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Ɍɟɦɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɨɛɥɟɦɚ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɨɯɪɚɧɧɨɫɬɢ ɩɪɢ ɩɟɪɟɜɨɡɤɟ 
ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɤ ɦɟɫɬɭ 
ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣ ɫ ɨɩɚɫɧɵɦɢ ɝɪɭɡɚɦɢ. ɋ ɰɟɥɶɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɞɨɫɬɚɜɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɦɟɫɬɭ ɚɜɚɪɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɢɥɢɬɶ ɢɦɟɸɳɢɟɫɹ ɜɢɞɵ ɤɪɟɩɥɟɧɢɣ 
ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ. Ɉɛɨɫɧɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɜɵɩɨɥɧɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢ ɱɢɫɥɟɧɧɨ – ɩɪɨɜɟɞɟɧɵ 
ɩɪɨɱɧɨɫɬɧɵɟ ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ 
ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ 
ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 
ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
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Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɫ ɨɩɚɫɧɵɦɢ ɝɪɭɡɚɦɢ (ɈȽ), 
ɩɨɞɜɟɪɝɲɢɦɢɫɹ ɚɜɚɪɢɣɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɢɦɟɧɹɟɬɫɹ ɝɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɜ 
ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɧɚɫɨɫɧɵɣ ɦɨɞɭɥɢ. Ƚɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɡɚɞɚɱ ɩɨ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɣ 
ɪɚɡɪɟɡɤɟ ɤɨɪɩɭɫɨɜ ɈȽ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ (ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɠɚɪɨ-ɜɡɪɵɜɨɨɩɚɫɧɵɯ) ɞɥɹ 
ɞɨɫɬɭɩɚ ɤ ɨɬɞɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ ɈȽ, ɩɨɞɜɟɪɝɲɢɦɫɹ ɚɜɚɪɢɣɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɢ 
ɥɢɤɜɢɞɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ ɫ ɧɢɦɢ. 

Ⱦɥɹ ɞɨɫɬɚɜɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɦɟɫɬɭ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣ ɫ 
ɈȽ ɢɫɩɨɥɶɡɭɟɬɫɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ. 

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɪɟɞɴɹɜɥɹɟɦɨɟ ɤ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɝɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɞɨɥɠɧɨ ɛɵɬɶ ɩɨɞɝɨɬɨɜɥɟɧɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɜɨɡɤɢ ɛɵɥɢ 
ɨɛɟɫɩɟɱɟɧɵ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɫɨɯɪɚɧɧɨɫɬɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɚɦɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ Д1Ж. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɪɢ ɩɟɪɟɜɨɡɤɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɩɪɨɱɧɨɫɬɶ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 
ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ. Ɍɪɟɛɨɜɚɧɢɹ ɢ ɩɨɞɯɨɞɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ Д1–6]. 
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Ⱦɥɹ ɤɪɟɩɥɟɧɢɹ ɝɪɭɡɨɜ ɜ ɜɚɝɨɧɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɫɬɹɠɤɢ, ɨɛɜɹɡɤɢ, ɫɬɹɠɤɢ, ɭɜɹɡɤɢ, 
ɞɟɪɟɜɹɧɧɵɟ ɫɬɨɣɤɢ ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ; ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫɩɨɪɬɟ 
ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɬɹɠɧɵɟ ɪɟɦɧɢ, ɞɟɪɟɜɹɧɧɵɟ ɪɚɫɩɨɪɤɢ, ɪɚɫɩɨɪɧɵɟ ɩɥɚɧɤɢ, 
ɜɨɡɞɭɲɧɵɟ ɩɚɤɟɬɵ ɢ ɬ. ɞ. Д1, 7Ж 

