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ȼȼȿȾȿɇɂȿ 

Ɉɫɨɛɟɧɧɵɟ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ, ɨɩɬɢɱɟɫɤɢɟ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɬɧɵɯ ɢ ɩɨɪɨɲɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ Д1; 2Ж, ɫɨɞɟɪɠɚɳɢɯ 

ɧɚɧɨɱɚɫɬɢɰɵ, ɢɦɟɸɬ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɪɢɦɟɧɟɧɢɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɷɥɟɤɬɪɨɧɧɵɯ, 

ɨɩɬɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɭɫɬɪɨɣɫɬɜ Д3Ж, ɫɨɡɞɚɧɢɢ ɫɩɟɰɢɚɥɶɧɵɯ ɤɟɪɚɦɢɤ Д4Ж, 

ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ Д5 – 7Ж, ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ Д8; 9], 

ɥɸɦɢɧɟɫɰɟɧɬɧɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɬɨɤ ɢ ɯɢɦɢɱɟɫɤɢɯ ɫɟɧɫɨɪɨɜ Д10; 11Ж, ɚ ɬɚɤɠɟ ɜ 

ɦɟɞɢɰɢɧɟ Д12Ж, ɮɚɪɦɚɰɟɜɬɢɤɟ Д13; 14Ж ɢ ɧɚɧɨɛɢɨɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɤɚɯ Д15; 

16Ж. ɉɨɞ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɩɪɢɧɹɬɨ ɩɨɧɢɦɚɬɶ ɱɚɫɬɢɰɵ, ɪɚɡɦɟɪɵ ɤɨɬɨɪɵɯ ɧɚɯɨɞɹɬɫɹ ɜ 

ɞɢɚɩɚɡɨɧɟ 1…100 ɧɦ Д17Ж.  

Ɋɚɡɦɟɪɧɵɟ, ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɧɚɧɨɱɚɫɬɢɰ 

ɹɜɥɹɸɬɫɹ ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɞɥɹ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɫɨɞɟɪɠɚɳɢɯ ɷɬɢ 

ɱɚɫɬɢɰɵ ɦɚɬɟɪɢɚɥɨɜ [18 – 24Ж. Ʉ ɯɨɪɨɲɨ ɫɟɛɹ ɡɚɪɟɤɨɦɟɧɞɨɜɚɜɲɢɦ ɦɟɬɨɞɚɦ 

ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɨ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɚɯ ɨɬɧɨɫɹɬɫɹ:  

– ɚɬɨɦɧɨ-ɫɢɥɨɜɚɹ ɦɢɤɪɨɫɤɨɩɢɹ Д25Ж; 

– ɩɪɨɫɜɟɱɢɜɚɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ Д26Ж; 

– ɫɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ Д27Ж; 

– ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɫɫɟɹɧɢɟ ɫɜɟɬɚ Д28Ж; 

– ɦɚɥɨɭɝɥɨɜɨɟ ɧɟɣɬɪɨɧɧɨɟ ɢ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɪɚɫɫɟɹɧɢɟ Д29 – 31Ж.  

Ɇɚɥɨɭɝɥɨɜɨɟ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɪɚɫɫɟɹɧɢɟ (ɆɍɊɊ) ɜɵɞɟɥɹɟɬɫɹ ɫɪɟɞɢ 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɛɪɚɡɰɨɜ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ: 

ɩɨɪɨɲɤɢ, ɚɷɪɨɡɨɥɢ, ɬɜɟɪɞɵɟ ɜɟɳɟɫɬɜɚ, ɤɨɥɥɨɢɞɧɵɟ ɫɭɫɩɟɧɡɢɢ ɢ ɬɨɧɤɢɟ ɩɥɟɧɤɢ. 

ɗɤɫɩɟɪɢɦɟɧɬ ɩɨ ɆɍɊɊ ɧɟ ɬɪɟɛɭɟɬ ɫɟɪɶёɡɧɵɯ ɜɪɟɦɟɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɡɚɬɪɚɬ ɩɪɢ 

ɩɨɞɝɨɬɨɜɤɟ ɨɛɪɚɡɰɚ. ɉɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ ɦɚɥɨɭɝɥɨɜɨɟ ɪɟɧɬɝɟɧɨɜɫɤɨɟ 

ɪɚɫɫɟɹɧɢɟ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɛɨɥɟɟ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɞɨɫɬɨɜɟɪɧɭɸ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ 

ɧɚɧɨɱɚɫɬɢɰ. ɆɍɊɊ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɢɧɮɨɪɦɚɰɢɸ ɨ ɱɚɫɬɢɰɚɯ ТЧ-ЬТЭЮ Д32 

– 34Ж ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɪɨɫɬɚ.  

ȼɚɠɧɟɣɲɟɣ ɡɚɞɚɱɟɣ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ ɆɍɊɊ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ 

ɧɚɢɥɭɱɲɟɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɮɨɪɦɭ ɱɚɫɬɢɰ ɢ ɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨ ɪɚɡɦɟɪɚɦ.  
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Ɋɟɲɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ 

ɱɟɪɟɡ ɫɬɪɭɤɬɭɪɧɵɟ ɢ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ, ɨɬɧɨɫɢɬɫɹ ɤ 

ɤɥɚɫɫɭ ɧɟɤɨɪɪɟɤɬɧɵɯ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ. ɉɪɢ ɷɬɨɦ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢɨɛɪɟɬɚɟɬ 

ɨɩɪɟɞɟɥɟɧɢɟ ɦɨɞɟɥɢ ɟɞɢɧɢɱɧɨɣ ɱɚɫɬɢɰɵ ɢ ɫɜɟɞɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ 

ɫɬɨɪɨɧɧɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɦɟɬɨɞɨɜ.  

Ⱦɥɹ ɪɚɡɧɵɯ ɩɨ ɮɨɪɦɟ ɱɚɫɬɢɰ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɧɚɯɨɞɢɦɨɟ ɫɬɚɧɞɚɪɬɧɵɦɢ 

ɦɟɬɨɞɚɦɢ, ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɪɚɡɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɱɚɫɬɢɰ (ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ – ɞɥɢɧɚ 

ɪɟɛɪɚ, ɲɚɪ – ɞɢɚɦɟɬɪ, ɷɥɥɢɩɫɨɢɞ – ɩɨɥɭɨɫɢ ɢ ɬɚɤ ɞɚɥɟɟ). ɉɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ 

ɫɪɚɜɧɟɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɱɚɫɬɢɰ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ ɩɨ ɨɞɧɨɣ ɤɪɢɜɨɣ ɪɚɫɫɟɹɧɢɹ 

ɩɪɢ ɚɛɫɨɥɸɬɧɨ ɪɚɡɥɢɱɧɵɯ ɝɢɩɨɬɟɡɚɯ ɨɛ ɢɯ ɮɨɪɦɟ, ɧɟ ɢɦɟɟɬ ɫɦɵɫɥɚ. ȼ ɬɨɠɟ ɜɪɟɦɹ, 

ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɜɟɪɹɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɞɭɪɵ ɪɟɲɟɧɢɹ ɨɫɧɨɜɧɨɝɨ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɧɟɤɨɬɨɪɨɦɭ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɦɭ ɪɚɡɦɟɪɧɨɦɭ ɩɚɪɚɦɟɬɪɭ. ȼ ɬɟɨɪɢɢ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɢɦɟɟɬɫɹ ɭɧɢɜɟɪɫɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ – ɪɚɞɢɭɫ ɝɢɪɚɰɢɢ Д29Ж, 

ɤɨɬɨɪɵɣ ɩɪɢɦɟɧɢɦ ɞɥɹ ɨɩɢɫɚɧɢɹ ɱɚɫɬɢɰɵ ɥɸɛɨɣ ɮɨɪɦɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨɞ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨ ɪɚɡɦɟɪɚɦ ɩɨɧɢɦɚɸɬ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɬɢɰ. Ⱦɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɭɠɞ, ɧɟɫɨɦɧɟɧɧɨ, ɜɚɠɧɟɟ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɱɚɫɬɢɰ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ 

ɨɫɧɨɜɧɨɣ ɮɭɧɤɰɢɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɩɨɥɢɞɢɫɩɟɪɫɧɭɸ ɫɢɫɬɟɦɭ, ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɮɭɧɤɰɢɸ ( )gf R  ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɵɯ ɩɨɥɟɣ ɩɨ ɪɚɞɢɭɫɚɦ ɝɢɪɚɰɢɢ (VШХЮЦО 

ПЫКМЭТШЧ НТЬЭЫТЛЮЭТШЧ ПЮЧМЭТШЧ, ɜ ɞɚɥɶɧɟɣɲɟɦ  VFDF). ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɞɥɹ ɜɫɟɯ 

ɮɨɪɦ ɢɫɫɥɟɞɭɟɦɵɯ ɱɚɫɬɢɰ ɢɫɫɥɟɞɨɜɚɬɶ ɢ ɫɪɚɜɧɢɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɦɟɠɞɭ ɫɨɛɨɣ.  

ɋ ɨɛɨɪɭɞɨɜɚɧɢɟɦ Д36 – 38Ж ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɆɍɊɊ, ɤɚɤ ɩɪɚɜɢɥɨ, ɩɨɫɬɚɜɥɹɟɬɫɹ 

ɝɨɬɨɜɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɫɩɟɰɢɚɥɶɧɨ ɚɞɚɩɬɢɪɨɜɚɧɧɨɟ ɩɨɞ ɭɡɤɢɣ ɫɩɟɤɬɪ 

ɡɚɞɚɱ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɱɬɨ ɨɝɪɚɧɢɱɢɜɚɟɬ ɩɨɥɟ ɞɟɣɫɬɜɢɣ 

ɢɫɫɥɟɞɨɜɚɬɟɥɹ ɮɢɤɫɢɪɨɜɚɧɧɵɦ ɡɚɥɨɠɟɧɧɵɦ ɱɢɫɥɨɦ ɦɨɞɟɥɟɣ ɢ ɦɟɬɨɞɨɜ. Ɉɛɵɱɧɨ 

ɢɫɩɨɥɶɡɭɸɬ ɫɯɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɜɨɞɢɬɫɹ ɩɨɢɫɤ ɩɚɪɚɦɟɬɪɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɡɚɞɚɧɧɨɝɨ ɜɢɞɚ, ɬɚɤɢɯ ɤɚɤ ɪɚɫɩɪɟɞɟɥɟɧɢɟ Ƚɚɭɫɫɚ, ɥɨɝɧɨɪɦɚɥɶɧɨɟ, ɒɭɥɶɰɚ-Ɂɢɦɦɚ ɢ 

ɬɨɦɭ ɩɨɞɨɛɧɨɟ Д39 – 41Ж. Ɉɞɧɚɤɨ ɩɪɢ ɬɚɤɨɦ ɩɨɞɯɨɞɟ ɟɫɬɶ ɪɢɫɤ ɩɨɥɭɱɢɬɶ ɧɟɜɟɪɧɨɟ 
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ɪɟɲɟɧɢɟ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɥɢ ɮɨɪɦɚ ɪɚɫɫɟɢɜɚɬɟɥɹ ɛɵɥɢ 

ɜɵɛɪɚɧɵ ɧɟɜɟɪɧɨ. ɉɪɢ ɩɨɫɬɚɜɤɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɚɥɨɭɝɥɨɜɨɝɨ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɩɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ ɢɦɟɸɬ ɭɡɤɭɸ ɨɪɢɟɧɬɚɰɢɸ ɧɚ 

ɞɚɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɡɚɤɪɵɬɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɞ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɥɸɛɵɟ 

ɦɨɞɢɮɢɤɚɰɢɢ ɢɫɤɥɸɱɚɸɬɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɡɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɩɪɨɝɪɚɦɦɧɨɝɨ 

ɨɛɟɫɩɟɱɟɧɢɹ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ ɤɨɞɨɦ, ɧɟ ɩɪɢɜɹɡɚɧɧɨɝɨ ɤ ɤɨɧɤɪɟɬɧɨɦɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ ɢ ɩɨɡɜɨɥɹɸɳɟɝɨ ɜɵɱɢɫɥɹɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ, ɧɟ 

ɢɫɩɨɥɶɡɭɹ ɚɩɪɢɨɪɧɵɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɟɝɨ ɜɢɞɟ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ.  

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɟɬɨɞɚ ɜɵɱɢɫɥɟɧɢɹ VFDF ɛɵɥ ɜɵɛɪɚɧ ɨɞɢɧ ɢɡ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɧɟɤɨɪɪɟɤɬɧɵɯ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ ― ɦɟɬɨɞ 

ɛɚɣɟɫɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɆȻȺ), ɤɨɬɨɪɵɣ ɛɵɥ ɚɞɚɩɬɢɪɨɜɚɧ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧ ɜ 

ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵД42Ж.  

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɚɞɚɱɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɪɚɡɦɟɪɨɜ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɪɟɲɚɟɬɫɹ ɛɟɡ ɭɱɟɬɚ ɦɟɠɱɚɫɬɢɱɧɵɯ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɩɪɢɦɟɧɢɦ ɤ ɫɢɥɶɧɨ ɪɚɡɪɟɠɟɧɧɵɦ 

ɫɢɫɬɟɦɚɦ. ɉɨɞ ɪɚɡɪɟɠɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ 

ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɪɚɫɫɟɢɜɚɸɳɟɝɨ ɜɟɳɟɫɬɜɚ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɧɬɨɜ. 

Ɉɞɧɚɤɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ ɞɨɥɹ ɡɚɩɨɥɧɟɧɢɹ 

ɨɛɴɟɦɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɡɚɦɟɬɧɭɸ ɜɟɥɢɱɢɧɭ (ɞɨ 40% 

Д43Ж), ɢ ɩɪɟɧɟɛɪɟɠɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɦɢ ɜɤɥɚɞɚɦɢ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɫɤɚɠɟɧɢɹɦ 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Д44Ж. ɋɭɳɟɫɬɜɭɸɳɟɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɚɥɨɭɝɥɨɜɨɝɨ ɪɚɫɫɟɹɧɢɹ ɫ ɭɱɟɬɨɦ ɦɟɠɱɚɫɬɢɱɧɨɣ 

ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɜ ɩɥɨɬɧɨɣ ɫɢɫɬɟɦɟ ɞɥɹ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ Д45Ж ɩɨɡɜɨɥɹɟɬ 

ɪɚɡɪɚɛɚɬɵɜɚɬɶ ɩɨɞɯɨɞɵ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ.  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɦɟɬɨɞɚ ɜɵɱɢɫɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ 

ɪɚɡɦɟɪɚɦ ɜ ɧɟɭɩɨɪɹɞɨɱɟɧɧɨɣ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɟ ɧɚɧɨɱɚɫɬɢɰ ɞɥɹ 

ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɜ ɰɟɥɹɯ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 

ɦɚɥɨɭɝɥɨɜɨɦɭ ɪɟɧɬɝɟɧɨɜɫɤɨɦɭ ɪɚɫɫɟɹɧɢɸ.  
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ȼ ɩɪɟɞɥɚɝɚɟɦɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɢ ɪɟɲɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ:  

1. Ɉɩɪɟɞɟɥɟɧɚ ɦɨɞɟɥɶ ɪɚɫɫɟɹɧɢɹ ɜ ɮɨɪɦɟ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, 

ɫɜɹɡɵɜɚɸɳɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɢ ɮɭɧɤɰɢɢ VFDF ɛɟɡ ɭɱɟɬɚ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɪɚɫɫɟɹɧɢɟ.  

2. ɋɨɡɞɚɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɆȻȺ ɞɥɹ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ 

ɭɪɚɜɧɟɧɢɹ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɮɭɧɤɰɢɢ VFDF ɢ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɧɚɧɨɱɚɫɬɢɰ.  

3. Ɋɚɡɪɚɛɨɬɚɧɨ ɢ ɜɧɟɞɪɟɧɨ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ, 

ɪɟɚɥɢɡɭɸɳɟɟ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɮɭɧɤɰɢɣ VFDF, ɚ ɬɚɤɠɟ ɦɟɬɨɞ 

ɜɵɱɢɫɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɩɨ ɡɚɞɚɧɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ 

ɪɚɞɢɭɫɨɜ ɝɢɪɚɰɢɢ.  

4. ɉɨɞɬɜɟɪɠɞɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɧɚ ɬɟɫɬɨɜɵɯ ɤɪɢɜɵɯ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɮɨɪɦ ɫ ɬɢɩɢɱɧɨɣ 

ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ.  

5. ɉɨɫɬɪɨɟɧ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɩɨ ɢɯ ɪɚɞɢɭɫɚɦ ɝɢɪɚɰɢɢ ɫ ɭɱɟɬɨɦ ɦɟɠɱɚɫɬɢɱɧɵɯ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ.  

6. ɉɪɨɜɟɪɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɧɚ ɬɟɫɬɨɜɵɯ ɤɪɢɜɵɯ 

ɢ ɫɯɨɞɢɦɨɫɬɶ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɚɥɨɭɝɥɨɜɨɝɨ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ ɨɬ ɩɨɪɨɲɤɨɜ ɧɚɧɨɱɚɫɬɢɰ.  

ɇɚɭɱɧɚɹ ɧɨɜɢɡɧɚ ɪɚɛɨɬɵ:  
1. Ⱦɚɧɚ ɮɨɪɦɭɥɢɪɨɜɤɚ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɩɨ ɞɚɧɧɵɦ ɆɍɊɊ ɞɥɹ ɪɚɫɫɟɹɧɢɹ ɛɟɡ ɭɱɟɬɚ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ, ɢɫɩɨɥɶɡɭɸɳɚɹ ɭɧɢɜɟɪɫɚɥɶɧɭɸ ɞɥɹ ɜɫɟɯ ɬɢɩɨɜ 

ɪɚɫɫɟɢɜɚɸɳɢɯ ɨɛɴɟɤɬɨɜ ɮɭɧɤɰɢɸ VFDF.  

2. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɆȻȺ, ɪɚɛɨɬɚɸɳɚɹ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɟɬɤɟ 

ɚɪɝɭɦɟɧɬɚ ɢ ɢɫɩɨɥɶɡɭɸɳɚɹ ɪɚɡɜɢɬɭɸ ɫɢɫɬɟɦɭ ɤɪɢɬɟɪɢɟɜ ɤɚɱɟɫɬɜɚ ɜɵɛɨɪɚ ɫɟɬɤɢ ɢ 

ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ.  

3. Ɋɚɡɪɚɛɨɬɚɧ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɞɥɹ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɫ ɩɨɬɟɧɰɢɚɥɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɤɥɚɞ ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ 
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ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ.  

ɇɚ ɡɚɳɢɬɭ ɜɵɧɨɫɢɬɫɹ:  
1. Ɇɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɩɨ ɞɚɧɧɵɦ ɆɍɊɊ ɞɥɹ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɮɨɪɦ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ.  

2. Ɇɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɨɬɞɟɥɶɧɨɣ ɱɚɫɬɢɰɵ ɫ ɩɨɦɨɳɶɸ 

ɫɪɚɜɧɟɧɢɹ ɜɵɱɢɫɥɟɧɧɨɣ ɩɨ VFDF ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɧɟɡɚɜɢɫɢɦɵɦɢ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ.  

3. Ɇɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɫ ɭɱɟɬɨɦ ɦɟɠɱɚɫɬɢɱɧɵɯ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɞɥɹ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɩɨɬɟɧɰɢɚɥɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ.  

ɉɪɚɤɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɢ ɜɧɟɞɪɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ:  
ɉɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ SAБSEV, ɪɟɚɥɢɡɭɸɳɢɣ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɦɟɬɨɞɵ, 

ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɢ ɧɟɡɚɜɢɫɢɦɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɞɚɧɧɵɯ. ɋ ɩɨɦɨɳɶɸ ɩɚɤɟɬɚ ɜɵɱɢɫɥɹɟɬɫɹ ɮɭɧɤɰɢɹ VFDF (ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɧɚɧɨɱɚɫɬɢɰ), ɢɦɟɸɳɚɹ ɩɪɚɤɬɢɱɟɫɤɭɸ ɡɧɚɱɢɦɨɫɬɶ ɞɥɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɢ ɩɨɬɪɟɛɢɬɟɥɟɣ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ. SAБSEV ɩɨɡɜɨɥɹɟɬ ɜɵɱɢɫɥɹɬɶ 

VFDF ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɪɚɡɪɟɠɟɧɧɵɯ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ, ɧɨ (ɜ ɫɥɭɱɚɟ 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ) ɢ ɞɥɹ ɫɢɫɬɟɦ ɫ ɛɨɥɶɲɨɣ ɞɨɥɟɣ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɨɦ 

ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ, ɬɨ ɟɫɬɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɞɥɹ ɩɨɪɨɲɤɨɜ. ɂɬɟɪɚɰɢɨɧɧɵɣ 

ɦɟɬɨɞ Д46Ж, ɩɪɟɞɥɨɠɟɧɧɵɣ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɥɨɬɧɵɯ ɫɢɫɬɟɦ ɧɚ ɨɫɧɨɜɟ ɞɚɧɧɵɯ 

ɆɍɊɊ, ɦɨɠɟɬ ɛɵɬɶ ɜ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢɦɟɧɟɧ ɞɥɹ ɱɚɫɬɢɰ ɞɪɭɝɢɯ ɮɨɪɦ ɫ ɞɪɭɝɢɦ 

ɯɚɪɚɤɬɟɪɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ.  

ȼ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɜɤɥɸɱɟɧɨ АОЛ-ɩɪɢɥɨɠɟɧɢɟ, ɤɨɬɨɪɨɟ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɨɛɳɟɞɨɫɬɭɩɧɨɟ ɫɢɫɬɟɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɯɪɚɧɟɧɢɟ ɞɚɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɯɨɞɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨ ɦɚɥɨɭɝɥɨɜɨɦɭ ɪɟɧɬɝɟɧɨɜɫɤɨɦɭ ɪɚɫɫɟɹɧɢɸ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɷɬɢɦ ɞɚɧɧɵɦ ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ.  

Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɛɵɥ ɩɪɢɦɟɧɟɧ ɞɥɹ:  

- ɢɡɭɱɟɧɢɹ ɦɨɪɮɨɥɨɝɢɢ ɱɚɫɬɢɰ ɧɚɧɨɩɨɪɨɲɤɚ ɞɢɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ, ɩɨɪɨɲɤɨɜ, 

ɫɨɡɞɚɜɚɟɦɵɯ ɜ ɫɢɫɬɟɦɚɯ ГЫO2–GН2O3 ɢ ГЫO2–В2O3 ɩɪɢ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɯ 
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ɭɫɥɨɜɢɹɯ;  

- ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɩɨɪɨɲɤɨɜ ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɱɚɫɬɢɰ, ɩɨɥɭɱɟɧɧɵɯ ɫ 

ɩɨɦɨɳɶɸ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɤɚɪɛɢɞɧɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɩɨɪɨɲɤɨɜɵɯ 

ɧɚɩɨɥɧɢɬɟɥɟɣ ɢɡ ɧɚɧɨɱɚɫɬɢɰ ɞɟɬɨɧɚɰɢɨɧɧɵɯ ɧɚɧɨɚɥɦɚɡɨɜ ɢ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɜ 

ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ Д47 – 49Ж.  

ȼɫɟ ɩɟɪɟɱɢɫɥɟɧɧɵɟ ɜɵɲɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɍɧɢɜɟɪɫɢɬɟɬɟ ɂɌɆɈ, 

ɎȽɍɉ «ɇɂɂɋɄ», ɊȽɉɍ ɢ ɎɌɂ ɊȺɇ.  

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬɵ ɞɨɤɥɚɞɵɜɚɥɢɫɶ ɧɚ БL  БLIII, ɧɚɭɱɧɵɯ ɢ ɭɱɟɛɧɨ-

ɦɟɬɨɞɢɱɟɫɤɢɯ ɤɨɧɮɟɪɟɧɰɢɹɯ ɍɧɢɜɟɪɫɢɬɟɬɚ ɂɌɆɈ (2011-2014 ɝɝ., ɝ. ɋɉɛ.), I, III ɢ Б 

Ʉɨɧɝɪɟɫɫɵ ɦɨɥɨɞɵɯ ɍɱɟɧɵɯ (2012, 2014, 2021ɝɝ., ɝ. ɋɉɛ). ɉɨ ɬɟɦɟ ɞɢɫɫɟɪɬɚɰɢɢ 

ɨɩɭɛɥɢɤɨɜɚɧɵ ɬɪɢ ɩɟɱɚɬɧɵɟ ɪɚɛɨɬɵ ɜ ɢɡɞɚɧɢɹɯ, ɜɤɥɸɱɟɧɧɵɯ ɜ ɩɟɪɟɱɟɧɶ ȼȺɄ ɊɎ 

Д45, 46, 50, 51Ж, ɩɨɥɭɱɟɧɨ 4 ɫɜɢɞɟɬɟɥɶɫɬɜɚ ɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ 

ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɗȼɆ Д52 – 55Ж. Ⱦɥɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɫɨɡɞɚɧɚ 

ɩɪɟɞɦɟɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ȻȾ Д51Ж, ɩɨɥɭɱɟɧɨ ɫɜɢɞɟɬɟɥɶɫɬɜɨ ɨ 

ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɪɟɝɢɫɬɪɚɰɢɢ Д54Ж.  

Ʌɢɱɧɵɣ ɜɤɥɚɞ ɚɜɬɨɪɚ ɜ ɪɚɛɨɬɚɯ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɫɨɚɜɬɨɪɫɬɜɟ, ɜɤɥɸɱɚɟɬ: 

– ɜɜɟɞɟɧɢɟ ɮɭɧɤɰɢɢ VFDF ɢ ɭɱɚɫɬɢɢ ɜ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɢ 

ɩɨɦɨɳɢ ɷɬɨɣ ɮɭɧɤɰɢɢ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɩɨ ɞɚɧɧɵɦ ɆɍɊɊ;  

– ɩɨɥɭɱɟɧɢɟ ɨɫɧɨɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɫ 

ɮɭɧɤɰɢɟɣ VFDF ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɟɞɢɧɢɱɧɵɯ ɪɚɫɫɟɢɜɚɬɟɥɟɣ;  

– ɦɨɞɢɮɢɤɚɰɢɸ ɦɟɬɨɞɚ ɆȻȺ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ VFDF ɢ ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɚ 

ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ ɤɪɢɬɟɪɢɟɜ;  

– ɪɚɡɪɚɛɨɬɤɭ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɬɢɩɚ ɦɨɞɟɥɢ ɪɚɫɫɟɢɜɚɬɟɥɹ ɧɚ ɨɫɧɨɜɟ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨɛ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ;  

– ɪɚɡɪɚɛɨɬɤɭ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɞɥɹ ɫɢɫɬɟɦ 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ ɦɟɠɱɚɫɬɢɱɧɵɯ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ 

ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ;  

– ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢ ɪɚɡɪɚɛɨɬɤɭ ɩɚɤɟɬɚ ɩɪɨɝɪɚɦɦ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ 

VFDF ɩɨ ɞɚɧɧɵɦ ɆɍɊɊ, ɚ ɬɚɤɠɟ аОЛ-ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ 

ɧɚɬɭɪɧɨɝɨ ɢ ɦɨɞɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ;  
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– ɩɪɨɜɟɞɟɧɢɟ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɦɢɬɚɰɢɨɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ, 

ɩɨɤɚɡɵɜɚɸɳɢɯ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɵɯ ɦɟɬɨɞɨɜ.  

ȼ ɩɟɪɜɨɣ ɝɥɚɜɟ ɩɪɨɜɟɞɟɧ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ 

ɫɢɫɬɟɦ ɧɚɧɨɱɚɫɬɢɰ ɩɨ ɞɚɧɧɵɦ ɆɍɊɊ.  

ȼɬɨɪɚɹ ɝɥɚɜɚ ɨɩɢɫɵɜɚɟɬ ɦɨɞɢɮɢɤɚɰɢɸ ɆȻȺ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF 

ɢɡ ɆɍɊɊ.  

ȼ ɬɪɟɬɶɟɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɪɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɆȻȺ 

ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɢ ɞɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɮɨɪɦɵ 

ɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ ɜɵɱɢɫɥɟɧɧɨɣ ɫ ɩɨɦɨɳɶɸ VFDF ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ.  

ȼ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ ɞɚɧɨ ɨɩɢɫɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɝɨ 

ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɢ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨ ɞɚɧɧɵɦ 

ɆɍɊɊ ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɦɨɧɨɦɨɪɮɧɵɯ ɫɢɫɬɟɦ ɱɚɫɬɢɰ ɬɪɟɯ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɫ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ.  

ȼ ɩɹɬɨɣ ɝɥɚɜɟ ɩɪɟɞɫɬɚɜɥɟɧ ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ 

ɮɭɧɤɰɢɢ VFDF ɞɥɹ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ ɦɟɠɱɚɫɬɢɱɧɵɯ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ.  

ɒɟɫɬɚɹ ɝɥɚɜɚ ɩɨɫɜɹɳɟɧɚ ɩɪɢɦɟɧɟɧɢɸ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɜɵɱɢɫɥɟɧɢɹ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɞɥɹ ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ.  

ȼ ɡɚɤɥɸɱɟɧɢɢ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ.  

ȼ ɩɪɢɥɨɠɟɧɢɹɯ A – D ɩɪɟɞɫɬɚɜɥɟɧɵ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ:  

 ɜɵɜɨɞ ɮɨɪɦɭɥɵ ɞɥɹ ɩɨɝɪɟɲɧɨɫɬɢ ɮɭɧɤɰɢɢ VFDF; 

 ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɫ ɭɱɟɬɨɦ 

ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɨɬ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɩɨɬɟɧɰɢɚɥɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ ɢ ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ 

ɪɚɡɦɟɪɚɦ.  

–  ɨɩɢɫɚɧɢɟ аОЛ  ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɚɝɪɟɝɚɰɢɢ ɞɚɧɧɵɯ ɦɚɥɨɭɝɥɨɜɨɝɨ 

ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ SAБSDB1.02; 

  Ⱥɤɬɵ ɜɧɟɞɪɟɧɢɹ  
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Ƚɥɚɜɚ 1. Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɨɛɡɨɪ ɦɟɬɨɞɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɧɚɧɨɱɚɫɬɢɰ ɩɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ 

ɦɚɥɨɭɝɥɨɜɨɝɨ ɪɚɫɫɟɹɧɢɹ 

1.1 . ɋɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɢ 
ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɪɚɫɫɟɹɧɢɹ 

ȼ ɩɨɞɚɜɥɹɸɳɟɦ ɛɨɥɶɲɢɧɫɬɜɟ ɦɟɬɨɞɢɤ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɆɍɊɊ 

ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɫɭɦɦɚ 

ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɪɚɫɫɟɹɧɢɹ ɨɬɞɟɥɶɧɵɦɢ ɱɚɫɬɢɰɚɦɢ ɢ ɜɥɢɹɧɢɟ ɦɟɠɱɚɫɬɢɱɧɨɣ 

ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ Д31Ж. ɗɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ, ɟɫɥɢ 

ɫɢɫɬɟɦɚ ɨɞɧɨɪɨɞɧɚ ɢ ɫɨɛɫɬɜɟɧɧɵɣ ɨɛɴɟɦ ɧɚɧɨɱɚɫɬɢɰ-ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɦɚɥ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɴɟɦɨɦ ɨɛɥɭɱɚɟɦɨɝɨ ɨɛɪɚɡɰɚ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ, ɜ ɨɫɧɨɜɧɨɦ, 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ( )D r  ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɨɩɪɟɞɟɥɹɟɬ ɤɪɢɜɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɪɚɫɫɟɹɧɢɹ.  

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɱɚɫɬɢɰ ɨɞɢɧɚɤɨɜɨɣ ɮɨɪɦɵ ɫɜɹɡɚɧɚ ɫ ɮɭɧɤɰɢɟɣ

( )D r  ɭɪɚɜɧɟɧɢɟɦ Д31Ж:  

2

0
0

( ) ( ) ( , ) ( )I q D r I q r m r dr
=  ,     (1.1)  

ɝɞɟ r – ɯɚɪɚɤɬɟɪɧɵɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰɵ (ɧɚɩɪɢɦɟɪ, ɞɥɹ ɲɚɪɨɨɛɪɚɡɧɵɯ – 

ɪɚɞɢɭɫ, ɞɥɹ ɤɭɛɢɱɟɫɤɢɯ – ɞɥɢɧɚ ɪɟɛɪɚ ɢ ɬɚɤ ɞɚɥɟɟ); 

( )4
sin 2q

=   – ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ ɪɚɫɫɟɹɧɢɹ (θ – ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ, λ – 

ɞɥɢɧɚ ɜɨɥɧɵ ɢɡɥɭɱɟɧɢɹ); 

m(r) – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ ɜ ɨɞɧɨɣ ɱɚɫɬɢɰɟ; 

0I  – ɧɨɪɦɢɪɨɜɚɧɧɚɹ, ɭɫɪɟɞɧёɧɧɚɹ ɩɨ ɨɪɢɟɧɬɚɰɢɹɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɪɚɫɫɟɹɧɢɹ ɨɞɧɨɣ ɱɚɫɬɢɰɟɣ.  

ȿɫɥɢ ɜ ɨɛɪɚɡɰɟ ɢɦɟɸɬɫɹ ɱɚɫɬɢɰɵ ɪɚɡɧɨɣ ɮɨɪɦɵ, ɬɨ ɨɛɳɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ (1.1) ɩɨ ɤɚɠɞɨɣ ɝɪɭɩɩɟ. ɂɧɮɨɪɦɚɰɢɹ ɨ 

ɦɨɪɮɨɥɨɝɢɢ ɱɚɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɚɥɶɬɟɪɧɚɬɢɜɧɵɦɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɆɍɊɊ 

ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ, ɫ ɩɨɦɨɳɶɸ ɷɥɟɤɬɪɨɧɧɨɣ ɢ ɫɢɥɨɜɨɣ ɦɢɤɪɨɫɤɨɩɢɢ Д26Ж. Ɂɚɞɚɱɚ 
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ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ( )D r  ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ (1.1) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɨɛɳɟɩɪɢɧɹɬɵɦ ɨɩɪɟɞɟɥɟɧɢɟɦ Д56Ж ɹɜɥɹɟɬɫɹ ɧɟɤɨɪɪɟɤɬɧɨɣ ɡɚɞɚɱɟɣ.  

Ⱦɥɹ ɨɛɪɚɡɰɚ ɫ ɜɵɫɨɤɨɣ ɨɛɴёɦɧɨɣ ɞɨɥɟɣ ɧɚɧɨɱɚɫɬɢɰ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 

ɡɚɜɢɫɢɬ ɧɟ ɬɨɥɶɤɨ ɨɬ ɮɨɪɦɵ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ, ɧɨ ɢ ɨɬ ɜɡɚɢɦɧɨɝɨ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɜ ɨɛɪɚɡɰɟ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨ 

ɡɧɚɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ Д57; 58Ж. ȼɢɞ 

ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ ɯɚɪɚɤɬɟɪɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɱɚɫɬɢɰ, ɬɚɤ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ. Ɍɨɥɶɤɨ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɬɢɩɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ 

ɜ ɦɨɧɨ- ɢ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦɚɯ ɹɜɧɵɣ ɜɢɞ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɧɚɣɞɟɧ 

ɬɟɨɪɟɬɢɱɟɫɤɢ Д59Ж. C ɭɱɟɬɨɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɚɞɚɱɚ 

ɨɬɵɫɤɚɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɦɨɠɟɬ ɬɚɤɠɟ ɛɵɬɶ ɫɜɟɞɟɧɚ ɤ ɪɟɲɟɧɢɸ 

ɭɪɚɜɧɟɧɢɹ (1.1).  

1.2 . Ɇɟɬɨɞɵ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɆɍɊɊ ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ 

Ⱦɥɹ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɩɪɢɧɹɬɨ ɜɵɞɟɥɹɬɶ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ ɚɧɚɥɢɡɚ 

ɞɚɧɧɵɯ ɆɍɊɊ Д60; 31Ж: 

– ɩɪɹɦɨɟ ɜɵɱɢɫɥɟɧɢɟ ɢɧɜɚɪɢɚɧɬɨɜ; 

– ɩɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɡɚɞɚɧɧɨɝɨ ɜɢɞɚ; 

– ɩɪɹɦɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ; 

– ɧɟɩɪɹɦɨɟ Ɏɭɪɶɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

– ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ɮɭɧɤɰɢɸ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨɣ – ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɢɧɜɚɪɢɚɧɬɨɜ (ɫɪɟɞɧɟɝɨ ɪɚɞɢɭɫɚ 

ɢɧɟɪɰɢɢ, ɨɛɴɟɦɚ ɢ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɢ ɬɚɤ ɞɚɥɟɟ) 

Д31,61 – 76Ж. Ɉɧ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɨɛɴɟɤɬɨɜ 

(ɦɨɥɟɤɭɥ ɛɟɥɤɨɜ, ɧɭɤɥɟɢɧɨɜɵɯ ɤɢɫɥɨɬ ɢ ɬɚɤ ɞɚɥɟɟ), ɢ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ 

ɷɮɮɟɤɬɢɜɧɵɦ ɞɥɹ ɱɚɫɬɢɰ ɨɞɢɧɚɤɨɜɨɣ ɮɨɪɦɵ ɢ ɪɚɡɦɟɪɚ. Ɇɟɬɨɞ ɬɚɤɠɟ ɩɪɢɦɟɧɹɟɬɫɹ 

ɞɥɹ ɢɡɭɱɟɧɢɹ ɩɨɥɢɦɟɪɨɜ ɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɧɚɧɨɫɬɪɭɤɬɭɪɧɵɯ ɨɛɴɟɤɬɨɜ Д77Ж. Ⱦɥɹ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɦɟɬɨɞ ɞɚɟɬ ɥɢɲɶ ɧɟɤɨɬɨɪɵɟ ɭɫɪɟɞɧɟɧɧɵɟ ɡɧɚɱɟɧɢɹ.  
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Ɇɟɬɨɞ ɩɨɞɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɡɚɞɚɧɧɨɝɨ ɜɢɞɚ 

Д78 – 88Ж – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɩɪɨɫɬɵɯ ɜ ɪɟɚɥɢɡɚɰɢɢ. ȼ ɤɚɱɟɫɬɜɟ ɢɫɤɨɦɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ( )D r  ɜ ɭɪɚɜɧɟɧɢɢ (1.1) ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɭɧɤɰɢɹ ɡɚɞɚɧɧɨɝɨ ɜɢɞɚ ɫ 

ɩɨɞɛɢɪɚɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ (ɬɚɤɢɦɢ, ɤɚɤ, ɧɚɩɪɢɦɟɪ, ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɢ 

ɞɢɫɩɟɪɫɢɹ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Ƚɚɭɫɫɚ). Ɉɩɬɢɦɚɥɶɧɵɟ ɩɚɪɚɦɟɬɪɵ ɦɢɧɢɦɢɡɢɪɭɸɬ 

ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
(экɫɩ) ( )I q ɢ ɦɨɞɟɥɶɧɨɣ ( )I q ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ ɪɚɫɫɟɹɧɢɹ Д89Ж:  

( ) 2

1

( ) ( )1
экɫпN

i i

i i

I q I q

N =
 −    ,    (1.2) 

ɝɞɟ  N – ɤɨɥɢɱɟɫɬɜɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɬɨɱɟɤ,  
2

i – ɞɢɫɩɟɪɫɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ.  

