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-.(/0 *&'+12 34(3.1$3 5+$1*+.6#. IP-$.1# 5+4.*7 8&9#$1*&(/6+: 
1*&6$5+*16+: SDH # DWDM $.1# $43;# <=> «"&$?+8». 

@ 5*+A.$$. *&'+12 5*+4+B#($3 &6&(#; 8&9#$1*&(/6+: 
1*&6$5+*16+: $.1# $43;# <=> «"&$?+8», $5+$+'+4 5+$1*+.6#3 IP-$.1.: 
5+4.*7 SDH # DWDM 1*&6$5+*1627 1*&?1+4. 

@ *.;C(/1&1. *&'+12 '2( *&;*&'+1&6 8.1+B *.&(#;&A## 
5+$1&4(.66+: ;&B&D#, 42'*&6+, C$1&6+4(.6+, 6&$1*+.6+ # 5*+1.$1#*+4&6+ 
+'+*CB+4&6#., 5+;4+(#4E.. $+;B&1/ IP-$.1/ 5+4.*7 #8.0F.:$3 
1*&6$5+*16+: #6G*&$1*C?1C*2.  

>$6+462. H?$5(C&1&A#+662. 5+?&;&1.(# # 7&*&?1.*#$1#?# '2(# 
#;8.*.62 # CB+4(.14+*301 1*.'+4&6#38 5+$1&4(.66+: ;&B&D#. 

IB&(+$/ C(CDE#1/ *3B 5+?&;&1.(.:, +5*.B.(30F#7 HGG.?1#46+$1/ 
8&9#$1*&(/6+: $.1# 5+ $*&46.6#0 $ $.1/0 B+ 8+B.*6#;&A##, & 1&?,. 
B+$1#D/ (CDE#7 5+?&;&1.(.:, D.8 '2(# ;&B&62 4 1.7. ;&B&6##. 
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&3+&'8 +&3'0:.9"56/ &'8!$W"*+2 
 
@>L! — @+(+?+66+->51#D.$?#. L#6## !43;# 
!)M — !.1/ ).*.B&D# M&6627 
AON — All-Optical Network 
CPL — Common Photonic Layer 
CWDM — Coarse WDM (9*C'2. WDM) 
DWDM — Dense WDM (5(+162. WDM) 
E1 — .4*+5.:$?&3 4.*$#3 ISDN A#G*+4+: (#6## $43;# (2 J'#1/$) 
EVC — Ethernet Virtual Connection 
EVL — Ethernet Virtual Line 
FEC — Forward Error Correction ($#$1.8& 46.$.6#3 5*.B2$?&,.6#: 4 
$#96&() 
G.709 — ITU-T Recommendation "Interfaces for the optical transport 
network" 
GBIC — GigaBit Interface Converter 
GE — Gigabit Ethernet 
GFP — Generic Framing Procedure 
GFP-F — Framed GFP 
GFP-T — Transparent GFP 
ISDN — Integrated Services Digital Network (-#G*+4&3 $.1/ $ #61.9*&A#.: 
$(C,') 
L2 — Layer 2 (OSI model) 
L2SS — Layer2 Service Switch (?+88C1&1+* $.*4#$+4 2-9+ C*+463) 
MOR+ — Multiwavelength Optical Repeaters (+51#D.$?#. C$#(#1.(# B(3 
B#&5&;+6& B(#6 4+(6) 
MPLS — MultiProtocol Label Switching (8C(/1#5*+1+?+(/6&3 ?+88C1&A#3 
5+ 8.1?&8) 
NGN — Next Generation Network ($.1# $(.BC0F.9+ 5+?+(.6#3) 
OME6500 — Optical Multiservice Edge (Nortel) 
OPE100 — Optical Packet Edge 100 (Nortel) 
POS — Packet over SONET/SDH 
QoS — Quality of Service (?&D.$14+ +'$(C,#4&6#3) 
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RPR — Resilient Packet Ring (?+(/A.4&3 +51#D.$?&3 $1*C?1C*& $ 4*.8.6.8 
4+$$1&6+4(.6#3 50ms) 
SDH — Synchronous Digital Hierarchy (!#67*+66&3 -#G*+4&3 N.*&*7#3) 
SFP — Small Form-factor Pluggable (?+85&?162: +51#D.$?#: 
5*#.8+5.*.B&1D#?) 
SLA — Service Level Agreement (!+9(&E.6#. +' C*+46. C$(C9# - 5.*.D.6/ 
5&*&8.1*+4 ?&D.$14&, 8.1+B+4 # $*.B$14 #7 ?+61*+(3, & 1&?,. E1*&G62. 
$&6?A## ;& 6&*CE.6#. H1+9+ $+9(&E.6#3) 
STM-1 — $1&6B&*162: C*+4.6/ #6G+*8&A#+66+: $1*C?1C*2 SDH (155.52 
M'#1/$) [OC-3] 
STM-4 — 4·STM-1 (622.08 Mbit/s) [OC-12] 
STM-16 — 4·STM-4 (2488.32 Mbit/s) [OC-48] 
STM-64 — 4·STM-16 (9953.28 Mbit/s) [OC-192] 
TDM — Time-Division Multiplexing (4*.8.66+. C5(+16.6#.) 
Triple Play — C$(C9# 5.*.B&D# B&6627, 9+(+$& # 4#B.+ 4 $.137 N61.*6.1-
5*+4&:B.*+4 
VC-x — Virtual concatenation/container 
VLAN — Virtual LAN 
VPN — Virtual Private Network (4#*1C&(/6&3 D&$16&3 $.1/) 
WDM — Wavelength Division Multiplexing ($5.?1*&(/6+. C5(+16.6#. 
?&6&(+4) 
XENPAK — $1&6B&*1 B(3 8+BC(.: 10GE 
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,,"("*+" 
 

!1*+#1.(/$14+ 42B.(.6627 $.1.: B(3 ?&,B+: C$(C9# (1.(.G+6##, 
%@, 5.*.B&D# B&6627 # 1. 5.) 4 6&$1+3F.. 4*.83 C$1C5&.1 8.$1+ $+;B&6#0 
.B#627 ?+64.*9.61627 $.1.:. K+64.*9.6A#3 – H1+ 4;&#8+5*+6#?6+4.6#. 
1.76+(+9#: B*C9 4 B*C9&. 

>$6+4& 1&?#7 $.1.: – IP-#6G*&$1*C?1C*&, ?+1+*&3 C,. $.9+B63 
5+;4+(3.1 5*.B+$1&4(31/ 5*&?1#D.$?# 4.$/ $5.?1* 8C(/1#$.*4#$627 
C$(C9. 

<& 5+$(.B6#. B4& B.$31#(.1#3 $.1# 5.*.B&D# B&6627 $ 
#$5+(/;+4&6#.8 5*+1+?+(& IP $+4.*E#(# +9*+862: $?&D+? 4 $4+.8 
*&;4#1##. O2(& *&;*&'+1&6& 1.76+(+9#3 ?+88C1&A## 5+ 8.1?&8 (MPLS). 
@$. H1+ B&(+ +5.*&1+*&8 4+;8+,6+$1/ 5*.B+$1&4(31/ &'+6.61&8 6+42. 
C$(C9# 6& +$6+4. .B#6+: 1*&6$5+*16+: $.1#.  

O&;+4+: 1.76+(+9#.: $+4*.8.6627 +51#D.$?#7 1*&6$5+*1627 
$.1.: +5.*&1+*+4 34(3.1$3, ?&? 5*&4#(+, #6G*&$1*C?1C*& SONET/SDH. 
M(3 5.*.B&D# B&6627 4 1&?#7 $.137 42B.(301$3 ?&6&(2 (5+1+?#) 
$++14.1$14C0F.9+ C*+463 #.*&*7## SDH (STM-1, STM-4, STM-16 # 
STM-64). @ 6&E.: $1*&6. 4$. .F. 6.*.B?+ 5*#8.6301$3 TDM-?&6&(2 
C*+463 E1. !++14.1$14.66+, 8&*E*C1#;&1+*2 IP *&'+1&01 5+4.*7 
42B.(.6627 ?&6&(+4. 

>B6&?+ 4 5+$(.B6#. 9+B2 $1*.8#1.(/6+ C4.(#D#4&01$3 +'P.82 
$1*+#1.(/$14& E#*+?+5+(+$627 IP/MPLS-$.1.:. ! *&$5*+$1*&6.6#.8 
42$+?+$?+*+$16+9+ B+$1C5& 6& '&;. Metro Ethernet # ADSL-1.76+(+9#: 
$CF.$14.66+ 4+;*+$(# 1*.'+4&6#3 ? 5*+#;4+B#1.(/6+$1# $.1# 5.*.B&D# 
B&6627 6& C*+46. &9*.9&A## # IP/MPLS-8&9#$1*&(#. @&,6+. 1*.'+4&6#. ? 
+'+*CB+4&6#0 $.9+B63 – 6&(#D#. # 42$+?&3 5(+16+$1/ +51#D.$?#7 
#61.*G.:$+4 GigabitEthernet # 10 GigabitEthernet.  Q&*&?1.*6+. +1(#D#. 
+'+*CB+4&6#3 5+$(.B6.9+ 5+?+(.6#3 – 6&(#D#. 40G #61.*G.:$+4 $ 
5+BB.*,?+: IP/MPLS.  

N61.*.$6+, D1+ &?1#46+. *&$5*+$1*&6.6#. 5&?.1627 1.76+(+9#: IP 
# Ethernet +'P3$63.1$3 4 5.*4C0 +D.*.B/ 46.B*.6#.8 Triple Play B(3 
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6&$.(.6#3, & 1&?,. 42$+?+: HGG.?1#46+$1/0 *.&(#;&A## Ethernet-C$(C9 
B(3 '#;6.$-?(#.61+4. 

M.(+ 4 1+8, D1+ B+$1C56+$1/ ?(#.61$?#7 #61.*G.:$+4 C*+463 STM-
64 (10 R'#1/$) 6& $+4*.8.66+8 SDH-+'+*CB+4&6## +9*&6#D.6&, 5*# H1+8 
$1+#8+$1/ #7 +D.6/ 42$+?&. @ 1+ ,. 4*.83 6& *26?. 5+34#(#$/ 6.B+*+9#. 
+51#D.$?#. GigabitEthernet # 10 GigabitEthernet-1.76+(+9##. N ?+9B& 
5.*.B +5.*&1+*&8# $43;# $1&( 4+5*+$ 8+B.*6#;&A## 9+*+B$?+: 
+51#D.$?+: 1*&6$5+*16+: $.1#, 1+ 86+9#. 5*.B5+D(# 5+$1*+#1/ !)M 6& 
Ethernet 5+ 42B.(.6628 +51#D.$?#8 4+(+?6&8 # +1?&;&(#$/ +1 
8+B.*6#;&A## 8&9#$1*&(/6+: SDH-$.1#. 

)+42E.662: #61.*.$ 5*+34(301 +5.*&1+*2 ? 5*#8.6.6#0 
Ethernet 6& +51#D.$?#7 8&9#$1*&(37 *.9#+6&(/6+9+ C*+463, D1+ 4+;8+,6+ 
$ 5+$1*+.6#.8 OTN (Optical Transport Network) # #$5+(/;+4&6#.8 
DWDM-$#$1.8. S&5*#8.*, '(&9+B&*3 5*#8.6.6#0 *.?+8.6B&A#: ITU-T 
G.709 CB&.1$3 $631/ +9*&6#D.6#3 5+ #$5+(/;+4&6#0 +51#D.$?#7 
C$#(#1.(.: $#96&(& # 5+(CD#1/ B+ 5 $.98.61+4 5+ 20 dB '.; 5+(6+: 
*.9.6.*&A## $#96&(& (B+ 600 ?8). 

@ B.?&'*. 2005 9+B& #;4.$16+. &6&(#1#D.$?+. &9.61$14+ Heavy 
Reading +5C'(#?+4&(+ *.;C(/1&12 #$$(.B+4&6#3 «!1*&1.9#3 8#9*&A## 
$.1.: Sonet/SDH 6& Ethernet», 4 ?+1+*+8 5*.B$1&4#(+ &6&(#; $.1.: # 
5(&6+4 *&;4#1#3 ?*C56.:E#7 +5.*&1+*+4 $43;#, 1&?#7 ?&? AT&T (SBC), 
BCE, Broadwing, BT Group, Colt Telecom Group, Deutsche Teleckom AG, 
Level 3 Communications, MCI, Telstra, Verizon Communications, WiTel 
Communications Group. @ +5*+$. CD&$14+4&(# 1&?,. 4.BCF#. 
5*+#;4+B#1.(# $.1.4+9+ +'+*CB+4&6#3. 

)+ B&6628 Heavy Reading, 60 5*+A.61+4 +5*+E.6627 +5.*&1+*+4 
$43;# C,. 5*#$1C5#(# ? 5.*.7+BC +1 Sonet/SDH ? +51#D.$?+: 
1*&6$5+*16+: $.1# Ethnernet. >$1&(/62. ;&34#(# + 5+B+'627 5(&6&7 
8#9*&A## 4 2006-2007 9+BC. @ +1D.1. +18.D.6+ 1&?,., D1+ (#B.*&8# 
#66+4&A#: 34(301$3 ?*C56.:E#. 1*&B#A#+662. +5.*&1+*2 $43;#, & 6. 
&(/1.*6&1#462.. )+ 86.6#0 $5.A#&(#$1+4 4 +'(&$1# NGSDH-$.1.: 
5.*.7+B 6& ?+64.*9.6162. $.1#, 4?(0D&0F#. Ethernet-B+$1C5, ;&:8.1 +1 
5 B+ 10 (.1 [5]. 
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@ 5+$(.B6.. 4*.83 4+;6#?(& 6.+'7+B#8+$1/ 4 5*.B+$1&4(.6## 
?(#.61&8 4+;8+,6+$1# 5+B?(0D.6#3 6. 1+(/?+ $ 5+8+F/0 SDH-
#61.*G.:$& ?&? *&6/E., & $ 5+8+F/0 '&;#*C0F#7$3 6& 1.76+(+9## 
Ethernet #61.*G.:$+4 (Fast Ethernet, Gigabit Ethernet, 10Gigiabit Ethernet).  

!&8& 1.76+(+9#3 SDH '2(& *&;*&'+1&6& B(3 5.*.B&D# 
8C(/1.5(#?$#*+4&66+9+ 9+(+$+4+9+ 1*&G#?& (1.(.G+6##). S. $8+1*3 6& 
1+, D1+ $+ 4*.8.6.8 .. &B&51#*+4&(# ? 5.*.B&D. A#G*+427 B&6627 
+'F.9+ 6&;6&D.6#3, 4 D&$16+$1# 1*&G#?& IP-$.1.:, 5+ 5*.,6.8C SDH-$.1# 
+51#8#;#*+4&62 (CDE#8 +'*&;+8 1+(/?+ B(3 1*&G#?& $ 5+$1+366+: 4+ 
4*.8.6# 5+(+$+: 5*+5C$?&6#3. M(3 5&?.1627 $.1.: $ 1*&G#?+8, 
#8.0F#8 5.*.8.662: 5+ 5+(+$. 7&*&?1.* $+ 4$5(.$?&8# (bursts), 
1.76+(+9#3 SDH 5*#8.6#8& (#E/ $ *3B+8 B+$1&1+D6+ $.*/.;627 
+9*&6#D.6#: # 6. 45+(6. HGG.?1#46&. 

@ $43;# $ H1#8 B(3 8&9#$1*&(/627 ?&6&(+4 $+'$14.66+: IP-$.1# 
<=> «"&$?+8» A.(.$++'*&;6+ +$CF.$14#1/ 5.*.7+B $ Packet over 
SONET/SDH #61.*G.:$+4 5+B?(0D.6#3 6& #61.*G.:$2 10Gigabit 
Ethernet, 4 1+8 D#$(. $ &9*.9#*+4&6#.8 5+*1+4 5+ 1.76+(+9## 
Etherchannel 1&8, 9B. H1+ 6.+'7+B#8+. 
 Etherchannel – H1+ #$5+(/;C.8&3 IP-+'+*CB+4&6#.8 Cisco 
1.76+(+9#3 &9*.9#*+4&6#3 5+*1+4 B(3 *&$E#*.6#3 5+(+$2 5*+5C$?&6#3 
(+9#D.$?+9+ ?&6&(& #/#(# +'.$5.D.6#3 +1?&;+C$1+:D#4+$1# 5*# 427+B. 
#; $1*+3 +B6+: #; G#;#D.$?#7 (#6#: $43;#. 

)*#D#6 B(3 5.*.7+B& +1 5*+4.*.66+: 4*.8.6.8, $1&'#(/6+: # 
5+;4+(30F.: 42B.(31/ ?(#.61C $1*+9+ +5*.B.(.66C0 5+(+$C 
5*+5C$?&6#3 1.76+(+9## SDH 6.$?+(/?+. R(&462. #7 6#7 H1+:  

1) $1+#8+$1/ +?+6.D6+9+ +'+*CB+4&6#3 $ #61.*G.:$&8# SDH B(3 
'+(/E#6$14& ?(#.61+4 6.5*#.8(#8+ 42$+?&; 

2) $CF.$14C.1 4+;8+,6+$1/ 42B.(#1/ ?(#.61C 1+(/?+ G#?$#*+4&662: 
5+ E#*#6. ?&6&( #; #.*&*7## SDH, C ?+1+*+9+ 6.1 4+;8+,6+$1# 
48.$1#1/ 4+;8+,62. 4$5(.$?# 5#?+4+9+ 1*&G#?& # ;6&D#1.(/6&3 
D&$1/ ?&6&(& '+(/EC0 D&$1/ 4*.8.6# 6. #$5+(/;C.1$3. 
".E#1/ H1# 1.76+(+9#D.$?#. 5*+'(.82 5+;4+(3.1 1.76+(+9#3 

Ethernet. M&66C0 1.76+(+9#0 8+,6+ 5*#8.6#1/ 6& $.1# B&(/6.: $43;#, 



12 

6+ 4 $(CD&. +'.$5.D.6#3 +5*.B.(.66+9+ 1*&6$5+*1& B(3 6.., 1&? ?&? 6. 
$CF.$14C.1 *.E.6#:, 5+;4+(30F#7 +$CF.$14(31/ $43;/ 6& '+(/E#. 
*&$$1+36#3 6.5+$*.B$14.66+. 

R(&462. 5(0$2 1&?+9+ 5+B7+B&: 
1) 5*# 5+B?(0D.6## Ethernet .$1/ 4+;8+,6+$1/ 42B.(#1/ ?(#.61C 

+5*.B.(.66C0 5+(+$C 5*+5C$?&6#3, 6+ $ 4+;8+,6+$1/0 
5*.42E.6#3 (burstable); 

2) 6.;&631&3 ?(#.61$?#8 1*&G#?+8 D&$1/ 42B.(.66+: 5+(+$2 8+,.1 
B#6&8#D.$?# *&$5*.B.(31/$3 5+B B*C9#. ;&B&D#, 6&5*#8.*: 5+B 
$+'$14.662: 46C1*.66#: 1*&G#? <=> «"&$?+8» #(# 5+B 5#?+42: 
1*&G#? B*C9+9+ ?(#.61&; 

3) 8.7&6#;82 +'.$5.D.6#3 QoS 5+;4+(301 4 $(CD&. 5.*.9*C;?# 
?&6&(+4 +'.$5.D#1/ 9&*&61#*+4&66C0 5+ B+9+4+*C E#*#6C ?&6&(& 
?&,B+8C ?(#.61C. 
>1 SDH-?&6&(+4 +1?&;&1/$3 $+4$.8 6. 5*.B$1&4(3.1$3 4+;8+,628. 

).*4+: 5*#D#6+: H1+9+ 34(3.1$3 6&(#D#. ?(#.61+4, 5+B?(0D.6627 
#8..6+ $ #61.*G.:$+8 SDH. 

@1+*+: 5*#D#6+: 34(3.1$3 1+, D1+ C,. C$1&6+4(.6& 8&$$& SDH-
+'+*CB+4&6#3, # ?*&:6. 6.HGG.?1#46+ 5*+$1+ $5#$&1/ .9+ $ G#6&6$+4+: 
1+D?# ;*.6#3. 

!CF.$14C.1 4+;8+,6+$1/ $8.$1#1/ +'(&$1/ 5*#8.6.6#3 SDH-
?&6&(+4 6& '+(.. 6#;?#: C*+4.6/ 4 #.*&*7## $.1#. %+ .$1/ G&?1#D.$?# 
+$1&4#1/ .9+ 1+(/?+ B(3 42B.(.6627 ?&6&(+4 B&(/6.: $43;#, 4 *3B. 
$(CD&.4 4+$5+(/;+4&4E#$/ #6?&5$C(3A#.: 4 6.9+ 1.76+(+9#: IP/Ethernet. 
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1. '-.'! %"/*'0'1+2 3'&%!'"*+4 
&',!"5"**6/ 7##"8%+,*6/ 
,6&'8'&8'!'&%*6/ IP-&"%"2 

 
1.1. %B>TDC@IJX R CYMDRDMRDBDMGIY? IP-M>GX? 

 
)+B 42$+?+$?+*+$1628# $.138# 8+9C1 #8.1/$3 4 4#BC B+4+(/6+ 

'+(/E+. 86+,.$14+ $.1.: *&;(#D6+9+ 6&;6&D.6#3. @ B&66+8 5*+.?1. 5+B 
6#8# 5+6#8&01$3 8&9#$1*&(/62. +5.*&1+*$?#. $.1#, 5+ *&;8.*&8 
+16+$3F#.$3 ? ?(&$$&8 Metropolitan (9+*+B$?#., B+ 30 ?8), Regional 
(*.9#+6&(/62., B+ 400 ?8) # Long-haul (B&(/633 $43;/, '+(.. 400 ?8). 
)*.#8CF.$14.66+ 5*+.?1 5+$43F.6 #8.66+ (#6#38 B&(/6.: $43;#, 
5+$?+(/?C 1&?+4& $5.A#G#?& ?+85&6## "&$?+8, B(3 ?+1+*+: 
+$CF.$14(3.1$3 5*+.?1#*+4&6#.. 

@ $43;# $ 5+$1+36628 *+$1+8 5+1+?+4 A#G*+4+9+ 1*&G#?& (+'2D6+ 
+6 CB4&#4&.1$3 .,.9+B6+) +B6#8 #; 9(&4627 1*.'+4&6#: 34(3.1$3 
+'.$5.D.6#. B+$1&1+D627 B(3 $C88&*627 5#?+427 $?&D?+4 1*&G#?& 
$?+*+$1.: 5.*.B&D# 5+ 8&9#$1*&(/628 ?&6&(&8. K*+8. 1+9+, 6.+'7+B#8+ 
+'.$5.D#1/ ;&5&$ .8?+$1# 8&9#$1*&(/627 ?&6&(+4 B(3 5+B?(0D.6#3 
6+427 5+1*.'#1.(.: (?(#.61+4) # 5*+96+;#*C.8+9+ *+$1& +'F.9+ 1*&G#?& 
5+ 8&9#$1*&(/628 (#6#38 $43;#. 

@2$+?+*+$16&3 8&9#$1*&(/6&3 IP-$.1/ B+(+,6& 5*.BC$8&1*#4&1/ 
4+;8+,6+$1# 8&$E1&'#*+4&6#3 B(3 C4.(#D.6#3 5*+5C$?6+: $5+$+'6+$1# 
4 *&;2 $ 1.D.6#.8 4*.8.6#. 

%&?,. $.1/ +5.*&1+*& $43;# B+(,6& +'.$5.D#4&1/ 6&B.,6+$1/, 
$++14.1$14C0FC0 #8.0F#8$3 8.,BC6&*+B628 # *+$$#:$?#8 
$1&6B&*1&8 # 6+*8&1#4628 &?1&8. 

