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. ɍɫɬɚɧɨɜɢɬɶ ɯɚɪɚɤɬɟɪ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɤɚɞɪɨɜ ɫɚɦɨɩɨɞɨɛɧɨɝɨ ɬɪɚɮɢɤɚ ɥɨɤɚɥɶ-
ɧɨɣ ɫɟɬɢ Ethernet ɢ ɪɚɡɪɚɛɨɬɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɩɪɢɦɟɧɟɧɢɸ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɟɝɨ ɜɟɪɨɹɬɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.

. ɉɪɟɞɫɬɚɜɥɟɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɦɟɬɨɞɢɤɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɟɪɜɵɣ ɷɬɚɩ ɤɨɬɨɪɨɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɩɨɥɧɟ-
ɧɢɢ ɩɪɨɰɟɞɭɪɵ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɬɪɚɮɢɤɚ ɫ ɰɟɥɶɸ ɩɪɢɜɟɞɟɧɢɹ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɤ ɲɤɚɥɟ ɫ ɩɨɫɬɨɹɧɧɵɦ ɲɚɝɨɦ ɩɨ
ɨɫɢ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɪɚɮɢɤɚ ɢ ɨɰɟɧɤɢ ɟɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨ-
ɰɟɞɭɪɚ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɪɚɡɥɢɱɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ. ɇɚ ɫɥɟɞɭɸɳɟɦ ɲɚɝɟ ɜɵ-
ɩɨɥɧɹɟɬɫɹ ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɚ ɮɨɪɦɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɤɚɞɪɨɜ ɢɫɫɥɟɞɭɟɦɨɝɨ ɬɪɚɮɢɤɚ ɬɪɟɦɹ ɪɚɡɥɢɱɧɵɦɢ ɦɟ-
ɬɨɞɚɦɢ. ɇɚ ɡɚɜɟɪɲɚɸɳɟɦ ɷɬɚɩɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɰɟɧɢɜɚɟɬɫɹ ɩɚɪɚɦɟɬɪ ɏɟɪɫɬɚ ɱɟɬɵɪɶɦɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ.

. ɉɪɟɞɫɬɚɜɥɟɧɵ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɚ ɬɹɠɟɫɬɢ „ɯɜɨɫɬɚ“ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɪɚɡɦɟɪɨɜ ɤɚɞɪɨɜ ɫɚɦɨɩɨɞɨɛ-
ɧɨɝɨ ɬɪɚɮɢɤɚ ɢ ɡɧɚɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ɏɟɪɫɬɚ.

. Ɂɚɤɥɸɱɚɟɬɫɹ ɜ ɚɧɚɥɢɡɟ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɚɦɨɩɨɞɨɛɧɨɝɨ ɬɪɚɮɢɤɚ ɜ ɫɟɬɹɯ ɫ
ɩɚɤɟɬɧɨɣ ɩɟɪɟɞɚɱɟɣ, ɩɨɡɜɨɥɢɜɲɟɦ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɦɟɬɨɞ ɢ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ
ɟɝɨ ɩɪɢɦɟɧɟɧɢɸ.

. Ɉɰɟɧɤɢ ɩɨɥɭɱɟɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɨɡɜɨɥɹɸɬ ɧɟ ɬɨɥɶɤɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɜɢɞɟ
ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɤɚɞɪɨɜ ɬɪɚɮɢɤɚ ɥɨɤɚɥɶɧɨɣ ɫɟɬɢ Ethernet, ɧɨ ɢ ɞɚɬɶ ɪɟɤɨɦɟɧɞɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ
ɜɵɛɨɪɚ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ.

: , ,

. 2 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɜ ɫɜɹɡɢ ɫ ɲɢɪɨ-
ɤɢɦ ɜɧɟɞɪɟɧɢɟɦ ɦɭɥɶɬɢɫɟɪɜɢɫɧɵɯ ɫɟɬɟɣ, ɩɪɨɢɫɯɨɞɢɬ
ɨɛɴɟɞɢɧɟɧɢɟ ɪɚɡɧɨɪɨɞɧɵɯ ɩɨɬɨɤɨɜ ɢɧɮɨɪɦɚɰɢɢ, ɧɚ-
ɩɪɢɦɟɪ ɬɚɤɢɯ, ɤɚɤ ɩɟɪɟɞɚɱɚ ɪɟɱɢ, ɞɚɧɧɵɯ, ɫɢɝɧɚɥɨɜ
ɚɧɚɥɨɝɨɜɨɝɨ ɢ ɰɢɮɪɨɜɨɝɨ ɬɟɥɟɜɢɞɟɧɢɹ. Ɉɫɧɨɜɨɣ ɞɥɹ
ɨɪɝɚɧɢɡɚɰɢɢ ɬɚɤɢɯ ɫɢɫɬɟɦ ɹɜɥɹɟɬɫɹ ɩɚɤɟɬɧɚɹ ɤɨɦɦɭ-
ɬɚɰɢɹ. ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɫɟɬɟɣ
ɩɪɟɞɩɨɥɚɝɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪ-
ɦɚɰɢɢ ɡɚ ɫɱɺɬ ɪɚɡɪɚɛɨɬɤɢ ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ
ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ, ɧɟ ɩɪɢɛɟɝɚɹ
ɤ ɢɯ ɚɩɩɚɪɚɬɧɨɣ ɦɨɞɟɪɧɢɡɚɰɢɢ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɚɥɝɨ-
ɪɢɬɦɵ ɞɨɥɠɧɵ ɭɱɢɬɵɜɚɬɶ ɬɚɤɢɟ ɫɜɨɣɫɬɜɚ ɬɪɚɮɢɤɚ,
ɤɚɤ ɩɚɱɟɱɧɨɫɬɶ, ɫɚɦɨɩɨɞɨɛɢɟ, ɩɪɢɨɪɢɬɟɬɧɨɫɬɶ ɨɛ-
ɫɥɭɠɢɜɚɧɢɹ ɢ ɞɪ.

