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Ɍɟɯɧɨɥɨɝɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɩɨɫɬɪɨɟɧɚ ɧɚ ɩɪɨɫɬɨɦ ɮɢɡɢɱɟɫɤɨɦ ɡɚɤɨɧɟ: 
ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɡɜɭɤɨɜɵɯ ɜɨɥɧ ɜ ɨɞɧɨɪɨɞɧɨɣ ɫɪɟɞɟ ɧɚ ɱɚɫɬɨɬɚɯ ɛɨɥɟɟ 20 ɤȽɰ 
ɨɫɬɚɺɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. ȿɫɥɢ ɞɟɮɟɤɬɨɜ ɧɟɬ, ɨɧɢ ɩɪɨɯɨɞɹɬ ɛɟɫɩɪɟɩɹɬɫɬɜɟɧɧɨ, ɛɟɡ 
ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɨɬɪɚɠɟɧɢɹ. ȿɫɥɢ ɠɟ ɜ ɦɚɬɟɪɢɚɥɟ ɟɫɬɶ ɤɚɤɢɟ-ɥɢɛɨ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
(ɩɭɫɬɨɬɵ, ɬɪɟɳɢɧɵ, ɢɧɨɪɨɞɧɵɟ ɜɤɥɸɱɟɧɢɹ), ɬɨ ɫɢɝɧɚɥɵ ɨɬɪɚɠɚɸɬɫɹ ɨɬ ɧɢɯ ɢ 
ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɩɪɢɺɦɧɢɤɨɦ. ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɪɨɞɨɥɶɧɵɯ ɢ ɩɨɩɟɪɟɱɧɵɯ ɜɨɥɧ. ɋɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭ ɩɟɪɜɵɯ 
ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ ɜɬɨɪɵɯ Д1Ж. 

Ʉɨɧɬɪɨɥɶ ɰɢɪɤɨɧɢɟɜɨɣ ɱɚɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɚɧɚɥɨɜ (ɌɄ) ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɜɵɹɜɥɟɧɢɟ ɧɟɫɩɥɨɲɧɨɫɬɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɹɯ 
ɤɚɧɚɥɚ, ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɩɨ ɫɜɨɟɣ ɨɬɪɚɠɚɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢɫɤɭɫɫɬɜɟɧɧɨɦɭ ɨɬɪɚɠɚɬɟɥɸ 
ɬɢɩɚ «ɪɢɫɤɚ» ɝɥɭɛɢɧɨɣ 0,5 ɦɦ Д2, 3Ж. ɉɥɨɫɤɨɫɬɢ ɫɟɱɟɧɢɣ ɩɪɨɡɜɭɱɢɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɨɫɢ ɤɚɧɚɥɨɜ ɫɨɫɬɚɜɥɹɸɬ 0, 45, 90 ɢ 135 ɝɪɚɞɭɫɨɜ. ȼ ɤɚɠɞɨɦ ɫɟɱɟɧɢɢ ɤɨɧɬɪɨɥɶ 
ɩɪɨɜɨɞɢɬɫɹ ɩɪɹɦɵɦ ɢ ɨɞɧɨɤɪɚɬɧɨ ɨɬɪɚɠɟɧɧɵɦ ɥɭɱɚɦɢ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ 
ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ (ɪɢɫ. 1). Ʉɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɚɜɬɨɦɚɬɢɱɟɫɤɨɦ 
ɪɟɠɢɦɟ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɫɧɢɡɭ-ɜɜɟɪɯ ɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɟɝɨ ɜɪɚɳɟɧɢɢ 
ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ. 
 

 

 

 

 

 

 

 

 