Ʉɚɠɞɵɣ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ. Ɍɚɤ, ɞɟɪɟɜɹɧɧɵɟ ɪɚɫɩɨɪɤɢ ɢ ɫɬɨɣɤɢ ɧɟ ɜɫɟɝɞɚ ɫɩɨɫɨɛɧɵ ɜɵɞɟɪɠɢɜɚɬɶ 
ɜɨɡɧɢɤɚɸɳɢɟ ɧɚɝɪɭɡɤɢ ɜɨ ɜɪɟɦɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɡɚ. ɂ ɡɚɱɚɫɬɭɸ ɦɚɫɫɚ ɤɪɟɩɟɠɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɦɚɫɫɭ ɩɨɝɪɭɡɤɢ, ɚ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɭɡɭ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ Д7Ж. ɋɬɹɠɧɵɟ ɪɟɦɧɢ, ɨɛɜɹɡɤɢ, ɭɜɹɡɤɢ ɬɪɟɛɭɸɬ ɩɨɫɬɨɹɧɧɨɣ 
ɩɪɨɜɟɪɤɢ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɜɨɡɦɨɠɟɧ ɢɡɧɨɫ ɜɫɥɟɞɫɬɜɢɟ ɢɫɬɢɪɚɧɢɹ Д4, 5Ж. 

ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɨɥɶɲɟɣ ɧɚɞɟɠɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɝɪɭɡɨɩɟɪɟɜɨɡɤɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɚɧɫɩɨɪɬɧɭɸ ɪɚɦɭ. 

Ɋɚɦɚ ɫɥɭɠɢɬ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɦɟɫɬɭ ɫɜɨɟɝɨ 
ɧɚɡɧɚɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɤɪɟɩɥɹɸɳɢɦ ɷɥɟɦɟɧɬɨɦ ɞɥɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ɉɨɫɤɨɥɶɤɭ ɬɚɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ 
ɫɥɨɠɧɵɦ ɦɚɫɫɢɜɧɵɦ ɝɪɭɡɨɦ, ɬɨ ɞɥɹ ɧɟɝɨ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɪɚɦɵ. ɋ 
ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɪɚɧɫɩɨɪɬɧɚɹ ɪɚɦɚ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɟɡɨɩɚɫɧɨɣ 
ɩɟɪɟɜɨɡɤɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɢ ɧɚɫɨɫɧɨɝɨ ɦɨɞɭɥɟɣ (ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ) ɧɚ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɢ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 

Ɍɪɚɧɫɩɨɪɬɧɚɹ ɪɚɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɚɪɧɭɸ ɛɚɥɨɱɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, 
ɫɟɱɟɧɢɟɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɲɜɟɥɥɟɪ 1βɉ ȽɈɋɌ 8β40–97 Д8Ж, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ 
ɦɚɬɟɪɢɚɥɚ – ɋɬγɫɩ 5 ȽɈɋɌ 5γ5–β005 Д9Ж. ɋɯɟɦɚ ɪɚɦɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 
 

Ɋɢɫ. 1. – ɋɯɟɦɚ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ [Transport frame scheme]. 

 

ɇɚ ɫɯɟɦɟ ɩɨɡɢɰɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ ɪɟɡɶɛɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ Д10 – 1βЖ ɞɢɚɦɟɬɪɚɦɢ Ɇ10 
(10 ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ), Ɇ16 (ɱɟɬɵɪɟ ɫɬɪɟɦɹɧɤɢ ɢ 7 ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ), Ɇβ0 
(ɲɟɫɬɶ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ) ɢ Ɇγ6 (ɱɟɬɵɪɟ ɝɪɭɡɨɜɵɯ ɜɢɧɬɚ), ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ 
ɦɚɬɟɪɢɚɥɨɜ ɫɬɚɥɶ β0, ɫɬɚɥɶ 45 ɢ ɫɬɚɥɶ γ0ɏȽɋȺ Д6, 1γЖ. 
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Ʉɨɧɫɬɪɭɤɰɢɹ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɪɟɩɥɟɧɢɟ ɤ ɧɟɣ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ Д11, 1βЖ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɞ 
ɩɨɝɪɭɡɤɨɣ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚ ɪɚɦɭ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɟɝɨ ɩɟɪɟɞɜɢɠɟɧɢɟ 
ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɦɨɣ. 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɪɚɦɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɧɟɣ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ 
ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɪɟɩɥɟɧɢɹ: 

– ɪɚɫɬɹɠɤɚɦɢ, ɤɪɟɩɹɳɢɦɢ ɱɟɪɟɡ ɝɪɭɡɨɜɵɟ ɜɢɧɬɵ ɪɚɦɭ ɫ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɩɥɚɬɮɨɪɦɟ; 

– ɫɬɪɟɦɹɧɤɚɦɢ, ɤɪɟɩɹɳɢɦɢ ɪɚɦɭ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ ɪɚɦɟ ɩɪɢɰɟɩɚ 
ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. 

Ⱦɥɹ ɫɨɯɪɚɧɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɚɦɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɛɵɥɚ ɨɛɟɫɩɟɱɟɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɪɚɦɵ ɢ ɟɺ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ – ɪɚɫɬɹɠɟɤ, ɫɬɪɟɦɹɧɨɤ ɢ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɝɪɭɡɨɩɟɪɟɜɨɡɤɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ (ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɩɪɢɰɟɩ 
ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ) ɢ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ 
ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɟ ɩɨ ɦɟɬɨɞɢɤɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ Д1–3, 6]; 

– ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɧɚɝɪɭɡɨɤ. 
Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɩɥɚɬɮɨɪɦɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɫ ɭɱɟɬɨɦ ɫɥɟɞɭɸɳɢɯ ɭɫɢɥɢɣ Д1Ж: 
– ɩɪɨɞɨɥɶɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ; 

– ɩɨɩɟɪɟɱɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ; 
– ɜɟɪɬɢɤɚɥɶɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ; 
– ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ; 
– ɫɢɥɵ ɬɪɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɧɚɫɨɫɧɵɣ ɦɨɞɭɥɢ, 

ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɩɥɚɬɮɨɪɦɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
 

Ɍɚɛɥɢɰɚ 1. – Ɂɧɚɱɟɧɢɹ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɧɚɫɨɫɧɵɣ ɦɨɞɭɥɢ 
[Force values impacting on the generator and pump modules] 

 

ɍɫɢɥɢɹ 

 
Ƚɟɧɟɪɚɬɨɪɧɵɣ ɦɨɞɭɥɶ ɇɚɫɨɫɧɵɣ ɦɨɞɭɥɶ 

ɉɪɨɞɨɥɶɧɚɹ ɢɧɟɪɰɢɨɧɧɚɹ 
ɫɢɥɚ, ɬɫ 

1,67 2,92 

ɉɨɩɟɪɟɱɧɚɹ ɢɧɟɪɰɢɨɧɧɚɹ 
ɫɢɥɚ, ɬɫ 

0,63 0,98 

ȼɟɪɬɢɤɚɥɶɧɚɹ ɢɧɟɪɰɢɨɧɧɚɹ 
ɫɢɥɚ, ɬɫ 

0,67 1,15 

ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɬɫ 0,20 0,21 

ɉɪɨɞɨɥɶɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ, ɬɫ 0,56 0,98 

ɉɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ, ɬɫ 0,29 0,52 

 

ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɭɫɢɥɢɹɦ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɢɥɢɟ ɜ ɪɚɫɬɹɠɤɚɯ, 
ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɢɥɨ Rmax = 615 ɤɝɫ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɩɟɪɟɜɨɡɤɢ ɦɨɞɭɥɟɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɬɹɠɤɢ, 
ɫɨɫɬɨɹɳɢɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɢɡ ɞɜɭɯ ɧɢɬɟɣ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ ɧɟ ɦɟɧɟɟ 5 ɦɦ. Ɍɚɤɠɟ 
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ɜɨɡɦɨɠɧɵ ɞɪɭɝɢɟ ɫɨɱɟɬɚɧɢɹ ɫɟɱɟɧɢɹ ɩɪɨɜɨɥɨɤɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɟɟ ɧɢɬɟɣ ɜ ɪɚɫɬɹɠɤɟ ɫ 
ɞɨɩɭɫɤɚɟɦɵɦɢ ɪɚɫɬɹɝɢɜɚɸɳɢɦɢ ɧɚɝɪɭɡɤɚɦɢ, ɩɪɟɜɵɲɚɸɳɢɦɢ ɪɚɫɫɱɢɬɚɧɧɨɟ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɢɥɢɟ ɜ ɪɚɫɬɹɠɤɚɯ (ɫɦ. ɬɚɛɥɢɰɭ β). 
 

Ɍɚɛɥɢɰɚ 2. – Ⱦɨɩɭɫɤɚɟɦɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɝɪɭɡɤɢ ɜ ɪɚɫɬɹɠɤɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɟɟ ɧɢɬɟɣ ɜ ɪɚɫɬɹɠɤɟ (ɤɝɫ) ДAХХШаКЛХО 
tensile loads in stretchings, depending on  wire diameter and the number of 

threads in the stretch (kgf)] 

 

ɑɢɫɥɨ ɧɢɬɟɣ ɜ 
ɪɚɫɬɹɠɤɟ 

Ⱦɢɚɦɟɬɪ ɩɪɨɜɨɥɨɤɢ, ɦɦ 

4,0 4,5 5,0 ≥ 5,5 

2 ɇɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 680 ≥ 840 

3 660 840 1020 ≥ 1260 

≥ 4 ≥ 880 ≥ 1120 ≥ 1360 ≥ 1680 

 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɪɚɫɬɹɠɤɢ ɤɪɟɩɹɬɫɹ ɡɚ ɝɪɭɡɨɜɵɟ ɜɢɧɬɵ ɧɚ ɪɚɦɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɜɨɡɧɢɤɚɸɳɟɟ ɭɫɢɥɢɟ ɜ ɪɚɫɬɹɠɤɟ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɜɢɧɬɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ. ɉɨɷɬɨɦɭ ɛɵɥɢ 
ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɜɢɧɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ Дβ, 
3, 6]: 

– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɫɬɟɪɠɧɹ ɜɢɧɬɚ ɩɪɢ ɩɨɞɴɟɦɟ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɫɬɟɪɠɧɹ ɜɢɧɬɚ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɜɢɧɬɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 
– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɪɟɡɶɛɵ ɜɢɧɬɚ ɢɥɢ ɛɨɧɤɢ (ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɝɚɣɤɢ ɞɥɹ 

ɜɢɧɬɚ) ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɜɢɧɬɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 
– ɩɨ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɬɟɪɠɟɧɶ ɜɢɧɬɚ ɫɢɥɟ. 
Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɜɢɧɬɨɜɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = γβ, ɤɨɬɨɪɵɣ 
ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ Дβ, γЖ: 

,
ɞ

ɩɪɟɞ

Q

Q
n   

 

ɝɞɟ Qɩɪɟɞ – ɩɪɟɞɟɥɶɧɨɟ ɭɫɢɥɢɟ, ɜɵɡɵɜɚɸɳɟɟ ɪɚɡɪɭɲɟɧɢɟ ɪɟɡɶɛɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ; 
 Qɞ – ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɪɟɡɶɛɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ. 
 

Ɋɚɫɱɟɬ ɫɬɪɟɦɹɧɨɤ – ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ 
ɩɪɢɰɟɩɭ ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɬɪɟɦ ɤɪɢɬɟɪɢɹɦ Дβ, γ, 6Ж: 

– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɫɬɟɪɠɧɹ ɫɬɪɟɦɹɧɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɟɟ ɧɚɝɪɭɡɤɢ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 

– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɪɟɡɶɛɵ ɫɬɪɟɦɹɧɤɢ ɢɥɢ ɝɚɣɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɟɡɶɛɨɜɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 

– ɩɨ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɬɟɪɠɟɧɶ ɫɬɪɟɦɹɧɤɢ ɫɢɥɟ. 
Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɫɬɪɟɦɹɧɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = 4,8. 

