
ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, 2019 №1(30), ɋ. 47–58 

© ɇɚɰɢɨɧɚɥɶɧɵɣ ɢссɥɟɞɨɜɚɬɟɥɶсɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪсɢɬɟɬ «ɆɂɎɂ», 2019 

ɂɁɕɋɄȺɇɂȿ, ɉɊɈȿɄɌɂɊɈȼȺɇɂȿ, 
ɋɌɊɈɂɌȿɅɖɋɌȼɈ ɂ ɆɈɇɌȺɀ 

ɌȿɏɇɈɅɈȽɂɑȿɋɄɈȽɈ ɈȻɈɊɍȾɈȼȺɇɂə  
ɈȻɔȿɄɌɈȼ ȺɌɈɆɇɈɃ ɈɌɊȺɋɅɂ 

 

ɍȾɄ 621(075.8) 
 

ɋɂɋɌȿɆȺ ɄɈɇɌɊɈɅə ɂ ɊȿȽɍɅɂɊɈȼȺɇɂə ȽɅɍȻɂɇɕ 
ɉɊɈɉɅȺȼɅȿɇɂə ɉɊɂ ȺɊȽɈɇɈȾɍȽɈȼɈɃ ɋȼȺɊɄȿ 

ɈɌȼȿɌɋɌȼȿɇɇɕɏ ɂɁȾȿɅɂɃ ɉɈ ɈɋɐɂɅɅəɐɂɂ ɋȼȺɊɈɑɇɈɃ 
ȼȺɇɇɕ 

 

© 2019 ɗ.Ⱥ. Ƚɥɚɞɤɨɜ*, ɇ.Ⱥ. ɋɢɦɚɤɨɜɚ**,  Ɋ.Ⱥ. ɉɟɪɤɨɜɫɤɢɣ*, Ɍ.ȼ. Ȼɪɨɞɹɝɢɧɚ***
 

 
*Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɇ.ɗ. Ȼɚɭɦɚɧɚ (ɆȽɌɍ), Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 

**ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 
ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ (ɆɂɎɂ), ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɫɢɹ 

*** Ⱥɬɬɟɫɬɚɰɢɨɧɧɵɣ ɐɟɧɬɪ Ƚɨɪɨɞɫɤɨɝɨ ɏɨɡɹɣɫɬɜɚ (ȺɐȽɏ), Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 

 

ȼ сɬɚɬɶɟ ɢɡɥɨɠɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɢссɥɟɞɨɜɚɧɢɣ, ɜɵɩɨɥɧɟɧɧɵɯ ɞɥɹ ɩɨсɬɪɨɟɧɢɹ ɚɜɬɨмɚɬɢɱɟсɤɨɣ 
сɢсɬɟмɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɥɭɛɢɧɵ ɩɪɨɩɥɚɜɥɟɧɢɹ ɩɪɢ ɚɪɝɨɧɨɞɭɝɨɜɨɣ сɜɚɪɤɟ ɩɨ сɢɝɧɚɥɚм ɨ 
ɤɨɥɟɛɚɧɢɹɯ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ. ɉɪɟɞɥɨɠɟɧɵ мɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɢ ɚɥɝɨɪɢɬмɵ ɭɩɪɚɜɥɟɧɢɹ 
ɩɪɨɰɟссɨм ɚɪɝɨɧɨɞɭɝɨɜɨɣ сɜɚɪɤɢ ɨɬɜɟɬсɬɜɟɧɧɵɯ ɤɨɧсɬɪɭɤɰɢɣ ɩɨ ɨсɰɢɥɥɹɰɢɢ сɜɚɪɨɱɧɨɣ 
ɜɚɧɧɵ ɢ ɜɵɞɟɥɟɧɢɹ сɩɟɤɬɪɚ ɤɨɥɟɛɚɧɢɣ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: сɜɚɪɨɱɧɚɹ ɜɚɧɧɚ, ɜɟɥɢɱɢɧɚ ɩɪɨɩɥɚɜɥɟɧɢɹ, ɨɩɬɢɱɟсɤɢɣ ɞɚɬɱɢɤ, ɤɚɱɟсɬɜɨ 
сɜɚɪɤɢ. 

ɉɨсɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 18.12.2018 

ɉɨсɥɟ ɞɨɪɚɛɨɬɤɢ 24.01.2019 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 11.02.2019 

 

ɉɪɢ ɢмɩɭɥɶсɧɨ-ɞɭɝɨɜɨɣ сɜɚɪɤɟ ɩɪɢ ɩɨɥɧɨм ɩɪɨɩɥɚɜɥɟɧɢɢ сɬɵɤɚ сɜɚɪɨɱɧɭɸ ɜɚɧɧɭ 
мɨɠɧɨ ɩɪɟɞсɬɚɜɢɬɶ ɝɟɨмɟɬɪɢɱɟсɤɨɣ мɨɞɟɥɶɸ, ɢмɟɸɳɟɣ сɮɟɪɢɱɟсɤɭɸ ɮɨɪмɭ Д1Ж. 
Ɋɚссмɨɬɪɢм сɥɭɱɚɣ, ɤɨɝɞɚ ɧɚ сɜɚɪɨɱɧɭɸ ɜɚɧɧɭ ɜ ɩɪɨɰɟссɟ сɜɚɪɤɢ ɞɟɣсɬɜɭɸɬ сɢɥɚ 
ɞɚɜɥɟɧɢɹ ɞɭɝɢ ɞF , сɢɥɚ ɬɹɠɟсɬɢ gF , сɢɥɚ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɧɩF .  ɢ сɢɥɚ ɜɹɡɤɨɝɨ 
ɬɪɟɧɢɹ ɜɬF  (ɪɢс. 1); ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭсɥɨɜɢɹ (1) ɩɪɨɜɢсɚɧɢɟ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ 0zz .  

