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Ⱥɧɧɨɬɚɰɢɹ 
ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɜɨɩɪɨɫɚɦ ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɤɢ ɫɨɡɞɚɧɢɹ ɛɢɛɥɢɨɬɟɤ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ 
ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɨɦɩɨɧɟɧɬɧɨɝɨ ɩɨɞɯɨɞɚ ɜ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɦ ɢɦɢɬɚɰɢɨɧɧɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ. ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɢɫɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ – ɚɩɩɚɪɚɬɚ, 
ɮɨɪɦɚɥɢɡɭɸɳɟɝɨ ɩɪɨɰɟɞɭɪɵ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɫɢɫɬɟɦ, 
ɚɜɬɨɪɚɦɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ ɩɪɨɰɟɞɭɪ ɩɨɫɬɪɨɟɧɢɹ ɛɢɛɥɢɨɬɟɤ 
ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɚ ɬɚɤɠɟ ɞɚɥɶɧɟɣɲɟɝɨ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɵɯ ɦɨɞɟɥɹɯ. 
Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɮɨɪɦɚɥɶɧɵɟ ɨɩɢɫɚɧɢɹ ɩɪɨɰɟɫɫɚ ɫɨɡɞɚɧɢɹ ɛɢɛɥɢɨɬɟɤɢ, ɨɩɟɪɚɰɢɢ ɢɦɩɨɪɬɚ 
ɢ ɷɤɫɩɨɪɬɚ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ. ɋɮɨɪɦɭɥɢɪɨɜɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɪɮɟɣɫɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ, 
ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɞɛɢɪɚɬɶ ɭɡɥɨɜɵɟ ɨɛɴɟɤɬɵ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ 
ɛɢɛɥɢɨɬɟɤɟ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɚɜɬɨɪɚɦɢ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɮɨɪɦɚɥɶɧɵɟ ɨɫɧɨɜɵ ɩɪɨɰɟɞɭɪ ɚɧɚɥɢɡɚ ɷɥɟɦɟɧɬɨɜ ɛɢɛɥɢɨɬɟɤɢ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜɢɟ ɤɨɧɤɪɟɬɧɨɦɭ ɦɟɫɬɭ ɜ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɢɫɬɟɦɧɨɫɬɢ, ɩɨɤɚɡɵɜɚɸɳɟɝɨ ɫɬɟɩɟɧɶ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɫɢɫɬɟɦɵ ɡɚɩɪɨɫɚɦ ɧɚɞɫɢɫɬɟɦɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɮɨɪɦɭɥɢɪɨɜɚɧɧɵɟ 
ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɢɛɥɢɨɬɟɤ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ 
ɩɨɡɜɨɥɹɸɬ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɨɝɪɚɦɦɧɵɟ ɦɟɯɚɧɢɡɦɵ ɯɪɚɧɟɧɢɹ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɟɣ ɫɢɫɬɟɦɧɨ-

ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ ɜ ɫɩɟɰɢɚɥɶɧɨɣ ɛɢɛɥɢɨɬɟɤɟ-ɪɟɩɨɡɢɬɨɪɢɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɵɣ ɩɨɞɯɨɞ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ»; ɢɦɢɬɚɰɢɨɧɧɨɟ 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ; ɛɢɛɥɢɨɬɟɤɚ ɷɥɟɦɟɧɬɨɜ; ɜɧɭɬɪɟɧɧɢɟ ɩɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ; ɍɎɈ-ɷɥɟɦɟɧɬ; 
ɭɡɥɨɜɨɣ ɨɛɴɟɤɬ; ɩɨɬɨɤɨɜɵɣ ɨɛɴɟɤɬ. 
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Ⱥbstract 
The article is devoted to the development of methods for creating libraries of nodal objects for 

implementing the component approach in system-object simulation modeling. With the use of 

calculus of functional objects - the apparatus, which formalizes the procedures of the system-

object modeling of processes and systems, the authors formulated the theoretical provisions of the 

procedures for constructing libraries of node objects, as well as their further use in system-object 

models. We consider the formal description of the process of creating a library, the operation of 

mailto:buzov@mail.ru
mailto:zhikharev@bsu.edu.ru
mailto:matorin@bsu.edu.ru
mailto:buzov@mail.ru
mailto:zhikharev@bsu.edu.ru
mailto:matorin@bsu.edu.ru


 

ʐ˖ˊˑ˅ ʏ.ʏ., ʕˋ˘˃˓ˈ˅ ʏ.ʒ., ʛ˃˕ˑ˓ˋː ʠ.ʗ. ʝ ˒ˑ˔˕˓ˑˈːˋˋ ˄ˋ˄ˎˋˑ˕ˈˍ  
˅ ˔ˋ˔˕ˈˏːˑ-ˑ˄˝ˈˍ˕ː˞˘ ˋˏˋ˕˃˙ˋˑːː˞˘ ˏˑˇˈˎя˘ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. 

 ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.3, №4, 2018 
33 

 

ɇȺɍɑɇɕɃ ɊȿɁɍɅɖɌȺɌ. ɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ 

RESEARCH RESULT. INFORMATION TECHNOLOGIES  

import and export of node objects. The definition of the node object interface is formulated, 

which, in turn, allows you to automatically select the node objects that are in the library for use in 

the system-object model. In addition, the authors consider the formal foundations of the 

procedures for analyzing library elements for compliance with a specific place in the system-

object model. This is achieved through the use of an algorithm for calculating the coefficient of 

systemicity, which shows the degree of compliance of the system with the requirements of the 

super-system. Thus, the formulated theoretical positions of the mechanisms for the formation of 

libraries of nodal objects make it possible to implement software mechanisms for storing 

individual parts of the system-object model in a special library-repository for further use. 