. . ȼ ɧɚɫɬɨɹɳɟɟ
ɜɪɟɦɹ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɩɚɤɟɬɧɵɣ ɬɪɚɮɢɤ ɨɛɥɚɞɚɟɬ ɫɜɨɣ-
ɫɬɜɨɦ ɫɚɦɨɩɨɞɨɛɢɹ [1]. Ⱦɥɹ ɪɚɡɪɚɛɨɬɤɢ ɜɵɫɨɤɨɷɮɮɟɤ-
ɬɢɜɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɫɟɬɟɜɨɝɨ ɬɪɚɮɢɤɚ ɧɟɨɛ-
ɯɨɞɢɦɨ ɡɧɚɬɶ ɟɝɨ ɫɬɚɬɢɫɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ.

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ
ɨɰɟɧɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, ɜɨɡɧɢɤɚɟɬ ɡɚ-
ɞɚɱɚ ɜɵɛɨɪɚ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɬɨɞɚ ɞɥɹ ɤɨɧɤɪɟɬɧɨɣ ɫɟɬɢ
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ.

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɫɪɚɜɧɢɬɟɥɶ-
ɧɵɣ ɚɧɚɥɢɡ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
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ɪɢɫɬɢɤ ɬɪɚɮɢɤɚ ɫɟɬɢ Ethernet ɢ ɜɵɪɚɛɨɬɤɚ ɪɟɤɨɦɟɧ-
ɞɚɰɢɣ ɞɥɹ ɢɯ ɩɪɢɦɟɧɟɧɢɹ.

. ȼ ɤɚɱɟɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ
ɞɚɧɧɵɯ ɜ ɪɚɛɨɬɟ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟ-
ɧɢɣ ɬɪɚɮɢɤɚ, ɩɨɥɭɱɟɧɧɵɟ ɩɭɬɺɦ ɩɪɨɬɨɤɨɥɢɪɨɜɚɧɢɹ
ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɜ ɪɟɚɥɶɧɨɣ Ethernet-ɫɟɬɢ
[2]. ɋɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɜɟɪɫɢɣ ɮɨɪɦɚɬɚ ɤɚɞɪɨɜ
Ethernet, ɧɨ ɩɨɫɤɨɥɶɤɭ ɚɧɚɥɢɡ ɬɪɚɮɢɤɚ ɩɪɨɜɨɞɢɥɫɹ ɧɚ
ɨɫɧɨɜɚɧɢɢ ɫɬɟɤɚ ɩɪɨɬɨɤɨɥɨɜ TCP/IP, ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ
ɮɨɪɦɚɬ ɤɚɞɪɚ Ethernet ɢɦɟɟɬ ɫɬɪɭɤɬɭɪɭ, ɢɡɜɟɫɬɧɭɸ
ɤɚɤ EthernetII (Ethernet DIX). 

. 1.  Ethernet 

ȼ ɜɟɪɯɧɟɣ ɫɬɪɨɤɟ ɪɢɫ.1 ɭɤɚɡɚɧɵ ɧɚɡɜɚɧɢɹ ɩɨɥɟɣ
ɤɚɞɪɚ, ɚ ɜ ɧɢɠɧɟɣ – ɢɯ ɪɚɡɦɟɪɵ ɜ ɛɚɣɬɚɯ.

ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɪɚɡɦɟɪ ɤɚɞɪɨɜ ɜ ɫɟɬɢ Ethernet ɹɜ-
ɥɹɟɬɫɹ ɩɟɪɟɦɟɧɧɵɦ, ɜɵɩɨɥɧɢɦ ɪɚɫɱɺɬ ɦɢɧɢɦɚɥɶɧɨɝɨ
ɪɚɡɦɟɪɚ ɤɚɞɪɚ ɩɭɬɺɦ ɫɭɦɦɢɪɨɜɚɧɢɹ ɞɥɢɧ ɟɝɨ ɩɨɥɟɣ
(ɩɪɟɚɦɛɭɥɚ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ). FRAME_SIZE = 
length(DA) + length(SA) + length(L) + length(Data) + 
length(FCS) = 6 + 6 + 2 + 46 + 4 = 64 (ɛɚɣɬ), ɝɞɟ DA – ɚɞ-
ɪɟɫ ɩɨɥɭɱɚɬɟɥɹ, SA – ɚɞɪɟɫ ɨɬɩɪɚɜɢɬɟɥɹ, L –ɪɚɡɦɟɪ ɤɚɞ-
ɪɚ, Data–ɩɨɥɟ ɞɚɧɧɵɯ, FCS –ɤɨɧɬɪɨɥɶɧɚɹ ɫɭɦɦɚ ɤɚɞɪɚ.
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Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɜɵɱɢɫɥɹɟɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨ
ɜɨɡɦɨɠɧɵɣ ɪɚɡɦɟɪ ɤɚɞɪɚ, ɤɨɬɨɪɵɣ ɪɚɜɟɧ 1518 ɛɚɣɬ.
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɦɟɪ ɢɫɫɥɟɞɭɟɦɵɯ ɤɚɞɪɨɜ Ethernet 
ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 64 ɞɨ 1518 ɛɚɣɬ.

