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ȼɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɧɚ фɪɨɧɬɟ ɩɥɚɜɥɟɧɢɹ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ ɫɜɚɪɤɟ 
ɧɟɩɥɚɜɹɳɢɦɫɹ эɥɟɤɬɪɨɞɨɦ ɫɬɵɤɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ ɬɨɥɳɢɧɨɣ 

4-10 ɦɦ. 
Ɉɞɧɨɣ  ɢɡ ɝɥɚɜɧɵɯ ɩɪɨɛɥɟɦ фɨɪɦɢɪɨɜɚɧɢɹ ɲɜɚ ɩɪɢ ɫɜɚɪɤɟ ɩɥɚɜɹɳɢɦɫɹ эɥɟɤɬɪɨɞɨɦ ɧɚ 
ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɩɨɞɪɟɡɨɜ ɧɚ ɥɢɰɟɜɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɲɜɚ. ȼɨɡɧɢɤɥɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɢɡ ɝɨɥɨɜɧɨɣ ɜ 
ɯɜɨɫɬɨɜɭɸ ɱɚɫɬɶ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɨɫɧɨɜɧɵɯ ɫɢɥ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ 
ɦɟɬɚɥɥɚ. 
Ɉɰɟɧɤɚ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɥɨɫɤɨɣ ɦɨɞɟɥɢ ɜɚɧɧɵ. ɉɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ 
ɢɦɢɬɢɪɨɜɚɥɫɹ ɜɞɭɜɨɦ ɦɚɫɫɵ ɦɟɬɚɥɥɚ ɱɟɪɟɡ фɪɨɧɬ ɩɥɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ, 
ɫɜɹɡɚɧɧɨɣ ɫ ɞɭɝɨɣ. Ɉɰɟɧɤɚ ɡɧɚɱɢɦɵɯ ɫɢɥ ɜɵɩɨɥɧɟɧɚ ɫ ɩɨɦɨɳɶɸ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ . 
ȼɵɹɫɧɟɧɨ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɫɢɥɚɦɢ ɹɜɥɹɸɬɫɹ: ɫɢɥɵ ɬɹɠɟɫɬɢ, эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ, 
ɞɚɜɥɟɧɢɟ ɞɭɝɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ.  
ɉɪɟɞɥɚɝɚɟɦɚɹ ɦɨɞɟɥɶ ɜɚɧɧɵ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ 
(ɩɟɪɟɦɟɧɧɨɫɬɶ ɪɚɫɯɨɞɚ ɪɚɫɩɥɚɜɚ ɩɨ ɞɥɢɧɟ фɪɨɧɬɚ, ɪɚɫɩɪɟɞɟɥɟɧɧɨɫɬɶ  ɫɢɥ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɨɛɴɟɦɭ ɪɚɫɩɥɚɜɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɱɟɬɚ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɪɚɫɩɥɚɜɚ ɩɨ ɞɥɢɧɟ фɪɨɧɬɚ 
ɩɥɚɜɥɟɧɢɹ. 
 

Кɥɸɱɟɜɵɟ сɥɨɜа: ɫɜɚɪɨɱɧɚɹ ɜɚɧɧɚ, ɪɚɫɯɨɞ ɦɟɬɚɥɥɚ, ɩɥɨɬɧɨɫɬɶ эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ, 
ɪɚɫɩɥɚɜ, ɞɚɜɥɟɧɢɟ ɞɭɝɢ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɦɟɬɚɥɥɚ. 
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ɋɜɚɪɨɱɧɚɹ ɜɚɧɧɚ ɹɜɥɹɟɬɫɹ ɫɥɨɠɧɵɦ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɨɛɴɟɤɬɨɦ. ɉɟɪɟɞ 
ɩɨɫɬɪɨɟɧɢɟɦ ɦɨɞɟɥɢ ɜɚɧɧɵ ɧɚɞɨ ɫɞɟɥɚɬɶ ɨɰɟɧɤɭ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ, ɨɰɟɧɢɬɶ ɤɨɧɟɱɧɵɣ 
эффɟɤɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫɟ  ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɜɚɧɧɟ. Ɂɚ 
ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɩɪɢ ɨɰɟɧɤɟ ɤɪɢɬɟɪɢɟɜ ɩɨɞɨɛɢɹ ɜ ɜɚɧɧɟ ɩɪɢɧɢɦɚɥɢ ɬɨɥɳɢɧɭ ɫɥɨɹ 
ɠɢɞɤɨɝɨ ɦɟɬɚɥɥɚ ɩɨɞ ɞɭɝɨɣ ɧɚ фɪɨɧɬɟ ɩɥɚɜɥɟɧɢɹ. 

