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Иɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɨɩɟɪɚ-
ɰɢɢ ɪɚɫɬɚɱɢɜɚɧɢɹ ɡɚɝɨɬɨɜɨɤ ɢɡ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ. ɋ ɰɟɥɶɸ ɚɤɬɢɜɢɡɚɰɢɢ  ɜɧɟɞɪɟɧɢɹ ɷɥɟ-
ɦɟɧɬɨɜ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢɡɞɟɥɢɣ ɨɛɳɟɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɢ ɢɡɞɟɥɢɣ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ 
ɬɟɯɧɢɤɢ ɩɪɟɞɥɨɠɟɧɚ ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ. Кɨɧɫɬɪɭɤɰɢɹ ɫɛɨɪɧɨɣ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɫɧɢɠɚ-
ɟɬ ɚɦɩɥɢɬɭɞɭ ɜɢɛɪɚɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɩɪɨɹɜɥɟɧɢɹ ɜ ɧɟɣ ɩɨɜɵɲɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɢ ɭɫɢɥɟɧɧɨɝɨ ɞɟɦɩɮɢɪɨɜɚɧɢɹ 
ɩɨɩɟɪɟɱɧɵɯ ɢ ɭɝɥɨɜɵɯ ɤɨɥɟɛɚɧɢɣ. Эɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɫɦɟɳɟɧɢɟɦ ɰɟɧɬɪɚ ɦɚɫɫ ɨɩɪɚɜɤɢ ɤ ɥɟɡɜɢɸ ɫɦɟɧɧɨɣ ɬɜɟɪɞɨ-
ɫɩɥɚɜɧɨɣ ɩɥɚɫɬɢɧɤɢ ɢ ɡɚɩɨɥɧɟɧɢɟɦ «ɭɬɹɠɟɥɟɧɧɨɣ» ɱɚɫɬɢ ɨɩɪɚɜɤɢ ɩɨɪɨɲɤɨɜɵɦ ɦɚɬɟɪɢɚɥɨɦ ɩɨɜɵɲɟɧɧɨɣ 
ɩɥɨɬɧɨɫɬɢ. ɇɚɥɢɱɢɟ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɨɤɥɚɞɨɤ ɢɡ ɦɹɝɤɨɣ ɢ ɬɜɟɪɞɨɣ ɪɟɡɢɧɵ, ɨɛɟɫɩɟɱɢɜɚɹ ɪɟɝɭɥɹɪɧɭɸ ɜɹɡɤɨɫɬɶ, 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɱɚɫɬɢɱɧɨɦɭ ɨɝɪɚɧɢɱɟɧɢɸ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜɚɧɧɵɯ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ 
ɬɟɪɦɨЭȾɋ ɜ ɩɪɨɰɟɫɫɟ ɪɟɡɚɧɢɹ ɨɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɦɚɲɢɧɵ ɱɟɪɟɡ ɪɟɠɭɳɢɣ ɢɧɫɬɪɭɦɟɧɬ ɧɚ ɡɚɝɨɬɨɜɤɭ ɢɥɢ  
ɜ ɞɪɭɝɨɣ ɫɢɬɭɚɰɢɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɫɬɢɦɭɥɢɪɭɟɬ ɫɧɢɠɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɚɧɢɸ. Ɇɟɠɚɬɨɦɧɵɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɦɚɬɟɪɢɚɥɟ ɡɚɝɨɬɨɜɤɢ ɜ ɩɪɨɰɟɫɫɟ ɬɨɱɟɧɢɹ, ɨɰɟɧɢɜɚɟɦɵɟ ɜɟɥɢɱɢɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɦɟɬɚɥɥɢɱɟ-
ɫɤɨɣ ɫɜɹɡɢ, ɧɟ ɩɪɟɜɵɲɚɸɬ 90 ɤȾɠ/ɦɨɥɶ. Эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɚɦɩɥɢɬɭɞ ɜɢɛɪɚɰɢɢ ɢ ɪɚɛɨɬɨɫɩɨ-
ɫɨɛɧɨɫɬɢ ɧɨɜɨɣ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɜ ɭɫɥɨɜɢɹɯ ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɪɚɫɬɚɱɢɜɚɧɢɹ ɬɪɭɛɵ ɢɡ ɫɬɚɥɢ ɦɚɪɤɢ 30ХȽɋА 

ɩɨɤɚɡɚɥɢ ɫɧɢɠɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɜ 3 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɬɢɩɨɜɨɣ ɤɨɧɫɬɪɭɤɰɢɟɣ ɪɚɫɬɨɱɧɨɣ ɨɩ-
ɪɚɜɤɢ ɢ ɭɥɭɱɲɟɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɜ 1,85 ɪɚɡɚ. Ɉɬɞɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɧɚ ɛɚɡɨɜɨɦ 

ɩɪɟɞɩɪɢɹɬɢɢ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɟɬɚɥɟɣ  ɧɟɮɬɟɚɩɩɚɪɚɬɭɪɵ.  

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɜɢɛɪɚɰɢɹ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ, ɪɚɫɬɚɱɢɜɚɧɢɟ, ɥɟɝɢɪɨɜɚɧɧɵɟ ɫɬɚɥɢ, ɦɨɥɟɤɭɥɹɪɧɵɟ 
ɫɜɹɡɢ, ɪɚɫɬɨɱɧɚɹ ɨɩɪɚɜɤɚ. 
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The results of theoretical and experimental researches of vibration processes during boring of the constructional 

steels stock are stated in this paper. The new design of the boring bar is offered with the purpose of high technology 

introduction in manufacture of the mechanical and space engineering products. The design of assembling boring bar 

reduces the vibration amplitude at the expense of the increased stiffness both amplified damping of cross and angular 

fluctuations. It is provided with displacement of the mass centre of bar to an edge of a replaceable hard alloy metal 

plate and filling of the "weighted" bar part by the powder raised density material. The rubber packing (soft and hard) 

provides regular viscosity. It promotes partial restriction of the flow density of the itinerant valence electrons thermo-

EMF during cutting from the technological machine through the cutting tool on preparation or in other situations in the 

opposite direction and stimulates the resistance to cutting reduction. The internuclear interactions in the preparation 

material at cutting, which are estimated by size by chemical metal connection, do not exceed 90 kJ/mol. The experimen-

tal researches of vibration amplitudes and work ability of new boring bar in the process precision boring of a steel pipe 

(30HGSA) demonstrate reduction of vibrational acceleration amplitude in 3 times in comparison with a typical boring 

bar design and improvement of roughness – in 1,85 times. Partially the results of work are used at the base enterprise 

for production details for oil industry equipment. 