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɧɚɱɟ-
ɧɢɹɦɢ ɦɨɦɟɧɬɨɜ ɜɪɟɦɟɧɢ (ɜ ɫɟɤɭɧɞɚɯ) ɩɨɹɜɥɟɧɢɹ
ɤɚɞɪɨɜ ɜ ɫɟɬɢ ɢ ɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɪɚɡɦɟɪɚɦɢ.
Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɚɧɚɥɢɡɚ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɜɵɩɨɥ-
ɧɢɦ ɩɪɨɰɟɞɭɪɭ ɚɝɪɟɝɢɪɨɜɚɧɢɹ, ɡɚɤɥɸɱɚɸɳɭɸɫɹ ɜ ɭɫ-

ɪɟɞɧɟɧɢɢ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɧɚ ɜɪɟɦɟɧ-
ɧɵɯ ɢɧɬɟɪɜɚɥɚɯ ɡɚɞɚɧɧɨɣ ɞɥɢɬɟɥɶɧɨɫɬɢ
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ɝɞɟ k – ɤɨɥɢɱɟɫɬɜɨ ɢɧɬɟɪɜɚɥɨɜ ɚɝɪɟɝɢɪɨɜɚɧɢɹ,
m – ɞɥɢɬɟɥɶɧɨɫɬɶ ɢɧɬɟɪɜɚɥɚ ɚɝɪɟɝɢɪɨɜɚɧɢɹ;  – ɧɨ-
ɦɟɪ ɨɬɫɱɟɬɚ ɜ ɩɨɥɭɱɟɧɧɨɦ ɪɹɞɟ.

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɧɚ
ɪɚɡɥɢɱɧɵɯ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ.

. 2. : ) 1 ; ) 10 ; ) 100 

ɂɫɯɨɞɹ ɢɡ ɩɪɟɞɩɨɥɨɠɟɧɢɹ ɨ ɫɚɦɨɩɨɞɨɛɢɢ ɬɪɚɮɢ-
ɤɚ, ɩɪɨɚɧɚɥɢɡɢɪɭɟɦ ɜɢɞ ɟɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. Ʉɚɤ ɢɡ-
ɜɟɫɬɧɨ, ɫɚɦɨɩɨɞɨɛɧɵɟ ɩɪɨɰɟɫɫɵ ɦɨɝɭɬ ɛɵɬɶ ɩɪɟɞ-
ɫɬɚɜɥɟɧɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹɦɢ ɫ ɬɹɠɟɥɵɦɢ ɯɜɨɫɬɚɦɢ,
ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ [3] 

;  0< < 2, x .

ɉɪɨɫɬɟɣɲɢɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɫ ɬɹɠɟɥɵɦ ɯɜɨɫɬɨɦ
ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɉɚɪɟɬɨ, ɞɥɹ ɤɨɬɨɪɨɝɨ ɮɭɧɤ-
ɰɢɹ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢɦɟɟɬ ɜɢɞ

, ɚ ɮɭɧɤɰɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ – 

.
ȿɫɥɢ ɩɚɪɚɦɟɬɪ , ɬɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɢɦɟɟɬ

ɛɟɫɤɨɧɟɱɧɭɸ ɞɢɫɩɟɪɫɢɸ, ɚ ɟɫɥɢ , ɬɨ–
ɛɟɫɤɨɧɟɱɧɵɟ ɞɢɫɩɟɪɫɢɸ ɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ.
Ɏɚɤɬɢɱɟɫɤɢ, ɬɹɠɟɥɵɣ ɯɜɨɫɬ ɨɡɧɚɱɚɟɬ ɧɚɥɢɱɢɟ ɛɟɫɤɨ-
ɧɟɱɧɨɣ ɞɢɫɩɟɪɫɢɢ, ɬɨ ɟɫɬɶ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɦɨɠɟɬ
ɩɪɢɧɢɦɚɬɶ ɨɱɟɧɶ ɛɨɥɶɲɢɟ ɡɧɚɱɟɧɢɹ, ɧɨ ɫ ɨɱɟɧɶ ɦɚ-
ɥɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ.

