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ȼȼȿȾȿɇɂȿ 

 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɛɥɟɦɚ ɩɟɪɟɯɨɞɚ ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɫɟɬɟɣ ɫ 

ɤɨɦɦɭɬɚɰɢɟɣ ɤɚɧɚɥɨɜ ɤ ɫɟɬɹɦ ɫ ɤɨɦɦɭɬɚɰɢɟɣ ɩɚɤɟɬɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ 

ɧɚɢɛɨɥɟɟ ɚɤɬɭɚɥɶɧɵɯ ɞɥɹ ɨɩɟɪɚɬɨɪɨɜ ɫɜɹɡɢ. ɉɟɪɫɩɟɤɬɢɜɧɵɟ ɪɚɡɪɚɛɨɬɤɢ ɜ 

ɨɛɥɚɫɬɢ IɊ-ɤɨɦɦɭɧɢɤɚɰɢɣ ɫɜɹɡɚɧɵ ɫ ɫɨɡɞɚɧɢɟɦ ɤɨɦɩɥɟɤɫɧɵɯ ɪɟɲɟɧɢɣ, 

ɩɨɡɜɨɥɹɸɳɢɯ ɩɪɢ ɪɚɡɜɢɬɢɢ ɫɟɬɟɣ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ ɫɨɯɪɚɧɹɬɶ 

ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɨɞɤɥɸɱɟɧɢɹ ɢ ɨɛɟɫɩɟɱɢɬɶ ɛɟɫɩɟɪɟɛɨɣɧɭɸ ɪɚɛɨɬɭ ɜ ɥɸɛɨɣ ɫɟɬɢ 

ɬɟɥɟɮɨɧɧɨɝɨ ɞɨɫɬɭɩɚ: ɧɚ ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɦɟɞɧɵɯ ɩɚɪ, ɩɨ ɨɩɬɢɱɟɫɤɢɦ ɤɚɧɚɥɚɦ, 

ɧɚ ɛɟɫɩɪɨɜɨɞɧɨɣ (LTȿ,) ɢ ɩɪɨɜɨɞɧɨɣ (ȿTTH, ɊLɋ ɢ ɬ.ɞ.) ɫɟɬɢ.  ɋɨɝɥɚɫɧɨ 

ɤɨɧɰɟɩɰɢɢ «ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ» ɩɟɪɟɯɨɞɚ ɤ NGN, ɩɨɞɨɛɧɵɟ ɪɟɲɟɧɢɹ ɞɨɥɠɧɵ 

ɩɨɡɜɨɥɹɬɶ ɬɨɱɟɱɧɨ ɩɟɪɟɜɨɞɢɬɶ ɨɬɞɟɥɶɧɵɟ ɫɟɝɦɟɧɬɵ ɧɚ ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ ɛɟɡ 

ɤɚɪɞɢɧɚɥɶɧɨɣ ɫɦɟɧɵ ɜɫɟɣ ɫɬɪɭɤɬɭɪɵ ɫɟɬɢ. ȼ ɱɚɫɬɧɨɫɬɢ, ɪɟɲɟɧɢɹ ɞɥɹ 

«ɧɟɪɚɡɪɭɲɚɸɳɟɝɨ» ɩɟɪɟɯɨɞɚ ɤ NGN ɞɨɥɠɧɵ ɨɬɜɟɱɚɬɶ ɫɥɟɞɭɸɳɢɦ ɬɪɟɛɨɜɚɧɢɹɦ: 

 ɢɧɬɟɝɪɚɰɢɹ ɜ ɫɭɳɟɫɬɜɭɸɳɭɸ ɫɟɬɶ ɨɩɟɪɚɬɨɪɚ, ɩɨɞɞɟɪɠɤɚ ɧɟ ɬɨɥɶɤɨ 

ɧɨɜɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɧɨ ɢ ɩɪɢɜɵɱɧɨɣ ɦɨɞɟɥɢ ɭɩɪɚɜɥɟɧɢɹ; 

 ɩɨɥɧɨɫɬɶɸ ɦɨɞɭɥɶɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫ ɜɨɡɦɨɠɧɨɫɬɹɦɢ 

ɝɟɨɝɪɚɮɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɝɢɛɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɭɬɟɦ 

ɩɪɢɨɛɪɟɬɟɧɢɹ ɥɢɰɟɧɡɢɣ ɢ ɞɨɛɚɜɥɟɧɢɹ ɜ ɫɢɫɬɟɦɭ ɫɟɪɜɟɪɨɜ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɜɢɞɨɜ ɭɫɥɭɝ ɜ ɦɢɧɢɦɚɥɶɧɵɟ ɫɪɨɤɢ; 

 ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɪɟɛɨɜɚɧɢɹɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɚ ɨɛ ɚɪɯɢɬɟɤɬɭɪɟ ɫɟɬɢ. 

Ƚɥɚɜɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɬɚɤɢɯ ɫɟɬɟɣ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɫ 

ɨɞɢɧɚɤɨɜɵɦ ɤɚɱɟɫɬɜɨɦ ɩɟɪɟɞɚɜɚɬɶ ɥɸɛɵɟ ɜɢɞɵ ɬɪɚɮɢɤɚ, ɲɢɪɨɤɚɹ ɩɨɥɨɫɚ 

ɩɪɨɩɭɫɤɚɧɢɹ, ɩɚɤɟɬɧɚɹ ɤɨɦɦɭɬɚɰɢɹ ɢ ɭɩɪɚɜɥɹɟɦɨɫɬɶ. 

ɋɟɬɶ ɫɟɬɟɣ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ ɤɚɤ ɭɧɢɜɟɪɫɚɥɶɧɚɹ ɫɢɫɬɟɦɚ, ɛɟɡɭɫɥɨɜɧɨ, 

ɩɪɨɢɝɪɵɜɚɟɬ ɬɪɚɞɢɰɢɨɧɧɨɣ ɰɢɮɪɨɜɨɣ ɬɟɥɟɮɨɧɧɨɣ ɫɟɬɢ ɫ ɤɨɦɦɭɬɚɰɢɟɣ ɤɚɧɚɥɨɜ ɜ 

ɫɦɵɫɥɟ ɤɚɱɟɫɬɜɚ ɩɟɪɟɞɚɱɢ ɪɟɱɟɜɨɣ ɢɧɮɨɪɦɚɰɢɢ: ɧɟɢɡɛɟɠɧɨ ɫɢɥɶɧɨ ɜɨɡɪɚɫɬɚɸɬ 

ɡɚɞɟɪɠɤɢ, ɚ ɭɡɤɨɩɨɥɨɫɧɵɟ ɤɨɞɟɤɢ ɢɫɤɚɠɚɸɬ ɡɜɭɤ. Ɉɞɧɚɤɨ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ 

ɫɥɭɱɚɟɜ ɜɵɢɝɪɵɲ ɨɬ ɩɟɪɟɯɨɞɚ ɤ ɤɨɦɦɭɬɚɰɢɢ ɩɚɤɟɬɨɜ ɩɨɡɜɨɥɹɟɬ ɩɪɟɧɟɛɪɟɱɶ 
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ɫɧɢɠɟɧɢɟɦ ɤɚɱɟɫɬɜɚ ɩɟɪɟɞɚɱɢ ɪɟɱɢ - ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɨɫɬɚɥɶɧɵɟ ɩɪɢɥɨɠɟɧɢɹ, ɧɟ 

ɫɜɹɡɚɧɧɵɟ ɫ ɪɟɱɟɜɵɦ ɨɛɳɟɧɢɟɦ ɦɟɠɞɭ ɥɸɞɶɦɢ, ɝɨɪɚɡɞɨ ɥɭɱɲɟ ɪɟɚɥɢɡɭɸɬɫɹ ɜ 

ɪɚɦɤɚɯ ɫɟɬɢ ɫ ɤɨɦɦɭɬɚɰɢɟɣ ɩɚɤɟɬɨɜ. 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɭɜɟɥɢɱɢɥɫɹ ɫɩɪɨɫ ɢ ɩɨɩɭɥɹɪɧɨɫɬɶ ɦɨɛɢɥɶɧɵɯ 

ɫɟɪɜɢɫɨɜ ɢ ɩɪɢɥɨɠɟɧɢɣ, ɬɚɤ ɤɚɤ ɪɚɫɬɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɫɟɬɢ ɂɧɬɟɪɧɟɬ, ɪɚɡɥɢɱɧɵɯ 

ɫɮɟɪ ɨɛɳɟɫɬɜɚ ɩɪɢɡɵɜɚɟɬ ɤ ɛɨɥɟɟ ɧɚɞɟɠɧɨɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ, ɤɨɬɨɪɨɣ 

ɦɨɠɧɨ ɛɭɞɟɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɜ ɥɸɛɨɦ ɦɟɫɬɟ ɢ ɜ ɥɸɛɨɟ ɜɪɟɦɹ. Ɍɚɤɨɣ 

ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɶɸ ɧɚɡɵɜɚɟɬɫɹ ɫɜɹɡɶ ɱɟɬɜɟɪɬɨɝɨ ɩɨɤɨɥɟɧɢɹ (4G), ɤɨɬɨɪɚɹ 

ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɜɵɫɨɤɭɸ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɪɢ ɨɛɳɟɦ ɫɧɢɠɟɧɢɢ 

ɡɚɬɪɚɬ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ƚɥɚɜɧɨɣ 

ɬɟɯɧɨɥɨɝɢɟɣ 4G ɹɜɥɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ LɨngTɟrmȿvɨlutiɨn (LTȿ). Ɉɩɟɪɚɬɨɪɵ 

ɫɨɬɨɜɨɣ ɫɜɹɡɢ  ɦɨɞɟɪɧɢɡɢɪɭɸɬ ɫɜɨɢ ɛɟɫɩɪɨɜɨɞɧɵɟ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɞɥɹ 

ɩɨɞɞɟɪɠɤɢ ɫɬɚɧɞɚɪɬɚLTȿ, ɤɨɬɨɪɵɣ ɛɥɚɝɨɞɚɪɹ ɫɜɨɢɦ ɨɫɨɛɟɧɧɨɫɬɹɦ ɩɨɡɜɨɥɹɟɬ 

ɞɨɫɬɚɬɨɱɧɨ ɷɮɮɟɤɬɢɜɧɨ ɞɨɫɬɚɜɥɹɬɶ ɥɸɛɨɟɢɧɮɨɪɦɚɰɢɨɧɧɨɟ ɧɚɩɨɥɧɟɧɢɟ ɪɟɫɭɪɫɚ 

ɩɨɬɪɟɛɢɬɟɥɟɦ. 

ɈȺɈ «Ɇɨɛɢɥɶɧɵɟ Ɍɟɥɟ ɋɢɫɬɟɦɵ» ɆɌɋ ɢ ɈȺɈ «ȼɵɦɩɟɥɤɨɦ» Ȼɢɥɚɣɧ, 

ɥɢɞɟɪɵ ɧɚ ɪɵɧɤɟ ɜ Ɋɨɫɫɢɢ ɢ ɫɬɪɚɧɚɯ ɋɇȽ, ɜ 2014 ɝɨɞɭ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ 

ɭɫɩɟɲɧɵɣ ɡɚɩɭɫɤ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɩɟɪɜɵɯ ɫɟɬɟɣ 4G ɜ Ɋɟɫɩɭɛɥɢɤɟ Ʉɨɦɢ. 

Ɇɨɛɢɥɶɧɚɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɫɨ ɫɤɨɪɨɫɬɶɸ ɞɨ 75 Mɛɢɬ/ɫ ɛɵɥɢ ɞɨɫɬɭɩɧɵ 

ɠɢɬɟɥɹɦ ɧɟɫɤɨɥɶɤɢɯ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ Ɋɟɫɩɭɛɥɢɤɟ Ʉɨɦɢ, ɚ ɬɨɱɧɟɟ 

ɋɵɤɬɵɜɤɚɪ, ɍɯɬɚ, ȼɨɪɤɭɬɚ. ɂɡ ɜɵɲɟ ɩɟɪɟɱɢɫɥɟɧɧɨɝɨ ɦɵ ɧɚɛɥɸɞɚɟɦ, ɱɬɨ   

ɪɚɫɲɢɪɟɧɢɟ ɫɟɬɢ LTȿ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ, ɝɞɟ ɧɟɛɵɥɢ ɨɯɜɚɱɟɧɧɵɯ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɨɣ 4G, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ɐɟɥɶɸ ɦɨɟɣ ɞɢɩɥɨɦɧɨɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɚɛɨɧɟɧɬɚɦ ɝ. 

ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ ɫɨɜɪɟɦɟɧɧɵɯ ɦɭɥɶɬɢ ɫɟɪɜɢɫɧɵɯ ɭɫɥɭɝ ɩɨɫɪɟɞɫɬɜɨɦ 

ɬɟɯɧɨɥɨɝɢɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ LTȿ Ⱥdvɚnɫɟ. Ⱦɥɹ 

ɪɟɚɥɢɡɚɰɢɢ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɪɹɞ ɡɚɞɚɱ: 

Ⱥɧɚɥɢɡ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɧɚɫɟɥɟɧɧɨɝɨ ɩɭɧɤɬɚ ɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɫɜɹɡɢ; 

ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ ɜ ɝ. ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ; 

ȼɵɛɨɪ ɜɚɪɢɚɧɬɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɢ; 
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Ɋɚɫɱɟɬ ɧɚɝɪɭɡɨɤ ɢ ɡɨɧɵ ɪɚɞɢɨ ɩɨɤɪɵɬɢɹ ɫɟɬɢ; 

ȼɵɛɨɪ ɢ ɪɚɫɱɟɬ ɨɛɴɟɦɚ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ; 

Ⱦɚɧɧɵɣ ɞɢɩɥɨɦɧɵɣ ɩɪɨɟɤɬ ɫɨɫɬɨɢɬ ɢɡ 8 ɝɥɚɜ, ɩɨɫɜɹɳɟɧɧɵɟ ɪɟɲɟɧɢɸ 

ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ. ɂɦɟɟɬɫɹ ɝɪɚɮɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɜ ɧɟɣ ɜ ɜɢɞɟ ɝɪɚɮɢɱɟɫɤɢɯ ɫɯɟɦ 

ɢɡɨɛɪɚɠɟɧɚ ɫɭɳɟɫɬɜɭɸɳɚɹ ɫɯɟɦɚ ɫɜɹɡɢ ɝɨɪɨɞɚ ɍɫɢɧɫɤ, ɩɪɨɟɤɬɢɪɭɟɦɚɹ ɫɯɟɦɚ 

ɨɪɝɚɧɢɡɚɰɢɢ ɫɟɬɢ ɫɜɹɡɢ ɢ ɡɨɧɵ ɪɚɞɢɨ ɩɨɤɪɵɬɢɹ ɫɟɬɢ. 
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ȽɅȺȼȺ 1. ȺɇȺɅɂɁ ɂɇɎɊȺɋɌɊɍɄɌɍɊɕ ɈȻɔȿɄɌȺ 

ɉɊɈȿɄɌɂɊɈȼȺɇɂə 

 

 

1.1 ɗɤɫɩɥɢɤɚɰɢɹ ɨɛɴɟɤɬɚ 

 

ɍɫɢɧɫɤ - ɝɨɪɨɞ ɜ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ  ɧɚ ɪɟɤɟ ɍɫɚ. ɍɫɢɧɫɤ 

ɪɚɫɩɨɥɨɠɟɧ ɜ 61 ɤɦ ɨɬ ɋɟɜɟɪɧɨɝɨ ɩɨɥɹɪɧɨɝɨ ɤɪɭɝɚ. ȼ 757 ɤɢɥɨɦɟɬɪɚɯ ɤ ɫɟɜɟɪɨ-

ɜɨɫɬɨɤɭ ɨɬ ɍɫɢɧɫɤɚ ɧɚɯɨɞɢɬɫɹ ɫɬɨɥɢɰɚ ɪɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ, ɝɨɪɨɞ ɋɵɤɬɵɜɤɚɪ. 

ɇɚɫɟɥɟɧɢɟ ɝɨɪɨɞɚ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 40 000 ɱɟɥ. ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɧɚ 2016 ɝɨɞ. Ɉɬ 

ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɫɬɚɧɰɢɢ «ɍɫɢɧɫɤ» ɯɨɞɢɬ  ɩɨɟɡɞ ɞɚɥɶɧɟɝɨ ɫɥɟɞɨɜɚɧɢɹ: 

ɍɫɢɧɫɤ—Ɇɨɫɤɜɚ. Ʉɭɪɫɢɪɭɸɬ ɩɪɢɝɨɪɨɞɧɵɟ ɩɨɟɡɞɚ ɍɫɢɧɫɤ — ɉɟɱɨɪɚ ɢ ɍɫɢɧɫɤ 

— ɋɵɤɬɵɜɤɚɪ. ɉɥɨɳɚɞɶ ɝɨɪɨɞɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɨɫɬɚɜɥɹɟɬ 30 564 ɤɦ². Ƚɨɪɨɞ 

ɍɫɢɧɫɤ, ɤɚɤ ɢ ɜɫɹ Ɋɟɫɩɭɛɥɢɤɚ Ʉɨɦɢ, ɧɚɯɨɞɢɬɫɹ ɜ ɱɚɫɨɜɨɣ ɡɨɧɟ, ɨɛɨɡɧɚɱɚɟɦɨɣ ɩɨ 

ɦɟɠɞɭɧɚɪɨɞɧɨɦɭ ɫɬɚɧɞɚɪɬɭ ɤɚɤ Mɨsɫɨw Timɟ Zɨnɟ (MSK). ɋɦɟɳɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ UTɋ +3:00. ɑɟɪɟɡ ɝɨɪɨɞ ɩɪɨɯɨɞɹɬ ɜɚɠɧɵɟ ɦɚɝɢɫɬɪɚɥɢ 

ɬɪɭɛɨɩɪɨɜɨɞɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ. ȼ 60 ɤɦ ɨɬ ɝɨɪɨɞɚ,  ɫ  2011 ɝɨɞɚ ɡɚɪɚɛɨɬɚɥ ɫɚɦɵɣ 

ɫɟɜɟɪɧɵɣ ɜ ɦɢɪɟ ɧɟɮɬɟɩɟɪɟɪɚɛɚɬɵɜɚɸɳɢɣ ɡɚɜɨɞ ɨɬ ɤɨɦɩɚɧɢɢ «ȿɧɢɫɟɣ» 

ɦɨɳɧɨɫɬɶɸ 1 300 000  ɬ. ɜ ɝɨɞ. 

ɉɪɨɦɵɲɥɟɧɧɨɫɬɶ 

ɉɪɨɦɵɲɥɟɧɧɨɫɬɶ ɍɫɢɧɫɤɨɝɨ ɪɚɣɨɧɚ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ ɫɟɦɢɞɟɫɹɬɢ 

ɩɪɨɰɟɧɬɨɜ ɜɫɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ. Ɉɤɨɥɨ 27 ɬɵɫɹɱ ɱɟɥɨɜɟɤ 

ɪɚɛɨɬɚɸɬ ɧɚ 792 ɨɪɝɚɧɢɡɚɰɢɹɯ ɢ ɩɪɟɞɩɪɢɹɬɢɹɯ ɪɚɡɥɢɱɧɵɯ ɮɨɪɦ ɞɟɹɬɟɥɶɧɨɫɬɢ. 

Ɉɫɧɨɜɧɚɹ ɨɬɪɚɫɥɶ ɜ  ɝɨɪɨɞɟ ɹɜɥɹɟɬɫɹ ɞɨɛɵɱɚ ɧɟɮɬɢ ɢ ɝɚɡɚ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɍɫɢɧɫɤɨɝɨ ɪɚɣɨɧɚ, ɜɟɞɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ 

ɧɟɮɬɹɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɞɜɭɦɹ ɤɪɭɩɧɵɦɢ ɧɟɮɬɹɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ: «Ʌɭɤɨɣɥ» 

ɢ «Ɋɨɫɧɟɮɬɶ». ɉɨ ɦɢɦɨ ɧɢɯ, ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɍɫɢɧɫɤɨɝɨ ɪɚɣɨɧɚ ɜɟɞɭɬ ɫɜɨɸ 

ɞɟɹɬɟɥɶɧɨɫɬɶ: Ʉɨɦɩɚɧɢɹ «Ɋɭɫɜɶɟɬɩɟɬɪɨ», ɈɈɈ «ȿɧɢɫɟɣ», ɈȺɈ «Ʉɨɦɧɟɞɪɚ», 

https://ru.wikipedia.org/wiki/%D0%A2%D0%B2%D0%B5%D1%80%D1%81%D0%BA%D0%B0%D1%8F_%D0%BE%D0%B1%D0%BB%D0%B0%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D0%B6%D0%BE%D0%BA_(%D1%81%D1%82%D0%B0%D0%BD%D1%86%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9E%D1%81%D1%82%D0%B0%D1%88%D0%BA%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%81%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D0%BE%D1%8F%D1%81
https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%B2%D1%80%D0%B5%D0%BC%D1%8F
https://ru.wikipedia.org/wiki/UTC
https://ru.wikipedia.org/wiki/%D0%9B%D1%83%D0%BA%D0%BE%D0%B9%D0%BB
https://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D0%BD%D0%B5%D1%84%D1%82%D1%8C
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ɈɈɈ ɇȽɄ «Ƚɨɪɧɵɣ», ɈɈɈ «ɇɨɛɟɥɶ Ɉɣɥ» (ɄɈ) ɢ ɞɪɭɝɢɟ Ʉɨɦɩɚɧɢɢ. 

Ɍɪɚɧɫɩɨɪɬɢɪɨɜɤɨɣ ɧɟɮɬɢ ɡɚɧɢɦɚɟɬɫɹ ɤɨɦɩɚɧɢɹ «Ɍɪɚɧɫɧɟɮɬɶ-ɋɟɜɟɪ». Ɍɚɤ ɠɟ 

ɩɪɢɫɭɬɫɬɜɭɸɬ ɤɨɦɩɚɧɢɢ ɩɪɟɞɨɫɬɚɜɥɹɸɳɢɟ ɭɫɥɭɝɢ ɩɪɢ ɛɭɪɟɧɢɢ ɫɤɜɚɠɢɧ ɢ 

ɞɨɛɵɱɢ ɧɟɮɬɢ: NɚЛɨrs DrТХХТЧР, АɟɚЭСɟrПɨrН, SЦТЭС SТЛɟrТɚЧ SɟrЯТɫɟs, 

SɫСХЮЦЛɟrРɟr, HɚХХТЛЮrЭɨЧ, Ƚɪɭɩɩɚ ȿRIȿLL ɢ BɚФɟr HЮРСɟs. 

ɂɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ: 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɍɫɢɧɫɤ ɞɟɣɫɬɜɭɸɬ ɱɟɬɵɪɟ 

ɧɟɡɚɜɢɫɢɦɵɯ ɨɩɟɪɚɬɨɪɚ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ: ɆɌɋ, Ȼɢɥɚɣɧ, ɆɟɝɚɎɨɧ ɢ Tɟlɟ2 

ɤɨɬɨɪɵɟ ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɭɫɥɭɝɢ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɬɪɟɬɶɟɝɨ 

ɩɨɤɨɥɟɧɢɹ.  

Ɉɫɧɨɜɧɨɣ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɣ ɨɩɟɪɚɬɨɪ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɫɜɹɡɢ ɜ ɝ. 

ɍɫɢɧɫɤ - ɈȺɈ «Ɋɨɫɬɟɥɟɤɨɦ». ɇɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɈȺɈ  «Ɋɨɫɬɟɥɟɤɨɦ» 

ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɫɥɟɞɭɸɳɢɟ ɭɫɥɭɝɢ: 

1. ɋɬɚɰɢɨɧɚɪɧɚɹ ɚɧɚɥɨɝɨɜɚɹ ɬɟɥɟɮɨɧɢɹ; 

2. Ⱦɨɫɬɭɩ ɜ ɂɧɬɟɪɧɟɬ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ȺDSL; 

3. Ⱦɨɫɬɭɩ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ ɩɨ ɬɟɯɧɨɥɨɝɢɢ FTTB 

 

ȼ Ɋɟɫɩɭɛɥɢɤɟ Ʉɨɦɢ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɟɬɶ 4G ɪɚɡɜɟɪɧɭɬɚ ɜɨ ɜɫɟɯ 

ɤɪɭɩɧɵɯ ɪɚɣɨɧɚɯ ɨɛɥɚɫɬɢ ɢ ɩɨɤɪɵɜɚɟɬ ɛɨɥɟɟ ɩɨɥɨɜɢɧɵ ɟё ɧɚɫɟɥɟɧɧɨɣ 

ɬɟɪɪɢɬɨɪɢɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɦɨɛɢɥɶɧɵɣ ɢɧɬɟɪɧɟɬ ɜ ɫɟɬɢ LTȿ 

ɞɨɫɬɭɩɟɧ ɠɢɬɟɥɹɦ ɩɪɢɝɨɪɨɞɧɵɯ ɝɨɪɨɞɨɜ ɝ. ɋɵɤɬɵɜɤɚɪ. ȼ ɝɨɪɨɞɟ ɍɫɢɧɫɤ 

ɫɤɨɪɨɫɬɧɚɹ ɫɟɬɶ 4Gɨɬɫɭɬɫɬɜɭɟɬ. 

Ɋɚɡɜɢɬɢɟ ɢ ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɫɤɨɪɨɫɬɧɨɝɨ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 

ɂɧɬɟɪɧɟɬ ɜ ɝɨɪɨɞɚɯ ɢ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɚɯ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ – ɨɞɧɚ ɢɡ 

ɩɪɢɨɪɢɬɟɬɧɵɯ ɡɚɞɚɱ ɜ ɪɟɝɢɨɧɟ. Ɍɟɯɧɨɥɨɝɢɹ ɱɟɬɜɟɪɬɨɝɨ ɩɨɤɨɥɟɧɢɹ ɫɨɬɨɜɨɣ ɫɜɹɡɢ 

ɨɬɤɪɵɜɚɟɬ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɨɜɪɟɦɟɧɧɵɯ 

ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɯ ɫɟɪɜɢɫɨɜ ɧɟ ɬɨɥɶɤɨ ɠɢɬɟɥɹɦ ɝ. ɍɫɢɧɫɤɚ, ɧɨ ɢ ɜɫɟɣ 

ɟɝɨɨɛɥɚɫɬɢ. 

 

https://en.wikipedia.org/wiki/Nabors_Industries
https://ru.wikipedia.org/wiki/%D0%93%D1%80%D1%83%D0%BF%D0%BF%D0%B0_ERIELL
https://ru.wikipedia.org/wiki/Baker_Hughes
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Ɋɢɫɭɧɨɤ 1.1 – ɝ. ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ 

 

 

1.2Ⱥɧɚɥɢɡ ɫɨɫɬɨɹɧɢɹ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ ɫɜɹɡɢ ɝ. ɍɫɢɧɫɤ 

 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨ ɛɵ ɩɪɟɞɥɚɝɚɟɦɵɣ ɩɚɤɟɬ ɭɫɥɭɝ ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɝ. 

ɍɫɢɧɫɤ ɢɦɟɥ ɚɤɬɭɚɥɶɧɨɫɬɶ ɢ ɛɵɥ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɵɦ, ɧɟɨɛɯɨɞɢɦɨ ɜ ɧɚɱɚɥɟ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɢɦɟɸɳɭɸɫɹ ɫɨɬɨɜɭɸ ɫɟɬɶ ɫɜɹɡɢ: ɜɵɹɜɢɬɶ 

ɞɟɣɫɬɜɭɸɳɢɯ ɨɩɟɪɚɬɨɪɨɜ ɫɜɹɡɢ ɢ ɧɚɛɨɪ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɢɦɢ ɭɫɥɭɝ, ɚ ɬɚɤ ɠɟ 

ɨɩɪɟɞɟɥɢɬɶ ɬɟɯɧɨɥɨɝɢɢ, ɧɚ ɨɫɧɨɜɟ ɤɨɬɨɪɵɯ ɞɟɣɫɬɜɭɸɳɢɟ ɨɩɟɪɚɬɨɪɵ 

ɩɪɟɞɨɫɬɚɜɥɹɸɬ ɫɜɨɢ ɭɫɥɭɝɢ ɚɛɨɧɟɧɬɚɦ ɫɟɬɢ. 

ɉɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɚɛɨɧɟɧɬɵ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɢɦɟɸɬ ɞɨɫɬɭɩ ɤ ɝɥɨɛɚɥɶɧɨɣ 

ɫɪɟɞɟ Intɟrnɟt ɩɨɫɪɟɞɫɬɜɨɦ ɬɟɯɧɨɥɨɝɢɢ HSDɊȺ (High-

SɪɟɟdDɨwnlinkɊɚɫkɟtȺɫɫɟss—  ɩɚɤɟɬɧɚɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ ɨɬ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɤ 

ɦɨɛɢɥɶɧɨɦɭ ɬɟɥɟɮɨɧɭ) ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ 3G ɦɨɞɟɦɨɜ ɭ ɨɩɟɪɚɬɨɪɨɜ 

ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ «ɆɌɋ», «Bɟɟlinɟ», «Ɇɟɝɚɮɨɧ» ɢ «Tɟlɟ2». ȼɢɞ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɫɟɬɢ ɪɚɞɢɨɞɨɫɬɭɩɚ ɜ ɝ. ɍɫɢɧɫɤ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1.2.  
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Ɋɢɫɭɧɨɤ 1.2 – ɋɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɫɨɬɨɜɵɯ ɨɩɟɪɚɬɨɪɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ 

ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ 

 

Ɉɞɧɚɤɨ ɩɪɟɞɨɫɬɚɜɢɬɶ ɤɚɱɟɫɬɜɟɧɧɵɟ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɭɫɥɭɝɢ ɩɨ 

ɬɟɯɧɨɥɨɝɢɢ HSDɊȺ ɜɫɟɦ ɠɢɬɟɥɹɦ ɝɨɪɨɞɚ ɨɩɟɪɚɬɨɪɵ ɫɨɬɨɜɨɣ ɫɜɹɡɢ ɧɟ ɦɨɝɭɬ, ɬɚɤ 

ɤɚɤ ɢɦɟɸɬɫɹ ɨɝɪɚɧɢɱɟɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɢ ɤɚɱɟɫɬɜɨ 

ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɫɟɪɜɢɫɚ. 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɭɝ ɫɜɹɡɢ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ 

ɲɢɪɨɤɨɩɨɥɨɫɧɵɟ ɱɚɫɬɨɬɧɵɟ ɤɚɧɚɥɵ, ɱɬɨ ɧɟ ɪɟɚɥɢɡɭɟɦɨ ɜ ɫɭɳɟɫɬɜɭɸɳɢɯ 

ɪɚɞɢɨɫɢɫɬɟɦɚɯ. ɉɪɨɤɥɚɞɵɜɚɬɶ ɧɨɜɭɸ ɤɚɛɟɥɶɧɭɸ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ 

ɷɤɨɧɨɦɢɱɟɫɤɢ ɧɟ ɰɟɥɟɫɨɨɛɪɚɡɧɨ, ɩɨɷɬɨɦɭ ɨɱɟɜɢɞɧɨ ɩɪɢɦɟɧɟɧɢɟ ɛɟɫɩɪɨɜɨɞɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɰɟɥɟɣ ɩɪɨɟɤɬɚ. ɇɚ 

ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɬɚɤɢɯ  ɬɟɯɧɨɥɨɝɢɣ ɧɟɫɤɨɥɶɤɨ ɢ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ 

ɢ ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɫɱɢɬɚɸɬɫɹ WiMȺX ɫɬɚɧɞɚɪɬɚ Iȿȿȿ 802.16ɟ (Mɨbilɟ 

WiMȺX) ɢ LTȿȺdvɚnɫɟ.  

ȼɵɜɨɞɵ  

ɋɬɚɧɞɚɪɬ Iȿȿȿ 802.16Ц ɛɭɞɟɬ ɩɨɥɧɨɫɬɶɸ ɫɨɛɥɸɞɚɬɶ ɜɫɟ ɬɪɟɛɨɜɚɧɢɹ ɢ 

ɫɩɟɰɢɮɢɤɚɰɢɸ IMT-Ⱥdvɚnɫɟd 
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Ɇɨɛɢɥɶɧɵɣ WiMȺXrɟХ 1.5 ɢ LTȿ ɫɯɨɠɢ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. ɍ ɨɞɧɨɝɨ ɢ 

ɜɬɨɪɨɝɨ ɧɚ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɛɟɪɟɬɫɹ ɈFDMȺ ɫ ɦɧɨɝɨɭɪɨɜɧɟɜɨɣ ɦɨɞɭɥɹɰɢɟɣ ɢ 

ɤɨɞɢɪɨɜɚɧɢɟɦ. ȼ ɧɢɯ ɢɫɩɨɥɶɡɭɟɬɫɹ MIMɈ ɛɨɥɶɲɟɣ ɤɪɚɬɧɨɫɬɢ ɢ ɭɦɟɧɶɲɟɧɢɟ 

ɡɚɞɟɪɠɤɢ. ȼ ɧɢɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɢ FDD ɢ TDD ɞɭɩɥɟɤɫɢɪɨɜɚɧɢɟ ɩɪɢ ɲɢɪɢɧɟ 

ɤɚɧɚɥɚ ɞɨ 20 ɆȽɰ. Ɇɚɤɫɢɦɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɱɬɢ ɨɞɢɧɚɤɨɜɚ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ 

ɤɪɚɬɧɨɫɬɹɯ ɦɨɞɭɥɹɰɢɢ ɢ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɹɟɦɨɝɨ ɤɨɞɚ.  

Ɇɨɛɢɥɶɧɵɣ АТMȺБ ɜɵɢɝɪɵɜɚɟɬ ɧɚ ɞɜɚ ɝɨɞɚ ɩɨ ɜɪɟɦɟɧɢ ɜɵɯɨɞɚ ɧɚ 

ɪɵɧɨɤ ɢ ɝɥɚɞɤɭɸ ɟ2ɟɚɪɯɢɬɟɤɬɭɪɭ ɫɟɬɢ.  

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɨɛɢɥɶɧɨɝɨ 

WiMȺБ ɜ ɪɟɥɢɡɟ 2.0 ɢɦɟɟɬ ɥɭɱɲɢɟ ɩɚɪɚɦɟɬɪɵ, ɧɟɠɟɥɢ LTȿ.  

Ɇɨɛɢɥɶɧɵɣ АТMȺX rɟХ.2.0 ɫɨɜɦɟɫɬɢɦ ɫ ɪɟɥɢɡɚɦɢ 1.0 ɢ 1.5. 

ɂɧɜɟɫɬɢɰɢɢ ɞɥɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɟɬɟɣ ɢɡ 2G/3G ɜ LTȿ ɢ ɦɨɛɢɥɶɧɵɣ 

WiMȺБ ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɵ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɨɛɟɢɯ ɫɟɬɟɣ ɬɪɟɛɭɟɬɫɹ ɜɵɞɟɥɟɧɢɟ ɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ, ɚ 

ɬɚɤɠɟ ɦɧɨɝɨɪɟɠɢɦɧɵɟ ɚɛɨɧɟɧɬɫɤɢɟ ɭɫɬɪɨɣɫɬɜɚ 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɦɧɨɣ ɛɵɥ ɫɞɟɥɚɧ ɜɵɛɨɪ ɜ ɫɬɨɪɨɧɵ ɬɟɯɧɨɥɨɝɢɢ LTȿ-

Ⱥdvɚnɫɟ, ɬɚɤ ɤɚɤ ɪɟɚɥɢɡɚɰɢɹ LTȿ-Ⱥdvɚnɫɟ ɛɭɞɟɬ ɩɪɨɳɟ ɧɚ ɫɭɳɟɫɬɜɭɸɳɟɣ 

ɢɧɮɪɚɫɬɪɭɤɬɭɪɟ ɫɟɬɟɣ 3 G. 
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ȽɅȺȼȺ 2. ɋɌȺɇȾȺɊɌ LTȿ 

 

 

2.1  ɉɟɪɟɯɨɞ ɨɬ UMTS ɤ LTȿ. 
 