ɍсɥɨɜɢɟ ɪɚɜɧɨɜɟсɢɹ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ ɨɛɳɟм ɜɢɞɟ ɡɚɩɢсɵɜɚɟɬсɹ ɭɪɚɜɧɟɧɢɟм: 
 

 0
1

N

i

iF  (1) 

 

ɝɞɟ iF  – сɢɥɵ, ɞɟɣсɬɜɭɸɳɢɟ ɧɚ сɜɚɪɨɱɧɭɸ ɜɚɧɧɭ.  
ȼɵɪɚɠɟɧɢɹ ɞɥɹ сɢɥ iF  ɢмɟɸɬ ɜɢɞ: 
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ɝɞɟ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɜ сɥɨɹɯ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ ɟɟ ɞɜɢɠɟɧɢɢ; 
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 k – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨсɬɢ; 
 v0 – сɤɨɪɨсɬɶ ɞɜɢɠɟɧɢɹ сɥɨɟɜ ɪɚсɩɥɚɜɥɟɧɧɨɝɨ мɟɬɚɥɥɚ. 

 

 
Ɋɢсɭɧɨɤ 1 – ɋɮɟɪɢɱɟсɤɚɹ мɨɞɟɥɶ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ: ɞF  – сɢɥɚ ɞɚɜɥɟɧɢɹ ɞɭɝɢ; gF  – сɢɥɚ ɬɹɠɟсɬɢ 

сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ; ɜɬF  – сɢɥɵ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ ɩɪɢ ɤɨɥɟɛɚɧɢɢ ɜɚɧɧɵ; ɧɩF .  – сɢɥɵ ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 
ɧɚɬɹɠɟɧɢɹ с ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨсɬɢ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ; a – ɩɨɥɭɲɢɪɢɧɚ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ; 

ɩɪm  – ɩɪɢɜɟɞɟɧɧɚɹ мɚссɚ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ;  – ɬɨɥɳɢɧɚ сɜɚɪɢɜɚɟмɨɝɨ мɟɬɚɥɥɚ; z  – ɩɪɨɜɢсɚɧɢɟ 

сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ [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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Ⱦɢɧɚмɢɤɚ ɩɨɜɟɞɟɧɢɹ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ ɜɚɪɢɚɰɢɢ ɞɟɣсɬɜɭɸɳɢɯ ɧɚ ɧɟɟ сɢɥ 
ɨɩɪɟɞɟɥɹɟɬсɹ ɭɪɚɜɧɟɧɢɟм: 
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ɂсɩɨɥɶɡɭɹ ɜɵɪɚɠɟɧɢɹ (2) ɢ ɩɨɥɚɝɚɹ, ɱɬɨ: 

 

  zzz 0 ; IIId 0  (5) 

 

мɨɠɧɨ ɡɚɩɢсɚɬɶ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɭɪɚɜɧɟɧɢɹ (4): 
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Ɋɟɡɭɥɶɬɚɬ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (6) ɩɪɢ сɤɚɱɤɨɨɛɪɚɡɧɨм ɢɡмɟɧɟɧɢɢ сɜɚɪɨɱɧɨɝɨ ɬɨɤɚ 
ɜ мɨмɟɧɬ ɜɪɟмɟɧɢ t1 ɩɪɢɜɟɞɟɧ ɧɚ ɪɢсɭɧɤɟ 2.  

 



 ɋɂɋɌȿɆȺ ɄɈɇɌɊɈɅə ɂ ɊȿȽɍɅɂɊɈȼȺɇɂə ȽɅɍȻɂɇɕ ɉɊɈɉɅȺȼɅȿɇɂə 49 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(30) 2019 

 
Ɋɢсɭɧɨɤ 2 – Ƚɪɚɮɢɤ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ сɤɚɱɤɟ сɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɜ мɨмɟɧɬ ɜɪɟмɟɧɢ 1t : 

ɚ – ɡɚɤɨɧ ɢɡмɟɧɟɧɢɹ сɜɚɪɨɱɧɨɝɨ ɬɨɤɚ; ɛ – ɝɪɚɮɢɤ ɤɨɥɟɛɚɧɢɹ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ;  0I , 1I  – сɜɚɪɨɱɧɵɣ ɬɨɤ 
ɩɪɢ ɪɚɜɧɨɜɟсɢɢ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɢ ɩɨсɥɟ сɤɚɱɤɚ ɬɨɤɚ; 0z , maxz ɢ ɭɫɬz  – ɩɪɨɜɢсɚɧɢɟ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ 

ɩɪɢ ɟɟ ɪɚɜɧɨɜɟсɢɢ, мɚɤсɢмɚɥɶɧɨɟ ɢ ɭсɬɚɧɨɜɢɜɲɟɟсɹ; ɩɟɪt  – ɜɪɟмɹ ɩɟɪɟɯɨɞɧɨɝɨ ɩɪɨɰɟссɚ; 

ɭсɬ01 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; ɭсɬ01 z)05,0...02,0(III ] 

 

ɋɜɚɪɨɱɧɚɹ ɜɚɧɧɚ с мɨмɟɧɬɚ ɜɪɟмɟɧɢ t1 сɨɜɟɪɲɚɟɬ ɡɚɬɭɯɚɸɳɢɟ ɤɨɥɟɛɚɧɢɹ. ɑɚсɬɨɬɚ 
ɢ ɚмɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɡɚɜɢсɹɬ ɨɬ ɩɚɪɚмɟɬɪɨɜ δ, η, σ, ɚ. Ʌɟɝɤɨ 
ɩɨɤɚɡɚɬɶ, ɱɬɨ ɱɢсɥɨ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɪɚɜɧɨ: 
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T   –  ɩɨсɬɨɹɧɧɚɹ ɜɪɟмɟɧɢ; ɩɪmm 2 . 

