HacTosiwee u Oyayuwee onTU4eCKUX TPaHCUBEPOB

NHTepHETOM HblHYE YANBUTbL CJI0OXKHO, MOPON, Ka)KeTCs, OH Bbia1 Bcerga, NpuMepHo Kak asieKTpuyeckme
JNIaMMoYKM 1 Tensble copTupbl. Ho B oT/In4Me OT NocnefHMX, BCe 3TU oAbl MHTEPHET 3aMeTHO MEHSJCS -
ANCTaHUMA OT coTeH 60 [0 coTeH rmrabuT NnoApa3syMeBaeT He NPOCTO Pa3HY CKOPOCTb, HO 1
NPUHLUMNNANbLHO pa3Hoe KavyecTBo. ECTb n npenen xxenaHui nonb3oBaTenen? Korga »xe OHW, HaKoHeL,
Ha)xpyTca? N cMoryT N cylecTBYOLWNE JIMHUN CNPaBUTbLCSA C MOTOKaMMN MyJIbTUMEAUIAHOro Tpaduka B
o6o3pumom byayuiem?

Ha nnarpamme Huxe rpaduk pocta notpebneHus Tpaduka 3a nocnegHne 5 neT, NycTb U NOCYNUTAHHBIN B
CTpaHHbIX 3k3abanTax, HO C MOKa3aHHOW TeHAEHUMNEN, CKOpee BCEro, CNopuTb HUKTO He ByaeT - CINWKOM
OHa o4eBMAHa, 4To-To nopsaaka 100% 3a napy-Tponky ner.

Ecnn nepeBecTun CyThb B ")Kesie30", TO FOHKa CKOPOCTEN BbIFSAUT Crieaylowmm obpa3om: BCero HECKObKO
JleT Ha3af faTa-UeHTpbl 1 onepaTopbl-MarucTpalibl, Kak caMble rnepefosblie (B NaaHe CKOpoCcTy,
pasymeeTcsl) CBA3UCTbI, HaYaJn NepexoanTb MaccoBo Ha 10l coegnHeHuns. Y>kKe B MpOLLIIOM rogy HUKOro B
Poccun He yamenanu 40l, a cenyac MOXHO HaWTU IMHUK 1 Ha 100T. o haKTy Mbl y>xe CTOMM Ha rnopore
HOBOIO pbiBKa B CTOpoHY 400 1 mocTeneHHoro rnepexod Ha 1T6... Ho 06 3ToM 4yTb No3Xe.

IOnda Havana, cpeamn HoBUHOK 2013-2014 rr. xo4eTCsa BblAE/INTb TPU OCHOBHbIX HanpaB/ieHNA:

e MaruncTpasbHbIX ONepaTopoB, HABEPHSAKA, 3anUHTepecyeT NnosBeHne OOCTYMNHbIX Mo LeHe
HacTpamBaeMbix (tunable) 10G DWDM-Moaynen, no3Bonatowmx NporpaMMHoO NnepectpamBaTh nasep
rnepepaTtyuka Ha nobon DWDM-kaHan B C-gnanasoHe (50GHz, 88CH). CooTBETCTBEHHO,
KOHurypmpoBaHne DWDM 3Ha4MTeNbHO YNPOCTUTCSA, 3a04HO0 OTNaneT HagobHocTk B orpomHom 3UIMNe
XFP/SFP+ Ha BCe cny4au XXU3HU ANNHbI BOSH. [0BOpA npoule, yBenm4ynsaTb CKOPOCTb C NOMOLLbIO "eLle
OOHON 0ecATOYKM" CTaHeT JIerko n HeJoporo.

e 3asaBsieHHble ewe B 2009 rogy mogynu nuHenkn CFP (40G & 100G) HakoHew-ToO fobpanucek 8o
POCCUNCKON peanbHOCTKU, a 3a04HO0 obpenn "coBMmelleHne" ¢ SFP+ no pasymHonm LeHe.

