ ɬ. ɞ. 
Ȼɨɪɬɨɜɚɹ ɚɩɩɚɪɚɬɭɪɚ ɜ ɤɨɫɦɢɱɟɫɤɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɧɟ ɩɨɞɥɟɠɢɬ ɪɟɦɨɧɬɭ, ɧɚɞɟɠɧɨɫɬɶ ɬɚɤɨɣ ɚɩɩɚɪɚɬɭ-

ɪɵ ɞɨɥɠɧɚ ɛɵɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɨɣ. Ɍɪɟɛɭɟɦɵɣ ɭɪɨɜɟɧɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱёɬ ɦɧɨɝɢɯ ɮɚɤɬɨɪɨɜ, ɨɞɧɢɦ 

ɢɡ ɨɫɧɨɜɧɵɯ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɜɵɫɨɤɨɧɚɞёɠɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɧɨɣ ɛɚɡɵ. 

ɉɪɢɜɟɞɟɧɚ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɜɵɹɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɚɪɬɢɣ ɷɥɟɤɬɪɨɪɚɞɢɨɢɡɞɟɥɢɣ ɜ ɩɨɫɬɭɩɚɸɳɟɣ 
ɨɬ ɩɨɫɬɚɜɳɢɤɚ ɩɚɪɬɢɢ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɬɟɫɬɢɪɨɜɚɧɢɹ. Зɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɫɟɪɢɢ ɡɚɞɚɱ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ, 
ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɣ ɝɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ. 
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Forming the on-board equipment of the space systems with fail-tolerant electronic devices is one of the most 

important problems of the modern space industry. The first issue is to supply the space industry companies with fake 

and low-quality production which does not correspond to the reliability requirements. 

In this paper, authors consider the problem of improving quality of national production of electronic devices. In 

production of electronic units, using the electronic devices with equal values of characteristics is preferable. The 

equality of the characteristics is reached if a production lot of the electronic devices consists of devices produced as a 

single production batch. In the case when the production conditions are unknown, the only way of checking if the whole 

lot belongs to a single production batch and improving quality of electronic unit and the whole system is complex 

testing of the whole lot. This problem is the most actual and important for construction of electronic units of the space 

systems. The spacecraft contains approximately 100000–200000 electronic devices such as electronic chips, transistors, 

diodes, capacitors, relays, resistors etc. 
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On-board equipment in the space cannot be repaired. Thus, the reliability of such equipment must be maximal. 

Required reliability level can be reached via many various factors. One of the most important factors is to use the hi-

reliability electronic devices. 

In this article, authors propose a problem statement of learning the quantity of the production batches in a lot of the 

devices. This problem is solved as series of cluster analysis problems by special genetic algorithm. 

 

Keywords: electronic components, classifying, production batches. 

 

ȼɜɟɞɟɧɢɟ. Ʉɚɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɧɨɣ ɤɨɦɩɨɧɟɧɬɧɨɣ 

ɛɚɡɵ, ɩɪɢɦɟɧɹɟɦɨɣ ɩɪɢ ɫɛɨɪɤɟ ɪɚɡɥɢɱɧɵɯ ɷɥɟɤɬɪɨɧ-

ɧɵɯ ɭɡɥɨɜ, ɡɚɱɚɫɬɭɸ ɨɫɬɚɜɥɹɟɬ ɠɟɥɚɬɶ ɥɭɱɲɟɝɨ. ɗɥɟɤ-
ɬɪɨɧɧɚɹ ɤɨɦɩɨɧɟɧɬɧɚɹ ɛɚɡɚ, ɜɵɩɭɫɤɚɟɦɚɹ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɹɦɢ ɜ ɋɒȺ, ɩɨɞɪɚɡɞɟɥɹɟɬɫɹ ɧɚ ɤɥɚɫɫɵ ɤɚɱɟɫɬɜɚ 
(Commercial/Industry, Military, Space) [1; 2]. ɉɪɨɛɥɟɦɚ 
ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ ɜɵɫɨɤɨɝɨ ɤɚɱɟɫɬɜɚ ɜ ɩɨɫɥɟɞɧɟɟ 
ɜɪɟɦɹ ɫɬɚɧɨɜɢɬɫɹ ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɨɣ [3–5]. Ɉɬ ɤɥɚɫ-
ɫɚ ɤ ɤɥɚɫɫɭ (ɛɨɥɟɟ ɜɵɫɨɤɨɦɭ) ɫɬɨɢɦɨɫɬɶ ɢɡɞɟɥɢɣ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ ɧɚ ɩɨɪɹɞɨɤ. ɇɟɡɚɜɢɫɢɦɨ ɨɬ ɤɥɚɫɫɚ ɩɪɨɞɭɤ-
ɰɢɢ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɩɪɚɤɬɢɱɟɫɤɢ ɥɸɛɨɣ ɷɥɟɤɬɪɨɧ-

ɧɨɣ ɫɯɟɦɵ ɠɟɥɚɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɧɟɣ ɷɥɟɤɬɪɨɪɚ-
ɞɢɨɢɡɞɟɥɢɹ ɫ ɛɥɢɡɤɢɦɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɦɢ, ɱɬɨ ɫ ɧɚɢɛɨɥɶɲɟɣ ɜɟɪɨɹɬɧɨɫɬɶɸ ɞɨɫɬɢɝɚ-
ɟɬɫɹ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɥɟɤɬɪɨɪɚɞɢɨɢɡɞɟɥɢɣ, ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɯ ɜ ɨɞɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɚɪɬɢɢ. ȼ ɢɞɟɚ-
ɥɟ ɜɫɹ ɩɚɪɬɢɹ, ɧɚɩɪɢɦɟɪ ɦɢɤɪɨɫɯɟɦ, ɞɨɥɠɧɚ ɛɵɬɶ ɜɵ-

ɩɭɳɟɧɚ ɜ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɢɡ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 
ɩɚɪɬɢɢ ɫɵɪɶɹ. 
ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɨɫɬɚɜɳɢɤɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɢ 

ɞɪɭɝɢɯ ɩɪɢɛɨɪɨɜ ɧɟ ɜɫɟɝɞɚ ɦɨɝɭɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɨɞɧɨ-
ɪɨɞɧɨɫɬɶ ɩɚɪɬɢɢ ɩɪɢɛɨɪɨɜ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɚɤɬɭɚɥɶɧɨ 
ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɢɡɞɟɥɢɣ ɢɦɩɨɪɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬ-
ɜɚ, ɞɨɥɹ ɤɨɬɨɪɵɯ ɛɥɢɡɤɚ ɤ 100 % [5]. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 
ɟɞɜɚ ɥɢ ɧɟ ɟɞɢɧɫɬɜɟɧɧɵɦ ɞɨɫɬɭɩɧɵɦ ɫɩɨɫɨɛɨɦ ɩɨɜɵ-

ɫɢɬɶ ɤɚɱɟɫɬɜɨ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɜɫɟɣ 

ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɤɨɦɩɥɟɤɫɧɵɯ ɢɫɩɵɬɚ-
ɧɢɣ ɩɨɫɬɚɜɥɹɟɦɵɯ ɩɚɪɬɢɣ. 