<&B.*,?# 5*+7+,B.6#3 5&?.1+4 8.,BC C;(&8# +5.*&1+*$?+: $.1# 
B+(,62 '21/ 4 5*.B.(&7 ;&B&4&.827 6& H1&5. 5*+.?1#*+4&6#3 B+5C$?+4. 
T1# B+5C$?# +5*.B.(301$3 5*# 5+8+F# *&$D.1&, '&;#*C0F.9+$3 6& 
+5*.B.(.6## $+$1&4(30F.: ;&B.*,?#, 46+$#8+: $*.B+: 5.*.B&D# 
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($+5*+1#4(.6#.8 5*+7+,B.6#0 $4.1& 4 +51#D.$?+8 4+(+?6.). T1+ 
$5*&4.B(#4+ B(3 $.1.: B&(/6.: $43;#, 5+$?+(/?C 4 6#7 6&#'+(/EC0 # 
+5*.B.(30FC0 ;&B.*,?C +5*.B.(3.1 #8.66+ B(#6& (#6## $43;#. 

!(.BC.1 +18.1#1/, D1+ 5*+A.$$ 8+B.*6#;&A## $.1# 4 HGG.?1#46+ 
*&'+1&0F.: 1.(.?+88C6#?&A#+66+: ?+85&6## 5*#+'*.1&.1 
5.*8&6.6162: 7&*&?1.*. <&4.*E.6#. +D.*.B6+9+ H1&5& 8+B.*6#;&A##, ?&? 
5*&4#(+, 34(3.1$3 6&D&(+8 6+4+9+.  
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1.2. $I@PJK ?@EJMGB@POIDN GB@IMADBGIDN M>GJ 
MCXKJ K@D «!@MRD?» 

 
%*&6$5+*16&3 $.1/ <=> ""&$?+8" $+;B&6& #$?(0D#1.(/6+ 6& 

+$6+4. +'+*CB+4&6#3 SDH # DWDM 5*+#;4+B$14& ?+85&6## Nortel. 
)*#8.6.6#. 1.76+(+9## DWDM +'C$(+4(.6+ 1.8, D1+ 4 $(CD&. 

6.5+$*.B$14.66+9+ #$5+(/;+4&6#3 +51#D.$?#7 4+(+?+6 B(3 $#$1.82 
5.*.B&D# STM-16 #(# STM-64 (0'&3 B&(/6.:E&3 8+B.*6#;&A#3 
$1&6+4#1$3 6.4+;8+,6+:, 5+$?+(/?C 'CB.1 1*.'+4&1/ 5+(6+9+ ;&?*21#3 
$43;# 5+ B&66+: $#$1.82 6& 6.$?+(/?+ B6.: #(# 6.B.(/ B(3 +*9&6#;&A## 
(#6.:6+9+ 1*&?1& '+(.. 42$+?+9+ C*+463. @ $(CD&. DWDM (#6.:6+9+ 
1*&?1& 4?(0D.6#. 6+427 $#$1.8 5.*.B&D# +$CF.$14(3.1$3 '.; 5.*.*24& 
$43;# 5+ $CF.$14C0F#8 $#$1.8&8 #, ?*+8. 1+9+, 5+34(3.1$3 
4+;8+,6+$1/ #$5+(/;+4&1/ 6.?+1+*2. *&'+D#. B(#62 4+(6 B(3 $#$1.8 
5.*.B&D# ?(#.61+4 C*+463 STM-16 #(# STM-64. 

%.76+(+9## DWDM 5+;4+(3.1 $CF.$14.66+ C4.(#D#1/ 
5*+5C$?6C0 $5+$+'6+$1/ $CF.$14C0F#7 +51#D.$?#7 4+(+?+6. M&,. .$(# 
4 'CBCF.8 $1+#8+$1/ 4+(+?6& C8.6/E#1$3 ;& $D.1 #$5+(/;+4&6#3 6+427 
1.76+(+9#:, 4+(+?+66+-+51#D.$?&3 #6G*&$1*C?1C*& (5*+(+,.66+. 
4+(+?6+ # C$1&6+4(.66+. +'+*CB+4&6#.) 4$.9B& 'CB.1 $1+#1/ B+$1&1+D6+ 
B+*+9+. M(3 .. HGG.?1#46+9+ #$5+(/;+4&6#3, 6.+'7+B#8+ #8.1/ 
4+;8+,6+$1/ 4 1.D.6#. B+(9+9+ 4*.8.6# C4.(#D#4&1/ 5*+5C$?6C0 
$5+$+'6+$1/ $.1# # 8.631/ 6&'+* 5*.B+$1&4(3.827 C$(C9 '.; ;&8.62 
+51#D.$?+9+ ?&'.(3. %+(/?+ 1.76+(+9#3 DWDM 5*.B+$1&4(3.1 1&?C0 
4+;8+,6+$1/. >$+'.66+ 5*#4(.?&1.(/6+ .. #$5+(/;+4&6#. 6& (#6#37 
'+(/E+: 5*+13,.66+$1#, 9B. $1+#8+$1/ +'+*CB+4&6#3 (#6.:6+9+ 1*&?1& 
5*.42E&.1 80% 4$.: $#$1.82 $43;#. 

@ 2000 9. Nortel 5*.B(&9&( E#*+?#: 42'+* 1.76#D.$?#7 *.E.6#: 
B(3 8+B.*6#;&A## $CF.$14C0F#7 @>L! $ 5*#8.6.6#.8 1.76+(+9## 
DWDM. S&#'+(.. 5.*$5.?1#4628 5+ 1.76#?+-H?+6+8#D.$?#8 
5+?&;&1.(38 '2(+ $1*+#1.(/$14+ (#6.:6+9+ 1*&?1& 6& +$6+4. C$#(#1.(.: 
+51#D.$?#7 $#96&(+4 MOR+ (Multiwavelength Optical Repeaters). >6# 



16 

#$5+(/;+4&(# HGG.?1 C$#(.6#3 +51#D.$?#7 $#96&(+4 4 4+(+?6., 
(.9#*+4&66+8 H*'#.8 (EDFA). MOR+ 5+;4+(3(# $+;B&1/ H?+6+8#D62. 
$#$1.82 +51#D.$?+: $43;# $ $C88&*6+: 5*+5C$?6+: $5+$+'6+$1/0 B+ 320 
R'#1/$. 

@ ?&D.$14. ?&6&(++'*&;C0F.9+ +'+*CB+4&6#3 *&'+1&.1 $#$1.8& 
5.*.B&D# TN-64X, ?+1+*&3 B(#1.(/6+. 4*.83 5*+#;4+B#(&$/ ?+85&6#.: 
Nortel. >6& 5+$1+366+ 8+B.*6#;#*+4&(&$/, # ;&*.?+8.6B+4&( $.'3, ?&? 
+B6& #; $&827 5+5C(3*627 # 6&B.,627 $#$1.8 5.*.B&D# B(3 
$1*+#1.(/$14& 8+F627 8&9#$1*&(/627 $.1.: '+(/E+: 5*+13,.66+$1#. 

K D#$(C +$6+4627 +$+'.66+$1.: TN-64X, ?+1+*2. 5*.B+5*.B.(#(# 
.. ?+88.*D.$?#: C$5.7, $(.BC.1 +16.$1#, 5*.,B. 4$.9+, $(.BC0F#.: 

1) <&F#1& 1*&G#?& 4 *.,#8. 4-7 4+(+?+66+9+ ?+(/A& 5+ $7.8. MS-
SPRing # 5+CD&$1?+4+: ;&F#1+: 1*&G#?& 8.,BC $+$.B6#8# 
8C(/1#5(.?$+*&8# ADM. )+CD&$1?+4&3 ;&F#1& 1*&G#?& 4+;8+,6& 6. 
1+(/?+ 4 *.,#8. ?+(/A&, 6+ # 4 *.,#8&7 "1+D?&-1+D?&" # "A.5+D?&". 

2) )*#8.6.6#. 4 8C(/1#5(.?$+*&7 # *.9.6.*&1+*&7 TN-64X 
5.*.B&1D#?+4 $ "+?*&E.6628#" (#6.:628# #61.*G.:$&8# 4 *&'+D.8 
B#&5&;+6. B(#6 4+(6 C$#(#1.(.: EDFA. 

3) @+;8+,6+$1/ ?+**.?A## G+*82 5.*.B&4&.8+9+ $#96&(& (Chirp) 
B(3 +$(&'(.6#3 4(#36#3 6& 6.9+ 7*+8&1#D.$?+: B#$5.*$## 4 ;&4#$#8+$1# 
+1 1#5& 5*#8.63.8+9+ ?&'.(3 # #$5+(/;C.827 B(#6 4+(6.  

4) N$5+(/;+4&6#. &(9+*#18& +5.*.,&0F.9+ #;'21+D6+9+ 
?+B#*+4&6#3 #6G+*8&A#+66+9+ $#96&(& FEC (Forward Error Correction). 
>6 +'.$5.D#4&.1 #;'21+D6+. ?+B#*+4&6#. #6G+*8&A#+66+9+ 5+1+?& $ 
#$5+(/;+4&6#.8 $4+'+B627 '&:1 ;&9+(+4?& ?&B*& SDH. )*#8.6.6#. FEC 
5+;4+(3.1 4 $(CD&. 6.B+$1&1+D6+9+, 6+ 6. 427+B3F.9+ ;& 5*.B.(2 2 BO, 
H6.*9.1#D.$?+9+ '0B,.1& C$#(#1.(/6+: $.?A## #(# *.9.6.*&A#+66+9+ 
CD&$1?& $6#;#1/ ?+HGG#A#.61 +E#'+? 10-12  B+ 10-15. U$(# 
H6.*9.1#D.$?#: '0B,.1 (#6## $++14.1$14C.1 6+*8., 1+ 5*#8.6.6#. FEC 
5+;4+(3.1 $6#;#1/ ?+HGG#A#.61 +E#'+? B+ ;6&D.6#3 10-17.  

5) =*7#1.?1C*& 8C(/1#5(.?$+*& ADM $#$1.82 5.*.B&D# TN-64X 
+'.$5.D#4&.1 ?*+$$?+6.?1& 1*&G#?& 4:4 6& C*+46. 4#*1C&(/627 
?+61.:6.*+4 VC-4. T1+ B&.1 4+;8+,6+$1/ 8&*E*C1#;#*+4&1/ 
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4#*1C&(/62. ?+61.:6.*2 VC-4 #; +51#D.$?#7 &9*.9&1+4 4 1*#'C1&*62. 
'(+?#, 5*+5C$?&1/ #7 1*&6;#1+8 $ +B6+9+ +51#D.$?+9+ &9*.9&1& 6& B*C9+:, 
8.633 6+8.*& 4#*1C&(/627 ?+61.:6.*+4 4 &9*.9&1627 $#96&(&7, 
5.*.B&4&1/ #7 $ +B6+9+ 1*#'C1&*6+9+ '(+?& 6& B*C9+:, 8&*E*C1#;#*+4&1/ 
VC-4, 5+$1C5&0F#: $ +B6+9+ #; +51#D.$?#7 &9*.9&1+4 +B6+4*.8.66+ 6& 
6.$?+(/?+ 1*#'C1&*627 '(+?+4 # B*C9+: +51#D.$?#: &9*.9&1. @$1*+.662. 
$*.B$14& ?*+$$?+6.?1& 5+;4+(301 #$5+(/;+4&1/ 8C(/1#5(.?$+*2 TN-64X 
B(3 $+;B&6#3 8+F627 C;(+4 *&$5*.B.(.6#3 1*&G#?& # +'P.B#6.6#3 
$(+,627 ?+(/A.427 $1*C?1C* 4 .B#6C0 1*&6$5+*16C0 $.1/. 

6) S&(#D#. 4$1*+.6627 &55&*&1627 # 5*+9*&88627 $*.B$14 
5*+8.,C1+D6+9+ ?+61*+(3 ?&D.$14.6627 7&*&?1.*#$1#? ?&6&(+4 # 
1*&?1+4, 4 1+8 D#$(. # 1*&6;#1627, 6& C*+46. 4#*1C&(/627 ?+61.:6.*+4 
VC-4. T1# $*.B$14& +'(.9D&01 # &41+8&1#;#*C01 +'6&*C,.6#. # 
(+?&(#;&A#0 +1?&;+4 $.1.4+9+ +'+*CB+4&6#3.  

!(.BC.1 +18.1#1/, D1+ $.*1#G#?&A#+662. #$521&6#3 
+'+*CB+4&6#3 TN-64X # +'+*CB+4&6#3 DWDM (#6.:6+9+ 1*&?1& 6& 
+$6+4. C$#(#1.(.: MOR+ 5*+4+B#(#$/ 6& 8&9#$1*&(/6+: $.1# <=> 
""&$?+8".   

S& '&;. $#$1.82 5.*.B&D# STM-64 # +'+*CB+4&6#3 Cisco <=> 
""&$?+8" $+;B&( 8+F6C0 6&(+,.66C0 8&9#$1*&(/6C0 $.1/ 5.*.B&D# IP-
1*&G#?& Giganet $ C;(&8# 6& '&;+427 $1&6A#37 4 !.-).1.*'C*9., J+$?4. # 
6& JJ%!-9. T1+ '2(& +B6& #; 5.*427 IP-$.1.: 5+$1*+.6627 4 "+$$## $ 
#$5+(/;+4&6#.8 1.76+(+9## MPLS. !.1/ Giganet 5+;4+(#(& 5*.B+$1&4#1/ 
?(#.61&8 <=> ""&$?+8" B+$1C5 ? ?*C56.:E#8 8.,BC6&*+B628 
#61.*6.1-5*+4&:B.*&8 6. 1+(/?+ D.*.; 42B.(.662. ?&6&(2, 6+ # D.*.; 
$+'$14.66C0 IP-$.1/ $ *&$D.1+8 5+ +'P.8C 5.*.B&66+9+ 1*&G#?&. 

>$6+4628 5*+BC?1+8 '2(# ?&6&(2 E1, E3, DS3, STM-1, STM-4 # 
STM-16.  

>B6&?+, 5+$(.B6.. 4*.83 4+;*+$ $5*+$ 6& ?&6&(2: Fast Ethernet, 
Gigabit Ethernet, 10Gigabit Ethernet, 42B.(.662. 4#*1C&(/62. ?&6&(2 
41+*+9+ C*+463 (MPLS VPN, VLAN) $ +9*&6#D.66+: 5*+5C$?6+: 
$5+$+'6+$1/0 20, 100, 200, 400, 500 J'#1/$. 
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T1+ '2(+ +'C$(+4(.6+ $(.BC0F#8# 5*#D#6&8#: 
− $1*.8#1.(/628 *&;4#1#.8 1.(.?+88C6#?&A#+66+: 

#6G*&$1*C?1C*2 8.9&5+(#$+4 J+$?42 # !.-).1.*'C*9&, 5*.,B. 
4$.9+ 4 +'(&$1# $+;B&6#3 # *&;4#1#3 ?+88.*D.$?#7 IP-$.1.:, 
#61.*6.1&, 1*&B#A#+6627 # $+1+427 1.(.G+6627 $.1.:; 

− 6.5+$*.B$14.6628 5+34(.6#.8 6& *+$$#:$?+8 *26?. ?*C56.:E#7 
8.,BC6&*+B627 +5.*&1+*+4 $43;#; 

− 44+B+8 4 H?$5(C&1&A#0 6+427 4+(+?+66+-+51#D.$?#7 
8&9#$1*&(/627 $.1.: 6& ;&9*&6#AC (6&5*#8.*, "%-K+88); 

− 5&B.6#.8 A.6 6& 42B.(.662. ?&6&(2, 42;4&6628 +,.$1+D.66+: 
?+6?C*.6A#.: +5.*&1+*+4 8&9#$1*&(/6+: $43;#. 
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1.3. 'MIDCIY> I@AB@CP>IJX ?DH>BIJK@LJJ 

 
>$6+462. 6&5*&4(.6#3 8+B.*6#;&A## 'CBC1 5*+#;4+B#1/$3 4 

$++14.1$14## $ +'F#8# 1.6B.6A#38# *&;4#1#3 $.1.: $43;#, 
5*.B$1&4(.6627 6& *#$. 1.1. 

 

 
"#$. 1.1. %.6B.6A## *&;4#1#3 $.1.: $43;#. 

 
M&662: *#$C6+? #((0$1*#*C.1 $(.BC0F#. 5+(+,.6#3: 

− 4 NGN 1*&6$5+*162: C*+4.6/ # C*+4.6/ G+*8#*+4&6#3 C$(C9 
B+(,62 '21/ 1.76+(+9#D.$?# *&;B.(.62 # 8+9C1 *&;4#4&1/$3 
6.;&4#$#8+ B*C9 +1 B*C9&. 

− 1*&6$5+*1 NGN B+(,.6 '&;#*+4&1/$3 6& 5&?.1627 1.76+(+9#37 # 
$(+. 5*+;*&D627 +51#D.$?#7 ?&6&(+4. 
)*# 425+(6.6## 8+B.*6#;&A## 8&9#$1*&(/6+: $.1# 82 'CB.8 

+'3;&62 *&;'#1/ .. 6& 6.$?+(/?+ H1&5+4. T1+ +'C$(+4(.6+ 1.8, D1+ B(3 
+*9&6#;&A## '+(.. 42$+?+$?+*+$1627 ?&6&(+4 $43;# 5+1*.'C.1$3 6. 
1+(/?+ 42'*&1/ # C$1&6+4#1/ $++14.1$14C0F.. IP-+'+*CB+46#., 6+ # 
42'*&1/ # C$1&6+4#1/ C$1*+:$14& $+5*3,.6#3 IP-+'+*CB+4&6#3 # 
1*&6$5+*16+: $.1#. = C$1*+:$14& $+5*3,.6#3, 4 $4+0 +D.*.B/, +'3;24&01 
#;8.6#1/ +$6+46C0 1*&6$5+*16C0 $#$1.8C. 



20 

N1&?, 5+(CD&.1$3, D1+ 6.+'7+B#8+ 425+(6#1/ $(.BC0F#. E&9#: 
1) 46.$1# #;8.6.6#3 4 1*&6$5+*16C0 $.1/ B(3 C(CDE.6#3 5+?&;&1.(.: 

1*&6$5+*16+: $.1#, 1&?#7 ?&?: 5*+5C$?6&3 $5+$+'6+$1/, 
4+;8+,6+$1# 6&*&F#4&6#3 5*+5C$?6+: $5+$+'6+$1# 4 E#*+?+8 
B#&5&;+6., 5+BB.*,?& C$1*+:$14 $+5*3,.6#3 $ *&;(#D628# 
5*+1+?+(&8# # 1.76+(+9#38# 5.*.B&D#; 

2) 42'*&1/ # C$1&6+4#1/ C$1*+:$14& $+5*3,.6#3 1*&6$5+*16+: $.1# $ 
1*.'C.828 +'+*CB+4&6#.8 IP-$.1#; 

3) 42'*&1/ +'+*CB+4&6#. # 5+B?(0D#1/ IP-$.1/ D.*.; C$1*+:$14& 
$+5*3,.6#3. 
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1.4. 3DMG@IDCR@ K@H@Z HJAPD?IDED ABD>RG@ 
 
-.(/0 B&66+: B#5(+86+: *&'+12 34(3.1$3 *&;*&'+1?& 8.1+B+4 # 

$*.B$14 5+$1*+.6#3 $+4*.8.66+: 6&(+,.66+: 8&9#$1*&(/6+: $.1# B(3 
5.*.B&D# IP-1*&G#?& 6& '+(/E#. *&$$1+36#3. >$6+4+: B(3 .. $+;B&6#3 
34(3.1$3 8&9#$1*&(/6&3 1*&6$5+*16&3 $.1/ $43;# <=> ""&$?+8", 
5+$1*+.66&3 $ #$5+(/;+4&6#.8 1.76+(+9#: DWDM # SDH. >6& 5+ $4+.8C 
+$6+46+8C 6&;6&D.6#0 5*.B6&;6&D.6& B(3 +*9&6#;&A## $1&6B&*1627 
42B.(.6627 A#G*+427 ?&6&(+4 $43;# 5(.;#+7*+66+: (E1, E3, DS3) # 
$#67*+66+: (STM-1, STM-4, STM-16, STM-64 ) A#G*+4+: #.*&*7##.  

)*+.?1#*C.8&3 $.1/ 5.*.B&D# IP-1*&G#?& B+(,6& +'P.B#6#1/ 
$(.BC0F#. C;(2 8&9#$1*&(/6+: $.1# $43;# <=> ""&$?+8": 

1) "V, J+$?4&, C(. OC1(.*+4&, 7, JJ%!-9, C;.( B+$1C5& "MOS.9"; 
2) "V, J+$?4&, K+8$+8+(/$?&3 5(., 3/10, M+8 $43;# >WM, +?+6.D62: 

C;.( 8&9#$1*&(/6+: $.1# $43;# "MOSCOW"; 
3) "V, !.-).1.*'C*9, C(. O+*+4&3, 57, N@- >WM, 5*+8.,C1+D62: 

C;.( 8&9#$1*&(/6+: $.1# $43;# "SPB"; 
4) Finland, Helsinki, Radiokatu, 5, YLE's TV-station, 5*+8.,C1+D62: 

C;.( 8&9#$1*&(/6+: $.1# $43;# "HELSINKI"; 
5) Sweden, Stockholm, Kista, Esbogatan, 11, Telehause "Interxion", 

+?+6.D62: C;.( $43;# "STOCKHOLM"; 
6) Sweden, Stockholm, Kista, Torshamnsgaten, 35, MCI Colo-1, C;.( 

B+$1C5& "STOCKHOLM MCI"; 
7) Germany, Frankfurt, Kleyerstrasse, 90, ITENOS Buiding, "Ancotel", 

C;.( B+$1C5& "FRANKFURT". 
S&  $.9+B63E6#: B.6/ 42B.(.6#. IP-1*&G#?& 6& 7.(/$#6?$?+8 

8&9#$1*&(/6+8 C;(. $43;# 6. 5*.B5+(&9&.1$3. S& 6.8 +$CF.$14(3.1$3 
1+(/?+ *.9.6.*&A#3 IP-1*&G#?& 6& C*+46. ?&6&(++'*&;C0F.9+ 
+'+*CB+4&6#3 DWDM # SDH.  
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)+(+$& # 8&*E*C12 5+1+?+4 IP-1*&G#?& *&;*&'&124&.8+: 6&(+,.66+: 
8&9#$1*&(/6+: $.1# 5*#4.B.62 6#,. 6& *#$. 1.2. 

 

 
"#$. 1.2. %+5+(+9#3 6&(+,.66+: 8&9#$1*&(/6+: $.1# 5.*.B&D# IP-
1*&G#?&. 

 
 )+B C*+46.8 B+$1C5& 5+6#8.1$3 (+9#D.$?# 42B.(.662: C*+4.6/ 

$.1#, 6& ?+1+*+8 5*+#;4+B#1$3 4?(0D.6#. +'+*CB+4&6#3 ?+6.D627 
?(#.61+4. @ $.1# <=> «"&$?+8» ?+6.D628# ?(#.61&8#, ?&? 5*&4#(+, 
34(301$3 #61.*6.1-5*+4&:B.*2 *&;(#D6+9+ *&;8.*&, 9+$. +*9&6#;&A##, & 
1&?,. ?*C562. ?+88.*D.$?#. +*9&6#;&A## # 5*+#;4+B$14&. 

