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ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɢɫɫɥɟɞɨɜɚɧɢɸ ɜɨɡɦɨɠɧɨɫɬɢ ɭɜɟɥɢɱɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɨɜ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢ-
ɱɟɫɤɢɯ ɥɢɧɢɣ ɫɜɹɡɢ, ɪɚɛɨɬɚɸɳɢɯ ɩɨ ɬɟɯɧɨɥɨɝɢɢ Radio-over-Fiber. ɉɪɟɞɥɨɠɟɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɩɟɪɟ-
ɧɨɫɱɢɤɚ ɢɧɮɨɪɦɚɰɢɢ ɜɪɟɦɹ-ɱɚɫɬɨɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ (ɱɢɪɩ) ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢɦɩɭɥɶɫɨɜ. ɉɪɢɜɟɞɟɧɵ ɦɟɬɨɞɵ 
ɭɩɪɚɜɥɟɧɢɹ ɜɪɟɦɹ-ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɨɩɬɢɱɟɫɤɨɝɨ ɢɦɩɭɥɶɫɚ ɜ ɫɢɫɬɟɦɚɯ Radio-over-Fiber. ɉɪɟɞɥɨɠɟɧ 
ɩɪɢɧɰɢɩ ɭɩɪɚɜɥɟɧɢɹ ɱɢɪɩɨɦ ɡɚ ɫɱɟɬ ɢɡɦɟɧɟɧɢɹ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɦɨɞɭɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ. ɉɨɥɭɱɟɧɵ 
ɮɨɪɦɭɥɵ, ɫɜɹɡɵɜɚɸɳɢɟ ɮɭɧɤɰɢɸ ɱɢɪɩɚ ɨɩɬɢɱɟɫɤɨɝɨ ɢɦɩɭɥɶɫɚ ɫ ɡɚɤɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɩɪɚɜɥɹɸ-
ɳɟɦ ɜɯɨɞɟ ɦɨɞɭɥɹɬɨɪɚ. Ɉɩɢɫɚɧ ɷɤɫɩɟɪɢɦɟɧɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɟɪɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɭɩɪɚɜɥɟɧɢɹ ɱɢɪɩɨɦ ɫɢɝɧɚɥɚ 
ɫ ɩɨɦɨɳɶɸ ɦɨɞɭɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ, ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɫɢɝɧɚɥɚ ɞɥɹ ɤɨɬɨɪɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧ ɝɟɧɟɪɚɬɨɪ 
ɩɢɥɨɨɛɪɚɡɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɥɢɡɤɢ ɤ ɪɟɡɭɥɶɬɚɬɚɦ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɱɢɪɩɨɦ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɩɪɟɞɥɨɠɟɧɧɵɦ ɫɩɨɫɨɛɨɦ. Ɉɩɢɫɚɧɚ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɱɢɪɩɢɪɨɜɚɧɧɵɯ ɫɢɝɧɚɥɨɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɚɦɢ-ɦɟɧɟɞɠɟɪɚɦɢ 
ɫɟɬɟɣ SDN ɛɟɡ ɫɧɢɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɫɜɹɡɢ.
Ключевые слова: Radio-over-Fiber, ɩɨɥɧɨɫɬɶɸ ɨɩɬɢɱɟɫɤɚɹ ɫɟɬɶ, ɭɩɪɚɜɥɟɧɢɟ ɪɚɡɜɟɬɜɥɟɧɧɨɣ ɫɟɬɶɸ, ɱɢɪɩ ɨɩɬɢɱɟ-
ɫɤɨɝɨ ɢɦɩɭɥɶɫɚ, ɦɨɞɭɥɹɬɨɪ Ɇɚɯɚ-ɐɟɧɞɟɪɚ
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɜ ɪɚɡɜɢɬɢɢ ɬɟɥɟɤɨɦɦɭ-

ɧɢɤɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ ɝɥɚɜɧɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɭɜɟɥɢ-
ɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ, ɧɟɨɛɯɨɞɢɦɨɟ 

