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ɫɢɫɬɟɦɵ ɪɟɝɭɥɢɪɨɜаɧɢɹ ɝɥɭɛɢɧɵ ɩɪɨɩɥаɜɥɟɧɢɹ ɩɪɢ аɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜаɪɤɟ ɩɨ ɫɢɝɧаɥаɦ ɨ 
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ɉɪɢɧɹɬа ɤ ɩɭɛɥɢɤаɰɢɢ 11.02.2019 

 

ɉɪɢ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɫɜаɪɤɟ ɩɪɢ ɩɨɥɧɨɦ ɩɪɨɩɥаɜɥɟɧɢɢ ɫɬɵɤа ɫɜаɪɨчɧɭɸ ɜаɧɧɭ 
ɦɨɠɧɨ ɩɪɟɞɫɬаɜɢɬɶ ɝɟɨɦɟɬɪɢчɟɫɤɨɣ ɦɨɞɟɥɶɸ, ɢɦɟɸɳɟɣ ɫɮɟɪɢчɟɫɤɭɸ ɮɨɪɦɭ Д1Ж. 
Ɋаɫɫɦɨɬɪɢɦ ɫɥɭчаɣ, ɤɨɝɞа ɧа ɫɜаɪɨчɧɭɸ ɜаɧɧɭ ɜ ɩɪɨɰɟɫɫɟ ɫɜаɪɤɢ ɞɟɣɫɬɜɭɸɬ ɫɢɥа 
ɞаɜɥɟɧɢɹ ɞɭɝɢ ɞF , ɫɢɥа ɬɹɠɟɫɬɢ gF , ɫɢɥа ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧаɬɹɠɟɧɢɹ ɧɩF .  ɢ ɫɢɥа ɜɹɡɤɨɝɨ 
ɬɪɟɧɢɹ ɜɬF  (ɪɢɫ. 1); ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɹ (1) ɩɪɨɜɢɫаɧɢɟ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ 0zz  .  

ɍɫɥɨɜɢɟ ɪаɜɧɨɜɟɫɢɹ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜ ɨɛɳɟɦ ɜɢɞɟ ɡаɩɢɫɵɜаɟɬɫɹ ɭɪаɜɧɟɧɢɟɦ: 
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ɝɞɟ iF  – ɫɢɥɵ, ɞɟɣɫɬɜɭɸɳɢɟ ɧа ɫɜаɪɨчɧɭɸ ɜаɧɧɭ.  
ȼɵɪаɠɟɧɢɹ ɞɥɹ ɫɢɥ iF  ɢɦɟɸɬ ɜɢɞ: 
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ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɜ ɫɥɨɹɯ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢ ɟɟ ɞɜɢɠɟɧɢɢ; 
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 k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧаɥɶɧɨɫɬɢ; 
 v0 – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɥɨɟɜ ɪаɫɩɥаɜɥɟɧɧɨɝɨ ɦɟɬаɥɥа. 

 

 
Ɋɢɫɭɧɨɤ 1 – ɋɮɟɪɢчɟɫɤаɹ ɦɨɞɟɥɶ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ: ɞF  – ɫɢɥа ɞаɜɥɟɧɢɹ ɞɭɝɢ; gF  – ɫɢɥа ɬɹɠɟɫɬɢ 

ɫɜаɪɨчɧɨɣ ɜаɧɧɵ; ɜɬF  – ɫɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɩɪɢ ɤɨɥɟɛаɧɢɢ ɜаɧɧɵ; ɧɩF .  – ɫɢɥɵ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɧаɬɹɠɟɧɢɹ ɫ ɧаɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ; a – ɩɨɥɭɲɢɪɢɧа ɫɜаɪɨчɧɨɣ ɜаɧɧɵ; 

ɩɪm
 – ɩɪɢɜɟɞɟɧɧаɹ ɦаɫɫа ɫɜаɪɨчɧɨɣ ɜаɧɧɵ;   – ɬɨɥɳɢɧа ɫɜаɪɢɜаɟɦɨɝɨ ɦɟɬаɥɥа; z  – ɩɪɨɜɢɫаɧɢɟ 

ɫɜаɪɨчɧɨɣ ɜаɧɧɵ [Spherical welding pool model: ɞF  – arc pressure force; gF  – gravity of the welding pool; 

ɜɬF  – viscous friction force when the bath oscillates; ɧɩF .  – surface tension forces from the outer and inner 

surfaces of the welding pool; a  – half-width of the primary bath; ɩɪm
 – reduced mass of the welding pool; 

  – thickness of the metal being welded; z  – sagging welding pool] 
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Ⱦɢɧаɦɢɤа ɩɨɜɟɞɟɧɢɹ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢ ɜаɪɢаɰɢɢ ɞɟɣɫɬɜɭɸɳɢɯ ɧа ɧɟɟ ɫɢɥ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɪаɜɧɟɧɢɟɦ: 
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ɂɫɩɨɥɶɡɭɹ ɜɵɪаɠɟɧɢɹ (2) ɢ ɩɨɥаɝаɹ, чɬɨ: 

 

  zzz  0 ; IIId  0  (5) 

 

ɦɨɠɧɨ ɡаɩɢɫаɬɶ ɥɢɧɟаɪɢɡɨɜаɧɧɨɟ ɜɵɪаɠɟɧɢɟ ɞɥɹ ɭɪаɜɧɟɧɢɹ (4): 
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 (6) 

 

Ɋɟɡɭɥɶɬаɬ ɪɟɲɟɧɢɹ ɭɪаɜɧɟɧɢɹ (6) ɩɪɢ ɫɤачɤɨɨɛɪаɡɧɨɦ ɢɡɦɟɧɟɧɢɢ ɫɜаɪɨчɧɨɝɨ ɬɨɤа 
ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t1 ɩɪɢɜɟɞɟɧ ɧа ɪɢɫɭɧɤɟ 2.  
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Ɋɢɫɭɧɨɤ 2 – Ƚɪаɮɢɤ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢ ɫɤачɤɟ ɫɜаɪɨчɧɨɝɨ ɬɨɤа ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 1t : 

