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ɗɜɨɥɶɜɟɧɬɧɵɟ ɲɢɪɦɵ – ɩɟɪɫɩɟɤɬɢɜɧɵɣ ɬɢɩ ɬɟɩɥɨɨɛɦɟɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɩɪɢɦɟɧɟɧɢɟ ɤɨɬɨɪɨɣ ɜ ɜɟɪɬɢɤɚɥɶɧɵɯ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚɯ ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɧɢɠɟɧɢɟ 
ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ ɚɩɩɚɪɚɬɚ, ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɩɥɨɬɧɨɭɩɚɤɨɜɚɧɧɵɟ ɬɪɭɛɧɵɟ ɩɭɱɤɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟɫɹ ɪɚɜɧɨɦɟɪɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ, ɩɨɫɬɨɹɧɧɵɦ 
ɡɚɡɨɪɨɦ ɦɟɠɞɭ ɲɢɪɦɚɦɢ, ɱɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɭɦɟɧɶɲɢɬɶ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɶ 
ɬɟɩɥɨɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɫɟɱɟɧɢɸ Д1Ж. ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɞɢɚɥɶɧɵɦɢ 
ɲɢɪɦɚɦɢ ɞɢɚɦɟɬɪ ɬɪɭɛɱɚɬɤɢ ɭɦɟɧɶɲɚɟɬɫɹ ɜ 1,γ ɪɚɡɚ, ɦɚɫɫɚ ɨɞɧɨɝɨ ɩɨɝɨɧɧɨɝɨ ɦɟɬɪɚ 
ɤɨɪɩɭɫɚ ɚɩɩɚɪɚɬɚ – ɜ 1,7 ɪɚɡɚ. ɉɪɨɯɨɞɧɨɟ ɫɟɱɟɧɢɟ ɩɨ ɜɬɨɪɨɦɭ ɤɨɧɬɭɪɭ – ɜ β,γ ɪɚɡɚ, ɱɬɨ 
ɭɜɟɥɢɱɢɜɚɟɬ ɤɨэффɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɧɚ эɤɨɧɨɦɚɣɡɟɪɧɨɦ ɭɱɚɫɬɤɟ ɜ 1,6 ɪɚɡɚ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɨɩɵɬ эɤɫɩɥɭɚɬɚɰɢɢ Ⱥɗɋ ДβЖ, ɩɪɢ ɪɚɛɨɬɟ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɨɡɧɢɤɚɸɬ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɜɨɡɛɭɠɞɚɟɦɵɟ ɜɢɛɪɚɰɢɢ ɪɚɡɥɢɱɧɵɯ ɟɝɨ 

эɥɟɦɟɧɬɨɜ. ɇɚɢɦɟɧɟɟ ɭɫɬɨɣɱɢɜɵɟ ɜ ɜɢɛɪɚɰɢɨɧɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɹɜɥɹɸɬɫɹ ɬɪɭɛɧɵɟ 
ɩɭɱɤɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ. ɗɬɨɬ фɚɤɬ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɫɟɫɬɨɪɨɧɧɟɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɚɰɢɢ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɢɩɨɜ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ 
ɟɳɟ ɧɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɧɚ ɩɪɚɤɬɢɤɟ, ɜ ɬɨɦ ɱɢɫɥɟ эɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɧɨ-эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɢɛɪɨɧɚɞɟɠɧɨɫɬɢ эɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ ɪɚɡɥɢɱɧɵɯ ɤɨɧфɢɝɭɪɚɰɢɣ. Ɉɰɟɧɤɚ 
ɜɢɛɪɨɧɚɞɟɠɧɨɫɬɢ ɜɵɩɨɥɧɹɥɚɫɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɢɡ ɭɫɥɨɜɢɹ ɢɫɤɥɸɱɟɧɢɹ ɪɟɡɨɧɚɧɫɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɲɢɪɦ. Ɂɚɞɚɱɚ ɪɟɲɟɧɚ ɪɚɫɱɟɬɧɨ-эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɦɟɬɨɞɨɦ, 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɦ ɨɩɵɬɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛɪɚɰɢɢμ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ, 
ɱɚɫɬɨɬɵ ɚɦɩɥɢɬɭɞɵ ɫɦɟɳɟɧɢɹ ɢ ɪɚɫɱɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɝɨ ɢɡɝɢɛɧɨɝɨ 
ɧɚɩɪɹɠɟɧɢɹ ɬɪɭɛɨɤ. 
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ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɩɨɥɧɟɧɵ ɧɚ ɩɹɬɢɦɟɝɚɜɚɬɧɨɣ ɦɨɞɟɥɢ 
ɬɪɭɛɱɚɬɤɢ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ эɥɟɤɬɪɢɱɟɫɤɨɣ ɦɨɳɧɨɫɬɶɸ β50 Ɇȼɬ ɞɥɹ 
ɪɟɚɤɬɨɪɚ ȼȼɗɊ-1000.   

