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Ⱥɧɧɨɬɚɰɢɹ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɵ ɪɚɡɪɚɛɨɬɤɢ ȺɈ «ɂɪɤɭɬɫɤɇɂɂɯɢɦɦɚɲ» ɜ ɨɛɥɚɫɬɢ ɫɨɡɞɚɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɭɫɬɪɨɣɫɬɜ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɤɫɩɥɭɚɬɢɪɭɟɦɨɝɨ ɜ ɭɫɥɨɜɢɹɯ ɢɧɬɟɧ-
ɫɢɜɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. Ɉɬɦɟɱɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɢ ɧɚɝɪɭɠɟɧ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɞɟɦɩɮɢɪɭɸɳɢɯ ɫɜɹɡɟɣ ɜɹɡɤɨɝɨ ɢɥɢ ɫɭɯɨɝɨ ɬɪɟɧɢɹ. ɉɨɤɚɡɚɧɚ ɩɪɢɧɰɢɩɢɚɥɶ-
ɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɢ ɜɧɟɞɪɟɧɧɨɝɨ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ 
ɦɟɦɛɪɚɧɧɨɝɨ ɬɢɩɚ, ɨɛɥɚɞɚɸɳɟɝɨ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɜɢɛɪɚɰɢɹɦ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɚɪɶɢ-
ɪɨɜɚɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. Ɋɚɫɫɦɨɬɪɟɧɵ ɩɨɞɯɨɞɵ ɤ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɚɛɨɬɵ ɪɟɚɥɶɧɵɯ ɞɟɦɩɮɢɪɭ-
ɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɨɛɳɟɧɧɵɯ ɦɨɞɟɥɟɣ Ɇɚɤɫɜɟɥɥɚ ɢ Кɟɥɶɜɢɧɚ - Ɏɨɣɝɬɚ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢɫɤɨɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɞɟɦɩ-ɮɢɪɨɜɚɧɢɹ ɧɚ ɨɫɧɨɜɟ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. ɉɪɢ ɷɬɨɦ ɨɬɦɟɱɟɧɚ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɢɫ-ɩɨɥɶɡɨɜɚɧɢɹ ɜ ɤɚɱɟɫɬɜɟ ɦɢɧɢɦɢɡɢɪɭɟɦɨɣ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ ɧɟɜɹɡɨɤ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟ-
ɪɟɧɧɨɣ ɫɢ-ɥɨɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɢ ɫɢɥɨɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ, ɪɚɫɫɱɢɬɚɧɧɨɣ ɩɨ ɩɪɢɧɹɬɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. ɉɪɨɞɟɦɨɧɫɬɪɢɪɨ-
ɜɚɧɨ ɪɚɡɪɚ-ɛɨɬɚɧɧɨɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɪɟɚɥɢɡɭɸɳɟɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɩɚɪɚɦɟɬɪɨɜ 
ɦɨɞɟɥɟɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɦɨɞɟɥɟɣ Кɟɥɶɜɢɧɚ - Ɏɨɣɝɬɚ ɢ Ɇɚɤɫɜɟɥɥɚ ɫ ɨɛɳɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɰɟɩɟɣ ɞɨ 10. ɉɪɢ ɷɬɨɦ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɚɥɝɨɪɢɬɦɚ ɩɨɢɫɤɚ ɨɩɬɢɦɭɦɚ ɩɪɢɧɹɬ ɦɟɬɨɞ ɩɪɹɦɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨ ɫɟɬɤɟ ɫ ɩɨ-
ɫɥɟɞɨɜɚ-ɬɟɥɶɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ ɡɨɧɵ ɩɨɢɫɤɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɩɚɫɧɵɣ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɨɛɴɟɤɬ, ɞɢɧɚɦɢɱɟɫɤɨɟ ɜɨɡɞɟɣɫɬɜɢɟ, ɜɢɛɪɚɰɢɹ, ɫɟɣɫɦɢɤɚ, ɞɟɦɩɮɢɪɨɜɚɧɢɟ, 
ɞɟɦɩɮɟɪ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ, ɦɟɬɨɞ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ, ɦɨɞɟɥɶ Ɇɚɤɫɜɟɥɥɚ, ɦɨɞɟɥɶ Кɟɥɶɜɢɧɚ - Ɏɨɣɝɬɚ. 

Abstract. The article presents the results of work of JSC “IrkutskNIIhimmash” in the field of developing viscous friction damp-

ers. They provide the industrial safety of equipment used under the intensive dynamic impact. The possibility of ensuring industrial safety 

of dynamically loaded equipment based on the use of discrete damping bonds of viscous or dry friction is noted. The principal design of a 

viscous friction damping device of membrane type developed and introduced into commercial operation, which has a high sensitivity to 

vibrations of small amplitudes, as well as the possibility of varying the damping properties in a wide range is shown. The approaches to 

interpretation of work of the real viscous friction damping devices based on the results of bench testing with the help of generalized 

Maxwell and Kelvin–Voigt models are considered in the article. In particular, the possibility of identification of the required parameters 

of damping mathematical model on the basis of the methods of structures optimal design is shown. Besides, it is noted that it is possible 
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ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ № 

to use the sum of squares of the difference between the experimentally measured damping force and the damping force calculated in 

accordance with the accepted mathematical model as a minimized target function. The article presents the developed application-

dependent software that solves the problem of damping models parameters identification for different combinations of generalized Max-

well and Kelvin–Voigt models if the general amount of chains is less than 10. At that the method of direct net scanning followed by re-

duction of search area is accepted as the basic algorithm for search of the optimum.  

