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ɋɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɬɟɥɟɤɨɦɦɭɧɢɤɚɰɢɣ ɢ ɢɧɮɨɪɦɚɬɢɤɢ,  
630102, Ɋɨɫɫɢɹ, ɝ. ɇɨɜɨɫɢɛɢɪɫɤ, ɭɥ. Ʉɢɪɨɜɚ, 86. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɞɨɫɬɭɩɚ ɩɨɥɶɡɨɜɚɬɟɥɟɣ ɤ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɦ ɭɫɥɭɝɚɦ ɧɚ ɨɫɧɨɜɟ ɩɚɫɫɢɜɧɵɯ 
ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ ɛɨɥɶɲɨɣ ɞɚɥɶɧɨɫɬɢ LR-PON. Ⱦɟɥɚɟɬɫɹ ɩɨɩɵɬɤɚ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɟɬɢ LR-PON. 
ɉɪɨɜɨɞɢɬɫɹ ɨɰɟɧɤɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɟɬɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɦɚɤɫɢɦɚɥɶɧɭɸ ɞɥɢɧɭ ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ ɦɟɠɞɭ ɫɟɬɟɜɵ-
ɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ. ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɦɟɬɨɞɚɦɢ ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ. ɉɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɦɚɤɫɢ-
ɦɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ ɫɟɬɢ ɩɪɢ ɡɚɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɧɚɞɟɠɧɨɫɬɢ, ɫɬɨɢɦɨɫɬɢ ɢ ɦɨɳɧɨɫɬɢ ɭɫɬɪɨɣɫɬɜ LR-PON.  
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɨɩɬɢɱɟɫɤɢɟ ɫɟɬɢ; ɫɩɟɰɢɮɢɤɚɰɢɹ LR-PON; ɧɚɪɭɠɧɨɫɬɶ; ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ; ɫɬɨɢɦɨɫɬɶ 
ɫɟɬɢ ɞɨɫɬɭɩɚ. 
 

LONG-REACH PASSIVE OPTICAL NETWORK OPTIMIZATION 
A.V. Ignatov 
Siberian State University of Telecommunications and Information Sciences, 
86 Kirov St., Novosibirsk, 630102, Russia. 
A ЭОМСЧШХШРв ОЧКЛХТЧР ЭСО ЮsОrs’ КММОss ЭШ ТЧПШrЦКЭТШЧ КЧН МШЦЦЮЧТМКЭТШЧ sОrЯТМОs, аСТМС Тs ЛКsОН ШЧ ХШЧР-reach pas-
sive optical networks of LR-PON is considered in the article. An attempt is made to  optimize the deployment of LR-PON 
network. The network characteristics limiting the maximum length of an optical line between network devices are as-
sessed. Researches have been carried out with the application of linear programming methods. The maximum radius of 
the network is calculated at the constraint parameters of reliability, cost and capacity of LR-PON devices.  
Keywords: optical networks; LR-PON specification; reliability; power balance; access network cost 
 

ȼɜɟɞɟɧɢɟ 
Ɋɨɫɬ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɩɨɬɨɤɨɜ, ɰɢɪɤɭɥɢɪɭɸɳɢɯ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɫɢɫɬɟɦɚɯ ɫɜɹɡɢ, ɨɛɭ-

ɫɥɨɜɥɢɜɚɟɬ ɭɠɟɫɬɨɱɟɧɢɟ ɬɪɟɛɨɜɚɧɢɣ ɤ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɸ ɷɬɢɯ ɫɢɫɬɟɦ. ɇɟ ɹɜɥɹɟɬɫɹ ɢɫɤɥɸɱɟ-
ɧɢɟɦ ɢ ɫɟɬɶ ɞɨɫɬɭɩɚ ɤ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɨɧɧɵɦ ɭɫɥɭɝɚɦ.  

ɋɭɳɟɫɬɜɟɧɧɭɸ ɞɨɥɸ ɜɫɟɯ ɫɨɜɪɟɦɟɧɧɵɯ ɫɟɬɟɣ ɞɨɫɬɭɩɚ ɡɚɧɢɦɚɸɬ ɩɚɫɫɢɜɧɵɟ ɨɩɬɢɱɟɫɤɢɟ 
ɫɟɬɢ (Passive Optical Network-PON), ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɚɹ Long-reach PON 
(LR-PON). ɉɪɢɫɬɚɜɤɚ «Long-reach» ɩɨɞɱɟɪɤɢɜɚɟɬ ɭɜɟɥɢɱɟɧɢɟ ɦɚɫɲɬɚɛɚ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɤɥɚɫɫɢɱɟɫɤɨɣ PON (20 ɤɦ). ɋɟɬɟɜɵɟ ɭɫɬɪɨɣɫɬɜɚ ɜ Long-reach ɦɨɝɭɬ ɧɚɯɨɞɢɬɶɫɹ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɧɚ ɪɚɫɫɬɨɹɧɢɹɯ ɞɨ 100 ɤɦ. Ɉɛɨɪɭɞɨɜɚɧɢɟɦ ɫɟɪɜɢɫ-ɩɪɨɜɚɣɞɟɪɚ LR-PON ɹɜɥɹɟɬɫɹ 
ɨɩɬɢɱɟɫɤɢɣ ɥɢɧɟɣɧɵɣ ɬɟɪɦɢɧɚɥ (OpЭТМКХ LТЧО TОrЦТЧКХ) – OLT, ɤɨɬɨɪɵɣ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɩɨɥɶɡɨ-
___________________________ 

1ɂɝɧɚɬɨɜ Ⱥɥɟɤɫɚɧɞɪ ȼɥɚɞɢɦɢɪɨɜɢɱ, ɚɫɩɢɪɚɧɬ, О-mail: igsascha@mail.ru 
Ignatov Aleksandr, Postgraduate, e-mail: igsascha@mail.ru 
 



ɂɧɮɨɪɦɚɬɢɤɚ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ ɢ ɭɩɪɚɜɥɟɧɢɟ 

ȼȿɋɌɇɂɄ ɂɪȽɌɍ № 4 (111) 2016    ISSN 1814-3520 90 

ɜɚɬɟɥɶɫɤɢɦɢ ONU (OpЭТМКХ NОЭаШrФ UЧТЭ – ɨɩɬɢɱɟɫɤɨɟ ɫɟɬɟɜɨɟ ɭɫɬɪɨɣɫɬɜɨ) ɱɟɪɟɡ ɨɩɬɢɱɟɫɤɢɣ 
ɫɩɥɢɬɬɟɪ (ɪɢɫ. 1). 