ɉɟɪɜɚɹ ɮɚɡɚ ɫɬɚɧɞɚɪɬɚLTȿ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɢ  ɡɚɜɟɪɲɟɧɚ ɤ 2008 ɝ.  ɉɟɪɟɞ 

ɧɢɦ ɛɵɥɨ ɪɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɢ HSɊȺ (High Sɪɟɟd Ɋɚɫkɟt Ⱥɫɫɟss) ɜ 

ɫɬɚɧɞɚɪɬɟUMTS (UnivɟrsɚlMɨbilɟTɟlɟɫɨmmuniɫɚtiɨnSystɟm) ɢ 

ɦɨɛɢɥɶɧɨɝɨWiMȺXɚ.  Ɍɟɯɧɨɥɨɝɢɹ ɈFDM ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɤɚɤ ɜ WiMȺXɚ ɬɚɤ ɢ 

ɜ LTȿ ,ɚ  ɢɡ HSɊȺUMTS ɛɵɥɨ ɩɨɡɚɢɦɫɬɜɨɜɚɧɨ ɚɞɚɩɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɚɤɟɬɧɨɣ 

ɩɟɪɟɞɚɱɟɣ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɯɧɨɥɨɝɢɢ HȺRQ, ɬɚɤ ɠɟ 

ɩɪɨɬɨɤɨɥ ɭɪɨɜɧɹ L2 ɢ ɩɪɨɬɨɤɨɥ L3. ȼ ɫɜɹɡɢ ɫ ɱɟɦ ɪɚɡɜɢɬɢɟɦ ɫɬɚɧɞɚɪɬɨɜ 3GɊɊ ɧɚ 

ɩɭɬɢ ɤ ɫɬɚɧɞɚɪɬɚɦ 4ɝɨ ɩɨɤɨɥɟɧɢɹ, ɫɬɚɥ LTȿ .Ɉɫɧɨɜɧɨɟ ɨɬɥɢɱɢɟ LTȿ ɨɬ UMTS ɢɡ-

ɡɚ ɪɟɡɤɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɪɚɛɨɱɟɣ ɩɨɥɨɫɵ ɨɬ 5 (3,84) ɆȽɰ ɜ UMTS ɞɨ 10-20ɆȽɰ ɜ 

LTȿ , ɡɚ  ɫɱɟɬ ɱɟɝɨ ɢ ɩɪɨɢɫɯɨɞɢɬ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɜɨ ɦɧɨɝɨ ɪɚɡ. 

ɉɟɪɜɚɹ ɫɩɟɰɢɮɢɤɚɰɢɹ LTȿ ɛɵɥɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ Rɟl.8 3GɊɊ, ɫɩɭɫɬɹ ɜɪɟɦɹ ɜ 

ɪɚɡɜɢɬɢɢ ɩɨɥɭɱɚɟɬ ɜ Rɟl.9.  ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ LTȿ ɢɦɟɟɬ ɫɩɟɰɢɮɢɤɚɰɢɸ Rɟl.10 

LTȿ-Ⱥ (LTȿ – Ⱥdvɚnɫɟd) ,  ɢ ɦɚɤɫɢɦɚɥɶɧɚɹ ɫɤɜɨɡɧɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 

ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 200 ɞɨ 800 Ɇɛɢɬ/ɫ. 

 

2.2 ɋɬɪɭɤɬɭɪɚ LTȿ 

Ɂɚɞɚɱɟɣ ɬɟɯɧɨɥɨɝɢɢ LTȿ ɹɜɥɹɟɬɫɹ ɫɨɡɞɚɧɢɟ ɚɪɯɢɬɟɤɬɭɪɵ ɩɚɤɟɬɧɨɝɨ 

ɪɚɞɢɨɞɨɫɬɭɩɚ ɞɥɹ ɫɟɬɟ ɫɨɬɨɜɨɣ ɫɜɹɡɢ ɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɧɚ ɭɪɨɜɧɟ 

ɫɬɚɧɞɚɪɬɚ WiMȺX. ȼ ɫɩɟɰɢɮɢɤɚɰɢɹɯ ȿ-UTRȺ ɦɵ ɦɨɠɟɦ ɧɚɛɥɸɞɚɬɶ ɜɫɟ 

ɨɫɧɨɜɧɵɟ ɫɜɟɞɟɧɢɹ ɨ ɬɟɯɧɨɥɨɝɢɢ LTȿ (ɬɚɛ.2.1). 
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Ɍɚɛɥɢɰɚ 2.1 ɋɩɟɰɢɮɢɤɚɰɢɹ ȿ-UTRȺ 

ɂɧɞɟɤɫ 
ɫɩɟɰɢɮɢɤɚɰɢɢ 

ɋɨɞɟɪɠɚɧɢɟ 

TS36.1XX 

Ɍɪɟɛɨɜɚɧɢɹ ɤ ɨɛɨɪɭɞɨɜɚɧɢɸ: 
ɚɛɨɧɟɧɬɫɤɢɟ ɢ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ, 

ɪɟɬɪɚɧɫɥɹɬɨɪɵ. 
TS36.2XX Ɏɢɡɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ 

TS36.3XX ɍɪɨɜɧɢ L2 ɢ L3: MȺɋ. RLɋ ɢ RRɋ 

TS36.4XX 
ɋɜɹɡɢ ɜɧɭɬɪɢ ɫɬɪɭɤɬɭɪɵ, ɜɤɥɸɱɚɹ ɟNB ɢ 

MMȿ 

TS36.5XX Ɍɟɫɬɢɪɨɜɚɧɢɟ 

 

ȼɟɪɫɢɹ Rɟl.8 ɫɟɬɢ LTȿ ɩɨɞɞɟɪɠɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɜɧɢɡ ɞɨ 100 

Ɇɛɢɬ/ɫ ɢ ɜɜɟɪɯ ɞɨ 50Ɇɛɢɬ/ɫ ɜ ɩɨɥɨɫɟ 20 ɆȽɰ, ɜ ɩɥɨɫɤɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ 

ɫɧɢɠɚɸɬɫɹ ɡɚɞɟɪɠɤɢ ɞɨ 50-100 ɦɫ ɩɪɢ ɩɟɪɟɯɨɞɟ ɢɡ ɧɟɚɤɬɢɜɧɨɝɨ ɢɥɢ ɠɟ  ɫɩɹɳɟɝɨ 

ɪɟɠɢɦɚ ɜ ɪɟɠɢɦ ɜɵɞɟɥɟɧɧɨɝɨ ɤɚɧɚɥɚ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɜɟɫɬɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɞɨ 200 

ɚɤɬɢɜɧɵɯ ɚɛɨɧɟɧɬɨɜ ɜ ɫɨɬɟ. ȼ LTȿ ɛɵɥɢ ɪɟɚɥɢɡɨɜɚɧɵ ɡɚɞɚɱɢ ɫɢɫɬɟɦɧɨɣ 

ɚɪɯɢɬɟɤɬɭɪɵ ɷɜɨɥɸɰɢɢ SȺȿ ɩɪɢ ɩɟɪɟɞɚɱɟ ɩɚɤɟɬɧɨɝɨ ɬɪɚɮɢɤɚ. Ⱥɪɯɢɬɟɤɬɭɪɚ ȿ-

UTRȺN ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 2.1. ȼ ɧɟɣ ɜɤɥɸɱɟɧɨ ɹɞɪɨ ɩɚɤɟɬɧɨɣ ɫɟɬɢ ȿɊɋ, 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɧɵɟ ɟNB ɢ ɢɧɬɟɪɮɟɣɫɵ S1 ɢ X2. 

 

         Ɋɢɫ. 2.1. Ȼɚɡɨɜɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɫɟɬɢ ȿ-UTRȺN 

 

ȿɊɋ ɫɨɫɬɨɢɬ ɢɡ ɲɥɸɡɨɜ ɞɨɫɬɭɩɚ, ɤɨɬɨɪɵɟ ɞɥɹ ɨɛɫɥɭɠɢɜɚɟɦɵɯ ɢɦɢ ɟNB ɢ 

ɚɛɨɧɟɧɬɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɫɬɚɧɨɜɹɬɫɹ S-GW. ɟNB ɫɨɛɢɪɚɟɬ ɮɭɧɤɰɢɢ ɫɭɳɟɫɬɜɭɸɳɢɯ 
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NɨdɟB ɢ ɤɨɧɬɪɨɥɟɪɨɜ RNɋ, ɨɬɧɨɫɹɳɢɟɫɹ ɨɛɪɚɛɨɬɤɢ ɩɚɤɟɬɧɨɝɨ ɬɪɚɮɢɤɚ ɢ 

ɜɵɞɟɥɟɧɢɟ ɤɚɧɚɥɶɧɨɝɨ ɪɟɫɭɪɫɚ. Ɍɚɤ ɠɟ ɜ  ȿ-UTRȺN ɜɵɞɟɪɠɚɧ ɩɪɢɧɰɢɩ 

ɥɨɝɢɱɟɫɤɨɝɨ ɪɚɡɞɟɥɟɧɢɹ  ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɟɬɟɣ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ ɫɢɝɧɚɥɢɡɚɰɢɢ. 

ɋɩɢɫɤɢ ɩɪɨɬɨɤɨɥɨɜ ɩɥɨɫɤɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɢɧɬɟɪɮɟɣɫɚS1: S1MMȿ ɢ ɜ 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 2.2. 

 

 

Ɋɢɫ. 2.2 - ɂɧɬɟɪɮɟɣɫ S1 

 

ɂɧɬɟɪɮɟɣɫ ɏ2 ɩɨɫɬɪɨɟɧ  ɬɚɤɢɦ ɠɟ ɨɛɪɚɡɨɦ (ɪɢɫ. 2.3). 

ɇɚ (ɪɢɫ. 2.4) ɦɵ ɦɨɠɟɦ ɭɜɢɞɟɬɶ ɥɨɝɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɫɨɜɦɟɳɟɧɧɨɣ ɫɟɬɢ 

GSM/UMTS/LTȿ, ɚ ɧɚ (ɪɢɫ. 2.5) ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ LTȿ. əɞɪɨ ɫɟɬɢ ȿɊɋ ɫɨɫɬɨɢɬ ɢɡ 

ɨɛɫɥɭɠɢɜɚɟɦɨɝɨ ɲɥɸɡɚS-GW, ɞɥɹ ɜɵɯɨɞɚ ɧɚ ɩɚɤɟɬɧɵɟ ɫɟɬɢ    Ɋ-GW, ɫɬɪɭɤɬɭɪɵ 

ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɩɪɨɬɨɤɨɥɭ MɨbilityMɚnɚgɟmɟntMMȿ, ɫɜɹɡɚɧɧɨɣ ɫ S-GW ɢ 

ɟNɨdɟB ɫɢɝɧɚɥɶɧɵɦɢ ɢɧɬɟɪɮɟɣɫɚɦɢ. Ɍɨɥɫɬɵɦɢ ɥɢɧɢɹɦɢ ɩɨɤɚɡɚɧɵ ɫɨɟɞɢɧɟɧɢɹ 

ɞɥɹ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ  ɪɢɫ. 2.5, ɚ ɬɨɧɤɢɦɢ ɫɩɥɨɲɧɵɦɢ ɥɢɧɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ 

ɫɢɝɧɚɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. ɋɢɝɧɚɥɶɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɩɰɢɨɧɚɥɶɧɵɦ 

ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɭɡɥɚɦ ɨɛɨɡɧɚɱɟɧɵ ɩɭɧɤɬɢɪɨɦ: ɞɪɭɝɢɦ MMȿ ɢ ɊɋRF. ɇɚ 

ɞɨɦɚɲɧɢɣ ɫɟɪɜɟɪ HSS,  MMȿ ɢɦɟɟɬ ɩɪɹɦɨɣ ɜɵɯɨɞ, ɜɵɩɨɥɧɹɸɳɢɣ ɜɫɟ ɮɭɧɤɰɢɢ 

HLR ɫɟɬɟɣ Gȿ-RȺN/UMTS. 
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                Ɋɢɫ. 2.3 - ɂɧɬɟɪɮɟɣɫ ɏ2 

 

 

 

Ɋɢɫ.2.4 - Ʌɨɝɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ GSM/UMTS/LTȿ 

 

2.3 Ɋɚɞɢɨɱɚɫɬɨɬɧɵɣ ɫɩɟɤɬɪ ɬɟɯɧɨɥɨɝɢɢ LTȿ 

Ɋɚɛɨɱɢɦɢ ɝɪɭɩɩɚɦɢ ɉɚɪɬɧɟɪɫɤɨɝɨ ɩɪɨɟɤɬɚ 3GɊɊ ɢ ȿTSI ɜ ɬɟɯɧɢɱɟɫɤɢɯ 

ɫɩɟɰɢɮɢɤɚɰɢɹɯ ɞɥɹ LTȿ ɨɩɪɟɞɟɥɟɧɵ 17 ɩɨɥɨɫ ɪɚɞɢɨɱɚɫɬɨɬ ɞɥɹ ɪɟɠɢɦɚ 
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ɱɚɫɬɨɬɧɨɝɨ ɞɭɩɥɟɤɫɚFDD ɢ 8 ɩɨɥɨɫ ɞɥɹ ɪɟɠɢɦɚ ɜɪɟɦɟɧɧɨɝɨ ɞɭɩɥɟɤɫɚTDD, 

ɤɨɬɨɪɵɟ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.2. 

ɂɡ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ ɞɢɚɩɚɡɨɧɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɪɚɡɜɢɬɢɹ ɫɟɬɟɣ 

LTȿ, ɭɠɟ ɨɫɜɨɟɧɵ ɢɥɢ ɨɫɜɚɢɜɚɸɬɫɹ ɜ Ɋɨɫɫɢɢ ɞɥɹ ɪɚɛɨɬɵ ɫɟɬɟɣ ɦɨɛɢɥɶɧɨɣ 

ɫɜɹɡɢ ɢ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɪɚɡɥɢɱɧɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɉɨɷɬɨɦɭ, ɫɨɡɞɚɧɢɟ ɜ 

Ɋɨɫɫɢɢ LTȿ-ɫɟɬɟɣ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɬɪɭɞɧɨɫɬɹɦɢ ɫ ɜɵɛɨɪɨɦ ɢ ɩɨɥɭɱɟɧɢɟɦ 

ɪɚɡɪɟɲɟɧɢɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɚɫɬɨɬɧɨɝɨ ɞɢɚɩɚɡɨɧɚ. 

 

Ɍɚɛɥɢɰɚ 2.2- Ⱦɢɚɩɚɡɨɧɵ ɱɚɫɬɨɬ ɞɥɹ ɫɟɬɢ ɪɚɞɢɨɞɨɫɬɭɩɚ ȿ-UTRȺ    
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɛɭɞɭɳɟɟ ɜɧɟɞɪɟɧɢɹ ɫɟɬɟɣ LTȿ ɜ Ɋɨɫɫɢɢ ɫɜɹɡɚɧɨ ɫ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɪɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɧɚ 

ɨɫɧɨɜɟ ɧɚɰɢɨɧɚɥɶɧɵɯ ɩɪɨɰɟɞɭɪ ɟɝɨ ɜɵɫɜɨɛɨɠɞɟɧɢɹ ɢ ɩɟɪɟɩɥɚɧɢɪɨɜɚɧɢɹ. 

Ɋɚɫɩɨɪɹɠɟɧɢɟɦ ɉɪɚɜɢɬɟɥɶɫɬɜɚ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɨɬ 21 ɹɧɜɚɪɹ 2011 

ɝɨɞɚ № 57-ɪ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨɥɨɫɵ ɱɚɫɬɨɬ ɞɥɹ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɪɚɞɢɨ 

ɬɟɯɧɨɥɨɝɢɣ, ɜɤɥɸɱɚɹ LTȿ. 

ɗɬɨ ɞɢɚɩɚɡɨɧɵ 800 – 900 ɆȽɰ; 2,3 – 2,4 ȽȽɰ; 2,5 – 2,7 ȽȽɰ. 8 ɫɟɧɬɹɛɪɹ 

2011 ɝɨɞɚ ɧɚ ɡɚɫɟɞɚɧɢɢ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɣ ɤɨɦɢɫɫɢɢ ɩɨ ɪɚɞɢɨɱɚɫɬɨɬɚɦ  (ȽɄɊɑ)      

ɩɨɥɨɫɵ      ɪɚɞɢɨɱɚɫɬɨɬ   791 – 862 ɆȽɰ, 2500 – 2690 ɆȽɰ, 2300 – 2400 ɆȽɰ 

ɨɩɪɟɞɟɥɟɧɵ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɚ ɬɟɪɪɢɬɨɪɢɢ Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɫɟɬɟɣ ɫɜɹɡɢ 

LTȿ ɢ ɩɨɫɥɟɞɭɸɳɢɯ ɟɝɨ ɦɨɞɢɮɢɤɚɰɢɣ. 
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ȽɅȺȼȺ 3. ɊȺɁɊȺȻɈɌɄȺ ɌɊȿȻɈȼȺɇɂɃ Ʉ 
ɉɊɈȿɄɌɂɊɍȿɆɈɃ ɋȿɌɂ 

 

 

3.1 ɋɩɟɤɬɪ ɭɫɥɭɝ, ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɫɟɬɹɦɢ LTȿ 

 

Ɍɚɤ ɤɚɤ ɭ LTȿ ɜɵɫɨɤɚɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ ɢ ɩɨɜɵɲɟɧɧɚɹ 

ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, LTȿ ɢɦɟɟɬ ɧɚɢɛɨɥɟɟ ɛɨɥɶɲɢɣ ɫɩɟɤɬɪ ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɫɟɬɹɦɢ 2G/3G. Ⱥ ɬɚɤ ɠɟ ɫ ɩɟɪɟɯɨɞɨɦ ɧɚ ɤɨɧɰɟɩɰɢɸ «ɜɫɟ ɱɟɪɟɡ IɊ». ɍɫɥɭɝɢ 

ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɟ ɫɟɬɶɸ LTȿ ɜɵɝɥɹɞɹɬ ɬɚɤ: 

 ɦɭɥɶɬɢɦɟɞɢɣɧɨɟ ɜɟɳɚɧɢɟ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɩɨɬɨɤɨɜɵɟ ɭɫɥɭɝɢ, 

ɭɫɥɭɝɢ ɩɨ ɡɚɝɪɭɡɤɟ ɮɚɣɥɨɜ, ɬɟɥɟɜɢɡɢɨɧɧɵɟ ɭɫɥɭɝɢ; 

 ɩɨɬɨɤɨɜɨɟ ɜɢɞɟɨ; 

 ɩɟɪɟɞɚɱɚ ɂɧɬɟɪɧɟɬ-ɮɚɣɥɨɜ; 

 ɞɨɫɬɚɜɤɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ; 

 ɩɟɪɟɞɚɱɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɫɨɨɛɳɟɧɢɣ; 

 ɩɚɤɟɬɧɚɹ ɩɟɪɟɞɚɱɚ ɪɟɱɢ;  

 VɨIɊ ɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ ɜɢɞɟɨɤɨɧɮɟɪɟɧɰɢɢ; 

 ɨɧɥɚɣɧ-ɢɝɪɵ ɱɟɪɟɡ ɦɨɛɢɥɶɧɵɟ ɢ ɮɢɤɫɢɪɨɜɚɧɧɵɟ ɬɟɪɦɢɧɚɥɵ 

ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ; 

 ɦɨɛɢɥɶɧɵɟ ɩɥɚɬɟɠɢ ɫ ɜɵɫɨɤɨɣ ɩɟɪɟɞɚɱɟɣ ɪɟɤɜɢɡɢɬɨɜ ɢ 

ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

 

2.1 ɉɪɢɧɰɢɩ ɫɟɬɟɜɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɫɟɬɢ LTȿ. 

 

Ɉɫɧɨɜɧɵɦɢ ɩɪɢɧɰɢɩɚɦɢ ɩɨɫɬɪɨɟɧɢɹ ɫɟɬɟɜɨɣ ɚɪɯɢɬɟɤɬɭɪɵ LTȿ-SȺȿ 

ɩɪɟɞɫɬɚɜɥɟɧɚ ɨɛɳɚɹ ɨɩɨɪɧɚɹ ɬɨɱɤɚ ɢ ɭɡɟɥ ɲɥɸɡɚ (GɚtɟwɚyNɨdɟ, GА) ɞɥɹ ɜɫɟɯ 

ɨɫɬɚɥɶɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɨɫɬɭɩɚ. ɇɚ ɛɚɡɟ IɊ ɪɟɚɥɢɡɭɟɬɫɹ ɩɪɨɬɨɤɨɥ ɜɨ ɜɫɟɯ 
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ɢɧɬɟɪɮɟɣɫɚɯ. ɂɧɬɟɝɪɚɰɢɹ ɬɟɯɧɨɥɨɝɢɣ ɞɨɫɬɭɩɚ, ɧɟ ɨɬɧɨɫɹɳɢɯɫɹ ɤ 3GɊɊ, 

ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɛɚɡɟ IɊ ɤɚɤ ɜ ɫɟɬɢ, ɬɚɤ ɢ ɭ ɚɛɨɧɟɧɬɚ. 

ȼ ɚɪɯɢɬɟɤɬɭɪɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɟɪɟɯɨɞ ɧɚ ɦɟɧɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɭɡɥɨɜ, 

ɫɧɢɠɟɧɧɨɟ ɫ ɱɟɬɵɪɟɯ ɞɨ ɞɜɭɯ. ɂɫɩɨɥɶɡɭɟɬɫɹ ɪɚɡɞɟɥɟɧɢɟ ɮɭɧɤɰɢɣ ɢɧɬɟɪɮɟɣɫɚ 

ɫɟɬɢ ɪɚɞɢɨɞɨɫɬɭɩɚ RȺN-ɋN, ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɯɨɞɫɬɜɟ ɤɚɤ ɭ АɋDMȺ/HSɊȺ. 

ɉɥɨɫɤɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɥɨɫɤɨɫɬɶ ɩɨɥɶɡɨɜɚɬɟɥɹ ɢɡɦɟɧɹɸɬɫɹ ɦɟɠɞɭ ɲɥɸɡɨɦ ɢ 

ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ (ɆɆȿ). ɒɥɸɡ, ɨɧ  ɜɵɩɨɥɧɹɟɬɢɮɭɧɤɰɢɢ 

ɭɫɬɪɨɣɫɬɜɚ ɫɟɬɢ ɩɚɤɟɬɧɵɯɦɞɚɧɧɵɯ (ɊDN), ɬɚɤ ɢ ɫɟɪɜɢɫɧɨɝɨɩɲɥɸɡɚ, 

ɤɨɧɮɢɝɭɪɢɪɭɟɬɫɹɚɩɨɞ ɜɵɩɨɥɧɟɧɢɟɚɨɛɟɢɯ ɪɨɥɟɣ ɢɥɢ ɤɚɤɨɣ-ɧɢɛɭɞɶ ɨɞɧɨɣ ɢɡ ɧɢɯ. 

ɊDN-ɲɥɸɡ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɤ ɨɛɳɚɹ ɨɩɨɪɧɚɹ ɬɨɱɤɚ ɞɥɹ ɜɫɟɯ ɨɫɬɚɥɶɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ ɞɨɫɬɭɩɚ. ɗɬɢɦ ɜ ɝɪɚɧɢɰɚɯ ɨɞɧɨɣ ɢɥɢ ɧɟɫɤɨɥɶɤɢɯ ɬɟɯɧɨɥɨɝɢɣ 

ɞɨɫɬɭɩɚɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫɬɚɛɢɥɶɧɚɹ ɬɨɱɤɚ ɩɪɢɫɭɬɫɬɜɢɹ ɞɥɹ ɜɫɟɯɩɩɨɥɶɡɨɜɚɬɟɥɟɣ 

ɧɚɨɫɧɨɜɟ IɊ, ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɨɛɢɥɶɧɨɫɬɢ. 

ɟNB – ɛɚɡɨɜɵɟɚɫɬɚɧɰɢɢ; Sɟrving GW – ɨɛɳɢɣ ɲɥɸɡɩɞɨɫɬɭɩɚ; LTȿ-Uu – 

ɮɢɡɢɱɟɫɤɢɣɟɢɧɬɟɪɮɟɣɫ ɩɨɥɶɡɨɜɚɬɟɥɹ; Б2 - ɮɢɡɢɱɟɫɤɢɣɩɢɧɬɟɪɮɟɣɫ ɦɟɠɞɭ 

ɛɚɡɨɜɵɦɢ ɫɬɚɧɰɢɹɦɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɯɟɧɞɨɜɟɪɚ ; S1-u - ɢɧɬɟɪɮɟɣɫɩɩɟɪɟɞɚɱɢ 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ ɞɚɧɧɵɯ; S1-ɫ – ɫɥɭɠɟɛɧɵɣ ɢɧɬɟɪɮɟɣɫ MMȿ 

Ƚɥɚɜɧɨɣ ɫɨɫɬɚɜɧɨɣ ɱɚɫɬɶɸ ɚɪɯɢɬɟɤɬɭɪɵ SȺȿ ɹɜɥɹɟɬɫɹɩȿvɨlvɟdɊɚɫkɟtɋɨrɟ 

(ȿɊɋ). ȿɊɋɩɫɥɭɠɢɬ ɷɤɜɢɜɚɥɟɧɬɨɦ ɫɟɬɢ GɊRS. Ʉɨɦɩɨɧɟɧɬɚɦɢ ȿɊɋ ɹɜɥɹɸɬɫɹ: 

- MMȿ (ɭɡɟɥ.ɭɩɪɚɜɥɟɧɢɹ.ɦɨɛɢɥɶɧɨɫɬɶɸ — MɨbilityMɚnɚgɟmɟntȿntity) —

Ⱦɥɹ ɫɟɬɢ ɞɨɫɬɭɩɚ LTȿ , MMȿ ɫɱɢɬɚɟɬɫɹ ɝɥɚɜɧɵɦ ɤɨɧɬɪɨɥɢɪɭɸɳɢɦ ɦɨɞɭɥɟɦ. Ɂɚ 

ɩɪɨɰɟɞɭɪɵ ɨɛɟɫɩɟɱɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɢ ɨɬɜɟɱɚɟɬ ɢɦɟɧɧɨɨɧ,ɨɯɷɧɞɨɜɟɪɚ, ɫɥɟɠɟɧɢɹ 

ɢ ɩɟɣɞɠɢɧɝɚ Uȿ (ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɭɫɬ-ɜɚ — Usɟrȿquiɪmɟnt). MMȿ ɩɪɢɦɟɧɹɟɬɫɹ 

ɜ ɩɪɨɰɟɫɫɚɯ ɚɤɬɢɜɚɰɢɢ ɢɥɢ ɞɟɡɚɤɬɢɜɚɰɢɢ ɫɟɬɟɜɵɯ ɪɟɫɭɪɫɨɜ, ɨɧ ɠɟɨɬɜɟɱɚɟɬ ɡɚ 

ɜɵɛɨɪ SGА ɞɥɹ Uȿ ɩɪɢ ɯɷɧɞɨɜɟɪɟ ɜɧɭɬɪɢ LTȿ ɫɨ ɫɦɟɧɨɣ ɭɡɥɚ ɹɞɪɚ ɫɟɬɢ 

(ɋɨrɟNɟtwɨrk — ɋN) ɢɥɢ  ɩɪɢ ɧɚɱɚɥɶɧɨɦ ɩɨɞɤɥɸɱɟɧɢɢ. Ɂɚɚɭɬɟɧɬɢɮɢɤɚɰɢɸ 

ɩɨɥɶɡɨɜɚɬɟɥɹ (ɩɪɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɢ ɫ HSS) ɨɬɜɟɱɚɟɬ ɢɦɟɧɧɨɨɧ. Nɨn-

ȺɫɫɟssStrɚtum — NȺS - ɫɢɝɧɚɥɢɡɚɰɢɹ ɫɥɨɹ ɛɟɡ ɞɨɫɬɭɩɚ, ɷɬɨɬ ɭɡɟɥ ɨɬɜɟɱɚɟɬ ɡɚ 

ɝɟɧɟɪɚɰɢɸ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɪɟɦɟɧɧɵɯ ɢɞɟɧɬɢɮɢɤɚɬɨɪɨɜ ɞɥɹ Uȿ ɢ ɨɤɚɧɱɢɜɚɟɬɫɹ 

ɜ MMȿ. Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɚɜɬɨɪɢɡɚɰɢɢ, Uȿ ɩɪɢɦɟɧɹɟɬɫɹ ɞɥɹ ɞɨɫɬɭɩɚ ɤ ɫɟɪɜɢɫ-



Иɡм. Лɢɫɬ № дɨкɭм Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

 11070006.11.03.02.012.ɉɁȼɄɊ 

 

 

20 
 

 

 

ɩɪɨɜɚɣɞɟɪɚɦ ɦɨɛɢɥɶɧɵɯ ɫɟɬɟɣ (ɊubliɫLɚndMɨbilɟNɟtwɨrk — ɊLMN) ɢ 

ɪɨɭɦɢɧɝɨɜɵɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɪɨɢɡɜɨɞɹɬɫɹ ɞɥɹ Uȿ. Ɂɚɤɥɸɱɢɬɟɥɶɧɨɣ ɬɨɱɤɨɣ ɫɟɬɢ 

ɞɥɹ ɲɢɮɪɨɜɚɧɢɹ ɢɥɢ ɡɚɳɢɬɵ ɰɟɥɨɫɬɧɨɫɬɢ ɫɢɝɧɚɥɢɡɚɰɢɢ NȺS ɹɜɥɹɟɬɫɹ MMȿ ɢ ɡɚ 

ɭɩɪɚɜɥɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɶɸ ɨɬɜɟɱɚɟɬ ɨɧ. MMȿ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɡɚɤɨɧɟɧɧɵɣ 

ɩɟɪɟɯɜɚɬ ɫɢɝɧɚɥɢɡɚɰɢɢ. ɋ ɩɨɦɨɳɶɸ ɢɧɬɟɪɮɟɣɫɚS3 ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɤ MMȿ ɨɬ 

SGSN, ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɩɥɨɫɤɨɫɬɶ ɮɭɧɤɰɢɣ ɤɨɧɬɪɨɥɹ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ 

ɦɨɛɢɥɶɧɨɫɬɢ ɦɟɠɞɭ LTȿ ɢ ɫɟɬɹɦɢ ɞɨɫɬɭɩɚ 2G/3G. MMȿ ɬɚɤ ɠɟ ɫɨɟɞɢɧɟɧ 

ɢɧɬɟɪɮɟɣɫɨɦfS6ɚ ɫ ɞɨɦɚɲɧɢɦ HSS ɞɥɹ ɪɨɭɦɢɧɝɚ Uȿ.  

- ɊɋRF (ɭɡɟɥ ɜɵɫɬɚɜɥɟɧɢɹ ɫɱɟɬɨɜ ɚɛɨɧɟɧɬɚɦ - 

ɊɨliɫyɚndɋhɚrgingRulɟsFunɫtiɨЧ): ɗɬɨ - ɨɛɳɟɟ ɧɚɡɜɚɧɢɟ ɞɥɹ ɭɫɬɪɨɣɫɬɜ ɜ ɪɚɦɤɚɯ 

SȺȿȿɊɋ, ɤɨɬɨɪɵɟ ɨɬɫɥɟɠɢɜɚɸɬ ɩɨɬɨɤ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɭɫɥɭɝ, ɢ ɨɛɟɫɩɟɱɢɜɚɸɬ 

ɬɚɪɢɮɧɭɸ ɩɨɥɢɬɢɤɭ. Ⱦɥɹ ɩɪɢɥɨɠɟɧɢɣ, ɬɪɟɛɭɸɳɢɯ ɤɨɧɬɪɨɥɶ ɢɥɢ ɧɚɱɢɫɥɟɧɢɟ 

ɩɥɚɬɵ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ 

ɫɟɬɟɜɨɣ ɷɥɟɦɟɧɬ ɩɨɞ ɧɚɡɜɚɧɢɟɦ ȺɪɪliɫɚtiɨnsFunɫtiɨn (ȺF).  

- ɊGА (ɩɚɤɟɬɧɵɣ ɲɥɸɡ - ɊɚɫkɟtDɚtɚNɟtwɨrkGɚtɟwɚy): ɉɚɤɟɬɧɵɣ ɲɥɸɡ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɨɟɞɢɧɟɧɢɟ ɨɬ Uȿ ɤ ɜɧɟɲɧɢɦ ɩɚɤɟɬɧɵɦ ɫɟɬɹɦ ɞɚɧɧɵɯ, ɹɜɥɹɹɫɶ 

ɬɨɱɤɨɣ ɜɯɨɞɚ ɢ ɜɵɯɨɞɚ ɬɪɚɮɢɤɚ ɞɥɹ Uȿ. Uȿ ɦɨɠɟɬ ɢɦɟɬɶ ɨɞɧɨɜɪɟɦɟɧɧɨ 

ɫɨɟɞɢɧɟɧɢɟ ɫ ɛɨɥɟɟ ɱɟɦ ɨɞɧɢɦ ɊGА ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɧɟɫɤɨɥɶɤɢɦ ɫɟɬɹɦ. ɊGW 

ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɢ ɡɚɳɢɬɵ, ɮɢɥɶɬɪɚɰɢɢ ɩɚɤɟɬɨɜ ɞɥɹ ɤɚɠɞɨɝɨ ɩɨɥɶɡɨɜɚɬɟɥɹ, 

ɩɨɞɞɟɪɠɤɭ ɛɢɥɥɢɧɝɚ, ɭɡɚɤɨɧɟɧɧɨɝɨ ɩɟɪɟɯɜɚɬɚ ɢ ɫɨɪɬɢɪɨɜɚɧɢɟ ɩɚɤɟɬɨɜ. Ⱦɪɭɝɚɹ 

ɜɚɠɧɚɹ ɪɨɥɶ ɊGW — ɹɜɥɹɬɶɫɹ ɭɡɥɨɦ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɦɟɠɞɭ 3GɊɊ ɢ 

ɧɟ-3GɊɊ ɬɟɯɧɨɥɨɝɢɹɦɢ, ɬɚɤɢɦɢ ɤɚɤ АТMȺБ ɢ 3GɊɊ2 (ɋDMȺ 1Б ɢ ȿvDɈ). 

- SGW (ɫɟɪɜɢɫɧɵɣ ɲɥɸɡ — SɟrvingGɚtɟwɚв): ɋɦɵɫɥ SGА ɜ ɬɨɦ, ɱɬɨ ɨɧ 

ɫɞɟɥɚɧ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢ ɦɚɪɲɪɭɬɢɡɚɰɢɢ ɩɚɤɟɬɧɵɯ ɞɚɧɧɵɯ ɩɨɩɚɞɚɸɳɢɯ ɢɡ/ɜ 

ɩɨɞɫɢɫɬɟɦɭ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ. SGА ɤɨɦɩɶɸɬɢɡɢɪɭɟɬ ɢ ɨɬɫɵɥɚɟɬ ɩɚɤɟɬɵ ɫ 

ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, ɨɞɧɨɜɪɟɦɟɧɧɨ ɨɫɭɳɟɫɬɜɥɹɹ ɪɨɥɶ ɭɡɥɚ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ (Цɨbilityɚnɫhɨr) ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ ɢɧɮɨɪɦɚɰɢɢ 

ɩɪɢ ɯɷɧɞɨɜɟɪɟ ɦɟɠɞɭ ɛɚɡɨɜɵɦɢ ɫɬɚɧɰɢɹɦɢ (ɟNɨdɟB), ɜ ɬɨɦ ɱɢɫɥɟ ɭɡɟɥ 

ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɫɟɬɹɦɢ ɫɪɟɞɢ ɞɪɭɝɢɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ 3GɊɊ ɢ ɫɟɬɢ 

LTȿ. SGА ɜɜɨɞɢɬ ɧɢɫɯɨɞɹɳɢɣ ɤɚɧɚɥ ɞɚɧɧɵɯ (DɨwnLink — DL) ɢ ɫɨɜɟɪɲɚɟɬ 

https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BB%D0%BB%D0%B8%D0%BD%D0%B3
https://ru.wikipedia.org/wiki/CDMA
https://ru.wikipedia.org/wiki/EV-DO
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ɩɟɣɞɠɢɧɝ, ɤɨɝɞɚ Uȿ ɜɨɥɟɧ ɢ ɧɟ ɡɚɧɹɬ ɜɵɡɨɜɨɦ,  ɟɫɥɢ ɬɪɟɛɭɟɬɫɹ ɩɟɪɟɞɚɱɚ ɞɚɧɧɵɯ 

ɩɨ DL ɜ ɧɚɩɪɚɜɥɟɧɢɢ Uȿ. SGА ɯɪɚɧɢɬ ɢ ɭɩɪɚɜɥɹɟɬ ɫɨɫɬɨɹɧɢɹ Uȿ. ȼɨ ɜɪɟɦɹ 

ɭɡɚɤɨɧɟɧɧɨɝɨ ɩɟɪɟɯɜɚɬɚ ɢɦ ɬɚɤ ɠɟ ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɫɜɟɞɟɧɢɹ.  

 

2.2 Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɧɬɟɥɥɟɤɬɚ ɜ LTȿ-SȺȿ 

 

Ⱦɥɹ ɫɨɛɥɸɞɟɧɢɹ ɬɪɟɛɨɜɚɧɢɣ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ 

ɭɦɟɧɶɲɟɧɢɸ ɜɪɟɦɟɧɢ ɨɬɤɥɢɤɚ, ɚ ɬɚɤɠɟ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ ɚll-IɊ ɫɟɬɢ, ɧɟɨɛɯɨɞɢɦɨ 

ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɨɜɵɣ ɩɨɞɯɨɞ ɤ ɫɬɪɭɤɬɭɪɟ ɫɟɬɢ. 

Ɋɚɧɟɟ ɫɟɬɶ ɪɚɞɢɨɞɨɫɬɭɩɚ 3G ɫɨɫɬɨɹɥɚ ɢɡ Nɨdɟ B (ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ) ɢ 

Ʉɨɧɬɪɨɥɥɟɪɨɜ Ɋɚɞɢɨɫɟɬɢ (Rɚdiɨ Nɟtwɨrk ɋɨntrɨllɟrs — RNɋ). ɇɟɫɤɨɥɶɤɨ Nɨdɟ B 

ɛɵɥɢ ɩɨɞɤɥɸɱɟɧɵ ɩɨ ɩɪɢɧɰɢɩɭ «ɡɜɟɡɞɚ» ɤ RNɋ, ɤɨɬɨɪɵɣ ɧɟɫ ɨɫɧɨɜɧɭɸ 

ɧɚɝɪɭɡɤɭ ɩɨ ɭɩɪɚɜɥɟɧɢɸ ɪɚɞɢɨ ɪɟɫɭɪɫɨɦ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ, RNɋ ɛɵɥɢ 

ɩɨɞɤɥɸɱɟɧɵ ɤ ɹɞɪɭ ɫɟɬɢ ɢ ɱɟɪɟɡ ɧɟɝɨ ɫɨɟɞɢɧɹɥɢɫɶ ɦɟɠɞɭ ɫɨɛɨɣ. 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɜ ɪɚɦɤɚɯ LTȿ, ɜ 

ɫɬɪɭɤɬɭɪɟ SȺȿ, ɫɥɨɣ ɭɩɪɚɜɥɟɧɢɹ ɫɞɜɢɝɚɟɬɫɹ ɨɬ ɹɞɪɚ ɤ ɩɟɪɢɮɟɪɢɢ. ɍɩɪɚɜɥɹɸɳɢɟ 

ɭɡɥɵ RNɋ ɭɞɚɥɹɸɬɫɹ ɢ ɭɩɪɚɜɥɟɧɢɟ ɪɚɞɢɨɱɚɫɬɨɬɧɵɦ ɪɟɫɭɪɫɨɦ ɩɟɪɟɞɚɟɬɫɹ 

ɛɚɡɨɜɵɦ ɫɬɚɧɰɢɹɦ. ɇɨɜɵɣ ɬɢɩ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɩɨɥɭɱɢɥ ɧɚɡɜɚɧɢɟ NɨdɟB ɢɥɢ 

ɟNB. 

ɟNB ɩɨɞɤɥɸɱɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɤ ɲɥɸɡɭ ɨɫɧɨɜɧɨɣ ɫɟɬɢ ɱɟɪɟɡ ɧɨɜɵɣ 

«ɢɧɬɟɪɮɟɣɫ S1». ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɧɟɦɭ, ɧɨɜɵɟ NB ɫɨɟɞɢɧɹɸɬɫɹ ɫ ɫɨɫɟɞɧɢɦɢ ɟNB 

ɩɨ ɩɪɢɧɰɢɩɭ ɫɟɬɢ ɱɟɪɟɡ «ɢɧɬɟɪɮɟɣɫ Б2». ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɨɪɚɡɞɨ ɛɨɥɟɟ 

ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɹɦɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ⱦɚɧɧɨɟ ɩɨɞɤɥɸɱɟɧɢɟ, ɬɚɤɠɟ 

ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɚɜɥɹɬɶ ɦɧɨɝɢɟ ɜɵɡɨɜɵ ɧɚɩɪɹɦɭɸ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɡɜɨɧɤɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɟɬɢ ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɬɨɣ 

ɠɟ ɢɥɢ ɫɨɫɟɞɧɢɯ ɫɨɬɚɯ. ɇɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɚɜɥɹɬɶ ɜɵɡɨɜɵ ɩɨ ɛɨɥɟɟ 

ɤɨɪɨɬɤɨɦɭ ɦɚɪɲɪɭɬɭ ɢ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɫɭɪɫɚ ɹɞɪɚ ɫɟɬɢ. 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɪɟɚɥɢɡɚɰɢɢ 1 ɢ 2-ɝɨ ɭɪɨɜɧɟɣ ɈSI, ɟNB ɭɩɪɚɜɥɹɟɬ ɪɹɞɨɦ 

ɞɪɭɝɢɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɤɨɧɬɪɨɥɶ ɪɚɞɢɨ ɪɟɫɭɪɫɨɜ (ɜɤɥɸɱɚɹ 

https://ru.wikipedia.org/wiki/RNC
https://ru.wikipedia.org/wiki/Open_Systems_Interconnection
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ɭɩɪɚɜɥɟɧɢɟ ɞɨɫɬɭɩɨɦ), ɛɚɥɚɧɫɢɪɨɜɤɭ ɧɚɝɪɭɡɤɢ ɢ ɭɩɪɚɜɥɟɧɢɟ ɦɨɛɢɥɶɧɨɫɬɶɸ, 

ɜɤɥɸɱɚɹ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɨ ɯɷɧɞɨɜɟɪɟ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢɥɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ (Uȿ). 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɵɟ ɭɪɨɜɧɢ ɝɢɛɤɨɫɬɢ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɨɡɧɚɱɚɸɬ, ɱɬɨ 

ɧɨɜɵɟ ɫɬɚɧɰɢɢ ɟNB ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ ɫɥɨɠɧɵɦɢ, ɱɟɦ ɫɬɚɧɰɢɢ UMTS ɢɥɢ ɛɚɡɨɜɵɟ 

ɫɬɚɧɰɢɢ ɩɪɟɞɵɞɭɳɢɯ ɩɨɤɨɥɟɧɢɣ. Ɉɞɧɚɤɨ ɧɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ SȺȿ ɩɨɡɜɨɥɹɟɬ 

ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ. ȼ ɞɨɩɨɥɧɟɧɢɟ, 

ɝɢɛɤɨɫɬɶ, ɡɚɥɨɠɟɧɧɚɹ ɜ ɟNB, ɩɨɡɜɨɥɹɟɬ ɢɦ ɩɨɞɞɟɪɠɚɬɶ ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɲɢɪɟɧɢɟ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɞɥɹ ɩɟɪɟɯɨɞɚ ɨɬ LTȿ ɤ LTȿ Ⱥdvɚnɫɟd. 

 

 

Ɋɢɫɭɧɨɤ 3.1 – Ʌɨɝɢɱɟɫɤɚɹ ɚɪɯɢɬɟɤɬɭɪɚ LTȿ 

ɉɨ ɫɬɟɩɟɧɢ ɷɜɨɥɸɰɢɢ ɛɟɫɩɪɨɜɨɞɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢɯ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɶ 

ɞɨɩɨɥɧɹɥɚɫɶ: ɩɨɹɜɢɥɢɫɶ ɪɚɫɩɪɟɞɟɥɟɧɧɵɣ ɪɚɞɢɨ ɤɨɧɬɪɨɥɶ 

(DistributɟdȺɫɫɟssɋɨntrɨХ) ɢ ɩɥɨɫɤɨɫɬɶ ɩɨɥɟɡɧɵɯ ɞɚɧɧɵɯ IɊ (IɊ BɟɚrɟrɊlɚnɟ).ɟNBs 

ɧɚ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɹɯ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɤɨɧɟɱɧɵɟ ɬɨɱɤɢ IɊ ɫ ɩɨɞɞɟɪɠɤɨɣ 

ɩɥɨɫɤɨɫɬɢ ɩɨɥɟɡɧɵɯ ɞɚɧɧɵɯ IɊ. ȼ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɞɚёɬɫɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ 

ɬɪɚɮɢɤ ɱɟɪɟɡ ɬɭɧɧɟɥɢ GTɊ ɢ ɫɢɝɧɚɥɶɧɵɣ ɬɪɚɮɢɤ ɱɟɪɟɡ ɬɭɧɧɟɥɢ SɋTɊ. ɟNBs, 

ɫɥɭɠɚɳɢɟ ɜ ɤɚɱɟɫɬɜɟ ɤɨɧɟɱɧɵɯ ɬɨɱɟɤ IɊ, ɨɬɨɛɪɚɠɚɸɬ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɣ ɬɪɚɮɢɤ 

ɧɚ ɧɟɫɭɳɢɟ ɩɨɬɨɤɢ IɊ (S1) ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɚɦɢ ɟNBs ɢ S-GW/MMȿ. ȿɫɥɢ 

ɩɨɥɶɡɨɜɚɬɟɥɶ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜ ɞɪɭɝɭɸ ɫɨɬɭ, ɬɨ ɢɧɬɟɪɮɟɣɫ ɧɟɫɭɳɟɝɨ IɊ-ɩɨɬɨɤɚ 

https://ru.wikipedia.org/wiki/%D0%A3%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BC%D0%BE%D0%B1%D0%B8%D0%BB%D1%8C%D0%BD%D0%BE%D1%81%D1%82%D1%8C%D1%8E
https://ru.wikipedia.org/wiki/%D0%A5%D1%8D%D0%BD%D0%B4%D0%BE%D0%B2%D0%B5%D1%80
https://ru.wikipedia.org/wiki/UMTS
https://ru.wikipedia.org/wiki/LTE
https://ru.wikipedia.org/wiki/LTE_Advanced
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(Б2) ɦɟɠɞɭ ɟNBs ɪɚɡɧɵɯ ɫɨɬ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɛɦɟɧɚ ɩɪɨɬɨɤɨɥɶɧɵɦɢ 

ɫɨɨɛɳɟɧɢɹɦɢ ɞɥɹ ɤɨɨɪɞɢɧɚɰɢɢ ɷɫɬɚɮɟɬɧɨɣ ɩɟɪɟɞɚɱɢ ɦɟɠɞɭ ɫɨɫɟɞɧɢɦɢ ɭɡɥɚɦɢ 

ɇɚ ɪɢɫɭɧɤɟ 3.1 ɢɡɨɛɪɚɠɟɧ ɢɧɬɟɪɮɟɣɫ Б2 ɦɟɠɞɭ ɟNBs, ɚ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧ 

ɢɧɬɟɪɮɟɣɫ S1 ɦɟɠɞɭ ɟNBs ɢ ɤɨɧɬɪɨɥɥɟɪɚɦɢ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɢɧɬɟɪɮɟɣɫ S1 

ɛɭɞɟɬ ɜɵɩɨɥɧɟɧ ɜ ɨɫɧɨɜɧɨɦ ɩɨ ɫɨɟɞɢɧɟɧɢɹɦ «ɬɨɱɤɚ – ɬɨɱɤɚ» ɦɟɠɞɭ ɟNB ɢ 

ɤɨɧɬɪɨɥɥɟɪɚɦɢ, ɯɨɬɹ ɜɨɡɦɨɠɧɵ ɢ ɫɨɟɞɢɧɟɧɢɹ «ɬɨɱɤɚ — ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ». 

ɋɬɚɧɞɚɪɬɧɨ ɢɧɬɟɪɮɟɣɫ Б2 ɪɟɚɥɢɡɭɟɬɫɹ ɩɨ ɦɧɨɝɨɬɨɱɟɱɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ ɦɟɠɞɭ 

ɩɨɞɦɧɨɠɟɫɬɜɨɦ ɫɨɫɟɞɧɢɯ ɹɱɟɟɤ, ɨɛɵɱɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɨɞɧɨɣ ɩɨɞɫɟɬɢ IɊ. ɂɯ 

ɤɨɥɢɱɟɫɬɜɨ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 32 ɢ ɞɚɠɟ 64, ɨɞɧɚɤɨ, ɤɚɤ ɨɠɢɞɚɟɬɫɹ, ɜ ɬɢɩɢɱɧɨɣ 

ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɦɨɞɟɥɢ ɛɭɞɟɬ ɧɟ ɛɨɥɟɟ 4–16 ɹɱɟɟɤ. 

ɂɧɬɟɪɮɟɣɫ Б2 ɜɵɢɝɪɚɟɬ ɨɬ ɧɢɡɤɨɣ ɡɚɞɟɪɠɤɢ ɩɪɢ ɨɛɦɟɧɟ ɩɪɨɬɨɤɨɥɶɧɵɦɢ 

ɫɨɨɛɳɟɧɢɹɦɢ ɦɟɠɞɭ ɫɨɬɚɦɢ ɜ ɨɞɧɨɣ ɩɨɞɫɟɬɢ IɊ, ɚ ɬɚɤ ɠɟ ɨɬ ɫɬɚɛɢɥɶɧɨɫɬɢ 

ɪɚɛɨɬɵ ɫɟɬɢ, ɨɫɨɛɟɧɧɨ ɩɨɫɥɟ ɜɜɟɞɟɧɢɹ ɪɚɫɲɢɪɟɧɧɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ LTȿ 

(ɪɟɞɚɤɰɢɹ 10 ɢ ɛɨɥɟɟ ɩɨɡɞɧɢɟ ɜɟɪɫɢɢ), ɬɚɤɢɯ ɤɚɤ ɫɤɨɨɪɞɢɧɢɪɨɜɚɧɧɚɹ 

ɦɧɨɝɨɬɨɱɟɱɧɚɹ ɩɟɪɟɞɚɱɚ ɋɨɨrdinɚtɟdMultiɪɨintTrɚnsmissiɨn (ɋɨMɊ). 

ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɨɪɚɡɞɨ ɛɨɥɟɟ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɩɪɹɦɨɝɨ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. Ⱦɚɧɧɨɟ ɩɨɞɤɥɸɱɟɧɢɟ, ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɚɜɥɹɬɶ ɦɧɨɝɢɟ 

ɜɵɡɨɜɵ ɧɚɩɪɹɦɭɸ, ɩɨɫɤɨɥɶɤɭ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɡɜɨɧɤɨɜ ɢ ɫɨɟɞɢɧɟɧɢɣ ɜ ɫɟɬɢ 

ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɜ ɬɨɣ ɠɟ ɢɥɢ ɫɨɫɟɞɧɢɯ ɫɨɬɚɯ. ɇɨɜɚɹ 

ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɧɚɩɪɚɜɥɹɬɶ ɜɵɡɨɜɵ ɩɨ ɛɨɥɟɟ ɤɨɪɨɬɤɨɦɭ ɦɚɪɲɪɭɬɭ ɢ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɪɟɫɭɪɫɚ ɹɞɪɚ ɫɟɬɢ. 

ȼ ɞɨɩɨɥɧɟɧɢɟ ɤ ɪɟɚɥɢɡɚɰɢɢ 1 ɢ 2-ɝɨ ɭɪɨɜɧɟɣ ɈSI, ɟNB ɭɩɪɚɜɥɹɟɬ ɪɹɞɨɦ 

ɞɪɭɝɢɯ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɤɨɧɬɪɨɥɶ ɪɚɞɢɨ ɪɟɫɭɪɫɨɜ (ɜɤɥɸɱɚɹ 

ɭɩɪɚɜɥɟɧɢɟ ɞɨɫɬɭɩɨɦ), ɛɚɥɚɧɫɢɪɨɜɤɭ ɧɚɝɪɭɡɤɢ ɢ ɭɩɪɚɜɥɟɧɢɟ ɦɨɛɢɥɶɧɨɫɬɶɸ, 

ɜɤɥɸɱɚɹ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɣ ɨ ɯɷɧɞɨɜɟɪɟ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɢɥɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ (Uȿ). Ƚɢɛɤɨɫɬɶ, ɡɚɥɨɠɟɧɧɚɹ ɜ ɟNB, ɩɨɡɜɨɥɹɟɬ ɢɦ ɩɨɞɞɟɪɠɚɬɶ 

ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɲɢɪɟɧɢɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɞɥɹ ɩɟɪɟɯɨɞɚ ɨɬ LTȿ ɤ LTȿ 

Ⱥdvɚnɫɟd. 
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3.4 Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɞɢɨ ɢɧɬɟɪɮɟɣɫɚ LTȿ 

ɋ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɜ ɨɫɧɨɜɟ ɪɚɞɢɨ ɢɧɬɟɪɮɟɣɫɚ LTȿ ɥɟɠɢɬ ɜɫɟ ɬɨɬ ɠɟ 

ɩɪɢɧɰɢɩ ɈFDM. ɉɪɢ ɷɬɨɦ ɦɧɨɠɟɫɬɜɟɧɧɵɣ ɞɨɫɬɭɩ ɜ ɧɢɫɯɨɞɹɳɟɦ ɤɚɧɚɥɟ LTȿ 

ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɩɪɢɦɟɧɟɧɢɹ ɬɳɚɬɟɥɶɧɨ ɞɨɪɚɛɨɬɚɧɧɨɣ ɜɟɪɫɢɢ ɈFDM, 

ɩɨɥɭɱɢɜɲɟɣ ɧɚɡɜɚɧɢɟ ɦɧɨɠɟɫɬɜɟɧɧɨɝɨ ɞɨɫɬɭɩɚ ɫ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɪɚɡɞɟɥɟɧɢɟɦ 

ɱɚɫɬɨɬ (ɈFDMȺ). Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɡɚɤɪɟɩɥɹɬɶ ɨɬɞɟɥɶɧɵɟ ɩɨɞɧɟɫɭɳɢɟ ɡɚ 

ɪɚɡɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɹɦɢ. ɗɬɨ ɨɛɥɟɝɱɚɟɬ ɨɛɫɥɭɠɢɜɚɧɢɟ ɦɧɨɝɢɯ ɚɛɨɧɟɧɬɨɜ, 

ɪɚɛɨɬɚɸɳɢɯ ɫ ɧɢɡɤɢɦɢ ɫɤɨɪɨɫɬɹɦɢ, ɚ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɚɫɬɨɬɧɵɟ 

ɫɤɚɱɤɢ ɞɥɹ ɫɦɹɝɱɟɧɢɹ ɷɮɮɟɤɬɨɜ ɭɡɤɨɩɨɥɨɫɧɨɝɨ ɦɧɨɝɨɥɭɱɟɜɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ.  

 ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭɱɢɬɵɜɚɹ ɩɪɢɫɭɳɢɟ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɫɢɝɧɚɥɵ ɫ 

ɜɵɫɨɤɢɦ ɨɬɧɨɲɟɧɢɟɦ ɩɢɤɨɜɨɝɨ ɡɧɚɱɟɧɢɹ ɤ ɫɪɟɞɧɟɦɭ ɊȺɊR ( Ɋɟɚk-tɨ-

ȺvɟrɚgɟɊɨwɟrRɚtiɨ), ɤɨɬɨɪɵɟ ɩɨɪɨɠɞɚɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨɣ ɩɟɪɟɞɚɱɟɣ ɧɟɫɤɨɥɶɤɢɯ 

ɫɨɬɟɧ ɛɥɢɡɤɨ ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɞɧɟɫɭɳɢɯ, ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɩɨɞɯɨɞ. 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɞɥɹ ɦɨɛɢɥɶɧɵɯ ɭɫɬɪɨɣɫɬɜ ɫɢɝɧɚɥɵ ɫ ɛɨɥɶɲɢɦ ɊȺɊR ɫɨɡɞɚɸɬ 

ɰɟɥɵɣ ɪɹɞ ɩɪɨɛɥɟɦ ɫɜɹɡɚɧɧɵɯ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ ɭɫɢɥɢɬɟɥɹ ɦɨɳɧɨɫɬɢ ɢ 

ɩɨɬɪɟɛɥɟɧɢɟɦ ɷɧɟɪɝɢɢ ɨɬ ɛɚɬɚɪɟɣ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ 3GɊɊ ɨɫɬɚɧɨɜɢɥɫɹ ɧɚ ɧɨɜɨɣ 

ɫɯɟɦɟ ɩɟɪɟɞɚɱɢ ɞɥɹ ɜɨɫɯɨɞɹɳɟɝɨ ɤɚɧɚɥɚ Sɋ-FDMȺ.  

Sɋ-FDMȺ ɜɨɫɯɨɞɹɳɟɝɨ ɤɚɧɚɥɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɝɢɛɪɢɞɧɭɸ ɫɯɟɦɭ 

ɩɟɪɟɞɚɱɢ, ɤɨɬɨɪɚɹ ɫɨɱɟɬɚɟɬ ɧɢɡɤɢɟ ɡɧɚɱɟɧɢɹ ɊȺɊR, ɩɪɢɫɭɳɢɟ ɫɢɫɬɟɦɚɦ ɫ ɨɞɧɨɣ 

ɧɟɫɭɳɟɣ, ɬɚɤɢɦ ɤɚɤ GSM ɢ ɋDMȺ ɫ ɝɢɛɤɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɱɚɫɬɨɬ ɈFDM. 

Ⱥɥɝɨɪɢɬɦ ɝɟɧɟɪɚɰɢɢ ɫɢɝɧɚɥɚ Sɋ-FDMȺ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 3.2, ɤɨɬɨɪɵɣ 

ɹɜɥɹɟɬɫɹ ɮɪɚɝɦɟɧɬɨɦ ɨɞɧɨɝɨ ɢɡ ɪɢɫɭɧɤɨɜ ɨɬɱɟɬɚ 3GɊɊ TR 25.814 ɨɛ 

ɢɫɫɥɟɞɨɜɚɧɢɢ ɮɢɡɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ LTȿ [7].  
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Ɋɢɫɭɧɨɤ 3.2 – Ƚɟɧɟɪɚɰɢɹ ɫɢɝɧɚɥɚ Sɋ-FDMȺ 

 

ȼ ɥɟɜɨɣ ɱɚɫɬɢ ɪɢɫɭɧɤɚ 3.2 ɫɢɦɜɨɥɵ ɞɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɵ ɜɨ ɜɪɟɦɟɧɧɨɣ 

ɨɛɥɚɫɬɢ. ɋɢɦɜɨɥɵ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɱɚɫɬɨɬɧɭɸ ɨɛɥɚɫɬɶ ɫ ɩɨɦɨɳɶɸ ɛɵɫɬɪɨɝɨ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ɏɭɪɶɟ ɢ ɡɚɬɟɦ, ɜ ɱɚɫɬɨɬɧɨɣ ɨɛɥɚɫɬɢ, ɨɧɢ ɪɚɫɩɪɟɞɟɥɹɸɬɫɹ ɜ 

ɧɭɠɧɵɟ ɦɟɫɬɚ ɨɛɳɟɝɨ ɫɩɟɤɬɪɚ ɧɟɫɭɳɟɣ. Ɂɚɬɟɦ ɢɯ ɧɟɨɛɯɨɞɢɦɨ ɫɧɨɜɚ 

ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɜɨ ɜɪɟɦɟɧɧɭɸ ɨɛɥɚɫɬɶ, ɱɬɨɛɵ ɩɟɪɟɞ ɩɟɪɟɞɚɱɟɣ ɞɨɛɚɜɢɬɶ ɤ ɧɢɦ 

ɰɢɤɥɢɱɟɫɤɢɣ ɩɪɟɮɢɤɫ. Ⱥɥɶɬɟɪɧɚɬɢɜɧɨɟ ɧɚɡɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ Sɋ-FDMȺ — 

ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɈFDM ɫ ɞɢɫɤɪɟɬɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ Ɏɭɪɶɟ (DFT-SɈFDM). 
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ȽɅȺȼȺ 4. ɉɊɈɋЧȿɌ ɉȺɊȺɆȿɌɊɈȼ ɉɊɈȿɄɌɂɊɍȿɆɈɃ 
ɋȿɌɂ 

 

 

ȼ ɩɪɨɰɟɫɫɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɞɢɨɫɟɬɟɣ LTȿ ɢɦɟɟɬɫɹ ɪɹɞ ɨɬɥɢɱɢɣ ɨɬ 

ɩɪɨɰɟɫɫɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɣ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ. 

Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɨɝɨ ɬɢɩɚ ɦɧɨɝɨɫɬɚɧɰɢɨɧɧɨɝɨ ɞɨɫɬɭɩɚ 

ɧɚ ɛɚɡɟ ɬɟɯɧɨɥɨɝɢɢ ɈFDMȺ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɩɨɧɹɬɢɹ ɢ 

ɢɡɦɟɧɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. ɉɪɨɰɟɫɫ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɞɢɨɫɟɬɢ 

ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ: 

 ɮɨɪɦɢɪɨɜɚɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɥɨɳɚɞɢ ɩɨɤɪɵɬɢɹ; 

 ɨɛɟɫɩɟɱɟɧɢɟ ɬɪɟɛɭɟɦɨɣ ɟɦɤɨɫɬɢ. 

ɉɥɚɧɢɪɨɜɚɧɢɟ ɪɚɞɢɨɫɟɬɢ LTȿ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɝɨɪɨɞɫɤɨɣ 

ɦɟɫɬɧɨɫɬɢ, ɚ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɚɛɨɧɟɧɬɨɜ ɛɭɞɟɬ ɜɵɫɨɤɚɹ ɢ ɛɚɡɨɜɵɟ 

ɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɣ ɛɥɢɡɨɫɬɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɫ 

ɰɟɥɶɸ ɡɚɤɪɵɬɶ ɤɚɠɞɨɣ ɟNB ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɭɸ ɬɟɪɪɢɬɨɪɢɸ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɧɭɠɧɨ ɩɨɞɨɛɪɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ 

ɧɭɠɧɨ ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɩɪɚɜɢɥɨɦ, ɱɬɨ ɱɟɦ ɧɢɠɟ ɱɚɫɬɨɬɚ, ɬɟɦ ɛɨɥɶɲɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɪɚɞɢɨɫɢɝɧɚɥɚ. ɑɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ 880 – 915 ɆȽɰ ɞɥɹ 

ɜɨɫɯɨɞɹɳɟɝɨ ɢ 925 – 960 ɆȽɰ ɞɥɹ ɧɢɫɯɨɞɹɳɟɝɨ ɤɚɧɚɥɚ ɜɩɨɥɧɟ ɩɨɞɨɣɞɟɬ ɞɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ. Ɍɢɩ ɞɭɩɥɟɤɫɚ ɜɵɛɟɪɟɦ ɱɚɫɬɨɬɧɵɣ – FDD. 

 

4.1 ɉɪɨɫɱɟɬ  ɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ 

 

ɉɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɢɥɢ ɟɦɤɨɫɬɶ, ɫɟɬɢ ɨɰɟɧɢɜɚɸɬ, ɛɚɡɢɪɭɹɫɶ ɧɚ 

ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɫɩɟɤɬɪɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɬɵ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 

Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Д9].  

ɋɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɢɫɬɟɦ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɩɨɤɚɡɚɬɟɥɶ, ɜɵɱɢɫɥɹɟɦɵɣ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ 1 Ƚɰ 
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ɢɫɩɨɥɶɡɭɟɦɨɣ ɩɨɥɨɫɵ ɱɚɫɬɨɬ (ɛɢɬ/ɫ/Ƚɰ). ɋɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɹɜɥɹɟɬɫɹ 

ɩɨɤɚɡɚɬɟɥɟɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɚɫɬɨɬɧɨɝɨ ɪɟɫɭɪɫɚ, ɚ ɬɚɤɠɟ 

ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɡɚɞɚɧɧɨɣ ɩɨɥɨɫɟ ɱɚɫɬɨɬ.  

ɋɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɨɠɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɜɫɟɯ ɚɛɨɧɟɧɬɨɜ ɫɟɬɢ ɜ ɨɩɪɟɞɟɥɟɧɧɨɣ ɝɟɨɝɪɚɮɢɱɟɫɤɨɣ 

ɨɛɥɚɫɬɢ (ɫɨɬɟ, ɡɨɧɟ) ɧɚ 1 Ƚɰ ɩɨɥɨɫɵ ɱɚɫɬɨɬ (ɛɢɬ/ɫ/Ƚɰ/ɫɨɬɚ), ɚ ɬɚɤɠɟ ɤɚɤ 

ɨɬɧɨɲɟɧɢɟ ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ ɤ ɲɢɪɢɧɟ ɩɨɥɨɫɵ 

ɨɞɧɨɝɨ ɱɚɫɬɨɬɧɨɝɨ ɤɚɧɚɥɚ.  

ɋɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɞɥɹ ɫɟɬɢ LTȿ, ɲɢɪɢɧɚ ɩɨɥɨɫɵ 

ɱɚɫɬɨɬ ɤɨɬɨɪɨɣ ɪɚɜɧɚ 20 ɆȽɰ, ɞɥɹ ɱɚɫɬɨɬɧɨɝɨ ɬɢɩɚ ɞɭɩɥɟɤɫɚ FDD ɧɚ ɨɫɧɨɜɚɧɢɢ 

3GɊɊ Rɟlɟɚsɟ 9 ɞɥɹ ɪɚɡɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɣ MIMɈ, ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ 

ɬɚɛɥɢɰɟ4.2.ȿɦɤɨɫɬɶ, ɢɥɢ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ, ɫɟɬɢ ɨɰɟɧɢɜɚɸɬ, ɛɚɡɢɪɭɹɫɶ 

ɧɚ ɫɪɟɞɧɢɯ ɡɧɚɱɟɧɢɹɯ ɫɩɟɤɬɪɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɨɬɵ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ 

ɭɫɥɨɜɢɹɯ. ȼ Ɍɚɛɥ. 4.1 ɩɪɢɜɟɞɟɧɵ ɡɧɚɱɟɧɢɹ ɫɪɟɞɧɟɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɫɨɬɵ LTȿ FDD ɜ ɦɚɤɪɨɫɟɬɢ ɞɥɹ ɞɜɭɯ ɫɥɭɱɚɟɜ, ɫɩɟɰɢɮɢɰɢɪɨɜɚɧɧɵɯ 3GɊɊ ɤɚɤ 

ɫɰɟɧɚɪɢɣ 1 (ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɚɣɬɚɦɢ 500 ɦ), ɢ ɫɰɟɧɚɪɢɣ 3 (ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 

ɫɚɣɬɚɦɢ 1732 ɦ) Д1]. ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɨɰɟɧɢɜɚɥɢɫɶ ɞɥɹ 

ɞɢɚɩɚɡɨɧɚ 2 ȽȽɰ, ɩɨɥɨɫɵ ɤɚɧɚɥɚ 10 ɆȽɰ (10 + 10 ɆȽɰ ɜ ɞɭɩɥɟɤɫɟ), ɩɪɢ ɩɨɬɟɪɹɯ 

ɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɜ ɡɞɚɧɢɟ 20 ɞȻ, ɜ ɫɪɟɞɧɟɦ ɩɪɢ 10 ɚɤɬɢɜɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɹɯ ɜ 

ɫɨɬɟ. 

 

Ɍɚɛɥɢɰɚ 4.1 – ɋɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜ ɦɚɤɪɨɫɟɬɢ 

Ʌ
ɢɧɢɹ 

 

ɋɯɟɦɚ 

MIMɈ 

ɋɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
(ɛɢɬ/ɫ/Ƚɰ) 

ɋɰɟɧɚɪɢɣ 1 ɋɰɟɧɚɪɢɣ 3 

U

L 

 

1x2 0.735 0.681 

1x4 1.103 1.038 

D

L 

 

2x2 1.69 1.56 

4x2 1.87 1.85 

4x4 2.67 2.41 
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Ⱦɥɹ ɫɢɫɬɟɦɵ FDD ɫɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɞɧɨɝɨ ɫɟɤɬɨɪɚ ɟNB 

ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɩɭɬɟɦ ɩɪɹɦɨɝɨ ɭɦɧɨɠɟɧɢɹ ɲɢɪɢɧɵ ɤɚɧɚɥɚ ɧɚ 

ɫɩɟɤɬɪɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɤɚɧɚɥɚ: 

 

R=γ·ΔF;      (4.2) 

γ – ɫɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɛɢɬ/ɫ/Ƚɰ; 

ΔF – ɲɢɪɢɧɚ ɤɚɧɚɥɚ ɜ ɆȽɰ, (ΔF=10ɆȽɰ); 

Ⱦɥɹ ɥɢɧɢɢ DL: 

RDL=3.43·10=34.3 Ɇɛɢɬ/ɫ. 

Ⱦɥɹ ɥɢɧɢɢ UL: 

RUL=1.82·10=18.2 Ɇɛɢɬ/ɫ. 

Ⱦɥɹ ɫɢɫɬɟɦɵ TDD ɦɨɠɧɨ ɩɪɢɧɹɬɶ ɫɩɟɤɬɪɚɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɜɧɨɣ 

ɚɧɚɥɨɝɢɱɧɵɦ ɡɧɚɱɟɧɢɹɦ ɞɥɹ ɫɢɫɬɟɦɵ FDD, ɚ ɩɪɢ ɪɚɫɱɟɬɟ ɩɪɨɩɭɫɤɧɨɣ 

ɫɩɨɫɨɛɧɨɫɬɢ ɭɱɢɬɵɜɚɬɶ ɞɨɥɸ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɞɪɚ ɧɚ ɥɢɧɢɢ ɜɜɟɪɯ ɢɥɢ ɜɧɢɡ. 

ɇɚɩɪɢɦɟɪ, ɪɚɫɫɱɢɬɚɟɦ ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɬɵ ɧɚ ɥɢɧɢɢ ɜɧɢɡ 

ɩɪɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɚɞɪɚ 1:  

 

RTDD=γFDDɚvɟrɚgɟ
.ΔF.T%=1,69.20000.0,54=18,25 Ɇɛɢɬ/ɫ,  

 

ɝɞɟγFDDɚvɟrɚgɟ - ɫɪɟɞɧɹɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ΔF - ɲɢɪɢɧɚ ɤɚɧɚɥɚ, 

T% - ɞɨɥɹ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɞɪɚ ɧɚ ɥɢɧɢɢ ɜɜɟɪɯ ɢɥɢ ɜɧɢɡ.  

ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ RеNBɜɵɱɢɫɥɹɟɬɫɹ ɩɭɬɟɦ 

ɭɦɧɨɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɞɧɨɝɨ ɫɟɤɬɨɪɚ ɧɚ ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɬɨɪɨɜ 

ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ; ɱɢɫɥɨ ɫɟɤɬɨɪɨɜ ɟNB ɩɪɢɦɟɦ ɪɚɜɧɨɟ ɬɪɢ, ɬɨɝɞɚ: 

 

;3
UL

DLeNB RR       (4.2) 

Ⱦɥɹ ɥɢɧɢɢ DL:RеNB.DL=34.3*3=102.9 Ɇɛɢɬ/ɫ. 

Ⱦɥɹ ɥɢɧɢɢ UL:RеNB.UL=18.2*3=54.87 Ɇɛɢɬ/ɫ. 

Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɬɪɟɯɫɟɤɬɨɪɧɵɯ ɛɚɡɨɜɵɯ 

ɫɬɚɧɰɢɣ ɩɪɢɜɟɞɟɧɵ ɜ Ɍɚɛɥ. 4.2. 
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Ɍɚɛɥɢɰɚ 4.2 – ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɬɪɟɯɫɟɤɬɨɪɧɨɣ Ȼɋ 

Ʉɨɧɮɢɝɭɪɚɰɢɹ 
ɫɢɫɬɟɦɵ 

FDD 10+10 

 ɆȽɰ 

TDD 20 

ɆȽɰ (ɤɨɧɮ. 
ɤɚɞɪɚ 1)  

TDD 20 

ɆȽɰ (ɤɨɧɮ. ɤɚɞɪɚ 

2)   

Ʌɢɧɢɹ 

D

L 

U

L 

D

L 

U

L 

D

L 

U

L 

ɋɨɨɬɧɨɲɟɧɢɟ 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɞɪɨɜ 

1

00% 

1

00% 

5

4% 

4

2% 

7

4% 

2

3% 

ɋɩɟɤɬɪɚɥɶɧɚɹ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶ, ɛɢɬ/ɫ/Ƚɐ 

1

,69 

0,

735 

1

,69 

0,

735 

1

,69 

0,

735 

ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɬɵ, Ɇɛɢɬ/ɫ 

1

6,9 

7,

35 

1

8,25 

6,

32 

2

5,01 

3,

38 

ɋɪɟɞɧɹɹ ɩɪɨɩɭɫɤɧɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ Ȼɋ, Ɇɛɢɬ/ɫ 

5

0,7 

2

2,05 

5

4,75 

1

8,96 

7

5,04 

1

0,14 

 

ɉɨ ɞɢɚɝɪɚɦɦɚɦ ɧɚ ɪɢɫ. 4.1 ɦɨɠɧɨ ɫɪɚɜɧɢɬɶ ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɩɥɨɳɚɞɶ ɩɨɤɪɵɬɢɹ ɬɪɟɯɫɟɤɬɨɪɧɨɝɨ ɫɚɣɬɚ ɞɥɹ 3 ɪɚɫɫɦɨɬɪɟɧɧɵɯ 

ɤɨɧɮɢɝɭɪɚɰɢɣ ɫɢɫɬɟɦɵ LTȿ (ɩɨ ɞɚɧɧɵɦ ɢɡ ɬɚɛɥ. 4.1 ɢ ɬɚɛɥ. 4.2). ȿɫɥɢ 

ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ ɥɢɧɢɢ ɜɧɢɡ ɜ ɫɢɫɬɟɦɚɯ FDD ɢ TDD ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ 

ɤɚɞɪɚ 1 ɩɪɢɦɟɪɧɨ ɨɞɢɧɚɤɨɜɚɹ, ɬɨ ɪɚɞɢɨɩɨɤɪɵɬɢɟ ɪɚɡɥɢɱɚɟɬɫɹ ɭɠɟ ɡɚɦɟɬɧɨ.  

 

 

Ɋɢɫɭɧɨɤ 4.1 – ɋɪɚɜɧɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɢ ɩɥɨɳɚɞɢ ɩɨɤɪɵɬɢɹ 
ɬɪɟɯɫɟɤɬɨɪɧɨɣ Ȼɋ ɩɪɢ ɪɚɡɧɵɯ ɤɨɧɮɢɝɭɪɚɰɢɹɯ ɫɢɫɬɟɦɵ LTȿ 

 

ɍɧɢɜɟɪɫɚɥɶɧɨɝɨ ɪɟɰɟɩɬɚ ɩɨ ɜɵɛɨɪɭ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɢɫɬɟɦɵ LTȿ ɧɟ 

ɫɭɳɟɫɬɜɭɟɬ. ȿɫɥɢ ɬɢɩ ɞɭɩɥɟɤɫɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟɦ ɢɥɢ ɧɚɥɢɱɢɟɦ ɩɚɪɧɨɝɨ 

ɫɩɟɤɬɪɚ ɭ ɨɩɟɪɚɬɨɪɚ, ɬɨ ɧɚ ɜɵɛɨɪ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɚɞɪɚ ɜ TDD ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ 

ɬɪɟɛɨɜɚɧɢɹ ɤɚɤ ɤ ɪɚɞɢɨ ɩɨɤɪɵɬɢɸ, ɬɚɤ ɢ ɤ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ.  

http://www.mforum.ru/cmsbin/2011/21/20110520_7_full792x393.jpg
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ɑɟɦ ɛɨɥɶɲɟ ɚ ɫɢɦɦɟɬɪɢɹ ɤɚɞɪɚ TDD ɢ ɛɨɥɶɲɟ ɞɥɢɬɟɥɶɧɨɫɬɶ ɤɚɞɪɚ ɧɚ 

ɥɢɧɢɢ ɜɧɢɡ, ɬɟɦ, ɤ ɫɨɠɚɥɟɧɢɸ, ɛɨɥɶɲɟ ɨɝɪɚɧɢɱɟɧɢɹ ɩɨ ɩɥɨɳɚɞɢ ɪɚɞɢɨɩɨɤɪɵɬɢɹ.  

ɋɥɟɞɭɸɳɢɦ ɷɬɚɩɨɦ ɛɭɞɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɫɨɬ ɜ ɩɥɚɧɢɪɭɟɦɨɣ ɫɟɬɢ 

LTȿ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɱɢɫɥɚ ɫɨɬ ɜ ɫɟɬɢ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɨɛɳɟɟ ɱɢɫɥɨ 

ɤɚɧɚɥɨɜ, ɜɵɞɟɥɹɟɦɵɯ ɞɥɹ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ LTȿ. Ɉɛɳɟɟ ɱɢɫɥɨ 

ɤɚɧɚɥɨɜ Nк ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

 )int(
k

FF
k

N  , (4.3)  

Ƚɞɟ int(x) – ɰɟɥɚɹ ɱɚɫɬɶ ɱɢɫɥɚ ɯ; 

Ƚɞɟ ΔF- ɩɨɥɨɫɚ ɱɚɫɬɨɬ, ɜɵɞɟɥɟɧɧɚɹ ɞɥɹ ɪɚɛɨɬɵ ɫɟɬɢ ɢ ɪɚɜɧɚɹ 71 ɆȽɰ;  

Fк – ɩɨɥɨɫɚ ɱɚɫɬɨɬ ɨɞɧɨɝɨ ɪɚɞɢɨɤɚɧɚɥɚ; ɩɨɞ ɪɚɞɢɨɤɚɧɚɥɨɦ ɜ ɫɟɬɹɯ LTȿ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɚɤɨɟ ɩɨɧɹɬɢɟ ɤɚɤ ɪɟɫɭɪɫɧɵɣ ɛɥɨɤ ɊȻ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɲɢɪɢɧɭ 180 

ɤȽɰ, Δfɤ = 180 ɤȽɰ. 

.395
180

71000
int 








k
N  

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɤɚɧɚɥɨɜ Nк.ɫек, ɤɨɬɨɪɨɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɞɥɹ ɨɛɫɥɭɠɢɜɚɧɢɹ ɚɛɨɧɟɧɬɨɜ ɜ ɨɞɧɨɦ ɫɟɤɬɨɪɟ ɨɞɧɨɣ ɫɨɬɵ: 

 

);int(
_ ɫекk МNккNɫекk

N     (44.4) 

Ƚɞɟ Nк– ɨɛɳɟɟ ɱɢɫɥɨ ɤɚɧɚɥɨɜ;  

Nкɥ– ɪɚɡɦɟɪɧɨɫɬɶ ɤɥɚɫɬɟɪɚ, ɜɵɛɢɪɚɟɦɨɟ ɫ ɭɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɫɟɤɬɨɪɨɜ ɟNB, 

ɩɪɢɦɟɦ ɪɚɜɧɵɦ ɬɪɢ;  

Mɫек– ɤɨɥɢɱɟɫɬɜɨ ɫɟɤɬɨɪɨɜ ɟNB, ɩɪɢɧɹɬɨɟ ɪɚɜɧɵɦ ɬɪёɦ. 
;43)33395int(

_
ɫекk

N  

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɤɚɧɚɥɨɜ ɬɪɚɮɢɤɚ ɜ ɨɞɧɨɦ ɫɟɤɬɨɪɟ ɨɞɧɨɣ ɫɨɬɵ 

Nкɬ.ɫек. ɑɢɫɥɨ ɤɚɧɚɥɨɜ ɬɪɚɮɢɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

;
. .1 ɫекkɬКɌ NNɫекkɬN     (4.5) 
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ɝɞɟNкɬ1 – ɱɢɫɥɨ ɤɚɧɚɥɨɜ ɬɪɚɮɢɤɚ ɜ ɨɞɧɨɦ ɪɚɞɢɨɤɚɧɚɥɟ, ɨɩɪɟɞɟɥɹɟɦɨɟ 

ɫɬɚɧɞɚɪɬɨɦ ɪɚɞɢɨɞɨɫɬɭɩɚ (ɞɥɹ ɈFDMȺ Nкɬ1 = 1...3); ɞɥɹ ɫɟɬɢ LTȿ ɜɵɛɟɪɟɦ 

Nкɬ1=1. 

;43431
.

ɫекkɬN  

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɨɞɟɥɶɸ ɗɪɥɚɧɝɚ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɜ ɜɢɞɟ ɝɪɚɮɢɤɚ ɧɚ 

ɪɢɫɭɧɤɟ 4.2, ɨɩɪɟɞɟɥɢɦ ɞɨɩɭɫɬɢɦɭɸ ɧɚɝɪɭɡɤɭ ɜ ɫɟɤɬɨɪɟ ɨɞɧɨɣ ɫɨɬɵ Аɫек ɩɪɢ 

ɞɨɩɭɫɬɢɦɨɦ ɡɧɚɱɟɧɢɢ ɜɟɪɨɹɬɧɨɫɬɢ ɛɥɨɤɢɪɨɜɤɢ ɪɚɜɧɨɣ 1% ɢ ɪɚɫɫɱɢɬɚɧɧɵɦ ɜɵɲɟ 

ɡɧɚɱɟɧɢɢ Nкɬ.ɫек. Ɉɩɪɟɞɟɥɢɦ, ɱɬɨАɫек = 36 ɗɪɥ. 

 

 

Ɋɢɫɭɧɨɤ 4.2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɞɨɩɭɫɬɢɦɨɣ ɧɚɝɪɭɡɤɢ ɜ ɫɟɤɬɨɪɟɨɬ ɱɢɫɥɚ ɤɚɧɚɥɨɜ 

ɬɪɚɮɢɤɚ ɢ ɜɟɪɨɹɬɧɨɫɬɢ ɛɥɨɤɢɪɨɜɤɢ 

 

ɑɢɫɥɨ ɚɛɨɧɟɧɬɨɜ, ɤɨɬɨɪɨɟ ɛɭɞɟɬ ɨɛɫɥɭɠɢɜɚɬɶɫɹ ɨɞɧɨɣ ɟNB, ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ: 

                                               (4.6) 

ɝɞɟА1 – ɫɪɟɞɧɹɹ ɩɨ ɜɫɟɦ ɜɢɞɚɦ ɬɪɚɮɢɤɚ ɚɛɨɧɟɧɬɫɤɚɹ ɧɚɝɪɭɡɤɚ ɨɬ ɨɞɧɨɝɨ 

ɚɛɨɧɟɧɬɚ; ɡɧɚɱɟɧɢɟА1 ɦɨɠɟɬ ɫɨɫɬɚɜɥɹɬɶ (0,04...0,2) ɗɪɥ. Ɍɚɤ ɤɚɤ ɩɪɨɟɤɬɢɪɭɟɦɚɹ 

ɫɟɬɶ ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ, 

ɬɨ ɡɧɚɱɟɧɢɟА1 ɩɪɢɦɟɦ ɪɚɜɧɵɦ 0,142 ɗɪɥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ: 
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ɑɢɫɥɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɟNB ɜ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ LTȿ ɧɚɣɞɟɦ ɩɨ 

ɮɨɪɦɭɥɟ: 

                                                    (4.7) 

Ƚɞɟ Nɚɛ– ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɛɨɧɟɧɬɨɜ. Ʉɨɥɢɱɟɫɬɜɨ 

ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɛɨɧɟɧɬɨɜ ɨɩɪɟɞɟɥɢɦ ɤɚɤ 15 % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɠɢɬɟɥɟɣ, ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɪɟɞɧɟɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɧɚɱɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ. Ɉɛɳɟɟ ɱɢɫɥɨ 

ɠɢɬɟɥɟɣ ɝ. ɍɫɢɧɫɤ, ɩɨ ɩɨɫɥɟɞɧɢɦ ɞɚɧɧɵɦ ɧɚ 2015 ɝɨɞ ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɦɟɪɧɨ 40 

000 ɱɟɥɨɜɟɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɤɨɥɢɱɟɫɬɜɨ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɛɨɧɟɧɬɨɜ ɫɨɫɬɚɜɢɬ 

6000 ɱɟɥɨɜɟɤ, ɬɨɝɞɚ: 

 

ɋɪɟɞɧɸɸ ɩɥɚɧɢɪɭɟɦɭɸ  ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ RN  ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ 

ɨɩɪɟɞɟɥɢɦ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɟNB ɧɚ ɫɪɟɞɧɸɸ ɩɪɨɩɭɫɤɧɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɟNB. Ɏɨɪɦɭɥɚ ɩɪɢɦɟɬ ɜɢɞ: 

,                               (4.8) 

 

RN = (102,9 + 54,87) 12 ≈ 1893,24 (Ɇɛɢɬ/ɫ). 

Ⱦɚɥɟɟ ɞɚɞɢɦ ɩɪɨɜɟɪɨɱɧɭɸ ɨɰɟɧɤɭ ɟɦɤɨɫɬɢ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɢ ɫɪɚɜɧɢɦ 

ɫ ɪɚɫɫɱɢɬɚɧɧɨɣ. Ɉɩɪɟɞɟɥɢɦ ɭɫɪɟɞɧɟɧɧɵɣ ɬɪɚɮɢɤ ɨɞɧɨɝɨɚɛɨɧɟɧɬɚ ɜ ɑɇɇ: 

  ,                               (4.9) 

Ƚɞɟ Ɍɬ  - ɫɪɟɞɧɢɣ ɬɪɚɮɢɤ ɨɞɧɨɝɨ ɚɛɨɧɟɧɬɚ ɜ ɦɟɫɹɰ, Ɍɬ = 30 Ƚɛɚɣɬ/ɦɟɫ; 

q – ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɦɟɫɬɧɨɫɬɢ,  q = 2; 

Nɑɇɇ – ɱɢɫɥɨ ɑɇɇ ɜ ɞɟɧɶ,Nɑɇɇ  = 7; 

Nɞ – ɱɢɫɥɨ ɞɧɟɣ ɜ ɦɟɫɹɰɟ, Nɞ = 30. 

 (Ɇɛɢɬ/ɫ) 

Ɉɩɪɟɞɟɥɢɦ ɨɛɳɢɣ ɬɪɚɮɢɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɜ ɑɇɇ Rɨɛɳ./ɑɇɇ ɩɨ ɮɨɪɦɭɥɟ: 

Rɨɛɳ./ɑɇɇ = Rɬ.ɑɇɇ · Nɚкɬ.ɚɛ,                                 (4.10) 
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ɝɞɟNɚкɬ.ɚɛ – ɱɢɫɥɨ ɚɤɬɢɜɧɵɯ ɚɛɨɧɟɧɬɨɜ ɜ ɫɟɬɢ; ɨɩɪɟɞɟɥɢɦ ɱɢɫɥɨ ɚɤɬɢɜɧɵɯ 

ɚɛɨɧɟɧɬɨɜ ɜ ɫɟɬɢ ɤɚɤ 70% ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɚɛɨɧɟɧɬɨɜ Nɚɛ, ɬɨ 

ɟɫɬɶ Nɚкɬ.ɚɛ = 4200 ɚɛɨɧɟɧɬɨɜ. 

Rɨɛɳ./ɑɇɇ = 0,25 · 4200 = 1050 (Ɇɛɢɬ/ɫ). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, RN>Rɨɛɳ./ɑɇɇ. ɗɬɨ ɭɫɥɨɜɢɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɨɟɤɬɢɪɭɟɦɚɹ 

ɫɟɬɶ ɧɟ ɛɭɞɟɬ ɩɨɞɜɟɪɝɚɬɶɫɹ ɩɟɪɟɝɪɭɡɤɚɦ ɜ ɑɇɇ. 

 

4.2 Ɉɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɧɨɫɬɢ ɤɥɚɫɬɟɪɚ 

 

Ɉɫɧɨɜɚɧɢɟɦ ɞɥɹ ɜɵɛɨɪɚ ɤɥɚɫɬɟɪɚ ɹɜɥɹɟɬɫɹ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɹ, ɩɪɢ 

ɤɨɬɨɪɨɦ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɩɨɦɟɯɚ (ɋ/ɉ) ɜ ɬɨɱɤɟ ɩɪɢёɦɚ ɩɪɟɜɵɲɚɟɬ ɦɢɧɢɦɚɥɶɧɨ 

ɞɨɩɭɫɬɢɦɭɸ ɜɟɥɢɱɢɧɭ ɫɢɝɧɚɥ/ɲɭɦ ɜ ɬɟɱɟɧɢɢ ɜɪɟɦɟɧɢ. ɉɨɦɟɯɢ ɫɨɡɞɚɸɬ, ɩɪɟɠɞɟ 

ɜɫɟɝɨ, ɫɬɚɧɰɢɢ ɫɨɫɟɞɧɢɯ ɤɥɚɫɬɟɪɨɜ, ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɱɚɫɬɨɬɟ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ (ɫɨ 

ɤɚɧɚɥɶɧɵɟ ɩɨɦɟɯɢ).  

Ⱦɥɹ ɜɵɛɨɪɚ ɤɥɚɫɬɟɪɚ ɧɟɨɛɯɨɞɢɦɨ ɬɚɤɠɟ ɡɚɞɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɤ ɜɟɪɨɹɬɧɨɫɬɢ 

ɫɨɛɵɬɢɹ, ɤɨɝɞɚ ɨɬɧɨɲɟɧɢɟ ɫɢɝɧɚɥ/ɩɨɦɟɯɚ ɜ ɬɨɱɤɟ ɩɪɢɟɦɚ ɨɤɚɠɟɬɫɹ ɧɢɠɟ 

ɩɨɪɨɝɨɜɨɝɨ. ɗɬɚ ɜɟɥɢɱɢɧɚ ɨɰɟɧɢɜɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ ɫɜɹɡɢ ɩɪɢ ɩɟɪɟɦɟɳɟɧɢɢ 

ɩɨɞɜɢɠɧɨɝɨ ɚɛɨɧɟɧɬɚ ɜ ɡɨɧɟ ɨɛɫɥɭɠɢɜɚɧɢɹ ɫɟɬɢ. Ɉɛɵɱɧɨ ɷɬɭ ɜɟɪɨɹɬɧɨɫɬɶ 

ɡɚɞɚɸɬ ɧɚ ɭɪɨɜɧɟ 0,1…..0,15.  

ȼ ɤɥɚɫɬɟɪɚɯ ɫ ɧɟ ɫɟɤɬɨɪɢɡɨɜɚɧɧɵɦɢ ɫɨɬɚɦɢ ɬɚɤɢɯ ɛɥɢɡɤɨɪɚɫɩɨɥɨɠɟɧɧɵɯ 

ɫɬɚɧɰɢɣ ɲɟɫɬɶ, ɩɪɢ ɧɚɥɢɱɢɢ 3-ɯ ɫɟɤɬɨɪɨɜ ɜ ɫɨɬɟ – ɞɜɟ, 6-ɬɢ ɫɟɤɬɨɪɨɜ – ɨɞɧɚ (ɪɢɫ. 

4.3). ɍɪɨɜɟɧɶ ɩɨɦɟɯ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɨɫɬɢ ɤɥɚɫɬɟɪɚ ɋ (ɋ=3,4,6,7), ɪɚɞɢɭɫ ɫɨɬ 

R0 ɢ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɫɨɬɚɦɢ ɫ ɩɨɜɬɨɪɹɸɳɢɦɢɫɹ ɱɚɫɬɨɬɚɦɢ D ɢ ɫɜɹɡɚɧ ɫ 

ɡɚɳɢɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ (4.11).  

    ɋRDq 3/ 0          (4.11) 

ȼ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɫɢɝɧɚɥɨɜ ɜ ɧɚɡɟɦɧɵɯ ɫɢɫɬɟɦɚɯ 

ɫɜɹɡɢ ɫ ɩɨɞɜɢɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨd4, ɝɞɟd – ɪɚɫɫɬɨɹɧɢɟ 

ɨɬ ɢɫɬɨɱɧɢɤɚ ɫɢɝɧɚɥɚ. . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɭɪɨɜɟɧɶ 

ɩɨɦɟɯ ɩɨ ɨɫɧɨɜɧɨɦ ɤɚɧɚɥɭ ɩɪɢёɦɚ ɞɥɹ ɚɛɨɧɟɧɬɫɤɨɣ ɫɬɚɧɰɢɢ (MS), ɧɚɯɨɞɹɳɟɣɫɹ 

ɧɚ ɝɪɚɧɢɰɟ ɫɨɬɵ, ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ ɞɥɹ ɫɨɬ ɫ ɧɟɧɚɩɪɚɜɥɟɧɧɨɣ ɚɧɬɟɧɧɨɣ (Ɇ=1) 
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    465

4

413

4

21 1;;1
  qqq  ,       (4.12) 

ɞɥɹ ɫɨɬ ɫ ɬɪɟɦɹ ɫɟɤɬɨɪɚɦɢ  

     ɩɪɢ Ɇ=3   4

2

4

1 ;)7.0(   qq  ,                 (4.13)  

ɞɥɹ ɫɨɬ ɫ ɲɟɫɬɶɸ ɫɟɤɬɨɪɚɦɢ 

   ɩɪɢ Ɇ=6       4

1 )1(  q .         (4.14) 

 

 

Ɋɢɫɭɧɨɤ 4.3 – ɉɨɦɟɯɢ ɨɬ ɦɟɲɚɸɳɢɯ ɫɬɚɧɰɢɣ. 
 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɟɫɟɤɬɨɪɢɡɨɜɚɧɧɵɯ ɫɨɬɨɜɵɯ ɫɬɪɭɤɬɭɪɚɯ ɢ ɜ ɫɬɪɭɤɬɭɪɚɯ ɫ 

3-ɦɹ ɫɟɤɬɨɪɚɦɢ ɫɨɤɚɧɚɥɶɧɚɹ  ɩɨɦɟɯɚ ɹɜɥɹɟɬɫɹ ɫɭɦɦɨɣ ɲɟɫɬɢ ɢɥɢ 2-ɯ ɦɟɲɚɸɳɢɯ  

ɫɢɝɧɚɥɨɜ ɫɨɫɟɞɧɢɯ ɤɥɚɫɬɟɪɨɜ.  
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ȽɅȺȼȺ 5. ɉɊɈɋЧȿɌ ɁɈɇ ɊȺȾɂɈɉɈɄɊɕɌɂə  ɋȿɌɂ LTȿ 

 

 

ȼ ɩɪɨɰɟɫɫɟ ɩɥɚɧɢɪɨɜɚɧɢɹ ɪɚɞɢɨɫɟɬɟɣ LTȿ ɢɦɟɟɬɫɹ ɪɹɞ ɨɬɥɢɱɢɣ ɨɬ 

ɩɪɨɰɟɫɫɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɞɪɭɝɢɯ ɬɟɯɧɨɥɨɝɢɣ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ. 

Ƚɥɚɜɧɨɟ ɨɬɥɢɱɢɟ – ɷɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɨɝɨ ɬɢɩɚ ɦɧɨɝɨ ɫɬɚɧɰɢɨɧɧɨɝɨ ɞɨɫɬɭɩɚ 

ɧɚ ɛɚɡɟ ɬɟɯɧɨɥɨɝɢɢ  ɈFDMȺ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɨɹɜɥɹɸɬɫɹ ɧɨɜɵɟ ɩɨɧɹɬɢɹ ɢ 

ɢɡɦɟɧɹɸɬɫɹ ɚɥɝɨɪɢɬɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ.  

ɉɥɚɧɢɪɨɜɚɧɢɟ ɪɚɞɢɨɫɟɬɢ LTȿ ɛɭɞɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɝɨɪɨɞɫɤɨɣ 

ɦɟɫɬɧɨɫɬɢ, ɚ ɷɬɨ ɡɧɚɱɢɬ, ɱɬɨ ɩɥɨɬɧɨɫɬɶ ɚɛɨɧɟɧɬɨɜ ɛɭɞɟɬ ɜɵɫɨɤɚ, ɚ ɛɚɡɨɜɵɟ 

ɫɬɚɧɰɢɢ ɞɨɥɠɧɵ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɧɚ ɦɚɤɫɢɦɚɥɶɧɨɦ ɭɞɚɥɟɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɫ 

ɰɟɥɶɸ ɡɚɤɪɵɬɶ ɫɨɛɨɣ ɤɚɤ ɦɨɠɧɨ ɛɨɥɶɲɭɸ ɬɟɪɪɢɬɨɪɢɸ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɭɠɧɨ 

ɩɨɞɨɛɪɚɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɧɭɠɧɨ 

ɪɭɤɨɜɨɞɫɬɜɨɜɚɬɶɫɹ ɩɪɚɜɢɥɨɦ, ɱɬɨ ɱɟɦ ɧɢɠɟ ɱɚɫɬɨɬɚ, ɬɟɦ ɞɚɥɶɲɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɪɚɞɢɨɫɢɝɧɚɥɚ. ɑɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ880 - 915 ɆȽɰ ɜɩɨɥɧɟ 

ɩɨɞɨɣɞɟɬ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ. Ɍɢɩ ɞɭɩɥɟɤɫɚ ɜɵɛɢɪɚɟɬɫɹ ɱɚɫɬɨɬɧɵɣ – 

FDD. 

 

5.1 ɉɪɨɫɱɟɬ ɡɨɧ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɤɥɚɫɬɟɪɨɜ 

 

Ⱥɧɚɥɢɡ ɡɨɧ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɧɚɱɧɟɦ ɫ ɜɵɱɢɫɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨ 

ɞɨɩɭɫɬɢɦɵɯ ɩɨɬɟɪɶ ɧɚ ɥɢɧɢɢ (ɆȾɉ). ɆȾɉ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɤɚɤ ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ 

ɷɤɜɢɜɚɥɟɧɬɧɨɣ ɢɡɨɬɪɨɩɧɨɣ ɢɡɥɭɱɚɟɦɨɣ ɦɨɳɧɨɫɬɶɸ ɩɟɪɟɞɚɬɱɢɤɚ (ɗɂɂɆ) ɢ 

ɦɢɧɢɦɚɥɶɧɨ ɧɟɨɛɯɨɞɢɦɨɣ ɦɨɳɧɨɫɬɶɸ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ ɩɪɢɟɦɧɢɤɚ ɫɨɩɪɹɠɟɧɧɨɣ 

ɫɬɨɪɨɧɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɩɨɬɟɪɶ ɜ ɤɚɧɚɥɟ ɫɜɹɡɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 

ɧɨɪɦɚɥɶɧɚɹ ɞɟɦɨɞɭɥɹɰɢɹ ɫɢɝɧɚɥɚ ɜ ɩɪɢɟɦɧɢɤɟ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɫɜɹɡɶ ɜ ɩɨɦɟɳɟɧɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɞɨɛɚɜɢɬɶ ɜ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɸɞɠɟɬ ɡɚɩɚɫ ɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɪɚɞɢɨɜɨɥɧ ɜ ɩɨɦɟɳɟɧɢɟ MInd. 
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Ⱦɥɹ ɞɢɚɩɚɡɨɧɚ 2500 ɆȽɰ ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɬɢɩɨɜɵɟ ɡɧɚɱɟɧɢɹ 

ɡɚɩɚɫɚ ɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɟ:  

- 22 ɞȻ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ;  

- 17 ɞȻ ɜ ɭɫɥɨɜɢɹɯ ɫɪɟɞɧɟɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ;  

- 12 ɞȻ ɜ ɭɫɥɨɜɢɹɯ ɪɟɞɤɨɣ ɡɚɫɬɪɨɣɤɢ (ɜ ɩɪɢɝɨɪɨɞɟ);  

-       8 ɞȻ ɜ ɫɟɥɶɫɤɨɣ ɦɟɫɬɧɨɫɬɢ (ɧɚ ɨɬɤɪɵɬɨɣ ɦɟɫɬɧɨɫɬɢ ɜ ɚɜɬɨɦɨɛɢɥɟ).  

ɉɨɫɤɨɥɶɤɭ ɡɨɧɵ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɫɨɫɟɞɧɢɯ ɫɨɬ, ɤɚɤ ɩɪɚɜɢɥɨ, 

ɩɟɪɟɤɪɵɜɚɸɬɫɹ, ɬɨ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɝɥɭɛɨɤɢɯ ɡɚɦɢɪɚɧɢɣ ɜ ɨɛɫɥɭɠɢɜɚɸɳɟɣ 

ɫɨɬɟ Ⱥɋ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɯɷɧɞɨɜɟɪ ɜ ɫɨɬɭ ɫ ɥɭɱɲɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ 

ɩɪɢɟɦɚ. ɗɬɨɬ ɷɮɮɟɤɬ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɜɵɢɝɪɵɲ ɨɬ ɯɷɧɞɨɜɟɪɚ GHɈ.  

ɂɡ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɆȾɉ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ UL ɢ DL, ɜɵɛɢɪɚɸɬ 

ɦɢɧɢɦɚɥɶɧɨɟ, ɩɨ ɤɨɬɨɪɨɦɭ ɩɪɨɢɡɜɨɞɹɬ ɞɚɥɶɧɟɣɲɢɣ ɪɚɫɱɟɬ ɪɚɞɢɭɫɚ ɫɨɬɵ. 

Ɉɝɪɚɧɢɱɢɜɚɸɳɟɣ ɥɢɧɢɟɣ ɩɨ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɟɬɫɹ ɥɢɧɢɹ 

ɜɜɟɪɯ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɨɞɟɥɶ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɜɨɥɧ ɋɈST231-Hɚtɚ Д3], ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɚɧɬɟɧɧ Ȼɋ 

ɩɪɢɧɹɬɚ ɪɚɜɧɨɣ 30 ɦ. Ɋɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɟ 5.1.  

 

 

Ɋɢɫɭɧɨɤ 5.1 – ɋɪɚɜɧɟɧɢɟ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɬɪɟɯɫɟɤɬɨɪɧɨɣ Ȼɋ FDD ɢ TDD 

 

http://www.mforum.ru/cmsbin/2011/21/20110520_4_full597x369.jpg
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ɇɚɢɥɭɱɲɢɦ ɪɚɞɢɨɩɨɤɪɵɬɢɟɦ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 

ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɧɚ ɥɢɧɢɢ ɜɜɟɪɯ ɨɛɥɚɞɚɟɬ ɫɢɫɬɟɦɚ FDD. Ⱦɥɹ ɬɨɝɨ, 

ɱɬɨɛɵ ɩɟɪɟɞɚɬɶ ɨɞɢɧ ɢ ɬɨɬ ɠɟ ɩɨɬɨɤ ɞɚɧɧɵɯ ɜ ɬɪɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɢɫɬɟɦɚɯ, ɧɚ 

ɥɢɧɢɢ ɜɜɟɪɯ ɩɪɢɯɨɞɢɬɫɹ ɜɵɞɟɥɹɬɶ ɪɚɡɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɱɚɫɬɨɬɧɵɯ ɪɟɫɭɪɫɨɜ (ɜ 

ɨɛɪɚɬɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɞɪɚ), ɩɨɫɤɨɥɶɤɭ ɞɥɢɬɟɥɶɧɨɫɬɢ ɤɚɞɪɨɜ 

ɧɚ ɥɢɧɢɢ ɜɜɟɪɯ ɪɚɡɥɢɱɚɸɬɫɹ: 10 ɦɫ – ɜ ɫɥɭɱɚɟ FDD; 4 ɦɫ – ɜ ɫɥɭɱɚɟ TDD, ɤɨɧɮ.1; 

2 ɦɫ – ɜ ɫɥɭɱɚɟ TDD, ɤɨɧɮ.2. ɇɨ ɱɟɦ ɛɨɥɶɲɟ ɱɚɫɬɨɬɧɵɯ ɪɟɫɭɪɫɨɜ ɜɵɞɟɥɹɟɬɫɹ 

ɩɨɥɶɡɨɜɚɬɟɥɸ, ɬɟɦ ɜɵɲɟ ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɵɯ ɲɭɦɨɜ ɜɨ ɜɯɨɞɧɵɯ ɰɟɩɹɯ 

ɩɪɢɟɦɧɢɤɚ, ɢ ɯɭɠɟɟɝɨ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ.  

Ɉɞɧɚɤɨ, ɜ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɥɭɱɚɹɯ ɜ ɫɢɫɬɟɦɟ TDD ɦɨɠɧɨ ɝɚɪɚɧɬɢɪɨɜɚɬɶ 

ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɚ ɥɢɧɢɢ ɜɧɢɡ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɫɢɫɬɟɦɨɣ FDD, ɛɥɚɝɨɞɚɪɹ ɚɫɢɦɦɟɬɪɢɢ ɤɚɞɪɨɜ DL ɢ UL, ɫɦ.  

ɉɪɢɧɰɢɩ ɪɚɫɱɟɬɚ ɆȾɉ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ5.2. 

 

 

Ɋɢɫɭɧɨɤ 5.2 - ɉɪɢɧɰɢɩ ɩɪɨɫɱɟɬɚ ɆȾɉ 

 

ɉɪɢ ɩɪɨɫɱɟɬɚɯ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ: 

 ̛̭̭те̥̦̌́ поло̭̌: ϮϬ Мʧ̶; дл́ FDD = 10/10 (DL/UL); 

 еNB – ̦̌   к̙̌до̥   ̭екто̬е од̛̦   TRX,    ̵̼̏од̦̌́     ̥о̺̦о̭т̽  

TRX = 40 ȼɬ (46 ɞȻɦ); ɪɚɛɨɬɚɟɬ ɧɚ ɥɢɧɢɢ DL ɜ ɪɟɠɢɦɟMIMɈ 2×2; 

 UЕ  –  ̌̍о̦е̦т̭к̛̜   те̛̬̥̦̌л –  USB-̥оде̥,   кл̭̭̌  ϰ  –    ЭИИМ ϯϯ 

дʥ̥; 

 ̭оот̦о̹е̛̦е дл̛тел̦̽о̭т̛ к̌д̬о̏ DL/UL: 100%/100%. 



Иɡм. Лɢɫɬ № дɨкɭм Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

 11070006.11.03.02.012.ɉɁȼɄɊ 

 

 

38 
 

 

 

Р̸̭̌ет ̥̌к̛̭̥̌л̦̽о допу̭т̵̛̥̼ поте̬̽ п̬о̛̏̚од̛т̭́ по ̴о̬̥уле: 

 

 (5.1) 

 

ɝɞɟɊэɢɢɦ.ɩɪɞ – ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɢɡɥɭɱɚɟɦɚɹ ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ;  

Sɱ.ɩɪ – ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ; 

GА.ɩɪɞ - ɤɨɷɮɮɢɰɢɟɧɬ    ɭɫɢɥɟɧɢɹ    ɚɧɬɟɧɧɵ    ɩɟɪɟɞɚɬɱɢɤɚ,   GА.ɩɪɞ:        

DL = 18 ɞȻɢ, UL = 0 ɞȻɢ; 

LɎ.ɩɪɞ – ɩɨɬɟɪɢ ɜ ɮɢɞɟɪɧɨɦ ɬɪɚɤɬɟ ɩɟɪɟɞɚɬɱɢɤɚ, LɎ.ɩɪɞ: DL = 0,3 ɞȻ; 

Мɩɪɨɧ – ɡɚɩɚɫ ɧɚ ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɫɢɝɧɚɥɚ ɜ ɩɨɦɟɳɟɧɢɟ, Мɩɪɨɧ = 12 ɞȻ; 

Mɩɨɦ – ɡɚɩɚɫ ɧɚ ɩɨɦɟɯɢ. Мɩɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

ɫɢɫɬɟɦɧɨɝɨ ɭɪɨɜɧɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɝɪɭɡɤɢ ɜ ɫɨɫɟɞɧɢɯ ɫɨɬɚɯ; ɡɧɚɱɟɧɢɟ Мɩɨɦ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɝɪɭɡɤɟ ɜ ɫɨɫɟɞɧɢɯ ɫɨɬɚɯ 70%.          Mɩɨɦ:   DL = 6,4 ɞȻ; UL = 2,8 

ɞȻ; 

Gɯɨ – ɜɵɢɝɪɵɲ ɨɬ ɯɷɧɞɨɜɟɪɚ. Ɂɧɚɱɟɧɢɟ ɜɵɢɝɪɵɲɚ ɨɬ ɯɷɧɞɨɜɟɪɚ -                

ɪɟɡɭɥɶɬɚɬ ɬɨɝɨ, ɱɬɨ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɝɥɭɛɨɤɢɯ ɡɚɦɢɪɚɧɢɣ ɜ ɨɛɫɥɭɠɢɜɚɟɦɨɣ 

ɫɨɬɟ, ɚɛɨɧɟɧɬɫɤɢɣ ɬɟɪɦɢɧɚɥ ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɢɬɶ ɯɷɧɞɨɜɟɪ ɜ ɫɨɬɭ ɫ ɥɭɱɲɢɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɩɪɢɟɦɚ. Gɯɨ = 1,7 ɞȻ. 