 

Keywords: vibration, technological machines, boring, alloy steel, molecular bonds, boring bar. 
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ȼɜɟɞɟɧɢɟ. Ɋɚɡɜɢɬɢɟ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɜ ɩɪɨɰɟɫ-
ɫɟ ɚɤɬɢɜɢɡɢɪɨɜɚɧɧɨɝɨ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ 
ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɧɚ ɨɫɧɨɜɟ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢɫ-
ɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɦɟɯɚɧɢɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɨɜ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɦɟɞɥɟɧɧɵɦɢ ɬɟɦɩɚɦɢ ɨɫ-
ɜɨɟɧɢɹ ɧɨɜɨɣ ɬɟɯɧɢɤɢ ɢ ɜɵɩɭɫɤɚ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛ-
ɧɨɣ ɩɪɨɞɭɤɰɢɢ ɜ ɫɬɪɚɧɟ ɜɫɥɟɞɫɬɜɢɟ ɪɹɞɚ ɩɪɢɱɢɧ, ɨɞ-

ɧɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɫɥɚɛɚɹ ɦɚɬɟɪɢɚɥɶɧɚɹ ɛɚɡɚ 
ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ɉɬɫɭɬɫɬɜɢɟ ɫɩɟ-
ɰɢɚɥɢɡɢɪɨɜɚɧɧɵɯ ɄȻ ɢ ɇɂɂ, ɧɚɰɟɥɟɧɧɵɯ ɧɚ ɪɚɡɪɚ-
ɛɨɬɤɭ ɢ ɨɫɧɚɳɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɝɪɟɫɫɢɜɧɵɦɢ 

ɜɢɞɚɦɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɢ ɩɪɟɰɢɡɢɨɧɧɵɦɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɦɚɲɢɧɚɦɢ, ɧɟ ɤɨɦɩɟɧɫɢɪɭɟɬɫɹ 
ɟɞɢɧɢɱɧɵɦɢ ɪɚɛɨɬɚɦɢ ɜɭɡɨɜɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ɍɚɤɨɟ 
ɩɨɥɨɠɟɧɢɟ ɡɚɦɟɬɧɨ ɬɨɪɦɨɡɢɬ ɬɟɦɩɵ ɪɚɡɜɢɬɢɹ ɨɬɟɱɟ-
ɫɬɜɟɧɧɨɣ ɷɤɨɧɨɦɢɤɢ ɢ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɩɪɚɤɬɢɤɢ ɢ ɦɟ-
ɬɨɞɨɜ ɩɨɫɬɚɧɨɜɤɢ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɨɜɨɣ ɩɪɨɞɭɤɰɢɢ ɜ 
ɫɬɪɚɧɚɯ – ɦɢɪɨɜɵɯ ɥɢɞɟɪɚɯ: Ƚɟɪɦɚɧɢɢ, əɩɨɧɢɢ, ɋШȺ. 

ɉɨɬɟɪɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɧɟɡɚɜɢɫɢɦɨɫɬɢ ɜ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟ ɩɪɨɞɭɤɰɢɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɤɚɤ ɢɡɜɟɫɬɧɨ, ɨɛɨ-
ɪɚɱɢɜɚɟɬɫɹ ɫɭɳɟɫɬɜɟɧɧɵɦɢ ɭɛɵɬɤɚɦɢ ɜ ɫɨɡɞɚɧɢɢ ɢ 

ɧɚɤɨɩɥɟɧɢɢ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɞɨɯɨɞɚ ɢ ɜɚɥɨɜɨɝɨ ɧɚɰɢɨ-
ɧɚɥɶɧɨɝɨ ɩɪɨɞɭɤɬɚ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɦɟɬɢɥɨɫɶ ɨɬɫɬɚɜɚ-
ɧɢɟ ɜ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨ ɞɢɧɚɦɢɤɟ ɢ ɜɢɛɪɚɰɢɢ ɫɬɚɧɤɨɜ, 
ɨ ɱɟɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɦɚɥɨɱɢɫɥɟɧɧɵɟ ɨɬɟɱɟɫɬɜɟɧɧɵɟ 
ɩɭɛɥɢɤɚɰɢɢ ɩɨ ɬɟɦɚɬɢɤɟ ɬɟɯɧɨɥɨɝɢɢ ɫɬɚɧɤɨɫɬɪɨɟɧɢɹ ɜ 
ɨɬɥɢɱɢɟ ɨɬ ɡɚɪɭɛɟɠɧɵɯ ɮɢɪɦ DMG ɢ HAAS [1–4].  

ɂ ɷɬɨ, ɤɨɝɞɚ ɜ ɦɢɪɟ ɩɪɨɢɡɜɨɞɫɬɜɚ ɪɚɛɨɱɢɯ ɦɚɲɢɧ ɧɚ 
ɩɨɪɹɞɨɤ ɜɨɡɪɨɫɥɢ ɬɪɟɛɨɜɚɧɢɹ ɤ ɢɯ ɩɪɟɰɢɡɢɨɧɧɨɫɬɢ, 

ɧɚɞɟɠɧɨɫɬɢ ɢ ɛɟɡɨɩɚɫɧɨɫɬɢ. 

ȼ ɫɭɳɟɫɬɜɭɸɳɟɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɪɚɛɨɱɢɯ ɦɚɲɢɧ, 

ɩɪɟɞɥɨɠɟɧɧɨɣ ɂɧɫɬɢɬɭɬɨɦ ɦɚɲɢɧɨɜɟɞɟɧɢɹ Ⱥɤɚɞɟɦɢɢ 

ɧɚɭɤ, ɜɚɠɧɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɨɬɪɚɫɥɟɜɵɟ ɬɟɯɧɨɥɨɝɢ-

ɱɟɫɤɢɟ ɦɚɲɢɧɵ, ɜ ɱɚɫɬɧɨɫɬɢ ɫɬɚɧɤɢ, ɪɚɛɨɬɚɸɳɢɟ  
ɫ ɥɟɡɜɢɣɧɵɦ ɪɟɠɭɳɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. ɉɪɨɰɟɫɫ ɪɟɡɚ-
ɧɢɹ ɜ ɷɬɢɯ ɦɚɲɢɧɚɯ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɩɟɪɟɱɧɨɣ ɢ 

ɭɝɥɨɜɨɣ ɜɢɛɪɚɰɢɟɣ, ɫɧɢɠɚɸɳɟɣ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɪɭɞɚ 
ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɬɨɱɧɨɫɬɢ ɢ ɩɪɟɰɢɡɢɨɧɧɨɫɬɢ, ɧɚɞɟɠ-

ɧɨɫɬɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɋɭɳɟɫɬɜɭɸɳɚɹ ɩɪɚɤɬɢ-

ɤɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ ɜ ɩɟɪɜɨɦ ɫɥɭ-
ɱɚɟ ɧɚɩɪɚɜɥɟɧɚ ɧɚ ɫɧɢɠɟɧɢɟ ɜɪɟɞɧɨɝɨ ɜɥɢɹɧɢɹ ɹɜɥɟ-
ɧɢɹ ɜɢɛɪɚɰɢɢ, ɚ ɜɨ ɜɬɨɪɨɦ – ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɟё ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɹ ɜ ɮɢɧɢɲɧɵɯ ɨɩɟɪɚɰɢɹɯ ɮɨɪɦɨɨɛɪɚɡɨɜɚ-
ɧɢɹ ɞɟɬɚɥɟɣ [5]. ɋɧɢɠɟɧɢɟ ɚɦɩɥɢɬɭɞ ɜɢɛɪɚɰɢɢ  ɜ ɨɩɟ-
ɪɚɰɢɹɯ ɬɨɱɟɧɢɹ ɢ ɮɪɟɡɟɪɨɜɚɧɢɹ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɩɪɨɰɟɫɫɚɯ ɮɨɪɦɨɨɛɪɚɡɨɜɚɧɢɹ ɤɨɧɬɭɪɚ ɞɟɬɚɥɢ ɥɟɡɜɢɣ-

ɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɹɜɥɹɟɬɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɜ ɪɚɡ-
ɜɢɬɢɢ ɫɨɜɪɟɦɟɧɧɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ. 

1. ɉɪɢɧɰɢɩɵ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɢɛɪɚɰɢɢ ɜ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɲɢɧɚɯ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɢɡ ɲɢɪɨɤɨɝɨ 
ɩɟɪɟɱɧɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɯ 
ɪɟɡɚɧɢɟ, ɩɨɩɟɪɟɱɧɵɟ ɢ ɭɝɥɨɜɵɟ ɤɨɥɟɛɚɧɢɹ – ɝɥɚɜɧɵɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ, ɩɨɧɢɠɚɸɳɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨ-
ɝɢɱɟɫɤɢɯ ɦɚɲɢɧ. ɉɪɢɱɢɧɨɣ ɬɚɤɨɝɨ ɩɨɥɨɠɟɧɢɹ ɹɜɥɹ-
ɸɬɫɹ ɧɟɥɢɧɟɣɧɨɫɬɶ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɬɪɚɟɤɬɨɪɢɣ ɞɜɢ-

ɠɟɧɢɹ ɦɟɯɚɧɢɡɦɨɜ ɪɚɛɨɱɟɣ ɦɚɲɢɧɵ, ɩɪɨɹɜɥɟɧɢɟ ɩɨ-
ɝɪɟɲɧɨɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɚɡɨɜɵɯ ɦɟɯɚɧɢɡɦɨɜ ɢ ɧɟ-
ɭɪɚɜɧɨɜɟɲɟɧɧɨɫɬɢ ɩɨɞɜɢɠɧɵɯ ɦɚɫɫ [1; 6]. Ɉɫɧɨɜɧɭɸ 

ɝɪɭɩɩɭ ɮɚɤɬɨɪɨɜ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɯ ɜɨɡɧɢɤɧɨɜɟɧɢɸ 

ɜɢɛɪɚɰɢɢ ɜ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɲɢɧɚɯ, ɫɨɫɬɚɜɥɹɸɬ [7]: 

– ɞɢɫɛɚɥɚɧɫ ɪɨɬɨɪɨɜ ɦɟɯɚɧɢɡɦɨɜ ɝɥɚɜɧɨɝɨ ɢ ɜɫɩɨ-
ɦɨɝɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ, ɜɯɨɞɹɳɢɯ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ 

ɰɟɩɶ ɪɚɛɨɱɟɣ ɦɚɲɢɧɵ; 

– ɫɢɥɵ ɬɪɟɧɢɹ ɜ ɤɢɧɟɦɚɬɢɱɟɫɤɢɯ ɩɚɪɚɯ ɩɪɢ ɩɚ-
ɞɚɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ ɢɯ ɨɬ ɫɤɨɪɨɫɬɢ, ɱɬɨ ɜ ɨɬɞɟɥɶɧɵɯ 
ɫɥɭɱɚɹɯ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɚɤɭɫɬɢɱɟɫɤɢɦ ɹɜɥɟɧɢɟɦ  

ɫ ɢɡɦɟɧɹɸɳɢɦɫɹ ɡɜɭɤɨɜɵɦ ɞɚɜɥɟɧɢɟɦ; 

– ɫɢɥɵ ɮɪɢɤɰɢɨɧɧɨɝɨ ɬɪɟɧɢɹ ɫɥɢɜɧɨɣ ɢ ɷɥɟɦɟɧɬ-
ɧɨɣ ɫɬɪɭɠɤɢ ɨ ɩɟɪɟɞɧɸɸ ɝɪɚɧɶ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧ-

ɬɚ ɢ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɝɨɬɨɜɤɢ; 

– ɤɨɨɪɞɢɧɚɬɧɵɟ ɫɜɹɡɢ ɭɩɪɭɝɢɯ ɞɟɮɨɪɦɚɰɢɣ ɞɢɧɚ-
ɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɟɡɚɧɢɹ ɢ ɜɚɪɢɚ-
ɰɢɹɦɢ ɡɚɡɨɪɨɜ ɜ ɩɚɪɚɯ ɬɪɟɧɢɹ; 

– ɪɚɡɥɢɱɢɟ ɜ ɩɪɨɰɟɫɫɚɯ ɜɹɡɤɨɝɨ ɢ ɯɪɭɩɤɨɝɨ ɪɚɡ-
ɪɭɲɟɧɢɹ ɩɪɢ ɪɟɡɚɧɢɢ. Ɍɚɤ, ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜɹɡɤɨɣ 

ɦɢɤɪɨɬɪɟɳɢɧɵ ɪɟɡɚɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɡɚɬɪɚɬɨɣ 

ɷɧɟɪɝɢɢ ɩɪɢ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɢ, ɩɨɞɜɨɞɢɦɨɣ ɤ ɪɟ-
ɠɭɳɟɦɭ ɢɧɫɬɪɭɦɟɧɬɭ ɢ ɩɪɟɞɦɟɬɭ ɬɪɭɞɚ, ɚ ɯɪɭɩɤɚɹ 
ɦɢɤɪɨɬɪɟɳɢɧɚ ɪɟɡɚɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɹɟɬɫɹ ɡɚ ɫɱɟɬ ɨɫ-
ɜɨɛɨɠɞɟɧɢɹ ɡɚɩɚɫɟɧɧɨɣ ɷɧɟɪɝɢɢ ɫ ɫɨɩɪɨɜɨɠɞɟɧɢɟɦ 

ɩɥɚɫɬɢɱɟɫɤɨɝɨ ɬɟɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɜɩɟɪɟɞɢ ɝɨɥɨɜɤɢ 

ɬɪɟɳɢɧɵ. ɇɚɩɪɢɦɟɪ, ɢɡɜɟɫɬɧɨ, ɱɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 
ɬɪɟɳɢɧɵ ɞɥɢɧɨɣ 2ɫ ɩɪɢɜɨɞɢɬ ɤ ɨɫɜɨɛɨɠɞɟɧɢɸ ɭɩɪɭ-
ɝɨɣ ɷɧɟɪɝɢɢ, ɨɩɪɟɞɟɥɹɟɦɨɣ ɮɭɧɤɰɢɟɣ ɩɪɢɜɟɞɟɧɧɨɣ 

ɫɢɥɵ [8] 

А = π·ɫ2·(σ2 / E), 

ɝɞɟ  ɫ – ɩɨɥɨɜɢɧɚ ɞɥɢɧɵ ɬɪɟɳɢɧɵ; σ – ɩɪɟɞɟɥ ɩɪɨɱɧɨ-
ɫɬɢ ɦɚɬɟɪɢɚɥɚ; ȿ – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ. 

ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɞɢɫɥɨɤɚɰɢɣ ɜ ɦɚɬɟɪɢɚɥɟ ɜ 
ɩɪɨɰɟɫɫɟ ɜɧɟɞɪɟɧɢɹ ɪɟɡɰɚ ɜ ɦɚɫɫɢɜ ɡɚɝɨɬɨɜɤɢ ɜ ɮɨɪɦɟ 
ɤɥɢɧɚ, ɜ ɷɤɫɬɪɟɦɚɥɶɧɵɯ ɬɨɱɤɚɯ ɫɨɡɞɚɸɬɫɹ ɭɫɥɨɜɢɹ ɞɥɹ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɢɤɪɨɬɪɟɳɢɧ ɧɚ ɭɪɨɜɧɟ ɦɨɥɟɤɭɥ. 
Ɉɫɨɛɟɧɧɨ ɬɚɤɨɟ ɹɜɥɟɧɢɟ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɩɨɜɵɲɟɧ-

ɧɵɯ ɚɦɩɥɢɬɭɞɚɯ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ, ɫɨɩɪɨɜɨɠɞɚɟɦɵɯ 

ɬɨɪɦɨɠɟɧɢɟɦ ɞɜɢɠɟɧɢɹ ɫɜɨɛɨɞɧɵɯ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤ-
ɬɪɨɧɨɜ ɬɟɪɦɨɗȾɋ ɫ ɩɚɞɟɧɢɟɦ ɢɯ ɫɤɨɪɨɫɬɢ [9; 10].   

ɂɡɜɟɫɬɧɨ [7; 11], ɱɬɨ ɜɚɪɢɚɰɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 
ɚɬɨɦɧɵɦɢ ɩɥɨɫɤɨɫɬɹɦɢ ɢ ɢɡɦɟɧɟɧɢɟ ɫɢɥɵ ɦɟɠɚɬɨɦ-

ɧɨɣ ɫɜɹɡɢ ɨɩɢɫɵɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɦɢ ɡɚɤɨɧɚɦɢ ɦɢɤ-
ɪɨɦɟɯɚɧɢɤɢ ɩɪɨɱɧɨɫɬɢ ɢ ɪɚɡɪɭɲɟɧɢɹ. ɉɪɢ ɩɪɢɥɨɠɟ-
ɧɢɢ ɧɚɝɪɭɡɤɢ ɤ ɬɜɟɪɞɨɦɭ ɬɟɥɭ ɜ ɩɪɨɰɟɫɫɟ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɬɨɦɚɦɢ ɦɟɧɹɟɬɫɹ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɢɥɵ ɦɟɠɚɬɨɦɧɨɣ ɫɜɹɡɢ ɢ ɩɪɢɥɨɠɟɧ-

ɧɨɣ ɧɚɝɪɭɡɤɢ. ɂɦɟɟɬɫɹ ɪɹɞ ɢɫɫɥɟɞɨɜɚɧɢɣ, ɭɬɜɟɪ-
ɠɞɚɸɳɢɯ ɨ ɜɥɢɹɧɢɢ ɩɨɬɨɤɚ ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜɚɧɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ ɬɟɪɦɨɗȾɋ ɧɚ ɢɡɦɟɧɟɧɢɟ ɫɢɥɵ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɪɟɡɚɧɢɸ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɹɡɤɢɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ 
ɦɚɬɟɪɢɚɥɨɜ, ɩɪɨɬɟɤɚɸɳɟɝɨ ɨɬ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ 
ɤ ɡɚɝɨɬɨɜɤɟ ɢɥɢ ɜ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɜ ɡɚɜɢɫɢɦɨ-
ɫɬɢ ɨɬ ɪɹɞɚ ɚɤɬɢɜɧɨɫɬɢ ɦɟɬɚɥɥɨɜ [5; 7; 9; 12].  

ɉɪɢ ɷɬɨɦ ɦɟɠɚɬɨɦɧɵɟ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɦɚɬɟɪɢɚɥɟ 
ɡɚɝɨɬɨɜɤɢ ɧɟ ɩɪɟɜɵɲɚɸɬ 90 ɤȾɠ/ɦɨɥɶ, ɧɚɩɪɢɦɟɪ,  
ɩɪɢ ɦɚɫɫɟ ɦɨɥɟɤɭɥɵ ɫɬɚɥɢ ɦɚɪɤɢ 30ɏȽɋȺ ɩɨɪɹɞɤɚ 
9·10–26 ɤɝ ɢ ɪɚɡɦɟɪɟ ɟё ɧɟ ɜɵɲɟ 2,25·10–10 ɦ, ɩɪɢ  

ɪɚɞɢɭɫɟ ɡɚɨɫɬɪɟɧɢɹ ɜɟɪɲɢɧɵ ɪɟɡɰɚ ɜ ɩɪɟɞɟɥɚɯ  
(12–16)·10–6 ɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɫɬɪɭɠɤɨɨɛɪɚɡɨɜɚɧɢɟ. 
ɉɪɢ ɜɨɥɧɨɜɨɦ ɩɨɬɨɤɟ ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜɚɧɧɵɯ ɜɧɟɲɧɢɯ 
ɷɥɟɤɬɪɨɧɨɜ ɬɟɪɦɨɗȾɋ ɦɟɠɞɭ ɪɟɡɰɨɦ ɢ ɡɚɝɨɬɨɜɤɨɣ, 

