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ǜǱǳȊǸǱ 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɧɬɟɝɪɚɰɢɢ ɷɬɚɩɨɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɵɫɨɤɨɬɨɱɧɵɯ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɞɟɬɚɥɟɣ 
ɤɨɚɤɫɢɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɨɜ ɧɚ ɫɬɚɧɤɚɯ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨ-
ɫɬɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɟɬɚɥɟɣ ɢ ɫɬɚɧɞɚɪɬɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ CAM-ɫɢɫɬɟɦ. ȼ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɟɨɪɟ-
ɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ – ɤɥɚɫɫɢɮɢɤɚɰɢɨɧɧɵɣ ɚɧɚɥɢɡ ɢ ɨɛɨɛɳɟɧɢɟ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɦɟɬɨɞɢɤɢ ɫɨɡɞɚɧɢɹ ɢ ɜɟ-
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ɪɢɮɢɤɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. Ɋɚɡɪɚɛɨɬɚɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɷɬɢɯ ɞɟɬɚɥɟɣ ɩɨ ɬɢɩɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɢɩɨɜɵɦ ɤɨɧ-
ɫɬɪɭɤɰɢɹɦ, ɫɟɪɢɣɧɨɫɬɢ, ɩɚɪɚɦɟɬɪɚɦ ɤɨɧɫɬɪɭɤɬɢɜɧɨɝɨ ɢɫɩɨɥɧɟɧɢɹ, ɢɧɫɬɪɭɦɟɧɬɭ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɲɢɪɹɟ-
ɦɨɫɬɢ ɮɭɧɤɰɢɣ CAM-ɫɢɫɬɟɦ, ɫɭɳɟɫɬɜɭɸɳɢɟ ɦɟɬɨɞɢɤɢ ɫɨɡɞɚɧɢɹ, ɩɪɨɜɟɪɤɢ ɢ ɨɬɥɚɞɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. ɉɪɢɜɟ-
ɞɟɧ ɩɪɢɦɟɪ ɭɫɩɟɲɧɨɝɨ ɪɚɫɲɢɪɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɬɚɧɞɚɪɬɧɨɣ CAM-ɫɢɫɬɟɦɵ ɜ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – ɦɨɞɭɥɶ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɪɟɠɢɦɚ ɪɟɡɚɧɢɹ ɡɚ ɫɱɟɬ ɧɚɫɬɪɨɣɤɢ ɜɡɚɢɦɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɤɢ. ȼɵɪɚɛɨɬɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɪɚɡɪɚɛɨɬɤɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɤɨɦɛɢɧɢɪɨɜɚɧ-
ɧɨɣ ɦɟɬɨɞɢɤɢ ɫɨɡɞɚɧɢɹ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɜɟɪɢɮɢ-
ɤɚɰɢɢ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɥɚɞɤɢ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɚɧɤɟ. Ɇɟɬɨɞɢɤɚ ɜɤɥɸɱɚɟɬ ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɩɪɚɜɨɱɧɢɤɨɜ ɨɬɪɚɛɨɬɚɧɧɵɯ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪ ɡɚɭɫɟɧɰɟɜ 
ɦɢɧɢɦɚɥɶɧɵ, ɚ ɬɚɤɠɟ ɛɢɛɥɢɨɬɟɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ, ɨɫɧɚɳɟɧɧɨɣ ɫɢɫɬɟɦɨɣ ɩɨɢɫɤɚ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɪɚɡɥɢɱɢɹ ɢɫ-
ɩɨɥɧɟɧɢɣ ɞɟɬɚɥɟɣ, ɩɪɢɦɟɧɹɟɦɵɦ ɦɚɬɟɪɢɚɥɚɦ, ɢɧɫɬɪɭɦɟɧɬɭ. Ɇɟɬɨɞɢɤɚ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɬɪɭɞɨɡɚɬɪɚɬ 
ɬɟɯɧɨɥɨɝɚ-ɩɪɨɝɪɚɦɦɢɫɬɚ ɧɚ ɫɨɡɞɚɧɢɟ, ɩɪɨɜɟɪɤɭ ɢ ɨɬɥɚɞɤɭ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ, ɢ ɫɧɢɠɟɧɢɹ ɫɬɚɧɤɨɟɦɤɨɫɬɢ ɨɩɵɬɧɵɯ 
ɪɚɛɨɬ ɩɨ ɩɪɨɜɟɞɟɧɢɸ ɧɚɬɭɪɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. 

КǷȊȃǱǮȇǱ ǽǷǺǮǬ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɩɨɞɝɨɬɨɜɤɚ ɩɪɨɢɡɜɨɞɫɬɜɚ, CAM-ɫɢɫɬɟɦɚ, ɭɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ, ɫɬɚɧɤɢ ɫ ɱɢɫɥɨɜɵɦ ɩɪɨɝɪɚɦɦɧɵɦ 
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further simulate the methodology of creating and verifying control programs. A classification of these parts has been developed 

by the type of equipment, standard designs, serial production, design parameters, and tool. The possibilities of the extensibility of 

the functions of CAM systems, the existing methods of creating, testing and debugging control programs are considered. An 

example of a successful expansion of the functionality of a standard CAM system in the radio-electronic industry is given – a 

module for increasing machining accuracy without changing the cutting mode by adjusting the mutual positioning of the tool and 

the workpiece. Requirements for the formulation of a specialized combined methodology of creating and verifying control pro-

grams using the existing verification capabilities and minimal use of debugging and verification directly on the machine have 

been developed. The methodology includes the creation and use of reference books of job-proved processing modes, in which the 

number and size of burrs are minimal, as well as a library of control programs equipped with a search system for the parameters 

of differences in the design of parts, the materials used, and the tool. The methodology is intended to minimize the labor costs of 

the programmer technologist to create, verify and debug control programs, and to reduce the machining content of experimental 
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ǎǮǱǰǱǹǴǱ 
Ⱦɟɬɚɥɢ ɤɨɚɤɫɢɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɨɜ ɹɜɥɹ-

ɸɬɫɹ ɦɚɥɨɝɚɛɚɪɢɬɧɵɦɢ, ɜɵɫɨɤɨɬɨɱɧɵɦɢ ɢ ɢɡɝɨɬɚɜ-
ɥɢɜɚɸɬɫɹ ɢɡ ɬɪɭɞɧɨɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ. 
Ɍɨɱɧɨɫɬɶ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɨɫɬɢɝɚɟɬ 7 ɤɜɚɥɢɬɟɬɚ, ɝɚɛɚ-
ɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɨɬ 0,39 ɞɨ 6 ɦɦ ɜ ɞɢɚɦɟɬɪɟ ɢ ɞɥɢ-
ɧɨɣ ɞɨ 15 ɦɦ. ȼɵɛɨɪ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɨɝɪɚɧɢɱɟɧ ɬɟɯɧɢɱɟɫɤɢɦɢ ɬɪɟɛɨɜɚɧɢɹɦɢ [1, 2]. Ⱦɥɹ 
ɜɵɩɭɫɤɚ ɜɧɭɬɪɟɧɧɢɯ ɢ ɧɚɪɭɠɧɵɯ ɩɪɨɜɨɞɧɢɤɨɜ ɝɟɪ-
ɦɟɬɢɱɧɵɯ ɤɨɚɤɫɢɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɨɜ ɢɫɩɨɥɶ-
ɡɭɸɬ ɤɨɜɚɪ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɝɟɪɦɟɬɢɱɧɵɣ 
ɫɩɚɣ ɫɨ ɫɬɟɤɥɨɦ ɋ52-1 ɛɥɚɝɨɞɚɪɹ ɫɨɝɥɚɫɨɜɚɧɧɵɦ ɩɨ 
ɜɟɥɢɱɢɧɟ ɤɨɷɮɮɢɰɢɟɧɬɚɦ ɬɟɪɦɢɱɟɫɤɨɝɨ ɪɚɫɲɢɪɟɧɢɹ 

ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ [3]. Ⱦɟɬɚɥɢ ɧɟɝɟɪɦɟɬɢɱɧɵɯ ɤɨɚɤɫɢ-
ɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɨɜ ɜɵɩɭɫɤɚɸɬ ɢɡ ɥɚɬɭɧɢ ɢɥɢ 
ɛɟɪɢɥɥɢɟɜɨɣ ɛɪɨɧɡɵ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɩɪɭɠɢɧɹɳɢ-
ɦɢ ɫɜɨɣɫɬɜɚɦɢ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɟɨɛɯɨɞɢɦɵɦɢ ɞɥɹ 
ɩɥɨɬɧɨɝɨ ɨɛɠɚɬɢɹ ɥɚɦɟɥɟɣ ɩɪɢ ɫɛɨɪɤɟ. ɉɪɢ ɥɟɡɜɢɣ-
ɧɨɣ ɦɟɯɚɧɨɨɛɪɚɛɨɬɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ ɞɟɬɚɥɟɣ ɢɡ 
ɦɚɬɟɪɢɚɥɨɜ ɨɛɪɚɡɭɸɬɫɹ ɡɚɭɫɟɧɰɵ, ɩɪɟɞɨɬɜɪɚɬɢɬɶ 
ɩɨɹɜɥɟɧɢɟ ɤɨɬɨɪɵɯ ɧɟ ɩɨɥɭɱɚɟɬɫɹ. Ɉɞɧɚɤɨ ɤɨɧɬɪɨɥɶ 
ɩɚɪɚɦɟɬɪɨɜ ɡɚɭɫɟɧɰɟɜ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢ-
ɡɢɬɶ ɢɡɞɟɪɠɤɢ ɧɚ ɢɯ ɭɞɚɥɟɧɢɟ. Ⱦɥɹ ɦɢɧɢɦɢɡɚɰɢɢ 
ɤɨɥɢɱɟɫɬɜɚ ɢ ɪɚɡɦɟɪɨɜ ɡɚɭɫɟɧɰɟɜ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨ-
ɜɨɞɢɬɶ ɩɨɞɛɨɪ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɪɟɠɢɦɨɜ ɥɟɡɜɢɣɧɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɚ ɜɨ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɪɨ-
ɢɡɜɨɞɢɬɶ ɡɚɦɟɪɵ ɤɚɤ ɝɚɛɚɪɢɬɧɵɯ ɪɚɡɦɟɪɨɜ, ɬɚɤ ɢ 
ɡɚɭɫɟɧɰɟɜ. Ɍɚɤɨɣ ɷɬɚɩ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɬɪɟ-
ɛɭɟɬ ɢɡɭɱɟɧɢɹ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ɞɢɚɩɚɡɨɧɨɜ ɞɥɹ 
ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɭɫɬɚɧɨɜɤɢ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟ-
ɧɢɣ ɢ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɬɚɧɤɚɯ ɫ ɱɢɫɥɨɜɵɦ 
ɩɪɨɝɪɚɦɦɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ (ɑɉɍ). ɂɫɩɵɬɚɧɢɟ ɩɪɨ-
ɜɨɞɢɬɫɹ ɞɨ ɩɨɥɭɱɟɧɢɹ ɞɨɩɭɫɬɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɢ 
ɪɚɡɦɟɪɨɜ ɡɚɭɫɟɧɰɟɜ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɩɟɪɢɨɞɚ ɜɪɟɦɟ-
ɧɢ, ɩɨɡɜɨɥɹɸɳɟɝɨ ɨɰɟɧɢɬɶ ɜɵɩɨɥɧɟɧɢɟ ɬɪɟɛɨɜɚɧɢɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɞɨɩɭ-
ɫɬɢɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɡɚɭɫɟɧɰɟɜ. ɂɡɞɟɪɠɤɢ ɧɚ ɫɨɡɞɚ-
ɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɢ ɧɚɬɭɪɧɵɟ ɢɫɩɵɬɚɧɢɹ 
ɦɨɠɧɨ ɫɨɤɪɚɬɢɬɶ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɪɹɞɚ ɦɟɪɨ-
ɩɪɢɹɬɢɣ ɩɨ ɢɧɬɟɝɪɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɚɧɤɚɯ ɫ 
ɑɉɍ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɧɬɟɝɪɚɰɢɢ ɩɪɨɰɟɫɫɨɜ ɪɚɡɪɚɛɨɬ-
ɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɢ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ 
ɧɚ ɫɬɚɧɤɚɯ ɫ ɑɉɍ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚ-
ɧɢɟ ɫɥɟɞɭɸɳɢɯ ɜɨɩɪɨɫɨɜ [8–11]: 

– ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɞɟɬɚɥɟɣ ɩɨ ɬɢɩɭ ɨɛɨɪɭɞɨɜɚɧɢɹ,
ɜɢɞɚɦ, ɫɟɪɢɣɧɨɫɬɢ, ɢɡɦɟɧɹɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ ɜɧɭɬɪɢ 
ɜɢɞɚ, ɦɚɬɟɪɢɚɥɚɦ, ɢɧɫɬɪɭɦɟɧɬɭ; 

– ɪɚɫɲɢɪɹɟɦɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨ-
ɫɬɟɣ CAM-ɫɢɫɬɟɦ; 

– ɦɟɬɨɞɢɤɢ ɜɟɪɢɮɢɤɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨ-
ɝɪɚɦɦ; 

– ɦɟɬɨɞɢɤɢ ɫɨɡɞɚɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɫ
ɭɱɟɬɨɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɞɟɬɚɥɟɣ. 

КǷǬǽǽǴȀǴǶǬȂǴȋ ǰǱǾǬǷǱǵ ǻǺ ǾǴǻǿ ǺǭǺǼǿǰǺǮǬǹǴȋ, 
ǽǱǼǴǵǹǺǽǾǴ, ǾǴǻǺǮȇǸ ǶǺǹǽǾǼǿǶȂǴȋǸ 
ǽ ǴǳǸǱǹȋǱǸȇǸǴ ǻǬǼǬǸǱǾǼǬǸǴ, ǸǬǾǱǼǴǬǷǬǸ, 
ǴǹǽǾǼǿǸǱǹǾǿ 

ɉɨ ɬɪɭɞɧɨɞɨɫɬɭɩɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɥɹ ɭɞɚɥɟ-
ɧɢɹ ɡɚɭɫɟɧɰɟɜ ɞɟɬɚɥɢ ɤɨɚɤɫɢɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨ-
ɧɟɧɬɨɜ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɜɧɭɬɪɟɧɧɢɟ 
ɩɪɨɜɨɞɧɢɤɢ – ɞɟɬɚɥɢ, ɧɟ ɢɦɟɸɳɢɟ ɜɧɭɬɪɟɧɧɢɯ 
ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɧɚɪɭɠɧɵɟ ɩɪɨɜɨɞ-
ɧɢɤɢ – ɞɟɬɚɥɢ, ɢɦɟɸɳɢɟ ɜɧɭɬɪɟɧɧɢɟ ɬɪɭɞɧɨɞɨɫɬɭɩ-
ɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɩɚɡɵ, ɤɚɪɦɚɧɵ, ɤɚɧɚɜɤɢ ɢ ɬ. ɩ.). 
ɍɞɚɥɟɧɢɟ ɡɚɭɫɟɧɰɟɜ ɫ ɜɧɭɬɪɟɧɧɢɯ ɩɪɨɜɨɞɧɢɤɨɜ (ɨɫɢ, 
ɜɬɭɥɤɢ ɢ ɬ. ɩ.) ɥɟɝɤɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ ɝɚɥɬɨɜɨɱɧɨɦ 
ɛɚɪɚɛɚɧɟ, ɢ ɞɨɩɭɫɬɢɦɨ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟ-
ɫɬɜɨ ɛɨɥɟɟ ɤɪɭɩɧɵɯ ɡɚɭɫɟɧɰɟɜ. ɍɞɚɥɢɬɶ ɡɚɭɫɟɧɰɵ ɢ 
ɫɤɪɭɝɥɢɬɶ ɨɫɬɪɵɟ ɤɪɨɦɤɢ ɞɟɬɚɥɟɣ, ɢɦɟɸɳɢɯ ɜɧɭɬ-
ɪɟɧɧɢɟ ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɥɨɠɧɟɟ. 
Ɉɬɤɚɡɚɬɶɫɹ ɨɬ ɭɞɚɥɟɧɢɹ ɡɚɭɫɟɧɰɟɜ ɜɪɭɱɧɭɸ ɦɨɠɧɨ 
ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɟɪɦɨɢɦɩɭɥɶɫɧɨɝɨ ɦɟɬɨɞɚ ɭɞɚ-
ɥɟɧɢɹ ɡɚɭɫɟɧɰɟɜ [4, 5]. Ⱦɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɬɟɪɦɨɢɦ-
ɩɭɥɶɫɧɨɝɨ ɭɞɚɥɟɧɢɹ ɡɚɭɫɟɧɰɟɜ ɧɟɨɛɯɨɞɢɦɨ ɤɨɧɬɪɨ-
ɥɢɪɨɜɚɬɶ ɢɯ ɪɚɡɦɟɪ. Ɇɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ ɭɞɚɥɹɟ-
ɦɨɝɨ ɡɚɭɫɟɧɰɚ ɡɚɜɢɫɢɬ ɨɬ ɜɢɞɚ ɦɚɬɟɪɢɚɥɚ ɞɟɬɚɥɢ, ɚ 
ɬɚɤɠɟ ɨɬ ɧɚɥɢɱɢɹ ɬɨɧɤɨɫɬɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. ɋɨɨɬ-
ɧɨɲɟɧɢɟ ɪɚɡɦɟɪɚ ɡɚɭɫɟɧɰɚ ɢ ɦɢɧɢɦɚɥɶɧɨɣ ɬɨɥɳɢɧɵ 
ɞɟɬɚɥɢ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ 1:4, ɜ ɩɪɨɬɢɜɧɨɦ ɫɥɭ-
ɱɚɟ ɬɨɧɤɨɫɬɟɧɧɵɟ ɷɥɟɦɟɧɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɛɭɞɭɬ ɞɟ-
ɮɨɪɦɢɪɨɜɚɧɵ ɢɡ-ɡɚ ɨɬɠɢɝɚɧɢɹ [6, 7]. 

