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Abstract. The relevance of the use of electroslag technologies for repairing parts from medium carbon 
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Ɋɚɡɜɢɬɢɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɫɟɤɬɨɪɚ ɫɬɪɚɧɵ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɢ ɨɬɪɚɫɥɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɜɥɟɱɟɬ 
ɡɚ ɫɨɛɨɣ ɪɨɫɬ ɬɪɟɛɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜ-
ɥɹɸɬɫɹ ɤ ɤɚɱɟɫɬɜɭ ɜɵɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ 
[1, 2].  

 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɜɨɡɪɚɫɬɚɸɬ ɢ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɫɜɚɪɨɱɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, ɚ ɢɦɟɧɧɨ ɷɥɟɤɬɪɨ-
ɲɥɚɤɨɜɵɦ, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɨɞɧɢɦɢ ɢɡ 

ɧɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ 

ɤɨɦɩɥɟɤɫɚ [3]. 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɷɥɟɤɬɪɨɲɥɚɤɨɜɚɹ ɫɜɚɪɤɚ 
ɧɚɱɢɧɚɟɬ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɬɶɫɹ 
ɞɥɹ ɫɥɨɠɧɵɯ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɩɪɢ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɢ ɫɬɚɥɶɧɵɯ ɞɟɬɚɥɟɣ (ɢɦɟɸɳɢɯ 

ɛɨɥɶɲɭɸ ɬɨɥɳɢɧɭ ɫɬɟɧɤɢ ɜ ɪɟɦɨɧɬɢɪɭɟɦɵɯ 
ɭɱɚɫɬɤɚɯ) ɫ ɪɚɡɪɭɲɟɧɢɹɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ 

ɩɨ ɩɪɹɦɨɣ ɥɢɧɢɢ, ɩɨɡɜɨɥɹɸɳɢɦɢ ɜɵɩɨɥɧɹɬɶ 
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ɫɜɚɪɤɭ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɲɜɚ. 
ɉɪɢɦɟɧɟɧɢɟ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɢ ɨɫɨ-
ɛɟɧɧɨ ɪɟɤɨɦɟɧɞɭɸɬ ɞɥɹ ɪɟɦɨɧɬɚ ɢ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɹ ɩɪɹɦɵɯ ɭɱɚɫɬɤɨɜ ɜɚɥɨɜ ɩɪɢɜɨɞɧɵɯ 

ɦɟɯɚɧɢɡɦɨɜ ɢ ɞɜɢɝɚɬɟɥɟɣ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨ-
ɜɚɧɢɹ, ɢɦɟɸɳɟɝɨ ɤɪɭɝɥɨɟ ɢɥɢ ɩɪɹɦɨɭɝɨɥɶɧɨɟ 
ɫɟɱɟɧɢɟ [4–8]. 

 

ɋɨɜɪɟɦɟɧɧɵɟ ɭɫɥɨɜɢɹ ɫɬɚɜɹɬ ɩɟɪɟɞ ɷɥɟɤɬɪɨ-
ɲɥɚɤɨɜɵɦɢ ɫɜɚɪɨɱɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ 

ɰɟɥɶ – ɜɵɩɭɫɤ ɷɤɨɧɨɦɢɱɧɵɯ ɫɜɚɪɧɵɯ ɤɨɧ-

ɫɬɪɭɤɰɢɣ, ɨɬɜɟɱɚɸɳɢɯ ɩɨ ɫɜɨɢɦ ɤɨɧɫɬɪɭɤ-
ɬɢɜɧɵɦ ɮɨɪɦɚɦ, ɦɟɯɚɧɢɱɟɫɤɢɦ ɢ ɮɢɡɢɱɟ-
ɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɬɨɦɭ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɦɭ 

ɧɚɡɧɚɱɟɧɢɸ ɢ ɭɫɥɨɜɢɹɦ ɪɚɛɨɬɵ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɨɧɢ ɫɨɡɞɚɸɬɫɹ [1]. 

