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LAWS OF POWER TRANSMISSION ON BRANCHES OF DOUBLE-SPLIT 
HYDROSTATIC MECHANICAL TRANSMISSIONS 

. ɍɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɤɪɭɝɨɜɨɝɨ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɱɢɫɥɚ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ ɯɚɪɚɤɬɟɪɨɦ ɢɡɦɟɧɟɧɢɹ
ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɜ ɝɢɞɪɨɨɛɴɺɦɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɬɪɚɧɫɦɢɫɫɢɹɯ ɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɯɚɪɚɤɬɟɪɟ ɢɡɦɟɧɟɧɢɹ ɰɢɪ-
ɤɭɥɹɰɢɨɧɧɵɯ ɢ ɛɟɡɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ ɝɢɞɪɨɨɛɴɺɦɧɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɪɨɛɨɤ ɩɟɪɟɞɚɱ.

. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɪɚɧɫɦɢɫɫɢɣ ɛɚɡɢɪɭɸɬɫɹ ɧɚ ɨɫɧɨɜɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɬɟɨɪɢɢ ɦɚɲɢɧ ɢ
ɦɟɯɚɧɢɡɦɨɜ ɢ ɬɟɨɪɢɢ ɡɚɦɤɧɭɬɵɯ ɞɜɭɯɩɨɬɨɱɧɵɯ ɩɟɪɟɞɚɱ.

. Ɋɟɡɭɥɶɬɚɬɚɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɜɡɚɢɦɨɫɜɹɡɢ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɜ
ɞɜɭɯɩɨɬɨɱɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ ɝɢɞɪɨɨɛɴɺɦɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɬɪɚɧɫɦɢɫɫɢɹɯ (ȽɈɆɌ) ɦɨɳɧɨɫɬɟɣ ɫ ɩɨɬɟɪɹɦɢ ɜ
ɝɢɞɪɨɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱɚɯ ɢ ɢɯ ɄɉȾ, ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɜ ɯɚɪɚɤɬɟɪɟ ɢɡɦɟɧɟɧɢɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɢ ɛɟɡɰɢɪɤɭɥɹɰɢ-
ɨɧɧɵɯ ɪɟɠɢɦɨɜ ɜɨ ɜɫɟɦ ɪɚɛɨɱɟɦ ɞɢɚɩɚɡɨɧɟ ɝɢɞɪɨɨɛɴɟɦɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɪɨɛɨɤ ɩɟɪɟɞɚɱ. ɗɬɨ ɜ ɞɚɥɶɧɟɣɲɟɦ
ɩɨɡɜɨɥɢɬ ɭɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɢ ɤɪɭɝɨɜɨɝɨ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɞɜɭɯɩɨɬɨɱɧɵɯ ɝɢɞ-
ɪɨɨɛɴɟɦɧɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɪɨɛɨɤ ɩɟɪɟɞɚɱ ɫ ɩɚɪɚɦɟɬɪɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɝɢɞɪɨɨɛɴɺɦɧɵɯ ɩɟɪɟɞɚɱ ɜ ɫɥɭɱɚɹɯ ɩɥɚ-
ɧɟɬɚɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɧɚ ɜɵɯɨɞɟ ɢ ɧɚ ɜɯɨɞɟ. ɗɬɨ ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɧɨɣ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ
ɫɯɟɦ ɬɪɚɧɫɦɢɫɫɢɣ ɞɢɡɟɥɟɜɨɡɚ.

. ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɰɢɪɤɭɥɢɪɭɸɳɢɯ, ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ ȽɈɆɌ,
ɦɨɳɧɨɫɬɟɣ ɫ ɩɨɬɟɪɹɦɢ ɜ ɝɢɞɪɨɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱɚɯ ɢ ɢɯ ɄɉȾ, ɚɧɚɥɢɡ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɟɣ ɜ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɢ ɷɧɟɪɝɢɢ ɩɨ ɜɟɬɜɹɦ ɞɜɭɯɩɨɬɨɱɧɵɯ ȽɈɆɌ ɜ ɩɪɨɰɟɫɫɟ ɢɯ ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɫɬɪɨɝɨɟ
ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɥɟɦɦɵ ɨ ɧɚɥɢɱɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ ɝɢɞɪɨɨɛɴɟɦɧɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɪɨɛɤɚɯ ɩɟɪɟɞɚɱ (ȽɈɆ Ʉɉ) – ɨɫɧɨɜɚ ɧɚɭɱɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɦɟɬɨɞɨɥɨɝɢɢ ɚɧɚɥɢɡɚ ɛɟɫɫɬɭɩɟɧɱɚ-
ɬɵɯ ȽɈɆɌ ɜɨ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɤɚɤ ɧɚ ɬɹɝɨɜɵɯ, ɬɚɤ ɢ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɤɨɪɨɫɬɧɵɯ ɞɢɚɩɚɡɨɧɚɯ
ɥɸɛɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɜ ɱɚɫɬɧɨɫɬɢ ɲɚɯɬɧɵɯ ɞɢɡɟɥɟɜɨɡɨɜ.

ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɩɨɬɨɤɨɜ
ɦɨɳɧɨɫɬɢ ɜ ɷɥɟɦɟɧɬɚɯ ɬɪɚɧɫɦɢɫɫɢɢ ɞɥɹ ɨɛɨɫɧɨɜɚɧɢɹ ɬɢɩɚ ɬɪɚɧɫɦɢɫɫɢɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɧɟɨɛɯɨɞɢɦɨɟ ɬɹɝɨɜɨɟ
ɭɫɢɥɢɟ ɢ ɛɟɫɫɬɭɩɟɧɱɚɬɨɟ ɪɟɝɭɥɢɪɨɜɚɧɢɟ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɞɢɡɟɥɟɜɨɡɚ ɜ ɡɚɞɚɧɧɨɦ ɞɢɚɩɚɡɨɧɟ ɩɪɢ ɪɚɛɨɬɟ ɞɢɡɟɥɶ-
ɧɨɝɨ ɞɜɢɝɚɬɟɥɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɤɨɥɟɧɜɚɥɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɦɢɧɢɦɚɥɶɧɵɟ ɜɵɛɪɨɫɵ ɢ ɩɨɬɪɟɛɥɟ-
ɧɢɟ ɬɨɩɥɢɜɚ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɧɚɤɥɚɞɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɭɸ ɫɯɟ-
ɦɭ ɞɜɭɯɩɨɬɨɱɧɨɣ ɛɟɫɫɬɭɩɟɧɱɚɬɨɣ ɬɪɚɧɫɦɢɫɫɢɢ, ɤɨɬɨɪɚɹ ɞɥɹ ɥɸɛɨɝɨ ɧɟɨɛɪɚɬɢɦɨɝɨ ɜɚɪɢɚɬɨɪɚ ɞɨɥɠɧɚ ɞɨɩɭɫɤɚɬɶ
ɬɨɥɶɤɨ ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɨɬ ɞɜɢɝɚɬɟɥɹ ɞɨ ɜɟɞɭɳɢɯ ɤɨɥɟɫ ɬɹɝɨɜɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɦɚɲɢɧɵ.

: , , , ,

. 2 Ⱦɨɫɬɨɢɧɫɬɜɚ ɞɢɡɟɥɟɜɨɡɨɜ, ɪɚɫɩɪɨ-
ɫɬɪɚɧɟɧɧɵɯ ɜɨ ɦɧɨɝɢɯ ɭɝɥɟɞɨɛɵɜɚɸɳɢɯ ɫɬɪɚɧɚɯ ɦɢ-
ɪɚ, ɨɩɪɟɞɟɥɹɸɬ ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɚɛɨɬ ɩɨ ɫɨɡɞɚɧɢɸ ɧɚ-
ɰɢɨɧɚɥɶɧɵɯ ɨɛɪɚɡɰɨɜ, ɮɨɪɦɢɪɭɸɳɢɯ ɩɟɪɫɩɟɤɬɢɜɧɨɟ
ɧɚɩɪɚɜɥɟɧɢɟ ɲɚɯɬɧɨɝɨ ɥɨɤɨɦɨɬɢɜɨɫɬɪɨɟɧɢɹ.