Ɋэɢɢɦ.ɩɪɞ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

      (5.2) 

 

̐деРвых.п̬д - ̵̼̏од̦̌́       ̥о̺̦о̭т̽     пе̬ед̌т̸̛к̌. Рвых.п̬д ̏ л̛̛̛̦       

«̛̦̏̚» ;DLͿ ̏ LTЕ ̛̛̭̌̏̚т от ̛̛̹̬̦̼ поло̭̼ ̸̭̌тот ̭̜̌т̌, кото̬̌́ ̥о̙ет 

коле̍̌т̭̽́ от ϭ,ϰ до ϮϬ Мʧ̶. ʦ п̬едел̵̌ до ϱ Мʧ̶ ̶̛̬̌о̦̌л̦̽о ̼̬̏̍̌т̽ 

пе̬ед̌т̸̛к̛ TRX ̥о̺̦о̭т̽̀ ϮϬ ʦт ;ϰϯ дʥ̥Ϳ, ̌ ̭̼̹̏е ϱ Мʧ̶ – ϰϬ ʦт ;ϰϲ 

дʥ̥Ϳ.Рвых.п̬д:  DL = ϰϲ   дʥ̥, UL = ϯϯ дʥ̥. 
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Ⱦɥɹ ɥɢɧɢɢ DL: 

Ɋэɢɢɦ.ɩɪɞ = 46 + 18 - 0,3 = 63,7 (ɞȻɦ), 

Ⱦɥɹ ɥɢɧɢɢ UL: 

Ɋэɢɢɦ.ɩɪɞ = 33 (ɞȻɦ). 

 

Sɱ.ɩɪ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

 

    (5.3) 

 

Ƚɞɟ Ɋɬɲ.ɩɪ - ɦɨɳɧɨɫɬɶ ɬɟɩɥɨɜɨɝɨ ɲɭɦɚ ɩɪɢɟɦɧɢɤɚ, Ɋɬɲ.ɩɪ: DL = -174,4 ɞȻɦ,   

UL = -104,4 ɞȻɦ; 

Мɨɫɲ.ɩɪ – ɬɪɟɛɭɟɦɨɟ ɨɬɧɨɲɟɧɢɟ    ɫɢɝɧɚɥ/ɲɭɦ   ɩɪɢɟɦɧɢɤɚ. Ɂɧɚɱɟɧɢɟ Мɨɫɲ.ɩɪ 

ɜɡɹɬɨ ɞɥɹ ɦɨɞɟɥɢ ɤɚɧɚɥɚ «ȿnhɚnɫɟdɊɟdɟstriɚnȺ5».                        

Мɨɫɲ.ɩɪ: DL = -0,24 ɞȻ; UL = 0,61 ɞȻ; 

Lɩɪ - ɤɨɷɮɮɢɰɢɟɧɬ ɲɭɦɚ ɩɪɢɟɦɧɢɤɚ, Lɩɪ: DL = 7 ɞȻ, UL = 2,5 ɞȻ; 

 

Ⱦɥɹ ɥɢɧɢɢ DL: 

Sɱ.ɩɪ = -174,4 + (-0,24) + 7 = -167,64 (ɞȻɦ), 

Ⱦɥɹ ɥɢɧɢɢ UL: 

Sɱ.ɩɪ = -104,4 + 0,61 + 2,5 = -101,29 (ɞȻɦ). 

 

ɋ ɭɱɟɬɨɦ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɮɨɪɦɭɥɚɦ (5.2) ɢ (5.3), ɪɚɫɫɱɢɬɚɟɦ 

ɡɧɚɱɟɧɢɟ ɆȾɉ: 

 

Ⱦɥɹ ɥɢɧɢɢ DL: 

LМȾП = 63,7 – (-167,64) – 12 – 6,4 – 8,7 – 1,7 = 205,94 (ɞȻ), 

Ⱦɥɹ ɥɢɧɢɢ UL: 

LМȾП = 33 – (-101,29) + 18 – 0,4 – 12 – 6,4 – 8,7 + 1,7 = 126,5 (ɞȻ). 
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ɂɡ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɆȾɉ, ɩɨɥɭɱɟɧɧɵɯ ɞɥɹ ɥɢɧɢɣ DL ɢ UL ɜɵɛɢɪɚɟɦ 

ɦɢɧɢɦɚɥɶɧɨɟ, ɱɬɨɛɵ ɜɟɫɬɢ ɩɨɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ ɢ ɪɚɞɢɭɫɚ 

ɫɨɬɵ. Ɉɝɪɚɧɢɱɢɜɚɸɳɟɣ ɥɢɧɢɟɣ ɩɨ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɹɜɥɹɟɬɫɹ ɥɢɧɢɹ 

ɜɜɟɪɯ. 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɞɚɥɶɧɨɫɬɢ ɫɜɹɡɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɷɦɩɢɪɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɜɨɥɧ Ɉkumurɚ – Hɚtɚ. Ⱦɚɧɧɚɹ ɦɨɞɟɥɶ ɹɜɥɹɟɬɫɹ 

ɨɛɨɛɳɟɧɢɟɦ ɨɩɵɬɧɵɯ ɮɚɤɬɨɜ, ɜ ɤɨɬɨɪɨɦ  ɭɱɬɟɧɨ ɦɧɨɝɨ ɭɫɥɨɜɢɣ ɢ ɜɢɞɨɜ ɫɪɟɞ. ȼ 

ɦɨɞɟɥɢ Ɉkumurɚ – Hɚtɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 

ɫɪɟɞɧɟɝɨ ɡɚɬɭɯɚɧɢɹ ɪɚɞɢɨɫɢɝɧɚɥɚ ɜ ɝɨɪɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ: 

 

(5.4) 

ɝɞɟfɫ – ɱɚɫɬɨɬɚ ɨɬ 150 ɞɨ 1500 ɆȽɰ; 

ht – ɜɵɫɨɬɚ ɩɟɪɟɞɚɸɳɟɣ ɚɧɬɟɧɧɵ (ɩɨɞɜɟɫɚ ɟNB) ɨɬ 30 ɞɨ 300 ɦɟɬɪɨɜ; 

hr – ɜɵɫɨɬɚ ɩɪɢɧɢɦɚɸɳɟɣ ɚɧɬɟɧɧɵ (ɚɧɬɟɧɧɵ ɦɨɛɢɥɶɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ) ɨɬ 1 

ɞɨ 10 ɦɟɬɪɨɜ; 

d– ɪɚɞɢɭɫ ɫɨɬɵ ɨɬ 1 ɞɨ 20 ɤɦ; 

А(hr) – ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɥɹ ɜɵɫɨɬɵ ɚɧɬɟɧɧɵ 

ɩɨɞɜɢɠɧɨɝɨɨɛɴɟɤɬɚ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɬɢɩɚ ɦɟɫɬɧɨɫɬɢ. 

ɉɪɨɢɡɜɟɞɟɦ ɜɵɛɨɪ ɩɚɪɚɦɟɬɪɨɜ ɞɥɹ ɪɚɫɱɟɬɨɜ: 

 f̭ = 8ϬϬ Мʧ̶; 

 ht = ϯϮ ̥ет̬̌; 

 hr = ϯ ̥ет̬̌. 

ɇɚɣɞɟɦ ɩɨɩɪɚɜɨɱɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ А(hr)ɩɨ ɮɨɪɦɭɥɟ: 

 

  (5.5) 
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ȼɵɱɢɫɥɢɜ ɢɡ ɮɨɪɦɭɥ (4.1 – 4.5) ɪɚɞɢɭɫ ɫɨɬɵ, ɩɨɥɭɱɢɦ, ɱɬɨd ≈ 3,5ɤɦ. 

Ɋɚɫɫɱɢɬɚɟɦ ɩɥɨɳɚɞɶ SеNB ɩɨɤɪɵɬɢɹ ɬɪɟɯ ɫɟɤɬɨɪɧɨɝɨ ɫɚɣɬɚ ɩɨ ɮɨɪɦɭɥɟ: 

                                             (5.6) 

                              

 

5.2 Чɚɫɬɨɬɧɨ-ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɟ ɞɟɥɟɧɢɟ ɢ ɫɢɬɭɚɰɢɨɧɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 

ɟNB ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝ. ɍɫɢɧɫɤ 

 

Ɉɫɧɨɜɧɵɦ ɷɬɚɩɨɦ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫɟɬɟɣ ɩɨɞɜɢɠɧɨɣ ɪɚɞɢɨɫɜɹɡɢ 

ɚɛɨɧɟɧɬɫɤɨɝɨ ɞɨɫɬɭɩɚ ɹɜɥɹɟɬɫɹ ɷɬɚɩ ɱɚɫɬɨɬɧɨ-ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɜ 

ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɜɵɛɢɪɚɟɬɫɹ ɫɬɪɭɤɬɭɪɚ ɫɟɬɢ, ɦɟɫɬɚ ɪɚɡɦɟɳɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, 

ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɥɚɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɞɢɨɤɚɧɚɥɨɜ ɞɥɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, 

ɜɵɩɨɥɧɹɟɬɫɹ ɚɞɚɩɬɚɰɢɹ ɩɥɚɧɨɜ ɤ ɭɫɥɨɜɢɹɦ ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɯ ɢ ɱɚɫɬɨɬɧɵɯ 

ɨɝɪɚɧɢɱɟɧɢɣ ɩɥɚɧɢɪɭɟɦɨɣ ɡɨɧɵ ɨɛɫɥɭɠɢɜɚɧɢɹ. 

ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɧɭɠɧɨ ɫɨɫɬɚɜɢɬɶ ɫɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ 

ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɟNB ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɪɚɣɨɧɚ ɩɥɚɧɢɪɨɜɚɧɢɹ ɫɟɬɢ. ɐɟɥɶɸ 

ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɧɟ ɹɜɥɹɟɬɫɹ ɩɨɥɧɵɣ ɪɚɞɢɨ ɨɯɜɚɬ ɬɟɪɪɢɬɨɪɢɢ ɪɚɣɨɧɚ. Ƚɥɚɜɧɨɟ ɜ 

ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ – ɷɬɨ ɨɛɟɫɩɟɱɟɧɢɟ ɭɫɬɨɣɱɢɜɵɦ ɪɚɞɢɨɫɢɝɧɚɥɨɦ ɝɭɫɬɨɧɚɫɟɥɟɧɧɵɯ 

ɪɚɣɨɧɨɜ ɢ ɨɤɪɚɢɧ ɝɨɪɨɞɚ ɍɫɢɧɫɤ. ɂɫɯɨɞɹ ɢɯ ɷɬɨɝɨ ɭɫɥɨɜɢɹ, ɚ ɬɚɤ ɠɟ ɭɱɢɬɵɜɚɹ 

ɨɫɨɛɟɧɧɨɫɬɢ ɪɟɥɶɟɮɚ ɦɟɫɬɧɨɫɬɢ, ɜɵɩɨɥɧɢɦ ɪɚɡɦɟɳɟɧɢɟ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ.  

Ɇɢɧɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɤɪɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɟNB, ɧɟɨɛɯɨɞɢɦɵɯ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɭɫɬɨɣɱɢɜɵɦ ɪɚɞɢɨɫɢɝɧɚɥɨɦ ɪɚɣɨɧɨɜ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɩɥɚɧɢɪɨɜɚɧɢɹ 

ɫɨɫɬɚɜɥɹɟɬ 12ɲɬɭɤ, ɫɨɝɥɚɫɧɨ ɩɪɨɜɟɞёɧɧɵɦ ɪɚɫɱɟɬɚɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɟ ɟNB 

ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 

 ɦɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɩɟɪɟɞɚɬɱɢɤɚ – 40 ȼɬ; 

 ɜɵɫɨɬɚ ɩɨɞɜɟɫɚ ɚɧɬɟɧɧɵ – 32 ɦɟɬɪɚ; 

 ɱɢɫɥɨ ɩɪɢɟɦɨɩɟɪɟɞɚɬɱɢɤɨɜ TRБ – 3 (ɩɨ ɨɞɧɨɦɭ ɧɚ ɤɚɠɞɵɣ ɫɟɤɬɨɪ); 

 ɫɢɫɬɟɦɧɚɹ ɩɨɥɨɫɚ ɞɥɹ ɨɞɧɨɝɨ ɫɟɤɬɨɪɚ – 20 ɆȽɰ (10 ɆȽɰ ɞɥɹ ɥɢɧɢɢ 

«ɜɜɟɪɯ» ɢ 10 ɆȽɰ ɞɥɹ ɥɢɧɢɢ «ɜɧɢɡ»); 
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 ɥɢɧɢɹ «ɜɧɢɡ» ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɟɯɧɨɥɨɝɢɸ MIMɈ4×2; 

 

 

Ɋɢɫɭɧɨɤ 5.3 – ɋɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɫɨɬ ɜ ɝ. ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ  

 

ɇɚ ɪɢɫɭɧɤɟ 5.3 ɩɪɟɞɫɬɚɜɥɟɧ ɫɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɟ ɛɚɡɨɜɵɯ 

ɫɬɚɧɰɢɣ LTȿ (ɟNB) ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝɨɪɨɞɚ ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ. ɋɨɝɥɚɫɧɨ 

ɩɪɨɜɟɞɟɧɧɨɝɨ ɪɚɫɱɟɬɚ ɛɵɥ ɨɩɪɟɞɟɥɟɧ ɪɚɞɢɭɫ ɞɟɣɫɬɜɢɹ ɨɞɧɨɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ 

ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɢɥ ≈1 ɤɦ. Ⱦɚɥɟɟ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɪɚɡɦɟɳɚɥɢɫɶ ɫɨɝɥɚɫɧɨ ɫɨɬɨɜɨɣ 

ɫɬɪɭɤɬɭɪɟ. ɂɡ ɫɯɟɦɵ ɜɢɞɧɨ, ɱɬɨ12 ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ, ɪɚɡɦɟɳɟɧɧɵɯ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 

ɝɨɪɨɞɚ ɍɫɢɧɫɤ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨ ɩɨɤɪɵɜɚɸɬ ɜɫɟ ɬɟɪɪɢɬɨɪɢɸ ɝɨɪɨɞɚ.  

ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɦɧɨɝɨɤɜɚɪɬɢɪɧɨɣ ɡɚɫɬɪɨɣɤɟ ɝɨɪɨɞɚ 

ɩɥɚɧɢɪɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɮɨɪɦɚɬɚ «ɦɢɤɪɨ». ɗɬɨ ɫɞɟɥɚɧɨ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɛɨɥɶɲɟɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɟɬɢ ɢ ɭɜɟɪɟɧɧɨɝɨ ɩɪɢɟɦɚ ɜ 

ɦɟɫɬɚɯ ɫ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɛɨɧɟɧɬɨɜ.  

ɇɚ ɪɢɫɭɧɤɟ 5.4 ɢɡɨɛɪɚɠɟɧ ɫɨɬɨɜɵɣ ɩɥɚɧ ɦɢɤɪɨɫɨɬɵ ɜ ɦɢɤɪɨɪɚɣɨɧɟ ɫ 

ɦɧɨɝɨɷɬɚɠɧɨɣ ɡɚɫɬɪɨɣɤɨɣ.  
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Ɋɢɫɭɧɨɤ 5.4 – ɋɢɬɭɚɰɢɨɧɧɵɣ ɩɥɚɧ ɪɚɡɦɟɳɟɧɢɹ ɫɨɬ ɜ ɝ. ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ Ʉɨɦɢ 

 

ȼ ɤɚɱɟɫɬɜɟ ɪɚɛɨɱɢɯ ɱɚɫɬɨɬ ɜ ɷɬɢɯ ɫɨɬɚɯ ɜɵɛɢɪɚɟɬɫɹ ɪɚɛɨɱɚɹ ɱɚɫɬɨɬɚ 

ɞɢɚɩɚɡɨɧɚ 2 ȽȽɰ, ɬɚɤ ɤɚɤ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɨɪɝɚɧɢɡɨɜɚɬɶ ɛɨɥɶɲɟ 

ɫɜɨɛɨɞɧɵɯ ɪɚɞɢɨɤɚɧɚɥɨɜ ɞɥɹ ɚɛɨɧɟɧɬɨɜ, ɚ ɛɨɥɶɲɚɹ ɩɥɨɳɚɞɶ ɩɨɤɪɵɬɢɹ ɧɟ 

ɬɪɟɛɭɟɬɫɹ. Ⱦɚɧɧɚɹ ɦɢɤɪɨɫɨɬɚ ɪɟɚɥɢɡɭɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɨɞɧɨɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɢ 

ɬɪɟɦɹ ɫɟɤɬɨɪɧɵɦɢ ɚɧɬɟɧɧɚɦɢ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦ ɚɡɢɦɭɬɨɦ 120 ɝɪɚɞɭɫɨɜ. 

Ɂɨɧɚ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɜɫɟɣ ɫɟɬɢ LTȿ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ5.5. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɪɚɫɱɟɬɨɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɪɚɞɢɨɜɨɥɧ ɩɨ ɦɨɞɟɥɢ Ɉkɚmurɚ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɡɧɚɱɟɧɢɹ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɇɚ 

ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɞɚɧɧɵɯ ɫɬɪɨɢɥɚɫɶ ɡɨɧɚ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɤɚɤ 

ɨɤɪɭɠɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɪɚɞɢɭɫɚ. ɉɪɢ ɭɞɚɥɟɧɢɢ ɨɬ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɧɚ 

ɜɟɥɢɱɢɧɭ ɪɚɞɢɭɫɚ, ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ ɛɥɢɡɤɭɸ ɤ ɩɨɪɨɝɭ 

ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɚɛɨɧɟɧɬɫɤɨɝɨ ɩɪɢɟɦɧɢɤɚ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɤɨɧɱɚɧɢɟ ɡɨɧɵ 

ɨɛɫɥɭɠɢɜɚɧɢɹ (ɪɚɞɢɨɩɨɤɪɵɬɢɹ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɨɛɧɵɟ ɞɟɣɫɬɜɢɹ 

ɜɵɩɨɥɧɹɥɢɫɶ ɞɥɹ ɜɫɟɯ 12 ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɨɞɧɨɦ 

ɪɢɫɭɧɤɟ 5.5. 
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Ɋɢɫɭɧɨɤ 5.5 – Ɂɨɧɚɪɚɞɢɨɩɨɤɪɵɬɢɹ ɫɟɬɢ LTȿ (ɦɚɤɪɨɫɨɬɵ) ɜ ɝ. ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ 

Ʉɨɦɢ 

 

Ɂɨɧɚ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɞɥɹ ɦɢɤɪɨɫɨɬ ɜɵɱɢɫɥɹɥɚɫɶ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ, ɱɬɨ 

ɢ ɡɨɧɚ Ɋɉ ɞɥɹ ɨɛɵɱɧɵɯ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ. Ɋɚɡɧɢɰɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɡɧɚɱɟɧɢɢ 

ɧɟɫɭɳɟɣ ɱɚɫɬɨɬɵ ɫɢɝɧɚɥɚ (2-2,1 ȽȽɰ) ɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɨɳɧɨɫɬɢ ɢɡɥɭɱɚɟɦɨɝɨ 

ɫɢɝɧɚɥɚ ɬɚɤɨɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ.  

Ʉɚɤ ɩɨɤɚɡɚɥɢ ɪɚɫɱɟɬɵ ɪɚɞɢɭɫ ɡɨɧɵ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɨɛɵɱɧɵɯ Ȼɋ, ɨɞɧɚɤɨ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ ɞɜɚ 

ɠɢɥɵɯ ɦɢɤɪɨɪɚɣɨɧɚ ɩɨɤɪɵɜɚɸɬɫɹ ɦɢɤɪɨɫɨɬɚɦɢ, ɱɬɨ ɞɚɟɬ ɡɚɩɚɫ ɩɨ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɨɪɹɞɤɚ 2000 ɚɛɨɧɟɧɬɨɜ. Ɂɨɧɵ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɞɥɹ ɠɢɥɵɯ 

ɦɢɤɪɨɪɚɣɨɧɨɜ ɝɨɪɨɞɚ ɍɫɢɧɫɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ 5.6 ɢ 5.7. 



Иɡм. Лɢɫɬ № дɨкɭм Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

 11070006.11.03.02.012.ɉɁȼɄɊ 

 

 

45 
 

 

 

 

Ɋɢɫɭɧɨɤ 5.6 – Ɂɨɧɚ ɪɚɞɢɨɩɨɤɪɵɬɢɹ ɫɟɬɢ LTȿ (ɦɢɤɪɨɫɨɬɵ) ɜ ɝ. ɍɫɢɧɫɤ Ɋɟɫɩɭɛɥɢɤɢ 

Ʉɨɦɢ 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɫɨɜɦɟɫɬɢɦɨɫɬɢ ɪɚɞɢɨɫɪɟɞɫɬɜ, 

ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɱɚɫɬɨɬɧɨ-ɬɟɪɪɢɬɨɪɢɚɥɶɧɨɣ ɩɥɚɧɢɪɨɜɚɧɢɟ. ɑɚɫɬɨɬɧɨ-

ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɣ ɩɥɚɧ ɫɟɬɢ LTȿ ɜ ɝɨɪɨɞɟ ɍɫɢɧɫɤ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ5.7 

 

 

Ɋɢɫɭɧɨɤ 5.7 – Чɚɫɬɨɬɧɨ-ɬɟɪɪɢɬɨɪɢɚɥɶɧɵɣ ɩɥɚɧ ɫɟɬɢ 
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ɍɤɚɡɚɧɧɵɟ ɜ ɩɥɚɧɟ ɱɚɫɬɨɬɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɜɵɛɪɚɧɧɨɦɭ 8 ɞɢɚɩɚɡɨɧɭ, 

ɬ.ɟf1=880 ɆȽɰ, f2=895 ɆȽɰ, f3=915 ɆȽɰ. 

ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɞɚɧɧɨɣ ɫɟɬɢ LTȿ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ, ɧɚɫɬɭɩɚɟɬ ɷɬɚɩ 

ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɩɪɨɢɫɯɨɞɢɬɶ ɤɨɪɪɟɤɬɢɪɨɜɚɧɢɟ 

ɜɵɩɨɥɧɟɧɧɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɚ ɢɦɟɧɧɨ: ɭɜɟɥɢɱɟɧɢɟ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɫɟɬɢ, ɢɡɦɟɧɟɧɢɟ ɜɵɫɨɬɵ ɩɨɞɜɟɫɚ ɪɚɞɢɨɦɨɞɭɥɟɣ, ɩɨɧɢɠɟɧɢɟ ɢɥɢ ɩɨɜɵɲɟɧɢɟ 

ɢɡɥɭɱɚɟɦɨɣ ɦɨɳɧɨɫɬɢ ɪɚɞɢɨɦɨɞɭɥɟɣ.
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ȽɅȺȼȺ 6. ȼɕȻɈɊ ɈȻɈɊɍȾɈȼȺɇɂəɂ ɌɂɉȺ ɅɂɇɂɃ 
ɋȼəɁɂ 

 

 

ɋɨɝɥɚɫɧɨ ɪɚɫɫɱɢɬɚɧɧɨɣ ɟɦɤɨɫɬɢ ɫɟɬɢ, ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɧɚɝɪɭɡɤɟ ɩɨ 

ɨɩɪɟɞɟɥɟɧɢɸ ɡɨɧ ɪɚɞɢɨɩɨɤɪɵɬɢɹ, ɞɥɹ ɨɪɝɚɧɢɡɚɰɢɢ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ ɩɨ 

ɬɟɯɧɨɥɨɝɢɢ LTȿ ɜ ɝ. ɍɫɢɧɫɤ ɩɨɬɪɟɛɭɟɬɫɹ 12 ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɬɢɩɚ «ɦɚɤɪɨ». Ɍɚɤ 

ɠɟ ɞɥɹ ɦɟɫɬ ɫ ɛɨɥɶɲɨɣ ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɚɛɨɧɟɧɬɨɜ ɷɬɨ ɰɟɧɬɪ ɝɨɪɨɞɚ ɢ 

ɦɧɨɝɨɷɬɚɠɧɚɹ ɡɚɫɬɪɨɣɤɚ ɩɥɚɧɢɪɭɟɬɫɹ ɨɪɝɚɧɢɡɨɜɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɨ 5 ɦɢɤɪɨɫɨɬ. 

ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɠɞɨɣ ɟNB ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 

ɫɟɬɢ ɫɨɫɬɚɜɢɬ 158 Ɇɛɢɬ/ɫ, ɚ ɜɫɟɣ ɫɟɬɢ LTȿ ɜ ɝ. ɍɫɢɧɫɤ 1,106 Ƚɛɢɬ/ɫ. ɉɨɫɥɟ 

ɡɚɩɭɫɤɚ ɫɟɬɢ ɜ ɪɚɛɨɬɭ ɧɚɫɬɭɩɚɟɬ ɷɬɚɩ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ 

ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɦɨɠɟɬ ɛɵɬɶ ɭɜɟɥɢɱɟɧɚ ɫɩɨɫɨɛɨɦ 

ɪɚɡɦɟɳɟɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɪɚɞɢɨɦɨɞɭɥɟɣ. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ ɒɉɊȾ 

ɜɵɛɪɚɧ ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɨɛɨɪɭɞɨɜɚɧɢɹ ɮɪɚɧɤɨ-ɚɦɟɪɢɤɚɧɫɤɚɹ ɤɨɦɩɚɧɢɹ Ⱥlɫɚtɟl-

Luɫɟnt. 

 

6.1 Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ ɟNɨdɟB 

ɇɨɜɚɹ ɩɥɚɬɮɨɪɦɚ ɩɨɞɨɣɞɟɬ ɞɥɹ ɩɟɪɟɯɨɞɚ ɤ ɫɟɬɹɦ NGN, ɜɧɟɞɪɟɧɢɸ NFV ɢ 

5G. 

 

Ɋɢɫɭɧɨɤ 6.1 – ȼɧɟɲɧɢɣ ɜɢɞ Ⱥlɫɚtɟl-Luɫɟnt 9926 ɟNɨdɟB 

Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ Ⱥlɫɚtɟl-Luɫɟnt 9926 ɟNɨdɟBɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɢɧɬɟɝɪɢɪɨɜɚɧɧɭɸ ɩɥɚɬɮɨɪɦɭ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɭɸ ɞɥɹ ɛɵɫɬɪɨɝɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ 

LTȿɫɟɬɟɣ.  ɇɨɜɵɣ BBU ɨɬɥɢɱɚɟɬɫɹ ɩɨɧɢɠɟɧɧɵɦ ɧɚ 50% ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟɦ ɢ 

ɩɨɱɬɢ ɜɬɪɨɟ ɛɨɥɶɲɟɣ ɟɦɤɨɫɬɶɸ, ɩɨɞɞɟɪɠɢɜɚɹ ɞɨ 24 ɫɨɬ ɢ 16 ɬɵɫɹɱ ɩɨɞɤɥɸɱɟɧɢɣ 

ɧɚɨɞɢɧ BBU. ɍɫɬɪɨɣɫɬɜɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɟɠɢɦɵ LTȿ-TDD ɢ LTȿ-FDD.  

http://www.mforum.ru/cmsbin/2015/09/bbu_3_bcem2_1_bcam2_top_f_9926_full800x182.jpg
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ɇɨɜɵɣ BBU ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜɦɟɫɬɟ ɫ ɭɠɟ ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ BBU. 

ɇɨɜɢɧɤɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫ ɬɟɦ, ɱɬɨɛɵ ɨɩɟɪɚɬɨɪ ɦɨɝ ɜɧɟɞɪɢɬɶ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɭɸ 

ɫɟɬɟɜɭɸ ɚɪɯɢɬɟɤɬɭɪɭ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɨɩɟɪɚɬɨɪɭ ɩɨɞɞɟɪɠɢɜɚɬɶ ɫɟɬɢ NGN, 

ɜɢɪɬɭɚɥɢɡɚɰɢɸ RȺN ɢɥɢ ЯRȺN. ɚ ɬɚɤɠɟ ɩɟɪɟɯɨɞɢɬɶ ɤ ɪɚɡɜɟɪɬɵɜɚɧɢɸ ɫɟɬɢ 5G.  

ɋɩɟɰɢɮɢɤɚɰɢɹ ɰɢɮɪɨɜɨɝɨ BBU:  

- ɞɜɟ ɧɨɜɵɟ ɩɥɚɬɵ ɧɚ ɛɚɡɟ FrɟɟsɫɚlɟQɨrIQQɨnvɟrgɟ B4860; 

- BBU ɩɨɞɞɟɪɠɢɜɚɟɬ ɞɨ 24 ɫɨɬ (ɩɨɥɧɨɫɬɶɸ ɧɚɝɪɭɠɟɧɧɵɯ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ 20 ɆȽɰ) ɧɚ ɛɚɡɟ ɤɨɦɩɚɤɬɧɨɝɨ ɲɚɫɫɢ Н2U; 

- ɭɜɟɥɢɱɟɧɚɟɦɤɨɫɬɶ BBU ɧɚ 260%, ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ ɫɧɢɠɟɧɨ ɧɚ 50%; 

- ɩɨɞɞɟɪɠɢɜɚɟɬ ɛɢɡɧɟɫ-ɦɨɞɟɥɶ RȺN shɚring; 

- ɨɩɬɢɦɢɡɢɪɨɜɚɧ ɞɥɹ LTȿ-Ⱥ, ɩɨɞɞɟɪɠɢɜɚɟɬ ɚɝɪɟɝɚɰɢɸ ɱɚɫɬɨɬ ɦɟɠɞɭ FDD 

ɢ TDD  

- ɨɛɪɚɬɧɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɫɭɳɟɫɬɜɭɸɳɢɦ ɲɚɫɫɢ BBU Ⱥlɫɚtɟl-LuɫɟЧЭ ɢ 

ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɩɥɚɬɚɦɢ; 

- ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɫ ɚɪɯɢɬɟɤɬɭɪɨɣ ɜɢɪɬɭɚɥɢɡɚɰɢɢ RȺN ɢ ɨɛɴɟɞɢɧɟɧɢɟɦ BBU 

ɜ ɩɭɥɵ; 

- ɧɨɜɵɟ ɰɢɮɪɨɜɵɟ BBU ɭɠɟ ɜɧɟɞɪɟɧɵ ɜ ɦɚɫɲɬɚɛɧɵɯ ɤɨɦɦɟɪɱɟɫɤɢɯ ɫɟɬɹɯ 

TDD LTȿ; 

ɋɩɟɰɢɮɢɤɚɰɢɹ ɪɚɞɢɨɱɚɫɬɨɬɧɨɣ ɩɥɚɬɮɨɪɦɵ:  
- ɧɨɜɵɣ ɭɫɢɥɢɬɟɥɶ ɦɨɳɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɮɢɥɶɬɪɚɰɢɢ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ 

ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɢɹ ɨɛɳɢɦ ɢɧɬɟɪɮɟɣɫɚɦ, ɩɨɡɜɨɥɹɸɳɢɣ ɛɵɫɬɪɨɟ ɜɧɟɞɪɟɧɢɟ ɜ 

ɧɨɜɵɯ ɱɚɫɬɨɬɧɵɯ ɞɢɚɩɚɡɨɧɚɯ; 

- ɦɚɥɵɣ ɮɨɪɦ-ɮɚɤɬɨɪ, ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɧɵɟ ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɵ, ɫɧɢɠɟɧɧɵɣ 

ɜɟɫ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɛɵɫɬɪɨ ɢɧɫɬɚɥɥɢɪɨɜɚɬɶ ɧɨɜɭɸ ɩɥɚɬɮɨɪɦɭ; 

- ɩɨɞɞɟɪɠɤɚ ɲɢɪɨɤɨɩɨɥɨɫɧɨɫɬɢ / ɞɜɭɯɞɢɚɩɚɡɨɧɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ 

ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɞɞɟɪɠɤɭ ɪɚɛɨɬɵ ɫ ɧɟɫɤɨɥɶɤɢɦɢ ɩɨɥɨɫɚɦɢ ɢ ɧɟɫɤɨɥɶɤɢɦɢ 

ɞɢɚɩɚɡɨɧɚɦɢ ɧɚɨɬɞɟɥɶɧɨɦ ɪɚɞɢɨɛɥɨɤɟ; 

- ɭɞɚɥɟɧɧɨɟ ɤɨɧɮɢɝɭɪɢɪɨɜɚɧɢɟ ɉɈ, ɭɩɪɚɜɥɹɸɳɟɝɨ ɪɟɠɢɦɚɦɢ ɩɟɪɟɞɚɱɢ 

(2T2R, 4T4R, 8T8R), ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɨɪɚɦ ɪɚɛɨɬɚɬɶ ɜ ɭɫɥɨɜɢɹɯ 

ɢɡɦɟɧɹɸɳɢɯɫɹ ɪɵɧɨɱɧɵɯ ɬɪɟɛɨɜɚɧɢɣ; 
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- ɜɵɫɨɤɚɹ ɜɵɯɨɞɧɚɹ ɦɨɳɧɨɫɬɶ (ɞɨ 160 ȼɬ) ɢ ɩɨɞɞɟɪɠɤɚ ɪɚɛɨɬɵ ɫ ɩɨɥɨɫɨɣ 

ɞɨ 194 ɆȽɰ), ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɝɢɛɤɨɫɬɶ ɜɧɟɞɪɟɧɢɹ; 

- ɊIM-frɟɟblindmɚtɟɫɨnnɟɫtiɨЧs, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɚɬɨɪɭ ɥɟɝɤɨ ɩɨɞɤɥɸɱɚɬɶ 

ɪɚɡɥɢɱɧɵɟ ɫɨɱɟɬɚɧɢɹ ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤɨɜ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɞɞɟɪɠɢɜɚɬɶ 

ɪɚɡɥɢɱɧɵɟ ɤɨɧɮɢɝɭɪɚɰɢɢ ɚɤɬɢɜɧɵɯ ɚɧɬɟɧɧ; 

- ɷɮɮɟɤɬɢɜɧɚɹ ɩɨ ɰɟɧɟ ɩɨɞɞɟɪɠɤɚɨɩɬɢɦɢɡɢɪɨɜɚɧɧɵɯ ɦɚɥɨɦɨɳɧɵɯ 

ɪɚɞɢɨɢɧɬɟɪɮɟɣɫɨɜ ɩɪɢ ɪɚɛɨɬɟ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɚɧɬɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ (DȺS); 

- "Rɟliɚbility/FɚilSɚfɟ" - ɩɨɞɞɟɪɠɤɚ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɧɚ ɫɥɭɱɚɣ ɫɛɨɟɜ ɉɈ ɜ 

ɭɫɢɥɢɬɟɥɹɯ ɦɨɳɧɨɫɬɢ ɧɚ ɫɥɭɱɚɣ, ɟɫɥɢ ɨɞɢɧ ɢɡ ɧɢɯ ɨɬɤɚɡɵɜɚɟɬ; 

- ɩɨɞɞɟɪɠɤɚ ɛɢɡɧɟɫ-ɦɨɞɟɥɟɣ RȺN shɚring; 

- ɩɥɚɬɮɨɪɦɚ TDD ɭɠɟ ɜɧɟɞɪɟɧɚ ɜ ɤɨɦɦɟɪɱɟɫɤɨɣ ɫɟɬɢ, ɚ FDD ɩɥɚɬɮɨɪɦɚ 

ɛɭɞɟɬ ɜɧɟɞɪɟɧɚ ɧɚ ɤɨɦɦɟɪɱɟɫɤɨɣ ɫɟɬɢ ɜ 1q2015.  

