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Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɨɫɧɨɜɧɵɟ ɜɨɩɪɨɫɵ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɹ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɯ ɱɟɪɬɟɠɟɣ ɜ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ. ɉɨɤɚɡɚɧɚ ɚɤɬɭɚɥɶɧɨɫɬɶ ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɭɦɟɧɶɲɟ-
ɧɢɹ ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɚɡɪɚɛɨɬɤɢ, ɩɨɜɵɲɟɧɢɹ ɤɚɱɟɫɬɜɚ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ, ɢɫɤɥɸɱɟɧɢɹ ɧɟɫɨɨɬɜɟɬ-

ɫɬɜɢɣ ɦɟɠɞɭ ɬɚɛɥɢɰɟɣ ɫɨɟɞɢɧɟɧɢɣ, ɬɚɛɥɢɰɟɣ ɤɨɧɬɚɤɬɨɜ ɢ ɝɪɚɮɢɱɟɫɤɢɦ ɢɡɨɛɪɚɠɟɧɢɟɦ ɪɚɫɤɥɚɞɤɢ ɷɥɟɤɬɪɨ-
ɦɨɧɬɚɠɧɨɝɨ ɠɝɭɬɚ. Ɉɛɨɡɧɚɱɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɫɬɪɭɤɬɭɪɵ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. ȼɵɞɟɥɟɧɵ ɨɫɧɨɜ-
ɧɵɟ ɦɨɞɭɥɢ ɨɛɨɛɳɟɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɜɵɩɨɥɧɹɸɳɢɟ ɫɥɟɞɭɸ-

ɳɢɟ ɡɚɞɚɱɢ: ɢɦɩɨɪɬ ɞɚɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜ ɮɨɪɦɚɬɟ ɮɚɣɥɚ ɋАɉɊ; ɷɤɫɩɨɪɬ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ ɩɪɢɥɨ-
ɠɟɧɢɹ ɜ ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɢɯ, ɬɟɤɫɬɨɜɵɯ ɢɥɢ ɛɢɧɚɪɧɵɯ ɮɚɣɥɨɜ ɋАɉɊ; ɩɪɨɜɟɪɤɚ ɤɨɪɪɟɤɬɧɨɫɬɢ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ; 
ɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ; ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɱɟɬɨɜ ɨ ɫɨɫɬɨɹɧɢɢ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ; ɫɢɧɯɪɨɧɢɡɚɰɢɹ ɞɚɧɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ; ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɡɜɟɳɟɧɢɣ ɨɛ ɢɡɦɟɧɟɧɢɹɯ ɩɪɨɟɤɬɧɨɝɨ ɪɟ-
ɲɟɧɢɹ; ɜɢɡɭɚɥɢɡɚɰɢɹ ɞɚɧɧɵɯ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ; ɩɪɨɤɥɚɞɤɚ ɬɪɚɟɤɬɨɪɢɣ ɠɝɭɬɨɜ, ɜɵɱɢɫɥɟɧɢɟ ɫɟɱɟɧɢɣ ɢ ɞɢɚ-
ɦɟɬɪɨɜ ɩɪɨɜɨɞɧɢɤɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɠɝɭɬɵ. 

ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɨɹɧɢɣ ɰɟɩɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɧɚ ɛɚɡɟ ɛɢɛɥɢɨɬɟɤɢ Boost Graph 

Library, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɚɥɝɨɪɢɬɦɟ ɩɨɢɫɤɚ ɜ ɲɢɪɢɧɭ ɧɚ ɝɪɚɮɟ. Ⱦɚɧɚ ɨɛɨɛɳɟɧɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɧɨ-
ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, ɜɵɞɟɥɟɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɨɟɤɬɢ-
ɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɨɝɨ ɠɝɭɬɚ. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɛɢɛɥɢɨɬɟɤɢ ɤɨɦɩɨɧɟɧɬɨɜ ɝɪɚɮɢɱɟ-
ɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ Qt ɞɥɹ ɪɚɡɪɚɛɨɬɤɢ ɢɧɬɟɪɮɟɣɫɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. Ɋɚɡɪɚɛɨɬɚɧɨ ɩɪɢɥɨɠɟɧɢɟ ɞɥɹ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɯ ɱɟɪɬɟɠɟɣ, ɨɛɥɚɞɚɸɳɟɟ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ: ɋАɉɊ-

ɧɟɡɚɜɢɫɢɦɵɣ ɜɜɨɞ, ɯɪɚɧɟɧɢɟ, ɝɪɚɮɢɱɟɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɞɚɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ; ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɞɚɧ-
ɧɵɯ; ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɨɥɭɱɟɧɢɟ ɬɚɛɥɢɰ ɫɨɟɞɢɧɟɧɢɣ ɢ ɤɨɧɬɚɤɬɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ; ɢɧɬɟɪɚɤɬɢɜɧɚɹ ɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɩɪɨɤɥɚɞɤɚ ɠɝɭɬɚ; ɨɬɨɛɪɚɠɟɧɢɟ ɞɢɚɦɟɬɪɚ, ɞɥɢɧɵ ɢ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɜɨɞɨɜ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɫɟɝ-
ɦɟɧɬɚ ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ ɠɝɭɬɚ; ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɱɟɬɨɜ ɨ ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ ɞɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ; ɷɤɫɩɨɪɬ 

