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Metrotek Bercut-SDH  
ʉʦʚʨʝʤʝʥʥʘʷ ʪʝʩʪʦʚʘʷ 

ʫʩʪʘʥʦʚʢʘ ʜʣʷ OTN, 

SDH/SONET, PDH/DSn, 

Teleprotection, Ethernet ʠ 

ʩʠʥʭʨʦʥʥʳʭ ʧʘʢʝʪʥʳʭ 

ʩʝʪʝʡ ʠ OTDR 
 

ʂʦʥʬʠʛʫʨʠʨʫʝʤʦʝ ʚ ʧʦʣʝʚʳʭ ʫʩʣʦʚʠʷʭ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʪʨʘʥʩʧʦʨʪʥʳʭ, ʤʦʙʠʣʴʥʳʭ  ʩʝʪʝʡ ʠ Ethernet ʩ ʧʦʤʦʱʴʶ 

aQoSta. Bercut-SDH ï ʧʦʣʥʦʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʧʦʨʪʘ-

ʪʠʚʥʦʝ ʪʝʩʪʦʚʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʝʪʝʡ OTN, SDH, 

SONET, PDH, DSn, ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʫʩʪʘʥʦʚʢʠ ʤʦʜʫʣʷ 

OTDR, ʢʦʪʦʨʦʝ ʧʨʝʜʣʘʛʘʝʪ ʨʘʩʰʠʨʝʥʥʫʶ ʧʦʜʜʝʨʞʢʫ 

ʪʝʭʥʦʣʦʛʠʡ ʤʦʙʠʣʴʥʳʭ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʝʪʝʡ ʩ ʪʝʩʪʠʨʦ-

ʚʘʥʠʝʤ SyncE, 1588v2 PTP, Ethernet ʠ CPRI/OBSAI, 

IEEE C37.94.  
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ʇʨʝʠʤʫʱʝʩʪʚʘ ʧʣʘʪʬʦʨʤʳ 

Å ɽʜʠʥʘʷ ʧʣʘʪʬʦʨʤʘ ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʫʤʝʥʴʰʘʝʪ CAPEX. 

Å ʆʙʣʘʯʥʘʷ ʩʠʩʪʝʤʘ aQoSta ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʦʢʫʧʘʪʴ, ʘʨʝʥʜʦʚʘʪʴ, ʙʨʘʪʴ ʚ 

ʣʠʟʠʥʛ ʠ ʩʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʠʮʝʥʟʠʠ ʥʘ ʪʝʩʪʦʚʦʝ ʦʙʦʨʫʜʦʚʘʥʠʝ. 

Å ʆʧʪʠʤʠʟʠʨʦʚʘʥʘ ʜʣʷ ʧʦʣʝʚʳʭ ʠʥʞʝʥʝʨʦʚ ʠʣʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʝʨʩʦʥʘʣʘ, ʫʩʪʘʥʘʚʣʠ-

ʚʘʶʱʝʛʦ ʠ ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʩʝʪʠ OTN, SDH/SONET ʠ Ethernet, ʘ ʪʘʢʞʝ ʤʦʙʠʣʴʥʳʝ 

ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʝʪʠ ʩʫʱʝʩʪʚʫʶʱʠʝ ʠ ʩʣʝʜʫʶʱʝʛʦ ʧʦʢʦʣʝʥʠʷ. 

Å ɻʠʙʢʘʷ ʧʨʦʛʨʘʤʤʥʘʷ ʧʣʘʪʬʦʨʤʘ ʜʦʧʫʩʢʘʝʪ ʟʘʧʫʩʢ ʥʝʩʢʦʣʴʢʠʭ ʪʝʩʪʦʚʳʭ ʧʨʠʣʦʞʝ-

ʥʠʡ ʦʜʥʦʚʨʝʤʝʥʥʦ. 

Å ɼʦʩʪʫʧʥʳ ʦʜʥʦ- ʠ ʜʚʫʭʧʦʨʪʦʚʳʝ ʚʝʨʩʠʠ. 

Å ɺʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʪʝʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʠ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʫʧʨʘʚʣʝʥʠʷ Ethernet, 

Wi-Fi, BluetoothÈ ʠʣʠ ʧʣʘʪʫ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ ʩ ʧʨʠʣʦʞʝʥʠʷʤʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʦʬʠʩʘ ʠ 

ʦʧʪʠʤʠʟʘʮʠʠ ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ. 

Å ʇʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʪʝʩʪʦʚʳʝ ʧʨʦʬʠʣʠ ʠ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ. 

Å ɹʳʩʪʨʘʷ ʠ ʵʬʬʝʢʪʠʚʥʘʷ ʧʝʨʝʜʘʯʘ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʘ ʬʣʝʰ-ʢʘʨʪʫ USB. 

Å ʋʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʘʤʠ: ʩʦʧʨʦʚʦʞʜʝʥʠʝ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠ,̫ ʫʧʨʘʚʣʝʥʠʝ ʪʝʩʪʦʚʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠʷʤʠ, ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʟʤʝʨʝʥʠʡ ʠ ʛʝʥʝ-

ʨʘʮʠʷ ʦʪʯʝʪʦʚ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʭ ʪʝʩʪʠʨʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ aQoSta. 

Å ʉʤʝʥʥʳʝ ʣʠʪʠʡ-ʠʦʥʥʳʝ ʘʢʢʫʤʫʣʷʪʦʨʳ ʫʚʝʣʠʯʠʚʘʶʪ ʚʨʝʤʷ ʧʦʣʝʚʳʭ ʠʩʧʳʪʘʥʠʡ. 

SyncE/IEEE 1588v2 

Å ʇʦʣʥʦʩʪʴʶ ʠʥʪʝʛʨʠʨʦʚʘʥʥʦʝ ʨʝʰʝʥʠʝ ʜʣʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʭ ʧʘʢʝʪʥʳʭ ʩʝʪʝʡ. 

Å ʇʦʜʜʝʨʞʢʘ ʩʪʘʥʜʘʨʪʦʚ IEEE 1588v2/PTP ʠ SyncE/ITU-T G.8261. 

Å ʕʤʫʣʷʮʠʷ ʚʝʜʫʱʠʭ ʠ ʚʝʜʦʤʳʭ ʛʝʥʝʨʘʪʦʨʦʚ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. 

Å ʄʦʥʠʪʦʨʠʥʛ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʧʨʦʪʦʢʦʣʘ IEEE 1588v2/PTP. 

Å ɸʥʘʣʠʟ PDV IEEE 1588v2/PTP. 

Å ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʠʟ SyncE ʠʣʠ PTP ʠ ʚʳʚʦʜ ʚ ʧʦʨʪ E1 ʠʣʠ DS1. 

Å ɻʝʥʝʨʘʮʠʷ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ESMC SSM. 

IEEE C37.94 

Å ʊʝʩʪʠʨʦʚʘʥʠʝ IEEE C37.94. 

OTN/SDH/PDH 

Å ʊʝʩʪʠʨʦʚʘʥʠʝ ʦʧʪʠʯʝʩʢʦʛʦ SDH/SONET ʜʣʷ STM-0/1/4/16/64/256 ʠ 

OC1/3/12/48/192/768; ʚʢʣʶʯʘʷ ʵʣʝʢʪʨʠʯʝʩʢʠʡ STM-0/1e (STS-1/3). 

Å ʊʝʩʪʠʨʦʚʘʥʠʝ OTN ʜʣʷ ODU0, ODU Flex, OTU1, OTU2, OTU1e/OTU2e, OTU3, 

OTU4. 

Å ʊʝʩʪʠʨʦʚʘʥʠʝ PDH ʜʣʷ E1, E2, E3, E4, DS1, DS3. 

Å ʅʝʨʘʟʨʫʰʘʶʱʠʡ ʘʥʘʣʠʟ ʤʘʩʢʠ ʠʤʧʫʣʴʩʘ ʥʘ ʩʢʦʨʦʩʪʷʭ E1, E3 ʠ DS1, DS3. 

Å ɸʚʪʦʤʘʪʠʯʝʩʢʘ ̫ʟʘʱʠʪʥʘʷ ʢʦʤʤʫʪʘʮʠʷ ʠ ʥʝʨʘʟʨʫʰʘʶʱʝʝ ʦʙʩʣʫʞʠʚʘʥʠʝ. 

Å ɿʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʚ ʦʙʘ ʢʦʥʮʘ ʚʦ ʚʩʝʭ ʠʥʪʝʨʬʝʡʩʘʭ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʭ ʧʦʣʝʟʥʦʡ 

ʥʘʛʨʫʟʢʠ. 

Å ʄʦʥʠʪʦʨʠʥʛ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʙʘʡʪʦʚ. 

Å ʄʦʥʠʪʦʨʠʥʛ ʪʘʥʜʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

Å ɸʥʘʣʠʟ ʜʞʠʪʪʝʨʘ/ʚʘʥʜʝʨʘ (E1, E3, DS1, DS3 ʠ STM-1o, OC-3). 

ʂʘʥʘʣ Ethernet/ʦʧʪʦʚʦʣʦʢʥʦ 

Å 10GE LAN/WAN (SFP+/XFP), 100Base-FX/1000Base-X SFP, 10/100/1000Base-T, 

ʧʦʨʪʳ RJ45, QSFP+ ʜʣʷ 40GE, CFP4 ʜʣʷ 100GE.  
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Å ʇʦʜʜʝʨʞʢʘ ʦʧʪʦʚʦʣʦʢʦʥʥʦʛʦ ʢʘʥʘʣʘ 1G/2G/4G/8G/10G/40G/100G ʜʣʷ ʩʝʪʝʡ ʭʨʘʥʝ-

ʥʠʷ ʜʘʥʥʳʭ. 

Å ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ, ʚʨʝʤʷ ʟʘʜʝʨʞʢʠ, ʧʦʪʝʨʠ ʬʨʝʡʤʦʚ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʟʘ-

ʤʢʥʫʪʳʤ ʢʦʥʪʫʨʦʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ RFC2544. 

Å ʅʘʙʦʨ ʪʝʩʪʦʚ V-SAM, ʩʦʚʤʝʩʪʠʤʳʡ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ITU-T Y.1564. 

Å ʇʦʜʜʝʨʞʢʘ Q-in-Q (ʩʪʝʢ VLAN), MPLS, MPLS-TP, PBB. 

Å ʇʦʜʜʝʨʞʢʘ IEEE 802.3ah, ITU-T Y.1731, IEEE 802.1ag ʠ MPLS-TP OAM. 

Å ʅʘʙʦʨ ʪʝʩʪʦʚ RFC6349 V-PERF TCP. 

ʊʝʩʪʠʨʦʚʘʥʠʝ CPRI/OBSAI 

Å ʉʪʘʥʜʘʨʪ ʨʘʜʠʦʠʥʪʝʨʬʝʡʩʘ ʦʙʱʝʛʦ ʧʦʣʴʟʦʚʘʥʠʷ (CPRI): ʧʦʜʜʝʨʞʢʘ ʚʩʝʭ ʩʢʦʨʦʩʪʝʡ 

ʦʪ 614.4 ʄʙʠʪ/ʩ ʜʦ 111.810 ɻʙʠʪ/ʩ. 

Å ʀʥʠʮʠʘʪʠʚʘ ʧʦ ʦʪʢʨʳʪʦʡ ʘʨʭʠʪʝʢʪʫʨʝ ʙʘʟʦʚʳʭ ʩʪʘʥʮʠʡ (OBSAI): ʧʦʜʜʝʨʞʢʘ ʚʩʝʭ 

ʩʢʦʨʦʩʪʝʡ ʦʪ 768 ʄʙʠʪ/ʩ ʜʦ 6.144 ɻʙʠʪ/ʩ. 

Å ʊʝʩʪʠʨʦʚʘʥʠʝ BER ʩ ʥʘʛʨʫʟʦʯʥʳʤʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ PRBS. 

Å ʀʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ 

ʕʢʩʧʝʨʪ ʧʦ ʪʨʘʥʩʧʦʨʪʥʳʤ ʩʝʪʷʤ 

 

aQoStaÊ 

ʄʠʥʠʤʠʟʠʨʫʡʪʝ CAPEX ʠ ʦʧʪʠʤʠʟʠʨʫʡʪʝ OPEX, ʫʧʨʘʚʣʷʷ ɺʘʰʠʤ ʢʦʤʧʣʝʢʪʦʤ 

Bercut-SDH ʩ ʧʦʤʦʱʴʶ aQoSta. Bercut-SDH ʧʦʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʪʝʩʪʦʚʫʶ ʧʣʘʪʬʦʨ-

ʤʫ1 ʧʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ aQoSta ʫʧʨʘʚʣʷʝʪ ʪʝʩʪʦʚʳʤʠ ʧʨʠʙʦʨʘʤʠ, ʣʠʮʝʥ-

ʟʠʷʤʠ  ʬʫʥʢʮʠʡ ʪʝʩʪʠʨʦʚʘʥʠʷ ʠ ʨʘʙʦʯʠʤʠ ʧʦʪʦʢʘʤʠ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʇʨʠʦʩʪʘʥʦʚʠʪʝ ʧʦʢʫʧʢʠ ʪʝʩʪʦʚʳʭ ʧʨʠʙʦʨʦʚ, ʟʘʛʨʫʞʝʥʥʳʭ ʥʘ ʚʩʷʢʠʡ ʩʣʫʯʘʡ ʜʦʧʦʣ-

ʥʠʪʝʣʴʥʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʠʣʠ ʨʘʟʤʝʱʘʡʪʝ ʥʝʩʢʦʣʴʢʦ ʟʘʢʘʟʦʚ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʢʦʥʬʠʛʫʨʘʮʠ-

ʷʤʠ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʋʤʝʥʴʰʠʪʝ ʩʚʦʠ CAPEX, ʧʦʢʫʧʘʷ ʪʦ, ʚ ʯʝʤ ɺʳ 

                                                 
1 ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʠʟʛʦʪʦʚʠʪʝʣʝʤ ʦʧʮʠʡ ʘʧʧʘʨʘʪʥʳʭ 

ʩʨʝʜʩʪʚ, ʪʘʢʠʭ ʢʘʢ 8GFC, GPS, ʘʪʦʤʥʳʡ ʛʝʥʝʨʘʪʦʨ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʠʣʠ ʚʩʪʨʘʠʚʘʝʤʘʷ 

ʦʧʪʠʢʘ. 
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ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʥʫʞʜʘʝʪʝʩʴ, ʠ ʟʘʨʘʥʝʝ ʫʧʨʘʚʣʷʡʪʝ ʩʚʦʠʤʠ ʘʢʪʠʚʘʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʠ ʘʧʧʘ-

ʨʘʪʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. 

ʇʨʠʦʙʨʝʪʘʡʪʝ, ʘʨʝʥʜʫʡʪʝ ʠʣʠ ʚʦʟʴʤʠʪʝ ʚ ʣʠʟʠʥʛ ʪʦʣʴʢʦ ʥʝʦʙʭʦʜʠʤʳʝ ʪʝʩʪʦʚʳʝ 

ʬʫʥʢʮʠʠ ʚ ʧʨʘʚʠʣʴʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ, ʯʪʦʙʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ɺʘʰ OPEX: 

Å ʧʦʢʫʧʘʡʪʝ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʩʪʦʚʳʝ ʬʫʥʢʮʠʠ, ʪʨʝʙʫʝʤʳʝ ʜʣʷ ʝʞʝʜʥʝʚʥʦʡ ʨʘ-

ʙʦʪʳ; 

Å ʙʝʨʠʪʝ ʚ ʣʠʟʠʥʛ ʥʝʜʘʚʥʦ ʧʦʷʚʠʚʰʠʝʩʷ ʪʝʭʥʦʣʦʛʠʠ ʙʝʟ ʨʠʩʢʘ ʧʨʠ ʠʭ ʧʨʝʜʦʧʣʘʪʝ; 

Å ʘʨʝʥʜʦʚʘʥʥʳʝ ʪʝʩʪʦʚʳʝ ʬʫʥʢʮʠʠ ʠʩʧʦʣʴʟʫʡʪʝ ʚ ʦʩʦʙʳʭ ʩʣʫʯʘʷʭ ʜʣʷ ʩʧʝʮʠʘʣʴʥʳʭ 

ʟʘʢʘʟʦʚ ʠʣʠ ʧʨʦʝʢʪʦʚ. ʇʣʘʪʘ ʟʘ ʘʨʝʥʜʫ ʥʘʯʠʥʘʝʪ ʚʟʠʤʘʪʴʩʷ, ʪʦʣʴʢʦ ʢʦʛʜʘ ʬʫʥʢʮʠʠ ʟʘʢʘʯʝ-

ʥ  rʠ ʥʘʯʘʣʦʩʴ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ; 

Å ʩʦʚʤʝʩʪʥʦ ʧʦʣʴʟʫʡʪʝʩʴ ʧʫʣʦʤ ʣʠʮʝʥʟʠʡ ʥʘ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʩ ʜʨʫʛʠʤʠ 

ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ, ʚʢʣʶʯʘʷ ʬʫʥʢʮʠʠ, ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʩʦʙʩʪʚʝʥʥʦʩʪʠ, ʘʨʝʥʜʦʚʘʥʥʳʝ ʠ ʚʟʷʪʳʝ 

ʚ ʣʠʟʠʥʛ. 

ɹʝʟʦʧʘʩʥʘʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʦʙʣʘʯʥʦʤ ʩʝʨʚʠʩʝ ʩʨʝʜʘ aQoSta ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʟʙʳʪʦʯ-

ʥʦʩʪʴ ʠ ʙʳʩʪʨʳʡ ʜʦʩʪʫʧ ʢ ʛʝʦʛʨʘʬʠʯʝʩʢʠ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʩʝʨʚʝʨʘʤ ʚʦ ʚʩʝʤ ʤʠʨʝ, ʘ ʪʘʢʞʝ 

ʤʘʩʰʪʘʙʠʨʫʝʤʦʩʪ ɹʠ ʩʚʦʝʚʨʝʤʝʥʥʦʩʪʴ. ʪʝʩʪʦʚʳʝ ʫʩʪʘʥʦʚʢʠ ʠ ʚʝʙ-ʢʣʠʝʥʪʳ ʘʚʪʦʤʘʪʠʯʝʩʢʠ 

ʩʦʝʜʠʥʷʶʪʩʷ ʩ ʩʘʤʳʤ ʙʣʠʟʢʠʤ/ʩʘʤʳʤ ʙʳʩʪʨʳʤ ʜʦʩʪʫʧʥʳʤ ʩʝʨʚʝʨʦʤ. 

ʆʧʪʠʤʠʟʘʮʠʷ ʨʘʙʦʯʠʭ ʧʦʪʦʢʦʚ 

Å ʋʧʨʘʚʣʷʡʪʝ ʟʘʢʘʟʘʤʠ ʥʘ ʨʘʙʦʪʫ (ʟʘʷʚʢʠ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʥʝʠʩʧʨʘʚʥʦʩʪʠ). 

Å ɹʳʩʪʨʘʷ ʟʘʛʨʫʟʢʘ, ʚʳʛʨʫʟʢʘ ʠ ʩʦʚʤʝʩʪʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʝʩʪʦʚʳʭ ʧʨʦʬʠʣʝʡ ʠ ʨʝ-

ʟʫʣʴʪʘʪʦʚ ʪʝʩʪʠʨʦʚʘʥʠʷ. 

Å ʋʩʠʣʴʪʝ ʵʬʬʝʢʪ ʧʝʨʚʦʡ ʫʩʧʝʰʥʦʡ ʨʘʙʦʪʳ, ʫʙʝʜʠʚʰʠʩʴ, ʯʪʦ ʪʝʩʪʦʚʳʝ ʧʨʠʙʦʨʳ ʩʦ-

ʚʨʝʤʝʥʥʳ, ʟʘʪʨʝʙʦʚʘʥʳ ʚʩʝ ʪʝʩʪʦʚʳʝ ʦʧʮʠʠ ʠ ʧʨʘʚʠʣʴʥʳʝ ʪʝʩʪʦʚʳʝ ʧʨʦʬʠʣʠ, ʪʦʛʜʘ ʢʘʞ-

ʜʘʷ ʥʦʚʘʷ ʨʘʙʦʪʘ ʙʫʜʝʪ ʟʘʢʦʥʯʝʥʘ ʩ ʧʝʨʚʦʛʦ ʨʘʟʘ. 

Å ʅʝ ʭʚʘʪʘʝʪ ʪʝʩʪʦʚʦʡ ʬʫʥʢʮʠʠ? ʀʩʧʦʣʴʟʫʷ aQoSta, ʩʫʧʝʨʚʠʟʦʨʳ ʤʦʛʫʪ ʜʘʪʴ ʟʘʜʘʥʠʝ 

ʥʘ ʟʘʛʨʫʟʢʫ ʪʝʩʪʦʚʦʛʦ ʥʘʙʦʨʘ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʜʝʣʘʷ ʠʭ ʩʨʘʟʫ ʞʝ ʜʦʩʪʫʧʥʳʤʠ ʚ ʪʝʩʪʦ-

ʚʦʡ ʫʩʪʘʥʦʚʢʝ. ʄʝʥʴʰʝ ʚʨʝʤʝʥʠ ʧʨʦʧʘʜʝʪ ʚʧʫʩʪʫʶ ʠʟ-ʟʘ ʥʝʧʨʝʜʚʠʜʝʥʥʳʭ ʩʣʫʯʘʝʚ. 

ʋʧʨʘʚʣʝʥʠʝ ʘʢʪʠʚʘʤʠ 

Å ʂʫʧʠʪʝ, ʘʨʝʥʜʫʡʪʝ ʠʣʠ ʚʦʟʴʤʠʪʝ ʚ ʣʠʟʠʥʛ ʥʦʚʳʝ ʪʝʩʪʦʚʳʝ ʬʫʥʢʮʠʠ. 

Å ʉʦʚʤʝʩʪʥʦ ʠʩʧʦʣʴʟʫʝʤʳʝ ʪʝʩʪʦʚʳʝ ʬʫʥʢʮʠʠ ʨʘʩʧʨʝʜʝʣʷʶʪʩʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʣʘ-

ʚʘʶʱʝʡ ʣʠʮʝʥʟʠʝʡ. ʪʝʩʪʦʚʳʝ ʬʫʥʢʮʠʠ ʙʦʣʴʰʝ ʥʝ ʩʚʷʟʘʥʳ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʝʩʪʦʚʳʤʠ 

ʫʩʪʘʥʦʚʢʘʤʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʘʢʪʠʚʳ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʝʨʝʨʘʩʧʨʝ-

ʜʝʣʝʥʳ ʧʦ ʤʝʨʝ ʥʝʦʙʭʦʜʠʤʦʩʪʠ. 

Å ʉʣʝʞʝʥʠʝ ʟʘ ʪʝʩʪʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ ʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ. 

Å ʋʧʨʘʚʣʝʥʠʝ ʚʝʨʩʠʷʤʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʯʪʦʙʳ ʚʩʝ ʪʝʩʪʦʚʳʝ ʫʩʪʘʥʦʚʢʠ 

"ʧʨʠʚʷʟʘʪʴ" ʢ ʧʦʩʣʝʜʥʝʡ ʦʜʦʙʨʝʥʥʦʡ ʚʝʨʩʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʵʢʦ-

ʥʦʤʷʱʠʤ ʚʨʝʤʷ ʤʝʭʘʥʠʟʤʦʤ ʦʙʥʦʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Delta Push ʫʞʝ ʥʝʪ 

ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚ ʧʦʣʥʦʤ ʦʙʥʦʚʣʝʥʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʢʘʞʜʳʡ ʨʘʟ. 

Å ʇʨʦʩʪʦʡ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʬʝʡʩ aQoSta ʠʥʪʝʛʨʠʨʫʝʪʩʷ ʚ 

Bercut-SDH, ʯʪʦʙʳ ʥʝ ʤʝʰʘʪʴ ʚʳʧʦʣʥʝʥʠʶ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʝʞʝʜʥʝʚʥʳʭ ʟʘʜʘʯ. 

Å ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʡ ʠʥʪʝʨʬʝʡʩ ʢʣʠʝʥʪʘ aQoSta, ʦʩʥʦʚʘʥʥʳʡ ʧʦ ʚʝʙ-ʪʝʭʥʦʣʦʛʠʠ, 

ʜʣʷ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʠ ʤʝʥʝʜʞʝʨʦʚ. 

Å ʀʥʜʠʚʠʜʫʘʣʴʥʳʝ ʦʪʯʝʪʳ. 

ʇʨʠʣʦʞʝʥʠʷ PDH/DSn 

ʉʠʩʪʝʤʳ ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ ʠ ʧʝʨʝʜʘʯʠ PDH ʠ T-Carrier (DSn), ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʚ 

1960-ʭ ʠ 1970-ʭ ʛʦʜʘʭ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʦʝ ʧʦʢʦʣʝʥʠʝ ʮʠʬʨʦʚʦʡ ʪʝʣʝʢʦʤʤʫʥʠʢʘ-

ʮʠʦʥʥʦʡ ʩʝʪʝʚʦʡ ʪʝʭʥʦʣʦʛʠʠ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʵʪʠ ʩʝʪʠ ʨʘʟʚʠʣʠʩʴ ʠ ʩʪʘʣʠ ʚʢʣʶʯʘʪʴ ʤʘʛʠ-

ʩʪʨʘʣʴʥʳʝ ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʝ ʪʨʘʥʢʦʚʳʝ ʢʘʥʘʣʳ, ʢʦʣʴʮʘ OTN, SDH, SONET, ʩʝʛ-

ʤʝʥʪʳ ʩʝʪʠ PDH ʠ DSn, ʦʜʥʘʢʦ ʧʦ ʵʢʦʥʦʤʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʚʩʝ ʵʪʦ ʥʝʨʝʜʢʦ ʩʦʭʨʘʥʷʶʪ 
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ʜʣʷ ʜʦʩʪʫʧʘ ʠ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʪʝʩʪʠʨʦʚʘʥʠʝ ʩʝʪʝʡ PDH ʠ T-Carrier 

ʙʫʜʝʪ ʧʨʦʜʦʣʞʘʪɹʩʷ ʝʱʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʧʦʩʣʝʜʫʶʱʠʭ ʣʝʪ. 

Bercut-SDH ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʝʩʪʦʚʳʝ ʬʫʥʢʮʠʠ  PDH ʠ DSn ʥʘ ʩʢʦʨʦʩʪʷʭ ʦʪ 140 

ʄʙʠʪ/ʩ (E4), 34 ʄʙʠʪ/ʩ (E3), 8 ʄʙʠʪ/ʩ (E2), 2 ʄʙʠʪ/ʩ ʜʦ N/MĬ64 ʂʙʠʪ/ʩ, ʘ ʪʘʢʞʝ ʥʘ ʩʢʦʨʦ-

ʩʪʷʭ ʦʪ 45 ʄʙʠʪ/ʩ (DS3), 1.5 ʄʙʠʪ/ʩ (DS1) ʜʦ N/MĬ56 ʂʙʠʪ/ʩ. ɼʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʝʩʪʦʚʳʝ 

ʬʫʥʢʮʠʠ ʚʢʣʶʯʘʶʪ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʤʥʦʛʦʩʣʦʡʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ G.821, G.826, M.2100, 

ʘʥʘʣʠʟ ʤʘʩʢʠ ʠʤʧʫʣʴʩʘ ʠ ʟʘʜʝʨʞʢʫ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ. ʉʢʦʨʦʩʪʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʪʘʢʦʚʳ, ʯʪʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩ ̫ʟʘʛʨʫʟʢʘ ʠ ʚʳʛʨʫʟʢʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ E1, E3 ʠ E4 ʚ ʚʠʨʪʫʘʣʴʥʳʝ ʢʦʥ-

ʪʝʡʥʝʨʳ ʠ ʪʝʩʪʠʨʦʚʘʥʠʝ TU-11, TU-12, TU-3 ʠ STS-1, ʯʪʦ ʜʝʣʘʝʪ ʫʩʪʘʥʦʚʢʫ ʠʜʝʘʣʴʥʳʤ 

ʩʨʝʜʩʪʚʦʤ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʛʠʙʨʠʜʥʳʭ ʩʝʪʝʡ PDH/SDH ʠ DSn/SONET. 

 

ʌʫʥʢʮʠʠ PDH/DSn 

ɸʚʪʦʢʦʥʬʠʛʫʨʘʮʠʷ 

ɸʚʪʦʤʘʪʠʯʝʩʢʦʝ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʝ ʫʧʨʦʱʘʝʪ ʥʘʩʪʨʦʡʢʫ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʛʜʘ ʩʚʦʡ-

ʩʪʚʘ ʧʦʩʪʫʧʘʶʱʝʛʦ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʥʝʠʟʚʝʩʪʥʳ. ʕʪʘ ʦʩʦʙʝʥʥʦʩʪʴ ʧʦʟʚʦʣʷʝʪ ʥʘʯʠʥʘʶ-

ʱʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʳʩʪʨʦ ʧʨʠʩʪʫʧʠʪʴ ʢ ʚʳʧʦʣʥʝʥʠʶ ʠʟʤʝʨʝʥʠʡ. 

DS1 Multi-BERTÊ 

ɹʳʩʪʨʳʡ ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʠʩʢ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʘʥʘʣʦʚ DS1 ʚʦʟʤʦʞʥʳ ʙʣʘ-

ʛʦʜʘʨʷ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʛʝʥʝʨʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʪʝʩʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ ʧʨʠ ʧʦʩʣʝʜʦ-

ʚʘʪʝʣʴʥʦʤ ʪʝʩʪʝ BER. ʇʦʩʢʦʣʴʢʫ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʝʩʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʤʦʛʫʪ ʧʦ-

ʤʦʯʴ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪʴ ʠ ʧʨʦʚʝʨʠʪʴ ʥʘ ʧʨʝʜʤʝʪ ʩʧʝʮʠʬʠʯʥʳʭ ʧʨʦʙʣʝʤ ʠʣʠ ʨʝʞʠʤʦʚ ʨʘ-

ʙʦʪʳ, ʪʝʩʪʦʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʤʦʞʝʪ ʙʳʪʴ ʥʘʩʪʨʦʝʥʘ ʧʦ ʦʧʨʝʜʝʣʝʥʥʳʤ ʪʝʩʪʦʚʳʤ ʠ 

ʚʨʝʤʝʥʥʳʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤ ʪʘʢ, ʯʪʦʙʳ ʦʥʘ ʦʪʚʝʯʘʣʘ ʟʘʜʘʥʥʳʤ ʪʝʩʪʦʚʳʤ ʩʮʝʥʘʨʠʷʤ, 

ʪʘʢʠʤ ʢʘʢ ʧʨʦʚʝʨʢʘ ʧʨʘʚʠʣʴʥʦʩʪʠ ʥʘʩʪʨʦʡʢʠ ʣʠʥʝʡʥʦʛʦ ʢʦʜʘ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʬʨʝʡʤʦʚ ʠʣʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. 

ʐʣʝʡʬʦʚʳʝ ʢʦʤʘʥʜʳ DS1 

ʈʘʩʰʠʨʝʥʥʳʝ ʰʣʝʡʬʦʚʳʝ ʢʦʤʘʥʜʳ DS1 ʧʦʟʚʦʣʷʶʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʧʨʦʚʝʩʪʠ ʘʚʪʦ-

ʥʦʤʥʫʶ ʧʨʦʚʝʨʢʫ ʢʘʥʘʣʘ DS1, ʘʢʪʠʚʠʨʫʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʰʣʝʡʬ rʚ ʞʝʣʘʝʤʳʭ ʩʝʪʝ-

ʚʳʭ ʵʣʝʤʝʥʪʘʭ. 

ʀʥʪʫʠʪʠʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʕʢʨʘʥ Summary ʦʧʝʨʘʪʠʚʥʦ ʩʦʦʙʱʘʝʪ ʦ ʩʦʩʪʦʷʥʠʠ ʩʠʛʥʘʣʘ ʠ ʢʨʠʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪ-

ʨʘʭ ʦʰʠʙʦʢ ʠ ʘʣʘʨʤʦʚ ʩ ʣʝʛʢʠʤʠ ʜʣʷ ʯʪʝʥʠʷ ʠʥʜʠʢʘʪʦʨʘʤʠ Pass/Fail. ɼʦʩʪʫʧ ʢ ʜʦʧʦʣʥʠ-

ʪʝʣʴʥʳʤ ʵʢʨʘʥʘʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʯʝʨʝʟ ʤʝʥʶ ʩ ʧʨʦʩʪʳʤʠ ʩʠʩʪʝʤʥʳʤʠ ʟʘʢʣʘʜʢʘʤʠ ʫʨʦʚ-

ʥʝʡ ʩʠʛʥʘʣʘ, ʘʥʦʤʘʣʠʡ ʠ ʩʦʙʳʪʠʡ. 
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ʄʦʱʥʳʝ ʛʠʩʪʦʛʨʘʤʤʳ ʠʟʤʝʨʝʥʠʷ 

ɺʠʟʫʘʣʴʥʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʠʟʤʝʨʝʥʠʡ ʩ ʦʜʥʦʩʝʢʫʥʜʥʳʤ 

ʨʘʟʨʝʰʝʥʠʝʤ ʫʧʨʦʱʘʝʪ ʢʦʨʨʝʣʷʮʠʶ ʘʣʘʨʤʦʚ ʠ ʦʰʠʙʦʢ. 