ɋɢɥɨɜɵɟ ɭɫɬɚɧɨɜɤɢ ɞɢɡɟɥɟɜɨɡɨɜ – ɬɟɩɥɨɜɵɟ ɞɜɢ-
ɝɚɬɟɥɢ, ɧɟ ɜ ɫɨɫɬɨɹɧɢɢ ɨɛɟɫɩɟɱɢɬɶ ɢɡɦɟɧɟɧɢɟ ɩɚɪɚ-
ɦɟɬɪɨɜ ɩɨɬɨɤɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɩɪɟɞɟɥɚɯ,
ɬɪɟɛɭɟɦɵɯ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɬɹɝɨɜɵɯ ɢ ɦɚ-
ɧɟɜɪɨɜɵɯ ɪɚɛɨɬ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɫɢɥɨɜɵɯ ɢ ɫɤɨɪɨɫɬ-
ɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɬɨɤɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ ɞɢ-
ɡɟɥɶɧɵɯ ɞɜɢɝɚɬɟɥɹɯ ɧɟɪɚɰɢɨɧɚɥɶɧɨ, ɬɚɤ ɤɚɤ ɪɚɫɲɢ-
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ɪɟɧɢɟ ɞɢɚɩɚɡɨɧɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɜɹɡɚɧɨ ɫɨ ɡɧɚɱɢ-
ɬɟɥɶɧɵɦ ɪɚɫɯɨɞɨɦ ɬɨɩɥɢɜɚ ɢ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɯɥɨɩɚ ɜ
ɲɚɯɬɧɭɸ ɚɬɦɨɫɮɟɪɭ. Ⱦɥɹ ɷɬɢɯ ɰɟɥɟɣ ɩɪɢɦɟɧɹɸɬ ɩɪɟ-
ɨɛɪɚɡɭɸɳɟ-ɩɟɪɟɞɚɸɳɭɸ ɫɢɫɬɟɦɭ – ɬɪɚɧɫɦɢɫɫɢɸ, ɤɨ-
ɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɚ ɩɨ ɩɨɥɧɨɩɨɬɨɱɧɨɣ ɢɥɢ
ɞɜɭɯɩɨɬɨɱɧɨɣ ɫɯɟɦɟ.

. ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨ-
ɫɬɶɸ ɞɜɭɯɩɨɬɨɱɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ ɝɢɞɪɨɨɛɴɺɦɧɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɬɪɚɧɫɦɢɫɫɢɣ (ȽɈɆɌ) ɹɜɥɹɟɬɫɹ ɧɚɥɢ-
ɱɢɟ ɜ ɢɯ ɫɨɫɬɚɜɟ ɫɭɦɦɢɪɭɸɳɟɝɨ ɩɥɚɧɟɬɚɪɧɨɝɨ ɦɟɯɚ-
ɧɢɡɦɚ. ɗɬɨɬ ɦɟɯɚɧɢɡɦ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɩɪɨɫɬɵɦ, ɫɨ-
ɫɬɨɹɳɢɦ ɢɡ ɨɞɧɨɝɨ ɩɥɚɧɟɬɚɪɧɨɝɨ ɪɹɞɚ, ɬɚɤ ɢ ɫɥɨɠ-
ɧɵɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɩɥɚɧɟɬɚɪɧɵɯ ɪɹɞɨɜ ɫ
ɷɥɟɦɟɧɬɚɦɢ ɭɩɪɚɜɥɟɧɢɹ (ɮɪɢɤɰɢɨɧɚɦɢ, ɬɨɪɦɨɡɚɦɢ,
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ɦɭɮɬɚɦɢ). ɋɥɨɠɧɵɣ ɩɥɚɧɟɬɚɪɧɵɣ ɦɟɯɚɧɢɡɦ ɜɫɟɝɞɚ
ɦɨɠɧɨ ɫɜɟɫɬɢ ɤ ɧɟɤɨɬɨɪɨɦɭ ɷɤɜɢɜɚɥɟɧɬɧɨɦɭ ɩɥɚɧɟ-
ɬɚɪɧɨɦɭ ɪɹɞɭ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɩɨɥɨɠɟɧ ɤɚɤ
ɧɚ ɜɯɨɞɟ ȽɈɆɌ, ɬɚɤ ɢ ɧɚ ɜɵɯɨɞɟ.

1. Ʉɚɤ ɢɡɜɟɫɬɧɨ, ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ
ɤɨɪɨɛɤɚɯ ɩɟɪɟɞɚɱ ɩɨɬɨɤɢ ɦɨɳɧɨɫɬɢ ɨɬ ɜɯɨɞɧɨɝɨ ɜɚ-
ɥɚ, ɫɜɹɡɚɧɧɨɝɨ ɫ Ⱦȼɋ, ɞɨ ɜɵɯɨɞɧɨɝɨ ɜɚɥɚ, ɫɜɹɡɚɧɧɨɝɨ
ɫ ɜɟɞɭɳɢɦɢ ɤɨɥɟɫɚɦɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɦɨɝɭɬ
ɢɞɬɢ ɩɚɪɚɥɥɟɥɶɧɵɦɢ ɩɨɬɨɤɚɦɢ – ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɬ
ɞɜɢɝɚɬɟɥɟɣ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɞɨ ɤɨɥɟɫ ɢɥɢ
ɰɢɪɤɭɥɢɪɨɜɚɬɶ ɜ ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ. ɉɨɞɪɨɛɧɨ ɷɬɢ
ɜɨɩɪɨɫɵ ɪɚɫɫɦɨɬɪɟɧɵ ɜ ɤɥɚɫɫɢɱɟɫɤɢɯ ɬɪɭɞɚɯ
ȼ.ɂ. Ʉɪɚɫɧɟɧɶɤɨɜɚ ɢ Ⱥ.Ⱦ. ȼɚɲɟɰɚ. ȼ ɢɞɟɚɥɶɧɨɦ ɫɥɭ-
ɱɚɟ, ɛɟɡ ɭɱɟɬɚ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɬɟɪɶ ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ
ɢɥɢ ɦɧɨɝɨɩɨɬɨɱɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɪɨɛɤɚɯ ɩɟɪɟɞɚɱ,
ɦɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ, ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ, ɩɟɪɟɞɚɟɬɫɹ ɨɬ
ɜɯɨɞɧɨɝɨ ɜɚɥɚ ɤɨɪɨɛɤɢ ɞɨ ɜɟɞɭɳɢɯ ɤɨɥɟɫ, ɯɨɬɹ ɜɧɭɬ-
ɪɢ ɡɚɦɤɧɭɬɵɯ ɤɨɧɬɭɪɨɜ ɦɨɝɭɬ ɢɦɟɬɶ ɦɟɫɬɨ ɰɢɪɤɭɥɹ-
ɰɢɢ ɦɨɳɧɨɫɬɢ. ɋɭɳɟɫɬɜɟɧɧɵɦ ɨɬɥɢɱɢɟɦ ɞɜɭɯɩɨɬɨɱ-
ɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ ȽɈɆɌ ɨɬ ɫɬɭɩɟɧɱɚɬɵɯ ɞɜɭɯɩɨ-
ɬɨɱɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɬɪɚɧɫɦɢɫɫɢɣ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ
ɩɨɬɟɪɢ ɜ ɝɢɞɪɨɨɛɴɟɦɧɨɣ ɩɟɪɟɞɚɱɟ (ȽɈɉ) ɢ ɟɟ ɄɉȾ
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɪɚɧɫɦɢɫɫɢɢ,
ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɜɟɥɢɱɢɧɭ ɤɚɤ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɨɜ
ɦɨɳɧɨɫɬɢ, ɬɚɤ ɢ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ. Ʉ ɫɨɠɚɥɟɧɢɸ,
ɫɬɪɨɝɨɝɨ ɧɚɭɱɧɨɝɨ ɩɨɞɯɨɞɚ ɤ ɨɩɢɫɚɧɢɸ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ ȽɈɆɌ ɧɚ ɫɟ-
ɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɧɟɬ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɧɚɤɥɚ-
ɞɵɜɚɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɨɝɪɚɧɢɱɟɧɢɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɤɢ-
ɧɟɦɚɬɢɱɟɫɤɭɸ ɫɯɟɦɭ ɞɜɭɯɩɨɬɨɱɧɨɣ ɛɟɫɫɬɭɩɟɧɱɚɬɨɣ
ɬɪɚɧɫɦɢɫɫɢɢ, ɤɨɬɨɪɚɹ ɞɥɹ ɥɸɛɨɝɨ ɧɟɨɛɪɚɬɢɦɨɝɨ ɜɚ-
ɪɢɚɬɨɪɚ ɞɨɥɠɧɚ ɞɨɩɭɫɤɚɬɶ ɬɨɥɶɤɨ ɩɚɪɚɥɥɟɥɶɧɵɟ ɩɨ-
ɬɨɤɢ ɦɨɳɧɨɫɬɢ ɨɬ ɞɜɢɝɚɬɟɥɹ ɞɨ ɜɟɞɭɳɢɯ ɤɨɥɟɫ ɬɹɝɨ-
ɜɨ-ɬɪɚɧɫɩɨɪɬɧɨɣ ɦɚɲɢɧɵ.