 

- OLT

- ɫɩɥиɬɬеɪ

- ONU

20 ɤɦ.

100 ɤɦ.

ɚ) PON

ɛ) LR-PON

 
 

Ɋɢɫ. 1. Ɍɨɩɨɥɨɝɢɹ ɩɚɫɫɢɜɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ: ɚ – PON; ɛ – LR-PON 

 
ɋɬɪɨɢɬɟɥɶɫɬɜɭ LR-PON, ɤɚɤ ɞɨɫɬɚɬɨɱɧɨ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɟ, ɩɪɟɞɲɟɫɬɜɭɸɬ ɞɟɬɚɥɶɧɵɟ 

ɪɚɫɱɟɬɵ ɩɨ ɪɚɡɥɢɱɧɵɦ ɤɪɢɬɟɪɢɹɦ. ɉɨɩɪɨɛɭɟɦ ɨɛɨɡɧɚɱɢɬɶ ɜɚɠɧɟɣɲɢɟ ɢɡ ɧɢɯ.  
ɋɩɨɫɨɛɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɡɚɹɜɥɟɧɧɵɟ ɪɚɫɫɬɨɹɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɫɨɨɬɜɟɬ-

ɫɬɜɢɟɦ ɛɸɞɠɟɬɚ ɦɨɳɧɨɫɬɢ ɩɟɪɟɞɚɸɳɢɯ ɭɫɬɪɨɣɫɬɜ ɛɸɞɠɟɬɭ ɩɨɬɟɪɶ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɟɬɢ. 
Ⱦɚɧɧɨɟ ɫɨɨɬɜɟɬɫɬɜɢɟ, ɧɚɡɵɜɚɟɦɨɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɛɚɥɚɧɫɨɦ, ɧɟɫɨɦɧɟɧɧɨ, ɹɜɥɹɟɬɫɹ ɫɭɳɟ-
ɫɬɜɟɧɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɫɟɬɢ ɞɨɫɬɭɩɚ. 

ɇɟ ɦɟɧɟɟ ɜɚɠɧɚ ɧɚɞɟɠɧɨɫɬɶ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɚɱɟɫɬɜɨ 
ɩɪɟɞɨɫɬɚɜɥɹɟɦɵɯ ɭɫɥɭɝ ɩɨɥɶɡɨɜɚɬɟɥɹɦ. 

Ʉɪɨɦɟ ɬɨɝɨ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɬɟɫɧɨ ɫɜɹɡɚɧɵ ɫ ɪɟɫɭɪɫɨɩɨɬɪɟɛɥɟɧɢɟɦ ɫɢɫɬɟɦɵ. 
Ȼɸɞɠɟɬ ɫɬɨɢɦɨɫɬɢ ɫɟɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɟɟ ɫɨɨɬɜɟɬɫɬɜɢɟ ɜɫɟɦ ɩɪɟɞɴɹɜɥɹɟ-
ɦɵɦ ɬɪɟɛɨɜɚɧɢɹɦ, ɹɜɥɹɟɬɫɹ ɢɯ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɛɚɡɨɣ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɷɧɟɪɝɟɬɢɱɟɫɤɢɣ ɛɚɥɚɧɫ, ɧɚɞɟɠɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨ 
ɹɜɥɹɸɬɫɹ ɨɫɧɨɜɧɵɦɢ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟɬɢ ɞɨɫɬɭɩɚ. 

ȼ ɫɬɚɬɶɟ ɞɟɥɚɟɬɫɹ ɩɨɩɵɬɤɚ ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɡɜɟɪɬɵɜɚɧɢɹ Long-reach PON ɩɨ ɭɤɚɡɚɧɧɵɦ 
ɤɪɢɬɟɪɢɹɦ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɦɟɬɨɞɵ ɥɢɧɟɣɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ.  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ȼɜɟɞɟɦ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: ݈˅ – ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɨɩɬɢɱɟɫɤɨɝɨ ɜɨɥɨɤɧɚ ɨɬ OLT ɞɨ ONU; �ˑ˄щ – ɧɚɞɟɠɧɨɫɬɶ ɫɟɬɢ ɞɨɫɬɭɩɚ; 
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�ˑ˄щ – ɡɚɬɪɚɬɵ ɧɚ ɪɚɡɜɟɪɬɵɜɚɧɢɟ LR-PON; ˑܹ˄щ – ɛɸɞɠɟɬ ɦɨɳɧɨɫɬɢ ɧɚ ɪɚɡɜɟɪɬɵɜɚɧɢɟ LR-PON. 
Ɇɚɫɲɬɚɛɵ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɟɬɢ ɞɨɫɬɭɩɚ ɦɨɠɧɨ ɦɟɧɹɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɪɟɛɨɜɚɧɢɣ, 

ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɤ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ. Ɍɨɝɞɚ ɡɚɞɚɱɭ ɨɩɬɢɦɢɡɚɰɢɢ ɫɟ-
ɬɢ ɞɨɫɬɭɩɚ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɧɨ ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɚɤ: 

 ݈˅ → ݉��, 
 �ˑ˄щ ≤ �дˑ˒, 
 �ˑ˄щ ≤ �дˑ˒, 
 ˑܹ˄щ ≤ ͵Ͳ             (1) 

 
ɝɞɟ �дˑ˒, �дˑ˒ – ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɫɬɨɢɦɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ˑܹ˄щ ≤ ͵Ͳ [дБ] – 
ɛɸɞɠɟɬ ɦɨɳɧɨɫɬɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɟ ɥɢɧɢɢ LR-PON ɧɟ ɛɨɥɟɟ 100 ɤɦ. 
ɗɬɚ ɜɟɥɢɱɢɧɚ ɨɛɭɫɥɨɜɥɟɧɚ ɩɪɢɦɟɧɹɟɦɵɦɢ ɬɢɩɚɦɢ ɭɫɢɥɢɬɟɥɟɣ ɨɩɬɢɱɟɫɤɨɝɨ ɫɢɝɧɚɥɚ Д3Ж. ȼ ɪɚɦ-
ɤɚɯ ɫɬɚɬɶɢ ɛɸɞɠɟɬ ɦɨɳɧɨɫɬɢ ɛɭɞɟɬ ɜɟɪɯɧɢɦ ɝɪɚɧɢɱɧɵɦ ɩɪɟɞɟɥɨɦ ɨɩɬɢɦɢɡɚɰɢɢ. ɉɪɢ ɩɥɚɧɢɪɨ-
ɜɚɧɢɢ ɭɫɬɚɧɨɜɤɢ ɧɚ ɫɟɬɢ ɞɪɭɝɢɯ ɭɫɢɥɢɬɟɥɟɣ ɮɢɤɫɢɪɨɜɚɧɧɵɣ ɩɚɪɚɦɟɬɪ ˑܹ˄щ ɦɨɠɟɬ ɛɵɬɶ ɢɡ-
ɦɟɧɟɧ. 

ɇɚɞɟɠɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɫɟɬɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɮɭɧɤɰɢɹɦɢ, ɜɜɨɞɹɳɢɦɢ ɨɝɪɚɧɢɱɟɧɢɹ ɤ 
ɧɚɢɛɨɥɶɲɟɣ ɞɥɢɧɟ ɨɩɬɢɱɟɫɤɨɣ ɥɢɧɢɢ. 

Ɋɚɫɱɟɬ ɧɚɞɟɠɧɨɫɬɢ 
ɇɚɞɟɠɧɨɫɬɶ ɫɥɨɠɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɧɚɣɬɢ ɢɡ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚɞɟɠɧɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɟɟ ɷɥɟɦɟɧɬɨɜ. ȼ LR-PON ɤɚɠɞɚɹ ɰɟɩɶ OLT – ɫɩɥɢɬɬɟɪ – ONU ɹɜɥɹɟɬɫɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦ ɫɨ-
ɟɞɢɧɟɧɢɟɦ ɷɥɟɦɟɧɬɨɜ, ɚ ɦɟɠɞɭ ɫɨɛɨɣ ɰɟɩɢ ɫɨɨɬɧɨɫɹɬɫɹ ɤɚɤ ɩɚɪɚɥɥɟɥɶɧɨɟ ɫɨɟɞɢɧɟɧɢɟ Д2Ж. 
ɇɚɞɟɠɧɨɫɬɶ ɜɫɟɣ ɫɟɬɢ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶɫɹ ɧɚɢɛɨɥɟɟ ɧɟɧɚɞɟɠɧɨɣ ɰɟɩɶɸ OLT – ɫɩɥɢɬɬɟɪ – 
ONU.  

ɉɟɪɟɯɨɞɹ ɤ ɜɟɪɨɹɬɧɨɫɬɢ ɨɬɤɚɡɚ, ɩɨɥɭɱɚɟɦ: 
 ˑܷ˄щ = ͳ − �ˑ˄щ = ͳ − ∏ሺͳ − �ܷሻ,         (2) 

 
ɝɞɟ ˑܷ˄щ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɫɟɬɢ; �ܷ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ i-ɝɨ ɷɥɟɦɟɧɬɚ ɧɚɢɛɨɥɟɟ ɧɟɧɚɞɟɠ-
ɧɨɣ ɰɟɩɢ OLT – ɫɩɥɢɬɬɟɪ – ONU. 

Ɉɬ ɩɪɨɢɡɜɟɞɟɧɢɹ ɜɟɪɨɹɬɧɨɫɬɟɣ ɨɬɤɚɡɨɜ ɦɨɠɧɨ ɩɟɪɟɣɬɢ ɤ ɫɭɦɦɢɪɨɜɚɧɢɸ Д5Ж: 
 ͳ −  ∏ሺͳ − �ܷሻ ≈ ∑ �ܷ .           (3) 
 
ɂɫɯɨɞɹ ɢɡ (2) ɢ (3), ɞɥɹ ɫɟɬɢ ɛɟɡ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ: 
 ˑܷ˄щ′ =  ܷை௅் + ܷф݈ф + ܰ ˔ܷ˒ + ∑ ܷ˒˓݈�ே−ଵ�=ଵ + ܷ˓݈� + ܷைே௎,      (4) 

 
ɝɞɟ ܷை௅்  – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ OLT; ܷф – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɜɨɥɨɤɧɚ ɧɚ ɭɱɚɫɬɤɟ OLT – ɫɩɥɢɬ-
ɬɟɪ (ɮɢɞɟɪɧɵɣ ɭɱɚɫɬɨɤ), ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɞɥɢɧɟ 1 ɤɦ; ݈ф – ɞɥɢɧɚ ɭɱɚɫɬɤɚ OLT – ɫɩɥɢɬɬɟɪ; ܰ – 

ɤɨɥɢɱɟɫɬɜɨ ɫɩɥɢɬɬɟɪɨɜ ɜ ɫɟɬɢ; ˔ܷ˒ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɫɩɥɢɬɬɟɪɚ; ܷ˒˓ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ 
ɜɨɥɨɤɧɚ ɧɚ ɭɱɚɫɬɤɟ ɫɩɥɢɬɬɟɪ – ɫɩɥɢɬɬɟɪ (ɩɪɨɦɟɠɭɬɨɱɧɵɣ ɭɱɚɫɬɨɤ), ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɞɥɢɧɟ  
1 ɤɦ.; ݈� – ɞɥɢɧɚ k-ɭɱɚɫɬɤɚ ɫɩɥɢɬɬɟɪ – ɫɩɥɢɬɬɟɪ; ܷ˓ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɜɨɥɨɤɧɚ ɧɚ ɭɱɚɫɬɤɟ 
ɫɩɥɢɬɬɟɪ – ONU (ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɵɣ ɭɱɚɫɬɨɤ), ɩɪɢɜɟɞɟɧɧɚɹ ɤ ɞɥɢɧɟ 1 ɤɦ; ݈� – ɞɥɢɧɚ m-
ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɫɩɥɢɬɬɟɪ – ONU; ܷைே௎  – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ONU. 
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ɉɨɥɚɝɚɹ ɪɚɜɧɵɦɢ ɜɟɪɨɹɬɧɨɫɬɢ ɨɬɤɚɡɚ ɜɨɥɨɤɧɚ ɧɚ ɥɸɛɵɯ ɭɱɚɫɬɤɚɯ ɫɟɬɢ, ɜɜɟɞɟɦ ɨɛɳɟɟ 
ɨɛɨɡɧɚɱɟɧɢɟ ˅ܷ = ܷф ≈ ܷ˒˓ ≈ ܷ˓. Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ OLT – ONU ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ 

 ݈˅ = ሺ݈ф + ∑ ݈�ே−ଵ�=ଵ + ݈�ሻ.           (5) 

 
Ɍɨɝɞɚ ˑܷ˄щ′ =  ܷை௅் + ܰ ˔ܷ˒ + ܷைே௎+ ˅ܷ݈˅.         (6) 