ID#124&3 $5.A#G#?C C$(C9, 5*.B+$1&4(3.827 <=> ""&$?+8" 4 
*&8?&7 6&(+,.66+: $.1# $ ?+88C1&A#.: 5&?.1+4, +*#.61#*+4&66C0, 
5*.,B. 4$.9+, 6& +*9&6#;&A#0 8+F627 1*&?1+4 5.*.B&D# IP-1*&G#?& 
C*+463 Level 2, 4 ?&D.$14. +$6+42 *.&(#;&A## $.1# $(.BC.1 42'*&1/ 
1.76+(+9#0 Ethernet.  
 @2'+* 8.1+B+4 # $5+$+'+4 *.E.6#3 5+$1&4(.66+: ;&B&D# B+(,.6 
CD#124&1/ 1+, D1+ 8&9#$1*&(/6&3 1*&6$5+*16&3 $.1/ <=> ""&$?+8" 
5+$1*+.6& 6& '&;. +'+*CB+4&6#3 DWDM (#6.:6+9+ 1*&?1& CPL # 
OME6500BB # ?&6&(++'*&;C0F.9+ +'+*CB+4&6#3 SDH OME6500MSPP.  
T1+ +'+*CB+4&6#. #8..1 E#*+?#: $5.?1* 1.76#D.$?#7 $*.B$14 B(3 
5+$1*+.6#3 6&(+,.6627 $.1.: Ethernet, ?&? 6& C*+46. (#6.:6+9+ 1*&?1&, 
1&? # 5+4.*7 SDH $ #$5+(/;+4&6#.8 1.76+(+9## NGN. !(.BC.1 +18.1#1/, 
D1+ 5+$(.B6#. 4.*$## &55&*&1627 $*.B$14 # 5*+9*&886+9+ +'.$5.D.6#3 
$+.B#6#(# 4+;8+,6+$1# OME6500BB # OME6500MSPP 4 C6#4.*$&(/6+8 
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8C(/1#5(.?$+*. OME6500. U$1.$14.66+, D1+ 5*# 42'+*. 8.1+B& # 
$5+$+'+4 8+B.*6#;&A#3 8&9#$1*&(/6+: $.1# <=> ""&$?+8" 6.+'7+B#8+ 
42'*&1/ 5C1/, ?+1+*2: 5+;4+(#1 8&?$#8&(/6+ 5+(6+ #$5+(/;+4&1/ 
#8.0FC0$3 #6G*&$1*C?1C*C 1*&6$5+*16+: $.1# # *&6.. $B.(&662. 
#64.$1#A##.   

M#5(+86&3 *&'+1& B+(,6& 5*.BC$8&1*#4&1/ $(.BC0F#. H1&52 
*.E.6#3 5+$1&4(.66+: ;&B&D#: 

1) &6&(#; $CF.$14C0F.:  8&9#$1*&(/6+: 1*&6$5+*16+: $.1# $43;# 
<=> ""&$?+8" $ 1.8, D1+'2 42'*&1/ 8.1+B2 # $5+$+'2 5+$1*+.6#3 
6& .. '&;. 6&(+,.66+: $.1# 5.*.B&D# IP-1*&G#?&; 

2) +'+$6+4&6#. 42'+*& 1.76#D.$?#7 $*.B$14 $+;B&6#3 6&(+,.66+: 
8&9#$1*&(/6+: IP-$.1#; 

3) *&;*&'+1?C $7.82 $43;# 6&(+,.66+: 8&9#$1*&(/6+: IP-$.1# # $7.8 
+1B.(/627 .. H(.8.61+4; 

4) 1.+*.1#D.$?C0 # H?$5.*#8.61&(/6C0 +A.6?C +$6+4627 
1.76#D.$?#7 7&*&?1.*#$1#? *&;*&'+1&66+: $.1#. 
K*#1.*## 42'+*& +'+*CB+4&6#3 B(3 $1*+#1.(/$14& ;&*C'.,6+9+ 

5*+B(.6#3 CD#124&01 5.*$5.?1#42 *&;4#1#3 $+4*.8.6627 1.76+(+9#: 
$43;#, ?+1+*2. B#?1C01 42'+* 4 ?&D.$14. $1*&1.9#D.$?+9+ 6&5*&4(.6#3 
*&;4#1#3 $.1# <=> ""&$?+8" +*#.61&A#.: .. 6& 5.*.B&DC 8+F627 
#6G+*8&A#+6627 5+1+?+4 IP-1*&G#?& 5+4.*7 1*&6$5+*16+9+ C*+463 SDH 
# 6&5*38C0 D.*.; DWDM. 

S& 42'+* +'+*CB+4&6#3 4 B&66+8 $(CD&. $CF.$14.66+., .$(# 6. 
*.E&0F.., ;6&D.6#. #8..1 1+, D1+ 6& 1.**#1+*## V#6(36B## # X4.A## 
<=> ""&$?+8" 6. $8+,.1 $+;B&1/ 1&?C0 ,. H?$5(C&1&A#+66C0 
#6G*&$1*C?1C*C, ?&? 6& 1.**#1+*## "+$$##.  

!#$1.8& 5.*.B&D# B+(,6& B(#1.(/6+. 4*.83 *&'+1&1/ 4 
&41+6+86+8 *.,#8. 5*# 8#6#8&(/6+8 +'$(C,#4&6##. >6& B+(,6& #8.1/ 
$.*/.;62: ;&5&$ 8+F6+$1# +51#D.$?#7 $#96&(+4 B(3 ?+85.6$&A## 
4+;8+,6+: B.9*&B&A## 7&*&?1.*#$1#? +51#D.$?+9+ 4+(+?6&. K 
?&6&(++'*&;C0F.8C +'+*CB+4&6#0 # +'+*CB+4&6#0 DWDM-(#6.:6+9+ 
1*&?1& 5*.BP34(301$3 5+42E.662. 1*.'+4&6#3 5+ 6&B.,6+$1#, 
4+;8+,6+$138 &41+8&1#D.$?+9+ 8+6#1+*#69& # C5*&4(.6#3. K*+8. 1+9+, 
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+6+ B+(,6+ $.*#:6+ 425C$?&1/$3 # &?1#46+ 8+B.*6#;#*+4&1/$3 4 
1.D.6## '(#,&:E#. 5 – 10 (.1, +14.D&1/ $+4*.8.6628 1*.'+4&6#38 ? 
C*+460 $.*4#$& # 5+BB.*,#4&1/ 46.B*.6#. 5.*$5.?1#4627 1.76+(+9#: 
*&;4#1#3 1*&6$5+*1627 $.1.:. 

)*# 42'+*. 1.76#D.$?#7 7&*&?1.*#$1#? *&;*&'+1&66+: IP-$.1#, 
5+B(.,&F#7 1.+*.1#D.$?+: # H?$5.*#8.61&(/6+: +A.6?# '2(# 42'*&62 
$(.BC0F#.: 

1) *.&(/6&3 5+(+$& A#G*+427 1*&?1+4 *&;*&'+1&66+: $.1# Ethernet, 
+*9&6#;+4&6627 6& '&;. 1.76+(+9## SDH-NGN (#;8.*.6#. 
*.&(/6+: 5+(+$2 # 1.+*.1#D.$?+. +'+$6+4&6#. 5+(CD.6627 
*.;C(/1&1+4); 

2) ;&B.*,?& 5&?.1+4 6& 6&#'+(.. 4&,627 CD&$1?&7 8&9#$1*&(/6+: 
$.1# 5.*.B&D# IP-1*&G#?& (1.+*.1#D.$?&3 +A.6?& # #;8.*.6#. 6& 
$.1#); 

3) ?+HGG#A#.61 9+1+46+$1# 8&9#$1*&(/6+: 1*&6$5+*16+: $.1# 
(*&$D.1 # +'+$6+4&6#. 4 $++14.1$14## $ 1*.'+4&6#38# 
*.?+8.6B&A## ITU G.602 # 6+*8&1#4628# B+?C8.61&8# "V ). 
).*.D#$(.662. 5&*&8.1*2 6. 34(301$3 #$D.*524&0F#8 5.*.D6.8 

1.76#D.$?#7 7&*&?1.*#$1#? IP-$.1#. N7 42'+* +'C$(+4(.6 1*.'+4&6#38# 
SLA (Service Level Agreement) ?+1+*2: 34(3.1$3 +$6+4628 B+?C8.61+8, 
+5*.B.(30F#8 ?&D.$14.662. 7&*&?1.*#$1#?# C$(C9# 5*# ;&?(0D.6## 
B+9+4+*& 8.,BC +5.*&1+*+8 $43;# # ?(#.61+8. 
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2. !$.!$-'%8$ $!/+%"8%9!6 &+&%"56 
 
2.1. !@KB@TDGR@ ?>GDH@ ADMGBD>IJX IP-M>GJ ADC>B= 
GB@IMADBGIDN SDH J DWDM ?@EJMGB@POIDN M>GJ 
MCXKJ 
 

"&$$8+1*#8 4+;8+,62. 6& $.9+B63 '&;+42. 8.1+B2 
5*.B+$1&4(.6#3 C$(C9# 8&9#$1*&(/6+9+ Ethernet $ 1+D?# ;*.6#3 
5+$1*+.6#3 3B*& +5.*&1+*$?+: IP-$.1# B&(/6.: $43;#. ("#$. 2.1.) 
 

 
"#$. 2.1. !1&6B&*162. 8.1+B2 5+$1*+.6#3 8&9#$1*&(/627 IP-$.1.: 
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SDH  
%.76+(+9#3 Ethernet over SONET/SDH 5+;4+(3.1 5.*.B&4&1/ 

Ethernet 5&?.12 D.*.; SONET/SDH #6G*&$1*C?1C*C. @ 6&$1+3F.. 4*.83 
B+$1C562 # 86+9+1+D.D62. *.E.6#3.  

!(.BC0F.. 5+?+(.6#. SONET/SDH (Next Gen SONET/SDH), 
#$5+(/;C3 Generic Framing Procedure (GFP) # *3B B*C9#7 8.1+B+4, 
5+;4+(3.1 $1*+#1/ VPN 41+*+9+ C*+463 6& +$6+4. SONET/SDH 
(+'.$5.D#4&3 5.*.B&DC 6. 1+(/?+ Ethernet G*.:8+4).  

"26+? 5.*.B&D# B&6627 5+ SONET/SDH 4 9+*+B$?#7 $.137 *&$1.1 
1.8 '+(/E., D.8 D&F. C ?(#.61+4 4+;6#?&.1 5+1*.'6+$1/ 4 C$(C9. 
5.*.$2(?# #6G+*8&A## 6& '+(/E#. *&$$1+36#3. >'F&3 5*+A.BC*& 
G+*8#*+4&6#3 ?&B*+4 (Generic Framing Procedure, GFP) 5*.B$1&4(3.1 
$+'+: 1*&6$5+*162: 5*+1+?+(, 5+$*.B$14+8 ?+1+*+9+ 5&?.162. B&662. 
B+$1&4(301$3 5+ $.1# 8C(/1#5(.?$6+: 5.*.B&D# $ *&;B.(.6#.8 ?&6&(+4 
5+ 4*.8.6# (Time Division Multiplex, TDM), ?&? SONET/SDH. GFP 
5*.B(&9&.1 6.$?+(/?+ 5*.#8CF.$14: 
− 42$+?C0 H?$5(C&1&A#+66C0 6&B.,6+$1/, 5+$?+(/?C 4$. 

$+B.*,#8+., 4?(0D&3 $(C,.'6C0 #6G+*8&A#0, 8+,.1 '21/ 
;&F#F.6+ 5*# 5+8+F# ?+B& CRC;  

− 6.'+(/E+. 4*.83 ;&B.*,?# 5*# #$5+(/;+4&6## 5*+;*&D6+9+ 
*.,#8& GFP (GFP-T);  

− 5*+;*&D6+. $+.B#6.6#. 6& 41+*+8 C*+46. 5+$*.B$14+8 GFP-T;  
− B.1.*8#6#*+4&66C0 5*+5C$?6C0 $5+$+'6+$1/;  
− 5+BB.*,?C 86+,.$14& 5*+1+?+(+4;  
− C8.*.662. 6&?(&B62. *&$7+B2.  

 
!CF.$14C.1 B4. *&;6+4#B6+$1# 5*+1+?+(& GFP: 

1) Framed GFP (GFP-F) #(# G*.:8#*+4&662: GFP +51#8#;#*+4&6 
B(3 8&?$#8&(/6+: 5*+5C$?6+: $5+$+'6+$1# 4 CF.*' ;&B.*,?&8. @ 
6.8 4.$/ Ethernet G*.:8 (#(# G*.:8 B*C9+9+ ?&6&(/6+9+ 
5*+1+?+(&) #6?&5$C(#*C.1$3 4+ G*.:8 GFP $ ;&9+(+4?+8. 
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2) Transparent GFP (GFP-T) #(# 5*+;*&D62: GFP #$5+(/;C.1$3 B(3 
1*&6$5+*1#*+4?# 1*&G#?& $ 8#6#8&(/628# ;&B.*,?&8# 
(6&5*#8.*, B(3 5+1+?+427 4#B.+1*&6$(3A#:). @ 6.8 8&(2. 9*C552 
'&:1 5.*.B&01$3 $*&;C, 6. +,#B&3 5+(CD.6#3 5+(6+9+ G*.:8& 4 
'CG.*. 
 
WDM 
S& *26?. 5*.B(&9&01$3 WDM-*.E.6#3 ($5.?1*&(/6+9+ 

C5(+16.6#3) B4C7 1#5+4: 
1) CWDM. !oarse WDM, 6.B+*+9&3 1.76+(+9#3 $ 5&$$#4628# 

+51#D.$?#8# 8C(/1#5(.?$+*&8# # ADM. CWDM +'.$5.D#4&.1 8 
B(#6 4+(6 4 +B6+8 G#;#D.$?+8 4+(+?6. (1470, 1490, 1510, 1530, 
1550, 1570, 1590 # 1610); 6.$+48.$1#8 $+ $1&6B&*1628# 
+51#D.$?#8# C$#(#1.(38#, +'.$5.D#4&.1 8&?$#8&(/6C0 B&(/6+$1/ 
B+ 100 ?8 '.; *.9.6.*&A## $#96&(&. 

2) DWDM. Q+*+E+ ;&*.?+8.6B+4&4E&3 $.'3 1.76+(+9#3 $ &?1#46+: 
#6G*&$1*C?1C*+:. DWDM +'.$5.D#4&.1 +1 32 B(#6 4+(6 4 +B6+8 
G#;#D.$?+8 4+(+?6.. Y&$1+16&3 *.E.1?& $1&6B&*1#;+4&6& ITU (grid 
100 GHz, 50 GHz). @ ;&4#$#8+$1# +1 5*#8.63.8+: 
#6G*&$1*C?1C*2 8&?$#8&(/6&3 B&(/6+$1/ '.; *.9.6.*&A## $#96&(& 
8+,.1 B+$1#9&1/ +1 200 B+ 600 ?8. 
@+;8+,6+ '2(+ '2 *.&(#;+4&1/ 5*+.?1 8+B.*6#;&A## 

1*&6$5+*16+: $.1# $ #$5+(/;+4&6#3 $#$1.8 CWDM, ? 5*#8.*C, 6& 
8&9#$1*&(# J+$?4& — !&6?1-).1.*'C*9. V+*8#*+4&6#. “A4.1627” 
CWDM-5+1+?+4 +$CF.$14(3.1$3 GBIC-8+BC(38#, C$1&6&4(#4&.828# 4 
?+88C1&1+*2 Gigabit Ethernet, & #7 +'P.B#6.6#. — CWDM-
8C(/1#5(.?$+*&8#. )+$?+(/?C (#6#3 $43;# +?&;24&.1$3 B+$1&1+D6+ 
5*+13,.66+:, 1*.'C.1$3 *.9.6.*#*+4&1/ $#96&(. ! H1+: A.(/0 +531/ ,. 
#$5+(/;C01$3 ?+88C1&1+*2 Gigabit Ethernet. N 1&?+. 
“?+*+1?+B.:$14C0F..” CWDM-*.E.6#. $ *.9.6.*&1+*&8# +?&,.1$3 
H?+6+8#D.$?# 6.429+B628 5+ $*&46.6#0 $ “B&(/6+'+:628#” $#$1.8&8# 
DWDM. 
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)+8#8+ C4.(#D.6#3 .8?+$1# $.1# ?(0D.428# 5*.#8CF.$14&8# 
DWDM $(.BC.1 $D#1&1/ .9+ 42$+?C0 $+48.$1#8+$1/ $ 6+428# 
5*+1+?+(&8# 5.*.B&D# B&6627 # 4+;8+,6+$1/ HGG.?1#46+9+ C$1*&6.6#3 
5.*.9*C;+? '(&9+B&*3 +1?&;C +1 +51+-H(.1?1*+-+51#D.$?+9+ (OEO) 
5*.+'*&;+4&6#3. >U>-5*.+'*&;+4&6#. – H1+ 6&#'+(.. B+*+9+$1+3F#: 
H1&5 4 $.9+B63E6#7 $.137 5.*.B&D# B&6627 ?&? 5+ ?&5#1&(/628 ;&1*&1&8, 
1&? # 5+ $1+#8+$1# +'$(C,#4&6#3. ! 1+D?# ;*.6#3 1+5+(+9## # C*+463 
+'$(C,#4&6#3, Ethernet, 5*#$5+$+'(.662: ? 3D.#$1+: $1*C?1C*., # 
3D.#$1+. DWDM #B.&(/6+ B+5+(6301 B*C9 B*C9&. 

!.1# DWDM $6#,&01 5+1*.'6+$1/ 4 5*+?(&B?. 4+(+?+6627 
(#6#: '(&9+B&*3 +$4+.6#0 *.$C*$+4 C,. $CF.$14C0F.: 
#6G*&$1*C?1C*2. NB.3 4 1+8, D1+'2 5.*.B&4&1/ #6G+*8&A#0 6. 6& +B6+: 
B(#6. 4+(62, & ;&B.:$14+4&1/ *&;62. B(#62 4+(6, 5+(6.. #$5+(/;C3 
5+D1# 6.+9*&6#D.66C0 4+(6+4C0 .8?+$1/ +51+4+(+?+6&. [19] 

 
"#$. 2.2. )*#6A#5 *&'+12 DWDM-$#$1.82. 

 
%.76+(+9#3 DWDM 5+;4+(3.1 $+;B&1/ # #$5+(/;+4&1/ 6& 5*&?1#?. 

5+(6+$1/0 +51#D.$?#. $.1# AON (All Optical Network), 4 ?+1+*27 
+51#D.$?#. $#96&(2 6. 5*.+'*&;+424&01$3 4 H(.?1*#D.$?C0 G+*8C 6& 
5*+8.,C1+D627 C;(&7. N;-;& '+(/E+9+ ?+(#D.$14& &'+6.61+4 # +9*+8627 
$?+*+$1.: 5.*.B&D# B&6627 4 8&9#$1*&(/627 +51#D.$?#7 $.137 
+'.$5.D.6#. #7 *&'+1+$5+$+'6+$1# $1&6+4#1$3 #$?(0D#1.(/6+ 4&,6+: 
;&B&D.:. >B6+: #; 6&#'+(.. 5*#4(.?&1.(/627 4+;8+,6+$1.: DWDM 
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34(3.1$3 1+, D1+ 5*# 8+B.*6#;&A## $CF.$14C0F#7 $.1.: $43;# B&66&3 
1.76+(+9#3 5+;4+(3.1 C4.(#D#1/ 5*+5C$?6C0 $5+$+'6+$1/ 4+(+?+66+-
+51#D.$?+: (#6## $43;#, 5*&?1#D.$?# 6. 8.633 $CF.$14C0F.. 
H(.?1*+66+. +'+*CB+4&6#.. S+42. ?&6&(2 B+'&4(301$3 4 (#6#0 $43;# 6& 
6+427 B(#6&7 4+(6, 6#?&? 6. ;&1*&9#4&3 C,. $CF.$14C0F#. ?&6&(2. )*# 
H1+8 $&8# ?&6&(2 8+9C1 #8.1/ *&;(#D62. 5*+1+?+(2 # $?+*+$1# 
5.*.B&D# #, #7 6. 1*.'C.1$3 $#67*+6#;#*+4&1/ 8.,BC $+'+:. 
 
 Cisco 5 DWDM 6789:;6< 

S. $8+1*3 6& 1+, D1+ Cisco $.:D&$ 5*.B(&9&.1 *3B 8+BC(.: B(3 
$4+#7 8&*E*C1#;&1+*+4, ?+1+*2. 5+BB.*,#4&01 $&8# 5+ $.'. 
1.76+(+9#0 DWDM, #8.3 4$1*+.662. ?*+$$5+6B.*2, .. *.E.6#3 5+?& 6. 
9+1+42 '21/ #$5+(/;+4&62 B(3 5+$1*+.6#3 $.1.: B&(/6.: $43;#. T1+ 
+'C$(+4(#4&.1$3 6#;?+: B&(/6+'+:6+$1/0 B&6627 8+BC(.: # 
+1$C1$14#.8 E#*+?+9+ $5.?1*& GC6?A#: AON – 5+(6+$1/0 +51#D.$?#7 
1*&6$5+*1627 $.1.:. 
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R(&462. 1*.'+4&6#3 ? 1*&6$5+*16+: $.1#: 
− %*&6$5+*16&3 $.1/ B+(,6& '21/ C6#4.*$&(/6+: # #6B#GG.*.616+: 

? 1#5C 1*&6$5+*1#*C.8+: #6G+*8&A##. 
− %*&6$5+*16&3 $.1/ B+(,6& +'(&B&1/ $4+:$14+8 &B&51&A## ? 

+'P.8&8 5.*.B&4&.8+: #6G+*8&A##. 
T1#8 1*.'+4&6#38 +14.D&.1 $.1/, 5+$1*+.66&3 5+4.*7 DWDM-

5(&1G+*82, 6& ?+1+*+: #61.9*#*+4&62 # 6.;&4#$#8+ *&'+1&01 
1.76+(+9## IP/Ethernet, SDH # NGSDH. 

S&(#D#. $4+'+B6+: +51#?# # 5*#8.6.6#. DWDM 4 *.9#+6&(/627 
$.137 5+;4+(3.1 C,. $.9+B63 $ A.(/0 *&$E#*.6#3 5*+5C$?6+: 5+(+$2 
+51#D.$?+: 1*&6$5+*16+: $.1# 6. 8+B.*6#;#*+4&1/ TDM/SDH '&;C, & 
5+$1*+#1/ 5&*&((.(/6C0 GE/10GE $.1/ # 5.*.4.$1# 6& 6.. 1*&G#? 
5.*.B&D# B&6627. %&?+: 5C1/ $?+*.. 4$.9+ 5+;4+(#1 +51#8#;#*+4&1/ 
?&5#1&(/62. # +5.*&A#+662. ;&1*&12 +5.*&1+*&. 

>$6+462. &*7#1.?1C*62. 8+8.612 5*+.?1#*C.8+: $#$1.82: 
1) 4 ?&D.$14. 1*&6$5+*16+: +$6+42 B(3 (0'27 #6G+*8&A#+6627 

5+1+?+4 'CB.8 #$5+(/;+4&1/ DWDM-1.76+(+9#0 5+$(.B6.9+ 
5+?+(.6#3 (NGM-*.E.6#3 Nortel); 

2) B(3 SDH-?(#.61$?#7 #61.*G.:$+4 'CB.1 #$5+(/;+4&1/ SDH-
8+BC(# 5*38+ 4 1*&6$5+*1627 8C(/1#5(.?$+*&7 $#$1.82; 

3) +$6+46&3 8&9#$1*&(/6&3 IP-$.1/ 'CB.1 5*+?(0D.6& 4 DWDM $ 
5+8+F/0 1*&6$5+6B.*+4; 

4) $*.B6.$?+*+$162. IP-5+B?(0D.6#3 # 42B.(.662. 4#*1C&(/62. 
?&6&(2 2-9+ C*+463 (B+ 1 R'#1/$) $(.BC.1 +*9&6#;+4&1/ #$5+(/;C3 
NGSDH 5*#6A#52; 

5) 5*.BC$8&1*#4&01$3 4&*#&612 5+B?(0D.6#3 DWDM-C$1*+:$14, 
#8.0F#7 $+'$14.662. 5.*.B&1D#?# $1&6B&*1627 B(#6 4+(6 
DWDM, D.*.; 1. ,. 1*&6$5+*162. 8C(/1#5(.?$+*2; 

6) 5*.BC$8&1*#4&.1$3 +9*&6#;&A#3 *.;.*4627 ?&6&(+4 B(3 IP-
+'+*CB+4&6#3 D.*.; NGSDH. 
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"#$. 2.3. >'F&3 $7.8& 8.1+B& 5+$1*+.6#3 8&9#$1*&(/6+: IP-$.1#. 