 

 

 

ɚ) Ɋɚɞɢɨɱɚɫɬɨɬɧɵɣ ɛɥɨɤ (RRU) ɛ) ɉɪɢɟɦɨ-ɩɟɪɟɞɚɸɳɚɹ ɚɧɬɟɧɧɚ 

Ɋɢɫɭɧɨɤ 6.2 – ɗɥɟɦɟɧɬɵɟNɨdɟBȺlɫɚtɟl-Luɫɟnt9926ɚ) RRU; ɛ) Ⱥɧɬɟɧɧɚ 

 

6.2 Ʉɨɦɩɚɤɬɧɚɹ ɛɚɡɨɜɚɹ ɫɬɚɧɰɢɹMɟЭЫɨ9764 

Ⱥlɫɚtɟl-Luɫɟnt 9764 ɋɨmɪɚɫЭ ɦɟɬɪɨ (ɋMɋɈ) ɹɜɥɹɟɬɫɹ ɦɚɥɨɝɚɛɚɪɢɬɧɨɣ, 

ɜɵɫɨɤɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɟNB, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɜɟɪɧɭɬɚ ɜ ɫɥɨɠɧɵɯ 

ɭɫɥɨɜɢɹɯ, ɱɬɨɛɵ ɭɥɭɱɲɢɬɶ ɡɨɧɭ ɩɨɤɪɵɬɢɹ LTȿ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɫɟɬɢ. ɗɬɨ 

ɱɚɫɬɶ ɤɨɧɰɟɩɰɢɢ ɦɢɤɪɨ ɫɨɬ. 
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Ʉɨɦɩɚɤɬɧɵɣ ɮɨɪɦ-ɮɚɤɬɨɪ (з 6 ɥ)  9764, ɫɜɹɡɚɧɧɵɟ ɫ ɧɚɛɨɪɨɦ ɨɩɰɢɣ, ɬɚɤɢɯ 

ɤɚɤ ɜɧɟɲɧɹɹ ɚɧɬɟɧɧɚɹ ɨɩɨɪɚ, ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɵɫɬɪɨɟ ɢ ɧɟɞɨɪɨɝɨɟ 

ɜɧɟɞɪɟɧɢɹ ɫɨɬ ɞɚɠɟ ɜ ɭɫɥɨɜɢɹɯ ɩɥɨɬɧɨɣ ɝɨɪɨɞɫɤɨɣ ɡɚɫɬɪɨɣɤɢ, ɝɞɟ ɞɨɫɬɭɩ ɤ 

ɨɛɨɪɭɞɨɜɚɧɢɸ ɹɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɬɪɭɞɧɵɦ ɧɨ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɪɨɛɥɟɦɨɣ 

ɜɧɟɲɧɟɝɨ ɜɢɞɚ ɝɨɪɨɞɫɤɨɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ. 9764 ɦɨɠɟɬ ɛɵɬɶ ɥɟɝɤɨ ɢɧɬɟɝɪɢɪɨɜɚɧ 

ɫ ɝɨɪɨɞɫɤɨɣ «ɦɟɛɟɥɶɸ», ɜ ɬɨɦ ɱɢɫɥɟ ɧɚɚɜɬɨɛɭɫɧɵɯ ɨɫɬɚɧɨɜɤɚɯ ɢ ɪɟɤɥɚɦɧɵɯ 

ɜɵɜɟɫɤɚɯ.9764 ɞɨɫɬɭɩɟɧ ɞɥɹ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ FDD ɢ TDD ɜɢɞɨɜ ɞɭɩɥɟɤɫɚ ɢ 

ɩɨɫɬɚɜɥɹɟɬɫɹ ɫ 3 ɜɵɯɨɞɧɵɦɢ ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ ɩɢɬɚɧɢɹ: 2б1А, 2б2А, ɢ 2б5 ȼɬ. 

 

                       

 

Ɋɢɫɭɧɨɤ 6.3 – ȼɧɟɲɧɢɣ ɜɢɞ ɦɢɤɪɨɫɨɬɵȺlɫɚtɟl-Luɫɟnt 9764 ɋɨmɪɚɫt 

 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ 

-ɍɥɶɬɪɚ-ɤɨɦɩɚɤɬɧɵɣ ɮɨɪɦ-ɮɚɤɬɨɪ (ɜɫɟɝɨ 6 ɥɢɬɪɨɜ ɧɚ 2ɯ1 ɢ 2б2А 

ɩɪɨɞɭɤɰɢɢ, 8 ɥɢɬɪɨɜ ɞɥɹ ɩɪɨɞɭɤɬɨɜ 2б5 ȼɬ); 

-ɂɧɬɟɝɪɢɪɨɜɚɧɧɵɟ ɧɚɩɪɚɜɥɟɧɧɵɟ ɚɧɬɟɧɧɵ ɢ ɩɨɞɞɟɪɠɤɚ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ 

ɜɧɟɲɧɢɯ ɚɧɬɟɧɧ ɢɥɢ ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ ɚɧɬɟɧɧɵɯ ɫɢɫɬɟɦ; 

- ɗɥɟɤɬɪɢɱɟɫɤɢɟ ɢɥɢ ɨɩɬɢɱɟɫɤɢɟ Gbȿ ɢɧɬɟɪɮɟɣɫɵ, Ɇɚɥɵɣ ɮɨɪɦ-ɮɚɤɬɨɪ 

ɩɨɞɤɥɸɱɚɟɦɵɯ ɦɨɞɭɥɟɣ ɞɥɹ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɬɪɚɧɡɢɬɚ ɞɚɧɧɵɯ; 

- Ɇɚɤɫɢɦɚɥɶɧɨ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ LTȿ ɜ ɨɛɳɟɫɬɜɟɧɧɵɯ 

ɦɟɫɬɚɯ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɤɚɱɟɫɬɜɚ; 

- ɩɨɞɞɟɪɠɤɚɨɤɨɥɨ200 ɚɤɬɢɜɧɵɯ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɜ ɫɨɬɟ; 
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- Ɉɩɰɢɨɧɚɥɶɧɨ ɜɫɬɪɨɟɧɧɚɹ ɬɨɱɤɚ ɞɨɫɬɭɩɚ Wi-Fi; 

- Ⱦɨ 150 Ɇɛɢɬ ɩɪɨɩɭɫɤɧɚɹ ɫ ɤɨɧɮɢɝɭɪɚɰɢɹɦɢ ɩɪɢ 2б2 MIMɈ; 

- ɂɦɟɟɬ ɩɨɞɞɟɪɠɤɭ ɪɚɡɧɵɯ ɩɪɨɢɡɜɨɞɢɬɟɥɟɣ HɟtNɟЭ, ɞɥɹ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɩɨɞ 

ɦɚɤɪɨ ɫɟɬɶ ɥɸɛɨɝɨ ɩɪɨɢɡɜɨɞɢɬɟɥɹ; 

- ɋɟɬɟɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɫɚɦɨɨɪɝɚɧɢɡɚɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɚɜɬɨɦɚɬɢɱɟɫɤɢɣ ɩɨɢɫɤ 

ɫɨɫɟɞɟɣ, ɦɟɬɨɞɵ ɨɫɥɚɛɥɟɧɢɹ ɩɨɦɟɯ ɢ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɦɚɪɲɪɭɬɢɡɚɰɢɟɣ; 

- Ȼɟɡɝɪɚɧɢɱɧɚɹ ɦɨɛɢɥɶɧɨɫɬɶ ɜ ɦɚɤɪɨ ɫɟɬɢ; 

- ɂɦɟɟɬ ɩɨɞɞɟɪɠɤɭ ɢ ɝɨɬɨɜɧɨɫɬɶ ɪɚɛɨɬɚɬɶ ɜ LTȿ Ⱥdvɚnɫɟd; 

- ɉɨɞɞɟɪɠɤɚ ɮɭɧɤɰɢɢ ɚɝɪɟɝɚɰɢɢ ɩɨɥɨɫ ɫ ɚɞɚɩɬɢɜɧɨɣ ɚɪɯɢɬɟɤɬɭɪɨɣ; 

 

6.3 ȺХɫɚЭɟl-LЮɫɟnt9471 WirɟlɟЬЬMɚnɚРɟЫMɨЛТХТЭв 

 

Ⱥlɫɚtɟl-LuɫɟЧЭ9471 Ɇɟɧɟɞɠɟɪ АТrɟlɟssMɨЛТХТЭв (АMM) ɹɜɥɹɟɬɫɹ 

ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɨɛɴɟɤɬɨɦ ɭɩɪɚɜɥɟɧɢɹ ɦɨɛɢɥɶɧɨɫɬɶɸ ɢ ɨɛɫɥɭɠɢɜɚɧɢɹ 

ɩɨɞɞɟɪɠɤɢ GɊRS ɭɡɥɚ (MMȿ / SGSN) ɜ ɩɚɤɟɬɧɨɦ ɹɞɪɟ ɫɟɬɢ (ȿɊɋ). Ɉɧ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɫɢɝɧɚɥɢɡɚɰɢɸ, ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɚɛɨɧɟɧɬɫɤɭɸ 

ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɫɨɜɪɟɦɟɧɧɵɯ ɦɨɛɢɥɶɧɵɯ ɭɫɥɭɝ ɢ 

ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɨɜɮɨɪɦɚɬɚ 

ɦɚɤɪɨ ɢ ɦɟɬɪɨɞɥɹ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɨɬɨɜɨɝɨɫɟɬɢ. 

 

 

Ɋɢɫɭɧɨɤ 6.4 – ȼɧɟɲɧɢɣ ɜɢɞ Ⱥlɫɚtɟl-Luɫɟnt 9471 
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ɉɪɨɜɟɪɟɧɧɚɹ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɫ ɛɨɝɚɬɵɦ ɧɚɛɨɪɨɦ 

ɮɭɧɤɰɢɣ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɨɜɵɟ ɫɟɬɢ LTȿ ɞɥɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɞɨɯɨɞɚ ɜ 

ɜɢɞɟ ɩɪɨɞɚɠɢ ɭɫɥɭɝ IMS, ɚ ɬɚɤɠɟ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɟɬɟɜɨɣ ɬɪɚɮɢɤ 

ɫɢɝɧɚɥɢɡɚɰɢɢ. ɍɥɭɱɲɟɧɧɚɹ ɡɚɳɢɬɚ, ɤɨɧɬɪɨɥɶ ɩɟɪɟɝɪɭɡɤɢ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ 

ɫɟɫɫɢɹ ɢɦɟɧɧɨ ɬɟ ɜɨɡɦɨɠɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ ɧɚɞɟɠɧɨɫɬɶ ɢ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ. 

9471 АMM ɪɚɛɨɬɚɟɬ ɧɚ ɜɵɫɨɤɨɦ ɭɪɨɜɧɟ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɢ, 

ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɩɥɚɬɮɨɪɦ ɫ ɭɱɟɬɨɦ ɟɟ ɞɚɥɶɧɟɣɲɟɣ ɷɜɨɥɸɰɢɢ ɞɥɹ ɩɨɞɞɟɪɠɤɢ 

ɫɟɬɟɜɵɯ ɮɭɧɤɰɢɣ ɜɢɪɬɭɚɥɢɡɚɰɢɢ. ɗɬɚ ɝɢɛɤɨɫɬɶ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɡɚɳɢɳɚɟɬ 

ɢɧɜɟɫɬɢɰɢɢ, ɩɭɬɟɦ ɫɧɢɠɟɧɢɹ ɪɢɫɤɚ ɩɟɪɟɯɨɞɚ ɧɚ NFV. 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ:  

- ɋɧɢɠɚɟɬ ɡɚɬɪɚɬɵ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɡɚɳɢɬɭ ɢɧɜɟɫɬɢɰɢɣ; 

- ɋɨɱɟɬɚɟɬ ɜ ɫɟɛɟ SGSN ɢ MMȿ ɧɚ (ȺTɋȺ) ɩɥɚɬɮɨɪɦɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ 

ɫɬɚɧɞɚɪɬɚ ɜɵɱɢɫɥɟɧɢɣ; 

- Ɇɨɠɟɬ ɨɛɫɥɭɠɢɜɚɬɶ ɨɛɳɭɸ ɛɚɡɭ ɞɚɧɧɵɯ Uȿ ɫ ɨɛɳɢɦɢ ɪɟɫɭɪɫɚɦɢ ɞɥɹ 

ɫɟɬɟɣ 2G / 3G, ɚ ɬɚɤɠɟ ɚɛɨɧɟɧɬɵ / LTȿ 4G; 

- ȼɵɫɨɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ; 

- ɉɪɨɦɵɲɥɟɧɧɵɣ ɫɬɚɧɞɚɪɬ б86 ɢ ȺTɋȺ ɧɚ ɛɚɡɟ ɩɥɚɬɮɨɪɦɵ ɩɨɞɞɟɪɠɢɜɚɸɬ 

ɫɟɬɢ ɦɚɫɲɬɚɛɚ ɦɚɤɪɨ, ɦɟɬɪɨ, ɢ ɦɢɤɪɨ ɫɨɬ; 

- Ɋɚɫɩɪɟɞɟɥɟɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɨɛɪɚɛɨɬɤɢ ɫ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

ɦɧɨɝɨɹɞɟɪɧɵɯ ɩɪɨɰɟɫɫɨɪɨɜ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɚɛɨɧɟɧɬɫɤɭɸ ɟɦɤɨɫɬɶ ɢ 

ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ; 

- ȼ ɫɨɱɟɬɚɧɢɢ MMȿ / SGSN ɫ ɚɛɨɧɟɧɬɫɤɢɦ ɝɢɛɤɢɦ ɥɢɰɟɧɡɢɪɨɜɚɧɢɟɦ 

ɭɩɪɨɳɚɟɬ ɩɥɚɧɢɪɨɜɚɧɢɟ ɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɞɚɠɟ ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɯɧɨɥɨɝɢɢ 2G / 

3G / LTȿ; 

- ɉɪɨɜɟɪɟɧɧɚɹ ɧɚ ɩɪɚɤɬɢɤɟ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɛɵɥɨ 

ɜɧɟɞɪɟɧɨ ɜ ɤɪɭɩɧɟɣɲɢɟ ɦɢɪɨɜɵɟ LTȿ ɫɟɬɢ ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɧɚɞɟɠɧɨɫɬɶ; 

- ɋɧɢɠɟɧɢɟ ɫɢɝɧɚɥɢɡɚɰɢɢ ɫɟɬɢ ɢ ɭɥɭɱɲɟɧɢɟ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɨɣ 

ɧɚɞɟɠɧɨɫɬɢ; 
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- Ɋɚɫɲɢɪɟɧɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɫɟɫɫɢɢ ɩɨɞɞɟɪɠɢɜɚɸɬ 

ɧɟɩɪɟɪɵɜɧɨɫɬɶ ɨɛɫɥɭɠɢɜɚɧɢɹ ɚɛɨɧɟɧɬɨɜ; 

- ɉɥɚɬɮɨɪɦɚ ɞɥɹ ɦɢɝɪɚɰɢɢ ɜ NFV ɢ ɜɢɪɬɭɚɥɶɧɵɟ ɆɆȺ ɢ SGSN ɮɭɧɤɰɢɢ 

ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɟɬɢ ɢ ɨɩɟɪɚɰɢɨɧɧɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ. 

 

6.4 SɟrviɫɟRɨutɟr - MɨbilɟGɚtɟwɚy7750 

 

7750 SR ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɦɨɛɢɥɶɧɵɣ ɲɥɸɡ, ɝɢɛɤɚɹ ɢ ɩɨɞɜɢɠɧɚɹ 

ɩɥɚɬɮɨɪɦɚ, ɨɩɬɢɦɢɡɢɪɨɜɚɧɧɚɹ ɞɥɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɫɥɟɞɭɸɳɟɝɨ ɩɨɤɨɥɟɧɢɹ 

ɭɥɶɬɪɚ-ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɦɨɛɢɥɶɧɵɯ ɭɫɥɭɝ ɫ ɢɫɤɥɸɱɢɬɟɥɶɧɨɣ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶɸ. Ɇɨɛɢɥɶɧɵɟ ɮɭɧɤɰɢɢ ɲɥɸɡɚ, 

ɩɨɞɞɟɪɠɢɜɚɟɦɵɟ 7750 SR ɢ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ: 

o ɋɨɬɨɜɵɟ ɲɥɸɡɵ ɞɥɹ ɫɟɬɟɣ ɞɨɫɬɭɩɚ ɫɨɬɨɜɨɣ ɪɚɞɢɨɫɜɹɡɢ; 

o ɇɚɞɟɠɧɵɣ gɚtɟkɟɟɪɟr ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ (TWȺG) ɞɥɹ 3GɊɊ 

ɫɟɬɟɣ ɞɨɫɬɭɩɚ; 

o ȿvɨlvɟdɊɚɫkɟЭ ɒɥɸɡ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ȿɊDG) ɞɥɹ ɧɟɧɚɞɟɠɧɵɯ 

ɫɟɬɟɣ (ɧɟ-3GɊɊ). 

ɋɨɬɨɜɵɟ ɲɥɸɡɵ 

Ⱦɥɹ LTȿ ɢ ɫɟɬɟɣ ɪɚɞɢɨɞɨɫɬɭɩɚ 2G / 3G ,  7750 SR ɮɭɧɤɰɢɨɧɚɥɶɧɨ 

MɨbilɟGɚtɟwɚв ɦɨɠɟɬ ɜɵɫɬɭɩɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɲɥɸɡɚɨɛɫɥɭɠɢɜɚɧɢɹ (SGА), ɊDN 

Gɚtɟwɚв (ɒɥɸɡ ɊGW) ɢ / ɢɥɢ ɲɥɸɡ ɭɡɟɥ ɩɨɞɞɟɪɠɤɢ GɊRS (GGSN) ɥɢɛɨ 

ɨɬɞɟɥɶɧɨ, ɥɢɛɨ ɜ ɤɨɦɛɢɧɚɰɢɢ. 

ɒɥɸɡ Trustɟd Wirɟlɟss Ⱥɫɫɟss (TWȺG) 

ɉɪɢ ɪɚɡɜɟɪɬɵɜɚɧɢɢ ɜ ɪɟɠɢɦɟ TWȺG, 7750 SR ɩɨɞɞɟɪɠɢɜɚɟɬ ɦɟɠɫɟɬɟɜɵɟ 

ɫɟɫɫɢɢ ɩɪɟɟɦɫɬɜɟɧɧɨɫɬɶ ɦɟɠɞɭ ɩɚɤɟɬɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɟɬɶɸ ɢ ɞɨɜɟɪɟɧɧɨɣ 

ɫɟɬɶɸ ɪɚɞɢɨɞɨɫɬɭɩɚ Wi-Fi, ɤɨɬɨɪɵɟ ɩɨɞɞɟɪɠɢɜɚɸɬ ɜɨɡɦɨɠɧɨɫɬɢ 3GɊɊ 

ɜɤɥɸɱɚɸɳɢɟ ɞɨɫɬɭɩ ɤ ɫɟɬɢ, ɛɟɡɨɩɚɫɧɭɸ ɚɭɬɟɧɬɢɮɢɤɚɰɢɸ, ɲɢɮɪɨɜɚɧɢɟ. TWȺG 

ɩɨɞɞɟɪɠɢɜɚɟɬ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɜɨɡɦɨɠɧɨɫɬɟɣ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ ɞɥɹ 

ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɧɚɞɟɠɧɵɦWi-Fi ɫɟɝɦɟɧɬɚɦ. 

ȿvɨlvɟdɊɚɫkɟt ɒɥɸɡ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ȿɊDG) 
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7750 ɤɚɤ ȿɊDG ɞɚɟɬ ɨɩɟɪɚɬɨɪɚɦ ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɫɲɢɪɢɬɶ ɫɜɨɟ 

ɩɪɢɫɭɬɫɬɜɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɞɨɫɬɚɜɤɭ ɭɫɥɭɝ ɦɨɛɢɥɶɧɨɣ ɩɚɤɟɬɚ ɩɨ ɧɚɞɟɠɧɨɣ 

ɫɟɬɢ ɞɨɫɬɭɩɚ, ɜ ɬɨɦ ɱɢɫɥɟ ɠɢɥɵɯ, ɨɛɳɟɫɬɜɟɧɧɵɯ ɢ ɤɨɪɩɨɪɚɬɢɜɧɵɯ ɬɨɱɟɤ ɞɨɫɬɭɩɚ    

Wi-Fi.  ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɧɟ ɩɪɟɪɵɜɧɨɫɬɶ ɫɟɚɧɫɚ ɩɪɢ ɩɟɪɟɯɨɞɟ ɨɬ ɫɨɬɨɜɨɣ ɫɟɬɢ ɤ 

ɫɟɬɹɦ ɧɟ - 3GɊɊ ɢ ɩɨɞɞɟɪɠɢɜɚɟɬ ɪɹɞ ɦɟɯɚɧɢɡɦɨɜ ɚɭɬɟɧɬɢɮɢɤɚɰɢɢ. 

 

Ɋɢɫɭɧɨɤ 6.5 – ȼɧɟɲɧɢɣ ɜɢɞ Ⱥlɫɚtɟl-Luɫɟnt7750 

 

ɉɪɟɢɦɭɳɟɫɬɜɚ ɢ ɨɫɨɛɟɧɧɨɫɬɢ:  

Ɉɛɟɫɩɟɱɟɧɢɟ ɭɥɶɬɪɚ-ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ ɭɫɥɭɝ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɫ 

ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶɸ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 

o ɉɨɞɞɟɪɠɤɚ ɩɟɪɟɞɨɜɵɯ ɜɵɫɨɤɢɯ ɩɪɢɨɪɢɬɟɬɨɜ ɤɚɠɞɨɝɨ ɩɨɬɨɤɚ ɩɚɤɟɬɨɜ 

(ɤɥɚɫɫɢɮɢɤɚɰɢɹ, ɮɢɥɶɬɪɚɰɢɢ, ɪɚɫɲɢɪɟɧɧɵɣ QɨS, ɢ ɬ.ɞ.) ɂɫɩɨɥɶɡɭɹ FɊ ɫɟɬɢ 

Ⱥlɫɚtɟl-Luɫɟnt; 

o Ɋɚɫɲɢɪɟɧɧɚɹ (ɫɥɨɣ 3-7) ɨɛɪɚɛɨɬɤɚ ɩɥɨɫɤɨɫɬɢ ɞɚɧɧɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ȺssurɚnɫɟȺlɫɚtɟl-Luɫɟnt (ȺȺ), ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɪɚɛɨɬɭ ɩɪɢɥɨɠɟɧɢɣ ɢ ɚɛɨɧɟɧɬɚ 

ɧɚ ɭɪɨɜɧɟ ɩɨɥɢɬɢɤɢ ɩɪɚɜɨ ɩɪɢɦɟɧɟɧɢɹ; 

ɍɩɪɨɳɟɧɢɟ ɫɟɬɢ, ɫɧɢɠɟɧɢɟ ɡɚɬɪɚɬɵ 

o ȿɞɢɧɚɹ ɩɥɚɬɮɨɪɦɚ ɢ ɩɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɨɩɟɪɚɰɢɨɧɧɨɣ 

ɫɢɫɬɟɦɵ (SR ɈS) ɨɤɚɡɚɧɢɟ ɩɨɞɞɟɪɠɤɢ: 

o ɒɥɸɡ ɞɥɹ ɫɨɬɨɜɵɯ ɫɢɫɬɟɦ (SGА, ɊGW, GGSN) 

o ɒɥɸɡ ɞɨɫɬɭɩɚ Trustɟd Wirɟlɟss (TWȺG) 
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o ȿvɨlvɟdɊɚɫkɟt ɒɥɸɡ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ (ȿɊDG) 

o ɉɨɥɢɬɢɤɢ ɢ ɧɚɛɨɪɵ ɤɨɦɚɧɞ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ ɫɨɛɥɸɞɟɧɢɹ (ɊɋȿF) 

o ɂɫɩɨɥɶɡɨɜɚɧɢɟ Sɟɫurity (IɊSɟɫ); 

o ɲɥɸɡ ɞɥɹ АТ-Fi WLȺN ɫɟɬɟɣ; 

o Ɉɛɟɫɩɟɱɟɧɢɟ ɤɨɧɜɟɪɝɟɧɰɢɢ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɢ ɦɨɛɢɥɶɧɨɣ 

ɲɢɪɨɤɨɩɨɥɨɫɧɨɣ ɫɜɹɡɢ. 

o ɍɩɪɨɳɟɧɧɚɹ ɨɩɟɪɚɰɢɢ ɬɪɚɧɫɥɹɰɢɢ ɩɚɤɟɬɨɜ SɟrviɫɟȺwɚrɟ ɭɩɪɚɜɥɟɧɢɹ 

ɫ 5620 SɟrviɫɟȺwɚrɟMɚnɚgɟr (SȺM) 

Ƚɢɛɤɨ ɧɚɪɚɳɢɜɚɬɶ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜ ɦɨɛɢɥɶɧɨɣ ɫɟɬɢ 

o ɉɪɨɜɟɪɟɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɦɚɫɲɬɚɛɢɪɨɜɚɧɢɹ ɭɥɶɬɪɚ-ɲɢɪɨɤɨɩɨɥɨɫɧɵɯ 

ɭɫɥɭɝ ɦɨɛɢɥɶɧɨɣ ɫɜɹɡɢ ɛɟɡ ɫɧɢɠɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜɫɟɣ ɫɟɬɢ ɢ ɨɝɪɨɦɧɨɝɨ 

ɤɨɥɢɱɟɫɬɜɚ ɩɨɬɨɤɨɜ ɭɫɥɭɝ ɩɚɤɟɬɧɨɣ ɩɟɪɟɞɚɱɢ IɊ; 

o Ƚɢɛɤɨɫɬɶ ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɫɟɬɟɜɵɯ ɮɭɧɤɰɢɣ ɜɢɪɬɭɚɥɢɡɚɰɢɢ (NFV) ɫ 

ɜɢɪɬɭɚɥɢɡɨɜɚɧɧɵɯ MɨbilɟGɚtɟwɚy (VMG). 

Ȼɚɡɨɜɵɟ ɫɬɚɧɰɢɢ ɦɚɤɪɨɫɨɬ Ⱥlɫɚtɟl-LuɫɟЧЭ 9926 ɫɨɟɞɢɧɹɸɬɫɹ ɩɨ 

ɨɩɬɢɱɟɫɤɢɦ ɤɚɧɚɥɚɦ ɫ ȿɊɋ ɧɚ ɛɚɡɟȺlɫɚtɟl-LuɫɟЧЭ 9471 АMM. Ɋɚɞɢɨ ɛɥɨɤ RRU ɢ 

ɚɧɬɟɧɧɚ ɧɚɯɨɞɹɬɫɹ ɧɚ ɦɚɱɬɟ, ɩɪɢɱɟɦ RRUɨɩɬɢɱɟɫɤɢɦ ɤɚɛɟɥɟɦ ɫɨɟɞɢɧɟɧ ɫ 9926. 

ɑɚɫɬɶ ɫɟɬɢ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɦɢɤɪɨɫɨɬ ɧɚ ɛɟɡɟ9764 ɋɨmɪɚɫЭ ɪɟɚɥɢɡɨɜɚɧɚ ɜ 

ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ. Ʉ 9926 ɩɨɞɤɥɸɱɚɟɬɫɹ 9764 ɋɨmɪɚɫЭ (ɦɢɤɪɨ ɛɚɡɨɜɚɹ 

ɫɬɚɧɰɢɹ) ɨɩɬɢɱɟɫɤɢɦ ɜɨɥɨɤɧɨɦ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɡɚɞɚɧɧɨɟ ɦɟɫɬɨ, ɧɚɩɪɢɦɟɪ 

ɢɧɫɬɚɥɥɢɪɭɟɬɫɹ ɧɚ ɮɚɫɚɞ ɡɞɚɧɢɹ. 

ɋɟɪɜɢɫɧɵɟ ɲɥɸɡɵ (S-GW, Ɋ-GW, SIɊ, SGSN ) ɪɟɚɥɢɡɨɜɚɧɵ ɧɚ ɦɨɞɭɥɟ7750 

SɟrviɫɟRɨutɟr ɢ ɜɯɨɞɹɬ ɜ ɫɨɫɬɚɜ ȿɊɋ. Ⱥɩɩɚɪɚɬɭɪɚ ɧɚ ɤɨɬɨɪɨɣ ɪɟɚɥɢɡɨɜɚɧɚ ȿɊɋ 

ɢɦɟɟɬ ɜ ɫɜɨёɦ ɫɨɫɬɚɜɟ ɨɩɬɢɱɟɫɤɢɟ ɢɧɬɟɪɮɟɣɫɵ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɜɧɟɲɧɢɦ 

ɫɟɬɹɦ ɢ ɞɥɹ ɩɨɞɤɥɸɱɟɧɢɹ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ. 

Ɉɛɳɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ6.6. 
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Ɋɢɫɭɧɨɤ 6.6 – ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɫɯɟɦɚ ɨɪɝɚɧɢɡɚɰɢɢ ɫɜɹɡɢ ɫɟɬɢ LTȿ ɜ ɝ. ɍɫɢɧɫɤ 
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ȽɅȺȼȺ 7. ɗɄɈɅɈȽɂЧȿɋɄȺə ȻȿɁɈɉȺɋɇɈɋɌɖ ɉɊɈȿɄɌȺ 

 

 

7.1 ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɢɡɥɭɱɟɧɢɹ, ɢɯ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɪɝɚɧɢɡɦ 
ɱɟɥɨɜɟɤɚ ɢ ɩɪɢɧɰɢɩɵ ɝɢɝɢɟɧɢɱɟɫɤɨɝɨ ɧɨɪɦɢɪɨɜɚɧɢɹ ɢ ɡɚɳɢɬɵ 

 

ɋɪɟɞɢ ɪɚɡɥɢɱɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɤɨɬɨɪɵɟ 

ɦɨɝɭɬ ɨɤɚɡɵɜɚɬɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɱɟɥɨɜɟɤɚ ɢ ɛɢɨɥɨɝɢɱɟɫɤɢɟ 

ɨɛɴɟɤɬɵ, ɛɨɥɶɲɭɸ ɫɥɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɸɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ 

ɧɟɢɨɧɢɡɢɪɭɸɳɟɣ ɩɪɢɪɨɞɵ, ɨɫɨɛɟɧɧɨ ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɪɚɞɢɨɱɚɫɬɨɬɧɨɦɭ 

ɢɡɥɭɱɟɧɢɸ.  

ɗɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɩɨɥɹ - ɷɬɨ ɨɫɨɛɚɹ ɮɨɪɦɚ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɦɚɬɟɪɢɢ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶɸ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɢ ɦɚɝɧɢɬɧɵɯ ɫɜɨɣɫɬɜ.       

Ɉɫɧɨɜɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɟ ɩɨɥɟ, 

ɹɜɥɹɸɬɫɹ: ɱɚɫɬɨɬɚ, ɞɥɢɧɚ ɜɨɥɧɵ ɢ ɫɤɨɪɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ.  

ɉɪɢɪɨɞɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɞɟɥɹɬ ɧɚ ɞɜɟ ɝɪɭɩɩɵ. 

ɉɟɪɜɚɹ - ɩɨɥɟ Ɂɟɦɥɢ - ɩɨɫɬɨɹɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɢ ɩɨɫɬɨɹɧɧɨɟ ɦɚɝɧɢɬɧɨɟ ɩɨɥɟ. 

ȼɬɨɪɚɹ ɝɪɭɩɩɚ - ɪɚɞɢɨɜɨɥɧɵ, ɝɟɧɟɪɢɪɭɟɦɵɟ ɤɨɫɦɢɱɟɫɤɢɦɢ ɢɫɬɨɱɧɢɤɚɦɢ 

(ɋɨɥɧɰɟ, ɡɜɟɡɞɵ ɢ ɬ.ɞ.), ɚɬɦɨɫɮɟɪɧɵɟ ɩɪɨɰɟɫɫɵ - ɪɚɡɪɹɞɵ ɦɨɥɧɢɣ ɢ ɬ.ɞ.  

ȿɫɬɟɫɬɜɟɧɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɩɨɥɟ Ɂɟɦɥɢ ɫɨɡɞɚɟɬɫɹ ɢɡɛɵɬɨɱɧɵɦ 

ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɡɚɪɹɞɨɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ; ɟɝɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɨɛɵɱɧɨ ɨɬ 100 ɞɨ 

500 ȼ/ɦ. Ƚɪɨɡɨɜɵɟ ɨɛɥɚɤɚ ɦɨɝɭɬ ɭɜɟɥɢɱɢɜɚɬɶ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɞɨ ɞɟɫɹɬɤɨɜ, 

ɚ ɬɨ ɢ ɫɨɬɟɧ ɤȼ/ɦ. 

Ⱥɧɬɪɨɩɨɝɟɧɧɵɟ ɢɫɬɨɱɧɢɤɢ ɞɟɥɹɬɫɹ ɧɚ 2 ɝɪɭɩɩɵ:  

1. ɂɫɬɨɱɧɢɤɢ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɢɡɥɭɱɟɧɢɣ (0 - 3 ɤȽɰ). ɗɬɚ ɝɪɭɩɩɚ 

ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɫɟ ɫɢɫɬɟɦɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɩɟɪɟɞɚɱɢ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ (ɥɢɧɢɢ ɷɥɟɤɬɪɨɩɟɪɟɞɚɱɢ, ɬɪɚɧɫɮɨɪɦɚɬɨɪɧɵɟ ɩɨɞɫɬɚɧɰɢɢ, 

ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ, ɪɚɡɥɢɱɧɵɟ ɤɚɛɟɥɶɧɵɟ ɫɢɫɬɟɦɵ), ɞɨɦɚɲɧɸɸ ɢ ɨɮɢɫɧɭɸ 

ɷɥɟɤɬɪɨ ɢ ɷɥɟɤɬɪɨɧɧɭɸ ɬɟɯɧɢɤɭ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɦɨɧɢɬɨɪɵ ɉɄ, ɬɪɚɧɫɩɨɪɬ ɧɚ 
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ɷɥɟɤɬɪɨɩɪɢɜɨɞɟ, ɠ/ɞ ɬɪɚɧɫɩɨɪɬ ɢ ɟɝɨ ɢɧɮɪɚɫɬɪɭɤɬɭɪɭ, ɚ ɬɚɤɠɟ ɦɟɬɪɨ, 

ɬɪɨɥɥɟɣɛɭɫɧɵɣ ɢ ɬɪɚɦɜɚɣɧɵɣ ɬɪɚɧɫɩɨɪɬ.  

2.  ɂɫɬɨɱɧɢɤɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢɡɥɭɱɟɧɢɣ (ɨɬ 3 ɤȽɰ ɞɨ 300 ȽȽɰ).   Ʉ 

ɷɬɨɣ ɝɪɭɩɩɟ ɨɬɧɨɫɹɬɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɩɟɪɟɞɚɬɱɢɤɢ - ɢɫɬɨɱɧɢɤɢ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɜ ɰɟɥɹɯ ɩɟɪɟɞɚɱɢ ɢɥɢ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. ɗɬɨ 

ɤɨɦɦɟɪɱɟɫɤɢɟ ɩɟɪɟɞɚɬɱɢɤɢ (ɪɚɞɢɨ, ɬɟɥɟɜɢɞɟɧɢɟ), ɪɚɞɢɨɬɟɥɟɮɨɧɵ (ɚɜɬɨ-, 

ɪɚɞɢɨɬɟɥɟɮɨɧɵ, ɪɚɞɢɨ ɋȼ, ɥɸɛɢɬɟɥɶɫɤɢɟ ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤɢ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ 

ɪɚɞɢɨɬɟɥɟɮɨɧɵ), ɧɚɩɪɚɜɥɟɧɧɚɹ ɪɚɞɢɨɫɜɹɡɶ (ɫɩɭɬɧɢɤɨɜɚɹ ɪɚɞɢɨɫɜɹɡɶ, ɧɚɡɟɦɧɵɟ 

ɪɟɥɟɣɧɵɟ ɫɬɚɧɰɢɢ), ɧɚɜɢɝɚɰɢɹ (ɜɨɡɞɭɲɧɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɭɞɨɯɨɞɫɬɜɨ, 

ɪɚɞɢɨɬɨɱɤɚ), ɥɨɤɚɬɨɪɵ (ɜɨɡɞɭɲɧɨɟ ɫɨɨɛɳɟɧɢɟ, ɫɭɞɨɯɨɞɫɬɜɨ, ɬɪɚɧɫɩɨɪɬɧɵɟ 

ɥɨɤɚɬɨɪɵ, ɤɨɧɬɪɨɥɶ ɡɚ ɜɨɡɞɭɲɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ). ɋɸɞɚ ɠɟ ɨɬɧɨɫɢɬɫɹ ɪɚɡɥɢɱɧɨɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɢɫɩɨɥɶɡɭɸɳɟɟ ɋȼɑ-ɢɡɥɭɱɟɧɢɟ, ɩɟɪɟɦɟɧɧɵɟ 

(50 Ƚɰ - 1 ɆȽɰ) ɢ ɢɦɩɭɥɶɫɧɵɟ ɩɨɥɹ, ɛɵɬɨɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ (ɋȼɑ-ɩɟɱɢ), 

ɫɪɟɞɫɬɜɚ ɜɢɡɭɚɥɶɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɵɯ 

ɬɪɭɛɤɚɯ (ɦɨɧɢɬɨɪɵ ɉɄ, ɬɟɥɟɜɢɡɨɪɵ ɢ ɩɪ.).  