 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɫɬɚɧɨɜɢɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɫɨɜɟɪ-
ɲɟɧɫɬɜɨɜɚɧɢɟ ɜɫɟɝɨ ɰɢɤɥɚ ɪɟɦɨɧɬɧɨɝɨ ɩɪɨ-
ɰɟɫɫɚ, ɜɵɩɨɥɧɹɟɦɨɝɨ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪ-
ɤɨɣ, ɱɬɨ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɩɪɢ ɬɳɚɬɟɥɶɧɨɣ 

ɩɪɨɪɚɛɨɬɤɟ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ, ɚ ɬɚɤɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɦɟɬɨɞɨɜ ɩɨ-
ɥɭɱɟɧɢɹ ɛɟɡɞɟɮɟɤɬɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɂɡɜɟɫɬɧɵɟ ɫɩɨɫɨɛɵ ɪɟɦɨɧɬɧɨɣ ɫɜɚɪɤɢ ɩɨ-
ɜɪɟɠɞɟɧɧɵɯ ɞɟɬɚɥɟɣ ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ, ɧɚɩɪɢ-

ɦɟɪ, ɩɪɢ ɡɚɜɚɪɤɟ ɝɥɭɯɢɯ ɞɟɮɟɤɬɨɜ, ɫɥɨɠɧɵ ɢ 

ɧɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɩɥɚɜɥɟɧɢɹ 
ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɤɢ ɫ ɩɪɢɫɚɞɨɱɧɵɦ ɦɟɬɚɥ-
ɥɨɦ, ɚ ɬɚɤɠɟ ɧɟɞɨɫɬɚɬɨɱɧɨ ɩɪɢɟɦɥɟɦɵ ɞɥɹ ɢɯ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɪɟɚɥɶɧɵɯ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ [1]. 

 

Ⱥɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɚɥ, ɱɬɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ 

ɧɟ ɬɨɥɶɤɨ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɧɨɜɵɯ ɫɜɚɪɧɵɯ 
ɤɨɧɫɬɪɭɤɰɢɣ, ɧɨ ɢ ɫ ɰɟɥɶɸ ɢɫɩɪɚɜɥɟɧɢɹ ɞɟ-
ɮɟɤɬɨɜ ɢ ɪɟɦɨɧɬɚ ɝɨɬɨɜɨɣ ɩɪɨɞɭɤɰɢɢ, ɩɪɟɞ-

ɫɬɚɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɞɥɹ ɫɨɜɪɟɦɟɧɧɨɝɨ 

ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ [1–4]. 

 

ɉɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟ-
ɧɢɹ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɟɣ ɷɥɟɤɬɪɨɲɥɚ-
ɤɨɜɨɣ ɫɜɚɪɤɢ, ɩɨɷɬɨɦɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ 
ɬɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ, ɨɩɬɢɦɢɡɚɰɢɹ ɪɟɠɢɦɨɜ ɢ 

ɪɚɰɢɨɧɚɥɶɧɵɣ ɩɨɞɯɨɞ ɤ ɜɵɛɨɪɭ ɫɜɚɪɨɱɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟ-
ɧɢɟɦ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɣ [5–10].  

 

ɂɫɯɨɞɹ ɢɡ ɫɤɚɡɚɧɧɨɝɨ ɜɵɲɟ, ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɢɧɬɟɪɟɫ ɢɡɭɱɟɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢ-

ɧɟɧɢɹ ɫ ɰɟɥɶɸ ɫɨɡɞɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ, ɤɨɬɨɪɚɹ 
ɩɨɡɜɨɥɢɥɚ ɛɵ ɩɨɥɭɱɢɬɶ ɤɚɱɟɫɬɜɟɧɧɨɟ, ɛɟɡɞɟ-

ɮɟɤɬɧɨɟ ɫɨɟɞɢɧɟɧɢɟ, ɢɫɩɨɥɶɡɭɹ ɩɪɢ ɷɬɨɦ ɦɟ-
ɬɨɞ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɟɣ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɯɚɪɚɤɬɟɪɚ 
ɜɥɢɹɧɢɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɧɚ ɫɬɪɭɤɬɭɪɭ ɲɜɚ ɢ 

ɨɤɨɥɨɲɨɜɧɵɯ ɡɨɧ ɫɜɚɪɧɨɥɢɬɵɯ ɤɨɧɫɬɪɭɤɰɢɣ, 

ɜɵɩɨɥɧɟɧɧɵɯ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɨɣ ɢɡ 
ɫɬɚɥɢ 35Ʌ. 