 
"&;*&'+1&662: 8.1+B 5+;4+(#( *.&(#;+4&1/ ?+64.*9.616C0 

$#$1.8C, +14.D&0FC0 4$.8 5*.BP34(.6628 1*.'+4&6#38. 
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2.2. 5DH>BIJK@LJX GB@IMADBGIDN M>GJ 
 

>15*&46+: 5+;#A#.: *&;4#1#3 1*&6$5+*1627 $.1.:, .$1.$14.66+, 
34(3.1$3 #7 $CF.$14C0F.. 5+(+,.6#.. S.$8+1*3 6& +D.6/ '+(/E+: 
*&;'*+$ $1.5.6# *&;4#1#3 1*&6$5+*1627 $.1.: 4 "+$$##, B& # 4 8#*+4+8 
8&$E1&'., $+4*.8.66C0 $#1C&A#0 4 A.(+8 8+,6+ +7&*&?1.*#;+4&1/ 
$(.BC0F#8# 1.;#$&8#: 
− +$6+46+: $*.B+: 5.*.B&D# $1&A#+6&*627 $.1.: 34(301$3 4+(+?6& 

+51#D.$?#7 ?&'.(.:; 
− +$6+4628 1*&6$5+*1628 $*.B$14+8 34(301$3 $#$1.82 5.*.B&D# 

$#67*+66+: A#G*+4+: #.*&*7## (!-N/SDH); 
− 1.76+(+9## $5.?1*&(/6+9+ C5(+16.6#3 (Wavelength Division 

Multiplexing – WDM), 5&?.162. 1.76+(+9## (ATM, IP, Ethernet # 
B*.) #$5+(/;C01$3 4 1+: #(# #6+: $1.5.6# 4 ;&4#$#8+$1# +1 
?+6?*.1627 C$(+4#: # C*+463 *&;4#1#3 $.1#. 
@ *.;C(/1&1. $CF.$14C0F#. 1*&6$5+*162. $.1# 5*.B$1&4(301 

$+'+: *&;(#D62. 4&*#&612 86+9+$(+:627 $1*C?1C*, ?+1+*2. #;+'*&,.62 
6& *#$. 2.4. 

 

 
"#$. 2.4. J6+9+$(+:62. $1*C?1C*2 1*&6$5+*1627 $.1.:. 
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@ $CF.$14C0F#7 $8.E&6627 +51#?+-H(.?1*+6627 $.137 #8.01$3 
$(.BC0F#. 5*#6A#5#&(/62. 6.B+$1&1?#: 
− C$(+,6.66&3 $1*C?1C*& 4 4#B. 1.76+(+9#D.$?#7 A.5+D.?; 
− +9*&6#D.6#. 5*+13,.66+$1# D#$1+ +51#D.$?#7 $.98.61+4. 

S.+'7+B#8+$1/ H(.?1*+66+: (H(.?1*#D.$?+:) *.9.6.*&A## 
A#G*+427 $#96&(+4, D1+ 6&*CE&.1 6.5*.*246+$1/ 5*+;*&D627 
+51#D.$?#7 ?&6&(+4; 

− GC6?A#+6&(/62. +9*&6#D.6#3 +51#D.$?#7 $.98.61+4 4 D&$1# 
?+88C1&A##, *.;.*4#*+4&6#3, 1.(.?+61*+(3, 8+6#1+*#69& ?&D.$14& 
5.*.B&D# # 1.B.; 

− +16+$#1.(/6+ +9*&6#D.66&3 5*+#;4+B#1.(/6+$1/. 
@ ?(&$$#D.$?#7 1*&6$5+*1627 $.137 4+;6#?&01 1&? 6&;24&.82. 

1.76+(+9#D.$?#. A.5+D?#, 5*.B$1&4(.662. 6& *#$. 2.5. 
 

 
"#$. 2.5. %.76+(+9#D.$?#. A.5+D?# 4 1*&6$5+*1627 $.137. 

 
@ 5+(6+$1/0 +51#D.$?+: 1*&6$5+*16+: $.1# – >%! (Optical 

Transport Network – OTN) 5.*.D#$(.662. 42E. 6.B+$1&1?# $8.E&6627 
$.1.: 8+9C1 '21/ C$1*&6.62. VC6?A##, 7&*&?1.*62. B(3 $#$1.8 
!-N/SDH, 4 >%! *.&(#;+4&62 6& +51#D.$?+8 C*+46.. )+ H1+: 5*#D#6. 
5*&?1#D.$?# (0'2. 1.(.?+88C6#?&A#+662. 1.76+(+9## 8+9C1 
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«+5#*&1/$3» 6.5+$*.B$14.66+ 6& >%!. =*7#1.?1C*& 
1.(.?+88C6#?&A#+6627 $.1.: C5*+F&.1$3, 1&? ?&? 1.76+(+9#D.$?#. 
86+9+;4.662. «+B6& 5+4.*7 B*C9+:» A.5+D?# $1&6+431$3 #;(#E6#8# 
("#$. 2.6.). S&(#D#. 5+(6+$1/0 +51#D.$?#7 *.9.6.*&1+*+4 $6#8&.1 
+9*&6#D.6#. 5+ 5*+13,.66+$1# 6.5*.*24627 +51#D.$?#7 ?&6&(+4. 
>1$C1$14#. 4 5*.B.(&7 >%! H(.?1*#D.$?#7 (H(.?1*+6627) G*&98.61+4 
5+;4+(3.1 +5.*#*+4&1/ $#96&(&8#, +D.6/ '+(/E+9+ #6G+*8&A#+66+9+ 
+'P.8&, 6.B+$1C56+9+ H(.?1*+66+: &55&*&1C*.. N1&?, +$6+4628# 
B+$1+#6$14&8# >%! 34(301$3: 
− +1$C1$14#. +9*&6#D.6#: 5+ 5*+13,.66+$1#; 
− GC6?A#+6&(/6+$1/, 5+B+'6&3 !-N/SDH; 
− B+$1C5 ? >%! $#96&(+4 *&;(#D6+9+ G+*8&1& D.*.; +1?*212: 

+51#D.$?#: #61.*G.:$; 
− 4+;8+,6+$1/ +5.*#*+4&1/ $#96&(&8# +D.6/ '+(/E+9+ 

#6G+*8&A#+66+9+ +'P.8&, 6.B+$1C56+9+ H(.?1*+66+: &55&*&1C*.. 
 

 
"#$. 2.6. I5*+F.6#. &*7#1.?1C*2 1.(.?+88C6#?&A#+6627 $.1.:. 

 
S& 42'+* +'+*CB+4&6#3 '+(/E+. 4(#36#. +?&;&(& .9+ 

$+48.$1#8+$1/ $ $CF.$14C0F.: $#$1.8+: $.1.4+9+ C5*&4(.6#3 # 
#8.0F#8#$3 5*+9*&88628# $*.B$14&8# 5(&6#*+4&6#3 $.1#. !+;B&6#. 
6+4+: 6.;&4#$#8+: $#$1.82 C5*&4(.6#3 8+9(+ 5*#4.$1# ? C4.(#D.6#0 
$1+#8+$1# 5*+.?1& 6& 40-50%. 
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ID#124&3 B(#1.(/6+. # 5(+B+14+*6+. $+1*CB6#D.$14+, ?+85&6#3 
Nortel 5*.B+$1&4(3.1 <=> ""&$?+8" #$?(0D#1.(/6+ 429+B62. C$(+4#3 
5*#+'*.1.6#3 +'+*CB+4&6#3. U$1.$14.66+, D1+ 5*# 42'+*. +'+*CB+4&6#3 
B(3 8+B.*6#;&A## 8&9#$1*&(/6+: $.1#, +$+'+. 46#8&6#. '2(+ +'*&F.6+ 
6& 42$+?+$?+*+$162. SDH 8C(/1#5(.?$+*2 # +'+*CB+4&6#. DWDM, 
5*+#;4+B#8+. #8.66+ H1+: ?+85&6#.:. 

!(.BC.1 +$+'+ +18.1#1/, D1+ ?+85&6#3 Nortel +'(&B&3 '+9&128 
+521+8 *&;*&'+1?# # 5*+#;4+B$14& 1*&6$5+*16+9+ SDH +'+*CB+4&6#3, 
+B6+: #; 5.*427 4 1993 9. 5*#$1C5#(& ? $+;B&6#0 $#67*+66+9+ 
A#G*+4+9+ 8C(/1#5(.?$+*& C*+463 STM-64X # +'+*CB+4&6#3 (#6.:6+9+ 
1*&?1& $ #$5+(/;+4&6#.8 1.76+(+9## DWDM. 

%.76+(+9## WDM $CF.$14C01 C,. 6. 5.*42: 9+B, 6+ #8.66+ 
$.:D&$ 6&'(0B&.1$3 '2$1*2: 5.*.7+B ? *.E.6#38 WDM 6+4+9+ 
5+?+(.6#3. T1+ $43;&6+ $ 5+34(.6#.8 1.76+(+9#: ROADM # 
6&$1*&#4&.827 (&;.*+4. N8.66+ H1# 1.76+(+9## 5*# 5*&4#(/6+: 
*.&(#;&A## 5(&1G+*82 5+;4+(301 +5.*&1+*&8 4+$5+(/;+4&1/$3 
5*.#8CF.$14&8# WDM 4 5+(6+8 +'P.8.. )*.B2BCF#. 1.76+(+9#D.$?#. 
*.E.6#3 1*.'+4&(# G#;#D.$?+9+ 5*.*24&6#3 5+1+?+4 B&6627 B(3 
B+'&4(.6#3 6+427 ?(#.61+4 #(# 5+$.F.6#3 1.76#D.$?#8 5.*$+6&(+8 
4$.7 C;(+4 B(3 5*+4.B.6#3 *&'+1 ?&,B2: *&;, ?+9B& 1*.'C01$3 #;8.6.6#3 
4 $.1#. S+42. 1.76+(+9##, 5+;4+(30F#. 5*+9*&886+ 5.*.$1*&#4&1/ $.1/, 
# #7 +51#8&(/6&3 G#;#D.$?&3 *.&(#;&A#3 ;6&D#1.(/6+ C5*+F&01 
H?$5(C&1&A#0 $.1#. 

J+B.*6#;&A#3 1*&6$5+*16+: $.1# +$6+4&6& 6& C$1&6+4?. 6+427 
8C(/1#$.*4#$627 5(&1G+*8 Nortel: OME6500 – SDH/DWDM 
8C(/1#5(.?$+* STM-64 6+4+9+ 5+?+(.6#3 NGN (Next Generation 
Network), 5*.B6&;6&D.662: B(3 5+$1*+.6#3 42$+?+$?+*+$1627 
8C(/1#$.*4#$627 1*&6$5+*1627 $.1.:. >6 *.&(#;C.1 1*# C*+463 
+'*&'+1?# 1*&G#?&: +51#D.$?#: (Level 0), SDH-C*+4.6/ (Level 1) # 
C*+4.6/ ?+88C1&A## 5&?.1+4 (Level 2). OME6500 8+,.1 #$5+(/;+4&1/$3 4 
?&D.$14. +?+6.D6+9+ 8C(/1#5(.?$+*&, 8C(/1#5(.?$+*& 44+B&-424+B& 
ADM #(# C;(& ?*+$$-?+66.?1& DXC 4 $.1.427 $1*C?1C*&7, #8.0F#7 
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1+5+(+9#0 "1+D?&-1+D?&", "A.5+D?&", ";4.;B&", "?+(/A+", "3D.#$1&3 $.1/", 
& 1&?,. 4 ?&D.$14. E(0;& 8.,BC $.138# $ *&;(#D6+: 1+5+(+9#.:. 

@ ;&4#$#8+$1# +1 6&'+*& 1*#'C1&*627 # &9*.9&1627 5(&1 +6 8+,.1 
5+BB.*,#4&1/ $(.BC0F#. $.1.42. #61.*G.:$2: 
− E1 (2 J'#1/$); 
− E3/DS3 (34/45 J'#1/$); 
− STM-1 (155 J'#1/$); 
− STM-4 (622 J'#1/$); 
− STM-16 (2,5 R'#1/$); 
− STM-64 (10 R'#1/$); 
− Fast Ethernet (10/100BaseT, 100BaseTX); 
− Gigabit Ethernet (1000BaseT, 1000BaseSX, 1000BaseLX, 

1000BaseZX); 
− 10 Gigabit Ethernet (10 R'#1/$); 
− CWDM, Fiber Channel # FICON; 
− DWDM c E&9+8 50 # 100 RRA (10 R'#1/$); 
− Synchronous Ethernet. 

N$5+(/;+4&6#. 8+BC(.: SFP 5+;4+(3.1 ?+8'#6#*+4&1/ +51#D.$?#. 
#61.*G.:$2 *&;(#D6+: B&(/6+$1# # $?+*+$1# 5.*.B&D# (STM-1/4) 6& 
+B6+: 5(&1. # +*9&6#;+424&1/ *.;.*4#*+4&6#. 1*&G#?& # +'+*CB+4&6#3 
5+ $7.8& 1+1 B(3 B4C7 *&;(#D627 8+BC(.: 6& $+$.B6#7 5(&1&7. S&(#D#. 
DWDM 8+BC(.: DPO +'.$5.D#4&.1 5+B?(0D.6#. OME6500 ? 
+'+*CB+4&6#0 Optera Metro 5000 # CPL. 

@2$+?&3 5*+#;4+B#1.(/6+$1/ 5+(6+B+$1C5627 ?+88C1&A#+6627 
8&1*#A # #7 100% *.;.*4#*+4&6#. 5+;4+(3.1 +$CF.$14(31/ +5.*&A## 
?*+$$?+6.?1& 1*&G#?& 6& C*+46. 4#*1C&(/627 ?+61.:6.*+4 
VC12/VC3/VC4 (8&1*#A& 80 R'#1/$) # 6& C*+46. VC3/VC4 (8&1*#A& 160 
R'#1/$). 
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JC(/1#5(.?$+* OME6500, ?&? 5*.B$1&4#1.(/ 5+?+(.6#3 NGN, 
*.&(#;C.1 1&?,. *3B GC6?A##, 6.+'7+B#827 B(3 5+BB.*,?# $.1.: $ 
?+88C1&A#.: 5&?.1+4: 
− Contiguous Concatenation # Virtual Concatenation; 
− Link Capacity Adjustment Scheme (LCAS); 
− Generic Framing Procedure (GFP); 
− Resilient Packet Rings (RPR). 
− O(&9+B&*3 5+BB.*,?. 1.76+(+9#: GFP/RPR +'.$5.D#4&.1$3 

4+;8+,6+$1/ 42$+?+HGG.?1#46+: 5.*.B&D# 5&?.16+9+ 1*&G#?& 
Ethernet 5+4.*7 SDH  4 $++14.1$14## $+ $1&6B&*1+8 802.1Q VLAN.  

− M(3 ;&F#12 1*&G#?& (4 1+8 D#$(. 5&?.16+9+) 4 OME6500 
#$5+(/;C01$3 $(.BC0F#. $7.82 ;&F#12 1*&G#?& # +'+*CB+4&6#3: 

− MSP 1+1 # MSP 1:1 (Multiplex Section Protection); 
− SNCP (Subnetwork Connection Protection)/UPSR (Uniderectional 

Protection Self-healing Ring); 
− MS-SPRing (Multiplex Section – Shared Protection Ring)/BSHR-4 

(Bidirectional Self-healing Ring); 
− Optical Path Protection; 
− Dynamic mesh restoration ASTN (Automatically Switched Transport 

Network). 
− *.;.*4#*+4&6#. 1*#'C1&*627 5(&1 1+1 1:N. 

>'+*CB+4&6#. OME6500 5+BB.*,#4&.1 4$1*+.662. ?&6&(2 
C5*&4(.6#3 DCC *&'+1&0F#. ?&? 5+ 1.76+(+9## IP, 1&? # 5+ 1.76+(+9## 
OSI. M(3 A.(.: C5*&4(.6#3, &B8#6#$1*#*+4&6#3 # ?+61*+(3 CB&(.6627 
$.1.427 C;(+4 5+?+(.6#3 NGE #$5+(/;C.1$3 IP DCC.  

K&? '2(+ 5+?&;&6+ 42E., 4 ?&D.$14. ?&6&(++'*&;C0F.9+ 
+'+*CB+4&6#3 ;&B&6628 1*.'+4&6#38 6&#'+(.. 5+(6+ +14.D&01 
8C(/1#5(.?$+* OME6500. 

@ ?&D.$14. +'+*CB+4&6#3 DWDM-(#6.:6+9+ 1*&?1& 42'*&6+ 
+'+*CB+4&6#. CPL (Common Photonic Layer) 5*+#;4+B$14& ?+85&6## 
Nortel [20]. 
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CPL – ;6&D#1.(/6+. B+$1#,.6## Nortel 4 +'(&$1# $+;B&6#3 
&B&51#4627 5+(6+$1/0 +51#D.$?#7 #61.((.?1C&(/627 $.1.:, 4 ?+1+*27 
6& 4$.7 H1&5&7 +'*&'+1?# 6. 1*.'C.1$3 5*.+'*&;+4&6#. 5.*.B&4&.827 
$#96&(+4 4 H(.?1*#D.$?C0 G+*8C. >6+ 5+;4+(3.1 *&;B.(#1/ 
1*&6$5+*162: +51#D.$?#: C*+4.6/ # C*+4.6/ 5*.B+$1&4(.6#3 
1.(.?+88C6#?&A#+66+ $.*4#$&. %&?+. *&;B.(.6#. +'.$5.D#4&.1 9#'?+$1/ 
+'+*CB+4&6#3 5*# $1*+#1.(/$14. 9+*+B$?#7, *.9#+6&(/627 # 
8&9#$1*&(/627 $.1.:, .9+ +51#8#;&A#0 5*# *.E.6## ?+6?*.1627 ;&B&D 
$43;# 5*# 8#6#8&(/627 #64.$1#A#37 6& $&8+8 42$+?+8 1.76#D.$?+8 
C*+46.. )*# *&;*&'+1?. CPL '+(/E+. 46#8&6#. CB.(3(+$/ C4.(#D.6#0 
#61.((.?1C&(/6+: 6&$2F.66+$1# +'+*CB+4&6#3, 5+(6+: &41+8&1#;&A## 
4$.7 5*+A.$$+4 5*+.?1#*+4&6#3, 6&$1*+:?# DWDM +51#D.$?+9+ 1*&?1& 
6& H1&5. 5*+4.B.6#3 5C$?+-6&(&B+D627 *&'+1, 8+6#1+*#69& # C5*&4(.6#3 
#8 4 5*+A.$$. H?$5(C&1&A## # B&(/6.:E.: 8+B.*6#;&A##. 

>B6#8 #; 1.76#D.$?#7 *.E.6#: +'.$5.D#4&0F#7 9#'?+$1/ 
+'+*CB+4&6#3 $1&( +1?&; +1 1*&B#A#+66+9+ #$5+(6.6#3 4 4#B. ?&*?&$&, 
;&5+(63.8+9+ 5(&1&8# H(.?1*+66+-+51#D.$?#7 '(+?+4, +'P.B#63.827 
D.*.; H(.?1*#D.$?#: 8+61&, 6& ;&B6.: $1.6?.. @$. GC6?A#+6&(/62. C;(2 
CPL 425+(6.62 4 4#B. +1B.(/627 GC6?A#+6&(/6+ ;&?+6D.6627 8+BC(.:, 
C5*&4(3.827 D.*.; Ethernet # $+.B#6.6627 +51#D.$?#8# 5&1D?+*B&8#, #; 
?+1+*27, ?&? #; ?C'#?+4 G+*8#*C.1$3 6.+'7+B#8&3 &*7#1.?1C*& $.1.4+9+ 
1*&6$5+*16+9+ C;(&. T1+ 4 ;6&D#1.(/6+: 8.*. +'(.9D&.1 5*+A.$$ $+;B&6#3 
# #;8.6.6#3 ?+6G#9C*&A## $.1# '.; 5.*.*24& $43;#. 

>$+'2: #61.*.$ ? CPL 42;24&.1 1+, D1+ +6+ B&.1 4+;8+,6+$1/ 4 
B#&5&;+6. B(#6 4+(6 "!" 5+$1*+#1/ 6& '&;. B4C7 +51#D.$?#7 4+(+?+6 
?&'.(3 $ 6.$8.F.66+: B#$5.*$#.: DWDM (#6.:62: 1*&?1 B(3 36 (100 
RRA) #(# 72 (50 RRA) $#$1.8 5.*.B&D# C*+463 STM-64 5*# B&(/6+$1# 
$43;# B+ 2000 ?8 # '+(... )*# H1+8, 4 $(CD&. 5*#8.6.6#3 4 ?&D.$14. 
?&6&(++'*&;C0F.9+ +'+*CB+4&6#3 8C(/1#5(.?$+*& OME6500 5*# $.1?. 
B(#6 4+(6, $++14.1$14C0F.: D&$1+16+8C #61.*4&(C 50 RRA, 6. 1*.'C01$3 
$5.A#&(/627 ?+85.6$&1+*+4 7*+8&1#D.$?+: B#$5.*$##. UZ ?+85.6$&A#3 
+$CF.$14(3.1$3 &41+8&1#D.$?# 4 &B&51#46+8 *.,#8. 5C1.8 
$++14.1$14C0F.9+ #;8.6.6#3 G+*82 5.*.B&4&.8+9+ $#96&(& 
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8C(/1#5(.?$+*& 5+ ?&,B+: #; #$5+(/;C.827 B(#6 4+(6. CPL, 
4;&#8+B.:$14C3 c OME6500 D.*.; 5*+9*&88C $.1.4+9+ C5*&4(.6#3 
1*&6$5+*1628 C*+46.8 Optical Network Manager +'.$5.D#4&.1 
&41+8&1#D.$?#: ?+61*+(/ ;& 5*+A.$$+8 ?+85.6$&A##, C*+4638# 
+51#D.$?#7 $#96&(+4, #7 +51#8#;&A#.: B(3 #$?(0D.6#3 6.(#6.:627 
#$?&,.6#:. 

>'+*CB+4&6#. CPL #8..1 $(.BC0F#. +$6+462. 1.76#D.$?#. 
7&*&?1.*#$1#?#: 
− D#$(+ B(#6 4+(6 4 B#&5&;+6. "!", 5+BB.*,#4&.827 B(3 $#$1.8 $+ 

$?+*+$138# 5.*.B&D# 2,5, 10 # 40 R'#1/$ – 36 (100 RRA) # 72 (50 
RRA) 5*# (0'+: ?+8'#6&A##; 

− 5+BB.*,#4&.8+. $.1.4+. +'+*CB+4&6#.: OM3200/5200, OME6500, 
Optical Cross Connect DX/HDX/HDXc # B*C9+. +'+*CB+4&6#., 
5+BB.*,#4&0F.. *.?+8.6B&A## ITU-T, 4 D&$16+$1# G.709; 

− B&(/6+$1/ $43;#: +1 10 B+ 2000 ?8 # '+(.. 4 ;&4#$#8+$1# +1 
5+B?(0D.66+9+ ? CPL ?&6&(++'*&;C0F.9+ +'+*CB+4&6#3; 

− ?+61*+(/ +51#D.$?+9+ 1*&?1&: 8+6#1+*#69 *&'+D#7 B(#6 4+(6, 
5+$1+366&3 B#6&8#D.$?&3 +51#8#;&A#3 $#$1.82, &41+8&1#D.$?&3 
(+?&(#;&A#3 6.#$5*&46+$1.:; 

− 5+BB.*,#4&.8&3 ?+6G#9C*&A#3 +51#D.$?+: $.1#: "1+D?&-1+D?&", 
"?+(/A+", "3D.#$1&3 $.1/" # B*C9#. *&$5*+$1*&6.662. $7.82 
;&F#12 1*&G#?&; 

− 5+*12 B(3 5+B?(0D.6#3 ? $#$1.8. $.1.4+9+ C5*&4(.6#3:  
10BaseT, RS232, 10/100BaseT, COLAN; 

− $#$1.82 C5*&4(.6#3 $.1.428# H(.8.61&8#: SNMP, TL1, Optical 
Network Manager; 

− 5+1*.'(3.8&3 8+F6+$1/ 5*# 5+(6+: ;&9*C;?.: 155 @= (36 B(#6 
4+(6), 255 @= (72  
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"&$$8+1*#8 +$+'.66+$1# GFP-F 5*+1+?+(&, 5*#8.63.8+9+ 4 
?+88C1&1+*&7 L2SS 

N6?&5$C(3A#3 ?&B*& Ethernet 4 ?&B* GFP-F 5*+1+?+(& 5+?&;&6& 6& 
*#$. 2.7. 