Keywords: system-object approach "Node-Function-Object"; simulation modeling; element 

library; internal system parameters; UFO-element; node object; streaming object. 
 

ȼɜɢɞɭ ɛɭɪɧɨɝɨ ɪɚɡɜɢɬɢɹ ɧɚɭɤɢ ɢ ɬɟɯɧɢɤɢ, ɜ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ, ɪɚɡɪɚɛɨɬɱɢɤɢ, 
ɩɪɨɟɤɬɢɪɨɜɳɢɤɢ, ɢɧɠɟɧɟɪɵ ɜɫɟ ɱɚɳɟ ɩɪɢɛɟɝɚɸɬ ɤ ɩɪɢɦɟɧɟɧɢɸ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɤɚɤ ɦɟɬɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɴɟɤɬɨɜ ɢ ɩɪɨɰɟɫɫɨɜ ɨɤɪɭɠɚɸɳɟɝɨ ɦɢɪɚ. ɉɪɢɱɟɦ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɴɟɤɬɵ ɫ ɤɚɠɞɵɦ ɝɨɞɨɦ ɭɫɥɨɠɧɹɸɬɫɹ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ ɫɬɪɭɤɬɭɪɵ, ɩɨɜɟɞɟɧɢɹ ɢ 
ɭɩɪɚɜɥɟɧɢɹ ɬɚɤɢɦɢ ɨɛɴɟɤɬɚɦɢ. ɂ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɬɚɤɢɦɢ ɫɥɨɠɧɵɦɢ ɫɢɫɬɟɦɚɦɢ 
ɬɪɟɛɭɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɪɟɞɫɬɜɚ ɢ ɦɟɬɨɞɢɤɢ. Ɉɞɧɨɣ ɢɡ ɬɚɤɢɯ ɦɟɬɨɞɢɤ ɹɜɥɹɟɬɫɹ – 

ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɢɦɟɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɫɬɪɨɟɧɢɹ 
ɫɩɟɰɢɚɥɶɧɵɯ ɫɢɦɭɥɹɬɨɪɨɜ – ɩɪɨɝɪɚɦɦɧɨ-ɚɩɩɚɪɚɬɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɡɚɦɟɳɚɸɳɢɯ ɨɛɴɟɤɬ ɢɥɢ 
ɩɪɨɰɟɫɫ ɪɟɚɥɶɧɨɝɨ ɦɢɪɚ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɫɬɟɩɟɧɶɸ ɬɨɱɧɨɫɬɢ. Ȼɨɥɶɲɢɧɫɬɜɨ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɫɪɟɞɫɬɜ, ɩɨɡɜɨɥɹɸɳɢɯ ɫɬɪɨɢɬɶ ɢɦɢɬɚɰɢɨɧɧɵɟ ɦɨɞɟɥɢ, ɫɨɞɟɪɠɚɬ ɜɫɬɪɨɟɧɧɵɟ 
ɛɢɛɥɢɨɬɟɤɢ ɝɨɬɨɜɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɨɞɟɥɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɢ ɭɩɪɨɫɬɢɬɶ 
ɩɪɨɰɟɞɭɪɭ ɪɚɡɪɚɛɨɬɤɢ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ. ɇɚɥɢɱɢɟ ɛɢɛɥɢɨɬɟɤ ɝɨɬɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ 
ɩɨɡɜɨɥɹɟɬ ɫɬɪɨɢɬɶ ɢɦɢɬɚɰɢɨɧɧɭɸ ɦɨɞɟɥɶ – ɤɚɤ ɤɨɧɫɬɪɭɤɬɨɪ - ɢɡ ɝɨɬɨɜɵɯ ɱɚɫɬɟɣ, ɱɬɨ ɟɫɬɟɫɬɜɟɧɧɨ 
ɩɪɨɳɟ ɞɥɹ ɪɚɡɪɚɛɨɬɱɢɤɚ, ɱɟɦ ɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ ɦɨɞɟɥɶ «ɫ ɧɭɥɹ».  

ɋɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɵɣ ɦɟɬɨɞ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 
ɫɨɜɪɟɦɟɧɧɭɸ ɬɟɯɧɨɥɨɝɢɸ ɨɩɢɫɚɧɢɹ ɮɭɧɤɰɢɨɧɢɪɭɸɳɢɯ ɫɢɫɬɟɦ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɩɨɥɨɠɟɧ 
ɫɢɫɬɟɦɧɵɣ ɩɨɞɯɨɞ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ». ɋ ɰɟɥɶɸ ɮɨɪɦɚɥɢɡɚɰɢɢ ɩɪɨɰɟɞɭɪ ɢɦɢɬɚɰɢɨɧɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ ɫɢɫɬɟɦ ɚɜɬɨɪɚɦɢ ɪɚɡɪɚɛɨɬɚɧɵ ɩɨɥɨɠɟɧɢɹ ɢɫɱɢɫɥɟɧɢɹ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ [1,2], ɜ ɪɚɦɤɚɯ ɤɨɬɨɪɨɝɨ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɤɚɤ: 