 
Ⱦɥɹ ɫɟɬɢ ɫ ɩɨɥɧɵɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ 

ɨɩɬɢɱɟɫɤɢɯ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ ɬɪɚɮɢɤɚ ɫ ɨɫɧɨɜɧɨɝɨ ɤɚɧɚɥɚ ɧɚ ɪɟɡɟɪɜɧɵɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɜɧɨ-
ɫɢɬɶ ɫɜɨɣ ɜɤɥɚɞ ɜ ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɩɨɥɭɱɚɟɦ: 

 ܷˑ˄щ′′ =  ܷை௅்ଶ + ˔ܷଶ˒ ܰ + ܷைே௎ଶ + ˑܷ˒ሺܰ + ʹሻ + ˅ܷଶ݈˅,       (7) 

 
ɝɞɟ ˑܷ˒ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ ɨɩɬɢɱɟɫɤɨɝɨ ɩɟɪɟɤɥɸɱɚɬɟɥɹ. 

ɋɯɟɦɚ ɫ ɩɨɥɧɵɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ ɬɪɭɞɧɨɪɟɚɥɢɡɭɟɦɚ. ɇɚ ɩɪɚɤɬɢɤɟ ɪɟɡɟɪɜɢɪɭɸɬ 
ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɟ ɷɥɟɦɟɧɬɵ. ɉɪɢ ɱɚɫɬɢɱɧɨɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ ɜ ɤɚɠɞɨɦ ɫɥɚɝɚɟɦɨɦ ɢɡ (4) ɜɨɡ-
ɜɨɞɢɬɫɹ ɜ ɤɜɚɞɪɚɬ ɬɨɥɶɤɨ ɬɚ ɜɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɪɟɡɟɪɜɢɪɭɟɦɵɣ  
ɷɥɟɦɟɧɬ. 

ȼɵɪɚɠɟɧɢɟ (4)–(6) ɞɚɧɵ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɨɬɹɠɟɧɧɨɣ ɰɟɩɢ OLT – ɫɩɥɢɬɬɟɪɵ – ONU 
ɥɢɧɢɣ, ɧɚɞɟɠɧɨɫɬɶ ɨɫɬɚɥɶɧɵɯ ɩɨɥɚɝɚɟɬɫɹ ɧɟ ɯɭɠɟ.  

Ɋɚɫɱɟɬ ɫɬɨɢɦɨɫɬɢ 
ɋɬɨɢɦɨɫɬɶ LR-PON ɛɭɞɟɬ ɫɥɚɝɚɬɶɫɹ ɢɡ ɫɬɨɢɦɨɫɬɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟɟ ɷɥɟɦɟɧɬɨɜ. Ⱦɥɹ ɫɟ-

ɬɢ ɛɟɡ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɨɥɭɱɚɟɦ: 
 �ˑ˄щ′ =  �ை௅் + �ф݈ф + ܰ�˔˒ + ∑ �˒˓݈�ே−ଵ�=ଵ + ∑ ݈�ெ−ଵ�=ଵ �˓ + ைே௎�ܯ + �˒ː˓,   (8) 

 
ɝɞɟ �ை௅்  – ɫɬɨɢɦɨɫɬɶ OLT; �ф – ɫɬɨɢɦɨɫɬɶ 1 ɤɦ ɜɨɥɨɤɧɚ ɧɚ ɮɢɞɟɪɧɨɦ ɭɱɚɫɬɤɟ; �˔˒ – ɫɬɨɢɦɨɫɬɶ 
ɫɩɥɢɬɬɟɪɚ; �˒˓ – ɫɬɨɢɦɨɫɬɶ 1 ɤɦ ɜɨɥɨɤɧɚ ɧɚ ɩɪɨɦɟɠɭɬɨɱɧɨɦ ɭɱɚɫɬɤɟ; �˓ – ɫɬɨɢɦɨɫɬɶ 1 ɤɦ ɜɨ-
ɥɨɤɧɚ ɧɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɦ ɭɱɚɫɬɤɟ; �ைே௎  – ɫɬɨɢɦɨɫɬɶ ONU; ܯ– ɤɨɥɢɱɟɫɬɜɨ ONU; ݈� – ɞɥɢɧɚ 
m-ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɫɩɥɢɬɬɟɪ – ONU; �˒ː˓ – ɫɬɨɢɦɨɫɬɶ ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ 
ɩɪɢ ɪɚɡɜɟɪɬɵɜɚɧɢɢ ɫɟɬɢ. 

Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɜɫɟɝɨ ɬɪɚɮɢɤɚ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɨɞɧɨɬɢɩɧɵɣ ɨɩɬɢɱɟɫɤɢɣ ɤɚɛɟɥɶ, ɩɨ-
ɷɬɨɦɭ ɫɬɨɢɦɨɫɬɶ ɜɨɥɨɤɧɚ ɞɥɹ ɪɚɡɧɵɯ ɭɱɚɫɬɤɨɜ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɨɣ. Ɍɨɝɞɚ �˅ = �ф ≈ �˒˓ ≈ �˓. 

Ⱥɧɚɥɨɝɢɱɧɨ ɫ (6) 
 �ˑ˄щ′ =  �ை௅் + ܰ�˔˒ + ˓ைே௎+�˒ː�ܯ + �˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ,     (9) 

 
Ⱦɥɹ ɫɟɬɢ ɫ ɩɨɥɧɵɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ ɫɬɨɢɦɨɫɬɶ ɤɚɠɞɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɭɜɟɥɢɱɢɬɫɹ ɜɞɜɨɟ. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɫɬɨɢɦɨɫɬɶ ɨɩɬɢɱɟɫɤɢɯ ɩɟɪɟɤɥɸɱɚɬɟɥɟɣ: 
 �ˑ˄щ′′ =  ʹ�ை௅் + ʹܰ�˔˒ + ைே௎�ܯʹ + �ˑ˒ሺܰ + ܯ + ͳሻ + �˒ː˓ + ʹ�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ,  (10) 

 
Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɫɬɨɢɦɨɫɬɶ ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ ɪɚɜɧɚ ɫɬɨɢɦɨɫɬɢ ɦɨɧɬɢɪɭɟɦɨɝɨ ɨɛɨ-

ɪɭɞɨɜɚɧɢɹ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɞɥɹ ɫɟɬɢ ɛɟɡ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɦ: 
 �ˑ˄щ′ =  ʹ�ை௅் + ʹܰ�˔˒ + ைே௎+ʹ�ˑ˒ሺܰ�ܯʹ + ܯ + ͳሻ + ʹ�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ.   (11) 

