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FlexGain FOM16L2 Kpamkoe onucaHue

NMPEOUCIIOBUE

Komnanna HTL, HATEKC npeacrtaBnser ONTOBOSIOKOHHYD CUCTEMY nepegayuv
FG-FOM16L2, npegHasHayeHHyl0 AN MNOCTPOEHUS MYIbTUCEPBUCHBIX TPaHCMNOPTHBLIX
nnatopm (MSAP). Cucrtema BkntovaeT B cebsa nporpammHo-annapaTHble CpeacTtBea,
obecneunBaroLLe BbICOKYIO MPOMYCKHYO CMOCOBHOCTbL C BO3MOXHOCTBLIO MpeaoCcTaBreHus
LUMPOKOrO CcrnekTpa ycnyr npu MUHMManbHbIX (DMHAHCOBLIX 3aTpaTax ornepaTopoB Ha
CTPOUTENBCTBO TPAHCNOPTHOM NAaTopMbl 4NA MYNbTUCEPBUCHBIX CETEN.

Ha cerogHAWHWA [eHb, YpPOBEHb pPa3BUTUA TENEKOMMYHMKaALMOHHBLIX TEXHOMOrmm
no3BonsieT 06beAnHATL LWMPOKMI cnekTp Hanbonee BOCTPebOBaHHbLIX MOMb30BaTENLCKNX
NHTEpdENCOB B COCTaBe MYNbTUCEPBUCHBLIX TPAHCMNOPTHBLIX MIaTOpPM, COXpPaHsa Mnpu
3TOM HageXHOCTb N CTPYKTYpY coBpeMeHHbIx SDH/PDH-ceTen.

Cmp. 4u3 21 Bepcus 1.0



Kpamkoe onucaHue FlexGain FOM16L2

O NOKYMEHTE

[aHHbIA OOKYMEHT SABNSIETCS KpaTKUM TEXHUYECKMM OMUCaHMEM CUCTEMbl nepedayn Ha
OCHOBe onTmyeckoro MynbTunnekcopa FG-FOM16L2. B pOokymeHTe npencraBrieHo
onucaHme wmynbTunnekcopa FG-FOM16L2, BO3MOXHOCTM €ro  WUCMNOMb30BaHUA U
TEXHUYeckme crneumdpukaummn.
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1. ONMUNCAHUE CUCTEMDI

B maHHOM rnaBe npeacTtaBneHo onucaHne mynbtunnekcopa FG-FOM16L2, Bkntovatowwee
OnMuCaHne apxXuTeKTypbl CUCTEMbl, WHTepdencoB, CYHKUMA 3aWwuTbl Tpadwuka,
annapaTHoro pe3epBnpoBaHus mMogaynen, CTPYKTYpbl MYNbTUMNEKCUPOBaHWS,
CUHXPOHM3aLMK, YIPaBeHUs N MOHUTOPUHIa.

1.1. OnucaHwue o6opynosaHua FG-FOM16L2
O6opynosaHne wmynbtunnekcopa FG-FOM16L2 npegHasHadeHO AN NPUMEHEHUsS B
MYMbTUCEPBUCHLIX ONTUYECKMUX CeTAX JOCTyna.

MynbTtunnekcop FG-FOM16L2 nopaepxvBaeT arperatHble OMTUYECKNE UHTepdencsl
STM-1/4, TpnbyTtapHble nHtepdericel Fast Ethernet n E1 G.703, n moxeT ObITb 3aka3aH B
cneayowmnx 4 OCHOBHbIX KOHGUrypauusx:

Tabnuua 1.1. KoHdurypauumn obopynosaHus cepum FG-FOM16L2

KoHgpuaypauusa cucmemsi LOCC (aksusaneHm VC-4) ( ﬂog:/f ﬂ;gim )
Mogynb ¢ 2x STM-1 + 8x E1 6x6 4x FE/C
Mogaynb ¢ 2x STM-1 + 8x E1 6x6 4x FE/T
Mogaynb ¢ 2x STM-4 + 8x E1 18 x 18 4x FE/C
Mogaynb ¢ 2x STM-4 + 8x E1 18 x 18 4x FE/T

O6opynoBaHue wmynbTunnekcopos FG-FOM16L2 npeaHasHaudeHo Onsi yOOBNETBOPEHUS
HY>XO OnepaTopoB CBsI3M MPWU MOCTPOEHUM FOPOACKUX MYNbTUCEPBUCHBLIX CEeTen aocTyna.
Takke OHO MOXET MCMNoNb3oBaTbCA NpoBangepamu Internet-ycnyr n yctaHaBnuBaTtbCcs Ha
BEJOMCTBEHHbIX CEeTAX, obecneynsasi Npu 3ToM Kracc nokasatens goctynHoctu 99,999%.

[MOMHOCTBIO COOTBETCTBYHA BCEM MPUHATBIM MEXAyHapoAHbIM cTaHdaptam SDH STM-1/4,
obopynosaHme mynbTUnnekcopos FG-FOM16L2 coBmecTumMo ¢ obopyaoBaHuem
SDH STM-1/4 ppyrux npowussogutenei. [lonb3oBatenn MOryT CTPOUTb COOCTBEHHbIE
STM-1 unn STM-4 ceTn, unn mcnonb3oBaTtb 370 06OpygOBaHWE COBMECTHO C APYIMM
obopyaoBaHMeEM MYNbTUCEPBUCHBLIX TPaHCMOPTHbIX nnatgopm B cetax SDH  wunu
obopyaoBaHMeM nepeaadn AaHHbIX AN NOCTPOEHUS PasfMYHbIX TPAHCNOPTHBIX CETEN UMK
ceTeun gocryna.
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Kpamkoe onucaHue FlexGain FOM16L2

1.1.1. KoHcTpykuma FG-FOM16L2

MynbTtunnekcop FG-FOM16L2 npeactaenset cobon KOMNakTHbIA MOAYSb B KOHCTPYKTUBE
MiniRack ¢ pasmepamn 44,5mMm (BbicoTa) x 433mMm (wmpuHa) x 265mm (rnybuHa). Bee
UHTepdpencbl ANA BHELIHMUX MOAKMIOYEHUI pacnonaralTcs Ha nepeaHen naHenu. Moaynb
MOXeT ycTaHasnmeaTbca B 600MM nnun 19” cTorku, Ha CTONe UNu KpenuTbCs Ha CTEHy.