Ɉɞɧɢɦ ɢɡ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɷɥɟ-
ɦɟɧɬɧɨɣ ɛɚɡɵ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɪɤɚ ɩɚɪɬɢɣ ɨɬɟɱɟɫɬɜɟɧ-

ɧɨɣ ɩɪɨɞɭɤɰɢɢ ɧɚ ɨɞɧɨɪɨɞɧɨɫɬɶ ɢ ɜɵɞɟɥɟɧɢɟ ɝɪɭɩɩ 

ɷɥɟɦɟɧɬɨɜ ɫ ɢɞɟɧɬɢɱɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɢɡ ɫɛɨɪ-
ɧɵɯ (ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ) ɩɚɪɬɢɣ ɢɦɩɨɪɬɧɨɝɨ ɩɪɨɢɫ-
ɯɨɠɞɟɧɢɹ. 
Ɇɟɬɨɞ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɝɟɧɟ-

ɬɢɱɟɫɤɨɝɨ ɚɥɝɨɪɢɬɦɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɢɫɩɵɬɚɧɢɣ, ɩɪɨ-
ɜɨɞɢɦɵɯ ɡɚɜɨɞɨɦ-ɢɡɝɨɬɨɜɢɬɟɥɟɦ ɢɥɢ ɢɫɩɵɬɚɬɟɥɶɧɵɦ 

ɰɟɧɬɪɨɦ, ɹɜɥɹɟɬɫɹ ɧɚɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɤɚɠɞɨɝɨ ɷɥɟɦɟɧ-

ɬɚ. Ɋɟɡɭɥɶɬɚɬ ɤɚɠɞɨɝɨ ɢɡ ɜɢɞɨɜ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ 
ɱɢɫɥɨɜɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ (ɱɚɳɟ ɜɫɟɝɨ, ɧɚɩɪɹɠɟɧɢɟ 
ɢɥɢ ɬɨɤ ɜ ɬɨɣ ɢɥɢ ɢɧɨɣ ɰɟɩɢ ɜ ɬɟɯ ɢɥɢ ɢɧɵɯ ɭɫɥɨɜɢ-

ɹɯ). ɋɞɟɥɚɬɶ ɜɵɜɨɞ ɨɛ ɨɞɧɨɪɨɞɧɨɫɬɢ ɥɢɛɨ ɪɚɡɧɨɪɨɞ-

ɧɨɫɬɢ ɩɚɪɬɢɢ ɢɡɞɟɥɢɣ ɩɨ ɭɫɥɨɜɢɹɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɥɟ-
ɞɭɟɬ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɢɡɚ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɏɨɬɹ ɤ 
ɞɢɚɩɚɡɨɧɭ ɤɚɠɞɨɣ ɢɡ ɷɬɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɦɟɧɹɸɬ-
ɫɹ ɠɟɫɬɤɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɧɟɡɧɚɱɢɬɟɥɶɧɵɟ ɧɚ ɩɟɪɜɵɣ 

ɜɡɝɥɹɞ ɤɨɥɟɛɚɧɢɹ ɫɪɚɡɭ ɧɟɫɤɨɥɶɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɨɡɜɨɥɹɸɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɱɚɫɬɢ ɩɚɪɬɢɢ 

ɩɪɨɢɡɜɟɞɟɧɵ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ. 
Ɂɚɞɚɱɚ k-ɫɪɟɞɧɢɯ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɹɜɥɹɟɬɫɹ 

ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɣ ɦɨɞɟɥɶɸ ɤɥɚɫɬɟɪɧɨɝɨ 
ɚɧɚɥɢɡɚ [6]. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɤɥɚɫɬɟɪɧɵɣ ɚɧɚɥɢɡ – 

ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɢ ɫɬɚɬɢ-

ɫɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ [7; 8]. Ɂɚɞɚɱɭ k-ɫɪɟɞɧɢɯ 
ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɤ ɡɚɞɚɱɚɦ ɧɟɩɪɟɪɵɜɧɨɣ ɬɟɨɪɢɢ ɪɚɡɦɟ-
ɳɟɧɢɹ [9]. ȼ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɡɚɞɚɱɚ ɫɜɨɞɢɬɫɹ ɤ ɧɚ-
ɯɨɠɞɟɧɢɸ k ɬɨɱɟɤ (ɰɟɧɬɪɨɜ, ɰɟɧɬɪɨɢɞɨɜ) ɜ d-ɦɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ (ɡɞɟɫɶ d – ɱɢɫɥɨ ɢɡɦɟɪɟ-
ɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ) ɬɚɤɢɯ, ɱɬɨɛɵ ɫɭɦɦɚ ɪɚɫɫɬɨɹɧɢɣ  

ɨɬ ɤɚɠɞɨɝɨ ɢɡ ɜɟɤɬɨɪɨɜ ɞɚɧɧɵɯ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɤ ɧɟɦɭ 
ɢɡ k ɰɟɧɬɪɨɜ ɞɨɫɬɢɝɚɥɚ ɦɢɧɢɦɭɦɚ. ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɢɫɩɨɥɶɡɭɟɬɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɤɜɚɞɪɚɬɢɱ-
ɧɚɹ ɟɜɤɥɢɞɨɜɚ ɦɟɬɪɢɤɚ, ɩɨɫɤɨɥɶɤɭ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 
ɧɚɯɨɠɞɟɧɢɟ ɰɟɧɬɪɚ ɤɚɠɞɨɝɨ ɢɡ ɤɥɚɫɬɟɪɨɜ ɹɜɥɹɟɬɫɹ 
ɷɥɟɦɟɧɬɚɪɧɨɣ ɡɚɞɚɱɟɣ, ɜɵɩɨɥɧɹɟɦɨɣ ɡɚ ɨɞɢɧ ɲɚɝ, ɢ 

ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɫɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɩɚɞɚɟɬ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɚɥɝɨɪɢɬɦɨɦ ɫ ɟɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢɤɨɣ, ɩɪɢ ɤɨ-
ɬɨɪɨɣ ɜɵɱɢɫɥɟɧɢɟ ɰɟɧɬɪɚ (ɦɟɞɢɚɧɵ) [10] – ɢɬɟɪɚɬɢɜ-
ɧɵɣ ɩɪɨɰɟɫɫ [11; 12]. ȼɟɤɬɨɪɚɦɢ ɞɚɧɧɵɯ ɩɪɢ ɷɬɨɦ 

ɹɜɥɹɸɬɫɹ ɧɚɛɨɪɵ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜ ɧɚɲɟɦ ɫɥɭɱɚɟ – 

ɞɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɩɵɬɚɧɢɣ ɤɚɠɞɨɝɨ ɢɡ ɢɡɞɟɥɢɣ, 

ɜɵɪɚɠɟɧɧɵɟ ɜ ɜɢɞɟ ɧɚɛɨɪɚ ɱɢɫɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɪɚɡɥɢɱɧɨɣ (ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ) ɪɚɡɦɟɪɧɨɫɬɢ. Ɂɚɞɚɱɚ ɹɜ-
ɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɝɥɨɛɚɥɶɧɨɝɨ ɩɨɢɫɤɚ [13]. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɞɚɧɧɵɯ ɡɚɞɚɱ ɢɫɩɨɥɶɡɭɟɬɫɹ ALA-