 

ɸʥʘʣʠʟ ʤʘʩʢʠ ʠʤʧʫʣʴʩʘ 

ʉʠʛʥʘʣʳ PDH/DSn ʤʦʛʫʪ ʥʝ ʩʦʙʣʶʜʘʪʴ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʩʢʝ ʠʤʧʫʣʴʩʘ ʠʟ-ʟʘ ʠʥʪʝʨʬʝ-

ʨʝʥʮʠʠ, ʯʨʝʟʤʝʨʥʦʡ ʜʣʠʥʳ ʢʘʙʝʣʷ, ʥʝʧʦʜʭʦʜʷʱʝʛʦ ʠʤʧʝʜʘʥʩʘ ʠʣʠ ʧʣʦʭʦʛʦ ʜʠʟʘʡʥʘ ʧʝʨʝ-

ʜʘʪʯʠʢʘ. ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʧʨʦʚʝʨʢʘ ʥʘ ʩʦʙʣʶʜʝʥʠʝ ʪʨʝʙʦʚʘʥʠʡ G.703 ʢ ʤʘʩʢʝ ʠʤʧʫʣʴʩʘ 

ʦʯʝʥʴ ʧʦʣʝʟʥʘ ʧʨʠ ʜʠʘʛʥʦʩʪʠʨʦʚʘʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʦʙʣʝʤ. 
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ʊʝʩʪʠʨʦʚʘʥʠʝ ISDN 

ʆʧʮʠʠ ISDN ʦʙʝʩʧʝʯʠʚʘʪʁ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʬʫʥʢʮʠʡ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʠ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʦʝʜʠʥʝʥʠʡ DS1 ʠʣʠ E1 ʥʘ ʧʝʨʚʠʯʥʦʡ ʩʢʦʨʦʩʪʠ, ʥʘʧʨʠʤʝʨ ʧʨʠ 

ʦʙʩʣʫʞʠʚʘʥʠʠ ʪʨʘʥʢʠʥʛʦʚʳʭ ʢʘʥʘʣʦʚ SIP. ʈʘʙʦʪʘʷ ʚ ʨʝʞʠʤʘʭ ʊɽ, NT ʠʣʠ ʤʦʥʠʪʦʨʘ, ʧʨʠ-

ʙʦʨ ʤʦʞʝʪ ʫʩʪʘʥʘʚʣʠʚʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʟʘʧʨʦʩʳ ISDN ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʧʦʣʴʟʦʚʘʪʝʣʷʤʠ ʧʘ-

ʨʘʤʝʪʨʘʤʠ, ʚʢʣʶʯʘʷ ʧʨʦʪʦʢʦʣ ʫʧʨʘʚʣʝʥʠʷ ʚʳʟʦʚʘʤʠ, ʚʳʟʦʚ ʥʦʤʝʨʘ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʬʫʥʢʮʠʠ. 

ʉʚʦʡʩʪʚʘ ʬʫʥʢʮʠʡ ʧʨʦʪʦʢʦʣʘ ʜʝʪʘʣʠʟʠʨʫʶʪ ʩʪʘʪʠʩʪʠʢʫ ʩʠʛʥʘʣʠʟʘʮʠʠ, ʚʳʧʦʣʥʷʶʪ 

ʤʦʥʠʪʦʨʠʥʛ ʠ ʨʘʩʰʠʬʨʦʚʢʫ ʩʦʦʙʱʝʥʠʡ ʠ ʧʦʣʥʫʶ ʧʨʝʟʝʥʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ. ʉ ʧʦʤʦʱʴʶ 

ʵʪʠʭ ʩʚʦʡʩʪʚ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʘʥʘʣʠʟ ʤʝʞʜʫʥʘʨʦʜʥʦʛʦ ʠ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ISDN ʠ 

ʜʨʫʛʠʭ ʧʨʦʪʦʢʦʣʦʚ ʜʦʩʪʫʧʘ. 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ VF 

ʆʧʮʠʷ ʯʘʩʪʦʪʳ ʨʝʯʠ (VF) ï ʦʩʥʦʚʥʦʡ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʡ ʠʥʩʪʨʫʤʝʥʪ, ʯʪʦʙʳ ʫʩʪʘʥʦ-

ʚʠʪʴ, ʧʨʦʚʝʨʠʪʴ ʠ ʥʘʡʪʠ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʨʝʯʝʚʳʭ ʢʘʥʘʣʦʚ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʮʠʬʨʦʘʥʘʣʦʛʦʚʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʚʳʧʦʣʥʷʝʪʩʷ ʟʘ ʩʯʝʪ ʚʩʪʘʚʢʠ/ʠʟʤʝʨʝʥʠʷ ʪʦʥʦʚ ʩ ʯʘʩʪʦʪʦʡ ʠ ʫʨʦʚʥʝʤ, 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, ʥʘ ʚʙrʨʘʥʥʳʭ ʩʫʙʩʢʦʨʦʩʪʥʳʭ ʢʘʥʘʣʘʭ. 

ɻʥʝʟʜʦ ʤʠʢʨʦʬʦʥʘ/ʥʘʫʰʥʠʢʦʚ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʛʦʚʦʨʠʪ/ɹʩʣʫʰʘʪʴ ʚ ʚʙrʨʘʥʥʦʤ 

ʚʨʝʤʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʝ ʬʫʥʢʮʠʠ ʧʦʟʚʦʣʷʶʪ ʚʝʩʪʠ ʨʘʩʰʠʬʨʦʚ-

ʢʫ VF ʥʘ ʚʩʝʭ ʩʢʦʨʦʩʪʷʭ PDH/DSn ʠ SDH/SONET. 
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ɼʞʠʪʪʝʨ ʠ ʚʘʥʜʝʨ 

ʎʝʣʦʩʪʥʦʩʪʴ ʜʘʥʥʳʭ ʚ ʩʠʥʭʨʦʥʥʳʭ ʩʝʪʷʭ ʟʘʚʠʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʦʪ ʩʪʘʙʠʣʴʥʦʩʪʠ ʬʘʟʳ 

ʩʠʛʥʘʣʦʚ ʜʘʥʥʳʭ ʠ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ. ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ITU-T G.810 

ʪʝʨʤʠʥ "ʜʞʠʪʪʝʨ" ʠʩʧʦʣʴʟʫʝʪʩʷ, ʢʦʛʜʘ ʯʘʩʪʦʪʘ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʤʦʜʫʣʷʮʠʠ ʬʘʟʳ ʙʦʣʴʰʝ, 

ʯʝʤ 10 ɻʮ. ʂʦʛʜʘ ʯʘʩʪʦʪʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʴʰʝ 10 ɻʮ, ʥʝʞʝʣʘʪʝʣʴʥʘʷ ʤʦʜʫʣʷʮʠʷ ʥʘʟʳʚʘʝʪʩʷ 

ʚʘʥʜʝʨʦʤ. ɺ ʩʝʪʷʭ SDH/SONET ʝʩʪʴ ʙʦʣʴʰʘʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʘʢʦʧʣʝʥʠʷ ʜʞʠʪʪʝʨʘ, ʯʪʦ 

ʫʭʫʜʰʘʝʪ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ ʩʝʪʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʢʦʤʧʦʥʝʥʪʳ ʠ ʩʝʪʴ ʚ ʮʝʣʦʤ ʦʙʷʟʘʪʝʣʴ-

ʥʦ ʜʦʣʞʥʳ ʪʝʩʪʠʨʦʚʘʪʴʩʷ ʠ ʨʝʛʫʣʷʨʥʦ ʧʨʦʚʝʨʷʪʴʩʷ ʥʘ ʧʨʝʜʤʝʪ ʜʞʠʪʪʝʨʘ, ʯʪʦʙʳ ʛʘʨʘʥʪʠ-

ʨʦʚʘʪʴ ʩʦʭʨʘʥʝʥʠʝ ʦʧʪʠʤʘʣʴʥʦʛʦ ʫʨʦʚʥʷ ʢʘʯʝʩʪʚʘ. 

ʄʝʪʨʠʢʠ ʜʞʠʪʪʝʨʘ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʳʭʦʜʥʦʛʦ ʜʞʠʪʪʝʨʘ, ʨʝʛʣʘʤʝʥʪʠʨʫʝʤʳʝ ʩʪʘʥʜʘʨʪʘʤʠ ITU-T 0.171/ 

0.172 ʠ Telcordia GR-499/253, ʦʮʝʥʠʚʘʶʪʩʷ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠ̫ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʭ 

ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (E1, E3, STM-1o ʠ DS1, DS3, OC-3) ʧʦʩʣʝ ʠʭ ʧʨʦ-

ʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʩʝʪ.ɹ 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʚ ʠʥʪʝʨʚʘʣʘʭ (UI), ʤʘʢʩʠʤʘʣʴʥʳʡ ʜʞʠʪʪʝʨ ʦʪ ʧʠʢʘ ʢ ʧʠʢʫ ï ʥʘʠʙʦʣʝʝ 

ʚʘʞʥʳʡ ʧʘʨʘʤʝʪʨ, ʘ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʢʨʠʪʝʨʠʝʤ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, 

ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʵʢʩʪʨʝʤʫʤʳ ʦʙʳʯʥʦ ʚʳʟʳʚʘʶʪ ʦʰʠʙʢʠ. ʊʘʢ ʢʘʢ ʜʞʠʪʪʝʨ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʚʘʨʠʘʮʠʷ ʬʘʟʳ ʩʚʳʰʝ 10 ɻʮ, ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ ʜʦʣʞʝʥ ʙʳʪʴ ʬʠʣʴʪʨʦʚʘʥ, ʯʪʦʙʳ ʠʟʤʝʨʠʪʴ 

ʜʞʠʪʪʝʨ, ʧʦʵʪʦʤʫ ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʚʳʙʠʨʘʪʴ ʤʝʞʜʫ ʠhʨʦʢʦʧʦʣʦʩʥʳʤ ʬʠʣʴʪʨʦʤ ʠ 

ʬʠʣʴʪʨʦʤ ʚʝʨʭʥʠʭ ʯʘʩʪʦʪ, ʯʪʦʙʳ ʢʘʢ ʪʨʝʙʫʝʪʩʷ ʥʘʩʪʨʦʠʪʴ ʧʦʣʦʩʫ ʯʘʩʪʦʪ ʜʣʷ ʠʟʤʝʨʝʥʠʷ. 

 

ʄʝʪʨʠʢʠ ʚʘʥʜʝʨʘ 

ɺʘʥʜʝʨ ʠʟʤʝʨʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʚʥʝʰʥʠʤ ʵʪʘʣʦʥʥʳʤ ʪʘʢʪʦʚʳʤ ʠʤʧʫʣʴʩʘʤ, ʪʦʛʜʘ 

ʢʘʢ ʜʞʠʪʪʝʨ ʦʙʳʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʧʦ ʦʪʥʦʰʝʥʠʠ ʢ ʪʘʢʪʦʚʳʤ ʠʤʧʫʣʴʩʘʤ, ʠʟʚʣʝʯʝʥʥʳʤ ʠʟ 

ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ ʜʘʥʥʳʭ. 

ʂʦʣʝʙʘʥʠʷ (ʚʘʥʜʝʨ) ʚʭʦʜʥʳʭ ʚʥʝʰʥʠʭ ʵʪʘʣʦʥʥʳʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʜʦʧʫʩʢʘʶʪʩʷ 

ʜʣʷ ʩʠʛʥʘʣʦʚ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʯʘʩʪʦʪʘʭ 1.5 ʄɻʮ ʠ 2 ʄɻʮ, ʚʢʣʶʯʘʷ ʩʠʛʥʘʣʳ ʥʘ ʩʢʦ-

ʨʦʩʪʷʭ 64 ʂʙʠʪ/ʩ, 1.544 ʄʙʠʪ/ʩ ʠ 2.048 ʄʙʠʪ/ʩ. 
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ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ (E1, E3, STM-1o ʠ DS1, DS3, OC-3) ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʚʥʝʰʥʠʤ ʩʠʛʥʘʣʦʤ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʦʣʫʯʘʝʪʩʷ ʦʰʠʙʢʘ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ (TIE). 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʝʟʫʣʴʪʘʪʦʚ ʜʞʠʪʪʝʨʘ, ʢʦʪʦʨʳʝ ʚʳʨʘʞʘʶʪʩʷ ʚ ʠʥʪʝʨʚʘʣʘʭ, ʟʥʘʯʝʥʠʝ TIE ʟʘ-

ʜʘʝʪʩʷ ʢʘʢ ʘʙʩʦʣʶʪʥʦʝ ʟʥʘʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚ ʥʘʥʦʩʝʢʫʥʜʘʭ. ʈʝʟʫʣʴʪʘʪʳ MTIE (ʤʘʢʩʠʤʘʣʴ-

ʥʘʷ ʦʰʠʙʢʘ ʚʨʝʤʝʥʥʦʛʦ ʠʥʪʝʨʚʘʣʘ) ʛʦʚʦʨʷʪ ʦ ʩʘʤʦʤ ʙʦʣʴʰʦʤ TIE ʦʪ ʧʠʢʘ ʢ ʧʠʢʫ, ʥʘʙʣʶ-

ʜʘʝʤʦʤ ʚʦ ʚʨʝʤʷ ʠʟʤʝʨʝʥʠʷ. 

ʇʨʠʣʦʞʝʥʠʷ OTN 

ɺʚʝʜʝʥʠʝ 

ʊʝʩʪʦʚʦʝ ʧʨʠʣʦʞʝʥʠʝ OTN ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʪʝʭʥʠʯʝʩʢʦʤʫ ʧʝʨʩʦʥʘʣʫ ʠ ʠʥʞʝʥʝʨʘʤ  

ʨʘʟʥʦʦʙʨʘʟʥʳʡ ʠ ʤʦʱʥʳʡ ʥʘʙʦʨ ʪʝʩʪʦʚʳʭ ʬʫʥʢʮʠʡ, ʪʨʝʙʫʝʤʳʭ ʜʣʷ ʫʩʪʘʥʦʚʢʠ, ʚʚʦʜʘ ʚ 

ʵʢʩʧʣʫʘʪʘʮʠʶ ʠ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʝʪʝʡ OTN. ɼʦʧʦʣʥʠʪʝʣʴʥʳʡ ʥʘʙʦʨ ʪʝʩʪʦʚ OTN 

ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʘʢʪʠʚʠʨʦʚʘʥ, ʠʩʧʦʣʴʟʫʷ ʢʣʶʯ ʣʠʮʝʥʟʠʠ ʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ReVeal MTX300. 

ʉʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ 

Bercut-SDH ʧʨʝʜʣʘʛʘʝʪ ʨʘʟʣʠʯʥʳʝ ʦʧʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ 

ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩʦ ʩʪʘʥʜʘʨʪʦʤ ITU-T G.709, ʚʢʣʶʯʘʷ ʨʘʩʰʠʨʝʥʥʳʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʘʢʪʦ-

ʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ) ʩʢʦʨʦʩʪʠ ʧʝʨʝʜʘʯʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʣʦʞʝʥʠʝʤ 43 ʩʪʘʥʜʘʨʪʘ ITU-T 

G. ɼʦʩʪʫʧʥʳ ʩʣʝʜʫʶʱʠʝ ʪʝʩʪʦʚʳʝ ʠʥʪʝʨʬʝʡʩʳ OTN: 

Å ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ SFP ʧʦʜʜʝʨʞʠʚʘʝʪ OTU1 (2.66 ɻʙʠʪ/ʩ); 

Å ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ SFP+/XFP ʧʦʜʜʝʨʞʠʚʘʝʪ OTU2 (10.7 ɻʙʠʪ/ʩ), OTU1e (11.049 

ɻʙʠʪ/ʩ) ʠ OTU2e (11.095 ɻʙʠʪ/ʩ); 

Å ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ QSFP+ ʧʦʜʜʝʨʞʠʚʘʝʪ OTU3 (43.01 ɻʙʠʪ/ʩ), OTU3e2 (44.58 

ɻʙʠʪ/ʩ); 

Å ʧʨʠʝʤʦʧʝʨʝʜʘʪʯʠʢ CFP4 ʧʦʜʜʝʨʞʠʚʘʝʪ OTU4 (112 ɻʙʠʪ/ʩ). 