Puc. 1.1. BHewHut sud mynbsmurinekcopa FG-FOM16L2

1.1.2. CTpykTypHasa cxema mynbtunnekcopa FG-FOM16L2

CTpykTypHas cxema mynbTunnekcopa FG-FOM16L2 npeactaBneHa Ha pucyHke 1.2.
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Puc. 1.2. CmpykmypHas cxema mynbmuriniekcopa FG-FOM16L2
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1.1.3. MaTepuHckasa nnarta

MynbTtunnekcop FG-FOM16L2 coctoMT M3 OCHOBHOW MaTEPWUHCKOW nnaTbl, KOTopas
OCYLLECTBMNSAET: CUCTEMHbIA  KOHTPONb, KOMMYTaUMK BUPTYyarnbHbIX  KOHTENHEPOB,
CUHXpoHM3aum. Ha martepuHckonM nnate pasmeweHbl 8 wHTepdencos E1 u 2
nHTepdenca STM-1 nnu STM-4.

[ononHuTtenbHO Ha MaTepUHCKYIO MraTy MOXHO yCTaHaBnuBaTb MoAyrb 4 MHTepdencoB
Fast Ethernet.

Bnok-cxema MaTepuHckon nnatbl MynbTuUnnekcopa FG-FOM16L2 npegctaBneHa Ha
pucyHke 1.3.

System Controller Cross Connection | |Timing Synchronization

External Interface

8x E1 2x STM-1/4
Interfaces Interfaces DB9 | RJ45| RJ45
Consolel NMS | ALM

Puc. 1.3. briok-cxema MamepuHckoU rinamsi mynemunnexkcopa FG-FOM16L2

1.1.4. BO3MOXHOCTU KOMMYyTaLUU
MynbsTunnekcop FG-FOM16L2 nogaepxuBaeT crneayoLwme OyHKLMN KPOCC-KOHHEKTA:
e 6x6VC-4
e 18x18VC+4
1.1.5. CuHXpoHu3auus
MynbTunnekcop FG-FOM16L2 moXeT nony4yaTb CUrHam CUHXPOHU3aLUun oT:
e arperaTHoro nHtepdgenca STM-1/4,
e TpubyTapHoro uHTepderica E1.

CneumansHOro BHeLLHero Bxoga/Bbixoga cuHxpocurHana mynstunnekcop FG-FOM16L2 He
umeer.

OavH 13 TpubyTapHbiXx MHTepdencoB E1 moxeT ObiTb MCNONb30BaH Kak BXOA4/BbIXO4
cuHxpocurHana. B cnyvae ecnu mynbtunnekcop FG-FOM16L2 TepsieT BCce curHanbl
CYHXPOHM3aLMK, CUCTEMA 3aMbIKaeTCs Ha CBOW BHYTPEHHUI TreHepaTop OMOPHbIX
CVMHXPOCMUIHarnoB UM NEPEXOANT B PEXMM OXMAAHWUS, €CM YCTaHOBMNEH BCMOMOraTerbHbIN
reHepatop ypoBH4a Stratum-3.
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Kpamkoe onucaHue FlexGain FOM16L2

1.1.6. YnpaBneHue mynbtunnekcopom FG-FOM16L2

JlokanbHoe ynpaBnenne Mynbtunnekcopom FG-FOM16L2 ocywecTtBnaetca 4epes
nHTepderic RS232 (pasvem DB-9), ynpaeneHne SNMP un Telnet ocywectensieTcs yepes
uHtepcperic 100BaseTx IEEE 802.3 (pasbem RJ-45 100 Om)

1.1.7. UHTepcpenc aBapumHon curHanusauum ALM

Mynbtunnekcop FG-FOM16L2 wvmeeT wHTepdenc aBapuiHbix curHanos ALM
(c pasbemom RJ-45).

CR MJ MDI MDO

RJ45 Interface

Puc. 1.4. Pacnatika koHmakmoe pa3bema RJ-45

I'pynna koHmakmoe MDO/MDI

MDO wn MDI 3To rpynnbl KOHTaKTOB BbIXxO4a W BX04a, KOTOpPble WCMONb3ylTcsa Ans
NnonyyYeHnss U OTNpaBKU COOOLLEHNI 06 aBapUIAHbIX CUTYaLUSIX.

Jlorvka aBapuiiHbIX CUrHamoB MOXET ObiTb M3MeHeHa nonb3oBaTenemM. 3HayeHueM Mo
ymonyanuio ans MDI siensietcs «1» (pa3omkHyT), @ MDO - «0» (3aMKHYT).

Bbixo0dbiI asapuliHol cuzHanusayuu CR/MJ

Bbixoabl aBapuMnHON CUrHanu3aummn npegHasHayveHbl Ans NOAKMOYEHMS K MyNbTUMNNEKCOPY
FG-FOM16L2 BHelwHen aBapuUMHOW  CcUrHanuM3aumMmM  WUNu  Opyrmx  YCTPOWCTB,
aHanu3npyoLLMX COCTOSTIHNE MYMbTUMNIEKcopa.

npe,ﬂ,yCMOTpeHbl ABe rpynnbl KOHTAKTOB:

1. TlepBas rpynna koHTakToB MJ mcnonb3yetrca Ons BbiBOAA KPUTMHECKUX U CPOYHbIX
aBapuUHbIX CUrHamoB, KOTOpble MOAKMOYEHblI K BHELLUHEN 3BYKOBOW U BU3yaribHOW
aBapuIHON CUrHanusauuu.

2. Btopas rpynna CR wucnonb3yetca AN BbiBOAa HECPOYHbIX aBapWUHbBIX CUrHamnos,
KOTOpble NOAKITOYEHbI TOMBbKO K BU3yarbHOW aBapunHON CUrHanunsauuu.
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1.2. Bo3moxHocTtu SDH

o Mynbtynnekcop FG-FOM16L2 oGecneunBaeT Bce cTaHAapTHbIE BO3MOXHOCTH
SDH-ypoBHs STM-1/4.