а – ɡаɤɨɧ ɢɡɦɟɧɟɧɢɹ ɫɜаɪɨчɧɨɝɨ ɬɨɤа; ɛ – ɝɪаɮɢɤ ɤɨɥɟɛаɧɢɹ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ;  0I , 1I  – ɫɜаɪɨчɧɵɣ ɬɨɤ 
ɩɪɢ ɪаɜɧɨɜɟɫɢɢ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɢ ɩɨɫɥɟ ɫɤачɤа ɬɨɤа; 0z , maxz ɢ ɭɫɬz  – ɩɪɨɜɢɫаɧɢɟ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ 

ɩɪɢ ɟɟ ɪаɜɧɨɜɟɫɢɢ, ɦаɤɫɢɦаɥɶɧɨɟ ɢ ɭɫɬаɧɨɜɢɜɲɟɟɫɹ; ɩɟɪt  – ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟɫɫа; 

ɭɫɬ01 z)05,0...02,0(III   [The oscillation graph of the welding pool when the welding current jumps at 

a time 1t : a – is the law of welding current variation; b – graph of welding bath oscillations; , 0I , 1I
 
 – welding 

current at equilibrium of the welding and after a surge current; 0z , maxz ɢ ɭɫɬz
 
– sagging of the welding pool 

at its equilibrium, maximal and steady; ɩɟɪt – time of transition; ɭɫɬ01 z)05,0...02,0(III  ] 

 

ɋɜаɪɨчɧаɹ ɜаɧɧа ɫ ɦɨɦɟɧɬа ɜɪɟɦɟɧɢ t1 ɫɨɜɟɪɲаɟɬ ɡаɬɭɯаɸɳɢɟ ɤɨɥɟɛаɧɢɹ. ɑаɫɬɨɬа 
ɢ аɦɩɥɢɬɭɞа ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɡаɜɢɫɹɬ ɨɬ ɩаɪаɦɟɬɪɨɜ δ, η, σ, а. Ʌɟɝɤɨ 
ɩɨɤаɡаɬɶ, чɬɨ чɢɫɥɨ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɪаɜɧɨ: 
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  –  ɩɨɫɬɨɹɧɧаɹ ɜɪɟɦɟɧɢ; ɩɪmm  2 . 

 

ɉɪɢɧɰɢɩ ɪаɛɨɬɵ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ 
ɢɧɮɨɪɦаɰɢɢ ɨ ɤɨɥɟɛаɧɢɹɯ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɡаɤɥɸчаɟɬɫɹ ɜ ɜɨɡɞɟɣɫɬɜɢɢ ɧа ɫɜаɪɨчɧɭɸ 
ɜаɧɧɭ ɤɪаɬɤɨɜɪɟɦɟɧɧɵɯ (ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɫɟɤɭɧɞ) ɢɦɩɭɥɶɫɨɜ ɬɨɤа. ɑаɫɬɨɬа ɢ 
аɦɩɥɢɬɭɞа ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɡаɜɢɫɹɬ ɨɬ ɟɟ ɦаɫɫɵ. Ɇаɫɫа ɫɜаɪɨчɧɨɣ ɜаɧɧɵ 
ɮɭɧɤɰɢɨɧаɥɶɧɨ ɫɜɹɡаɧа ɫ ɝɥɭɛɢɧɨɣ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа. ɋɥɭчаɣ ɧɟɩɨɥɧɨɝɨ 
ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɜаɪɨчɧɨɣ ɜаɧɧɟ ɫ ɦаɥɨɣ ɦаɫɫɨɣ. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ  
ɢɦɩɭɥɶɫɨɦ ɬɨɤа ɜ ɧɟɣ ɜɨɡɧɢɤаɸɬ ɫɜɨɛɨɞɧɵɟ ɤɨɥɟɛаɧɢɹ ɦаɥɨɣ аɦɩɥɢɬɭɞɵ ɢ ɛɨɥɶɲɨɣ 
чаɫɬɨɬɵ. ɉɪɢ ɩɨɥɧɨɦ ɩɪɨɩɥаɜɥɟɧɢɢ ɫɬɵɤа ɫɜаɪɨчɧаɹ ɜаɧɧа ɢɦɟɟɬ ɛɨɥɶɲɭɸ ɦаɫɫɭ, ɢ 
ɩɨɫɥɟ ɜɨɡɞɟɣɫɬɜɢɹ ɤɪаɬɤɨɜɪɟɦɟɧɧɨɝɨ ɢɦɩɭɥɶɫа ɬɨɤа ɜ ɧɟɣ ɜɨɡɧɢɤаɸɬ ɡаɬɭɯаɸɳɢɟ 
ɤɨɥɟɛаɧɢɹ ɫ ɛɨɥɶɲɨɣ аɦɩɥɢɬɭɞɨɣ ɢ ɦɟɧɶɲɟɣ чаɫɬɨɬɨɣ. ɇа ɩɪаɤɬɢɤɟ, ɤɨɝɞа ɢɦɟɟɬ ɦɟɫɬɨ 
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ɩɟɪɟɯɨɞ ɨɬ ɧɟɩɪɨɜаɪа ɫɬɵɤа ɤ ɩɨɥɧɨɦɭ ɩɪɨɩɥаɜɥɟɧɢɸ, чаɫɬɨɬа ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ 
ɜаɧɧɵ ɫɬɭɩɟɧчаɬɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥаɯ ɨɬ 150 ɞɨ 50 Ƚɰ (ɪɢɫ. 3). Ʉɨɧɬɪɨɥɶ ɢɡɦɟɧɟɧɢɹ 
чаɫɬɨɬɵ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭчɢɬɶ ɢɧɮɨɪɦаɰɢɸ ɨ ɤачɟɫɬɜɟ 
ɮɨɪɦɢɪɨɜаɧɢɹ ɲɜа ɜ ɩɪɨɰɟɫɫɟ ɫɜаɪɤɢ. 