 

ɉɪɢɧɰɢɩ ɪɚɛɨɬɵ сɢсɬɟмɵ ɤɨɧɬɪɨɥɹ ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ с ɢсɩɨɥɶɡɨɜɚɧɢɟм 
ɢɧɮɨɪмɚɰɢɢ ɨ ɤɨɥɟɛɚɧɢɹɯ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɡɚɤɥɸɱɚɟɬсɹ ɜ ɜɨɡɞɟɣсɬɜɢɢ ɧɚ сɜɚɪɨɱɧɭɸ 
ɜɚɧɧɭ ɤɪɚɬɤɨɜɪɟмɟɧɧɵɯ (ɧɟсɤɨɥɶɤɨ мɢɥɥɢсɟɤɭɧɞ) ɢмɩɭɥɶсɨɜ ɬɨɤɚ. ɑɚсɬɨɬɚ ɢ 
ɚмɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɡɚɜɢсɹɬ ɨɬ ɟɟ мɚссɵ. Ɇɚссɚ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨ сɜɹɡɚɧɚ с ɝɥɭɛɢɧɨɣ ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ. ɋɥɭɱɚɣ ɧɟɩɨɥɧɨɝɨ 
ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ сɨɨɬɜɟɬсɬɜɭɟɬ сɜɚɪɨɱɧɨɣ ɜɚɧɧɟ с мɚɥɨɣ мɚссɨɣ. ɉɪɢ ɜɨɡɞɟɣсɬɜɢɢ  
ɢмɩɭɥɶсɨм ɬɨɤɚ ɜ ɧɟɣ ɜɨɡɧɢɤɚɸɬ сɜɨɛɨɞɧɵɟ ɤɨɥɟɛɚɧɢɹ мɚɥɨɣ ɚмɩɥɢɬɭɞɵ ɢ ɛɨɥɶɲɨɣ 
ɱɚсɬɨɬɵ. ɉɪɢ ɩɨɥɧɨм ɩɪɨɩɥɚɜɥɟɧɢɢ сɬɵɤɚ сɜɚɪɨɱɧɚɹ ɜɚɧɧɚ ɢмɟɟɬ ɛɨɥɶɲɭɸ мɚссɭ, ɢ 
ɩɨсɥɟ ɜɨɡɞɟɣсɬɜɢɹ ɤɪɚɬɤɨɜɪɟмɟɧɧɨɝɨ ɢмɩɭɥɶсɚ ɬɨɤɚ ɜ ɧɟɣ ɜɨɡɧɢɤɚɸɬ ɡɚɬɭɯɚɸɳɢɟ 
ɤɨɥɟɛɚɧɢɹ с ɛɨɥɶɲɨɣ ɚмɩɥɢɬɭɞɨɣ ɢ мɟɧɶɲɟɣ ɱɚсɬɨɬɨɣ. ɇɚ ɩɪɚɤɬɢɤɟ, ɤɨɝɞɚ ɢмɟɟɬ мɟсɬɨ 
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ɩɟɪɟɯɨɞ ɨɬ ɧɟɩɪɨɜɚɪɚ сɬɵɤɚ ɤ ɩɨɥɧɨмɭ ɩɪɨɩɥɚɜɥɟɧɢɸ, ɱɚсɬɨɬɚ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ 
ɜɚɧɧɵ сɬɭɩɟɧɱɚɬɨ ɢɡмɟɧɹɟɬсɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 150 ɞɨ 50 Ƚɰ (ɪɢс. 3). Ʉɨɧɬɪɨɥɶ ɢɡмɟɧɟɧɢɹ 
ɱɚсɬɨɬɵ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪмɚɰɢɸ ɨ ɤɚɱɟсɬɜɟ 
ɮɨɪмɢɪɨɜɚɧɢɹ ɲɜɚ ɜ ɩɪɨɰɟссɟ сɜɚɪɤɢ. 

 
 

Ɋɢсɭɧɨɤ 3 – Ƚɪɚɮɢɤ ɢɡмɟɧɟɧɢɹ ɱɚсɬɨɬɵ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ ɢɡмɟɧɟɧɢɢ ɝɥɭɛɢɧɵ 

ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ ɜ ɡɚɜɢсɢмɨсɬɢ ɨɬ ɢɡмɟɧɟɧɢɹ ɬɨɤɚ 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] 
 

Ɉсɰɢɥɥɨɝɪɚммɵ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɪɢсɭɧɤɟ 4 ɨɬɪɚɠɚɸɬ ɢɧɮɨɪмɚɰɢɸ ɨ ɤɨɥɟɛɚɧɢɹɯ 
ɜɧɟɲɧɟɝɨ ɡɟɪɤɚɥɚ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ ɜɨɡɞɟɣсɬɜɢɢ ɢмɩɭɥɶсɚ ɬɨɤɚ с ɚмɩɥɢɬɭɞɨɣ Iɢ. 

ɂɡмɟɧɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɞɭɝɢ ɩɪɢ ɩɟɪɟɯɨɞɧɨм ɩɪɨɰɟссɟ ɜɵɡɜɚɧɨ ɢɡмɟɧɟɧɢɟм ɞɥɢɧɵ 
ɞɭɝɢ ɢɡ-ɡɚ ɤɨɥɟɛɚɧɢɹ ɩɨɜɟɪɯɧɨсɬɢ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ Д2Ж. 

 

 

 
Ɋɢсɭɧɨɤ 4 – Ɉсɰɢɥɥɨɝɪɚммɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ (ɚ, ɛ) ɢ сɨɨɬɜɟɬсɬɜɭɸɳɢɣ ɢм ɱɚсɬɨɬɧɵɣ сɩɟɤɬɪ 

ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɞɥɹ сɥɭɱɚɟɜ ɧɟɩɨɥɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ (ɜ) ɢ ɩɨɥɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ 

сɬɵɤɚ (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)] 
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ɑɭɜсɬɜɢɬɟɥɶɧɨсɬɶ сɢсɬɟмɵ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɞɭɝɢ ɤ ɤɨɥɟɛɚɧɢɹм ɩɨɜɟɪɯɧɨсɬɧɨɝɨ 
сɥɨɹ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜɵɲɟ ɩɪɢ ɜɟɞɟɧɢɢ ɩɪɨɰɟссɚ сɜɚɪɤɢ ɧɚ ɤɨɪɨɬɤɨɣ ɞɭɝɟ. Ⱦɥɹ 
ɜɵɞɟɥɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɜɨɡɞɟɣсɬɜɢɢ ɧɚ сɜɚɪɨɱɧɭɸ ɜɚɧɧɭ ɤɚɠɞɨɝɨ 
ɢмɩɭɥɶсɚ ɢсɩɨɥɶɡɭɟɬсɹ ɪɚɡɧɨсɬɧɵɣ сɢɝɧɚɥ мɟɠɞɭ ɬɟɤɭɳɢмɢ ɢ ɧɨмɢɧɚɥɶɧɵмɢ 
ɡɧɚɱɟɧɢɹмɢ ɧɚɩɪɹɠɟɧɢɣ ɞɭɝɢ (ɩɪɢɧɰɢɩ ɤɨмɩɟɧсɚɰɢɢ) (ɪɢс. 5). 