¢ MynbTunnekcop FG-FOM16L2 obecneunBaeT ABa pexunma 3awwmTtbl Tpadmka SDH:
MSP (1+1) n SNCP Ha ypoBHsax VC-12/3/4. B o6opynosaHuun ¢ STM-4
obecneunBaetca MSSPR.

e  CurHan CMHXpOHU3aLMKN BblOENAETCSA MO0 C OQHOrO U3 arperaTHbIX
STM -nHTepdpencos, nmbo TpnbytapHoro nHtepgenca E1. CyuiectyeT Takke
BO3MOXXHOCTb 3aMKHYTb CUCTEMY Ha BHYTPEHHWI reHepaTop ypoBHA Stratum-3,
YyCTaHOBMNEHHOr0 Ha MaTEPUHCKOW Nnarte MynbTUMNnIeKcopa B Ka4ecTBe ONOPHOro
WCTOYHUKA CUCTEMHOrO CUHXpocurHana. J1io6oin BXOAHOM CUHXPOCUTHAI MOXET
CMYXXUTb KaK OCHOBHbIM, TakK ¥ BTOPOCTENEHHbIM NCTOYHUKOM CUHXPOHU3aLNN.
CywiecTByeT BO3MOXHOCTb MCNOMb30BaHUSA A0 4 ONOPHbLIX CUHXPOCUIHaNoB, AN
KOTOpbIX yCTaHaBNMBAETCHA CBOM YPOBEHb NpUopuTeTa, YTO 0becneynBaeT
OOMOITHUTENBHYIO 3aLUTy.

e Mynbtnnnekcop FG-FOM16L2 nogaepxuvBaeT BUPTYarbHble COeAMHEHUS
VC-12-Xv cornacHo PekomeHgauumn MC3-T G.707/Y.1322, 4yTo no3sonseT
adhdekTNBHO OTOOBpaxaTb AaHHbIE Npy Nepegade B ceTsax SDH.

e Mynbtunnekcop FG-FOM16L2 nogaepxmsaeT anroputm LCAS (G.7042) Ha
yposHe VC-12-Xv, 4To no3BonseT AUHaMU4eckn HacTpamsaTb MOMocy
nponyckaHus.

o Mynbtunnekcop FG-FOM16L2 nogaepxmaeT GFP nHkancynauuto ons
Ethernet -tpacmka cornacHo Pek. MC3-T G.7041/Y.1303.

1.3. lMoppepxka ycnyr AaHHbIX
1.3.1. BuptyanbHblie nokanbHble cetu (VLAN)

MynbsTtunnekcop FG-FOM16-L2 nogaepxuBaeT dyHKumn kommyTauumn Ethernet-nakeTos, B
cootBeTcTBUM ¢ Pek. IEEE 802.1Q. Ha Bxoge kaxabli NopT MoOXeT ObITb HacTpOeH Ha
npuvem cpenmoB ¢ Taramu (tag) VLAN mnnmn 6e3 Hux, nnbo Ha npuem PperiMoB TOSbKO C
Taramn VLAN B 3aBUCMMOCTU OT NpeabsaBnsiemMbix TpeboBaHui. Ha Bbixoge Kaxabid nopT
UMeeT BO3MOXHOCTb yaanaTtb Tarm VLAN vnun He ygansaTtb ux. BosaMoxHO ncnonb3oBaHue
PVID (Port-based VLAN ID) TaroB, koTopble BCTaBnsAwTCs Bo dpenmbl 6e3 Taros VLAN ID,
npu nocTynneHnn penmoB Ha nopT. [OMOMHUTENbHO, Kaxdblhi MOPT MOXeT ObiTb
nponucaH B OOHOW MM HECKONbKMX BUPTYarbHbIX NTOKaIbHbLIX CETSIX, BHECEHHbIX B CMUCOK
BUPTYanbHbIX NOKanbHbIX CeTeW, YTO MO3BONSAET pasnUYHbIM MOMb3oBaTens M W
pPasnn4yHbIM NPUIOXKEHUAM MCMNONb30BaTh OAMH M TOT XXe NopT. Bce ycnyru, 3aHeceHHbIe B
CMMUCOK BUPTyarnbHOW JOKarlbHOW CeTu, MOryT AMHaMW4ecku pacnpenensaTb nonocy
nponyckaHmss nopta v npu 3Tom obecneuynBatb 3awmuTy. Ecnu nopT npuHagnexuT
BUPTyanbHOW noOKanoHOW ceTn, To ee perMbl CMOryT MpOXoaAuTb 4epes nopT; B
NPOTMBHOM cny4dae, dperMbl He ByayT y4MTbIBaTLCS.

[ononHntTenbHO, Kaxabl MOPT MOXeT (PYHKUMOHMPOBATL B MPO3PayHOM pexume. IOTO
O3HayaeT, YTo KOMMyTauus periMOB He WUCMOoMb3yeTcAa U B 3TOM Cryyae, BO3MOXHO
obbeanHeHne 0gHOro NopTa floKanbHOM CeTU 1 OAHOro nopTa rnobansHoOm ceTu.
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Kpamkoe onucaHue FlexGain FOM16L2

1.3.2. OrpaHnyeHne CKOpocTn BXOAHOU UHdopmauum

MynbTtunnekcop FG-FOM16L2 nopgaoepxmBaeT yHKUMIO OrpaHNUYEHMs BXOAHOW CKOPOCTU
no nopTy Unu B BUPTyarnbHON NOKANbHOW CETH.

@DyYHKUNST OrpaHNYEHnNs CKOPOCTU MO3BONSIET KOHTPONMMPOBATbL MakCMMarbHYK Mofocy
nponyckaHusi, NPeaoCTaBNsAeMyl0 KOHEYHOMY Monib3oBaTento. MuUHMManbHasi CKopocTb —
64 kbut/c. Lar yBenuyeHns nonocbl NponyckaHus cocTaBnsaeT 64 kb6ut/c B gnanasoHe
64 kbut/c — 2 MbuTt/c, n 1 M6ut/c gns ananasoHa ckopocten 2 Méut/c — 100 MéwurT/c.

1.3.3. Knacc ycnyr

MynbTtunnekcop FG-FOM16L2 o6ecnednBaeT BO3MOXHOCTb pasrpaHuUYeHuss Knacca
cepsuca 802.1p CoS no nopTy unv B BUPTYanbHOW NOKarbHOW CeTu.