ɋɬɟɩɟɧɶ ɛɢɨɥɨɝɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɧɚ 

ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɢ 

ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɩɨɥɹ, ɪɟɠɢɦɚ ɟɝɨ ɝɟɧɟɪɚɰɢɢ (ɢɦɩɭɥɶɫɧɨɟ, ɧɟɩɪɟɪɵɜɧɨɟ), 

ɞɥɢɬɟɥɶɧɨɫɬɢ ɜɨɡɞɟɣɫɬɜɢɹ.  

ɉɟɪɜɢɱɧɵɦ ɩɪɨɹɜɥɟɧɢɟɦ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɣ ɷɧɟɪɝɢɢ ɹɜɥɹɟɬɫɹ 

ɧɚɝɪɟɜ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɢɡɦɟɧɟɧɢɹɦ ɢ ɞɚɠɟ ɤ ɩɨɜɪɟɠɞɟɧɢɹɦ ɬɤɚɧɟɣ 

ɢ ɨɪɝɚɧɨɜ. Ɇɟɯɚɧɢɡɦ ɩɨɝɥɨɳɟɧɢɹ ɷɧɟɪɝɢɢ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɟɧ. ɇɚɢɛɨɥɟɟ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦɢ ɤ ɞɟɣɫɬɜɢɸ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ ɹɜɥɹɸɬɫɹ ɰɟɧɬɪɚɥɶɧɚɹ 

ɧɟɪɜɧɚɹ ɫɢɫɬɟɦɚ (ɫɭɛɴɟɤɬɢɜɧɵɟ ɨɳɭɳɟɧɢɹ ɩɪɢ ɷɬɨɦ - ɩɨɜɵɲɟɧɧɚɹ 

ɭɬɨɦɥɹɟɦɨɫɬɶ, ɝɨɥɨɜɧɵɟ ɛɨɥɢ ɢ ɬ. ɩ) ɢ ɧɟɣɪɨɷɧɞɨɤɪɢɧɧɚɹ ɫɢɫɬɟɦɚ.  

ɋ ɧɚɪɭɲɟɧɢɟɦ ɧɟɣɪɨɷɧɞɨɤɪɢɧɧɨɣ ɪɟɝɭɥɹɰɢɢ ɫɜɹɡɵɜɚɸɬ ɷɮɮɟɤɬ ɫɨ 

ɫɬɨɪɨɧɵ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ, ɫɢɫɬɟɦɵ ɤɪɨɜɢ, ɢɦɦɭɧɢɬɟɬɚ, ɨɛɦɟɧɧɵɯ 

ɩɪɨɰɟɫɫɨɜ, ɜɨɫɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ ɮɭɧɤɰɢɢ ɢ ɞɪ. ȼɥɢɹɧɢɟ ɧɚ ɢɦɦɭɧɧɭɸ ɫɢɫɬɟɦɭ 

ɜɵɪɚɠɚɟɬɫɹ ɜ ɫɧɢɠɟɧɢɢ ɮɚɝɨɰɢɬɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɧɟɣɬɪɨɮɢɥɨɜ, ɢɡɦɟɧɟɧɢɹɯ 

ɤɨɦɩɥɢɦɟɧɬɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɫɵɜɨɪɨɬɤɢ ɤɪɨɜɢ, ɧɚɪɭɲɟɧɢɢ ɛɟɥɤɨɜɨɝɨ ɨɛɦɟɧɚ, 
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ɭɝɧɟɬɟɧɢɢ Ɍ-ɥɢɦɮɨɰɢɬɨɜ. ȼɨɡɦɨɠɧɵ ɬɚɤɠɟ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɩɭɥɶɫɚ, 

ɫɨɫɭɞɢɫɬɵɯ ɪɟɚɤɰɢɣ. Ɉɩɢɫɚɧɵ ɢɡɦɟɧɟɧɢɹ ɤɪɨɜɟɬɜɨɪɟɧɢɹ, ɧɚɪɭɲɟɧɢɹ ɫɨ 

ɫɬɨɪɨɧɵ ɷɧɞɨɤɪɢɧɧɨɣ ɫɢɫɬɟɦɵ, ɦɟɬɚɛɨɥɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɡɚɛɨɥɟɜɚɧɢɹ 

ɨɪɝɚɧɨɜ ɡɪɟɧɢɹ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɥɢɬɟɥɶɧɨɝɨ ɩɪɟɛɵɜɚɧɢɹ ɜ ɡɨɧɟ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ 

ɩɨɥɟɣ ɧɚɫɬɭɩɚɸɬ ɩɪɟɠɞɟɜɪɟɦɟɧɧɚɹ ɭɬɨɦɥɹɟɦɨɫɬɶ, ɫɨɧɥɢɜɨɫɬɶ ɢɥɢ ɧɚɪɭɲɟɧɢɟ 

ɫɧɚ, ɩɨɹɜɥɹɸɬɫɹ ɱɚɫɬɵɟ ɝɨɥɨɜɧɵɟ ɛɨɥɢ, ɧɚɫɬɭɩɚɟɬ ɪɚɫɫɬɪɨɣɫɬɜɨ ɧɟɪɜɧɨɣ 

ɫɢɫɬɟɦɵ ɢ ɞɪ.  

Ɇɧɨɝɨɤɪɚɬɧɵɟ ɩɨɜɬɨɪɧɵɟ ɨɛɥɭɱɟɧɢɹ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɦɨɝɭɬ 

ɩɪɢɜɨɞɢɬɶ ɤ ɫɬɨɣɤɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɪɚɫɫɬɪɨɣɫɬɜɚɦ ɰɟɧɬɪɚɥɶɧɨɣ ɧɟɪɜɧɨɣ 

ɫɢɫɬɟɦɵ, ɫɬɨɣɤɢɦ ɧɟɪɜɧɨ-ɩɫɢɯɢɱɟɫɤɢɦ ɡɚɛɨɥɟɜɚɧɢɹɦ, ɢɡɦɟɧɟɧɢɸ ɤɪɨɜɹɧɨɝɨ 

ɞɚɜɥɟɧɢɹ, ɡɚɦɟɞɥɟɧɢɸ ɩɭɥɶɫɚ, ɬɪɨɮɢɱɟɫɤɢɦ ɹɜɥɟɧɢɹɦ (ɜɵɩɚɞɟɧɢɸ ɜɨɥɨɫ, 

ɥɨɦɤɨɫɬɢ ɧɨɝɬɟɣ ɢ ɬ. ɩ.).  

ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɢɚɩɚɡɨɧɚ ɱɚɫɬɨɬ ɜ ɨɫɧɨɜɭ ɝɢɝɢɟɧɢɱɟɫɤɨɝɨ 

ɧɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɡɥɭɱɟɧɢɣ ɩɨɥɨɠɟɧɵ ɪɚɡɧɵɟ ɩɪɢɧɰɢɩɵ.   

Ʉɪɢɬɟɪɢɟɦ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɥɹ ɱɟɥɨɜɟɤɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ 

ɩɪɨɦɵɲɥɟɧɧɨɣ ɱɚɫɬɨɬɵ, ɩɪɢɧɹɬɚ ɧɚɩɪɹɠёɧɧɨɫɬɶ ɷɬɨɝɨ ɩɨɥɹ. Ƚɢɝɢɟɧɢɱɟɫɤɢɟ 

ɧɨɪɦɵ ɞɥɹ ɩɟɪɫɨɧɚɥɚ, ɤɨɬɨɪɵɣ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɧɚɯɨɞɢɬɫɹ ɜ ɷɬɨɣ ɡɨɧɟ, 

ɭɫɬɚɧɨɜɥɟɧɵ ȽɈɋɌ 12.3.002-75 («ɋɋȻɌ. ɉɪɨɰɟɫɫɵ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ. Ɉɛɳɢɟ 

ɬɪɟɛɨɜɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ»).  

Ⱦɥɹ ɩɨɫɬɨɹɧɧɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɩɨɥɹ ɩɪɟɞɟɥɶɧɨ-ɞɨɩɭɫɬɢɦɵɦ ɭɪɨɜɧɟɦ ɧɚ 

ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɹɜɥɹɟɬɫɹ ɧɚɩɪɹɠёɧɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɧɟ ɞɨɥɠɧɚ               ɩɪɟɜɵɲɚɬɶ  

8 ɤȺ/ɦ. 

Ɂɚɳɢɬɚ ɨɪɝɚɧɢɡɦɚ ɱɟɥɨɜɟɤɚ ɨɬ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɡɥɭɱɟɧɢɣ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɫɧɢɠɟɧɢɟ ɢɯ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɞɨ ɭɪɨɜɧɟɣ, ɧɟ ɩɪɟɜɵɲɚɸɳɢɯ 

ɩɪɟɞɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɟ. Ɂɚɳɢɬɚ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɜɵɛɨɪɨɦ ɤɨɧɤɪɟɬɧɵɯ ɦɟɬɨɞɨɜ ɢ 

ɫɪɟɞɫɬɜ, ɭɱɟɬɨɦ ɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ, ɩɪɨɫɬɨɬɨɣ ɢ ɧɚɞɟɠɧɨɫɬɶɸ 

ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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ȽɅȺȼȺ 8. ɌȿɏɇɂɄɈ  – ɗɄɈɇɈɆɂЧȿɋɄɈȿ 

ɈȻɈɋɇɈȼȺɇɂȿ ɉɊɈȿɄɌȺ 

 

8.1 Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɜ ɩɪɨɟɤɬ 

 

Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɢ ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ ɧɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɫɤɥɚɞɵɜɚɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɫɨɫɬɚɜɥɹɸɳɢɯ: 

 ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɭɫɬɚɧɨɜɤɚ ɢ ɦɨɧɬɚɠ ɨɛɨɪɭɞɨɜɚɧɢɹ; 

 ɫɬɨɢɦɨɫɬɶ ɫɬɪɨɢɬɟɥɶɧɨ-ɦɨɧɬɚɠɧɵɯ ɪɚɛɨɬ (ɋɆɊ); 

 ɬɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ. 

ȼ ɞɚɧɧɨɦ ɩɪɨɟɤɬɟ ɜɫɟ ɡɚɬɪɚɬɵ ɩɨ ɮɢɧɚɧɫɢɪɨɜɚɧɢɸ ɜɜɨɞɚ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ 

ɫɟɬɢ LTE ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɨɛɫɬɜɟɧɧɵɯ ɫɪɟɞɫɬɜ ɩɪɨɜɚɣɞɟɪɚ ɭɫɥɭɝ. 

Ɂɚɬɪɚɬɵ ɧɚ ɩɪɨɤɥɚɞɤɭ ɤɚɛɟɥɹ (ɋΣ) ɪɚɫɫɱɢɬɚɟɦ ɩɨ ɮɨɪɦɭɥɟ: 

ɋΣ = ɋɨк*·Lɨк,                                              (8.1) 

ɝɞɟ  ɋɨк – ɰɟɧɚ ɩɪɨɤɥɚɞɤɢ 1 ɤɦ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ ɜ ɬɪɭɛɟ, ɋɨк = 800 000 

ɪɭɛ; 

Lɨк – ɞɥɢɧɚ ɩɪɨɤɥɚɞɵɜɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ, Lɨк=  8 ɤɦ. 

ɋΣ = 800 000*8 = 6 400 000 (ɪɭɛ.). 

Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 8.1. 

ɋɬɨɢɦɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɢ ɧɚɫɬɪɨɣɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ 

ɩɪɨɰɟɧɬɚɯ ɨɬ ɢɬɨɝɚ ɫɬɨɢɦɨɫɬɢ ɫɟɬɟɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɋɬɨɢɦɨɫɬɶ ɋɆɊ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɜ ɩɪɨɰɟɧɬɚɯ ɨɬ ɢɬɨɝɚ 

ɫɬɨɢɦɨɫɬɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. ɂɧɬɟɪɜɚɥ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɥɨɠɧɨɫɬɢ ɪɚɛɨɬ (15 – 30%).  
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Ɍɚɛɥɢɰɚ 8.1 – Ɋɚɫɱɟɬ ɤɚɩɢɬɚɥɶɧɵɯ ɜɥɨɠɟɧɢɣ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɢ ɬɟɯɧɢɱɟɫɤɚɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɢɩɵ 

ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ 

Ʉɨɥɢɱɟɫɬɜɨ 

ɐɟɧɚ ɟɞɢɧɢɰɵ 
ɫ ɇȾɋ 
18%,ɪɭɛ. 

ɋɬɨɢɦɨɫɬɶ 
ɢɬɨɝɨ, ɪɭɛ. 

ɋɟɬɟɜɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ AХМКЭОХ-Lucent 9926 eNodeB 

- RRU ɩɪɨɢɡɜɨɞɢɬɟɥɶ «AХМКЭОХ-Lucent»; 

 (ɜ ɤɨɦɩɥɟɤɬɟ) 
Ⱥɧɬɟɧɧɚ ɩɪɢɟɦɨ-ɩɟɪɟɞɚɸɳɚɹ  (ɜ ɤɨɦɩɥɟɤɬɟ). 

12 500000 6 000 000 

Ȼɚɡɨɜɚɹ ɫɬɚɧɰɢɹ Alcatel-Lucent 9764 Compact 

Metro 

5 240 000 1 200 000 

Ʉɨɦɩɥɟɤɬ ɷɥɟɤɬɪɨɫɧɚɛɠɟɧɢɹ Ȼɋ  12 60 500 726 000 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɤɨɦɩɨɧɟɧɬɵ ɞɥɹ ɦɨɧɬɚɠɚ 12+5 20000 300 000 

Evolved Packet Core (EPC) Alcatel-Lucent 9471 

Wireless Manager Mobility 

1 450000 450 000 

7750 Service Router - Mobile Gateway 1 70 000 70 000 

MediaGateway 1 170000 170 000 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟMME 1 650 000 650 000 

Ʉɚɛɟɥɶ ɨɩɬɢɱɟɫɤɢɣɈɄɋɌɆ-10-01-0,22-4ȿ(1.5) 10 ɤɦ 20 000 200 000 

Ɇɨɧɬɚɠ ɨɩɬɢɱɟɫɤɨɝɨ ɤɚɛɟɥɹ [19] 10 ɤɦ. 800 000  8 000 000 

ɂɬɨɝɨ 17 766 000 

Ɍɚɪɚ ɢ ɭɩɚɤɨɜɤɚ  0,5% 88 830 

Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ  4% 710 640 

Ɂɚɝɨɬɨɜɢɬɟɥɶɧɨ-ɫɤɥɚɞɫɤɢɟ ɪɚɫɯɨɞɵ  1% 177 660 

ɍɫɬɚɧɨɜɤɚ ɢ ɧɚɫɬɪɨɣɤɚ  15% 2 664 900 

ɋɭɦɦɚ 3 642 030 

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɍɫɬɚɧɨɜɨɱɧɨ-ɦɨɧɬɚɠɧɵɟ ɤɨɦɩɥɟɤɬɵ 12 160 000 1 920 000 

Ⱥɧɬɟɧɧɨ ɮɢɞɟɪɧɵɟ ɬɪɚɤɬɵ, ɫɢɝɧɚɥɢɡɚɰɢɹ ɢ 
ɊɊɅ 

12 25 000 300 000 

Ʉɨɧɬɟɣɧɟɪ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɢɣ ɞɥɹ 
ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ ОNB, 
ɩɪɨɢɡɜɨɞɢɬɟɥɶ ɈɈɈ «ɉɆɄ» 

12 42 000 504 000 

ɂȻɉ LТОЛОrЭ«GБT2-1500 RT230» 12 15 000 180 000 

Ȼɥɨɤ ɝɪɨɡɨɡɚɳɢɬɵ 12 2 000  24 000 

ɋɩɥɢɬ-ɫɢɫɬɟɦɚ «HitahiLury RAS/RAC-0,8 

LH1/LH2» 

12 8 500 102 000 

Ʉɨɧɜɟɤɬɨɪ «TТЦТЭ А4CT 1104D 1500А» 12 3 000 36 000 

ɂɬɨɝɨ 3 066 000 

Ɍɚɪɚ ɢ ɭɩɚɤɨɜɤɚ  0,5% 15 330 

Ɍɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ  4% 122 640  

Ɂɚɝɨɬɨɜɢɬɟɥɶɧɨ-ɫɤɥɚɞɫɤɢɟ ɪɚɫɯɨɞɵ  1% 306 600 

ɋɆɊ  15% 459 900 

ɂɬɨɝɨ 903 870 

ɂɌɈȽɈ ɩɨ ɫɦɟɬɟ 25 377 900 

ɇɟ ɭɱɬɟɧɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ  10% 2 537 790 

Ɋɚɡɨɜɚɹ ɩɥɚɬɚ ɡɚ ɫɩɟɤɬɪ ɞɥɹ Ɋɗɋ (60 ɆȽɰ)   900 000 

ȼɋȿȽɈ 26 531 679 
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Ɍɚɪɚ ɢ ɭɩɚɤɨɜɤɚ ɫɨɫɬɚɜɥɹɸɬ 0,5%, ɬɪɚɧɫɩɨɪɬɧɵɟ ɪɚɫɯɨɞɵ – 4%, 

ɡɚɝɨɬɨɜɢɬɟɥɶɧɨ-ɫɤɥɚɞɫɤɢɟ ɪɚɫɯɨɞɵ – 1% ɨɬ ɫɬɨɢɦɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɋɬɨɢɦɨɫɬɶ ɧɟɭɱɬɟɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ – 10% ɨɬ ɨɛɳɟɣ ɫɬɨɢɦɨɫɬɢ 

ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ɉɛɳɢɟ ɤɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɧɚ ɨɪɝɚɧɢɡɚɰɢɸ ɫɟɬɢ ɫɜɹɡɢ ɜ ɝɨɪɨɞɟ 

ɍɫɢɧɫɤ ɫɨɫɬɚɜɢɥɢ К = 26 531 679 ɪɭɛ. 

ɇɚ ɷɬɚɩɟ ɪɟɚɥɢɡɚɰɢɢ ɫɟɬɢ LTE ɜ ɝ. ɍɫɢɧɫɤ ɩɥɚɧɢɪɭɟɬɫɹ ɪɟɚɥɢɡɨɜɚɬɶ 

ɦɟɪɨɩɪɢɹɬɢɹ: 

 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɪɚɞɢɨ ɛɚɲɧɢ, ɭɫɬɚɧɨɜɤɚ Ȼɋ, ɭɫɬɚɧɨɜɤɚ ɤɨɧɬɟɣɧɟɪɚ ɞɥɹ 

ɪɚɡɦɟɳɟɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ Ȼɋ, ɜɜɨɞ ɜ ɷɤɫɩɥɭɚɬɚɰɢɸ Ȼɋ; 

 ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɫɜɹɡɢ ɧɚ ɭɱɚɫɬɤɚɯ; 

 ɭɫɬɚɧɨɜɤɚ Ȼɋ «AХМКЭОХ-LЮМОЧЭ 9926 ОNШНОB» ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɝ. ɍɫɢɧɫɤ; 

 ɭɫɬɚɧɨɜɤɚ ɦɭɥɶɬɢɫɟɪɜɢɫɧɨɣ ɩɥɚɬɮɨɪɦɵ «Alcatel-Lucent 9471 

WirelessManagerMobility» ɜ ɩɨɦɟɳɟɧɢɢ ɈɉɌɋ,  ɩɨɞɤɥɸɱɟɧɢɟ ɫɟɬɢ EPCLTE 

ɤ ɜɧɟɲɧɢɦ ɫɟɬɹɦ; 

 ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɟ ɪɚɛɨɬɵ. 

 

8.2 Ɋɚɫɱɟɬ ɝɨɞɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ 

 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɪɚɫɯɨɞɚɦɢ (Ɋэк) ɧɚɡɵɜɚɸɬɫɹ ɬɟɤɭɳɢɟ ɪɚɫɯɨɞɵ 

ɩɪɟɞɩɪɢɹɬɢɹ ɧɚ ɩɪɨɢɡɜɨɞɫɬɜɨ ɭɫɥɭɝ ɫɜɹɡɢ. ȼ ɫɨɫɬɚɜ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ 

ɪɚɫɯɨɞɨɜ ɜɯɨɞɹɬ ɜɫɟ ɪɚɫɯɨɞɵ ɧɚ ɫɨɞɟɪɠɚɧɢɟ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɟɬɢ. 

ɗɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɩɨ ɫɜɨɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɭɳɧɨɫɬɢ ɜɵɪɚɠɚɸɬ 

ɫɟɛɟɫɬɨɢɦɨɫɬɶ ɭɫɥɭɝ ɫɜɹɡɢ ɜ ɞɟɧɟɠɧɨɦ ɜɵɪɚɠɟɧɢɢ. ȼ ɫɜɹɡɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 

ɪɚɫɯɨɞɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɝɪɭɩɩɢɪɨɜɤɢ ɡɚɬɪɚɬ ɩɨ ɷɤɨɧɨɦɢɱɟɫɤɢɦ 

ɷɥɟɦɟɧɬɚɦ, ɩɪɢɧɹɬɨɣ ɞɥɹ ɜɫɟɯ ɨɬɪɚɫɥɟɣ ɷɤɨɧɨɦɢɤɢ ɩɪɟɞɩɪɢɹɬɢɣ ɜɫɟɯ ɮɨɪɦ 

ɫɨɛɫɬɜɟɧɧɨɫɬɢ: 

 ɡɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ ɪɚɛɨɬɧɢɤɨɜ; 

 ɫɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ; 

 ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ; 
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 ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ; 

 ɩɪɨɱɢɟ ɪɚɫɯɨɞɵ; 

 

Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɬɪɭɞɚ 

Ⱦɥɹ ɪɚɫɱɟɬɚ ɝɨɞɨɜɨɝɨ ɮɨɧɞɚ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ 

ɱɢɫɥɟɧɧɨɫɬɶ ɲɬɚɬɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. ȼɵɛɪɚɧɧɨɟ ɜ ɞɢɩɥɨɦɧɨɦ 

ɩɪɨɟɤɬɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɟ ɬɪɟɛɭɟɬ ɩɨɫɬɨɹɧɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ 

ɩɟɪɫɨɧɚɥɚ. ɉɨɷɬɨɦɭ ɜɫɹ ɝɪɭɩɩɚ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɛɭɞɟɬ 

ɫɨɫɬɨɹɬɶ ɢɡ ɧɢɠɟ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɥɹ ɚɜɚɪɢɣɧɨ-

ɩɪɨɮɢɥɚɤɬɢɱɟɫɤɢɯ ɪɚɛɨɬ. ȼ ɬɚɛɥɢɰɟ 8.2 ɩɪɢɜɟɞɟɧ ɪɟɤɨɦɟɧɞɭɟɦɵɣ ɫɨɫɬɚɜ 

ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ. 
 

Ɍɚɛɥɢɰɚ 8.2 – ɋɨɫɬɚɜ ɨɛɫɥɭɠɢɜɚɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɞɨɥɠɧɨɫɬɟɣ Ɉɤɥɚɞ, ɪɭɛ. Ʉɨɥɢɱɟɫɬɜɨ, ɱɟɥ. ɋɭɦɦɚ ɡ/ɩ, ɪɭɛ. 

ɂɧɠɟɧɟɪ ɩɨ ɨɛɫɥɭɠɢɜɚɧɢɸ ɢ 

ɦɨɧɢɬɨɪɢɧɝɭ ɫɟɬɢ 45 000 1 45 000 

ɗɥɟɤɬɪɨɦɟɯɚɧɢɤ 26000 2 52 000 

Ɇɨɧɬɚɠɧɢɤ ɜɵɫɨɬɧɢɤ 40 000 2 80 000 

ɂɬɨɝɨ (ɎɁɉ) 5 177 000 

 

ȼɟɥɢɱɢɧɭ ɨɛɳɟɝɨ ɝɨɞɨɜɨɝɨ ɮɨɧɞɚ ɨɩɥɚɬɵ ɬɪɭɞɚ (ɎɈɌɝ) ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ 

ɩɨ ɮɨɪɦɭɥɟ: 

ɎɈɌɝ = ɎɁП ·Nɦ·Пɪ·Кɪ· Кɜɪ,                   (8.2) 

ɝɞɟ  ɎɁП – ɨɫɧɨɜɧɨɣ ɮɨɧɞ ɡɚɪɚɛɨɬɧɨɣ ɩɥɚɬɵ, ɎɁП = 177 000 ɪɭɛ.; 

Nɦ – ɤɨɥɢɱɟɫɬɜɨ ɦɟɫɹɰɟɜ ɜ ɝɨɞɭ, Nɦ = 12; 

Пɪ – ɪɚɡɦɟɪ ɩɪɟɦɢɢ, Пɪ = 1,3 (30%); 

Кɪ – ɪɚɣɨɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, Кɪ = 1,15; 

Кɜɪ – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɞɨɩɥɚɬɭ ɡɚ ɪɚɛɨɬɭ ɫ ɜɪɟɞɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɬɪɭɞɚ, Кɜɪ = 1,04. 

ɎɈɌɝ = 177000 * 12 * 1,3* 1,15 * 1,04 = 3302395,2 (ɪɭɛ.). 
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ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ (ɋȼ) ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ 

ɫɨɫɬɚɜɥɹɟɬ 30% ɨɬ ɎɈɌ: 

Cȼ = ɎɈɌɝ· 0,3 

ɋȼ = 3302395,2* 0,3 = 990718,56 (ɪɭɛ.) 
 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ. 
Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (Ⱥ) ɧɚ ɩɨɥɧɨɟ ɜɨɫɫɬɚɧɨɜɥɟɧɢɟ 

ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɨɧɞɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

А = Кɨɫɧ.Т·ɇɚ.Т,                                     (8.3) 

ɝɞɟ  Кɨɫɧ.Т – ɩɟɪɜɨɧɚɱɚɥɶɧɚɹ ɫɬɨɢɦɨɫɬɶ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ                              

(Кɨɫɧ.Т ɫɨɫɬɨɢɬ ɢɡ ɡɚɬɪɚɬ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɟ); 

ɇɚ.Т – ɧɨɪɦɚ ɚɦɨɪɬɢɡɚɰɢɨɧɧɵɯ ɨɬɱɢɫɥɟɧɢɣ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ,   ɇɚ.Т = 5%. 

А = 15 369 790 * 0,05 = 768 489,5 (ɪɭɛ.). 
 

Ɇɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ 

ȼɟɥɢɱɢɧɚ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ (Мɡ) ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɨɩɥɚɬɭ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɧɭɠɞ, ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ 

ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ. ɋɨɫɬɚɜɥɹɸɳɢɟ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ ɨɩɪɟɞɟɥɹɸɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

Мɡ = Ɂэɧ + Ɂɦ,                                 (8.4) 

ɝɞɟ  Ɂэɧ – ɡɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ; 

Ɂɦ – ɡɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ. 

Ɂɚɬɪɚɬɵ ɧɚ ɨɩɥɚɬɭ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɦɨɳɧɨɫɬɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨ ɮɨɪɦɭɥɟ: 

Ɂэɧ = Ɍ · 24 · 365 · Ɋ,                     (8.5) 

ɝɞɟɌ – ɬɚɪɢɮ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ, Ɍ = 3,99 ɪɭɛ./ɤȼɬ/ɱɚɫ; 

Ɋ – ɦɨɳɧɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɞɥɹ ОNBɊ = 1,35 ɤȼɬ. 

Ɂэɧ = 3,99 * 24 * 365 * 1,35 = 47 185,74 (ɪɭɛ.). 

Ɂɚɬɪɚɬɵ ɧɚ ɦɚɬɟɪɢɚɥɵ ɢ ɡɚɩɚɫɧɵɟ ɱɚɫɬɢ ɫɨɫɬɚɜɥɹɸɬ 1 % ɨɬ ɤɚɩɢɬɚɥɶɧɵɯ 

ɜɥɨɠɟɧɢɣ К ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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Ɂɦ = К· 0,01                                 (8.6) 

Ɂɦ = 26 531 679 * 0,01 = 265 316,79 (ɪɭɛ.). 

ȼɟɥɢɱɢɧɚ ɨɛɳɢɯ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ ɫɨɫɬɚɜɢɬ: 

Мɡ = 47 185,74 + 265 316,79= 312 502,53(ɪɭɛ.). 

Ⱥɪɟɧɞɚ ɦɟɫɬɚ ɩɨɞɜɟɫɚ ɞɥɹ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ ɧɚ ɪɚɞɢɨɛɚɲɧɟ ɭ ɨɩɟɪɚɬɨɪɨɜ 

ɩɨɞɜɢɠɧɨɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ. Ɉɛɳɚɹ ɫɬɨɢɦɨɫɬɶ ɚɪɟɧɞɵ ɦɟɫɬ ɩɨɞɜɟɫɚ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Ɂɨɛɳ. ɚɪ. = Ɂɚɪ·Nɚɪ,                         (8.7) 

ɝɞɟ  Ɂɚɪ – ɫɬɨɢɦɨɫɬɶ ɨɞɧɨɝɨ ɦɟɫɬɚ ɩɨɞɜɟɫɚ ɜ ɝɨɞ, Ɂɚɪ = 300 000 ɪɭɛ. 

Nɚɪ – ɤɨɥɢɱɟɫɬɜɨ ɚɪɟɧɞɭɟɦɵɯ ɦɟɫɬ ɩɨɞɜɟɫɚ, Nɚɪ = 12. 

Ɂɨɛɳ. ɚɪ. = 300 000*12 = 3 600 000 (ɪɭɛ.). 
 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ɩɪɟɞɭɫɦɚɬɪɢɜɚɸɬ ɨɛɳɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɢ 

ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɵɟ ɪɚɫɯɨɞɵ, ɪɟɦɨɧɬ ɢ ɨɛɫɥɭɠɢɜɚɧɢɟ ɡɞɚɧɢɣ, 

ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ ɧɚɥɨɝɨɜ, ɫɬɪɚɯɨɜɚɧɢɟ ɢɦɭɳɟɫɬɜɚ, ɪɚɫɯɨɞɵ ɧɚ ɪɟɤɥɚɦɭ, ɚɭɞɢɬ 

ɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶɫɤɢɟ ɪɚɫɯɨɞɵ. ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

Ɂɩɪ = 0,4 · ɎɈɌ    (8.8) 

Ɂɩɪ = 0,4 * 3302395,2 = 1 320 958,08 (ɪɭɛ.). 

 

Ɋɚɫɱɟɬ ɡɚ ɩɨɥɶɡɨɜɚɧɢɟ ɫɩɟɤɬɪɨɦ 

Ɋɚɡɦɟɪɵ ɪɚɡɨɜɨɣ ɩɥɚɬɵ ɡɚ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɞɥɹ 

ɪɚɞɢɨ ɬɟɯɧɨɥɨɝɢɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɚɠɞɨɣ 

ɩɨɥɨɫɟ ɪɚɞɢɨɱɚɫɬɨɬ, ɜɵɞɟɥɟɧɧɨɣ ɪɟɲɟɧɢɟɦ ȽɄɊɑ ɢ (ɢɥɢ) ɭɤɚɡɚɧɧɨɣ ɜ 

ɥɢɰɟɧɡɢɢ ɩɨ ɤɚɠɞɨɦɭ ɫɭɛɴɟɤɬɭ (ɱɚɫɬɢ ɫɭɛɴɟɤɬɚ) Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, 

ɭɤɚɡɚɧɧɨɦɭ ɜ ɪɟɲɟɧɢɢ ȽɄɊɑ ɢɥɢ ɥɢɰɟɧɡɢɢ, ɞɥɹ ɢɧɵɯ ɬɟɯɧɨɥɨɝɢɣ - 

ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɚɠɞɨɦɭ ɜɵɞɚɜɚɟɦɨɦɭ ɪɚɡɪɟɲɟɧɢɸ, ɢ ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ 

ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

 

ПɊ=ɋɊ×КȾɂАП×КɊɑ×КɌȿɏ;         (8.9) 
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ɝɞɟ: 

ПɊ- ɪɚɡɦɟɪ ɪɚɡɨɜɨɣ ɩɥɚɬɵ, ɪɭɛ.; 

ɋɊ- ɫɬɚɜɤɚ ɪɚɡɨɜɨɣ ɩɥɚɬɵ, ɪɭɛ.; 

КȾɂАП- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɢɚɩɚɡɨɧ ɪɚɞɢɨɱɚɫɬɨɬ 

(ɞɥɹ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ LTE ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɜɟɧ – 2 [19]); 

КɊɑ- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɞɢɨɱɚɫɬɨɬ 

(ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ); 

КɌȿɏ- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɟɯɧɨɥɨɝɢɸ, ɩɪɢɦɟɧɹɟɦɭɸ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ; 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɞɢɨɱɚɫɬɨɬ 

(ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ) ɞɥɹ Ɋɗɋ, ɜ ɬɨɦ ɱɢɫɥɟ Ɋɗɋ ɪɚɞɢɨ ɬɟɯɧɨɥɨɝɢɣ 

ɫɨɬɨɜɨɣ ɫɜɹɡɢ ɢ ɬɟɯɧɨɥɨɝɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɜ ɪɚɡɪɟɲɟɧɢɢ ɭɤɚɡɚɧɚ ɩɨɥɨɫɚ 

ɪɚɞɢɨɱɚɫɬɨɬ, ɜɵɱɢɫɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: 

КɊɑ=∑N;      (8.10) 

Ƚɞɟ: КɊɑ - ɤɨɷɮɮɢɰɢɟɧɬ, ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɵɣ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 

ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɞɢɨɱɚɫɬɨɬ (ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ); 

N - ɤɨɥɢɱɟɫɬɜɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɞɢɨɱɚɫɬɨɬ (ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ ɤɚɧɚɥɨɜ). 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ N ɞɥɹ ɪɚɞɢɨ ɬɟɯɧɨɥɨɝɢɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ ɢ ɢɧɵɯ 

ɬɟɯɧɨɥɨɝɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɨɥɨɫɚ ɪɚɞɢɨɱɚɫɬɨɬ ɭɤɚɡɚɧɚ ɜ ɪɚɡɪɟɲɟɧɢɢ, 

ɩɪɨɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 

N=ΔF (МȽɰ)/1 МȽɰ,      (8.11) 

ɝɞɟ: 

ΔF- ɩɨɥɨɫɚ ɪɚɞɢɨɱɚɫɬɨɬ, ɜɵɞɟɥɟɧɧɚɹ ɩɨɥɶɡɨɜɚɬɟɥɸ ɪɚɞɢɨɱɚɫɬɨɬɧɵɦ 

ɫɩɟɤɬɪɨɦ (ɫɭɦɦɚɪɧɚɹ ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɧɟɩɨɜɬɨɪɹɸɳɢɯɫɹ ɪɚɞɢɨɱɚɫɬɨɬɧɵɯ 

ɤɚɧɚɥɨɜ), ɢɥɢ ɩɨɥɨɫɚ ɪɚɞɢɨɱɚɫɬɨɬ, ɭɤɚɡɚɧɧɚɹ ɜ ɪɚɡɪɟɲɟɧɢɢ. 

Ɍɨɝɞɚ N=60 (МȽɰ)/1МȽɰ=60. 
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Ʉɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɬɟɯɧɨɥɨɝɢɸ, ɩɪɢɦɟɧɹɟɦɭɸ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ, ɞɥɹ ɪɚɞɢɨ ɬɟɯɧɨɥɨɝɢɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ 

ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

КɌȿɏ=КПȿɊɋП×КɊȿȽ×КɋɈɐ;      (8.12) 

КПȿɊɋП- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɬɟɯɧɨɥɨɝɢɢ, 

ɩɪɢɦɟɧɹɟɦɨɣ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ (ɞɥɹ LTEɫɢɫɬɟɦ – 

0,1). 