e JlaTa-LeHTpbl UMEIT NPeKpacHyo BO3MOXXHOCTb 3KCNEPUMEHTMPOBAaTb C Pas/iNnyHbIMA
Moaundunkaumamm QSFP-moaynen. HecMoTps Ha TO, YTO AaHHAsA TEXHOIOMMSA MHe KpalHe HenmpusaTHa
CBOEeW MyNbTUMOOO0BON MHOMOBO/IOKOHHOCTLIO (QSFP SR4) nnn HecoemecTuMocTblo ¢ DWDM (QSFP
LR4), Hy>KHO Npu3HaTb, MPO-naT4ykopAbl MO3BOAAIOT OPraHN30BbIBaTb BbICOKOCKOPOCTHbLIE INHKK 6e3
JIMLIHNX CNI0XXHOCTEMN.

Tunable DWDM-Mmoaynu

Ons n3amMeHeHns OJIMHHbBI BOJTHbI UCMOJIb3YIOTCSA OTpa)kaTeNbHble pewweTkn bperra. OTpakaTenb bperra

- 3TO CJZIONUCTasa CTPYKTypa, B KOTOPOW NoKasaTesb NpesIoMAeHN MaTeprana Nepnoanyeckm n3aMeHseTcs
rnog OenCcTBMEM BHELUHEro ynpasaeHus. B HacTpanBaeMbix la3epax UCMOJIb3YyIOT ABe peweTku. Kakgas ns
HUX 3adaeT CBOW oTpa)kaeMmblin cnekTp. CyMMMpPOBaHHOE OTpa>keHne n hopmMmpyeT HeobXoANMbIA HaM
CUrHaJn.
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BHewHe moaynu Tunable DWDM XFP_ER v_ZR (cooTBeTCTBEHHO Ha 40kKM 1 80KM) HNYEM HE OTNINYAOTCH OT
00bI4HbIX. HO MpWY 3TOM OHM MPaKTUYECKU NOJIHOCTLIO YHUBEPCAJIbHbI, TO €CTb CNOoCobHbLI 06ecneynTb
MPoOrpamMMHYI0 NepecTPonKy HecyLllen ANMHbI BOJIHbI Ha 0AWH U3 MHOXecTBa DWDM-kaHanos ¢ ceTkon 50
My (cM. Tabnumuy 1) unm 100 Iy (cornacHo pekomeHaaumsam ITU-T). Kpome Toro, Mmoaynam MoryT
npumeHsaTbCA Kak B Ethernet, Tak n B SDH/SONET-ceTax. NepecTporika oCyLeCcTBAAETCS NPy MOMOLLN
cneumanbHOro NnporpaMmmaTopa, Mbo HeMmocpenCcTBEHHO Ha MNOPTY TPaHCNOHAepa/CBUTYa/poyTepa, AaHHas
BO3MOXXHOCTb peasim3oBaHa MHOrMMK BeHaopamu, Hanpumep, BTI, Cisco n gp.

B Q2-Q3 2014 roga oxxmngaeTtca Bbixoq ropsaden HoBuHku: DWDM Tunable SFP+ B Bapuaumnsax ER/ZR (40/80
KM), 4TO obecneunT rnbkyto opraHmsaunto 3UMa, a Takxe nossoanT npoussoamntenam WDM-ob6opynoBaHus
nepenTtn K 6onee KOMNakTHOMY opM-thakTopy SFP+, 3amMeTHO MoBbICMB NI0THOCTL 10G-NOPTOB, COKPaTUB
Boo6aBoK n saHepronoTpebneHune. MNMoka xe ansd nepexona ot XFP K SFP4+ M0O>XHO NPUMEHATb

cneumanbHy KapTy-nepexogHunk. To ecTb oT 06opynoBaHna nonpeT (K npuMepy) HELOPOron KIANEHTCKUN
SFP+ SR mnnn Direct Attach-kabenb, a oT KapTbl B JINHUIO Y>Ke JINHENHbIN OKpalleHHbin DWDM-curHan ot
Tunable XFP.