Ɋɚɫɱɟɬ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɪɟɩɹɳɢɯ ɝɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤ 
ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɟ, ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɬɟɦ ɠɟ ɤɪɢɬɟɪɢɹɦ, ɱɬɨ ɢ ɞɥɹ ɫɬɪɟɦɹɧɨɤ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = 15. 

Ʉɚɤ ɜɢɞɧɨ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɨɥɟɟ ɱɟɦ 
ɞɨɫɬɚɬɨɱɧɵ. ɉɨɷɬɨɦɭ ɤɨɧɫɬɪɭɤɰɢɸ ɪɚɦɵ ɦɨɠɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦɢ 
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ɫɩɨɫɨɛɚɦɢ: 
– ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫ βγ ɞɨ 16); 
– ɢɡɦɟɧɟɧɢɟ ɞɢɚɦɟɬɪɚ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɞɨ 8 ɦɦ); 
– ɩɪɢɦɟɧɟɧɢɟ ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫɬɚɥɶ 10, 

ɫɬɚɥɶ β0). 
Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɜɵɛɪɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ Д14–16Ж ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ, ɩɨɩɟɪɟɱɧɨɦ ɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɹɯ ɫ ɱɚɫɬɨɬɨɣ f = γ0 Ƚɰ. 

ɉɨɫɬɪɨɟɧɧɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ (ɄɗɆ) ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ β, ɄɗɆ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɧɟɣ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ. Ɇɨɞɟɥɶ ɫɨɞɟɪɠɢɬ з β00000 ɬɜɟɪɞɨɬɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɷɥɟɦɟɧɬɨɜ ɤɨɧɬɚɤɬɚ ɢ ɛɚɥɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

 

 
 

Ɋɢɫ. 2. – ɄɗɆ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ [Finite element transport frame model] 

 

 

 
 

Ɋɢɫ. 3. – ɄɗɆ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɫ ɝɪɭɡɨɦ [Finite element model of frame design with load] 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ Д14, 15, 16Ж 
ɩɪɢ ɞɟɣɫɬɜɢɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɟ 
ɪɟɡɨɧɚɧɫɧɵɟ ɱɚɫɬɨɬɵ (ɫɦ. ɪɢɫɭɧɨɤ 4) ɩɪɟɜɵɲɚɸɬ ɞɢɚɩɚɡɨɧ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɵɯ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɱɚɫɬɨɬ (ft < 50 Ƚɰ Д17Ж). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɢɛɪɨɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 
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Ɋɢɫ. 4. – Ⱥɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ 

ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ [Amplitude and frequency characteristic of frame design with hydraulic sharing 

equipment] 

 

ɉɨɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ Д14–16Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɚ 
ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɦɵ ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɪɨɞɨɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧɵ 
ɞɟɣɫɬɜɭɸɳɟɟ (ɜɯɨɞɧɨɟ) ɭɫɤɨɪɟɧɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ X, ɜ ɜɢɞɟ ɤɨɬɨɪɨɝɨ ɡɚɞɚɧɚ 
ɬɪɚɧɫɩɨɪɬɧɚɹ ɧɚɝɪɭɡɤɚ, ɢ ɨɬɤɥɢɤ ɰɟɧɬɪɚ ɦɚɫɫ ɪɚɦɵ ɩɨ ɨɫɢ X ɫ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɧɚ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ. 