ɉɨ ɫɟɪɢɣɧɨɫɬɢ ɞɟɬɚɥɢ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɥɢɱɚɬɶ ɧɚ 
ɫɟɪɢɣɧɵɟ ɢ ɪɚɡɨɜɵɟ ɡɚɤɚɡɵ ɦɚɥɵɯ ɨɛɴɟɦɨɜ. Ɋɚɡɨɜɵɟ 
ɡɚɤɚɡɵ ɫ ɩɟɪɫɩɟɤɬɢɜɨɣ ɞɚɥɶɧɟɣɲɟɝɨ ɫɟɪɢɣɧɨɝɨ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɨɬɧɨɫɢɬɶ ɤ ɫɟɪɢɣɧɵɦ. ȼɟ-
ɪɢɮɢɤɚɰɢɸ ɫɟɪɢɣɧɵɯ ɞɟɬɚɥɟɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɨ-
ɞɢɬɶ ɫ ɭɱɟɬɨɦ ɨɛɟɫɩɟɱɟɧɢɹ ɩɥɚɧɨɜɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨ-
ɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɞɥɹ ɪɚɡɨɜɵɯ ɡɚɤɚɡɨɜ ɞɨɫɬɚɬɨɱɧɨ 
ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɢɧɫɬɪɭɦɟɧɬ ɫɨɯɪɚɧɹɟɬ ɫɬɨɣɤɨɫɬɶ, 
ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɟ ɪɚɡɦɟɪɵ ɢ ɤɚɱɟɫɬɜɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɱɟɪɬɟɠɭ ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ 
ɰɢɤɥɨɜ ɜɵɩɨɥɧɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ. 

ɉɨ ɬɢɩɨɜɵɦ ɤɨɧɫɬɪɭɤɰɢɹɦ ɫ ɧɚɥɢɱɢɟɦ ɪɚɡɥɢɱ-
ɧɵɯ ɢɫɩɨɥɧɟɧɢɣ, ɞɟɬɚɥɢ ɦɨɠɧɨ ɫɝɪɭɩɩɢɪɨɜɚɬɶ ɩɨ 
ɧɚɢɦɟɧɨɜɚɧɢɸ ɞɟɬɚɥɢ ɢ ɩɚɪɚɦɟɬɪɚɦ ɢɫɩɨɥɧɟɧɢɣ, 
ɤɨɬɨɪɵɟ ɭɤɚɡɵɜɚɸɬɫɹ ɜ ɱɟɪɬɟɠɟ. ɂɫɩɨɥɧɟɧɢɹ ɞɟɬɚ-
ɥɟɣ ɦɨɝɭɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɵɟ ɞɥɢɧɭ, ɞɢɚɦɟɬɪ, ɪɟɡɶɛɭ, 
ɝɟɨɦɟɬɪɢɸ ɬɨɪɰɚ, ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɨɧ-
ɧɵɟ ɷɥɟɦɟɧɬɵ. ɇɚɩɪɢɦɟɪ, ɞɟɬɚɥɶ ɬɨɤɨɜɵɜɨɞ ɪɚɞɢɨ-
ɱɚɫɬɨɬɧɨɝɨ ɫɨɟɞɢɧɢɬɟɥɹ ɢɦɟɟɬ 52 ɢɫɩɨɥɧɟɧɢɹ, ɨɬɥɢ-
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ɱɚɸɳɢɯɫɹ ɞɥɢɧɨɣ ɬɨɤɨɜɵɜɨɞɚ L (ɦɦ), ɞɥɢɧɨɣ ɜɵɥɟ-
ɬɚ l (ɦɦ), ɧɚɥɢɱɢɟɦ ɪɚɞɢɭɫɚ ɧɚ ɬɨɪɰɟ ɬɨɤɨɜɵɜɨɞɚ. 
Ⱦɚɥɟɟ ɩɪɢɜɟɞɟɧ ɮɪɚɝɦɟɧɬ ɱɟɪɬɟɠɚ ɞɟɬɚɥɢ, ɢɦɟɸɳɟɣ 
ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɢɫɩɨɥɧɟɧɢɟ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɢɣ ɪɚɡ-
ɥɢɱɢɟ ɩɨ ɪɚɡɦɟɪɚɦ (ɪɢɫ. 1). 

 

 
Ɋɢɫ. 1. Ɏɪɚɝɦɟɧɬ ɱɟɪɬɟɠɚ ɞɟɬɚɥɢ,  

ɢɦɟɸɳɟɣ ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɢɫɩɨɥɧɟɧɢɟ  
ɫ ɪɚɡɥɢɱɢɟɦ ɩɨ ɞɥɢɧɚɦ L ɢ l 

Fig. 1. Fragment of a drawing of a part having 

a multiple design with a difference in lengths L and l 

 

ɉɪɢɜɟɞɟɧ ɬɚɤɠɟ ɮɪɚɝɦɟɧɬ ɱɟɪɬɟɠɚ ɞɟɬɚɥɢ, ɢɦɟ-
ɸɳɟɣ ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɢɫɩɨɥɧɟɧɢɟ, ɞɟɦɨɧɫɬɪɢɪɭɸ-
ɳɢɣ ɪɚɡɥɢɱɢɟ ɩɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɦ ɷɥɟɦɟɧɬɚɦ ɤɨɧ-
ɫɬɪɭɤɰɢɢ (ɪɢɫ. 2). 

 

 
Ɋɢɫ. 2. Ɏɪɚɝɦɟɧɬ ɱɟɪɬɟɠɚ ɞɟɬɚɥɢ, ɢɦɟɸɳɟɣ  

ɦɧɨɠɟɫɬɜɟɧɧɨɟ ɢɫɩɨɥɧɟɧɢɟ ɫ ɪɚɡɥɢɱɢɟɦ  
ɩɨ ɧɚɥɢɱɢɸ ɪɚɞɢɭɫɚ ɧɚ ɬɨɪɰɟ ɬɨɤɨɜɵɜɨɞɚ 

Fig. 2. Fragment of a drawing of a part having 

a multiple design with a difference in the presence 

of a radius at the end of the terminal 

 

ɉɪɢɦɟɧɟɧɢɟ ɦɚɬɟɪɢɚɥɨɜ ɢ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢɡ 
ɫɩɢɫɤɚ ɞɨɩɭɫɬɢɦɵɯ ɡɚɦɟɧɢɬɟɥɟɣ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨ-
ɝɪɚɦɦɵ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɟɟ ɜɟɪɢɮɢɤɚɰɢɟɣ. ɇɚɩɪɢ-

ɦɟɪ, ɢɡɦɟɧɟɧɢɟ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟ-
ɧɢɹ ɞɟɬɚɥɢ (ɫɦ. ɪɢɫ. 1) ɩɪɢɜɟɞɟɬ ɤ ɢɡɦɟɧɟɧɢɸ ɝɥɭ-
ɛɢɧɵ ɪɟɡɚɧɢɹ, ɨɛɴɟɦɚ ɫɧɢɦɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɧɨɪ-
ɦɵ ɪɚɫɯɨɞɚ. Ɂɚɦɟɧɚ ɢɧɫɬɪɭɦɟɧɬɚ ɧɚ ɞɨɩɭɫɬɢɦɵɣ ɩɨ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɞɨɤɭɦɟɧɬɚɰɢɢ ɚɧɚɥɨɝ, ɢɥɢ ɞɚɠɟ 
ɡɚɦɟɧɚ ɩɪɨɢɡɜɨɞɢɬɟɥɹ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɬɟɦ ɠɟ ɤɚɬɚ-
ɥɨɠɧɵɦ ɧɨɦɟɪɨɦ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɡɦɟ-
ɧɟɧɢɹ ɩɥɚɧɨɜɨɣ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɢ ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɟ 
ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ. Ɋɟɠɢɦɵ ɪɟɡɚɧɢɹ ɢ ɧɚɛɨɪ ɢɧɫɬɪɭ-
ɦɟɧɬɚ ɬɚɤɠɟ ɦɨɝɭɬ ɡɚɜɢɫɟɬɶ ɨɬ ɨɫɨɛɟɧɧɨɫɬɟɣ ɤɨɧ-
ɤɪɟɬɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 
 