ɝɪɚɮɢɤɢ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɨɝɨ ɱɟɪɬɟɠɚ. 
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The main issues of development of program-algorithmic design complex electrical drawings in the instrument are 

reviewed. The urgency of its application for reducing the complexity of the development, quality improvement of the 

design documentation, prevention discrepancies between the connection table, a table of contacts and pictures, layout 

wiring harness are shown. The key principles of the software structure are mentioned. The software main modules are 

shown, which can solve the following problems: electrical schema CAD file data import; export design data in text or 
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binary CAD file format; input data checking and verification; design data storing; data state information reports form-

ing; design and electrical schema data synchronization in order to form change notice reports; design data visualiza-

tion; wire trace routing, wire thread cross section and diameter calculations. 

An algorithm for determining states of circuits circuitry based on the Boost Graph Library is proposed, which is 

formed of the breadth-first search on a graph algorithm. The generalized scheme of software and algorithmic complex, 

the main characteristics needed for solving the problem of designing wiring harness are given. The possibility of using 

a component library for Qt GUI interface development software package is shown. The software for the automatic 

modeling of assembly and switching space is developed. Software features: CAD-independent input, storage, graphical 

display of circuitry data; input data control; automated receiving of connections tables and electrical circuit contacts; 

interactive and automatic wiring harness; mapping of the diameter, length and number of wires at any point of the 

routed harness segment; reporting on data structures current state; wiring drawings export. 

 

Keywords: CAD system, P-CAD, Qt, BGL, Boost Graph Library, SQLite, database, application interface, graph, 

breadth first search. 

 
ȼɜɟɞɟɧиɟ. ȼɵɩɭɫɤ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɨɝɨ ɱɟɪɬɟɠɚ 

ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɫɚɦɵɯ ɬɪɭɞɨɟɦɤɢɯ ɷɬɚɩɨɜ ɜ ɪɚɛɨɬɟ 
ɢɧɠɟɧɟɪɚ-ɤɨɧɫɬɪɭɤɬɨɪɚ ɜ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɢ. ɉɨɥɭɱɢɜ 
ɨɬ ɪɚɡɪɚɛɨɬɱɢɤɚ ɩɪɢɧɰɢɩɢɚɥɶɧɭɸ ɷɥɟɤɬɪɢɱɟɫɤɭɸ 
ɫɯɟɦɭ ɩɪɢɛɨɪɚ, ɤɨɧɫɬɪɭɤɬɨɪ ɞɨɥɠɟɧ ɨɮɨɪɦɢɬɶ ɷɥɟɤ-
ɬɪɨɦɨɧɬɚɠɧɵɣ ɱɟɪɬɟɠ, ɬɚɛɥɢɰɭ ɫɨɟɞɢɧɟɧɢɣ ɢ ɬɚɛɥɢ-
ɰɭ ɤɨɧɬɚɤɬɨɜ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɪɝɚɧɢɡɨɜɚɜ ɨɩɬɢɦɚɥɶ-
ɧɵɦ ɨɛɪɚɡɨɦ ɦɟɠɦɨɞɭɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɪɨɟɤɬɢɪɭɟ-
ɦɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɫ ɭɱɟɬɨɦ ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɬɪɟɛɨɜɚ-
ɧɢɣ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɟɦɭ ɧɟɨɛɯɨɞɢɦɚ ɜɫɹ ɨɩɟɪɚɬɢɜɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɝɟɨɦɟɬɪɢɢ ɩɪɨɤɥɚɞɵɜɚɟɦɵɯ ɠɝɭɬɨɜ, ɢɯ 
ɞɢɚɦɟɬɪɚɯ ɢ ɩɪɨɜɨɞɧɢɤɚɯ ɜ ɥɸɛɨɣ ɬɨɱɤɟ [1]. 
Ɇɧɨɠɟɫɬɜɨ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɨɪɝɚɧɢ-

ɡɚɰɢɢ ɦɟɠɦɨɞɭɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɦɨɠɧɨ ɭɫɥɨɜɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɤɚɬɟɝɨɪɢɢ [2]: 

- ɫɯɟɦɨɬɟɯɧɢɱɟɫɤɢɟ, ɫɨɝɥɚɫɧɨ ɫɩɢɫɤɭ ɰɟɩɟɣ, ɩɪɨ-
ɤɥɚɞɤɟ ɨɬɞɟɥɶɧɵɯ ɰɟɩɟɣ (ɰɟɩɢ ɩɢɬɚɧɢɹ, ɷɤɪɚɧɢɪɨɜɚɧ-
ɧɵɟ ɢ ɬ. ɞ.); 

- ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɟ ɨɛɴɟɦ ɫɜɨ-
ɛɨɞɧɨɝɨ ɦɟɫɬɚ ɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɝɞɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ 
ɩɪɨɯɨɠɞɟɧɢɟ ɦɟɠɦɨɞɭɥɶɧɵɯ ɠɝɭɬɨɜ; 

- ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ, ɧɚɤɥɚɞɵɜɚɸɳɢɟ ɨɝɪɚɧɢɱɟɧɢɹ 
ɧɚ ɢɫɩɨɥɶɡɭɟɦɵɟ ɬɢɩɵ ɩɪɨɜɨɞɨɜ (ɫɜɢɜɤɚ ɩɪɨɜɨɞɨɜ, 
ɧɚɥɢɱɢɟ ɩɥɟɬɟɧɨɤ ɢ ɬ. ɞ.) ɢ ɬɢɩɵ ɷɥɟɤɬɪɨɪɚɞɢɨɢɡɞɟ-
ɥɢɣ (ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɨɤɨɜɨɣ ɧɚɝɪɭɡɤɢ, ɦɚɤɫɢɦɚɥɶɧɨ 
ɞɨɩɭɫɬɢɦɨɟ ɫɭɦɦɚɪɧɨɟ ɫɟɱɟɧɢɟ ɩɪɨɜɨɞɨɜ, ɪɚɫɩɚɢɜɚɟ-
ɦɵɯ ɧɚ ɤɨɧɬɚɤɬɵ ɢ ɬ. ɞ.). 
Ɇɨɧɬɚɠɧɵɣ ɱɟɪɬɟɠ, ɬɚɛɥɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɤɨɧ-

ɬɚɤɬɨɜ ɨɮɨɪɦɥɹɸɬɫɹ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɹɦ ɝɨɫɭɞɚɪ-
ɫɬɜɟɧɧɵɯ ɫɬɚɧɞɚɪɬɨɜ ɢ ɞɨɥɠɧɵ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫɨɨɬ-
ɜɟɬɫɬɜɨɜɚɬɶ ɢɫɯɨɞɧɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ 
ɫɯɟɦɟ [3–6]. 
Ɉɮɨɪɦɥɟɧɢɟ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɨɝɨ ɱɟɪɬɟɠɚ ɭɫɥɨɠ-

ɧɹɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɟɣ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɪɚɡɪɚɛɨɬɱɢɤɚ ɢ 
ɤɨɧɫɬɪɭɤɬɨɪɚ. Ɍɚɤ, ɩɟɪɟɞɚɜ ɚɤɬɭɚɥɶɧɵɣ ɜɚɪɢɚɧɬ ɫɯɟ-
ɦɵ ɤɨɧɫɬɪɭɤɬɨɪɭ, ɪɚɡɪɚɛɨɬɱɢɤ ɦɨɠɟɬ ɩɪɨɞɨɥɠɢɬɶ ɟɟ 
ɦɨɞɟɪɧɢɡɚɰɢɸ. ɉɪɢ ɷɬɨɦ ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɫɢɧɯɪɨɧɢ-
ɡɚɰɢɢ ɢɡɦɟɧɟɧɢɣ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɟ ɫ ɭɠɟ ɪɚɡɪɚ-
ɛɚɬɵɜɚɟɦɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ. Ɂɚɱɚɫɬɭɸ ɤɨɧɫɬɪɭɤɬɨɪ 
ɦɨɠɟɬ ɧɟɹɜɧɨ ɜɧɟɫɬɢ ɢɡɦɟɧɟɧɢɹ ɜ ɫɯɟɦɭ, ɧɚɩɪɢɦɟɪ, 
ɫɦɟɧɢɬɶ ɬɢɩ ɫɨɟɞɢɧɢɬɟɥɹ ɢɥɢ ɩɟɪɟɪɚɫɩɪɟɞɟɥɢɬɶ ɭɡɥɵ 
ɜ ɰɟɩɹɯ, ɢɫɯɨɞɹ ɢɡ ɭɞɨɛɫɬɜɚ ɢɯ ɪɚɫɩɨɥɨɠɟɧɢɹ. ɋɭɳɟ-
ɫɬɜɭɸɳɢɟ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɟ ɤɨɦɩɥɟɤɫɵ ɢ 
ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
(ɋȺɉɊ), ɬɚɤɢɟ ɤɚɤ «Ʉɚɛɟɥɢ ɢ ɠɝɭɬɵ – ɄɈɆɉȺɋ 3D», 
«SOLIDWORKS – SWR ɗɥɟɤɬɪɢɤɚ» ɢ ɞɪ., ɜ ɨɫɧɨɜɧɨɦ 
ɩɪɟɞɩɨɥɚɝɚɸɬ ɨɛɴɟɞɢɧɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢ-
ɱɟɫɤɨɣ ɱɚɫɬɟɣ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ, ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ 