Ɇɨɞɟɥɶ ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɜɵɩɨɥɧɟɧɚ ɢɡ ɬɪɟɯ эɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 
ɫɟɝɦɟɧɬɧɨɦ ɤɚɧɚɥɟ ɢɡ ɞɜɭɯ эɜɨɥɶɜɟɧɬɧɵɯ ɛɨɤɨɜɵɯ ɫɬɟɧɨɤ ɢ ɞɜɭɯ ɤɪɚɣɧɢɯ ɫɬɟɧɨɤ ɫ 
ɪɚɞɢɭɫɨɦ ɪɚɜɧɵɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚɞɢɭɫɭ ɨɛɟɱɚɣɤɢ ɨɩɭɫɤɧɨɝɨ ɭɱɚɫɬɤɚ ɢ ɪɚɞɢɭɫɭ 
ɤɨɥɥɟɤɬɨɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ ɩɚɪɨɜɨɞɹɧɨɣ ɫɦɟɫɢ, ɞɜɢɠɭɳɟɣɫɹ ɜ ɦɟɠɬɪɭɛɧɨɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ, ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɫɦɟɫɶ ɜɨɡɞɭɯɚ ɢ ɜɨɞɵ. Ɉɧɚ ɛɵɥɚ ɫɦɨɧɬɢɪɨɜɚɧɚ ɧɚ ɫɬɟɧɞɟ 
эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɛɚɡɵ ȼɇɂɂȺɆ (ɝ. Ɇɨɫɤɜɚ). 

ȼ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɨɜ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ ɩɶɟɡɨɚɤɫɟɥɟɪɨɦɟɬɪɵ ɬɢɩɚ 
βɉȺ-I5 ɫ ɭɫɢɥɢɬɟɥɹɦɢ ɡɚɪɹɞɨɜ ɍγ5-β, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢ ɨɬɤɚɥɢɛɪɨɜɚɧɧɵɟ ɜ ɨɬɞɟɥɟ 
ɈɇɆɂɆ ɇɉɈ ɐɇɂɂɌɆȺɒ. Ɉɧɢ ɜɵɪɚɛɚɬɵɜɚɸɬ эɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ (ɧɚɩɪɹɠɟɧɢɟ), 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɣ ɩɨ ɚɦɩɥɢɬɭɞɟ ɭɫɤɨɪɟɧɢɸ. Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 
ɞɥɹ ɞɚɬɱɢɤɚ ɪɚɜɧɚ γ50℃ . ȼ ɞɚɬɱɢɤɟ ɪɚɫɩɨɥɨɠɟɧɵ ɞɜɚ ɩɶɟɡɨэɥɟɦɟɧɬɚ, ɩɨɜɟɪɧɭɬɵɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ ɞɪɭɝɚ ɧɚ λ0℃, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɡɦɟɪɟɧɢɟ ɜɢɛɪɚɰɢɢ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ Дγ, 4Ж. ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɚɬɱɢɤɨɜ ɧɚ ɬɪɭɛɱɚɬɤɟ ɢ 
ɢɯ ɨɪɢɟɧɬɚɰɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 1. 

ɇɚ ɦɨɞɟɥɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɬɪɟɯ ɩɨɥɧɨɦɚɫɲɬɚɛɧɵɯ ɲɢɪɦ, ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ ɩɹɬɶ 
ɞɚɬɱɢɤɨɜμ ɬɪɢ – ɧɚ ɬɪɭɛɱɚɬɤɟ (ɫɪɟɞɧɟɣ ɲɢɪɦɟ) ɢ ɞɜɚ – ɧɚ ɪɚɡɞɚɸɳɟɦ ɢ ɫɨɪɛɢɪɭɸɳɟɦ 
ɤɨɥɥɟɤɬɨɪɚɯ. 

ɗɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɨɬ ɞɚɬɱɢɤɚ ɭɫɢɥɢɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɭɫɢɥɢɬɟɥɹ ɡɚɪɹɞɚ  
ɍɁ 5-β, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ ɞɜɭɯɩɨɥɹɪɧɨɦɭ ɫɬɚɛɢɥɢɡɢɪɨɜɚɧɧɨɦɭ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ 
(±6 ȼ). Ⱦɚɬɱɢɤɢ ɫɨɟɞɢɧɹɥɢɫɶ ɫ ɤɥɟɦɦɧɵɦɢ ɤɨɪɨɛɤɚɦɢ ɤɚɛɟɥɟɦ ɄɌɆɋ, ɚ ɨɧɢ, ɜ ɫɜɨɸ 
ɨɱɟɪɟɞɶ, ɫ ɭɫɢɥɢɬɟɥɹɦɢ – ɚɧɬɢɜɢɛɪɚɰɢɨɧɧɵɦɢ ɩɪɨɜɨɞɚɦɢ. Ʉɨэффɢɰɢɟɧɬ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɭɫɤɨɪɟɧɢɹ ɞɜɢɠɟɧɢɹ ɞɚɬɱɢɤɚ ɜ ɜɵɯɨɞɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɭɫɢɥɢɬɟɥɹ 
ɡɚɪɹɞɨɜ ɞɥɹ ɜɫɟɯ ɞɟɫɹɬɢ ɤɚɧɚɥɨɜ ɢɡɦɟɪɟɧɢɹ ɪɚɜɟɧ β ɦȼ/ɦ∙ ˔2. 