M=(L,S),                                                                          (1) 

ɝɞɟ: M – ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ;  
L – ɦɧɨɠɟɫɬɜɨ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɦɨɞɟɥɢ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɸ ɨɛɴɟɤɬ, 

ɤɨɬɨɪɵɟ ɧɟ ɢɦɟɟɬ ɦɟɬɨɞɨɜ ɢ ɢɦɟɟɬ ɥɢɲɶ ɩɨɥɹ (2): 
l=[r1, r2, … ,rk],                                                                      (2)  

ɝɞɟ:                                        
lL; 

k – ɤɨɥɢɱɟɫɬɜɨ ɩɨɥɟɣ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ l; 
r1, r2, ..., rk – ɩɨɥɹ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɩɚɪɭ «ɢɞɟɧɬɢɮɢɤɚɬɨɪ-

ɡɧɚɱɟɧɢɟ». 
S – ɦɧɨɠɟɫɬɜɨ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɦɨɞɟɥɢ, ɷɥɟɦɟɧɬɵ ɤɨɬɨɪɨɝɨ ɨɩɢɫɵɜɚɸɬɫɹ ɫɥɟɞɭɸɳɟɣ 

ɮɨɪɦɨɣ (3): 
s=[U, f, O],                                                                           (3) 

ɝɞɟ:                                                         
U – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɦɧɨɠɟɫɬɜɨ ɩɨɥɟɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɢɧɬɟɪɮɟɣɫɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ 

ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ s.  
f – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɦɟɬɨɞ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ s, ɨɩɢɫɵɜɚɸɳɢɣ ɮɭɧɤɰɢɸ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɜɯɨɞɹɳɢɯ ɢɧɬɟɪɮɟɣɫɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ  (ɜɯɨɞɹɳɢɯ ɫɜɹɡɟɣ ɫɢɫɬɟɦɵ) L? ɜ ɜɵɯɨɞɹɳɢɟ - L!.  
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Ɉ - ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɸ ɦɧɨɠɟɫɬɜɨ ɩɨɥɟɣ ɞɥɹ ɨɩɢɫɚɧɢɹ ɨɛɴɟɤɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɡɥɨɜɨɝɨ 
ɨɛɴɟɤɬɚ (ɫɢɫɬɟɦɵ) s. 

ɉɪɢɱɟɦ, ɭɡɥɨɜɵɟ ɨɛɴɟɤɬɵ ɦɨɞɟɥɢ Ɇ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɥɸɱɟɜɵɟ ɷɥɟɦɟɧɬɵ ɦɨɞɟɥɢ, ɚ 
ɦɧɨɠɟɫɬɜɨ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ – ɨɩɪɟɞɟɥɹɟɬ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɭɡɥɨɜɵɦɢ ɨɛɴɟɤɬɚɦɢ ɦɨɞɟɥɢ  
[3, 4]. 

Ȼɢɛɥɢɨɬɟɤɚ ɝɨɬɨɜɵɯ ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ ɜ ɬɚɤɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ 
(1), ɩɪɢɱɟɦ |L|=0. Ɍɨ ɟɫɬɶ, ɦɨɞɟɥɶ-ɛɢɛɥɢɨɬɟɤɚ ɛɭɞɟɬ ɢɦɟɬɶ ɥɢɲɶ ɭɡɥɨɜɵɟ ɨɛɴɟɤɬɵ, ɢ ɧɟ ɛɭɞɟɬ 
ɢɦɟɬɶ ɜ ɫɜɨɟɦ ɫɨɫɬɚɜɟ ɩɨɬɨɤɨɜɵɟ ɨɛɴɟɤɬɵ [5]. Ɍɨɝɞɚ ɛɢɛɥɢɨɬɟɤɭ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ 
ɦɨɠɧɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɦɧɨɠɟɫɬɜɨ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 

S’=[s1,s2,…,sn],                                                                   (4) 

ɝɞɟ n – ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɯɪɚɧɹɳɢɯɫɹ ɜ ɛɢɛɥɢɨɬɟɤɟ. 
Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɷɥɟɦɟɧɬ ɛɢɛɥɢɨɬɟɤɢ, ɚ ɬɨɱɧɟɟ ɟɝɨ ɮɨɪɦɚɥɶɧɭɸ ɫɬɨɪɨɧɭ [6, 7]. Ʉɚɤ 

ɛɵɥɨ ɨɬɦɟɱɟɧɵ ɜɵɲɟ, ɷɥɟɦɟɧɬ ɛɢɛɥɢɨɬɟɤɢ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɨɬɞɟɥɶɧɭɸ 
ɫɦɨɞɟɥɢɪɨɜɚɧɧɭɸ ɫɢɫɬɟɦɭ. ȼ ɪɚɦɤɚɯ ɢɫɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɨɛɴɟɤɬɨɜ ɫɢɫɬɟɦɭ, ɨɩɢɫɚɧɧɭɸ 
ɜɵɪɚɠɟɧɢɟɦ (3), ɛɭɞɟɦ ɩɪɟɞɫɬɚɜɥɹɬɶ ɜ ɜɢɞɟ ɫɥɟɞɭɸɳɟɝɨ ɜɵɪɚɠɟɧɢɹ: 

sn=[L?, L!; f(L?)L!; O?, O!, Of]                                                    (5) 