ɑɚɳɟ ɜɫɟɝɨ ɜ ɤɚɱɟɫɬɜɟ ( )D r  ɢɫɩɨɥɶɡɭɸɬ ɫɥɟɞɭɸɳɢɟ ɬɢɩɵ ɪɚɫɩɪɟɞɟɥɟɧɢɣ: 

ɪɚɜɧɨɦɟɪɧɨɟ, ɝɚɭɫɫɨɜɨ, ɦɚɤɫɜɟɥɥɨɜɫɤɨɟ, Ɂɢɦɦɚ-ɒɭɥɶɰɚ, ɥɨɝɧɨɪɦɚɥɶɧɨɟ Д81-83; 87; 

88Ж. Ⱦɥɹ ɲɚɪɨɨɛɪɚɡɧɵɯ ɢ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɞɥɹ ɧɟɤɨɬɨɪɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ 

ɪɚɡɦɟɪɨɜ ɫɭɳɟɫɬɜɭɸɬ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ (1.1) Д76; 80; 

86; 87Ж. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɳɚɟɬ ɩɨɞɛɨɪ ɩɚɪɚɦɟɬɪɨɜ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟɨɪɝɚɧɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɤɚɤ 

ɩɪɚɜɢɥɨ, ɧɟɢɡɜɟɫɬɟɧ Д31Ж. Ɂɞɟɫɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɤɚɡɭɫɚɦ, ɧɚɩɪɢɦɟɪ, ɜ Д90Ж ɜɵɱɢɫɥɹɸɬɫɹ ɩɚɪɚɦɟɬɪɵ 

ɦɨɧɨɦɨɞɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɞɚɧɧɨɝɨ ɜɢɞɚ ɩɪɢ ɬɨɦ, ɱɬɨ ɩɨ ɞɚɧɧɵɦ 

ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ ɨɛɪɚɡɟɰ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɦɟɫɶ ɞɜɭɯ ɩɨɪɨɲɤɨɜ ɫɨ 

ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɡɥɢɱɚɸɳɢɦɢɫɹ ɪɚɡɦɟɪɚɦɢ ɧɚɧɨɱɚɫɬɢɰ. ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɵɦ 

ɹɜɥɹɟɬɫɹ ɪɚɡɜɢɬɢɟ ɦɟɬɨɞɨɜ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ( )D r , ɧɟ ɫɜɹɡɚɧɧɵɯ 

ɩɪɟɞɩɨɥɨɠɟɧɢɹɦɢ ɨ ɟё ɤɨɧɤɪɟɬɧɨɦ ɜɢɞɟ.  

ȼ ɦɟɬɨɞɟ ɩɪɹɦɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Д79; 91-105Ж ɮɨɪɦɚ ɱɚɫɬɢɰ 

ɫɱɢɬɚɟɬɫɹ ɢɡɜɟɫɬɧɨɣ, ɧɨ ɧɟɬ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɜɢɞɟ ( )D r . Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ( )D r  ɢɡ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ (1.1) ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɞɯɨɞɹɳɟɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Д105Ж. 
ɋɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɟɝɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɥɶɧɨ 

ɡɚɜɢɫɢɬ ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɢ ɩɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɚ 
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ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ ɢɧɞɢɤɚɬɪɢɫɵ ɪɚɫɫɟɹɧɢɹ ɜ ɨɛɥɚɫɬɢ 

ɛɨɥɶɲɢɯ ɭɝɥɨɜ Д30Ж. Ⱦɥɹ ɤɚɠɞɨɣ ɮɨɪɦɵ ɪɚɫɫɟɢɜɚɬɟɥɹ ɢɧɬɟɝɪɚɥɶɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 

ɢɦɟɟɬ ɫɜɨɣ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɜɢɞ Д31 М. 233Ж.  

ȼ ɦɟɬɨɞɟ ɧɟɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɮɭɧɤɰɢɸ ( )D r  ɩɪɟɞɫɬɚɜɥɹɸɬ 

ɫɭɩɟɪɩɨɡɢɰɢɟɣ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ. ȼɚɪɢɚɧɬɵ ɦɟɬɨɞɚ ɪɚɡɥɢɱɚɸɬɫɹ ɜɢɞɨɦ ɛɚɡɢɫɧɵɯ 

ɮɭɧɤɰɢɣ. ȼ ɨɪɢɝɢɧɚɥɶɧɨɦ ɜɚɪɢɚɧɬɟ Д106 – 108Ж ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɵɯ ɮɭɧɤɰɢɣ 

ɜɵɛɪɚɧɵ ɤɭɛɢɱɟɫɤɢɟ ȼ-ɫɩɥɚɣɧɵ ( )B r  Д109Ж:  

1

( ) ( )
m

D r c B r =
= .    (1.3)  

Ʉɨɷɮɮɢɰɢɟɧɬɵ c  ɧɚɯɨɞɹɬ, ɢɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɹ ɦɢɧɢɦɚɥɶɧɨɫɬɢ ɜɵɪɚɠɟɧɢɹ 

(1.2) ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɦ ɬɪɟɛɨɜɚɧɢɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɝɥɚɞɤɨɫɬɢ ( )D r . ɉɨɫɥɟɞɧɟɟ 

ɬɪɟɛɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɭɫɬɨɣɱɢɜɨɫɬɶ ɪɟɲɟɧɢɹ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɨɫɰɢɥɥɹɰɢɢ ɜ ɮɭɧɤɰɢɢ  ( )D r , ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɧɟɤɨɪɪɟɤɬɧɨɫɬɶɸ ɡɚɞɚɱɢ. Ƚɥɚɞɤɨɫɬɶ 

ɢɫɤɨɦɨɝɨ ɪɟɲɟɧɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɡɚ ɫɱёɬ ɦɢɧɢɦɢɡɚɰɢɢ ɫɭɦɦɵ ɪɚɡɥɢɱɢɣ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫ ɫɨɫɟɞɧɢɦɢ ɧɨɦɟɪɚɦɢ Д106 – 115Ж, ɦɢɧɢɦɢɡɚɰɢɢ ɫɭɦɦɵ ɤɜɚɞɪɚɬɨɜ 

ɜɬɨɪɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɪɟɲɟɧɢɹ Д107Ж, ɢɥɢ ɦɚɤɫɢɦɢɡɚɰɢɢ ɷɧɬɪɨɩɢɢ Д114Ж. ȼ ɨɞɧɨɦ ɢɡ 

ɜɚɪɢɚɧɬɨɜ ɦɟɬɨɞɚ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɧɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɪɢɝɨɧɨɦɟɬɪɢɱɟɫɤɢɟ ɮɭɧɤɰɢɢ 

Д110Ж. ȼɚɪɢɚɧɬ ɦɟɬɨɞɚ, ɜ ɤɨɬɨɪɨɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɚɤɫɢɦɭɦ ɷɧɬɪɨɩɢɢ, ɱɚɫɬɨ 

ɪɚɫɫɦɚɬɪɢɜɚɸɬ ɤɚɤ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ Д111;112Ж. Ɇɟɬɨɞ ɦɚɤɫɢɦɭɦɚ ɷɧɬɪɨɩɢɢ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɞɥɹ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɣ Д113Ж. ȼɩɟɪɜɵɟ 

ɞɥɹ ɚɧɚɥɢɡɚ ɞɚɧɧɵɯ ɆɍɊɊ ɷɬɨɬ ɦɟɬɨɞ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ ɪɚɛɨɬɟ Д114Ж. Ɍɟɫɬɢɪɨɜɚɧɢɟ 

ɦɟɬɨɞɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɬɪɨɩɢɢ Д116; 117; 118Ж ɩɨɤɚɡɚɥɨ, ɱɬɨ ɬɨɱɧɨɫɬɶ ɦɟɬɨɞɚ 

ɛɥɢɡɤɚ ɤ ɬɨɱɧɨɫɬɢ ɨɪɢɝɢɧɚɥɶɧɨɝɨ ɦɟɬɨɞɚ Д115Ж ɢ ɦɟɬɨɞɚ ɛɚɣɟɫɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ Д119Ж, 

ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɧɢɠɟ.  

Ɉɞɢɧ ɢɡ ɜɚɪɢɚɧɬɨɜ ɦɨɞɢɮɢɤɚɰɢɢ ɦɟɬɨɞɚ ɧɟɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ – ɦɟɬɨɞ 

ɫɬɪɭɤɬɭɪɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ Д120; 121Ж. ȼ ɷɬɨɦ ɜɚɪɢɚɧɬɟ ɜɵɱɢɫɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ D(r) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɭɱɚɣɧɨ ɝɟɧɟɪɢɪɭɟɦɵɯ ɧɚɛɨɪɨɜ ɚɪɝɭɦɟɧɬɚ 

r ɱɚɫɬɢɰ. Ɋɟɲɟɧɢɟ ɢɳɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɭɫɪɟɞɧɟɧɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɚɫɩɪɟɞɟɥɟɧɢɣ. 

ɗɬɨɬ ɦɟɬɨɞ ɛɨɥɟɟ ɭɫɬɨɣɱɢɜ ɤ «ɨɲɢɛɤɚɦ ɨɛɪɵɜɚ» ɢ ɨɫɰɢɥɥɹɰɢɹɦ: ɩɪɢ ɟɝɨ 
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ɩɪɢɦɟɧɟɧɢɢ ɧɟ ɬɪɟɛɭɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɞɢɚɩɚɡɨɧɟ ɚɪɝɭɦɟɧɬɚ, ɫɬɟɩɟɧɢ ɝɥɚɞɤɨɫɬɢ 

ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ. ɇɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɛɨɥɶɲɭɸ ɪɟɫɭɪɫɨɟɦɤɨɫɬɶ 

Д121Ж.  

Ɉɫɧɨɜɧɚɹ ɩɪɨɛɥɟɦɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ ɧɟɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ – 

ɜɵɛɨɪ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ – ɤɨɷɮɮɢɰɢɟɧɬɚ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɜɟɫ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ 

ɤɨɷɮɮɢɰɢɟɧɬɵ c  Д122Ж. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɢ ɜɵɛɨɪɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɬɚɤɠɟ 

ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɜɵɛɨɪɚ ɤɨɥɢɱɟɫɬɜɚ ɮɭɧɤɰɢɣ ( )B r  ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɧɚɛɨɪɚ ɚɪɝɭɦɟɧɬɨɜ.  

Ⱦɪɭɝɨɣ ɬɢɩ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɹ (1.1) – ɦɟɬɨɞɵ, 

ɢɫɩɨɥɶɡɭɸɳɢɟ ɞɢɫɤɪɟɬɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ: ɧɚɛɨɪ ɡɧɚɱɟɧɢɣ 

( ), 1,2...,k kD D r k M= = , ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ɦɧɨɠɟɫɬɜɚ ɚɪɝɭɦɟɧɬɨɜ Д123; 124; 56; 106; 

107; 110-118; 120; 121; 125 – 134Ж. ɍɪɚɜɧɟɧɢɟ (1.1) ɩɪɢ ɢɡɜɟɫɬɧɵɯ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ ɆɍɊɊ ɩɪɢɜɨɞɢɬ ɤ ɫɢɫɬɟɦɟ ɥɢɧɟɣɧɵɯ 

ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɡɧɚɱɟɧɢɣ Dk. ȼɵɛɨɪ ɧɚɛɨɪɚ kr  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɥɨɠɧɭɸ ɡɚɞɚɱɭ, 

ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɨɬɫɭɬɫɬɜɭɟɬ ɚɩɪɢɨɪɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨɛ ɨɛɪɚɡɰɟ. Ɂɞɟɫɶ ɬɚɤɠɟ, ɤɚɤ ɜ 

ɫɥɭɱɚɟ ɫ ɦɟɬɨɞɨɦ ɧɟɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɢɫɤɨɦɨɟ ɪɟɲɟɧɢɟ ɞɨɥɠɧɨ 

ɜɵɱɢɫɥɹɬɶɫɹ ɫ ɭɱɟɬɨɦ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ kD , ɧɚɩɪɢɦɟɪ, 

ɧɟɨɬɪɢɰɚɬɟɥɶɧɨɫɬɶ ɷɬɢɯ ɡɧɚɱɟɧɢɣ Д128Ж.  

ȿɳɟ ɨɞɢɧ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ – ɦɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ Д109, 89Ж, ɜ ɤɨɬɨɪɨɦ ɫɢɫɬɟɦɚ 

ɤɚɤ ɤɨɧɟɱɧɨɟ ɱɢɫɥɨ ɧɚɧɨɱɚɫɬɢɰ ɜ ɮɨɪɦɟ ɲɚɪɚ ɪɚɡɧɵɯ ɪɚɡɦɟɪɨɜ. ɗɬɨɬ ɦɟɬɨɞ ɯɨɪɨɲɨ 

ɡɚɪɟɤɨɦɟɧɞɨɜɚɥ ɫɟɛɹ ɩɪɢ ɚɧɚɥɢɡɟ ɪɚɫɫɟɹɧɢɹ ɜ ɛɨɥɶɲɢɯ ɭɝɥɚɯ Д131Ж. ȼ ɚɥɝɨɪɢɬɦɟ 

ɷɬɨɝɨ ɦɟɬɨɞɚ ɢɫɤɨɦɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɩɨɞɛɢɪɚɟɬɫɹ ɢɬɟɪɚɬɢɜɧɨ ɫ 

ɩɨɦɨɳɶɸ ɞɨɛɚɜɥɟɧɢɹ ɱɚɫɬɢɰ ɫɨ ɫɥɭɱɚɣɧɵɦɢ ɪɚɡɦɟɪɚɦɢ. ȼ ɞɪɭɝɨɣ ɦɨɞɢɮɢɤɚɰɢɢ 

ɦɟɬɨɞɚ Д132Ж ɱɢɫɥɨ ɱɚɫɬɢɰ ɮɢɤɫɢɪɨɜɚɧɨ, ɩɨɞɛɢɪɚɟɬɫɹ ɬɨɥɶɤɨ ɢɯ ɪɚɞɢɭɫɵ. 

ɇɟɤɨɬɨɪɵɟ ɚɥɝɨɪɢɬɦɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɬɨɞɚ Ɇɨɧɬɟ-Ʉɚɪɥɨ ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ 

ɆɍɊɊ ɦɨɠɧɨ ɧɚɣɬɢ ɜ Д133; 134Ж.  

Ɉɞɢɧ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɱɢɫɥɟɧɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɧɟɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ – 

ɦɟɬɨɞ ɛɚɣɟɫɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ (ɆȻȺ) Д42; 124; 127; 135Ж, ɢɦɟɧɧɨ ɨɧ ɪɚɡɪɚɛɨɬɚɧ ɢ 

ɪɟɚɥɢɡɨɜɚɧ ɜɨ 2-ɨɣ, 3-ɟɣ ɢ 4-ɨɣ ɝɥɚɜɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ. ȼ ɆȻȺ ɤɥɸɱɟɜɭɸ ɪɨɥɶ ɢɝɪɚɟɬ 
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ɬɟɨɪɟɦɚ Ȼɚɣɟɫɚ Д136Ж, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ. ɉɪɢ ɷɬɨɦ ɚɩɪɢɨɪɧɚɹ 

ɜɟɪɨɹɬɧɨɫɬɶ ɞɥɹ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɭɱɢɬɵɜɚɟɬ ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɧɚ ɧɟɟ 

ɨɝɪɚɧɢɱɟɧɢɹ. ɏɚɪɚɤɬɟɪ ɨɝɪɚɧɢɱɟɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɢɩɨɦ ɪɟɝɭɥɹɪɢɡɢɪɭɸɳɟɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ. Ɋɟɝɭɥɹɪɢɡɚɬɨɪɨɦ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ ɱɢɫɥɨɜɨɣ ɩɚɪɚɦɟɬɪ, ɭɱɢɬɵɜɚɸɳɢɣ 

ɜɟɫ ɪɟɝɭɥɹɪɢɡɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ. ɑɚɳɟ ɜɫɟɝɨ ɷɬɨɬ ɩɚɪɚɦɟɬɪ ɡɚɞɚɟɬ ɫɬɟɩɟɧɶ 

ɝɥɚɞɤɨɫɬɢ ɢɫɤɨɦɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ Д56; 129Ж. ȼ ɨɞɧɨɦ ɢɡ ɜɚɪɢɚɧɬɨɜ ɆȻȺ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɪɟɛɨɜɚɧɢɟ ɦɚɤɫɢɦɭɦɚ ɷɧɬɪɨɩɢɢ Д111; 113Ж.  

Ɇɟɬɨɞ ɆȻȺ ɭɫɬɨɣɱɢɜ ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɨɲɢɛɤɚɦ. ȿɝɨ ɩɪɢɦɟɧɟɧɢɟ ɧɟ 

ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɚɪɚɤɬɟɪɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɦɟɬɨɞɚ 

ɭɤɚɡɚɧ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚɣɞɟɧɧɨɝɨ ɪɟɲɟɧɢɹ Д124Ж. 

ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɡɚɞɚɱɚɦ ɚɧɚɥɢɡɚ ɆɍɊɊ, ɞɥɹ ɆȻȺ ɧɟɞɚɜɧɨ ɩɪɟɞɥɨɠɟɧ 

ɜɟɪɨɹɬɧɨɫɬɧɵɣ ɩɨɞɯɨɞ ɞɥɹ ɜɵɛɨɪɚ ɝɢɩɟɪɩɚɪɚɦɟɬɪɨɜ Д119Ж.  

Ɍɚɛɥɢɰɚ 1.1. ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɨɞɤɭ ɩɨ ɩɥɸɫɚɦ ɢ ɦɢɧɭɫɚɦ ɨɛɨɡɪɟɜɚɟɦɵɯ 

ɦɟɬɨɞɨɜ. ɇɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɬɪɟɛɨɜɚɧɢɹ, ɩɪɟɞɴɹɜɥɹɟɦɵɟ ɤ ɦɟɬɨɞɭ ɜɵɱɢɫɥɟɧɢɹ 

ɮɭɧɤɰɢɢ, ɭɤɚɡɚɧɵ ɜ ɩɟɪɜɨɦ ɫɬɨɥɛɰɟ ɬɚɛɥɢɰɵ 1.1.  

ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɚɡɪɚɛɨɬɚɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɦɟɬɨɞɚ ɆȻȺ ɞɥɹ 

ɜɵɱɢɫɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴёɦɧɵɯ ɞɨɥɟɣ ɱɚɫɬɢɰ ɪɚɡɧɵɯ ɮɨɪɦ ɩɨ ɪɚɞɢɭɫɚɦ 

ɝɢɪɚɰɢɢ, ɢɫɫɥɟɞɨɜɚɧɵ ɫɜɨɣɫɬɜɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɬɚɤɨɝɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɤɚɤ ɪɚɞɢɭɫ ɝɢɪɚɰɢɢ 

Д28Ж ɜ ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɚ ɜɵɱɢɫɥɹɟɦɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɱɚɫɬɢɰ ɫ ɪɚɡɧɨɣ ɮɨɪɦɨɣ.  

ȼɫɟ ɨɩɢɫɚɧɧɵɟ ɜɵɲɟ ɦɟɬɨɞɵ ɨɩɪɟɞɟɥɹɸɬ ɮɭɧɤɰɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɪɚɡɪɟɠɟɧɧɵɯ ɫɢɫɬɟɦ. Ⱦɥɹ ɩɥɨɬɧɵɯ ɫɢɫɬɟɦ ɫ ɛɨɥɶɲɨɣ ɞɨɥɟɣ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ 

ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɩɪɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɤɪɢɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ 

ɬɪɟɛɭɟɬɫɹ ɭɱɟɬ ɜɥɢɹɧɢɹ ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ. ɋɜɹɡɚɧɧɵɟ ɫ ɷɬɢɦ ɦɟɬɨɞɵ 

ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɪɚɡɪɚɛɚɬɵɜɚɥɢɫɶ ɜ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɛɨɥɶɲɨɦ ɱɢɫɥɟ ɪɚɛɨɬ 

ɢ ɬɨɥɶɤɨ ɞɥɹ ɫɢɫɬɟɦ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ. Ʉɪɚɬɤɢɣ ɨɛɡɨɪ ɷɬɢɯ ɪɚɛɨɬ ɛɭɞɟɬ 

ɩɪɨɜɟɞɟɧ ɜ ɧɚɱɚɥɟ 5-ɨɣ ɝɥɚɜɵ, ɝɞɟ ɨɛɫɭɠɞɚɟɬɫɹ ɩɪɟɞɥɚɝɚɟɦɵɣ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 
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ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɧɚɯɨɠɞɟɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɩɥɨɬɧɨɣ 

ɫɢɫɬɟɦɟ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ. 
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Ɍɚɛɥɢɰɚ 1.1 – ɋɪɚɜɧɟɧɢɟ ɦɟɬɨɞɨɜ ɩɨɢɫɤɚ ɦɨɞɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ ɱɚɫɬɢɰ ɜ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɟ ɧɚ 

ɨɫɧɨɜɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ 

Ɇɟɬɨɞɵ 

ɩɚɪɚɦɟɬɪɢɱɟɫɤɢ 

ɡɚɞɚɧɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɩɪɹɦɨɝɨ 

ɢɧɬɟɝɪɚɥɶɧɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɧɟɩɪɹɦɨɝɨ 

Ɏɭɪɶɟ-

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ 

ɢɧɬɟɪɮɟɪɟɧɰɢɢ 
Ɇɟɬɨɞ Ɇɨɧɬɟ-Ʉɚɪɥɨ 

ɆȻȺ 

 

ɍɫɬɨɣɱɢɜɨɫɬɶ ɤ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ 
ɨɲɢɛɤɚɦ ɢ ɨɲɢɛɤɚɦ 
ɨɛɪɵɜɚ 

+ – + + + + 

ɉɪɨɫɬɨɬɚ 
ɦɨɞɢɮɢɰɢɪɭɟɦɨɫɬɢ 
ɞɥɹ ɪɚɡɧɵɯ ɮɨɪɦ 
ɱɚɫɬɢɰ 

+ – + + + + 

ɇɟ ɬɪɟɛɭɟɬɫɹ ɡɧɚɧɢɟ 
ɚɩɪɢɨɪɧɨɝɨ ɜɢɞɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

– + + + + + 

ȿɫɬɶ ɭɤɚɡɚɧɢɟ ɧɚ ɦɟɬɨɞ 
ɜɵɱɢɫɥɟɧɢɹ 
ɩɨɝɪɟɲɧɨɫɬɢ 

ɪɟɲɟɧɢɹ 

– – – + – + 

ȼɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ 
ɪɚɡɥɢɱɧɵɯ 
ɨɝɪɚɧɢɱɟɧɢɣ, 
ɧɚɤɥɚɞɵɜɚɟɦɵɯ ɧɚ 
ɢɫɤɨɦɨɟ ɪɟɲɟɧɢɟ 

– + + + – + 
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ȼɵɜɨɞɵ ɩɨ ɩɟɪɜɨɣ ɝɥɚɜɟ 

1. Ɏɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɜ ɪɚɡɪɟɠɟɧɧɨɣ 

ɫɢɫɬɟɦɟ ɫɜɹɡɚɧɚ ɫ ɢɧɬɟɧɫɢɜɧɨɫɬɶɸ ɆɍɊɊ ɭɪɚɜɧɟɧɢɟɦ (1.1). ȼɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ 

ɢɡ ɭɪɚɜɧɟɧɢɹ (1. 1) ɨɬɧɨɫɢɬɫɹ ɤ ɤɥɚɫɫɭ ɧɟɤɨɪɪɟɤɬɧɵɯ ɡɚɞɚɱ.  

2. Ɉɫɧɨɜɧɵɟ ɦɟɬɨɞɵ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩ.1 ɩɟɪɟɱɢɫɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1.  

3. ȼɵɛɨɪ ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩ.1 ɞɨɥɠɟɧ ɭɱɢɬɵɜɚɬɶ ɪɹɞ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1.1.  

4. ɉɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 1 ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ 

ɦɟɬɨɞɚ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩ.1, ɜɵɛɪɚɧ Ɇɟɬɨɞ Ȼɚɣɟɫɨɜɫɤɨɝɨ Ⱥɧɚɥɢɡɚ. ɗɬɨɬ ɦɟɬɨɞ 

ɚɤɬɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɩɪɢɦɟɧɟɧɢɢ ɤ ɦɚɥɨɭɝɥɨɜɨɦɭ ɪɟɧɬɝɟɧɨɜɫɤɨɦɭ ɢ ɧɟɣɬɪɨɧɧɨɦɭ 

ɪɚɫɫɟɹɧɢɸ.  
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Ƚɥɚɜɚ 2. ȼɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ 

ɦɟɬɨɞɨɦ ɛɚɣɟɫɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɥɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɦɨɧɨɦɨɪɮɧɨɣ 

ɫɢɫɬɟɦɵ 

ɆȻȺ ɞɥɹ ɚɧɚɥɢɡɚ ɢɧɞɢɤɚɬɪɢɫɵ ɆɍɊɊ ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɜɩɟɪɜɵɟ 

ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɜ ɪɚɛɨɬɚɯ Д124; 127Ж. ɗɬɨɬ ɠɟ ɦɟɬɨɞ ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɹɥɫɹ ɜ ɪɚɛɨɬɚɯ 

Д135; 137; 138Ж ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɜ ɦɨɧɨɞɢɫɩɟɪɫɧɵɯ 

ɫɢɫɬɟɦɚɯ. ȼ ɷɬɨɣ ɝɥɚɜɟ ɩɨɥɭɱɟɧɵ ɨɫɧɨɜɧɵɟ ɮɨɪɦɭɥɵ ɆȻȺ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɮɭɧɤɰɢɢ VFDF ɜ ɫɥɭɱɚɟ ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɧɚɛɨɪɚ ɪɚɞɢɭɫɨɜ ɝɢɪɚɰɢɢ 
gR  ɜ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɦɨɧɨɦɨɪɮɧɨɣ ɫɢɫɬɟɦɟ. Ɋɚɞɢɭɫ ɝɢɪɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɚ 

ɢɫɤɨɦɨɣ VFDF ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɢɧɞɢɤɚɬɪɢɫɟ ɆɍɊɊ ɩɪɢ ɪɚɡɧɵɯ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɮɨɪɦɚɯ ɱɚɫɬɢɰ.  

2.1. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɨɞɢɧɨɱɧɨɣ ɯɚɨɬɢɱɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢɰɵ 
ɤɚɤ ɮɭɧɤɰɢɹ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ 

ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ ɪɚɞɢɭɫ ɝɢɪɚɰɢɢ ɨɬɞɟɥɶɧɨɣ ɱɚɫɬɢɰɵ Д29Ж: 

( ) ( )2

. .g ц ɬ
V V

R dV dV=  −  r r r r ,    (2.1) 

ɝɞɟ r – ɪɚɞɢɭɫ ɜɟɤɬɨɪ ɷɥɟɦɟɧɬɚ ɨɛɴɟɦɚ dV, ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɩɨ 

ɜɫɟɦɭ ɨɛɴɟɦɭ ɱɚɫɬɢɰɵ; 

(r) – ɤɨɥɢɱɟɫɬɜɨ ɷɥɟɤɬɪɨɧɨɜ ɜ ɟɞɢɧɢɰɟ ɨɛɴёɦɚ (ɷɥɟɤɬɪɨɧɧɚɹ 

ɩɥɨɬɧɨɫɬɶ); 

( ) ( ). .ц ɬ
V V

dV dV=   r r r r  ɪɚɞɢɭɫ-ɜɟɤɬɨɪ «ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ». 

Ɇɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɱɚɫɬɢɰɵ ɫ ɫɢɦɦɟɬɪɢɱɧɵɦ ɩɨɩɟɪɟɱɧɵɦ ɫɟɱɟɧɢɟɦ. Ⱦɥɹ 

ɬɚɤɢɯ ɱɚɫɬɢɰ ɜɜɟɞɟɦ ɩɚɪɚɦɟɬɪ ɚɧɢɡɨɦɟɬɪɢɢ (ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ)  ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɩɪɨɞɨɥɶɧɨɝɨ ɢ ɩɨɩɟɪɟɱɧɨɝɨ ɪɚɡɦɟɪɨɜ. Ⱦɥɹ ɱɚɫɬɢɰ ɬɪёɯ ɯɚɪɚɤɬɟɪɧɵɯ ɮɨɪɦ 

(ɷɥɥɢɩɫɨɢɞ, ɰɢɥɢɧɞɪ, ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ) ɧɢɠɟ ɩɨɥɭɱɟɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 
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ɤɚɤ ɮɭɧɤɰɢɹ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ ɪɚɫɫɟɹɧɢɹ, ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ
gR  ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ  .  

ɉɭɫɬɶ ( )0, , ,ft gI q R   – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɨɬ ɨɞɧɨɣ ɱɚɫɬɢɰɵ ɫ ɟɞɢɧɢɱɧɨɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɶɸ ɢ ( ),ft gV R   – ɨɛɴɟɦ ɨɞɧɨɣ ɱɚɫɬɢɰɵ. ɂɧɞɟɤɫ ft  ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɮɨɪɦɭ ɱɚɫɬɢɰɵ (e-ɷɥɥɢɩɫɨɢɞ, с-ɰɢɥɢɧɞɪ, p-ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ). ɍɱɢɬɵɜɚɹ, ɱɬɨ 

( ) ( ) 2

0, , , ,ft g ft gI q R V R      Д28Ж, ɜɜɟɞɟɦ ɧɨɪɦɢɪɨɜɚɧɧɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ:  

( ) ( )( )0,

2

, ,
, ,

,

ft g

ft g

ft g

I q R
F q R

V R

 =   
,    (2.2) 

ɤɨɬɨɪɚɹ ɩɪɢɧɢɦɚɟɬ ɡɧɚɱɟɧɢɟ ɟɞɢɧɢɰɚ ɩɪɢ q = 0.  

ɇɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ Д31Ж ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ 

ɮɨɪɦɭɥɵ ɞɥɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢɫɫɥɟɞɭɟɦɵɯ ɬɢɩɨɜ ɱɚɫɬɢɰ ɩɪɢ ɪɚɡɧɨɣ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ. ɗɬɢ ɮɨɪɦɭɥɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1.  

Ɍɚɛɥɢɰɚ 2.1. – Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɤɚɤ ɮɭɧɤɰɢɢ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ ɢ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ  

Ɏɨɪɦɚ ɱɚɫɬɢɰɵ Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɗɥɥɢɩɫɨɢɞ 

ɜɪɚɳɟɧɢɹ 

Ɋɚɞɢɭɫ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ( ) 2

5
,

2
g gR R R = +  . 

Ⱦɥɢɧɚ ɩɨɥɭɨɫɢ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɤɪɭɝɥɨɦɭ 

ɫɟɱɟɧɢɸ ( ),gR R  . 

. 
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ɉɪɹɦɨɣ 

ɰɢɥɢɧɞɪ 

 

Ⱦɢɚɦɟɬɪ ( ) 2

24
,

2 3
g gD R R =  + . 

ȼɵɫɨɬɚ ( ) ( ), ,g gH R D R =    

ɉɪɹɦɨɭɝɨɥɶɧɵɣ 

ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ 

Ⱦɥɢɧɚ ɪɟɛɪɚ ɜ ɤɜɚɞɪɚɬɧɨɦ ɫɟɱɟɧɢɢ 

( ) 2

12
, .

2
g ga R R = +   

Ⱦɥɢɧɚ ɪɟɛɪɚ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɝɨ ɤɜɚɞɪɚɬɧɨɦɭ ɫɟɱɟɧɢɸ ( ),ga R  . 

Ɉɩɢɪɚɹɫɶ ɧɚ ɢɡɜɟɫɬɧɵɟ ɮɨɪɦɭɥɵ ɞɥɹ ɪɚɫɱɟɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ Д78; 
139;140Ж ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ (2.2) ɤ ɜɢɞɭ 
ɩɪɢɜɟɞёɧɧɨɦɭ ɧɢɠɟ. 

Ⱦɥɹ ɷɥɥɢɩɫɨɢɞɚ ɜɪɚɳɟɧɢɹ: 

( )1

2 2

0

( , , ) 1 ( 1)e g eF q R Q x dx =  +  − ,   (2.3) 

ɝɞɟ 

2

3

sin cos
( ) 3

x x xФ x
x

− =    ; 

2

5

2
e gQ qR=  + . 

 

Ⱦɥɹ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ: 

( ) 1 2
2 2

0 0

2 cos( ) sin( )
, , 1 1

2 2 2
p g p p p

x y y
F q R S Q S Q x S Q x dxdy


      =  − −             , (2.4) 

ɝɞɟ ( ) 2

12
,

2
p g gQ qa R qR=  =  + . 
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Ⱦɥɹ ɩɪɹɦɨɝɨ ɤɪɭɝɨɜɨɝɨ ɰɢɥɢɧɞɪɚ: 

( ) 1 2

0

1
, , 4

2 2
c g c c

x x
F q R G Q S Q dx

 −   =         ,      (2.5) 

ɝɞɟ 

2

1( )
( )

J t
G t

t

 =     

1( )J t – ɮɭɧɤɰɢɹ Ȼɟɫɫɟɥɹ ɩɟɪɜɨɝɨ ɪɨɞɚ; 

2

24
( , )

2 3
c g gQ qD R qR=  =  + ; 

2
sin( )

( )
t

S t
t

 =    . 

ɋɭɳɟɫɬɜɟɧɧɵɣ ɜɤɥɚɞ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɢɫɬɟɦɨɣ ɜɧɨɫɢɬ ɨɛɥɚɫɬɶ 

ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ q. ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ( ), ,ft gF q R   ɞɥɹ ɪɚɡɧɵɯ ɮɨɪɦ ɧɟ 

ɫɢɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɨɫɨɛɟɧɧɨ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ. ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ 

ɧɚɝɥɹɞɧɨ ɢɥɥɸɫɬɪɢɪɭɟɬ ɪɢɫɭɧɨɤ 2.1, ɧɚ ɤɨɬɨɪɨɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ 

ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ, ɜɵɱɢɫɥɟɧɧɵɯ ɩɨ ɮɨɪɦɭɥɚɦ (2.3) – (2.5), ɞɥɹ 

gR  = 4ɧɦ  ɢ 1 = . ȼɢɞɧɨ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɨɣ ɨɛɥɚɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɫɨɜɩɚɞɚɹ ɞɪɭɝ ɫ 

ɞɪɭɝɨɦ, ɭɦɟɧɶɲɚɸɬɫɹ ɧɚ ɞɜɚ ɩɨɪɹɞɤɚ.  
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Ɋɢɫɭɧɨɤ 2.1 – ɇɨɪɦɢɪɨɜɚɧɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɥɹ ɪɚɡɧɵɯ ɮɨɪɦ ɩɪɢ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ 1 = , 
gR  = 4ɧɦ . ɂɧɞɟɤɫ ft  ɜ ɨɛɨɡɧɚɱɟɧɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɭɤɚɡɵɜɚɟɬ ɧɚ ɮɨɪɦɭ ɱɚɫɬɢɰɵ: e  – ɷɥɥɢɩɫɨɢɞ, c  – ɰɢɥɢɧɞɪ, p  – ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ.  

ɂɡɦɟɧɟɧɢɟ ɩɚɪɚɦɟɬɪɚ 
gR  ɜɥɢɹɟɬ ɨɞɢɧɚɤɨɜɨ ɧɚ ɜɫɟ ɝɪɚɮɢɤɢ, ɬɚɤ ɤɚɤ 

ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ (2.3) – (2.5) ɡɚɜɢɫɹɬ ɨɬ ɩɪɨɢɡɜɟɞɟɧɢɹ 
gqR .  

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɝɪɚɮɢɤɢ ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɩɪɢ ɞɪɭɝɢɯ 

ɡɧɚɱɟɧɢɹɯ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ  , ɞɟɥɚɟɦ ɜɵɜɨɞ, ɱɬɨ ɯɨɪɨɲɟɟ ɫɨɜɩɚɞɟɧɢɟ 

ɧɨɪɦɢɪɨɜɚɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɧɚɛɥɸɞɚɟɬɫɹ ɞɥɹ ɪɚɡɧɵɯ ɩɨ 

ɮɨɪɦɟ ɱɚɫɬɢɰ ɜ ɞɢɚɩɚɡɨɧɟ  = 0.5...2 .  

 

2.2. ȼɵɱɢɫɥɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɭɫɨɜ ɝɢɪɚɰɢɢ 
ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɫɢɫɬɟɦɨɣ ɱɚɫɬɢɰ ɜ ɩɪɟɧɟɛɪɟɠɟɧɢɢ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɦɢ ɜɤɥɚɞɚɦɢ 

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɫɢɫɬɟɦɨɣ ɱɚɫɬɢɰ ɛɭɞɟɦ 
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ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɭɧɤɰɢɸ VFDF ( )gf R . ȼɜɟɞɟɦ VFDF ɬɚɤ, ɱɬɨɛɵ ɫɭɦɦɚɪɧɵɣ ɨɛɴёɦ 

ɱɚɫɬɢɰ ( )gdV R  ɫ ɪɚɞɢɭɫɚɦɢ ɝɢɪɚɰɢɢ ɜ ɢɧɬɟɪɜɚɥɟ Д
gR , 

g gR dR+ Ж ɛɵɥ 

ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ( )g gf R dR .  

