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ǜǱǳȊǸǱ 
ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɛɭɤɫɨɜɵɯ ɭɡɥɨɜ ɫ ɩɨɞɲɢɩɧɢɤɚɦɢ ɪɚɡɥɢ ɱ-
ɧɨɝɨ ɬɢɩɚ ɫ ɭɱɟɬɨɦ ɤɨɥɟɢ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɨ ɡɚɞɚɧɧɨɦɭ ɭɱɚɫɬɤɭ ɫ ɩɨɦɨɳɶɸ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɥɚɛ ɨ-
ɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ. ɉɪɨɢɡɜɟɞɟɧɨ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɨɦ ɭɱɚɫɬɤɟ ɫɨɝɥɚɫɧɨ ɟɞɢɧɨɣ 
ɪɟɠɢɦɧɨɣ ɤɚɪɬɟ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɩɪɹɦɵɯ, ɤɪɢɜɵɯ  ɦɚɥɨɝɨ ɪɚɞɢɭɫɚ ɢ ɜɨɡɜɵɲɟɧɢɟɦ ɧɚɪɭɠɧɨɝɨ 
ɪɟɥɶɫɚ. ɉɪɢɦɟɧɟɧɢɟ ɡɚɹɜɥɟɧɧɨɣ ɥɚɛɨɪɚɬɨɪɧɨɣ ɭɫɬɚɧɨɜɤɢ ɛɭɞɟɬ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ ɩɨɜɵɲɟɧɢɸ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɪɟɡɭɥ ɶ-
ɬɚɬɨɜ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ ɢ ɨɛɟɫɩɟɱɢɬ ɛɨɥɟɟ ɬɨɱɧɨɟ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɛɭɤɫ ɨ-
ɜɵɯ ɭɡɥɨɜ ɤɨɥɟɫɧɵɯ ɩɚɪ ɬɟɥɟɠɟɤ ɝɪɭɡɨɜɵɯ ɜɚɝɨɧɨɜ. ɂɫɩɨɥɶɡɭɟɦɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɢɬ ɡɚɞɚɜɚɬɶ ɜɟɪɬɢɤɚɥɶɧɭɸ ɢ 
ɛɨɤɨɜɭɸ ɧɚɝɪɭɡɤɢ, ɚ ɬɚɤɠɟ ɦɨɞɟɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɟɡɞɨɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɨɪɦɚɬɢɜɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɢ ɪɚɞɢɭɫɚ ɤɪɢɜɵɯ, ɜɨɡɜɵɲɟɧɢɹ ɧɚɪɭɠɧɨɝɨ ɪɟɥɶɫɚ ɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ. Ɉɰɟɧɢɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ 
ɚɧɚɥɢɡɚ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɛɭɤɫɨɜɵɯ ɭɡɥɨɜ ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɥɟɧɢɹ ɤɪɢɬɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɨɥɢɤɨɜ ɢ ɜɨ ɡ-
ɞɟɣɫɬɜɢɹ ɪɚɞɢɚɥɶɧɵɯ ɢ ɨɫɟɜɵɯ ɧɚɝɪɭɡɨɤ. ȼ ɪɚɛɨɬɟ ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ ɞɜɭɯ ɤɨɦ ɩɥɟɤ-
ɬɨɜ ɪɨɥɢɤɨɜɵɯ ɛɭɤɫ ɫ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɪɨɥɢɤɨɜɵɦɢ ɢ ɤɨɧɢɱɟɫɤɢɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ. ɉɪɢɦɟɧɹɟɦɵɣ ɥɚɛɨɪɚɬɨɪɧɵɣ 
ɫɬɟɧɞ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɢ ɦɨɞɟɪɧɢɡɚɰɢɢ ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 
ɞɥɹ ɨɰɟɧɤɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɩɨɞɲɢɩɧɢɤɨɜ ɫ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɦ ɧɚɝɪɭɠɟɧɢɟɦ, ɚ ɬɚɤɠɟ ɩɪɢ ɬɟɫɬɢɪɨɜɚɧɢɢ ɩɨɞ-
ɲɢɩɧɢɤɨɜ ɤɚɱɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ, ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɵɯ ɤ ɪɟɚɥɶɧɵɦ.  
 
КǷȊȃǱǮȇǱ ǽǷǺǮǬ 
ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɛɭɤɫɨɜɵɣ ɭɡɟɥ, ɢɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ, ɝɪɭɡɨɜɨɣ ɜɚɝɨɧ, ɪɨɥɢɤɨɜɵɟ ɢ ɤɨɧɢɱɟɫɤɢɟ ɩɨɞ-
ɲɢɩɧɢɤɢ 
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 Abstract 
The article presents the results of studying the temperature change during the interaction of the axle box unit and bearings 

of various types, taking into account the track gauge of the railway when moving along a given section using the deve l-

oped laboratory bench. The objective of the study is to determine the dependence of the heating temperature of the axle 

box units on the specified vertical and lateral loads. The speed of movement on the studied section was simulated accor d-

ing to a single mode map, taking into account the location of straight lines, small-radius curves and the elevation of the 

outer rail. The use of the declared laboratory setup will increase the reliability of the bench tests and ensure a more acc u-

rate reproduction of the operating conditions of the axle box units of wheelsets of freight car bogies. The used test setup 

will allow to set vertical and lateral loads, as well as to simulate the speed of trains taking into account the location and  

radius of curves, the elevation of the outer rail, the established speed of movement in accordance with the current instruc-

tions. The possibility of analyzing the operability of the axle box units by setting critical parameters for rollers and the 

impact of radial and axial loads is assessed. The results of comparative tests of two sets of roller boxes with cylindrical 

roller and tapered bearings are presented. The laboratory stand used can be utilized in designing and upgrading test insta l-
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lations intended for evaluating the heating temperature of bearings with combined loading, as well as in testing rolling 

bearings when simulating conditions close to real ones. 
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test rig, axle box assembly, change in heating temperature, freight wagon, roller and tapered bearings 
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ǎǮǱǰǱǹǴǱ 
ɀɟɥɟɡɧɨɞɨɪɨɠɧɨɦɭ ɬɪɚɧɫɩɨɪɬɭ ɜ ɫɨɜɪɟ-

ɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɬɪɟɛɭɟɬɫɹ ɫɨɯɪɚɧɢɬɶ ɩɨɫɬɭɩɚ-
ɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ, ɜ ɬɨɦ ɱɢɫɥɟ ɫ ɭɱɟɬɨɦ ɜɨɡɪɚɫ-
ɬɚɸɳɢɯ ɧɚɝɪɭɡɨɤ ɧɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɧɵɟ ɷɥɟ-
ɦɟɧɬɵ [1–3]. ȼ ɷɬɨɣ ɫɜɹɡɢ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵ-
ɲɟɧɧɨɟ ɜɧɢɦɚɧɢɟ ɤ ɫɭɳɟɫɬɜɭɸɳɢɦ ɬɟɯɧɢɱɟ-
ɫɤɢɦ ɨɛɴɟɤɬɚɦ, ɯɚɪɚɤɬɟɪɧɵɦ ɞɥɹ ɠɟɥɟɡɧɨɞɨ-
ɪɨɠɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɚɡɥɢɱɧɵɯ ɤɨɧ-
ɫɬɪɭɤɰɢɣ ɨɛɹɡɚɬɟɥɶɧɨ ɧɭɠɧɨ ɩɪɨɢɡɜɨɞɢɬɶ ɢɧ-
ɠɟɧɟɪɧɵɟ ɪɚɫɱɟɬɵ [4–8]. ɇɚɞɟɠɧɨɫɬɶ ɤɨɧ-
ɫɬɪɭɤɰɢɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɨɧɚ ɫɨɯɪɚɧɹ-
ɟɬ ɩɪɨɱɧɨɫɬɶ, ɠɟɫɬɤɨɫɬɶ ɢ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. ȿɟ ɷɤɨɧɨɦɢɱ-
ɧɨɫɬɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɫɯɨ-
ɞɨɦ ɦɚɬɟɪɢɚɥɚ, ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɧɟɟ ɞɟɮɢɰɢɬ-
ɧɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɜɨɡɦɨɠɧɨ-
ɫɬɶɸ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɩɨ ɧɚɢɛɨɥɟɟ ɩɪɨ-
ɝɪɟɫɫɢɜɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ [9–13]. 

ɇɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɷɤɫɩɟɪɢɦɟɧ-
ɬɵ ɧɚ ɪɟɚɥɶɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɨɛɴɟɤɬɚɯ ɞɨɫɬɚ-
ɬɨɱɧɨ ɡɚɬɪɚɬɧɵ, ɱɬɨ ɬɪɟɛɭɟɬ ɩɨɢɫɤɚ ɢ ɪɚɡɪɚɛɨɬ-
ɤɢ ɩɨɞɯɨɞɨɜ ɩɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɸ ɢ ɫɨɡɞɚɧɢɸ 
ɢɫɩɵɬɚɬɟɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ [14–18]. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɧɚ ɥɚɛɨɪɚɬɨɪ-
ɧɨɦ ɫɬɟɧɞɟ ɩɪɢɤɥɚɞɵɜɚɸɬɫɹ ɤɚɤ ɩɨɫɬɨɹɧɧɵɟ, ɬɚɤ 
ɢ ɜɪɟɦɟɧɧɵɟ ɜɧɟɲɧɢɟ ɧɚɝɪɭɡɤɢ (ɫɢɥɵ). ɋɨɛ-
ɫɬɜɟɧɧɵɣ ɜɟɫ ɜɚɝɨɧɚ – ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɚɹ 
ɧɚɝɪɭɡɤɚ, ɩɪɨɞɨɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢ ɩɪɨɯɨɠɞɟɧɢɢ 
ɢɦɢɬɢɪɭɟɦɨɝɨ ɨɛɴɟɤɬɚ ɜ ɤɪɢɜɵɯ ɦɚɥɨɝɨ ɪɚɞɢɭ-
ɫɚ –ɜɪɟɦɟɧɧɚɹ. 

ɉɨ ɯɚɪɚɤɬɟɪɭ ɢɡɦɟɧɟɧɢɹ ɫɢɥɵ ɜɨ ɜɪɟɦɟɧɢ 
ɪɚɡɥɢɱɚɸɬ ɧɚɝɪɭɡɤɢ ɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɞɢɧɚɦɢɱɟɫɤɨ-
ɝɨ ɯɚɪɚɤɬɟɪɚ. ɋɬɚɬɢɱɟɫɤɢɟ (ɩɨɫɬɨɹɧɧɵɟ) ɧɚɝɪɭɡɤɢ 
ɢɡɦɟɧɹɸɬ ɫɜɨɸ ɜɟɥɢɱɢɧɭ ɢɥɢ ɬɨɱɤɭ ɩɪɢɥɨɠɟɧɢɹ 
(ɧɚɩɪɚɜɥɟɧɢɟ) ɫ ɨɱɟɧɶ ɧɟɛɨɥɶɲɨɣ ɫɤɨɪɨɫɬɶɸ, ɬɚɤ 
ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɦɢ ɩɪɢ ɷɬɨɦ ɭɫɤɨɪɟɧɢɹɦɢ (ɫɢɥɚ-
ɦɢ ɢɧɟɪɰɢɢ) ɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ. 

 

ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɱɚɫɬɹɦɢ ɪɚɫɫɦɚɬ-
ɪɢɜɚɟɦɨɝɨ ɬɟɥɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦɢ 
ɫɢɥɚɦɢ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɜ ɬɟɥɟ ɩɨɞ ɞɟɣɫɬɜɢ-
ɟɦ ɜɧɟɲɧɢɯ ɧɚɝɪɭɡɨɤ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫɢɥɚɦɢ 
ɦɟɠɦɨɥɟɤɭɥɹɪɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ. ɗɬɢ ɫɢɥɵ ɫɨ-
ɩɪɨɬɢɜɥɹɸɬɫɹ ɫɬɪɟɦɥɟɧɢɸ ɜɧɟɲɧɢɯ ɫɢɥ ɪɚɡɪɭ-
ɲɢɬɶ ɷɥɟɦɟɧɬ ɤɨɧɫɬɪɭɤɰɢɢ, ɢɡɦɟɧɢɬɶ ɟɝɨ ɮɨɪɦɭ, 
ɨɬɞɟɥɢɬɶ ɨɞɧɭ ɱɚɫɬɶ ɨɬ ɞɪɭɝɨɣ. ɍɱɟɬ ɜɫɟɯ ɮɚɤɬɨ-
ɪɨɜ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɭɡɥɵ ɢ ɚɝɪɟɝɚɬɵ ɬɟɯɧɢɱɟ-
ɫɤɢɯ ɨɛɴɟɤɬɨɜ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɹɜɥɹɟɬɫɹ 
ɨɞɧɢɦ ɢɡ ɜɚɠɧɟɣɲɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɜ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤɚɯ [17–20]. 

ɐɟɥɶ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɩɪɟɞɟɥɟɧɢɢ 
ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɛɭɤɫɨɜɵɯ ɭɡ-
ɥɨɜ ɨɬ ɡɚɞɚɧɧɵɯ ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɛɨɤɨɜɵɯ ɧɚɝɪɭ-
ɡɨɤ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ. 
 
ǘǬǾǱǼǴǬǷȇ Ǵ ǸǱǾǺǰȇ 

ɋɬɟɧɞ ɞɥɹ ɢɫɩɵɬɚɧɢɹ ɩɨɞɲɢɩɧɢɤɨɜ ɛɭɤɫ 
ɤɨɥɟɫɧɵɯ ɩɚɪ ɫɨɫɬɨɢɬ ɢɡ ɪɚɦɵ, ɭɩɨɪɧɵɯ ɫɬɨɟɤ ɫ 
ɭɩɨɪɧɨɣ ɩɥɢɬɨɣ, ɨɫɢ ɫ ɛɭɤɫɚɦɢ ɢ ɢɫɩɵɬɭɟɦɵɦɢ 
ɩɨɞɲɢɩɧɢɤɚɦɢ, ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɫɬɚɬɢɱɟɫɤɨɝɨ 
ɪɚɞɢɚɥɶɧɨɝɨ ɢ ɨɫɟɜɨɝɨ ɧɚɝɪɭɠɟɧɢɣ ɩɨɞɲɢɩɧɢ-
ɤɨɜ, ɞɜɢɝɚɬɟɥɹ, ɦɟɯɚɧɢɡɦɨɜ ɩɟɪɟɞɚɱɢ ɢ ɪɟɝɭɥɢ-
ɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɚɬɟɥɶɧɨɝɨ j ɞɜɢɠɟɧɢɹ 
ɨɫɢ. ɋɬɟɧɞ ɩɨɡɜɨɥɢɬ ɢɫɫɥɟɞɨɜɚɬɶ ɞɜɚ ɬɢɩɚ ɛɭɤɫ 
ɫ ɪɨɥɢɤɨɜɵɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ – ɤɨɧɢɱɟɫɤɢɦɢ ɢ 
ɤɚɫɫɟɬɧɨɝɨ ɬɢɩɚ (ɪɢɫ. 1). 