ɚɥɝɨɪɢɬɦ (Alternating Location-Allocation – ɢɡɦɟɧɹɸ-

ɳɟɟɫɹ ɪɚɡɦɟɳɟɧɢɟ-ɪɚɫɩɪɟɞɟɥɟɧɢɟ) [13]. Ⱦɚɧɧɵɣ ɚɥɝɨ-
ɪɢɬɦ ɹɜɥɹɟɬɫɹ ɩɪɨɰɟɞɭɪɨɣ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ, ɧɚɱɢ-

ɧɚɟɬɫɹ ɫ ɭɤɚɡɚɧɢɹ ɧɟɤɨɬɨɪɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ – 

ɧɚɱɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ ɰɟɧɬɪɨɜ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɦɧɨɠɟɫɬɜɨ ɢɡ k ɬɨɱɟɤ-ɜɟɤɬɨɪɨɜ ɞɚɧ-

ɧɵɯ, ɢ ɫɨɫɬɨɢɬ ɜ ɩɨɨɱɟɪɟɞɧɨɦ ɧɚɯɨɠɞɟɧɢɢ ɦɧɨɠɟɫɬɜ 
ɜɟɤɬɨɪɨɜ ɞɚɧɧɵɯ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɰɟɧɬɪɨɜ, ɞɥɹ ɤɨɬɨ-
ɪɵɯ ɞɚɧɧɵɣ ɰɟɧɬɪ ɹɜɥɹɟɬɫɹ ɛɥɢɠɚɣɲɢɦ, ɢ ɧɚɯɨɠɞɟ-
ɧɢɹ ɧɨɜɨɝɨ ɰɟɧɬɪɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɦɧɨɠɟɫɬɜ.  
ȼ ɫɥɭɱɚɟ ɡɚɞɚɱɢ k-ɫɪɟɞɧɢɯ ɜ ɤɚɱɟɫɬɜɟ ɧɨɜɨɝɨ ɰɟɧɬɪɚ 
ɜɵɛɢɪɚɟɬɫɹ ɦɟɞɢɚɧɚ ɦɧɨɠɟɫɬɜɚ, ɜ ɫɥɭɱɚɟ p-ɦɟɞɢɚɧɧɨɣ 

ɡɚɞɚɱɢ ɧɨɜɵɣ ɰɟɧɬɪ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ȼɟɛɟ- 
ɪɚ [10], ɞɥɹ ɱɟɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɬɟɪɚɬɢɜɧɚɹ ɩɪɨɰɟɞɭɪɚ 
ȼɚɣɫɮɟɥɶɞɚ [11] ɢɥɢ ɛɨɥɟɟ ɫɨɜɟɪɲɟɧɧɵɟ ɟɟ ɦɨɞɢɮɢ-

ɤɚɰɢɢ [12]. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɝɨɪɚɡɞɨ ɛɨɥɶ-
ɲɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɫɭɪɫɨɜ. 
ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɧɟɩɪɟɪɵɜɧɭɸ ɡɚɞɚɱɭ k-ɫɪɟɞɧɢɯ 

ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 
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... X R ∈∈

∑  (1) 

ɝɞɟ {A1, ..., AN} – ɦɧɨɠɟɫɬɜɨ ɢɡɜɟɫɬɧɵɯ ɬɨɱɟɤ – ɜɟɤɬɨ-
ɪɨɜ ɞɚɧɧɵɯ ɜ d-ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ; X1, ..., Xp – ɢɫ-
ɤɨɦɵɟ ɬɨɱɤɢ (ɰɟɧɬɪɵ ɤɥɚɫɬɟɪɨɜ); L( ) – ɧɟɤɨɬɨɪɚɹ 
ɮɭɧɤɰɢɹ (ɦɟɬɪɢɤɚ) ɪɚɫɫɬɨɹɧɢɹ.  
ȼ ɫɥɭɱɚɟ ɟɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢɤɢ ( ),j iL X A =  

( )2

1 , ,

d

k j k i k= x a= −∑  ɦɵ ɢɦɟɟɦ p-ɦɟɞɢɚɧɧɭɸ ɡɚɞɚɱɭ. 
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1, i = N∀ . ȼ ɫɥɭɱɚɟ ɤɜɚɞɪɚɬɢɱɧɨɣ ɟɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢ-

ɤɢ ( ) ( )2

1
, 

d

j i j,k i,kk
L X A = x a

=
−∑  ɩɪɢ 1 1, iw = i = N∀  

ɦɵ ɢɦɟɟɦ ɡɚɞɚɱɭ k-ɫɪɟɞɧɢɯ. 
Ⱥɥɝɨɪɢɬɦ 1. ALA-ɚɥɝɨɪɢɬɦ. 

Ⱦɚɧɨ: ɧɚɱɚɥɶɧɵɟ ɰɟɧɬɪɵ { }1 1,  ,  ,  ,  k NX ... X A ... A∈  . 

1. Ⱦɥɹ ɤɚɠɞɨɝɨ ɜɟɤɬɨɪɚ ɞɚɧɧɵɯ 1,  ,  i NA A ... A∈  

ɧɚɣɬɢ ɛɥɢɠɚɣɲɢɣ ɰɟɧɬɪ ( )
1,

arg min  ,i i j
j= k

C = L A X . 

ɋɮɨɪɦɢɪɨɜɚɬɶ k ɦɧɨɠɟɫɬɜ (ɤɥɚɫɬɟɪɨɜ) ɜɟɤɬɨɪɨɜ ɞɚɧ-

ɧɵɯ, ɞɥɹ ɤɨɬɨɪɵɯ ɤɚɠɞɵɣ ɢɡ k ɰɟɧɬɪɨɜ ɹɜɥɹɟɬɫɹ ɛɥɢ-

ɠɚɣɲɢɦ: { }{ }1,clust

j iN = i N | C = j∈ . 

2. Ⱦɥɹ ɤɚɠɞɨɝɨ ɤɥɚɫɬɟɪɚ , 1,clust

jN j = k  ɪɚɫɫɱɢɬɚɬɶ 
ɟɝɨ ɰɟɧɬɪ Xj. 

3. ȿɫɥɢ ɧɚ ɲɚɝɟ 2 ɡɧɚɱɟɧɢɟ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ ɢɡ ɰɟɧ-

ɬɪɨɜ ɩɨɦɟɧɹɥɨɫɶ, ɬɨ ɩɟɪɟɣɬɢ ɤ ɲɚɝɭ 1. 