ɞɜɢɠɭɳɢɯɫɹ ɫɨ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɶɸ 5·106 ɦ/ɫ, ɩɪɨɢɫ-
ɯɨɞɢɬ ɩɪɢɪɚɳɟɧɢɟ ɚɦɩɥɢɬɭɞ ɤɨɥɟɛɚɧɢɣ ɚɬɨɦɨɜ  
ɜ ɦɚɬɟɪɢɚɥɚɯ ɡɚɝɨɬɨɜɤɢ ɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ  
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ɜ ɩɪɟɞɟɥɚɯ 10–3 ɧɦ ɩɪɢ ɱɚɫɬɨɬɟ 10 ɌȽɰ. ɉɪɢ ɷɬɨɦ ɭɜɟ-
ɥɢɱɢɜɚɟɬɫɹ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɡɚɧɢɸ ɡɚ ɫɱɟɬ ɱɚɫɬɢɱɧɨ-
ɝɨ ɩɪɟɪɵɜɚɧɢɹ ɩɨɬɨɤɚ ɜɚɥɟɧɬɧɵɯ ɷɥɟɤɬɪɨɧɨɜ. Ɍɚɤɢɟ 
ɹɜɥɟɧɢɹ ɫɩɨɫɨɛɫɬɜɭɸɬ ɩɪɨɯɨɠɞɟɧɢɸ ɚɤɭɫɬɢɱɟɫɤɢɯ 

ɜɨɥɧ ɩɪɢ ɪɟɡɚɧɢɢ ɢ ɪɚɫɤɚɱɢɜɚɧɢɸ ɦɢɤɪɨɥɢɛɪɚɰɢɢ 

ɩɚɪɵ «ɪɟɡɟɰ–ɡɚɝɨɬɨɜɤɚ» ɢ ɧɚɱɚɥɭ ɜɢɛɪɢɪɨɜɚɧɢɹ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ [13–15]. 

ɋɨɡɞɚɧɢɟ ɨɩɬɢɦɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɫɪɟɞɫɬɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɫɧɚɳɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɪɨɫɬ ɬɨɱ-
ɧɨɫɬɢ, ɤɚɱɟɫɬɜɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɷɮɮɟɤɬɢɜɧɨ-
ɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. ɍɦɟɫɬɧɨ ɨɬɦɟɬɢɬɶ ɬɨ, 
ɱɬɨ ɫɞɟɪɠɢɜɚɸɳɢɦ ɮɚɤɬɨɪɨɦ, ɤɪɨɦɟ ɜɢɛɪɚɰɢɢ ɜ ɨɫ-
ɜɨɟɧɢɢ ɜɵɫɨɤɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɹɜɥɹɟɬɫɹ ɧɢɡɤɚɹ ɫɬɨɣ-

ɤɨɫɬɶ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɬɪɟɛɭɸɳɟɝɨ ɧɨɜɨɝɨ 
ɩɨɞɯɨɞɚ ɤɚɤ ɤ ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɸ, ɬɚɤ ɢ ɤ ɬɟɯɧɨɥɨɝɢɢ 

ɟɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɷɤɫɩɥɭɚɬɚɰɢɢ.  

2. Ɋɚɫɬɨɱɧɚɹ ɨɩɪɚɜɤɚ ɫ ɞɟɦɩɮɢɪɨɜɚɧɢɟɦ ɤɨɥɟ-
ɛɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ. ȼ ɩɪɚɤɬɢɤɟ ɦɟɯɚɧɢɱɟɫɤɨɣ  

ɨɛɪɚɛɨɬɤɢ ɢɫɩɨɥɶɡɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ  

ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ ɞɥɹ ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɤɚɤ ɩɨɩɟ-
ɪɟɱɧɨɣ, ɬɚɤ ɢ ɭɝɥɨɜɨɣ ɜɢɛɪɚɰɢɢ. Ⱦɥɹ ɫɧɢɠɟɧɢɹ ɚɦ-

ɩɥɢɬɭɞ ɜɢɛɪɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɪɟɡɚ-
ɧɢɢ ɢ ɩɨɜɵɲɟɧɢɹ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫ-
ɬɟɦɵ ɢɫɩɨɥɶɡɭɸɬ ɭɫɬɪɨɣɫɬɜɚ ɝɚɲɟɧɢɹ ɜɢɛɪɚɰɢɢ  

ɢ ɭɞɚɪɧɨɝɨ ɪɚɫɫɟɢɜɚɸɳɟɝɨ ɞɟɣɫɬɜɢɹ. 
ɍɱɢɬɵɜɚɹ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɚɡɪɚɛɨɬɨɤ ɜ ɨɛ-

ɥɚɫɬɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɜ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɧɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɫ ɞɟɦɩɮɢɪɭɸ-

ɳɢɦ ɷɥɟɦɟɧɬɨɦ [16].  

Ɋɚɫɬɨɱɧɚɹ ɨɩɪɚɜɤɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ, 
ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 1 ɫ ɨɫɟɜɵɦ ɨɬɜɟɪɫɬɢɟɦ, ɜ ɤɨɬɨɪɨɦ 

ɭɫɬɚɧɨɜɥɟɧ ɜɢɛɪɨɝɚɫɢɬɟɥɶ 2, ɢ ɪɟɡɰɨɜɨɣ ɝɨɥɨɜɤɢ 3  

ɫ ɪɟɠɭɳɟɣ ɩɥɚɫɬɢɧɨɣ 4 ɬɢɩɚ CNMG, SNMG ɢɥɢ 

ɋɋɆɌ, CNGA. ȼɢɛɪɨɝɚɫɢɬɟɥɶ 2 ɫɨɫɬɨɢɬ ɢɡ ɲɩɢɥɶɤɢ 

5, ɢɦɟɸɳɟɣ ɨɬɜɟɪɫɬɢɟ ɩɨɞ ɫɦɚɡɨɱɧɨ-ɨɯɥɚɠɞɚɸɳɭɸ 

ɠɢɞɤɨɫɬɶ ɢ ɧɚ ɤɨɧɰɚɯ ɪɟɡɶɛɭ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɭɩɨɪɧɨɝɨ 
ɤɨɥɶɰɚ ɫ ɪɟɡɶɛɨɣ 6, ɤɨɥɶɰɚ ɢɡ ɠɟɫɬɤɨɣ ɪɟɡɢɧɵ 7, ɡɚɞ-

ɧɟɣ ɪɟɡɶɛɨɜɨɣ ɜɬɭɥɤɢ 8, ɰɢɥɢɧɞɪɚ 9, ɢɦɟɸɳɟɝɨ ɨɫɟ-
ɜɭɸ ɤɨɥɶɰɟɜɭɸ ɩɨɥɨɫɬɶ, ɜɧɭɬɪɢ ɤɨɬɨɪɨɣ ɪɚɡɦɟɳɟɧɵ 

ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɫɬɟɪɠɧɢ 10 ɢɡ ɦɚɬɟɪɢɚɥɚ, ɩɥɨɬɧɨɫɬɶ 
ɤɨɬɨɪɨɝɨ ɩɪɟɜɵɲɚɟɬ ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɤɨɪɩɭɫɚ, 

ɫɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɜɞɨɥɶ ɨɫɢ ɰɢɥɢɧɞɪɚ, ɚ ɫɜɨɛɨɞɧɨɟ 
ɩɪɨɫɬɪɚɧɫɬɜɨ ɦɟɠɞɭ ɫɬɟɪɠɧɹɦɢ ɡɚɩɨɥɧɟɧɨ ɦɢɤɪɨɩɨ-
ɪɨɲɤɨɦ 11. Ɍɨɪɰɟɜɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɰɢɥɢɧɞɪɚ 9 ɝɟɪɦɟ-
ɬɢɱɧɨ ɨɝɪɚɧɢɱɟɧɵ ɭɩɨɪɧɵɦɢ ɜɬɭɥɤɚɦɢ 12, ɤɨɧɬɚɤɬɢ-

ɪɭɸɳɢɦɢ ɫ ɪɟɡɢɧɨɜɵɦɢ ɩɨɞɭɲɤɚɦɢ 13, ɜɵɩɨɥɧɟɧɧɵ-

ɦɢ ɢɡ ɦɹɝɤɨɣ ɪɟɡɢɧɵ. ȼɢɛɪɨɝɚɫɢɬɟɥɶ ɡɚɮɢɤɫɢɪɨɜɚɧ ɜ 
ɤɨɪɩɭɫɟ 1 ɛɚɡɨɜɨɣ ɜɬɭɥɤɨɣ 14. Ɋɟɡɰɨɜɚɹ ɝɨɥɨɜɤɚ 3 

ɤɪɟɩɢɬɫɹ ɤ ɛɚɡɨɜɨɣ ɜɬɭɥɤɟ 14 ɬɪɟɦɹ ɜɢɧɬɚɦɢ 15. Ȼɚɡɨ-
ɜɚɹ ɜɬɭɥɤɚ 14 ɮɢɤɫɢɪɭɟɬɫɹ ɜ ɤɨɪɩɭɫɟ 1 ɞɜɭɦɹ ɞɢɚɦɟɬ-
ɪɚɥɶɧɵɦɢ ɲɩɢɥɶɤɚɦɢ. ɇɚ ɩɥɨɫɤɨɫɬɹɯ ɤɨɧɬɚɤɬɚ ɪɟɡɰɨ-
ɜɨɣ ɝɨɥɨɜɤɢ 3 ɫ ɛɚɡɨɜɨɣ ɜɬɭɥɤɨɣ 14 ɜɵɩɨɥɧɟɧɵ ɧɚɫɟɱ-

ɤɢ. Ʉɨɨɪɞɢɧɚɬɧɚɹ ɩɪɢɜɹɡɤɚ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɜ ɫɬɚɧ-

ɤɟ ɜɵɩɨɥɧɟɧɚ: ɩɪɨɞɨɥɶɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɨɫɢ Z, ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ X  

ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ Y, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ 

ISO 841:2001. 

Ɋɚɫɬɨɱɧɚɹ ɨɩɪɚɜɤɚ ɪɚɛɨɬɚɟɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

ȼ ɩɪɨɰɟɫɫɟ ɬɨɱɟɧɢɹ ɧɚ ɪɚɫɬɨɱɧɭɸ ɨɩɪɚɜɤɭ ɞɟɣɫɬɜɭɟɬ 
ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɚɧɢɸ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɞɟɮɨɪɦɚɰɢɢ ɢ ɢɡɝɢɛɭ ɨɩɪɚɜɤɢ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦɭ 
ɩɪɨɝɢɛɭ ɢ ɩɨɜɨɪɨɬɭ ɫɬɟɪɠɧɟɣ ɢɡ ɦɟɬɚɥɥɚ, ɩɥɨɬɧɨɫɬɶ 
ɤɨɬɨɪɨɝɨ ɜɵɲɟ ɩɥɨɬɧɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɤɨɪɩɭɫɚ, ɩɪɢ 

ɷɬɨɦ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɭɩ-

ɪɭɝɨɣ ɫɢɫɬɟɦɵ, ɩɪɢɜɨɞɹɳɢɣ ɤ ɫɧɢɠɟɧɢɸ ɚɦɩɥɢɬɭɞɵ 

ɜɢɛɪɚɰɢɢ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ. 

Ɋɚɫɬɨɱɧɚɹ ɝɨɥɨɜɤɚ ɫ ɜɢɛɪɨɝɚɫɢɬɟɥɟɦ ɩɪɟɞɫɬɚɜɥɟɧ-

ɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɫɵ, 

ɨɫɟɜɨɟ ɫɦɟɳɟɧɢɟ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɢ 

ɩɪɢɛɥɢɠɟɧɢɟ ɟɝɨ ɤ ɩɥɨɫɤɨɫɬɢ ɪɟɡɚɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ 
ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡɦɟɧɟɧɢɟ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɵ ɪɚɫ-
ɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɢ ɫɬɚɛɢɥɢɡɚɰɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɩɪɨ-
ɰɟɫɫɚ ɜ ɩɟɪɟɯɨɞɧɨɦ ɢ ɪɟɡɨɧɚɧɫɧɨɦ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ.   

ɉɨɝɥɨɳɟɧɢɟ ɢ ɪɚɫɫɟɹɧɢɟ ɷɧɟɪɝɢɢ ɤɨɥɟɛɚɬɟɥɶɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɯ ɬɪɟɧɢɹ: 
ɫɬɟɪɠɧɢ 10 ɢɡ ɦɚɬɟɪɢɚɥɚ ɩɨɜɵɲɟɧɧɨɣ ɩɥɨɬɧɨɫɬɢ – 

ɦɢɤɪɨɩɨɪɨɲɨɤ 11, ɪɟɡɰɨɜɚɹ ɝɨɥɨɜɤɚ 3 – ɛɚɡɨɜɚɹ ɜɬɭɥ-
ɤɚ 14. Ʉɪɨɦɟ ɬɨɝɨ, ɫɧɢɠɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɜ ɤɨɥɶɰɟ ɢɡ ɠɟɫɬɤɨɣ ɪɟɡɢɧɵ 12 ɢ ɪɟɡɢɧɨ-
ɜɵɯ ɩɨɞɭɲɤɚɯ 13 ɢɡ ɦɹɝɤɨɣ ɪɟɡɢɧɵ.  
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Ʉɨɷɮɮɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɨɬ ɪɚɫ-
ɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɤ ɡɚɝɨɬɨɜɤɟ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɚɱɢɜɚɧɢɹ 
ɨɬɜɟɪɫɬɢɹ ɫɧɢɠɚɟɬɫɹ ɜɫɥɟɞɫɬɜɢɟ ɞɟɣɫɬɜɢɹ ɜɢɛɪɨɝɚɫɢ-

ɬɟɥɹ ɢ ɧɚɥɢɱɢɹ ɪɟɝɥɚɦɟɧɬɧɨɝɨ ɫɦɟɳɟɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟ-
ɫɬɢ ɨɩɪɚɜɤɢ ɩɨ ɨɫɢ Z. 