ɋɬɟɧɞ (ɫɦ. ɪɢɫ. 1) ɢɦɟɟɬ ɨɫɧɨɜɚɧɢɟ 1, 

ɩɪɢɜɚɪɟɧɧɵɟ ɤ ɧɟɦɭ ɬɭɦɛɭ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 2 

ɢ ɬɭɦɛɭ 3 ɤɪɟɩɥɟɧɢɹ ɨɩɨɪɧɨɣ ɛɭɤɫɵ 4. Ɇɟɫɬɚ 
ɫɜɚɪɧɵɯ ɲɜɨɜ ɧɚ ɫɬɟɧɞɟ ɨɛɨɡɧɚɱɟɧɵ ɫɨɱɟɬɚɧɢ-
ɟɦ «ɋɒ». Ɍɚɤɠɟ ɤ ɨɫɧɨɜɚɧɢɸ ɩɪɢɜɚɪɟɧɵ ɱɟɬɵ-
ɪɟ ɮɥɚɧɰɚ ɫ ɪɟɡɶɛɨɣ 5 ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɱɟɬɵɪɟɯ 
ɭɩɨɪɧɵɯ ɫɬɨɟɤ 6. ɋɜɟɪɯɭ ɤ ɭɩɨɪɧɵɦ ɫɬɨɣɤɚɦ 6 

ɩɪɢɤɪɭɱɟɧɚ ɭɩɨɪɧɚɹ ɩɥɢɬɚ 7. Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɪɚ-
ɞɢɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɢɫɩɵɬɭɟɦɭɸ ɛɭɤɫɭ 17 

ɫɜɟɪɯɭ ɭɫɬɚɧɨɜɥɟɧ ɞɨɦɤɪɚɬ 16. ȼ ɫɩɨɪɧɭɸ ɛɭɤ-
ɫɭ ɜɫɬɚɜɥɟɧɚ ɨɫɶ 8 ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɢɫɩɵɬɭɟɦɨɣ 
ɛɭɤɫɵ. ɇɚ ɞɜɟ ɩɟɪɟɞɧɢɟ ɭɩɨɪɧɵɟ ɫɬɨɣɤɢ ɭɫɬɚ-



ɈɊɂȽɂɇȺɅɖɇȺə ɋɌȺɌɖə 
 

 

2025. № 2 (86). ɋ. 24–34 ɋɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ. ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ 
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ɧɨɜɥɟɧɵ ɪɟɝɭɥɢɪɭɟɦɵɟ ɩɨ ɜɵɫɨɬɟ ɤɪɟɩɥɟɧɢɹ 9. 

Ʉ ɤɪɟɩɥɟɧɢɹɦ ɩɪɢɜɚɪɟɧɵ ɫɬɟɪɠɧɢ 10 ɫ ɩɪɢɤɪɭ-
ɱɟɧɧɨɣ ɭɩɨɪɧɨɣ ɩɥɢɬɨɣ 11 ɢ ɩɨɥɨɱɤɨɣ 12. Ⱦɥɹ 
ɫɨɡɞɚɧɢɹ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ ɧɚ ɢɫɩɵɬɭɟɦɭɸ ɛɭɤ-
ɫɭ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚ ɩɨɥɨɱɤɭ 
ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜɬɨɪɨɣ ɞɨɦɤɪɚɬ 13, ɤɨɬɨɪɵɣ 
ɭɩɢɪɚɟɬɫɹ ɨɞɧɨɣ ɫɬɨɪɨɧɨɣ ɜ ɭɩɨɪɧɭɸ ɩɥɢɬɭ, ɚ 
ɞɪɭɝɨɣ ɫɬɨɪɨɧɨɣ ɜ ɢɫɩɵɬɭɟɦɭɸ ɛɭɤɫɭ ɞɥɹ ɫɨ-
ɡɞɚɧɢɹ ɨɫɟɜɨɣ ɧɚɝɪɭɡɤɢ. ɇɚ ɜɚɥ ɷɥɟɤɬɪɨɞɜɢɝɚ-
ɬɟɥɹ ɭɫɬɚɧɨɜɥɟɧ ɲɤɢɜ 14 ɞɥɹ ɤɥɢɧɨɜɢɞɧɨɝɨ ɪɟ-
ɦɟɧɧɨɝɨ ɩɪɢɜɨɞɚ 15, ɤɨɬɨɪɵɣ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟ-
ɪɟɞɚɱɭ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɨɬ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ 
ɤ ɨɫɢ ɫɬɟɧɞɚ. 

ɉɪɢ ɜɤɥɸɱɟɧɢɢ ɬɭɦɛɥɟɪɚ ɷɥɟɤɬɪɨɩɢɬɚɧɢɹ 
ɧɚɩɪɹɠɟɧɢɟ 720 ȼ ɫ ɱɚɫɬɨɬɨɣ 50 Ƚɰ ɱɟɪɟɡ ɚɜɬɨ-
ɦɚɬ ɡɚɳɢɬɵ ɫɟɬɢ (45Ⱥ) ɩɨɞɚɟɬɫɹ ɧɚ ɜɯɨɞɧɵɟ 

ɤɥɟɦɦɵ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨ-
ɜɚɬɟɥɹ (ɍɑɉ). Ɂɚɬɟɦ ɜɤɥɸɱɚɟɬɫɹ ɫɚɦ ɍɑɉ. ȼ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɨɤɚɡɚɧɢɹ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɧɚ ɞɢɫɩɥɟɟ ɍɑɉ ɩɟɪɟɦɟɧɧɵɣ ɬɪɟɯɮɚɡɧɵɣ ɬɨɤ 
ɧɚɩɪɹɠɟɧɢɟɦ 380 ȼ ɫ ɨɩɪɟɞɟɥɟɧɧɨɣ ɱɚɫɬɨɬɨɣ 
ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞɧɵɟ ɤɥɟɦɦɵ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟ-
ɥɹ. ɗɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɚɫɤɪɭɱɢ-
ɜɚɟɬ ɨɫɶ ɫɬɟɧɞɚ ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɱɟɪɟɡ ɪɟ-
ɦɟɧɧɭɸ ɩɟɪɟɞɚɱɭ. Ɉɫɶ, ɪɚɫɩɨɥɨɠɟɧɧɚɹ ɜ ɨɩɨɪ-
ɧɨɣ ɛɭɤɫɟ, ɪɚɫɤɪɭɱɢɜɚɟɬɫɹ ɞɨ ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɛɭɤɫɟ, ɱɟɦ ɢɦɢɬɢɪɭɟɬ 
ɪɚɛɨɬɭ ɢɫɩɵɬɭɟɦɵɯ ɩɨɞɲɢɩɧɢɤɨɜ. Ⱦɨɦɤɪɚɬ, 
ɧɚɯɨɞɹɳɢɣɫɹ ɨɩɨɪɧɨɣ ɱɚɫɬɶɸ ɧɚ ɢɫɫɥɟɞɭɟɦɨɣ 
ɛɭɤɫɟ ɢ ɫɜɨɢɦ ɲɬɨɤɨɦ ɭɩɢɪɚɸɳɢɣɫɹ ɜ ɭɩɨɪ-
ɧɭɸ ɩɥɢɬɭ, ɢɦɢɬɢɪɭɟɬ ɪɚɞɢɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɧɚ 
ɨɫɶ. ȼɬɨɪɨɣ ɞɨɦɤɪɚɬ, ɧɚɯɨɞɹɳɢɣɫɹ ɧɚ ɩɨɥɨɱɤɟ 

 
Ɋɢɫ. 1. Ⱦɟɬɚɥɢɪɨɜɤɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ 

Fig. 1. Detailed view of the laboratory stand 
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ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɢ ɭɩɢɪɚɸɳɢɣɫɹ ɜ 
ɜɟɪɯɧɸɸ ɢɥɢ ɧɢɠɧɸɸ ɡɨɧɭ ɩɟɪɟɞɧɟɣ ɬɨɪɰɟɜɨɣ 
ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɛɭɤɫɵ, ɢɦɢɬɢɪɭɟɬ ɫɜɨɢɦ ɞɚɜɥɟ-
ɧɢɟɦ ɩɪɨɯɨɠɞɟɧɢɟ ɤɪɢɜɵɯ ɭɱɚɫɬɤɨɜ ɩɭɬɢ. 

Ɉɛɴɟɤɬɨɦ ɢɫɩɵɬɚɧɢɣ ɹɜɥɹɟɬɫɹ ɨɞɢɧ ɛɭɤ-
ɫɨɜɵɣ ɭɡɟɥ ɤɨɥɟɫɧɨɣ ɩɚɪɵ Ɋɍ 1-950-Ƚ (ɱɟɪɬ. 
100.10.000-8 ɋȻ) ɫ ɪɨɥɢɤɨɜɵɦɢ ɰɢɥɢɧɞɪɢɱɟ-
ɫɤɢɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ ɫ ɬɨɪɰɟɜɵɦ ɤɪɟɩɥɟɧɢɟɦ 
ɝɚɣɤɨɣ Ɇ110 ɬɢɩɚ TBU 130×250, ɢɡɝɨɬɨɜɥɟɧ-

ɧɵɟ ɩɨ Ɍɍ ȼɇɂɉ1Ɍ048-1-00 (ɪɢɫ. 2), ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɣ ɧɚ ɨɫɶ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ. 