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɪɟɲɚɥɢɫɶ 
ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  ɢɫɫɥɟɞɨɜɚɬɶ ɫɬɪɭɤɬɭɪɭ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜ-
ɧɨɣ ɡɨɧɵ ɢ ɢɡɦɟɪɢɬɶ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɣ 

ɬɜɟɪɞɨɫɬɢ ɜɞɨɥɶ ɲɜɚ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, 
ɜɵɩɨɥɧɟɧɧɨɝɨ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɨɣ, ɞɨ 
ɢ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɞɟɬɚɥɢ;  ɭɫɬɚɧɨɜɢɬɶ ɯɚɪɚɤɬɟɪ ɜɥɢɹɧɢɹ ɬɟɪɦɨɨɛɪɚ-
ɛɨɬɤɢ ɧɚ ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ ɜ 
ɡɨɧɟ ɲɜɚ ɢ ɨɛɳɟɟ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢ-

ɧɟɧɢɹ. 
 

Ɇɚɬɟɪɢɚɥɵ ɢ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

 

Ƚɥɚɜɧɚɹ ɡɚɞɚɱɚ, ɤɨɬɨɪɚɹ ɩɨɫɬɚɜɥɟɧɚ ɩɟɪɟɞ 

ɥɸɛɵɦ ɫɜɚɪɨɱɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ 

ɩɟɪɟɞ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɨɣ, ɫɨɫɬɨɢɬ ɜ 
ɩɨɥɭɱɟɧɢɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɤɨɬɨɪɨɟ ɛɭ-

ɞɟɬ ɨɛɥɚɞɚɬɶ ɬɟɦɢ ɠɟ ɫɜɨɣɫɬɜɚɦɢ, ɱɬɨ ɢ ɫɜɚ-
ɪɢɜɚɟɦɵɣ ɦɟɬɚɥɥ, ɢ ɧɟ ɢɦɟɬɶ ɞɟɮɟɤɬɨɜ ɜ ɜɢɞɟ 
ɬɪɟɳɢɧ, ɩɨɪ, ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ  

ɢ ɬ.ɩ. [1]. 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɷɥɟɤɬɪɨɲɥɚ-
ɤɨɜɨɣ ɫɜɚɪɤɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
(ɨɛɪɚɡɨɜɚɧɢɟ ɠɢɞɤɢɯ ɢ ɞɚɥɟɟ ɬɜɟɪɞɵɯ ɪɚɫ-
ɬɜɨɪɨɜ, ɫɨɜɦɟɫɬɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ, ɞɢɮɮɭ-

ɡɢɹ ɜ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ, ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚ-
ɰɢɹ) ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɲɜɚ 
ɢ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɦɟɬɚɥ-
ɥɨɦ, ɧɟ ɩɨɞɜɟɪɝɚɜɲɢɦɫɹ ɞɟɣɫɬɜɢɸ ɬɟɩɥɚ 
ɫɜɚɪɤɢ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɩɪɢ ɨɰɟɧɤɟ ɩɪɨɱɧɨ-
ɫɬɢ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢɨɛɪɟɬɚɟɬ ɛɨɥɶɲɨɟ ɡɧɚɱɟ-
ɧɢɟ ɫɬɪɭɤɬɭɪɧɨɟ ɫɨɫɬɨɹɧɢɟ ɦɟɬɚɥɥɚ ɜ ɡɨɧɟ 
ɲɜɚ [1, 2]. 
 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɪɚɥɢɫɶ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɨɛɪɚɡɰɵ ɢɡ ɫɬɚɥɢ 35Ʌ ɫ ɞɟ-
ɮɟɤɬɨɦ ɜ ɜɢɞɟ ɨɬɜɟɪɫɬɢɹ ɞɢɚɦɟɬɪɨɦ 50 ɦ. ȼ 

ɡɨɧɚɯ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɬɟɪɦɢɱɟɫɤɨ-
ɝɨ ɜɥɢɹɧɢɹ ɩɨɫɥɟ ɫɜɚɪɤɢ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ 
ɫɚɦɵɟ ɪɚɡɧɨɨɛɪɚɡɧɵɟ ɫɨɱɟɬɚɧɢɹ ɫɬɪɭɤɬɭɪ, 
ɯɚɪɚɤɬɟɪ ɤɨɬɨɪɵɯ ɡɚɜɢɫɢɬ ɨɬ ɦɧɨɝɢɯ ɮɚɤɬɨ-
ɪɨɜ. ɋɬɪɭɤɬɭɪɨɣ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɧɨ-
ɝɢɟ ɫɥɭɠɟɛɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ, ɩɨɷɬɨ-
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ɦɭ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɲɜɚ ɢ ɨɤɨ-
ɥɨɲɨɜɧɵɯ ɡɨɧ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɨɱɟɧɶ ɜɚɠɧɵɦ. 