КɊȿȽ - ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɞɟɥɟɧɧɵɯ ɩɨɥɨɫ ɪɚɞɢɨɱɚɫɬɨɬ ɜ ɫɭɛɴɟɤɬɟ (ɱɚɫɬɢ ɫɭɛɴɟɤɬɚ) 

Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ ɢ ɫɮɨɪɦɢɪɨɜɚɧɧɵɣ ɧɚ ɨɫɧɨɜɚɧɢɢ ɩɥɨɬɧɨɫɬɢ ɧɚɫɟɥɟɧɢɹ 

ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɫɭɛɴɟɤɬɚ (ɱɚɫɬɢ ɫɭɛɴɟɤɬɚ) Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɫɬɟɩɟɧɢ 

ɪɚɡɜɢɬɢɹ ɫɟɬɟɣ ɩɨɞɜɢɠɧɨɣ ɪɚɞɢɨɬɟɥɟɮɨɧɧɨɣ ɫɜɹɡɢ ɢ ɫɬɟɩɟɧɢ ɷɤɨɧɨɦɢɱɟɫɤɨɝɨ 

ɪɚɡɜɢɬɢɹ ɫɭɛɴɟɤɬɚ (ɱɚɫɬɢ ɫɭɛɴɟɤɬɚ) Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ (Ⱦɥɹ Ɋɟɫɩɭɛɥɢɤɢ 

Ʉɨɦɢ Ʉɪɟɝ=1)[19];
 

КɋɈɐ- ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɬɟɩɟɧɶ ɫɨɰɢɚɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ 

ɜɧɟɞɪɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ (ɞɥɹ LTEɫɢɫɬɟɦɵ - 1). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɤɨɷɮɮɢɰɢɟɧɬ КɌȿɏ =0,1*1*1=0,1. 

ПɊ=120 000×2×60×0,1=1440000 ɪɭɛ. 

Ɋɚɡɨɜɚɹ ɩɥɚɬɚ ɡɚ ɫɩɟɤɬɪ ɜɤɥɸɱɟɧɚ ɜ ɫɦɟɬɭ ɩɟɪɜɨɧɚɱɚɥɶɧɵɯ ɡɚɬɪɚɬ ɜ 

ɬɚɛɥɢɰɟ 7.1 ɢ ɜ ɟɠɟɝɨɞɧɵɟ ɩɥɚɬɟɠɢ ɨɧɚ ɧɟ ɜɯɨɞɢɬ ɬɚɤ ɤɚɤ ɜ ɫɥɭɱɚɟ ɩɪɨɞɥɟɧɢɹ 

ɫɪɨɤɚ ɞɟɣɫɬɜɢɹ, ɩɟɪɟɨɮɨɪɦɥɟɧɢɹ ɢ (ɢɥɢ) ɜɧɟɫɟɧɢɹ ɢɡɦɟɧɟɧɢɣ ɜ ɪɟɲɟɧɢɹ 

ȽɄɊɑ, ɧɟ ɫɜɹɡɚɧɧɵɯ ɫ ɢɡɦɟɧɟɧɢɟɦ ɭɫɥɨɜɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɥɨɫ ɪɚɞɢɨɱɚɫɬɨɬ, 

ɪɚɡɨɜɚɹ ɩɥɚɬɚ ɧɟ ɜɡɢɦɚɟɬɫɹ.(ɩ. 4 ɜ ɪɟɞ. ɉɪɢɤɚɡɚ Ɇɢɧɤɨɦɫɜɹɡɢ Ɋɨɫɫɢɢ ɨɬ 

04.09.2014 N 279). 

Ɋɚɡɦɟɪɵ ɟɠɟɝɨɞɧɨɣ ɩɥɚɬɵ ɞɥɹ ɪɚɞɢɨɬɟɯɧɨɥɨɝɢɣ ɫɨɬɨɜɨɣ ɫɜɹɡɢ 

ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɚɠɞɨɣ ɩɨɥɨɫɟ ɪɚɞɢɨɱɚɫɬɨɬ, ɜɵɞɟɥɟɧɧɨɣ 

ɪɟɲɟɧɢɟɦ ȽɄɊɑ ɢ (ɢɥɢ) ɭɤɚɡɚɧɧɨɣ ɜ ɥɢɰɟɧɡɢɢ ɩɨ ɤɚɠɞɨɦɭ ɫɭɛɴɟɤɬɭ (ɱɚɫɬɢ 

ɫɭɛɴɟɤɬɚ) Ɋɨɫɫɢɣɫɤɨɣ Ɏɟɞɟɪɚɰɢɢ, ɭɤɚɡɚɧɧɨɦɭ ɜ ɪɟɲɟɧɢɢ ȽɄɊɑ ɢɥɢ ɥɢɰɟɧɡɢɢ, 

consultantplus://offline/ref=7C92B94C5AC4D8FBFE8F54002863B79B779B2ACC5CFF9A07E96D9A6256E5E21F81377256344783C5o5YCL
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ɞɥɹ ɢɧɵɯ ɬɟɯɧɨɥɨɝɢɣ - ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɤɚɠɞɨɦɭ ɪɚɡɪɟɲɟɧɢɸ, ɢ 

ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 
4

( )

1

 = i

Ƚ Ƚ Кȼ
i

П П



,       (8.13) 

ɝɞɟ: 

ПȽ(Кȼ)=ɋȽ/4×КȾɂАП×КɊɑ×КɌȿɏ×ȾɊ/ȾК;    (8.14) 

ПȽ- ɪɚɡɦɟɪ ɟɠɟɝɨɞɧɨɣ ɩɥɚɬɵ, ɪɭɛ.; 

ПȽ(Кȼ) - ɪɚɡɦɟɪ ɟɠɟɝɨɞɧɨɣ ɩɥɚɬɵ ɡɚ ɤɜɚɪɬɚɥ, ɪɭɛ.; 

ɋȽ- ɫɬɚɜɤɚ ɟɠɟɝɨɞɧɨɣ ɩɥɚɬɵ, ɪɭɛ. (300 000 ɪɭɛ.) [19] 

ȾɊ - ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ ɞɟɣɫɬɜɢɹ ɪɚɡɪɟɲɟɧɢɹ ɜ ɬɟɱɟɧɢɟ ɨɩɥɚɱɢɜɚɟɦɨɝɨ 

ɤɜɚɪɬɚɥɚ (91); 

ȾɄ - ɤɨɥɢɱɟɫɬɜɨ ɞɧɟɣ ɜ ɨɩɥɚɱɢɜɚɟɦɨɦ ɤɜɚɪɬɚɥɟ (ɜ ɫɪɟɞɧɟɦ 91). 

Ʉɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɬɧɨɲɟɧɢɢ ɤɚɠɞɨɣ ɪɚɞɢɨɱɚɫɬɨɬɵ 

(ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɤɚɧɚɥɚ) ɢ (ɢɥɢ) ɩɨɥɨɫɵ ɪɚɞɢɨɱɚɫɬɨɬ. 

Ɍɨɝɞɚ 

ɉȽ(Кȼ)=300 000/4×2×60×0,1×91/91=900 000 

ȿɠɟɝɨɞɧɵɟ ɡɚɬɪɚɬɵ ɜɤɜɚɪɬɚɥ ɧɚ ɚɪɟɧɞɭ ɱɚɫɬɨɬɧɨɝɨ ɪɟɫɭɪɫɚ ɲɢɪɢɧɨɣ 60 

ɆȽɰ. ɛɭɞɭɬ ɫɨɫɬɚɜɥɹɬɶ 900 000 ɪɭɛɥɟɣ. 

Ɋɟɡɭɥɶɬɚɬɵ ɝɨɞɨɜɵɯ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɪɚɫɯɨɞɨɜ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 

8.3. 

 

Ɍɚɛɥɢɰɚ 8.3 – Ƚɨɞɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ 

ȼɢɞɵ ɪɚɫɯɨɞɨɜ ɋɭɦɦɚ ɪɚɫɯɨɞɨɜ, ɪɭɛ. 
Ɏɨɧɞ ɨɩɥɚɬɵ ɬɪɭɞɚ ɝɨɞɨɜɨɣ (ɎɈɌɝ) 3 302 395,2 

ɋɬɪɚɯɨɜɵɟ ɜɡɧɨɫɵ ɜ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɟ 
ɜɧɟɛɸɞɠɟɬɧɵɟ ɮɨɧɞɵ (ɋȼ) 

990 718,56 

Ⱥɦɨɪɬɢɡɚɰɢɨɧɧɵɟ ɨɬɱɢɫɥɟɧɢɹ (А) 768 489,5 

Ɇɚɬɟɪɢɚɥɶɧɵ ɟɡɚɬɪɚɬɵ (Мɡ) 312 502,53 

Ⱥɪɟɧɞɚ ɦɟɫɬ ɩɨɞɜɟɫɚ Ȼɋ (Ɂɨɛɳ.ɚɪ) 3 600 000 

ɉɪɨɱɢɟ ɪɚɫɯɨɞɵ (Ɂɩɪ) 1 320 958,08 

Ⱥɪɟɧɞɚɱɚ ɫɬɨɬɵ ɜ ɤɜɚɪɬɚɥ 2 700 000 

ȼɋȿȽɈ 12 995 063,87 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɢɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɚɜɧɵ 12 995 063,87 ≈ 

13 ɦɥɧ.ɪɭɛ. 
 

8.3 Ɋɚɫɱɟɬ ɬɚɪɢɮɧɵɯ ɞɨɯɨɞɨɜ 

 

Ⱦɚɧɧɚɹ ɫɟɬɶ LTE ɩɪɨɟɤɬɢɪɭɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɩɪɢɧɰɢɩɚ, ɱɬɨ ɤ ɧɟɣ 

ɩɨɞɤɥɸɱɢɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɛɨɧɟɧɬɨɜ. ɉɪɨɟɤɬɢɪɭɟɦɚɹ ɫɟɬɶ LTE 

ɛɭɞɟɬ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɚɛɨɧɟɧɬɚɦ ɭɫɥɭɝɢ ɝɨɥɨɫɨɜɨɣ ɫɜɹɡɢ, ɜɢɞɟɨɫɜɹɡɢ, ɩɟɪɟɞɚɱɭ 

SMS, MMS, ɭɫɥɭɝɢ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ ɂɧɬɟɪɧɟɬ. 

ɇɚɫɟɥɟɧɢɟ ɜ ɝ. ɍɫɢɧɫɤ ɫɨɫɬɚɜɥɹɟɬ 40 000 ɱɟɥɨɜɟɤ. Ɋɚɫɫɱɢɬɚɟɦ ɩɪɢɦɟɪɧɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɩɨɞɤɥɸɱɢɜɲɢɯɫɹ ɚɛɨɧɟɧɬɨɜ ɤ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɫɟɬɢ ɞɥɹ ɞɨɫɬɭɩɚ ɤ 

ɫɟɬɢ ɂɧɬɟɪɧɟɬ ɱɟɪɟɡ USB-LTE ɦɨɞɟɦ (Nɚɛ.ɢɧɬ), ɭɱɢɬɵɜɚɹ ɤɨɷɮɮɢɰɢɟɧɬ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɭɫɥɭɝɢ 45 % 

Ɍɚɤ ɤɚɤ USB-LTE ɦɨɞɟɦ ɨɛɵɱɧɨ ɩɨɤɭɩɚɟɬɫɹ ɨɞɢɧ ɢɥɢ ɞɜɚ ɧɚ ɫɟɦɶɸ, ɚ 

ɫɟɦɶɹ ɫɨɫɬɨɢɬ ɜ ɫɪɟɞɧɟɦ ɢɡ ɱɟɬɵɪɟɯ ɱɟɥɨɜɟɤ, ɬɨ Nɚɛ.ɢɧɬ ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɟɟ 

ɡɧɚɱɟɧɢɟ: 

Nɚɛ.ɢɧɬ = (40000/4)*0.45= 4 500 (ɱɟɥɨɜɟɤ). 

ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɬɚɪɢɮɧɵɟ ɩɥɚɧɵ ɩɨ ɩɪɟɞɨɫɬɚɜɥɟɧɢɸ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 

ɂɧɬɟɪɧɟɬ ɫ ɩɨɦɨɳɶɸ USB-LTE ɦɨɞɟɦɨɜ ɩɨɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 8.4. 

 

Ɍɚɛɥɢɰɚ 8.4 – ɉɪɟɞɩɨɥɚɝɚɟɦɵɟ ɬɚɪɢɮɧɵɟ ɩɥɚɧɵ ɢ ɢɯ ɫɬɨɢɦɨɫɬɶ 

Ɍɚɪɢɮɧɵɣ
ɩɥɚɧ 

ɋɤɨɪɨɫɬɶ 

ɩɨɞɤɥɸɱɟɧɢɹ 

ɋɬɨɢɦɨɫɬɶ 

ɬɚɪɢɮɚ, 
ɪɭɛ./ɦɟɫ. 

ɉɨɪɨɝ 

Ⱦɨɥɹ 
ɚɛɨɧɟɧɬɨɜ ɨɬ 
Nɚɛ.ɢɧɬ, % 

ɉɪɢɦɟɪɧɨɟ ɱɢɫɥɨ 

ɩɨɞɤɥɸɱɢɜɲɢɯɫɹ
ɩɨɥɶɡɨɜɚɬɟɥɟɣ 

Ɍ1 ɞɨ 500 ɤɛɢɬ/ɫ 350 8 Ƚɛ 15 675 

Ɍ2 ɞɨ 1 Ɇɛɢɬ/ɫ 650 15 Ƚɛ 25 1125 

Ɍ3 ɞɨ 2 Ɇɛɢɬ/ɫ 800 30 Ƚɛ 40 1800 

Ɍ4 ɞɨ 4 Ɇɛɢɬ/ɫ 950 50 Ƚɛ 15 675 

Ɍ5 ɞɨ 6 Ɇɛɢɬ/ɫ 1200 70 Ƚɛ 5 225 

 

ɋɭɦɦɚɪɧɵɣ ɬɚɪɢɮɧɵɣ ɞɨɯɨɞ ɨɬ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɭɫɥɭɝɢ ɞɨɫɬɭɩɚ ɜ ɫɟɬɶ 

ɂɧɬɟɪɧɟɬ ɫ ɩɨɦɨɳɶɸ USB-LTE ɦɨɞɟɦɚ (D1) ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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,                                            (8.10) 

 

ɝɞɟ Ti – ɫɬɨɢɦɨɫɬɶ ɬɚɪɢɮɧɨɝɨ ɩɥɚɧɚ; 

Ni– ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɛɨɧɟɧɬɨɜ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɞɚɧɧɨɦɭ 

ɬɚɪɢɮɧɨɦɭ ɩɥɚɧɭ. 

D1 = [350*675+650*1125+800*1800+900*675+1200*225]·12=       (8.12) 

= 39 420 000 (ɪɭɛ.) 

Ⱦɨɯɨɞ ɨɬ ɩɪɨɞɚɠɢ USB-LTE ɦɨɞɟɦɨɜ (D2) ɧɚɯɨɞɢɦ ɩɨ ɮɨɪɦɭɥɟ: 

D2 = Nɚɛ.ɢɧɬ·(Zɩ – Zɡ),                                  (8.11) 

 

ɝɞɟ  Zɩ – ɫɬɨɢɦɨɫɬɶ ɩɪɨɞɚɠɢ ɨɞɧɨɝɨ USB-LTE ɦɨɞɟɦɚ, Zɩ = 2 600 ɪɭɛ.; 

Zɡ – ɡɚɤɭɩɨɱɧɚɹ ɰɟɧɚ ɨɞɧɨɝɨ USB-LTE ɦɨɞɟɦɚ, Zɡ = 1 900 ɪɭɛ. 

 

D2 = 4500 * (2600 – 1900) = 3 150 000 (ɪɭɛ.). 

 

Ɉɛɳɢɣ ɬɚɪɢɮɧɵɣ ɞɨɯɨɞ ɨɬ ɭɫɥɭɝ ɫɜɹɡɢ ɫɟɬɢ LTE ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

Dɨɛɳ = D1+D2       (8.13) 

Dɨɛɳ = 39 420 000 + 3 150 000 = 42 570 000 (ɪɭɛ.). 
 

8.4 Ɉɰɟɧɤɚ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɟɤɬɚ ɜ 
ɩɟɪɜɵɣ ɝɨɞ ɷɤɫɩɥɭɚɬɚɰɢɢ 

 

ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ – ɜɪɟɦɟɧɧɨɣ ɩɟɪɢɨɞ, ɤɨɝɞɚ ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɩɪɨɟɤɬ 

ɧɚɱɢɧɚɟɬ ɩɪɢɧɨɫɢɬɶ ɩɪɢɛɵɥɶ, ɩɪɟɜɨɫɯɨɞɹɳɭɸ ɟɠɟɝɨɞɧɵɟ ɡɚɬɪɚɬɵ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɪɨɤɚ ɨɤɭɩɚɟɦɨɫɬɢ ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢɧɰɢɩɨɦ 

ɪɚɫɱёɬɚ ɱɢɫɬɨɝɨ ɞɟɧɟɠɧɨɝɨ ɞɨɯɨɞɚ (NPV), ɤɨɬɨɪɵɣ ɩɨɤɚɡɵɜɚɟɬ ɜɟɥɢɱɢɧɭ 

ɞɨɯɨɞɚ ɧɚ ɤɨɧɟɰ Т-ɝɨ ɩɟɪɢɨɞɚ ɜɪɟɦɟɧɢ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ 

ɫɨɩɨɫɬɚɜɥɟɧɢɢ ɜɟɥɢɱɢɧɵ ɢɫɯɨɞɧɵɯ ɢɧɜɟɫɬɢɰɢɣ (IC) ɫ ɨɛɳɟɣ ɫɭɦɦɨɣ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɱɢɫɬɵɯ ɞɟɧɟɠɧɵɯ ɩɨɫɬɭɩɥɟɧɢɣ (PV) ɡɚ ɜɟɫɶ ɪɚɫɱɟɬɧɵɣ 
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ɩɟɪɢɨɞ. ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɷɬɨɬ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɧɨɫɬɶ 

ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɞɨɯɨɞɨɜ ɢ ɢɧɜɟɫɬɢɰɢɣ, ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

ICPVNPV       (8.14) 

ɝɞɟ:  PV – ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ; 

IC – ɨɬɬɨɤ ɞɟɧɟɠɧɵɯ ɫɪɟɞɫɬɜ ɜ ɧɚɱɚɥɟ Ч-ɝɨ ɩɟɪɢɨɞɚ. 







T

1n
n

n

i)(1

P
PV ,      (8.15) 

ɝɞɟ: Ɋn – ɞɨɯɨɞ, ɩɨɥɭɱɟɧɧɵɣ ɜ Ч-ɨɦ ɝɨɞɭ,  

i – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ,  

Ɍ – ɤɨɥɢɱɟɫɬɜɨ ɥɟɬ, ɞɥɹ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɚɫɱɟɬ. 







m

1n
1-n

n

i)(1

I
IC ,      (8.16) 

Ƚɞɟ In – ɢɧɜɟɫɬɢɰɢɢ ɜ Ч-ɨɦ ɝɨɞɭ,  

i – ɧɨɪɦɚ ɞɢɫɤɨɧɬɚ,  

m – ɤɨɥɢɱɟɫɬɜɨ ɥɟɬ, ɜ ɤɨɬɨɪɵɯ ɩɪɨɢɡɜɨɞɹɬɫɹ ɜɵɩɥɚɬɵ. 

ɋɬɚɜɤɚ ɞɢɫɤɨɧɬɚ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ, 

ɧɚɢɛɨɥɟɟ ɩɪɨɫɬɵɦ ɹɜɥɹɟɬɫɹ ɤɭɦɭɥɹɬɢɜɧɵɣ, ɩɪɢ ɤɨɬɨɪɨɦ ɜ ɤɚɱɟɫɬɜɟ ɧɟɟ 

ɜɵɛɢɪɚɟɬɫɹ ɫɪɟɞɧɹɹ ɫɬɚɜɤɚ ɩɨ ɞɨɥɝɨɫɪɨɱɧɵɦ ɜɚɥɸɬɧɵɦ ɞɟɩɨɡɢɬɚɦ ɢ 

ɫɨɫɬɚɜɥɹɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 20 %. Ⱦɚɧɧɚɹ ɫɬɚɜɤɚ ɮɨɪɦɢɪɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɩɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɭɬɪɟɧɧɢɯ ɪɵɧɨɱɧɵɯ ɮɚɤɬɨɪɨɜ.  

ɉɚɪɚɦɟɬɪ P ɩɨɤɚɡɵɜɚɟɬ ɩɪɢɛɵɥɶ, ɩɨɥɭɱɟɧɧɭɸ ɡɚ ɧɟɤɨɬɨɪɵɣ ɝɨɞ, ɛɟɡ 

ɭɱɟɬɚ ɩɪɟɞɵɞɭɳɢɯ ɥɟɬ.  

 

Ɍɚɛɥɢɰɚ 8.6 – Ɉɰɟɧɤɚ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɟɤɬɚ ɫ ɭɱɟɬɨɦ ɞɢɫɤɨɧɬɚ 

Ƚɨɞ Ɋ PV I IC NPV 

0 0,00 0,00 36348351,80 36348351,80 -36348351,80 

1 42570000,00 21937500,00 13000000,00 44765018,47 -22827518,47 

2 39420000,00 38062500,00 13000000,00 51778907,36 -13716407,36 

3 39420000,00 51500000,00 13000000,00 57623814,76 -6123814,76 

4 39420000,00 62697916,67 13000000,00 62494570,94 203345,73 

5 39420000,00 72029513,89 13000000,00 66553534,41 5475979,48 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɩɨɥɨɠɢɬɟɥɶɧɚɹ ɪɚɡɧɢɰɚ ɦɟɠɞɭ ɞɨɯɨɞɚɦɢ ɢ 

ɪɚɫɯɨɞɚɦɢ ɩɨɹɜɥɹɟɬɫɹ ɧɚ 4 ɝɨɞɭ. Ɍɨɱɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɩɪɢɜɟɞɟɧ ɧɢɠɟ.  

Ɍɨɱɧɵɣ ɫɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ: 

 

)|1/(| nNPVnNPVnNPVTPP  ,    (8.17) 

 

ɝɞɟ Ɍ – ɡɧɚɱɟɧɢɟ ɩɟɪɢɨɞɚ, ɤɨɝɞɚ ɱɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ ɦɟɧɹɟɬ ɡɧɚɤ ɫ «-» 

ɧɚ «+»;   

NPVn – ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɱɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ ɜ Ч ɝɨɞɭ;  

NPVn-1  – ɨɬɪɢɰɚɬɟɥɶɧɵɣ ɱɢɫɬɵɣ ɞɟɧɟɠɧɵɣ ɞɨɯɨɞ ɩɨ ɦɨɞɭɥɸ ɜ Ч-1 ɝɨɞɭ. 

 

ɊɊ=4+203345,73/(6123814,76+ 203345,73) = 4,03 ɝɨɞɚ. 

 

ɂɧɞɟɤɫ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɬɧɨɫɢɬɟɥɶɧɵɣ ɩɨɤɚɡɚɬɟɥɶ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɬɧɨɲɟɧɢɟ ɩɪɢɜɟɞɟɧɧɵɯ ɞɨɯɨɞɨɜ ɩɪɢɜɟɞɟɧɧɵɦ ɧɚ ɬɭ ɠɟ ɞɚɬɭ 

ɢɧɜɟɫɬɢɰɢɨɧɧɵɦ ɪɚɫɯɨɞɚɦ ɢ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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PI > 1, ɬɨ ɩɪɨɟɤɬ ɫɥɟɞɭɟɬ ɩɪɢɧɢɦɚɬɶ; ɟɫɥɢ PI < 1, ɬɨ ɩɪɨɟɤɬ ɫɥɟɞɭɟɬ 

ɨɬɜɟɪɝɧɭɬɶ; ɟɫɥɢ PI = 1, ɬɨ ɩɪɨɟɤɬ ɧɢ ɩɪɢɛɵɥɶɧɵɣ, ɧɢ ɭɛɵɬɨɱɧɵɣ. 

 

PI= 72029513,89/ 66553534,41= 1,08 

 

Ɍɚɤ ɤɚɤ ɩɨɥɭɱɟɧɧɵɣ IP>1 ɢ ɪɚɜɟɧ 1,08 ɬɨ ɩɪɨɟɤɬ ɹɜɥɹɟɬɫɹ ɪɟɧɬɚɛɟɥɶɧɵɦ. 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ (IRR) – ɧɨɪɦɚ ɩɪɢɛɵɥɢ, ɩɨɪɨɠɞɟɧɧɚɹ 

ɢɧɜɟɫɬɢɰɢɟɣ. ɗɬɨ ɬɚ ɧɨɪɦɚ ɩɪɢɛɵɥɢ, ɩɪɢ ɤɨɬɨɪɨɣ ɱɢɫɬɚɹ ɬɟɤɭɳɚɹ ɫɬɨɢɦɨɫɬɶ 

ɢɧɜɟɫɬɢɰɢɢ ɪɚɜɧɚ ɧɭɥɸ, ɢɥɢ ɷɬɨ ɬɚ ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ 
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ɞɢɫɤɨɧɬɢɪɨɜɚɧɧɵɟ ɞɨɯɨɞɵ ɨɬ ɩɪɨɟɤɬɚ ɪɚɜɧɵ ɢɧɜɟɫɬɢɰɢɨɧɧɵɦ ɡɚɬɪɚɬɚɦ. 

ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɟɦɥɟɦɭɸ ɫɬɚɜɤɭ 

ɞɢɫɤɨɧɬɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɢɧɜɟɫɬɢɪɨɜɚɬɶ ɫɪɟɞɫɬɜɚ ɛɟɡ ɤɚɤɢɯ-ɥɢɛɨ ɩɨɬɟɪɶ ɞɥɹ 

ɫɨɛɫɬɜɟɧɧɢɤɚ. 

IRR ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɲɟ ɫɪɟɞɧɟɜɡɜɟɲɟɧɧɨɣ ɰɟɧɵ ɢɧɜɟɫɬɢɰɢɨɧɧɵɯ 

ɪɟɫɭɪɫɨɜ: 

iIRR   

ɝɞɟ Т – ɫɬɚɜɤɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ  

Ɋɚɫɱɟɬ ɩɨɤɚɡɚɬɟɥɹ IRR ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  ɩɭɬɟɦ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ 

ɢɬɟɪɚɰɢɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɛɢɪɚɸɬɫɹ ɬɚɤɢɟ ɡɧɚɱɟɧɢɹ ɧɨɪɦɵ ɞɢɫɤɨɧɬɚ  Т1 ɢ Т2, 

ɱɬɨɛɵ ɜ ɢɯ ɢɧɬɟɪɜɚɥɟ ɮɭɧɤɰɢɹ NPV ɦɟɧɹɥɚ ɫɜɨɟ ɡɧɚɱɟɧɢɟ ɫ «+» ɧɚ «–», ɢɥɢ 

ɧɚɨɛɨɪɨɬ. Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ ɞɟɥɚɟɬɫɹ ɪɚɫɱɟɬ ɜɧɭɬɪɟɧɧɟɣ ɧɨɪɦɵ ɞɨɯɨɞɧɨɫɬɢ: 
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 ,    (8.19) 

 

ɝɞɟ Т1 – ɡɧɚɱɟɧɢɟ ɬɚɛɭɥɢɪɨɜɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, ɩɪɢ 

ɤɨɬɨɪɨɦ NPV>0; Т2 – ɡɧɚɱɟɧɢɟ ɬɚɛɭɥɢɪɨɜɚɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɫɤɨɧɬɢɪɨɜɚɧɢɹ, 

ɩɪɢ ɤɨɬɨɪɨɦ NPV<0. 

I1=20; NPV1= 5475979,48 

I2=35; NPV2= -4922457,93 

 

)2035(
3)-4922457,9(5475979,48

5475979,48
20 


IRR = 27,89 % 

ɋɨɝɥɚɫɧɨ ɪɚɫɱёɬɚɦ, ɜɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ ɩɪɨɟɤɬɚ ɫɨɫɬɚɜɥɹɟɬ 

27,89 %, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɡɧɚɱɟɧɢɹ ɰɟɧɵ ɤɚɩɢɬɚɥɚ, ɡɚ ɤɨɬɨɪɨɟ ɩɪɢɧɹɬɨ  

10 %, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɪɨɟɤɬ ɜɵɝɨɞɟɧ ɜ ɪɟɚɥɢɡɚɰɢɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɢɡɜɟɞёɧɧɵɯ ɪɚɫɱёɬɨɜ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 

ɫɜɨɞɢɦ ɜ ɬɚɛɥɢɰɟ 8.7. 
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Ɍɚɛɥɢɰɚ 8.7-Ɍɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɪɨɟɤɬɚ 

ɉɨɤɚɡɚɬɟɥɢ Ɂɧɚɱɟɧɢɟ 

1. Ʉɨɥɢɱɟɫɬɜɨ ɩɥɚɧɢɪɭɟɦɵɯ ɚɛɨɧɟɧɬɨɜ 6000 

2. ɉɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɬɢ, Ƚɛɢɬ/ɫ 12,104 

3.Ʉɨɥɢɱɟɫɬɜɨ ɛɚɡɨɜɵɯ ɫɬɚɧɰɢɣ ɫɬɚɧɞɚɪɬɚ LTE, ɲɬ. 12+5 

4. Ʉɚɩɢɬɚɥɶɧɵɟ ɜɥɨɠɟɧɢɹ ɨɛɳɢɟ, ɪɭɛ. 26 531 679 

6. Ƚɨɞɨɜɵɟ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɪɚɫɯɨɞɵ ɪɭɛ. 13000000 

10. ɋɪɨɤ ɨɤɭɩɚɟɦɨɫɬɢ ɤɚɩɢɬɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɥɟɬ 4 ɝɨɞɚ 

11. ɂɧɞɟɤɫ ɪɟɧɬɚɛɟɥɶɧɨɫɬɢ, % 1,08 

12. ɑɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ, ɱɟɥɨɜɟɤ 5 

13. ȼɧɭɬɪɟɧɧɹɹ ɧɨɪɦɚ ɞɨɯɨɞɧɨɫɬɢ IRR, % 27.89 

ɉɨɥɭɱɟɧɧɵɟ ɬɟɯɧɢɤɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɬɨɦ, 

ɱɬɨ ɞɚɧɧɵɣ ɩɪɨɟɤɬ ɩɪɟɞɨɫɬɚɜɥɟɧɢɹ ɛɟɫɩɪɨɜɨɞɧɨɝɨ ɞɨɫɬɭɩɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ LTE 

ɜ ɝ. ɍɫɢɧɫɤ ɹɜɥɹɟɬɫɹ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɦ ɢ ɟɝɨ ɪɟɚɥɢɡɚɰɢɹ 

ɰɟɥɟɫɨɨɛɪɚɡɧɚ. 
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ȼ ɯɨɞɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ 

ɛɟɫɩɪɨɜɨɞɧɚɹ ɫɟɬɶ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɞɨɫɬɭɩɚ ɜ ɝɨɪɨɞɟ ɍɫɢɧɫɤɟ Ɋɟɫɩɭɛɥɢɤɢ 

Ʉɨɦɢ. ȼɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɡɚɞɚɱɢ ɢ ɰɟɥɶ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ. 

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɫɭɳɟɫɬɜɭɸɳɟɣ ɫɟɬɢ, ɜ ɯɨɞɟ ɤɨɬɨɪɨɝɨ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ 

ɩɪɟɞɩɨɥɚɝɚɟɦɨɟ ɤɨɥɢɱɟɫɬɜɨ ɚɛɨɧɟɧɬɨɜ ɫɟɬɢ – 6000 ɩɨɥɶɡɨɜɚɬɟɥɟɣ. Ȼɵɥɨ 

ɪɟɲɟɧɨ ɩɪɟɞɨɫɬɚɜɥɹɬɶ ɚɛɨɧɟɧɬɚɦ ɨɫɧɨɜɧɵɟ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɟ ɭɫɥɭɝɢ 

ɬɚɤɢɟ ɤɚɤ ɩɚɤɟɬɧɚɹ ɩɟɪɟɞɚɱɚ ɪɟɱɢ; ɩɟɪɟɞɚɱɚ ɂɧɬɟɪɧɟɬ-ɮɚɣɥɨɜ; ɞɨɫɬɚɜɤɚ 

ɷɥɟɤɬɪɨɧɧɨɣ ɩɨɱɬɵ; ɩɟɪɟɞɚɱɚ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɫɨɨɛɳɟɧɢɣ; ɦɭɥɶɬɢɦɟɞɢɣɧɨɟ 

ɜɟɳɚɧɢɟ, ɜɤɥɸɱɚɸɳɟɟ ɜ ɫɟɛɹ ɩɨɬɨɤɨɜɵɟ ɭɫɥɭɝɢ, ɭɫɥɭɝɢ ɩɨ ɡɚɝɪɭɡɤɟ ɮɚɣɥɨɜ, 

ɬɟɥɟɜɢɡɢɨɧɧɵɟ ɭɫɥɭɝɢ; ɩɨɬɨɤɨɜɨɟ ɜɢɞɟɨ; VoIP ɢ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɟ 

ɜɢɞɟɨɤɨɧɮɟɪɟɧɰɢɢ; ɨɧɥɚɣɧ-ɢɝɪɵ ɱɟɪɟɡ ɦɨɛɢɥɶɧɵɟ ɢ ɮɢɤɫɢɪɨɜɚɧɧɵɟ 

ɬɟɪɦɢɧɚɥɵ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ; ɦɨɛɢɥɶɧɵɟ ɩɥɚɬɟɠɢ ɫ ɜɵɫɨɤɨɣ ɩɟɪɟɞɚɱɟɣ 

ɪɟɤɜɢɡɢɬɨɜ ɢ ɢɞɟɧɬɢɮɢɤɚɰɢɨɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

ɋɟɬɶ ɩɨɫɬɪɨɟɧɚ ɧɚ ɨɛɨɪɭɞɨɜɚɧɢɢ ɮɢɪɦɵ-ɩɪɨɢɡɜɨɞɢɬɟɥɹ «Alcatel-

Lucent». 

ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɛɵɥɢ ɪɚɫɫɱɢɬɚɧɵ ɤɚɩɢɬɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɧɚ 

ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɟɤɬɚ, ɤɨɬɨɪɵɟ ɫɤɥɚɞɵɜɚɥɢɫɶ ɢɡ ɡɚɬɪɚɬ ɧɚ ɩɪɢɨɛɪɟɬɟɧɢɟ 

ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 

ɫɜɹɡɢ, ɚ ɬɚɤɠɟ ɚɧɬɟɧɧɨ-ɦɚɱɬɨɜɵɯ ɫɨɨɪɭɠɟɧɢɣ. ɉɟɪɜɨɧɚɱɚɥɶɧɵɟ ɤɚɩɢɬɚɥɶɧɵɟ 

ɡɚɬɪɚɬɵ ɫɨɫɬɚɜɢɥɢ ɨɤɨɥɨ 26 500 000 ɪɭɛɥɟɣ. Ɍɚɤ ɠɟ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ 

ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɩɪɨɟɤɬɚ ɢ ɱɢɫɬɵɣ ɞɨɯɨɞ. 

ɋɟɬɶ ɲɢɪɨɤɨɩɨɥɨɫɧɨɝɨ ɪɚɞɢɨɞɨɫɬɭɩɚ ɧɚ ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ 

ɩɪɨɟɤɬɢɪɨɜɚɥɚɫɶ ɢɡ ɪɚɫɱɟɬɚ ɩɨɤɪɵɬɢɹ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ 

ɪɚɫɩɨɥɨɠɟɧɢɹ ɚɛɨɧɟɧɬɨɜ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɱɢɫɥɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ 

ɫɟɬɢ ɜɨɡɦɨɠɧɨ ɞɨɛɚɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɫɬɭɩɚ, ɬɚɤ ɤɚɤ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
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ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɟɯɧɨɥɨɝɢɢ ɢ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɝɢɛɤɨɫɬɶ 

ɢ ɦɚɫɲɬɚɛɢɪɭɟɦɨɫɬɶ ɫɟɬɢ. 
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