ȼɢɛɪɨɭɫɤɨɪɟɧɢɟ ɫɜɹɡɚɧɨ ɫ ɜɵɯɨɞɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɭɫɢɥɢɬɟɥɹ ɢ ɤɨэффɢɰɢɟɧɬɨɦ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ʉ ɡɚɜɢɫɢɦɨɫɬɶɸμ ܽ =

�˅ы˘� . 

ɋɢɝɧɚɥɵ ɫ ɭɫɢɥɢɬɟɥɟɣ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɬɪɟɦɹ ɫɩɨɫɨɛɚɦɢ. 
ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɜɢɛɪɚɰɢɢ ɫɜɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ – ɫ ɩɨɦɨɳɶɸ 

ɲɥɟɣфɨɜɨɝɨ ɨɫɰɢɥɥɨɝɪɚфɚ ɇII5 ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɤɥɸɱɟɧɧɵɦ ɞɟɫɹɬɢɤɚɧɚɥɶɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ ȼȼɆ-I3I, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɨɰɟɧɤɢ ɭɪɨɜɧɹ ɫɢɝɧɚɥɨɜ, ɩɨɫɬɭɩɚɸɳɢɯ ɫ 
ɭɫɢɥɢɬɟɥɹ ɢ ɜɵɛɨɪɚ ɦɚɫɲɬɚɛɚ ɢɡɦɟɪɟɧɢɹ, ɬ.ɟ. ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɬɨɤɚ ɲɥɟɣфɚ 
ɝɚɥɶɜɚɧɨɦɟɬɪɚ (ɜɵɛɨɪɚ ɩɨɥɹ ɡɚɩɢɫɢ). ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɥɟɧɬɵ фɨɬɨɛɭɦɚɝɢ 
ɜɵɛɢɪɚɥɚɫɶ ɬɚɤɨɣ, ɱɬɨɛɵ ɫɨɫɟɞɧɢɟ ɩɢɤɢ ɝɚɪɦɨɧɢɤ ɧɟ ɧɚɤɥɚɞɵɜɚɥɢɫɶ ɞɪɭɝ ɧɚ ɞɪɭɝɚ. ȼ 
ɨɩɵɬɚɯ эɬɚ ɫɤɨɪɨɫɬɶ ɛɵɥɚ ɪɚɜɧɚ 5 ɦ/ɫ. 

ɋɢɝɧɚɥɵ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɚ ɬɚɤɠɟ ɜɵɧɭɠɞɟɧɧɵɯ, ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɢ ɫ 
ɩɨɦɨɳɶɸ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ, эɥɟɤɬɪɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɧɚɹ 
ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ β. 

Ʉɨɦɦɭɬɚɬɨɪ ɚɧɚɥɨɝɨɜɵɯ ɫɢɝɧɚɥɨɜ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɛɨɪɚ ɨɞɧɨɝɨ ɢɡ 16-ɬɢ 
ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɤɚɧɚɥɨɜ ɢ ɩɟɪɟɞɚɱɢ ɚɧɚɥɨɝɨɜɨ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞ ɚɧɚɥɨɝɨɜɨ-ɰɢфɪɨɜɨɝɨ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. 

Ⱥɧɚɥɨɝɨɜɨ-ɰɢфɪɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ Ⱥɐɉ-Ɏ4βββ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɞɚɱɢ 
ɞɟɫɹɬɢɪɚɡɪɹɞɧɨɝɨ ɰɢфɪɨɜɨɝɨ ɤɨɞɚ ɜ ɛɭфɟɪɧɭɸ ɨɩɟɪɚɬɢɜɧɭɸ ɩɚɦɹɬɶ. 
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Ɋɢɫ. 1. – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɚɬɱɢɤɨɜ ДSОЧЬШЫ МШЧПТРЮЫКЭТШЧЖ 
 

Ȼɭфɟɪɧɚɹ ɨɩɟɪɚɬɢɜɧɚɹ ɩɚɦɹɬɶ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɜɪɟɦɟɧɧɨɝɨ ɯɪɚɧɟɧɢɹ I6Ʉ 
ɞɟɫɹɬɢɪɚɡɪɹɞɧɵɯ ɫɥɨɜ. 

ɍɡɟɥ ɭɩɪɚɜɥɟɧɢɹ ɫɢɧɯɪɨɧɢɡɚɰɢɢ ɨɪɝɚɧɢɡɭɟɬ ɪɚɛɨɬɭ ɜɫɟɣ ɫɢɫɬɟɦɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ 
ɨɬ ɜɵɛɪɚɧɧɨɝɨ ɪɟɠɢɦɚ. 

Ƚɟɧɟɪɚɬɨɪ ɫɢɝɧɚɥɨɜ Ƚ5-54 ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɡɚɞɚɧɢɹ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɫɴɟɦɚ 
ɚɧɚɥɨɝɨɜɵɯ ɞɚɧɧɵɯ. 

