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The research concerns the secondary-emission flux in the process of electron-beam welding with 

the beam oscillation. During the analysis by the synchronous storage method the interconnection of 

secondary plasma current with the current of focus coil is found. The function characterizing the correla-

tion of secondary current and focus current is drawn. 
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Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɫɜɚɪɤɢ ɹɜɥɹɟɬɫɹ ɫɜɚɪɤɚ 
ɷɥɟɤɬɪɨɧɧɵɦ ɥɭɱɨɦ, ɨɧɚ ɢɦɟɟɬ ɪɹɞ ɩɪɟɢɦɭɳɟɫɬɜ ɩɟɪɟɞ ɬɪɚɞɢɰɢɨɧɧɵɦɢ ɦɟ-
ɬɨɞɚɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɨɛɨɫɩɟɱɟɧɢɟ ɪɚɜɧɨɩɪɨɱɧɨɫɬɢ ɦɟɬɚɥɥɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɨɫ-
ɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ, ɦɚɥɨɣ ɡɨɧɵ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ, ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɝɨ 
ɜɜɨɞɚ ɬɟɩɥɚ, ɜɨɡɦɨɠɧɨɫɬɶ ɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɜ ɜɚɤɭɭɦɟ ɢ ɞɪ. [1].  

Ⱦɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɨɜ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɷɥɟɤ-
ɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ ɫɞɟɪɠɢɜɚɥɨɫɶ ɧɟɞɨɫɬɚɬɤɨɦ ɡɧɚɧɢɣ ɨ ɩɪɨɰɟɫɫɚɯ, ɫɨ-
ɩɭɬɫɬɜɭɸɳɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɦɨɳɧɨɝɨ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɫ ɦɟɬɚɥɥɨɦ. 

ɋɥɨɠɧɨɫɬɶ ɷɬɢɯ ɹɜɥɟɧɢɣ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ  
ɢ ɨɩɟɪɚɬɢɜɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɜ ɰɟɥɨɦ.  
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ɇɟɨɛɯɨɞɢɦɨ ɞɚɥɶɧɟɣɲɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɤɚ-
ɧɚɥɟ ɩɪɨɩɥɚɜɥɟɧɢɹ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɟ. ɋ ɷɬɢɦɢ ɩɪɨɰɟɫɫɚɦɢ ɧɚ-
ɩɪɹɦɭɸ ɫɜɹɡɚɧɵ ɩɚɪɚɦɟɬɪɵ ɜɬɨɪɢɱɧɵɯ ɫɢɝɧɚɥɨɜ ɜ ɨɛɥɚɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤ-
ɬɪɨɧɧɨɝɨ ɥɭɱɚ ɧɚ ɦɟɬɚɥɥ, ɬɚɤɢɟ ɤɚɤ ɬɨɤɢ ɜɬɨɪɢɱɧɨɣ ɷɦɢɫɫɢɢ ɷɥɟɤɬɪɨɧɨɜ,  
ɡɚɪɹɞɵ ɩɥɚɡɦɵ ɢ ɞɪ. Ⱥɧɚɥɢɡɢɪɭɹ ɜɬɨɪɢɱɧɵɟ ɫɢɝɧɚɥɵ, ɜɨɡɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɢ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɩɪɨɰɟɫɫɵ ɜ ɤɚɧɚɥɟ ɩɪɨɩɥɚɜɥɟɧɢɹ [2–6].  

Ʉ ɧɚɫɬɨɹɳɟɦɭ ɜɪɟɦɟɧɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɮɨɤɭɫɢɪɨɜɤɢ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɟ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɫɢɝɧɚɥɚ 
ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ ɜ ɩɥɚɡɦɟ. Ɂɚɜɢɫɢɦɨɫɬɢ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɬ ɬɨɤɚ ɮɨɤɭɫɢɪɭɸ-