Ƚɪɚɮɢɱɟɫɤɢɣ ɮɨɪɦɚɥɢɡɦ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɸ ɷɥɟɦɟɧɬ ɛɢɛɥɢɨɬɟɤɢ, ɩɪɟɞɫɬɚɜɢɦ ɜ 
ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

 

 
Рɢɫ. 1. Ƚɪɚɮɢɱɟɫɤɢɣ ɮɨɪɦɚɥɢɡɦ ɷɥɟɦɟɧɬɚ ɛɢɛɥɢɨɬɟɤɢ 

Fig. 1. Graphical formalism of the library element 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 1, ɤɚɠɞɵɣ ɷɥɟɦɟɧɬ ɛɢɛɥɢɨɬɟɤɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɍɎɈ-ɷɥɟɦɟɧɬ ɫ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɢɧɬɟɪɮɟɣɫɧɵɦɢ ɫɜɹɡɹɦɢ, ɩɨ ɤɨɬɨɪɵɦ ɢ ɩɪɨɜɨɞɢɬɫɹ ɚɧɚɥɢɡ ɧɚ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɬɟɤɭɳɟɝɨ ɷɥɟɦɟɧɬɚ ɡɚɞɚɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɛɢɛɥɢɨɬɟɤɚ ɷɥɟɦɟɧɬɨɜ ɛɭɞɟɬ 

ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɸ ɧɚɛɨɪ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɧɟ ɫɜɹɡɚɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ [8].  
Ɋɚɫɫɦɨɬɪɢɦ ɚɛɫɬɪɚɤɬɧɭɸ ɛɢɛɥɢɨɬɟɤɭ SM ɫɨɫɬɨɹɳɭɸ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɤɚɤ ɩɨɤɚɡɚɧɨ 

ɧɚ ɪɢɫɭɧɤɟ 2. 
 



 

ʐ˖ˊˑ˅ ʏ.ʏ., ʕˋ˘˃˓ˈ˅ ʏ.ʒ., ʛ˃˕ˑ˓ˋː ʠ.ʗ. ʝ ˒ˑ˔˕˓ˑˈːˋˋ ˄ˋ˄ˎˋˑ˕ˈˍ  
˅ ˔ˋ˔˕ˈˏːˑ-ˑ˄˝ˈˍ˕ː˞˘ ˋˏˋ˕˃˙ˋˑːː˞˘ ˏˑˇˈˎя˘ // ʜ˃˖˚ː˞ˌ ˓ˈˊ˖ˎ˟˕˃˕. 

 ʗː˗ˑ˓ˏ˃˙ˋˑːː˞ˈ ˕ˈ˘ːˑˎˑˆˋˋ. – ʡ.3, №4, 2018 
35 

 

ɇȺɍɑɇɕɃ ɊȿɁɍɅɖɌȺɌ. ɂɇɎɈɊɆȺɐɂɈɇɇɕȿ ɌȿɏɇɈɅɈȽɂɂ 

RESEARCH RESULT. INFORMATION TECHNOLOGIES  

 
Рɢɫ. 2. Ƚɪɚɮɢɱɟɫɤɢɣ ɮɨɪɦɚɥɢɡɦ ɚɛɫɬɪɚɤɬɧɨɣ ɛɢɛɥɢɨɬɟɤɢ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ 

Fig. 2. Graphical formalism of the abstract library of nodal objects 

 

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɩɨɩɨɥɧɟɧɢɹ ɛɢɛɥɢɨɬɟɤɢ ɢ ɟɟ ɞɚɥɶɧɟɣɲɟɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ, ɧɟɨɛɯɨɞɢɦɨ 
ɪɚɫɫɦɨɬɪɟɬɶ ɤɚɤ ɦɢɧɢɦɭɦ ɞɜɟ ɨɩɟɪɚɰɢɢ ɧɚ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɵɯ ɦɨɞɟɥɹɯ: ɞɨɛɚɜɥɟɧɢɟ ɭɡɥɨɜɨɝɨ 
ɨɛɴɟɤɬɚ ɜ ɛɢɛɥɢɨɬɟɤɭ – ɷɤɫɩɨɪɬ ɷɥɟɦɟɧɬɚ ɢ ɢɦɩɨɪɬ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɢɡ ɛɢɛɥɢɨɬɟɤɢ [9]. Ⱦɥɹ 
ɨɩɢɫɚɧɢɹ ɞɚɧɧɵɯ ɨɩɟɪɚɰɢɣ, ɢɫɱɟɪɩɵɜɚɸɳɢɦ ɧɚɛɨɪɨɦ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɸɬɫɹ ɢɧɬɟɪɮɟɣɫɵ 
ɢɦɩɨɪɬɢɪɭɟɦɵɯ ɢ ɷɤɫɩɨɪɬɢɪɭɟɦɵɯ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ. ȼɧɭɬɪɟɧɧɹɹ ɨɪɝɚɧɢɡɚɰɢɹ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ 
(ɮɭɧɤɰɢɹ ɢ ɨɛɴɟɤɬ ɫɢɫɬɟɦɵ) ɞɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɩɟɪɚɰɢɣ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ. ɂɡ ɪɢɫɭɧɤɚ 2 
ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɤɚɠɞɨɝɨ ɨɬɞɟɥɶɧɨɝɨ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɢɧɬɟɪɮɟɣɫɨɦ ɹɜɥɹɟɬɫɹ ɟɝɨ ɢɞɟɧɬɢɮɢɤɚɬɨɪ, ɬɨ 
ɟɫɬɶ ɢɦɹ ɢ ɧɚɛɨɪɵ ɜɯɨɞɧɵɯ ɢ ɜɵɯɨɞɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɫ ɭɱɟɬɨɦ ɢɯ ɫɬɪɭɤɬɭɪ ɢ ɬɢɩɨɜ ɩɨɥɟɣ. 
Ɋɚɫɫɦɨɬɪɢɦ ɜ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɭɡɥɨɜɨɣ ɨɛɴɟɤɬ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɢɧɬɟɪɮɟɣɫɧɵɯ ɫɜɹɡɟɣ, ɤɚɤ ɩɨɤɚɡɚɧɨ 
ɧɚ ɪɢɫɭɧɤɟ 2 – ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ. Ɏɨɪɦɚɥɶɧɵɣ ɜɢɞ ɞɚɧɧɨɝɨ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɩɪɟɞɫɬɚɜɥɟɧ ɧɢɠɟ: 