.
Ȼɥɢɠɟ ɜɫɟɯ ɤ ɪɟɲɟɧɢɸ ɷɬɨɣ ɩɪɨɛɥɟɦɵ ɩɨɞɨɲɥɢ ɚɜ-
ɬɨɪɵ ɪɚɛɨɬɵ [1]. ȼ ɪɚɛɨɬɟ [2] ɜɩɟɪɜɵɟ ɩɪɟɞɫɬɚɜɥɟɧɚ
ɥɟɦɦɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɬɨɥɶɤɨ ɩɨ ɜɢɞɭ ɪɟɝɭɥɢɪɨ-
ɜɨɱɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ȽɈɆɌ ɫɪɚɡɭ ɨɩɪɟɞɟɥɢɬɶ ɜ
ɤɚɤɢɯ ɫɤɨɪɨɫɬɧɵɯ ɞɢɚɩɚɡɨɧɚɯ ȽɈɆɌ ɪɚɛɨɬɚɟɬ ɜ ɪɟ-
ɠɢɦɚɯ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ, ɚ ɜ ɤɚɤɢɯ – 
ɜ ɪɟɠɢɦɚɯ ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ, ɜ ɩɟɪ-
ɜɨɦ ɫɥɭɱɚɟ ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ ɩɪɹɦɨɦ ɩɨɬɨɤɟ ɦɨɳɧɨ-
ɫɬɢ, ɚ ɜɨ ɜɬɨɪɨɦ – ɜ ɨɛɪɚɬɧɨɦ ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ. ȼ
ɪɚɛɨɬɟ [3] ɜɫɤɪɵɬɵ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɞɟɧɢɹ ȽɈɉ, ɪɚ-
ɛɨɬɚɸɳɢɯ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɩɨɬɨɤɚɯ ɦɨɳɧɨɫɬɢ,
ɢɯ ɫɭɳɟɫɬɜɟɧɧɨɟ ɨɬɥɢɱɢɟ ɧɚ ɫɯɨɞɧɵɯ ɪɟɠɢɦɚɯ (ɩɨ
ɭɝɥɨɜɵɦ ɫɤɨɪɨɫɬɹɦ ɝɢɞɪɨɦɚɲɢɧ, ɩɟɪɟɩɚɞɚɦ ɞɚɜɥɟ-
ɧɢɹ, ɩɚɪɚɦɟɬɪɚɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ). ɉɨɤɚɡɚɧɨ ɫɭɳɟɫɬ-
ɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɬɨɤɨɜ ɦɨɳ-
ɧɨɫɬɢ ɜ ȽɈɆɌ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɜ ȽɈɉ ɢ ɢɯ ɜɥɢɹɧɢɟ
ɧɚ ɨɛɳɢɣ ɄɉȾ ɬɪɚɧɫɦɢɫɫɢɢ. Ⱥɜɬɨɪɨɦ ɭɤɚɡɚɧɧɚɹ
ɥɟɦɦɚ (ɨ ɧɚɥɢɱɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ ɰɢɪɤɭɥɹɰɢɢ ɜ
ɞɜɭɯɩɨɬɨɱɧɵɯ ȽɈɆɌ) ɭɬɨɱɧɟɧɚ ɢ ɨɛɨɛɳɟɧɚ, ɨɞɧɚɤɨ
ɜɫɟ ɠɟ ɧɟ ɹɜɥɹɟɬɫɹ ɫɬɪɨɝɨ ɞɨɤɚɡɚɧɧɵɦ ɭɬɜɟɪɠɞɟɧɢɟɦ
ɭɪɨɜɧɹ ɧɚɭɱɧɨɝɨ ɩɨɥɨɠɟɧɢɹ.

ɂɫɫɥɟɞɨɜɚɧɢɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɰɢɪɤɭɥɢɪɭɸɳɢɯ, ɜ
ɞɜɭɯɩɨɬɨɱɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ ȽɈɆɌ, ɦɨɳɧɨɫɬɟɣ ɫ
ɩɨɬɟɪɹɦɢ ɜ ɝɢɞɪɨɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱɚɯ ɢ ɢɯ ɄɉȾ,
ɚɧɚɥɢɡ ɢ ɭɫɬɚɧɨɜɥɟɧɢɟ ɜɡɚɢɦɨɫɜɹɡɟɣ ɜ ɪɚɫɩɪɟɞɟɥɟɧɢɢ

ɷɧɟɪɝɢɢ ɩɨ ɜɟɬɜɹɦ ɞɜɭɯɩɨɬɨɱɧɵɯ ȽɈɆɌ ɜ ɩɪɨɰɟɫɟ ɢɯ
ɪɚɛɨɬɵ ɜ ɫɨɫɬɚɜɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ ɢ ɫɬɪɨɝɨɟ ɞɨ-
ɤɚɡɚɬɟɥɶɫɬɜɨ ɥɟɦɦɵ ɨ ɧɚɥɢɱɢɢ ɢɥɢ ɨɬɫɭɬɫɬɜɢɢ ɰɢɪ-
ɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ ɝɢɞɪɨɨɛɴɟɦɧɨ-
ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɪɨɛɤɚɯ ɩɟɪɟɞɚɱ (ȽɈɆ Ʉɉ) – ɨɫɧɨɜɚ
ɧɚɭɱɧɨɝɨ ɨɛɨɫɧɨɜɚɧɢɹ ɦɟɬɨɞɨɥɨɝɢɢ ɚɧɚɥɢɡɚ ɛɟɫɫɬɭ-
ɩɟɧɱɚɬɵɯ ȽɈɆɌ ɜɨ ɜɫɟɯ ɜɨɡɦɨɠɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ
ɤɚɤ ɧɚ ɬɹɝɨɜɵɯ, ɬɚɤ ɢ ɧɚ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɤɨɪɨɫɬɧɵɯ
ɞɢɚɩɚɡɨɧɚɯ ɥɸɛɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ, ɜ ɱɚɫɬɧɨ-
ɫɬɢ, ɲɚɯɬɧɵɯ ɞɢɡɟɥɟɜɨɡɨɜ.

. Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ
ɭɤɚɡɚɧɧɨɣ ɥɟɦɦɵ ɩɪɨɜɨɞɢɬɫɹ ɜ ɬɪɢ ɷɬɚɩɚ. ɇɟɨɛɯɨɞɢɦɨ:

1.ɍɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɤɪɭɝɨɜɨɝɨ ɩɟɪɟɞɚɬɨɱ-
ɧɨɝɨ ɱɢɫɥɚ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ ɢ
ɄɉȾ ɜ ɝɢɞɪɨɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱɚɯ ɫ ɯɚɪɚɤɬɟɪɨɦ ɢɡɦɟ-
ɧɟɧɢɹ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɜ ȽɈɆɌ, ɜɵɹɜɢɬɶ ɡɚɤɨɧɨ-
ɦɟɪɧɨɫɬɢ ɜ ɯɚɪɚɤɬɟɪɟ ɢɡɦɟɧɟɧɢɹ ɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɢ
ɛɟɡɰɢɪɤɭɥɹɰɢɨɧɧɵɯ ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɜɨ ɜɫɟɦ ɞɢɚɩɚ-
ɡɨɧɟ ɪɚɛɨɱɢɯ ɪɟɠɢɦɨɜ ȽɈɆ Ʉɉ – .

2. Ɏɨɪɦɚɥɢɡɨɜɚɬɶ ɪɟɝɭɥɢɪɨɜɨɱɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢ-
ɤɢ ȽɈɆɌ.

3. ɍɫɬɚɧɨɜɢɬɶ ɜɡɚɢɦɨɫɜɹɡɶ ɤɪɭɝɨɜɨɝɨ ɩɟɪɟɞɚɬɨɱ-
ɧɨɝɨ ɨɬɧɨɲɟɧɢɹ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɞɜɭɯɩɨɬɨɱɧɵɯ
ȽɈɆ Ʉɉ ɫ ɩɚɪɚɦɟɬɪɨɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ȽɈɉ ɜ ɫɥɭɱɚɹɯ
ɩɥɚɧɟɬɚɪɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɧɚ ɜɵɯɨɞɟ ɢ ɧɚ ɜɯɨɞɟ.

ɗɬɚɩɵ ɹɜɥɹɸɬɫɹ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɦɢ ɪɚɫɱɟɬɧɨ-
ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ ɦɟɬɨɞɢɤɚɦɢ ɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜɩɟɪ-
ɜɵɟ. Ɋɟɡɭɥɶɬɚɬɵ 2 ɢ 3 ɷɬɚɩɨɜ, ɚ ɬɚɤɠɟ ɩɨɥɧɵɟ ɨɛɳɢɟ
ɜɵɜɨɞɵ ɩɨ ɭɫɬɚɧɨɜɥɟɧɢɸ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɮɨɪɦɢɪɨ-
ɜɚɧɢɹ, ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ
ɩɨ ɜɟɬɜɹɦ ɞɜɭɯɩɨɬɨɱɧɵɯ ɝɢɞɪɨɨɛɴɺɦɧɨ-ɦɟɯɚɧɢ-
ɱɟɫɤɢɯ ɬɪɚɧɫɦɢɫɫɢɣ ɫ ɦɢɧɢɦɭɦɨɦ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨ-
ɬɟɪɶ ɜ ɷɥɟɦɟɧɬɚɯ ɬɪɚɧɫɦɢɫɫɢɢ ɛɭɞɭɬ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ
ɬɪɟɬɶɟɦ ɧɨɦɟɪɟ ɠɭɪɧɚɥɚ ɡɚ 2012 ɝɨɞ.

Ɋɚɫɫɦɨɬɪɢɦ ɤɥɚɫɫ ɞɜɭɯɩɨɬɨɱɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ
ȽɈɆ Ʉɉ ɫ ɩɥɚɧɟɬɚɪɧɵɦ ɦɟɯɚɧɢɡɦɨɦ ɧɚ ɜɵɯɨɞɟ.