 

 
"#$. 2.7. N6?&5$C(3A#3 ?&B*& Ethernet 4 ?&B* GFP-F 

 
>1$0B& $(.BC.1, D1+ 5*# #6?&5$C(3A## ?&B*+4 Ethernet 4 ?&B*2 

GFP-F, $(C,.'6&3 #6G+*8&A#3 $+$1&4#1 8 '&:1 ;&9+(+4?& 5(0$ +1 0 B+ 60 
'&:1 *&$E#*.6#3 ;&9+(+4?&. 
 J2 5+(CD#(# 1.+*.1#D.$?+. ;6&D.6#. $?+*+$1# 5.*.B&D# Ethernet-
1*&G#?& D.*.; ?+61.:6.*2 VC-4, 5*#634 B(#6C *&$E#*.6#3 ;&9+(+4?& 
6C(.4+: ($1+('.A Theory 4 1&'(#A. 3.1.) . 
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%&'(#A& 2.1. 
%.+*.1#D.$?&3 +A.6?& 5*+5C$?6+: $5+$+'6+$1# Ethernet 1*&G#?&, 

#6?&5$C(#*+4&66+9+ 4 GFP-F 
FrameSize Tx fps Theory VC4 Header ext 

64 1225935 141,23 149,76 4 
128 664788 144,66 149,76 5 
256 349050 147,44 149,76 4 
512 178516 148,53 149,76 4 
1024 90313 149,12 149,76 4 
1280 72416 149,23 149,76 5 
1518 61146 149,29 149,76 5 

 
ID#124&3, D1+ D.*.; #6?&5$C(3A#0 4 ?+61.:6.*2 VC-4 5*+7+B#1 

149 760 K'#1/$ 1*&G#?&, 8+,6+ $B.(&1/ 424+B + $*.B6.8 ?+(#D.$14. '&:1 
4 5+(. *&$E#*.6#3 ;&9+(+4?& ?&B*& 5*+1+?+(& GFP-F ($1+('.A Header ext 
4 1&'(#A. 2.1.). 
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).*42: H1&5 8+B.*6#;&A## 1*&6$5+*16+: $.1# 5*.B$1&4(.6 6& 
*#$.2.8. 

()+(6C0 $7.8C $8. 5*#(+,.6## 1.) 

 
 

"#$. 2.8. !
7.8& 5.*4+9+ H1&5& 8+B.*6#;&A## 

1*&6$5+*16+: $.1#. 
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@+1*+: H1&5 8+B.*6#;&A## 1*&6$5+*16+: $.1# 5*.B$1&4(.6 6& 
*#$.2.9. 

()+(6C0 $7.8C $8. 5*#(+,.6#. 2.) 

 

"#
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%*.1#: H1&5 8+B.*6#;&A## 1*&6$5+*16+: $.1# 5*.B$1&4(.6 6& 
*#$.2.10. 
()+(6C0 $7.8C $8. 5*#(+,.6#. 3.) 

 
 

"#$. 2.10. !
7.8& 1*.1/.9+ H1&5& 8+B.*6#;&A## 

1*&6$5+*16+: $.1#. 
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2.3. 5DH>BIJK@LJX IP-M>GJ 
 

!)M #8..1 #.*&*7#D.$?C0 $1*C?1C*C. K&,B2: C*+4.6/ #.*&*7## 
!)M 5*.B6&;6&D.6 B(3 &9*.9#*+4&6#3 1*&G#?&, 5+*+,B&.8+9+ 6& 
5*.B2BCF.8 C*+46.. @4+B31$3 $(.BC0F#. C*+46# !)M: 

1) J&9#$1*&(/62: C*+4.6/ !)M. S& 1.?CF.8 H1&5. $1*+#1.(/$14& 
!)M $+$1+#1 #; B4C7 +$6+4627 C;(+4 – 8&*E*C1#;&1+*+4 IP-
5&?.1+4 (+B6+4*.8.66+ 34(30F#7$3 MPLS-?+88C1&1+*&8#), 
$+.B#63.827 8.,BC $+'+: 6.$?+(/?#8# ?&6&(&8# STM-64 $ 
5*+1+?+(+8 Packet over SONET/SDH (POS) #/#(# 10GE. I;(2 
*&$5+(&9&01$3 4 9. !&6?1-).1.*'C*9 («O+*+4&3 C(., 57 – N@- 
>WM, L=< 1») # 9. J+$?4& («L.6#69*&B$?#: 4+?;&(»). 
J&9#$1*&(/62. 8&*E*C1#;&1+*2 8+9C1 +'.$5.D#1/ 5+B?(0D.6#. ? 
!)M &'+6.61+4 5+ ?&6&(&8 FE, GE # 10GE; ?*+8. 1+9+, 
8&9#$1*&(/62: C;.( !)M B+(,.6 +'.$5.D#1/ B+$1C5 ? 
8.,BC6&*+B628 +5.*&1+*&8 N61.*6.1. >$6+4628# GC6?A#38# 
8&9#$1*&(/6+9+ C*+463 34(301$3: 4+;8+,6+$1/ 42$+?+$?+*+$16+: 
5.*.B&D# 5*+1+?+(& IP 6& '&;. 1.76+(+9## MPLS; 5+B?(0D.6#. 
+5.*&1+*+4 N61.*6.1 # ?*C5627 ?+*5+*&1#4627 ?(#.61+4 ? 
42$+?+$?+*+$1628 #61.*G.:$&8; 5+$1*+.6#. ;&?*2127 
4#*1C&(/627 $.1.:. 

2) I*+4.6/ B+$1C5& !)M. )*.B$1&4(3.1 $+'+: ?+85(.?$ 
8&*E*C1#;&1+*+4 # ?+88C1&1+*+4 B+$1C5& !)M, +'.$5.D#4&0F#7 
B+$1C5 &'+6.61+4 5+ #61.*G.:$&8 TDM # 5+ #61.*G.:$&8 1#5& 
Ethernet (Fast Ethernet, Gigabit Ethernet # 10 Gigabit Ethernet). 
J&*E*C1#;&1+*2 # ?+88C1&1+*2 B+$1C5& B+(,62 '21/ $+.B#6.62 
$ 8&9#$1*&(/628# 8&*E*C1#;&1+*&8# 6.$?+(/?#8# 
5&*&((.(/628# ?&6&(&8# 5+ 5*+1+?+(C Gigabit Ethernet # 10Gigabit 
Etthernet. >$6+4628# GC6?A#38# C*+463 B+$1C5& 34(3.1$3 
5*.B+$1&4(.6#. B+$1C5& &'+6.61+4 !)M 5+ $*.B6.$?+*+$1628 
?&6&(&8, 425+(6.6#. 5+9*&6#D6+: GC6?A## B(3 1.76+(+9## MPLS 
B(3 +'.$5.D.6#3 C$(C9# ;&?*2127 4#*1C&(/627 $.1.: (VPN). 
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I;.( +'8.6& 1*&G#?+8 $ +5.*&1+*&8# N61.*6.1 «J9», 
+'.$5.D#4&0F#: +'8.6 1*&G#?+8 $ B*C9#8# 6&A#+6&(/628# 
+5.*&1+*&8# 4 +$6+46+: 1+D?. +'8.6& 1*&G#?+8 N61.*6.1 "+$$## - «J9-
IX», *&$5+(+,.66+: 6& «J.,BC6&*+B6+: 1.(.G+66+: $1&6A## [9», 9. 
J+$?4&. J&*E*C1#;&1+* C;(& B+(,.6 4?(0D&1/$3 4 8&9#$1*&(/6C0 $.1/ 
5+ 5*+1+?+(C 10Gigabit Ethernet.  

"&$$8+1*#8 $7.8C $.1# B+ 8+B.*6#;&A## # +5*.B.(#8, 5+D.8C +6& 
6. +14.D&.1 1*.'+4&6#38 1.76#D.$?+9+ ;&B&6#3 ("#$. 2.11.). ()+(6C0 
$7.8C $8. 5*#(+,.6#. 4.) 

 

 
"#$. 2.11. !7.8& IP-$.1# B+ 8+B.*6#;&A##. 

 
R(&462. 5*+'(.82 4 +'+;6&D.66+: $7.8.: 

1) S#;?&3 5*+5C$?6&3 $5+$+'6+$1/ +$6+46+9+ ?&6&(& J+$?4& – 
!&6?1-).1.*'C*9 # *.;.*46+9+ (#6?& J+$?4& J9 – !&6?1-
).1.*'C*9 
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2) >*9&6#;&A#3 +$6+46+9+ ?&6&(& J+$?4& – !&6?1-).1.*'C*9 $ 
5+8+F/0 1.76+(+9## SDH, #$5+(/;C3 5(&12 POS 4 Cisco 
GSR12012/GRP, 6.$.1 4 $.'. 4$. 1.76+(+9#D.$?#. 8#6C$2 SDH, 
?+1+*2. '2(# *&$$8+1*.62 42E. 

3) J&*E*C1#;&1+* Cisco GSR12012/GRP #8..1 1.76#D.$?+. 
+9*6#D.6#. 4 4#B. 8&?$#8&(/6+: $C88&*6+: 5*+5C$?6+: 
$5+$+'6+$1# 2,5 R'#1/$ 6& +B#6 8+BC(/, D1+ C,. 4 6&$1+3F.. 4*.83 
$(#E?+8 8&(+ 

4) J&*E*C1#;&1+* Cisco GSR12012/GRP 5+ $4+.8C 6&;6&D.6#0 
1*&6;#162: 8&*E*C1#;&1+* # 6. 5+BB.*,#4&.1 86+9#. 
1*.'C0F#.$3 B(3 42$+?+$?+*+$1627 ?(#.61$?#7 4?(0D.6#: 
GC6?A## (6&5*#8.*, NetFlow $1&1#$1#?& 5+ 1*&G#?C, $D.1D#?# 6& 
#61.*G.:$&7) 

5) J&*E*C1#;&1+*2 C*+463 B+$1C5& Cisco 7206 5.*.$1&01 
CB+4(.14+*31/ 5+ 5*+5C$?6+: $5+$+'6+$1#, 1&? ?&? +9*&6#D.62 1 
R'#1/$ 

6) S. $CF.$14C.1 4+;8+,6+$1# 8&$E1&'#*+4&6#3 5+1+?+4 1*&G#?& # 
E#*+?+9+ 46.B*.6#3 ?&6&(+4 10GE 
N$7+B3 #; 5*#4.B.66+9+ *3B& 5*#D#6 1*.'C.1$3 42'*&1/ 6+42. 

C$1*+:$14& C*+463 3B*& IP-$.1#, +'.$5.D#1/ (CDEC0 # '+(.. $?+*+$16C0 
$43;6+$1/ 6& 8&9#$1*&(/627 6&5*&4(.6#3 $.1#, 1&?,. 6.+'7+B#8+ 
42'*&1/ 1*.'C.82. 5*#.8+-5.*.B&0F#. +51#D.$?#. 8+BC(# B(3 ?&,B+: 
8&9#$1*&(/6+: (#6## $43;#. 

!1*C?1C*6+ 6.+'7+B#8+ +'.$5.D#1/ $(.BC0F..: 
1) C$1&6+4#1/ 2 8&*E*C1#;&1+*& C*+463 3B*&, ?+1+*2. 5+;4+(31 

+'.$5.D#1/ ?&6&(2 $+ $?+*+$138# 10GE B(3 8&9#$1*&(.: $.1# # 
B(3 5+B?(0D.6#3 ?*C5627 ?(#.61+4, 1&?,. ?+1+*2. 5+;4+(31 
4?(0D.6#. $*.B6.$?+*+$1627 ?(#.61+4 $ 4+;8+,6+$13/0 
5+(CD.6#3 $1&1#$1#?# 5+ 1*&G#?C. 

2) $43;&1/ #7 B4C83 6&B.,628# ?&6&(&8# .8?+$1/0 10GE ?&,B2:, 
+'P.B#6#4 #7 $ 5+8+F/0 Etherchannel &9*.9#*+4&6#3 
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3) '24E#: +$6+46+: ?&6&( IP-$.1# J+$?4& – !&6?1-).1.*'C*9 
+$1&4#1/ 4 *+(# *.;.*46+9+ 6& $(CD&: 427+B& #; $1*+3 
+'+*CB+4&6#3, ?+1+*+. *.;.*4#*C.1 +$6+46+: ?&6&( 

4) +'.$5.D#1/ 42B.(.662. (#6## IP over SDH B(3 4#*1C&(/627 
?&6&(+4 ?(#.61+4 6& 6.$?+(/?#7 C*&$1?&7 $.1# 
)*# *&;*&'+1?. $1*C?1C*2 $.1# 4&,6+ 4+$5+(/;+4&1/$3 #B.38# 

5*#6A#5& B.A.61*&(#;&A##. )+ 5+$(.B6#8 +A.6?&8 ?+85&6## Cisco 
Systems [24] *.&(#;&A#3 B&66+9+ 5*#6A#5& 4 5+$1*+.6## $+4*.8.6627 
$.1.:, +*#.61#*+4&6627 6& '+(/E#. +'P.82 1*&G#?& (4 1.D. 6& C$(C9# 
Triple Play – 9+(+$, 4#B.+ # B&662. 5+ IP), 6.$.1 $CF.$14.66C0 H?+6+8#0 
# '+(.. '2$1*2: 4+;4*&1 #64.$1#A#: 5+ $*&46.6#0 $ $.138#, 
5+$1*+.6628# 5+ 5*#8.634E.8C$3 B+ 6&$1+3F.9+ 4*.8.6# 5*#6A#5C 
A.61*&(#;&A##. -.61*&(#;&A#3 5*#4+B#1 ? 1+8C, D1+ 4$. '+(/E#. # 
'+(/E#. $ ?&,B28 9+B+8 +'P.82 1*&G#?& B+(,62 5*+7+B#1/ D.*.; 
A.61*+4+. +'+*CB+4&6#.. J+,6+ C(CDE#1/ H1C $#1C&A#0, ?+1+*&3 8+,.1 
5*#4.$1# ? 5+34(.6#0 «C;?+9+» 8.$1& 4 $.1#, B.:$14C3 5+ 5*#6A#5C 
*&;B.(.6#3 GC6?A#: # 1*&G#?& 8.,BC *&;(#D628# C;(&8# $.1#. K*+8. 
1+9+, A.(.$++'*&;6+ 1*&G#? 4#*1C&(/627 ?&6&(+4 B&(/6.: $43;# B(3 
6.?+1+*27 ?(#.61+4 42B.(31/ 6& +1B.(/62. B(#62 4+(6 4 1*&6$5+*16+: 
$.1# DWDM # 5(0$ ? 1+8C 5C$?&1/ 6&5*38C0 D.*.; NGSDH *.E.6#3 4 
1*&6$5+*1627 8C(/1#5(.?$+*&7, +'.$5.D#4&0F#. IP 5+4.*7 SDH. 

O2(# +*9&6#;+4&62 IP 4#*1C&(/62. ?&6&(2 $ 5+8+F/0 L2SS 
8+BC(.: 4 1*&6$5+*1627 8C(/1#5(.?$+*&7. S.?+1+*2. +'.$5.D#4&01 
4#*1C&(/62. ?&6&(2 J+$?4& – !&6?1-).1.*'C*9, B*C9#. ?&6&(2 6& 
;&9*&6#AC B+ 6&E#7 1+D.? 5*#$C1$14#3. 

%&?&3 &*7#1.?1C*& 34(3.1$3 9#'?+: # $.*4#$-+*#.61#*+4&66+:. 
"&;*&'+1&66&3 $7.8& IP-$.1# 5*.B$1&4(.6& 6& *#$. 2.12. ()+(6C0 

$7.8C $8. 5*#(+,.6#. 5.) 
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"&$D#1&.8 ;&B.*,?#. 
@ $1&6B&*1. 802.3ae (10 Gigabit Ethernet) 4 D&$1# «Part 3: Carrier 

Sense Multiple Access with Collision Detection (CSMA/CD) Access Method 
and Physical Layer Specifications Amendment 1: Media Access Control 
(MAC) Parameters, Physical Layers, and Management Parameters for 10 Gb/s 
Operation» [x] 5*#4.B.6& G+*8C(& B(3 *&$D.1& ;&B.*,?# 4 +51#D.$?+8 
?&'.(. D.*.; «'#1+4+. 4*.83 6& 8.1*» (bit time per meter BT/m): 

cable delay = 
1010

nc   BT/m 
)&*&8.1* n +5*.B.(3.1 +16+E.6#. $?+*+$1# $4.1& 4 +51#D.$?+8 

4+(+?6. ? $?+*+$1# $4.1& 4 4&?CC8.. >'2D6+ 5&*&8.1* n B+(,.6 
5*.B+$1&4(31/ 5*+#;4+B#1.(/ +51#D.$?+9+ 4+(+?6&. S+ .$(# 5&*&8.1* 
6.#;4.$1.6, 1+ 5*#6#8&.1$3 ;6&D.6#. 5+ C8+(D&6#0 n = 0,66. 

)&*&8.1* c +5*.B.(3.1 $?+*+$1/ $4.1& 4 4&?CC8. # *&4.6 3*108 8/$. 
M(3 5*#+'*&;+4&6#3 '#1+4+: ;&B.*,?# 4 .B#6#A2 6$/8 B&6& 

%&'(#A& 2.2. 
%&'(#A& 2.2. 

%&'(#A& 5*.+'*&;+4&6#3 ;&B.*,.? 4 +51+4+(+?6. 
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%&'(#A& 2.3. 
"&$D.162. ;&B.*,?# 8.,BC +$6+4628# C;(&8# 

 
@ $1+('A. %&'(#A2 2.3. «4+(+?+66&3» 5*#4.B.6& *&$D#1&66&3 

;&B.*,?& 4 4+(+?6. B&66+: B(#62. %*.'C.8&3 ;&B.*,?& 5+ ;&B&6#0 
1&?+4&, D1+'2 6. 5*.42E&1/ 15% 5+ +16+E.6#0 ? 4+(+?+66+: ;&B&*,?. 
*&$5*+$1*&6.6#3 $#96&(&. 
 

  ?8 
4+(+?+6-
6&3, 8$ 

1*.'C.8&3,  
8$ % 

J+$?4& «"&$?+8» — !&6?1-
).1.*'C*9 «"&$?+8» — 685 ?8  
10GE DWDM; 685 6,9 7,9 15 
!&6?1-).1.*'C*9 «"&$?+8» — 
V*&6?GC*1 «Ancotel» — 530 + 520 
+ 1897 ?8 10GE DWDM # STM-64 
SDH-NGN. 2947 29,8 34,3 15 

!&6?1-).1.*'C*9 «"&$?+8» — 
!1+?9+(/8 «MCI» — 530 + 520 + 5 
?8 10GE DWDM # STM-64 NGN 1055 10,7 12,3 15 
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3. ,6-'! + *$&%!'28$ 8'53'*"*%', IP-&"%+ 
 
3.1. 8D?ADI>IGY GB@IMADBGIDN M>GJ 
 

"&$$8+1*#8 GC6?A#+6&(/62. +$+'.66+$1# # 5*.#8CF.$14& 
5(&1G+*82 OME6500. 

".E.6#. Nortel Optical Multiservice Edge 5+;4+(3.1 C5*+$1#1/ 
#6G*&$1*C?1C*C $.1# # $++14.1$14.66+ $+?*&1#1/ ;&1*&12 6& 46.B*.6#. 
*.E.6#3. LCDE#. 4 +1*&$(# 5+?&;&1.(# 5(+16+$1# $.*4#$627 
#61.*G.:$+4, 45.*42. *.&(#;+4&66&3 6.+9*&6#D.66&3 +B6+H1&56&3 
?+88C1&A#3 VT-1.5/VC-12 $+ $?+*+$1/0 80 R'#1/$, #61.9*#*+4&66&3 
?+88C1&A#3 C*+463 2 (5&?.16&3) # 5+BB.*,?& E#*+?+9+ $5.?1*& 
+51#D.$?#7 8+BC(.: +5.*&1+*$?+9+ ?(&$$& $ *&;(#D628# 5&*&8.1*&8#, 
1&?#8#, ?&? $?+*+$1/ 5.*.B&D#, D#$(+ 4+(6+427 ?&6&(+4 # B&(/6+$1/, – 
4$. H1+ 5+;4+(3.1 $+;B&4&1/ 6& +$6+4. H1+: 5(&1G+*82 ?+6G#9C*&A##, 
+14.D&0F#. *.&(/628 5+1*.'6+$138 ?+85&6#:, # '+(.. HGG.?1#46+ 
#$5+(/;+4&1/ #8.0FC0$3 .8?+$1/ E&$$#. 

)(&1G+*8& Nortel Optical Multiservice Edge 6500, 34(30F&3$3 
6+428 E&9+8 4 *&;4#1## 5*.?*&$6+ ;&*.?+8.6B+4&4E.: $.'3 6& *26?. 
+51#D.$?+: 1.76+(+9## Nortel, 5*.B$1&4(3.1 $+'+: ?+85&?16+., 
C6#4.*$&(/6+. *.E.6#., ?+1+*+. C$1&6&4(#4&.1 6+42. H?+6+8#D.$?#. 
$1&6B&*12 B(3 E#*+?+5+(+$627 $+.B#6.6#: '(&9+B&*3 42$+D&:E.8C 
C*+460 8&$E1&'#*C.8+$1#, 9#'?+$1#, 6&B.,6+$1# # '.;+5&$6+$1#. 

!6#,.6#. *&$7+B+4 6& 5*#+'*.1.6#. +'+*CB+4&6#3 # 
+5.*&A#+6627 ;&1*&1  

O+(.. HGG.?1#46&3 +*9&6#;&A#3 E#*+?+5+(+$627 $+.B#6.6#:, 
+'$(C,#4&0F#7 5*#(+,.6#3 $ 42$+?#8# 1*.'+4&6#38# ? 5*+5C$?6+: 
$5+$+'6+$1#  

"&;6++'*&;#. 5+BB.*,#4&.827 $.*4#$+4 # 42$+?&3 5(+16+$1/ 
#61.*G.:$+4, 5+;4+(30F#. $6#;#1/ $+4+?C56C0 $1+#8+$1/ 4(&B.6#3  

O+9&12: 42'+* +51#D.$?#7 #61.*G.:$+4 $ *&;(#D628# 
5+?&;&1.(38# B&(/6+$1#, $?+*+$1# 5.*.B&D# # ?+(#D.$14& 4+(6+427 
?&6&(+4 
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S.+'7+B#82. E&9# B(3 +9*&6#;&A## 42B.(.6627 ?&6&(+4: 
− I$1&6+4?& 5(&12 L2SS 4 8C(/1#5(.?$+*&7 OME65000 4 

).1.*'C*9. # !1+?9+(/8., D.*.; ?+1+*2. 'CBC1 +9*&6#;+4&62 B4& 
6+427 $12?& GE c Global  Crossing 4 !1+?9+(/8. # $12? GE $ MCI. 

− I$1&6+4?& 5(&12 L2SS 4 8C(/1#5(.?$+* OME6500 4 J+$?4. # 
5(&12 EPL 4 8C(/1#5(.?$+* OME4200 4+ V*&6?GC*1. # 
+*9&6#;&A#3 $12?& GE $ Sprint 4+ V*&6?GC*1.. 
"&$$8+1*#8 4+;8+,6+$1# ?+88C1&1+*& $.*4#$+4 2-9+ C*+463 

Layer2 Service Switch. 
>$6+462. $4+:$14&: 

− VC6?A#+6&(/6+$1/ ?+88C1&1+*& $ 5+BB.*,?+: ?&D.$14& 
+'$(C,#4&6#3 (QoS) 

− K+88C1&1+* *&$5+(+,.6 6.5+$*.B$14.66+ 4 ?&*1. 
− @#*1C&(/62. (+?&(/62. $.1#  
− >$6+4&662. 6& 1H9&7 (VLAN tag):  
− )+(#1#?# # QoS B(3 ?&,B+9+ ?(#.61&  
− !+.B#6.6#3 #; 1+D?# 4 1+D?C $ #$5+(/;+4&6#.8 +'F.9+ 

+'+*CB+4&6#3  
− J&$E1&'#*+4&6#. B+ 64 9*C55 VCG 6& ?&,BC0 ?&*1C  
− X#*#6& 5+(+$2 $4+3 B(3 ?&,B+9+ ?(#.61&  
− !1&1#$1#D.$?+. 8C(/1#5(.?$#*+4&6#. 