 

sn=[ L?={l?1, l?2, l?3}, L!={l!1,l!2}; f(L?)L!; O?, O!, Of]                  (6) 

 

Ɍɨɝɞɚ, ɢɧɬɟɪɮɟɣɫ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɪɭɤɬɭɪɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɟ ɫɢɫɬɟɦɵ U ɢɡ 
ɜɵɪɚɠɟɧɢɹ 3, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɧɨɜɧɵɦ ɩɨɥɨɠɟɧɢɹɦ ɦɟɬɨɞɨɥɨɝɢɢ «ɍɡɟɥ-Ɏɭɧɤɰɢɹ-Ɉɛɴɟɤɬ». 
Ɉɞɧɚɤɨ, ɩɨɦɢɦɨ ɫɬɪɭɤɬɭɪɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɢɧɬɟɪɮɟɣɫɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ, ɜ ɫɥɭɱɚɟ ɢɦɩɨɪɬɚ ɢ 
ɷɤɫɩɨɪɬɚ ɷɥɟɦɟɧɬɨɜ, ɜɚɠɧɭɸ ɪɨɥɶ ɢɦɟɟɬ ɬɢɩɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɢɧɬɟɪɮɟɣɫɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ, 
ɬ.ɟ. ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɢɩɵ ɞɚɧɧɵɯ ɩɨɥɟɣ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɢɧɬɟɪɮɟɣɫɧɭɸ 
ɱɚɫɬɶ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ [10]. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɟɫɥɢ ɜ ɭɡɥɨɜɨɦ ɨɛɴɟɤɬɟ, ɨɩɢɫɚɧɧɨɦ ɜ ɜɵɪɚɠɟɧɢɢ 5, 
ɢɧɬɟɪɮɟɣɫɧɵɟ ɩɨɬɨɤɨɜɵɟ ɨɛɴɟɤɬɵ ɢɦɟɸɬ ɫɥɟɞɭɸɳɭɸ ɫɬɪɭɤɬɭɪɭ: 
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 l?1=(r1, r2)  

 l?2=(r1)  

 l?3=(r1)  

 l!1=(r1, r2, r3)  

 l!2=(r1, r2), 

ɬɨɝɞɚ ɢɧɬɟɪɮɟɣɫ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɡɚɩɢɲɟɦ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

𝑈𝑠 = {  
  L?= {      l?ଵ= ሺrଵ, rଶሻl?ଶ= ሺrଵሻl?ଷ= ሺrଵሻ       L! = {       l!ଵ = ሺrଵ, rଶ, rଷሻl!ଶ = ሺrଵ, rଶሻ                                     (7) 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɜɵɪɚɠɟɧɢɟ 7 ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

𝑈𝑠 =
{   
   L?= { l?ଵ= ሺrଵ, … , r௜భሻ… l?௡= ሺrଵ, … , r௜೙ሻ  L! = { l!ଵ = ሺrଵ, … , r௝భሻ… l!௠ = ሺrଵ, … , r௝೘ሻ

                                       (8) 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɨɩɟɪɚɰɢɸ ɢɦɩɨɪɬɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ s ɢɡ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ 
M ɜ ɛɢɛɥɢɨɬɟɤɭ S’. ɉɭɫɬɶ ɞɚɧɚ ɢɟɪɚɪɯɢɹ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɦɨɞɟɥɢ, ɫɨɞɟɪɠɚɳɚɹ ɬɪɢ 
ɜɟɳɟɫɬɜɟɧɧɵɯ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɚ ɫɨ ɫɜɨɢɦɢ ɩɨɥɹɦɢ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 

 𝐿𝑀 = [݈ଵ𝑣 = {𝑟ଵଵ, 𝑟ଶଵ} , ݈ଶ𝑣 = {𝑟ଵଶ, 𝑟ଶଶ, 𝑟ଷଶ}, ݈ଷ𝑣 = {𝑟ଵଷ}]                       (9) 

 

Ɇɧɨɠɟɫɬɜɨ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɦɨɞɟɥɢ, ɨɩɢɫɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟɦ 9, ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 