ȼɫɟ фɢɡɢɱɟɫɤɢɟ ɩɨɫɬɨɹɧɧɵɟ ɨɬɧɨɫɢɥɢ ɤ ɫɪɟɞɧɟɣ ɬɟɦɩɟɪɚɬɭɪɟ ɦɟɠɞɭ 
ɬɟɦɩɟɪɚɬɭɪɨɣ ɩɥɚɜɥɟɧɢɹ ɢ ɤɢɩɟɧɢɹ ɫɬɚɥɢ. 

Ⱦɜɢɠɟɧɢɟ ɦɟɬɚɥɥɚ ɜ ɜɚɧɧɟ ɞɨɥɠɧɨ ɫɬɪɨɝɨ ɨɩɢɫɵɜɚɬɶɫɹ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ 
ɦɚɝɧɢɬɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ.  

ɉɨ ɩɚɪɚɦɟɬɪɭ Ȼэɬɱɟɥɨɪɚ   Rem

Re
 1, ɝɞɟ Rem  – ɦɚɝɧɢɬɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ, Re  – 

ɨɛɵɱɧɨɟ ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ ɜ ɜɚɧɧɟ ɦɨɠɧɨ 
ɨɩɪɟɞɟɥɹɬɶ ɜ ɛɟɡɢɧɞɭɤɰɢɨɧɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. 

ɉɪɢɜɟɞёɦ ɭɪɚɜɧɟɧɢɟ ɇɚɜɶɟ-ɋɬɨɤɫɚ (1) ɤ ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɜɢɞɭ. 
ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɵ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦɵ ɤɪɢɬɟɪɢɟɜ ɢɫɩɨɥɶɡɭɟɦ 

эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ ɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ. 
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ɝɞɟ   – ɩɥɨɬɧɨɫɬɶ ɦɟɬɚɥɥɚ, 
 v  – ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɦɟɬɚɥɥɚ, 
 P  – ɞɚɜɥɟɧɢɟ, 
   – ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ, 
 j  – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ, 
 B  – ɢɧɞɭɤɰɢɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɜɚɧɧɟ, 
 g  – ɭɫɤɨɪɟɧɢɹ ɫɢɥɵ ɬɹɠɟɫɬɢ. 
 

ȼ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ: 
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ɝɞɟ ɢɧɞɟɤɫɨɦ "0" ɨɛɨɡɧɚɱɟɧɵ ɯɚɪɚɤɬɟɪɢɫɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɜɟɥɢɱɢɧ, ɭɪɚɜɧɟɧɢɟ 

(1) ɩɪɢɦɟɬ ɜɢɞ (2): 
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 
   – ɯɚɪɚɤɬɟɪɢɡɭɟɦ ɨɬɧɨɲɟɧɢɟ ɫɢɥ ɢɧɟɪɰɢɢ ɤ эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ 
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
   – ɯɚɪɚɤɬɟɪɢɡɭɟɦ ɨɬɧɨɲɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜ ɪɚɫɩɥɚɜɟ ɤ 

эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɫɢɥɚɦ, 
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 
   – ɯɚɪɚɤɬɟɪɢɡɭɟɦ ɨɬɧɨɲɟɧɢɟ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɤ эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ 

ɫɢɥɚɦ, 
0 0 0
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 
   – ɯɚɪɚɤɬɟɪɢɡɭɟɦ ɨɬɧɨɲɟɧɢɟ ɫɢɥ ɬɹɠɟɫɬɢ ɤ эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɦ 

ɫɢɥɚɦ, 
5 T   – ɯɚɪɚɤɬɟɪɢɡɭɟɦ ɪɨɥɶ ɫɢɥ ɬɟɩɥɨɜɨɣ ɤɨɧɜɟɤɰɢɢ, 
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
  – ɱɢɫɥɨ ɋɬɪɭɯɚɥɹ. 