ɞɥɹ ɪɚɫɲɢɪɟɧɢɹ ɫɩɟɤɬɪɚ ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɭɫɥɭɝ 
ɢ ɩɨɜɵɲɟɧɢɹ ɢɯ ɤɚɱɟɫɬɜɚ. Ɉɞɧɨɜɪɟɦɟɧɧɨ ɧɚ ɩɟ-
ɪɟɞɧɢɣ ɩɥɚɧ ɜɵɯɨɞɹɬ ɜɨɩɪɨɫɵ ɪɚɡɪɚɛɨɬɤɢ ɧɨɜɵɯ, 
ɛɨɥɟɟ ɛɵɫɬɪɨɞɟɣɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ 
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ɬɪɚɮɢɤɨɦ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɩɢɫɚɧɧɵɟ ɬɟɧɞɟɧ-
ɰɢɢ ɯɚɪɚɤɬɟɪɧɵ ɞɥɹ ɭɱɚɫɬɤɨɜ «ɩɨɫɥɟɞɧɟɣ ɦɢɥɢ», 
ɯɨɬɹ ɪɚɡɪɚɛɨɬɤɚ ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɦɚɪɲɪɭɬɢɡɚɰɢɢ 
ɬɚɤɠɟ ɜɚɠɧɚ ɢ ɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɫɟɬɹɯ, ɢ ɩɪɢ ɩɨ-
ɫɬɪɨɟɧɢɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɪɚɡɜɟɬɜɥɟɧ-
ɧɵɯ ɫɟɬɟɣ ɫɜɹɡɢ, ɧɚɩɪɢɦɟɪ, ɫɟɬɟɣ ɝɨɪɨɞɫɤɨɝɨ 
ɦɚɫɲɬɚɛɚ (Metropolitan Area Networks, MAN) 
ɢ ɩɚɫɫɢɜɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ (Passive Optical Networks, PON). ɉɪɢɱɟɦ ɞɥɹ MAN ɢ PON ɩɨɜɵ-
ɲɟɧɢɟ ɨɛɳɟɝɨ ɛɵɫɬɪɨɞɟɣɫɬɜɢɹ, ɨɩɪɟɞɟɥɹɸɳɟɝɨ 
ɜ ɤɨɧɟɱɧɨɦ ɫɱɟɬɟ QoS ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɹ ɫɬɟɩɟɧɶ 
ɟɝɨ ɭɞɨɜɥɟɬɜɨɪɟɧɧɨɫɬɶɸ ɭɫɥɭɝɨɣ, ɨɩɪɟɞɟɥɹɟɬ-
ɫɹ ɧɟ ɫɬɨɥɶɤɨ ɪɨɫɬɨɦ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ, ɫɤɨɥɶɤɨ 
ɭɫɤɨɪɟɧɢɟɦ ɩɪɨɰɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ ɫɢɝɧɚɥɚɦɢ [2]. ɍɤɚɡɚɧɧɵɣ ɦɨɦɟɧɬ ɩɨɜɵɲɚɟɬ ɚɤɬɭɚɥɶɧɨɫɬɶ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɜɨɥɨ-
ɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ ɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɩɨɢɫɤ 
ɧɨɜɵɯ ɫɩɨɫɨɛɨɜ ɭɩɪɚɜɥɟɧɢɹ ɩɨɬɨɤɚɦɢ ɞɚɧɧɵɯ 
ɧɚ ɧɢɠɧɢɯ ɫɟɬɟɜɵɯ ɭɪɨɜɧɹɯ. ɗɬɨ ɨɡɧɚɱɚɟɬ ɭɩɪɚɜ-
ɥɟɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɦ ɫɢɝɧɚɥɨɦ ɩɨɫɪɟɞɫɬɜɨɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ ɜɨɥɨɤɨɧ-
ɧɨ-ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɩɟɪɟɞɚɱɢ (ȼɈɅɉ). Ɉɫɨɛɭɸ 
ɚɤɬɭɚɥɶɧɨɫɬɶ ɞɚɧɧɚɹ ɡɚɞɚɱɚ ɩɪɢɨɛɪɟɬɚɟɬ ɞɥɹ ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɯ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɯ ɪɚɞɢɨɮɨɬɨɧ-
ɧɵɯ ɫɢɫɬɟɦ ɫɜɹɡɢ (ɢɥɢ Radio-over-Fiber – ɞɚɥɟɟ RoF). ɋɢɫɬɟɦɵ RoF ɤɥɚɫɫɢɱɟɫɤɢ ɛɚɡɢɪɭɸɬɫɹ ɧɚ 
ɩɪɢɜɥɟɱɟɧɢɢ ɮɢɡɢɱɟɫɤɢɯ ɷɮɮɟɤɬɨɜ ɤ ɮɨɪɦɢɪɨ-
ɜɚɧɢɸ ɫɢɝɧɚɥɨɜ, ɱɬɨ ɩɪɢɡɜɚɧɨ ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ 
ɭɩɪɨɫɬɢɬɶ ɚɩɩɚɪɚɬɧɭɸ ɱɚɫɬɶ [1]. ɗɬɨ, ɜ ɫɜɨɸ ɨɱɟ-
ɪɟɞɶ, ɩɨɜɵɲɚɟɬ ɚɞɚɩɬɢɜɧɨɫɬɶ ɢ ɛɵɫɬɪɨɞɟɣɫɬɜɢɟ 
ɫɢɫɬɟɦɵ ɩɟɪɟɞɚɱɢ, ɚ ɬɚɤɠɟ ɫɧɢɠɚɟɬ ɟɟ ɫɬɨɢɦɨɫɬɶ.
ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɨɞɧɚɤɨ, ɱɬɨ ɭɩɪɚɜɥɟ-

ɧɢɟ ɬɪɚɮɢɤɨɦ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ 
ɜɨɡɦɨɠɧɨɫɬɶ ɟɝɨ ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɷɬɨɣ 
ɰɟɥɢ ɤɥɚɫɫɢɱɟɫɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɟ 
ɛɚɡɢɫɵ, ɧɚɩɪɢɦɟɪ, ɪɟɚɥɢɡɭɹ ɭɩɥɨɬɧɟɧɢɟ ɩɨ ɜɪɟ-
ɦɟɧɢ (ɫɢɫɬɟɦɵ SDH ɢɥɢ Ethernet) ɢɥɢ ɩɨ ɱɚɫɬɨɬɟ (ɫɢɫɬɟɦɵ WDM). Ɉɞɧɚɤɨ ɤɨɥɢɱɟɫɬɜɨ ɬɚɤɢɯ ɛɚ-
ɡɢɫɨɜ ɨɝɪɚɧɢɱɟɧɨ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɜɜɟɞɟɧɢɟ ɧɨɜɵɯ «ɤɨɨɪɞɢɧɚɬ» ɫɩɨɫɨɛɧɨ ɫɭɳɟɫɬ-

ɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ɍɚɤ, 
ɩɪɢɦɟɧɟɧɢɟ DQPSK ɦɨɞɭɥɹɰɢɢ ɤ ɨɩɬɢɱɟɫɤɨɦɭ 
ɫɢɝɧɚɥɭ ɩɨɡɜɨɥɢɥɨ ɞɨɫɬɢɱɶ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɩɨɜɵ-
ɲɟɧɢɹ ɛɢɬɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɡɚɞɟɣɫɬɜɨɜɚɧɢɹ ɨɪɬɨɝɨɧɚɥɶɧɵɯ ɩɨɥɹɪɢɡɚɰɢɨɧ-
ɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɧɚɩɪɹɠɟɧɧɨ-
ɫɬɢ ɩɨɥɹ E ɫɜɟɬɨɜɨɣ ɜɨɥɧɵ [3-5]. ɂɫɫɥɟɞɨɜɚɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɜɪɟɦɹ-ɱɚɫɬɨɬɧɨɣ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɢ (ɱɢɪɩɚ) ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ ɜ ɤɚ-
ɱɟɫɬɜɟ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ «ɤɨɨɪɞɢɧɚɬɵ» ɩɪɢ ɩɨ-
ɫɬɪɨɟɧɢɢ ɫɟɬɟɣ RoF ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ 
ɡɚɞɚɱɟɣ.  
ɉɪɢɦɟɧɟɧɢɟ ɱɢɪɩɢɪɨɜɚɧɢɹ ɧɚ ɫɟɬɹɯ ɫɜɹɡɢ 