 
"#$. 3.1.>*9&6#;&A#3 ?&6&(+4 $ 5+8+F/0 L2SS. 
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Traffic Management 
• 5 ?(&$$+4 +'$(C,#4&6#3 (802.1p) 
• Policing ($ 9*&6C(3*6+$1/0 64?'#1/$) 
• 4 5+*1& GE SFP 
• Link Aggregation (802.3ad) 
• VLAN 
• Stacked VLANs – QiQ: 

o Tagged/untagged frames 
N61.*G.:$2 WAN: 

− #6?&5$C(3A#3 GFP-F 
− GFP *&'+1&.1 $ +'+*CB+4&6#.8 Nortel # B*C9#8, $++14.1$14C0F#8 

$1&6B&*1C 
− 64 9*C55 VCG (#(# WAN) 

J+BC(/ L2SS B(3 5(&1G+*82 OME6500 5+;4+(3.1 5*.B+$1&4(31/ 
C$(C9# 1.8, D/. +'+*CB+4&6#. *&'+1&.1 6& 2-+8 C*+46. $.1.4+: 
&*7#1.?1C*2 - Ethernet. 

J+BC(# L2SS +'.$5.D#4&01 4+;8+,6+$1/ +'P.B#631/ # 
?+88C1#*+4&1/ Ethernet-$.1#. 

Ethernet-$.*4#$2, ?+1+*2. 5+BB.*,#4&01 8+BC(# L2SS, 8+,6+ 
6&;4&1/ 4#*1C&(/628# Ethernet-$.*4#$&8#. 

@#*1C&(/62: Ethernet-$.*4#$ – H1+ ?+9B& 8C(/1#5(.?$#*C.1$3 
86+,.$14+ ?(#.61$?#7 5+1+?+4 B&6627 46C1*# #8.0F.:$3 1*&6$5+*16+: 
#6G*&$1*C?1C*2 ((#'+ 6& 1-+8 C*+46., (#'+ 6& 2-+8).  

%&?#. Ethernet-$.*4#$2 6&;24&01 Ethernet Virtual Line (EVL) #(# 
Ethernet Line Aggregation (ELA). 

 R(&4628 B+$1+#6$14+8 8+BC(.: L2SS B(3 #$5+(/;+4&6#3 6& 
8&9#$1*&(/6+: $.1# <=> «"&$?+8» 34(3.1$3 4&,6&3 4+;8+,6+$1/ – 
C5*&4(.6#. QoS 1*&G#?& IP-$.1#. @ 4#BC # 1&? #8.0F#7 8.$1+ '21/ 
6&?(&B627 *&$7+B+4 5*# #6?&5$C(3A## Ethernet 4 SDH 5*# 5+8+F# GFP, 
D1+ 4(.D.1 C8.6/E.6#. *.&(/6+: 5+(+$2 5*+5C$?&6#3, 5*#+*#1.;&A#3 
1*&G#?& 5+ QoS 427+B#1 6& 5.*42: 5(&6 B(3 4+;8+,6+$1# +'.$5.D.6#3 
B+9+4+*627 +'3;&1.(/$14 5+ 5+(+$. 5*+5C$?&6#3 5.*.B ?(#.61&8#. 
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"&$$8+1*#8 4+;8+,6+$1# ?+88C1&1+*& $.*4#$+4 2-9+ C*+463 EPL 

OPE100. 
EPL 5*.B+$1&4(3.1 $.*4#$, +'.$5.D#4&0F#: $+.B#6.6#. 1+D?&-

1+D?& 6& 41+*+8 C*+46., $ #$5+(/;+4&6#.8 #61.*G.:$+4 Ethernet. 
K+88C1&1+* EPL $(.BC.1 *&$$8&1*#4&1/ ?&? H4+(0A#0 
42B.(.6627/&*.6B+4&6627 ?&6&(+4 D.*.; TDM, ?+1+*&3 #8..1 1&?#. ,. 
?+HGG#A#.61 9+1+46+$1# # ?&D.$14.662. 5+?&;&1.(#, 6+ ;& 8.6/EC0 
$1+#8+$1/ # $ '+(/E.: HGG.?1#46+$1/0. 

M&662: 4#B C$(C9# 5+BB.*,#4&.1 *&$E#*.662. &1*#'C12 
(6&5*#8.*, 6&$1*&#4&.8C0 5+(+$C 5*+5C$?&6#3), ?+1+*2. 34(301$3 
B+5+(6#1.(/628 5*.#8CF.$14+8 B(3 C$(C9 5&?.16+: 5.*.B&D#. 

I$(C9# D.*.; ?+88C1&1+* EPL 5*.B+$1&4(301$3 ?+6.D628 
5+(/;+4&1.(38, #$5+(/;C3 *.$C*$2 *.;.*4#*+4&66+: 1*&6$5+*16+: $.1#. 
)*# H1+8 1*&G#? ?+6.D627 5+(/;+4&1.(.: *&;B.(.6 5+ *&;(#D628 
4#*1C&(/628 ?+61.:6.*&8 4 SDH (1&? 6&;24&.8&3 #;+(3A#3 6& C*+46. 1 4 
TDM).  

I$(C9& Ethernet Private Line (42B.(.66+. $+.B#6.6#. Ethernet) 
$5+$+'6& +'.$5.D#1/ 1*.'C.82: C*+4.6/ $.*4#$& # 5*+#;4+B#1.(/6+$1#, 
5*+5#$&662: 4 SLA, # 5+BB.*,#4&.1 QoS, 42$+?C0 '.;+5&$6+$1/ # 
B+$1C56+$1/. )+H1+8C B&662: 4#B C$(C9# 5+B7+B#1 B(3 ?(#.61+4 C*+463 
+5.*&1+*+4 $43;# # B(3 ?*#1#D.$?#7 B(3 '#;6.$& 5*#(+,.6#:. 

OPE100 (Optical Packet Edge 100) C5&?+424&.1 Ethernet G*H:82 
6&5*38C0 4 SDH G*H:82, D1+ 48.$1. $ 5*#8.6.6#.8 1.76+(+9## Virtual 
Concatenation (VCX) B&.1 HGG.?1#46+$1/ #$5+(/;+4&6#3 5+(+$2 
5*+5C$?&6#3 # 4+;8+,6+$1/ &B&51#46+: 6&$1*+:?#. 

)*.B+$1&4(.6#. $.*4#$& EPL D.*.; 5(&1C OPE100 B&.1 
4+;8+,6+$1/ $.*4#$-5*+4&:B.*&8 5*.B(&9&1/ C$(C9# $ (CDE.: 9#'?+$1/0 
# 8&$E1&'#*C.8+$1/0.  

K(0D.4&3 +$+'.66+$1/ OPE100 ;&?(0D&.1$3 4 5&?.16+-
+51#8#;#*+4&66+8 1*&6$5+*1. 6+4+9+ 5+?+(.6#3. 

%&?,. OPE100 8+,.1 5*.B+$1&4(31/ C$(C9#, #$5+(/;C3 ?+(/A.4C0 
1+5+(+9#0 # STP (Spanning Tree Protocol) B(3 +'.$5.D.6#3 '2$1*+9+ 
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4+$$1&6+4(.6#3 $43;# 5*# +1?&;. +B6+9+ #; 6.$?+(/?#7 5C1.: 
(#;'21+D627). 

>B6#8 #; 9(&4627 B+$1+#6$14 8+BC(.: EPL OPE100 34(3.1$3 #7 
$*&46#1.(/6+ 6#;?&3 $1+#8+$1/. S+ ;&1+ 6& 6#7 6.1 4+;8+,6+$1# 
C5*&4(31/ QoS. 
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3.2. 8D?ADI>IGY IP-M>GJ 
 
@ ?&D.$14. C;(+4+9+ +'+*CB+4&6#3 '2(+ *.E.6+ #$5+(/;+4&1/ 

8&*E*C1#;&1+*2 # ?+88C1&1+*2 5*+#;4+B$14& Cisco Systems. 
%&?+. *.E.6#. '2(+ 42'*&6+ #$7+B3 #; 1+9+, D1+ 4 #8.0F.:$3 

$.1# 5.*.B&D# B&6627 '&;+428 +'+*CB+4&6#.8 C*+463 3B*& C,. B+(9+. 
4*.83 34(3(#$/ C$1*+:$14& Cisco Systems # 5*+B.8+6$1*#*+4&(# 
+1(#D6C0 HGG.?1#46+$1/ # 6&B.,6+$1/. K*+8. 1+9+, ;& $D.1 B&46#7 
5&*16.*$?#7 +16+E.6#: $ ?*C5628 5+$1&4F#?+8 $.1.4+9+ +'+*CB+4&6#3 
Cisco A.62, 5*.B+$1&4(3.82. #8 $CF.$14.66+ B.E.4(. 5+ 5*+9*&88. 
$?#B+?. @&,6+ +18.1#1/, D1+ 6&(&,.662. +16+E.6#3 $ 5+$1&4F#?+8 
+'+*CB+4&6#3 +5*.B.(301 .F. 6.$?+(/?+ 8+8.61+4: $*+?# 5+$1&4?# 6& 
6+42. ;&?&;2, 1.76#D.$?&3 5+BB.*,?& C$1*+:$14, C$(C9# 5+ 
9&*&61#:6+8C +'$(C,#4&6#0. @$. H1# 8+8.612 8+9C1 34(31/$3 
?*#1#D.$?#8# B(3 '#;6.$& ?*C56+9+ +5.*&1+*& $43;#. ! 1.76#D.$?+: 
$1+*+62, C$1*+:$14& +B6+9+ 5*+#;4+B#1.(3 9+*&;B+ (.9D. «$+$12?+4&1/» 
8.,BC $+'+: 4+ 86+9#7 +16+E.6#37. (@ 1+8 D#$(. C5*+F&.1$3 ;&B&D& 
8+6#1+*#69& $+$1+36#3 C;(+4 9+8+9.66+: $#$1.82.) 

 
@ ?&D.$14. 8&*E*C1#;&1+*+4 C*+463 3B*& IP-$.1# '2(# 42'*&62 

Cisco 7609 # 7606, 5*#;6&62. # #$5+(/;C.82. '+(/E#6$14+8 $.*/.;627 
+5.*&1+*+4. %+(/?+ B&662. 8+B.(# C$1*+:$14 4 (#6.:?. B&66+9+ 
5*+#;4+B#1.(3 8+9C1 +'.$5.D#1/ 1C 8+F6+$1/ 5+ +'*&'+1?., 5.*.B&D., 
8&*E*C1#;&A## 1*&G#?&, ?+1+*&3 .$1/ 6& B&662: 8+8.61 # 1C, ?+1+*C0 
5(&6#*C.1$3 ;&B.:$14+4&1/ 4 '(#,&:E.8 'CBCF.8. 

Cisco 7609 +'.$5.D#4&.1 5*+5C$?6C0 $5+$+'6+$1/ ?+88C1&A## 
1*&G#?& B+ 720 R'#1/$ ;& $D.1 8+BC(3 Cisco Route Switch Processor 720 
(RSP 720). 

"&;(#D62. 4#B2 8+BC(.:, C$1&6&4(#4&.82. 4 B&662: 
8&*E*C1#;&1+*, 5+;4+(301 +*9&6#;+424&1/ ?(#.61$?#. 5+B?(0D.6#3 
1#5& Ethernet $+ $?+*+$138# +1 10 J'#1/$ B+ 10 R'#1/$. 
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Cisco 7606 +'.$5.D#4&.1 5*+5C$?6C0 $5+$+'6+$1/ ?+88C1&A## 
1*&G#?& B+ 480 R'#1/$ ($&8& 5(&1G+*8&) ;& $D.1 8+BC(3 Cisco Route 
Switch Processor 720 (RSP 720). 

T1# 8&*E*C1#;&1+*2 5+;4+(301 #$5+(/;+4&1/ 5+ B4& 
C$1&6+4(.6627 *+C1#69-5*+A.$$+*627 8+BC(3, *&'+1&0F#7 4 hot-standby 
*.,#8. # +'.$5.D#4&0F#. 100% *.;.*4#*+4&6#. 4 $(CD&. +1?&;& +B6+9+ 
#; H1#7 8+BC(.:. %&?,. C$1&6&4(#4&.1$3 5+ B4& '(+?& 5#1&6#3 6& ?&,B2: 
8&*E*C1#;&1+* # +'.$5.D#4&.1$3 100% *.;.*4#*+4&6#. 5+ 5#1&6#0. 

M(3 5+$1*+.6#3 +$6+4627 8&9#$1*&(/627 ?&6&(+4 #$5+(/;C0.8 
8+BC(# B(3 Cisco 7609 ($8. *#$. 5.8.), 5+BB.*,#4&0F#. C$1&6+4?C 
?+61*+((.*+4 #61.*G.:$+4 10GE 4 G+*8-G&?1+*. XENPAK 4 8+BC(# 
4710GE. 

@ ?&D.$14. ?+88C1&1+*+4 B+$1C5& #$5+(/;C0.8 $.*#0 
?+88C1&1+*+4 Cisco 3750 # 3750-10GE. 

>$6+46&3 8&9#$1*&(/ !)M +'*&;+4&6& B4C83 8&9#$1*&(/628# 
8&*E*C1#;&1+*&8# Cisco 7609, ?+1+*2. $+.B#6.62 8.,BC $+'+: B4C83 
?&6&(&8#. T1# ?&6&(2 5*.B$1&4(301 $+'+: ?&6&(2 $43;# 10GE over 
DWDM # +'P.B#6.6#2 5+ 1.76+(+9## EtherChannel. 

>$6+462. E&9# 5+ C$1&6+4?. 8&9#$1*&(/6+9+ IP-+'+*CB+4&6#3: 
− ;&?C5(.62  B4& 8&*E*C1#;&1+*& Cisco 7609 # C$1&6+4(.62 4 

J+$?4. 6& K+8$+8+(/$?+: 5(. 3/10 #  ).1.*'C*9. 6& O+*+4+: 57, # 
?+88C1&1+*2 Catalist3750-10G C$1&6+4(.6 6& JJ%!9 (MSK-IX); 

− +*9&6#;+4&6 ?&6&( 10G 8.,BC K+8$+8+(/$?+: 5(. 3/10 # JJ%!9 
(MSK-IX); 

− 5+B?(0D.62 8&*E*C1#;&1+*2 Cisco 7609 ? 5(&1&8 L2SS # 
8&*E*C1#;&1+*&8 GSR12000 D.*.; #61.*G.:$2 GE, +*9&6#;+4&62 
?&6&(2 8.,BC 8C(/1#5(.?$+*&8# OME6500 4 J+$?4. # !&6?1-
).1.*'C*9. B(3 5*+5C$?& IP-1*&G#?&, B&(.. 5.*.?(0D.62 
8&*E*C1#;&1+*+4 B+$1C5& # ?+88C1&1+*2 4 J+$?4. # ).1.*'C*9. ? 
#61.*G.:$&8 GE 6+427 8&*E*C1#;&1+*+4  Cisco 7609; 

− $43;&62 8&*E*C1#;&1+*2 Cisco 7609, C$1&6+4(.662. 4 J+$?4. # 
).1.*'C*9.  B4C83 ?&6&(&8# 10G, +*9&6#;+4&6628# 
6.5+$*.B$14.66+ 6& DWDM +'+*CB+4&6##; 
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− ;&?C5(.6 8&*E*C1#;&1+* Cisco 7606 # C$1&6+4(.6 4 !1+?9+(/8., 
$43;&6 ?&6&(+8 10G, +*9&6#;+4&6628 6.5+$*.B$14.66+ 6& DWDM 
+'+*CB+4&6##, $ 8&*E*C1#;&1+*+8 Cisco 7609 4 ).1.*'C*9.; 

− +*9&6#;+4&6 $12? 10G 8.,BC 8&*E*C1#;&1+*+8 Cisco 7606 #  
Global Crossing 4 !1+?9+(/8.; 

− ;&?C5(.62 ?+88C1&1+*2  Catalyst 3750-10G # Catalyst3750T-48 # 
C$1&6+4(.62 4 ).1.*'C*9. 6& O+*+4+: 57 4 ?+86&1. 304 (SPB-IX), 
9B. 5+B?(0D&01$3 5*&?1#D.$?# 4$. ?(#.612. >*9&6#;+4&6 $12? 
10G 8.,BC 8&*E*C1#;&1+*+8 Cisco 7609 # ?+88C1&1+*+8  Catalyst 
3750-10G. 

 
"&$$8+1*#8 ?+6G#9C*&A#0 8+BC(/627 C$1*+:$14. 
)*# *&;8.F.6## 8+BC(.: 5*#8.6.62 5*&4#(&, *&;*&'+1&662. 

5*+#;4+B#1.(.8 +'+*CB+4&6#3, # CD1.62 6.?+1+*2. +$+'.66+$1# 
&*7#1.?1C*2 C$1*+:$14 (B.(.6#. 6& 6.;&4#$#82. E#62).  

)*#8.6.62 8+BC(#, ?&? 5*&4#(+, 1#5& LX, ?+1+*2. 8+9C1 
+'.$5.D#1/ 1+(/?+ $43;/ 6& '(#;?#. *&$$1+36#3 (B+ 10 ?8), 5+$?+(/?C 
6.+'7+B#82 $+.B#6.6#3 1+(/?+ B+ DWDM 1*&6$5+*16+9+ +'+*CB+4&6#3, 
9B. D.*.; 1*&6$5+6B.*2 $#96&( 5*.+'*&;C.1$3 4 +B6C #; B(#6 4+(6 
$1&6B&*1& DWDM # 8C(/1#5(.?$#*C.1$3 4 8&9#$1*&(/6C0 +51#D.$?C0 
$.1/. 

J+BC(# 1#5& ZX 5*#8.6301$3 1+(/?+ 6& C*+46. B+$1C5& B(3 
5+B?(0D.6#3 CB&(.6627 ?(#.61+4 (*&$$1+36#3 B+ 100 ?8). 
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4. 78&3"!+5"*%$0:*$4 3!',"!8$ '&*',*6/ 
%"/*+;"&8+/ /$!$8%"!+&%+8, *"'-/'(+56/ 

(04 !$.!$-'%8+ SLA 
4.1. [>PJ J MB>HMGC@ ABDC>BRJ 
 

SLA (Service Level Agreement) - $+9(&E.6#. +' C*+46. C$(C9# - 
5.*.D.6/ 5&*&8.1*+4 ?&D.$14&, 8.1+B+4 # $*.B$14 #7 ?+61*+(3, & 1&?,. 
E1*&G62. $&6?A## ;& 6&*CE.6#. H1+9+ $+9(&E.6#3. 

@ $++14.1$14## $ *.?+8.6B&A#38# ITIL, SLA – H1+ +$6+46+: 
B+?C8.61, *.9(&8.61#*C0F#: 4;&#8++16+E.6#3 +5.*&1+*+4 $43;# # 
?(#.61+4. 

ITIL - H1+ O#'(#+1.?& N6G*&$1*C?1C*2 N6G+*8&A#+6627 
%.76+(+9#:. ITIL 5.*4+6&D&(/6+ '2(& 6&'+*+8 5*#8.*6+ 60 ?6#9, 
$+;B&6628 4 ?+6A. 1980-7 CCTA (Central Communications and Telecom 
Agency) 5*&4#1.(/$14& >'P.B#6Z66+9+ K+*+(.4$14& #; $+4+?C56+$1# 
5.*.B+4+9+ +521& B(3 IT. M(3 6&?+5(.6#3 5.*.B+4+9+ +521& # +'8.6& #8 
$+;B&6 G+*C8 ITSM Forum (www.itsmf.com) @ 6&$1+3F.. 4*.83 ITIL 
$1&6+4#1$3 $1&6B&*1+8 B.-G&?1+ B(3 N%. 

-.(/ B+?C8.61& SLA – B&1/ ?&D.$14.66+. # ?+(#D.$14.66+. 
+5#$&6#. $.*4#$+4, ?&? $ 1+D?# ;*.6#3 5*+4&:B.*&, 1&? # $1+D?# ;*.6#3 
?(#.61&.  

!+9(&E.6#. +' C*+46. $.*4#$& (Service Level Agreement – SLA) 
+5*.B.(3.1 4;&#862. +14.1$14.66+$1# 5*+4&:B.*& N%-$.*4#$& # 
5+(/;+4&1.(.: H1+9+ $.*4#$&.  

%#5+4&3 8+B.(/ SLA B+(,6& 4?(0D&1/ $(.BC0F#. *&;B.(2:  
1) >5*.B.(.6#. 5*.B+$1&4(3.8+9+ $.*4#$&, $1+*+62, 4+4(.D.662. 4 

$+9(&E.6#., # $*+?# B.:$14#3 $+9(&E.6#3. 
2) M6# # D&$2, ?+9B& $.*4#$ 'CB.1 5*.B(&9&1/$3, 4?(0D&3 

1.$1#*+4&6#., 5+BB.*,?C # 8+B.*6#;&A##.  
3) Y#$(+ # *&;8.F.6#. 5+(/;+4&1.(.: #/#(# +'+*CB+4&6#3, 

#$5+(/;C0F#7 B&662: $.*4#$.  

http://www.itsmf.com)


61 

4) >5#$&6#. 5*+A.BC*2 +1D.1+4 + 5*+'(.8&7, 4?(0D&3 C$(+4#3 
H$?&(&A## 6& $(.BC0F#: C*+4.6/. M+(,6+ '21/ 4?(0D.6+ 4*.83 
5+B9+1+4?# +1D.1&.  

5) >5#$&6#. 5*+A.BC*2 ;&5*+$+4 6& #;8.6.6#.. J+,.1 4?(0D&1/$3 
+,#B&.8+. 4*.83 425+(6.6#3 H1+: 5*+A.BC*2.  

6) !5.A#G#?&A## A.(.427 C*+46.: ?&D.$14& $.*4#$&, 4?(0D&3:  
− $*.B633 B+$1C56+$1/, 42*&,.66&3 ?&? $*.B6.. D#$(+ $'+.4 6& 

5.*#+B 5*.B+$1&4(.6#3 $.*4#$& 
− 8#6#8&(/6&3 B+$1C56+$1/ B(3 ?&,B+9+ 5+(/;+4&1.(3  
− $*.B6.. 4*.83 +1?(#?& $.*4#$&  
− 8&?$#8&(/6+. 4*.83 +1?(#?& B(3 ?&,B+9+ 5+(/;+4&1.(3  
− $*.B633 5*+5C$?6&3 $5+$+'6+$1/  
− +5#$&6#3 *&$D.1& 5*#4.B.6627 42E. 8.1*#? # D&$1+12 

+1D.1+4  
7) >5#$&6#. 5(&1.,.:, $43;&6627 $ $.*4#$+8. @+;8+,6+ ?&? 

C$1&6+4(.6#. .B#6+: A.62 ;& 4.$/ $.*4#$, 1&? # $ *&;'#4?+: 5+ 
C*+4638 $.*4#$&.  

8) >14.1$14.66+$1# ?(#.61+4 5*# #$5+(/;+4&6## $.*4#$& 
(5+B9+1+4?&, 5+BB.*,?& $++14.1$14C0F#7 ?+6G#9C*&A#: 
+'+*CB+4&6#3, 5*+9*&886+9+ +'.$5.D.6#3 #(# #;8.6.6#3 1+(/?+ 4 
$++14.1$14## $ 5*+A.BC*+: #;8.6.6#3).  

9) )*+A.BC*& *&;*.E.6#3 *&$$+9(&$+4&6#:, $43;&6627 $ 
5*.B+$1&4(.6#.8 $.*4#$&.  

