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Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɪɚɫɱɺɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ ɬɪɭɛɨɩɪɨɜɨɞɚɯ 

ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɨɣ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɬɟɩɥɨɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 
ɩɚɪɨɝɟɧɟɪɢɪɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ ɬɢɩɚ ȼȼɗɊ-440. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɤɨɦɩɟɧɫɚɬɨɪ ɞɚɜɥɟɧɢɹ 
ɭɫɢɥɢɜɚɟɬ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɩɨɞɨɛɧɨ ɪɟɡɨɧɚɬɨɪɭ Ƚɟɥɶɦɝɨɥɶɰɚ. ɉɨɫɤɨɥɶɤɭ ɪɟɡɨɧɚɬɨɪ 
Ƚɟɥɶɦɝɨɥɶɰɚ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɞɟɦɩфɟɪɨɦ ɚɤɭɫɬɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ 
ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɵ, ɩɪɟɞɥɨɠɟɧɨ ɜ ɤɚɱɟɫɬɜɟ эффɟɤɬɢɜɧɨɝɨ ɫɪɟɞɫɬɜɚ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ 
ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɪɟɡɨɧɚɧɫɨɜ ɧɚ Ⱥɗɋ ɢɫɩɨɥɶɡɨɜɚɬɶ  ɚɤɭɫɬɢɱɟɫɤɢɣ фɢɥɶɬɪ ɱɚɫɬɨɬ ɬɢɩɚ 
ɪɟɡɨɧɚɬɨɪɚ Ƚɟɥɶɦɝɨɥɶɰɚ. 
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Ⱦɥɹ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ Ⱥɗɋ ɫ ȼȼɗɊ ɯɚɪɚɤɬɟɪɧɨ ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɢɫɬɨɱɧɢɤɨɜ 
ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɫɥɨɠɧɨɫɬɶɸ ɝɟɨɦɟɬɪɢɢ, ɚ ɬɚɤɠɟ ɧɚɥɢɱɢɟɦ 
ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɤɨɧɬɭɪɭ ɧɚɫɨɫɨɜ ɢ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ȼɢɛɪɨɲɭɦɨɜɚɹ ɤɚɪɬɢɧɚ 
ɢɦɟɟɬ ɫɥɨɠɧɵɣ ɯɚɪɚɤɬɟɪ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɧɚɥɢɱɢɟɦ ɩɟɪɟɤɪɟɫɬɧɵɯ эффɟɤɬɨɜ 
ɧɚɥɨɠɟɧɢɹ ɜɨɥɧ ɞɚɜɥɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɩɨэɬɨɦɭ ɢɞɟɧɬɢфɢɤɚɰɢɹ ɢɫɬɨɱɧɢɤɨɜ ɲɭɦɚ ɢ 
ɜɵɞɟɥɟɧɢɟ ɟɝɨ ɫɨɫɬɚɜɥɹɸɳɢɯ ɢɡ ɫɢɝɧɚɥɚ ɲɭɦɨɜ ɞɚɜɥɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ эɤɫɩɥɭɚɬɚɰɢɢ 
ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɚ. ɗффɟɤɬɢɜɧɵɦ ɦɟɬɨɞɨɦ ɜɵɹɜɥɟɧɢɹ ɨɬɞɟɥɶɧɵɯ 
ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɩɟɤɬɪɚ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ эɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ 
ɞɟɣɫɬɜɭɸɳɟɦ эɧɟɪɝɨɛɥɨɤɟ, ɜ ɤɨɬɨɪɵɯ, ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɢɥɢ ɜɧɟɫɟɧɢɹ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɜ ɬɟɩɥɨɧɨɫɢɬɟɥɶ, ɢɫɫɥɟɞɭɸɬɫɹ ɫɩɟɤɬɪɚɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ. Ɍɚɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹμ ɞɚɜɥɟɧɢɟ, 
ɬɟɦɩɟɪɚɬɭɪɚ, ɪɚɫɯɨɞ, ɭɪɨɜɟɧɶ ɜɨɞɵ ɜ ɤɨɦɩɟɧɫɚɬɨɪɟ ɞɚɜɥɟɧɢɹ (ɄȾ). Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ 
ɞɟɬɚɥɶɧɨɝɨ ɨɩɢɫɚɧɢɹ ɜɢɛɪɚɰɢɨɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɭɫɥɨɜɢɹɯ ɫɥɨɠɧɨɣ ɝɟɨɦɟɬɪɢɢ 
ɧɟɨɛɯɨɞɢɦɚ ɭɫɬɚɧɨɜɤɚ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɞɚɬɱɢɤɨɜ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ (ȾɉȾ), ɜ ɬɨɦ 
ɱɢɫɥɟ ɜ ɦɟɫɬɚɯ, ɧɟɞɨɫɬɭɩɧɵɯ ɞɥɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɬɟɯɧɢɤɢ ɩɨ ɭɫɥɨɜɢɹɦ ɛɟɡɨɩɚɫɧɨɣ ɢ 
ɧɚɞɟɠɧɨɣ эɤɫɩɥɭɚɬɚɰɢɢ ɞɟɣɫɬɜɭɸɳɟɝɨ эɧɟɪɝɨɛɥɨɤɚ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɭɥɶɫɚɰɢɣ 
ɞɚɜɥɟɧɢɹ ɧɚ ɦɨɞɟɥɹɯ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɞɟɬɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 
ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɨɟ ɫɨɫɬɨɹɧɢɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ эɤɫɩɥɭɚɬɚɰɢɢ. 

ȼ 1λ80-ɯ ɝɨɞɚɯ ɧɚ Ɍɗɐ Ɇɗɂ ɛɵɥɚ ɫɨɡɞɚɧɚ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ (ɗɍ), ɧɟ 
ɢɦɟɸɳɚɹ, ɧɚ ɬɨɬ ɦɨɦɟɧɬ, ɚɧɚɥɨɝɨɜ ɜ ɦɢɪɟ. Ɉɧɚ ɦɨɞɟɥɢɪɨɜɚɥɚ ɪɚɛɨɬɭ ɞɜɭɯɤɨɧɬɭɪɧɨɣ 
ɩɚɪɨɝɟɧɟɪɢɪɭɸɳɟɣ ɭɫɬɚɧɨɜɤɢ ɢ ɩɨɡɜɨɥɹɥɚ ɢɡɭɱɚɬɶ ɩɪɨɰɟɫɫ ɜɵɪɚɛɨɬɤɢ ɩɚɪɚ ɧɚ 
ɞɜɭɯɤɨɧɬɭɪɧɨɣ Ⱥɗɋ ɫ ɜɨɞɧɵɦ ɬɟɩɥɨɧɨɫɢɬɟɥɟɦ Д1Ж. 

ɗɍ ɫɨɫɬɨɹɥɚ ɢɡ ɫɢɫɬɟɦɵ ɬɪɭɛɨɩɪɨɜɨɞɨɜ, ɫɨɟɞɢɧɹɸɳɢɯ ɬɨɩɤɭ, ɝɥɚɜɧɵɣ 
ɰɢɪɤɭɥɹɰɢɨɧɧɵɣ ɧɚɫɨɫ (Ƚɐɇ), ɡɚɞɜɢɠɤɢ, ɩɚɪɨɝɟɧɟɪɚɬɨɪ (ɉȽ) ɢ ɤɨɦɩɟɧɫɚɬɨɪ ɨɛɴɟɦɚ 
(ɄɈ). ɉɨɞɨɝɪɟɜ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɩɪɨɢɡɜɨɞɢɥɫɹ ɜ ɬɨɩɤɟ ɤɨɬɥɚ, ɪɚɛɨɬɚɸɳɟɝɨ ɧɚ ɝɚɡɟ. 
Ɍɟɩɥɨɩɟɪɟɞɚɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ ɜɢɞɟ ɩɚɤɟɬɨɜ ɬɪɭɛ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
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ɧɚ ɬɨɩɨɱɧɵɯ эɤɪɚɧɚɯ ɤɨɬɥɚ. 
ȼɬɨɪɨɣ ɤɨɧɬɭɪ ɗɍ ɢɦɟɥ ɭɱɚɫɬɨɤ ɩɟɪɟɝɪɟɜɚ ɩɚɪɚ. Ƚɐɇ ɗɍ ɩɨ ɩɚɪɚɦɟɬɪɚɦ ɢ 