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɨɛɭɫɥɨɜɥɟɧɨ ɡɚɞɚɱɟɣ ɤɨɦ-
ɩɟɧɫɚɰɢɢ ɞɟɣɫɬɜɢɹ ɯɪɨɦɚɬɢɱɟɫɤɨɣ ɞɢɫɩɟɪɫɢɢ (ɏȾ), ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɧɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɢ-
ɦɟɧɹɬɶ ɫɢɫɬɟɦɭ EDC (Electrical Dispersion Compensate). Ʉɚɤ ɩɪɚɜɢɥɨ, ɷɬɨ ɯɚɪɚɤɬɟɪɧɨ ɞɥɹ 
ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɵɯ ɫɢɫɬɟɦ RoF. ɉɪɢɦɟɧɟɧɢɟ 
ɫɪɟɞɫɬɜ ɤɨɦɩɟɧɫɚɰɢɢ ɏȾ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɜɤɥɸ-
ɱɟɧɢɢ ɨɩɬɨɜɨɥɨɤɨɧ ɫ ɪɚɡɧɵɦɢ ɡɧɚɤɚɦɢ ɞɢɫɩɟɪ-
ɫɢɨɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ, ɢɧɬɟɪɮɟɪɟɧɰɢɨɧɧɵɯ 
ɭɫɬɪɨɣɫɬɜ ɢ ɬ.ɩ. ɦɨɝɭɬ ɨɤɚɡɚɬɶɫɹ ɧɟ ɨɱɟɧɶ ɷɮ-
ɮɟɤɬɢɜɧɵɦɢ, ɤ ɬɨɦɭ ɠɟ ɨɧɢ ɜɧɨɫɹɬ ɢɫɤɚɠɟɧɢɹ ɜ 
ɲɢɪɨɤɨɩɨɥɨɫɧɵɣ ɢ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɣ ɫɢɝɧɚɥ. 
ɂɡ-ɡɚ ɷɬɨɝɨ ɨɩɬɢɱɟɫɤɢɣ ɢɦɩɭɥɶɫ ɩɨɞ ɞɟɣɫɬɜɢɟɦ 
ɏȾ ɛɭɞɟɬ ɭɲɢɪɟɧ, ɚ ɡɧɚɱɢɬ, ɜ ɫɟɬɢ ɦɨɠɟɬ ɭɜɟɥɢ-
ɱɢɬɶɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɛɢɬɨɜɵɯ ɨɲɢɛɨɤ. ȼ ɬɚɤɢɯ 
ɭɫɥɨɜɢɹɯ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɧɬɟɪɟɫɧɵɦ ɩɪɢɦɟ-
ɧɟɧɢɟ ɤɜɚɡɢɫɨɥɢɬɨɧɨɜɨɝɨ ɪɟɠɢɦɚ ɪɚɫɩɪɨɫɬɪɚ-
ɧɟɧɢɹ, ɤɨɝɞɚ ɢɦɩɭɥɶɫ ɢɡɧɚɱɚɥɶɧɨ ɞɨɥɠɟɧ ɛɵɬɶ 
ɫɝɟɧɟɪɢɪɨɜɚɧ ɱɢɪɩɢɪɨɜɚɧɧɵɦ (ɪɢɫɭɧɨɤ 1). ɉɪɢ 
ɷɬɨɦ ɜɚɠɧɨ ɪɟɲɢɬɶ ɡɚɞɚɱɭ ɩɨɥɭɱɟɧɢɹ ɱɢɪɩɢɪɨ-
ɜɚɧɧɨɝɨ ɢɦɩɭɥɶɫɚ ɤɚɤ ɦɨɠɧɨ ɛɨɥɟɟ ɞɟɲɟɜɵɦ (ɚɩɩɚɪɚɬɧɨ) ɫɩɨɫɨɛɨɦ. ȼ ɱɚɫɬɧɨɫɬɢ, ɷɬɨ ɦɨɠɧɨ 
ɨɛɟɫɩɟɱɢɬɶ ɩɪɢɦɟɧɟɧɢɟɦ ɱɢɪɩɢɪɭɸɳɟɝɨ ɦɨɞɭ-
ɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ (Mach-Zender Modulator, MZM).
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Ɍɚɤ, ɧɟɱɢɪɩɢɪɨɜɚɧɧɵɣ ɨɩɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ 

ɧɚ ɜɵɯɨɞɟ ɦɨɞɭɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ ɨɩɢɫɵɜɚ-
ɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ [6-7]:

 (1)
ɝɞɟ  – ɦɚɤɫɢɦɚɥɶɧɚɹ ɨɩɬɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ ɧɚ 
ɜɵɯɨɞɟ MZM;  – ɧɚɩɪɹɠɟɧɢɟ ɫɦɟɳɟɧɢɹ, ɜɵ-
ɫɬɚɜɥɹɸɳɟɟ ɪɚɛɨɱɭɸ ɬɨɱɤɭ ɆɆɐ;  – ɧɚɩɪɹ-
ɠɟɧɢɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɫɞɜɢɝɚ ɮɚɡ ɧɚ  ɦɟɠɞɭ 
ɞɜɭɦɹ ɩɥɟɱɚɦɢ MZM,  [3 ȼ, 5 ȼ];  – ɫɢɝ-
ɧɚɥ, ɩɨɞɚɜɚɟɦɵɣ ɧɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɜɯɨɞ MZM;   – ɫɦɟɳɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ 
ɩɨɞɫɬɪɨɣɤɢ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɦɟ-
ɳɟɧɢɹ ɩɨɞ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ.
ɑɢɪɩɢɪɭɸɳɢɣ ɦɨɞɭɥɹɬɨɪ Ɇɚɯɚ-ɐɟɧɞɟɪɚ 