HeobxoanMo y4nTbiBaTb, YTO 415 PELUEHUS C MPUMEHEHNEM TEXHOOM N NPSAMON Koppekunm owmnbok
(FEC/EFEC), no3onstowen nepefaBaTb 10G-kaHasbl Ha 60bLlee paccTosHMe, chopM-thakTop XFP bypeTt
aKTyaJibHbIM eLwe Joaro, T.K. cerogHsa 6onbwnMHCTBO NpoussoanTenen WDM-o06opynoBaHNa NCNOMb3YIOT B
CBOUX TPaHCNOHAepax MMEHHO ero n nepexop Kk SFP+ byneT faneko He MTHOBEHHbIM.

O3HakoMUTbLCA € NapaMeTpamm DWDM XFP 80km npwu pa3nn4yHbiX 3Ha4vyeHunsax Bit Rate, OSNR, Dispersion n
nonyctumoro 3HavyeHuns BER ¢ ucnonb3oaHuem FEC/EFEC n 6e3, MoxxHO B Tabauue.

T.0. ICNOJIb30BAHME aIrOPUTMOB MPSIMON KOPPeKUun owmnbok gaeT 3Ha4YnuTeNbHbIN BbiMrpbilw Mo OSNR n
YYBCTBUTENLHOCTN.

e BaxHo!!! B pe3ynbTaTe TeCTupoBaHUs nH>xeHepamum SNR psaga npeacTaBAeHHbIX Ha pbIHKE MoOenen
BbISIBJIEHO, 4TO MHOrue tunable DWDM (B 4YacTHocCTK JDSU) He 3anoMuUHaloT HOMep KaHana npu
nponagaHuu nutaHusa. CooTBETCTBEHHO, Npu cboe yCTPoMNCTBO BbiCTaBnsieTcs B default-kaHan co
BCEMW BbITEKAOLWMMN HENPUATHBLIMU NOCAEACTBUAMUN. ICNONb3YyNTE TONLKO NMPOBEPEHHbIE peLleHuns!

¢ AHanoru! Cnucok Hanbosiee pacnpocTpaHeHHbIX BEHOOPOB U UX MoJesieil mpeacTassieH B Tabauue
Hxe. CnegyeT NOMHUTL, YTO METo[ YNpPaB/eHNs NepecTPOKoi KaHasloB Yy pa3HbiX Npon3soanTene
MOXKET OTJ/INYaTbCS U BbISIBUTb COBMECTMMOCTb MOXKHO, MO CYTU, TOJIbKO TECTUPOBaHMEM. Ecin KaHan
3a/laH Npu NOMOLLW BHELIHEero nporpaMmaTopa, To MoXXHO obecne4ynTb COBMECTUMOCTb CO BCEMMU

BEHAOpaMW.
lMpowussoauTesnb Monenb
BTl Systems BP3AMATF
ADVA 1061701400-01
Brocade 10G-XFP-ZR.T
Cisco ONS-XC-10G-C DWDM-XFP-C
ECI OTR10T AL
Extreme 10200
Huawei XFP-STM64-T-80km
JDCU JXPO1ITMACICX5***
Juniper XFP-10G-CBAND-T50-ZR
Nokia Siemens Networks V50017-U792-K500
Sorrento Networks GMXFP-10G-40CT-80

B HacToswee BpeMs nHxeHepbl HAI cmornm gobuntbcsa comectumocTun Tunable XFP SNR (C BO3MOXHOCTbIO
rnepecTporkn KaHasnoB) ¢ obopynosaHmnem BTI, Transmode, Cisco n Juniper.
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CFP-moanynm

CFP (oH xe "C" (Centum = 100) form factor pluggable) Bnepsble 6bi1 3aaBneH B MmapTe 2009 rona rpynnon
komnaHum Finisar Corporation, Opnext Inc. n Sumitomo Electric Industries. NogpobHoe onnucaHne 3/1eKTPO U
MexaHN4yeCKMX NnapaMeTpoB MOXXHO HalTu B MSA cneundunkaummn. CerogHs ontn4eckme Moayam B popm-
dakTope CFP npegHa3Ha4veHbl onda paboTbl Ha ckopocTax _40G 1 100G.