 
Ɋɢɫɭɧɨɤ 1 – ɋɯɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ [Control scheme] 
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ɉɟɪɟɦɟɳɟɧɢɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɜɞɨɥɶ ɢ ɜɪɚɳɟɧɢɟ ɟɝɨ ɜɨɤɪɭɝ ɫɜɨɟɣ ɨɫɢ ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɫɬɪɨɣɤɢ ɚɩɩɚɪɚɬɭɪɵ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɭɱɧɨɦ ɪɟɠɢɦɟ ɭɩɪɚɜɥɟɧɢɹ. ɇɚɫɬɪɨɣɤɚ 
ɡɚɞɟɪɠɤɢ ɢ ɞɥɢɬɟɥɶɧɨɫɬɢ ɪɚɡɜɟɪɬɤɢ ɤɚɠɞɨɝɨ ɬɚɤɬɚ ɰɢɤɥɚ ɪɚɛɨɬɵ ɞɟɮɟɤɬɨɫɤɨɩɚ 
ɩɪɨɜɨɞɢɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɧɚɢɛɨɥɶɲɚɹ ɱɚɫɬɶ ɪɚɡɜɟɪɬɤɢ ɧɚ ɷɤɪɚɧɟ ɞɟɮɟɤɬɨɫɤɨɩɚ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥɚ ɩɭɬɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɢɦɩɭɥɶɫɚ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɦ ɦɟɬɚɥɥɟ. 

Ʉɨɧɬɪɨɥɶ ɤɚɧɚɥɨɜ ɧɚɱɢɧɚɟɬɫɹ ɫ ɧɢɠɧɟɣ ɨɬɦɟɬɤɢ ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɧɚ ɜɟɪɯɧɟɣ. 
ɉɪɢɡɧɚɤɨɦ ɨɛɧɚɪɭɠɟɧɢɹ ɧɟɫɩɥɨɲɧɨɫɬɟɣ ɜ ɤɨɧɬɪɨɥɢɪɭɟɦɨɦ ɤɚɧɚɥɟ ɌɄ ɹɜɥɹɟɬɫɹ 
ɧɚɥɢɱɢɟ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɫɬɪɨɛ – ɢɦɩɭɥɶɫɚ ɥɸɛɨɝɨ ɬɚɤɬɚ ɰɢɤɥɚ ɩɨɢɫɤɚ ɷɯɨ-ɫɢɝɧɚɥɚ, 
ɚɦɩɥɢɬɭɞɚ ɤɨɬɨɪɨɝɨ ɪɚɜɧɚ ɢɥɢ ɩɪɟɜɵɲɚɟɬ ɜɟɥɢɱɢɧɭ ɩɨɢɫɤɨɜɨɝɨ ɭɪɨɜɧɹ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ Д4, 5Ж. Ɋɟɡɭɥɶɬɚɬɵ ɤɨɧɬɪɨɥɹ ɮɢɤɫɢɪɭɸɬɫɹ ɜ ɩɪɨɬɨɤɨɥɟ ɤɨɧɬɪɨɥɹ ɫ 
ɭɤɚɡɚɧɢɟɦ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɢ ɭɫɥɨɜɧɵɯ ɪɚɡɦɟɪɨɜ ɨɛɧɚɪɭɠɟɧɧɵɯ ɧɟɫɩɥɨɲɧɨɫɬɟɣ. 
ɇɟɫɩɥɨɲɧɨɫɬɶ ɫɱɢɬɚɟɬɫɹ ɧɟɞɨɩɭɫɬɢɦɨɣ, ɟɫɥɢ:  

 ɚɦɩɥɢɬɭɞɚ ɷɯɨ-ɫɢɝɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɨɬ ɧɟɫɩɥɨɲɧɨɫɬɢ, ɪɚɜɧɚ ɢɥɢ ɩɪɟɜɵɲɚɟɬ 
ɚɦɩɥɢɬɭɞɭ ɷɯɨ-ɫɢɝɧɚɥɚ ɨɬ ɪɢɫɤɢ ɝɥɭɛɢɧɨɣ 1,0 ɦɦ; 

 ɚɦɩɥɢɬɭɞɚ ɷɯɨ-ɫɢɝɧɚɥɚ, ɩɨɥɭɱɟɧɧɨɝɨ ɨɬ ɧɟɫɩɥɨɲɧɨɫɬɢ, ɪɚɜɧɚ ɢɥɢ ɩɪɟɜɵɲɚɟɬ 
ɚɦɩɥɢɬɭɞɭ ɷɯɨ-ɫɢɝɧɚɥɚ ɨɬ ɪɢɫɤɢ ɝɥɭɛɢɧɨɣ 0,5 ɦɦ ɢ ɩɪɢ ɷɬɨɦ ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɟɟ 
ɫɨɫɬɚɜɥɹɟɬ 8 ɦɦ ɢ ɛɨɥɟɟ. 

ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɌɄ ɫɨɫɬɨɢɬ ɢɡ ɨɫɧɨɜɧɵɯ ɱɚɫɬɟɣ, ɩɨɤɚɡɚɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ 2. 
Ʉɨɧɫɬɪɭɤɰɢɹ ɚɜɬɨɦɚɬɚ ɫ ɭɤɨɪɨɱɟɧɧɵɦ ɤɪɨɧɲɬɟɣɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. Д6, 7Ж 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Ɋɢɫɭɧɨɤ 2 – ɋɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɤɚɧɚɥɨɜ ɊȻɆɄ: 1 – ɚɜɬɨɦɚɬ ɤɨɧɬɪɨɥɹ ɤɚɧɚɥɨɜ ɊȻɆɄ; 2 – ɚɩɩɚɪɚɬɭɪɵ 
ɫɛɨɪɚ ɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɍɁɄ; 3 – ɛɥɨɤ ɭɩɪɚɜɥɟɧɢɹ; 4 –ɞɟɮɟɤɬɨɫɤɨɩ; 5 – ɫɬɟɧɞ; 6 – ɫɬɟɧɞ ɧɚɫɬɪɨɟɱɧɵɣ; 

7 – ɦɨɣɤɢ; 8 – ɩɨɞɞɨɧ [RBMK channel monitoring system: 1 – RBMK channel monitoring machine;  

2 – equipment for collecting and processing ultrasonic data; 3 – control unit; 4 – flaw detector; 5 – stand;  

6 – tuning stand; 7 – sinks; 8 – pallet] 

 

 
Ɋɢɫɭɧɨɤ 3 – Ʉɨɧɫɬɪɭɤɰɢɹ ɚɜɬɨɦɚɬɚ ɫ ɭɤɨɪɨɱɟɧɧɵɦ ɤɪɨɧɲɬɟɣɧɨɦ [The design of the machine with a 

shortened bracket] 
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Ɉɫɧɨɜɧɵɟ ɩɚɪɚɦɟɬɪɵ ɢ ɪɚɡɦɟɪɵ: 
 ɦɟɬɨɞ ɤɨɧɬɪɨɥɹ – ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ, ɷɯɨ – ɢɦɩɭɥɶɫɧɵɣ, ɬɚɧɞɟɦ; 
 ɦɚɪɤɚ ɦɚɬɟɪɢɚɥɚ – ɫɩɥɚɜ ɗ – 125; 

 ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɞɵ ɜ ɤɚɧɚɥɟ – ɧɟ ɛɨɥɟɟ 70 ɨɋ; 
 ɜɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɤɚɧɚɥɚ – ɨɬ 75 ɞɨ 85 ɦɦ; 
 ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɤɚɧɚɥɚ – ɨɬ 2,5 ɞɨ 8 ɦɦ; 
 ɤɨɥɢɱɟɫɬɜɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ – 1 ɲɬ; 
 ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɦɨɞɭɥɹ ɤɨɧɬɪɨɥɶɧɨɝɨ – ɨɬ 0,5 ɞɨ 70,0 ɦɦ/ɫ; 
 ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ – ɨɬ 0,01 ɞɨ 2 ɨɛ/ɫ; 
 ɱɚɫɬɨɬɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ – ɨɬ 5,0 ± 20 % ɞɨ 10,0 ± 20 % ɆȽɰ; 
 ɡɚɩɚɫ ɭɫɥɨɜɧɨɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɫɢɫɬɟɦɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɢɫɤɢ ɝɥɭɛɢɧɨɣ 0.5 ɦɦ 

ɧɟ ɦɟɧɟɟ 12 ȾȻ. 
ɉɨɝɪɟɲɧɨɫɬɶ ɨɬɫɱɺɬɚ: 

 ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɧɟ ɛɨɥɟɟ 6 ɦɦ; 
 ɭɝɥɨɜɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɧɟ ɛɨɥɟɟ 2 ɝɪɚɞɭɫ; 
 ɜɪɟɦɹ ɤɨɧɬɪɨɥɹ ɨɞɧɨɝɨ ɤɚɧɚɥɚ ɧɟ ɛɨɥɟɟ 1 ɱ. 