ɜɵɩɨɥɧɟɧ ɧɚ ɩɥɚɫɬɢɧɟ ɧɢɨɛɚɬɚ ɥɢɬɢɹ LiNbO3 [8]. ɇɚ ɩɨɞɥɨɠɤɟ ɢɡ ɧɢɨɛɚɬɚ ɥɢɬɢɹ LiNbO3 ɪɚɫ-
ɩɨɥɚɝɚɸɬɫɹ ɜɨɥɧɨɜɨɞɵ MZM (ɩɥɟɱɢ ɢɧɬɟɪɮɟ-
ɪɨɦɟɬɪɚ) ɢ ɷɥɟɤɬɪɨɞɵ, ɤ ɤɨɬɨɪɵɦ ɩɪɢɤɥɚɞɵɜɚ-
ɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ. ɇɚ ɷɥɟɤɬɪɨɞɵ 
ɩɨɞɚɟɬɫɹ ɦɨɞɭɥɢɪɭɸɳɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɫɢɝɧɚɥ  ɢ ɪɚɛɨɱɚɹ ɬɨɱɤɚ  ɜɵɪɚɜɧɢɜɚɸɳɚɹ ɩɥɟ-
ɱɢ ɢɧɬɟɪɮɟɪɨɦɟɬɪɚ. Ⱦɥɹ ɜɧɟɫɟɧɢɹ ɩɟɪɟɦɟɧɧɨɝɨ 
ɱɢɪɩɢɪɨɜɚɧɢɹ ɜ ɨɩɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɤɪɢɫɬɚɥɥ 
ɢɡ ɧɢɨɛɚɬɚ ɥɢɬɢɹ ɫɪɟɡɚɟɬɫɹ ɩɨ ɨɫɢ Z. ɗɬɨ ɨɛɟɫ-
ɩɟɱɢɜɚɟɬ ɟɝɨ ɧɟɪɚɜɧɨɦɟɪɧɨɟ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟ 
ɩɪɢ ɩɨɞɚɱɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɡɧɚ-
ɱɢɬ – ɜɧɨɫɢɬ ɱɢɪɩɢɪɨɜɚɧɢɟ ɜ ɩɪɨɯɨɞɹɳɢɣ ɫɢɝ-
ɧɚɥ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɧɨɫɢɬɶ ɱɢɪɩɢɪɨɜɚɧɢɟ 
ɦɨɠɧɨ ɩɥɚɜɧɵɦ ɢɡɦɟɧɟɧɢɟɦ ɪɚɛɨɱɟɣ ɬɨɱɤɢ 
ɦɨɞɭɥɹɬɨɪɚ. ȼ ɫɜɹɡɢ ɫ ɜɵɲɟɫɤɚɡɚɧɧɵɦ ɧɚɩɪɹ-
ɠɟɧɢɟ ɫɦɟɳɟɧɢɹ  ɡɚɞɚɸɳɟɟ ɪɚɛɨɱɭɸ ɬɨɱɤɭ, 
ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ:                         (2)
ɝɞɟ  – ɧɚɩɪɹɠɟɧɢɟ, ɨɩɪɟɞɟɥɹɸɳɟɟ ɩɨɥɨɠɟ-
ɧɢɟ ɪɚɛɨɱɟɣ ɬɨɱɤɢ ɦɨɞɭɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ, 
ɩɨɞɚɜɚɟɦɨɟ ɧɚ ɟɝɨ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ;  
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ (ɭɩɪɚɜɥɹɸɳɟɟ) ɧɚɩɪɹɠɟɧɢɟ, 
ɬɚɤɠɟ ɩɨɞɚɜɚɟɦɨɟ ɧɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ. ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɪɚɠɟɧɢɟ (1) ɩɪɢɦɟɬ ɜɢɞ 

      (3)
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ, 

ɤɚɤɨɟ ɜɥɢɹɧɢɟ ɨɤɚɠɟɬ ɧɚ ɨɩɬɢɱɟɫɤɢɣ ɢɦɩɭɥɶɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɪɚɛɨɱɟɣ ɬɨɱɤɨɣ MZM.

 
ɍɩɪɨɫɬɢɦ ɜɵɪɚɠɟɧɢɟ (3), ɜɵɞɟɥɢɜ ɮɭɧɤɰɢɸ, 

ɡɚɜɢɫɹɳɭɸ ɨɬ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ. Ɍɨɝ-
ɞɚ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɦɨɞɭɥɹɬɨɪɚ ɦɨɠɧɨ ɩɪɟɞ-
ɫɬɚɜɢɬɶ ɜ ɜɢɞɟ   

  (4)
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɫɨ-

ɫɬɚɜɥɹɸɳɢɯ ɫɞɟɥɚɟɬ ɡɚɜɢɫɢɦɨɫɬɶ ɮɨɪɦɵ ɢɦ-
ɩɭɥɶɫɚ ɨɬ ɭɩɪɚɜɥɹɸɳɟɝɨ ɧɚɩɪɹɠɟɧɢɹ ɫɥɢɲɤɨɦ 
ɫɥɨɠɧɨɣ. Ⱦɥɹ ɢɯ ɤɨɦɩɟɧɫɚɰɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɩɪɢɦɟɧɢɬɶ ɛɚɥɚɧɫɧɭɸ ɫɯɟɦɭ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ 
ɦɨɞɭɥɹɬɨɪɨɜ ɢ ɮɚɡɨɜɪɚɳɚɬɟɥɹ (Ɏȼ), ɢɧɜɟɪɬɢ-
ɪɭɸɳɟɝɨ ɭɩɪɚɜɥɹɸɳɢɣ ɫɢɝɧɚɥ, ɩɨɫɬɭɩɚɸɳɢɣ 
ɫ ɝɟɧɟɪɚɬɨɪɚ Ƚɇ (ɫɦ. ɪɢɫɭɧɨɤ 2).
Ɍɨɝɞɚ ɜɵɪɚɠɟɧɢɟ (4) ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ: 