ǙǬǭǺǼ ȀǿǹǶȂǴǺǹǬǷȈǹȇȁ ǮǺǳǸǺǲǹǺǽǾǱǵ CAM-
ǽǴǽǾǱǸ Ǵ ǮǺǳǸǺǲǹǺǽǾȈ Ǵȁ ǼǬǽȄǴǼǱǹǴȋ 

Ɇɧɨɝɨɨɛɪɚɡɢɟ ɫɭɳɟɫɬɜɭɸɳɢɯ CAM-ɫɢɫɬɟɦ ɨɛɭ-
ɫɥɨɜɢɥɨ ɢɯ ɫɩɟɰɢɚɥɢɡɚɰɢɸ ɩɨ ɨɬɪɚɫɥɹɦ ɩɪɢɦɟɧɟɧɢɹ 
ɢ ɧɚɛɨɪɭ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ. ɇɚ ɞɚɧ-
ɧɨɦ ɷɬɚɩɟ ɪɚɡɜɢɬɢɹ CAM-ɫɢɫɬɟɦ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 
ɩɨɞɪɚɡɞɟɥɢɬɶ ɢɯ ɩɨ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɜɢɞɭ 
ɨɛɨɪɭɞɨɜɚɧɢɹ, ɤɨɥɢɱɟɫɬɜɭ ɤɨɨɪɞɢɧɚɬ ɨɛɪɚɛɨɬɤɢ, 
ɫɩɨɫɨɛɭ ɜɵɛɨɪɚ ɫɬɪɚɬɟɝɢɢ ɨɛɪɚɛɨɬɤɢ. 

ɉɨ ɫɬɟɩɟɧɢ ɚɜɬɨɦɚɬɢɡɚɰɢɢ CAM-ɫɢɫɬɟɦɵ ɦɨɠɧɨ 

ɪɚɡɞɟɥɢɬɶ ɧɚ ɫɥɟɞɭɸɳɢɟ ɤɥɚɫɫɵ: 

– ɪɭɱɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ, ɤɨɝɞɚ ɬɟɯɧɨɥɨɝ-

ɩɪɨɝɪɚɦɦɢɫɬ ɫɨɫɬɚɜɥɹɟɬ ɭɩɪɚɜɥɹɸɳɭɸ ɩɪɨɝɪɚɦɦɭ ɜ 
ɬɟɤɫɬɨɜɨɦ ɪɟɞɚɤɬɨɪɟ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ; 

– ɫ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɪɚɫɱɟɬɚ ɤɨɨɪ-
ɞɢɧɚɬ ɨɩɨɪɧɵɯ ɬɨɱɟɤ ɢ ɩɨɫɬɪɨɟɧɢɹ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢ-
ɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɤɨɦɩɚɫ ɑɉɍ; 

– ɫ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɦɢ ɮɭɧɤɰɢɹɦɢ ɪɚɫɱɟɬɚ 
ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚ-
ɛɨɬɤɢ ɧɚ ɨɫɧɨɜɟ ɫɨɡɞɚɧɧɨɣ ɜɪɭɱɧɭɸ ɬɟɯɧɨɥɨɝɨɦ-

ɩɪɨɝɪɚɦɦɢɫɬɨɦ ɫɯɟɦɵ ɨɛɪɚɛɨɬɤɢ, ɩɟɪɟɱɧɟɣ ɨɛɨɪɭ-
ɞɨɜɚɧɢɹ ɢ ɢɧɫɬɪɭɦɟɧɬɚ, ɞɟɬɚɥɢɡɚɰɢɢ ɨɩɟɪɚɰɢɢ, 
ɧɚɩɪɢɦɟɪ, ɤɚɤ Ƚɟɦɦɚ; 

– ɫ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɫɨɡɞɚɧɢɹ ɬɟɯ-
ɧɨɥɨɝɢɢ ɨɛɪɚɛɨɬɤɢ ɩɪɢ ɭɱɚɫɬɢɢ ɩɪɨɝɪɚɦɦɢɫɬɚ-

ɬɟɯɧɨɥɨɝɚ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɋɩɪɭɬɋȺɆ. 
ɉɨ ɬɢɩɚɦ ɨɛɨɪɭɞɨɜɚɧɢɟ CAM-ɫɢɫɬɟɦɵ ɦɨɠɟɬ 

ɛɵɬɶ ɞɥɹ ɮɪɟɡɟɪɧɨɣ, ɷɥɟɤɬɪɨɷɪɨɡɢɨɧɧɨɣ, ɬɨɤɚɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɨɛɪɚɛɚɬɵɜɚɸɳɢɯ ɰɟɧɬɪɨɜ, ɞɟɪɟɜɨɨɛɪɚ-
ɛɨɬɤɢ ɢ ɝɪɚɜɢɪɨɜɤɢ. 

ɉɨ ɤɨɥɢɱɟɫɬɜɭ ɤɨɨɪɞɢɧɚɬ ɢ ɫɥɨɠɧɨɫɬɢ ɜɵɩɨɥɧɹ-
ɟɦɨɣ ɨɩɟɪɚɰɢɢ ɜɵɞɟɥɹɸɬ 2-, 2,5-, 3-, 4-, 5-

ɤɨɨɪɞɢɧɚɬɧɵɟ ɋȺɆ-ɫɢɫɬɟɦɵ. 
ɉɨ ɫɩɨɫɨɛɭ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɚɬɟɝɢɢ ɨɛɪɚɛɨɬɤɢ: 
– ɋȺɆ-ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɨɩɟɪɚɰɢɣ, ɤɨɬɨɪɵɟ 

ɬɪɟɛɭɸɬ ɜɵɩɨɥɧɟɧɢɹ ɬɟɯɧɨɥɨɝɨɦ-ɩɪɨɝɪɚɦɦɢɫɬɨɦ 
ɦɧɨɠɟɫɬɜɚ ɨɩɟɪɚɰɢɣ ɩɨ ɜɵɛɨɪɭ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚ-
ɛɨɬɤɢ ɜɫɟɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɡɚɝɨɬɨɜɤɢ; 

– ɋȺɆ-ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɷɥɟ-
ɦɟɧɬɨɜ ɢɫɩɨɥɶɡɭɸɬ ɧɚɛɨɪ ɷɥɟɦɟɧɬɨɜ ɨɛɪɚɛɨɬɤɢ ɞɥɹ 
ɨɩɢɫɚɧɢɹ ɡɚɤɨɧɱɟɧɧɨɣ ɞɟɬɚɥɢ; 

– ɋȺɆ-ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ ɩɪɨɰɟɫɫɚ ɩɪɢɦɟɧɹɸɬ-
ɫɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɞɥɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɬɢɩɨɜɵɯ 
ɩɪɨɰɟɫɫɨɜ ɢ ɨɩɟɪɚɰɢɣ [12]. 



ORIGINAL PAPER 
 

 

Modern technologies. System analysis. Modeling 2021. No. 1 (69). pp. 17–23 

ISSN 1813-9108 21

ȼɵɛɨɪ CAM-ɫɢɫɬɟɦɵ ɫɭɳɟɫɬɜɟɧɧɨ ɨɝɪɚɧɢɱɢɜɚ-
ɟɬɫɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶɸ ɫ ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɚ ɩɪɟɞɩɪɢɹ-
ɬɢɢ CAD-ɫɢɫɬɟɦɵ. ɗɥɟɤɬɪɨɧɧɵɟ ɦɨɞɟɥɢ, ɫɨɡɞɚɧɧɵɟ 
ɜ CAD-ɫɢɫɬɟɦɟ, ɞɨɥɠɧɵ ɛɵɬɶ ɱɢɬɚɟɦɵ CAM-

ɫɢɫɬɟɦɨɣ. ɋɨɜɪɟɦɟɧɧɵɟ CAM-ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɦɨ-
ɞɭɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ [13, 14]. ɋɨɫɬɚɜ ɦɨɞɭɥɟɣ ɩɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɜɨɡɦɨɠɧɨɫɬɹɦ ɢ ɪɚɫɲɢɪɹɟɦɨɫɬɢ 
ɦɨɠɧɨ ɩɨɞɨɛɪɚɬɶ ɩɨɞ ɩɨɬɪɟɛɧɨɫɬɢ ɤɨɧɤɪɟɬɧɨɝɨ ɜɢ-
ɞɚ ɩɪɨɢɡɜɨɞɫɬɜɚ. ɇɚɥɢɱɢɟ ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɩɪɨ-
ɝɪɚɦɦɢɪɨɜɚɧɢɹ ɨɛɥɟɝɱɚɟɬ ɧɚɫɬɪɨɣɤɭ CAM-ɫɢɫɬɟɦɵ 
ɩɨɞ ɧɭɠɞɵ ɩɪɨɢɡɜɨɞɫɬɜɚ: ɨɩɢɫɚɬɶ ɩɨɫɬɩɪɨɰɟɫɫɨɪɵ, 
ɩɨɞɤɥɸɱɢɬɶ ɦɨɞɭɥɢ ɪɚɫɲɢɪɟɧɢɹ, ɧɚɩɢɫɚɧɧɵɟ ɧɚ 
ɜɵɫɨɤɨɭɪɨɜɧɟɜɵɯ ɹɡɵɤɚɯ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. 