ɭɫɥɨɠɧɹɟɬ ɪɚɡɞɟɥɟɧɢɟ ɡɚɞɚɱ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ [7; 
8]. ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɫɨɜɪɟɦɟɧɧɵɟ ɋȺɉɊ ɩɪɟɞɭ-
ɫɦɚɬɪɢɜɚɸɬ ɧɚɥɢɱɢɟ ɬɪɟɯɦɟɪɧɨɣ ɦɨɞɟɥɢ ɩɪɢɛɨɪɚ, 
ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɧɚ ɦɨɦɟɧɬ ɧɚɱɚɥɚ ɩɪɨ-
ɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɨɝɨ ɱɟɪɬɟɠɚ. Ɍɚɤɠɟ ɤ 
ɧɟɞɨɫɬɚɬɤɚɦ ɬɚɤɢɯ ɫɢɫɬɟɦ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɫɥɨɠɧɨɫɬɶ 
ɧɚɫɬɪɨɣɤɢ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ ɜ ɬɚɛɥɢɰɚɯ ɫɨɟɞɢɧɟ-
ɧɢɣ ɢ ɤɨɧɬɚɤɬɨɜ, ɨɬɫɭɬɫɬɜɢɟ ɢɫɱɟɪɩɵɜɚɸɳɟɣ ɩɨɥɧɨɬɵ 
ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ, ɱɬɨ ɡɚɬɪɭɞɧɹɟɬ ɪɚɛɨɬɭ ɦɨɧɬɚɠ-
ɧɢɤɚ ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɨɲɢɛɤɚɦ ɜ ɪɚɫɩɚɣɤɟ ɩɪɨɜɨ-
ɞɨɜ. ɉɪɢ ɷɬɨɦ ɮɨɪɦɚɥɢɡɚɰɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɨɪɝɚɧɢɡɚ-
ɰɢɢ ɦɟɠɦɨɞɭɥɶɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɋȺɉɊ 
ɫɥɨɠɧɚ ɢ ɦɚɥɨɩɪɢɦɟɧɢɦɚ ɜ ɨɬɟɱɟɫɬɜɟɧɧɨɦ ɩɪɢɛɨɪɨ-
ɫɬɪɨɟɧɢɢ. ɋȺɉɊ-ɧɟɡɚɜɢɫɢɦɵɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢ- 
ɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɯ 
ɱɟɪɬɟɠɟɣ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɩɟɰɢɮɢɤɭ ɩɚɪɚɥɥɟɥɶɧɨɣ 
ɪɚɛɨɬɵ ɢɧɠɟɧɟɪɚ-ɤɨɧɫɬɪɭɤɬɨɪɚ ɢ ɚɞɚɩɬɢɪɨɜɚɧɧɵɣ 
ɞɥɹ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ, ɫɩɨɫɨɛɟɧ ɭɫɤɨ-
ɪɢɬɶ ɜɪɟɦɹ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ ɢ ɫɭɳɟɫɬ-
ɜɟɧɧɨ ɩɨɜɵɫɢɬɶ ɟɝɨ ɤɚɱɟɫɬɜɨ. 
ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɜ ɈȺɈ «ɇɉɐ «ɉɨɥɸɫ» ɪɚɡ-

ɪɚɛɚɬɵɜɚɟɬɫɹ ɩɨɞɨɛɧɵɣ ɤɨɦɩɥɟɤɫ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɢɬ 
ɪɚɡɪɚɛɨɬɱɢɤɭ ɢ ɤɨɧɫɬɪɭɤɬɨɪɭ ɞɟɣɫɬɜɨɜɚɬɶ ɩɚɪɚɥɥɟɥɶ-
ɧɨ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɢɧɯɪɨɧɢɡɢɪɨɜɚɬɶ ɞɚɧɧɵɟ, ɮɨɪɦɢ-
ɪɨɜɚɬɶ ɢɡɜɟɳɟɧɢɹ ɨɛ ɢɡɦɟɧɟɧɢɹɯ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɬɟɯɧɢɱɟɫɤɢɦ ɡɚɞɚɧɢɟɦ «Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɬɚɛɥɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɬɚɛɥɢɰɵ ɤɨɧɬɚɤɬɨɜ. 
ȼɢɡɭɚɥɶɧɚɹ ɩɪɨɤɥɚɞɤɚ ɠɝɭɬɚ» ɜ ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɨɬ-
ɞɟɥɵ ɩɪɟɞɩɪɢɹɬɢɹ ɩɟɪɟɞɚɧɨ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟ-
ɧɢɟ, ɞɚɸɳɟɟ ɜɨɡɦɨɠɧɨɫɬɶ ɟɳɟ ɞɨ ɧɚɱɚɥɚ ɩɪɨɟɤɬɢɪɨ-
ɜɚɧɢɹ 3D-ɦɨɞɟɥɢ ɩɪɢɛɨɪɚ ɨɰɟɧɢɜɚɬɶ ɪɚɫɤɥɚɞɤɭ ɠɝɭ-
ɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɯ ɞɢɚɦɟɬɪɵ ɢ ɫɟɱɟɧɢɹ ɜ ɥɸɛɨɣ 
ɬɨɱɤɟ, ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɩɨɥɭɱɚɬɶ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɣ 
ɱɟɪɬɟɠ, ɬɚɛɥɢɰɵ ɫɨɟɞɢɧɟɧɢɣ ɢ ɤɨɧɬɚɤɬɨɜ, ɨɮɨɪɦɥɟɧ-
ɧɵɟ ɩɨ ɫɬɚɧɞɚɪɬɭ. Ʉɨɦɩɥɟɤɫ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɫɧɨɜɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɨ-
ɝɪɚɦɦɧɵɦ ɩɪɨɞɭɤɬɚɦ, ɢ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚɦɢ: 