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɫɢɫɬɟɦɨɣ, ɟɫɥɢ ɩɪɟɧɟɛɪɟɱɶ ɜɤɥɚɞɚɦɢ ɨɬ 

ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ, ɩɪɢɧɢɦɚɟɬ ɜɢɞ: 

( ) ( )0,( , ) , ,ft ft g gI q A I q R dN R =  ,    (2.6) 

ɝɞɟ  A – ɩɨɫɬɨɹɧɧɚɹ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɫɥɨɜɢɹɦɢ ɢɡɦɟɪɟɧɢɣ 

  (ɩɥɨɳɚɞɶɸ ɫɟɱɟɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɩɭɱɤɚ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɞɟɬɟɤɬɨɪɚ,  

  ɞɢɫɬɚɧɰɢɟɣ ɦɟɠɞɭ ɨɛɪɚɡɰɨɦ ɢ ɞɟɬɟɤɬɨɪɨɦ) ɢ ɪɚɡɧɨɫɬɶɸ ɷɥɟɤɬɪɨɧɧɵɯ  

  ɩɥɨɬɧɨɫɬɟɣ ɱɚɫɬɢɰ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ;  

( )gdN R  – ɱɢɫɥɨ ɱɚɫɬɢɰ ɫ ɪɚɞɢɭɫɚɦɢ ɝɢɪɚɰɢɢ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
gR  ɞɨ 

g gR dR+ . 

Ⱦɥɹ ɱɢɫɥɚ ɱɚɫɬɢɰ ɢɦɟɟɦ:  

( )( ) ( )( ), ,

g g g

ft g ft g

dV R f R dR
dN

V R V R
=   .    (2.7) 

ɋ ɭɱёɬɨɦ ɷɬɨɝɨ ɞɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ 

ɩɨɥɭɱɚɟɦ ɜɵɪɚɠɟɧɢɟ ɱɟɪɟɡ VFDF: 

( ) ( ) ( ) ( ),max

,min

, , , ,

g

g

R

ft g ft g ft g g

R

I q A f R F q R V R dR =   ,  (2.8) 

ɝɞɟ  minR , maxR – ɧɚɢɛɨɥɶɲɢɣ ɢ ɧɚɢɦɟɧɶɲɢɣ ɪɚɞɢɭɫɵ ɝɢɪɚɰɢɢ; 

A  – ɩɨɫɬɨɹɧɧɚɹ, ɤɨɬɨɪɚɹ ɭɱɢɬɵɜɚɟɬ ɧɨɪɦɢɪɨɜɨɱɧɭɸ ɤɨɧɫɬɚɧɬɭ ɞɥɹ 

ɮɭɧɤɰɢɢVFDF. 

ȼɵɱɢɫɥɟɧɢɟ VFDF ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɚɛɫɨɥɸɬɧɨɝɨ ɡɧɚɱɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ, 

ɩɨɷɬɨɦɭ ɞɚɥɟɟ ɩɪɢɧɹɬɨ A  = 1. 
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Ɂɚɞɚɱɚ – ɧɚɣɬɢ VFDF ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ, 

ɨɩɢɪɚɹɫɶ ɧɚ ɭɪɚɜɧɟɧɢɟ (2.8). ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɹɜɥɹɟɬɫɹ ɧɟɨɞɧɨɪɨɞɧɵɦ ɭɪɚɜɧɟɧɢɟɦ 

Ɏɪɟɞɝɨɥɶɦɚ ɩɟɪɜɨɝɨ ɪɨɞɚ, ɩɪɢɱɟɦ ɨɞɧɨɪɨɞɧɵɣ ɜɚɪɢɚɧɬ ɢɦɟɟɬ ɧɟɧɭɥɟɜɵɟ ɪɟɲɟɧɢɹ. 

ɩɨɷɬɨɦɭ ɡɚɞɚɱɚ ɜɵɱɢɫɥɟɧɢɟ VFDF ɹɜɥɹɟɬɫɹ «ɧɟɤɨɪɪɟɤɬɧɨɣ» Д56, ɫ. 53Ж. Ɂɚɞɚɱɚ 

ɭɫɥɨɠɧɹɟɬɫɹ ɢɡ-ɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ. Ɉɞɢɧ ɢɡ 

ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɪɟɲɟɧɢɹ ɬɚɤɢɯ ɡɚɞɚɱ – ɆȻȺ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɦɟɬɨɞɢɤɚ 

ɜɵɱɢɫɥɟɧɢɹ VFDF ɧɚ ɨɫɧɨɜɟ ɛɚɣɟɫɨɜɫɤɨɝɨ ɩɨɞɯɨɞɚ ɨɩɢɫɚɧɚ ɧɢɠɟ. 

 

2.3. Ɇɟɬɨɞ Ȼɚɣɟɫɨɜɫɤɨɝɨ Ⱥɧɚɥɢɡɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ VFDF 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɆȻȺ ɮɭɧɤɰɢɹ ( )gf R ɦɨɠɟɬ ɛɵɬɶ ɧɚɣɞɟɧɚ ɤɚɤ ɧɚɢɛɨɥɟɟ 

ɜɟɪɨɹɬɧɚɹ ɢɡ ɧɟɤɨɬɨɪɨɝɨ ɦɧɨɠɟɫɬɜɚ ɜɨɡɦɨɠɧɵɯ ɮɭɧɤɰɢɣ ɞɥɹ ɡɚɞɚɧɧɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ. ɇɚ ɷɬɨɦ ɦɧɨɠɟɫɬɜɟ ɜɜɨɞɢɬɫɹ ɚɩɪɢɨɪɧɚɹ ɜɟɪɨɹɬɧɨɫɬɶ 

( )P f  ɫ ɩɚɪɚɦɟɬɪɨɦ α, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬ ɨɠɢɞɚɟɦɭɸ ɫɬɟɩɟɧɶ ɝɥɚɞɤɨɫɬɢ ɢɫɤɨɦɨɣ 

VFDF.  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ (2.8) ɩɪɢ ɡɚɞɚɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ( ),j ft jI I q=  , 1,2,...,j N=  

ɢɫɤɨɦɚɹ VFDF ( ),i g if f R= , 1,2,...,i M=  ɜɵɱɢɫɥɹɟɬɫɹ ɢɡ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ:  

1

,   1,2,...,
M

j ji i

i

I K f j N
=

= = ,    (2.9) 

ɝɞɟ ( ) ( ) ( ), , , 1
, , ,

M

ji ft g i ft j g i i g k k
K V R F q R C R = =     ; 

( ), 1

M

i g k k
C R =    – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɹɸɬɫɹ 

ɜɵɛɪɚɧɧɵɦ ɦɟɬɨɞɨɦ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɢ ɫɟɬɤɨɣ 
, 1

M

g k k
R =   .  

ȼ ɤɚɱɟɫɬɜɟ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɬɪɚɩɟɰɢɣ, ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɢɦɟɸɬ ɜɢɞ:  



28 

 

28 

 

( ) ( )( )( )
,2 ,1

, , 1 , 11

, , 1

2, 1;

2,2 1

2, ;

g g

M

i g k g i g ik

g M g M

R R i

C R R R i M

R R i M

+ −=
−

 − =  = −   −   − =
.   (2.10) 

ɋ ɭɱɟɬɨɦ   ɩɨɝɪɟɲɧɨɫɬɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 
j  (2.9) ɩɪɟɨɛɪɚɡɭɟɬɫɹ: 

1

M

j ji i j

i

I K f
=

= +   ,  1...j N= .  (2.11) 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ( , )I q   ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ 

ɡɚɤɨɧɭ Ƚɚɭɫɫɚ. Ɍɨɝɞɚ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜ 

ɞɢɚɩɚɡɨɧɟ ,  + j j j
: 

2

2
21

( )
2

− = 
j

jS

j j j

j

P e
S

, ɝɞɟ jS  ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɧɨɟ 

ɨɬɤɥɨɧɟɧɢɟ ɞɥɹ jI . ȿɫɥɢ ɩɨɝɪɟɲɧɨɫɬɢ  j
 ɧɟɡɚɜɢɫɢɦɵ, ɬɨ ɚɩɨɫɬɟɪɢɨɪɧɚɹ 

ɜɟɪɨɹɬɧɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 
1= =  I

N

j j
I  ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ VFDF  

1==f
M

i i
f :  

( ) ( ) ( )2

1

2

1 1

/ exp
22

=
= =

 −  =  = −     
 I f

M

M M j ji i
j i

j j

j j jj

I K f

P P
SS

.    (2.12) 

ɉɪɟɨɛɪɚɡɭɟɦ (2.12) ɤ ɜɢɞɭ: 

1
2

1 1 1

( / ) exp
= = =

 = − +   I f

M M M

it i t i i

i t i

P c B f f f a ,    (2.13) 

ɝɞɟ 

2

2
1

exp
22

N
j j

j jj

I
c

SS=
 = −     ,  

2
1=

=N jt ji

it

j j

K K
B

S
; 

2
1=

=N ji j

i

j j

K I
a

S
. 

ɇɚ ɦɧɨɠɟɫɬɜɟ ɢɫɤɨɦɵɯ VFDF ɜɜɟɞɟɦ ɜɟɪɨɹɬɧɨɫɬɶ 
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,max

,min

2
2

2
( ) exp

2

g

g

R

g

gR

d f
P f dR

dR


    −       ,   (2.14)  

ɂɧɬɟɝɪɚɥ ɜ ɜɵɪɚɠɟɧɢɢ (2.14) ɹɜɥɹɟɬɫɹ ɫɬɚɛɢɥɢɡɢɪɭɸɳɢɦ ɮɭɧɤɰɢɨɧɚɥɨɦ Д56Ж. 

ȼɟɪɨɹɬɧɨɫɬɶ (2.14) ɡɚɦɟɬɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɧɭɥɹ ɩɪɢ ɭɫɥɨɜɢɢ 
,max

,min

2
2

2

2
g

g

R

g

gR

d f
dR

dR

       , 

ɬɨ ɟɫɬɶ ɮɚɤɬɢɱɟɫɤɢ ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɥɢɱɧɚ ɨɬ ɧɭɥɹ ɞɥɹ ɞɨɫɬɚɬɨɱɧɨ ɝɥɚɞɤɢɯ VFDF ɫ 

ɭɦɟɪɟɧɧɨɣ ɫɪɟɞɧɟɣ ɤɪɢɜɢɡɧɨɣ. ɍɜɟɥɢɱɟɧɢɟ α   ɩɨɜɵɲɚɟɬ ɜɟɪɨɹɬɧɨɫɬɶ ɞɥɹ VFDF ɫ 

ɦɟɧɶɲɟɣ ɫɪɟɞɧɟɣ ɤɪɢɜɢɡɧɨɣ. ȼɚɠɧɚɹ ɨɫɨɛɟɧɧɨɫɬɶ ɡɚɞɚɱɢ – ɩɪɚɜɢɥɶɧɵɣ ɜɵɛɨɪ 

ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ α. 

Ɉɩɟɪɚɬɨɪ ɩɪɨɢɡɜɨɞɧɵɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɜ ɬɨɱɤɚɯ , , 1  g m g mR R + = , 

1,2,..., 2m M= −  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɚɬɪɢɰɟɣ ( )2M M−  :  

( )

( )

, , 1 ,

, 1 ,

, , 1 , 1

2
, ;

2
, 1;

2
, 2;

0,
2

g k g k g k

g k g k

ki

g k g k g k

i k
R R R

i k
R R

D

i k
R R R

i k

i k

+

+

+ +

 =  +   − = + =  = +  +      +

,    (2.15)  

ɝɞɟ , , 1 ,g k g k g kR R R+ = − , 1,2,..., 1k M= − . 

ɂɧɬɟɝɪɚɥ ɜ ɮɨɪɦɭɥɟ (2.14) ɜ ɞɢɫɤɪɟɬɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɹɜɥɹɟɬɫɹ 

ɤɜɚɞɪɚɬɢɱɧɨɣ ɮɨɪɦɨɣ 
1 1

M M

it i t

i t

f f
= =

 . Ɂɞɟɫɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɦɚɬɪɢɰɚ ɪɚɡɦɟɪɧɨɫɬɢ 

M M : ( )2
2

, 1
1

M
M

it mi mt m g m m
m

D D C R
− −

 ==
   =   ,      (2.16) 
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ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ mC , ɚɧɚɥɨɝɢɱɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦ iC  ɜ ɮɨɪɦɭɥɚɯ (2.9) ɢ (2.10).  

ɉɪɢ ɡɚɞɚɧɧɨɦ f  ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɢ (2.14) ɫɩɪɚɜɟɞɥɢɜɨ:  

1 1

( ) exp
2

M M

it i t

i t

P f f = =
  −   f .       (2.17) 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ Ȼɚɣɟɫɚ Д136, ɫɬɪ. 542Ж ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɥɭɱɢɬɶ П ɩɪɢ 

ɡɚɞɚɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ I  ɢ ɪɟɝɭɥɹɪɢɡɚɬɨɪɟ  :  

( ) ( ) ( )( ) ( )
|

/ ,
| d

P P
P

P P




 = 
I f f

f I

I f f f

.      (2.18) 

Ɂɧɚɦɟɧɚɬɟɥɶ ɜ ɷɬɨɣ ɮɨɪɦɭɥɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ f , ɩɨɷɬɨɦɭ ɫ ɭɱɟɬɨɦ (2.12) ɢ (2.16) 

ɢɦɟɟɦ: 

( ) ( ) ( )1
2

1 1 1

/ , / ( ) exp
M M N

it it i t i i

i t i

P P P B f f f a = = =
    − + +   f I I f f .  (2.19) 

ɉɪɢ ɮɢɤɫɢɪɨɜɚɧɧɨɦ   ɪɟɲɟɧɢɟ 
f   –   ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɡɧɚɱɟɧɢɣ 

VFDF, ɫɨɜɩɚɞɚɸɳɟɟ ɫ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ П. Ⱦɥɹ ɷɬɨɝɨ ɪɟɲɟɧɢɹ ɩɨɤɚɡɚɬɟɥɶ ɜ (2.19) 

ɢɦɟɟɬ ɷɤɫɬɪɟɦɭɦ. ɇɟɨɛɯɨɞɢɦɨɟ ɭɫɥɨɜɢɟ ɷɤɫɬɪɟɦɭɦɚ –  ɪɚɜɟɧɫɬɜɨ ɧɭɥɸ ɱɚɫɬɧɵɯ 

ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɤɚɡɚɬɟɥɹ (2.19) ɩɨ ɤɚɠɞɨɣ ɢɡ ɩɟɪɟɦɟɧɧɵɯ kf : 

( )1
2

1 1 1

0
M M M

it it i t i i

i t ik

B f f f a
f = = =
  − +  + =     , 1,2,...,k M= .  (2.20) 

ɂɫɩɨɥɶɡɭɹ ɫɢɦɦɟɬɪɢɸ ɦɚɬɪɢɰ B  ɢ Ω , ɫɢɫɬɟɦɭ (2.20) ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɤɚɤ 

( )
1

M

ki ki i k

i

B f a
=

+  = , 1,2,...,k M= ,     (2.21) 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 

( ) ( )( )1

1

M

k i
ki

i

f a
−

=
= +  B Ω , 1,2,...,k M=     (2.22) 

ɋ ɭɱɟɬɨɦ (2.13) ɨɤɨɧɱɚɬɟɥɶɧɨ ɩɨɥɭɱɢɦ: 

( ) ( )( )1

2
1 1

N M
ji

k j
ki

j i j

K
f I

S

−
= =

= +  B Ω , 1,2,...,k M= ,   (2.23) 
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ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɲɟɧɢɹ (2.23) ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

(ɫɦ. ɉɪɢɥɨɠɟɧɢɟ Ⱥ). 

( ) ( )( )1

k
kk

f
− = + B Ω , 1,2,...,k M= ,    (2.24) 

ɉɪɢ ɩɨɦɨɳɢ (2.24) ɦɨɠɧɨ ɯɚɪɚɤɬɟɪɢɡɨɜɚɬɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɧɚɣɞɟɧɧɨɝɨ 

ɪɟɲɟɧɢɹ. ɗɬɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɭɛɵɜɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ . ɉɪɢ ɱɪɟɡɦɟɪɧɨ ɛɨɥɶɲɢɯ 
  ɪɟɲɟɧɢɟ ɫɥɢɲɤɨɦ ɫɢɥɶɧɨ «ɫɝɥɚɠɢɜɚɟɬɫɹ» ɢ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɟɪɹɟɬ 

ɢɧɮɨɪɦɚɬɢɜɧɨɫɬɶ. 

Ɉɞɢɧ ɢɡ ɷɮɮɟɤɬɢɜɧɵɯ ɦɟɬɨɞɨɜ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ   – «ɦɟɬɨɞ ɬɨɱɤɢ 

ɩɟɪɟɝɢɛɚ» Д125Ж. ɋɭɳɟɫɬɜɭɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɝɞɟ ɩɚɪɚɦɟɬɪ   ɩɪɢ ɪɟɲɟɧɢɢ ɩɨɯɨɠɟɣ 

ɧɟɤɨɪɪɟɤɬɧɨɣ ɡɚɞɚɱɢ (ɩɨɢɫɤ ɮɭɧɤɰɢɢ ɩɚɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ) ɜɵɛɢɪɚɟɬɫɹ 

ɜɟɪɨɹɬɧɨɫɬɧɵɦ ɨɛɪɚɡɨɦ Д119Ж. Ʉɪɢɬɟɪɢɢ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɨɩɬ , 

ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɢ ɪɟɚɥɢɡɚɰɢɢ ɆȻȺ, ɪɚɫɫɦɨɬɪɟɧɵ ɨɬɞɟɥɶɧɨ ɜ ɝɥɚɜɟ 

4.  

2.4. ȼɵɛɨɪ ɫɟɬɤɢ ɪɚɞɢɭɫɨɜ ɢɧɟɪɰɢɢ 

ɉɪɟɠɞɟ ɱɟɦ ɜɵɛɢɪɚɬɶ ɨɩɬ , ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɫɟɬɤɭ 
, 1

M

g k k
R =   , ɬɨ ɟɫɬɶ ɡɚɞɚɬɶ 

ɯɚɪɚɤɬɟɪ ɪɚɫɫɬɚɧɨɜɤɢ ɭɡɥɨɜ (ɪɚɜɧɨɦɟɪɧɨ, ɪɚɜɧɨɦɟɪɧɨ ɥɨɝɚɪɢɮɦɢɱɟɫɤɢ ɢ ɬɚɤ ɞɚɥɟɟ) 

ɢ ɢɯ ɤɨɥɢɱɟɫɬɜɨ M. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɨɝɪɚɦɦɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɆȻȺ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ 

ɞɨɩɭɫɤɚɟɬ ɩɪɨɢɡɜɨɥɶɧɵɣ ɜɚɪɢɚɧɬ ɪɚɫɫɬɚɧɨɜɤɢ ɭɡɥɨɜ.  

ɇɢɠɟ ɪɚɫɫɦɨɬɪɟɧɵ ɬɪɢ ɮɭɧɤɰɢɨɧɚɥɚ ( )  , ( )+  , ( )X  , ɩɨɜɟɞɟɧɢɟ 

ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɤɚɱɟɫɬɜɨ ɜɵɛɨɪɚ ɫɟɬɤɢ ɢ ɭɬɨɱɧɢɬɶ ɜɵɛɨɪ ɨɩɬ . 

ɏɚɪɚɤɬɟɪɧɵɣ ɜɢɞ ɷɬɢɯ ɮɭɧɤɰɢɨɧɚɥɨɜ ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ 2.2 ɞɥɹ VFDF (3.1) ɜ 

ɫɥɭɱɚɟ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɣ ɫɟɬɤɢ.  

Ɏɭɧɤɰɢɨɧɚɥ ( )  , ɬɚɤ ɧɚɡɵɜɚɟɦɚɹ ɨɰɟɧɨɱɧɚɹ ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:  

( ) ( )( )2

2
1

1 N
j j

j j

I I

N S



=

−  =  ,    (2.25) 
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ɝɞɟ ( )
I  ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ( )

1

M

i
i

f


= =  f . 

Ⱦɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ α ɧɚɯɨɞɢɬɫɹ ɪɟɲɟɧɢɟ (2.23). Ɂɧɚɱɟɧɢɟ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ 

ɜɵɛɢɪɚɟɬɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɪɨɜɟɪɤɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɟɬɨɞɚ ɧɚ ɦɨɞɟɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ (3.1) ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɞɢɚɩɚɡɨɧ 

α ɨɬ 10–10 ɞɨ 1010. ȿɫɥɢ ɫɟɬɤɚ ɜɵɛɪɚɧɚ ɜɟɪɧɨ, ɬɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɨɩɬ  ɪɟɲɟɧɢɟ ( )
f  

ɛɥɢɡɤɨ ɤ ɩɨɞɥɢɧɧɨɣ VFDF. ɉɪɢ ɨɩɬ    ( )   ɩɪɢɧɢɦɚɟɬ ɦɚɥɵɟ ɡɧɚɱɟɧɢɹ, ɧɨ 

ɪɟɲɟɧɢɟ ( )
f ɫɨɞɟɪɠɢɬ ɚɪɬɟɮɚɤɬɧɵɟ, ɫɢɥɶɧɨ ɨɫɰɢɥɥɢɪɭɸɳɢɟ ɫɥɚɝɚɟɦɵɟ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɟɤɨɪɪɟɤɬɧɨɫɬɶɸ ɡɚɞɚɱɢ. ɉɪɢ ɡɧɚɱɟɧɢɹɯ ɨɩɬ    ɪɟɲɟɧɢɟ ɬɚɤ ɠɟ 

ɫɢɥɶɧɨ ɨɬɤɥɨɧɹɟɬɫɹ ɨɬ ɩɨɞɥɢɧɧɨɝɨ ɜɢɞɚ VFDF ɢɡ-ɡɚ ɢɡɛɵɬɨɱɧɨɝɨ ɫɝɥɚɠɢɜɚɧɢɹ. ɉɪɢ 

ɨɩɬ    ɫɩɪɚɜɟɞɥɢɜɨ ɫɨɨɬɧɨɲɟɧɢɟ ( )
j j jI I S
 −  . ȼɛɥɢɡɢ ɨɩɬ  ɮɭɧɤɰɢɹ ( )  ɢɦɟɟɬ 

ɬɨɱɤɭ ɩɟɪɟɝɢɛɚ ɢ ( ) 1const    . 

Ⱦɥɹ ɭɬɨɱɧɟɧɢɹ ɨɩɬ  ɢɫɩɨɥɶɡɭɟɬɫɹ ɚɛɫɰɢɫɫɚ ɬɨɱɤɢ ɩɟɪɟɝɢɛɚ ɮɭɧɤɰɢɨɧɚɥɚ: 

( ) ( ) ( )
1 1

M M

it i t

i t

X f f
 

= =
 =  .    (2.26) 

ɋɭɳɟɫɬɜɨɜɚɧɢɟ ɷɬɨɣ ɬɨɱɤɢ ɬɚɤɠɟ ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɪɚɜɢɥɶɧɨɫɬɶ ɜɵɛɨɪɚ ɫɟɬɤɢ 

 
1

M

k k
Rg = .  

ɉɪɢ ɧɟɜɟɪɧɨɦ ɡɚɞɚɧɢɢ ɫɟɬɤɢ ɜ ɪɟɲɟɧɢɢ 
f  ɜɨɡɧɢɤɚɸɬ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 

ɡɧɚɱɟɧɢɹ. Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɧɟ ɢɦɟɸɬ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ. ȼɜɟɞɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ 

ɨɰɟɧɨɱɧɭɸ ɮɭɧɤɰɢɸ:  

( ) ( )( )2

2
1

1 N
j j

j j

I I

N S


+

+ =

−  =  ,    (2.28) 

ɝɞɟ ( )
+I   – ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɜɵɱɢɫɥɟɧɧɵɟ ɧɚ ɨɫɧɨɜɟ VFDF max( ,0) + =f f . ȿɫɥɢ 

ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ: 

( ) ( ) ( ) 1+  −     ,    (2.27) 

ɬɨ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɧɟ ɜɧɨɫɹɬ ɨɳɭɬɢɦɨɝɨ ɜɤɥɚɞɚ. Ɉɞɧɚɤɨ ɟɫɥɢ ɜɵɩɨɥɧɟɧɨ 
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ɷɬɨ ɭɫɥɨɜɢɟ, ɧɨ ( )min ( ) 1   , ɬɨ ɫɟɬɤɚ ɪɚɞɢɭɫɨɜ ɝɢɪɚɰɢɢ ɜɵɛɪɚɧɚ ɧɟɩɪɚɜɢɥɶɧɨ,  

ɧɟ ɫɨɞɟɪɠɢɬ ɫɭɳɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ 
gR .  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɨɟ ɭɫɥɨɜɢɟ (2.27) ɹɜɥɹɟɬɫɹ ɛɨɥɟɟ ɠɟɫɬɤɢɦ, ɱɟɦ 

ɭɫɥɨɜɢɟ (ɫɦ ɪɚɛɨɬɭ Д122Ж):  
( ) ( )

POSITIV f f
 

+= ,       (2.29) 

ɝɞɟ  – ɧɨɪɦɚ ɮɭɧɤɰɢɢ.  

Ɍɚɤɭɸ ɧɨɪɦɭ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ (2.10):  

( )( ) ( )( ) ( ),max

,min

2 2

, , 1
0

g

g

R
M

M

g g g i i g k k
iR

f f R dR f R C R ==
 =    ,   (2.30) 

 

Ɋɢɫɭɧɨɤ 2.2 – ɏɚɪɚɤɬɟɪɧɵɣ ɜɢɞ ɮɭɧɤɰɢɣ ( )  , ( )+  , ( )X  , ɜɵɱɢɫɥɹɟɦɵɯ ɩɨ 

ɮɨɪɦɭɥɚɦ (2.25), (2.28), (2.26) ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɫɟɬɤɢ 
gR . ɉɨɥɨɫɚ ɭɤɚɡɵɜɚɟɬ 

ɧɚ ɨɛɥɚɫɬɶ ɨɩɬɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ. ɉɪɟɞɫɬɚɜɥɟɧɵ ɬɚɤɠɟ ɡɧɚɱɟɧɢɹ 
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1 ( ) 1pos POSITIV−  = −  (2.28) ɢ ( ),f f  – ɪɚɡɧɨɫɬɢ ɧɚɣɞɟɧɧɨɣ VFDF ɢ ɢɫɬɢɧɧɨɣ 

VFDF. Ȼɨɥɟɟ ɩɨɞɪɨɛɧɨ ɜɟɥɢɱɢɧɚ ( ),f f  ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɝɥɚɜɟ 3 ɪɚɡɞɟɥ 3.3.  

2.5. ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɶ, ɜɵɱɢɫɥɟɧɧɵɟ ɩɨ VFDF 

ȼɚɠɧɟɣɲɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ – ɩɥɨɳɚɞɶ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɭдS . ȿё ɡɧɚɱɟɧɢɟ ɢɡɦɟɪɹɟɬɫɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɦɟɪ, ɫ 

ɩɨɦɨɳɶɸ ɚɞɫɨɪɛɰɢɢ. ɉɪɚɜɢɥɶɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɮɨɪɦɵ ɱɚɫɬɢɰ ɢ VFDF ɦɨɠɧɨ 

ɩɪɨɜɟɪɢɬɶ ɫɪɚɜɧɟɧɢɟɦ ɭдS , ɧɚɣɞɟɧɧɨɝɨ ɢɡ VFDF ɢ ɩɨɥɭɱɟɧɧɨɝɨ ɧɟɡɚɜɢɫɢɦɵɦɢ 

ɦɟɬɨɞɚɦɢ. Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɧɚɥɢɱɢɢ ɡɚɤɪɵɬɵɯ ɩɨɥɨɫɬɟɣ ɢɥɢ ɢɡɭɱɟɧɢɢ 

ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɚ ɬɨɥɶɤɨ ɆɍɊɊ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɹɦɭɸ 

ɨɩɪɟɞɟɥɢɬɶ ɭдS . 

ɂɡ ɮɨɪɦɭɥɵ (2.7) ɞɥɹ ɫɭɦɦɚɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɫɭɦɦɚɪɧɨɝɨ ɨɛɴёɦɚ ɱɚɫɬɢɰ 

ɢɦɟɟɦ:  

( ) ( ) ( ) ( )( ) ( ) ( )( ),max

,min

, , ,
, ,

g

g

Rg g g

ft g g ft g ft g
R

ft g ft g

dV R f R dR
S S R dN R S R С S R

V R V R
=  =  =     , (2.34)  

( ) ( )max

min

R

g g g
R

V dV R С f R dR= =  ,      (2.35)  

ɝɞɟ ( ),ft gS R   – ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰɵ ɫ ɡɚɞɚɧɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦ 

C   – ɧɟɤɨɬɨɪɚɹ ɩɨɫɬɨɹɧɧɚɹ, ɫɜɹɡɚɧɧɚɹ ɫ ɧɨɪɦɢɪɨɜɤɨɣ VFDF.  

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɬɢɩɨɜ ɱɚɫɬɢɰ:  

( )( ) ( ), 1

,

ft g

ft

gft g

S R
K

RV R

 =  .    (2.36) 

Ɂɞɟɫɶ ɤɨɷɮɮɢɰɢɟɧɬ ( )ftK   ɡɚɜɢɫɢɬ ɨɬ ɮɨɪɦɵ ɱɚɫɬɢɰɵ ɢ ɟё ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ. ȼ 

ɪɚɛɨɬɟ Д77Ж ɮɨɪɦɭɥɚ (2.36) ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ. Ɏɨɪɦɭɥɵ ( )ftK   

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 
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ɂɡ ɭɪɚɜɧɟɧɢɣ (2.34) – (2.36) ɫɥɟɞɭɟɬ: 

( ) ( )
( ) ( ) ( )( )

( )
,max

,min

,max

,min

, ,

1
ɭд

,

1

1g

g

g

g

MR

g g i g i g iR
g i

ft ftR M

g g i g iR

i

f R dR C f R R
RS

S K K
V f R dR C f R

=

=

= =    
  .   (2.37) 

Ʉɨɷɮɮɢɰɢɟɧɬɵ iC   ɜɵɱɢɫɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ (2.10).  

 

Ɍɚɛɥɢɰɚ 2.2 – Ʉɨɷɮɮɢɰɢɟɧɬɵ ( )ftK   ɜ ɮɨɪɦɭɥɟ (2.36) ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɬɢɩɨɜ 
ɱɚɫɬɢɰ 

ɗɥɥɢɩɫɨɢɞ ɜɪɚɳɟɧɢɹ  ɉɪɹɦɨɣ ɰɢɥɢɧɞɪ 
ɉɪɹɦɨɭɝɨɥɶɧɵɣ 

ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ 

( )

2 2

2

2

2 2

2

2

1 1
3 1 ln

1
, 1;

5
2

2

1
3 1 arcsin

1
, 1

5
2

2

eK

    + −   +     −        +  =       − +      −       + 

 

 

( ) ( )
2

2 2 1

24

3 2

cK
 + =

 + 
 ( )

2

2(2 1)

12

2

pK
 + =

 + 
 

ɂɫɯɨɞɹ ɢɡ ɡɧɚɱɟɧɢɣ VFDF ( ),   k g kf f R= , 1,2,...,k M=  ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ   kf

ɩɨɥɭɱɚɟɦ ɞɥɹ ɩɨɝɪɟɲɧɨɫɬɢ ɭдS : 

2

ɭд
ɭд

1

M

k

k k

S
S f

f=
  =    ,    (2.38)  

ɝɞɟ 
( ) ( ),

ɭд 1

,

1 1

1
,    1,2, ,

M

i i g i
ft k i

M M

k g k
i i i i

i i

C f R
S K C

k M
f R

C f C f

=

= =

     = − =    


  . (2.39)  
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ȼɵɜɨɞɵ ɩɨ ɜɬɨɪɨɣ ɝɥɚɜɟ 

1. Ⱦɥɹ ɱɚɫɬɢɰ ɫɥɟɞɭɸɳɢɯ ɮɨɪɦ: ɷɥɥɢɩɫɨɢɞ, ɰɢɥɢɧɞɪ ɢ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɮɨɪɦɭɥɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɤɚɤ ɮɭɧɤɰɢɢ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ ɢ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ.  

2. ȼɜɟɞɟɧɚ ɮɭɧɤɰɢɹ VFDF ɢ ɭɪɚɜɧɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɪɚɫɫɟɹɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ ɱɚɫɬɢɰ ɫ ɷɬɨɣ ɮɭɧɤɰɢɟɣ. ɉɪɢɦɟɧɟɧɢɟ ɪɚɞɢɭɫɚ 

ɝɢɪɚɰɢɢ, ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɩɚɪɚɦɟɬɪɚ ɞɥɹ ɪɚɡɧɵɯ ɩɨ ɮɨɪɦɟ ɱɚɫɬɢɰ, ɩɨɡɜɨɥɹɟɬ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɪɚɜɧɢɜɚɬɶ ɦɨɞɟɥɶɧɵɟ VFDF, ɩɨɥɭɱɟɧɧɵɯ ɢɡ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ 

ɢɧɞɢɤɚɬɪɢɫɵ ɆɍɊɊ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɟɫɤɨɥɶɤɢɯ ɩɪɟɞɩɨɥɨɠɟɧɢɣ ɨ ɮɨɪɦɟ ɱɚɫɬɢɰ. 

ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɪɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ 

ɜɵɱɢɫɥɟɧɢɹ VFDF ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɢ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɦɨɞɟɥɶ 

ɟɞɢɧɢɱɧɨɣ ɱɚɫɬɢɰɵ.  

3. ɉɪɟɞɥɨɠɟɧ ɩɨɞɯɨɞ ɧɚ ɨɫɧɨɜɟ ɆȻȺ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɨɣ ɫɟɬɤɢ 
gR  ɢ 

ɤɪɢɬɟɪɢɢ ɟɟ ɩɪɚɜɢɥɶɧɨɝɨ ɜɵɛɨɪɚ.  

4. ȼɵɜɟɞɟɧɵ ɮɨɪɦɭɥɵ ɪɚɫɱɟɬɚ ɩɨ VFDF ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɟё 

ɩɨɝɪɟɲɧɨɫɬɢ ɞɥɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ.  
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Ƚɥɚɜɚ 3. Ɉɰɟɧɤɚ ɬɨɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɢ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ 

3.1. Ɉɩɢɫɚɧɢɟ ɦɟɬɨɞɢɤɢ ɩɪɨɜɟɪɤɢ 

 

ȼ ɤɚɱɟɫɬɜɟ ɬɟɫɬɨɜɨɣ ɮɭɧɤɰɢɢ ɛɵɥɚ ɜɵɛɪɚɧɚ VFDF ɬɢɩɚ ɒɭɥɶɰɚ-Ɂɢɦɦɚ Д141Ж 

(ɫɦ. ɝɪɚɮɢɤ ɧɚ ɪɢɫɭɧɤɟ 3.1):  

( ) exp( )
n

g g gf R C R R=  − ,    (3.1)  

ɝɞɟ  C – ɧɨɪɦɢɪɨɜɨɱɧɵɣ ɦɧɨɠɢɬɟɥɶ, 

  n=5; 

   = 0.4ɧɦ–1. 

Ⱥɧɚɥɨɝɢɱɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɥɭɱɚɟɬɫɹ ɞɥɹ ɩɨɪɨɲɤɨɜ ГЫO2, ɩɪɨɢɡɜɟɞёɧɧɵɯ 

ɦɟɬɨɞɨɦ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ Д138, 90Ж. Ɏɭɧɤɰɢɹ (3.1) ɢɦɟɟɬ ɦɚɤɫɢɦɭɦ ɩɪɢ 

12.5 ɧɦgR =  (ɞɥɹ ɫɮɟɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɷɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɚɞɢɭɫɭ 16 ɧɦR = ).  

ɇɚ ɨɫɧɨɜɟ ɦɨɞɟɥɶɧɨɣ VFDF (3.1) ɜ ɞɢɚɩɚɡɨɧɟ q ɨɬ 0,02 ɞɨ 2 ɧɦ –1 ɛɵɥɢ 

ɜɵɱɢɫɥɟɧɵ ( ),j ft jI I q=  , j = 1,2, …, 100 ɩɨ ɮɨɪɦɭɥɚɦ (2.3) – (2.5), (2.8). 

ɂɧɬɟɧɫɢɜɧɨɫɬɢ ɜɵɱɢɫɥɹɥɢɫɶ ɞɥɹ ɬɪɟɯ ɢɫɫɥɟɞɭɟɦɵɯ ɮɨɪɦ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ  ɜ 

ɞɢɚɩɚɡɨɧɟ ɨɬ 0,5 ɞɨ 2. Ⱦɢɚɩɚɡɨɧɭ q= 0,02…2 ɧɦ –1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɧɬɟɪɜɚɥ 

ɛɪɷɝɝɨɜɫɤɢɯ ɪɚɡɦɟɪɨɜ: Бɪ 2d q=  = 3...300 ɧɦ. ȼ ɷɬɨɦ ɢɧɬɟɪɜɚɥɟ ɫɨɞɟɪɠɢɬɫɹ 

ɧɚɢɛɨɥɟɟ ɢɧɬɟɪɟɫɧɚɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɮɨɪɦɟ ɢ ɪɚɡɦɟɪɚɯ ɱɚɫɬɢɰ ɨɛɪɚɡɰɚ.  