ɋɭɳɟɫɬɜɭɟɬ ɰɟɥɵɣ ɪɹɞ ɦɟɬɨɞɨɜ ɨɰɟɧɤɢ ɬɹɠɟɫɬɢ
ɯɜɨɫɬɚ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɺɧɧɵɦɢ
ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ [4, 5]: 

− ɦɟɬɨɞ Log-Log Complementary Distribution Plot 
(LLCD Plot); 

− ɦɟɬɨɞ ɏɢɥɥɚ;
− ɦɟɬɨɞ Ʉɪɨɜɟɥɥɵ.
Ɇɟɬɨɞ LLCDPlot ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɪɨɟɧɢɢ ɝɪɚ-

ɮɢɤɚ ɤɨɦɩɥɟɦɟɧɬɚɪɧɨɣ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ
ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ

ɦɚɫɲɬɚɛɟ. ɉɪɢ ɷɬɨɦ ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ ɜ ɨɛɥɚɫɬɢ ɯɜɨ-
ɫɬɚ ɛɭɞɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɩɪɹɦɭɸ ɥɢɧɢɸ, ɬɚɤɭɸ,
ɱɬɨ ɞɥɹ ɛɨɥɶɲɢɯ ɡɧɚɱɟɧɢɣ x ɫɩɪɚɜɟɞɥɢɜɨ ɜɵɪɚɠɟɧɢɟ

( ) .~
ln

ln
lim α−

∞→ xd
xFd

x

ɉɪɢɫɭɬɫɬɜɢɟ ɧɚ ɝɪɚɮɢɤɟ ɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɫɜɢ-
ɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ ɞɚɧɧɵɟ ɢɦɟɸɬ ɪɚɫɩɪɟɞɟɥɟɧɢɟ
ɫ ɬɹɠɟɥɵɦ ɯɜɨɫɬɨɦ. Ɍɨɝɞɚ, ɩɨɫɬɪɨɢɜ ɥɢɧɢɸ ɪɟɝɪɟɫ-
ɫɢɢ ɤ ɥɢɧɟɣɧɨɦɭ ɭɱɚɫɬɤɭ ɝɪɚɮɢɤɚ ɢ ɨɩɪɟɞɟɥɢɜ ɬɚɧ-
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ɝɟɧɫ ɭɝɥɚ ɟɺ ɧɚɤɥɨɧɚ, ɫɬɚɧɨɜɢɬɫɹ ɜɨɡɦɨɠɧɵɦ ɨɰɟɧɢɬɶ
ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ  [5] (ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɚɥɝɨɪɢɬ-
ɦɨɜ ɚɝɪɟɝɢɪɨɜɚɧɢɹ, ɨɰɟɧɤɢ ɫɬɚɬɢɫɬɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤ ɬɪɚɮɢɤɚ ɢ ɩɨɫɬɪɨɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɪɚ-
ɮɢɤɨɜ ɛɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɨɪɢɝɢɧɚɥɶɧɨɟ ɩɪɨɝɪɚɦɦɧɨɟ
ɨɛɟɫɩɟɱɟɧɢɟ ɜ ɫɪɟɞɟ MATLABR2011b). 

ɇɚ ɪɢɫ.3 ɩɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ
LLCDPlot ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɞɚɧɧɵɯ ɫ ɢɧɬɟɪɜɚɥɨɦ ɚɝ-
ɪɟɝɢɪɨɜɚɧɢɹ 1 ɫ. ɍɝɨɥ ɧɚɤɥɨɧɚ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɪɚ-
ɜɟɧ 59°, ɬɚɧɝɟɧɫ ɭɝɥɚ ɧɚɤɥɨɧɚ – 1,7, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,
ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɚ ɫɨɫɬɚɜɥɹɟɬ 1,7. 

. 3.  LLCDPlot 

Ⱦɪɭɝɢɦ ɫɩɨɫɨɛɨɦ ɨɰɟɧɤɢ ɩɨɤɚɡɚɬɟɥɹ ɬɹɠɟɫɬɢ ɯɜɨɫɬɚ
ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɏɢɥɥɚ, ɤɨɬɨɪɵɣ ɩɨɡɜɨ-
ɥɹɟɬ ɨɰɟɧɢɬɶ ɩɚɪɚɦɟɬɪ ɧɚ ɨɫɧɨɜɚɧɢɢ ɜɵɱɢɫɥɟɧɢɹ
ɮɭɧɤɰɢɢ ɨɬ k ɧɚɢɛɨɥɶɲɢɯ ɷɥɟɦɟɧɬɨɜ ɧɚɛɨɪɚ ɞɚɧɧɵɯ

( )
11

0
, loglog1

−−

=
−− −=

k

i
kninnk XX

k
H ,

ɝɞɟ ɡɧɚɱɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬ ɩɨɪɹɞɤɨ-
ɜɵɟ ɫɬɚɬɢɫɬɢɤɢ ɪɹɞɚ, ɬ.ɟ. ɷɥɟɦɟɧɬɵ ɞɚɧɧɵɯ, ɪɚɫɩɨɥɨ-
ɠɟɧɧɵɟ ɩɨ ɜɨɡɪɚɫɬɚɧɢɸ. Ɉɰɟɧɤɭ ɏɢɥɥɚ ɫɬɪɨɹɬ ɫɥɟ-
ɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɩɨ ɨɫɢ ɚɛɫɰɢɫɫ ɨɬɤɥɚɞɵɜɚɸɬ k, ɚ
ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ – ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ , 1  k  n. 
ȿɫɥɢ ɥɢɧɢɹ ɝɪɚɮɢɤɚ ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɧɚ ɭɪɨɜɧɟ ɨɩ-
ɪɟɞɟɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɬɨ ɢɦɟɧɧɨ ɬɚɤɨɟ ɡɧɚɱɟɧɢɟ ɢ
ɹɜɥɹɟɬɫɹ ɨɰɟɧɤɨɣ ɩɚɪɚɦɟɬɪɚ .

