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  ( ) 
1 2 3 4 5 

 1  1 24 240 240 - - - - 

 2 1 24 240 240 - - - - 

 3 1 24 288 288 - - - - 

 4 1 24 288 288 - - - - 

 5 1 24 240 240 - - - - 

 6 1 24 240 240 - - - - 

 7 5 24 480 120 96 96 96 72 

 8 3 24 264 96 96 72 - - 

 9 3 24 264 96 96 72 - - 

 -  17 216 2544 - 
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• Ethernet- .      
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•  .      
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 .       

    ; 

 

     L3-L7,  
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• •         

     GТРКЛТЭ EЭСОЫЧОЭ;  

• •       
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• •    VLAN    
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• •      . 
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EЭСОЫЧОЭ        .  
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WDM. [4] 
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    .       

       

   GТРКЛТЭ EЭСОЫЧОЭ, 10GТРКЛТЭ EЭСОЫЧОЭ  MPLS. 

       

  ,       . 

 MPLS        

  ,     

   MPLS,     . MPLS 

    VPN.   
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     .     

   ,       

   .      

   ,      .  

  : FTTH, бDSL, бPON  EЭСОЫЧОЭ 

 

2.1  FTTx 

 

 FТЛОЫ TШ TСО Б (    ...) - , 

       ,  

       (  «б»)  ,  

,   -   (  ,    

    ).  , FTTб 

   .   ,     

 .     FTTб   

  .   FTTб    

: 

FTTN (Fiber to the Node) —    ; 

FTTC (Fiber to the Curb) —   ,    

; 

FTTB (Fiber to the Building) —   ; 

FTTH (Fiber to the Home) —    (    

). 

    FTTH  ,   

          

      .  , 

   ,     , 

    100  /   2013-2015 ,  

      .   

 FTTб : 
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•    ; 

•      ; 

•  FTTH      

  20    ; 

•        

     (    

),        

. 

      FTTH :   

 EЭСОЫЧОЭ     PON. 

 

2.2 C  PON 
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 OLT,     ,    , 
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   APON   BPON (ЛЫШКНЛКЧН 

PON). 

APON      DBA 

(НвЧКЦТМ ЛКЧНаТНЭС КХХШМКЭТШЧ)      

ONT      ,    

. 

 APON     

: SDH (STM-1), ATM (STM-1/4), Fast Ethernet, Gigabit EthernОЭ,  

(SDI PAL),    E1 (G.703), EЭСОЫЧОЭ 10/100BКЬО-TX, 

 (FБS). 

 EFM 802.3КС      

 : 

• EFMC (EFM copper) –  " - "    

  

• EFMF (EFM fiber) – ,    " - " 

 . 

• EFMP (EFM PON) – ,    " -

"  .  ,     APON, 

   EPON. 

GОPON       

  622 /   2,5 /М,       

        PON,    . 

GОPON    ITU-T G.704.1 GFP (РОЧОЫТМ ПЫКЦТЧР ЩЫШЭШМШХ,  

 ),      

   ,    TDM.  ,  

          

   93%    71%  APON,     

EPON. 
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   GEPON     

   ,      

40  /  (    GОЩШЧ- )  1,25  ,  

,      

,     EЭСОЫЧОЭ- , 

     IP- . 

 GОPON        . «6 » . 

    : 

1.1        .  

1.2     1  /    . 

1.3  .     

  Triple Play; 

1.4   64     PON 

    ;  

1.5    . [9] 

 

  6     PON 

 

 6 -   PON 

 APON (BPON) EPON GePON 

  / 
 

ITU-T SG15 / 

FSAN 

IEEE / EFMA ITU-T SG15 / 

FSAN 

    1998  2004  2003 

 ITU-T G.981.x IEEE 802.3ah ITU-T G.984.x 

 , 
/  , 

/  

155/155 

622/155 

622/622 

1000/1000 1244/155,622,1244 

2488/622,1244,2488 

  ATM Ethernet SDH 

  NRZ 8B/10B NRZ 

  , 
 

20 20 (>30№) 20 

  
    

 

32 16 64 (128І) 

  IP,   

  FEC    
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2.3 Gigabit Ethernet 

 

 GТРКЛТЭ EЭСОЫЧОЭ -  EЭСОЫЧОЭ-  IEEE 802.3,  

    ,     CSMA / CD, 

 ,    . .,      

   .  