ɳɟɣ ɤɚɬɭɲɤɢ ɧɨɫɹɬ ɷɤɫɬɪɟɦɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. ȼ ɷɬɢɯ ɡɚɜɢɫɢɦɨɫɬɹɯ ɜɵɞɟɥɹɸɬ-
ɫɹ ɞɜɚ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɮɨɤɭɫɢɪɭɸɳɟɣ ɤɚɬɭɲɤɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɪɚɜɧɨ-
ɡɧɚɱɧɵɟ ɫɢɝɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ [5–8]. ɉɪɢ ɷɬɨɦ ɚɞɚɩɬɢɜɧɵɟ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨ-
ɥɹ ɮɨɤɭɫɢɪɨɜɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɥɭɱɚ ɢɫɩɨɥɶɡɭɸɬ ɧɢɡɤɨɱɚɫɬɨɬɧɨɟ ɫɤɚɧɢɪɨɜɚɧɢɟ 
ɮɨɤɭɫɚ, ɤɨɬɨɪɨɟ ɡɧɚɱɢɬɟɥɶɧɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɪɚɛɨɬɵ ɷɬɢɯ ɫɢɫɬɟɦ  

ɢ ɧɟɝɚɬɢɜɧɨ ɜɥɢɹɟɬ ɧɚ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɲɜɚ [9]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɜɬɨɪɢɱɧɨ-ɷɦɢɫɫɢɨɧ-

ɧɨɝɨ ɫɢɝɧɚɥɚ, ɫɨɩɭɬɫɬɜɭɸɳɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɫ ɦɟɬɚɥ-
ɥɨɦ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɟ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɥɭɱɚ. ɋ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ 
ɫɢɧɯɪɨɧɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɜɵɹɜɥɟɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɜɬɨɪɢɱɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ ɫɢɝ-
ɧɚɥɚ ɫ ɜɟɥɢɱɢɧɨɣ ɬɨɤɚ ɮɨɤɭɫɢɪɭɸɳɟɣ ɤɚɬɭɲɤɢ. ɗɬɚ ɢɧɮɨɪɦɚɰɢɹ ɨɱɟɧɶ ɜɚɠɧɚ 
ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɢɧɚɦɢɤɢ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ 
ɜ ɤɚɧɚɥɟ ɩɪɨɩɥɚɜɥɟɧɢɹ, ɢ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɷɥɟɤɬɪɨɧɧɨ-
ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ. 

Мɟɬɨɞɢɤɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɨɛɳɚɸɳɢɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɟɪɟɦɟɳɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨ-
ɝɨ ɩɭɱɤɚ ɩɨ ɩɪɨɫɬɟɣɲɢɦ  ɬɪɚɟɤɬɨɪɢɹɦ: ɜɞɨɥɶ ɢ ɩɨɩɟɪɟɤ ɲɜɚ. ɋɢɝɧɚɥ ɬɨɤɚ  
ɜ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɤɚɯ ɢɦɟɥ ɥɢɧɟɣɧɭɸ ɮɨɪɦɭ. ȼɚɪɶɢɪɨɜɚɥɢɫɶ ɱɟɬɵɪɟ ɩɚɪɚ-
ɦɟɬɪɚ: ɚɦɩɥɢɬɭɞɚ ɨɫɰɢɥɥɹɰɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ, ɱɚɫɬɨɬɚ ɨɫɰɢɥɥɹɰɢɢ,  ɦɨɳ-

ɧɨɫɬɶ ɩɭɱɤɚ ɢ ɬɨɤ ɮɨɤɭɫɢɪɭɸɳɟɣ ɥɢɧɡɵ. Ɉɛɪɚɡɰɵ ɢɡ ɫɬɚɥɢ 15ɏ5Ɇ ɫɜɚɪɢɜɚɥɢɫɶ 
ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 60 ɤȼ ɢ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ 5 ɦɦ/ɫ. Ƚɥɭɛɢɧɚ ɩɪɨ-
ɩɥɚɜɥɟɧɢɹ ɩɪɢ ɨɫɬɪɨɣ ɮɨɤɭɫɢɪɨɜɤɟ ɛɟɡ ɨɫɰɢɥɥɹɰɢɢ ɩɭɱɤɚ 10–18 ɦɦ. ɂɡɦɟɧɟɧɢɟ 
ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɷɬɚɩɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1.  