ɇɚ ɪɢɫ.4 ɢɡɨɛɪɚɠɟɧ ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ ɏɢɥɥɚ ɞɥɹ
ɪɹɞɚ ɫ ɢɧɬɟɪɜɚɥɨɦ ɚɝɪɟɝɢɪɨɜɚɧɢɹ 1 ɫ, ɩɨ ɤɨɬɨɪɨɦɭ
ɜɢɞɧɨ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ
ɪɚɜɧɨ 1,8. 

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɦɟɬɨɞɵ ɏɢɥɥɚ ɢ LLCDPlot 
ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɵ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɤɚɡɚ-
ɬɟɥɹ ɬɹɠɟɫɬɢ ɯɜɨɫɬɚ, ɨɧɢ ɢɦɟɸɬ ɨɛɳɢɣ ɧɟɞɨɫɬɚɬɨɤ, ɡɚ-
ɤɥɸɱɚɸɳɢɣɫɹ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜɢɡɭɚɥɶɧɨɝɨ (ɚ ɡɧɚɱɢɬ
ɧɟɬɨɱɧɨɝɨ ɢ ɧɟ ɜɫɟɝɞɚ ɨɞɧɨɡɧɚɱɧɨɝɨ) ɨɩɪɟɞɟɥɟɧɢɹ
ɬɨɱɤɢ, ɧɚɱɢɧɚɹ ɫ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɥɢɧɟɣɧɵɣ ɭɱɚ-
ɫɬɨɤ ɝɪɚɮɢɤɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɟɫɥɢ ɝɨɜɨɪɢɬɶ ɨɛ ɷɤɫɩɨɧɟɧ-

ɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɬɨ ɨɩɪɟɞɟɥɟɧɢɟ ɬɨɱɧɨɝɨ ɧɚɱɚɥɶɧɨ-
ɝɨ ɡɧɚɱɟɧɢɹ ɫɬɚɧɨɜɢɬɫɹ ɟɳɟ ɛɨɥɟɟ ɨɬɜɟɬɫɬɜɟɧɧɨɣ ɡɚɞɚ-
ɱɟɣ, ɬ.ɤ. ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɟɝɨ ɭɜɟɥɢɱɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ
ɜɥɢɹɟɬ ɧɚ ɭɝɨɥ ɧɚɤɥɨɧɚ ɥɢɧɟɣɧɨɝɨ ɭɱɚɫɬɤɚ ɝɪɚɮɢɤɚ.
ɉɪɢ ɷɬɨɦ, ɱɟɦ ɛɨɥɟɟ ɤɪɭɬɵɦ ɹɜɥɹɟɬɫɹ ɜɵɛɪɚɧɧɵɣ ɭɱɚ-
ɫɬɨɤ ɝɪɚɮɢɤɚ, ɬɟɦ ɛɨɥɶɲɢɣ ɫɭɳɟɫɬɜɭɟɬ ɪɢɫɤ ɩɪɟɧɟɛ-
ɪɟɱɶ ɧɟɤɨɬɨɪɨɣ ɱɚɫɬɶɸ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɱɬɨ ɦɨɠɟɬ
ɧɟɝɚɬɢɜɧɨ ɨɬɪɚɡɢɬɶɫɹ ɧɚ ɬɨɱɧɨɫɬɢ ɨɰɟɧɤɢ.

. 4. 

ɉɪɨɜɟɞɟɦ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɨɰɟɧɤɭ ɦɟɬɨɞɨɦ
Ʉɪɨɜɟɥɥɵ, ɤɨɬɨɪɵɣ ɭɫɬɪɚɧɹɟɬ ɜɵɲɟɭɤɚɡɚɧɧɵɣ ɧɟ-
ɞɨɫɬɚɬɨɤ.

ɇɚ ɪɢɫ. 5 ɩɪɢɜɟɞɟɧ ɝɪɚɮɢɤ ɫɟɦɟɣɫɬɜɚ ɤɨɦɩɥɟ-
ɦɟɧɬɚɪɧɵɯ ɮɭɧɤɰɢɣ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɢɫɯɨɞɧɵɯ
ɞɚɧɧɵɯ ɫ ɪɚɡɧɵɦɢ ɫɬɟɩɟɧɹɦɢ ɚɝɪɟɝɢɪɨɜɚɧɢɹ, ɩɨɫɬɪɨ-
ɟɧɧɵɣ ɩɨ ɦɟɬɨɞɭ Ʉɪɨɜɟɥɥɵ [4]. 

ɇɢɠɧɹɹ ɤɪɢɜɚɹ ɧɚ ɝɪɚɮɢɤɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɯɨɞ-
ɧɵɦ ɞɚɧɧɵɦ, ɚ ɩɨɫɥɟɞɭɸɳɢɟ – ɞɚɧɧɵɦ ɫɨ ɫɬɟɩɟɧɶɸ
ɚɝɪɟɝɢɪɨɜɚɧɢɹ m = 2i, ɝɞɟ i = 1...9. ȼ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ
ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɩɚɪɚɦɟɬɪɚ ɩɨ ɞɚɧɧɨɦɭ ɦɟɬɨɞɭ
ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɵɣ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ
ɬɨɥɶɤɨ ɨɤɨɧɱɚɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɝɪɚɮɢɱɟɫɤɨɣ ɢ
ɱɢɫɥɟɧɧɨɣ ɮɨɪɦɟ (ɬɚɛɥ. 1). 