ɍɡɟɥ ɫɨɩɪɹɠɟɧɢɹ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɛɭфɟɪɧɨɣ ɩɚɦɹɬɢ ɢɥɢ ɚɧɚɥɨɝɨ-

ɰɢфɪɨɜɨɣ ɤɥɚɜɢɚɬɭɪɵ ɤ ɭɫɬɪɨɣɫɬɜɭ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ. 
Ʉɥɚɜɢɚɬɭɪɚ ɫɥɭɠɢɬ ɞɥɹ ɜɜɨɞɚ ɚɧɚɥɨɝɨ-ɰɢфɪɨɜɨɣ ɢɧфɨɪɦɚɰɢɢ. 
ɍɫɬɪɨɣɫɬɜɨ ɩɨɞɝɨɬɨɜɤɢ ɞɚɧɧɵɯ ɩɪɟɞɧɚɡɧɚɱɟɧɨ ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɡɚɩɢɫɢ ɧɚ 

ɦɚɝɧɢɬɧɭɸ ɥɟɧɬɭ ɢɧфɨɪɦɚɰɢɢ, ɜɜɟɞɟɧɧɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɤɥɚɜɢɚɬɭɪɵ ɢɥɢ ɢɡ ɛɭфɟɪɧɨɣ 
ɩɚɦɹɬɢ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ ɨɩɪɨɫɚ, ɡɚɞɚɜɚɟɦɚɹ ɝɟɧɟɪɚɬɨɪɨɦ ɢɦɩɭɥɶɫɨɜ, 50 ∙ 103  Ƚɰ. 
Ɉɛɴɟɦ ɩɚɦɹɬɢ ɭɫɬɪɨɣɫɬɜɚ ɪɚɜɟɧ 16000 ɢɡɦɟɪɟɧɢɣ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɡɚɩɢɫɢ ɨɞɧɨɝɨ 
ɫɢɝɧɚɥɚ ɪɚɜɧɚ 0,β ∙ 10−4  ɫɟɤ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɨɩɟɪɚɬɢɜɧɨɣ ɩɚɦɹɬɢ 
ɪɚɜɧɚ 0,γβ ɫɟɤ. Ⱦɥɹ ɫɱɢɬɵɜɚɧɢɹ ɞɚɧɧɵɯ ɫ ɦɚɝɧɢɬɧɨɣ ɥɟɧɬɵ ɢ ɜɜɨɞɚ ɢɯ ɜ ɨɩɟɪɚɬɢɜɧɭɸ 
ɩɚɦɹɬɶ ɗȼɆ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ. 
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Ɋɢɫ. 2. – ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɢɡɦɟɪɢɬɟɥɶɧɨ-ɪɟɝɢɫɬɪɢɪɭɸɳɟɝɨ ɤɨɦɩɥɟɤɫɚ 

[Electrical structural scheme of the measuring and recording complex] 
 

ȼ ɪɟɠɢɦɟ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɲɢɪɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɡɚɩɢɫɶɸ ɫɢɝɧɚɥɨɜ ɜ 
ɢɡɦɟɪɢɬɟɥɶɧɨɦ ɤɨɦɩɥɟɤɫɟ ɜɵɩɨɥɧɹɥɢɫɶ ɡɚɦɟɪɵ ɱɚɫɬɨɬɵ ɢ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫ 
ɩɨɦɨɳɶɸ ɚɧɚɥɢɡɚɬɨɪɚ ɫɩɟɤɬɪɚ ɋ4-48. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬ ɤɨɥɟɛɚɧɢɹ ɜɨɡɛɭɠɞɚɥɢɫɶ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɹɯ. 

ɉɚɪɚɦɟɬɪɵ ɜɢɛɪɚɰɢɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɜ ɪɟɠɢɦɚɯμ 
– ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣν 
– ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɫ ɧɚɝɪɭɡɤɚɦɢ 50, 80 ɢ 100%ν 
– ɬɟɱɟɧɢɹ ɫɪɟɞɵ ɬɨɥɶɤɨ ɩɨ ɩɟɪɜɨɦɭ ɤɨɧɬɭɪɭ ɫ ɧɚɝɪɭɡɤɚɦɢ 50 ɢ 100%. 

 

ɊȿɁɍɅɖɌȺɌɕ ɂɋɉɕɌȺɇɂɃ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɩɟɪɜɵɯ ɝɚɪɦɨɧɢɤ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ, 
ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɨɫɰɢɥɥɨɝɪɚфɚ, ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 