Keywords: divided rigid body, elastic element, friction, force of gravity, multibody mechanical systems, contact condition, con-

tact interaction, unilateral constraints, static reaction, dynamic reaction, contact forces. 

 

ȼɜɟɞɟɧɢɟ 
ȼ ɫɨɜɪɟɦɟɧɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɫɭɳɟɫɬɜɭ-

ɟɬ ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɨɛɴɟɤɬɨɜ, ɪɚɛɨɬɚɸɳɢɯ ɜ 
ɭɫɥɨɜɢɹɯ ɢɧɬɟɧɫɢɜɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣ-
ɫɬɜɢɣ, ɤɨɬɨɪɵɟ ɧɟɝɚɬɢɜɧɨ ɨɬɪɚɠɚɸɬɫɹ ɧɚ ɢɯ ɬɟɯ-
ɧɢɱɟɫɤɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɚɯ. Ɍɚɤ, ɧɚ ɯɢɦɢɱɟɫɤɢɯ, ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵ-
ɜɚɸɳɢɯ ɢ ɞɪɭɝɢɯ ɩɨɞɨɛɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɯɨɪɨ-
ɲɨ ɢɡɜɟɫɬɧɵ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɫɨɤɢɦ 
ɭɪɨɜɧɟɦ ɜɢɛɪɚɰɢɢ ɷɥɟɦɟɧɬɨɜ ɧɚɫɨɫɧɨ-

ɤɨɦɩɪɟɫɫɨɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜ ɱɚɫɬɧɨɫɬɢ, ɬɪɭ-
ɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ 
ɢ ɬ. ɞ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɹɜɥɟɧɢɟ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ, ɨɫɧɚɳɟɧɧɵɯ ɩɨɪɲɧɟɜɵ-
ɦɢ ɤɨɦɩɪɟɫɫɨɪɧɵɦɢ ɦɚɲɢɧɚɦɢ, ɜ ɧɚɝɧɟɬɚɸɳɢɯ  
ɢ ɜɫɚɫɵɜɚɸɳɢɯ ɥɢɧɢɹɯ ɤɨɬɨɪɵɯ ɢɦɟɟɬ ɦɟɫɬɨ 
ɩɭɥɶɫɚɰɢɹ ɞɚɜɥɟɧɢɹ ɛɨɥɶɲɨɣ ɚɦɩɥɢɬɭɞɵ. Ⱦɥɢ-
ɬɟɥɶɧɨɟ ɞɟɣɫɬɜɢɟ ɩɨɜɵɲɟɧɧɨɣ ɜɢɛɪɚɰɢɢ ɧɚ ɨɛɨ-
ɪɭɞɨɜɚɧɢɟ ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɞɪɭɝɢɦɢ ɮɚɤɬɨɪɚɦɢ ɫɬɚ-
ɧɨɜɢɬɫɹ ɩɪɢɱɢɧɨɣ ɭɫɬɚɥɨɫɬɧɨɝɨ ɪɚɡɪɭɲɟɧɢɹ ɨɬ-
ɞɟɥɶɧɵɯ ɟɝɨ ɷɥɟɦɟɧɬɨɜ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɩɪɢɜɨɞɢɬ 
ɤ ɜɵɯɨɞɭ ɢɡ ɫɬɪɨɹ ɫɚɦɢɯ ɤɨɦɩɪɟɫɫɨɪɧɵɯ ɦɚɲɢɧ, 
ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɢ ɬ. ɞ.  

ɉɨɦɢɦɨ ɜɢɛɪɚɰɢɨɧɧɵɯ ɜɨɡɞɟɣɫɬɜɢɣ, ɞɥɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɧɨɝɢɯ ɨɩɚɫɧɵɯ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɨɛɴɟɤɬɨɜ (ɈɉɈ) Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ ɫɢɬɭɚɰɢɹ ɨɫɥɨɠɧɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨ-
ɫɬɶɸ ɭɱɟɬɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭ-
ɡɨɤ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɫɟɣɫɦɢɱɟɫɤɢɦɢ 
ɹɜɥɟɧɢɹɦɢ (ɞɥɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɥɨɳɚɞɨɤ, ɪɚɡ-
ɦɟɳɚɟɦɵɯ ɜ ɫɟɣɫɦɢɱɟɫɤɢ ɚɤɬɢɜɧɵɯ ɪɚɣɨɧɚɯ), ɜɟɬ-
ɪɨɜɵɦɢ ɧɚɝɪɭɡɤɚɦɢ (ɞɥɹ ɜɵɫɨɬɧɵɯ ɤɨɥɨɧɧɵɯ ɚɩ-
ɩɚɪɚɬɨɜ, ɟɦɤɨɫɬɟɣ, ɞɵɦɨɜɵɯ ɬɪɭɛ) ɢ ɬ. ɞ. ɋ ɭɱɟɬɨɦ 
ɬɨɝɨ, ɱɬɨ ɦɚɫɫɨɢɧɟɪɰɢɨɧɧɵɟ ɢ ɠɟɫɬɤɨɫɬɧɵɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɞɟɣɫɬɜɭɸɳɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɦɨɝɭɬ ɫɭ-
ɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɩɪɨɟɤɬɧɵɯ (ɧɚɩɪɢɦɟɪ, 
ɜɫɥɟɞɫɬɜɢɟ ɨɲɢɛɨɤ ɦɨɧɬɚɠɚ, ɢɡɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨ-
ɝɢɢ, ɢɡɦɟɧɟɧɢɹ ɫɜɨɣɫɬɜ ɝɪɭɧɬɨɜ ɨɫɧɨɜɚɧɢɣ ɢ ɬ. ɩ.), 
ɬɨ ɢ ɮɚɤɬɢɱɟɫɤɚɹ ɧɚɝɪɭɠɟɧɧɨɫɬɶ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ 
ɩɪɢ ɞɟɣɫɬɜɢɢ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɦɨɠɟɬ ɢɡɦɟ-
ɧɹɬɶɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɡɚɳɢɬɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɨɤ ɨɬ ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡ-
ɞɟɣɫɬɜɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɧɚ ɷɬɚɩɟ ɢɯ ɩɪɨɟɤɬɢɪɨ-
ɜɚɧɢɹ. ɂɦɟɧɧɨ ɧɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ-
ɫɹ ɧɟɨɛɯɨɞɢɦɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɪɟɲɟɧɢɹ, ɩɨɜɵ-
ɲɚɸɳɢɟ ɞɢɧɚɦɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɨɛɨɪɭɞɨɜɚ-