 GТРКЛТЭ EЭСОЫЧОЭ   EЭСОЫЧОЭ 10  /   100  / ,  

    ,      

 ,     . 

    FКЬЭ EЭСОЫЧОЭ,     

 GТРКЛТЭ EЭСОЫЧОЭ,  1000BКЬО-LБ / SБ / CБ    

8B / 10B,  1000BКЬО-T      

TБ / T2.    PCS   -

  GMII. 1000BКЬО-T -     

 GТРКЛТЭ EЭСОЫЧОЭ      5    

  100 .        

,      250  / . 

 GPON       

   «6 »  ,     

         

, ,     ,  

     ,    

. [10] 

     

« »     , 

,   .    , 

  ,     , 

       . 

        

 ,  : 
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3      

 

 

3.1      

 

      ,   

  -   .     

          

,      .   

3.1       . 
 

 3.1 -   

   

1 2 3 

1.   : NS  2544 

2.    IP    
    ; % 

OHD  10 

3.    IP    
    ; % 

OHU  15 

4.   TЫТЩХО PХКв: 
-      ;% 

-    
 ; % 

-    IP-

TV; % 

 

DAAF  
DPAF  
 

AF IPVS  

 

80 

70 

 

60 

5.   : 
6.1.     

   : 
-   ; /  

-   ; /  

6.2.     
   : 

-   ; /  

-    /  

 

 

 

ADBS  
PDBS  
 

AUBS  
PUBS  

 

 

 

50 

100 

 

20 

90 

7.  IP-TV/ IP-TV HD: 

-  ; % 

-    ; 
-  Unicast; % 

-  Multicast; % 

MPIPVS  
SHIPVS  
UUIPVS  
MUMIPVS  

70/25 

1,3/1,3 

30/30 

70/70 
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  3.1 

 

1 2 3 

-  Multicast; % 

-      
; 

-  ; /  

-      

MUIPVS  
MAIPVS  

VSB  
SVBR  

70/70 

100/50 

 

6 /15 

0,2/0,2 

 

      , ,  

 .      ,  

  .  

 

3.2    

 

,      IP-   30%, 

     ,    

   :  

 

8]3,0*24[ SIP ==N ,     (3.1) 

 

,     ,  

   ,       G.729 :  

 

,,
8

.t яυ⋅
=          (3.2) 

 .t -   , , яυ -    

, / . 

 

 G.729        

  8 / ,   20 . 
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.20
8

820
=

⋅
=  

 

     (3.4): 

 

,,21 YLLLLLV RPTUDPIPEthLEthL +++++=  (3.3) 

 

 RPTUDPIPEthLEthL LLLLL ,,,, 21 –   Ethernet L1, Ethernet L2, IP, UDP, RTP 

 , , Y  –    , 

. 

 

.,78128201820V =++++=  

 

G.729         50   1 

,       : 

 

,/,5081 КV pps⋅⋅=    (3.4) 

 V  –   , . 

 

./2,31508781 К=⋅⋅=  

 

      IP     

: 

 

/ ,,1 VADNSIPWAN ⋅⋅=     (3.5) 

 
1
 –     , / , SIPN –  

   IP- , 
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VAD (Voice Activity Detection) –    

 (0,7). 

./1757,082,31WAN =⋅⋅=  

 

        

        

 . 

 

3.3   IP-TV 

 

  ,       

:  

 

 SH, IPVS *AF IPVS  * AVS =  UsersIPVS     (3.6) 

 

 AVS–    ,    ,  AF IPVS – 

 ,    IP TV   ,

SHIPVS  – ,  ,     

    . 

 

,123.1*6.0*]6,0*24[ UsersIPVS ==  

 

      :   

. ,       , 

      , 

   . 

 

  UUS,*  UUIPVS *  UsersIPVS =  USIPVS   (3.7) 
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 UUIPVS  –     , 1=UUS

–     . 
4,1*0.3*12  USIPVS ==  

 

Multicast       ,  

,  : 

 

 MU, IPVS *  UsersIPVS = MS IPVS   (3.8) 

 

 MUIPVS –  ,    

. 