    
(5)

Ɋɢɫɭɧɨɤ 2. Ȼɚɥɚɧɫɧɚɹ ɫɯɟɦɚ ɤɨɦɩɟɧɫɚɰɢɢ 
ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ

ɂɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɤɪɢ-
ɫɬɚɥɥɚ ɧɢɨɛɚɬɚ ɥɢɬɢɹ LiNbO3 ɨɩɢɫɵɜɚɟɬɫɹ ɜɵ-
ɪɚɠɟɧɢɟɦ [9] ɜɢɞɚ                            (6)
ɝɞɟ  – ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɤɪɢɫɬɚɥɥɚ 
ɧɢɨɛɚɬɚ ɥɢɬɢɹ ɛɟɡ ɩɪɢɥɨɠɟɧɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ; 

.
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ȼɨɪɨɧɤɨɜɚ Ⱥ.ȼ., ȼɨɪɨɧɤɨɜ Ƚ.ɋ., əɧɬɢɥɢɧɚ Ʌ.Ɂ., ɋɭɥɬɚɧɨɜ Ⱥ.ɏ., ȼɢɧɨɝɪɚɞɨɜɚ ɂ.Ʌ. – ɷɥɟɤɬɪɨɨɩɬɢɱɟɫɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɦ/ȼ;  – ɩɪɢɤɥɚɞɵɜɚɟɦɨɟ ɤ ɤɪɢɫɬɚɥɥɭ ɷɥɟɤɬɪɢɱɟɫɤɨɟ 
ɩɨɥɟ. ɍɱɢɬɵɜɚɹ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɢɷɥɟɤ-
ɬɪɢɱɟɫɤɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ  ɡɚɜɢɫɢɬ ɨɬ ɱɚɫɬɨ-
ɬɵ  ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢ ɨɬ ɞɥɢɧɵ ɜɨɥɧɵ  [10], ɡɚɩɢɲɟɦ ɜɵɪɚɠɟɧɢɟ (6) ɜ ɜɢɞɟ:                    (7)
ȿɫɥɢ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɢɥɨɠɟɧɧɵɦ ɩɟɪɟ-

ɦɟɧɧɵɦ ɜɧɟɲɧɢɦ ɧɚɩɪɹɠɟɧɢɟɦ  ɢ ɩɪɢ 
ɷɬɨɦ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɩɨɥɹ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱ-
ɧɢɤɚ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ ɧɚɩɪɹɠɟɧɧɨɫɬɢ ɩɨɥɹ 
ɨɩɬɢɱɟɫɤɨɝɨ ɥɭɱɚ, ɮɨɪɦɭɥɚ (7) ɩɪɢɦɟɬ ɜɢɞ: ,              (8)
ɝɞɟ  – ɤɨɷɮɮɢɰɢɟɧɬ, ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨ-
ɧɚɥɶɧɵɣ ɪɚɫɫɬɨɹɧɢɸ  ɨɬ ɬɨɱɤɢ ɧɚɛɥɸɞɟɧɢɹ 
ɩɨɥɹ ɞɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɷɥɟɤɬɪɨɞɚ,  
ɉɨɥɨɠɢɦ ɬɚɤɠɟ, ɱɬɨ ɧɚɩɪɹɠɟɧɧɨɫɬɶ ɷɥɟɤɬɪɢ-
ɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚɩɪɚɜɥɟɧɚ ɫɬɪɨɝɨ ɩɟɪɩɟɧɞɢɤɭ-
ɥɹɪɧɨ ɩɥɚɫɬɢɧɟ ɧɢɨɛɚɬɚ ɥɢɬɢɹ. ȼ ɷɬɨɦ ɫɥɭ-
ɱɚɟ , ɝɞɟ d – ɬɨɥɳɢɧɚ ɤɪɢɫɬɚɥɥɚ ɧɢɨɛɚɬɚ 
ɥɢɬɢɹ. ɋ ɭɱɟɬɨɦ ɜɵɲɟɫɤɚɡɚɧɧɨɝɨ ɢɡɦɟɧɟɧɢɟ 
ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ 
ɜɵɪɚɠɟɧɢɟɦ  .            (9)
ɍɱɢɬɵɜɚɹ, ɱɬɨ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ 

ɤɪɢɫɬɚɥɥɚ ɧɢɨɛɚɬɚ ɥɢɬɢɹ ɜ ɪɟɠɢɦɟ ɜɤɥɸɱɟ-
ɧɢɹ/ɜɵɤɥɸɱɟɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɦɨɠɧɨ ɩɪɟɞɫɬɚ-
ɜɢɬɶ ɤɚɤ: . ɉɪɢ ɷɬɨɦ 
ɨɩɬɢɱɟɫɤɚɹ ɞɥɢɧɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɪɨɢɡɜɟɞɟɧɢ-
ɟɦ ɩɨɤɚɡɚɬɟɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɫɪɟɞɵ ɧɚ ɟɟ ɮɢɡɢ-
ɱɟɫɤɭɸ ɞɥɢɧɭ  Ɍɨɝɞɚ ɢɡɦɟɧɟɧɢɟ ɨɩ-
ɬɢɱɟɫɤɨɣ ɞɥɢɧɵ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɧɟɲɧɟɝɨ 
ɩɨɥɹ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤ  ȼ 
ɷɬɨɦ ɫɥɭɱɚɟ ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɪɚɜɟɧ:          (10)
ɍɱɢɬɵɜɚɹ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜɵɲɟ ɫɨɨɬɧɨ-