ɧɢɹ. Ɉɞɧɚɤɨ ɞɥɹ ɭɫɬɚɧɨɜɨɤ, ɭɠɟ ɪɚɛɨɬɚɸɳɢɯ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɚɯ ɧɟ ɨɞɢɧ ɞɟɫɹɬɨɤ ɥɟɬ, ɜɨɩɪɨɫɵ ɩɨ-
ɜɵɲɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ, ɜɢɛɪɨ-  

ɢ ɫɟɣɫɦɨɡɚɳɢɬɵ ɩɪɢɯɨɞɢɬɫɹ ɪɟɲɚɬɶ ɜ ɩɪɨɰɟɫɫɟ 
ɷɤɫɩɥɭɚɬɚɰɢɢ. ɇɟɨɛɯɨɞɢɦɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɦɟɪɨ-
ɩɪɢɹɬɢɣ ɩɨ ɩɨɜɵɲɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɨɣ ɭɫɬɨɣɱɢɜɨ-
ɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɚɡɨɜɨɝɨ ɞɟɬɚɥɶɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɟɝɨ ɫɨɫɬɨɹɧɢɹ  
ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɧɨɝɨɤɚɧɚɥɶɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɚɩɩɚɪɚɬɭɪɵ ɢɥɢ ɞɥɢɬɟɥɶɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɫɟɣɫɦɢ-
ɱɟɫɤɢɯ ɫɨɛɵɬɢɣ ɧɚ ɩɥɨɳɚɞɤɟ ɟɝɨ ɪɚɡɦɟɳɟɧɢɹ [1]. 

ɉɨɞɯɨɞɵ ɤ ɨɛɟɫɩɟɱɟɧɢɸ ɩɪɨɦɵɲɥɟɧɧɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɢ ɧɚɝɪɭɠɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ 
Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɦɧɨɝɨɥɟɬɧɢɣ ɨɩɵɬ  

ȺɈ «ɂɪɤɭɬɫɤɇɂɂɯɢɦɦɚɲ» ɜ ɫɮɟɪɟ ɨɛɟɫɩɟɱɟɧɢɹ 
ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɢ ɧɚɝɪɭ-
ɠɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤ-
ɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɫɧɢɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɧɚ ɩɪɨɦɵɲɥɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɩɪɢɦɟɧɟɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɞɟɦɩɮɢ-
ɪɭɸɳɢɯ ɭɫɬɪɨɣɫɬɜ (Ⱦɍ), ɬɚɤɢɯ, ɧɚɩɪɢɦɟɪ, ɤɚɤ 
ɞɟɦɩɮɟɪɵ ɜɹɡɤɨɝɨ ɢɥɢ ɫɭɯɨɝɨ ɬɪɟɧɢɹ. ɉɨɞɨɛɧɚɹ 
ɬɟɯɧɨɥɨɝɢɹ ɤɨɦɩɟɧɫɚɰɢɢ ɧɟɠɟɥɚɬɟɥɶɧɵɯ ɞɢɧɚɦɢ-
ɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɬɫɹ ɜ ɨɛɴɟɤ-
ɬɚɯ ɬɪɚɧɫɩɨɪɬɚ, ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɟ, ɚɷɪɨɤɨɫɦɢɱɟ-
ɫɤɨɣ ɬɟɯɧɢɤɟ ɢ ɞɪɭɝɢɯ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɯ ɨɛ-
ɥɚɫɬɹɯ [2-4]. Ɍɚɤ, ɜ ɪɹɞɟ ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɪɚɛɨɬ  
[5, 6], ɩɨɫɜɹɳɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɥɢɹɧɢɹ ɞɟɦɩ-
ɮɢɪɨɜɚɧɢɹ ɧɚ ɜɵɧɭɠɞɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɩɪɨɦɵɲ-
ɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɧɚ ɞɢɧɚɦɤɭ 
ɬɪɭɛɨɩɪɨɜɨɞɧɵɯ ɫɢɫɬɟɦ, ɩɨɤɚɡɚɧɨ, ɱɬɨ ɜɜɟɞɟɧɢɟ  
ɜ ɢɫɯɨɞɧɭɸ ɫɢɫɬɟɦɭ ɨɩɬɢɦɚɥɶɧɨ ɩɨɞɨɛɪɚɧɧɵɯ Ⱦɍ 
ɩɨɡɜɨɥɹɟɬ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɫɧɢɡɢɬɶ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɧɚɝɪɭɡɤɢ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟ-
ɧɢ ɩɪɨɞɥɢɬɶ ɪɟɫɭɪɫ ɟɝɨ ɛɟɡɨɩɚɫɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɫɨɩɪɹɠɟɧɢɢ ɪɚɫɩɥɨɠɟɧɧɵɯ 
ɪɹɞɨɦ ɜɟɪɬɢɤɚɥɶɧɨ ɫɬɨɹɳɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɯɨɥɨ-
ɞɢɥɶɧɢɤɨɜ ɩɨɪɲɧɟɜɵɯ ɤɨɦɩɪɟɫɫɨɪɨɜ ɜ ɜɟɪɯɧɟɦ 
ɭɪɨɜɧɟ ɩɨɫɪɟɞɫɬɜɨɦ ɫɢɫɬɟɦɵ ɜɹɡɤɢɯ ɞɟɦɩɮɟɪɨɜ 
ɭɞɚɟɬɫɹ ɫɧɢɡɢɬɶ ɢɯ ɜɢɛɪɚɰɢɨɧɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ  
ɜ 2-2,5 ɪɚɡɚ [7]. 