. 5. 
 1 

Ɉɰɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɦ ɦɟ-
ɬɨɞɚɦ ɞɥɹ ɬɪɟɯ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɪɹɞɨɜ ɫ ɢɧɬɟɪɜɚɥɚɦɢ
ɚɝɪɟɝɢɪɨɜɚɧɢɹ 1, 10 ɢ 100 ɫɟɤɭɧɞ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ
ɬɚɛɥ. 1. 
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 1 
Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɚ

-
, LLCD

Plot 
1 1,18 1,7 1,8 
10 1,29 1,9 2 
100 1,69 2 2 

ȼɚɠɧɵɦ ɩɚɪɚɦɟɬɪɨɦ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦ ɫɬɟɩɟɧɶ
ɫɚɦɨɩɨɞɨɛɢɹ ɫɥɭɱɚɣɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɹɜɥɹɟɬɫɹ ɩɚɪɚ-
ɦɟɬɪ ɏɟɪɫɬɚ. Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɪɟɡɭɥɶɬɚɬɚɯ ɚɧɚɥɢɡɚ
ɬɪɚɮɢɤɚ, ɩɪɢ ɧɚɥɢɱɢɢ ɯɜɨɫɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɧɚɣɞɟɦ
ɬɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɏɟɪɫɬɚ ɞɥɹ ɜɫɟɯ
ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɪɹɞɨɜ ɤɚɤ  [3]. ɉɨɥɭɱɟɧɧɵɟ
ɩɨɤɚɡɚɬɟɥɢ ɫɪɚɜɧɢɦ ɫ ɨɰɟɧɤɚɦɢ, ɧɚɣɞɟɧɧɵɦɢ ɫ ɩɨ-
ɦɨɳɶɸ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɚɦɟɬɪɚ
ɏɟɪɫɬɚ, ɛɨɥɶɲɢɧɫɬɜɨ ɢɡ ɤɨɬɨɪɵɯ ɨɫɧɨɜɚɧɨ ɧɚ ɧɚɯɨɠ-
ɞɟɧɢɢ ɭɝɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ ɞɥɹ
ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɚɝɪɟɝɢɪɨɜɚɧɢɹ ɜɵɛɨɪɨɤ ɞɚɧɧɵɯ
[5]. ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2, 3. 

 2 

Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɩɚɪɚɦɟɬɪɚ ɏɟɪɫɬɚ

,

H

LLCD
Plot 

1 0,91 0,65 0,6 
10 0,855 0,55 0,5 
100 0,655 0,5 0,5 

 3 

Ɉɰɟɧɤɚ ɩɚɪɚɦɟɬɪɚ ɏɟɪɫɬɚ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ

,
1 10 100 

R/S-ɫɬɚɬɢɫɬɢɤɚ 0,712 0,598 0,468 
Ɇɟɬɨɞ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ
ɞɢɫɩɟɪɫɢɣ 0,811 0,71 0,778 

Ɇɟɬɨɞ ɪɚɡɧɨɫɬɟɣ ɚɝɪɟ-
ɝɢɪɨɜɚɧɧɵɯ ɞɢɫɩɟɪɫɢɣ 0,978 0,908 0,902 

Ɇɟɬɨɞ ɩɟɪɢɨɞɨɝɪɚɦɦ 0,976 0,959 0,661 

ɇɚ ɪɢɫ. 6, 7 ɢ 8 ɩɪɢɜɟɞɟɧɵ ɝɪɚɮɢɤɢ ɨɰɟɧɤɢ ɩɚɪɚ-
ɦɟɬɪɚ ɏɟɪɫɬɚ ɪɚɡɥɢɱɧɵɦɢ ɦɟɬɨɞɚɦɢ ɞɥɹ ɞɚɧɧɵɯ ɫ
ɢɧɬɟɪɜɚɥɨɦ ɚɝɪɟɝɢɪɨɜɚɧɢɹ 1 ɫ.

. 6.  R/S-
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Ɇɟɬɨɞ R/S-ɫɬɚɬɢɫɬɢɤ ɨɫɧɨɜɚɧ ɧɚ ɦɚɫɲɬɚɛɧɵɯ
ɫɜɨɣɫɬɜɚɯ ɨɬɫɱɟɬɨɜ ɜɪɟɦɟɧɧɨɝɨ ɪɹɞɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɫɨɨɬɧɨɲɟɧɢɟɦ [6] 

,

ɝɞɟ n–ɪɚɡɦɟɪ ɜɵɛɨɪɤɢ; H–ɩɚɪɚɦɟɬɪ ɏɟɪɫɬɚ; R–ɪɚɡɦɚɯ
ɜɵɛɨɪɤɢ, ɬ.ɟ. ɪɚɡɧɨɫɬɶ ɦɟɠɞɭ ɦɚɤɫɢɦɚɥɶɧɨɣ ɢ ɦɢɧɢ-
ɦɚɥɶɧɨɣ ɫɭɦɦɨɣ ɩɪɢɪɚɳɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɟɪɭɬɫɹ ɫ ɡɚ-
ɞɚɧɧɵɦ ɲɚɝɨɦ, ɡɚɜɢɫɹɳɢɦ ɨɬ n; S–ɷɦɩɢɪɢɱɟɫɤɚɹ
ɞɢɫɩɟɪɫɢɹ; C–ɧɟɤɨɬɨɪɚɹ ɤɨɧɫɬɚɧɬɚ.