ɏɚɪɚɤɬɟɪɧɵ ɨɱɟɧɶ ɜɵɫɨɤɢɟ, ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɞɢɚɥɶɧɵɦɢ ɲɢɪɦɚɦɢ, ɱɚɫɬɨɬɵ 
ɤɨɥɟɛɚɧɢɣμ ɨɬ 1100 ɞɨ γ7β0 Ƚɰ. Ⱦɥɹ ɪɚɞɢɚɥɶɧɵɯ ɲɢɪɦ ɱɚɫɬɨɬɵ ɩɟɪɜɵɯ ɝɚɪɦɨɧɢɤ 
ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 10-β00 Ƚɰ. Ɍɚɤɨɟ ɨɬɥɢɱɢɟ ɨɛɴɹɫɧɹɟɬɫɹ ɛɨɥɶɲɟɣ ɠɟɫɬɤɨɫɬɶɸ 
эɜɨɥɶɜɟɧɬɵɯ ɲɢɪɦ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɤɨɧɫɬɪɭɤɰɢɟɣ ɢɯ ɤɪɟɩɥɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɤɨɧɫɬɪɭɤɰɢɟɣ ɦɨɞɟɥɢ ɲɢɪɦɵ. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɨɧɚ ɜɵɩɨɥɧɟɧɚ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɣ ɩɨ 
ɜɵɫɨɬɟ ɢ ɩɪɢɦɟɪɧɨ ɜ 5 ɪɚɡ ɦɟɧɶɲɟ ɩɨ ɲɢɪɢɧɟ ɢ ɫɨɟɞɢɧɟɧɚ ɫ ɤɨɠɭɯɨɦ, ɱɬɨ ɭɜɟɥɢɱɢɜɚɟɬ 
ɟɟ ɠɟɫɬɤɨɫɬɶ. 
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Ɍɚɛɥɢɰɚ 1. – ɋɜɨɛɨɞɧɵɟ ɝɚɪɦɨɧɢɤɢ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ ɪɚɫɩɨɥɨɠɟɧɢɢ ɲɢɪɦ ДFЫОО 
harmonics at vertical screen configuration] 

 

ɇɨɦɟɪ  
ɞɚɬɱɢɤɚ 

ɇɨɦɟɪ  
ɤɚɧɚɥɚ 

ɇɚɩɪɚɜɥɟɧɢɟ 
ɤɚɧɚɥɚ 

ɇɚɩɪɚɜɥɟɧɢɟ 
ɭɞɚɪɚ 

Ⱦɟɤɪɟɦɟɧɬ 
ɡɚɬɭɯɚɧɢɹ 

ɑɚɫɬɨɬɚ, Ƚɰ 

1 2 y y 54,3 2500 

2 1 z x 14,4 3730 

2 1 z z 10,2 2240 

2 2 x x 19,1 1720 

5 1 z z 39,9 2420 

5 2 y y 58,6 3170 

7 1 y z 11,9 1100 

 

ȼɨ ȼɇɂɂȺɆ ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɪɟɤɨɧɫɬɪɭɤɰɢɹ ɦɨɞɟɥɢ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɠɟɫɬɤɨɫɬɶ 
ɲɢɪɦ ɭɦɟɧɶɲɢɥɚɫɶ. ɉɚɪɚɦɟɬɪɵ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɫ ɩɨɦɨɳɶɸ 
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɚ. ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɞɚɧɧɵɯ ɫɢɝɧɚɥ ɫɧɢɦɚɥɫɹ ɫ ɞɚɬɱɢɤɨɜ ɢ 
ɡɚɩɢɫɵɜɚɥɫɹ ɜ фɨɪɦɟμ �˅ы˘ ݐ = + ݐ݂ ݏ݋ܿ��   ∞  ݐ݂ ݊݅ݏ��

�=1

+ 0݂ , 

ɝɞɟ �� ɢ ��  – ɤɨэффɢɰɢɟɧɬɵ Ɏɭɪɶɟν ݂ – ɱɚɫɬɨɬɚ. 
 

ɂɡ ɞɚɧɧɵɯ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɪɢɫɭɧɤɟ γ, ɫɥɟɞɭɟɬ, ɱɬɨ ɱɚɫɬɨɬɚ ɩɟɪɜɵɯ ɝɚɪɦɨɧɢɤ 
ɭɦɟɧɶɲɢɥɚɫɶ ɞɨ β00 Ƚɰ. 

  
Ɋɢɫ. 3. – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨэффɢɰɢɟɧɬɨɜ Ɏɭɪɶɟ ɨɬ ɱɚɫɬɨɬɵ [Fourier Coefficient Dependence on the Frequency] 

 

ȼ ɬɚɛɥɢɰɟ β ɩɪɢɜɟɞɟɧɵ ɩɚɪɚɦɟɬɪɵ ɜɢɛɪɚɰɢɢ ɩɨ ɩɟɪɜɵɦ ɝɚɪɦɨɧɢɤɚɦ ɞɥɹ ɪɟɠɢɦɚ 
ɰɢɪɤɭɥɹɰɢɢ ɫɪɟɞɵ ɬɨɥɶɤɨ ɩɨ ɩɟɪɜɨɦɭ ɤɨɧɬɭɪɭ. 

ɉɪɢ ɫɬɨɩɪɨɰɟɧɬɧɨɣ ɧɚɝɪɭɡɤɟ ɨɫɧɨɜɧɵɟ ɱɚɫɬɨɬɵ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ γ70 ɞɨ 
470 Ƚɰ, ɚ ɩɪɢ ɧɚɝɪɭɡɤɟ 50 % - ɨɬ γ70 ɞɨ 660 Ƚɰ. Ⱥɦɩɥɢɬɭɞɵ ɫɦɟɳɟɧɢɹ ɭɦɟɧɶɲɚɸɬɫɹ 
ɩɪɢɦɟɪɧɨ ɜ β ɪɚɡɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɫɬɨɩɪɨɰɟɧɬɧɨɣ ɤ ɩɹɬɢɩɪɨɰɟɧɬɧɨɣ ɧɚɝɪɭɡɤɟ. 