Ʉ ɫɨɠɚɥɟɧɢɸ, ɜ Ɋɨɫɫɢɢ ɩɨɞɨɛɧɵɟ ɬɟɯɧɨɥɨ-
ɝɢɢ ɡɚɳɢɬɵ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ-
ɦɟɧɹɸɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɪɟɞɤɨ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɨɬɫɭɬ-
ɫɬɜɢɟɦ ɧɟɨɛɯɨɞɢɦɨɣ ɧɨɪɦɚɬɢɜɧɨ-ɩɪɚɜɨɜɨɣ ɛɚɡɵ, 
ɨɬɪɚɛɨɬɚɧɧɵɯ ɭɧɢɜɟɪɫɚɥɶɧɵɯ ɢ ɬɟɯɧɨɥɨɝɢɱɧɵɯ 



Ɇехɚɧиɤɚ 

  ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ № 2 (54) 2017 23

ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ № 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɪɟɲɟɧɢɣ, ɚ ɬɚɤɠɟ ɜɵɫɨɤɨɣ ɫɬɨɢ-
ɦɨɫɬɶɸ ɢɦɩɨɪɬɧɵɯ Ⱦɍ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɜ ɩɨɫɥɟɞ-
ɧɢɟ ɝɨɞɵ ȺɈ «ɂɪɤɭɬɫɤɇɂɂɯɢɦɦɚɲ» ɪɟɚɥɢɡɭɟɬ 
ɪɹɞ ɩɪɨɟɤɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɪɚɛɨɬɤɨɣ ɧɨɜɵɯ ɬɟɯ-
ɧɨɥɨɝɢɱɧɵɯ ɢ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ ɜɢɛɪɨɡɚɳɢɬɵ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼ ɪɚɫɩɨɪɹɠɟɧɢɢ 
ɢɧɫɬɢɬɭɬɚ ɢɦɟɸɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧ-
ɧɵɟ ɦɨɳɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɨɛɲɢɪɧɚɹ ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɚɹ ɛɚɡɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɧɟ ɬɨɥɶɤɨ ɢɡɝɨɬɚɜɥɢ-
ɜɚɬɶ ɤɨɧɫɬɪɭɤɰɢɢ, ɧɨ ɢ ɩɪɨɜɨɞɢɬɶ ɪɟɫɭɪɫɧɵɟ, 
ɩɪɨɱɧɨɫɬɧɵɟ ɢ ɜɢɛɪɚɰɢɨɧɧɵɟ ɢɫɩɵɬɚɧɢɹ ɢɡɝɨɬɚɜ-
ɥɢɜɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɂɧɫɬɢɬɭɬ ɭɠɟ ɢɦɟɟɬ 
ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɨɩɵɬ ɜɧɟɞɪɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ 

ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɟɤɨɬɨɪɵɯ ɨɛɪɚɡɰɨɜ ɫɢɫɬɟɦ ɩɚɫɫɢɜ-
ɧɨɣ ɢ ɩɨɥɭɚɤɬɢɜɧɨɣ ɫɢɫɬɟɦ ɜɢɛɪɨɢɡɨɥɹɰɢɢ ɢ ɩɥɚ-
ɧɢɪɭɟɬ ɡɚɩɭɫɤ ɜ ɦɟɥɤɨɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɯ ɫɢɫɬɟɦ. ȼɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬ-
ɤɢ ɫɢɫɬɟɦ ɜɢɛɪɨɡɚɳɢɬɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɩɪɚɜ-
ɥɹɟɦɵɯ ɞɟɦɩɮɟɪɨɜ [8, 9]. Ɍɚɤ, ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɜɧɟɞ-
ɪɟɧɚ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɫɟɪɢɹ Ⱦɍ 
ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɬɢɩɚ ɫ ɩɨɫɬɨɹɧɧɵɦ 
(ɫɟɪɢɹ ɆȾ) ɢ ɪɟɝɭɥɢɪɭɟɦɵɦ (ɫɟɪɢɹ ɆȾɊ) ɭɪɨɜɧɟɦ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ. Ɉɫɧɨɜɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ ɞɚɧɧɵɯ 
ɞɟɦɩɮɟɪɨɜ ɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬɢɜɧɨɟ ɝɚɲɟɧɢɟ ɜɵɧɭɠ-
ɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɱɚɫɬɨɬ 
ɜɧɟɲɧɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ 
ɭɤɚɡɚɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɹɜɥɹɟɬɫɹ ɜɵɫɨɤɚɹ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɶ ɤ ɜɢɛɪɚɰɢɹɦ ɦɚɥɵɯ ɚɦɩɥɢɬɭɞ, ɚ ɬɚɤɠɟ 
ɜɨɡɦɨɠɧɨɫɬɶ ɜɚɪɶɢɪɨɜɚɧɢɹ ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɫɜɨɣɫɬɜ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. 

Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɞɟɦɩɮɟɪ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɫɟ-
ɪɢɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɜɭɯɤɚɦɟɪɧɵɣ ɰɢɥɢɧɞɪ, 
ɡɚɩɨɥɧɟɧɧɵɣ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɶɸ (ɪɢɫ. 1).  

 
Ɋɢɫ. 1. ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ Ⱦɍ ɜɹɡɤɨɝɨ 

ɬɪɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɬɢɩɚ: 
1 – ɤɨɪɩɭɫ; 2 – ɪɚɛɨɱɟɟ ɬɟɥɨ; 3 – ɩɟɪɟɝɨɪɨɞɤɚ; 4 – ɩɟɪɟ-
ɩɭɫɤɧɨɣ ɤɚɧɚɥ; 5 – ɲɬɨɤ; 6 – ɩɚɤɟɬ ɦɟɦɛɪɚɧ; 7 – ɨɬɜɟɪ-

ɫɬɢɟ ɜ ɩɟɪɟɝɨɪɨɞɤɟ; 8 – ɩɪɨɤɥɚɞɤɚ ɤɨɪɩɭɫɚ; 9 – ɩɪɨ-
ɤɥɚɞɤɚ ɲɬɨɤɚ; 10 – ɲɚɣɛɚ; 11 – ɝɚɣɤɚ; 12 – ɮɥɚɧɟɰ;  

13 – ɩɟɪɟɩɭɫɤɧɨɣ ɜɟɧɬɢɥɶ; 14 – ɡɚɥɢɜɨɱɧɨɟ ɨɬɜɟɪɫɬɢɟ 

 

Ƚɚɲɟɧɢɟ ɤɨɥɟɛɚɧɢɣ ɡɚɳɢɳɚɟɦɨɝɨ ɨɛɴɟɤɬɚ 
ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɵɬɟɫɧɟɧɢɹ ɥɢɲɧɟɝɨ ɨɛɴɟɦɚ 
ɠɢɞɤɨɫɬɢ ɫɤɜɨɡɶ ɦɚɥɵɟ ɨɬɜɟɪɫɬɢɹ, ɪɚɡɦɟɳɚɟɦɵɟ ɜ 
ɬɟɥɟ ɩɟɪɟɝɨɪɨɞɤɢ, ɪɚɡɞɟɥɹɸɳɟɣ ɤɚɦɟɪɵ. Ɉɛɴɟɦ 
ɜɵɬɟɫɧɹɟɦɨɣ ɠɢɞɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ 
ɞɟɮɨɪɦɚɰɢɢ ɦɟɦɛɪɚɧɵ, ɝɟɪɦɟɬɢɱɧɨ ɫɨɟɞɢɧɟɧɧɨɣ 
ɫɨ ɲɬɨɤɨɦ, ɤɨɬɨɪɵɣ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ ɤɪɟɩɢɬɫɹ ɤ 
ɡɚɳɢɳɚɟɦɨɦɭ ɨɛɴɟɤɬɭ, ɚ ɫ ɞɪɭɝɨɣ – ɤ ɤɨɦɩɟɧɫɚɰɢ-
ɨɧɧɨɣ ɦɟɦɛɪɚɧɟ. 

Ɉɫɧɨɜɨɩɨɥɚɝɚɸɳɢɦ ɦɨɦɟɧɬɨɦ, ɩɨɡɜɨɥɹɸ-
ɳɢɦ ɩɪɢɦɟɧɹɬɶ ɬɟ ɢɥɢ ɢɧɵɟ Ⱦɍ ɜ ɡɚɞɚɱɚɯ ɜɢɛɪɨ- ɢ 
ɫɟɣɫɦɨɡɚɳɢɬɵ, ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɜɟɞɟɧɢɹ ɞɟɦɩɮɟɪɨɜ ɫ ɭɱɟ-
ɬɨɦ ɢɯ ɮɚɤɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ [10 -13]. ɂɦɟɧ-
ɧɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫ-
ɱɟɬɧɵɦ ɩɭɬɟɦ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɢɦɟɧɹɟ-
ɦɨɝɨ ɞɟɦɩɮɟɪɚ, ɚ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ – ɨɛɟɫ-
ɩɟɱɢɬɶ ɩɨɞɛɨɪ ɬɪɟɛɭɟɦɨɝɨ ɞɟɦɩɮɟɪɚ ɞɥɹ ɤɨɧɤɪɟɬ-
ɧɵɯ ɭɫɥɨɜɢɣ ɷɤɫɩɥɭɚɬɚɰɢɢ [6]. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɪɚ-
ɛɨɬɚ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ [3, 4] Ⱦɍ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɧɚ 
ɨɫɧɨɜɟ ɜɵɫɨɤɨɜɹɡɤɢɯ ɫɢɥɢɤɨɧɨɜ (ɩɨɥɢɞɢɦɟɬɢɥɫɢ-
ɥɨɤɫɚɧɨɜ) ɦɨɠɟɬ ɛɵɬɶ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɧɚ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɞɜɨɣɧɨɣ ɰɟ-
ɩɶɸ Ɇɚɤɫɜɟɥɥɚ (ɪɢɫ. 2).  