ɉɪɢ ɭɫɬɚɧɨɜɤɟ ɭɫɬɪɨɣɫɬɜ ɫ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ ɛɭɞɟɦ ɩɨɥɚɝɚɬɶ ɭɞɜɨɟɧɢɟ ɫɬɨɢɦɨɫɬɢ ɷɬɢɯ 
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ɭɫɬɪɨɣɫɬɜ. ɋɬɨɢɦɨɫɬɶ ɩɭɫɤɨ-ɧɚɥɚɞɨɱɧɵɯ ɪɚɛɨɬ ɨɫɬɚɜɢɦ ɪɚɜɧɨɣ ɚɧɚɥɨɝɢɱɧɨɦɭ ɩɨɤɚɡɚɬɟɥɸ ɞɥɹ 
ɫɟɬɢ ɛɟɡ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ. Ⱦɥɹ ɫɟɬɢ ɫ ɩɨɥɧɵɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ 

 �ˑ˄щ′′ =  ͵�ை௅் + ͵ܰ�˔˒ + ைே௎+͵�ˑ˒ሺܰ�ܯ͵ + ܯ + ͳሻ + ͵�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ.   (12) 

 
ȼɵɪɚɠɟɧɢɹ (10), (11) ɩɨɤɚɡɵɜɚɸɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɢɧɢɦɚɥɶɧɭɸ ɢ ɦɚɤɫɢɦɚɥɶɧɭɸ ɫɬɨɢ-

ɦɨɫɬɶ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɟɬɢ LR-PON.  
Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ 
ɋɨɫɬɚɜɢɦ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɫɬɨɢɦɨɫɬɢ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɫɟɬɢ: 
 

�ˑ˄щ =
{   
  
   ͳ − ሺܷை௅் + ܰ ˔ܷ˒ + ܷைே௎+ ˅ܷ݈˅ሻ, �ͳ − ሺܷை௅்ଶ + ˔ܷ˒ܰ + ܷைே௎ + ˑܷ˒ + ˅ܷ݈˅ሻ, ��ͳ − ሺܷை௅்ଶ + ˔ܷଶ˒ ܰ + ܷைே௎ + ˑܷ˒ሺܰ + ͳሻ + ˅ܷ݈˅ሻ, ���ͳ − ቀܷை௅்ଶ + ˔ܷଶ˒ ܰ + ܷைே௎ + ˑܷ˒ሺܰ + ͳሻ + ˅ܷଶ݈ф + ˅ܷ(݈˅ − ݈ф)ቁ , �ܸͳ − ቀܷை௅்ଶ + ˔ܷଶ˒ ܰ + ܷைே௎ + ˑܷ˒ሺܰ + ͳሻ + ˅ܷଶ(݈ф + ∑ ݈�ே−ଵ�=ଵ ) + ˅ܷ(݈˅ − ݈ф − ∑ ݈�ே−ଵ�=ଵ )ቁ , ܸ                    ͳ − ሺܷை௅்ଶ + ˔ܷଶ˒ ܰ + ܷைே௎ଶ + ˑܷ˒ሺܰ + ʹሻ + ˅ܷଶ݈˅ሻ, ܸ�

   (13) 

 
 

�ˑ˄щ =
{   
   ʹ�ை௅் + ʹܰ�˔˒ + ˅ைே௎+ʹ�˅ሺ݈�ܯʹ + ∑ ݈�ெ−ଶ�=ଵ ሻ, � ͵�ை௅் + ʹܰ�˔˒ + ˒ைே௎+�ˑ�ܯʹ + ʹ�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ, ��͵�ை௅் + ͵ܰ�˔˒ + ைே௎+ʹ�ˑ˒ሺܰ�ܯʹ + ͳሻ + ʹ�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ, ���͵�ை௅் + ͵ܰ�˔˒ + ைே௎+ʹ�ˑ˒ሺܰ�ܯʹ + ͳሻ + �˅݈ф + ʹ�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ, �ܸ͵�ை௅் + ͵ܰ�˔˒ + ைே௎+ʹ�ˑ˒ሺܰ�ܯʹ + ͳሻ + ͵�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ − �˅ ∑ ݈�ெ−ଵ�=ଵ , ܸ͵�ை௅் + ͵ܰ�˔˒ + ைே௎+ʹ�ˑ˒ሺܰ�ܯ͵ + ܯ + ͳሻ + ͵�˅ሺ݈˅ + ∑ ݈�ெ−ଶ�=ଵ ሻ, ܸ�

,          (14) 

 
ɝɞɟ I – ɜɚɪɢɚɧɬ ɫɟɬɢ ɛɟɡ ɪɟɡɟɪɜɚ, II – ɜɚɪɢɚɧɬ ɫɟɬɢ ɫ ɪɟɡɟɪɜɨɦ OLT, III – ɜɚɪɢɚɧɬ ɫɟɬɢ ɫ ɪɟɡɟɪ-
ɜɨɦ OLT ɢ ɫɩɥɢɬɬɟɪɨɜ, IV – ɜɚɪɢɚɧɬ ɫɟɬɢ ɫ ɪɟɡɟɪɜɨɦ OLT, ɫɩɥɢɬɬɟɪɨɜ ɢ ɮɢɞɟɪɧɨɝɨ ɜɨɥɨɤɧɚ,  
V – ɜɚɪɢɚɧɬ ɫɟɬɢ ɫ ɪɟɡɟɪɜɨɦ OLT, ɫɩɥɢɬɬɟɪɨɜ, ɮɢɞɟɪɚ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɨɥɨɤɨɧ, VI – ɜɚɪɢɚɧɬ 
ɫɟɬɢ ɫ ɩɨɥɧɵɦ ɪɟɡɟɪɜɨɦ. 

Ɏɭɧɤɰɢɢ ɢɡ (13) ɢ (14) ɥɢɧɟɣɧɵɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɚɩɩɚɪɚɬ ɥɢɧɟɣɧɨɝɨ ɩɪɨ-
ɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɪɟɲɟɧɢɹ ɨɛɳɟɣ ɡɚɞɚɱɢ ɨɩɬɢɦɢɡɚɰɢɢ Д1, 4Ж. 