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɫɜɚɪɨɱɧɵɯ ɩɪɨɯɨɞɨɜ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɣ ɢɧ-

ɮɨɪɦɚɰɢɨɧɧɨ-ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɛɚɡɟ IBM-ɫɨɜɦɟɫɬɢɦɨɝɨ ɤɨɦɩɶɸɬɟ-
ɪɚ, ɨɫɧɚɳɟɧɧɨɝɨ ɦɧɨɝɨɤɚɧɚɥɶɧɵɦ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɵɦ ɢɧɬɟɪɮɟɣɫɨɦ, ɪɟɝɢɫɬ-
ɪɢɪɨɜɚɥɫɹ ɬɨɤ, ɩɪɨɯɨɞɹɳɢɣ ɜ ɰɟɩɢ ɤɨɥɥɟɤɬɨɪɚ ɜɬɨɪɢɱɧɵɯ ɷɥɟɤɬɪɨɧɨɜ, ɪɚɫɩɨ-
ɥɨɠɟɧɧɨɝɨ ɧɚɞ ɡɨɧɨɣ ɫɜɚɪɤɢ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɩɨɞ ɩɨɥɨɠɢɬɟɥɶɧɵɦ 

ɩɨɬɟɧɰɢɚɥɨɦ 50 ȼ (ɪɢɫ. 1). ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɪɟɡɢɫɬɨɪɚ ɧɚɝɪɭɡɤɢ ɜ ɰɟɩɢ ɤɨɥɥɟɤ-
ɬɨɪɚ ɫɨɫɬɚɜɥɹɥɨ 50 Ɉɦ. Ɋɟɡɭɥɶɬɚɬɵ ɪɟɝɢɫɬɪɚɰɢɢ ɡɚɩɢɫɵɜɚɥɢɫɶ ɜ ɮɚɣɥ ɞɥɹ 
ɞɚɥɶɧɟɣɲɟɣ ɨɛɪɚɛɨɬɤɢ. ɑɚɫɬɨɬɵ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɜ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧ-

ɬɚɯ – ɨɬ 100 ɤȽɰ ɞɨ 1 ɆȽɰ ɧɚ ɤɚɧɚɥ. 
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Ɍɚɛɥɢɰɚ 1  

ȼɚɪɶɢɪɨɜɚɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 

ɗɬɚɩɵ Ɉɫɰɢɥɥɹɰɢɹ ɩɭɱɤɚ ɩɨɩɟɪɟɤ ɫɬɵɤɚ Ɉɫɰɢɥɥɹɰɢɹ ɩɭɱɤɚ ɜɞɨɥɶ ɫɬɵɤɚ 
ɉɚɪɚɦɟɬɪɵ ∆If, ɦȺ f, Ƚɰ 2A, ɦɦ P, ɤȼɬ ∆If, ɦȺ f, Ƚɰ 2A, ɦɦ P, ɤȼɬ 
ɇɢɠɧɢɣ ɩɪɟɞɟɥ 
ɜɚɪɶɢɪɨɜɚɧɢɹ –24 200 0,1 2 –24 90 0,4 2 

ȼɟɪɯɧɢɣ ɩɪɟɞɟɥ 
ɜɚɪɶɢɪɨɜɚɧɢɹ 24 2000 1,4 4 24 1200 2,7 4 

 

ɉɪɢɦɟɱɚɧɢɟ. P – ɦɨɳɧɨɫɬɶ ɫɜɚɪɤɢ, ∆If = If – If0 – ɨɬɤɥɨɧɟɧɢɟ ɬɨɤɚ ɮɨɤɭɫɢɪɨɜɤɢ 

ɩɪɢ ɫɜɚɪɤɟ ɨɫɰɢɥɥɢɪɭɸɳɢɦ ɩɭɱɤɨɦ (ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɡɧɚɱɟɧɢɹɦɢ ɬɨɤɚ ɮɨɤɭɫɢɪɨɜɤɢ 

ɩɪɢ ɫɜɚɪɤɟ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɩɭɱɤɚ ɢ ɬɨɤɨɦ ɨɫɬɪɨɣ ɮɨɤɭɫɢɪɨɜɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦ ɦɚɤ-
ɫɢɦɚɥɶɧɭɸ ɝɥɭɛɢɧɭ ɩɪɢ ɫɜɚɪɤɟ ɛɟɡ ɨɫɰɢɥɥɹɰɢɢ ɩɭɱɤɚ), 2А – ɭɞɜɨɟɧɧɚɹ ɚɦɩɥɢɬɭɞɚ ɨɬ-
ɤɥɨɧɟɧɢɹ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ, f – ɱɚɫɬɨɬɚ ɨɫɰɢɥɥɹɰɢɢ. 