 

  
 

 

 
 

Ɋɢсɭɧɨɤ 5 – Ɉсɰɢɥɥɨɝɪɚммɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɢмɩɭɥɶсɧɨ-ɞɭɝɨɜɨɣ сɜɚɪɤɟ с ɞɨɩɨɥɧɢɬɟɥɶɧɵмɢ 
ɤɪɚɬɤɨɜɪɟмɟɧɧɵмɢ ɢмɩɭɥɶсɚмɢ ɜɨɡɛɭɠɞɟɧɢɹ, ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ: ɚ – ɧɟɩɨɥɧɨɟ ɩɪɨɩɥɚɜɥɟɧɢɟ 
сɬɵɤɚ (ɧɟɩɪɨɜɚɪ); ɛ – ɧɨɪмɚɥɶɧɨɟ ɩɪɨɩɥɚɜɥɟɧɢɟ сɬɵɤɚ; ɜ – ɩɨɥɧɨɟ ɩɪɨɩɥɚɜɥɟɧɢɟ сɬɵɤɚ с ɩɪɨɜɢсɚɧɢɟм 

ɲɜɚ (сɥɭɱɚɣ, 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 ɱɭɜсɬɜɢɬɟɥɶɧɨсɬɢ ɤ ɢɡмɟɧɟɧɢɸ ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ ɧɚ ɪɚɛɨɱɢɟ 
ɢмɩɭɥɶсɵ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɨɬ ɢсɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɞɭɝɢ ɧɚɤɥɚɞɵɜɚɸɬ 
ɤɪɚɬɤɨɜɪɟмɟɧɧɵɟ (ɧɟсɤɨɥɶɤɨ мɢɥɥɢсɟɤɭɧɞ) ɢмɩɭɥɶсɵ, ɧɟ ɜɥɢɹɸɳɢɟ ɧɚ 
ɩɪɨɩɥɚɜɥɹɸɳɭɸ сɩɨсɨɛɧɨсɬɶ ɞɭɝɢ, ɧɨ ɩɨɜɵɲɚɸɳɢɟ ɤɨɥɟɛɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ 
сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ, – ɬɚɤ ɧɚɡɵɜɚɟмɵɟ ɢмɩɭɥɶсɵ ɜɨɡɛɭɠɞɟɧɢɹ. 

ɇɟɞɨсɬɚɬɤɨм сɩɨсɨɛɚ ɤɨɧɬɪɨɥɹ ɝɥɭɛɢɧɵ ɩɪɨɩɥɚɜɥɟɧɢɹ ɹɜɥɹɸɬсɹ мɚɥɵɟ ɢɡмɟɧɟɧɢɹ 
ɧɚɩɪɹɠɟɧɢɹ ɞɭɝɢ (ɧɟ ɛɨɥɟɟ 0,5 ȼ) ɩɪɢ ɤɨɥɟɛɚɧɢɢ ɩɨɜɟɪɯɧɨсɬɢ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ. Ⱦɥɹ 
ɧɚɞɟɠɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ мɚɥɵɯ ɢɡмɟɧɟɧɢɣ ɧɚɩɪɹɠɟɧɢɹ ɞɭɝɢ сɥɟɞɭɟɬ ɩɪɨɜɨɞɢɬɶ 
сɜɚɪɤɭ сɨ сɬɚɛɢɥɢɡɢɪɨɜɚɧɧɵм ɢсɬɨɱɧɢɤɨм ɩɢɬɚɧɢɹ ɞɭɝɢ ɧɚ мɢɧɢмɚɥɶɧɨм ɧɚɩɪɹɠɟɧɢɢ 
ɞɭɝɢ (ɤɨɪɨɬɤɚɹ ɞɥɢɧɚ ɞɭɝɢ), ɢ ɥɭɱɲɟ ɜ сɪɟɞɟ ɝɟɥɢɹ. ɑɭɜсɬɜɢɬɟɥɶɧɨсɬɶ сɩɨсɨɛɚ 
ɢɡмɟɧɹɟɬсɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɧɚ сɜɚɪɤɭ ɜ ɪɚɡɥɢɱɧɵɯ ɩɪɨсɬɪɚɧсɬɜɟɧɧɵɯ ɩɨɥɨɠɟɧɢɹɯ. 

Ⱦɪɭɝɨɣ сɩɨсɨɛ ɢɧɞɢɤɚɰɢɢ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ, ɤɨɬɨɪɵɣ ɨɤɚɡɚɥсɹ ɛɨɥɟɟ 
ɧɚɞɟɠɧɵм ɧɚ ɩɪɚɤɬɢɤɟ, ɡɚɤɥɸɱɚɟɬсɹ ɜ ɢсɩɨɥɶɡɨɜɚɧɢɢ ɮɨɬɨɞɢɨɞɧɵɯ ɨɩɬɢɱɟсɤɢɯ 
ɭсɬɪɨɣсɬɜ Д3, 4Ж. 