Ⱦɪɭɝɨɣ ɛɭɤɫɨɜɵɣ ɭɡɟɥ ɤɨɥɟɫɧɨɣ ɩɚɪɵ 
Ɋɍ 1-957-Ƚ (ɱɟɪɬ. 100.10.900-0 ɋȻ) ɤɚɫɫɟɬɧɨɝɨ 
ɬɢɩɚ ɦɚɪɤɢ SKF ɪɚɡɦɟɪɨɦ 130×250×160 ɦɦ, ɢɡɝɨ-
ɬɨɜɥɟɧɧɵɣ ɩɨ Ɍɍ SKF.CTBU.001-2010, ɭɫɬɚɧɨɜ-
ɥɟɧ ɬɚɤɠɟ ɧɚ ɨɫɶ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ. ɉɨɞɲɢɩ-
ɧɢɤ ɦɚɪɤɢ SKF ɪɚɡɦɟɪɨɦ 130×250×160 ɦɦ ɭɫɬɚ-
ɧɚɜɥɢɜɚɟɬɫɹ ɜ ɫɟɪɢɣɧɵɣ ɤɨɪɩɭɫ ɛɭɤɫɵ ɝɪɭɡɨɜɵɯ 

 
Ɋɢɫ. 2. Ȼɭɤɫɨɜɵɣ ɭɡɟɥ ɫ ɞɜɭɦɹ ɪɨɥɢɤɨɜɵɦɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ 

ɫ ɬɨɪɰɟɜɵɦ ɤɪɟɩɥɟɧɢɟɦ ɝɚɣɤɨɣ M110: 
1 – ɤɨɪɩɭɫ ɛɭɤɫɵ; 2 – ɤɪɟɩɢɬɟɥɶɧɚɹ ɤɪɵɲɤɚ ɨɬɴɟɦɧɨɝɨ ɥɚɛɢɪɢɧɬɚ ɤɨɪɩɭɫɚ ɛɭɤɫɵ; 3 – ɤɨɥɟɫɧɚɹ ɩɚɪɚ; 

4 – ɡɚɞɧɢɣ ɩɨɞɲɢɩɧɢɤ; 5 – ɩɟɪɟɞɧɢɣ ɩɨɞɲɢɩɧɢɤ; 6 – ɫɦɨɬɪɨɜɚɹ ɤɪɵɲɤɚ; 7 – ɪɟɡɢɧɨɜɨɟ  
ɭɩɥɨɬɧɟɧɢɟ; 8 – ɥɚɛɢɪɢɧɬɧɨɟ ɤɨɥɶɰɨ; 9 – ɬɨɪɰɟɜɚɹ ɝɚɣɤɚ; 10 – ɫɬɨɩɨɪɧɚɹ ɩɥɚɧɤɚ; 11 – ɛɨɥɬ Ɇ12  

ɫɬɨɩɨɪɧɨɣ ɩɥɚɧɤɢ; 12 – ɭɜɹɡɨɱɧɚɹ ɩɪɨɜɨɥɨɤɚ; 13 – ɛɨɥɬ Ɇ12 ɫɦɨɬɪɨɜɨɣ ɤɪɵɲɤɢ;  
14 – ɥɚɛɢɪɢɧɬɧɨɟ ɭɩɥɨɬɧɟɧɢɟ; 15 – ɭɩɨɪɧɨɟ ɤɨɥɶɰɨ ɩɟɪɟɞɧɟɝɨ ɩɨɞɲɢɩɧɢɤɚ 

Fig. 2. Axlebox unit with two cylindrical roller bearings with end screw M110: 

1 – axle box housing; 2 – fastening cover of the detachable labyrinth of the axle box housing; 3 – wheel-set; 

4 – rear bearing; 5 – front bearing; 6 – inspection cover; 7 – rubber seal; 

8 – labyrinth ring; 9 – end screw; 10 – locking strip; 11 – M12 bolt of the locking strip; 12 – tie-down wire; 

13 – M12 bolt of the inspection cover; 14 – labyrinth seal; 15 – thrust ring of the front bearing 
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ɜɚɝɨɧɨɜ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫ. 2 ɤɪɟɩɥɟɧɢɟ ɫ ɬɨɪ-
ɰɚ ɩɨɞɲɢɩɧɢɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɲɚɣɛɨɣ ɢ ɜɦɟɫɬɟ 
ɫ ɤɨɪɩɭɫɨɦ ɛɭɤɫɵ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɥɚɛɢɪɢɧɬ-
ɧɵɦ ɤɨɥɶɰɨɦ (ɞɚɥɟɟ ɥɚɛɢɪɢɧɬɨɦ) ɧɚɩɪɟɫɫɨɜɵɜɚ-
ɟɬɫɹ ɧɚ ɲɟɣɤɭ ɢ ɩɪɟɞɩɨɞɫɬɭɩɢɱɧɭɸ ɱɚɫɬɶ ɨɫɢ. 
Ʉɨɪɩɭɫ ɛɭɤɫɵ ɡɚɤɪɵɜɚɟɬɫɹ ɤɪɟɩɢɬɟɥɶɧɨɣ ɢ ɫɦɨɬ-
ɪɨɜɨɣ ɤɪɵɲɤɚɦɢ (ɪɢɫ. 3). 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɨɞɧɨɦ ɢɡ 
ɦɚɪɲɪɭɬɨɜ Ɂɚɛɚɣɤɚɥɶɫɤɨɣ ɠɟɥɟɡɧɨɣ ɞɨɪɨɝɢ. 

Ɋɚɞɢɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɜ 
ɬɪɟɯ ɬɨɱɤɚɯ ɩɨɨɱɟɪɟɞɧɨ (ɪɢɫ. 4) ɢ ɹɜɥɹɟɬɫɹ ɩɨ-
ɫɬɨɹɧɧɨɣ – ɪɚɜɧɨɣ 98 ɤɇ. 

Ɉɫɟɜɚɹ ɧɚɝɪɭɡɤɚ ɹɜɥɹɟɬɫɹ ɜɪɟɦɟɧɧɨɣ ɢ ɜ 
ɫɪɟɞɧɟɦ ɪɚɜɧɚ 14 ɤɇ. ȼ ɬɨɱɤɟ Ⱥ ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ 
ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɜ ɱɟɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɢɦɢɬɢ-
ɪɭɹ ɨɫɟɜɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ ɞɜɢɠɟɧɢɢ ɬɟɥɟɠɤɢ 
ɝɪɭɡɨɜɨɝɨ ɜɚɝɨɧɚ ɜ ɩɪɚɜɨɦ ɩɨɜɨɪɨɬɟ. ȼ ɬɨɱɤɟ Ȼ 

ɨɫɟɜɚɹ ɧɚɝɪɭɡɤɚ ɩɪɢɤɥɚɞɵɜɚɟɬɫɹ ɜ ɧɟɱɟɬɧɨɦ 

 
Ɋɢɫ. 3. Ȼɭɤɫɨɜɵɣ ɭɡɟɥ ɝɪɭɡɨɜɨɝɨ ɜɚɝɨɧɚ ɫ ɤɨɧɢɱɟɫɤɢɦɢ ɪɨɥɢɤɨɜɵɦɢ ɩɨɞɲɢɩɧɢɤɚɦɢ ɤɚɫɫɟɬɧɨɝɨ ɬɢɩɚ: 

1 – ɩɨɞɲɢɩɧɢɤ TBU 130×250; 2 – ɩɪɨɤɥɚɞɤɚ ɩɨɥɢɦɟɪɧɚɹ; 3 –ɤɨɥɶɰɨ ɥɚɛɢɪɢɧɬɧɨɟ; 4 – ɨɫɶ Ɋɍ1ɒ;  
5 – ɤɨɪɩɭɫ ɛɭɤɫɵ; 6 – ɤɪɟɩɢɬɟɥɶɧɚɹ ɤɪɵɲɤɚ; 7 – ɛɨɥɬ M12 ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɫɦɨɬɪɨɜɨɣ ɤɪɵɲɤɢ;  