 

                  
 

 

5 

 

 

 

 

        6 

7 

4 

8 

2 

1 

3 Ik 

Ik 

Ɋɢɫ. 1. ɋɯɟɦɚ ɪɟɝɢɫɬɪɚɰɢɢ ɬɨɤɚ ɧɟɫɚɦɨɫɬɨɹɬɟɥɶɧɨɝɨ 

ɪɚɡɪɹɞɚ ɜ ɩɥɚɡɦɟ, ɨɛɪɚɡɭɸɳɟɣɫɹ ɧɚɞ ɨɛɥɚɫɬɶɸ ɷɥɟɤ-
ɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ: 1 – ɷɥɟɤɬɪɨɧɧɚɹ ɩɭɲɤɚ; 2 – 

ɮɨɤɭɫɢɪɭɸɳɚɹ ɥɢɧɡɚ; 3 – ɩɥɚɡɦɚ, ɨɛɪɚɡɭɸɳɚɹɫɹ ɧɚɞ 

ɨɛɥɚɫɬɶɸ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ; 4 – ɤɨɥɥɟɤɬɨɪ 
ɷɥɟɤɬɪɨɧɨɜ; 5 – ɫɢɫɬɟɦɚ ɪɟɝɢɫɬɪɚɰɢɢ; 6 – ɪɟɡɢɫɬɨɪ ɧɚ-
ɝɪɭɡɤɢ;  7       –  ɢɫɬɨɱɧɢɤ ɫɦɟɳɟɧɢɹ;  8 – ɨɛɪɚɛɚɬɵɜɚɟɦɨɟ 

ɢɡɞɟɥɢɟ 
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Ⱦɚɥɟɟ ɢɡɝɨɬɚɜɥɢɜɚɥɢɫɶ ɩɨɩɟɪɟɱɧɵɟ ɦɚɤɪɨɲɥɢɮɵ ɩɨɥɭɱɟɧɧɵɯ ɲɜɨɜ  
ɢ  ɩɪɨɜɨɞɢɥɨɫɶ ɢɡɦɟɪɟɧɢɟ ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɡɨɧɵ ɩɪɨ-
ɩɥɚɜɥɟɧɢɹ (ɝɥɭɛɢɧɚ, ɲɢɪɢɧɚ ɜ ɫɪɟɞɧɟɣ ɢ ɜɟɪɯɧɟɣ ɱɚɫɬɹɯ ɢ ɬ.ɞ.).  Ɉɛɪɚɛɨɬɤɚ 
ɩɨɥɭɱɟɧɧɵɯ ɫɢɝɧɚɥɨɜ ɨɫɭɳɟɫɬɜɥɹɥɚɫɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɨɜ ɩɪɢɤɥɚɞɧɨ-

ɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ  MATLAB 7 ɢ Mathcad 15. 

ɉɪɢ ɚɧɚɥɢɡɟ ɫɢɝɧɚɥɚ ɜɬɨɪɢɱɧɨɝɨ ɬɟɪɦɨɷɥɟɤɬɪɨɧɧɨɝɨ ɬɨɤɚ ɜ ɩɥɚɡɦɟ ɩɪɢ-

ɦɟɧɹɥɫɹ ɦɟɬɨɞ ɫɢɧɯɪɨɧɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ, ɹɜɥɹɸɳɢɣɫɹ ɦɨɞɢɮɢɤɚɰɢɟɣ ɦɟɬɨɞɚ 
ɫɢɧɯɪɨɧɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ [10]. Ɉɩɨɪɧɵɣ ɫɢɝɧɚɥ g(t) ɞɥɹ ɫɢɧɯɪɨɧɧɨɝɨ ɞɟ-
ɬɟɤɬɢɪɨɜɚɧɢɹ ɮɨɪɦɢɪɨɜɚɥɫɹ ɢɡ ɫɢɝɧɚɥɚ ɜ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɤɚɯ ɢ ɩɪɟɞɫɬɚɜ-
ɥɹɥ ɫɨɛɨɣ ɩɪɹɦɨɭɝɨɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɦɚɥɨɣ ɫɤɜɚɠɧɨɫɬɢ (ɪɢɫ. 2).  