ɲɟɧɢɹ, ɩɨɥɭɱɚɟɦ:        (11)
ȿɫɥɢ ɮɚɡɨɜɵɣ ɫɞɜɢɝ ɩɪɹɦɨ ɩɪɨɩɨɪɰɢɨɧɚ-

ɥɟɧ ɮɭɧɤɰɢɢ ɱɢɪɩɚ  ɬɨ  

ɉɪɢ ɷɬɨɦ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɛɭɞɟɬ ɪɚɜɟɧ 

       
(13)

ȼ ɫɥɭɱɚɟ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɱɢɪɩɢɪɨɜɚɧɢɹ ɜɚ-
ɪɢɚɧɬ  ɧɟ ɢɦɟɟɬ ɮɢɡɢɱɟɫɤɨɝɨ ɫɦɵɫɥɚ, 
ɩɨɫɤɨɥɶɤɭ ɩɨɤɚɡɚɬɟɥɶ ɩɪɟɥɨɦɥɟɧɢɹ ɨɤɚɡɵɜɚɟɬɫɹ 
ɦɟɧɶɲɟ ɧɭɥɹ. ɋ ɭɱɟɬɨɦ (13), ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟ-
ɥɹ ɩɪɟɥɨɦɥɟɧɢɹ ɩɪɢɦɟɬ ɜɢɞ:     

         (14)
ɉɨɞɫɬɚɜɥɹɹ ɜ (14) ɜɵɪɚɠɟɧɢɟ (4), ɩɨɥɭɱɚɟɦ:

      
(15)

Ɍɨɝɞɚ  ɛɭɞɟɬ ɪɚɜɧɨ: 

          
(16)

Ɏɭɧɤɰɢɹ ɤɨɪɪɟɤɬɢɪɭɸɳɟɝɨ ɱɢɪɩɚ  ɫɨ-
ɨɬɜɟɬɫɬɜɟɧɧɨ ɩɪɢɦɟɬ ɜɢɞ:

       (17)
Ɍɨɝɞɚ ɫɢɝɧɚɥ ɧɚ ɜɵɯɨɞɟ ɦɨɞɭɥɹɬɨɪɚ Ɇɚɯɚ-

ɐɟɧɞɟɪɚ, ɫɨɞɟɪɠɚɳɢɣ ɧɚɱɚɥɶɧɨɟ ɱɢɪɩɢɪɨɜɚɧɢɟ, 
ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɜɵɪɚɠɟɧɢɟɦ 

.
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(18)

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨɝɨ ɱɢɪɩɢɪɨɜɚɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɦɩɭɥɶɫɚ 
ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɷɥɟɤɬɪɢɱɟ-
ɫɤɨɝɨ ɫɢɝɧɚɥɚ ɧɚ ɜɯɨɞɟ ɦɨɞɭɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ.  
Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɚɩɪɨɛɚɰɢɢ ɩɪɟɞɥɨɠɟɧɧɨ-

ɝɨ ɩɨɞɯɨɞɚ ɛɵɥɚ ɫɨɛɪɚɧɚ ɭɫɬɚɧɨɜɤɚ (ɫɦ. ɪɢɫɭɧɨɤ 3). 
Ɋɢɫɭɧɨɤ 3. ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ
Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɛɢɬɨɜɵɯ ɨɲɢ-

ɛɨɤ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɨɩɬɢɱɟɫɤɢɣ BER-ɬɟɫɬɟɪ ɫɨ 
ɜɫɬɪɨɟɧɧɵɦ SFP-ɦɨɞɭɥɟɦ. Ɉɩɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɫ ɟɝɨ 
ɜɵɯɨɞɚ ɩɨɞɚɜɚɥɫɹ ɱɟɪɟɡ ɚɬɬɟɧɸɚɬɨɪ ɧɚ ɦɨɞɭɥɹɬɨɪ 
Ɇɚɯɚ-ɐɟɧɞɟɪɚ. ɇɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ɦɨɞɭɥɹɬɨɪɚ 
ɩɨɫɬɭɩɚɥ ɫɢɝɧɚɥ ɫ ɝɟɧɟɪɚɬɨɪɚ ɥɢɧɟɣɧɨ ɢɡɦɟɧɹɸɳɟ-
ɝɨɫɹ ɧɚɩɪɹɠɟɧɢɹ (ȽɅɂɇ). ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ ɩɟɪɟɞɚ-
ɱɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ȼɈɅɉ ɞɥɢɧɨɣ 20 ɤɦ. ɉɨɪɹɞɨɤ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɨɩɢɫɚɧ ɧɢɠɟ. Ɉɩɬɢɱɟ-
ɫɤɢɣ BER-ɬɟɫɬɟɪ ɝɟɧɟɪɢɪɨɜɚɥ ɩɫɟɜɞɨɫɥɭɱɚɣɧɭɸ ɩɨ-
ɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɞɚɧɧɵɯ (PRBS-ɩɨɬɨɤ), ɤɨɬɨɪɚɹ 
ɩɨɞɚɜɚɥɚɫɶ ɧɚ SFP-ɦɨɞɭɥɶ. Ɉɩɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɫ 
ɜɵɯɨɞɚ SFP-ɦɨɞɭɥɹ ɩɨɫɬɭɩɚɥ ɧɚ ɚɬɬɟɧɸɚɬɨɪ, ɞɚɥɟɟ 
ɧɚ ɦɨɞɭɥɹɬɨɪ Ɇɚɯɚ-ɐɟɧɞɟɪɚ. ɉɪɨɣɞɹ ɩɨ ɥɢɧɢɢ, ɨɩ-
ɬɢɱɟɫɤɢɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɥ ɧɚ ɩɪɢɟɦɧɵɣ ɜɯɨɞ SFP-
ɦɨɞɭɥɹ. Ⱦɚɥɟɟ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ BER-ɬɟɫɬɟɪɚ 
ɨɰɟɧɢɜɚɥɨɫɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɧɹɬɵɯ ɢ ɩɨɬɟɪɹɧɧɵɯ 
ɛɢɬɨɜ ɢɧɮɨɪɦɚɰɢɢ ɢ ɨɩɪɟɞɟɥɹɥɨɫɶ ɡɧɚɱɟɧɢɟ BER. 
ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɞɥɹ ɞɜɭɯ ɫɥɭɱɚɟɜ: ɩɪɢ ɩɨ-
ɞɚɱɟ ɧɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ɦɨɞɭɥɹɬɨɪɚ ɩɨɫɬɨɹɧɧɨɝɨ 
ɬɨɤɚ ɢ ɩɪɢ ɩɨɞɚɱɟ ɧɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ɦɨɞɭɥɹɬɨɪɚ 
ɥɢɧɟɣɧɨ-ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɧɚɩɪɹɠɟɧɢɹ.
ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨ-