1) Ɉɩɬɢɱɟсɤɢɣ ɞɚɬɱɢɤ. Ⱦɥɹ ɢɡмɟɪɟɧɢɹ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ сɢсɬɟмɟ 
ɤɨɧɬɪɨɥɹ ɢсɩɨɥɶɡɭɟɬсɹ ɩɪɢɧɰɢɩ ɨɩɬɢɱɟсɤɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ. Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ 
ɢɡмɟɪɟɧɢɹ ɩɪɢɞɚɟɬ сɢсɬɟмɟ ɛɨɥɶɲɭɸ ɧɚɞɟɠɧɨсɬɶ ɢ ɩɪɨсɬɨɬɭ ɩɪɢмɟɧɟɧɢɹ. ɋɜɚɪɨɱɧɚɹ 
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ɜɚɧɧɚ ɢмɟɟɬ ɛɥɟсɬɹɳɭɸ (ɡɟɪɤɚɥɶɧɭɸ) ɩɨɜɟɪɯɧɨсɬɶ, ɮɨɪмɚ ɤɨɬɨɪɨɣ ɩɨ мɟɪɟ ɤɨɥɟɛɚɧɢɣ 
ɢɡмɟɧɹɟɬсɹ, мɨɞɭɥɢɪɭɹ ɨɬɪɚɠɟɧɧɵɣ сɜɟɬ ɞɭɝɢ. Ⱦɚɧɧɚɹ мɨɞɭɥɹɰɢɹ сɨсɬɨɢɬ ɢɡ ɞɜɭɯ 
ɷɮɮɟɤɬɨɜ: мɨɞɭɥɹɰɢɢ ɢɡ-ɡɚ ɢɡмɟɧɟɧɢɹ сɤɪɵɬɨɣ сɨсɬɚɜɥɹɸɳɟɣ ɞɥɢɧɵ ɞɭɝɢ ɢ ɢɡмɟɧɟɧɢɹ 
ɮɨɪмɵ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ, ɤɨɬɨɪɚɹ ɞɟɣсɬɜɭɟɬ ɤɚɤ ɡɟɪɤɚɥɨ. ȿсɥɢ ɩɨмɟсɬɢɬɶ ɜɯɨɞɧɨɣ 
ɨɛɴɟɤɬɢɜ ɨɩɬɢɱɟсɤɨɝɨ ɜɨɥɨɤɧɚ ɞɥɹ сɛɨɪɚ ɱɚсɬɢ мɨɞɭɥɢɪɨɜɚɧɧɨɝɨ сɜɟɬɚ ɜɛɥɢɡɢ ɡɨɧɵ 
сɜɚɪɤɢ ɢ ɩɟɪɟɞɚɬɶ ɩɨ ɧɟмɭ ɢɡɥɭɱɟɧɢɟ ɧɚ ɮɨɬɨɞɢɨɞ (ɪɢс. 6), ɬɨ ɷɥɟɤɬɪɢɱɟсɤɢɣ сɢɝɧɚɥ ɨɬ 
ɮɨɬɨɞɢɨɞɚ ɛɭɞɟɬ сɨɞɟɪɠɚɬɶ ɢɧɮɨɪмɚɰɢɸ ɨ ɱɚсɬɨɬɟ ɤɨɥɟɛɚɧɢɹ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ. 
ɋɢɝɧɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɬɚɤɢм ɨɛɪɚɡɨм, ɢмɟɸɬ ɧɢɡɤɢɟ ɭɪɨɜɧɢ ɩɨмɟɯ. Ʉɨɥɟɛɚɧɢɹ 
сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɮɨɪмɢɪɭɸɬ ɧɚ ɜɵɯɨɞɟ ɮɨɬɨɞɢɨɞɚ ɱɟɬɤɢɣ ɷɥɟɤɬɪɢɱɟсɤɢɣ сɢɝɧɚɥ, 
ɤɨɬɨɪɵɣ ɜɩɨсɥɟɞсɬɜɢɢ ɚɧɚɥɢɡɢɪɭɟɬсɹ с ɩɨмɨɳɶɸ ɤɨмɩɶɸɬɟɪɚ. 

 

 
 

Ɋɢсɭɧɨɤ 6 – ɋɯɟмɚ ɭсɬɚɧɨɜɤɢ ɨɩɬɢɱɟсɤɨɝɨ ɞɚɬɱɢɤɚ ɧɚ сɜɚɪɨɱɧɨɣ ɝɨɪɟɥɤɟ: 1 – сɜɚɪɨɱɧɚɹ ɝɨɪɟɥɤɚ; 
2 – ɨɛɴɟɤɬɢɜ; 3 – ɨɩɬɢɱɟсɤɨɟ ɜɨɥɨɤɧɨ; 4 – ɩɨɜɟɪɯɧɨсɬɶ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ [Installation scheme of the optical 

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

 

Ɋɟɚɥɢɡɚɰɢɹ сɢɝɧɚɥɚ с ɮɨɬɨɞɢɨɞɚ ɢ ɟɝɨ сɩɟɤɬɪ ɞɥɹ сɥɭɱɚɹ ɧɟɩɨɥɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ 
сɬɵɤɚ (ɧɟɩɪɨɜɚɪɚ) ɩɨɤɚɡɚɧɵ ɧɚ ɪɢсɭɧɤɟ 7. 

 
 

Ɋɢсɭɧɨɤ 7 – ȼɪɟмɟɧɧɨɣ ɢ ɱɚсɬɨɬɧɵɣ ɝɪɚɮɢɤɢ ɩɨ ɨсɰɢɥɥɹɰɢɢ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢ ɧɟɩɨɥɧɨм 
ɩɪɨɩɥɚɜɥɟɧɢɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ сɢɝɧɚɥɚ ɧɚ ɜɵɯɨɞɟ ɨɩɬɢɱɟсɤɨɝɨ ɞɚɬɱɢɤɚ [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) ɂɧɮɨɪмɚɰɢɹ ɨ ɱɚсɬɨɬɟ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ, ɩɪɢсɭɬсɬɜɭɸɳɚɹ ɜ сɢɝɧɚɥɟ 
ɨɬ ɮɨɬɨɞɢɨɞɚ, ɨɩɪɟɞɟɥɹɟɬсɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟм Ɏɭɪɶɟ с ɩɨмɨɳɶɸ сɩɟɰɢɚɥɶɧɨɝɨ 
ɩɪɨɝɪɚммɧɨɝɨ ɨɛɟсɩɟɱɟɧɢɹ Д5Ж. 

ɉɪɢмɟɪɵ сɩɟɤɬɪɚ Ɏɭɪɶɟ, ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɞɜɭɯ ɬɢɩɢɱɧɵɯ ɪɟɚɥɢɡɚɰɢɣ (ɩɨɥɧɨɝɨ ɢ 
ɧɟɩɨɥɧɨɝɨ ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ), ɩɨɤɚɡɚɧɵ ɧɚ ɪɢсɭɧɤɚɯ 4 ɢ 5. ɉɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɨсɭɳɟсɬɜɥɹɟɬсɹ с ɩɨмɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ ɛɵсɬɪɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ (ȻɉɎ). 