Ɉɰɟɧɤɚ ɩɨ эɬɢɦ ɤɪɢɬɟɪɢɹɦ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɨɫɧɨɜɧɵɦɢ ɞɥɹ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ 
ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ ɹɜɥɹɸɬɫɹ ɫɢɥɵ ɬɹɠɟɫɬɢ, эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɫɢɥɵ Ⱥɦɩɟɪɚ, ɞɚɜɥɟɧɢɟ 
ɞɭɝɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɫɩɥɚɜɚ.  

Ɇɨɞɟɥɶ ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ ɩɪɟɞɥɚɝɚɟɦɚɹ ɚɜɬɨɪɚɦɢ Д2Ж, Д3Ж 
ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɫɭɳɟɫɬɜɭɸɳɢɯ ɦɨɞɟɥɟɣ. ɉɪɢ ɡɚɞɚɧɧɨɦ ɪɟɠɢɦɟ ɫɜɚɪɤɢ 
ɩɨɜɟɪɯɧɨɫɬɢ фɪɨɧɬɨɜ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɟɩɨɞɜɢɠɧɵ ɜ ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ, 
ɫɜɹɡɚɧɧɨɣ ɫ ɞɜɢɠɭɳɟɣɫɹ ɞɭɝɨɣ. ɉɨэɬɨɦɭ ɫɜɚɪɨɱɧɭɸ ɜɚɧɧɭ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ эɬɨɣ 
ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɜ ɜɢɞɟ ɤɚɧɚɥɚ ɫ ɩɨɪɢɫɬɵɦɢ ɫɬɟɧɤɚɦɢ. ɉɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ 
ɥɢɦɢɬɢɪɭɟɬɫɹ ɜɞɭɜɨɦ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ фɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ ɫɨ ɫɤɨɪɨɫɬɶɸ ɫɜɚɪɤɢ, ɚ 
ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɫɨɫɨɦ ɪɚɫɩɥɚɜɚ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ фɪɨɧɬɚ. Ɏɨɪɦɚ ɫɜɚɪɨɱɧɨɣ 
ɜɚɧɧɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɰɟɫɫɚɦɢ ɬɟɩɥɨɨɛɦɟɧɚ. 
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Ɋɢɫ. 1. – Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ  ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ 

 

ɋɤɨɪɨɫɬɢ ɩɥɚɜɥɟɧɢɹ ɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɚɩɪɚɜɥɟɧɵ ɩɨ ɧɨɪɦɚɥɹɦ ɤ 
ɢɡɨɬɟɪɦɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɚɧɧɵ Д4Ж. ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɞɨɛɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɟ. ȼ ɬɪёɯɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɪɟɲɢɬɶ ɡɚɞɚɱɭ 
ɦɚɫɫɨɩɟɪɟɧɨɫɚ ɜ ɜɚɧɧɟ ɩɨɤɚ ɧɟ ɭɞɚɥɨɫɶ. ɉɨэɬɨɦɭ ɫɞɟɥɚɧɚ ɭɩɪɨɳɟɧɧɚɹ ɦɨɞɟɥɶ ɜɚɧɧɵ ɜ 
ɜɢɞɟ ɩɥɨɫɤɨɣ ɦɨɞɟɥɢ, ɟɞɢɧɢɱɧɨɣ ɲɢɪɢɧɵ Д3Ж,  ɪɢɫɭɧɨɤ 1. 

ɍɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɞɜɢɠɟɧɢɟ ɪɚɫɩɥɚɜɚ, ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɢɫɬɟɦɭ 
ɞɢффɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ Д3Ж 

 

 
sinсɜ

d yv
v

dx
  (3) 

 

 2

21 2
sin 2 sin

2
сɜ эɞ

d yv dP v
v gy f y y

dx dx y

          (4) 

ɍɪɚɜɧɟɧɢɟ (3) ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡɦɟɧɟɧɢɟ ɪɚɫɯɨɞɚ  
3
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  ɩɨ ɞɥɢɧɟ фɪɨɧɬɚ 

ɩɥɚɜɥɟɧɢɹ ɪɢɫɭɧɨɤ 2. 