. 1. 

ɇɚ ɪɢɫ. 1 ɜɵɞɟɥɟɧɵ ɡɜɟɧɶɹ Ⱦ, Ʉ, ȼ ɡɚɦɤɧɭɬɨɝɨ
ɤɨɧɬɭɪɚ ɞɜɭɯɩɨɬɨɱɧɨɣ ȽɈɆ Ʉɉ ɢ ɜɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟ-
ɧɢɹ: N1, 1 ɢ N2, 2 – ɦɨɳɧɨɫɬɢ ɢ ɦɨɦɟɧɬɵ ɧɚ ɜɚɥɚɯ
ȽɆ1 ɢ ȽɆ2; ω , N , ɢ ω , N , – ɭɝɥɨɜɵɟ ɫɤɨɪɨ-
ɫɬɢ, ɦɨɳɧɨɫɬɢ ɢ ɦɨɦɟɧɬɵ ɧɚ ɜɚɥɭ Ⱦȼɋ ɢ ɜɵɯɨɞɧɨɦ
ɜɚɥɭ; ΔN1, ΔN2 – ɫɭɦɦɚɪɧɵɟ ɝɢɞɪɨɦɟɯɚɧɢɱɟɫɤɢɟ ɩɨ-
ɬɟɪɢ ɧɚ ɝɢɞɪɨɦɚɲɢɧɚɯ; ΔQ1, ΔQ2 – ɫɭɦɦɚɪɧɵɟ ɨɛɴ-
ɟɦɧɵɟ ɩɨɬɟɪɢ; p0, p1 – ɞɚɜɥɟɧɢɟ ɧɚɝɪɭɡɤɢ ɢ ɩɨɞɩɢɬɤɢ
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; μ – ɫɪɟɞɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɟ-
ɫɤɨɣ ɜɹɡɤɨɫɬɢ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ. ɋɬɪɟɥɤɢ ɨɞɢɧɚɤɨ-
ɜɨɝɨ ɰɜɟɬɚ ɭɤɚɡɵɜɚɸɬ ɬɪɢ ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹ
ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɜ ɞɜɭɯɩɨɬɨɱɧɨɣ ȽɈɆɌ. ȼ ɞɚɥɶ-
ɧɟɣɲɟɦ, ɞɥɹ ɨɩɢɫɚɧɢɹ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ω, ɩɚɪɚ-
ɦɟɬɪɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ , ɩɨɬɟɪɶ ɢ ɄɉȾ η, ɩɟɪɜɵɣ ɢɧ-
ɞɟɤɫ „1“ ɛɭɞɟɬ ɨɬɧɨɫɢɬɶɫɹ ɤ ɪɟɝɭɥɢɪɭɟɦɨɣ ɝɢɞɪɨɦɚ-
ɲɢɧɟ (ȽɆ1), ɢɧɞɟɤɫ „2“ – ɤ ɧɟɪɟɝɭɥɢɪɭɟɦɨɣ ɝɢɞɪɨ-
ɦɚɲɢɧɟ (ȽɆ2). ɉɟɪɟɩɚɞ ɪɚɛɨɱɟɝɨ ɞɚɜɥɟɧɢɹ Δ ɞɥɹ
ɨɛɟɢɯ ɝɢɞɪɨɦɚɲɢɧ ɩɪɢɦɟɦ ɨɞɢɧɚɤɨɜɵɦ. Ʉɚɤ ɩɪɚɜɢ-
ɥɨ, ɩɟɪɟɞ ɪɟɝɭɥɢɪɭɟɦɨɣ ɝɢɞɪɨɦɚɲɢɧɧɨɣ ȽɆ1 ɫɬɚɜɢɬ-
ɫɹ ɫɨɝɥɚɫɭɸɳɢɣ ɪɟɞɭɤɬɨɪ ɫ ɩɟɪɟɞɚɬɨɱɧɵɦ ɨɬɧɨɲɟ-
ɧɢɟɦ i1, ɚ ɩɨɫɥɟ ɧɟɪɟɝɭɥɢɪɭɟɦɨɣ ɝɢɞɪɨɦɚɲɢɧɵ
ȽɆ2 – ɪɟɞɭɤɬɨɪ ɫ ɩɟɪɟɞɚɬɨɱɧɵɦ ɨɬɧɨɲɟɧɢɟɦ i2, i3 – 
ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ
(i3=0).  

Ɉɬɧɨɲɟɧɢɟ ɦɨɳɧɨɫɬɟɣ Nk ɤ N ɧɚ ɡɜɟɧɶɹɯ Ʉ ɢ ȼ
ɢɦɟɟɬ ɜɢɞ
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ɝɞɟ ki ɢ ki  – ɤɪɭɝɨɜɵɟ ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ
ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ.

Ɋɚɫɫɦɨɬɪɢɦ ɬɪɢ ɜɨɡɦɨɠɧɵɯ ɪɟɠɢɦɚ ɪɚɛɨɬɵ
ȽɈɆɌ (ɪɢɫ. 2). 

ɚ) ɛ)

ɜ)

. 2. -
: ) ;

) ; ) -

 1 (ɪɢɫ. 2, ), ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟ-
ɧɢɹ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɰɢɪɤɭɥɹɰɢɢ ɜ
ɡɚɦɤɧɭɬɨɦ ɤɨɧɬɭɪɟ (ɪɢɫ. 1), ɢɦɟɟɦ
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ȼɵɪɚɠɚɹ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ (2) Nk ɱɟɪɟɡ N ɢ ɩɨɞ-
ɫɬɚɜɥɹɹ ɜ (3), ɩɨɥɭɱɢɦ

k k k

k k k

N i
N i

η η η
η η η

⋅ ⋅ ⋅
=

⋅ ⋅ −
. (4) 

Ɉɱɟɜɢɞɧɨ, ɧɚ ɨɫɧɨɜɚɧɢɢ (3) ɢ (4), N /Nk= – k kiη ⋅ .
ɍɱɢɬɵɜɚɹ, ɱɬɨ, ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɚɯ ɦɨɳ-

ɧɨɫɬɢ ɩɨ ɨɛɟɢɦ ɜɟɬɜɹɦ ȽɈɆɌ, ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ ɩɪɹ-
ɦɨɦ ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ, ɢ ɩɪɟɧɟɛɪɟɝɚɹ ɩɨɬɟɪɹɦɢ ɜ
ɡɭɛɱɚɬɵɯ ɡɚɰɟɩɥɟɧɢɹɯ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɨɬɟɪɹɦɢ ɜ
ȽɈɉ, ɢɦɟɟɦ

η η= ɢ 1k kη η= = . (5) 

Ɍɨɝɞɚ ɢɡ (3) ɢ (4) ɩɨɥɭɱɢɦ ɜɚɠɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ
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 2 (ɪɢɫ. 2, ), ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ ɜ
ɤɨɧɬɭɪɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ȾɄȼȾ, ɤɨɝɞɚ ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ
ɨɛɪɚɬɧɨɦ ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ, ɭɱɢɬɵɜɚɹ ɫɨɨɬɧɨɲɟɧɢɹ
(5), ɢɦɟɟɦ
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 3 (ɪɢɫ. 2, ), ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ ɜ
ɤɨɧɬɭɪɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ȾȼɄȾ, ɤɨɝɞɚ ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ
ɩɪɹɦɨɦ ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ, ɭɱɢɬɵɜɚɹ ɫɨɨɬɧɨɲɟɧɢɹ
(5), ɢɦɟɟɦ
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Ɉɛɨɛɳɚɹ ɫɨɨɬɧɨɲɟɧɢɹ (6)–(11), ɨɩɢɫɵɜɚɸɳɢɟ
ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɬɪɢ ɧɚɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɨɜ ɦɨɳɧɨɫɬɢ
(ɪɢɫ. 2), ɦɨɠɟɦ ɡɚɩɢɫɚɬɶ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɜɵɪɚɠɟɧɢɹ

1

1
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k
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N i

η
η

±
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−
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1
k

k

N i
N i

η
η
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±
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ɍɧɢɜɟɪɫɚɥɶɧɨɫɬɶ ɜɵɪɚɠɟɧɢɣ (12), (13) ɫɨɫɬɨɢɬ ɜ
ɬɨɦ, ɱɬɨ ɜ ɫɥɭɱɚɟ 1, ɩɪɢ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɨɬɨɤɚɯ ɦɨɳɧɨ-
ɫɬɢ ɜ ȽɈɆɌ (ɪɢɫ. 2, ), ɤɨɝɞɚ ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ ɩɪɹɦɨɦ
ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɩɪɢ η ɪɚɜɟɧ
+1. Ʉɪɭɝɨɜɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ ɤɨɧɬɭɪɚ ɫɬɪɨɝɨ
ɨɬɪɢɰɚɬɟɥɶɧɨ ( 0ki < ). ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ
ɜɵɪɚɠɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɫɨɨɬɧɨɲɟɧɢɹɦ (6) ɢ (7). 