- ɋȺɉɊ-ɧɟɡɚɜɢɫɢɦɵɣ ɜɜɨɞ, ɯɪɚɧɟɧɢɟ, ɝɪɚɮɢɱɟ-
ɫɤɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɞɚɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ; 

- ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɞɚɧɧɵɯ; 
- ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɨɥɭɱɟɧɢɟ ɬɚɛɥɢɰ ɫɨɟɞɢ-

ɧɟɧɢɣ ɢ ɤɨɧɬɚɤɬɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ; 
- ɢɧɬɟɪɚɤɬɢɜɧɚɹ ɢ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɩɪɨɤɥɚɞɤɚ 

ɠɝɭɬɚ; 
- ɨɬɨɛɪɚɠɟɧɢɟ ɞɢɚɦɟɬɪɚ, ɞɥɢɧɵ ɢ ɤɨɥɢɱɟɫɬɜɚ 

ɩɪɨɜɨɞɨɜ ɜ ɥɸɛɨɣ ɬɨɱɤɟ ɫɟɝɦɟɧɬɚ ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ 
ɠɝɭɬɚ; 
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- ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɱɟɬɨɜ ɨ ɬɟɤɭɳɟɦ ɫɨɫɬɨɹɧɢɢ 
ɞɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ; 

- ɷɤɫɩɨɪɬ ɝɪɚɮɢɤɢ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɨɝɨ ɱɟɪɬɟɠɚ. 
Ɋɚɡɪɚɛɚɬɵɜɚɟɦɵɣ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɢɣ 

ɤɨɦɩɥɟɤɫ ɪɟɚɥɢɡɨɜɚɧ ɜ ɜɢɞɟ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɪɨɞɭɤɬɚ 
(ɩɪɢɥɨɠɟɧɢɹ) ɫ ɫɨɜɪɟɦɟɧɧɵɦ ɝɪɚɮɢɱɟɫɤɢɦ ɩɨɥɶɡɨɜɚ-
ɬɟɥɶɫɤɢɦ ɢɧɬɟɪɮɟɣɫɨɦ. ɉɪɢɥɨɠɟɧɢɟ ɧɟ ɧɚɪɭɲɚɟɬ ɥɢ-
ɰɟɧɡɢɨɧɧɵɟ ɫɨɝɥɚɲɟɧɢɹ ɢ ɦɨɠɟɬ ɩɨɫɬɚɜɥɹɬɶɫɹ ɫ ɨɬ-
ɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɝɪɚɮɢɱɟɫɤɨɝɨ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚɪɢɹ ɩɪɢɦɟɧɹɟɬɫɹ ɛɢɛɥɢɨ-
ɬɟɤɚ ɤɨɦɩɨɧɟɧɬɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɢɧɬɟɪɮɟɣɫɚ Qt, ɲɢ-
ɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɨɜɪɟɦɟɧɧɵɯ 
ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɢ ɩɨɫɬɚɜɥɹɟɦɚɹ ɫ ɨɬɤɪɵɬɵɦ 
ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ ɩɨɞ ɥɢɰɟɧɡɢɟɣ LGPL [9; 10]. Ɉɧɚ 
ɹɜɥɹɟɬɫɹ ɩɟɪɟɧɨɫɢɦɨɣ ɦɟɠɞɭ ɩɥɚɬɮɨɪɦɚɦɢ ɢ ɯɨɪɨɲɨ 
ɚɞɚɩɬɢɪɨɜɚɧɚ ɤ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɫ ɞɪɭɝɢɦɢ ɛɢɛɥɢɨɬɟ-
ɤɚɦɢ [11; 12]. Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɪɚɫɤɥɚɞɤɢ ɠɝɭɬɨɜ, 
ɯɪɚɧɟɧɢɹ ɢ ɨɬɨɛɪɚɠɟɧɢɹ ɞɚɧɧɵɯ ɫɥɭɠɢɬ ɋ++ ɛɢɛɥɢɨ-
ɬɟɤɚ ɝɪɚɮɨɜɵɯ ɚɥɝɨɪɢɬɦɨɜ BGL (Boost Graph Library), 
ɤɨɬɨɪɚɹ ɬɚɤɠɟ ɢɦɟɟɬ ɨɬɤɪɵɬɵɣ ɢɫɯɨɞɧɵɣ ɤɨɞ ɢ ɫɩɨ-
ɫɨɛɧɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɫɤɨɪɢɬɶ ɪɚɡɪɚɛɨɬɤɭ ɝɪɚɮɨɜɵɯ 
ɚɥɝɨɪɢɬɦɨɜ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɫɨɫɬɚɜ ɤɨɦɩɥɟɤɫɚ [13]. Ⱦɥɹ 
ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɨ ɪɚɡɪɟɲɟɧɧɵɯ ɬɢɩɚɯ ɩɪɨɜɨɞɨɜ, 
ɪɚɡɴɟɦɨɜ ɢ ɫɨɟɞɢɧɢɬɟɥɟɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɫɩɪɨ-
ɟɤɬɢɪɨɜɚɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɛɚɡɵ ɞɚɧɧɵɯ ɫ ɫɢɫɬɟ-
ɦɨɣ ɭɩɪɚɜɥɟɧɢɹ SQLite, ɩɨɞɞɟɪɠɢɜɚɸɳɟɣ ɫɬɚɧɞɚɪɬ-
ɧɵɟ ɡɚɩɪɨɫɵ, ɬɪɚɧɡɚɤɰɢɢ ɢ ɦɟɯɚɧɢɡɦ ɦɧɨɝɨɩɨɥɶɡɨɜɚ-
ɬɟɥɶɫɤɨɝɨ ɱɬɟɧɢɹ ɞɚɧɧɵɯ. 
Ɉɫɧɨɜɧɵɟ ɦɨɞɭɥɢ ɨɛɨɛɳɟɧɧɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɵ 

ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨ-ɚɥɝɨɪɢɬɦɢɱɟɫɤɨɝɨ ɤɨɦ-
ɩɥɟɤɫɚ (ɪɢɫ. 1) ɜɵɩɨɥɧɹɸɬ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

- ɢɦɩɨɪɬ ɞɚɧɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜ ɮɨɪɦɚ-
ɬɟ ɮɚɣɥɚ ɋȺɉɊ ɢɥɢ ɜɧɭɬɪɟɧɧɟɝɨ ɮɚɣɥɚ ɩɪɨɟɤɬɚ ɩɪɢ-
ɥɨɠɟɧɢɹ; 

- ɷɤɫɩɨɪɬ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ ɩɪɢɥɨɠɟɧɢɹ ɜ ɜɢɞɟ 
ɝɪɚɮɢɱɟɫɤɢɯ, ɬɟɤɫɬɨɜɵɯ ɢɥɢ ɛɢɧɚɪɧɵɯ ɮɚɣɥɨɜ ɋȺɉɊ; 

- ɩɪɨɜɟɪɤɭ ɤɨɪɪɟɤɬɧɨɫɬɢ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ; 
- ɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ ɩɪɨɟɤɬɚ; 
- ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɬɱɟɬɨɜ ɨ ɫɨɫɬɨɹɧɢɢ ɞɚɧɧɵɯ 

ɩɪɨɟɤɬɚ; 
- ɫɢɧɯɪɨɧɢɡɚɰɢɸ ɞɚɧɧɵɯ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɧɨɜɨɣ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ, ɮɨɪɦɢɪɨ-
ɜɚɧɢɟ ɢɡɜɟɳɟɧɢɣ ɨɛ ɢɡɦɟɧɟɧɢɹɯ ɩɪɨɟɤɬɚ; 

- ɜɢɡɭɚɥɢɡɚɰɢɸ ɞɚɧɧɵɯ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ; 
- ɩɪɨɤɥɚɞɤɭ ɬɪɚɟɤɬɨɪɢɣ ɠɝɭɬɨɜ, ɜɵɱɢɫɥɟɧɢɹ ɫɟ-

ɱɟɧɢɣ ɢ ɞɢɚɦɟɬɪɨɜ ɩɪɨɜɨɞɧɢɤɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɠɝɭɬɵ. 