ʊʝʩʪʦʚʳʝ ʧʨʠʣʦʞʝʥʠʷ  

ʇʦʜʦʙʥʦ SDH/SONET, ʪʨʝʙʫʝʪʩ,̫ ʯʪʦʙʳ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʪʝʩʪʳ ʩʝʪʠ OTN ʩ ʧʨʝʨʳ-

ʚʘʥʠʝʤ ʠ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʩʚʷʟʠ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟ ʧʨʝʨʳʚʘʥʠʷ ʩʚʷʟʠ ʚʢʣʶʯʘʝʪ ʤʦʥʠʪʦʨʠʥʛ 

ʵʢʩʧʣʫʘʪʠʨʫʝʤʦʡ ʩʝʪʠ ʥʘ ʧʨʝʜʤʝʪ ʘʣʘʨʤʦʚ ʠ ʦʰʠʙʦʢ ʟʘ ʟʘʜʘʥʥʳʡ ʧʝʨʠʦʜ ʚʨʝʤʝʥʠ, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʪʝʩʪʠʨʦʚʘʥʠʝ ʩ ʧʨʝʨʳʚʘʥʠʝʤ ʩʚʷʟʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʳʧʦʣʥʷʝʪʩʷ ʚʦ ʚʨʝʤʷ ʬʘʟʳ 

ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʯʪʦʙʳ ʧʝʨʝʜ ʧʝʨʝʜʘʯʝʡ ʨʝʘʣʴʥʦʛʦ ʪʨʘʬʠʢʘ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʩʝʪʴ 

ʧʦʣʥʦʩʪʴʶ ʨʘʙʦʪʦʩʧʦʩʦʙʥʘ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʨʝʘʢʮʠʶ ʩʝʪʝʚʦʛʦ ʵʣʝʤʝʥʪʘ ʚʢʣʶʯʘʝʪ ʦʪʧʨʘʚʢʫ ʠʩʧʳʪʘʪʝʣʴʥʦʛʦ 

ʩʠʛʥʘʣ (ʦʰʠʙʢʠ ʠʣʠ ʘʣʘʨʤʘ) ʚ ʪʝʩʪʠʨʫʝʤʦʝ ʫʩʪʨʦʡʩʪʚʦ (DUT) OTN ʠ ʤʦʥʠʪʦʨʠʥʛ ʝʛʦ ʚʳ-
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ʭʦʜʘ ʠ ʥʘʜʣʝʞʘʱʝʡ ʨʝʘʢʮʠʠ. ʊʝʩʪ ʥʘ ʨʝʘʢʮʠʶ ʜʦʣʞʝʥ ʙʳʪʴ ʧʦʚʪʦʨʝʥ ʜʣʷ ʚʩʝʭ ʚʦʟʤʦʞʥʳʭ 

ʚʭʦʜʥʳʭ ʠʩʧʳʪʘʪʝʣʴʥʳʭ ʩʠʛʥʘʣʦʚ, ʥʘ ʢʦʪʦʨʳʝ DUT, ʢʘʢ ʦʞʠʜʘʶʪ, ʜʦʣʞʝʥ ʦʪʚʝʪʠʪ.ɹ 

ʌʫʥʢʮʠʠ OTN 

ʀʥʪʫʠʪʠʚʥʘʷ ʫʩʪʘʥʦʚʢʘ ʪʝʩʪʦʚʦʛʦ ʩʠʛʥʘʣʘ 

ʇʝʨʝʜʘʯʘ ʠ ʧʦʣʫʯʝʥʠʝ ʩʠʛʥʘʣʦʚ OTN, ʩʦʚʤʝʩʪʠʤʳʭ ʩ ITU-T G.709, ʚʳʧʦʣʥʷʝʪʩʷ 

ʙʳʩʪʨʦ ʠ ʧʨʦʩʪʦ. ʇʝʨʝʜʘʪʯʠʢ ʠ ʧʨʠʝʤʥʠʢ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʥʝʟʘʚʠʩʠʤʦ, ʠʣʠ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʦʝʜʠʥʝʥʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʩʪʨʦʡʢʠ ʪʝʩʪʘ. ʌʨʝʡʤʦʚʳʝ ʩʠʛʥʘʣʳ ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦ-

ʚʘʥʳ ʚʤʝʩʪʝ ʩ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʠʣʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʤʠ ʧʦʣʝʟʥʳʤʠ ʥʘʛʨʫʟʢʘʤʠ ï 

ʚʙrʨʘʥʥʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʝʩʪʦʚʘ ̫ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʟʘʧʦʣʥʷʝʪ ʚʩʶ ʧʦʣʝʟʥʫʶ ʥʘʛʨʫʟʢʫ 

(ʢʘʢ ʤʘʩʩʠʚ ʜʘʥʥʳʭ) ʠʣʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ (ʬʨʝʡʤʦʚʳʡ 

ʩʠʛʥʘʣ ʢʣʠʝʥʪʘ SDH/SONET). ʏʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʧʨʠʤʝʥʷʝʤʫʶ ʩʭʝʤʦʪʝʭʥʠʢʫ, ʤʦʛʫʪ ʙʳʪʴ 

ʨʘʟʨʝʰʝʥʳ ʠʣʠ ʟʘʧʨʝʱʝʥʳ ʩʢʨʝʤʙʣʠʨʦʚʘʥʠʝ ʠ ʫʧʨʝʞʜʘʶʱʘʷ ʢʦʨʨʝʢʮʠʷ ʦʠhʙʦʢ (FEC). 

 

ʈʘʩʰʠʨʝʥʥʳʝ ʬʫʥʢʮʠʠ ʦʪʦʙʨʘʞʝʥʠʷ 

ʉʠʛʥʘʣʳ ʢʣʠʝʥʪʘ SDH/SONET ʤʦʛʫʪ ʙʳʪʴ ʦʪʦʙʨʘʞʝʥʳ, ʠʩʧʦʣʴʟʫʷ ʙʠʪ-ʩʠʥʭʨʦʥʥʳʡ 

ʠʣʠ ʘʩʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ. ʉʠʥʭʨʦʥʥʳʡ ʨʝʞʠʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʙʣʦʢʘ ʦʧ-

ʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (OPU) ʧʦʣʫʯʘʶʪʩʷ ʠʟ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʩʠʛʥʘʣʦʚ ʢʣʠʝʥʪʘ, ʘ ʘʩʠʥʭʨʦʥ-

ʥʳʡ  ʨʝʞʠʤ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ OPU ʥʝʟʘʚʠʩʠʤʳ. ʉʪʨʫʢʪʫʨʘ ʦʪʦʙʨʘʞʝʥʠʷ 

ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʩʤʦʪʨʝʥʘ ʠ ʧʨʦʚʝʨʝʥʘ ʥʘ ʟʘʢʣʘʜʢʝ Signal Summary. 
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ɺʩʪʘʚʢʘ ʦʰʠʙʦʢ ʠ ʛʝʥʝʨʘʮʠʷ ʘʣʘʨʤʦʚ 

ɸʣʘʨʤʳ ʠ ʦʰʠʙʢʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʙʘʚʣʝʥʳ ʢ ʩʠʛʥʘʣʫ OTN ʠʣʠ ʢ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ. 

ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʧʦʣʥʳʡ ʥʘʙʦʨ ʘʥʦʤʘʣʠʡ ʠ ʘʣʘʨʤʦʚ PDH/DSn ʠ SDH/SONET ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʥʘʩʪʨʦʡʢʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ. ʇʦʜʜʝʨʞʠʚʘʶʪʩʷ ʦʜʠʥʦʯʥʳʝ ʦʰʠʙʢʠ, ʧʨʝʜʚʘʨʠʪʝʣʴ-

ʥʘʷ ʟʘʜʘʥʥʘʷ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ ʠʣʠ ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʯʘʩʪʦʪʘ ʦʰʠʙʦʢ. 

 

ʄʦʥʠʪʦʨʠʥʛ ʦʰʠʙʦʢ ʠ ʘʣʘʨʤʦʚ 

ʄʦʞʥʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʘʥʦʤʘʣʠʠ OTN ʠ ʜʝʬʝʢʪʳ ʚ ʩʠʛʥʘʣʘʭ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

SDH/SONET. ʊʦʯʥʦ ʪʘʢ ʞʝ ʢʦʥʪʨʦʣʠʨʫʶʪʩʷ ʙʠʪʦʚʳʝ ʦʰʠʙʢʠ, ʢʦʛʜʘ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʦʡ 

ʩʠʛʥʘʣʘ OTN ʷʚʣʷʝʪʩʷ ʪʝʩʪʦʚʳʡ ʩʠʛʥʘʣ. ʇʨʦʛʨʘʤʤʥʳʝ LED ʧʦʢʘʟʳʚʘʶʪ ʩʦʩʪʦʷʥʠʝ ʩʦʙʳ-

ʪʠʡ ʥʝʧʨʝʨʳʚʥʦ ʚʦ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʪʝʩʪʘ; ʦʰʠʙʢʠ ʠ ʘʣʘʨʤ rʢʦʜʠʨʫʶʪʩʷ ʮʚʝʪʦʤ, ʯʪʦʙʳ 

ʧʦʢʘʟʘʪʴ ʪʝʢʫʱʠʝ ʦʰʠʙʢʠ ʠ ʘʣʘʨʤʳ ʠ ʠʭ ʧʨʝʜʳʩʪʦʨʠʶ. 

 

ɸʥʘʣʠʟ ʯʘʩʪʦʪʳ ʣʠʥʠʠ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʊʦʯʥʦ ʠʟʤʝʨʷʝʪʩʷ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ, ʧʨʠʩʫʪʩʪʚʫʶʱʝʝ ʚ ʣʠʥʝʡʥʦʡ ʯʘʩʪʦʪʝ ʦʧʪʠʯʝ-

ʩʢʦʛʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʙʣʦʢʘ (OTU) ʠʣʠ ʙʣʦʢʘ ʦʧʪʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ (OPU). ʂʨʦʤʝ ʪʦʛʦ, 

ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʧʨʠʤʝʥʷʝʪʩʷ ʢ ʩʠʛʥʘʣʫ ʧʦʣʴʟʦʚʘʪʝʣ ̫ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦ-

ʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ. 
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ɸʥʘʣʠʟ ʙʘʡʪʦʚ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ɺʩʝ ʙʘʡʪʳ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ OTU/ODU/OPU ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʠ ʧʦʢʘʟʳʚʘʶʪʩʷ 

ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʤ ʬʦʨʤʘʪʝ. ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʜʦʩʪʫʧ ʢ ʙʘʡʪʘʤ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘ-

ʮʠʠ ʛʘʨʘʥʪʠʨʫʝʪ, ʯʪʦ DUT ʪʦʯʥʦ ʚʳʧʦʣʥʷʝʪ ʦʧʝʨʘʮʠʠ ʟʘʚʝʨʰʝʥʠ ̫ʠ ʧʝʨʝʜʘʯʠ. 

ʇʨʠʣʦʞʝʥʠʷ SDH/SONET 

ʋʩʪʘʥʦʚʢʘ, ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ, ʤʦʥʠʪʦʨʠʥʛ ʠ ʦʙʩʣʫʞʠʚʘʥʠʝ ʩʝʪʝʡ SDH/SONET ʠ 

PDH/DSn ʫʧʨʦʱʘʝʪʩʷ ʙʣʘʛʦʜʘʨʷ ʢʦʤʙʠʥʘʮʠʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʭ ʬʫʥʢʮʠʡ ʠ ʤʦʱʥʳʭ 

ʪʝʩʪʦʚʳʭ ʬʫʥʢʮʠʡ. ʉʠʛʥʘʣʳ SDH ʯʘʩʪʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʤ ʫʭʫʜʰʝʥʠʷʤ ʚ ʧʨʦʮʝʩʩʝ 

ʤʫʣʴʪʠʧʣʝʢʩʠʨʦʚʘʥʠʷ, ʧʦʵʪʦʤʫ ʢʨʘʡʥʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʝʥʠʝ ʪʠʧʘ ʘʥʦʤʘʣʠʠ ʠʣʠ ʜʝʬʝʢʪʘ, 

ʯʪʦʙʳ ʠʟʦʣʠʨʦʚʘʪʴ ʩʝʪʝʚʦʡ ʵʣʝʤʝʥʪ ʠʣʠ ʧʫʪʴ ʧʨʦʭʦʞʜʝʥʠʷ ʩʠʛʥʘʣʘ, ʚʳʟʳʚʘʶʱʠʝ ʧʨʦʙʣʝ-

ʤʫ. ɹʳʩʪʨʳʡ ʧʦʠʩʢ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʠ ʚʩʝʩʪʦʨʦʥʥʠʡ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʙʳʪʴ 

ʚʳʧʦʣʥʝʥ, ʠʩʧʦʣʴʟʫʷ ʠʥʪʨʫʟʠʚʥʳʡ, ʥʝʠʥʪʨʫʟʠʚʥʳʡ ʠ ʢʦʥʪʨʦʣʠʨʫʶʱʠʡ ʪʝʩʪʦʚʳʝ ʨʝʞʠʤʳ. 

ʅʘʯʠʥʘʶʱʠʤ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʙʫʜʝʪ ʧʦʣʝʟʥʘ ʧʨʦʩʪʳʝ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʪʝʩʪʦʚʳʝ ʨʝʞʠʤʳ ʩ 

ʘʚʪʦʢʦʥʬʠʛʫʨʘʮʠʝʡ ʠ ʩʢʘʥʠʨʦʚʘʥʠʝʤ ʪʨʠʙʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʧʳʪʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʠ ʩʤʦʛʫʪ 

ʦʮʝʥʠʪʴ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ, ʪʘʢʠʭ ʢʘʢ ʤʦʥʠʪʦʨʠʥʛ ʠ ʢʦʥʪʨʦʣʴ ʙʘʡʪʦʚ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ, ʪʝʩʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʪʝʣʝʡ, ʛʝʥʝʨʘʮʠʷ ʪʨʘʩʩʳ ʧʫʪʠ, ʤʦʥʠʪʦ-

ʨʠʥʛ ʪʘʥʜʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ  ʩ ʦʩʪʘʥʦʚʢʦʡ ʨʘʙʦʪʳ 

ʇʨʠʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ: 

Å BERT; 

Å ʫʧʘʢʦʚʢʘ ʠ ʨʘʩʧʘʢʦʚʢʘ ʪʨʠʙʦʚ;  

Å ʛʝʥʝʨʘʮʠʷ ʪʨʘʩʩʳ ʧʫʪʠ/ʩʝʢʮʠʠ; 

Å ʚʚʦʜ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ (M.2100); 

Å ʘʥʘʣʠʟ ʤʘʩʢʠ ʠʤʧʫʣʴʩʘ (E1/E3/DS1/DS3); 

Å ʪʝʩʪʠʨʦʚʘʥʠʝ ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ; 

Å ʟʘʜʝʨʞʢʘ ʧʝʨʝʜʘʯʠ ʚ ʦʙʘ ʢʦʥʮʘ; 

Å ʪʝʩʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʫʢʘʟʘʪʝʣʷ; 

Å ʛʝʥʝʨʘʮʠʷ ʜʞʠʪʪʝʨʘ, MTJ, JTF. 

ʄʦʥʠʪʦʨʠʥʛ ʚʦ ʚʨʝʤʷ ʨʘʙʦʪʳ 

ʇʨʠʣʦʞʝʥʠʷ ʚʢʣʶʯʘʶʪ: 

Å ʦʧʪʠʯʝʩʢʠʝ ʤʦʱʥʦʩʪʴ ʠ ʯʘʩʪʦʪʘ; 

Å ʩʢʘʥʠʨʦʚʘʥʠʝ ʪʨʠʙʦʚ; 

Å ʘʥʘʣʠʟ ʭʘʨʘʢʪʝʨʠʩʪʠʢ G.826, G.828, G.829, M.2101; 
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Å ʘʥʘʣʠʟ ʠ ʛʝʥʝʨʘʮʠʷ ʫʢʘʟʘʪʝʣʝʡ; 

Å ʠʟʤʝʨʝʥʠʝ APS; 

Å ʤʦʥʠʪʦʨʠʥʛ ʪʘʥʜʝʤʥʳʭ ʩʦʝʜʠʥʝʥʠʡ; 

Å ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ; 

Å ʠʟʤʝʨʝʥʠʷ ʜʞʠʪʪʝʨʘ ʠ ʚʘʥʜʝʨʘ.  