CFP moaynu, paboTatowme no ctaHgaptam 40G LR4, ER4 n 100G SR4, LR4, ER4, npeactasnsoT u3 cebs
cbopKy n3 TpaHcneepoB Ha 10G nnm 25G (ana 100G) o6beaAnHEHHbBIX B 1 KaHa/1 Npy NOMOLLN YeTbIpex
KaHanbHOro MynbTuUnaekcopa. LleHa Takoro peweHna HeBbICOKa, HO UMeeTCs CYLLEeCTBEeHHbIN HeJOCTATOK B
BMAe YyeTtblpex N19mMb4, 4TO CUNBHO 3aTPYyAHSAET nepefady Ha 6osbluMe pacCcTOSHUSA.

CneBa npeactasneH_CFP100GBASE-LR4-10 (y>xe B npoaaxke kKak ans 100G ETHERNET, Tak n ana 112Gb
OTU4, panbHocTb nepedayun 10km), cnpaBa - BapnaHT 6e3 BCTPOEHHOro MynbTunaekcopa, 4 kaHana no 25G
pa3HeceHbl Ha 4 He3aBUcuMbIXx DWDM-KaHana, ganbHOCTh A0 40 KM. Kaxkaas n3 4yetbipex nambéa
HacTpanBaeMas (tunable) n mo)xeT 6bITb HacTpoeHa Ha ntobon n3 96 kaHanoB ¢ cekTon 50Ny, Becb 100
noTok byneT 3aHMMaTb B MyKCe YeTbipe KaHafna (no 25G KaxkAabin). aHHasa TexHoorusa notepseT
aKTYaJIbHOCTb C BbIXOAOM KorepeHTHbIX CFP, 4TO oXXupaeTca NnpMMepHOo Yepes nosaroaa.

Ko BceMy npo4eMy, y>xe cerogHs umeeTcs KoHBepTep nHtepgencos CFP 40G -> 4xSFP+ 10G, KoTopbIi
no3BosiseT npuMeHaTb SFP+ moaynu B o6opynosaHum ¢ CFP 40G-noptamu (Hanpumep, cisco nexus 7000,
cisco 6800):
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Ha doTorpadum SNR-CFP-SFP+ (aHanor Cisco CVR-CFP-4SFP10G)

100G CFP, cornacHo cTaHgapTy, BO3MOXHbl B pa3HbIX BapuaHTax: L00GBASE-SR nog MPO

pa3beM, L00GBASE-LR4/100GBASE-ER4 - nepepaeTcs 4 kaHana no 25G (28G), L00GBASE-LR10/ER10/ZR10 -
nepepnaetcsa 10 kaHanos no 10G.

B kayecTBe NpoMe)xyTo4YHOro pelleHnsa obbivyHble CFP nocTtaTo4yHO yao6HbI, HO Byayllee, BHE BCAKOIro
coMHeHus, npuHagnexunt CFP 100G Coherent. Yxxe ceitdac 06 nx Bbinycke 3assuaun Brocade u Oclaro.

doTorpacuma Oclaro CFP2 Coherent moayns

Ha cerogHawHuii geHb 100G Coherent 4OCTYMHbLI TOJIBKO B BUAE NHTErPUPOBAHHbLIX TPAHCUBEPOB Y
MCNOb3YyTCA coBMecTHO co 100G TpaHcnoHaepammn/mykcnoHgepamm. CTOMMOCTb MHTErPUPOBaHHbIX
100G pelleHUin B HECKOJILKO pa3 Aopoxke oxupgaemon LeHbl Ha CFP Coherent, 3aTo 1 XapakTepucTuUKn y
HUX HECKOJIbKO Ny4yLle. Tak 4TO MPOeKTMPOBLLNKaM NpmuaeTcs Hemasio nopaboTaTbk Haa BbiIBOpOM
OMTMMaJIbHOrO BapmaHTa A1 Ka)KA0N KOHKPETHON JINHUN. CpaBHEHNE XapaKTepPUCTUK MHTErpupoBaHHOIr o
n CFP coherent TpaHCuBepa MOXHO yBuAeTb B Tabnnue HuxXxe:

CFP MHTerpmpoBaHHble
DanbHOCTb Nepefayn cmrHana, km go 750 no 2500

Input power range, ob -2..-18 -2..-18
OSNR tolerance, ob 15-16 13
Dispersion tolerance, ps/nm -15k ..15k -50k .. 50k

CyTb TEXHOIOT N 3aKJIl04aeTCs B MCNOJIb30BAaHNN NOJISPU3ALNOHHOIO MYyIbTUMIEKCUPOBAHNSA YeTbIpex
Mo3nUMOHHON ha3oBon Moaynaunm PM-QPSK (HekoTopble NCNOMb3YIOT ABONHYIO nonspusauunto DP-QPSK).
OTo No3BOJSISET NepefaBaTb 3a pa3 YeTbipe 6MTa nHdbopMaummn BMecTo ofgHoro. MpuHunn paboTel B 06Wwmx
yepTax MOXHO MOHATbL Ha npuMmepe 100G-MyKcrnoHaepa. Kak Mbl BUAUM U3 NPeACcTaB/I€HHON HUXXE CXEMb,
Ha Bxoae 10*10G KAneHTCKNX nHTeptencos, koTopble NpeobpasytoTcs B 4¥28G. [anee nponcxoant
MogynupoBaHune B PM-QPSK 1 y>xe Ha Bbixoae nosyyaetcs onHa DWDM 100G-nsambpaa, koTopas yxoauT B
JINHMIO.
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MpuHuMnuanbHasa cxeMa 100G-mykcnoHaepa ¢ Coherent TpaHCcMBepom

Ina cnpaBku, KpaTkoe onucaHue scex moaenen CFP ceepeHo B cnenytouyto Tabnumuy:

Ne

Ha3BaHue

n/n ctaHgapTa

Nen/n CtaHpapT

100GBASE-
SR10

100GBASE-
LR10

100GBASE-
ER10

100GBASE-
ZR10

100GBASE-
SR4

100GBASE-
LR4

100GBASE-
ER4

100G
Coherent

OnucaHune
100GBASE 10*10 MSA CFP - nepegnava necatn 10G-kaHasn0B 04HOBPEMEHHO

hanbHoCTb oo 100m (10*10G)

nanbHocTb Ao 10km (10*10G)

nanbHOoCTb 0o 40kM (10*10G)

JanbHocTb Ao 80km (10*¥10G)
4*25 (4*¥28) MSA CFP - nepefayvya ogHOBpeMeHHO YeTblipex KaHanos 25G(28G)

hanbHOCTb A0 100M (4*25G)
nanbHOCTb A0 10kMm (4*¥25G)

hanbHOCTb 00 40kM (4*%25G)

Coherent - 4 kaHana no 28G moagynmpytotca DP-QPSK (nnmn B PM-QPSK) n coopmupyeTt
100G Ha ogHOM AnNvHe BOJIHbI KoMneHcauusa xpoMaTunyeckon gucnepcum o 15000 nc/Hm

OanbHocTb Ao 750kM ¢ ucnosnb3soBaHmemMm EDFA ycunntenen

BeHpop Mogoenb

1 100GBASE-SR10 Cisco, Juniper, Huawei CFP-100G-SR10
2 100GBASE-LR4 Cisco, Juniper, Huawei CFP-100G-LR4
3 100GBASE-LR4  Finisar FTLC1181RDNx
4 100GBASE-ER4  Cisco CFP-100G-ER4
5  100GBASE-ER4 Fujitsu FIM37200
QSFP-Mmopnynu