ɗɥɟɤɬɪɢɱɟɫɤɨɟ ɩɢɬɚɧɢɟ ɫɢɫɬɟɦɵ:  
 ɧɚɩɪɹɠɟɧɢɟ 220 ± 10% ȼ; 
 ɱɚɫɬɨɬɚ 50 ± 1 Ƚɰ; 
 ɨɛɳɚɹ ɩɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ ɧɟ ɛɨɥɟɟ 2 ɤȼȺ. 

Ɋɚɡɦɟɪɵ ɝɚɛɚɪɢɬɧɵɟ ɚɜɬɨɦɚɬɚ ɤɨɧɬɪɨɥɹ:  
 ɞɥɢɧɚ ɛɟɡ ɤɚɛɟɥɟɣ ɧɟ ɛɨɥɟɟ 1140 ɦɦ;  
 ɲɢɪɢɧɚ ɧɟ ɛɨɥɟɟ 650 ɦɦ; 
 ɜɵɫɨɬɚ ɧɟ ɛɨɥɟɟ 1550 ɦɦ; 
 ɦɚɫɫɚ ɚɜɬɨɦɚɬɚ ɤɨɧɬɪɨɥɹ ɧɟ ɛɨɥɟɟ 70 ɤɝ; 
 ɞɪɚɝɨɰɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ – ɨɬɫɭɬɫɬɜɭɸɬ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɢɫɬɟɦɵ ɤɨɧɬɪɨɥɹ ɤɚɧɚɥɨɜ ɊȻɆɄ-1000, 

ɜɵɩɨɥɧɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɦɨɞɟɪɧɢɡɚɰɢɹ ɭɡɥɨɜ ɫɢɫɬɟɦɵ: 
  ɭɦɟɧɶɲɟɧɢɟ ɦɚɫɫɵ ɚɩɩɚɪɚɬɚ ɤɨɧɬɪɨɥɹ ɡɚ ɫɱɟɬ ɭɤɨɪɨɱɟɧɢɹ ɤɪɨɧɲɬɟɣɧɚ ɫ ɛɥɨɤɨɦ 

(ɫɦ. ɪɢɫ. 3) ɫɨ 150 ɤɝ ɞɨ 80 ɤɝ. 
  ɢɡɦɟɧɟɧɢɟ ɫɢɫɬɟɦɵ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɚɩɩɚɪɚɬɚ ɧɚ ɩɥɚɬɨ. ɂɡɧɚɱɚɥɶɧɨ ɧɚ ɩɥɚɬɨ 

ɪɚɡɦɟɳɚɥɢ ɩɨɞɤɥɚɞɧɨɣ ɥɢɫɬ, ɧɚ ɤɨɬɨɪɵɣ ɫɬɚɜɢɥɢ ɚɩɩɚɪɚɬ, ɢɫɩɨɥɶɡɭɹ ɤɪɚɧ.  
ȼ ɩɪɨɪɚɛɨɬɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɪɭɱɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɚɩɩɚɪɚɬɚ ɩɨ 
ɪɟɥɶɫɨɜɵɦ ɧɚɩɪɚɜɥɹɸɳɢɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɜɞɨɥɶ ɤɚɧɚɥɨɜ.  

  ɡɚɦɟɧɚ ɞɜɢɝɚɬɟɥɹ ɫ ɬɪɺɯɮɚɡɧɨɝɨ ɧɚ ɲɚɝɨɜɵɣ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɬɨɱɧɨɫɬɶ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɦɨɞɭɥɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɚɧɚɥɚ ɪɟɚɤɬɨɪɚ. ɉɪɨɜɟɞɟɦ ɩɪɨɜɟɪɨɱɧɵɣ 
ɪɚɫɱɟɬ ɞɜɢɝɚɬɟɥɹ – ɩɪɢɧɢɦɚɟɦ ɲɚɝɨɜɵɣ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ ɦɚɪɤɢ ȾɒɊ-1.8-1200; 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ Д8Ж: ɚ) ɫɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ Mt1 – 0.018 ɇ ɦ; b) min 

ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɦɨɞɭɥɹ 0,03 ɦ/ɦɢɧ; c) ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ 
480 ɨɛ/ɦɢɧ; d) ɦɚɫɫɚ ɩɨɞɧɢɦɚɟɦɨɝɨ ɤɨɧɬɭɪɚ ɛɟɡ ɭɱɟɬɚ ɦɚɫɫɵ ɬɪɨɫɚ 12 ɤɝ; e) ɦɚɫɫɚ 
ɩɨɞɧɢɦɚɟɦɨɝɨ ɤɨɧɬɭɪɚ ɫ ɩɨɩɪɚɜɤɨɣ ɧɚ ɦɚɫɫɭ ɬɪɨɫɚ 16 ɤɝ. Ɍɪɟɛɭɟɦɵɣ ɦɟɯɚɧɢɱɟɫɤɢɣ 
ɦɨɦɟɧɬ, ɮɨɪɦɭɥɵ (1) ɢ (2): 

                                                                       (1) 

                                                                           (2) 
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ɝɞɟ tM  – ɬɪɟɛɭɟɦɵɣ ɦɟɯɚɧɢɱɟɫɤɢɣ ɦɨɦɟɧɬ, ɇ ɦ; 

      F  – ɦɚɫɫɚ ɩɨɞɧɢɦɚɟɦɨɝɨ ɤɨɧɬɭɪɚ ɫ ɩɨɩɪɚɜɤɨɣ ɧɚ ɦɚɫɫɭ ɬɪɨɫɚ, ɇ; 
      v  – ЦТЧ ɫɤɨɪɨɫɬɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɦɨɞɭɥɹ, ɦ/ɦɢɧ; 
        – ɱɢɫɥɨ ɨɛɨɪɨɬɨɜ, ɨɛ/ɦɢɧ; 
        – ɄɉȾ ( =0,8).  

      Ɍɨɝɞɚ                                Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,         ȼɵɜɨɞ –  

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɧɟɛɨɥɶɲɢɦ ɡɚɩɚɫɨɦ; 
 ɩɪɢɦɟɧɟɧɢɟ ɛɨɥɟɟ ɬɨɧɤɨɝɨ ɢ ɝɢɛɤɨɝɨ ɤɚɛɟɥɹ, ɱɬɨ ɫɧɢɠɚɟɬ ɜɟɫ ɢ ɢɫɤɥɸɱɚɟɬ ɨɛɪɵɜɵ 

ɠɢɥ ɤɚɛɟɥɹ ɩɪɢ ɪɚɛɨɬɟ; 
 ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɤɨɧɬɪɨɥɶ ɩɪɨɜɨɞɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ ɋɄ-26 ɫ 10-ɸ 

ɤɚɧɚɥɚɦɢ ɨɛɪɚɛɨɬɤɢ ɞɚɧɧɵɯ ɜɦɟɫɬɨ 15-ɢ (ɪɢɫ. 4). ȼ ɢɡɦɟɧɟɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɞɟɫɹɬɢ 
ɪɟɡɨɧɚɬɨɪɨɜ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɞɨɫɬɨɜɟɪɧɨɝɨ ɤɨɧɬɪɨɥɹ; 

 ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɰɟɧɬɪɚɬɨɪɟ ɩɪɢɦɟɧɹɸɬɫɹ ɫɬɚɥɶɧɵɟ ɪɨɥɢɤɢ ɛɟɡ ɩɨɞɲɢɩɧɢɤɨɜ, 
ɜ ɩɪɨɪɚɛɨɬɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɢɦɟɧɹɟɬɫɹ ɛɪɨɧɡɨɜɚɹ ɜɬɭɥɤɚ ɦɟɠɞɭ ɪɨɥɢɤɨɦ ɢ ɜɚɥɨɦ, 
ɱɬɨ ɫɧɢɠɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɡɚɤɥɢɧɢɜɚɧɢɹ ɰɟɧɬɪɚɬɨɪɚ ɩɪɢ ɪɚɛɨɬɟ. 