ȼ ɫɥɭɱɚɟ 2, ɩɪɢ ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɬɭɪɟ ɜ
ɧɚɩɪɚɜɥɟɧɢɢ ȾɄȼȾ, ɤɨɝɞɚ ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ ɨɛɪɚɬɧɨɦ
ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ (ɪɢɫ. 2, ), ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɩɪɢ
η ɪɚɜɟɧ –1. Ʉɪɭɝɨɜɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ
ɤɨɧɬɭɪɚ ɫɬɪɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ( 0ki > ). ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɜɵɪɚɠɟɧɢɹ (12) ɢ (13) ɩɪɢɜɨɞɹɬ ɤ
ɫɨɨɬɧɨɲɟɧɢɹɦ (8) ɢ (9). 

ȼ ɫɥɭɱɚɟ 3, ɩɪɢ ɰɢɪɤɭɥɹɰɢɢ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧɬɭɪɟ ɜ
ɧɚɩɪɚɜɥɟɧɢɢ ȾȼɄȾ, ɤɨɝɞɚ ȽɈɉ ɪɚɛɨɬɚɟɬ ɜ ɩɪɹɦɨɦ

ɩɨɬɨɤɟ ɦɨɳɧɨɫɬɢ (ɪɢɫ. 2, ), ɩɨɤɚɡɚɬɟɥɶ ɫɬɟɩɟɧɢ ɩɪɢ
η ɪɚɜɟɧ +1. Ʉɪɭɝɨɜɨɟ ɩɟɪɟɞɚɬɨɱɧɨɟ ɨɬɧɨɲɟɧɢɟ
ɤɨɧɬɭɪɚ ɫɬɪɨɝɨ ɩɨɥɨɠɢɬɟɥɶɧɨ ( 0ki > ). ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɜɵɪɚɠɟɧɢɹ (12) ɢ (13) ɩɪɢɜɨɞɹɬ ɤ
ɫɨɨɬɧɨɲɟɧɢɹɦ (10) ɢ (11), ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ,
ɫɨɜɩɚɞɚɸɬ ɫ ɫɨɨɬɧɨɲɟɧɢɹɦɢ (6) ɢ (7) ɞɥɹ ɫɥɭɱɚɹ 1. 
Ⱥɤɰɟɧɬɢɪɭɟɦ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ
ɫɨɨɬɧɨɲɟɧɢɹɯ ɞɥɹ ɫɥɭɱɚɹ 1 ɢ 3 ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɧɵɟ
ɩɨ ɡɧɚɤɭ ɤɪɭɝɨɜɵɟ ɩɟɪɟɞɚɬɨɱɧɵɟ ɨɬɧɨɲɟɧɢɹ ɤɨɧɬɭɪɚ
( 0ki < ɢ 0ki > ɞɥɹ ɫɥɭɱɚɟɜ 1 ɢ 3 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

ȼ ɢɞɟɚɥɶɧɨɦ ɫɥɭɱɚɟ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɩɨɬɟɪɶ ɜ
ȽɈɉ ( 1η = ), ɤɚɤ ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ, ɩɨɥɭɱɢɦ ɢɡ-
ɜɟɫɬɧɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɪɚɛɨɬ ȼ.ɂ. Ʉɪɚɫɧɟɧɶɤɨɜɚ ɢ
Ⱥ.Ⱦ. ȼɚɲɟɰɚ, ɤɨɬɨɪɵɟ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɫɥɭɱɚɟɜ ɧɚɩɪɚɜ-
ɥɟɧɢɣ ɦɨɳɧɨɫɬɢ ɜ ȽɈɆɌ ɨɞɢɧɚɤɨɜɵ

1
1

k

k

N
N i

=
− ; 1

k

k

N i
N i

=
− . (14) 

ȼ ɫɥɭɱɚɟ 1 0ki < ɢ ɰɢɪɤɭɥɹɰɢɹ ɦɨɳɧɨɫɬɢ ɜ ɤɨɧ-
ɬɭɪɟ ȾɄȼȾ ɨɬɫɭɬɫɬɜɭɟɬ. ɇɚ ɪɢɫ. 3 ɩɨɤɚɡɚɧɵ ɝɪɚɮɢɤɢ
ɨɬɧɨɲɟɧɢɣ Nk / N ɢ N / N ɜ ɫɥɭɱɚɟ ɨɬɫɭɬɫɬɜɢɹ ɩɨ-
ɬɟɪɶ ɜ ȽɈɉ ɢ ɫ ɢɯ ɭɱɟɬɨɦ. ȼɢɞɧɨ, ɱɬɨ ɩɪɢ ɭɦɟɧɶɲɟ-
ɧɢɢ η ɫ 1 ɞɨ 0,1, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɦɟɧɶɲɚɸɬɫɹ
ɨɪɞɢɧɚɬɵ ɨɬɧɨɲɟɧɢɣ Nk / N ɢ N  / N  (II ɤɜɚɞɪɚɧɬ
ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɪɢɫ. 3).  

. 3. 
 1  3 

ȼ ɫɥɭɱɚɟ 2 0ki > ɢ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɡɧɚɦɟɧɚɬɟɥɟɣ
ɜ ɜɵɪɚɠɟɧɢɹɯ (12), (13) ɜ ɧɭɥɶ, ɬɨ ɟɫɬɶ ɜ ɬɨɱɤɚɯ ɩɟɪɟ-
ɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɚɫɢɦɩɬɨɬ ɫ ɨɫɶɸ ki , ɜ ɬɨɱɤɚɯ

1ki / η= ɬɟɨɪɟɬɢɱɟɫɤɢ ɰɢɪɤɭɥɢɪɭɸɳɢɟ ɦɨɳɧɨ-

ɫɬɢ Nk ɢ N ɪɚɜɧɵ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɛɟɫɤɨɧɟɱ-
ɧɨɫɬɢ ɢ ɢɦɟɸɬ ɪɚɡɧɵɟ ɡɧɚɤɢ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ ɬɨɱ-
ɤɢ 1ki / η= ɰɢɪɤɭɥɢɪɭɸɳɢɟ ɦɨɳɧɨɫɬɢ ɦɟɧɹɸɬ
ɡɧɚɤɢ. ȼ ɫɥɭɱɚɟ 2 ɰɢɪɤɭɥɢɪɭɸɳɚɹ ɦɨɳɧɨɫɬɶ N ɩɪɨɬɢ-
ɜɨɩɨɥɨɠɧɚ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ, ɚ ɡɧɚɱɢɬ ɢ ɩɨ ɡɧɚɤɭ ɫ



ISSN 2071-2227, Науковий вісник НГУ, 2012, № 2 73

Г Е О Т Е Х Н І Ч Н А  І  Г І Р Н И Ч А  М Е Х А Н І К А ,  М А Ш И Н О Б У Д У В А Н Н Я

ɦɨɳɧɨɫɬɶɸ ɞɜɢɝɚɬɟɥɹ N . ɂ ɨɬɧɨɲɟɧɢɹ Nk / N ɢ N  / 
N ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ I ɢ IV ɤɜɚɞɪɚɧ-
ɬɚɯ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚ ɪɢɫ. 4 ɩɪɢ 0 1ki / η< < .

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɟɝɪɭɠɟɧɨ ɡɜɟɧɨ K. ɋ ɭɦɟɧɶɲɟ-
ɧɢɟɦ η ɨɬ 1 ɞɨ 0,1 ɜɟɪɬɢɤɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ

1ki / η= ɨɬɨɞɜɢɝɚɟɬɫɹ ɨɬ ɨɫɢ ɨɪɞɢɧɚɬ ɜɩɪɚɜɨ,
ɰɢɪɤɭɥɢɪɭɸɳɢɟ ɦɨɳɧɨɫɬɢ Nk ɢ N ɭɦɟɧɶɲɚɸɬɫɹ ɩɪɢ
ɷɬɨɦ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɥɭ-
ɱɚɟɦ ɨɬɫɭɬɫɬɜɢɹ ɩɨɬɟɪɶ ɩɪɢ 1η =  (ɪɢɫ. 4). 

. 4.  2 

Ɍɚɤ ɩɪɢ 0 5,η = ɜɟɪɬɢɤɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ
1 2ki / η= =  (ɪɢɫ. 4); ɩɪɢ 0 9,η = ɜɟɪɬɢɤɚɥɶ-

ɧɚɹ ɚɫɢɦɩɬɨɬɚ 1 1 1ki / ,η= = ; ɩɪɢ 0 1,η = ɜɟɪ-
ɬɢɤɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ 1 10ki / η= = ɢ ɜɵɯɨɞɢɬ ɡɚ
ɩɪɟɞɟɥɵ ɪɢɫ. 4. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɫɥɭɱɚɟ 2 
ɰɢɪɤɭɥɹɰɢɹ ɦɨɳɧɨɫɬɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ 0ki = ɢ
ɩɪɨɞɨɥɠɚɟɬɫɹ ɞɨ 1ki / η= .