 
 

Ɋɢɫɭɧɨɤ 3 – Ƚɪаɮɢɤ ɢɡɦɟɧɟɧɢɹ чаɫɬɨɬɵ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɝɥɭɛɢɧɵ 

ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа ɜ ɡаɜɢɫɢɦɨɫɬɢ ɨɬ ɢɡɦɟɧɟɧɢɹ ɬɨɤа ɞɟɠɭɪɧɨɣ ɞɭɝɢ [The graph of the variation of the 

oscillation frequency of the welding pool with a change in the depth of penetration of the joint versus the change 

in the current of the pilot arc] 
 

Ɉɫɰɢɥɥɨɝɪаɦɦɵ ɧаɩɪɹɠɟɧɢɣ ɧа ɪɢɫɭɧɤɟ 4 ɨɬɪаɠаɸɬ ɢɧɮɨɪɦаɰɢɸ ɨ ɤɨɥɟɛаɧɢɹɯ 
ɜɧɟɲɧɟɝɨ ɡɟɪɤаɥа ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɢɦɩɭɥɶɫа ɬɨɤа ɫ аɦɩɥɢɬɭɞɨɣ Iɢ. 

ɂɡɦɟɧɟɧɢɟ ɧаɩɪɹɠɟɧɢɹ ɞɭɝɢ ɩɪɢ ɩɟɪɟɯɨɞɧɨɦ ɩɪɨɰɟɫɫɟ ɜɵɡɜаɧɨ ɢɡɦɟɧɟɧɢɟɦ ɞɥɢɧɵ 
ɞɭɝɢ ɢɡ-ɡа ɤɨɥɟɛаɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ Д2Ж. 

 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɉɫɰɢɥɥɨɝɪаɦɦɵ ɬɨɤа ɢ ɧаɩɪɹɠɟɧɢɹ (а, ɛ) ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɢɦ чаɫɬɨɬɧɵɣ ɫɩɟɤɬɪ 

ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɞɥɹ ɫɥɭчаɟɜ ɧɟɩɨɥɧɨɝɨ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа (ɜ) ɢ ɩɨɥɧɨɝɨ ɩɪɨɩɥаɜɥɟɧɢɹ 

ɫɬɵɤа (ɝ) [Oscillograms of current and voltage (a, b) and the corresponding frequency spectrum of welding pool 
oscillations for cases of incomplete penetration of the joint (c) and complete penetration of the joint (d)] 



 ɋɂɋɌȿɆȺ ɄɈɇɌɊɈɅə ɂ ɊȿȽɍɅɂɊɈȼȺɇɂə ȽɅɍȻɂɇɕ ɉɊɈɉɅȺȼɅȿɇɂə 51 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(30) 2019 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɧаɩɪɹɠɟɧɢɸ ɞɭɝɢ ɤ ɤɨɥɟɛаɧɢɹɦ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 
ɫɥɨɹ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜɵɲɟ ɩɪɢ ɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫа ɫɜаɪɤɢ ɧа ɤɨɪɨɬɤɨɣ ɞɭɝɟ. Ⱦɥɹ 
ɜɵɞɟɥɟɧɢɹ ɤɨɥɟɛаɧɢɣ ɧаɩɪɹɠɟɧɢɹ ɩɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧа ɫɜаɪɨчɧɭɸ ɜаɧɧɭ ɤаɠɞɨɝɨ 
ɢɦɩɭɥɶɫа ɢɫɩɨɥɶɡɭɟɬɫɹ ɪаɡɧɨɫɬɧɵɣ ɫɢɝɧаɥ ɦɟɠɞɭ ɬɟɤɭɳɢɦɢ ɢ ɧɨɦɢɧаɥɶɧɵɦɢ 
ɡɧачɟɧɢɹɦɢ ɧаɩɪɹɠɟɧɢɣ ɞɭɝɢ (ɩɪɢɧɰɢɩ ɤɨɦɩɟɧɫаɰɢɢ) (ɪɢɫ. 5). 

 

  
 

 

 
 

Ɋɢɫɭɧɨɤ 5 – Ɉɫɰɢɥɥɨɝɪаɦɦɵ ɬɨɤа ɢ ɧаɩɪɹɠɟɧɢɹ ɩɪɢ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɫɜаɪɤɟ ɫ ɞɨɩɨɥɧɢɬɟɥɶɧɵɦɢ 
ɤɪаɬɤɨɜɪɟɦɟɧɧɵɦɢ ɢɦɩɭɥɶɫаɦɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ: а – ɧɟɩɨɥɧɨɟ ɩɪɨɩɥаɜɥɟɧɢɟ 
ɫɬɵɤа (ɧɟɩɪɨɜаɪ); ɛ – ɧɨɪɦаɥɶɧɨɟ ɩɪɨɩɥаɜɥɟɧɢɟ ɫɬɵɤа; ɜ – ɩɨɥɧɨɟ ɩɪɨɩɥаɜɥɟɧɢɟ ɫɬɵɤа ɫ ɩɪɨɜɢɫаɧɢɟɦ 

ɲɜа (ɫɥɭчаɣ, ɛɥɢɡɤɢɣ ɤ ɩɪɨɠɨɝɭ) [Oscillograms of current and voltage during pulsed arc welding with 

additional short-term excitation pulses, welding pool oscillations: a – incomplete penetration of the joint (lack of 

welding) b – normal penetration of the joint; c – complete penetration of the joint with sagging of the seam 

(a case close to the burn-through)] 

 

Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ чɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɤ ɢɡɦɟɧɟɧɢɸ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа ɧа ɪаɛɨчɢɟ 
ɢɦɩɭɥɶɫɵ ɬɨɤа ɢ ɧаɩɪɹɠɟɧɢɹ ɨɬ ɢɫɬɨчɧɢɤа ɩɢɬаɧɢɹ ɞɭɝɢ ɧаɤɥаɞɵɜаɸɬ 
ɤɪаɬɤɨɜɪɟɦɟɧɧɵɟ (ɧɟɫɤɨɥɶɤɨ ɦɢɥɥɢɫɟɤɭɧɞ) ɢɦɩɭɥɶɫɵ, ɧɟ ɜɥɢɹɸɳɢɟ ɧа 
ɩɪɨɩɥаɜɥɹɸɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɞɭɝɢ, ɧɨ ɩɨɜɵɲаɸɳɢɟ ɤɨɥɟɛаɬɟɥɶɧɵɣ ɯаɪаɤɬɟɪ 
ɫɜаɪɨчɧɨɣ ɜаɧɧɵ, – ɬаɤ ɧаɡɵɜаɟɦɵɟ ɢɦɩɭɥɶɫɵ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɇɟɞɨɫɬаɬɤɨɦ ɫɩɨɫɨɛа ɤɨɧɬɪɨɥɹ ɝɥɭɛɢɧɵ ɩɪɨɩɥаɜɥɟɧɢɹ ɹɜɥɹɸɬɫɹ ɦаɥɵɟ ɢɡɦɟɧɟɧɢɹ 
ɧаɩɪɹɠɟɧɢɹ ɞɭɝɢ (ɧɟ ɛɨɥɟɟ 0,5 ȼ) ɩɪɢ ɤɨɥɟɛаɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ. Ⱦɥɹ 
ɧаɞɟɠɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜаɧɢɹ ɦаɥɵɯ ɢɡɦɟɧɟɧɢɣ ɧаɩɪɹɠɟɧɢɹ ɞɭɝɢ ɫɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ 
ɫɜаɪɤɭ ɫɨ ɫɬаɛɢɥɢɡɢɪɨɜаɧɧɵɦ ɢɫɬɨчɧɢɤɨɦ ɩɢɬаɧɢɹ ɞɭɝɢ ɧа ɦɢɧɢɦаɥɶɧɨɦ ɧаɩɪɹɠɟɧɢɢ 
ɞɭɝɢ (ɤɨɪɨɬɤаɹ ɞɥɢɧа ɞɭɝɢ), ɢ ɥɭчɲɟ ɜ ɫɪɟɞɟ ɝɟɥɢɹ. ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɫɩɨɫɨɛа 
ɢɡɦɟɧɹɟɬɫɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧа ɫɜаɪɤɭ ɜ ɪаɡɥɢчɧɵɯ ɩɪɨɫɬɪаɧɫɬɜɟɧɧɵɯ ɩɨɥɨɠɟɧɢɹɯ. 

Ⱦɪɭɝɨɣ ɫɩɨɫɨɛ ɢɧɞɢɤаɰɢɢ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ, ɤɨɬɨɪɵɣ ɨɤаɡаɥɫɹ ɛɨɥɟɟ 
ɧаɞɟɠɧɵɦ ɧа ɩɪаɤɬɢɤɟ, ɡаɤɥɸчаɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜаɧɢɢ ɮɨɬɨɞɢɨɞɧɵɯ ɨɩɬɢчɟɫɤɢɯ 
ɭɫɬɪɨɣɫɬɜ Д3, 4Ж. 

1) Ɉɩɬɢчɟɫɤɢɣ ɞаɬчɢɤ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜ ɫɢɫɬɟɦɟ 
ɤɨɧɬɪɨɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɪɢɧɰɢɩ ɨɩɬɢчɟɫɤɨɝɨ ɨɛɧаɪɭɠɟɧɢɹ. Ⱦаɧɧаɹ ɬɟɯɧɨɥɨɝɢɹ 
ɢɡɦɟɪɟɧɢɹ ɩɪɢɞаɟɬ ɫɢɫɬɟɦɟ ɛɨɥɶɲɭɸ ɧаɞɟɠɧɨɫɬɶ ɢ ɩɪɨɫɬɨɬɭ ɩɪɢɦɟɧɟɧɢɹ. ɋɜаɪɨчɧаɹ 
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ɜаɧɧа ɢɦɟɟɬ ɛɥɟɫɬɹɳɭɸ (ɡɟɪɤаɥɶɧɭɸ) ɩɨɜɟɪɯɧɨɫɬɶ, ɮɨɪɦа ɤɨɬɨɪɨɣ ɩɨ ɦɟɪɟ ɤɨɥɟɛаɧɢɣ 
ɢɡɦɟɧɹɟɬɫɹ, ɦɨɞɭɥɢɪɭɹ ɨɬɪаɠɟɧɧɵɣ ɫɜɟɬ ɞɭɝɢ. Ⱦаɧɧаɹ ɦɨɞɭɥɹɰɢɹ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ 
ɷɮɮɟɤɬɨɜ: ɦɨɞɭɥɹɰɢɢ ɢɡ-ɡа ɢɡɦɟɧɟɧɢɹ ɫɤɪɵɬɨɣ ɫɨɫɬаɜɥɹɸɳɟɣ ɞɥɢɧɵ ɞɭɝɢ ɢ ɢɡɦɟɧɟɧɢɹ 
ɮɨɪɦɵ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ, ɤɨɬɨɪаɹ ɞɟɣɫɬɜɭɟɬ ɤаɤ ɡɟɪɤаɥɨ. ȿɫɥɢ ɩɨɦɟɫɬɢɬɶ ɜɯɨɞɧɨɣ 
ɨɛɴɟɤɬɢɜ ɨɩɬɢчɟɫɤɨɝɨ ɜɨɥɨɤɧа ɞɥɹ ɫɛɨɪа чаɫɬɢ ɦɨɞɭɥɢɪɨɜаɧɧɨɝɨ ɫɜɟɬа ɜɛɥɢɡɢ ɡɨɧɵ 
ɫɜаɪɤɢ ɢ ɩɟɪɟɞаɬɶ ɩɨ ɧɟɦɭ ɢɡɥɭчɟɧɢɟ ɧа ɮɨɬɨɞɢɨɞ (ɪɢɫ. 6), ɬɨ ɷɥɟɤɬɪɢчɟɫɤɢɣ ɫɢɝɧаɥ ɨɬ 
ɮɨɬɨɞɢɨɞа ɛɭɞɟɬ ɫɨɞɟɪɠаɬɶ ɢɧɮɨɪɦаɰɢɸ ɨ чаɫɬɨɬɟ ɤɨɥɟɛаɧɢɹ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ. 
ɋɢɝɧаɥɵ, ɩɨɥɭчɟɧɧɵɟ ɬаɤɢɦ ɨɛɪаɡɨɦ, ɢɦɟɸɬ ɧɢɡɤɢɟ ɭɪɨɜɧɢ ɩɨɦɟɯ. Ʉɨɥɟɛаɧɢɹ 
ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɮɨɪɦɢɪɭɸɬ ɧа ɜɵɯɨɞɟ ɮɨɬɨɞɢɨɞа чɟɬɤɢɣ ɷɥɟɤɬɪɢчɟɫɤɢɣ ɫɢɝɧаɥ, 
ɤɨɬɨɪɵɣ ɜɩɨɫɥɟɞɫɬɜɢɢ аɧаɥɢɡɢɪɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪа. 