Kak 1 y>ke nucan Boiwe, 40-ka rurabmntHbin QSFP SR4 nmeeT paszbeM MPO 1 ocyuiecTBASET MPUEM 1
nepepayvy 4x10G no 12-BonokoHHOMY MMF-BOMIOKHY (3a4eMCcTBOBAHO TOJIbKO 8 BOJIOKOH) Ha CTaHOapTHOM
0J19 MHOrTOMOZOBOIr0 BOJIOKHA AJ/IMHE BOJIHbI - 850HM. Takm 06pa3oMm, Ncnosib30BaTh HYy[o BpaxkaebHon
TEXHUKN OAHHYIO0 TEXHOI0r M0 060CHOBAHHO TOJIbBKO B Aa@Ta-UeHTpax, a ewe ayylle - He gasiee CBoen
CTOWKMW.
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Tak BbirnaanTt QSFP-SR4

CneBa pa3bem MPO, Bupa B hac, cnpasa MPO-naT4ykopa

TpaHcuepbl QSFP LR4 3aMeTHO nporpeccneBHee, 4718 HUX JOCTaTOYHO BEro rnapbl BOJIOKOH:
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BHYTpu Moayns (CM. MYHKLMOHaNAbHYIO CXeMY) UMeTCS 4 nepefaTymka N BCTPoeHHbIn MUX/DEMUX CWDM,
TO €CTb, NCMOJIb3YIOTCA YeTbipe nepepatymka 10G Ha gamHax BosH: 1270, 1290, 1310 n 1330 HM.

MOCKONbKY OCHOBHOW HULLEN ONS Ucnosb3oBaHuna 40G-Moaenen aBnsTCA AaTa-UeHTpbl, 60nblINA NHTepec
npeacTaBnstoT Mogenu, paboTtatowme Ha HebobLLINX PACCTOSHMSAX U Npy 3TOM obnagatroLline Manon
CTOMMOCTbI0. K NpuMepy, Ha pacCTOAHMAX 4O CEMU METPOB CTOUT UCMNONbL30BaTb «MedHble» Direct attach
cable (Ha doTorpagun cnesa), a o 100 meTpoB - 3apaHee CBapeHHble Mexxay cobon MHOrOMO4OBbLIM
onTn4eckum natykopaom napbl QSFP (B oTan4me ot DAC-moaenen B AOC nmeetcs DDMI), nnum Active
Optical Cable (Ha poTorpacdun cnpasa).

Kpome Toro, CywecTBYIOT CrielunanbHble nepexogHnkn QSFP<->SFP+, KoTopble NO3BOJISIOT peasiM3oBaTh
Kak onTunyeckoe coeanHeHne (QSFP 40G -> 4 SFP+) 10G, Tak n "mMegHoe" (QSFP-40G->4xSFP+ DACQ).
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Hapo otmeTnTb, 4T0 40G ONnsa fata-ueHTOB NOCTENeHHO OTXOAUT B TEHb M Pa3BMBAETCA He Tak
CTPEMUTENIBHO, KaK X0TenocCb 6bl MHOrMM. HO 3TO He CTpawHo - B KOHUe 2014 r. rofa oXXKnaaeTcs BbIX0[,
QSFP28, ocyuwecTBasowero nepegavyy ogHOBPEMEHHO 4-X NOTOKOB Mo 25G(28G) KaXkabli 1 MO3BONSAOLWEr0
pocturatb 100G(112G).

Ananoru! Brocade IP 40G-QSFP-LR4, Huawei QSFP-40G-LR4, Radware 9062216, Alcatel-Lucent Ent. QSFP-
40G-LR, HP H3C JG325A. UHxeHepamn HAIT AOCTUIHYyTa COBMECTUMOCTb AaHHbIX Mogyen C
obopynoBaHuem Extreme, Dlink,Forcel0(Dell).