Kaxgpih mopT, uMeeT BxogHow Oydep, B KOTOPOM pasmeLLaroTcs nocTynawLlime nakethbl,
ecnn nopT neperpyxeH. amatb Oydepa COBMECTHO MCMOMbL3YeTCss BCEMU MopTamu
Ethernet. MNonHaa emkocTb Oycepa coctaBnsdet 16 M6ant. Ha Bbixoge kaxgoro noprta
nakeTbl pacnpefenslTcs B YeThipe oyepeaun, KOoTopble MOryT UMETb pasHble YPOBHMU
npuopuTeTa 1 BECOBOro KoagguLmeHTa.

1.3.4. GFP nHkancynauua aaHHbIX

MynbTtunnekcop FG-FOM16L2 nmeeT BCTPOEHHYO cxeMy OoTobpaxkeHus npotokona GFP
cornacHo PekomeHgaumn G.7041/Y.1303, ana wHkancynaumn Ethernet Tpaduka B ceTax
SDH. NHkancynupoBaHHble AaHHble GFP 3atem oTobpaxatotcs B SDH, ncnonesys metoq
BUPTYyanbHOro cuennexust cornacHo PekomeHngaumm MCO-T G.707/Y.1322. 310T meToA
obecneunBaet Hambonee a3dpeKTUBHOE OTODpaXKeHNne nakeToB W camylo Oonbluyto
CKOPOCTb NPOXOXOEHUS BHYTPU CETH.

OtobpaxeHne GFP MoxeT paccmatpuBaTbCd Kak  MeTod — MyNbTUCEPBUCHOWN
WHKancynauum, KoTopbin ybupaeT ycTapeBlUMe TpaguuMOHHble acnektbl cetm SDH un
obecneunBaeT BO3MOXHOCTW YpPOBHS 1 OAns nogaepku Habopa ycnyr KIUeHT-CEepBEpPHbIX
npoTtokonos. MNMpenmywecteamn GFP noaxona sasngawTca:

e [pocTtas MynbTMCEpPBUCHAs afanTaums 1 COBMECTUMOCTb C CYLLECTBYOLLMMU
TPaHCMOPTHLIMU CETAMMW.

e EpuHoe oTobpaxeHne nakeToB, XpaHeHWe 1 pa3paboTka OyayLimx ycnyr ans
rno6anbHbIX TPAHCMOPTHBIX NPOoToKoNnoB SDH 3a cyeT BbipaboTKMN e4MHbIX CTaHOapTOB
n pekomeHgaumm MCO-T.

o OddeKTuBHOE UCMOMb30BaHMNE CETEBLIX PECYPCOB 3a CHET Mario EMKOCTU 3arofioBKOB
GFP 1 coBMECTMMOCTM C anropuTMOM BUPTYaNbHOMO CLEMMEHUS.

e BpemeHHoe pasgeneHue kaHanos (Time Division Multiplexing), kauectso ycnyr (QOS),
BpeMsi OXuaaHus, apoxaHue ¢asbl, obecneymBaemble NPO3paYHbIM PEXUMOM, K TOMY
xe GFP-X TpebyloT MMHUManbHbIX 3aTpaTt 6ydepHon namaTw.

e bonbluas nponyckHasi CnocobHOCTb KaHaroB 3a cYeT nogaepXkkn penmMoBoro pexvma
GFP-F npun mynbTunnekcupoBaHuy Ha ypoBHE NakeToB MO3BOSISIET CTPYKTYpPUPOBaTL
MHOTOYUCIIEHHBIE KITMEHTCKME MOTOKN B OAHOM KaHarne ¢ BpEMEHHbIM pa3feneHnemM.

e BTopoi ypoBeHb, He3aBUCALLMIA OT NogaepXkn npotokona RPR n gpyrnx npotokonos
BTOPOro (KaHanbHOro) ypoBHS.

e COBMECTMMOCTb YCNyT CreayHLLEro NOKONEHUsI C CYLLIECTBYHIOLLIEN CETEBON
WHPaACTPYKTYpPOK, YTO NO3BONSAET 0O6beAMHATL CETU U SKOHOMUTL CpeacTBa.
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1.3.5. 3awumra Ha ocHoBe RSTP

MpoTokon ceasytowero aepesa (Rapid Spanning Tree Protocol) cornacHo PekomeHgauum
IEEE 802.1w oGecneunBaeT ObICTPYIO 3aLLMTy BTOPOro YPOBHS.

1.3.6. PyHKUMA agpeCHON pacCbISIKU BTOPOro ypoBHS

MynbTtunnekcop FG-FOM16L2 noppepxuBaeT (PyHKUMIO agpeCcHOM pacCbiikKm BTOPOro
YPOBHS, BKIMOYasi CTaTUYECKYH0 PacCbIfiKy U KOHTPOMNMMPYEMYIO AMHAMUYECKYHO PACChISIKY.

1.3.7. ®yHkumn Ethernet
MynbTtunnekcop FG-FOM16L2 nogaepxmBaeT Tpu pexnma nepegaymn Tpacduka Ethernet:
e [lpo3payHbii pexum («To4YKa-ToYKa»):

B paHHOM pexuMe BblgeneHHast nofioca NpOoMyckaHus MpunucbiBaeTcsl  Tpaduky,
nepefaBaeMoMy OT OAHOMO OKOHEYHOro yana ApyroMmy. JTOT pexuM YyaoBnetsopsieT
BbICOKMM  TpeboBaHWsiM  6Ge3onacHOCTM W XOpOWoOo  noaxoaut Ans  Tpadwuka,
YyBCTBUTESBHOIO K 3aiepKKkaM, MOCKOSbKY UCMONb3yeTCs BblAeNEHHbIN KaHan nepegayn.

e Pexnm obbeanHeHus (arpermpoBaHnst) BTOPOro YpOBHS:

B naHHoM pexunme Ethernet kommyTauusa n o6beguHeHWe (arpermpoBaHme) NPOUCXOANT Ha
YPOBHE CETEBbIX 3NIEMEHTOB U NO3BONSAET NepeaaBaTb 06begMHEHHbIN NOMNb30BaTENbCKUN
Tpaduk B SDH ceTax Ha ©onbllen ckopocTn. CTaTUCTMYECKOE MYyNbTUMNNEKCUpOBaHME
MHorouucneHHoro Ethernet Ttpadwmka nossonsieT Gonee addekTMBHO MCNoONbL30BaTh
nonocy NponyckaHus.

e Pexnm ESR (Ethernet Shared Ring):

Pexvm ESR npegHasHayeH Ansg NOCTPOEHUA MHOrOY3noBbIX Komfel, UCMonb3yeMblX Ans
KOMMYyTaLmMu NakeToB pasfnnyHon AnuHbl. Tpaduk B 9TOM Criydyae UCronb3yeT OfHY U Ty Xe
nonocy nponyckaHus konbua. KommyTauma ocyulectenserca Ha ocHose MAC m VLAN.
O6o3HaueHre Knacca ycnyr B 3arofioBke No3BoONnsAeT NogAepXKuBaTb NpuoputeThl Tpaduka
B KOSbLE.