ȼ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɤɨɥɢɱɟɫɬɜɨ ɝɚɪɦɨɧɢɤ ɫɬɚɧɨɜɢɬɫɹ ɛɨɥɶɲɟ, ɱɚɫɬɨɬɚ 
ɜɵɫɲɢɯ ɞɨɫɬɢɝɚɟɬ β000 Ƚɰ. ȼ ɪɟɠɢɦɟ ɩɪɨɤɚɱɤɢ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɱɚɫɬɨɬɚ ɜɵɫɲɢɯ 
ɝɚɪɦɨɧɢɤ ɪɚɜɧɚ 1000-1400 Ƚɰ. 

ɑɚɫɬɨɬɚ ɨɫɧɨɜɧɨɣ ɝɚɪɦɨɧɢɤɢ ɜ ɪɟɠɢɦɟ ɝɟɧɟɪɚɰɢɢ ɩɚɪɚ ɪɚɜɧɚ βλ0 ±β0 Ƚɰ, ɬ.ɟ. 
ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ 80-1λ0 Ƚɰ, ɚ ɚɦɩɥɢɬɭɞɚ ɜɨɡɪɚɫɬɚɟɬ ɫ 0,054 ɞɨ 0,07 ɦɦ. 

ȼ ɨɩɵɬɚɯ ɫ ɝɟɧɟɪɚɰɢɟɣ ɩɚɪɚ ɧɟ ɨɛɧɚɪɭɠɟɧɨ ɜɥɢɹɧɢɹ ɧɚɝɪɭɡɤɢ ɧɚ ɩɚɪɚɦɟɬɪɵ 
ɜɢɛɪɚɰɢɢ. 
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Ɍɚɛɥɢɰɚ 2. – Ɉɩɵɬɧɵɟ ɢ ɪɚɫɱɟɬɧɵɟ ɞɚɧɧɵɟ ɩɨ ɜɢɛɪɚɰɢɢ ɦɨɞɟɥɢ ɩɪɢ ɩɪɨɤɚɱɤɟ ɫɪɟɞɵ 
ɬɨɥɶɤɨ ɩɨ ɩɟɪɜɨɦɭ ɤɨɧɬɭɪɭ  [Experimental and calculated data on model 

vibration when pumping the field along the first contour only] 
 

ɇɚɝɪɭɡɤɚ 
% 

ɇɨɦɟɪ 
ɞɚɬɱɢɤɚ 

ɇɨɦɟɪ 
ɤɚɧɚɥɚ 

ɑɚɫɬɨɬɚ, 
Ƚɰ 

ȼɢɛɪɨɭɫɤɨɪɟɧɢɟ, ˏ ˔2  
ɚ/g 

Ⱥɦɩɥɢɬɭɞɚ 
Ⱥ, ɦɦ 

100 

7 1 480 11,0 1,1 0,048 

7 2 480 15,0 1,5 0,065 

5 1 470 12,0 1,2 0,054 

5 2 470 9,6 0,98 0,043 

1 1 370 12,0 1,2 0,055 

50 

1 2 660 13,5 1,4 0,031 

3 2 370 12.75 1,3 0,093 

7 1 660 12,0 1,2 0,028 

7 2 660 10,5 1,1 0,024 

 

ɈɐȿɇɄȺ ȼɂȻɊɈɉɊɈɑɇɈɋɌɂ ɌɊɍȻɑȺɌɄɂ 
 

ɉɪɨɱɧɨɫɬɶ ɬɪɭɛɱɚɬɤɢ ɨɩɪɟɞɟɥɟɧɚ ɩɨ ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɜɢɛɪɨɫɤɨɪɨɫɬɢ ɢ 
ɧɚɩɪɹɠɟɧɢɹ Д5, 6Жμ  �݉ܽ� = �݉ܽ� � ∙ � ∙ �݃ , 

ɝɞɟ �݉ܽ�  – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, Ɇɉɚν 
 �݉ܽ�  – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɜɢɛɪɨɫɤɨɪɨɫɬɢ, ɦ/ɫν 
 ɋ – ɤɨэффɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɩɨɫɨɛ ɡɚɞɟɥɤɢ ɢ ɤɪɟɩɥɟɧɢɹ ɬɪɭɛɨɤν 
 � – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɨɤ, Ɇɉɚν 
 � – ɩɥɨɬɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ ɬɪɭɛɨɤ, ɤɝ/ˏ3. 

 Ɇɚɤɫɢɦɚɥɶɧɚɹ ɜɢɛɪɨɫɤɨɪɨɫɬɶ ɪɚɜɧɚ vmax=1050 ɦɦ/ɫ. 
 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɤɨэффɢɰɢɟɧɬ ɋ ɛɵɥ ɩɪɢɧɹɬ ɪɚɜɧɵɦ γ Д7Ж. Ɋɚɫɫɱɢɬɚɧɧɨɟ 
ɞɥɹ ɫɬɚɥɢ 1βɏ18ɇ10Ɍ ɡɧɚɱɟɧɢɟ �݉ܽ� = 2,5 МПа. 