Ⱦɥɹ ɜɫɟɯ ɭɤɚɡɚɧɧɵɯ ɜɵɲɟ ɮɨɪɦ ɢ ɡɧɚɱɟɧɢɣ  ɞɥɹ ɤɚждоɣ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ ɡɧɚɱɟɧɢɹ VFDF kf
  ɢ ɢɯ ɩɨɝɪɟɲɧɨɫɬɢ kf

  ɩɨ ɮɨɪɦɭɥɚɦ (2.23) ɢ 

(2.24). Ɂɧɚɱɟɧɢɹ VFDF ɜɵɱɢɫɥɹɥɢɫɶ ɧɚ ɪɚɜɧɨɦɟɪɧɨɣ ɫɟɬɤɟ ɜ ɞɢɚɩɚɡɨɧɟ Rg ɨɬ 1 ɞɨ 

80 ɧɦ ɩɪɢ ɡɧɚɱɟɧɢɢ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɨɩɬ . Ɉɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɱɢɫɥɟɧɧɨɣ 

VFDF ɡɚɦɟɧɹɥɢɫɶ ɧɭɥɟɜɵɦɢ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɝɪɟɲɧɨɫɬɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ 

ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɡɧɚɱɟɧɢɹ j jS I=  Д31Ж. ɉɨɫɬɨɹɧɧɚɹ A ɜ ɮɨɪɦɭɥɟ (2.7) 
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ɩɨɞɛɢɪɚɥɨɫɶ, ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ 0.01j jS I  . ȼ ɫɥɭɱɚɟ ɫɨɜɩɚɞɟɧɢɹ ɢɫɬɢɧɧɨɣ ɮɨɪɦɵ 

ɢ ɡɧɚɱɟɧɢɹ  ɫ ɩɪɟɞɩɨɥɚɝɚɟɦɵɦɢ ɮɨɪɦɨɣ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ ɡɧɚɱɟɧɢɟ VFDF 

ɫɨɜɩɚɥɢ ɫ ɯɨɪɨɲɟɣ ɬɨɱɧɨɫɬɶɸ: ɩɨɱɬɢ ɞɥɹ ɜɫɟɯ ɬɨɱɟɤ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ

( ) 0.5k k kf f Rg f −   .  

Ɍɟ ɠɟ ɜɵɱɢɫɥɟɧɢɹ ɛɵɥɢ ɩɪɨɢɡɜɟɞɟɧɵ ɞɥɹ ɢɦɢɬɚɰɢɨɧɧɵɯ 

«ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ» ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ:  

j j j jJ I S x= + ,    (3.2)  

ɝɞɟ бj –ɧɚɛɨɪ ɫɥɭɱɚɣɧɵɯ ɡɧɚɱɟɧɢɣ, ɪɚɫɩɪɟɞɟɥёɧɧɵɯ ɩɨ ɡɚɤɨɧɭ Ƚɚɭɫɫɚ ɫ 

ɧɭɥɟɜɵɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɦ ɨɠɢɞɚɧɢɟɦ ɢ ɟɞɢɧɢɱɧɨɣ ɞɢɫɩɟɪɫɢɟɣ.  

Ⱦɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 
jJ  ɜɵɱɢɫɥɟɧɵ ɡɧɚɱɟɧɢɹ VFDF ɨɩɬ

k kf f
  ɢ ɢɯ 

ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɬ
kf f
 =  . ȼɵɱɢɫɥɟɧɢɟ VFDF ɛɵɥɨ ɜɵɩɨɥɧɟɧɨ ɞɥɹ ɞɜɭɯ ɜɚɪɢɚɧɬɨɜ 

ɪɚɫɫɬɚɧɨɜɤɢ Rg:  

( )
( ) ( ) ( )

,max ,min

,min

,
,max ,min

,min

1
1

ln ln
exp 1

1

g g

g

g k
g g

g

R R
R k

M
R

R R
R k

M

− + − −=   − −   −  
.     (3.3) 

ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɨɤɚɡɚɥɫɹ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ (ɫɦɨɬɪɟɬɶ ɪɚɡɞɟɥ 2.4). 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɢɠɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚɣɞɟɧɵ ɞɥɹ ɧɟɝɨ.  

Ɍɨɱɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ VFDF ɨɩɪɟɞɟɥɹɥɚɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ:  

( ),
f f

f f
f

− = .     (3.4)  

3.2. Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɢɫɬɢɧɧɨɣ ɢ ɜɵɱɢɫɥɟɧɧɨɣ ɮɭɧɤɰɢɣ  
VFDF 

ȼ ɬɚɛɥɢɰɟ 3.1. ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ( ),f f  ɞɥɹ f , ɜɵɱɢɫɥɟɧɧɵɯ ɢɡ 

ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ J (3.2). Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ ɮɭɧɤɰɢɣ VFDF, 
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ɜɵɱɢɫɥɟɧɧɵɯ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ I, ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ ɩɪɢɜɟɞɟɧɧɵɯ ɜ 

ɬɚɛɥɢɰɟ 3.1.  

Ɍɚɛɥɢɰɚ 3.1 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɮɨɪɦɵ ɢ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɫ ɢɫɬɢɧɧɵɦɢ, ɨɬɤɥɨɧɟɧɢɟ ɜɵɱɢɫɥɟɧɧɨɣ VFDF ɨɬ ɢɫɬɢɧɧɨɣ ɧɟ 

ɩɪɟɜɵɲɚɟɬ 4%. ɉɪɢ ɫɨɜɩɚɞɟɧɢɢ ɬɨɥɶɤɨ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɢ ɢɫɬɢɧɧɨɣ ɮɨɪɦ ɭɫɥɨɜɢɟ 

( ), 4%f f   ɜɵɩɨɥɧɹɟɬɫɹ ɢ ɜ ɫɥɭɱɚɟ ɧɟɫɨɜɩɚɞɚɸɳɢɯ ɡɧɚɱɟɧɢɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ: 

 =0,81,2.  

ɇɚ ɪɢɫɭɧɤɟ 3.1 ɩɪɢɜɟɞɟɧɵ ɢɫɬɢɧɧɚɹ ɢ ɜɵɱɢɫɥɟɧɧɵɟ VFDF ɞɥɹ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɮɨɪɦ ɱɚɫɬɢɰ. ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɪɚɫɫɱɢɬɵɜɚɥɚɫɶ ɞɥɹ ɫɢɫɬɟɦɵ 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ. ȼɵɱɢɫɥɟɧɢɟ VFDF ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɞɥɹ ɜɫɟɯ ɮɨɪɦ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɟɞɢɧɢɱɧɨɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɱɚɫɬɢɰ. ɇɚɛɥɸɞɚɟɬɫɹ ɯɨɪɨɲɟɟ 

ɫɨɜɩɚɞɟɧɢɟ ɢɫɬɢɧɧɨɣ ɢ ɜɵɱɢɫɥɟɧɧɨɣ VFDF ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɢɫɬɢɧɧɨɣ ɢ 

ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɮɨɪɦɵ.  

Ɋɢɫɭɧɨɤ 3.1 – ɉɪɨɜɟɪɤɚ ɬɨɱɧɨɫɬɢ ɆȻȺ ɜɵɱɢɫɥɟɧɢɹ VFDF: ɢɫɬɢɧɧɚɹ VFDF (f) ɢ 

VFDF, ɜɵɱɢɫɥɟɧɧɵɟ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɱɚɫɬɢɰɵ ɢɦɟɸɬ ɮɨɪɦɭ ɲɚɪɚ ( )f
e

, 

ɰɢɥɢɧɞɪɚ ( )fc , ɤɭɛɚ f
p

    , ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ VFDF ɩɪɟɞɩɨɥɚɝɚɥɨɫɶ, ɱɬɨ ɱɚɫɬɢɰɵ 

ɨɛɥɚɞɚɸɬ ɟɞɢɧɢɱɧɨɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ.  
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Ɋɢɫɭɧɨɤ 3.2 – ɉɪɨɜɟɪɤɚ ɬɨɱɧɨɫɬɢ ɆȻȺ ɜɵɱɢɫɥɟɧɢɹ VFDF: ɫɪɚɜɧɟɧɢɟ 

ɪɚɡɧɨɫɬɢ ɢɫɬɢɧɧɨɣ ɢ ɜɵɱɢɫɥɟɧɧɨɣ VFDF ɢ ɩɨɝɪɟɲɧɨɫɬɢ f  ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɮɨɪɦɟ ɱɚɫɬɢɰ.  

ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ f  (2.23) ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɦɟɧɧɨ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɪɟɲɟɧɢɹ, ɧɚɣɞɟɧɧɨɝɨ ɩɪɢ ɩɨɦɨɳɢ ɆȻȺ, ɢ ɦɨɠɟɬ ɛɵɬɶ ɧɟ ɫɜɹɡɚɧɚ 

ɫ ɪɚɡɥɢɱɢɟɦ ɜɵɱɢɫɥɟɧɧɨɣ ɢ ɢɫɬɢɧɧɨɣ VFDF. ɇɨ ɜ ɫɥɭɱɚɟ ɩɪɚɜɢɥɶɧɨɝɨ 

ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɮɨɪɦɟ ɱɚɫɬɢɰ ɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɨɩɬ  ɞɥɹ ɡɧɚɱɟɧɢɹ 

ɚɛɫɨɥɸɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɫɩɪɚɜɟɞɥɢɜɨ: f f f−    ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɢɫɭɧɤɨɦ 3.2. 

ɉɨɫɥɟɞɧɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɞɥɹ ɜɵɱɢɫɥɟɧɧɵɯ VFDF ɜɨ ɜɫɟɯ ɫɥɭɱɚɹɯ ɫɨɜɩɚɞɟɧɢɹ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɢ ɢɫɬɢɧɧɵɯ ɮɨɪɦ ɢ ɡɧɚɱɟɧɢɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ.  
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Ɍɚɛɥɢɰɚ 3.1 –Ɉɬɧɨɫɢɬɟɥɶɧɨɟ (ɜ ɩɪɨɰɟɧɬɚɯ) ɪɚɡɥɢɱɢɟ ( ),f f  ɢɫɬɢɧɧɵɯ ɢ ɜɵɱɢɫɥɟɧɧɵɯ VFDF. ȼɵɞɟɥɟɧɵ ɡɧɚɱɟɧɢɹ ( ), 4%f f   

  ɉɊȿȾɉɈɅȺȽȺȿɆɕȿ ɎɈɊɆɕ ɂ ȺɇɂɁɈɆȿɌɊɂɂ 

ɂ
ɋɌ

ɂ
ɇ

ɇ
ɕ

ȿ 
Ɏ

Ɉ
ɊɆ

ɕ
 ɂ

 Ⱥ
ɇ

ɂ
ɁɈ

Ɇ
ȿɌ

Ɋɂ
ɂ

 

  ɗɥɥɢɩɫɨɢɞ  ɰɢɥɢɧɞɪ  ɉɚɪɚɥɥɟɥɟɩɢɩɟɞ 

  0.5 0.63 0.8 1 1.25 1.6 2  0.5 0.63 0.8 1 1.25 1.6 2  0.5 0.63 0.8 1 1.25 1.6 2 

ɷɥ
ɥɢ

ɩɫ
ɨɢ

ɞ 

0.5 1.7 16.2 26.1 29.1 26 15.4 7.5  5.2 18 24.3 23.2 15.7 5.9 26.5  17.5 9.4 19.9 23.6 19.7 9.6 15.3 

0.63 18.2 3.4 11.5 14.4 11.3 5.9 19.9  15.4 7 11.6 10.1 6.1 19.8 41.9  36.7 15.1 11.4 12.4 10.8 14.2 30.8 

0.8 31.1 11.6 1.4 3.7 1.5 12.5 30.7  27.9 12.3 7.2 7.5 13.9 31.2 53  52.1 26.1 14.3 12.5 14.2 24.9 42.7 

1 35.4 15.1 3.8 1.7 4 15.9 34.1  32 15.4 9.4 9.8 17.2 34.8 56.4  56.2 29.8 17.1 14.5 16.9 28.4 46.5 

1.25 31.5 12.3 2.7 4 2.7 13.1 31.3  28.4 12.9 7.9 8.1 14.5 31.9 53.9  58.6 26.9 15.3 13.7 15.2 25.5 43.8 

1.6 18.5 3.6 12.5 15.7 12.3 2.8 18.6  16.9 9.3 12.9 11.7 6.3 18.8 41.1  39.7 16.4 13 14.4 12.3 14.1 30.4 

2 9.8 20.1 30 33 29.8 18.2 3.3  13.6 23.4 29.5 28.4 20 5.2 23.3  22.7 17.3 26.7 29.7 26.5 14.6 13 

                         

ɰɢ
ɥɢ

ɧɞ
ɪ 

0.5 6.5 14.3 23.7 26.6 23.6 14.1 11.8  2.1 14 20.5 19.4 11.8 9.2 30.1  19.9 4.3 15.1 18.7 15 5.6 17.9 

0.63 20 8 12.8 15.4 12.8 9.2 22.1  15.8 2.5 7.7 6.6 4 21.2 42.7  37.4 13.4 4.7 6.6 4.2 13 31.5 

0.8 29 12.7 9.7 10.9 9.7 14 29.6  24.4 8.4 2.7 3.4 11.2 28.9 50  55.3 21.8 8.8 5.9 8.8 21 39.9 

1 26.6 10.3 8.9 10.9 9 11.8 27.5  22.4 6.3 2.2 2 9.2 27 48.5  48.2 19.9 7.2 5.1 7.1 19 37.9 

1.25 19 7.6 14 16.8 14 8.4 20.2  14.7 4 10.1 8.8 3.6 19 41.1  42.8 12.7 7.3 9.2 6.6 11.3 29.6 

1.6 9.5 19.8 29.6 32.6 29.5 18.5 6.4  12.3 21.8 28 26.8 18.4 3.1 23.4  20.3 14.4 23.8 26.9 23.3 11.2 11.4 

2 29.3 41.4 50.4 53.1 50.1 39.3 22  33.8 44.4 50.1 49.1 41.1 23.3 2.4  30.6 36.7 46.9 49.9 46.7 34.1 14.9 

                         

ɩɚ
ɪɚ

ɥɥ
ɟɥ

ɟɩ
ɢɩ

ɟɞ
 0.5 15.8 29.2 38 40.6 37.9 28.5 16.7  17.1 29.2 35 34.1 27.3 14.4 19.4  3.3 18.7 29.6 32.9 29.4 18.8 10 

0.63 11.9 15.7 24 26.7 24 15.9 16  6.7 13 19.3 18.3 11.6 13.1 32.6  22 3.1 12.7 16.2 12.6 5 20.2 

0.8 24 14.1 16.8 18.6 16.8 15.1 25.7  18.1 6.8 9 8.6 9.2 23.9 44.1  43.1 14.3 3.2 4.2 3.3 14.2 33 

1 27.1 14.6 15.8 17.1 15.8 17 28.5  21.7 7.8 8 7.6 11.2 26.6 47.3  45.8 18.1 5.7 2.6 4.9 17.4 35.7 

1.25 22.5 12.5 16 18.1 16 13.8 24.5  17.2 5.7 8.8 8.3 8.1 22.9 43.4  41.4 13.5 2.1 4.4 2 13.3 32.1 

1.6 14.7 16.2 24.3 27 24.2 16.1 16.4  9.5 13.2 19.5 18.5 11.7 12.9 32.9  31 6.6 13.2 16.5 12.9 3.9 20.1 

2 18.1 30.4 39.7 42.5 39.6 29.2 14.9  20.5 31.2 37.3 36.2 28.3 12.4 15.8  19.4 21.7 32.2 35.4 31.9 19.3 3.3 
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3.3. ɉɪɨɜɟɪɤɚ ɬɨɱɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

 

Ȼɵɥɚ ɜɵɱɢɫɥɟɧɚ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɭдS  (2.37) ɞɥɹ ɢɫɬɢɧɧɨɣ VFDF (3.1) ɞɥɹ 

ɤɚɠɞɨɣ ɢɡ ɬɪɟɯ ɮɨɪɦ ɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɩɪɟɞɵɞɭɳɟɦ ɩɚɪɚɝɪɚɮɟ ɡɧɚɱɟɧɢɣ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ. Ȼɵɥɨ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɭдS  ɫɨ ɡɧɚɱɟɧɢɹɦɢ ɭдS

ɧɚɣɞɟɧɧɵɦɢ ɞɥɹ ɜɵɱɢɫɥɟɧɧɵɯ VFDF. Ȼɵɥɢ ɬɚɤɠɟ ɜɵɱɢɫɥɟɧɵ ɩɨɝɪɟɲɧɨɫɬɢ ɭдS  

(2.38), ɢɫɯɨɞɹ ɢɡ ɩɨɝɪɟɲɧɨɫɬɟɣ f  ɞɥɹ ɜɫɟɯ ɜɵɱɢɫɥɟɧɧɵɯ VFDF. Ɋɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2.  

Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɜɟɥɢɱɢɧɚ ɭдS  ɞɥɹ 

ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɱɚɫɬɢɰ, ɚ ɞɥɹ 

ɩɨɫɥɟɞɧɢɯ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɱɚɫɬɢɰ ɜ ɮɨɪɦɟ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ. Ɇɢɧɢɦɚɥɶɧɚɹ 

ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɮɨɪɦɵ ɩɨɥɭɱɚɟɬɫɹ ɞɥɹ ɱɚɫɬɢɰ ɫ ɟɞɢɧɢɱɧɨɣ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ. ȼ ɫɥɭɱɚɟ ɷɥɥɢɩɬɢɱɟɫɤɢɯ ɱɚɫɬɢɰ ɫ  = 0,5 ɢɥɢ  = 2 ɨɬɥɢɱɢɟ ɭдS  

ɨɬ ɭдS  ɫɢɫɬɟɦɵ ɱɚɫɬɢɰ ɫ  = 1 ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 20%.  

ɉɪɢ ɫɨɜɩɚɞɟɧɢɢ ɢɫɬɢɧɧɵɯ ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɮɨɪɦ ɢ ɡɧɚɱɟɧɢɣ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭд ɭдS S ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ 

1,1%1,7 %. Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɭд ɭдS S  ɩɨɱɬɢ ɞɥɹ ɜɫɟɯ ɜɵɱɢɫɥɟɧɧɵɯ 

VFDF ɧɟ ɩɪɟɜɵɲɚɟɬ 2,7%. ɂɫɤɥɸɱɟɧɢɟ – ɱɚɫɬɢɰɵ ɫ ɮɨɪɦɨɣ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɢ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ  = 0,5, ɞɥɹ ɧɢɯ ɷɬɚ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɧɟɡɧɚɱɢɬɟɥɶɧɨ 

ɛɨɥɶɲɟ.  

Ⱦɨɫɬɨɜɟɪɧɨɫɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɭдS  ɩɪɨɜɟɪɹɥɚɫɶ ɫɪɚɜɧɟɧɢɟɦ ɟɟ ɫ ɪɚɡɧɨɫɬɶɸ 

ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɢ ɢɫɬɢɧɧɨɣ ɭɞɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɭд ɭдS S−  (ɬɚɛɥɢɰɚ 3.2). ȼɢɞɧɨ, 

ɱɬɨ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɢ ɢɫɬɢɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɱɚɫɬɢɰ ɜɵɩɨɥɧɹɟɬɫɹ 
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ɫɨɨɬɧɨɲɟɧɢɟ ɭд ɭд

ɭд

1
S S

S

−   (ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɹɱɟɣɤɢ ɜɵɞɟɥɟɧɵ ɠɢɪɧɵɦ ɲɪɢɮɬɨɦ ɜ 

ɬɚɛɥɢɰɟ), ɬɨ ɟɫɬɶ ɭдS (2.38) ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ ɭд ɭдS S− .  

 



44 

 

44 

 

Ɍɚɛɥɢɰɚ 3.2 – ɂɫɬɢɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɭдS  (ɜ ɦ2/ɫɦ3) ɢ ɨɬɧɨɲɟɧɢɟ ɭд ɭд

ɭд

S S

S

−
 .  

 ɉɊȿȾɉɈɅȺȽȺȿɆɕȿ ɎɈɊɆɕ ɂ ȺɇɂɁɈɆȿɌɊɂɂ 

ɂ
ɋɌ

ɂ
ɇ

ɇ
ɕ

ȿ 
Ɏ

Ɉ
ɊɆ

ɕ
 ɂ

 Ⱥ
ɇ

ɂ
ɁɈ

Ɇ
ȿɌ

Ɋɂ
ɂ

 

   ɗɥɥɢɩɫɨɢɞ  ɐɢɥɢɧɞɪ  ɉɚɪɚɥɥɟɥɟɩɢɩɟɞ 

 ε Sɭɞ 0.5 0.63 0.8 1 1.25 1.6 2  0.5 0.63 0.8 1 1.25 1.6 2  0.5 0.63 0.8 1 1.25 1.6 2 

ɗɥ
ɥɢ

ɩɫ
ɨɢ

ɞ 

0.5 222 -0.1 0.2 0.7 0.9 0.5 0.0 -0.3  5.4 6.5 7.7 7.1 4.0 3.1 3.6  7.2 8.2 9.4 8.0    9.0 6.8 4.1 

0.63 202 1.1 0.2 0.2 0.3 0.1 0.2 0.2  6.1 4.5 4.3 4.4 3.5 2.3 2.9  13.5 5.7 6.0 7.3 6.7 5.5 5.4 

0.8 190 2.6 -0.1 0.0 0.0 0.0 -0.2 -0.6  9.9 6.3 7.0 6.3 5.0 2.9 28.0  18.6 10.6 9.3 8.8 8.8 6.6 18.1 

1 186 1.9 0.1 0.1 0.2 0.2 0.0 -0.2  7.2 6.9 7.1 7.3 5.2 3.8 35.0  26.3 11.6 9.8 10.1 10.0 8.2 16.9 

1.25 190 2.3 0.6 1.0 1.0 1.0 0.9 0.6  9.0 7.4 7.3 7.3 5.9 2.1 26.2  6.9 11.4 9.8 6.3 9.2 6.0 24.1 

1.6 203 1.4 0.6 0.5 0.4 0.5 0.4 0.2  4.7 4.7 6.8 6.5 4.7 3.2 21.9  8.6 8.0 8.6 10.0 9.4 8.0 7.4 

2 225 0.9 0.8 1.2 2.5 1.5 0.0 -0.3  8.1 8.8 9.1 8.4 6.2 2.5 3.9  10.0 10.9 7.8 8.3 7.3 6.5 5.0 

                          

ɐ
ɢɥ

ɢɧ
ɞɪ

 

0.5 244 -3.8 -5.4 -5.6 -6.0 -6.3 -5.8 -5.0  -0.1 0.6 0.9 0.2 -0.9 -1.6 -4.4  1.9 2.5 4.0 4.0 3.9 2.0 0.9 

0.63 229 -3.9 -4.6 -5.3 -5.4 -5.5 -4.3 -3.9  0.3 0.2 0.0 -0.4 -0.9 -1.5 -3.9  3.9 2.8 3.1 3.3 3.1 2.4 1.7 

0.8 220 -3.4 -3.3 -3.4 -3.5 -3.4 -3.3 -4.1  2.1 1.1 1.0 0.6 -0.2 0.3 29.3  3.7 2.9 3.6 3.9 3.4 2.1 10.7 

1 219 -3.7 -4.0 -4.9 -5.3 -5.0 -4.0 -4.2  1.5 0.7 0.6 0.1 -0.4 -1.3 19.3  5.4 3.2 3.8 4.0 3.5 2.7 1.9 

1.25 226 -2.6 -2.2 -3.5 -4.0 -3.4 -2.6 -2.5  1.2 1.6 1.2 1.1 0.5 0.0 -1.3  1.9 3.3 4.1 5.3 4.7 2.7 2.4 

1.6 244 -3.1 -2.7 -2.6 -2.8 -2.9 -2.6 -2.7  1.7 2.6 3.4 3.3 1.4 0.5 -0.2  4.7 5.0 5.8 6.7 5.9 5.1 3.5 

2 271 -1.8 -1.0 -1.0 -1.6 -1.1 -2.5 -4.2  5.3 6.5 7.0 5.3 3.7 1.4 -0.1  4.2 8.0 6.5 7.1 6.1 5.0 4.0 

                          

ɉ
ɚɪ

ɚɥ
ɥɟ

ɥɟ
ɩɢ

ɩɟ
ɞ 0.5 277 -5.5 -6.6 -7.3 -8.3 -7.3 -7.2 -6.5  -1.3 0.0 0.1 -0.6 -1.0 -2.7 -6.0  0.0 1.9 3.6 3.2 3.5 1.4 0.2 

0.63 257 -5.6 -6.4 -7.2 -7.1 -6.9 -5.7 -5.1  -1.6 -1.7 -2.0 -2.6 -2.7 -3.2 -6.5  0.0 0.2 0.7 0.9 0.7 0.5 -0.3 

0.8 244 -5.3 -4.4 -5.3 -4.7 -4.9 -4.2 -4.1  -1.9 -0.2 -0.6 -0.2 -1.3 0.2 10.2  0.8 0.8 1.0 1.0 0.9 1.1 0.2 

1 240 -7.3 -5.0 -3.5 -3.3 -3.5 -2.2 -1.9  -2.3 -0.6 -0.5 -0.8 -1.0 0.2 6.6  0.9 1.2 0.0 0.1 0.1 0.5 1.0 

1.25 244 -7.3 -5.6 -6.5 -7.1 -7.3 -5.6 -5.1  -2.6 -1.9 -2.3 -2.8 -2.6 -3.1 6.0  0.5 -0.2 0.1 0.3 0.1 -0.1 -1.1 

1.6 259 -3.8 -3.0 -5.6 -6.2 -5.2 -3.5 -3.1  -0.9 -0.9 -1.1 -1.6 -1.3 -2.4 -3.7  0.2 0.3 0.7 1.0 1.0 0.5 0.2 

2 283 -5.6 -5.7 -5.1 -5.7 -4.8 -4.5 -4.1  -0.9 -0.3 -1.1 -1.4 -2.0 -1.9 -2.9  0.2 1.3 2.7 2.9 2.5 0.9 0.6 
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Ɂɚɦɟɬɢɦ, ɱɬɨ ɩɪɢ ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ, ɧɨ ɩɪɢ 

ɫɨɜɩɚɞɟɧɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɣ ɢ ɢɫɬɢɧɧɨɣ ɮɨɪɦ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨɥɭɱɟɧɧɚɹ 

ɢɡ ɜɵɱɢɫɥɟɧɧɨɣ VFDF, ɫɨɜɩɚɞɚɟɬ ɫ ɢɫɬɢɧɧɨɣ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ 

ɜɵɱɢɫɥɟɧɧɚɹ ɢ ɢɫɬɢɧɧɚɹ VFDF ɦɨɝɭɬ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɡɥɢɱɚɬɶɫɹ. ɇɚɩɪɢɦɟɪ, ɞɥɹ 

ɱɚɫɬɢɰ ɜ ɮɨɪɦɟ ɷɥɥɢɩɫɨɢɞɚ ɫ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ  =0,631,6, ( ), 30%f f   ɚ 

ɭд ɭд

ɭд

3%
S S

S

−  . Ɍɚɤɚɹ ɬɨɱɧɨɫɬɶ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɭдS  ɩɪɢ ɫɢɥɶɧɨɦ ɪɚɡɥɢɱɢɢ 

ɜɵɱɢɫɥɟɧɧɨɣ ɢ ɢɫɬɢɧɧɨɣ VFDF ɦɨɠɟɬ ɛɵɬɶ ɫɜɹɡɚɧɚ ɫ ɬɟɦ, ɱɬɨ ɭɞɟɥɶɧɚɹ 

ɩɨɜɟɪɯɧɨɫɬɶ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɦɭ ɩɨɜɟɞɟɧɢɸ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ q (ɢɧɜɚɪɢɚɧɬ ɉɨɪɨɞɚ Д31Ж).  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɢɡ ɬɚɛɥɢɰɵ 3.2 ɜɢɞɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɭд ɭд

ɭд

S S

S

−
  ɩɪɢ 

ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɮɨɪɦɵ ɱɚɫɬɢɰ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɨɫɬɚɜɥɹɟɬ ɧɟɫɤɨɥɶɤɨ 

ɟɞɢɧɢɰ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɩɨɦɨɳɢ ɫɪɚɜɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɭдS , ɧɚɣɞɟɧɧɵɯ ɩɨ 

ɜɵɱɢɫɥɟɧɧɵɦ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɷɤɡɟɦɩɥɹɪɚɦ VFDF, ɫɨ ɡɧɚɱɟɧɢɟɦ ɭдS , 

ɧɚɣɞɟɧɧɨɝɨ ɫɬɨɪɨɧɧɢɦɢ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ, ɦɨɠɧɨ ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ 

ɜɚɪɢɚɧɬɨɜ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɱɚɫɬɢɰ ɢɥɢ ɜɵɛɪɚɬɶ ɮɨɪɦɭ ɪɚɫɫɟɢɜɚɬɟɥɟɣ 

ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɭɸ ɪɟɚɥɶɧɨɣ.  

ȼɵɜɨɞɵ ɩɨ ɬɪɟɬɶɟɣ ɝɥɚɜɟ 

1. Ⱦɥɹ ɦɨɞɟɥɶɧɨɣ VFDF (3.1) ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ «ɡɚɲɭɦɥɟɧɧɵɟ» 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ (2.7) ɞɥɹ ɱɚɫɬɢɰ ɜ ɮɨɪɦɟ ɷɥɥɢɩɫɨɢɞɚ, ɰɢɥɢɧɞɪɚ ɢ 

ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ ɜ ɢɧɬɟɪɜɚɥɟ 0,5 … 2.  

2. Ⱦɥɹ ɤɚɠɞɨɣ ɦɨɞɟɥɶɧɨɣ ɤɪɢɜɨɣ ɆɍɊɊ ɞɥɹ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɮɨɪɦ ɢ 

ɡɧɚɱɟɧɢɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɆȻȺ ɛɵɥɢ ɜɵɱɢɫɥɟɧɵ VFDF (2.22) ɢ ɢɯ 

ɩɨɝɪɟɲɧɨɫɬɢ (2.23).  
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3. ɇɚɣɞɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ (3.3) ɞɥɹ ɜɵɱɢɫɥɟɧɧɵɯ VFDF. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.1. ɉɪɢ ɫɨɜɩɚɞɟɧɢɢ ɢɫɬɢɧɧɵɯ ɢ 

ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɱɚɫɬɢɰ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɩɪɟɜɵɲɚɟɬ 4%.  

4. ɉɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɮɨɪɦɵ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɱɚɫɬɢɰ 

ɩɨɝɪɟɲɧɨɫɬɶ f , ɛɥɢɡɤɚ ɤ ɚɛɫɨɥɸɬɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɜɵɱɢɫɥɟɧɢɹ VFDF f f− .  

5. Ⱦɥɹ ɦɨɞɟɥɶɧɨɣ (ɢɫɬɢɧɧɨɣ) ɢ ɜɫɟɯ ɜɵɱɢɫɥɟɧɧɵɯ VFDF ɞɥɹ ɜɫɟɯ ɮɨɪɦ ɢ 

ɡɧɚɱɟɧɢɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɱɚɫɬɢɰ ɜɵɱɢɫɥɟɧɚ ɭдS  (2.37).  

Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɦɢɧɢɦɚɥɶɧɚɹ ɭдS  ɩɨɥɭɱɚɟɬɫɹ ɞɥɹ ɱɚɫɬɢɰ ɫ  = 1. Ɉɬɥɢɱɢɟ 

ɭдS  ɞɥɹ  = 0,5 ɢɥɢ  = 2 ɨɬ ɭдS  ɞɥɹ  = 1, ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 20% ɞɥɹ ɱɚɫɬɢɰ ɜ ɮɨɪɦɟ 

ɷɥɥɢɩɫɨɢɞɨɜ.  

6. ɂɡ ɜɵɱɢɫɥɟɧɧɵɯ VFDF ɢ ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚɣɞɟɧɵ ɭдS  (2.37) ɢ ɢɯ 

ɩɨɝɪɟɲɧɨɫɬɢ ɭдS  (2.38). ɉɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɮɨɪɦɵ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ 

ɱɚɫɬɢɰ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ ɭдS  ɫɥɭɠɚɬ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɣ ɨɰɟɧɤɨɣ 

ɭд ɭдS S− . 

7. Ɉɛɧɚɪɭɠɟɧɨ, ɱɬɨ ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɮɨɪɦɵ ɱɚɫɬɢɰ, ɧɨ 

ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ, ɜɵɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɭдS  ɦɨɠɟɬ 

ɫɨɜɩɚɞɚɬɶ ɫ ɢɫɬɢɧɧɵɦ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ. ɉɪɢ ɧɟɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɮɨɪɦɵ 

ɱɚɫɬɢɰ ɪɚɡɧɨɫɬɶ ɢɫɬɢɧɧɨɝɨ ɭдS  ɢ ɜɵɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɣ ɭдS  ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɟɬ ɩɨɝɪɟɲɧɨɫɬɶ ɭдS , ɬɨ ɟɫɬɶ ɫɪɚɜɧɟɧɢɟ ɜɵɱɢɫɥɟɧɧɵɯ 

ɡɧɚɱɟɧɢɣ ɭдS  ɫɨ ɡɧɚɱɟɧɢɟɦ ɭдS , ɧɚɣɞɟɧɧɨɝɨ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ, ɩɨɡɜɨɥɹɟɬ 

ɫɨɤɪɚɬɢɬɶ ɱɢɫɥɨ ɜɚɪɢɚɧɬɨɜ ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɶɧɵɯ ɱɚɫɬɢɰ ɢɥɢ ɜɵɛɪɚɬɶ ɢɯ ɮɨɪɦɭ 

ɧɚɢɛɨɥɟɟ ɚɞɟɤɜɚɬɧɭɸ ɪɟɚɥɶɧɨɣ.  
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Ƚɥɚɜɚ 4. Ɋɚɡɪɚɛɨɬɤɚ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɝɨ ɩɪɢɥɨɠɟɧɢɹ  

ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɦɚɥɨɭɝɥɨɜɨɝɨ ɪɚɫɫɟɹɧɢɹ 

ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ 

4.1 . ȼɜɟɞɟɧɢɟ 

ɉɪɨɝɪɟɫɫ ɜ ɫɪɟɞɫɬɜɚɯ ɢɡɦɟɪɟɧɢɹ ɢ ɪɚɫɲɢɪɟɧɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ 

ɩɪɢɜɟɥɢ ɤ ɪɨɫɬɭ ɨɛɴɟɦɚ ɞɚɧɧɵɯ ɢ ɝɥɭɛɢɧɟ ɢɡɜɥɟɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡ 

ɤɪɢɜɨɣ ɆɍɊɊ Д58;142 – 144Ж. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɨɪɦ-ɮɚɤɬɨɪɨɜ ɨɞɢɧɨɱɧɵɯ 

ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɦɧɨɝɢɯ ɮɨɪɦ ɪɚɡɪɚɛɨɬɚɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɢ ɱɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ Д58; 

145; 146Ж. ɋɢɧɬɟɡ ɧɨɜɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɜɟɞɟɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɬɢɩɨɜ ɦɨɞɟɥɟɣ 

ɪɚɫɫɟɢɜɚɸɳɢɯ ɨɛɴɟɤɬɨɜ. ɗɬɨ ɫɬɢɦɭɥɢɪɭɟɬ ɪɚɡɪɚɛɨɬɤɭ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 

ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɆɍɊɊ. ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɬ 

ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɦɟɟɬ ɡɚɤɪɵɬɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɞ, ɨɝɪɚɧɢɱɟɧɧɵɣ 

ɤɪɭɝ ɪɟɲɚɟɦɵɯ ɡɚɞɚɱ ɢ ɩɪɢɜɹɡɚɧɨ ɤ ɤɨɧɤɪɟɬɧɨɣ ɭɫɬɚɧɨɜɤɟ. ɇɚɩɪɢɦɟɪ, 

ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɨɞɛɢɪɚɬɶ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɢɡ ɨɝɪɚɧɢɱɟɧɧɨɝɨ ɫɩɢɫɤɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɣ: ɒɭɥɶɰɚ–Ɂɢɦɦɚ, Ƚɚɭɫɫɚ ɢ ɬɚɤ ɞɚɥɟɟ Д36 – 38Ж. ɗɬɨɬ ɩɨɞɯɨɞ ɨɩɪɚɜɞɚɧ 

ɜ ɫɥɭɱɚɟ ɧɚɥɢɱɢɟ ɚɩɪɢɨɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɜɢɞɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɨ ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɬɚɤɨɣ ɢɧɮɨɪɦɚɰɢɢ ɧɟɬ.  

Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ VFDF ɢ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɡɪɚɛɨɬɚɧɨ 

ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ SAБSEV (ɬɟɤɭɳɚɹ ɜɟɪɫɢɹ 3.2), ɪɟɚɥɢɡɭɸɳɟɟ 

ɨɩɢɫɚɧɧɵɣ ɜɵɲɟ ɚɥɝɨɪɢɬɦ (ɝɥɚɜɵ 2,3) ɫ ɩɨɦɨɳɶɸ, ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɢɫɫɥɟɞɨɜɚɬɶ 

ɩɨɥɢɞɢɫɩɟɪɫɧɭɸ ɫɢɫɬɟɦɭ ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɜɢɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. SAБSEV ɧɟ 

ɩɪɢɜɹɡɚɧ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ, ɢ ɩɨɡɜɨɥɹɟɬ ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɤɪɢɜɭɸ ɆɍɊɊ ɧɟɡɚɜɢɫɢɦɨ ɨɬ 

ɤɨɧɤɪɟɬɧɨɣ ɚɩɩɚɪɚɬɭɪɵ.  

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ SAБSEV ɹɜɥɹɸɬɫɹ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɫɬɶ ɢ 

ɨɬɤɪɵɬɵɣ ɢɫɯɨɞɧɵɣ ɤɨɞ. ɉɨɫɥɟɞɧɟɟ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɹɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɨɞɯɨɞɨɦ SOLID.  
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4.2. Ɉɩɢɫɚɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ 

SAБSEV ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ ɩɨ ɤɪɢɜɨɣ ɆɍɊɊ ɨɬ 

ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɨɛɪɚɡɰɨɜ. Ʉɥɸɱɟɜɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶɸ ɜ SAБSEV ɹɜɥɹɟɬɫɹ 

ɜɵɱɢɫɥɟɧɢɟ VFDF ɧɚ ɨɫɧɨɜɟ ɆȻȺ ɞɥɹ ɦɨɧɨɦɨɪɮɧɵɯ ɫɢɫɬɟɦ ɪɚɫɫɟɢɜɚɬɟɥɟɣ. Ɏɨɪɦɚ 

ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ ɪɚɫɫɟɢɜɚɬɟɥɹ ɹɜɥɹɸɬɫɹ ɜɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ⱦɚɧɧɵɟ ɨ ɧɢɯ 

ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɫɬɨɪɨɧɧɢɦɢ ɦɟɬɨɞɚɦɢ: ɢɡ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ, 

ɚɛɫɨɪɛɰɢɹ ɢ ɬɚɤ ɞɚɥɟɟ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɵɱɢɫɥɟɧɧɨɟ 

ɢɡ VFDF, ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɭɸ ɮɨɪɦɭ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ 

ɪɚɫɫɟɢɜɚɬɟɥɟɣ (ɫɦ ɝɥɚɜɭ 3).  