ʌʫʥʢʮʠʠ SDH/SONET 

ɹʳʩʪʨʘʷ ʠ ʣʝʛʢʘʷ ʛʨʘʬʠʯʝʩʢʘʷ ʥʘʩʪʨʦʡʢʘ 

ʉʣʦʞʥʳʝ ʝʞʝʜʥʝʚʥʳʝ ʟʘʜʘʯʠ ï ʯʘʩʪʦʝ ʷʚʣʝʥʠʝ ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʩʝʪʝʚʦʤ ʦʢʨʫʞʝʥʠʠ, 

ʧʦʵʪʦʤʫ ʪʝʭʥʠʯʝʩʢʠʡ ʧʝʨʩʦʥʘʣ ʥʫʞʜʘʝʪʩʷ ʚ ʪʝʩʪʝʨʝ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʳʩʪʨʦ ʠ ʣʝʛʢʦ ʩʢʦʥ-

ʬʠʛʫʨʠʨʦʚʘʪʴ. ʀʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʘʷ ʛʨʘʬʠʢʘ, ʚʳʧʘʜʘʶʱʠʝ ʤʝʥʶ ʠ ʨʘʙʦʪʘ ʩ ʩʝʥʩʦʨʥʳʤ 

ʵʢʨʘʥʦʤ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʶʪ ʪʝʩʪʦʚʳʡ ʠʥʪʝʨʬʝʡʩ, ʩʪʨʫʢʪʫʨʫ ʩʠʛʥʘʣʘ, ʦʪʦʙʨʘʞʝʥʠʝ ʧʦ-

ʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʠ ʥʘʩʪʨʦʡʢʠ ʪʝʩʪʦʚʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʝʡ. 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʫʨʦʚʥʷ 

ɼʦ ʚʳʧʦʣʥʝʥʠʷ ʘʥʘʣʠʟʘ ʠ ʩʦʟʜʘʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʨʝʢʦʤʝʥʜʫʝʪʩʷ ʧʨʦʚʝʨʠʪʴ, ʯʪʦ 

ʘʥʘʣʦʛʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʥʘʭʦʜʷʪʩʷ ʚ ʟʘʜʘʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʫʢʘʟʘʥʥʳʭ ʪʝʭʥʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘ-

ʥʠʷʤʠ. ɺʳʩʦʢʠʝ ʦʧʪʠʯʝʩʢʠʝ ʫʨʦʚʥʠ ʤʦʱʥʦʩʪʠ ʤʦʛʫʪ ʧʝʨʝʛʨʫʟʠʪʴ ʦʙʦʨʫʜʦʚʘʥʠʝ ʧʨʠʝʤʥʠ-

ʢʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʩʠʛʥʘʣʳ ʩ ʥʠʟʢʠʤ ʫʨʦʚʥʝʤ ʤʦʱʥʦʩʪʠ ʚʦʩʧʨʠʠʤʯʠʚʳ ʢ ʰʫʤʫ, ʯʪʦ ʧʨʠ-

ʚʦʜʷʪ ʢ ʙʠʪʦʚʳʤ ʦʰʠʙʢʘʤ. ʋʩʪʦʡʯʠʚʦʩʪʴ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʢʘʞʜʦʡ ʦʪʜʝʣʴʥʦʡ 

ʠʝʨʘʨʭʠʠ ʩʠʛʥʘʣʘ ʯʝʪʢʦ ʦʧʨʝʜʝʣʝʥʘ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ Bellcore/ITU-T ʠ ʜʦʣʞʥʘ ʙʳʪʴ ʧʨʦ-

ʚʝʨʝʥʘ ʢʘʢ ʯʘʩʪʴ ʣʶʙʦʛʦ ʪʝʩʪʘ ʥʘ ʧʨʠʝʤʢʫ ʠ ʩʦʚʤʝʩʪʠʤʦʩʪʴ. 

ʆʪʦʙʨʘʞʝʥʠʷ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ 

ʊʝʩʪʠʨʦʚʘʥʠʝ ʨʘʙʦʪʳ ʤʫʣʴʪʠʧʣʝʢʩʦʨʦʚ ʚʚʦʜʘ/ʚʳʚʦʜʘ, ʮʠʬʨʦʚʳʭ ʢʨʦʩʩ-ʢʦʤʤʫʪʘʪʦ-

ʨʦʚ ʠ ʜʨʫʛʠʭ ʩʝʪʝʚʳʭ ʵʣʝʤʝʥʪʦʚ (NE) ʚʳʧʦʣʥʷʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʫʧʘʢʦʚʢʠ ʠ ʨʘʩʧʘʢʦʚʢʠ 

ʨʘʟʣʠʯʥʳʭ ʪʨʠʙʦʚ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʠ ʚ ʢʦʥʪʝʡʥʝʨʳ SDH ʠʣʠ SONET ʠ ʤʦʥʠʪʦʨʠʥʛʘ 

ʘʥʦʤʘʣʠʡ ʠ ʜʝʬʝʢʪʦʚ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʡ ITU-T G.707 ʠ GR-253. 
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ʀʪʦʛʦʚʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʡ ʠʝʨʘʨʭʠʠ ʦʩʥʦʚʘʥʳ ʥʘ ʢʦʥʪʨʦʣʴʥʳʭ ʩʫʤʤʘʭ ʧʨʦʚʝʨʢʠ ʥʘ 

ʯʝʪʥʦʩʪʴ ʩ ʯʝʨʝʜʦʚʘʥʠʝʤ ʙʠʪʦʚ (BIP), ʢʦʪʦʨʳʝ ʚʳʯʠʩʣʷʶʪʩʷ ʬʨʝʡʤ ʟʘ ʬʨʝʡʤʦʤ. ʇʦʜʦʙʥʳʝ 

ʧʨʦʚʝʨʢʠ BIP ʚʩʪʨʦʝʥʳ ʚ ʩʣʫʞʝʙʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʨʝʛʝʥʝʨʘʪʦʨʘ, ʤʫʣʴʪʠʧʣʝʢʩʦʨʘ ʠ ʪʨʘʢ-

ʪʘ, ʠ ʚʩʝ ʦʥʠ ʷʚʣʷʶʪʩʷ ʥʝʦʪʲʝʤʣʝʤʦʡ ʯʘʩʪʴʶ ʬʫʥʢʮʠʡ ʤʦʥʠʪʦʨʠʥʛʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʪʠ 

SDH/SONET. ʕʢʨʘʥʳ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʘʥʘʣʠʟʘ Bercut-SDH ʦʪʦʙʨʘʞʘʶʪ ʢʨʠʪʝʨʠʠ "ʧʨʦ-

ʰʝʣ/ʥʝ ʧʨʦʰʝʣ" ʜʣʷ ʢʘʞʜʦʛʦ ʧʘʨʘʤʝʪʨʘ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ ANSI/ITU-T. 

 

ɸʥʘʣʠʟ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ 

ɺʳʧʦʣʥʷʝʪʩʷ ʜʚʦʠʯʥʦʝ ʠ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʦʝ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʚʩʝʭ ʙʘʡʪʦʚ ʩʣʫʞʝʙʥʦʡ 

ʠʥʬʦʨʤʘʮʠʠ ʩʝʢʮʠʡ ʠ ʪʨʘʢʪʦʚ. 

ʂʦʥʪʨʦʣʴ ʙʘʡʪʦʚ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ  

ʄʘʥʠʧʫʣʷʮʠʷ ʩ ʙʘʡʪʘʤʠ ʧʝʨʝʜʘʚʘʝʤʦʡ ʩʣʫʞʝʙʥʦʡ ʠʥʬʦʨʤʘʮʠʠ ʚ ʪʝʨʤʠʥʘʣʴʥʦʤ ʦʙʦ-

ʨʫʜʦʚʘʥʠʠ ʠ ʧʦʣʝʟʥʦʡ ʥʘʛʨʫʟʢʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʤʘʢʩʠʤʘʣʴʥʦ ʟʘʛʨʫʟʠʪʴ ʩʝʪʴ ʠ 

ʧʨʦʚʝʨʠʪʴ ʝʝ ʨʝʘʢʮʠʶ ʥʘ ʨʘʟʣʠʯʥʳʝ ʫʩʣʦʚʠʷ. 
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ʌʫʥʢʮʠʠ ʩʠʥʭʨʦʥʥʳʭ ʩʝʪʝʡ 

ʈʝʞʠʤ ʵʤʫʣʷʮʠʠ ʚʝʜʫʱʠʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ IEEE 1588v2/PTP  

ʕʤʫʣʷʮʠʷ ʚʝʜʫʱʠʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʝʨʷʪʴ ʩʚʦʡʩʪʚʘ ʩʝʪʝʚʦʡ ʩʠʥ-

ʭʨʦʥʠʟʘʮʠʠ ʜʦ ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʫʩʣʫʛ ʠʣʠ ʚʦ ʚʨʝʤʷ ʨʝʛʣʘʤʝʥʪʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠ-

ʚʘʥʠʷ. ʀʩʧʦʣʴʟʫʷ ʚʥʫʪʨʝʥʥʠʝ ʪʦʯʥʳʝ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʠʣʠ ʚʥʝʰʥʠʝ ʩʠʛʥʘʣʳ 1.544 

ʄʙʠʪ/ʩ, 2.048 ʄʙʠʪ/ʩ, 1.544 ʄɻʮ, 2.048 ʄɻʮ, 10 ʄɻʮ, 25 ʄɻʮ, 125 ʄɻʮ ʠʣʠ 1 PPS ʚ ʢʘʯʝ-

ʩʪʚʝ ʵʪʘʣʦʥʥʳʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ, ʧʨʠʙʦʨ ʛʝʥʝʨʠʨʫʝʪ ʩʦʦʙʱʝʥʠʷ PTP, ʥʝʦʙʭʦʜʠʤʳʝ 

ʜʣʷ ʩʠʥʭʨʦʥʠʟʘʮʠʠ ʚʝʜʦʤʦʛʦ ʧʨʠʙʦʨʘ. 

ʕʪʘʣʦʥʥʳʝ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʚ ʜʘʣʴʥʝʡʰʝʤ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʚʳʭʦʜʥʦʤʫ 

ʩʠʛʥʘʣʫ ʥʘ ʩʢʦʨʦʩʪʠ 1.544 ʄʙʠʪ/ʩ ʠʣʠ 2.048 ʄʙʠʪ/ʩ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ʩʠʤʤʝʪʨʠʯʥʦʛʦ RJ45 

ʠʣʠ bantam ʠʣʠ, ʘʣʴʪʝʨʥʘʪʠʚʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʛʝʥʝʨʠʨʦʚʘʥ ʩʠʛʥʘʣ ʥʘ ʩʢʦʨʦʩʪʠ 1.544 

ʄʙʠʪ/ʩ, 2.048 ʄʙʠʪ/ʩ, 10 ʄɻʮ, 25 ʄɻʮ, 125 ʄɻʮ, ʠʣʠ 1 PPS ʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʨʪʫ 

BNC ʜʣʷ ʠʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ. ɺ ʵʪʦʤ ʨʝʞʠʤʝ ʧʨʠʙʦʨ ʤʦʞʝʪ ʙʳʪʴ ʟʘʧʨʦʛʨʘʤ-

ʤʠʨʦʚʘʥ ʪʘʢ, ʯʪʦʙʳ ʛʝʥʝʨʠʨʦʚʘʪʴ ʩʦʦʙʱʝʥʠʷ PTP ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʢʦʨʦʩʪʷʭ, ʯʪʦʙʳ ʫʤʝʥʴ-

ʰʠʪʴ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʚʚʝʩʪʠ ʧʝʨʝʛʨʫʟʢʫ ʩʝʪʠ. 

ʈʝʞʠʤ ʵʤʫʣʷʮʠʠ ʚʝʜʦʤʳʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ IEEE 1588v2/PTP  

ʕʤʫʣʠʨʫʝʪʩʷ ʫʩʪʨʦʡʩʪʚʦ ʩ ʚʝʜʦʤʳʤʠ ʪʘʢʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʚ ʢʦʪʦʨʦʤ ʩʠʥʭʨʦʥʠ-

ʟʠʨʦʚʘʥʥʳʝ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʠʟʚʣʝʢʘʶʪʩʷ, ʠʩʧʦʣʴʟʫʷ ʧʨʦʮʝʜʫʨʫ PTP. ʀʟʚʣʝʯʝʥʥʳʝ 

ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʚʳʭʦʜʥʦʤʫ ʩʠʛʥʘʣʫ ʥʘ ʩʢʦʨʦʩʪʠ 2.048 

ʄʙʠʪ/ʩ ʠʣʠ 1.544 ʄʙʠʪ/ʩ ʚ ʩʠʤʤʝʪʨʠʯʥʦʤ ʪʝʩʪʦʚʦʤ ʧʦʨʪʫ DS1/E1 ʠʣʠ 1.544 ʄʙʠʪ/ʩ, 2.048 

ʄʙʠʪ/ʩ, 10 ʄɻʮ, 25 ʄɻʮ, 125 ʄɻʮ, ʠʣʠ ʵʪʘʣʦʥʥʳʡ ʩʠʛʥʘʣ 1 PPS ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥʳ ʜʦ-

ʩʪʫʧʥʳʤ ʥʘ ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʨʪʫ BNC. ʇʦʩʣʝ ʩʦʝʜʠʥʝʥʠʷ ʩ ʫʨʦʚʥʝʤ IP ʧʨʦʠʩʭʦʜʠʪ ʦʙ-

ʤʝʥ ʠʜʝʥʪʠʯʥʳʤʠ ʪʘʢʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʤʝʞʜʫ ʪʝʩʪʦʚʳʤ ʧʨʠʙʦʨʦʤ ʠ ʚʝʜʫʱʠʤ ʛʝʥʝʨʘ-

ʪʦʨʦʤ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʜʘʣʴʥʝʤ ʢʦʥʮʝ. ɺʳʧʦʣʥʷʝʪʩʷ ʤʦʥʠʪʦʨʠʥʛ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ 

ʩʦʦʙʱʝʥʠʡ PTP. 

ɺ ʟʘʢʣʘʜʢʝ Summary ʦʪʦʙʨʘʞʘʶʪʩʷ ʦʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ, CRC, ʧʦʪʝʨʠ, ʦʰʠʙʢʠ, ʧʦʚʨʝ-

ʞʜʝʥʥʳʝ ʠ ʜʫʙʣʠʨʦʚʘʥʥʳʝ ʩʦʦʙʱʝʥʠʷ. ɿʘʢʣʘʜʢʘ Message ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʢʨʘʪʢʠʡ ʦʪʯʝʪ ʦ 

ʚʩʝʭ ʩʦʦʙʱʝʥʠʷʭ PTP ʩʦʝʜʠʥʝʥʥʳʭ ʫʟʣʦʚ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʟʘʢʣʘʜʢʘ Results ʜʘʝʪ ʜʝʪʘʣʴʥʫʶ 

ʩʪʘʪʠʩʪʠʢʫ ʠ ʟʥʘʯʝʥʠʷ ʚʘʨʠʘʮʠʠ ʟʘʜʝʨʞʢʠ ʧʘʢʝʪʦʚ (PDV), ʟʘʜʝʨʞʢʫ ʧʝʨʝʜʘʯʠ ʚ ʦʙʘ ʢʦʥʮʘ 

(RTD) ʠ ʤʝʞʧʘʢʝʪʥʳʡ ʧʨʦʤʝʞʫʪʦʢ (IPG). ʊʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʠ ʚʘʥʜʝʨ ʠʟʤʝʨʷʶʪʩʷ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘʣʦʥʥʳʤʠ ʪʘʢʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

ʈʝʞʠʤ ʵʤʫʣʷʮʠʠ ʚʝʜʫʱʠʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ITU -T G.8261 SyncE 

 ʕʪʘʣʦʥʥʳʝ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʟʜʘʥʳ ʥʘ ʙʘʟʝ ʚʥʫʪʨʝʥʥʠʭ ʪʦʯʥʳʭ ʪʘʢ-

ʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʠʣʠ ʦʪ ʚʥʝʰʥʝʛʦ ʛʝʥʝʨʘʪʦʨʘ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʩʢʦʨʦʩʪʠ 1.544 
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ʄʙʠʪ/ʩ, 2.048 ʄʙʠʪ/ʩ, 1.544 ʄɻʮ, 2.048 ʄɻʮ, 10 ʄɻʮ, 25 ʄɻʮ, 125 ʄɻʮ ʠʣʠ 1 PPS. ɺʳ-

ʭʦʜʥʳʝ ʵʪʘʣʦʥʥʳʝ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʙʳʪʴ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʳ ʥʘ ʩʢʦʨʦʩʪʠ 1.544 

ʄʙʠʪ/ʩ ʠʣʠ 2.048 ʄʙʠʪ/ʩ ʠ ʧʦʩʪʘʚʣʝʥʳ ʚ ʧʦʨʪʫ DS1/E1, ʣʠʙʦ ʩʠʛʥʘʣ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ 

ʥʘ ʩʢʦʨʦʩʪʠ 1.544 ʄɻʮ, 2.048 ʄɻʮ, 10 ʄɻʮ ʠ 1 PPS ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʫʧʥʳ ʥʘ ʥʝʩʠʤʤʝʪ-

ʨʠʯʥʦʤ ʧʦʨʪʫ BNC. 