Ɇɚɤɫɢɦɚɥɶɧɵɣ ɩɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɞɥɹ ɧɟɟ ɪɚɜɟɧ 100 Ɇɉɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 
ɪɚɛɨɬɚɦɢ Д8, λЖ ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɫ ɚɦɩɥɢɬɭɞɨɣ, ɪɚɜɧɨɣ ɦɟɧɟɟ ɩɨɥɨɜɢɧɵ 
ɦɢɧɢɦɚɥɶɧɨɝɨ ɩɪɟɞɟɥɚ ɜɵɧɨɫɥɢɜɨɫɬɢ ɫɬɚɥɢ (50 Ɇɉɚ) ɧɟ ɩɪɢɜɨɞɹɬ ɤ ɩɨɜɪɟɠɞɟɧɢɸ 
ɤɨɧɫɬɪɭɤɰɢɢ. 

ȼɢɛɪɨɩɪɨɱɧɨɫɬɶ ɬɪɭɛɱɚɬɤɢ ɛɵɥɚ ɨɰɟɧɟɧɚ ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɪɚɛɨɬɟ Д10Ж. 
Ⱦɨɩɭɫɤɚɟɦɚɹ ɚɦɩɥɢɬɭɞɚ ɜɢɛɪɨɧɚɩɪɹɠɟɧɢɣ ɜ ɦɟɬɚɥɥɟ ɬɪɭɛɨɤ ɪɚɜɧɚ: 

  �ܽ =
�−1
ݐ ∙ �݊�  1 +
�−1
�ݐ ݐܾ ∙ ݎ+1

= ݎ−1
30,4 ∙ 1,2

10 ∙  1 +
30,4

392
∙ 1+0,6

1−0,6
 = 2,9 МПа. 

ɉɪɟɞɟɥ ɜɵɧɨɫɥɢɜɨɫɬɢ ɩɪɢ ɫɢɦɦɟɬɪɢɱɧɨɦ ɱɢɤɥɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ фɨɪɦɭɥɟ 
Ɇэɧɫɨɧɚμ �−1

ݐ = 1,75 � ݐܾ �0,12  = 1,75  392  18,9 ∙ 1010 0,12  = 30,4 МПа. 

ɑɢɫɥɨ ɰɢɤɥɨɜ ɧɚɝɪɭɠɟɧɢɹ ɞɥɹ ɪɟɫɭɪɫɚ ɬɪɭɛɱɚɬɤɢ ɪɚɜɧɨɝɨ γ0 ɥɟɬμ 
 � = 0,946 ∙ 109 ∙ ݂ = 0,946 ∙ 109 ∙ 200 = 18,9 ∙ 109, 

 

ɝɞɟ ݂ – ɱɚɫɬɨɬɚ ɜɢɛɪɚɰɢɢ ɲɢɪɦ, Ƚɰ. 
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Ʉɨэффɢɰɢɟɧɬ ɚɫɢɦɦɟɬɪɢɢ ɲɢɪɦ ɰɢɤɥɚ: 

ݎ  =
 �݉ܽ� − 2�ܽ �݉ܽ� =

 147,9 − 2 ∙ 30,4 
147,9

= 0,6. 

 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɰɢɤɥɚ: 

 �݉ܽ� = �˔˓ + �ܽ = 117,5 + 30,4 = 147,9 МПа, 

 

ɝɞɟ ɩɪɢɧɹɬɨμ �ܽ = �−1
ݐ , �˔˓ =  �ː . 

 

Ʉɨэффɢɰɢɟɧɬ ɡɚɩɚɫɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ ɩɪɢɧɹɬ ɪɚɜɧɵɦ 10. 
Ʉɨэффɢɰɢɟɧɬ ɧɚɩɪɹɠɟɧɢɣ k=1,2. 

ɂɡ ɫɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ 
ɡɧɚɤɨɩɟɪɟɦɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɟɜɵɲɚɟɬ ɞɨɩɭɫɤɚɟɦɭɸ ɚɦɩɥɢɬɭɞɭ 
ɜɢɛɪɨɧɚɩɪɹɠɟɧɢɣ ɜ ɦɟɬɚɥɥɟ ɬɪɭɛɨɤ  �ܽ , ɤɨɬɨɪɚɹ ɪɚɫɫɱɢɬɚɧɚ ɞɥɹ ɪɟɫɭɪɫɚ ɬɪɭɛɨɤ 
ɪɚɜɧɨɝɨ γ0 ɥɟɬ ɢ ɞɟɫɹɬɢɤɪɚɬɧɨɝɨ ɡɚɩɚɫɚ ɩɨ ɧɚɩɪɹɠɟɧɢɸ Д11Ж. 
 