SAБSEV ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɱɢɫɥɟɧɢɟ VFDF ɞɥɹ ɬɪɟɯ ɮɨɪɦ ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɫ 

ɩɪɨɢɡɜɨɥɶɧɨɣ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶɸ. ɉɨɦɢɦɨ ɫɚɦɨɣ VFDF ɩɚɤɟɬ ɜɵɱɢɫɥɹɟɬ ɟɟ 

ɩɨɝɪɟɲɧɨɫɬɶ, ɭɞɟɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɚɫɫɨɰɢɢɪɨɜɚɧɧɭɸ ɫ VFDF, ɢ ɩɨɝɪɟɲɧɨɫɬɶ 

ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

ɉɪɢɥɨɠɟɧɢɟ ɪɟɚɥɢɡɨɜɚɧɨ ɧɚ ɹɡɵɤɟ PвЭСШЧ 3 Д146Ж, ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɟɦɨɦ ɜ 

ɧɚɭɱɧɵɯ ɜɵɱɢɫɥɟɧɢɹɯ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɛɢɛɥɢɨɬɟɤ NЮЦpв Д147Ж, SМТpв Д148Ж 

ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɞɨɩɨɥɧɹɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ ɩɪɢɥɨɠɟɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɞɪɭɝɢɯ 

ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɚɧɚɥɢɡɨɦ ɪɚɫɫɟɹɧɢɹ ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ (ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ 

ɮɨɪɦɵ ɪɚɫɫɟɢɜɚɬɟɥɹ, ɭɱɟɬ ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɢ ɬɨɦɭ ɩɨɞɨɛɧɨɟ) 

 

4.3. ȼɵɱɢɫɥɢɬɟɥɶɧɵɣ ɫɰɟɧɚɪɢɣ 

 

Ɂɚɞɚɱɚ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɢɡ ɭɪɚɜɧɟɧɢɹ (2.8) ɪɟɲɚɟɬɫɹ ɜ ɧɟɫɤɨɥɶɤɨ 

ɲɚɝɨɜ. ɉɟɪɜɵɣ ɲɚɝ  ɡɚɞɚɧɢɟ ɫɟɬɤɢ ɡɧɚɱɟɧɢɣ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɢ ɜɵɱɢɫɥɟɧɢɟ ɞɥɹ 

ɤɚɠɞɨɝɨ ɢɡ ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ VFDF ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɢ. ȼɯɨɞɧɵɟ 

ɞɚɧɧɵɟ ɞɥɹ ɩɟɪɜɨɝɨ ɲɚɝɚ: ɢɧɞɢɤɚɬɪɢɫɚ ɪɚɫɫɟɹɧɢɹ I(q), ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɮɨɪɦɚ 

ɪɚɫɫɟɢɜɚɬɟɥɹ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ. ɇɚ ɜɬɨɪɨɦ ɲɚɝɟ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ ɤɪɢɬɟɪɢɟɜ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɜɵɛɨɪ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ VFDF. ɋɬɚɧɞɚɪɬɧɵɣ ɧɚɛɨɪ ɤɪɢɬɟɪɢɟɜ 
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Д122Ж ɛɵɥ ɞɨɩɨɥɧɟɧ ɜ ɩɪɨɰɟɫɫɟ ɩɪɢɦɟɧɟɧɢɹ SAXSEV ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɤɪɢɜɵɦ 

ɪɚɫɫɟɹɧɢɹ ɢ ɨɛɫɭɠɞɚɟɬɫɹ ɧɢɠɟ. ɇɚ ɡɚɤɥɸɱɢɬɟɥɶɧɨɦ ɲɚɝɟ ɞɥɹ ɜɵɛɪɚɧɧɨɣ VFDF 

ɜɵɱɢɫɥɹɟɬɫɹ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɶ.  

ȼɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɫɟɬɤɢ ɚɪɝɭɦɟɧɬɨɜ 

ɢɫɤɨɦɨɣ VFDF Д45Ж. ɉɨɷɬɨɦɭ ɜ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ ɜɤɥɸɱёɧ ɦɨɞɭɥɶ, ɩɨɡɜɨɥɹɸɳɢɣ 

ɢɧɬɟɪɚɤɬɢɜɧɨ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɫɟɬɤɭ ɚɪɝɭɦɟɧɬɨɜ VFDF. ɉɟɪɜɨɧɚɱɚɥɶɧɨ ɫɟɬɤɚ 

ɝɟɧɟɪɢɪɭɟɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɧɚ ɨɫɧɨɜɟ ɡɧɚɱɟɧɢɣ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ ɪɚɫɫɟɹɧɢɹ. 

ɂɧɬɟɪɚɤɬɢɜɧɚɹ ɤɨɦɩɨɧɟɧɬɚ SAXSEV ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɩɪɢɥɨɠɟɧɢɟ ɤɚɤ 

ɢɧɬɟɥɥɟɤɬɭɚɥɢɡɢɪɨɜɚɧɧɭɸ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ [150].  

4.4. ɉɪɨɝɪɚɦɦɧɵɣ ɞɢɡɚɣɧ 

ɋɢɫɬɟɦɚ ɦɨɞɭɥɟɣ, ɫɨɫɬɚɜɥɹɸɳɢɯ ɩɚɤɟɬ, ɨɛɴɟɞɢɧɟɧɚ оɛщɢм ɢɧɬɟɪɮɟɣɫɨɦ ɩɨ 

ɩɪɢɧɰɢɩɭ MVC. Ɋɚɛɨɬɚ ɫ ɦɚɬɪɢɰɚɦɢ ɢ ɦɚɫɫɢɜɚɦɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɛɢɛɥɢɨɬɟɤ NЮЦPв ɢ SМТPв, ɜɢɡɭɚɥɢɡɚɰɢɹ ɪɟɡɭɥɶɬɚɬɨɜ – MКЭpХШЭХТЛ Д151Ж.  

ɋɢɫɬɟɦɚ ɩɨɫɬɪɨɟɧɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɧɰɢɩɨɜ SOLID ɨɛɴɟɤɬɧɨ-

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɗɬɨ ɭɩɪɨɳɚɟɬ ɩɨɞɞɟɪɠɤɭ ɢ ɦɨɞɢɮɢɤɚɰɢɸ 

ɫɢɫɬɟɦɵ. ɂɧɬɟɪɮɟɣɫ ɪɟɚɥɢɡɨɜɚɧ ɫ ɩɨɦɨɳɶɸ ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɣ ɛɢɛɥɢɨɬɟɤɢ PвQЭ 

Д152Ж.  

Ɉɫɧɨɜɧɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɨɞɭɥɢ:  

– ɝɟɧɟɪɚɰɢɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɵɯ VFDF ɢ ɢɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɞɥɹ ɤɚɠɞɨɝɨ 

ɡɧɚɱɟɧɢɹ ɢɡ ɧɚɛɨɪɚ ɪɟɝɭɥɹɪɢɡɚɬɨɪɨɜ;  

– ɜɵɱɢɫɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɨɬ ɨɞɢɧɨɱɧɨ ɯɚɨɬɢɱɧɨ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɱɚɫɬɢɰɵ ɡɚɞɚɧɧɨɣ ɮɨɪɦɵ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ;  

– ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɣ ɤɪɢɬɟɪɢɟɜ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ;  

– ɜɵɱɢɫɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɢ;  

– ɝɟɧɟɪɚɰɢɢ ɫɟɬɤɢ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ;  

– ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɫɟɬɤɢ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ;  

Ⱦɢɚɝɪɚɦɦɚ ɫɜɹɡɟɣ ɦɟɠɞɭ ɩɚɤɟɬɚɦɢ ɢ ɞɨɤɭɦɟɧɬɚɰɢɹ ɞɨɫɬɭɩɧɵ ɩɨ ɚɞɪɟɫɭ Д153Ж.  
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4.5. ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ 

 

Ⱦɥɹ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɜ SAБSEV ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɮɭɧɤɰɢɨɧɚɥɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɧɚɣɞɟɧɧɨɟ ɪɟɲɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɭɡɢɬɶ 

ɞɢɚɩɚɡɨɧ ɡɧɚɱɟɧɢɣ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ. Ɏɨɪɦɭɥɵ ɷɬɢɯ ɮɭɧɤɰɢɨɧɚɥɨɜ ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. 

1) Ⱦɨɥɹ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɜ VFDF f :  

f
POSITIV

f

+= , ɝɞɟ ,

, 0;

0,, 0.

i i

i

i

f f
f

f
+

=   . (4.1)  

ɇɨɪɦɚ ɨɩɪɟɞɟɥɟɧɚ ɜɵɪɚɠɟɧɢɟɦ (2.29). Ɉɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ opt 1.0POSITIV =  

2) ɉɨɤɚɡɚɬɟɥɶ ɨɬɫɭɬɫɬɜɢɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɫɯɨɠɞɟɧɢɣ ɦɟɠɞɭ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ( )srcI  ɢ ɦɨɞɟɥɶɧɨɣ ( )I  ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ:  

2 sN
SYSDEV

N
= , opt 1.0SYSDEV =  , (4.2)  

ɝɞɟ sN  – ɱɢɫɥɨ ɪɚɡ ɫɦɟɧɵ ɡɧɚɤɚ ɪɚɡɧɨɫɬɢ ( ) ( )src

j jI I −  ɞɥɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɡɧɚɱɟɧɢɣ ɚɪɝɭɦɟɧɬɚ. 

3) Ɉɰɟɧɤɚ ɫɬɚɛɢɥɶɧɨɫɬɢ VFDF ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ:  

1( ) ( )

( )

1( )

i i

i

i

i i

f f
STABIL

f

+ 
 +

− =  − , opt 0.0STABIL = . (4.3)  

4) ȼɟɥɢɱɢɧɚ ɢɡɦɟɧɟɧɢɹ ɨɰɟɧɨɱɧɨɣ ɮɭɧɤɰɢɢ (2.25) ɩɪɢ ɜɨɡɪɚɫɬɚɧɢɢ 

ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ:  

( )2 2( ) 0DISCRP =   − → , opt 0.5...0.8DISCRP = . (4.4)  

5) Ɉɰɟɧɤɚ ɞɨɫɬɚɬɨɱɧɨɫɬɢ ɞɢɚɩɚɡɨɧɚ ɚɪɝɭɦɟɧɬɚ VFDF: 
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truncf
VALCEN

f
= , opt 1.0VALCEN = , (4.5) 

ɝɞɟ truncf  – VFDF ɫ ɨɛɧɭɥɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ ɩɟɪɜɨɣ ɢ ɩɨɫɥɟɞɧɟɣ ɱɟɬɜɟɪɬɹɯ 

ɞɢɚɩɚɡɨɧɚ ɚɪɝɭɦɟɧɬɚ. 

6) Ɉɰɟɧɤɚ ɤɨɥɢɱɟɫɬɜɚ ɨɫɰɢɥɥɹɰɢɣ VFDF:  

max min( )f Rg Rg
OSCIL

f

 −=  , opt oscOSCIL N= , (4.6) 

ɝɞɟ oscN – ɨɠɢɞɚɟɦɨɟ ɱɢɫɥɨ ɦɚɤɫɢɦɭɦɨɜ ɜ VFDF; 

f   – ɩɪɨɢɡɜɨɞɧɚɹ VFDF. 

Ɏɭɧɤɰɢɨɧɚɥɵ 4.1― 4.6 ɜɜɟɞɟɧɵ ɜ ɪɚɛɨɬɟ Д122Ж ɞɥɹ ɪɟɲɟɧɢɹ ɧɟɤɨɪɪɟɤɬɧɨɣ 

ɡɚɞɚɱɢ ɜɵɱɢɫɥɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɚɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɧɚ ɨɫɧɨɜɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɆɍɊɊ. ȼ SAБSEV ɪɟɚɥɢɡɨɜɚɧɵ ɟɳɟ ɞɜɚ ɮɭɧɤɰɢɨɧɚɥɚ ɭɬɨɱɧɹɸɳɢɟ ɞɢɚɩɚɡɨɧ 

ɜɵɛɨɪɚ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ, ɭɤɚɡɚɧɧɵɟ ɧɢɠɟ: 

7) Ɉɰɟɧɤɚ ɫɭɳɟɫɬɜɟɧɧɨɫɬɢ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ VFDF Д50Ж: 

( ) ( )

( )
IMPMIN +  − =   , opt 0.0IMPMIN = ,  (4.7)  

ɝɞɟ ( )+   – ɨɰɟɧɨɱɧɚɹ ɮɭɧɤɰɢɹ (2.27).  

8) Ⱦɨɥɹ ɡɧɚɱɢɬɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ( )I  ɪɚɫɫɟɹɧɢɹ ɨɬ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ( )srcI : 

errN
ERRDEV

N
= , opt 0.0ERRDEV = ,  (4.8) 

ɝɞɟ errN  – ɱɢɫɥɨ ɬɨɱɟɤ, ɞɥɹ ɤɨɬɨɪɵɯ ( ) ( ) , 2;3src

j j jI I S −    = .  

Ȼɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ (4.8) ɩɨɡɜɨɥɹɟɬ ɨɬɛɪɨɫɢɬɶ ɦɚɥɨɜɟɪɨɹɬɧɵɟ 

ɷɤɡɟɦɩɥɹɪɵ VFDF, ɩɨɪɨɠɞɚɸɳɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɜɵɩɚɞɚɸɳɚɹ ɢɡ ɩɨɥɨɫɵ 

ɩɨɝɪɟɲɧɨɫɬɢ. 
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Ɏɭɧɤɰɢɨɧɚɥɵ (4.7) ɢ (4.8) ɧɚɤɥɚɞɵɜɚɸɬ ɛɨɥɟɟ ɫɬɪɨɝɢɟ ɬɪɟɛɨɜɚɧɢɹ, ɱɟɦ (4.1) 

ɢ (4.2). ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɆȻȺ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɪɟɲɚɟɦɨɣ ɡɚɞɚɱɟ ɛɵɥɚ ɩɨɤɚɡɚɧɚ ɢɯ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ.  

ȼ SAБSEV ɬɚɤɠɟ ɜɵɱɢɫɥɹɟɬɫɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ Д121Ж:  

( )2

2
exp i i

i i

i ii

CR a
TOTAL w w

c

 −= −     , (4.9) 

ɝɞɟ  i  ɢɧɞɟɤɫ ɩɟɪɟɛɢɪɚɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥɵ (4.1) – (4.8);  

iCR , ia , ic , iw  – ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɚ, ɨɠɢɞɚɟɦɵɣ ɨɩɬɢɦɭɦ, 

ɞɨɩɭɫɤɚɟɦɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, ɜɟɫ ɮɭɧɤɰɢɨɧɚɥɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

Ɂɧɚɱɟɧɢɹ ia , ic , iw  ɡɚɞɚɧɵ ɩɨ ɭɦɨɥɱɚɧɢɸ, ɧɨ ɦɨɝɭɬ ɛɵɬɶ ɩɟɪɟɨɩɪɟɞɟɥɟɧɵ 

ɩɨɥɶɡɨɜɚɬɟɥɟɦ. 

SAБSEV ɨɛɟɫɩɟɱɢɜɚɟɬ ɢɧɬɟɪɚɤɬɢɜɧɵɣ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɮɭɧɤɰɢɨɧɚɥɨɜ 

ɨɬ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ. ɉɪɢɥɨɠɟɧɢɟ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɪɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɣ ɝɪɚɮɢɤɚɦɢ 

VFDF ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ: 
( ) ( ) ( ) ( )

( ) ( ),  ,  1,2,...,

src src

j j j j

j j

j j

I I I I
I I j N

S S

 + +
− − =  = = .    (4.10) 

 Ɍɚɛɥɢɰɚ 4.1 ɫɨɞɟɪɠɢɬ ɞɚɧɧɵɟ ɨ ɩɚɪɚɦɟɬɪɚɯ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ (4.9) ɢɡ ɮɭɧɤɰɢɨɧɚɥɨɜ (4.1) – (4.6), ɩɪɟɞɥɨɠɟɧɧɵɯ 

ɜ ɪɚɛɨɬɟ Д122Ж. 

 

Ɍɚɛɥɢɰɚ 4.1 – ɉɚɪɚɦɟɬɪɵ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɚ (4.9) ɢɡ ɪɚɛɨɬɵ Д121Ж 

ɩɚɪɚɦɟɬɪ  
Ɏɭɧɤɰɢɨɧɚɥ 

POSITIV SВSDEV STABIL DISCRP VALCEN OSCIL 

a 1.00 1.00 0.00 0.70 0.95 1.10 

c 0.12 0.12 0.12 0.30 0.12 0.60 
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а 1.00 3.00 3.00 1.00 1.00 3.00 

 

Ɋɢɫɭɧɨɤ 4.1 ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɮɭɧɤɰɢɨɧɚɥɨɜ (4.1)-(4.6) ɞɥɹ 

ɜɵɛɨɪɚ ɨɩɬ . Ɋɚɫɱɟɬ ɫɞɟɥɚɧ ɩɪɢ ɩɨɦɨɳɢ ɩɪɢɥɨɠɟɧɢɹ SAБSEV ɞɥɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɆɍɊɊ ɨɬ ɪɟɚɥɶɧɨɝɨ ɩɨɪɨɲɤɨɝɨ ɨɛɪɚɡɰɚ ɫɥɨɠɧɨɝɨ ɨɤɫɢɞɚ ГЫO2–GН2O3, 

ɢɫɫɥɟɞɨɜɚɜɲɟɝɨɫɹ ɜ ɪɚɛɨɬɟ Д155Ж. Ƚɪɚɮɢɤ TOTAL ɢɦɟɟɬ ɱɟɬɵɪɟ ɦɚɤɫɢɦɭɦɚ – ɷɬɨ 

ɡɚɬɪɭɞɧɹɟɬ ɜɵɛɨɪ ɨɩɬ , ɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɩɪɚɜɢɥɶɧɨɦɭ ɜɵɱɢɫɥɟɧɢɸ VFDF.  

 

  

Ɋɢɫɭɧɨɤ 4.1 – ɉɪɢɦɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɮɭɧɰɢɨɧɚɥɨɜ (4.1) – (4.8) ɨɬ 

ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɨɛɪɚɡɰɚ. ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɮɭɧɤɰɢɨɧɚɥɚ (4.9) ɛɵɥɢ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɬɨɥɶɤɨ ɮɭɧɤɰɢɨɧɚɥɵ (4.1) – (4.6) ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ ɢɡ ɬɚɛɥɢɰɵ 4.1. Ɉɬɦɟɱɟɧɵ ɦɚɤɫɢɦɭɦɵ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ 

TOTAL (ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɟɪɨɹɬɧɵɦ ɨɩɬ ). 

Ɋɢɫɭɧɨɤ 4.2 ɩɨɤɚɡɵɜɚɟɬ VFDF ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, 
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ɨɬɜɟɱɚɸɳɢɟ ɡɧɚɱɟɧɢɸ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɞɥɹ ɜɬɨɪɨɝɨ ɫɥɟɜɚ ɦɚɤɫɢɦɭɦɚ ɮɭɧɤɰɢɨɧɚɥɚ 

(4.9) ɧɚ ɪɢɫɭɧɤɟ 4.1. ɉɨɫɤɨɥɶɤɭ ɜɨ ɦɧɨɝɢɯ ɬɨɱɤɚɯ ( ) 1jI   , ɪɟɡɭɥɶɬɚɬ ɜɵɱɢɫɥɟɧɢɹ 

VFDF ɹɜɥɹɟɬɫɹ ɧɟɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɵɦ. 

 

Ɋɢɫɭɧɨɤ 4.2 – Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ SAБSEV ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɧɚɧɨɩɨɪɨɲɤɚ ɩɪɢ 

ɧɟɭɞɚɱɧɨɦ ɜɵɛɨɪɟ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɛɟɡ ɭɱɟɬɚ ɮɭɧɤɰɢɨɧɚɥɨɜ (4.7), (4.8). ȼɟɪɯɧɢɣ 

ɝɪɚɮɢɤ: VFDF ɞɥɹ ɞɚɧɧɨɝɨ ɡɧɚɱɟɧɢɢ α; ɫɪɟɞɧɢɣ – ( )srcI  ɢ  ɜɵɱɢɫɥɟɧɧɵɟ ( )I  , ( )I + ; 

ɧɢɠɧɢɣ – ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ( )I  , ( )I + . 

Ɋɚɫɫɦɨɬɪɟɧɧɵɣ ɩɪɢɦɟɪ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɜɜɟɞɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɮɭɧɤɰɢɨɧɚɥɨɜ (4.7), (4.8) ɢ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɜ 

(4.9). Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɭɦɨɥɱɚɧɢɸ ɞɥɹ ɩɨɫɥɟɞɧɟɣ ɜɟɪɫɢɢ ɩɪɢɥɨɠɟɧɢɹ 

ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 4.2.  

Ɍɚɛɥɢɰɚ 4.2 – Ɂɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɭɦɨɥɱɚɧɢɸ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ TOTAL ɜ ɩɨɫɥɟɞɧɟɣ ɜɟɪɫɢɢ ɩɪɢɥɨɠɟɧɢɹ 
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ɩɚɪɚɦɟɬɪ 
Ɏɭɧɤɰɢɨɧɚɥ 

POSITIV SВSDEV STABIL DISCRP VALCEN OSCIL IMPMIN ERRDEV 

a 1.00 1.00 0.00 0.70 1.00 1.30 0.0 0.0 

c 0.10 0.20 0. 20 0.20 0.10 0.30 0.2 0.1 

а 1.00 2.00 1.00 3.00 1.00 1.00 6.0 6.0 

Ɂɧɚɱɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ (4.9) ɜɵɱɢɫɥɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ 

ɮɭɧɤɰɢɨɧɚɥɨɜ (4.1) – (4.8) ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɢɡ ɬɚɛɥɢɰɵ 4.2 ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 

4.3. Ɋɚɫɱɟɬ ɩɪɨɜɟɞɟɧ ɧɚɧɨɩɨɪɨɲɤɚ ɫɥɨɠɧɨɝɨ ɨɤɫɢɞɚ ɭɤɚɡɚɧɧɨɝɨ ɜɵɲɟ. 

Ɋɟɡɭɥɶɬɢɪɭɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ TOTAL ɢɦɟɟɬ ɨɞɢɧ ɦɚɤɫɢɦɭɦ. 

ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɨɦɭ ɦɚɤɫɢɦɭɦɭ ɪɟɲɟɧɢɟ ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 4.4. 

 

Ɋɢɫɭɧɨɤ 4.3 – Ɂɧɚɱɟɧɢɹ ɮɭɧɤɰɢɨɧɚɥɨɜ (4.1) – (4.9) ɞɥɹ ɷɤɡɟɦɩɥɹɪɨɜ VFDF 

ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ, ɜɵɱɢɫɥɟɧɧɵɯ ɜ SAБSEV ɩɪɢ ɜɵɱɢɫɥɟɧɢɢ 

VFDF ɫ ɩɨɦɨɳɶɸ ɆȻȺ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ. ɉɪɢ ɜɵɱɢɫɥɟɧɢɢ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ (4.9) ɢɫɩɨɥɶɡɨɜɚɧɵ ɮɭɧɤɰɢɨɧɚɥɵ (4.1) – (4.8) ɫ 

ɩɚɪɚɦɟɬɪɚɦɢ ɢɡ ɬɚɛɥɢɰɵ 4.2. Ɂɧɚɱɟɧɢɟ ɨɩɬ , ɜɵɛɪɚɧɨ ɤɚɤ ɫɟɪɟɞɢɧɚ ɦɚɤɫɢɦɭɦɚ ɧɚ 
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ɝɪɚɮɢɤɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ. 

ɇɚ ɪɢɫɭɧɤɟ 4.4 ɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ 

ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ ( ) ( ) 1.5I I +    . ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ 

ɜɵɱɢɫɥɟɧɧɨɣ VFDF. 
 

 

Ɋɢɫɭɧɨɤ 4.4 – Ɋɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ SAБSEV ɞɥɹ ɪɟɚɥɶɧɨɝɨ ɧɚɧɨɩɨɪɨɲɤɚ ГЫO2–

GН2O3. Ƚɪɚɮɢɤɢ: ɜɟɪɯɧɢɣ – ɜɵɱɢɫɥɟɧɧɚɹ VFDF; ɫɪɟɞɧɢɣ – ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ( )srcI  

ɢ ɜɵɱɢɫɥɟɧɧɵɟ ( )I  , ( )I +  ɢɧɬɟɧɫɢɜɧɨɫɬɢ; ɧɢɠɧɢɣ – ɨɬɧɨɫɢɬɟɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ( )I 
, ( )I +  ɜɵɱɢɫɥɟɧɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɨɬ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ.  

ɉɪɢ ɚɩɪɨɛɚɰɢɢ ɚɥɝɨɪɢɬɦɚ ɜɵɱɢɫɥɟɧɢɹ VFDF ɜ ɝɥɚɜɟ 3, ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ, ɱɬɨ 

ɩɪɢ ɩɪɚɜɢɥɶɧɨɦ ɜɵɛɨɪɟ ɫɟɬɤɢ ɚɪɝɭɦɟɧɬɚ VFDF, ɮɨɪɦɵ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ 

ɪɚɫɫɟɢɜɚɬɟɥɹ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɮɭɧɤɰɢɨɧɚɥ (4.9) ɢɦɟɟɬ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɟɦɵɣ 

ɦɚɤɫɢɦɭɦ. 
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4.6. ɂɫɩɵɬɚɧɢɟ SAБSEV 

 

SAБSEV 2.1 ɭɫɩɟɲɧɨ ɩɨɞɬɜɟɪɞɢɥ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɆɍɊɊ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ Д45Ж, ɩɪɢ ɢɡɭɱɟɧɢɢ ɧɚɧɨɩɨɪɨɲɤɨɜ 

ɫɨɫɬɚɜɚ ГЫO2–GН2O3–H2O, ɩɨɥɭɱɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɝɢɞɪɨɬɟɪɦɚɥɶɧɨɝɨ ɫɢɧɬɟɡɚ Д155Ж, 

ɭɝɥɟɪɨɞɧɵɯ ɱɚɫɬɢɰ, ɩɨɥɭɱɟɧɧɵɯ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟɦ ɤɚɪɛɢɞɧɵɯ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ 

Д156Ж, ɚ ɬɚɤɠɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɜ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɚɯ Д157, 158Ж.  

ɉɨɫɥɟɞɧɹɹ ɜɟɪɫɢɹ ɩɚɤɟɬɚ SAБSEV 3.2 ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ АТЧНШаЬ 10, UЛЮЧЭЮ 

19.1. 

ȼ ɩɪɢɥɨɠɟɧɢɢ ɩɪɟɞɭɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɦɩɨɪɬɚ ɢɫɯɨɞɧɵɯ ɢ 

ɪɟɡɭɥɶɬɢɪɭɸɳɢɯ ɞɚɧɧɵɯ ɩɨ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɜ ɪɟɥɹɰɢɨɧɧɭɸ 

ɛɚɡɭ SAБSDB (ɩɪɢɥɨɠɟɧɢɟ D).  

ȼɵɜɨɞɵ ɩɨ ɱɟɬɜɟɪɬɨɣ ɝɥɚɜɟ 

1. SAБSEV  ɤɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɫ ɨɬɤɪɵɬɵɦ ɢɫɯɨɞɧɵɦ 

ɤɨɞɨɦ ɛɟɡ ɩɪɢɜɹɡɤɢ ɤ ɤɨɧɤɪɟɬɧɨɦɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ ɨɛɨɪɭɞɨɜɚɧɢɸ. 

ɉɪɢɥɨɠɟɧɢɟ ɜɵɱɢɫɥɹɟɬ VFDF ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɶ ɞɥɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɤɨɦɩɨɧɟɧɬɵ 

ɨɛɪɚɡɰɚ ɦɟɬɨɞɨɦ ɆȻȺ ɩɨ ɢɧɞɢɤɚɬɪɢɫɟ ɆɍɊɊ. ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ ɞɥɹ 

ɡɚɞɚɧɧɨɣ ɮɨɪɦɵ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɪɚɫɫɟɢɜɚɬɟɥɟɣ ɛɟɡ ɚɩɪɢɨɪɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ ɧɚ 

ɜɢɞ VFDF. Ɋɟɚɥɢɡɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɚɧɨɱɚɫɬɢɰ ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɢ. 

2. ɉɚɤɟɬ ɨɪɝɚɧɢɡɨɜɚɧ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɰɢɩɚɦɢ SOLID. ɂɧɜɟɪɫɢɢ 

ɭɩɪɚɜɥɟɧɢɹ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɮɨɪɦɟ ɢɧɴɟɤɰɢɢ ɡɚɜɢɫɢɦɨɫɬɟɣ. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɢɲɶ ɬɪɟɛɭɟɦɵɟ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɦɨɞɭɥɢ.  

3. ɉɪɢɥɨɠɟɧɢɟ ɩɨɡɜɨɥɹɟɬ: ɢɧɬɟɪɚɤɬɢɜɧɨ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɫɟɬɤɭ ɚɪɝɭɦɟɧɬɚ 

VFDF, ɜɵɛɢɪɚɬɶ ɡɧɚɱɟɧɢɟ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɧɚ ɨɫɧɨɜɟ ɮɭɧɤɰɢɨɧɚɥɨɜ (4.1) – (4.8) ɢ 

ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɚ (4.9). ɏɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɮɭɧɤɰɢɨɧɚɥɨɜ (4.9) ɨɬ ɡɧɚɱɟɧɢɣ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɜɚɬɶ ɤɚɱɟɫɬɜɨ 
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ɜɵɛɨɪɚ ɫɟɬɤɢ ɚɪɝɭɦɟɧɬɚ VFDF ɢ ɩɪɚɜɢɥɶɧɨɫɬɶ ɝɢɩɨɬɟɡɵ ɨ ɮɨɪɦɟ ɢ 

ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɢ ɪɚɫɫɟɢɜɚɬɟɥɟɣ. 

4. SAБSEV ɭɫɩɟɲɧɨ ɩɪɢɦɟɧɟɧ ɞɥɹ ɩɪɨɜɟɪɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɆȻȺ ɞɥɹ 

ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ ɆɍɊɊ, ɚ ɬɚɤɠɟ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ VFDF ɱɚɫɬɢɰ ɜ ɭɝɥɟɪɨɞɧɵɯ 

ɦɚɬɟɪɢɚɥɚɯ, ɧɚɩɨɥɧɢɬɟɥɹɯ ɜ ɤɨɦɩɨɡɢɬɧɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɜ ɩɪɟɞɤɟɪɚɦɢɱɟɫɤɢɯ 

ɨɤɫɢɞɚɯ. 
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Ƚɥɚɜɚ 5. ɂɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ VFDF ɜ ɫɢɫɬɟɦɟ 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ 

 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɡɚɞɚɱɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɪɚɡɦɟɪɨɜ ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɪɟɲɚɟɬɫɹ ɛɟɡ ɭɱɟɬɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ 

ɜɤɥɚɞɨɜ Д79; 87; 90; 91; 130Ж. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜ ɝɥɚɜɟ 2 ɦɟɬɨɞ ɬɚɤɠɟ ɩɪɢɦɟɧɢɦ ɤ 

ɫɢɥɶɧɨ ɪɚɡɪɟɠɟɧɧɵɦ ɫɢɫɬɟɦɚɦ, ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɬɚɤɢɯ ɫɢɫɬɟɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ 

ɜɤɥɚɞɵ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵ. ɉɨɞ ɪɚɡɪɟɠɟɧɧɵɦɢ 

ɫɢɫɬɟɦɚɦɢ ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɫɢɫɬɟɦɵ, ɜ ɤɨɬɨɪɵɯ ɨɛɴɟɦɧɚɹ ɞɨɥɹ φ ɡɚɩɨɥɧɟɧɢɹ 

ɨɛɴɟɦɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɰɟɧɬɨɜ. Ɍɚɤɢɦɢ 

ɪɚɡɪɟɠɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɹɜɥɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜɡɜɟɫɶ ɩɨɪɨɲɤɚ ɜ ɠɢɞɤɨɫɬɢ Д90Ж ɢɥɢ 

ɫɢɥɶɧɨ ɪɚɡɛɚɜɥɟɧɧɚɹ ɩɨɪɨɲɤɨɜɚɹ ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 

Д159Ж.  

Ɉɞɧɚɤɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ ɞɨɥɹ φ 

ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɡɚɦɟɬɧɭɸ ɜɟɥɢɱɢɧɭ. ɇɚɩɪɢɦɟɪ, ɩɥɨɬɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨɝɨ 

ɜɟɳɟɫɬɜɚ ɩɨɪɨɲɤɨɜ ɧɚ ɨɫɧɨɜɟ ɨɤɫɢɞɚ ɰɢɪɤɨɧɢɹ ρ0  6,0 ɝ/ɫɦ3 Д160Ж, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ 

ɧɚɫɵɩɧɚɹ ɩɥɨɬɧɨɫɬɶ ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɚ ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ρ  (1.2…2.5) ɝ/ɫɦ3. ȼ 

ɬɚɤɨɦ ɨɛɪɚɡɰɟ ɞɨɥɹ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ φ = ρ/ρ0 ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ ɨɬ 20 ɞɨ 40%. ȼ 

ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɟɧɟɛɪɟɠɟɧɢɟ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɦɢ ɜɤɥɚɞɚɦɢ ɩɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɪɚɡɦɟɪɚɦ, ɤɚɤ ɛɭɞɟɬ ɩɨɤɚɡɚɧɨ ɞɚɥɟɟ, ɦɨɠɟɬ ɩɪɢɜɨɞɢɬɶ ɤ 

ɡɧɚɱɢɬɟɥɶɧɵɦ ɢɫɤɚɠɟɧɢɹɦ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. 

ɉɨɠɚɥɭɣ, ɟɞɢɧɫɬɜɟɧɧɚɹ ɭɫɩɟɲɧɚɹ ɩɨɩɵɬɤɚ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟɪɚɦ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɫ ɭɱɟɬɨɦ 

ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɛɵɥɚ ɩɪɟɞɩɪɢɧɹɬɚ ɉɟɞɟɪɫɨɧɨɦ Д43Ж ɞɥɹ ɫɢɫɬɟɦɵ 

ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ. ȼ ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ, ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɜ ɷɬɨɣ ɪɚɛɨɬɟ, ɥɟɠɢɬ 

ɧɟɥɢɧɟɣɧɵɣ ɦɟɬɨɞ ɧɚɢɦɟɧɶɲɢɯ ɤɜɚɞɪɚɬɨɜ ɞɥɹ ɩɨɞɛɨɪɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɥɨɠɟɧɢɹ 
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ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨ ɛɚɡɢɫɧɵɦ ɫɩɥɚɣɧɚɦ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɜ ɪɚɛɨɬɟ Д43Ж 

ɩɨɞɯɨɞ ɢɫɩɨɥɶɡɭɟɬ ɥɨɤɚɥɶɧɨɟ ɦɨɧɨɞɢɫɩɟɪɫɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ (ɅɆɉ) (ХШМКХ 

ЦШЧШНТЬpОЫЬО КppЫШбТЦКЭТШЧ, LMA), ɤɨɬɨɪɨɟ ɭɩɪɨɳɚɟɬ ɜɵɱɢɫɥɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɪɚɫɫɟɹɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɛɨɥɟɟ ɬɨɱɧɵɦ ɦɟɬɨɞɨɦ Д44Ж, ɨɫɧɨɜɚɧɧɵɦ ɧɚ 

ɩɪɢɛɥɢɠɟɧɢɢ ɉɟɪɤɭɫɚ-Ƀɟɜɢɤɚ.  

Ɉɞɧɚɤɨ ɅɆɉ ɧɚɤɥɚɞɵɜɚɟɬ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɯɚɪɚɤɬɟɪ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɪɚɫɫɟɢɜɚɸɳɢɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɟ. Ɍɚɤɢɟ ɨɝɪɚɧɢɱɟɧɢɹ, ɤɚɤ 

ɫɥɟɞɭɟɬ ɢɡ Д43Ж, ɧɟ ɤɪɢɬɢɱɧɵ ɞɥɹ ɫɢɫɬɟɦ, ɜ ɤɨɬɨɪɵɯ ɪɚɡɦɟɪɵ ɪɚɫɫɟɢɜɚɸɳɢɯ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɢɡɦɟɧɹɸɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɞɨɫɬɚɬɨɱɧɨ ɦɟɞɥɟɧɧɨ, ɱɬɨ 

ɧɚɛɥɸɞɚɟɬɫɹ, ɧɚɩɪɢɦɟɪ, ɜ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɚɯ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɭɫɥɨɜɢɟ ɅɆɉ ɜɪɹɞ ɥɢ 

ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɦɟɧɟɟ ɭɩɨɪɹɞɨɱɟɧɧɵɯ ɫɢɫɬɟɦ, ɬɚɤɢɯ ɤɚɤ ɩɨɪɨɲɤɢ. 

ȼ ɷɬɨɣ ɝɥɚɜɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɚɥɶɬɟɪɧɚɬɢɜɧɵɣ ɩɨɞɯɨɞ ɤ ɡɚɞɚɱɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

VFDF ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫ ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ. ɗɬɨɬ ɩɨɞɯɨɞ 

ɨɫɧɨɜɚɧ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɜɵɪɚɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ Д44Ж, 

ɧɚɣɞɟɧɧɨɦ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɉɟɪɤɭɫɚ-Ƀɟɜɢɤɚ ɞɥɹ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ 

ɪɚɡɧɵɦɢ ɪɚɡɦɟɪɚɦɢ. ȼ ɪɚɦɤɚɯ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɩɨɞɯɨɞɚ ɩɪɟɞɥɨɠɟɧɚ ɢɬɟɪɚɰɢɨɧɧɚɹ 

ɩɪɨɰɟɞɭɪɚ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɨɞɛɢɪɚɸɬɫɹ ɮɭɧɤɰɢɹ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɩɨ ɪɚɞɢɭɫɚɦ ɢɧɟɪɰɢɢ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ. 