 
 

Ɋɢɫ. 2. – ɗɥɟɦɟɧɬ ɨɛɴɟɦɚ ɪɚɫɩɥɚɜɚ ɧɚ фɪɨɧɬɟ ɩɥɚɜɥɟɧɢɹ 
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y  – ɬɨɥɳɢɧɚ ɫɥɨɹ ɪɚɫɩɥɚɜɚ ɩɨ ɧɨɪɦɚɥɢ, 
v  – ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ. 
ɍɪɚɜɧɟɧɢɟ (4) ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɡɦɟɧɟɧɢɟ ɢɦɩɭɥɶɫɚ эɥɟɦɟɧɬɚ ɪɚɫɩɥɚɜɚ ɜɞɨɥɶ фɪɨɧɬɚ 

X. Ⱦɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (3) (4) ɨɬɧɨɫɢɬɟɥɶɧɨ ( )v x , ( )y x  ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ( )P x , ( )x , 

( )эɞf x . 

Ƚɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɚɸɬɫɹ ɜ ɜɢɞɟ (5): 
 

 0x x ; 0y y ; 0 0( ) ( )сɜv x v x   (5) 

 
ɉɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫɬɪɭɢ ɝɚɡɚ ɫ ɧɚɤɥɨɧɧɨɣ ɩɥɨɫɤɨɫɬɶɸ Д5Ж ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɞɚɜɥɟɧɢɟ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɢɧɭɫɭ ɭɝɥɚ   ɚɬɚɤɢ, ɚ ɬɨɱɤɚ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɞɚɜɥɟɧɢɹ 
ɫɦɟɳɚɟɬɫɹ ɜɜɟɪɯ ɨɬ ɦɟɫɬɚ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ ɩɟɪɟɫɟɱɟɧɢɹ ɨɫɢ ɫɬɪɭɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ 
ɩɪɟɝɪɚɞɵ. 

Ȼɭɞɟɦ ɩɨɥɚɝɚɬɶ, ɱɬɨ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɞɭɝɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ эɬɨ ɫɨɯɪɚɧɢɬɫɹ. 
ɇɚ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɜ ɩɟɪɟɞɧɟɣ ɱɚɫɬɢ фɪɨɧɬɚ ( )P x  ɧɚɪɚɫɬɚɟɬ, ɚ ɧɢɠɟ ɨɫɢ 

ɞɭɝɢ ɭɛɵɜɚɟɬ. 
ɉɨɥɨɠɟɧɢɟ ɬɨɱɤɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɞɚɜɥɟɧɢɟɦ ɧɚ фɪɨɧɬɟ ɩɥɚɜɥɟɧɢɹ ɞɨɥɠɧɨ 

ɜɥɢɹɬɶ ɧɚ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ ( )v x  ɢ ɬɨɥɳɢɧɭ ɫɥɨɹ ( )y x  ɪɚɫɩɥɚɜɚ. Ⱦɥɢɧɵ ɭɱɚɫɬɤɨɜ ɫ 
ɧɚɪɚɫɬɚɧɢɟɦ ( )P x  ɢɥɢ ɟɝɨ ɭɛɵɜɚɧɢɟɦ ɡɚɜɢɫɹɬ ɨɬ ɪɟɠɢɦɚ ɫɜɚɪɤɢ.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɞɚɜɥɟɧɢɹ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ фɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ ɡɚɞɚɜɚɥɢ ɩɨ 
ɚɧɚɥɨɝɢɢ ɫ Д5Ж ɜ ɜɢɞɟ 
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ɝɞɟ ɲa  – ɲɢɪɢɧɚ ɲɜɚ, 
 ɜx  – ɤɨɨɪɞɢɧɚɬɚ ɧɢɠɧɟɣ ɬɨɱɤɢ фɪɨɧɬɚ. 