 

 
Ɋɢɫ. 2. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɨɩɨɪɧɨɝɨ ɫɢɝɧɚɥɚ:  
1 – ɬɨɤ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɟɤ Osc(t); 2 – 

ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɨɩɨɪɧɵɣ ɫɢɝɧɚɥ  g(t + τ);   
τ   –  ɫɞɜɢɝ  ɨɩɨɪɧɨɝɨ   ɫɢɝɧɚɥɚ   ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɫɢɝɧɚɥɚ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɟɤ 
 

Ɉɩɨɪɧɵɣ ɫɢɝɧɚɥ g(t + τ), ɫɞɜɢɧɭɬɵɣ ɧɚ ɜɪɟɦɹ τ (0 < τ < T, ɝɞɟ T – ɩɟɪɢɨɞ 

ɫɢɝɧɚɥɚ ɜ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɤɚɯ), ɭɦɧɨɠɚɥɫɹ ɧɚ ɫɢɝɧɚɥ ɜɬɨɪɢɱɧɨɝɨ ɬɨɤɚ 
Data(t) ɢ ɡɚɬɟɦ ɢɧɬɟɝɪɢɪɨɜɚɥɫɹ (ɫɭɦɦɢɪɨɜɚɥɫɹ ɢɥɢ ɭɫɪɟɞɧɹɥɫɹ) ɩɨ ɜɪɟɦɟɧɢ t.  

Ɋɟɡɭɥɶɬɚɬɨɦ ɞɚɧɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɹɜɥɹɥɚɫɶ ɮɭɧɤɰɢɹ S(τ), ɨɩɢɫɵɜɚɸ-

ɳɚɹ ɢɡɦɟɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɫɢɧɯɪɨɧɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɫɞɜɢɝɚ ɨɩɨɪɧɨɝɨ ɫɢɝɧɚɥɚ:  

0

0

( ) ( ) Data( )d ,S g t t t

τ

τ = + τ ⋅∫  

ɝɞɟ τ0 – ɜɪɟɦɹ ɜɵɛɨɪɤɢ. 
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Ɋɟɡɭɥɶɬɚɬɵ ɢ ɨɛɫɭɠɞɟɧɢɟ. Ɋɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɜɬɨ-
ɪɢɱɧɨɝɨ ɫɢɝɧɚɥɚ ɦɟɬɨɞɨɦ ɫɢɧɯɪɨɧɧɨɝɨ ɧɚɤɨɩɥɟɧɢɹ ɩɪɢ ɫɜɚɪɤɟ ɫ ɨɫɰɢɥɥɹɰɢɟɣ 

ɜɞɨɥɶ ɫɬɵɤɚ ɧɟɞɨɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɢ ɩɟɪɟɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ, ɩɪɢɜɟɞɟɧ 

ɧɚ ɪɢɫ. 3. ɇɚ ɪɢɫ 3, ɜ, ɝ ɮɭɧɤɰɢɹ S(τ) ɨɬɨɛɪɚɠɟɧɚ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
«ɫɢɝɧɚɥ – ɫɦɟɳɟɧɢɟ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɜ ɤɚɧɚɥɟ ɩɪɨɩɥɚɜɥɟɧɢɹ». 

 

 
                                              ɚ                                              ɛ 

 

 
                                            ɜ                                                   ɝ 

 

Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɨɛɪɚɛɨɬɤɢ ɜɬɨɪɢɱɧɨ-ɷɦɢɫɫɢɨɧɧɨɝɨ ɫɢɝɧɚɥɚ ɦɟɬɨɞɨɦ ɫɢɧɯɪɨɧɧɨɝɨ 

ɧɚɤɨɩɥɟɧɢɹ: 1 – ɮɭɧɤɰɢɹ S(τ); 2 – Osc(t) ɫɢɝɧɚɥ ɬɨɤɚ ɫ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɟɤ; ɚ, ɛ – ɧɟ-
ɞɨɮɨɤɭɫɢɪɨɜɚɧɧɵɣ  ɥɭɱ  (∆If  = –15 ɦȺ);  ɜ,      ɝ – ɩɟɪɟɮɨɤɭɫɢɪɨɜɚɧɧɵɣ ɥɭɱ (∆If   = 10 ɦȺ) 
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Ɇɨɠɧɨ ɨɬɦɟɬɢɬɶ ɭɜɟɥɢɱɟɧɢɟ ɜɬɨɪɨɣ ɝɚɪɦɨɧɢɤɢ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɩɟɪɟɮɨ-
ɤɭɫɢɪɨɜɚɧɧɵɦ ɪɟɠɢɦɚɦ. Ɍɚɤɠɟ ɨɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɫɜɚɪɤɟ ɫ ɨɫɰɢɥɥɹɰɢɟɣ 