4. ɂɧɚɱɟ ɨɫɬɚɧɨɜ. 
ȼ ɫɥɭɱɚɟ ɡɚɞɚɱɢ k-ɫɪɟɞɧɢɯ ɬɚɤɨɣ ɚɥɝɨɪɢɬɦ ɧɚɡɵɜɚ-

ɟɬɫɹ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɨɣ k-ɫɪɟɞɧɢɯ (p-ɫɪɟɞɧɢɯ). 
Ⱦɥɹ ɡɚɞɚɱɢ k-ɫɪɟɞɧɢɯ ɧɚɯɨɠɞɟɧɢɟ ɧɨɜɨɝɨ ɰɟɧɬɪɚ 

ɤɥɚɫɬɟɪɚ – ɜɟɫɶɦɚ ɩɪɨɫɬɚɹ ɡɚɞɚɱɚ: 
1,clust

j,k i,k j
clusti C
j

x = a / C k = d.
∈

∀∑   

Ɂɞɟɫɶ clust

jC  – ɦɨɳɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ. 
ȼ ɫɥɭɱɚɟ ɟɜɤɥɢɞɨɜɨɣ ɦɟɬɪɢɤɢ ɰɟɧɬɪ ɤɥɚɫɬɟɪɚ ɹɜ-

ɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ ȼɟɛɟɪɚ [10], ɟɝɨ ɩɪɢɛɥɢɠɟɧ-

ɧɨɟ ɡɧɚɱɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɢɬɟɪɚɬɢɜɧɨɣ ɩɪɨɰɟɞɭɪɵ ȼɚɣɫɮɟɥɞɚ [11; 12]. Ⱦɥɹ ɫɧɢ-

ɠɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɧɚ ɲɚɝɟ 2 ɩɟɪɟɫɱɢɬɵ-

ɜɚɸɬɫɹ ɰɟɧɬɪɵ ɥɢɲɶ ɬɟɯ ɤɥɚɫɬɟɪɨɜ, ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ 
ɢɡɦɟɧɢɥɫɹ ɧɚ ɲɚɝɟ 1. 

Ɋɟɡɭɥɶɬɚɬ ɨɩɢɫɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨ-
ɪɚ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɰɟɧɬɪɨɜ. ɂɡɜɟɫɬɧɚɹ ɩɪɨɰɟɞɭɪɚ 
k-means++ [14] ɢɦɟɟɬ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɟɪɟɞ ɯɚɨɬɢɱɟ-
ɫɤɢɦ ɜɵɛɨɪɨɦ ɧɚɱɚɥɶɧɵɯ ɰɟɧɬɪɨɜ, ɝɚɪɚɧɬɢɪɭɹ ɬɨɱ-
ɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ O(log(p)). Ɍɟɦ ɧɟ ɦɟɧɟɟ ɬɚɤɚɹ ɬɨɱ-
ɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɧɟɩɪɢɟɦɥɟɦɚ ɞɥɹ ɦɧɨɝɢɯ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɜɚɠɧɵɯ ɡɚɞɚɱ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡ-
ɥɢɱɧɵɟ ɬɟɯɧɢɤɢ ɪɟɤɨɦɛɢɧɚɰɢɢ ɦɧɨɠɟɫɬɜ ɧɚɱɚɥɶɧɵɯ 
ɰɟɧɬɪɨɜ. 
ɋɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɩɨɞɯɨɞɨɜ ɤ ɨɩɬɢɦɢɡɚɰɢɢ 

ɪɚɛɨɬɵ ALA-ɚɥɝɨɪɢɬɦɚ, ɧɚɩɪɢɦɟɪ ɫɷɦɩɥɢɧɝ [14] (ɪɟ-
ɲɟɧɢɟ ɡɚɞɚɱɢ ɧɚ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɜɵɛɪɚɧɧɨɣ ɱɚɫɬɢ 

ɞɚɧɧɵɯ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɜ ɤɚɱɟɫɬɜɟ ɧɚ-
ɱɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɩɪɢ ɪɟɲɟɧɢɢ ɩɨɥɧɨɣ ɡɚɞɚɱɢ), ɪɚɡ-
ɥɢɱɧɵɟ ɩɨɬɨɤɨɜɵɟ ɚɥɝɨɪɢɬɦɵ ɞɥɹ ɪɚɛɨɬɵ ɫ ɛɨɥɶɲɢɦɢ 

ɨɛɴɟɦɚɦɢ ɞɚɧɧɵɯ [15] ɢ ɞɪ. 
Ɂɚɜɢɫɢɦɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ALA-ɚɥɝɨɪɢɬɦɚ, ɤɚɤ ɢ 

ɥɸɛɨɣ ɩɪɨɰɟɞɭɪɵ ɥɨɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ, ɨɬ ɡɚɞɚɧɧɵɯ 
ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɹɜɥɹɟɬɫɹ ɫɟɪɶɟɡɧɨɣ ɩɪɨɛɥɟɦɨɣ 

ɬɚɤɠɟ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɢ ɪɟɡɭɥɶɬɚ-
ɬɨɜ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ: ɩɪɢ ɪɚɡɧɵɯ 
ɡɚɩɭɫɤɚɯ ɚɥɝɨɪɢɬɦɚ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɨɪɚ ɧɚɱɚɥɶ-
ɧɵɯ ɡɧɚɱɟɧɢɣ ɰɟɧɬɪɨɜ ɤɥɚɫɬɟɪɨɜ, ɨɞɧɢ ɢ ɬɟ ɠɟ ɜɟɤɬɨ-
ɪɵ ɞɚɧɧɵɯ ɦɨɝɭɬ ɨɬɧɨɫɢɬɶɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɤɥɚɫɬɟɪɚɦ 

(ɜ ɬɟɪɦɢɧɨɥɨɝɢɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɷɥɟɦɟɧɬɧɨɣ ɛɚɡɵ – 

ɨɬɧɨɫɢɬɶɫɹ ɤ ɪɚɡɥɢɱɧɵɦ ɩɚɪɬɢɹɦ) ɥɢɛɨ ɤ ɨɞɧɨɦɭ ɢ 

ɬɨɦɭ ɠɟ ɤɥɚɫɬɟɪɭ (ɤ ɨɞɧɨɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɚɪɬɢɢ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɬɪɟɛɭɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɥɝɨɪɢɬɦɚ ɤɥɚ-
ɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ, ɞɚɸɳɟɝɨ ɫɬɚɛɢɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ. 
ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɬɪɟɛɭɟɬɫɹ ɩɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɢɫ-
ɩɨɥɶɡɭɟɦɨɝɨ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ. 
ɉɪɟɜɨɫɯɨɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ 

ɞɥɹ ɡɚɞɚɱ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɢ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ Information Bottleneck Clustering – 

ɦɟɬɨɞɚ «ɛɭɬɵɥɨɱɧɨɝɨ ɝɨɪɥɵɲɤɚ» ɩɪɢ ɤɥɚɫɬɟɪɢɡɚɰɢɢ [16]. 