ɉɪɢ ɪɚɛɨɬɟ ɩɪɢɥɨɠɟɧɢɹ (ɪɢɫ. 2) ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞ-
ɧɵɯ ɞɚɧɧɵɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɚɣɥ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɜ ɮɨɪɦɚɬɟ P-CAD 2006 Sche-
matic. 
Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɢɧɬɟɪɮɟɣɫ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɢɥɨ-

ɠɟɧɢɹ (ɪɢɫ. 3) ɩɨɡɜɨɥɹɟɬ ɤɨɧɫɬɪɭɤɬɨɪɭ ɜɢɞɟɬɶ ɚɤɬɭ-
ɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɩɪɨɟɤɬɧɨɝɨ ɪɟɲɟɧɢɹ: ɫɬɚɬɭɫ ɥɸɛɨɝɨ 
ɨɛɴɟɤɬɚ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧ ɫɜɨɟɣ ɢɤɨɧɤɨɣ ɢ ɰɜɟɬɨɦ, 
ɱɬɨ ɫɭɳɟɫɬɜɟɧɧɨ ɨɛɥɟɝɱɚɟɬ ɧɚɜɢɝɚɰɢɸ ɩɨ ɨɛɴɟɤɬɚɦ ɢ 
ɢɯ ɫɜɨɣɫɬɜɚɦ. ɂɧɬɟɪɮɟɣɫ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɢɥɨɠɟɧɢɹ 
ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: 

- ɫɬɪɨɤɚ ɦɟɧɸ 1, ɤɨɬɨɪɚɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɛɵɫɬ-
ɪɨɝɨ ɞɨɫɬɭɩɚ ɤ ɨɫɧɨɜɧɨɦɭ ɮɭɧɤɰɢɨɧɚɥɭ ɩɪɢɥɨɠɟɧɢɹ; 

- ɩɚɧɟɥɶ ɤɨɦɩɨɧɟɧɬɨɜ ɫɯɟɦɵ 2, ɫɥɭɠɚɳɚɹ ɞɥɹ 
ɨɬɨɛɪɚɠɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɨɧɟɧɬɨɜ ɫɯɟɦɵ, ɧɚɜɢɝɚ-
ɰɢɢ ɩɨ ɤɨɦɩɨɧɟɧɬɚɦ, ɚ ɬɚɤɠɟ ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɮɭɧɤɰɢɨ-
ɧɚɥɭ ɞɨɛɚɜɥɟɧɢɹ, ɭɞɚɥɟɧɢɹ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɤɨɦɩɨ-
ɧɟɧɬɨɜ ɫɯɟɦɵ; 

- ɩɚɧɟɥɶ ɰɟɩɟɣ ɫɯɟɦɵ 3, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ 
ɨɬɨɛɪɚɠɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɰɟɩɟɣ ɫɯɟɦɵ, ɧɚɜɢɝɚɰɢɢ ɩɨ 
ɰɟɩɹɦ, ɚ ɬɚɤɠɟ ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɮɭɧɤɰɢɨɧɚɥɭ ɞɨɛɚɜɥɟ-
ɧɢɹ, ɭɞɚɥɟɧɢɹ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɰɟɩɟɣ ɫɯɟɦɵ; 

- ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢɥɨɠɟɧɢɹ 4; 
– ɩɚɧɟɥɶ ɩɪɨɜɨɞɨɜ ɫɯɟɦɵ 5. 
Ⱦɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɢɧɞɢɤɚɰɢɢ 