Ɇɟɬɨɞ ɩɟɪɢɨɞɨɝɪɚɦɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɫɬɪɨɟɧɢɢ
ɝɪɚɮɢɤɚ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ, ɝɞɟ ɩɨ ɝɨɪɢ-
ɡɨɧɬɚɥɶɧɨɣ ɨɫɢ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɡɧɚɱɟɧɢɹ ɱɚɫɬɨɬ, ɚ ɧɚ
ɜɟɪɬɢɤɚɥɶɧɨɣ – ɡɧɚɱɟɧɢɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɩɥɨɬɧɨɫɬɢ,
ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ [7] 
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= ,

ɝɞɟ  – ɫɢɫɬɟɦɚ ɱɚɫɬɨɬ.
ȼ ɦɟɬɨɞɟ ɚɝɪɟɝɢɪɨɜɚɧɧɵɯ ɞɢɫɩɟɪɫɢɣ ɜɵɱɢɫɥɹɸɬ-

ɫɹ ɡɧɚɱɟɧɢɹ ɜɵɛɨɪɨɱɧɨɣ ɞɢɫɩɟɪɫɢɢ ɜ ɚɝɪɟɝɢɪɨ-
ɜɚɧɧɵɯ ɛɥɨɤɚɯ ɪɚɡɦɟɪɚ m ɢɡ ɜɵɛɨɪɤɢ n ɪɚɫɫɦɚɬɪɢ-
ɜɚɟɦɵɯ ɡɧɚɱɟɧɢɣ [7] 
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,

ɝɞɟ  – ɛɥɨɤ ɢɡ m ɡɧɚɱɟɧɢɣ, ɜɡɹɬɵɣ ɢɡ ɜɵɛɨɪɤɢ
. ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɬɤɥɚɞɵɜɚ-

ɸɬɫɹ ɜ ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦ ɦɚɫɲɬɚɛɟ ɩɨ ɨɫɢ ɨɪɞɢɧɚɬ
ɧɚɩɪɨɬɢɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ .Ɍɨɝɞɚ ɩɚ-
ɪɚɦɟɬɪ ɏɟɪɫɬɚ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ ,
ɝɞɟ  – ɭɝɥɨɜɨɣ ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɢɢ ɪɟɝɪɟɫɫɢɢ.
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. ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɨɰɟɧɤɟ ɬɹɠɟɫɬɢ
ɯɜɨɫɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɪɚɮɢɤɚ ɫɟɬɢ Ethernet ɧɚɢɛɨɥɟɟ
ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ Ʉɪɨɜɟɥɥɵ, ɩɨɫɤɨɥɶɤɭ
ɦɟɬɨɞ LLCDPlot ɞɚɺɬ ɝɪɚɧɢɱɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɜɪɟ-
ɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ ɚɝɪɟɝɢɪɨɜɚɧɢɹ 100 ɫ, ɚ ɦɟɬɨɞ ɏɢɥ-
ɥɚ – ɭɠɟ ɩɪɢ 10 ɫ (ɬɚɛɥ. 1). 

ɉɪɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ ɨɰɟɧɤɟ ɩɚɪɚɦɟɬɪɚ ɏɟɪɫɬɚ,
ɧɚ ɨɫɧɨɜɚɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɨ ɬɪɚɮɢɤɟ,
ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɪɚɡɧɨɫɬɟɣ ɚɝ-
ɪɟɝɢɪɨɜɚɧɧɵɯ ɞɢɫɩɟɪɫɢɣ, ɩɨɫɤɨɥɶɤɭ ɪɚɡɧɨɫɬɧɵɣ ɚɥ-
ɝɨɪɢɬɦ ɦɟɧɟɟ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɨɲɢɛɤɚɦ ɢɡɦɟɪɟɧɢɣ ɢ
ɜɵɱɢɫɥɟɧɢɣ (ɬɚɛɥ. 3). 
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. ȼɫɬɚɧɨɜɢɬɢ ɯɚɪɚɤɬɟɪ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɪɨɡɩɨɞɿ-
ɥɭ ɪɨɡɦɿɪɿɜ ɤɚɞɪɿɜ ɫɚɦɨɩɨɞɿɛɧɨɝɨ ɬɪɚɮɿɤɭ ɥɨɤɚɥɶɧɨʀ ɦɟ-
ɪɟɠɿ Ethernet ɿ ɪɨɡɪɨɛɢɬɢ ɪɟɤɨɦɟɧɞɚɰɿʀ ɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹ
ɦɟɬɨɞɿɜ ɨɰɿɧɤɢ ɣɨɝɨ ɣɦɨɜɿɪɧɿɫɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ.