 

 
 

Ɋɢɫɭɧɨɤ 6 – ɋɯɟɦа ɭɫɬаɧɨɜɤɢ ɨɩɬɢчɟɫɤɨɝɨ ɞаɬчɢɤа ɧа ɫɜаɪɨчɧɨɣ ɝɨɪɟɥɤɟ: 1 – ɫɜаɪɨчɧаɹ ɝɨɪɟɥɤа; 
2 – ɨɛɴɟɤɬɢɜ; 3 – ɨɩɬɢчɟɫɤɨɟ ɜɨɥɨɤɧɨ; 4 – ɩɨɜɟɪɯɧɨɫɬɶ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ [Installation scheme of the optical 

sensor on the welding torch: 1 – welding torch; 2 – lens; 3 – optical fiber; 4 – surface of the welding pool] 

 

Ɋɟаɥɢɡаɰɢɹ ɫɢɝɧаɥа ɫ ɮɨɬɨɞɢɨɞа ɢ ɟɝɨ ɫɩɟɤɬɪ ɞɥɹ ɫɥɭчаɹ ɧɟɩɨɥɧɨɝɨ ɩɪɨɩɥаɜɥɟɧɢɹ 
ɫɬɵɤа (ɧɟɩɪɨɜаɪа) ɩɨɤаɡаɧɵ ɧа ɪɢɫɭɧɤɟ 7. 

 
 

Ɋɢɫɭɧɨɤ 7 – ȼɪɟɦɟɧɧɨɣ ɢ чаɫɬɨɬɧɵɣ ɝɪаɮɢɤɢ ɩɨ ɨɫɰɢɥɥɹɰɢɢ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢ ɧɟɩɨɥɧɨɦ 
ɩɪɨɩɥаɜɥɟɧɢɢ, ɩɨɥɭчɟɧɧɵɟ ɩɪɢ ɨɛɪаɛɨɬɤɟ ɫɢɝɧаɥа ɧа ɜɵɯɨɞɟ ɨɩɬɢчɟɫɤɨɝɨ ɞаɬчɢɤа [Time and frequency 

charts for the oscillation of the welding pool with incomplete penetration, obtained by processing the signal at 

the output of the optical sensor] 
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2) ɂɧɮɨɪɦаɰɢɹ ɨ чаɫɬɨɬɟ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ, ɩɪɢɫɭɬɫɬɜɭɸɳаɹ ɜ ɫɢɝɧаɥɟ 
ɨɬ ɮɨɬɨɞɢɨɞа, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɟɨɛɪаɡɨɜаɧɢɟɦ Ɏɭɪɶɟ ɫ ɩɨɦɨɳɶɸ ɫɩɟɰɢаɥɶɧɨɝɨ 
ɩɪɨɝɪаɦɦɧɨɝɨ ɨɛɟɫɩɟчɟɧɢɹ Д5Ж. 

ɉɪɢɦɟɪɵ ɫɩɟɤɬɪа Ɏɭɪɶɟ, ɩɨɥɭчɟɧɧɵɟ ɞɥɹ ɞɜɭɯ ɬɢɩɢчɧɵɯ ɪɟаɥɢɡаɰɢɣ (ɩɨɥɧɨɝɨ ɢ 
ɧɟɩɨɥɧɨɝɨ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа), ɩɨɤаɡаɧɵ ɧа ɪɢɫɭɧɤаɯ 4 ɢ 5. ɉɪɟɨɛɪаɡɨɜаɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ ɛɵɫɬɪɨɝɨ ɩɪɟɨɛɪаɡɨɜаɧɢɹ Ɏɭɪɶɟ (ȻɉɎ). 

Ɉɩɪɟɞɟɥɢɜ чаɫɬɨɬɭ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ, ɫɢɫɬɟɦа ɤɨɧɬɪɨɥɹ ɩɪɨɩɥаɜɥɟɧɢɹ 
ɫɬɵɤа ɜɵɪаɛаɬɵɜаɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɨɪɪɟɤɬɢɪɭɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ. ɀɟɥаɟɦɨɟ 
ɡɧачɟɧɢɟ чаɫɬɨɬɵ ɜ ɝɟɪɰаɯ ɩɨɥɭчаɸɬ ɩɪɨɫɬɵɦ ɪаɫчɟɬɨɦ ɩɨ ɮɨɪɦɭɥɟ (8): 
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ɝɞɟ ɬ – ɦаɫɫа ɜаɧɧɵ; 
 σx – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧаɬɹɠɟɧɢɟ ɦаɬɟɪɢаɥа;  
 ɤɨɧɫɬаɧɬа ɮɨɪɦɵ ɞɥɹ ɪɟаɥɶɧɵɯ ɫɜаɪɨчɧɵɯ ɜаɧɧ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪаɜɧа ɟɞɢɧɢɰɟ. 