ɤɨɧɫɬɪɭɤɰɢɢ ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ Ƚɐɇ, ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ Ⱥɗɋ ɫ ȼȼɗɊ-440. Ɉɫɧɨɜɧɨɣ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɨɛɨɪɭɞɨɜɚɧɢɹ – ɭɝɥɟɪɨɞɢɫɬɚɹ ɚɭɫɬɟɧɢɬɧɚɹ ɧɟɪɠɚɜɟɸɳɚɹ 
ɫɬɚɥɶ. ɉɨɜɟɪɯɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ, ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɛɥɢɡɤɚ ɤ ɤɨɧɫɬɪɭɤɰɢɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɚɪɨɝɟɧɟɪɚɬɨɪɨɜ ɇɨɜɨɜɨɪɨɧɟɠɫɤɨɣ Ⱥɗɋ. Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ 
ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɬɨɦ, ɱɬɨ ɰɢɥɢɧɞɪɢɱɟɫɤɢɣ ɤɨɪɩɭɫ ɩɚɪɨɝɟɧɟɪɚɬɨɪɚ ɗɍ ɛɵɥ ɩɨɫɬɚɜɥɟɧ 
ɜɟɪɬɢɤɚɥɶɧɨ. 

ɉɚɪɨɜɨɣ ɄɈ ɜɵɩɨɥɧɟɧ ɜ ɜɢɞɟ ɞɜɭɯ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ, ɜɟɪɬɢɤɚɥɶɧɨ ɩɨɫɬɚɜɥɟɧɧɵɯ 
ɫɨɫɭɞɨɜ, ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɬɪɭɛɤɚɦɢ ɩɨ ɜɨɞɟ ɢ ɩɚɪɭ ДβЖ. ɄɈ ɨɫɧɚɳɟɧ 
ɜɫɬɪɨɟɧɧɵɦɢ ɛɥɨɤɚɦɢ эɥɟɤɬɪɨɧɚɝɪɟɜɚɬɟɥɟɣ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɫɨɡɞɚɜɚɥɚɫɶ ɢ 
ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɥɚɫɶ ɩɚɪɨɜɚɹ ɞɟɦɩфɢɪɭɸɳɚɹ ɩɨɞɭɲɤɚ. ɍɪɨɜɟɧɶ ɡɚɩɨɥɧɟɧɢɹ ɄɈ 
ɪɟɝɭɥɢɪɨɜɚɥɫɹ ɩɨɞɩɢɬɨɱɧɵɦɢ ɧɚɫɨɫɚɦɢ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ. ȼ ɤɨɧɰɟ 1λ70-ɯ ɝɨɞɨɜ 
ɩɟɪɟɨɛɨɪɭɞɨɜɚɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɨɬɥɚ №γ Ɍɗɐ Ɇɗɂ ɩɨɞ ɞɜɭɯɤɨɧɬɭɪɧɭɸ 
ɩɚɪɨɩɪɨɢɡɜɨɞɹɳɭɸ ɭɫɬɚɧɨɜɤɭ, ɚɞɟɤɜɚɬɧɨ ɜɨɫɩɪɨɢɡɜɨɞɹɳɭɸ ɬɟɩɥɨɝɢɞɪɚɜɥɢɱɟɫɤɢɟ 
ɩɪɨɰɟɫɫɵ ɜ ɨɞɧɨɣ ɩɟɬɥɟ ɞɜɭɯɤɨɧɬɭɪɧɨɣ Ⱥɗɋ ɫ ɪɟɚɤɬɨɪɨɦ ȼȼɗɊ-440, ɩɪɟɞɨɫɬɚɜɢɥɨ 
ɭɧɢɤɚɥɶɧɭɸ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɩɪɨɬɟɤɚɸɳɢɯ ɜ 
ɤɨɧɬɭɪɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɪɚɛɨɱɟɝɨ ɬɟɥɚ. ɉɨɞɨɛɧɨɝɨ ɦɚɫɲɬɚɛɚ ɭɫɬɚɧɨɜɤɨɣ ɜ ɬɨ ɜɪɟɦɹ ɧɟ 
ɪɚɫɩɨɥɚɝɚɥɚ ɧɢ ɨɞɧɚ ɫɬɪɚɧɚ. ȼ ɪɚɦɤɚɯ ɦɟɠɜɭɡɨɜɫɤɨɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɦɟɠɞɭ Ɇɗɂ ɢ 
ȼɵɫɲɟɣ ɢɧɠɟɧɟɪɧɨɣ ɲɤɨɥɨɣ ɐɂɌɌȺɍ ɜ 1λ8γ/84 ɝ.ɝ. ɨɛɴɟɞɢɧɟɧɧɚɹ ɧɚɭɱɧɚɹ ɝɪɭɩɩɚ 
ɤɚф. Ⱥɗɋ ɩɨɞ ɪɭɤɨɜɨɞɫɬɜɨɦ Ʉ.ɇ. ɉɪɨɫɤɭɪɹɤɨɜɚ ɢ ɩɪɨф. ȼɵɫɲɟɣ ɢɧɠɟɧɟɪɧɨɣ ɲɤɨɥɵ 
ɐɂɌɌȺɍ Ⱥ. ɒɬɭɪɦɚ ɜɩɟɪɜɵɟ ɩɪɨɜɟɥɚ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɟ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɟ 
ɢɡɦɟɪɟɧɢɹ ɢ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ, ɩɨɥɭɱɟɧɧɵɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɥɭɱɲɟɣ, 
ɧɚ ɬɨɬ ɦɨɦɟɧɬ ɜ ɦɢɪɟ, ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɚɩɩɚɪɚɬɭɪɵ, ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɣ ɝɟɪɦɚɧɫɤɨɣ 
ɫɬɨɪɨɧɨɣ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɉɨɫɬɚɧɨɜɥɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ ɋɋɋɊ ɤɚфɟɞɪɟ Ⱥɗɋ ɛɵɥɚ 
ɩɪɟɞɨɫɬɚɜɥɟɧɚ ɚɧɚɥɨɝɢɱɧɚɹ ɚɩɩɚɪɚɬɭɪɚ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɡɚɜɟɪɲɢɬɶ ɫɨɡɞɚɧɢɟ ɧɚ ɤɚфɟɞɪɟ 
Ⱥɗɋ Ɇɗɂ ɧɚɭɱɧɨɣ ɛɚɡɵ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɨɣ ɞɢɚɝɧɨɫɬɢɤɢ Ⱥɗɋ ДγЖ, эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ 
ɩɨɞɬɜɟɪɞɢɬɶ ɩɪɚɜɨɦɟɪɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɤɨɥɟɛɚɧɢɣ ɬɟɩɥɨɧɨɫɢɬɟɥɹ Д4, 5Ж ɜ ɤɨɧɬɭɪɚɯ Ⱥɗɋ ɫ ȼȼɗɊ, ɩɨɞɬɜɟɪɞɢɬɶ ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ 
ɪɚɧɟɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Д6Ж. Ʉ 
ɱɢɫɥɭ ɜɩɟɪɜɵɟ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɨɬɧɨɫɹɬɫɹ ɨɛɧɚɪɭɠɟɧɢɟ эффɟɤɬɚ ɭɫɢɥɟɧɢɹ 
ɤɨɥɟɛɚɧɢɣ ɞɚɜɥɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɱɚɫɬɨɬɚɦɢ ɜ ɨɛɴɟɦɟ ɤɨɦɩɟɧɫɚɬɨɪɚ 
ɞɚɜɥɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ ɞɢɫɫɟɪɬɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɚɫɩɢɪɚɧɬɚ ɂ. Ʉɨɛɚɧɚ Д7Ж, 
ɜɵɩɨɥɧɟɧɧɨɣ ɩɨɞ ɧɚɭɱɧɵɦ ɪɭɤɨɜɨɞɫɬɜɨɦ Ʉ.ɇ. ɉɪɨɫɤɭɪɹɤɨɜɚ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɢɡɨɛɪɚɠɟɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɯɟɦɚ ȽɐɌ (ɜɵɧɨɫɤɚɦɢ ɩɨɤɚɡɚɧɵ 
ɧɨɦɟɪɚ ɭɱɚɫɬɤɨɜ), ɚ ɜ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɨɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