MpoTokon ceasytowero gepesa (Pek. IEEE 802.1w n IEEE802.1s) obecneunBaeT 3awwmty
BTOPOro YpOBHS B KOnbLE.

B pexnme ESR MOXHO adhdekTMBHO O06aBnATb/BbIAENATL Unu OybnupoBaTb AaHHble,
nepegaBaeMble Mo KOsbLyy.

OTOT peXuM 3HaAYMTENbHO MNOBbIWAET 3PPEKTUBHOCTL B CPaBHEHMU C TpagULUOHHBLIMU
TEXHOMOMNSAMU «TOYKa-TOYKa», KOTOPblE MOrYT MOCMYXUTb MPUYMHOW BO3BpaTa Tpadmka
UIn ero HeaEEKTUBHOW PaCChISKN.
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(a) Point-to-point (b) Local Aggregation (c) Ethernet Shared Ring
(transparent)
9WAN 3WAN 2WAN
Interfaies ’QL‘ interfaces interfaces

3LAN
interfaces

vV \
3 LAN 3 LAN
interfaces interfaces

g‘p Local muxing

Puc. 1.5. Tpu pexxuma nepedayu Ethernet-OaHHbix 8 konbue FG-FOM16-L2

(a) «Touka-Touka» (Mpo3padHbin); (6) MecTHoe 0ObeavVHeHwe (arpernpoBaHue),
(8) pexum ESR.
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2. APXUTEKTYPA AMNMNAPATHbIX CPEACTB

B paHHOM rnaBe onucbiBaeTCs apxXUTEKTypa annapaTHbiX CpPeAcTB MynbTunfekcopa
FG-FOM16L2, ansaiiH waccu n KOHCTPYKTUBOB.

2.1. OnucaHue waccu

Mynbtunnekcop FG-FOM16-L2 BbinonHeH B KOHCTpyktMBe MiniRack Bbicotonm 1U.
MynbTtunnekcop FG-FOM16L2 MOXeT nmeTb 0OHY M3 YeTblpex KOHUrypaumm, onmcaHHbIX
B Tabnuue 1.1.

LWaccu mynbtunnekcopa FG-FOM16L2 cocTtouT u13:

e MaTepuHCKOW nnaThl, obecneunsatoLLen KOHTPOJ1b U ynpaBreHne cuctemon, a
TaKkxe beHKLI,I/II/I KpOCC-KOMMYyTaunn n CUHXPpOHU3aLunun;

e JoyepHen nnatbl ¢ YeTbipbM4a Fast Ethernet HTepdencamu, ycraHasnmsaemon B
MaTepUHCKYH0 nnaTy;

e 6noka nutaHusa (AC nnu DC).

2.2. UHTepdpencbl ynpaBneHUA 1 aBapumHOM CUrHanNuM3auum

OnucaHue uHTeppericoB ynpasneHus n npmeeaeHo B Tabnuue 2.1:

Tabnuua 2.1. UHTepdericbl ynpaBneHus maTepmMHCcKon nnatbl Mynbtunnekcopa FG-FOM16-L2

HaseaHue OnucaHue
uHmepcpelica
Console NHTepdenc RS232, pazbem DB-9, nHtepdenc nokanbHOro
yrnpaBneHus
MGMT NHTepdenc 100M BaseTx, pazbem RJ-45, nHtepdeiic

yAAneHHoro yrnpasneHus

ALM WHTepeic BbiBoga aBapuiiHon curHanusauumn RJ-45,
obecneunBaoLLMin KOHTPOSb 3@ O4HUM ayano NN BU3yasbHbIM
aBapuWiHbIM CUrHarom

2.3. Kpocc-KOHHeKT

Bo3amOXHbI criegytoLme TUnbl KPOCC-KOHHEKT:
e OfHOHanpaBfEeHHbIN;
e [BYyHarnpaBIiEHHbIN.

2.4. ®OyHKUMA CUHXpOHU3aUuK U noanepxka SSM
Mynbtunnekcop FG-FOM16L2 MOXET CMHXPOHM3MPOBATLCS OT arperaTHoOro MHTepdenca
STM-1/4 nnu o1 TpnbyTapHoro nHTepdenca E1.

Mynbtunnekcop FG-FOM16L2 Takke noggepxuBaeT B  KayeCTBE  MCTOYHMKA
CMHXPOHM3aLMN CUrHarn, BOCCTaHOBIEHHbIM M3 TpubyTapHoro noTtoka E1 n obpabotky
barita SSM.

Cmp. 14 u3 21 Bepcus 1.0



Kpamkoe onucaHue FlexGain FOM16L2

241. q)yHKLIMFl BOCCTaHOBJ1I€HUA CUHXPOHU3aUnn

B wmynbtunnekcope FG-FOM16L2 npegycmatpuBaetca  peanmsaumst  QOYHKUUK
BOCCTaHOBNEHNA CUHXpoHu3auum E1 (Retiming).

®yHKUMOHanNbHas 6rok cxema (yHKUMM BOCCTAHOBMEHUSA CUHXpPOHM3aumMn u3 nortoka E1
nokasaHa Ha pucyHke 2.2.