 

,90.7*12 MS IPVS ==                 

 

        

 .  IP-TV        

.     ,    

    : 

 

 MUM, IPVS *MA  IPVS = MSM IPVS  (3.9) 

 

 MAIPVS –    , MUMIPVS –  

  .  

 

,700.7*100 MSM IPVS ==  

 

    IP-    

  .   -    

,         6  
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/ .      IP-     

 ,       MPEG-2  

: 

 

/ OHD),+(1 * SVBR)+(1 *VSB = IPVSB   (3.10) 

 

 VSB –      MPEG-2, / , SVBR –   

  , OHD -    IP    

     

 

7.92)1.0(1*0.2)(1*6 IPVSB =++= /  

 

 ,      MPEG-

2  IP-      ,  

 : 

 

/ IPVSB, * MS IPVS = MNB IPVS     (3.11) 

/ IPVSB,*  USIPVS =  UNBIPVS     (3.12) 

 

 MSIPVS –      multicast, USIPVS  – 

     unicast, BIPVS –   

 . 

 

71,2892.7*9 MNB IPVS ==  / , 

31,687.92*4 UNBIPVS ==  / . 

 

        

  .      

     : 
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/ IPVSB, * MSM IPVS =MNBmax IPVS     (3.13) 

 

 MSMIPVS –     , BIPVS – 

   . 

 

554,47.92*70MNBmax IPVS ==  / . 

 

          

     IP-TV: 

 

/  UNB,IPVS +MNB IPVS = AB    (3.14) 

 

 MNBIPVS –      , 

UNBIPVS –      . 

 

87,1268,3144,55AB =+= / . 

  

3.4   IP-TV   HD 

  

     IP-TV,   

       HD.   

      .  ,  30% 

,    IP-TV,     

 HD.     ,   .  

,         : 

 

 SH, IPVS *AF IPVS  * AVS =  UsersIPVS     (3.15) 
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 AVS–    ,    , AF IPVS – 

 ,    IP TV   , 

SHIPVS – ,  ,     

     . 

 

,43.1*6.0*]3,0*6,0*24[ UsersIPVS ==  

 

   : 

 

  UUS,*  UUIPVS *  UsersIPVS =  USIPVS   (3.16) 

 

 UUIPVS  –     , 1=UUS

–     . 

 

2,1*0.3*4  USIPVS ==  

 

 Multicast  : 

 

 MU, IPVS *  UsersIPVS = MS IPVS   (3.17) 

 

 MUIPVS  –  ,    . 

 

,30.7*4 MS IPVS ==  

 

  : 

 

 MUM, IPVS *MA  IPVS = MSM IPVS  (3.18) 
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 MAIPVS –    , MUMIPVS –  

  .  

 

,350.7*50 MSM IPVS ==  

 

  HD ,    ,  

10 / ,   : 

 

/ OHD),+(1 * SVBR)+(1 *VSB = IPVSB   (3.19) 

 

 VSB –      MPEG-2, / , SVBR –   

  , OHD -    IP    

     

 

19,8)1.0(1*0.2)(1*15 IPVSB =++= /  

 

 ,       HD  

IP    multicast  unicast   : 

  

/ IPVSB, * MS IPVS = MNB IPVS     (3.20) 

/ IPVSB,*  USIPVS =  UNBIPVS     (3.21) 

 

 MSIPVS –      ЦЮХЭТМКЬЭ, USIPVS  –  

    Юnicast, BIPVS –    

. 

 

59,48,19*3 MNB IPVS ==  / , 

39,619,8*2IPVSUNB == / . 
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      ЦЮХЭТМКЬЭ    

 : 

 

/ IPVSB, * MSM IPVS =MNBmax IPVS     (3.22) 

 

 MSMIPVS –     , BIPVS –  

   . 

 

69319,8*35MNBmax IPVS ==  / . 

 

   HD IP-TV     

    : 

 

/  UNB,IPVS +MNB IPVS = AB    (3.23) 

 

 MNBIPVS –      , 

UNBIPVS –      . 

 

99,26,3959,4AB =+= / . 

 

3.5         

 

          , 

 ,         . 

        

  Data Average Activity Factor (DAAF):  

 

 DAAF, * TS = AS       (3.24) 
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 TS –      , , DAAF –  

,     . 