 

 
 

Ɋɢɫ. 1 – ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɫɯɟɦɚ ȽɐɌ [Main circulation pipeline dimensional diagram] 
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Ɍɚɛɥɢɰɚ 1. – Ɉɫɧɨɜɧɵɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɞɚɧɧɵɟ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ ɤɨɬɥɚ №γ Ɍɗɐ Ɇɗɂ 

[Basic geometric data of the first circuit of No. 3 MPEI TPP boiler] 

 

ɇɚɡɜɚɧɢɟ Ⱦɥɢɧɚ, ɦ ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ, ɦ 

ɉɟɪɜɵɣ ɤɨɧɬɭɪ - - 

ȽɐɄ 179 0,187 

- ɉȽ 24,5 0,135 

- ɭɱɚɫɬɨɤ 1 8,4 0,101 

- ɭɱɚɫɬɨɤ β 55,65 0,177 

- ɭɱɚɫɬɨɤ γ 6,4 0,101 

- ɬɨɩɤɚ 77,3 0,222 

- ɭɱɚɫɬɨɤ 4 6,75 0,101 

- ɭɱɚɫɬɨɤ 5 12,1 0,101 

ɄɈ 4,326 0,37 

 

ɇɨɦɢɧɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹμ ɞɚɜɥɟɧɢɟ 1β Ɇɉɚ, ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɬɨɩɤɢ ɤɨɬɥɚ – 300 ºɋ (ɩɨɞɨɝɪɟɜ 30 ºɋ), ɪɚɫɯɨɞ – 180 ɬ/ɱɚɫ. 

ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɫɨɫɬɨɹɥɚ ɢɡ ɫɨɟɞɢɧɟɧɧɵɯ эɤɪɚɧɢɪɨɜɚɧɧɵɦ ɤɚɛɟɥɟɦ 
ɩɶɟɡɨэɥɟɤɬɪɢɱɟɫɤɢɯ ȾɉȾ ɢ ɚɤɫɟɥɟɪɨɦɟɬɪɨɜ, ɩɪɟɞɭɫɢɥɢɬɟɥɟɣ, ɤɨɦɦɭɬɚɬɨɪɨɜ, 
ɨɫɰɢɥɥɨɝɪɚфɚ ɢ ɦɚɝɧɢɬɨɝɪɚфɚ. Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȾɉȾ ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥɢɰɟ 2. 

 

Ɍɚɛɥɢɰɚ 2. – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȾɉȾ [Main technical 

characteristics of pressure pulsation sensors] 

№ Ɍɟɯɧɢɱɟɫɤɢɟ ɞɚɧɧɵɟ 
Ɍɢɩ ɞɚɬɱɢɤɚ 

150ɪμ Ʌɏ -608 

2 2 3 4 

1 Ɋɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ ɞɚɜɥɟɧɢɹ 
(ɞɢɧɚɦɢɱɟɫɤɢɣ), Ɇɉɚ 

0,1÷15 3÷60 

2 Ɇɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɟ ɞɚɜɥɟɧɢɟ, 
Ɇɉɚ 

17,5 60 

3 ɉɨɪɨɝ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ, Ɇɉɚ 4·10-4 – 

4 Ʉɨэффɢɰɢɟɧɬ ɩɟɪɟɞɚɱɢ γ00 ɩɄɥ/Ɇɉɚ 15 ɦȼ/0,1Ɇɉɚ 

5 ɋɨɛɫɬɜɟɧɧɚɹ ɱɚɫɬɨɬɚ, ɤȽɰ 65 30 

6 ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɢɡɨɥɹɰɢɢ, Ɉɦ 1013 0,9·10-9 

7 ȿɦɤɨɫɬɶ ɞɚɬɱɢɤɚ, ɩɎ 5 240 

8 ɂɡɦɟɪɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɜ 
ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɹ, % 

±1 –35÷12 

9 ɂɡɦɟɪɟɧɢɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɞɚɬɱɢɤɚ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ (ɨɬɧɨɫɢɬɟɥɶɧɵɣ 
ɞɢɚɩɚɡɨɧ +β0 ºɋ– +100 ºɋ), % (ºɋ) 

-0,01 –0,2÷0,5 

10 Ɍɟɦɩɟɪɚɬɭɪɧɵɣ ɞɢɚɩɚɡɨɧ, ºɋ –1β0÷γ00 (ɛɟɡ ɨɯɥ.) 0÷γ000 (ɩɪɹɦɨɟ 
ɨɯɥ.) 

 

ɇɚ ɪɢɫɭɧɤɟ 2 ɩɪɟɞɫɬɚɜɥɟɧɚ ɫɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɚɬɱɢɤɨɜ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɧɚ ɗɍ Ɍɗɐ Ɇɗɂ. 

ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɭɫɥɨɜɢɹɯ ɩɪɨɦɵɲɥɟɧɧɨɣ эɤɫɩɥɭɚɬɚɰɢɢ. ȼ ɯɨɞɟ 
эɤɫɩɟɪɢɦɟɧɬɨɜ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ. 
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ɇɚ ɪɢɫɭɧɤɟ 3 ɩɪɢɜɟɞɟɧɚ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɭɥɶɫɚɰɢɣ 
ɞɚɜɥɟɧɢɹ ɜ ɱɚɫɬɨɬɧɨɦ ɞɢɚɩɚɡɨɧɟ ɨɬ ɧɭɥɹ ɞɨ 50 Ƚɰ ɜ ɬɨɱɤɟ ɏ0γ. 

ɂɡ ɪɢɫɭɧɤɚ 3 ɜɢɞɧɵ ɜɵɪɚɠɟɧɧɵɟ ɩɢɤɢ ɧɚ ɱɚɫɬɨɬɚɯ β,5 Ƚɰ, λ,5 Ƚɰ, 11,5 Ƚɰ, 1β Ƚɰ, 
15,3 Ƚɰ, 17,γ Ƚɰ. 

 
 

Ɋɢɫ. 2. – ɋɯɟɦɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɞɚɬɱɢɤɨɜ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɢ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ 

ɧɚ ɗɍ Ɍɗɐ Ɇɗɂ [Configuration of coolant pressure pulsation sensors and vibration acceleration 

at the MPEI TPP experimental installation] 

 

 
 

Ɋɢɫ. 3. – Ⱥɑɏ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɜ ɬɨɱɤɟ X03 [Amplitude and frequency characteristic of pressure 

pulsations at the X03point] 

 

ɋ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɩɪɨɜɟɞɟɧ 
ɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɫɢɫɬɟɦɵ. Ⱦɥɹ эɬɨɝɨ ɛɵɥɚ ɩɨɫɬɪɨɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ, 
ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɥɚ ɨɰɟɧɢɬɶ ɟɺ ɩɨɜɟɞɟɧɢɟ ɩɪɢ ɜɧɟɫɟɧɢɢ ɜɨɡɦɭɳɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ 
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ɢɡɦɟɧɹɸɳɢɯɫɹ ɜɨ ɜɪɟɦɟɧɢ. 
ɂɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ ɭɪɚɜɧɟɧɢɣ, ɞɥɹ ɪɟɲɟɧɢɹ ɤɨɬɨɪɵɯ 

ɩɪɢɦɟɧɹɸɬ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɫɱɟɬɚ ɹɜɥɹɸɬɫɹ 
ɩɟɪɟɦɟɧɧɵɟ ɜɨ ɜɪɟɦɟɧɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɚ ɠɢɞɤɨɫɬɢ ɜ ɪɚɡɥɢɱɧɵɯ 
ɪɚɫɱɟɬɧɵɯ ɬɨɱɤɚɯ ɫɢɫɬɟɦɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɟɺ ɪɟɚɤɰɢɸ ɧɚ ɜɧɟɲɧɟɟ ɜɨɡɦɭɳɟɧɢɟ. 