Ɂɚɭɫɟɧɰɵ ɢ ɨɫɬɪɵɟ ɤɪɨɦɤɢ ɧɚ ɞɟɬɚɥɹɯ ɤɨɚɤɫɢ-
ɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɨɜ ɧɟɞɨɩɭɫɬɢɦɵ, ɢɯ ɧɚɥɢ-
ɱɢɟ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ 
ɨɛɪɚɛɨɬɤɢ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ 
ɞɥɹ ɩɪɨɜɟɪɤɢ ɤɚɱɟɫɬɜɚ ɨɛɪɚɛɨɬɤɢ ɢ ɟɝɨ ɫɬɚɛɢɥɶɧɨ-
ɫɬɢ ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɢ ɢɡɧɨɫɚ ɢɧɫɬɪɭɦɟɧɬɚ ɫ 
ɩɨɦɨɳɶɸ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɋɟɲɟɧɢɟ ɬɚɤɨɣ 
ɡɚɞɚɱɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɨ ɬɢɩɨɜɵɦɢ ɫɪɟɞ-
ɫɬɜɚɦɢ CAM-ɫɢɫɬɟɦ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ 
ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜ ɪɚɡɪɚɛɨɬɤɟ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦɧɵɯ ɩɪɨɞɭɤɬɨɜ ɞɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɢ ɫɧɢɠɟɧɢɹ ɢɡɞɟɪɠɟɤ ɧɚ ɫɨɫɬɚɜɥɟɧɢɟ, ɩɪɨɜɟɪɤɭ ɢ 
ɨɬɥɚɞɤɭ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. 
 
ǌǮǾǺǸǬǾǴǳǬȂǴȋ ǻǼǺȂǱǰǿǼ ǻǼǺǮǱǼǶǴ Ǵ ǺǾǷǬǰǶǴ 
ǿǻǼǬǮǷȋȊȅǴȁ ǻǼǺǯǼǬǸǸ 

ɉɨɫɥɟ ɫɨɡɞɚɧɢɹ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ ɧɟɨɛ-
ɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɩɪɨɰɟɞɭɪɭ ɟɟ ɩɪɨɜɟɪɤɢ ɢ ɨɬɥɚɞɤɢ. 
ɋɧɢɡɢɬɶ ɢɡɞɟɪɠɤɢ ɧɚ ɷɬɨɦ ɷɬɚɩɟ ɦɨɠɧɨ, ɩɪɢɦɟɧɢɜ 
ɫɪɟɞɫɬɜɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɨɬɥɚɞɤɢ. 

ɉɪɨɫɬɟɣɲɚɹ ɦɟɬɨɞɢɤɚ ɩɪɨɜɟɪɤɢ ɢ ɨɬɥɚɞɤɢ ɭɩɪɚɜ-
ɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 

ɜɫɬɪɨɟɧɧɨɣ ɮɭɧɤɰɢɢ ɩɪɨɜɟɪɤɢ ɫɢɧɬɚɤɫɢɫɚ ɢ ɢɫɩɪɚɜɥɟ-
ɧɢɹ ɫɢɧɬɚɤɫɢɱɟɫɤɢɯ ɨɲɢɛɨɤ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ 
ɫɪɟɞɫɬɜɚɦɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɨɬɥɚɞɤɭ ɭɩɪɚɜɥɹɸ-
ɳɟɣ ɩɪɨɝɪɚɦɦɵ ɧɚ ɫɬɚɧɤɟ ɩɭɬɟɦ ɩɪɨɜɟɞɟɧɢɹ ɧɚɬɭɪɧɵɯ 
ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨ ɜɵɩɭɫɤɭ ɞɟɬɚɥɟɣ ɫ ɞɚɥɶɧɟɣɲɟɣ ɤɨɪ-
ɪɟɤɬɢɪɨɜɤɨɣ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. Ɍɚɤɚɹ ɦɟɬɨɞɢɤɚ 
ɨɬɥɚɞɤɢ ɧɟ ɬɪɟɛɭɟɬ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɨɞɝɨɬɨɜɤɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ, ɧɨ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɜɵ-
ɲɟɧɧɨɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ, ɫɬɚɧɤɨɟɦɤɨɫɬɶɸ, ɜɫɥɟɞɫɬɜɢɟ 
ɱɟɝɨ ɹɜɥɹɟɬɫɹ ɧɟɷɮɮɟɤɬɢɜɧɨɣ. 

ɐɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ CAM-ɫɢɫɬɟɦɵ, ɢɦɟ-
ɸɳɢɟ ɜɫɬɪɨɟɧɧɵɟ ɜɟɪɢɮɢɤɚɬɨɪɵ ɢɥɢ ɞɨɩɨɥɧɟɧɧɵɟ 
ɫɢɦɭɥɹɬɨɪɨɦ ɞɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ 
ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɨɫɬɪɨɟɧɢɹ, ɜɨɫɫɨɡɞɚɧɢɹ ɬɪɚɟɤɬɨ-
ɪɢɢ ɞɜɢɠɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɩɨ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦ-
ɦɟ [15]. Ⱦɚɥɟɟ ɫɢɦɭɥɹɬɨɪ ɩɪɨɢɡɜɨɞɢɬ ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɨɛɪɚɛɨɬɤɢ ɫɨɝɥɚɫɧɨ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɟ ɢ ɩɨɤɚ-
ɡɵɜɚɟɬ ɜɨɡɧɢɤɚɸɳɢɟ ɨɲɢɛɤɢ. ȼɨɡɦɨɠɧɨ ɩɪɢɦɟɧɟɧɢɟ 
ɪɟɠɢɦɚ ɪɚɫɲɢɪɟɧɧɨɣ ɜɟɪɢɮɢɤɚɰɢɢ, ɩɪɢ ɤɨɬɨɪɨɦ ɩɪɨ-
ɢɡɜɨɞɢɬɫɹ ɤɚɤ ɨɬɥɚɞɤɚ, ɬɚɤ ɢ ɚɧɚɥɢɡ, ɢ ɨɩɬɢɦɢɡɚɰɢɹ 

ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɢɯ ɦɨɞɭ-
ɥɟɣ ɪɚɫɲɢɪɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ CAM-ɫɢɫɬɟɦɵ ɡɧɚɱɢ-
ɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɪɚɡɪɚɛɨɬɤɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. 

Ɉɞɧɚɤɨ ɨɰɟɧɤɚ ɪɚɡɦɟɪɨɜ, ɤɨɥɢɱɟɫɬɜɚ ɡɚɭɫɟɧɰɟɜ 
ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɠɢɡɧɟɧɧɨɝɨ ɰɢɤɥɚ ɢɧɫɬɪɭɦɟɧ-
ɬɚ, ɢ ɢɯ ɤɨɧɬɪɨɥɶ ɧɟ ɨɯɜɚɱɟɧɵ ɫɭɳɟɫɬɜɭɸɳɢɦɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ CAM-ɫɢɫɬɟɦ. 
ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧ-
ɧɭɸ ɤɨɦɛɢɧɢɪɨɜɚɧɧɭɸ ɦɟɬɨɞɢɤɭ ɜɟɪɢɮɢɤɚɰɢɢ 
ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɫɟɯ ɫɭ-
ɳɟɫɬɜɭɸɳɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɜɟɪɢɮɢɤɚɰɢɢ ɢ ɦɢɧɢ-
ɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɬɥɚɞɤɢ ɢ ɜɟɪɢɮɢɤɚɰɢɢ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɚɧɤɟ ɫ ɜɟɞɟɧɢɟɦ ɫɩɪɚɜɨɱɧɢ-
ɤɨɜ ɨɬɪɚɛɨɬɚɧɧɵɯ ɪɟɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ 
ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪ ɡɚɭɫɟɧɰɟɜ ɦɢɧɢɦɚɥɶɧɵ, ɚ ɬɚɤɠɟ 
ɛɢɛɥɢɨɬɟɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ, ɩɚɪɚɦɟɬɪɢɡɨ-
ɜɚɧɧɨɣ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɩɨ ɬɢɩɨɜɵɦ 
ɤɨɧɫɬɪɭɤɰɢɹɦ ɫ ɧɚɥɢɱɢɟɦ ɪɚɡɥɢɱɧɵɯ ɢɫɩɨɥɧɟɧɢɣ. 