Ʉɪɨɦɟ ɬɨɝɨ, ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ 

ɫɦɟɳɟɧ ɩɨ: 
– ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɨɫɢ Х ɧɚ ɜɟɥɢɱɢɧɭ, ɨɩɪɟɞɟɥɹɟ-

ɦɭɸ ɩɨ ɮɨɪɦɭɥɟ  

dx = µ·g/p2, 

ɝɞɟ µ – ɤɨɷɮɮɢɰɢɟɧɬ ɉɭɚɫɫɨɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚ-
ɬɟɪɢɚɥɚ; g – ɭɫɤɨɪɟɧɢɟ ɡɟɦɧɨɝɨ ɩɪɢɬɹɠɟɧɢɹ; p – ɫɨɛ-

ɫɬɜɟɧɧɚɹ ɩɨɩɟɪɟɱɧɚɹ ɱɚɫɬɨɬɚ ɨɩɪɚɜɤɢ; 

– ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ Y ɧɚ ɜɟɥɢɱɢɧɭ, ɪɚɫɫɱɢɬɵɜɚɟ-
ɦɭɸ ɩɨ ɮɨɪɦɭɥɟ  

dy = r·g/ω2, 

ɝɞɟ r = a / j – ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟɥɹɰɢɢ;  a – ɭɞɚɪɧɚɹ 
ɜɹɡɤɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, Ⱦɠ/ɦ2;  j – ɠɟ-
ɫɬɤɨɫɬɶ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ, ɇ/ɦ; ω – ɜɵɧɭɠɞɟɧɧɚɹ 
ɱɚɫɬɨɬɚ ɨɩɪɚɜɤɢ. 

ȼɟɥɢɱɢɧɚ ɩɪɟɜɵɲɟɧɢɹ ɥɟɡɜɢɹ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ 

ɩɨ ɨɫɢ Y ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢ ɧɚɫɬɪɨɣɤɟ ɫɬɚɧɤɚ ɩɨ ɮɭɧɤɰɢɢ  

y = PL3 / 3EI, 

ɝɞɟ  P – ɫɪɟɞɧɹɹ ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɪɟɡɚɧɢɸ; L – 

ɞɥɢɧɚ ɜɵɥɟɬɚ ɨɩɪɚɜɤɢ;  E – ɦɨɞɭɥɶ ɘɧɝɚ; I – ɨɫɟɜɨɣ 

ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɹ ɨɩɪɚɜɤɢ. 

3. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɪɟɡɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɫɬɚɥɟɣ. ɗɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɨɰɟɧɤɢ ɪɚɫɬɨɱ-
ɧɨɣ ɨɩɪɚɜɤɢ ɜɵɩɨɥɧɹɥɢɫɶ ɩɪɢ ɪɚɫɬɚɱɢɜɚɧɢɢ ɬɪɭɛɵ 

ɞɢɚɦɟɬɪɨɦ 128 ɦɦ ɫ ɬɨɥɳɢɧɨɣ 14 ɦɦ ɢɡ ɫɬɚɥɢ  

ɦɚɪɤɢ 30ɏȽɋȺ ɬɜɟɪɞɨɫɬɶɸ 38 HRC ɩɪɢ ɩɨɞɚɱɟ  
s = 0,12 ɦɦ/ɨɛ, ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ  n = 150 ɦɢɧ–1, ɞɥɢɧɟ 
ɜɵɥɟɬɚ ɨɩɪɚɜɤɢ L1 = 185 ɦɦ, ɧɚ ɨɛɪɚɛɚɬɵɜɚɸɳɟɦ ɰɟɧ-

ɬɪɟ ɬɨɤɚɪɧɨɣ ɝɪɭɩɩɵ ɩɪɟɰɢɡɢɨɧɧɨɝɨ ɤɥɚɫɫɚ ɦɨɞɟɥɢ 

SL20HE ɮɢɪɦɵ HAAS. ɂɡɦɟɪɟɧɢɟ ɩɢɤɨɜɨɣ ɚɦɩɥɢɬɭ-
ɞɵ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɪɚɫɬɚɱɢɜɚɧɢɹ ɨɫɭɳɟ-
ɫɬɜɥɹɥɨɫɶ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦ ɚɤɫɟɥɟɪɨɦɟɬɪɨɦ  

ɫ ɦɟɬɪɨɥɨɝɢɱɟɫɤɨɣ ɩɨɜɟɪɤɨɣ ɦɨɞɟɥɢ ȺɌɌ-9002 ɫ ɞɚɬ-
ɱɢɤɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜ ɡɨɧɟ ɛɚɡɢɪɨɜɚɧɢɹ ɨɩɪɚɜɤɢ ɜ 
ɝɧɟɡɞɟ ɪɟɜɨɥɶɜɟɪɧɨɣ ɝɨɥɨɜɤɢ. ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɨ ɢɡɦɟ-
ɪɟɧɧɵɟ ɩɢɤɨɜɵɟ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɩɪɢ ɝɥɭ-
ɛɢɧɟ ɬɨɱɟɧɢɹ 1,5 ɦɦ ɜ ɩɟɪɜɨɣ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɞɥɹ 
ɧɨɜɨɣ ɨɩɪɚɜɤɢ ɫɨɫɬɚɜɢɥɢ: Av = 13, 16, 19, 24 ɦ/ɫ2 ɩɪɢ 

ɡɚɝɪɭɡɤɟ ɫɬɚɧɤɚ ɩɨ ɦɨɳɧɨɫɬɢ 0,23 ɫɨ ɫɪɟɞɧɟɚɪɢɮɦɟ-
ɬɢɱɟɫɤɢɦ ɡɧɚɱɟɧɢɟɦ Av = 18 ɦ/ɫ2; ɚ ɜɨ ɜɬɨɪɨɣ ɫɟɪɢɢ: 

Av1 = 8, 9, 10, 11 ɦ/ɫ2 ɩɪɢ ɡɚɝɪɭɡɤɟ 0,13 ɫɨ ɫɪɟɞɧɢɦ 

ɡɧɚɱɟɧɢɟɦ Av1 = 9,5 ɦ/ɫ2. Ⱦɥɹ ɬɢɩɨɜɨɣ ɨɩɪɚɜɤɢ ɩɪɢ 

ɡɚɝɪɭɡɤɟ ɫɬɚɧɤɚ 0,23 ɢɡɦɟɪɟɧɧɚɹ ɚɦɩɥɢɬɭɞɚ ɜɢɛɪɨɭ-
ɫɤɨɪɟɧɢɹ ɫɨɫɬɚɜɢɥɚ Av0 = 31, 53, 68, 78 ɦ/ɫ2 ɩɪɢ ɫɪɟɞ-