ɋɨɜɪɟɦɟɧɧɵɦɢ ɭɱɟɧɵɦɢ ɢ ɢɧɠɟɧɟɪɚɦɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɪɚɡɪɚɛɨɬɤɢ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɢ ɢɯ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɨɝɪɚɦɦɧɵɟ 
ɩɪɨɞɭɤɬɵ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɬɨɪɵɯ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɩɨɥɧɹɬɶ ɫɥɨɠɧɵɟ 
ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɟ ɪɚɫɱɟɬɵ, ɧɟ ɬɪɟɛɭɸɳɢɟ ɛɨɥɶɲɢɯ фɢɧɚɧɫɨɜɵɯ ɢ ɜɪɟɦɟɧɧɵɯ 
ɡɚɬɪɚɬ. 

Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɧɚɢɛɨɥɟɟ ɢɫɩɨɥɶɡɭɟɦɵɦɢ 
ɹɜɥɹɸɬɫɹ ɩɚɤɟɬɵ LMS Imagine.Lab AMESim, Automation Studio, Modelica, MapleSim, 

SimulationX, MATLAB Simulink. Ɋɚɫɱɟɬ ɦɨɞɟɥɟɣ ɜ ɞɚɧɧɵɯ ɫɢɫɬɟɦɚɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɞɢффɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. 

ȼ ɪɚɦɤɚɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ ɞɥɹ ɩɪɨɜɟɞɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 
ɜɵɛɪɚɧ ɩɚɤɟɬ LMS Imagine.Lab AMESim (ɞɚɥɟɟ AMESim), ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɤɨɦɩɚɧɢɟɣ 
Siemens. AMESim – ɤɨɦɩɥɟɤɫɧɚɹ ɩɥɚɬфɨɪɦɚ 1D ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɨɝɨ ɫɢɫɬɟɦɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɚɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ, ɚɧɚɥɢɡɚ ɪɚɡɧɨɪɨɞɧɵɯ ɫɢɫɬɟɦ ɢ 
ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɢɯ ɦɟɠɞɢɫɰɢɩɥɢɧɚɪɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɜ AεESТЦ ɩɨɥɶɡɨɜɚɬɟɥɸ ɞɨɫɬɭɩɟɧ ɲɢɪɨɤɢɣ 
ɧɚɛɨɪ ɛɢɛɥɢɨɬɟɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɢɡ ɪɚɡɥɢɱɧɵɯ фɢɡɢɱɟɫɤɢɯ ɨɛɥɚɫɬɟɣμ ɝɢɞɪɚɜɥɢɤɢ, 
ɬɟɪɦɨɞɢɧɚɦɢɤɢ, эɥɟɤɬɪɢɤɟ, ɦɟɯɚɧɢɤɟ, ɨɛɪɚɛɨɬɤɢ ɫɢɝɧɚɥɨɜ ɢ ɬ.ɞ. ɉɪɨɝɪɚɦɦɧɨɟ 
ɨɛɟɫɩɟɱɟɧɢɟ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɬɶ ɦɨɞɟɥɶ, ɨɫɧɨɜɚɧɧɭɸ ɧɚ фɢɡɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚɯ, ɧɟ 
ɬɪɟɛɭɸɳɭɸ ɩɨɥɧɨɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɨɝɨ γD ɩɪɟɞɫɬɚɜɥɟɧɢɹ. 

ɉɪɨɰɟɫɫ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜ AMESim ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɫɬɚɞɢɣμ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, 
ɫɢɦɭɥɹɰɢɹ ɢ ɚɧɚɥɢɡ. ɋɬɚɞɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹμ 

– ɩɨɫɬɪɨɟɧɢɟ ɧɨɞɚɥɢɡɚɰɢɨɧɧɨɣ ɫɯɟɦɵ (эɫɤɢɡɚ ɦɨɞɟɥɢ)ν 
– ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɩɪɨɰɟɫɫɨɜ (ɧɚɡɧɚɱɟɧɢɟ ɩɨɞɦɨɞɟɥɟɣ ɤɨɦɩɨɧɟɧɬɨɜ)ν 
– ɜɜɨɞ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ (ɧɚɡɧɚɱɟɧɢɟ ɢɥɢ ɜɜɨɞ ɩɚɪɚɦɟɬɪɨɜ ɤɨɦɩɨɧɟɧɬɨɜ). 
ɇɚ ɫɬɚɞɢɢ ɫɢɦɭɥɹɰɢɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ ɦɨɞɟɥɢ, ɚ ɧɚ ɫɬɚɞɢɢ ɚɧɚɥɢɡɚ – 

ɝɪɚфɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɢɯ ɨɩɬɢɦɢɡɚɰɢɹ. 
ɉɪɟɠɞɟ ɱɟɦ ɩɨɫɬɭɩɢɬɶ ɤ ɫɨɡɞɚɧɢɸ ɢɦɢɬɚɰɢɨɧɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 

ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶɫɹ ɫ ɬɢɩɨɦ ɦɨɞɟɥɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɥɢɧɢɢ. Ɇɨɞɟɥɶ 
ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɥɢɧɢɢ ɞɨɥɠɧɚ ɛɵɬɶ ɫɩɨɫɨɛɧɚ ɨɩɢɫɵɜɚɬɶ ɜɨɥɧɵ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ, 
ɭɱɢɬɵɜɚɬɶ ɟɺ ɫɠɢɦɚɟɦɨɫɬɶ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɬɪɟɧɢɟ ɩɨɬɨɤɚ ɨ ɫɬɟɧɤɢ ɬɪɭɛɵ. 

ȼ ɩɚɤɟɬ AεESТЦ ɜɤɥɸɱɟɧɨ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɜ 
ɱɚɫɬɧɨɫɬɢμ 

– Compressibility and friction hydraulic (ɫɠɢɦɚɟɦɨɫɬɶ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɨɟ ɬɪɟɧɢɟ); 

– Hydraulic line with lumped element; 

– Distributive hydraulic line with lumped element; 

– Hydraulic line CFD 1D Lax-Wendroff. 

ɋɚɦɨɣ эɥɟɦɟɧɬɚɪɧɨɣ ɦɨɞɟɥɶɸ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɜɵɲɟ, ɧɟ ɬɪɟɛɭɸɳɟɣ ɛɨɥɶɲɢɯ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ, ɹɜɥɹɟɬɫɹ Compressibility and friction hydraulic. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɞɥɹ ɪɚɫɱɟɬɚ ɫɬɚɬɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɧɚ ɬɪɟɧɢɟ ɢ ɫɠɚɬɢɟ 
ɠɢɞɤɨɫɬɢ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɬɟɱɟɧɢɟ ɢ ɦɨɞɟɥɢɪɨɜɚɬɶ ɜɨɥɧɵ ɞɚɜɥɟɧɢɹ, ɩɨэɬɨɦɭ 
ɨɧɚ ɧɟ ɩɨɞɯɨɞɢɬ ɞɥɹ ɚɧɚɥɢɡɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ. 

Ⱦɪɭɝɢɟ ɞɜɟ ɦɨɞɟɥɢ ɨɫɧɨɜɚɧɵ ɧɚ ЭСО δЮЦЩОН EХОЦОЧЭ εОЭСШН (ɞɚɥɟɟ δEε)μ ɩɟɪɜɚɹ 
ɢɫɩɨɥɶɡɭɟɬ ɨɞɢɧ ɟɞɢɧɫɬɜɟɧɧɵɣ эɥɟɦɟɧɬ LEM (Hydraulic line with lumped element), 

ɞɪɭɝɚɹ – «ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ» LEM (Distributive hydraulic line with lumped element). 

Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ ɞɚɧɧɵɯ ɦɨɞɟɥɟɣ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ Distributive hydraulic line with 
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lumped element ɞɟɥɢɬ ɬɪɭɛɨɩɪɨɜɨɞ ɧɚ ɧɟɫɤɨɥɶɤɨ эɥɟɦɟɧɬɨɜ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ Hydraulic 

line with lumped element ɢɫɩɨɥɶɡɭɟɬ ɬɨɥɶɤɨ ɨɞɢɧ эɥɟɦɟɧɬ ɧɚ ɜɟɫɶ ɬɪɭɛɨɩɪɨɜɨɞ. Ʉɚɠɞɵɣ 
эɥɟɦɟɧɬ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨ ɚɧɚɥɨɝɢɢ ɫ эɥɟɤɬɪɢɱɟɫɤɢɦ ɤɨɧɬɭɪɨɦ ɫ ɩɨɞɤɥɸɱɟɧɧɵɦɢ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ, ɢɧɞɭɤɬɢɜɧɨɫɬɶɸ ɢ ɟɦɤɨɫɬɶɸ. ɉɨ ɞɚɧɧɵɦ Д8Ж ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
Distributive hydraulic line with lumped element ɞɚɟɬ ɛɨɥɟɟ ɬɨɱɧɵɣ ɪɟɡɭɥɶɬɚɬ, ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ Hydraulic line with lumped element ɜɜɢɞɭ ɧɚɥɢɱɢɹ ɜ ɦɨɞɟɥɢ ɛɨɥɶɲɨɝɨ 
ɤɨɥɢɱɟɫɬɜɚ эɥɟɦɟɧɬɨɜ, ɨɞɧɚɤɨ, эɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɵɱɢɫɥɢɬɟɥɶɧɭɸ ɧɚɝɪɭɡɤɭ. 

Ɇɨɞɟɥɶ Hydraulic line CFD 1D Lax-АОЧНЫШПП (ɞɚɥɟɟ CFD) ɪɟɲɚɟɬ ɫɢɫɬɟɦɭ 
ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɜ ɨɞɧɨɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ 
ɫɯɟɦɵ Ʌɚɤɫɚ-ȼɟɧɞɪɨффɚ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɬɨɱɧɨɫɬɢ ДλЖ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ 
1λ60 ɝ. Ʌɚɤɫɨɦ ɢ ȼɟɧɞɪɨффɨɦ, ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɬɟɱɟɧɢɹ ɫ 
ɭɞɚɪɧɵɦɢ ɜɨɥɧɚɦɢ Д10Ж ɢ ɞɚɟɬ ɩɪɟɤɪɚɫɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫ ɦɢɧɢɦɚɥɶɧɵɦɢ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɦɢ ɭɫɢɥɢɹɦɢ Д11Ж, 

Ɇɨɞɟɥɢ LEM ɢ ɦɨɞɟɥɶ CFD ɫɩɨɫɨɛɧɵ ɦɨɞɟɥɢɪɨɜɚɬɶ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ 
ɠɢɞɤɨɫɬɢ ɫ ɭɱɟɬɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɬɪɟɧɢɹ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦɚɯ ɫ 
ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ эɥɟɦɟɧɬɨɜ ɢ ɩɪɨɬɹɠɟɧɧɵɦɢ ɬɪɭɛɨɩɪɨɜɨɞɚɦɢ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɟɥɟɣ 
LEM ɢ CFD ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɜɪɟɦɟɧɢ ɜɵɱɢɫɥɟɧɢɣ Д8]. 

ɉɨ ɪɟɤɨɦɟɧɞɚɰɢɹɦ [8Ж, ɞɥɹ ɪɚɫɱɟɬɚ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɜɨɥɧ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɟ (ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ) ɜɵɛɪɚɧɚ ɫɯɟɦɚ Ʌɚɤɫɚ-

ȼɟɧɞɪɨффɚ. 
ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɢɜɟɞɟɧɚ ɧɨɞɚɥɢɡɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ, 

ɩɨɫɬɪɨɟɧɧɚɹ ɜ ɫɪɟɞɟ AMESim. 
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ɇɨɞɚɥɢɡɚɰɢɨɧɧɚɹ ɫɯɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɤɥɸɱɟɜɵɯ ɭɡɥɨɜ ɢ ɢɫɩɨɥɶɡɭɟɬ ɭɡɥɨɜɭɸ 
ɬɨɩɨɥɨɝɢɸ ɞɥɹ ɞɨɫɬɨɜɟɪɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɥɨɠɧɨɣ, ɜɡɚɢɦɨɫɜɹɡɚɧɧɨɣ, ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ. ȼ ɫɯɟɦɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɤɨɦɩɨɧɟɧɬɵμ ɢɫɬɨɱɧɢɤ ɞɢɧɚɦɢɱɟɫɤɨɝɨ 
ɞɚɜɥɟɧɢɹ, ɢɫɬɨɱɧɢɤ ɩɨɫɬɨɹɧɧɨɝɨ ɞɚɜɥɟɧɢɹ, ɬɪɭɛɨɩɪɨɜɨɞ, ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɭɡɟɥ ɢ ɄɈ. 

Ɍɟɱɟɧɢɟ ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ (ɫɠɢɦɚɟɦɨɣ ɢ ɧɟɫɠɢɦɚɟɦɨɣ) ɨɩɢɫɵɜɚɟɬɫɹ ɫɢɫɬɟɦɨɣ 
ɞɢффɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫɨɯɪɚɧɟɧɢɹ ɦɚɫɫɵ ɢ ɢɦɩɭɥɶɫɚ 
(ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-ɋɬɨɤɫɚ) ɫ ɭɱɺɬɨɦ ɬɪɟɧɢɹμ 
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ɝɞɟ ρ – ɩɥɨɬɧɨɫɬɶν 
 t – ɜɪɟɦɹν 
 x – ɞɟɤɚɪɬɨɜɚ ɤɨɨɪɞɢɧɚɬɚν 
 u – ɫɤɨɪɨɫɬɶν 
 P – ɩɶɟɡɨɦɟɬɪɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟν 
 hfriction – ɫɥɚɝɚɟɦɨɟ, ɭɱɢɬɵɜɚɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ ɫɢɥɵ ɬɪɟɧɢɹ ɧɚ ɩɨɬɨɤ. 

Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɞɢффɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ, ɫɨɝɥɚɫɧɨ 
ɪɟɤɨɦɟɧɞɚɰɢɹɦ Д8Ж, ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɯɟɦɵ Ʌɚɤɫɚ-ȼɟɧɞɪɨффɚ, ɩɨɞɪɨɛɧɨ 
ɨɩɢɫɚɧɧɨɣ ɜ Д12] 

ȼ ɦɨɞɟɥɢ ɭɱɢɬɵɜɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɬɪɭɛɨɩɪɨɜɨɞɚμ 

diam
rr


  

 

ɝɞɟ ∆ – ɫɪɟɞɧɹɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɜɧɭɬɪɟɧɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɭɛɨɩɪɨɜɨɞɚν 
 diam – ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ ɬɪɭɛɵ. 
 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɄɈ ɠɢɞɤɨɫɬɶ ɢɦɟɟɬ ɬɚɤɨɟ ɠɟ ɞɚɜɥɟɧɢɟ, ɱɬɨ ɢ ɩɚɪ (ɬɚɤ ɤɚɤ ɜ 
эɤɫɩɟɪɢɦɟɧɬɟ ɧɚ Ɍɗɐ Ɇɗɂ ɞɚɜɥɟɧɢɟ ɜ ɤɨɧɬɭɪɟ ɨɛɟɫɩɟɱɢɜɚɥɨɫɶ ɩɨɫɪɟɞɫɬɜɨɦ ɄɈ). 
ɉɚɪɨɜɨɣ ɨɛɴɟɦ ɄɈ ɩɨɞɱɢɧɹɟɬɫɹ ɩɨɥɢɬɪɨɩɧɨɦɭ ɩɪɨɰɟɫɫɭμ 

 

constVP  
 

 

ɝɞɟ P – ɞɚɜɥɟɧɢɟ ɩɚɪɚν 
 V – ɨɛɴɟɦ ɩɚɪɚν 
 γ – ɩɨɤɚɡɚɬɟɥɶ ɩɨɥɢɬɪɨɩɵ. 
 P0, V0 – ɞɚɜɥɟɧɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɄɈ, ɨɛɴɟɦ ɠɢɞɤɨɫɬɢ ɩɪɢ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɡɚɪɹɞɤɟν 
 Pgas, Vgas – ɞɚɜɥɟɧɢɟ ɢ ɨɛɴɟɦ ɝɚɡɚν 
 Pout – ɞɚɜɥɟɧɢɟ ɠɢɞɤɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɄɈν 

 
dt

dPout  – ɢɡɦɟɧɟɧɢɟ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ ɧɚ ɜɵɯɨɞɟ ɢɡ ɄɈ. 