Ɋɚɛɨɬɚ ɞɚɧɧɨɝɨ ɚɥɝɨɪɢɬɦɚ ɧɚɱɢɧɚɟɬɫɹ ɫ ɪɚɫɫɦɨɬɪɟɧɢɹ 
ɤɚɠɞɨɝɨ ɢɡ ɜɟɤɬɨɪɨɜ ɞɚɧɧɵɯ ɤɚɤ ɨɬɞɟɥɶɧɨɝɨ ɤɥɚɫɬɟɪɚ. 
Ɂɚɬɟɦ ɢɡ ɫɢɫɬɟɦɵ ɨɞɢɧ ɡɚ ɞɪɭɝɢɦ ɭɞɚɥɹɸɬɫɹ «ɥɢɲ-

ɧɢɟ» ɤɥɚɫɬɟɪɵ, ɩɨɤɚ ɧɟ ɨɫɬɚɧɟɬɫɹ ɬɪɟɛɭɟɦɨɟ ɤɨɥɢɱɟ-
ɫɬɜɨ. Ʉɚɠɞɵɣ ɪɚɡ ɭɞɚɥɹɟɬɫɹ ɤɥɚɫɬɟɪ, ɭɞɚɥɟɧɢɟ ɤɨɬɨ-
ɪɨɝɨ ɞɚɟɬ ɧɚɢɦɟɧɶɲɢɣ ɩɪɢɪɨɫɬ ɫɭɦɦɚɪɧɨɝɨ ɤɜɚɞɪɚ-
ɬɢɱɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɜɟɤɬɨɪɨɜ ɞɚɧɧɵɯ ɞɨ ɛɥɢɠɚɣ-

ɲɟɝɨ ɢɡ ɰɟɧɬɪɨɜ ɤɥɚɫɬɟɪɨɜ. Ɍɚɤɢɟ ɚɥɝɨɪɢɬɦɵ ɱɪɟɡɜɵ-

ɱɚɣɧɨ ɦɟɞɥɟɧɧɵɟ [16]. ɇɟɤɢɣ ɤɨɦɩɪɨɦɢɫɫ ɩɪɟɞɫɬɚɜ-
ɥɹɸɬ ɫɨɛɨɣ ɝɟɧɟɬɢɱɟɫɤɢɟ ɚɥɝɨɪɢɬɦɵ ɫ ɠɚɞɧɨɣ ɷɜɪɢ-

ɫɬɢɤɨɣ [17], ɢɡɧɚɱɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɞɥɹ ɪɟɲɟɧɢɹ 
p-ɦɟɞɢɚɧɧɨɣ ɡɚɞɚɱɢ ɧɚ ɫɟɬɢ, ɜ ɪɟɞɚɤɰɢɢ, ɩɪɟɞɥɨɠɟɧ-

ɧɨɣ ɜ ɪɚɛɨɬɟ [18], ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɪɟɲɟɧɢɹ 
ɧɟɩɪɟɪɵɜɧɵɯ ɡɚɞɚɱ. ɂɞɟɸ ɩɨɞɯɨɞɚ ɦɨɠɧɨ ɢɡɥɨɠɢɬɶ 
ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ [9]. 

Ⱥɥɝɨɪɢɬɦ 2. Ƚɟɧɟɬɢɱɟɫɤɢɣ ɚɥɝɨɪɢɬɦ ɫ ɠɚɞɧɨɣ ɷɜ-
ɪɢɫɬɢɤɨɣ ɞɥɹ p-ɦɟɞɢɚɧɧɨɣ ɡɚɞɚɱɢ. 

Ⱦɚɧɨ: Ɋɚɡɦɟɪ ɩɨɩɭɥɹɰɢɢ Np. 

1. ɋɮɨɪɦɢɪɨɜɚɬɶ (ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɢɥɢ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɰɟɞɭɪɵ k-means++) Np ɪɚɡɥɢɱɧɵɯ 
ɧɚɱɚɥɶɧɵɯ ɪɟɲɟɧɢɣ 1χ ,  ,  χ {1, },N

p
... N⊂  χ    i = p i =∀  

1, pN=  – ɦɧɨɠɟɫɬɜ ɢɧɞɟɤɫɨɜ ɜɟɤɬɨɪɨɜ ɞɚɧɧɵɯ ɦɨɳ-

ɧɨɫɬɢ p, ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɵɯ ɪɟɲɟɧɢɣ 

ALA-ɚɥɝɨɪɢɬɦɚ. Ⱦɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɚɱɚɥɶɧɵɯ ɪɟɲɟɧɢɣ 

ɨɰɟɧɢɬɶ ɡɧɚɱɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ( )χfitnessF ,  

ɤɨɬɨɪɨɟ ɡɞɟɫɶ ɢ ɞɚɥɟɟ ɜɵɱɢɫɥɹɟɬɫɹ ɚɥɝɨɪɢɬɦɨɦ 3, ɫɨ-
ɯɪɚɧɢɬɶ ɡɧɚɱɟɧɢɹ ɞɚɧɧɨɣ ɮɭɧɤɰɢɢ ɜ ɩɟɪɟɦɟɧɧɵɯ 

1,  ,  N
k

f ... f .  

2. ȿɫɥɢ ɞɨɫɬɢɝɧɭɬɵ ɭɫɥɨɜɢɹ ɨɫɬɚɧɨɜɚ, ɬɨ ɨɫɬɚɧɨɜ. 
Ɋɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ *χ i

, ɤɨɬɨɪɨɦɭ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɢɦɟɧɶɲɟɟ ɡɧɚɱɟɧɢɟ fi. Ⱦɥɹ ɧɚɯɨɠɞɟ-
ɧɢɹ ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ ɡɚɩɭɫɤɚɟɬɫɹ ALA-

ɚɥɝɨɪɢɬɦ (ɚɥɝɨɪɢɬɦ 1). 

3. ȼɵɛɪɚɬɶ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɞɜɚ ɢɧɞɟɤɫɚ 

1 2 1 2, {1, },k k N k k∈ ≠ . 

4. ɉɨɥɭɱɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɟɲɟɧɢɟ 

1 2
χ χ χc k k= ∪ . 

5. ȿɫɥɢ χ c > p , ɬɨ ɩɟɪɟɣɬɢ ɤ ɲɚɝɭ 7. 

6. ȼɵɱɢɫɥɢɬɶ { }( )*

χ
arg min χ \ j .

c
fitness c

j
j F

∈
=  ɂɫɤɥɸɱɢɬɶ 

*j  ɢɡ χc : { }*χ χ \ .c c= j  ɉɟɪɟɣɬɢ ɤ ɲɚɝɭ 5. 

7. ȿɫɥɢ {1, }: χ χ ,p i ci N =∃ ∈  ɬɨ ɩɟɪɟɣɬɢ ɤ ɲɚɝɭ 2. 

8. ȼɵɛɪɚɬɶ ɢɧɞɟɤɫ 3 {1, }pk N∈ . ȼɵɛɢɪɚɸɬɫɹ ɫɥɭ-

ɱɚɣɧɵɦ ɨɛɪɚɡɨɦ ɞɜɚ ɢɧɞɟɤɫɚ 4 5, {1, }k k N∈ , ɟɫɥɢ 

4 5
k kf > f , ɬɨ 3 4k = k , ɢɧɚɱɟ 3 5k k= .  
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9. Ɂɚɦɟɧɢɬɶ 
3

χ k  ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɟ ɰɟ-

ɥɟɜɨɣ ɮɭɧɤɰɢɢ: 
3

χ χ ,k c=  ( )
3

χk fitness cf = F . ɉɟɪɟɣɬɢ  

ɤ ɲɚɝɭ 2. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɨɫɭɳɟɫɬ-
ɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɚɥɝɨɪɢɬɦɚ 3ɸ 

Ⱥɥɝɨɪɢɬɦ 3. ȼɵɱɢɫɥɟɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

( )χfitnessF .  