ȼ ɩɚɪɚɝɪɚɮɚɯ 5.1, 5.2 ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɬɟɩɟɧɢ ɢɫɤɚɠɟɧɢɹ VFDF, 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɛɟɡ ɭɱɟɬɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɨɥɢ φ 

ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɞɥɹ ɬɢɩɢɱɧɨɝɨ ɦɨɞɟɥɶɧɨɝɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ (3.2) ɢ ɨɩɢɫɚɧɚ ɩɪɟɞɥɚɝɚɟɦɚɹ ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ 

ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ VFDF ɩɨ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ. ȼ ɩɚɪɚɝɪɚɮɟ 5.3 ɩɪɟɞɫɬɚɜɥɟɧɵ 

ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɎɊɊ ɤ 

ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ ɆɍɊɊ, ɜɵɱɢɫɥɟɧɧɵɦ ɩɨ ɦɨɞɟɥɶɧɨɣ VFDF ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ 

φ. 
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5.1. Ɉɲɢɛɤɚ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɛɟɡ ɭɱɟɬɚ 
ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ 

 

Ɉɛɴёɦɧɚɹ ɞɨɥɹ φ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 

  

N

i

i

gl

V

V
 = 

 ,      (5.1) 

ɝɞɟ  glV  – ɫɭɦɦɚɪɧɵɣ ɨɛɴёɦ ɫɢɫɬɟɦɵ; 

iV  – ɨɛɴɟɦ i-ɨɣ ɱɚɫɬɢɰɵ (i = 1, 2, …, N);  

N –ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɢɰ. 

Ⱦɥɹ ɯɚɨɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɩɨɬɟɧɰɢɚɥɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ ɢ ɞɢɫɤɪɟɬɧɵɦ ɧɚɛɨɪɨɦ ɪɚɞɢɭɫɨɜ ɜ ɪɚɛɨɬɟ Д44Ж 

ɨɩɢɫɚɧɚ ɩɪɨɰɟɞɭɪɚ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ I(q) ɤɚɤ ɮɭɧɤɰɢɢ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ 

ɪɚɫɫɟɹɧɢɹ ɩɪɢ ɡɚɞɚɧɧɨɦ ɡɧɚɱɟɧɢɢ φ. Ɏɨɪɦɭɥɵ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ, ɩɨɥɭɱɟɧɧɵɟ 

ɨɛɨɛɳɟɧɢɟɦ ɮɨɪɦɭɥ ɢɡ ɪɚɛɨɬɵ Д44Ж ɞɚɧɵ ɜ ɉɪɢɥɨɠɟɧɢɢ ȼ . 

Ⱦɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (3.2) ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ, ɱɬɨ ɪɚɫɫɟɢɜɚɸɳɚɹ ɩɥɨɬɧɨɫɬɶ 

ɦɚɬɟɪɢɚɥɚ ɱɚɫɬɢɰ ɪɚɜɧɚ 1, ɛɵɥɚ ɜɵɱɢɫɥɟɧɚ ɡɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɨɬ ɦɨɞɭɥɹ 

ɜɟɤɬɨɪɚ ɪɚɫɫɟɹɧɢɹ, ɩɪɢ ɡɧɚɱɟɧɢɹɯ ɨɛɴɟɦɧɨɣ ɞɨɥɢ φ = 10–6 ɢ ɡɧɚɱɟɧɢɹɯ φ ɨɬ 0.05 ɞɨ 

0.4 ɫ ɲɚɝɨɦ 0.05 (ɩɟɪɜɚɹ ɫɬɪɨɤɚ ɬɚɛɥɢɰɵ 1). ɉɪɢɦɟɪɵ ɝɪɚɮɢɤɨɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.1. Ɉɬɱɟɬɥɢɜɨ ɜɢɞɧɨ ɪɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɤɪɢɜɵɦɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɩɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ ɜɟɤɬɨɪɚ ɪɚɫɫɟɹɧɢɹ, ɬɚɦ, ɝɞɟ ɜ 

ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɩɪɨɹɜɥɹɸɬɫɹ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ ɜɤɥɚɞɵ. 
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Ɋɢɫɭɧɨɤ 5.1 – Ɂɚɜɢɫɢɦɨɫɬɶ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɨɬ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ 

ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ 

(3.2) ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɞɨɥɟ φ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ. 

Ɂɧɚɱɟɧɢɹ φ ɭɤɚɡɚɧɵ ɜ ɥɟɝɟɧɞɟ. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɝɪɚɮɢɤɢ ɩɪɢɜɟɞɟɧɵ ɤ ɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɟ q. 

Ⱦɥɹ ɹɜɧɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢɫɤɚɠɟɧɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ, 

ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɦɢ ɜɤɥɚɞɚɦɢ, ɬɪɚɞɢɰɢɨɧɧɨ ɜɜɨɞɢɬɫɹ 

ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ Д29Ж, ɨɩɪɟɞɟɥɹɟɦɵɣ ɫɨɨɬɧɨɲɟɧɢɟɦ 

0

( )
( )  

( )
= I q

S q
I q

,    (5.2) 

ɝɞɟ 0 ( )I q  – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ, ɩɨɥɭɱɟɧɧɚɹ ɫɭɦɦɢɪɨɜɚɧɢɟɦ 

ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɪɚɫɫɟɹɧɢɹ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ.  

Ⱦɥɹ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɪɚɞɢɭɫɚɦɢ ɝɢɪɚɰɢɢ, ɥɟɠɚɳɢɦɢ ɜ ɞɢɚɩɚɡɨɧɟ 
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ɨɬ RgЦТЧ ɞɨ RgЦКб, ɫɭɦɦɚɪɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 0 ( )I q  ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2.5). 

ɉɪɢɦɟɪɵ ɫɬɪɭɤɬɭɪɧɵɯ ɮɚɤɬɨɪɨɜ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ φ ɩɪɢɜɟɞɟɧɵ ɧɚ 

ɪɢɫɭɧɤɟ 5.2. 

 

Ɋɢɫɭɧɨɤ 5.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ ɨɬ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ 

ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ 

(3.2) ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɞɨɥɟ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ φ (ɭɤɚɡɚɧɚ ɜ ɥɟɝɟɧɞɟ).  

Ⱦɥɹ ɤɚɠɞɨɣ ɡɚɜɢɫɢɦɨɫɬɢ I(q), ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 5.1, ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɰɟɞɭɪɵ ɆȻȺ ɛɵɥɚ ɧɚɣɞɟɧɚ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɚɹ VFDF f+. ɉɨɥɭɱɟɧɧɵɟ ɮɭɧɤɰɢɢ 

f+ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.3. ɂɡ ɷɬɨɝɨ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ 

ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɩɪɢɜɨɞɢɬ ɤɨ ɜɫɟ ɛɨɥɟɟ 

ɡɚɦɟɬɧɵɦ ɢɫɤɚɠɟɧɢɹɦ ɩɨɥɭɱɟɧɧɨɣ VFDF: ɫɭɠɟɧɢɸ ɧɨɫɢɬɟɥɹ ɢ ɫɦɟɳɟɧɢɸ 

ɦɚɤɫɢɦɭɦɚ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɢɯ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫɚ ɢɧɟɪɰɢɢ. 
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Ɋɢɫɭɧɨɤ 5.3 – Ƚɪɚɮɢɤ ɢɫɬɢɧɧɨɣ VFDF (3.2) ɢ ɝɪɚɮɢɤɢ VFDF f+, 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɯ ɛɟɡ ɭɱɟɬɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ 

ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ φ (ɡɧɚɱɟɧɢɹ φ ɭɤɚɡɚɧɵ ɜ ɥɟɝɟɧɞɟ). 

Ʉɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɮɭɧɤɰɢɣ f+ ɫ ɢɫɬɢɧɧɨɣ VFDF, 

ɨɛɨɡɧɚɱɚɟɦɨɣ ɞɚɥɟɟ fЬЫМ, ɫɞɟɥɚɧɨН ɧɚ ɨɫɧɨɜɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɪɚɡɧɨɫɬɢ δ, 

ɜɵɱɢɫɥɟɧɧɨɣ ɩɨ ɮɨɪɦɭɥɟ (3.3). ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɧɨɫɬɟɣ ɩɪɢɜɟɞɟɧɵ ɜ 

ɬɚɛɥɢɰɟ 5.1. ɂɡ ɷɬɨɣ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɩɪɢ φ> 0.1 ɨɲɢɛɤɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ ɭɠɟ ɞɟɫɹɬɤɢ ɩɪɨɰɟɧɬɨɜ. ȼɵɱɢɫɥɟɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ, ɟɫɥɢ ɞɨɩɭɫɬɢɦɨɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ VFDF ɨɬ 

ɢɫɬɢɧɧɨɣ ɫɨɫɬɚɜɥɹɟɬ ( )src , 10%f f+   , ɬɨ ɞɨɥɹ φ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟ 

ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 6%. 

Ɍɚɛɥɢɰɚ 5.1 – Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ɢɫɬɢɧɧɨɣ VFDF fЬЫМ ɢ VFDF f+, 

ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɣ ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɛɟɡ ɭɱɟɬɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ 

ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹɯ φ. 

φ 10-6 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 

( ),srcf f+ , % 0.85 9.6 20 32 44 57 71 84 98 
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Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɫ ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ 

ɜɤɥɚɞɨɜ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɫɤɪɢɩɬ, ɧɚɩɢɫɚɧɧɵɣ ɧɚ pвЭСШЧ 3.7 М ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɛɢɛɥɢɨɬɟɤ: ЧЮЦpв, ЬМТpв, ЦКЭpХШХТЛ. ɋɤɪɢɩɬ ɞɨɫɬɭɩɟɧ ɩɨ ɫɫɵɥɤɟ Д161Ж. ɉɪɨɰɟɞɭɪɚ 

ɩɪɢɧɢɦɚɟɬ ɜ ɤɚɱɟɫɬɜɟ ɜɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɨɪɦɢɪɨɜɚɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ 

ɱɚɫɬɢɰ ɩɨ ɪɚɞɢɭɫɚɦ. 

5.2. ɂɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ 
ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ 

ɂɡ ɪɢɫɭɧɤɚ 5.3 ɜɢɞɧɨ, ɱɬɨ ɜɵɱɢɫɥɟɧɧɚɹ ɛɟɡ ɭɱɟɬɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ 

ɜɤɥɚɞɨɜ ɮɭɧɤɰɢɹ f+, ɦɨɧɨɬɨɧɧɨ ɦɟɧɹɟɬɫɹ ɫ ɪɨɫɬɨɦ ɞɨɥɢ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ φ ɢ ɩɪɢ 

ɷɬɨɦ ɞɚɠɟ ɞɥɹ φ =0. 4 ɧɨɫɢɬɟɥɶ ɮɭɧɤɰɢɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɩɟɪɟɤɪɵɜɚɟɬɫɹ ɫ 

ɧɨɫɢɬɟɥɟɦ ɢɫɬɢɧɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ɇɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ 

ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ, ɜɵɱɢɫɥɟɧɧɵɣ ɧɚ ɨɫɧɨɜɟ VFDF f+ ɛɭɞɟɬ ɛɥɢɡɨɤ ɤ ɫɬɪɭɤɬɭɪɧɨɦɭ 

ɮɚɤɬɨɪɭ, ɨɬɜɟɱɚɸɳɟɦɭ ɢɫɬɢɧɧɨɣ ɮɭɧɤɰɢɢ 3.2, ɚ ɢɫɯɨɞɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ, 

«ɢɫɩɪɚɜɥɟɧɧɚɹ» ɫ ɭɱɟɬɨɦ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ, ɧɚɣɞɟɧɧɨɝɨ ɧɚ ɨɫɧɨɜɟ ɮɭɧɤɰɢɢ f+ 

ɛɭɞɟɬ ɛɥɢɡɤɚ ɤ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɛɟɡ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ. ɂɫɯɨɞɹ 

ɢɡ ɷɬɢɯ ɫɨɨɛɪɚɠɟɧɢɣ, ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ, ɨɩɢɫɚɧɧɚɹ ɧɢɠɟ. 

ɉɟɪɟɞ ɡɚɩɭɫɤɨɦ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ 
(0)f+  ɞɥɹ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɫɬɭɩɚɟɬ VFDF, ɧɚɣɞɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ ɆȻȺ (ɫɦ. 

ɝɥɚɜɭ 2) ɢɡ ɢɫɯɨɞɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ. ɂɫɯɨɞɧɚɹ (ɢɫɬɢɧɧɚɹ) ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɞɚɥɟɟ ɨɛɨɡɧɚɱɚɟɬɫɹ ɤɚɤ srcI (q). 

ɐɢɤɥ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜɤɥɸɱɚɟɬ ɫɥɟɞɭɸɳɢɟ ɲɚɝɢ: 

1. Ⱦɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ( )if+  (i – ɢɧɞɟɤɫ ɬɟɤɭɳɟɣ ɢɬɟɪɚɰɢɢ) ɫ ɭɱёɬɨɦ ɢɡɜɟɫɬɧɨɣ 

ɞɨɥɢ φ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɜɵɱɢɫɥɹɸɬɫɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

( )( )iI q  ɪɚɫɫɟɹɧɢɹ ɫ ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢ ( )( )

0

iI q , – 

ɛɟɡ ɭɱɟɬɚ ɬɚɤɢɯ ɜɤɥɚɞɨɜ. 

2. ȼɵɱɢɫɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ:  
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( ) ( )( )
( )

( )

( )

0

 = 

i

i

i

I q
S q

I q
.     (5.3) 

3. ȼɵɱɢɫɥɹɟɬɫɹ ɩɪɢɛɥɢɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɛɟɡ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ:  

( )
( )

( )
( )

( )

i src
iter i

I q
I q

S q
= .    (5.4) 

4. ɇɚ ɨɫɧɨɜɟ ( )
( )

i

iterI q  ɦɟɬɨɞɨɦ ɆȻȺ ɜɵɱɢɫɥɹɟɬɫɹ ( 1)if ++ . 

ɉɨɞɱɟɪɤɧɟɦ, ɱɬɨ ɧɚ 3-ɦ ɲɚɝɟ ɤɚɠɞɨɝɨ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɰɢɤɥɚ ɜ ɱɢɫɥɢɬɟɥɟ ɮɨɪɦɭɥɵ 

(5.4) ɜɫɟɝɞɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢɫɯɨɞɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ( )srcI q . 

ȼ ɩɚɪɚɝɪɚɮɟ 5.3 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ φ ≤ 0.3 ɨɩɢɫɚɧɧɚɹ ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ 

ɫɯɨɞɢɬɫɹ. Ɉɞɧɚɤɨ ɩɪɢ φ = 0.4 ɪɟɲɟɧɢɹ ( )if+  «ɨɫɰɢɥɥɢɪɭɸɬ» ɜɛɥɢɡɢ ɢɫɬɢɧɧɨɣ 

ɮɭɧɤɰɢɢ fsrc, ɧɟ ɩɪɢɛɥɢɠɚɹɫɶ ɤ ɧɟɣ. ɗɬɨɬ ɷɮɮɟɤɬ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɚɜɥɟɧ ɜ ɪɚɦɤɚɯ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ, ɜ ɤɨɬɨɪɨɣ ɩɨɫɥɟ ɧɟɫɤɨɥɶɤɢɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɲɚɝɨɜ ɜɵɱɢɫɥɹɟɬɫɹ ɭɫɪɟɞɧɟɧɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 

ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɢɯ ɢɬɟɪɚɰɢɣ. Ɋɟɡɭɥɶɬɚɬ 

ɩɪɢɦɟɧɟɧɢɹ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɞɥɹ φ = 0.4, ɪɚɫɫɦɨɬɪɟɧ ɜ ɩɚɪɚɝɪɚɮɟ 

5.4. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɧɢɠɟ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ( ) ( )( )1
,

i i
f f

−
+ +  ɪɟɡɭɥɶɬɚɬɨɜ ɞɜɭɯ 

ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɬɟɪɚɰɢɣ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɪɚɡɧɨɫɬɶɸ ( )( ),
i

srcf f+ , ɩɪɢɱɟɦ ɩɨɤɚ 

ɪɚɡɧɨɫɬɢ ɛɨɥɶɲɟ 10–2% ɩɟɪɜɚɹ ɪɚɡɧɨɫɬɶ ɜɫɟɝɞɚ ɛɨɥɶɲɟ ɜɬɨɪɨɣ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɫɯɨɞɢɦɨɫɬɶ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɨ ɩɨɜɟɞɟɧɢɸ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ( ) ( )( )1
,

i i
f f

−
+ + .  

Ʉɪɨɫɫɩɥɚɬɮɨɪɦɟɧɧɨɟ ɩɪɢɥɨɠɟɧɢɟ SAБSEV 2.1. Д50Ж ɛɵɥɨ ɞɨɩɨɥɧɟɧɨ 

ɦɨɞɭɥɟɦ, ɪɟɚɥɢɡɭɸɳɢɦ ɜɵɱɢɫɥɟɧɢɟ VFDF ɜ ɢɬɟɪɚɰɢɨɧɧɨɦ ɪɟɠɢɦɟ. Ⱥɤɬɭɚɥɶɧɚɹ 

ɜɟɪɫɢɹ ɩɪɢɥɨɠɟɧɢɹ ɞɨɫɬɭɩɧɚ ɩɨ ɫɫɵɥɤɟ СЭЭpЬ://РТЭСЮЛ.МШЦ/КЫЭОЦЮЬ-ЭОМС/SAБSEV. 
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5.3. ɉɪɨɜɟɪɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɡɧɚɱɟɧɢɹɯ 

ɨɛɴɟɦɧɨɣ ɞɨɥɢ φ ≤ 0.3 

Ɉɩɢɫɚɧɧɚɹ ɜɵɲɟ ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɛɵɥɚ ɨɩɪɨɛɨɜɚɧɚ ɞɥɹ VFDF (3.1) 

ɩɪɢ ɡɧɚɱɟɧɢɢ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ 

φ = 0.1, 0.2, 0.3. Ⱦɥɹ ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ φ ɧɚ ɨɫɧɨɜɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɪɚɫɫɟɹɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 5.1) ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɨɞɧɨɜɪɟɦɟɧɧɵɣ ɩɨɢɫɤ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɮɚɤɬɨɪɚ ɢ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ, ɨɩɢɫɚɧɧɵɦ ɜ 

ɩɪɟɞɵɞɭɳɟɦ ɩɚɪɚɝɪɚɮɟ. 

Ɋɢɫɭɧɤɢ 5.4 – 5.6 ɢɥɥɸɫɬɪɢɪɭɸɬ ɢɡɦɟɧɟɧɢɟ ɧɨɪɦɢɪɨɜɚɧɧɨɣ ɮɭɧɤɰɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ( )if+ , ɢ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɪɚɡɧɨɫɬɟɣ ( )( 1) ( ),i if f−+ + , ( )( ), i

srcf f+  ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɨɦɟɪɚ i ɢɬɟɪɚɰɢɢ. 

 

Ɋɢɫɭɧɨɤ 5.4ɚ – Ɋɟɡɭɥɶɬɚɬɵ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɪɢ φ = 0.1: 

ɧɨɪɦɢɪɨɜɚɧɧɵɟ ɢɫɬɢɧɧɚɹ VFDF fsrc ɢ ɮɭɧɤɰɢɢ ( )if+  . ȼ ɥɟɝɟɧɞɟ ɭɤɚɡɚɧ ɧɨɦɟɪ 

i ɢɬɟɪɚɰɢɢ; 
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Ɋɢɫɭɧɨɤ 5.4Л – Ɋɟɡɭɥɶɬɚɬɵ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɪɢ φ = 0.1: 

ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ( )( ), i

srcf f+  ɦɟɠɞɭ ɢɫɬɢɧɧɨɣ VFDF ɢ VFDF, ɩɨɥɭɱɟɧɧɨɣ 

ɧɚ i-ɨɣ ɢɬɟɪɚɰɢɢ, ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ( )( 1) ( ),i if f−+ + ɦɟɠɞɭ VFDF, ɩɨɥɭɱɟɧɧɵɦɢ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɬɟɪɚɰɢɣ. 

 

 

Ɋɢɫɭɧɨɤ 5.5ɚ – Ɋɟɡɭɥɶɬɚɬɵ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɪɢ φ = 0.2. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 5.4ɚ. 
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Ɋɢɫɭɧɨɤ 5.5Л– Ɋɟɡɭɥɶɬɚɬɵ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɪɢ φ = 0.2. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 5.4Л. 

 

 

Ɋɢɫɭɧɨɤ 5.6К – Ɋɟɡɭɥɶɬɚɬɵ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɪɢ φ =0.3. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 5.4К. 
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Ɋɢɫɭɧɨɤ 5.6Л – Ɋɟɡɭɥɶɬɚɬɵ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɩɪɢ φ =0.3. 

Ɉɛɨɡɧɚɱɟɧɢɹ ɬɚɤɢɟ ɠɟ, ɤɚɤ ɧɚ ɪɢɫɭɧɤɟ 5.4Л. 

ɋ ɪɨɫɬɨɦ ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ ɨɛɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɪɚɡɥɢɱɢɹ ( )( 1) ( ),i if f−+ +  ɢ ( )( ), i

srcf f +  

ɩɪɚɤɬɢɱɟɫɤɢ ɦɨɧɨɬɨɧɧɨ ɭɦɟɧɶɲɚɸɬɫɹ. ɋɪɚɜɧɟɧɢɟ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫɭɧɤɚɯ 5.4Л, 5.5Л 

ɢ 5.6Л ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɡɧɚɱɟɧɢɹɯ 210 %−   ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɞɥɹ 

ɫɨɫɟɞɧɢɯ ɢɬɟɪɚɰɢɣ ɛɨɥɶɲɟ, ɱɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɮɭɧɤɰɢɟɣ, 

ɩɨɥɭɱɟɧɧɨɣ ɧɚ i-ɨɣ ɢɬɟɪɚɰɢɢ, ɢ ɢɫɬɢɧɧɨɣ VFDF.  

ȼ ɬɚɛɥɢɰɟ 5.2, ɩɪɢɜɟɞɟɧɧɨɣ ɜ ɤɨɧɰɟ ɫɥɟɞɭɸɳɟɝɨ ɩɚɪɚɝɪɚɮɚ, ɭɤɚɡɚɧɵ ɧɨɦɟɪɚ 

ɢɬɟɪɚɰɢɣ, ɧɚ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬɫɹ ɭɫɥɨɜɧɨ ɩɪɢɟɦɥɟɦɨɟ ɡɧɚɱɟɧɢɟ ɞɥɹ 

ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɡɥɢɱɢɹ ( )( ) ( 1), 1%i if f ++ +  . ɉɪɢ ɷɬɨɦ ɜɟɥɢɱɢɧɚ ( )( ), i

srcf f+
ɨɤɚɡɵɜɚɟɬɫɹ ɡɚɦɟɬɧɨ ɦɟɧɶɲɟ 1%. 

ɂɡ ɬɚɛɥɢɰɵ 5.2 ɜɢɞɧɨ, ɱɬɨ ɩɪɢ φ = 0.1, 0.2 ɯɜɚɬɚɟɬ ɧɟɫɤɨɥɶɤɢɯ ɩɟɪɜɵɯ 

ɢɬɟɪɚɰɢɣ ɞɥɹ ɧɚɯɨɠɞɟɧɢɹ ɩɪɢɟɦɥɟɦɨɝɨ ɪɟɲɟɧɢɹ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ, ɩɪɢ φ = 0.3 

ɬɪɟɛɭɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɢɬɟɪɚɰɢɣ. 
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5.4. ɉɪɨɜɟɪɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɩɪɢ ɡɧɚɱɟɧɢɢ 
ɨɛɴɟɦɧɨɣ ɞɨɥɢ φ = 0.4 

ɉɪɢ ɡɧɚɱɟɧɢɢ φ = 0.4 ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɦɨɧɨɬɨɧɧɨɝɨ ɭɛɵɜɚɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɵɯ 

ɪɚɡɧɨɫɬɟɣ ( )( 1) ( ),i if f−+ +  ɢ ( )( ), i

srcf f+  ɫ ɪɨɫɬɨɦ ɱɢɫɥɚ ɢɬɟɪɚɰɢɣ. ɉɨɜɟɞɟɧɢɟ ɷɬɢɯ 

ɪɚɡɧɨɫɬɟɣ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 5.7. Ɉɛɟ ɮɭɧɤɰɢɢ ɨɫɰɢɥɥɢɪɭɸɬ ɢ ɩɪɢ ɷɬɨɦ ɢɯ 

ɦɢɧɢɦɭɦɵ ɧɟ ɨɩɭɫɤɚɸɬɫɹ ɧɢɠɟ 20%. 

 

 

 Ɋɢɫɭɧɨɤ 5.7 – Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ( )( ) ( 1),i if f ++ + ɦɟɠɞɭ ɮɭɧɤɰɢɹɦɢ VFDF, 

ɩɨɥɭɱɟɧɧɵɦɢ ɞɥɹ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɬɟɪɚɰɢɣ ɢ ɪɚɡɧɨɫɬɶ ( )( ), i

srcf f+  ɦɟɠɞɭ 

ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɨɣ ɧɚ i-ɨɣ ɢɬɟɪɚɰɢɢ, ɢ ɢɫɬɢɧɧɨɣ ɮɭɧɤɰɢɟɣ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ φ = 0.4 ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ. 

Ɏɭɧɤɰɢɢ ( )if+  ɫ ɪɨɫɬɨɦ ɧɨɦɟɪɚ ɢɬɟɪɚɰɢɢ ɬɚɤɠɟ «ɨɫɰɢɥɥɢɪɭɸɬ» ɨɤɨɥɨ 

ɢɫɬɢɧɧɨɣ ɮɭɧɤɰɢɢ srcf . ɗɬɨ ɯɨɪɨɲɨ ɜɢɞɧɨ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ 

ɢɬɟɪɚɰɢɣ, ɩɨɤɚɡɚɧɧɵɦ ɧɚ ɪɢɫɭɧɤɟ 5.8. Ⱦɥɹ ɩɨɞɚɜɥɟɧɢɹ ɷɮɮɟɤɬɚ «ɨɫɰɢɥɥɹɰɢɣ» ɛɵɥɚ 

ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɢɮɢɤɚɰɢɹ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ, ɜɤɥɸɱɚɸɳɚɹ ɩɪɨɦɟɠɭɬɨɱɧɨɟ 

ɭɫɪɟɞɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɧɟɫɤɨɥɶɤɢɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɬɟɪɚɰɢɣ. ɍɠɟ ɭɫɪɟɞɧɟɧɢɟ 
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ɩɟɪɜɵɯ ɱɟɬɵɪɟɯ ( )if+  ( i = 0, 1, 2, 3) ɞɚɟɬ ɮɭɧɤɰɢɸ (4)f+  (ɪɢɫɭɧɨɤ 5.8) ɞɨɫɬɚɬɨɱɧɨ 

ɛɥɢɡɤɭɸ ɤ srcf . Ⱦɚɥɟɟ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ, ɤɚɠɞɵɣ ɰɢɤɥ 

ɤɨɬɨɪɨɣ ɜɤɥɸɱɚɥ ɱɟɬɵɪɟ ɨɛɵɱɧɵɯ ɢɬɟɪɚɰɢɨɧɧɵɯ ɰɢɤɥɚ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɭɫɪɟɞɧɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɢɯ 4-ɯ ɢɬɟɪɚɰɢɣ. Ɏɭɧɤɰɢɹ VFDF, ɩɨɥɭɱɟɧɧɚɹ ɩɨɫɥɟ 5-ɬɢ ɰɢɤɥɨɜ 

ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ (i =20), ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 5.8. ȿɟ ɨɬɥɢɱɢɟ ɨɬ ɢɫɬɢɧɧɨɣ ɮɭɧɤɰɢɢ srcf  ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɡɚɦɟɬɧɨ.  

 

Ɋɢɫɭɧɨɤ 5.8 – Ɉɛɴɟɦɧɚɹ ɞɨɥɹ φ = 0.4 ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ. ɂɫɬɢɧɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɮɭɧɤɰɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ( )if+ , ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɟɪɜɵɯ 4-ɯ ɢɬɟɪɚɰɢɣ (i = 0,1, 2, 3); 

ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɭɫɪɟɞɧɟɧɧɚɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɟɪɜɵɯ 4-ɯ ɢɬɟɪɚɰɢɣ (i = 4); 

ɪɟɡɭɥɶɬɚɬ ɩɪɢɦɟɧɟɧɢɹ 5-ɬɢ ɰɢɤɥɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ 

(i = 20). 
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Ɋɢɫɭɧɨɤ 5.9 – Ɉɬɧɨɫɢɬɟɥɶɧɵɟ ɪɚɡɧɨɫɬɢ ( )( 1) ( ),i if f−+ +  ɢ ( )( ), i

srcf f +  ɩɪɢ φ=0.4 ɞɥɹ 

5 ɰɢɤɥɨɜ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ (20-ɬɢ ɰɢɤɥɨɜ ɨɫɧɨɜɧɨɣ 

ɩɪɨɰɟɞɭɪɵ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦɢ ɭɫɪɟɞɧɟɧɢɹɦɢ).  

Ɋɢɫɭɧɨɤ 5.9 ɢɥɥɸɫɬɪɢɪɭɟɬ ɩɨɜɟɞɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɪɚɡɧɨɫɬɟɣ ( )( 1) ( ),i if f−+ +  ɢ 

( )( ), i

srcf f+  ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ. ɂɡ ɷɬɨɝɨ ɪɢɫɭɧɤɚ 

ɜɢɞɧɨ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ( )( 1) ( ),i if f−+ +  ɪɟɡɭɥɶɬɚɬɚ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɢɬɟɪɚɰɢɣ ɛɨɥɶɲɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɪɚɡɥɢɱɢɹ ( )( ), i

srcf f+  ɪɟɡɭɥɶɬɚɬɚ ɬɟɤɭɳɟɣ ɢɬɟɪɚɰɢɢ 

ɢ ɢɫɬɢɧɧɨɣ VFDF, ɬɨ ɟɫɬɶ ɪɚɡɥɢɱɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɞɜɭɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɢɬɟɪɚɰɢɣ 

ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɯɨɪɨɲɟɣ ɨɰɟɧɤɨɣ ɫɬɟɩɟɧɢ ɛɥɢɡɨɫɬɢ ɜɵɱɢɫɥɟɧɧɨɣ ɮɭɧɤɰɢɢ ɢ 

ɢɫɬɢɧɧɨɣ VFDF. 

 

Ɍɚɛɥɢɰɚ 5.2 – ɇɨɦɟɪ ɢɬɟɪɚɰɢɢ i, ɧɚ ɤɨɬɨɪɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ 

( )( 1) ( ),i if f−+ +  ɫɬɚɧɨɜɢɬɫɹ ɦɟɧɶɲɟ 1% ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɡɧɚɱɟɧɢɹ φ. ȼ ɩɨɫɥɟɞɧɟɣ ɤɨɥɨɧɤɟ 

ɭɤɚɡɚɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɡɥɢɱɢɟ ɦɟɠɞɭ ɢɫɬɢɧɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɢ ɪɟɡɭɥɶɬɚɬɨɦ 

i–ɨɣ ɢɬɟɪɚɰɢɢ 

 



74 

 

74 

 

φ i  ( )( 1) ( ),i if f−+ + ,% ( )( ), i

srcf f + ,% 

0.1 3 0.38 0.014 

0.2 5 0.96 0.18 

0.3 51 0.98 0.42 

0.4 3·4+2* 0.094 0.068 

* ɬɪɢ ɩɨɥɧɵɯ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɰɢɤɥɚ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ 

ɭɫɪɟɞɧɟɧɢɟɦ ɩɨ 4 ɢɬɟɪɚɰɢɹɦ + 2 ɢɬɟɪɚɰɢɢ. 

ȼɵɜɨɞɵ ɩɨ ɩɹɬɨɣ ɝɥɚɜɟ 

1. Ⱦɥɹ ɬɟɫɬɨɜɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (3.2) ɜɵɱɢɫɥɟɧɵ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ I(q) ɫ 

ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɩɪɢ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɹ ɞɨɥɢ φ ɡɚɩɨɥɧɟɧɢɹ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ. ɂɡ ɷɬɢɯ ɢɧɞɢɤɚɬɪɢɫ ɫ ɩɨɦɨɳɶɸ ɆȻȺ, 

ɨɩɢɫɚɧɧɨɝɨ ɜ ɝɥɚɜɟ 2, ɜɵɱɢɫɥɟɧɵ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ VFDF. ɇɚɣɞɟɧɨ, ɱɬɨ, ɟɫɥɢ 

ɞɨɩɭɫɬɢɦɨɟ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɜɵɱɢɫɥɟɧɧɨɣ VFDF ɨɬ ɢɫɬɢɧɧɨɣ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɟɬ 10%, ɬɨ ɞɨɥɹ φ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 6%. 

2. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ VFDF ɩɪɢ ɡɧɚɱɟɧɢɢ 0.1   ɩɪɟɞɥɨɠɟɧ ɢɬɟɪɚɰɢɨɧɧɵɣ 

ɦɟɬɨɞ. ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɮɭɧɤɰɢɟɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɵɱɢɫɥɹɟɬɫɹ 

ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ, ɨɬɜɟɱɚɸɳɢɣ ɢɫɤɨɦɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. Ⱦɥɹ ɡɧɚɱɟɧɢɣ 0.3   

ɩɪɟɞɥɨɠɟɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɧɚɣɬɢ VFDF ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ. 

3. Ⱦɥɹ ɡɧɚɱɟɧɢɣ φ ɩɪɟɜɵɲɚɸɳɢɯ 0.3 ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɩɟɪɟɫɬɚɟɬ 

ɫɯɨɞɢɬɶɫɹ – ɪɟɡɭɥɶɬɚɬɵ «ɨɫɰɢɥɥɢɪɭɸɬ» ɨɤɨɥɨ ɢɫɬɢɧɧɨɝɨ ɪɟɲɟɧɢɹ. Ⱦɥɹ ɷɬɨɝɨ ɫɥɭɱɚɹ 

ɩɪɟɞɥɨɠɟɧɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ, ɤɚɠɞɵɣ ɰɢɤɥ ɤɨɬɨɪɨɣ 

ɜɤɥɸɱɚɟɬ ɧɟɫɤɨɥɶɤɨ ɨɛɵɱɧɵɯ ɢɬɟɪɚɰɢɨɧɧɵɯ ɰɢɤɥɨɜ ɢ ɩɨɫɥɟɞɭɸɳɟɟ ɭɫɪɟɞɧɟɧɢɟ 

ɪɟɡɭɥɶɬɚɬɨɜ ɷɬɢɯ ɢɬɟɪɚɰɢɣ. ɋɯɨɞɢɦɨɫɬɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɫ 

ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɭɫɪɟɞɧɟɧɢɟɦ ɩɨɫɥɟ ɤɚɠɞɵɯ ɱɟɬɵɪɟɯ ɨɛɵɱɧɵɯ ɢɬɟɪɚɰɢɣ 

ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɧɚ ɩɪɢɦɟɪɟ 0.4 = . 
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Ƚɥɚɜɚ 6. ɉɪɢɦɟɧɟɧɢɟ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɜɵɱɢɫɥɟɧɢɹ 

VFDF ɞɥɹ ɚɧɚɥɢɡɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ 

6.1. ȼɜɟɞɟɧɢɟ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɮɭɧɤɰɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ ɜ ɝɥɚɜɟ 5, ɛɵɥɚ ɩɪɨɜɟɪɟɧɚ ɞɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ 

ɤɪɢɜɨɝɨ ɪɚɫɫɟɹɧɢɹ ɨɬ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ ɢɡ ɧɚɧɨɱɚɫɬɢɰ. ɗɬɢ ɩɨɪɨɲɤɨɜɵɟ 

ɨɛɪɚɡɰɵ ɧɚ ɨɫɧɨɜɟ ɫɢɫɬɟɦɵ Zr O2 +Y2 O3 ɫɢɧɬɟɡɢɪɨɜɚɧɵ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 

ɫɨɨɬɧɨɲɟɧɢɹ ɤɨɦɩɨɧɟɧɬɨɜ: ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 2.7% ɞɨ 

44%. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɚɸɬɫɹ ɩɨɪɨɲɤɢ, ɫɢɥɶɧɨ ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɩɨ ɯɚɪɚɤɬɟɪɧɨɦɭ 

ɪɚɡɦɟɪɭ ɱɚɫɬɢɰ Д163Ж.  

ȼ ɩɟɪɜɨɦ ɩɚɪɚɝɪɚɮɟ ɨɩɢɫɚɧɚ ɦɟɬɨɞɢɤɚ ɧɟɨɛɯɨɞɢɦɨɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ 

ɨɛɪɚɛɨɬɤɢ ɤɪɢɜɵɯ. Ɍɚɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɨɡɜɨɥɹɟɬ ɭɫɬɪɚɧɢɬɶ ɢɫɤɚɠɟɧɢɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɪɚɫɫɟɹɧɢɹ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɩɪɢɫɭɬɫɬɜɢɟɦ ɜ ɪɟɚɥɶɧɨɦ 

ɨɛɪɚɡɰɟ ɛɨɥɶɲɢɯ ɚɝɥɨɦɟɪɚɬɨɜ ɱɚɫɬɢɰ ɢ ɜɤɥɚɞɨɦ ɜ ɪɚɫɫɟɹɧɢɟ ɨɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɚɬɨɦɚɪɧɨɦ ɭɪɨɜɧɟ. ȼɨ ɜɬɨɪɨɦ ɩɚɪɚɝɪɚɮɟ ɜɵɹɫɧɟɧɚ 

ɛɵɫɬɪɨɬɚ ɫɯɨɞɢɦɨɫɬɢ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɢɬɟɪɚɰɢɨɧɧɨɣ 

ɩɪɨɰɟɞɭɪɵ ɜɵɱɢɫɥɟɧɢɹ VFDF ɞɥɹ ɭɤɚɡɚɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ.  

6.2 Ɇɟɬɨɞɢɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɤɪɢɜɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɞɥɹ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ 

ɇɚ ɪɢɫɭɧɤɟ 6.1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɯɚɪɚɤɬɟɪɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɞɥɹ ɢɡɭɱɚɟɦɵɯ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ. 
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Ɋɢɫɭɧɨɤ 6.1 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɨɬ 

ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2+Y2O3. ȼ ɥɟɝɟɧɞɟ ɭɤɚɡɚɧɚ ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ 

ɢɬɬɪɢɹ. Ⱦɥɹ ɧɚɝɥɹɞɧɨɫɬɢ ɤɪɢɜɵɟ ɩɪɢɜɟɞɟɧɵ ɤ ɨɞɧɨɦɭ ɡɧɚɱɟɧɢɸ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɪɢ 

q = 2 ɧɦ-1. 