Ɋɚɫɫɦɚɬɪɢɜɚɹ ɫɟɬɢ ɞɨɫɬɭɩɚ ɫ ɩɨɡɢɰɢɢ FTTH (Fiber-To-The-Home – ɜɨɥɨɤɧɨ ɞɨ ɤɜɚɪɬɢɪ / 
ɨɮɢɫɨɜ), ɦɨɠɧɨ ɞɨɩɭɫɬɢɬɶ ɤɨɥɢɱɟɫɬɜɟɧɧɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɩɨɞɤɥɸɱɟɧɢɢ ɤ ɫɟɬɢ LR-PON ɢɡ ɪɚɫ-
ɱɟɬɚ ɨɞɢɧ ɫɩɥɢɬɬɟɪ ɧɚ ɨɞɢɧ ɞɨɦ (ɜ LR-PON ɤ ɨɞɧɨɦɭ ɫɩɥɢɬɬɟɪɭ ɦɨɠɧɨ ɩɨɞɤɥɸɱɚɬɶ ɞɨ 256 
ONU), ɜɟɞɭɬɫɹ ɪɚɡɪɚɛɨɬɤɢ ɫɩɥɢɬɬɟɪɨɜ ɞɥɹ 512 ONU Д6Ж). Ɍɨɝɞɚ ɞɥɢɧɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ 
ɭɱɚɫɬɤɚ ݈�  ɛɭɞɟɬ ɞɨɫɬɢɝɚɬɶ ɫɨɬɟɧ ɦɟɬɪɨɜ. Ⱦɥɹ ɦɟɫɬɧɨɫɬɢ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ ɧɚɫɟɥɟɧɢɹ 
(ɧɚɩɪɢɦɟɪ, ɫɟɥɶɫɤɚɹ ɦɟɫɬɧɨɫɬɶ) ɨɞɢɧ ɫɩɥɢɬɬɟɪ ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɞɨɫɬɭɩ ɤ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢ-
ɨɧɵɦ ɭɫɥɭɝɚɦ ɜɫɟɦ ɠɢɬɟɥɹɦ. Ⱦɥɢɧɚ ɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɝɨ ɭɱɚɫɬɤɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɟɬ ɞɨɫɬɢ-
ɝɚɬɶ ݈� ≈ ͵ кˏ. Ɍɨɱɧɵɟ ɞɚɧɧɵɟ ɞɥɢɧɵ ɭɱɚɫɬɤɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɬɨɥɶɤɨ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚ-
ɧɢɢ ɤɨɧɤɪɟɬɧɵɯ ɨɛɴɟɤɬɨɜ. ȼ ɪɚɦɤɚɯ ɷɬɨɣ ɫɬɚɬɶɢ ɩɪɢɦɟɦ ɫɪɟɞɧɸɸ ɞɥɢɧɭ ݈� ≈ ͳ кˏ.  

Ȼɭɞɟɬ ɪɚɫɫɱɢɬɵɜɚɬɶ ݈˅ ɨɬ 10 ɤɦ ɞɨ 100 ɤɦ, ɫ ɲɚɝɨɦ ɜ 10 ɤɦ. ɉɪɢ ɪɚɫɱɟɬɚɯ ɧɟɨɛɯɨɞɢɦɨ 
ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɫɩɥɢɬɬɟɪɵ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɨ ɦɟɪɟ ɭɜɟɥɢɱɟɧɢɹ ɪɚɞɢɭɫɚ ɫɟɬɢ – ɨɞɢɧ ɫɥɢɬɬɟɪ 
ɧɚ 100/17 ≈ 5–6 ɤɦ. Ⱦɥɢɧɭ ɩɪɨɦɟɠɭɬɨɱɧɨɝɨ ɭɱɚɫɬɤɚ ɩɪɢɦɟɦ ݈� = 5 кˏ. Ⱦɥɢɧɭ ɮɢɞɟɪɧɨɝɨ ɭɱɚɫɬɤɚ ݈ф ɩɪɢɦɟɦ ɪɚɜɧɨɣ 15 ɤɦ (ɞɥɹ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ݈˅ଵ = ͳͲ и ݈˅ଶ = ʹͲ, ɩɪɢɦɟɦ ݈фଵ = 9 кˏ  и ݈фଶ = ͳͲ кˏ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 

ɑɢɫɥɨɜɵɟ ɞɚɧɧɵɟ ɩɨ ɧɚɞɟɠɧɨɫɬɢ ɢ ɫɬɨɢɦɨɫɬɢ ɤɨɦɩɨɧɟɧɬɨɜ LR-PON ɜɨɡɶɦɟɦ ɢɡ Д5Ж 
(ɬɚɛɥ. 1). 



ɂɧɮɨɪɦɚɬɢɤɚ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ ɢ ɭɩɪɚɜɥɟɧɢɟ 
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Ɍɚɛɥɢɰɚ 1  
ɇɚɞɟɠɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ LR-PON 

Ʉɨɦɩɨɧɟɧɬ ɫɟɬɢ ɋɬɨɢɦɨɫɬɶ, ɞɨɥɥ. ȼɟɪɨɹɬɧɨɫɬɶ ɨɬɤɚɡɚ 
OLT 650 5,12 10-7 

ONU 450 5,12 10-7 
ɫɩɥɢɬɬɟɪ 650 10-7 

ɨɩɬɢɱɟɫɤɢɣ ɩɟɪɟɤɥɸɱɚɬɟɥɶ 100 4  10-7 
ɨɩɬɢɱɟɫɤɢɣ ɤɚɛɟɥɶ (1 ɤɦ) 2,5 3,42 10-6 

 
ɉɪɨɜɟɞɟɦ ɪɚɫɱɟɬɵ ɩɨ (12) ɢ (13), ɢɡɦɟɧɹɹ ɞɥɢɧɭ ݈˅. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɦɟɫɬɢɦ ɜ ɬɚɛɥ. 2. 
 