Ⱦɚɧɨ: ɧɚɱɚɥɶɧɨɟ ɪɟɲɟɧɢɟ χ . 

1. Ɂɚɩɭɫɬɢɬɶ ɚɥɝɨɪɢɬɦ 1 ɫ ɧɚɱɚɥɶɧɵɦ ɦɧɨɠɟɫɬɜɨɦ 

ɰɟɧɬɪɨɜ { }iA | i χ∈ , ɩɨɥɭɱɢɬɶ ɦɧɨɠɟɫɬɜɨ ɰɟɧɬɪɨɜ 

1{ ,  ,  }pX ... X . 

2. ȼɨɡɜɪɚɬɢɬɶ ɡɧɚɱɟɧɢɟ ( )fitnessF χ =  

{ }
( )

1 1,
min , .

N

j ii j p
w L X A

= ∈
=∑  

ɒɚɝ 4 ɚɥɝɨɪɢɬɦɚ 2 ɩɨɪɨɠɞɚɟɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɟ-
ɲɟɧɢɟ – ɦɧɨɠɟɫɬɜɨ ɦɨɳɧɨɫɬɢ ɞɨ 2p, ɢɡ ɤɨɬɨɪɨɝɨ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɫɤɥɸɱɚɸɬɫɹ (ɲɚɝ 6) ɷɥɟɦɟɧɬɵ ɞɨ ɞɨɫ-
ɬɢɠɟɧɢɹ ɦɨɳɧɨɫɬɢ p. ɉɪɢ ɷɬɨɦ ɧɚ ɤɚɠɞɨɣ ɬɚɤɨɣ ɢɬɟ-
ɪɚɰɢɢ ɬɪɟɛɭɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɜɵɱɢɫɥɟɧɢɣ ɮɭɧɤɰɢɢ 

Ffintess, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɬɟɤɭɳɟɣ ɦɨɳɧɨɫɬɢ ɦɧɨɠɟɫɬ-
ɜɚ – ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɪɟɲɟɧɢɹ. ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɰɟɧɬɪɨɜ ɜ ɩɪɨ-
ɦɟɠɭɬɨɱɧɨɦ ɪɟɲɟɧɢɢ, ɩɨɪɨɠɞɚɟɦɨɦ ɧɚ ɲɚɝɟ 4. Ɉɞɧɨɣ 

ɢɡ ɢɞɟɣ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɥɨ-
ɤɚɥɶɧɨɝɨ ɩɨɢɫɤɚ, ɞɨɫɬɢɝɧɭɬɨɝɨ ALA-ɚɥɝɨɪɢɬɦɨɦ, ɹɜ-
ɥɹɟɬɫɹ ɡɚɦɟɧɚ ɱɚɫɬɢ ɰɟɧɬɪɨɜ ɜ ɪɟɲɟɧɢɢ ɧɚ ɫɥɭɱɚɣɧɵɦ 

ɨɛɪɚɡɨɦ ɜɵɛɪɚɧɧɵɟ ɜɟɤɬɨɪɵ ɞɚɧɧɵɯ [18]. ȼ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɞɨɛɚɜɥɹɟɦ ɤ ɧɚɱɚɥɶɧɨɦɭ ɪɟɲɟɧɢɸ ɧɟɤɨɬɨɪɨɟ 
ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɞɪɭɝɨɝɨ ɧɚɱɚɥɶɧɨɝɨ ɪɟɲɟɧɢɹ, ɚ ɡɚɬɟɦ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢɫɤɥɸɱɚɟɦ ɰɟɧɬɪɵ ɢɡ ɧɚɱɚɥɶɧɨɝɨ 
ɪɟɲɟɧɢɹ, ɩɨɤɚ ɧɟ ɨɫɬɚɧɟɬɫɹ p ɰɟɧɬɪɨɜ. Ʉɨɥɢɱɟɫɬɜɨ 
ɞɨɛɚɜɥɹɟɦɵɯ ɰɟɧɬɪɨɜ ɜɵɛɢɪɚɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚ-
ɡɨɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɲɚɝ 4 ɚɥɝɨɪɢɬɦɚ 2 ɩɪɢɨɛɪɟɬɚɟɬ 
ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

4.1. ɋ ɩɨɦɨɳɶɸ ɝɟɧɟɪɚɬɨɪɚ ɫɥɭɱɚɣɧɵɯ ɱɢɫɟɥ ɜɵ-

ɛɪɚɬɶ ɰɟɥɨɟ {1, }.r p∈  

4.2. ɂɡ ɦɧɨɠɟɫɬɜɚ 
2

χ k
 ɜɵɛɪɚɬɶ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚ-

ɡɨɦ ɩɨɞɦɧɨɠɟɫɬɜɨ 
2

χ k

*  ɦɨɳɧɨɫɬɢ r. 

4.3. ɉɨɥɭɱɢɬɶ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɪɟɲɟɧɢɟ 

1 2
χ χ χc k k

*= ∪ . 

Ɋɟɡɭɥɶɬɚɬɵ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɤɥɚɫɫɚ ɷɥɟɤɬɪɨɧɧɨ-
ɝɨ ɤɨɦɩɨɧɟɧɬɚ ɢ ɨɬ ɤɨɧɟɱɧɨɝɨ ɭɡɥɚ, ɜ ɦɨɧɬɚɠɟ ɤɨɬɨ-
ɪɨɝɨ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧ ɞɚɧɧɵɣ ɷɥɟɦɟɧɬ, ɩɪɢɦɟɧɹɟɬɫɹ 
ɪɚɡɥɢɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɬɟɫɬɨɜ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ 
ɦɢɤɪɨɫɯɟɦɵ 1526Ʌȿ5 ɛɵɥɢ ɫɧɹɬɵ ɩɨɤɚɡɚɧɢɹ 55 ɢɡɦɟ-
ɪɟɧɢɣ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɢ ɪɚɡɦɟɪɧɨɫɬɶɸ, ɢ ɢɡɦɟɪɹɟɦɨɣ 

ɮɢɡɢɱɟɫɤɨɣ ɜɟɥɢɱɢɧɨɣ.  

Ɋɚɡɪɚɛɨɬɚɧɧɵɟ ɚɥɝɨɪɢɬɦɵ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɛɵɥɢ 

ɩɪɢɦɟɧɟɧɵ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɚɪɬɢɣ ɪɚɞɢɨɷɥɟɤ-
ɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ ɩɚɪɬɢɹɦ, ɪɚɡ-
ɥɢɱɚɸɳɢɦɫɹ ɭɫɥɨɜɢɹɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɢɡɦɟɪɹɟɦɵɦɢ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɢɫɩɵɬɚɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɧɧɵɟ ɚɥ-
ɝɨɪɢɬɦɵ ɛɵɥɢ ɩɪɢɦɟɧɟɧɵ ɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟ-
ɫɬɜɚ ɩɚɪɬɢɣ ɜ ɬɟɫɬɢɪɭɟɦɨɦ ɦɧɨɠɟɫɬɜɟ ɢɡɞɟɥɢɣ. 