8 – ɛɨɥɬ Ɇ12 ɫɬɨɩɨɪɧɨɣ ɩɥɚɧɤɢ ɫ ɩɪɭɠɢɧɧɨɣ ɲɚɣɛɨɣ (ɲɚɣɛɚ ɧɚɪɭɠɧɚɹ); 9 – ɤɪɵɲɤɚ ɫɦɨɬɪɨɜɚɹ;  
10 – ɛɨɥɬ Ɇ12 ɫɬɨɩɨɪɧɨɣ ɩɥɚɧɤɢ ɫ ɩɪɭɠɢɧɧɨɣ ɲɚɣɛɨɣ ɲɚɣɛɚ ɬɚɪɟɥɶɱɚɬɚɹ; 11 – ɛɨɥɬ Ɇ20 ɞɥɹ ɤɪɟɩɥɟɧɢɹ 

ɬɨɪɰɟɜɨɣ ɲɚɣɛɵ; 12 – ɫɬɨɩɨɪɧɚɹ ɲɚɣɛɚ; 13 – ɩɪɨɤɥɚɞɤɚ; 14 – ɤɨɥɶɰɨ ɭɩɥɨɬɧɢɬɟɥɶɧɨɟ 

Fig. 3. Axlebox unit of a freight car with tapered roller bearings of the cassette type: 

1 – TBU 130×250 bearing; 2 – polymer gasket; 3 – labyrinth ring; 4 – RU1Sh axle; 5 – axle box housing; 

6 – mounting cover; 7 – M12 bolt for fastening the inspection cover; 

8 – M12 bolt of the locking plate with a spring washer (outer washer); 9 – inspection cover; 

10 – M12 bolt of the locking plate with a spring washer, disc washer; 11 – M20 bolt for fastening the end washer; 

12 – lock washer; 13 – gasket; 14 – sealing ring 
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ɧɚɩɪɚɜɥɟɧɢɢ, ɢɦɢɬɢɪɭɹ ɨɫɟɜɭɸ ɧɚɝɪɭɡɤɭ ɩɪɢ 
ɞɜɢɠɟɧɢɢ ɬɟɥɟɠɤɢ ɪɭɥɟɜɨɝɨ ɜɚɝɨɧɚ ɜ ɥɟɜɨɦ ɩɨ-
ɜɨɪɨɬɟ (ɪɢɫ. 4). 

ɉɨɪɹɞɨɤ ɧɚɝɪɭɠɟɧɢɹ ɩɨɞɲɢɩɧɢɤɨɜ ɨɫɭ-
ɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɞɚɧɧɵɦ ɬɚɛɥ. 1. 

Ɇɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɫ-
ɧɨɜɚɧɚ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɥɚɛɨ-
ɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɪɢɦɟɧɹɟɬɫɹ 
ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɪɨɜɟɞɟɧɢɟ ɪɟɚɥɶɧɨɝɨ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚ ɫɨɩɪɹɠɟɧɨ ɫ ɨɩɚɫɧɨɫɬɶɸ, ɜɵɫɨɤɢɦɢ 
ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɢ ɜɪɟɦɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ ɢɥɢ 
ɟɫɥɢ ɨɧ ɧɟɭɞɨɛɟɧ ɜ ɦɚɫɲɬɚɛɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ 
ɜɪɟɦɟɧɢ [1]. 

ɉɪɢɧɰɢɩ, ɧɚ ɤɨɬɨɪɨɦ ɨɫɧɨɜɵɜɚɥɨɫɶ ɦɨɞɟ-
ɥɢɪɨɜɚɧɢɟ, ɛɚɡɢɪɭɟɬɫɹ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɣ ɨɛ-
ɪɚɛɨɬɤɟ ɩɪɨɰɟɫɫɨɜ, ɤɨɬɨɪɵɟ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ 
ɩɪɨɢɫɯɨɞɹɬ ɩɚɪɚɥɥɟɥɶɧɨ [1]. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɚɥɝɨ-
ɪɢɬɦɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɦɟɸɬ ɫɜɨɢ ɨɫɨɛɟɧɧɨɫɬɢ: 

– ɩɪɨɞɜɢɠɟɧɢɟ ɫɢɫɬɟɦɵ ɜɨ ɜɪɟɦɟɧɢ ɢ ɨɬ-
ɫɥɟɠɢɜɚɧɢɟ ɜɪɟɦɟɧɧɨɣ ɤɨɨɪɞɢɧɚɬɵ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɫɢɧɯɪɨɧɧɨɣ ɪɚɛɨɬɵ ɨɛɴɟɤ-
ɬɨɜ, ɢɡ ɤɨɬɨɪɵɯ ɫɨɫɬɨɢɬ ɦɨɞɟɥɢɪɭɟɦɚɹ ɫɢɫɬɟɦɚ. 

ȼ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɢɦɟɸɬɫɹ ɱɟɬɵɪɟ 
ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɚ: ɪɟɝɥɚɦɟɧɬɚɰɢɢ ɫɨɛɵɬɢɣ 
(ɩɪɢɧɰɢɩ dt); ɨɫɨɛɵɯ ɫɨɫɬɨɹɧɢɣ; ɩɨɫɥɟɞɨɜɚ-

 
Ɋɢɫ. 4. Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɛɭɤɫɨɜɵɣ ɭɡɟɥ 

Fig. 4. Points of application of load on the axle box assembly 

 

Ɍɚɛɥɢɰɚ 1. ɉɨɪɹɞɨɤ ɧɚɝɪɭɠɟɧɢɹ ɩɨɞɲɢɩɧɢɤɚ 

Table 1. Bearing loading order 

Ɍɢɩ ɧɚɝɪɭɡɤɢ 

Load type 

Ɍɨɱɤɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɜɢɠɟɧɢɹ ɬɟɥɟɠɤɢ 

ɝɪɭɡɨɜɨɝɨ ɜɚɝɨɧɚ ɜ ɩɨɜɨɪɨɬɟ 

Load application points when simulating the motion of a freight wagon bogie in a turn 

Ɋɚɞɢɚɥɶɧɚɹ 

Radial 
1 2 3 

Ɉɫɟɜɚɹ 

Axial 
Ⱥ Ȼ Ⱥ Ȼ Ⱥ Ȼ 
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ɬɟɥɶɧɨɣ ɩɪɨɜɨɞɤɢ ɡɚɹɜɨɤ; ɩɚɪɚɥɥɟɥɶɧɨɣ ɪɚɛɨ-
ɬɵ ɨɛɴɟɤɬɨɜ. 

ɉɪɢɧɰɢɩ dt ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɚɥɝɨɪɢɬ-
ɦɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢɦɢɬɢɪɭɟɬɫɹ ɞɜɢɠɟɧɢɟ, ɬ.ɟ. 
ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɫɢɫɬɟɦɵ ɜ ɮɢɤɫɢɪɨɜɚɧ-
ɧɵɟ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ ɫɨɝɥɚɫɧɨ (1): 

t, t + dt, t + 2dt.   (1) 

Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢɦɟɧɹɥɢɫɶ 
ɞɜɚ ɤɨɧɬɚɤɬɧɵɯ ɰɢɮɪɨɜɵɯ ɬɟɪɦɨɦɟɬɪɚ digital 

termo WT-2. Ɉɞɢɧ ɨɩɪɟɞɟɥɹɥ ɬɟɦɩɟɪɚɬɭɪɭ ɜ 
ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɤɨɪɩɭɫɚ ɛɭɤɫɨɜɨɝɨ ɭɡɥɚ ɜ ɡɚɞɚɧ-
ɧɵɯ ɬɨɱɤɚɯ (1–3), ɚ ɞɪɭɝɨɣ – ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɪɭ-
ɠɚɸɳɟɣ ɫɪɟɞɵ. ɋɱɢɬɵɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɟɩ-
ɥɨɜɨɦ ɦɨɧɢɬɨɪɢɧɝɟ ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɩɚɪɚɥɥɟɥɶɧɨ 
ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ 
ɤɚɠɞɨɝɨ ɤɢɥɨɦɟɬɪɚ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɜɪɟɦɟɧɢ 
ɩɪɢɦɟɧɹɥɫɹ ɫɟɤɭɧɞɨɦɟɪ ɫ ɮɭɧɤɰɢɟɣ ɡɚɩɢɫɢ ɨɛ-
ɳɟɝɨ ɜɪɟɦɟɧɢ ɢ ɮɭɧɤɰɢɟɣ ɡɚɩɢɫɢ ɨɞɧɨɝɨ ɨɬɪɟɡɤɚ 
ɜɪɟɦɟɧɢ ɩɨɨɱɟɪɟɞɧɨ ɞɨ 100 ɨɬɪɟɡɤɨɜ. 
 