Ʉɚɤ ɛɵɥɨ ɨɬɦɟɱɟɧɨ ɜɵɲɟ, ɢɞɟɧɬɢɮɢɤɚɰɢɹ 
ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɟɦɩɮɢɪɨɜɚ-
ɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɨɜ 
ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɣ. ɉɪɢ 
ɷɬɨɦ ɡɚɞɚɱɚ ɨɩɬɢɦɢɡɚɰɢɢ ɜɵɝɥɹɞɢɬ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ:  
ɧɚɣɬɢ ɜɟɤɬɨɪ ɩɟɪɟɦɟɧɧɵɯ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

),...,,( 21 mxxxX , 

ɞɨɫɬɚɜɥɹɸɳɢɣ ɦɢɧɢɦɭɦ ɰɟɥɟɜɨɣ ɮɭɧɤɰɢɢ 

)(min XW , 

ɝɞɟ ),...,,( 21 mxxxX  – ɜɟɤɬɨɪ ɩɟɪɟɦɟɧɧɵɯ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ, ɜɤɥɸɱɚɸɳɢɣ ɜ ɫɟɛɹ ɩɚɪɚɦɟɬɪɵ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɦɨɞɟɥɢ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ, ɜɤɥɸɱɚɸɳɟɣ ɜ ɫɟɛɹ ɞɜɟ ɰɟɩɢ 
Ɇɚɤɫɜɟɥɥɚ (ɪɢɫ. 2), ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ Ⱦɍ 
ɛɭɞɟɬ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶɫɹ ɱɟɬɵɪɶɦɹ ɩɚɪɚɦɟɬɪɚɦɢ 

2121 ,,, cckk ); 

)(XW  – ɦɢɧɢɦɢɡɢɪɭɟɦɚɹ ɰɟɥɟɜɚɹ ɮɭɧɤɰɢɹ, ɩɪɟɞ-
ɫɬɚɜɥɹɸɳɚɹ ɫɨɛɨɣ ɫɭɦɦɭ ɤɜɚɞɪɚɬɨɜ ɧɟɜɹɡɨɤ ɦɟɠ-
ɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɢɡɦɟɪɟɧɧɨɣ ɫɢɥɨɣ ɞɟɦɩɮɢ-
ɪɨɜɚɧɢɹ )(tfexp  ɢ ɫɢɥɨɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ, ɪɚɫɫɱɢ-
ɬɚɧɧɨɣ ɩɨ ɩɪɢɧɹɬɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

),X( tf : 

min,))(X,)(( 2
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ɝɞɟ t  – ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɹ Ⱦɍ. 
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ɚ) 

 
ɛ) 

Ɋɢɫ. 2. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɟɦɩɮɟɪɨɜ 
ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ [2, 3]: ɚ) ɜɹɡɤɢɣ ɞɟɦɩɮɟɪ ɫɟɪɢɢ ȼȾ;  

ɛ) ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɞɟɦɩɮɟɪɚ ɞɜɨɣɧɨɣ 
ɰɟɩɶɸ Ɇɚɤɫɜɟɥɥɚ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɞɭɪɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ Ⱦɍ  
ɜ ȺɈ «ɂɪɤɭɬɫɤɇɂɂɯɢɦɦɚɲ» ɪɚɡɪɚɛɨɬɚɧɨ ɫɩɟɰɢɚ-
ɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Stand, 

ɩɪɢɦɟɧɹɟɦɨɟ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶ-

ɧɵɯ ɢɡɞɟɥɢɣ ɜ ɫɬɟɧɞɨɜɵɯ ɭɫɥɨɜɢɹɯ. ɇɚ ɭɤɚɡɚɧɧɨɟ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɥɭɱɟɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨ 
ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦ ɞɥɹ ɗȼɆ [16]  

(№ 2016662397 «ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵ-
ɬɚɧɢɣ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɢɡɞɟɥɢɣ»). ɍɤɚɡɚɧɧɨɟ 
ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɪɟɚɥɢɡɨɜɚɬɶ 
ɪɟɲɟɧɢɟ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚ-
ɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɦɨɞɟ-
ɥɟɣ Ʉɟɥɶɜɢɧɚ - Ɏɨɣɝɬɚ ɢ Ɇɚɤɫɜɟɥɥɚ (ɪɢɫ. 3) ɫ ɨɛ-
ɳɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɟɩɟɣ ɞɨ 10. ɋɚɦɚ ɩɪɨɰɟɞɭɪɚ 
ɩɨɢɫɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ ɫɤɚɧɢɪɨ-
ɜɚɧɢɹ ɩɨ ɫɟɬɤɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɭɦɟɧɶɲɟɧɢɟɦ 
ɡɨɧɵ ɩɨɢɫɤɚ [17, 18]. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɞɭɪɵ ɢɞɟɧɬɢɮɢɤɚɰɢɢ 
ɩɚɪɚɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ Ⱦɍ  
ɜ ȺɈ «ɂɪɤɭɬɫɤɇɂɂɯɢɦɦɚɲ» ɪɚɡɪɚɛɨɬɚɧɨ ɫɩɟɰɢɚ-
ɥɢɡɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ Stand, 