ɉɪɨɫɬɪɚɧɫɬɜɨ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɧɨɪɦɢɪɭɟɬɫɹ 
[19]. 

Ⱦɥɹ ɜɢɡɭɚɥɢɡɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɢ ɩɪɨɢɡ-
ɜɨɞɢɦɨɣ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɤɥɚɫ-
ɫɢɮɢɤɚɰɢɢ ɬɟɫɬɢɪɭɟɦɵɯ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ 

ɛɵɥ ɩɪɢɦɟɧɟɧ ɦɟɬɨɞ MDS (Multi-Dimensional Scaling – 

ɦɧɨɝɨɦɟɪɧɨɟ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ [16; 20]) ɢ ɫɨɛɫɬɜɟɧɧɨ 
ɫɪɟɞɫɬɜɚ ɜɢɡɭɚɥɢɡɚɰɢɢ ELKI [21] ɢ GNUPlot. Ⱦɚɧɧɵɟ 
ɩɪɨɝɪɚɦɦɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɪɚɫɩɪɨɫɬɪɚɧɹɸɬɫɹ ɩɨ ɥɢɰɟɧ-

ɡɢɢ GNU GPL ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ, ɱɬɨ ɞɟɥɚ-
ɟɬ ɢɯ ɭɞɨɛɧɵɦɢ ɞɥɹ ɢɧɬɟɝɪɚɰɢɢ ɜ ɫɥɨɠɧɵɟ ɩɪɢɤɥɚɞ-

ɧɵɟ ɪɚɡɪɚɛɨɬɤɢ.  

Ȼɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ 10 ɫɛɨɪɧɵɯ ɩɚɪɬɢɣ ɪɚɡɥɢɱɧɵɯ 
ɗɊɂ (ɞɢɨɞɵ, ɫɬɚɛɢɥɢɬɪɨɧɵ, ɩɨɥɟɜɵɟ ɬɪɚɧɡɢɫɬɨɪɵ, 

ɦɢɤɪɨɫɯɟɦɵ), ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɚɥɚ ɨɬ ɨɞɧɨɣ 

ɞɨ ɫɟɦɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɚɪɬɢɣ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ 
ɭɫɥɨɜɢɹɦɢ ɢɡɝɨɬɨɜɥɟɧɢɹ. Ɉɛɴɟɦɵ ɫɛɨɪɧɵɯ ɩɚɪɬɢɣ – 

ɨɬ 60 ɞɨ 1250 ɟɞɢɧɢɰ ɩɪɨɞɭɤɰɢɢ. 

Ⱥɥɝɨɪɢɬɦɵ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɛɵɥɢ ɡɚɩɭɳɟɧɵ ɞɥɹ 
ɤɚɠɞɨɣ ɢɡ ɩɚɪɬɢɣ 10 ɪɚɡ ɫ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɩɚɪɚɦɟɬɪɚ k (ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɱɢɫɥɨ ɤɥɚɫɬɟɪɨɜ-ɩɚɪɬɢɣ 

ɗɊɂ) ɨɬ 1 ɞɨ 10. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɡɛɢɟɧɢɹ ɫɛɨɪɧɨɣ ɩɚɪɬɢɢ ɦɢɤɪɨɫɯɟ-
ɦɵ 1526Ʌȿ2 ɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 
ɩɚɪɬɢɢ ɞɥɹ  k ɨɬ 1 ɞɨ 4 ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ. Ɋɟɡɭɥɶ-
ɬɚɬɵ ɪɚɡɛɢɟɧɢɹ ɩɨɤɚɡɚɧɵ ɜ ɭɫɥɨɜɧɨɦ ɞɜɭɦɟɪɧɨɦ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟ (ɪɟɡɭɥɶɬɚɬ ɩɪɨɰɟɞɭɪɵ MDS). 

ȼɢɡɭɚɥɶɧɨ ɞɥɹ ɦɢɤɪɨɫɯɟɦɵ 1526Ʌȿ5 ɦɨɠɧɨ ɪɚɡ-
ɥɢɱɢɬɶ 3 ɤɥɚɫɬɟɪɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɚɤɬɢɱɟɫɤɢ ɩɪɢ-

ɫɭɬɫɬɜɨɜɚɜɲɢɦ ɜ ɫɛɨɪɧɨɣ ɩɚɪɬɢɢ (ɜɫɟɝɨ 825 ɟɞɢɧɢɰ) 

ɷɤɡɟɦɩɥɹɪɚɦ ɬɪɟɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɚɪɬɢɣ. 

Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɚɥɝɨɪɢɬɦɨɜ ɤɥɚɫɬɟɪɢɡɚɰɢɢ ɹɜ-
ɥɹɟɬɫɹ ɫɨɛɫɬɜɟɧɧɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɧɨɦɟɪɨɜ ɟɞɢɧɢɰ ɩɪɨ-
ɞɭɤɰɢɢ ɜ ɫɛɨɪɧɨɣ ɩɚɪɬɢɢ ɢ ɧɨɦɟɪɨɜ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɚɪɬɢɣ, ɚ ɬɚɤɠɟ ɫɭɦɦɚɪɧɵɣ ɪɚɡ-
ɛɪɨɫ ɩɚɪɚɦɟɬɪɨɜ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɜ ɧɨɪɦɢɪɨ-
ɜɚɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɹɜɥɹɸɳɢɣɫɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɟɣ 

ɚɥɝɨɪɢɬɦɨɜ. Ɂɚɜɢɫɢɦɨɫɬɶ ɞɚɧɧɨɝɨ ɫɭɦɦɚɪɧɨɝɨ ɪɚɡ-
ɛɪɨɫɚ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-

ɧɵɯ ɩɚɪɬɢɣ (ɬ. ɟ. ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɤɥɚɫɬɟɪɨɜ k) ɫɜɟɞɟɧɵ ɜ 
ɬɚɛɥ. 1.  

ɂɡ ɬɚɛɥ. 1 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɢɡɞɟɥɢɹ 1526Ʌȿ5 ɡɧɚɱɟ-
ɧɢɟ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɜ ɩɟɪɜɨɣ ɩɚɪɬɢɢ ɢɡɞɟɥɢɣ (825 

ɟɞɢɧɢɰ ɢɡɞɟɥɢɣ) ɪɟɡɤɨ ɩɚɞɚɟɬ ɫ ɪɨɫɬɨɦ k ɞɨ ɡɧɚɱɟɧɢɹ 
k = 4 (ɱɟɬɵɪɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɚɪɬɢɢ). Ⱦɥɹ ɜɬɨɪɨɣ 

ɩɚɪɬɢɢ (1132 ɢɡɞɟɥɢɹ) ɬɚɤɨɟ ɩɨɜɟɞɟɧɢɟ ɰɟɥɟɜɨɣ 

ɮɭɧɤɰɢɢ ɧɟ ɯɚɪɚɤɬɟɪɧɨ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ ɞɚɧɧɚɹ 
ɩɚɪɬɢɹ ɫɨɫɬɚɜɥɟɧɚ ɢɡ ɢɡɞɟɥɢɣ ɥɢɲɶ ɨɞɧɨɣ ɩɪɨɢɡɜɨɞ-