ɧɟɦ ɡɧɚɱɟɧɢɢ 57,5 ɦ/ɫ2, ɱɬɨ ɜ 3 ɪɚɡɚ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ, 
ɩɨɥɭɱɟɧɧɨɝɨ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɪɚɫɬɨɱɧɨɣ ɨɩ-

ɪɚɜɤɢ. ɉɪɢ ɱɢɫɬɨɜɨɦ ɬɨɱɟɧɢɢ ɧɚɛɥɸɞɚɥɨɫɶ ɫɧɢɠɟɧɢɟ 
ɚɦɩɥɢɬɭɞ ɜɢɛɪɚɰɢɢ ɞɨ 6 ɪɚɡ. Ʉɨɧɬɪɨɥɶɧɚɹ ɨɰɟɧɤɚ  
ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɪɨɜɨɞɢɥɚɫɶ ɩɨ ɩɚɪɚɦɟɬɪɭ Ra  

c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɚ TR220, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɢɥɚ 
2,193 ɦɤɦ ɩɪɢ ɬɨɱɟɧɢɢ ɬɢɩɨɜɨɣ ɨɩɪɚɜɤɨɣ ɢ 1,184 ɦɤɦ 

ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɩɪɟɞɥɨɠɟɧɧɨɣ ɨɩɪɚɜɤɨɣ, ɱɬɨ ɥɭɱɲɟ  
ɜ 1,85 ɪɚɡɚ.  

Ɍɟɯɧɢɱɟɫɤɢɣ ɪɟɡɭɥɶɬɚɬ ɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɬɨɱ-
ɧɨɣ ɨɩɪɚɜɤɢ: ɪɚɫɲɢɪɟɧɢɟ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢ ɪɚɡɦɟɪɨɜ 
ɞɟɬɚɥɟɣ, ɩɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
ɬɨɱɟɧɢɹ ɞɥɢɧɧɨɦɟɪɧɵɯ ɞɟɬɚɥɟɣ ɜ ɜɢɞɟ ɬɨɧɤɨɫɬɟɧɧɵɯ 
ɬɪɭɛ, ɭɜɟɥɢɱɟɧɢɟ ɫɬɨɣɤɨɫɬɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ 

ɜ ɨɩɟɪɚɰɢɢ ɬɨɱɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ: 
– ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɟɦɩɮɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ  

ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɦɚɫɫɨɣ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜɧɭɬɪɢ 
ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ; 

– ɪɟɝɭɥɢɪɨɜɚɧɢɟɦ ɩɨɬɨɤɚ ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜɚɧɧɵɯ 
ɷɥɟɤɬɪɨɧɨɜ; 

– ɧɚɥɢɱɢɟɦ ɫɦɟɧɧɵɯ ɝɨɥɨɜɨɤ ɩɨɞ ɪɚɡɥɢɱɧɵɟ  
ɜɢɞɵ ɪɟɠɭɳɢɯ ɩɥɚɫɬɢɧ ɩɨ ɫɬɚɧɞɚɪɬɚɦ ɂɋɈ; 

– ɨɬɫɭɬɫɬɜɢɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɪɟɝɭɥɢɪɨɜɤɢ ɱɚɫ-
ɬɨɬɵ ɤɨɥɟɛɚɧɢɹ; 

– ɧɚɥɢɱɢɟɦ ɩɨɞɜɨɞɚ ɨɯɥɚɠɞɚɸɳɟɣ ɠɢɞɤɨɫɬɢ  
ɜ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɭɸ ɡɨɧɭ ɪɟɡɚɧɶɹ; 

– ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɦɚɫɫɵ, ɫɨɡɞɚɸɳɟɣ ɷɮɮɟɤɬ ɝɚ-
ɲɟɧɢɹ ɜɢɛɪɚɰɢɢ ɜ ɡɨɧɟ ɪɟɡɚɧɶɹ  ɩɪɨɰɟɫɫɚ ɮɨɪɦɨɨɛɪɚ-
ɡɨɜɚɧɢɹ ɡɚɞɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ɂɚɤɥɸɱɟɧɢɟ. ȼɵɩɨɥɧɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚ-

ɥɢ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɡɞɚɧɧɨɣ ɤɨɧɫɬ-
ɪɭɤɰɢɢ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɷɥɟɦɟɧ-
ɬɨɦ ɜ ɨɩɟɪɚɰɢɹɯ ɩɪɟɰɢɡɢɨɧɧɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɜɹɡɤɨɫɬɢ. 
Ɉɬɥɢɱɢɬɟɥɶɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɨɩɪɚɜɤɢ, ɤɪɨɦɟ ɤɨɧ-
ɫɬɪɭɤɬɢɜɧɵɯ, ɹɜɥɹɟɬɫɹ ɟё ɫɩɨɫɨɛɧɨɫɬɶ ɨɝɪɚɧɢɱɢɜɚɬɶ 
ɩɨɬɨɤ ɤɨɥɥɟɤɬɢɜɢɡɢɪɨɜɚɧɧɵɯ ɷɥɟɤɬɪɨɧɨɜ ɬɟɪɦɨɗȾɋ  
ɜ ɩɪɨɰɟɫɫɟ ɬɨɱɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɥɟɝɢɪɨɜɚɧɧɵɯ  
ɫɬɚɥɟɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɦɟɧɶɲɢɬɶ ɫɨɩɪɨɬɢɜɥɟɧɢɟ  
ɪɟɡɚɧɢɸ. Ɉɞɧɚ ɢɡ ɦɨɞɢɮɢɤɚɰɢɣ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ  
ɫ ɞɟɦɩɮɢɪɭɸɳɢɦ ɷɥɟɦɟɧɬɨɦ ɜɧɟɞɪɟɧɚ ɧɚ ɛɚɡɨɜɨɦ 
ɩɪɟɞɩɪɢɹɬɢɢ. ɇɨɜɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɫɬɨɱɧɨɣ ɨɩɪɚɜɤɢ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɠɢɦɨɜ ɪɟɡɚɧɢɹ  
ɫɨ ɫɤɨɪɨɫɬɶɸ ɪɚɛɨɱɟɣ ɩɨɞɚɱɢ ɩɨɪɹɞɤɚ 12 ɦ/ɦɢɧ, ɱɬɨ  
ɜ 5–6 ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɫɭɳɟɫɬɜɭɸɳɢɟ ɪɟɠɢɦɵ ɩɪɟɰɢ-
ɡɢɨɧɧɨɝɨ ɬɨɱɟɧɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɥɟɝɢɪɨɜɚɧɧɵɯ 
ɫɬɚɥɟɣ ɜ ɩɪɨɰɟɫɫɚɯ ɬɢɩɨɜɨɣ ɬɟɯɧɨɥɨɝɢɢ. 
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