ǜǱǳǿǷȈǾǬǾȇ ǴǽǽǷǱǰǺǮǬǹǴǵ 

ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ ɡɚɞɚɧɧɭɸ ɫɤɨɪɨɫɬɶ ɞɜɢ-
ɠɟɧɢɹ ɩɨɟɡɞɚ ɧɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɭɱɚɫɬɤɟ ɩɭɬɢ 
ɢ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɟɟ ɧɚ ɥɚɛɨɪɚɬɨɪɧɨɦ ɫɬɟɧɞɟ, 
ɧɟɨɛɯɨɞɢɦɨ: 

– ɪɚɫɫɱɢɬɚɬɶ ɨɛɨɪɨɬɵ ɨɫɢ ɫɬɟɧɞɚ ɜ ɦɢɧɭ-
ɬɭ ɞɥɹ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ. 

– ɧɚɣɬɢ ɨɩɵɬɧɵɦ ɩɭɬɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɭɸ ɱɚɫɬɨɬɭ ɍɑɉ ɞɥɹ ɡɚɞɚɧɧɵɯ ɨɛɨɪɨɬɨɜ ɨɫɢ ɜ 
ɦɢɧɭɬɭ. 

Ɋɚɫɫɱɢɬɚɟɦ ɨɛɨɪɨɬɵ ɨɫɢ ɫɬɟɧɞɚ ɜ ɦɢɧɭɬɭ 
ω ɞɥɹ ɫɤɨɪɨɫɬɟɣ ɨɬ 40 ɞɨ 80 ɤɦ/ɱ ɩɨ ɮɨɪɦɭɥɟ 
(2). Ⱦɥɹ ɷɬɨɝɨ ɡɚ ɨɫɧɨɜɭ ɜɡɹɬɨ ɤɨɥɟɫɨ ɫ ɬɨɥɳɢ-
ɧɨɣ ɨɛɨɞɚ 55 ɦɦ ɢ ɞɥɢɧɧɨɣ ɨɤɪɭɠɧɨɫɬɢ ɩɨ ɤɪɭ-
ɝɭ ɤɚɬɚɧɢɹ ɤɨɥɟɫɚ 2 880 ɦɦ: 

ɨɤɪ

/

l

tS
V ,                       (2) 

ɝɞɟ S – ɪɚɫɫɬɨɹɧɢɟ ɪɚɜɧɨɟ 1 ɤɦ ɢɥɢ 
1 000 000 ɦɦ; t – ɜɪɟɦɹ ɪɚɜɧɨɟ 1 ɱ ɢɥɢ 60 ɦɢɧ; 
V – ɫɤɨɪɨɫɬɶ, ɤɦ/ɱ, lɨɤɪ – ɞɥɢɧɚ ɨɤɪɭɠɧɨɫɬɢ ɩɨ 
ɤɪɭɝɭ ɤɚɬɚɧɢɹ ɤɨɥɟɫɚ 2 880 ɦɦ. 

Ɉɩɵɬɧɵɦ ɩɭɬɟɦ ɭɫɬɚɧɨɜɥɟɧɚ ɫɨɨɬɜɟɬ-
ɫɬɜɭɸɳɚɹ ɱɚɫɬɨɬɚ ɍɑɉ ɞɥɹ ɡɚɞɚɧɧɵɯ ɨɛɨɪɨɬɨɜ 
ɨɫɢ ɜ ɦɢɧɭɬɭ, ɞɥɹ ɷɬɨɝɨ ɤɨɧɬɚɤɬɧɵɣ ɬɚɯɨɦɟɬɪ 
ɌȺ-1 ɩɪɢɤɥɚɞɵɜɚɥɢ ɤ ɰɟɧɬɪɭ ɨɫɢ ɫɬɟɧɞɚ ɢ ɞɨ-
ɫɬɢɝɚɥɢ ɧɭɠɧɵɯ ɨɛɨɪɨɬɨɜ, ɩɚɪɚɥɥɟɥɶɧɨ ɫɧɢɦɚɹ 
ɩɨɤɚɡɚɧɢɹ ɫ ɢɧɞɢɤɚɬɨɪɚ ɍɑɉ. 

Ⱦɥɹ ɞɨɫɬɨɜɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨ-
ɯɨɠɞɟɧɢɹ ɩɨɟɡɞɨɦ 1 ɤɦ ɧɚ ɪɚɡɧɵɯ ɫɤɨɪɨɫɬɹɯ, 
ɧɚɣɞɟɦ ɜɪɟɦɹ ɟɝɨ ɞɜɢɠɟɧɢɹ ɧɚ 1 ɤɦ ɜ ɫɟɤɭɧɞɚɯ 
dt ɩɨ (3): 




t
dt ,                                 (3) 

ɝɞɟ t – ɜɪɟɦɹ (1 ɱ = 3 600 ɫ); ν – ɫɤɨɪɨɫɬɶ, ɤɦ/ɱ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɨɛɨɪɨɬɨɜ ɨɫɢ ɫɬɟɧɞɚ 

ɜ ɦɢɧɭɬɭ ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɯɨɠɞɟɧɢɹ ɩɨɟɡ-
ɞɚ ɧɚ 1 ɤɦ ɩɭɬɢ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɢ 
ɢɦɢɬɢɪɨɜɚɬɶ ɞɜɢɠɟɧɢɟ ɩɨ ɡɚɞɚɧɧɨɦɭ ɦɚɪɲɪɭɬɭ 
ɩɪɨɯɨɠɞɟɧɢɹ ɤɪɢɜɵɯ, ɪɟɝɭɥɢɪɨɜɚɬɶ ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɜ ɩɭɬɢ, ɚ ɬɚɤɠɟ ɩɪɢɥɚɝɚɬɶ ɩɨɫɬɨɹɧ-
ɧɭɸ ɫɪɟɞɧɸɸ ɫɬɚɬɢɱɟɫɤɭɸ ɪɚɞɢɚɥɶɧɭɸ ɧɚɝɪɭɡ-
ɤɭ ɧɚ ɢɫɩɵɬɭɟɦɵɣ ɩɨɞɲɢɩɧɢɤ, ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɭɸ 98 ɤɇ, ɧɚ ɲɟɣɤɭ ɨɫɢ ɝɪɭɠɟɧɨɝɨ ɜɚɝɨɧɚ ɢ 
ɜɪɟɦɟɧɧɭɸ ɨɫɟɜɭɸ ɧɚɝɪɭɡɤɭ 14 ɤɇ, ɱɬɨ ɨɛɟɫɩɟ-
ɱɢɜɚɟɬ ɩɨɜɵɲɟɧɢɟ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɫɬɟɧɞɨɜɵɯ 
ɢɫɩɵɬɚɧɢɣ ɩɨɞɲɢɩɧɢɤɨɜ. 