ɜɞɨɥɶ ɫɬɵɤɚ ɧɟɞɨɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ ɨɧ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɨɬɞɚɟɬ 
ɩɟɪɟɞɧɟɣ ɫɬɟɧɤɟ ɤɚɧɚɥɚ ɩɪɨɩɥɚɜɥɟɧɢɹ. ɇɚ ɩɟɪɟɮɨɤɭɫɢɪɨɜɚɧɧɵɯ ɪɟɠɢɦɚɯ 
ɮɨɪɦɚ ɤɚɧɚɥɚ ɩɪɢɧɢɦɚɟɬ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɛɨɥɟɟ ɫɢɦɦɟɬɪɢɱɧɭɸ ɮɨɪɦɭ ɢ ɷɥɟɤ-
ɬɪɨɧɧɵɣ ɩɭɱɨɤ ɨɞɢɧɚɤɨɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɤɚɤ ɫ ɩɟɪɟɞɧɟɣ, ɬɚɤ ɢ ɫ ɡɚɞɧɟɣ 

ɫɬɟɧɤɨɣ ɤɚɧɚɥɚ ɩɪɨɩɥɚɜɥɟɧɢɹ. 
ȼɵɹɜɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɩɚɪɚɦɟɬɪɨɜ ɮɭɧɤɰɢɢ S(Ĳ) ɨɬ ɪɟɠɢɦɚ ɮɨɤɭɫɢɪɨɜɤɢ 

ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ. Ɏɭɧɤɰɢɹ ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɭɸ ɡɚɞɟɪɠɤɭ (ɯɚɪɚɤɬɟɪɢɡɭɸ-

ɳɭɸ ɡɚɞɟɪɠɤɭ ɜɬɨɪɢɱɧɨɝɨ ɫɢɝɧɚɥɚ ɬɨɤɚ ɜ ɩɥɚɡɦɟ) ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɨɤɚ ɨɬɤɥɨ-
ɧɹɸɳɢɯ ɤɚɬɭɲɟɤ – ∆Ĳ0 ɢɥɢ ∆S (ɫɦ. ɪɢɫ. 3). Ɂɧɚɤ ɢ ɜɟɥɢɱɢɧɚ ∆Ĳ0 (∆S) ɡɚɜɢɫɢɬ 
ɨɬ ɪɟɠɢɦɚ ɮɨɤɭɫɢɪɨɜɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ: ɡɧɚɱɟɧɢɟ ɡɚɞɟɪɠɤɢ ɭɦɟɧɶɲɚɟɬɫɹ  
ɫ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɜ ɪɟɠɢɦɟ ɫɜɚɪɤɢ ɫ ɧɟɞɨɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ 

ɩɭɱɤɨɦ ɞɨ ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɜ ɪɟɠɢɦɟ ɫɜɚɪɤɢ ɫ ɩɟɪɟɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ 

(ɬɚɛɥ. 2, ɪɢɫ. 3). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɟɠɢɦ ɮɨɤɭɫɢɪɨɜɤɢ ɷɥɟɤ-
ɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɩɪɢ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɟ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɧɢɡɤɨ-
ɱɚɫɬɨɬɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ. Ⱦɚɧɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ  
ɜ ɦɟɬɨɞɚɯ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɮɨɤɭɫɢɪɨɜɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɜ ɩɪɨɰɟɫ-
ɫɟ ɫɜɚɪɤɢ. 

 

Ɍɚɛɥɢɰɚ 2 

Ƚɟɨɦɟɬɪɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ ɢ ɡɧɚɱɟɧɢɟ ɫɞɜɢɝɚ ∆τ0 ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ  
ɮɨɤɭɫɢɪɨɜɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ 

ɇɨɦɟɪ ɪɟɠɢɦɚ 1 2 3 4 5 

Ɂɧɚɱɟɧɢɟ ɮɨɤɭɫɚ ∆If, ɦA –15 –7 0 7 14 

ɉɨɩɟɪɟɱɧɵɣ ɫɪɟɡ 

     

Ƚɥɭɛɢɧɚ ɩɪɨɩɥɚɜɥɟɧɢɹ, 
ɦɦ 

9,2 13,8 15,1 10,8 9 

ɒɢɪɢɧɚ ɲɜɚ, ɦɦ 4,5 4,9 4,7 5,6 6,5 

ɋɞɜɢɝ ∆τ0, ɨɬɧ. ɟɞ. 0,119 0,079 0,02 –0,01 –0,02 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɮɨɤɭɫɢɪɨɜɤɢ ɥɭɱɚ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ 