10) )*+A.$$ C(CDE.6#3 SLA. @ #B.&(., SLA +5*.B.(3.1$3 ?&? +$+'2: 
$.*4#$. T1+ 5+;4+(3.1 $?+6G#9C*#*+4&1/ &55&*&16+. # 
5*+9*&886+. B(3 8&?$#8#;&A## $5+$+'6+$1# CB+4(.14+*31/ SLA. 
!+4*.8.66&3 8.1+B+(+9#3 #;8.*.6#: B(3 5&$5+*1#;&A## 

5&*&8.1*+4 ?&D.$14& 5*+*&'+16& B+4+(/6+ B.1&(/6+ # +1*&,.6& 4 
*.?+8.6B&A## IETF RFC 2544: «J.1+B+(+9#3 H1&(+66+9+ 1.$1#*+4&6#3 
B(3 C$1*+:$14, 47+B3F#7 4 $+$1&4 $.1#». 

RFC-2544 +'$C,B&.1 # +5*.B.(3.1 86+,.$14+ 1.$1+4, ?+1+*2. 
8+9C1 #$5+(/;+4&1/$3 B(3 +5*.B.(.6#3 5*+#;4+B#1.(/6+$1# $.1.427 
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C$1*+:$14 #(# $.98.61+4 $.1.: Ethernet/IP. %*&B#A#+6628 34(3.1$3 
1.$1#*+4&6#. 6& 5*+5C$?6C0 $5+$+'6+$1/ # ;&B.*,?#, 5+$?+(/?C H1+ 
4&,6.:E#. H?$5(C&1&A#+662. 5&*&8.1*2. 

N8..1$3 &6&(#;&1+* SmartBits 600B $ C$1&6+4(.6628# 8+BC(38# 
XLW-3720A (J+BC(/ SmartMetrics 10 Gig Ethernet XENPAK, 1 5+*1, 
(2-slot)) # LAN-3325A (K&*1& 4 5+*1& TM XD Gig, +51#D.$?#: # 
H(.?1*#D.$?#: #61.*G.:$2). 

!.8.:$14+ &6&(#;&1+*+4 ?&D.$14& 4 $.137 IP SmartBits 34(3.1$3 
$1&6B&*1+8 4 +'(&$1# 5*+4.B.6#3 ?+61*+(3 ?&D.$14& 4 5&?.1627 $.137. 
=6&(#;&1+*2 $.8.:$14& +'.$5.D#4&01 *&;(#D62. #61.*G.:$2 
5+B?(0D.6#3, +1 5*+$1+9+ 10/100/Gigabit B+ 10 Gigabit Ethernet, ATM, 
POS, Fibre Channel # Frame Relay. =6&(#;&1+*2 425+(6301 4.$/ 
?+85(.?$ #;8.*.6#: 4 D&$1# ?+61*+(3 ?&D.$14& 5*# 5.*.B&D# # 5*#.8. 
5+1+?+4 IP. M(3 H1+9+ &6&(#;&1+* $+48.F&.1 4 $.'. GC6?A## 1*&G#?+4+9+ 
9.6.*&1+*& # &6&(#;&1+*& 5&*&8.1*+4 ?&D.$14&.  

%*&G#?+42: 9.6.*&1+* SmartBits #8..1 42$+D&:EC0 
5*+#;4+B#1.(/6+$1/ - B+ 6 8(6. 5+1+?+4 B&6627 *&;(#D6+: $1*C?1C*2. 
T1+9+ B+$1&1+D6+ B(3 1+9+, D1+'2 ";&(#1/" 1.$1+428 1*&G#?+8 6. 1+(/?+ 
+1B.(/62. 6&5*&4(.6#3 $.1#, 6+ # +1B.(/62. $.98.612 5*# 5C$?+-
6&(&B?.. <& $D.1 H1+9+ &6&(#;&1+* +'.$5.D#4&.1 6. 1+(/?+ 1.$1#*+4&6#. 
$.1# 6& 4;&#8+$43;/ (Conformance), 6+ # 5*+#;4+B#1.(/6+$1/ .. 5*# 
E1&16+: # 5#?+4+: 6&9*C;?. (Performance). S.'+(/E&3 8+B.*6#;&A#3 )> 
$#$1.82 - # &6&(#;&1+* $1&6+4#1$3 1*&G#?+428 9.6.*&1+*+8 # 
&6&(#;&1+*+4 C*+463 5*#(+,.6#: (C*+46# 4-7) # +'.$5.D#4&.1 #8#1&A#0 
1*&G#?& B+ 5000 C6#?&(/627 +'*&F.6#: 6& $&:1 4 $.?C6BC! T1+ 
5+;4+(3.1 #$5+(/;+4&1/ .9+ B(3 ?+61*+(3 ?&D.$14& 5*.B+$1&4(.6#3 C$(C9 
4 $.1#. 

=6&(#;&1+* #8..1 CB+'6C0 &*7#1.?1C*C. 
@$.9+ #8.01$3 B4& 1#5& E&$$# - SMB-600 # SMB-6000 *&;(#D6+: 

5*+#;4+B#1.(/6+$1#. >'& 1#5& E&$$# 5+BB.*,#4&01 4$. 1#52 1.$1+427 
8+BC(.:. )*# 5*+4.B.6## #;8.*.6#: ?&,B2: 8+BC(/ 34(3.1$3 
6.;&4#$#828. 
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)*+9*&886+. +'.$5.D.6#. &6&(#;&1+*+4 SmartBits *&'+1&.1 $ 
+1B.(/628# 8+BC(38# # +'.$5.D#4&.1 E#*+?+. 5*#8.6.6#. SmartBits 4 
*&;(#D627 +'(&$137 NGN: xDSL, cable modem, IPQoS, VoIP, MPLS, IP 
Multicast, TCP/IP, IPv6, MPLS, routing, SANs, and VPNs. 

=6&(#;&1+*2 SmartBits CB+'62 # 4 (&'+*&1+*## # 4 5+(.427 
C$(+4#37, # B(3 ?4&(#G#A#*+4&6627 #6,.6.*+4, # B(3 6+4#D?+4. @ 
6&$1+3F.. 4*.83 H1+ $1&6B&*1 4 +'(&$1# 1.$1#*+4&6#3 5&*&8.1*+4 
?&D.$14& 4 $.137 IP 4 8#*. # 4 !SR. 

SMB-600 5*.B$1&4(3.1 $+'+: 5+*1&1#462: 5*#'+* B(3 &6&(#;& 
?&D.$14& 8C(/1#$.*4#$627 $.1.: $1&6B&*1+4 xDSL, 8+B.86&3 5.*.B&D& 
B&6627, IPQoS, VoIP, MPLS, IP Multicast, TCP/IP, IPv6, MPLS, routing, 
SANs, 10/100/Gigabit # 10 Gigabit Ethernet, ATM, POS, Fibre Channel # 
Frame Relay, VPN. )*#'+* 5*.B6&;6&D.6 B(3 +5.*&1+*+4, 8+'#(/627 
(&'+*&1+*#: &6&(#;& ?&D.$14& # $#$1.86+9+ &6&(#;& 5+4.B.6#3 $.1.:, & 
1&?,. B(3 #$$(.B+4&6#: 4 +'(&$1# $+4*.8.6627 $#$1.8 5.*.B&D# B&6627. 

>$6+462. GC6?A## 5*#'+*& SMB-600B 
− (.9?#: 5+*1&1#462:, +'.$5.D#4&.1 #$5+(/;+4&6#. B+ 2 

#;8.*#1.(/627 8+BC(.:; 
− .8?+$1/ 5*#'+*& 5+;4+(3.1 .9+ #$5+(/;+4&1/ B(3 &6&(#;& B+ 16 

5+*1+4 10/100 Base-T #(# 4 5+*1+4 Gigabit Ethernet #(# 1 5+*1& 
10GbE #(# 2 5+*1+4 SONET/SDH/POS #(# ?+8'#6&A## #; 
5.*.D#$(.6627 5+*1+4; 

− $1&6B&*1&3 5+$1&4?& 4?(0D&.1 4 $.'3 1*# 5*#?(&B627 5*+9*&882 
SmartWindow™,SmartLib™ # SmartApplications; 

− 5+B?(0D&.1$3 ? 6+C1'C?C 5+ $.1.4+8C 5+*1C 10/100 Base-T, 8+,.1 
CB&(.66+ C5*&4(31/$3 D.*.; 1.76+(+9#D.$?C0 $.1/; 

− 5+BB.*,?& #;8.*#1.(/627 ?&*1. 



64 

4.2. 3P@I FRMA>BJ?>IG@ 
 

@ B&66+: *&'+1. +$1&6+4#8$3 6& $(.BC0F#7 7&*&?1.*#$1#?&7 #; 
SLA: 5*+5C$?6&3 $5+$+'6+$1/ 5*# 5+$1*+.6## IP-$.1# 5+4.*7 SDH, 4*.83 
;&B.*,?# 6& 8&9#$1*&(/627 (#6#37 # ?+HGG#A#.61 B+$1C56+$1#. 

N; 8.1+B#?# RFC-2544 4+;/8.8 ;& +$6+4C #;8.*.6#3 4 *.,#8. 
#8#1&A##, 1+ .$1/ $ 9.6.*&A#.: 1.$1+4+: #6G+*8&A## # .. 5*#.8+8. 

)*# 9.6.*&A## 1*&G#?& #$5+(/;C.8 5*#6A#5 B#7+1+8##, 
*.&(#;+4&662: 4 #;8.*#1.(/6+8 5*#'+*.. T1+ 5+;4+(#1 $CF.$14.66+ 
$+?*&1#1/ ?+(#D.$14+ #;8.*.6#:, 6.+'7+B#827 B(3 +A.6?# ?&D.$14& 
?&6&(&. )+1+? 1*&G#?& $6&D&(& 'CB.8 9.6.*#*+4&1/ $+ $?+*+$1/0 100% 
+1 1*&6$5+*16+9+ ?&6&(&, ;&1.8 B.(.6#.8 H1+9+ ;6&D.6#3 5+5+(&8 
5*+#;4.B.8 6.$?+(/?+ #1.*&A#:, A.(/ ?+1+*27 4 1+8, D1+'2 #;8.*#1/ 
8&?$#8&(/6C0 5*+5C$?6C0 $5+$+'6+$1/ $ 42$+?+: 1+D6+$1/0 B(3 
;&B&66+9+ *&;8.*& G*.:8+4 4 9.6.*#*C.8+8 Ethernet 1*&G#?.. 

OCB.8 5*+#;4+B#1/ 6.$?+(/?+ 9*C55 #;8.*.6#: – B(3 *&;(#D627 
*&;8.*+4 Ethernet-G*.:8+4, 5+$?+(/?C H1+1 5&*&8.1* #$7+B3 #; 
1.+*.1#D.$?+9+ *&$D.1& 34(3.1$3 +5*.B.(30F#8 B(3 5*+5C$?6+: 
$5+$+'6+$1# #6?&5$C(#*C.8+9+ IP-1*&G#?&. 

K*+8. 1+9+ B(3 #;8.*.6#3 ;&B.*,.? 4+$5+(/;C.8$3 C,. 
#8.0F.:$3 $#$1.8+: 8+6#1+*#69&, 5+$1*+.66+: 6& $.*4.*. Sun Solaris $ 
5+8+F/0 MRTG (Multi Router Traffic Grapher). MRTG – H1+ C1#(#1&, 
6&5#$&66&3 5+B UNIX-5+B+'62. +5.*&A#+662. $#$1.82 6& Perl'. # 
$+;B&0F&3 9*&G#?# 8+6#1+*#69& 5*+5C$?6+: $5+$+'6+$1# # ;&B.*,.? 4 
*.&(/6+8 4*.8.6#. >6& ?*+8. 4#;C&(/6+9+ 5*.B$1&4(.6#3 *&$5*.B.(.6#3 
;&B.*,?# 4+ 4*.8.6# 5+?&;24&.1 1&?,. 8&?$#8&(/6C0, $*.B600 # 
1.?CFC0 4#B2 ;&B.*,.? 5+ IP-?&6&(C. 
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4.3. !>KSPOG@GY JK?>B>IJN 
 

)+B4.B.8 #1+9 5+ #;8.*.6#0 5*+5C$?6+: $5+$+'6+$1# IP-$.1# 
5+4.*7 SDH-NGN. 

N1+9+42. 5*&?1#D.$?#. *.;C(/1&12 #;8.*.6#3 5*+5C$?6+: 
$5+$+'6+$1# Ethernet 1*&G#?& (?+1+*2: «1.D.1» 4 IP-?&6&(.) $ 5+8+F/0 
&6&(#;&1+*& SMB-600B $4.B.62 4 #1+9+4C0 %&'(#AC 4.1. 

%&'(#A& 4.1. 
".;C(/1&12 #;8.*.6#3 5*+5C$?6+: $5+$+'6+$1# L2SS 

Frame
Size 

ILoad 
Tx 
Frames 

Tx fps 
Tx rate, 
M 

Tx rate 
STM1, 
M 

Rx L2 bps 

64 82,38 6129673 1225935 627,68 125,54 784598144 
128 78,71 3323941 664788 680,74 136,15 765836006 
256 77,07 1745251 349050 714,85 142,97 759533235 
512 75,98 892581 178516 731,20 146,24 754052429 
1024 75,43 451566 90313 739,84 147,97 751405824 
1280 75,31 362079 72416 741,54 148,31 750807014 
1518 75,23 305731 61146 742,56 148,51 750386166 

 
R*&G#? ;&4#$#8+$1# 5*+5C$?6+: $5+$+'6+$1# Ethernet 1*&G#?& 

D.*.; SDH-NGN $ 5+8+F/0 ?+88C1&1+*& L2SS 5*#4.B.6 6& *#$. )6.1 4 
)*#(+,.6## 6. 
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<&B.*,?# 5+ 4$.8 +$6+4628 6&5*&4(.6#38 ?*C9(+$C1+D6+ 
.,.8#6C16+ $6#8&01$3 $5.A#&(/628 $.*4.*+8 8+6#1+*#69& 6& '&;. >! 
Sun Solaris # +1+'*&,&01$3 6& 9*&G#?&7. !8. *#$ 4.1 – 4.3. 

 
"#$. 4.1. R*&G#? ;&B.*,?# 6& 8&9#$1*&(# !)'-J+$?4& 

 

 
"#$. 4.2. R*&G#? ;&B.*,?# 6& 8&9#$1*&(# !)'-V*&6?GC*1 

 

 
"#$. 4.3. R*&G#? ;&B.*,?# 6& 8&9#$1*&(# !)'-!1+?9+(/8 
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S& 9*&G#?. ;&B.*,?#, 5*#4.B.66+8 6& *#$. 4.3, 4#B6+ '+(/E+. 
D#$(+ 42'*+$+4 $ '+(/E#8# ;&B.*,?&8# # B&,. 5+1.*# 1.$1+427 
5&?.1+4. T1+ +'P3$63.1$3 1.8, D1+ 1.$1#*C.82: ?&6&( ;&?&6D#4&.1$3 
8&*E*C1#;&1+*+8, 6. 5*#6&B(.,&F#8 <=> «"&$?+8» (H1+ +'+*CB+4&6#. 
8.,BC6&*+B6+9+ +5.*&1+*&, ? ?+1+*+8C +$CF.$14(.6+ 5+?(0D.6#. 5+ 
B&66+8C ?&6&(C). M&662: 8&*E*C1#;&1+* $?+6G#9C*#*+4&6 1&?#8 
+'*&;+8, D1+'2 icmp-H7+ +14.12 $D#1&01$3 6#;?+5*#+*#1.1628 4#B+8 
1*&G#?& # 4 8+8.612 ;&9*C,.66+$1# 5*+A.$$+*& 8&*E*C1#;&1+*&, +6 
8+,.1 6. +14.D&1/ 4++'F. 6& 1&?#. ;&5*+$2 #(# +14.D&1/ $ '+(/E#8# 
;&B.*,?&8#. >B6&?+, H1+ 6. 8.E&.1 42B.(&#1/ 6& 9*&G#?. 1C $*.B600 
;&B.*,?C, ?+1+*&3 6&8 4&,6& B(3 &6&(#;& ?&D.$14& ?&6&(&. >6& 4#B6& ?&? 
Current Delay (1.?CF&3 ;&B.*,?&). 

!*&46.6#. *&$D.1627 # 5+(CD.6627 ;&B.*,.? 5*#4.B.6+ 4 
1&'(#A.4.2. 

 
 %&'(#A& 4.2. 

!*&46.6#. *&$D.1627 # 5+(CD.6627 ;&B.*,.? 8.,BC C;(&8# 

  ?8 

*&$D.1
6&3,  
8$ 

5+(CD.
66&3,  
8$ 

delta,  
8$ % 

J+$?4& «"&$?+8» — !&6?1-
).1.*'C*9 «"&$?+8» — 685 
?8  10GE DWDM; 685 7,9 7,8 0,1 1,3 
!&6?1-).1.*'C*9 «"&$?+8» 
— V*&6?GC*1 «Ancotel» — 
530 + 520 + 1897 ?8 10GE 
DWDM # STM-64 SDH-
NGN. 2947 34,3 33,8 0,5 1,5 
!&6?1-).1.*'C*9 «"&$?+8» 
— !1+?9+(/8 «MCI» — 530 
+ 520 + 5 ?8 10GE DWDM # 
STM-64 NGN 1055 12,3 12,1 0,2 1,6 
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@ $1+('A. «5+(CD.66&3» 5*#4.B.6& +'F&3 #;8.*.66&3 ;&B.*,?&, 4 
?+1+*C0 47+B#1 6&*3BC $ ;&B.*,?+: 4 4+(+?6. .F. # 4*.83 9.6.*&A##, 
+'*&'+1?# # +14.1& 6& icmp-H7+ 5&?.1, & 1&?,. $7.862. ;&B.*,?# 
C;(+4+9+ +'+*CB+4&6#3 # +'+*CB+4&6#3 $+5*3,.6#3 IP, DWDM, NGSDH 
(7+1/ +6# # 34(301$3 4.$/8& 8&(28# 4.(#D#6&8# 5+*3B?& 8#?*+$.?C6B, 
6+ $C88&*6+ 46+$31 $4+. 4(#36#. 4 +'FC0 ;&B.*,?C).  
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4.4. $I@PJK B>KSPOG@GDC 
 
K&? 5+?&;&(# 1.+*.1#D.$?#. 42?(&B?# ($8. *&;B.( 2.3), 5*+5C$?6&3 

$5+$+'6+$1/ Ethernet-1*&G#?& 5+4.*7 VC-4 ?&6&(& +1(#D&.1$3 +1 '&;+4+9+ 
;6&D.6#3 5*+5C$?6+: $5+$+'6+$1# VC-4 149.76 J'#1/$ 4 8.6/EC0 
$1+*+6C #;-;& 6&?(&B627 $(C,.'627 *&$7+B+4 – ;&9+(+4?& ?&B*+4 
5*+1+?+(& GFP-F. 

)*#D.8 H1+ *&;(#D#. 1.8 '+(/E., D.8 8.6/E. *&;8.* 
#6?&5$C(#*C.8+9+ ?&B*& Ethernet, D1+ 5*#4+B#1 ? 8.6.. HGG.?1#46+8C 
#$5+(/;+4&6#0 ?&6&(/6+: .8?+$1#. 

)*# 425+(6.6## #;8.*.6#: '2(# 5+(CD.62 .F. 8.6/E#. 
$?+*+$1# 5.*.B&D# 5+ ?&6&(C, 6+ $ 1+: ,. 1.6B.6A#.:. 

M(3 *&;8.*+4 ?&B*+4 Ethernet 64, 128, 256, 512 *&$7+,B.6#. 
#;8.*.6#: $ 1.+*.1#D.$?#8# 42?(&B?&8# $+$1&4#(+ +1 1.5 B+ 11%, D1+ 
+'P3$63.1$3, $?+*.. 4$.9+, 6.CD1.6628# 4 42?(&B?&7 B+5. $(C,.'628# 
*&$7+B&8# 5*+1+?+(& GFP-F. 

M(3 *&;8.*+4 ?&B*+4 Ethernet 1024, 1280, 1518 *&$7+,B.6#. 
#;8.*.6#: $ 1.+*.1#D.$?#8# 42?(&B?&8# $+$1&4#(+ +1 0,5 B+ 0,8%, D1+ 
9+4+*#1 + $5*&4.B(#4+$1# *.;C(/1&1+4 #;8.*.6#: # *&$D.1+4. 

@ ?&D.$14. 424+B& ? B&66+8C #;8.*.6#0, .$(# 4?(0D.6#. 
5*+#;4+B#1$3 5+ 1.76+(+9## Ethernet, #6?&5$C(#*C.8+: D.*.; 
1*&6$5+*16C0 $.1/, 1+ ?&6&( STM-1 4 1*&6$5+*16+: $.1# (?+61.:6.* VC-
4) $(.BC.1 $D#1&1/ H?4#4&(.61628 9&*&61#*+4&66+: 5*+5C$?6+: 
$5+$+'6+$1# 125,54 J'#1/$ $ 8&?$#8&(/6+: 5*+5C$?6+: $5+$+'6+$1/0 
148,51 J'#1/$.  

%&?#8 +'*&;+8 9&*&61#*+4&66&3 5+(+$& 5*+5C$?&6#3 IP-1*&G#?& $ 
B&6628 8.1+B+8 #6?&5$C(3A## 'CB.1 $+$1&4(31/ 1+(/?+ 84% +1 
$C88&*6+: .8?+$1# 42B.(.6627 1*&6$5+*1627 4#*1C&(/627 
?+61.:6.*+4. 

J&?$#8&(/6&3 5+(+$& 5*+5C$?&6#3 $+$1&4#1 99% +1 $C88&*6+: 
.8?+$1# 42B.(.6627 1*&6$5+*1627 4#*1C&(/627 ?+61.:6.*+4. 