 

 
 

Ɋɢɫ. 5. – Ƚɪɚɮɢɤɢ ɜɯɨɞɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɢ ɭɫɤɨɪɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ 

ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɨ ɨɫɢ X [Diagrams of input acceleration and mass frame 

center construction acceleration with the hydraulic sharing equipment along the X axis] 
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ɂɡ ɩɨɫɬɪɨɟɧɧɵɯ ɝɪɚɮɢɤɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ 
ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ – ɞɢɧɚɦɢɱɧɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɧɶɲɟ 1 (ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ 65,0max ɞɢɧk ). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɺɬɨɜ ɧɚɢɛɨɥɶɲɢɟ ɫɦɟɳɟɧɢɹ ɩɨ ɨɫɢ X (ɫɦ. ɪɢɫɭɧɨɤ 6) ɢ 
ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 7) ɜɨɡɧɢɤɚɸɬ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = 44 ɦɫ. 

 

 
 

Ɋɢɫ. 6. – ɋɦɟɳɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɩɨ ɨɫɢ X ɩɪɢ 44 ɦɫ ДTransport frame offsets along the X 

axis at 44 ms] 

 

 
 

Ɋɢɫ. 7. – ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɪɚɦɵ ɩɪɢ 44 ɦɫ ДEЪЮТЯКХОЧЭ ПЫКЦО ЯШХЭКРОЬ КЭ 44 ЦЬ] 

 

ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɦɟɫɬɟ ɫɬɵɤɚ 
ɧɨɠɤɢ ɢ ɩɥɚɫɬɢɧɵ ɪɚɦɵ ɢ ɫɨɫɬɚɜɥɹɸɬ β00 Ɇɉɚ, ɱɬɨ ɦɟɧɶɲɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɋɬγɫɩ 5 (ıɬ = β55 Ɇɉɚ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɨɱɧɨɫɬɶ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɩɨ 
ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɧɟ ɦɟɧɟɟ nɬ = 1,3. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ ɤ ɦɟɫɬɭ 
ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣ ɫ ɈȽ, ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɩɨɞɝɨɬɨɜɤɢ ɤ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ, ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɱɧɨɫɬɶ ɢ 
ɫɨɯɪɚɧɧɨɫɬɶ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɤ ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ ɢ 



 ɈȻȿɋɉȿɑȿɇɂȿ ɉɊɈɑɇɈɋɌɂ ɌɊȺɇɋɉɈɊɌɇɈɃ ɊȺɆɕ ȾɅə ȾɈɋɌȺȼɄɂ 65 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɪɚɦɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɯ ɩɪɨɱɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = 4,8. Ɋɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɟ ɪɟɡɨɧɚɧɫɧɵɟ ɱɚɫɬɨɬɵ ɩɪɟɜɵɲɚɸɬ 
ɞɢɚɩɚɡɨɧ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɱɚɫɬɨɬ, ɬɨ ɟɫɬɶ ɜɢɛɪɨɫɬɨɣɤɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɤɨɥɟɛɚɧɢɹ ɭɫɤɨɪɟɧɢɹ ɜ ɰɟɧɬɪɟ ɦɚɫɫɵ ɝɢɞɪɨɪɟɡɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ: ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ 
ɫɨɫɬɚɜɥɹɟɬ 0,65. ȼɨɡɧɢɤɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɦɟɧɶɲɟ 
ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ ɋɬγɫɩ 5 (ıɬ = β55 Ɇɉɚ), ɬɨ ɟɫɬɶ ɩɪɨɱɧɨɫɬɶ ɪɚɦɵ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɩɨ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɧɟ ɦɟɧɟɟ nɬ = 1,3. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɫ ɡɚɞɚɧɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
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Abstract – The article considers the provision of safety and integrity when transporting hydraulic 

sharing equipment by road and rail to the place of dangerous goods accident consequences 

elimination. It is offered to strengthen the existing kinds of fastenings through the use of the 

engineered transport frame to ensure the equipment transportation reliability. The substantiation of 

the strength and reliability of the frame is given analytically and numerically. Strength analysis of 

frame construction is performed in the program of finite element analysis in the conditions of 

transport sinusoidal loadings. The calculation results show that the proposed transport frame 

design meets all normative requirements of safety. 
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