ʈʝʞʠʤ ʵʤʫʣʷʮʠʠ ʚʝʜʦʤʳʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ITU -T G.8261 SyncE 

ʊʘʢʪʦʚrʝ ʠʤʧʫʣʴʩʳ ʠʟʚʣʝʢʘʶʪʩʷ ʠʟ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ Ethernet ʩ ʠʥʪʝʨʬʝʡʩʘʤʠ 

10/100/1000Base-T, 100Base-FX, 1000Base-X, 10GBase-X, 40GE ʠ 100GE. ɺʦʩʩʪʘʥʦʚʣʝʥ-

ʥʳʝ ʵʪʘʣʦʥʥʳʝ ʪʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʢ ʩʠʛʥʘʣʫ ʥʘ ʩʢʦʨʦʩʪʠ 2.048 

ʄʙʠʪ/ʩ ʠʣʠ 1.544 ʄʙʠʪ/ʩ ʚ ʧʦʨʪʫ DS1/E1, ʣʠʙʦ ʩʠʛʥʘʣ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ ʥʘ ʩʢʦʨʦʩʪʠ 

1.544 ʄɻʮ, 2.048 ʄɻʮ, 10 ʄɻʮ, 25 ʄɻʮ, 125 ʄɻʮ, ʠʣʠ 1 PPS ʤʦʞʝʪ ʩʪʘʪʴ ʜʦʩʪʫʧʥʳʤ ʥʘ 

ʥʝʩʠʤʤʝʪʨʠʯʥʦʤ ʧʦʨʪʫ BNC. ʊʘʢʪʦʚʳʝ ʠʤʧʫʣʴʩʳ ʠ ʚʘʥʜʝʨ ʠʟʤʝʨʷʶʪʩʷ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʵʪʘ-

ʣʦʥʥʳʤʠ ʪʘʢʪʦʚʳʤʠ ʠʤʧʫʣʴʩʘʤʠ. 

ɿʘʭʚʘʪ ʩʦʦʙʱʝʥʠʡ ʩʠʥʭʨʦʥʠʟʘʮʠʠ 

ɿʘʭʚʘʪ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʷ SyncE ESMC/SSM ʠ IEEE 1588v2. 

ESMC SSM 

ɻʝʥʝʨʠʨʫʶʪʩʷ ʩʦʦʙʱʝʥʠʷ ESMC SSM ʩ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʤʠ ʪʠʧʦʤ ʠ ʩʢʦʨʦʩʪʴʶ. 

ɺʢʣʶʯʘʝʪʩʷ ʦʪʦʙʨʘʞʝʥʠʝ ʠ ʜʝʢʦʜʠʨʦʚʘʥʠʝ ʩʦʦʙʱʝʥʠʡ ESMC SSM ʩ ʬʫʥʢʮʠʝʡ ʟʘʭʚʘʪʘ ʚ 

ʬʦʨʤʘʪʝ pcap ʜʣʷ ʚʥʝʰʥʝʛʦ ʘʥʘʣʠʟʘ. 

ʊʝʩʪʠʨʦʚʘʥʠʝ Ethernet 

ɻʝʥʝʨʠʨʫʝʪʩʷ ʠ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʪʝʩʪʦʚʳʡ ʪʨʘʬʠʢ Ethernet ʚʤʝʩʪʝ ʩ ʵʤʫʣʷʮʠʝʡ ʚʝʜʫ-

ʱʠʭ ʠ ʚʝʜʦʤʳʭ ʪʘʢʪʦʚʳʭ ʠʤʧʫʣʴʩʦʚ  SyncE ʠʣʠ 1588v2. 

ʆʩʥʦʚʥʳʝ ʬʫʥʢʮʠʠ Ethernet 

ʊʝʩʪ ʥʘ ʩʦʦʪʚʝʪʩʪʚʠʝ RFC2544 

ɺ ʧrʦʣʥʷʝʪʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʥʘʙʦʨ ʪʝʩʪʦʚ RFC2544 ʜʣʷ ʚʩʝʭ ʨʝʢʦʤʝʥʜʫʝʤʳʭ 

ʨʘʟʤʝʨʦʚ ʬʨʝʡʤʦʚ, ʘ ʪʘʢʞʝ ʨʘʟʤʝʨʦʚ ʬʨʝʡʤʦʚ, ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʤ, 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʡ ʩʢʦʨʦʩʪʠ ʣʠʥʠʠ. ʅʘʙʦʨ ʪʝʩʪʦʚ ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥ ʩ ʧʘʨʪʥʝʨʦʤ ʧʦ ʪʝ-

ʩʪʠʨʦʚʘʥʠʶ ʥʘ ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʚ ʨʝʞʠʤʝ ʰʣʝʡʬʘ ʠʣʠ ʨʝʞʠʤʝ ʩʦʝʜʠʥʝʥʠʷ ʨʘʚʥʦʧʨʘʚʥʳʭ 

ʫʟʣʦʚ, ʧʦʟʞʝ ʙʫʜʝʪ ʜʦʩʪʫʧʥʦ ʩʠʤʤʝʪʨʠʯʥʦʝ/ʘʩʠʤʤʝʪʨʠʯʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ. ɼʣʷ ʪʦʯʥʦʛʦ 

ʩʦʦʪʚʝʪʩʪʚʠʷ ʠ ʧʨʦʚʝʨʢʠ SLA ʤʦʛʫʪ ʙʳʪʴ ʩʬʦʨʤʠʨʦʚʘʥʳ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ. ɸʚʪʦʤʘʪʠ-

ʯʝʩʢʠ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʪʝʩʪʳ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʚʨʝʤʝʥʠ ʦʞʠʜʘʥʠʷ, ʧʦʪʝʨʠ ʬʨʝʡ-

ʤʦʚ ʠ ʬʨʝʡʤʦʚ ʩ ʧʝʨʝʧʨʠʝʤʦʤ (back-to-back). 

ɺ ʨʘʩʰʠʨʝʥʥʦʤ ʨʝʞʠʤʝ SLA ʵʪʘ ʬʫʥʢʮʠʷ ʦʙʲʝʜʠʥʝʥʘ ʩ ʤʦʱʥʳʤʠ ʤʥʦʛʦʬʫʥʢʮʠʦ-

ʥʘʣʴʥʳʤʠ ʪʝʩʪʘʤʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩ ʧʨʦʤʳʰʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʪʝʩʪʦʚ RFC2544 

ʜʣʷ ʧʨʦʚʝʨʢʠ SLA. ʀʩʧʦʣʴʟʫʷ ʵʪʫ ʪʝʩʪʦʚʫʶ ʬʫʥʢʮʠʶ, ʩʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨʳ ʤʦʛʫʪ ʧʨʦʚʝ-

ʨʷʪʴ SLA, ʘ ʪʘʢʞʝ ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʥʝʧʨʝʨʳʚʥʦ ʦʮʝʥʠʚʘʪʴ QoS. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʝʘ-

ʣʠʟʦʚʘʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʩʝʨʚʠʩʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʦʜ-

ʥʦʛʦ ʦʩʥʦʚʥʦʛʦ ʪʝʩʪʦʚʦʛʦ ʧʦʪʦʢʘ ʠ ʜʦ ʩʝʤʠ ʬʦʥʦʚʳʭ ʧʦʪʦʢʦʚ, ʢʘʞʜʳʡ ʩ ʥʝʟʘʚʠʩʠʤʳʤʠ 

ʨʘʟʤʝʨʘʤʠ ʬʨʝʡʤʦʚ, ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ ʠ, ʯʪʦ ʝʱʝ ʙʦʣʝʝ ʚʘʞʥʦ, ʫʨʦʚʥʷʤʠ QoS. ʈʘʩʰʠ-

ʨʝʥʥʳʡ ʨʝʞʠʤ RFC2544 SLA ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʝʪʘʣʴʥʦʛʦ ʥʘʙʣʶʜʝʥʠʷ ʪʝʩʪʦʚʳʭ ʧʘʨʘ-

ʤʝʪʨʦʚ ʜʣʷ ʢʘʞʜʦʛʦ ʠʟ ʠʟʤʝʨʷʝʤʳʭ ʧʦʪʦʢʦʚ ʪʨʘʬʠʢʘ, ʦʙʝʩʧʝʯʠʚʘʷ ʵʬʬʝʢʪʠʚʥʫʶ ʚʩʝʩʪʦ-

ʨʦʥʥʶʶ ʦʮʝʥʢʫ ʢʘʯʝʩʪʚʘ ʙʳʩʪʨʳʤ ʠ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʤ ʨʝʞʠʤʦʤ. 
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ɻʝʥʝʨʘʮʠʷ ʤʥʦʞʝʩʪʚʘ ʧʦʪʦʢʦʚ ï ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʄʦʞʥʦ ʥʝʟʘʚʠʩʠʤʦ ʢʦʥʬʠʛʫʨʠʨʦʚʘʪʴ ʜʦ ʜʝʩʷʪʠ ʧʦʪʦʢʦʚ ʪʨʘʬʠʢʘ ʩ ʧʨʠʦʨʠʪʝʪʘʤʠ 

CoS (ʧʨʠʦʨʠʪʝʪ VLAN) ʠ QoS (TOS/DSCP). ʕʪʦ ʩʚʦʡʩʪʚʦ ʪʨʘʬʠʢʘ ʤʦʜʝʣʠʨʫʝʪ ʥʝʩʢʦʣʴʢʦ 

ʫʩʣʦʚʠʡ ʦʙʩʣʫʞʠʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, Triple Play) ʠ ʦʙʣʝʛʯʘʝʪ ʧʨʦʚʝʨʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ QoS 

ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ. ʊʝʩʪʠʨʦʚʘʥʠʝ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʠ ʥʝʩʢʦʣʴʢʠʭ ʧʦʪʦʢʦʚ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʧʦʣʥʝʥʦ ʚʤʝʩʪʝ ʩʦ ʚʪʦʨʳʤ ʪʝʩʪʦʚʳʤ ʧʨʠʙʦʨʦʤ ʥʘ ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʚ ʨʝʞʠʤʝ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ (smart) ʰʣʝʡʬʘ ʠʣʠ ʚ ʧʠʨʠʥʛʦʚʦʤ ʨʝʞʠʤʝ. 

 

BERT 

ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʩʪʠʨʦʚʘʥʠʝ ʙʝʟʬʨʝʡʤʦʚʦʛʦ BER ʫʨʦʚʥʷ 1 (ʪʦʣʴʢʦ ʦʧʪʠʯʝʩʢʠʝ 

ʧʦʨʪʳ), ʫʨʦʚʥʷ 1 (ʬʨʝʡʤʦʚʦʛʦ), ʫʨʦʚʥʝʡ 2, 3 ʠ 4. ʊʝʩʪ BER ʤʦʞʝʪ ʙʳʪʴ ʩʢʦʥʬʠʛʫʨʠʨʦʚʘʥ 

ʪʘʢ, ʯʪʦʙʳ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʠʧʦʚʳʝ ʪʝʩʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ PRBS, ʥʘʛʨʫʟʦʯʥʳʝ ʧʦ-

ʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ IEEE ʜʣʷ ʙʝʟʬʨʝʡʤʦʚʦʛʦ ʨʝʞʠʤʘ 1GE, 10GE, 40GE ʠ 100GE LAN ʠʣʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦʣʴʟʦʚʘʪʝʣʝʤ ʪʝʩʪʦʚʳʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ, ʯʪʦʙʳ ʤʦʜʝʣʠʨʦʚʘʪʴ ʨʘʟʣʠʯ-

ʥʳʝ ʫʩʣʦʚʠʷ. 

ʇʦʜʜʝʨʞʢʘ ʧʨʦʪʦʢʦʣʘ 

ʉ ʧʦʤʦʱʴʶ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʦʛʦ ʛʨʘʬʠʯʝʩʢʦʛʦ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ ʠʥʪʝʨʬʝʡʩʘ 

ʧʦʣʴʟʦʚʘʪʝʣʠ ʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ ʥʘʩʪʨʦʠʪʴ ʪʝʩʪʦʚʳʡ ʪʨʘʬʠʢ ʥʘ ʫʨʦʚʥʝ 2 (ʟʘʛʦʣʦʚʦʢ MAC), 

ʫʨʦʚʥʝ 3 (ʟʘʛʦʣʦʚʢʠ IPv4 ʠ IPv6) ʠ ʫʨʦʚʥʝ 4 (TCP, UDP). Bercut-SDH ʪʘʢʞʝ ʧʨʝʜʣʘʛʘʝʪ 

ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʩʦʚʨʝʤʝʥʥʳʭ ʩʝʪʝʚʳʭ ʧʨʦʪʦʢʦʣʦʚ. 
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Q-in-Q (ʩʪʝʢ VLAN ) 

ʆʨʛʘʥʠʟʘʮʠʷ ʩʪʝʢʘ VLAN, ʪʘʢʞʝ ʠʟʚʝʩʪʥʘʷ ʢʘʢ Q-in-Q, ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʢʦʤʤʫʥʠ-

ʢʘʮʠʦʥʥʳʤ/ʩʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨʘʤ ʩʦʟʜʘʚʘʪʴ VLAN (SP-VLAN), ʥʦ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪ ʧʦʪʨʝ-

ʙʠʪʝʣʴʩʢʠʡ ʪʨʘʬʠʢ VLAN (CE-VLAN). ʉ ʧʦʤʦʱʴʶ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʭ VLAN ID, ʧʨʠʦʨʠ-

ʪʝʪʦʚ ʠ ʪʠʧʦʚ VLAN ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʜʦ ʪʨʝʭ ʫʨʦʚʥʝʡ ʪʝʛʠʨʦʚʘʥʥʳʭ VLAN.  

ʄʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʘʷ ʢʦʤʤʫʪʘʮʠʷ ʧʦ ʤʝʪʢʘʤ (MPLS) 

ʊʝʭʥʦʣʦʛʠʷ MPLS ʦʙʝʩʧʝʯʠʚʘʝʪ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʫʶ ʤʘʨʰʨʫʪʠʟʘʮʠʶ ʧʘʢʝʪʦʚ 

Ethernet/IP ʟʘ ʩʯʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʩʝʪʠ ʤʘʨʰʨʫʪʠʟʘʪʦʨʦʚ MPLS. ʄʝʪʢʠ MPLS ʧʨʠʩʚʘʠ-

ʚʘʶʪʩʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ MAC (ʫʨʦʚʝʥʴ 2) ʠ ʫʨʦʚʥʝʤ IP (ʫʨʦʚʝʥʴ 3). ɺ ʧʦʪʦʢʝ ʪʨʘʬʠʢʘ ʩ 

ʥʘʩʪʨʘʠʚʘʝʤʦʡ ʤʝʪʢʦʡ, CoS ʠ ʧʦʣʝʤ TTL ʤʦʞʥʦ ʬʦʨʤʠʨʦʚʘʪʴ ʜʦ ʪʨʝʭ ʪʝʛʦʚ MPLS. 

ʄʘʛʠʩʪʨʘʣʴʥʳʝ ʤʦʩʪʳ ʧʨʦʚʘʡʜʝʨʘ (PBB) 

ʇʨʦʪʦʢʦʣ PBB (802.1ah), ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʡ ʢʘʢ MAC-in-MAC, ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʥʢʠʥ-

ʛʦʚʳʡ ʤʝʭʘʥʠʟʤ, ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʡ 

ʫʨʦʚʝʥʴ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʚ ʙʘʟʦʚʦʡ ʩʝʪʠ ʧʨʦʚʘʡʜʝʨʘ. ʀʥʢʘʧʩʫʣʷʮʠʷ PBB ʜʦʩʪʫʧʥʘ ʜʣʷ 

ʚʩʝʭ ʪʝʩʪʦʚ Ethernet ʩʦ ʚʩʝʤʠ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʤʠ ʧʦʣʷʤʠ PBB. 