 
Рɢɫ. 3. Ɇɧɨɠɟɫɬɜɨ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɢɟɪɚɪɯɢɢ 

Fig. 3. Set of stream objects of the system in the form of hierarchy 

 

Ɍɚɤɠɟ ɩɭɫɬɶ ɞɚɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɚɹ ɦɨɞɟɥɶ Ɇ=(L,S), ɩɪɢɱɟɦ ɦɧɨɠɟɫɬɜɨ 
ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

S=[s1=(L?=, L!={l!1}; f(L?)L!; O?, O!, Of),  

s2=(L?={l?1, l?3}, L!={l!2}; f(L?)L!; O?, O!, Of),  

s3=(L?={l?2}, L!={l!3}; f(L?)L!; O?, O!, Of)]                          (10) 
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Ɇɧɨɠɟɫɬɜɨ ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 

L=[l1={s1,s2}, l2={s2,s3}, l3={s3,s2}]                                   (11) 

 

Ƚɪɚɮɢɱɟɫɤɢ ɩɪɢɦɟɪ ɨɩɢɫɚɧɧɵɣ ɜɵɪɚɠɟɧɢɹɦɢ 9,10 ɢ 11 ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 
 

 
Рɢɫ. 4. ɉɪɢɦɟɪ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ 

Fig. 4. An example of a system-object model 

 

Ɍɨɝɞɚ, ɞɥɹ ɢɦɩɨɪɬɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ s2 ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɦɨɞɟɥɢ Ɇ ɜ ɛɢɛɥɢɨɬɟɤɭ Lɦ ɨɩɢɲɟɦ 
ɨɩɟɪɚɬɨɪ ɜ ɫɥɟɞɭɸɳɟɦ ɮɨɪɦɚɬɟ: 
LM

* = import(M,s2,LM)(L*=; S*=[ s1=(L?=, L!={l!1}; f(L?)L!; O?, O!, Of), s3=(L?={l?2}, L!={l!3}; 

f(L?)L!; O?, O!, Of)]; LM
*=[ s2=(L?={l?1, l?3}, L!={l!2}; f(L?)L!; O?, O!, Of)].  

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɹɜɥɹɟɬɫɹ ɛɢɛɥɢɨɬɟɤɚ LM
*, ɩɨɩɨɥɧɟɧɧɚɹ ɭɡɥɨɜɵɦ ɨɛɴɟɤɬɨɦ s2 ɢ 

ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɚɹ ɦɨɞɟɥɶ M*(, S*) ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 
 

 
Рɢɫ. 5. Ɋɟɡɭɥɶɬɚɬ ɢɦɩɨɪɬɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɜ ɛɢɛɥɢɨɬɟɤɭ 

Fig. 5. Result of importing a node object to the library 

 

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɞɥɹ ɪɚɛɨɬɵ ɫ ɭɡɥɨɜɵɦ ɨɛɴɟɤɬɨɦ, ɩɨɦɟɳɚɟɦɵɦ ɜ ɛɢɛɥɢɨɬɟɤɭ, 
ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɟɝɨ ɢɧɬɟɪɮɟɣɫ. Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɩɪɢɦɟɪɚ, ɢɧɬɟɪɮɟɣɫ ɨɛɴɟɤɬɚ 
s2 ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 𝑈𝑠మ = { L?= {݈?ଵ= ሺ𝑟ଵଵ, 𝑟ଶଵሻ݈?ଷ= ሺ𝑟ଵଷሻ      L! =  {݈!ଶ = ሺ𝑟ଵଶ, 𝑟ଶଶ, 𝑟ଷଶሻ                                 (12) 

ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɩɢɫɚɧɧɚɹ ɨɩɟɪɚɰɢɹ ɢɦɩɨɪɬɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɜ ɩɪɢɦɟɪɟ 
ɩɪɟɞɩɨɥɚɝɚɟɬ ɢɡɜɥɟɱɟɧɢɟ ɜɵɲɟɭɩɨɦɹɧɭɬɨɝɨ ɷɥɟɦɟɧɬɚ ɢɡ ɦɨɞɟɥɢ ɜ ɛɢɛɥɢɨɬɟɤɭ, ɨɞɧɚɤɨ ɠɟ, ɜ 
ɩɪɨɰɟɫɫɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɫɨɯɪɚɧɢɬɶ ɭɡɥɨɜɨɣ ɨɛɴɟɤɬ ɜ ɛɢɛɥɢɨɬɟɤɭ ɩɭɬɟɦ 
ɤɨɩɢɪɨɜɚɧɢɹ, ɬɨ ɟɫɬɶ ɛɟɡ ɭɞɚɥɟɧɢɹ ɩɟɪɜɨɝɨ ɢɡ ɢɫɯɨɞɧɨɣ ɦɨɞɟɥɢ ɢ ɨɫɜɨɛɨɠɞɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɩɨɬɨɤɨɜɵɯ ɨɛɴɟɤɬɨɜ. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɢɫɯɨɞɧɚɹ ɦɨɞɟɥɶ ɢɡ ɤɨɬɨɪɨɣ ɷɤɫɩɨɪɬɢɪɭɟɬɫɹ ɷɥɟɦɟɧɬ ɜ 
ɛɢɛɥɢɨɬɟɤɭ ɨɫɬɚɟɬɫɹ ɜ ɧɟɢɡɦɟɧɧɨɦ ɜɢɞɟ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 4. 