From SDH To cross connect
system clock
4,{ E1 MAPPER
A A A AAALAA

PLL
19.44M

2.048M
RETIMING

e

TTLLITLL T

E1 TRANSFORMER ‘

Sl T

E1 CONNECTOR ‘

Puc. 2.2. briok-cxema ¢byHKUUU 80ccmaHo81eHUs] CUHXPOHU3ayuu u3 nomoka E1

2.4.2. Coop cTaTUCTUKN

MynbsTunnekcop FG-FOM16L2 obecneumBaeT cbop cTaTUCTUKM pabodmx napameTpoB 3a
15 MUHYT N 24 yaca. B xypHane cobblTuin oToOpaxkaeTcsi KONMYeCcTBO OMTOBbLIX OLUMBOK.
MynbTunnekcop FG-FOM16L2 nogaepxuBaeT aBapuiHyo curHanu3aumio 06 ombOYHbIX
ouTax n o nopore OWKNBOYHLIX BUTOB (OTYETHLI reHepupyroTcs 3a 15 MUHYT N 24 vaca),
noporoBoe 3HavyeHne MoXxeT BbITb YCTaHOBMEHO nonb3oBaTterneM (oT4yeTbl 06 aBapUNHbIX
cUTyaumax ¢ onmbkaMmm reHepupyoTCa OTAENBHO).
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2.4.3. O6paboTtka SSM 6amnTa

CoobuieHne o crtaTyce CUHXpOHM3auum (SSM) MoXeT Mcnonb3oBaTbCA ANS nepefayn
YPOBHS1 kadecTBa curHana no cetu. CoobuieHuss SSM rapaHTMpylOT, YTO BCE CeTeBble
anemeHTbl OyOyT Bcerga CUHXPOHM3UPOBAHbLI OMOPHLIMM  CUHXPOCUrHaNamun BbICOKOMO
KayecTBa.

B wmynbtunnekcope FG-FOM16L2 noppepxuBaeTca anroputm obpabotkm SSM Ha
arperaTHblx nHtepgencax STM-1 (B paspabotke STM-4) n TpubytapHom nHtepdence E1
(2 M6wurT/c).

OyHkumMa SSM mMoxeT ObiTb akTMBMpOBaHa unu geaktvBupoBaHa. Korga dyHkums SSM
OTKIMOYEHA HA CETEBOM anemMeHTe, Bce nHtepdencel STM-N 1 2 MouT/c nocbinatoT curHan
DNU (do not use for sync — He ucnonb3oBath 45151 CUHXPOHM3ALMK).

CyliecTtByeT yeTbipe BO3MOXHbBIX YPOBHA KavyecTBa onpeaeneHHblx B SSM Ans onopHbIX
MCTOYHMKOB cuHxpoHm3aumn: PRC, SSU-A, SSU-B n SEC. [JononHutensHo, DNU
onpegeneHo B SSM. KayecTBO KaKgoro OMOPHOrO MCTOMHWKA CUHXPOHU3AUUM MOXET
onpenenaTbcs BO BXoAaswmnx SSM nnm B cOOOLLEHUSAX CUCTEMbI YNPaBIEHUS CETLIO.

Mynbtunnekcop FG-FOM16L2 noggepXxvBaeT anroputM MEPEKIIOYEHNsT  UCTOYHUKA
CUHXPOHM3aLNKN, ocHoBaHHbIA Ha SSM cornacHo Pek. MC3-T G.781.

Bpemsi BoccTaHOBMNEHMS AN ONOPHOrO UCTOYHMKA CUHXPOHU3aLUMKU NEXUT B MHTepBane oT
0 A0 12 MMHYT M MOXET HacTpauBaTbCA Yepe3 CUCTEMY YNpaBIiEHWs CETblo C LIaroMm B
OOHY MUHYTY. 3Ha4YeHMe Mo YMOMYaHUI0 — 5 MUHYT.

2.5. ArperaTtHble onTu4yeckue uHtepcencol

MynbsTunnekcop FG-FOM16-L2 nmeet 2 arperaTHbIx onTuyeckux nHrepdgenca STM-1 nnu
STM-4. WHtepdencel STM-1/4 nonHocTbto cooTtBeTcTBYOT Pek. MCO-T (ITU-T)
G.707 n G.957.

B wmynbtunnekcope FG-FOM16L2 npumenawoTca SFP  ontuyeckue UHTepdenchl.
B tabnuue 2.2 npeacTtasneHbl napamMeTpbl arperaTHbIX ONTUYeckux uHTepdenco STM-
1/4.

Tabnuua 2.2. NapameTpbl arperaTHbIX onTu4ecknx nHtepderncos STM-1/4

UHmepapelic OnucaHue
Moaynu onTuyeckmx LC pasbewm:
nHtepdercos STM-1 SFP e STM-1 (850 HM, <1 Kkm)

e STM-1(L-1.2 80 km)
e STM-1 (L-1.1 40 km)
e STM-1(S-1.1 15 km)
Mogynu ontudeckmnx LC pasbem:

nHtepdericos STM-4 SFP e STM-4 (120 km)

e STM-4 (L-4.2 80km)

e STM-4 (L-4.1 40 km)
o STM-4 (S-4.1 15 km)
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2.6. Ethernet nnrepdenceli

MynbTtunnekcop FG-FOM16L2 umeet 4x10/100BaseT uHTepdpelica, nogaepxumeatowime
dYyHKUUK KOMMYTaLMK BTOpOro ypoBHs (Layer 2 SWITCH).

Ethernet nHTepdencel pacnonoxeHsl Ha AovepHen nnaTte W ganee no TeKCTY MMEHYTCA
MOLYNSAMMN.

2.6.1. UHTepdencHbIn moaynb ycnyr 4xFE/C
PyHKYUU:

[aHHbIn  uMHTepdericHbln  Moaynb  umeeT  4x10/100BaseT  Ethernet-untepdperica
(Pek. IEEE 802.3) u nogaepxusaeT YHKUMIO KOMMyTauum BTOPOro yposHs. VHTepdenc
ucnonb3dyeTtca ansa opraHmsauum 4 WAN nopToB ¢ o6wen nponyckHOW CnoCOBHOCTLIO

1xVC-4. Oban cxema 3TOro Mogyns nokasaHa Ha pucyHke 2.3.
Total 1x VC-4

bandwidth
< > < > «—h R
<+ < > < >
A RIS Octal EOS (GFP, 4x WAN
connectors 100Base-T Layer 2 LAPS, VC- ports
PHY 12-Xv)
<+ < > < >
D «—> e va—