ȼ ɫɥɭɱɚɟ 3 0ki > (ɪɢɫ. 3) ɢ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɡɧɚ-
ɦɟɧɚɬɟɥɟɣ ɜ ɜɵɪɚɠɟɧɢɹɯ (10), (11) ɜ ɧɭɥɶ, ɬɨ ɟɫɬɶ ɜ
ɬɨɱɤɚɯ ɩɟɪɟɫɟɱɟɧɢɹ ɜɟɪɬɢɤɚɥɶɧɵɯ ɚɫɢɦɩɬɨɬ ɫ ɨɫɶɸ

ki ɜ ɬɨɱɤɚɯ ki η=  , ɬɟɨɪɟɬɢɱɟɫɤɢ ɰɢɪɤɭɥɢ-
ɪɭɸɳɢɟ ɦɨɳɧɨɫɬɢ Nk ɢ N ɭɫɬɪɟɦɥɹɸɬɫɹ ɜ ɛɟɫɤɨɧɟɱ-
ɧɨɫɬɶ ɩɨ ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ ɢ ɢɦɟɸɬ ɪɚɡɧɵɟ ɡɧɚ-
ɤɢ. ɉɪɢ ɩɟɪɟɯɨɞɟ ɱɟɪɟɡ ɬɨɱɤɢ ki η= ɰɢɪɤɭɥɢ-
ɪɭɸɳɢɟ ɦɨɳɧɨɫɬɢ ɦɟɧɹɸɬ ɡɧɚɤɢ.

ȼ ɫɥɭɱɚɟ 3 ɰɢɪɤɭɥɢɪɭɸɳɚɹ ɦɨɳɧɨɫɬɶ N ɫɨɜɩɚɞɚ-
ɟɬ ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ, ɚ ɡɧɚɱɢɬ ɢ ɩɨ ɡɧɚɤɭ, ɫ ɦɨɳɧɨɫɬɶɸ
ɞɜɢɝɚɬɟɥɹ N . ɂ ɨɬɧɨɲɟɧɢɹ Nk / N ɢ N  / N ɪɚɫɫɦɚɬ-
ɪɢɜɚɸɬɫɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɜ I ɢ IV ɤɜɚɞɪɚɧɬɚɯ ɫɢɫɬɟ-
ɦɵ ɤɨɨɪɞɢɧɚɬ ɧɚ ɪɢɫ. 3 ɩɪɢ ki η> . ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ ɩɟɪɟɝɪɭɠɟɧɚ ȽɈɉ ɢ ɡɜɟɧɨ . ɋ ɭɦɟɧɶɲɟɧɢɟɦ
η ɨɬ 1 ɞɨ 0,1 ɜɟɪɬɢɤɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ ki η=
ɩɪɢɛɥɢɠɚɟɬɫɹ ɤ ɨɫɢ ɨɪɞɢɧɚɬ ɫɩɪɚɜɚ ɧɚɥɟɜɨ, ɰɢɪɤɭɥɢ-
ɪɭɸɳɢɟ ɦɨɳɧɨɫɬɢ Nk ɢ N ɭɦɟɧɲɚɸɬɶɫɹ ɩɪɢ ɷɬɨɦ ɩɨ
ɚɛɫɨɥɸɬɧɨɣ ɜɟɥɢɱɢɧɟ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ ɫɥɭɱɚɟɦ ɨɬ-
ɫɭɬɫɬɜɢɹ ɩɨɬɟɪɶ ɩɪɢ 1η =  (ɪɢɫ. 3). 

Ɍɚɤ, ɩɪɢ 0 5,η = ɜɟɪɬɢɤɚɥɶɧɚɹ ɚɫɢɦɩɬɨɬɚ
0 5ki ,η= =  (ɪɢɫ. 3); ɩɪɢ 0 9,η = ɜɟɪɬɢɤɚɥɶɧɚɹ

ɚɫɢɦɩɬɨɬɚ 0 9ki ,η= = ; ɩɪɢ 0 1,η = ɜɟɪɬɢɤɚɥɶɧɚɹ
ɚɫɢɦɩɬɨɬɚ 0 1ki ,η= = . ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ
ɫɥɭɱɚɟ 3 ɰɢɪɤɭɥɹɰɢɹ ɦɨɳɧɨɫɬɢ ɧɚɱɢɧɚɟɬɫɹ ɩɪɢ

0 5,η = ɢ ɩɪɨɞɨɥɠɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ki . Ɉɞɧɚɤɨ ɩɨɬɟ-
ɪɢ ɜ ȽɈɉ ɢ ɟɟ ɄɉȾ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɹɸɬ ɯɚɪɚɤɬɟɪ ɰɢɪ-
ɤɭɥɹɰɢɹ ɦɨɳɧɨɫɬɢ. Ɍɚɤ ɜ ɢɧɬɟɪɜɚɥɟ 0,5 < ki < 1 ɩɪɢ

0 5,η = ɛɟɡ ɭɱɟɬɚ ɩɨɬɟɪɶ (ɩɪɢ 1η = ) ɜ ɡɚɦɤɧɭɬɨɦ
ɤɨɧɬɭɪɟ ȽɈɆ Ʉɉ ɞɨɥɠɧɚ ɛɵɬɶ, ɬɟɨɪɟɬɢɱɟɫɤɢ, ɰɢɪɤɭɥɹ-
ɰɢɹ ɩɨ ɫɥɭɱɚɸ 2 ɫ ɨɛɪɚɬɧɵɦ ɩɨɬɨɤɨɦ ɦɨɳɧɨɫɬɢ ɱɟɪɟɡ
ȽɈɉ, ɚ ɫ ɭɱɟɬɨɦ ɩɨɬɟɪɶ (ɩɪɢ 0 5,η = ) ɜ ɷɬɨɦ ɢɧɬɟɪ-
ɜɚɥɟ ɧɚɛɥɸɞɚɟɬɫɹ ɰɢɪɤɭɥɹɰɢɹ ɩɨ ɫɥɭɱɚɸ 3 ɫ ɩɪɹɦɵɦ
ɩɨɬɨɤɨɦ ɦɨɳɧɨɫɬɢ ɱɟɪɟɡ ȽɈɉ.

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɧɚɥɢ-
ɡɚ ɜɵɹɜɥɟɧɵ ɜɡɚɢɦɨɫɜɹɡɢ ɯɚɪɚɤɬɟɪɚ ɢɡɦɟɧɟɧɢɹ ɰɢɪ-
ɤɭɥɢɪɭɸɳɢɯ ɜ ɞɜɭɯɩɨɬɨɱɧɵɯ ɛɟɫɫɬɭɩɟɧɱɚɬɵɯ ȽɈɆɌ
ɦɨɳɧɨɫɬɟɣ ɫ ɩɨɬɟɪɹɦɢ ɜ ɝɢɞɪɨɨɛɴɟɦɧɵɯ ɩɟɪɟɞɚɱɚɯ ɢ
ɢɯ ɄɉȾ.
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. ȼɫɬɚɧɨɜɢɬɢ ɜɡɚɽɦɨɡɜ’ɹɡɨɤ ɤɪɭɝɨɜɨɝɨ ɩɟɪɟ-
ɞɚɜɚɥɶɧɨɝɨ ɱɢɫɥɚ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧɬɭɪɚ ɡ ɯɚɪɚɤɬɟɪɨɦ
ɡɦɿɧɢ ɩɨɬɨɤɿɜ ɩɨɬɭɠɧɨɫɬɿ ɜ ɝɢɞɪɨɨɛ’ɽɦɧɨ-ɦɟɯɚɧɿɱɧɢɯ
ɬɪɚɧɫɦɿɫɿɹɯ, ɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɜ ɯɚɪɚɤɬɟɪɿ ɡɦɿɧɢ ɰɢɪ-
ɤɭɥɹɰɿɣɧɢɯ ɿ ɛɟɡɰɢɪɤɭɥɹɰɢɨɧɧɢɯ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɭ
ɜɫɶɨɦɭ ɞɿɚɩɚɡɨɧɿ ɪɨɛɨɱɢɯ ɪɟɠɢɦɿɜ ɝɢɞɪɨɨɛ’ɽɦɧɨ-
ɦɟɯɚɧɿɱɧɢɯ ɤɨɪɨɛɨɤ ɩɟɪɟɞɚɱ.

. Ɍɟɨɪɟɬɢɱɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɬɪɚɧɫɦɿɫɿɣ
ɛɚɡɭɸɬɶɫɹ ɧɚ ɨɫɧɨɜɧɢɯ ɩɨɥɨɠɟɧɧɹɯ ɬɟɨɪɿʀ ɦɚɲɢɧ ɿ
ɦɟɯɚɧɿɡɦɿɜ ɿ ɬɟɨɪɿʀ ɡɚɦɤɧɭɬɢɯ ɞɜɨɩɨɬɨɤɨɜɢɯ ɩɟɪɟɞɚɱ.