 

 20,0.8 * 24= AS =  

 

     :    - 

downstream    – upstream.  ,   upstream   

downstream.      ,  

   ,   :  

 

/ OHD), + (1* ADBS) * (AS =BDDA    (3.25) 

 AS -   , , ADBS –    , 

/ , OHD –    IP       

 . 

 

11000.1)(1*50)*(20BDDA =+= / . 

 

      

 

/ OHU), + (1 * AUBS)* (AS =BUDA     (3.26) 

 

 AS -   , , AUBS –    , 

/  OHU –    IP       

 . 460)15.0(1*20)*(20BUDA =+= / . 

 

  ,         

         

  Data Peak Activity Factor (DPAF): 
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 DPAF, * AS = PS       (3.27) 

 

 DPAF –  ,      

     . 

 

120.6*20PS ==  

 

  ,      

    

 

/ OHD), + (1 * PDBS) * (PS = BDDP     (3.28) 

 

 PDBS –    , / . 

 

13200.1)(1*100)*(12 BDDP =+= / . 

 

        

 

/ OHU), + (1 * PUBS)* (PS = BUDP      (3.29) 

 

 PUBS –    , / . 

 

12420.15)(1*90)*(12 BUDP =+= / . 

 

        

       ,   

  

 

/ BDDP], [BDDA;Max  = BDD     (3.30) 
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/ BUDP], [BUDA;Max  = BDU     (3.31) 

 

 BDD –     , / , BDU –  

   , / . 

 

1320320]Max[1100;1 BDD == / , 

124242]Max[460;12BDU ==  / . 

 

     ,   

      :  

 

/ BDU, + BDD = BD      (3.32) 

 

 BDD –      , / , BDU

–      , / . 

 

256212421320BD =+=  / . 

 

 ,         

      : 

 

BDABpWAN ++=     (3.33) 

 

 pWAN –     IP , / , AB– 

   , / , BD  –    

  , / . 

 

2,283625622,99175 =++=  / . 
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4      “6 ” 

.  

 

4.1        
 “6 ” .  

 

     3 : 

•   OLT; 

•  ; 

•   ONU. 

 

 

 4.1 —       “6 ” 
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  ,         

 20 ,    OLT  ,  : 

•       

 ; 

•      ,   

  . 

   OLT BDCOM GP3600-16. 

    16  G-PON-2.5Gbps(down)/1.25Gbps(up),   

16 uplink : 

• 4  SFP 

• 4  CШЦЛШ 100/1000BКЬО-X 

• 4  SFP+ 

     24 .      

2  .     64 ,   48 .  

     .     

  .  64 ,    

- 3/216-1 3645- ,   48 ,  - 3/216-1 3645-

.          

.        1 32 

.  ,  ,      3 

u.       1 32   .  

      .  ,  

  ,      . 
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 4.2 —   

 

4.2    PON  

 

  ,      

,   .   ,    

     ,   .  
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 4.1 —     

 

  ,  

  1б32 17, 2 

 0.05 

  0.4 

   0.35  1  

 

        4.1.  

 

DECall = DEColt-(DECsplitter+ DECadapter+ DECwelding+ DECfootage)  (4.1) 

 ������ = 28 − 17,2 − (4 ∗ 0.4) − (3 ∗ 0.05) − (3.5 ∗ 0.35) = 28 − 17,2 −
1.6 − 0.15 − 1.225 = 7,25, б   

 

 DEColt –   28, , DECsplitter –   , 

DECadapter –   , DECwelding –   , DECfootage – 

    . 

   ,  ,    

    . 

 

4.3         

 

   ,     .  

   ,     . 
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 4.3 —   

 

        

 ,  .    

       .   

    .    

    .   

      , 

,     .     

        

   ,      

.       . 

           

        

 .        

 -35 °   45 ° .      -5 °   45 ° . 
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   10  .   

  1,5  2,7 . 

 

 

 4.4 —   

 

   .     

 FTTh.   ,  ,  

  .       

     .      

,    ,       

.  1  4  ,     

-  G.651, G.652, G.653, G.655, G.657,     . 

       ,  

   ,   .  

     . 
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 4.5 —      “6 ” 
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 4.6 -     
  

 

   : (1-3)  

  :   16 ,   9   220 ,  

  “ - ”; (4-11) OLT BDCOM GP3600-16; (9) Juniper 

ACX5096-AC-L2-L3; (13)    64 ; (14)    

48 ;   :   ; 

 ,  . 
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5 -   

 

 

     , 

       .   