 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɡɚɪɹɞɤɨɣ ɄɈ ɢ ɜ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t=0 ɩɪɨɰɟɫɫ ɚɞɢɚɛɚɬɧɵɣμ 

 


)0()0(00 )()( gasatmgasatm VPPVPP   

 

ɄɈ ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɡɚɪɹɠɟɧ, ɤɨɝɞɚ ɞɚɜɥɟɧɢɟ ɝɚɡɚ ɜ ɧɟɦ ɞɨɫɬɢɝɧɟɬ ɜɟɥɢɱɢɧɵμ 
 

atmatm PPPP  )1000()( 0max


 

 

ɝɞɟ Patm – ɚɬɦɨɫфɟɪɧɨɟ ɞɚɜɥɟɧɢɟ (1.01γ ɛɚɪ). 
 

ɍɫɥɨɜɢɟ ɩɨɥɧɨɝɨ ɡɚɩɨɥɧɟɧɢɹ ɄɈμ 
 

maxPPout   

ɍɫɥɨɜɢɟ ɩɨɥɧɨɣ ɪɚɡɪɹɞɤɢ ɄɈμ 
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gasout PP   

 

Ⱦɚɜɥɟɧɢɟ ɝɚɡɚ (Pgas), ɨɛɴɟɦ ɝɚɡɚ (Vgas), ɢ ɩɪɨɢɡɜɨɞɧɨɣ ɨɬ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ 

ɞɚɜɥɟɧɢɹ (
dt

dPout ) ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ эɬɢɦ ɪɟɠɢɦɨɦ. 

ȿɫɥɢ ɄɈ ɩɨɥɧɨɫɬɶɸ ɡɚɪɹɠɟɧ, ɬɨ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɄɈ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɫɜɨɟɦ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɢ ɦɢɧɢɦɚɥɶɧɨɦ ɨɛɴɟɦɟμ 

 

maxPPgas   

1000

0V
Vgas   

 

ȿɫɥɢ ɄɈ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɹɠɟɧ, ɬɨ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɜ ɄɈ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɫɜɨɟɦ 
ɦɢɧɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɨɛɴɟɦɟμ 

 

0PPgas   

0VVgas   

 

ȿɫɥɢ ɄɈ ɧɟ ɩɨɥɧɨɫɬɶɸ ɡɚɪɹɠɟɧ ɢ ɧɟ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɹɠɟɧ, ɬɨ ɞɚɜɥɟɧɢɟ ɩɚɪɚ ɪɚɜɧɨ 
ɞɚɜɥɟɧɢɸ ɠɢɞɤɨɫɬɢμ 

outgas PP   

 

Ɉɛɴɟɦ ɝɚɡɚ ɜɵɱɢɫɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɚɤɨɧɚ ɩɨɥɢɬɪɨɩɵμ 
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ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɫɠɢɦɚɟɦɨɫɬɶ ɠɢɞɤɨɫɬɢ ɧɟɡɧɚɱɢɬɟɥɶɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɫɠɢɦɚɟɦɨɫɬɶɸ ɝɚɡɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɨɢɡɜɨɞɧɚɹ ɩɨ ɜɪɟɦɟɧɢ ɨɬ ɞɚɜɥɟɧɢɹ ɠɢɞɤɨɫɬɢ 
ɫɨɜɩɚɞɚɟɬ ɫ ɩɪɨɢɡɜɨɞɧɨɣ ɩɨ ɜɪɟɦɟɧɢ ɨɬ ɞɚɜɥɟɧɢɹ ɩɚɪɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɞɢффɟɪɟɧɰɢɪɭɹμ 
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ɑɬɨ эɤɜɢɜɚɥɟɧɬɧɨ ɨɛɴɟɦɧɨɣ ɭɩɪɭɝɨɫɬɢμ 
 

 atmout PP   

 

ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧɵ Ⱥɑɏ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
ɜ ɬɨɱɤɟ ɏ0β, ɩɨɥɭɱɟɧɧɵɟ эɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ Д7Ж ɢ ɪɚɫɱɟɬɨɦ. 

ɂɡ ɪɢɫɭɧɤɚ 5 ɫɥɟɞɭɟɬ, ɱɬɨ ɜɢɞ Ⱥɑɏ ɢɡ ɪɚɫɱɟɬɚ ɢ эɤɫɩɟɪɢɦɟɧɬɚ ɢɦɟɟɬ ɫɯɨɠɢɣ 
ɯɚɪɚɤɬɟɪ. ɇɚ ɱɚɫɬɨɬɚɯ λ,5 Ƚɰ, 11,5 Ƚɰ, 1β Ƚɰ, 15,γ Ƚɰ, 17,γ Ƚɰ ɟɫɬɶ ɜɵɪɚɠɟɧɧɵɟ ɩɢɤɢ, 
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ɢɦɟɸɳɢɟɫɹ ɬɚɤɠɟ ɧɚ Ⱥɑɏ ɫɢɝɧɚɥɚ, ɢɡɦɟɪɟɧɧɨɝɨ ɜ ɬɨɱɤɟ ɏ0γ (ɪɢɫɭɧɨɤ 3). ɉɢɤɢ ɧɚ 
ɱɚɫɬɨɬɚɯ 0,5 – 1,4 Ƚɰ, ɚ ɬɚɤɠɟ β,5 Ƚɰ ɨɛɭɫɥɨɜɥɟɧɵ ɧɚɥɢɱɢɟɦ ɄɈ ɜ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ɩɟɪɜɨɝɨ ɤɨɧɬɭɪɚ (ɪɢɫɭɧɤɢ 3 ɢ 5). 

 

 

 
 

Ɋɢɫ. 5. – Ⱥɑɏ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ (ɬɨɱɤɚ X02) [Amplitude and frequency 

characteristic of pressure pulsations in the connecting pipeline (point X02)] 

 

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ ɯɚɪɚɤɬɟɪ ɩɢɤɨɜ, ɜɵɡɜɚɧɧɵɯ ɫɨɛɫɬɜɟɧɧɵɦɢ 
ɤɨɥɟɛɚɧɢɹɦɢ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɜɨɡɧɢɤɧɨɜɟɧɢɟ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɜ 
ɨɩɪɟɞɟɥɟɧɧɵɯ ɢɫɬɨɱɧɢɤɚɯ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣɧɵɦ ɩɪɨɰɟɫɫɨɦ, ɚ ɢɡɛɢɪɚɬɟɥɶɧɵɟ ɫɜɨɣɫɬɜɚ 
ɪɟɚɥɶɧɨɣ ɝɢɞɪɚɜɥɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɫɨɫɬɨɹɳɢɟ ɜ ɭɫɢɥɟɧɢɢ ɜɨɡɦɭɳɟɧɢɣ ɧɚ ɱɚɫɬɨɬɚɯ, 
ɛɥɢɡɤɢɯ ɤ ɫɨɛɫɬɜɟɧɧɵɦ ɱɚɫɬɨɬɚɦ, ɩɪɨɹɜɥɹɸɬɫɹ ɤɚɤ ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɪɟɚɥɶɧɨɝɨ 
фɢɥɶɬɪɚ. ɗɬɨ ɩɪɢɜɟɞɟɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɢɤɢ ɜ ɫɩɟɤɬɪɟ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ, ɜɵɡɜɚɧɧɵɟ 
ɧɚɥɢɱɢɟɦ ɫɬɨɹɱɢɯ ɜɨɥɧ, ɱɚɫɬɨ ɧɟ ɢɦɟɸɬ ɨɞɧɨɡɧɚɱɧɨɝɨ ɦɚɤɫɢɦɭɦɚ, ɚ ɢɯ ɧɟɛɨɥɶɲɨɟ 
ɡɧɚɱɟɧɢɟ ɜɵɪɚɠɚɟɬɫɹ ɜ ɜɢɞɟ ɪɚɡɦɵɬɨɝɨ ɧɚɛɨɪɚ ɩɢɤɨɜ ɢɥɢ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɩɥɚɬɨ. 