ʊʨʘʥʩʧʦʨʪʥʳʡ ʧʨʦʬʠʣʴ ʤʫʣʴʪʠʧʨʦʪʦʢʦʣʴʥʦʡ ʢʦʤʤʫʪʘʮʠʠ ʧʦ ʤʝʪʢʘʤ (MPLS-

TP) 

MPLS-TP, ʧʘʢʝʪʥʳʡ ʪʨʘʥʩʧʦʨʪʥʳʡ ʤʝʭʘʥʠʟʤ ʥʘ ʫʨʦʚʥʝ 2, ʧʦʣʫʯʘʝʪ ʚʩʝ ʙʦʣʴʰʝʝ ʨʘʟ-

ʚʠʪʠʝ ʢʘʢ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪ ʜʣʷ ʩʝʪʝʡ ʜʦʩʪʫʧʘ ʠ ʘʛʨʝʛʠʨʦʚʘʥʥʳʭ ʩʝʪʝʡ, ʪʨʝ-

ʙʫʶʱʠʭ ʪʝʭʥʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʦʙʲʝʜʠʥʷʝʪ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʫʶ ʧʨʦʩʪʦʪʫ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠ-

ʝʡ ʧʘʢʝʪʦʚ ʩʦ ʩʨʝʜʩʪʚʘʤʠ ʵʢʩʧʣʫʘʪʘʮʠʠ, ʘʜʤʠʥʠʩʪʨʠʨʦʚʘʥʠʷ ʠ ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘ-

ʥʠʷ (OAM) ʠ ʚʦʟʤʦʞʥʦʩʪʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʩʣʝ ʩʙʦʝʚ ʩʝʪʝʡ ʩ ʢʦʤʤʫʪʘʮʠʝʡ ʢʘʥʘʣʦʚ. 

ʇʦʣʥʦʩʪʴʶ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʧʦʣʷ ʟʘʛʦʣʦʚʢʘ MPLS-TP, ʚʢʣʶʯʘʷ LSP, ʠ ʧʩʝʚʜʦʧʨʦʚʦʜʥʦʡ 

MPLS-TP ʧʦʜʜʝʨʞʠʚʘʶʪʩ ̫ʜʣʷ ʚʩʝʭ ʪʝʩʪʦʚ Ethernet ʥʘʨʷʜʫ ʩ MPLS-TP OAM ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ ITU-T G.8113.1. 

 

ʊʝʩʪ V-SAM Y.1564  

ʅʘʙʦʨ ʪʝʩʪʦʚ Metrotek V-SAM ʧʦʣʥʦʩʪʴʶ ʩʦʚʤʝʩʪʠʤ ʩ ITU-T Y.1564 ʠ ʧʨʝʜʣʘʛʘʝʪ 

ʵʬʬʝʢʪʠʚʥʳʡ ʤʝʪʦʜ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʦ ʠ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʣʫʞʙ Ethernet. V-SAM 

ʧʦʟʚʦʣʷʝʪ ʩʥʷʪʴ ʥʝʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʝʥʠʷ RCF2544, ʪʝʩʪʠʨʫʷ ʩʨʘʟʫ ʥʝʩʢʦʣʴʢʦ ʩʣʫʞʙ, ʠ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʜʥʦʚʨʝʤʝʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʢʣʶʯʝʚʳʭ ʧʘʨʘʤʝʪʨʦʚ SLA. 

ʉ ʧʦʤʦʱʴʶ ʪʝʩʪʘ ʢʦʥʬʠʛʫʨʘʮʠʠ ʩʣʫʞʙʳ ʟʘʧʫʩʢʘʶʪʩʷ ʧʦ ʦʜʥʦʡ ʣʠʥʠʠ, ʪʝʩʪʠʨʫʶʪʩʷ 

ʦʜʥʘ ʟʘ ʜʨʫʛʠʤ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʠʥʠʮʠʘʣʠʟʘʮʠʠ ʧʨʦʬʠʣʝʡ ʩʝʨʚʠʩʦʚ. ʉ ʧʦ-
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ʤʦʱʴʶ ʪʝʩʪʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʨʚʠʩʳ ʟʘʧʫʩʢʘʶʪʩʷ ʧʦ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʣʠʥʠʠ ʠ ʪʝʩʪʠʨʫʶʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʥʘʜʝʞʥʦʩʪʴ ʩʝʪʠ. 

ʕʪʦʪ ʥʘʙʦʨ ʪʝʩʪʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʚ ʨʘʩʯʝʪʝ ʥʘ ʢʦʥʝʯʥʳʭ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʚ ʧʘʤʷʪʠ ʠ 

ʧʦʟʚʦʣʷʝʪ ʙʳʩʪʨʦ ʠʥʠʮʠʘʣʠʟʠʨʦʚʘʪʴ, ʚʳʧʦʣʥʠʪʴ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʦʚ, 

ʜʘʞʝ ʙʝʟ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʩʪʘʥʜʘʨʪʘ. 

 
 

 

ʌʫʥʢʮʠʠ OAM  Ethernet 

Bercut-SDH ʧʨʝʜʣʘʛʘʝʪ ʧʦʣʥʳʡ ʢʦʤʧʣʝʢʪ ʠʥʩʪʨʫʤʝʥʪʦʚ ʜʣʷ ʢʘʥʘʣʴʥʦʛʦ ʫʨʦʚʥʷ 

(IEEE 802.3ah), ʠ ʩʝʨʚʠʩʥʦʛʦ ʫʨʦʚʥʷ (IEEE 802.1ag/ITU-Y.1731) OAM ʜʣʷ ʤʦʥʠʪʦʨʠʥʛʘ ʠ 

ʧʨʝʜʦʩʪʘʚʣʝʥʠʷ ʩʣʫʞʙ Ethernet ʦʧʝʨʘʪʦʨʩʢʦʛʦ ʢʣʘʩʩʘ, ʘ ʪʘʢʞʝ ʧʦʜʜʝʨʞʢʠ OAM ʜʣʷ MPLS-

TP ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ITU-T G.8113.1, ʚʢʣʶʯʘʷ ʧʦʜʜʝʨʞʢʫ ʤʝʪʦʢ G-ACH ʠ GAL ʚ ʩʦʦʪʚʝʪ-

ʩʪʚʠʠ ʩ RFC 4385 ʠ RFC 5586. 

ʉʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʢʘʥʘʣʦʚ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

802.3ah OAM ʚʢʣʶʯʘʶʪ: 

Å ʤʝʭʘʥʠʟʤ ʦʙʥʘʨʫʞʝʥʠʷ, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʬʫʥʢʮʠʠ ʠ ʠʥʠʮʠʘʣʠʟʘʮʠʶ ʢʘʥʘʣʘ ʧʘʨʪ-

ʥʝʨʘ ʧʦ ʩʚʷʟʠ; 

Å ʢʦʤʘʥʜʳ ʫʜʘʣʝʥʥʦʛʦ ʰʣʝʡʬʘ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʥʘʣʘ; 

Å ʫʚʝʜʦʤʣʝʥʠʝ ʦ ʢʨʠʪʠʯʝʩʢʠʭ ʩʦʙʳʪʠʷʭ ʢʘʥʘʣʘ. 

ʉʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʥʝʠʩʧʨʘʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ 802.1ag ʠ Y.1731 ʚʢʣʶʯʘʶʪ: 

Å ʩʦʦʙʱʝʥʠʝ Linktrace, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʨʘʙʦʪʘʶʱʠʡ ʪʨʘʢʪ; 
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Å ʩʦʦʙʱʝʥʠʝ Loopback, ʯʪʦʙʳ ʧʨʦʚʝʨʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʷ ʠ ʠʟʦʣʠʨʦʚʘʪʴ ʥʝ-

ʠʩʧʨʘʚʥʦʩʪʴ; 

Å ʩʦʦʙʱʝʥʠʷ Continuity check, ʯʪʦʙʳ ʦʙʥʘʨʫʞʠʪʴ ʧʨʦʙʣʝʤʳ ʥʝʧʨʝʨʳʚʥʦʩʪʠ ʩʦʝʜʠʥʝ-

ʥʠʷ. 

ʉʨʝʜʩʪʚʘ ʫʧʨʘʚʣʝʥʠʷ ʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʩ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ Y.1731 

ʚʢʣʶʯʘʶʪ: 

Å ʬʫʥʢʮʠʠ ʠʟʤʝʨʝʥʠʷ ʧʦʪʝʨʴ ʬʨʝʡʤʦʚ (ETH-LM) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʪʝ-

ʨʠ ʬʨʝʡʤʦʚ ʩʣʫʞʙʳ; 

Å ʬʫʥʢʮʠʠ ʠʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ (ETH-DM) ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ ʬʨʝʡʤʦʚ ʠ ʚʘʨʠ-

ʘʮʠʠ ʟʘʜʝʨʞʢʠ ʬʨʝʡʤʦʚ. 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʦʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʝʪʠ/ʧʨʠʙʦʨʘ 

ʃʝʛʢʦ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʠ ʚʳʙʠʨʘʝʪʩʷ ʜʨʫʛʦʡ ʪʝʩʪʝʨ Metrotek Ethernet ʠʣʠ ʧʨʠʙʦʨ ʩʦ 

ʰʣʝʡʬʦʤ ʚ ʪʝʩʪʠʨʫʝʤʦʡ ʩʝʪʠ. ʄʝʩʪʥʳʡ ʧʨʠʙʦʨ ʙʫʜʝʪ ʫʧʨʘʚʣʷʪʴ ʨʘʙʦʪʦʡ ʧʨʠʙʦʨʘ ʥʘ ʜʘʣʴ-

ʥʝʤ ʢʦʥʮʝ ʠʣʠ ʚ ʰʣʝʡʬʝ, ʠʣʠ ʚ ʧʠʨʠʥʛʦʚʦʤ ʨʝʞʠʤʝ (ʨʝʞʠʤʝ ʛʝʥʝʨʘʮʠʠ ʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʠʣʠ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʨʘʬʠʢʘ). ʕʪʘ ʬʫʥʢʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪ ʧʦʣʝʚʳʝ ʠʩʧʳʪʘʥʠʷ, 

ʪʘʢ ʢʘʢ ʥʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦ ʚʪʦʨʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʩʧʝʮʠʘʣʠʩʪʝ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʙʳ ʥʘ 

ʜʘʣʴʥʝʤ ʢʦʥʮʝ ʜʣʷ ʢʦʥʬʠʛʫʨʠʨʦʚʘʥʠʷ ʪʝʩʪʦʚʦʛʦ ʧʨʠʙʦʨʘ ʧʘʨʪʥʝʨʘ. 

 

ʀʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʰʣʝʡʬ 

ɼʣʷ ʦʨʛʘʥʠʟʘʮʠʠ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʦ ʰʣʝʡʬʫ ʜʦʩʪʫʧʥʳ ʯʝʪʳʨʝ ʨʝʞʠʤʘ. ʅʘ ʫʨʦʚʥʝ 1 

ʚʝʩ ɹʚʭʦʜʷʱʠʡ ʪʨʘʬʠʢ ʙʝʟʫʩʣʦʚʥʦ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦ ʰʣʝʡʬʫ. ʅʘ ʫʨʦʚʥʝ 2 ʚʝʩʴ ʚʭʦʜʷʱʠʡ 

ʦʜʥʦʘʜʨʝʩʥʳʡ ʪʨʘʬʠʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦ ʰʣʝʡʬʫ ʩ ʦʙʤʝʥʦʤ MAC-ʘʜʨʝʩʦʚ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦ-

ʣʫʯʘʪʝʣʷ. ʅʘ ʫʨʦʚʥʝ 3 ʚʝʩʴ ʚʭʦʜʷʱʠʡ ʦʜʥʦʘʜʨʝʩʥʳʡ ʪʨʘʬʠʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦ ʰʣʝʡʬʫ ʩ 

ʦʙʤʝʥʦʤ MAC- ʠ IP-ʘʜʨʝʩʦʚ ʠʩʪʦʯʥʠʢʘ ʠ ʧʦʣʫʯʘʪʝʣʷ, ʠ ʥʘ ʫʨʦʚʥʝ 4 ʚʝʩʴ ʚʭʦʜʷʱʠʡ ʦʜʥʦ-

ʘʜʨʝʩʥʳʡ ʪʨʘʬʠʢ ʚʦʟʚʨʘʱʘʝʪʩʷ ʧʦ ʰʣʝʡʬʫ ʩ ʦʙʤʝʥʦʤ MAC-, IP- ʠ UDP/TCP ʧʦʨʪʦʚ ʠʩ-

ʪʦʯʥʠʢʘ ʠ ʧʦʣʫʯʘʪʝʣʷ. 

ʂʦʥʬʠʛʫʨʠʨʫʝʤʳʝ ʬʠʣʴʪʨʳ ʪʨʘʬʠʢʘ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʚʦ ʚʩʝʭ ʧʦʣʷʭ MAC, IP ʠ 

VLAN, ʯʪʦʙʳ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʳʡ ʤʦʥʠʪʦʨʠʥʛ ʪʨʘʬʠʢʘ ʚ ʰʣʝʡʬʝ. ʇʨʠ ʩʦʟʜʘʥʠʠ ʰʣʝʡʬʘ 

ʪʨʘʬʠʢ ʢʦʥʪʨʦʣʠʨʫʝʪʩ ̫ʠ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ  ʪʨʘʬʠʢʘ, ʪʘʢʠʝ ʢʘʢ ʪʠʧ ʬʨʝʡʤʘ, ʩʢʦʨʦʩʪʴ ʠ 

ʦʰʠʙʢʠ/ʘʣʘʨʤʳ, ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ ʵʢʨʘʥʝ. ʆʥʠ ʤʦʛʫʪ ʩʨʘʚʥʠʚʘʪʴʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʥʘ 

ʜʘʣʴʥʝʤ ʢʦʥʮʝ, ʯʪʦʙʳ ʤʦʞʥʦ ʙʳʣʦ ʙʦʣʝʝ ʣʝʛʢʦ ʠ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʙʣʝʤʳ. 
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ʊʝʩʪ RFC6349 V-PERF TCP 

ʊʨʘʜʠʮʠʦʥʥʦ ʞʘʣʦʙ rʢʣʠʝʥʪʘ ʩʚʷʟʘʥʳ ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʝʨʝʜʘʯʠ ʬʘʡʣʦʚ, ʢʦʪʦʨʘʷ ʥʝ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʦʨʤʘʤ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʛʘʨʘʥʪʠʨʫʝʤʳʤ ʚ SLA. ʇʦʩʢʦʣʴʢʫ ʥʘ 

ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪ ɹTCP ʚʣʠʷʝʪ ʤʥʦʛʦ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠ ʥʘʩʪʨʦʡʢʠ 

ʘʧʧʘʨʘʪʥʳʭ ʩʨʝʜʩʪʚ ʠ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ ʢʣʠʝʥʪʘ (ʨʘʟʤʝʨ ʦʢʥʘ TCP), ʦʧʝʨʘʪʦʨʳ 

ʜʦʣʞʥʳ ʧʦʜʪʚʝʨʜʠʪʴ ʩʦʦʪʚʝʪʩʪʚʠʝ SLA ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʦʚʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ, ʢʦʪʦʨʳʡ ʤʦ-

ʞʝʪ ʧʦʢʘʟʘʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ TCP, ʥʝʟʘʚʠʩʠʤʳʝ ʦʪ ʦʛʨʘʥʠʯʝʥʠʡ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʠʣʠ ʩʝʨʚʝʨʘ, ʠ ʧʨʝʜʦʩʪʘʚʠʪʴ ʧʦʚʪʦʨʷʝʤʳʝ ʥʘʜʝʞʥʳʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʆʩʦʙʝʥʥʦʩʪʴ Bercut-SDH V-PERF ʩʦʩʪʦʠʪ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʦʣʦʛʠʠ ʪʝʩʪʠʨʦʚʘ-

ʥʠʷ RFC6349 ʠ ʤʝʪʨʠʢʠ ʜʣʷ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʩʝʪʠ TCP. ʆʥʘ ʧʨʝʜʣʘʛʘʝʪ ʪʝʩʪʠʨʦʚʘʥʠʝ TCP 

ʥʘ ʧʦʣʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʩ ʢʦʥʬʠʛʫʨʠʨʫʝʤʳʤʠ ʨʘʟʤʝʨʘʤʠ ʦʢʥʘ, ʨʝʞʠʤʘʤʠ ʢʣʠʝʥʪʘ ʠ 

ʩʝʨʚʝʨʘ, ʘ ʪʘʢʞʝ ʧʨʠ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʩ iPerf-ʩʝʨʚʝʨʘʤʠ. 

ʇʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ FTP ʠ ʪʝʩʪ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ VeTest HTTP 

ʌʫʥʢʮʠʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ FTP ʠ VeTest ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʪʝ-

ʩʪʠʨʦʚʘʥʠʝ ʥʘ ʫʨʦʚʥʷʭ 4ï7. ʌʫʥʢʮʠʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ FTP ʧʦʟʚʦʣʷ-

ʝʪ ʧʦʣʴʟʦʚʘʪʝʣʶ ʧʨʦʚʝʨʷʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʪʦʢʦʣʘ FTP ʥʘ ʧʦʣʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ 

ʧʨʠ ʟʘʛʨʫʟʢʝ ʠ ʚʳʛʨʫʟʢʝ ʬʘʡʣʦʚ ʠʟ ʣʶʙʦʛʦ FTP-ʩʝʨʚʝʨʘ. ʌʫʥʢʮʠʷ VeTest ʦʮʝʥʠʚʘʝʪ ʢʘʯʝ-

ʩʪʚʦ ʩʝʪʝʚʦʛʦ ʧʨʦʪʦʢʦʣʘ HTTP ʧʨʠ ʟʘʛʨʫʟʢʝ ʠ ʚʳʛʨʫʟʢʝ ʬʘʡʣʦʚ ʥʘ ʩʝʨʚʝʨ VeTest HTTP. 

ʆʙʝ ʬʫʥʢʮʠʠ ʤʦʛʫʪ ʧʨʦʚʦʜʠʪʴ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʦʣʥʦʡ ʣʠʥʝʡʥʦʡ ʩʢʦʨʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʭʥʠʯʝʩʢʠʭ ʪʨʝʙʦʚʘʥʠʡ ʠ ʦʛʨʘʥʠʯʝʥʠʡ ʩʝʨʚʝʨʘ. ɺʦ ʚʨʝʤʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʩʦʦʙʱʘʝʪʩʷ 

ʚʨʝʤ ̫ʩʦʝʜʠʥʝʥʠʷ ʩ ʩʝʨʚʝʨʦʤ, ʚʨʝʤʷ ʧʝʨʝʜʘʯʠ ʜʘʥʥʳʭ, ʧʨʦʧʫʩʢʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʘ ʣʠʥʝʡ-

ʥʦʡ ʩʢʦʨʦʩʪʠ ʠ ʢʣʶʯʝʚʳʝ ʤʝʪʨʠʢʠ ʧʨʦʧʫʩʢʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʪʦʢʦʣʘ (FTP ʠ HTTP). 

ʉʢʘʥʠʨʦʚʘʥʠʝ VLAN ʠ ʤʦʥʠʪʦʨʠʥʛ ʪʨʘʬʠʢʘ 

ʉʢʘʥʠʨʦʚʘʥʠʝ VLAN ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʤʘʪʨʠʚʘʪʴ ʜʦ 4096 ID VLAN ʜʣʷ ʧʨʦʚʝʨʢʠ ʢʦʥ-

ʬʠʛʫʨʘʮʠʠ ʢʦʤʤʫʪʘʪʦʨʘ. ʇʨʦʚʝʨʷʝʪʩʷ, ʢʘʢʠʝ ID VLAN ʧʨʠʥʘʜʣʝʞʘʪ ʧʦʣʴʟʦʚʘʪʝʣʷʤ ʩ ʤʘʢ-

ʩʠʤʘʣʴʥʦʡ ʧʦʣʦʩʦʡ ʧʨʦʧʫʩʢʘʥʠʷ, ʠ ʢʦʥʪʨʦʣʠʨʫʝʪʩʷ ʜʦ ʚʦʩʴʤʠ ʨʝʘʣʴʥʳʭ ʧʦʪʦʢʦʚ ʪʨʘʬʠʢʘ 

(ʚ ʪʝʨʤʠʥʘʣʴʥʦʤ ʨʝʞʠʤʝ). 
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ʀʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʠʟʤʝʨʝʥʠʷʤ ʟʘʜʝʨʞʢʠ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ Bercut-SDH ʦʩʥʘʱʝʥ ʨʘʩʰʠ-

ʨʝʥʥʦʡ ʬʫʥʢʮʠʝʡ ʠʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ ʚ ʦʜʠʥ ʢʦʥʝʮ. ʆʧʮʠʷ GPS ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʠʪʴ ʟʘ-

ʜʝʨʞʢʫ ʚ ʦʜʠʥ ʢʦʥʝʮ ʤʝʞʜʫ ʫʜʘʣʝʥʥʳʤʠ ʪʝʩʪʦʚʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ. ʀʟʤʝʨʝʥʠʷ ʟʘʜʝʨʞʢʠ 

ʚʳʧʦʣʥʷʶʪʩʷ ʜʣʷ ʢʘʞʜʦʛʦ ʥʝʟʘʚʠʩʠʤʦʛʦ ʧʦʪʦʢʘ ʪʨʘʬʠʢʘ. 

ʀʥʩʪʨʫʤʝʥʪʳ ʧʦʠʩʢʘ ʥʝʠʩʧʨʘʚʥʦʩʪʝʡ ʩʝʪʠ 

ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʢ ʪʝʩʪʘʤ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʫʨʦʚʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʢʘʢ ʥʘʙʦʨ ʪʝʩʪʦʚ 

RFC2544 ʠ V-SAM Y.1564, Bercut-SDH ʦʙʝʩʧʝʯʠʚʘʝʪ ʨʘʩʰʠʨʝʥʥʦʝ ʪʝʩʪʠʨʦʚʘʥʠʝ ʥʘ ʧʨʠ-

ʢʣʘʜʥʦʤ ʫʨʦʚʥʝ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʫʥʢʮʠʷʤʠ: ʪʝʩʪ Ping ʠ ʤʘʨʰʨʫʪʘ, ʦʙʥʘʨʫʞʝʥʠʝ ʩʝʪʠ 

ARP ʠ ɺʝʙ-ʙʨʘʫʟʝʨ HTTP. 
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ɿʘʭʚʘʪ ʧʘʢʝʪʘ WiresharkÊ 

ɿʘʭʚʘʪ ʨʝʘʣʴʥʦʛʦ ʧʘʢʝʪʘ ʩ ʠʥʪʝʨʬʝʡʩʦʤ ʜʝʢʦʜʠʨʦʚʘʥʠʷ Wireshark. ʕʪʘ ʬʫʥʢʮʠʷ ʟʘ-

ʭʚʘʪʳʚʘʝʪ ʧʘʢʝʪʳ ʠʟ ʪʝʩʪʦʚʳʭ ʧʦʨʪʦʚ Ethernet ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʪʦʙʨʘʞʝʥʠʝ ʧʘʢʝʪʘ ʠ ʧʘʨʘ-

ʤʝʪʨʳ ʧʨʦʪʦʢʦʣʘ ʚ ʰʝʩʪʥʘʜʮʘʪʝʨʠʯʥʳʤ ʚʠʜʝ. ɿʘʭʚʘʯʝʥʥʳʝ ʧʘʢʝʪʳ ʤʦʛʫʪ ʙʳʪʴ ʩʦʭʨʘʥʝʥʳ 

ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʬʦʨʤʘʪʝ PCAP ʠ ʵʢʩʧʦʨʪʠʨʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ. 

 

ʊʝʩʪʠʨʦʚʘʥʠʝ VoIP 

ʀʩʧʦʣʴʟʫʡʪʝ ʚ ʩʚʦʠʭ ʠʥʪʝʨʝʩʘʭ ʦʧʮʠʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʧʨʝʜʣʘʛʘʶʱʠʝ 

ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʜʣʷ ʧʨʦʚʝʨʢʠ ʠ ʚʚʦʜʘ ʚ ʵʢʩʧʣʫʘʪʘʮʠʶ ɺʘʰʝʡ ʩʝʪʠ VoIP. 

ʇʨʦʚʝʨʢʘ VoIP ï ʤʦʜʝʣʠʨʫʝʪ ʚʳʟʦʚ VoIP ʠʟ ʙʣʠʞʘʡʰʝʛʦ ʤʘʨʰʨʫʪʠʟʘʪʦʨʘ ʠ ʠʟʤʝʨʷ-

ʝʪ ʦʮʝʥʢʫ MOS ʧʝʨʝʜʘʯʠ ʠʟ ʢʦʥʮʘ ʚ ʢʦʥʝʮ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ VoIP. 

ʈʝʞʠʤ ʧʨʦʚʝʨʢʠ VoIP ʪʝʩʪʠʨʫʝʪ ʛʦʪʦʚʥʦʩʪʴ ʩʝʪʠ ʜʣʷ ʨʘʙʦʪʳ VoIP ʙʝʟ ʘʢʪʠʚʥʦʛʦ ʚʳ-

ʟʦʚʘ VoIP. ʕʪʦʪ ʨʝʞʠʤ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʝʨʠʬʠʢʘʮʠʶ ʩʝʨʚʠʩʘ ʧʝʨʝʜ ʪʝʤ, ʢʘʢ ʙʫʜʝʪ ʩʦʟʜʘʥʘ 

ʠʥʬʨʘʩʪʨʫʢʪʫʨʘ SIP/H.323 ʠʣʠ ʝʩʣʠ ʠʜʝʥʪʠʬʠʢʘʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʥʝ ʠʟʚʝʩʪʥʳ. ʕʪʦʪ ʪʝʩʪ 

ʦʙʨʘʱʘʝʪ ʚʥʠʤʘʥʠʝ ʥʘ ʢʘʯʝʩʪʚʦ ʧʝʨʝʜʘʯʠ ʧʘʢʝʪʘ ʠ ʤʝʪʨʠʢʘʭ ʧʦʩʳʣʢʠ ʪʨʘʬʠʢʘ (Ping  

ICMP), ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʩʚʦʡʩʪʚʘʤ ʪʨʘʬʠʢʘ ʩ ʚʳʟʦʚʦʤ VoIP. 

ʕʢʩʧʝʨʪ VoIP ï ʧʨʦʩʪʦʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʮʝʥʢʠ 

ʢʘʯʝʩʪʚʘ ʩʣʫʞʙ  rVoIP ʠ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ Triple Play. 

ʈʝʞʠʤ ʢʣʠʝʥʪ-ʩʝʨʚʝʨ ʢɻʩʧʝʨʪʘ VoIP ʧʦʟʚʦʣʷʝʪ ʪʝʩʪʦʚʦʡ ʫʩʪʘʥʦʚʢʝ Bercut-SDH ʩʦ-

ʝʜʠʥʷʪʴʩʷ ʩ ʩʝʨʚʝʨʦʤ VX1000 ʜʣʷ ʦʙʤʝʥʘ ʬʘʡʣʘʤʠ ʚ ʚʦʩʭʦʜʷʱʝʤ ʠ ʥʠʩʭʦʜʷʱʝʤ ʥʘʧʨʘʚ-

ʣʝʥʠʠ, ʯʪʦʙʳ ʦʩʫʱʝʩʪʚʠʪʴ ʩʦʝʜʠʥʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʷʭ ʚʳʟʦʚʘ VoIP. 
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ʀʟʤʝʨʷʶʪʩʷ ʜʚʫʥʘʧʨʘʚʣʝʥʥʘʷ ʩʨʝʜʥʷʷ ʵʢʩʧʝʨʪʥʘʷ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ ʨʝʯʠ  (MOS), ʬʘʢ-

ʪʦʨ ʦʮʝʥʢʠ ʩʦʝʜʠʥʝʥʠʷ (R-ʬʘʢʪʦʨ) ʠ ʜʨʫʛʠʝ ʢʨʠʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʩʝʪʴʶ, ʘ 

ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʠʨʦʚʘʥʠʷ ʦʪʦʙʨʘʞʘʶʪʩʷ ʢʘʢ ʥʘ ʧʦʣʝʚʳʭ ʪʝʩʪʦʚʳʭ ʧʨʠʙʦʨʘʭ, ʪʘʢ ʠ ʩ ʧʦʤʦ-

ʱʴ ʁʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʠ VX1000. ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ VX1000 ʤʦʞʝʪ ʙʳʪʴ 

ʠʥʩʪʘʣʣʠʨʦʚʘʥʦ ʥʘ ʣʶʙʦʤ ʩʝʨʚʝʨʝ ʠ ʜʦʧʫʩʢʘʝʪ ʜʦ 16 ʦʜʥʦʚʨʝʤʝʥʥʳʭ ʪʝʩʪʦʚʳʭ ʚrʟʦʚʦʚ 

VoIP ʠʟ ʩʦʚʤʝʩʪʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʩʝʨʠʠ VePAL100+/300. 

 

ʕʢʩʧʝʨʪ ʧʦ ʚʳʟʦʚʫ VoIP ï ʵʤʫʣʠʨʫʝʪ IP-ʪʝʣʝʬʦʥ, ʯʪʦʙʳ ʩʜʝʣʘʪʴ ʠ ʧʦʣʫʯʘʪʴ ʚʳʟʦ-

ʚ,r ʠʩʧʦʣʴʟʫʷ ʧʨʦʪʦʢʦʣʳ SIP ʠʣʠ H.323. ʇʦ ʦʢʦʥʯʘʥʠʶ ʚʳʟʦʚʘ ʜʦʩʪʫʧʥʘ ʦʮʝʥʢʘ ʢʘʯʝʩʪʚʘ 

ʨʝʯʠ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʩ ʧʦʣʥʳʤ ʥʘʙʦʨʦʤ ʠʟʤʝʨʝʥʠʡ, ʚʢʣʶʯʘʷ ʩʪʘʪʠʩʪʠʢʫ ʧʘʢʝʪʘ, ʩʪʘ-

ʪʠʩʪʠʢʫ ʜʞʠʪʪʝʨʘ ʠ ʦʮʝʥʢʠ ʢʘʯʝʩʪʚʘ ʚʳʟʦʚʘ MOS ʠ R-ʬʘʢʪʦʨ. ʇʦʜʜʝʨʞʠʚʘʝʪʩʷ ʪʝʩʪ ʩʦ-

ʝʜʠʥʠʪʝʣʴʥʳʭ ʣʠʥʠʡ VoIP ʩ ʛʝʥʝʨʘʮʠʝʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʚʳʟʦʚʦʚ, ʚʧʣʦʪʴ ʜʦ 24 ʦʜʥʦʚʨʝ-

ʤʝʥʥʳʭ ʚʳʟʦʚʦʚ. 

 

ʇʨʦʛʨʘʤʤʘ ʧʨʦʩʤʦʪʨʘ IPTV  

ʉʝʨʚʠʩ-ʧʨʦʚʘʡʜʝʨʳ IPTV ʚ ʥʘʰʝ ʚʨʝʤʷ ʜʦʣʞʥʳ ʛʘʨʘʥʪʠʨʦʚʘʪʴ, ʯʪʦ ʪʨʘʥʩʧʦʨʪʥʳʡ 

ʫʨʦʚʝʥʴ ʠ ʧʦʣʝʟʥʘʷ ʥʘʛʨʫʟʢʘ MPEG ʥʘʭʦʜʷʪʩʷ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʧʨʝʜʝʣʘʭ, ʧʦʩʢʦʣʴʢʫ ʧʨʦ-

ʩʪʦʡ ʧʨʦʚʝʨʢʠ ʧʦʪʝʨʠ ʧʘʢʝʪʦʚ, ʜʞʠʪʪʝʨʘ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʵʪʠʤ ʫʭʫʜʰʝʥʠʡ ʨʘʩʧʨʝʜʝʣʠʪʝʣʴ-

ʥʦʡ ʩʝʪʠ Ethernet ʥʝʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʢʘʯʝʩʪʚʦ ʩʦʜʝʨʞʘʥʠʷ IPTV, ʢʦʪʦʨʦʝ ʧʝʨʝ-

ʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʪʦʢʦʣʦʚ ʚʝʨʭʥʠʭ ʫʨʦʚʥʝʡ. ʆʧʮʠʠ ʧʨʦʛʨʘʤʤʳ ʧʨʦʩʤʦʪʨʘ Bercut-SDH 

IPTV ʠʟʚʣʝʢʘʪʁ ʧʦʣʝʟʥʫ ʁʥʘʛʨʫʟʢʫ MPEG ʠʟ ʧʦʪʦʢʦʚ Ethernet, ʨʘʩʰʠʬʨʦʚʳʚʘʪʁ ʠ ʧʦʢʘ-