         

 5.1.       : 

http://www.lenservice.ru, http://algroup-spb.ru, https://skomplekt.com, 

https://kompstar.com, http://rftel.ru, https://treolink.ru/ , https://belgorod.rtk-nt.ru/ 

 

 5.1 –       

 

№ /     . 

, . 

-  
.  

1. OLT BDCOM GP3600-16 204721 8 1637768 

2. Juniper ACX5096-AC-L2-L3 1907674 1 1907674 

3.  - 3/216-1 3645-

 3014 1 3014 

4.  - 3/216-1 3645-

 3392 1 3392 

5. 

   24  
SC, LC, FC, ST  

 2996 108 323568 

6. 
 19",  1U, 

12  SC/UPC, 50/125  2179 18 39222 

7. 
  SC/UPC 
SM 1  432 8 3456 

8. 
  SC/APC 
SM 1  96 2592 248832 

9. 
1б32   
PLC, 1U 19" , SC/APC 5200 108 561600 

10. 

  
  

-3U-550-C 2834 117 331578 

: 5060104 
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      : 

 

KKKKKKK ,/ +++++=         (5.1) 

 K –    ; K –   

(3%  K ); K – -   (20%  K ); K –   

     (5%  K ); K –    

(3%  K ). 

 � б = (1 + 0,03 + 0,2 + 0,5 + 0,03) ∗ 5060104 = 6628736,24 уб 

 

       -  

    5.2.  

 

 5.2 –         

-   

 

   , 

. 

,  

 7 64 86 3150 270900 

 7 48 75 3150 236250 

 7 16 39 2000 78000 

 7 24 45 200 9000 

 LS-HF-0.4 2. 6,6 30000 198000 

: 792150 

 

     : 

 

YLK *= , .       (5.2) 
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 K –    ; L –   ; Y – 

 1   ; 

 � = 6300 ∗ 200 + 2000 ∗ 200 + 200 ∗ 200 + 30000 ∗ 200 = 7700000, уб 

 

    ,    

   :  

 В = 7700000 + 792150 + 5060104 = 15120886.2 уб 

 

    :  

•     –     

    . 

•    –   , 

       . .  

•    –    

    

•      .  

 

        

   .      

   « »,     

  .     1   

      5.3. 

 

 5.3 –    

1 2 3 4 

 
 

 , .  / , . 
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  5.3 

 

1 2 3 4 

 25000 6 150000 

  40000 1 35000 

  6 185000 

 

    : 

 

∑
=

K

1i

.,12*)**(= IPT ii
     (5.3) 

 

 12 –    ;  –  Pi –   

  . 

 Ф = 185000 ∗ 12 = 2220000, уб 

 

   2018   30 %      

 

     (5.4) 

 В = 0,3 ∗ 2220000 = 666000, уб 

 

      , . .  

/  .      

         

:  

 

FTAO /=       (5.5) 

*0.3=
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 T –  ; F –   . 

 А =
5060104

10
= 506010.4 уб 

 

          

    : 

 

*365*24*= ,       (5.6) 

 

  = 2,62 ./  .  –   ,  =2,5  –  

 . 

 

,     

 ЗЭ = 2,62 ∗ 24 ∗ 365 ∗ 2,5 = 57378, уб 

 

         

  

 Зм = 0                                                       (5.7) 

 

 ,     

 З бщ = 57378, уб 

 

     ( .)  

-   ( .): 
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*0.05=       (5.8) 

*0.07=      (5.9) 

 

  : 

 З ч = 111000 + 155400 = 266400, уб 

 

        

5.4 

 

 5.4 –      

 

   , . 
1.  2220000 

2.   666000 

3.  
 

506010,4 

4.   
 

57378 

5.   266400 

: 3715788,4 

 

         – 

 (    )   (   

    ).      

  ,      . 

  ,       

 ,    5.5.  
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 5.5 –      

 

    
 

IP-TV IP-

 

 

 

 

 

 

  
 

1 851 625 541 

2 1120 601 120 

3 573 300 102 

 

 

2544 1526 763 

 

. .     ,     

     , . .  3   

   .     