. Ɋɟɡɭɥɶɬɚɬɚɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɽ ɜɡɚɽ-
ɦɨɡɜ’ɹɡɤɢ ɯɚɪɚɤɬɟɪɭ ɡɦɿɧɢ ɰɢɪɤɭɥɸɸɱɢɯ ɭ ɞɜɨɩɨɬɨɤɨ-
ɜɢɯ ɛɟɡɫɬɭɩɿɧɱɚɫɬɢɯ ɝɢɞɪɨɨɛ’ɽɦɧɨ-ɦɟɯɚɧɿɱɧɢɯ ɬɪɚɧɫɦɿ-
ɫɿɹɯ ɩɨɬɭɠɧɨɫɬɟɣ ɿɡ ɜɬɪɚɬɚɦɢ ɜ ɝɢɞɪɨɨɛ’ɽɦɧɢɯ ɩɟɪɟɞɚ-
ɱɚɯ ɿ ʀɯ ɄɄȾ, ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɜ ɯɚɪɚɤɬɟɪɿ ɡɦɿɧɢ ɰɢɪɤɭɥɹ-
ɰɿɣɧɢɯ ɿ ɛɟɡɰɢɪɤɭɥɹɰɿɣɧɢɯ ɪɟɠɢɦɿɜ ɭ ɜɫɶɨɦɭ ɪɨɛɨɱɨɦɭ
ɞɿɚɩɚɡɨɧɿ ɝɢɞɪɨɨɛ’ɽɦɧɨ-ɦɟɯɚɧɿɱɧɢɯ ɤɨɪɨɛɨɤ ɩɟɪɟɞɚɱ.
ɐɟ ɜ ɩɨɞɚɥɶɲɨɦɭ ɞɨɡɜɨɥɢɬɶ ɜɫɬɚɧɨɜɢɬɢ ɜɡɚɽɦɨɡɜ’ɹɡɤɢ
ɤɪɭɝɨɜɨɝɨ ɩɟɪɟɞɚɜɚɥɶɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ ɡɚɦɤɧɭɬɨɝɨ ɤɨɧ-
ɬɭɪɚ ɞɜɨɩɨɬɨɤɨɜɢɯ ɝɢɞɪɨɨɛ’ɽɦɧɨ-ɦɟɯɚɧɿɱɧɢɯ ɤɨɪɨɛɨɤ
ɩɟɪɟɞɚɱ ɡ ɩɚɪɚɦɟɬɪɨɦ ɪɟɝɭɥɸɜɚɧɧɹ ɝɢɞɪɨɨɛ’ɽɦɧɢɯ ɩɟ-
ɪɟɞɚɱ ɭ ɜɢɩɚɞɤɚɯ ɩɥɚɧɟɬɚɪɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɧɚ ɜɢɯɨɞɿ ɿ ɧɚ
ɜɯɨɞɿ. ɐɟ ɧɟɨɛɯɿɞɧɨ ɞɥɹ ɨɛʉɪɭɧɬɭɜɚɧɧɹ ɫɬɪɭɤɬɭɪɧɨʀ ɿ ɤɿ-
ɧɟɦɚɬɢɱɧɨʀ ɫɯɟɦ ɬɪɚɧɫɦɿɫɿɣ ɞɢɡɟɥɟɜɨɡɚ.

. Ⱦɨɫɥɿɞɠɟɧɧɹ ɪɨɡɩɨɞɿɥɭ ɰɢɪɤɭ-
ɥɸɸɱɢɯ, ɭ ɞɜɨɩɨɬɨɤɨɜɢɯ ɛɟɡɫɬɭɩɿɧɱɚɫɬɢɯ ȽɈɆɌ, ɩɨ-
ɬɭɠɧɨɫɬɟɣ ɿɡ ɜɬɪɚɬɚɦɢ ɜ ɝɢɞɪɨɨɛ’ɽɦɧɢɯ ɩɟɪɟɞɚɱɚɯ ɿ
ʀɯ ɄɄȾ, ɚɧɚɥɿɡ ɿ ɜɫɬɚɧɨɜɥɟɧɧɹ ɜɡɚɽɦɨɡɜ’ɹɡɤɿɜ ɭ ɪɨɡɩɨ-
ɞɿɥɿ ɟɧɟɪɝɿʀ ɩɨ ɝɿɥɤɚɯ ɞɜɨɩɨɬɨɤɨɜɢɯ ȽɈɆɌ ɭ ɩɪɨɰɟɫɿ
ʀɯ ɪɨɛɨɬɢ ɭ ɫɤɥɚɞɿ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɿ ɱɿɬɤɢɣ ɞɨ-

ɤɚɡ ɥɟɦɢ ɩɪɨ ɧɚɹɜɧɿɫɬɶ ɚɛɨ ɜɿɞɫɭɬɧɿɫɬɶ ɰɢɪɤɭɥɹɰɿʀ
ɩɨɬɭɠɧɨɫɬɿ ɭ ɞɜɨɩɨɬɨɤɨɜɢɯ ɝɢɞɪɨɨɛ’ɽɦɧɨ-
ɦɟɯɚɧɿɱɧɢɯ ɤɨɪɨɛɤɚɯ ɩɟɪɟɞɚɱ – ɨɫɧɨɜɚ ɧɚɭɤɨɜɨɝɨ ɨɛ-
ɝɪɭɧɬɭɜɚɧɧɹ ɦɟɬɨɞɨɥɨɝɿʀ ɚɧɚɥɿɡɭ ɛɟɡɫɬɭɩɿɧɱɚɫɬɢɯ
ȽɈɆɌ ɭ ɜɫɿɯ ɦɨɠɥɢɜɢɯ ɪɟɠɢɦɚɯ ɪɨɛɨɬɢ ɹɤ ɧɚ ɬɹɝɨ-
ɜɢɯ, ɬɚɤ ɿ ɧɚ ɬɪɚɧɫɩɨɪɬɧɢɯ ɲɜɢɞɤɿɫɧɢɯ ɞɿɚɩɚɡɨɧɚɯ
ɛɭɞɶ-ɹɤɢɯ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ, ɡɨɤɪɟɦɚ ɲɚɯɬɧɢɯ
ɞɢɡɟɥɟɜɨɡɿɜ.

ɩɨɥɹɝɚɽ ɭ ɜɢɤɨɪɢɫɬɚɧɧɿ
ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɮɨɪɦɭɜɚɧɧɹ ɿ ɩɟɪɟɞɚɱɿ ɩɨɬɨɤɿɜ ɩɨ-
ɬɭɠɧɨɫɬɿ ɜ ɟɥɟɦɟɧɬɚɯ ɬɪɚɧɫɦɿɫɿʀ ɞɥɹ ɨɛɝɪɭɧɬɭɜɚɧɧɹ
ɬɢɩɭ ɬɪɚɧɫɦɿɫɿʀ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɧɟɨɛɯɿɞɧɟ ɬɹɝɨɜɟ ɡɭ-
ɫɢɥɥɹ ɿ ɛɟɡɫɬɭɩɿɧɱɚɫɬɟ ɪɟɝɭɥɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ
ɞɢɡɟɥɟɜɨɡɭ ɜ ɡɚɞɚɧɨɦɭ ɞɿɚɩɚɡɨɧɿ ɩɪɢ ɪɨɛɨɬɿ ɞɢɡɟɥɶ-
ɧɨɝɨ ɞɜɢɝɭɧɚ ɡ ɩɨɫɬɿɣɧɨɸ ɱɚɫɬɨɬɨɸ ɨɛɟɪɬɚɧɧɹ ɤɨɥɟɧ-
ɜɚɥɚ, ɳɨ ɡɚɛɟɡɩɟɱɭɽ ɦɿɧɿɦɚɥɶɧɿ ɜɢɤɢɞɢ ɿ ɜɢɬɪɚɬɢ ɩɚ-
ɥɢɜɚ. Ɋɨɡɩɨɞɿɥ ɩɨɬɨɤɿɜ ɧɚɤɥɚɞɚɽ ɡɧɚɱɧɟ ɨɛɦɟɠɟɧɧɹ ɧɚ
ɫɬɪɭɤɬɭɪɭ ɿ ɤɿɧɟɦɚɬɢɱɧɭ ɫɯɟɦɭ ɞɜɨɩɨɬɨɤɨɜɨʀ ɛɟɡɫɬɭ-
ɩɿɧɱɚɫɬɨʀ ɬɪɚɧɫɦɿɫɿʀ, ɹɤɚ ɞɥɹ ɛɭɞɶ-ɹɤɨɝɨ ɧɟɨɛɨɪɨɬɧɨ-
ɝɨ ɜɚɪɿɚɬɨɪɚ ɩɨɜɢɧɧɚ ɞɨɩɭɫɤɚɬɢ ɥɢɲɟ ɩɚɪɚɥɟɥɶɧɿ ɩɨ-
ɬɨɤɢ ɩɨɬɭɠɧɨɫɬɿ ɜɿɞ ɞɜɢɝɭɧɚ ɞɨ ɤɨɥɿɫ ɬɹɝɨɜɨ-
ɬɪɚɧɫɩɨɪɬɧɨʀ ɦɚɲɢɧɢ.

: , -
, , ,

Purpose. To determine relationship of circular 
transmission number of closed loop with the character of 
power transmission change in hydrostatic mechanical 
transmissions as well as laws in the character of changes 
within both circulatory and non-circulatory modes over 
the range of service conditions for hydrostatic mechani-
cal transmissions.  

Methodology. Theoretical studies of transmissions 
are based on the key issues of theory of machines and 
mechanisms and on the theory of closed double-split 
transmissions.