Ɉɩɪɟɞɟɥɢɜ ɱɚсɬɨɬɭ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ, сɢсɬɟмɚ ɤɨɧɬɪɨɥɹ ɩɪɨɩɥɚɜɥɟɧɢɹ 
сɬɵɤɚ ɜɵɪɚɛɚɬɵɜɚɟɬ сɨɨɬɜɟɬсɬɜɭɸɳɟɟ ɤɨɪɪɟɤɬɢɪɭɸɳɟɟ ɜɨɡɞɟɣсɬɜɢɟ. ɀɟɥɚɟмɨɟ 
ɡɧɚɱɟɧɢɟ ɱɚсɬɨɬɵ ɜ ɝɟɪɰɚɯ ɩɨɥɭɱɚɸɬ ɩɪɨсɬɵм ɪɚсɱɟɬɨм ɩɨ ɮɨɪмɭɥɟ (8): 

 

  
m

const
f x  (8) 

 

ɝɞɟ ɬ – мɚссɚ ɜɚɧɧɵ; 
 σx – ɩɨɜɟɪɯɧɨсɬɧɨɟ ɧɚɬɹɠɟɧɢɟ мɚɬɟɪɢɚɥɚ;  
 ɤɨɧсɬɚɧɬɚ ɮɨɪмɵ ɞɥɹ ɪɟɚɥɶɧɵɯ сɜɚɪɨɱɧɵɯ ɜɚɧɧ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɪɚɜɧɚ ɟɞɢɧɢɰɟ. 

 

ɂɡ ɭɪɚɜɧɟɧɢɹ (8) ɹсɧɨ, ɱɬɨ ɱɟм ɛɨɥɶɲɟ мɚссɚ ɜɚɧɧɵ, ɬɟм ɧɢɠɟ ɱɚсɬɨɬɚ ɟɟ 
ɤɨɥɟɛɚɧɢɣ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɟсɥɢ ɬɪɟɛɭɟɬсɹ ɜɵɩɨɥɧɢɬɶ сɜɚɪɤɭ с ɩɨɥɧɵм ɩɪɨɩɥɚɜɥɟɧɢɟм, 
ɧɭɠɧɚ сɜɚɪɨɱɧɚɹ ɜɚɧɧɚ ɛɨɥɶɲɟɣ мɚссɵ. ɋɨɝɥɚсɧɨ ɮɨɪмɭɥɟ (8) ɱɚсɬɨɬɚ ɤɨɥɟɛɚɧɢɣ ɬɚɤɨɣ 
ɜɚɧɧɵ ɛɭɞɟɬ сɧɢɠɟɧɚ. Ɇɚссɭ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ мɨɠɧɨ ɨɰɟɧɢɬɶ ɩɨ ɮɨɪмɭɥɟ (9): 

 

  
4

2
dh

m , (9) 

 

ɝɞɟ ɪ – ɩɥɨɬɧɨсɬɶ; 
 h – ɬɨɥɳɢɧɚ сɜɚɪɢɜɚɟмɨɝɨ мɚɬɟɪɢɚɥɚ; 
 d – ɞɢɚмɟɬɪ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ.  

 

ɋ ɭɱɟɬɨм ɭɪɚɜɧɟɧɢɹ (9) ɮɨɪмɭɥɚ (8) ɛɭɞɟɬ ɢмɟɬɶ ɜɢɞ: 
 

  
hd

f x2
 (10) 

 

ɉɪɢ ɢмɩɭɥɶсɧɨ-ɞɭɝɨɜɨɣ сɜɚɪɤɟ ɧɟɩɥɚɜɹɳɢмсɹ ɷɥɟɤɬɪɨɞɨм с ɩɨɥɧɵм 
ɩɪɨɩɥɚɜɥɟɧɢɟм сɬɵɤɨɜɨɝɨ сɨɟɞɢɧɟɧɢɹ ɢɡ ɚɭсɬɟɧɢɬɧɨɣ сɬɚɥɢ ɩɪɢ ɪ = 8000 ɤɝ/м3

 ɢ σx = 1 

ɮɨɪмɭɥɚ (10) ɩɪɢмɟɬ ɜɢɞ: 
 

  
hd

f
0126,0

. 

 

Ⱦɥɹ ɲɜɚ ɲɢɪɢɧɨɣ 7 мм ɢ ɬɨɥɳɢɧɨɣ ɩɥɚсɬɢɧɵ С = 3 мм ɪɚсɱɟɬɧɚɹ ɱɚсɬɨɬɚ 
ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ сɨсɬɚɜɥɹɟɬ П  = 31 Ƚɰ. 

 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚ сɯɟмɚ сɢсɬɟмɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɩɥɚɜɥɟɧɢɟм сɬɵɤɚ ɩɨ ɨсɰɢɥɥɹɰɢɢ 
сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢсɭɧɤɟ 8. 
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Ɋɢсɭɧɨɤ 8 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ сɯɟмɚ сɢсɬɟмɵ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɩɥɚɜɥɟɧɢɟм ɩɨ ɨсɰɢɥɥɹɰɢɢ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ 
[Functional diagram of the penetration control system for welding pool oscillation] 

 