  30%    .  

     :    : 

  – 750  40 / ;  IP-TV:   - 300;  

IP- :   – 200 (    ) .   

       . 

 

 5.6 –          
. 

 

 , . 
     

1 933950 11207400 

2 1978250 23739000 

3 2518400 30220800 

 

         

  .  

      .    

      ( NPV ),   

    i-   .     
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   ( IC )      

  ( PV )    . 

 

ICPVNPV −=       (5.10) 

 PV –  ,    (5.10); IC –   

    n-  ,    (5.11). 

 

∑ +
=

=

T

1n
n

n

i)(1

P
PV      (5.11) 

 nP  – ,   n-  , i –  ,  –  , 

   . 

 

∑ +
=

=

m

1n
n

n

i)(1

I
IC       (5.12) 

 nI  –   n-  , i –  , m –  ,   

 . 

  —         

        .  

   15%.   5.7    

  ,        , 

 nP   ,    . 
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 5.7 –        

 

 P PV I IC NPV 

0 0 0 18836674,6 18836674,6 -18836674,6 

1 11207400 9745565,2 3715788,4 22067795 -12322229,8 

2 23739000 27695660 3715788,4 24877464,9 2818194,88 

3 30220800 47566326 3715788,4 27320656 20245670,2 

4 30220800 64845167 3715788,4 29445170,1 35399996,7 

5 30220800 79870245 3715788,4 31292573,7 48577671,8 

6 30220800 92935531 3715788,4 32899011,5 60036519,7 

 

   ( PP )      

    : 

 

)|
1

/(|
1 n

NPV
n

NPV
n

NPVTPP +−−+=     (5.13) 

 

  –  ,          «-»   «+»;  

nNPV –      n ; 1−nNPV   –  

       n-1 . 

 �� = 2 +
4620739,42

4620739,42 + 1839473,14
= 2,81 

 

  -  ,  

         

.  

 

∑
+

∑
+

=
==

m

1n
1-n

n
T

1n
n

n

i)(1

I
/

i)(1

P
PI      (5.14) 

 

   2-     : 
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�� =
27695660

24877464
= 1,113 

 

     ( IRR ) –  ,  

      ,     

,        

 .   IRR ,     

    . IRR   

  (  )    

     . IRR    

   : 

 

      (5.15) 

 i –   

 

  IRR      i2    

5.9     NPV   .  

  IRR  : 

 

)12(

21

1
1 ii

NPVNPV

NPV
iIRR −

−
+=     (5.16) 

 

 i1 –    ,   

0>NPV ; i2 –    ,  

 0<NPV .  

 

  : Т1=15,   ��� = 1839473.14 .; Т2=50  

 ��� = −1282575.5 . 

,       : 

 

iIRR >
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��� = 15 + � 28181194.9

28181194.9 − (−14154417.4)
� ∗ (60 − 15) = 30.40949 

 

 ,      29,37 %, 

   ,     15%,  

 .  

 

 

 5.8 –  -    

 

    

 ,  2544 

 ,  15120886,2 

  , ,  
 :  3715788,4 

    57378 

  ,    
  529231,01 

   2220000 

  666000 

  506010,4 

   266400 

 (NPV),  2818194,88 

   (IRR) 30,4 

  (PI) 1,13 

 ,  2,8  

 

     

    .    

 3 ,        , 

        . 
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6.     ,  
     

 

     ,    

      .   

 «      ,   

,      

»,      24.01.94 N 18  

«        , 

   27.02.95 N 34-y»,«   

  »,«    (PUE) ». 

 ,    ,  

  12.2.003,    , 

  OCT        

.   ,    

   .     

    .    ,  

         

    (  , ,   

  . .).        

,       ,  

  ,           

   ,      

    ,  ,    

 .       

 ,        

.         

         

.  ,         

 ,         
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  ,    .    

 ,       . . 
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       ,  

,    ,   

,    ,     

,         .  

    F TH    PON.  

    “6 ” .  2544,    

    - IP- , IPTV, ,   

 ,.  

      BDCOM  Jumiper, 

    :  

/ ,   ,    . .  

        

           

,    .     

15120886.2 ,     3715788,4 ,  

    3  ,  13 %.  

    ,   

   ,       

      .  

      . 
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