Findings. Relationships of character of changes in 
power circulating in double-split stepless hydrostatic me-
chanical transmissions and their efficiency loss in hy-
drostatic mechanical transmissions, laws concerning the 
character of circulatory and non-circulatory modes 
changes over the range of service conditions for hydros-
tatic mechanical transmissions has been established. In 
future it will help to determine relationships between cir-
cular transmission loop of double-split hydrostatic me-
chanical transmissions and the control parameter of hy-
drostatic transmissions in the context of planetary gear in 
output and input.  

Originality is in analysis of distribution of powers 
circulating in double-split stepless hydrostatic mechani-
cal transmissions with loss of their efficiency, determina-
tion of relationships of power distribution between 
brunches of double-split hydrostatic mechanical trans-
missions in the process of their performance as transport 
means, and strict demonstration of lemma concerning 
availability or absence of circulating power within 
double-split hydrostatic mechanical transmissions that is 
the basis of scientific substantiation of the methodology 
of stepless variable double-split hydrostatic mechanical 
transmissions under any working mode both for traction 
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and transport velocity ranges of any transport means in-
cluding mine diesel locomotives. 

Practical value is in using laws of formation and 
transfer of power paths within transmission components 
to substantiate the type of transmission required for ne-
cessary moving force and stepless cruise control of diesel 
locomotives within the given range when diesel engine 
has constant frequency of crankshaft rotation for mini-
mum discharges and fuel consumption. Distribution of 
paths limits restricts both structure and kinematic scheme 

of double-split stepless transmission. It should give only 
parallel power paths from the engine to driving wheels of 
traction and transport machine for any nonreversible va-
riator.  

Keywords: diesel locomotive, double-split transmis-
sion, analysis, power path, circulating modes
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STATICS AND DYNAMICS OF TWO-MOTOR TUMBLING MILLS DRIVES 
. ɂɫɫɥɟɞɨɜɚɧɢɟ ɧɚɝɪɭɡɨɤ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɧɯɪɨɧɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ, ɚ ɬɚɤɠɟ

ɜɥɢɹɧɢɹ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɥɢɧɢɣ ɩɟɪɟɞɚɱ ɞɜɢɝɚɬɟɥɟɣ ɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɢ ɜɟɥɢɱɢɧɭ ɟɝɨ
ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ.

. Ɋɚɫɫɦɨɬɪɟɧɚ ɫɬɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɭɝɥɚ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɚɹ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɦɭ
ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɥɢɧɢɹɦɢ ɩɟɪɟɞɚɱ, ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ, ɜ ɨɫɧɨɜɧɨɦ,
ɧɚɤɨɩɥɟɧɧɨɣ ɨɲɢɛɤɨɣ ɲɚɝɚ ɨɬɤɪɵɬɨɝɨ ɡɭɛɱɚɬɨɝɨ ɡɚɰɟɩɥɟɧɢɹ ɢ ɪɚɞɢɚɥɶɧɵɦ ɛɢɟɧɢɟɦ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ. ɇɟɪɚɜ-
ɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ, ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɧɚ-
ɝɪɭɡɤɚ, ɜɨɫɩɪɢɧɢɦɚɟɦɚɹ ɥɢɧɢɟɣ ɩɟɪɟɞɚɱ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ, ɩɪɢ ɤɨɬɨɪɨɣ ɞɜɢɝɚɬɟɥɢ ɡɚ-
ɝɪɭɠɟɧɵ ɪɚɜɧɨɦɟɪɧɨ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɞɢɧɚɦɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɧɚ ɡɚɝɪɭɠɟɧɧɨɫɬɶ ɩɪɢɜɨɞɚ ɜɜɟɞɟɧ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ, ɩɨɤɚɡɵɜɚɸɳɢɣ, ɜɨ ɫɤɨɥɶɤɨ ɪɚɡ ɦɚɤɫɢɦɚɥɶɧɚɹ ɧɚɝɪɭɡɤɚ ɜ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɧɨɣ ɥɢ-
ɧɢɢ ɩɟɪɟɞɚɱ ɛɨɥɶɲɟ ɧɨɦɢɧɚɥɶɧɨɣ ɜɟɥɢɱɢɧɵ. ɉɨɫɤɨɥɶɤɭ ɱɚɫɬɨɬɵ ɤɢɧɟɦɚɬɢɱɟɫɤɨɝɨ ɜɨɡɦɭɳɟɧɢɹ ɨɩɪɟɞɟɥɟɧɵ
ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɛɚɪɚɛɚɧɚ, ɬɨ ɟɞɢɧɫɬɜɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɦ ɦɨɠɧɨ ɜɥɢɹɬɶ ɧɚ ɜɟɥɢɱɢɧɭ ɞɢɧɚɦɢɱɟɫɤɨɣ
ɫɨɫɬɚɜɥɹɸɳɟɣ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ, ɹɜɥɹɟɬɫɹ ɠɟɫɬɤɨɫɬɶ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ.

. Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ ɜɨɡɦɭɳɟɧɢɹ, ɤɨɝɞɚ ɤɢɧɟɦɚɬɢ-
ɱɟɫɤɢɟ ɜɨɡɦɭɳɟɧɢɹ ɩɪɨɢɫɯɨɞɹɬ ɫ ɱɚɫɬɨɬɨɣ ɜɪɚɳɟɧɢɹ ɡɭɛɱɚɬɨɝɨ ɜɟɧɰɚ, ɪɟɡɨɧɚɧɫ ɦɨɠɟɬ ɧɚɫɬɭɩɢɬɶ ɩɪɢ ɦɚɥɨɣ ɠɟɫɬ-
ɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ ɢ, ɧɟɫɦɨɬɪɹ ɧɚ ɭɜɟɥɢɱɟɧɢɟ ɤɪɭɬɢɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ
ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ ɛɭɞɟɬ ɩɪɟɧɟɛɪɟɠɢɬɟɥɶɧɨ ɦɚɥɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɟɝɨ ɧɨɦɢɧɚɥɶɧɨɸ ɜɟɥɢɱɢɧɨɸ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ
ɠɟɫɬɤɨɫɬɢ ɩɟɪɟɞɚɱ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɛɭɞɟɬ ɭɜɟɥɢɱɢɜɚɬɶɫɹ ɢ ɞɢɧɚɦɢɱɟɫɤɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɤɪɭɬɹɳɟɝɨ ɦɨɦɟɧɬɚ. ɉɪɢ
ɱɚɫɬɨɬɟ ɜɨɡɦɭɳɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɩɪɢɜɨɞɧɨɣ ɲɟɫɬɟɪɧɢ, ɪɟɡɨɧɚɧɫ ɩɪɨɢɡɨɣɞɟɬ, ɟɫɥɢ ɠɟɫɬ-
ɤɨɫɬɶ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɛɭɞɟɬ ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɨɣ ɢ ɭɜɟɥɢɱɟɧɢɟ ɤɪɭɬɢɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɦɨɠɟɬ
ɩɪɢɜɟɫɬɢ ɤ ɧɟɞɨɩɭɫɬɢɦɵɦ ɧɚɝɪɭɡɤɚɦ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɨɝɪɚɧɢɱɟɧɢɟ ɞɢɧɚɦɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɢ ɛɨɥɟɟ
ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɜ ɩɪɢɜɨɞɟ, ɜɵɡɜɚɧɧɵɯ ɫɬɚɬɢɱɟɫɤɢɦɢ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɦɢ ɭɝɥɚ-
ɦɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɪɨɬɨɪɨɜ, ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɫɧɢɠɟɧɢɟɦ ɤɪɭɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ.

. ɍɫɬɚɧɨɜɥɟɧɨ ɜɥɢɹɧɢɟ ɠɟɫɬɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ ɧɚ ɫɬɚɬɢɱɟɫɤɢɟ ɢ ɞɢɧɚɦɢɱɟɫɤɢɟ
ɧɚɝɪɭɡɤɢ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɨɦ ɩɪɢɜɨɞɟ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ.

. ɉɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɨɝɪɚɧɢɱɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɢ ɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟ-
ɥɟɧɢɹ ɫɬɚɬɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ ɜ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɫɢɧɯɪɨɧɧɵɯ ɩɪɢɜɨɞɚɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ ɡɚ ɫɱɟɬ ɩɨɧɢɠɟɧɢɹ
ɠɟɫɬɤɨɫɬɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɟɪɟɞɚɱ.

: , , , ,

Ɉɞɧɢɦ3 ɢɡ ɩɭɬɟɣ ɫɧɢɠɟɧɢɹ ɫɟɛɟɫɬɨɢɦɨɫɬɢ ɩɟɪɟ-
ɪɚɛɨɬɤɢ ɪɭɞ ɹɜɥɹɟɬɫɹ ɭɤɪɭɩɧɟɧɢɟ ɟɞɢɧɢɱɧɨɣ ɦɨɳɧɨ-
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ɫɬɢ ɪɚɡɦɨɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ [1]. ɉɪɢ ɫɨɡɞɚɧɢɢ
ɤɪɭɩɧɵɯ ɛɚɪɚɛɚɧɧɵɯ ɦɟɥɶɧɢɰ ɡɧɚɱɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨ-
ɫɬɢ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢ-
ɱɟɫɤɨɝɨ ɩɪɢɜɨɞɚ.