 

ɂɡ ɭɪаɜɧɟɧɢɹ (8) ɹɫɧɨ, чɬɨ чɟɦ ɛɨɥɶɲɟ ɦаɫɫа ɜаɧɧɵ, ɬɟɦ ɧɢɠɟ чаɫɬɨɬа ɟɟ 
ɤɨɥɟɛаɧɢɣ. ɋɥɟɞɨɜаɬɟɥɶɧɨ, ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɜɵɩɨɥɧɢɬɶ ɫɜаɪɤɭ ɫ ɩɨɥɧɵɦ ɩɪɨɩɥаɜɥɟɧɢɟɦ, 
ɧɭɠɧа ɫɜаɪɨчɧаɹ ɜаɧɧа ɛɨɥɶɲɟɣ ɦаɫɫɵ. ɋɨɝɥаɫɧɨ ɮɨɪɦɭɥɟ (8) чаɫɬɨɬа ɤɨɥɟɛаɧɢɣ ɬаɤɨɣ 
ɜаɧɧɵ ɛɭɞɟɬ ɫɧɢɠɟɧа. Ɇаɫɫɭ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (9): 
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, (9) 

 

ɝɞɟ ɪ – ɩɥɨɬɧɨɫɬɶ; 
 h – ɬɨɥɳɢɧа ɫɜаɪɢɜаɟɦɨɝɨ ɦаɬɟɪɢаɥа; 
 d – ɞɢаɦɟɬɪ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ.  

 

ɋ ɭчɟɬɨɦ ɭɪаɜɧɟɧɢɹ (9) ɮɨɪɦɭɥа (8) ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
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ɉɪɢ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɫɜаɪɤɟ ɧɟɩɥаɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ ɫ ɩɨɥɧɵɦ 
ɩɪɨɩɥаɜɥɟɧɢɟɦ ɫɬɵɤɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɢɡ аɭɫɬɟɧɢɬɧɨɣ ɫɬаɥɢ ɩɪɢ ɪ = 8000 ɤɝ/ɦ3 ɢ σx = 1 

ɮɨɪɦɭɥа (10) ɩɪɢɦɟɬ ɜɢɞ: 
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Ⱦɥɹ ɲɜа ɲɢɪɢɧɨɣ 7 ɦɦ ɢ ɬɨɥɳɢɧɨɣ ɩɥаɫɬɢɧɵ С = 3 ɦɦ ɪаɫчɟɬɧаɹ чаɫɬɨɬа 
ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɫɨɫɬаɜɥɹɟɬ П  = 31 Ƚɰ. 

 

Ɏɭɧɤɰɢɨɧаɥɶɧа ɫɯɟɦа ɫɢɫɬɟɦɵ ɭɩɪаɜɥɟɧɢɹ ɩɪɨɩɥаɜɥɟɧɢɟɦ ɫɬɵɤа ɩɨ ɨɫɰɢɥɥɹɰɢɢ 
ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɩɪɢɜɟɞɟɧа ɧа ɪɢɫɭɧɤɟ 8. 
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Ɋɢɫɭɧɨɤ 8 – Ɏɭɧɤɰɢɨɧаɥɶɧаɹ ɫɯɟɦа ɫɢɫɬɟɦɵ ɭɩɪаɜɥɟɧɢɹ ɩɪɨɩɥаɜɥɟɧɢɟɦ ɩɨ ɨɫɰɢɥɥɹɰɢɢ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ 
[Functional diagram of the penetration control system for welding pool oscillation] 

 

ȼ ɫɢɫɬɟɦɟ ɞɥɹ ɪɟаɥɢɡаɰɢɢ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɫɜаɪɤɢ ɧɟɩɥаɜɹɳɢɦɫɹ ɷɥɟɤɬɪɨɞɨɦ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɧɜɟɪɬɨɪɧɵɣ ɭɩɪаɜɥɹɟɦɵɣ ɢɫɬɨчɧɢɤ ɩɢɬаɧɢɹ (ɍɂɉ), ɨɛɟɫɩɟчɢɜаɸɳɢɣ 
ɫɬаɛɢɥɢɡаɰɢɸ ɩаɪаɦɟɬɪɨɜ ɬɨɤа ɢ ɧаɩɪɹɠɟɧɢɹ ɧа ɭɪɨɜɧɟ ɡаɞаɧɧɵɯ ɭɫɬаɜɨɤ чɟɪɟɡ ɩаɧɟɥɶ 
ɭɩɪаɜɥɟɧɢɹ ɢɥɢ ɨɬ ɤɨɦɩɶɸɬɟɪа. Ʉɨɥɟɛаɧɢɹ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜ ɤаɠɞɨɦ ɰɢɤɥɟ 
ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɫɜаɪɤɢ ɜɵɡɵɜаɸɬɫɹ ɤɪаɬɤɨɜɪɟɦɟɧɧɵɦɢ ɢɦɩɭɥɶɫаɦɢ ɜɨɡɛɭɠɞɟɧɢɹ 
ɞɥɢɬɟɥɶɧɨɫɬɶɸ 2...3 ɦɫ, ɧаɤɥаɞɵɜаɟɦɵɦɢ ɧа ɪаɛɨчɢɣ ɢɦɩɭɥɶɫ ɜ ɧачаɥɟ ɢ ɤɨɧɰɟ ɟɝɨ 
ɞɟɣɫɬɜɢɹ ɜ ɤаɠɞɨɦ ɰɢɤɥɟ ɫɜаɪɤɢ (ɪɢɫ. 9). ɂɧɮɨɪɦаɰɢɹ ɨ ɤɨɥɟɛаɧɢɹɯ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ 
ɫɧɢɦаɟɬɫɹ ɨɩɬɢчɟɫɤɢɦɢ ɢɥɢ ɷɥɟɤɬɪɢчɟɫɤɢɦɢ (ɩɨ ɧаɩɪɹɠɟɧɢɸ ɞɭɝɢ) ɞаɬчɢɤаɦɢ. ɋɯɟɦа 
ɨɛɪаɛɨɬɤɢ ɫɢɝɧаɥɨɜ ɜ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢɹ ɜɤɥɸчаɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬаɩɵ: 