ȼ сɢсɬɟмɟ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɢмɩɭɥɶсɧɨ-ɞɭɝɨɜɨɣ сɜɚɪɤɢ ɧɟɩɥɚɜɹɳɢмсɹ ɷɥɟɤɬɪɨɞɨм 
ɢсɩɨɥɶɡɭɟɬсɹ ɢɧɜɟɪɬɨɪɧɵɣ ɭɩɪɚɜɥɹɟмɵɣ ɢсɬɨɱɧɢɤ ɩɢɬɚɧɢɹ (ɍɂɉ), ɨɛɟсɩɟɱɢɜɚɸɳɢɣ 
сɬɚɛɢɥɢɡɚɰɢɸ ɩɚɪɚмɟɬɪɨɜ ɬɨɤɚ ɢ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɪɨɜɧɟ ɡɚɞɚɧɧɵɯ ɭсɬɚɜɨɤ ɱɟɪɟɡ ɩɚɧɟɥɶ 
ɭɩɪɚɜɥɟɧɢɹ ɢɥɢ ɨɬ ɤɨмɩɶɸɬɟɪɚ. Ʉɨɥɟɛɚɧɢɹ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ ɤɚɠɞɨм ɰɢɤɥɟ 
ɢмɩɭɥɶсɧɨ-ɞɭɝɨɜɨɣ сɜɚɪɤɢ ɜɵɡɵɜɚɸɬсɹ ɤɪɚɬɤɨɜɪɟмɟɧɧɵмɢ ɢмɩɭɥɶсɚмɢ ɜɨɡɛɭɠɞɟɧɢɹ 
ɞɥɢɬɟɥɶɧɨсɬɶɸ 2...3 мс, ɧɚɤɥɚɞɵɜɚɟмɵмɢ ɧɚ ɪɚɛɨɱɢɣ ɢмɩɭɥɶс ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɟɝɨ 
ɞɟɣсɬɜɢɹ ɜ ɤɚɠɞɨм ɰɢɤɥɟ сɜɚɪɤɢ (ɪɢс. 9). ɂɧɮɨɪмɚɰɢɹ ɨ ɤɨɥɟɛɚɧɢɹɯ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ 
сɧɢмɚɟɬсɹ ɨɩɬɢɱɟсɤɢмɢ ɢɥɢ ɷɥɟɤɬɪɢɱɟсɤɢмɢ (ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɞɭɝɢ) ɞɚɬɱɢɤɚмɢ. ɋɯɟмɚ 
ɨɛɪɚɛɨɬɤɢ сɢɝɧɚɥɨɜ ɜ сɢсɬɟмɟ ɭɩɪɚɜɥɟɧɢɹ ɜɤɥɸɱɚɟɬ сɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 

– ɮɢɥɶɬɪɚɰɢɸ сɢɝɧɚɥɨɜ с ɩɨмɨɳɶɸ ɧɢɡɤɨɱɚсɬɨɬɧɨɝɨ ɮɢɥɶɬɪɚ Д6Ж; 
– ɡɚɳɢɬɭ сɯɟмɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ сɢɝɧɚɥɚ ɨɬ· мɨɳɧɨɣ ɚɞɞɢɬɢɜɧɨɣ ɩɨмɟɯɢ с 

ɩɨмɨɳɶɸ ɛɥɨɤɚ ɝɚɥɶɜɚɧɢɱɟсɤɨɣ ɪɚɡɜɹɡɤɢ ɜ ɰɢɮɪɨɜɨɣ ɢ ɚɧɚɥɨɝɨɜɨɣ ɱɚсɬɹɯ сɢсɬɟмɵ Д7Ж; 
– ɨɰɢɮɪɨɜɤɭ сɢɝɧɚɥɨɜ ɢ ɩɟɪɟɞɚɱɭ ɢɯ ɱɟɪɟɡ ɭсɬɪɨɣсɬɜɨ сɜɹɡɢ с ɨɛɴɟɤɬɨм (ɍɋɈ) 

ɞɥɹ ɱɚсɬɨɬɧɨɣ ɨɛɪɚɛɨɬɤɢ ɜ ɤɨмɩɶɸɬɟɪɟ Д8Ж; 
– ɱɚсɬɨɬɧɭɸ ɨɛɪɚɛɨɬɤɭ сɢɝɧɚɥɨɜ ɩɨ ɩɪɨɝɪɚммɟ ɨɛɪɚɛɨɬɤɢ ɢɧɮɨɪмɚɰɢɨɧɧɨɝɨ 

сɢɝɧɚɥɚ с ɢсɩɨɥɶɡɨɜɚɧɢɟм ȻɉɎ Д9Ж. 
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Ɋɢсɭɧɨɤ 9 – Ɏɨɪмɚ ɢмɩɭɥɶсɨɜ ɩɪɢ ɢмɩɭɥɶсɧɨ-ɞɭɝɨɜɨɣ сɜɚɪɤɟ: ɚ – ɪɚɛɨɱɢɣ ɢмɩɭɥɶс (Iɢ, tɢ); ɛ – ɢмɩɭɥɶс 

ɜɨɡɛɭɠɞɟɧɢɹ (Iɜ, tɜ), ɧɚɥɨɠɟɧɧɵɣ ɧɚ ɧɚɱɚɥɨ ɪɚɛɨɱɟɝɨ ɢмɩɭɥɶсɚ [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 сɬɪɭɤɬɭɪɭ сɢсɬɟмɵ ɚɜɬɨмɚɬɢɱɟсɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɨмɢмɨ ɤɨмɩɶɸɬɟɪɚ с ɧɚɛɨɪɨм 
сɩɟɰɢɚɥɶɧɵɯ ɩɟɪɢɮɟɪɢɣɧɵɯ ɭсɬɪɨɣсɬɜ (ɩɪɢɧɬɟɪ, ɞɢсɩɥɟɣ, мɵɲɶ) ɜɯɨɞɹɬ 
ɭсɢɥɢɬɟɥɶɧɵɟ, ɢɡмɟɪɢɬɟɥɶɧɵɟ ɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɭсɬɪɨɣсɬɜɚ ɬɢɩɚ Ⱥɐɉ, ɐȺɉ, 
мɧɨɝɨɤɚɧɚɥɶɧɵɣ ɰɢɮɪɨɜɨɣ ɪɟɝɢсɬɪɚɬɨɪ ɨсɧɨɜɧɵɯ ɩɚɪɚмɟɬɪɨɜ сɜɚɪɤɢ (ɢмɩɭɥɶсɧɨɝɨ 
ɬɨɤɚ, ɧɚɩɪɹɠɟɧɢɹ ɞɭɝɢ, сɤɨɪɨсɬɢ сɜɚɪɤɢ, сɢɝɧɚɥɚ ɨɬ ɮɨɬɨɞɢɨɞɚ), ɮɨɪмɢɪɭɸɳɢɣ 
ɩɚсɩɨɪɬ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟсɤɢɣ ɩɪɨɰɟсс Д10Ж. Ɂɚɩɢсɚɧɧɵɟ ɜ ɪɟɝɢсɬɪɚɬɨɪɟ ɜ ɰɢɮɪɨɜɨм ɜɢɞɟ 
ɞɚɧɧɵɟ ɨ ɩɚɪɚмɟɬɪɚɯ ɩɪɨɰɟссɚ сɜɚɪɤɢ ɜ ɚɜɬɨɧɨмɧɨм ɪɟɠɢмɟ (ɛɟɡ ɤɨмɩɶɸɬɟɪɚ) ɩɪɢ 
ɧɟɨɛɯɨɞɢмɨсɬɢ мɨɝɭɬ ɛɵɬɶ ɪɚсɩɟɱɚɬɚɧɵ ɧɚ ɩɪɢɧɬɟɪɟ ɢɥɢ ɜ ɪɟɠɢмɟ off-line ɨɛɪɚɛɨɬɚɧɵ 
ɧɚ ɤɨмɩɶɸɬɟɪɟ. 

ɋɢсɬɟмɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɩɪɨɝɪɚммɟ ȻɉɎ ɜɵɱɢсɥɹɟɬ ɚмɩɥɢɬɭɞɧɨ-ɱɚсɬɨɬɧɭɸ 
ɯɚɪɚɤɬɟɪɢсɬɢɤɭ (Ⱥɑɏ) ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ ɩɟɪɢɨɞ ɞɟɣсɬɜɢɹ ɤɚɠɞɨɝɨ 
ɢмɩɭɥɶсɚ сɜɚɪɤɢ ɢ ɢмɩɭɥɶсɚ ɩɚɭɡɵ ɩɨ сɢɝɧɚɥɭ с ɨɩɬɢɱɟсɤɨɝɨ ɞɚɬɱɢɤɚ ɢɥɢ 
ɷɥɟɤɬɪɢɱɟсɤɨɝɨ ɞɚɬɱɢɤɚ (ɪɢс. 10).  

 

 
 

Ɋɢсɭɧɨɤ 10 – Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɱɟсɬɜɚ сɜɚɪɤɢ ɩɨ ɢɞɟɧɬɢɮɢɤɚɰɢɢ Ⱥɑɏ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ 

ɩɟɪɢɨɞɵ ɢмɩɭɥɶсɚ ɢ ɩɚɭɡɵ ɜ ɝ-м ɰɢɤɥɟ сɜɚɪɤɢ [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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ɑɚсɬɨɬɧɵɣ ɚɧɚɥɢɡ ɩɨɥɨɠɟɧɢɹ ɩɢɤɚ Ⱥɑɏ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɜ ɩɟɪɢɨɞ 
ɞɟɣсɬɜɢɹ ɢмɩɭɥɶсɚ ɢ ɩɚɭɡɵ ɧɚ ɤɚɠɞɨм Т-м ɰɢɤɥɟ сɜɚɪɤɢ ɜ сɨɨɬɜɟɬсɬɜɢɢ с ɬɚɛɥɢɰɟɣ 
ɤɚɱɟсɬɜɚ сɜɚɪɤɢ (ɪɢс. 10) ɩɨɡɜɨɥɹɟɬ ɮɨɪмɢɪɨɜɚɬɶ ɤɨɪɪɟɤɬɢɪɭɸɳɢɣ сɢɝɧɚɥ ɭɩɪɚɜɥɟɧɢɹ 
ɩɨ ɬɨɤɭ I'ɤɢ сɜɚɪɨɱɧɨɝɨ ɢмɩɭɥɶсɚ Д11Ж. Ɉɩɪɟɞɟɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ I'ɤɢ ɢсɩɨɥɶɡɭɸɬ ɞɥɹ 
сɬɚɛɢɥɢɡɚɰɢɢ ɝɥɭɛɢɧɵ ɩɪɨɩɥɚɜɥɟɧɢɹ сɬɵɤɚ ɩɪɢ ɞɟɣсɬɜɢɢ ɜ ɩɪɨɰɟссɟ сɜɚɪɤɢ 
ɬɟɯɧɨɥɨɝɢɱɟсɤɢɯ ɜɨɡмɭɳɟɧɢɣ Д12, 13Ж. 

Ⱥɥɝɨɪɢɬм ɪɚɛɨɬɵ ɤɨмɩɶɸɬɟɪɧɨɣ сɢсɬɟмɵ ɭɩɪɚɜɥɟɧɢɹ ɜ ɪɟɚɥɶɧɨм ɜɪɟмɟɧɢ (ɡɚ 
ɤɚɠɞɵɣ ɰɢɤɥ сɜɚɪɤɢ) ɩɪɢɜɟɞɟɧ ɧɚ ɪɢсɭɧɤɟ 11. 

 

 
 

Ɋɢсɭɧɨɤ 11 – Ⱥɥɝɨɪɢɬм ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜ ɤɨмɩɶɸɬɟɪɧɨɣ сɢсɬɟмɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɩɥɚɜɥɟɧɢɟм 

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

 

Ɍɚɤɢм ɨɛɪɚɡɨм, ɩɨ ɪɟɡɭɥɶɬɚɬɚм ɩɪɨɜɟɞɟɧɧɵɯ ɬɟɨɪɟɬɢɱɟсɤɢɯ ɢ ɷɤсɩɟɪɢмɟɧɬɚɥɶɧɵɯ 
ɢссɥɟɞɨɜɚɧɢɣ ɩɪɟɞɥɨɠɟɧɵ мɟɬɨɞɵ ɢ ɚɥɝɨɪɢɬмɵ ɩɨсɬɪɨɟɧɢɹ сɢсɬɟм ɚɜɬɨмɚɬɢɱɟсɤɨɝɨ 
ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟссɨм ɚɪɝɨɧɨɞɭɝɨɜɨɣ сɜɚɪɤɢ, ɜ ɨсɧɨɜɭ ɤɨɬɨɪɵɯ ɡɚɥɨɠɟɧɚ ɡɚɜɢсɢмɨсɬɶ 
сɩɟɤɬɪɚ ɤɨɥɟɛɚɧɢɣ сɜɚɪɨɱɧɨɣ ɜɚɧɧɵ с ɜɟɥɢɱɢɧɨɣ ɩɪɨɩɥɚɜɥɟɧɢɹ сɜɚɪɢɜɚɟмɨɝɨ ɢɡɞɟɥɢɹ. 
ɋɢсɬɟмɚ ɭɩɪɚɜɥɟɧɢɹ мɨɠɟɬ ɛɵɬɶ ɪɟɤɨмɟɧɞɨɜɚɧɚ ɩɪɢ ɩɪɨɢɡɜɨɞсɬɜɟ ɤɨɧсɬɪɭɤɰɢɣ 
ɨɬɜɟɬсɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. 
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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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