. ɉɪɟɞɫɬɚɜɥɟɧɨ ɨɪɢɝɿɧɚɥɶɧɭ ɦɟɬɨɞɢɤɭ
ɞɨɫɥɿɞɠɟɧɧɹ, ɩɟɪɲɢɣ ɟɬɚɩ ɹɤɨʀ ɩɨɥɹɝɚɽ ɭ ɜɢɤɨɧɚɧɧɿ
ɩɪɨɰɟɞɭɪɢ ɚʉɪɟʉɭɜɚɧɧɹ ɬɪɚɮɿɤɭ ɡ ɦɟɬɨɸ ɩɪɢɜɟɞɟɧɧɹ
ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ ɞɨ ɲɤɚɥɢ ɡ ɩɨɫɬɿɣɧɢɦ ɤɪɨɤɨɦ ɩɨ ɨɫɿ
ɱɚɫɭ. Ⱦɥɹ ɩɨɞɚɥɶɲɨɝɨ ɚɧɚɥɿɡɭ ɪɨɡɩɨɞɿɥɭ ɬɪɚɮɿɤɭ ɬɚ
ɨɰɿɧɤɢ ɣɨɝɨ ɫɬɚɬɢɫɬɢɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɰɟɞɭɪɚ
ɚɝɪɟɝɭɜɚɧɧɹ ɩɪɨɜɨɞɢɬɶɫɹ ɧɚ ɱɚɫɨɜɢɯ ɿɧɬɟɪɜɚɥɚɯ ɪɿɡ-
ɧɨʀ ɬɪɢɜɚɥɨɫɬɿ. ɇɚ ɧɚɫɬɭɩɧɨɦɭ ɤɪɨɰɿ ɜɢɤɨɧɭɽɬɶɫɹ
ɨɰɿɧɤɚ ɩɚɪɚɦɟɬɪɚ ɮɨɪɦɢ ɪɨɡɩɨɞɿɥɭ ɪɨɡɦɿɪɿɜ ɤɚɞɪɿɜ
ɞɨɫɥɿɞɠɭɜɚɧɨɝɨ ɬɪɚɮɿɤɭ ɬɪɶɨɦɚ ɪɿɡɧɢɦɢ ɦɟɬɨɞɚɦɢ.
ɇɚ ɡɚɜɟɪɲɚɥɶɧɨɦɭ ɟɬɚɩɿ ɞɨɫɥɿɞɠɟɧɧɹ ɨɰɿɧɸɽɬɶɫɹ ɩɚ-
ɪɚɦɟɬɪ ɏɟɪɫɬɚ ɱɨɬɢɪɦɚ ɪɿɡɧɢɦɢ ɫɩɨɫɨɛɚɦɢ.

. ɉɪɟɞɫɬɚɜɥɟɧɨ ɨɰɿɧɤɢ ɩɚɪɚɦɟɬɪɚ ɬɹɠ-
ɤɨɫɬɿ „ɯɜɨɫɬɚ“ ɪɨɡɩɨɞɿɥɭ ɪɨɡɦɿɪɿɜ ɤɚɞɪɿɜ ɫɚɦɨɩɨɞɿɛ-
ɧɨɝɨ ɬɪɚɮɿɤɭ ɿ ɡɧɚɱɟɧɧɹ ɩɚɪɚɦɟɬɪɚ ɏɟɪɫɬɚ.

. ɉɨɥɹɝɚɽ ɜ ɚɧɚɥɿɡɿ ɦɟɬɨɞɿɜ ɨɰɿ-
ɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɚɦɨɩɨɞɿɛɧɨɝɨ ɬɪɚɮɿɤɭ ɜ ɦɟɪɟɠɚɯ
ɡ ɩɚɤɟɬɧɨɸ ɩɟɪɟɞɚɱɟɸ, ɳɨ ɞɨɡɜɨɥɢɜ ɨɛɪɚɬɢ ɧɚɣɛɿɥɶɲ
ɟɮɟɤɬɢɜɧɢɣ ɦɟɬɨɞ ɿ ɫɮɨɪɦɭɥɸɜɚɬɢ ɪɟɤɨɦɟɧɞɚɰɿʀ ɳɨ-
ɞɨ ɣɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ.

. Ɉɰɿɧɤɢ ɨɬɪɢɦɚɧɢɯ ɩɚ-
ɪɚɦɟɬɪɿɜ ɞɨɡɜɨɥɹɸɬɶ ɧɟ ɬɿɥɶɤɢ ɡɪɨɛɢɬɢ ɜɢɫɧɨɜɨɤ ɩɪɨ
ɜɢɞ ɫɬɚɬɢɫɬɢɱɧɨɝɨ ɪɨɡɩɨɞɿɥɭ ɤɚɞɪɿɜ ɬɪɚɮɿɤɭ ɥɨɤɚɥɶ-
ɧɨʀ ɦɟɪɟɠɿ Ethernet, ɚɥɟ ɣ ɧɚɞɚɬɢ ɪɟɤɨɦɟɧɞɚɰɿʀ ɳɨɞɨ
ɜɢɛɨɪɭ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɬɨɞɭ ɨɰɿɧɤɢ.
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Purpose. To find out Ethernet self-similar traffic 
frame size statistical distribution and give some recom-
mendations concerning use of different methods of traffic 
probability characteristics estimation. 

Methodology. An authentic research methodology 
has been presented. Aggregation procedure of initial data 
unification according to time scale constant step was put 
in its base. Traffic distribution further analysis and its 
characteristics estimation with different time interval 
lengths was carried out. Three ways of frame size distri-
bution shape parameter evaluation were tested. Four ap-
proaches were applied to Hurst parameter estimation. 

Findings. Tail index and Hurst parameter estimation 
results are presented. 

Originality consists in self-similar traffic characteris-
tics estimation methods analysis that allowed choosing 
the most effective method and giving recommendations 
concerning its usage. 

Practical value. Recommendations on definite esti-
mation method choice are given. 

Keywords: self-similar traffic, heavy-tail distribu-
tion, Hurst parameter 
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