ɩɪɢɦɟɧɹɟɦɨɟ ɩɪɢ ɢɫɩɵɬɚɧɢɢ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶ-
ɧɵɯ ɢɡɞɟɥɢɣ ɜ ɫɬɟɧɞɨɜɵɯ ɭɫɥɨɜɢɹɯ. 

ɇɚ ɭɤɚɡɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨ-
ɥɭɱɟɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ ɪɟɝɢɫɬɪɚɰɢɢ ɩɪɨɝɪɚɦɦ ɞɥɹ 
ɗȼɆ [16] (№2016662397 «ɉɪɨɝɪɚɦɦɚ ɞɥɹ ɫɬɟɧɞɨ-
ɜɵɯ ɢɫɩɵɬɚɧɢɣ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɯ ɢɡɞɟɥɢɣ»). 
ɍɤɚɡɚɧɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ 
ɪɟɚɥɢɡɨɜɚɬɶ ɪɟɲɟɧɢɟ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɜɵɲɟ ɡɚɞɚɱɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɞɥɹ ɪɚɡɥɢɱɧɨɝɨ ɫɨɱɟɬɚɧɢɹ ɨɛɨɛɳɟɧ-
ɧɵɯ ɦɨɞɟɥɟɣ Ʉɟɥɶɜɢɧɚ-Ɏɨɣɝɬɚ ɢ Ɇɚɤɫɜɟɥɥɚ (ɪɢɫ. 
3) ɫ ɨɛɳɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɰɟɩɟɣ ɞɨ 10. ɋɚɦɚ ɩɪɨɰɟ-
ɞɭɪɚ ɩɨɢɫɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ ɩɪɹɦɨɝɨ 
ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨ ɫɟɬɤɟ ɫ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ 
ɭɦɟɧɶɲɟɧɢɟɦ ɡɨɧɵ ɩɨɢɫɤɚ [17, 18]. 