ɫɬɜɟɧɧɨɣ ɩɚɪɬɢɢ. ȼɫɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ ɡɚ ɜɪɟɦɹ, 
ɧɟ ɩɪɟɜɵɲɚɸɳɟɟ 5 ɫ (ɞɚɧɧɨɟ ɜɪɟɦɹ ɛɵɥɨ ɡɚɞɚɧɨ ɤɚɤ 
ɭɫɥɨɜɢɟ ɨɫɬɚɧɨɜɚ ɚɥɝɨɪɢɬɦɚ). Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ: ɨɛɪɚ-
ɛɨɬɤɚ ɞɚɧɧɵɯ ɬɨɣ ɠɟ ɩɟɪɜɨɣ ɩɚɪɬɢɢ ɢɡɞɟɥɢɹ 1526Ʌȿ5 

ɢɡ 825 ɟɞɢɧɢɰ ɦɟɬɨɞɨɦ Information Bottleneck 

Clustering ɩɨɬɪɟɛɨɜɚɥɚ ɛɨɥɟɟ 15 ɦɢɧ ɜɪɟɦɟɧɢ ɧɚ ɦɚɲɢ-

ɧɟ ɫ ɩɪɨɰɟɫɫɨɪɨɦ Intel Xeon ɫ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɨɣ 2 ȽȽɰ 

ɩɪɢ ɫɪɚɜɧɢɦɵɯ ɩɨ ɬɨɱɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɚɯ. ȼ ɬɚɛɥ. 2 

ɩɪɢɜɟɞɟɧɵ ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɡɥɢɱɧɵɯ ɦɟ-
ɬɨɞɨɜ, ɩɪɢɦɟɧɟɧɧɵɯ ɞɥɹ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɟɪɜɨɣ ɩɚɪ-
ɬɢɢ ɢɡɞɟɥɢɣ. ɇɨɜɵɣ ɚɥɝɨɪɢɬɦ ɞɚɟɬ ɫɬɚɛɢɥɶɧɵɟ ɪɟ-
ɡɭɥɶɬɚɬɵ (ɦɢɧɢɦɚɥɶɧɵɣ ɪɚɡɛɪɨɫ ɡɧɚɱɟɧɢɣ) ɩɪɢ ɜɵɫɨ-
ɤɨɣ ɫɤɨɪɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɫɱɟɬɚ. 
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Ɍɚɛɥɢɰɚ 1 

Ɂɚɜɢɫɢɦɨɫɬɶ ɡɧɚɱɟɧɢɹ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ (ɫɭɦɦɚɪɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɰɟɧɬɪɨɜ ɤɥɚɫɬɟɪɨɜ)  

ɨɬ ɱɢɫɥɚ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɚɪɬɢɣ k ɢɡɞɟɥɢɹ 1526Ʌȿ5 
 

ɉɚɪɬɢɹ 1 (ɫɛɨɪɧɚɹ) ɉɚɪɬɢɹ 2 (ɨɞɧɨɪɨɞɧɚɹ) k 

( )fitnessF χ
 

ȼ % ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ 
ɡɧɚɱɟɧɢɹ 

( )fitnessF χ  ȼ % ɨɬ ɩɪɟɞɵɞɭɳɟɝɨ  
ɡɧɚɱɟɧɢɹ 

1 84359 – 32984 – 

2 53968 63,9 % 29355 89 % 

3 37985 70,4 % 27110 92,3 % 

4 27329 71,9 % 25320 93,4 % 

5 21098 77,2 % 23927 94,5 % 

6 19865 94,2 % 22754 95,1 % 

7 18952 95,4 % 21821 95,9 % 

8 18091 95,5 % 21035 96,4 % 

9 17357 95,9 % 20425 97,1 % 

10 17021 98,1 % 20078 98,3 % 

 

 
 

Ɋɚɡɛɢɟɧɢɟ ɫɛɨɪɧɨɣ ɩɚɪɬɢɢ ɦɢɤɪɨɫɯɟɦɵ 1526Ʌȿ5 ɧɚ 1–4 ɤɥɚɫɬɟɪɚ,  
ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɚɪɬɢɢ 
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Ɍɚɛɥɢɰɚ 2 

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɞɥɹ ɩɟɪɜɨɣ ɩɚɪɬɢɢ ɢɡɞɟɥɢɹ 1526Ʌȿ5 ɩɪɢ k = 4 
 

Ⱥɥɝɨɪɢɬɦ ɑɢɫɥɨ 
ɡɚɩɭɫɤɨɜ 

ȼɪɟɦɹ  
ɧɚ 1 ɡɚɩɭɫɤ, ɫ 

ɋɪɟɞɧɟɟ  
ɡɧɚɱɟɧɢɟ 

( )χfitnessF  

Ɍɨɱɧɨɫɬɶ  
ɜ ɫɪɚɜɧɟɧɢɢ  

ɫ ɧɚɢɥɭɱɲɢɦ 

ɢɡɜɟɫɬɧɵɦ 

ɡɧɚɱɟɧɢɟɦ 

Ʌɭɱɲɟɟ  
ɡɧɚɱɟɧɢɟ 

( )χfitnessF  

ɇɚɢɯɭɞɲɟɟ 
ɡɧɚɱɟɧɢɟ 

( )χfitnessF  

Ɋɚɡɛɪɨɫ 
ɡɧɚɱɟɧɢɣ, %

Information 

Bottleneck 

1 972 27318,1 99,996 % 27317,1 27317,1 – 

k-means++ 30 5 27398,4 99,7 % 27316,9 27416,9 0,37 % 

ɇɨɜɵɣ ɚɥɝɨ-
ɪɢɬɦ 

30 5 27320,1 99,98 % 27316,9 27321,1 0,015 % 

 

Ɂɚɤɥɸɱɟɧɢɟ. Ɂɚɞɚɱɚ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨɫɬɭɩɚɸɳɢɯ 
ɩɚɪɬɢɣ ɷɥɟɤɬɪɨɪɚɞɢɨɢɡɞɟɥɢɣ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦ 

ɩɚɪɬɢɹɦ ɫ ɪɚɡɥɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ 
ɨɫɧɨɜɟ ɞɚɧɧɵɯ ɧɟɪɚɡɪɭɲɚɸɳɢɯ ɬɟɫɬɨɜ ɦɨɠɟɬ ɛɵɬɶ 
ɫɜɟɞɟɧɚ ɤ ɡɚɞɚɱɟ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ. ɉɪɢɦɟɧɟɧɢɟ 
ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɝɟɧɟɬɢɱɟɫɤɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɫ ɨɫɨɛɨɣ ɷɜɪɢɫɬɢɤɨɣ ɩɨɡɜɨɥɹɟɬ ɪɟɲɚɬɶ ɩɨ-
ɞɨɛɧɵɟ ɡɚɞɚɱɢ, ɩɨɥɭɱɚɹ ɫɬɚɛɢɥɶɧɵɣ ɪɟɡɭɥɶɬɚɬ. 
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