 

 
Ɋɢɫɭɧɨɤ 4 – ɂɡɦɟɧɟɧɢɹ ɜ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟ [Changes in the converter] 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɦɨɞɟɪɧɢɡɚɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 
ɤɨɧɬɪɨɥɹ ɰɢɪɤɨɧɢɟɜɨɣ ɱɚɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɤɚɧɚɥɨɜ ɭɦɟɧɶɲɢɥɚɫɶ ɦɟɬɚɥɥɨɟɦɤɨɫɬɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɤɨɧɬɪɨɥɹ, ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɳɟɧɵ ɜɪɟɦɹ ɤɨɧɬɪɨɥɹ ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 
ɩɪɟɛɵɜɚɧɢɹ ɱɟɥɨɜɟɤɚ ɜ ɪɚɞɢɚɰɢɨɧɧɨ ɨɩɚɫɧɨɣ ɡɨɧɟ ɤɨɧɬɪɨɥɹ, ɱɬɨ ɩɨɜɵɲɚɟɬ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɣ ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ ɤɨɧɬɪɨɥɹ. 

ɉɪɚɜɢɥɶɧɨ ɩɨɞɨɛɪɚɧɧɵɣ ɩɶɟɡɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɩɨɞɧɢɦɚɟɬ ɤɚɱɟɫɬɜɨ ɤɨɧɬɪɨɥɹ, ɚ 
ɬɚɤɠɟ ɪɚɫɲɢɮɪɨɜɤɢ ɩɨɥɭɱɟɧɧɵɯ ɫɢɝɧɚɥɨɜ. ɉɨɷɬɨɦɭ ɩɪɨɜɟɞɟɦ ɪɚɫɱɟɬ ɩɨ ɩɨɞɛɨɪɭ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɬɪɟɛɭɟɦɨɝɨ ɩɶɟɡɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ Д9, 10Ж. 

Ɋɚɫɱɟɬ ɭɝɥɨɜ ɩɚɞɟɧɢɹ ɢɡɥɭɱɚɸɳɟɝɨ ɢ ɩɪɢɟɦɧɨɝɨ ɪɟɡɨɧɚɬɨɪɨɜ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɜ ɩɟɪɜɨɦ ɡɭɛɰɟ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨ ɩɪɢɦɟɧɟɧɢɟ 

ɷɯɨ-ɡɟɪɤɚɥɶɧɨɝɨ ɦɟɬɨɞɚ Д11, 12Ж.   
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Ɉɫɧɨɜɧɚɹ ɱɚɫɬɶ ɷɧɟɪɝɢɢ ɩɚɞɚɸɳɟɣ ɜɨɥɧɵ ɨɬɪɚɠɚɟɬɫɹ ɨɬ ɩɥɨɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɫɥɨɹ. Ɉɬɪɚɠɟɧɧɭɸ ɜɨɥɧɭ ɦɨɠɧɨ ɭɥɨɜɢɬɶ ɩɪɢɟɦɧɵɦ ɪɟɡɨɧɚɬɨɪɨɦ, ɞɥɹ ɷɬɨɝɨ ɫɥɟɞɭɟɬ 
ɪɚɫɫɱɢɬɚɬɶ ɭɝɥɵ ɧɚɤɥɨɧɚ ɪɟɡɨɧɚɬɨɪɨɜ ɬɚɤ, ɱɬɨɛɵ ɭɝɨɥ ɩɚɞɟɧɢɹ ɨɬɪɚɠɟɧɧɨɣ ɜɨɥɧɵ ɧɚ 
ɩɪɢɟɦɧɵɣ ɪɟɡɨɧɚɬɨɪ ɫɨɫɬɚɜɢɥ 90°, ɷɬɨ ɨɛɟɫɩɟɱɢɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɚɦɩɥɢɬɭɞɭ 
ɩɪɢɲɟɞɲɟɝɨ ɫɢɝɧɚɥɚ (ɪɢɫ. 5). 

 

Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɭɝɥɨɜ ɧɚɤɥɨɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɢ ɩɪɢɟɦɧɨɝɨ ɪɟɡɨɧɚɬɨɪɨɜ [Diagram of the tilt 

angles of the emitting and receiving resonators] 

 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ:  
 ɭɝɨɥ ɜɜɨɞɚ ɢɡɥɭɱɚɸɳɟɝɨ ɪɟɡɨɧɚɬɨɪɚ – 70°; 
 ɫɤɨɪɨɫɬɶ ɩɪɨɞɨɥɶɧɨɣ ɜɨɥɧɵ ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ – 1500 ɦ/ɫ; 
 ɫɤɨɪɨɫɬɶ ɩɨɩɟɪɟɱɧɨɣ ɜɨɥɧɵ ɜ ɫɩɥɚɜɟ ɗ-125 – 2250 ɦ\ɫ. 