Ɋɚɡɥɢɱɢɹ ɜɢɞɚ ɚɜɬɨɫɩɟɤɬɪɨɜ ɫɢɝɧɚɥɨɜ ȾɉȾ ɏ0β ɢ ɏ0γ ɨɛɴɹɫɧɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶɸ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɞɚɬɱɢɤɚ ɜ ɦɟɫɬɟ ɩɭɱɧɨɫɬɢ ɢɥɢ ɭɡɥɚ ɜɨɥɧɵ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ ɄɈ ɹɜɥɹɟɬɫɹ ɪɚɡɜɟɬɜɥɟɧɢɟɦ ɨɬ ȽɐɄ, ɜ ɤɨɬɨɪɨɦ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɟɨɦɟɬɪɢɟɣ, ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɢ ɫɤɨɪɨɫɬɶɸ ɡɜɭɤɚ ɦɨɝɭɬ ɜɨɡɧɢɤɚɬɶ 
ɫɬɨɹɱɢɟ ɜɨɥɧɵ ɧɚ ɫɜɨɢɯ ɫɨɛɫɬɜɟɧɧɵɯ ɱɚɫɬɨɬɚɯ. 

ɇɚ ɪɢɫɭɧɤɟ 6 ɩɪɢɜɟɞɟɧɚ ɜɪɟɦɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɜ ɄɈ (ɬɨɱɤɚ 
ɏ01), ɚ ɧɚ ɪɢɫɭɧɤɟ 7 – ɢɯ Ⱥɑɏ. 

ɂɡ ɪɢɫɭɧɤɨɜ 6 ɢ 7 ɜɢɞɧɨ, ɱɬɨ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɜ ɬɨɱɤɚɯ ɏ0γ ɢ 
ɏ0β (ɪɢɫɭɧɤɢ 3 ɢ 5 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɞɥɹ ɄɈ ɯɚɪɚɤɬɟɪɧɵ ɜɵɪɚɠɟɧɧɵɟ ɧɢɡɤɨɱɚɫɬɨɬɧɵɟ 
ɤɨɥɟɛɚɧɢɹ (ɜɵɪɚɠɟɧɧɵɟ ɩɢɤɢ ɧɚ ɱɚɫɬɨɬɚɯ 1 Ƚɰ, 1,5 Ƚɰ, β,γ Ƚɰ), ɬɨɝɞɚ ɤɚɤ ɜ ɨɫɬɚɥɶɧɵɯ 
ɫɢɝɧɚɥɚɯ ɩɪɟɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɟ ɫɨɫɬɚɜɥɹɸɳɢɟ. Ɉɬɫɭɬɫɬɜɢɟ ɬɟɯ ɫɨɫɬɚɜɥɹɸɳɢɯ, 
ɤɨɬɨɪɵɟ ɜ ɬɨɱɤɚɯ ɏ0β ɢ ɏ0γ ɨɩɪɟɞɟɥɹɸɬ ɫɩɟɤɬɪɵ, ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɄɈ ɩɚɪɨɜɨɣ 
ɞɟɦɩфɢɪɭɸɳɟɣ ɩɨɞɭɲɤɢ, ɫɭɳɟɫɬɜɟɧɧɨ ɩɨɜɵɲɚɸɳɟɣ ɫɠɢɦɚɟɦɨɫɬɶ ɫɪɟɞɵ ɜ ɫɨɫɭɞɟ. 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɨɞɢɦɨɫɬɶ ɜ ɜɵɯɨɞɧɨɦ ɭɡɥɟ ɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɜɵɫɨɤɚ, 
ɱɬɨ, фɚɤɬɢɱɟɫɤɢ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɬɢɩɚ ɤɨɧɰɚ ɬɪɭɛɨɩɪɨɜɨɞɚ, 
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ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ ɛɨɥɶɲɨɦɭ ɪɟɡɟɪɜɭɚɪɭ, ɞɥɹ ɤɨɬɨɪɨɣ ɨɛɴɟɦɧɵɣ ɪɚɫɯɨɞ – ɛɨɥɶɲɨɣ, ɚ 
ɢɡɛɵɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ – ɦɚɥɟɧɶɤɨɟ (ɭɡɟɥ ɫɬɨɹɱɢɯ ɜɨɥɧ). ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ 
ɦɚɤɫɢɦɚɥɶɧɚɹ ɜɟɥɢɱɢɧɚ ɚɦɩɥɢɬɭɞɵ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɜ ɄɈ ɧɚ ɱɚɫɬɨɬɟ 1 Ƚɰ ɩɨɱɬɢ ɜ 
ɞɜɚ ɪɚɡɚ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɜɟɥɢɱɢɧɭ ɚɦɩɥɢɬɭɞɵ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ 
ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɞɨ ɄɈ (ɜ ɬɨɱɤɟ ɏ0γ) ɧɚ ɱɚɫɬɨɬɟ λ,5 Ƚɰ. ɂɡ ɱɟɝɨ ɫɥɟɞɭɟɬ ɜɵɜɨɞ, ɱɬɨ ɄɈ 
ɭɫɢɥɢɜɚɟɬ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɩɨɞɨɛɧɨ ɪɟɡɨɧɚɬɨɪɭ Ƚɟɥɶɦɝɨɥɶɰɚ. 

 

 

 
Ɋɢɫ. 6. – ȼɪɟɦɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɭɥɶɫɚɰɢɣ ɞɚɜɥɟɧɢɹ ɜ ɄɈ (ɬɨɱɤɚ ɏ01) [Temporal realization of pressure 

pulsations in the volume compensator (point X01)] 

 

 
ɚɜɬɨɫɩɟɤɬɪ ɫɢɝɧɚɥɚ X02 [X02 signal autospectrum]; 

 ɚɜɬɨɫɩɟɤɬɪ ɫɢɝɧɚɥɚ X03 [X03 signal autospectrum]; 

 ɚɜɬɨɫɩɟɤɬɪ ɫɢɝɧɚɥɚ X04 [X04 signal autospectrum] 

 

Ɋɢɫ. 7. – Ⱥɜɬɨɫɩɟɤɬɪɵ ɩɭɥɶɫɚɰɢɢ ɞɚɜɥɟɧɢɹ ɬɟɩɥɨɧɨɫɢɬɟɥɹ ɫɢɝɧɚɥɨɜ X02, X0γ ɢ X04 

ɩɪɢ ɞɚɜɥɟɧɢɢ 11,8 Ɇɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 260 °C [Autospectrums of coolant pulsation pressure 