 
ǞǱȁǹǺǷǺǯǴǴ ǻǺǰǯǺǾǺǮǶǴ ǿǻǼǬǮǷȋȊȅǴȁ ǻǼǺǯǼǬǸǸ 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɜ ɪɚɦɤɚɯ 
ɩɪɨɰɟɫɫɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɩɪɟɞɩɪɢɹɬɢɹ ɦɨɝɭɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɬɟɯɧɨɥɨɝɢɹɦɢ: 

1. Ɋɭɱɧɚɹ ɩɨɞɝɨɬɨɜɤɚ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɫɬɚɧɤɟ. 

2. Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɫɨɡɞɚɧɢɟ ɭɩɪɚɜɥɹɸɳɢɯ 
ɩɪɨɝɪɚɦɦ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɤɨɬɨɪɨɝɨ ɬɪɟɛɭɟɬɫɹ ɨɫɧɚ-
ɫɬɢɬɶ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɤɨɦɩɶɸɬɟɪɨɦ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɋȺɆ-ɫɢɫɬɟɦɨɣ ɨɛɳɟɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢɥɢ ɫɩɟɰɢɚɥɢɡɢ-
ɪɨɜɚɧɧɨɣ ɋȺɆ-ɫɢɫɬɟɦɨɣ, ɞɨɩɨɥɧɟɧɧɨɣ ɦɨɞɭɥɹɦɢ 
ɪɚɫɲɢɪɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɚ ɬɚɤ-
ɠɟ ɩɨɫɬɩɪɨɰɟɫɫɨɪɚɦɢ ɞɥɹ ɢɫɩɨɥɶɡɭɟɦɵɯ ɫɬɚɧɤɨɜ. 

3. ɋɨɡɞɚɧɢɟ ɩɪɨɝɪɚɦɦ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɲɢ-
ɪɟɧɧɨɣ ɜɟɪɢɮɢɤɚɰɢɢ. 

4. ɋɨɡɞɚɧɢɟ ɩɪɨɝɪɚɦɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɫɢɦɭɥɹɬɨ-
ɪɨɜ ɞɥɹ ɩɪɨɜɟɪɤɢ ɢ ɨɬɥɚɞɤɢ: 

– ɜɫɬɪɨɟɧɧɵɯ ɫɪɟɞɫɬɜ ɜɟɪɢɮɢɤɚɰɢɢ ɋȺɆ-

ɫɢɫɬɟɦɵ; 
– ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɜɟɪɢɮɢɤɚɬɨɪɨɜ; 
– ɢɧɬɟɝɪɢɪɨɜɚɧɧɵɯ ɫɪɟɞɫɬɜ ɚɧɚɥɢɡɚ ɢ ɨɩɬɢɦɢɡɚ-

ɰɢɢ [16, 17], ɬɚɤɢɯ ɤɚɤ «Tecnomatix». 
ɇɚ ɜɵɛɨɪ ɬɟɯɧɨɥɨɝɢɢ ɩɨɞɝɨɬɨɜɤɢ ɭɩɪɚɜɥɹɸɳɢɯ 

ɩɪɨɝɪɚɦɦ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɫɥɟɞɭɸɳɢɟ ɨɫɨɛɟɧɧɨ-
ɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ: 

– ɪɚɡɦɟɪ ɫɟɪɢɢ ɜɵɩɭɫɤɚ; 
– ɫɪɨɤɢ ɩɨɫɬɚɜɤɢ ɩɪɨɞɭɤɰɢɢ; 
– ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɦɟɧɹɟɦɵɯ ɫɬɚɧɤɨɜ ɫ ɑɉɍ; 
– ɩɪɢɦɟɧɹɟɦɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ; 
– ɫɥɨɠɧɨɫɬɶ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɢɡɞɟɥɢɹ; 
– ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɝɨ ɢɡɞɟ-

ɥɢɹ; 
– ɭɪɨɜɟɧɶ ɤɨɦɩɟɬɟɧɬɧɨɫɬɢ ɪɚɡɪɚɛɨɬɱɢɤɨɜ. 
ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɚ ɪɚɫɲɢɪɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɶ-

ɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɋȺɆ- ɫɢɫɬɟɦ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ 
ɦɨɞɭɥɶ ɩɨɜɵɲɟɧɢɹ ɬɨɱɧɨɫɬɢ ɨɛɪɚɛɨɬɤɢ ɛɟɡ ɢɡɦɟɧɟ-
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ɧɢɹ ɪɟɠɢɦɚ ɪɟɡɚɧɢɹ ɡɚ ɫɱɟɬ ɧɚɫɬɪɨɣɤɢ ɜɡɚɢɦɧɨɝɨ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɡɚɝɨɬɨɜɤɢ. ȼ ɩɪɨ-
ɰɟɫɫɟ ɪɚɡɪɚɛɨɬɤɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ ɞɥɹ ɫɬɚɧ-
ɤɨɜ ɫ ɑɉɍ ɬɟɯɧɨɥɨɝ-ɩɪɨɝɪɚɦɦɢɫɬ ɩɪɨɢɡɜɨɞɢɬ ɪɚɫɱɟɬ 
ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ [18]. 

Ⱦɥɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɜɟɞɟɧɢɹ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɜ ɪɚ-
ɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɨɡɞɚɧɨ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɪɚɫɲɢɪɹɸɳɟɟ 

ɫɬɚɧɞɚɪɬɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɋȺɆ-ɫɢɫɬɟɦɵ [19, 20]. 

ǓǬǶǷȊȃǱǹǴǱ 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɫɨɛɟɧɧɨɫɬɟɣ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɟɬɚ-

ɥɟɣ ɤɨɚɤɫɢɚɥɶɧɵɯ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɨɜ ɢ ɮɭɧɤɰɢɨ-
ɧɚɥɶɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ CAM-ɫɢɫɬɟɦ ɩɨɡɜɨɥɢɥɨ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɞɟɬɚɥɢ ɬɢɩɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɢ-
ɞɚɦ, ɫɟɪɢɣɧɨɫɬɢ, ɢɡɦɟɧɹɟɦɵɦ ɩɚɪɚɦɟɬɪɚɦ ɜɧɭɬɪɢ 
ɜɢɞɚ, ɦɚɬɟɪɢɚɥɚɦ, ɢɧɫɬɪɭɦɟɧɬɭ. ȼɵɪɚɛɨɬɚɬɶ ɬɪɟɛɨ-
ɜɚɧɢɹ ɤ ɫɨɡɞɚɧɢɸ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ ɤɨɦɛɢɧɢɪɨ-
ɜɚɧɧɨɣ ɦɟɬɨɞɢɤɢ ɜɟɪɢɮɢɤɚɰɢɢ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨ-
ɝɪɚɦɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɜɫɟɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɜɨɡɦɨɠ-
ɧɨɫɬɟɣ ɜɟɪɢɮɢɤɚɰɢɢ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢ-
ɟɦ ɨɬɥɚɞɤɢ ɢ ɜɟɪɢɮɢɤɚɰɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 
ɫɬɚɧɤɟ ɫ ɜɟɞɟɧɢɟɦ ɫɩɪɚɜɨɱɧɢɤɨɜ ɨɬɪɚɛɨɬɚɧɧɵɯ ɪɟ-
ɠɢɦɨɜ ɨɛɪɚɛɨɬɤɢ, ɩɪɢ ɤɨɬɨɪɵɯ ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɡɦɟɪ 
ɡɚɭɫɟɧɰɟɜ ɦɢɧɢɦɚɥɶɧɵ, ɚ ɬɚɤɠɟ ɛɢɛɥɢɨɬɟɤɢ ɭɩɪɚɜ-
ɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ. 

ǝǻǴǽǺǶ ǷǴǾǱǼǬǾǿǼȇ 
1. ɈɋɌ 4 ȽɈ.070.014-79. Ⱦɟɬɚɥɢ ɪɚɞɢɨɷɥɟɤɬɪɨɧɧɨɣ ɚɩɩɚɪɚɬɭɪɵ. Ɉɛɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ ɭɫɥɨɜɢɹ. ȼɜɟɞ. 01–09–1975.

Ɇ. : Ɋɚɞɢɨɫɬɚɧɞɚɪɬ-ɐɇɂɂɊɗɋ. 1992. 15 c. 
2. STD-01. WBTC.1996, draft. DeburringTechnologyInternational, Inc., KansasCity, MO.