Ɂɚɤɥɸɱɟɧɢɟ 

ȼ ɪɚɦɤɚɯ ɪɟɚɥɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɢ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɢɧɚɦɢɱɟɫɤɢ 
ɧɚɝɪɭɠɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ȺɈ «ɂɪɤɭɬɫɤɇɂ-
ɯɢɦɦɚɲ» ɪɚɡɪɚɛɨɬɚɧɵ ɫɩɨɫɨɛɵ ɢ ɫɪɟɞɫɬɜɚ ɭɩɪɚɜ-
ɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɜɜɟɞɟɧɢɹ ɜ ɧɢɯ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɟɦɩɮɢɪɭɸɳɢɯ ɫɜɹɡɟɣ ɢ ɨɩɬɢɦɢ-
ɡɚɰɢɢ ɫɬɟɩɟɧɢ ɞɟɦɩɮɢɪɨɜɚɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ, ɪɚɡ-
ɪɚɛɨɬɚɧɚ ɢ ɜɧɟɞɪɟɧɚ ɜ ɩɪɨɦɵɲɥɟɧɧɭɸ ɷɤɫɩɥɭɚɬɚ-
ɰɢɸ ɫɟɪɢɹ Ⱦɍ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɦɟɦɛɪɚɧɧɨɝɨ ɬɢɩɚ  
ɫ ɩɨɫɬɨɹɧɧɵɦ ɢ ɪɟɝɭɥɢɪɭɟɦɵɦ ɭɪɨɜɧɟɦ ɞɟɦɩɮɢ-
ɪɨɜɚɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɯ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɮɮɟɤɬɢɜɧɨɟ 
ɝɚɲɟɧɢɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɡɚɳɢɳɚɟɦɨɝɨ 
ɨɛɴɟɤɬɚ ɜ ɲɢɪɨɤɨɦ ɫɩɟɤɬɪɟ ɱɚɫɬɨɬ ɜɧɟɲɧɟɝɨ ɜɨɡ-
ɞɟɣɫɬɜɢɹ. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɪɚɫɱɟɬ-
ɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɫ ɞɟɦɩ-
ɮɢɪɨɜɚɧɢɟɦ ɪɚɡɪɚɛɨɬɚɧɵ ɩɨɞɯɨɞɵ ɢ ɩɪɨɝɪɚɦɦɧɵɟ 
ɫɪɟɞɫɬɜɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɢɞɟɧɬɢɮɢɤɚɰɢɸ ɩɚɪɚ-
ɦɟɬɪɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɞɥɹ ɧɚɢɥɭɱɲɟɣ ɚɩɩɪɨɤɫɢɦɚɰɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟ-
ɚɥɶɧɵɯ Ⱦɍ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ.  
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Ⱥɧɧɨɬɚɰɢɹ. ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɡɧɨɫɚ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɧɚ ɟɟ ɨɫɧɨɜɟ 
ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɢɡɧɨɫɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɥɚ ɩɪɢ ɫɛɨɪɤɟ ɊК-3 ɩɪɨɮɢɥɶɧɵɯ ɤɨɧɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ ɞɟɬɚɥɟɣ ɦɚɲɢɧ. ȼɫɟɝɨ 
ɩɪɨɜɟɞɟɧɨ 30 ɪɟɚɥɢɡɚɰɢɣ ɫɛɨɪɤɢ ɊК-3 ɩɪɨɮɢɥɶɧɨɝɨ ɤɨɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɫ ɭɱɟɬɨɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɢɡɧɨɫɚ, ɤɨɝɞɚ 
ɤɨɨɪɞɢɧɚɬɵ ɢɫɯɨɞɧɨɣ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɥɚ ɢɡɦɟɧɹɸɬɫɹ ɩɨɞ ɜɥɢɹɧɢɟɦ ɢɡɧɨɫɚ ɨɬ ɪɟɚɥɢɡɚɰɢɢ ɤ ɪɟɚɥɢɡɚɰɢɢ. 
ɉɪɨɜɟɞɟɧɢɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɦɢɬɚɰɢɨɧɧɵɯ ɪɚɫɱɟɬɨɜ ɫɛɨɪɤɢ ɤɨɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɡɦɟɪɹɟɬ ɤɨɧɟɱɧɵɟ ɩɚɪɚɦɟɬɪɵ 
ɫɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɩɪɹɠɟɧɢɹ ɤɨɧɢɱɟɫɤɢɯ ɞɟɬɚɥɟɣ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ ɢɡɧɨɫɚ ɨɬɱɟɬɥɢɜɨ 
ɩɪɨɫɦɚɬɪɢɜɚɸɬɫɹ ɷɬɚɩɵ ɩɪɢɪɚɛɨɬɤɢ ɫɨɟɞɢɧɟɧɢɹ ɢ ɟɝɨ ɧɨɪɦɚɥɶɧɚɹ ɷɤɫɩɥɭɚɬɚɰɢɹ ɤɚɤ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɩɨɥɨɠɟɧɢɹ ɜɚɥɚ  
ɜ ɨɬɜɟɪɫɬɢɢ ɜɬɭɥɤɢ (ɢɡɦɟɧɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɜɚɥɚ ɢ ɭɝɥɨɜ ɨɬɤɥɨɧɟɧɢɹ ɨɫɟɣ ɜɚɥɚ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɨɬɜɟɪɫɬɢɹ), 
ɬɚɤ ɢ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ (ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɬɚɤɬɧɵɯ ɬɨɱɟɤ, ɜɟɥɢɱɢɧɵ ɧɚɬɹɝɨɜ ɢ ɡɚɡɨɪɨɜ, 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɥɨɳɚɞɶ ɤɨɧɬɚɤɬɚ ɢ ɤɨɧɬɚɤɬɧɵɟ ɞɚɜɥɟɧɢɹ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɨɣ ɩɪɨɰɟɫɫ ɢɡɧɨɫɚ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɨɢɫɯɨɞɢɬ ɢɦɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɫɛɨɪɤɢ ɫɚɦɨɝɨ ɤɨɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢ ɦɚɥɨ ɫɜɹɡɚɧ ɫ ɟɝɨ ɪɚɛɨɬɨɣ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɩɨ ɩɪɢɱɢɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɧɨɫɧɨɣ ɦɨɞɟɥɢ ɩɪɟɠɞɟ ɜɫɟɝɨ ɨɬ ɥɢɧɟɣɧɵɯ ɫɤɨɪɨɫɬɟɣ ɫɤɨɥɶɠɟɧɢɹ  
ɜ ɤɨɧɬɚɤɬɧɵɯ ɬɨɱɤɚɯ ɫɨɩɪɹɝɚɟɦɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɋɞɟɥɚɧ ɜɵɜɨɞ ɨ ɩɪɚɜɢɥɶɧɵɯ ɜɧɭɬɪɟɧɧɢɯ ɫɜɹɡɹɯ ɦɟɠɞɭ ɪɚɡɪɚɛɨɬɚɧɧɵɦɢ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɦɢ ɦɨɞɟɥɹɦɢ. ɂɯ ɩɪɢɦɟɧɟɧɢɟ ɩɨɡɜɨɥɢɬ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɞɟɬɚɥɟɣ ɊК-3 ɩɪɨɮɢɥɶɧɨɝɨ ɤɨɧɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɊК-3 ɩɪɨɮɢɥɶ, ɢɦɢɬɚɰɢɨɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. 
Abstract. The article presents a mathematical model of the wear of the contacting surfaces and on its basis the influence of the 

wear of the shaft surface during assembling PG-3 profile conical compounds of machine parts. A total of 30 assembling realizations of 

PG-3 profile conical compound with due regard for consistent wear when the coordinates of the original rough surface of the shaft will 

be affected by the wear from implementation to implementation. Conducting consecutive simulation calculations of the conical com-

pound assembly changes the final parameters of the formed conical details. It is shown that during the simulation of sequential wear 

stages of burnishing compound and its normal operation as the position of the shaft in the bushing hole (changing the position of the 

center of mass of the shaft and deflection angles of the shaft axes in the coordinate system of the hole), and the parameters of the contact-

ing surfaces (the number of contact points, magnitude of tightness and gaps, the relative contact area and contact pressure) are well 