HoBuHKM MHTEepdencos

To4Hoe pa3BuTure cobbiTni NpegyragaTh NMOKa C/IOXKHO, Ha IMAEPCTBO NpPeTeHAYeT cpa3ly HECKObLKO (hopM-
dakTopos u TexHonorum (QSFP, CFP, CFP2 n apyrue). CornacHo cywecTtseyowemy roadmap-y, 8 2014 roay
OXXNLAeTCs NosABJIEHME Ha MaccoBOM pbiHke CFP2 n CFP4-nHTepdgeiicos (oHM 6osiee KOMNaKTHbIE MO
cpaBHeHuio ¢ CFP):


https://cdn.nag.ru/news.public.uploads/upload/images/20140303-0043.png
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100 Gbps Module Evolution

Speeds VS Size
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MepBble 6ykBbl B Ha3BaHWM MOAYJ1S YKa3biBalOT Ha €ro CKOpPoCTb. Tak, HanpuMep:
[CIFP-100G;

[CD]FP-400G;

[DIFP-500G.

Optical Electrical

Kpome yMeHbLLeHMSA pa3MepoB KOpryca, YMeHbLIAeTCs Takxxe 3HepronoTpebneHne. CoyeTaHme 3TuX
napamMeTpoB MO3BOJINT 3HAYUTE/LHO MOBLICUThL MAOTHOCTL NMOPTOB.
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Fpathnk n3MmeHeHUs aHepronoTpebaeHns TUNOBLIMU NepeaaTinKamm

CFP 100G Module Densities

4x CFP

8x CFP2

16x CFP4

32x CFP4
DD

KoMMNOHOBKa MOpPTOB B CTaHOAPTHOM CJ1I0Te Wwaccu unm 1U-kommyTaTope

HekoTopble npon3ssoanTenn KoMmyTaumoHHoro obopyaosaHus, HanpuMmep, Extreme Networks, npegnaratoTt
Takne nHTepdencHole KapThl y>xe_ceroaHa. Monenn CFP n CFP2 6yayT AOCTyNHbl Kak B BapnaHTax 10x10G,
Tak 1 B 4x25G. CFP4 6yaeT foocTynHa TOJIbKO B MCNOJIHEHUN 4x25G.

B 3aBepLueHue, nonpoGyeM noaoBectT MTOIrM.
B 2014-2015 roay Hac XxAyT:

Noo KsapTtan Mopenb
2014 1 CFP40GBASE-FR(a0 2km o SMF)
2 CFP40GBASE-ZR4
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DWDM CFP100GBase-ER10 & DWDM CFP100GBase-
ZR10

CFP100GBASE-SR10

CFP100GBASE-ER4

CFP2-100GBASE-LR4

QSFP28-FR (Cen4ac ectb QSFP28-A0C)
CFP2-100GBASE-SR10
CFP2-100GBASE-ER4
CFP2-100GBASE-SR4
CFP4-100GBASE-SR4
CFP4-100GBASE-IR4 (nanbHOCTb 0 2 KM)
CFP100G-Coherent
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A panblie - Kak U3BecTHo, bonbLlie. MockonbKy NnoTpebneHne Tpaduka NPoaosKaeT pacTun, NPOU3BOAUTENN
roTOBAT AN HAc peweHusa Ha 1 Terra. [laHHOe pelleHue ABNAeTCA fafibHENLWNM pa3BUTUEM KOrepeHTHOro,
C YMEeHbLUEHMEM Wara CeTkM BraoTb Ao 12,51y, B 0bwmx yepTax, 3TO BbIrAS4AMT Tak.

100G PM-QPSK 1T PM-QPSK 1T PM-160AM
sC DC 10 carrier SC (375GHz) 5 carrier SC (200 GHz)

nm NN

Ho 6onee nogpobHo 06 3TOM MOXKHO ByfeT pacckasaTb NMLb Yepe3 HECKOJIbKO JeT.
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