Ɍɚɛɥɢɰɚ 2 

ɇɚɞɟɠɧɨɫɬɶ ɢ ɫɬɨɢɦɨɫɬɶ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɞɢɭɫɚ LR-PON 

ȼɊ 
ɫɟɬɟɣ 

Ⱦɥɢɧɚ ɜɨɥɨɤɧɚ l˅, ɤɦ 

10 20 30 40 50 60 70 80 90 100 

ɇɚɞɟɠɧɨɫɬɶ 

I 0,996478 0,993057 0,989637 0,986217 0,982797 0,979377 0,975957 0,972536 0,969116 0,965696 

II 0,996528 0,993109 0,989688 0,986268 0,982848 0,979428 0,976008 0,972587 0,969167 0,965747 

III 0,996528 0,993108 0,989688 0,986267 0,982846 0,979426 0,976005 0,972585 0,969164 0,965743 

IV 0,999605 0,996527 0,994816 0,991395 0,987975 0,984554 0,981133 0,977713 0,974292 0,970872 

V 0,999605 0,998236 0,998235 0,998233 0,998231 0,998229 0,998228 0,998226 0,998224 0,998222 

VI 0,999998 0,999996 0,999995 0,999993 0,999991 0,99999 0,999988 0,999986 0,999984 0,999983 

ɋɬɨɢɦɨɫɬɶ, ɞɨɥɥ. 
I 234320 235670 237020 239670 242320 244970 247620 250270 252920 255570 

II 235070 236420 237770 240420 243070 245720 248370 251020 253670 256320 

III 235370 236920 238470 241520 244570 247620 250670 253720 256770 259820 

IV 236042,5 238245 240457,5 244807,5 249157,5 253507,5 257857,5 262207,5 266557,5 270907,5 

V 236042,5 238267,5 240492,5 244867,5 249242,5 253617,5 257992,5 262367,5 266742,5 271117,5 

VI 403080 405305 407530 411905 416280 420655 425030 429405 433780 438155 

 
ɉɪɨɜɟɞɟɦ ɚɧɚɥɢɡ ɪɚɫɫɱɢɬɚɧɧɵɯ ɫɯɟɦ ɩɨ ɫɨɨɬɧɨɲɟɧɢɸ ɰɟɧɚ/ɤɚɱɟɫɬɜɨ (ɩɪɢɜɟɞɟɧɧɵɯ ɤ 

ɫɨɬɧɹɦ ɬɵɫɹɱ ɞɨɥɥɚɪɨɜ). Ɋɟɡɭɥɶɬɚɬɵ ɫɨɨɬɧɨɲɟɧɢɣ ɩɨɦɟɫɬɢɦ ɜ ɬɚɛɥ. 3. 
Ɇɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɢɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ «ɰɟɧɚ/ɤɚɱɟɫɬɜɨ» ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɞɢɭɫɚ 

ɫɟɬɢ ΔХɜ (ɋɨɛɳ/Ⱥɨɛɳ) – ɬɚɛɥ. 4, ɚ ɬɚɤɠɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɚɪɢɚɧɬɚ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ (ȼɊ), 
ΔȼɊ(ɋɨɛɳ/Ⱥɨɛɳ) – ɬɚɛɥ. 5.  

 

Ɍɚɛɥɢɰɚ 3 
Ɉɬɧɨɲɟɧɢɟ ɰɟɧɚ/ɤɚɱɟɫɬɜɨ (ɋɨɛɳ/Ⱥɨɛɳ), ɞɨɥɥ. ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɞɢɭɫɚ LR-PON 

ȼɊ 
ɫɟɬɟɣ 

Ⱦɥɢɧɚ ɜɨɥɨɤɧɚ ݈˅, ɤɦ 

10 20 30 40 50 60 70 80 90 100 

I 2,351 2,373 2,395 2,430 2,466 2,501 2,537 2,573 2,610 2,646 

II 2,359 2,381 2,402 2,438 2,473 2,509 2,545 2,581 2,617 2,654 

III 2,362 2,386 2,410 2,449 2,488 2,528 2,568 2,609 2,649 2,690 

IV 2,361 2,391 2,417 2,469 2,522 2,575 2,628 2,682 2,736 2,790 

V 2,361 2,387 2,409 2,453 2,497 2,541 2,585 2,628 2,672 2,716 

VI 4,031 4,053 4,075 4,119 4,163 4,207 4,250 4,294 4,338 4,382 

 



ɂɧɮɨɪɦɚɬɢɤɚ, ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɬɟɯɧɢɤɚ ɢ ɭɩɪɚɜɥɟɧɢɟ 
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Ɍɚɛɥɢɰɚ 4  
ɂɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɰɟɧɚ/ɤɚɱɟɫɬɜɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɞɢɭɫɚ LR-PON – ΔХɜ 

(ɋɨɛɳ/Ⱥɨɛɳ), ɞɨɥɥ. 
ȼɊ 
ɫɟɬɟɣ 

Ⱦɥɢɧɚ ɜɨɥɨɤɧɚ ݈˅, ɤɦ 

10 20 30 40 50 60 70 80 90 100 

I  0,022 0,022 0,035 0,035 0,036 0,036 0,036 0,036 0,037 

II  0,022 0,022 0,035 0,035 0,036 0,036 0,036 0,036 0,037 

III  0,024 0,024 0,039 0,040 0,040 0,040 0,040 0,041 0,041 

IV  0,029 0,026 0,052 0,053 0,053 0,053 0,054 0,054 0,054 

V  0,026 0,022 0,044 0,044 0,044 0,044 0,044 0,044 0,044 

VI  0,022 0,022 0,044 0,044 0,044 0,044 0,044 0,044 0,044 

 
Ɍɚɛɥɢɰɚ 5 

ɂɡɦɟɧɟɧɢɟ ɩɨɤɚɡɚɬɟɥɹ ɰɟɧɚ/ɤɚɱɟɫɬɜɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɚɪɢɚɧɬɚ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ 

LR-PON – ΔȼɊ(ɋɨɛɳ/Ⱥɨɛɳ), ɞɨɥɥ. 
ȼɊ 

ɫɟɬɟɣ 
Ⱦɥɢɧɚ ɜɨɥɨɤɧɚ ݈˅, ɤɦ 

10 20 30 40 50 60 70 80 90 100 

I           
II 0,007 0,007 0,007 0,007 0,008 0,008 0,008 0,008 0,008 0,008 
III 0,003 0,005 0,007 0,011 0,015 0,019 0,024 0,028 0,032 0,036 
IV –

0,001 

0,005 0,008 0,020 0,034 0,047 0,060 0,073 0,087 0,100 
V 0,000 –

0,004 

–
0,008 

–
0,016 

–
0,025 

–
0,034 

–
0,044 

–0,054 –
0,064 

–
0,074 VI 1,669 1,666 1,666 1,666 1,666 1,666 1,666 1,666 1,666 1,666 

 
Ɂɚɤɥɸɱɟɧɢɟ 
ȼ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯ ɪɚɡɜɢɬɢɹ ɢɧɮɨɤɨɦɦɭɧɢɤɚɰɢɣ ɨɬɞɟɥɶɧɵɟ ɩɨɥɶɡɨɜɚɬɟɥɢ 

ɩɪɟɞɴɹɜɥɹɸɬ ɤ ɫɟɬɢ ɞɨɫɬɭɩɚ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɧɚɞɟɠɧɨɫɬɢ Ⱥɨɛɳ = 0,99999. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥ. 2, 
ɜɵɩɨɥɧɟɧɢɟ ɞɚɧɧɵɯ ɬɪɟɛɨɜɚɧɢɣ ɦɨɠɧɨ ɨɛɟɫɩɟɱɢɬɶ ɬɨɥɶɤɨ ɩɪɢ ɩɨɥɧɨɦ ɪɟɡɟɪɜɢɪɨɜɚɧɢɢ LR-
PON ɢ ɬɨɥɶɤɨ ɞɥɹ ɫɟɬɢ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ ɪɚɞɢɭɫɨɦ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɞɨ 80 ɤɦ. 