ȼɕȼɈȾɕ 

 

1. ɋɨɝɥɚɫɧɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɱɚɫɬɨɬɚ ɫɜɨɛɨɞɧɵɯ ɤɨɥɟɛɚɧɢɣ 
L – ɨɛɪɚɡɧɵɯ эɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ ɞɥɢɧɵ ɟɟ ɤɨɧɫɨɥɶɧɨɣ ɱɚɫɬɢ. Ɍɚɤ, 
ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɫ 0,5 ɞɨ β ɦ ɱɚɫɬɨɬɚ ɢɡɦɟɧɹɟɬɫɹ ɧɚ β5-γ0 %. Ⱦɥɢɧɚ ɲɢɪɦɵ ɜ 
ɡɧɚɱɢɬɟɥɶɧɨɣ ɦɟɪɟ ɜɥɢɹɟɬ ɧɚ ɫɨɛɫɬɜɟɧɧɭɸ ɱɚɫɬɨɬɭ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɞɥɢɧɵ ɲɢɪɦɵ ɫ 4 
ɞɨ 10 ɦ, ɬ.ɟ. ɜ β,5 ɪɚɡɚ ɫɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɫɧɢɠɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 6 ɪɚɡ ɤɚɤ ɜ ɫɥɭɱɚɟ 
ɫɜɨɛɨɞɧɨɣ ɲɢɪɦɵ, ɬɚɤ ɢ ɫ ɡɚɤɪɟɩɥɟɧɢɟɦ. ɋɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ ɲɢɪɦɵ ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɬ 

ɨɬ ɱɢɫɥɚ ɬɪɭɛɨɤ. Ⱥɦɩɥɢɬɭɞɚ ɜɵɧɭɠɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɟɬ ɫ 
ɭɦɟɧɶɲɟɧɢɟɦ ɱɢɫɥɚ ɬɪɭɛɨɤ ɜ ɲɢɪɦɟ. Ɍɚɤ ɩɪɢ ɞɥɢɧɟ ɲɢɪɦɵ, ɪɚɜɧɨɣ 6 ɦ, ɢ ɨɬɧɨɲɟɧɢɢ 
ɱɚɫɬɨɬɵ ɜɨɡɛɭɠɞɚɸɳɟɣ ɫɢɥɵ ɤ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɟ, ɪɚɜɧɨɣ 0,9, ɭɦɟɧɶɲɟɧɢɟ ɱɢɫɥɚ 
ɬɪɭɛɨɤ ɫ 75 ɞɨ 5 ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɚɦɩɥɢɬɭɞɵ ɜ 5 ɪɚɡ ɞɥɹ ɫɥɭɱɚɹ ɡɚɤɪɟɩɥɟɧɧɨɣ 
ɲɢɪɦɵ ɢ ɜ 1000 ɪɚɡ – ɞɥɹ ɫɜɨɛɨɞɧɨɣ ɲɢɪɦɵ. 

2. Ɉɰɟɧɤɚ ɜɢɛɪɨɩɪɨɱɧɨɫɬɢ L – ɨɛɪɚɡɧɵɯ эɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ ɜɵɹɜɢɥɚ ɨɬɫɭɬɫɬɜɢɟ 
ɪɟɡɨɧɚɧɫɧɵɯ ɤɨɥɟɛɚɧɢɣ ɲɢɪɦ ɧɚ эɤɨɧɨɦɚɣɡɟɪɧɨɦ ɢ ɢɫɩɚɪɢɬɟɥɶɧɨɦ ɭɱɚɫɬɤɚɯ 
ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ. 

3. ɋɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ эɜɨɥɶɜɟɧɬɧɵɯ ɬɪɚɞɢɰɢɨɧɧɵɯ ɲɢɪɦ, ɨɩɪɟɞɟɥɟɧɧɚɹ 
эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɚ ɩɹɬɢɦɟɝɚɜɚɬɧɨɣ ɦɨɞɟɥɢ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɪɚɜɧɚ β00 Ƚɰ. Ɋɚɫɱɟɬɧɵɟ 
ɱɚɫɬɨɬɵ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ Ƚɰ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɨɫɬɚɬɨɱɧɨɣ ɨɬɫɬɪɨɣɤɟ ɲɢɪɦ ɦɨɞɟɥɢ ɨɬ ɪɟɡɨɧɚɧɫɚ. 

4. ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɢ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ ɦɨɞɟɥɢ 
ɡɧɚɤɨɩɟɪɟɦɟɧɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɭɛɤɚɯ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɞɨɩɭɫɬɢɦɵɯ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɞɨɫɬɚɬɨɱɧɨɣ ɜɢɛɪɨɩɪɨɱɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɬɟɱɟɧɢɟ ɩɟɪɢɨɞɚ 
эɤɫɩɥɭɚɬɚɰɢɢ. 

5. ɗɜɨɥɶɜɟɧɬɧɵɟ ɲɢɪɦɵ ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɪɚɞɢɚɥɶɧɵɦɢ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɟɣ 
ɠɟɫɬɤɨɫɬɶɸ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɢɯ ɜɢɛɨɪɨɩɪɨɱɧɨɫɬɶ. 
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Abstract – The work shows out calculations and experimental studies on the determination of the 

vibration parameters. The project of a full-scale air-water model of a vertical steam generator has 

been completed. The resource of involute screens is determined. 

The objective of the work is to determine the vibration characteristics and service life of steam 

generating pipes, issue recommendations on improving the vibration resistance of the tube bundle. 

 

Keywords: Vibration resistance, involute screens, tube bundle, turbulence, vortex shedding, 

hydroelastic interaction, natural frequency, frequency spectrum, stresses. 

 