– ɮɢɥɶɬɪаɰɢɸ ɫɢɝɧаɥɨɜ ɫ ɩɨɦɨɳɶɸ ɧɢɡɤɨчаɫɬɨɬɧɨɝɨ ɮɢɥɶɬɪа Д6Ж; 
– ɡаɳɢɬɭ ɫɯɟɦɵ ɩɪɟɨɛɪаɡɨɜаɧɢɹ ɫɢɝɧаɥа ɨɬ· ɦɨɳɧɨɣ аɞɞɢɬɢɜɧɨɣ ɩɨɦɟɯɢ ɫ 

ɩɨɦɨɳɶɸ ɛɥɨɤа ɝаɥɶɜаɧɢчɟɫɤɨɣ ɪаɡɜɹɡɤɢ ɜ ɰɢɮɪɨɜɨɣ ɢ аɧаɥɨɝɨɜɨɣ чаɫɬɹɯ ɫɢɫɬɟɦɵ Д7Ж; 
– ɨɰɢɮɪɨɜɤɭ ɫɢɝɧаɥɨɜ ɢ ɩɟɪɟɞачɭ ɢɯ чɟɪɟɡ ɭɫɬɪɨɣɫɬɜɨ ɫɜɹɡɢ ɫ ɨɛɴɟɤɬɨɦ (ɍɋɈ) 

ɞɥɹ чаɫɬɨɬɧɨɣ ɨɛɪаɛɨɬɤɢ ɜ ɤɨɦɩɶɸɬɟɪɟ Д8Ж; 
– чаɫɬɨɬɧɭɸ ɨɛɪаɛɨɬɤɭ ɫɢɝɧаɥɨɜ ɩɨ ɩɪɨɝɪаɦɦɟ ɨɛɪаɛɨɬɤɢ ɢɧɮɨɪɦаɰɢɨɧɧɨɝɨ 

ɫɢɝɧаɥа ɫ ɢɫɩɨɥɶɡɨɜаɧɢɟɦ ȻɉɎ Д9Ж. 
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Ɋɢɫɭɧɨɤ 9 – Ɏɨɪɦа ɢɦɩɭɥɶɫɨɜ ɩɪɢ ɢɦɩɭɥɶɫɧɨ-ɞɭɝɨɜɨɣ ɫɜаɪɤɟ: а – ɪаɛɨчɢɣ ɢɦɩɭɥɶɫ (Iɢ, tɢ); ɛ – ɢɦɩɭɥɶɫ 

ɜɨɡɛɭɠɞɟɧɢɹ (Iɜ, tɜ), ɧаɥɨɠɟɧɧɵɣ ɧа ɧачаɥɨ ɪаɛɨчɟɝɨ ɢɦɩɭɥɶɫа [Pulse shape during pulsed arc welding: 

a – working impulse (Iɢ, tɢ); b – excitation pulse (Iɜ, tɜ), imposed on the beginning of the working pulse] 
 

ȼ ɫɬɪɭɤɬɭɪɭ ɫɢɫɬɟɦɵ аɜɬɨɦаɬɢчɟɫɤɨɝɨ ɭɩɪаɜɥɟɧɢɹ ɩɨɦɢɦɨ ɤɨɦɩɶɸɬɟɪа ɫ ɧаɛɨɪɨɦ 
ɫɩɟɰɢаɥɶɧɵɯ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭɫɬɪɨɣɫɬɜ (ɩɪɢɧɬɟɪ, ɞɢɫɩɥɟɣ, ɦɵɲɶ) ɜɯɨɞɹɬ 
ɭɫɢɥɢɬɟɥɶɧɵɟ, ɢɡɦɟɪɢɬɟɥɶɧɵɟ ɢ ɩɪɟɨɛɪаɡɨɜаɬɟɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜа ɬɢɩа Ⱥɐɉ, ɐȺɉ, 
ɦɧɨɝɨɤаɧаɥɶɧɵɣ ɰɢɮɪɨɜɨɣ ɪɟɝɢɫɬɪаɬɨɪ ɨɫɧɨɜɧɵɯ ɩаɪаɦɟɬɪɨɜ ɫɜаɪɤɢ (ɢɦɩɭɥɶɫɧɨɝɨ 
ɬɨɤа, ɧаɩɪɹɠɟɧɢɹ ɞɭɝɢ, ɫɤɨɪɨɫɬɢ ɫɜаɪɤɢ, ɫɢɝɧаɥа ɨɬ ɮɨɬɨɞɢɨɞа), ɮɨɪɦɢɪɭɸɳɢɣ 
ɩаɫɩɨɪɬ ɧа ɬɟɯɧɨɥɨɝɢчɟɫɤɢɣ ɩɪɨɰɟɫɫ Д10Ж. Ɂаɩɢɫаɧɧɵɟ ɜ ɪɟɝɢɫɬɪаɬɨɪɟ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ 
ɞаɧɧɵɟ ɨ ɩаɪаɦɟɬɪаɯ ɩɪɨɰɟɫɫа ɫɜаɪɤɢ ɜ аɜɬɨɧɨɦɧɨɦ ɪɟɠɢɦɟ (ɛɟɡ ɤɨɦɩɶɸɬɟɪа) ɩɪɢ 
ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɪаɫɩɟчаɬаɧɵ ɧа ɩɪɢɧɬɟɪɟ ɢɥɢ ɜ ɪɟɠɢɦɟ off-line ɨɛɪаɛɨɬаɧɵ 
ɧа ɤɨɦɩɶɸɬɟɪɟ. 