Puc. 2.3. Cxema uHmepgbelticHo2o modyns 4xFE/C

OCHOBHbIMU beHKLI,I/IFIMI/I 3TOro MOA4ynA ABNAKOTCA:

e uvHkancynsauma GFP (PekomeHgauma MCO-T G.7041/Y.1303);

e opraHusaums kaHana 10/100 Mo6uTt/c Ethernet VLAN;

e MacwTabupyemas nomnoca NPonyckaHUs ¢ NOMOLLbIO BUPTyanbHbIX CLENneHnn
VC-12-Xv (X=1...46) n anroputma LCAS;

e nopaepxka VLAN;

e  CNUCOK KOHTponmpyemoro goctyna (Access Control List) ocHOBaHHbI Ha
MAC apgpecax;

e MpOTOKON cBA3yloLLero aepesa (Spanning Tree) (802.1w), 3Ha4YMTENbHO
YMEHbLLAILWWMIA BPEMSI BOCCTAHOBINEHWS;

e  (PYHKUMM MHOrOaZpEeCHOWN pacChbifiku BTOPOro YPOBHS (BKMoYasd CTaTUYECKYHO
pacchbinky 1 paccbinky ¢ dyHkumen IGMP), KoTopble NO3BONSKT MCMOML30BaTh
onpegeneHHyo Norocy Ans Taknx NpUIToXKeHui, Kak BUAEO;

e 0b6beanHeHne BTOPOro YpOBHS;

e (PYHKUMA OrpaHU4EeHNs CKOPOCTH No NopTy. MMHUManbHas CKOpOCTb BXOASLLEro
noTtoka 64 kbut/c. CKOpoCTb MOXET BapbMpPOBaTbLCS, TakuM 06pasoM, YTO CKOPOCTb
nonockl NponyckaHnsi CocTaBnsaeT 64 kout/c, ecnn CKOPOCTb BXOOHOIO NoTokKa
nmMeeT guanasoH ot 64 kbut/c no 3 Méut/c n 1 Méut/c, ecrnm ckopocTb BXOQHOMO
noToka HaxoamTcsa B AuanasoHe 2 Moéut/c — 100 MouT/c;

e (pyHkumm npoTokona 802.1p QoS/CoS Ha ocHoBe nopTa Ethernet n/vnn VLAN;
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e Kaxabl BxogHOW uHTepdenc FE nveet Bydep ana noaaepxky nepenaym
nynscupytowero Tpaduka. BxogHon 6ydep untepderica FE moxeT npyHumaTh 0O
256 dppenmos. Kaxabin nHtepdenc FE Takke nmeet 4 BbIXoOHLIX odepean,
Kaxkgas 13 KoTopbIx nmeeT bydep, B KOTOPOM MOXET pa3mellaTtbes Ao 496
hbpenmoB, NpeaHasHavYeHHbIX AN nocneayowen nepegayu. Nockonsky 6ydepsbl
0551 BXOOHbIX MOTOKOB U MCXOASLLMX NOTOKOB MCNOSb3YOT HE3AaBUCUMYHO
BblAENEHHY0 NaMATb, a He pacnpeaensoT 0oLy, KOHNUKTLI Mexay bydepamm
ONs1 BXOOALWNX U UCXOOALMNX AAHHBIX HE BO3HUKAIOT.

e Npu MMHUMAarbHbIX 3aTpaTax, moaenb Ethernet npegnaraet wupokuin Habop
cnegyowmnx GyHKUNN o9 OKOHEYHbIX NoNb3oBaTeneun:

— MacwTabupoBaHHas nonoca nponyckaHnsa 6e3 3aameHbl MHTepdelica,

— Mpo3padHas fiokarbHasi CeTb, NO3BONAOLLAA OKOHEYHBIM
nonb3oBaTensam n3bexaTb CroXxHocTen rnodaneHon cetu (rnobansbHas
CETb, KOTOPAs OYEHb MOXOXa Ha JNOKAINbHYHO CETb),

— BbICOKasa CTeneHb AOCTYNHOCTU nokasibHown cetn 6naro,u,ap;| SDH-
3awnTte Mexagy OKOHEeYHbIMU MyHKTaMN.

Tabnuua 2.4. OnucaHue uHTepdericoB 4xFE/C

UHmepapelic OnucaHue

RJ-45 pasbem

CtaHgapTbl:
e 10BaseT (pekomengauus IEEE 802.3)
e 100BaseTX (pekomeHgauusa IEEE 802.3u)

MoaaepxuBaeMble CKOPOCTU Nepeaayn JaHHbIX:
Fast Ethernet e 10 M6uTt/c (nonyaynneKkcHbIA, OyNNeKCHbIN, ynpaBneHue NoTOKOM)

BMEKTPUYECKMIA e 100 M6uT/c (nonyaynnekcHbI, OyNeKCHbIN, ynpaBneHne NoToKoM)

nUHTepderc Tunbl kabenen:

e 10BaseT: 100 Om — AByXunbHas aKkpaHUpoBaHHas BUTas napa u
OBYXXUNbHasi He3KpaHMpoBaHHasa BuTasi napa (Kareropus 5 UTP).
MakcumanbHasa gnvHa go 100 meTpos

e 100BaseT: 100 Om — AByXunbHas akpaHMpoBaHHas BUTas napa u
OBYXUNbHasi He3KkpaHupoBaHHas BuTas napa (Kateropusa 5 UTP).
MakcumanbHasa gnvHa go 100 meTtpos
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2.6.2. UHTephencHbIn moaynb yenyr 4xFE/T
®yHKUUU:

4xFE/T-moaynb umeet YeTtbipe 10/100MBaseT Ethernet nHtepdenca (pek. IEEE 802.3) n
MOXET Npo3payvyHo nepedaBaTb 40 4 NOTOKOB €O ckopocTbio 10/100 MouTt/c. Obas cxema
3TOro MoAyrns nokasaHa Ha pUcyHke 2.4.

Total 1x VC-4

bandwidth
«—> >
«—» «—> B R
4x RJ-45 Octal EOS (GFP, 4x WAN
connectors 100Base-T LAPS, VC- ports
PHY 12-Xv)
«—> «— R
«—> —>

Puc. 2.4. Cxema uHmepgbelticHo2o modyrns 4xFE/T

OcHoBHbIMU byHKUMsMK 3Toro 4xFE/T-mogyns sensatoTcs:
e nopaepxka nHkancynaumm GFP-F(Pek. MCO-T G.7041/Y.1303);

e MacwTabupyemas nosnoca nponyckaHms npu nomowm VC-12-Xv (X=1...46) n
G.7042 LCAS, makcumanbHo gonyctumoe Bpems 3agepxkn VC-12-Xv — 32 mc unum
MeHee;

e aBTOMaTU4ecKkas MU pyvHasi HaCTpPoKa CoeaUHEHUI Mexay UHTepdencamu;
e nonHbin goctyn 63 VC-12 co ctopoHbl SDH-ceTy;

e npuem Ethernet doperimoB gnnHon ot 64 6ant go 1600 6anT;

e TexHornoruyeckue Wwnendbl 4ns UarHOCTUKN CUCTEMBI;

e noAaepxka KOHTPOMS NOTOKa B pexume AynyiekCHOM 1 NonyayniekcHon nepeaaym
AaHHbIX.