ɫɜɚɪɤɢ. Ɉɬɦɟɬɢɦ ɫɥɟɞɭɸɳɟɟ: 
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ɉɪɢ ɫɜɚɪɤɟ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɜɞɨɥɶ ɫɬɵɤɚ ɧɟɞɨɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ 

ɩɭɱɨɤ ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɩɟɪɟɞɧɟɣ ɫɬɟɧɤɨɣ ɤɚɧɚɥɚ 
ɩɪɨɩɥɚɜɥɟɧɢɹ.  ɇɚ ɩɟɪɟɮɨɤɭɫɢɪɨɜɚɧɧɵɯ ɪɟɠɢɦɚɯ ɩɭɱɨɤ ɨɞɢɧɚɤɨɜɨ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɫ ɩɟɪɟɞɧɟɣ, ɬɚɤ ɢ ɫ ɡɚɞɧɟɣ ɫɬɟɧɤɨɣ ɤɚɧɚɥɚ ɩɪɨɩɥɚɜɥɟɧɢɹ. 

Ɏɭɧɤɰɢɹ S(Ĳ) ɨɩɢɫɵɜɚɟɬ ɢɡɦɟɧɟɧɢɟ ɡɧɚɱɟɧɢɹ ɫɢɧɯɪɨɧɧɨɝɨ ɞɟɬɟɤɬɢɪɨɜɚ-
ɧɢɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɞɜɢɝɚ ɢɫɯɨɞɧɨɝɨ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɫɨɞɟɪɠɢɬ ɢɧɮɨɪ-
ɦɚɰɢɸ ɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɫ ɦɟɬɚɥɥɨɦ ɜ ɤɚɧɚɥɟ ɩɪɨɩɥɚɜ-
ɥɟɧɢɹ. 

ɉɪɢ ɫɜɚɪɤɟ ɫ ɨɫɰɢɥɥɹɰɢɟɣ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɜɞɨɥɶ ɫɬɵɤɚ ɮɭɧɤɰɢɹ S(Ĳ) 
ɢɦɟɟɬ ɯɚɪɚɤɬɟɪɧɵɣ ɫɞɜɢɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɢɝɧɚɥɚ ɜ ɨɬɤɥɨɧɹɸɳɢɯ ɤɚɬɭɲɤɚɯ. 
Ɂɧɚɱɟɧɢɟ ɫɞɜɢɝɚ ∆Ĳ0 ɦɨɧɨɬɨɧɧɨ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɡɧɚɱɟɧɢɹ ɬɨɤɚ 
ɮɨɤɭɫɢɪɭɸɳɟɣ ɥɢɧɡɵ ɢ ɦɟɧɹɟɬ ɫɜɨɣ ɡɧɚɤ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɪɟɠɢɦɚ ɫɜɚɪɤɢ  

ɫ ɧɟɞɨɮɨɤɭɫɢɪɨɜɚɧɧɵɦ ɷɥɟɤɬɪɨɧɧɵɦ ɩɭɱɤɨɦ ɤ ɪɟɠɢɦɭ ɫɜɚɪɤɢ ɫ ɩɟɪɟɮɨɤɭɫɢ-

ɪɨɜɚɧɧɵɦ ɩɭɱɤɨɦ. ɗɬɨɬ ɮɚɤɬ ɩɨɡɜɨɥɹɟɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɟɠɢɦ ɮɨɤɭɫɢ-

ɪɨɜɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɩɪɢ ɫɜɚɪɤɟ ɛɟɡ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 

ɧɢɡɤɨɱɚɫɬɨɬɧɨɝɨ ɫɤɚɧɢɪɨɜɚɧɢɹ ɮɨɤɭɫɚ ɩɭɱɤɚ ɢ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɦɟɬɨ-
ɞɚɯ ɨɩɟɪɚɬɢɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɮɨɤɭɫɢɪɨɜɤɢ ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɭɱɤɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧ-

ɧɨ ɜ ɩɪɨɰɟɫɫɟ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ ɫɜɚɪɤɢ. 
 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ Ɋɨɫɫɢɣɫɤɨɝɨ ɮɨɧɞɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ 

ɢɫɫɥɟɞɨɜɚɧɢɣ (ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɩɪɨɟɤɬ № 11-08-96016-ɚ) ɢ Ɇɢɧɢɫɬɟɪɫɬɜɚ 
ɨɛɪɚɡɨɜɚɧɢɹ ɉɟɪɦɫɤɨɝɨ ɤɪɚɹ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ. 
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