ɫɬɢ BER ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɝɟɧɟɪɚɬɨɪɚ ɩɪɢ ɩɨɞɚɱɟ ɧɚ 
ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ɦɨɞɭɥɹɬɨɪɚ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹ-

ɠɟɧɢɹ ɢ ɩɪɢ ɩɨɞɚɱɟ ɥɢɧɟɣɧɨ-ɢɡɦɟɧɹɸɳɟɝɨɫɹ ɧɚ-
ɩɪɹɠɟɧɢɹ.

Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɛɢɬɨɜɵɯ 
ɨɲɢɛɨɤ ɨɬ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɭɩɪɚɜɥɹɸɳɟɦ ɜɯɨɞɟ ɦɨ-
ɞɭɥɹɬɨɪɚ Ɇɚɯɚ-ɐɟɧɞɟɪɚ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɪɢ ɩɨɞɚ-
ɱɟ ɧɚ ɭɩɪɚɜɥɹɸɳɢɣ ɜɯɨɞ ɥɢɧɟɣɧɨ-ɢɡɦɟɧɹɸɳɟɝɨɫɹ 
ɧɚɩɪɹɠɟɧɢɟ BER ɭɥɭɱɲɚɟɬɫɹ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɪɚɡɪɚɛɨɬɚɧɧɭɸ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ. ɉɪɢ ɷɬɨɦ 
ɪɟɡɭɥɶɬɚɬɵ ɢɦɢɬɚɰɢɨɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɥɢɡɤɢ 
ɤ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ.  -       
Ɏɭɧɤɰɢɸ ɱɢɪɩɚ (ɩɟɪɟɞɚɱɭ ɞɚɧɧɵɯ ɜɧɟ ɨɫɧɨɜɧɨɝɨ 

ɤɚɧɚɥɚ ɫɜɹɡɢ ɡɚ ɫɱɟɬ ɭɩɪɚɜɥɟɧɢɹ ɜɪɟɦɹ-ɱɚɫɬɨɬɧɨɣ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɨɣ) ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɵɦ ɢɫɩɨɥɶ-
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ȼɨɪɨɧɤɨɜɚ Ⱥ.ȼ., ȼɨɪɨɧɤɨɜ Ƚ.ɋ., əɧɬɢɥɢɧɚ Ʌ.Ɂ., ɋɭɥɬɚɧɨɜ Ⱥ.ɏ., ȼɢɧɨɝɪɚɞɨɜɚ ɂ.Ʌ.
ɡɨɜɚɬɶ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɩɟɪɟɞɚɱɢ ɧɟɛɨɥɶɲɢɯ ɞɨɩɨɥɧɢ-
ɬɟɥɶɧɵɯ ɨɛɴɟɦɨɜ ɢɧɮɨɪɦɚɰɢɢ, ɬɚɤɢɯ ɤɚɤ ɫɥɭɠɟɛɧɵɟ 
ɢɥɢ ɭɩɪɚɜɥɹɸɳɢɟ ɫɢɝɧɚɥɵ ɫɟɬɢ, ɚ ɬɚɤɠɟ ɦɟɬɤɢ ɜ 
ɫɟɬɹɯ MPLS. ɉɟɪɫɩɟɤɬɢɜɧɵɦ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɧɟɡɚɜɢɫɢɦɨɝɨ ɨɛɦɟɧɚ ɢɧɮɨɪɦɚɰɢɟɣ 
ɦɟɠɞɭ ɤɨɧɬɪɨɥɥɟɪɚɦɢ-ɦɟɧɟɞɠɟɪɚɦɢ ɜ ɪɚɡɜɟɬɜɥɟɧ-
ɧɵɯ ɫɟɬɹɯ, ɜɤɥɸɱɚɹ ɩɪɨɝɪɚɦɦɧɨ-ɤɨɧɮɢɝɭɪɢɪɭɟɦɵɟ 
ɫɟɬɢ SDN (Software Defi ned Networks). 