 

ɇɚ ɪɢɫ. 1 (ɚ) ɩɪɟɞɫɬɚɜɥɟɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ 
ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɧɚɥɢɱɢɟɦ ɡɟɪɟɧ ɩɟɪɥɢɬɚ ɪɚɡɥɢɱɧɵɯ ɪɚɡɦɟɪɨɜ, 
ɪɚɫɩɨɥɚɝɚɸɳɢɯɫɹ ɫɤɨɩɥɟɧɢɹɦɢ. ɉɥɚɫɬɢɧɵ 

ɩɟɪɥɢɬɚ ɥɟɝɤɨ ɞɢɮɮɟɪɟɧɰɢɪɭɸɬɫɹ ɩɨɞ ɨɩɬɢ-

ɱɟɫɤɢɦ ɦɢɤɪɨɫɤɨɩɨɦ. Ɏɟɪɪɢɬ ɪɚɫɩɨɥɚɝɚɟɬɫɹ 
ɩɨ ɝɪɚɧɢɰɚɦ ɡɟɪɧɚ ɜ ɜɢɞɟ ɝɪɭɛɨɣ ɫɟɬɤɢ, ɚ 
ɬɚɤɠɟ ɨɬɞɟɥɶɧɵɦɢ ɫɤɨɩɥɟɧɢɹɦɢ. Ɉɛɧɚɪɭɠɢ-

ɜɚɸɬɫɹ ɢɝɨɥɶɱɚɬɵɟ ɨɛɪɚɡɨɜɚɧɢɹ ɮɟɪɪɢɬɚ ɩɨ 
ɝɪɚɧɢɰɚɦ ɡɟɪɧɚ ɩɟɪɥɢɬɚ ɢ ɪɟɠɟ – ɜ ɜɢɞɟ ɩɥɚ-
ɫɬɢɧ ɩɨ ɡɟɪɧɭ ɩɟɪɥɢɬɚ. 
 

 
   ɚ 
 

 
ɛ  

 

Ɋɢɫ. 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɵɯ 
ɡɨɧ ɩɨɫɥɟ ɡɚɜɚɪɤɢ ɝɥɭɯɨɝɨ ɞɟɮɟɤɬɚ ɛɟɡ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ (ɯ400): ɚ – ɨɫɧɨɜɧɨɣ 

ɦɟɬɚɥɥ; ɛ – ɦɟɬɚɥɥ ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ 

 

ȼ ɡɨɧɟ ɫɩɥɚɜɥɟɧɢɹ ɬɪɟɳɢɧɵ, ɦɢɤɪɨɫɤɨɩɢɱɟ-
ɫɤɢɟ ɩɨɪɵ ɢ ɞɪɭɝɢɟ ɞɟɮɟɤɬɵ, ɧɚɪɭɲɚɸɳɢɟ 
ɫɩɥɨɲɧɨɫɬɶ, ɨɛɧɚɪɭɠɟɧɵ ɧɟ ɛɵɥɢ, ɦɟɬɚɥɥ 
ɩɥɨɬɧɵɣ. ɉɟɪɟɯɨɞɧɚɹ ɡɨɧɚ (ɪɢɫ. 1, ɛ) ɨɛɧɚ-
ɪɭɠɢɜɚɟɬɫɹ ɩɨ ɪɟɡɤɨɦɭ ɢɡɦɟɥɶɱɟɧɢɸ ɡɟɪɧɚ 
ɩɟɪɥɢɬɚ ɢ ɢɫɱɟɡɧɨɜɟɧɢɸ ɩɥɚɫɬɢɧɱɚɬɵɯ ɨɛɪɚ-
ɡɨɜɚɧɢɣ ɮɟɪɪɢɬɚ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɛɥɢɡɢ 

ɫɩɥɚɜɥɟɧɢɹ ɢɦɟɟɬɫɹ ɫɥɨɣ ɨɛɟɡɭɝɥɟɪɨɠɢɜɚɧɢɹ 
ɢ ɞɚɥɟɟ, ɛɥɢɠɟ ɤ ɧɚɩɥɚɜɥɟɧɧɨɦɭ ɦɟɬɚɥɥɭ, 
ɡɨɧɚ ɫɩɥɨɲɧɨɝɨ ɩɟɪɥɢɬɚ ɲɢɪɢɧɨɣ ɞɨ 1,5 ɦɦ. 

Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɫɨ-
ɫɬɨɢɬ ɢɡ ɮɟɪɪɢɬɨ-ɩɟɪɥɢɬɧɨɣ ɫɦɟɫɢ. Ɏɟɪɪɢɬ 
ɢɦɟɟɬ ɮɨɪɦɭ ɫɬɨɥɛɱɚɬɵɯ ɤɪɢɫɬɚɥɥɨɜ, ɡɟɪɧɚ 
ɩɟɪɥɢɬɚ ɢɦɟɸɬ ɬɢɩɢɱɧɨ ɞɟɧɞɪɢɬɧɭɸ ɮɨɪɦɭ. 
ɇɚ ɧɟɬɪɚɜɥɟɧɵɯ ɲɥɢɮɚɯ ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɚɥ-
ɥɢɱɟɫɤɢɯ ɜɤɥɸɱɟɧɢɣ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɨɪɦ ɫɭ-

ɳɟɫɬɜɭɸɳɢɯ ɫɬɚɧɞɚɪɬɨɜ. 

ɇɟɨɞɧɨɪɨɞɧɨɫɬɶ ɜ ɫɜɨɣɫɬɜɚɯ ɫɜɚɪɧɨɝɨ ɲɜɚ, 
ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ 
ɜɫɬɪɟɱɚɟɬɫɹ ɞɨɜɨɥɶɧɨ ɱɚɫɬɨ ɢ ɨɛɭɫɥɨɜɥɟɧɚ 
ɪɚɡɥɢɱɢɟɦ ɜ ɫɬɪɭɤɬɭɪɟ, ɜɟɥɢɱɢɧɨɣ ɡɟɪɧɚ ɢ 
ɞɪɭɝɢɦɢ ɩɪɢɱɢɧɚɦɢ [1]. ɋɜɚɪɨɱɧɵɣ ɬɟɪɦɢɱɟ-
ɫɤɢɣ ɰɢɤɥ ɜ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɟ ɯɚɪɚɤɬɟɪɢɡɭ-
ɟɬɫɹ ɧɚɝɪɟɜɨɦ ɦɟɬɚɥɥɚ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚ-
ɬɭɪ ɢ ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ ɨɯɥɚɠ-
ɞɟɧɢɹ. ɉɪɢ ɫɜɚɪɤɟ ɫɪɟɞɧɟɭɝɥɟɪɨɞɢɫɬɵɯ 
ɫɬɚɥɟɣ ɩɪɨɢɫɯɨɞɢɬ ɡɚɤɚɥɤɚ ɨɤɨɥɨɲɨɜɧɨɣ ɡɨ-
ɧɵ. Ɂɚɤɚɥɟɧɧɚɹ ɨɤɨɥɨɲɨɜɧɚɹ ɡɨɧɚ ɢɦɟɟɬ ɛɨ-
ɥɟɟ ɜɵɫɨɤɭɸ ɬɜɟɪɞɨɫɬɶ ɢ ɩɨɧɢɠɟɧɧɭɸ ɩɥɚ-
ɫɬɢɱɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɫɧɨɜɧɵɦ 
ɦɟɬɚɥɥɨɦ ɢ ɫɜɚɪɧɵɦ ɲɜɨɦ.  
 
ɂɡɦɟɪɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ 
ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɩɨ ɦɟɬɨɞɭ ȼɢɤɤɟɪɫɚ. ɋɭɳ-
ɧɨɫɬɶ ɷɬɨɝɨ ɦɟɬɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɞɚɜɥɢɜɚ-
ɧɢɢ ɜ ɢɫɩɵɬɭɟɦɵɣ ɦɚɬɟɪɢɚɥ ɩɪɚɜɢɥɶɧɨɣ ɱɟ-
ɬɵɪɟɯɝɪɚɧɧɨɣ ɚɥɦɚɡɧɨɣ ɩɢɪɚɦɢɞɵ ɫ ɭɝɥɨɦ 

136 ɦɟɠɞɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɦɢ ɝɪɚɧɹɦɢ. 
Ⱥɥɦɚɡ ɩɪɨɞɚɜɥɢɜɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ 
ɩɪɢ ɧɚɝɪɭɡɤɚɯ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1200 ɇ, ɚ 
ɪɚɡɦɟɪ ɨɬɩɟɱɚɬɤɚ (ɧɟ ɛɨɥɟɟ 0,5 ɦɦ) ɢɡɦɟɪɹɟɬ-
ɫɹ ɧɚ ɤɚɥɢɛɪɨɜɚɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ. ɑɢɫɥɨ 
ȼɢɤɤɟɪɫɚ (HV) ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

2

1,854 ,
F

HV
D

   

 

ɝɞɟ F – ɩɪɢɥɨɠɟɧɧɚɹ ɧɚɝɪɭɡɤɚ, ɇ; D2 – ɩɥɨ-
ɳɚɞɶ ɨɬɩɟɱɚɬɤɚ, ɦɦ2. 
 
Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɚ ɬɜɟɪɞɨɫɬɢ (ɪɢɫ. 2) ɩɨɤɚɡɵɜɚ-
ɟɬ, ɱɬɨ ɪɚɡɥɢɱɢɟ ɜ ɬɜɟɪɞɨɫɬɢ ɦɟɠɞɭ 
ɧɚɢɛɨɥɶɲɟɣ ɨɛɧɚɪɭɠɟɧɧɨɣ ɜ ɡɨɧɟ ɫɩɥɚɜɥɟ-
ɧɢɹ ɢ ɬɜɟɪɞɨɫɬɶɸ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɫɬɚɥɢ 
35Ʌ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 48 % (145 HV). Ɍɜɟɪ-
ɞɨɫɬɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɭɪɨɜɧɟ ɬɜɟɪɞɨɫɬɢ ɫɬɚɥɢ 35Ʌ. 
 

 
Ɋɢɫ. 2. ɂɡɦɟɧɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɨ ɨɬɩɟɱɚɬɤɭ 

ɩɢɪɚɦɢɞɵ ɜɞɨɥɶ ɞɢɚɦɟɬɪɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, 
ɧɟ ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɩɨɫɥɟ ɫɜɚɪɤɢ ɬɟɪɦɨ-
ɨɛɪɚɛɨɬɤɟ: 1 – ɨɫɧɨɜɧɨɣ ɦɟɬɚɥɥ; 2 –
ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ; 3 – ɫɜɚɪɧɨɣ ɲɨɜ 
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ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɬ-
ɠɢɝɚ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɦɢɤɪɨɫɬɪɭɤɬɭ-
ɪɚ ɲɜɚ ɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ (ɪɢɫ. 3), ɜ 
ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɟ ɢɫɱɟɡɚɟɬ ɫɥɨɣ ɫɩɥɨɲɧɨɝɨ 
ɩɟɪɥɢɬɚ, ɨɫɥɚɛɥɹɟɬɫɹ ɹɜɧɨɟ ɞɟɧɞɪɢɬɧɨɟ ɫɬɪɨ-
ɟɧɢɟ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. ɉɪɟɢɦɭɳɟ-
ɫɬɜɟɧɧɚɹ ɨɪɢɟɧɬɢɪɨɜɤɚ ɤɪɢɫɬɚɥɥɨɜ ɡɚɦɟɧɹɟɬɫɹ 
ɫɬɪɭɤɬɭɪɨɣ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ ɡɟɪɧɚɦɢ, ɤɨ-
ɬɨɪɵɟ ɩɨ ɮɨɪɦɟ ɩɪɢɛɥɢɠɚɸɬɫɹ ɤ ɩɨɥɢɷɞɪɢɱɟ-
ɫɤɨɣ. 
 

 
ɚ 
 

 
ɛ 

 

Ɋɢɫ. 3. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɵɯ 
ɡɨɧ, ɩɨɞɜɟɪɝɧɭɬɵɯ ɩɨɫɥɟ ɡɚɜɚɪɤɢ ɝɥɭɯɨ-
ɝɨ ɞɟɮɟɤɬɚ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ ɨɬ-
ɠɢɝɭ (ɯ400): ɚ – ɨɫɧɨɜɧɨɣ ɦɟɬɚɥɥ; ɛ – 
ɩɟɪɟɯɨɞɧɵɣ ɦɟɬɚɥɥ 

 

ɇɚ ɪɢɫ. 4 ɩɪɢɜɟɞɟɧɚ ɤɪɢɜɚɹ ɢɡɦɟɧɟɧɢɹ ɬɜɟɪ-
ɞɨɫɬɢ ɲɜɚ ɢ ɩɪɢɥɟɝɚɸɳɟɣ ɡɨɧɵ ɩɨɫɥɟ ɜɵɫɨ-
ɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɬɠɢɝɚ. ɉɨɫɥɟ ɬɟɪɦɨɨɛɪɚ-
ɛɨɬɤɢ ɩɪɨɢɫɯɨɞɢɬ ɨɛɳɟɟ ɩɨɧɢɠɟɧɢɟ 
ɬɜɟɪɞɨɫɬɢ, ɨɫɨɛɟɧɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɠɚɟɬɫɹ 
ɬɜɟɪɞɨɫɬɶ ɜ ɡɨɧɟ ɩɟɪɟɯɨɞɚ. 
 