of signals X02, X03 and X04 at 11,8 MPa pressure  and 260 ° C] 
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ɂɡ ɪɢɫɭɧɤɚ 7 ɜɢɞɧɨ, ɱɬɨ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ γ5,0-47,5 Ƚɰ ɧɚɛɥɸɞɚɟɬɫɹ ɭɫɢɥɟɧɢɟ 
ɫɢɝɧɚɥɚ X0β, ɬɨɱɤɚ ɢɡɦɟɪɟɧɢɹ ɤɨɬɨɪɨɝɨ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɬɪɭɛɨɩɪɨɜɨɞɟ, ɫɨɟɞɢɧɹɸɳɟɦ ɄɈ 
ɢ ɤɨɧɬɭɪ. ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɫɪɟɞɵ, ɡɚɩɨɥɧɹɸɳɟɣ ɫɨɟɞɢɧɢɬɟɥɶɧɵɣ ɬɪɭɛɨɩɪɨɜɨɞ, ɜ ɨɞɧɭ 
ɢ ɜ ɞɪɭɝɭɸ ɫɬɨɪɨɧɵ ɫɪɟɞɚ ɜ ɄɈ ɢɫɩɵɬɵɜɚɟɬ ɫɠɚɬɢɹ ɢ ɪɚɡɪɟɠɟɧɢɹ, ɚ ɞɚɜɥɟɧɢɟ ɜ ɧɟɣ 
ɢɡɦɟɧɹɟɬɫɹ. Ɋɚɡɧɨɫɬɶ ɞɚɜɥɟɧɢɣ ɧɚ ɤɨɧɰɚɯ ɫɨɟɞɢɧɢɬɟɥɶɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɚ ɭɫɤɨɪɹɟɬ 
ɦɚɫɫɭ ɫɪɟɞɵ. ɉɪɢ эɬɨɦ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɪɟɞɵ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ 
ɛɨɥɶɲɟ, ɱɟɦ ɜ ɄɈ, ɤɢɧɟɬɢɱɟɫɤɚɹ эɧɟɪɝɢɹ ɫɨɫɪɟɞɨɬɨɱɟɧɚ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ 
ɬɪɭɛɨɩɪɨɜɨɞɟ, ɚ ɭɩɪɭɝɚɹ эɧɟɪɝɢɹ – ɜ ɫɪɟɞɟ ɜɧɭɬɪɢ ɫɨɫɭɞɚ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɢɧɟɬɢɱɟɫɤɚɹ 
ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ эɧɟɪɝɢɢ ɥɨɤɚɥɢɡɭɸɬɫɹ ɜ ɪɚɡɧɵɯ ɱɚɫɬɹɯ ɫɢɫɬɟɦɵ « Ʉ – ɫɨɟɞɢɧɢɬɟɥɶɧɵɣ 
ɬɪɭɛɨɩɪɨɜɨɞ»μ ɜ ɫɪɟɞɟ ɜ ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɢ ɜ ɫɪɟɞɟ ɜ ɄɈ. ȼ 
ɫɨɟɞɢɧɢɬɟɥɶɧɨɦ ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɢɫɫɢɩɚɰɢɹ эɧɟɪɝɢɢ, ɱɬɨ ɨɛɭɫɥɨɜɥɢɜɚɟɬ 
ɭɫɢɥɟɧɢɟ ɚɜɬɨɫɩɟɤɬɪɚ ɫɢɝɧɚɥɚ ɜ ɬɨɱɤɟ ɏ0β ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ γ5,0-47,5 Ƚɰ. 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɪɟɡɨɧɚɬɨɪɚ ɜɚɠɧɨ ɭɱɢɬɵɜɚɬɶ ɜɨɡɞɟɣɫɬɜɢɟ ɜɢɯɪɟɜɨɝɨ ɬɟɱɟɧɢɹ 
ɜ ɟɝɨ ɬɪɚɤɬɟ. Ⱦɥɹ ɱɟɝɨ ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɹɜɥɹɟɬɫɹ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɢɤ ɤɨɧɟɱɧɨ-

эɥɟɦɟɧɬɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɬɫɹ ɪɚɫɱɟɬɧɨɟ 
ɨɛɨɫɧɨɜɚɧɢɟ ɫɯɟɦɵ ɝɚɫɢɬɟɥɹ ɢ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɟɝɨ ɚɤɭɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 
ɉɨɞɨɛɧɵɣ ɦɟɬɨɞ ɩɪɢɦɟɧɹɟɬ ɤɨɦɩɚɧɢɹ AЫОЯК, ɜ ɩɭɛɥɢɤɚɰɢɢ Д14Ж ɨɬɦɟɱɚɟɬɫɹ, ɱɬɨ ɩɪɢ 
ɨɰɟɧɤɟ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɢ ɪɟɫɭɪɫɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɢ 
ɚɤɭɫɬɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɬɨɤɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɚ ɬɚɤɠɟ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ ɤɨɧɬɚɤɬɨɜ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɫ ɟɝɨ ɜɧɭɬɪɢɤɨɪɩɭɫɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɢ ɫɨ ɫɬɪɨɢɬɟɥɶɧɵɦɢ 
ɤɨɧɫɬɪɭɤɰɢɹɦɢ. ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɹɜɥɹɟɬɫɹ ɩɪɢɜɹɡɚɧɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɨɜ ɤ 
ɬɟɤɭɳɟɦɭ ɫɨɫɬɨɹɧɢɸ, ɡɚɬɪɭɞɧɹɸɳɟɝɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɟ ɪɟɫɭɪɫɚ, ɫɥɨɠɧɨɫɬɶ ɢ 
ɡɚɬɪɚɬɧɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɨɰɟɧɨɱɧɵɯ ɪɚɫɱɺɬɨɜ. 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɭɤɚɡɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɚɜɬɨɪɚɦɢ ɩɪɟɞɥɨɠɟɧ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɜɚɪɢɚɧɬ 
ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɞɟɪɧɨɣ ɭɫɬɚɧɨɜɤɢ, 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɳɢɣ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɭɫɥɨɜɢɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɯ 
ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ, ɜɵɡɜɚɧɧɵɯ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɦ ɪɟɡɨɧɚɧɫɨɦ. ɉɨɫɤɨɥɶɤɭ 
ɪɟɡɨɧɚɬɨɪ Ƚɟɥɶɦɝɨɥɶɰɚ, ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɹɜɥɹɟɬɫɹ ɞɟɦɩфɟɪɨɦ ɚɤɭɫɬɢɱɟɫɤɢɯ 
ɤɨɥɟɛɚɧɢɣ ɡɚɞɚɧɧɨɣ ɱɚɫɬɨɬɵ, ɜ ɤɚɱɟɫɬɜɟ ɧɚɢɛɨɥɟɟ эффɟɤɬɢɜɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɢɛɪɨɚɤɭɫɬɢɱɟɫɤɢɯ ɪɟɡɨɧɚɧɫɨɜ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɚɤɭɫɬɢɱɟɫɤɨɝɨ фɢɥɶɬɪɚ ɱɚɫɬɨɬ ɬɢɩɚ ɪɟɡɨɧɚɬɨɪɚ Ƚɟɥɶɦɝɨɥɶɰɚ. Ⱦɚɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɛɭɞɟɬ 
ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɞɚɜɥɟɧɢɟ ɚɤɭɫɬɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɬɟɩɥɨɧɨɫɢɬɟɥɹ Д15Ж ɫɨɜɩɚɞɚɸɳɢɦɢ  
ɫ ɱɚɫɬɨɬɚɦɢ ɜɢɛɪɚɰɢɣ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɵɧɭɠɞɟɧɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ ɞɚɜɥɟɧɢɹ, 
ɜɵɡɜɚɧɧɵɦɢ ɪɚɛɨɬɨɣ Ƚɐɇ ɢɥɢ ɜɧɟɲɧɢɦɢ ɭɞɚɪɧɵɦɢ ɢ ɫɟɣɫɦɢɱɟɫɤɢɦɢ ɜɨɡɞɟɣɫɬɜɢɹɦɢ. 
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Abstract – The paper considers the development of a technique for calculating the propagation of 

liquid pressure waves in pipelines for a large-scale experimental thermohydraulic model of a 

VVER-440 double-circuit steam generating plant. It is shown that the pressure compensator 

amplifies the pressure pulsations, as a Helmholtz resonator. As the Helmholtz resonator under 

certain conditions is a damper for acoustic oscillations of a given frequency, it is proposed to use 

an acoustic frequency filter of the Helmholtz resonator as an effective means of preventing 

vibroacoustic resonances at the NPP.A technique for calculating the propagation of pressure waves 

in the pipelines of the experimental stand of the MPEI TPP is developed. It is shown that the 

volume compensator can amplify the acting oscillations. 

 

Keywords: LMS Imagine.Lab AMESim, pressure waves, pressure pulsations, Lax-Vendroff 

scheme, Navier-Stokes equations. 

 