)+(CD.662. 424+B2 4&,6+ CD.$1/ 5*# +5*.B.(.6## 7&*&?1.*#$1#? 
42B.(.6627 ?&6&(+4, 5*.B+$1&4(3.827 ?(#.61&8. 
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)+(CD.662. H?$5.*#8.61&(/6+ G&?1#D.$?#. $*.B6#. ;&B.*,?# 5+ 
+$6+4628 8&9#$1*&(/628 ?&6&(&8 $43;# 5+(6+$1/0 CB+4(.14+*301 
;&B&6628 4 1.76#D.$?+8 ;&B&6## 9*&6#A&8. O+(.. 1+9+, ;&B.*,?# 
5+(CD#(#$/ (CDE., D.8 1*.'+4&(+$/ +'.$5.D#1/. I(CDE.6#. H1+9+ 
5+?&;&1.(3 5+ *&;(#D628 (#6#38 $43;# $+$1&4#(+ +1 1,3 B+ 1,6%. 
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4.5. !@MZ>G RDFQQJLJ>IG@ EDGDCIDMGJ 
 

S&#'+(.. C6#4.*$&(/6+: ?+(#D.$14.66+: 7&*&?1.*#$1#?+: 
6&B.,6+$1# $#$1.82 $43;# 34(3.1$3 ?+HGG#A#.61 9+1+46+$1#. >'2D6+ 
#8.66+ +6 C?&;24&.1$3 4 SLA # .9+ 5*.42E.6#. 34(3.1$3 ?*#1.*#.8 
425(&12 +5.*&1+*+8 E1*&G627 $&6?A#: ?(#.61C. @ $++14.1$14## $ 

+5*.B.(.6#.8, !K  – H1+ 4.*+316+$1/ 1+9+, D1+ $#$1.8& *&'+1+$5+$+'6& 4 

5*+#;4+(/6+ 42'*&662: 8+8.61 4*.8.6#  
 

,
0

0

"
! tT

TK
+

=       (1) 

 

9B. 0T  - $*.B633 6&*&'+1?& 6& +1?&;, 1... $*.B6.. 4*.83 8.,BC 

+1?&;&8#, & "t - $*.B6.. 4*.83 4+$$1&6+4(.6#3 *&'+1+$5+$+'6+9+ 

$+$1+36#3. @ 5*&?1#?. $43;# D&$1+ ?+HGG#A#.61 9+1+46+$1# #$D#$(3.1$3 
;& 9+B, ?&? +16+E.6#. 4*.8.6# *&'+1+$5+$+'6+$1# $#$1.82 4 D&$&7 ? 
+'F.8C $C88&*6+8C 4*.8.6# *&'+12 $#$1.82 ;& 9+B, +'2D6+ 8760 D&$+4 
5*# ?*C9(+$C1+D6+: *&'+1. 5+ $7.8. 247365 

 

.
8760

8760 #$
!

t
K

−
=      (2) 

 
U$1.$14.66+, D1+ ?+HGG#A#.61 9+1+46+$1# +1B.(/627 ?+85+6.61+4 

# 4$.: $.1# $43;# 4 A.(+8 4;&#8+$43;&62. U$(# ?(#.61& 4+(6C.1 
6&B.,6+$1/ $43;# 4 A.(+8, 1+ +5.*&1+* B+(,.6 D.1?+ 5*.B$1&4(31/, ?&? 
6& *.;C(/1#*C0F#: ?+HGG#A#.61 9+1+46+$1# 4(#3.1 6&B.,6+$1/ *&'+12 
4$.7 ;&B.:$14+4&6627 ?+85+6.61+4 $.1# $43;#. K&? 5+?&;24&.1 5*&?1#?&, 
&4&*## 6& (#6.:6+-?&'.(/627 $++*C,.6#37 +?&;24&01 6&#'+(.. 
$CF.$14.66+. 4(#36#. 6& ?+HGG#A#.61 9+1+46+$1# # $+$1&4(301 B+ 95% 
B(#1.(/6+$1# 4$.7 &4&*#:627 5.*.*24+4 $43;#.  
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>$6+4628# 5*#D#6&8# 5+4*.,B.6#3 5+B;.8627 ?&'.(/627 (#6#: 
$43;# 34(301$3 $(.BC0F#.: 
− 8.7&6#D.$?#. 5+4*.,B.6#3 +51#D.$?+9+ ?&'.(3 (>K) 5*# 

5*+4.B.6## $1*+#1.(/6+-8+61&,627 *&'+1 $1+*+66#8# 
+*9&6#;&A#38# 4 5*.B.(&7 +7*&6627 ;+6 ?&'.(/6+: (#6##; 

− 8.7&6#D.$?#. 5+4*.,B.6#3 >K +1 5.*.8.F.6#3 9*C61+4 (+'4&(2, 
5CD.6#3, +5+(;6#, $.(.42. 5+1+?# # 1.B.), ?&? 5*&4#(+, 4 5*.B.(&7 
+B6+:-B4C7 $1*+#1.(/627 B(#6 +51#D.$?+9+ ?&'.(3; 

− 5+4*.,B.6#. >K ;& $D.1 $1&*.6#3 #(# 5+5&B&6#3 4 $.*B.D6#? 
?&'.(3 4(&9#; 

− 5+4*.,B.6#. ?&'.(.: +1 9*+;+4+9+ 4+;B.:$14#3 (5*# 6&(#D## 
8.1&((#D.$?#7 H(.8.61+4 4 ?+6$1*C?A## >K); 

− 5+4*.,B.6#3 >K +1 4+;B.:$14#3 9*2;C6+4, 5+,&*+4 # 1.5. 
 S.$?+(/?+ #62. 5*#D#62 42;24&01 &4&*## >K $ 4+;BCE6+: 
5+B4.$?+: 6& (#6#37 H(.?1*+5.*.B&D: 
− 8.7&6#D.$?#. 5+4*.,B.6#3 >K $ +'*24+8 #(# B.G+*8&A#.: 

+51#D.$?#7 4+(+?+6, 6. $43;&662. $ 5+4*.,B.6#.8 H(.8.61+4 
6.$CF#7 ?+6$1*C?A#: (5&B.6#. B.*.4/.4, 5*+$1*.(2 # 1.5.); 

− B.G+*8&A#3 H(.8.61+4 +5+*2, 42;4&4E&3 +'*24 >K; 
− 5&B.6#. +5+*2 (+5+*), 42;4&4E.. +'*24 >K; 
− 5+4*.,B.6#3 +51#D.$?#7 4+(+?+6 4 *.;C(/1&1. 5+,&*&; 
− 5+4*.,B.6#. +51#D.$?#7 4+(+?+6 #;-;& 4(#36#3 

H(.?1*+8&96#16+9+ 5+(3. 
M(3 4$.7 5.*.D#$(.6627 5*#D#6 4.*+316+$1/ +1?&;& 5*38+ 

5*+5+*A#+6&(/6& B(#6. +51#D.$?+: ?&'.(/6+: (#6##, 5+H1+8C B(3 
7&*&?1.*#$1#?# .Z 6&B.,6+$1# #$5+(/;C01$3 5+?&;&1.(#, 6+*8#*+4&662. 
? B(#6.. K 1&?#8 5+?&;&1.(38 +16+$31$3: 

5(+16+$1/ +1?&;+4 9#5+1.1#D.$?+: ?+*+1?+: (#6## m , ?+1+*&3 
+5*.B.(3.1 $*.B6.. ?+(#D.$14+ +1?&;+4 4 9+B 6& (#6## B(#6+: 100 ?8; 

$*.B633 6&*&'+1?& 8.,BC +1?&;&8# 6& ?+*+1?+: (#6## l  B(#6+: 

100 ?8 $ +B6+*+B628# C$(+4#38# H?$5(C&1&A##  lT  (D&$).  
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! CD.1+8 44.B.6627 5&*&8.1*+4 8+,6+ +5*.B.(#1/ ?+HGG#A#.61 

9+1+46+$1# ?+*+1?+: +51#D.$?+: ?&'.(/6+: (#6## !lK , 42D#$(3.827 5+ 

;6&D.6#38 5(+16+$1# +1?&;+4 m  4 $++14.1$14## $ 42*&,.6#.8: 
 

,
8760

8760 "
!l

tmK ⋅−
=      (3) 

1+9B& 

,
1 !l

"!l
l K

tKT
−
⋅

=             (4) 

#(# $ CD.1+8 5(+16+$1# +1?&;+4 
 

,8760
m

tmT "
l

⋅−
=      (5) 

 
Y&$1+ #$5+(/;C01$3 1&?,. 5+?&;&1.(# 6&B.,6+$1# 9#5+1.1#D.$?+: 

B(#66+: (#6## (6&5*#8.*, B(#6+: L = 13900 ?8): $*.B633 6&*&'+1?& 

8.,BC +1?&;&8# LT (D&$) # ?+HGG#A#.61 9+1+46+$1# B(#6+: (#6##, !LK , 

?+1+*2: 42D#$(3.1$3 5+ G+*8C(. 
 

.
"L

L
!L tT

TK
+

=            (6) 

 
J.,BC6&*+B62: $1&6B&*1 G.602 7&*&?1.*#;C.1 9+1+46+$1/ ?&6&(& 

+51#D.$?+: (#6## $43;#, 5*#4+B3 .9+ ? 9+1+46+$1# H1&(+66+: 
9#5+1.1#D.$?+: $#$1.82 5.*.B&D# $ B(#6+: +51#D.$?+9+ ?&'.(3 2500 ?8 
4 +B6+8 6&5*&4(.6## ($ CD.1+8 4+;8+,6+$1# *.;.*4#*+4&6#3). )*# H1+8 
?+HGG#A#.61 9+1+46+$1# B+(,.6 '21/ 6. 8.6.. 0,996. M(3 *+$$#:$?#7 
(#6#: $43;# *.?+8.6BC.1$3 5.*.$D#124&1/ ?+HGG#A#.61 9+1+46+$1# ? 
6&A#+6&(/6+: 9#5+1.1#D.$?+: (#6## B(#6+: 13900 ?8 [3]. K+HGG#A#.61 
9+1+46+$1# 1&?+: (#6## B+(,.6 '21/ 6. 8.6.. 0,98 ('.; *.;.*4#*+4&6#3), 
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D1+ 5*# 5.*.$D.1. $++14.1$14C.1 8.,BC6&*+B628 6+*8&8. %&?#8 
+'*&;+8, B(3 A#G*+4+9+ ?&6&(& 5*+13,.66+$1/0 13900 ?8 ('.; 
*.;.*4#*+4&6#3) ;&B&62 $(.BC0F#. 5+?&;&1.(# 6&B.,6+$1# 5+ +1?&;&8 
[3] 
− ?+HGG#A#.61 9+1+46+$1# – 6. 8.6.. 0,98; 
− $*.B6.. 4*.83 8.,BC +1?&;&8# – 6. 8.6.. 255 D; 
− $*.B6.. 4*.83 4+$$1&6+4(.6#3 – 6. '+(.. 5,2 D. 

ID#124&3 42$+?C0 6&B.,6+$1/ $+4*.8.66+9+ +'+*CB+4&6#3 
A#G*+427 $#$1.8 5.*.B&D# # IP-$.1.:, 5*#631+. ;6&D.6#. ?+HGG#A#.61& 
9+1+46+$1# (#6.:6+-?&'.(/627 $++*C,.6#: *&46+ 0,985, & +'+*CB+4&6#3 
$#$1.8 5.*.B&D# – 0,995. %&?#8 +'*&;+8, 5*# *&$D.1. ?+HGG#A#.61& 
9+1+46+$1# +$6+46+. 46#8&6#. B&(.. 'CB.1 CB.(31/$3 7&*&?1.*#$1#?&8 
6&B.,6+$1# (#6.:6+-?&'.(/627 $++*C,.6#:. 

M(3 +'.$5.D.6#3 ;&B&66+9+ ?+HGG#A#.61& 9+1+46+$1# 6& 
5+B;.8627 ?&'.(/627 (#6#37 B+(,62 +'.$5.D#4&1/ $(.BC0F#. 
5+?&;&1.(#: 
− $*.B6.. 4*.83 8.,BC +1?&;&8# – 6. 8.6.. 340,5 D; 
− $*.B6.. 4*.83 4+$$1&6+4(.6#3 – 6. '+(.. 5,2 D; 
− 5(+16+$1/ 5+4*.,B.6#: – 6. '+(.. 0,1823. 

M(3 +'.$5.D.6#3 1&?+9+ ,. ?+HGG#A#.61& 9+1+46+$1# (0,985) 
9#5+1.1#D.$?+9+ ?&6&(& $43;# 5*+13,.66+$1/0 13900 ?8 5+?&;&1.(# 
6&B.,6+$1# >K, 5*+(+,.66+9+ 5+ 4+;BCE628 (#6#38 H(.?1*+5.*.B&D#, 
B+(,6& #8.1/ $(.BC0F#. ;6&D.6#3: 
− 6&*&'+1?& 8.,BC +1?&;&8# – 6. 8.6.. 670 D; 
− $*.B6.. 4*.83 4+$$1&6+4(.6#3 – 6. '+(.. 10 D; 
− 5(+16+$1/ +1?&;+4 – 6. '+(.. 0,094. 

N$7+B3 #; 5*#4.B.6627 42E. B&6627, 8+,6+ *&$$D#1&1/ 
5*.B.(/62. ?+HGG#A#.612 9+1+46+$1#, 6&*&'+1?# 6& +1?&; # $C88&*6+9+ 
4*.8.6# 4+$$1&6+4(.6#3 B(3 6&#'+(.. 4&,627 CD&$1?+4 8&9#$1*&(/6+: 
$.1# $43;# <=> ""&$?+8" 4 5*.B5+(+,.6##, D1+ +6# 34(301$3 D&$138# 
9#5+1.1#D.$?+9+ ?&6&(& $43;# 5*+13,.66+$1/0 13900 ?8. 
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!6&D&(& 6.+'7+B#8+ +5*.B.(#1/ 6+*8#*+4&662: ?+HGG#A#.61 
9+1+46+$1# B(3 (#6## B(#6+: 100 ?8. @ $++14.1$14## $ 42*&,.6#.8 (1). 
>6 'CB.1 +B#6&?+428 B(3 (#6#:, 5+$1*+.6627 $ #$5+(/;+4&6#.8 
4+;BCE6+: 5+B4.$?# #(# 5+B;.86+: 5*+?(&B?# >K. 

 

.99989,0
8760

10094,08760
8760

2,51823,08760
=

⋅−
=

⋅−
=!lK

    
 
M&(.., 5*.B5+(&9&.8, D1+ 4+;6#?6+4.6#. &4&*#: 6& +1B.(/627 100 

?8 CD&$1?&7 34(3.1$3 $1&1#$1#D.$?# 6.;&4#$#828# $(CD&38#, 

5+34(30F#.$3 $ 4.*+316+$1/ !lK . %+9B& 4.*+316+$1/ 4+;6#?6+4.6#3 

&4&*## 6& (#6## B(#6+: L 8+,6+ 'CB.1 +5*.B.(#1/ 5+ G+*8C(.: 
 

.)( 100/L
!l!L KK =      (7) 

 

<6&3 !LK , 8+,6+ +5*.B.(#1/ # B*C9#. 7&*&?1.*#$1#?# 

6&B.,6+$1# (#6## 5+ G+*8C(&8 (2) # (6).  ".;C(/1&12 *&$D.1& $4.B.62 4 
1&'(#AC 4.3. 
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%&'(#A& 4.3. 
)*.B.(/6+ B+5C$1#82. ;6&D.6#3 ?+HGG#A#.61& 9+1+46+$1# # 

4*.8.6# 5*+$1+3 B(3 6&#'+(.. 4&,627 CD&$1?+4 8&9#$1*&(/6+: $.1# <=> 
""&$?+8". 

ID&$1+? K&'.(/ M(#6& 
CD&$1?& 

!LK  #$t (D&$) 

J+$?4& – !.-
).1.*'C*9 

@+;BCE62: 685 ?8 0,99925 6,6 

!.-).1.*'C*9 - 
R+$9*&6#A& 

@+;BCE62: 170 ?8 0,99981 1,67 

R+$9*&6#A& – 
!1+?9+(/8 

)+B;.862: 880 ?8 0,99903 8,5 

!1+?9+(/8 - 
V*&6?GC*1 

)+B;.862: 1897 ?8 0,99792 18,2 

 
 >*#.61#*C3$/ 6& B&662., 5*#4.B.662. 4 %&'(#A. 4.3, 8+,6+ 

+5*.B.(#1/ 6#,600 9*&6#AC ?+HGG#A#.61& 9+1+46+$1# # 8&?$#8&(/6+. 
4*.83 5*+$1+3 (#6## B(3 5*+4.B.6#3 &4&*#:6+-4+$$1&6+4#1.(/627 *&'+1 
(8&?$#8&(/6+. $C88&*6+. 4*.83 4+$$1&6+4(.6#3 4 9+B) B(3 6&#'+(.. 
4&,627 CD&$1?+4 8&9#$1*&(/6+: $.1# <=> ""&$?+8". ".;C(/1#*C0F#: 
?+HGG#A#.61 9+1+46+$1# B(3 ?&6&(&, 5*+(+,.66+9+ D.*.; 6.$?+(/?+ 
CD&$1?+4, +5*.B.(3.1$3 5*+#;4.B.6#.8 ?+HGG#A#.61+4 9+1+46+$1# H1#7 
CD&$1?+4. N$7+B3 #; *.;C(/1#*C0F.9+ ?+HGG#A#.61& 9+1+46+$1#, 8+,6+ 
+5*.B.(#1/ 8&?$#8&(/6+ 4*.83 5*+$1+3 ?&6&(& 4 9+B. 
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.$80<;"*+" 
 

@ 5*+A.$$. *.&(#;&A## B&66+9+ 5*+.?1& CB&(+$/ $+48.$1#1/ *3B 
$CF.$14C0F#7 1.76+(+9#: # 8.1+B+4 5+$1*+.6#3 $+4*.8.6627 
1*&6$5+*1627 IP-$.1.: B&(/6.: $43;# B(3 *.&(#;&A## 5+$1&4(.6627 
1.76#D.$?#7 ;&B&D. O2(# *&;*&'+1&62 $7.82, +5*.B.(30F#. &*7#1.?1C*C 
8+B.*6#;#*+4&66+: $.1#. M(3 46.B*.6#3 B&66+9+ 5*+.?1& '2( 42*&'+1&6 
8.1+B, 5+;4+(30F#: $+48.$1#1/ *3B 1.76+(+9#: 4 +B6C $#$1.8C # 
5*+#;4.$1# #;8.6.6#3 5+H1&56+. 

)+ *.;C(/1&1&8 *.&(#;&A## 5*+.?1& 8+,.1 '21/ $B.(&6 *3B 
424+B+4. 

!5+$+'+4 5+$1*+.6#3 #6G*&$1*C?1C*2 8&9#$1*&(/627 IP-$.1.: 
B+$1&1+D6+ 86+9+. >B6&?+ 5*# '(#,&:E.8 *&$$8+1*.6## 4$.-1&?# 
5+(CD&.1$3 +9*&6#D.662: 6&'+* 4+;8+,627 *.E.6#:. @.$/8& 4&,628 
G&?1+*+8 $1&6+4#1$3 *&$$1+36#., 6& ?+1+*+8 6C,6+ +'.$5.D#1/ *&'+1C 
$.1# 5+ +5*.B.(.6628 5*+1+?+(&8 # 6& +5*.B.(.66+: $?+*+$1# 5.*.B&D#. 

M+$1+#6$14&8# 8&9#$1*&(/627 $.1.427 *.E.6#:, '&;#*C0F#7$3 
6& 1.76+(+9## Ethernet, 34(301$3 5*+$1+1& #$5+(/;+4&6#3 (;& $D.1 
$1&6B&*1#;&A##, E#*+?+9+ *&$5*+$1*&6.6#3 # 8&$$+4+9+ ;6&?+8$14& $ 
#61.*G.:$+8 Ethernet), *.61&'.(/6+$1/ (6.42$+?&3 $1+#8+$1/ C$1*+:$14 
Ethernet '(&9+B&*3 E#*+?+8C 5*+82E(.66+8C 425C$?C) # 9#'?+$1/ (?&? 
$5+$+'6+$1/ C5*&4(.6#3 5+(+$+: 5*+5C$?&6#3 # ?&D.$14+8 
+'$(C,#4&6#3).  

M(3 ?(#.61&, 5+(/;C0F.9+$3 C$(C9&8# ?(&$$& VLAN, 
8&9#$1*&(/6&3 $.1/ 4#B#1$3 +'2D628 ?+88C1&1+*+8 41+*+9+ C*+463 ($ 
9.+9*&G#D.$?# CB&(.6628# 5+*1&8#), & 1*&6$5+*1 ?&B*+4 Ethernet 4 
8&9#$1*&(/6+: 1*&6$5+*16+: $.1#  8+,.1 425+(631/ (0'&3 #; 
1.76+(+9#: *.9#+6&(/627 $.1.: (SDH, DWDM, MPLS, GPF, & 1&?,. IP). 

@&,6+: +$+'.66+$1/0 5*.B+$1&4(.6#3 C$(C9 $ 1+D?# ;*.6#3 
?*C56+9+ +5.*&1+*& $43;# 34(3.1$3 +'3;&1.(/6&3 42*&'+1?& SLA, & 1&?,. 
5+$1+3662: ?+61*+(/ 7&*&?1.*#$1#? # 5&*&8.1*+4 $.1# $43;#. 

S&#'+(.. 5.*$5.?1#4628 6&5*&4(.6#.8 *&;4#1#3 8&9#$1*&(/627 
$.1.: B&(/6.: $43;# 86. 4#B#1$3 #$5+(/;+4&6#. DWDM-1.76+(+9#: 
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?(&$$& CPL, 5+;4+(30F#7 4 6&$1+3F.. 4*.83 $1*+#1/ 6& #8.0F.:$3 
?&'.(/6+: #6G*&$1*C?1C*. ?&6&(2 .8?+$1/0 B+ 72 B(#6 4+(6, 6.$CF#7 
5+ 40 Gigabit. %&?,. 4&,6+ $1*+#1/ $.1# 3B*& +5.*&1+*+4 6& '&;. 
1.76+(+9## Ethernet ($ 5*+?(0D.6#.8 5+ DWDM), 5*.B6&;6&D.66+: 
#;6&D&(/6+ B(3 5.*.B&D# *&;6+*+B627 4#B+4 1*&G#?& # 4 5+$(.B6.. 
4*.83 B+*&$1&0F.: 5+ $1&6B&*1#;&A## B+ C*+463 +'.$5.D.6#3 &'$+(016+ 
4$.7 1*.'+4&6#: +5.*&1+*+4 B&(/6.: $43;#. 
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&3+&'8 +&3'0:.',$**6/ +&%';*+8', 
 
1. =55&*&1C*& 4+(+?+66+-+51#D.$?+: $#$1.82 5.*.B&D# $+ 
$5.?1*&(/628 *&;B.(.6#.8: %.76#D.$?#. 1*.'+4&6#3. – J.: J! "V, 2002. 
– 32 $. 
 
2. =$1&5?+4#D K.V., K#*..4 @.N., %+8$+6 !.R. "&;4#1#. $.1# @>L! 
""&$?+8" 6& +$6+4. 5.*.B+427 #6G+*8&A#+6627 1.76+(+9#: // 
=41+8&1#?&, $43;/, #6G+*8&1#?&, 1999, [ 3.- 39-40 $. 
 
3. =$1&5?+4#D K.V., L&*#+6+4 !.R., !+7*&6$?#: !.!., %+8$+6 !.R. >1 
STM-1 ? STM-16. >521 *&;4#1#3 $#67*+66+: 4+(+?+66+-+51#D.$?+: $.1# 
$43;# ""&$?+8".- S&$1+3F.. # 'CBCF.. 1.(.?+88C6#?&A#: *.9#+6&. // !'. 
B+?(&B+4 ?+6G.*.6A## NORWECOM-97.- !)'.: R) "M&(/633 $43;/".- 
1997.- 153-165 $. 
 
4. =G+6A.4 T.=. !1&1/3. K&? 5+$1*+#1/ Metro Ethernet» 
http://www.nag.ru/2005/0510/0510.shtml 
 
5. O&?(&6+4 N.R. SDH \ NGSDH: 5*&?1#D.$?#: 4;9(3B 6& *&;4#1#. 
1*&6$5+*1627 $.1.:. – J.: J.1*+1.?, 2006. – (!#$1.82 H?$5(C&1&A## 
$43;#). – 736 $. 
 
6. @.*'+4.A?#: =.=. >$6+42 5*+.?1#*+4&6#3 A#G*+427 
+51+H(.?1*+6627 $#$1.8 $43;#.- J.: "&B#+ # $43;/, 2000.- 160 $. 
 
7. R(C7+4 @.@. )*&4#(& +G+*8(.6#3 $1CB.6D.$?#7 425C$?627 *&'+1 # 
+1D.1+4. - !&6?1-).1.*'C*9: N;B&1.(/$14+ !)'R%I, 2000. – 21 $. 
 
8. W#*&* =. %.76+(+9#3 # 1.$1#*+4&6#. $#$1.8 WDM.- J.: EXFO, 2001.- 
264 $. 
 

http://www.nag.ru/2005/0510/0510.shtml
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9. L#7&DZ4 S.=. Ethernet 4 9+*+B$?#7 $.137. - 
http://www.connect.ru/article.asp?id=6208 
 
10. !43;/ # #6G+*8&1#;&A#3 "+$$##–2002 // N6G+*8KC*/.*-!43;/, 2003, 
[4. – 13-14 $. 
 
11. !(.5+4 S.S. !#67*+662. A#G*+42. $.1# SDH.- J.: =><% "T?+-
%*.6B; K+", 1997.- 148 $. 
 
12. !(.5+4 S.S. !+4*.8.662. 1.76+(+9## A#G*+427 +51+4+(+?+6627 
$.1.: $43;#.- J.: "&B#+ # $43;/, 2000.- 468 $. 
 
13. IEEE Std 802.3ae-2002. AMENDMENT TO IEEE Std 802.3. «Part 3: 
Carrier Sense Multiple Access with Collision Detection (CSMA/CD) Access 
Method and Physical Layer Specifications Amendment 1: Media Access 
Control (MAC) Parameters, Physical Layers, and Management Parameters for 
10 Gb/s Operation». – 529 $. 
 
14. ITU-T Rec. G.692. Optical interfaces for multichannel systems with optical 
amplifiers (10.98). 
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