ɂɫɯɨɞɹ ɢɡ ɞɚɧɧɵɯ ɬɚɛɥ. 4, ɪɚɡɜɟɪɬɵɜɚɧɢɟ ɫɟɬɢ LR-PON ɨɩɬɢɦɚɥɶɧɨ ɜ ɪɚɞɢɭɫɟ ɞɨ 30 ɤɦ 
ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɜɚɪɢɚɧɬɨɜ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ. Ʉɚɤ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɭɫɨɜ ɫɟɬɢ (ɬɚɛɥ. 4), ɬɚɤ 
ɢ ɫ ɪɚɡɥɢɱɧɵɦɢ ɜɚɪɢɚɧɬɚɦɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɫɚɦɵɦɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦɢ ɫɰɟɧɚɪɢɹɦɢ ɪɚɡɜɟɪ-
ɬɵɜɚɧɢɹ LR-PON ɩɨ ɤɪɢɬɟɪɢɹɦ ɫɬɨɢɦɨɫɬɢ ɢ ɧɚɞɟɠɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɜɚɪɢɚɧɬ ɫ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟɦ 
OLT, ɫɩɥɢɬɬɟɪɨɜ ɢ ɮɢɞɟɪɧɨɝɨ ɜɨɥɨɤɧɚ (ɜɚɪɢɚɧɬ IV), ɚ ɬɚɤɠɟ ɩɨɥɧɨɟ ɪɟɡɟɪɜɢɪɨɜɚɧɢɟ (ɜɚɪɢɚɧɬ 
VI). Ɉɩɬɢɦɚɥɶɧɵɦ ɫɰɟɧɚɪɢɟɦ ɫ ɩɨɡɢɰɢɢ ɪɟɡɟɪɜɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜɚɪɢɚɧɬ ɫ ɪɟɡɟɪɜɢ-
ɪɨɜɚɧɢɟɦ OLT, ɫɩɥɢɬɬɟɪɨɜ, ɮɢɞɟɪɚ ɢ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɨɥɨɤɨɧ (ɜɚɪɢɚɧɬ V). 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɣ ɜ ɫɬɚɬɶɟ, ɩɨ ɦɧɟɧɢɸ ɚɜɬɨɪɚ, ɩɨɡɜɨɥɹɟɬ ɨɰɟ-
ɧɢɬɶ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɤɪɢɬɟɪɢɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɩɚɫɫɢɜɧɵɯ ɨɩɬɢɱɟɫɤɢɯ ɫɟɬɟɣ 
ɛɨɥɶɲɨɣ ɞɚɥɶɧɨɫɬɢ.  

ɋɬɚɬɶɹ ɩɨɫɬɭɩɢɥɚ 17.02.2016 ɝ. 
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ɂɪɤɭɬɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, 
664074, Ɋɨɫɫɢɹ, ɝ. ɂɪɤɭɬɫɤ,  ɭɥ. Ʌɟɪɦɨɧɬɨɜɚ, 83. 
Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ. ȼɵɞɟɥɟɧɵ ɨɫɧɨɜɨɩɨɥɚɝɚɸɳɢɟ ɬɪɟ-
ɛɨɜɚɧɢɹ ɤ ɝɪɚɮɭ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɞɥɹ ɫɢɫɬɟɦɵ ɜɡɢɦɚɧɢɹ ɩɥɚɬɵ ɫ ɛɨɥɶɲɟɝɪɭɡɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ «ɉɥɚɬɨɧ». 
Ɉɩɢɫɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɡɦɟɪɟɧɢɣ ɩɟɪɟɞɜɢɠɧɨɣ ɜɢɞɟɨɥɚɛɨɪɚɬɨɪɢɢ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɝɪɚɮɚ ɚɜɬɨɦɨ-
ɛɢɥɶɧɵɯ ɞɨɪɨɝ. ɂɫɫɥɟɞɨɜɚɧ ɜɨɩɪɨɫ ɫɨɩɪɹɠɟɧɢɹ ɝɪɚɮɚ ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɮɟɞɟɪɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɫ ɝɪɚɮɨɦ 
ɚɜɬɨɦɨɛɢɥɶɧɵɯ ɞɨɪɨɝ ɪɟɝɢɨɧɚɥɶɧɨɝɨ ɢ ɦɟɠɦɭɧɢɰɢɩɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɂɪɤɭɬɫɤɨɣ ɨɛɥɚɫɬɢ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ 
ɨɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ (ɂɌɋ). 
Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɨɪɨɠɧɵɣ ɝɪɚɮ; ɪɟɛɪɨ; ɭɡɟɥ; ɩɟɪɟɞɜɢɠɧɚɹ ɜɢɞɟɨɥɚɛɨɪɚɬɨɪɢɹ. 
 
BUILDING A MOTORWAY GRAPH FOR THE HEAVY TRUCKS TOLLING SYSTEM 
N.S.Kulik, V.I. Martyanov, D.V. Pakhomov 
Irkutsk National Research Technical University,  
83, Lermontov St., Irkutsk, 664074, Russia. 
The basic principles of building a motorway graph are considered. Fundamental requirements to the motorway graph for 
“PХКЭШЧ” sвsЭОЦ ШП ЭШХХТЧР СОКЯв ЭrЮМФ ЭrКЧspШrЭ КrО ТНОЧЭТПТОН. TСО pШssТЛТХТЭв ЭШ ЮsО ЭСО ЦОКsЮrОЦОЧЭs ШП К ЦШЛТХО ЯТНОШ 
laboratory for building the motorway graph are described. The question of correlation of the graph of motorways of feder-
al importance and the graph of roads of regional and intermunicipal importance of the Irkutsk region is considered. Anal-
ysis is also given to the main properties of intelligent transport systems (ITS). 
Keywords: motorway graph; edge; node; mobile video laboratory 
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