ɫɨɫɬɨɹɧɢɣ ɰɟɩɟɣ, ɪɚɡɜɨɞɢɦɵɯ ɜ ɩɪɨɟɤɬɟ ɫɯɟɦɵ, ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ API-ɛɢɛɥɢɨɬɟɤɚ BGL. ɉɪɢ ɷɬɨɦ ɤɚɠɞɚɹ 
ɰɟɩɶ ɫɯɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɝɪɚɮɨɦ, ɭɡɥɵ ɤɨɬɨɪɨɝɨ – 
ɤɨɧɬɚɤɬɵ ɤɨɦɩɨɧɟɧɬɨɜ ɫɯɟɦɵ, ɚ ɪɟɛɪɚ – ɫɨɟɞɢɧɟɧɢɹ ɫ 
ɫɨɩɨɫɬɚɜɥɟɧɧɵɦɢ ɢɦ ɧɚɛɨɪɚɦɢ ɩɪɨɜɨɞɧɢɤɨɜ. Ȼɢɛɥɢɨ-
ɬɟɤɚ BGL ɢɦɟɟɬ ɪɹɞ ɝɨɬɨɜɵɯ ɤ ɩɪɢɦɟɧɟɧɢɸ ɝɪɚɮɨɜɵɯ 
ɚɥɝɨɪɢɬɦɨɜ: ɩɨɢɫɤ ɜ ɲɢɪɢɧɭ, ɩɨɢɫɤ ɜ ɝɥɭɛɢɧɭ, ɩɨɢɫɤ 
ɩɭɬɟɣ ɧɚ ɝɪɚɮɟ. ȼ ɧɟɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɨɧɰɟɩɰɢɹ «ɩɨɫɟ-
ɬɢɬɟɥɹ» ɚɥɝɨɪɢɬɦɚ, ɩɨɡɜɨɥɹɸɳɚɹ ɚɞɚɩɬɢɪɨɜɚɬɶ ɬɨɬ 
ɢɥɢ ɢɧɨɣ ɝɪɚɮɨɜɵɣ ɚɥɝɨɪɢɬɦ ɩɨɞ ɤɨɧɤɪɟɬɧɭɸ ɡɚɞɚɱɭ 
ɩɪɨɝɪɚɦɦɢɫɬɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ 
ɰɟɩɢ ɩɪɢɦɟɧɟɧ ɚɥɝɨɪɢɬɦ (ɪɢɫ. 4), ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭɟɬ 
ɧɨɦɟɪɚ ɫɨɫɬɨɹɧɢɣ ɰɟɩɟɣ: 0 – ɰɟɩɶ ɧɟ ɪɚɡɜɟɞɟɧɚ, 1 – 
ɰɟɩɶ ɪɚɡɜɟɞɟɧɚ ɛɟɡ ɢɡɛɵɬɨɱɧɨɫɬɢ (ɜ ɝɪɚɮɟ ɰɟɩɢ ɫɭɳɟ-
ɫɬɜɭɟɬ ɟɞɢɧɫɬɜɟɧɧɵɣ ɩɭɬɶ, ɫɨɫɬɚɜɥɟɧɧɵɣ ɢɡ ɟɝɨ ɪɟ-
ɛɟɪ, ɫɨɟɞɢɧɹɸɳɢɣ ɜɫɟ ɟɝɨ ɭɡɥɵ), 2 – ɰɟɩɶ ɪɚɡɜɟɞɟɧɚ  
ɫ ɢɡɛɵɬɨɱɧɨɫɬɶɸ (ɜ ɝɪɚɮɟ ɰɟɩɢ ɫɭɳɟɫɬɜɭɸɬ ɧɟɫɤɨɥɶɤɨ 
ɩɭɬɟɣ, ɫɨɟɞɢɧɹɸɳɢɯ ɜɫɟ ɟɝɨ ɭɡɥɵ). ɋɨɫɬɨɹɧɢɹ ɰɟɩɟɣ 
ɨɬɨɛɪɚɠɚɸɬɫɹ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɩɚɧɟɥɢ ɩɪɢɥɨɠɟ-
ɧɢɹ (ɪɢɫ. 5). 

  
 

 
 

Ɋɢɫ. 1. Ɉɛɨɛɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɪɢɥɨɠɟɧɢɹ 



 

 
 

Мɚɬɟɦɚɬɢɤɚ, ɦɟɯɚɧɢɤɚ, ɢɧɮɨɪɦɚɬɢɤɚ 
 

 77

 
 

Ɋɢɫ. 2. Ɉɛɨɛɳɟɧɧɚɹ ɫɯɟɦɚ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɹ 
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Ɋɢɫ. 5. ɉɚɧɟɥɶ ɰɟɩɟɣ ɝɥɚɜɧɨɝɨ ɨɤɧɚ ɩɪɢɥɨɠɟɧɢɹ 
 

Ɂɚɤɥючɟɧиɟ. ɋɨɛɫɬɜɟɧɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɈȺɈ «ɇɚ-
ɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɰɟɧɬɪ «ɉɨɥɸɫ» ɭɦɟɧɶɲɚɟɬ 
ɬɪɭɞɨɟɦɤɨɫɬɶ ɜɵɩɭɫɤɚ ɷɥɟɤɬɪɨɦɨɧɬɚɠɧɵɯ ɱɟɪɬɟɠɟɣ, 

ɢɫɤɥɸɱɚɟɬ ɧɟɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɬɚɛɥɢɰɟɣ ɫɨɟɞɢɧɟ-
ɧɢɣ, ɬɚɛɥɢɰɟɣ ɤɨɧɬɚɤɬɨɜ ɢ ɝɪɚɮɢɱɟɫɤɢɦ ɢɡɨɛɪɚɠɟɧɢ-

ɟɦ ɪɚɫɤɥɚɞɤɢ ɠɝɭɬɚ ɢ ɭɫɩɟɲɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɨɧɫɬ-
ɪɭɤɬɨɪɫɤɢɯ ɛɸɪɨ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɪɚɛɨɬɵ ɢɧɠɟɧɟ-
ɪɨɜ-ɤɨɧɫɬɪɭɤɬɨɪɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɥɚɧɢɪɭɟɬɫɹ ɨɫɭ-
ɳɟɫɬɜɢɬɶ ɢɧɬɟɝɪɚɰɢɸ ɩɪɢɥɨɠɟɧɢɹ ɫ ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ 

ɧɚ ɩɪɟɞɩɪɢɹɬɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜ-
ɥɟɧɢɹ ɢɧɠɟɧɟɪɧɵɦɢ ɞɚɧɧɵɦɢ ɢ ɩɪɨɢɡɜɨɞɫɬɜɨɦ, ɚ 
ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɬɶ ɢɧɫɬɪɭɦɟɧɬ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɞɚɧɧɵɯ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɢ ɤɨɧɫɬɪɭɤɰɢɢ [14; 15]. 
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