ɋɥɚɛɵɦ ɦɟɫɬɨɦ SDN ɹɜɥɹɟɬɫɹ ɡɚɬɪɭɞɧɟɧɧɨɫɬɶ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɚɤɢɯ ɤɨɧɬɪɨɥɥɟɪɨɜ. Ʌɢɛɨ ɷɬɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɬɫɭɬɫɬɜɭɟɬ ɜɨɜɫɟ, ɱɬɨ ɧɟɛɥɚɝɨ-
ɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɠɢɜɭɱɟɫɬɢ ɫɟɬɢ, ɥɢɛɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɬɪɚɧɫɩɨɪɬɧɵɯ ɤɚɧɚɥɨɜ, ɫɧɢɠɚɹ ɢɯ ɩɪɨ-
ɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɞɥɹ ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɯ 
ɞɚɧɧɵɯ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɫɧɢɠɚɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ SDN. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɩɥɨɬɧɟɧɢɹ ɡɚ ɫɱɟɬ ɱɢɪɩɢɪɨ-
ɜɚɧɢɹ ɩɟɪɟɞɚɜɚɟɦɵɯ ɫɢɝɧɚɥɨɜ ɩɨɡɜɨɥɢɬ ɨɫɭɳɟ-
ɫɬɜɢɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɦɟɠɞɭ ɭɡɥɚɦɢ ɫɟɬɢ SDN 
ɛɟɡ ɫɧɢɠɟɧɢɹ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɤɚɧɚɥɨɜ 
ɫɜɹɡɢ. Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɮɭɧɤɰɢɟɣ ɱɢɪɩɢɪɨɜɚɧɢɹ 
ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɧɟ ɬɨɥɶɤɨ MZM, ɧɨ 
ɢ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ, ɧɟɥɢɧɟɣɧɵɣ ɷɥɟɦɟɧɬ, ɢɫɩɨɥɶ-
ɡɭɸɳɢɣ ɷɮɮɟɤɬɵ ɮɚɡɨɜɨɣ ɫɚɦɨ- ɢɥɢ ɤɪɨɫɫɦɨ-
ɞɭɥɹɰɢɢ. Ⱦɥɹ ɭɫɢɥɟɧɢɹ ɷɮɮɟɤɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
ɦɨɠɧɨ ɩɨɦɟɫɬɢɬɶ, ɧɚɩɪɢɦɟɪ, ɜ ɦɧɨɝɨɩɪɨɯɨɞɧɨɣ 
ɢɧɬɟɪɮɟɪɨɦɟɬɪ, ɪɨɥɶ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶ 
ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɚɹ ɩɟɬɥɹ ɫ ɨɞɧɨɫɬɨɪɨɧɧɢɦ 
ɨɬɜɟɬɜɥɟɧɢɟɦ, ɢɥɢ ɦɧɨɝɨɥɭɱɟɜɨɣ ɢɧɬɟɪɮɟɪɨɦɟɬɪ 
ɬɢɩɚ Ɏɚɛɪɢ–ɉɟɪɨ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɚɤɢɟ ɫɯɟɦɵ 
ɦɨɝɭɬ ɛɵɬɶ ɤɚɤ ɪɟɥɹɰɢɨɧɧɵɦɢ (ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ) [1], ɬɚɤ ɢ ɧɟɪɟɥɹɰɢɨɧɧɵɦɢ, ɫ ɭɩɪɚɜɥɟɧɢɟɦ, «ɡɚ-
ɥɨɠɟɧɧɵɦ» ɜ ɫɜɨɣɫɬɜɚɯ ɩɟɪɟɞɚɜɚɟɦɨɝɨ ɫɢɝɧɚɥɚ (ɫɦ. ɪɢɫɭɧɨɤ 5). 
ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɜɜɟɞɟɧɢɹ 

ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɫɩɨɫɨɛɚ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɨɜ ɜ 
ȼɈɅɉ ɡɚ ɫɱɟɬ ɭɩɪɚɜɥɟɧɢɹ ɜɪɟɦɹ-ɱɚɫɬɨɬɧɵɦɢ ɯɚ-
ɪɚɤɬɟɪɢɫɬɢɤɚɦɢ (ɱɢɪɩɢɪɨɜɚɧɢɹ) ɨɩɬɢɱɟɫɤɢɯ ɢɦ-
ɩɭɥɶɫɨɜ. ɉɪɟɞɥɨɠɟɧ ɦɟɬɨɞ ɭɩɪɚɜɥɟɧɢɹ ɱɢɪɩɨɦ 
ɨɩɬɢɱɟɫɤɨɝɨ ɢɦɩɭɥɶɫɚ ɧɚ ɨɫɧɨɜɟ ɦɨɞɭɥɹɬɨɪɚ Ɇɚ-
ɯɚ-ɐɟɧɞɟɪɚ. ȼ ɚɧɚɥɢɬɢɱɟɫɤɨɦ ɜɢɞɟ ɩɪɟɞɫɬɚɜɥɟɧɨ 
ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɜɨɡɦɨɠɧɨɫɬɢ ɬɚɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 
ɉɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɩɨɞɬɜɟɪ-
ɠɞɚɸɳɢɟ ɫɧɢɠɟɧɢɟ BER ɜ ȼɈɅɉ ɩɪɢ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɢ ɩɪɟɞɥɨɠɟɧɧɨɝɨ ɦɟɬɨɞɚ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɤɨɧ-
ɰɟɩɰɢɹ ɩɪɢɦɟɧɟɧɢɹ ɱɢɪɩɢɪɨɜɚɧɧɵɯ ɨɩɬɢɱɟɫɤɢɯ 
ɢɦɩɭɥɶɫɨɜ ɜ SDN ɞɥɹ ɫɜɹɡɢ ɤɨɧɬɪɨɥɥɟɪɨɜ ɦɟɧɟɞ-
ɠɟɪɨɜ ɫɟɬɢ.
ɋɥɟɞɭɟɬ ɨɫɨɛɟɧɧɨ ɩɨɞɱɟɪɤɧɭɬɶ, ɱɬɨ ɢɫɩɨɥɶ-

ɡɨɜɚɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɨɩɬɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟ-
ɬɪɚ (ɱɢɪɩɚ ɨɩɬɢɱɟɫɤɢɯ ɢɦɩɭɥɶɫɨɜ) ɨɫɧɨɜɚɧɨ ɧɚ 
ɨɩɬɢɱɟɫɤɢɯ ɷɮɮɟɤɬɚɯ ɢ ɨɩɬɢɤɨ-ɨɩɬɢɱɟɫɤɢɯ ɜɡɚ-
ɢɦɨɞɟɣɫɬɜɢɹɯ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤ-
ɬɢɜɧɵɦ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɪɟɚɥɢɡɚɰɢɢ ɤɨɧɰɟɩɰɢɢ 
ɩɨɥɧɨɫɬɶɸ ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ ɫɜɹɡɢ.
ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 

ɩɨɞɞɟɪɠɤɟ Ⱥɤɚɞɟɦɢɢ ɇɚɭɤ Ɋɟɫɩɭɛɥɢɤɢ Ȼɚɲɤɨɪ-
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