ɉɨ ɡɚɤɨɧɭ ɋɧɟɥɥɢɭɫɚ ɪɚɫɫɱɢɬɚɟɦ ɭɝɨɥ ɧɚɤɥɨɧɚ ɢɡɥɭɱɚɸɳɟɝɨ ɪɟɡɨɧɚɬɨɪɚ: 
    ሺ   ሻ        ሺ  ሻ                
Ƚɟɨɦɟɬɪɢɱɟɫɤɢ ɧɚɯɨɞɢɦ ɭɝɨɥ ɨɬɪɚɠɟɧɢɹ 33° ɨɬ ɪɚɫɫɥɨɢɜɲɟɝɨɫɹ ɦɟɬɚɥɥɚ, ɞɚɥɟɟ 

ɩɪɢɦɟɧɹɟɦ ɡɚɤɨɧ ɋɧɟɥɥɢɭɫɚ: 
    ሺ   ሻ        ሺ  ሻ                
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɜɵɹɜɥɟɧɢɹ ɪɚɫɫɥɨɟɧɢɹ ɩɨ ɩɟɪɜɨɦɭ 

ɡɭɛɰɭ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɥɭɱɚɸɳɟɝɨ ɢ ɩɪɢɟɦɧɨɝɨ 
ɪɟɡɨɧɚɬɨɪɨɜ: 

 ɢɡɥɭɱɚɸɳɢɣ ɪɟɡɨɧɚɬɨɪ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɪɟɡɨɧɚɬɨɪɚ       , ɭɝɨɥ ɜɜɨɞɚ      , 
ɱɚɫɬɨɬɚ f = 5 ɆȽɰ. 

 ɩɪɢɟɦɧɵɣ ɪɟɡɨɧɚɬɨɪ – ɭɝɨɥ ɧɚɤɥɨɧɚ ɪɟɡɨɧɚɬɨɪɚ       , ɭɝɨɥ ɜɜɨɞɚ      , 
ɱɚɫɬɨɬɚ f = 5 ɆȽɰ. 

Ɋɚɫɱɟɬ ɭɝɥɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧɨɜɨɝɨ ɮɪɨɧɬɚ (ɪɢɫ. 6). 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ:  

 a = 5 ɦɦ;  
 ct = 2250 ɦ/ɫ;  
 f = 5 ɆȽɰ; 
                     ; 

                   
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ɉɪɢɦɟɧɹɟɦ ɮɨɪɦɭɥɭ (3):                                                                    (3) 

ɬɨɝɞɚ                  

                                        . 
 

 

Ɋɢɫɭɧɨɤ 6 – Ɏɭɧɤɰɢɹ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ДDТЫОМЭТШЧКХ ПЮЧМЭТШЧЖ 
 

Ɋɚɫɱɟɬ ɦɟɪɬɜɨɣ ɡɨɧɵ. 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: 

 a = 5 ɦɦ; 
 ct = 2250 ɦ/ɫ;  
 ɜɪɟɦɹ ɡɨɧɞɢɪɭɸɳɟɝɨ ɢɦɩɭɥɶɫɚ        ɦɤɫ; 
 ɜɪɟɦɹ ɪɟɜɟɪɛɟɪɚɰɢɨɧɧɵɯ ɲɭɦɨɜ        ɦɤɫ. 
ɉɪɢɦɟɧɹɟɦ ɮɨɪɦɭɥɭ (4): 

                                                                    (4) 

 

ɍɝɨɥ ɜɜɨɞɚ  = 70, f = 5 ɆȽɰ, ɬɨɝɞɚ ɩɨɩɟɪɟɱɧɚɹ ɜɨɥɧɚ:                           
ɍɝɨɥ ɜɜɨɞɚ  = 33, f = 5 ɆȽɰ, ɬɨɝɞɚ ɩɨɩɟɪɟɱɧɚɹ ɜɨɥɧɚ:                            
Ɋɚɫɱɟɬ ɛɥɢɠɧɟɣ ɡɨɧɵ (ɪɢɫ. 7). 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ:  

 a = 5 ɦɦ;  
 ct = 2250 ɦ/ɫ. 