ɍ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɧɚ ɪɢɫɭɧɤɟ 6.1 ɟɫɬɶ 2 ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɥɢɱɢɹ 

ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɤɪɢɜɵɯ (ɪɢɫɭɧɨɤ 5.1). ȼɨ-ɩɟɪɜɵɯ, ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɪɟɡɤɨ ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ ɦɨɞɭɥɹ ɜɟɤɬɨɪɚ 

ɪɚɫɫɟɹɧɢɹ q. ɗɬɨɬ ɪɨɫɬ, ɜɟɪɨɹɬɧɨ, ɨɛɭɫɥɨɜɥɟɧ ɧɚɥɢɱɢɟɦ ɜ ɩɨɪɨɲɤɟ ɛɨɥɶɲɢɯ 

ɚɝɥɨɦɟɪɚɬɨɜ ɱɚɫɬɢɰ. ȼɨ-ɜɬɨɪɵɯ, ɩɪɢ ɫɚɦɵɯ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ q ɧɟ ɜɵɩɨɥɧɹɟɬɫɹ 

ɡɚɤɨɧ ɉɨɪɨɞɚ 4I q−  ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɜɧɭɬɪɢɱɚɫɬɢɱɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ 

ɚɬɨɦɚɪɧɨɝɨ ɪɚɡɦɟɪɚ, ɩɪɢɜɨɞɹɳɢɯ ɤ ɩɨɹɜɥɟɧɢɸ ɩɨɫɬɨɹɧɧɨɝɨ ɜɤɥɚɞɚ ɜ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ Д164Ж. ɍɤɚɡɚɧɧɵɟ ɨɬɥɢɱɢɹ ɡɚɬɪɭɞɧɹɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ 

ɩɪɢɦɟɧɟɧɢɟ ɨɩɢɫɚɧɧɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɢ ɞɟɥɚɸɬ ɧɟɨɛɯɨɞɢɦɨɣ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ. Ɇɟɬɨɞɢɤɭ ɬɚɤɨɣ 

ɨɛɪɚɛɨɬɤɢ ɪɚɫɫɦɨɬɪɢɦ ɧɚ ɩɪɢɦɟɪɟ ɬɢɩɢɱɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ (ɨɛɪɚɡɟɰ ɫ 
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ɦɨɥɶɧɨɣ ɞɨɥɟɣ ɢɬɬɪɢɹ 10%). Ⱦɥɹ ɭɫɬɪɚɧɟɧɢɹ ɩɨɫɬɨɹɧɧɨɝɨ ɜɤɥɚɞɚ ɩɪɢ ɛɨɥɶɲɢɯ 

ɡɧɚɱɟɧɢɹɯ q ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɥɚɫɫɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ Д31Ж. ɉɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ q 

ɝɥɚɜɧɵɣ, ɧɟ ɨɫɰɢɥɥɢɪɭɸɳɢɣ ɜɤɥɚɞ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ: 

1
0 4

( ) = + ɫI q ɫ
q

.    (6.1) 

ɂɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɜɟɥɢɱɢɧɵ I·q4 ɨɬ ɚɪɝɭɦɟɧɬɚ q4 

ɛɥɢɡɤɚ ɤ ɥɢɧɟɣɧɨɣ, ɢ ɤɨɷɮɮɢɰɢɟɧɬ 0ɫ  ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ ɤɚɤ ɤɨɷɮɮɢɰɢɟɧɬ ɧɚɤɥɨɧɚ 

ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ. ɉɨɫɥɟ ɜɵɱɢɬɚɧɢɹ ɧɚɣɞɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ 0ɫ  ɢɡ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɩɨɥɭɱɚɟɦ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 0( ) ( )I q I q c = − , ɤɨɬɨɪɚɹ ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ q ɜɟɞɟɬ 

ɫɟɛɹ 4q− (ɡɚɤɨɧ ɉɨɪɨɞɚ). Ⱦɢɚɩɚɡɨɧ q, ɜ ɤɨɬɨɪɨɦ ɩɪɨɜɨɞɢɥɚɫɶ ɥɢɧɟɣɧɚɹ 

ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɢɡɜɟɞɟɧɢɹ I·q4 ɨɬ q4, ɜɵɛɢɪɚɥɫɹ ɨɬ ɡɧɚɱɟɧɢɹ q1, ɩɪɢ 

ɤɨɬɨɪɨɦ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɡɚɤɨɧɚ ɉɨɪɨɞɚ ɟɳɟ ɧɟ ɡɚɦɟɬɧɵ, ɞɨ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

q2 (ɪɢɫɭɧɨɤ 6.2.a). 

  

Ɋɢɫɭɧɨɤ 6.2ɚ – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ I(q) ɆɍɊɊ ɨɬ 

ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɚ ZrO2+Y2O3 (ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ ɢɬɬɪɢɹ 10%) ɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ( )I q , ɩɨɥɭɱɟɧɧɚɹ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ:  

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɜɨ ɜɫɟɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦ ɞɢɚɩɚɡɨɧɟ; 

 Ɋɢɫɭɧɨɤ 6.2b – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ I(q) ɆɍɊɊ ɨɬ 

ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɚ ɫɨɫɬɚɜɚ ZrO2+Y2O3 (ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ ɢɬɬɪɢɹ 10%) ɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ( )I q , ɩɨɥɭɱɟɧɧɚɹ ɩɨɫɥɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ:   
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ɧɚɱɚɥɶɧɵɟ ɭɱɚɫɬɤɢ ɝɪɚɮɢɤɨɜ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ln(I) vs q2. ɍɤɚɡɚɧɵ ɝɪɚɧɢɰɵ 

ɞɢɚɩɚɡɨɧɨɜ ɜɟɤɬɨɪɚ ɪɚɫɫɟɹɧɢɹ, ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɪɢ ɭɫɬɪɚɧɟɧɢɢ ɜɤɥɚɞɨɜ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɚɬɨɦɚɪɧɨɝɨ ɦɚɫɲɬɚɛɚ (q1, q2) ɢ ɜɤɥɚɞɨɜ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ 

ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ (q3, q4). 

Ɍɚɤɠɟ ɤɚɤ ɢɫɯɨɞɧɚɹ ( )I q  ɢɧɬɟɧɫɢɜɧɨɫɬɶ ( )I q  ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ ɪɟɡɤɨ 

ɜɨɡɪɚɫɬɚɟɬ ɫ ɭɦɟɧɶɲɟɧɢɟɦ q, ɢ ɧɚɱɚɥɶɧɵɣ ɭɱɚɫɬɨɤ ɝɪɚɮɢɤɚ ( )I q  ɜ ɞɜɨɣɧɨɦ 

ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ ɢɦɟɟɬ ɜɢɞ, ɛɥɢɡɤɢɣ ɤ ɩɪɹɦɨɥɢɧɟɣɧɨɦɭ. Ɍɚɤɨɟ 

ɩɨɜɟɞɟɧɢɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɮɪɚɤɬɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ 

ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɥɨɬɧɨɫɬɢ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɪɭɩɧɵɯ ɪɚɡɦɟɪɚɯ, ɨɬɜɟɱɚɸɳɢɯ ɦɚɥɵɦ 

ɡɧɚɱɟɧɢɹɦ q. Ⱦɥɹ ɨɛɴɟɦɧɨɝɨ ɮɪɚɤɬɚɥɚ ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ ɢɦɟɟɬ ɜɢɞ Д165Ж:  

( )
( ) ( ) ( ) ( )0 1

2 2

0

1
( , , , ) 1 sin 1 arctan

1

−−
  − = + −    +  

f D
D

D D
S q D r D q

qr q

.  (6.2) 

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɮɪɚɤɬɚɥɶɧɵɯ ɢɫɤɚɠɟɧɢɣ ɥɨɝɚɪɢɮɦ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ln(I) ɧɚ ɧɚɱɚɥɶɧɨɦ ɭɱɚɫɬɤɟ (ɞɥɹ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ 

ɡɧɚɱɟɧɢɣ q) ɞɨɥɠɟɧ ɛɵɬɶ ɥɢɧɟɣɧɨɣ ɮɭɧɤɰɢɟɣ ɨɬ q2 [140]. Ɉɛɨɡɧɚɱɢɦ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɜ ɤɨɬɨɪɨɣ ɨɬɫɭɬɫɬɜɭɸɬ ɮɪɚɤɬɚɥɶɧɵɟ ɢɫɤɚɠɟɧɢɹ, ɤɚɤ ( )I q , ɬɨɝɞɚ  

( )( ) 2ln  = +I q a bq .    (6.3) 

ɂɧɬɟɧɫɢɜɧɨɫɬɶ ( )I q  ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ 

ɮɪɚɤɬɚɥɶɧɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɮɚɤɬɨɪɚ (6.2) ɢ ɧɟɢɫɤɚɠɟɧɧɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ( )I q : 

0( ) ( , , , ) ( )fI q S q D r I q =   , ɚ ɟɟ ɥɨɝɚɪɢɮɦ ɫ ɭɱёɬɨɦ ɮɨɪɦɭɥɵ (6.3):  

( )( ) ( )( ) 2

0ln ln , , ,fI q S q D r a bq =  + + .   (6.4) 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɜɵɞɟɥɢɬɶ ( )I q  ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɨɜ 0, , , ,D r a b  ɜ ɮɨɪɦɭɥɟ (6.4). ɗɬɢ ɡɧɚɱɟɧɢɹ ɛɵɥɢ ɧɚɣɞɟɧɵ ɦɢɧɢɦɢɡɚɰɢɟɣ 

ɫɥɟɞɭɸɳɟɣ ɮɭɧɤɰɢɢ ɨɰɟɧɤɢ: 
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( )( ) ( )( )( ) 2
2

0 0

1

( , , , , ) ln ln , , ,
M

i i i

i

D r a b I q SF q D r a bq
=
   = −  + +  . (6.5) 

Ɂɞɟɫɶ ɫɭɦɦɢɪɨɜɚɧɢɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɩɟɪɜɵɦ M ɬɨɱɤɚɦ ɜ ɞɢɚɩɚɡɨɧɟ ɚɪɝɭɦɟɧɬɚ ɨɬ 

ɧɚɱɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ q3 ɞɨ ɡɧɚɱɟɧɢɹ q4 – ɭɫɥɨɜɧɨɣ ɝɪɚɧɢɰɵ ɭɱɚɫɬɤɚ ɩɪɹɦɨɥɢɧɟɣɧɨɣ 

ɡɚɜɢɫɢɦɨɫɬɢ ln(I) ɨɬ q2 (ɫɦ. ɪɢɫɭɧɨɤ 6.2b). ɂɫɩɨɥɶɡɭɹ ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ (6.2) ɫ 

ɨɩɬɢɦɚɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɩɚɪɚɦɟɬɪɨɜ 
0, ,opt opt optD r , ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚɯɨɞɢɦ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ, ɫɜɨɛɨɞɧɭɸ ɨɬ ɢɫɤɚɠɟɧɢɣ: 

( )( )0

( )
, , ,

 = opt opt opt

f

I q
I q

S q D r
.    (6.6) 

ɇɚ ɪɢɫɭɧɤɟ 6.2a ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɫɯɨɞɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

( )I q  ɢ ɪɟɞɭɰɢɪɨɜɚɧɧɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ( )I q  ɞɥɹ ɫɥɭɱɚɹ ɫ ɦɨɥɶɧɨɣ ɞɨɥɟɣ ɨɤɫɢɞɚ 

ɢɬɬɪɢɹ 10%. 

Ɉɩɢɫɚɧɧɚɹ ɩɪɨɰɟɞɭɪɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɤɨ ɜɫɟɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ. ɉɨɥɭɱɢɜɲɢɟɫɹ ɤɪɢɜɵɟ ɪɚɫɫɟɹɧɢɹ 

ɢɡɨɛɪɚɠɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 6.3. 
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Ɋɢɫɭɧɨɤ 6.3 – Ʉɪɢɜɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ( )I q  ɪɚɫɫɟɹɧɢɹ ɩɨɪɨɲɤɨɜɵɦɢ 

ɨɛɪɚɡɰɚɦɢ ɫɥɨɠɧɵɯ ɨɤɫɢɞɨɜ ZrO2+Y2O3 ɩɨɫɥɟ ɩɪɢɦɟɧɟɧɢɹ ɩɪɨɰɟɞɭɪɵ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɤ ɤɪɢɜɵɦ ɧɚ ɪɢɫɭɧɤɟ 6.1.  

6.3. ȼɵɱɢɫɥɟɧɢɟ ɫ ɩɨɦɨɳɶɸ ɢɬɟɪɚɰɢɨɧɧɨɝɨ ɦɟɬɨɞɚ ɮɭɧɤɰɢɣ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɪɢɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ 

ɂɫɯɨɞɹ ɢɡ ɬɨɝɨ, ɱɬɨ ɨɛɴёɦɧɚɹ ɞɨɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɚɯ ɛɥɢɡɤɚ ɤ φ = 0.4 ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɚɹ 

ɢɬɟɪɚɰɢɨɧɧɚɹ ɩɪɨɰɟɞɭɪɚ. ɗɬɚ ɩɪɨɰɟɞɭɪɚ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ ɫɯɨɞɢɬɫɹ: ɩɨɫɥɟ 

ɩɨɜɬɨɪɟɧɢɹ 5 ɰɢɤɥɨɜ ɩɨ ɱɟɬɵɪɟ ɢɬɟɪɚɰɢɢ ɫ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɭɫɪɟɞɧɟɧɢɟɦ 

ɪɟɡɭɥɶɬɚɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɪɚɡɧɨɫɬɶ ( )( 1) ( ),i if f−+ +  ɞɥɹ ɜɫɟɯ ɨɛɪɚɡɰɨɜ ɫɬɚɧɨɜɢɬɫɹ 

ɦɟɧɶɲɟ 0.1%. Ɂɚɜɢɫɢɦɨɫɬɶ ɷɬɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ɨɬ ɧɨɦɟɪɚ ɢɬɟɪɚɰɢɢ 

ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 6.4a. 
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ɇɚ ɪɢɫɭɧɤɟ 6.4b ɩɪɟɞɫɬɚɜɥɟɧɵ ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ 

ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ VFDF ɧɚɧɨɱɚɫɬɢɰ ɩɨ ɪɚɞɢɭɫɚɦ ɢɧɟɪɰɢɢ ɞɥɹ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɩɪɢ ɨɛɴɟɦɧɨɣ ɞɨɥɟ ɪɚɫɫɟɢɜɚɸɳɟɝɨ ɜɟɳɟɫɬɜɚ φ = 0.4. 

Ɋɢɫɭɧɨɤ 6.4c ɩɨɡɜɨɥɹɟɬ ɫɪɚɜɧɢɬɶ ɫ ɢɫɯɨɞɧɵɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɹɦɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɢɡ ɧɚɣɞɟɧɧɵɯ ɮɭɧɤɰɢɣ VFDF. ɉɪɢ 

ɪɚɫɱɟɬɟ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ ɧɚ ɪɢɫɭɧɤɟ 6.4c ɭɱɬɟɧɵ ɩɚɪɚɦɟɬɪɵ c0, D, ξ, r0, ɜɵɱɢɫɥɟɧɧɵɯ 

ɧɚ ɷɬɚɩɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

  

 

Ɋɢɫɭɧɨɤ 6.4a – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɤ 

ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ ɆɍɊɊ ɨɬ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2+Y2O3: ɡɚɜɢɫɢɦɨɫɬɶ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɪɚɡɧɨɫɬɢ ( )( 1) ( ),i if f−+ +  ɨɬ ɧɨɦɟɪɚ i ɢɬɟɪɚɰɢɢ. ȼ ɥɟɝɟɧɞɟ ɭɤɚɡɚɧɚ 

ɦɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɜ ɨɛɪɚɡɰɟ. 
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Ɋɢɫɭɧɨɤ 6.4b – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɤ 

ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ ɆɍɊɊ ɨɬ ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2+Y2O3: 

ɧɨɪɦɢɪɨɜɚɧɧɵɟ VFDF, ɧɚɣɞɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ.  

Ɋɢɫɭɧɨɤ 6.4c – Ɋɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɢɹ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɤ 

ɢɧɬɟɧɫɢɜɧɨɫɬɹɦ ɆɍɊɊ ɨɬ ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2+Y2O3: 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɪɚɫɫɱɢɬɚɧɧɵɟ ɢɡ 

ɧɚɣɞɟɧɧɵɯ VFDF c ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ.  

ɂɡ ɪɢɫɭɧɤɚ 6.4b ɜɢɞɧɨ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɦɨɥɶɧɨɣ ɞɨɥɢ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɜ ɨɛɪɚɡɰɟ 

ɦɚɤɫɢɦɭɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɦɟɳɚɟɬɫɹ ɜ ɫɬɨɪɨɧɭ ɦɟɧɶɲɢɯ ɪɚɡɦɟɪɨɜ, ɚ ɫɚɦɨ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɭɠɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫ ɪɨɫɬɨɦ ɦɨɥɶɧɨɣ ɞɨɥɢ ɨɤɫɢɞɚ 

ɢɬɬɪɢɹ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɡɚɦɟɬɧɨ ɭɦɟɧɶɲɚɟɬɫɹ, ɱɬɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɞɪɭɝɢɦɢ ɦɟɬɨɞɚɦɢ [163].  

ȼ ɪɚɛɨɬɟ Д163Ж ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ S1, ɜɵɱɢɫɥɟɧɧɵɟ 

ɛɟɡ ɭɱɟɬɚ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ (φ <1%). ɇɚɣɞɟɧɧɵɟ 

ɜɵɲɟ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɡɜɨɥɢɥɢ ɜɵɱɢɫɥɢɬɶ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ S2 ɫ ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ (φ = 40%). ɋɪɚɜɧɟɧɢɟ S1 ɢ S2 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɜ ɬɚɛɥɢɰɟ 6.1. ȼɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ 

ɨɬɥɢɱɚɸɬɫɹ ɫɭɳɟɫɬɜɟɧɧɨ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɫɥɭɱɚɟ ɩɥɨɬɧɨɣ ɫɢɫɬɟɦɵ ɧɚɧɨɱɚɫɬɢɰ ɤɪɢɬɢɱɟɫɤɢ ɜɚɠɧɨ ɡɧɚɬɶ ɞɨɥɸ 

φ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɚɜɢɥɶɧɨ 

ɭɱɢɬɵɜɚɬɶ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɟ ɜɤɥɚɞɵ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɆɍɊɊ. ɋ 

ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɥɹ ɜɟɪɢɮɢɤɚɰɢɢ ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɧɚɱɟɧɢɹ, ɧɚɣɞɟɧɧɵɟ ɧɟɡɚɜɢɫɢɦɵɦɢ ɦɟɬɨɞɚɦɢ. 

 

Ɍɚɛɥɢɰɚ 6.1 – ɋɪɚɜɧɟɧɢɟ ɡɧɚɱɟɧɢɣ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɵɯ ɛɟɡ 

ɭɱɟɬɚ (S1) ɢ ɫ ɭɱɟɬɨɦ (S2) ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ 
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Ɇɨɥɶɧɚɹ ɞɨɥɹ ɨɤɫɢɞɚ 

ɢɬɬɪɢɹ, % 
S1, ɦ2/ɫɦ3 S2, ɦ2/ɫɦ3 

2.7 945±7 593±58 

5 1225±3 674±18 

10 1400±2.0 789±23 

23 1910±30 949±37 

44 1888±32 1048±59 

 

ȼɵɜɨɞ ɩɨ ɲɟɫɬɨɣ ɝɥɚɜɟ 

1. ɉɪɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ VFDF ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɪɢɜɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɨɬ ɩɨɪɨɲɤɨɜɵɯ ɨɛɪɚɡɰɨɜ ɧɟɨɛɯɨɞɢɦɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ 

ɨɛɪɚɛɨɬɤɚ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɢɫɤɚɠɟɧɢɣ ɤɪɢɜɨɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɧɚɥɢɱɢɟɦ ɜ ɩɨɪɨɲɤɟ 

ɛɨɥɶɲɢɯ ɚɝɥɨɦɟɪɚɬɨɜ ɱɚɫɬɢɰ ɢ ɜɧɭɬɪɢɱɚɫɬɢɱɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɚɬɨɦɚɪɧɨɝɨ 

ɪɚɡɦɟɪɚ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 

ɤɪɢɜɵɯ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɢɫɤɚɠɟɧɢɣ.  

2. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɟɬɨɞɢɤɨɣ ɨɛɪɚɛɨɬɚɧɵ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɤɪɢɜɵɟ ɨɬ ɨɛɪɚɡɰɨɜ ɫɨɫɬɚɜɚ ZrO2+Y2O3. 

3. ɉɨɤɚɡɚɧɚ ɫɯɨɞɢɦɨɫɬɶ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɣ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ 

ɜɵɱɢɫɥɟɧɢɹ VFDF ɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɤɪɢɜɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɫ ɭɱɟɬɨɦ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ  

4. ɉɨɥɭɱɟɧɵ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ VFDF ɞɥɹ ɩɨɪɨɲɤɨɜ ɫɨɫɬɚɜɚ 

ZrO2+Y2O3 ɩɪɢ ɫɨɞɟɪɠɚɧɢɢ ɨɤɫɢɞɚ ɢɬɬɪɢɹ 2.7%, 5%, 10%, 23%, 44% ɢ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
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ɁȺɄɅЮɑȿɇɂȿ  
1. ɉɪɟɞɫɬɚɜɥɟɧɚ ɦɨɞɟɥɶ ɪɚɫɫɟɹɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɨɣ ɧɚɧɨɱɚɫɬɢɰ 

ɜ ɮɨɪɦɟ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɫɜɹɡɵɜɚɸɳɟɝɨ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢɧɬɟɧɫɢɜɧɨɫɬɶ 

ɆɍɊɊ ɢ ɮɭɧɤɰɢɸ VFDF. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɞɢɭɫɚ ɝɢɪɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɚɪɝɭɦɟɧɬɚ 

ɮɭɧɤɰɢɢ VFDF ɩɨɡɜɨɥɹɟɬ ɟɞɢɧɨɨɛɪɚɡɧɨ ɫɪɚɜɧɢɜɚɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ 

ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɦɨɞɟɥɟɣ ɟɞɢɧɢɱɧɵɯ ɪɚɫɫɟɢɜɚɬɟɥɟɣ.  

2. Ⱦɥɹ ɪɟɲɟɧɢɹ ɭɤɚɡɚɧɧɨɝɨ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɚ ɩɪɨɢɡɜɨɥɶɧɨɣ 

ɫɟɬɤɟ ɡɧɚɱɟɧɢɣ ɪɚɞɢɭɫɨɜ ɝɢɪɚɰɢɢ ɚɞɚɩɬɢɪɨɜɚɧ ɦɟɬɨɞ ɛɚɣɟɫɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ. 

ȼɜɟɞɟɧɚ ɨɰɟɧɨɱɧɚɹ ɮɭɧɤɰɢɹ, ɩɨɡɜɨɥɹɸɳɚɹ ɨɩɪɟɞɟɥɢɬɶ ɫɬɟɩɟɧɶ ɫɭɳɟɫɬɜɟɧɧɨɫɬɢ ɧɟ 

ɢɦɟɸɳɢɯ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɦɨɞɟɥɶɧɨɝɨ ɪɟɲɟɧɢɹ. 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɤɪɢɬɟɪɢɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɜɵɛɨɪɚ ɫɟɬɤɢ. Ⱦɥɹ ɦɨɞɟɥɟɣ 

ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɢɡ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɜɵɫɨɤɭɸ ɫɬɟɩɟɧɶ ɫɢɦɦɟɬɪɢɢ 

(ɷɥɥɢɩɫɨɢɞ ɜɪɚɳɟɧɢɹ, ɩɪɹɦɨɣ ɰɢɥɢɧɞɪ ɢ ɩɪɹɦɨɭɝɨɥɶɧɵɣ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞ), 

ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɜɵɱɢɫɥɟɧɢɹ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɟɟ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɨɫɧɨɜɟ 

ɦɨɞɟɥɶɧɨɣ ɮɭɧɤɰɢɢ VFDF. 

3. Ɋɚɡɪɚɛɨɬɚɧ ɢ ɩɪɨɬɟɫɬɢɪɨɜɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɩɚɤɟɬ, ɪɟɚɥɢɡɭɸɳɢɣ ɆȻȺ 

ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɪɚɬɧɨɣ ɡɚɞɚɱɢ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɧɚɧɨɱɚɫɬɢɰ 

ɢ ɜɵɱɢɫɥɟɧɢɟ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɣ ɫ ɦɨɞɟɥɶɧɵɦ ɪɟɲɟɧɢɟɦ ɭɞɟɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

ȼɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɦɨɞɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɥɭɠɢɬ 

ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɟ ɮɨɪɦɚ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ ɱɚɫɬɢɰ 

(ɟɞɢɧɢɱɧɵɯ ɪɚɫɫɟɢɜɚɬɟɥɟɣ). Ɂɚ ɫɱɟɬ ɞɨɛɚɜɥɟɧɢɹ ɞɜɭɯ ɨɪɢɝɢɧɚɥɶɧɵɯ ɤɪɢɬɟɪɢɟɜ 

ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɟɧɚ ɫɢɫɬɟɦɚ ɤɪɢɬɟɪɢɟɜ ɜɵɛɨɪɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ 

ɩɚɪɚɦɟɬɪɚ ɪɟɝɭɥɹɪɢɡɚɰɢɢ. 

4. ɇɚ ɢɦɢɬɚɰɢɨɧɧɵɯ ɤɪɢɜɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɚ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɢ 

ɜɵɱɢɫɥɟɧɢɹ ɚɫɫɨɰɢɢɪɨɜɚɧɧɨɣ ɫ ɦɨɞɟɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ ɫɢɫɬɟɦ ɢɡ ɱɚɫɬɢɰ, ɢɦɟɸɳɢɯ ɬɪɢ ɪɚɡɥɢɱɧɵɟ ɮɨɪɦɵ ɫ ɜɵɫɨɤɨɣ 

ɫɬɟɩɟɧɶɸ ɫɢɦɦɟɬɪɢɢ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0,5 ɞɨ 2 ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 
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ɫɨɜɩɚɞɟɧɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɢ ɢɫɬɢɧɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɱɚɫɬɢɰ 

ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɦɨɞɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɚɟɬ ɚɞɟɤɜɚɬɧɭɸ ɨɰɟɧɤɭ ɞɥɹ ɟɝɨ 

ɨɬɥɢɱɢɹ ɨɬ ɢɫɬɢɧɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɭɞɟɥɶɧɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɣɞɟɧɧɨɟ ɞɥɹ ɦɨɞɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɩɨɡɜɨɥɹɟɬ ɥɢɛɨ ɫɭɡɢɬɶ 

ɤɪɭɝ ɩɪɟɞɩɨɥɚɝɚɟɦɵɯ ɦɨɞɟɥɟɣ ɟɞɢɧɢɱɧɵɯ ɱɚɫɬɢɰ, ɥɢɛɨ ɜɵɛɪɚɬɶ ɢɯ ɧɚɢɛɨɥɟɟ 

ɜɟɪɨɹɬɧɭɸ ɮɨɪɦɭ ɢ ɚɧɢɡɨɦɟɬɪɢɱɧɨɫɬɶ. 

5. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜɚɪɢɚɧɬ ɆȻȺ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɢɦɟɧɢɦ ɞɥɹ 

ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɫɢɥɶɧɨ ɪɚɡɪɟɠɟɧɧɵɯ ɩɨɥɢɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ, ɜ ɤɨɬɨɪɵɯ ɨɛɴɟɦɧɚɹ 

ɞɨɥɹ φ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɧɟ ɩɪɟɜɵɲɚɟɬ ɧɟɫɤɨɥɶɤɢɯ 

ɩɪɨɰɟɧɬɨɜ (ɜɡɜɟɫɶ ɩɨɪɨɲɤɚ ɜ ɠɢɞɤɨɫɬɢ ɢɥɢ ɫɢɥɶɧɨ ɪɚɡɛɚɜɥɟɧɧɚɹ ɩɨɪɨɲɤɨɜɚɹ 

ɤɨɦɩɨɧɟɧɬɚ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɧɨɝɨ ɦɚɬɟɪɢɚɥɚ). Ⱦɥɹ ɩɥɨɬɧɨɣ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ 

ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɪɚɡɧɨɣ ɞɨɥɟɣ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ 

ɪɚɫɫɟɢɜɚɸɳɢɦ ɜɟɳɟɫɬɜɨɦ ɜɵɱɢɫɥɟɧɵ ɫ ɭɱɟɬɨɦ ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ 

ɦɨɞɟɥɶɧɵɟ ɢɧɞɢɤɚɬɪɢɫɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ ɢɡ ɧɢɯ ɮɭɧɤɰɢɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɛɟɡ ɭɱɟɬɚ ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɩɪɢɜɨɞɢɬ 

ɤ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɟ ɛɨɥɟɟ 10%, ɬɨɥɶɤɨ ɟɫɥɢ ɞɨɥɹ 

ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɧɟ ɩɪɟɜɵɲɚɟɬ φ ≤ 0.06. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɜ ɩɨɪɨɲɤɨɜɵɯ 

ɨɛɪɚɡɰɚɯ ɞɨɥɹ ɡɚɩɨɥɧɟɧɢɹ ɨɛɴɟɦɚ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 0.4. Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɣ 

VFDF ɩɪɢ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɹɯ φ ɩɪɟɞɥɨɠɟɧ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ. ȼ ɷɬɨɦ ɦɟɬɨɞɟ 

ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɮɭɧɤɰɢɟɣ VFDF ɜɵɱɢɫɥɹɟɬɫɹ ɫɬɪɭɤɬɭɪɧɵɣ ɮɚɤɬɨɪ, ɨɬɜɟɱɚɸɳɢɣ 

ɢɫɤɨɦɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɦɟɬɨɞɚ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɚ ɧɚ ɩɪɢɦɟɪɟ 

0.1,0.2,0.3,0.4 = . 

6. ɂɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɨɩɪɨɛɨɜɚɧ ɧɚ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɨɬ ɩɨɪɨɲɤɨɜɨɝɨ ɨɛɪɚɡɰɨɜ 

ɫɨɫɬɚɜɚ ГЫO2 +Y2O3, ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɯ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɫɨɨɬɧɨɲɟɧɢɹ 

ɤɨɦɩɨɧɟɧɬɨɜ (ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɨɤɫɢɞɚ ɢɬɬɪɢɹ ɜɚɪɶɢɪɭɟɬɫɹ ɨɬ 2.7% ɞɨ 44%). ɉɨɤɚɡɚɧɚ 

ɫɯɨɞɢɦɨɫɬɶ ɢɬɟɪɚɰɢɨɧɧɨɣ ɩɪɨɰɟɞɭɪɵ ɞɥɹ ɢɧɞɢɤɚɬɪɢɫ ɨɬ ɜɫɟɯ ɨɛɪɚɡɰɨɜ. ɉɨɥɭɱɟɧɵ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɢɰ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɢɦ ɡɧɚɱɟɧɢɹ ɭɞɟɥɶɧɨɣ 
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ɩɨɜɟɪɯɧɨɫɬɢ. 

7. ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ 

ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɨɞɧɨɪɨɞɧɵɯ ɱɚɫɬɢɰ ɧɚ ɨɫɧɨɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɤɪɢɜɵɯ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ ɧɟɨɛɯɨɞɢɦɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ 

ɢɫɤɚɠɟɧɢɣ ɤɪɢɜɨɣ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɧɚɥɢɱɢɟɦ ɜ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɛɨɥɶɲɢɯ 

ɚɝɥɨɦɟɪɚɬɨɜ ɱɚɫɬɢɰ ɢ ɜɧɭɬɪɢɱɚɫɬɢɱɧɵɯ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ ɚɬɨɦɚɪɧɨɝɨ ɪɚɡɦɟɪɚ. 

ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɬɚɤɨɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ. 

8. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɢɬɟɪɚɰɢɨɧɧɵɣ ɦɟɬɨɞ ɜɵɱɢɫɥɟɧɢɹ ɮɭɧɤɰɢɢ VFDF ɫ 

ɭɱɟɬɨɦ ɜɤɥɚɞɨɜ ɦɟɠɱɚɫɬɢɱɧɨɣ ɢɧɬɟɪɮɟɪɟɧɰɢɢ ɜ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɆɍɊɊ ɪɟɚɥɢɡɨɜɚɧ 

ɞɥɹ ɩɥɨɬɧɨɣ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɩɨɬɟɧɰɢɚɥɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɜɟɪɞɵɯ ɫɮɟɪ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɭɳɟɫɬɜɭɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɟ 

ɪɟɲɟɧɢɟ ɞɥɹ ɪɚɫɱɟɬɚ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɪɚɫɫɟɹɧɢɹ. Ɉɞɧɚɤɨ ɦɟɬɨɞ ɦɨɠɟɬ ɛɵɬɶ 

ɪɟɚɥɢɡɨɜɚɧ ɢ ɞɥɹ ɱɚɫɬɢɰ ɫ ɞɪɭɝɨɣ ɦɨɪɮɨɥɨɝɢɟɣ ɢ ɞɪɭɝɢɦ ɩɨɬɟɧɰɢɚɥɨɦ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɤɚɤ ɬɨɥɶɤɨ ɛɭɞɟɬ ɪɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɜɵɱɢɫɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɮɚɤɬɨɪɚ ɞɥɹ ɩɥɨɬɧɨɣ ɫɢɫɬɟɦɵ ɬɚɤɢɯ ɱɚɫɬɢɰ. ɍɤɚɡɚɧɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ 

ɜɵɩɨɥɧɟɧɨ ɧɚ ɨɫɧɨɜɟ ɩɪɹɦɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ 

ɱɚɫɬɢɰ ɜ ɩɪɟɞɫɬɚɜɢɬɟɥɹɯ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɚɧɫɚɦɛɥɹ ɞɥɹ ɪɚɫɫɟɢɜɚɸɳɟɣ ɫɢɫɬɟɦɵ. 

9. Ɋɚɡɪɚɛɨɬɚɧɧɵɣ ɜɚɪɢɚɧɬ ɆȻȺ ɞɥɹ ɩɨɢɫɤɚ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɪɟɲɟɧɢɣ 

ɧɟɤɨɪɪɟɤɬɧɨɣ ɡɚɞɚɱɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɪɟɲɟɧɢɹ ɞɪɭɝɢɯ ɨɛɪɚɬɧɵɯ ɡɚɞɚɱ 

ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ. 
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ɉɊɂɅɈɀȿɇɂȿ Ⱥ 

(ɨɛɹɡɚɬɟɥɶɧɨɟ) 
Ɉɰɟɧɤɚ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɡɧɚɱɟɧɢɣ VFDF 

ɉɪɢ ɜɵɛɪɚɧɧɨɦ ɡɧɚɱɟɧɢɢ ɪɟɝɭɥɹɪɢɡɚɬɨɪɚ α ɞɥɹ ɫɪɟɞɧɟɝɨ ɤɜɚɞɪɚɬɢɱɧɨɝɨ 

ɨɬɤɥɨɧɟɧɢɹ ( )
kf
  ɨɬɞɟɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ VFDF ɢɦɟɟɦ  

( ) ( )( ) ( )( ) ( )
( )

2

2
1

1

... / ,

... / ,

M

k k l

l

k k k M

l

l

f f P df

f f f

P df

  
  =− −  

=− −

− 
 = − =


 

 
f I

f I

,  (A.1) 

ɝɞɟ ( )
kf
  – k-ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ ( 1,2,...,k M= ); 

( , )P f I  – ɜɟɪɨɹɬɧɨɫɬɶ ɡɧɚɱɟɧɢɣ 
1

M

i
i

f = =  f  ɩɪɢ ɡɚɞɚɧɧɵɯ 

ɢɧɬɟɧɫɢɜɧɨɫɬɹɯ 
1

N

j
j

I = =  I .  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɨɬɧɨɲɟɧɢɹɦɢ (2.12), (2.18) ɢ (2.22) 

1
( , ) exp

2
it i t i i

i t i

P G f f f a
   − +   f I ,     (A.2) 

ɝɞɟ G=B+α Ω; 

( )
i it t

t

a G f
= .       (A.3) 

ȼɜɟɞɟɦ ɧɨɜɵɟ ɩɟɪɟɦɟɧɧɵɟ ( )
 k k kg f f

= − . Ɉɱɟɜɢɞɧɨ, 
1 1

M M

l l

l l

df dg
= =

=   . 

ɉɪɟɨɛɪɚɡɭɟɦ ɩɨɤɚɡɚɬɟɥɶ ɷɤɫɩɨɧɟɧɬɵ ɜ (A.2) ɫ ɭɱɟɬɨɦ (A.3):   
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( )( ) ( )( ) ( )( )( )
( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

1

2

1

2

1 1 1 1

2 2 2 2

1 1
.

2 2

it i t i i

i t i

it i i t t i i i

i t i

it i t it i t it t i i t

i t i t i t i t

it i t ti i t it i t it i t

i t i t i t i t

G f f f a

G f g f g f g a

G g g G f g G f g f f

G f f G g f G g g G f f

  

   

    

− + =
= − + + + + =
= − − − − +
+ + = − +

 
 
   

   
 (A.4) 

ɉɨɞɫɬɚɜɢɜ ɜɵɪɚɠɟɧɢɟ (A.2) ɫ ɩɨɤɚɡɚɬɟɥɟɦ (A.4) ɜ (A.1) ɢ ɫɨɤɪɚɬɢɜ 

ɩɨɫɬɨɹɧɧɵɟ ɦɧɨɠɢɬɟɥɢ, ɩɨɥɭɱɢɦ 

( )
2

1

1

1
... exp

2

1
... exp

2

M

k it i t l

i t l

k M

it i t l

i t l

g G g g dg

f

G g g dg

 

=− − 

=− −

 −   =  −  

  
  


.      (A.4) 

ȼ ɫɢɥɭ ɫɢɦɦɟɬɪɢɱɧɨɫɬɢ ɢ ɜɟɳɟɫɬɜɟɧɧɨɫɬɢ ɦɚɬɪɢɰɵ G ɢɡ ɟɟ ɫɨɛɫɬɜɟɧɧɵɯ 

ɜɟɤɬɨɪɨɜ ɦɨɠɧɨ ɫɨɫɬɚɜɢɬɶ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɧɵɣ ɛɚɡɢɫ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ M  ɡɧɚɱɟɧɢɣ 

f. ɉɭɫɬɶ W – ɨɪɬɨɝɨɧɚɥɶɧɚɹ ɦɚɬɪɢɰɚ ( T -1
W = W ), ɫɨɫɬɚɜɥɟɧɧɚɹ ɢɡ ɜɟɤɬɨɪɨɜ ɷɬɨɝɨ 

ɛɚɡɢɫɚ. Ɍɨɝɞɚ ɦɚɬɪɢɰɚ -1
H = W GW  ɹɜɥɹɟɬɫɹ ɞɢɚɝɨɧɚɥɶɧɨɣ ɢ ɩɟɪɟɯɨɞ ɤ 

ɩɟɪɟɦɟɧɧɵɦ  

( )1 ,  1,2,...,i m
im

m

h W g i M−= =          (A.5) 

ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɣɬɢ ɜ ɮɨɪɦɭɥɟ (A.4) ɨɬ ɞɜɨɣɧɨɣ ɫɭɦɦɵ ɤ ɨɞɢɧɚɪɧɨɣ:  

( )1 2

1 1

2 2

1 1 1
.