3. Ⱦɠɭɪɢɧɫɤɢɣ Ʉ.Ȼ. Ɇɢɧɢɚɬɸɪɧɵɟ ɤɨɚɤɫɢɚɥɶɧɵɟ ɪɚɞɢɨɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ ɋȼɑ. ɋɨɟɞɢɧɢɬɟɥɢ,
ɤɨɚɤɫɢɚɥɶɧɨ-ɦɢɤɪɨɩɨɥɨɫɤɨɜɵɟ ɩɟɪɟɯɨɞɵ, ɚɞɚɩɬɟɪɵ, ɋȼɑ-ɜɜɨɞɵ, ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ ɜɜɨɞɵ, ɢɡɨɥɹɰɢɨɧɧɵɟ ɫɬɨɣɤɢ, ɮɢɥɶɬɪɵ 
ɩɨɦɟɯ. Ɇ. : Ɍɟɯɧɨɫɮɟɪɚ, 2006. 216 ɫ. 

4. ɏɪɢɩɭɧɨɜ ȼ., Ʉɪɚɜɱɢɤ Ⱥ. ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɭɞɚɥɟɧɢɹ ɡɚɭɫɟɧɰɟɜ ɜ ɨɬɜɟɪɫɬɢɹɯ ɦɚɥɵɯ ɞɢɚɦɟɬɪɨɜ ɩɪɢ ɢɡ-
ɝɨɬɨɜɥɟɧɢɢ ɞɟɬɚɥɟɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ // ɋɬɚɧɤɨȺɪɟɧɚ : ɫɚɣɬ. URL: https://stanko-

arena.ru/article/sovremennye-tekhnologii-udaleniya-zausentsev-v-otverstiyakh-malykh-diametrov.html (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 
20.01.2020). 

5. John Halladay. ɉɪɚɤɬɢɱɟɫɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɬɟɪɦɢɱɟɫɤɨɝɨ ɢ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɭɞɚɥɟɧɢɹ ɡɚɭɫɟɧɰɟɜ //

ɋɬɚɧɤɨɮɨɪɜɚɪɞ : ɫɚɣɬ. URL: http://stankoforward.ru/texnologii-udaleniya-zausencev (ɞɚɬɚ ɨɛɪɚɳɟɧɢɹ 20.01.2020). 

6. ɂɧɠɟɧɟɪɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɞɟɬɚɥɟɣ / ɩɨɞ ɪɟɞ. Ⱥ.Ƚ. ɋɭɫɥɨɜɚ. Ɇ. : Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ. 2008. 320 ɫ.
7. Ɍɢɬɨɜ ɋ.ɇ. ɋɧɹɬɢɟ ɡɚɭɫɟɧɰɟɜ ɬɟɪɦɨɢɦɩɭɥɶɫɧɨɣ ɭɫɬɚɧɨɜɤɨɣ Pulsar TI-576 // ȼɟɫɬɧɢɤ ɧɚɭɱɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ.

2016. № 12-4. ɋ. 176–177. 

8. Ʉɭɥɢɤɨɜ Ⱦ.Ⱦ., ɉɚɞɭɧ Ȼ.ɋ., əɛɥɨɱɧɢɤɨɜ ȿ.ɂ. ɉɟɪɫɩɟɤɬɢɜɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡ-
ɜɨɞɫɬɜɚ // ɂɡɜ. ɜɭɡɨɜ. ɋɟɪ.: ɉɪɢɛɨɪɨɫɬɪɨɟɧɢɟ. 2014. № 8 (57). ɋ. 7–12. 

9. Ɂɢɥɶɛɟɪɛɭɪɝ Ʌ.ɂ., Ɇɨɥɨɱɧɢɤ ȼ.ɂ., əɛɥɨɱɧɢɤɨɜ ȿ.ɂ. ɂɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɜ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɩɪɨɢɡ-
ɜɨɞɫɬɜɟ. ɋɉɛ. : ɉɨɥɢɬɟɯɧɢɤɚ, 2008. 304 ɫ. 

10. Ƚɚɜɪɢɥɨɜɚ Ɍ.Ⱥ., ɏɨɪɨɲɟɜɫɤɢɣ ȼ.Ɏ. Ȼɚɡɵ ɞɚɧɧɵɯ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ. ɋɉɛ. : ɉɢɬɟɪ, 2000. 384 ɫ.
11. ɉɪɢɦɟɧɟɧɢɟ ɦɧɨɝɨɚɝɟɧɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɜɢɪɬɭɚɥɶɧɵɦ ɩɪɟɞɩɪɢɹɬɢɟɦ /

Ɇ.ə. Ⱥɮɚɧɚɫɶɟɜ ɢ ɞɪ. // ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɜɟɫɬɧɢɤ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ. 2011. № 5(75). 

ɋ. 105–111. 

12. Ʉɭɥɢɤɨɜ Ⱦ.Ⱦ., əɛɥɨɱɧɢɤɨɜ ȿ.ɂ. ɉɪɢɦɟɧɟɧɢɟ ɨɰɟɧɨɱɧɵɯ ɦɟɬɪɢɤ ɞɥɹ ɚɧɚɥɢɡɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨ-
ɢɡɜɨɞɫɬɜɚ // ɇɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɜɟɫɬɧɢɤ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɦɟɯɚɧɢɤɢ ɢ ɨɩɬɢɤɢ. 2011. № 6 (76). ɋ. 109–112. 

13. əɛɥɨɱɧɢɤɨɜ ȿ.ɂ., Ɏɨɦɢɧɚ ɘ.ɇ., ɋɚɥɨɦɚɬɢɧɚ Ⱥ.Ⱥ. Ɉɪɝɚɧɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜ
ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ ɫɪɟɞɟ // ɂɡɜ. ɜɭɡɨɜ. ɋɟɪ.: ɉɪɢɛɨɪɨɫɬɪɨɟɧɢɟ. 2010. Ɍ. 53, № 6. ɋ. 12–15. 

14. Ⱥɜɟɪɢɧ ȼ.ȼ., Ƚɭɫɟɥɶɧɢɤɨɜ ȼ.ɋ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɭɩɪɚɜɥɹɸɳɢɯ ɩɪɨɝɪɚɦɦ / ɂɡɜ. ɜɭɡɨɜ. ɋɟɪ.:
ɉɪɢɛɨɪɨɫɬɪɨɟɧɢɟ. 2010. № 6 (53). ɋ. 67–71. 

15. ȼɨɪɨɧɟɧɤɨ ȼ.ɉ., ɋɟɞɵɯ Ɇ.ɂ., ɒɚɲɢɧ Ⱥ.Ⱦ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɷɮɮɟɤɬɢɜɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ
ɭɱɚɫɬɤɨɜ ɦɧɨɝɨɧɨɦɟɧɤɥɚɬɭɪɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ // ȼɟɫɬɧɢɤ ɊȽȺɌɍ ɢɦɟɧɢ ɉ.Ⱥ. ɋɨɥɨɜɶɟɜɚ. 2017. № 

1 (40). ɋ. 182–189. 

16. ȼɨɪɨɧɟɧɤɨ ȼ.ɉ., ɒɚɲɢɧ Ⱥ.Ⱦ. ɉɥɚɧɢɪɨɜɚɧɢɟ ɨɩɵɬɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ ɭɱɟɬɨɦ ɟɝɨ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ // Ⱥɜɬɨ-
ɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ : ɦɚɬɟɪɢɚɥɵ V ɦɟɠɞɭɧɚɪ. ɡɚɨɱɧɨɣ ɧɚɭɱ.-ɩɪɚɤɬ. ɤɨɧɮ. ɇɨɜɨɤɭɡɧɟɰɤ : 

ɇɂɐ Ɇɋ, 2017. № 5. 134 ɫ. 
17. Ɇɚɞɚɧɨɜ Ⱥ.ȼ. Ⱥɧɚɥɢɡ ɩɪɨɛɥɟɦ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɟɬɚɥɟɣ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ ɢ ɩɭɬɟɣ ɢɯ ɪɟɲɟɧɢɹ ɧɚ ɷɬɚɩɟ ɬɟɯɧɨ-

ɥɨɝɢɱɟɫɤɨɣ ɩɨɞɝɨɬɨɜɤɢ ɩɪɨɢɡɜɨɞɫɬɜɚ // ɉɪɨɛɥɟɦɵ ɧɚɭɤɢ. 2015. № 1 (1). ɋ. 14–16. 

18. Ȼɭɞɭɳɟɟ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ Ɋɨɫɫɢɢ // ɋɛ. ɬɪ. ȼɫɟɪɨɫ. ɤɨɧɮ. ɦɨɥɨɞɵɯ ɭɱɟɧɵɯ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ. Ɇ. : ɆȽɌɍ ɢɦ.
ɇ.ɗ. Ȼɚɭɦɚɧɚ. 2008. ɋ. 48. 

19. Ʌɢɛɟɪɦɚɧ ə.Ʌ., ɑɟɪɧɨɝɨɥɨɜɚ ɋ.Ⱥ. ɉɨɜɵɲɟɧɢɟ ɬɨɱɧɨɫɬɢ ɫɢɫɬɟɦ ɑɉɍ // ɋɌɂɇ. 2008. № 1. ɋ. 6–9.