Ⱦɚɥɟɟ ɪɚɫɫɦɨɬɪɢɦ ɨɩɟɪɚɰɢɸ ɷɤɫɩɨɪɬɚ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ s2 ɢɡ ɛɢɛɥɢɨɬɟɤɢ LM
* ɜ ɫɢɫɬɟɦɧɨ-

ɨɛɴɟɤɬɧɭɸ ɦɨɞɟɥɶ M*(, S*). ɋɮɨɪɦɭɥɢɪɭɟɦ ɨɩɢɫɚɧɢɟ ɨɩɟɪɚɬɨɪɚ ɷɤɫɩɨɪɬɚ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 
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M* = export(M,s2,LM
*)(L*=; S*=[ s1=(L?=, L!={l!1}; f(L?)L!; O?, O!, Of), s2=(L?={l?1, l?3}, 

L!={l!2}; f(L?)L!; O?, O!, Of), s3=(L?={l?2}, L!={l!3}; f(L?)L!; O?, O!, Of)]; LM
*=[ s2=(L?={l?1, l?3}, 

L!={l!2}; f(L?)L!; O?, O!, Of)]. 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɨɩɢɫɚɧɢɹ ɨɩɟɪɚɰɢɢ ɷɤɫɩɨɪɬɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɭɡɥɨɜɨɣ ɨɛɴɟɤɬ ɛɵɥ ɞɨɛɚɜɥɟɧ ɜ 
ɦɨɞɟɥɶ, ɨɞɧɚɤɨ ɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɫɨɟɞɢɧɢɬɶ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɭɡɥɨɜɵɦɢ ɨɛɴɟɤɬɚɦɢ ɦɨɞɟɥɶ. Ⱦɥɹ 
ɷɬɨɝɨ ɩɪɢɦɟɧɢɦ ɨɩɟɪɚɰɢɸ ɫɨɟɞɢɧɟɧɢɹ ɞɜɭɯ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɨɩɢɫɚɧɧɵɯ ɜ ɪɚɛɨɬɟ [2]. Ɍɨɝɞɚ 
ɩɨɥɭɱɢɦ ɦɨɞɟɥɶ ɜ ɢɫɯɨɞɧɨɦ ɜɢɞɟ, ɤɚɤ ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɜɵɪɚɠɟɧɢɢ 10,11. 

Ⱦɥɹ ɩɨɞɛɨɪɚ ɷɥɟɦɟɧɬɨɜ ɢɡ ɛɢɛɥɢɨɬɟɤɢ ɢɦɟɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɩɟɰɢɚɥɶɧɵɣ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɣ ɩɨɤɚɡɚɬɟɥɶ «ɦɟɪɚ ɫɢɫɬɟɦɧɨɫɬɢ». 

Ⱦɥɹ ɨɩɢɫɚɧɢɹ ɚɥɝɨɪɢɬɦɚ ɪɚɫɱɟɬɚ ɦɟɪɵ ɫɢɫɬɟɦɧɨɫɬɢ ɞɥɹ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ ɫ ɨɞɧɢɦ ɜɯɨɞɨɦ ɢ 
ɨɞɧɢɦ ɜɵɯɨɞɨɦ, ɤɚɤ ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1, ɜɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: FRFSs – 

(ɨɛɥɚɫɬɶ) ɦɧɨɠɟɫɬɜɨ ɬɪɟɛɭɟɦɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ [2] ɢ FPSs – 

(ɨɛɥɚɫɬɶ) ɦɧɨɠɟɫɬɜɨ ɜɨɡɦɨɠɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ [2]. ɉɪɢɱɟɦ ɷɥɟɦɟɧɬɵ ɞɚɧɧɵɯ 
ɦɧɨɠɟɫɬɜ ɢɦɟɸɬ ɜɢɞ: as = [Alభ , Alమ],                                               (13) 

ɝɞɟ: Alభ – ɫɨɫɬɨɹɧɢɟ ɜɯɨɞɧɨɝɨ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ l1;  Alమ – ɫɨɫɬɨɹɧɢɟ ɢɫɯɨɞɹɳɟɝɨ ɩɨɬɨɤɨɜɨɝɨ ɨɛɴɟɤɬɚ l2.  

ɉɟɪɟɦɟɧɧɚɹ MOS – ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɢɫɤɨɦɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɨɬɜɟɬɫɬɜɢɹ ɨɛɥɚɫɬɢ 
ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢ ɨɛɥɚɫɬɢ ɬɪɟɛɭɟɦɵɯ ɫɨɫɬɨɹɧɢɣ. Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɦɟɪɵ ɫɢɫɬɟɦɧɨɫɬɢ ɛɭɞɟɬ 
ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɸ ɩɨɨɱɟɪɟɞɧɨɟ ɫɪɚɜɧɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɦɧɨɠɟɫɬɜɚ FRFSs ɫ ɷɥɟɦɟɧɬɚɦɢ ɦɧɨɠɟɫɬɜɚ 
FPSs.  