 
ǔǽǽǷǱǰǺǮǬǹǴǱ ǼǺǷǴǶǺǮȇȁ ǻǺǰȄǴǻǹǴǶǺǮ 

ȼ ɰɟɥɹɯ ɢɫɫɥɟɞɨɜɚɧɢɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ 
ɩɨɞɲɢɩɧɢɤɢ ɩɨɞɨɛɪɚɧɵ ɫɨ ɫɥɟɞɭɸɳɢɦɢ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚɦɢ: 

1. ɇɚ ɨɞɧɭ ɲɟɣɤɭ ɨɫɢ ɩɨɞɨɛɪɚɧɵ ɩɨɞɲɢɩ-
ɧɢɤɢ ɫ ɪɚɡɧɢɰɟɣ ɪɚɞɢɚɥɶɧɵɯ ɡɚɡɨɪɨɜ ɩɨɞɲɢɩɧɢ-

 

Ɍɚɛɥɢɰɚ 2. Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɤɨɪɨɫɬɢ 

Table 2. Basic parameters of speed modeling 

ɋɤɨɪɨɫɬɶ, ɤɦ/ɱ 

Speed, km/h 

ɑɢɫɥɨ ɨɛɨɪɨɬɨɜ ɨɫɢ 
ɫɬɟɧɞɚ ɜ ɦɢɧɭɬɭ 

Number of revolutions 

of the stand axis per mi-

nute 

ɑɚɫɬɨɬɚ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɱɚɫɬɨɬɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, % 

Frequency of the universal frequency 

converter, % 

ȼɪɟɦɹ ɧɚ 1 ɤɦ ɩɭɬɢ, ɦɢɧ 

Time per 1 km of the track, 

min 

40 231 15,00 1:30 

50 290 18,27 1:12 

60 347 20,84 1:00 

65 375 22,60 0:55 

70 405 24,26 0:51 

75 434 25,86 0:48 

80 463 27,45 0:45 
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ɤɨɜ 0,10 ɦɦ ɩɪɢ ɞɨɩɭɫɬɢɦɨɣ ɧɟ ɛɨɥɟɟ 0,03 ɦɦ 
[2]. ɍɜɟɥɢɱɟɧɢɟ ɷɬɨɣ ɪɚɡɧɢɰɵ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟ-
ɤɨɫɭ ɤɨɪɩɭɫɚ ɛɭɤɫɵ ɢ ɜɵɡɵɜɚɟɬ ɧɟɪɚɜɧɨɦɟɪɧɨɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɧɚɝɪɭɡɨɤ ɩɨ ɞɥɢɧɟ ɪɨɥɢɤɨɜ. 

2. ɋɦɚɡɤɚ ɢɡ ɩɨɞɲɢɩɧɢɤɚ ɭɞɚɥɟɧɚ (ɫɦɚ-
ɡɨɱɧɵɣ ɦɚɬɟɪɢɚɥ ɧɭɠɟɧ, ɱɬɨɛɵ ɨɬɞɟɥɢɬɶ ɬɟɥɚ 
ɤɚɱɟɧɢɹ ɨɬ ɞɨɪɨɠɟɤ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɩɨ-
ɜɪɟɠɞɟɧɢɣ ɢɡ-ɡɚ ɦɢɤɪɨɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ). 

3. ɉɪɢɥɨɠɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɬɨɱɤɟ Ⱥ: ɚ – 

ɪɚɞɢɚɥɶɧɚɹ ɩɨɫɬɨɹɧɧɚɹ ɜ ɬɨɱɤɟ 2 – 98 ɤɇ; ɛ – 

ɨɫɟɜɚɹ ɩɨɫɬɨɹɧɧɚɹ – 14 ɤɇ; ɜ – ɫɤɨɪɨɫɬɶ – 

80 ɤɦ/ɱ. 
ɋ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɞɲɢɩɧɢɤɚ ɫɨɡɞɚ-

ɧɵ ɧɚɢɯɭɞɲɢɟ ɭɫɥɨɜɢɹ ɞɥɹ ɪɨɥɢɤɨɜ ɢ ɫɵɦɢɬɢ-
ɪɨɜɚɧɚ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɫɦɚɡɤɚ ɞɨɫɬɢɝɥɚ ɬɟɦɩɟ-
ɪɚɬɭɪɵ ɤɚɩɥɟɩɚɞɟɧɢɹ (ɩɥɚɫɬɢɱɧɚɹ ɫɦɚɡɤɚ ɧɚɱɢ-
ɧɚɟɬ ɫɜɨɛɨɞɧɨ ɫɬɟɤɚɬɶ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɤɚɩɟɥɶ) ɢ 
ɞɚɥɶɧɟɣɲɚɹ ɪɚɛɨɬɚ ɩɪɨɢɫɯɨɞɢɬ ɛɟɡ ɫɦɚɡɤɢ. ȼ 
ɩɨɞɲɢɩɧɢɤɟ ɩɪɨɢɫɯɨɞɢɬ ɩɪɨɰɟɫɫ ɫɭɯɨɝɨ ɬɪɟɧɢɹ. 

ɉɪɢ ɞɨɫɬɢɠɟɧɢɢ ɫɥɨɟɜ ɠɢɞɤɨɫɬɢ ɦɟɧɟɟ 0,1 ɦɤɦ 
ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ ɦɢɤɪɨɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ ɪɨ-
ɥɢɤɨɜ, ɱɬɨ ɜɟɞɟɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɸ ɧɚɝɪɭɡɨɤ ɢ ɩɨɞɲɢɩɧɢɤ ɩɟɪɟɯɨɞɢɬ ɜ ɪɟɠɢɦ 
ɡɚɤɥɢɧɢɜɚɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɞɟ-
ɥɚɧ ɜɵɜɨɞ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɛɭɤɫɵ ɪɚɫɬɟɬ ɜ 
2 ɪɚɡɚ ɛɵɫɬɪɟɟ, ɱɟɦ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɦɚɡɤɚ. ɉɨɞɲɢɩɧɢɤɢ ɬɟɪɹɸɬ ɫɜɨɢ ɦɟɯɚɧɢɱɟɫɤɢɟ 
ɫɜɨɣɫɬɜɚ, ɱɬɨ ɜɟɞɟɬ ɤ ɢɯ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɦɭ 
ɢɡɧɨɫɭ ɢ ɪɚɡɪɭɲɟɧɢɸ. ȼ ɫɜɹɡɢ ɪɟɡɤɢɦ ɭɜɟɥɢɱɟ-
ɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɞɨ 98 °ɋ ɞɚɥɶɧɟɣɲɢɟ ɢɫɩɵ-
ɬɚɧɢɹ ɛɵɥɢ ɩɪɟɤɪɚɳɟɧɵ (ɪɢɫ. 5). 

 
ǔǽǽǷǱǰǺǮǬǹǴǱ ǶǺǹǴȃǱǽǶǴȁ ǻǺǰȄǴǻǹǴǶǺǮ 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɧɢɱɟɫɤɢɯ ɩɨɞɲɢɩɧɢɤɨɜ 
ɛɟɡ ɫɦɚɡɤɢ ɧɟ ɩɪɨɜɨɞɢɥɨɫɶ, ɬɚɤ ɤɚɤ ɮɨɪɦɢɪɨɜɚ-
ɧɢɟ ɤɚɫɫɟɬɧɨɝɨ ɩɨɞɲɢɩɧɢɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɨɥɶ-
ɤɨ ɧɚ ɡɚɜɨɞɟ-ɢɡɝɨɬɨɜɢɬɟɥɟ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɥɚ-
ɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɟɝɨ ɩɟɪɟɮɨɪɦɢɪɨɜɚɧɢɟ 

 
Ɋɢɫ. 5. Ⱦɚɧɧɵɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɪɨɥɢɤɨɜɵɯ ɩɨɞɲɢɩɧɢɤɨɜ ɛɟɡ ɫɦɚɡɤɢ 

Fig. 5. Data from the results of the study of roller bearings temperature without lubrication 

 

 
Ɋɢɫ. 6. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɢɹ ɬɟɫɬɢɪɨɜɚɧɢɹ ɩɨɥɢɚɦɢɞɧɵɯ ɢ ɫɬɚɥɶɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ ɛɟɡ ɫɦɚɡɤɢ 