20. Ʌɨɜɵɝɢɧ Ⱥ.Ⱥ., ȼɚɫɢɥɶɟɜ Ⱥ.ȼ., Ʉɪɢɜɰɨɜ ɋ.ɘ. ɋɨɜɪɟɦɟɧɧɵɣ ɫɬɚɧɨɤ ɫ ɑɉɍ ɢ CAD/CAM-ɫɢɫɬɟɦɚ. Ɇ. : ɗɥɶɮ
ɉɉɊ, 2006. 286 ɫ. References 

1. OST 4GO.070.014-79. Detali radioelektronnoi apparatury [OST 4GO.070.014-79. Details of electronic equipment]. Mos-

cow: “Radiostandard-TsNIIRES” OOO. Moscow, 1992. 15 p. 

https://stanko-arena.ru/article/sovremennye-tekhnologii-udaleniya-zausentsev-v-otverstiyakh-malykh-diametrov.html
https://stanko-arena.ru/article/sovremennye-tekhnologii-udaleniya-zausentsev-v-otverstiyakh-malykh-diametrov.html


ORIGINAL PAPER 
 

 

Modern technologies. System analysis. Modeling 2021. No. 1 (69). pp. 17–23 

ISSN 1813-9108 23

2. STD-01. WBTC.1996, draft. Deburring Technology International, Inc., Kansas City, MO.

3. Dzhurinskii K.B. Miniatyurnye koaksial'nye radiokomponenty dlya mikroelektroniki SVCh. Soediniteli, koaksial'no-

mikropoloskovye perekhody, adaptery, SVCh-vvody, nizkochastotnye vvody, izolyatsionnye stoiki, fil'try pomekh [Miniature 

coaxial radio components for microwave microelectronics. Connectors, coaxial-microstrip transitions, adapters, microwave in-

puts, low-frequency inputs, isolation racks, noise filters]. Moscow: Tekhnosphera Publ., 2006. 216 p. 

4. Sovremennye tekhnologii udaleniya zausentsev v otverstiyakh malykh diametrov pri izgotovlenii detalei gidravlicheskogo 
oborudovaniya [Modern technologies for deburring small-diameter holes in the manufacture of hydraulic equipment parts] [Elec-

tronic media]. URL: https://stanko-arena.ru/article/sovremennye-tekhnologii-udaleniya-zausentsev-v-otverstiyakh-malykh-

diametrov.html. Accessed January 20, 2020. 

5. Halladay J. Prakticheskoe primenenie metodov termicheskogo i elektrokhimicheskogo udaleniya zausentsev [Practical ap-

plication of thermal and electrochemical deburring methods] [Electronic media]. URL: http://stankoforward.ru/texnologii-

udaleniya-zausencev. Accessed January 20, 2020. 

6. Inzheneriya poverkhnosti detalei [Engineering of the surface of parts]. In Suslov A.G. (ed.) Moscow: Mashinostroenie 
Publ., 2008. 320 p. 

7. Titov S.N. Snyatie zausentsev termoimpul'snoi ustanovkoi Pulsar TI-576 [Deburring with the Pulsar TI-576 thermal pulse 
installation]. Vestnik nauchnykh konferentsii [Bulletin of scientific conferences], 2016. No. 12-4. Konsaltingovaya Kompaniya 

OOO Publ. (Tambov). Pp. 176–177. 

8. Kulikov D.D., Padun B.S. Yablochnikov E.I. Perspektivy avtomatizatsii tekhnologicheskoi podgotovki proizvodstva [Pro-

spects for the automation of technological preparation of production]. Izv. vuzov. Priborostroenie [Journal of Instrument Engi-

neering], 2014. No. 8 (57). Pp. 7–12. 

9. Zilberburg L.I., Molochnik V.I., Yablochnikov E.I., Informatsionnye tekhnologii v proektirovanii i proizvodstve [Infor-

mation technologies in design and production]. Saint Petersburg: Politekhnika Publ., 2008. 304 p. 

10. Gavrilova T.A., Khoroshevskii V.F. Bazy dannykh intellektual'nykh sistem [Databases of intelligent systems]. Saint Pe-

tersburg: Piter Publ., 2000. 384 p. 

11. Afanas'ev M.Ya., Salomatina A.A., Alyoshina E.E., Yablochnikov E.I. Primenenie mnogoagentnykh tekhnologii dlya re-

alizatsii sistemy upravleniya virtual'nym predpriyatiem [Application of multi-agent technologies for the implementation of a 

virtual enterprise management system]. Nauch.-tekhn. vestn. Informatsionnykh tekhnologii, mekhaniki i optiki [Scientific and 

Technical Journal of Information Technologies, Mechanics and Optics], 2011. No. 5 (75). Pp. 105–111. 

12. Kulikov D.D., Yablochnikov E.I. Primenenie otsenochnykh metrik dlya analiza tekhnologicheskoi podgotovki proizvod-

stva [Application of evaluative metrics for the analysis of technological preparation of production]. Nauch.-tekhn. vestn. Infor-

matsionnykh tekhnologii, mekhaniki i optiki [Scientific and Technical Journal of Information Technologies, Mechanics and Op-

tics], 2011. No. 6 (76). Pp. 109–112. 

13. Yablochnikov E.I., Fomina Yu.N., Salomatina A.A. Organizatsiya tekhnologicheskoi podgotovki proizvodstva v raspre-

delennoi srede [Organization of technological preparation of production in a distributed environment]. Izv. vuzov. Priboro-

stroenie [Journal of Instrument Engineering], 2010. Vol. 53. No. 6. Pp. 12–15. 

14. Averin V.V., Gusel'nikov V.S. Avtomatizatsiya proektirovaniya upravlyayushchikh programm [Design automation of 
control programs]. Izv. vuzov. Priborostroenie [Journal of Instrument Engineering], 2010. No. 6 (53). Pp. 67–71. 

15. Voronenko V.P., Sedykh M.I., Shashin A.D. Proektirovanie i effektivnaya ekspluatatsiya proizvodstvennykh uchastkov 
mnogonomenklaturnogo mashinostroitel'nogo proizvodstva [Design and efficient operation of production areas of multi-product 

machine-building production]. Vestnik RGATU imeni P.A. Solov'eva [Vestnik of P. A. Solovyov Rybinsk State Aviation Technical 

University], 2017. No. 1 (40). Pp. 182–189. 

16. Voronenko V.P., Shashin A.D. Planirovanie opytnogo proizvodstva s uchetom ego tekushchego sostoyaniya [Planning a 
pilot production taking into account its current state]. Avtomatizirovannoe proektirovanie v mashinostroenii: Materialy V 

mezhdunarodnoi zaochnoi nauchno-prakticheskoi konferentsii [Computer-aided design in mechanical engineering: Proceedings 

of the V international correspondence scientific and practical conference]. Novokuznetsk: SRC MS Publ., 2017. No. 5. 134 p. 

17. Madanov A.V. Analiz problem pri obrabotke detalei slozhnoi geometrii i putei ikh resheniya na etape tekhnologicheskoi 
podgotovki proizvodstva [Analysis of problems in processing parts of complex geometry and ways to solve them at the stage of 

technological preparation of production]. Problemy nauki [Problems of Science], 2015. No. 1 (1). Pp. 14–16. 

18. Budushchee mashinostroeniya Rossii [The future of mechanical engineering in Russia]. Sbornik trudov Vserossiiskoi kon-

ferentsii molodykh uchenykh i spetsialistov [Proceedings of the All-Russian conference of young scientists and specialists]. Bau-

man MSTU Publ., 2008. Pp. 48. 

19. Liberman Ya.L., Chernogolova S.A. Povyshenie tochnosti sistem ChPU / STIN [Improving the accuracy of CNC / STIN 
systems], 2008. No. L. Pp. 6–9.

 20. Lovygin A.A., Vasil'ev A.V., Krivtsov S.Yu. Sovremennyi stanok s ChPU i CAD/CAM-sistema [The  modern machine 

with CNC and CAD/CAM-system]. Moscow: El'f PPR Publ., 2006. 286 p.

ǔǹȀǺǼǸǬȂǴȋ Ǻǭ ǬǮǾǺǼǬȁ 
Ʉɚɪɥɢɧɚ Юɥɢя Иɝɨɪɟɜɧɚ – ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɇɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɱɚɫɬɢ, ɚɫɩɢɪɚɧɬ, ɂɪɤɭɬɫɤɢɣ ɧɚɰɢɨ-
ɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
ɝ. ɂɪɤɭɬɫɤ, e-mail: karlinigor@mail.ru 

Information about the authors 
Yuliya I. Karlina, Researcher of Research Department, Ph.D. 

student, Irkutsk National Research Technical University, Ir-

kutsk, e-mail: karlinigor@mail.ru 