 
 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ ɬɜɟɪɞɨɫɬɢ ɩɨ ɨɬɩɟɱɚɬɤɭ 
ɩɢɪɚɦɢɞɵ ɜɞɨɥɶ ɞɢɚɦɟɬɪɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, 
ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɦɭ 
ɨɬɠɢɝɭ: 1 – ɨɫɧɨɜɧɨɣ ɦɟɬɚɥɥ; 2 –
 ɩɟɪɟɯɨɞɧɚɹ ɡɨɧɚ; 3 – ɫɜɚɪɧɨɣ ɲɨɜ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɨɬɠɢɝɚ ɬɜɟɪɞɨɫɬɶ ɲɜɚ, ɩɟɪɟ-
ɯɨɞɧɨɣ ɡɨɧɵ ɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɚɤɬɢɱɟ-
ɫɤɢ ɧɢɜɟɥɢɪɭɟɬɫɹ. Ɋɚɡɧɢɰɚ ɜ ɬɜɟɪɞɨɫɬɢ ɷɬɢɯ 
ɡɨɧ ɧɟ ɩɪɟɜɵɲɚɟɬ 10–12 %. 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɡɚɜɚɪɤɢ ɞɟɮɟɤɬɨɜ ɫɬɚɥɶɧɨɝɨ ɥɢɬɶɹ ɢɡ ɫɬɚɥɢ 

35Ʌ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
 

ȼɵɜɨɞɵ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ ɢ 

ɨɤɨɥɨɲɨɜɧɨɣ ɡɨɧɵ ɫɨɟɞɢɧɟɧɢɹ, ɜɵɩɨɥɧɟɧɧɨ-
ɝɨ ɢɡ ɫɬɚɥɢ 35Ʌ ɷɥɟɤɬɪɨɲɥɚɤɨɜɵɦ ɫɩɨɫɨɛɨɦ, 

ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, ɱɬɨ ɦɟɬɚɥɥ ɲɜɚ ɢ 

ɩɟɪɟɯɨɞɧɨɣ ɡɨɧɵ ɨɬɥɢɱɚɸɬɫɹ ɩɨ ɫɨɫɬɚɜɭ, 

ɫɬɪɭɤɬɭɪɟ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɢ, ɨɰɟɧɢ-

ɜɚɟɦɨɣ ɩɨ ɬɜɟɪɞɨɫɬɢ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɨɫɧɨɜɧɵɦ 

ɦɟɬɚɥɥɨɦ. 

 

ɉɪɨɜɟɞɟɧɢɟ ɩɨɫɥɟ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɢ 

ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɨɬɠɢɝɚ ɜɵɡɵɜɚɟɬ ɢɡ-
ɦɟɧɟɧɢɹ ɜ ɫɬɪɨɟɧɢɢ ɲɜɚ: ɭɦɟɧɶɲɚɟɬɫɹ ɯɢɦɢ-

ɱɟɫɤɚɹ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ, ɢɫɱɟɡɚɸɬ ɡɨɧɵ 

ɫɩɥɨɲɧɨɝɨ ɩɟɪɥɢɬɚ ɢ ɮɟɪɪɢɬɚ. 
 

Ɍɜɟɪɞɨɫɬɶ ɲɜɚ ɢ ɨɤɨɥɨɲɨɜɧɵɯ ɡɨɧ ɫɬɚɧɨɜɢɬ-
ɫɹ ɞɨɫɬɚɬɨɱɧɨ ɪɚɜɧɨɦɟɪɧɨɣ: ɪɚɡɥɢɱɢɟ ɧɟ 
ɩɪɟɜɵɲɚɟɬ 10–12 % ɢ ɨɫɨɛɟɧɧɨ ɩɨɥɧɨ ɧɢɜɟ-
ɥɢɪɭɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɜɚɪɧɨɥɢ-

ɬɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. 
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