2 2 2

it i t it im m tn n

i t i t m n

m n it tn m n mn m mm
mi

m n i t m n m

G g g G W h W h

h h W G W h h H h H−

 − = − =  
= − = − =
   
      (A.6) 
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ɂɫɩɨɥɶɡɭɹ ɷɬɨ, ɡɧɚɦɟɧɚɬɟɥɶ ɩɨɞɤɨɪɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜ (A.4) ɩɪɟɨɛɪɚɡɭɟɦ ɤ ɜɢɞɭ 

( )2 2

1 1

1

21 1
... exp exp

2 2

M
M M

mm m m m mm m M

m m
mm

m

H h dh h H dh

H

  

= =− − −
=

    − = − =             .  (A.7) 

Ɂɞɟɫɶ ɭɱɬɟɧɨ, ɱɬɨ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ (A.5) ɹɤɨɛɢɚɧ 
( )( )1

1

,...,
det 1

,...,

M

M

D g g
W

D h h
= = , ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
1 1

M M

l l

l l

dg dh
= =

=  .  

ɉɟɪɟɯɨɞ ɤ ɩɟɪɟɦɟɧɧɵɦ (A.5) ɞɥɹ ɱɢɫɥɢɬɟɥɹ ɩɨɞɤɨɪɟɧɧɨɝɨ ɜɵɪɚɠɟɧɢɹ ɜ (A.4) 

ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ (A.6) ɞɚɟɬ: 
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 = −  

    
  
  

 ( )
( )

2 2

2

1

1
exp

2

(2 ) 1
.

M

i i ii i

i
m i

M

kiM
i ii

mm

m

h h H dh

W
H

H



−

=

     − =      
=

  



   (A.8) 

Ɂɞɟɫɶ ɭɱɬɟɧɨ, ɱɬɨ ɞɥɹ i t  ɜɵɩɨɥɧɹɟɬɫɹ ɫɨɨɬɧɨɲɟɧɢɟ  

2 2

1

1 1
... exp exp 0

2 2

M

i t m mm m i i ii

m

h h h H dh h h H

  

=− − −
   −  − =          

ɉɨɞɫɬɚɜɢɜ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɜɵɪɚɠɟɧɢɹ (Ⱥ.7) ɢ (Ⱥ.8) ɜ (Ⱥ.4), ɩɨɥɭɱɢɦ  

( ) ( )2 1
k ki

i ii

f W
H

 =  .          (A.9) 
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ȼɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɬɟɦ, ɱɬɨ -1
G = WHW , ɢ ɫɜɨɣɫɬɜɚɦɢ ɦɚɬɪɢɰ W ɢ H, 

ɩɪɟɨɛɪɚɡɭɟɦ ɩɨɞɤɨɪɟɧɧɨɟ ɜɵɪɚɠɟɧɢɟ ɜ (Ⱥ.9): 

( ) ( ) ( ) ( )2 1 1 1 11 1
ki ki ki it

ik tk kk
i i i tii ii

W W W W H W G
H H

− − − −= = =   .   (A.10) 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,  

( ) ( ) ( )( )11

k
kk kk

f
− − = = + G B Ω .       (A.11) 
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ɉɊɂɅɈɀȿɇɂȿ B 

(ɨɛɹɡɚɬɟɥɶɧɨɟ) 

Ɋɚɫɱɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɚɥɨɭɝɥɨɜɨɝɨ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɪɚɫɫɟɹɧɢɹ 

ɨɬ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ ɫɢɫɬɟɦɵ ɲɚɪɨɨɛɪɚɡɧɵɯ ɱɚɫɬɢɰ ɫ ɭɱɟɬɨɦ 

ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ ɜɤɥɚɞɨɜ ɜ ɩɪɢɛɥɢɠɟɧɢɢ ɉɟɪɤɭɫɚ-Ƀɟɜɢɤɚ 

 

ɉɭɫɬɶ ( )f r  – ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɱɚɫɬɢɰ ɩɨ 

ɢɯ ɪɚɞɢɭɫɚɦ ɨɬɥɢɱɧɚɹ ɨɬ ɧɭɥɹ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ RЦТЧ ɞɨ RЦКб, ɦɚɬɟɪɢɚɥ ɱɚɫɬɢɰ ɢɦɟɟɬ 

ɟɞɢɧɢɱɧɭɸ ɪɚɫɫɟɢɜɚɸɳɭɸ ɩɥɨɬɧɨɫɬɶ ɢ ɨɛɴɟɦɧɚɹ ɞɨɥɹ ɡɚɩɨɥɧɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ 

ɫɢɫɬɟɦɟ ɪɚɜɧɚ φ. Ɍɨɝɞɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɜ ɪɚɫɱɟɬɟ ɧɚ ɟɞɢɧɢɰɭ ɨɛɴɟɦɚ 

ɫɢɫɬɟɦɵ ɪɚɜɧɚ 

( )6

1

2

11 22 12 21

6

( )
( ) ( ) ( ) ( )

i

i

C q

I q
F q F q F q F q

=


=  −


,     (B.1) 

ɝɞɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɮɭɧɤɰɢɢ: 

( ) ( ) 22 2

1 1( ) ( )C q V r qr T q=  ;        (B.2) 

( ) 26 2

2 2(2 ) ( )) ( )C q r qr T q=  ;        (B.3) 

( ) 24 2

3 39 (2 ) ( )) ( )C q r qr T q=   ;        (B.4) 

( ) ( ) ( )3 2 *

4 1 22 (2 ) ( )) Re ( ) ( )C q V r r qr T q T q=  ;      (B.5) 

( ) ( ) ( )2 *

5 1 3C =6 (2 ) ( )) Re ( ) ( )V r r qr qr T q T q  ;       (B.6) 

( )5 *

6 2 3=6 (2 ) ( ) ( )) Re ( ) ( )C r qr qr T q T q  ;      (B.7) 

( )1 11 22 12 21( ) ( ) ( ) ( )T q F q F q F q F q= − ;        (B.8) 

( ) ( ) ( ) ( ) ( )2 21 22( ) 2 ( )iqr iqrT q F q rV r qr e F q V r qr e=  −  ;    (B.9) 

( ) ( ) ( ) ( ) ( )3 12 11( ) ( ) 2iqr iqrT q F q V r qr e F q rV r qr e=  −  ;    (B.10) 

( ) ( ) ( )3

11 31 2 iqrF q r qr e= − +  ;        (B.11) 
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( ) ( ) ( )4

12 2 iqrF q r qr e=  ;         (B.12) 

( ) ( ) ( ) ( )2

21 3 2

1
1 3 3 2

2

iqrF q iq r qr e= − −  +  ;      (B.13) 

( ) ( ) ( )3

22 31 3 2 iqrF q r qr e= − +  ;       (B.14) 

3

sin( ) cos( )
( ) 3

( )

X X X
X

X

− = ; 
( )sin

( )
X

X
X

 = .      (B.15) 

ȼ ɜɵɪɚɠɟɧɢɹɯ (B.2) – (B.15) ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: 

( ) 34
3

V r r=  ; ( )2r


 = .        (B16.) 

ɉɭɫɬɶ   ɧɟɤɨɬɨɪɨɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɜɵɪɚɠɟɧɢɟ. Ɍɨɝɞɚ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ:  

( ) ( )
min

6

maxR

m R

f r dr
V

  =  ,         (B.17) 

ɝɞɟ ( ) ( )max

min

R

m

R

V V r f r dr=  .        (B.18) 

Ɏɨɪɦɭɥɵ (B.1) – (B.18) ɹɜɥɹɸɬɫɹ ɨɛɨɛɳɟɧɢɟɦ ɧɚ ɫɥɭɱɚɣ ɧɟɩɪɟɪɵɜɧɨɣ 

ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɮɨɪɦɭɥ, ɩɨɥɭɱɟɧɧɵɯ ɜ ɪɚɛɨɬɟ Д44Ж ɞɥɹ ɫɢɫɬɟɦɵ ɱɚɫɬɢɰ ɫ 

ɞɢɫɤɪɟɬɧɵɦ ɧɚɛɨɪɨɦ ɪɚɞɢɭɫɨɜ.  
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ɉɊɂɅɈɀȿɇɂȿ ɋ 

(ɫɩɪɚɜɨɱɧɨɟ) 

АEB - ɩɪɢɥɨɠɟɧɢɟ ɞɥɹ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦɢ ɆɍɊɊ 

 

Ɋɨɫɬ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɦɨɳɧɨɫɬɟɣ ɩɪɢɜɟɥ ɤ ɪɚɡɪɚɛɨɬɤɟ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 

ɪɚɡɧɨɨɛɪɚɡɢɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɆɍɊɊ. 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ ɪɟɲɚɬɶ ɡɚ ɤɨɪɨɬɤɢɣ ɫɪɨɤ ɞɨɫɬɚɬɨɱɧɨ 

ɨɛɴёɦɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɡɚɞɚɱɢ Д165; 166Ж, ɪɚɡɪɚɛɨɬɚɧɵ ɭɧɢɜɟɪɫɚɥɶɧɵɟ 

ɩɪɨɝɪɚɦɦɧɵɟ ɩɚɤɟɬɵ ɨɛɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ Д58; 144; 145Ж. Ɉɛɴɟɦ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɪɟɡɭɥɶɬɚɬɵ ɟɝɨ ɚɧɚɥɢɡɚ ɪɚɫɬɟɬ ɭɫɤɨɪɟɧɧɵɦɢ 

ɬɟɦɩɚɦɢ. ɗɬɨ ɬɪɟɛɭɟɬ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɯɪɚɧɟɧɢɹ, ɭɩɨɪɹɞɨɱɟɧɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ 

ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɧɚɬɭɪɧɨɝɨ ɢ ɦɨɞɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 

ɫɬɪɭɤɬɭɪɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. Ⱥ ɪɚɦɤɚɯ ɪɚɛɨɬɵ ɫɨɡɞɚɧɨ АОЛ-ɩɪɢɥɨɠɟɧɢɟ «SЦКХХ AЧРХО 

Б-RКв SМКЭЭОЫТЧР DКЭК BКЬО» (ɫɨɤɪɚɳɟɧɧɨ «SAБSDB»). ɇɢɠɟ ɨɩɢɫɚɧɵ ɤɥɸɱɟɜɵɟ 

ɦɨɦɟɧɬɵ ɪɚɛɨɬɵ ɩɪɢɥɨɠɟɧɢɹ. 

Ɋɚɛɨɬɚ ɫ ɜɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɨ ɆɍɊɊ ɪɚɡɧɵɦɢ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ 

ɝɪɭɩɩɚɦɢ, ɡɚɱɚɫɬɭɸ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦɚɬɚɯ. ɇɚɩɪɢɦɟɪ, ɚɪɝɭɦɟɧɬɨɦ 

ɤɪɢɜɨɣ ɪɚɫɫɟɹɧɢɹ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɤɚɤ ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ, ɬɚɤ ɢ ɦɨɞɭɥɶ ɜɟɤɬɨɪɚ 

ɪɚɫɫɟɹɧɢɹ ɢɥɢ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ ɟɦɭ ɜɟɥɢɱɢɧɵ, ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɪɚɫɫɟɹɧɢɹ ɦɨɠɟɬ 

ɛɵɬɶ ɡɚɞɚɧɚ ɨɛɳɢɦ ɭɪɨɜɧɟɦ ɫɢɝɧɚɥɚ ɢɥɢ ɤɨɥɢɱɟɫɬɜɨɦ ɢɦɩɭɥɶɫɨɜ ɜ ɟɞɢɧɢɰɭ 

ɜɪɟɦɟɧɢ. ɋɬɪɭɤɬɭɪɧɵɟ ɞɚɧɧɵɟ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɜ ɜɢɞɟ, ɧɚɩɪɢɦɟɪ, 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɚɪɧɵɯ ɪɚɫɫɬɨɹɧɢɣ ɢ ɪɚɫɫɟɢɜɚɸɳɟɣ ɩɥɨɬɧɨɫɬɢ ɜ ɟɞɢɧɢɱɧɨɦ 

ɪɚɫɫɟɢɜɚɬɟɥɟ ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ ɪɚɡɦɟɪɨɜ ɢ ɨɛɴɟɦɨɜ ɱɚɫɬɢɰ ɜ ɩɨɥɢɞɢɫɩɟɪɫɧɨɣ 

ɫɢɫɬɟɦɟ  

Ɉɫɧɨɜɧɚɹ ɡɚɞɚɱɚ SAБSDB – ɤɨɧɫɨɥɢɞɢɪɨɜɚɧɢɟ ɢ ɯɪɚɧɟɧɢɟ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ 

(ɤɚɤ ɩɪɚɜɢɥɨ, ɜ ɦɚɬɪɢɱɧɨɦ ɩɪɟɞɫɬɚɜɥɟɧɢɢ), ɫɬɚɧɞɚɪɬɢɡɚɰɢɹ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ 
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ɨɪɝɚɧɢɡɚɰɢɹ ɜɵɱɢɫɥɟɧɢɣ, ɧɚ ɨɫɧɨɜɟ ɢɦɩɨɪɬɢɪɭɟɦɵɯ ɞɚɧɧɵɯ.  

ɉɪɢɥɨɠɟɧɢɟ ɞɚɟɬ ɲɢɪɨɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɪɚɛɨɬɟ ɫ ɞɚɧɧɵɦɢ ɪɚɡɥɢɱɧɨɝɨ 

ɮɨɪɦɚɬɚ. ȼ ɧɟɦ ɦɨɠɧɨ ɡɚɞɚɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

– ɮɨɪɦɚɬ ɞɚɧɧɵɯ; 

– ɩɚɪɚɦɟɬɪɵ ɩɚɪɫɢɧɝɚ ɞɚɧɧɵɯ;  

– ɮɨɪɦɚɬ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ; 

– ɬɟɤɫɬɨɜɨɟ ɨɩɢɫɚɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɢɦɩɨɪɬɢɪɭɟɦɵɯ ɤɨɥɨɧɨɤ ɢ ɡɚɝɨɥɨɜɤɨɜ ɨɫɟɣ 

ɩɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ; 

– ɡɧɚɱɟɧɢɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɩɨɥɹ ɫɨɪɬɢɪɨɜɤɢ «ɬɢɩ».  

ɉɚɧɟɥɶ ɧɚɫɬɪɨɟɤ ɡɚɝɪɭɡɤɢ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ C.1 

  
Ɋɢɫɭɧɨɤ ɋ.1 – ɉɚɧɟɥɶ ɧɚɫɬɪɨɟɤ ɯɪɚɧɢɦɵɯ ɞɚɧɧɵɯ ɜ SAБSDB. 
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ɉɪɢɥɨɠɟɧɢɟ SAБSDB ɩɪɢɧɢɦɚɟɬ ɧɚ ɜɯɨɞ ɮɚɣɥɵ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɦɚɬɪɢɱɧɵɟ 

ɞɚɧɧɵɟ ɜ «pЫЧ», «МЬЯ» ɢ ɫɯɨɞɧɵɯ ɫ ɧɢɦɢ ɮɨɪɦɚɬɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ 

ɪɚɡɞɟɥɢɬɟɥɹ ɤɨɥɨɧɨɤ. Ⱦɥɹ ɤɚɠɞɨɣ ɨɬɞɟɥɶɧɨɣ ɦɚɬɪɢɰɵ ɜ ɛɚɡɟ ɞɚɧɧɵɯ ɫɨɡɞɚɟɬɫɹ 

ɨɬɞɟɥɶɧɚɹ ɬɚɛɥɢɰɚ, ɜ ɤɨɬɨɪɨɣ ɤɚɠɞɨɦɭ ɱɢɫɥɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɞɧɚ ɹɱɟɣɤɚ. Ɍɚɤɨɣ 

ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɩɨɫɪɟɞɫɬɜɨɦ ɢɧɬɟɪɮɟɣɫɚ ɛɢɛɥɢɨɬɟɤɢ DЛSТЦpХО Д167Ж 

ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɬɶ ɫ ȻȾ, ɧɟ ɢɫɩɨɥɶɡɭɹ ɫɥɨɠɧɵɯ ɡɚɩɪɨɫɨɜ. Ⱦɥɹ ɛɨɥɶɲɟɣ ɧɚɞɟɠɧɨɫɬɢ 

ɯɪɚɧɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɢɦɩɨɪɬɢɪɭɟɦɵɟ ɞɚɧɧɵɟ ɞɭɛɥɢɪɭɸɬɫɹ ɧɚ ɫɟɪɜɟɪɟ ɜ МЬЯ/pЫЧ 

ɮɚɣɥɚɯ. 

Ɉɪɝɚɧɢɡɚɰɢɹ ɞɨɫɬɭɩɚ. Ɇɟɬɨɞɵ ɫɬɪɭɤɬɭɪɢɪɨɜɚɧɢɹ ɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɞɚɧɧɵɯ 

ɋɭɳɟɫɬɜɟɧɧɵɦɢ ɤɨɦɩɨɧɟɧɬɚɦɢ ɩɪɢɥɨɠɟɧɢɹ ɹɜɥɹɸɬɫɹ ɢɧɫɬɪɭɦɟɧɬɵ ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɢ ɩɪɢɦɟɧɟɧɢɹ ɩɨɢɫɤɨɜɵɯ ɮɢɥɶɬɪɨɜ, ɤɨɬɨɪɵɟ ɪɚɛɨɬɚɸɬ ɫ ɭɞɚɥɟɧɧɵɦ 

ɯɪɚɧɢɥɢɳɟɦ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɥɚɜɧɨɟ ɤɚɱɟɫɬɜɨ ɩɪɢɥɨɠɟɧɢɹ – ɛɵɫɬɪɨɬɭ ɩɨɢɫɤɚ.  

ɇɟɨɛɯɨɞɢɦɵɟ ɢɧɫɬɪɭɦɟɧɬɵ ɫɨɡɞɚɧɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɵɯ ɞɟɣɫɬɜɢɣ 

ɛɢɛɥɢɨɬɟɤɢ EБTJS Д168Ж. ȼ SAБSDB ɫɬɚɥɢ ɜɨɡɦɨɠɧɵɦɢ:  

– ɪɟɚɥɢɡɚɰɢɹ ɩɨɢɫɤɚ ɞɚɧɧɵɯ ɩɨ ɥɸɛɨɦɭ ɩɨɥɸ; 

– ɨɛɴɟɞɢɧɟɧɢɟ ɱɢɫɥɨɜɵɯ ɞɚɧɧɵɯ ɩɨ ɩɨɥɸ, ɤɨɬɨɪɨɟ ɜɵɛɢɪɚɟɬ ɩɨɥɶɡɨɜɚɬɟɥɶ 

ɩɪɢ ɩɟɪɟɧɨɫɟ ɞɚɧɧɵɯ; 

– ɫɨɪɬɢɪɨɜɤɚ ɩɨ ɪɚɡɥɢɱɧɵɦ ɤɪɢɬɟɪɢɹɦ; 

– ɩɨɢɫɤ ɤɪɢɜɵɯ ɩɨ ɚɫɫɨɰɢɢɪɨɜɚɧɧɵɦ ɫ ɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦ. 

ɋ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤɢ EБTJS ɬɚɤɠɟ ɪɟɚɥɢɡɨɜɚɧ ɪɟɝɢɫɬɪɨɧɟɡɚɜɢɫɢɦɵɣ 

ɩɨɢɫɤ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨ ɩɨɞɫɬɪɨɤɟ ɢɥɢ ɩɨ ɪɟɝɭɥɹɪɧɨɦɭ ɜɵɪɚɠɟɧɢɸ Д169Ж. 

ɉɪɢɥɨɠɟɧɢɟ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɡɨɪ ɞɚɧɧɵɯ ɜ ɝɪɚɮɢɱɟɫɤɨɦ ɢ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ. 

Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɆɍɊɊ, ɢɡɦɟɧɹɸɳɟɣɫɹ ɧɚ ɦɧɨɝɨ 

ɩɨɪɹɞɤɨɜ, ɩɨɥɶɡɨɜɚɬɟɥɶ ɦɨɠɟɬ ɡɚɞɚɜɚɬɶ ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɜ 

ɩɨɥɭɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɢɥɢ ɞɜɨɣɧɨɦ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɚɯ.  

ɑɬɨɛɵ ɩɪɨɜɟɫɬɢ ɫɪɚɜɧɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɟɣ, ɜ ɩɪɨɝɪɚɦɦɟ ɟɫɬɶ 
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ɜɨɡɦɨɠɧɨɫɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɢɯ ɧɚ ɨɞɧɨɦ ɝɪɚɮɢɱɟɫɤɨɦ ɩɨɥɟ. ȼ 

SAБSDB ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɢɬɶ ɩɚɪɚɦɟɬɪɵ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ (ɬɢɩ 

ɥɢɧɢɢ, ɧɚɥɢɱɢɟ ɢɥɢ ɨɬɫɭɬɫɬɜɢɟ ɫɟɬɤɢ ɢ ɬɚɤ ɞɚɥɟɟ).  

ɏɪɚɧɢɥɢɳɟɦ ɦɨɝɭɬ ɩɨɥɶɡɨɜɚɬɶɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɚɡɧɵɟ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 

ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. ɉɨɷɬɨɦɭ ɜɚɠɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɞɨɫɬɭɩɚ 

ɹɜɥɹɸɬɫɹ:  

– ɫɨɯɪɚɧɟɧɢɟ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɚɫɬɪɨɟɤ ɩɪɢ ɩɨɜɬɨɪɧɨɦ ɨɛɪɚɳɟɧɢɢ 

ɩɨɥɶɡɨɜɚɬɟɥɹ ɤ ɬɟɦ ɠɟ ɞɚɧɧɵɦ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɷɤɫɩɨɪɬɚ ɦɚɬɪɢɱɧɵɯ ɞɚɧɧɵɯ ɢ ɜɵɛɪɚɧɧɨɝɨ ɝɪɚɮɢɱɟɫɤɨɝɨ 

ɩɪɟɞɫɬɚɜɥɟɧɢɹ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɧɟɡɚɜɢɫɢɦɨɝɨ ɢɡɦɟɧɟɧɢɹ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ ɨɫɧɨɜɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ ɢ ɷɤɫɩɨɪɬɚ/ɢɦɩɨɪɬɚ ɞɚɧɧɵɯ. 

Ⱦɚɧɧɵɟ ɭɫɥɨɜɢɹ ɜɵɩɨɥɧɟɧɵ ɜ SAБSDB ɛɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɢɧɮɨɪɦɚɰɢɹ ɨɛɨ 

ɜɫɟɯ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɧɚɫɬɪɨɣɤɚɯ ɜɢɡɭɚɥɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ ɧɚɫɬɪɨɣɤɚɯ ɩɚɪɫɢɧɝɚ, 

ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ. Ʉɪɨɦɟ ɬɨɝɨ, ɦɚɬɪɢɱɧɵɟ ɞɚɧɧɵɟ ɢ ɜɵɛɪɚɧɧɨɟ 

ɝɪɚɮɢɱɟɫɤɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɧɟɫɟɧɨ ɧɚ ɤɨɦɩɶɸɬɟɪ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɨ 

ɟɝɨ ɡɚɩɪɨɫɭ ɜ .МЬЯ ɢ .pЧР ɮɨɪɦɚɬɚɯ. 

ɂɧɬɟɪɮɟɣɫ 

ȼ ɩɪɢɥɨɠɟɧɢɢ ɢɦɩɥɟɦɟɧɬɢɪɨɜɚɧ ɚɞɚɩɬɢɜɧɵɣ ɢɧɬɟɪɮɟɣɫ, ɤɨɬɨɪɵɣ 

ɪɟɚɥɢɡɭɟɬɫɹ ɤɚɠɞɵɦ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɩɨɬɪɟɛɧɨɫɬɹɦɢ, ɚ ɬɚɤɠɟ ɫɨɯɪɚɧɹɟɬɫɹ ɜ ɩɪɢɥɨɠɟɧɢɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɗɬɨ ɫɞɟɥɚɧɨ ɫ ɩɨɦɨɳɶɸ ɢɧɫɬɪɭɦɟɧɬɨɜ ɛɢɛɥɢɨɬɟɤɢ EБTJS. 

ɇɚ ɪɢɫɭɧɤɟ C.2 ɩɨɤɚɡɚɧ ɜɚɪɢɚɧɬ ɢɧɬɟɪɮɟɣɫɚ, ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ 

ɪɚɡɞɟɥɨɜ: «ɇɚɜɢɝɚɰɢɹ», «ɋɨɞɟɪɠɚɧɢɟ ɬɚɛɥɢɰɵ» ɢ «ɉɚɪɚɦɟɬɪɵ».  

Ɋɚɡɞɟɥ «ɇɚɜɢɝɚɰɢɹ» ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɧɟɫɟɧɢɟ ɧɨɜɵɯ ɞɚɧɧɵɯ ɢ ɩɨɢɫɤ ɞɚɧɧɵɯ 

ɫɪɟɞɢ ɬɟɯ, ɤɨɬɨɪɵɟ ɭɠɟ ɢɦɟɸɬɫɹ ɜ ȻȾ.  

ȼ ɪɚɡɞɟɥɟ «ɋɨɞɟɪɠɚɧɢɟ ɬɚɛɥɢɰɵ» ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɜɵɛɨɪ ɱɢɫɥɨɜɨɝɨ 
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ɢɥɢ ɝɪɚɮɢɱɟɫɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɥɹ ɜɵɛɪɚɧɧɨɣ ɦɚɬɪɢɰɵ (ɦɚɬɪɢɰ), ɨɩɪɟɞɟɥɟɧɢɟ 

ɩɚɪɚɦɟɬɪɨɜ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɢ ɷɤɫɩɨɪɬ ɱɢɫɥɨɜɵɯ ɢ ɝɪɚɮɢɱɟɫɤɢɯ ɞɚɧɧɵɯ ɧɚ 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɤɨɦɩɶɸɬɟɪ.  

Ɋɚɡɞɟɥ «ɉɚɪɚɦɟɬɪɵ» ɩɨɤɚɡɵɜɚɟɬ ɩɚɪɚɦɟɬɪɵ ɫɴёɦɤɢ ɞɥɹ ɢɫɫɥɟɞɭɟɦɨɣ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɢɥɢ ɢɡɭɱɚɟɦɨɝɨ ɨɛɪɚɡɰɚ ɞɥɹ ɧɚɬɭɪɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɚ ɬɚɤɠɟ 

ɩɚɪɚɦɟɬɪɵ ɦɨɞɟɥɢ ɞɥɹ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɚɤɠɟ ɢɧɫɬɪɭɦɟɧɬɵ ɞɚɧɧɨɝɨ 

ɪɚɡɞɟɥɚ ɩɨɡɜɨɥɹɸɬ ɪɟɞɚɤɬɢɪɨɜɚɬɶ ɩɟɪɟɱɟɧɶ ɩɚɪɚɦɟɬɪɨɜ, ɢɯ ɡɧɚɱɟɧɢɹ ɢ ɨɩɢɫɚɧɢɹ.  

ɚ) 

 

ɛ) 

 

 

ɜ)  
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Ɋɢɫɭɧɨɤ C.2 – ɉɚɧɟɥɢ ɪɚɡɞɟɥɨɜ АОЛ-ɩɪɢɥɨɠɟɧɢɹ SAБSDB: ɚ) «ɇɚɜɢɝɚɰɢɹ»; 

ɛ) «ɋɨɞɟɪɠɚɧɢɟ ɬɚɛɥɢɰɵ»; ɜ) «ɉɚɪɚɦɟɬɪɵ». 

Ɍɟɯɧɢɱɟɫɤɚɹ ɪɟɚɥɢɡɚɰɢɹ 

Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɛɨɥɶɲɨɝɨ ɨɛɴɟɦɚ ɞɚɧɧɵɯ ɜɚɠɧɵɦ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ 

ɭɞɨɛɫɬɜɚ ɢ ɛɵɫɬɪɨɬɵ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɮɭɧɤɰɢɣ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɞɚɧɧɵɯ. ɬɚɤɢɯ, ɤɚɤ 

ɫɨɪɬɢɪɨɜɤɚ, ɝɪɭɩɩɢɪɨɜɤɚ, ɩɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ, ɩɟɪɟɦɚɫɲɬɚɛɢɪɨɜɚɧɢɟ ɢ ɬɚɤ ɞɚɥɟɟ. 

Ⱦɥɹ ɷɬɨɝɨ ɨɛɪɚɳɟɧɢɟ ɤ ɫɟɪɜɟɪɭ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ ɬɟɯɧɨɥɨɝɢɢ AJКБ Д170Ж, 

ɤɨɬɨɪɚɹ ɡɚɤɥɸɱɚɟɬɫɹ ɜ «ɮɨɧɨɜɨɦ» ɨɛɦɟɧɟ ɞɚɧɧɵɦɢ ɦɟɠɞɭ ɛɪɚɭɡɟɪɨɦ ɢ ɜɟɛ-

ɫɟɪɜɟɪɨɦ. ȼɚɠɧɨ, ɱɬɨ ɩɪɢ ɨɛɧɨɜɥɟɧɢɢ ɞɚɧɧɵɯ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɥɧɨɣ ɩɟɪɟɡɚɝɪɭɡɤɢ 

ɜɟɛ-ɫɬɪɚɧɢɰɵ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɸɬɫɹ ɛɟɡ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɟɫɭɪɫɨɜ ɤɨɦɩɶɸɬɟɪɚ-ɤɥɢɟɧɬɚ.  

ɉɪɢɥɨɠɟɧɢɟ ɯɪɚɧɢɬ ɞɚɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɋɍȻȾ MВSQL 5. ȼɡɚɢɦɨɞɟɣɫɬɜɢɟ ɫ 

ɋɍȻȾ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɧɭɬɪɟɧɧɢɦ ɢɧɫɬɪɭɦɟɧɬɚɪɢɟɦ ɛɢɛɥɢɨɬɟɤɢ DЛSТЦpХО.  

ɂɫɩɨɥɶɡɭɟɦɨɟ ɫɟɪɜɟɪɧɨɟ ɉɈ: PHP VОЫЬТШЧ 5.3.27-1зНШЭНОЛ.0, ЦвЬqХЧН 5.0.8-

НОЯ – 20102224, ApКМСО/2.2.22 Д171Ж. ɉɪɢ ɤɥɢɟɧɬ-ɫɟɪɜɟɪɧɨɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ 

ɩɪɨɢɫɯɨɞɢɬ ɨɛɦɟɧ ɞɚɧɧɵɦɢ ɜ ɮɨɪɦɚɬɟ JSON.  

ɉɨɫɬɪɨɟɧɢɟ ɝɪɚɮɢɤɨɜ ɢɡ ɮɚɣɥɨɜ ɜ ɮɨɪɦɚɬɟ .pЧР ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɪɟɞɫɬɜɚɦɢ 

АОЛ-ɫɟɪɜɢɫɚ ЬЯР.ЬОЧМСК.ТШ.  

ɂɦɩɨɪɬ ɞɚɧɧɵɯ ɜ ȻȾ ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɬɞɟɥɶɧɵɣ PHP-ɫɤɪɢɩɬ, ɯɪɚɧɢɦɵɣ ɧɚ АОЛ-
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ɫɟɪɜɟɪɟ ɢ ɜɵɡɵɜɚɟɦɵɣ ɫɬɨɪɨɧɧɢɦɢ ɩɪɢɥɨɠɟɧɢɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ SAБSEV.  

ɂɫɩɨɥɶɡɨɜɚɧɧɵɟ ɩɚɬɬɟɪɧɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ RPC Д172Ж ɢɥɢ REST Д173Ж (ɩɨ 

ɜɵɛɨɪɭ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫ ɩɪɚɜɚɦɢ ɚɞɦɢɧɢɫɬɪɚɬɨɪɚ), ɫɬɚɧɞɚɪɬ ɤɨɞɢɪɨɜɚɧɢɹ – 

ɪɟɤɨɦɟɧɞɭɟɦɵɣ ГОЧН TОМСЧШХШРТОЬ LЭН. Д174Ж. Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɫɢɫɬɟɦɚ 

ɩɨɞɞɟɪɠɢɜɚɟɬɫɹ ɜɫɟɦɢ ɫɨɜɪɟɦɟɧɧɵɦɢ ɛɪɚɭɡɟɪɚɦɢ: IО6++, FF2++, OpОЫК 6++, 

CСЫШЦО, SКПКЫТ 2++. ȼɚɠɧɨɟ ɬɪɟɛɨɜɚɧɢɟ – ɜ ɛɪɚɭɡɟɪɟ ɞɨɥɠɧɚ ɛɵɬɶ ɜɤɥɸɱɟɧɚ 

ɩɨɞɞɟɪɠɤɚ ɹɡɵɤɚ JКЯКSМЫТpЭ. Ʉɨɧɮɢɝɭɪɚɰɢɹ ɫɟɪɜɟɪɧɨɝɨ ɉɈ ɞɨɫɬɭɩɧɚ ɩɨ ɚɞɪɟɫɭ 

Д176Ж.  

ȼɟɪɫɢɢ АОЛ-ɩɪɢɥɨɠɟɧɢɹ SAБSDB: 1.02 (ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɢɤɨɜ 

ɩɪɢɦɟɧɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɟ ɢɧɫɬɪɭɦɟɧɬɵ EБTJS) ɢ 2.1.1 (ɜɢɡɭɚɥɢɡɚɰɢɢ ɢ ɫɨɯɪɚɧɟɧɢɹ 

ɞɚɧɧɵɯ ɪɟɚɥɢɡɨɜɚɧɨ ɫ ɩɨɦɨɳɶɸ ɛɢɛɥɢɨɬɟɤ EБTJS ɢ JPGЫКpС Д175Ж).  

Ⱦɥɹ ɨɝɪɚɧɢɱɟɧɢɹ ɞɨɫɬɭɩɚ ɚɞɦɢɧɢɫɬɪɚɬɨɪ ɦɨɠɟɬ ɜɤɥɸɱɢɬɶ ɦɟɯɚɧɢɡɦɚ «НТРОЬЭ 

КЮЭСОЧЭТМКЭТШЧ», ɜɨɡɦɨɠɧɨ ɬɚɤɠɟ ɨɝɪɚɧɢɱɟɧɢɟ ɞɨɫɬɭɩɚ ɩɨ IP.  

ɂɫɯɨɞɧɵɣ ɤɨɞ АОЛ-ɩɪɢɥɨɠɟɧɢɟ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɥɢɰɟɧɡɢɟɣ ɥɢɰɟɧɡɢɢ GNU-GPL3 Д177Ж. ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɨɞɨɛɧɵɟ ɯɪɚɧɢɥɢɳɚ 

ɞɚɧɧɵɯ ɢ аОЛ-ɫɟɪɜɢɫɵ ɪɟɲɚɸɳɢɟ ɫɯɨɠɢɟ ɡɚɞɚɱɢ Д178 - 182Ж ɢɦɟɸ ɡɚɤɪɵɬɵɣ 

ɢɫɯɨɞɧɵɣ ɤɨɞ. 

URL ɞɟɦɨɜɟɪɫɢɢ ɩɪɢɥɨɠɟɧɢɹ: Д176Ж.  

ɉɪɢɥɨɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɩɪɢ ɢɡɭɱɟɧɢɢ ɭɝɥɟɪɨɞɧɵɯ 

ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ Д92Ж, ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɭɝɥɟɪɨɞɧɵɯ ɫɢɫɬɟɦ Д156Ж, ɧɚɧɨɩɨɪɨɲɤɨɜɵɯ 

ɨɛɪɚɡɰɨɜ ɨɤɫɢɞɨɜ Д138Ж.  
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ɉɊɂɅɈɀȿɇɂȿ D 

Ⱥɤɬɵ ɜɧɟɞɪɟɧɢɹ 
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ɋɩɢɫɨɤ ɫɨɤɪɚɳɟɧɢɣ 

ɆɍɊɊ – ɦɚɥɨɭɝɥɨɜɨɟ ɪɟɧɬɝɟɧɨɜɫɤɨɟ ɪɚɫɫɟɹɧɢɟ 

ɆȻȺ – ɦɟɬɨɞ Ȼɚɣɟɫɨɜɫɤɨɝɨ ɚɧɚɥɢɡɚ 

VFDF – VШХЮЦО FЫКМЭТШЧ DТЬЭЫТЛЮЭТШЧ FЮЧМЭТШЧ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɨɛɴɟɦɧɵɯ ɞɨɥɟɣ ɩɨ ɪɚɞɢɭɫɚɦ ɝɢɪɚɰɢɢ. 

ɈɈɉ – ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɟ 

SOLID – ɚɤɪɨɧɢɦ, ɫɨɞɟɪɠɚɳɢɣ ɜ ɫɟɛɟ ɧɚɡɜɚɧɢɹ 5 ɨɫɧɨɜɧɵɯ ɩɪɢɧɰɢɩɨɜ ɈɈɉ: 

single responsibility, open–closed, Liskov substitution, interface segregation ɢ 

dependency inversion 

ȻȾ – ɛɚɡɚ ɞɚɧɧɵɯ. 

ɅɆɉ – ɥɨɤɚɥɶɧɨɟ ɦɨɧɨɞɢɫɩɟɪɫɧɨɟ ɩɪɢɛɥɢɠɟɧɢɟ. 

 