Mpn MuHMManbHBIX 3aTtpaTtax, mogens Ethernet npegnaraet wupokmii Habop cnegyowmx
YHKUMA 1151 OKOHEYHbIX Morb3oBaTenen:

e MacluTabupoBaHHas nosioca nponyckaHus 6e3 3aMeHbl MHTepdenca;

e [IpO3payvHad fiokasnibHaa ceTb, NO3BOJIAK0LAA OKOHEeYHbIM MOoJ1ib30BaTENAM
n3bexaTb CNOXHOCTEN rnobanbHON ceTu (rno6aana9| CeTb, KOTOpadA O4eHb
NnoxoXKa Ha J1oKalbHYH CeTb);

e BbICOKad CTeneHb JOCTYMHOCTM fokanbHon ceTn bnarogapsa SDH-3awmte mexay
OKOHEYHbIMU NMYHKTaMW.
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BHewHue uHmepgelcsi:

Tabnuua 2.5. Onncanue nHtepdencos 4xFE/T

UHmepdbelic

OnucaHue

Fast Ethernet
3NEKTPUYECKNIA
nHTepdenc

RJ-45 pasbem

CtaHgapTbl:

e 10BaseT (pekomengauus IEEE 802.3)
e 100BaseTX (pekomeHgauusa IEEE 802.3u)

MopaepxuBaemble CKOPOCTM Nepeaadn AaHHbIX:

e 10 M6uT/c(nonyaynneKkcHbIN, AYNreKCHbIN, ynpaBneHne NoToKoM)
e 100 MO6uT/c(nonyaynnekcHbl, AyNeKCHbIN, ypaBneHne NoTOKOM)

Tunbl kabenen:

e 10BaseT: 100 Om — AByXunbLHas aKkpaHUpoBaHHas BUTas napa u
OBYXUNbHas He3KkpaHUpoBaHHas BuTas napa (Kateropusa 5 UTP).
MakcumanbHasa gnvHa go 100 meTpos

e 100BaseT: 100 Om — aAByXunbHas akpaHUpoBaHHas BUTasi napa u
OBYXUNbHas He3KpaHUpoBaHHas BuTas napa (Kateropusa 5 UTP).
MakcumanbHasa gnvHa go 100 meTtpos

KoHmponb pabo4ux napamempos:

Moaynb 4xFE/T nogoepxuBaeT KOHTPONb paboumx napameTpoB Ha ypoBHe MAC,

GFP n SDH.
Tabnuua 2.6. KoHTponb pabouunx napameTtpos nopta FE
Cuenan lNapamempobi
lMony4eHHbIN curHan: OpHoHanpasneHHble penmbl
(oT nonb3oBatens K MHoroagpecHble dopenmbl
cucteme)

LUnpokoseLuaTtenbHble hperMbl
Openmbl PAUSE

O6Lwee uncno cdpenmon
dpenmbl, cogepxalime owmnbkm
OwwmnboyHblie CRC dperimbl
dpenmbl NpesblLLatoLmne pasmep
®dpeliMbl MeHbLLIErO pasmMepa
OpaHoHanpaeneHHble 6anThbI
MHoroagpecHble 6arThbl
LLnpokoBeluaTenbHble 6anThbl
O6buee yncno bantos

BanTbl oLIMBOYHLIX NakeToB

MepenaHHbIA curHan: OpaHoHanpaerneHHble penmbl

(oT cuctemsl K MHoroagpecHble dpeimbl
nonb3oBaTento)

LnpokoseLuaTtenbHble operMbl
Openmbl PAUSE
Bce 6anithbl
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Tabnuua 2.7. KoHTponb pabouunx napametpoB GFP kaHana

CueHan lMapamempbi
NONyYeHHble: OpHoHanpaBreHHble dpeiiMbl
(Ha GFP-npremHuke, | dpeimbl B ogHo6uToBoi cHEC olumbke

OT yaarneHHoro ysna K

®pelimbl B ogHobuToBOM tHEC oLwmnbke
MECTHOMY y3ny)

Openmbl B MHorobutoson tHEC ownbke
Be3owmnboyHble hpenmbl AaHHbIX
O6Lee yncno 6anToB gaHHbIX

Tabnuua 2.8. KoHTpons paboumnx napametpos SDH

lMapamempobi

BIP-2 B V5 Galite
REI B V5 [ouT 3]
ES/CSES/SES/BBE/UAP/UAS (nokanbHbIN y3en / yaaneHHbIn y3en).

2.7. 8xE1 nHTepdencsol

Mynbtunnekcop FG-FOM16L2 umeetr Bocemb WuHTepdencos E1. UHTepdenc E1
obecneunBaeT nepefady AaHHbiX Ha ckopocTu 2048 kOGUT/C M COOTBETCTBYET BCEM
Pek. MCO-T G.703. Mynbtunnekcop FG-FOM16L2 nogaepxmBaeTr acUHXpPOHHOE
oTobpaxeHne curHanos E1 B BupTyanbHbiXx KoHTenHepax VC-12 B COOTBETCTBUMM C
pekomeHgaumnen G.707. ObopyaoBaHMe Takke nogaepxuBaeTt (OYHKLUMIO BOCCTaHOBIEHUSA
cuHxpocurHana E1 w3 TpubyTapHoro curHana, nepegaBaemMoro OT CTaHUMOHHOIMO K
Nnonb3oBaTeNIbCKOMY 000pYA0BaHMIO.

Ona BHewHUX nogkniodeHun Kk uHTepcencam E1 npegycmoTpeHbl pasbembl RJ-48 ¢
BONHOBbLIM conpoTtuerieHnemM 120 Om (onuuoHansHo 75 Om).
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