ɋɢɫɬɟɦа ɭɩɪаɜɥɟɧɢɹ ɩɨ ɩɪɨɝɪаɦɦɟ ȻɉɎ ɜɵчɢɫɥɹɟɬ аɦɩɥɢɬɭɞɧɨ-чаɫɬɨɬɧɭɸ 
ɯаɪаɤɬɟɪɢɫɬɢɤɭ (Ⱥɑɏ) ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜ ɩɟɪɢɨɞ ɞɟɣɫɬɜɢɹ ɤаɠɞɨɝɨ 
ɢɦɩɭɥɶɫа ɫɜаɪɤɢ ɢ ɢɦɩɭɥɶɫа ɩаɭɡɵ ɩɨ ɫɢɝɧаɥɭ ɫ ɨɩɬɢчɟɫɤɨɝɨ ɞаɬчɢɤа ɢɥɢ 
ɷɥɟɤɬɪɢчɟɫɤɨɝɨ ɞаɬчɢɤа (ɪɢɫ. 10).  

 

 
 

Ɋɢɫɭɧɨɤ 10 – Ɉɩɪɟɞɟɥɟɧɢɟ ɤачɟɫɬɜа ɫɜаɪɤɢ ɩɨ ɢɞɟɧɬɢɮɢɤаɰɢɢ Ⱥɑɏ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜ 

ɩɟɪɢɨɞɵ ɢɦɩɭɥɶɫа ɢ ɩаɭɡɵ ɜ ɝ-ɦ ɰɢɤɥɟ ɫɜаɪɤɢ [Determination of the quality of welding by identifying the 

frequency response of the welding pool oscillations during periods of impulse and pause in the welding cycle] 
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ɑаɫɬɨɬɧɵɣ аɧаɥɢɡ ɩɨɥɨɠɟɧɢɹ ɩɢɤа Ⱥɑɏ ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɜ ɩɟɪɢɨɞ 
ɞɟɣɫɬɜɢɹ ɢɦɩɭɥɶɫа ɢ ɩаɭɡɵ ɧа ɤаɠɞɨɦ Т-ɦ ɰɢɤɥɟ ɫɜаɪɤɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬаɛɥɢɰɟɣ 
ɤачɟɫɬɜа ɫɜаɪɤɢ (ɪɢɫ. 10) ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɢɪɨɜаɬɶ ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ ɫɢɝɧаɥ ɭɩɪаɜɥɟɧɢɹ 
ɩɨ ɬɨɤɭ I'ɤɢ ɫɜаɪɨчɧɨɝɨ ɢɦɩɭɥɶɫа Д11Ж. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɡɧачɟɧɢɹ I'ɤɢ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɫɬаɛɢɥɢɡаɰɢɢ ɝɥɭɛɢɧɵ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɬɵɤа ɩɪɢ ɞɟɣɫɬɜɢɢ ɜ ɩɪɨɰɟɫɫɟ ɫɜаɪɤɢ 
ɬɟɯɧɨɥɨɝɢчɟɫɤɢɯ ɜɨɡɦɭɳɟɧɢɣ Д12, 13Ж. 

Ⱥɥɝɨɪɢɬɦ ɪаɛɨɬɵ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪаɜɥɟɧɢɹ ɜ ɪɟаɥɶɧɨɦ ɜɪɟɦɟɧɢ (ɡа 
ɤаɠɞɵɣ ɰɢɤɥ ɫɜаɪɤɢ) ɩɪɢɜɟɞɟɧ ɧа ɪɢɫɭɧɤɟ 11. 

 

 
 

Ɋɢɫɭɧɨɤ 11 – Ⱥɥɝɨɪɢɬɦ ɨɛɪаɛɨɬɤɢ ɞаɧɧɵɯ ɜ ɤɨɦɩɶɸɬɟɪɧɨɣ ɫɢɫɬɟɦɟ ɭɩɪаɜɥɟɧɢɹ ɩɪɨɩɥаɜɥɟɧɢɟɦ 

[Algorithm of data processing in computer control system of penetration] 

 

Ɍаɤɢɦ ɨɛɪаɡɨɦ, ɩɨ ɪɟɡɭɥɶɬаɬаɦ ɩɪɨɜɟɞɟɧɧɵɯ ɬɟɨɪɟɬɢчɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬаɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜаɧɢɣ ɩɪɟɞɥɨɠɟɧɵ ɦɟɬɨɞɵ ɢ аɥɝɨɪɢɬɦɵ ɩɨɫɬɪɨɟɧɢɹ ɫɢɫɬɟɦ аɜɬɨɦаɬɢчɟɫɤɨɝɨ 
ɭɩɪаɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ аɪɝɨɧɨɞɭɝɨɜɨɣ ɫɜаɪɤɢ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɵɯ ɡаɥɨɠɟɧа ɡаɜɢɫɢɦɨɫɬɶ 
ɫɩɟɤɬɪа ɤɨɥɟɛаɧɢɣ ɫɜаɪɨчɧɨɣ ɜаɧɧɵ ɫ ɜɟɥɢчɢɧɨɣ ɩɪɨɩɥаɜɥɟɧɢɹ ɫɜаɪɢɜаɟɦɨɝɨ ɢɡɞɟɥɢɹ. 
ɋɢɫɬɟɦа ɭɩɪаɜɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɪɟɤɨɦɟɧɞɨɜаɧа ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɤɨɧɫɬɪɭɤɰɢɣ 
ɨɬɜɟɬɫɬɜɟɧɧɨɝɨ ɧаɡɧачɟɧɢɹ. 
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Abstract – The article presents the results of studies carried out to build an automatic system for 

regulating the depth of penetration during argon-arc welding using signals of welding pool 

oscillations. Methods of control and algorithms for controlling the process of argon-arc welding of 

critical structures by welding pool oscillations and extraction of the oscillation spectrum are 

proposed. 
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