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɥɨɬɧɨɫɬɢ эɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɫɢɥ ( )эɞf x  ɜɞɨɥɶ ɨɫɢ ɜɚɧɧɵ 
ɨɩɪɟɞɟɥɹɥɢ ɢɡ ɪɟɲɟɧɢɹ ɬɪёɯɦɟɪɧɨɣ ɡɚɞɚɱɢ ɤɪɚɟɜɨɣ ɨ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɬɨɤɚ j  ɢ 
ɦɚɝɧɢɬɧɨɣ ɢɧɞɭɤɰɢɢ B  ɜ ɨɛɴёɦɟ ɜɚɧɧɵ Д3Ж. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ( )эɞf x  ɡɚɞɚɜɚɥɢ ɬɚɛɥɢɱɧɵɦ 
ɫɩɨɫɨɛɨɦ. 

Ɏɨɪɦɚ фɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ ɡɚɞɚɟɬɫɹ ( )x  ɢ ɧɚ ɡɚɞɚɧɧɨɦ ɪɟɠɢɦɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɨɩɵɬɨɜ. ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (3) (4) ɪɟɲɚɥɚɫɶ ɱɢɫɥɟɧɧɵɦ ɦɟɬɨɞɨɦ Ɋɭɧɝɟ-Кɭɬɬɚ. 

Ⱦɥɹ ɫɜɚɪɤɢ ɫ ɫɪɟɞɟ Ar, ɧɟɩɥɚɜɹɳɢɦɫɹ эɥɟɤɬɪɨɞɨɦ 140I A ; 15 /сɜv ɦ ɱ ; 10U В , 

ɩɨɥɭɱɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ( )v x  ɪɢɫɭɧɨɤ 3, ɤɨɬɨɪɚɹ ɩɨɤɚɡɵɜɚɟɬ ɧɚɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɜɞɨɥɶ 
фɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ. ɉɪɢ ɜɯɨɞɟ ɜ ɯɜɨɫɬɨɜɭɸ ɱɚɫɬɶ ɜɚɧɧɵ эɬɚ ɫɤɨɪɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɚ. 

 

ȼɕȼɈȾɕ: 
 

1) ȼɚɧɧɭ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɤɚɧɚɥɚ ɫ ɩɨɪɢɫɬɵɦɢ ɫɬɟɧɤɚɦɢ. ɉɥɚɜɥɟɧɢɟ ɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ ɥɢɦɢɬɢɪɭɸɬɫɹ ɜɞɭɜɨɦ ɢ ɨɬɫɨɫɨɦ ɪɚɫɩɥɚɜɚ ɱɟɪɟɡ ɩɨɜɟɪɯɧɨɫɬɶ фɪɨɧɬɚ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

2) ɉɪɢ ɫɜɚɪɤɟ ɧɟɩɥɚɜɹɲɢɦɫɹ эɥɟɤɬɪɨɞɨɦ ɜ ɫɪɟɞɟ ɚɪɝɨɧɚ ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ 
ɩɨɤɚɡɵɜɚɟɬ ɜɨɡɪɚɫɬɚɧɢɟ ɫɤɨɪɨɫɬɢ ɬɟɱɟɧɢɹ ɪɚɫɩɥɚɜɚ ɜɞɨɥɶ фɪɨɧɬɚ ɩɥɚɜɥɟɧɢɹ.  
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Abstract – The mass transfer at the melting front of the welding tub is evaluated when welding 

with butt joint non-consumable electrode of low-alloy steels 4-10 mm thick. 

The problem of undercutting on the seam face is one of the main problems of weld formation 

when welding with a consumable electrode at high speeds. It became necessary to model the mass 

transfer process from the head to the tail part of the welding tub taking into account all the basic 

forces affecting the metal movement. 

The evaluation was carried out using a flat tub model. The melting process was simulated by 

blowing the metal mass through the fusion front in the coordinate system connected with the arc. 

Evaluation of significant forces was made using similarity criteria. 

It was found out that the main forces are gravity forces, electrodynamics forces, arc pressure on 

the molten metal surface. 

The proposed model of the tub differs in principle from existing models (the variability of the melt 

flow along the length of the front, the distribution of forces over the surface and the volume of the 

melt, the possibility of calculating the change in the melt velocity along the length of the fusion 

front). 

 

Keywords: welding tub, metal consumption, electrodynamics force density, melt, arc pressure, 

metal movement speed. 

 