Ȼɥɢɠɧɹɹ ɡɨɧɚ ɪɟɡɨɧɚɧɫɚ ɫ ɭɝɥɨɦ ɜɜɨɞɚ 70°, ɮɨɪɦɭɥɚ (5): 
             ሺ  ሻ   ሺ  ሻ                                                       (5) 

 

Ȼɥɢɠɧɹɹ ɡɨɧɚ ɪɟɡɨɧɚɧɫɚ ɫ ɭɝɥɨɦ ɜɜɨɞɚ 33°, ɮɨɪɦɭɥɚ (6): 
             ሺ  ሻ   ሺ  ሻ                                                         6) 
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Ɍɨɝɞɚ                                                              
                ሺ  ሻ   ሺ  ሻ        

                ሺ  ሻ   ሺ  ሻ        
 

 
Ɋɢɫɭɧɨɤ 7 – Ȼɥɢɠɧɹɹ ɡɨɧɚ [Near zone] 

 
ɂɫɩɨɥɶɡɭɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɡɨɧɚɬɨɪɨɜ, ɩɨɫɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ 

ɱɚɫɬɨɬɵ ɢ ɭɝɥɚ ɜɜɨɞɚ ɥɭɱɚ ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɤɚɧɚɥɚ ɪɟɚɤɬɨɪɚ (ɪɢɫ. 10, 11). 
 

 

 
 

Ɋɢɫɭɧɨɤ 10 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɤɨɦɟɧɞɭɟɦɨɣ ɱɚɫɬɨɬɵ ɉɗɉ ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɤɚɧɚɥɚ [Graph of 

recommended frequency dependence of the probe on the channel wall thickness] 

 

 

 

Ɋɢɫɭɧɨɤ 11 – Ƚɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɤɨɦɟɧɞɭɟɦɨɝɨ ɭɝɥɚ ɜɜɨɞɚ ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ ɤɚɧɚɥɚ [The graph of 

recommended entry angle dependence on the channel wall thickness] 
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Ⱦɥɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ, ɪɚɧɨɣ 8 ɦɦ, ɩɪɢɧɢɦɚɟɦ ɱɚɫɬɨɬɭ 5 ɆȽɰ. 
Ⱦɥɹ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ 8 ɦɦ ɩɪɢɧɢɦɚɟɦ ɭɝɨɥ ɜɜɨɞɚ ɪɚɜɧɵɣ 70°. 
ȼ ɪɟɡɭɥɶɬɚɬɟ, ɩɪɟɞɥɨɠɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɬɨɦɚɬɚ ɤɨɧɬɪɨɥɹ ɤɚɧɚɥɨɜ 

ɊȻɆɄ ɩɨɡɜɨɥɹɬ ɭɦɟɧɶɲɢɬɶ ɜɟɫ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɨɞɟɪɧɢɡɚɰɢɹ 
ɫɤɚɧɢɪɭɸɳɟɝɨ ɭɫɬɪɨɣɫɬɜɚ ɞɥɹ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ 
ɰɢɪɤɨɧɢɟɜɨɣ ɱɚɫɬɢ ɤɚɧɚɥɚ, ɚ ɬɚɤɠɟ ɜɟɪɯɧɟɝɨ ɢ ɧɢɠɧɟɝɨ ɩɟɪɟɯɨɞɧɢɤɨɜ ɤɚɧɚɥɚ ɪɟɚɤɬɨɪɚ 
ɬɢɩɚ ɊȻɆɄ ɩɨɡɜɨɥɢɬ ɛɨɥɟɟ ɬɨɱɧɨ ɢ ɫɜɨɟɜɪɟɦɟɧɧɨ ɜɵɹɜɥɹɬɶ ɞɟɮɟɤɬɵ ɭɡɥɨɜ ɢɡɞɟɥɢɣ 
ɚɬɨɦɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ, ɚ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɜɪɟɦɹ 
ɩɪɟɛɵɜɚɧɢɹ ɱɟɥɨɜɟɤɚ ɜ ɡɨɧɟ ɤɨɧɬɪɨɥɹ. 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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Abstract – The paper considers the modernization of the SK-26 ultrasonic control machine used 

for monitoring welded joints of zirconium channels in the nuclear power industry. Proposed 

changes in the design of the machine and positioning system of the machine on the plateau will 

lead to a significant reduction in treatment time control and greater operator safety during 

operation. 
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