 

 
Рɢɫ. 6. Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɦɟɪɵ ɫɢɫɬɟɦɧɨɫɬɢ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ 

Fig. 6. The algorithm for calculating the measure of the systemic nodal object 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫɭɧɤɚ 6, ɷɥɟɦɟɧɬ ɢɡ ɦɧɨɠɟɫɬɜɚ ɬɪɟɛɭɟɦɵɯ ɫɨɫɬɨɹɧɢɣ ɩɨɨɱɟɪɟɞɧɨ 
ɫɪɚɜɧɢɜɚɟɬɫɹ ɫ ɷɥɟɦɟɧɬɚɦɢ ɦɧɨɠɟɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɫɨɫɬɨɹɧɢɣ. ȿɫɥɢ ɢɞɟɧɬɢɱɧɨɟ ɫɨɫɬɨɹɧɢɟ 
ɧɚɣɞɟɧɨ, ɬɨɝɞɚ ɩɟɪɟɦɟɧɧɚɹ MOS ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɧɚ ɟɞɢɧɢɰɭ ɢ ɞɚɥɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɯɨɞ ɤ 
ɧɨɜɨɦɭ ɬɪɟɛɭɟɦɨɦɭ ɫɨɫɬɨɹɧɢɸ, ɬɚɤ ɤɚɤ ɞɚɥɟɟ ɫɪɚɜɧɢɜɚɬɶ ɬɟɤɭɳɟɟ ɬɪɟɛɭɟɦɨɟ ɫɨɫɬɨɹɧɢɟ ɧɟ ɢɦɟɟɬ 
ɫɦɵɫɥɚ, ɨɧɨ ɭɠɟ ɧɚɣɞɟɧɨ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɪɚɛɨɬɵ ɜɧɟɲɧɟɝɨ ɰɢɤɥɚ, ɜ ɩɟɪɟɦɟɧɧɨɣ MOS ɛɭɞɟɬ 
ɫɨɞɟɪɠɚɬɶɫɹ ɤɨɥɢɱɟɫɬɜɨ ɧɚɣɞɟɧɧɵɯ ɬɪɟɛɭɟɦɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢɡ ɦɧɨɠɟɫɬɜɚ 
ɜɨɡɦɨɠɧɵɯ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɞɟɥɢɜ ɞɚɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚ ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɬɪɟɛɭɟɦɵɯ ɫɨɫɬɨɹɧɢɣ, 
ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɢɫɬɟɦɧɨɫɬɢ ɜ ɩɪɨɦɟɠɭɬɤɟ ɨɬ ɧɭɥɹ ɞɨ ɟɞɢɧɢɰɵ, ɩɪɢɱɟɦ, ɱɟɦ 
ɛɥɢɠɟ ɤɨɷɮɮɢɰɢɟɧɬ ɤ ɟɞɢɧɢɰɟ, ɬɟɦ ɫɢɫɬɟɦɚ ɛɨɥɟɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɡɚɩɪɨɫɭ ɧɚɞɫɢɫɬɟɦɵ. Ⱦɚɧɧɵɣ 
ɚɥɝɨɪɢɬɦ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɞɥɹ ɜɫɟɯ ɜɢɞɨɜ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɝɥɚɜɧɚɹ ɩɪɨɛɥɟɦɚ ɛɭɞɟɬ ɫɨɫɬɨɹɬɶ ɜ 
ɚɞɟɤɜɚɬɧɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɧɨɠɟɫɬɜɚ ɬɪɟɛɭɟɦɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɨɫɬɨɹɧɢɣ ɭɡɥɨɜɨɝɨ ɨɛɴɟɤɬɚ.  

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɨɩɢɫɚɧɢɹ ɚɥɝɨɪɢɬɦɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɱɢɫɥɨɜɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɫɢɫɬɟɦɵ 
ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɷɤɫɩɨɪɬɚ ɷɥɟɦɟɧɬɨɜ ɛɢɛɥɢɨɬɟɤɢ ɜ ɦɨɞɟɥɶ ɢ ɨɩɪɟɞɟɥɟɧɢɹ ɧɚɢɛɨɥɟɟ 
ɩɨɞɯɨɞɹɳɟɝɨ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɨɥɨɠɟɧɢɹ ɩɪɨɰɟɞɭɪ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɛɢɛɥɢɨɬɟɤ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ, ɩɨɡɜɨɥɹɸ ɪɚɡɪɚɛɨɬɚɬɶ ɩɪɨɝɪɚɦɦɧɭɸ ɩɨɞɫɢɫɬɟɦɭ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ 
ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɩɪɨɰɟɫɫɨɜ. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɢɬ ɜ ɩɪɨɰɟɫɫɟ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɝɨ 
ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɧɟɟ ɫɦɨɞɟɥɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɜ ɬɟɤɭɳɟɦ ɩɪɨɟɤɬɟ, 
ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɢɬ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ ɫɢɫɬɟɦɧɨ-ɨɛɴɟɤɬɧɨɣ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ. ȼ 
ɩɟɪɫɩɟɤɬɢɜɟ, ɩɥɚɧɢɪɭɟɬɫɹ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɨɩɢɫɚɧɧɵɯ ɜɵɲɟ ɩɪɨɰɟɞɭɪ ɢ ɫɨɡɞɚɧɢɟ 
ɛɢɛɥɢɨɬɟɤ ɝɨɬɨɜɵɯ ɭɡɥɨɜɵɯ ɨɛɴɟɤɬɨɜ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɦɟɬɧɵɯ ɨɛɥɚɫɬɹɯ. 
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