Fig. 6. Results of testing polyamide and steel separators without lubrication 
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ɧɟɜɨɡɦɨɠɧɨ. ȼ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɢɫɩɵɬɚɬɟɥɶ-
ɧɨɦ ɰɟɧɬɪɟ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɡɚɜɨɞɚ ɜ ɇɢɞɟɪɥɚɧɞɚɯ 
ɜ 1995 ɝ. ɩɪɨɜɨɞɢɥɨɫɶ ɬɟɫɬɢɪɨɜɚɧɢɟ ɩɨɥɢɚɦɢɞ-
ɧɵɯ ɢ ɫɬɚɥɶɧɵɯ ɫɟɩɚɪɚɬɨɪɨɜ, ɤɨɝɞɚ ɫɦɚɡɤɚ ɢɡ 
ɩɨɞɲɢɩɧɢɤɚ ɛɵɥɚ ɭɞɚɥɟɧɚ, ɩɪɢ ɷɬɨɦ ɬɟɦɩɟɪɚɬɭ-
ɪɚ ɩɨɞɲɢɩɧɢɤɚ ɜɨɡɪɨɫɥɚ ɨɱɟɧɶ ɪɟɡɤɨ, ɩɨɤɚ ɧɟ 
ɞɨɫɬɢɝɥɚ ɭɫɬɚɧɨɜɢɜɲɟɝɨɫɹ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟ-
ɠɢɦɚ. ɇɚ ɷɬɨɦ ɭɪɨɜɧɟ ɩɨɞɲɢɩɧɢɤ ɩɪɨɞɨɥɠɚɥ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɬɶ ɧɚ ɩɪɨɬɹɠɟɧɢɢ 500 ɤɦ, ɩɨɫɥɟ 
ɱɟɝɨ ɬɟɫɬɢɪɨɜɚɧɢɟ ɡɚɜɟɪɲɢɥɨɫɶ (ɪɢɫ. 6). 

Ⱦɥɹ ɢɫɩɵɬɚɧɢɹ ɤɨɧɢɱɟɫɤɢɯ ɩɨɞɲɢɩɧɢɤɨɜ 
ɧɟɨɛɯɨɞɢɦ ɫɱɟɬɱɢɤ ɜɪɟɦɟɧɢ (ɫɟɤɭɧɞɨɦɟɪ). ɇɚ 
ɤɚɠɞɨɦ ɰɢɤɥɟ ɭɜɟɥɢɱɢɜɚɟɦ ɡɧɚɱɟɧɢɟ ɧɚ ɜɟɥɢ-
ɱɢɧɭ ɲɚɝɚ ɜɨ ɜɪɟɦɟɧɢ dt. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɡɦɟ-
ɧɟɧɢɹ ɫɢɫɬɟɦɵ ɨɬɫɥɟɠɢɜɚɸɬɫɹ ɬɚɤɬ ɡɚ ɬɚɤɬɨɦ ɜ 
ɡɚɞɚɧɧɵɟ ɦɨɦɟɧɬɵ: t, t + dt, t + 2dt (ɬɚɛɥ. 3). 

Ɂɚɧɨɫɢɦ ɞɚɧɧɵɟ ɩɨ ɜɪɟɦɟɧɢ t ɜ ɪɟɠɢɦɟ 
«ɱɚɫɵ, ɦɢɧɭɬɵ, ɫɟɤɭɧɞɵ» (ɱ/ɦɢɧ/ɫ), ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɩɨɞɜɢɠɧɨɝɨ ɫɨɫɬɚɜɚ v (ɤɦ/ɱ), ɩɭɬɢ h 

(ɤɦ), ɪɚɞɢɭɫɚɦ ɤɪɢɜɵɯ r (ɦ) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ dt. 

ɉɪɢɧɰɢɩ dt ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɭɧɢɜɟɪ-
ɫɚɥɶɧɵɦ, ɬɚɤ ɤɚɤ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɨɱɟɧɶ ɲɢɪɨ-
ɤɨɝɨ ɤɥɚɫɫɚ ɫɢɫɬɟɦ. Ɉɧ ɩɪɨɫɬ ɜ ɪɟɚɥɢɡɚɰɢɢ, ɩɨ-
ɫɤɨɥɶɤɭ ɫɨɜɩɚɞɚɟɬ ɫ ɩɨɧɢɦɚɧɢɟɦ ɱɟɥɨɜɟɤɚ ɨ ɜɪɟ-
ɦɟɧɢ ɤɚɤ ɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɦ ɹɜɥɟɧɢɢ, ɬɟɤɭɳɟɦ 
ɫ ɩɨɫɬɨɹɧɧɵɦ ɬɟɦɩɨɦ ɢ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɨɬɪɟɬɶ 
ɫɢɫɬɟɦɭ ɜ ɞɢɧɚɦɢɤɟ. 

ɂɫɩɵɬɚɧɢɹ ɩɪɨɜɨɞɹɬɫɹ ɧɚ ɫɬɟɧɞɟ 
(ɫɦ. ɪɢɫ. 1), ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɞɚɬɶ ɧɚ ɢɫɫɥɟ-
ɞɭɟɦɵɣ ɛɭɤɫɨɜɵɣ ɭɡɟɥ ɜɟɪɬɢɤɚɥɶɧɭɸ ɧɚɝɪɭɡɤɭ ɨɬ 
ɜɟɫɚ ɜɚɝɨɧɚ ɢ ɨɫɟɜɭɸ ɧɚɝɪɭɡɤɭ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ 
ɤɨɥɟɫɧɨɣ ɩɚɪɵ, ɩɨɹɜɥɹɸɳɢɟɫɹ ɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɯ ɭɫɥɨɜɢɹɯ. ɂɫɩɵɬɚɧɢɹ ɨɫɧɨɜɵɜɚɥɢɫɶ ɧɚ ɟɞɢ-
ɧɨɣ ɪɟɠɢɦɧɨɣ ɤɚɪɬɟ ɭɱɚɫɬɤɚ Ɂɚɛɚɣɤɚɥɶɫɤɨɣ ɠɟ-
ɥɟɡɧɨɣ ɞɨɪɨɝɢ ɫ ɢɦɢɬɚɰɢɟɣ ɩɪɨɯɨɠɞɟɧɢɹ ɤɪɢɜɵɯ 
ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɭɫɨɜ, ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɨ 
ɭɱɚɫɬɤɭ ɢ ɭɤɥɨɧɨɜ ɩɭɬɢ (ɫɦ. ɬɚɛɥ. 3). 

 
ǓǬǶǷȊȃǱǹǴǱ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɤɚɡɵɜɚɟɬ ɞɨɫɬɚɬɨɱ-
ɧɨɟ ɫɨɜɩɚɞɟɧɢɟ ɡɧɚɱɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɪɟɚɥɶ-
ɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫ ɭɱɟɬɨɦ ɢɫɩɨɥɶɡɭɟɦɨɣ ɪɟ-
ɠɢɦɧɨɣ ɤɚɪɬɵ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ 
ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɦɟɬɨɞɢɤɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 

Ɋɚɡɪɚɛɨɬɤɚ ɥɚɛɨɪɚɬɨɪɧɨɝɨ ɫɬɟɧɞɚ ɩɨɡɜɨ-
ɥɢɬ ɢɫɫɥɟɞɨɜɚɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɛɭɤɫɨɜɨɝɨ ɭɡɥɚ 
ɫ ɩɨɞɲɢɩɧɢɤɚɦɢ ɪɚɡɥɢɱɧɨɝɨ ɬɢɩɚ ɢ ɤɨɥɟɢ ɠɟ-
ɥɟɡɧɨɣ ɞɨɪɨɝɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ, ɱɬɨ 
ɩɪɢ ɭɫɥɨɜɢɢ ɬɨɱɧɨɣ ɢɦɢɬɚɰɢɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧ-
ɧɵɯ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ ɛɭɤɫɨɜɵɯ ɭɡɥɨɜ ɤɨɥɟɫɧɵɯ 
ɩɚɪ ɬɟɥɟɠɟɤ ɝɪɭɡɨɜɵɯ ɜɚɝɨɧɨɜ ɨɛɟɫɩɟɱɢɬ ɞɨ-
ɫɬɨɜɟɪɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɫɬɟɧɞɨɜɵɯ ɢɫɩɵɬɚɧɢɣ. 
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